European Journal
of Technical and
Natural Sciences

N22 2017

/AN

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

Vienna
2017



European Journal of Technical and Natural Sciences
Scientific journal
N22 2017

ISSN 2414-2352

Editor-in-chief Hong Han, China, Doctor of Engineering Sciences

International editorial board Andronov Vladimir Anatolyevitch, Ukraine, Doctor of Engineering Sciences
Baranovsky Denis Nikolaevich, Ukraine, Doctor of Engineering Sciences
Bejanidze Irina, Georgia, Doctor of Chemistry

Frolova Tatiana Vladimirovna, Ukraine, Doctor of Medicine

Inoyatova Flora Ilyasovna, Uzbekistan, Doctor of Medicine

Kestutis Peleckis, Lithuania, Doctor of Engineering Sciences

Khentov Viktor Yakovlevich, Russia, Doctor of Chemistry

Miryuk Olga Alexandrovna, Kazakhstan, Doctor of Engineering Sciences
Nagiyev Polad Yusif, Azerbaijan, Ph.D. of Agricultural Sciences

Nemikin Alexey Andreevich, Russia, Ph.D. of Agricultural Sciences
Ogirko Igor, Ukraine, Doctor of Physical and Mathematical Sciences
Osipov Gennadiy Sergeevich, Russia, Doctor of Engineering Sciences
Ruchin Alexandr Borisovich, Russia, Doctor of Biological Sciences
Rayiha Amenzade, Azerbaijan, Doctor of architecture

Sentyabrev Nikolai Nikolaevich, Russia, Doctor of Biological Sciences
Simonyan Gevorg Sarkisovich, Armenia, Ph.D. of Chemistry

Shakhova Irina Aleksandrovna, Uzbekistan, Doctor of Medicine

Skopin Pavel Igorevich, Russia, Doctor of Medicine

Suleymanov Suleyman Fayzullaevich, Uzbekistan, Ph.D. of Medicine
Vijaykumar Muley, India, Doctor of Biological Sciences

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

European Journal of Humanities and Social 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 arigorous 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.

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

Included to the open access repositories:

NN ; Registry of Open A = s
Google eLIBRARY.RU d) Sease (€ € pepre  Zinaomi™  Ghiondcar
© «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.



Continuity of traditions in the architecture of sacred buildings of Ukraine in the XIX—=XXI century

Section 1. Architecture

DOI: http://dx.doi.org/10.20534/EJTNS-17-2-3-7

Antoshchuk Tetyana Ivanivna,

Postgraduate student, Kyiv National University
of Construction and Architecture

E-mail: t.antoschuk@mail.ru

Continuity of traditions in the architecture of sacred
buildings of Ukraine in the XIX-XXI century

Abstract: The article is dedicated to the presentation of the material about continuity between folk
wooden architecture, objects of the Ukrainian architectural style of the late XIX - early XX century and

modern sacred architecture of Ukraine.

Keywords: continuity, traditions in architecture, folk architecture, Ukrainian baroque, Ukrainian archi-

tectural style, architecture of Ukraine.

Anmowgyx Tamvana Heanosua,

Acnupanm, Kuescxuil HayuoHarvHolil yHusepcumem
CIMPOUMEAbCINEA U APXUMEKIY Dbl

E-mail: t.antoschuk@mail.ru

NMpeeMCTBEHHOCTb TPAAULMIN B apXUTEKTYpPe CaKpalibHbIX
coopyxeHun YkpaunHsbl XIX-XXI ctoneTtun

AnnoTanms: B cTaTbe KpaTko paccMOTpeHa IpeeMCTBeHHas! CBSA3b MEXXAY HApOAHOM AepeBSHHOM apXu-

TEKTYpPOH, 00beKTaMH YKPAHHCKOTO APXUTEKTYPHOTO MOAEPHA U COBPEMEHHOI CAKPAABHOM APXUTEKTYPOI

YKpauHbL

KaroueBbie cAOBa: TpeeMCTBEHHOCTD, TPAAUIIMHU B ApXUTEKTYpe, HAPOAHASI ApXUTEKTYPa, YKPAaHHCKOe

6apOKKO, YKPAUHCKHIT apXUTEKTYPHBII MOAEPH, APXUTEKTYPa YKPAUHBL.

ITocranoBka mpo6Aemsl. FccaepoBanue TpapuImit
B apXHUTEKTYpPe OTAEABHBIX CTPaH BOIIPOC He HOBbI1 [ 9],
OAHAKO COXpaHseT CBOIO AaKTYaAbHOCTDb M CETOAHS, IIO-
CKOABKY COBpeMeHHas apXUTEKTypa pa3BHBAeTCs B ABYX
HAIIPABACHMSX: C OAHOM CTOPOHBI, 9TO TAOOAAUCTCKOE
HaIlpaBAeHHe, KOTOpOe CTHUpPAaeT HAIJHOHAAbHbIE PAa3AH-
YUsl MEXKAY KYABTYPaMU Pa3HBIX HAPOAOB, C APYTOH —
COBpeMeHHbIe TeYeHHs], MOACPHU3UPOBaHHbIE HCTOPH-
YeCcKue CTUAM, KOTOpbIe IBITAIOTCS COXPAHUTD XOTsI OBl
HEKOTOpbIe MPU3HAKU EAMHCTBA C TPAAHITHET.

O630p MOCAEAHHX HCCAEAOBAHHI H IyOAHKa-
nui. IIpeeMCTBEHHOCTD TpaAMIIMM B apXUTEKType
YKpauHBI, B YaCTHOCTH CAKPAAbHOM, HHTEPECOBAAHM Ta-
KHX OTeYyeCTBEHHbBIX HCCAepOBaTeAel Kak: P. KioHmawy,
3. Moiiceenxo-Yeneauk, H. O6upnsax, O. Caenijos,

K. Tpetsx, B. Yeneauk 1 MHOIUX APYTHX M3BeCTHBIX
y4YeHBbIX.

ITocranoBKa 3apaum. 3apaveil CTAThbU SIBASIETCS
IIPOCACAUTD IIPEEMCTBEHHYIO CBSI3b MEXAY HApOAHOM
AEPEBSIHHOM apXUTEKTYPOM, 00beKTaMH YKPAHHCKOTO
APXUTEKTYPHOI'O MOAEPHA M COBPeMEHHOM CaKPaAbHOM
ApXUTEKTYpOH YKpauHbL

H3A05keHHE OCHOBHOTO MaTepHaAa. APXUTEKTypa
SIBASIETCSI MATEPHAABHBIM OTPAXKeHHEM KM3HH 00IIeCTBa,
a TaKKe CPEACTBOM BAUSHUS Ha ero gopmuposanue. Co-
3UAASI OOBEKT APXUTEKTYPHI C OIPEACACHHDIM XYAOXKe-
CTBEHHBIM 00Pa3oM, APXUTEKTOP TAKUM 00pa3oM co3-
AQeT 0COOYIO 9CTETHIECKYIO PEAAbHOCTD 1 BO3AEHCTBYSI
Ha <IIOTPeOUTeAsI>, y4ACTBYeT B pOPMUPOBAHIU AUIHO-
cru [ S, C. 11]. TToaromy, ocoboe BHIMaHHE HEOOXOAUMO
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Section 1. Architecture

YAEAATDb OTBETCTBEHHOMY IIOAXOAY K CO3AAHUIO aPXUTEK-
TYPHOM cpeabl. AAsl YKpauHIIEB TaKas CpPeAd, B HAeAAe,
AOAXKHA 6a3UPOBATHCSI HA COXPAHEHUH U IIEPEOCMBICAE-
HUU HALIMOHAABHBIX TPAAUIIUH, TOCKOABKY IO CBOEMY
COIIMOTHUITY OHH OTHOCSTCS K 9THKO-CEHCOPHBIM MHTPO-
BepTam [4, C. 80], 4o xapakTepHsyeT UX KaK KOHCep-
BATHUBHBIX, CKAOHHBIM K 60Aee 4aCTOMY HAaCA€AOBAHHUIO
CAOXKUBIIHMXCS Tpapunuit. OAHAKO, HA OCHOBE aHAAM3a
COIIUAABHO-TIOAUTHYECKHUX IPOIIECCOB B YKpauHe U Cy-
IeCTBYIOIHX IIPOOAEM B 00OAACTH apPXUTEKTYPBI, YCTa-
HOBA€HO, YTO KOPeHb 9THUX IIPOOAEM KPOETCsI B TOM, YTO
KaXkAas HOBasi QopMalus Pe3Ko MeHseT BEeKTOp Pas3Bu-
THsI 001[eCTBa, MEHsIS €r0 IPUOPUTETHI K OPHUEHTUPHI,
4TO, B CBOIO OYepeAb, TPUBOAUT K KOHPAMKTY MEXAY
3aA0XKEHHBIM THUIIOM MEHTAABHOCTH U AMHHUEHN IOBeAe-
Hust. PemuTs mpo6AeMy BO3MOXKHO TOABKO IIPH YCAOBUH
KOMIIAEKCHOTO TIOAXOAQ, B TOM YMCAE, Yepe3 IOIBITKY
CHSITHSI HATIPSDKEHHOCTH B 001eCTBe MOCPeACTBOM BHe-
APEHHS B COBpeMeHHOe CTPOUTEAbCTBO apXUTEKTYPBbI
Ha HAITMOHAABHBIX HayaAaxX, 3THM CaMbIM GpOpMHpYs
HalJMOHAABHO-CO3HATEAbHYIO AMMHOCTD, IATPUOTA CBO-
€ro rOCyAapCTBa ¥ aKTUBHOTO TPaXKAQHMHA AEMOKPATH-
geckoro obmectsa |1, C. 4]. A aTO sBAsIeTCS 3aA0TOM
KaK COIJMAAbHO-9KOHOMMYECKHUX, IIOAMTUKO-IIPABOBbIX,
AEMOKPATHYeCKUX [IPe0Opa3oBaHUI PAAH YKPEIIACHHSI
YKPAaUHCKOM IOCYAAQPCTBEHHOCTH, TaK M COXpaHEeHMs
HAIlMOHAABHON MAEHTUYHOCTU YKPAaUHCTBA B YCAOBMAX
raobaamsanuu [ 1, C. 4].

Ha npumepe apxutekTypsl, Kak HaboAee COLIMAAb-
HOTIO II0 CBOEH NMPUPOAE BUAE MCKYCCTBA [3, C. 111],
B YaCTHOCTH, CAKPAAbHOM apXMTeKType, BO3MOXKHO Ha-
TASIAHO TIPOCA@AMTD ITPOIeCC HALJMOHAABHOTO BO3POXKAL-
Hus (HEMOCPEACTBEHHO CBA3aH C HALMOHAABHOM HAeeit),
KOTOPBbI IPOXOAUT Ha TEPPUTOPUH YKPaHHbI Ha ITPOTH-
JKEHUH HeCKOAbKHMX HCTOPUYECKHX IepruoAOB. Briaeaus
TIepUOADI B3AeTa HALIMOHAABHOTO Ayxa (I mepuoa — amo-
xa 6apokko XVII-XVIII ct, II meproa — yKpauHCKHit
apXUTeKTYpHbIit MopepH K. XIX — Hau. XX crT.), Hccae-
AOBAHO XapaKTePHYIO apXUTEKTYpPY, UCIIOAb30OBaHHbIE
IpreMbl, pOPMbI, IAEMEHTBI [2;4;7;8].

IIpeeMcTBEHHOCTD TPAAULIMIL HA YPOBHE IOCTPOEHHUS
KOMITO3UI[UY, CHAY9Ta, OCHOBHBIX 9A€MEHTOB (acapoB
(06’bepMHEeHME MHOTHX OTACABHBIX OaIIeHHBIX 06HEMOB;
HCIIOAB30BAaHHbIE XapPAKTEPHOM OaHU C IepPeXBaTOM-
«KOBHHUPOM>>; PaCKpPBITHII K 3€HHUTY OAallleHHbIN Bepx,
a TaKke YepeAOBaHMe CTeH U 3aA0OMOB, SIPYCHOCTDb Bep-
XOB) TIPOCA@XKHBAETCSl OT AePEBSHHBIX IepKBeil yepes

COOTBETCTBYIOLIYIO MOACPHHU3AIIMIO M TBOPYECKOe IIepe-
OCMbICA€HHE $OPM B YKPAHHCKOM apPXUTEKTYPHOM MO-
A€pHe, a AAAbIle MACH YKPAUHCKOTO apXMTEKTYpPHOIO
MOAEPHA TBOPYECKHU ITePeOCMBICAUBAIOTCS B ITPOEKTHbIX
IIPEAAOSKEHHSIX, TAe Ha OCHOBE CHHTE3a TPAAUIIMHU U HO-
BaTOPCTBa GOPMHPYETCsl COBpeMeHHAsl YKPAaUHCKAs Xpa-
MOBasl APXUTEKTypa Ha HALIMOHAABHOI MouBe (reHe3nc
KOMITO3UIIUH U GOPM ITPOCAEKUBACTCS IIPH CPAaBHEHUU
Tpounkoro cobopa r. Hopomockosck (apx. 5. ITorpe6-
Hax, 1773-1778 rr.), IToxposckoit nepksu c. [Iaemmuser
(apx. U. C. Kysnenos, 19021906 rr.), uepksu Poxxaecrsa
ITpecssToit boropopunsr c. Kapambimm (npoeKT 6r0po
“AMLIEH3uAPX”, apx. O. C. Caerios, 2016 1.)) (puc. 1).

ITpeeMCTBEHHOCTD TPAAHIHMI YKPAHHCKOTO HapoK-
ko XVII-XVIII BB. yepe3 yKpaMHCKHUM apXUTEKTYPHbIi
MOAEPH, AdAee ITyTeM MOAUPUKAIIUH TPAAUIIUH B IIPOEK-
TaX COBPeMEHHO HAaIlMOHAABHO HAITPAaBACHHOM CaKPAAb-
HOW apXUTEKTYpPhl Ha MOACPHH3HPOBAHHBIX popMax
6apPOKKO IIPOCAEKHMBAETCSI IIPU COMOCTaBAeHUH baaro-
BellleHCKoi1 riepkBu 1. Bepesna (1778 1.) u pekoHCTpY-
uposanHo# 110 npoekry C.B. IOpuenko IToxposckoit
nepksu c. Aertsapéska (1708-1709 rr.) ¢ [TokpoBckoit
nepkoBbio C. ITaemmBer; u 1jepkoBpio CB. AITOCTOAOB
ITerpa u ITaBaa B . Kuese (npoexr 61opo “AVILIEH3u-
APX’ apx. O. C. Caerjos, 2000-2009 rr.) [6] (puc. 2).
IIpeeMCTBEHHOCTD IIPOCAEKUBACTCS B HCIIOAb30BAaHUHI
IIeHTPAABHO-CUMMETPUYHOH KOMITO3UIIUH C AOMUHHPO-
BAaHMEM L[eHTPAABHOTO 00beMa OaHH, YTO UMeeT Xapak-
TEPHYIO IIOAYIIMPKYABHYIO $OPMY, C OKHAMH-AIOKAPHa-
MH U Pa3BUTBIM KAPHU30M; OTKPBITOTO K 3€HHUTY KyTIOAQ
C IIepeXBATOM- «KOBHUPOM > ; MOAUPHUIIIPOBAHHOTO BXO-
AQ 1 0OpaMAEHHSI OKOH.

BsiBopsI. ITpu paccMoTpeHNN 3HAKOBBIX 0OBEKTOB
MepUOAOB HALJMOHAABHOTO BO3POXKAEHHS YKPAUHbI (I —
anoxa 6apokko XVII-XVIII cr., IT — yxkpauHckuit apxu-
TeKTypHbIH MoaepH K. XIX — Hau. XX cT.) U mpuMepoB
COBPEMEHHOH HAITMOHAABHO HAIIPAaBACHHOM CaKpaAb-
HOW apXUTEKTYphl YCTAHOBACHA ITPEeMCTBEHHAs CBSI3b
Ha ypOBHE KOMIIO3UIIMH, C HCIIOAb30BAaHHEM IIPHEMOB,
XapaKTePHBIX HOCUTEASM HAIJHOHAABHOH apXUTEKTYPhI,
$OpPM U OTACABHBIX 9IAEMEHTOB.

IlepcreKTHBBI AQABHEHINIHX HCCAEAOBAHHIA.
B aaabHeitnreit paboTe HEOOXOAUMO ITPOAHAAUSHPOBATH
APYTHeE THIIBI 3\AHHH TePHOAOB HAITMOHAABHOT'O BO3PO3K-
A€HHMS YKpauHbl, BBIACASIS XapaKTePHble HAIJOHAAbHbIE
0COOEHHOCTH U ITPOCAEXXHUBASI UX PA3BUTHE B COBPEMEH-
HOU apXUTEKType.
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The latest data on Permian agglutinated species of Pechora province

Abstract: Permian deposits contain significant complex of both calcareous and agglutinated foraminifera.
Among the latter the genera Saccammina, Hyperammina, Hyperamminoides, Ammodiscus play the greatest role,
which considerably supplement the paleogeographic picture of the Permian period and are often found mas-
sively. Electronic examinations of shells allow to learn the features of both their internal and external structure.
The article describes two new species Hyperamminoides ladis Suchov, sp. nov., and Paleonubecularia vostrucha

Suchov, sp. nov., which supplemented micro-faunistic picture of the Permian system.
Keywords: agglutinated foraminifera, species, Permian deposits, biostratigraphy, pores, tube, material.

Introduction. Examination of fossilized shells of
foraminifera was performed with the help of raster elec-
tron microscope REMMA-202 M, as a result of which it
was possible to identify a number of regularities that are
typical for all agglutinated species. It should be noted that
now this method allows examining the wall of the shell in
the most comprehensive way and gives a more complete
picture of its structural organization.

The complex of Permian foraminifera of Pechora prov-
ince includes almost all species that are found on the ter-
ritory of Bjarmaland. A significant amount of microfauna
accounts for agglutinated forms, among which the genera
Saccammina, Hyperammina, Hyperamminoides, Ammodis-
cus are most widespread. Until recently it was believed that
agglutinated species play only a subordinate role in bio-
stratigraphic studies, but calcareous foraminifera are still of
major importance. However, such point of view is wrong.
Many species representatives of such genera as Psammos-
phaera, Saccammina, Hyperammina, Hyperamminoides, Re-
ophax, Earlandia, Ammodiscus, Trochammina have a fairly
narrow stratigraphic range of distribution, which allows to
determine the age of sedimentary rocks in the most reli-
able way. Moreover, as opposed to calcareous foraminifera,
they are more undemanding, often euryhaline and able to
undergo quite significant salinity excursions and also are
well preserved in the fossil state.

Such genera as Saccammina, Hyperammina, Ammodiscus
may be found in the deposits, which often lack any fauna,

including calcareous foraminifera, which is very important
both in interregional and global stratigraphy. In most cases
such deposits are presented by argillite and aleuritic variet-
ies, even by fine-grained sandstone. Agglutinated foramin-
ifera are found even in the deposits with substantial scuds.

Faunas and biostratigraphy

Foraminifera

1. The internal structure of agglutinated foraminifera

Despite the fact that agglutinated foraminifera in
most cases are unilocular, their wall has a fairly complex
structure and consists mainly of fine-grained grains,
where most often calcareous material can serve as the
cement. Most often, the wall of the shell consists of sev-
eral layers, each of which is clearly distinguished by its
own set of agglutinated particles. The cementing material
may be siliceous and calcareous. In most cases the ce-
ment of the shell is presented by inner part of endoplasm
that goes outside through numerous pores. Sometimes
solidified endoplasm may form considerable clots on
the surface of the shell, which differ from the siliceous
particles in white color. The pores may vary in size, and
their tunnels are extremely long, have a complex struc-
ture, often bent, always expanding towards the surface of
the shell. The pores form entire clusters on the external
wall of the shell.

1.1. Genus Psammosphaera

Genus Psammosphaera is a solitary subspherical shell
with internal pseudochitinous and external agglutinated
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layers (table 3, figures 1-3). Despite the simple shell struc-
ture, the wall is complex, with two layers: besides, the ex-
ternal layer is composed of more coarse-grained particles
and the inner layer is composed of fine-grained particles.
For example, for building the structure of the shell wall,
the species Psammosphaera bulla Voronov may use organic
fragments of shells of bivalved mollusks and brachiopods
(table 3, figure 3). The pores of foraminifera, which expand
towards the surface, are distinctly seen in the pictures. The
tunnels of pores are narrow, deep. Agglutinated particles
of the external layer are always oriented along the plane of
the shell; they firmly interlock with each other.

1.2. Genus Saccammina

Shells of the genus Saccammina (table 1, figures 1, 2;
table 2, figures 3-6) are found in all stratigraphic levels
of the Permian system. In Asselian, Sakmarian ages they
were found not so often, sometimes in single quantities,
but since Artinskian age they became massive. Species di-
versity of Saccammina in Pechora province is quite great,
but Saccammina arctica Gerke, S. ampulla (Crespin), S.
duplexa Sossipatrova, S. parvula Gerke are most frequent.
Saccammina in Pechora province are characterized by the
even surface of their walls, composed of fine-grained sand-
stone. On the surface of the shell (in its first half) there
are significantly protrudent undulating folds. There is an
established opinion that these folds appeared after death
of a shell as a result of further deformation. However, we
dare to suggest that such folds are intravitam, which is in-
dicated by a significant number of pores that are located
between these folds (table 2, figures S, 6). These folds
can not emerge after death of a shell, because the pores
would have been squeezed under deformation, however,
they are unmodified. On the contrary, there is a significant
amount of pores in lower parts of the folds (at the spots
of ,squeeze”). We dare to suggest that such folds on the
shell are required for its consolidation, as Saccammina live
predominantly in off-shore strip. The folds protect pores
from further clogging, as they protrude in relief on both
sides from apertures. The folds of Saccammina are directed
strictly in parallel to each other, which should contribute to
additional friction and hinder the transfer of shells (during
rising tides, storms) to the places that are detrimental to
life. In addition, more weighted sharp-pointed lower plane
of the shell does not allow them to turn, and they are al-
ways located in such way that their aperture looks upwards.

Another feature of Saccammina is the presence of lids
for pores (table 2, figure 4). In the case of hostile environ-
ment (dregs, presence of enemies) lids close pores. It is
possible that these lids close pores also for night, as it
happens for example in coral polyps.

The aperture of Saccammina has a complex structure,
often slit-like. The elevation is composed of concentric
layers (table 2, figure 3), and the particles, which form
the aperture, are much larger than those which constitute
the wall. Obviously, they will be stronger than in the rest
part of the shell, which contributes to additional protec-
tion of endoplasm.

1.3. Genus Hyperamminoides

From agglutinated foraminifera genus Hyperammi-
noides (table 2, figures 1, 2; table 3, figures S, 6) is most
often found in Pechora province. It was widely-distrib-
uted from Asselian till Ufimian ages. It is believed that
the shell of the species Hyperamminoides has a thin wall,
but in reality the shells with a multiple-layer wall are
found in the Pechora province, for example, the species
Hyperamminoides ladis Suchov, sp. nov. has up to 7-9 lay-
ers (table 2, figures 1, 2). The layers are concentrically
located around a slit-like aperture. The particles, which
constitute walls of a shell, are small, closely adherent to
each other. There are free spaces between layers. It is
possible that they are required for water circulation in
stratum of the wall, which contributes to the supply of
additional oxygen to organism. Squeezes on the shell are
also designed for its consolidation.

1.4. Genus Ammodiscus

The tube in the genus Ammodiscus (table 1, figures
3-8.) is swollen and quite well distinguishable. The char-
acteristic feature is that the external wall of Ammodiscus
consists of larger agglutinated material, which is equally
distributed on the entire surface of the shell. Roughish
material helps to protect organism against external me-
chanical impact. Wall of the shell of Ammodiscus consists
of several layers, where the largest particles are located
on the external surface (table 1, figures 7, 8). The genus
Ammodiscus in all studied shells under large magnifica-
tion demonstrated a clearly marked cellular construction
of the external layer of the wall (table 1, figure 6). Po-
rosity is especially well manifested in the shells, which
are composed of rougher material. Porosity makes itself
evident in the fact that tubes of the shell are dissected
(squeezed) by perpendicular lines. These squeezes have
system character. It may happen that the squeezes oc-
cur because of nutrition delay. As soon as the organism
suffered a shortage of food supply, the adverse factor
was immediately reflected on the structure of a shell in
the form of specific growth retardation, ,cicatrix” The
commissures of whorls are clear, never clogged by ag-
glutinated material. The tube of a shell is composed of
grains of different composition: the inner layer consists
of smaller grains, but the external layer — of larger grains.
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Tubes of the shell, as a rule, are always swollen and well
prominent. The aperture of shells of Ammodiscus is nar-
rowed (composed of approximately similar grains), what
complicates the intrusion of foreign material into it.
Grains are largest at the aperture, and it is visible how
they clearly stand out against the rest part of the wall. The
grains are formed concentrically around the aperture,
and at the aperture they are folded up in the prominent
rim. That should contribute to the protection of the ap-
erture from damage.

Species of the genus Ammodiscus are very difficult
to diagnose. Form of the shell, number of whorls, thick-
ness of the tube and etc. serve as a criterion for sepa-
ration of the species. However, such an important ele-
ment as structure of the aperture, which can be rounded,
squeezed, slit-like, is omitted. It is not excluded that one
species, for example Ammodiscus septentrionalis Gerke,
which is a cosmopolite and transit species, includes sev-
eral different species.

Conclusion

1. Agglutinated foraminifera play a significant role in
detalization of the stratigraphy of the Permian system of
Pechora province. The more representative is the complex,
the more precise is the relative age of sedimentation masses.

2. Agglutinated foraminifera can be used for solving
paleogeographic tasks, as they serve as a peculiar indi-
cator in Permian water areas. So, for example, all agglu-
tinated foraminifera have one regularity: shells, which
are composed of larger particles, are located closer to
the coastline, and those, which have a smoother wall,
were in the abyssal part of water area. Shells, which are
composed of small agglutinated particles, can also exist
closer to the sea coastline in deepened areas where the
substratum will be clay particles, suitable for construc-
tion of the shell.

3. The presented studies prove that the wall of ag-
glutinated shells has a complex structure. The pores of
each particular genus differ both in size and structure.
The one thing they have in common is that the pores
expand towards the surface.

4. As a rule, the wall of shells has several layers; the
external one is roughest. In addition, the aperture is the
most important criterion in determination of species in
all agglutinated shells.

Order Hyperamminida Loeblich et Tappan, 1984.
Family Hyperamminidae Eimer et Fickert, 1899.
Family Hippocrepinida Rhumbler, 1895.
Genus Hyperamminoides Cushman et Waters, 1928.
Hyperamminoides ladis Suchov, sp. nov,, 2013.
Table 2, figures 1, 2.

Typical species Hyperamminella elegans Cushman et
Waters, 1928 [1]. Carbonic period, North America.

The species is named in honor of the Slavic goddess of
beauty, love and marriage.

Holotype — specimen N¢ 34/629; GM KFU; gener-
al view; Pechora province, Korotaikhinskaya depression,
well BK-1, depth 923; Ufimian age, Kozhimrudnitskaya
suite.

Description: The shell is straight with a fairly rapid ex-
pansion (angle of expansion is up to 35 degrees) from nar-
rowly rounded in the initial part to widely rounded in the
second half of the shell. The surface is smooth with strong
circular squeezes, which are observed on the entire surface
of the shell. The wall is sandy, consists of 8-9 layers. Grains
are small, flattened, scaly and connivent. The aperture is
big slit-like, deep, composed of fine-grained sandstone.
Length of the aperture is 0.24 mm; width is 0.08—0.1 mm.
Length of the shell is 0.6—-0.7 mm; width is 0.5 mm.

Comparison. The species Hyperamminoides ladis
Suchov, sp. nov. resembles the shell of Hyperamminoides
stabilis Igonin, but differs from it in a shorter length and
the presence of a crinkled external layer. Also, this species
resembles Hyperamminoides terris Sleifer, but differs in
narrowed aperture and a shorter shell.

Note. The species is quite widespread in Pechora
province, can be found with other species of the genus
Hyperamminoides.

Area of distribution. Pechora province, Korotaikh-
inskaya depression, well BK-1, depth 923; Ufimian age,
Kozhimrudnitskaya suite.

Material. Several dozens of specimens from
Pechora province: Kosyu-Rogovskaya and Korotai-
khinskaya depressions. Korotaikhinskaya depression,
well BK-1, depth 923; Ufimian age, Kozhimrudnits-
kaya suite. Kosyu-Rogovskaya depression, well BK-21
(Padimey-Taryuskaya anticline), Ufimian age, depth
840-59S5 m.

Superorder Ammodiscoida Rauser et Reitlinger, 1993.
Order ammodiscida Fursenko, 1958.
Subfamily Calcivertellinae Loeblich et Tappan, 1964.
Family Pseudolituotubidae Conil et Longerstey,
Reitlinger, 1993.

Genus Palaeonubecularia Reitlinger 1950.
Paleonubecularia vostrucha Suchov, sp. nov.,, 2013.
Table 3, figure 4.

Typical species Palaeonubecularia fluxa Reitlinger [2],
Kashirskian horizon, Southern Pritimanye.

The species is named after the spirit Vostrukha, who
dwells in a house. The earliest predecessor of domovoy
(house spirit).

10



The latest data on Permian agglutinated species of Pechora province

Holotype — specimen N° 709/11S; external view; GM
KFU; Pechora province, Korotaikhinskaya depression,
well BK-1, depth 923, Ufimian age, Solikamsky horizon.

Description. The shell is small, attached, irregularly
shaped, randomly whorled. The second loculus has
squeezes and tecta. Its diameter can be up to 20 pm.
The form of the shell is slightly elongated. The wall is
two-layered, composed of pelitomorphic calcite. The
external layer is white, porcelaneous and composed of
calcite grains up to 5—6 pm, the inner layer is yellowish.
Thickness of the wall is up to 15 ym. Length of the shell is
0.25 mm, width is 0.1 mm.

Comparison. It differs from Palaeonubecularia re-
itlingera Igonin in a certain elongation and smaller sizes,
as well as in the nature of wall structure.

Variability. Form of the shell may vary depending
on the nature of substrate. In some cases, the shell may
acquire a rounded view.

Area of distribution. It is widespread in the entire
Pechora province in Ufimian age.

Material. Several dozens of specimens and some thin
rock sections from Pechora province: Korotaikhinskaya
depression, well BK-1 and Kosyu-Rogovskaya depres-
sion, well BK-21.

Explanatory Notes to the Tables

Table 1

Figures 1, 2. Saccammina arctica Gerke, 1961: I speci-
men N¢ 34/834; Geological Museum of Kazan Federal
University (GM KFU); general view of the shell; x138;
Pechora province, Korotaikhinskaya depression, well
BK-1, depth 923; Ufimian Age, Kozhimrudnitskaya
suite. IT specimen — the same; x487; numerous pores
are observed on the flattened surface; the size of pores is
3-4 pm, only in some cases it may be up to 5-ym.

Figures 3, 4. Ammodiscus septentrionalis Gerke, 1961:
III specimen N 34/732; GM KFU; general view of the
shell; x188; Pechora province, Korotaikhinskaya depres-
sion, well BK-1, depth 923; Ufimian Age, Kozhimrud-
nitskaya suite. IV specimen — the same; x697.

Figures 5-8. Ammodiscus septentrionalis Gerke, 1961:
V specimen, N2 34/570; GM KFU; general view of the
shell, x260; Pechora province, Korotaikhinskaya de-
pression, well BK-1, depth 923; Ufimian Age, Kozhim-
rudnitskaya suite. VI specimen — the same; x590. VII
specimen — the same, x903; closures of whorls are dis-

tinctly observed, the wall is composed of fine-grained
sandstone. VIII specimen — the same; x1340; aperture
of the shell is open, slit-like, tall.

Table 2

Figures 1, 2. Hyperamminoides ladis Suchov, sp. nov.:
I specimen. N¢ 34/629; GM KFUj general view; x157;
Pechora province, Korotaikhinskaya depression, well
BK-1, depth 923; Ufimian Age, Kozhimrudnitskaya suite.
IT specimen — the same; aperture of the shell; x496.

Figures 3-6. Saccammina arctica Gerke, 1961: Il spec-
imen N¢ 34/572; GM KFU; general view; x167; Pechora
province, Korotaikhinskaya depression, well BK-1, depth
923; Ufimian Age, Kozhimrudnitskaya suite. IV speci-
men — the same; central part of the shell; x697; accumu-
lation of pores is distinctly observed in the central part;
top part of the shell, contrary to the lower part, has rough
surface. V specimen — the same; x475; upper layer of the
shell is gathered in unique crinkles. VI specimen is the
same; lower half of the shell; x1670; a considerable amount
of pores is gathered in crinkles of the shell external layer.

Table 3

Figures 1-3. Psammosphaera bulla Voronov, 1957:
I specimen. N¢ 34/788; GM KFU; general view of the
shell; magnification x201; Pechora province, Kozhim-
rudnitskaya suite, BK-1, depth 1236-1240; Artinskian
age, Belkovskaya suite, foraminiferal zone Nodosaria
longissima. 11 specimen is the same; rims of the shell;
the shell is composed of fine-grained sandstone; magni-
fication x630. III specimen — the same; magnification
x2760; central part of the shell has narrow pores that ex-
pand a lot towards the external wall of the shell; grains
of the shell have different sizes, but predominantly, they
are flattened and scaly.

Figure 4. Paleonubecularia vostrucha Suchov, sp. nov.,
specimen N° 34/821 a; GM KFU;j general view of the
shell; magnification x308; Pechora province, Korotaikh-
inskaya depression, well BK-1, depth 923, Ufimian age,
Solikamsky horizon.

Figures 5, 6. Hyperamminoides stabilis Igonin, 1998:
V specimen N¢ 34/891 a; GM KFUj general view of the
shell; magnification x144; Pechora province, Korotaikh-
inskaya depression, well BK-1, depth 923, Ufimian age,
Solikamsky horizon. VI specimen — the same; magnifi-
cation x744; central part of the shell (fold that separates
the upper and lower halves of the shell).
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Observations of dynamics of landslides
within built-up slopes of ravines in the city of Dnipro

Abstract: The paper analyzes long-term observation of geodetic techniques concerning the dynamics of
landslide displacements of slopes of ravines within Dnipro region in terms of two areas (“Sirko” and “Sokol”);
a structure of observation network; designs of control stations and benchmarks; estimation of accuracy

of geodetic measurements as well as positions of landslide points both in plan and from top to bottom are
shown. To replace traditional techniques being applied within the areas of interest, a method to measure
landslide displacements with the use of satellite-based approaches is proposed.

Keywords: geodetic approaches, landslide processes, slope of ravines, monitoring, control stations,

landslide displacements, satellite-based observation approaches.

Currently Dnipro is one of the most dangerous
Ukrainian cities from the viewpoint of landslide pro-
cesses. It should be noted that the whole right-bank
part of the city is located on three hills surrounded by
ravines which slopes consist of loess differing with pori-
ness and characteristic capability for sharp consolidation
while water saturating. Activation of landslide processes
which increased during last decades is a result of natural
and technogenic effects. Total area of the landslides is al-
most S thousand hectares. There are more than 140 sites
being dangerous from the viewpoint of landslide devel-
opment. To prevent landslides within the built-up city
slopes and to preserve housing facilities it is proposed to
apply modern methods of regular monitoring to deter-
mine stability of the slopes to implement substantiated
measures to control landslides.

Within the built-up slopes of the largest ravines as Evpa-
toriiskaia, Aptekarskaia, Krasnopovstancheskaia and others
located in the center of the city, deformation of buildings

with the formation of cracks, obliquities and subsidences
take place. They experience damaging and a number of high
apartment blocks and private houses are resettled. The pro-
cess never stops; its progress takes out of service more and
more residential buildings and facilities. Consequently, the
problem of stability of the built-up ravine slopes is of high
social and economic importance for the city.

Instrumental measurements of the parameters
of landslide processes make it possible to determine
landslide structure, displacement rate and direction of
landslide mass movement. To determine kinematic pa-
rameters of the landslide processes within both areas
only traditional high-accuracy geodetic methods were
applied. Nowadays, GPS technologies are used to ana-
lyze deformations and displacement of the earth’s surface
both globally, regionally, and locally instead of geodetic
methods. Currently application of GPS monitoring to
measure landslide process parameters is the topical issue
requiring further research.
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P.J. Bright, A.G. Grigorenko, K.A. Gulakian,
E.P. Emelianova, G.S. Zolotariov, I.E. Kell, V. V. Ki-
unttsiel, Yu. V. Polishchuk, G.P. Postoev, L. Ter-Stepan-
ian, G. M. Shakhuniants, O.I. Sheko and others studied
the regularities of landslide and slope processes, condi-
tions of their occurrence and development, methods
of field instrumental studies as well as the methods to
model and control them.

Such Ukrainian scientists as A. T. Dultsev, Yu. A. Kar-
pinskiy, A.L. Ostrovskiy, K.R. Tretiak, S.I. Savchuk,
P.G. Cherniaga, Ya.S. Yatskiv and others did much to
solve problems concerning both design and optimiza-
tion of process to develop networks using satellite-based
approach and test accuracy of the technique. Studies by
such foreign authors as S. Erol, B. Erol, T. Ayan [2, www.

isprs.org/ ... ], A. Uznanski [7, 78], K. Wong, K. Man,
W. Chan [8, 12], B.Remondi [S, 15-16] on monitor-
ing of deformation of engineering objects using satellite-
based techniques are also known.

Field instrumental geodetic techniques are required
to obtain data on kinematics of landslide, rate and di-
rection of displacements which consequently makes it
possible to develop controlling measures. High measure-
ment accuracy being essential requirement for selection
of techniques and devices is necessary for precise de-
termination of displacement point of landslide mass in
terms of low displacement rates.

Displacement of any landslide point within a surface
of a slope characterizes distance | passed by the point
during At=t, - t time interval

zz\/[x(tz)—x(tlﬂ 2+[y(t2)—J’(f1)TJ{Z(tz)_z(tlﬂz z\/Axit, +Ayit‘ tAzy,

where x (), y (t,), z (t,) are coordinates of certain slope
point within ¢, time moment; x (tz), y (tz), z (tz) are co-
ordinates of the same point within ¢, time moment;

Ax Ay z
Ati , Ati , At areincrements of slope point co-
1

ordinated during ¢, time.

Landslide displacement rate involves differential ap-
proach to the project of observation network scheme, de-
sign of control and landslide stations, measuring method,
and type of equipment. Below you can find features of

Crhsetrati otial stations:
microtriatdation,

m - polygonomety,
g - momumented benchmark;

- leveling line

a

2

1 1 1

the development of specific geodetic networks within
two landslide sites that is “Sirko” and “Sokol’”.

The network structure within “Sirko” site consist of
polygonometric control stations arranges along streets
and lanes (Fig. 2, a) and ground landslide benchmarks
located within densely built-up landslide slope accord-
ing to profiled lines. Within the site, points (9-10) were
takes as the initial (stable) ones relative to which the
displacements were identified. 19 control stations and
104 ground benchmarks were used within “Sirko” site.

