2> Russian Journal
* * - -
) ‘i « of Biological Research

Has been issued since 2014. ISSN 2409-4536
2014. Vol.(2). N¢ 2. Issued 4 times a year

EDITORIAL STAFF

Cherkasov Aleksandr — International Network Center for Fundamental and
Applied Research, Sochi, Russian Federation (Editor in Chief)

Davitashvili Magda — Telavi State University, Telavi, Georgia (Deputy Editor-
in-Chief)

Mamadaliev Anvar — International Network Center for Fundamental and
Applied Research, Sochi, Russian Federation

EDITORIAL BOARD

Ermilov Sergey — Tyumen State University, Tyumen, Russian Federation

Katorin Yurii — Admiral Makarov State University of Maritime and Inland
Shipping, Saint-Petersburg, Russian Federation

Rzheshevskii Oleg — Institute of World History, Russian Academy of Sciences,
Moscow, Russian Federation

Smigel Michal — Matej Bel University, Banské Bystrica, Slovakia

Volodin Vladimir — Komi Science Centre, Ural Branch of the Russian Academy
of Sciences, Russian Federation

Journal is indexed by: Cross Ref (USA), Open Academic Journals Index (Russia).

All manuscripts are peer reviewed by experts in the respective field. Authors of
the manuscripts bear responsibility for their content, credibility and reliability.

Editorial board doesn’t expect the manuscripts’ authors to always agree with its
opinion.

Postal Address: 26/2 Konstitutcii, Office 6  Passed for printing 20.12.14.

354000 Sochi, Russian Federation Format 21 x 29,7/4.
Enamel-paper. Print screen.

Website: http://ejournal23.com/ Headset Georgia.

E-mail: sochioo3@rambler.ru Ych. Izd. 1. 4,5. Ysl. pech. 1. 4,2.

Founder and Editor: Academic Publishing  circulation 500 copies. Order Ne B-o2.
House Researcher

© Russian Journal of Biological Research, 2014

N
o
[y
AN



& g:l ;?t:?l:lgll?:::lll:::search

W3snaercs ¢ 2014 1. ISSN 2409-4536
2014. N2 2 (2). Beixosur 4 pasa B roj.

PEJAKITMOHHAA KOJIVIETUA

YepkacorB AsiekcaHap — MexX/IyHapoJHbIH ceTeBON LEHTp (QyHIaMEHTAJIbHBIX U
MIPUKJIAHBIX uccenoBanuii, Coun, Poccuiickas @enepanus (IJ1aBHbIA peJlakToOp)

JaBuramBuaun Marga — TesaBCKUH TOCy/JapCTBEHHBI YHUBEPCHUTET, TejaBu,
I'py3us (3aMecTUTENTH IJITABHOTO PEAAKTOPA)

MamananmueB AHBap — MexIyHapOAHBIN ceTeBOM LEHTP (QYHAAMEHTAIbHBIX U
MIPUKJIAHBIX UccenoBanuii, Coun, Poccuiickas ®enepamus

PEJAKITUOHHBIN COBET

Bousoaun Baagumup — Komu Hayusslit neHTp Ypo PAH, Poccutickas ®eneparus

Karopun IOpuii — rocyZapcTBeHHBIM YHHUBEPCHTET MOPCKOTO M pedHoro ¢ora
um. agmupaina C.0. Makaposa, Caukr-Iletep6ypr, Poccuiickas Peneparus

EpmuioB Cepreii — TIOMEHCKHH TOCYZApCTBEHHBIH YHHUBEPCUTET, TiOMEHb,
Poccuiickas ®eneparius

P:xemeBckuii Osier — MHcTUTyT Beeobmei ucropun PAH, MockBa, Poccuiickas
Denepanus

IMImuress MuxaJu — YHuBepcureT Mareda bana, bancka beicrpuna, CiioBakus

Kypuain ungexcupyercs B: Cross Ref (CIIIA), Open Academic Journals Index (Poccus).

CraTby, IOCTYNIHBIINE B PENAKINIO, PELEH3UPYIOTCA. 3a JOCTOBEPHOCTh CBEIEHUH,
H3JI0KEHHBIX B CTAaThAX, OTBETCTBEHHOCTb HECYT aBTOPHI ITyOJIMKAIIHH.
MHeHue peflakIiuy MOXKeT He COBIIaZiaTh ¢ MHEHHEM aBTOPOB MaTepHasIOB.

Anpec penmakuuu: 354000, Poccus, r. Coun, IMoamucano B neyars 20.12.14.

yi1. Konerurymumy, 1. 26/2, od. 6 dopmar 21 x 29,7/4.

Caiir sxypHaia: http://ejournal23.com/ Bymara odcernas.

E-mail: sochioog@rambler.ru ITeuars TpadaperHasi.
T'apuuTypa Georgia.

Yupenutens u usgarens: 000 «Hayunsbri V4.-u3A. 1. 4,5. VeI TIed. I1. 4,2.
n3parenbekuit  gom  "Uccneposarens”» -
Academic Publishing House Researcher Tupasx 500 5k3. 3akas N@ B-02.

© Russian Journal of Biological Research, 2014



Russian Journal of Biological Research, 2014, Vol. (2), Ne 2

CONTENTS

Articles and Statements

The Ways to Solve Ecological Problems in Azerbaijan
at the Beginning of the XXI Century
SevAa Z. ANMEAOVA ......cveueeririieietieteeeetee ettt enees

The Dynamics of Herbage on the Areas of Logging in Formation
of Rock Oak on the Black Sea Coast of Caucasus

NiKOIAY A. BItFUKOV ...ccviiiiiciiiceeceee ettt et e saa e e e e s ve e eave e s saaennaeenaeennas 81

The Effect of Phosphorus on the Growth and Productivity
of Mexican Marigold (Tagetes minuta L.)

Marzieh Negahban, Abdolhossein Aboutalebi, Abdolraool Zakerin ...........ccccceevvervennnnnne. 93

Controlled Properties of Osteotropic Biomins Implant Material
for Various Clinical Applications (Literature Review and Own Results)
Nataliia Ulianchych, Oleg Mishchenko, Igor Kondratets, Nataliia Zaitseva

...................... 100

75




Russian Journal of Biological Research, 2014, Vol. (2), Ne 2

Copyright © 2014 by Academic Publishing House Researcher S J—
P * * ) Published in the Russian Federation Russian Journal

* »  Russian Journal of Biological Research ohRilggical Besearch
% % Has been issued since 2014.

ISSN: 2409-4536
Vol. 2, No. 2, pp. 76-80, 2014

DOI: 10.13187/¢ejbr.2014.2.76
www.ejournal23.com pa | | |

Articles and Statements
UDC 581.524.44; 633.214

The Ways to Solve Ecological Problems in Azerbaijan
at the Beginning of the XXI Century

Sevda Z. Ahmedova

Ganja State University, Azerbaijan
Doctor of Biological Sciences, Professor

Abstract

Since the 1990s years, after the Republic gained its independence, the natural resources and
environment of Azerbaijan has been in hard condition. For eliminating the ecological tensity of the
Republic, several plans and projects were put up and carried out. At last the positive results were
obtained.

Keywords: ecological problems, environmental protection, oil pollution, biodiversity,
desertification, action plan, state programs.

Introduction

Like all countries of the world, Azerbaijan also confronts environmental problems of different
character. Preserving of ecological balance, rational use of resources, and protection of water, air
and earth from pollution in our planet is universal problem. Undoubtedly, the solution of these
problems is one of the strategic challenges standing in front of Azerbaijan, too. Planned and long-
term action plans, a large amount of state investments are required for coping with that challenge.
It should be noted that, the protection of ecological balance did not predominate during the Soviet
reign in Azerbaijan[4]. As well as the grievous problems which our country faced after gaining
independence did not allow paying particular attention or making investments to ecology. In the
last century as a result of using uncomplicated technologies 30000 or 35000 hectare areas were
polluted with oil, consequently severe ecological aftereffects occurred in capital Baku, the coastal
areas of the Caspian Sea, Sumgait and other places. But, in recent years the beginning of rapid
economic development gave an opportunity to the solution of ecological problems and
environmental protection become one of the main priorities of the state for the first time during
some decennials. Today Azerbaijan is busy for solving the ecological problems from the past (Soviet
period). During the last 8-10 years the large scale of state programs, great projects which required
billions of manats directed to the improvement of the environmental situation was carried out.
Such kind of large scaled actions are carried out for the first time during last decennials in
Azerbaijan’ history and these actions show their results now.

Base of the ecological programs implemented in Azerbaijan during the recent 10 years has
been put in 2003. That year President of Azerbaijan had approved 2 national programs
“On ecologically sustainable social-economic development” and “On restoration and increasing of
forests”, further during 2003-2004 the following 3 state programs “Efficient usage and
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development of natural stone stock in Absheron peninsula”, "On efficient usage of summer-winter
pasture and greeneries and prevention of desertification” and “On development of
hydrometeorology in Azerbaijan Republic” and all these programs are implemented so far.

The five-year plan which is the turning point for the solution of Republic’s environmental
problems has great importance. But the most important step done in this direction is considered
“Complex Action Plan for 2006-2010 on improvement of ecological conditions in Azerbaijan
Republic [www.webcity host...] [8]

Projects directed on improvement of ecological conditions, including cleaning of polluted
lakes from oil spills and sewerage waters around Baku city, its drying are reflected in “New State
Program on socio-economic development of Baku city and its settlements”, approved in 2011.
The International Pesticide Forum was held in Azerbaijan, Gabala in 2011. More than 120 experts
who came from more than 40 countries participated there. The capacious information exchange
among these Forum countries organizations and donors made the determination of all state
institutions and private sectors together [www. Timeturk.com] [6].

In ensuring of ecological balance for the capital of Azerbaijan, the Caspian Sea has a separate
role. But unsettling of legal status of the Caspian Sea restricts the multilateral actions for
prevention it from pollution, protection of rare fauna [5]. Despite of it Azerbaijan is a country that
spends large investments, creates necessary infrastructure on unilateral form for protecting the
Caspian Sea from pollution, especially takes the measures in direction of saving sturgeon, one of
the rare fish species of the world from perishing. These activities have become wider in recent few
years.

Concrete activities are implemented in direction of realization of tasks provided in Decree of
the President of Azerbaijan signed in June 20, 2007 “On some measures for protecting of the
Caspian Sea from pollution” for improvement of ecological situation in the Caspian. Basing on this
decree, modulus type local waste water purification devices were installed on the coasts of the
Caspian Sea, meeting the international standards. The same devices consist of equipments made in
Italy, USA, Germany, Taiwan, Turkey, and France and were completed in modulus in Turkey.
These devices if we take into account oil removing equipment, in general has a capacity of cleaning
of 4070 m3 of waste water.

Part of the devices has been installed in the Absheron peninsula’s settlements of Bilgah,
Buzovna and Mardakan and already five stations of the system of protecting of the ecological
environment of the Caspian Sea carry out activity. Thanks to it polluted waters are cleaned from
ingredients having negative impact on environment and human health (including in some cases
from bacteria of intestine at rate of 2,3 million pieces per litre and organic pollutants exceeding the
norm for 100 times) and are flown to depth of water of 250-300 meters. Monitoring carried out
showed the reduction of level of pollution of water of the Caspian Sea within a short time. It is
necessary to note that about 1 billion manats were spent for creation of infrastructure for
purification of polluted waters flown to the Caspian just in 2010. Water purification works at
present are continued in the direction of Sumgait city. Azerbaijan is only country among Caspian
littoral states that implements complex measures on cleaning of pollution in sea and its water area.
Continuing of these measures in the next years will result with more cleansing of the Caspian water
area and Absheron peninsula will be removed from sources of polluting of the Caspian Sea.

Besides the cleaning of the oil-polluted soils, the keeping of harmful materials in the factories
is prevented. The prevention of the pollution of the environment was not priority problem in the
past times during oil production. But policy of Azerbaijani president directed on elimination of
ecological problems had changed the attitude to it. Now it was assigned to oil producing companies
to avoid pollution of environment. This problem for has been turned to one of the basic priorities
for Azerbaijan State Oil Company. The main direction of “Ecol Engineering Services” CJSC’s
activity plan is the improvement of ecological situation in Azerbaijan, especially in the field of oil
industry.

One of measures directed to improve the ecological situation in Azerbaijan and provide the
long-term ecological safety in the country was adoption of State Programs on alternative and
renewable energy sources for the first time.
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Order of the President of the Azerbaijan Republic has been signed about affirming in 2004 of
the "The State Program on using of alternative and renewable energy sources in Azerbaijan
Republic", programs on using of alternative and renewable energy sources already give its yield and
first wind electric station was launched in the territory of the Gobustan region of the country in
2011.

One of the most important ecological projects implemented in Azerbaijan in recent years is
building of the plant based on the newest technologies for burning household wastes in Baku
[www.timeturk,com]. This plant is considered to be the biggest plant of this type according to
capacity of production in the Eastern European and CIS space. This plant being built with
application of 4G technology will meet all severe requirements in the field of protection of
environment in EU.

One of the important stages for the improvement of ecological situation in Azerbaijan is year
2010 has been declared as “Year of Ecology” by President Ilham Aliyev. This campaign has allowed
involving the wider community for environment problems, strengthening by all state and public
institutes of ecological measures. Millions trees have been planted in the frame of Year of ecology
in the capital and other big cities, regions, social discussions have been held on environment
problems and other initiatives have been realized.

Ecology and Natural Resources Ministry co-organized with Environmental Program of UNO
in 7t of July in Gabala with the presence of ecology and environment ministers and deputy
ministers of 30 countries in the region of East Europe and Central Asia, was held the international
conference on the biodiversity.

According to the local office of APA, the Minister of Ecology and Environmental Sources
Husein Bagirov who participated in the conference gave detailed information about the doing
works on protection and development of biodiversity.

According to the minister’s speech, Azerbaijan can be added to the list of countries which
took serious steps for reaching the objectives of Biological Biodiversity Convention. H. Bagirov
emphasized that specially protected natural territories convene about 4, 5 % of the republic’s
territory in 2003, but now that figure was increased to 10,1 %. During the last 3 years reforestation
activities were held in the area of 32211 hectare.

Azerbaijan Republic has the richest natural resources in the Caucasus Region. Azerbaijan has
a particular place among the world countries for its biodiversity. Many species of animals and
plants are collected there. The large number of plant species found in the world infiltrate in a small
area like Azerbaijan.

About 4500 spices of supreme, spore flowering-plants grew in Azerbaijan are combined in
125 groups and 920 varieties. The plant spices found in Azerbaijan form the amount of 66 % of
plants which grew in the Caucasus region. Besides the spices of plants widespread in the Caucasus
and other regions, there are about 240 endemic plant spices characteristic to the small regions of
Azerbaijan.

The wildlife in Azerbaijan is colorful related to the diversity of natural condition. 104 species
of mammals, 394 species of birds, 10 species of amphibians, 54 species of reptiles, 1 species of
round-mouth, 101 species of fish and more than 25000 invertebrates are known in the territory of
Azerbaijan Republic. “The Red Book” of Azerbaijan Republic is the state document about the
condition of the rare and endangered wild animals and plant species. The present “Red Book”
consists of 6 parts.

The environmental director of Europe bureau of UNO’s Environmental Program Cristof
Buvye mentioned that the future factors must be took into consideration for maintaining all
systems, in his speech in Gabala. According to him, we must create a foundation to the future
generations for the understanding of this wealth. Cristof Buvye considered that, the year 2010
declared “The Ecology year” in Azerbaijan coincide with “The Biodiversity year” in the world and it
is a significant event. The video speech of the team leader of UNO’s Green Agriculture Pavan
Sudkewin was heard.

