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Cexkuus

KA3IPT'T OJIEMJIETI TEJTEKOMMYHUKAILIMAJIBIK
BANJIAHBIC )KYWUEJEPIHIH POJII

POJIb TEJIEKOMMYHUKAINUOHHBIX CUCTEM CBA3U
B COBPEMEHHOM MUPE

UDK: 621.391.26
HUMAN RECOGNITION BY FACE IMAGE BY NEURAL NETWORK METHODS

Ramazanov A.T., 2nd year Master
Kazakh Agrotechnical University named after S.Seifullin

In the modern world, biometric methods are used to identify a person. Biometrics is a set of
methods and devices for identifying a person, which are based on his unique physiological or
behavioral characteristics.

Currently, there is an enduring interest in the problem of face recognition. Face recognition
can be conditionally divided into 2 tasks: identification and verification. The task of identification
is to compare the captured face with all face images stored in the database. The purpose of
verification is to compare the person's face in the candidate's photo with the face in the reference
photo stored in the database[1].

Face detection

The task of detecting a face in an image is the first step in the process of solving the problem
of face recognition.

Existing algorithms for face detection can be divided into four categories:

Recognition using templates specified by the developer;

the empirical method;

the method of characteristic invariant features;

» method of detection by external features, learning systems.

An empirical approach based on knowledge based top-down methods involves the creation
of an algorithm that implements a set of rules that a photographic fragment must meet in order
to be considered a human face. This set of rules is an attempt to formalize empirical knowledge
about how a face looks in an image and how a person is guided to make a decision: he sees a
face or not a face.

The main stages of the algorithms of this group of methods are:

* detection of clear signs of a face in images: mouth, nose, eyes;

* detection of the border, shape, color, texture, brightness of the face;

 combining all found features, then their verification[2].

The method of detecting faces in complex scenes involves finding the correct geometric
arrangement of facial features. For these purposes, a Gaussian filter is used with many different
orientations and scales. Then, a search is made for the correspondence of the found features and
their mutual position by random enumeration.

The essence of the feature grouping method is to use the second derivative of the Gaussian
filter in order to find areas of interest in the image. Then, using a threshold filter, the edges are
grouped around each such area. After that, a Bayesian network estimation is applied to combine
the identified features - thus, a selection of facial features is made.

Research process

The research process was an iterative set of experiments.
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Each experiment consisted of 4 phases:

* Reflection.

* Implementation.

* Launch.

* Analysis of results.

In the first phase, the theoretical material was studied (reading scientific articles, descriptions
of algorithms), thought over, as a result of which some idea was born later. In the second phase,
this idea was implemented in code. Then the search for errors in the code was carried out
through testing. Upon completion of testing, the program for collecting statistics was launched.
The statistics collection program launched the recognition module for pairs of photos from the
test sample[3]. Each photo was compared with each 1 time, but not with itself. After that, the
overall statistics were recorded in a separate Excel file, where each line is a separate experiment.
Having several experimental results, it was possible to choose the best one and, based on this,
choose a further direction for research. The lower the ratio of the average among “own’ photos
to the average among “strangers”, the better. The file with detailed statistics was sorted in
ascending order of distance. The ideal result was considered if the maximum distance for
comparing photos of the same person is less than the minimum distance for comparing photos
of different people (and the greater the difference, the better). Over the course of the entire
study, more than 20 studies were conducted, of which 14 were the most significant and were
documented (Appendix 1). The last experiment showed the best results and was chosen as the
final one. The ratio of averages with the result of rounding was 0.276; the maximum distance
for "own" photos was 23.77425, and the minimum for "strangers" was 34.00935. Based on the
results of the final version, a percentage metric was created (Figure 1). First of all, this was done
for comparison with the "reference" commercial recognition system developed by VisionLabs,
which returns the result of the comparison as a percentage of confidence. For comparison,
a new expanded sample of photographs "MUCT" was used. Photographs of 10 people were
taken from there, 3 photographs of each. The comparison strategy is the same: "each with each"
(Table 1).

Metric

AT - 90%; 23.77425
e M - S0%; 28.8918
AF - 10%; 34.00935

The percentage of confidence

Distance

Figure 1 - Conversion of distance to percentage



Table 1 - The results of the work of recognizers on an expanded sample

Their Aliens
The average X The average o
Own development 79.897354% 26.323261% 9.564245% 9.374744%
VisionLabs 99.0138% 3.1629694% 6.1211834% 15.611576%

To identify the percentage of erroneous definitions, it was assumed that if the distance when
comparing 2 images is greater than 28.8918 (the arithmetic mean of the maximum distance
for “own” photos is 23.77425 and the minimum for “strangers” is 34.00935), then there are
different people in the images, if less than or equal, then the images are the same person[4].
Since VisionLabs returns the percentage of confidence, where 100% is exactly the same person,
0% is exactly different, 50% was considered to be the middle (Table 3.2). An expanded sample
was used.

Table 2 - The number of errors in recognition on an expanded sample (435 comparisons)

False positive

False negative

Total

Own development

6/435

4/435

10/435 (~2.3%)

VisionLabs

20/435

0/435

20/435 (~4.6%)

Since the percentage of errors is less than that of VisionLabs, it was decided to introduce this
development into the enterprise access system[5].

Conclusion

Promising areas of research in this area to achieve the intended goal are noted. The description
and results of preliminary experiments on the creation of an access control system based on the
analysis of the image of a person's face are given. The research process was an iterative set of
experiments.

Each experiment consisted of 4 phases:

* Reflection.

* Implementation.

* Launch.

* Analysis of the results.
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HOJYYEHUE U PEHTTEHOBCKOE UCCJIIEJOBAHUE
CET'HETOJQJIEKTPUKA HA OCHOBE TUTAHATA BAPUS U3 PACIIJIABA

Abuwesa M E., macucmpanm 2 Kypca,
Kazaxckui azpomexnuueckuii ynusepcumem um. C. Cetigpynnuna, o. Hyp- Cynman

CerneToaeKTpuYecKrue MaTepuabl MUPOKOE MPUMEHEHHE HaXO AT Hayke U TexHuke. OHu
WCIIONB3YIOTCS. B YABTPA3BYKOBOM OOOPYIOBAHHH IS YCTPOMCTB YIBTPA3ByKOBOH OUMCTKH,
CBapKH, 00e3KUPUBaHUS y3JI0B U JETalieil; B SHEpreTuke, He)Tera3oBoil MPOMBIIUIEHHOCTH
JUTSl TIPOU3BOCTBA JIaTYMKOB JIABJICHUs, TEMIIEPATypPbl, pACX0J0MEPOB BObI, TEIUIA, BO3AYyXa,
JUISL YCTPOUCTB THAPOIMHAMUYECKOTO MCCIIEOBAHUS HE(PTSIHBIX U ra30BbIX CKBaXKUH. boiib-
IIMHCTBO COCTaBOB CETHETOKEPAMUKH OCHOBAHO Ha XMMHYECKHX COCAMHEHUSAX C (HOpMYIon
ABO3 (BaTiO3, PbTi0O3) ¢ kpucTaJuIM4eCKO CTPYKTYypOH THITa TIEPOBCKUTA U TBEPIBIX pac-
TBOpOB Ha ocHoBe cucteM BaTiO3 — CaTiO3, BaTiO3 — CaTiO3 — CoCO3, NaNbO3 —
KNbO3. OcobeHHO mHUPOKO UCTIOIB3YI0TCs cocTaBbl cucteMbl PbTiO3 — PbZrO3 (PZT, LITC)
JUTSl U3TOTOBJICHUS ME303JIEMEHTOB C XOPOIIUMHU NapameTpamu.B HacTosiee Bpems BeLyTcs
HCCIIEIOBAHMS CBOMCTB PA3JIMYHOIO THUIIA CETHETORIEKTPUKOB [1-5].

OpHUM W3 TPEACTABUTENSI CETHETORIEKTPUKOB SIBIISIETCSl TUTaHAT Oapus. CerHeTodiek-
TPUYECKHE CBOMCTBA y TUTaHaTa Oapusi Obuto oTKpbiTo b. M. Bynom B 1944 roay. Ilocne ot-
KpBITHS TUTAHATA Oapyst HA4aJCs MPUHIIMITUATBHO HOBBIN 3TAll B UCCIICIOBAHUN CETHETORIIEK-
TpuUKoB [1].

B cTpykType TuTaHara 6apus B HU3KUX TEMIIEpaTypax MPOUCXOAUT PsiJ] ITOCIICOBATEIIBHBIX
CETHETOYICKTPUICCKHUX MOJIUMOPGHBIX npeBpamieHuu: npu 120 °C oHu nepexoasiT u3 Kyou-
YeCKoi (mapasrneKTpudeckoil) ¢asel ¢ mp. rp. Pm3m B TeTparoHanbHyIo NOISPHYIO (CETHETOR-
JexTpudeckyro) daszy ¢ np. rp. P4Amm, 3atem mipu 5 °C ciienyer nepexoa B OpTOPOMOMUECKYHO
noJisipHyto (asy ¢ np. rp. Amm2 u npu —90 °C — B pomMO03IpHUeCcKyIO MOJSpHYIO a3y ¢ mp.
rp. R3m|[2].

Turanat 6apus 00agaeT BEICOKOM BEIMYUHON TUAIEKTpUYECKON nmporuiiaeMocTu (10 104;
1400250 mipu H.y.) HaocHOBe TUTaHaT O6apus pa3paboTaHO CErHETOAIEKTPUICCKIE KEPAMUKH,
WCIIONIb3YEeMbIX JIJIsl CO3/IaHusl JaTYMKOB JaBJICHUS, KOHJECHCATOPOB, MbE30ICKTPUUECKUX AaT-
YHKOB, IO3UCTOPOB U JIp.

CHHTE3 CEerHeTORIEKTPHUYECKUX MAaTepHaliOB, B YaCTHOCTH, TUTAHATA Oapus OCYIIECTBIIS-
€TCs TPAIUIIMOHHBIM KepaMUYEeCKUM TBEPI0(pa3HbIM METOJIOM M3 OKHUCIIOB WU COJIeH U METO-
JIOM XUMHUYECKOTO OCaXICHUS U3 BOJHBIX PAaCTBOPOB.

B nannoi#i paboTe paccMarpuBaeTcs CHHTE3 cerHeTokepamuieckoro marepuana BaTiO3 u3
pacmuiagsa [3].

CuHTE3 UCXOIHBIX MPEKYpPCOPOB HOMUHAILHOTO cocTtaBa BaTiO3 ocymiecTBisiam u3 cie-
nyromux okcuaoB PbO, TiO2 uucroroit He Xyxke “uma”. [TopomKu cTeXHOMETPUIECKOTO CO-
CTaBa B 33JJaHHOM COOTHOIIICHUH TIIATEIbHO CMEIINBAIN U IPECCOBANIM B IITAOUKU Pa3MeEPOM
60x10x10mMm u orxuranu npu remneparype 1000°C B reuenue 4u. CuHTE3 UCXOIHBIX MAaTEPU-
aJI0B OCYIIECTBIISUIM MMYTEM IUIaBJICHUS B ONTUYECKOM 1eun [4].

3akaJKy paciiaBa OCyIIECTBIISIN IIyTEM CJIMBA HA IOBEPXHOCTH BPAILAOLIUECS CO CKOPO-
cthto 1500 06/MUH BOIOOXTAXKIaEMBIH ATFOMUHUEBBIN TUCK. CKOPOCTh OXJIaXKICHUS pacIuiaBa
cocraBuia 102-105 rpan/cek. [Ipu 3TOM OBUTH MTOTYYEHBI TPEKYPCOPHI B BUJE TNIACTUHKU TOJI-
uHo# 10 0,18 — 0,2 mMm. JludpakToprpaMmma mpeKypcopoB-IJIaCTHHOK IIPUBEACHA HA puC. 1.
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Puc. 2 - ludpakrorpamma o6pasiia HomuHaIBHOTO cocTtaBa BaTiO3
tepmoobpaborannoro npu 1100°C, 24 4.

AHanu3 $a3zoBOro coctaBa MPeKypcopoB — INIACTUHOK MOKa3bIBAET, UTO MIPEKYPCOPHI, B OC-
HOBHOM, cocTosT U3 (hazbl BaTiO3 (98%) ¢ rekcaroHasibHOM CTPYKTYPOI ¢ MEHBIIIMMH HTapame-
TpaMu PEIeTKH, 10 CPABHEHHUIO TIOTyUYEeHHBIE TBEPAO(PA3HBIM METOJIOM, a TAK)KE MPUCYTCTBY-
0T CJIe/Ibl HEU3BECTHRIX (a3 [5].

Jiis cuHTe3a 00pas3IoB HCXOMHBIE MPEKYPCOPHI — MIIACTUHKY W3METBIANI B MOPOIIOK pas3-
MEpPOM YaCTHUIl MeHee 2MKM U TPECCOBAIM B TAOJIETKU auaMeTpoMm 15SmmM, Tommmuaon 1,5-2,0
MM. TepMooOpaboTKy 00pa3mnoB ocymiecTBIsuIH npu Temieparype 850°C B TeueHue 48y.

[Tocne Tepmuyeckoii 00paboTKu (a3zoBbIii COCTaB 00pa3Ia CUIBLHO HE OTINYAJICS, TIO CPaB-
HEHUIO ¢ (Da30BBIM COCTAaBOM HCXOJHBIX IMPEKYPCOPOB-IUIACTUHOK. OTIMYME 3aKI04aIoch B
MCUE3HOBEHUU pedIekcoB Ha TUPAKTOrpaMMe OTHOCSIIMECS K IPUMECHBIM (a3zam.

Hcxonst U3 nony4eHHBIX pe3ysibTaToB MOKHO C/EJIaTh BBIBOJ, YTO IIPU CUHTE3€ COCAMHEHUS
BaTiO33akankoii ctabunu3upyeTcst TekcaroHaiabHast cTpykrypa ¢assr BaTiO3.
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MOJIEJIUPOBAHUE JJISAA ITPOI'HO3UPOBAHUSA CETEBOI'O TPA®OUKA
C IIPUMEHEHUEM BPEMEHHBIX PA/10B

Aucun JK. A., macucmpanm I xypca,
Kazaxckuit azpomexnuueckuii ynusepcumem um. C. Cetigpynnuna , . Hyp-Cynman

Poraky MHQOPMAITMOHHBIX YCIYT U IIMPOKOIIOIOCHOTO T0CTyNa B UHTEpHET CTPEMHUTEIHHO
pacTyT, pacTeT ¥ KOHKYPEHIUs Cpeau mpoBaiinepoB. OQHUM U3 IIaBHBIX (AKTOPOB B KOHKY-
peHTHOI O0oprbe I MpoBaiiiepa, Ha CErOIHAIIHUN J€Hb, SBISAETCS CETeBast MPOU3BOIUTEIb-
HOCTb. C pOCTOM KOJIMYECTBA I0JIb30BATENIEH B CETH YBEJIMUUBAIOTCS 00BEMBI IIepeaBacMoi
nH(POPMALIUH, YTO TPUBOTUT K 000CTPEHUIO TIPOOIEMBI TMKOBBIX HATPy30K. OHA OCIOKHSIETCS
TEM, YTO MUKW HArpy30K HAOIIOAAIOTCS B KOPOTKOE BpeMsi, M HapalluBaTh KOJMYECTBO CEepBe-
POB SBHO HemlenecooOpa3Ho. He siBisieTcs pemieHHeM W pacHIMpeHHe CEPBEPHBIX ILIOMIA0K
10 MPUYHHE YBEINYEHUSI SKCIUTYaTallMOHHBIX pacxo0B. Mexly TeM, 1axe KpaTKOBpEMEHHbIE
cbou B paboTe mpoBaiijiepa OTPULATETHHO CKA3bIBAIOTCS HA UMHJIKE KOMIIAHUH U JIOSUTBHO-
CTH KJIMEHTOB, 0COOCHHO B YCJIOBHUSX KECTKOM KOHKYPEHIIMH Ha 3TOM phIHKE. BO3HUKHOBEHHE
po0ieM, CBSI3aHHBIX C HAJICKHOCTBIO CETH (NEperpys3Ka TPaH3UTHBIX y3JIO0B, OTEPst HHGOP-
Malluu), KaKk IPaBUJI0, B KOHEYHOM UTOTE MPUBOJAT K YXY/IIEHUIO CETEBOM IPOU3BOAUTEIBHO-
cti. OnHOM 13 Ba)KHENIINX 3a71a4, OTHOCSIIMXCS K YIIPABIEHUIO CEThIO, SBJISETCS BHIIIOJIHEHUE
NEICTBU, HAIIpaBIEHHBIX HAa YCTpaHEHHE 3TuX npodaem. [loatomy ceronns 3anaqa ynpasie-
HUS CEThI0 Ha OCHOBE MPOTHO3MPYEMBIX OyAyUIMX AAHHBIX, HEOOXOAMMA AJI NPUHATUS Ipa-
BUJIBHOTO pemieHus. [Ipornoctudyecke qaHHbIe MPEI0CTaBISIOT HEOOX0AUMYI0 HH(OPMALIHIO
JUISL peIlieHHsI 3a1a41 YIPaBIeHUs! HH(POPMALMOHHBIMU IOTOKAMH B CETH M TIO3BOJISIOT MPEIOT-
BpaTUTh NOTEPIO MTAKETOB Ha YIIPaBJIAIOIIEH OCHOBE.

B pesynbrare 0630pa 1 aHaIM3a CyIIeCcTBYIONNX MOJIENIEH TPOTHO3UPOBAHHUS CETEBOTO TPa-
¢uka, kak SARIMA, NARX u BPNN, BeiOpana monens NARX, Tak kak oHa 3(()EeKTHUBHO
M3y4yaeT CeTeBOH TpauK C MPHEMIIEMbIM PE3yJIbTaTOM IOJIy4eHHONW TOUHOCTH MPOTHO3a U JI0-
MIOJTHSIET MHOTOMEPHBIE BPEMEHHBIE PSI/IbI C HCIIOJIB30BAHNEM BHEIIHEH HH(popMaIu 1uis 1o-
BBIIICHUS YPPEKTUBHOCTH MTPOTHO3UPOBAHUS BPEMEHHBIX PSI/IOB.

JUis MOJeNnupoBaHus B3STHl UCXOJIHBIE JAHHBIE MPEICTABISIONINE COOOMBPEMEHHOMN psif
M3MEpPEHHBIN HAa MaruCTpaJbHOM CeTH I. AJIMaThl Ha IPOTSDKEHUU TISITH 4acoB 3a Kaxasie 10 ¢
[1]. Beibpana MatLab, Tak kak naHHasi mporpaMMHasi cpejia MoAIepKuBaeT 00yIeHne HeHPOH-
HOM cetu. B HeM HaMu ObLT co3fad nporpaMMHbIi koa. B monenn NARX ¢ BHemHuMH BXoza-
MU UCXOHBIN BpeMeHHOH psin noctynast B UHC, oOpabarbiBaeTcsi B COOTBETCTBHH C BECOBBIMH
ko3¢ uIeHTaMu, 1 1ajee CHOBA BHIXOHBIE TAHHBIE MTOTIAJAI0T HA BXOJ CETH, TEM CaMbIM 3a-
MeHsist co00ii mporieTypy 0OpaTHOTO pacpoOCTPaHEHUS OMIHMOKH. DTO 1aeT BO3MOXKHOCTD YUH-
TBHIBaTh MOJTyYEHHBIE TIOCJIE IEPBUYHOTO OOYUYEHHUS BECOBBIX KO3()(DUIIMEHTOB TPU TTOBTOPHOM
00y4YEeHHUH CETH M 3TO B CBOIO OYEpE/b MOBBIIIAET TOYHOCTH €€ pabOTHI.

B 3agagax ungpoBoit 00pabOTKK CHTHAIOB HIMPOKOE PACIIPOCTPAHEHUE MOTYUHIN THUHA-
MHUYECKUE HEUPOHBI [2]. OMHUM U3 MPOCTEUITUX JUHAMUYECKUX HEHPOHOB SIBISIETCS HEUPOH
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Xondunaa. Yto kacaeTcst HeMMHEWHON aBTOperpeccuonHoi cetd NARX, To B Hell UCTIONb3y-
eTcst MOIU(pHUIIMPOBAHHBIN HeWpoH Xomnpuia.

st oOyueHus] HEHpOHHOIM ceTH HaMHU OB MCHOJb30BAaH METOJ HENIMHEHONH OonTHMMH3a-
un — anroput™ JleBenOepra — MapkBapaTa, KOTOPbI OCHOBAaH Ha JOCTH)KEHUH HaUMEHbIIEH
cpeaHekBaapaTyeckoi ommoku [3, 4]. [Ipouecc oOyueHust HEHPOHHOM CeTH 3aBepIuniIcs Ipu
JOCTH)KEHUH LIEJIEBOTO MOKAa3aTelisi TOUHOCTH, IPH 3TOM HCClieayeMasi ceTb oOyumiach 3a 18
snox. [Toixyden rpaduk 3aBUCUMOCTH cpeHeKBaaparndyeckoit ommoku (MSE) ot yncna smox,
IJie BUAHO, UTO K KOHILY ITporiecca 00y4eHus OmnOKa CTAHOBUTCS BbIIIE, THAUMEHbINAs OIIN0-
Ka Bajauaauuu pasHa 572,6426.

JU1d neTanbHOro aHajln3a KadecTBa allpoOKCUMALUU MIOJyY€eH PErpeCCUOHHBINA aHAIU3 BbI-
XOJIOB CETH, IPU KOTOPOIl CTPOUTCS TMHENHAs perpeccus pe3yabTaToB 0Oy4eHHUs CETH Ha TPex
PaccMOTPEHHBIX OAMHOXKECTBAX U Ha BCeM O0ydarolieM MHOxecTBe. /11 Kax10ro pe3ysbra-
Ta paccuuTaH Kod(puireHT koppeasiuun R u nocrpoens! rpaduku. Taxoke moiaydyeH rpadux,
KOTOPBIH 0TOOpakaeT OMO0YHYIO0 aBTOKOPPEISAIMOHHYI0 QyHKIMI0. OH UMEET TOJIBKO OJTHO
HEHYJIEBOE 3HAYECHNE aBTOKOPPEIALMOHHON (PyHKIIMH, KOTOPOE MPOU30IILJIO B HYJIEBOU 3aAepK-
Ke (CpeAHeKBaApaTHYHas HOTPEIIHOCTD). DTO HAIVISAHO MOKA3bIBAET, UTO MOJIENb MPOTHO32 OT-
HOCHTEJIBHO COBEpIIEHHA, TaK KaK OMIMOKHU MMPOrHO3a HE KOPPEIUPOBAHBI IPYT C APYroM, TO
€CTh IPEACTABISIOT COO0H Oenblii ryM. OcTasibHbIe 3HAYEHUSI AaBTOKOPPEIISALMOHHON (PyHKIIMN
HIDKE JIMMUTHPOBAHHOTO 3HAYEHHUS U MAJar0T NpUOIU3UTENIBHO B 95% Mpeest 10CTOBEPHOCTH
BOKPYT HyJIsl. B IpoTHBHOM cityyae HEOOXOIUMO JUTsl YITydIlIeHHs IIPOTHO3a epeoO0yUUTh CETh.

Takum oOpa3om, ObuIa JOCTUTHYTAa OCHOBHAs LieNb — pa3paboTaH METOA MPOTHO3UPOBA-
HUS CETEBOro Tpaduka ¢ NPUMEHEHHEM BPEMEHHBIX psAA0B. J[1s9To 1enu Obu1a NCOoIb30BaHa
apXUTEKTypa aBTOPETPECCUOHHON HEUPOHHOM ceTu ¢ dk30reHHbIMU BxonaMu NARX. B aroit
CETH HEHPOHBI CKPBITOTO CJIOS UMEIOT HEJNMHEHHYI0 aKTUBAlMOHHYIO (YHKLHUIO, a BBIXOJ-
HOM CJION — MMHEHHYI0 aKTUBAlMOHHYIO QyHKIHIO0. [lonyuyeHHOe Hamitydlllee 3HaUeHUE Hau-
MeHbIleH OmMOKK BaluJalMyi paBHON 572,6426, moaTBEpAXKAET YTO AOCTUTHYT JOKAIbHBIN
MuHUMYM. Ha ocHOBe mosmyueHHOro rpaduka perpecCMOHHOIO aHaju3a BBIXOIOB CETH, BbI-
SBJICHBI KOA(PHUIMEHTHI KOPPEISLNHY, OMUCHIBAIOIINN TapameTp HacTpoiiku o0ydyenus (Train)
coctaBui — 0,97743, Validation — 0,9638, Test (HawmyuIias NpoU3BOAUTENILHOCT O0yUEHUS])
— 0,9497 u nng Bcero obOyuatomiero MHOxecTBa — 0,97134. ABTrOoKOppensuoHHas GyHKIUU
OLIMOKM C €IMHCTBEHHBIM HEHYJIEBBIM 3HAYEHHUEM ITOJITBEPXKIAET O TOM, YTO MOJIEJIb IPOTHO3a
OTHOCHUTEIJIbHO cOBepleHHa. [ paduk (yHKINN B3aUMHON KOPPESIIMU BXOIHON OIIMOKH TaK-
K€ ITOKA3bIBAET, YTO BCE KOPPEISILIMM HAXOIATCS B IIPEENIax JOBEPUTENbHBIN IPAHUIIBI BOKPYT
HYJIS.

CnHcoK MCIOJIB30BAHHOM JINTEPaTypPhI

1 Serikov, T., Zhetpisbayeva, A., Mirzakulova, S., Zhetpisbayev, K., Ibrayeva, Z.,
Tolegenova, A., Soboleva, L., Zhumazhanov, B. Application of the NARX neural network
for predicting a one-dimensional time series. Eastern — European Journal of Enterprise
Technologies.2021,H5 (4 (113)). P 12-19.

2 Haviluddin, Alfred, R. Performance of modeling time series using nonlinear
autoregressive with eXogenous input (NARX) in the network traffic forecasting. International
Conference on Science in Information Technology (ICSITech). 2015

3 KperoB /I. A., Py3zanos P.B. IIpornozupoBanue 31eKTponoTpediIeHnss SHEprocobITO-
BOI KOMITAaHUU C UCII0JIb30BAHUEM UCKYCCTBEHHONW HEMPOHHOM CETU. — DNEKTPOHHBIN HAayYHBIN
xypHan «nxenepusiii BecTHUk loHay. 2015.

4 Darrat, A.F., & Zhong, M. (2000). On Testing the Random Walk Hypothesis: A Model—
Comparison Approach.Capital Markets eJournal. 2000.



VIIK 62

HEPI'OOBECIHHEYEHMUE ITPH ITIOMOIIN
BOJOKOHHO-OIITUYECKHUX JINHUM CBSI3U

Aumxkynoe H. C., macucmpanm 1 xypca
Kazaxckui azpomexnuueckuii ynusepcumem um. C. Cetigpynnuna, o. Hyp- Cyrnman

Ha cerogusinuii AeHb BOIPOC 3HEPruU 0c000 HEOOXOIUM B JIFOOBIX chepax ueroBeuecKon
nesTeNIbHOCTH. bes sHeproobecneyeHusi HEBO3MOKHbBI TOBCE/ITHEBHAS )KU3Hb OOBIYHBIX ITOTpPE-
oureneii, paborocrocoOHOCTh (habpuK M Kopropauui, (pyHKIIMOHUPOBAHUE 3aBOAOB M MPE-
NpuATUN U T.4. Ha TeKkynuil MOMEHT CyIleCTBYET MHOKECTBO PEIIeHHH 3Toi 3a1aun. OauH U3
TaKUX CIIOCOOOB — 3TO oOecrieueHre SHEPruei noTpeduTeNel Npu MOMOIIH BOJIOKOHHO-OITH-
YECKOW JINHHH.

Ilepenaua 3HEprUM MO BOJOKOHHO-ONTUYECKUM JIMHUAM SIBJISIETCS] BAKHBIM TEXHOJIOTHYE-
CKHM acIleKTOM B c(epe sHeproodecredeHust 1 SBISETCS aKTyallbHOM M NEepCleKTUBHON cde-
poii uccnenoBanusi. PaboThl 0 U3y4eHUIO B 3TOM 00JaCTH MPOBOAATCS MHOTMMHU MCCIIE0Ba-
TEJSIMH.

B cBoem uccnenoBaHuu, B KOTOPOM aBTOPbI OXKUAAIOT, YTO ONITHYECKHE OECIIPOBOTHBIC CH-
CTEMBI Mepeaayu dHEPruu OyayT YCTPOWCTBAMHU CIIEAYIOLIET0 MOKOJICHUs IJisi oOecreyeHus
SHeprueil aBTOMoOUsIe 1 aBTOHOMHBIX TO/IBOJIHBIX anmnapaToB. OHM OTMEYAIOT, UTO JUIsl IPH-
MEHEHUS 3TUX YCTPOWUCTB TpeOyeTcs MUHUMAaIbHO HeoOxoaumas 3¢(HeKTHBHOCTh (HOTORIIEK-
Tpuyeckoro npeodpasosanus 40% u 6onee. B cBoeM uccne0BaHUU aBTOPBI TOCTUITIH 3TOTO
TOKa3aresis U JIaKe CMOIVIM yBEIHYUTH ero A0 43 % ¢ ucnoiab3oBaHueM (OTOHHOTO MPeod-
pazoBarens MomHocTy GalnP nmpu MouIHOM J1a3epHOM M3ITyYEHUU C JUIMHOM BOJIHBI 638 HM U
MoIHOCThI0 17,0 BT/cM2 3a cyeT BKJIIOUEHUSI MHOTONIEPEKPEIIEHHBIX NaIbLIEBbIX 3JIEKTPOIOB
u pacupezaeneHHoro bparrosckoro orpaxarens. HaunOomnbimas a3gpdexruBHoCTb, 46,0% sueiiku
npeobpazosarens GalnP, Takke Opu1a oNTy4eHa npu jgazepHom oomyderuu 1,1 Br/cm2. [1]

B onTHueckux cucremax nepeaayd SHEPruM (POTOragbBaHMUYECKUE HIIEMEHTHI HCIONb3Y-
I0TCA B KauecTBe MpeoOpa3oBarTesiell MOIMIHOCTH Ul MOHOXpOMaTu4yeckoro ceera. B ciyuae
MUTAHUSA YIAJIEHHBIX JATYMKOB B JIOTIOJHEHUE K ONTHYECKON IMHUM MUTAHUS TPeOyeTCs TaKxKe
JIBYHAIIpaBJIeHHAs Iepe/iadya JIaHHbIX MEXKIy JAByMsI CTOPOHAMHM onTuyeckol JuHuu. [Ipusne-
KaTeJIbHO O0BEAMHUTH (PYHKIIMOHAIBHBIE BO3MOKHOCTH ONTHYECKON JIMHUY MTUTAHUS, a TAKKe
BOCXOJISIIIEH M HUCXO/SIIEH JIMHUK CBSI3M B OMHOM. B cBoeli paboTte, aBTOPHI HCCIIECAYIOT pas3-
JUYHBIE KOHLEIIIMU TOTO, KAK MOXKET OBITh pealn30BaHa 3Ta MHTETpaLus U KOMOMHaNus QyHK-
Ui, U 00CYK/1al0TCS BO3MOXKHbBIE APXUTEKTYPbl CUCTEM U YCTPOWCTB /ISl UHTEIPUPOBAHHBIX
MIPUEMOIIEPENAOLINX YCTPONUCTB, BKIIIOUAsl pa3IMyHble IPUMEPB] MPAKTUYECKUX peasn3aluid,
OCHOBaHHBIX Ha MEPEI0BbIX TEXHOJIOTUAX U3TOTOBICHUS MOTYyIPOBOJHUKOB. 2]

ABtopsl uccinenoBanus “S-Wopticalpowerlinkwithgenericvoltageoutputandmodulatedda
tasignal.” mocTtpoeHa onToBoJIOKOHHAsI cucteMa Power-by-Light ms mocTossHHOTO A5IEKTPO-
nuTtanus 10 5,5 Bt npu crangapTHeix HanpsbkeHusx 3,3 B u 5 B ¢ MoaynupoBaHHBIM CUTHA-
noMm nanHbIX. Micrionb3oBan GaAs dotoanement miomaapio 1 em? ¢ KITHA >51%. O6muit KIT/]
Bcero 3BeHa coctaBui 11,1%. OnHOBpEeMEHHO JaHHBIE TIEPEAaBaAIUCh CO CKOPOCThIO 1 KOHT/C.
[Ipy yMeHbIIEHNH BBIXOAHOW AJIEKTPUUECKON MOIIHOCTH 10 3 BT, CKOPOCTh nepeaun JaHHbIX
yBenuuuiachk 1o 750 xout/c. [3]

Pa3paboranHas HaMu cxema M3MEpPEeHHs apaMeTPOB CUCTEMBI IHEprooOecedeHus npea-
CTaBJIeHa Ha pUcyHKe. [Ipu npoBeneHNN SKCIIEPUMEHTOB U3MEPSINCH NTapaMeTphbl TOKA U Ha-
MPSDKEHUS TOJIBKO B OJIHOM BETBH (POTONPUEMHHKA. BBl MCTI0Ib30BaH METO/ SKBUBAJIEHTHOTO
TeHepaTopa, a TAKKE U3BECTHBIE 3aKOHBI LIENIN C ABYMS BbIIEICHHBIMU Y3JIaMHU JUIsl aKTUBHOTO
JIBYXTIOJFOCHUKA, KOTOPBIA MOYKHO MPeo0pa3oBaTh B SKBUBAJIEHTHBIN T€HEPATOPUCIIONB3YSI Te-
opemy TaiiBanena — I'enpmromnpua. OcylecTBisiach nepeiaya YJHEPrUM OT aKTUBHOI'O JIBYX-
MOJIFOCHHKA K MMAaCCUBHOMY, B Ka4€CTBE KOTOPOIrO ObUI MCIOIB30BaH BBICOKOYMHBIN pe3UCTOp
MOIIHOCTBIO | BT.
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Pucynok — Cxema u3MepeHusl mapamMeTpoB pa3padaTbiBAEMOM CUCTEMBI YHEPTO00SCIICUCHHUS
1 - UICTOYHUK U3TyUYEHUs, 2 — ONTHUYECKUNA KOHHEKTOP, 3 — ONTHYECKOE BOJIOKHO, 4 — KaTyIlKa
C ONTUYECKUM BOJIOKHOM, 5 — poKycupyromias TuH3a, 6 — GOTONPUEMHHUK, 7 — IPUOOP JIsI
WU3MEPCHHUSI TOKA IICTH, 8 - T MPUOOP JIUIS H3MEPEHUS HATPSHKEHUS TICTIH,

9 — snekTpuyeckas Harpy3Ka.

CnHcoK MCIOJIb30BAHHOM JINTEPaTyphl

1 Komuro, Y.; Honda, S.; Kurooka, K.; Warigaya, R.; Tanaka, F.; Uchida, S. “A 43.0%
efficient GalnP photonic power converter with a distributed Bragg reflector under high-power
638 nm laser irradiation of 17 W cm—2”

2 H. Helmers, D. Lackner, G. Siefer, E. Oliva, F. Dimroth, A.W. Bett , “Integrated Power
and Data Transceiver Devices for Power-by-Light Systems — a Concept Study”

3 Matthias Haid, Cornelius Armbruster, David Derix, Christian Schoner, Henning
Helmers. Fraunhofer Institute for Solar Energy Systems ISE, Heidenhofstr. 2, 79110 Freiburg,
Germany, “5-W optical power link with generic voltage output and modulated data signal.”

VIIK: 53.043
AKYCTHYECKHUE KAHAJIBI YTEUKY MH®OPMA LN

baiibynos XK.M., macucmpanm 2 kypca
Kaszaxcrxuii acpomexnuueckuti ynusepcumem um. C. Ceuighynnuna, e. Hyp- Cynman

B maHHOIi cTaThe pacCMOTPUM aKyCTOIEKTPHUECKUAE U BUOPOAKYCTUICCKUI KaHAIIbI yTeu-
k1 uHpopmanuu. MHPOpMALIMOHHBINH BeK CYHIECTBYET OOJBILION cripoc Ha MH(OpPMAIHIO, J10-
OBITYIO HEJIETAIBHBIM ITyTeM. DTO SBIISETCS OOJBIION MPOOIEMOH JIJIsl OpraHu3aiuii, oopada-
ThIBAIOUIMX MH(OpMaIHio B nmoMenieHusx. CienoBaresibHo, 3aluTa HHPOPMAUH OT yTEUKH
SIBJSIETCSI OJJHOM M3 IVIaBHBIX 3a71ad.

KitoueBsie ciioBa: miym, 3ammra nHGOpMaLuy, pedeBas nHPOpMaLus, aKyCTUYECKUH Ka-
HaJL

[Ton TeXHUUECKUM KaHAJIOM YTEUKH aKyCTUYECKOM MHPOPMAIIMK TOHUMAIOT COBOKYITHOCTh
00beKTa pa3Be/IKH, TEXHUYECKOTO CPENICTBA aKyCTHUECKOW Pa3BEIKH, C IMOMOIIBI0 KOTOPOTO
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NepexBaThIBAeTCsl pedeBasi MHpopMalus, B KOTOPOW pacmnpocTpaHsercs WH(POPMALMOHHBIN
curHai. B 3aBUCHMOCTH OT (U3UYECKON MPUPOHI BOSHUKHOBEHUSI HHPOPMAITMOHHBIX CHTHA-
JIOB, CPEAbl UX PACHPOCTPAHEHHs TEXHUYECKHE KaHAJbl YTEUKU aKyCTHUYECKOW MH(pOpMaLuu
MO’KHO pa3/ieNuTh Ha: aKyCTOAJIEKTPHUUECKHE, aKyCTOBUOPALIMOHHBIE, aKyCTOONTUYECKUE, aKy-
CTORJIEKTPOMArHUTHBIE U MpsIMble akycTuyeckue [1].

Ecnu paccMoTpeTs akycTosnekTpuueckue U BUOPOaKyCTUUECKUI KaHalbl yTeUKH UHpOp-
MallMM ¢ TOYKU 3peHus criocola nepexnara.

[Ipu nepexsare nHOPMALIMK IO AKyCTOAIEKTPUUECKOMY KaHaTy YT€UKH BO3MOXKHO MO-
KITIOUEHHE CHEeIMaIbHBIX HU3KOYACTOTHBIX YCUIIUTENeH K COeTUHUTENbHBIM JTUHUSAM TEXHUYE-
CKUX CpeACTB, 001afaolux MUKPOGOHHBIM 2PPEeKTOM, a TakKe MOAKIIOUEHHUE anmaparypbl
BBICOKOYACTOTHOI'O HAaBS3bIBAHUS K COCTUHHUTEIBHBIM JMHUAM TEXHUUECKUX CPEJICTB, 001aaa-
IOLUX MUKPOGOHHBIM 3P dexToM [2].

OO6pa3oBaHue >IEKTPOAKYCTHUECKOrO KaHajla yTeYKH MH(OpMAIMK CBA3aHO C HATUYUEM
B TEXHHUUYECKOM CpEeACTBE 00pabOTKH MHPOPMALIMK CITyYalHBIX AJIEKTPOAKYCTUUECKUX MPe0d-
paszoBateneil, Ha3pIBaeMbIX CIyYalHBIMM MHUKPO(QOHAMH. DTH 3JIE€MEHTHl 001aJatoT Croco0-
HOCTBIO Mpeo0pa3oBbIBaTh aKyCTHUECKUE KOJEOAHUs B DJIEKTPUUYECKHUE CUTHANbI, XOTS U HE
NpeHAa3HAYEHBl Ul ATOM Leau. DIeMEHThl TEXHUYECKUX CpelcTB 00paboTku MHpOpMaLuy,
oOnajaromye cBOMCTBaMU CIy4alHBIX AJIEKTPOAKYCTHUECKUX Mpeodpa3zoBareseii, MOryT Mmoj-
BEprarbCsl BO3CHCTBUIO aKyCTHUECKUX MOJIeH C JOCTaTOYHBIMU HHTEHCUBHOCTBIO U 3BYKOBBIM
nasieHueM [3]. Bo3melicTBue akyCTHYECKOTO IOl HA DJIEMEHTHI TEXHUYECKOTO CPENICTBa 00-
paboTKM HHPOPMALIUU MOKET IPUBECTU K U3MEHEHHIO UX B3aMMHOM OPUEHTALIUH, TOJI0KEHUS
WM K UX AePOopMaIiyiH.

B pesynbrare Ha BbIXOAX CIy4yailHBIX 2JIEKTPOAKYyCTUYECKHX IMpeoOpa3oBaTeneil MoryT
100 BO3HUKHYTH 3JEKTPUUYECKHE 3aps/Ibl, TOKH WU 3JIEKTPOABIIKYIIAS Crjla, TU00 Ipou30ii-
TH U3MEHEHHUs MapaMeTpOB TOKOB W HANPsHKEHUH, (POPMHUPYIOLIIUXCS B LEMAX TEXHUUYECKUX
CpeACTB NpH UX (QyHKIIMOHUPOBAHUH, O0YCIIOBIIEHHBIE OTTACHBIMH CHTHAJIaMU. MHUKpO(QOHHBIE
CBOWCTBA CIIy4alHBIX DJIEKTPOAKyCTHUECKUX IpeoOpas3oBaresieil MposBISAIOTCS B pe3yibTare
pa3MYHBIX (PU3MUYECKUX SBICHHUN, TPUBOSIINX K TOSBICHUIO TOKA U DJIEKTPOIBIIKYIIEH
CHJIE TIPH MEPEMEIICHUH JIEMEHTa WK ero JAeGOopMaIiiuy MoJ| 1eiCTBUEM aKyCTHUECKOTO MOJIs
[4]. Bonbiryto rpynmy CIiy4ailHBIX IEKTPOAKYyCTUYECKUX MpeoOpa3oBareieil COCTABISIOT HH-
IYKIMOHHBIE MTpeoOpa3oBatenu. Hanpumep, eciin MOMECTUTh paMKy (KaTyIIKy HMHIYKTHBHO-
CTH) B MarHUTHOE TIOJIE, CO3/[aBa€MOE MOCTOSHHBIM MarHUTOM, ¥ M3MEHSTh €€ OPHUEHTAIINIO
OTHOCHUTEJIbHO HANpaBJICHUsI BEKTOPa MarHUTHOM MHIYKIIMU TOJSI, TO Ha BBIXOJE PaMKH I10-
SIBUTCS SJIEKTPOABIDKYIIAs cwila MHIYKUIuU. [lepemenienne paMku, U3MEHSIOEe €€ OpUEH-
TAIMI0, MOXKET OBITh BBI3BAHO BO3JYIIHBIM [TOTOKOM IEPEMEHHON MJIOTHOCTH, BOSHUKAIOLIHM
IIpU BEJICHUU Pa3roBOpa B MOMELIEHHH, I7I€ PACHOIOKEHO TeXHHU4Yeckoe cpeacto. K umciy
WHAYKTUBHBIX CIIY4YalHBIX 3JIEKTPOAKYCTHUECKUX Mpeodpa3oBaTenieil OTHOCAT AIEKTPUUECKHE
3BOHKH, TPOMKOTOBOPHUTENH, JIEKTPOMEXaHUIECKHE pesie, TpaHcPopMaTopsl U T.1 [5].

ITpu nepexBare nH(GoOpMaIK IO BUOPALMOHHOMY KaHAIIy YTEYKH BO3MOKHO CKPBITOE MPO-
CIIyIIMBAHME U 3aIKCh Pa3roBopa U3 CMEXHBIX TOMEUICHUH C UCTIOIb30BAHUEM 3JIEKTPOHHBIX
CTETOCKONOB. Takke BO3MOYKHA CKpBITasi yCTAaHOBKA 3aKJIaJHBIX YCTPOUCTB C JaTYNKAMHU KOH-
TaKTHOTO THUIIA, KOTOPbIE NepeaatoT UH(POPMALIMIO 10 PaIHo WIM ONTHUYECKUM KaHaJlaM.
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VCTPOMACTER PeruCTPalHy H BOCHPOHSEeeHIA

Pucynok 1 - CtpykTypHas cxeMa BUOPAIIMOHHOTO KaHalla yTeYKH HHPOpMAIHH

Takum 00pa3oM, OTKPBIBAETCS OOJIBIION CHEKTP MEP IO 3aIUTe TOMEUICHUH AT TPeoT-
BpAIllCHUs U 3alIUThl HHPOPMAIUH TpU ee 00paboTke [6]. PaccMoTpeHHBIE aKyCTOAIEKTpUYC-
CKHe M BUOPOAKyCTHUECKHI KaHabl YTEUKU HENb3s OCTaBIATh O0e3 BHUMaHus. MHbopmarms
OOJIBIIIEH YaCThIO MEePEIaeTCsl 3ByKOBBIM HITH 3JICKTPOMArHUTHBIM 1ojieM. [loaTomy mpu Haym-
YUH U3BECTHBIX YSI3BUMOCTEH U KaHAJIOB YTEYKU HH(POPMAIIMH €CTh BO3MOXKHOCTh 00ECIIEUUTh
HEOOXOAMMBIH YPOBEHb 3alllUTHl B IMOMEIIECHUAX. Pa3paboTka HOBBIX CHUCTEM O€30IacHOCTH
JOJDKHA OBITH MOCTABJICHA TaKUM 00pa30M, 4TOOBI, KaK TOJIBKO MOSIBATCS MPEANOCHUIKH s
yTeUKH HHPOPMAIIHH, HEOOXOIMMO HAUWHATh Pa3pabOTKy Mep 110 UX MPOTUBOICHCTBUIO. TOITb-
KO MPH TaKUX YCJIOBUAX CHCTEMa 3aIUThI HHHOPMAIIUU MOXKET cUUTaThes dddekTuBHOM. Tem
HE MEHEE HE CTOUT 3a0bIBATh O PsJIC APYTUX KAHAIOB YTEUYKH pEeUeBOM MH(POPMAITH, KOTOPHIE
SIBJISIFOTCSL HE MEHEee ONacHbIMH [7].

Cnmcok HCIOJIb30BAHHOM JTUTEPATYPbI

1 Administrative Management in Information // Protection Technical information
protection// Administrative Management in Information. — 292c.

2 HEJIK [OnextponHslit pecype]. Pesxxum goctyma: https://nelk.ru/catalogue/s92/s94%20
Mara obpamenus: 18.11.2020

3  Texnuka CrnenCnyx6 [Dnekrponnsiii pecypc]|. Pexxum mocrtyma: https://www.t-ss.ru/
vibroacustik.htm Jlara o6pamenus: 19.11.2020

4  «Texuuueckue cpencTBa 3amuThl HHGopMarm». - XKypuan "CrnenuanbHas TeXHUKA'.
-Ne14/2018.

5 Kondratev A. V. //Article Compromise of active and passive methods of vibroacoustic
information protection. 2015.

6 Technical surveillance counter measures (TSCM) [DnekrponHsliipecypce]. - Pexxummo-
cryna: http://tscm/whatistscm.html./larao6pamenus: 18.11.2020

7 WA Technology: product Catalogue. - China, BSWA Technology Co., Ltd, 2014.
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VIIK 538.945:621.791(045)

CPABHUTEJBHBINA AHAJIN3 METOIOB IOJIYUEHUA
BBICOKOTEMIIEPATYPHOI'O CBEPXITPOBO/HUKA

Iicycynosa A.A., macucmpanm 2 xKypca
Kaszaxckuu azpomexnuueckuii ynusepcumem um. C. Cetigpynnuna, 2. Hyp-Cynman

B paGore npuBeneH 0630p METO0B MOTYUYECHHUSI U CBOMCTB BHICOKOTEMIIEPATypHOTO CBEPX-
MPOBOJHUKA cocTaBa Bi-2223. B kayecTBe METOOB OBLIA PACCMOTPEHBI METOJIbI «ITOPOIIOK
B TpyOe» M paciiaBHbIe METOABI. M3710KEHBI TEXHOJIOTMYECKUE TPOLECCHI MOTYUYEHUsI CBEPX-
MIPOBOJIHMKA BBIIIEYKa3aHHBIMU METO/IaMH, U UX IPEUMYIIIeCTBa U HeJocTaTku. Ha ocHOBe 00-
30pa, aHAJIM3a U CPABHEHUS JIAaHHBIX METOJIOB aBTOP BHIOMpAECT U 0OOCHOBBIBACT BHIOpAHHBIN
UM METOJ JUIsl CBOETO HCCIIEI0BAHUSI.

KitoueBsie ciioBa: BEICOKOTEMIIEpATypHBIN CBEPXIIPOBOIHUK, Bi-2223, yacTHyHOE TU1aBIIE-
HUe, 00beMHas KepaMHuKa.

Benenue. bnaromapst psiny npeumyiiecTB Bi- cogepkammx KymparoB, Kak BEICOKAs TEM-
neparypa CBEpPXIIPOBOJSILEIO Mepexosa, CTaOMIbHBIN COCTaB, HU3Kas CTOMMOCTh MCXOJIHBIX
BEILIECTB - ATa IPYIINa CBEPXIIPOBOSIINX MATEpUaIOB MEPCHEKTUBHA ISl TPOMBIILIEHHOTO
MIPUMEHEHUS B CBEPXIIPOBOISAIINX U3ACNUAX (KaOemsix, JIeHTax, TOKOOTBO/IA U JPYTroe) BTOPOro
nokosieHusd. JlanpHeliee MpakTUUYeCKOe UX UCIOJIb30BaHKUE, IPEAIOIAraeTcss Ha OCHOBE II0-
BBIIICHUSI KPUTUYECKOTO TOKA CBEPXIMPOBOAsIIEro nepexoga. OCHOBHBIMU METOJaMH TMOBBI-
[IEHUE KPUTUYECKOTO TOKA B MOJUKPUCTAIUIMYECKUX MaTepHaliax SIBJISIOTCS METOJ «ITOPOIIOK
B TpyOe» U paciiaBHble MeTObl. OJHUM U3 Pa3HOBHUIHOCTEH paCIUIaBHBIX METOJIOB SIBJISIETCS
CTEKJIOKPUCTAJUIMUECKUNA METOJI, KOTOPBIN UCIOJIB3YIOTCS JIs MOJIy4YeHUSI MACCUBHBIX MOJIH-
KPUCTANIMYECKUX MAaTEPHUAIOB, UMEIOIINI BBICOKYIO IUIOTHOCTD U TEKCTYpPY YaCTHII.

OcHOBHasl 4acTb.

J1J14 OBBIIIEHNS TOKOHECYIIEH XapaKTepUCTUKN BBICOKOTEMIIEPATYPHOTO CBEPXIIPOBOIHH-
Ka Ha OCHOBE BHCMYTOBOW CHUCTEMBI OBLITM PAaCCMOTPEHBI METO/I ITOPOIIOK B TPyOe U pacrjiaB-
HBIN METOJI.

PaccMoTpuM, TEXHOJOTHYECKHUH MPOIecC BMETOMIE «IOPOIIOK B TpyOke» (puc.l). CHava-
Ja TOTOBSIT MCXOJTHBIA MOPOUIOK IMPEKYPCOB, 3aT€M 3alOJHIIOT UM METaJUIMYECKyI0 TPYOKY,
KakK IMpaBUJIo, U3 cepedpa, Tak Kak MPH BBICOKUX TEMIIEPATypax TOJBKO OHO C1ab0 B3auMO-
NeicTByeT ¢ kepaMukoid. [Ipu onpeneneHHbIX yCIOBUSX TEMIEPATyphl, OAHA WU, HECKOIBKO
METAJUTMYECKUX TPYOOK 3aroToBOK, Aedopmupytorcs. [ledopmanus MeTamanueckond TpyoKH
BBITNOJIHSIETCS KaK ITyTEM BOJIOUEHUS], TaK U IMyTeM MpoKaTku. B 3aBucuMocTu ot ciocoba ne-
(dhopMaruu Ha BBIXOJIC TIOTYYaeTCsl JIIMHHBIA KYCOK MHOTOXKMJIBHON 3arOTOBKU B BHJIE IPOBO-
JIOKU WU JICHTHI.[2]

[Ipeumy1iecTBO METOJIa KIOPOILIOK B TPYOKE» MO3BOJISET 3HAYUTEIBHO YBEJIUYUTH IJIOT-
HOCTh KPUTHYECKOTO TOKa CBEPXIPOBOAHMKA, CO3/1aBasi YETKYIO TEKCTYpy, YMEHbIIas OO0
c1a0ObIX CBSI3€M U YBEIUYHBAS IUIOTHOCTh CUJIBHBIX IIEHTPOB MTUHHUHTA.

JlaHHBIN MeTOJ UMeeT psijl HenoCcTaTKoB. CBSA3b KEPAMHUKU C CepeOpsHOM 000JIOUKON He-
OZHOPOJIHA U MMEET BOJIHUCTYIO (JOpMY B NMPOAOJILHOM CEYCHHH, XOTS OTHOCUTEIILHO HepeH-
tabenpHO i1 BTCII kepamuk Ha OCHOBE BHUCMYTa W UTTpHsA. [Ipu BBICOKMX Temmeparypax
MOKET TIPOUCXOUTH MON3yUeCTh cepedpa, 4YTO MPUBOAUT K TOMY, YTO TUIOMIA/b MIONIEPEIHOTO
CEUEHHs CBEPXIPOBOJHIKA OKAXKETCS HEPaBHOMEPHOI MO JJIMHE, U TaKUM 00pa3oM, Mmepexos
OT IIEPETPY30K 110 TOKY OrpaHUUMBAETCS CaMOM TOHKOM 4acTH sijipa cCBEpXIpoBogHuKa. Kpome
TOTO, B 00pa3iax 00beMHOI KepaMUKH, TOIBEPIHYTHIX B3PHIBHOMY KOMIIAKTUPOBAHUIO, HE 00-
HapyXeHa oCTpasi KyOudeckasi TEKCTypa, 4TO TAKKe JeIaeT MPAKTUICCKH HETPUTOIHBIM TIPH-
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MEHEHHE METO/Ia KIIOPOIIOK B TPYOe» /ISl MOTyueHUs] 00bEMHOM CBEpXIPOBOAIIEH KEPAMUKH
C BBICOKOM TOKOHecyIel crnocoOHocThIO [4]. Bo BpeMs nedopmaiiuu MeTamindeckon Tpyoku
C IOPOLIKOM B KEpaMHUKE MOTYT 00pa30BaThCs TPEIIMHBI, KOTOPHIE U3-3a YXY/IIIEHUS CBI3HOCTU
3€peH KepaMUKHU TIPUBEAYT K CHIDKEHUIO TOKOHECYIEH CrToCOOHOCTH. [ 1]

Taxum 00pa3oM, Ha HaIll B3IV OCHOBHBIM HEIOCTATKOM, B PACCMOTPEHHOM METOJIE «II0-
pOLIOK B TpyOe» SBISIOTCS CIOXKHOCTH B MOJYYCHHH OOBEMHBIX U OOJBIINX 3arOTOBOK Ke-
paMUK{, UMEIOTCS OrpaHUYEHUS HA BO3MOXXHOCTH (DOPMHPOBAHMS CTPYKTYPbl U KOHTPOJIS
nedopmaruu. Mcxoas U3 BhIIlIEyKa3aHHOTO HEOCTAaTKa, JAHHBIA METO/ HE MOJXOAMT IS T10-
BBIIICHUS KPUTHYECKOTO TOKa B OOBEMHOMN CBEPXIIPOBOJUMON KepaMHKe, KOTOpas SBISIETCS
HanIley 1eabI0 UCCIIEI0OBaHMUS.

Ha nanHbIi MOMEHT cyliecTBYyeT psii MeTofoB 00padotku kepamuku BTCII, ocHoBaHHBIE
Ha MOJTHOM WJIM YaCTHYHOM IUIaBlieHHH. [lyTeM KpucTammu3aiy U3 )KUAKOCTH TOIYyqaloT 00b-
€MHbBIE 3arOTOBKHU C YETKON TEKCTYPOU. DTO TOCTUTAETCS PA3TUUYHBIMHU CIIOCOOaMU: OBICTPBIM
HarpeBoM B OJHO(DA3HYIO >KUIKYI0 00JacTh WM ABYX(a3HYIO KUIKYIO 00JacTh ¢ MOCIHeny-
omuM oxJtaxaeHneM (melt-texturedgrowth), npunoxeHrneM BHEITHETO MarHUTHOTO ITOJIST BO
BpeMsl KpUCTAJUIM3AUH paciljiaBa, 30HHBIM IJIaBJICHUEM, B TOM YHUCJIE C TOMOIIIbIO JBIKYIIIE-
rocsi Ja3epHOro Jyya, a TaKkKe JOMOJHUTEIbHAS Mepefaya AIEeKTPUIECKOTo ToKa yepe3 oopa-
3€1l BO BpeMsl 30HHOTO JIa3€pHOTO IUIaBJIEHUS U T.1.

PacrinaBHBIN METO IMEET HEKOTOPBIE PEUMYIIIECTBA IIEPe] METOJIOM «IIOPOIIOK B TPyOe»
TaK Kak MPeJI0CTaBIsueT Oosee MUPOKHe BO3MOXKHOCTH (hopMupoBanus Tpedyemoii Mopgoio-
THH, TEKCTYPHI U UHBIX 110 CPABHEHHUIO C METOJIOM TIOPOIIOK B TPyOe peakiueil 00pa3oBaHHs
1esieBoro Marepuaia. HampaBieHHOe BO3JEHCTBUE HA pacIUlaB U 3aKalika METacTaOUIIbHBIX
(a3 MOTYT U3MEHSTH XapakTep W KHUHETUKY MeK(a3HbIX peakuuil oOpa3oBaHUsS LEJIEBbIX
cBepxnpoBoasmux (a3 [S]. PacmmaBHOe TeKCTypupoBaHUe, KaK MPaBUIIO, POU3BOIAT 33 CUET
MEIJICHHOTO OXJIaXkIeHUsI KepaMUKH. OHO MOXeT ObITh KaK HAaIpPaBICHHBIM (C IPagueHTOM
TEMIIeparyp), TaKk U HeHanpaBJIeHHbIM (0e3 TpajueHTa TemMIreparyp), IPOU3BOAUTLCS C Tepe-
MelleHreM U 0e3 nepeMenieHus o0pasia KepaMuKy, a TakkKe MyTeM BbIpalllMBaHUs KPUCTAJI-
JIOB Ha 3aTpaBKe.

[Tpu yacTUYHOM IIJIaBICHUH U TIOCTETYIONIEH KpUCTAITH3aMK (HEOPUEHTHPOBAHHOE pac-
IJIABHOE TEKCTYPUPOBAHKE ) BOZMOXKHO TEKCTYPUPOBATh Kepamuky Bi-2212 B cepeOpsiHOit 0060-
nouke. Kak nmpaBuiio, B kepaMuKe, MOJTy4€HHON METOAOM IUIaBKH, 36pHAa UMEIOT OTHOCUTEIILHO
OonbIre pa3Mepbl. 3epHa MOTYT OBITh CIA00CBSI3aHHBIMH, YTO MOXKET OKa3aThbCs MPUIHHON
HU3KUX CBEPXMPOBOISAIINX CBOMCTB Ja)Ke MPU HATUYMHU OCTPOU KyOMUECKOHl TEeKCTypbl, MO-
CKOJIBKY MEXIy 3€pHAMH MOXKET HAaXOAMTHCS TOHKHUH CION MM YacTHULBl MOCTOPOHHUX (ha3.
JIeKOHCTpyalysi 9aCcTHII MOXKET MPUBECTH K CHIKCHUIO CBEPXITPOBOJSIINX CBOMCTB. Takxke
BO3MOYKHO TIOTy4YeHHE 00bEMHBIX 3arOTOBOK CBEPXIPOBOJAIICH KEPAMUKH METOAAMHU TUIaBKU
[6].

Onnum n3 Hanbosee pacIpOCTPAHEHHBIX METOIOB HAIIPABICHHOTO TEKCTYPHPOBAaHUS pac-
IUIaBa SBJSIETCS JIGHTOUHOE TuIaBlieHue. biaronaps mporeccy 30HHOM IMJIaBKU CO CMEIEHUEM
€YU MOYKHO JOCTHYb KPUTHUECKOM IUIOTHOCTH TOKa mopsaka 104 A/cm2 B xepamuke Y 123.
B nmomonHeHne K MepeMenIeHHIO TeUH TUIABJICHHE KEPAMUKH TaKXKe OCYIIECTBISIETCS ITyTeM
NepeMeIIeHHS JIa3ePHOTO JTy4a, KOTOPbIH IIaBUT CBEPXIIPOBOIAIICIO KEPAMUKY.