Figure 2. Schemes of observational networks: “Sirko” site (a); “Sokol” site (b)

Landslide site “Sokol” is located within the built-up
slope of Evpatoriiskaia ravine in the neighbourhood of

high buildings of residential area “Sokol-2". Structurally
the network consists of continuous net of microtriangu-
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lation, polygonometry, and profile lines. Its character-
istic feature is dense network of control points within
both slopes of the ravine and on the supporting wall.
Polygonometric points within “Sokol” site are at the
built-up territory of residential area “Sokol-2” (Fig. 2).
Landslide benchmarks are fixed along the slope with the

help of profile lines [9, 40-43]. On the whole, 32 con-
trol ground benchmarks and 47 landslide ones are within
“Sokol” site. 17 observation cycles were performed at
both of the sites from 1984 to 1993 in spring and au-
tumn; from 1996 to 2001 period of observation was once

ayear.

P rrw

P

b

Figure 3. Overall view of the station: a — microtriangulation;
b — universal geodetic benchmark

Design of observation control stations within land-
slide sites provides forced centering of measuring de-
vices in the period of their mounting right at the station
(Fig. 3, a) [9, 38-39]. To determine field compilation
position of the object under analysis, a design of mul-
tipurpose geodetic benchmark is proposed (Fig. 3, b)
[1;5].

Planimetric position of microtriangulation stations
(16-26) within “Sokol” site as well as stations on
supporting wall (27-30) was determined with the help of
triangulation technique; polygonometric stations within
the both sites were determined with the help of optical
distance polygonometric technique; and landslide
benchmarks were determined with the help of geodetic
findings, transit technique, and their combination
depending upon visibility conditions. To determine
heights of control stations, leveling lines of 2"¢ order were
tunnels; landslide benchmarks were determined with the
help of geometric leveling of 4" order.

High-accuracy theodolites OT-02 M and TB-1 were
applied for direction measurements within microtrian-
gulation control stations. During four cycles polygono-
metric angles within the both sites were measured using
OT-02 M theodolite; single-angle six-step technique was
applied. During other cycles, angles were measured us-
ing the same technique with the help of 2 T2 theodolite;
in this context it took three stages. Electronic distance
meter MCA-1 M was applied to measure courses within
polygonometric traverses. Mathematical treatment of
polygonometric network within the two sites involved
“Compensation of linear and angular geodetic network”
program which was implemented by means of computer
utility 9BM-1034 EC; since 1996, computer facility in
“Invent-GRAD” program has been applied.

Reliability of landslide displacements is character-
ized by the obtained mean square errors (MSEs) of in-
strumental measurements of angles m g+ 1.3-2.0» in
microtriangulation; 3-4> in polygonometry and in geo-
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detic findings as well as points of MSEs from compensa-
tions as follows: M < 3 mm in microtriangulation;
M<1S mm in polygonometry; and M <20 mm in
ground benchmarks. From top to bottom, MSEs were:
M <2 -3 mm for control stations and M < 3-5 mm for
ground benchmarks [9, 43-44].

Results of geodetic monitoring helped determine
rates of vertical and horizontal displacements, move-
ment direction of landslide mass and volumes of ground
masses being displaced.

Instrumental geodetic techniques make it possible
to obtain absolute displacement values; and to identify
basic rules of spatial and temporal landslide parameters
used to assess dynamics of landslide slopes. According
to above techniques, point position is being determined
relative to initial network points with the accuracy de-
pending of their stability. Periodicity of control ¢ of po-
sition of initial stations of geodetic network in terms of
specified displacement intensity and specified probabil-
ity of rigidity of position of geodetic stations can be iden-
tified with the help of equation of exponential distribu-

tion of random value P (t)z e_lt , from which we have

InP(t)
T
To select stable stations of geodetic network, possible
error intervals to determine their coordinates (Table 1)
have been calculated according to the statistical formula:

x_t(%jsxs xw(%}

o . S . .
where t (Tj =0 is estimation accuracy; X is localiza-
n

t=—

tion error; x is a mean sample; n is sample volume; o

is a mean square deviation of coordinates of geodetic sta-
tions; ¢ is argument value of Laplace’s function @(t)

O(t) = % ;and y is reliability.

It follows from Table 1 data that in terms of reliabil-
ity objective, the stability of geodetic stations of cor-
responding accuracy class is determined with the help
of probability intervals of errors while positioning. A
station is supposed as unstable if positioning error goes
beyond the probability interval [3; S].

Table 1. - Error intervals of geodetic stations positioning

Reliability 0.9 | 0.95 | 0.99
Network group Error intervals of positioning, mm
1 2.88-3.12 2.86-3.14 2.82-3.18
2 19.85-20.15 19.82-20.18 19.76-20.99
3 31.79-32.21 31.75-32.25 31.67-32.33
4 31.76-32.24 31.72-32.28 31.63-32.37

Analysis of studies [4, 87] has shown that applica-
tion of satellite approaches is efficient in the context of
considerable displacement rates (more than 30 mm per
annum) when demands for determination accuracy are
bated. In the context of insignificant displacement rates
(3-10 mm per annum) it is required to lengthen in-
tervals between observational cycles considerably. If
accuracy of displacement determination is not satisfac-
tory then optimum traditional technique is applied or
measuring GPS-based technique is changed.

To replace geodetic observational techniques for
landslide processes within landslide sites “Sirko” and
“Sokol” being under study, a sequence to observe dis-
placement dynamics with the help of GPS-based ap-
proach has been proposed:

— Analysis of data of previous observations per-
formed using traditional techniques.

— Ground reconnaissance that is comparison of a
network scheme laid down before and available one;

preservation of stations and their accessibility; geometri-
cal arrangement of stations in space; visibility of sky for
every station; and availability of obstacles.

Thus, publication [6, 172-174] represents results
of observation of microtriangulation network stations;
the network was laid out in 1985 within “Sokol” site
of landslide slope of Evropeiskaia ravine. It has been
determined that as of the date of reconnaissance (April,
2015) that only certain share of control stations were
preserved; some stations were damaged or destroyed;
there is no mutual visibility between currently avail-
able stations. Thus, it makes sense to replace traditional
measurements with GPS-based approach.

— Selection of observation place that is determination
of stability of stations; selection of observational tech-
nique; determination of decision criterion according to
the basic factors: geological (slope structure); degree of
horizon coverage (geometrical arrangement of satellites),
and a value of positional dilution of precision (PDOP).
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— Planning of GPS observations of landslide dis-
placements is the objective of observations; required
accuracy of results (arrangement of both control sta-
tions and landslide ones); arrangement of network of
stations or network of satellite; the number of receivers
being used and their type; consideration of possibility to
process data with the help of available software; analysis
of recent almanac of GPS-based observation; selection of
optimum observational period as well as determination
of optimum observational period.

The planning is quite necessary for high-accuracy
measurements and those cases when observations take
place in thick-set areas and areas having a great number
of obstacles [ 10, 5-8].

— Timing for carrying out work, sampling time, and
direction of movement of receiver.

— Structural arrangement to perform observations:
selection of the network type; estimation of the number
of sessions.

— Preparation implementation of observation — test
run of measurements (analysis of PDOP obtained in the
field environment; making decision on the conditions
meeting the requirements of the criterion of equal GPS-
based observations); initialization of the receiver.

— Implementation of observations.

— Mathematical processing of the results of observa-
tions performed with the help of GPS-based receivers.

— Analysis of the results: assessment of accuracy of
both planimetric and height coordinates of control sta-
tions and landslide stations obtained with the help of
GPS.

— Integrated use of GPS and traditional techniques if
required.

— Coprocessing of measurements using software.

— Comparison of the obtained mean-square errors
resulting from instrumental measurements with location
of points in plan as well as in terms of height (traditional
techniques and GPS-based observations).

Conclusions. To obtain reliable information con-
cerning points of landslide mass in space and in time us-
ing satellite GPS-based measurements, it is required to
take into consideration following characteristics of a slope:
its inclination and gradient; availability of high buildings
within its territory; forest coverage; obstacles over horizon
(more than 15°) preventing satellite observations.

Landslide stations (benchmarks) scattered over the
area of the site under study should be field-established by
means of specific marks; they have to be handy enough to
mount receiver or reflector on them. Reliability of location
oflandslide points in space in terms of insignificant veloci-
ties of landslide displacements cannot be based upon high
accuracy concerning determination of coordinates of a
point in space with the use of GPS-based measurements;
it also depends on control measurements performed by
means of electronic tachometer, for example.

In terms of negligible rates of vertical displacements,
itis desirable to determine location of points within ver-
tical plane using geometric levelling of 2"+ 4" orders.
High accuracy of displacement determination with GPS
application is a result of thorough planning of satellite
observations. Meeting of the requirements provides de-
termination of mutual location of two receivers with ac-
curacy being at least 2-5 mm. GPS-based measurements
should be performed by means of calibrated GPSs on
special bases fixed with the help of stationary sites having
predetermined coordinates.
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Abstract: Paper presents the results of study for thermo-mineral waters of Spa Peja, Kosovo, referring

geological conditions, genesis, potentiality assessment and exploitation possibilities. For the explanation

of certain characteristics of thermo-mineral waters there were performed the necessary surveys, first of

all geological and hydro-geological investigations, as well as laboratory research. The significance of this

research process is shown in the practice, and proved by the applied research results. The water temperature,

multi- mineral elements composition, large yield stability, and also aquifer temperature of the Spa Peja,

offers opportunity for direct integral and cascade use of low enthalpy geothermal energy with an efficient

technology, to achieve environmental and economic effectiveness.

Keywords: Thermal-mineral water, characteristics, energy, usage possibility.

Introduction

Thermal waters are among the ecologically clean re-
newable natural resource in Kosovo, which are mainly
used for medical treatment and a smaller quantity is ex-
ploded by the city of Peja for other uses. Spa of Peja is lo-
cated in the north-western region of Kosovo, in the west
Plain of Dukagjini, approximately 12 kilometres from the
Peja town. Thermal waters source the Spa of Peja is lo-
cated to the near regional main road that passes through
the Istog- Mitrovice, the Baice village, among the forests
area at an altitude of 53Smeters, in the Zhljeb mountain.
The use of this thermal mineral water at the Spa of Peja is
known since the ancient Illyrian, Roman, and Ottoman
times [6]. The first hotel in built in 1935 years, which
served for medical treatment and rehabilitation centre,
gained popularity not only among locals as well as to
many other EU citizens.

Geological Setting of the Istok Region the Spa
of Peja

Istok region in north-west part of Kosovo, where is
found geothermal Peja springs area, is located in Inner Di-

narides tectonic unit, where are extended karstic limestone
of the Triassic, Jurassic and Cretaceous age [6].

Inner Dinarides (ID) separates the Drini-Ivanicki
element, from the Peri-Adriatic units like the Shari met-
amorphic complex, in stretching of the East Bosnian-
Durmitor zone. Extensive fold of thrust belt is built in
post-orogenic basin development and Cenozoic volcanic
complexes. The different main thrust faults are boundar-
ies between geo tectonic units, are different in litho logy,
stratigraphic age or metamorphic grade [1; 10].

Major part of the Inner Dinaride is made of car-
bonate sediments-limestone of Mesozoic age, followed
by the Ophiolitic mélange — to Upper most Jurassic
oceanic tract as a basis for groundwater flows. Trias-
sic limestone slid form the carbonate platform of the
Drina-Ivanjica element (Mokén, Zljeb et.). Carbonate
sediments are below the most frequent Tertiary and
Quaternary sediments covered with layers of Neocene
molasses and Holocene deposits, reaching a thickness
of up to 500m, in depth [8]. Dinaric karsts are mostly
developed in northwest and south of the Dukagjini Plain
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[5], laying towards the northeast in the geological struc-
ture a high degree of tectonic damage. Compared with
Triassic limestone, the mix of Ophiolites Jurassic and the
Upper Cretaceous clays show lesser distribution and oc-
cur in the shape of isolated masses.

Geological settings at the spa of peja

Source of thermal waters areas of Spa Peja charac-
terized by Pliocene formations settings. (Figure 1) [14].
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Figure 1. Geo lithological settings at the Spa of Peja

Upper-Middle Triassic (T _,)

Triassic carbonates formations build the highland
of Mokén and Zhleb — the magnificent rise above the
Dukagjini basin. Fundament marginal spring areas are
characterised by pronounced carbonate composition
and a high degree of tectonic damage in based carbon-
ate rocks of Upper-Middle Triassic (T, ,) composition
of volcanic-sedimentary pelagic series, with marbles,
the insertion of layers of volcanic tuff (1q) and brec-
cias breccias (a) [6; 14], calcareous schist and quartzite,
have conditioned heating the water-circulating meteoric.
The karts limestone, porous, are wrinkled in the form
syncline roughly 8 km length and wide 0.8 km, stretch-
ing east-west and north slight reduction from the spring
waters areas [2].

Middle-Upper Jurassic (], ,)

Meta carbonate and sedimentary silicate rocks of
Middle-Upper Jurassic (J, ,) age, spread over the lime-
stone layers of Triassic (T,_,). Formations of Jurassic age
are most often represented by formations of ophiolitic me-
lange made of: marls limestone, slate, hornstone, gabbros,
serpentine (Se), peridotite, schist (Bp), splits, andesine,
basalt, and of localized is demonstrated the presence in
sandstone, thickness range is up to 600 metres [6; 14].

Cretaceous (Cr)

Up mélange of Upper Jurassic (], ,) stretching trans-
versal formations of Cretaceous (Cr) age, shows lesser
distribution and occurs in the shape of isolated masses.

The main litho logical package the Cretaceous (Cr) are
sandy limestone with rudist, shale and carbonate —
mainly conglomerates schist with quartz built by the
Palaeozoic age. Examination of the rocks at a latitude
of 230 metres, show a certain large density of calcium
carbonate [6; 14].

Miocen (Nlm)

In literature, mountain Zhleb, describe from struc-
tural lit logy formations of Quaternary (Q), in the Mio-
cene (N m) and Pliocene (N, p) age, with composition of
sedimentary carbonate of limestone, marlstone, mudstone
with cherry, clay, conglomerates, by low metamorphic
rocks grade in Tertiary age, in parts the hilly. In Lower —
Upper Miocene strata, horizon consists of marl limestone,
clay and coal, sand and gravel, with thickness of layers
ranges from 30 to approximately 250 metres [6; 14].

Pliocene (sz)

Pliocene (N,p) sediments rocks stretch transversally
over older rocks of the Mesozoic age, covered by Neo-
cene sediments and alluvial deposits. Upper Pliocene
(N,p) formations, composed of the classic sediments,
gravel, sand, silt, partly marl, tuft and clays, as the con-
tinental Pleistocene (Qp), as in Holocene (Qh) in allu-
vium, polonium and diluvium formation rocks, with a
depth range of up to S00m [6; 14].

Short hydro-geological data of the peja spa spring

In the northwest of Dukagjini zone, in Kosovo, locat-
ed the Peja Spa (coordinate 42049’ to 42053’ and 20030’
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to 200385’ at the 543 meters, above sea-level, in area
ofimpressive contrasts in the middle of the beauty of the
Bjeshét e Nemuna, the Rugova cliffs and Drini i Bardhé
river. Thermal water flows out from tectonic fault Runik-
Peje-Istok, on hill the Zhleb, about 12 km of Peja city,
from the contact between the karstified limestone and
the flysch section of Neocene age. Aquifer area is located
at the bottom of a syncline structure up to S00m, depth,
in the sedimentary rocks of Mesozoic age, represented
by karstic limestone and dolomite formations, that en-
abled the penetration of surface waters [11]. Tempera-
ture of the “primary aquifers” achieves values up to 54°C,
calculated on the basis of geo-thermometer tip K/Mg
of Giggenbach method (1988) [9]. Conductive hydro
geothermal systems is stable discharge, by flow capacity
around 18 litres of second, respectively currently owns of
1,5 million litres a day, of water temperature 48.9 °C. That
water flow circulates along the carbonate layers of Trias-

sic age, up to 1km. Fracture permeability values from 10~
to 10 (m/s) [13].

According to the detail examined physical-chemical
characteristics of thermo-mineral waters Spa of Peja, can
be concluded: that mineral waters is hydro carbonates
type, sodium- calcium- magnesium (HCO3 -Na-Ca-
Mg). The total mineralization is 1970 (mg/1),and pH 6.7.
The content of HCO,is 1506 (mg/1), Na41.9 (mg/1), Ca
(309 mg/1) and Mg (86.5 mg/1). Smelling of sulfur, by Hy-
drogen sulfite (H,S) to 0.027 (mg/1) and Carbon dioxide
(CO,) is 730 (mg/1). Related to the radioactive element
content: while the content Uranium (U) is 0.0002 (mg/1),
Arsenic (As) is 0.082 (mg/1), with increase Boron (B) is
0.85 (mg/1), and examines data from Damjan P. (1995)
[11], of Radon (Ra) is 0.37 (Bq/1), and a low radioac-
tive gas Redone (Rn) to 8.5 (Bq/1).The detailed chemical
analysis in Table 1 and Table 2.

Table 1. - Physical characteristics of thermo-mineral waters of Peja
Spa (SGS Instituti Freseius GmbH, Wiesbaden, 2015)

Basic physical values Result Method
1 | Water temperatura 47.6 DIN 38404-4 TS
2 | pH 6.7 DIN 38404-5TS
3 | Condyc. (uS/cm), at 25°C 1990 DIN EN 27888 TS
4 | Redox potencial - 104 DIN 38404-6 TS
S | Colour, sensoric, Clear
6 | Turbitity, sensoric Clear
7 | Smell, sensoric, slighlty like, hydro. sulf,, mineral sour
Table 2. — Chemical characteristics of thermo-mineral waters of Peja
Spa (SGS Instituti Freseius GmbH, Wiesbaden, 2015)
No. Parameter Unit | Result Limit of quanti Method
CATIONS
1 | Sodium (Na) mg/1 41.9 0.1 DIN EN 11885 ISOTS
2 | Pontassium (K) mg/1 9.9 0.1 DIN EN 11885 ISOTS
3 | Amonium (NH)) me/l | 0.14 0.02 DIN EN 11732 1SOTS
4 | Magnezium (Mg) mg/1 86.5 0.1 DIN EN 11885ISO TS
5 | Calcium (Ca) mg/1 309 0.1 DIN EN 11885 ISO TS
6 | Barium (Ba) mg/1 0.45 0.005 DIN EN 11885 ISO TS
7 | Strotium (Sr) mg/1 1.3 0.005 DIN EN 11885ISO TS
8 | Manganese (Mg) mg/] 0.005 0.005 DIN EN 11885 ISO TS
9 | Iron (Fe) mg/1 0.94 0.005 DIN EN 11885ISO TS
ANIONS

1 | Fluoride (F) mg/1 0.9 0.02 DIN 38405-4 TS
2 | Cloride (Cl) mg/1 7.7 1 DIN ENISO 10304-1TS
3 | Iodine (1) me/l | 0.14 0.005 DIN 38405-33 TS
4 | Nitrite (NO,) me/l | <0.005 0.005 DIN 26788 TS
5 | Nitrate (NO, mg/1 <0.3 0.3 DIN EN ISO 10304-1 TS
6 | Sulfate (SO.) mg/1 6.5 1 DIN EN ISO 10304-1 TS
7 | Hydrogene carbonate, (HCO,) | mg/l 1506 3 DEV D8 TS
8 | Carbonate (CO3) mg/1 <3 3 DIN 38405 TS
9 | Sulphur Hidride (H2S) mg/1 0.013 0.005 DIN 38405-26 TS
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State and Possibilities of the Use of Thermal-Min-
eral Waters of Spa Peja

The thermal mineral waters resources, these attractive
rehabilitation centres in Kosovo. Known and exploited
since have a century’s old standing tradition, which ex-
ploited since Antiquity, from the Illyrians, the Romans,
and after the liberation from the Ottoman invasion, it
was named “Ilidze” Spa. Modern use of thermo-mineral
water takes place since the founding of the Rehabilitation
Centre ‘Spa’ in 1974. Analysis was verified that water is
effective in treating rheumatic disease, post-traumatic,
neurological, gynaecological, dermatological, digestive
disorders and sports injuries. Partial use of energy from
thermal waters by direct discharge considered as loss
[14]. Direct integral and cascade use with low enthalpy
the Spa of Peja, is important of their utilisation. Indica-
tors of geothermal energy, thermal capacity (CAP) and
energy (E) made basis of the following formula [10]:

CAP (MWt) =FR__ (kg/s) [(inlet temp. (°C) —
outlet temp. (°C)] x 0,004184 (MWt)

where CAP stands for Thermal Capacity and FR stands
for Flow Rate.

The total energy of the waters is derived by the fol-
lowing formula [10]:

E (TJ/year) =FR (kg/ s) [(inlet temp. (°C) —
outlet temp. ( C)] x0.1319 (TJ/year)

where: - FR __Stands for Flow Rate (kg/s),

— inlet temp (°C) and outlet temp. (°C), where E
stands for energy use.

Estimate the hydro geothermal energy is 71.46
(TJ/year) and thermal capacity is 2.89 (MWt) [14],
which represent the basis a successful offers of three pos-
sibilities for the direct use for a complex and cascade by
modern technologies- pumping heat of water [3; 4; 14]:

1. For treatment of different diseases and hotels clin-
ic for eco-tourism.

2. For heating and sanitary waters, for heating green-
houses for flowers and vegetables, asparagus cultivation,
and aquaculture installations.

3. Extracting chemical microelements from compo-
sition of thermal waters.

Platform for hydro geotermal utilization in complex
“Onyx” and “Thermal’, is built with conceptual project,
by:

— Planning scenarios for use the hydro geothermal
energy with low enthalpy selected and decided by eligi-
bility criteria;

— To contribute in the fulfilment of set actions for
heating, in NAPRES (2016-2025) Kosovo, to use re-
newable hydro geothermal energy with heat pumps;

— Of new creation working places and improvement
of life level for local communities near city of Peja.
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Figure 2. Conceptual schematic system for multi-purpose utilisation of
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Conclusions

The study of geothermal energy of thermo mineral wa-
ters source in the Spa of Peja is important from the aspect of
heat energy on set actions in using the National Renewable
Energy Balance NAPRES 20162025, in Kosovo, and for
creation of new working places, achieving a economic-envi-
ronmental effectiveness for life’s local communities near city
Peja. Geological base of geothermal area is by cliffts formed
of sediment carbonate Mesozoic age.

Hydro geothermal potencial resource is high. Previ-
ous use of resource is minor, only for health and rehabili-
tation needs. Inventory and systematization of thermal
water resource shown is nonsufficient. Expansion of
geothermal energy use to integrated and cascade plat-
form it’s possible. Therefore should take into consider-
ation planning of hydro geothermal use, for heating and
other economic purpose in complex “Onix” and “Ther-
mal’, in Spa of Peja.
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Fig as functional and remedy (review of literature)

Abstract: In article the review of literature on medical use of a fig is provided in ancient, modern
national and scientific literature. Chemical composition of fetuses, leaves, lactiferous Ficus carica juice is in
detail described. Its antioxidatic, antiinflammatory, antibacterial, antiviral, gipokholesterinemichesky,
hypoglycemic, antidepressive, gepatoprotektivny, anti-mutagen, antitumoral properties are noted.

Keywords: fig, traditional medicine, phytotherapy, Ficus carica.

Kapomamos Hromdnon Ascypaesus,
pyKxosodumerb meduyurckozo yenmpa «Mazus 300posbs>
20pod Byxapa, Pecnybauka Y36exucman

Batimypados Paswar Padwcabosuy,

accucmenm Kagpeopot HOPMAALHOL U MON0PAPUHECKOLl AHAMOMUU
u onepamusHoti xupypeuu Byxapckozo zocydapcmeennozo
Mmeduyurckozo uncmumyma 20pod byxapa Pecnybauka Y3bexucman

Masaonos Ansap Axmadosuu,
couckamerb 06aacmmoti omdea 30pasooxparnenus Byxapckoii obracmu

NHxup kak PyHKLMOHaNIbHOE U ne4yebHoe
cpencTBo (0630p nNuTepartypbl)

AnnoTanus: B cTaThe IpUBOAUTCS 0030p AUTEPATYPBI ITO AeUeOHOMY IIPHMEHEHUIO HEKUPA B ADEBHel,
COBpEMEHHOI HaPOAHOM U Hay4HOM AuTeparype. [IoApoOHO OmmcaH XMMHUYECKHIT COCTAB [TAOAOB, AUCTBEB,
MAeqHOro coka Ficus carica. OTMeueHsI er0 aHTHOKCHAAHTHBIE, IPOTHBOBOCIIAAUTEABHbIE, AHTUOAKTEPH-
aAbHbIE, IPOTUBOBUPYCHBIE, TMIIOXOACCTEPHMHEMUYECKHUE, TUITOTAMKEMUYECKUE, aHTUAETIPECCUBHbIE, Tela-
TONPOTEKTUBHbIE, aHTUMY Tar€HHbIE, IIPOTUBOOIIYXOAEBbIE CBOMCTBA.

KaroueBbie cA0Ba: MHXXUP, HApOAHASI MeAUITMHA, ¢uToTepanus, Ficus carica.

Ficus carica L. 3HamenuToe siropHoe pacreHre. OHO — eTcsi TaKKe B AMKOM BUAe B ropax Taaxukucrasa. Pacrenue
PACIIPOCTPaHEHO B CTPAHAX C SKAPKUM KAUMATOM. BcTpeda-  O4YeHb IOITYASIPHO U KaK IIPOAYKT IIMTAHMS, U KaK AedeOHOe
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cpeactBo. VIFKup ommcaH Kak Ae4e0HOe CPEACTBO B CAMBIX
APEBHHX UCTOYHHUKAX U B «Bubanu>. Ilpumensercs uu-
XXHP U B COBpeMeHHOM MepmiHe. Kak mpoaykT nuranms
TIAOABI M AMICTDSI MEDKHPA IHPOKO UCIIOAB3YIOTCS B KOHAU-
TePCKOM, MICO-MOAOYHOM P OMBIIIAEHHOCTH — [10,C.S3;
76,C.11702; 6,C.242; 12, C. 64].

Xummuecknit cocra: Crieable IMAOABI HHXKHPA CO-
AepKaT O4eHb HOABIIOE KOAMYECTBO CAXapPOB (A0 75%);
IIeKTUHOBbIE BEIIeCTBA; OPTaHMIECKHe KHCAOTHI — IIja-
BeA€BYI0, AUMOHHYO0, MAAOHOBYIO, STHTAPHY 0, SIOAOYHYIO,
dymaposy1o, xunHYI0 U Ap. — [64, C. 2846]. Copepxut
TPUTEpIIeHOBbIe CanoHKHbI, MHOTO BuTaMuHOB C, B, E,
PP. B maopax obHapysxkeHO 14 MHUHepaABHBIX dAeMeH-
toB: 177-286 mr/100 r. K; 1,6-1,8 — Na; 34-52 —
Ca; 20,0 — Mg; 32,2 — P; 0,4-3,2 — Fe; 0,06 — Cu;
12,9 Mr/100r. S m Ap. KaropuitHOCTD cBeXHX ITAOAOB
HeBbIcokast — 40-80 kxaa/100 r. KaaopuitHocTs cyme-
HOTO HIDKHpa cocTaBasier 274 kaa/100T. — [S,C.228].
B nmaopax o6HapysKeHBI TAKKe TUPYKAAAQH THIIA TPUTEP-
neHoupbl — gukytupycunst A-1 — [49, C. 243].

B AuCTBSIX HEDKHpPA OOHAPY>KeHbI $ypPOKYMAPHHBI,
IcopaAeH, bepramreH, KyMapuHbL — yMbeAAnpepoOH,
4, S-AurMApoIICOpaseH M MapMe3UH, OpraHMYecKue
KHCAOTBI, 3QUPHOE MACAO, TPUTEPIICHOHUABI, CTEPOHADI,
AyOuAbHbIE BeliecTBa, pAABOHOUABI (pyTHH) — [45, C.
484;81,C.175;31,C. 143; 78, C. 10083 ]. AucTps Tarke
6oraTel MUKpO- i MaKpoaAseMeHTaMu. O OHAPYKEeHBI COAU
K, Ca, Fe, Mg, Mn, Zn, Co, Al — [8, C.217].

MAedHBIH COK PaCTeHHS COACPXKHT QypPOKyMapHHBI
S-MeTOKCHIICOpaAeH, 8-MeTOKCUIICOPAaAeH, PUTOCTEPO-
ABl, HeHACBIIIEHHBIE )KUPHbIE KMCAOTBI, AAbAETHABI, CITHP-
TBHI, KETOHBI, MOHOTEPIIeHbI, CECKBUTEPIIEHbI, AMOKHCAO-
o1 — [62, C. 10863; 63, C. 3398; 30, C. 518].

CoK AMCTBEB U IIAOABIL, OAaropapst HaAnuuio $ep-
MEHTOB — (UI[MHOB, 00AAAA€T IPOTEOAUTHIECKON aK-
tuBHOCTBIO — [ 84, C. 1088]. MaeuHsI# cOK pacTeHus
00AaAQET KOAAATEHOAUTHYECKON, XUTHHOAUTHIECKOM,
AMHAOAUTHYECKOH akTHBHOCTBIO — [ 18, C. 1166; 70,
C.627;21,C.167;71,C. 582].

B xopn:x pacrenus BbiaeA€HbI pypaKyMapHHbI — S-
(1>,15>-AuMeTHAAAAUA)-8-MeTHA TICOpaAeH, 2> -O-areTha
OKCHIIeCeARHHH ruApar-3™-metna atep — [48, C. 7].

APpeBHSS MEAUIIHA OIPeACASAA HATYpPy HHXXHpPA
Kak ropsayio B I u BaaxxHyto Bo II crenenu. Ecau cpectd
IIAOABI MEDKHMPA Pa3MArdyaT eCTeCTBO, PACTBOPAT OITyXO-
AM U TYCThIe BEIJeCTBA, OYHUCTST KEAYAOK U KUIIEYHHK
OT Yy>KEPOAHBIX BeIeCTB, ITOAE3HBI IPU SITHACTICHI
u mapaandax. OHHM OYeHb IIUTATEABHBI, TOHST IOT, YCIIO-
KauBAIOT XKap TeAd H )KaXAY, YMEHbIIAIOT SHEPTHUIO 3A0-
651, OXAQKAQIOT cepalie. Ecan ecTs HEDKHpP eXXeAHEBHO

10 yTpaM B TedeHHU 40 AHEM, TO CAGAAET TEAO YIUTaH-
HBIM, BBIACUUT CePALieOUEH e, OABILIKY, KAllleAb, 60A€3HH
OPTaHOB I'PYAHOM KACTKH, YKPEIIHT IledeHb, OTKPOeT 3a-
KYTIOPKH U PAaCTBOPHUT OITyXOAU ceAe3eHKH. OH AeUuT
3aTPyAHEHHOE MOYEHCITyCKAaHHE U BBIAGACHHE MOYH
o karmasim — [ 1, C.292; 4, C. 138].

YrorpebaeHre HEKEPa C GHCTAMIKAMA i MUHAAAEM
TIOAE3HO AASL AFOAEH CO CAAOBIM TEAOM, YBEAUYHBAET VM-
CTBeHHbBIe CIOCOOHOCTH. MIKHP ¢ OpexoM sIBASeTCs
IPOTHBOSIAMEM OT SIAOB HaceKoMbIX. Ecan nmxup ymo-
TPeOASITh HATOIIAK, OTKPOET ITyTH IIOCTYIIACHHS H IIe-
peBapuBanust muiu. Ecan ske yroTpe0OasTs ero mepea,
INPUEMOM ITHIH, MOXXET MPUBECTH K HEIIPHATHBIM OIITy-
weHsM. [Ipu Takux COCTOSHMSX HYXXHO yIOTPeOUTDh
ykcycomép — [4, C. 139; 7, C. 614].

Cymensiit umxup ropsd Bo II u Baaxxusiii B I cre-
nenn. Ho, B Aeue6HOM OTHOIIEHUH OH cAabee, 4eM CBe-
xuit HEKUp. EcAn ero cbecTs, BO3OYAUT 5KaXAY, IIAOXO
IIepeBapHBAETCsl, TOCAAOASIET, BHITOHSET, IOCPEACTBOM
II0Ta BOHIOYMeE BemecTBa. EcAn ero ynorpeburs cami-
KOM MHOTO, MOXXeT IIPUBECTH K nosiBAeHMI0 Bier. Ho, ox
IIOA€3€H ITPH IIAPAANYAX, BCACACTBHE YBEAUYECHHUS BAATH,
AASIXOAOAHBIX HATYP, IIPH OOASIX B TOAOBBIX OpTaHaX, IPH
HCTeYeHHM MOYHM IO KarasM. MHxup corpeBaer mouku
¥ TI0Ae3eH AAs ToAOBoH cdeprl — [ 1, C.294; 7, C. 616].

Cyxoi1t 1 CBeXXUI HHXXHP XOPOII AASL MO3TA U ACUHUT
anmaencuio. [Topomok cymeHoOro HHXHUPA, IIPH Hapyx-
HOM IIPIMEHEHHU ACYUT S3BBI TOAOBBL.

MAeYHBI¥ COK HHXKUPA, TIPH HAPY>KHOM ITPUMeHEeHHU
U3DBA3BASET U CHIMAET CACABI TATYUPOBKU. MAedHbII COK
C MEAOM BBOAST B TAA3a AASL YAAACHHS ABIMYATOM IAEHKH
1 OITyCKAHMs THOS Ha 3pa40K. MAEUHBIH COK, PUHSATBIN
BO BHYTPb CHABHO TOHUT MOYY U BHIBOAMT IIECOK U3 I1O-
4eK. EcAM B3STh TBOPOXXHYIO CHIBOPOTKY C MAEUHBIM CO-
KOM HH)XHMPA U HAKaIlaTh B MOAOKO, KOTOPO€ ACTOHBKO
IIOMEIIMBAIOT BETKOM HEDKHMPA U 3aT€M YIIOTPEOHUTH 3TO
MOAOKO, CHABHO IIOCAAOHT U OYeHb XOPOLIO OYUCTHUT
nouxu — |7, C. 617].

EcAn oTBapuTh IAOABI MHDKHMpPA C P>KAaHOM MYyKOH
¥ IIPYIMEHUTH HAPY>KHO B TEIIAOM BUAE, YCIIOKOUT GOAB.
Cox AnCTbeB HHXKHPa HAPY)KHO IIPHMEHSIOT IIPH 3yA€ BeK.

OTBapoM HHXXHpPA MOAOIIYT POT IPHU BOCIIAACHHUIX
MBI s13b1Ka. VIHOKHp OTBapHUTh ¢ MEAOM M ITAXKUTHHKOM
(uAH ¢ MATOR) AO TYCTOTBL ECAM 3TO 06AM3BIBATD OYUCTUT
OpraHbI IpyAHO# KAeTKH. [loepaHne MHXHpa ¢ Tperkum
OpEXOM ACUHT KOAHTHI, 3aITOpHL. Takoe e AeHCTBHE OKa-
3BIBAOT KAM3MBI ¢ oTBapoM urkmpa — [ 1, C. 295 ].

Ecam mAoabI HEDKHMPA 3aMOYUTD B yKCyce Ha 9 AHeH,
a 3aTeM eXXeAHEBHO YIOTPEeOASITh IO S IITYK C HeOOAD-
ITFIM KOAMYECTBOM YKCyCa — BBIAEYAT OITYXOAH CEAe3€H-
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Ku. B3ATh paBHOE KOAMYECTBO MMAOAOB MHXKHMPA U I'PEIIKHX
OPEXOB, PACTOAOUD U eXXEAHEBHO YIIOTPEOASITb 3TOM CMe-
cu 110 90 rp., CHABHO YCHAUBAET ITOTEHIIHIO, TIOCAADASIET,
SIBASIETCSI IPOTHBOSIAMIEM OT yKyca ckoprroHa. Kommor
U3 MHXXUPA ACUUT 3aCTAPEABIN KallleAb, OTKPBIBAET 3aKy-
HMOPKH BHYTPEHHUX OPraHOB, OYHUINAET IIOYKH U MOYeBOM
ITy3bIPb OT HeHy>KHbIX Bemects — [4, C. 138].

AUKHIT MHXUDP B Ae4eOHBIX CBOMCTBAX CHABHeE,
4yeM capOBbIH. EcAn mAop AMKOTO MHXXHMpa pacTOAOYb,
CMeIlaTh C MIIeHUYHON MYKOM MAU C KOPHSIMH HpHCA
U IPUMEHHUTD HAPY>KHO, TO BBIACUUT OITyXOAU BUCOYHOM
00AaCTH, CBUHKY, APyTHe TBEPABIE OIyXOAH, BHICYIIHT
OOPOAABKH, Pa3MSITUHUT 3aTBEPAEBIINE HEPBbI, YAAAUT
POAHMBIe IISITHA, TOMOXKET IIPH CYyCTaBHbIX OOASIX, TOAQ-
rpe. Ero naopamu, B cMecu ¢ ApOXOKaMH Hapy>KHO AedaT
¢ypynkyaés. Ilpu saycenunax, Hapy>kHO IPHUMEHSIOT
PacTOAYEHHDIE IAOABI HEDKUPA C IIOPOLIKOM I'PAaHATOBBIX
xopok — [7, C. 618].

OTBap mMAOAOB AMKOTO MHXKHPA CMENIMBAIOT C 5T4-
MEHHOH MYKOI U TOPbKOM IIOABIHBIO M B BUAE A€IIeNIEK
IIPUKAAABIBAIOT Ha XUBOT ITPH ero B3AyTHAX. ITopomok
CYXHX IIAOAOB CMEIIUBAIOT C OAMBKOBBIM MAaCAOM U 9TUM
HATHUPAIOT 3y0bL. DTO OYHUINAET HX, YKPEIASET ASCHA,
OCTaHAaBAMBaeT KpoBoTeueHHe u3 AéceH. ITopomox
MTAOAOB AMKOTO MHJKHPA, IPU HAPY>KHOM IIPUMEHEHUN
OYHIIAeT 3BbI OT THOS, KOXY OT ILSITEH, €CAU CHECTb €ro,
TO OCTAaHOBUT KPOBaBbIi MOHOC. EcAM mopomox nAopoB
AMKOTO MHXXUPA CMEIIATh C MACAOM U BOCKOM U IpUMe-
HUTb HAPY>KHO, TO A€YHUT TPELIMHbI KOXKH KOHEYHOCTEH.
ITopomok IAOAOB € YKCYCOM U K@ATKOM KyPHHBIX SIHI]
IIPUKAAABIBAIOT B TEIIAOM BHUAE Ha 3aAHMI MPOXOA MPHU
6oasx u omyxoasx — [ 1, C. 296].

OO6MaKkHyTb IEPCTh B 30Ay MHXKHPA U B CMECHU C Mé-
AOM BBECTH BO BAAraAMINe. JTO AE€YHUT SI3BbI MATKH,
OCTaHABAMBAET HCTEYEHHE M3 MATKH, KpOBOTEYEHHE.
30Ay pacTeHHsI 3aMaYHBAIOT B HEOOABIIOM KOAMYECTBE
BOABI M1 3TY BOAY TIPIOT B KOAMYECTBE 2,5 Ip. IPH MIIHACe,
HO 9TO CPEACTBO BPEAHO AAS AETKUX — [7,C.617].