The issues related to the protection of biodiversity in the region of Central Asia and East
Europe, the main topics on the plane of region and country are analyzed in the conference with the
presence of the environmental ministers and deputy ministers of Macedonia, Germany, Georgia,
Romania, Kyrgyzstan, Ukraine, Turkmenistan, Bulgaria, Turkey, Tajikistan, Kazakhstan, Serbia,
Russia and other countries.
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As a part of the conference, on the themes of “Green Economy”, “The Economy of
Ecosystems and Biodiversity”, “Specially Protected Areas and Ecological Grid, Reducing of Poverty
in the Surrounding Communities” and “The Strategy Plan and Objectives of Biodiversity after
2010: The Priorities to Europe Region” 3 round tables were held.

The 7% of May in 2010, with the attempt of IDEA (International Dialogue for Environmental
Action) and with the organizational support of Haydar Aliyev Foundation and Haydar Aliyev
Center the summit was held in the Haydar Aliyev Center on the topic of “Biodiversity of The
Caucasus”.

The First Lady of Azerbaijan and the President of Haydar Aliyev Foundation Mehriban
Aliyeva and the vice-President of the Foundation and the founder and CEO of IDEA Leyla Aliyeva
took part in the conference.

Leyla Aliyeva spoke about the importance of protecting the nature in the early ages and she
said that IDEA joins young people around itself. She mentioned that, the protection of
environment not only in our native country but also in the whole region and the projects on the
protection of flora and fauna are carried out by IDEA. Among them “The great 5 of Caucasus”
which paid attention to the protection of the 5 endangered animals — brown bear (Ursus arctos),
imperial eagle (Aquila heliacal), gray wolf (Canis lupus), antelope (Gazella subgutturosa) and
Caucasian leopard (Panthera Pardus saxicolor) is of great importance.

Leyla Aliyeva emphasized that more than 3 million trees are planted and the classes are
created at schools within the projects implemented. The other important qualities of IDEA are the
presentation of projects in literary and creative form.

The founder and CEO of IDEA mentioned that, the restore and protection of endangered
species is the main objective of us. We are working together on this issue in a number of
international organizations. The membership of Azerbaijan to the Organization of Protecting
Environment is a joyous case.

As the result of some actions done by state in direction of improvement of water supply of
population of Azerbaijan with ecologically clean water the installation of modulus type water
purification devices begun in 2007-2008 Nakhchivan Autonomous Republic, and in 100
settlements in many of them these devices are already used by population. In view of positive
results of supply of the population with drinkable water thanks modulus type water purification
devices according to Order of the President of Azerbaijan Republic signed in 2008 these works
were continued and 2 million manats were allotted for installation of modulus type water
purification devices in the Kur and Araz Rivers banks and in 200 residential areas.

One of the important projects made and being made in the direction of ecology in Azerbaijan
is projects aimed at supply of capital and other residential areas with ecologically clean drinkable
water. And Oguz-Qabala-Baku water pipeline, the construction of which begun in 2005 and ended
in December, 2010 is considered as a historical event in the direction of solution of the problem of
drinkable water faced by capital Baku, Absheron peninsula during years. About 1billion manats
from the State Budget have been spent for carrying out of this project. The ultimate goal of the
water-piping project Oghuz-Qabala-Baku is supply of water to Baku from underground water
sources of Oguz- Gabala with 5 cubic metres per second and so to provide the population with
high quality, clean water from ecological point of view. According to estimations after completion
of works of reconstructing of the water distribution networks in Baku and surrounding settlements
this pipeline will be able to provide 75 % of the capital population with drinkable water
[www.azer.balasi] [7].

Desertification is one of the modern problems. We speak excitedly about the decaying of
biodiversity as well as the colors of biodiversity and nature. [Hasan Aliyev] [4].

Several measures are held for preventing desertification. Most of our scientists did many
works gave their suggestions for preventing the desertification of the biggest winter grazing
Ceyrancol-Acinohur and other territories. [Ahmedova] [1]. In 2004, in this territory The State
Reserve of Eldar Pine was created in the territory of 1686 hectare, which Eldar Pine increases its
territory in the rocks in a naturally. [Sevda Ahmedova] [1]. In the last 10 years the number and area
of reserves and game reserves are increased by the state.
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Implementation of large sale works during last few decades in Azerbaijan on direction of
solution of environmental problems, the public policy directed on improvement of the ecological
situation are important composition part of the long-term development strategy. Because without
healthy environment there cannot be a healthy man that organizes the base of the development but
from other side pell-mell exhausting of the natural stocks, problems arisen at result of violation of
balance in the nature create a danger for future generations.

Result

In the last 20 years the ecological condition in Azerbaijan has improved. The large scale of
investments was spent for the replacement of old technology equipment with new ones in the large
cities, the preparation of implements of great projects by the government, the public environmental
awareness, the improvement of the Caspian Sea and its coasts’ ecological condition. As a result
many achievements were obtained in the ecological condition of the Republic.
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The Dynamics of Herbage on the Areas of Logging in Formation
of Rock Oak on the Black Sea Coast of Caucasus

Nikolay A. Bityukov

Sochi National Park, Russian Federation
Doctor of Biological Sciences, Professor
E-mail: nikbit@mail.ru

Abstract

The article gives the research materials of ground cover in the formation of the rock oak on
the Black Sea coast of the Caucasus. The method of monitoring of the forest plantations on the pair
of small (elementary) catchments is used, one of which was subjected to experimental cuts, and the
other served as a control. The recovery dynamics of rock oak s saplings after felling is presented, as
well as after the passage of ground fires among young trees. Due to the economic impact the
dynamics of herbage in natural plantations and among young trees is studied.

Keywords: mountain oak forests; Black Sea coast; forest ecosystems; the main fellings;
monitoring of oak; the growth dynamics of young trees; ground fires in oak forests; herbage.

Beenenue

TpaBsAHOI ITOKPOB, KaK OJJUH U3 KOMIIOHEHTOB JIECHOTO OHMOTeOIeH03a, SABJISIETCS OJHUM U3
(paxTOpOB, OIpeneNdoNIUX POCT U Pa3BUTHE JIPEBOCTOEB W OKA3BIBAIOIIMX Pa3HOCTOPOHHEE
BJIMSTHHE Ha IIPOIIECC UX JKU3HeAeATeTbHOCTH. C OZTHOU CTOPOHBI, TPABSHOH IMOKPOB MPENATCTBYET
MMPOTEKAHUIO BO30OHOBUTEJIBHBIX IIPOIECCOB HA BBIPYOKaX, TIJi€e 3JIaKOBas PaCTUTEIbHOCTb U
obOpasyrolue 3apociad KyCTaPHUKH 3arjIylIaloT BCXOJbI IIEHHBIX IOpoA. B 3ToM ciyuae oH
CIIOCOOCTBYET HCCYIIEHUIO BEPXHUX ITOYBEHHBIX TOPU30HTOB, YIUIOTHEHHWIO IOYB, 0OEIHEHHIO
MOCJEeTHUX IIUTAaTeIbHBIMU BEIECTBAMH.

C zpyroii CTOpOHBI, 00pa30BaHUE TYCTOTO TPABSHOTO IMOKPOBA Ha BHIPYyOKax, MpOTaJIMHAX U
JIDYTUX OTKPBITBIX MeCTaX, a TaK J’Ke ero HaJu4yhe 10/ II0JIOTOM Jieca CII0COOCTBYET
PETYJIMPOBAHUI0O CTEKAHMsS BBIMABIIMX OCAJKOB, IIEPEBOZy IOBEPXHOCTHOTO CTOKAa BO
BHYTPUIOYBEHHBIN, YMEHBINEHUIO YPO3WOHHBIX IPOIECCOB, CHIIKEHUIO MYTHOCTH PeK MpHU
JIOKIISIX U MaBogkax. OcoOeHHO aKTyaJIbHO U3ydeHUe BJIUSHUSA Pa3BUTHS TPaBSHOTO ITOKPOBA Ha
IIpOIleCCHl BO300OHOBJIEHHSA II€HHBIX JIPDEBECHBIX ITOPOJ Ha BBIPYOKax B YCJIOBUSX BJIAYKHOTO
kiarMaTta YepHoMopcKoro mobepexbss KaBkasa.

ITocTraHOBKa IPOGIEMBI

B 1972 r. Ha Teppuropuu 6.[KyOTCcKOro Mexjyiecxosa, IJid HU3yUYeHUs SKOJOTUYECKUX
dyHKIMI HacakAeHUU Ayba CKaJIbHOTO, 3aJI0KEH JIECOTHAPOJIOTHYecKuil ctanuonap "T'opckuit”
(JITC) B Gacceitne peku /Ixxybra, (bacceitn mputoka — pyubsi YepHoBosioBa Illesp) B 10 kM OT
O0epera mops (cMm. puc.1). Ha HeM u3yyaercs BJIMSHHE CIUIONIHOJIECOCEYHOU WM 2-X-TIPUEMHOU
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KOTJIOBUHHOH pyOOK Ha 2-X BojiocOopax, a 2 BoiocObopa OcTaBJIeHbI B KaueCcTBe KOHTPOIbHBIX. JII'C
«T'opckuii» sIBJIsIETCS pelnpe3eHTaTUBHBIM I10 JIECOPACTUTETbHBIM, Ie0JIOTHYECKUM, IIOYBEHHBIM 1
KJINMaTUYeCcKUM YCJIOBUA JUid dopMmanuu ayba ckajapbHOro. PalloH cramuoHapa OpHypodyeH K
ceBepo-3alaHOMy OKOHYaHMIO [ylaBHoro KaBkasckoro xpe0GTa M XapakKTepusyeTcs HATHIHEM
HU3KOTOPDHOTO, CHJIBHO 5pOJMPOBAHHOTO peyibeda IIPU CEBEPO-3aMAHOU  SKCIIO3UIHH.
Bce BomocOopsI cTaroHapa 0 pyoKH ObLIH MOJTHOCTBIO oOJieceHbl. HacaskaeHus mpecTaBIeHbl
YHUCTHIMH JIyOOBBIMH U JyOOBO-rpabOBBIMHU JIPEBOCTOSIMH C IPUMECHIO Oyka, KjleHa U Oepeku
(Sorbus torminalis). ComkHyTOCTH TIOJIOTA — 0,5—0,7; Kaacc 6ouHutera III-V. Tumonsoruyeckoe
pa3HoobOpasue XapakTepusyeTcs IPEUMYIECTBEHHO CJeAYIONUMU THUIAMH Jeca: AyOpaBamu
rpaboOBBIMY, a3aJIMEBBIMU, 3JIAKOBHIMH U TPAaOMHHHUKOBBIMU. BOo BTOpOM sipyce mpeobsamaer
rpabMHHUK, B IOJAJIECKEe — as3aindA, KpymnHa u OepeckseT. ?KuBOM HamoOYBeHHBIH IOKPOB
IIpe/iCTaBJIeH MXaMHU, 3J1akaMu 1 60O0BBIMU.

I11aH pacnoJioKeHHUsl NOCTOSIHHBIX NPOOHBIX MJIOINAAEH
Ha JIT'C «I'opckuii» B kB.30 /I:Ky6cKOro y4acTKoOBOro
JIECHHYECTBA, 3aJI03KeHHBLIX B 1972-74 rr.

Boaoc6opbl
NeNe S, ra
1 6,0
2 22,3
3 24,9
4 9,3
HUTOI'O 62,5

Puc. 1. CxeMa pacmoJioKeHus BOA0COOPOB U MOCTOSHHBIX IIPOOHBIX ILJIOMAAEN
Ha cranuoHape "Topckwuit”

Tepputopus cranpoHapa 4acTUYHO (10—15 % mwromanau) ObLaa mpoiaeHa A00pOBOJIBHO—
BBIOOPOYHOH pyOKO# B 1963 T. B HauboJee y/IOOHBIX JJI 3aTOTOBKHU U BbIBO3a JIPEBECUHBI MeCTaxX
(c BBIOOPKOM 10—12 % 3amaca), YTO CIOCOOCTBOBAJIO CHUIKEHHIO OOINEH IIOJIHOTHI /0 0,7 U
YBEJIMUEHHUIO B COCTaBe HACAXKJIEHUU JlepeBbeB IOPOCIEBOTO MPOUCXOXkKAeHUsA. Ha MomeHT
OpraHu3alHy CTAI[MOHApA IUIOMAA YCTOMYUBBIX MPOU3BOJIHBIX HACAKAEHUHA rpaba M OCHUHBI
cocTaBysLIA Ha BogocOope N2 1 — 0,93 2a, Ha Bomocbope N2 2 — 2,02 2a, Ha Bojmocbope N 3 —
4,4 2a, Ha Bojrocbope N@ 4 — 2,22 2a.

Ha Bogoc6ope N2 1 B 1981-1982 rT. mpoBezieHa CILIONTHOJIECOCEUHAsI pyOKa Ha IUIOIIAIH
4,04 2a (67,3 % mromaau Bojocbopa). OcraBinasica 4yactb OaccefiHa (1,96 2a), BCJIECTBUE
OO0JIBIIION KPYTU3HBI CKJIOHOB (O0siee 30°) M paCIIOIOKEHUs 110 TaJIbBEraM PY4YbeB, OCTaJach He
BbIpyOsieHHOM. Ha wactu BojocOGopa, mociie mpoBeneHus pyOku, Oysiapaoszepom «T—130» ObLIO
Hape3aHo 900 MOTOHHBIX METPOB Teppac, Ha KOTOPBIX BBICAXKEHO 3,5 THIC. IIIT. 2-JIETHUX CA’KEHIIEB
COCHBI KPBIMCKO1I.

Ha Bomocbope N2 2 B 1982—-1983 rT. 6bL1 IPOBEZIEH IIEPBBII MIPUEM I'PYIIIOBO-TIOCTEIIEHHOMN
KOTJIOBUHHOU 2-TIPUEMHOM PyOKHM Ha IUIOIaau 3,92 2a, a B 1988-1989 rr. — BTOpOU mpueM Ha
IUIOIIAZIA 2,3 2d, YTO B CYMMeE COCTaBJfAET 27,9 % Iwiomaau Bojgocbopa. Ilpu mepBom mpueme
pyOKu OBLIIO OCBOEHO 77 KOTJIOBHMH. Ha Tpex KOTJIOBHHAX, T/ie HAOJII0/Ia/IOCh HENOCTATOYHOE
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KOJIMYECTBO HOZPOCTa OGBLIO BHICA’KEHO Oe3 IOATOTOBKY TOYBHI 1,5 THIC. IIIT/Ta CaKEHIIEB KAllITaHa,
pazmeneHreM 7x1 M. MopdoMeTpruUyecKre U JIECOTAKCAIIMOHHbIE XapaKTEPUCTHKUA BOJIOCOOPOB
JIT'C «T'opckuii» 10 pyOKU IpUBEIEHBI B Ta0JI. 1.