[Tpu momomM BO3EHCTBUS CHIIBHOTO MAarHUTHOTO TOJISl HA ATare pacrjIaBHON 00paboTKu
BO3MOYKHO TIOBBICHTH OCTPOTY TEKCTYphI. Tak, Hampumep, B UCCICAOBAaHUH OBbLT MPECTABICH
pe3ynbraT cuntesa kepamuku Bi (Pb)2212 Bo BHemHem nosie 9 Ti B coueTanuu ¢ pacruiaBHON
oOpaboTkoii. Ha monydyeHnHsix audpakrorpaMmax oOHapyKeHO, UTO B PE3yJIbTaTe pacIylaBHON
00paboTKK BO BHENIHEM Tojie TuKH miiockocTeit (001) cyIecTBeHHO BBINIE MO CPAaBHEHUIO C
paciuiaBHO# 0OpaboTkoit 0e3 moss. M3 3Toro cnemyet, 4to BHEIIHEe Mojie 00eCeyrIo Harpas-
JeHHBIN pocT 3epeH ¢a3wl Bi (Pb)2212 ¢ opueHTHPOBKOI OCH BIOJIb MPHIIOKEHHOTO BHEIITHETO
MarHMTHOTO MOJIs, YTO OBLIO MOATBEPKICHO M300paKEHUSIMU MUKPOCTPYKTYphl. B 00pa3max
ObuUIM OOHAPY>KEHBI MUKPOIOPHI ¢ JIMHEHHbIMpa3zMepoM nopsiika 100 MKM, KOTOpbIe yiaioch
YCTPaHUTh JIByXATAITHON pacIIaBHOMOOPaOOTKOM[2].

15



OCHOBHBIM HEJIOCTATKOM METOJIa IIJIABJICHUS ABJSIETCS TO, UTO JUIsl TOTO, YTOOBI CBEPXIIPO-
BOJISIIIIME 3aTOTOBKH OBLIM JOCTATOYHO OONBITUMH ISl MX TPAKTHIECKOTO MCIIOb30BAHUS, M
MPUXOAUTCS TPATUTh MHOTO BpEMEHH, TOTOMY YTO TeMITbl pocTa rmiaBumibHoi BTCII kepamuku
nuskue. Ckopocth pocta Bi (Pb) 2223 B kepamuke HU3Kas U3 - 3a GopMupoBanus (haswl, 0CO-
OCHHO BO BpeMsI MEJICHHOU NepuTeKTHYecKoi peakmuu. [Tone pasnoBecus daszwr Bi (Pb) 2223
B JIMarpaMMe COCTOSTHHSI OU€Hb Y3K0€, TOITOMY caMblii 00ibIIoii MoHOKpucTaut Bi (Pb)2223,
KOTOPBIH MOXKET OBITH ITOJTyYeH B HACTOSIIIEE BPEMSI, MOXKET JOCTUTATh MAaKCHMAaJIbHOTO JINHEH-
HOTO pa3zmepa okosio 10 MM, YTO B OCHOBHOM MPUEMIIEMO JIJISl HCCIIE0BATEeNIbCKUX 3a1ad [5].

Bo Bpems miporiecca riiaBIeHus KepaMuKa MOXKET 00pa30BbIBaTh OOJBIIHE ASPEKTHI B BU/IC
my3bIpbKOB. OHM MOTYT MPUBECTU HE TOJIBKO K 3HAUUTEIBHOMY CHUXKEHHIO MPOITYCKHOM CIO-
COOHOCTH TOKa, HO M K IOJIHOMY OJIOKMPOBAaHUIO M30BITOUHOTO TOKa. VccienoBanue, B xoze
KOTOPOTO Obli1a n3yuyeHa 00paboTka KepaMuku AJnHON Bi-2212 MeTonoM AuThs, IoKa3aio, 4To
Takue AePeKThl MOTYT UMETh pasMepsl 1-2 MM U JocTurarhs Bceil [uHbl u3aenus. [Ipudnna
MOSIBJICHUS MTy3BIPHKOB 3aKJIIOYAETCS B TOM, YTO B IPOIECCE TEPMHUUECKONH 00pabOTKM ra3bl
BTOPraroTcsi B 00beM KepaMUKH, [TOCIIE Yero 000J04YKa JIIMHHOTO U3/IETHS MOKET CMELIaThCs.
CoracHO TOMY K€ UCCIIEA0BAaHHIO, 00pa30BaBIINECs My3bIPbKH MOTYT BBI3BATh MUKPOTPEILH-
HBI, UTO CHIKAET HECYIILYIO CTOCOOHOCTD MOYYEHHOM CBEPXITPOBOIAIIEH KepaMukH [3].

Harr ananus pacruiaBHOro MeTo/ia MoKasall, YTO OH MO3BOJISIET CO3AaBaTh Oosee 00beMHbIE
CBEPXIPOBOIMMbBIC KEPAMHUKH TI0 CPABHEHHUIO C METOAOM «IIOPOLIOK B TpyOey. JlaHHBINH METON
OyIeT UCTIOIb30BaH AJIs MOTy4YeHHsI 00bEeMHON CBEpXIPOBOJUMON KEpaMUKH, TaK Kak Oarosa-
Psl eMy MOXKHO JIOCTHYb HAalPaBICHHON KPUCTAIN3ALUH YaCTHUI] IO HAIIPABJICHUIO TEIIO0TBOA
Y CHJIbHOW OpPHEHTAIMH ISl TIOBBIIIECHHSI BRICOKOTO KPUTHYECKOTO TOKa [7].

Ha ocHoBe aHanu3a u cpaBHEHHsI METO[a «IIOPOLIOK B TPyOe» U pacIilaBHOTO METO/1a MOXK-
HO yTBEP)KJaTh, 4TO B 00OUX METOAAX BO3ZMOXKHO JOCTHKEHHE BHICOKUX TPAHCIIOPTHBIX TOKOB
B nonukpuctaumueckux BTCII marepuanax. B metoge «mopomiok B TpyOe» BO3MOXKHO J0-
CTHYb MOBBIIIEHHBIX TOKOB B MOJUKPUCTAIIIMYECKUX MaTepHaiaX ¢ pa3MepoM B IBYX KOOPIH-
HaTax, a B TPETbEM HaIPaBJICHUHU OTPaHUIMBACTCS pa3Mep. JlaHHBINH METOI HE MOXKET OBITh UC-
MOJIb30BaH B HAIIIEM MCCIIEOBAHUHU, TaK Kak Ooyiee OOJBIIMM pa3MepaM 3HAYUTEIHLHO TPYIAHO
JOCTUYb BBICOKOM TEKCTYpPBI YacTHI], T.€. B3aMMHOM OPHEHTAIMH PACTIONIOKEHHS YacTHIl. YTo
KacaeTcs paciylaBHOTO METOJIa, TO Ha €ro OCHOBE BO3MO)KHO IMOJYYEHHE BBICOKOW TEKCTYpPbI
3a cyeT HalpaBJIeHHOM Kpuctammuzanuu. [Ipu sToMm MoxkHO nonyuuTh 00beMuyto BTCII- ke-
paMHKy B Tpexpa3MEpHOM O0BEMe, HO JIMHHOMEPHBIX M3ENNi KaK B METOJE «IOPOIIOK B
TpyOe» HEBO3MOKHO. CBSI3U € 3TUM B 3aBUCUMOCTHU OT 00JIaCTH MPUMEHEHHUsI 00bEMHOI1 CBEpX-
POBOJIMMOM KEpaMUKH MOXKHO HCIIONIb30BaTh 00a METO/a.
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VIK 621.395.8
CHUCTEMA OFDM JJISI KAHAJIA C BBICTPBIMH 3AMHUPAHUAMM

Epoicanbaesa A.A., macucmpanm 2 Kypca
Kazaxckuii azpomexnuueckuii ynusepcumem um. C.Cetigpynnuna, 2. Hyp-Cynman

Ob6cyxmaercst mpoOiieMa KOT€pEHTHOTO MpHeMa TypOOKOIUPOBAHHBIX CHTHAJIOB COPTOTO-
HaJBHBIM 4acTOTHBIM pazzaenenremM (OFDM), nepegaBaeMbIx uepe3 KaHajl ¢ MEKCUMBOJIBHOMN
uHTepdepeHuei (kana c namaThio). B [6] Obuta mpeaoxkeHa HoBas cTpykrypa OFDM-kanpa,
COCTOSIIIETO U3 M3BECTHON Ha mpueme ucmnbitarenbHod komOunanmu (MK1), nuknuyeckoro
npedukca, JTaHHBIX ¥ H3BECTHON KomOuHarmen K2, koTopas B yCIIOBHIX OBICTPON3MEHSIONIE-
rocs KaHajna oOJaaeT Ty 4IIUMU XapaKTEePUCTUKN IOMEXOYCTOMUNBOCTH 110 CPAaBHEHUIO C TPa-
JUIMOHHOM cTpyKTypoil kanpa. IIpu atommonynsuus ocymectsisercs QPSK-monynsatopom.
ANTOpUTM NpHUEM B «IIEIOM» C Io3aeMeHTHbIM npuHsaTueM pemenus(IILIIIIP), npennoxen-
HBII B paboTax [1-5], mo3BoJIsIeT OTKA3aThCs OT UCTIOIB30BAHUS MTPEPUKCOB U MOCT(HUKCOB, UYTO
NPUBOIUT K YBEJIWYCHHUIO MTPOIMYCKHOM criocoOHOCTH. [IpeiosxkeHo ucmnons3oBars TypOoIeKo-
1ep, KOTopblid 3¢ (hekTHBHOPaOOTaET B IMPOKOM Jnana3one otHomeHus curnai-urym (OCI)
Y KOTOPBIN TIO3BOJISIET TOCTHYb BeposATHOCTH omnOok HabuT (BER) no 10-5Snpununzkom OCIII
U OTHOCHUTEJIBHO BBICOKOM INPOIYCKHOM criocoOHocTH. KiroueBoil BKiIaJ B MOJydYE€HUE Kade-
CTBEHHOW OIICHKM MMITYJIbCHOM XapaKTEpPUCTUKH KaHaJla CBA3M BHOCHUT UCIIOJIb30BAHUE UCIIBI-
tarenabHON koMOuHanuu (K1) B ctpykrype xaxknoro OFDM-kanpa. [peanaraemsie anroput-
MBI UMEIOT MPHUEMJIEMYIO BBIYHCIUTEIBHYIO CIOKHOCTh M JIETKO PEaTU3yIoTCsl HU(GPOBBIMU
CUTHAJIbHBIMHU ITPOLIECCOPAMHU.

Bynymue OecnpoBoaHbIE TEIEKOMMYHUKAIIMOHHBIE CTAHIAPTHI HALEJEHBI Ha IOBBIIIE-
HUE CKOPOCTH MEpeAad AAHHBIX. DTOI0 MOYKHO JOCTUYb TOJBKO C ITOMOULIbIO KOT€PEHTHOMN
CBSI3U,IIOCKOJIBKY OHa 00eCIeYrBaeT HU3KYIO 4YacTOTHOCTh ommnOok Habut (BER), nnst 3anan-
Horo otHomeHus curHan/mym (OCIL). 1 nao6opot, ona tpedyer munumansHoro OCII st
3aJaHHOl yacToTHOCTH ommOoK HaduT (BER), uTO MpUBOAUT K YBETHMUEHHUIO CPOKA CITYKOBI
Oarapen. ANTOpUTMBI TIepelaTYMKa U IPUEMHUKA, IPEIOKEHHBIE B TAHHOH CTaThe, XOPOIIO
MOAXOMAT JUIS MCIIONB30BaHus Ha npoueccope DSP, Tak kak He TpeOyroT 0OIbIION BBIYHCIH-
TEJIbHON MOIIHOCTH.

ABTOpBI Ha MPOTSHKEHUH OTIPENIEIIEHHOTO BPEMEHH O0OCYKIAIOT MOJIX0A K 00pabOTKe CHUT-
HaioB OFDM (npuMeHUTENbHO K COTOBBIM CETSIM U B COBOKYIHOCTHU ¢ TexHoiorueit MIMO)
[2-5], ocHOBaHHBIII HAa WCIIONB30BAaHUU CYOONTHUMAIBHBIX aJTOPUTMOB TaK  Ha3bl-
BAaeMOH «I10CJIE0BATEIbHOIN» (OJHOKAHAIbHOW) 00pabOTKM CUTHATIOB B MecTe npuema. Omnu-
CaHUE U aHAJIM3 TAaKHUX AJITOPUTMOB JaH B[1].0Tu anroputmsl, npeqHa3HAUEHHBIE B IEPBYIO
o4epeb ISl «IOCIIEA0BAaTENIbHBIX» CUCTEM Iepeaad, OpPUEHTUPOBAHbI HA YUYET U MCIIOJIb30-
BaHUE BIIMSHUS KaHAJA CBSA3H, 00YCIOBIEHHOTO PACCEIHUEM PHEPIHH [IEPEIaBAEMOro CUTHaJIa
BO BpeMeHH (IIaBHBIM 00pa3oM M3-3a OTPAHWYEHHUS MOJOCHI YaCTOT U MHOTOIY4EBOTO pac-
IPOCTPaHEHMsI CUTHANA), YTO BOJHOKAHAJIBHBIX CUCTEMAX HENPEMEHHO MPUBOAUT K IOSIBIIE-
HUIO MHTEP(EPEHIINN CUTHAIOB B MecTe npreMa. HecMOTps Ha TO,4TO HHTEpPBAJI BPEMEHHOTO
paccesiHus ONpeeNnsieTcs] UCKIIUYUTENHHO (PU3NIECKIMHU TTapaMeTpaMH UCTIOIb3YeMOro KaHa-
7a, «ylenbHOe» BIHMSHHE WHTep(hEepeHInH (MaMsaTh KaHalla) YCYryOnseTcst Mpu yBEeTHUeHUH
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CKOPOCTH IIEpeSjauy, YTO B KOHEYHOM MTOI'€ OTPaKaeTCsl Ha KaUeCTBEHHBIX XapaKTEPUCTUKAX
JEMOIYJIATOPOB.

B «mapannenbHbIX» (MHOTOKaHAIbHBIX) CHCTEMaX, K KOTOPBIM NPUHAUIEKUT CUCTEMA
OFDM, sBi€HHE BPEMEHHOIO paccesHUs B KaHAJIE YHEPrUM IEPEIaBacMOr0 CUTHAJIA TaKKe
MIPUBOJIUT K HHTEPPEPEHIIH CUTHAIOB BMecTe npuema. OTHaKo, Kak MOKa3bIBAIOT UCCIIEI0Ba-
HUS [2-5], aNrOpUTMBI «IIOCIIEOBATENBHOI CyOONITUMATBHON 00pabOTKU MOTYT OBITh A dek-
TUBHO MCIIOJIB30BAaHbI U JUIsSl IOCTPOEHUS JEMOAYJIATOPOB MHOTOKAHAJIbHBIX CHCTEM, B 4acT-
Hoctu st cuctembl OFDM.

BaxxHoit mpo6iemoil, perenue KOTopoil HEOOXOIUMO KaK JJIsl OJJHOKAHAJIBHBIX ,TaK U IS
MHOTOKaHAJIHBIX CUCTEM, SIBJISIETCS MpoOiieMa MOIydYeHHUs OLIEHKU IapaMeTpoB KaHaja C ma-
MATBIO BMecTe nipueMa. B cucreme OFDM ¢ TpaauiimoHHOM CTpyKTYpOH Kazpa, IpeacTaBiis-
foliei co6oil Ha mepeaue COBOKYITHOCTh OPTOTOHAIBHBIX MMOJHECYIINX, pelleHue IpoOieMsbl
3aKJII0YAETCs B TIOYYEHUH OLIEHKHM KOMIUIEKCHOTO 3HaueHHs Kod((UIeHTa rnepeJadu KaHa-
J1a IS K101 OAHECYLIEH MocnenuaibHbIM TWIOTCUTHATIAaM, IEPUOANYECKH TOBTOPSEMBIM
Mexay nepenasaeMeiMu OFDM cumBonamu. [Ipu 3ToM A1 coxpaHeHMsI B MECTE IpUEMaA OPTO-
TOHAJILHOCTH MOIHECYIINX KOJIeOaHU He0OXOAMMBI 3alUTHBIE IPOMEXYTKH /10 U TIOCTIe Kax-
noro nepenaBaemoro OFDM-cuMBoIIa, 4T0 MOXKET MPUBOAUTH K MOTEPE MPOMYCKHOM cr1oco0-
HOCTH KaHana B pazmepe 10 20 % u Beie. TakoBa 1uiaTa 3a cTpeMIIEHHE IOCTPOUTE CUCTEMY,
WHBapUAHTHYIO K (aKTOpy paccesHus B KaHajle SHEPIHU NepeaBaeMoro CUrHaia.

B[6] npenaraeTcs nCnonap30BaTh HOBYIO CTPYKTYpY Kaznpa OFDM, nokazanHy1o Ha pUCyH-
Ke
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Puc. 1 - YcoBepiieHcTBOBaHHas CTPYKTypa Kajapa

B nononnenne k K1, npedukcy u qaHHBIM, KaJp COAEPKUT Oy(depHbIe CUMBOIIBI JUTMHON
B, i pemienus 3agau cuHXpoHu3auuu, 1 komouHanuo UK2 nmnoit cozsesnus QPSK. Kom-
ounamust K2 B maHHO CTPYKType Kajapa HCIIONb3yeTcs il OOHApyKEHHS W JajdbHEHIIeH
KOPPEKIUU YaCTOTHOTO CBUIA.

Ha pucynke 2 noka3as mporiecc o0padorku nepenaruuke. [lepen cumBosos Ld B oneparm-
et OBII® uepenyrorcs Tonbko cumBoiibl fanubixu UK2. Tlocne yepenoBanust cumBosibl K2
CIlydaifHBIM 00pa3oM pacrpenenseTcss Me/y CUMBOJAMHU JaHHBIX. BydepHbie CUMBOIBI OT-
MpaBJIAIOTCS HenocpeacTBeHHO B 0ok OBII® 6e3 uepenoBanusl.
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Puc.2 - O6paboTtka qaHHBIX HA Nepeaaye
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Mogens cucteMsl mokazana Ha puc. 3. 3aech Ha Bxon OBII® npeobpa3oBarens MOCTyNaOT
QPSK cumMBoIBI, KOTOPBIE POPMHUPYIOTCS U3 MOCIEI0BAaTEILHOCTEH OUT, IPEeIBAPUTEIHLHO-32a-
KOJUPOBAHHBIX B TypOO-KO/IEpe, moka3zaHHoM Ha puc. 4. Onepanust OBII® npousBoguTCs 0T1-
nenbHo st QPSK-cumMBonoB MK1 u QPSK-cumMBoIOB JaHHBIX. 3aT€M NOTYyUYEHHbIE KOMILJIEKC-
HbIE OTCUYETHI CUTHAJIA TOCTYNAIOT B OJIOK MapasliebHO-OCIeA0BaTEILHOTO MPeo00pa3oBaHusl,
rae 100aBIsSeTCAIMKINIeCKUi npedukc, u otnpasistores B kanan. Tak kak K1 BcraBnsercs
B Kax bl OFDM-kazp, nanHas CTpyKTypa [03BOJISET MPOU3BOAUTH Nepeaady JaHHBIX B KaHa-
Jax ¢ OBICTPBHIMU 3aMHUpPaHUSIMU (MOOHMIIBHBIE CETH). B Takux kaHallax Takke 1eJIecoo0pa3Ho
ucnonb3zoBaTh QPSK-Moaysimio, TakkakoHa UMEETBBICOKYIO ITOMEX0YCTOMYUBOCTD.

B pamkax mocTaBieHHOMN 3a/aud MpeanoyaraeTcs, 4To Hayaiao Kajapa ObLTo OOHApY>KEHO
BEPHO,0bL1a BBHITIOTHEHA KOPPEKIIMS CMEIICHNS YacTOThI U ObliIa MPOM3BeeHa OlleHKa KaHaa.

- e
QPSK cuuBom
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'
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QPSK cumBom: QPSK civpoms
UTHEOR Ldl UTHHOH Ld'l
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Cysouapras 1mma Ly = 2Ly
Puc. 4 - Cxema Onoka kojziepa sl KOHCTPYKLIMU KaJipa U3 pucyHka |
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CpaBHeHHE TPOIYCKHOW CIIOCOOHOCTH CHCTEM C Pa3IMYHBIMU CTPYKTypaMHu Kajapa Hpu-

BesieHo B Taomue 1 [6].

Tabnuua 1- [IponyckHas ciocoOHOCTh PA3IUYHBIX TCTPYKTYP KaJIpOB

Cucrema TpagunmonHas TpagunmonHas Hogas ctpykTypa
CTPYKTypa Kajpa, CTPYKTypa Kajpa, Kajapa, Typoo-Koa
TypOO-KOJ CKOPOCTH | TypOO-KOAC KOPOCTHU ckopoctH 1
1/2 1
[IponyckHas 32,95 49,14 82,84
CIIOCOOHOCTh

B paborax [1-5] mis penienust mpoOiIeMbl AEMOAYIISAIINN B KaHAJIAX C paCCesTHUEM ITpejIaraeTcst
HCIOJIb30BaTh AJITOPUTM MPUEM B «LEJIOM» C OJIEMEHTHbIM IpuHsaTueM pewmenus (ITLIIIIP),
KOTOPBIA MMEET OTHOCUTEIIBHO MAJIYIO BBIYMCIUTEIBHYIO CIIOKHOCTb. J[aHHBIN aJITOPUTM I10-
3BOJIAET OTKAa3aThCsl OT MCIOJIB30BAaHUS 3AIUTHBIX MHTEPBAJIOB (LMKIMYECKUH NMpePUKC U
noct(dukc) B cTpyKType Kajapa (puc.1) 6e3 moTeps moMexoyCTOWIHBOCTH, YTO, B CBOIO OYEPE/Ib,
MOBBIIIAET MPOIMYCKHYIO clIOcOOHOCTh KaHamna. Takxke uneonorust anroputrma [P nemaer
BO3MOXKHBIM BBITIOJIHEHHE 33]1a4 CHHXPOHU3AWH 03 UCTIoNb30BaHus OydepHbIx OuT B.
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YIK: 621.391

3ABUCUMOCTH TOUYHOCTHU PACIIO3HABAHUSA PEUEBOI
AKTUBHOCTH OT KOJIMYECTBA IUKTOPOB

Epmaes A.M., macucmpanm 2 kypca
Kazaxckuii azpomexnuueckuii ynusepcumem um. C. Cetigpynnuna, o. Hyp- Cyriman

B TenekoMMyHHKAIIMOHHBIX CUCTEMaX CBSI3U OJJHOW M3 INIaBHBIX 3ajay SABJIseTCs GuiIbTpa-
IIUS TIepe/laBaeMbIX CUTHAJIOB C LEJIbIO YMEHBIICHUs UX oOobema. [l ocyIecTBIEHUs TOH
3aJ1aud UCIOJIB3YIOTCS pa3sInyHble aIropuTMbl. Hanpumep, npu nepenaye rol1oCoBbIX TaHHBIX
JUISL OTCEYEHUS 3BYKOB, HE OTHOCSIIMXCS K YEJIOBEUECKOW PEUH, MCIIONIb3YIOTCS CUCTEMBI, KO-
TOpbI€ Ha3bIBAIOTCA JETEKTOPAMM aKTUBHOCTHU PEYH, IO aHIIUICKUMN - Voiceactivity detector
(VAD).

Cuctembl Tuna VAD OCHOBBIBAIOTCS Ha pa3/IMUHbIX aliropuTMmax. Jlanee mpuBeneHbl He-
CKOJIBKO TaKUX aJITOPUTMOB.
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KitoueBsle cinoBa: gukrop, VAD, anroputmsl, HEHPOHHBIE CETH, IIYM, IaHHBIE.

B pa6ote [1] npennaraercst aaroputM, OCHOBaHHBINM Ha MTOJMHOMHUAIBLHON PErpecCun BTO-
poro nopsijka, ¢ aHaJoruuHoN (pyHKIMeN B kauectBe VAD 11 cuctem mpoBepku rojioca, He
3aBUCAIIMX OT TekcTa. [Ipenmaraemerii crmoco® HampaBiIeH Ha pas3ielieHne o0acTe yCTOou-
YHBOI'O IIyMa/TUIINHBI, 00NacTell ycTOHYMBOM peun u obiacteil Hayana/cmenieHus pedu. Pe-
rpeccus MPUMEHSIETCs] HE3aBUCUMO K Ka)KJ0W mojioce QuibTpa crekrpa mel, 4to mo3Bosser
QITOPUTMY JIETKO BIMCHIBATHCS B OOBIYHBIN Mpoliecc U3BICUEHHs KOAPPHUIIMEHTOB KeNcTpaia
yactoTsl mel (MFCC). Anroputm k-cpenHux Takxke NpUMEHSIETCs 1715l OLIEHKH CpeIHEeN IHep-
TMH IIyMa B KaXJ0H M0J0CE ISl CIEKTPAIbHOIO BEIUUTAHUS.

A B cienytomei padote [2] Ob1710 TOKa3aHO, YTO B YCIOBUSAX CUITBHOTO NCKAKEHUS 3ByKOBO-
T'O CUTHaJIa MOYKET OBITh IOCTUTHYTa TOYHAsI CETMEHTAIMA [IEJIEBOM PeUH MyTeM O0beINHEHHS
HECKOJIbKMX MOTOKOB (YHKIMI. B 3T0i paboTe M3BIIEKAaIOTCS YEThIpEe OAHOMEPHBIX MOTOKA,
KaX/IbIif U3 KOTOPBIX MbITAETCS OTIEIUTh PeUb OT MEIIAIOLIETO (OHA, UCTIONbB3YsI PA3INUHbIE
XapaKTEePUCTHKH, CBA3aHHBIE C peublo, T.e. (1) crmekrpanbHyo Gopmy, (2) cieKTpaabHO-Bpe-
MEHHBIE MOAYIALUH, (3) CTPYKTYpY MEPUOJUYHOCTU M3-32 MPHUCYTCTBUS TAPMOHUK BBICOTHI
TOHa, U (4) NpoduIIb JOITOCPOYHON CIIEKTPAIbHON H3MEHUHUBOCTH.

B sr10if pabore [3] anroput™ nopasieHus myma st VAD v BEIYUCIEHHS SHEPTUU IIyMa
peanu3oBaH B MUGPOBOM KOHTPOJIJIEPE CHUTHAIOB ISl yaydlieHuss (OHOBOTO OEIoro mryma,
MAIIMHHOTO IIyMa M IIyma Jieneta. B 3Tom cmoco0e 4acTOTHBIM CHEKTp peueBOro CUTHAJa
JTAIIbHETO KOHIIA pa3/efisieTcs Ha MHOXKECTBO HEOAHOPOAHBIX MOJIOC. DHEPTUsl B KaxaA0H MO-
JI0CE BBIYMCIISAETCS C UCIIOJIB30BAHUEM HETEPMETUYHOIO UHTErpupoBanusl. [l Kax a0l u3 mo-
JI0C 4acTOT oTHOMIeHUE curHai/myM (SNR) BEIYHCIISIETCS ¢ MCTTOIB30BAaHUEM SHEPTHH MTOJTOCHI
CUTHAJIa, BBIYMCIEHHOW Ha JTale BBIYMCIECHUS SHEPTUU MOJIOCHI, U OLIEHKU dHEPIUU MOJI0CHI
ryMa. DHepruu MoJjioc TEKyIIero KaJapa u 3HepTuu MoJIocC IIyMa CpaBHUBAIOTCA I TOTO, YTO-
ObI KJTacCU(PULIMPOBATh TEKYIIUH KaJip MO0 KaK IIyMOBOH KaJIp, TNO0 Kak peueBoi Kaap. JKc-
MEPUMEHTAJIbHBIE Pe3yabTaThl ObLIN MOJYUYEHBI, KOT/Ia B KadyecTBe (POHOBOTO IIIyMa HCIIOJIb30-
BAJIMCH IIIyM JIeTIeTa, ITyM aBTOMOOWMIIEH, YIUUHBIN IIyM U IIIyM a3poropra.

A B ciienyrorieit pabore [4]onuckiBaeTcst anroput™ VAD, oCHOBaHHBIN HA YCUJIEHHBIX TITy-
60kux HelpoHHBIX ceTsx (bDNNs). [Ipeanaraempiii anropuT™ cHadajga TeHepupyeT HECKOIIb-
KO 0a30BBIX MPOTHO30B JIJIsi OTHOTO Kajpa Toibko u3 omHoro - DeepNeuralNetwork (DNN),
a 3aTeM arperupyert 0a3oBble MPOTHO3bI IS JYYIIEero MporHo3upoBanus kajapa. Kpome Toro,
WCIIONIb3YETCsl HOBasl aKyCTHUECKasi PyHKLUS ¢ HECKOJbKUMHU pa3pelieHus MU KoxJiearpaMma
- Multi-Resolution Cochleagram (MRCGQ), kotopast 00beIuHseT MPU3HAKH KOXJIearpaMMBbI C
HECKOJIbKUMHM CIEKTPaJIbHO-BPEMEHHBIMU Pa3pelIeHUIMH U MO(PKa3bIBAET MIPEBOCXOIHBIE pe-
3yJBTaThI 110 Pa3JeICHNs PEUU TI0 MHOTUM aKyCTHUYECKUM MTPU3HAKAM.

B Hameit pabote MblI IpeinosnaraeM, 4YTo HaWIy4IIuM pereHueM s cozaanus 3pdexTus-
HoM cucteMbl VAD MOXeT ObITh TOJIBKO HCIOIb30BaHUE TEXHOJIOIMH UCKYCCTBEHHBIX HEHPOH-
Heix ceteit (MHC). D10 cBsizaHo ¢ Tem, yTo mpobiaemMa 0OHAPYKEHHsI peueBOil aKTUBHOCTHU B
3BYKOBBIX JAHHBIX SIBJISIETCS TPYIHO-AITOPUTMU3UPYEMOit 3a1aueit. OiHako I1aBHas npoodiema
ucnonbs3oBanus MHC 3axmrouaeTcss B TOM, YTO OHA MPEIBAPUTENILHO JOKHA XOpouo o0y-
YUTHCS K PELICHUIO TIOCTABJICHHBIX Nepea Hell 3a1a4. 3ayactyto aiis o0yuenust UHC tpelyercs
JIOBOJILHO OOJIBIIION 00beM JaHHBIX. O4eBUIHO, UTO YeM OOJIBIIIE MOKHO UCIIOJIb30BaTh 00y4a-
IOIUX JAHHBIX, TEM CI0)KHEE CTAHOBUTCS CTPYKTypa HEMPOHHOW CETH, U COOTBETCTBYIOIIUM
o0Opa3oM noBsIaeTcs 3PpPEeKTUBHOCTH €€ PadOThI

Jn1st TOro, 4TOOBI MOMBITATHCSI OTBETUTH HA BBIIIE MOCTABIEHHBIN BONPOC, TpeOyeTcst mpo-
BECTH OIpe/IeJIeHHbIE SKCIIEPUMEHTAIbHBIE HCcclieioBaHus. B 1aHHOM Hccie10BaHUH, KOTOpbIE
MBI TIPOBEJH, ITIABHBIM 00Pa30M CTaBWJIACh 3aj/laya OMpeIeIeHUs 3aBUCUMOCTH 3P PEeKTUBHO-
CTH pabOThl HEUPOHHOM CETH OT KOJIMYECTBA JUKTOPOB, HCIOIb3YEMBIX IPU O00yUYE€HUU ITOMN
cetu. [TockoibKy cucTemMa oOHapyKeHHs TOJI0COBOM aKTUBHOCTH JAOJIKHA OBITh TUKTOpa-He3a-
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BHUCUMOM, COOTBETCTBYIOIIAsl HEHPOHHAs CETh OJKHA 00y4aThCsl HA MAaCCUBE JJAHHBIX, BKIIO-
YaloIIMX peyeBble IPUMEPhl OT MHOXECTBA AUKTOPOB. TakuM 0Opa3om, ObL1a MOCTaBIeHa 3a-
Jlaya 1o IKCIIEPUMEHTAIBHOMY MCCIIE0BAHUIO BIIUSHNS KOJIMYECTBA JUKTOPOB, UCIIOJIb3YEMBIX
B 0a3ze 00y4aroIuX AaHHBIX, HAa 3((HEKTUBHOCTh HEHPOHHOM CeTH ISl AETEKTUPOBAHUS peyue-
BOI aKTMBHOCTH B 3BYKOBBIX JJAHHBIX.

Jljis OCyIIEeCTBIIEHUSI SKCIIEPUMEHTAIBHOTO HCCIIEI0BAaHUS COITIACHO MOCTaBICHHON 3aja-
4e, HaMu ObL1a Hernoib3oBana Moayiib NNTools cpensl nporpammupoBanus MatLab. Tam Obina
CIPOEKTUPOBaHA CTPYKTYypa MHOTOCIOMHOIO, MOJHOCBA3HOIO NepcenTpoHa. bouin BeIOpaHbI
CJIEYIOIIME TapaMeTpsl Ui JaHHON HEMPOHHOMU CeTH:

- HEHpOHHAsA CeTh UMeeT 36 BXOJIOB U OJMH BBIXO/;

- HEHPOHHAs CETh COCTOMUT U3 TPEX CKPBITHIX CJ10€B 0 20 HEHPOHOB B KaXKI0M;

- 80% oOy4Jaronux JaHHBIX UCIIONB3YETCs 171k TPEHUPOBKHU ceTh U 20% 115 BaTuaaIiy;

- TaHHbIE JUI1 00y4YeHUs ¥ BaJIMIALUH PACTIPEIEIISIOTCS CIIydyailHBIM 00pa3oM;

- IPOM3BOAUTEIBHOCTh CETH (OHA K€ BEJIMYMHA OIIMOKU CETH) OIpeaesieTcsl HepeKpecT-
HOM sHTponuel (cama (QpyHKIHMS TPEHUPOBKHU BBIOUPAET JaHHBIN CIOCOO OnpeaesaeHus Omuo-
KH);

- (hyHKIMS aKTHBALMU: CUTMOUIHASL B CKPBITHIX CIIOAX U B BBIXOJHOM MHOTOIE€pEMEHHas
JIOTUCTHYECKas! PYHKIINS;

- KOJIMYECTBO uTepanuii o0ydenus cetu (3mox) pasao 1000;

- TPEHUPOBOYHAS (DYHKIUS: METOJl 0OpaTHOTO pacIpOCTPAHEHUsI C UCIIOJIb30BAHUEM Mac-
mTabMpyeMBIX CONPSKEHHBIX rpaueHToB (scaledconjugategradients);

- o0yuyeHHue ceTu NMPOU3BOJUTCS B MapajuIeIbHOM PEeKHUME Ha IIEHTPaJIbHOM MPOIIECCOpE,
1€ KOJIMYECTBO UCIIOJIB30BAHHBIX IOTOKOB PABHO 4.

B kauecTBe 00yuaromux JaHHBIX UCIIOJIB30BaHbl JAHHBIE CO CIIEIYIOIIMMH XapaKTePUCTH-
KaMH:

- o011ee KOMMIeCTBO TUKTOPOB TUKTOPOB 190);

- B TECTE y4acTBOBAJIO 16 TUKTOPOB;

- 00beM JIaHHBIX Ul TECTUPOBAHUS CETH HE MEHSETCS B TEUEHUH BCETO SKCIIEPUMEHTA;

- TUKTOPBI, yUYaCTBYIOIINE B TECTUPOBAHUHU, HE BXOJAT B 00yUaloOIIyl0 BBIOOPKY;

- Ip¥ 00yYEHUH Ha KaXKIOW MOoCIeAyIolel uTepau Jo0aBIsItOTCS HOBbIE TUKTOPHI K yiKe
CYLECTBYIOILUM.

Taxum oOpas3oM, ceTh Kaxablii pa3 00yyaeTcsl 3aHOBO Ha yBeJIMUYMBaroLeMcsi 00bemMe J1aH-
HbIX. [IpHaTO Ha Ka)K70M mIare A00aBISAIOTCS JaHHbIE 10 HOBBIM 10-u mukTopam. [lpumepsr
PEYEBBIX CUTHAJIOB OT KaXKIOTO TUKTOPA XPaHATCS B OTACIBbHBIX ayauodainax gpopmara WAV.
ITomumo aTOrO, K KaxkaoMmy ayauodaiiny npunaraercsi Excel — ¢daiin. Pasnenenune yyactkos
3BYKOBBIX JJaHHBIX aynuodaiiia Ha peueBble U HepeueBble YUaCTKH BBIIOIHIETCS BPYUHYIO TI0-
CPEeACTBOM NPOCTYLIMBAHUSA 3THX ayauodaitnos. [locae Toro, kak ObUIHM MPOBEAEHBI 3TH MOJ-
TOTOBUTENIbHBIC PA0OTHI, ObLIa OCYIIECTBICHBI 00paboTKa ayarnodaitioB B CIEAYIOMICH mociie-
JIOBATEJIbHOCTH!

1. cuuteBaeTcs ayauodaii u cauThIBaeTCs excel-dain ganHoro ayauodaiiia ¢ MeTKaMu
I'PaHUIl U COOTBETCTBYIOIIMMU 3TUM IPAHUIIAM METKaMH «He peub» win «peub» (0 umu 1);

2. TPOU3BOIUTCS HOpMAIM3alMsl BHYTPU Ka)xJ0ro 0J0Ka (HE 3aBUCHUMO OT METKU Peub\
HE peub), MPU KOTOPOW BHAyYasle BEIYUTACTCS CPEHEE 3HAUEHHE 0 OJIOKY, a 3aTeM JIeIUTCS Ha
MaKCUMAaJIbHOE 3HAYCHHE OJIOKA;

3. BHYTPH Kax0ro OJI0Ka BEIYUCIISAIOTCS 36 M YaCTOTHBIX KeTICTPATbHBIX KO PHUIIHEH-
TOB Ha KaJOM Y4YaCTKe CUTHaja JJIMTEIbHOCThIO 20 MUJUTUCEKYH/T;

4. dopmupyercst BekTop 1ieneil (targets) A Kaxaoro 6J0Ka B COOTBETCTBUU C €r0 MET-
KOM «peub» WU «HE peuby, JUIMHA KOTOPOro paBHA KOJUYECTBY (PpeiiMOB B COOTBETCTBYIOIIEM
0J10Ke curHana.
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5. mocne Toro Kak coopanu AaHHele oT 10-Tu TUKTOPOB, OTHPABIIEM UX Ha BXOJ HEHPOH-
HOU ceTu (inputs) u rienwu (targets) HEHPOHHOMN CETH.

ITocne Toro, kak OBUIM MOATOTOBJIEHBI O0yUaIOIINE JaHHbIE, TPOBOAUIOCH 00YUEHHE CEeTH.
A >QpeKTUBHOCTH 00yUEHHOU CeTu ompenensieM yepe3 BbluuciIeHus ee omunoku. OueBuIHO,
YTO YeM BBIIIE BEIMYMHA OIIUOKH CETH, TeM HIKe ee d3PPeKTUBHOCTh. OmmbKka ceTu ornpese-
JISITACH TI0 CIIEMYIOIIEMY aTOPHTMY:

1. Ha BXoJ 00yueHHOH CeTH MOAAIOTCS JaHHBIE JJISi TECTUPOBAHUS U BBIUUCIISETCS BBIXO/
cetu (outputs);

2. B HAIIIEM CITy4yae BBIXOJ] CETH MOXKET MPUHUMATh J1t00bIe 3HaueHust ot 0 1o 1;

3. nanee B 3aBHCHMOCTH OT ITOPOTa MBI TPHCBaNBaeM Ka)XIOMy 3HaYEHHUIO BbIXoa 100 0
(ecnu MensIne mopora), 6o 1 (ecnu Oonblie mopora);

4. ommubKa B TaKOM CJIy4ae paBHa: error = targets-outputs, 1 TakuM oOpa3oM GopMHUpyeTCs
BEKTOP OIIUOOK.

He peyk NpUHATA KakK pevb
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Konu4yecTeo JMKTOpPOE
PucyHnok 1 — rpaduku 3aBUCUMOCTH OIIMOOK MEPBOTO poJia OT KOJIMUECTBA TUKTOPOB.
Cunnii — quist nopora 0.8, 3enenstit — 11 nopora 0.7, Kpacuslit — ais nopora 0.6
u ®uoneroBbidt — miig nopora 0.5

Ha ocHoBe momy4eHHBIX Pe3ylbTaTOB MOXKHO CHeaTh BBIBOA O TOM, YTO MpPH yBelnde-
HUU 00beMa o0ydaromieil BHIOOPKH MUHUMAIBHO BO3MOXKHOE 3HAYEHHE OIIMOKU 0000IIeHUS
YMEHBIIIAETCS, TPUYEM XapaKTep 3aBUCUMOCTH OIMUOKH 00OOIIEHUS OT MOIIHOCTH O0ydYaro-
1iel BBIOOPKHU COBIAIAET C TECOPETUUECCKUMHU MPEANONOKeHUIMU. OTHAKO MPH 3TOM YBEIHYH-
BAIOTCSl BPEMEHHBIE 3aTpaThl HA 00yuyeHNe HEHPOHHOM CeTH, a TAaK)Ke YBEIMUNBAETCS OTKIIOHE-
HHE OIMOKHM 0000IIEHHUS OT yCTaHOBUBIIETOCS 3HauUeHUs. TakuM oOpazom, Obliia peain3oBaHa
MOJIEJIb HEHPOHHOM CeTH NSl pelIeHUs 3a/laud JAETeKTUPOBAHUS PEYU B 3aBUCUMOCTH OT KO-
JAMYEeCTBa TUKTOPOB. [Ipu aHanmu3e moBeeHus] HEUPOHHON CETH OBLIO ONPEesIeHO, YTO CyIIe-
CTBYIOLLETO pa3Mepa o0ydaromiei BhIOOPKU HEA0CTATOUHO ISl JOCTHKEHHS HYJIEBOM OLIMOKU
0000mieHust HelipoHHOM cetu. OnHAKO, TOCTPOEHHAs! CeTh MOKa3ana CIIOCOOHOCTh K 00yue-
HUIO, TIOATBEPKACHHYIO SKCTIEPUMEHTAIbHBIMU TaHHBIMH.
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IIJIATUHA KATAJIM3ATOPJIIAPBI 7)KOK NAFION THUIITI
MEMBPAHAJIAPIATBI HOJAPU3ALUA )KOHE OTKI3I'IIT KACUETTEPI

9yenbek [1.0., 2 kypc mazucmpanmol
C.Ceuighynnun amvinoaewvr Kazax aepomexnukanvix ynusepcumemi, Hyp-Cyaman K.

byn makanana meMOpaHaIbIK-31eKTPOH, b1 010K THIH Oeutiri petinae CoTe/C karanmzaropia-
pbl 6ap Nafion nomumep:i MeMOpaHAChIHBIH TUAISKTPIIIK JKOHE OTKI3TIII KacHeTTepl 3epTTe-
reH. Nafion TunTi MeMOpaHanapiarbl KYphIIBIMHBIH, TUAIEKTPIIIK )KOHE OTKI3T1I KACHETTEPAIH
e3apa OalaHbIChIHA KAaThICTHI Mocenenep HakTbutanabl. CoTe/C kaTtanm3aTopbIHBIH OepiireH
MoJMMeEpIIi MeMOpaHaAaFbl MOISAPU3ALMS MEH OTKI3TIIITIKTIH peslakcalys MpoLecTepine acepi
Oarananabl. Ochl )KYHEeHIH THIMAUTITIH apTThIpy YiuiH Cote/c KaTanu3aTopbIHbIH 0eJiri peTiHae
Nafion TunTi MeMOpaHaIapIbIH OHTANUIIBI )KYMBIC PEKHUMI OPHATHLUIJIBI.

Ty#inai ce3nep: nafion MeMOpaHachl, OTBIH YIIEMEHTTEP1, pelaKcalus MPoLect, TUAIEKTPIIK
TYPaKTHI, TUJICKTPIIK JKOFaITy OYPBIIIBIHBIH TAHT€HC1, KaTaIN3aTop.

Kipicne. XXanapmaiisnementrepi (OKD) kebipek Hazap ayaapaibl, OUTKEH1 oy1ap OaTapesiiapra
Oamama Ooma amajapl JKOHE ASKOJOTHSUTBIK Tasza. [lomumepni JXXD-HiH Herisri Oemiri KarThbl
nosmmMepii anekrponuttep (KIID) Gonmbin TabbUIaabl, ONap >KOFAphl MOHJBIK OTKI3TIIITIKTI
KaMTaMachl3 €Ty Kepek, olTKeH1 KD KYMBICBIHBIH THIMIUTIT] 197 OChI KOPCETKIIIKe Oaiina-
HeIcTHI [ 1]. Kartel nonumepni oteid anementrepinin (KIIDKD) TapThiMabUibiFbIHA KapaMacTaH,
oJlap JKETKUIIKTI JKOFaphl SKOHOMHKAJIBIK O9CEeKere KaOUICTTUIIKKE OalIaHBICTHI sKarmai
konganyabl Tannaasl. KIDKD e3iHaiK KYHBIHBIH KOl 0eJITiH 3JeKTPOATH MaTepuaiaap MeH
Katanu3aropiap Kypaiasl. COHIBIKTaH TIaTHHA KaTaau3aTopbiH aybIcThIpy YimiH 013 CoTe/C
THUIITI METAJII-XaJIbKOTEHU/ITI KaTaau3aTopaap bl d31pieik [2].

MemOpaHanblk - SneKTpoaTsl OmokThiH (MOB) KypamblHIaFbl OCHI KaTajau3aropiap
YKYMBICBIHBIH THIMTUTIT1H OaFaliay MaKCaThIH I O Chl KATaIN3aTOPABIH TOIUTETPAd TOPITHIICHHIH
(NAFION) nonsipu3aiusulbIK AKoHE OTKI3TII KACUETTEPIH 3ePTTEy KaKeT.

Nafion etkisrim kacuerTtepi [3] >KyMbICTa, al OJapAbIH AUDJIEKTPIiK KacueTrTtepi [4]
xyMmbicta 3eprrenreH. Amaiina, CoTe/C karammzatopbiHblH Nafion Tunti MemMOpaHaHBIH
JUDJICKTPIIIK KOHE OTKI3TII KACUETTEpiHe dCePl KETKUTIKTI 3€PTTENTeH XKOK. Tek [S] »kympicTa
TeMIeparypa MHTEpPBAJIbIHA KOPCETUINeH YIATUICPAIH >KULTIKTIK TUAJISKTPIIK CUMaTTamala-
pwl inriHapa 3eprrenai. Ocbiran OaiinanpicTel Nafion MemMOpaHanapbIHBIH TUICKTPIIK JKOHE
OTKI3TIII KACHETTEPIH 3ePTTEY O3€KTi OOJIBIN TaObLIA IbI.

2. OxcnepumeHnTt oxicremeci. CoTe/C kartanuzatopnapel Oap Nafion memOpananapsi
Herizinae MDb amy goctypiti TexXHOIOTHs OOMBIHIIIA KY3€ere achIpbUIIBI [2].

CoTe /C xaranu3aropsl MeTaJII-XaJIbKOT€HUT] KJIACTepiiep HEeri31H/e alblHaAbl, OHJIa Me-
TaJUI )KOHE XaJIbKOTeH aTOMIaphl O1p-OipiMeH Tikenel OalmaHbIcabl, KATaH CTEXUOMETPHSUIBIK
KaTbIHAacTa 00JaJIbl XKoHE OopraHukaiblk TontapmeH Kopmanrad. CoTe/C karanu3aTtopblH ainy
TEXHOJIOTHACHI [2] )KYMBICTA KeITIPLIreH .
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Nafion-Fa fereH YJIKEH KbI3BIFYIIBUIBIK OHBIH TOMEH TeMIlepaTypasibl CyTeri OTBIH
AIIEMEHTTEPIHAEC KONTaHbuTybIMeH OaitmanbicTel [1]. bynm JKD kebipexk Hazap aymapansl,
OUMTKEH1 oJ1ap KoFapbl Temneparypaibl JKO-re Kaparanaa yHeMIl. IudIeKTpiik xoHe O TKI3TiIT
KacueTTepil anbIkTay R, L, C MeTpiik acnanTbIiH KeMeriMeH cuekTpockonus Kypambinaa CoTe/
Cotton karanuzatopnapsl 0ap nafion KaTTsl monMMepIlik MeMOpaHachlH/Ia KYpri3iial. Onmey
295 — 375K temneparypa apaibiFbiHaa xkoHe 5-10*1'1 )KuiTiK [uarna3oHbIHAA KYPTi3iail.

3.Hotwxenep men Ttankputaynap.KIID Nafion  gusnektpuk kacuerrepi z YATICIHIH
KeziepriciMeH Kkeneci popMyaamMeH OaillaHbICThI KYPHENi AUAIEKTPIIIK oTiMALTIriMeH e=¢'+je"
cUnarTanaibl:

e'(w) = —— (1)
wZ(w)Cy

MYHJIaFbI (© - OYPBIITHIK KUTIK, C 0 — yari yeTarbIThiH CHIMBIMIBLIBIFBL. Cyp.-1 CoTe/C
Karanuzaropiapsl 60ap MObB kypampiHa kipeTiH Nafion mMemOpaHamapbIHBIH JAHAJICKTPIIIK
etimaimirinig &(T) »xone tg o(T) mudnmexTpiik >Koramy OYpBIIIBIHBIH TAaHTCHCIH 3epTTey
HOTHIKENEPl KeNTIPiIreH.

['F i i i i ™ [ 5
L T L. N
. / | e b
W [ =~ ————
Lo - \
' e . |
i

R

= <\:| [ \

-
L

l-cyper — A) 1- 20 I'm sxone 2 — 100 I'm; 6) 1— 500 ', 2-5 xI'1y xxone 3-10 x['11 MBbI-
Hagail xuinikrepae CoTe/C karanuzatopnapsl Oap nafion MmemOpaHanapsl YIIiH AUAIEKTPIIK
oTiMaimikTiH € (T) TeMneparypanblK TOyeIAUIIr.

g(t) TOYeNIUNKTETi JHUANEKTPIIK TYPAKTBUIBIKTBIH ©CYl 3apsiATainfaH OelmeKkTepIiH
KO3FAJIFBIIITHIFBIHBIH apTYBIMEH OalIaHbICTHI 0Oybl MYMKIH, OapAbiH Kypambiaaa (SO — 3)
—Cy TONTaphl OOyl MYMKIH.

[2, 5, 6] coiikec Nafion ¢parmenTi-KypambIiHIa a3 Meepae cyabhoHaT GyHKITHOHAIIBI
TonTapsl Oap nepdropiaanFad noaumep imrHapa (2)popmynameH cunaTTasa b

...-OCF2 CF(CF3)O(CF2) HSOs X (2)

myHaarel X=SOs3; SOs H; SOs N memece SOs K, T=343K temmeparypana AHIICKTPIIIK
OTIMUTIK HOJITE YMTBUIA/IbI, acipece ToMeH kuimikTepe (1 a cyperreri 1 KUCBIKTHI KapaHbI3).

Kepin otsipranbigbzaai, cy KII9 kacuertepine yiakeH ocep ereni. Nafion MmemOpaHachIHIa
OTKI3TIII KOCBUIBICTAp Cy Kiactepiiepi 0ombim Tadbbutaabl. CoqaH KeHiH j TOK THIFBI3IBIFIHBIH
E anekTp epiciHe KaThIHACHI PETIHIEC aHBIKTAJIFaH OTKI3TIMITIKTIH KHUUTIKKE TOyeautri (5)
dhopmymnamen cunarrayra 6omazasl [3]:

ot LPvPpanrs, b gy @)

MyH7a Dp— kimactep imiHaeri MpPOTOHAAPIBIH OpTalla BIFBICY aMIUIUTYAAchl, pv—
KJIaCcTepIepAiH KOJIEeM K KOHIICHTPAIUACHI,  M— KJIACTEPI1H MOOUIIBIbI 3aPSI/Ibl, SIFHU JIEKTP
OPICIHIH dCepiHeH KO3FalIaThIH Oip Ki1acTep OOIIEKTEePIHIH KAl 3apsiIbl.

(5) dbopmynanaH, erep q MMOOUITBI 3apsIBIHBIH MOJIIIEP] J)KOHE PV KJIACTEPJICPiHIH KOH-
LEHTPALMSICHI XKHULUTIKKE Toyeni 0oimMaca, OHJa OTKI3rmTIK @DpkeberUTiHAICiHE TPOTOPIIHO-
Haj Oonajpl.

MemMOpaHa ©TKI3TIIITITIHIH )KHUUTITIH OaFanay YIIiH 4a cypeTTe TeMIieparypaHblH €Ki MoH1
YIIIiH G (®) TOYeNALTiri KepceTinreH. X ( ) TOYSNIUTIKTET1 T3y ChI3BIKTap (4 A CypeTTi KapaHbI3
) Kesecl KyaT TOyeAUIIriHiH 00ysIH Kepcereni o(w)wk.

4 B cyperTe €Ki KMUTK YIIiH OTKI3TITIKTIH TeMIEPaTypasIbIK TOYSIAUTII KOPCEeTiIIreH
®=10*kxone10°T .
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4-cypet- A ) 316 x — (1 xuchIk) xoHe T=353 k— (2 KUCBIK) TeMIepaTypaiap Ke3iHaeri
OTKI3TIIITIKTIH JOHIEJIEK KULTIKKe Toyenauiri; 6) o =10 2 — (1 xuceIk) xoHe © =10 3
xulnikTep ke3ineri o (T) remneparypaiaH eTKI3TIIITIN - (2 KUCBIK ) TEMIepaTypa Ke3iHe
CoTe/c karammzaropnapsl 6ap Nafion MmemOpaHamapbl YIIiH.

406 cyperren 333Kremneparypara *akblH jKepJie OTKI3TIIITIKTIH KYIITI ecyi OacTana-
TBIHBIH Kopyre 0omnanbl. OchUTaiina, OChl TEMIepaTypaja MPOTOHAAP/IbIH TaChIMAIIIaHy
CUTIATHIHBIH ©3Tepyl FaHa eMec, COHBIMEH KaTap OTKI3TIIITIK Meiepi ae Oalkanasl, Oy
MeMOpaHa KypbUIBIMBIHBIH KaHai 1a Oip e3repyiH kepceryl MyMkiH. [lonmumep knacrepinze
OaiiTaHbICKaH CyAbIH KYPbUIBIMBI ©3r€pyl MYMKIH.

MyHzaii yarijaepae MOHABIK TOMTAp JIEKTPOCTATUKAJIBIK ©3apa dPEKETTECYIH dCepiHEeH
TBIFBI3 OpasifaH alMakTapAbl — "Kiactepiepni" Kypa OTBIPBIN, OIpIKTipyre ThIPbICAIbI
[6]. Icinren MmemOpaHanapia Cy oAeTTe MOIMMEp MaTpullachlHa KipeTiH "kmacteprepie"
JOKaIM3alMsIaHFaH, aJl HOHJBIK TONTap HETi31HEeH MOoJIUMEp-Cy IeKapachlHIa OpHaJIacKaH.

Kymbic momimertepi OoiibiHIa [6] Nafion-men OaitianpicTa 00JIFaH Cy aWKBIH KBIIIKBLT
KAaCHUETTEpiH KepceTei.

Conpaii-ak [9] aacopOumsaHFaH BUIFAJIBIH OCepiHE YINbIparaH [} THUOTI iCiHTeH
nepdopanusiaHFaH MeMOpaHamaparsl pejakcaus nporectepi Tadbuiabl. Jlumons  —penak-
canuschl TONTHIK Kemenaepaid (SO 3 — ) — MmoHoMepaiH Oyiip TI30€KTepiHiH YIITApbIHAAFbI
CYIIbIH aifHATybIMEH OaiJIaHBICTHI eKEeHIIT1 aHbIKTamabpl. COHABIKTAH, OV xKaFaaiaa cyasl H+
MPOTOHAAPBIH JKacay YIIiH karaan xacauTeiH [(SO 3 —) — cy] KeneHiHiH noJIspIanFaH 0eJiri
peTiHJe KapacThIpFaH >KOH, OJlap CHIPTKbI aifHBIMANbI 3JEKTpP OpPICIHIH 9CEpiHEeH JeMaiyfa
KaOIeTTi.

Apropnapabiy mikipiame [10], Nafion memOpaHachIHIa BUTFAIBI OpTaga Keaeci peaKIus-
Jap/pl OpHATyFa OoNaabl:

[OCF2CFOCF:]-S0:H+H>0<[OCF>CFOCF2]-SO- +H"+H?0 (6)

H+mnporormapsl Oy jkarmaiyia perakcaropAblH Kypamaac OesikTepi OOJIFaHIBIKTaH,
MOJICKYJIANIBIK AUMOIBIAEPAIH aitHaIManbl Tu(Qy3usichl (IUMOIb pelaKkcalusChbl), COHIaN-aK
KBUDKBIMAJIBI 3aps] TaChbIMalAaylIbUIapbIHBIH Tapadybl (3JEKTPOHbI, HOHABIK OTKI3TILITIK)
JUDJICKTPIIIK peaKIusiFa bIKIal €TeTiHI TYCIHIKTI.

H-+mpoTonnapbIHBIH JKEHUIAIT MEH YTKBIPIIBIFBI 0i3re aKcriepuMenTTepae Nafion mommumepiti
MeMOpaHacChIH/IaFbl peaKcalis MPOLECTEPIH CaJIbICTBIPMaJIbl TYPAE TOMEH TeMIlepaTrypana
Oaiikayra MYMKIHJIK Oepei.

Ocol akcniepumentTep Cote/c Karanm3aTopbIMeH iciHTeH nafion MeMOpaHalapbIHBIH
KypambiHaa XOb 5KYMBICBIHBIH OHTAMIIBI mapThl Temreparypa apainbirbl 333— 338 K Ooubim
TaOBUTABl JIeTeH KOPBITHIHIIBI JKacayFa MYMKIHAIK Oepesli.¥ ChIHBUIFaH HOTHXKEJIep JIOJI OCHI
Temmeparypa apansiFrbiga Nafion memOpanaceiaga CoTe / ¢ karamu3atopsl 0ap €H JKOFaphl
OTKI3TIIITIKKE KOJI )KE€TK13yTre OOJaThIHABIFbIH KOPCETE].

KopbIThiHaBI. ¥ CHIHBUIFAH JKCIEPUMEHTTIK HOTHIKEJIEp HETI31HIE KeecCl KOPBITHIHIbI
yacayra 00abl:

blnranner opragarbl Nafion MeMOpaHanapbIHBIH JUAIEKTPIIK KAaCHETTEpPIH 3E€pTTey
SKCHEPUMEHTTEpPIHJE Jebail THMIHAErT TOMEH >KHUUIIKTI JKbUIy pellakcalus IOJIspu3alus-
cel Oaiikananbl. COHBIMEH Karap, OOCaHCBHITAThIH OoNIIeKTepaiH Tepoeric xuimiri 6-8 kg
KYpanmsl.
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Nafion MmemOpananaps! yuris 5 kI'I] )KUIJTIKTe OpHATBUIFAH TOMEH JKUITIKTI pelaKcalusHbl
MPOTOHAAP/IBIH KIacTepapasblK CEKIpyaepiMeH OaiIaHbICTRIPyFa 0O0JaIbI.

JIMPIEKTPIIiK CHeKTpre OTKI3rITIKKE OalIaHbICThI ocepiep aTapibIKTal yiec KOCaTbIHbI
aHBIKTAJIIbl. DKCIEPUMEHTTIK JepekTep nafion-TiH iciHOereH MeMOpaHaiapbIiHAa Cy ©TKI3TIII
KOCBUIBICTAp HEMece KiacTepiep TypiHJe OONaTblH MOJENbMEH >KaKChl TYCIHAIpLIEai.
OTkizrimTik cnekrpaepin 3eprrey 333 K-geH jxorapel TeMrepaTrypaja MpPOTOHIAP aJlbIC
KAIIBIKTHIKKA TachIMaJIay MYMKIHAITiHE Ue OONaThIHABIFBIH KOPCETTI.

Karanuzaropnery ocepi: Nafion mnomumepini MeMOpaHAChIHAAFbI TOJSIpU3AIUS  MEH
OTKI3TIITIKTIH penakcauus npouecrepine apuanran CoTe / C kanararTaHapislk, O0ipak Pt/C
xarjnaiipiHa Kaparanga a3.CoTe/c karanmzatopbiMeH nafion iciHreH MeMOpaHaJapbIHBIH
KypambiHaa XOb JKyYMBICBIHBIH THIMALTITIH apTThIpY yiiin 333—-338K temneparypa apaibiFbIHAA
KYMBIC ICTE€y KaXKET JIeTeH KOPBITHIH/IBI Kacall bl
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VIIK: 681.7.063

JIATUAKH MMOKA3ATEJIS IPEJIOMJIEHUS OKPYKAIOIIEN CPEJIbI
HA OCHOBE HAKJIOHHBIX BOJIOKOHHBIX BPOTTOBCKHUX PEHIETOK

3auxen C.C., macucmpanm 2 Kypca
Kaszaxckuu azpomexnuueckuii ynusepcumem um. C.Cetigpynnuna, 2.Hyp-Cynman

B nanHOI1 cTaTbe pacCcMaTpUBAIOTCS JaTYMKU IIOKA3aTENs IPETIOMIIEHUS OKPYXKaIOLIEN cpe-
JIbl HA OCHOBE HAKJIOHHBIX BOJIOKOHHBIX bparrosckux pemerok (HBBP). Mcnonb3ys npeumy-
IIECTBAa HOBBIX KOH(QUIypaluii U MOKpbITH U3 (GyHKIHOHaIbHOrO Matepuana, HBBP moxer
WCIIONIb30BAThCsl B KAYECTBE MOLIHOIO JIAOOPAaTOPHOIO KOMIIOHEHTA Ha BOJOKHE JUIsSl pa3iind-
HBIX U3MEPEHUN MEXaHUYECKUX, DJIEKTPUUYECKUX, MATHUTHBIX, OMOJIOTHYECKUX, MEUIIMHCKUX
1 XUMHUYECKHUX TapaMeTpoB. B 3Toif cTaThe mpencTaBiseTcst KpaTKuil 0030p HaydyHBIX padoT,
TaKke 00CYX/1aeTcCsl MOCIEAHNE TOCTHKEHHS B PA3IMUYHBIX 00JIaCTAX IPUMEHEHHUS.