Hecreabre AOABI HEDKHpA IO HAaType OAM3KH K XO-
AopHOMY. EcAM MX 0OTBapuUTh M IPUMEHHUTD HAPYIXKHO, Ae-
9aT CBUHKY. DTH ITAOABI C YKCYCOM M COABIO, IPU HAPYK-
HOM [IPHMEHEHUH Ae4aT BAQKHBIe si3BbL. Ecan poobaBuTh
1-2 ITYK 3TUX TAOAOB B X€CTKOE MSICO, TO OHO OBICTPO
pasBapurcs. C TakuM e yCIIeXOM MOXKHO ITPHUMEHHTD
AVICTDBSI HHDKHPA.

MAeYHbI COK PACTEHHS, €CAU BBECTH B AYIIAO OOAB-
HOTO 3y0a yCIIOKOUT 60Ab. EcAM ChecTb MA€UHBII COK pac-
TeHMSI CO CAAAKMM MHUHAAQAEM BBIACUUT YIIAOTHEHUS CeAe-
3€HKH. MAeUHbII COK MHXXUPA, B CMECU C PaCTUTEAbHbIM
MaCAOM, IIPH HAPY>KHOM [IPHMEHEHHH CYIIUT OOPOAABKH.

MAeuHBIH COK C MATOH, IIPH HAPY>KHOM U BO BHYTPEHHEM
NPUMEHEHHH ACYUT IOAArpy. MAeUHBIN COK pacTeHHs
C STIAMEHHOM MyKOJ, IIPU HAPY>KHOM YIIOTPeOASHNM ACIUT
BUTHAUTO, GeAble MaTHA, BecHymku |7, C. 617].

EcAu oTBapuTb AMCTBSI HEDXKHpPA U IPUMEHUTD Ha-
PY’KHO, TO TIOMOXXET OBICTPOMY CPAIjeHHUI0 CAOMAHHBIX
xocreil. [Ipu BbITapAeHHH BOAOC, PACTOAYEHHBIE AUCTDS
MH)XUPA IPUAOKHTD Ha TOAOBY. CryIeHHbIN COK HEDKHPA
O4YeHb TOpsY IO HAType U IPU HAPY>KHOM ITPUMEHEeHUH
YAQASIET pOAUMBIE IIITHA, 0OPOAABKH, OTKPBIBAET YCTbe
BeH 3apHero ipoxopa [7, C. 618].

HmxupHOe BUHO IOMOTaeT ITPH 3aCTapeAOM KalllAe,
IIepIIaBOCTH TOPAQ, OOASIX B PYAH, OTKPBIBAeT 3aKyIOp-
KU B IIe4eHU U CeAe3EHKe, IIOA3HO IPH 3a00AeBaHISIX
ITOYeK U MOYEBBIBOASIIUX ITyTeH [4,C.139].

VKup sIBASIETCS. IIOMYASIPHBIM A€4eOHBIM Cpea-
CTBOM B COBPEMEHHOH HApOAHOH MEAUITMHE MHOTIHMX
crpan — [29, C. 542; 20, C. 1503; 14, C. 345]. Tak,
B TAAKUKCKOM HAPOAHON MEAUIIMHE OTBAp AMCTHEB
Y KOpHeH HH)XXHPA UCIIOAB3YIOT IIPU A€UEHHH XKEAYAOU-
HBIX PACCTPOMCTB, OTBAp IAOAOB IIPH OOAE3HEHHOM
MOYEHUCITyCKaHHUHU. Yal U3 CyIeHbIX IAOAOB IBIOT IIPU
00ASIX B TOpAe, UM Xe IIOAOIYT ropAao. CBapeHHbIe
B MOAOKE ITAOABI HHDKHPA CUYUTAIOTCS 3P PEeKTHBHBIM
CPeACTBOM IIpH 3a00A€BAHHUSIX BEPXHUX ABIXaTEABHBIX
IMyTeil, Kak MOYETOHHOE CPEACTBO (2 CTOA. AOYKKH MAO-
AoB Ha 1 cTakan moaoxa) — [8, C.217].

CeMeHa HHXXHpPa HCIIOAB3YIOT KaK XOpolee CAAbu-
TeAbHOE CPeACTBO B A03e A0 15 rp. Ha mpuém. AucTbamMu
MHKUPA HATHPAIOT AO KPACHOTHI IIATHA KOXXHU IIPU BH-
THAWTO U CAASTCS 3aTOPATh Ha COAHIIE, YTO BO3BpAIaeT
IepBOHAYAABHBIH I[BET KOXe.

MAeuHbIi COK pacTeHHs IPUMEHSIOT HAPY>KHO IIPU
A€YEHHUH yTpeil. AAS 9TOTO, Ha IPBIIIMKHU KaMaoT II0 Ka-
IIA€ MACYHOT'O COKa, KOTOPBIE BIIOCAEACTBUH BBICHIXAIOT.
MAedHBIF COK MHXKHPA, B CMECH C MACAOM IIPUMEHSIOT
[IPH A€4eHUH IPUOKOBBIX [IOPAXKEHHUIT HOT. DTO CPEACTBO
cuuraercs adpPexruBHbIM pH yecoTke [ 8, C. 218].

B HapopHoO#1 MepuIiiHe A3ep6aiipkaHa MAEYHBIM CO-
KOM M3 CBEXXeCOOPAHHBIX AUCTbEB HEDKHUPA A€YAT PAHBL.
OTBap U3 CyIIeHBIX COTIAOAMI IIPUMEHSIOT IIPHU IMTOCAEPO-
AOBBIX KPOBOTEUEHHSIX, 3200A€BAHUSIX XKEAYAKA, A TAKKe
OTBAap CMECH AMICTbEB MHDKHPA M KPAIHBBI IPUMEHSIOT
U AM3E€HTEPHU U BOCIIAACHUH CAM3HUCTBIX 000AOUYEK
KHUIIOK, OTBAaP AUCTbEB HCIIOAB3YIOT IIPH KalllA€, IIOHOCE,
a MAGYHBIH COK — AASI A€YEHHS PaH U BBIBEACHHS YTPeH.
CokoM U3 AMCTbEeB HHXKHPA CHUMAIOT TaTyHPOBKY, Ae-
YaT AMIIAU U Y€COTKY, CMa3bIBAIOT KOXY IIPY BUTUAHMIO
U THe3AHOM mAemuBOCTH. OTBaphl U3 AMCTHEB IIpUMe-
HSAIOT AASI TIOAOCKAHMS IIPU OITYXOASIX TOPAQ [S,C.228].
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Baaropapst ToMy, 4TO KOXKHI[A M IIAOABL OOAQAQIOT
BBIPKEHHBIMU AaHTUOKCUAAHTHBIMU CBOMCTBAMH, OHU
IepCIeKTUBHA KaK KOHCEPBAHT B KOHAMTEPCKOM IPo-
mpimaerHocTH 34, C. 311; 82, C. 1223].

B coBpeMeHHOII HAayYyHON MEAMIHHE IIAOABI HH-
JKHpa Ha3HAYAIOTCS KaK YKpeIAsioliee CPEACTBO U KaK
Oorarplil MCTOYHHUK BUTAMHHOB, CAXapOB, MUKpPOIJAe-
MEHTOB IIPH AHEMUSIX, OCAAOAEHHH OpraHu3Ma, 3ab0Ae-
BaHmAX cepana [S8]. OmpeaeAeHbl aHTHOKCHAQHTHBIE,
IIPOTHBOBOCIIAAUTEAbHBIE CBOMCTBA IIAOAOB HHXKHPA
[77,C.6665; 22, C. 127]. Iloancaxapuabl HEXKMPa CTHMY-
Anpylor ummyHHyIo cuctemy [ 79, C. 12479 ]. Ho, Haamane
GOABIIOrO KOAMYECTBA CAXAPOB H L]ABEACBOM KUCAOTHI Ae-
AQeT ero BPeAHbIM IIPH CAXapHOM AabeTe i moparpe. Cae-
JKHe IIAOABI HEDKHPA AEFICTBYIOT KaK MSITKOe CAAOUTEABHOE.
Ocob6eHHO, ecAU HX YIIOTPEOASITb HATOMIAK U ITEPeA ITUM
3aMOYUTD MX B OAUBKOBOM MacAe. DKCIIepHMEHTAAbHBIE
HCCAGAOBAHMSA Ha KMBOTHBIX IIOKA3aAH, YTO IIPHEM IIAO-
AOB HH)XKHPA YBEAUYHBAET KOAMYIECTBO KACTOK CAU3UCTOM
KHUIIEYHHKA, BBIPAOATBIBAIOIIIX MYLIUH — [SS, C.902].
Vxup BXOAUT B COCTaB KOMOUHHPOBAHHBIX CAAOHTEAD-
HBIX CpeAcTB «Peryaakc>, «Kaduoap» u aAp.

ITa0ABI HHXKHPA ITEpPCIIeKTHBHbI KaK aHTHUACTIPeCCHB-
Hoe cpeacTBo [24, C. 96; 60, C. 453 ]. Boisaaenn Takxe
AHTHOKCHUAAHTHbIE 1 HEHPOIPOTEeKTHBHbIE CBOMCTBA CY-
IIeHbIX TA0AOB HEkupa [ 56, C. 2186].

ITa0ABI MEDKHPA OKA3BIBAIOT TAKXKE MOYETOHHOE BO3-
AeticTBue. ['ycTOM 9KCTPAKT NAOAOB — «/\eTBUHUH> yBe-
AMYHBAET KOAUMIECTBO BbipeAsieMor Moun Ha 50%. Baaro-
AQpsl HAAMYUIO QHUIIMHA, TAOABI M OTBAP AMCThEB MEDKUPA
AENCTBYIOT TPOMOOAUTHYECKU U PEKOMEHAYIOTCS IIPH
TpoM60pAeOUTAX, TPOMOOIMOOAUSIX, BAPUKOZHOM pac-
IIMpPeHUH BeH, IPH IOBBIIIEHHOH CBEPTHIBAEMOCTH KPOBH.
OurmH MAEYHOTO COKa 06AAAAET KPOBOOCTAHABAUBAOIIH-
MU CBOFICTBaMH, OAArOAapsi TOMY, 9TO IPOTeasbl GHUINHA
akTUBHpYIOT Ppakrop koaryasmmu X [72, C. 1051 ].

Hacroiika AuCTbeB HEXHPa 00AAAAET CHABHBIM TAU-
CTOTOHHBIM 3 PeKTOM.

COK AWCTBEB, €r0 MAEYHbIN COK 00AAAQIOT aHTH-
OaKTepUaABHOMN, INPOTHBOBHPYCHOM aKTHBHOCTBIO
[11, C. 42]. AucTps nHKupa SBASIOTCS HCTOYHUKOM ¢y-
POKYMapUHOB, KOTOpble 00AAAQIOT CBOMICTBOM YBEAH-
YUBaTb YyBCTBUTEABHOCTD KOXKH K YO Ayuam [13,C.10].
[Mpenapar «IIcobepan>, CHHTE3UPOBaHHbII HA OCHOBE
$ypOKyMapHHOB AHCTbEB HHXXHPA UCIIOAB3YIOT IIPH Ae-
YeHUH BUTUAUTO M KPYTOBOH IACIIUBOCTH.

Hapy>xHoe mpuMeHeHHe TAOAOB HHDKHPA YAYYIIaeT
IIUTaHUE KOXXU, YMEHbIIAeT IIMTMEHTAIIHIO, 1 MOPITHHBI
Ha koxe [S1, C. 564]. PanpoMusupoBaHHble, TIAaLe60
KOHTPOAHMpYeMble KAMHHYEeCKHEe HMCCAEAOBAHMUS ITOKA-

3aAM, Ma3b Ha OCHOBE IIAOAOB IPaHATa, TMHKO, HHXKHPA
1 0€AOTO TYTOBHUKA 3HAYUTEABHO YMEHbIIAeT MOPIIHHbI
Ha Koxe antia [38, C. 396].

ITaoAbI MHKHpA, 6AArOAAPs PEHOABHBIM BellleCTBaM,
B YaCTHOCTH BUTEKCUHY, AUTHAPOKCHOEH30HO KHCAO-
Te M PyTHHY OKa3bIBaeT AaHTHOKCHAAHTHOE U TUIIOXOA€-
CTepUHEMUYECKOe BO3ACHCTBUE [23,C.189].

DuKycHH, BBIACACHHBII U3 HHXKHUPA 00AaA2€T THIIO-
TAMKEMUYECKUMH, THTIOAUTTHAEMUYECKUMU CBOVICTBAMH,
IIePCIIeKTHBEH IIPU AeYeHUH META0OAMYECKOTO CHHAPO-
ma [47, C. 93]. DkcrnepuMeHTaABHO HCCAEAOBAHHE TIO-
Ka3aA0, 4TO [IPeABAPUTEAbHBII [IPHeM KCTPAKTA AUCTbEB
HIDKHMPA MPEAYTIPEKAAET PA3BUTHE TUIIEPAUIIMAEMUH
TIPU BBICOKOAMTIHAHOM puete [66, C. 191; 50, C. 267].
ITpueM AMCTbeB HHXKHpA YAYYLIAeT TAMKEMUYeCKHI IIPO-
PUAD y OOABHBIX IOCTIPAHAYAABHOM THIIEPTAUKEMUEN
[74,C.22].

OmnpeaereHpl aHTHAMAOETHYECKHE U THIIOTAM-
KeMHYeCKHe CBOWCTBA IKCTPAKTOB AMCTbEB HHXXHPA
[68, C. 186;28,C.76;67,C.8].

OKCTPaKTBI AUCThEB HHXKHPA OKa3bIBaeT AeueOHOe
BO3AEHICTBHE IIPU HAPY)XHOM A€YeHHU ITAIIMAAOMATO-
3a y kopoB [44, C. 476]. AucTbsl HH>XHMpPA OKa3bIBAIOT
AHTMOKCHAQHTHOE U IIPOTHBOBOCIIAAUTEABHOE BO3AEH-
creue [16, C. 465]. Maeunblit cok pacTeHus o6aapaeT
AHTUT€ABMUHTHBIMY CBOMCTBAMH, HO, B CBSI3H C BHICOKOM
TOKCUYHOCTBIO AASI YEeAOBeKa, He PEKOMEHAYIOT ero Hc-
noab3oBanue [ 32, C. 256].

OKCTPaKTHI AHCTbEB I'yOUTEABHO AEHUCTBYeT Iybu-
TeAbHO Ha HeMaropnl [41, C. S].

MAeuHBI COK MHXXHpPA OKa3bIBaeT TAKXKe BbI-
paxeHHOe IIPOTHBOOITYXOAEBOE BO3AEHCTBHE
[43, C. 275; 59, C. 965]. V Hero BhIpaskeHbI RHTHOKCH-
AQHTHbIE, TIPOTHBOBHpYyCHbIe cBoricTBa (62, C. 10863;
53,C.277;27,C.203S; 26, C. 607].

AMCTDS MEDKHPA OKa3bIBAIOT IPOTUBOOITYXOAEBOE BO3-
aeiictsue [52, C.277; 57, C. 274]. CnupToBoit aKcTpakT
IIAOAOB F AUCTBEB HEDKHPA 00AAAAET BBIPAXKEHHBIMH aHTH-
aHrnorenmdeckumu coricrBamu |37, C. 415; 35].

OKcrieprMeHTaAbHbIe HCCACAOBAHHS TOKA3aAH, YTO
9KCTPAKThI AUCTbEB HMH)XMPA YMEHbBIIAIOT IMOPasKeHUE
KAeTOK Tipy ninemun/penepysun [17, C. 582].

BoaHBIe 9KCTPaKTHI pacTeHUS 00AAAAIOT AHTHOKCH-
AAHTHBIME cBoiicTBamu [42, C. 10; 85, C. 173 ].

ITAOABI MEDKHPA OKA3BIBAIOT CIIA3MOAUTHYECKOE BO3-
AeficTBre Ha oprans mumeBapenus [ 39, C. 5]. xcrpakr
AVICTbEB MEDKHPA 00AAAAET AHTHAUAPENHBIME CBOMCTBA-
mu [66, C.352].

OKCIIleprMeHTaABHbIE HCCACAOBAHMS SKCTPAKTOB AM-
CTbeB MHKUPA BbIABUAU IPOTUBOBHPYCHbIe (POTHB BUpYyca
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renatuta A) coiictsa [83, C. 756 . [excaHOBbIe SKCTpaKThI
MAEYHOT'O COKa HEDKHPA 00AAAET BBIPAKeHHBIMU AHTHOAK-
TeprabHbiMu cBoiicramu [ 19, C. 58; 54, C. 412].

OKCTPAKT AMCThEB HHXKHPA IMPEAYIIPEXAALT II0pa-
»KeHMe TIOYeYHOH TKaHM reHTamMunuHoM [ 36, C. 401].
OQUPHBIN SKCTPAKT AMCTHEB MHXKHPA IPEAYTIPEKAA-
eT IMOpakeHHe IeYeHOYHOH TKAHU PUPAMITHIITHOM
[40, C.366; 9, C.193].

OKCIIepUMeHTAAbHbIE HCCACAOBAHMS ITOKA3aAH,
4TO IpHUEM CYLNIEHOTO MH)XXHpPA IPEeAYIPeXAAeT Iopa-
JKeHHe ¥ BOSHUKHOBEHNE OKCUAATUBHOTO HAITPSDKEHUS
B TeIIATOI[UTAX, TI0A BO3ACHCTBHEM 3THAOBOTO CITUPTA
[73; 80, C. 558]. DKCTpPaKT AMCTbEB pacTeHHUS MPeA-
YIPEeXAAeT MMOpakKeHHe TeYeHOYHOM TKAaHH YTAEPOAOM

OKCTPaKTBI AUCTbEB MHXKHPA IPEAYTIPEXKAAIOT ITOpa-
>KEHHe U Pa3BUTHE OKCHAATUBHOTO HAIIPSDKEHHS B TECTUKY-
ASIPHOM arIapare Iop BO3AeHCTBreM popMasbaernaa [61].

AucTbs HEXHPa 00AAAAIOT AHTHMY TareHHBIMU CBOT-
creamu [ 3, C. 45; 2, C.79].

QuToTepaneBTh HACTOM AHCTbEB HIKUpa (S AUCTbEB
Ha 0,5 AUTPa BOABL) HCTIOAB3YIOT KaK 3 PEKTHBHOE CPeA-
CTBO AAS PACTBOpEHHMs MOYeBBIX KamHel. IIpu ymoTpe-
OAEHUM 9TOTO CPEACTBA B TeUEHHE HEACAH, IOAOXKUTEAD-
HbIE Pe3yABTATHI HAOAIOAAAKCD B 90% cAydaeB [8,C.218].

MAeUHBIN COK MEDKHMPA U3-32 COAEPXKAHHS OOABIIO-
0 KOAMYeCTBa (pypOKYMapHUHOB, IPU KOHTAKTE C KOXeH
MO>KeT BbI3bIBaTh poropepmarutsl [46, C. 339; 86, C. 25;
33; 69; 25, C. 348].

terpaxaopupoM [ 75, C. 1264; 15, C. 68].
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HeBponornuyeckmne paccTpoicTea y NnauMeHTOB C HapyLUeHUaMu
MeTabosiM3amMa BUTaAaMUHOB U MUKPOJ3JIEMEHTOB

AnHoTtanus: B craTbe mpoaHaAN3HpPOBAHbI IIyTH PACCTPOMCTB MeTAOOAN3MA BUTAMUHOB Ipyiisl B,
MUKPOIAEMEHTOB y IALHEHTOB C HEBPOAOTUYECKUMU CHHAPOMAMU IIPU PasAUYHBIX 3ab0aeBaHmsx. [Ipea-
AATraloTCsA AMaTHOCTHYECKHE, TepalleBTHIeCKHEe KOMIIACKCBI AASL KOPPEKIMY KAMHUYECKHX HapyIIeHHH y IMa-
IIMEHTOB C BPOXXACHHBIMU U IIPHOOPeTeHHBIMI META0 OAUYECKUMH COCTOSIHUSIMHL.

KaroueBbIie cAOBa: BpOXXAEHHBIE U IPUOOpeTeHHbIe MeTAOOAUYECKHE PACCTPOICTBA, METAOOAU3M BU-
TaMUHOB.

MeTHOHMH — SIBASIETCSI OAHOM M3 He3aMeHHMbIX  BeljeCTBO, KOTOpoe POPMUPYETCs B XOAe META0OAM3-
amuHOKUCAOT. Tomonucrens (o Im), mpoMeskyTouHoe — Ma MetHoHHHA. [T MOKET CIIOCOGCTBOBATh BHIACACHHIO
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THAPOKCHABHBIX PAaAUKAAOB, U3BECTHBIX KAK MHUIIUATOPDI
ITOA, mocpeacTBoM oxucAeHs o Iiu 1 popMUpOBaHUS
TroAaKTOHA [ 12, 1775-1]. Boaee Toro, o It B3aumo-
AEWCTBYeT C CHCTeMOH IPHPOAHBIX AHTHUKOATYASIHTOB
1 pubpuHOAMTHIECKO! cuctemoit [ 16, 34-5]. I'T saBas-
eTCsl He3aBHCUMBIM (paKTOPOM PasBUTHS aTEPOCKAEPO3a
U OKKAIO3UPYIOIIMX ITOPaXKeHHUI IIpe- U IiepeOpasbHBIX
apTepwuii, poM60amboamaeckoit 6oaesun [9, 211-9; 10,
1332-7]. O I'um yrHeTaeT CUHTE3 OKCHAR a30Ta — Be-
IeCTBa, KOTOPOe PacIIHpsieT KPOBEHOCHBIE COCYABL Be-
mecTBO — 0 I'in 3asIBHAO O CBO€#T pOAM B PA3BUTHUH aTe-
pockaepo3a B Haase 60-x ropoB. B nccaepoBarmsix 66140
IIOKa3aHO, 4TO O I1j1 AeAaeT BHYTPEHHIOO IIOBEPXHOCTb
COCYAUCTOI CTeHKH O0Aee phIxAoit. Tak MOATOTaBAMBAET-
s AALIAAPM AASL pOPMHPOBAHNS AT€POCKAPOTHIECKOH
6astku. B aTOM mporjecce u3BecTHa POAb BUTAMHHOB
rpymmst B (ocobenno, K, B6, B12). I'T cassana ¢ 60-
aesubio Aabrreitmepa (BA) [11, 1097-4]. Dxcriepumen-
TaAbHbIE AQHHbBIE AaBTOPOB ITOATBEPXKAQAIOT, YTO (OAATHAS
HepocTarogHoCTb 1 I'T' MOryT crioco6cTBOBaTh TpUITEpa-
MU pOPMUPOBAHMS HEFPOAETeHePAaTUBHBIX IIPOIIECCOB.
O It aKTUBHPYET METAAAOIIPOTEHHA3BI U CTUMYAHPYET
cunTe3 KoaaareHa. O Iiju BbI3bIBaeT AMCITPOIIOPIIHIO 9AQ-
CTHH/KOAAQT€HOBOT'O COOTHOILIEHUS], BCAGACTBHE 9TOTO
YMEHbIIAETCSI COCYAHCTAsl 9AACTHYHOCTb. Hapymenns
metaboausma O I'iur ciocoOCTBYeT pa3pacTaHUIO MbIIIey-
HOTO CAOSI COCYAUCTOM CTeHKU. I loBbIIeHHbIN yPOBeHb
ol'lj11 ”HAKTHBUPYETCs: GeAKAMH ITOCPEACTBOM TOMOLIHICTE-
HUAHPOBAHUSL, TIOCPEACTBOM SHAOT€HHOTO MeTa00AN3MA
depmenTa nUCTaTHOHUH-y-AHa3bl |18, 49-8]. Tomoum-
CTHHYPUSI, OOYCAOBA€HHASI AePUIIUTOM LHCTATHOHUH
6era-cunraspl (LIBC), Hanboaee 4acTo AUATHOCTHpYETCS
B AETCKOM BO3PACTe, UIMeeT PeMUTHPYIONIUI TUIT TeIeHHUST
[17, 257-9]. Hamboaee 9acTble HAPYIIEHHUS BKAKOYAIOT
B Ce0s1 KOTHUTHBHbIE PACCTPOICTBA, IKTOIIHIO XPYCTAAVKA,
6AU30PYKOCTD, 0COOEHHOCTH Pa3BUTHS TO3BOHOYHIKA,
TpoMboamMboAn. ITareHTaM peKOMEHAOBAHA TePAITHsI
C HCTIIOAB30BaHMEM AHTHKOAr'yASTHTOB, BUTAMUHOB IPYTI-
bl B, Amera. ABTOpBI CTaTbH IPOAHAAUBHPOBAAU 26 TTa-
IMeHTOB M3 TYpIMH, CTPAAABIIMX TOMOLIMCTHHYPHE.
Koruuruszsle paccTpoiicTBa HA0AIOAAAUCH Y 12 60ABHBIX
(46,2% wccAeAOBaHHBIX TIALMEHTOB), TPOMG0IME0AIYE-
CKMMH PacCTPONCTBAMH CTPAAAAH 6 MAITMEHTOB (23,1%
HCCAGAOBaHHBIX 60AbHBIX), S (19,2%) HMccAeAOBAHHBIX
HMEAH IIPOSIBACHHS IIOPAXKEHHSI COEAMHUTEABHOM TKAHH

B BUAe OAM3OPYKOCTH U MappaHOIOAOOHOTO BHEIIHETO
BuAR [ 14, 197-3]. BceM manueHTaM IpOBOAMAKICH MOAEKY-
aspHo-reHeTHdeckue uccaepoBanust MTT'OP, paxropa 'V,
¢axropa II, SERPINE. OaHako, 3TH IaIjieHThl, CTPAAAB-
IIFe TOMOIIMCTUHYPHUe, IMEAU MYTAIJU TOABKO B TeHe
LIBC. O I'tjt crioco6CTByeT pasBUTHIO U IIPOrPeCCUpPOBa-
Huto CC3, yBeAnunBast ypoBeHb XOACTEPHHA AHIIOIPO-
TenHOB HU3KO#t maoTHOCTH (ATTHIT). Xopomo ussectHo,
ut0 I'T, 00ycAOBAEHHAS reHeTHYECKIMU PACCTPONCTBAMU
CBSI3aHA C HAPYIIEHHSIMH 0OPa3oBaHMsI KOCTHOM TKaHU
U OCTEONIOPO30M [6,32-7]. Ocreonopos OTHOCAT ceroa-
HSI K BEAYIIM 3200A€BAHISIM YEAOBEKa, TAKUM KaK Pak,
MHPAPKT MUOKAPAQ, MHCYABT, BHe3arHast cMepTh. Ocre-
OIOPO3-CUCTEMHOE 3200AeBaAHNE CKEAETA U3 TPYIIIIbI Me-
TaOOAMYECKHIX OCTEOIATHI, XapaKTepHbIE IIPOSBACHISI
KOTOPOTO — CHIDKEHHE MAcChl KOCTHOM TKAaHU M Hapy-
IeH1e MUKPOAPXHUTEKTOHHKUA — OOYCAABAMBAIOT CHHU-
>KeHVe IIPOYHOCTH KOCTEH H ITOBBIIIEHHBIH PHCK ITePeAO-
MOB [ 5, 43-5]. MernonuH Takxke TpebyeTcs AASL CHHTe32
XOAMHA, KOTOPBII He TOABKO ITPEAOTBPAIAeT HAKOTIACHHE
JKHpa B ITe4eHH, OH TAKKe HEOOXOAMM AASI CHHTe3a alje-
THUAXOAMHA. DTOT IMOKA3aTEAb — JKU3HEHHO BAXKHOE AASI
I'M BemjecTBO, y4acTByIollee B MpOIeccax 3allOMUHAHMS
U 00ydYeHMs, a TakkKe KaK HeMPOTPAHCMUTTEDP AASL MBI-
IIEeYHBIX COKpaIeHui. MeAb sBASIeTCS BaXKHBIM MHKpPO-
9AEMEHTOM AAS H3HOAOTUYECKOTO GYHKITOHUPOBAHUS
KAETKU M LieHTpaAbHOM HepBHO# cuctembt (LTHC) pas-
sutus [ 15, 343-4]. Meta6oausm meau 8 LTHC HapexHo
cunrxpoHusuposaH. [loBbimenue yposusa meau B I'M, kak
M3BECTHO, ASKHUT B OCHOBE HellPOAEreHePaTHBHbIX pac-
crpoiicTs, BKAto4ast BA. I'T yrueraeT He TOABKO HECKOAD-
KO QHTHKOATyASTHTHBIX MEXaHU3MOB B OPTaHHM3Me, KOTO-
pble OITOCPEAYIOT yJacTHe d9HAOTEAMS B IIATOAOTHYECKOM
nporecce. B peayapTaTe yMepeHHO IOBBIIIEHHbIE YPOBHU
o Tt Moryr mpuBecTH K apTepHAAbBHBIM TPOMOO3aM
U aT€POCKAEPO3y [13, 1285-9]. OxcupaTHBHbIiI cTpecc
dopmupyercs y natmentos ¢ CC3 uIT [7, 887-2]. ITa-
1eHTsl, cTpasasmme CC3 MMeAn 3HAYUTEABHOE TIOBbI-
IeHre CBOOOAHOTO ¥ 00IIEro MAAOHOBOTO AMAAbAETHARA
(MAA) B1aasme KPOBH, IT0 CPAaBHEHUIO C HICCAGAOBAHHbI-
MH B KOHTPOABHOM rpymre. OnpepeseHne yposHI MAA
BO3MOKHO BBIITOAHSTD C TIOMOIIBIO MACCIIEKTPOMETPHUHI
[8,222-9]. Pesyabrarh! nccaepoBanuit matmentos ¢ CC3,
crpapasmux I'T HamMu 3amaTeHTOBaHbI [1-4].
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BHYTPILWHbOKAITUHHI NPOSBU XPOMOBOI iIHTOKCUKaLil
NPV BUKOPUCTaAHHI CTOMAaTONOrN4YHUX opTOoneaAnYHuUX
KOHCTPYKLUIN (ekcnepumMmeHTasibHe A0CNIAXXEeHHS)

Amnoranis: B excnepumMenTi Ha 6iAnx Iypax AOCAIAXKY€ETHCA MOAMPIKOBAHA Aid K06aAbT-Xp0MOBOI‘0 CIIAQ-

BY, AKHM1 BAKOPUCTOBYETHCS B CTOMAaTOAOTTYHIN MPAKTHIIL, HA PiBHI MIKPOCOMaAbHOI OKCUT€HA3HOI CUCTEMHU.

KO6aAbT-XPOMOBI/Ifl CIIAAQB iHI‘I/I6YIO‘-Ie BIIAMBA€ Ha IIPOIIECH 6i0€HepI‘eTI/IKI/I, IIPHU3BOAHUTD AO P03’€AHaHH}I

TKaHHMHHOTO AMXaHHA Ta OKHMCAIOBAABHOT'O (l)OC(l)OpI/IAIOBaHHfL

KAro4oBi cAOBa: OpTOIIEANYHA CTOMATOAOTIS, XpPOMOBA iIHTOKCHKALLis, MeTab OAIYHUIT CTaH MITOXOHAPI#

relaToLHUTIB, 6iAl Iy pHu.

CydJacHi HayKOBO-IIPaKTUYHi AOCSTHEHHS B OPTO-
[EAWYHIN CTOMATOAOTril He 3HIMAalOTh Ipobaemy Aia-
THOCTHKH, IPOQIAAKTUKH 1 AIKyBaHHS YCKAQAHEHD, IO
BUHHUKAIOTDh MiCAS IPOTE3yBaHHS XBOPHX METaA€BUMHU
KOHCTPyKLjissMH 3i crioayk xpomy [ 1-6]. Le cBigautb ipo
Te, [0 BUBYEHHS [IATOTeHe3y BIIAMBY XPOMOBHX CIIAABiB
Ha TKaHMHH, OPTaHH i CEpeAOBHINa OPTaHi3MYy € AOCTaT-
HbO aKTYaAbHHM Y AOCAIAKEHHSX BUHUKHEHHS METAAO-
TOKCHKO3iB B OpTOIIEAUYHil CTOMAaTOAOTII.

A0cAipXyI0IH TPOOAEMY METAAOTOKCHKALIT OpTOITe-
AUYHUX KOHCTPYKIii1, 6€3yMOBHO, BU€Hi 3BepTAIOTh yBa-
I'y Ha BAACHY TOKCHYHICTb METAAIB, IO BXOASITH AO CKAAAY
AQHOTO CIIA2BY. AAS 3yOHOTO IIPOTe3yBAHHS XPOM 3aCTO-
COBYETBCS y BUTASIAL KOOAABT-XPOMOBOTO, HIKEAB-XPOMO-
BOTO Ta iHIMX CIIAABIB.

Bipomo, mo xpoM Moske B3aEMOALATU 3 $OCHOPHABO-
BAaHVMH CyOCTpaTaMy ByTA€BOAHOTO OOMiHY, IMOBIPHO,
Ha piBHI KAITHHHUX MeMOpaH, 000AOHOK SIAEP, LIUTO- Ta
HyKAeomnaasMm [2, 3]. Uepes neil MOXKAMBHII MeXaHi3M
CIIOAYKH XpOMY IOPYLIYIOTb 3abe3ledeHHs] KAITHH,
IepuI 3a Bce, HEOOXIAHUME AASI MeTaboAi3My cybcTpa-
Tamu (eHeproHe3aAexKHHI nepeHoc). 3a3HadeHHI MASX,
0e3yMOBHO, 3AIFICHIOETHCSI B KAITHHAX OpPraHiB-MilleHe
AASL XpOMY, SKi IIOCTIMHO 3a3HAIOTh AOKAABHOI All iOHIB
MeTaAy. XpoM y Ipoljeci HAKOIMUYEHHS B SAPAX KAITHH
HOPYIIye eHepreTHYHUIM 0OMiH, iHrHOYI0OYM aKTUBHICTH
depmenTiB, mo Karaaisyrors cuares ATO [7].

B owinIi pesepBHUX MOKAUBOCTEH, 2 TAKOXK CTYyIIe-
HSI CTIFIKOCTI OpraHi3My A0 MOAMDIKOBaHOI Ail KOOAABT-
xpomosux craasis (KXC), sxi BUKOpPUCTOBYIOTBCS

B CTOMATOAOTIYHIN IIPaKTHUIL, HaMOiABII apAeKBaTHUMU
€ AOCAIAKEHHS Ha piBHI MIKPOCOMaAbHOI OKCHI'€HAa3HOI
CHCTEMH 3 IIAPAAEAPHIM BHBYEHHSIM AKTUBHOCTI MeM6-
PaHOCTPYKTYpOBaHHX $pepMeHTiB. BioTpancpopmariis
OyAb-SIKMX KCEHOOIOTHKIB B OpraHi3Mi IIOB sI3aHa 3 poO-
0O0TOI0 IIeYiHKY, A€TeHIB, MKiPH, HUPOK, CEA€3IHKH, HaA-
HUPKOBHX 3aA03, KAITHH iIMyHOKOMIIETEHTHOI CUCTEMH
Ta iHMMX opraHiB i TKaHUH. OCHOBHOIO CTPYKTYPHO-
$YHKITIOHAABHOIO OAHHHUIIEIO, IO 3AIFICHIOE AETOKCHU-
Kallifo XiMiYHMX CIIOAYK, BUCTYIIA€ €HAOIIAA3MaTH4YHA
Mepeka rellaToOIUTIB, a caMe ¢pepMeHTHA CHCTeMa MIKpO-
coMaabHOI MeMOpatu. OcOOANBHI iHTepeC IIPU LbOMY
IIPEACTABASIIOTh AOCAIAXKEHHSI MeTabOAIYHUX ITPOLieciB
B MITOXOHAPISIX, aA’Ke HAMBAXKAUBIIIOIO AQHKOIO B 3a6e3-
IedeHHI QYHKITIOHyBaHHS BIAHOBAIOBAADHHX CHHTE3IB
€ OioeHepreTHYHI MPOLIECH Ta IIOB SI3aHi 3 HUMH IIOTAHU-
HaHHs HeopraHiyHoro ¢ocdary Ta Co>KUBaHH: KHCHIO,
SIKi CYIIPOBOAKYIOTHCSI FeHEPALIi€l0 MAaKPOePrivHuX Cy6-
CTparTiB B AUXaAbHOMY €AeKTPOHHOTPAHCIIOPTHOMY AaH-
IJIOI'y MiTOXOHADIH.

MeTa po60TH — BHBYEHHS BIAUBY KOOAABT-XPOMO-
BOTO CIIAABY Ha CUCTEMY MiKPOCOMAAbHOTO OKMCACHHS Ta
IIPOLIECH CIPSDKEHOCTI AUXaHHS Ta $OCPOPHAIOBAHHS.

MarepiaAu Ta METOAH AOCAiAKEHHS

ExcnepuMeHTaAbHA YacTHHA AOCAIAXKEHHS BHMKO-
HaHa Ha 6iaux mypax (n=30) ainii Bictap 3 BuxipHOIO
macoro 0,18-0,21 xr (N1:30), SIKHUM II[OAEHHO AQBAAH 3
ixero 0,01 r mopomky KXC y BUrasai BoaHoi cycrensii.
KonTpoapHy rpymy ckaasu n=24 mypu. Aocaiau 3 TBa-
PHHAMH IIPOBOAUANCS BIATIOBIAHO A0 «MixHapopHUX
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PEeKOMEHAALII IIPOBEACHHS 6i0MEAMYHHUX AOCAIAKEHD
i3 BukopucTanus TBapun> (1985 p.). TpusaaicTp mia-
rOCTPOTO BIIAUBY IIPENapaTy Ha TENAOKPOBHHMX TBapHH
ckaapasa 1,5 micans. ITicas sakiHueHHS ekcIiepUMeHTY
TBapMHU MIAAABAAKMCD AeKaIliTallii mia AerkuM epipHUM
HApKO30M 3 IMOAAABIIMM BHAIACHHAM IEe4iHKH Ta BUTO-
TOBAeHHAM ii romoreHary. I Ipu BuByenHi 6i0eHepreTI/m-
HUX IIPOLIECIB Y MITOXOHAPIAX renaTOLUTiB 6ianx mypis
ip BanmBoM BoaHOI cycnensii KXC y peakmiiine cepea-
osue, ske Mictutbs 200 MM ManHITOAY, SO MM caxa-
posu, 10 MM KH, PO, 30 MM tpuc-HCl (pH=7,4),
BHOCHAM cykiuHaT (8 MM) Ta AT® (250 MKMOAD).
3a KpMBUMU CITOKMBAHHS KMCHIO BU3HAYAAH IIBHAKICTD
AuxaHHS (IIBUAKICTD ITOTAMHAHHS KHUCHIO Oz) B MeTa-
6OAIYHMX CcTaHaX 3 (V3) ,4 (V. 4) ) @ TAKOX V|, 32 IpuU-
cyTHOCTI BiaokpematoBaya 2,4-auniTpodenora (AH®,
50 MKMOAI)). IIBUAKICTD AMXaHHS BUPaXKaAH B HMOAD
Oz/x B. Ha 1 Mr 6iaka. Po3paxoByBaAu BiAHOLIEHHS
AAQ®/O,, anasrorivne 3a CBOIM 3HAYEHHAM 3 Koedili-
enToMm pocpopuarosanns P/O, Ta xapaxrepusye crps-
JKEHHICTb IpOIeCiB OKUCACHHA Ta $OCPOPHUAIOBAHHS
B AUXAaABHOMY AQHIIOTY. AaAl BUBHAYAAU AUXAADHUMN
koedinieHT (AK) sk BiAHOIIEHHS IIBHAKOCTI ITOTAH-
HAHHS KMCHIO B CTaHi V, AO IIBHAKOCTI IIOTAWHAHHS
B CTaHi V, (a0 BBepenHs AAD), a TaKOXK aKTHBHICTb

AT®-riapoAa3sHUX peaKIfiil K BiAHOIIeHHS V3 /V ,p 1O
XapakTepusye MBUAKICTD pereHeparnil AAD micas fioro
pocpopuaroBanusL. B sixocti cybcTpary okucAeHHS BU-
KOPUCTOBYBAAU CYKIJUHAT.