Tabauya 1
MopdomeTpruyeckue 1 JieCOTaKCAaI[MOHHbIE XapAKTEPUCTUKU BOTOCOOPOB
JIECOTHU/IPOJIOTHUYECKOTO CTalioHapa «I'opckuii» 10 pyoku
Mopdomerpuueckue u Bomoc6opst JITC «T'opckuii»
JlecoTaKCallMOHHbIE

XapaKTEPUCTUKHA 1 2 3 4
ITnomanp, ra 6,0 22,3 24,9 9,3
Ilepenajg BBICOT, M 119 234 223 172
CpeniHUM YKJIOH, TP, 17,5 13,2 13,3 19,0
JlnuHa Bogocbopa, M 380 1000 940 500
1Slpemmﬂ IIUpUHA BO0COOPa, 190 508 245 186
IKCIIO3UIINA CKJIOHOB C3,3 C3 C,C3 C3, 103
[Ipeobsiamaroras rpyrma
THIOB Jeca CXJcC CXJcC CXJcC (0),01(¢;
CocraB HacakaeHU
(0 py6in) 8/Ic1bk1lp 7Hc2bk1l'p s5c3bk2Ip 6/1c3I'p1bk
CpeniHsas BBICOTA, M 18,5 19,9 20,8 21,7
Cpenuuii nmameTp, cM 29,6 28,6 26,7 32,2
Jlecucrocts, % 100 100 100 100
Knacc Bospacra V-VI V-VI V-VI V-VI
Kitacc 6oHuTeTa VI, o I11, 9 II1, 2 I11, 4
ITonnOTaA 0,7 0,7 0,7 0,7
3armac JpeBecuHbI, M3/Ta 192 169 178 203

_ 1982-83 _ _
Togwl pyOKHM 1981-82 1988-89
CLUTOLIHO KOTJIOBHHHA
Crocob pyoku [—— A KOHTPOJIb KOHTPOJIb
2-TIpUeMHas
[Tromans pyoku, ra 4,04 3,92 - -
> ’ 2,30

[Tnomaas pyoxw, 6 17,6 B B
% TUIOIAaIM BOAOCcOOpa 753 10,3

JIns u3ydeHuss IUHAMHUKH POCTa W Pa3BUTHUs IPEBOCTOEB HA BOAOCOOpAX CTallMOHApa ObLIU

3aJI03KEHBI B 1972 T. ITOocTOsIHHBIEe TpoOHbIe wiomaau (III1IT). Ha Bomocoope Ne 1 ITIIII6 (myOHsAK
rpaOMHHUKOBBIN); Ha BomocOope N 2 — IIIIII7 (ayoHsax 3nakosbii) u IIIIII8 (;yOHsK
azaineBbIil); Ha Bosocobope Ne 3 — IIIIII2 (myOusak asanuesbiii), IIIII13 (myOHAK rpabOBBIN),
[ITIT14 (my6Hak rpabossriit), IIIIII5 (xyOHAK rpaboBbiil); Ha BogocOope NO 4 — IITII1 (xyGHAK
rpabuaHuKkoBbIi). Ha IIIII16 Oblia wmcmbITaHa CIUIOIIHOJIeCOCeYHas pyOka 1981-1982 rr., Ha
[II1IT7 u IITIII8 mepBbIi TpUEM KOTJIOBUHHOU pyOku 1982—-1983 rr., a Ha IIIII19 BTOpO# mprem
KOTJIOBUHHOU pyOku 1988-1989 rr.

HcxoaHble JaHHBIE U METONKA UCCIET0BAHUA

Hab6JroieHuss TPOBOJIMUIMCH HA JIECOCEKAX OMBITHBIX PYOOK: CIUIOIIHOJIECOCEYHAsl PyOKa
1981-1982 rT. U y3KoJecoceyHass pyoka 1982—-1983 rr., a TakKe IO/T I0JIOTOM Jieca (KOHTPOJIb) B
nyooBeix HacaxkaeHusix III kimacca Oonwmtera. Ilpm wcciemoBaHWM TPaBSIHOTO IOKPOBA
OIpeZesIsIUCh: BUIOBOM COCTaB; MPOEKTUBHOE MOKPHITHE; Macca HAI3EMHOM YacTU pacTeHUH.

PasBuTHe TpaBsSHOTO IIOKpOBAa Ha IUIOMIAASAX pPYyOOK 0OYCIIOBJIMBAET 3HAYUTEHHOE
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HakoruieHue ¢guromaccel. Onpezaenenne GpuToMacchl IPOBOAUIIOCH Cpe3aHeM HAA3eMHOM 4acTu
pacTeHHH Ha YYeTHBIX IUIOMIAJKaX pa3MepoM 0,5 M X 0,5 M. B KOJTUUECTBE 10—20 IIT. HA KKbIN
00'BEKT HCCIIe0BAHMUSA, C TOC/IEAYIONIUM B3BEIINBAHNEM U IIEPEBOIOM B aOCOJIFOTHO CyXOH Bec [2,
3]. B mosioHsKaxX, cHOPMUPOBABIIUXCA Ha KOTJIOBHHHOHW BBIPYOKEe IIOCIE TEPBOTO MpHEMa
JlecoceKHy MPOBOJIUJIN U3yUeHUE POCTa M Pa3BUTHS TPABOCTOs IOCJIe HU30BOTO MOKapa, KOTOPbIi
OXBaTHJI OKOJIO IIOJIOBUHBI BBIPYOJIEHHOU ILIONIAIM. B Tab1. 2 mIpejicTaBieHa ce30HHAsA JUHAMUKA
(uToMacchl TpPaBOCTOS Ha IUIOIMIAJISIX OMIBITHBIX PYOOK W IO TOJIOTOM HACaKIAeHWH may0a
CKaJIbHOTO, OCTaBJIEHHBIX B KQUeCTBE KOHTPOJIbHBIX, 32 1995—199Q IT.

Pe3yabTaThl HCC/IeJOBAaHUA

B pesynbraTe wmccienoBaHWN YCTAaHOBJIEHO, UTO HawboJiee pa3sHOOOpPA3HBIM B BHIOBOM
OTHOIIIEHUU SIBJIsIETCS AyOHSK T'PaOMHHHUKOBBIN (CIUIONIHOJIECOCEYHAsl BhIpyOKa 1981-1982 TIT.,
III1I16). 3mech W3 TPaBIHUCTOM PACTHUTEJIPHOCTH BCTPEYAIOTCS OBCAHHIA TopHasa (Festuca
montana M.B.), Beponuka JekapcrBeHHas (Veronica officinalis L.), »kumMojocTh KanmpudoJib
(Lonicera caprifolium L.), siceHeny kaBka3ckuii (Dictamnus caucasicus F.et M.), unHa JIyroBas
(Lathyrus pratensis L.), kyneHa JiekapctBeHHas (Polugonatum officinale All.), MBIIIMHHBIA
ropomek (Vicia cracca L.), duanka secHas (Viola silvestris Rchb.), nacToBeHb anTeUHBIN
(Vincetoxicum officinale Moench.), 3emnsinuka jyiecuas (Fragaria vesca L.), ocoka ropHas (Carex
montana L.), exeBuka cusaa (Rubus caesius L.), mwmon; oObikHOBeHHBIN (Hedera helix L.).
OBcsAHUIIA TOPHAS ABJIAETCS JOMUHUPYIOIIUM BUIOM BO BCEX pacCMaTPUBAEMBbIX THUIIAX IyOpaB.

Tabauua 2
JluHamuka (puTOMacChl TPABOCTOS Ha IUIOIIA/ISIX OMBITHBIX PYOOK H TIO/T II0JIOTOM
CIIEJIBIX IPEBOCTOEB B HACAIK/IEHUSIX JTyba CKaJIBHOTO 32 1995—2008 TT.

Tox | Zara | Bos- ITpoexkTuBHOE MOKPBITHE, % duromacca TpaBoCTOH, T/Tra.

HabO- | HabO- | pacrt

IO~ 0~ py6- | cmrom- KOTJIO- CILIOIII- KOTJIO-

Ae- Ae- Ky, | HOZeco- BrrHar KOHTpOJIb | 1071ec0” BT Har KOHTPOJIb

HUH | Hul JIeT ceyHas ceyHast

e | 07 | T8 e | M7 | T8

1995 | 01.06 | 13-14 31,7 30,0 | 41,7 5,4 0,25 0,46 | 0,59 0,07
05.07 30,0 55,0 | 43,3 5,6 0,27 0,85 | 0,72 0,07
01.08 28,3 51,7 | 58,3 6,7 0,35 0,81 | 0,79 0,09
01.09 31,7 73,3 | 60,0 6,7 0,45 1,97 | 1,66 0,22
16.10 23,3 78,3 | 48,3 8,7 0,58 2,20 | 0,91 0,16
16.11 28,3 61,7 | 40,0 6,7 0,52 2,16 | 0,90 0,18

1996 | 16.06 | 14-15 28,1 63,3 | 62,3 5,7 0,57 1,40 | 1,51 0,12
01.07 23,3 73,0 | 64,8 5,0 0,33 2,38 | 1,72 0,11
01.09 34,5 71,7 | 64,7 5,0 0,68 1,86 | 1,41 0,08
03.10 31,1 68,7 | 68,6 5,0 0,65 1,25 | 0,99 0,20

1997 | 13.05 | 15-16 20,0 30,0 - 5,0 0,48 0,54 - 0,11
05.06 33,7 65,0 - 6,0 0,47 1,12 - 0,14
06.07 23,7 62,5 - 7,9 0,35 1,05 - 0,13
03.08 26,2 56,2 - 8,1 0,33 1,31 - 0,20
01.09 28,7 57,5 - 5,0 0,51 1,64 - 0,15
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1998 | 01.06 | 16-17 16,2 30,0 | 41,3 4,3 0,20 0,57 | 0,92 0,05
01.07 17,5 51,2 | 42,5 4,5 0,25 1,22 | 1,03 0,05
02.08 16,3 38,8 | 56,2 5,8 0,21 0,85 | 1,13 0,15
01.09 19,5 21,3 | 21,0 6,3 0,31 0,64 | 0,64 0,16

1999 | 01.06 | 17-18 15,0 27,5 | 36,2 4,5 0,15 0,49 | 0,50 0,08
02.07 25,5 43,8 | 42,5 5,0 0,21 0,73 | 0,65 0,15
03.08 15,0 41,3 | 42,4 5,2 0,14 0,78 | 0,70 0,20
16.09 17,5 21,6 | 38,2 5,6 0,21 0,38 | 0,61 0,18
01.10 13,7 35,0 | 37,5 5,6 0,33 0,56 | 0,94 0,15

2000 | 01.06 | 18-19 12,5 225 | 23,8 5,8 0,1 0,2 | 0,31 0,09
01.07 13,8 25,0 | 35,0 5,4 0,19 0,43 | 0,57 0,10
01.08 13,8 20,0 | 35,0 6,0 0,2 0,39 | 0,60 0,10
05.09 13,0 20,2 | 30,2 6,0 0,17 0,32 | 0,47 0,11
02.10 14,2 25,0 | 41,2 5,8 0,22 0,44 | 0,67 0,11

2003 | 01.05 | 21-22 12,7 12,8 | 15,0 5,0 0,18 0,24 | 0,31 0,11
02.07 14,3 23,5 | 26,5 7,0 0,22 0,42 | 0,40 0,12
02.10 12,5 30,5 | 38,5 6/l 0,13 0,36 | 0,50 0,10

2004 | 02.05 | 22-23 13,5 20,5 | 31,0 5,6 0,17 0,25 | 0,41 0,10
03.07 15,0 22,4 | 33,0 6,9 0,21 0,35 | 0,44 0,10
01.10 14,4 24,0 | 37,5 5 0,16 0,35 | 0,57 0,07

2005 | 05.05 | 23-24 9,3 19,9 | 17,5 4,9 0,07 0,19 | 0,21 0,05
01.07 16,7 19,5 | 31,0 5,8 0,20 0,27 | 0,33 0,05
05.10 16,0 19,5 | 26,5 4,2 0,15 0,20 | 0,37 0,04

2008 | 20.08 | 26-27 18,1 17,5 | 27,5 5,4 0,18 0,18 | 0,32 0,04

Ha IIIITI6 (my6HAK rpaOMHHUKOBBIN) 70 pyOKU B 1981 I. puTOMacca B CpeZlHEM COCTABJIsIA
0,4 T/ra, mocyie pyoKu ApeBOCTOA B 6—7—JjieTHUX MoJoAHsAKax (1988-1989 rr.) oHa Bo3pocia 70
3,64—3,87 T/ra. B nmanbHeiiieM, ¢ poCTOM MOJIOAHSKOB U YBEJMYEHHMEM KOHKYPEHIIUH C HX
CTOPOHBI, HA0JII0/IAJI0Ch CHIDKEHHE (PUTOMACCHI B 1991T. /10 1,33 T/ra. [Io Mepe pocTa MOJIOTHSKOB
Ha JIaHHOU BBIPYOKe HaOJIOAaeTcs CHHXKeHMe (UTOMacchl TPABOCTOS 3a IEPHOJT HAOIIOAeHUM
1995—-1999 IT. ¢ 0,4—0,56 10 0,21 T/ra (B cpegHeM 0,37 T/Ta), a MPOEKTUBHOTO MOKPHITHUSA € 28,0—
20,3 110 17,3 % (B cpeiHEM 23,9 %) ILIOIIAIH.

Ha ygacrkax kotioBuHHOMI pyoku Ha III1I17 (nyOHsK 3/71aKOBBII), 0 IIPOBEAEHHUS €€ IIEPBOTO
mpueMa B 1981 I. OTMeYayIoch CHJIBHOE 3apacTaHue JaHHOU IUIOIIA/IU €3KEBUKOU M 3J1aKaMH, YTO
OIIpeZesIsiyIo BeJIMUMHY (DUTOMAacChl, paBHyI0 5,1 T/ra. ITocie secoceunnsix pabor 1982-1983 rr.
Ha0JTI0aJIOCh KPAaTKOBPEMEHHOE yBeJImdeHre (UTOMACChl TPABOCTOSI HA HM3ydYaeMOM ILIOIIAAH C
ITOCJIEAYIOIIUM €€ IIOCTEIEHHbIM CHUKeHHeM B 1988 1. — 710 2,77 T/Ta, B 1989 T. — 10 2,55 T/Ta, B
1991 T. — /10 1,42 T/TAa.

ITocse mepBOrO mMpueMa KOTJIOBUHHOW BBIPDYOKU 1982-1983 rr. (Ha 3HAYUTEILHOU YaCTH
[IT1I177) B MOJIOZTHAAKAX TTOCJIE HU30BOTO MOKapa, IMPOIIEIIEro OCEHbI0 1993 T., TPaBIHON MOKPOB
KaKk W CcaMU HaCaKJEHWs IIpeTeplesl CylIeCTBeHHble u3MeHeHus. [Ipoumsormen oTmazn
3HAYUTEJIbHOM YacTH MOJIOAHSKOB. Ha  BBITOpeBIIEH IUIOMIAQU  OCTAJIICS  E€QUHUYHO
PacCIOIOKEHHBIM WM HEOOIBIIUMU TPYIIIaMHU 110 2—3 JlepeBa Ay0 CKaJIbHBIM. 3apacTaHue rapeu
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MPO0JIKAJIOCh /IO KOHIIA JieTa 1995 rojia (Ha 2-U roji mocje moxkapa). ®ropucTuyeckuii cocTas
MpE/ICTAaBJIeH HECKOJIBKUMH BHJAaMH, IPEUMYIIeCTBEHHO 3JlakaMH. 3J1eCh JOMHHUPYIOT
nopukauyMm (Doronicum orientalle Hoffm), msariauk ayroBou (Poa pratensis L.) u OBCSHHIA
ropHas (Festuca montana M.B.), BcTpeuaroTcss MblmuHHBIA Topomnek (Vicia cracca L.), ocoka
ropHas (Carex montana L.), >xumoJiocts Kanpudoib (Lonicera caprifolium L.). B cpenHem 3a
1995 T. ¢puTOMacca TPaBOCTOSI COCTABJISIET 1,41 T/Ta, a MPOEKTUBHOE MOKphITHE 58,3 %. Ha 3-1 rox
rocJie moskapa HabJIi0jaeTcsi MAaKCUMYM KPUBOM HAKOIUIEHUS (PUTOMACCHI TPABOCTOS, 3a IIEPUOJ
HCCIe0OBAaHUA 1995—1999 TIT., KOTOpas Ha 01.07.96 T. cocTaBisieT 2,38 T/ra, a IPOEKTUBHOE
MTOKPBITHE 73,0 % IUIOIaau oOropesiiell BoIpyOKU. B cpeiHeM 3a roj puromacca COCTaBJISIET
1,72 T/Ta, a IPOEKTUBHOE TMOKPBITHE 69,2 %. B ciemyoiiue rojibl MPOIYKTUBHOCTh TPaBOCTOS
Ma/ilaeT MOYTH B 3 pasa, MO CPAaBHEHHIO ¢ MaKCHMyMOM DPa3BUTHSA, BCJIEJICTBHE KOHKYPEHITUU CO
CTOPOHBI PACTYIUX IMOPOCJIEBBIX AyOOBO—TPabOBBIX MOJIOJHSIKOB (B T.4. M3-3a yBEJIUYEHHUS
COMKHYTOCTH TIoJiora). Macca TpaBOCTOsI CHHKaeTcs Ha 6-M roj mocjie moskapa /o 0,59 T/ra, a
MIPOEKTUBHOE TOKPBITHE /10 33,8 %. B coxpanuBmieiicsa yactu MosonHsakoB IIIII17 Ha maHHOM
BBIpYOKe U He 3aTPOHYTHIX HU30BBIM II03KapOM pa3pacTaHUe TPaBsIHOTO ITOKPOBA He HaOJII0aeTcsl.
duromMacca TpaBSHOTO IOKPOBA B CPeJHEM cocTaBiisieT (IO JaHHBIM ydera 1998 T.) 0,22 T/ra, a
cpeiHee TMPOEKTHUBHOe IMOKphITHE — 8 %. B cocraBe mpeobiazaer oBcsiHuIa ropHas (Festuca
montana M.B.) u exxeBuka cusaa (Rubus caesius L.).