KitroueBble citoBa: HaKJIOHHAs BOJIOKOHHAsI bparroBckasi pemerka, NoKa3areiab MpeaoMiIe-
HUs, OKpY’Karollas cpesa.

OnHOM U3 HECKOJIBKMX BOJIOKOHHBIX PEIIETOK, YCHEIIHO MCIOIb3yeMbIX MPHU pa3padoTKe
JATYUKOB I10KA3aTEIIs IIPEJIOMIICHMS, SIBIISIETCA HAKJIOHHAs BOJIOKOHHAs bparrosckas pemerka
(HBEP), B koTOpO#1 peXUM CEpALEBUHBI C MPSMBIM PACIIPOCTPAHEHUEM MOKET OBITH AP dek-
THUBHO CBSI3aH C PEXKUMOM CEepALIEBUHBI C 00pPATHBIM pacpOCTPAaHEHUEM U peKUMaMH 000104-
KM, OIIPEIEIIEMBIMH YIJIOM HAKJIOHA IUIOCKOCTEN PEIIETKH, CBI3aHHBIX C OChIO BOJIOKHA. [Ipn-
MeuaTeIbHO, YTO KaK JIIMHA BOJIHBL, TAK U HHTEHCUBHOCTb PE30HAHCOB BO30YXKIEHHOW MOJIBI
000JI0YKH YYyBCTBUTEJIBHBI K MMOKA3aTeNl0 MPeoOMIIEHUSI OKpYyXkaromiei cpenpl. HakimoHHbie
BosiokoHHbIe bparrosckue pemerku (HBBP) mmpoko mcnonb3yroTcst B BOJTOKOHHO-ONTHYE-
CKHX CHCTeMaxX 30HJIMPOBaHHUs Onarofaps UX MHOTOYHMCIECHHBIM MPEUMYIECTBAM, TAKUM KaK
KOMIAKTHOCTh 10 pa3MepaM, BBICOKasi UyBCTBUTEIBHOCTb, NIEKTPUYECKH MAacCUBHAs paboTa
U YCTOWYMBOCTH KaK K AJIEKTPOMAarHUTHBIM IOMeXaM, Tak U K XUMHYecKoil koppo3uu. OcHo-
BBIBAsICh HA OTUX JOCTOMHCTBAX U IIPUHUMAsi BO BHUMAHKE CIIOKHOCTb U HEINIPEACKA3yEeMOCTh
KHUJIKOHN cpelbl (Takol Kak He(Th, ra3, MOpcKasi cpefia U T.J.), BOJIOKOHHAs pelieTka paccMa-
TPUBAETCS KaK BAJKHBIA KOMIIOHEHT (IS IIMPOKOIO MPUMEHEHUS, CBA3aHHOIO C U3MEPEHUEM
rapaMeTpoB B )KMJIKOH cpene. Jlarunku rnokasarens npenomieHus Ha ocHoe HBBP B nocnen-
Hee BpeMs IPUBJIEKAIOT 00JIbIIOe BHUMAHUE HUCCIeoBaTeseil B 001acTH OMOUyBCTBUTEIBHO-
CTH U XUMHYECKHUX U3MEPEHUN.

B pabote [1] mpemyioxkeH M SKCIEPUMEHTATBHO UCCIIEAOBAaH METOJ M3MEPEHHUs Mapame-
TPOB >KUJKOCTH (BKJIIOYasi MMOKA3aTesb MPEIOMIICHHS WM KOHIEHTPALUIO KUIKOCTU U YPO-
BeHb XuAKocTH) Ha ocHoBe HBBP. B cooTBeTcTBUU co cniekTpanbHbiMu BapuanusmMu HBBP
C TIOKa3aTesieM MpeoMIIEHHS IPECTaBIEeH CIIOCO0 N3MEPEHHs IPOIecca U3MEHEHUS KOHIIEH-
TPaLMU C UCIIOJIb30BaHUEM CPAaBHUTEIBHON CXeMbl 0OHapykeHHs. B urore, ObUIM MOTy4eHBI
BapHall{ PE30HAHCHBIX JJIMH BOJH U HOPMAJIM30BAHHAS IIJIOIIA/lb, 3AKIOYEHHAS B BEPXHIOKO
Y HIDKHIOIO OTHOAaroIIe KpUBbIX pexxumMoB obonoukn HBBP ¢ koHLeHTpanmeii skuikocTu (Huiu
ToKasaresieM TMPEJIOMIICHHsI) U YPOBHEM KUIKOCTH. CriekTpanbHbie Xapakrepuctuku HBBP ¢
KOHLIEHTpALMEN U yPOBHEM KHUIKOCTH KaU€CTBEHHO aHAIM3UPOBaHbI ¥ cCpaBHEHbI. KpoMme Toro,
JTUHAMHAYECKOE U3MEHEHNE KOHLEHTPALUH U3MEPSIETCS ¢ IOMOLIBI0 METO/Ia CPABHUTEIBHOIO
oOHapyxeHus. [1o cpaBHEHHIO CO CIEKTPaJIbHBIM METOJAOM M3MEPEHHUsI CXeMa, BKIIYaroIas
CpaBHUTEIBHOE OOHApYX)eHUE 0e3 CIOKHOW 00padOTKH NaHHBIX, UMEET MPOCTYIO CTPYKTYpPY
U MOXKET 00ecIieunTh ObICTPOE U3MEPEHHE B pealbHOM BpeMeHHU. Takum 00pa3oM, MOTHOCTBIO
BOJIOKOHHAs cxeMa obecriednBaeT 3G GEeKTUBHBIN MOAX0 K TUCTAHIIMOHHOMY W3MEPEHHIO KOH-
LIEHTPALUU )KUJIKOCTH, YPOBHS KUIKOCTH, JUHAMUYECKOTO IIPOLIECCAa U3MEHEHUS] KOHLIEHTPa-
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MU ¥ IPYTHX TapaMeTPOB KUAKOCTH H, KaK OKUIACTCs, OyeT MIUPOKO MPUMEHSITHCS B TAKHX
o0nactsix, Kak XuMu4eckasi, OMoOMeIMIIMHCKAs, SKOJIOTUYeCKasl HayKa U Tak Jiajee.

Ha pucynke 1 nzoOpaxeHna sKCrieprUMeHTalbHAs CUCTEMa ISl U3MEPEHUsI KOHILIEHTPaIuU
KUJKOCTH (MJIM TIOKA3aTessl IPEJOMIIEHHS) U CPaBHEHHE KOHIIEHTPALMU IULIEPUHA U [10Ka3a-
TeJIsl MPEIOMIICHHUS JUIsl Iana3oHa, UCIoIb3yeMoro B skcnepumMente. [IupokononocHslii cBe-
toBoi curHain ot ucrounuka (ASE) nocrynaer 8 HBBP (TFBG), u curnan nepenadm KOHTPO-
JMpYyeTcs ONTUYECKUM aHanu3aTopoM criekrpa (OSA). B kauecTBe 4yBCTBUTEIBHOIO AIEMEHTA
npu u3Mepennu ucnoipsyercs 4° HBBP ¢ nnunoi pemetku 5 mM. {715 3KCriepuMEHTaIbHOTO
W3MEPEHUSI TOTOBAT PACTBOPHI NIHUIIEPUHA C PA3TUYHBIMU KOHLIEHTPALUSIMH.

N $
g TN

0O5A

Sample cell

ASE source

Glyeerol solution

tive index  Concentration (% Refractive index

9.00 147234 873 1.44577
G643 1.46820 T9.02 144164
94,82 1.46575 76.66 1.43804
93.05 1.46305 73.97 143393
91.60 146083 71.81 1.43064
80.12 1.45705 68.95 1.42627
86.62 145323 6680 1.42299
8308 1.44621 64.21 1.41904

Pucynox 1 - Cuctema uaMepeHus KOHIIEHTpAIUu Xuakoctu Ha ocHoBe HBBP

B skcniepumente HBBP no ouepenu nmomenmiarotr B pa3Hble pacTBOPbHI INTUUEPUHA, U TIOITY-
yeHHbIN cnekTp nponyckaHussHBBP nokaszan Ha pucyske 2. [lockonbky nokaszareisb 99% mu-
[eprHa HEMHOTO BBIIIE, YEM y BOJOKOHHOW OOOJIOUKH,U3 PUC. 2 BUIHO, YTO MHTEHCUBHOCTh
CBSI3U PEXHMMOB OOOJIOUKM CHadaja yMEHBIIAETCs, a 3aTeM YBEIMYMBACTCS C YMEHBIICHUEM-
KOHLIEHTpallMM UM ToKa3arens npenomieHus. Korna KoHIEHTpanus MIepUHa COCTaBIsAET
okoJ1o 89%, pexxuM 000I04KH TPeoOpasyeTcs B PEKUMH3ITYUEHHS, YTO IPUBOAUT K INIABHOMY
CIIEKTPY MPOITyCKaHMs 0€3 HTCHCHBHOCTH CBSI3U B pekuMe 000104ku.Ha pucynke 3 mokasa-
HBI criekTphl niporyckanus TFBG mst konnenTpanuit munepuna 83,98%, 79,02% u 73,97%,
cooTBeTCcTBYIOMUX HHACKcaM 1,44921, 1,44164 u 1,43393 cooTBETCTBEHHO. XOPOIIO BUJIHO,
YTO JIJTMHA BOJIHBI bparra OCHOBHOM MOZBI U PE30HAHCHAS JIMHA BOJHBI MPU3PAYHON MOJIBI
OCTaIOTCsI TOCTOSTHHBIMU, B TO BpEMs KaK PE30HAHCHBICITTUHBI BOJIH 000JIOUEYHBIX MOJ CMeEIIa-
I0TCSl B 00J1€€ KOPOTKYIO I0JIOCY YacTOT.
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Pucynok 2 - Cnexrpsl nponyckanuss HBBP B pa3nuuHbIX KOHIIEHTpaLusax
pacTBopa MIMLEepUuHa
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Pucynok 3 - Cnexrpsl nponyckanuss HBBP 15 pa3nuunbIx KOHIIEHTpanui
pacTBOpa NIMLEPHHA.

[IpemsioxkeHa U 3KCIEPUMEHTATIBHO MPOJIEMOHCTPUPOBAHA METOJIMKA U3MEPEHMS I0-
KazaTessl IpeioMIICHHsI ¢ ucrosb3oBaHrneM komOunanuun HBBP u tepmoycanounoil neHTsI ¢
yBEJIUYCHHOU Tanuel B padorte [2]. O6a ycTpoiicTBa MOTYT COSTUHSTH CBET MKy PEKUMaMU
CEP/IEBUHBI U 000JIOYKH C KOXPPUITUECHTAMH CBSI3H, 3aBUCAIIUMH OT TIOKA3aTels MPEeIoMIIe-
HUS OKpYyXkaromiei cpeapl. KomOuHanms u3MeHseT pexxuM padoThl ¢ epeadyu Ha OTpakeHue,
U U3MEPEHNE MOAYJIUPYETCS 110 UHTEHCUBHOCTH. boiiee Toro, uCnoib3ys Apyroi 4yBCTBUTEIb-
HBII CETMEHT, YCIEIIHO JOCTUTHYTO U3MEPEHHE IT0KA3aTelIs IPEJIOMIIEHUS B IBYX JIMANla30HAX
cootBeTcTBeHHO OT 1,333 mo 1,428 u ot 1,383 g0 1,453. D10 moBbIIaeT THOKOCTh TIPH HC-
MOJIb30BAHUU JIaTUMKA ITOKA3aTelsl IPEIOMIICHHUS B Pa3IMYHBIX 00IacTAX MPUMEHEeHHs. Takum
o0pa3om, Tuara3oH U3MEPEeHU MOXKET OBITh PACIIMPEH 32 CUET OOBEAUHEHHS IByX PEKUMOB
paboThl B MpeasiaraeMoM JIaTuMKe MoKaszarens npeiomieHus. [laHHblil gaTyuk obnanaer Xo-
pPOLIMM TOTEHIIMAJIOM JJIsi MOHUTOPUHIA MPOMBIIIJICHHBIX MPOIIECCOB, KOHTPOJISI KaueCTBa B
MUIIEBON TPOMBIIUIEHHOCTH U XUMUYECKOM MPOMBIIIIIEHHOCTH.
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ABtopamu pabotsl [3] mpezacTaBieHa HOBas CXeMa OJHOBPEMEHHOTO M3MEPEHUsS TeMIIe-
patypbl U MoKa3aTelis MPEeJIOMIICHHUS ¢ UCII0JIb30BaHUEM BOJIOKOHHOM OpAITOBCKOM PEIIEeTKU ¢
onHoit crpykrypoii (CBBP). Buyrpennsist npupona CBBP, kotopas o6nanaet kak BOJTOKOHHON
BbparroBckoil pemnieTkoil, Tak U CHEKTPaJIbHBIMH XapaKTePUCTUKAMH PEIIETKU C JJIUTEIbHBIM
MIEPUOJIOM, MTO3BOJISIET U3MEPSTh TEMIIEPATYPHBIN A3PPEKT UCKIIIOUUTEIBHO HAa OCHOBE MEPBO-
ro, B TO BpeMs Kak nHpopmanus o0 rmokasaresie MpeloMIeHUS U3BIEKAETCS U3 MOCIEIHETO.
Hcnonb3yst Takol IByXIapaMeTpU4eCKUI TaTUUK, YCIEHIHO IPOJEMOHCTPUPOBAHO U3MEPEHNE
3aBUCHMOCTH IIOKAa3aTess MPeJOMIIEHHsI BOAHOTO PacTBOpa caxapo3bl OT Temneparypsl. [Ipe-
HMMYIIECTBA MPOCTOrO U3TOTOBIIEHUS, JIETKOTO OMpoca H, YTo OoJiee BaXKHO, MPUCYILEH CTPYK-
typam CBBP npuBszku k Temneparype OTKpbIBAIOT MEPCHEKTUBY pa3padOTKU MPAKTHUECKUX
JaTYUKOB JJISI IPUMEHEHUS B XUMHUKO-OMOXMMHUYECKUX M3MEPEHUSAX C TeMIIEPaTypHOl KOM-
MIEHCaIuen.

[IpocToil u TOYHBIN METOJ N3MEPEHUS MOKA3aTelsl IPEJIOMIIEHUS PO3PAYHBIX KUJIKOCTEN
UTPaeT pelIarollyIo poib IpU pa3pabOTKe ONTUYECKUX MPUOOPOB, TAKKE B XMMUUYECKHUX pado-
tax. OH UCTIONB3YeTCsl B PA3JIMYHBIX 00JaCTAX MPUMEHEHUS, TAKMX KaK MOHUTOPHHT 3arpss-
HEHHUsI OKPYIKAIOIIEH Cpeibl, NCCIEA0BAHNE TKAHEN MIIEKOTIUTAIOIIUX, TOJINMEPBI, & TAKKE [
OTIpe/IeNIeHUs] KOHLIEHTPALlUN OpraHUYeCKUX BellecTB. Takum oOpa3oM, aHAINU3 HAyYHBIX pa-
00T MOATBEPKIAET, UTO HECMOTPS Ha MPOEIaHHYI0 3HAYUTEIbHYIO paboTy, MPOEKTUPOBAHUE U
M3TOTOBJIEHUE JIaTYMKa [MOKa3aTesl PEeJIOMIICHUS MO-TPEKHEMY OCTAeTCs OIHOM u3 Hanboee
aKTHUBHBIX 00J1aCTEN UCCIIEIOBAHNI.

CnHcoK MCI0JIb30BAHHOM JINTEPaTyphI

1 Jiang B. et al. Applications of tilted fiber Bragg grating in liquid parameters measurement
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2 Liu X. et al. Refractive index sensor based on combination of tilted fiber Bragg grating
and waist-enlarged fusion bitaper //Optics Communications. — 2015. — T. 356. — C. 571-573.

3.ShuX. etal. Sampled fiber Bragg grating for simultaneous refractive-index and temperature
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I90K: 62

KOJIBEVJIIK BYPBILITAPBI TFBG CEHCOPJIAPBIHBIH
TEMIIEPATYPAJIBIK TOYEJIALJIII'TH 3EPTTEY

Kanuynnos C.I, 2 kypc macucmpanmeol
C. Ceiighynnun amoinoazol Kazax acpomexnukanvix ynusepcumemi, Hyp-Cynman K.

DJEKTPOMArHUTTIK TYPAKTBUIBIK, OEPIKTIK, TYPAKTBUIBIK JKOHE >KOFaphl CE3IMTaJIbIK
CUSIKTBI OipHelIe apTHIKUIBIIBIKTapFa OalaHBICTBI TalIIBIKTEI Bragg Topmapel opTypai
(bu3MKaNBIK [IaMalapIblH CEHCOpPIaphl peTiHe KeH >KOHE MaHbI3bl KolAaHOamapasl TalThl.
JlereHMeH, CEHCOPIIBIK AJIEMEHTTEP/IiH BIKTUMAaJl KOHCTPYKIIHSUIAPbIHBIH ayKbIMbI KJIACCHKAIBIK
Bparr kypsuisiMIapbiMeH HiekTenMeni. MyHaail KypbuUIFbUIapIbIH KaTapblHAa €HKEUTIITreH
tanublkTel Bragg topel (TFBG) epekine opein anmaabl. Kasipri yakeitta TFBGs arbiabi
CyJlap/aarbl aMMOHHUUNI aHBIKTAy YIIiH, MYHal-Ta3 @HepKkocidl MEH MeAMIIMHAA, COHJaN-aK
MUKPOQITIOUTIK Tal1ay/1a MaHbI3IbI €Ki (ha3asibl aFbIH JKbUIIaM/IBIFbIH OaFanay yiIiH, Oypanyra
YKOFapbl CE31IMTaIIBIKTHI KOPCETETIH Oypay CEHCOPBIH ’kKacay YILIiH KOJJaHbUIabl, TEMIEpa-
Typa CeHcopIapbl )koHe AedopMaliusiiap peTiHie *KoHe T.0.
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byn makanazna 6i3 OHBI TeMIepaTrypa CEHCOPBI PeTiHJe Naianany MYMKIHIITIH ajly YIIiH
20 sxone 40 kenbey Oyprimrapsl 6ap TFBG yurin Bperr pe3oHaHCTBIK TOIKBIH Y3bIH/ABIFBIHBIH
TeMIieparypara ToyeJAUIirin 3eprreik. Topnap ke3eni 540 uM, y3biHabIFb 10 MMm. Temnepary-
pa 5 rpagyc kagammeH 300C-tan 850C-ka neifin e3repai.

Ty#inai ce3aep: TaMIBIKTI ONTHKAIBIK, TATIIBIKTBI-ONTHKAJIBIK CEHCOpap, kenbey bperr
TOpJIApPbI, TEMIIEpaTypa CEHCOpIIaphl.

Bperr TopnapbiHa Heri3enreH opTypiii (PU3MKAIBIK IaMaapIblH TaJIIIBIKTI-ONTHKAIBIK
CeHcopiapbl Kasip KeHIHEH KOJJaHBLIa/bl XoHE OipKaTap MHXKEHEpIIK Mcesenepl IIenry
YILIiH opTYpJIli cananapzaa OesceHai Type Koianbliaael. MyHaii ceHcopiap/IbiH AKYMBICHIHBIH
KAl TPUHIMII CBHIPTKBI OCEpJIEepIiH 9CEepiHEH bparr TONKbIH Y3BIHABIFBIHBIH ©3repyiHe
HET13/IeJITeH.

bipinmi Tammsiktel bperr Topein (PBI) xacay 6oiibiHima eH Manb3ab! xyMbic K.O. Xumn
xoHe T.0. 1970 >XpUTAapAbIH €KIHII >KapThICHIHJA ONTHKAJIBIK TAJIIBIKTBl TEXHOJIOTHSIHbBIH
xahaHIBIK ayKbIMIarbl TaOBICBIHA YJIKEH acep eTTi [1]. DneKTpoMarHuTTIK WMMYHHUTET,
OEpIKTIK, TYPAKTBUIBIK JKOHE KOFApPhl CE3IMTAIBIK CHSIKTBI OipHeIle apThIKIIbIIBIKTapra Oaii-
nasbIcThl, 1990 xbinnapasiH opraceiHaH Oactar, FBGs keH oHe MaHbI3/Ibl KosiJaHOamap bl
TaNTbl, HETi3iHEH 3pOHMyM KOCBUIFaH TAJIIBIKThl KYLIEHTKIIITEpAE KOJNIAHBUIATBIH COPFBI
Ja3epiiK JUOATApbIH TYpaKTaHIBIpy YIHIH [2] , nedopmainusi, ObIOBIC KOHE TemIeparypa
CEHCOpJIapBIHBIH TapaThlIFaH MAacCUBTEP1 YLIiH [3]. jkoHe, a3 Jopexkesie, TOIKbIH Y3bIH/IbIFbIH
MYJIBTHILIEKCTEY YUIIH [4], ONTHKAJIBIK OaiyiaHbIC KyHelepiHaeri KYIenTyaiH aicipeyi YIIiH
[5,6], mucniepcHsITBIK KOMIEHCalus YILiH [7-9] skoHe 6apFaH caifblH TaJILIBIKTHI Ja3epiep YIIiH
KybIC aifHanapsl perinae [10-12 ].

JlereHMeH, CEHCOPJBIK 3JIEMEHTTEPIIH BIKTUMal KOHCTPYKUMSJIAPBIHBIH — ayKbIMbI
KJIaCCUKAJIBIK bparr KypeuibIMAapeIMeH MIeKTeIMen . MyHaall KypbUIFbLIapAbIH KaTapblHIa
eHKelTuren TamublKTel Bragg topel (TFBQG) epekine opbiH ananel. TanmmbIKTarel Kejodey
OWbIKTapFa OaiaHBICTBI MYHAl TOp/a KanTay peKUMAEPIHIH TUCKPETT] )KUBIHTBIFBI TOJIKBIH
Y3bIHJBIFBIHBIH KEeH JMANa30HbIH/a CIEKTPIIIK KyJ1AbIpaysap Ti30eri TypiHae TPAaHCMUCCHSITBIK
CHEKTp/Ie KOpiHEeIi.

FBG-nen aitpipmanibiibirbl, TFBG TONKBIH BEKTOPBIHBIH TAJIIBIK OCIHE KATBICTHI OeNTimi
Oip Oypmilibl Oap, eMeK, TOPJBIH paauajibl, a3UMYTTBIK >KOHE OCBTIK OaFbITTarbl OpTYpIIi
KYpBUIBIMIBIK TeoMeTpusiapsl 6ap, 6yn TFBG-HbI kaHa cunarramanapbl 6ap Ker (QpyHKIHs-
JIbI TAJIIBIKTHI-ONTHKAIBIK KOMIIOHEHT YIIIiH )aKchl yMiTkep eteni. Ocpbuiaiiina, TFBG maiina
OosiraHHaH Oepi KeNTereH 3epTTeyiepiH HbIcanbl 00mbl [1].

Kasipri yaksitta TFBGS arbiHabl cynapaarbl aMMOHHMIMI aHbIKTay yiniH [13], myHaii-ra3
eHepKaciOl MeH MeMIIMHA/Ia MaHbI3/IbI €Ki (pa3asibl aFbIH JKbUIIAMIBIFBIH OaFaay YIliH, COHbI-
MEH KaTrap MUKpOQIIIOMATIK Tajaaynapaa [14], Oypany ceHCOpbIH x*acay YIIiH KOJIIaHbUIAIbI.
Oypaiyra >KoFapbl ce31IMTaIABIKTH KepceeTeni [15], Temneparypa MeH nedopmanus ceHcopia-
peI [16, 17] xoHe T.0.

JXorapblia  YCHIHBUIFAH — TeMIlepaTypa CEHCOpJapblHaH  albIpMaIIbUIBIFEL,  O131iH
#KyMbIcbIMbI31a 20 sxoHe 40 xenbey Oypbliibl 6ap keadey bpar TopbsiHa Heri3AeareH CEHCOP b
YCBIHaMBI3.

Toxipube yurin azanblk Macka o/1iciMeH TYHIBIpbUIFaH Kucaiiran bperr ropnaps! (TFBG)
6ap eKi KapbIKKa Ce31MTall ONTUKAJIBIK TAJIIBIKTap HaiJalaHblIIb.

Toxipube HoTHXKeNepi OOWBIHIIA OHBI TEMIIEpaTypa JaTyull peTiHle MaiijanaHy YIIiH
Bperr pe30HaHCTBIK TOJIKBIH Y3bIHABIFBIHBIH AB KopIllaran opra TemreparypachiHbIH ©3repyiHe
CBI3BIKTHIK TOYEJILIITT aHBIKTAJIbI.

HIsirapy. XKacanran :KyMbICTapbIH HOTHKECIH/IE AJIbIHFAH CHI3BIKTHIK TOYEIIUTIK TOJIKBIH
Y3BIH/IBIFBIHHBIH KBICKA MHTEpBalbIHIA FaHa Oaiikanabl. Bulk interval kdlbeulik buryshtary 20
jane 40 bolatyn TFBG sensor retinde payalanuga qiynshylyq tudyruy mymkin. Connpixtan
TOBI kenbeytik Oy phIIIBIH apTTHIPHII, apaiap )KYMBICTHI KaiiTa )kacay Ooalak »XYMbICTap IbIH
MaKcaTThl 0OJIMaK.
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17 Alberto N. J. et al. Three-parameter optical fiber sensor based on a tilted fiber Bragg
grating //Applied Optics. — 2010. — T. 49. — Ne. 31. — C. 6085-6091.
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PABPABOTKA OIITUMAJIBHBIX QJIEMEHTOB U CTPYKTYP JJIsA
INBE3O3JIEKTPUYECKOI'O 'EHEPATOPA CTEKOBOI'O THUIIA

Camapxanos /1.7K., macucmpanm 2 Kypca
Kazaxckuu azpomexnuueckuii ynusepcumem um. C. Cetigpynnuna, o. Hyp- Cyrnman

B nmanHO# cTarhe mpeacTaBiIeHbl pa3paboTaHHBIE ONTUMANIbHBIE JIEMEHTBI U CTPYKTYPHI
JUIsL TIbE303JIEKTPUYECKOI0 I'eHepaTopa CTEKoBOro tumna. Ilbe3oanekrpuueckue marepualsl,
MIE303JIEMEHTHI U MbE303JICKTPUIECKHIE MTPeodpa3zoBaTeNId HAXOAAT CaMO€e IMPOKOE MTPUMEHE-
HUE B pa3IM4yHbIX cepax. B mocnennue roasl Haubobliee pa3BUTHE TOIYYUIH TeHEPATOPHI
Ha OCHOBE IIb€303JIEMEHTOB.

KitoueBsie coBa:ANSY'S, nbe30371€KTpUK, [IbE€30UIEKTPUUECKUN T€HEPATOp, aMIUIUTYA-
HO-4aCTOTHAs XapaKTepUCTHKA, (pa30Basi XapaKTEPHCTUKA

B HacTosiliee BpeMsi yCIIENIHO UCIOJb3YIOTCS CBBIIIE JECATKA PAa3JIMYHBIX COCTABOB IIbeE-
30KepaMHUKH, KOTOpasi MPUMEHSIETCS il pa3padoTKu renepatopoB. [Ipu sTom, Kak mpaBHiio
UCTIONB3YIOT 0OpaTHBIN APPEKT Mbe30MaTepraoB, T.e. MO/ BO3ACHCTBIEM Ha MbE303JICKTPUK
JIEKTPUYECKOTO MOJSI COOTBETCTBYIOIIEIO HAlpPaBIEHUs B KPUCTAJJIE BO3HUKAIOT MEXaHUYE-
ckue HampsokeHus u aedopmaruu. [Tyrem m3MeHeHUs HANpaBICHHS AIEKTPUUYECKOTO IOJIS
MOYXHO M3MEHSATh HAIPaBICHUS HANPHKEeHUN U aedopmannii. OHaKo, Mhe30KepaMuKa UMEeT
CBOU HEJAOCTATKH, CBA3aHHBIE B OCHOBHOM C BBICOKOM MEXaHHUYECKOU HKECTKOCTBIO, 3aTPYAHS-
IOIEH corvlacoBaHUE C pabodeid cpenoit, OONbINoN EMKOCTBIO, 3aTPYIHSIONICH COITIaCOBaHUE
U3ITyYaress ¢ HCTOYHUKOM HEPTUH, U OOJIBIION MIIOTHOCTBHIO.

JUia ycTpaHeHus psijia HEJOCTaTKOB, IPUCYIUX MbE30KEPAMUYECKUM MaTepuaiam, B Io-
ciennue 10 et ObuTH pazpaboTaHbl MOJIMMEPHBIE M KOMITO3UTHBIE The30MaTePHalIbl, CBOHCTBA
KOTOPBIX MOT'YT MEHATBHCS B UPE3BbIYAWHO IIMPOKUX INpeAesiaxX, BIUAS HEIOCPEICTBEHHO Ha
OCHOBHBIE XapaKTEPUCTUKHU ME303JIEMEHTOB TaKHe, KaK PE30HAHCHBIC YaCTOTHI U KO HUIu-
€HTBI IICKTPOMEXaHNYECKOM CBSI3H, a, CJIeI0BATENIbHO, HAa paboyre XapaKTePUCTHKH MTbE30TIpe-
oOpasosarerneii [ 1].

Bbonbiioe xonuuecTBo napaMeTpoB KOMIIO3UTHOIO MbE30MaTepuasa, Yucio KoTopeix N >
16, 1 oTCYyTCTBHE IPOCTHIX AHATUTUUECKUX CBA3EH MEXKy HUMU U OCHOBHBIMH XapaKTE€PUCTU-
KaMU TbE303JIEMEHTA C IIPOU3BOJIBHBIM COOTHOIICHHEM PAa3MEPOB 3aTPYAHSIOT OO aHAIIN3
bE30MpeoOpazoBaresiell Ha OCHOBE KOMITO3UTHOM Mbe30KEPAMHUKH aHATUTUYECKUMH METO/a-
MU.MeTO/Ibl KOMITBIOTEPHOTO aHalN3a B COYETAHHH C TOUYHBIMU aHATUTHYECKUMH OO YuC-
JICHHBIMU OLICHKAMHU OKa3bIBAIOTCS 0o0Jjiee TMOKMMHU U YHUBEPCAJIBbHBIMHU IIPU UCCIIEIOBAHUU
BJIMSIHUSL BCEX TIApaMETPOB Mbe30Marepraila Ha OCHOBHbBIE XapaKTEPUCTUKHU MbE30MPeodpaso-
Baresnei.[2]

b1 npoBeieH aHaIM3 JaHHON KOHEYHO-3JIEMEHTHOW MOZENIN KOTOPBIN COCTOUT U3 3 3Ta-
I0B:

1. l'eomeTpuueckoe MOETUPOBAHUE.

2. MogaenupoBaHue MaTepualloB.

3. ®U3nK0—MaTeEMaTU4YECKOE MOJIEIINPOBAHNUE.

Pesynbrarel 3xkciepuMeHTa

B kauecTBe uccieayeMoro Marepuana uCIoab30BaAINCh TapaMeTphbl IbE30KEPaMUKH COCTa-
Ba [ITC-19. [Ins moaenupoBaHus dJIEMEHTHON CETKH ObUIM BBIOPAHBI KOHEYHBIC JIEMEHTHI
tuna PLANE223 pasmepom 1mm. [Ipumensinach kBajpaTHas ceTka.

B nporpamme ANSY'S 6p11a mocTpoeHa KOHEUHO-3JIEMEHTHAs MOJIEIb (PUCYHOK 1):
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Puc.1 - Koneuno-anemenTHas moaenb nbe3okepamuku [[TC-19

Tperuii aTan npenacTapiseT coO0K Ha3HAYEHWE TPAHUYHBIX YCIOBUH M (PU3MUECKUX MPO-
LIECCOB, a TAK)Ke YCTAHOBKY IMapaMeTpoB aHalin3a. B utore ObU10 MpoBeieHO Ba TUIIA aHATTN3a
— MOJIaJIbHBIN ¥ TAPMOHHYECKHUH.[3]

CyTb MOJANbHOTO aHajIM3a — HAXOXKJIEHUE YacTOT PE30HAHCA KOHCTPYKLHHU JJISl Pa3HbIX
Moz. Takke A yHpoIIeHUs MPOLEAYphl UCCIETOBAHNS Ha BBIXOJE JAHHOTO aHalu3a OyayT
JOCTYITHBI HEKOTOPbIE JaHHBIE, TO3BOJISIIOIINE YTOUHUTD U Cy3UTh IIUPOTY Oo0Jiee TPYI0EMKOTO
U PeCypCcOeMKOTo BHJa aHaju3a — rapMoHudeckoro. Tak, mocie mpoBeaeHUs aHaiu3a ObUIn
MIOJTy4Y€HBI CIIEAYIOUINe TaHHBIE:

Tabmuma 1 - Pe3ynbraTsl MOIaIbHOTO aHATN3a Mbe3okepamuku cocraBa [[TC—-19

Monma Yacrora pe3onanca f r, k't
1 0,983
0,989
43
8,159
8,197
14,141
22,526
22,605
9 33,340

bbun neTanbHO paccMOTpeHbI KojleOaHMs BCEX MO/, MTPE/ICTaBIeHHbIE Ha PUCYHKE 2.

el ENE Fo 3 RO, IR SNy JUSH 9}
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Puc. 2 - CmenieHus 31eMEHTOB MOJICJIM Ha 4acCTOTE PE30HAHCA JIJIsi MOJ
1-9 nee3okepamuku coctaa LITC-19

[MapmoHnYeckuii aHaN3 MPECTaBIsETCsl OUeHb YIOOHBIM CPEACTBOM MOTYYCHHS aMILIH-
TyAHO—4acTOTHOU XapakTtepuctuku (AYX) u dazo—vacrornoit xapakrepuctuku (OUX) moze-
mu. CaMblif IPOCTON M paclpOCTpaHEHHBIN CIy4ail HCIONb30BAHUS MPSMOYTOIBHBIX MPE00-
pazoBaresneil — UCMONb30BaHUE KONECOAHUN paCTSKEHUsI—CKAThA. V3 NaHHBIX MPEabLIyIIEero
aHanM3a BUAHO, YTO camasi MpocTas U B Toxe BpeMs 3(h(HeKTUBHASI MO/Ia PACTSKEHUS—CHKATHS
— 3TO0 BTOpast Moaa. Ha aiexTpoibl, MoAKIIOUeHHBIE K The30MaTeprany ObUIO MOAKIIOYEHO rap-
MoHunueckoe Harpsbkenue B 700 B.[4]

B nporpammuom nmakere ANSY'S Obutu nomydensl AUX nu @YX npezomarepuana (pucyHoOK
3,4):

Frequency Reaporse
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Puc. 3 - AMIIuTy1HO-4acTOTHAs U (a30-4acTOTHAS XapaKTePUCTHUKA
nbe3okepamuku L[TC-19
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Puc. 4 - ®asosas xapakrepuctuka nee3okepamuku L[TC-19

Ha puc. 3 nokazaHa peakuus BBIXOJHOTO CUTHasa Je(OpMaLUU CMELICHHs Ha MPUIIOKEH-
HOE K 00pa3Iily BXOJHOE HapsHKEHHE B IIMPOKOM Jinana3oHe 4acToT. [loBeeHre KpUBbIX 3aBU-
CUMOCTEH aMIIMTYA U (pa3 OT 4acTOTHI CBSI3aHA B OCHOBHOM C BBICOKOI MEXaHUYECKOH skECT-
KOCTbIO Tbe3okepaMuku coctaa LITC—19. U3 rpadukos 3 u 4 cieayet, 4To 4yBCTBUTEIBHOCTb
MarepHala K yacTtore U, coracHo pesynsraram, LITC-19 nposiBunacek Ha 6osee HU3KOM yacToTe
u ¢ Oonbuieil appekTUBHOCTHIO AemmupoBanus Ha 2 Mone. Peakuust Ha cMelIeHHE Takxke
ObuIa BBILIE, YEM B APYTMX MOJIaX, YTO MOYKHO ObUIO MPAKTUYECKH MpeIcKa3aTh.[S]

ITommydyeHa KOHEYHO-DIIEMEHTHAsI MOZAEIb B nporpaMMmHoi cpeae ANSYS nokasana ynoB-
JIETBOPUTEIIBHBIE JaHHBIE IO OTHOCUTENBHON AUANEKTPUYECKOW TPOHULIAEMOCTH.

Cnmcox uCnob3yeMoi JINTepaTypbl

1 A. Erturk, D. J. Inman. Piezoelectric energy harvesting.Pexxumpnoctyna: https://www.
wiley.com/en-us/Piezoelectrict+Energy+Harvesting-p-9780470682548 JaraoOpareHus:
04.04.2022

2 Anton S. R. Multifunctional Piezoelectric Energy Harvesting Concepts. Pexum
noctyna:https://vtechworks.lib.vt.edu/bitstream/handle/10919/27388/Anton_SR_D 2011.
pdf?sequence=1 ./lara obpamenus: 04.04.2022

3 T'onoBHuH, B. A.CpaBHUTENBHBIE XapaKTEPUCTUKH NTbE30KEPAMUYECKUX MEXAHOIIEKTPH-
YeCcKHUX NnpeodpazoBareneit i reHepauu snekrpudectsa / B. A. TonoBuuH [u 1p.] // BectHuk
Tsep. roc. yn-ta. Cepust «®@uznuka». — 2010. — Ne 11. — C. 33-46.

4 N. E. DuToit. Design considerations for MEMS-scale piezoelectric mechanical vibration
energy harvesters. Pexxum noctyna: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.
907.472&rep=repl &type=pdf. JlaraoOpamenus: 04.04.2022

5 N. E. DuToit. Experimental verification of models for microfabricated piezoelectric
vibration energy harvesters.Pexxumnoctyna: https://arc.aiaa.org/doi/10.2514/1.25047. Jlata 06-
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HOJYYEHUE BUCMYTOBOI'O BBICOKOTEMIIEPATYPHOI'O
CBEPXITPOBO/IHUKA COCTABA BI 2212 PACIINTABHBIM METOAOM

Capcenbaesa M.b., macucmpanm 1 kypca
Kazaxckuii azpomexnuueckuii ynusepcumem um. C.Cetigpynnuna, o. Hyp-Cynman

B pabore mpuBeneHbl pe3ysbTaThl NOJYYEHUS] BHCMYTOCOAEPIKALLETO CBEPXIIPOBOIHUKA
cocrasa Bil,6Pb0,4Sr2CaCu20y, Ha ocHOBE aMOp(HBIX UCXOIHBIX MaTEPUATOBIOIYYCHHOTO
13 paciuiaBa 00pa3oB KepaMuKu. MccineqoBanbl MUKPOCTPYKTYPHBIN M SJIEMEHTHBIN aHATU3bI
00pa3noB kepaMuKu. MUKPOCTPYKTYPHBIM HCCIIEIOBAHUEM OIpeesieHbl Mopdoorus o0pas-
LIOB, @ TaKXKe pa3Mepsl U (OPMBI KPUCTAITUTOB. TakKe JIIEMEHTHBIM aHAJIM30M YCTAHOBUIIH
M3MEHEHHE COZICPKAaHMsI KHCIOPO/Aa OTHOCUTEIBHO CTEXHOMETPUYECKOTO COCTaBa 00pasIoB.

KirroueBble ciioBa: BBICOKOTEMIIEPATYpHAst CBEPXIPOBOIAMMOCTb, CTPYKTYpa, KEpPaMHKa,
(aza, KpUTHUECKasi TEMIIEPATypa, PACIUIaBHBIA METO/I.

Ceronust BbicOKoTemrneparypHasi cBepxnpoBoaumocts (BTCII) — 310 omHO u3 Hambonee
MEPCIEKTUBHBIX HAIPABICHUH JJI MPAKTUYECKOrO PUMEHEHHS B IIEPEAOBBIX HAIPaBICHUSX
HAyKd M TEXHHUKH, 0€3 KOTOPBIX YK€ HE MOXKET OOOHTHCH HU COBPEMEHHAS AIIEKTPOHHKA, HH
MEIUIIMHA, HU KOCMOHaBTHUKa [1-3].

B nacrosiiee Bpems cymiectByoT cienytouue tunibl BTCII — tannuii cogepikaiue, pryTh
cozieprKaliye, UTTpUeBbIe, BUCMyTocoepxkamue u ap. Cpenu HUX Hanbojiee MepCcreKTUBHBIM
SIBJIIETCS BUCMYTOCOZEp KAILE CBEPXIIPOBOAHUKH, T.K. OHU XapaKTEPU3YOTCS BHICOKUMH KPH-
TUYECKUMU [TapaMeTpaMU, HE COAEPKAT BPEIHBIX BELIECTB, a CAMOE ITIABHOE, [P 3aKaJIKE pac-
riaBa crabmimmsupyercst amopgHoe cocrosuue. [Ipu cunreze BTCII marepuanoB Ha OCHOBE
aMOP(QHBIX PEKYPCOPOB BOZMOXKHO MMOTyYEHHE BBICOKOM MIIOTHOCTH, HAIPABIEHHOE PACIIOIIO-
KEHHE KPUCTAJIIUTOB (T10JIy4€HHE BBICOKOW TEKCTYPbI YACTHIL) U JP., MO)KHO TOCTHYb BBICOKO-
I'0 KPUTUYECKOIO TOKa, KOTOPBIA OTKPBIBAET BOZMOXKHOCTB IpakTuueckoro npumenenus BTCII
B 2JIEKTPOHUKE, SHEPIETUKE U Jp. HAIIPABJICHUSAX [IPOMBILUIEHHOCTH. TaKkKe MyTeM BBEICHUS
npuMeceil HeCBepXIPOBOAAIINX (Pa3 Ha OCHOBE TYTOIUIABKHX, MATHUTHBIX HAHOCTPYKTYPHUPO-
BaHHBIX MaTepHaloB MOXHO IOBBICUTh KPUTHUYECKHE MTapaMETPhl CBEPXIIPOBOAHMKA, B 4acCT-
HOCTH, TOKOHECYLIEH CITIOCOOHOCTH CBEPXIIPOBOASILETO MMOJIUKPUCTATUINYECKOTO MAaCCUBHOIO
Marepuania.

[Tockoneky cBoiictBa BTCII cuinbHO 3aBHCST OT METOA CHHTE3a, TPEOYIOTCS HOBBIE TEX-
Hudeckue pemenus A cunreza BTCII marepuanoB npuBoasiue K MOBBIILIEHUIO KPUTHYE-
ckux xapakrepuctuk BTCII u k MOBBIIEHHIO TEXHOJIOTUYHOCTH. [loaTOMY pesynbrarhl uc-
CJICZIOBaHMI MMOJTyYEHHbIE PACIUIABHBIM METOOM TOKA3bIBAIOT XOPOIINE CBOWCTBA aMOP(HBIX
MIPEKYPCOPOB U CBEPXIPOBOAALICH Kepamuku Bi-cBepxmpoBonnukoB 2212. [lepexon ot Tpa-
JUIIMOHHOM TEXHOJIOIMH U3TOTOBJIEHUS KEPAMUKH K TaK Ha3bIBAEMOMY METOlY «PACILJIaBHBIN»
IIPUBOJUT K 3HAYUTEIILHOMY YJIYUYIIEHUIO OCHOBHBIX CBOMCTB 3a CUET PaJUKAIBHOIO U3MEHE-
Hus cymectBeHHOH cTpykTypbl BTCII-marepuana[4-5]. Ilorennuan 3toro metosa Obl paciiu-
PEH 3a c4eT BO3MOKHOCTH CO3/IaHUS OT/AEIBHBIX 00Pa3I0B, KOTOPbIE PETUCTPUPYIOT KpUTHYE-
CKH€ 3HAU€HUs TEMIEPATYPbl, KPUTHUECKOTO TOKA, KPUTUUECKOIO MATHUTHOTO TOJISI.

Meroauka 3KkciepuMeHTa

Jlig npoBeaenus sxcnepuMenTa - noiayuenuss BTCII pacruiaBHbIM METOJIOM B Kau€CTBE MC-
TOYHUKA Harpesa ucnosb3oBanack MK criekTp usiydeHus 3a c4eT HaKaJIMBaHUS HUXPOMOBOM
CIHpaJId WK CIUpaiu u3 pexpanbs. B kauecTBe MCXOMHBIX PEAKTUBOB ObUIN MCIIOIB30BAaHBI
cnenyromue okcubsl: Bi203, PbO, SrCO3, CaO u CuO.

Xopollo nepeMenaHyio MmMuxTy mpeccoBaiu npu gasieHuu 180 Mlla mis monmyyenus
TabneTku nuaMerpom 15 mm tommuHoK 2 M. [lepes mporieccoM TuTaBIeHus MPOBOIMIIN MPE/I-
BapuUTeNbHBINA oT)HT 00pa3na npu 750-800°C, B Teuenuu 12 yacoB B MmydenbHOU meun. J[is
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aHaJM3a MPEeKypcop U3 paciuiaBa ObLI MOJTy4YeH MyIaBieHrueM B mydenbHoi neun u UK n3myye-
HueM. PacriaB o0pasna 3aKayisiiin MeXIy JBYMs IPOTHBOMOJIOKHBIMU BPAIIAIONUMHCS M-
HBIMU POJIMKAMH, & CBEpXOBICTPYIO 3aKalIKy OCYIIECTBISUIM Ha BpallarolieMcs JHCKe U3 He-
PoKaBeIOLLEH CTallu.

®azoBelii coctaB nonyueHHoro BTCII uccienoBamy METOAOM pPEHTTEHOBCKOW Audpakx-
nu ¢ nomoursio audpakromerpa DRON-6, CuKaray. Jlns HaOmiogeHus: 3a MUKPOCTPYKTY-
poii 00pa3IoB UCHOIB30BAJICS IEKTPOHHBIA CKaHUpYromui Mukpockon Jeol JCM-6490LA.
DneMeHTHbIH aHamu3 o0pasiia MPOBOIMIN € MTOMOIIBIO ATOMHO-3MHUCCHOHHOTO CIIEKTPOMETpa
Optima 2000 DV c¢ ucnons30BaHHEM WHAYKTHUBHO CBs3aHHOW Iia3mbl. Kpurndeckue mapa-
METpbl 00pa3LOB KEPAMUKHU OIPEIEISUIUCH ITyTeM U3MEpeHUs TeMIepaTypHOi 3aBUCUMOCTH
YAEJIBHOTO CONPOTHBIIEHUS U TEMIEPATYypPHOW 3aBUCHUMOCTH MAarHUTHOM BOCIIPUUMYHMBOCTU
YETBIPEX 30HI0BBIM METOJIOM.

[Tonmy4yeHHble pe3ynbTaThl U 00CYKICHUS

[Tocne 3akanku ¢a3oBblii cocTaB TabieTOK OBbLT IpecTaBIeH aMmoppHO (a3oil u kpucran-
anyeckor (a3oil. 3aKkaJeHHbIM MpeKypcop MoABepraju TepMooOpadoTKe MpU TeMIleparype
840-845°C, B Teuenun 20-25 4. B nocnecTBUM NOITHOCTHIO KPUCTAIUIN30BANIACh CTeKI0(asa u
napaMeTpsbl AieMeHTapHoi siueiiku a = 0,5427 um, b = 0,5412 um, ¢ = 0,3135 um cocraBa 2212.

MHUKpPOCTPYKTYpa KepaMHUECKOro oopasiia ¢ HOMHHAJIBHBIM cOCTaBoM 2212 moka3zaHa Ha
puc.l. Ero crpykrypa xapakrepusyercs (opmupoBaHueM Ojo0ka pasmepom okoio 169-197
MKM, COCTOSIIIETO U3 MJIACTUHBI BBICOKON INIOTHOCTH.

G
>

20kV  X15,000 1um 0000 1345 SEI 20kV  X18,000 1um 0000 4346 SEl

Puc. 1 - MukpocTpyKkTypa 00pa3IoB HCXOJHOTO cocTaBa 2212

ITpu HomuHansHOM coctae Bil,6Pb0,4Sr2CaCu20y cepxmpoBosinas (asza 2212 nayana
¢dopmuposatbest ipu 700°C u Bellie. MakcumalbHasi TemIeparypa, npu KOTOPOH CKOpOCTh
oOpa3oBaHus cBepxnpoBoasuiei ¢aspl 2212 Haxonuiack B auanazone 850-850°C. Ipu anu-
TesIbHON TepMooOpadoTke (90-100 yacoB) 6bLI0 peann3oBaHO MOIHOE 0Opa3zoBanue (a3 2212.

N3o0paxenne ckaHUPYIOMIEH 3IeKTpOHHOM MuUKpockonuu (SEM) obpasuoB 2212 nokasa-
HBl Ha pUC. 2, TJI€ BUJHO, YTO OH JIEMOHCTPHUPYET IUIACTUHOINOAO00HbIE 3epHa CO CIIy4aiHbIM
pacnpezneseHueM, uTo sABiseTcs TunnaHoi crpykrypoid BSCCO. B urore B3auMocBs3b MEKIY
CBEPXITPOBOJSALIMMU 3€PHAMU U PA3MEPBI 36PEH YMEHBIINIIAChH, & CTENIEHb NOPUCTOCTH YBEJIU-
YUJIaCh.
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Instrument 2 E6490 (LA)
Volt : 20.00 kv
Mag % 1;200
Date i 2021711701
Pixel : 512 x 384

s A\ e
=11
Puc. 2 - SEM u3o06paxenust 00pasmos

AHanu3 3EMEHTHOTO COCTaBa 00paslioB ObLI MCCIEIOBAH C MOMOIIBI0 SHEPrOAUCIIEPCH-
OHHOM peHTreHoBckol cnekrpockornuu (EDX) u mpeacrasnen Ha puc. 3. [1o pesynbraTtom aHa-
JIU3a- 3JIEMEHTHI, UCTI0JIb30BaHHBIE [Tl CO37JaHMs 00pa3lioB, ObUIM OTHOPOIHO PaCTpEeSICHBI,
YTO CBUJETEIBCTBYET O TOM, YTO BCE AJIEMEHTHI BOILIM B KPUCTAUIMYECKYIO CTPYKTYpY 00-
pasnos kepamuku. [Tuku Bi, St, Ca, Cu, Pb u O nabmroganuce B 06pasiie, 4To yKa3bIBaeT Ha TO,
YTO 3JIEMEHTHI, IPUCYTCTBYIOIINE B 00pa3lie, COMacyoTCsl C CTEXUOMETPUUECKUM COCTaBOM
CHUHTE3MPOBAHHOTO COEAMHEHHUS. DTO O3HAYaeT, yTo oOpasell He ObLT 3arps3HEH B MpOIecce
cunre3a. Ananu3 EDX Takke mokasai, 4To COJIEpKaHUE KUCIOPOa YBEIUYUIIOCH.

960 —

Roquisition Parametar
Instzument 1 E450(LA)
hoc. ¥Woltage..: 20.0 k¥

o
o
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800 4 g Probe Current: 1.00000 pa

720 - = PHA mode .

- 5 Real Time i 57.19 sec

640 = = Live Tims : 50,00 smec
h Dead Time ¢ 12°%

Counting Rate: 2134 cpa
Energy Ranos.: @ — 20 k¥
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IAF Method 3tandazdless CQuantitative Rnalyais

Pitting Coefficient . 0.4282
Elamant (=) masak Frrork At%y Compound massy Canion E

0 E* 0.528 2.35 [ 6} 11.27 2.2058
Al E 1.486 1.58 0.13 4.49 1.01%8
Ca R* 3.6%0 3.87 0.16 T.42 4.51448
Cu K 8,040 34.87 .57 41.89 42.4731
Srl L.goe  27.10 0.31  23.M4 26. 43862
Bi M 2.419 30.43 0.51 1l.18 23.3503
Total 100.00 109, 00

Puc. 3 - EDX-cniektpsl anementHoro oopasua BTCII HomuHanpHOTO cocTaBa
Bi1,6Pb0,4Sr2CaCu20y(2212) nosy4eHHOTO U3 paciiaBa

Bo muorux kynparasix BTCII Temneparypnas 3aBucumocts conpotusienus R(T) 3aBucut
MIPAKTUYECKH JIMHEWHO OT TeMmneparypbl T, B KOTOPOM COIIPOTHBIIEHNE U3MEHEHO B INIOCKOCTH
«ab». B uncThIx o6pa3zuax 3KCTPANoALMs 3TONW 3aBUCUMOCTH B 00JIACTh HU3KUX TEMIIEpaTyp
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BeZIeT ce0sl Tak, Kak OyATO OCTaTOYHOE CONPOTHBIIEHHE COBEPILIEHHO OTCYTCTBYET. B psine npy-
rux BTCII, ¢ menbminmu Tc, r1e yaaeTcst IogaBUTh CBEPXIPOBOJIUMOCTb MArHUTHBIM I10OJIEM,
3aBucuMocTh R(T) nuHeliHa BIJIOTH 10 OYEHb HU3KHUX TemIieparyp. Takas JIMHEWHAs 3aBUCH-
MOCTh HaONIOaeTCsl B O4€Hb MIMPOKOH obmactu temieparyp: ot ~10-3 go 600K (mpu Gonee
BBICOKHMX TEMIIEpaTypax y’Ke HauMHAeT MEHATHCS KOHLIEHTpAlLMsI KUCIIOpOo/ia).

Takum 06pazom, B Xxo[e HcCIeN0BaHUS HAMU ObLT OCYIIECTBICH CUHTE3 BBICOKOTEMIIEPA-
TYPHOH CBEPXIPOBOASIIECH KepaMUKU HOMHHAIBHOTO cocTaBa Bil,6Pb0,4Sr2CaCu20y (2212)
pacIuIaBHBIM METOJIOM.

HccnenoBanne MUKPOCTPYKTYPBI U 3JIEMEHTHOTO cOocTaBa 00pa3loB KepaMHUKH YyCTaHO-
BUJIO, YTO KPUCTAJUIUTHI UMEIOT TUIACTHHYATYIO M UTOJIBYaTyI0 (popMy ¢ pa3MepaMu 3epeH B
uHaTepBaiue ot 20 MM 10 70 MKM, T/ie TOJIIMHA TUTACTHHOK Kosteonercst oT 150 am 10 450 HM, 1
pacmoNokeHrne KPUCTANTUTOB OTHOCUTENBHO JIPYT Apyra cinado opueHTupoBanHoe. Mccneno-
BaHUEM 3JIEMEHTHOI'O aHAJIM3a YCTAHOBJIEHO, YTO KATUOHHBIN COCTAaB KEPAMHUKHU HE CUIIBHO OT-
JIMYAETCS OT CTEXHUOMETPUUECKOTO COCTABA, YTO KACAETCs aHHOHHOTO COCTAaBA, T.€. KUCIOPO/a,
TO HAOMIOAETCs MOBBIILIEHUE COAEPKAHUS KUCIOPOIa B UCCIEyeMbIX 00pa3liaX OTHOCUTEb-
HO CTEXMOMETPUYECKOIO COCTABA.
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MOJYYEHUE BUCMYTOBOM BEICOKOTEMITEPATYPHOM
CBEPXIIPOBOJIAIIEN KEPAMUKHU U3 PACILTIABA
U UCCJEJOBAHUE CBOMCTB

VYcexenbaes A.J]., macucmpanm 2 kypca
Kaszaxcrxuii aepomexnuueckuti ynusepcumem um. C.Cetighynnuna, e. Hyp-Cyiman

Hcnonp3oBanus paciiaBHbIX MeTo10B 1Jist tosrydeHust BTCII MoryT BnuaTh Ha ©X TOKOBBIE
XapaKTEPUCTUKH 332 CYET OPUHTHUPOBAHHOE PACIIONIOKEHHE KPUCTAIIIUTOB (IIOBBILICHUE TEK-
CTYpHI), TUIOTHOCTH | Jip. PazHoBUIHOCTIO paciuiaBHOTO MeTona — meto nonydenue BTCII u3
cTeksiodasbl, TAKKE BIUSET Ha MOBBINICHUE TOKOHEcyen crocooHocT BTCII kepamuku 3a
CUET IMOBBIIIEHUE IOTHOCTH, TEKCTYPBI, pa3Mep 3epeH, BOBMOKHOCTH BBEJEHUE MTPUMECHBIX
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HecBepxmnpoBoaaumx (a3 u ap. SAsercs Oojee MPOCTHIM U MEHEE SHEPro3aTpaTHbIM. B cBs3u
C 3TUM B JIaHHOH paboTe npeacTasiaeHsl pe3yasrarsl nonydeHust BTCII kepamMuku u3 cTekiio-
dazsr [1].

Jlnia cpaBHMTENBHOTO aHanu3a A1 cuHe3a BTCII kepamuky, riaBieHne HCXOAHOMN IINXTHI
OCYILECTBIISTN IByMs ITyTSAMH - B KOpyHJI0BOM TUIvIe npu Temneparype 1050-1100 °C B Teue-
HUE 4 4acoB M IJIaBlieHHe 00pa31oB noj aercteueM ommxHuid MK obnactu criektpa. 3akaiky
pacIuiaBa OCYyIIECTBIISIIN ITyTEM CIIMBA PACIIIIaBa MEXKAY JABYMsI IPOTUBOIIOI0KHO BPALAOIIH-
MUCSI MEITHBIMH U aJIFOMUHHMEBBIMU BaJIKaMH U PACIBUIEHUEM, T.€. IIyTEM CJIMBA paclljiaBa Ha
BpAIAIOIINNCS BOAOOXIAKIAEMBIN IUCK, U3TOTOBJICHHBIN U3 HepkaBetowei ctanu. [Ipu atom,
MocJie 30KaJKK ObUIM MOJTYYEHBI IPEKYPCOPhI B BUJI€ aMOP(HBIX IUIACTUHOK U cdepaniutos. B
JalbHEeHIeM IpeKypcopbl IOMOJIONU U MPECCOBAIM B TaONETKU TUaMETPOB 15 MM U TONIIN-
Hoit 1,5 — 2,0 MM [2-3]. TepmoobpaboTKy ocymiecTBisiu mpu Temmeparype 849 C B TedueHue
100-120 u B MydenpHOI Meun ¢ MPOMEKYTOUHBIMHU TepeTupanusamu. Judpaxrorpamma Bi-
2212 kepaMHMKH IIPUBEJEHBI B pUC. 1.

Astana _4.7

Posigon ["29] (Copper (0

Puc. 1 - Iudpakrorpamma Bi-2212 kepaMHUKHU, CAHTE3UPOBAHHOE HA OCHOBE aMOP(HBIX
MPEKYPCOPOB MOJIyYCHHBIE B TUIVIE B My(eIbHOMN Meun

Astana_3steklo

o
]

Puc. 2 - luppaxkrorpamma Bi-2212 kepaMuku, CHHTE3UPOBAaHHOE HA OCHOBE aMOP(HBIX
IPEKypCOpOB, NOTyUYECHHBIE OA JeiicTBueM u3nyuenus OomwkHeil MK obnactu criektpa
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CpaBHHTeJ'ILHBIfI aHaJIn3 I[I/I(bpaKTOI‘paMM IIOKAa3bIBACT, YTO I10 (I)a30BOMy COCTaBy CUJIbHBIX
pas3jiniuu HC Ha6J'IIO,[[aeTC$I, HO IO COBCPUHICHCTBY KPUCTAJIJIUTOB, Y KCPAMUKHU IMOJTYYCHHOC Ha
OCHOBC IIPEKYpPCOPOB IOA BO3JICHICTBUEM UK HU3JTy4CHUS PCHTICHOBCKUC OTPAXKCHUA Ooiee
COBCPHICHHBIC, UTO MOKHO YTBCPIKAATh COBCPIICHCTBA KPUCTAJUIMYCCKUX CTPYKTYP.