Bumip aktuHocTi Ca*'— Ta Mg**— 3aaexxnoi ATQ-
a3y TPOBOAUBCA 3aTaAbHOIPUNHATUMHU METOAAMH.
AT®-a3zHa aKTUBHICTh BUMipPIOBAAACS B MKMOASX $pOC-
dary/1 mr 6iaka 3a 1 ropuny [7].

Pe3yAbTaTH Ta iX 06roBOpeHHs

STk BUAHO 3 pe3yAbTariB, HaBeAeHHX B TabAuL, mBHA-
KiCTb OKMCAEHHS CYKIIMHATY CYKIIMHATAETiApOTre€Ha30k0
B MeTa6OAi‘IHOMy CTaHi MITOXOHAPiH V4 B AOCAiAHIM
IPYII TBAPUH 3HIKYBAAACh Y IIOPIBHAHHI 3 KOHTPOAB-
HOIO Ha 22,5%. BpaxoByrouu TiCHHI 3B'I30K QpepMeHTy
CYKIJMHATAETIAPOTeHA3! 3 BHYTPIIIHBOIO MEMOPAHOI0
MITOXOHAPI, MOJKHA BBa)KaTH, IIJ0 MA€ MiCIie IIOPYIIeH-
HS CTPYKTYPHO-QYHKIIOHAABHOTO CTAaHY MEMOPaHH, siKe
OB’ s3aHe 3i 3MiHOO 11 $i3nKO-XiMiYHUX BAACTHBOCTEH:
MeM6paHH0'1' IIPOHUKHOCTI, B SI3KOCTI, 3apsAY, ri,A,p0<1>o6-
HOTO 06’eMy, IOASPHOCTI Ta iH.

3uavenns koedinienta ocpopuaropanns (AAD/O,)
TAaKOXX CyTTEBO 3MEHIITYBAAOCh B AOCAIAHIN Ipymi TBa-
pun (Ha 50,5%) MOPIiBHAHO 3 KOHTPOABHOIO, IO AO-
3BOAMAO TOBOPUTH PO BiAOKPEMAEHHS AUXAHHS Ta
PocPopuaroBaHHS.

Tabnvug. MetaboniyHnin CTaH MITOXOHAPIM renaTouunTiB Ginunx LLypiB Mig, BNInBoM BoAHOI cycneHsii KXC

IToKas KL KoHntpoap Aocaip,
n=24 n=30

IIBuAKicTD norﬁnnalfm.xncmo O, micAs AOAABaHHS CYKITUHATY (v 4) 1,8240,03 1,41£0,07*
(amoap O, -xB.”' - Mr! 6iaka)
IIBuAKiCTD norf\lnﬂalﬁm.xncmo O2 micas poopaBanuasgs AAD (Vs) 6,4240,40 4,7140,25*
(amoap O, -xB.”' - Mr! 6iska)
IIIBuaAKicTD l'IOI'AI/IHaH_}?I KI/IiHIo O , IICASI AOAQBAHHS BiAOKPEMAIOBaY2 2,4-AHO 7 3140,43 5,1040,18*
(V,,) (amoab O, -xB.”! - Mr! 6iska)
Auxaspuuii koedinient AK=V /V, 3,53+0,26 3,09+0,16
KoedimienT pocpoprarosannst — AAD/O, 2,65+0,20 1,31+0,06*
Mg?**-axtuBytoua AT®-asa (Mxmoab P/mr 6iaka - 1 roa.) 80,46£1,60 58,24+2,30*
Ca**-axtusytoua AT®-aza (MkMoab P/mr 6iaka - 1 rop.) 65,32+2,20 51,61+2,10*
H*-AT®-cunrerasa (MkMoab P/Mr 6iaka - 1 roa.) 75,50+3,14 43,38+2,58*

Ipumimka: * — sidminnocmi 3 konmporem gipozioni, p<0,08S.

OaeprkaHi AaHi ITPo MOpyLIeHHS MeTaOOAIYHOTO CTa-
HY MITOXOHAPi¥ relaTOIIUTiB KOPEAIOBAAH 3 AKTUBHICTIO
ix AT®-as:
B AOCAiAHIN rpymi BMicTy sik Mg**—, Ca*'— akruByio4oi

CIIOCTEPIraAOCh TIOMITHE 3MeHIIEHHS

AT®-a3, Tak i H*-AT®-cunTeTasu B NOpiBHAHHI 3 KOH-
TpOAeM BiATIOBIAHO Ha 27,6%; 20,9% Ta 42,5%. Ockiabku
axktuBHicTb AT®-a3 MITOXOHApIfl IOB’A3YIOTH 3 IPO-
1jecaMM OKHCAeHHS Ta pOCPOPHAIOBAHHS, 1Ii Pe3yAb-

TaTU MPEACTABASIOTh 3HAYHUM IHTepeC AAS PO3YMIHHA
CTPYKTYPHO-METa0OAIYHUX MeXaHi3MiB IIaTOreHe3y
IHTOKCHKAIIl OpraHisMy eKCIepHMEHTAAbHMX TBapHH
BopHOIO cycrieHsiero KXC.
Bucnoskn
KobaAbT-XpoMOBHIT ~ CIIAQB,  SIKHUE  LIMPOKO
BUKOPHMCTOBYETbCA B OPTONEAWYHIM CTOMATOAOTI,

MOKe iHTiOyIo4e BIIAUBATHU Ha Ipoliecy 6ioeHepreTHKH,
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MAGOWUIL HAYUHbLTL COMPYOHUK

AHTUDYHranbHas akTUBHOCTb 3HAODUTHOMN
6axkTepum popa Pseudomonas

Annoranus: CTaTbs MOCBSIIEHA HCCAEAOBAHHIO aHTU(PYHIAABHOM aKTUBHOCTHU 9HAOPUTHOM OaKTepUH
poaa Pseudomonas, BbiA€A€HHOI 13 AUCTOBBIX 9KCIIAAHTOB PA3AMYHbBIX COPTOB 3€MASHUKIL.
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HOKa3aHO, qTOo 60Aee CHADBHbBIE 6aKTepHaAbe1e TOKCHHBI BBIACASIAVICD ITPU TECTHPOBAHNH BPICOKOAAAII-

THUBHDBIX COPTOB 3€MASTHUKH.

KaroueBbie cAOBa: 9HAOPUTHASI GaKTepusl, aHTUPYHTAABHASI AKTUBHOCTb.

PacTeHns1 MOABEPraiOTCS IMOCTOSHHOMY BO3AEH-
CTBHUIO CTPECCOBBIX $aKTOPOB OHOTHIECKOH 1 aOHOTHYe-
CKO¥ IIPUPOABL B 9TUX ycAOBHsIX TpobAeMa YCTOMIUBO-
CTH PaCTeHHII K [IATOTeHaM, pellleHre KOTOPOH CBSI3aHO
C HeOOXOAMMOCTBIO [TO3HAHHUSI He TOABKO 0COOEHHOCTe
PU3HOAOTHH MAKPOOPTaHM3MA U ITATOreHHOI'O areHTa,
HO U X B3aHMOOTHOIIEHHUI, SIBASIETCSI HanboAee Bax-
HOI1 U TpebyIoleit AeTAABHOTO H3y4eHHs, YTO B UTOTe
II03BOAUT CO3AATh 60Aee 3 PEKTUBHYIO CHCTEMY 3AI[UThI
pacrenuii [2,763].

MupoBasi TEHAEHIIHS COKPAIeHHUSI AO3 BHECEHHS ar-
POXHMHKATOB OIIpeAEAsieT BO3PACTAHHE HEOOXOAUMOCTH
HCIIOAb30BAaHUS B PACTEHHEBOACTBE HOBBIX, AOTIOAHH-
TEAbHBIX ICTOYHUKOB MUHEPAABHOTO ITUTAHUS B OHOAO-
THYEeCKUX CPEACTB 3aIUThI pacTeHuil. B mocaepnee Bpemst
BCE OOABIIIee BHUMAHHUE YIEHBIX PUKOBAHO K CO3AAHUIO
OHOIpenapaToB, OCHOBY KOTOPBIX COCTABASIIOT TOA€3HbIE
mramMMbl SHAOQUTHBIX 6akTepuit [4, 4951]. Bakrepun,
HAXOASINHECS] BHYTPHU PacTeHUsI, 00AAAQIOT CIIOCOOHO-
CTBIO BBI3BIBATH SIBA€HUE QYHTHCTA3HCA 32 CIET BHIACAL-
Hust TOKCHHOB. OHH CITOCOOHDI 3aCeAsITh TH(bI IPUOOB,
4TO, KaK IPABHAO, 3aKaHIMBAETCS MX AM3UCOM.Crioco6-
HOCTb OaKTepHUil AMBUPOBATh IPHOHON MUILIEANIT CBS3AHA
C TeM, YTO OHH 00AAAAIOT COOTBETCTBYIOIIUM HabOpOM
pepMeHTOB, II0A ACTICTBIEM KOTOPBIX PaspymaeTcst 060-
AOYKA KACTOK MHUIIEAUS] I AECTPYKTHBHOE COAEPIKHMOe
BBIXOAUT Hapyxy [ 3, 167].

B cBsisu ¢ 9THM, BO3HHKAA HEOOXOAMMOCTDH H3-
y4eHUs] aHTUPYHTAABHOM aKTUBHOCTH OaKTepUH POAA
Pseudomonas, BBIAeAsIEMOI ITPU TECTUPOBAHUH PA3AHY-
HbIX COPTOB 3€MASIHUKU.

AHTHYHraAbHBIE CBOFICTBA TOKCHHOB OaKTepu-
AABHOM MUKPOOHOTHI M3yYaAH IIyTEM IIOCEBA rpubda-
TecTepa.B KkadecTBe TeCT-KYABTYpBI HCIOAB30OBAAH
usoasiTel rpu6oB Fusarium sp. u Alternaria sp. Yepes
MecsL] IPOBOAMAU OAABHYIO OIIEHKY pocCTa rpHOOB
¥l PaCCUMTDIBAAH CTeTleHb TOKCHIHOCTH GakTepuit (At)
o popmyae:

At=100-P /P, x 100%,
rae At — cTerenp TOKCHYHOCTH (B % )

P —pocr rpu6a-tecrepa Ha Tokcuse (B 6assax)

P_- pocr rpu6a-TecTepa B KOHTpoAe (B 6arrax).

Taxoke aHTU(PYHTAABHYIO aKTUBHOCTb OaKTepHaAb-
HOM MHKPOOHOTBI H3y4aAH METOAOM ‘ABOMHBIX KYAb-
Typ” (TO €CTb COBMECTHOTO KyABTHBHPOBaHHS rprba

¥ 6aKTepun) Mo 06pa3sOBaHUIO 30HBI IOAABACHHS POCTA
rpuba-Tecrepa oA BAUSHMEM OakTepuu B yamkax [le-
Tpu [ 1, 456].

Kax cBHAETEABCTBYIOT Pe3yAbTaThl HCCACAOBAHUI,
6oAee cHAbHbIE HakTepuasbHble TOKCuHbI (At = 64,3%)
B OTHOIIIEHHH U30ASITOB BO3OyAUTEAsI Py3apHO3a BIAE-
ASIAVICH TIPH TECTUPOBAHUH BHICOKOAAAIITUBHBIX COPTOB
semasHuKK: YpoxkaiHas LIIA, Qefiepsepk u @aopa.
OrieHKa COCTOSIHUS TPUOHBIX KOAOHHI [TOKA33Ad, YTO
II0A ACFICTBHEM OaKTepPHaAbHBIX TOKCHHOB HAOAIOAAAACH
CHABHASI CTEIIEHb AETPAAAINH, UMEAO MECTO H3PACTaHHe
CTePHABHBIM MUIIEAHEM U AM3UC KOAOHHIL.

CremeHb TOKCHYHOCTH OaKTepuil, BbIACAEHHBIX
M3 AMCTOBBIX 9KCIIAQHTOB COpTOB Pearonrant, Mappim-
ka u [IpuBaexareAbHasi, B oTHOomeHuu rpuba Fusarium
Sp. TaK>ke OKa3aAaCh AOCTATOUHO Bbicokoi (At = 57,5%).

MeHee BBIpa)KeHHBIM YTHETAIOIIUM ASHCTBHEM B OT-
HOIIIEHUH BO3OYAUTEAS $Y3aPUOZHOTO YBSIAAHHS 3EMASI-
HUKH 00AQAQAM 9HAOTOKCUHDI OAKTEPHIL, BHIACACHHBIX
npu TecTupoBanuy copToB DecTuBasbHast, Buma 3anTa
u Buma 3apra (At = 48,7%).

Haumenbiryro aHTUQYHIaAPHYIO aKTHUBHOCTD IIPO-
AEMOHCTPHPOBAAH OaKTepHAAbHBIE IITAMMBI, BbIACAHB-
urvecs pu recTuposanuu copros Buma Tapaa, Kumbep-
Au u BapanpayH, KoTopble XapaKTepU30BaANCh HUBKHM
AAANTAI[OHHBIM IIOTEHIJHAAOM ITO CPAaBHEHHUIO C APYTH-
MU UCCACAYEMBIMU GOPMaMH.

CaeayeT Takxe OTMETHUTB, YTO OAKTepHAAbHbIE ITAM-
MBI C 60Aee BBICOKO TOKCHECKOM aKTUBHOCTBIO pop-
MUPOBAAH IIXPOKHUe 30HbI HHrOuposaxus Fusarium sp.
(> 10 Mm).

IIrammer Pseudomonas sp. IMposiBHAM LIMPOKUI
CHEKTpP aHTarOHHCTUYECKOTO ACHICTBHS U B OTHOIIEHUH
rpuba Alternaria sp.IIpu aTOM BBICOKYIO aHTHYHTAAD-
HYI0 aKTUBHOCTD OOHAPYXXUAU OaKTePHUAABHBIE IITAMMBL,
BbIAGACHHBIE [IPH TECTUPOBAHIU HANOOAEe AAAMITUBHBIX
COPTOB 3eMASIHHKHU U AQBaBIIMe Ha TUTAaTEABHBIX CPEAAX
C ABOMHOM KYABTYPOI CaMyI0 OOABLIYIO 30HY HHIHOU-
poBaHus — 21 mm.

Takum 06pa3oM, IpOBeACHHbIE HAMU HCCAEAOBAHIS
IIOKA3aAH, YTO Te OAKTepUH, KOTOPbIE BBIACASIIOTCS IIPH
TEeCTHPOBAHHH O0Aee AAAMTUPOBAHHBIX COPTOB 3EMASHH-
KH, 00AQAQIOT AOCTATOYHO BBIPAKEHHON aHTH(QYHIAAD-
HOJ aKTUBHOCTBIO B OTHOIIEHUH M3y4YeHHbBIX IPUOHBIX
IIATOT€HOB.
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OcobeHHOCTD TOCYAAPCTBEHHBIX 0OPa30BaTeABHBIX
CTAaHAAPTOB 00IIer0 0OPa30BAHUSI — HX ASTEABHOCT-
HbII XapaKTep, KOTOPbIl CTABUT FAABHOM 3aAaueil pas-
BHUTHe AMYHOCTHU y4yeHHKa. CoBpeMeHHOe 00pa3oBaHue
OTKa3bIBAETCS OT TPAAUIIMOHHOTO IIPEACTABACHUS pe-
3YABTATOB OOY4YeHVIsI B BUAE 3HAHUI, YMEHUIT U HABBIKOB;
popmyanposku 'O C ykasbIBatoT Ha peaAbHbIE BUABI Ae-
SITEABHOCTH.

Ilepea HaMu, y9UTeASIMH, BO3HHKAQ IIpobAeMa —
IPeBPaTUTb TPAAULIMOHHOE OOydeHMe, HallpaBACHHOE
Ha HAKOIIAeHUe 3HAHWI, YMEeHHI1, HaBbIKOB, B IIPOIIeCC
Pa3BUTHS AUYHOCTH peOeHKa.

AAsl peaAn3aIiiy IIO3HABATEABHON M TBOPYECKOM
AKTUBHOCTH IIKOABHHUKA B y4eOHOM IIPOIleCCe UCTIOAD-
3YIOTCSI COBpeMeHHbIe 00pa30BaTeAbHbIe TEXHOAOTHH,
AQiole BO3MOXKHOCTD IOBBIIIATh KaueCcTBO 00pa3oBa-
HUsL, 60Aee 3P PeKTUBHO HCIOAB30BATH yIeOHOE Bpe-
MSI M CHIDKATh AOAIO PENPOAYKTHUBHOM AESITEABHOCTH

yYaluxcs. YX0A OT TPAAULIMOHHOTO YpOKa depes3 Mc-
[IOAB30BaHHeE B [IPOLjecce 00yIeHUS HOBBIX TEXHOAOTHIT
[I03BOASIET YCTPAHUTb OAHOOOpa3ue 00pa3oBaTeAbHOM
CPeAbl I MOHOTOHHOCTD Y4eOHOTO IPOIjecca, CO3Aa-
€T YCAOBUS AASL CMEHbI BHAOB A€SITEABHOCTH O0Yydaro-
IIUXCS, TIO3BOASIET PEAAU30BaTh IPUHIIMIIBI 3A0POBbe
cbepexxeHust. B mocaepHee BpeMs B IIKOAAX aKTUBHO
[PUMEHSIIOTCS. Pa3HOOOpa3Hble TEXHOAOTUH, KOTOPBIE
Pa3BUBAIOT AOTUKY MbIIIACHUS, KPEATHBHOCTD M KOM-
MYHHKAaTHBHOCTb.

YacTp B3 HUX BaM OYAyT IPOAEMOHCTPHPOBAHBI:

1. Texzoaorust pokyc-rpynmst (GoKycHpoBaHHOE
uHTepBbI0). [To CyTH 9TO rpyNIOBas AUCKyCCHS, B XOA€
KOTOPOM BBIACHSAETCS OTHOLIEHHE YIACTHHKOB K TOM HAU
HHOI IpobAeMe B TeUeHHe OIPEACACHHOTO BpeMeHU
U C1Ioco6bI e€ pemreHust. LJeHHOCTb COCTOUT B TOM, YTO
YYaCTHHKH AUCKYCCUH CTAHOBSITCSI CBOOOAHBIMU U pac-
KOBaHHBIMHU B CBOMX OTBETAX.
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Bnepspie MeTop QoOKyc-rpymma HCIOAb30BAAU
B 1944 roay amepukanckue couuororu P.Mepron
u P. Berpam. Qokyc-rpynima — 3T0O KaueCTBEHHBIN Me-
TOA MCCA@AOBAHMs, KOTOPBIH AAeT B CBOIO OUepeAb OT-
BeThI Ha Bonpochl «Ilouemy?>» u «Kak nmenno?>». Ero
TAQBHAS IIeAb BBIIBHTD OYEHDb BaXKHYIO MHQOPMAIIMIO
110 M3y4aeMo¥ mpobaeme.

MeToay mpucymu caeayromue XapaKTepUCTHKH:
YHCACHHOCTD I'PYIII OOBIYHO COCTABASIET OT 2 AO 8 ydacT-
HHUKOB H, KaK ITPaBUAO, He IpeBbimaeT 10 y4acTHHUKOB,
rpynmna ¢OpMHUPYeTCsl C yIeTOM IJeAH MCCAGAOBAHMS,
AAUTEABHOCTD AMCKYCCHU 3aBHUCUT OT 3aAa4 MCCACAOBA-
HMS, AUCKYCCHIO BEAET MOAEPATOP — YIUTEAD.

AArs danHoli mexHoA02ULU HYHCHA cAedyIoWas nodzo-
mosKa:

— HallMCaHHe IIPOrPaMMBI, TAe (POPMyAHpyeTCs
1 060CHOBBIBAETCSI TIPOOAEMA, OIIPEACASIOTCS LjeAb, 3a-
AauH, 00BEKT, IPeAMeT HCCAEAOBAHNS, a TaKXKe obcae-
AyeMasi COBOKYITHOCTb, YHCAO U pa3Mep GOKyc-TpymII,
HHCTPyMeHTapuit cbopa 1 00paboTKU COLIUOAOTUIECKOI
uapopmanuu. OOBMHO HA ITOM ITare He BHIABUTAETCSI
TUIIOTE3, TAK KAaK CIUTALTCS, YTO ITO MOXKET IPEAOTIpeAe-
AUTD IIOHUMaHUE HeKOTOPBIX TPOo0OAeM;

— IIOATOTOBKA KOMAHABI, KOTOpPasi COCTOUT U3 MO-
Aeparopa u accucteHToB. OAUH U3 ACCUCTEHTOB BEAET
ayAUO- HAU BUAEO3AINCH, QUKCHPYSI OCOOEHHOCTHU BBI-
CcKa3blBaHuil (HapUMep, SMOLIMOHAABHOCTD, HeBepHaAb-
HbIe XapaKTepPUCTHKHU). APYTOil aCCHCTEHT, eCAH He06-
XOAHUMO, MOXeT 3aHUMAThCsl ObecIedeHeM THILIHHBI,
IIOAABATh POXAAAUTEAbHbBIE HAIIUTKH H T. IL.;

— HabOp PeCIIOHAEHTOB, KOTOPOMY MOXET IpeAlie-
CTBOBATb ITPEABAPU-TEAbBHOE TeCTUPOBAHUE AU HHTEP-
BBIO. Y4ACTHHKHU POKYC-TPYIIIT MOTYT TAK)Ke BBIOUPATHCSI
CAYYaiTHBIM METOAOM MAM METOAOM < CHEXXHOTO KOMa>,
KOTAQ OAVIH PECIIOHACHT Ha3bIBaeT KAHAUAATA, OTBEYAI0-
Iero 3aAAHHBIM KPUTEPHSM, a 9TOT KAHAUAAT Ha3bIBAeT
elje OAHOTO KaHAMAATA U T. A. HeAb3s ncmoap3oBats ysxe
CAO>KHBIIHECS TPYTIIBI, TAK KAK CHCTEMa CAOXKHBIITHXCS
OTHOLIEHUI BAUSIET HA XapaKTep 00CYKACHUS;

— HaMHCAaHHe OPraHU30BAHHOTO MaaHa. OH cocrouT
U3 IIPUBETCTBUSL, OO'BSICHEHHS OCHOBHBIX IIPABHA, pOpMY-
AMPOBaHUS BOIIPOCOB, Pa3OUTHIX HA CMBICAOBBIE OAOKH.

Yaureab (MOAEPATOp) U €r0 ACCUCTEHTHI IIPHBET-
CTBYIOT BXOASIIIUX, CO3AQIOT HEIPHHYXXAEHHYIO 00-
CTaHOBKy. B Hauare amcKyccuu Mopeparop coobiraer
YYaCTHHKAM ILIeAM M OCHOBHbIE ITPAaBHAQ AMCKYCCHH.
O6cyxAeHMe, KaK IPABHAO, HAYMHAETCS C OTKPBITHIX
BOIIPOCOB, KOTOPbIe PACKPHIBAIOT 0COOEHHOCTH XapaK-
Tepa y4aCTHUKOB, Pa3HOOOpasye UX MHEHHUIL. 3aKpHIThIE
BOIIPOCHI OOBIYHO 3aAQIOTCS OAMDKE K KOHITY AHCKYCCHH,

9TO MO3BOASIET CPOKYCHPOBATH OTBETHI Ha KOHKPETHbIX
acrekTax obcyxaaemoit mpobaemsr. Moaeparopy B rpo-
Ilecce AMCKYCCHH PEKOMEHAYeTCsI H30eraTb OLleHOYHBIX
PETAMK KaK B Bep6aAbHOl popMme («coraacen», «Xopo-
0>, «HeBepPHO> ), TaK U B HeBep6aAbHOIt (KUBOK, 10~
KauMBaHUE TOAOBOW, eCT OTPULIAHUS U T. A.).

B mporecce AUCKYCCHE MOAEPATOP HE3aMETHO KOH-
TPOAUpPYET TPYIILY, HCIIOAB3YSI S-CEeKYHAHbIE IIay3bl
U <AO3HAaHHS>» THUIA: «Bbl He 06bsACHUTe 6oAee MOA-
poOHO?>», «BsI He IpUBepeTe pUMep?>

B KOHIle AMCKYCCHH OH HaIlIOMHHAET O ee LeAsX,
0606maeT cKkazaHHOE, OAATOAAPHUT YYACTHUKOB H IIPO-
I[AETCS C HUMH.

KaxoBbI 5ke y AQHHOU TeXHOAOTHH IIPEUMYIIeCTBA
u orpanudenns? Oue-BHAHO, YTO B XOA€ AUCKYCCHH
CO3AQIOTCS OAATOIPHSTHBIE YCAOBUS AASI CIIOHTAHHOTO
IIPOSIBAEHYSI ICKPEHHETO BBIPAXKeHMUs MHeHHIL. MeToa,
¢ OKyC-rpyIII CpaBHUTEABHO 9KOHOMUYEH U OBICTPO AdeT
pesyabrarsl. OAHAKO y METOAQ €CTb CyILleCTBEHHbIE OTpa-
HUYEHUSL. YIaCTHHK AOAYKEH IIOAHOCTBIO « PACKPBITBCS>»,
OBITH HCKPEHHIM, a 9TO AOBOABHO TPYAHO CAEAQTb.

Takum 00pasoM, MeTOA GpOKyC-TPYIIIIBI IPEACTABASIET
c06011 rAyOOKO€ HH-TEPBBIO H PEAAU3YETCSI B BHAE MOAE-
PUPYEMOM IPYIIITOBOM AUCKYCCHU I10 IIOBOAY OTIPEACAEH-
HO1 IIPOOAEMBL

2. Kettc-Texunonorus (MeTOA CUTYaTUBHOTO aHAAU-
3a). B OCHOBe 3TOi1 TEXHOAOTMH AEKHT CHCTEMHO-ACS-
TEABHOCTHBII II0AXOA,. [IporcxoxAeH1e TepMIHOB OTpa-
JKAET CYTh TEXHOAOTHH. YJaIIHeCs] [IOAYIAIOT OT YIUTEAS
TakeT AOKyMeHTOB (Kefic), IpH MOMOIH KOTOPBIX AK60
BBIIBASIIOT IIPOOAEMY U ITyTH €€ pelleHus], AHOO Bbipaba-
THIBAIOT BAPHAHTbI BBIXOAQ U3 CAOXKHOM CHUTYAI[FH, KOTAQ
npobaema 0603HaYeHa.

Popunoit Meropa case-study siBasirorcst CoeprHeH-
uole [Irarsr Ameprky, a umenno Ilkoaa 6usueca Tap-
BapACKOT'O YHUBEPCHTETA.

CyTbh MeTOAA case 3aKAIOYAETCSI B MCIIOAb30BAHUH
B 00y4eHNU KOHKPETHBIX Y4eOHBIX CUTYaLUIl, OPHEHTH-
PYIOLIUX 00yJarOIKXCs Ha pOPMYAHPOBAHIE IIPOOAEMDI
¥ [IOMCK BApPHAHTOB €€ PeLIeHNUs C IOCACAYIOIIUM Pas-
6opoM Ha y4ebOHbIX 3aHATHSX. L[eAb TeXHOAOTHH — IIO-
MOYb KOKAOMY Y4YaIEMYCsl OIIPEACAUTh COOCTBEHHBII
YHUKAABHBII Iy Th OCBOEHUSI 3HAHHS, KOTOPOe eMy boAee
Bcero HeoOxoAuMo. Takum 00pa3oM, HaOAFOAQETCS BBIXOA
B CaMO0Opa3oBaHue 00yJaIOLerocs, 4TO COOTBETCTBYeT
Tpe6OBAHMAM K 0OPA30BAHHIO CETOAHSL.

B mporjecce 06CysKACHIS Kefica yIUTEAb OOBIYHO CTa-
paeTcst BO3AEPIKAThCS OT OTBETOB Ha BOIPOCHL Bmecto
3TOTO OH 33A2€T BOIIPOCHI, AAET CAOBO yIeHHKAM, YTOObI
OHU CaMH OTBEYaAH Ha HUX.
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KaroueBble BOITPOCHI ITperoaaBaTeAs: IPH aHAAM3E
curyanum: <40 BbI cAe-AaAn?>», «TO MOXHO 6BI1AO
caeAaThb Aydmre?>, «Kak Bbl MOXXeTe pemuTs 9Ty Ipo-
0AaeMy? >, «UT0 MBI MOTAM OBI CA€AATH? >, «B yeM cocTo-
uT npobaema?>, «KakoBsl BO3MOXKHbIE ITyTH ITOAXOAQ
K mpobaeMe? >, «UTo MOXKET IIPOU30UTH U K 4eMY MOXKET
IIPUBECTH, €CAU..?>.

B mporecce 00CysKAeHNUS 3aBS3BIBAETCS AUCKYCCHS,
U B CIIOPe POXKAAETCS MCTHHA. TeXHOAOTHSA KeHc-CTaAu
AeAaeT OCHOBHOM aKIIeHT Ha CAMOCTOSTEAbHOE MBbIIIAe-
HUe, CIIOCOOHOCTh AOHOCHTb CBOU MBICAU AO QyAUTOPUH
M KOHCTPYKTHBHO OTBEYaTh HA KPUTHKY CBOHX OIIIOHEH-
TOB.

Keiicor kraccupuyupyromes na:

— IIPaKTHYECKHUe KeHChI: METOA CUTYaTHBHOTO aHAAH-
33 HAH METOA AEAO-BOM MEPeIHCKH. YUeHUKY ITPeAAara-
€TCSI TEKCT C IOAPOOHBIM OIIMCAHUEM CUTYAIUH 1 3324,
TpeOyromas peleHus. B TekcTe MOI'yT OIHCHI-BAThCS
y>Ke OCYIIeCTBACHHbIE ACHCTBUS, IPUHSATHIE pelIeHus],
AASL QaHA-AM3a HX IIeAeCOO00Pa3HOCTH. Yyaluecs MOAy4a-
IOT OT Y4YHUTeAS aKeT AOKYMeHTOB (Kefic), IpY MOMOIH
KOTOPBIX BBISIBASIIOT IIPOOAEMY U ITy-TH €€ pelleHus;

— MeTOA HHIJMACHTA, KOTOPBIH OPHEHTHPOBAH
Ha BKAIOYEHHE YYEHUKA B UCCAGAOBATEABCKYIO AESITeAD-
HOCTb. OOyyaromuiics caM HAXOAUT UH-GOPMALIUIO AAS
IPUHATHUSA pelleHus. YJalecs IOAYYaloT KpaTKoe Co-
ob1meHwe 0 caydae. AAsI IPHHSTHS pelleHNs HMeIoIel-
cs1 ”HPOPMALIUH SBHO HEAOCTATOYHO, TOITOMY YIEHHK
AOAKEH COOpaTh U IPOAHAAUSH-POBATh HHPOPMAIIUIO,
HEOOXOAUMYIO AASI TIPUHATHUS pelleHHs. Tak Kak AAS
9TOro TpeOyeTcst BpeMsl, BOBMOXHA CAaMOCTOSITeAbHAsI
AoMamrHsist pabora mkoAapHUKOB. Ha mepBom arare pe-
0s1Ta IIOAYYAIOT COODIIEeH e 1 BOIIPOCHI K HEMY.

Pabora HauMHAETCS C 9Tala IOATOTOBKH KeFica. 3AeCh
PopMyanpyeTcs 3apa-HUe, TO eCTb, 3aIIMChIBAETCS CaMa
y4eOHasl CUTYaLHs, UAN OepeTcs peaAbHasl CH-TYaLHst
¥ HEMHOTO yTipomaercs (C y4eToM Bo3pacra obydaro-
muxcs). 3aTeM ON-PeAeASIOTCS BOMPOCh, Ha KOTOPbIe
IIKOABHHMKAM, ITOCA€ AHAAM3a BCeX MaTepHa-AOB, HAAO
OyA€T AATh OTBET.

O6yuaromuecs: paboTalOT C KefCOM Ha ypOKe, KOTO-
PbIil BKAIOYaeT B cebsi: HavaAo obcyxaenus keica (pa-
6oTa B IpyTiTie U BbIPabOTKA pele-HKs) U MPe3eHTaIHs
IPYTIOBBIX peinenul (MpeACTaBAeHHe PelIeHUs U Bbl-
BOAOB IPYTITIbL).

AaHHAsT TEXHOAOTHSI MOXeT OBITh pasHOOOpas-
HA U MOXXeT IPUMEHSITbCS TP M3yIeHUH AIOOBIX TeM
Ha AI060M yposHe. KoneuHo, 310 TpebyeT onpepeaeHHOI
MOATOTOBKH U y>Ke UMEIOIMUX 3HAHUH II0 AeKCHYeCKUM
TeMaM, TaK, YTOObI yue-HUKH MOTAY 3aKpenuts. Kax mpa-

BHUAO, IIPH ITPHMEHEHUH KeHC TeXHOAOTHH CO3-AQFOTCS
TPYTIIBI 11O 4—5 YeAOBeK.

Kefic-TexHOAOTHS A2€T BO3MOXKHOCTb OINTHMAABHO
CoYeTaTb TEOPHIO M IPAKTHKY, Pa3BUBATh HABBIKU pa-
6OTBI C Pa3HOOOPA3HBIMU MCTOYHUKAMU HHPOPMALHH.
O6yuaromuecs: He IIOAYYAIOT FOTOBBIX 3HAHMUIL, A YIaTCs
UX AOOBIBaTh camMocCTOsITeAbHO. OO6ydaromyecst y4arcst
COOAIOAQTB ITPaBHAA OOLIeHsT: PAOOTATD B IPYIIIAX, CAy-
LIaTh COOECEAHHIKOB, API'yMEHTHPOBATH CBOIO TOUKY 3pe-
HUSI, BBICTPOUB AOTUYECKHE CXEMBI PeLIeHHs IIPOOAEMBI,
HMelolell HeOAHO3HAYHOe peleHue. Aake cAaboycrieBa-
IoL{Me 00YYaIOIecs: CMOT'Y T Y4aCTBOBATDH B 00CY>KACHUH
BOIIPOCOB, TaK KaK HET OAHO3HAYHBIX OTBETOB, KOTOPbIE
HaAO BbIydnTb. OHU CAMH CMOTYT IIPEAAOKUTD OTBETHI.

3. DpeiiMOBast TEXHOAOTUS — OAMH U3 IyTel ¢pop-
MHPOBAHHS HaBbIKA YTEHHS, TIO3BOASIIOIIUH YIAITHIMCS
Pa3BUBATh IIO3HABATEABHYIO AKTHBHOCTD, CAMOCTOSTEAD-
HO€ MBIIIAEHHE, TBOPYECKUE CIIOCOOHOCTH.

BriepBsle TexHOAOTHS $PeIMOBOrO 0OydIeHuUsI ObIAQ
IPEACTaBACHA POCCUICKMM ydeHbIM M. MuHCKMM Kak
IIOTIBITKA TOCTPOUTD GPENMOBYIO CeTh, AU IIAPAAUTMY,
C LIEABIO AOCTIDKEHHSI 00ABIIEro 9¢pdeKra MOHUMAHMS.

ITop $peiiMoOBOIl TeXHOAOTHE!N IIOHUMAETCS U3yde-
HYe y4eOHOTO MaTepHaAa, CTPYKTYpHpPOBaHHOTO OIpe-
A€AeHHBIM 00Pa3oM B CIIELIHAABHO OPTaHU30BaHHOM I10-
caepoBareAbHOCTH. IIpu moMomu $pperiMoBoil MOAeAT
MOXKHO «CXXHMATb>, CTPYKTYPHPOBATh U CUCTEMaTU3H-
poBaTh HHPOPMALIHIO B BHAE TaOAI], MATPHII.

YunTeAb B AQHHOM CAyYae HCIOAHSET POAb ThIOTO-
pa, HACTAaBHHUKA, TOTO, KTO COIIPOBOXKAAET IIPOLieCcC 00-
y4eHHs1, He IPEAOCTABASIS TOTOBbIE 3HAHUS, HAIIPABASIET
AEVICTBUS YHAITIXCSL.

Xop, 3aHATHA Pa3AeA€H Ha IIATh 9TAIOB: IPEAAOXKeE-
HHe YYAIIMCS OTIPEACACHHOM CXeMbl, CAMOCTOSITEAbHAS
paboTa ¢ TEKCTOM, ITOUCK HEOOXOAMMOI HHPOPMALIUH,
3aTIOAHEeHHUe CAOTOB (CAOT — dAeMeHT Ppeiima; AveiiKa),
AHAAU3 [IPOAEAAHHOM PabOThI, OLjeHKA, COIIOCTABACHHE
HallAeHHOM MHPOPMAIIH, TIepeAaya CMbICAA 3aITOAHEH-
HOTO CAOTA Yepe3 CHMBOAMKY.

TekcT — 9TO CAOXHBIN ¢peiM, T.e. ClieHapui
(0606menHas cxema, HA KOTOPYIO HAKAAABIBAETCS AO-
OAHUTEAbHAS anpopMaLu/m). IIpeamnoaaraercs, 4To 3a-
paHee TEKCT He IPOYUTAH YUAITHMICS, HO IIPOBOAHAACDH
paboTa 1o AOIIOAHHTEABHOH AHTEpaType AAS CHCTeMa-
THU3ALUH IPEACTABACHHI O AUYHOCTH aBTOpA ITPOU3Be-
AeHws. VI3 MOArOTOBAEHHOTO MaTepHaAa yIEHHKU AOAXK-
HbI U3BACYDb TOABKO Ty HHYOPMAIIHIO, KOTOPAsl OTBETUT
Ha [TOCTABACHHbIH yYUTEAEM BOIIPOC.

Hcnoap3oBanue $ppeiiMOBOM TEXHOAOTHH Ha ypo-
KaxX II03BOASIET TPAHCPOPMUPOBATH OOyUeHHe B CaMO-
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obydeHre, pa3sBUTh CIIOCOOHOCTD Y YYAIUXCS U3 I10-
TOKa HHPOPMAIIMU BHIOMPATh TAABHOE, COMOCTABASITD,
OLIeHUBATb, HAXOAUTD CBSI3H U CTPYKTYPHPOBATh IOAY-
geHHYI0 HHPopManuio. Bcé aTo criocobcTByeT pasBuTHIO
TBOPYECKOTO IIOTEHIIMAAA YIAITHXCSL.