Ha IIIITI8 (mepBbIi mpHeM KOTJIOBUHHON 2—-NPHUEMHON pyOKU) B AyOHSKE a3ajineBOM,
MOJIOJTHSIKM KOTOPOTO OBLIM ABaKABI ITOABEPTHYTHI 0OoJiee c1aboOMy BO3/IEHCTBHUIO HH30BOTO
rmokapa 1993 ¥ 1997 IT., a TaK ke M3-3a IPeo0JIaJlaHusA B COCTaBe JAHHOTO HacCaKAeHHs ayda
CKaJIbHOTO, KakK IIOpo/Abl Haubojiee YCTOMYMBOM K OTHIO, IIOJTHOM THOEIW JpeBOCTOsS He
HaOJTI0/1aeTcsl. B TaHHBIX MOJIOAHSAKAX He HAOJIIO[AeTCs TaKOTO K€ MHTEHCHBHOTO O0Opa30BaHMUSA
Imopocjii Kak Ha BeiropeBmred uyactu I[IIII17. IloaToMy wu3-3a KOHKYPEHIIMH CO CTOPOHBI
OCTAaBIIIUXCS MOJIOAHSKOB TPaBSHOW ITOKPOB Pa3BUBAeTCs B IEPBble 2—3 rojla IIOCJIE IOXKapa
MeHee UHTeHCUBHO (HabJroaeTcst poct GUTOMACCH ¢ 0,93 /10 1,41 T/Ta, MPOEKTUBHOTO MOKPHITHS
¢ 48,6 10 65,1 %), a ©3-3a OTCYTCTBHA 00pa30BaHUsI IMTOPOCIIU MOCJIE T0Kapa U MPOJ0JIKAIOIIETOCs
ITOCTENIEHHOTO OTIIA/Ia MOJIOAHSKOB CHUKeHHEe (PUTOMACCHI TPABOCTOs HIET OoJiee MeaIeHHBIMHU
Temramu (Ha 6-# ToJI TTOCJIe TI0Kapa OHAa CHUKaeTcs /10 0,68 T/ra, a MPOEKTUBHOE MTOKPBITHE 10
39,4 %). ®yjopucTHUYeCcKUU CcOCTaB MpPEACTaBJeH JOMUHAHTaMH: OBcsAHUIEH ropHou (Festuca
montana M.B.), nopukuuymom (Doronicum orientalle Hoffm), exxeBukoii kaBkasckoil (Rubus
caucasicus Focke). Berpeuatorcs siecHass ¢uasnka (Viola silvestris Rchb.), MBIIIMHHBINA TOPOIIEK
(Vicia cracca L.) n maTauk ayroBoli (Poa pratensis L.). Ilocie mpoxXoKieHusI HU30BBIX MOKapOB
OTMEeUYeHO pa3pacTaHue TyCTOTO IO/JIeCKa U3 a3aJIUH, TAK)Ke MPEISITCTBYIOIIEr0 POCTY U Pa3BUTUIO
TPaBSIHOTO ITOKPOBA.

TpaBsiHOM TOKPOB IO/ TIOJIOTOM HE TPOHYTOTO PYOKOU Jieca (KOHTPOJIBHOTO) Pa3BUT CJ1abo.
Ero ¢dwuromacca 3a wmccienyeMblli MEpPHOJT COCTaBJIseT, ¢ HE3HAUUTEJIbHBIMH KOJIeOAaHHWSMU, B
cpenHeM 0,13 T/ra, a IPOEKTUBHOE MOKPHITHE 5,7 %. B cocTraBe TpaBAHUCTOH PAaCTUTEHHOCTH
JIoMUHUpPYeT oBcssHuIa ropHas (Festuca montana M.B.).

Takum 00pa3oM, Ha OCHOBAaHWH IPOBEJEHHBIX 3a MEPHUOJ 1995—199Q TIT. HCCJIEIOBAHUN
MO’KHO OTMETHTB, UTO IIOJ] IOJIOTOM HETPOHYTOrOo pyOKamu Jeca HaOJIIOMAIOTCS HAaUMEHbIIIHE
3HaUEHUs MPOAYKTUBHOCTH, OHOOOpa3ve BUJIOBOTO COCTaBa W OTHOCUTEJIbHAS CTAOWJIBHOCTD
Pa3BUTHs TPABSIHOTO MTOKPOBA

Ha pwuc.2 mokasaHa ce3oHHas AUHAMHKa (PUTOMACChl TPABSHOIO ITOKPOBa 13—18-JI€THUX
MOJIOZTHSIKOB, ITPOU3PACTAIONINX Ha ILIOIIA/ISAX OMBITHBIX PYOOK M IIOJ, MOJIOTOM Jieca (KOHTPOJIb)
Ha cranuoHape "Topckuit" 3a 1995-1999 IT. a Ha pUC. 3 Ce30HHAsA JUHAMHKA IIPOEKTUBHOTO
ITOKPBITHS TPABOCTOSA 32 JaHHBIN 5-JIETHUIH ITEPUO/I,.
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QutoMacca TPaBOCTOS, T/Ta
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Puc. 2. lunamuxka ¢puTOoMacchl TpaBsHOTO MOKPOBA:
1—TII0/T TTOJIOTOM Jieca (KOHTPOJIb); 2—CIUIOITHOIecoceuHas pyoka (ITI1116);
3—komioBuHHas pyoka (I1I1117); 4—kotioBunHas pyoka (ITIITI8)

Ha poct TpaBOCTOs CyIIeCTBEHHOE BJIUSHHE OKA3bIBA€T YBJIA)KHEHHOCTHh BETETAIIOHHOTO
nepuoza. Tak B 1995 T. BBINIAJIO HA BCEU TEPPUTOPUHU CTaIlOHApa 1014 MM OCAIKOB, B 1996 T. —
784 mMm ocafkoB, B 1997 T. — 876 mm, B 1998 T. — 310 mm, B 1999 T. — 861 mm ocaakoB. Huzkomy
KOJIMYECTBY OCQ/IKOB 3a BereTanuio 1998 T. COOTBETCTBYET CHIKEHUE (DUTOMACCHI TPABOCTOS.
B 1995 r. duTOoMacca TpaBoCTOsI COCTaBJIsIA 1,7 T/Ta, B MOJIOJHAKAX, HE 3aTPOHYTHIX OTHEM, OHA HE
mpeBbIIIaia 0,22 T/ra (1998 r.).
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Puc. 3. JluHaMHKa MPOEKTUBHOTO MTOKPBITHUS TPABSIHOTO IIOKPOBA:
1—TI0/T TI0JIOTOM Jieca (KOHTPOJIB); 2—CILIONIHOIecoceuHas pyoka (ITIII1 6);
3—komioBuHHas pyoka (I1I1I1 7); 4—kotrmoBuHHas pyoka (ITITIT 8)

B MostofHsIKax, He MOBEPTIINXCA HU30BOMY IOXKapy, HaOJII0/IaeTcss M3MEHEHHEe MacChl U
MMPOEKTUBHOTO TIOKPBITUS TPABOCTOsI KaK B T€UEHHE BEreTaIl[MOHHOTO IEePH0/ia, TaK U B TeUeHHUe
MOCJIETYIOIIUX JIET, HO C MEHbIIENH WHTEHCHUBHOCTHIO, YEM HA IPONJEHHONW HU3OBHIM I0KApOM
BBIpYOKe (¢ 60Jiee pe3Kol CMEHOU SKOJIOTHYECKOH 0OCTAHOBKH U YCJIOBUH CPEJIbI).

JuHaMHUKa TpPaBAHOTO IIOKPOBAa B HAaCaKAeHHAX ayoa ckaasHOoro JII'C
«T'opckuii» 3a mepuog 2000—2008 rr.

B pesysbTaTe uHcCiIeIOBAaHUN B HACAKIAEHUIX Ay0a CKAIBHOTO, MPOJOJLKEHHBIX B TEPUO
2000—2008 IT., yCTaHOBJIEHO, YTO II0/I II0JIOTOM HETPOHYTOTO PyOKOH (KOHTPOJIBHOTO) APEBOCTOS
(TTIIIIT1, Tum sjeca AyOHAK TPaOMHHUKOBBIN) pacmosiodkeHHOro Ha O-3 CKJIOHe, IOMHHUpYET
OBCSHUIIA TOpHas. PuTomacca BappbupyeT OT 0,05 /10 0,11 T/ra, MPOEKTHUBHOE MTOKPBITHE 32 2000—
2008 IT. B cpeJIHEM cocTaBJsieT 50—60 %. CpenHssa BJIaXKHOCTh 257—306 % (Tabu1. 1).
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Puc. 5. 3ameHeHUe cpe/iHel 3a ce30HBI UTOMACCHI TPABOCTOS Ha IJIOMIA/IAX PYOOK
B 3aBHCHMOCTH OT BO3pacTa BhIPYOOK (TOABI):
[TT16 — MOJIOAHAKY HA CIUIONIHOJIeCOCeUHOM BbIpyOKe; 1117 u III18 — MmostonHAKH
Ha IUIOIIAY KOTJIOBUHHOM pyOKH; KOHTPOJIb — MaTEPUHCKOE HACAXK/EHIE
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JlaHHbIE MOJIOJHSAKHU XapaKTepPU3YIOTCS CJIEAYIOIIUM BUOBBIM pa3zHOOOpasueM TpaBSHOU
PACTHTEIBHOCTH: JKUMOJIOCTh Kanpu(oJIb, iceHel| KABKa3CKUH, exKeBUKa CU3asi, OBCAHUIA TOPHA,
MIHOH KaBKa3CKUH, JlecHasA GHUaIKa, JaCTOBEHb alITEUHBIH.

B mostonHAKaxX 006pa30BaBIIMXCSA MOCJIE 1-TO IpHeMa KOTJIOBUHHOU (1982—-1983 rT.) pyOKu
pacmoJIoKeHHbIX B BepxHeH [oro-zamasHou yactu ckioHa (III17, Tum jeca nyOHAK 371aKOBBIN)
MO/IBEPTIINXCA BO3JENUCTBUIO HU3OBBIX IOKAPOB B 1993 T., B MEpPBble TOJbl IIOCJIE IOXKapa
OTMeYaeTcsl MX HHTEHCUBHBIN OTMA/ C TMOCIAEAYIONUM OOWJIBHBIM IIOPOCIE0OPAa30BAaHUEM U
CUJIbHBIM pa3pacTaHueM TpaBocTos. I1o Mepe pocTa MOJIOAHAKOB IO IAHHON MPOOHOU ILIOIAU
HaOJII0/1aeTcs MOCTENEHHOE CHIDKeHHEe (UTOMAcCChl TPAaBOCTOSA, JOCTUTIIEH K 2000—2005 IT.
COOTBETCTBEHHO 0,36—0,22 T/ra, a MPOEKTUBHOE MOKPBITHE — 22,5—19,6 %. BiaxkHOCTHh TpaBOCTOA
cocTaBJsieT B cpefiHeM 243—288 %. B cocraBe IOMUHUPYET OBCSIHUIIA TOPHAS.

B coxpanuBmieiica yactu mosonHsakoB IIIIIT 7, He 3aTPOHYTBHIX MOXKAapOM, pa3pacTaHue
TPaBsSHOTO IOKpOBa He Habiofaercs. duTomacca TpaBOCTOA BapbUpyeT OT 0,04—0,09 T/Ta,
IIPOEKTHUBHOE TOKPBITHE — 7,7—9,1 %, CPEJIHsA BJIAXKHOCTh — 315—374 %. B cocraBe mpeobiamaer
OBCSIHUIIA TOpHAs.

Ha IIIII 8, MoJyIomHSAKU KOTOpPOH oOpasoBauch Mocye 1-ro mpuema (1982-1983 rr.)
KOTJIOBUHHON pPYyOKM OBbUIM JBaXK/Ibl IIOJIBEPTHYTHI BO3JEUCTBUIO HH30BOTO IOXKapa B 1993 U
1997 IT. 37ech OTMeYeHO OoJiee MOCTENeHHOe CHIDKeHHe (UTOMACCHI TPABOCTOS, TaK KAaK B UX
cocraBe TMpeoOsalaeT aAy0 CKaJIbHBIA Kak 0ojiee yCTOHUYMBAsA IMOPOZAa K BO3JEUCTBHUIO OTHS.
[TosTomy moTHOUM THOENM MOJIOMHAKOB, HaOsozaBierocss Ha IIIIII 7 u mocsemyroIiero
WHTEHCHUBHOTO TTOpocaeobpa3oBaHus, 371ech He Habmoganoch. CHIKeHUsT uTOoMacchl ujet boJiee
Me/JIEHHBIMH TeMIIaMU /10 0,52—0,3 T/ra, a MPOEKTUBHOE MOKPHITHE C 33 70 25 %. BiakHOCTH
TPaBOCTOSI B CPEJTHEM BapbUpyeT OT 267 110 275 % (Tab1. 1). PJIOPUCTHIECKUH COCTAB IIPE/ICTABJIEH:
OBCSIHUIIEH TOPHOM, IOPUKHUYM, MBIIIUHBIM TOPOIIIKOM, €XeBUKOU cn30i. Ha aHHOi mpoOHOM
IUIOIIQ/IM OTMEYEHO pa3pacTaHUWe TYCTOrO IOJJIeCKa W3 Aa3aJIuM, TaKKe IPEeATCTBYIONIEro
pa3pacTaHuio TPABSHOTO MOKpoBa. HW30BOW mOXKap B MOJIOJHSKAX CIIOCOOCTBOBAJI TaK JKe
WHTEHCUBHOMY POCTy TPaBSHOW pPAaCTUTEIBHOCTH, U B IIEPBYI0 OYEpPeNb 3JI1aKOB (JOPUKHUYM,
OBCAHUIIA, MATIINK).