IIo PE3YJILTATOM HCCICAOBAHUSA MHUPOCTPYKTYPbI CHUJIBHBIX PA3JIMYUN HC Ha6JIIO,[[aIOTC$I

(puc.)

aokv viXiss04 30 %, \ 0006 13 4 SEISe ol 20kv  X5500 " 2um 0000 13 4§ SEI
- 1 2,

Puc. 3 - MukpoctpykTrypa 00pa3ioB KepaMHKHd HOMHUHAIHHOTO COCTaBa Bi,, Pb0’3Sr2CaCu O,

(2212), cuHTE3UpOBAHHOTO HA OCHOBE aMOP(HBIX MPEKYPCOPOB MOTYUSHHOTO 3aKaJIKOU pac-

1aBa B My(eJIbHOM MeYr B KOPYJOBOM THIJIE

HccnenoBanue 2IeMEHTHOTO cOCcTaBa 00pa3IloB MOKa3bIBaeT (puc. 4), 4TO MPH IUIABJICHUN
WCXOIHBIX MaTeprasioB B My(eIbHOH IMeun B KOPYHIIOBBIX THIVISIX NMPOUCXOAMUT B3aMMOJICH-
CTBHE C MAaTEPHAJIOM THIJISI — OKHCH QJIFOMUHUS, YTO IPUMECH aTFOMHHHUS MOTYT CHH)KaTh KPH-

tuueckue napamerpsl BTCII kepamuku.
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Puc. 4 - DnementHblii ananns BTCII kepaMUKH, CHHTE3MPOBaHHOE Ha OCHOBE aMOP(HBIX
MIPEKYPCOPOB B My(PeTIbHOM MeYr B KOPYH/I0BOM THIIE
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90K: 629.7.05
ISOBUS TEXHOJIOI'MAACBIHA HEI'T3JAEJII'EH EI'C KEIIEHI

Lloovibaes E.T., 2 kypc macucmpanmol
C. Ceuighynnun amoinoazvl Kazax acpomexnukanvix ynusepcumemi, Hyp-Cyiman .

byn makanaga eHOEK OHIMALUIITIH apTTHIPY KOHE SHEPTUs MEH pPecypcTapibl TYTHIHY/IBI
a3aiiTy YIIiH eric KemeHiH 0acKkapy kyieci KapacTeIpbuIraH. KomgaHbICTaFbl TEXHOJIOTHIIAP
MEH arperartrapra Tajjay *KacajlblHbIN, OHBIH Heri3iHae Isobus xylieci Tanaanabl. Kypbuirst
Raspberry Pi Pico Takraceina >xoHe HC-SR04 ynbTpanbIOBICTBIK KAIIBIKTBIKTHI O©JIIIEY
JATYUTIH]IE )KOHE TEPKOH CEHCOPBI KYHUECIHJIE )KYMBIC aTKapaJibl.

Ericti TniMai Gackapy yIIiH omepaTop CEHCOpJapAblH KOMETIMEH JepPEKTep/l KUHAUTHIH
aBTOMATThI OakplIay KyhenepiHe cyiieHe amanbl. OCbl JKy#enepal ery KeueHiHJIe KOJIaHy
APKBUIBI Op KOHJIBIPFBIHBIH )KEKe TTapaMeTpIIepiH HAKThI yaKbIT peXXUMIHJIe OaKplIayFa 00Jasl,
ceOy KbULIaMIBIFbI, €Ty TePeHJIITH OaKplIay YIIiH KAIIBIKTHIKTHI OJIIIeY, pe3epByapAarsl €ric
KeJieMi xoHe T.0. [1].

bi3nin 3epTTeyiMi3[iH MakcaTbl-HAaKThl MapameTpiepAl Oakbuiay HETi31HIE aBTOMATThI
pexxumMae ericti 0eny Ke3iHAeri KaTeliKTepi aHbIKTayFa, COJ apKbLIbl €HOEK OHIMIIIITiH
KaKcapTyFa MYMKIHJIIK O€peTiH )KYHeHi Kypy.

MakcarbiHa OailJIaHBICTBI ACPEKTEepl OepyaiH KOeINTereH TeXHOJOoTusuiapel O0ap, Oipak J '
son&PartnersConsulting 6omkaMbIHa ColiKec, aybll MIAPYyalIbLIIBIFBIHAA JAaTYUKTED, KETEK-
TEp JKOHE SPTYPJIi MapKaibl OOPTTHIK KOHTPOJUIEPIIEp, TIpKEMeNep apachlHIarbl OalIaHbICTHI
KamTaMachl3 ety yiriH Isobus texHomoruscel Komaanbuiaasl. [ISOBUS-TiH MakcaThI-0apiibik
OHJIIpyLIIep YIIiH OapiblK KOMIIAHUSIIAP/IBIH jKa0IbIKTaphl apachlH/la MAJIIMETTEP aiMacyfa
MYMKIHIIK OEpeTiH TeH XaTTamajapbl aHbIKTAY.

Conpapiktan 013 Isobus TEeXHONOTHSCHIH TaHIAABIK, OJ KyHelep MeH OargapiaMaiibIK
’KacaKTama apacbIHa JepeKTepii OepyaiH TONBIK YHIECIMALIINiH KamMTaMachl3 eTell, Oy
KBUIIAM JKOHE YHCI3 OalIaHBICTBI KAMTAaMaChI3 €TEIl, 1IC-OPEKETTIH JOJIIITIH apTThIPAIbI )KOHE
XKaOJIIKTHl aBTOMATTaH IbIPA/IbI.

Crannapt KoJJaHBUIMaraH Ke3/e, MallMHA >KaOIbIKTapbl op CEHCOp YIIIH Kabenb Chbl-
MBIH KOHE Op KYpPbUIFBI YIUIH 3KpaHAbl KaxeT ereni. JKyMmbICThIH OipHelle Ke3eHIepiHJe
KOJIJIaHBUIATBIH Olp/iel TpakTop »KardalblHOa WHTEpQeiicTepMeH TONTHIPbUIFAH KaOWHamap
KUl Ke3aecei, 0y 0ackapynbl KUBIHIATA b )KOHE JKYMBICTHI KUBIHIATATbI.

Exinmn sxaremHan, [SOBUS konmany yHbIMAAcTBIpBUIFAH OpHATYFa KoHE OJjIeKaiia
KapanaiblM BU3yalln3alusra Kenuiaik oepei. ApThIK OpHAThUIFaH KYPBUIFBLIAP MEH KaXeTci3
OaiiaHpIc Kabenbaepi )KOWBIIAIbI, TPAKTOP MEH OHBIH TipKeMeJepiH KOoCy YIIiH Oip Aucruien
Kayiazibl, OYJ1 omeparusiiapIblH MaKCUMAaJIIbl THIMIUTIKIICH OPBIHAATYBIH KaMTaMachl3 €Tel
[2].

Conbimen kKarap, ISOBUS nucriieitiMeH TpakTop Typasibl 9IETTET1IeH Topi KoOipek aKmapar
oKyFa Oomanpl. Omnepatopra HAKThl YaKbIT PEKUMIHAEC Olp MOHHUTOpP apKbUIbI KOJ KETIMJII
JepeKTepal KUHAY KaOJIBIKTHIH OapiblK MYMKIHIIKTEpIH MaiianaHyFa, AYPHIC MIEUTIMAEP
KaObLIIayFa KOHE HOTHIKECIHIe OHIMIUTIKTI apTThIpyFa KemekTecesi [3].

KoiiputFaH MakcarThl JKy3ere acblpy yiIiH 013 JKy#em oJic MeH KOHTCHT-TAJIIaYy,
OacbUTBIMAApAAFhl FRUTBIMU MaKaladapAblH MOHUTOPUHTIH KOJIAHBIK.

MUKpOKOMIIBIOTEPIIH aHAIOTTapbiH Kapay ke3ingae DDR3 crangapteiabiH 2 ['6 onepaTusTi
KaJpIMEeH >koHe Turadutrtik Ethernet amanrepimen xaOnmpikramran Orange Pi, Banana pi,

44



Tinker board cHsIKTBI KONITEreH TaHBIMA OTIEPAIUSUTBIK XKYHeTepAl KOJIaHa alaThlH, MBICATIBI,
Android, Ubuntu, Lubuntu, Debian, Bananian, Raspbian, Windows 10 IOT en kemn Tapairan
KYpBUIFbLIApPFa TOKTAIY KEepeK.

Heri3ri TexHUKaNbIK cunarTamMaiapra colkec, Korapblaa atanraH Takranap Raspberry Pi
Pico-nan exi ece kymTi. OpuHe, OyJ1 cana KepceTKIlll KYpbUIFbIHBIH OaracblHa ocep eTHell,
OipaKk MyHJail KyaTThl JKOHE KbIMOAT MHUKPOKOMIIBIOTEPIIEPTe METreH KaKETTLIiK Oy Ko-
Oana axranraH oK. COHIBIKTaH MEH Oarachl MEH camachl jKarblHaH KoJaiiubsl Raspberry Pi
MUKPOKOMIIBIOTEPIH TaHIAAbIM [4].

CeHcop KypbUIFBLIAPHI PETIH/IE KbITall OHipiCiHIH OFOKETTIK IISIIIMACPi KapaCThIPhLIa IbI.

Herisri makcar eric KemieHiH Oackapy KYHECiH J>XEHUIAETy OONFaHIBIKTaH, Keneci
JATYUKTEP/I1 KOCY JKOCIIapIaHy/ia:

1. HC-SR04 ynbTpaabIObICTBIK KAIIBIKTHIKTHI OJIIIEY CEHCOPBI, KOHABIPFBI pe3epByaphIH/IA
€ricTiH OOJYBIH aHBIKTAY YIIIiH, TEXHUKAIBIK CUTIATTaManap 1-KecTene KenTipiiareH.

2. KyppuirbiHbl 0OackapyFa apHalfaH TE€pPKOH Keyioey CEHCOpBl, COHBbIMEH KaTap ery
TEpEeHIIT1H O0aKbUIay YIIIiH KAIIBIKTHIKTHI ©JIIIIEY JAaTUYUT1 OPHATACTHIPBLIFaH.

3. GPS xaObuinarsisl (2-kecte).

1 xecre. HC-SR04 TexHuKanbIK cunarraMmaapbl

Kepuey +5B — TypaKThl TOK;
Toxk ke3i(0ipKabInTa) <2MA
JKymbIc TOK Kyl 15 MA
Omniiey KallbIKThIFbI 2 cMm aeH 400 cm petiin (1 — 13 mroiim)
Omniey OYpHIIIbI 30 rpanyc
Onmemaepi 45 MM x 20 MM X 15 MM

2 kecre GPS kaObAaFBIII, TEXHUKAJIBIK OACTAIKbI IIAPTTap

KympbIc kepHeyi TepmuHanIeiH Kyat kepHeyi-1,5 B
TYTHIHBLIATHIH TOK 200 MA (700 C ke3inne)
Crangapt GPS NMEA 0183
JKaHapTy *blIAaMIbIFb] )KOHE CUTHAJIAP 5 I'u (GPGGA, GPVTG)
Jlepexrepai Tapaty >KbUIIaMIbIFbI 19200 60x
bur 8
| i

e

P EETI EWED SO0
(L -

Cyper 1 - HC-SR04-ti RaspberryPi-re kocy cxemacsl
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Cyper 2 - Raspberry Pi xone HC SR04 ceHCOpbIMEH KAIIBIKTHIKTHI OJIIICY

By xxo0aza 613 keneci opekeTTep i OpbIHAANMBI3:

1. bi3 trigger ceHCOPBIHBIH KOHTAKTICIHE Y3aKThIFbI 10 MKC UMITYIIbC Oepemis.

2. CeHCOp YNBTPaIbIOBICTHIK TOMKBIH IIbIFapaabl. OHBI KaOblIaraHHAH KeiH (KeJepriieH
marpUIbICKaHHaH KeiiH) Echo koHTakTiciHAeri ceHcop Keneprire AeHiHT1 KallbIKTIKKA Mpo-
MOPIIMOHAJIIbl UMITYJIbC KaJIBIITACTBIPAIBI.

3. bi3 uMmynbCeTiH y3aKThIFbIH emeiiMis, sFan ECHO konTakricinig kyiin LOW TemenHneH
HIGH xorapeira neitin, onsiH KyiiH HIGH sxorapeinan LOW TemeHre aybICTBIpY COTiHE
JICHIHT1 yaKbIT apalbIFbI.

4. IMIynbCTIH OJIIIEHTEeH Y3aKThIFbIHA CYHEHE OTBIPBII, KeAeprire JeHiHr1 KallbIKThIKThI
ecenreimis.

5. Ecentenren KambIKTHIKTHI 16X2 JKK skpanbiHIa KOpeMis.

Raspberry Pi Python (Thonny) Garnmapmamacwi[S] apkpuiel 0i3 Kejeci opekeTTepii
OafapiamanaybIMbl3 KEpeK:

1. Tpurrep ceHCOPBIHBIH KOHTAKTICIHE iCKe KOCY UMIYIIbCIH OepiMmi3.

2. CeHcopaaH HUMIYIbCTIH OacTtany XoHE asKTanmy YakeITbiH ecenreimiz (ECHO
KOHTAKTICIHEH).

3. benrini START xone STOP yakpIT MOMEHTTEpI HET131HAE KAIIBIKTHIKTHI aTaMBbI3.

4. Hotmxecin 16X2 XK skpanbiHga Kepy.

Python GarnapramMachIHBIH OaCTaITKbI KOJIBI

Cyper 3 - Python 6armapiamanay

Ocpinaiiia, 3epTTey OapbicbiHAa 013 AepeKTep/ii aBTOMATTaHIbIPbUIFaH )KMHAY JKOHE eryl
OaxplIay MakcaTbIH/la KYpPBUIFBI jkacajblK. KaOblaay-Tapaty Moaynb/epl aBTOHOM/IBI KOHE
KOCBIMIIIA MapaMeTpiepal KaKeT eTHeiil, OyJl TeXHHUKAJbIK KbI3MET KOPCETY IMepPCOHAJbIH
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OKBITYFa a3 YaKbIT )KyMcayFa MyYMKIHIIK Oepeni. Kypbutrbl MoauQUKaLusaFa alblK, COHIBIKTaH
KYpJelli %oHe KbIMOAT CeHCOpIap bl KOCKAH/a, €13 0ChI KYPBhUIFBIHBIH MYMKIH/IKTEPiH KEHEHTe
anacel3. by e3repictepre xenen 1eH KOIOAbIH, aaM (aKkTOPbIH OOIAbIpMayIbIH KOHE aJlJIbIH
ay OoMBIHIIA XKYMBICTAp *KYprizyaiH Oipereit Mmymkinairi. byn xxyitere GPS momynin eHrizy
KOCHapJIaHFaHbIKTaH, AepeKTepi Oepy Toclii, aran alTKaHaa, 613/11H KYpbUIFaH cepBepre UH-
TEpHET JKeJlici OOMBIHIIA OPICTIH OHAEIreH OaFbITHIH KYPY KapacThIpbliaibl. COHBIH apKachIHa
Google Maps-te mapuipytT START-STOP kepcerineni sxoHe pepmepre Kail CEKTOp OHJIENTeHIH
KOHE KalCBIChl OHJEIMETeHIH Kopyre MYMKIHJIIK Oepe/ti.
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PABPABOTKA OIITUMAJIBHBIX JIEMEHTOB U CTPYKTYP
AJIA HIBE3O3JIEKTPUYECKOI'O 'EHEPATOPA KAHTUJIEBEPHOI'O THUIIA

Lllokaeg C.b., macucmpanm 2 Kypca
Kaszaxcrxuii aepomexnuueckuti ynusepcumem um. C. Ceuighynnuna, e. Hyp- Cynman

B nanHOi cTarbe mpencraBieHbl pa3paboTaHHbIE ONTUMAIBHBIE 3JIEMEHTHI U CTPYKTYpPBI
JUIs TIb€302JIEKTPHUECKOr0 FeHeparopa KaHTeJIMBEpHOro TUMa. IIbe303nekrpruuecknue Marepua-
JIbl, TH€303JIEMEHTHI U MbE303JIEKTPUUECKHE MPeodpazoBaTesId HaXosAT caMoe IMPOKOE MpH-
MEHEHHE B Pa3NUYHBIX cepax. B nmocneanne roasl Hanbompliee pa3BUTHE MOTYYHIN TeHepa-
TOPBI HA OCHOBE MbE30JIEMEHTOB.

KitroueBble ci10Ba: reHepaTop KaHTWIIEBEPHOTO TUIIA, TbE€30MEKTPUK, ANSY'S

OrpaHu4eHHOCTh MUPOBBIX 3aIIaCOB ChIPbs Ui YAOBIETBOPEHUS BCE BO3pACTAIOLIMX IIO-
TpeOHOCTE! YeIoBeYecTBa B AIEKTPUUECKOM SHEPIUU BbI3bIBAET 03a00YEHHOCTh Yy LIMPOKO-
TO Kpyra y4eHbIX U HHXKEHEpoB. UelloBEK Hauall yUYnuThCS UCIOIb30BaTh SHEPTUIO COITHEYHOIO
W3JTYYCHUS, TBI)KEHUS BOJBI B PEKaX, BETPa, MPHWIMBHBIX BOJIH M JIp. B KA4ECTBE CaMOBO300-
HOBJISIEMbIX MCTOYHUKOB HEPIUU. Takue UCTOYHMKH SIBJIAIOTCS MOILHBIMHU, IPAKTUYECKH He-
HCYEpPIAEMBIMU, HO Y HUX €CTh HEJOCTATOK: OHHU IEPUOJUYHBI BO BPDEMEHU WM CTAL[MOHAPHBI
B MPOCTPAHCTBE (BETEp HE AYET MOCTOSHHO, COJIHEYHOI'O CBETa HET HOYBIO, reoTepMajbHas
9HEprus AOCTYIIHA TaM, I1le CYIEeCTBYET ByJIKaHUYECKas e TeNbHOCTD).[1]

Ilo cpaBHEHMIO € IPYIrMMH METOAAMM HAKOIUIEHUsI DHEPIMM, TAKUMHU KaK JIEKTPOMAarHUT-
HBIE U 2IEKTPOCTATUUECKUE, TbE30IEKTPUUECKHUE HAKOIIUTENIN SHEPIUM Ha Oa3e npeoOdpa3oBa-
HUsI KoJleOaHUM OKpYXKaroIlel cpe/ibl IPUBIIEKAIOT OO0IbIIOE BHUMAHUE B MOCIEHEE BPEMS U3-
3a UX IPOCTON CTPYKTYpBI, IPSIMOTO MPeoOpa30BaHMs SHEPTUU KOJICOAHUN B IEKTPUUYECKYIO
SHEPTUIO C BBICOKUM YPOBHEM HamnpsiKeHUs.[2]
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CyliecTByIOT TbE303JIEKTPUYECKHE TPeodpa3oBaTesid IHEPTUU JABYX KOH(UTypaLuii:
OCEBOI0 U KaHTUJIEBEPHOTo THUMa. OHU MCHOJB3YIOTCS KakK JUIsl CO3JaHUsl IbE€30I€HEPaTopoB
NEKTPUUYECKON SHEPrHH, BXOJAIIMX B COCTAaB aBTOHOMHBIX MCTOYHUKOB IMUTAHUS, TaK U JUIs
BBICOKOTOUHBIX JIMHEMHBIX JBUTAaTE]IeH WM IbE303IEKTPUUYECKUX aKTIaropoB. IIbe3zonnex-
TPUUYECKOE YCTPOHCTBO HAKOIJICHUSI YHEPTUU KaHTUIIEBEPHOTO THIA pabdoTaeT YPQeKTuBHEE,
KOTJ]a 4YacTOTa BO30Y)KJEHHs HAaXOAUTCSA B HENOCPEICTBEHHOH OJIM30CTH OT OCHOBHOH pe3o-
HAHCHOW 4acTOTHI JIEKTPOMEXaHNYECKON cucTeMbl. HO OHM MMEIOT psJl HENOCTATKOB, Kak:[3]

1. HebGonpmmoit Tok. [Ibe3oreneparop siBisieTcss mpeoOpa3zoBaTesieM, HO HE HMCTOYHHUKOM
JIEKTPOIHEPTUH.

2. Beipa®oTKa 37eKTpUUECKOro 3apsi/ia TOIbKO B MOMEHT MEXaHUYECKOro Bo3eiicTBue. Tok
UAET KPAaTKOCPOUHBIH, UTO TpeOyeT BHEPEHUE B Pl YCTPOUCTB TOMOJIHUTEIBHBIX JIEMEHTOB.
B pesynbprare KOHCTPYKLUS YCIOKHSAETCS, @ 3HAYUT, yTPAUMBAET CBOIO HAJIE)KHOCTD.

3. Ha Texymuii MOMEHT BpEMEHU I1b€30I€HEPATOPbl HE MOTYT MCIOJIb30BAThCS IS IUTA-
HUS MOILHBIX YCTPOMCTB.

B ANSY'S 6bu1a npocTpoeHa KOHEUHO-3JIEMEHTHAs! MOJIeNb (PUCYHOK 1-2):

ANSYS

M0 R

ﬂhdw

R [T

Puc.1 - Koneuno-snemMeHTHass MOJAEIb

ANSYS

2030 R

Puc.2 - Koneuno-sneMeHTHas MOZCIIb IIPU IMOAAYC HAITPSKCHUA

lapMoHHMYECKUIT aHAU3 TPEACTABISICTCS OYEHb YIOOHBIM CPEIACTBOM IIOJNyUCHHS aM-
IUTUTYJHO—4acTOTHON xapakrepuctuku (AUYX) u ¢azo—vyactoTHON xapakrepuctuku (DPUX)
Monenu(pucyHok 3-4).[4]
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Puc. 4 - ®a3zoBas xapakTepucTUKa Mbe3oMarepuaia

Ha puc. 3-4 noka3aHa peakuusi BBIXOAHOTO CMEIICHHUS Ha BXOJHOE HAIPSKEHUE B TAHHOM
IIMPOKOM uana3zoHe 4actoT. Ha rpaduke n3obpaxeHna 4yBCTBUTEIBHOCTh MaTepHralia K 4acTo-
Te. [5]

ITomydyeHa KOHEUYHO-2IEMEHTHAsE MOJENb B IporpaMMHOM cpene ANSY'S, nmokasana yaoB-
neTBopuTeNbHbIe AaHHble U yBenuuenHoe KIIJI anms mcnonb3oBaHUsS B reHeparope KaHTHIIe-
BEPHOTO THIIA.
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VIIK: 004.942
MMATY-AHTEHHBI, N3TOTOBJEHHBIE 3 METAMATEPHAJIOB

Lloxanoea T.U., macucmpanm 2 Kypca
Kaszaxcxuii azpomexnuueckuti ynusepcumem um. C. Ceuighynnuna, e. Hyp-Cynman

B nanHoii paboTe mpeacTaBieHa MUKPOIIOJIOCKOBAs aHTEHHAa HA OCHOBE METaMaTepuasioB
(MTM). [Ipennaraemasi aHTeHHa [M0Ka3ajia HECKOJIbKO PE30HAHCOB B JiManazoHax yactor BAN
u ISM. AHTeHHa noka3ana Moaxosllee yCUIeHHE Ul KOPOTKUX U CPeJHUX CUCTeM Oecnpo-
BOJIHOM cBs3u okojo 1 nbu, 1,24 nbwu, 1,48 nbu, 2,05 nbu u 4,11 nbu Ha yacrorax 403 MI 1,
433 MI'n, 611 MI', 912 MI'n u 2,45 I'T'1y cooTBeTCTBEHHO. AHTEHHA Oblja HaredaraHa C
UCIIOJIb30BaHMEM YEPHUII C HAaHO-YacTHLIaMU cepedpa Ha MoJIMMEpHON nooxke. Pazmep an-
TEHHBI YMeHbIeH 10 20x10 MM2 i pa3inuyHBIX MUHUATIOPHBIX OCCHPOBOAHBIX OHOMETH-
LIUHCKHUX YCTPOMCTB. MI3roTOBIEHHBIN NIPOTOTUII OBLII UCIIBITAH SKCIIEPUMEHTAIBHO Ha YeJIOBE-
4yecKoM Telie. [T1aBHOe HOBIIIECTBO B 3TOM JU3aiiH 3aKJIFOYAETCs B €r0 CHOCOOHOCTH MOAABIIATh
MIOBEPXHOCTHYIO BOJTHY OT KpaeB Iarya, 3Ha4UTeJIbHO YMEHbIIast 00paTHOE U3ITyuyeHHEe Ha TEIO
4eJI0BEeKa IPU MCIIOJIb30BAHNY BOJIM3K HET0. AHTEHHA PacIojarajach Ha ToJ0BE YeloBeKa JUIs
orpeesieHus yienbHoi ckopoctu noromeHus (SAR). Bo Bcex ciydasx ObU10 yCTaHOBJIEHO,
YTO IPEUIOKEHHAs! aHTEHHA NoKa3aia Hu3Kkoe BiusHue SAR Ha opraHusm uengoBeka.

KroueBrnie cioBa: CAP; rubkast anTeHHa; HocUMBI; MTM.

B nocnennee pecsatuieTne MUHHMATIOPU3ALUs AJIEKTPOHHBIX CUCTEM IPUBEJA K yBeJINYe-
HUIO CIIPOCa Ha HOCHMBIE YCTPOMCTBA, KOTOPhIE MOTYT KOHTPOJIHMPOBATh (DYHKIIMU YEIOBE-
yeckoro tesa. TakuM o0pa3oM, HOCHMBIE CUCTEMBI yIpaBIIEHUs 3110pPOBbEM CTad Haubojee
MIPUBJIEKATEIbHOM 001aCThIO ISl UCCeoBaTesield. DTO CBSI3aHO C TEM, YTO TaKHe HOCHMBIE
yCTpOICTBa MOTYT (PyHKLIIMOHMPOBATH JOCTATOYHO XOPOILIO, YTOObI 3aMEHUTH HECKOJIBKO Me-
JUIMHCKUX MHCTPYMEHTOB IIPU BCTPAaUBaHUU B YMHYIO Of€X1Ty. UTOOBI MPUMEHHUTH TaKylO
TEXHOJIOTHIO, HCCIIEI0BATENH Pa3padboTalu MHOKECTBO MUHHATIOPHBIX aHTEHH C a/IeKBaTHBIMH
XapaKTepUCTUKAMHU.

OnHako AJ1s UCTIOJIb30BaHUsl HOCUMBIX CUCTEM B OMOMEIMIIMHCKUX MTPUIIOKEHUAX HE00XO0-
JIMMO YUUTBIBATh HECKOJIBKO NTPAKTUUYECKUX XapAaKTEPUCTUK KOHCTPYKIIMHM AHTEHHBI, TAKMX KaK
MaJlblil pa3mMep, MaJIblii BeC, MOTpedsieMasi MOIIHOCTh U THOKast cTpykTypa. st aToro Onu1
BBEJICH PsIJl MUKPOIIOJIOCKOBBIX aHTEHH KaK OIHOM M3 Hanbosee kKeJaTelbHbIX KaTeropui 1is
HOCHMBIX TIPUJIOKEHHH, KOTIa OHU yCTAHABIMBAIOTCS OJIM3KO K YelmoBedeckomy tery [1].
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C OOnpIIMMHU JOCTHKEHUSIMHU B TEXHOJIOTUSAX HOCHMBIX aHTEHH HAOJI01aeTCsl 3HAUNTElb-
HBI TPOTpecc B UX UCIOJIb30BaHUM JI UMIUIAHTUPYEMBIX yCTpoicTB. TeM He MmeHee, pa-
00Ta aHTEHH B HU3KOYACTOTHBIX JMana3oHaX ¢ MUHHATIOPHBIMU pa3MepaMu Jii HOCUMBIX
yCTpoucTB 0e3 ymepoa st 3GHEeKTHBHOCTH U3TyUYeHHS M KOO PUITMEHTA YCUIICHHUS SIBITSIETCS
OZIHOHM M3 HauboJee aKTyalbHbIX MPOOJIEM Ha COBPEMEHHOM YpOBHE TeXHUKHU. [lns perenus
TaKOH MpoOJIeMbl OBUTH TPEATIPUHATHI PA3JIMYHbIE MMOTBITKH YMEHBIIUTH Pa3Mep HOCUMBIX aH-
TEHH C TIOMOIIIbIO PEAKTUBHBIX HArpy30K.UCIOIb3ysl MaTeprasbl C BHICOKOM TUANEKTpUYECKON
IPOHHULIAEMOCTBIO U C TOMOIIBIO MIEPEXOAHBIX OTBEPCTHH, KOPOTKHUE MTOCTHI (PpaKTaIbHOM reo-
METPUH JUIsl YBEIMUEHUS TEKYIIETro IMyTH, KorJa ObLIM MPUMEHEHBI YITIOMSHYTbIE METO/IbI, pa3-
Mep aHTEHHBI ObLT 3HAUNTENFHO YMEHbIIeH. OHAKO BO3HUKIIHM Pa3IHYHbIEe TPYAHOCTH, TAKHE
KaK YMEHbILIEHUE TOJIOCHI TPOITYCKaHUs, CIOKHOCTh KOHCTPYKLUHU U yXylleHue koddduin-
€HTa YyCUJICHHUS.

C npyroii cTopoHsl, Onaronapst CBoiicTBaM TKaHeW 4enoBeKa, KOTOpbIE 00J1a1al0T BEICOKOM
JUBJIEKTPUUECKON MPOHUIIAEMOCTBIO, KOT/Ia YEJIOBEYECKOE TEJO IOJIBEPTraeTcsi BO3ACHCTBUIO
3JIEKTPOMArHUTHBIX BOJIH, U3JIy4aeMbIX HOCUMOI aHTEHHOMH, TeJI0 MOIVIOAaeT O0JIbIIOE KOJIU-
4eCTBO ATOM dHepruu. Kak u3BecTHO, mapaMeTpbl HOCUMOM aHTEHHBI 3aMETHO CHUKAIOTCS IIPU
ee (YHKLMOHMPOBAHUM BOJIM3M Tejla YEJIOBEKAa, YTO BBI3BIBAET CYIIECTBEHHBIEC MPOOJIEMBI B
obnacTu OecrpoBOAHOM cBsi3U. Kpome Toro, 3neKTpOMarHuTHBIE BOJIHBI, MOTJIONIAEMBIE YelIo-
BEUYECKUM TEJIOM, OKa3bIBAIOT HEXKeNaTelIbHOE BO3/IEHCTBHE HA OKPY’KAIOIYIO Cpeay U O1oso-
ruyeckoe Bosjeiicteue. B nmpomiom 6b110 pa3paboTaHO HECKOJIBKO THIIOB HOCHUMBIX aHTEHH.
ABTOpBI pa3paboTai KOMIIAKTHYIO TPEYTOJIbHYIO MaT4-aHTEHHY, OJIHAKO aHTEHHA UMEET OYCHb
y3Kyl0 pabouyto mojocy mpomyckanus. OJHAaKO CIPOEKTHMPOBAHHAs AaHTEHHA MMEJa OYEHb
HU3KYI0 OTHOCHUTENIbHYIO IIMPUHY MOJIOCHI ponyckanus (6% Ha LeHTpalibHOM yacTore 5,825
I'T1). Heckonbko pyrux HOCUMBIX aHTEHH, TAKMX KaK aHTEHHbI HA OCHOBE 3JIEKTPOMAarHuT-
Ho# 3anperienHoi 3006l (EBG) 1 aHTeHHBI Ha OCHOBE MHTETPUPOBAHHBIX B MOJIIOKKY BOJIHO-
BOJIOB OBUTH pa3paboTaHbl, OJJHAKO BCE ATH aHTEHHBI UMEIOT Y3KYIO MOJIOCY MPOITyCcKaHus [2].

B sT00i cTarbe HU3KONPOUIIbHAS U THOKasi HOCUMAasi aHTEHHA C ITeYaTHBIM PUCYHKOM ObLIa
paspaborana ans quanazonoB [ISM, Bkmrouast 403 MI', 433 MI'n, 611 MI'n, 912 MI'n u 2,45
I'Tu, nns npunoKeHU y1aJleHHOrO MOHUTOPUHIA 310pOBbsi. B OCHOBE aHTEHHBI JIEKUT IIO-
JAMaMHIHas TIOAJIOKKA, U3BECTHAsI CBOEM TMOKOCTBIO M IIPOYHOCTBIO. XapaKTePUCTUKH MPEJ-
JI0’KEHHOUN aHTE€HHBI ObLTN TPUEMJIEMBIMU C TOUKH 3peHus KoddduurenTta ycunaeHus, padoueit
HOJIOCHI MTPONYCKaHUs U 3((GEKTUBHOCTH B clieHapusax ni3ruda. Kpome Toro, aHTeHHa umeer
COOTBETCTBYIOIIMHA KO3(DPULIMEHT yCUIIEHUs], TPUEMIIEMYIO TTOJIOCY MPOIYCKAHHUs M BBICOKYIO
3¢ PEeKTUBHOCTH NP HOIIEHUH Ha Tene. KpoMe Toro, aHTeHHa MMEET JI0CTaTOYHO HU3KOE 3Ha-
yeHre SAR npu ycTaHOBKe Ha Telie YeJoBeKa.

I'eomeTpust aHTEHHBI

AntenHa usrotoBieHa u3 MTM-narda ¢ koMIuileMeHTapHOU (pakTaabHOW reoMeTpuen
MUHKOBCKOTO JIsl pean3alii MHOIO4aCTOTHOTO pe30HaHCa B MUHUATIOPHOM pasmepe. Ilatu
MUTaeTCs KoraHapHbIM BosHOBOAOM (CPW) 50 Om a1 tocTHKeHuUs TPeBOCXOAHOIO COTTIACco-
BaHUS B HECKOJIBKUX JMana3oHax. BBeeHbI ABE COMIACYIONINE LIETIN MEXY MaTY-CTPYKTypOr
¥ I10cKOCThIO 3a3eMiieHnss CPW ju1st ymenbieHus 3¢ ¢GexToB oTpaxkeHus. TeM He MeHee, Ipe-
UMYILECTBO 100aBJIEHUS ATUX COMIACYIOIUX LIETIEN 3aKII0YaeTCs B OJaBICHNN TOBEPXHOCT-
HBIX BOJIH BAOJIb KpaeB natya [3]. HakoHel, cTpyKTypa aHTEHHBI Ile4aTaeTcsl MPOBOASILIUMU
YEepHWIAMH Ha OCHOBE HAHOYACTHI] cepedpa ¢ MPOBOAMMOCTBIO 0Kojo 1,3°106 c/M. HoBu3Ha
IpeIaracMoi KOHCTPYKLUHU 3aKJIF0YAETCSl B TOM, YTO C YYETOM JIONOJIHUTEIBbHON T€OMETPUHN
MUHKOBCKOTO Takasi CTPYKTypa MOYKET JIOMMHHMPOBATh HaJl MAarHUTHBIM II0JIEM, @ HE HAJl DJIEK-
Tpudeckum miosieM. CremoBarensHo, Bo3aelcTBue SAR Ha TkaHu denmoBeka OyleT He3HAuu-
TEJBbHBIM, €CJIM IPOHULIAEMOCTb YEJIOBEUYECKOIO TeJla PAaBHA €IMHHULIE.

Xapakrepuctuku MTM

[Mpennaraemas MTM omnpenensercs: Kak CyOBOIHOBAsT KOMIIO3HIIHSI PABO-IEBOCTOPOHHUX
CTPYKTYp C OTPHUILIATEIbHBIMU 3HAUEHUSIMU € U LI B UHTEPECYIOIIMX Mojiocax 4yacToT. Pe3o-
HAHCHAas 4acToTa MpeajiaraeMoil aneMeHTapHoi s;taeiiku MTM 3aBUCHUT OT BBICOTHI U TUAJIEK-
TPUUYECKOM MPOHUIIAEMOCTH MOUI0KKU. Takum obpazom, CSTMWS Ha ocHOBe MeTO/1a KOHEY-
HbIX uHTerpanoB (FIT) Obut BeI3BaH A uccienoBaHus npeuiaraemoro noseaeHuss MTM c
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TOYKH 3pEHMSI S-ITapaMeTPOB U JuarpaMMel paccessHus. [IpennoxenHas aneMeHTapHas siueika
BBITPABJIMBACTCA U3 IUIOCKOCTU 3a3€MJICHUS JIMHUM MEepeJadu Uil MoidydeHus KBazu-TEM-
mo00HBIX MOJI. B 3TOM MozaenupoBaHuy BEpXHSS U HIKHAS TPAHU OCU Y CUMTAIOTCS Ueallb-
HbIMU MekTpuyeckumu nposoanukamu (PEC). JIBe npyrue rpanu no ocu abcuucc BhINOIHE-
HBI Kak uaeanbHele Marauronposonsl (IIMK). [Topram BomHOBOIA Ha3HaueHB! OcH Z. BakHO
OTMETHTB, YTO MpeIaraeMas SJIeMeHTapHas siueiika nepreHauKyIsipHa IopTaM BO30YKICHHS.
3710 OBLJIO IPUHATO BO BHUMaHKE, TIOCKOJIbKY MpeiaraeMast aJieMeHTapHast sueiika BhITpaBIIn-
BAETCsI C IOBEPXHOCTH 3aIIaTKH, B KOTOPOIl 3JIeKTpHUYECKOe o€ ObUIO Obl NEPIEHANKYIISIPHO
MIOBEPXHOCTH 3aIlJIaTKH.

3nech NpeasoKeHHasi CTPyKTypa JIEMEHTApHOM sTUeHKH XapaKTepu3yeTcs S-napaMeTpaMmi,
S11 u S12, a Takke nucnepcuoHHON auarpamMmoit. [Ipennaraemast anemMenTapHas sueiika mo-
Ka3bIBaeT 0osiee 4YeM OJIMH YaCTOTHBIM pEe30HAHC B MHTEPECYIOLIEeH 1mojioce MpoIycKkanus. AB-
TOPBl paccMaTpUBAJId 3Ty SJIEMEHTApHYIO siueiiKy, kak oObscHeHO [4]. [loaTomy, ucxons u3
PE3YABTUPYIOLIETO U3MEHEHHSI CKOPOCTH BOJIHBI JJISI TAKOM AJIIEMEHTAPHOW SIMEMKH B MEPBOU
OpUNIMOHHOMN 30HE. A MOYKHO OLIEHUTDH IIMPUHY 3alPELEeHHON 30HBI pacIpOCTPaHEHHs BOJI-
Hbl. VI3 HaOmro1aeMBbIX pe3yabTaToOB BIIEPBBIE MTONEPEYHbIE HIEKTPUUECKUE U MAarHUTHbBIE MOJIbI,
IIpeJI0KEHHAs dJIEMEHTapHAs TUeHKa OKAa3bIBAET 3aIPELEHHYIO 30HY MEX/ly YaCTOTHBIM JIH-
anazoHoM 1 I'Tu 2,43 I'Tw, uto nenaer ero XopouuM KaHAUIaTOM 71l TAKUX MPUIIOKEHUH.

DKCcIepUMEHTANIbHbIE PE3YyIbTaThl U 00CYXKACHNE

IIpuns x onTuManbHON KOHCTPYKLIMM AHTEHHBI, aBTOPBI PEIIMIN U3TOTOBUTH AHTEHHY, KaK
nokaszaHo Ha pucyHke 1. [Ipennaraemasi anTeHHa Obljla U3TOTOBJIEHA C UCIOJIB30BAHUEM IIPO-
BOJMIIIMX YEPHHUJI U3 HAHOUYACTHUIl cepeOpa, HareyaTaHHble Ha puHTepe MarepuanoB Fujifilm
Dimatix. M3rotoBneHHass aHT€HHa MpoIia SKCIEPUMEHTAIbHbIE UCIBITAHUS, B TOM YHCIIE:
cnexTp S11, aMarpaMMbl HaNPaBIEHHOCTH U YTEUKH U3JTy4EHUS MOJIS.

B nporecce u3mepeHus aBTOpbI UCTIOJIB30BAIN PaIHOYACTOTHBIN 010K ¢ 50 KOaKCHaJIbHBI-
MU Ka0ensiMH, TOAKIIOYEHHBIMU K MPO(QECCHOHAIBHOMY CETEBOMY aHAJIHM3aTOpy CeMEHCTBa
Agilent.PNA 8720. AnTeHHble U3MepeHUs MPOBOAUIUCH BHYTpH 0e35X0Boil kamepsl RF cie-
IYIOUIMM 00pa3oMm:

Pucynox 1 - U3roToBneHHbII NpOTOTUIT aHTEHHBI: () BUJ criepean, (0) BUA c3aau, (B) MOACIb
3VYP Buytpu CSTMWS, (1) monens 3YP Bo BpeMst SKCTIEpUMEHTAIBHBIX H3MEPEHUH,
(1) n3MepeHne ycuieHusl aHTeHHBI U (€) U3MEpEHUe TUarpaMMbl HaIIPaBI€HHOCTH
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XapaKTepuCTUKU AHTEHHBI

[Ipennaraemasi anTeHHa Obllla U3TOTOBIIEHA U HCTIbITaHA. [Ipy ATOM OBUTH U3MEPEHBI CTIEK-
Tpbl S11 1 1uarpamMmel HaPaBIEHHOCTHU MPEIaraéMoi aHTEHHBI B Pa3HBIX JIMANla30HaX YaCTOT
C pa3HBIMH CIIeHapUsMU H3ruda B cBOOOIHOM IpocTpaHcTBe. [1o3ke Te ke u3MepeHus: ObLIu
MIPOBEJICHBI €1lle pa3, KOTa aHTeHHA ObUTa yCTaHOBJIEHA OMM3KO K rojoBe yenoBeka. [Ipemma-
raemasi anTeHHa Oblia u3mepena B auanazoHe 4actoT oT 0,1 [Ty no 3 I'Tu. CriekTpsl aHTEHHBI
S11 ObLTM U3MEpEHBI 1711 U30THYTOTO MPOGUIIS IO YIIIOM 15° M TII0CKOTO KOpIyca, B KOTOPOM
OHa ObLJIa YCTAaHOBJICHA Ha TOJIOBE YenoBeka. Ha pucynke 2, ciektp antennsl S11 npencrasie-
Ha B CBOOOIHOM MPOCTPAHCTBE HA OCHOBE IJIOCKOTO Kopmyca. beito 0OHapyKeHo, 4TO Mpe-
JIO’KEHHAsl aHTeHHA MTOKa3aJia YaCTOTHBIN pe3oHaHc Ha yacTtoTtax 403 MI'w, 433 MI'w, 611 MI'n,
912 MI'n u 2,45 I'Tt co 3nauenueMm S11 umwxke 10 n1b. BrocnencTsuu, Korma aHTeHHa ObLIa
MoJBepruyTa n3rudy Ha 15°, antenna S11 1 3HAUEHUS YACTOTHOTO pE30HAHCA CYIIECTBEHHO HE
MOCTpPaJain, KaKk BUAHO Ha pUCYHKe 1 (0), uTo cormacyeTcs ¢ pe3yabTaTaMu MPeIbIIyIIero pas-
nena. [Tocie 3Toro anTeHHa Ha OCHOBE TUIOCKOTO PO ISt ObLIa YyCTaHOBJIEHA OIHM3KO K TOJIOBE
YeJIoBeKa, UTOOBI OIIEHUTH HaJanure d3PPEKTOB Ha TKAHU YeIOBEKa IO CIIeKTpaM aHTeHHBI S11,
KakK Toka3aHo Ha pucyHke 1. Jlanee, korna aHTeHHa TOABEpraiach H3rHOAIONTIM BO3/ICHCTBU-
SIM M pa3Mellaiach Ha TOJI0OBE YeJIOBEKA, CIIEKTp aHTeHHbI S11, Kak mpaBuiio, CylIeCTBEHHO HE

MCHSAJICA, KaK 3TO NPCACTABJICHO Ha PUCYHKC 2.

(a) icl

0.0 —— 0. — —
1 Y YW TV
=10 | k -10)
|

2-20 1 t .20 : |
= _—_Simulated i 3 30 _——Simulated |
w30 . Measured o | Measured

-40 -40

0 0.5 1.0 1.5 2.0 25 3.0 0 0.5 10 1.5 20 25 3.0
0.048L Freq./ GHz 0.0A9 Freq./ GHz
- . ——— =
' |
i ” WN“ /'\I z\f Wm ﬂv‘v:
1 1 \ Ny

©-20 ©-20 |
230 —_Simulated = _—— Simulated
U Measured wA-30 Measured

-4 A0

0 0.5 1.0 15 2.0 2.5 30 0 0.5 1.0 15 2.0 2.5 3.0
Freq./ GHz Freq./ GHz

Pucynoxk 2 - Criextpbl anTeHHbI S11 17151 1BYX NpeiokeHHbIX poduiieil: (a) MIoCKHii B
cBobonHOM MiplocTpancTBe, (0) TUIOCKHIA HA TOJIOBE YEIOBEKa, (B) M30THYTHIM B CBOOOTHOM
MPOCTPAHCTBE U (T') U30THYTHIN Ha TOJIOBE YeJIOBEKA
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Cexkuus

KJIUMATTBIH ©3TEPYI )KOHE OHBbIH TABUTY )KYHUEJIEP MEH
KOPIIIATAH OPTAYT A 9CEPI

N3MEHEHUE KIUMATA " EI'O BJIIUAHUE HA ITPUPOJHBIE
CUCTEMBI 1 OKPYXKXAIOIIYIO CPENY

VIIK 502.171 (470.45)

3KOJIOTMYECKUHA MOHUTOPHHI 3EJJEHBIX HACAXKJIEHUM
B ILHYP-CYJITAH CAPBIAPKMHCKOI'O PAUOHA

Acnan A., macucmpanm 2 kypca
Kazaxckuu aezpomexnuueckou ynusepcumem um.C.Celighynnuna, e.Hyp-Cynman

Onenka 3enensix HacaxaeHuit 3HOII B rHyp-Cynran CapblapkMHCKOTO pailoHa mpoBe/e-
HBI IO MeTOIMKe OLIEHKH IKOJIOTHYECKOTO COCTOSIHUS 3€ICHBIX HACAKICHHUH OOIIETO MOJIb30-
BaHus. [lomydeHna uHdopmalys 0 BUAOBOM COCTaBE PACTUTEIbHOCTH, KaU€CTBEHHOM COCTO-
STHUM TOPOJCKUX OOBEKTOB O3€JICHEHUS: JEPEBhEB, KYCTAPHUKOB, KUBOW M3TOPOJIH, Ta30HOB
u 1BeTHUKOB [1,2,3]. [1o pe3ynpraraM MOHMTOpPUHTA MOJYY€HA KOMILJICKCHAsI SKOJIOTUYECKas
orieHka 3eneHbix HacaxaeHnt (KKD0), nanpl pekoMeH1aium BeIeHHsI X035 CTBa 10 yydle-
HUIO UX JEKOPATUBHOTO COCTOSIHUSA [4].

CkBep 3aHHMaeT KOMIAKTHYIO TEPPUTOPUIO, MPEAHAZHAYCHHYIO LI apXUTEKTYPHO-XYI0-
YKECTBEHHOTO O(OPMJICHHUS B TOPOJIE IUIOIIAIeH, OOIIECTBEHHBIX U aJMUHUCTPATUBHBIX 3]1a-
HUW, MOHYMEHTOB, TPAHCIIOPTHBIX Pa3Bs30K, a TAKXKE CIIy>Kalllas JJis1 OBCEIHEBHOTO KPATKO-
BPEMEHHOT'O OT/IbIXa HACEICHUS U TPAH3UTHOTO MEIIEXOJHOTO ABUKCHUS.

Cksep «JIBopenr TBopuecTBay (Mminenuym) no yia. bykeiixana, miomans ckBepa 0,84 ra,
xuBas u3ropoas 207 m.m., ra3oHoB 3 342 m? iBeTHUKOB 457 M?. [TouBa TeMHO-KaIITaHOBAs Cy-
necyaHas, 4aCTUYHO, JIyTOBO-KaIllITaHOBAas CPEeIHECYTIIMHUCTAS, YpOaHU3UPOBAHHAS.

[Tocanka apeBeCcHON pacTUTEIHLHOCTH MPOBOAUIACH KPYITHOMEPHBIM IMOCAIOYHBIM Mare-
pHUaIOM C pa3MeIleHneM KOPHEBOM CUCTEMBI B 3¢MIISTHOM KOME. 25-JIeTHSS JINCTBEHHUIIA BbI-
caxena B 1993 rony. CoxpaHHOCTb JIMCTBEHHUIIBI, cUpeHH, Oepesbl cocTaBmia 100%, enncu-
oupckoit 75,0 %.

[Ipu omeHKe COCTOSHUS JAPEBECHON PACTUTEIBHOCTH OBLIO OINpPENesIeHO, UYTO ApeBecHas
pacTUTEIBLHOCTH OCiabieHa, cpeaHuil 6at mo mopoaam u3Mensercs ot 1,7 1o 3,3. XBoitHbIe—
1,7 Ganta, KIICHICEHETUCTHBIN 1 Oepe3a moBucias — 2 u 1,6 6auia, TUCTBCHHHIIA eBPOTICHCKas
— 2,0 6amna, U3 KyCTapHUKOB CUPEHb — 2,5 0aa, )KuBasi U3ropojib U3 CUPEHU U KJIeHa Tarap-
ckoro —1 6an.

[IpoBenenHast MHTETpagbHasl OIICHKA COCTOSIHUSI CKBEpa, IMoKas3aja, YTo CPeJHHM 0asut 1o
JPEBECHON M KyCTapHUKOBOW pacTHUTENbHOCTH — 2,1. Bece KityMOBI U3 1IBETOUHBIX pacTeHUMN
OLIEHUBAIOTCS - 1 0aj, ra3oHkbI onieHeHs! 1,0 Oama.

Cpennen3BenieHHast BennunHa cteneHu ocnadmenus (KKDO) pasna 1,6, u HaxoauTcs B
uHTepBajue ot 1,6 10 2,5, 4To XapakTepusyeT Kak oclabIeHHOe HacakaeHne. PexomenayeTcs
MPOBECTH YXOJ B CKBEpE IMyTEM YJAJICHUS YCHIXAIOIIUX JIEPEBHEB C MOCIEAYIOIMIUM BOCCTa-
HOBJICHHEM KpymHOMepoM. OclableHHBIM IPEBECHBIM U KYCTAPHUKOBBIM — PACTEHUSIM BHE-
CTH KOPHEBYIO U BHEKOPHEBYIO MOAKOPMKY (KOPHEBHHOM, 3MUHOM). CTapoBO3pACTHBIN KIIEH
OCTPOJIUCTHBIN, MPEAJIaraeTCs 3aMEHUTH Ha MOJIOJIbIE TIOCAIKH.

Cksep «Konrpecc Xomn» pacnonoxken no yi. Kenecapsl, omanes 0,04 ra. CocrosiHue
3eJIeHBIX HacCaKJIEHUI CKBEpa Xopolee.
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I'azon crpuxensiit — 1,0 6amn, Opycuarka yuctas. CpeaHuii 6ami IBETOYHBIX KIyMO 1O
cocrosiHuio — 1,5.KoadhhunimeHT KOMITIEKCHON SKOJIOTHICCKON OIEHKH BCEH PaCTUTEIILHOCTH
Ha oOBbekTe paBeH 1,7.

Pacuerst KKDO moxkaszanu, 4To MHTErpajibHasi OLIEHKA COCTOSIHUSL 3€JICHOr0 OOBEKTa CO-
ctapisieT 1,7, uTo onpenensieT 00bEKT, Kak 0ciabiaeHHbIN. PekoMeHyeTcs mpoBeCTH MOAKOPM-
Ky ocnabieHHbIX efieil. 3a 00beKTOM He0OX0IUMO MTPOBOAUTE PETYIISIPHbIE HAOIIOACHHUS.

Cksep «@yTtbonucToB» - miomaas ckeepa 0,63 ra. JlpeBecHass M KyCTapHHKOBasl pacTu-
TEJIbHOCTb MPECTABIICHA JINCTBEHHBIMU U XBOMHBIMU: JIUIIA MEJIKOJUCTHASL, YO YepenIdaThlid,
si00Hs1 cuOMpCKas, Tpylla yccypuickas, cOcCHa OOBIKHOBEHHAs!, psiOMHa OOBIKHOBEHHAsI, Oe-
pé3a moBuUCIas, eNb KoJrouasi, uepéMyxa OOBIKHOBEHHas, MBa y3KoiaucTHas.  CoXpaHHOCTh
JPEBECHBIX U KyCTapHUKOBBIX pacTeHuil coctaBuiua 80-100%.

[Ipu oneHKe COCTOSHUS JPEBECHON M KYCTapHUKOBOM PACTHUTENBLHOCTH CKBEpa OBLIO BbI-
SIBJICHO, YTO COCTOSIHUE COCHBI OOBIKHOBEHHOM, JTy0a 4epenryaroro, i0;10H1 CHOMPCKOM, TpyIIn
YCCYpPUHCKOH, YepeMyXH OOBIKHOBEHHOM, MBI Y3KOJIMCTHOM, Bs3a IPU3EMHUCTOTO XOpoIlee 1
onienuBaetrcs B 1,0 6amn. J[pyrue pacrenus 6onee ocnabieHHbIE, 9TO JIUMA MEIKOTUCTHAs — 1,2
Oaina, enb komodast — 2,0 6amia, 6epesa mosucnas — 2,0 6amna, psOrnHa 0OObIKHOBEHHAS — 1,6
6amna. CpegHeB3BEIICHHBIN 0asuT IO APEBECHOM paCTUTEILHOCTH cocTaBui 1,4 6ana.

B xiymbax BeIcakeHa MeTyHbs, TareTec. JKuBas U3ropojs B CKBEpE U3 Bsi3a MEIKOJIUCTHO-
ro — 1,0 6amn. /[ ra30HOB UCTIOIB30BAJICA CIEAYIOLUINI aCCOPTUMEHT TPaB MHOTOJIETHUKOB!
MATIHK TyToBo# (Poapratensis L.), oBcsiauia nactoumuas (Festucarubra L.). ['a30HbI o11eHEHBI
— 1,5 6anna. Tonuapwuii (ms14) -16amn. UHTerpasbHas OlleHKa COCTOSIHUS BCEH paCTHUTETLHOCTH
CKBEpa paccuuTaHa C y4ETOM KOMIUIEKCHOH akonorndyeckoit oueHku (KK20):

Pacuerst KKDOO mnoka3zanu, 4To MHTErpajgbHasi OLIEHKAa COCTOSIHUS CKBEpa, C YUYETOM Jpe-
BECHOM paCTUTEIbHOCTH, )KUBOW M3rOPO/IX, Fa30HOB U KIyMO paBHa 1,2. OObeKT onpeaenseTcs
KaK 3JI0POBBIil.

PexomeHyeMble MEpOIpHATHS HaNpaBieHbl Ha YIy4llIeHHE JIEKOPATHBHOTO COCTOSHUS
o0crenoBaHHBIX 00BEKTOB.UTOOBI HE JOMYCTHTH OCIA0JICHNUS 3€JICHBIX HACAXKICHUN Ha 00BEK-
Tax HEOOXOIWMO MPOBOIUTH PETYISIPHBIC HAOMIOIEHHUS T10 BBISIBICHUIO K O0PHOE C MaCCOBBIMU
BpEIUTEISIMU U BO30YIUTENIAMU 3a00JIeBaHUI IPEBECHON U KyCTApPHUKOBOW PACTUTEIHHOCTH.

HccnenoBanust HE0OOXOAMMO MPOJOHKUTD C LENBIO BBISIBICHNS YCTOMUMBOIO aCCOPTUMEHTA
JPEBECHBIX PACTEHUM [Tl TaHAMA(THOTO CTPOUTEILCTBA B YCIOBUAX PE3KOKOHTHHEHTAIbHO-
ro KJIumMara.
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VIIK 639.3.06

HEPCHEKTHUBBI NCITOJB30BAHUSA CUCTEM ABTOMATU3ALIUN
ITPU BBIPAIIIUBAHUU PbIb
B YCTAHOBKAX 3AMKHYTOI'O BOOIOCHABXEHUSA

Kyanuaneeg A. b., macucmpanm 1 Kypca
Kasaxckuu azpomexnuueckui ynusepcumem um. C. Cetihynnuna, 2. Hyp-Cynman

Ceromusi akBakyJbTypa MPOXOIUT Yepe3 BaXKHBIM MEpHOA. DTO B OCOOCHHOCTH KacaeTcs
HEPEOBBIX YCTAHOBOK 3aMKHYTOTO BOJOCHAOKEHHUS, IJI€ HOBBIE TEXHOJIOTUH IS YIIy4IICHUS
BCET0 IIPOLECCa BHEAPSIOTCS BCE Yallle.

Hauunas ¢ cepenunbpl XX BeKa HCIOIB30BAHUE YCTAHOBOK 3aMKHYTOTO BOJOCHAOXKEHUS
(Y3B) B mpoMBIIIIIEHHOM PBIOOBOJICTBE — caMmasi EPCIEKTUBHASI MUPOBAasi TEHACHIIUS, OCHOB-
HOM 3a/1aueii KOTOPOU SIBIISICTCSI UCKYCCTBEHHOE CO3/IaHUE CpeAbl OOMTaHHS THAPOOUOHTOB,
00eCTIeYNBAIONINI MAaKCUMAIIbHBIN BBIXOJ] TOBAPHON MPOIYKIHMU B COKpAIIEHHBIE CPOKU IPU
coxpaHeHuu kadectBa ToBapa[l]. Ilpu BelpamuBanuu B Y3B Bce mapamerpsl TEXHOJIOTHYE-
CKOro npoliecca (KOHIUIUOHUPOBAHNE BOJIbl, KOPMJIEHUE, KOHTPOJIb U T. I1.) COBEPLIAOTCS IIPU
IIOMOIIIM aBTOMaTU3UPOBAHHBIX YCTPOMCTB, IEHCTBUE KOTOPBIX MOXKET IIPOrPAMMHUPOBATHCS, a
BJIMSIHUE TIPUPOAHBIX (DAKTOPOB HA XOJ TEXHOJIOTUYECKOTO MPOLECCa CTAHOBUTCS MUHUMAJIb-
HbIM[2]. [ToaToMy akBakynsTypa B Y3B MOXKET cuMTaThCsl Hanbo0IIee SKOJIOTHUECKUM METOJIOM
IPOM3BOCTBA PhIOBI HA KOMMEPUYECKH KU3HECTIOCOOHOM ypoBHE. Hanbonee nHTEpeCHBIM, 011~
HAKo, SIBJISIETCS TO, YTO OTPAaHUUYEHHOE UCII0JIb30BaHUE BOBI TAKXKE JaeT OOJIbIINE IPEUMYILIE-
CTBa C TOYKHU 3pEHUS MPOLYKIUHU pplOHOTO X034iicTBal3].

TpaauuronHO€ pbIOOBOJICTBO MOTHOCTHIO 3aBUCUT OT BHELIHUX YCJIOBHM, TAKUX KaK TEM-
neparypa BOJbl B PEKE, YUCTOTA BOABI, YPOBHU KHCIOPOJA, PACTEHUS U JIUCThS, IUIBIBYILIIUE
BHU3 110 BOJIE M 3a0WBAIOIIUE PEIIETKH BOM03a00poB, u T.A. B Y3B 3T BHemHue hakropbl
UCKITIOYAIOTCS TUOO MOJTHOCTHIO, TMO0 YaCTHYHO, B 3aBUCUMOCTH OT CTENCHH PELUPKYIISIUN
U KOHCTPYKIMM ycTaHOBKH[4]. COOTBETCTBEHHO B IOCIEAHEE BPEMs CTAJIU IMOSIBIATHCA BCE
Oosiee oOmMpPHBIE PHIOOBOIHBIE XO3MCTBA, OJJHAKO MPH YBEIHMUYECHHH 00bEMOB MTPOU3BO/ICTBA
HEen30€KHO BO3HHMKAET HEOOXOIMMOCTh YBEIUMYEHHUS Pa0OYMX PECypCOB MM ONTHMM3ALUS
IPOIIECCOB, KOTOPBIE MO3BOJISAIOT CHU3UTH TPEOyeMOe KOJIIMYECTBO PECypCOB HA €IMHUILY IPO-
nykuuu. Vcnonb30BaHHE MEPeoBBIX TEXHOJIOTUH M WX aJanTanus K MoTpeOHOCTAM oTpac-
oM TapaHtupyet, yto Y3B OyayT Gonee mpupomocOeperaronmmmu, ooecredar MOBHIIIEHHYIO
3¢ PEKTUBHOCT U MPOU3BOAUTEILHOCTD, @ TAKXKE CHU3AT 3aTPaThl PU YAYUIIEHUH KauecTBa
PBIOBI.

CnHcoK MCI0JIb30BAHHOM JINTEPaTyphl
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90K 582.475 (574) (043.2)

KAPAFAH/IbI OBJIBICBIHBIH KAPAFAJIBI OPMAHJIAPBIHBIH,
OCY KAFTAUBI

Capcexosa /[.H., a.w.2.0., doyenm
bynanbexosa V.P., 2 kypc macucmpanmoi
C.Cetigpynnun amoinoaewvl Kazax acpomexuuxanvix ynusepcumemi, Hyp-Cyniman K.