B coBpeMeHHOM 001jecTBe OUYeBUAHA YCIIENIIHOCTb
U BOCTPeOOBAHHOCTb Y€AOBEKA IPYAUPOBAHHOIO, yMe-

IOIIero apryMeHTHPOBaTh, AOKA3bIBaTh CBOIO TOYKY
3peHHs, UMEIONIero TBOPYECKUH ITOTEeHITHAA. 3HAHHI
Ba)KHO HE TOABKO YCBaMBaTh, HO U IPEYMHOXATh, TBOP-
JeCKU IepepabaThIBaTh, HCIIOAB30BATH UX IIPAKTUYECKH.
XoTreAaoch 6bI 3aKOHIUTH PAOOTY KHTANCKON IIOCAOBH-
eit: «Ckaxu MHe — U 51 3a0yAy, IOKQXXU MHE — U S 3a-
IIOMHIO, BOBAE€KU MEHS — U 5 HAyIyCh>.
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«ITodsemmvte coopysmcenus, ocHosanus u PyHdamenmot>

Tadwcuxckuti mexxuseckuil yuusepcumem, 2. Aywanbe

AuvarpamMmmsl COCTOSSHUSI — TeopeTuYeckast OCHOBa
CUHTES3 aJIlOMOCUJINKAaTHON KepaMUuku

AHHOT&IIPUI: B crarpe PpacCMaTpHUBAETCA AarpaMMbI COCTOSIHHS B Ka4ECTBE TeOpeTI/I‘{eCKOfI OCHOBDI AASL

060CcHOBaHUA IIPUMEHEHHN HETPAANITMOHHDIX HOBBIX ChIPbEBBIX MATEPHUAAOB TEXHOAOTHH AAIOMOCHUAHKAT-

HOM KePaMMKH, IPUBEAEHDI Pe3yAbTAThl HCCAEAOBAHMS XUMHKO-MUHEPAAOTHYECKIX COCTaBOB papPopoBOro

kamHs1 KeIproisckoit PecrryOAMKI-KaK OCHOBHOTO CBHIPbSI AASL CHHTE34.

KaroueBbie cAOBa: AnarpaMma COCTOSIHIS, CUCTeMa, $pa3a, KOMIIOHEHTHI, CTelleHb CBOOOABL, papopo-

BBIN KaM€Hb, COCTaB, KEpaMH1€CKasI MacCa, CHHTE3, HOBOO6paSOBaHI/Iﬂ.

OaHoI1 U3 PpyHAAMEHTAABHBIX IIPOOAEM COBpPEMEH-
HOM HEOPIaHUYECKON XUMUU SABASIETCS YCTaHOBACHHE
QYHKIIMOHAABHOM CBSI3HM «COCTaB — CTPYKTypa —
CBOMCTBAa>» AAS Pa3AMYHBIX IPYIII COEAUHEHUN KaK Ha-
YYHOM OCHOBBI HallpaBAEHHOTO CHHTE€3a MaTepHAAOB
C 3aAQHHBIM KOMIIA€KCOM CBOMCTB.

DyHAAMEHTOM AASI YCTAaHOBAEHUS YKa3aHHBIX 3a-
BHCHMOCTEHM CAY>KaT Pe3yAbTaThl CHCTEMaTU4E€CKOTO
HCCAEAOBAHMS OIIPEACACHHBIX KAACCOB COEAMHEHUH,
BBIOPaHHbIX B COOTBETCTBHU C TPeOyeMbIM KpUTEPHEM.
OcHoBbIBasICH Ha CPOPMHUPOBAHHOM TaKUM 0OpazoM
6aze 9KCIIEPUMEHTAABHBIX AAHHBIX U HCIIOAb3Ysl Teope-
THUYeCKHe IPUHIMIIBI PUIUKO-XMMUYECKOTO aHAAM3a,
MO>KHO ITPOTHO3MPOBATh HAIIPABACHHUS CO3AAHMS HOBBIX
3¢ PeKTUBHBIX MAaTEPHUAAOB M HAMEYaTh ITyTH ONTHMH3a-
ITUU UX CBOMCTB.

Ilounck myTeit «KOHCTPYHPOBAHUS>» ONTHMAAbHBIX
COCTaBOB MATE€PHAAOB CO CTaOMABHBIMHA 3aAAHHBIMH
CBOMCTBAMHU Ha OCHOBE HOBBIX BUAOB CHIPbEBBIX KOMIIO-
HEHTOB IIPEACTABASICT BECbMA AKTYAAbHYIO 3aAaqY.

Teoperuyeckre 3aBUCUMOCTH «COCTaB — CTPYKTY-
pa — CBOKCTBa>» AAS KEpaMMYECKMX MATEPUAAOB MOKHO
IIPOrHO3UPOBATh HAa OCHOBE MCIIOAB30BAHMS AUATPaMM
COCTOSIHUSL.

ITo H. C. KypHakoBy, Bce A€TaAH ITPOIjecca XUMUJe-
CKOI'O B3aMMOAEHCTBHS, HAIpUMEp, IOSBACHME HOBBIX
$a3 u onpeaeAeHHBIX COGAMHEHUH, 06pasoBaHHe KUAKUX
U TBEPABIX PACTBOPOB HAXOAAT TOYHOE U ONPEACACHHOE
OTpa’KE€HHE B TOM F€OMETPHUYECKOM KOMIIAEKCE IIOBEPX-
HOCTEM, AMHUN U TOYEK, KOTOphIe 06pa3yxoT XUMHYe-
CKYI0 AMaIPaMMy COCTOSHUSL.

Kaxk usBecTHO, AMarpaMMa COCTOSTHHS IPEACTABAS-
er cobon reoMeTpU4eCKUn o6pa3 XapaKTepa B3auMO-
AEMCTBHUS KOMIIOHEHTOB AIOOOM CHCTeMbI U OIHCHIBA-
eT 06bIMHO $a30BbIIl COCTAB CUCTEMBI B KOOpPAHMHATax

«XMMMYEeCKUil cOCTaB — aKTop paBHOBecHs (AaBAe-
HHe, TeMIieparypa)>. [1o reoMeTpudecKkuM U3MeHeHUSIM
B CTPOEHHH AATPAMMbI MOXXHO CACAATH BHIBOABI O YHCAE,
XMMUYECKOH MPUPOAE U TPAHHI]AX CYIeCTBOBAHHS TeX
¢a3, KOTOpBIe MOSBASIOTCS HAU HCYE3AIOT IIPU H3MeHe-
HUU YCAOBUI PaBHOBECHSL.

M3BecTHBI TeOpeTHYECKHE OCHOBBI TeTePOTeHHBIX
PaBHOBECHH, peaAu3yeMbIX B ITpOIjecce CHHTe3a Kepa-
MHYECKHX MaTePHAAOB.

TepMoarHaAMUYECKast CUCTeMa — 3TO PacCMaTpH-
BaeMas 4acTbh MaTepuaAbHOM Beeaennoit. OHa oTaeseHa
OT OKpY>Kalolllef CPeAbl 3aMKHYTOH MTOBEPXHOCTBIO —
rpaHuLeil — BoOOpakaeMoit AU peaabHoi. Tepmoau-
HaMU4eCKas CUCTEMA, BHYTPH KOTOPOI1 HEeT IIOBEPXHOCTH
pasAeAa, OTAEASIOIeH Pa3AMYAIOIIHecs AHO0 10 Gpu3H-
4eCKOMY CTPOEHHIO, AUOO 110 XUMUYECKUM CBOMICTBAM
JaCTHU CUCTEMBbI, Ha3bIBAETCSI 20M02eHHO. TepMOANHAMU-
JecKas CHCTeMa, COCTOSIIAS U3 Pa3AMYHBIX IO PpH3HIe-
CKHM HAM XMMHUYECKUM CBOMCTBAM YacTel, OTACACHHBIX
APYT OT ApyTa IIOBEPXHOCTSIMU Pa3A€Ad, Ha3bIBAETCS 2e-
mepozenHoii. Arobasi reTepOreHHas CHCTeMa COCTOUT KaK
MHHUMYM U3 ABYX $a3.

YcaoBHs paBHOBeCHs TeTepOreHHOMN CUCTeMBI OITHU-
ChIBArOTCS mpaBuAaoM a3 I'ub6ca. Arobas rereporenHas
CHCTeMa XapaKTePU3yeTCsl ONPEASACHHBIM YUCAOM (a3,
KOMITOHEHTOB M YUCAOM CTeIIeHel CBOOOABL.

®as3oii () HA3BIBAETCSA COBOKYITHOCTb BCEX TOMOTEH-
HbIX YaCTeH CHCTeMBI, OAMHAKOBBIX BO BCEX TOUKAX ITO CO-
CTaBY U ITO BCeM XMMHYECKHM 1 UINIECKIM CBOMCTBAM
Y OTAEACHHAS OT APYTHX YaCTel IIOBEPXHOCTHIO Pa3AeAQ.

B 60Aee KOPOTKOM OIpeAeAeHHH pa3a — ITO OAHO-
POAHASI YaCTh HEOAHOPOAHOM CHCTEMBI, KOTOPAsi MOXKET
OBITH M3BAEYEHA M3 CHCTEMBI KAKUM-AHMOO MeXaHHYe-
ckuM criocobom. Kaxxaast paza MoxxeT O6bITh paspereHa
Ha OTAEAbHbIE YaCTH, HO 3TO He YBEAHYUBAET YHCAO da3
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B cucteMe. Hanpumep, B HachIIeHHOM pacTBOpe MOBa-
PEHHOI COAU [P HAAUYHMH HA AHE COCYAQ AI0OOTO 4rC-
AQ KPUCTAAAOB COA€Hl U IIapa Hap PacTBOPOM OyAeT Ha-
XOAUTBCSI OAHA KPHCTAAAMYIECKAs], OAHA SKUAKASI M OAHA
maposast ¢passl 13 ompepeaeHMs caepyerT, 4TO B AF06OI
CHCTeMe IIPAKTUIEeCKU MOXKET OBITh TOABKO OAHA ra30Bast
dasa (TOABKO MPHU BHICOKMX AABAEHHSX B PSIAE Ta30BbIX
cMeceil HaBAIOAQETCS PACCAOCHHE).

Yucao cocmasHbvix wacmeti — 3TO YUCAO TeX BUAOB
YaCTHIl, COCTABASIONIMX CUCTeMy, KOTOpble MOTYT CyIIe-
CTBOBATb OTAGABHO M BHE CHUCTeMbl. B BoAHOM pacTBOpe
IIOBAapeHHOM COAM MO>KHO HACYMTATh MHOTO BHAOB YaCTHI]
(MoAeKyABI coAM U BOADIL, TUAPaTUpOBanHbe Honbl Na*, Cl,
H*, OH"). B AefiCTBUTEABHOCTH 5Ke B CUCTEME COACPYKUTCS
AB€ COCTaBHbIE YaCTH: BOAA M ITOBApEHHAs COAb, TaK KaK
HU OAUH U3 [IePEYHCACHHBIX BBILIE HOHOB HE MOXET OBITh
U3BAEYEH U3 AAHHOM CHCTEMbI B OTAEABHOCTH.

Komnonenmamu (K) Ha3bIBaIOT He3aBHCHMBIE COCTAB-
HbIe YaCTH CHUCTEeMBL. IMCAO KOMIIOHEHTOB PaBHO UHCAY
COCTaBHBIX YaCTE€H MUHYC YUCAO CBS3€i, KOTOPbIMM MOT'YT
OBITH XUMIIECKAsI PEAKIIUS UAH TOXKASCTBEHHOCTD COCTABOB.

Yucro cmeneteii c8060001 (f) — 9TO 4MCAO TEPMOAH-
HaMHYECKHX IapaMeTPOB, OIPEACASIONUX COCTOSHUE
U IIPHPOAY CUCTEMBI, KOTOPbIe MOXXHO IIPOU3BOABHO Me-
HSITb B M3BECTHBIX [IPEAAaX 0e3 U3MEeHEHNS YHCAQ U BHAQ
¢a3 B cucreme. OOBIMHO TAKUMH TAPAMETPAMH SIBASIFOTCSI
TeMIIepaTypa, AABACHIE, KOHI|EHTPALIUH, MOAbHBIE 00b-
eMBbI KOMITOHEHTOB. B HEKOTOPBIX CAyYasiX CBOHMCTBA CH-
CTeMBI MOTYT OIIPEACASITHCS i APYTUMU TIepeMeHHBIMU
PakTOpaMH — IAEKTPHYECKHUM ITOTEHIHAAOM, MATHUT-
HBIM [IOAEM, TOBEPXHOCTHBIM HATsDKEHUEM U T. 1L

B 3aBHCHMOCTH OT YKCAQ TEPMOAMHAMHYECKHX CTe-
IeHell CBOOOABI Pa3AMYAIOT CHCTEMbl MHBAPHAHTHBIE
(noH, — 6e3BapUaHTHbIE), MOHOBapHaHTHbIE (OAHO-
BapuaHTHble), AUBapuaHTHbIe (6U- AByXBapUaHTHbIE),
NOAMBapHaHTHbIe (MHOTOBapHaHTHbIE). Bo mepBbix —
COXpaHeHHe paBHOBeCHs TpeOyeT HeM3MEHHOCTH BCeX
IIapaMeTpPOB, BO BTOPhIX — HEU3MEHHOCTHU BCeX, KpoMe
OAHOTO, U T. A.

TepmoarHaMIYecKue yCAOBHUS paBHOBecus. B pas-
HOBECHOM I'eTePOTreHHOMN CUCTEME TeMIIepaTypa BO BCEX
¢asax AOAKHA OBITD OAUHAKOBOH, TaK KaK B IIPOTHBHOM
CAy4ae CrcTeMa He OYAeT HaXOAUTHCS B COCTOSIHHH Te-
IIAOBOTO PaBHOBECHS. DTO K€ OTHOCHTCS H K AABACHHIO,
TaK KaK MHa4e CHCTeMa He OYAeT HaXOAUTHCS B MEXAHU-
4eCKOM PaBHOBECHH.

Kax n3BecTHO, mpu n3MeHeHUH KOAUYECTBA BEIeCTB
BO BpeMsi Imporjecca 9Heprust [n66ca siBAsIeTCSs He TOABKO
$YHKI[MeN AABACHHUS M TeMIIEPATypPbl, HO U KOAMYeCTBa
BEI|eCTB, 0OPA3YIOLIIX CUCTEMY:

G=f(BT, nyhy, f,. nk). (1)
Vsmenenue sHeprun ['166ca MOXXHO BBIPa3uTh Yepes
YaCTHBIE [IPOM3BOAHBIE 9TOM $YHKIIUHU [10 BCEM ITepeMeH-

HbIM:
a~(55)  ar+(5F),  ar+
(26 e (26 ” HIAH, TaK KaK
anl P,T 1y ety L ani P.T ., i
©G/oP),,, . =V,
0G/8T),, .. ==S, (2)

(0G/ én)P,T‘”#’ =,

TAC yi— XUMUYeCKUN IIOTEHIUAA i-ro KOMITOHEHTQ; 1’11, n2
. i’lt_— YUCAO MOAEN IIEpBOro, BTOPOTO, TPETHETO, i-ro
KOMITOHEHTQ, TO:

dG=V.dP —S§.-dT+Zudn. (3)
ITpu P, T = const
dG = Zudn. (4)
Aast paBHOBecHbIX cucteM dG = 0 u
Zudn =0. (5)

PaCH.II/I(l)pOBKa 9TOro COOTHOUICHU S ITOKA3bIBAET, YTO
B YCAOBHAX paBHOBECH S XUMHUYeCKUN IIOTEHIIUAA A060r0
KOMITOHEHTA BO BCEX cl)asax AOASKEH ObITH OAMHAKOBBIM.

YcaoBust TEPMOAHMHAMHUYIECKOTO paBHOBECHS AT06011
HSOAPIPOBB.HHOIZ CHUCTEMDBI 3aITMChIBAIOTCS CACAYIOIITMMHA
YPaBHEHMSIMU (HOACTPO‘-IHIJIQ HNHAECKCBI 0003HaYAIOT KOM-
IIOHEHTDI, HAACTPOYIHbIE — (I)aSbI):

T'=T"'=T"=...=T¢ (6)
P'=P"=P"=.. =P (7)
yl':yl"=... :yl¢
yzzyz = ... :y2¢
wo=w === (8)

ITpaBuao ¢pa3 ['u66ca. PaccmoTpum crucremy, coctost-
11yto u3 K KOMIOHeHTOB, KaXKABIH U3 KOTOPBIX HAXOAUTCS
B0 Bcex @ pasax. B xauecTBe He3aBUCHMBIX IIepeMeHHBIX
MO>XHO IIPUHATH TEMIIEPATY Py, AABACHHE 1 KOHIIeHTpa-
LM, HO He BCe, TAK KaK KOHIIeHTPAIIHs KAKOTO-AM00 KOM-
IIOHEHTA B AAHHOM dase OyAeT OIIpeAeAeHa, eCAU 3aAAHDI
KOHIJ@HTPAIJUH OCTAAbHBIX KOMITOHeHTOB. Ecan koHIjeH-
TPaIMH KOMIIOHEHTOB 3aAAHBI B MACCOBBIX MAM MOABHBIX
IpoLeHTax (MAK B MOABHBIX AOASIX), TO AOCTATOYHO YKa-
sarb (K-1) koHyenTpanuit. Takum 06pasoM, AAS KOKAOI
$asb1 HezaBucumbvu sBasorcs (K-1) KoHLeHTparmit.
Tax kax yucA0 ¢pa3 paBHO @, TO AAS pacCMaTpPHBAEMOM
CHCTeMBI HE3aBUCHMBIX KOHIeHTpanuit 6yaer O(K-1).
Kpome TOro, ecam AAsl paccMaTpuUBaeMOH CHCTEMBI
He3aBUCHUMBIMU ITepeMeHHbIMH SBASIOTCS TeMIIeparypa
U AABA€HHE, TO YHUCAO BCEeX He3aBHUCHMBIX ITepeMeHHBIX
6yaer paBao @ (K-1)+2. BoistcHuM Terepn, kakoe quc-
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Ao ypasHenwuit cassbiBaet a1 O(K-1)+2 HesaBHCHMbIX

HepeMEHHbIX.
PﬂAbI ypaBHeHI/Iﬁ, COCTaBAC€HHbBIX HAa OCHOBAaHHNHN pa—
sercts (6) u (7),
T=T" ;T =T".. T' =T,
P'=P";P' =P"..P'=P¢ (9)

HPeACTaBAﬂIOT CO6OI>1 PﬂAbI TOXAECTB, I10 CKOAbe TeMIIe-
paTypa " AABACHHE ABAAOTCA HE3aBUCHUMbIMHU HEPEMCH-
HbIMH, OHpeAEAﬂIOH.[I/IMI/I COCTOsJHHE CUCTEMBI. YpaBHe-
HUs, COCTaBACHHDBIC HA OCHOBAaHUU paBEHCTB XUMHNYECKUX
IIOTEHLJMUAAOB — [,t

po=ptsu =pt e =

K plo=p"su, =", =, (10)

Hy=p" sy =p" ot ="y
((D_l);

He IIPEACTABASIIOT COOOI PSIABI TOXAECTB, TaK KaK XHUMH-
JeCKHI IIOTeHI[HAA OAHOTO U TOT'O )Ke KOMIIOHEeHTa B pa3-
AMYHBIX $a3aX OMUCHIBACTCS PA3AUYHBIMU QYHKIUAMHU
KOHIIEHTPAIIHIi, TEMIIePATypPbl U AABAeHUS. B sBHOM BHAe
3T PYHKIIUH He U3BECTHBL

Kaxaas crpoka cucremst (1.10) cocrout us (P-1)
He3aBHCHMbIX ypaBHeHuM. Bcsakoe Apyroe ypaBHeHue,
OTpa)karollee PaBeHCTBO ABYX XMMHMYECKUX IOTEHITH-
aAOB, BXOASIIIMX B 9Ty CTPOKY, MOXET OBITb IIOAyYEeHO
KOMOUHAIIME! y>Ke HMEIOIUXCsl ypaBHEHHUH, a IOTO-
My He OyAeT He3aBUCHMBIM ypaBHeHHeM. JHCAO CTPOK
B cucteme (1.10) pasro (K), a obmee uncao ypasHe-
Huit, ceaspiBaromux O(K-1)+2 HesaBHCHMBIX nepe-
meHHbIX, paBHO K(®@-1). OTciopa caeayerT, 4To He Bce
@ (K-1)+2 nepemeHHbIX 6yAyT He3aBUCUMbIMU. 13 Ma-
TEMaTUKH U3BECTHO, UYTO €CAU MMeeTCsl CUCTeMA He3a-
BHCHMBIX YpaBHEHHUH, TO YHCAO HE3aBHCHMBIX Ilepe-
MEHHBIX PaBHO YHCAY BCeX IIepeMEeHHBIX MUHYC YHCAO
ypaBHeHHUI. B AaHHOM cAydae 4HCAO He3aBHUCHMBIX IIe-
PeMeHHbIX, OIIPEAEASIIOIIUX COCTOSIHUE CHCTEeMbI, PaBHO
O(K-1)+2-K(9-1)=0K-P+2-PK+K=K-P+2. D10
YHCAO U OYAET YUCAOM TePMOAMHAMHUYECKHX CTelleHel
cBo6oAb! (BapuanTHOCTBIO) cucTembl. O603Ha4as ero
CHUMBOAOM f, ITIOAyYaeM

f=K-0+2. (11)

VYpasuenne (11) mpeacTaBasieT aHAaAUTUYECKOE
BbIpaKeHHUe npasura ¢as Iub6ca. OHO MOXeT OBITH
cHOPMYAHPOBAHO CAEAYIOIIUM 0OPa30OM: YHUCAO CTe-
neHel CBOOOABI PABHOBECHOMN TePMOAUHAMUYECKOM
CHCTeMbl, Ha KOTOPYIO U3 BHEITHUX PaKTOPOB BAUSIOT
TOABKO TeMIIepaTypa U AABACHME, PaBHO YHCAY He3a-
BHCHMBIX KOMIIOHEHTOB CHCTeMbl MUHYC YHCAO a3
IIAIOC ABA.

EcAn cocTosiHMe CHCTeMBI OINpeAeAsieTcsl, KpoMe
TEeMIIepaTyphl, AABACHHS 1 KOHIIEHTPALIHI, ellle OAHUM
BHEIIHUM (aKTOPOM, IIPHOOPETAIONMINM IIPH PaBHOBe-
CHH TO HAU HHOE, HO Pa3yMeeTCsl, OAMHAKOBOE 3HAUeHHe
BO Bcex $pazax, HallpuMep, IAeKTPHIECKIM IIOTEHIIUAAOM,
TO YUCAO He3aBHCHMBIX [IepeMEeHHbIX yBEAUYUTCS Ha eAH-
uuity u 6yaet pasao O(K-1)+3. Yrcao ypaBHeHuIL, CBsI-
3bIBAIOIUX TIapameTphl, ocraercs npexuum (O-1) K,
M YUCAO CTeIIeHe! CBOOOADBI OTIPEACAUTCS BBIPAXKEHHEM:

f=3+(K-1)0-(0-1)K=K-D+3. (12)

B o6mem cAydae, eCAU YHCAO BHEIIHUX GAKTOPOB,
OAMHAKOBBIX BO BCeX (a3ax CHCTEMBI, PaBHO N, TPABUAO

f=K-0+n. (13)

Ecau KaKkoi1-An60 BHELIHHI GaKTOP, XAPAaKTePHU3YIO-

a3 nMeeT BUA:

LM CHCTEMY, TIOAACPKHBAETCS IIOCTOSTHHBIM, TO YHUCAO
IepeMeHHBIX CTAHOBUTCS Ha EAUHHMITY MeHbIIe. Tak, mpu
P= const (uau T= const) mpaBuao $a3s 3anucpiBaeTcs
CAEAYIOLIUM 06pa3oM:
f.=K-0+1. (14)

Takoro poaa BapHaHTHOCTD Ha3bIBAETCS YCAOBHOM,
F MOYXHO FOBOPHUTD 00 YCAOBHO HHBAPHAHTHOM, YCAOBHO
MOHOBApHUAHTHOM H T. A. PABHOBECHH.

ITpu mocTOsSHCTBE ABYX BHEIIHUX GAKTOPOB, HATIPH-
Mep P u T= const, mpaBuao a3 mpuobperaer BHA:

f.=K-0. (15)

OcHOBOJ KepaMIIeCKIX MATePHAAOB SBASIOTCS HEMe-
TAAAMYECKHE TYTOIAABKHE COCAHEHHS C Pa3HOM TeMITe-
parypoii maasaenmus, pocruratomeit 1500 °C (6) [1].

AASL TAKUX COEAMHEHMI XapaKTePHBI CMeITaHHbIH
MOHHO-KOBAACHTHBIN THII MEKaTOMHOM CBSI3U M BBICO-
Kasi TepMOAMHAMUYecKasi cTabuabHOCTh. Kepamudeckue
MaTepHAABI IMEIOT BRICOKYIO TBEPAOCTD, MOAYAH YIIPYTO-
CTH, XUMHYECKYIO YCTOMIUBOCTD, TEPMOCTOMKOCTb.

T'AaBHBIM MX HEAOCTATKOM SIBASIETCSI XPYIIKOCTB, 00Y-
CAOBAEHHAS 0COOEHHOCTSIMU MEXXaTOMHOT'O B3aHMOA€E-
crBus. OCHOBHbIE XUMUYECKHe COeAUHEHHS B KepaMuJe-
CKHX MaTepUAAAX IIPEACTABACHBI ABOMHBIMH, TPONHBIMH
COeAMHEHHUSIMHU M TBEPABIMU PACTBOPAMH.

ITockOABKY B TEXHOAOTMYECKOM IIpoljecce IpOU3-
BOACTBe $apPOpPOBBIX HUBACAUH PA3AMYHOIO Ha3HAYe-
HU1A PpapPopoBble KAMHU MecTOpOXkaeHHe KbIproisckoi
Pecrry6ArKy — SIBASIFOTCSI KOMIIAGKCHBIM HOBBIM, paHee
He HMCIIOAb30BAaHHBIM HETPAAHIMOHHBIM HEPYAHBIM ChI-
PbEM U COAEPXKHT B OCHOBHOM Bce KOMITOHeHTb! (60-65%),
TpebyeMble AAS TTOAYYEHHS KePaMIIeCKOM MAaCChI — IPeA-
CTaBASIETCS] IX HECOMHEHHBIM AOCTOMHCTBOM.

Pe3yAbraThl XMMHUYECKOTO HeObOrameHHOro ¢ap-
¢poposoro kamus Keipraizckoit Peciry6Auxy mpuBeAeHb!
B TabA. 1.
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Kax BUAHO 13 AQHHBIX Ta0A. 1, copepiKaHHe OKCHAOB
JKeAe3a M TUTaHa B mopopax pocruraet oT 0,09 oo 2,11%,
4TO OTPHUIIATEABHO BAMSIET Ha ONTHYECKHe CBOMCTBA dap-
$OpOBBIX H3ACAUIL.

XapakTepHO HeBBICOKOE COAepKaHHe (B cpeaHeM
OKOAO 3,6% ) KOAMYECTBO OKCHAOB IEAOYHBIX METAAAOB

IIPH IIOCTOSIHHOM IIPe0OAAAAHUE OKCUAA KAAUSIHAA OK-
CUAOMHATPHS (K2 O:N, 0=3,3:0,4). Takoe copepxanmue
IeA0Yel 06YCAOBAECHO NPUCYTCTBUEM CEPHUIIUTA, AAb-
OuTa U CMelIaHHO-CAOMHOro MuHepasa. CoaepixaHue
SiO2 B cocTaBe papPoposoro kamus pocturaer 80%.

Tabnuual. - Xumnyecknin coctas papdopoBoro kamHs Kelpreiackoi Pecnybamkm

Kaan-
MHACK | <10, | Fe,0. | FeO | TiO, | ALO, | CaO | MgO | Na,0 | K0 | F0s | KO | Kanmen, | i
npo6sr 2 23 2 273 2 2 +Feo | N,O | moayap

MOAYAB
TI-1 | 82,67 ] 009 | 001 | - [11,56] 049 | 051 | 060 | 262 | 0,00 | 321 | 440 | 191 | 440
T4 | 81,10 ] 0,92 [ 002 [ 001 [ 12,01 | 051 [ 046 | 096 | 308 | 015 | 404 | 320 | 1,88 | 320
TII-S | 80,93 | 1,01 | 0,09 | 003 [ 12,01 | 060 | 053 | 070 | 305 | 1,10 | 3,75 | 440 | 105 | 440
TII-6 | 81,07 | 078 | 008 | 007 | 11,78 | 0,62 | 042 | 040 | 3,67 | 090 | 369 | 910 | 127 | 9,10
KTII-1 | 78,05 | 0,76 | 0,71 | 0,15 | 11,40 | 0,77 | 0,52 | 040 | 3,00 | 1,49 | 348 | 770 [ 205 | 7,70
KTII-9 | 79,25 | 0,87 [ 090 | 017 [ 11,60 | 080 | 056 | 049 | 319 | 1,7 | 363 | 742 | 192 742
KTIIB-1 | 78,53 | 1,00 | 0,90 | 0,06 | 11,40 | 071 | 0,50 | 040 | 3,06 | 19 | 360 | 820 | 195 | 820
KTIIB-2 | 77,00 | 0,70 | 0,82 | 0,09 [ 1090 | 034 | 041 | 045 | 330 | 1,32 | 370 | 750 | 1,88 | 7,50
KTIIC-1 | 78,80 | 0,90 | 1,22 | 013 [ 11,80 | 1,0 | 071 | 040 | 323 [ 222 [ 370 | 9550 [ 1,94 [ 9,50

Ha xpusoit ouppaxrorpamMme 3apuUKCHPOBAHBI BCe
OTpa)XeHHsl, COOTBETCTBYIOIIIE MyCKOBUTY (CEpHLHTY),
oTpaxkeHHs He pacmupeHbl. Kpome aTux kpucrasauye-
CKHX, OOHapy>keHa He OOABIIASI IIPHMeCh aMOPPHU3HUPO-
BaHHOTO KAOAMHHUTA, O YeM CBHAETEAbCTBYeT HaAMYLe
HEeBbICOKOT'O ITMPOKOT0 AUPPAKIIMOHHOTO MaKCUMyMa
B obaacTu 7,080 HM, COOTBETCTBYIOIIETO PACIIOAOXKEHHIO
Han6oAee CHABHOTO OTPaXKeHHUsI KAOAUHHTA [2].

Aaunsie ATA MOKa3bIBAIOT, YTO OTAUYUTEABHOM
0COOEHHOCTBIO IOBeAeHUsT papPOPOBOro KaMHsI IPH

TepMUYECKOi 00paboTKe SIBASIETCSI €ro pacuIMpeHue
B obaactu Temmeparyp 680-90S °C 1 MOHOTOHHBbIIH
XapakTep IOTEPH BAATH B MHTEPBAAE TEMIIEPATYPbI
or 80-905 °C [2].

Pe3yAbTaThl HCCAGAOBAHUIT AOKA3BIBAIOT, YTO ap-
¢opossre kamuu Keiproisckoit Pecrrybanku moryT 651Th
OTHECEeHBI K MyCKOBUT (CEpUILIUT )-KBapLieBOMy OUMUHe-
PAaABHOMY THITY, TIOAy4YeHHbIE AQHHBIE pacueTa MUHepa-
AOTHYeCKOro cocTaBa ¢pappopoBOro KaMHs Ha OCHOBE
€ro XHUMHYeCKOTO COCTaBa IIPHBEAEHBI B TA0A. 2

Tabnuua 2. — MuHepanbHbIn cocTaB dapdopoBoro kamHsa Kelprbidackon Pecnybnmnkm

Huaekc Ksapn, Kaoannut Cepunur AHOpTHT AApbOHT Tpoume

IIpo6sr (myckoBuT) Munepaasl
TII-1 67,00 3 22 2,5 5,0 1.01
TII-4 68,00 2,1 21 2.6 4.9 0,87
TII-S 65,91 2.9 25,9 2,4 4.02 0,91
TII-6 65,87 3 25 2.4 4.1 0,98
KTII-1 64.31 0,5 33,98 0 0.05 0,92
KTII-9 65,73 0 30.93 0.02 0.72 2.63
KTTIB-1 64.60 0.52 30.71 0.65 1,94 1,56
KTTIB-2 64.87 0.16 29,55 1,53 1.86 2,07
KTIIC-1 66,01 1,48 27,32 1.28 2.91 1,00

Kepamrrgeckue Macchl, MoOAy4aeMble U3 9THX KaMHeH,
IIOCAY>KAaT OCHOBOMH ITOAY4YeHHUS BBICOKOKa4eCTBEHHOTO
Papdopa u ApyTuxX KepaMUIeCKHUX U3ACAHH.

AAst 060CHOBaHYSI, IPUMEHEHHUSI HETPAAUL[HOHHO-
ro coIpbsi KpIproiscrana B pOM3BOACTBE KePAMHIECKHX
MaTepHUAAOB PA3AMYHON HOMEHKAATYPBI, CIUTAEM Ha-
YYHO-TEOPeTHIECKUM C HCIIOAb30BAHHE AMATPaMM CO-

CTOSIHHSI MHOTOKOMIIOHEHTHBIX CUCTEM, IIOCTPOEHHbIX
Ha ocHoBe Kaaccuueckux npurnunos H. C. Kypraxosa.
Ocy1mecTBASITh B COYETAHUH CO CIIOCOOAMU UX pasbie-
HMS Ha 9AeMEeHTApHBbIe IIOAUTOIIB, & UMEHHO: Ha OCHO-
Be AL, O, -Si, O — xak 0OCHOBHO¥, a 3aTeM B CHCTeMAx
AL,O, MgO, ALO, Ca0, Sio, Na,0, SiO - K 0,
SiO, - CaO, SiO, — MgO u Ap., 1 mocAe 4ero npeiTu
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Geothermal Regime In Kosovo

Abstract: Kosovo and the region are facing two major energy problems. The first belongs to the sustainable
energy supply to the significant decline of the energy reserves, but also for the incalculable damages they
cause to the environment with the implications of climate effects. For this reason, the use of natural resources,
renewable energy from the sun rays, the water, the wind, biomass and geothermal energy sources is classified as
renewable, with «life-power of which is perpetual». Recently, these energies that are in increase are primarely
being used for the generation of electricity and heat. Geothermal energy is either directly being exploited with
the increasing contribution in the balance of heat energy, and is generative “friendly” environmental during
the generation process and other economic activities for the sake of a better life.

Kosovo is considered a rich country regarding geothermal energy as participated by the Western
Balkans. Regionalized geothermal zones such as Dukagjini with its sub zone Drenica and Malisheva, in
Morava e Bingit and Rogozna, by the sub zone of Lab, from the perspective of geothermal exploitation
are highly promising areas. It has been estimated that the number of thermal springs and wells in Kosovo
with low enthalpy is around twenty (20) with temperatures less than 60°C, the potential of geothermal
pleasantly is appreciated by 10.92 (MW) close to 14.5 (MW1), and the annual energy from 108.5 (T]/year)
until at close to 250 (TJ/year). Their aquifers are formed in karstified sedimentary rocks the Mesozoic and
Paleozoic age of limestone and dolomite, with a thickness of more than 500 m, depth. Currently, studies of
geothermal resources, in terms of hydro-geological, hydro-chemical studies of thermal and mineral water
for regeneration-treatment are ongoing geothermal energy in Kosovo, is used only for Spa purposes, and
few have other uses such as heating and cooling with heat pumps, industrial purposes and other uses of
these economical resources. It has been concluded that certain zones in Kosovo, offer the indications about
generating geothermal energy in layers of hot soil, with the possible use of low enthalpy in thermal waters
with temperatures exceeding 20 (°C), as well as from waters near the surface layers in the shallow areas of
Dukagjin Basin. According to the general estimates, certain areas by geothermal potential offer satisfactory
heat generated from soil to successfully utilize directly with modern technology-heat pumps. This heat
utilization will be by efficiency on the heat energy balance in Kosovo, and the environmental protection.
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Keywords: geothermal regime, thermal water springs, Kosovo.

Geological overview of Kosovo

Kosovo plays a key role in the geological structure of
Central and Western Balkans, with a relatively small area
(about 10,900 km?), but with a very complex geologi-
cal structure. Kosovo structures mainly include the arch
Dinarido-Albanido-Heleneid [2].

Certain regional tectonic structures of geo lithology
formations and thermal properties rocks, represented
geothermal regime of soil.

43° 15°

Large geotectonic units (Figure 1), present in Koso-
vo belong to the stages of evolution Alpine Orogeny. In
longitudinal stretch from Albania, in the west, Inner Di-
narides (ID), to the belt tight Drini-Ivanic (DI), in the
central part that connects the Inner Dinarides structures
by external Vardar Zone (VZ). Central Vardar Zone in-
cludes mainly north-east of the territory, eventhough
divided by Massivi Dardan between the Kosovo, Mace-
donia and Serbia [17; 19].

200 01°

41° 50°

1-Dardana Massif
2-Internal Vardar subzone
3- Central Vardar subzone
4-External Vardar subzone
5-Drinsko Ivanjicki zone
o-Inner Dinaric

Figure 1. Structural Map of Kosovo

Dardan Massif (DM)

The south-eastern Kosovo is defined by Macedonian
Massif (MD), as a block of Alpine metamorphosed rocks.
Structure metamorphic rocks of older formation, garlands
giant limestone of Triassic periods with granitites interfer-
ence and volcanic rocks of the Tertiary age are composed
of very thick Proterozoic metamorphic rocks: gneisses,
micaceous shales, various schists, marbles, quartzites,
granitoid rocks, magmatic rocks, and meta-sediments of
suggested Precambrian age [2; 17; 19].

Vardar Zone (VZ)- Vardar Zone is a complex struc-
tural unit that is bordering the Serbian-Macedonian mass

on the east, and to the west with the Drini-Ivanice ele-
ment. It is a very important structural region with the
continental elements of the Balkans [2; 19]. Zone ex-
tends from Regica, borders to Serbia, stretches in line
Podujevo- Gnilane, in the Macedonian border. Vardar
external sub-areas are divided into several blocks, of
great variety from ophiolite and sedimentary formations,
their ages range from Jurassic to Quaternary. All includ-
ed parts consist of the old high degree metamorphic, of
crystalline schist, quartz-chlorides, marble, and lime-
stone marble with granite insertin [7]. Mainly, the north
of the area is represented by Palaeozoic formations of
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basic volcanic rocks, the trust caused fraction and the
development of faults, processes that conditioned its way
of thermal waters in the upper crust and the the middle
of this zone [13].

Drina Ivanic Zone (DI) — the name of geotec-
tonic unit on the basis of the research presented as an
external unit of the Dinarida against Zvornik ocean. This
geotectonic zone borders on the north-east with the ex-
ternal Vardar sub-zones. Main fracture of Cigavica spe-
cifically separates the area of Kosovo by the area of Du-
kagjin. In Drina-Ivanjic element from the folder structure
there are separated Ibar Syncline and Kozarevo anticline
[21].Itis a deformed anti-formed structure with the axis
of direction northwest-southeast, which is labile zone
where movements are carried out during Mesozoic and
Tertiary, with the western wing that lies over the eastern
wing of the Ibar river and Mitrovica near Pristine [2; 20].

Inner Dinarides (ID) The structure of this zone
stretches between the western Peri-Adriatic continental
and oceanic elements that belong to several formation
stages. The basement blocks in the east are built up by an
extensive fold and thrust belt, which have been masked
by post-orogenic basin developments and Cenozoic vol-
canic complexes [7].