3axoueHue

[TosryueHHBIE MAaTepHAIBl IO3BOJISIIOT OTMETUTH, YTO PYOKH IJIABHOTO IIOJIb30BAHUA B
IyOpaBax OKa3bIBAIOT CYIIECTBEHHOE BJIMSAHUE HA IPOEKTUBHOE IMOKPBITHE, BUJIOBOH COCTaB U
duromaccy. Ce3oHHasI AUHAMUKA (GUTOMACCH TPABOCTOS HA BCeX IUIOMIA/IAX PYOOK U HA KOHTPOJIE
XapaKTepu3yeTcsl HWHTEHCHUBHBIM POCTOM B Hadajie BEreTal[MOHHOTO IIEPUOZA, JOCTUTas
HanOOJIPIINX 3HAUYEHUH B CEpEUHE BETeTaIliH, a K KOHILy BETeTalluyu HaOJTI0AaeTCs ee CHIDKEHUE.
Py6ku ry1aBHOTO TOJIb30BAHUS B HACUKAEHUAX Jy0a CKaJIBHOTO OKA3bIBAIOT CYIECTBEHHOE
BJINSTHME HA Pa3BUTHE TPABAHOTO IMOKPOBa. [IOABJIAIOTCA BUJIBI, XapaKTEPHBIE JUJISI OTKPBITHIX
MecT: 60K, 0COT, IbIpel, BOpoOeiiHUK, 3Bepo0oii, 3eMJITHUKA, KJIeBep U JIp. Y3Ke B IIePBbIU IO
rnocje pyOKM 3HAUUTESBHO YBEJIUUMBAETCA BBICOTA M Macca OBCAHHI[BI TOPDHOM M €XKEBUKU
kaBkazckoi. Ilosor rycroro TpaBocToss (0COOEHHO €KEBHKH) 3arjyliaeT BCXOJbl M MEJTKUU
MIO/IPOCT, OCTaBIIMICA IOCJIE JIECO3AaTOTOBOK. B Kysmcax U cTeHax Jieca, KOTOpPble IPUMBIKAIOT K
BhIpyOKaM, Tak ke HaOJIo/laeTcsl WHTEHCUBHBIM DPOCT 3J1aKOB U exeBUKU. [lo Mepe pocta
MOJIOAHSIKOB Ha BBIPYOKaX IIPOMCXOJIUT CHHMKeHHE (PUTOMACChl TPABOCTOSA, & B BUIOBOM COCTaBe
MOSBJISIOTCSA BU/IBI, IPOU3PACTAOIIYE IIPU MEHbIIIEH OCBEI|EHHOCTH.

l3MeHeHWEe CBETOBOTO peXHWMa Ha BbIpyOKax II07] BO3JEHCTBUEM IIOPOCIIH BeHET K
W3MEHEHHIO XapaKTepa W CTelleHH Pa3BUTHA TPaBSHOTO MOKpoBa. Ilocsie pyOku, B IepBbIe JiBa
rojia, UCYEe3al0T TEHEBBIHOCUBBIE BHU/IBI U ITPOUCXO/IUT Pa3pacTaHUE CBETOJIOOUBBIX BHUOB TPAB.
CMbIKaHHE TTOPOCJIEBOTO TI0JIOTa BeleT K oOpaTHOMY Ipolieccy. PocT TpaBOCTOs MOZJABJIsIeTCA U
MIPOUCXOIUT 0OeTHEHNE BU/IOBOTO COCTABA.

HwuzoBble moKapbl OJIATONPUATHO BJIMAIOT HA HWHTEHCHUBHOCTh PAa3BUTHA TPABAHOHN
pacturesbHOCTU. biarozapsd HW3peXKUBAHUIO I0JIOTA, YBEJIWYEHHIO IOCTYIUIEHUS COJTHEUYHOU
pazuanu U OCaZKOB K ITOBEPXHOCTU IOYBHI, paHee MepPeXBAaThIBAEMbBIX JPEBOCTOEM, OTCYTCTBUIO
KOPHEBON KOHKYPEHIIMH JPEBECHBIX IIOPOJ C TPaBAHOM PACTHUTEJIBHOCTHIO TEMIIBI POCTa
¢duToMaccs TpaBoCTOS MOCJIE MOXKapa Ha KOTJIOBUHHOM BRIPYOKe B 2—3 pasa BbIIlle, YeM B PABHBIX
10 BO3PACTy MOJIOJIHSIKAX Ha CIUIOIIHOJIECOCEYHOU BBIPYOKe. 37ech ke HabJromaeTcs oOpaTHAs
TEHJIEHIIUS K PEe3KOMY CHIDKEHHIO MAacChl TPaBOCTOS IPU HHTEHCHBHOM pOCTE IOPOCJIEBBIX
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MOJIOAHAKOB YK€ Ha B-ﬁ roa ImocJjie 1moxxapa. B monoauakax, rae HU30BOH IIOKap OKa3aJ 6oJiee
ciaaboe BIHSHIE Ha pa3BUTUE HacameHHﬁ, BCJ/I€eACTBHE ocTaBIIIeNcs KOHKYpE€HIIUU CO CTOPOHBI
ﬂpeBeCHO-KYCTapHHKOBOfI PaCTUTEJIBHOCTHU, KaK POCT, TaK WU CHHXKEHHE (I)I/ITOMaCCI)I TPpaBOCTOA
naeTr 6oJtee MeIJIEHHBIMUA TeMIIaMU.
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JuHaMHKa TPaBOCTOS HA ILUIOIAAAX PyOOK B hopManuu ayoa
ckaspbHOro YepHomopckoro ITooepexnpa KaBkasa

Hukonait AstekcanapoBuu BuTiokoB

CounHCKUI HaITMOHAIbHBIN NapK, Poccutickas ®enepamnust
JToxTOp OMOJIOTHYECKUX HAYK, ITpodeccop
E-mail: nikbit@mail.ru

AnHoTtanus. [IpuBesieHbl MaTepuasbl U3y4eHNs HAIIOUYBEHHOTO ITOKPOBa B (popmanuu a1yda
ckabHOTO Ha YepHOoMOpckoM mobepexkbe KaBkasza. lcmosib3oBaHa MeTOAMKA MOHUTOPHUHTA
JIECHBIX HACQK/IEHUU Ha MapHBIX MaJbIX (3J€eMeHTapHbIX) BojOCOOpaX, M3 KOTOPBIX OJUH
Mo/IBeprajicsi 5KCIIepUMEHTAJIbHBIM pyOKaM, a BTOPOM CJIy:KWJI KOHTpoJieM. IIpoHanmn3upoBaHa
JIUHAMHUKA BOCCTAHOBJIEHUSI MOJIOJHAKOB JIy0a CKaJIBHOTO TOCjIe PYOOK, a TakXKe IIOCIIe
MIPOXOXK/EHUsI HU30BBIX II0KAPOB B MOJIOJHAKAaX. B cBfA3U C XO3AMCTBEHHBIM BO3/EHCTBHEM
M3yJeHa IMHAMHKA TPABOCTOS B €CTECTBEHHBIX HACAKIAEHUAX U B MOJIOTHAKAX.

KiriroueBble ciioBa: ropHble y0oBble jieca; YepHoMopckoe mobepexbe KaBkasa; jiecHble
SKOCHCTEMbI; pPYOKM TJIAaBHOTO TIOJIb30BAaHUs; MOHHUTODUHT ayOpaB; [AWMHAMHUKA IPHUPOCTA
MOJIOTHSIKOB; HU30BbI€ TIOJKaphl B [yOpaBax; TPABSIHOU IIOKPOB.
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Abstract

Field trials were carried out in Sadra town near Shiraz, Iran in 2010 to determine the effect
of phosphorus (P) on the productivity of Mexican Marigold (Tagetes minuta L.), an important
medicinal plant. Phosphorus was band-placed at the rates of 0, 40, 80 and 120 Kg/ha at planting
time. Results indicated that growth parameters and essential oil concentration increased with
increasing the P levels. Application of 120 kg/ha P significantly increased the fresh and dry weights,
plant height and flower numbers per plant. All P as compared with the control significantly
enhanced the essential oil concentration. Moreover the role of phosphorus as a central and pivotal
metabolic and regulatory nutrient element has been discussed.

Keywords: Mexican Marigold; phosphorus; essential oil; growth parameters.

Introduction

Asteraceae is the largest family of vascular plants with more than 23,000 species, rich in
secondary metabolites and essential oils (EOs) (Negahban et al., 2013). The genus Tagetes, with
the common name of marigold, consists of 30-40 species that are endemic from Arizona to
Argentina (Sefidkon et al., 2004). Mexican marigold (Tagetes minuta L.) is an annual plant
belongs to the Asteraceae family. It is native of grasslands and mountainous regions of South
America including Argentina, Chile, Bolivia, Peru, and in the Chaco region of Paraguay (Negahban
et al., 2013). T. minuta grows wild from spring to early winter when it completes its life cycle (Babu
and Kaul 2007).

Tagetes minuta L., a species native to southern South America, is used as a condiment, as a
refreshing beverage, and for medicinal purposes.In recent years, there has been an increasing
interest in using the herbal products of indigenous peoples. Tagetes minuta could be another new
herb brought to the world market (Meshkatalsadat et al., 2010).Tagetes minuta is commercially
grown and harvested for its essential oils which are used in the flavor and perfume industry as
"Tagetes Oil." The oil is used in perfumes, and as a flavor component in most major food products,
including cola beverages, alcoholic beverages, frozen dairy desserts, candy, baked goods, gelatins,
puddings, condiments, and relishes (Meshkatalsadat et al., 2010).

Tagetes EQ is used to treat chest infections, coughs and catarrh, dilating bronchi, facilitating
the flow of mucus and dislodging congestion and can be used in cases of skin infections. It has a
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healing effect on wounds, cuts, calluses and bunions (Negahban et al., 2013, Meshkatalsadat et al.
2010).

In commercial medicinal plant production, the main objective is to produce high biomass
yields per hectare with high levels of secondary metabolites. Nutritional requirements have a major
effect on the yield and growth of all horticultural and agronomic crops (Saharkhiz and Omidbaigi,
2008). On the other hand the level of secondary metabolites in medicinal plants may be positively
or negatively affected by the kind and amount of nutrient elements. Phosphate plays a central,
pivotal metabolic and regulatory role on the nexus of several physiological and biochemical
processes in plants, including photosynthesis, energy conservation, inter- and intracellular co-
ordination of carbohydrate metabolism (Abel, 2002) and in energy transfer (Saharkhiz and
Omidbaigi 2008).

Trivino and Johnson, (2000) have reported that total yield of volatile oil of (Origanum
majorana L.) was increased by 50% as P was increased up to 3.0 mM in soil solution (Trivino and
Johnson, 2000). Moreover, the fresh and dry weights were increased two-fold by P treatment as
compared to the control. Ichimura et al., (1995) observed that P significantly increased the fresh
weight and essential oil concentration in Sweet basil (Ichimura et al., 1995). Similar results have
been noted with black cumin (Nigella sativa) and coriander (Corianderum sativum) by several
workers. (Das et al., 1991; Ughreja and Chundawat, 1992). The main objective of present study was
to investigate the effects of different P levels on the yield and essential oil concentration of Tagetes
minuta L.

Materials and Methods

Plant Material

The seeds of Mexican Marigold were provided by Zardband Pharmaceutical Company located
in Tehran, Iran. The seeds were cultivated in Sadra town (Shiraz, Iran) in February 2010. Plants
were grown in sandy loam soil. Some of the physiological characteristics of the soil are shown in
Table 1. The experiment was arranged as a randomized completely block design (RCBD) with four
replications. The treatment consisted of 4 phosphorus levels (0, 40, 80, 120 kg ha) as triple super
phosphate.

Phosphorus was band-placed in two rows, 100 mm deep and 150 mm apart at each site. The
seedlings of equal height and vigour were hand transplanted from the nursery bed to the field in
mid-April. Each plot was of 2 m2. The seedlings were planted between the fertilizer bands in rows,
30 cm apart and there was 20 cm distance between every plant. All plots were furrow irrigated
immediately after transferring the seedlings to the field.

Irrigation was carried out every day for one week to establish the seedlings in soil. Hoeing
and mechanical weeding were done as needed.

Plant height, flower numbers per plant, chlorophyll content, shoot fresh and dry weight were
measured at the full flowering stage.

Large foliar stalks were harvested with pruning-shears, leaving about 5 cm above the ground
surface. The shoots and roots fresh weight and flower number were measured.

All samples were shade-dried (during 15 days). EO was extracted by subjecting flowers and
leaves together (50 g) to hydrodistillation for 2 h using an all glass Clevenger-type apparatus
(Goldis, Tehran, Iran), according to the method outlined by the European pharmacopoeia
(Anonymous 1996). EO yield was expressed as percentage w/w on dry matter basis. The oils were
dried over anhydrous Na,SO, and stored in sealed vials at low temperature (4°C) before analysis.
Data were subjected to variance analysis and means were compared by using Duncan’s New
Multple Range Test (DNMRT).

Table 1: Some physical and chemical characteristics of the experimental soil

ECdsm* pH OC2(%) TNP(%) P (mgkg?) K(mgkg?) Silt(%) Sand (%) Clay (%)
1.8 7.8 1.775 0.06 14 275 12 78 10
aQOrganic matter (OC), P"Total Nitrogen (TN)
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Results and Discussion

The statistical analysis showed that plant height, flower numbers per plant, fresh and dry
weights and essential oil concentration increased significantly by soil P application as compared to
control (P < 0.05).

The data demonstrated that soil P fertilization had a significant effect on the plant height,
flower numbers per plant, fresh weigh, dry weight and essential oil concentration with respect to
control (Figures 1, 2, 4, 5, 6). However, dry weight significantly increased with increasing P level up
to 120 kg /ha (Fig 5). Chlorophyll content decreased with increasing P level up to 80 kg /ha.
However, it increased significantly in 120 kg /ha (Fig 3).

No further response was obtained with higher P rate. In the present study, the lowest and
highest amounts of essential oil was recorded with 0 and 120kg P/ha* respectively.