CoHFBI KbUIIApHl FaTamMIIapbH Onochepaiblk KabaThIHAAFBl HKOJIOTUKAIBIK MIceenep
epuuin typ. ComapasiH Oipl FamamMabIK KbUIBIHY JKOHE KIMMATTBIH e3repyi. by macenenep
©3JIITHEeH FaJaMbIK MacIITa0Tarsl mpodiiema Oosa KolMail 6uocdepara AereH e3iHIiK Tepic
acepi Ae Korapel gopexene. KIIMMaTThIK e3repic oCIMIIKTEep dJIeMiHIH aca YJIKEH ayKbIM[a
@3repicKe YIIbIpayblHa OKeIiN COFy MYMKiH. OChbl OarbITTa O©CIMIIKTEp SJeMiH KaJjarasay,
KOpFay KOHE OJIaH opi JaMbITy aca MaHbI3IbI [ 1].

Kaparaner o0mbickl KazakTeiH ycak moKbICh - CapblapKaHbIH €H OWiK O6JIiTiH aibIl Ka-
ThIp. KiIMMaThbl KypT KOHTHHEHTTI )KoHE oTe Kyprak. KpicTa ambIk aya paiibl 6aceiM. EH CybIK aif
- Ka"TapAblH oprama Temneparypackl Contycrikre — 18°C, Outyctikre — 14°C Oalikanaspl.
AOCOMOTTIK MUHUMYM — 52°-44°C apainblFbiHia aysITKUIbL. JKazna Opranbik KazakcTaHHBIH
Jana aiiMarbl TYCHIHIAFBI aya Maccalapbl KaTThl KbI3bII, OYJITCHI3, alllbIK 9pi BICTBIK aya Paubl
opHaiiel. EH bUBI aif — mingeHiy oprama temneparypacsl Conrycrikre + 18°C, OHTYCTIK
aiimarpiaa +22°C Gonanel. EH sxoraper Temmeparypa +40-43°C memmepinge. OOMbICTBIH
COJITYCTITiH/IE KBUIABIK KaybIH-IIambiH Memmepi 250-300 MM, onrtycririnae — 150-210 mwm,
TeMeH Taylibl aynangapaa — 300-400 mm kypaitasl [2].

Kaparanns! pecryOnmka KypambIHIaFbl OPMaHIBUIBIFBEI TOMEH 00NbIcTapabiH Oipi. Ka3zipri
TaHa O0JILIC ayMaFbIHa OpMaH KOpbl 614,8 MbIH ra (Kaimbl opMaH KOPeIHBIH 2,04 %), OHBIH
iIIiHae OpMaHMEH KoMKepiiareH aya 153,6 MbIH ra (5kajrbl OpMaHMEH KOMKEPIJITeH ayMaKThIH
1,19 %) [3]. OGmbIc opMaHIaphl KOIT KAKThI YKOJIOTHSUIBIK KOHE MIapyallblIbIK MaHbBI3Fa He.
OpmannapasiH 0acTbl KYHIBUIBIKTAPBIHBIH Oipi-OHBIH aybUIIIapyallbUIbIFbIHA METHOPATHBTI
ocepi. Omap arbIH]IBI CyJIap MEH JKEp acThl CYJIapbIHBIH JCHICHIH PETTEH Il KOHE OpicTep I )Kel
9po3usChIHAH KOpFaibl. Kap KypcaybIiHaH €H THIMII KOPFAHBIC, TEMIp )KOHE aBTOMOOKITH KOJI-
Japbl OOMBIHIAFBI EKIIENIEpP YIIKEH MaHbI3Fa ue [4].
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OO6nbIc OpMaHAApBIHBIH HeETi3ri OemiriH OyTanel ecimuikrep - 86464,2 ra, kaparail -
30892,5 ra, kaiteiH - 16901,1 ra, kexrepek - 10768,4 ra xone 1.0. aram Typraepi - 8379,2 ra
KaJIBIITACThIPAIbI.

6%
7%

11%
B ByTankl eciMIiKTep
B Kaparaii
W Kaiierg
56%
m KexTepex
20% B Osre Fam TYpaepl

Cyper 2 - Kaparauabl o0JIbICEl OpMaH KOpBI Kypambl, %o

PecniyOnuka OoliblHINIA Kaparailibl OpMaHAAPAbIH KalIbl aydaHbl 898,5 MbIH ra, OHbIH
imiage 30,8 mbiH Ta (3,43 %) Kaparanapl o0bIChIHAA MIOFBIpIIanFaH. Kaparaitibl opMaHap by
OacbIM Oeutiri OOJIBICTBIH LIBIFBIC, OHTYCTIK-IIbIFbIC Oonirinae, Kapkapanst MY TII aymarsinga
ecyze. baceim Geniri C,, C2 — Kyprak THIITI €KIIENEPAEH TYPaJIbl.

XKac kmaccel 60ibIHIIA 00BIC ayMaFbIHIAFbI Kaparailibl opManaapabiH 48 % - VI-X xac
KJ1acchl apanbiranna, 47 % - 111-V xac kiacc apansirbiaga, [-11 kmacetsl exnenep 6ap >KofFbl 5
% KaJbInTacThIpaibl.

m Aynansr, %

Cyper 3 - O0nbIc GolibIHIIa KapaFail eKMeepiHiH jkac KiacTapbl OolbIHIIa OemiHyi, %o

OONBICTBIH Kaparaiulbl eKIenepiHiH OOHUTETTIK Kiacc OOMbIHINA XKIKTeNyl Keneciaen: [A
—44 8 ra, I — 137,4 ra, 11 — 180,0 ra, III — 2435,0 ra, IV — 6820,0 ra, V — 9946,8 ra, VA —
11328,3 ra. Exnenepinig 1,17 % xorapel 60HUTETTI, 29,96 % opramma 6onuteTTi, 68,87 %
temeH OonuteTTi. Opramma TeiFe3abFs — 0,4-0,5 [5].

OONBICTHIH Kaparaisibl OpMaHIapbIHBIH CAaHUTAPIBIK KaFJaNbl KaJIbl KaHAFaTTaHAPIBIK.
Exmnenepzeri KyparaH aramrap yaKThbUIbI KWHaNaAbl. JKamnmaii keOer omrakTapbiHBIH O0IMa-
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ybIlHa OalJIaHBICTBI IPIKTEN CAaHUTAPIIBIK Kecy FaHa kypriziieni. COHFBI KbUIapbl KONTETCH
3USIHKECTEePIH CaHbl 3USHJIBUIBIK IIET1HEH acrai, IIaFblH JKePTUTIKTI olIaKTap IeHOepiHae
aybITKBII OTBIPABI [6].
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KJIOHJIBIK MYPAFATTAPIAFBI KQIIMI'T KAPAFAV/IBIH IIIOCTIK
AFAIITAPBI YPIIAKTAPBIHBIH CAHUTAPIBIK
KATTAMBI )KOHE CAKTAJTYBI

beiicenbaii A.b., 2-kypc macucmpanmaol
C.Ceuighynnun amvinoagel Kazax acpomexnuxanwix ynusepcumemi, Hyp-Cyaiman .

Kaszipri mo6as bl KTMMATTHIK ©3repic asChIHa TEMIIEPATypa PEKUMI COHFBI 3 OH )KBIIIBIKTA
TEK YKOFapbl KOPCETKII OaFbIThIH/IA KbUDKYAa. KIMMaTTeIH ©3repyi, aya TeMreparypachiHbIH
opTala KepCeTKIIIiHIH )KOFapbulaybl, TIOOAIIBIK KbUIbIHY, aTMOC(epaaarbkl KOMIPTEKTIH ap-
TYbl OpMaH 3KOXKYHECiHEe YIIKeH acep eTyne. by jkarmail opMaH SKoXKyHeciHe OH jKoHE Tepic
OarpiTTa ocep eryae. Coi cedenTi OpMaH KOPBIHBIH apTYhI dKOHE OHBIH KIIMMATTBIK ©3repicTepre
TO31MJILIIr aca MaHbI3bI [1].

KazakcTan opMaHABLIBIFEI a3 MEMJICKETTEP/IIH KarapbhiHa Kipemi. 2021 XKbUTbl IepexTepi
OolibIHIIA pecyOarKaHbH opMaH Kopbl 30,4 MiH. ra (peciyOiuka TeppUTOpuschIHBIH 11%),
oHbIH imiHje 13,3 miH. ra (pecnyOnuka TeppuTopuschiHbiH 4,9 %) OpMaHMEH KOMKepUIreH
[2]. OpmanHbIH Tapaysl Oipkesnki emec. OpMaH eCIMAIKTEPiHIH Typiepi TAOUFU aiMaKTapIbIH
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oprypautirimex ausikrana sl [leni aiimakra cexceyin opmanaapsl ecei. Tayabl opMaHaapIbIH
Herisri Oemiri Antaii, JXourap »xoHe Ime AnartayblHBIH Kapa KbUIKAHIIBI EKIeIepiMeH
KeMKepiiareH. Jlanma >koHe opMaHJIbl Jjajia aliMaKTapbIHBIH JKa3bIK OeJiriHIe KalblH-KOKTepeK
IIOK OpMaHJap, Kaparaisiel opManaap, Epric eHipiHae Kaparailibl OpMaH KOJaKTaphl ©Ce/Il.
Cexkceyin opMaHJapbl OpMaHMEH KeMKepuireH ankanTbiH 50,5% - bIH, KbIJIKAH JKallbIpaKThl
exmenep - 13,5% - bIH, )KyMcak >kanbIpakThl exnenep - 11,7% - bIH Kypaibl.

Kanimri kaparaii - Pinus sylvéstris L. — Contyctik KazakcTaHHBIH HETi3r1 opMaH KypayIibl
araiml TYKbIMIAC eCIMIIKTepaiH Oipi Oonbin Tabbimaasl. TaOuru Typae KazakcTaHHBIH ycak
IIOKBUIAPbIH/IA XKoHEe ANTail TaynapblHa, Ka3bIKTaFbl OPMaHIbl Jajaja >kKoHe Janana, KyMmiaa
JKOHE KYpFaK TOIBIpAaKTa ©cell, COHBIMEH KaTap ejIi-MEeKeHAEp/l KerajaaHabIpyia KeHIHEeH
Kosganbuiazpl [3]. PecmyOmnuka aymarbIiHIa ©CETIH Kaparail TYKbIMIACThUIAPBIHBIH 1IIIHIE €H
keH Taparas Typ (53 %). Kaparaitnel opmangapaeH opMaH KopbiHAaFs! yiaeci 2019 xbutrsl ne-
pexTep OoiibiHIIa 898,5 MBIH ra, MalbI3IbIK KOPCETKIII OpPMaHMEH KOMKEPUIreH epAiH 6,95
% Kypaizsl [4].

Konimri kaparaii onemaeri KYHAbl )KoHe KOMMEPLMUIBIK MAaHbI3bl aFalll TYpiHiH Oipi 60-
JeIn TabbLIaabl. Ocy apensl keH aykpiMabl (Eypomna, Opra Azus, [eireic Cibip, MonFonus,
KpiTaii) xkoHe TemmepaTypajiblK PEKUMHIH alTapibIKTail e3repyiHe »oHE KYMIbI-KYpPFaK
TOTBIpAaKTapAa Ja ecyre MYMKIHAIK OepeTiH SKOJIOTHUSIIBIK HKeMJIUTiKke ue. PecmyOnuka
ayMarbIH/1a TaOUFHM Tapaly aiiMarbl KeH KOHE eNiMI3/iH CONTYCTIK OOIIriHiH Heri3ri opmaH
KypayIlibl arail Typi 0oybIiHa OaillaHBICTBI KSIMI1 Kaparaiabl 3epTTey kKoHe Kaparaiibl op-
MaH KeJIEMiH YJIFalTy ’KYMBICTapbl ©TKEH FACBIPJIbIH €KiHIII KapPTHICBIHAH Oepi KOJIFa aJIbIHFaH.
Ocpl maxcarra KazOIIAF3U cenekius OesnimMiHIH MaMaHAapbl Oyl TYpHAl CENEKIMSIIBIK
cypeinray makcarbiHga 80,0 ra Toxipubenik oObekTiiep (TUIIOCTIK aramTapIblH KIOHBIK
MyparaThl JKOHE CBIHAK €KIenepi, reorpadusuiblK exmnesnep, OylaHaapablH ChIHAK eKIeepl)
KaJIBINITaCThIPbUIFaH [S].

[TnrocTik aramTap AiH canackl OOMBIHILA €H KOFapFbl KOPCETKILITEPTe Ue, TY3Y, OyTaKkTapAaH
KaKChl TazapThlIrad. J[namerpi OolibIHIIA eKIe imiHAe opraria kepceTkimTeH 30 % jxoHe oJjaH
KOFapbl, OuikTiri OoibiHIIa 10 % *kKoHe ofaH KoFaphl. AFall cay »KoHe KaKChl TYKbIM Oepeni
[6].

3epTTey HBICAHBl PETIHJE KapacThIPbUIBII OTBIPFaH KOIIMI1 KaparailblH IJIIOCTIK
aFalITapblHBIH KIOHJBIK Myparartapbl Axmona o6mbicel, IIlydnHCK Kajmackl MaHBIHJAA
OpHalacKaH. 2 KJIOHJBIK MyparaTTaH Typajbl. 1 KJIOHIBIK MyparaT 1984 x. (aymansl 2,7 ra)
KoHe 2 KIOHABIK Myparar 1984-90 »x.x. (aymausl 3,3 ra) oTelprbI3blIFad. KIOHIBIK MyparaT
Conrycrik KazakcTaHHBIH OpMaH MacCHUBTEPIHEH 1pIKTEN ajbIHFAH 53 IUTIOCTIK aFallTapablH
KJIOHJIApbIHAH ©CIpUIreH. 3epTTey KYMBICHI OapbIChIHIAa KJIOHAAPABIH CEICKIMIBIK Oarasay
apKbLJIbl CAHUTAPIIBIKJIBIK JKaFqaiibl aHBIKTAJIIbI KOHE HHBEHTAPU3ALUS HKYPri3uii.

3eprrey HOTIKECiHAE | jkoHe 2 KIOHIBIK MypararThiH 2021 KblUTFa caKTadybl THICIHINE
70,14% xone 67,75% KypaWThIHbI aHbIKTaAbl. KIOHIBIK MyparaTTapAarbl pameTanapablH
»anrbl canbl 3286 naHa, op kioH 11-nen 58 nanara neitin. 3epTrey OapbIChIHIA CAHUTAPHSIIBIK
Kal-KyHiHe, 3UsTHKECTep MEH aypyiapra Te3IMIUTITiHe Oaranmay Kypri3uial, COHIai-aK arail
JHIHIH MEXaHUKAJIBIK 3aKbIMIAHYIapbl €CENKe aJbIHIbI.

CaHuTapnplK SKaFdaiiJIblH oOpTalia eJjIlIeHreH OajblHa COMKeC apThIKMIBUIBIFBI Oap
aFalITapblH KJIOHAAPHI QJICIpereH Jien cunarTanasl (colikecinie 2 xoHe | KJIOHIBIK MypaFar
yuria 1,6 sxone 1,7 Gamr). Omncipey Oenriiepl >KOK aramTap 3epTTENIETIH ydacKelepaeri
KJIOHJIapAbIH Kalmbl caHblHbIH 41,1% - bIH Kypajabl. 3UsSHKECTEp MEH OCIMJIK aypylapblHa
TO3IMIUTIK oprama ecemnmeH 4,1 GamiMmen Oarananibl. 2 xoHE | KIOHIBIK MypararTapiarbl
aramTapasiH 80-88% - pIHAA IAMAIIBI 3aKbIM TaOBLIIBL.

[TmrocTik aramTapIsIH KJIOHIAPBIH CAHUTAPIIBIK Oaranay Ke31HAe MHACPAIH MEXaHUKAIBIK
3aKbIM/IaHYbI aHBIKTANBI (1-cyper).
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Cyper 1. KinoHnapasiH JiHAepiHIH MEXaHUKAIBIK 3aKbIMIaHYbI: @ — | Gayut; 6-2 6ar;
B-3 Oayr

KaOBbIKTBIH MEXaHMKAIBIK 3aKbIMJIAHYbl KaMOWid KaOaThlHA JCHIH JKETEeMi, HOTHKECIHIC
KIIOHIAPJABIH JIHJIEPIHAE ycakray cen ary i3aepi TaOburael. bomkam OoifbiHIma, Oy
3aKbIMJIAHY/IBI J)Ka0aibl aHIap (SJIKTep) xKacaiabl, oJlap YIIiH aFalIThIH TYOIHIET1 )KYKa KaObIK
KOCBIMIIIa KOPEKTIK 3aTTapbIH K631 OOJIBI TaOBLIA B,

MyHaii 3aKbIMJIaHFAH aFalITapAbIH yiecl coiikecinme | jkoHe 2 KIOHIBIK Myparar YIIiH
56,82 xone 44,72% xypaiiasl. CeIIbIpyIapapl €CenKe amy Ke3iH e 3aKbIMIaHyaap bl 3 OaIbIK
mKaixa OoWbIHIIA Ke30eH Oarayay >Kyprizuial, MmyHaa 1 6amr — 3akeIMaIanyaap Oipii-KapbiM,
V3BIHJIBIFBI J)KOHE €Hi 15 cM - Te jaeiiin; 2 Oami-3akpIMAaHyIap Oipii-kapeiM, OuikTiri 50 cM-
re JIeHiH JKoHe JiH AMaMEeTpiHiH Y2 - re JAeiiH eHl Hemece nepumerpi 60 cM-re jeliin OipHerre
3aKpIMJIAHYTap; 3 0aul — 3aKbIMIAHYIap Y3BIHIBIFRI 2 M-T¢ JICHIH )KOHE €HI JUaMeTpiHeH Y5
KOHE OZIaH Ja KeTl.

KarTel MexaHHUKAIIBIK 3aKbIMIaHYbI Oap aramrapasiH keoi (3 6amr) 1 KIOHIBIK MyparaTTa,
oHa onapasiH yiect 20,92% kypaabl. 2 KIOHIBIK MyparaTTa KaTThl 3aKbIMJIaHy JAopexeci 0ap
arain exi ece a3 xoHe oyapabiy yieci 10,32% xypassl.

KaObIKThIH ((h109MaHBIH) TOJBIK 3aKbIMIaHYbIHA JICHIH )KETETIH AIHHIH JHAMeTpi OOMBIHIITA
3aKbpIMJIaHY ayJaHBIHBIH OJaH Opi YIFAIObl OPraHUKAJIBIK 3aT ajMacy MPOIECiHiH OY3bUTYbIHA,
OCIMIIKTEp/IIH TOIIMAUIITT MEH TIPIIUTIK KaOUIETIHIH TOMEH/IEYiHEe KOHE OJIapIbIH OJaH opi
eJiMiHe akenei [7].
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HYP-CYJTAH KAJIAChI FOUBIHIIA UHTPOJAYIEHTTEJTEH AFAII
OCIMAIKTEPIHIH COHJAIK EPEKITNEJIKTEPIHE
CTATUCTHUKAJIBIK TAJIJAYbI

baxwimosa O.b., 2 kypc mazucmpanmul
C.Ceuighynnun amvinoaevr Kazax aepomexnukanvix ynusepcumemi, Hyp-Cyaman K.

NHTpOAYKIMSIBIK JKYMBICTBIH HOTHXKeCi KeOiHece KoOEHTy Tocili MEeH ecCiMIIKTep.i
ecipymeH OaitnanplcThl. COHABIKTAH OpPMaH ecipylli MaMmMaHgap - MHTPOXYLEHTTEPAiH
OMOJIOTHSUIBIK €PEKILEeNIKTePIH MYKHAT 3epTTey KepeK, OUTKEeHI OHBIH HETi31H/e jKaHa XKep-
Jie TYpBIC arpOTEXHMUKAJBIK LIapanap yHbIMAACTBIpY Kepek Oonaabl. OChl yakbITTa OpMaH
©CIpYIIIHIH aJ/IbIHJa MbIHA CYpaKTap TYpajbl, TYKbIM/IbI €ryre JaiblHaay, eryaiH Mep3iMaepi
MEH Tociepi, 3UTHKECTEP MEH aypyJapaH eriCTIKTepAl KOpFay, OThIPFbI3aThbIH MaTepHaIblH
TYpJIEpIMEH, arpoTeXHHMKa >KOHE ecipy Mep3iMiepli, >KoHe ojap[bl MblHa MacelelIepMeH
KEJICTIpY, OpMaH eKIeJIepiHiH TUIITepl KOHE OJlap/ibl 6Cipy arpOTEXHUKACHI, EKIIE aFalITap/ibl
OpMaH ecipy TOCUIIEpPIMEH KaJbINTACThIPY K. T. 0. DK30THUKAJBIK TYpJepal KeOeHTkeHe
TYKBIM/IBIK JKOHE BETeTaTUBTIK KOOSHUTY/NIH OPHBI MEH MaFbIHACHIH aHBIKTAy KEpEK.

CoHbIMEH €KIle OpMaHJapFa HEMece KerajIaHiblpy MaKcaTblHJa HWHTPOAYKIHUSIIBIK
TYKBIMAAP/bl JKaJIbUIANl EHrI3reHae OipHelle MoceneiepAl IIenry Kepek, ojap MblHa-
Jap: CENEKUMAJIBbIK — TEeHETHKAJbIK, ©CIMAIK IIapyallblIbIKTBIK, 3KOJOTHSUIBIK — OpMaH
[IapYalIbUIBIKTBIK JKOHE SKOHOMHKalblK. H. 1. BaBUIOBTBIH alTybIHIIA HWHTPOLYKIMSHBI
yiBIMAACTBIpFaH/1a KapaHTHHFA KOl KOHUI 06Ty KepeK, OUTKeH1 KapaHTUH/IIK KbI3MeT Oomaca
OapIIBIK ©T€ KAKCHI )KYPIi3UIreH IKCIEeTUIMSAIIBIK AKYMBICTAp HKOKKA KETeIl.

OpMmaH[bl KadmblHA KeNTIpyAl 3epTTeyleri MaHbI3Ibl  (akTopiaapAblH Oipi-OpMaHabI
KaJITIbIHA KeNTipyTre KOMalbl TYP/li, COHAAM-aK OChI TYP/iH THICTI IIBIFY TET1H TaHAay, COHIaM-
aK KelLIeTTep/li ecipy KoHe oJapAbl OPMaH/Ibl KaJIbiHA KEATIPY alaHAapblHaa naiinanany. byn
aramuTap/bIH MIBIFY Teri OOMBIHIIA TOKIPHOE apKbUIbI aHBIKTANAAbl. SIFHU, HIBIFY Teri OONBIH-
112 TOXKIpUOenep-OyJ1 op TYpIIi LIBIFY TYpJiepiH Oi1p-0ipiMEH CaIbICTBIPATHIH XKOHE €M1l MEKEHIe
€H JKaKChl 5KOHOMUKAJIBIK YKoHe OMOJIOrMsIIBIK OeilimMIeny i KaMTaMachl3 eTe ajaThlH MOIMyJIs-
LUSHBI HEMece HIBIFY TEeT1H aHbIKTayFa MYMKIHJIK OepeTiH xkymbicTap [1]. byn 3eprreynepae
KOJIJJTaHBUIATBIH aFalll Typsiepi MHTPOLYLEHT Jien aTanajbl. MHTpOILyLeHTTep y3aK yaKbIT OOUBI
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OMOJIOTUSUIIBIK JKOHE AKOHOMHKAJIBIK KYHJBUIBIFBI JKOFaphl TYPJEPHAiH ailblpMallbUIbIKTapbIH
SKOJIOTHSUIBIK JKaFlaiiia malijanaHy YILIIH OJIEMHIH OpTYpil »KepiepiHae xyprizinai [2].
beltimaeny >KyMbICTapblHAa KOJNJIAHBUIATBIH MHTPOIAYLEHTTI TYKbIM, OylIaHIACTBIPY HeMe-
ce KellIeT TypiHae okemyre Oonazapl. beiimaeny skymbIcTapbiH Kyprizy ymiH Kazakcranra
OKEJIIHI'eH MHTPOAYLEHTTEp arpoopMaH LIapyallbUIbIFbl KOHE OpPMAaH[bl KajIbIHA KEITIpY
OoIbIHINA /1aj1a KOHE J1aja KYMBICTapbl TYPFbICBIHAH ©Te MaHbI3/Ibl. OChl MaKcaTTa Oefimaeny
seprreynepinne Gleditsia triacanthos, Robinia pseudoacacia, ailanthus altissima, Ulmus Minor
pendula cUsSIKTBI TYpJiep OJapAbIH T€3 6CY1, KYPFAKIIBUIBIKKA )KOHE TY3Fa TO31M/IUIIT], SPO3USTHBIH
aJIIbIH-aJTy/IbIH XKOFaphl KabiseTi, Tedenep MeH OeTKeiepAl TypaKTaHAbIpy YILiH KOJIIaHbLIIbI.
Kananplk nanamadTTa HHTPOAYLEHTTEp aliMaKTarbl ©CIMAIKTEPIiH OMOIPTYPILIITiH apTThIPY
YIIIH KOJMAaHbuiaabl. TaHbUIFaAH TYpJEpAiH KOMNIIUITiHAe MOP(OIOTUSIIBIK epeKIIeNiKTepi,
TYJJICHY, JKeNeK MilIiHi koHe T.0. Oap. epexmeneHeni. COHOBIKTaH oflap KaJaHBIH COHIIK
KeJIOeTiH XKaKcapTy YIIIH Je KOJJaHbUIaIbI.

Hyp-Cynran Kanmacel DKOJOTHSUIBIK KEIMICHII MOCENepiHiH ImIiHAe Kajla ayMarblH
KeraJIaHbIpy epeKIle OpbIH anbl. JKachul )KeJIeKTIH Kajla >KOCHAPIIbIK KYPbUIBIMHBIH a)Kbl-
pamac 6ip Oeiri )koHe KOpIIaFraH OpTajia aca MaHbI3/Ibl KbI3MET aTKapbI, OHBIH SKOJOTHSIIBIK
KYH/IBUIBIFBIH apTThIpaThIHBl Oapmiara momiM. Kanma TyprbelHAapblHa >Kailibl opTa »kacay
MaKCaThIMEH, XaJbIKTBIH KMl IIOFBIpJaHFaH aiiMarblH TabufarmeH Oipiiama yiijecTipyre
MYMKIHIIK O€peTiH, «9KO-Kaja» KaJbINTACThIpyFa OarbITTAJIFaH TYXKBIPHIM — KaJlaHbI
KerajianabIpy ici — AcTtaHa Kanachl 6ac *ocHnapbIHbIH HET13r1 e3eri 001611 Tabbu1aabl. bac xo-
criapJia COHbIMEH KaTap KerajJAaHIbIPYAbIH KeHICTIKTET1 HeTi3Ti opTalbiFbl — «Kachbul Aomiz»
KaJIBIIITACTBIPY KO3JENTEH.

KazakcranubsiH AcTtaHachl 007bIN OekiTireH 1997 kputbl Kana OONBIHIIIA KOTaTAaHIBIPY
anmaHpIHBIH Medmepi 67,9 ra O6onabl. 1998-2002 >xpuigap apansirbiga 129,2 ra ayMakThl
KerajIlanbIpy JKYMBICHI >Ky3ere achlpbliabl. Kasipri yakpITTa Kerajajauablpy OOWBIHIIA
KYMBICTap/IbIH K6JIeMi *Kbl1aH TKbUIFa apTyaa. 2003 sxeuisl « Kbt Mesringepi» (5 ra), onan
KeHiHT1 XKbU1Iapbl «AKOyIaKy, «Onumm» casdakTapsl icke Kochliibl. KanaHsl keraianaHabpy
opi abarranneipy MakcarbiHaa 2004 xeiigan OacTtam >kaimbl aygaHbl 155 ra aiimakka 6
cas0ak, 23 marplHOaK OpHATHUIABL. 78458 araml OTHIPFRI3BULIEL. OCHI IIapaHbl XKY3€re achl-
pyZla KOJJAaHbUIFaH araul rneH Oyra kemeTtepi 349 ra aymakThl ajbll jKaTKaH «AcTaHa jKachll
Kypbuibic» AK TyKpIMOarbIHaH allbIHFaH.

Hyp-Cyntan KanacblHAarbl HMHTPOAYLIEHTTEp aFallTapblH MailanaHyablH MakKcaTbl -
KaJla/Iarbl CyBIK aya-paiibIHa TOTEN OepeTiH, TY3/Ibl TONBIPAKTAP/IAa OCETIH )KOHE COH TYPFHICHIHAH
o/1eMi KepiHeTiH aramTapabl Tanaay. MHTpoayeHTTepaiH OMOI0rHsIIbIK KaCHeTTepl aFalliThIH
Y3BIH/IBIFBI, TUAMETPI, KENEeTiHIH auameTpi Ooibln caHanansl [3]. AramrapapiH JaHgmadrt
COyJNeTiH/Ie KOJIIaHy MaKCaTTaphbl- COHAUIIK, KeHICTIKTIK, KOJIECHKeIey1e KOIIaHbLIa bl

Hyp-Cynran KanachlHBIH SKOJOTHSIIBIK JKafjaiiblHa OeifiMzene anaTblH MHTPOMYLEHT
TYpJIEPIH aHBIKTay MaKCaTbIHJA >KE€p LIAPBIHBIH TYKHIP-TYKIIPIHEH afail Typiepi oKeliHAl
KOHE OCHI JKafainapra OeifimMJiene anaTelH Typiepi 3epTTenai. by 3eprreyain MakcaTsl — a.
Hyp-Cyntan KananapblHa HHTPOIYLEHTTEp PETiHe NaiananbliaTelH aramrapasl Taly. by
aramTapelH OWIKTIr, JUAMETPI, KeJeT1HIH AUAMETPl *KOHE IIBIFY Terl CUSKTHI OMOIOTHSITBIK
KacueTTepiH aHbIKTay, 0. Jlanamadr coynerinae aramrapabl naianany aJaeyeTiH aHBIKTay, B.
CraTuCTHKANIBIK aHAIM3AEp KOMETrIMEH opTypil JaHAmadTTa KojalaHyFa KeJIeTiH aFaliTap/bl
tagaay. by 3eprrey Hypcynran kanacelHIa ©cCipUIreéH MHTPOAYLEHT aramTapbl KOMETiMeH
KYprizuiai. 3epTreyne naiinananpuiran aramrap «boranukansik 0aky» sxoHe «OKacbur Aiimaxy
MMTOMHUTIH/IE OCIPIITEH aramTap/al TaHaanabl. byl TypaiH GU3HOIOTHSIIBIK epEKIIETiKTepl
(OmikTiri, auaMeTpi, KeJeriHiH AuaMeTpi, IIbIFy Teri) OYpbIH >KYPri3uireH 3eprreynep-
JIeH aJbIHFaH. 3epTTey/le KOJAAHBUIAThIH aFallTap/blH Ti3iMi, COHAAN-aK OChl aralTapblH
OMIKTII MEH JMaMeTpl CUSKTBI KeHOIp MOPQOIOTHSIBIK CUIaTTaMalapsbl, Iyjijaep, KaObIKTap
MEH TYKBIMJIap CHAKTHI KeHOip OMONOTHSUIBIK KacueTTepl, COHai-aK olap/blH TaOUFu Tapa-
JTybl MEH MaKcathl 9/ieOueTTep Ko31 apKblIbl aHBIKTAIAbI [4]. Op Typii ecipy *araaiaapelHaa
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OCIMIIKTEp/IIH MIHE3-KYJIKBIH 3€pTTey MaKCaThIH/IA JKYPri3UIreH 3epTTey KOpIIaFaH OpTaHbIH
cTpecc GaxkTopiaapbl ©CIMIAIKTEP/AIH JaMybIHBIH OY3bLTybIHA OKEJIETIHIH KopceTTi [5].

KazakcranuslH contyctiringe Hyp-cynran kamacel AKMoja ©HIpiHIE COATYCTIK €HAIKTe
51° 08'00 "xoHe mbIFbIc OoinbIKTa 71°26'00 opHanackan (cypet-1). XKanmsl aynansr 722 km2
6onatein Hyp-Cyunitan KanacelHaH conTycTikke Kapail Kocranaii sxone Kekmieray, mbIFpIcKa
Kapaii - [TaBnonap, oHTYCTiKKe Kapaii - Kaparanapl »oHe 6aTbicKa Kapail - ApKajbIK Katajgapsl
OpHaJIaCKaH.

3eprrey aiimarbiHga Omiktiri 331 M-meH 423 m-re neiliH, 3epTTey aliMarbIHIa opTalia
omikTik mramamer 800 M Kypaiiabl.

CrarucTukanslK Tangay. 3epTrey/e KoJIAaHbUIAThIH aFalTapIblH 3€pTTeNreH cunarramaia-
pBI OOMBIHIIIA aTIBIHFAH YITalIap/IbIH CUIIATTaMaJIbIK CTATUCTUKACKHIH aHBIKTAY YILIH €H TOMEHTH,
€H )KOFapbl, OpTallla )KOHE CTAHIAPTThI Ay bITKYIapAbIH MOHIEP1 €CENTeN 1. AFalTapbl 3epTTe-
T'eH KacueTTepi OOMBIHIIA CANBICTBIPY Ke3iHae nucnepcusiabl Tannay (ANOVA) KoaaaHbLIIIbL.

AramitapiplH  JIEKOPATHBTUIIK  KacueTTepi OoibiHIIA caibicThipy. Ocbl  Oemimue
KapacThIPbIIFAH JEKOPATUBTUIIK KaCUeTTep TYPFhICHIHAH arallTap/blH ajifaH OaranapblH ca-
JIBICTBIPA OTBIPHII, aFaIITAPIbIH Op KacUeTTepiHe KOIIaHyFa KapaMAbUIbIFbI Typaslbl peHTUHT
&KacaJbl.

Conpiniri. CTaTUCTUKAJIBIK TaJlay HOTHKECIHIE MHTPOLYLIEHTTEP I1H apachIHIaF bl OJIapbIH
COHJIIK KACHETTEpIMEH CaJbICTBIPbUIATBIH alBIPMAIIBUIBIKTAP CTATUCTHUKAIBIK MaHBI3/IbI
exeHairi aneIKTaae! (P: 20.4; p<0.01). bipHemie canbIicThIpMabl CBIHAKTAPABIH HOTHKECIHE
aramrap Oe3eHIIpyre >KakChl Colikec KeJleTiHl aHbIKTalIbl, eiTKeHi Acer ginnala, Tamarix
sp, Fraxinus Americana L xone Salix babylonica en >xorapsl ynaiiMeH OipiHIII TOMKA Kip.i.
ConsiMeH Katap, Juglans regia L., Pinus sylvestris, Populus simonii sxone Prunus virginiana
TYpJEpiHiH €H TOMEHT1 0aranapbl OOJIFaHBIKTAH, aFaIlITAP COHIK KaFbIHAH )KapaMChI3 eKeH/IIT1
aHBIKTAJIJIBL.
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Cyper 1 — Conainirin Tangay

Hazap aymapry. XXypriziireH CTaTUCTHKAJIbIK Tajljady HOTIDKECIHAE Hazap ayaap-
TY €pEeKIIeTIKTePiH €CKepe OTBIPBI CaNbICTHIPHUIATEIH HMHTPOAYIEHTTEP apaChIHIAFbI
alBIPMaITBUIBIKTAD CTAaTUCTUKAIBIK MaHBI3IbI ekeHl aHbIKTamabl (D: 18,9, p<,001). bipuemie
CaJIBICTBIpMAaJIbl  CHIHAKTAPIBIH HOTHKeCiHAe Acer ginnala, Fraxinus Americana L,Salix
babylonica xone Tamarix sp €H KoFrapbl yIiaiiMeH TonTa OipiHiii opbiHFa ne 60161, COHBIMEH
Karap, Prunus virginiana eH ToMeHT1 0ajuiFa e OOJIIbI )KOHE 0J1ap TOMEHT] TONKa Kip/i.
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Simple Bar Mean of Dkt by Agac_lsmi
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Cypert 2 — Hazap aynaprty Tannaybl

Kenicrik Kypy. CTaTUCTUKAJIBIK TalAay HOTH)KECIHIE KeHICTIK KYpY epeKIIeiKTepi OOWbIH-
1a CadbICTHIPHUIATHIH HHTPOIYIICHTTEP/IIH apaChIHIAFbl albIPMAIIBUIBIKTAD CTATUCTHKAIBIK
MaHbI3/1bI eKeHIIT1 aHbIKTan bl (D: 8,169, p<, 001). Salix babylonica GipHele canbICTEIPMAIbI
CBIHAKTAPBIHBIH HOTHXKECIH/IC €H JKOFapbl 0ajll >KMHAFaH TonTa OipiHiIi opbiH anasl. COHbIMEH
Karap, Populus kazakhstansky eq TemeH 0asut )KuHar, TOMEHT1 TOMKA Kipi.

Simple Bar Mean of Mekan_oclusturma by Agac_ismi

Agac_lsmi
Cypert 3 — KeHicTik Kypy TaJaybl

Kenenkeney. CTaTUCTUKAIBIK Tal1ay HOTHIKECIH]IE KOJICHKENEY KacueTTepi OONbIHIIA ca-
JIBICTHIPBUIATEIH MHTPOIYIICHTTEP apachlHIaFbl albIPMAIIBUTBIKTAP CTATUCTHKAIBIK MaHBI3/IbI
ekeHiri aapIkTamasl (O: 18,36; p<,001).

Simple Bar Mean of Golgeleme by Agac_lsmi

Agac_|smi

Cyper 4 — KenicTix Kypy OoiibIHIIa TaIAAY
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Kananarpr op0ip ’kKachll alKaaralITapMeH KerajIaHIbIPbUIFaH HBICAHAAPABIH  3€pT-
TEY HOTIIKECIHIH JEHIeii eKiHII JOpexalli KaTeropHsFa >KaTaThlH, SFHHM HallapliaraH el
aHbIKTabl. KaTThl HalmapiaraH HbICaHAApJarbl JKachbUl ajJKaarallTapibl KajlblHa KEITIpy
KYMBICTapbl Kacaly Kepek. by jxepiepre MenuopanysuiblK ic-miapajiap, ThIHAHTKbIIITAp,
OHBIH IIIiHJIE OPTaHWKAIBIK TBHIHANTKBIIITAP, MIBIPIIAIAPALI AIHH JKOHE KOPHEBHHMEH
TBIHAUTY MIapajapsl jkacaldy THic. 3epTTey MojiMerTepi OoMbIHINA AcTaHa KalaChlHJAFrbl
KerajlaHAbIpbUIFAaH  ayMaKTapJarbl arami-OyTanap >KOHE WHTPOAYLEHTTTEPIIH TambIp
KyleciHe OaillaHBICTBI OMIPILEHIIr, >KEepPCiHyl YPIICIH allublK >KOHE >KaObIK TaMbIpPibl
AKyHeMeH OTbhIprbI3blIFaH. JKypri3iireH caHakrap MeH 3epTeylepiH HOTHKEeJIEepiHe Kapacak,
XKaOBIK TaMBIPIIBI KYHECIMEH OTHIPFBI3BIIFAH MHTPOAYIIEHTTEPAIH AllIbIK TaMBIPJIbI KYHEMEeH
OTBIPFBI3bUIFAHApFa KaparaH/1a eMIpILIEH I )KOFaphl ekeHlH kepcereal. UHTpoayneHTTepaiy
YKAKChI JKEPCiHY1 YIIIiH, ONap/bl Ka0bIK TAMBIPIIBI dKYHEMEH OTBIPFbI3FaH THIMIL.

Kerammanapipy ankaaramrapblHIa arami-OyTaiabl ©CIMIIKTEpIiH 6Cyl MEH ©MipIIeHJIIT
KOPCETKIMTEPIMEH KaTap OMOMETPHUSIBIK KOPCETKIIITEPIH €CeNnTey A€ KY3E€re achIpbli-
abl. On JKyMbIcTapra OMIKTITIH eJjIey, aFbIMJaFbl ©CiMi JKOHE JMAMETPIH eJllley jKaTa-
Ibl. Bys sKyMBICTapabIH HETi3ri MakcaThl Oonamarbel 0ap, y3aKk eMip Cype ajaThlH COHJIK
WHTPOIYIIEHTTEP I aHbIKTAy. Heri3ri kepceTkimn OOJBIN aFbIMIaFbl ©6CIM JKOHE OMIKTIr caHa-
JaJIbl.
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Biotechnical measures are carried out annually in order to improve the living standards
and increase the number of animals on the territory of the farm. They are: regulation of the
species composition and number of animals; optimization of forestry and agricultural activities;
increase the level of protection of animal habitats; supplementary feeding; propaganda for the
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protection of animals. All of these measures are based on the results of scientifically based
studies of the typology of animal habitats and the results of regular censuses [1,2].

The internship took place from March 29 to February 23, during which time I participated in
biotechnological activities on the farm. When the weather warms up and the snow in the forest
melts, the construction of additional feeding structures, repair and preparation of salt trays will
begin. This work started earlier, mainly due to the weather, which is scheduled for early May
[3].

From 14 to 23 I worked with hunters to create and repair additional feeding structures. These
days we were in the Ne 37,44,56, 49 quarters when the sun was shining and the temperature was
9-19 C. Tools used: gasoline Oreon, ax, hammer, nails, board, fork, shovel, oil, gasoline, etc.

All of the above work was carried out at all additional feeding facilities. However, some
c.a.0. We did not go because the car could not pass in the areas where the snow did not melt.

New salt pans have been set up in areas frequented by animals. There are many traces of
animals in such places, and you can see the animals themselves. For example: footprints, feces,
traces of teeth left during feeding, gait, etc.

One of the biotechnical measures is supplementary feeding, the period of supplementary
feeding on the farm lasts 160 days. The feeding season is divided into 3 stages [4]:

1- Additional feeding period is 30 days, from November 1 to November 30, 25% of the daily
feed norm is imposed.

2- The transition period is 31 days, December 1-31, puts 50% of the daily food norm.

3- The main period is 99 days, from January 1 to April 9, during which the full daily ration
is established

Additional feeding trays are made of iron, made in 2017. Deer, deer and deer feed on high
pastures and wild boars on the ground.

Accounting measures. During the period from February 1 to March 31, 2021, the census of
wild animals was conducted in accordance with the guidelines for accounting. Due to the late
start of my dissertation practice from the census, I was not able to participate in the census.

n 2021, the census of wild animals on the territory of the branch of the State Institution
"Kokshetau" SNNP "Forest Spring" was conducted when the winter temperature was from +2
to -30 ° C, the average winter temperature was 9-12 ° C, the winter was snowy. Permanent snow
cover was installed in November. The animals were counted by the inspectors of the national
park. Methods used: route tracking, track tracking, feeding area tracking and visual tracking.
The length of the routes is 30 km.

Animals encountered during the registration were registered in the visual registration card
and their sex and age composition was calculated. The wild boar was counted at two additional
feeding grounds at the same time. The census routes covered all forest and steppe areas. Forest
area - 22 km, steppe area - 8§ km.

According to the census results: Moose in young poplar forests, swamps, pine plantations;
Ascania deer in pine plantations, acacia plants; Roe deer are found in birch forests.

Conclusion. During the dissertation internship at the branch "Ormandy Bulak" of the state
institution "Kokshetau State National Park" located in Akmola region, all the data collected
from the resources of the farm on the topic were analyzed. I got acquainted with the work
done in the field of hunting, gained new information and achieved the goal I set during this
internship, 1 gained practical skills to apply my theoretical knowledge in practice, to work in
my specialty in the future.
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Information on the work of the census of animals in the branch
"Forest Spring" for the last 5 years

Ne Types of animals Number by years
2017 2018 | 2019 | 2020 2021
Mammals
1 [Moose 26 23 26 28 31
2 | Deer 67 69 68 74 69
3 | Askania deer 57 55 57 59 76
4 | Deer 142 139 126 139 122
5 | Wild boar 95 98 99 108 95
5 |Fox 38 34 34 36 40
7 | Applause 14 16 17 22 25
8 | A wild dog 16 19 21 21 22
9 | The lynx 9 9 8 8 10
10 | White rabbit 58 59 52 55 63
11 | Or rabbit 34 37 39 40 40
12 | Stinky mink 11 12 12 16 22
13 | Coin 15 15 15 15 18
14 | White shovel 23 23 17 20 21
15 | Water spring 18 14 17 22 19
16 | White 19 17 17 20 19
Birds
1 | Empty 73 73 73 73 73
2 | White July 10 36 36 36 36
3 | Gray July 73 73 73 109 109
4 | No more whining 7 9 9 20 15

The number of red deer introduced into the territory of the branch of Kokshetau SNNP
"Ormandy Bulak" in 2005 increased from 13 in 2022 to about 200 trees. Currently, the growth
is stable. However, this information is approximate. Because the census is not conducted.
This does not allow to carry out rational operational and biotechnical measures on the farm.
Measures to combat poaching are ineffective. Due to the low level of technical support, raids
are also ineffective. Stray dogs have a negative impact on the growth of deer in general, as they
prey on deer calves. The total number of specialists in the farm, including hunters, is small.

Recommendations. Conducting winter and autumn censuses of red deer twice a year for the
rational conduct of hunting. In order to combat poaching, it is necessary to increase the number
of vehicles to increase the effectiveness of raids and to catch stray dogs. Increase staffing,
including hiring more rangers.
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HYP-CYJITAH KAJIACBI ’KACBLJI BEJIJIEYIHAE KE3JAECETIH
KAHYAPJTAP IYHHUECI

Caosakac E., 1 kypc macucmpanmol
C. Ceuigynrun amvinoazvl Kazax acpomexnuxanvix ynusepcumemi, Hyp-Cyiman k.

«OKacwut Genaey» - AcTaHa KaJachlHBIH IITKI KaFbl MEH OHBIH MaHAWBIHIAFBl AiiMaKTapIbl
abarTauapIpy k00ackl. MakcaTbl — KallaHBIH IIIIHAE JKOHE OFaH jKarcapiiac aymMakTap/a jka-
CBLJT KeJIeK KaJbINTacThIPy *OHE OHbI cakTay. EnopaaHblH *achll OenaeyiH Kypy OOHbIHIIA
xyMbIcTap 1997 xbUibl OacTanapl )KoHE oJap €Ki Ke3eHre OOiHIII, XKYMBIC )KYpri3ijge 6acTaibl.

Bipinmi kezenae 1998 xpuigan 2004 xpira qeiiin AcTaHa IIeriHae OpHajJackaH ACTaHaHBIH
YKachlI OCTACY1H KaJbITACTBIPY, OpPMaH OeJIeyIepIMEH KaChLT )KEJIEKTEP/Il OTBIPFBI3Y apKbLITbI
xy3ere aceIpbUInbl. 2004 5KbUTEI OipiHIN Ke3eHHIH KYMBICTaphl TOJBIK asKTaiabl. Enopaanbia
XKachl OenaeyiHiH xanmbl aynanbl 14827 rexrapibl Kypaiasl, oHbIH imiHgeri 11502,2 rek-
Tap/ia OpMaH eKIrejlepiMeH KaMTbuIFaH, 9,6 MiIH actam arauml reH 1,8 MitH »KybIK OyTa ecei.
Herizinen 98,2% >anmnak >kanbIpakThl arail TYpJepl OTBIPFBI3bULABI, Al KbUTKAH JKaIbIPaKThI
araiu Typiepitiy yneci He6opi 1,8% - bl Kypassl.

Exinnn ke3eHHiH >xymbicTapbl 2009 KbUTFBI MayChIM/Ia KaChUT OCNICYIIH OpMaH KOpFay
Oenneynepin opMaH ankaOblHa aifHaIABIPY MiHAETI KOMbUIABL. OChI TanchIpMaHbl OPBIHAAY
menOepinge "Kasrunponecxos" PMK Contycrik Kazakcran gunuanst (Lyunnck K.) 6ec xo-
OaHbl 931pIeal.

Xacannpr opMaH (IOpackHBIH KaJbIITACy apKbUIbl JKaHyapiap IyHHECiJe Kalbllraca
Oactaiapl. XKaceur Oenyey aymarbiHIa KbIpFaybUIIapAbl KiOepy OacTanranra JACHiH skaHyap-
JapAaH aK KosiH, Kapcak IeH TYJIKI, ajl KyCTapJaH ILIiI, TOPFalTopi3AlIEp MEH >KbIPTKBIIITAP
OosFaH.

«KacpLn 6enney» hayHachIHBIH TYPJIIK KypaMbIH apTThipy MakcarbiHaa 2010 xeuigan 2018
KBUTFA JIEHiH «ACTaHa KaJaChIHBIH KOpIIAaraH OPTAaHbI KOpFray >KOHE TaOMFATThl MainanaHy
6ackapmacel» MM «Acrtana opmanbl» JKILIC-men Oipnecin KbIpraybulgapabl ©cipyMeH (UH-
TPOAYKIMsIIayMeH ) aifHanbICThI. OJ1 YIIIiH JKachll aliMaKTa aHIIbUIBIK KbIPFaybUTIap bl )KacaH-
TIbl ©CIpY JKOHE EHTi3y OOIBIHIIA OMOIOTHSUIBIK HET13/1eMe aJIbIH]IbI.

2010-2011 sxbunmapst 125 keipraysin carbin anbiaabl. 2010 xeiiaan 2018 sxeuira netiin 9823
KbIpFraybl1 Taburarka sxioepinmi. llsrapsinran kyctap Enopaansie sxackut Oenaeyine xKanbli-
nel. Kasipri yaksITTa KbIpraybuiaap HerizineH «2Kacwut 6enney» ydackenepinaeri oyranap MeH
KUK TYKbIMIAphl ©CKeH aliMakTapabl MekeHAew 1. bi3miH karnalbIMbI3aa KepCiHAIpIITeH
KBIpFaybUIap asi3ra )KaKChl Te3e/1 (TYHE ojiap KapFa KeMije/i), ojlapFa KyTiM »kKacay epeKIie
Ha3zap ayAapyabl KaKeT eTHen i, Keiie KbIC Me3TUliHe a3bIKTaHbIpy KaXKeT. «AcTaHa opMma-
HbD» JKIIC-He MayChIMABIK KYMBIC ICTEUTIH aybUl TYPFBIHAAPBIHBIH alTybIHIIA KiOepiireH
KycTtapaesiH Oip Oediri llenmunorpan aymaHbelHBIH «AKMOM», «Opazaky, «bo3alfeip» el
MekeHepi MmeH Kopramkein aynaHbiHbH «CaObIHIBD KeHTiHAe OaiikaraH. Kelpraybuigapsl
OpMaHIIbUIap YHEMI KaJaraan OThIpaibl.
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Keipraybut ecipy keneci Mocemnenep/i memryre KoMeKTece/Ii:

1. 3ustHKECTEpMEH KYpecy (3USTHKECTEPeH KOPFayAbIH OUOIOTHUSIIBIK JIIC1);

2. XKacput aitmak >karnaiiIapblH TAOMFU OpMaHap/IbIH JKaFaiiaapbiHa OapbIHINA )KaKbIHIATY.

Kopray KyMbICTapbIHBIH HOTIKECiHAe «Kacwin Oenmey» aiMarblHAA KbIPFAybUIIAPIbIH
CaHBIHBIH OCKEHIH CypeTTeH Oaiikayra Oomansl (cypet-1).
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Cypert 1 - Hyp-Cynran Kanacsel xacbut Oeieyinaeri pazaniapabiH CaHIbIK JUHAMUKACHI

Monimertepre cyiienerin Ooncak, Hyp-Cyirtan Kamacel kacbul — Oenjeyinaeri
KbIpraybligapabslH  canbl 2018 okpUIFa JAeiiH  alTapiblKTail keOeireHi OalKanajbl.
Keipraysimgapasl oman opi ecipin, keoOeity ymia 2019 xbutbl «Actana opmansdy JKIIC
Hyp-Cynran KanachIHBIH JKachll aiiMarbiHa JKeTicy KbIpFaybUIbl TYp TapMarblH YKacaH[bl
ecipy (MHTpoayKuusiay) OoilblHIIA OHONOTHUIBIK Herizaeme a3ipiaeni. 2020 xbisl Enopaa
oKiM[Iiri 6acTama KeTepin, KeIpFaybUIIap/bl TONBIK KaiiTa jkaHapTy OOWBIHINA TarchlpMaiap
6epnui. Coran colikecti JKeTicy KpIpFayblIbIH KOJIAA ©CIPY dKYMBICTAPhI KOJIFa ajlblHa 0acTabl.
ArpiMarsl xxbiIAaH 0acTan b1 cailbiH KP O1I'TPM «OpwmaH mapyanbuibIFbl )KOHE JKaHyapiiap
JTYHHEC» KOMUTETIHEH JKePCIHIpyTre pyKcar ambii, EnopaansiH xachil OenieyiHiH ayMarblHa
1800 Gac KpIpraybUI IIBIFApPy KOCHapIaHbI OThIp. Kazipri yakbITTa KbIpFayblIIapIblH aHAJIBIK
0acwIH ycTay, KokTemjie OananaHaap/Ibl IIbIFapyFa JalbIHIBIK OOMBIHINA XoHE T.0. Oacka aa
AKYMBICTaAp KYprizuyne.

Annaret yakeiTTa Hyp-CyiiTan Kanacel skachll OenieyiHe skanyapiap dJIeMiHiH KoOeiH,
OJIApIbIH, OMOJIOTHSUTBIK KOHE SKOJIOTHSUIBIK €PEKIISTIKTEPIH, Ka3ipri Ke3/1eT1 TapadyblH JKOHE
OMOTEXHHUSIIBIK IIapasiap KEIIeHIH KalbIITACThIPY KYMBICTaphl aTKapbLIyIa.
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AKMOUJIA OBJIBICBIH OHEPKOCHITIK KOTAJTJAHABIPY/IbIH KEJEHIEI'T
MEH 9JIEYMETTIK-2KOJIOI'UAJIBIK ACHHEKTIVIEPI

Capcexosa J[. H', a.w.2.0., ooyenm

Myxmybaesa C. K.? a.w.z2.x.

Hlanovibaesa A. H., doxmopanm

IC.Cevghynnun amvinoaevl Kazax acpomexnHuxanvlk ynusepcumemi, Hyp-Cyniman .
2Acmana bomanuxanvix 6aevi, Hyp-Cynman K.

Kasipri eHepkacinTik opra - KypAesi, allblK, THHAMUKAJIbIK acaHAbl-Ta0uFrH xKyie. byn
KyaTThl )XYHeHIH epeKuIeniri - Oy Taburu xyienepre e, agamaapra Ja acep eTeTiH GpakTopra
artHanazapl [1,2]. MyHa opTypili MUKPO KOHE ME3OKIMMATTHIK €peKIIeiKTep 6ap. OHEPKOCITITIK
KYPBUIBIC ©CIM/IIK KaMbUIFbICBIHBIH ayJJaHbIH KbICKAapTyFa, COHAai-aK OyJ1 sKepiep/i KkacaHIbl,
KU1 Cy ©TKI30CHUTIH XKoHE KbUTY )KUHANUTBIH MaTeprallJapMeH TOIThIpyFa akenenl [3].

CoHFBI KbUIAPhI FAIBIMAAP OHEPKICINTIK OPTAHbIH CAIlaChlH KaKcapTy (pakTopiaapbIHbIH
O1pi peTiHAe 1pi Kanaiapaarbl eKNeIepIAiH SKOJIOTHUIBIK KaFIalbIiH OCJICEH Tl KOHE KaH-KAKThI
3eprren xarbip [4,5,6]. COHbIMEH KaTap, OHEPKICINTIK KOTaIIaHIbIPy MceesiepiHe KaThICThI
eTe a3 FhUIBIMU )KYMbICTap Oap. OKIHILIKE Opaii, KeNTereH OHIpIepAiH, aTall aiTKaH1a AKMona
OOJIBICBIHBIH ©HEPKICINTIK OpTajJapblHbIH aFalll eKrejepl MeH KerajJaHbIpyAbIH >Kai-Kyii
Typajibl JAEpEeKTep OChl yaKbITKa JCHIH LIaMaMeH aJlblHFaH HeMece >KEePriuIiKTiI cuUIarka He.
Ochuraiiia, AKMOJIa OOJIBICBIH O©HEPKICINTIK KOTANIAHABIPY JKaFJalbIH 3€PTTEY/IIH ©3CKTLIIT1
OHEPKACINT OPTACBIHBIH SKOJIOTUSJIBIK JKaFJaiiblHa 9CepIMEH, eKIelepAl TYreHJey *KoHe Ia-
CHOPTTAy KAKETTUIINMEH; OHEPKICINTIK OpTaiap *Kachl KYPbUIbICHIHBIH OPTYPJIl aCHIEKTLIEpiHE
KaTBICTHI TPAKTUKAJIBIK IICTIIMIEP/I1 13/1€yMEH aHbIKTa1a 1bl. AKMOJIa 00JIBICBIHBIH OHEPKACIMTIK
OpTaNapbIHbIH JKaFJailblH 3epTTeYy KEe31HJIE 1p1 OHEPKICINTIK OPTAIbIKTAp/bl 3epTTEY Ke31H/e
JKUHAKTAJIFaH TOXIpHUOere CYHeHy KaKeT.

OHepKICINTIK OpTajia OCIMIIKTEPIIH 6CYy1 MEH JIaMybIHA, OJap/IbIH KoOeto KabiJieTiHe TaOuFH
YKOHE aHTPOIIOTeH/IIK CUITaTTaFbl )KaFbIMChI3 (DaKTOpIIapAbIH KeleH/ 11 acepi Oarikanasl. Kasipri
yaKbITTa OHEPKICINTIK OopTajap/a eKneaep/Il KaiTta Kypy KoHe KaJlrblHa KeATIpy Macenenepi
©3eKTi 00JbIn OThIp. OchlFaH OalIaHBICTBl OHEPKICIITIK OPTAHBIH ©CIMIIKTEPAIH TYKbIMJIBIK
KoO€I01HE 9CepiH 3ePTTEy OTE MaHBI3bl. OHEPKICINTIK OpPTa JKaFAaibIH/IA aFalll )KOHE MIOeNTI
OCIMJIIKTEP/IIH 6Cyl MEH JaMy IPOLECTEPIHIH IPTYPJIl aCHEeKTUIEpiH KONTEereH 3epTTeylLIiiep
seprrent [1,4,7,8], Oipak reHepaTUBTI KYpBUIBIMJIAPIbIH KaJIBIITACy epeKIIeNTiKTepi,
ypOaHanFad opTa )KaraalbIHIa OCIMIIKTEPAIH TYKBIMIBIK KOOCIO1 )KeTKUTIKTI 3PTTEITEH JKOK,
O1paK PKOJIOTHUSUIBIK OMOIOTHSIIBIK, IKOJIOTHUSIIBIK, OMOJIOTUSITBIK, OMOJIOTHSUIBIK, OHBIH 1TTHIE
OCIMIIKTEP/IIH PENPOAYKTHUBTIK, CUITaTTAMAJIAPBIHCHI3 OHEPKICINTIK aiMaKTBIH dKOJIOTHSIITBIK
TUIMJI1 €KIeJIepiH KYpy MYMKIH eMec.

OHEepKOCINTIK OpTa HET13T'1 SKOJIOTHSUTBIK (DAKTOPIIap/IbIH ©31HTIK ©3repYIMEH epEKIIeICHE/I:
KaJlaJIblK TONBIPAKThIH HallapJiaybl, ayaHblH, )Kep YCTI JKOHE Kep acThl CyJIapbIHbIH JACTaHYbI,
KOpILIaraH OpTaHbIH alTapibIKTall e3repyiHe 9KeJeTIH apHailbl MUKPO KOHE ME30KJIMMATThIK
xKarjainapabiy naiiga 6omybl. OpTaHblH aOMOTHKANBIK MapaMeTpiepiHiH e3repyl KopuiaraH
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OpTaHbI OHTAWIAHBIPY MEH OHEPKACINTIK OPTaHbl TYPAKTaHABIPYAa MaHbBI3AbI POJT aTKAPAThIH
ypOOIKOXKYHEeHIH OMOTHKAIBIK KOMIIOHEHTIHIH KYpaMbIHIAFbl 9pTYpIl Oefimaeny peakiusiia-
PBI MEH ©3repicTepIiH MEXaHU3MIEPiH 1CKe KOCa/bl.

OHEpKICINTIK OpTanapIblH KapKbIHABI ©Cyl, KeJIK MXEJIUIepIHIH AaMybl, KbUI CailblH
OHEPKACIINTIK OpPTa OMIpiHIH TOHYCHI KOFapbUIaiiibl, ypOaHU3AIMsIAaHFAH OPTaHbI CAaKTay KOHE
caybIKTBIPY, alaMHBIH MICUX0()U3NOIOTHSIIBIK JKaF1aiibIHA KaFBIMIIBI 9CEP €TETIH JKaFJailnap/ sl
KaJIBIMITACThIPy MaceseNepid o3eKTi eTei. XKachll oCIMIIKTep/IiH KOMETIMEH OJapbl OHTANIIBI
JIeHreire »aKpIHATy YIIiH OCBhl MapaMeTpiepl e1dyip perTeyre 0oabl.