The Ophiolite belt, consists of two litho logical
units: the upper nappe of serpentines ultra basic rocks
and the lower nappe of volcano-sedimentary sequences.

In the southwestern part, the Gjakove, Jurassic perido-
tite complex extends along the southwestern border,
covered unconformity by Mesozoic as a carbonate plat-
form that is dominantly composed of karstified Triassic
limestone’s and dolomites, Jurassic ophiolitic mélange
covered and Neocene molasses and Holocene deposits
unconformity by Cretaceous carbonate rocks — flush
deposits reaching a thickness of up to 500 meters depth
[15], in the region of Peja [23]. The location of seismic
epicenters, the faults could be still active. The centers
of subsidence are located at the northwestern, divide
subunits are spatially related with serpentines bodies in
many cases forming a system of imbricate minor thrust
faults, coinciding in geothermal processes that occur in
the upper crust of the earth in this area [2, 15].

Geothermal Regime

The Geothermal Regime of the Geological structures of
Kosova is conditioned by tectonics of the region, lithology
of geological section, local thermal properties of the rocks,
by tectonics and hydrodynamics of groundwater location.

Geothermal characteristics are very interesting. The
Earth’s crust varies in thickness, increasing to the west.
In extending south-north-west of the Dinarides, this
thickness is uniform, about 30-40 km [ 15 ], towards the
border with Albania, an increase towards Serbia. There
are observed two particularities of the scattering of the
thermal field in Kosovo.

-——

T T T T™—T !
Heat Flow Density Map, Kosovo

Zuna A. , 2015

Figure 2. Map of heat flow density (mW/m?), in Kosovo
(Geothermal Atlas of Europe 1992)
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Firstly: in the ophiolitic belt in western Kosovo Plain
the heat flow density are minimal value with equal to
40, 50 up to 60 (Wm/m?). The contours of 40 to 60
(mW/m?) (Figure 2) [18; 23]. From North west and
South-west toward the ophiolite belt, heat flow density
remain open isotherms continuity in the Montenegro
and Macedonian border. These phenomena occur due to
the large thickness of the sedimentary trust in the ophi-
olitic belt, where the radiogenic of heat generation of
the ophiolites is very low. In the ophiolitic belt there are
some hearths observed of higher heat flow density. Heat
flow anomalies are conditioned by intensive heat trans-
mitting through deep and transversal fractures [8; 23].

The Westers region of Kosovo, Dukagjini Plain, is
characterized by different values of geothermal gradient
with the average from 0.035 (°C/m) to 0.05 (°C/m)
(Figure 3). The almost average gradient, is explained
by the conection influence that is related to cold under-
ground water’s circulation, and the possibilities of theirs
penetration through geological fractures to structures
[3; 23]. Towards Pristine, the region is characterized by
changes of temperature 30 to 40 (°C) to 1000 metres
depth, by an increase from 65 to 70 °C, in over 1000 me-
tre, depth [18; 23]. The almost average gradients, ex-
plained by intensive water underground circulation, and

the possibilities of theirs penetration through geological
fractures to structures, the Plane of Dukagjin. Geother-
mal parameters are indicated by the parallel increasing
trend in the Dinarides strukture [8], consecutive to the
northeast towards the Kopaonik mountain range, of the
cause reducing the thickness of the earth’s crust or the
terrain of Neogene magmatic activation.

Second- in tectonics border zone of the Drini Ivan-
ice and External Vardar Zone, Heat Flow Density high-
est value of 85, 90, up to 110 (mW/m?) (Figure 2), ex-
plained by the small thickness of the geological section
down to the top of crystalline basement, and MOHO
discontinuity, abaut 40 km [6]. The phenomena of heat,
in the longitudinal belt east of Pristina until *the border
with Serbia, are conditioned by changes lithological and
tectonic geo-local terrain. The contours of values 0.073
(C/m) relatively 0.095 (C/m) is in geothermal sub zones
Malisheva and Drenica, of increasing in in Cigavica of
the value 0.12 (°C/m), decreasing in the river Lab Basin
to values 0.10 (°C/m) [23]. Higher are geothermal in-
dicator of the Vardar Zone terrestrial heat flow density
with values to 110 (mW/m?), gradient values up to
0.12 (C/m), and temperature value 1089 (°C) until to
1000 m depth, offers the high heat radiogenic generation
sources of heat in crystalline basement and granite.

°Cf’{’"| GEOTHERMAL GRADIENT IN KOSOVO0 Banja e Runikut
012
~———Burimet & nxehtal
0.1
Drenica
0.0
Kllokoti
0.08 Banjska
Banja e
0.04 Malisheviés
Ceceve
0.0z
Studenic#
D T

Eanjé e Pejés

Figure 3. Averange geothermal areas, Kosovo (Zuna A., 2015)

Hydrogeothermal energy in promising areas of
Kosovo

Geothermal energy of low enthalpy resources is lo-
cated in different geothermal areas, northwest, north-
south-east and in the central part of Kosovo. Thermal
waters are with temperatures that reach values of up to

53°C. Warmer waters springs are Banjska (53°C) and
Spa of Peja (48.9 °C), as well as other eighteen resources
like Baje (24.4 °C), Baja e Malisheves (22.3 °C), Drenica
(26.8°), sources of Kllokot 1,2, 3 (27-30°C), Studeni-
ca (22.2°C), Dobercan (27°C), Zhiti (21.1°C), Cegeve
(24.4°C), the hots springs of Runik (22.8 to 26.3°C),
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Sallabanje (21.4 °C), etc. [22], of minirelazion of thermal
waters is 1 until to 3 g/kg, type HCO,. The average flow-
ing well yields are 1-181/s.

Geothermal regionalization of zones

Regionalization zones are based on the geothermal
phenomena and thermal of waters sources of low en-
thalpy in certain in place, where can be expected con-
siderable geothermal energy, for utilization. Zones of in-
terest to exploitation of hydro-geothermal energy are is
North West, North-South-East and in the central part of
Kosovo (Figure 4). Thermal sources are located in three
geothermal zones:

Dukagjin geothermal Zone-The geographical zone is
recognized in two subzones: the Podguri, the zone near
3037 ha and Malisheva including Drenice (central) zones
[3,21]. Thermal waters well of the Spa Peja is located on
the hill Zhleb about 12 km away from the city of Peja. On
the northen side, at a distance of 2-3 km is the waters
source of Studenica and Spa e Skenderajt, that form cir-
cumference with thermal waters in this zone. Boreholes

have exhibited constant yield with stable temperatures
the largest discharging, from aquifers of Mesozoic age in
Neocene sedimentation basins with reservoirs in Triassic
limestone under them, the rate yield 1-18 (1/s), in decade.
Thermal waters sources come from of 500m, the depth,
the discharged waters yield is about 43.3 (1/s). The heat
total instalo capacity is about 4.59 (MW,) and total energy
of value of 108.6 (TJ/year) [21].

Morava e Binces Zone — The Moravé e Binges
southeast of Vardar geothermal zone, concentrates in
the most important resources which have even to be ex-
plored, as thermo source in Kllokot, Zhiti, to the west,
and Dobergan, Uglare, towards the eastern part of the
zone. Hot mineral waters in zones of volcanicsm in
the Gjilan-Kllokot of city. Their aquifers are in depth
around of 220 m in magmatic rocks, with volcanic layers
of Tertiary age. The installation capacity is around 2,393
(MWt) up to 4.5 (MWt) [19; 21]. In east, the presence
of thermal sources Dobergan, and Uglare, fulfill conclu-
sions for geothermal regime of zone.

GEOTHERMAL ZONE, KOSOVO
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Figure 4. Geothermal zone in Kosovo (Zuna.A., 2015)

Rogozna Zone — Represents the complex unit of
different structural tectonic at the border between the
Drina-Ivanjic the External zone of Vardar. Waters ter-
mal sources of Spa Banjska, a yield about S (1/s), with
temperature of 54 (°C) [14] by installation capacity is
around 2,13 (MW,) of total energy of value of 14.2
(TJ/year) [21], and other sources as Cegevo, Runik etc.,

stretching the central part on Zubin Potok (355 km?)
and Zvegan (115 km?), near 3.3km to Mitrovice on both
sides of the Ibar and Banjska River. At the distance of sev-
eral kilometers, east of Kopaonik in both sides of aluvi-
um, a slope composed of flysch deposits in the river Llap,
flow out thermal springs waters Sallabanja and Shajkov-
ice. Zones and sub zones in the past during the Tertiary
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are interconnected with different geological formations
are subject to numerous events of tectonic and volcanic
forming dominant fractures characterized as a thermal
lines, through which thermal waters flow in considerable
number.The approximations geothermal zones in Topog-
raphy map of Kosovo, it is present in figure.

Conclusion

Based on the definition of temperatures and heat
flow density at varying depths in the soil, average assess-

ment of the geothermal gradient and definition regional-
ized geothermal zones by hydro geothermal waters, we
can say that: in Kosovo geothermal regime in designated
geothermal zones and sub zones in North West, North-
South-East and in the central part of Kosovo, provides
proper reserves for utilization of the use of geothermal
energy with install capacity with 10.92 (MWt) to close
for the entire region with 14.5 (MWt), and total energy
of 108.60 (TJ/year) up to 250 (T]J/year).
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Development of composition materials on the
basis of epoxy resin, filled with wastes

Abstract: Out of exploitation and use of tires with rubber crumb derived materials are environmentally
friendly and cost-effective composition. Depending on the size and quantity of filler material properties
of the composites were studied. It is recommended that the use of composite materials that are found in

different environments.

Keywords: a rubber crumb, hardener, epoxy resin, composition materials, a plasticizer, filled.

At the present time polymer waste comprise approxi-
mately 20% of all household waste, and their quantity
permanently grows. Secondary processing of polymers is
one of the most important problems today.

Due to the increase in cars, the number of worn-out
car tires sharply grows. Their utilization is an urgent en-
vironmental problem as in case of burial they are steady
against expansion, and their burning leads to separation
of toxic gaseous products.

Now a utilization of buses are carried out by the most
different methods. The main method of processing of bus-
es is grinding and receiving a rubber crumb. Also burning
methods, and also more modern and technological meth-
ods a pyrolysis, ozonic technology, etc. are applied.

Products that is useful in economic activity many
areas of industry turn out at processing of overlays.
However by a no less important factor from the point
of view of the use of rubber crumb besides the economy
of primary raw material, there is realization of valuable
properties of rubbers.

Descriptions of crumb strongly depend on a feed-
stock. Exemplary data:

1. Cleanness of rubber crumb of 99,8%;

2. Including of metal less than 0,1%;

3. Including of textile fibre within the limits of 0,2%;

4. High cleanness of separation on factions.

Size of crumb: an equipment for processing of old
overlays produces a crumb measuring from a 0.5 mm to
7mm. The exit of crumb on factions depends on quality of
tires (inflexibility and wearing out) and size of crumb [1].

Most specialists meet in opinion, that utilization of
overlays is possible only at utilization of technical rubber
wastes in travelling building.

One of the most attractive variants of the similar
use is a production of bitumen-rubber compos (BRC)
as connective for bituminous concretes. In this direction

already two ten of years is conducted intensive research-
es, and in different countries with the different stake of
success the decision of this task has practical realiza-
tion. If it is needed to improve rheological descriptions
bitumen-rubber composition astringent as compared
to an initial bitumen, but not it is simple to decide the
ecological problem of rubber wastes, then the problem
of combination of rubber and bitumen is taken to the
task of devulcanization of rubber without considerable
destruction of macromols of initial rubber and subse-
quent dissolution of rubber in a bitumen.Most existing
now technologies of receipt of BRC are based on the
mechanical mixing of bitumen with the rubber crumb
prepared with the use of different variants of growing
of rubber shallow, up to the stakes of millimetre. Thus
the increase of degree of dispersion and, as a result, de-
veloped surface of rubber crumb assist the very effective
swelling of rubber in a bitumen [2; 3; 4].

It is worked out technology of receipt of coverages
on the basis of mixture of petroleum bitumen and ep-
oxy resin. For the receipt of epoxy bitumen composi-
tions as connective used epoxy resin of brand of ER-20,
as a plasticizer — bitumen of brand of “Baku 85/25”
and butadiene nitrile rubber — SKN-40;. as a filler —
rubber crumb (RK) measuring Imm, got as a result of
processing of threadbare motor-car tires, as a crosslink-
ing — agent sulphur, as polyethylene polyamine hard-
ener (PEPA) [S; 6].

It is worked out technology of rubber tiles and cover-
ages on the basis of rubber crumbs. This various on the
form, thickness and color modern rubber coverage in-
carnating in itself the last achievements of science and
technique of the XXI century combining in itself the
result of innovations, requirements to traumas of safety
and high ecofriendlyness, allowing to create aesthetical-
ly beautiful and maximally comfort space on the basis,

58



Development of composition materials on the basis of epoxy resin, filled with wastes

for everyday life and active rest. A rubber tile possesses
high durability and wearproofness. It is able to maintain
the overfall of temperatures from — 45° degree to +60°
degree, saving here antisliding properties doing her ir-
replaceable coverage of the whole-year use.

The real work is sanctified to development of gap-
filling composition materials on the basis of rubber
crumb (RC), oak sawdusts (TC), epoxy rezin (ER- 20)
and butadiene nitrile (SKN- 26) rubber. Composition of
gap-filling compositions is shown in a tab. 1.

Material is made the method of the flat pressing of
the particles of filler, mixed with connective, at a temper-
ature 18-20° degree with and pressure 5 MPa. For the
decline of viscidity of epoxy resin of ER- 20, it is warmed
up to 50-60° degree with in water bath, after in it enter
hardener and plasticizer. Got mixture is carefully mixed
and add to it mixture of fillers with a pigment. The pre-
pared mass is laid in metallic forms and press during
twenty-four hours. Then for the acceleration of process
of hardening of composition produce heat treatment at
a temperature 40° degree with during 1 hours.

Table 1. - Composition of gap-filling compositions, mass part

Samples ER-20 SKN-26 RG TG Solvent PEPA
I 20 — 70 - S S
II 20 - 65 - 10 S
111 22 3 30 30 10 S
1% 33 2 30 20 10 S

Order of receipt of gap-filling compositions present-
edonafig. 1.

Estimation of influence of degree of filling and plas-
ticizing on physical and mechanical properties gap-fill-
ing to composition conducted on results brief tests on
a compression, cross-bending and water resistance at a
room (20° degree) temperature. The calculation of com-
position of compositions was executed in parts on mass,
where general mass of composition was taken for 100.

Preparation of
filler and pigment
( mixing of RC
and TC)

The results of tests are presented in tables 2, 3, 4.

Study of mechanical and physical descriptions of
composite material depending on the amount of the
entered plasticizer of synthetics for the nitrile rubber
SKN- 26 was undertaken an on composition containing
the 30 mass part arboreal filler from general mass of mix-
ture. With introduction of plasticizer there is a decline
of viscidity connective and the terms of processing of
composition get better.

Y

Preparation connective
(adding to warmed-up
to 50-60%degree resin of

Preparation of
composition
(mixing connective

B

hardener and
plasticizer

Heat treatment during

60 mines at a
temperature
400 degree

Pressing during 24

hours at aroom
temperature,
pressure S MPa

.

and filler)

<

To put in a form
for receipt of
material

<

Extractions of
material from
forms

Figure 1. Order of receipt of gap-filling compositions

At by introduction of the 3 mass part plasticizer
material has a most closeness and durability at a bend
and compression, and also the least water absorption
over and swelling on a thickness the Further increase of
amount of plasticizer brings to worsening of mechanical

and physical descriptions of composition.

Influence of degree of filling on physical-mechanical
properties of composition was estimated at maintenance
of CKN- of the 26 —2-3 mass part, parts on composition
containing oak sawdusts and rubber wastes (tab. 2) asa filler.

59



Section 7. Technical sciences

Table 2. — Dependence of physical-mechanical properties epoxy compositions from the amount of filler

Indexes Amount of filler,% from general mass
S0 60 65 70
Closeness kq/m? 760 628 540 470
0., MPa 3,1 0,78 0,45 0,22
., MPa 12,6 4,7 3,1 1,6
Table 3. - Water resistance of epoxy compositions at different maintenance of filler
Amount of filler,% from general mass
Indexes
S0 60 65 70
After a 24th clock 1,2 1,9 2.4 5,8
Swelli thickness,% ’ ’ ’ -
weling Of & Fuckness, After a 96th clock 3,3 6,5 9,0 27,0
Water of absorp-tion on mass. % After a 24th clock 3,35 7,0 10,7 20,0
P ' | After a 96th clock 7,56 12,9 17,4 452

Composition has good water resistance and adhe-
sion, high mechanical durability, possesses ecological
safety.

From a table follows that, composition has the
best indexes at the amount of filler the 60 mass part,
therefore optimal correlation oak sawdusts and rubber
crumb for compositions it is certain on composition con-
taining 60 mass part filler (tab. 3).

Undertaken studies showed that the use in compo-
sition epoxy composition is oak sawdusts and rubber
crumb as a filler allows to replace the traditional fillers
specially produced by industry, without worsening of
operating properties of material.

We are study influence of technological parameters
of pressing process on physical and mechanical descrip-
tions of gap-filling compositions.

Table 4. - Physical and chemical descriptions of compos by a gap-filling rubber crumb

A table of contents of RC is in a composite,% from mass
Indexes
10 25 30 40
Penetration 25° degree, mm 10,7 10,3 10,6 11,2
Temperature of softening influence, ° degree 42,2 45,5 47,5 45,0
Temperature of fragility, ° degree 30,1 -25,3 -32,7 -30,3

Gap-filling material can be used in the closed apart-
ment or outdoors and with success is used for the device of
sport and child’s grounds, tennis courts, running and gar-
den paths, the floor in the basement or garage and other.

Simplicity of editing and piling of rubber tile found a
wideuse at creation of rubber coverages, such as:

« Rubber coverage for the playing and sport play-

grounds of children’s;

« Rubber sidewalk tiles on garden-plots, in cot-

tages, rest-homes, resort hotels, sanatoriums,
houses of aged and T. of a., as paths or paths for

pedestrian walks;

+  Garden path between beds or trees on homestead
lands;

« Anti-skid coverage for rampants, for stairs, for the
stages;

« Coverage for a balcony and coverage for a ter-
race;

« Floor coverage of trainer hall, floor coverage of
gymnasium, coverage for a skating rink and ice
arena;

« Coverage for a billiard-room, coverage for a
dwelling roof, coverage for a stable, coverage for
a shooting-gallery.

«  Gap-filling compositions can be used, as a bor-
der for a summer residence with an ordinary
sidewalk tile, by a rubber tile or simply, as a gar-
den border, along garden paths, beds. A rubber
border can with great success be used as anti-skid
coverage for the stages and grounds before in-
cluded in dwellings and office apartments. Tem-
perature range of application from — 40 ° degree
to + 40 ° degree.

A rubber border is used as a rubber mount and rub-

ber protection for the playing playgrounds of children’s
and grounds for active rest.
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OTHOCUTENbHOCTb PyHAAMEHTAJIbHbIX CBOMCTB 3J1IeKTPOHA

AHHOTaIII/Iﬂ: B AQHHOM pa60Te, Ha OCHOBE€ AOTMKH B HECAOXKHOT'O MaTEMAaTHYE€CKOI'O aHaAN3a, ACTAABHO

06CY>XAQIOTCSI CYTh U CMBICA YHAAMEHTAABHBIX CBOFICTB 9AEKTPOHA, a TAK)KE OTHOCHTEABHOCTD ITAPAMETPOB

€ro CymeCcTBOBaHHs; OCHOBHOE€ BHMMAaHHE COCPEAOTOYECHO Ha M3YIE€HNH TAKNX IIAPAMETPOB 9AEKTPOHA KaK:

9HEepTHs, Macca, 3apsiA U ero pa3Mepsl.

KaroueBrpie caoBa: 9ACKTPOH, CTPYKTYpPa, MacCcCa, 3apsIA, BSaHMOAefICTBPIe, OTHOCHUTCADHOCTD.

BMmecTo BBeAEHMSI IIPHMeM K CBEACHHIO YeThIpe 3a-
MeYaHUs:

1. B paboTe HCIIOAB30BAHO CTpeMAEHHE K HEIpH-
MEHEHHIO CAOXKHOM MATEMATHKU. JDTO CO3AAET YCAOBHE,
KOTOpOE MO3BOASIET COCPEAOTOUNTh OCHOBHOE BHUMA-
HYe Ha AOTHKe CYIIeCTBOBAHIS CIIeL[H(IIeCKHUX CBONCTB
9AEKTPOHA, XaPAKTEPUSYIOLINX ero, KaK pyHAAMEHTAAD-
HOe SIBA€HUe IIPUPOABL, 2 COOTBETCTBEHHO CIIOCOOCTBYeT
K HarboAee TOAHOMY OCO3HAHMIO PeaAbHON ero ¢pusmde-
CKOH CYyTH U CMBICAQ;

2. B paboTe He paccMAaTpPHUBAIOTCS HEAUHEHHbIE -
(eKTbI, TOCKOABKY UX BAUSIHUE He HaPYILIAeT AOTHKY Cy-
II[eCTBA [IPOUCXOASIIETO;

Beme#t cyTh mosHasas,
Ms1 06peTaeM 3HaHHe.
A cMpbICA Belllell 0CO3HaBas,
MbsI co3paem cozHanue [1].

3. MHorue ¢usuyeckue NpPeACKa3aHusl, MOHATHA
¥ BBIBOABL, CA€AQHHBIE B HACTOsIIIIel paboTe, pacrmpocTpa-
HSIOTCS M HA APYTHE d9AeMeHTapHbIe YaCTHUIIbL;

4. Bce ¢usnyeckue ypaBHEHUS, BEAUYUHbBI U KOH-
CTaHTbI HCIIOAB30BAHbBI B CHCTEME U3MEPEeHHs eANHUI]
CI'CE.

Ha npumepe aaekTpoHa BBeaeM ABe pyHAAMEHTAAD-
HbIe KOHCTAHTBI:

mr =Kk, (1)

I, =C, (2)
TA€: M — Macca MOKOST; @ — YaCTOTa KOAeOaHHIt BHY-
TpeHHel sHepruy; r, — papuyc Komnrona, onpeaease-
MbI¥ U3 COOTHONIEHUS N = 27T, , TA€ A, — AAMHA BOAHBI
KomMnToHa; ¢ — CKOpOCTb CBeTa B BAKyyMe;
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Onpepesenne N2 1: Koncrants! k u ¢ onpepeas-
0T AEFICTBHE MACCBI U YaCTOTHI 9A€MEHTAPHON YaCTHIbI
B npepeAax e€ papuyca KommroHa.

Caeayromumu ypaBHeHUSIMU (3,4, 5) AokasbiBaeTcs
¢axT HaAnuMA y pyHAAMEHTaAbHO KOHCTaHTHI K mpaBa
HA YHUBEPCAAbHOE CYIIeCTBOBAHHE.

YMmuoxuB 06e croponbl B ypasHenuu (1) Ha cko-
POCTD CBeTa, MOAYYHM:

mcr =k c=h, (3)
rae: h — mocrosnnas ITaanka, ompeaeAsiomas AeCTBHe
HMITyAbCa BHYTpeHHe! 9HEPIHHU 9AeKTPOHA B IIPeAeAaX
ero paauyca Kommrosa.

YMHOXHB 06e cTOpoHbI B ypasHenuu (3) Ha cko-
POCTD CBETA, MOAYYHM:

E r=mc’r =kc*=hc=q? (4)
TAe q — «TOABI> 3apsp aaekTpoHa, E =m c” - BHy-
TPEHHSIS SHePIHUsl IAEKTPOHA, ACHCTBYIOIIAS B IIPEAEAAX
ero paauyca Kommrosa.

B ypasrenuu (4) ymeHbImuM 3apsia q* Ha BEAUMHHY
B2 moayamm:

ezﬁz — q2’ ( 5)
rae P — ompepeasiercst ypasHeHueM: B’a =1, a — mocro-
SIHHAsI TOHKOM CTPYKTYPBbI;

€ — 9AeKTPHYECKHI 3aPsIA IAeKTPOHA, BXOASIIUI B 3a-
koH Kyaona: F = e?/r*

3anumenm ypasuenue (4) B Bupe:

m c’r, =q°. (6)

U3 anaiusa ypasnenus (6) evimexaem Heckorvko
saxkHellmux 6b1600086:

1. [ToAHast BHYTpeHHSS 9HEPTHS JAEKTPOHa m C?,
AeHiCTBYyIOIas B mpeaeaax paauyca Komnrona r,, omnpe-
AeAsieT POXKAEHHUE IIOAHOTO COOCTBEHHOTO 3apsiAd IAEK-
TPOHa q.

2. [pusHanue B ypaBHeHuu (6) IOAHOTHI BHYTpeH-
Hell 9HePTHH IACKTPOHA M _C* M IIOAHOTHI €ro 3apsAa q
IPUBOAUT K 3aKAIOYEHHUIO O TOM, YTO PEAABHBIN PAAUYC
9AEKTPOHA I COBIIAAQET C I}, T. €.:

r=r = q’/mecz. (7)

3. 3anumeM o6IIeH3BeCTHOE BRIPAXKEHHUS AASL KAAC-
CHYECKOTO PaAMyCa SAEKTPOHA:

r =e’/mc” (8)

B psaae Hayunbix pabor u3 (8) AeraeTcs HeBepHbIit
BBIBOA, O TOM, YTO TIOAHOM JHEPTHH 9AeKTPOHA M C” COOT-
BETCTBYeT IIOAHAS 9HEPTUS SIACKTPHIECKOTO MOAS dAEK-
TpoHa E_ = e?/ r . Ha camom aeae ato He Tak! ITockoab-
KY € COCTaBASIeT He IIOAHBII 3apsiA 9AEKTPOHA, @ TOABKO
€ro MaAyIO 4aCTb, KOTOPAsi MeHblIIe q B  pas, 4To U cAe-
ayet u3 ypasHenus (S5): ef = q. CyTb u cMbICA KAAcCH-
YEeCKOTO PAAMYCa JAEKTPOHA I 3AKAKOYAETCS B TOM, 4TO
OH He SIBASIETCS PeaAbHbIM, A SIBASIETCSI BAPTYAAbHBIM, T. €.

HeHabAr0AaeMbIM. [109TOMY HeT HEOOXOAUMOCTH UCKATh
00'BsICHEHNE CAYYAITHOMY COBIIAACHHIO PAANYCA JAEKTPO-
HAa U PAAMYCa AHCTBUS SAEPHBIX CHA.

CyTb CAOXKUBILENCS IPOOAEMBI 3aKAIOYAETCS B TOM,
4TO Y 9AEKTPOHA IOAHBIN 3apsiA M dIAEKTPUYECKUH 3a-
PSIA €, ITO CBOEH CYyTH — He OAHO U TOXe.

Omnpeaesenne N© 2: OTHOCHTEABHOCTD HAOAIOACHUSI
32 9AeKTPOHOM, T. €. U3HY TPU HAU M3BHE, XapaKTepHU3yeT
pasHoe ero pu3MIecKoe BOCIIPUATHE.

3apsia 9AEKTPOHA q OIPEAEAseT He TOABKO JAEKTPO-
CTaTHYeCKoe ITOA€ SIACKTPOHA, A OIPEAEAsIeT B IIOAHOM
Mepe BCe BUABI B3aUMOACHCTBHUH 9ACKTPOHA C OKPY>Ka-
IONIE ero CPEeAOH, KOTOPAsi BKAIOYAET B ce6s He TOABKO
PU3NIeCKUI BAKYyyM, (8 OIIpeAeACHHU KBAaHTOBOH dAEK-
TPOAMHAMUKH U XPOMOAI/IHaMI/IKI/I) , 3 B TOM YHCAE K paKT
CYIIeCTBOBAHHUS TEMHOM MaTePHH U TeMHOW SHEpPIrHU.
Bce B3auMOAEHCTBHS 9A€KTPOHA C OKPY>KAIOIIeH cpe-
AOH IIPOUCXOAAT Ha BHEIIHEH CTOPOHE IIOBEPXHOCTH
3AEKTPOHA, OTPAaHUYEHHOM CPEpOH I, B Pe3yAbTaTE 4Er0
MMEeHHO Ha 9TOH IOBEPXHOCTH IIPOUCXOAUT POSKACHUE
9AEKTPHYECKOTO U I'PABUTAIIMOHHOTO ITOAEH, a TAK)Ke B3a-
MMOAEHCTBUE C Pa3AMYHBIMHU BUPTYaAbHBIMH YaCTHIIAMHI
BaKyyMa M BO3MOXHO ApYyTOe.

B sTom oTHOmeHuu B 1972 ropy Victor F. Weisskopf
[2, 85] caenaa IIPEATIOAOXKEHHE O TOM, YTO popMyAa
9AEKTPUUYECKOTO IIOAS, OKPY>KAIOIIETO ITOKOSIIUICS
9AEKTPOH:

E =e/r’ (9)
(raer PacCTOsIHUE OT LieHTpa aAeKTPOHa) He CITPaBeAAHBA
BHYTPHU 9A€KTPOHA, H0A€e TOTO, II0 er0 MHEHHIO, YAOOHO
IIPEATIOAOXKHUTD, UTO 3aPSIA IAEKTPOHA € KOHI|eHTPHPYeTCsI
Ha MIOBEPXHOCTH Cephl I, a BHyTpu arekTpoHa E =0.

Kaxk mokaspIBaeT Bbllle TPUBEACHHDIH aHAAU3, BHY-
TPH 9AEKTPOHA AEHCTBUTEABHO TeHEepPHpyeMOe JAeK-
TPOHOM aaekTpudeckoe noae E = 0, mpaspa npuanna
3TOrO IPeACKA3aHHs TpedyeT CBoero yrouHeHust. B ypas-
Herun (9) r He MOXeT IPUHUMATh 3HAYEeHUS B AMAIla-
30He 3HaYeHUM 0—rk, IIOCKOABKY DA€KTPOH I€HepUpyeT
cBOE anekrpudeckoe nose E Ha cBoei moBepxHOCTH
1 BO BHEIIHIOIO CPeAy. 3apsiA dIAeKTPOHA AeHCTBUTEABHO
KOHIIEHTPHUPYeTCS Ha OBEPXHOCTU dAKTPOHA, TOABKO
He MaAasi ero 4acTh €, a HA0OOPOT MOAHAS q, IIPHIeM
B IpeAeAaX TIOBEPXHOCTH cdepbl daeKTpoHa r,. Orcio-
A CAGAYET, UTO €CAM 3apsIA AEKTPOHA ( KOHILIEHTPHPY-
eTCsl Ha TIOBEPXHOCTHU CPEpHI I, TO, COOTBETCTBEHHO,
Y BHYTPEHHSIS 9HEPIUs 9AeKTPOHA mecz, SBASIIOIIASICA
HOCHTEAEM 3apsip , IPOBOAUT GOABLIYIO YACTh CBOETO
BpeMeHH TaM >ke. OUeBUAHOCTD 9TOTO CY>KAEHHUS BBITe-
KaeT ellje ¥ M3 TOTO, YTO BpeMs HEOOXOAUMOE IAEKTPO-
HY AAS OCYIECTBACHHS T'€HEPAIJMH JAeKTPUYECKOTO
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Y IPaBUTAIIMOHHOTO MTOAEH, @ TAKXKE AASL OCYIeCTBACHHS
B3aHMOAEMCTBUS CO BCeMHU IPEACTABUTEASIMU OKPYKalo-
1€t CpeABI HECKOABKO OOABIIIE, 4eM AAUTEABHOCTD IIOAY-
HIepUOAA KOACOAHHI BHYTPEHHE! 9HEPIUH JAeKTPOHA.

OTMeTHnM ele OAHO He MeHee BaKHOe IPeACKa3aHue:
pacIpeaeAeHre MAOTHOCTH 3apsIAd q B Te€UeHHe OAHOTO
IOAYTIEPUOAQ KOAOAHUIT BHY TPEHHEN S9HEPTHH JAEKTPO-
Ha ITPOMCXOAMT C HapacTaHKEeM B HallpaBACHHH I'PaAHeH-
Ta pacIpOCTPaHeHHs BHYyTPeHHel dHepruH dAeKTPOHa
K IOBEPXHOCTH CHEPBI I, IPHIEM PACIPEACACHHUE TIAOT-
HOCTH 3apsIAQ q UMeeT AMHEHHYIO pa3MepPHOCTb. DTOT
BBIBOA AETKO TIOATBEPXKAAETCS AOKA3aTeAbCTBOM OT IIPO-
THUBHOTO. AAS 9TOrO PACCMOTPUM OTHOIIEHHE KOMIITO-
HOBCKOTO ¥ KAACCHYECKOTO PAAMyCOB dAeKTpOoHa. Pemras
coBMecTHO ypasHenus (S, 7, 8), moayumm:

q’/e2=rk/rm=|32. (10)

U3 (10) caeayeT, 9TO eCAH TIOBBICHTD CTeTIeHb pa-
AWYCOB AO AByXMEPHOM UAM TPeXMePHOM pa3MepHOCTH,
TO IPHIIAOCH OBl YBEAUIUTD CTEIIeHb {3, YTO SIBASIETCSI
He BO3MOXXHBIM.

BriBop 0 TOM, 4TO BHYTPH 2A€KTPOHA E  ~ 0, take
HIOATBEPXKAAETCSI CAEAYIOIIMMU OOCTOSITEABCTBAMU: CO-
TAACHO COBPEMEHHBIM IPEACTAaBACHUAM PU3HKH IAEMEH-
TApHbIX YACTHL], IACKTPOH OITPEAEASIeTCS], KAaK HEAGAUMAs
U 0eCcCTPYKTypHas 9aCTULA BIIAOTh AO Pa3MepPOB MeHee
107'® cM, 60Aee TOTO, TOSIBHAUCH ITOCAEAHUE IIPEACKA-
3aHISI O TOM, YTO €0 pa3Mep AeXKUT B 00AACTH BEAYHH
TTaanka BAOTH A0 ¥ ~ 10733 cm. Bee aTi o6cTosTeAbCTBa
MaAOBEPOSITHBL, XOTSI ObI IIOTOMY, YTO IIPOTHBOPEYAT
IIPOCTOMY AOKA3aT€AbCTBY OT IIPOTUBHOIO, H3 KOTOPO-
IO CA€AYET, 9TO TIPU yMEHDbUIEHNH I, B (1) HeBo3MOXKHO
COXPaHUTD CYIIEeCTBYIOUIYIO 9HEPTHIO AeKTPOHA B IIpe-
aeaax E =m c? ocraBasch Bceraa B pamkax GpyHAaMeH-
TaAbHO KOHCTaHThI K. Takum 06pa3oM, ¢ TOUKU 3peHust
KOPIIyCKYASIPHOM (ESA = mecz) — DAEKTPOH AEHCTBU-
TEABHO 6eCCTPYKTYpHas YacTHIA 1 HA0OOPOT, C TOUKH
3peHHs BOAHOBOM — 9AeKTPOMArHUTHOE II0Ae BHYTpPU
9AEKTPOHA BIIOAHE CTPYKTYPHUPOBAHO.

Takum 06pasoM, HAIpamIMBaeTCsl BOIPOC: €CAU
BHyTpH 9AekTpoHa E ~ 0, a 3apsip q u oHeprus m c*
KOHIIEHTPHPYIOTCS Ha ero IMOBePXHOCTH, TOTAQ YTO e
HaXOAMTCS BHYTPU JAeKTpPOHa? AAS IOMCKAa OTBeTa
Ha 3TOT BOIIPOC PACCMOTPHUM PE3YABTAT CAOXKEHHUS ABYX
YPaBHEHMHI (1m2):

m_=(k/c) w, (11)

panee, ymHoxuB 06e croponst (11) Ha c2, u c yuerom (3),

(12)

Us (1 1) CA€AyeT BaXKHBIH BBIBOA O TOM, UTO CYIIeCTBO-

HOAy‘lI/IM:
mec2 = hwe.

BaHME MACChI ITOKOSI SACKTPOHA OIIPEACASIETCA YacTOTOM

KOAeOaHHIT HeKOU BHY TPeHHel 9HepIUH dAeKTpoHa. Pas-
YMHO IIPEAIIOAOXHTD, YTO 3Ta SHEPIU UMEeT IAEKTPO-
MarHUTHOE IPOUCXOXKAEHHE, XOTs ObI IIOTOMY, 4TO B pe-
3yAbTaTe€ AHHUIHMASIIMU 3ACKTPOH-MO3UTPOHHOM Iaphl
POXKAAIOTCSL KBAaHTBl IACKTPOMATHUTHOTO H3AYYEHMS.
A 3HAYMT IOHMMaHKMe BHYTPEHHUX CBOMCTB 9AEKTPOHA
BO MHOTOM BbITeKaeT U3 TOHUMaHUs PU3HIECKUX CBOCTB
dorona. Vs (11 u 12) caeayert, 4TO BHYTPEHHSS SHEPIUs
9AEKTPOHA, €r0 MACCa U YaCTOTA: CyTh — OAHO U TOXe:
E =mc*=hw_ (13)

Omnpepeaenne N 3: Macca, 1o cBoei CyTH — 3aM-
KHYTO€ ABIDKEHHE HEPTHUU.

U3 (13) BbITeKkaeT GpyHAAMEHTAABHbII BBIBOA 06 OT-
HOCHTEABHOCTH BOCIIPHSATHS 9AeKTpoHa. Ecan MbI HabAr0-
AaeM dAEKTPOH U3 OKPY>KaIOI]eH ero CPeAbl, TO MbI HKCH-
PyeM AeHCTBHE ero 9HEPIHH KaK YacTulpl, y KoTopon E_
=m, C? a eCAM MBI HAOATOAQEM €T0 U3HYTPH, TO ACHCTBUE
€ro BHYTpPEHHEH SHEePIUHU MPEACTABASIETCS HaM, B BHAE
$oTOHa, T. e. KBAHTA IAEKTPOMArHUTHOTO IIOAS], ¥ KOTO-
poro E_ =hw . CymecrBeHHoe CTpyKTypHOE OTAUYHE
MeXAy BHyTpeHHel sHeprueil pOTOHA U dAeKTPOHaA 3a-
KAIOYAETCsI B CAEAYIOLIEM: CBOMM ABIDKEHHEM CBOOOAHBII
$oTOH 00s13aH CBO€#! BHY TPEHHE! MArHUTHOM KOMITOHEH-
Te 9A€KTPOMArHUTHOTO IOASI, KOTOPAsl ABXXABI 32 OAMH
[IepUOA KOAeOAHUIT CMeIAeT BIEPEA IIOMepPeYHbIe KOAe-
OAHUS SAEKTPHYECKOTO IIOAS] B HATIPABACHUH ABIDKEHIS,
a BHYTPH 9AKTPOHA IIPOMCXOAUT BCE TOXKE CAMOe, 3 UC-
KAIOUEeHHEM TOTO, YTO 3a OAHMH ITePHOA CMellleHue KoAeha-
HUM 3AeKTPUIECKOTO TIOASI TPOUCXOAUT OAUH Pa3 BIIEpeA
M OAMH pa3 Hazas. O6pasHO roBopsi, OTOH HENPepPLIBHO
«6eXuT> BIIEPEA, @ IAEKTPOH HEIIPEPBIBHO «OeKUT>
Ha MecTe. DTOT BBIBOA CTAHOBHUTCSI BO3MOXXHBIM BOIIpe-
KU COBPEMEHHBIM IPEACTABAEHHSAM O TOM, 4TO POTOH
SIBASIETCSI CTAOMABHOI, 6eCCTPYKTYPHO 9AeMeHTapHOM
YaCTHUIIeH, a C APYTOH CTOPOHBI, 6Aaropapsi HeAQBHEMY OT-
KPBITHIO pacrapa $OTOHA BO BHEITHEM MarHUTHOM IIOA€
C U3MEHEeHHeM MOASPH3ALUH BHOBb POAMBIINXCS POTO-
HOB. [103TOMY 2A€KTpOH IpU pacCessHUN Ha KPHCTAAAU-
YeCKOM pelleTKe IIPU KAACCUYECKUX CKOPOCTSIX OCTaBASIET
Ha 9KpaHe AMPPAKITMOHHYIO KAPTHUHY, XapaKTePHYIO AAS
paccesHUs dAeKTPOMArHUTHOM BOAHBL, Ye€M OH BHYTpHU
Ha CaMOM A€A€ U SBASIeTCA.