300
250
200
150 -
100 -
50
0 - . .
0 40 80 120
Phosphorus (kg/ha -1)

Fig. 1: Effect of phosphorus on the plant height of Tagetes minuta L. at P < 0.05. Means
followed by the same letter are not significantly different, as indicated by DNMRT.
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Fig. 2: Effect of phosphorus on the flower numbers of Tagetes minuta L. at P < 0.05. Means
followed by the same letter are not significantly different, as indicated by DNMRT.
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Fig. 3: Effect of phosphorus on the chlorophyll content of Tagetes minuta L. at P < 0.05. Means
followed by the same letter are not significantly different, as indicated by DNMRT.
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Fig. 4: Effect of phosphorus on the fresh weight of Tagetes minuta L. at P < 0.05. Means followed
by the same letter are not significantly different, as indicated by DNMRT.
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Fig. 5: Effect of phosphorus on the dry weight of Tagetes minuta L. at P < 0.05. Means followed by
the same letter are not significantly different, as indicated by DNMRT.
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Fig. 6: Effect of phosphorus on the essential oil concentration of Tagetes minuta L. at P < 0.05.
Means followed by the same letter are not significantly different, as indicated by DNMRT.
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The data of this investigation showed that all growth parameters ,except chlorophyll content,
were positively affected by phosphorus application. Phosphorus significantly increased fresh and
dry matter, flower numbers, plant height and essential oil concentration. The total dry matter is an
important criterion for crop production. The most effective P rate was 120 kg/ha and increasing the
amount of phosphorous to 120 kg/ha did not significantly affect either the morphological
characteristics or essential oil concentration in Mexican Marigold. These results are similar to
those of Salardini et al., (1994) and Saharkhiz and Omidbaigi (2008) with pyrethrum (Tanacetum
cinerariifolium) who reported that application of 100 kg P/ha significantly increased achenes and
pyrethrin yield for this crop (Salardini et al., 1994). They are also in agreement with the data of
Nikolova et al., (1999) who showed P fertilization increased the essential oil concentration of
chamomile (Nikolova et al., 1999) and with Nilbe et al., (2005) who observed increasing biomass of
chamomile (Nilbe et al., 2005). It is well documented that phosphorus is an essential element in
reproductive and vegetative growth of plants (Marschner, 1986) and thus, the vegetative growth
and flower numbers stimulation and increased by applied P was expected in our study. Phosphorus
is also known to have multifarious cellular functions in plants, including: signalling and
transmembrane metabolic flux and therefore, the secondary metabolism is modulated by these
mechanisms (Ram et al., 2003). In conclusion, it appears that P is a crucial nutrient element for
Mexican Marigold cultivation. Therefore, it is strongly recommended that on sites low in available
P, the crop be supplied with adequate P. Furthermore, the authors suggest that the influence of P
soil addition on the growth, chemical composition and biochemical indices of Mexican Marigold be
thoroughly studied on locations with wide range of climatology, physical and chemical properties
and mineralogical characteristics.
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Abstract

Investigation of the properties, structure, composition and remodeling of bone defined
success of bioactive ceramics based on calcium phosphate (CPC) use for bone regeneration.
Hydroxyapatite and B-tricalcium phosphate - Caz(PO,). are most biocompatible from the large
number of calcium phosphates. Calcium phosphate ceramics has absolute biocompatibility and
ability to participate in the process of reparative osteogenesis, integrate with the bone, serves as
building blocks for the regenerate. This review provides information about application of [-
tricalcium phosphate in form of "Biomin".

Keywords: bone; calcium phosphate; Biomins material.

J.®. Bunbsamc u P. Poyd B cBoeil paboTe «IMILIaHTaThl B XUPYPrUK» MUCAIN: " Be3yCI0BHO,
Ha HBIHEITHEH CTa/INU PAa3BUTHUS UMIUIAHTAI[UOHHOUN XUPYPTUH MBI €llle He BJIaJieeM 3HAH UAMU,
JIOCTATOYHBIMU JIJIsI TOTO, YTOOBI 0OOECHeYUTh MOJIHYI0 TapMOHUIO MEXJy HUMILIAaHTaTOM U
OKPYKaIIIMMU ero TKaHAMU. TeM He MeHee, KJII0Y K yCIIeXy B 9TOU o0s1acTu, KoTopas Bce boJiee
pacmupsieTci U TIZe Bce OOJIbllle WCIIOJIB3YIOTCSA HOBBIE HMIJIAHTATHI, a HAa BOOPYKEHUeE
xupypramu OepyTcs HOBble U HOBble TEXHHUYECKHE CPEICTBA — 3TO IPABWIBHOE MOHUMAaHUE
B3aMMOJIENCTBUSA MEXK/IY TKaHbIO U UMILTaHTaToM " [1].

dra Pppasa u3 U3LAHHOH elrle B 1978 rofly KHUTU OCTaeTcs aKTyaJbHOU U cerojHA. bosee
IyOOKOe TOHMMAaHHWEe MexXaHU3Ma B3aUMOJENCTBUS HMIUIAHTAT — TKAaHU CO3/1aeT HOBBIE
BO3MOXKHOCTHU J|JIs YUEHBIX-MaTEPUAIOBEIOB B obecreueHUH creruduuecKux OUOJIOTHUUYECKUX
OT3BIBOB HMMIUIAHTAIMOHHOTO MaTepuasia. /Jlada co3zmaHus OuoMaTrepuasioB HeoOXOAUMO
MeKOTpacjeBOe COTPYAHUYECTBO MEXKJy MaTepuaJoBelaMH, MeaAuKaMu U OwuoJsioramu,
IIOCKOJIBKY Pe€Yb HJET O HMOTPeOHOCTH B IMPABUJIHPHOM IOHUMAHUHM B3aNUMOJEHCTBUSI MEXKIY
TKaHBI0O M HMIUIAHTATOM. MeJIUKH JIOJDKHBI 4YeTKO chOpMyJHpoBaTh TpebOBaHUA K
O6uomaTeprasiaM I KOHKPETHBIX KJIMHUYECKUX IPHUMEHEHHH, a MaTepHUaOoBeAbl JIOJIKHBI
YeTKO IOHUMATh, YTO SBJISIETCA CJIEJICTBHEM TOTO WJIU JIPYTOTO U3MEHEHU CBOMCTB MaTepuaa.
BmecTe ¢ TeM, K COKaJIeHHUIO, BCe ellle COXPaHsAEeTCA TeH/IeHIUA apalyIeIbHOTO PA3BUTHA TAKUX
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HamnpaBJIeHUH, KaKk UMILIAHTOJIOTHS U buoMaTepuanoBezieHne. IMeHHO ITO3TOMY, BpayH JI0 CUX
[IOp AaKTUBHO HCHOJIb3YIOT TPAHCIJIAHTAThl, YacTO U He /OraJblBasch O BO3MOXKHOCTAX
CUHTETUUYECKUX OCTEOTPOIHBIX MAaTepHUaslOB, KOTOPBIE CErO/lHA B YKpauHe HCIIOJIb3YIOTCA He
6oJiee yueM Ha 10 % OT UMeloIIerocs MOTeHNIHaIa. B ¢BOI0 ouepesn, IpU CO3AaHUN MAaTEPHAJIOB,
KOTOpble HUCIOJIB3YIOT JIJIi BOCCTAHOBJIEHUA KOCTHOW TKaHU, a Takke QYHKIUU NMOpaKeHHBIX
YY4aCTKOB KOCTH, IIpeX/ie BCero, HeoOX0AMMO IOHHUMaHHUE IMPOIECCOB MHUHEPAJbHOTO OOMeHa
KOCTHOU TKaHU B OpraHU3Me, a TAaK)Ke U3yYeHHEe ee CTPOEHHs U CBOUCTB [2-5].

Kocte — 5TO axkTuBHO GYHKIUOHUPYIONUH U OecmpepblBHO U3MEHAIONUICA Ha
MPOTSKEHUU KU3HU opraH. IIpu 3TOM KOCTHAas TKaHb fABJISAETCS HATYPaJIbHBIM KEPaMUKO-
OpPTaHUYECKUM KOMIIO3UIIMOHHBIM MaTepHaJIOM, COCTOSIIIMM H3 KoJutareHa (20 Bec.%),
docdara kampnus (69 Bec.%) u Boabl (9 Bec.%) [6]. Koctubiit muHepan (docdaT Kagabiius)
COCTOUT W3 HaHOpPa3MepHbIX KpuctauioB ruapokcunamatuta (FAIT) — Ca,o(PO4)s(OH). u
amopdHoro docdara Kaabus [6-9].

Kpucrasuty anatuTa nmpucyia BapuabeIbHOCTh: HOHBI Kby U pocdopa MOTyT 3aMeN[aThCs
Ha 1+3-X BaJIeHTHble KAaTHOHbI M AaHUOHBI, a T'WIPOKCWIbHBbIE TIDYNIbl, KOTOPble BXOAAT B €ro
KPHUCTAJUIMYECKYIO CTPYKTYPY, - Ha (TOp, XJIOp WIM KapOOHATHYIO Tpymnmy (kapOoHAT-HOH IIO
OOBIKHOBEHHIO JIETKO BXOAWT B CTPYKTYPY alaTWTa, 3aHHUMAas TaM TPH IIOJIOXKEHUS U BHI3BIBAS
U3MeHeHUe CBOHCTB KpHcTasuia). Boolie ke BBeZieHHE JIIOOOTO MOHA, IPEXK/E BCETO, U3MEHSET
PacCTBOPUMOCTh KPHUCTALIA, YTO W CIAYKUT NPUYMHON H3MEHEHWH B MHHEPAJIHBHOM OOMeHe
opranusma. Tak, HaIpuMep, MPU YaCTUYHOM 3aMeIlleHHH MOHA THIPOKCH/IA Ha WOH (TOpa WU JKe
MOHA KaJIbIUs HA MOH MAaTHUSA WIA CTPOHIIVSA, CHIKAETCS PACTBOPUMOCTD KPUCTAJLJIOB M HA IEPBOM
JTalle MHUHEpaJIbHas IUIOTHOCTh KOCTH yBeJMYHBaercs. TeM He MeHee, 3TH KPUCTAJUIBI YiKe
MMPAaKTHYECKU He OepyT yJacTus B MUHEPIBbHOM 0OMeHe, "ocesiasd" B KOCTH W, B KOHEUHOM HTOTE,
MIPUBOJA €€ K «OXPYIMUUBAaHUIO». B cBOIO ouepenib, KapOOHAT-MOHBI YBEJTMINBAIOT PACTBOPHUMOCTD
I'AIl u, HapuMep, B KPUCTA/LIAX SMayIM 3y0a, IPUBOAAT K Kapuecy. Kpome Toro, mameHeHuUe
cooTHoleHus Kanbius Kk pochopy (Ca/P) B pelieTke anaTtura, HCKa>kaeT ero CTPYKTYPY U IPUBOAUT
K YCWIEHHIO pe30pOINH TaKUX KPUCTAJ/UIOB. B opraHn3Me mporcXOouT MOCTOSTHHBIN HOHHBIN 0OMeH
myreM AUMPY3UN MEXIy MHHEpPAIbHBIM KOMIIOHEHTOM KocTHOUM TKaHU (KT), MexkieTouyHOH
JKUJIKOCTBIO U IUIA3MOU KPOBH, GJy1arofiapsi YeMy KOCTHAsI TKAHb CIIY?KHUT JIETI0 MUHEPAJIbHBIX COJIEH
opraHm3Ma 1 0cOOeHHO Kastbius [10, 11].

IToxprTOKKBasA BBIIIECKA3aHHOE, MOKHO BBIJIEJINTh OCHOBHBIE (DAKTOPHI, KOTOPbIE BIUAIOT
HAa MHUHEpPAJbHBI OOMEH B OpraHu3Me W KOTOPbIe MOXKHO YKCTPANOJUPOBATh M HA ITPOIECCHI
B3aWMOJIEHCTBUA €Tr0 JKUJKOCTEH C OCTEOTPONHBIMU HUMIUIaHTaTaMHu. MTak, 5TO: pazmep
KPUCTAJUIOB; UX Ae(EeKTHOCTb; TUN 3aMelleHui; (a30Bble U 3JEeMEHTHblE MHUKPOIPHUMECH,
CTENIeHb HACBIIIEHUA KUJIKOCTEH OpPTraHW3Ma, BBIJEIUBIINMUCSA HOHAMU. YUHUTBHIBASA, UYTO BCE
5TH (AKTOPbI 3aBUCAT OT PACTBOPUMOCTH MHHEPAJIbHOM COCTABJAIOIIEH KOCTHOU TKAHMH,
HeOo0XO/IMMO CO3/IaBaTh OCTEOTPOIHbIE MAaTEPUAJIBI C PETYJIMPYEMON PACTBOPUMOCTBIO, a JIJIs
9TOTO Ba’KHBI TaKHE CBOMCTBA MaTepuajia KakK: XHMHYECKUH cocTaB, (as3oBBIA COCTaB,
JIUCIIEPCHOCTh, MOP(OJIOTHS YaCTULl, TOPUCTOCTh. COOTBETCTBEHHO, Jla’Ke eCJIU UCIIOJIb3YIOTCS
MaTepuasbl OJHOTO Kjacca, OHU OYAYT OTIUYAThCS MHUKPOCTPYKTYPOH, (PU3UKO-XUMUUECKUMU
CBOMCTBAMU U XapaKTEPOM B3aUMO/IENCTBUSA C )KUBOU TKAHBIO.

HccemoBanme CBOWCTB, CTPYKTYPBI, COCTaBa KOCTH, MEXaHU3Ma €€ pPeMOJETUPOBAHUS
OTpeNEeJININ YCIIeX HCIOJIb30BaHUsA OMOAKTHBHON KepaMHKH Ha OCHOBe (HocdaTOB KayIbIHA
(K®K) mns Boccranomienuss KT. B mpaktuke mepemoBoil xupyprum u cromarosiorun KOK
HCIIOJIB3YETCA IOUTH BO BCEX OINEpanusaX Ha KOCTHOW TKAaHU JJIs 3alOJHEHUS KOCTHBIX
e EeKTOB, KOTOPBIE BOBHUKJIU MPH YAAJIEHUHU OIYXOJIN WJIN B Pe3yJIbTaTe TPABMbI, CpAIl{UBAHUS
KOCT€eH, BOCCTAaHOBJIEHUS ITOBPEKAEHHON CTPYKTYPhI KOCTHOH TKaHM [1, 9, 12-17].

N3 6Gospioro umnciaa ¢ocdaToB Kagabliusd Hanbosee OMOCOBMECTUMBIMU SIBJISIOTCS JBE
dasel docdara kampuua — TAIl u B-tpukansnuiidocdar -Caz(PO,). (B-TK®D) [9, 18].
B mpomniecce wumsrorossnenus TAIl u [-TK® cymecrByer MHOro IapamMeTpoB, KOTODBIE
OIpeNieNIAI0T U3MeHeHNe UX KOHEUHBIX CBOHCTB M, KaK CJIEJCTBUE, KauyecTBO OMOMarepuasa.
ITpu ofHOM M TOM >Ke XUMHUYECKOM COCTaBe MOKHO IOJYYUTh MaTepuay, B KOTOPOM OyayT
IPUCYTCTBOBATh, BMecTe ¢ OMOCOBMeCTUMBIMU ¢azaMU U HecoBMecTHMBble Gasbl WIN Ke
MaTepruaJ ¢ MUHUMAJIbHOU CIOCOOHOCTHIO K B3aMMOJEWUCTBUIO ¢ (PUBUOJIOTHUECKON CpEIoH.
3HaHUe MPOIECCOB, KOTOPbIE MPOUCXOAAT IIPU CUHTE3€ MaTepHuasa, U CIOCOOHOCTh yIPaBJIATh
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UMM 10T BO3MOKHOCTh MOJIYYUTh MaTepuas ¢ 3a/JaHHBIMU cBOMicTBaMu. Kpome Toro, Bpauy B
KaK/IOM KJIMHUYECKOM CJIyuyae HeoOXOIMMO MMETh IPeJCTaBJIEHHA O TOM, KAKUMHU CBOHCTBAaMH
JIOJ’KEH BJIQJIETh MaTepuasl, YTOObI OH MOT OOECIeUHnTh HY>KHBIH YPOBEHb B3aUMOJEHCTBUS C
TKaHAMHU UMEHHO /IJ11 KOHKPETHOT'0 KJIMHUYECKOTO CIy4das.