KemxpabK 3eprreyiaep arMocgepaliblK ayaHblH, KaJlajblK OpTa MHUKPOKIMMATBIHBIH
KaFdalblH peTTeyneri, ypoaHocpeqaHbl Tepic aHTPOIOTeHIIK (aKTopiapiaH KOpFaylarbl,
TYPFBIHJAPBl PEKPEALMSUIBIK aiMaKTapMeH KaMTaMachl3 eTy/eri ©CIMIIKTep/AiH MaHBI3/IbI
9KOJIOTHUSUTBIK POJIIH aHBIKTABI [9].

Exnenep TtombIpak jkoHe acdaibT >KaObIHIAPBIMEH CAabICTBIPFAH/AA JKalbIPaKTapIbIH
JKOFapbl IAFbUIBICY KaOiJieTiHe ue, OyJ1 aFalll eKIesepi aylaHbIHIaFbl aya TEMIIEPaTyPaChIHbIH
TOMEH/IEyiHe KOHE ajlaMIap YIIIiH KoJaisiel opTa »acayFa biknan etesi [10].

JKachbut KeHICTIKTep YJIKEeH TpaHCIHpauUsUIbIK KabineTke ue. Onap bUIFalJbIH ajaThlH ay-
nanbiHaH 20 ece kem OyiaHBIN, ayaHbIH BUIFAJIBUIBIFBIH €19yip apTThipaabl. CanbicThipMa-
JIbl BUTFAJIIBUTBIKTBIH KOFAPBUIAYbIH aJjaM TeMIepaTypaHblH TOMEHIEY1 peTiHAe KaOblIaiabl.
Aram exmenepi aya MaccallapbIHBIH JKbUIJaMJIBIFBIH €19ylp TemeHaereni. Onmap KesJeHeH
KOHE TIK JKeJJIeTyre bIKHaj eTeli, Oy aya KypaMbIHBIH KakcapyblHa okeneni. Kem nerenze
30-40% ararm To)KIAECPIHIH HO3IKTIT Oap TOMEH eKIesep KeNIiH eH XKoraphbl Kabinerine ue [11].

Aram-0yTanbl ©CIMIIKTEPiHIH JKalbIpaKTaphbl KOFAPhI JBIOBICTBIK IMIAFBLUIBICY KaOlleTiHe
ue. Opraiiia ThIFBI3IBIKTAFbI )KOHE OMIKTIT] 7-8 M KarnbIpaKThl eKIeIep/iH TOKIHEH 0Ty Ke3iHe
KanajblK myabiH aeHreiii 10-15 nb - ra, an eni 200-250 m ankaaramrapablH Kouarsl 35-45
nb — ra temenaeai. JKanmel, OCIMAIKTEp TYPFBIH KOHE OHEPKICINTIK aliMaKTapAarbl IIyIbl
2-2,5 ece azaifragel. Ocbutaiiina, ekmesnepliH Iy OKIIayiday KacueTTepl OJapiblH EHiHe,
TBHIFBI3/IBIFbIHA, OWIKTITiHE, TU3aliHbIHA JKOHE OCIMIIKTEPIiH TYPIIK KypaMblHa OalIaHBICTHI.
Ex Trimzici-araimtap MeH OytanapablH epkid opHanacysl. LLlysl cinipy Kabineti yiteHki, JIun-
1ieH, BUOYpHYM, TepeK, eMeH, MYHi3, KalibIH1a allkbIH Kepineni [13].

OHEpKICINTIK OpTa OcCIMAIKTEepl ayaHbIH WOHM3ALMACHIH apTThIpyFa KOMEKTecel.
Casbaxrapaa 1 cM3 jxeH11 HOHIap CaHbI KOCITOPBIHAAP IbIH CAHUTAPIIBIK-KOPFay alMaKTapbIMEH
casbICThIpFania 2-4 ece Korapbl. AyaHbIH HMOHJIBIK KYpPaMbIH >XKaKcapTy KacHeTi KbUIKAaH
XKaIbIpakThl arallTapblH KOIUIUIriHe, COHAal-aK TajJblH, TEPEKTiH, POOMHHSHBIH, Tay
KYJiHIH KeHOip Typiepine ne. OCiMaiKTep 3UsHIbI )KOHE KO3ABIPFBIIIITAPMEH ayaHbIH JIACTAHY-
bIH a3aiTaapl. Aramrtap MeH OytanapasiH S00-1eH actaM Typi OaKTepUIUATIK, QYHTHIMITIK,
MHCeKTHLUATIK 9cep €TeTiH yIuma 3arTtapisl mbiFapansl [2,4,14]. OciMaikTepaiH yuma
CEKPeLUsUIaPBIHBIH JKOFAphl PEaKTUBTUIINHE OalIaHbICThl aTMochepanarbl yibl ra3iapIbiH
KOHLIEHTPAIMACHIH TOMEH/IETY KaOl1eTi AQJIelIeHIeH.

OHEpKoCINTIK OpTaja ayaHbl IMaHHAH Ta3apTyda JKachll KEHICTIKTEPAIH MaHbI3bI
30p. Jlacranran aya aFbIHBI KacbUl MacCHUB apKbUIbl OTIIl, XbUIIAMABIKTHI Oasyiaraibl,
HoTwxkecinne 60-70% aybIpiblK KYLIIMEH aramTap MeH Oyramapra tyceai. LllaHHBIH enoyip
Oeutiri xarnblpaKkTapblH, HHEJIEepAiH, OyTaKTapblH, OyTaKTapAblH OeTiHe Tycei, CoIaH KeHiH
Keperi KaybIH-IIalIbIHMEH KyblIaabl. JKaceln skepiepie mnaiina OonaTblH TemIeparypa
allbIPMAIIBUIBIFBI IIAHHBIH JKEpre TYCyiHE BIKMall eTel.

CasbakTap/a KOKTeMIi-kKa3Fbl Ke3eHAE aya allblK kepiepre Kaparania 42%, an KbICKbI
ke3zenze 37% - ra a3 manasl yeraiasl. [IaHHBIH )KMHAKTATYBl €KIeJIepAiH TYPIiK KypamMblHa,
COHJIali-aK araitap TOKACpiHIH MeIepi MeH (uroMaccachlHa, ©Cy OPHBIHBIH JKaFJaiiapbiHa
OaiinanbicTel. ArapkoBa M.I. (1991) 3eprreynepi kamblpak OeTiHIH a3 ayJaHbl Oap araii
OCIMJIIKTEpl IIAHHBIH epIMEeNTIH OeJIIeKTepiH KOl MeJIIep/e YCTAaHThIHIBIFbIH KOPCETTI.
YJIKeH JkanbIpakK aJlaHaapbl Oap araiuTtap sKanblpaKTapAblH OeTiHe IaHHBIH epUTiH (ppakius-
JIApbIH KUHANUBI [4].
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Exnenep kana armochepachlHAarbl 3USHABI Ta3 TOPi3/1i 3aTTap/IbIH IOFBIPJIaHYBIH a3aiTa-
TIbI. AFarll )xoHe OyTa eKITeJIepiHiH ayadarbl YIIbl Ta31ap IblH KOHIICHTPAIUsCHIHBIH TOMCH/ICYi1HE
ocepi onapAblH aTMOc(hepaHblH KOFapFbl KabarTapblHa Tapalybl apKbUIbl FaHA €MeC, COHBI-
MEH Karap ra3iap/bl CypeKkTep MeH kacylia MeMOpaHaiapbl apKbUIBI XKalbIpaKTapMeH CIHIpY
apKbUIBl Ja JKypell. AKKyMYJSIIUSIUIBIK KaOlIeTIHIH apKachblHAA OCIMIIKTEP/IH KOITereH
0eJIiri JacTaymbuIapAbsl OpraHaap MEH TIHACPIHAE KMHAKTAaWIbl. AyaHbl CY3YIiH MeJiepi
MEH THUIMILUIIr JKambIpaK anmaparTapblHbIH aylaHblHA, COHJAAN-aK OCIMIIKTepAiH 9p Typi
YIIIH TOKCHUKAaHTTap/JblH KayilCl3 >KMHAKTaldy KeJjieMiHe OallJlaHBICThl >KYpPri3reH 3epTTey-
JIep KIIIKEHTal KambIpakThl OYTalIbl ©CIMIIKTED YKAKChl Ta3 CIHIPrill KaCUETTEpre Ue CKEHIH
KOPCETTIi, COHJIBIKTaH OHEPKICINTIK KoTajlaHaAbIpyaa OyTaasl OCIMIIKTEpAiH MOHI ©T€ YIKEeH
[1].

Ararrap MeH OyTanap/IbIH KeJIeM/li TONITapblHAH TYPATHIH alllbIK KEHICTIKTEP, KOralIap/IbH
xKanmak O0eTTepi MeH >KapTbulail kaObIK KeHICTIKTEPAiH YiIeciMi KepriliKTi aya aFbIHIapbIH
TyAbIpabl. Aya aFbIHIAPBIHBIH KO3FaJIBICHl OYKUT OOBEKTIHIH XKOHE OFaH 1prejiec KYpPbhUIbICTHIH
a’pallMsChIH JKaKcapTaabl. Teric Kachll )KaMbUIFbI aIaMHBIH JKYHKe jKyiHeciHe )KaFbIMJIbI 9cep
€TII, IICUXOJIOTUSITBIK 9CEep ETETiHI aHBIKTaJIbI [3].

Ocpinaiiia, KajnajablK OpPTaHbl KeralJaHAbIpyIAbl OHTAMIaHIBIPY COHIIK KacHeTTepil,
KaJlaJbIK OpTa JKaFaaiaapbiHa TOIIMILTIKTI )KOHE KOPIIaFaH OPTaHbI KAJIBINTACTHIPY (PYHKIINSA-
JIapbIH JKY3ere achlpy KaOIJIeTiH YHISCTIPETIH OCIMIIKTEP/Ii capallaHFaH TaH Ay bl KAKET eTeIi.

OHEpKOCINTIK OpTa O6CIMIIKTEPIHIH IKOJOTHSIIBIK-OMOJIOTHSIIBIK €peKIIeNTiKTepl ypoaHod-
Jopa KajaJapblH TYPaKChI3 TAOMFU OpTAchIHAA TIPLIUIIK €Ty MEXaHHU3Mi OOJBIN TaObLIaThIH
AWKbIH MKeMIUTIK TICH ©3TePTilITIKIICH CHITATTaIa b,
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MUKOPU3HBIE ACCOLIMALIMU PINUS SYLVESTRIS L. U
BETULA PENDULA ROTH B JIECHBIX DQKOCUCTEMAX

Capcexosa JI.H., dokmop c.x.H., OoyeHm
Hypnabu A.E., macucmp c.x.H., accucmenm
Kazaxckuii azpomexnuueckuii ynusepcumem umernu C.Cetighynnuna, 2.Hyp-Cynman

TepMuHOM «MHKOpH3a» 0003HAYAIOT BCe (DOPMBI COKUTEIHCTBA IPUOOB C KOPHEBBIMHU CHU-
CTEMaMHU BBICIIUX PACTEHHI. DTOT TEPMHUH BBEJ B CHielMaibHyI0 TuTeparypy b. ®@pank (Frank
B., 2005). ITo3nHee MOHATHE «KMHUKOPH3a» B IEPEHOCHOM CMBICIIE HCIIOJIB30BaJH U JIJIsl 0003HA-
YEHHUsI CYIIECTBOBAHUS (DU3HOIOTUYECKOM CBSA3M MEXK/y TpUOaMU U PaCTCHUSAMU. Y 4acTHE MU-
KOpH3000pa3yronx rpuOooB B KOPHEBOM MUTAHWU PACTECHHUI PACIIPOCTPAHEHO OYEHB HMIMPOKO
U BCTPEYAETCs JaXke Y MXOB U MAIlOPOTHUKOB, XOTSI OHU, CTPOIO FOBOPs, HE UMEIOT KOPHEBOM
cuctemsl. [1o MHEHHIO yueHBIX, 0K0J10 98% BBICIINX pacTEHUH BCTYNAOT UM CIIOCOOHBI BCTY-
nath B cuM0Ono3 ¢ nouBeHHbIME rpubamu (ILlyoun B.U., 1975) [1].

Muxkopu3sa SBISETCS BaKHEHITUM CUMONO30M, B KOTOPOM yYacTBYIOT I'pUOBI U PAaCTCHUSI.
MHuKopu3bl pa3IndHbIi THIIOB 00pa3oBaHbl Oonee ueM 80% Ha3eMHBIX pacTeHu. MUKOpPHU3BI
BCTPEYAIOTCS IIPAKTUUECKH BO BCEX PACTUTEIbHBIX ACCOLMALIMAX U OKAa3bIBAIOT 3HAUUTEIILHOE
BIIMSIHUE KaK HAa PaCTeHUA-(QPUTOOMOHTHI, TaK M HAa BECh OMOTeOIeHO3 B 1esioM[2].

B necHbIX cooOImiecTBaX SKTOMUKOPH3BI MOTYT OCYHIECTBISTH B3aUMOCBS3b HE TOJBKO
MEXy PacTEHUSIMHU pa3HbIX BUJOB, HO TaKXE U MEXIY PaCTCHUSMH, NPUHAICKAIIUMU K
Pa3IMYHBIM SIpycaM, y4acTBYs B IIUKJIaX OMOT€HHBIX 3JIEMEHTOB U TaKUM 00pa3oM 0OBbeIuHISA
pa3IMYHbIC PACTEHUS B EAMHYIO CUCTEMY C 00UIMM 000pOTOM MHUTATENBHBIX BellecTB. B 6ope-
QJIbHOM 30HE SKTOMUKOPH3bI HTPAIOT PEIIAIONIYIO POJIb, T. K. UX 00pa3yoT IpeBECHbIE TOPO/IbI-
JIOMHUHAHTBI BMECTE C 3AU(HUKATOpaMu PacTUTENBHBIX COO0IIEeCcTB. MUKOPU3HBIMU IpUOaMU B
JIECHBIX MOYBaX 00pa30BaH OOMIBHBIA MHUIEINH, YTO TIO3BOJIAET UM Y4aCTBOBATh B IIMPOKOM
CHEKTpE B3aUMOOTHOIICHHI ¢ TOYBEHHBIMU OPTaHU3MaMH Pa3IMYHBIX TPOYUIECKHX U TAKCO-
HOMMYECKHX Tpyml [2].

TpaauIoHHO TEPMUH «MUKOPH3a» UCIOIB3YETCs B ABYX 3HAYCHUAX: 1. ¢ 1enbio 0003Ha-
YEeHUsI CTPYKTYPHOU €AMHUIBI — MOTU(PHUIIMPOBAHHOTO, 3aCEICHHOTO IPUOOM ydacTKa KOPHS
pacTeHus-X0341Ha, T.6. MUKOPH3HOTO OKOHYAHHUS; 2. C IEJIbIO ONPEACTICHHS TUTIA TPO(PUIECKUX
B3aMMOOTHOIIIEHUH MKy MUKOOMOHTOM U KOPHEBOI CHCTEMOM pacTeHus, T.€. B CIIy4asiX, KOr-
na 6osiee KOPPEKTHBIM SIBIISICTCS yHOTpeOneHne TepmMuna «Muxkorpodus» [7, C. 125].

Cpeny MHOTOYHMCIICHHBIX OTPEIEICHNN TepMIHA «MUKOpU3a» Hanbosee nHPOPMaTHBHBIM
npezncrasisierca onpenenenue M.B. Kaparsirumna, copmupoBaHHOE UM B HAay4HOH paboTe
1993 roma. CornmacHO JaHHOMY OMPEACIICHUI0 MUKOPH3a MPEACTABISET COOON IBOITIOIMOHHO
CJIOKUBIIYIOCS MEX/y TprOaMy M KOPHSAMH BBICIIUX PAaCTeHHH, a TaK)Ke 3a4acTylo M IpoKa-
pUOTaMH CTPYKTYpHO O0(hOPMIIEHHYIO, TPO(POIICHOTHYECKYIO aCCOIMAIINIO, B PAMKaX KOTOPOM
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JTAaHHbIE OPTaHU3MBbl BOCIIPOU3BOATCS U COCYIIECTBYIOT B SKOJIOTUYECKH U (PU3HOIOTHYECKH
B3aMMO3aBUCUMOM COCTOSIHUM, a TaKX€ B OTHOILIEHUSX, HA3bIBAEMBIX MYTYaJIUCTUYECKUM
CUMOHO30M.

BaxxHolt 0COOEHHOCTBIO MUKOPHM3HOM acCOIMaluy, MOJYEPKHYTONW B BBIIICYOMSHYTOM
OTIpeIeNIEHUH, SBJISIETCS TO, YTO MUKOPHU3a MPEICTABIAET COOOM 3BONIIOLIMOHHOE 00pa3oBaHue,
TO €CTh MPOAYKT JUTUTEIBHOM KOIBOOLUH pacTeHuil u rpudoB. OHaKo, paccMaTpHuBas orpe-
JielIeHue MUKOPH3a, TaHHOe KapaThIruHbIM, ClIe1yeT OTMETUTD, UTO 10 IaHHBIM UCCIIEIOBAaHUN
MOCJIETHUX JIET MyTYaJTHUCTUYECKHUI XapaKkTep THUlla cMMOM03a He SIBIIEeTCS 00s3aTebHOM Xa-
PaKTEPUCTUKON MUKOPU3HBIX accorranuii [3].

pyroit xapakTepHOW 4epTOM, OTIIMYAOLIEH MUKOPU3Y OT IPYTUX TUIIOB B3AUMOJIEUCTBHUS
rpubOB U PACTEHUH, SIBISACTCA HAIMYUE CICNUATU3MPOBAHHOM, CIIykKalled nnsi oOMeHa Be-
IIECTBaMH, 30HBI 30HBI KOHTAaKTa MEeXIy cuMOnoHTamu. Ciemyer oOpaTUTh BHUIMaHUE Ha TOT
(hakT, YTO B paMKax MaTOT€HHOTO TUIIA B3aMMOJACHUCTBUS TaKke GOPMUPYETCS] 30Ha KOHTAKTA,
OJTHAKO B CJly4ae ¢ MaTOT€HHOW accoLMaluedl B 30HE KOHTAKTa OTCYTCTBYET TOK BELIECTB OT
rpuba K pacTeHHIO, a Y TIOCIEeTHEr0 OBICTPO MOSABIISAIOTCS CUMITOMBI 3a00JI€BaHMUS.

dopMUpOBaHUE MHUKOPU3 MPOUCXOAUT B CHEIMATM3UPOBAHHBIX OpPraHaxX pPacTEeHUs], TIe
O1arofapsi CHHXpOHHOMY Pa3BUTHIO CTAHOBUTCSI BOBMOXKHO OJIM3KO€ B3aWMOJIeicTBUE CUMOU-
OHTOB. Pa3BUTHE MUKOpPU3 IPOUCXOAUT IPEUMYIIIECTBEHHO B KOPHEBOM CUCTEME, OTHAKO CIIy-
yau ux GOPMHUPOBAHUS MOKHO HAOIIONATh TAK)Ke B TAJNIOMAaX MXOB M B MOJ36MHBIX MMOOErax.

HecMoTps Ha TO, YTO MyTyaTHCTUYECKUNA TUIT B3aUMOJICHCTBUS HE SIBIISETCS 00s13aTebHBIM
YCIIOBUEM JIJIsl PU3HAHUS aCCOLUAIIMU MUKOPHU30M, TaHHBIM TUIT MUKOPU3 SBIIsIETCS Hanbolee
pacnpocTpaHeHHBIM U UMEHHO €ro Mbl PacCMOTpHUM MojpodHee. Kpome BBIIIEYyOMSIHYTOTO
Ha3BaHUS JAHHBINA THUIl B3aMMOJCUCTBHUS TaK)Ke HOCUT Ha3BaHHE COANaHCHPOBAHHOTO. MyTy-
AJMCTUYECKUE acCOLMAIIMM HE TOJIBKO HA MPOTSKEHUU BCEM MCTOPUHU 3BOJIOLUU HA3EMHbBIX
pacTeHH SABISIIUCH TOMHUHHUPYIOIIUM TUTIOM MHUKOPHU3, HO U B HAacTOAIIee BpeMsi cOaIaHCHpO-
BaHHBIN THUTT MUKOPHU3 TaKXKe UMeeT Hauboublee pacipocTpaHenue [9].

VimeHHO B paMKax JaHHOTO TuIla HaOmiomaercss HanOojee rapMOHUYHOE COYETAaHHE OCO-
OeHHOCTEH SKOJIOTMU M (PU3MOJIOTHH CUMOMOHTOB. /ISl MyTyaqTMCTUYECKOTO THIIAa MHKOPU3
XapaKkTepPHO, UTO OOMEHHBIE MPOLIECCHl MEKIY CUMOMOHTAMHU HAXOMSTCS B COCTOSIHUU JHHA-
MHUYECKOTO PABHOBECHSI: BPEMsI OT BPEMEHH I10J1b3a OT B3aUMOJEHCTBUSA U1 OHOM U3 CTOPOH
MOJKET OKa3aTbCs MEHBIIE €€ «3aTpar», HO CIIyCTs HEKOTOPOE BPEMs IPOUCXOIUT CABUT CUTY-
aru oOpaTHyto cTopony [6, C. 258].

B o0pa3oBaHuu MHKOpH3 Pa3IMYHBIX TUIIOB MPHUHUMAET y4acThe OKoJo 82% Ha3eMHBIX
pacTeHwuii, a B paMKaX UCCIICOBAaHUN MOCIEIHUX ACCATHICTUN ObUIM OTKPBITHI MUKOPHU3bI U
y HEKOTOPBIX BOAHBIX pacTeHui. Paznmuunbie GopMbI MUKOPH3 MUMEIOTCS y TpeacTaBUTENeH
0oJiee THICSYH POMIOB BBICIIMX pacTeHMid, OTHOcAmuXcs moutu k 400 cemeiictBam. [Ipu sTom,
HECMOTpsI Ha CPAaBHUTEIBHO HEOOJBIIOE BUOBOE Pa3HOOOpa3ne SKTOMUKOPU3HBIX pacTEeHU,
JMaHHBIA THIT TOCTPOSHUS MUKOPH3HOW CBSI3H SIBISIETCS BAXKHBIM OOBEKTOM H3y4YEHHs, T. K.
MMEHHO JAaHHBIN BUJl pACTCHHUI JOMUHHUPYET B OOpeabHBIX JECHBIX IKOCHCTEMaX, a paccMa-
TPUBAEMbIH THUI MUKOPU3 UMEET O0JbIIoe 3HaYeHHe B UX GyHKIHoHupoBanuu [10].

OnHako HeNnb3sl TaKKe W JeNaTh BBIBOA O MUKOTPO(HOCTH pacTeHHS JIUIIL Ha OCHOBE €ro
TaKCOHOMUYECKOW MPUHAMJIEKHOCTH, T. K. OTHOCUTEIIBHO JIaHHOM XapaKTEPUCTHUKU HUMEETCS
MHOXECTBO HCKJIFOUCHHH, OOOCHOBAHHBIX JKOJIOrMYecKuMH (pakropamu. TpyaHOCTH KOJH-
YECTBEHHOW OLIEHKU M PACIpPENEIEHUS MUKOPHU3BI IO HKOJOTMYECKUM M TaKCOHOMUYECKUM
rpynrnaM pacTeHUi B 3HAYUTEIHHOW CTETIEHU OOBSCHSAETCS T€M, YTO B3aUMOOTHOIICHUSI CHM-
OMOHTOB HE SBJISIFOTCS HEU3MEHHBIMHU, & TUHAMHUKA CUMOMOTPO(MHBIX CBSI3€i BO BCEX CIydasx
TpeOyeT CrennatbHOro 3KOJIOrHueckoro anainusa. O1Hako Hauboiee HHTEPECHBIM 3a CUET CBO-
el CJI0XKHOM CTPYKTYpbI MPEACTABISIETCS BUJI MUKOPHU3bI, SIBJSIOIIUNACS OCHOBHBIM JIJISl COCHBI
0OBIKHOBEHHOH. PaccmoTpum ero moapooHee.

Panee T MOHOTPOTIOMAHONH MUKOPU3bI OTHOCHUITU K TUITY apOyTOMIHON MHUKOPH3BI, OJTHA-
KO OH OTJIMYAETCs OT MOCJIEIHEr0 TeM, YTO B HEM HE MPOMCXOTUT (OPMHPOBAHUE KITyOKOB U
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MIPOHUKHOBEHHUE TU( B KJIETKH, 32 UCKIIOUEHHEM CIEeLUAIN3UPOBAHHBIX TaycTOpuid. [laHHbIH
BUJI MUKOPH3BI BKIIIOYAET B ce0sl 3€JCHOE APEBECHOE PACTEHUE, IKTOMHUKOPU3HBIH MUKOOH-
OHT, a TaKke OecxnopodpuiuibHOE pacTeHue cemeiictBa [logbenbHuKoBBIX. Bee nmpencrasurenn
JTAHHOTO CEMEHCTBa ABJISIOTCS OECXJIOPOBUIBHBIMH, TO €CTh HE UMEIOT CIIOCOOHOCTH K (hoTo-
cunTte3y. CrieioBaTesbHO, JaHHAsI KaTEeTOpUsl PACTEHUI MOJIy4aeT MOCPEICTBOM MUKOPHU3bI HE
TOJIBKO MUHEpaJIbHbIE BEIIECTBA (3HAUNTENIbHYIO YaCTh 3aHUMAIOT COETMHEHUS a30Ta), HO TaK-
K€ U YIJIeBO/IbI, IPEJCTABISAIONINE COO0N MPOAYKTHI (POTOCUHTE3a SKTOMUKOPU3HOTO MUKOOH-
OHTa XBOWHBIX MOPOJI (SIPKUM IPEICTAaBUTENEM SBIISIETCS COCHA OOBbIKHOBEHHas) [ 8].

JlaHHBIN TUIT CUMOMO32 SIBJIIETCS OUeHb CHEIU(DUYHBIM 33 CUET B3aUMOOTHOIIEHUS CUMOU-
otoB. Tak, MHOTOUHCIIEHHBIMU MOJICKYJISIPHBIMH HCCIIEIOBAHUSAMU JIOKAa3aHO, YTO OJIM3KOPOI-
CTBEHHbBIE BUbI M TPYIIIbI BUIOB IPUOOB 00pazyroT CUMOMO3 ¢ OIM3KOPOICTBEHHBIMU BUIAMU
pacteHuil, He 00pa3ys nepecedenuil. Taxxe Habmonaetcs koppensauus ¢puiorenuu [loxbens-
HUKOBBIX U UX MUKOOMOHTOB: pacTeHUil 00pa3yloT cMMON03 ¢ MUKOOMOHTaMH U3 OTHOW CEK-
UM POAA.

CTpyKTYpHO MOHOTPOIOU/IHASE MUKOpH3a 00pa30oBaHa MIOTHBIM ITPUOHBIM YEXJIOM, MUIIE-
JMAJIbHOM CEThI0, a TAK)KE MPOHUKAIOIIMMHU B KJIETKH IIUITOBUAHBIMU «TayCTOPUSAMUY, IOCPE-
CTBOM KOTODPBIX OCYLIECTBISIETCS TOK BEIIECTB B CTOPOHY MHUKOrereporpoda. AHalornyHas
cetu ['apTura y SKTOMUKOPU3HOIO MUKOpH3a MUIIETHAIbHAS CTPYKTYpa PacpoCTpaHsieTCs B
SNUIEPMHUCE U HE NIPOHUKAET B KOPOBbIE KJIETKU (MCKIIOUEHHUE COCTABIISIOT JIMILb OT/IEIbHbIE
ru(bl, MPOHUKAIOIINE B HAPYKHbIE KJIETKH KOPBI). J{pyroil oOTIMUNTEIbHON 0COOEHHOCTBIO aHa-
TOMHHM MHKOPU3 JIaHHOTO THIA SIBIIsIETCSl 00pa3yemMass MUKOOMOHTOM TrayCTOpHs B BUJE IIIUIIA,
HE IPOHUKAIOLIas yepes Ia3MajieMMy pacTutenbHoi kierku [7, C. 201-203].

PaccmarpuBas XxapakTepHble YepTbl MUKOPH3bl Oepe3bl OBUCIIOHN, HEOOXOAUMO OTMETHTH,
YTO JJAHHOE PACTEHHE TaKXkKe CKJIOHHO (hOPMHPOBATH MHKOPU3Y MOHOTPOIIOMIHOTO THIA B
cUMOMO03€ ¢ OOJIBIIUM KOJIMYECTBOM LUIANOYHBIX TPUOOB: MOI0EPEZOBUKOM OOBIKHOBEHHBIM,
MYXOMOPOM OOBIKHOBEHHBIM, [TOJJOCHHOBUKOM KEITO-OYypbIM, JINCUYKOH, pa3IMYHBIMU BHUA-
MU CBIPOEKEK U JIpyruMu. Kpome TOro, Ba’KHO OTMETUTh, YTO Oepe3a MOBHCIasl OTAMYACTCS
BBICOKMM YPOBHEM MHUKOpPH3000pa3yroleil cnocoOHOCTH, KOTOpasi MPU 3TOM B 3HAUUTEIbHON
CTEINEHH 3aBUCUT OT MUHEPAJIBbHOIO COCTaBa MOYBBI, a TAKXKe OT JIOCTYMHOCTH Uil PaCTeHUs
nuTarenbHbIX Bemects [1, C. 65]. Tak, HanmpuMmep, B pernoHax ¢ OSTHOM BelecTBaMU MOYBOA,
Oepéza MposIBIIIET Upe3BbIYANHO BHICOKUI YPOBEHb MUKOTPO(GHOCTH U C HEMl OKa3bIBaeTCsl CBA-
3aHO OKOJIO CTa Pa3IMYHbIX BUJOB I'pUOOB, IPU 3TOM B YCIOBMSAX YIIyUIIEHUS KayecTBa IO-
YBEHHO-TPYHTOBBIX YCIOBUI HAOMIONAETCS CHUKEHUE YPOBHS MUKOTPO(PHOCTH Oepe3bl IOBUC-
JIOH, B pe3yJIbTare 4ero Ha I104YBax, 00raTblx HEOOXOAMMbBIMU BELLIECTBAMHU, Oepe3a OKa3bIBaeTCs
cBsizana auiib ¢ 30-40 Bunamu rpudos [3, C. 97-100].

Kpowme Toro, npuBeieHbl JaHHbIE, COITIACHO KOTOPBIM B HEHAPYIIEHHBIX JIECAX, TPH HU3KOM
IyJie CBOOOIHOTO MOYBEHHOTO a30Ta, MPEUMYIIECTBEHHBIM CIIOCOOOM BOBJIEUEHUS OpraHuye-
CKOTI'0 yIiiepojia pacTeHHil B 1IeNU MUTAHUS ¢ y4acTUEM IreTepoTpOoQOB, SBIAETCS UX MOCTYILIe-
HUE K SKTOMUKOPU3HBIM rpudam. B ypOaHn3npOBaHHBIX Jiecax, MpHU 00OTAIICHUU MTOYBHI a30-
TOM, IPOMCXOUT BO3pACTaHUE PO (PUTONATOTEHHBIX IPUOOB, BHI3BIBAIOIINX IPHKU3HEHHYIO
JIECTPYKIIMIO IPEBECHHbBI KOPHEH U CTBOJIOB, B PE3YJIBTATE YETO MPOUCXOAUT OCIabIeHUE TOM
4acTH O0IIero OOMEHA BEIIECTBAMH, KOTOPBIH KOHTPOJIUPYIOT SKTOMUKOPU3HBIE TpuObI [4, C.
510-511].

IlonBons UTOrM MPOBEIEHHOTO UCCIIEOBAHUS, MOYKHO 3aKJIFOUUTh, YTO B LIEJIOM, HECMOTPS
Ha 3HAYUTEIbHbIE U3MEHEHUS OKpY KaIOLIeH cpefibl, Hanbosee BaKHbIE IS MOJIEPKAHUS CY-
IECTBOBaHMS MPUPOAHOTO KOMIUIEKCA (PYHKIIMH MUKOPH3a COXPAHSIOT CBOK CTa0MIIBHOCTb.
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KAWBIK O3EHTHIH ’KAWBLIMACBIHIA OCETIH EMEH/IEPIIH
(QUERCUS ROBUR) OCY JKAFIAWBI

Tasusz A., 4 kypc cmyoenmi,

Temipzanues T.A., 4 kypc cmyoenmi,

Inoiocan E.T., 4 kypc cmyodenmi,

Koneip xan amvinoazel bamvic Kasaxcman acpapnvik-mexuukansix yHueepcumemi, Opai K.

JKalibIK ©3eHIHIH aHFaphl caH anyaH. bysl altMaKThIH KIMMATTBIK JKaFaaiaapbiHa OaiaHbl-
cThl. KimMMarel KypT KOHTHHEHTAJIBAbI )KOHE KYPFaK.

©O3eHHIH OHTYCTIK-LIBIFBIC )KaFbIHAAFbI aliMaKTap/IbIH LIEKapalapbl eMEH, YCAK KarbIPAKThI
KOKe, IIeTeH, KaObIPXKBIK, €IIK] TaJAapbl, OpPMaH)KaHFAK, COH/Ialf-aK KONTEereH opMaH koHe 00-
peanbl MeNnTeCiH OCIMAIKTEp CUSAKTHI aFalll )KoHe OyTa TypJjepiMeH YChIHBUIFaH.

Heri3ri opman Ty3ymii Typiep: aK Tepek, Kapa TepeK, eMeH, IeripiIiH, ak Taa.CoHbIMeH
KaTap KOKTepeK, Cyp Tepek, KailblH Ja ke3aecei. Ocin kenie kaTKaH eCiMAIKTepe — IISHT I,
TaTap bIpFaiibl, IOMBIPT, KaH KbI3bLJI J0JaHa, CHIHFAK UTHIOMBIPT, Kapa KapakaT, UTMYPbIH, TaJl-
nap. Tipi TombIpak O€Ti >KaMBUIFBICHI MOJI OHE allyaH TYPJi, 0ackIM: acTBIK TYKbIMJACTap,
Kapa OYJIIipreH, BOJTaIbIK KbI3bUIOOSY, 1HXKYTYI, KUK, OannaHak [1,2].

O6mnpicTa Opanmarsl Cy JEHIeiH ToMeHAeyiHe OalIaHbICTBI OTKIp Macene Typ. MyHaai
Mocelle OpMaH HIapyallbUIbIFl MaMaHIApblH Has3aplaH ThIC KaJAbIpMalbl, ONTKEeH1
MEMJIEKETTIK OpMaH KOPBIHBIH HET13r1 OO IIT1H jKaibliIMa OpMaHAap aJIbIl JKaThIP.

©O3eH aHFapbIH KONTETCH XKbIIAap OOWBI Cy OacIajibl, Karaiapbl KYpFall, aFalll ©CIMIIKTEPiHIH
Kanmail keOylHeH KyparaH CaHbl apThII KeJIe/Il.
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OpranblK aHFap KiLIripiM TapajdbIMbIMEH €peKIIeJIeHEl, ©3€HHIH apajblK JCHreliHeH
opra ecemnreH 3-6 M ketepijeni. EMeH ekmenepi opTanblK ajnkanTa eceil >koHe Oip eMeH
aramTapbl GpopManuschiH Kypaiinel. EMeH eknenepiniH opMaH Typi - OpTajibIK KalblIMaHBIH
opTalia JeHreliHaeri eMeH OpMaHIaphl Jen atanajbl. bi3 3epTTereH ydackeiaep OpMaHHBIH
OCBI TYpiHeH TaHaanabl. byrinri Tanna JKalbIk ©3eHIHIH jKalbllIMa alKaaralTapbIiHbBIH Ka3ipri
JKaFJaiibl OHBIH JKaii-KyHiHe OalIaHbICThI ©3€KTi 00MbIT TabbuTa s [3,4,5,6].

XKaitplk 03eHIHIH anKaObIHIa eMEH eKIeIepiHIH OCYiH 3epTTeY YIIiH 3 ChIHAK aJlaHbl CAJIbIH-
Ibl. OpOip ChIHAK allaHbIHJIA TAKCAIIUSHBIH €CenTey 9/ici )Kypri3imai. ChlHAK anaHAapbIHIAFbI
aramTap/sl Iy 9/1iCi KAIBIHABIFBI OOMBIHIIIA KOHBEPT TOCUTIMEH KYPri3inai. Ydackenepaiy
ayJaHIaphl, ©CIM Kelle )KaTKaH MEH KyJIaFaH araiuTap CaHbl, OpOip oCim Kelle )KaTKaH araliThiH
IUaMeTpi, opTalla JuaMeTpre >KaKblH KalbIHIBIKTAFbl araluTapAblH OWIKTIT, COHAal-ak
TOJBIKTBIFBI ©JIIIeHe 1. JlnameTp MeH OMIKTIK TeK Tipl araluTap/aH KeJleci/iel KypbUIFbLIap bl
KOJIJIAaHBUIBIN OJIICHI: OJIIEYIll MIAHBIKBL, Suunto OWIKTIK enmeyinri, BUTTepauxTiH
TOJBIMIBIIBIK, OJIIIETIII.

ChIHaK anaHAapbIHBIH MOJIIEPi OPMaHHBIH TYKBIMBIHA, JKAChIHA, TOJILIKTBIFBIHA, TYpPIHE,
TaKCalMsJIBIK KOPCETKIMTEPAIH TyplieHyiHe OainmanpicThl. OpTa KacTarbl cypekainaep, [V
’Kac KiachIHa kataabl. ChlHAK alaHAapbIHIAFbl aFallTapAblH CaHbl a3 OOJIbI.

ChlHaK anmaHJApBIHBIH CHUNATTaMachl CYPEKIIHHIH TaKCalUsJIbIK CHUIATTaMaChIHAH,
KaHApybIHAH, OCIMI-OHYIHEH, TOMBIPAK JKaMbUIFBICHIHAH 0aCTaJIbI.

KanbiHabiFel OOWBIHINIA €H KOI Ke3JIeCKeH aralnTapiblH OuikTikrepi emmenai. Opraiia
JUaMeTpi MEH opTailia OMIKTITiH €CeNTEereHHeH KeHiH MOJENb/IIK aFaliTap TaHJalIbl.

XKanms! 06bIc OOMBIHINIA 6CY MEH OHIMALTIKTI 3epTTey YLIIH MyparaT AepekTepi MeH 1992-
2016 xpImaapAarsl TAKCAUSIBIK CUITATTaMaIapIbIH KOPCETKIMITEePl MaiaalaHbUIIbL.

Excel 2000 MS Office 2000 6armapnamanapbl ChIHAK ajJaHIapbIHIA KUHAJIFAH JaJTaJIbIK
MaTepuaiiapabl eHIey, IepPeKTep/l Kyieney KoHe Tajaay YIliH naiaanansuiasl [7,8,9].

Tepek, mieripimiH, Tan CHSKTHI THUITIK >KalblIMallbl OpMaHaapaaH Oacka, Kaparai,
Oankaparaii, eMeH, KallblH, KOKTEPEK, KaHJIbIaFalll oHEe OacKaiap CHSKTHI MIApyallblIbIKKA
MaHBI3bl TOMEH aFalll TYpJepi ocei.

MemiiekeTTiK OpMaH KOPBIHJA €MEH OpMaHAaphl OOWBIHINA OPMAaHbI ankantap Tek 3%
Kypaiinel. EMeH dopmaluscsl OpMaHHBIH TeK Oip TypiMeH YChIHbUIFaH — OpTanbiK aaKanThiH
opTalla >KOHE JKOFaphl JEHTeHiHAeri €MeH araliTapbl, OHbIH aydaHbl 1264 ra Kypaimisl.
Crartuctukanslk Tanaay xxyprizep anasiana JICBIl manamadTeik TUITONOTUSIBIK TOOBIHAFBI
€MEH, aK TEPEK JKOHE Kapa Tepek OachIM ayIaHIap IbIH KYPbUIBIMBI OaFramaH/Ibl. AFalll TYplIepiHig
KaTBICY YJIECIH capajiay MbIHA KaTapMEH YCHIHBUIFaH: Ko/IMI1 eMeH — 62 %, ak Tepek — 33 %,
Kapa tepek - 5%.

3eprTey OpHBI SIHBapIeB OpMaHIap MEH JKaHyapiap IYHHECIH KOpray KOHIHJETi
MEMJIEKETTIK MEKEMECIHIH ayMaFbIH1a OpHaslacKaH. 3eprrey o0bekTici (12 opawm, 2, 21 xone 23
TeTMIep) O3eHIep, KOJaep xKoHe 0acka Ja cy OObeKTiIepi xKaranaylapblHAaFkl OpMaHIapIbIH
TBIMBIM CaJIBIHFAH JKOJAKTapbl KOpPFaHBIII caHaThiHAa opHanackaH. On bareic Kazakcran
OOJBICBIHBIH KYPFaK Aasia OeJiriHIe opHaTacKaH, OHBIH TOTBIPAFkl Kapa KOHbIp. Kyprak koHe
KapKbIHABI aTMOC(hepanbIK KypFraKIIbUTBIK skui ke3neceni [10,11,12,13].

CemHak amanfgapeiHaa kypambl 10 E OomaTelH Taza cypekIiHIEpMEH KaMTBUIFaH.
TakcanusnbelK cumarramanapabiy aepekrepi 2016 KbpUTFbI OpMaH OpHAIACTHIPY Ke31HAETI Jie-
peKTepre xaTaibl.

Cypexainmep opTypili jKacTarbl Ta3a KypaMMEH YCHIHBUIFaH. Op CBhIHAK allaHbIHIA Op
TYpJi JuaMeTpdi skoHe OmikTikTeri keMinae 50 aramr 6omabl. Jlanansik skaraaiiia aramTapabiH
JMaMeTpi MeH OMiKTiri OoibIHIIa )xuHaIFaH Matimertep MS Excel 6arnapnamacbiiia eHIe/ .

Hakrtbl aram TyprepiHiH ACHIPOMETPHUSUIBIK IEPEeKTepiH (araml MiHAEpiHIH OWIKTIKTEepi
MEH JHUaMeTpIIEpiHiH opTalia MOHJIEpi) CTaTUCTHKANBIK Tannay Ouikriktepaid (H, M) xone
nuametpraepaid (D, cM) oprara MoHIEpiH, KaTelep/Ii )KoHe oJap/bl aHbIKTay JANAITiH (+rmD),
cm; #mH, m; +PD, %; +PH, %), ctanmgapTTsl aybITKy mamacei (6H, m; oD, cMm), Typreny
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ceprinid (Hmin, Hmax; Dmin, Dmax ) »xone Bapuanus kodpdunmentin (VH, %; VD,%),)
[14,15,16] kapacteipeuiabl. Oprama 6wmiktik (Hep) sxone oprama muamerp (Dcp) OoiibrHma
CTaTUCTUKAJIBIK TaJIJ]ay HOTHUXKeJepl 3€pTTEIII.

CrarucTuKanblK KOPCETKIIITepAIH CEHIMILIr OapiblK JKargaimapaa KepceTKilTep
MOHJIEpPIHIH OJIap/IbIH KaTeJIIKTepiHe KaTbIHAChl PETIHJE KPUTHKAJIBIK MOHHEH acanbl (t>3,0),
OV JepeKTep/IiH CEHIMAUIIIH KepceTeai. AramTapbiH OUIKTITIHIH ©3repy KOpCEeTKIMTepi
CTaHJAPTTHI aybITKY OOMBIHINA (G) Auana3oHsl 1,1-aeH 1,2 M-Te feitin, Bapuarus KodhhUImeHTi
ooitpiama (V) 7,2-nen 7,4% - ra aeiiin, nerepmuHanusa kodddunuenti ooitpiama (Vd) 48,7-
neH 54,5% - ra neitin. Opramna OuiktikTi (P) anbikTay momairi +1,5-ten +1,6% - ra geifinri
nuana3zonga Oomanbl. COHBIMEH Karap, eMeH ekmnenepiHiH skanmnsl oprama (IOHAN) ymrin
CEHIMJIUTIK MHTEPBaJIBI OaFaslaH/Ibl, OJ1 CEHIMIUTIK BIKTUMAJIIBIFBIHBIH 95% neHreiinae opra-
11a OMIKTIKTIH IIEKT1 MoHAEpiMEeH cunarTanaibl. CTaTUCTUKAIBIK KOPCETKIIITEPAIH CEHIMILTIT1
OapIbIK Karaaiiapia KepceTKIITep MOHICPiHIH OJap/IblH KAaTeIIKTepiHe KaThIHACKI PETIH/E
KPUTHUKAJIBIK MOHHEH achin Tycedi (t>3,0), Oyi1 ecy KopCeTKITEPiHIH Kac TUHAMHUKACHIHBIH
CTaTUCTUKAJBIK MOAETBACPIH KYpYy YIUIIH AepEKTepiH CeHIMALTITIH kepceTeni [17].

EmeH eknienepiH cTaTHCTUKAIBIK OaFanay AepeKTepAiH AYPHICTHIFbIH pacTaiiapl. CeHIMILTIK
BIKTUMAJIIBIFBIHBIH 95-TTalbI3IbIK ACHTeHiHAeT] Oac opTa YIIiH CeHIMIUTIK apabiFbl 28,0-36,8
cM-aeH 1-I1I1, 37,9-nan 46,3 cm-re neitin 2-1111, 34,8-42,8 cm-aen 3-I1I1 meringe Oonaabl.

KopbITbIHABLIAN KENE:

1. XKac kiactapel OOWBIHIIA OpTalIa JUaMeTpiep MEH opTaiia OWIKTIKTEPHiH TYpJeHyl
JICBII nanamadThIK-TUMIONOTUSIBIK TOOBIHAAFBl CYPEKIIHACPAL KYPANTBIH CYpeKAiHaepre
Kapamactas, xac eckinaepaeri 40-50% - man micken cypekainaepae 10-20% - Fa neiin azas-
JTBL.

2.0prama OMIKTIKTEp/AIH ©3repy ayKbIMbl jKachblHAa Kapail apTaabl >KOHE COHKeciHIe
JEHPOIIEHO3IBIH 60 skacTarbl AJIEMEHTTEpIHe Oonaabl: eMeH aramisl yuriH 15,9 — nan 17,1
M-T€ JIeHIH.

3.0prama nuaMeTpiepiH e3repy ayKbIMbI jKachlHA Kapal YiIFasjbl jKOHE COWKECIHIIe
JEHIPOIICHO3IBIH 75 KacTarbl 3JeMEHTTepiHAe O0onaapl: eMeH arambl ymniH 37,9 - nan 46,3
CM-Ie JeHiH.

4.0Opramia MoHEP/II aHBIKTAy TAJIIrT oprama OMiKTiKTep OOMbIHINIA J1a, OpTalla JdaMeT-
prep OoitpiHIa ga + 10% - man acmaiabl.

XKaiiplk ©3eHIHIH KallbllIMa OpMaHIaphl ©31HIH IIBIFY TET1 )KOHE oCipiilyl OOMbIHINA ©3Tele.
Ocpunaiiina, 3epTTey 9MICTEMECIHIH OpTYPJl TACUIAEPIH KOJNJaHA OTBHIPBII, ONAPIbl 3epPTTEY
€pEeKIIIe Ha3ap Il ayAapTaibl. OpTYPJIi arall TYPJIEPIHIH OMIp CYPY Y3aKThIBIFbIHA, CA0aKTACTHIK
MpoIIeCTEPIHE, COHAN-aK Cy TaCKbIHBIHA TO3IMJIUIITIHE epeKIle Hazap ayaapy Kaxker [18].

ajinananblirad daeduerTep Tisimi

1 Sizemskaya M.L., Elekesheva M.M., Sapanov M.K. Formation of Forest Biogeocenoses
on Disturbed Lands of the Nothern Caspian Region/ Biology bulletin. Vol. 48. No. 10. 2021. P.
39-44

2 Sapanov M.K., Sizemskaya M.L. Ecological Features of the Renewal of the Boxelder
Maple in Arid Regions of Russia/ Contemporary Problems of Ecology, 2021, 14(7), ctp. 785—
791

3 Sapanov M.K. Environmental Implications of Climate Warming for the Northern Caspian
Region/ Arid Ecosystems, 2018, 8(1), ctp. 13-21

4 Sapanov M.K., Sizemskaya M.L., Akhmedenov K.M. Reclamation stages and modern use
of arid lands in the northern Caspian region/Arid Ecosystems, 2015, 5(3), ctp.188—-193

5 Maky C.M. Dxonoruyeckoe 3HaYeHUE OCOKOPHUKOBBIX HACAXKICHUH B TTOMME peKn Ypau
3ananHo-Kaszaxcranckoit oonmacti/ @yHaaMeHTaIbHas U MPUKIagHas Hayka: COCTOSIHUE TeH-
neHuuu pa3Butus. CoopHuk crareid X Mex1yHapoIHOM HayYHO-TIPaKTHUECKON KOH(epeHInu.
[TerpozaBoack, 2021. C. 253-257

79



6 CapcemanueB E.3., EnemecoB M.K., Hypxar E.K. Dxonoruueckoe cocrosiaue 6ei1o0To-
MOJIbHUKOBBIX, BETJIOBHUKOBBIX U BS30BHUKOBBIX HACAKICHHUM B MoKMe peku Ypai 3amnagHoro
Kazaxcrana/ Hay4nblil moteHman MoiaoaexHbIx uccienoBanuii. Coopauk crareit 111 Mexny-
HapOAHOM HayuHO-TIpaKkTH4eckoi koHpepenuuu. [lerpozaBoack, 2021. C. 204-209

7 XmoctoB B.K., EnekemieBa M.M. Monenu xona pocta 37€MEHTOB AEHAPOLIEHO3a B CMe-
HIaHHBIX TyOHsAKax oMbl pexu Ypan/ CoopHHK cTareid MexayHapoIHOM HayuyHO-TIpaKTHie-
ckoit koH(pepenuuu 3 nexadpst 2017 r. MHTerpalimoHHble MPOLECChl B HAYKE B COBPEMEHHBIX
ycnoBusix.r.Kazans - Yacts 1. - C. 18-26

8 Xmocros B.K., Enekemea M.M. K meToanke MopenupoBaHus Xo01a pocTa CMEIIaHHBIX
JPEBOCTOEB B MoiiMe peku Ypai/ Jlokmaasl TUMUpSI3eBCKOM CeTbCKOX035HCTBEHHON aKaIeMuUH.
Mocksa: PTAY-MCXA umenn K.A. Tumupssesa, 2017. - Ne 289-2. — C. 383-385

9 XmoctoB B.K., EnexemieBa M.M. JlanamradgTHO-TUTIONOTHYECKAsT U TaKCAITMOHHAS KJIac-
cuduKanys MOMMEHHBIX HacaxaeHuil Ypana/ (HayuHo-cripaBoyHoe u3nanue). ISBN 978-601-
80763-0-5. Ypansck: WESTA, 2018. -280 ¢

10 Kozauenko M.A., EnekemeBa M.M. Xox pocra 1y6a yeperyaroro B 3allUTHBIX JIECHBIX
HacaxaeHusx 3amanHo-Kaszaxcranckoit oomactr/Hayunas sxu3ab.— 2014. —Nel. — C. 39

11 EnekemeBa M.M., Kozauenko M.A. Ilokazarenu pocra MOIeIbHOTO JepeBa nyba de-
pemyaroro B SlHBapckom jecHuuecTBe 3amagHo-Kazaxcranckoil obmactu/ Marepuansl Tpe-
Theil Beepoccuiickoii KoHpepeHIUHU 110 UTOTaM Hay4YHO-HCCIIEA0BATENbCKOM M POU3BOICTBEH-
HOM paboTs! cTynenTos 3a 2013 rox. 7-11 anpens. Capatos. — 2014 . C. 24-25

12 Gaziz A., Temirgaliyev T., Andizhan Ye. The growth of oak in protective forest plantations
of west kazakhstan region COopHuk crateil mo utoram MexayHaponHON HaydyHO-TIpaKTHYe-
ckoit koHpepenuuu. Crepnurtamak, 2021. C. 88-90

13 Gaziz A., Temirgaliyev T. Ecological state of natural oak stands of the floodplain of
the ural river/ International Research Conference on Technology, Science, Engineering &
Management. Seattle, 2021. P. 31-34

14 XmroctoB B.K. KoMIuiekcHas oLeHKa 1 ymnpaBieHHE IPEBECHBIMU pecypcamu: Moge-
mu-HopMmatuBbl-TexHosorun/ B.K. XmroctoB. MockBa: M3marensctBo PTAY-MCXA umenu
K.A. Tumupszesa, 2015. - Kaura I. - 399 ¢

15 XmoctoB B.K. KoMiiekcHasi olieHKa W ynpaBJi€HUE IPEBECHBIMH pecypcamMu. Mogpe-
mu-HopMatuBbl-TexHosorun/ B.K. XmocroB. MockBa: U3znarensctBo PTAY-MCXA umenu
K.A.Tumupssesa, 2015. - Kunra II. - 449 ¢

16 XmoctoB B.K. Metonnyeckoe mocobue mo BBHIIOTHEHUIO KYPCOBOM pabOThl yueOHOH
JTUCIUTIIMHBI CUCTEMHBIA aHAJIN3 W MojenupoBaHue skocuctem/XmoctoB B.K. M.: U3n-Bo
PTAY-MCXA um. K.A. Tumupssesa, 2010. - 177 ¢

17 XmrocroB, B.K. MonennpoBanue pocta CMEIIAHHBIX TPEBOCTOEB MONMEHHBIX JIECOB
VYpana/ B.K. XmtoctoB, M.M. Enekemena, XX.H. TokracsiHOB// ArpapHblif Hay4qHBIH KypHaJ,
Caparosckuii ['AY. Caparos, 2017 - Ne 6. - C. 41-45

18 Cuzemckas M.JL., EnekemneBa M.M., CannanoB M.K. @opmupoBanue necHbIX OUoreore-
HO30B Ha HapyueHHbIX 3eMyIsiX CeBepHoro [Ipukacnus/ [ToBomKCKUI SKOJOTHUECKUH KypHAII.
2020. — Ne 1. - C. 86-98

80



YIK 574.4:574.5

U3MEHEHUE DKOJOTINUYECKHUX MMOKA3ATEJEN BACUJIBEBCKOI'O
HAKOIIUTEJISI APEHAKHBIX U CTOUYHBIX BOJI B ACHEKTE APUJIU3AIINU
KJIUMATA KOCTAHAUCKOM OBJIACTH

bexkynosa 3.K., macucmpanm 1 kypca
Kocmanaiickuii pecuonanvnwiii ynueepcumem umenu A. baumypcwinosa, e. Kocmanati

TenneHnyy MOBBIMIEHUsT OOIIEH TeMIieparyphbl Ha IJIAHETE SBISIOTCS HAUOOJee aKTyallb-
HOU 1 HanboJee o0CcyK1aeMoi MpooOJIeMOoit B COBPEMEHHOM HayKe, MOJUTHKE M 00IIeCTBEHHOM
*u3HU. Hanbompiryto yrpo3y mocTeneHHoe MOBHIIIEHHE CPEIHETOI0BOI TeMIepaTypbl HECET
TEPPUTOPHUSIM C APUIHBIM CyXHUM KIIMMAaTOM, TJe ITI00aThbHOE MOTEIJICHHE BBI3BIBAET YMEHb-
IICHUE KOJMYECTBA CPEIHEr0/I0BbIX OCAJKOB, CMEIIEHUE BIAXKHBIX MepuoaoB. [Ipu sTom He-
00XOJIMMO OTMETHTh YTO OOIIEE MOBHIIICHUE TEMIIEPATyphl B BECEHHUI M OCEHHUI MEPUOJ
MPUBOJIUT K YBETUUCHUIO 3BAMIOTPAHCITUPAIITMOHHOTO KOA(DPHUITMEHTA TOUYBBI ¥ TOBEPXHOCTHBIX
BOJI, YTO B CBOIO Ou€pe/lb HETaTUBHO CKa3bIBAETCS HA OOLIEM XUMHUYECKOM COCTaBe Kak JICH-
TUYECKUX DKOCUCTEM, TaK U MOBEPXHOCTHBIX BOJI, YBEINYUBAS UX MUHEPAIIN3AIINIO, TOBBIIIAS
TaKHe TOKa3aTeIN KaK CyXOi OCTaTOK, COACpKaHNE HEPACTBOPUMBIX COJICH, a TAKKEe CII0CO0-
CTBYET YCHJICHHIO MPOIIECCOB ABTPOPUKALUN BOJOEMOB.

Kocranaiickast 061acTh OTHOCUTEIHHO CYXUM M aPHUIHBIM KIIMMaTOM C CPEIHETOJI0BBIM KO-
JINYECTBOM 0cajikoB 0k0j10 300 MM. B nociiennue roasl HaOMI0aaI0TCs 3HAYUTENLHBIE U3MEHE-
HUS CPEeHUX TeMIepaTyp B 3aBUCUMOCTH OT C€30HOB roja. [lo JaHHBIM METEeOpOTIOTHYECKUX
HaOIIOICHUH CpeTHsIs TeMIIepaTypa Mas - aBrycra Bolie Ha 2-3 °C B mocneiHue 5 JieT, 1o cpaB-
HEHUIO C MPEIBIIYIINM ISITHICTHUM NTEpHooM. YacThie TeMIiepaTypHbIC MMUKU CO 3HAUCHUSIMHU
Bhimie 30 °C HaOmroaroTCsl HAaUMHAS ¢ TIEPBOM JIEKa Ibl Masi M 3aKaHYMBask BTOPOU JIeKa 10l CeH-
TA0ps. /laHHOE SIBIEHHE 3HAUUTEIILHO COKPAIAET TOBEPXHOCTHBIN CTOK B BOAOEMBI PETHOHA,
CHIKAET YPOBEHb TPYHTOBBIX BOJ, 3HAYMTEIIPHO IMOBBIIIACT MOKA3aTEIN UCTIAPSHUS BOJBI, a
CJIEIOBATEIHHO CIIOCOOCTBYET OOMNBIIIeH MUHEPAIU3alMK BOIOEMA.

Criennuyeckne K30TCHHBIC T€OJOTUYECKHU SIBJICHHS TaKue Kak BropudHOe 3acosieHue
N0YB, Je(ISIUOHHBIE MPOLIECCHI, BBICOKAsl 0J0Bast SPO3HsI KaK MOYBEHHOIO MOKPOBA, TaK U
pa3IMYHBIX TUIIOB TPYHTOB OOYCIIOBICHO PACIONIOKEHUEM TEPPUTOPUHU HUCCIIETOBAHUS B 30HE
CTemHOTO JIaHmmadTa ¢ mpeodiIa aHueM CEMUAPHUTHOTO KITnMaTa

TpemuHbl B CKalbHOM IPyHTE, MOPO300OMHbBIE KIIMHBS SBISIOTCS YaCThIMU MPOSIBICHUS-
MU HapylIEHHON MPUTIOBEPXHOCTHOM T'e0IOTMYECKOM Cpeibl 00YCIOBICHHON PE3KO-KOHTHHEH-
TaJIbHBIMU KJIMMAaTOM OOYCJIaBIIMBAIOIIMM PE3KHE CYTOUHbIE KOJIeOaHUsI TEMIIEpaTyp B MpHJIe-
nax 6oinee 25 °C, a Takke To10BbIe Kojebanus B uHTepBaie 10 90 °C.

JlanHbIe IposiBTIeHNS 00y CIaBIMBAIOT Pa3BUTHE T€OIOTUYECKUX MPOIIECCOB 3HAYUTETLHOTO
MOTUPHUITUPYIONINX pebed 3a cIET (HOPMUPOBAHUS 3aMETHBIX 04aroB jaedusiuu, cydhdoznn n
sposuu. Pexa ToGom, siBisromascs 0CHOBHBIM BOJOCOOPHBIM MaCCUBOM MECTHOCTH (hopMupy-
eT 1y0oKuii TanmadTHO-TeoI0rHueCKui Bpes, popmupyromuii 6aszuc aqpexaxa 6oaee 100 m,
YTO CTUMYJIUPYET 3HAYUTEIHHBIC PUCKHU BOAHBIX IPO3HMOHHBIX MPOIIECCOB.