U3 (11, 13) u onpepeaenns N2 3 BhiTekaer eme 6oaee
BA)KHBII BbIBOA, O TOM, 4TO MACCA IACKTPOHA M He SBASIET-
Cs1 CKAASIPHOM BEAMYHMHOH, a obaapaer BEKTOPHBIMU CBOM-
CTBaMH, IOCKOABKY IMEHHO @ _ T10 CBOEH CyTH BEKTOPHAs
BeanurHA. CKaAsIpHbIE CBOMCTBA MACCHI 9AEKTPOHA UMe-
0T 3HaY€HHE TOABKO IIPH YCPEAHEHHH YMCAA BHY TPEHHHUX
KOA€OAHHII eT0 9AeKTPOMArHUTHOTO IIOASI 32 [IEPHOA Bpe-
MeHHU MHOTO OOABIIIETo, YeM ePUOA OAHOTO KOAeOAHHS.
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Omnpeaeaenne N2 4: Macca, o cBoeit cytu — 06-
AAAAeT BeKTOPHBIMHU CBOMCTBAMU.

CoBpeMeHHasi CTaHAAPTHAsI MOAEAb YCTPOMCTBA
BCEAEHHOU OIpeAeAseT POTOH, ITO MEMO BCETo IPOYero,
KaK YaCTHI[y C HyA€BOM MACCOH ITOKOSI M HYA€BBIM dA€K-
TPHYECKHM 3apsIAOM. Bce akcrieprMeHTBI K HacTOAIeMy
BpPEeMeHH AOKA3bIBAIOT, 4YTO y POTOHA HET 3apsAa C TOU-

HOCTBIO A0 10733

€ I HeT MacChl C TOYHOCTBIO A0 107’ m .
OaHako e1rfe B Ha4aAe IIPOIIAOTO BeKa DAAUHITOH 9KCIIe-
PUMEHTAABHO AOKA3aA, YTO AYYH CBETa 3BE3)A OTKAOHSIOT-
CsI COAHIIeM, a B 9KcriepuMenTax [Taynaa u Pebexu ycra-
HOBAEHO, 4TO Y OTOHOB, ABIDKYIIMXCS B HallpaBACHHH
IPaBUTAllMOHHOTO TIOAS], U3MEHseTCs JacToTa. K3 aTux
9KCIIEPUMEHTOB BbITEKAaeT KaKymuics napapoxc. Ecan
MBI ITPU3HAEM, YTO Macca IOKOsI $OTOHA paBHA HYAIO,
TO 4TO TOTAQ NPUTATUBAET COAHIIE, 3 €CAM MBI IIPU3Ha-
€M, YTO COAHIIE B IPAaBUTALIMOHHOM IIAQHE IPUTATHUBAET
9Hepru0 GOTOHOB, TOTAQ MbI AOAXKHBI IIPU3HATDh, YTO
OIMCaHMe CHAbI IPUTSDKEHMUS, OIIpeAeAseMoe 3aKOHOM
BceMupHoOTo Tarorenus HploToHa:

F_=ym?®/r? (14)
TA€ Y — TPaBUTAIIMOHHAS IIOCTOSHHAS, M — Macca B3a-
HUMOAENCTBYIOIIUX 00BEKTOB, TpeOyeT CBOEro yTouHe-
HUsl, TIO9TOMY B AQHHOM cay4dae (14) He coBceM cOOT-
BeTCTBYeT ONMCAHUIO XapaKTepa B3aMMOAENCTBYIOMMX
06bekToB. [Tapapoxc ycTpaHseTcs, eCAU IPU3HATD Tpe-
60BaHue, BhITEKAOIIIee U3 IKCIIEPIMEHTOB DAAHHITOHA,
CBSI3aHHOE C PACIIMpEeHHeM CaMOH CyTH MOHSTHS I'pa-
BUTAIJUOHHOTO B3aHMOAEHMCTBHS, 2 3HAYUT U COOTBET-
CTBYIOIIETO PaCIIMpPeHus ero onucaHus. Pacmmpenue
OIIMCAHUS I'PAaBUTALIMOHHOIO B3aUMOAEHCTBUS AOAKHO
3aKAIOYAThCA B TOM, YTO BhIpaskeHHe HproToHa A0AKHO
BKAIOYATh B Ce0sI He MACChl B3aHMOAEHCTBYOIIIX 00b-
eKTOB, a UX 9Hepruu. XOTs B XUTEHCKOM IIOHUMAHUU
BOCIIPHSTHE MAcC Ipolie 1 yA0bHee, HECMOTPSI Ha TO,
4TO MAcCa, 3TO BCEro AMIIb MPOCTO KO3 PUIIMEHT Ipo-
MOPLIMOHAABHOCTU MEXAY CUAOM U YCKOpEHHEM, a BOT
sHeprus ¢pyHAAMeHTAAbHA 110 CBOel CyTU. BBoa cooT-
BETCTBYIOIKX M3MeHeHui B (14), IPUBOAUT K 9KBUBA-
A€HTHOMY, HO PaCIIMPeHHOMY I10 CBOEH CyTH ONHCAHUIO

(15)

3aKOHa BCCMI/IPHOI'O taroTenns HproToHa:
F_=gE 2/r?,
raeg=v/c*, E=mc’=ha.

C APYI'Oﬁ CTOPOHBI, I/ICKPI/IBACHI/IC TPaeKTOPI/H/I ABH-
>keHUst OTOHA B AKBATOPHH COAHIIA 0O53aHO CBOKM IIPO-
HCXOXXACHHNEM HAAMYHIO 3aMKHYTbhIX (T. €. HOHePe‘-IHbIX,
K TpaeKTOPI/II/I ABYDKCHH A (pOTOHa), KOAE6aHI/Iﬁ IACK-
TPI/I‘IECKOI‘/’I M MAarHUTHOM KOMITOHEHT 3AeKTPOMaI'HI/IT-
HOTIO ITOAA (l)OTOHa, T. €. HaHPaBAEHHOCTI) BeKTOpa 9THUX
KOAeGaHI/Iﬁ COBITIapAQ€T C BeKTOpOM HaHpaBAeHHOCTH

IPaBUTAIMOHHOIO IIOAS MCTOYHMKA. Takum 06pa30M,
IIpU3HaBas BEKTOPHBIM XapaKTep KoAebaHuil moaeit BHY-
TpU POTOHA MBI TEM CAMBIM 06s3aHbI IIPU3HATh U BEK-
TOPHBIN XapaKTep COOTBETCTBYIOIIEH dTUM KoAebaHUIM

(16)

BEKTOPHbIﬁ XapaKTep MaCChI ITIOATBEPIKAAETCA TAKKE

Maccel OTOHA:
m =hw/c%.

U B 9KCIIEPHMEHTAX 10 U3Y4YEeHHIO ABI)KEHHS GOTOHOB
B HAITPAaBAHUHU K UCTOYHMKY I'PABUTAIIIOHHOTO IOASL.
B aTom caydae yacTora $oTOHA BO3pACTaeT, MOCKOABKY
II0 Mepe IPUOAKeHHS K HCTOYHHUKY T'PaBUTAlJHOHHO-
rO IOASl BO3pAcTaeT ero MAOTHOCTb, @ COOTBETCTBEHHO
U ero yIpyrocTh, OKa3bIBaIoOIlasl IPOTUBOAEHCTBHE I10-
IIepEeYHbIM KOAeOAHUSIM BHYTPEHHHUX IIOA€H POTOHA.
OrcyTcTBHe M3MEHEHUI CKOPOCTH ABIDKEHHS GpOTOHA
B HaIIpaBAEHUH NCTOYHUKA IPAaBUTAIIIOHHOTO IIOAS YKa-
3BIBa€T Ha TO, YTO BHYTPU (OTOHA OTCYTCTBYIOT KOA€Ha-
HHS ITOAEH B TPOAOABHOM HAIIPaBACHHH.

Omnpepeaenne N §: CTaOUAPHOCTD CKOPOCTH CBETa
OIIpeAEASIETCSI OTCYTCTBHEM BHYTPH $OTOHA KOACOAHHI
B HAIIPaBA€HUH TPAEKTOPHH €TI0 ABIDKEHHS.

3anumenm ypasrenue (6) B BuAe:

m c? = q*/r,. (17)

U3 anaausa (17) caepyert, uTo AeBasi 4acTh IIPeACTaB-
AsieT U3 ce0sl BHYTPEHHIOK SHEPIHIO OAHOTO 9AEKTPO-
Ha, a TTpaBas — 3HEPTHUIO B3aMMOAENCTBHUSA B IIPeAeAax
paamyca r, KaK 6bI AByX 9A€KTPOHOB, T. €. B yPaBHEHHH
HeT PaBeHCTBA B OTHOIIEHHH KOAMYECTBA YacTHIl. Ao-
ruKa nocTpoenus ypasnenuit (1-4) mpeamnoaarasa mno-
CTpOeHHe MaTeMAaTHIeCKHUX BBIPAXKEHHI AAS OCHOBHBIX
BEAUYHH, XapaKTePHU3YIOIUX CBOMCTBA OAHOTO 9AEKTPO-
Ha, HO B (4) MOABAsAETCA Kak 6bI BTOPOW 3apsip, HO yxke
BHPTYaAbHOT'O 3AeKTPOHA. ITO ¢ 9THM CB3aHO? AASI OT-
BeTa Ha 9TOT BOIPOC y4TeM BbIBOA, XaPAKTEPUIYIOMUI
NPUYMHY YBEAUYEHHS YaCTOTHI POTOHA IIPU €ro ABH-
JKEHUH B HAIPABA€HHU MCTOYHUKA I'PABUTAIIOHHOIO
noAs. B cooTBeTCTBHU ¢ 9THM BBIBOAOM: BHYTPEHHHM
KOA€DAHMSIM 9AeKTPOMATHUTHOTO ITOASI 9AEKTPOHA IIPHU-
XOAUTCSI IOMHMO IIPOYETro YIPYro B3aUMOAEHCTBOBATb
C BHEITHUMH ITOASIMH, IIOCTOSIHHO ITPHCYTCTBYIOIIMMH
B OKpYy>karole# ero cpepe. B pesyabraTe ynpyroro B3au-
MOAEHCTBUS BHY TPEHHSS 9HEPTHS JAeKTPOHA M C* IPO-
M3BOAUT He TOABKO BHYTPEHHUI 3apsiA q COOCTBEHHOTO
9AEKTPOHA, HO M CO3AAeT AHAAOTHUYHBIN 3apsIA ( BUPTY-
AABHOTO 9AEKTPOHA BO BHEIIHEeH CpeAe, UTO U IIOKa3bIBa-
et ypasuenue (17).

Omnpeaeaenne N¢ 6: CTabuabHOE CyIleCTBOBaHHUE
9AEKTPOHA 005I3aHO CYIeCTBOBAHUIO CTAOMABHOM yIIPY-
ro¥ MAOTHOCTH COOTBETCTBYIOIIUX ITOACH OKpY>Karolleit
CpeABL
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Husxe npusedenvt npumepor supmyasvuoix napa-
MEMpPO6 IAeKMPoHa;

1. UssecTHo [2, 45; 3, 50], uTo 3apsip 9AEKTPOHa q
HOASIPU3YeT BOKPYT CebsI IPUCYTCTBYIOLIKE B BaKyyMe
9AEKTPOH-TIO3UTPOHHbIE MAphl e'e’, KOTOpble B CBOIO
oyepeAb 9KPAaHUPYIOT OCHOBHOM 3apsiA 9AEKTPOHA (,
HIOHIDKAs IIPY 9TOM €ro 3HaueHue B B pa3 A0 3HAUCHNS e,
KOTOPBIH U SIBASIETCS. OCHOBHBIM HCTOYHHKOM 9AEKTPH-
YeCKOTro MoAsl 3AeKTPOHa (9), TOrAQ BUPTyaAbHbIE 3apsiA
M KAACCUYECKUH PAAHYC SIACKTPOHA IPUHUMAIOT BUA:

e=q/B,r, =e’/mc*=r /B>

2. UssectHo [2, 91-93], uto Ha 3apsp aAeKTpoHa q
OKa3bIBAeT BO3AEHCTBHE 9AEKTPHIECKOE [TOAE BUPTYaAb-
HBIX pOTOHOB BaKyyMa, KOTOpOe IIPUBOAHT K TOMY, UTO
9AEKTPOH ABIKETCS C HEKOTOPBIM CPEAHEKBAAPATHIHBIM
CMellleHHeM, HAITOAOOHe OpOyHOBCKOM YacTHIbL B cBsi3u
C 9THUM BO3HHKaeT HeKoTopas 3pPeKkTUBHas pa3MasaH-
HOCTb €0 pa3MepOB, a COOTBETCTBEHHO U CABUT dHEp-
reTUYEeCKUX YPOBHEH 9ACKTPOHA, TaK Ha3bIBA€MbIA —
AaMOOBCKHUIT CABUI, B Pe3yAbTaTe KOTOPOTO BO3HUKAIOT
BHUPTYaAbHbIA Aamb0Bckuit paAnyc u 3apsA:

q,=q/p"*r =r/p.

3.HecmoTpss Ha TO, YTO TI'PAaBUTAIIOHHOE IIOAE
aaextpona E_ = ym /r? caabee arexrpocrarieckoro

E_=e/r’ mpumepno B 10> pas, TeM He MeHee ero re-
Hepalys, OYeBHAHO, CBS3aHa C AeMICTBHEM BHYTpeHHel
9HEpIuu dAeKTPOHA, a 3HAYUT COOTBETCTBEHHO U 3apsIAd
TOABKO BUPTYAABHOTO (], KOTOPBIH U OIIPeAeAseT BO3HHK-
HOBEHHE I'PAaBUTAIIIOHHOTO MTOAS 9AeKTPOHA.

3aBepuiasi epByO YaCTh HACTOSIILEN PabOTHI HEBO3-
MO>KHO He BCTIOMHMTD ITPOHUKHYThle ONITUMU3MOM CAOBA
BEAUKOTO CO3AATEASI KAACCMYECKOT SACKTPOHHOM TEOPUHU
Lorentz G.A. [4, 38]:

«$] Tak cMeAO TOBOPIO O TOM, UTO IIPOUCXOAUT BHY-
TPU 9AEKTPOHA, KaK OYATO 51 CyMeA 3arAsHYTb BHYTPb
9THX MAABIX YaCTUYEK, 1 HOIOCh, YTO KTO-HUOYAD I10-
AyMaeT, 9TO Ay4ine OBIAO ObI MHE U He IIBITAThCS BXO-
AMTD BO BCe 3TH AeTaau. Moe onpaBpaHMe 3aKAI09aeTCA
B TOM, YTO, €CAM HaM HY>KHO UMeTb BIIOAHE OIIPEACACH-
HYIO CUCTEMY ypaBHEHMI, TO HeAb3s IIOCTYTIaTh HHAYE;
MaAO TOTO, KaK MbI YBUAUM AQABIIE, OIBIT ACHCTBH-
TEAPHO MOXeT AATh KOe-KaKue yKa3aHUs O pasMepax
9AEKTPOHOB>.

B cBoe xe ompaBpaHMe COMAIOCH Ha CAOBA HEM3BECT-
HOTO aBTOpa:

«MO3XHO rOBOPUTH TPABHUAbHbIE CAOBA, HO TP 3TOM
HeCTH aXHHeI0, 2 MOXXHO TOBOPUTD HellpaBUAbHbIE CAOBA,
HO IIPH 3TOM IIBITaThCSI AOHECTH BAXKHYIO HACIO>.
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OokazatenbcTBo MMNoTe3bl PUMaHa n macwutabupoBaHHoe
oO6bsAAcHeHue 3araaok ConHua, CatypHa v CNOHTaAHHOIro
M3JIy4EeHUS N3 aKTUBHbIX aaep

Annoranus: [TokasaHo MaciTabupoBaHHOE IepeTeKaHIe KUHeTHYeCKOM 9HePrUM AKTHBHBIX SIAEp, I10-

3BOASIONIEE AOKA3aTEAbCTBO [unoTre3sl Pumana u 06bsacHeHre aHOMAAMI BOAU3H HUX. YCTaHOBAEHO, YTO Ma-

TeMATHJIeCKH OHU MOTYT BhIPaXKaThCsl He COBMECTUMOCTBIO CBOMCTBA POCTHIX yrceA ¢ Teopemoii [Iudaropa

IIPHY BBIYMCAEHHH AAUH CTOPOH TPEYTOAbPHHKA.

KaroueBbie cAOBa: HeTpUBHAAbHBIE HYAH, MPPAIJMOHAABHOCTD, 3aAa49a ABYX T€A, PEAITUBUCTCKHE CTPYH,

KOCMMYECKHe Ay4YH, aKTUBHbIE SApa, FeKcaroH, mpeaea Poma.

B pa6orax [1; 2] 6b1a0 mOKa3aHO AOKA3aTeABCTBO
I'unore3pr PuMana, Ha npuMepe PU3HMYECKOMN 3aAAUH,
OCHOBaHHOE€ Ha HOBOM HEOKAACCHYECKOM KOPITYCKY-
ASIPHOM TIOAXOAE IKCLIEHTPHYHOro PU3MIEeCKOro B3a-
HMOAEVCTBYS, OTAM4Yaromerocs or HproToHOBCKOTO
LIeHTPAABHOTO IIPUTSDKEHUSL. DTOT IIOAXOA ObIA OCHOBAH
Ha QU3NYECKOHN MHTepIpeTaluH A3eTa-QyHKIMKU Pruma-
Ha £(s), 1 Ha IPEATIOAO’KEHUH aBTOPa O CYIeCTBOBAHHH
HEeHM3BEeCTHOMN AO CHX ITOP KHHETUKHU YCKOPEeHUH, IPUBO-
Asillelt K BHe3aITHOMY U3MEHEHHUIO TeOMeTPHHU TPaeKTo-
PHI 1 pacnipeAeAeHHs 9HepIHil. DTH 9HePIUHU IIOPOXKAQ-
I0TCS HeIIPePhIBHBIM BpallleHHeM CaMOTO 1}eHTPaAbHOTO
TeAa. COrAacCHO 3TOMY ITOAXOAY pacrpeAeAseHHe SHePTHH
IIPOMCXOAMT TI0 TPAEKTOPUHU 3BOABBEHTBI KpyTa. JKC-
IeHTPUYHOCTD IIOPOKAAET CHAOBOM IPSIMOYTOABHBIMH
TPEYTOABHUK B3aUMOAEHCTBUS, TPeOyIomuil mpuMeHe-
Hus TeopeMsl [Tudaropa, us-3a koToporo B GpyHKIMAX
YCKOpEeHHIT HeH30eKHO IOSIBASIIOTCSI AUCKPeTHBIe Up-
panmoHaAbHbIe (He KOHedHble) IPOOPLUU MEXAY Pac-
CTOSIHUSIMU U PacIipeAeAeHHUeM dHEePIHH, 00yCAOBACHHBIE
HEeOOXOAMMOCTBIO M3BA€YEHMsI KOPHeH U3 IPOCTHIX YH-
cea. IIpu HOBOJT KMHETHKe CyIIeCTBYIOT CIelupHIHbIe
3aKOHOMEPHOCTH B OeCIIOPSIAKE ABIDKEHHIT, 1 MOXKET IIPO-
FICXOAUTD TIEPKOASILHS (TlepeTeKaHne) SHEPTHU MEeXAY
HAIPaBA€HHSIMU U BUAAMHU BOAH KOAeOAHMII 13-32 B3aUM-
HOTO IIepPeKPBIBAaHUS U 00pallleHHs YaCTOT U AAUH. DTH
3aKOHOMEPHOCTH Ha3bIBaeM HEOKAACCHYECKHUMH, TaK KaK
B HUX MBI PAaCCMaTpUBaeM HOBble PYHKUuU N3BECTHDIX
00X KAACCHYECKUX IIOHATUH YCKOPEHHI MEXaHUYeCKO-
IO ABIDKEHHS 1 B3aUMOACHCTBHS aHAAOTUYHO 3aAa4e ABYX
TeA. B MaremaTHyeckoM nAaHe IpeAAOSKEHHBIN TIOAXOA
OCHOBaH Ha H3BeCTHbIX paboTax b. Pumana u A. Ditaepa.
HoBusHa, npepAoKeHHas aBTOPOM, COCTOUT B HOBOM
¢usnyeckoil MHTepIpeTallui H3BeCTHOIO TOXAECTBA
Oiiaepa, 0 BO3MOKHOCTHU IPEACTABACHHUS CYMMBI PsIAQ
Asera-dyukiuu Pumana £(s) B Bupae mponsseseHus:

E(s)=2(1/m) =TI(1/(1-p*)),

TAe: 1, p — HaTypaAbHbIe U IIPOCThIE YHCAQ. °— aPTyMEHT
A3eTa-QyHKIMU. OTO IPOHU3BEAEHHE OBIAO IIPHHATO
B KauecTBe BEpPTHUKAAbHON KOOpPAMHaThL. B kauecTBe
$usHIeCcKOro aHaAora £ (s) ObIAQ IPUHSATA 32Aa9a O pac-
IIpeAeAeHHMH ITIOTOKOB SHEPIMH 3KCLIEHTPUYHOIO B3au-
MOAEVCTBHS BPaLIAIOmerocs: cpepruIecKoro HOAbIIOro
teaa (6.1.) MaTepHUaAbHOM TOYKOM (m.1.), ABIDKYIIIEACS
TI0 TPaeKTOPHHU 39BOAbBEHTHI KpyTa. Pacnipeaesenue sHep-
I'MH pacCMaTPUBAAOCh KaK MEXaHU3M B3aHMOAEHCTBHS
B 3apaue ABYX TeA. [Top Bpamarometics cepoit (S[APOM)
MIOHMMAeTCs MACIITAOMPOBAHHBII KPYTABIN 00BEKT HAH
3BOAIOTA C PU3NIECKMMHM CBOMCTBAMH, KOTOPBIN IIPH
BpallleHuH MOXKeT SKCLIEHTPUYHO B3aUMOAEHCTBOBATh
CBOEM ITOBEPXHOCTHIO C OKPY>KaIOIIel ee CPEAOH Ha AU-
HUH 9BOAbBeHTHI. VaMeHeHue BHITyKAOCTH OT cdepsl
AO AMICKAa MO>KeT BHOCHUTD U3MEHeHHs B POPMYAY O ITO-
Tepe MaccChl (HsqueHHﬂ), HO 00Iasi 3aKOHOMEPHOCTD
B3aUMOAEHCTBUS OYAeT MMeTh AaHAAOTHIO KAaK 9BOAIOTHI
Y 3BOABBEHTHI KpyTa.

HamoMuuM, 9TO TIOIIBITKY Mamemamu4ueckozo AO-
kasareabcTBa I'P B Teuenue 6oaee ueM 155 AeT okazaAuch
Oe3ycCIenHpIMU [3]. Korpa He YAQAOCH OOHAPY>KHUTB Ka-
KOM-AN00 3aKOHOMEPHOCTHU B PaCIpeAeAeHHUH IIPOCTHIX
4HCeA CPeAU HaTypaAbHBIX, PrMaH cBsi3aA ee ¢ pacmpe-
A€AE€HHEM HeTPUBHAAbHDBIX HYAEH E(s) BrnocaepcrBuu
OBIAO YCTAHOBAEHO, YTO BCe HETPUBHAABHBIE HYAU S(s)
SIBASIIOTCSI KOMITA@KCHBIMH YMCAAMH, HAXOASITCSL B KPH-
TUYECKOM II0AOCE M CUMMETPHUYHbI BelleCTBEHHOMN OCU
Y OTHOCHTEABHO BEPTHKAAU Re s = V.

IToaToMy, y4uTbIBas KOMIIAEKCHOCTb HEeTPHUBHAAD-
HBIX HyAeH f(s) B YIIOMAHYTOM AOKAa3aTeAbCTBE, aBTOP
HCCAEAOBAA TO M3 BBIPAXKEHMI, AASL KOTOPOTO BO3HUKA-
AM IMEHHO KOMITAGKCHbIE YHCAQ MAU OTPHUIIATEAbHbIE
3HAYeHMUs [IOA PapuKaAoM. OHO OBIAO ITOAYYEHO B BUAE
TPaeKTOPHH YCAOBHOTO BbIpaskeHus aHepruu R3, rae
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1 BO3HUKAAO OTPHI]ATeAbHOE 3HAYEHHUE [IOA PAAUKAAOM.
OTUM BBIpROXEHHEM OKa3aAach QpYHKIUS YCKOPEeHMI
oT npuTshkeHHs W, =+1-a’ HasBaHHas, YCAOBHO,
(3Aech 1 paree BOAHOBaS 9acTb AASL KPATKOCTH 3aIlHCH
ONymeHa), KOTOpas 6bIAa IIPUHATA B Ka4eCcTBe 3HAMe-
nareas £(s). [lpumensiemsre Boipaxenns R3, W u Apy-
rue OBIAM IIOAYYEHBI IT0 H3BECTHBIM pOPMyAAM KPUBOI
3BOABBEHTHI KPYTa AASl paCIpeAeACHHs d9HEPTHHU B3au-
MOAEMCTBHS KaK B BUAE MepeMelleHU H YCKOPEeHUHI
MaTepHAABHBIX YacTuIl. TpexmMepHOe ABIDKEHHE AAS
cAydasi ACTBHUS TOABKO MPUTsDKeHHs W ommchbiBa-
AOCH cOOTHOmIeHHsIMA [ 1]:
x=a-(cosa+a-sina); y=a-(o-sina —cosa);

z=1/(1-1/abs(1-a*)*)/100;

R3=\/x’+y’'+Z2

TA€: @ — YTOATIOBOPOTA; @ — PAAMYC AAPa; X, ¥, R — Ko-
OPAMHATBHI U [IEHTPAABHBII PaAUyC M. T., (0 3Hake abs 6y-
AT CKa3aHO Yy Th [O3Ke). A IBACHUS IPUTSDKEHHS 1 OT-
TAAKMBAaHHS OIMCHIBAIOTCA ABYMS QYHKIMAMU B BUAE
KOMOMHAIIN YCKOPEHHUH STUX TOTOKOB:

V\lsl :(WZ _le)llz;‘/\/sz :(WnZ +W2)1/2

rae: W, W, — HOpMaAbHbIE U TAHT€HIJHAABHbIE YCKOPe-
HUAM.T.; W, W — yCKOp@HHS OT MPUTSDKEHHUS H OTTaA-
kuBaHust. [ToAydeHHbIe pe3yAbTaThl pyHAAMEHTAABHBIE,
TaK KaK IIOAYYAIOTCSI M3 Oe3pasMepHBIX MacIITabupo-
BaHHBIX COOTHOIIEHUN U AOAXKHBI HIMETh MECTO BO BCEX
Tpex — MUKPO, MAKPO U Mera MUpax.

Aas poxasareabcta I'P B pa6ote [1] 6p1am mpuse-
AEHBI YNCACHHBIE 3HAYEHNUSI HECKOABKIX HeTPUBHAABHBIX
HyAell, a TaKke rpadudeckoe U300paskeHe MPUIHHBI
TOT0, II0YeMY BCe HETPHBHAABHbIE HyAU AOAXKHBI UIMETb
AEFICTBUTEABHYIO YacTb, PABHYIO UMEHHO Y2. B pesyasra-
Te, OKa3aA0Ch, 4TO BCe HeTpUBUAAbHbIe HyAH £(5) pacro-
AQTaloTCs BAOAb OCH BpalleHHs cpepbl. A IMpeAcKazaHue
PrMaHa CBOAUTCS K IIPEACKA3AHUIO O TOM, YTO OCh Bpa-
IleHsT, COOTBETCTBYIOIast Re s = 12 SIBASIETCSI eAMHCTBEH-
HOI, 1 001Ijel TaKoKe AASI BCEX APYTHUX cTerneHert Res=1/3,
1/5,1/7..., COOTBETCTBYIOLIUX APYTHM HETPUBHAABHBIM
Hyasm. Kcrarn, B pabore [ 1] rawke 6biaa npuBeseHa, Ka-
KETCsl, caMasi KpaTKast Bepcusi AokazareAabcrsa I'P.

Aanaee, 6b1A paccMOTpeH 6oAee 0OLIMIT CAyYalL, TAE
B KauecTBe 3HaMeHaTeAs £(5) GbIAU PUHSTHI OTHOTIEHHS
K, =W, /W_;K_, =W, /W, ncoorHomenus [4]:

x=a-(cosa+a-sina); y=a-(c-sina —cosa);

z,, =1/(1-1/Kss,,’)/100;

R3=\x"+y'+z,

z,=1/(1-1/K_*)/100;5z, =1/(1-1/K ,") /100

B arom cayuae obe ¢ymximm K u K, paccma-
TPUBAAMChH OAHOBPEMEHHO AASl OAHOTO M TOIO Xe
cpepuyeckoro teaa. Ilpu cmene K | Ha K, rpaduk
IepeBOPaYNBAETCSA OTHOCUTEABHO 9KBATOPHAABHOM IAO-
CKOCTH, 4TO 00eCIieunBaeT MEXaHH3M OAHOBPEMEHHOTO
npomueonoA0Hozo ussydenus. B arom cayyae moay-
9aeTCsI TAKOE XKe U300paXKeHHe CTYIIEHIATO CYXKAOIIeri-
Cs1 0CEeBOI KOHUYECKOM CTPYH Kak B pabote [ 1], Ho yixe
U C IPOTUBOIIOAOXKHOTO HampaBAeHHs. OKa3aA0Ch, 4TO
1 A K, COOTBETCTBYIOIErO BEPXHEH MOAYTIAOCKOCTH
cdepbl MOAYYArOTCS TaKUe XKe 3HAYeHU I HeTPUBUAABHBIX
HyAe#l pu u3MeHeHuu Re s =14, 15, %5, 1/7, ..., 4ro moxa-
3bIBAET UX CONPSDKEHHOCTS C rpadurom K. Takum 06-
Pa3oM, MoAyYaeTcs, 4To B HameM cAydae I'P BepHa u pad
HeTpuBUAABHBIX HyAel Qynkumnit K u K . Hempusu-
assnocme Hyaeit £(s) BBIpaskaAach B TOM, TO 9Ta BUH-
TOBasl AMHUS, ABUTASICh BAOAb OCH BpallleH!s], Ha OTIpeAe-
AEHHDIX AMCKPETHBIX 3HA4eHHUSIX BHICOTHI He nepecekara
ee KaK B TPUBMAAbHOM IIOHMMAaHHH, a COBEPIIAAA OTHO-
CHTEABHO Hee CKauYKOOOpa3HbIe [oIlepedHble KOACOAHMS.
OT0 oTpaxkaercs Ha d8ymepHOM rpadrKe 0Opa3OBAHITEM
CAOEB KOHI|eHTPUUECKHX cmynenuamuix koer] (ne Ca-
TypHa) BAOAD LIeHTPAABHOMN OCH BpamieHust. [Ipu aTom
AVHUY TI0 Mepe YAAAHUHU BAOAb OCH aCUMITOTHUYECKH
CY’KAIOTCSl BOKPYT Hee M CO3AAI0T KOHUYECKYI0 popMy
B BHAE CTPYH 9HEPTUHU KSS. Heob6xopuMocTb OAHOBpEMEH-
HOTO PaCCMOTPEHHUS OTHOUIEHMIM I<ssl u KSS2 AAST OAHOM
¥l TOI1 5Ke Cepbl, OCHOBAHA HA PABHOIIPABHOCTH 00enx
noaycéep.

B pabore [4] aast omrcaHmA PEeAATUBUCTCKUX CTPYH
U KOCMUYeCKHX Ay4eil CBepXBbICOKMX dHePI1il IOKa3aHa
BO3MOXXHOCTb HPOMUBONOAOHKHBIX CTPYUHDBIX TEIEHUM
9HEepruM M3 IJeHTPa BAOAb OCH Bpaliaiomencs cdepsol.
Onm noayuarorcs poas ynkiuit K n K, mocae nponu-
KaHUS TPAeKTOPHI UX KPUBBIX BHYTPb ITMAUHAPUIECKOMN
IIOBEPXHOCTHU C papuycoM R = \ 2, coocroit Bpamao-
merics chepe. [Ipu 9TOM IPOUCXOAUT cMeHa npupodvt
63aumodeticmeus, U IPUTSDKEHHe Ha 9KBaTOPHAABHOM
IIAOCKOCTH ITpeBpalljaeTCsl B OTTAAKMBaHME MTOBEPXHO-
CTBIO CepBI BAOAD OCHU BpAIleHUs.. DTO MOXHO 00'BsIC-
HUTb €CTeCTBEHHbIM CBOMCTBOM OTTAAKUBAHUS BBIITY-
KAOCTBIO KQXKAOH MOAYCdepbl OMBIBAIOIIMX €€ IIOTOKOB.
[Tosromy, 3Hak MuHyc B W, , 03HAYaIOIINi1 IPUTSDKEHNE
CAeAyeT OTMEHHTb, AASL UerO BBOAUTCS 3HAK abs (... ).
BBeaenue umeHHO 3HaKa abs (... ) TOPOXAAET CIUPaAb-
HOCTb TPaeKTOPHH BAOAb OCH BPaIlleHHUs U IIPHUAAET CBOM-
CTBO HETPUBHAABHOCTH HYASM &(5). DTO O3BOASIET YBHU-
AETb BAUSIHUE U3MeHeHust Re s =14, V5, Y5, /7, ..., a pauny
Boans! (puc. 1):
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Section 8. Physics

BrimrensaoxeHHOE IOKA3BIBAET CAYYail, KOTAQ COMHe-
Hue [ 5] 0 BO3MOXKHOCTH POTUBOMIOAOKHBIX PEASTUBUCT-
CKUX CTPYH1 ¥ KOCMUYECKHX Aydel CBEPXBbICOKUX SHEPTUI
U3 LJeHTPOB AKTHUBHBIX SIACP FAAAKTHK MOXKET OBITH CHSITO.
Taxoe cTaHOBUTCS BO3MOXXHBIM M3-3a TOT'0, YTO IIPH Bpallle-
HHHU cpepbl OAHOBPEMEHHO MOSIBASIOTCS ABa IIOYTH OPTO-
TOHAABHBIX YCKOP €HHS W'S n W;z Baaau ot Bpamaromeiics
cdephl pe3yAbTHPYIOIHEe HX OTHOIIEH I aCUMITOTHYECKU
CTPeMSITCS K ee 9KBATOPHAABHOM IAOCKOCTH. A BOAU3U
cdepbl OHH PaCIIETASIOTCS HA CEBEPHYIO M F0XKHYIO COCTaB-
Asromnye B3auMoAencTsy. [Ipy n3ameneHnu AefiCTBUTEAD-
HbIX yacreit £(s), KOTOpbIe MO>KHO HHTEpPIPETUPOBATh Kak
4acmomot KorebaHUT Ha IK6AMOPUAALHOTE TIAOCKOCTH,
CHerMpUIHO U3MEHSAACh OAUHA 60AHDL ITPOTHBOIIOAOXK-
HOTO U3Ay4eHMs U3 CPephl y>ke B 0Ce60M HATIPAaBACHUU.
IIpu aToM, och BpamieHus, IOPOXKAAeMasi UMEHHO CTerle-
HBIO Re s = 14, ocTaeTcs eAMHCTBEHHOM U OOIIIel AAS BCeX
ApyTHX cTemneHeit Re s =13, 1s, /7, ..., 4TO U SIBASIETCSI AO-
kasareabcTBoM I'P. B parHO# paboTe 9TOT $paxT IoKa3bIBa-
ercs B elile 60Aee ITIOAPOOHOM BHAE Ha (pHc 2):

W3 pucyHKa 2 BUAHO, Kak ObI, He TPKUMAAUCD, AH-
HUM 9HEPTHH K OCH BpallleHus, LIeHTPaAbHas 0Cb Cdephl
€AMHHYHOTO PAAUYCa OCTAETCS AASI HUX aCUMITOTHYECKU
HepoCsTaeMoi. Imom paxm daem 00Kka3amesvcmeo
I'P 0as cepot, TeM, 9TO OCh BpaljeHUs], COOTBETCTBYIO-
11ast KOPHIO BTOPOI cTerleHU Re s = 14, siBAsteTCs 0bmjeit
AASL BCeX cTereHel KopHeit Re s = V5, Ys, V7, ..., u3 &(s).

Kpowme Toro, aTo MccaepOBaHHME ITOKA3bIBAET BO3MOXK-
HOCTb pellleHus Mpo6AeMbl, OTMedeHHOM B paborax [6]:
“HeT eAMHOTO MHEHHs O MeXaHH3Me 9HEPrOBBIACACHHS
W3 [IEHTPOB aKTUBHBIX sIAep rarakTuk ; u [ 7]: “Ta sneprus,

KOTOPYIO MBI IPUHUMAEM B BUAE PAAMOM3AYIEHHS Ha YACTO-
Tax < 400 MI1 (A > 75 cM.), peacTaBAsieT CO60i HUMTOX-
HYIO YaCTbh OT IIOAHOM 3HEPIUH, TePSAEMON HENTPOHHON
3Be3A0M. B KakoM BruAe YHOCHTCS TIOYTH BCSL 9HEPTHSA Pa-
AHOITYABCAPOB — AO CHX IIOP HESICHO . DTH BBICKA3bIBAHI
ITOKA3bIBAIOT, YTO CYyIIeCTBYIOIIIE METOABI HCCACAOBAHH
AQAEKVIX BPAIAIOIINXCS ACTPOPUBUIECKUX OOBEKTOB, OC-
HOBAaHHbIE Ha U3YYEHHHU TOABKO CBETOBOM 9HEPIUH CIIEKTPO,
$OTO U MOAIPHMETPHYECKUMU METOAAMH, He TIO3BOASIIOT
HaM [TOAYYHTD AAEKBATHOE IIPEACTABACHHE 00 MX QYHKIHO-
HupoBaHuy. [To MHeHII0 aBTOpa AAHHOM PabOThI, IPHINHA
pOOAEMBI B CYILIIeCTBOBAHUM MEXAHU3MA He TOABKO Ayde-
BOTO, a CIIUPAABHOTO TIepeTeKaHUs IHEPTUH (Maccm, )
IToaToMy, aBTOPOM IIpepAaraeTcsl MOAXOA, B KOTOPOM,
Pa3sHOPOAHbBIE, U3BECTHBIE U ellle HeU3BECTHbIe SBACHUS
obbsicHa0TCs Heoxaaccudaeckoil eAuHOM TeOpHeH B3au-
MOAEHCTBHSA KaK eCTeCTBeHHbIe JaCTH 001IIieil MacITabu-
POBaHHOM 3aKOHOMEPHOCTH, IIOCKOABKY CYIIIECTBYIOLIHE
NIOHMMAHUS BOIIpOca pa3posHeHHble. OKa3bIBaeTCs, YTo
MHOTH€ SBACHHS IIPUPOADL, CYMTAOIIHECS aHOMAABHBIMU,
BKAKOYAsI MEXaHM3M PEASTUBUCTCKUX CTPYH M KOCMUYECKHX
Ay4ell M3 IIeHTPOB aKTUBHDBIX SAEP FAAAKTHK, HA CAMOM A€A€
MOT'YT OBITh 3AKOHOMEPHBIMH.