K®K obsagaer abCOMIOTHON OMOCOBMECTHMOCTBIO U CIIOCOOHOCThIO IPUHUMATH yYacTHE B
IpoIecce pernapaTuBHOIO OCTEOTeHe3a, UHTEIrPUPOBATBHCA C KOCTBIO, CIIY:KUTh CTPOUTEIbHBIM
MaTepuajoM JJjs pereHepara [9, 12, 14-17, 19-21]. YUuTbIBas, 4YTO >KUJIKOCTU OpTraHU3Ma
nepeHachimeHbl pactBopoM I'AIl, KOK B cBoeM cocTaBe nMeeT TOJIbKO (hDU3UOJIOTHUECKHE UOHBI,
KOTOpble He MOTYT BBI3BIBATh UMMYHHBIE peakIuu opranusma. yuactue KOK B obpazoBanuu
KOCTH peayin3yeTcs 3a CUeT BKJIAZla MOHOB KaybIusA U docdopa B mpolecc ocreorenesa [1, 12,
22, 23]. I[Ipupoga 6buosiornueckout aktuBHOcTU ['AIl moka gajieka OT CBOEro OKOHYATEIHHOTO
o0bsicHeHus1. CylecTByeT MHOKECTBO KOHIeNUHi B3ammonaeicTBus KO®PK ¢ KOCTHOW TKaHBIO.
Hexkoropsle B3IJIA7bl IPOTUBOPEUNBbIe, HEKOTOPHIE JOMOJIHAIOT IPYT APYra, BBI3BAHO 3TO TEM,
yro mpu B3aumoperictBuu KOK ¢ ¢dusmosornueckoir cpefoil MpPOXOAAT JAOBOJBHO CJIOKHBIE
MpoIecchl UX B3amMoOAeHCcTBUs. CKOPOCTh U XapaKTeP STHX B3aUMOJIEUCTBUH 3aBUCAT OT TaKUX
ceorictB KOK kak pacTBOpuMOCTb, €€ KUHETHKA, IOPUCTOCTb, Pa3MepP M paclipejiejieHue Iop,
(as3oBbIil cocTaB, HAJTUUNE HAHOIIOP, COCTOSHUE MOBEPXHOCTH, ee MOPGOJIOTHSA, COCTaB, SHEPTHUS,
3apsan u ap. 3amenenue ke KOK KOCTHOU TKaHBIO, CKOpee BCero, IMPOXOJUT IO THUILY Y4acTHs
MUHEPAJIbHON KOMITIOHEHTHI B peMoziesiupoBanuu KT. I1pu BbIiesIeHUY HOHOB Kbl U ¢ocdaTa
00pa30BBIBAIOTCSI 30HBI IIE€PECHIIIEHUsI, KOTOpPble BJIUSIOT Ha KJIETOYHYID aKTUBHOCTD:
aKTUBHUPYETCS OCTEOKJIACTHAs aKTUBHOCTH, a 32 HEH M ocTeobJIacTHAs, UOHBI K€ U MPOTEUHBI U3
JKUIKOU Cpeibl aJICOPOUPYIOTCS HA MIOBEPXHOCTH KepaMUKH. [IprocTaHaBIMBAETCA STOT IMPOIIECC B
cIy4dae, ecId OCTe00JIacThl MEePEKPhUTH JOCTYIl ocTreoksactaM K KOK (Bor moyemy Tak BakHa
TIOPUCTOCTD U pa3Inyus B pactBopumoct a3z KOK).

YuuThiBasdg BBIIIIECKA3aHHOE, CO3/IaH, WCCJIEIOBAH U BBEJEH B KJIMHUYECKYI0 IIPAKTUKY
IIUPOKUN ACCOPTHMEHT HMIUIAHTAaMOHHBIX MaTepuasioB u3 KOK, dupmeHHoe Ha3BaHue
"BuomuH". IIpoBe/leHHbIe MHOTOYHCJIEHHbIE HCCIEJOBAHUSA IIOKA3ai, UYTO HCIIOJIb30BaHUE
omoaktuBHOU KPK B KOCTHOM XUPYPruHU, pa3peliaer MoJyduTh ObICTPYIO U HAJEKHYIO (DUKCAIIUIO
UMIUIAaHTaTa TPU KOCTHOM IUJIACTHKE, C TIOCJIEIyIONUM 3aMeIleHHeM ee Ha IOJIHOIEHHBIN
pereHepaT. Takoil BBIBOJT IOJTBEPIKAAETCS KaK JOKJIMHUYECKHMHU WCCJIEIOBAaHUAMH TaK U
MHOTOJIETHEH KJIMHUYECKOW MpakTUKOoW. OueHb IMOKa3aTeJIbHBIMH SIBJIIOTCA HAOJIIOAEHUs 3a
BOCCTAHOBJIEHMEM U HapallliBaHHUEM KOCTHOW TKAHU 4YEJTIOCTEd TPH IOJITOTOBKE KOCTU K
UMIUIAHTAIUN MEeTJLINYeCKUX KOPHEBBIX UMILIAHTATOB, MPU YCTAHOBJIEHUU KOTOPBIX COCTOSIHUE
pereHepara olleHUBaJI0Ch He TOJIbKO PEHTIE€HOJIOTUYECKHU, HO U BU3YaJIHHO.

KO®OK B xupypruueckoil ImpakTHKe MPUMEHSETCA B BHJIe IOPOIIKA, TPaHys, IUIOTHOU M
MIOPUCTOY KepaMUK (pHc. 1).
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Puc. 1. O6pasusl rpaHys U KepamMuku buomunna
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Marepuas JIETKO CTEPUIN3YeTCI U MOKET COXPAHATHCA IPOAOJIKUTEIIBHOE BpeMs.
PanmoHasibHOE HCIOJIB30BaHUE OHMOMHHA pa3pellaeT 3HAYUTEbHO MOBBICUTH 3((GEKTUBHOCTD
CYIIECTBYIOIIIMX METOJOB BOCCTAHOBJIEHMs KOCTHOM TKaHuU. Ho, BMecTe ¢ TeM, MpU MMEIOIEMCSA
accopTuMeHTe (OopM U BUJOB IUIACTUYECKUX MaTepuasoB HA ocHOBe KOK /i Kakaoro U3 HUX
JIOJDKHBI OBITH OIpe/leJIeHHble YeTKHEe IOKa3aHHsA, OCHOBAaHHbIE HA JAHHBIX O OMOJIOTHYECKHX
¢ deKTax, KOTopble BO3HUKAIT B 00J1aCTU MMIUIAHTAIMA YTHUX MaTEPUAJIOB B KOCTHYIO TKAaHb
JKMBOTHBIX WJIX YeJIoBeKa [17].

[Ipu umcmosib30BaHUM IJIOTHOM KepaMUKH H3 crexuomerpuueckoro I'AIl, ¢opmupyercs
HEIOCPEe/ICTBEHHAas: OMOXMMHYECKas CBSA3b HMILJIAHTATa C KHUBOM KOCTBhIO Oe3 0Opas3oBaH U
¢Gubpo3HOU Kamcyabl, a CKOPOCTh Pe30pOIUM TAaKOM KepaMHUKH CYIIECTBEHHBIM 00pas3oM
3amezisiercss [24]. Wcmonb3oBanue [-TK® 00yciaoBieHO TeM, YTO S5TH BeIlecTBa IPHU
B3aMMOJIEICTBUU C BHYTPEHHEH cpeJlol opraHu3Ma ObIcTpee pe30pOHUPYIOT U IIpeBpaIaloTcs B
ouonornyeckuii 'AIl. OHM HMeIT pacTBOpPHUMOCTH BbIlle, yeM y ['AIl, u, Kpome TOro, Hux
KpUCTAJUINUECKasd CTPYKTypa OTJIUYaeTcs OT CTPYKTYphl MUHEPAJILHOIO KOMIIOHEHTA, 4YTO,
YCKOPSIET pe30pOIuio u, TAaKUM 00pa3oM, BICBOOOK/IEHIE€ NOHOB Kainblud U ¢pocdara [6, 9].

Baxknoit xapakrepuctukoil I'AlIl ABjseTCSA CTEXUOMETPHS €r0 COCTaBa, KOTOPYIO IMPUHSATO
BeIpakaTh cooTHolneHneM Ca/P. OTKJIOHEHHE OT CTEXHOMETPUU H3MEHSIOT CBOMCTBA
MaTepuaja B CTOPOHY YBEJIUUEHUS PACTBOPUMOCTH H, CJIEIOBATEILHO, PE30POIUH.

BestesicTBrEe BBICOKON OHMOCOBMECTMMOCTH BHOMUH MOJKET HCIIOJIb30BAThCs IPH JIOBOJIBHO
pas3HbIX 3a00sieBaHuAX. KpoMe onepanuii Ha KOCTHOM TKaHHU, MaTepHaJl PEKPACHO BeJIeT ceOs1 U B
MATKUX TKaHAX. [[pryeM, kak MPU UMIUIAHTAllMU B KOCTHYIO TKaHb, B Pa3HbIe ee y4acTKU, TaK U B
MATKHE TKAaHU HeOOXOJUMBI MaTepUIbl ¢ PpPa3HbIM XapaKTepOM B3auUMOJEUCTBHUA C
OKpYKawIUMU TKaHAMU. [Ipu mcnosp30BaHUN MaTepraia /Jjid BOCCTAHOBJIEHUS KOCTHOU TKaHU
CBOICTBAa HMILJIAHTaTa OIpeJeNATcd pa3dMepaMu JedeKTa KOCTU, CTEIEHBbI0 MOpaKeHU:A
(coxpanmiachk 1M KOPTHKaJIbHAsA KOCTh), JOKanu3anuei aedekra (Kakoe KpOBOCHAOKEHUE BO3JIe
nedeKTa), BEJIMUYMHON HArpy3Kd, KOTOPYIO JOJDKEH HECTH HMILIAHTAT, BO3PAacTOM IIalMeHTa.
Pesynprar omepamuu OyZeT 3aBUCETh OT MPaBUJIBHOTO M000pa CBOWCTB HMMILIAHTUPOBAHHOTO
U3esus.

CyIiecTByeT HECKOJIBKO CIIOCO00B m3MeHeHHs cBOHcTB K®K: perymupoBanue dazoBoro
COCTaBa; M3MeHeHHe MOP(OJIOTUM YaCTUI]; U3MEeHeHHe yJIeJIbHOU MOBEPXHOCTH; CUHTE3 HOBBIX
HOH-3aMeIeHHbIX opTodocdaToOB KalbIHsd; HAHOCTPYKTyprupoBanne KOK.

N3meneHne $Ha3oBOro cocraBa sABJSAETCS CAMbIM PACHPOCTPAHEHHBIM METO/IOM IOBBIIIEHUS
pactBopumoct KOK. Ceituac i1 3amoJHEHHs KOCTHBIX IIOJIOCTEH  HCIOJIb3YeTCs
peuMyIecTBeHHO /iByxdasnas kepamuka ['All u -TK® c pazHbIMU COOTHOIIEHUSAMU [6,7-9, 25].
PactBopumMocTh crexuomerpuueckoro I'AIl 3HaunTenbHO HUKe pactBopumoctu [3-TK®, mostomy
U3MeHeHUe COOTHoIleHus ¢a3 U3MeHseT PACTBOPUMOCTh Marepuasa. budasHble MaTepuabl
MOTYT OBITH IIOJIyUeHbl KaK MeXaHUYeCKHM CMeIleHHEM KOMIIOHEHTOB, TaK U TEPMUUYECKOU
obpaboTkoii HectexmoMmerpuueckoro I'AIl mpu Temmepatype Bbiie 800°C. Bropoit meron 6osee
2¢exkTUBHBIN, MeHee 3aTpPaTHBIMN, (a3bl IPU €ro UCIOJIb30BAHUU PACIPEEIAI0TCA PABHOMEPHO.
ITo pa3HBIM JIUTEpaTYyPHBIM JAHHBIM, PACTBOPUMOCTh TAKOTO MaTepuasa HaXOJAUTCA B IIpefesax
PacTBOPUMOCTEH KOMIIOHEHTOB WJIHM IpeBbImaeT pacrBopumoctb [-TK® [8, 24, 26], a, mo
pesysibTaTaM HaIllMX KCCJIeOBAaHUN, pacTBOpUMOCTh kKommoauta [All- B-TK® sHauuTeabHO
IIPEBBIINIIAeT pacTBOpUMOCTh crexuoMmerpuueckux 'All u B-TK®. 3To MOKHO 0OBSICHUTH TEM, UYTO
CTEXMOMETPUUYECKHE CTPYKTYpbl 0oJiee CTOHKHE, YeM Te, KOTOphle CO3[JAI0TCs IpHU
nepekpucTain3anuu Hecrexuomerpuueckoro I'ATl. HoBoob6pazoBaHnHbIe cTpYKTYphl da3 I'AIl u
B-TK® umeroT m3MeHEHUs B IapaMeTpaX KPUCTA/UTMYECKOU pelreTky. FI3MeHeHne COOTHOIIEHUS
(a3 Toxke BIMAET HA PACTBOPUMOCTHh MaTepHasia. dTO CBOUCTBO AByxdazHou KOK BaxkHO mpu
3aMelleHUN pereHepaToM, Beab 6osiee ObicTpas pe3opbiius dassl (-TK® npuBogUT K YBETHYEHUIO
IIOBEPXHOCTU KEPaMUKU IIPU COXPaHEHUU IIPOYHOCTH Kapkaca u3 I'AlL

PerynupoBanue cBoiictB KOK 3a cuer yBennueHHs y/IeJIbHOTO Beca U U3MEHEHUA
MOpP(QOJIOTHHN YaCTHYEK B HEKOTOPON CTENeHM CBA3aHbI, TaK KaK H3MEHEHUs HEKOTOPBIX
ImapaMeTpOB CHHTE3a IMPUBO/IAT OJJHOBPEMEHHO K M3MeHEHUI0 00oux cBoucTB. [Ipu cuHTese KOK
00pa30BbIBAETCS OCA/IOK W3 HAHOYACTHI, a JJid IPeJOTBPAIeHUs IIOBBIIIEHUS CTeleH!
KPUCTAJUTUYHOCTA U arjioMepaniy HUCIOJIb3YIOTCA HHTUOUTOPBI pOCTa KPUCTALIOB U
JIACIIEPTaTOPhI, KOTOPBIE BJIUAIOT U HA MOP(MOJIOTHIO YaCTUUEK (pHC. 2).
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v

x1.80k 18 .6kU

Puc. 2. Mukpodotorpadun yactuuek KOK ¢ pasupiMu Mopdosiorueit, pacCTBOpUMOCTBIO,
yZIeJIbHOM IIOBEPXHOCTHIO U CIIEKAEMOCTHIO

AT NOpPOLIKM HMEIT pa3HOe WCIOJIb30BaHUe: HMIUIAHTAllUA B KOCTHBIE JleeKTsl;
[epopayibHOe IIPUMEHEeHHe /Ul HOpMajau3allud MUHEpPAJIbHOTO OOMeHa B OpraHusMe;
HUCIOJIb30BAHUE B KAa4eCcTBE HOCUTEJS JIEKADCTBEHHBIX IIPENapaToB; U3TOTOBJIEHUE KePaMUKHU U
TpaHyJl, HAHECEHNe MTOKPBITUA U UMIIAHTAIWA B MATKNE TKaHU.

Coueranme pasHbix yactul, KO®K c pasjumgHONl pacTBOPUMOCTBIO U HCIOJIb30BAHUEM
[IIJTUKEPOB W KOJUIOUAHBIX pacTBOpoB ¢ KPK paspemaior mosyyaTh pasHble BHABI IJIOTHOU U
IIOPUCTOH KepaMUKH (puc. 3):

. SN
S P
x1 .88k 26 .8kU  GHum

x1.08k 10. Y
Puc. 3. MukpodoTorpaduu MoBePXHOCTENU MOPUCTOH U II
pacripe/ieJieHleM TIOp 3a pa3MepaMu

OueHb pacnopOCTPAaHEHHBIM METOJOM IpPUAAHUA crenuduyecknx cBorictB KOK ecth
BBeJIeHME Da3HbIX MOHOB B cTPyKTypy ['AIl, KoTOpBIEe Tak:ke BAMAIOT U HAa MOPQOJIOTHIO €ro
kpucrauioB. Hanbosiee pacipocTpaHEHHBIMU SIBJISIIOTCS 3aMEIeHUsI HOHOB KaJIBITUSA HA MarHUn
U cepebpo, docdaros-noHOB HA KapOOHATHBIE M CHJIMKAT-HOHBI, noHoB OH- Ha kapGoHar
WOHBI ¥ UOHBI F-.