Jlns paccmaTpuBaeMoil TEPPUTOPUHU XapaKTEPHO MOCTENIEHHOE CHIKEHUE MEXaHUYECKUX
Y MIPOYHOCTHBIX CBOMCTB TPYHTOB 3a CUET aKTUBH3AIMH TUIIEPTEHHBIX MPOIECCOB BTOPHIE 00-
YCIIaBJIMBAIOT CJIA0YI0 YCTOMYMBOCTh JAHHBIX TPYHTOB K JIFOOOMY THITY BO3/ICHCTBHSI.

demuuecKkre KOMILIEKChI BKIIFOYAIOIINE B ce0s TaKKe MEeTalJIbl KaK ’Kele30, MapraHel, Hu-
KeJb, KOOAJBT, IIMHK, CBUHEII, KaJIMHi, MOJUO/ICH, TUTaH, ATIOMUHHUH, BaHAAHHA, (POPMUPYIOT
COCTaB Te€0JIOTHYECKOTO CyOCTpaTa ypalabCKUX CTPYKTYP CO3AIONIUX MTPUPOIHON TeOXuMUYe-
CKOE TOJIE pacCMaTpUBAaEMOT0 PETHOHA.

BanepbsiHOBCKasi CTPYKTYpPHO METAJUIOT€HETHYECKasl 30HA K KOTOPOM OTHOCUTCS pailloH rc-
CJIEJOBAHUS OTIIMYACTCS 3HAUUTEIbHBIMU 3aI1aCaMHU JKEJIE3HBIX Py, a TAKXKE PACCIHBIMU BKITIO-
YEHUsIMU MUHEpaJioB coaepxkamux Cu, noaumeramisl, Au, Ag.
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B uvacrocTn B paMKax KOMIUIEKCHBIX I'€OJIOTMUECKHMX HccienoBaHuil o naHHeiM H. Ilo-
BapHUIIMHA MarHeTUT B BUJE TSKENON MUHEpaIbHON (PpaKIMK MPUCYTCTBYET B 3HAUYUTEIILHOMN
KOHLIEHTPAIIMK B YETBEPTUUHBIX MOKPOBHBIX CyruHKax. Criennduyeckrne 0COOEHHOCTH APEB-
HEll KOpbl BBIBETPUBAHUS OOYCJIAaBIMBAIOT HAJIMYUE B MOKPOBHBIX OCAJKaX MHUOLIEHA 3HAYH-
TEJIbHbIE KOHLIEHTPAIMH KEJIE30-MaPraHIIeBbIX BKIIOUECHHI. biarogaps Takoil reoXuMu4yeCcKou
KapTUHE M3y4yaeMOW TEpPPUTOPUM OTMEUAETCS HAJIWYUE B MPUPOIHBIX BOAAX 3HAYMTEIIBHBIX
KOHIIEHTpaIuii moaBmwxkHeIX GopMm Fe u Mn. T'eoxumuyeckoe none ruapochepe, chopmupo-
BaHHOM B TOM 4YHCJIE 32 CUET OCTATOYHBIX I'€0JIOTUYECKUX (OPM APEBHETO MOPS XapaKTepHU3y-
10T HaJM4Ke B TEOXUMHUYECKOM (JOHE TaKMX XMMHUYECKHX AJIEMEHTOB KakK HoJl, OpOM, U CTPOH-
uus. Jlanabiil poH oOyciaBiuBaeT 0COObIM T'HAPOreOXUMHUECKUN COCTAB KaK MOJI3EMHBIX,TaK
Y TIOBEPXHOCTHBIX BOJ .

OOBEeKTOM HACTOSIIETO UCCIIEOBAHUS ABISIETCS BacuibeBCKU HAKOMUTENb OPraHU30BaH-
HBIN B ipezenax 03épHoi cucremsl Kynaii-)Kapkoib, BKIIOUAIONIHIA B 051 TAKHE BOZOEMBI KaK
Kynaitxapkoinb, Koctomap, XKapkoss (cMm.doto 1)

dorto 1 - BacwibeBCKUN HAKOIIUTEIH

BonooTBeneHne CTOUHBIX M JIPEHAKHBIX BOJ B BacuiibeBCKHMII HAKONUTENb BKJIIOYAETE B
ceOs psii KOHCTPYKTUBHBIX 2JIeMEHTOB. B uacToctu apeHakHbie Bosbl 13 CapOaiickoro kapbepa
MOJICTYTIAIOT TI0 CUCTEME TPYOOIPOBOAOB M3 IPEHKHBIX MIaxXT B 03epo bonbmioi JIuman, pac-
M0JIOKEHHOE BO3J1€ JIMMaHHOTO OTBaJIa, MOCJE YEro TakKe 10 cucTeMe TpyOOnpoBOJOB Jpe-
HaXKHbIE BOABI BacuiibeBKUIl KaHai, KyJa TakKe IMOCTYIAalOT CTOUHBIE U JPEHAKHBIE BOJbI U3
Coxonosckoro HakonuTens. [To BacunbeBkomy kaHane gaHHasi BOAA MOCTYNAET B HAKOIIUTEIb
oOpa3oBaHHBIN Ha 0a3e o3epa KyHaikapkob, Tyia ke 10 MyIbIIONPOBO/TY IMOCTYIIAIOT 30JI0III-
n1akooTxo/ibl ¢ Pynnenckoit TOL.
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Ha nannblii MOMEHT BpeMeHU BacuibeBCKMl HAKOMUTENL COCTOUT U3 LIECTU 03€P 3amod-
HEHUE KOTOPBIX IMPUBXOJUT MOCTENEHHO, B PE3YJIbTATE YErO MPOU30LUIO CIUSHUE UYETBIPEX
o3ep. Ha 2017 rox abconmtoTHast OTMETKa YPOBHS BOABI B JIETHEE BpeMsi cocTaBisia 194,3 m.

Dkcrutyaralys mectoro o3epa Hadanach B 1994 . Taxxke ¢ 1990 mo 2000 rox ¢puxcupona-
Jach MaKCHMaJlbHasl IUIOIIAAb BOJHOTO 3€pKaja JaHHOTO HAKOIMTENS, IPU 3TOM IeoJoruye-
CKasl CTPYKTypa JaHHOW BOAHON CHUCTEMBI MPENATCTBOBAJIA IPOHUKHOBEHUIO TIOBEPXHOCTHBIX
BOJI B BOJOHOCHBIE TOPU30HTHI.

Ha nanHbBIil MOMEHT BpeMeHH 00beM BOJIbI B HaKomuTeaus paBHsercs 336,4 MiiH KyOud-
ckux MeTpoB. Hakonurens 3anuMaeT momans 10817 ra (108,17 km2),

ITo cucteme u TpyOONPOBOIHON CUCTEMA B HAKOMUTENb ekerofHo nocrynaet 40 muH. Ky-
OOMETPOB CTOYHBIX M IPeHAXKHBIX BoJ. Kak yke ObLI0 CKa3aHO BbIIIE OCHOBHBIE OOBEMBI JApe-
Ha)KHBIX M CTOUHBIX BOJI IIOCTYTIAIOT U3 HAaKOMUTEN Ha 6a3e o3epa bonbuioit tnman, CokooB-
CKOT'O HaKOIUTEJSI U XBOCTOXPAHWIUIIIA.

HecMotps Ha TO 4TO M3Ha4aJbHO BacuibOEBCKMI HAKONUTEND MPOEKTUPOBAJICS TOJIBKO
JUTSL HAKOTIIICHUS JPEHAXHBIX M CTOYHBIX BOJ C HOsIOps-fexadbpss 2004 roma B mepBoe 03epo
BacuneBckoro Hakonurens 1o  MyJbIONPOBOAY MPOU3BOAUTCS CKJIaIUPOBAaHUE 30116l ¢ Pyn-
HeHckoit TOLL. Ilpu 3ToM HEOOXOAUMO OTMETHUTH YTO NEPBOHAYAILHO B BacuibeBckoM Hako-
MUTENE TPOU3BOJUIICS IPOMBICIOBBIN OTIIOB PHIOBI, TAK KaK MOKYHAIOIIKE B HAKOIIUTENb BOJIBI
B OCHOBHOM JIPEHA)XHOT'O XapaKTepa COOTBETCTBOBAIN PbIOOX03AHCTBEHHBIM HOPMATHUBAM.

[Tocnenyromue uccieaoBaHMs MOKA3aldd YTO COPOC 30JI0LLIAKOOTXOIOB B MEPBOE 03€PO
PE3KO CHU3MI BO3MOKHOCTH BOAOEMA K CAMOOUHUIIIEHUIO U CIIOCOOCTBOBAN YCHIIEHUIO TOKCHU-
YEeCKO Harpy3ku Ha BOAHYIO SKOCHCTEMY, MOBBICHJIO OOIIyI0 MUHepalu3auuio Bopoéma. B
utore B 2013 roxy Bce Hakonutenu AO «CCITIO» ObuiM HCKIIIOYEHBI U3 MEPEYHs pbI-
00X0351ICTBEHHBIX BOJOEMOB.

OcHOBHBIE TTapaMeTpbl COBPEMEHHOIO COCTOSIHUS BacuiibeBckoro Hakonurens, Ha 2017
roJi, mpuBeeHs! B Tabnue 1.
Tabmuua 1 - OcHoBHBIE TapaMeTpbl BacuiIbeBCKOT0 HaKOMUTENSI-UCTIapUTENs

[TpoexTHbIi 00BEM, M? 385
ITpoexTHas mouanp, ra 12000
Ormetka HIIT, m 194,7

B Hacrosmmii MOMEHT cTaryc BacuiabeBCKOTO HAKOIUTENS 3TO TEXHOJIOTMYECKUN BOJOEM
AO «CCI'TIO» B KOTOpBIiA COpachIBAIOTCS ApEHaKHBIE BOABI NpU 00CTyKuBaHUU COKOJIOB-
ckoro u Caap0aiickoro KaprepoB, TPOMBIIIICHHBIE CTOYHBIE BOJIBI C 000TaTUTEILHOU (habpuKu,
CKJIaJia TOTOBOM MPOIYKIINH, a TAK)KE XO3SHCTBEHHO-OBITOBBIE BOJIBI I. PyTHOTO. M MpOMBIII-
JICHHBIX CTOKOB OCHOBHOW PymnHum4HO#N momanku (pyHKIIMOHMPOBAHNE XBOCTOXPAHWIHIIA,
oOorarutensHONW (GaOpHKH) ¥ X031HCTBEHHO-OBITOBBIX ((hekanbHBIX) Box T. PymHoro.

I'uppoxuMudeckoe oOcieoBaHue BOJIBI B psiZie TOUEK BacuiibeBCKOro HAKOTHUTENS TIPOBH-
neHHoe B 2021 roxy mokasano 4To paj reOXMMHMUYECKHMX IOKa3aTeseil BO BCeX LIECTH 03epax
JIOBOJIHO CHJIBHO OTJIMYAIOTCA. B 4acTHOCTH B HACTOSIIMNA MOMEHT HAaMMEHBIIIass MUHEPAIH-
3a1us XapakTepHa JJis mepBoro o3epa 2230 Mr/i1, MakCUMalbHasi MUHEPAJIN3alus PETUCTPUPO-
Basioch B o3epe Ne5 13458 mr/n. B ocTanbHBIX 03epax ypOBEHb MUEPATH3BUHU IIPUMEPHO OTH-
HAKOBBIHU U KoJiebasics B mpenenax ot 4236 Mr/i1 BO BTOpOM o3epe B 710 6857 MI/JI B IIIECTOM.

I'mppoxumudeckoe obcienoBanue BacuimbeBckoro Hakonuress mposeaéuHoe B 2020 u
2021 rr. mo mepBOMY, TPEThEMY, IATOMY M IIECTOMY O3€paM, a TaKKe€ IO COETUHSIOUIEMY
KaHAJTy MEXAy YeTBEPTHIM M HIECTHIM O3€paMU IO3BOJIMIIHU MOIYYUTH crieayromme. Takon
MOKa3aTellb KaK CyXOi OCTATOK B BOJIE TIEPBOTO M TPEThEro 03ep cocTaBmwin  3680-5487 wmr/i,
B Kanaine —5520 mr/nm?. Tlpu 3ToM OBLITO 3a()MKCUPOBAHO YTO MUHEPATH3AINS BOJ IISITOTO U
MIECTOTO 03€p IO KOJUYECTBY CyXOro OCTarka msToro o3epa - 13896 mr/m, mecroro - 9362
MT/JI, 9TO 3HAYUTEIBHO BBINIE YeM B MpeAplaymux o3epax. Konnentparus nonos K, Ca, Mg,
Cl- a raxke cynb(]aToB B MATOM U IIECTOM 03€pax TAKKE 3HAYUTEIHHO BBIIIEC YE€M B OCTaJIb-
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HBIX Bogoémax. B Bome 3 o3epa KoHIeHTpauus Kajblus 262,1 mr/n, maraus 184,2 mr/m,
xjopuaoB 2482 wmr/n, cymbdaroB 12202 mr/am3. B msatom o3epe comepikaHHe KaabIUs
436,1 mr/ n, maraus 484,5 mr/n, xmopuaos 6120,2 mr/ma, cynbdaros 2196,3 mr/n. Ozepo nsatoe
Y TIECTOE BEPOSITHEE BCETO MMEIOT JOBOJBHO BHICOKYIO MHUHEPAIM3AIUIO TaK KaK BBEJICHHBI B
SKCILTYaTalUI0 3HAYUTENIBHO MO3JHEE YEM OCTAJIbHBIE U B ONPEAEIEHHON CTETIEHH COXPAaHUIN
€CTECTBEHHBIN MPUPOJHBIN reOXUMUYECKUH (POH CONEHOro BoJOEMA XapaKTEPHOIO JJIs JaH-
Horo peruona. [locreneHHO reoxuMuUeckuil (HOH TaHHBIX BOIOEMOB OyIeT BBIPABHUBAETCS
TaK KaK MHHEPaJIN3aIis CTOYHBIX U APEHAKHBIX BOJ HECKOJIBKO MEHBIIE YeM MUHEPATA3AIUS
BOJIbI B PUPOIHOM (poHE.

Jlnst Bcex o3ep BacmibeBCKOro HaKOMHTENS XapaKTePHBI OTHOCUTEIHLHO HU3KWE KOHIICH-
Tpaluu a30THBIX COEAMHEHUI B BUJ€ aMMOHUNHOTO a30Ta, HUTPATOB U HUTPUTOB.

Hawuboinee BricOKHE comep kaHus 3TUX UHTPEIUEHTOB OTMEUAIOTCS B TIEPBOM 03€pe, B paii-
oHe cOpoca pyaHHYHBIX BoA. OOYyCIOBIEHO 3TO TEM UYTO PYAHHYHBIC BOABI JOBOJIHHO YaCTO
coZiep>KaT OCTAaTOYHbIE COCTUHEHUS aMMUAYHOU CEUTPHI, HCTIOIB3yeMOU B TIpoliecce OypoB-
3pBIBHBIX pa0oT B Kapbepe. KoHIeHTpaiusi HUTPaTOB B IEPBOM HHOTJA TOCTUTaeT 3.2 MI/J.

B Bomax Bcex o3ep, B mepByIO odepeapb B MEPBOM 03€pe MPUCYTCTBYIOT HEOOBIIIHE KOH-
HEHTpauU HePTEMPOILYKTOB, UTO CBA3AHO C MOMAIaHuEM B IPEHAKHBIC BOJIbI OCTATOYHBIX HE-
(hTEnpOTyKTOB U TEXHHUECKUX MACEJ UCTIOIB3YEMBIX TIPH AKCILTyaTallud TOPHOTO TPAHCTIOPTA.

B 1enom HEOOXOIMMO OTMETHTH, YTO, U3ydas AMHAMUKY HU3MEHEHHS MHUHEpAIU3AINHA B
JTAHHOM BOJI0OEME HAMHU HAONIONAETCS MOCTTEHHOE TOBBIIMICHUE TAHHOTO 3HAYEHUS B PAaHHUX
BoI0EMax, 00yCIOBIEHHOE YCUJICHHEM TPOIlecca UCTIApEHHUsl B PE3YJIbTaTe MOBBIIMICHUS CPEI-
HETOZI0BOM TeMIEpaTyphl M MOCTEIIEHHOE YMEHbIIICHNE 3HAYCHI MUHEPATU3aIiH B TISATOM U
IIECTOM 03epe 3a CUéT pa3daBlIeHUsI €CTECTBEHHOTO (JOHA IPEHAXKHBIMU BOAAMHU C OoJiee HU3-
KUMU 3HAaYCHUSIMU MUHEpaTH3allnu.
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YIK 630.432.16

AHAJIN3 TOPUMOCTH TEPPUTOPUM JIECHUYECTB IO)KHOM
M IOI'0-3AIIAJTHON YACTEA TOMCKOM OBJIACTH

Ilepmunos B.B., acnupaum 4 Kypca
Tomckuii 2ocyoapcmeennblil yHugepcumem, 2. Tomck

Jliis obecrniedenust TpedyeMOro ypoBHs ToxapHO# Oe3zomacHocty B Poccuu BemyTes He-
MIPEePBIBHBIE 1 MHOTOIUIAHOBBIE PAa0OTHI: MOJATOTOBKA KAJAPOB, pa3paboTka METOIOB U CIIOCOOOB
TYUICHHUS TI0)KapOB; MOHUTOPHHT U IPOTHO3MPOBAHUE; COBEPIIICHCTBOBAHUE SKCIICPUMEHTAIIb-
HOW M y4eOHO-MaTepuaibHON 0a3bl HAyYHO-HCCIEIOBATEILCKUX YUpekKACHH u apyrue. He-
CMOTps Ha O0JBIION 00bEM BBIIOIHAEMBIX PadOoT M0 MPOMIAKTUKE MOKAPOOTIACHBIX CUTYa-
LU €XKETOIHbIE MTOKA3aTeI BOSHUKHOBEHHS ITOYKAPOB OCTAIOTCS JOCTATOYHO BHICOKUMH.

Haubonee kpynHble JI€CHBIE TOKaphl BO3HUKAIOT B IEPUOBI aHOMAJIBHBIX KITMMATHUe-CKUX
SBJICHUI (BBICOKasi TEMIIEpaTypa BO3AyXa, UTUTEIBHOE OTCYTCTBUE OCAIKOB U BETPE-HOCTH). B
cilydae BO3HHMKHOBEHUS o4ara BO3TOpaHHs INIABHOW 3a/1aueil oKapHOH 0e30MacHOCTH CTaHO-
BUTCSI HE JIOIYCTHTD NIEPEXO0 OTHS Ha HACEJICHHBIE ITyHKTHI B 00BEKTHI SKOHOMUKH [1].

AHaiun3 ropuMOCTH MIPOBE/ICH Ha TEPPUTOPUH TPEX JECHUYECTB FOXKHON U FOT0-BOCTOUHON
yacreit Tomckoii oOmactu: TumupsizeBckoro, AcuHoBckoro u lllerapckoro.

OO01mmas momaab Tpex JecHu4IecTB cocTapisieT 986 184 ra, rue miomans Illerapckoro co-
crapisieT 410162 ra, Acunosckoro 310737 ra, TumupszeBckoro 265285 ra cCOOTBETCTBEHHO.

[Tnomaap TECHUYECTB 1O YYaCTKOBBIM JIECHUYECTBAM OToOpaxkeHa B Tabmure 1 [2].

Tabmuma 1 - [Tnomaas y4acTKOBBIX JIECHUYECTB

JlecanuecTBO Y4acTkoBO€ JIECHUYECTBO [Tnomane, ra
MopsikoBCKOE 39 686
Tumupsizesckoe boroponckoe 45 545
TemepunHCcKOE 80 284
Kanraiickoe 96 770
barypuHnckoe 157 598
ACHHOBCKOC MuTtpodaHoBCcKoe 104 400
Marno-HOkcunckoe 100 307
ACHHOBCKOE 77 857
[lerapckoe [lerapckoe 125 559
Nnosckoe 185178

Uccnenyemas TeppuTopHss OTHOCUTCSI K Ta€KHOM JIeCOpacTUTEIbHON 30HE 3alajHO-CH-
OMpPCKOMY FOJKHOTAE€)KHOMY PaBHUHHOMY PaiioOHY.

Knumar Tomckoit 06macTu pe3ko KOHTHHEHTANbHBIH OOpeallbHOTO THIA, C XOJIOIHOW 3H-
MOM, XOJIOTHOW M BIIQXKHOM BECHOM U TerutbIM JieToM. CpenHsist Temneparypa uronst 16—-18°C, B
rox Beinagaet 400-570 MM ocaakoB, U3 HUX 0K0j10 70% MpUXOIUTCS HA TEIUIBIN NEpUoJ rosia
3]

AHanu3 ropumoctu JiecHoil Tepputopun Lllerapckoro, AcuHoBckoro u TumupsizeBckoro
necHuuects npoBojuics ¢ 2012 no 2021 rr. IloxxapoonacHbli C€30H HAUMHAETCS € arpelis-Mas
MecsiIa ¥ MPOJI0JDKAETCS 10 CEHTAOPh-OKTSIOph MECHII.

Bcero na tepputopun 3 necHudects 3a 10 neT 3aperucTpupoBaHo 575 JECHBIX MOKapOB.
[Ipoiinennas oruem, MOKpbITas JIeCOM JieCHas Tuiomaasr coctabuia 5 740,19 ra, He nmokpeITas
necom 313,19 ra, a HenecHas o b 779,72 ra. CpenHsist IiI0I1aib OJJHOTO MOXKapa COCTaBU-
na 11,87 ra (tabnmuua 2 — tabnuua 4).
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Tabnuua 2 - Xapakrepuctuka ropumoctu tepputopun llerapckoro necHnyecTna

[Inomans, ra Cpennssa
Bceero B ToM uuciie ILIOIIAIb
Tonwl HOXapoB, [ O6uapy- | JIuksu- Tlo- He mo- OIHOTO
II'T. KEHUSI Aanus kpeiTas | Henecnas | kpeitas | 10Kapa,
JeCoM JeCoM ra
2012 10 70,50 75,40 75,40 0,00 0,00 7,54
2013 1 3,00 9,00 9,00 0,00 0,00 9,00
2014 2 30,00 159,00 49,00 110,00 0,00 79,50
2015 3 26,00 35,20 35,20 0,00 0,00 11,73
2016 8 34,70 54,90 54,90 0,00 0,00 6,86
2017 7 39,30 55,10 55,10 0,00 0,00 7,87
2018 5 34,25 46,35 46,33 0,02 0,00 9,27
2019 16 151,45 188,45 188,45 0,00 0,00 11,77
2020 17 154,10 206,20 206,20 0,00 0,00 12,13
2021 7 38,30 46,50 46,50 0,00 0,00 6,64
Uroro 76 584,60 876,10 766,08 110,02 0,00 162,31
Cpennee 7,60 58,46 87,61 76,60 11,00 0,00 16,23
3a Ce30H

Tabmuma 3 - XapakTepucTHKa TOpUMOCTH TEPPUTOPHHA ACHHOBCKOTO JIECHUYEC

TBa

IImomane, ra Cpennsis
Bcero B ToM uncie TUTOIIA b
Tomet MIOXKapoB, [ Obnapy- | JIukBu- Io- He mo- OTHOTO
HIT. KEHUS Janus kpeitasg | Henecnas | xperras | 10%apa,
JeCOM J1eCOM ra
2012 16 132,00 436,00 436,00 0,00 0,00 27,25
2013 1 2,50 2,50 2,50 0,00 0,00 2,50
2014 1 3,70 3,70 3,70 0,00 0,00 3,70
2015 7 34,70 49,60 49,60 0,00 0,00 7,08
2016 9 60,30 85,50 85,50 0,00 0,00 9,50
2017 2 17,00 26,50 26,50 0,00 0,00 13,25
2018 1 1,00 1,00 1,00 0,00 0,00 1,00
2019 33 126,71 259,01 232,01 0,00 27,00 7,84
2020 18 113,10 219,60 206,70 0,00 12,90 12,20
2021 8 384 58,95 35,95 23,00 0,00 7,36
Htoro 96 529,41 1142,36 1119,36 23,00 39,90 91,68
Cpennee 9,60 52,94 114,23 111,93 2,3 3,99 9,16
3a CE30H

Tabnuua 4 - XapakrepucTrka TopuMOCTH TEPPUTOPUN TUMUPSI3EBCKOTO JIECHUYECTBA

I[Tnomans, ra Cpenusis
Bcero B ToM umcie II0MIa b
Togsr | moxxapoB, | O6uapy- | Jluksu- To- Hero- OJTHOTO
IIT. KEHUSI pauus | gpeitas | HemecHas | kpeitas | 10Kapa,
JIECOM JIECOM ra
2012 61 540,03 2360,18 | 1625,48 610,20 124,5 38,69
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2013 10 18,51 21,84 11,24 0,00 10,60 2,18
2014 50 226,03 490,58 464,04 23,00 3,54 9,81
2015 58 265,09 392,58 301,58 0,00 91,00 6,76
2016 52 181,92 272,53 272,31 0,00 0,20 5,24
2017 49 148,07 195,52 182,47 2,60 10,45 3,99
2018 31 143,27 173,11 160,11 10,90 2,10 5,58
2019 42 128,80 156,17 154,37 0,00 1,80 3,71
2020 34 481,23 551,56 523,56 0,00 28,00 16,22
2021 16 122,4 161,99 160,89 0,00 1,10 10,12
Hroro 403 2255,35 | 4775,28 | 3854,75 646,7 273,29 102,30
Cpennee 40,3 225,53 477,52 385,47 64,67 27,33 10,23
3a CE€30H

HauGomnbiiee KOIMYECTBO JIECHBIX MOKAPOB MPOUCXOAUT HA TEPPUTOPUHN TUMHUPSI3EBCKOTO
snecunyectBa. OCHOBHOHI HpH‘-IPIHOﬁ BO3HHUKHOBCHU JICCHBIX ITOKAPOB, ABJIACTCSA aHTPOIIOI'CH-
HBI pakTop 3a 10 stet 242 mT., 9T0 MOKET ObITh 00YCIOBIEHO TEPPUTOPHATLHON OIU30CTHIO K
00JIaCTHOMY IICHTPY, a TaK)Xe IUIOTHOCTh HACEJICHUS B paiioHe JIECHUYECTBA.

Ucxonss u3 ATOro MOMHMO pPa3pabOTKH M YAYUYNICHHS KOMIUIEKCOB MEPONPHUSTHIH, Ha-
MMPaBJICHHBIX Ha MNPCAYHPCKICHUC BO3HHUKHOBCHHA JICCHBIX IIOKAPOB W OI'PAHUYCHHUC HX
pacrpocTpaHeHus 1O IJIOMIATH, CIeNyeT OTACIbHOEe BHUMAHHE YIACIUTh CHCTEMATHYECKOMY
MIPOBEICHHUIO JIECHOW OXPaHOW Pa3bsICHUTEIHLHOW paOOThl M MIPOMATaH bl CPEAN MECTHOTO Ha-
CEJICHUS, OTJIBIXAIONINX U pabOTAIONIUX B JIECY.

HccnenoBanue BHINOMHEHO MPU (prHAHCOBOM mojiepkke PODU, B pamkax HaydHOTO TPO-
exra Ne 20-34-90078.

CnHcok MCIoJIb30BAHHOM JINTEPaTyphl
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on wooden constructions and peat layer ignition. International Journal of Wildland Fire, 23,
445-49 (2014)

2 Jlecoxo3sIiCTBEHHBIE periiaMeHThI JiecHu4YecTB ToMckoit oOmactu https://deples.tomsk.
gov.ru/lesohozjajstvennye-reglamenty (mara oopamenus 04.04.2022 r.)

3 JlemapTaMeHT IMPUPOAHBIX PECYPCOB U OXPAHBI OKpYXKarolIei cpenbl Tomckoi o0nactu
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Abstract

The twenty-first century is a century in which climate change and its effects are most felt
and new strategies need to be developed. The positive or negative effects of abiotic and biotic
stress factors on climate change and its induced effects on different ecosystems are being
monitored more and more intensively every day. In particular, global warming not only triggers
abiotic stress factors, but also increases insect damage, which has an important place among
biotic stress factors, and can cause an increase in insect populations and epidemic damage. This
situation is expected to increase the severity of the damage caused by forest pests due to possible
climate change in the future. Therefore in today's conditions, not only establishing forests, but
also establishing forests resistant to changing conditions stands out as a very important goal. In
parallel with classical breeding studies, biochemical analyzes (SOD, POD, CAT, APX, Prolin
etc.) to be performed on forest trees and the detection of individuals and populations resistant
to biotic and abiotic stress factors can provide a practical prediction in a much shorter time
compared to long-term classical breeding studies. In this way 1t will be possible to establish
forests that are resistant to the effects of climate change and to achieve higher plantation success.

Keywords: Abiotic, biotic stress, resistant forest, tree breeding.

Introduction

As aresult of uncontrolled destruction of forests, global climate change and global warming
in parallel, the threat level of biotic and abiotic stress factors on forest areas has increased. This
negative impact of climate change in the last century, intensification of human influence, and
movement changes of herbivorous insects between regions are among the main reasons for the
current pressure on forests (Vertui and Tagliaferro, 1998; Fedorov, 2000; Hogg and Brandt,
Kochtubajda, 2002; Woodward, 2006; Storozhenko, 2001; Hopper and Sivasithamparam,
2005).

Large quantities of leafy and coniferous tree seeds are needed for the reforestation of
forest areas all over the world that have been degraded due to the destruction of forest areas
(Canakgioglu, 1963). For this reason, the need for seeds and saplings have an importance in
artificial regeneration and silviculture treatments (Ozek and Avci, 2017). Regeneration and
silvicultural practices are faced with a number of disruptions caused by both biotic and abiotic
stress factors. These difficulties negatively affect the success of silvicultural treatments. Errors
in origin selection and inappropriate seed selection negatively affect the success of silvicultural
treatments like many other factors (Bat-Erdene and Dashzeveg 1995).

For this purpose, it is important to combine the results of long-term classical breeding
studies and the information using biochemical parameters with classical breeding studies in
order to increase the success rate in silvicultural studies that are resistant to abiotic and biotic
stress factors in changing climatic conditions. Thus, in order to develop plantations resistant
to multiple abiotic and biotic stress conditions in nature, the success rate will be increased in
silvicultural studies together with classical breeding studies.
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Bioactive Components and Antioxidant Systems

Plants produce a wide variety of secondary metabolites that are not involved in primary
metabolisms necessary for survival and survival. In a number of studies, including Feeny's
(1970) pioneering work on the ecological roles of plant tannins, many of the plant secondary
metabolites have been identified as playing important roles in plant defense activities against
herbivores, including insects, mammals, and snails. By the 1980s, information on the main
groups of defense chemicals such as alkaloids, non-protein amino acids, cyanogenic glycosides,
glucosinolates, terpenoids, coumarins, cardenolides, iridoid glycosides, tannins, phenolics,
flavonoids and phytoecdysteroids increased and their defense roles against insects began to be
better understood (Rosenthal and Berenbaum, 1991; Harborne, 1993).

The defenses caused by herbivorous insects in plants are divided into two as direct and
indirect defenses. Direct defenses are used by plants as plant secondary metabolites or bioactive
components, while indirect defenses include extrafloral nectars (Kaplan et al., 2016; Aljbory
and Chen, 2018) or predators of herbivorous insects and It can also be in the form of volatile
compounds (terpenes) that attract parasitoids (Dicke et al., 2003).

There are many defense mechanisms that protect plants against the effects of biotic and
abiotic stress factors. It is known that these protection mechanisms act in the defense of the plant
against a wide variety of stress factors (Pereira and Filipe, 1998). Flavonoids and isoflavonoids
are biosynthesized via the phenylpropanoid pathway and contribute to plant defense against
oxidative stress factors (Dakora and Phillips, 1996) such as pathogens, herbivores or abiotic
factors. Plant injury induces these compounds (Hagerman and Butler, 1991). In addition to all
these, phenolic compounds, which are plant secondary metabolites known to be effective in
preventing pathogen invasions as well as providing mechanical support in plants, should be
considered (Table 1).

Table 1 - Plant Biochemical components and functions in plants

THE ANALYSIS THAT WHY ARE THESE ANALYZES REQUIRED?
NEEDS TO BE DONE
Chlorophyll amount
analysis (Chlorophyll
a, chlorophyll b, Total

chlorophyll, carotenoid)

Chlorophyll; a and b are the most important biological molecules involved
in photosynthesis. The amount of sunlight absorbed in photosynthesis
is related to the pigment concentration in the leaf. The decrease in the
amount of chlorophyll limits photosynthesis and primary production.
Leaf nitrogen is associated with chlorophyll, which can be an indirect
way of measuring the nutrient status of the plant. Molecules such as
chlorophyll a, chlorophyll b, and carotenoid are also related to stress
biology.

Total flavonoid analysis

Determination of total
phenolic content

Phenolic compounds; It is found in plant, fruit, seed, flower, leaf and
branch. They are used in the growth and development of plants, plant
defense, color and taste properties of fruits and vegetables. Phenolics
also; It acts as a preventative, antioxidant, anti-mutagenic, anti-viral,
anti-bacterial, algicidal, anti-fungal, insecticidal against ROS, herbivores
and pathogens in UV protection.

Analysis of certain
phenolic compounds
subject to research by
HPLC

Analysis with the standard to be determined in line with the parameter
to be investigated
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In a tissue damaged by insects, there are many biochemical processes
that disrupt the normal functioning of plant cells. The rapid increase
in the formation of reactive oxygen species (ROS), such as superoxide
anion (O2-) and hydrogen peroxide (H202), is an early response of
plant cells to tissue damage. The increase in the activity of enzymatic
antioxidants directly involved in the metabolism of plants is the result of
intense and additional production of ROS. SOD is the first enzyme of the
organism to fight against oxidants and has high antioxidant activity. They
carry out the dismutation of the superoxide radical to H202. SOD is an
enzyme that catalyzes the dismutation between O2- to H202 and O2. n

Determination of a tissue damaged by insects, there are many biochemical processes that
enzymatic antioxidant disrupt the normal functioning of plant cells. The rapid increase in the
enzymes (SOD, POD, formation of reactive oxygen species (ROS), such as superoxide anion
CAT, APX) (02-) and hydrogen peroxide (H202), is an early response of plant cells

to tissue damage. The increase in the activity of enzymatic antioxidants
directly involved in the metabolism of plants is the result of intense and
additional production of ROS. SOD is the first enzyme of the organism
to fight against oxidants and has high antioxidant activity. They carry out
the dismutation of the superoxide radical to H202. SOD is an enzyme
that catalyzes the dismutation between O2- to H202 and O2.

The most important function of the CAT enzyme is to minimize
irreversible damage to cell and organelle membranes. CAT; It catalyzes
the conversion of H202 to molecular oxygen.

Ascorbate peroxidase (APX); It catalyzes the conversion of H202 to
water and monodehydroascorbate. POD has many tasks in relation to
defense occurring in plants.

Such as lignification, suberization, embryogenesis, auxin metabolism.
Another important enzyme that breaks down H202 is APX. In addition,
plants; Thanks to their antioxidant systems, they can fight against the
negative effects of environmental stress (abiotic stress factors).

Proline analysis Proline; It acts as an adaptation mechanism against various stress
factors. It shows an important regulatory activity especially in drought
and salinity. Proline; It is used as a backup source for C, N and ATP
during the stress recovery process. Protects thyloid membranes against
free radicals promoted by mild damage. It acts as a protection against
ROS and singlet oxygen. It stabilizes membranes as well as protein and
DNA. It is an effective scavenger of ROS formed under salt, metal and
dehydration stress conditions.

Polifenol oksidaz (PPO) PPO has important functions in plants. One of them is to increase the
resistance of the plant when exposed to a viral or microbial infection. For
example; Tissues with viral infection have higher levels of PPO enzyme
than healthy tissues. In addition, PPO provides a defense against insects
after insect injuries.

Phenylalanine ammonium | Since PAL plays a key role in the synthesis of phenylpropanoids, it
lyase (PAL) removes the amine group from phenylalanine, an amino acid that plays
an important role in defense against herbivorous insects, and converts it
to cinnamic acid, which is also effective in the synthesis of secondary
metabolites such as suberin, lignin, flavonoid and phytoalexin.

Conclusion and Recommendations

Global climate change, characterized by increasing temperatures, decreasing precipitation
and temporal variability of precipitation, will cause drought events to occur with greater
frequency and intensity (Hoerling et al., 2012). This situation may cause the existing forest
assets to be more affected by the negative situation caused by biotic and abiotic stress factors. In
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this context, the effect of climate change and the resulting global warming on plants and insects
should be well understood. The increase in temperature values may cause herbivorous insects,
which could not find a habitat before, to use new places as habitat in forest areas. Because global
warming may also encourage the expansion of some herbivorous species whose distribution is
mostly limited to low temperatures (Shaver et al., 2000; Logan et al., 2003; Bjorkman et al.,
2011). In addition, climate change and global warming may cause more extreme abiotic stress
factors. Therefore; The effect on plant secondary chemistry and biotic-abiotic stress factors
should be well researched and should be used effectively within the scope of short-term studies
in parallel with the breeding studies in forestry activities.
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Summary

Climate change, the effect of which has been increasing since the end of the nineteenth
century and its effects have reached very dangerous dimensions, also creates a great danger for
forest ecosystems. Due to the Mediterranean Basin in which Turkey is located, it is among the
countries that can be significantly affected by climate change in terms of both its geographical
structure and ecology. A. c. subsp. cilicica, one of the Mediterranean fir taxa, is an important
species that continues its distribution on the Taurus Mountains in the south of Turkey. Due to its
distribution area and ecological demands, it is a very sensitive species against climate change.
In this study, it is aimed to examine the changes in the distribution areas of the A. c. subsp.
cilicica species within the boundaries of Adana Regional Directorate of Forestry, which are
among the areas most affected by climate change. As a result of the study, it was determined
that the average temperature in the study area increased by 1.14°C between 2000-2020 within
the scope of Adana Regional Directorate of Forestry, while the distribution area of A. c. subsp.
cilicica species narrowed to 16 609 ha. Between 2000 and 2020, a decrease of 32.2% was
observed in pure stands and a decrease of 22.2% in mixed stands.

Introduction

One of the biggest concerns in ecological science today is the impact of climate change on
ecosystems. This is a huge challenge for foresters and ecologists. These difficulties arise from
our insufficient understanding of biological processes. As a result of this situation, while some
species are expected to change their geographical distribution or adapt to new conditions, some
species with limited habitats are also expected to become extinct (Hughes, 2000; McLachlan et
al., 2005; Parmesan, 2006; Root and Schneider, 2006). ; Schivo et al., 2019). It is known that
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climate plays a decisive role in the large-scale distribution of these species (Guisan and Thuiller,
2005). It is also one of the most important factors affecting the growth and reproduction of
organisms (Lawler et al., 2009).

To reduce the impacts of climate change on ecosystems, the conservation of biodiversity
is a key goal that requires both the quantification of biodiversity and the monitoring of its
losses (Balmford, 1996). For this reason, supporting conservation and development activities
for species that may be affected by climate change has become even more important in recent
years. The gradual decrease in the distribution of the A. c. subsp. cilicica species, which is the
subject of the study, in Turkey has made this species an "endangered species" (IUCN, 2021). In
the reports of the General Directorate of Meteorology (MGM), Adana is among the provinces
that will be most affected by climate change (URL-1). The aim of the study is to examine the
period of 2000-2020 in order to observe the distribution of the endangered A. c. subsp. cilicica
species within the scope of Adana Regional Directorate of Forestry.

Material and Method

Abies cilicica subsp. In order to determine the distribution of cilicica species, stand type maps
for the years 2000 and 2020 were obtained from the planning unit of the General Directorate
of Forestry (OGM). With the help of the ArcGIS package program, the areas where the species
spread were determined in the plans. Climate data for the region is provided by the World
Bank Group - Climate change information portal (URL-2). Google EarthPro version package
program was used to display and evaluate the regional directorate and the areas it spreads.
Adana Regional Directorate of Forestry, which is the subject of the study, was chosen as the
study area because it is the most widespread area of the species (Figure 1).

Figure 1 - Representation of Adana Regional Directorate of Forestry
on the physical map of Turkey

Results
By examining the 2000 and 2020 management plans of A. c. subsp. cilicica species, pure
and mixed stands were determined. The distribution areas of the species are shown in figure 2.
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Figure 2 - Abies cilicica subsp. cilicica Distribution areas of cilicica in 2000 (left), 2020(right)

According to the climate data of the studied area; While the average temperature level in
Adana was 15.55 °C in 2000, this value increased to 16.69 °C in 2020 and the temperature
increased by 1.14 °C (Figure 3). Increasing temperature levels with climate change limited the
distribution areas of A. c. subsp. cilicica species and its distribution was 49 098.5 ha mixed,
17 677.7 ha pure, a total of 66 776.2 ha in 2000, 38 188.3 ha mixed, 11 978.9 ha in 2020. pure
area decreased to 50 167.2 ha in total. The decrease in the distribution area of the species was
determined as 10 910.2 ha in pure stands and 5 698.8 ha in mixed stands. Between 2000 and
2020, a decrease of 32.2% was observed in pure stands and a decrease of 22.2% in mixed
stands. It is noteworthy that pure stands of the species are more affected than mixed stands.

Observed Average Annual Mean-Temperature of Adana; Turkey for 1901-2020

.q:::.III

- Apnual Mean = S<yr smooth

Figure 3 - Adana province temperature data between 1901-2020

Conclusion

Climate change can slowly but permanently and dangerously alter ecosystems. Although
precise estimates cannot be made about the extent and consequences of the changes that will
occur, it is clear that ecosystems will be severely affected by this change. The shrinkage of the
Abies cilicica species used in the study in the 20-year period is 16 600 hectares. The distribution
areas of the species that cannot adapt quickly to climate change are shrinking. It is seen that
the distribution of the species in Adana Regional Directorate of Forestry decreases significantly
in the southern parts and it carries its distribution in the natural distribution area from the east
to the north. These results necessitate the development of species-specific strategies as soon as
possible, especially in regions where the risk of adverse effects against climate change is high.
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It requires the implementation of silvicultural measures against climate change with greater
care in the operation of forests.

It would not be correct to attribute damage to a species in ecosystems only to climate change.
The increase in temperature and decrease in precipitation and the change in precipitation regime
enable insects and pests that cannot spread in the region to find the opportunity to spread in the
area (Shaver et al., 2000; Logan et al., 2003; Bjorkman et al., 2011). Species whose distribution
areas are narrowed also have to struggle with biotic factors and their extinction may be at risk.
The distribution of the Abies cilicica subsp. cilicica species, which is the subject of the study;
fires, uncontrolled operation of forests, temperature increases due to climate change, many
abiotic and insect damage, and many biotic factors such as harmful micro-organisms. The fight
against these biotic and abiotic factors is of great importance. South of Turkey; The protection
of this species, which serves as a filling tree in the fog belt ecosystem, is of great importance
for the Mediterranean region. Necessary precautions should be taken and the extent to which
the existence of the species will change with the projections for the coming years should be
determined. Again, the potential distribution areas of the species should be determined and
measures should be taken against necessary situations, and even planting it in suitable areas for
its distribution is necessary for the continuation of the species in the forest ecology of Turkey.
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The effects of changes in the global climate in the last century have been observed more
intensely. These changes occur as a change in precipitation regime as well as changes such
as gradual or extreme temperature increase in the climate and may pose a threat to forest
ecosystems. At the beginning of these threats, drought, which occurs as a result of extreme
temperature increase, which is one of the main indicators of global climate change, appears as
an abiotic stress factor in forest trees. This situation, which is caused by climatic changes, has
important effects on the quantity and quality of the seed, which is the key and basic production
material in the natural regeneration of forests and artificial plantation facility. While the aging
effect increases in recalcitrant seeds, which are sensitive to drying and can be stored for short
periods, especially in forest trees, it may lead to decreases in seed germination parameters.. In
this context, besides the temperature increase, the change of precipitation regime and sudden
air movements may negatively affect the effective fertilization and healthy seed formation in
the seed pollination phase. For these reasons, it is becoming more and more important to extend
the storage life of the quality seeds obtained in abundant seed years and to keep them alive for a
longer period of time. Basic biochemical parameters can be used to determine the aging effects
of forest tree seeds and coating materials can be used to extend the storage life. As a result;
It is aimed to determine the mentioned parameters and to preserve the quality of the seeds by
ensuring the viability of the seeds for a longer period of time.

Introduction. Forests cover approximately 30% of the world’s total land mass (FAO, 2010)
and are an integral part of life on earth, providing a range of services at local, national and global
levels. Projected changes in climate, both gradual and extreme events, pose a serious threat to
forestry (IPCC, 2011). The direct pressures of climate change on forest gene resources and
indirect effects caused by changes in biotic (eg insects and disease) and abiotic (eg fire, flood)
disturbances affecting forests are known. It is an inevitable result of global warming caused
by the increase in temperature of the sun's rays that cannot escape from the earth, due to the
increase in the densities of greenhouse gases such as carbon dioxide (CO2), carbon monoxide
(CO), methane (CH4) and nitrogen dioxide (N20) in the atmosphere. As a result of this,
"climate change" has become a factor that negatively affects natural life today. Climate change
may result in high variability in temperature and precipitation, with an increase in incidence
of extreme events, such as flooding, late frosts and intensive summer droughts, among other
events (IPCC, 2011).

The effects of elevated CO2 and temperature on seed quality have been recently reviewed.
Therefore, the effects of climate change on the seed are revealed by the decrease in seed weight,
germination and viability characteristics (Hampton et al., 2013). The seed crop is also affected
by climate change regarding the change in crop phenology, reproduction, flowering, anthesis/
pollen viability, pollination/fertilization, length of seed-filling duration, seed set, seed size,
seed dormancy, seed yield, and ultimately seed quality (Singh et al., 2013). Climate change,
which affects the reproduction of trees, may have long-term consequences by reducing species
dispersal and by the acquisition of new habitats (Dyderski et al., 2018). Therefore, there is an
indisputable need to store forest reproduction material to guarantee the continuity of regeneration
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of species in farm forests. Trees produce more flowers at higher temperatures but the flowers
are not effectively pollinated and numerous seeds are infertile as a result (Pearse et al., 2016).

Most species have clearly recalcitrant or orthodox seeds. However some species with
recalcitrant seeds can significantly change their position on the desiccation tolerance scale
depending on climate (Daws et al., 2006). Climate changes occur at a rate that is too fast to enable
genetic adaptation of such species, and thus these plants may have a considerable influence on
the ability of their seeds to germinate (St Clair and Lynch, 2005). Orthodox seeds acquire
desiccation tolerance, therefore they are prepared for survival in unfavorable environmental
conditions even during development. However, recalcitrant seeds cells do not contain those
components and the lack of them leads to membrane damage and, as a consequence, to viability
loss due to environmental stress (Berjak et al., 2007; Kijowska Oberc et al., 2021).

Changes in the maturation process - YES

conditions L Seed qualiy reduction - PROBABLE
| SEED —
T Reducing the viability and seed storage
Rainfall behavior, faster induction of the aging

process - PROBABLE

Figure 1 - Impact of changing climatic conditions on the quality and viability of forest
reproductive material, current knowledge and perspectives

As a result of high temperature effects caused by climate change, stress factors become
active in the seed. This situation causes aging in the seed. In this context, the effects of abiotic
stress factors on the seed can be delayed with some applications and seed pre-treatment.

Seed priming is the known methods for rapid germination and sustained establishment of
the plant in stress condition that the most influential factors on agricultural production (Bewley
et al., 2013). Different priming methods include hydro-priming, osmo-priming, halo-priming,
thermo-priming and hormone-priming that different reports on different plants this priming are
presented by researchers (Rehman et al., 2012). One of the newest priming methods, using micro
or macro nutrients for the seed treatment before sowing is called nutri- priming (Mirshekari,
2015).

There are various defense mechanisms in seeds to eliminate the effects of free radical
derivatives, and the most important of these is antioxidant enzymes. These enzymes, primarily
catalase (CAT), superoxide dismutase (SOD), various peroxidases (POX, APOX, etc.) and
glutathione reductase (GR), play an important role in the conversion or elimination of free
radicals formed as a result of aging into harmless compounds (Gill and Tuteja, 2010).

As aresult of all these evaluations; High and extreme temperatures caused by climate change
increase the aging process in seeds and adversely affect seed quality. Therefore, the protection
of seed gene resources has become more and more important. In this context, it is aimed to
increase the germination capacity and preserve their vitality with different priming applications
of seeds that have decreased germination and vitality characteristics.

Climate change, seed and seed aging. Climate change creates a big problem especially
for endemic species and their seeds (Turkes, 2008). Each plant maximizes its growth and
development performance at optimum temperatures with a lower and upper limit. If the
temperature approaches the lower and upper limits, the growth slows down, if it rises above
these limits, the growth stops completely (Kubilay, 1999). It is known that global warming also
affects the flowering times of plants. Oaks normally wait for late spring temperatures to open
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buds. It has been observed that oaks in the Netherlands open their buds earlier due to the 2°C
increase in temperature since 1980 (Erman, 2009).

Throughout their long lives, trees are exposed to various kinds of stress. It may be caused by
unfavorable external conditions, such as water shortage, extreme temperatures, strong salinity
or too high levels of toxic metals. Depending on the inducing factor, stress may restrain plant
development to a different degree at the various phases of its life. One of the main responses
of plants to stress is an excessive production of reactive oxygen species (ROS), such as O2—e,
H202 and *OH (Kurek et al. 2019). Trees produce more flowers at higher temperatures but the
flowers are not effectively pollinated and numerous seeds are infertile as a result. Observations
conduced in the recent decades revealed a relationship between the increase in average
temperatures and higher frequency of seeding years in European beech (Fagus sylvatica L.)
(Kijowska-Oberc et al., 2021).

The indirect effect of global warming on seeds is con- nected with their long-term storage.
desynchronization of massive seed yields for trees exhibiting cyclic yields results in a lower
number of seeds with a living embryo (Bogdziewicz et al., 2020). Under the circumstances,
it becomes indispensable to secure the seeding material by storing it after harvesting for the
purpose of forest regeneration in the future (Kijowska-Oberc et al., 2021). By minimizing the
effects of seed aging caused by climate change, seed quality and vitality will be preserved.
For this purpose, especially in long-term storage, applications that ensure the viability and
germination properties of seeds for a long time come to the fore.

Coating materials to preserve seed vitality. Seed aging reduces the biological value of the
seed, reducing its resistance to stress conditions and the germination rate. However, priming
also alleviates these negative effects of aging on the seed. As a matter of fact, priming increases
the respiratory activity of seeds when priming is applied to old seeds, the activity of superoxide
dismutase, catalase and glutathione reductase enzymes improves. On the other hand, priming
application increases the activity of various antioxidant enzymes and in addition to this, the
level of various antioxidants such as glutathione and ascorbate (Elkoca, 2007).

It has been determined that priming applications with polymers such as chitosan and
putrescine, a-tocopherol, glutation increase the seed germination capacity, especially in order
to increase the germination capacity of the seed. Afzal et al. (2009) determined that priming
with polyamines improved seed germination, seedling viability and anti-oxidative activity
in tomato seeds. Castro et al. (2016), the germination of chitosan-treated tomato (Solanum
lycopersicum) and coriander (Coriandrum sativum) seeds increased significantly compared to
the control group. In another study, priming with glutathione was applied to increase the quality
of forage seeds and it was determined that the quality of seed lots was increased by priming
(Prasath et al., 2020). The effect of antioxidant solution priming on the vigor of sunflower
seeds exposed to the cold test was significantly more pronounced than that on seeds exposed to
accelerated ageing.

Conclusion. Global climate change refers to the increase in the average surface temperature
of the earth and the changes in the climate as a result of the increase in the natural greenhouse
effect of the greenhouse gases released into the atmosphere as a result of human activities. In
other words, it is the gradual or excessive increase in the earth's temperature. The negative effect
of this temperature increase on plants and seed gene resources is manifested as loss of vitality
and low germination capacity. Therefore, the importance of seed gene resources in maintaining
genetic diversity and preserving seed quality is an indisputable fact. Especially in forest tree
seeds, the effects of global warming were determined as the prolongation of the period between
the years of abundant seed and the decrease in seed quality in this process. In this context,
the seeds obtained in abundant seed years lose their vitality during storage due to effects such
as aging. Viability and germination properties of these aging processes are improved by pre-
treatment of seeds with substances containing different polyamines or antioxidant properties.
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YIK 630.232

OCOBEHHOCTH XOJA POCTA JIECHBIX KVIBbTYP JIMCTBEHHUIIbI
CUBUPCKOM HA XPEBTE CAYP

Pocosckuii C.B., m.H.c.
Anmaticrkoeo ¢uruana TOO «KazHUHUJIXA um A.H.Byketixanay, 2.Puodep

PanmonanbHOE NpuposONOIB30BaHUE MIPEYCMATPUBAET COXPAHEHNE BCEX BUIOB JPEBEC-
HOM 1 TpaBsgHUCTON pacTuTenbHOCTH Kazaxcrana. Cayp siBisieTcsi caMoi F0AKHOM TOYKOH apeaiia
pacrpoCcTpaHeHUs JINCTBEHHUIbI CHOMPCKOM. YHUKAJIbHBINA KOMILIEKC MOJIE3HBIX CBOMCTB, IIH-
POKOE IPUMEHEHHE B PA3JIMYHBIX THUIIaX UCKYCCTBEHHBIX HACaXACHUN, BBICOKasl yCTONYMBOCTD
K HEONIaronpuaTHeIM (DakTopam cpesibl JeNal0T JIMCTBEHHUIYY 0OBEKTOM pa3HO CTOPOHHHUX Ha-
yuHbIX n3bickaHui [1]. Co3nanne DeCHBIX KYJIBTYp 3TON HOPO/bI SABISETCS BaXKHBIM aCIIEKTOM
110 COXPaHEHMIO U MPEYMHOKEHHIO 3TOTO LIEHHOTO BUAA. MI3BECTHO, UTO JIMCTBEHHUYHBIE JIeca
MMEIOT Ba)KHOE MMOYBO3ALIUTHOE U BOAOPETYIUpPYIOIIee 3HAYCHNE, OCOOCHHO JHCTBEHHUYHU-
KHM-KEJPOBHUKH, IPUYPOUEHHBIE K KPYTHIM U O4EHb KPYTHIM CKJIIOHAM U SIBJISIOLIUECS CIEPIKU-
BaIOIIMM (PAKTOPOM 3PO3MOHHBIX MPOLECCOB B TOPHBIX ycIoBHUAX. OHM MPENCTaBIAIOT OO0
3HAYUTEIIBHBINA PE3epB IS pEKPEallMOHHOI0 OCBOEHU [2].

JUid 1eTanpHOro M3y4yeHUs JIECHBIX KYJIBTYP 3aKiIaJIbIBAJINCh BPEMEHHBIE ITPOOHBIE ILIO-
maan (nanee no texcty BIII) mo TOCT 16128-70 [3, 4]. Pazmepst BIIII ycranaBnuBanuch
C TaKUM pacueToM, 4ToObl B HUX ObUIO He MeHee 200 nepeBbeB INIaBHOW MOPOIBI B PSIOBBIX
KyJBTypax.

OTrpannueHne BpEMEHHBIX NMPOOHBIX IUIOIIAJEH B HAType MPOU3BOAMIOCH MHCTPYMEH-
TaJbHO C 3aMEpPOM YIJIOB M CTOPOH, C MCIIOJIb30BaHUEM JiazepHoro naibHomepa TruPulse —
Laser 200 Bluetooth, 6ycconu AP-1, u onpeznenennem reorpaguueckux KOOpAUHAT (HaBUTATOP
Garmin GPS MAP 64).

[Tocne orrpannueHuss MPOOHOW TUIOIIAIAM TPOBOIMIICS CIUIOIIHOM INepedyeT NEpeBbeB U
M3MEpEHNE MX JUaMETPOB Ha BbICOTE 1,3 M C IIOMOIIBIO MEPHOM BWIKH, U YCTaHABIMBAJICS
cpennuit auametp. [locne cronrHoro mepeyera BBHIONHSATIACH clenyromas padora — oomep
JIEPEBLEB /IS ONPEAEIIEHUS CPEHEN BBICOTHI. BpICOTa 1epeBbEB 3aMepseTCs Ja3ePHBIM Jallb-
HoMepoM, yrinomepom Forestry Pro Nikon.

ITocne BbIUMCIIEHNS CPETHETO JUAMETPA U ONIPEAEIECHUS BBICOTHI HA KaXK10M IPOOHOH 1J10-
a1 TTOI0MPAIOCh MOJIETIBHOE JIEPEBO, COOTBETCTBYIONIEE JaHHOH BBICOTE M auamerpa. OT
TOTO, HACKOJIbKO THIHMYHA BBIOpAaHHAs MOAEJIb, BO MHOI'OM 3aBHCHUT TOYHOCTb ONPEAEIICHUS
TaKCallMOHHBIX TIOKa3aTeneil. B kadecTBe Mozeneil oTOupanuch 310pOBbIe AepPEeBbs, 0€3 KaKUX-
1100 MOPOKOB, C HOPMAJIBHO Pa3BUTON KPOHOM.

Bo3spacT uccnenyembIx JIECHBIX KyJIbTyp JIUCTBEHHUIIBI cuOMpckoil Ha Caype BapbUpyeT OT
22 no 29 ner, t.e. Il xmacc Bo3pacra. Co3maBairch OHU MO OYIbA03EPHBIM TUIOIIAKAM, Hape-
3aHHBIM JIEHTaMH BJI0JIb CKJIOHOB PACCTOSTHUE MEXAY KOTOPBIMU cocTaBisieT oT 5 1o 10-15Mm, B
3aBUCHUMOCTHU OT IPOXOJUMOCTH TEXHUKH. Ha HEKOTOPBIX yyacTKax pa3pbIBbl MEKIY ILIOLIA/I-
KaMH B JIEHTAaX COCTABJISIIOT TAKOE )K€ PACCTOSHUE, KAK M MEX/1y [T0JIOCAMU U UX PAcIONI0KEHNE
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npuobpeTaeT MmaxMaTHbIM NOPSAA0K WK Ouorpynmnsl. Takoi ciocod npeanonaraer B Oyayiem
Oosiee paBHOMEpHBIE HacaxaeHus. B OonbLIIMHCTBE ke ciaydaeB, OylbJo3epHBIE IJIOLIAIKN
pasesieHsl Ipyr OT Apyra HACBIISIMM U3 CHATOTO JEPHOBOTO cj0s nouyBkl. Ha muiomankax — mo
TPH PsAA JIECHBIX KYJIbTYD, ¢ pazmeienueM 0,8x0,8x0,8 M, nHOrIa MEX Ty psilaMy pacCTOSHUE
nocturaet 1 m.

Kak yka3zpiBanocs Bbiie, ¢ kaxaoil BIIII mo cpeqHuM TakcallmOHHBIM MOKA3aTeNsiM ObUTH
B3STHI MOJIEJIbHbIE JIepeBbs (nanee 1o tekcty M/JI) Hymeparus kotopbix coBnagaer ¢ BIIII.
MopenbHOE JepeBO U ero TaKCAIMOHHAs XapaKTepUCTUKA, 3a()MKCUPOBAHHAS B KAPTOUKE MO-
nenpHOro Aepesa. CoracHO MeToIuKu Kaxaoe M/l 6110 pacnuieHo Ha cekiuu (puc. 1), mo-
cJie TIO/ICYeTa TOIUYHBIX KOJIEL, Ha KOTOPBIX U MIPOYUX 3aMEPOB OBLIM MOCTPOEHBI IEPBUUHBIE
rpaduKy X poCTa, a 3aTeM U Oosee yrnoOHbIe s aHajau3a rpaduky Xoja pocTa.

ITo rpaduxam Xoma pocta 1epeBbEB MOKHO MPOCIEANTh TUHAMUKY UX POCTA, Kak IO BbI-
cOTe, TaK M 10 AuaMeTpy, 1 o0beMy. Hanpumep, B mepBoM Kitacce Bo3pacTa MpaKTHUECKU BCe
M/ umenu A0CTaTOYHO UHTEHCUBHBIN POCT WM MPUPOCT IO BBICOTE, & 3aTEM OH ITOCTENIEHHO
CHIDKAJICS, YTO TOBOPUT O HAKOIJIEHHH MacChl JIepeBa UK ke O JPYTruX Npu4uHax (Harpumep,
KOpHEBas KOHKypeHIHs) (puc.2).

Pucynok 1 — IIpomapkupoBaHHbIe 00pa31ibl CIUIJIOB B3SIThIE C MOJIETLHOTO JepeBa

MoskHno otmeTuTh, 4To Yy MJI 3 ¢ mepexonom Bo Il kiacc Bo3pacTta mpupocT Mo BBICOTE
CHJIFHO CHHM3HJICS, YTO COOTBETCTBYET CAMOMY HU3KOMY PE3YJIbTaTy B CPABHEHUH C JIPYTHMHU
MozensimMu. OHaKo, MO AUaMeTpPy B CPAaBHEHUH C JPYTUMH, OHO UMEET CpPEIHHE TTOKa3aTelH,
YTO TOBOPUT O TOM, YTO Y JAHHOTO JpeBocTos BO Il Kmacce Bo3pacTa MHTEHCUBHO MTPOUCXOINIT
npupocT no nuametpy (puc.3). B pesynbrare cinaboro pocta o0beM jaepeBa Moka3al camble
Hu3kue pesynsrarsl (puc.4). Crkopee Bcero, cialbiii poct M/l 1 COOTBETCTBYIOLIETO €My Ha-
caxieHus o0ObsicHseTcs Oonee HU3kUM OonuteroM (1I).
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Pucynox 2 — Xox pocra 1o BeIcOTE

B rpynmny ycnemHoro pocra Bonwn MJI 6, 2 u 5, o guamMeTpy 3TO COOTHOIIEHUE COXpa-
HSETCS, TaK e, Kak U o oobeMy. J[Ba npyrux nepesa | u 4, UMEIOT cpelHUE MTOKA3aTeNn 110
BBICOTE, 1O AuameTpy Ml 4 3HauuTENHHO OTCTAaeT, Kak u mo ooveMy. M/ 1 mmeeT cpennue
MOKa3aTeNly 10 BCEM IPE/ICTABICHHBIM MMapaMeTpaM.