Ecau reneps nonaTHO, yTO Takoe I'unoresa Pumana
(Kax mo A. Aep6munpy) TO, TTOKA’>KEM, UYTO OHA SIBASIETCSI
TOABKO O0pAlleHHOI YaCThI0 MAaCIITAOMPOBAHHOM 3aAa-
41 O pacIpeAeACHUH dHepIUH Bpallalolerocs chepude-
CKOrO TeAa. B BHAY OrpaHHYeHHOCTH 00beMa AASI OAHOM
CTaThU MBI IIPUBOAMM OOBSICHEHUS AMIIb HEKOTOPBIX
anomaauit CoaHIra, koaer 1 crmry CaTypHa, yIIOMSHYy Thie

B pa6ore [8] 1 HeKOTOPBIM APYTHM 3 PeKTam.

YLIOBWA ONA TEKCATOHA

PucyHok 3.
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Paccmorpum 3arapku Ha noarocax Carypha. Kak us-
BeCTHO, IIOAeTAMH KOCMHYECKHMX 30HAOB Bospxep 1, 2,
Taanaeit, Kaccunu i Apyrix OBIAU ITOAYI€HbI 3aMEYATEAD-
Hble 9KCIIePUMEHTAAbHbIE PEe3yAbTaThl, MHOTHE U3 KOTO-
PBIX, B TO 5Ke BpeMsl, OKa3aAHCh He OOBSICHIEMbIMU CYIIje-
CTBYIOIIUMH (JYHAAMEHTAABHBIMU IIPEACTaBACHMAMHU.
Hamnpumep: ITouemy, Ha ceBepHOM IMoAtoce CaTypHa HOAY-
4aeTCsl COXPAHSIONIASCA, U IMEHHO — WleCmuzpanias
2eKCarOHAABHASI CTPYKTypa ODAAKOB, 2 He YTO-HHUOYAD
Apyroe? B npunIiune, B 3aBUCUMOCTH OT KPaTHOCTH 4Ya-
CTOT MOT'YT ITOAY4aThCsl pa3Hble pOPMbI MHOTOI PAHHUKOB,
4TO NMOATBEPXKAEHO U KCcriepuMeHTaAbHO. Ho A0 cux mmop
He CYI[eCTByeT TEOPeTHIECKOrO 00BSICHEHUS BOSHUKHO-
BeHUS MIMEHHO IeKCaroHa 1 MMEeHHO Ha CEBEPHOM ITOAIOCe
Carypna. ITo MHeHHIO aBTOpA, 9TO CBSI3aHO C BUAOM YCKO-
PeHHs OTTAAKMBaHUA W, = ava’ +1. Aearo BToM, 90 W B
K _=W_/W “oMbiBaer” CiMpaAbHOM AHHHEH HMEHHO
cesepHyto noaychepy Carypua (puc. 3). Vsmenenue
SHEPTUM AASI PA3HBIX 3HAYEHHUIT Re s HAUMHAETCs ¢ obmeit
ToukH Ha abcrmcce. ITo Mepe usmenenus a ¢ 0 mocae Ao-
CTIDKEHHSI 3HAUeHMs 57 ° pe3Ko OOHYASIeTCS] paAMaHHOe
sHaveHye W, = aVa’ ~1,3HameHareAs K, ¢ oAHOBpeMeH-
HbIM yBeAudeHreM W, ¥ TIOAyJaeTcst BhIOpOC SHepTHH
B PAAHAABHOM HAIIPABAEHHH, IIPUIEM 00sI3aTEABHO 3a Ipe-
AEABI IIPSAMOM I'PaHU I'eKCaroHa.

U noroMmy, y240680e B3aUMOAEHCTBIe (BBITAAKUBA-
HHe) BPANIAIOMerocs MOAKCA C BHeNIHeil cpeAoit Tpe-
Kpamjaercs, MockoAabky W, =0, n oHa HadnMHaeT CHOBA
naAath (3aTArUBaTHCA PAOUAAILHO) OOPATHO B LIEHTP
noaroca. Ho, mpu aToM, BOAM3H [TOAIOCA TAAQIOIAS AU~
HHS ITepeceKaeT PAaAUaAbHOE AGAeHHE, COOTBETCTBYIO-
mee 60 °, KOTOpOe SIBASIETCSI KPATHBIM IIOAHOMY KpYy-
ry. 3AeCh ee OCTaHABAMBAeT BHOBb YBEAWUHBAIO]EeCs
yckopenune W, n3-3a 4ero AMHHUS SHEPTHU AOKUTCS
Ha y3eA rpanu rexcarosa. [losromy, mop peficTBuem
HOBOM CHABI BRITAAKHBAHHS, 3TOT IIPOLECC IIOBTOPSI-
eTcs. 3a KaXKADIH IIOAHBIN KPYT BpPaIjeHHs IAQHETHl OH
IIOBTOPSIETCSI POBHO IIECTh Pas, HU OOAbIIE 1 He MEHb-
me. MHTepecHo, uTo B cAydae Re s = V2, aTO mapeHue
BCe K€ AOCTHIAeT IIeHTPAABHOHM OCH IIOAIOCA, a AAS
Res=15,15,17, ..., He AOXOASI AO Hee, HAaUMHAET 0Opa-
IaThCS BOKPYT IieHTpa. IIpu aTOM, mOA BAMSHMEM CH-
TyaLuu ¢ mapeHueM npu Re s =15, Y5, 17, ..., HaunHaeT
BBIPHCOBBIBaTbCA rekcaros. Ilosromy, mpuyamnoit mo-
SIBA€HHS IMEHHO I'eKCaroHa sIBASIeTCSl CBOMCTBO Bpallja-
IOIIEerocsi TeAa, BhIpaXkaeMoe Kssl Ycaosuem nosssrennsa
HMMEHHO IeKCaroHa sIBASIeTCS pa8HOMEPHOCMb YCTAHO-
BuBIIerocsi Bpamenust CarypHa, KoTropoe mpebyem
HEOOXOAUMON CTPOTON IIEPUOAMYHOCTH BpAleHNUs,
TO eCTb TOYHOM KPaTHOCTH ero 3HayeHus 27. Ha papu-

yce MMeHHO I'eKCaroHa yPaBHOBEIINBAIOTCS ABHKEHHS
BHYTPEHHHUX CAOeB aTMOC{ephl, BpallJaloIMXCs C IAQ-
HeTOM, C ABIDKEHHEM BHENIHUX CAO€B, TOPMO3SIIUX X
B IIPOTUBOIIOAOXKHOM HarnpaBAeHuH. [Toxoske — rekca-
TOH SIBACHUE 2e02padu4eckoe, a He SAeKTPOMATHUTHOE.
W3-3a peakoro n3MeHeHHs HallpaBA€HHS AUHUH IeKca-
rOHA Ha ero yrAax MOTyT 06pa30BaTbCsl AOKAAbHBIE BHX-
pu vAH OyH, KOTOpBIE SIBASIFOTCSI M3Ay4aTEASIMU SHEPIUH
13 00AACTH CEBEPHOrO MOAIOCA. A HA I0XKHOM IIOAIOCE
B COOTBETCTBHUU C Km:I/Vﬂ/ I/VS2 BBIpaXKEHHE YUCAUTEAS
He IT03BOASIeT 9HEPIHH B3aUMOAEHCTBUS AOCTHYD Ta-
KHX 5Ke OOABIINX 3HAYEeHHI, KaK HA CEBEPHOM IIOAIOCE.
ITockoAbKy € caMOro HavaAa 9Heprus BpallleHus BbI-
TaAKHBaeT BHENIHIOIO CpeAy BHYTPb I'paHel reKcaroHa,
U AAS FOKHOTO TIOAIOCA €T NpsMble IPaHU U Y3AOBbIE
(yraoBbie) TOUKH 6YAyT He AOCTHXHMBL [109TOMY 105%K-
HbII TIOAIOC MMeeT H300paXkeHHe IIOXOXee Ha ‘TAa3),
HO MHOTOT'PaHHHUKH He MOTYT 00pa30BaThCsl 9Hepre-
THUYECKU.

Aaaee, B AAHHOT paboTe OOBSICHSIETCS PSIA 3aTAAOK
IIPHPOABL, HA KOTOPBIE ellje He OBIAU HAMAEHBI OTBETHL.
AAsL 3TOrO HaM HY>KHO BOCIIOAB30BaThCs HEKOTOPHIMU
rpa¢uKaMu U3 MPeABIAYINHX pabor aBTopa. ITpu atom
aBTOP CIIEIJMAABHO HE YAAASET 3aMeTKH IPEXHHUX TeM
Ha 9TUX PHCYHKAX, YTOOBI [IOKA3aTh MACIITAOUPOBAH-
HOCTb 3aKOHOMEPHOCTEeN IPHPOAbI, OIMChIBAEMBIX
B Heokaaccuueckom nmopxope. Ha puc. 4 npuseaeno
o6psicHenne 3akoHoMepHOcTH 0.39, 0.72, 1 B pacmoao-
>KeHUH BHYTPeHHUX AaHeT COAHEYHOH CUCTeMBbL. 3Ha-
YeHUs OPAMHAT Ha rpaduke KSS 1/ R o6paTHO IPOIOPLIHK-
OHAABHBI 3HaYeHUSIM abcrucc. Bupnmo, Hy>xHO BHeCTH
cAepyromue 6oAee HOAPOOHBIE YTOYHEHHSI OTHOCHTEAD-
HO MacmTaboB. 3Hauenne oppunatet K =W /W_, co-
oTBeTCTByIOLee, HarpuMmep, 0.137 sBAsieTcst 06paTHBIM
sHaueHneM abcuuccnt 7.29 (AAMHA pasBepTKH MepHhMe-
Tpa +PaAUyC) HAM YMeHbIIEHHbIM 3HAYeHHEeM SHEePTHH
B 1000 pas, koTopoe Ha paccrosHun 7.29 pasno 137.
Caeposareanno, aas K =W _/W_, obparnoi K_, 3Ha-
YeHUe OPAMHATBHI, COOTBETCTBYOIIee abCIIcce paBHOM
eAMHHI[e BRIPKAETCSI 0OPATHOM MPOIOpPLHUEN U I10-
3TOMY AOAXKHO ObITH yBeandeHo Ha 1000 nau Ha Tpu
nopsAKa IO CPAaBHEHHIO C 3HaUueHHeM B Touke 7.29.

Ecan 3a epunuity B3srb papuyc Coanra 700000 k.,
TO AASL TPHMEHEHHs] eAMHUIIbI pacCTOAHuM 1 a.e. HyX-
HO YABOUTD €r0 U YBEAMYHUTD ellje Ha ABa Mopsiaka. Toraa
MO>KHO IIPEACTaBUTD pacnpeaeseHue maaHeT COAHeIHOMN
CHCTeMbI Cpa3y B ABYX eAnHuIaX 1 a. e. 1 100Rs. B Takom
CAy4ae 3eMASI PaCIIOAOXKUTCSI HA PACCTOSIHUH a0 CIIMCCHI
PaBHOIT AByM, TO ecTh = 150000000 kM. AOAXKHO OBITH
SICHBIM, 4TO JKEAQHHE [IEPEXOAA B MACIITA0 . e. — acTpo-
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HOMMYECKUX EAMHHI] AAMHBI CBSI3aHO HE C T€M, YTO Hallla
3eMASI HAXOAUTCSI Ha 9TOM paccTossHuK oT COAHIIa, a C TeM,
4TO UMEHHO €€ TPAeKTOPHUS AeXKUT Ha PaCyeTHOM ITAOCKO-
cru MAM oKAmITHKE. [ IpaBAOIIOAOGHOCTH 3TOrO MacmTaba
MOATBepskAaeTcs AByMs ¢axTamu: 1. Papuyc neHTpab-
HOTO TeAa IPUHAT 3a eAUHHIy abcrucesl 2. Ha papuy-
ce crTarMoHapHOi opbutsl Haxopurcs ITosc Acrepou-
AOB, KOTOPBI B CPEAHEM OCTAaeTCs TaM, KaK M CITy THUKH

24

Ha [eocTanpionapHoit opbure. ITOT rpaduk OOBSICHSET
npoucxosxdenue Ilocmosannoii mouxoii cmpykmypot
U IPUYHHY HeBO3MOXKHOCTHU yTOYHeHUs 3HadeHus Ipasu-
MayuoHHoii NOCMOAHHOI 6OAee YeM Ha ABa 3HAKA TIOCAE
3aIATOM, 3aKAI0YAIONlelics B OAHOBPEMEHHOM CYyIeCTBO-
BaHUH He YCTPAaHMMOi1 He korepenTHOCTH W 1t W, [1].
W3 prcyHKa BUAHO, HACKOABKO MHPOPMATHBHOM SBASIETCS
MacmTabuposanHocTh GyHkimu K .

EnuHaA fyHruMA Kacumoes

rpla,u,_ 0.4 T ) !

ThaHmA MDCTOAHAOR TOHEDR CTRYKTYPS :
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PucyHok 4.

Ha puc. S noxasampr rpadpuxu dynxrmit K /a
u K /R, npumeHeHHbIe AASL OOBSCHEHHS CBePXTEeKyde-
CcTH, CBepXIpoBoAUMOcTH 1 skcriepumenta BICEP2 [9].

I'paduku AQIOT BOSMOXKHOCTD OOBSICHUTD IIPHIHHbI
AHOMAAbHOTO Harpesa KOpoHbl CoaHIa. AAs aHaAM3a
ABIDKEHUH B y2A080M HAIPAaBAEHHH IPOIIECC MOXKHO
XapaKTepu30BaTh MOBeAeHHeM KacaTeabHOM L1 k To4-
Ke IlepecedeHus TPaeKTOPUH KPUBOH B3aMOAEHCTBHS
yraosoro — K /a u papmassnoro — K/ R nampasae-
HISI, IIPOXOAsLIeil yepe3 R = 2 Ha abcrpcce, KoTopast
COOTBETCTBYeT IepPBOM 3KCTPEeMaAH, 9KBHBAACHTHOMN
Touke papHoBecus. Opaunara L1 paBna 4 K, uTo sBAS-
eTCs TEeMIIePaTyPOil HadaAa HCIAPEHUS SKUAKOTO TeAUs.
TeMnepaTypa paBHOBeCHS B3aUMOAEHCTBHSA 0. T. M M. T.
pasHa 1.38 K uau Ilocrosuuoi Boapnmana u Haxo-
AWUTCS Ha OPAMHATe TOYKU IIlepeceyeHHs YTAOBOIO
U PAAMAABHOTO COCTaBASIONIUX.

AHOMAaABHBIH Harpes KOpoHb! CoAHIIa MOXKET IPOKC-
XOAUTD B TOHKOM KPYTOBOM II0SICE€ HA HEKOTOPOM BBICOTE
HaA TIOBEPXHOCTBIO (pHUC ), KOrAQ BOCXOASIIUE H HUC-
XOASIIUe MOTOKH SHEPTHHU BpallleHHs B BUAE KACTIOBBIX
sHaveHnit K /o MOTYT cOmpUKAcaThCs APYT C APYTOM
U nepemupamocs MexAy coboit. Buaumo, aast Coanrra
aTO OYAYT moTOKM rAa3Mbl. Ha BricOTe KOTAQ MX TPaeKTo-
PHU CMOTYT Pa3ONTHCh, aHOMAABHBIH HarpeB IPeKpPaTHT-
cs. I'lo puc. 4 MOXXHO BHAETD, YTO BHICOTA OTACACHHS 9TUX
TPAEKTOPHIL MeXAY 0001 OyAeT IPHUOAU3UTEABHO PaBHA
oxoao 0.1 gactu papuyca chepsl. ITosTomy, aast moBepx-
HocTu CoAHIIA, KAK CKA3aHO BbIllle, 3HAYEHHE OPAHHATHI
K_,/a=9 K, umeromie#t abCIiuccy paBHy0 eAMHHIIE, HysK-
HO Oyaet ymMHOXuTDb Ha 1000, uTo pAaet 9000 K. Ecan ym-
HOXUTBD 9T0 3HaueHHe Ha [locrostuayro boabrivana —1.38,
KaKk KO3(QQPUIMEHTY IPONOPLIHOHAABHOCTH KUHETHJe-
CKOH S9HepIuH U TemrepaTypsl To, moAyunm 12420 K. Ecan
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YBEAMYHTD 9TO 3HAYEHHE Ha ABA IIOPSIAKA, AOOABACHHbIE
AASI TIEPEXOAQA K CHCTeMe OTCYeTa C eAVHHUIIEH . €. AAMHBI
TO, TIOAYYUTCSI 3HAYeHMe IOYTH PaBHOE HAOAIOAAEMOIT
aHOMaAbHOM TeMrieparype Koporsl Coanna 1.5 - 10° K.

KPMOTEHHLIE CBOM

Kpome Toro, 3ametmym, 4To 9T0T rpadrK COOTBETCTBYET
3HaueHuIo Re s = V5, a aast Re s= 143, %5, Y7, ..., ee kacmioBast
9acTb OYAET YAAUHATBCS B BEPTUKAABHOM HAIIPABACHMUY,
TO €CTb B CTOPOHY BO3PACTAHHS TEMIIEPATYPBL.
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PucyHok 5.

Taxum 06pa3oM, aTOT rpaduK IPABHABHO OTPaxa-
eT MPUYNHY AaHOMAABHOTO Harpesa KOpoHsl CoAHIA.
B 110AB3y TaKOro MHEHHsI MOKHO IIPHBECTH TOT paKT,
uro “... MIso6paxenus, sanucanusie TRACE B kpaiinem
YABTPa$HOAETOBOM CIIEKTPE, IOKA3BIBAIOT, YTO OCHOB-
HOI1 HarpeB IPOUCXOAUT 8HU3Y KOPOHbL, BO3AE OCHOBA-
HUS [TeTeAb, KOTAQ OHU MTOSBASIIOTCS ¥ KCYE3AI0T Ha I10-
BepXHOCTH coAHIa. HoBble HAOAIOACHMS IPOTUBOPEYAT
OOLIeNPUHSTON TEOPUH, COTAACHO KOTOPOU CYUTAETCS,
YTO TeTAH HarpeBaoTcsi papHoMepHo” [ 10]. Aunns L4,
mapaaaeabHast L1 MpoXoAUT Ha 4yTh 6OABIIEM PacCTO-
SIHUH OT LieHTpa, 4eM L1 u uMeer abcuccy npuMepHo
2.1, rae 1 o6Hapy>KeHa AaHOMAABHO BBICOKAS TeMIIEpa-
Typa Ha koablie A CarypHa (puc. 6) uccaepoBaTeAIMU
13 NASA [11], u He AOXOAUT AO BBIIYKAO# 9KCTpeMa-
AU Kssz/ R orrHOCHTEeABHO LeHTpa koopauHaT. VMmen-
HO B 9TOM COCTOSIHMU AUHMS L4 Tprokabl mepecexaer
KSS , /d, © TOABKO €AMTHOKABI KSS , /R. Bo Bcex aTux cAy4a-
SIX, IOCAEAOBATEABHOCTD HAIIPABACHUI HUCIIAAAOLIET
1 BOCXOAAIIEN AUHAMUKH OIIMChIBA€MbIX UMH ABYKEHHI
SIBASIETCSI [IPOTUBOIIOAOXKHBIM IIPEABIAyILIEMy. DTO CO-

CTOSIHHE ¥ MOYKHO Ha3BaTh “HanboAee epeMelIaHHbIM
CoCTOsIHMeM Kak B ypaBHeHuH Ban-pep-Baaabca. Aaske,
KOTAQ TaKast 4acTb Koabja A CarypHa OyAeT HaXOAUTDCS
B TeHeBOM cTopoHe oT COAHIIAa HHTEHCHBHOCTb Ilepe-
MEIIMBAHUS B 9TON TOYKE He MOXKET OCTAHOBHUTHCS U OY-
A€T BBICOKOII IT0 CPaBHEHHUIO C OCTAAPHBIMHU YaCTSIMU.
Tax KaK 3aBUCHUT OT HeIpPeKpaIaioI[erocs BpaljeH st
camoro CarypHa, a He ot o6orpesa Coanria. IToatomy,
B 9TOM YaCTU Ha pacCTosiHUHU ~2.1 TemmepaTypa He Oy-
AT OCTBIBaTh, KaK B APYTHX, 0OAee PBIXABIX YaCTSIX.
ITpuyumHa BbICOKOM TeMIIEPATYPBI KOAbIIA A MOXKET ObITH
He B “MOAOAOCTH 3TOM YaCTH KOABIIA, 2 B MEXAaHHU3MeE
HerpeKpamaomerocs AeficTsus K pacrnososxkenun
Y3AOB CTOSIYHX KOAeOAHHIT IMEHHO B CEPEANHE OTpe3ka
B B,, c papuycom ~ 2.13. B rouke B, npu “samemaenuu”
(mo puc. 6) KacaTeAbHOTO HamNpaBAeHHs BUOPHpyeT
9Heprus LIEHTPAABHOTO PAcCTOSHUS, a B TOUKe B, Ha-
oboport. [ToaTomy, MexXAy AByMsI “3aljeMACHUSIMHI  HaU-
boAee 9HepreTHIeCKU BHITOAHBIM Y3AOM CTOSI€H BOAHDI
SIBASIETCSI CPEAHSISI AMHUS KOABLIA A, TA€ U AOAXKHBI CKY-
gyuBaTbCs BemecTBa. Kak u B caygae c BICEP2 na IOx-
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HoM IToaroce [1], mccaepOBaTeAM BOCXMIAIOT CTOAD
TOHKO ITOAMEYEHHBIM 3$PEeKTOM, IIOATBEPIKAAIOIUM
TEOPUIO aBTOPA. 3AeCh AODABUM OOBsCHEHHE Iepe-
naetenms npsaeit Koasna F. M3 pucyska S He cAOXHO
3aMeTHUTb, YTO eCAU MpoaBUraTh L4 mapaaseapno L1,
U AQABIIE OT LIEHTPA, TO, OHA IepecedyeT AMHHIO I<552/ R.
M Torpaa AMHMS B3aUMOAEHCTBHS Pa3ABOUTCS B IIPOTHU-
BOIIOAOXKHBIX HAITPAaBAEHUSX, X BAOOABOK OYAET HCIIBI-
TBIBATh KpyTsmue aericTeust oT K /a. TloaTomy, cTpys
9HEepPIUH Ha papuyce KoAbIa F BpeMeHaMH MOXKeT pPe3Ko
U3MEeHSTDb CBOe HAallpaBA€HHe IIepeTeKaHMUs, YTO MOXKET
OOBSICHUTH MMOSIBACHUE II€PEIIAETEHUSI ABYX HAH TPeX
“npsiaeit” B Koablje F.

A Temeps, CKOHI|eHTpUpPyeM BHHUMaHHe Ha O0b-
SICHEHUU elle 60Aee 3aTapOYHOTO SIBACHUS — 6MO0-
poe xacnosoe snavenue K /R = 6.3 K obbscuser
MEXaHU3M CIIOHTAHHOTO H3AYYEeHHsS aKTHUBHBIX SIAEP
B paduasvrHom HampaBAeHuH. B caygae CarypHa aro
00BICHSAET CIIOHTAHHOE BOZHMKHOBEHUE “CIHI] U “Te-
Heil” Ha KOAbIle B. DToMy cOOTBeTCTByeT pa3aBOeHHUe
AVHUI 9HEpPTUHU YyTb BbIlle TOUKH mepecedenus K /a
71 Kssz/R' OTOT PaKT MOXKHO MHTEPIPETHUPOBATD U CAe-
AytomuM obpasom: Kacrosast auans KSS 2/ R c abcnuccoit
1.41 omnuchIBaeT MEXaHU3M ACFICTBHS KaK Obl “papuanb-
HOI1 cTpeAbbsI” siaApa CaTypHa AUCKPETHBIMU HPpPALiU-
OHAABHBIMHU OYePeAsIMH — HMITyAbCaMU. B To Bpems,
KOTAQ HAIIPOTHB HMITYAbCA ITOSIBASIETCSI TBEPAOE TEAO TO,
OHO IIpeBpaIjaeTCs B ‘CHAPSIA , U IPOTAPAHHIB COACPIKHU-
Moe KOAbIIa B cospaeT “cimnpl’. A KOTAQ, 9TOT “CHapsip”
He BBIACP)KHBAET CHAY UMITyAbCA U Pa3pyIIAETCsl, TO, €r0
OCTaTKH Pa3OpbI3TUBAOTCS, U IPEBPAAIOTCS B “TeHH™
Ha KoAblle B. IToaromy, mosiBAeHue “criui” AW “TeHei
3aBUCHUT OT “TyXAOCTH ‘cHapsiaa. HaxoxxpeHue “cHapsi-
AQ” B HY)KHOM MeCTe B Hy>XHO€ BpeMsI OIIICBIBAeTCS 3a-
KOHOMEPHOCTBIO PACIIPeACACHHS IIPOCTBIX YHCEA, CPEAH
HATYPaAbHBIX, TO €CTb OHO BOOOII[e-TO HeIIpeACKa3yeMo.
TakuM 06pasoM, MOXKHO IPEAIOAOXKHUTB, YTO “TEHH 3TO
HeyAABIIHeCS “CITULIBL .

3aMeueHHOE peaAbHOe AeTeKTHPOBAHHE CIIOHTaH-
HOI1 “cTpeAab6br” maaneTs: CarypH, kpoMe “criun” u “Te-
Hell” MOXXeT OO'BSICHITD IPUIHHY BOSHUKHOBEHHS APY-
rOT0 3aMeYaTeABHOTO MAaCIITAOMPOBAHHOTO SIBACHIS
MHUKPOMHPA — €CTeCTBEHHO! PAAHOAKTUBHOCTH, UAH
AUCKPETHOTO CIIOHTAaHHOTO H3Ay4eHUs A, [, Y dacTu
U3 SIAeP PAAMOAKTHUBHBIX BelecTB. Takke sIBACHHE BO3-
HUKHOBEHMUS ACKPETHOI CIIOHTaHHOM “CTPeAbOBI SIApa
cheprr” 0OBSICHSIET KOPOHAABHBIE BBIOPOCHI 9HEPIHU
(Bcrbimikm) u Maccer Ha oBepxHoct Coanna. Buau-
MO, CBSI3b KOPOHAABHBIX BBIOPOCOB MACCHI 1 COAHEYHBIX
BCIIBIIIEK ITPOMCXOAUT 10 IIPUHIUITY “HAU 9TO, HAU TO .

IToaydaercsi, uro Hame CoAHIle MOXET “CTpeAsiTb ),
U YTO CAMO€e TPEBOXXHOE, CTPEASITh AAPECHO, TO eCTb
10 TAaHeTaM. XOTs, CYUTAETCS, YTO Halla 3eMAs Ha-
XOAUTCS Ha “TIPAaBHABHOM  HAH YAOOHOM PacCTOSIHUH
ot CoaHIJa, TAe MOTAQ GBI 3aPOAUTHCS OHOAOTHIECKAS
»u3Hb. 13 mpepsaraemoro Heokaaccuyeckoro mopxo-
AQ CAEAYET, 4TO IIPU MACIITAOUPOBAHUH 3TO “IIPABUAb-
HOe” PAacCTOSIHUE OKA3bIBAETCS YHUBEPCAABHBIM KAK AAS
3eMAM MAY TIAQHETHBIX CUCTEM, TaK U AASL SIACP aTOMOB
u raaaktuk. Ho aTo siBAeHUE, KpOMe TOro 3aMeYaTeAbHO
ellje U TeM, 4TO MOXKET AATh IIOBOA AASL “TIPEATIOAOXKEHHS
0 BO3MOXXHOCTH , KaK 9TO HH CTPaHHO, CyI}eCTBOBAHMS
KaKou-TO GpopMel brorormyeckoil xxu3nu Ha CarypHe.
IToToMy, 4TO “TyXAOCTb CHapsiza” U IOSIBAGHHE “Te-
Heil” IIOKA3bIBAeT, UTO AO PA3PYIIEHHS COAEPKHMOe
“cHapsina” MOTAO HAXOAMTBCSI BHYTPU KaKOTO-TO U30-
AHUPOBAaHHOTO 00BEMa, TA€ MOT'YT IIPOTEKATb KAKHeE-TO
XUMHUYeCKHe PeaKIUH, IPUBOASIINE K BOSHUKHOBEHHUIO
“LIBeTHBIX  pe3yABTATOB, TO eCThb “TeHeil . Koabla Bo-
kpyr CaTypHa 3arapAO4YHbI ellje U TeM, YTO MEXAY HIMH
MMEIOTCSI OOABIIINE U MAABIE IIEAH, PE3KO Pa3AEASIOL[e
MX Ha MHOTHe KOHI]eHTPHYeCKH BAO>KEHHbIE KOAbIIEBbIE
3oubI A, B, C u pApyrue. Ilpu aToMm BemecTBa pazaeseH-
HbIX KOA€I] He IIePeMeIIHBAIOTCA C BellleCTBAMHU APYTHX,
He BBIXOAS 32 CBOM Pe3KO OuepueHHbIe, TIOPOI OUYeHb
y3kue rpaHuibsl. OTHOCUTEABHOE PACIIOAOXKEHHE IleAeit
B KoAbIjax CaTypHa COOTBETCTBYIOT 3HAUEHUSIM Uppa-
L[MOHAABHBIX 3HaYeHuit paccTosHuil (puc. 6). (Bo usbe-
JKaHMe YPe3MEePHOTO 3arPOMOXKAEHHUS CXeMbl, H306pa-
seHHe PaAMaITMOHHBIX TOSICOB OTYI[eHbl ). 3arapOdHbIe
a¢dexTnl Ha KoAbLjax CaTypHa SIBASIOTCS PE3yABTATOM
BO3HHKHOBEHMS HECOM3MEPUMOCTH B IIPOIOPLIUIX pac-
CTOSIHMI1 U 9HepTui B3aumopercTsus. IIpeanoaaraercs,
4TO, KOTAA LIeHTPAAbHOE MAH KACATeABHOE PACCTOSIHUS
TOYEK Ha TPAEKTOPHHU IBOABBEHTHI KPyra OYAYT paBHbI
KOHEeYHbIM 3HAUYeHUsIM, OHU AOAKHBI MIMeTb XapaKTep,
AQHAAOTHYHBIN YKEeCTKOMY 3alljeMAeHHIO. A KOTAQ OHHU
HMEIOT UPPALOHAABHBIE 3HAYEHUS TO, IPUOOpPETAIOT
CBOMCTBO BHOPAIIMOHHOTO XapakTepa. bespasmepHsie
IIeHTPaAbHbIE PACCTOSIHUS R AO TOUKH Ha TPaeKTOPUH
3BOAbBEHTHI Kpyra oTmedens! crpeakamu OB, OB,
OB,, ..., a kacareAbHbIE PacCTOSHHUS BAOAb HOPMaAb-
A3 B 5 TlosiBAeHME

272
UppaliOHAABHBIX 3HAUEHUM SIBASIETCS IIPU3HAKOM TOTO,

HOrO yckopenust Wn, kak A B A B

4TO HAPYIIAETCS COUSMEPUMOCHL CHCTEMBI CHA B3aH-
MOAEHCTBHS. MaTeMaTHYeCKH OHO BBIPAXKACTCS AAS
tpeyroapunkos OA B, OA B, OA, B, nesosmoxHo-
CTHIO BBIYHCAEHUSI KOHEYHOTO 3HAYEHUS] AAMHBI 10 Te-
opeme IIndaropa, koTopas mucaHa He AASL CAMUX AAUH
CTOPOH, 2 TOABKO X KBAaAPATOB.
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PucyHok 6.

IToaToMy, 4TOOBI YAOKHUTBCS B OYEBUAHBIE PAMKHU
TeopeMs! [ Tuparopa He KOHeUHAsI AAMIHA TPEYTOABHHUKA,
AOAKHA COBEpILIATh M3IHOHBIE KOA€OAHIs, COKpAIast
CBOIO AAMHY. JTO O3HAYaeT, 4TO BelecTBa KoAer Caryp-
Ha, IPUXOASIIMECS Ha 9TH PACCTOSIHISL, OYAYT BBITAAKH-
BATbCsI M3 OTHX ILjeAei], ANOO OTTOHSTHCS BO — BHYTPb
9THX IPaHMUL], CO3AABasI, HarpuMep, Aeaerre Kaccunn.
TOYKH 9BOABBEHTHI M3-32 HPPALMOHAABHBIX CBOMCTB
9HEPTHU AOAKHBI HCIIBITHIBATh KOA€OAHNUS BHOPALIMOH-
HOTO XapaKTepa I10 BCell AAUHE, U IIPY BpallieHUH Cepbl
OHH ITOKPBIBAIOT MAOIIAAU BCex Koaell. IToaTomy, aae-
MEHTBI KOA€I] H3-3a BPaIleHHs CPePhI AOAKHDI “APOXKATD
a BO3MOXHO U M3AABATh 3BYK.

ITpeAAO>KeHHDIN MeXaHU3M 0OBSCHSET, KaK BOOOIIe
POPMHUPYIOTCS KOABLIA U IIIEAH, F KAKM 00pa3oM yaep-
JKUBAIOTCS UX rpaHuLlbl. Pe3koe ouepmanue kpas xoaer
00'BSICHSIETCS] BHE3AMTHOCTDIO IIPOSIBACHUS UMITYAbCA B3a-
HUMOAENCTBHS KaK CBOMCTBA IIPOCTOTO YUCAA ACAUTHCSI
TOABKO Ha Ce0si 1 eAMHHUITY. A He KOHEYHOCTD 3HAYEeHUI
PACCTOSIHUI, OOBSICHSIET — IIOYEMy CYIeCTBYIOT 80A-
HbL NAOMHOCMU U U32UOHBIE 80AHDL B KOAbIaX. To ecTb
9TOT MEXaHU3M OCTABASIET He ¥ A€A UACI0 O “TIaCTyXax .
Taxoxe tupoKonosocroe duckpemmoe HenOAIPU3068aH-
HOE IAeKMPOMAZHUMHOE U3AYHeHUE OOBSICHIETCS TeM,

9TO B, sIBASIeTCS TOUKOM epeceveHust Cpasy AByX Uppa-
LIMOHAABHBIX, KacaTeAbHOro A, B, = V2 u IIeHTPAABHOTO
OB, = 3= 1.73 paccrosmus. Paccrosiue 2.44 papu-
yc-BeKTOpa R cOOTBEeTCTBYyIOIee YTAOBOM KOOPAUHATE
a = 7/3, HasbiBaeMoe npedesom Powa sisasieTcst KpUTH-
YeCKHM AAS CITyTHUKOB IIAQHET, TaK KaK OHU MOT'YT pas-
pymarbces. Ho 9To MpoHcXoAUT He M3-3a IjeHTPaAbHON
TPaBUTAIMU HAU IPHUAUBHBIX CHA, KaK IPHHSATO CYUTATD,
a M3-3a BHE3AITHOTO YBEAMYEHMS MOMEHTA BpalljeHHs
AO MAaKCHMYMa, TaK KaK OHHM OKa3bIBaIOTCS HA AUHHMH IIPO-
THUBOITOAOKHO ABMDKYIIUXCSI CAOEB YCKOPEHHI HAH, YTO
eme xyxe, Oyes. Illeav Maxcéeara pacrioa0oXeHa Ha pa-
Amyce R=+2=1.41, a desenue Kaccunu sBasieTCst caMoit
IIMPOKOM IIOYTH ITyCTOM 30HOM, TaK KaK Ha 9TOM pacCTo-
SIHUM MaKCUMYMBI aMIIAUTYA K /R= 0.36 (uro, xcTaTH,
paBHO 3HaueHHI0 aAbbeao 3eman) n K /a = 0.41 poctu-
ralOT HaHOOABIIeN Pa3HOCTH B PAAHAABHOM U YTAOBOM
HanpasaeHud | 1]. Caep0BaTeAbHO, aMIIAUTYAR KOAEDa-
HUSA KaCaTeAbHOH COCTABASIONIEN UPPALlMOHAABHOM CHABL
OyaeT HanboAbIIeH U “BbIMETAeT YACTHIIBI M3 CaMOM
6oabmIo#t 30HBL Takke, pUCYHOK 1 MOXeT 0OBSCHUTD
HeOOBIYHOE TTOASPHOE CHsIHME, TIOKPBIBaOIee BeCh ce-
BepHbIit moatoc CarypHa [12]. AAd nosBAeHNS cusHus
6 CAMOM NOAIOCE HY>KHA CHAQ, AOCTaBASIIONIAs 3apsDKeH-
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HbIe YaCTHIBI M3 KOCMOCA MPSIMO K IIOAIOCY €TO MarHu-
TOCQeph, TAK KAK CHHXPOTPOHHOE U3AYYEHHE AASI 9TOTO
He IPOXOAUT. TaKo# CHAOI MOXKET ObITh LIeHTPAABHOE
oxarue cepbl, IpUBeAeHHOe Ha puc. 1.

3akarouenune: Bokpyr Bpamaromeiics cdepsl saep
BO3HHKaeT HaTypaAbHOe n3obpaxenue (koabra Caryp-
Ha), CMECH CIIAOIIHOTO, TOAOCATOTO M AMHEYaTOrO Criek-
TpoB (anaroruunbix 3onam Openens, cepusm Baabmepa)

MaCH.ITa6I/IPOBaHHOI'O pacpeAEAEHN SHEPTHUU AI/I(l)PaK-
I_II/IOHHO-I/IHTqu)epeHLII/IOHHOI‘O BBaHMOAeﬁCTBHﬂ IIyTeEM
EEKBaHTyeMOﬁ IEPKOASITMH (I/IPPaLII/IOHaAbHOI'O nepe-
TEKaHI/Iﬂ) MEXAY SKBaTOpPIaAbHOfI ITAOCKOCTBIO 1 OCBIO
BpallleHH. Takas TIIEPKOAAHS AOITYCKAE€T BOSMOXKHOCTD
BO3HHMKHOBEHHM TAKXKE M HE ACTEPMHUHHPOBAHHOTO CIIOH-
TAHHOI'O M3AYYE€HHU N3 aKTHBHDIX SIAEP BO BCEX TPEX —
MHKPO, MaKpO 1 M€Ta MHpax.

Cnncox AnTepaTypsi:
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