BBenenue cepebpa B cocraB KOK mpumaer eif acenTUUECKHE CBOKCTBA, YTO OYEHb aKTYaIbHO
HAa CETOAHAIIHUU JIeHb, BeAb MHOTO OaKTepuil CTOMKUX K aHTHOMOTHKaM, M, KpOME TOTO,
aHTUOWOTHKHU IOJABJAIT penapaTuBHble nponeccbl. KOK ¢ cepebpom okasbiBaeT cozeiicTre
YTHETEHHUIO CTaQUIOKOKKOB U JAPYTHUX O0JIe3HETBOPHBIX OakTepuii u 0Oosiee 3 dekTUBHOMY
BOCCTAHOBJIEHUIO KOCTHOM TKAaHU NPH HAJIWYUM MHQEKIUH, U B YaCTHOCTU IIPH KHUCTaX U JlaxKke
HEKOTOPBIX CTA/IUAX OCTEOMUETUTA.

BBenennem KkapOOHATOB-HMOHOB IIOJy4YalOT KapOOHATTHAPOKCHJIATIATUT, PacTBOPUMOCTH
KOTOporo BbIlle, yeM y uyucroro I'All. MHoro wuccienoBarejiell CYUTAIOT IE€PCIEKTUBHBIM
HCII0JIb30BaHNE UMEHHO KapOOHATIUIPOKCUAIIATUTA M3-3a €ro MOBBIIIEHHOW PACTBOPHMOCTH, HO
BJINsAHME KapOOHAT-MOHOB HA XO7] pelapaTUBHUX IIPOIECCOB ellle He OIlpefieieH 0JTHO3HAYHO, a ET0
KOJINYeCTBO IOBBIIIEHO MMEHHO B IATOJOTMYECKUX 30HaxX. Tak:ke BBeZleHHE B CTPYKTYPY MOHOB
¢dTopa cHauasa cCYUTAIOCH MTEPCIIEKTUBHBIM U3-3a cTabwibHOCTH dropruapokcunanaruta (OI'AIT)
u propanartura (PAIT). 3amelieHne THIPOKCUIBHBIX HOHOB HAa NOH (PTOpPA IPUBOJUT K CHUIKEHUIO
pactBopuMocTu I'AIl 1 yKpeIIeHUIo ero CTPYKTYPBI, HO BBEZIEHHE €r0 B MUHEPAJIbHBIN KOMIIOHEHT
HapyIIaeT MeTaboIMYecKIe MPOIECCHL.

B cBoto ouepesb, BHICOKYIO aKTHBHOCTH Si-KOK cBA3BIBAIOT ¢ 00pa3oBaHUEM Ha TTOBEPXHOCTH
MaTepuasia cuiaaHoOJAbHUX — SiOH-rpynm, KoTopele ¢ MOHAMU Kaiblusa U Qocdara co3maroT
cuHepreTnueckuil 3 deKT U3-3a BIUAHUA Ha pernapaTUBHBIE Mpoliecchl. Hamu uccieqoBanus Si-
K®K B skcrepuMeHTe Ha KOCTHOU TKAHU IOKA3IM OHO3HAYHOE YCUJIEHUE pernapaTHUBHBIX
mporieccos [8].
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ENVHCTBEHHBIM HEIOCTATKOM CHHTETHYECKUX MaTepHUaJIOB fABJAETCH OTCYTCTBHE »KHUBBIX
KJIETOK, KOTOpble OBl MOIJIM IPUJATh UM OCTEOUHJIyKTHUBHBIE cBoMcTBAa. Ho u 3Ty mpobiemy
MOKHO peIlINUTh, IMOBBINIAA AKTUBHOCTh KEPAMUKU C HCIOJIb30BAHMEM HAHOTEXHOJIOTUH U
o0BeIMHEHNS €€ C JKUBBIMU KJIETKAMU OpraHusMa. VIMeHHO Takye MMIUJIAHTAThl M OTHOCATCA K
KOCTHBIM HMILJIAHTaTaM TPeThero MokojeHus [3-5, 7, 27].

B mocnegHue rojipl aKTUBHO IIPOBOJASATCS HCCAENOBAHUSA HAHOCTPYKTypupoBaHHON KOK.
MHOTOYHMCIEHHBIE HCCAEAOBAaHUA I[OKa3ajld, YTO HAHOCTPYKTYPHPOBAaHHBIE MaTe€pPUAIIBI
(BKJIIOUHTEJIBHO ¢ KEPAMHUKOU, META/UIaMH U MOJIMMEPAMU) YCUIUBAIOT KJIETOUHYIO JeATEeIbHOCTD
JKMBOTO OpraHusMa. MuUKpo/HaHOPO3MePHOCTh MaTepuasoB (MeHbllle pasMepa KJIeTOK) /iejlaeT uX
"OMOMHTEPAKTUBHUMU"' C KJIETKAMU M TKaHAMH, YTO OPUBOAUT K 3hGEeKTy KaTajiuszaTopa,
KOTOpBIM 3alyckaeT OuosiorMueckue Iporecchl. PasBuThe 3TOro Oumomnpolriecca HPUBOAUT K
KOHBepcuH pasMepHoro 3¢gdexra B kocTHOe obpa3oBanue. Hirke Ha puc. 4 MOKa3aHO BIUSHUE
BuoMmHa, CTPYKTYpHPOBAaHHOTO HAHOYIJIEDOJAHBIMH TPYOKaMH, Ha KJIOHOTEHHYIO AKTHBHOCTH
CTBOJIOBBIX cTpoMaTbHBIX KJ1eToK (CCK) kocTHOTO MO3ra yesoBeka in vitro. IIpu 5ToM KoIu4decTBo
BBIPOCIHINX KOJOHUU U 3 GEeKTUBHOCTh KJIOHUPOBAHUSA YBEJIUUWINCh B 63 pa3a OTHOCUTEJIBHO
KOHTPOJIA U B 31 pa3 B CPaBHEHUH C KyJIbTUBUPOBAHUEM B IIPUCYTCTBUU KCEHOTPAHCILJIAHTATA.

: & R 4 " 4 N \ ki
- < 3 L/ / . A"
".": P Ve g V| (e
- \ el S A Mt
» d ~ . 03 e ke y
5 = - ,t“ﬁ & \
- +« r v:l‘ 4 ;.‘;b\. "
A 3 '*. 3 5 re
. . } 4 “‘_. P4 ,’..;" :'z:
f o e L
L v 4 - _ -
a o c

Puc. 4. dddexrruBHOCTH Ki1oHHpoBaHUA CCK KOCTHOTO MO3ra uesioBeka in vitro Ha:
a — KOHTPOJIbHOH OCHOBE; 6 — KCEHOTPAHCIUIAHTaTe; ¢ — HAHOCTPYKTYPUPOBAHHOM broMmuHe

B »aTO# cuTyarium bBuOMUH TIPOSIBUIT OCTEOWHJIyKTHBHBIE CBOMCTBa (McCCiIeIOBaHUE
IPOBOAWINCH, B Jabopartopuu ummyHosiorun YHJII TpaBmarosoruum u oproneaun AMH
JI.I'. ITanuenko u T.A. AnekceeBoii).

[IpomomkurenbHble (12 u  Oosbllle JieT) HaAOJMIO/IEHUsT He BBISBIWIN KaKUX-HUOY/b
OTpHUIATEIbHBIX U3MEHEHUN B KOCTH, oOpa3oBaHHOU mpu ydactuu KOK. Bmecte ¢ Tem, Hy:KHO
OTMETHUTh, YTO MPU HAJTUYHHU GOJbIINX /MedeKTOB, KOorza B JiedeKT Mmomeraerca 90 06.%
JIoBOJIBHO TIOTHOM K®K, Torzia xak B HaTypaJbHOM KOCTH €e JIOJIKHO OBITh He Oosiee 40 00.%,
HeJIb3s HaJeAThCA Ha MOJIHYIo IepecTpoiiky KOK, HO u ocTeorropo3a B MOPaKeHHOU KOCTHU yiKe He
OyZeT, a KOCTHO-KEpaMHUYECKUH KOMIIO3UT Oy/IeT 3HAUNUTEILHO IIPOYHEee KOCTH.

Hcnosp30BaHEe HEKOTOPBHIX Pa3HOBUAHOCTEW BHOMIHA B CTOMATOJIOTHU IIPE/ICTaBJIEHO Ha
puc. 5, 6,7, 8a, 86.
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OnekTpoHHoe nzobpaxeHue 1

Puc. 5. JleHTaIbHBIN UMILIAHTAT C THAPOKCHJIAMIATUTOBBIM MOKPBITHEM (BroMuH)

o

500mMKmM : 3nekTpoHHoe Méoﬁpa}KeHme 1

Puc. 6. JleHTasIbHBIA UMIUIAHTAT C TUIPOKCUIIATIATUTOBBIM HOKpbITHEM (BrioMuH)
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Puc. 7. TomorpaMmma rafMOpOBOH MTa3yXH MOCJIE TPOBEEHHOM OIEPAIUN: OTKPBITHIN
CUHYCIU(MTUHT. AyrMeHTaIusa MaTepruaia buoMuH. 6 MecAIeB mocje onepamnuu.

Puc. 8a. PapukyssipHasi KMcTa HIPKHEH destocTh cyieBa. COCTOsTHUE 10 JIeUeHUsT
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Puc. 86. PasiukyisipHast KUCTA HIDKHIA yesmtocTu cyieBa. CoOCTOsSTHUE Yuepes 1 TOo7 Iocye
IIMCTAKTOMUU. AyrMeHTaIud MaTepruaga buomun

AHanu3 uccae0BaHUN MPUMeHeH!UsT BuoMuHA B SKCIIepUMEHTEe U KJIMHUKE TOATBEPIK/IAET,
4TO B mporiecce B3aumozeicTBusi KOK ¢ opraHu3MoM MOKHO BBIJIEJIUTh TAKWE OCHOBHBIE STAITbI:

1) oOpa3oBaHUe HEIOCPE/ICTBEHHBIX OWOXMMUYECKHX CBS3eld MeEXAY KepaMHYEeCKHUMU
JjleMeHTaMH ¢ DBHOMHHOM ¥ KOCTHOH TKaHBIO, B pe3yJbTaTe 4ero (QOpMHUpPYeTcs KOCTHO-
KepaMHYECKUI KOMIIO3UT, IPOYHOCTh KOTOPOTO HE YCTYIaeT KOCTH;

2) obecnieueHne HEMIPEPBIBHOCTH IIpoIlecca TpaHCHOPTUPOBKHU BemectBa KOK (mpu yuactum
OCTEOKJIAaCTOB M 0CTe00JIaCTOB) OT KEPaMHYECKHUX 3JIEMEHTOB K HOBOOOPA30BaBIIEHCS KOCTH, B
pesyJsibTaTe 4ero KOJIMYeCcTBO BbroMuHA ¥ pazMephl KepaMHUYECKHX 3JIEMEHTOB YMEHBIIAIOTCS, a
00beM HOBOOOPA30BaHHOUW KOCTH Bo3pacTraeT. MIHTEHCHBHOCTH 3TOTO IIPOIleCCa 3aBUCHUT KaK OT
(usHosoTHUECKNX TTOKa3aTesiel, TaKk U CBOUCTB KEPAMHUKH, U OH MOJKET JITATHCS OT HECKOJIBKHX
MECAIEB JI0 HECKOJIBKMX U OOJIbIE JIET, 3aKaHYHMBASACh IIOJIHBIM IIpe0Opa3oBaHUEM KOCTHO-
KepaMUUYECKOTO KOMILJIEKCA B ITOJTHOIIEHHYIO KOCTb.

Takum oOpaszom, mnpeumyliecTBaMu bBHOMUHA SABJSIOTCA: BbICOKas OHMOJIOTHYECKAs
coBMeCcTUMOCTh (OJlaromapss aHAJOTMHM C MHUHEPAJIbHBIM KOMIIOHEHTOM KOCTHOW TKaHH);
alMPOTEHHOCTh  (BCJIEACTBHE OTCYTCTBHSI MMMYHHOM peakIMd OpraHu3Ma); WHTeTpanus
WMILJIAHTaTa ¢ KOCTHOHM TKaHbIO 0e3 oOpa3oBaHusa (GUOPO3HOM KaIlCyJIbl; IOCTEIIEHHOE 3aMellleHe
MaTepuasa MOJTHOIEHHON KOCTHOU TKaHbBIO; JIETKasi COXPAHHOCTh Y BO3MOKHOCTh MHOTOKDPATHOM
CTEPWJIN3AIINU; OTCYTCTBHE OIIACHOCTH Iiepefadyud WHQEKINU; JAOCTaTOYHOE KOJUYECTBO U
pasHooOpasue (opM, BO3MOKHOCTb PETYJIMPOBAHUS CBOUCTB; XOPOIIas BaCKy/IApU3aIds B ITOpax
UMIUIAHTATa; OTCYTCTBUE STUYECKUX CJI0KHOCTEN U PEJTUTHO3HBIX OTPAHUYEHUH.
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YK 61

Perysiupyemspie CBOMICTBa OCTEOTPOITHOTO MMILIAHTAITMOHHOIO MaTepuaia buomun
JJIS Pa3JIHYHBIX KIIMHUYECKUI MPUMeHeHU
(0030p JIUTEPATYPHI U COOCTBEHHBIE PE3YJIHTATHI)

1HaTtanpa BaagumMupoBHa YIbIHIUY
2Qner Huxonaepuu MunieHko
3 Urops BukropoBuu Kongpartery
4 Hatanbs BnagumupoBHa 3aiineBa

1PHcTuTyT pobieM MatepuanoBeaenus uM. M.H. ®pannesnua HAH Ykpaunsl, YkpanHa
03680 M. Kues, 142, yi. Kp:kurkaHeBChKOTO, 3

2 3am0pOKCKUU TOCYAAPCTBEHHBIN MEIUIUHCKUI YHUBEPCUTET, YKpanHa

3YacrHaa cToMaTosioTuyecKkas npakruka r. Kpemenuyr, Ykpannaa

4 CyMCKUI rocy/IapCTBEHHBIN YHUBEPCUTET, YKpanHa

AnHoTamusna. lVcciaemoBaHue CBOWCTB, CTPYKTYPBI, COCTaBa KOCTH, MeXaHU3Ma ee
PEMO/IeTUPOBAHUA ONPENENNIN YCIeX HCIOJIb30BaHUSA OMOAKTUBHONW KepaMHKU Ha OCHOBE
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docdaror kamprusa (KOPK) pna BoccTaHOBJIEHUS KOCTHOW TKaHH. /3 OOJIBIIOTO 4YHCIA
docdaror kanmpius Hanbosiee GMOCOBMECTUMBIMU SBJISAIOTCA JiBe (Pasbl docdara Kaapmus —
FAIl wu B-tpukambsnuiidocdar -Caz(PO,).. Kampruii-pochatHas kepamuka obJagaer
abCOJIIOTHOW OMOCOBMECTUMOCTBI0O M CIIOCOOHOCTBIO IIPUHUMATH y4yacTHe B IIpoliecce
pernapaTuBHOTO OCTeOTeHe3a, MHTETPUPOBATbCA C KOCTbIO, CJIYKUThb CTPOUTEJIbHBIM
MaTepuajoM i pereHepara. B o63ope mana wmHpopmarusa o6 ucnonb3oBanuu TK® B Buje
nmpenapara « buoMuH».
Karouessle ci1oBa: KOCTHasd TKaHb; pocdaT Kaipliug; Matepruaa bruoMuH.
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