14
= 12 A
o 10
- 3
g 6
| =
=
e 2

0

10 20 26 27 29 30

—_—1 4,9 10 12
-2 3,2 9,2 11,1 11,5 12,1
—3 2,4 8,8 10,9 11,3 11,9 12,3
i} 1,7 73 9,5 9,9
—§ 42 9,4 11,4
— 6 5,9 10,7 12,4 12,7 13,3

Pucynok 3 — Xox pocra o juamerpy

MakcumainbHasi pa3HHUILIA TI0 BBICOTE MEX]1y MOJIEIISIMU COCTaBuia 7,3 M, o AuameTpy — 2,8
cM, 00bemy — 0,0543 m>. To ectb, HanbobIIAs pa3HULIA B UCCIIETyEMbIX HACAXKIEHUAX HAOIIO-
JaeTcsi UMEHHO 10 BbIcoTe. [IpoBos aHATIOTHIO € JIECOBOACTBEHHO-TAKCAIIMOHHOM TaOnuIeH,
MOKHO TPOCJIEIUTh MPAKTUYECKU MOJHOE COOTBETCTBHE PE3YIbTaTOB POCTA M PA3BUTHUS Ha-
CaXJIeHUH TIOJTYUYEHHBIX B pe3yJibTaTe 3aMepOB M IMPEICTaBICHHBIX Ha rpadukax Xoja pocTa
MJI.
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Pucynok 4 — Xoj pocta o o0beMy

B pesynbrare Toro, 4T0 pyoOKH yXoJa B IaHHBIX JIECHBIX KYJIbTypax HE MPOBOIMINCH, B HA-
CTOsIIIIee BpeMsi OHM 3aryIlleHbl, YTO OTPULATEIBLHO BIUSET Ha MX MPOAYKTUBHOCTh. BHYTpH
1oJI0c OoJbIIast 4acTh 0CO0eH JMCTBEHHHIIBI CHOMPCKON UMEET IuaMeTpsl oT 4 10 8 cM, u3-3a
HezjocTaTka cBeta. Hanbomnee ycnenrHble Mo pa3BUTHIO JEPEBbs, 3aHUMAIOT Nepudepuiinbie
MO3ULUH B MOJIOCAX.

B necopactutenbubix ycnoBusix Caypa npou3BOJCTBEHHUKAMU 32 OCHOBY MOATOTOBKH IO-
YBBI UCHOJIB3YETCS PEPhIBUCTHIE Oylib03epHBIC N0N0CHL. [1o HameMy MHEHHIO, 3TOT CIIOCO0
SBJISIETCS HauboJiee ONTUMANIbHBIM, TaK KaK 4Ype3MepHasl 3aKyCTapeHHOCTh SIBJISIETCSI OCHOB-
HBIM KOHKYPEHTOM Il Ca)KEHIIEB, 1 OCHOBHOW MpPOOJIEeMOil Ipu MPOBEIEHUH arpoTexXHHUYe-
CKHX MEpONPUATUH /10 IEPEeBO/Ia B TOKPHITYIO JIECOM IUIOIIAb.
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YIK 630*62
PEKPEAIIMOHHBIE ITOKA3ATEJIHA 3EJIEHOM 30HBI I. HYP-CYJITAH

Kabanos A.H., cmapwuii Hayunwvltl compyoHux’, acnupanm?

'Kazaxckutl HAQyYHO-UCCIe008AMENbCKUL UHCTMUMYM 1eCHO20 XO035UCMBA

u azponecomenuopayuu um.A.H. Byketixana, . [L[yuunck

2buonozuueckuti uncmumym Tomckozo eocyoapcmeenno2o yHusepcumema, 2. Towck, P@

Bompocam u3yuenust mpoOiieM pa3BUTHS PEKPEAMOHHOTO MPHUPOIONONb30BAHUS U BO-
BJICUEHUS OXPAHSAEMBIX MPUPOAHBIX TEPPUTOPHUI B PEKPEALIMOHHYIO JI€ATEIbHOCTD IOCBSIILIE-
HBbI paboThl MHOTHX aBTOPOB [1-4]. Ho B TO ke BpeMsi B Hay4YHOW JIMNTEpaType OTCYTCTBYET
KOMIUIEKCHOE M3yY€HHUE Pa3BUTHUSI MPUPOAOOXpPaHHON M pekpeannonHoil ¢pynkiuii OOIIT, a
npoOJIeMBbl pa3BUTHS peKpearmoHHon aesreabHoctd Ha OOIIT mpakTuyecku HE paccMarpu-
BalOTCA € MO3UIMI BOCIIPOU3BOJACTBA JIEIPaJUPOBAaHHBIX JIecOB. [l coxpaHeHus Ouopa3Ho-
o0Opa3usi, BOCCTAHOBJICHHSI €CTECTBEHHOTO PACTUTEIBLHOTO MOKPOBA U YIYUILIEHUS DKOJIOTH-
YECKOTO COCTOSIHUSI OKpY KaroIiei cpeibl He0OXOAUMBI 3HaHUS 00 0COOCHHOCTSIX CYKIECCHIM
PacCTUTENBHOCTH O BO3ACHCTBUEM aHTPONOTeHHBIX (akTopoB. TpaHchopmalus pacTUTeIb-
HOTO IOKpPOBA B PE3YJIbTATE XO3SICTBEHHOM JESATENbHOCTH YEJI0BEKa XapaKTepHa /Ul MHOTMX
CTpaH, UCCIeI0OBaHMs ATOM MpoOsieMbl ObUTH HayaThl B 70-X rojax MpoUuIOro CToleTus. AHa-
713 Hay4dHBIX pa0boT B Kazaxcrane mokasai, 4to O0JbInas UX 4acTh [5-7] MOCBsIeHa H3YYSHUIO
TpaHchopMaIlK PACTUTEIHHOCTH MO/ BIUSIHUEM (PaKTOPOB MEXaHUUYECKOTO BO3/1€HCTBUS (BBI-
1ac CKOTa, IOPOKHAsl AUTPECCHs], peKpealyst U T.11.). JlocTaTOYHO MOJIHO U3yYEHO U OCBELICHO
HOPMUPOBAHUE AHTPOIIOTCHHON HArpy3KH Ha OKPYKAIOLIYIO Cpedy, KOTOPOE SBIISIETCS OJHUM
13 BOXHEHIIMX NyTel ONTUMH3ALMM B3aUMOOTHOLIEHMM uenoBeka W npupoisl. OCHOBHbIE
TEOPETHUECKUE MOJIOKEHUS COBPEMEHHOIO 3KOJIOrMYeCKOr0 HOPMHUPOBAHUSI HA OCHOBE OLE-
HOK IPUPOAHOW €MKOCTH TEPPUTOPUN U TMPENCTaBICHHH 00 YCTOWYMBOCTH HMPUPOIHBIX CH-
CTEM TIPEJICTaBIICHBI B paboTax MHOTHX aBTOpOB [8-9]. Pekpearnmonnsie Harpy3ku Ha OOIIT
YBEJIMYUBAIOTCS C Ka)KJbIM I'OJIOM U BBI3bIBAIOT YXYALLIEHUE KaYECTBEHHOTO COCTOSIHUS Jieca,
a MpU CWIBHOI CTENeHu peKpealuu - HeoOpaTuMylo Aerpaaanuio. B pekpealnnoHHbIX Jecax
MOBPEXIACTCS PACTUTEIBHBII MOKPOB, HAPYIIAeTCS BO30OHOBIECHHUE JIECOO0PA3YIOIIHUX MTOPO/I,
YIUIOTHSIETCS 1104Ba, pa3pylIaeTCs JIeC-Hasi MOACTHIIKA U T.1I.

Ilenp HayuyHBIX MCCIEAOBAHUM - M3y4YEHHUE )KMU3HEHHOIO COCTOSHMSI MCKYCCTBEHHBIX Ha-
caxJieHnil B pekpeanmonHoi 30He TOO «AcTaHa opMaHbl», ONPEICICHUE 10U BIUSHUS Ha
panuanbHbIA TpUpOCT 6epe3sl TOBUCIION OT aHTPOIOTeHHBIX (PAKTOPOB.

[Tocne co3nanus 3e51eHOM 30HBI BOKPYT CTONMIBI Ka3zaxcTaHa ocTpo BCTall BOIPOC O CO3-
JAHUW PEKpEaIlMOHHBIX 30H B IMPHUTOPOAHBIX Jiecax. Hayano maHHO# 3acTpoiiku ObUIO MOJIO-
xeHo B 8 kBapraine yechonaa TOO «Acrana opMaHb». BBIOOp 3TOro y4yacTka HecCITydaeH.
OH TeppUTOPHATIBLHO PACIIONOKEH OJIM3KO K TOPOJY, 10 HEr0 MOXKHO 100paThCcsi Ha TOPOACKOM
aBTOTPAHCIIOPTE, OCHOBHBIMU HACAXKJICHUSMU SBIISIOTCS OEpe30Bbie KyJIbTYphl CTAPILEro BO3-
pacta. B Hacrosiiiee BpemMsi Ha y4acTKe IPOJIOKEHbI BEJIOCUIIEIHBIE TIOPOKKH, TOPOKKU IS
MENIeX0/I0B. YYacTre B COCTaBe HACAXIEHUH CMOPOIMHBI 30JI0TUCTOM MPUBJIIEKAET COOPIIMKOB
aroj. B nmocneanue ronsl B 0epe30Boii pole MOsBIIMCH TPUOBI, YTO TaKXKe JeNIaeT MpUBIICKa-
TEJbHBIM IpeObIBAHNE TOPOKAH B IPUTOPOIHOM JIECY.

C uenpio ompeneneHus peKpealnoOHHONW HArpy3Kd OBLIM MPOBEICHBI HAOMIOACHHMS 3a TI0-
CEIIaeMOCThI0 Oepe30BbIX KYJIBTYp U OLIEHKAa aHTPOIIOTEHHOTO BO3ACHCTBHS Ha JpPEBECHBIC
9KO-cHcTeMBbI. B Tabnuiie 1 npuBeaeHO TaKCallMOHHOE OMMCAHUE YYaCTKa.
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Ta6J'II/II_Ia 1- TakcanoHHOE OIMCaHNE PCKPCALIMOHHOI'O Y4aCTKa

Ne [ CocraB | IIpeo6- | Kmacc | Tum Cpennee | mon- | Kiace MOJIPOCT
KBap- | ApeBo- | mamaromiasi | GoHu- | yeca HOTa | BO3pacrta

Tama | cros nopoja TeTa BBI- | mua- YHC-

cora, | MeTp, 70

M cM Ha 1

ra

8 10b Oepesa II BBJI- | 6 5,6 0,8 (2 HET [HeT

ToBHUCIIas 1

B tabnunax 2 u 3 cBeJeHBI IaHHBIE TI0 TIOCEIIAEMOCTH YYacTKa B TCUEHHE HEJCIIN Ha €1~
HUITY TI0ma 1. BumaHo, 4T0 HanbosbIiee Yuciio MOCEIICHUH B UFOJIC PUXOAUTCS HA BHIXOIHBIC
JTHU 1 0COOCHHO Ha BOCKpeCceHbe. BoJbIoe KOJIMYeCcTBO TOpOXKaH 3aHUMAIOTCSI BEJIOCTIOPTOM
u cbopom sron. Hekotopoe umciio moceturesneil mpuxoauT 3a rpubamu. B aBrycre cHU3MI0Ch
YUCJI0 COOPIIUKOB STOJ, T.K. TUIOJOHOIICHHE CMOPOAMHBI TIOIOILIO K KOHITY. B macmypHyto mo-
TOJy 3a CYET BEJIOCHUIIEAUCTOB YUCIIO MOCEUIEHUI IOCTUTANIO B CPETHEM 23 YesloBeKa.

Tabnuma 2 — Yder nocemnaemMocTy Jieca Ha BBIXOIHbBIE U OyJHUE JHU B KyJIbTypax Oepesbl
MOBUCIION (UIOJIb)

Oomee Lens nocemieHus
9UCIo | cOop BEJIO-
Jenb Hepenu noce- |rpu6os, | oraeix | cmopr | apyroe MereoycnoBus
THTE- SITOT
ne
MOHEIETbHUK 35 10 4 15 6 COJIHEYHO
BTOPHHK 25 9 - 12 4 COJIHEYHO
cpena 22 8 2 10 2 COJIHEYHO
YETBEPT 28 11 - 12 5 COJIHEYHO
MATHULIA 43 15 6 15 7 COJIHEYHO
cybb6ota 73 10 28 20 15 COJTHEUHO
BOCKPECEHBE 81 9 30 22 20 COJIHEYHO

Tabnuma 3— Yder mocemaeMocTy Jieca Ha BBIXOJHBIE U OyIHHE JHU B KyJIbTypax Oepe3bl
[10-BUCJION (aBrycCT)

Oomee Iens nocernienus
quCiIo [ coop BEJIO-
Jenb Henenu noce- |rpu6os, | oraeix | cmopt | apyroe MereoycnoBus
THTE- SITOT
nen
MOHEIETTbHUK 14 2 4 6 2 COJIHEYHO
BTOPHHK 17 1 2 10 4 COJIHEYHO
cpena 22 - 2 15 5 MacMypHO
YeTBEpr 24 - 4 15 5 MacMypHO
MIATHULIA 27 2 6 13 6 COJIHEYHO
cybbota 5 - 1 3 1 TIOXK T
BOCKPECEHbE 35 - 15 14 6 COJIHEYHO

105



[lepeiinem K pacueTam peKpealMOHHBIX MToKa3arese. 3a eAMHUILY TUIOIaAn NPUHAT 1 rek-
Tap ¥ BCE pacueThl BEJIHCh UCXOJs M3 ITOr0 Mokaszarens. EquHoBpeMeHHOe YuCiio MOCeTUTe-
Jieil Ha KOHTPOJIBHOM TOUKE COCTaBHIIO 5 yesioBek. CieoBaTeNbHO, peKpealioHHast INIOTHOCTh
COCTaBUT 5 uen/ra.

Jlnist pacdyeTa peKpealmoHHON MOCEIaeMOCT! IPUHUMAETCS CpelHee BpeMsi OJHOTO Moce-
menus 3 gaca. Ce3oH cocrasiseT 90 gHel, yTo skBuBanicHTHO 2160 wacoB. CiaeqoBarelbHO,
peKpeanmonHas rnocemaeMocts cocraBmia: Rd=5* 2160 uac./3 yaca = 3600 (uen/ra ce3oH).

Pekpearnmonnas naTeHCUBHOCTH cocTaBuia 10800 gen. vac/ra cezon (Ri=5*%2160=10800
YeJn yac/ra Ce30H)

W3 mosyueHHBIX JaHHBIX BBISABICHO, YTO CPEAHEE YHCIIO MOCETHTENEeH B OAMH JIeHb CO-
cTaBisieT 32 yenoBeKa. 3a ce3oH, Jsiimuiicss 90 nHel, pekpealroHHyo 30Hy noceTuT 3600
ye-oBeK. [loaTomy o0beM necHoro otabixa Oyaer paBen 10800 mocemenuii B rog. V= 3 ya-
ca*3600 nocermieHuit B rof.

IToka3arenb pekpeallMOHHON aKTUBHOCTH HACEJIEHUs, KOTOPBII MpeAcTaBisieT coO0i duc-
JI0 Y€JIOBEKO-4acoB JIECHOTO OTAbIXa, Mpuxoasiierocs Ha 100 yenoBek HaceleHus, COCTaBIsAeT
648 uenoBeKko-4acoB.

PexpeannonHoe gaBieHue, MOKa3bIBAIOIIEEe HHTEHCUBHOCTD MOCEIIEHUST HACAKCHUH, CO-
crapnsieT 12960 uen. yac/ra ce30H MpHU NPUHATOM KOI(PPHUIMEHTE YKOJIOTUYECKOTO BO3JEH-
crBus 1,2.

MOIIHOCTb PEeKPeaMOHHOTO IaBICHUsI — 00BbEM JIECHOTO OT/AbIXa, CKOPPEKTUPOBAHHBIN Ha
K03()(PUIIEHT HKOJIOTHYECKOT0 Bo3eiicTBUs paBeH 12960 nocerieHnii B ce30H.

JUist HarISIIHOCTH BCE TOJTy4eHHbIE TIOKA3aTeNy CBECHbI B Ta0MMIax 4 u 5.

Tabnuma 4 — OcHOBHBIE peKpeallMOHHBIE TIOKa3aTeNlu B JIECHBIX KyJIbTypax Oepe3sl MOBHC-
noi (8 kB)

Neo Co- | Yucno | Cpok Brruucnennsie pekpealnnoHHble MoKa3aTen
KBap- | CraB | OTHBI- | Ce€- IUIOT- | moce- | HH- OO0b- | akTHB- | naBne- | Morr-
Taja | ApCBO- | Xako- | 30HA, | HOCTH | IIae- TEH- eM HOCTbH HUE HOCTbH
CTOsI | IHUX B | AHM MOCTE | CHUB- Jec- JaBiie-
qac | (4acer) HOCTh | HOTO HUSA
OT/IbI-
xa
8 10b 5 2160 5 3600 | 10800 | 10800 [ 648 | 12960 | 12960
Tabmuna 5 — Onenka pekpeanoHHOTO TIOJIOKEHHUS B 8 KB.
CocraB Pexpea- [Tocemntae- banibl xapakTepucTUKN OLEHKH
JIPEBOCTOS | LMOHHOE | MOCTb, YeNl/ | kumara pacTtuTeiib- | BOAHBIX TOPHBIX
JaBJICHUE, | Ta CE30H HOCTHU 00BEKTOB | OOBEKTOB
YHCIIO T10-
CEILICHNUH B
CE30H
10b 12960 3600 3 3 0 0

CornacHo MeTonuke, oT 9 10 36 6aI0B — XOPOLINE YCIOBUS IS PEKpEarii.
Cnucok McnoIb30BAHHOM JIUTEPaTyphl
1 Apxunenko T.B., Hdynko I'.B. IIpoGnembl pekpeanoHHOIO HCIOJIb30BaHUS 0CO00
OXpaHsie-MbIX HPUPOAHBIX Tepputopuid // [IpobieMbl U MepCHeKTUBBI Pa3BUTUSL TypU3Ma B
CTpaHax ¢ Ie-pexoJHON SKOHOMUKOM: Marepuaisl MeXayHap. Hayd.-IPaKT. KOH). - CMOJIEHCK,

2000. - C. 184
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YK 556.3

HUCITOJIB3OBAHHUE BOJHbBIX PECYPCOB OTPACIAMHU D9KOHOMUKHA
ECUJIBCKOI'O BACCEMHA

Kanacosa M. K., macucmpanm
Kazaxckuil nayuonanvHwulll acpapHblil UCCIe008amenbCKull yHugepcumem, 2. Aimamot

C uCrnonp30BaHUEM CTATUCTHUYECKOTO aHalkM3a W METOAA TPEHIOB MPOM3BEJEHA OLIEHKa
IPOCTPAHCTBEHHON U BPEMEHHOI M3MEHYMBOCTH XapaKTEPUCTUK CTOKa pek Ecuibckoro 6ac-
ceifHa U JaHa CPAaBHUTENIbHAS OIICHKA BOAHBIX PECYPCOB B PA3IUYHbIC IEPUO/IBL.

Boanblie pecypchl UMEIOT 0CO0YIO 3KOJIIOTUYECKYIO M COIMANIbHYI0 3HAYUUMOCTbh ISl CTpa-
HbL. 1IX pannoHanbHOE UCTIONb30BAHKE ONIpEIEseT Oaronoiyyune JIoAeH, noaaepxanue npu-
POIHOTO MOTEHIMANA U 3HAUYUTENbHYIO YacTh MOCTYIUICHUI B HAI[MOHAJbHBIA JOXOJ CTPAHBI
peruoHa.

Peka Ecuib — ’KH3HEHHO BajkHasl apTepus HE TOJbKO /uid KazaxcraHna, HO U JUIsl BCEro pe-
ruona EBpasun. B coBpemennom cocrostauu (2022 1.) Bomo3abop U3 BCEX UCTOYHUKOB COCTa-
BuI 217,64 maH. M3 wim 35,5% ot 6azoBoro.

OCHOBHBIMHU BOJHBIMU UCTOYHHKAMU B OacceiiHe SIBIIOTCS TOBEPXHOCTHBIHN CTOK p. Ecuib
u ee npuTokoB. [lo13eMHbBIE BOABI UCTIONIB3YIOTCS B OCHOBHOM Ha MOKPBITUE X031 CTBEHHO-TTH-
ThEBBIX HYX/I HACEJICHUS U YACTHYHO MPOMBINIUIEHHOCTU. CTOYHBIE BOJBI B IOKPHITUH TOTPEO-
HOCTEH HYK]] 9)KOHOMUKH MTPAKTUUECKH HE YUaCTBYIOT.

1. OCHOBHBIMHM BOAOMOTPEOUTENSIMU B PACCMATPUBAEMOM DPETHUOHE SIBISIOTCS KOMMY-
HaJIbHOE XO3SICTBO, MPOMBIIIJIEHHOCTh U CEIBCKOE XO35SHUCTBO. PpIOHOE X034HCTBO U Mpoyue
BOJIOTIOTPEOUTENN HE3HAYUTEIbHBI U COCTaBIsAIOT MeHee 1%.

2. Comnocrapnenue o0beMOB 3a00pa BOABI 32 YKa3aHHbBIE TOJbI MOKa3bIBAET, YTO OOIIMIA
3a00p BoxbI p. Ecuib B Oacceline o cpaBHeHuto ¢ 6a3oBbiM 2000 1. ymenbmuics B 1,1 pasa.
Jlst Hy K1 9KOHOMUKH (0€3 MaxTHO-PYIHUYHBIX BoA) B 2,82 paza. CymmapHOe O€3BO3BpaTHOE
BOJIONIOTpEOIEHNE YMEHBUIMIIOCH B 4 pasa.
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3. B mepcrnexTuBe oXuJaeTcs 3HAYUTEIbHBIN MOABEM MPOMBIIIICHHOTO MPOU3BOCTBA B
OacceiiHe, B CBS3U C UeM YBEIMUYMBAIOTCA 00bEMBI 3a00pa 1 UCIOIB30BaHUS BOAbL. 3a00p CcBe-
&Kel BOIbI OTpaciIsIMH SKOHOMUKH Ha TepcreKTHBHbIe ypoBHH 10 2040 1. omperneneH Ha oc-
HOBAaHUU PACUETHBIX 00BEMOB BOJOIIOTPEOICHUS OTpaCIsIMU SKOHOMUKH OacceliHa, C y4eToM
BHE/IpEHUsI 00OPOTHBIX CHCTEM BOAOCHAOKEHUS, SKOHOMUHU BOJIbI 32 CUET CHWKEHHUS NTOTEPD B
cetu 1 noBeimeHus KII/I.

4. TlomHoe BonmonoTpebiaeHne oTpacieil 3koHoMHUKH Oacceiina 3a nepuon ¢ 2000 o 2040
IT. IpUBEJCHO B Tabmuie 1.

Tabnuna 1 - CBogHbIe MMOKa3aTen Boj103adbopa OTpacisiMu SKOHOMUKH

- B TOM YHCJIC:

¥a)
= = B T.4U
é 2 P % g
g 5 . o © g i w
~ S H K o) = Q 25
= |3 g 2 5 - s |8 |ZE
= o8| & = = z 2 |, To|s |58
= g7 ¢ = v |§E S| 2 [g8 |5 |E8 |25
= | g . g BEY: 8 s |sg |lg |E |&5
an o 5 | A 5 & s /A a8 = o s o =
m e M o = A o jus) 8 o ¥a) e, = ™
o (=7 Q < = ~ & Q
& ° = Q 2 a ) IS
>~ 5] = = a Q

3] = 5] g

el @) o

1 2 3 4 5 6 7 8 9 10 11 12

2000 | 613,4 | 111,68 43,31 440,28 | 135,7 166,3 | 113,03 25,3 18,1 0 0
2022 | 217,6 | 98,543 57,487 53,66 | 11,001 | 7,772 34,81 0,08 | 1,481 | 0,223 | 6,247
2026 | 344,5 | 116,247 71,644 145,1 51,14 34,23 46,27 10,78 2,70 | 3,43 | 8,033
2030 | 448,5 | 151,399 | 86,343 197,3 71,3 60,74 49,85 11,8 3,60 | 3,99 | 9,446
2040 | 575,7 | 199,855 | 103,389 | 246,9 90,0 87,0 52,75 | 12,622 | 4,50 | 14,46 | 11,135

3a00p BO/IBI HA HYK/IbI CEIBCKOTO X03sCTBA

CenbCkoX0341iCTBEHHBIMU IOTPEOUTENSIMU B OacceiiHe SBISIOTCS OpolLIaeMoe 3eMieIenne,
CEJIbCKOXO035IIICTBEHHOE BOJIOCHAOKEHHE, 00BOITHEHHME NMACTOUI U ppIOHOE X03siicTBO. McTou-
HUKaMH BOJIOCHAOKEHHUS SBJISIFOTCSI TIOBEPXHOCTHBIE U TIOA3EMHBIE BOJIBL.

3a00p BOJIbI Ha HYK/Ibl OPOILIAEMOTO 3eMJICACTHUS

OCHOBHBIMHU BOJTHBIMU UCTOUYHUKAMH B 30He AearenbHOCTH Mmmmcekoit BU sBastoTes mno-
BEPXHOCTHBIE OOBEKTHI: peka Ecuiib 1 ee MPUTOKH, a TAK)KE MEJIKHE BOAOTOKH EPUOINIECKOTO
NeUcTBUS, 03€pa, MOA3EMHbIE HCTOUHUKHY.

Jns obecrniedeHus: OpoIIaeMbIX 3eMelb MOJUBHON BOJOH MOCTpPOEHA COOTBETCTBYOILAsS
BOJI-Hasi HH(paCTPyKTypa ¢ BO03a00PHBIMH COOPYKEHUSIMH IS TIOAa491 BOABI B TPyOOIPOBO-
IIbl, CHCTEMBI KaHAJIOB, MEJIKHE BOJIOXPAHWIIHUINA, & TAK)KE HACOCHBIE CTAHIUH, OCYIIECTBIISIO-
1e B0J103a00p B KaHAJbI.

Pacnipenenenne 00beMOB IOJTHOTO M OE3BO3BPATHOIO BOAOIOTPEOIEHHS Ha HYX/1bl OpOLIe-
Hus 3a 6a3oBbiii 2000 1. 1 coBpeMenHoe cocTostHue (2022 1), a Takke 3a00p BOJbI HA TIEPCTICK-
TUBHBIC YPOBHU NIpUBEIEHBI HUXKE (Tabmuia 2) [2,4].

[Tpu onpeneneHnn MEPCIIEKTUBHBIX 00bEMOB BOJOMIOTPEOICHUS YUTSHBI MEPOTIPUATHS 110
palMoOHAILHOMY HCIOJIb30BAaHUIO BOAHBIX PECYpPCOB, BKIIIOUAIOIINE: PEKOHCTPYKIUIO OpPOCHU-
TENbHBIX CUCTEM, COBEPILIEHCTBOBAHUE TEXHOJIOTUU U TEXHUKHU I10JIMBA, HAIIPABJIEHHBIE HA T10-
BoimieHue KIIJI cucrem, a Takke NpUMEHEHUE ONTUMAIBHBIX HOPM OPOLIEHUS CEIIbCKOXO035M-
CTBEHHBIX KYJIBTYp, KOTOpbI€ IPUHATHI B COOTBETCTBUHU C «PeKOMEHAALNAMU 110 ONPEAETICHUIO
OpPOCHUTENBHBIX HOPM CEJIbCKOXO03IMCTBEHHBIX KYJIBTYp Ha opoluaeMsblx 3eMisix Kazaxcranay,
paspaboranasivu PI'KIT KasHUNBX.
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Tabnuma 2 - 3a60p BOJBI HA HYK/bl OPOIIAEMOTO 3eMIIEIeNTUS

OO0muit B TOM YHCJIE: be3Bo3- | Bomootrene-
3abop BpaTHOE | HHE, MJIH M®
BOJbI ITo- Ilon- | Crou- | BOAO- | Bcero | B T.4.
B 30HC | Bepx- 3€M- HbIC norpe- B BO-
Oransl pa3BUTHSI npo- | mocr- | mele | Bomger | OveHwme, JHBIC
€KTa, HEIC BOJIbI MJIH M 00b-
MJIH.M? BOJbI €KThI

Pezynsapnoe opowenue

ba3zossrit yposens 1990 . | 135,67 | 131,06 | 1,270 3,34 [ 135,670 0
Cospemen.coct.. 2010 | 11,001 | 10,966 | 0,035 0 9,395 1,606 [ 0,555
[TepcnektuBa 2015 T 51,140 | 49,93 0 1,310 | 44,032 | 7,108 | 3,188
2030 71,30 | 69,020 0 2,28 62,174 | 9,126 | 3,72

2040 . 90,00 | 87,00 0 3,00 79,29 10,70 | 4,366
Jlumannoe opouienue

ba3zossiit yposenb 1990 . | 166,28 | 166,28 0 0 166,28 0 0
Cospemen.coct.. 2010r | 7,772 | 7,772 0 0 7,772 0 0
[IepcnexkruBa 2015 | 34,23 | 34,23 0 0 3423 0 0
2030 60,74 | 60,74 0 0 60,74 0 0
2040 r. 87,00 | 87,00 0 0 87,00 0 0

Boponotpebnenue ans HyXJ CEIbCKOXO3SHCTBEHHOTO BOAOCHAOXKEHUS U OOBOAHEHUS
macTOMII

JInst ceNbCKOXO3MCTBEHHOTO BOJAOCHAOKEHUSI XapaKTePHO PACCPENOTOYCHHOE pa3Mellle-
HUE MOTpeOuTeNel, MPEeuMyIIeCTBEHHO 0€3BO3BpaTHBIN 3a00p BOABI M3 HCTOUHUKOB U CPaBHU-
TEJIHLHO HEOONbIIINE 00bEMBI BOIOMIOTPEOICHHMS.

[To nanusiM Mmmmckoit BU B 6a3oBoM 2000 rogy 3a060p BOIbI HA CETHCKOXO3HCTBEHHOE
BOJIOCHaOKeHHE M 00BOAHEHHUE nacTouI coctaBun 138,33 M M?, u3 Hux 44,09 (31,9%) - u3
MOBEPXHOCTHBIX UCTOYHUKOB U 94,24 (68,1%) muH M* moazeMubix Boa. B 2022 roxy cymmap-
HBII 3200p Bonbl coctaBmi 34,89 mun M°, u3 HUX 4,91 (14,1%) U3 MOBEPXHOCTHBIX UCTOYHU-
k0B 1 29,98 (85,9%) - u3 noazeMubix. CTONb 3HAYUTEIHLHOE COKpallleHHe Kak o01iero 3abopa,
TaK M MOBEPXHOCTHBIX BOJ| BBI3BAHO COKPAIIICHHEM YHCICHHOCTH HACEJICHUS, MPEKpaIeHueM
paboTHI TPYIIIOBBIX BOAOIPOBOIOB, OT/IEIbHBIE BETKH KOTOPBIX OTCEUEHBI U pabOTaIOT Ha COO-
CTBEHHBIX HCTOYHHKAX — ITOA3EMHBIX BOJAX.

Cenbckoe HaceneHue OacceifHa coracHo mporHo3am k 2040 romy cocraBut 668,11 Thic.
YeJI0BEK.

[TocTosTHHO CHIDKAFOIIASCS HA MPOTSHKEHUH MOCSAHMUX JIET YHCIICHHOCTD CEJIbCKOTO Hace-
nenuss AxkmonmHcKor u CeBepo-KazaxcraHckoii 001acTeit He JaeT OCHOBAaHHUS JeIaTh IPOTHO3
B CTOPOHY YBEJIMYEHHUS YHCIEHHOCTH HaceneHus. JlaHHbie B pa3pese 00acTei.

O0BbeM cenbCKOX03UCTBEHHOTO BOJOMOTPEONIeHUsI B HACENEHHbIX MyHKTax kK 2040 romy
pocturdet 65,37 MiH. M3 ¥ O CPaBHEHUIO C COBPEMEHHBIM yYpOBHEM Bo3pacteT B 1,9 pa3sa,
YTO BBI3BAHO, B OCHOBHOM, HAMEYAEMbIM YIyUIICHUEM COLIMAbHO-OBITOBBIX YCIOBUHN KU3HU
Ha ceJie, POCTOM MOTroJoBbs ckoTa. [lokazarenu mo o0beMy CEelNbCKOXO3SIICTBEHHOTO BOJIOTIO-
TpeOsieHus puBeeHbl B Tabmuie 3. [3,5]

B HacTosimiee Bpems B CENbCKUX HACETIEHHBIX MMyHKTaX MpeobiaaaeT BhIBO3HAs (acCEeHHU-3a-
[[MOHHAsA) CUCTEMAa YyNaleHUs] OTXOJOB, KaHAJIH3aI[MOHHAs (CIUIaBHAs), UMEIOIIASCS MPEUMY-
HIECTBEHHO B pallOHHBIX LIEHTpPaX M Ooliee KPYMHBIX MOCEIKaX, MpeJCcTaBieHa HeOOIbIIUM
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Mpo-1IeHTOM — B Tipezenax 3-5%. O0beM cTOuHBIX BOJ cocTasister 2,15 muH M°. Ha nepcnek-
THUBY, UCXOJIS1 U3 MPHUHATOM cTeNeHHu OJaroycTpoHCTBa, 00bEM OTBEIEHHBIX CTOKOB COCTaBUT
10,67 (29% ot ob1ero norpedieHus ) MIIH M?, 4TO 6oJiee YeM B 5 pa3 BhIIIE COBPEMEHHOTO.

Ta6mmma 3 — 3a00p BOABI AT HYXK CEITbCKOX03IHCTBEHHOTO BOIOTIOTPEOICHHS, MITH. M*

PacueTHbIe Bcero BT 4. besBo3Bpar- | Bogoorsene-
YPOBHHA IToBepxHoct- | Ilogzemubie | HOC BOIOIIO- HHUE
(rozer) HbIE€ BOJbI BOJBI Tpebnenne

1 2 3 4 5 6

Booonompebnenue 6 nocenxax
2000 . 113,03 29,09 83,94 110,68 2,35
2022 r. 34,81 4,89 29,92 32,66 2,15
2026 1. 46,27 9,39 36,88 40,79 5,47
2030~ 49,85 13,68 36,17 40,92 8,93
2040r. 52,75 16,78 35,97 42,09 10,67
Booonompebnenue na nacmouwax
2000 . 25,30 15,00 10,30 25,30 0
2022 1. 0,08 0,02 0,06 0,08 0
2026 1. 10,78 2,62 8,16 10,78 0
2030~ 11,80 3,01 8,79 11,80 0
2040r. 12,62 3,40 9,22 12,62 0
Bcezo c/x 60o0ocnaboicenue u 06600nenue nacmouuy

2000 . 138,33 44,09 94,24 135,98 2,35
2022 1. 34,89 491 29,98 32,74 2,15
2026 1. 57,05 12,01 45,04 51,57 5,47
2030~ 61,65 16,69 44,96 52,72 8,93
2040r. 65,37 20,18 45,19 54,71 10,67

[IpoBeneHHBIN aHAIN3 CIOKHUBIICIHCS BOIOXO3UCTBEHHOM U BOAOOXPAHON OOCTaHOBKHU B
OacceiiHe, MU3y4eHUE U3MEHEHUS CTOKA PEKU, TPOPAOOTKHU 110 IPOTHO3Y PA3BUTHUS SKOHOMUKH U
COCTAaBJICHHBIE BOJIOXO35IIICTBEHHbIE OaJlaHChl HAa MEPCIIEKTUBY, U ITO3BOJISIOT CJIEJIaTh CIEAYIO-
LI1E€ OCHOBHBIE BBIBOJIBL:

1. VHTeHCHBHBIN POCT BOIONOTPEOICHUS B IEPCIIEKTUBE HE MOXKET ObITh IOKPHIT COBpE-
MEHHBIMH PacIojaraeMbIMH BOJHBIMHU peCypcaMu, TpeOyIOTCs CrieliiaibHbIe MEPONPHUATHS IO
YBEJIMYEHUIO PACIIOaraéMbIX BOIHBIX PECYPCOB.

2. B Bepxwneii yactu 6acceiina p. Ecuib npu oTCcyTCTBUM pe3epBa BOjbl B ACTAaHMHCKOM
BOJIOXPAHUJIUILIE BO3PACTAIOIIME B IEPCIIEKTUBE TPEOOBAaHNS Ha BOAY MPEATNIONAraeTCs OKPhI-
BaTh 34 CUET YBEIUYCHUS UCIIOJIB30BAHUSA MTOA3EMHBIX BOJ U ITOJa4M UPTHILICKON BOABI 110 BO-
nosoay u3 kanaia uM. K. Carnaesa u no kanany Hypa-Ecuib;

3. B nepcnexruse Kazaxctan OyzieT BBIIOIHATH CBOM JOIOBOPHbIE 0053aTEIbCTBA 110 MPO-
IIyCKy TpaH3UuTHOro croka B Poccuiickyro denepanuto. IIpomyck TpaH3UTHOrO CTOKa B TOIBI
95 % obecneueHHOCTH Oy/IEeT OCYIIECTBIATHCS MO HIDKHEH IpaHulle TpeOboBaHuil (He MeHee 6
m3/c).

B 3akiroueHue cienyer OTMETUTh, 4TO OOJIbIIYI0 03a00YEHHOCTh BBI3BIBAIOT HEKOTOPHIE
po0OJIeMBl, BIMSIONINE Ha YCIEIIHOE PEHICHHUE 3a/1a4 BOI000ECIeUeHUsI 0Tpaciiell SKOHOMUKHU
Y BOJIOIIOJIb30BAHMUS.
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W3MEHUYUBOCTH MOP®OJIOTMYECKUX OCOBEHHOCTEN XBOU 1
MOYEK KJIOHOB COCHBbI OBBIKHOBEHHOM

Maiinvibaesa JI.H., cmapwuii nabopanm
TOO «KasHHUHWIJIXA um. A.H. Bykevxanay, e. LL[yuunck

B nocnennue necarmnerus Habmrogaercs roOalbHOE M3MEHEHHE KIIMMara: ydalleHHe
3aCyIUIMBBIX MEPHOA0B, TOHUKEHUE YPOBHSI TPYHTOBBIX BOJA, YTO MOMKET CIPOBOLIMPOBATH
BCIIBIIIKY BPEIUTENIEH Jeca U COKpallleHHe apeaa HacaxAeHuil. MHOTrouncIeHHbIE UCCIe10-
BaHMS JIOKa3bIBAIOT BIMSHUE METEOPOJIOTHYECKUX (DAKTOPOB HA COCTOSIHUE 3E€JIEHBIX HACAXK-
JEHUI U n3MeHeHne Mop(OJIOTMYECKOTO CTPOEHUS UX OpraHoB. Jlake He3HAaYUTEIbHOE MOBBI-
HIEHHE TEMIIEPATYPhl BO3yXa CIIOCOOHO BBI3BATh 3aCyXY, @ YMEHbBIIIEHUE KOJIMYECTBA OCAIKOB
MOXET B 3HAYUTEIBHON Mepe MOBIUATh HAa PETCHEPALUIO JIECOB M Jake MPUBECTH K rudenu
npeBocToeB [1].

Teppuropuss Kazaxcrana pacnonoxkeHa B rnyOuHe EBpasum, 3aHuMaeT IeHTpajibHbIE U
I0KHBIE IIUPOTHI YMEPEHHOTO TI0sica, BKIIIOUasi B ce0sl MyCThIHU, BHICOKOTOPhSI M BHYTPEHHHE
Mops. bonee 75% TeppuTopHM CTpaHbl 3aHUMAIOT 3aCYLIUIUBbBIE U CyOTyMHJIHBIE 3€MJIH, T/IE€ CO-
cpenoroueHo 6omnee 40% BUIOBOTO COCTaBa BCEro OMOIOTUYECKOTO pazHooOpasus. OCHOBHBI-
MU TUIIAMH PacTUTENILHOCTH, 3aHUMAIOUIMMU HanOombinue miomann Kaszaxcrana, sBisioTcs
CTEIHbIE U MyCThIHHBIE. TaK k€ MPUCYTCTBYIOT TyH/IPOBBIE, JIyTOBBIE, JIECHBIE, KYCTAPHUKOBBIE
1 00s10THBIE TUIIBI. OGIIMPHBIM BUOBBIM COCTaBOM IPEACTABIICHBI JIECHbBIE PACTUTENIbHBIE CO-
oOuiecTBa, B kKoTopbix 108 Bua0B npeBecHbIx nopoa u 310 BuaoB KycrapHukos. Ha nomnto xBoii-
HBIX npuxoautTcst MmeHee 15% oOrero komuvecTsa BU0B [2]. OOmias miomaas rocy1apcTBEH-
Horo jecHoro ¢onna Kazaxcrana Ha 01.01.2021 roga cocrasusier 30047,7 Thic. Ta ¥ 3aHUMAET
11,0 % Tepputopun peciryOIMKN; TIOKPBITHIE JIECOM YTroabs 3aHuMaroT 13,3 murH ra nmm 43,3 %
ot oOuieit mnomaau aecHoro. JlecucrocTs pecnyonuku coctasiusieT 4,9 % [3].

Oco0oe 3HaueHne UMEIOT BUABI ceMeiicTBa cocHOoBbIe (Pinaceae Lindl.), koTopbie sIBIISIIOT-
Csl OMHMMH M3 HamOoJiee IIEHHBIX U KOMMEPYECKH BaXKHBIX TPYII JepeBbeB B Mupe. Ha done
MPOrHO3UPYEMOTO U3MEHEHUS KJIMMaTa COCHAa OOBIKHOBEHHAs MpuoOpeTaeT OOJbLIYI0 3HAUYU-
MOCTb. MI3B€CTHO, 4TO y JaHHOIO BUJIA JOBOJIBHO IIUPOKUHI €CTECTBEHHBIN apeall pacipocTpa-
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Henus (EBpona, Cpennss Asust, Bocrounas CuGups, Monromnus, Kuraii) u pa3sura skojoruye-
CKasl TUITACTHYHOCTh, KOTOPasi IO3BOJISIET IEPEHOCUTh 3HAYUTEIIHLHBIE KOJICOAHNUS TEMITEPaTyphl
Y IPUCTIOCOOIEHHOCTh PACTH JIaXKe Ha MEeCYaHbIX U CyXUX MouBax [4].

Ha nmonto cocHoBbix HacaxneHuit B Kazaxcrane mpuxoautcs 6,3% (798,6 Thic. Ta) Beei
II0LIa/IM JiecoB pecnyonuku. OCHOBHAs yacTh COCHSKOB (10 84% ot o0miei ux miomaan) co-
cpenoroyeHa B Llentpansnom, CeBepHoM u Boctounom pernonax Kazaxcrana. CocHa 0ObIK-
HoBeHHas (Pinus sylvestris L.) siBnsieTcst oHOM U3 IIaBHBIX JiecooOpasyronmx nopoy Kazax-
CTaHa, CEJIEKIIMOHHBIE UCCIIEIOBaHNUS 10 JaHHOMY BHJly OBLIM IPOBEJAEHBI Oojiee MacITabHO
(pa3pabo-TaHa mporpamMma Mo COpTOU3YYEHHIO, TeHETUYECKOW OLIEHKE U COPTOUCHBITAHUIO U
ap.). OOmiast oAb OMBITHRIX CENEKIIMOHHBIX 00BEKTOB MO cOcHe oObIKHOBeHHOH 80,0 Ta
[5]. 3a Bpems HayuHo#1 nestenbHOCTH Jabopatopuu cenekinu KasHUMJIXA, naunnas ¢ 1961
rozia ObUTH TIO CO3/1aHbI CEJIEKIIMOHHbBIE 0OBEKTHI COCHBI OOBIKHOBEHHOH (apXUBBI KIIOHOB U HC-
MBITATEIbHBIE KYJIBTYPBI IIOTOMCTBA IUTFOCOBBIX, Teorpaduyeckue KyiabTyphbl, HCTIBITATEIbHbIC
KYJBTYpbl «TUOpHUIOBY» U 1p.). [IpoBeneHsl nuccaenoBaHus Mo BHyTPUBHUIOBOM N3MEHYUBOCTU
MIPU3HAKOB COCHBI, pa3paboTaHbl BOIPOCH! OMOJIOTUMHU IJIOAOHOUIEHUS COCHBI, OPTaHU3aINH
[TJICB, TexHOJOrHH pa3MHOKEHHUS! XO3IHCTBEHHO IEHHBIX JIPEBECHBIX BHIIOB, pa3pabOTaHBI
METOAMYECKHE MOAXOAbI 0 0TOOPY KaHAMIATOB B COPTA MO KIIOHOBOMY U CEMEHHOMY ITOTOM-
CTBY, IPOBEJICHO OJM3KOPOJICTBEHHOE U OTJAJIEHHOE CKPELIMBAHUE, MTPOIOIKAIOT U3Y4atoTCs
OMoMeTpHUYeCKre TIOKa3aTeNd B AUHAMHKE, ITPOBOAUTCS CEIEKIIMOHHO-TEHETHYECKas OICHKA
00BEKTOB TTOCTOSTHHOM JIECOCEMEHHOM 0a3bl, YCTOMYMBOCTH IMOTYCHUOCOBOTO U THOPHTHOTO T10-
TOMCTBA U Jip. Pa3paboTanbl peKOMEHAALNH 110 CENEKIIUN U CEMEHOBOACTBY OCHOBHBIX JIECOO-
Opa3yronmx BUI0B, MOTy4deHBI 11 0TeueCTBEHHBIX COPTOB COCHBI OOBIKHOBEHHOI [ 5, 6].

INabutyanbHO-MOpdonornyeckrue Mpu3HaKu XapakTepU3yIoT ONpeaeaeHHbINH (HEeHOTHUIl fe-
PEBBEB, HEKOTOPbIE U3 KOTOPHIX MOTYT OBITh IPUMEHEHBI Ul MPAKTUUECKUX LIeel IpHU BbI-
JICJIEHNU X03HCTBEHHO-LIEHHBIX pacTeHUN. AHaNN3 MOP(HOIOTHYECKUX OCOOEHHOCTEN COCHBI
OOBIKHOBEHHOM HamNpaBlieHa Ha BBISBICHHWE M3MEHYUBOCTH MPU3HAKOB U UX OTIMYUTEIHLHON
XapaKTEPUCTUKH.

OObekTaMu Hcce10BaHU SBISUIMCH KIOHBI IUTFOCOBBIX J€PEBbEB COCHBI OOBIKHOBEHHOM.
ApXxuBbI KJIIOHOB 1 W 2 pacnoyio)keHbl B AKMOJIMHCKOW oOnacTv u ObH co3naHbl B 1984 1.
(momans 2,7 ra) u B 1984-1990 rr. (momanas 3,3 ra) cooTBETCTBEHHO. B paMkax TeKymumx
HCCIIEIOBaHUN OBLIIO IPOBEACHO M3yUYEHHE MU3MEHUYMBOCTH MOP(OIOrHUEeCKUX 0COOCHHOCTEN
XBOU U TIOYEK KJIOHOB COCHBI OOBIKHOBEHHOH (PHCYHOK).

0
Pucynok — M3yueHue BereTaTuBHbIX OPTraHOB KJIOHOB COCHBI OOBIKHOBEHHO:
a — XBOS ¥ MOYKH; O — U3MEHYUBOCTH MOYEK
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Tak, cpennsst yIMHA XBOM BCEX KJIOHOB cOCTaBuia 5,76 CM, 4TO COOTBETCTBYET pa3Mepam
XBOH COCHBI OOBIKHOBEHHOH B I00KHOM yacTu apeana [7]. [IpoBeneHHbIE MOACUETH TTOKA3bIBA-
10T, YTO BapbHPOBAHKHE PA3MEPOB XBOM HCCIEAYEMBIX KJIOHOB UMEIOT HEOONbIINE 3HAYCHUS,
ko2 dunreHt Bapuauu koieonercs B npenenax 8,5-15,4%, a MakcuManbHbIE pa3MepPbl XBOU
MIPEBBIIAIOT MUHUMAaIbHBIEC Ha 1,3 cM (Tabnuia).

Tabnuma — XapakTepucTHKa XBOHM U MOYEK KJIOHOB IUIIOCOBBIX JIEPEBHEB COCHBI OOBIKHO-
BECHHOU

Knon Jnunaa xBou, cM JlnnHa 1modyek, MM
min | X+mx | max CV min | X+mx | max (6AY
cM % MM %

34 4,0 6,3+0,1 8,2 14,4 4 9,3+0,3 15 25,1
25 3,9 5,4+0,1 8,6 15,4 7 11,0+0,4 19 23,1
48 4,2 5,7+0,0 6,9 10,0 4 7,2+0,3 12 26,3
6 33 5,2+0,1 7,0 14,5 5 9,1+0,2 14 20,4
40 4,5 6,0+0,1 7,6 12,5 5 8,8+0,3 16 25,0
22 3,8 5,5+0,1 7,4 14,0 4 8,1+0,4 20 36,0
44 3,6 5,6%0,0 7,3 11,6 5 9,4+0,3 19 26,8
45 3,7 5,6+0,1 7,8 14,7 3 8,1+0,5 17 41,2
17 3,8 5,7+0,1 7,4 13,8 6 10,6+0,3 17 21,5
30 4,2 6,5+0,1 7,9 12,1 5 10,5+0,4 18 26,9
28 4,6 5,7+0,0 7,0 8,5 4 9,9+0,4 18 30,3
27 4,5 6,0+0,1 7,8 12,5 6 11,4+0,4 19 244
71 3,7 5,5+0,0 6,7 9,7 7 10,7+0.4 20 24,7
53 3,7 5,7+0,1 7,0 12,7 5 9,7+0,3 16 233
38 3,8 6,0+0,1 7,6 13,9 4 9,6+0,3 14 24,3

VY moxkazarenei AJIMHBI TIOYEK HaOMIomacs pa3opoc cpeaHux 3HadeHui ot 7,2+0,3 (kioH
48) no 11,4+0,4 (xsoH 27). IloBbllIEHHBIN YPOBEHb N3MEHYMBOCTH MpU3HaKa oTMeueH y 80%
KJIOHOB. V3MEHUMBOCTh TpH3HAKa OOYCIIOBIIEHA OMOJOTHUYECKUMH OCOOCHHOCTSMH COCHBI
OOBIKHOBEHHOH, r7ie 0osee KpymHas LEeHTpalibHas MO0YKa OKpPY>KEHA HECKOJIbKUMHU MEHbIIEro
pa3Mepa MmovKaMu, pacrojOKSHHBIMU B MyTOBKaX Ha KoHIlE mobera. Y Bcex oOpasnoB (popma
OYEK AHUIeBUIHAS.

Takum 00pa3oM, BbISIBIIEHA HE3HAUUTENbHAsI BApUAOETBbHOCTh CPEAHEN JUIMHBI XBOU H3Y-
YaeMbIX KJIOHOB, JUTMHA KOTOpoM coctaBuia oT 5,2+0,1 mo 6,5+0,1 cM. Y Oonee mosioBUHBI
aHAIM3UPYEMbIX KIOHOB (66,7%) XBOsI CpEIHUX Pa3MEpOB, a y OCTaJbHBIX KJIOHOB JJIMHHAS
XBOS. YCTaHOBJICHA TMOBBINIEHHAS U3MEHYMBOCTD UIMHBI MTOYEK, MPU KOTOPOW pa3mMax 3Hade-
HUit coctaBmia §-16 mM. OHaKO, IpU3HAK «(opma rmodex» OblUT cTaduIIeH Uil BCei BBIOOPKU U
dbopma ompeieneHa Kak siflieBUIHas.

Ncrounnk ¢puHaHCHPOBAHUS:

Jannoe uccrnenoBanue GuHaHCHpyeTCss MUHHCTEPCTBOM IKOJIOTHH, T€OJIOTUH M TTPUPOJ-
HbIX pecypcoB PecniyOnuku Kazaxcran (MPH BR10263776).
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«AKKAWBIK» IINMAKANBIHBIH MAHBIHIAFBI YCAKKATTBIPAKTBI
OPMAH KAYBIMJIACTBIFBIHBIH KA3IPTT DKOJIOT USUIBIK JKAF TAVBI

Yopeesa K.C., sic.2. macumpi, oxbimyuisl
Cepukosa A.C., 2 Kypc macucmpanmoi
M.Omemicos amvinoazvl bamvic Kazaxcman ynusepcumemi, Opan K.

Opmangap — xep MIapbIHIAFbl KIMMATTBIH ©3TepyiHIH KOHE aJaMIap/IblH IIapyallbUIbIFbI
HOTH)KECIHJIE ©3repill OThIPAThIH Y3aK JKbUIABIK 3BOJIONMIIBIK MpoecTiH oHiMl. OpMaHHBIH
ouocdepanarbl KoHE OJEYMETTIK pejii eTe MaHbI3Abl. OpMaHHBIH Ouocdepanarbl periHe
KJIMMAaT ©3TepYIIUIiK, TOMBIPAK ©3repylIllK KoHE THapochepa e3repylIiiK pesaepi kara-
nel. Onmapra KOchIMIIIa OpMaH, (JIOpaHBIH JKOHE (DayHaHBIH OMOJIOTHSUIBIK alyaHTYPJIUIITIH,
TYPAKTBUIBIFBIH KAMTAMachI3 eTefl. AJl JIeyMETTIK pesliHe OHBIH OpTa >Kacaybl, CAHUTAPJIBIK-
TUTHEHANBIK, pPyXaHU KoHe MIMKI3aTThIK pesaepl xarapl. COHIBIKTAH 1a 013 OHBI YpIaKTaH-
ypHakKKa CaKTaybIMbI3 K&KET, ©TKEH1 OPMAHCHI3, 6CIMIIKCI3 JKepae TipuIiIikTiH 00Iybl MyMKIH
emec [1].

Kasipri ranga XKep Oetinig mamamen 30% -biH Hemece 3,2 MIILIHAp TeKTap KepiH OpMaH-
nap anbln skatelp. An Kazakctan PecnyOnukachiH1aFbl OpMaH KaybIMIACTBIFbIH ayMaFbl

4 % xamtuasl. bareic Kazakctan oOnpickiHaa Oyt kepceTkim 6ap 6onranbl 0,4% sxoHE cou
OPMaHHBIH HET131H KYpaWThIHAAp: €MEH, IIETIPIIiH, aK TepeK, Kapa Tepek, yheHki, Tair. Ochl
a3 FaHa OpMaH aJIKaObIH caKTay, Kasipri Ke3eri e3repicTepiH 3epTTen KapacThIpy, KaJIlblHa
KEJNTIpY Ka3ipri TaHaarbl ©3€KTI Maceleep i 0ipi O0mbI caHamasl [2].

OnkeMi3niH eH ipi e3eHl - JKalbIK ©3¢HIHIH aHFapbIH XaWbUIMa OpMaHAAp MEH OPTaJIbIK
KalbUIMaHbIH IIANFBIHAAPBl albIll >KaTblp. By opMmaHmap Harbl3 >KalbUIMAaJbIK OpPMaH-
nap Oonbin TaObUIaabl. JKalbIK ©3€HI JKalbIMa OpMaHAapbl ©31HAIK adyaHTYpJIuTiriMeH
epekmeneneni. JKorapeina aiTeurranaai, XKablK ©3eH1 KaraiayinapblHa KaKbIH OpHAJIACHII,
apuITI TEPPUTOPHUSUIAPMEH KAMTBUIFAH KaillbIMa OpMaHIapbl epekiie JaHamadT Kyparl,
aliMaKThIH OWOJIOTHSJIBIK aNyaHTYPIUIINiH cakTay[a YJKEH pejl aTkapaibl. Amaiiia, COHFbI
XKbuTIapsl JKalblK ©3¢H1 )KalblIMa OpMaHAapbIHBIH KypFarl KeOyl KemnTen OaiKaiabl, acipece
OWJI sKaFaiIap Jajna s)KoHe JKapThllai MeJeHTTI ayMakTapa KapKbIHIbI Kypyae [3].
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2020-2021 >xpuimapbl «AKKaWbIKy IIHNAXAHBIHBIH MaHBIHIAFB! JKallblK ©3eHiHIH opTa
aFbICBIHJIAFbl JKabIJIMaNIbl OPMAaHHBIH aK TEPeK, Kapa TepeK, Teric MHIETIpLIiH >KoHe Taj-
Jap KaybIMJIACTBIFBIHBIH TPaHC(HOPMALUACHIH aHBIKTAy MAaKCaTBIHAA 3€PTTEY >KYMBICTaphI
KYPrizuiai. 3epTTey >KYMBICTaphl €H aJIbIMEH aK TepeK, Kapa TEepeK, TEric ILEripIliH >KoHe
TaNJap KaybIMJIACTHIFbI IIOFBIPIAHFAH OpPMaH alKaObIH JOCTYpIi 3epTTey dictepi OoibIH-
ma xypriziai. Onan keifin Oaifkay alaHKaHAbIH KeseMiH, reorpadusuiblk opHantacybiH GPS
OOMBIHIIIA aHBIKTAABIK. Opl Kapail 3epTTey ayAaHbIHBIH OCIMIIK >KaOBIHBIH KabarTapsl (py-
cTapbl) OOMBIHINA KIKTEM, OCIMIIK Typsepi aHbIKTanabl. COHBIMEH Karap >KaibUIMajbl Op-
MaH KaybIMJACTBIFBIH KYpayIlIbl aFalTapFa caHak Kyprizuiai. SIFau Oip skepie KaybIMAACTBIK
KYpPbIII ©CKEH aFallTapblHBIH MIHJEPIHIH >KyaHIbIFbl MEH JKIMMETpP KOMEriMeH opTalia
OMIKTIKTEp1 aHBIKTAJ/Ibl. 3€PTTEY COHBIHJIA KAYbIMIACTHIKTAFbl OPBIH aliFaH TpaHcopMarus-
Jap aHbIKTaJIbI.

3epTTey KYMBICBIMBI3 OapbhICBIHIA, OPMAHHBIH KeOy HeHreiiHe OailaHbBICTHI OipHeEIIe
HeTi3r1 TYHiHAl aynaHaap aiabiHabl. OcklFaH coiikec, araluTapAblH JKail-KyHiH caHaT OOWbIHIIA
oenriney Poicun JI.M. (1987) GoliblHmna »ypri3iigi. AramtapAbly skail-Kyii caHartapbia 10
OanabIK IKasia OOHBIHIIA KepceTyre Oomaibl: ecin TypraH aramrapra 0-1eH 5 6amn xyiecinae,
aJl 1ayblI KYJIaTKaH aFaliTap MEH Kell cyJIaTKaH aramrapsl 6-0 6angapsiMeH kepceTei (erep,
oJlap HeMipJIeHreH OonFaH skarnaiina). Canar sxarmainapsl Oenriii 6ip Oenriepre cyieHeni:
ecy OWIKTiri, OyTakrapsl, JAiHi )KOHE TAMBIPBIHBIH KaFIaibl [4].

0 — cay aramrap — CBIPTKbI 9JICi3ieHy Oenriyiepi OaiKaimaiiibl, arallThIH KaJbIITHl 6CYyl
JKacbIHA CoMKeC Kellell, KaJIbIH KachUT )KalbIPAKThI dKOHE COHFbI KbUIJIap/aFrbl MEKEH €Ty OpTa-
ceiHaa eciM koK (Cyper 1).

Cyper 1 — Cay aramrap

1 — onci3 aramrap — ¢GoTOCHHTE3 anmnapaTbiHbIH 1/3-1 Oy3bUTFaH, AJICI3 JKYKa KalbIpak,
ecy OWIKTITHIH KBICKApybl, *KeKeJereH OYTaKTapbhlHBIH KeOyi, JKEKEeJIEreH TaMbIpIapbIHbIH,
JIHIHIH KeprulikTi Kypbin OiTyl Hemece Oy3bulybl. 2 — eTe dici3 aramrap — (OTOCHHTE3
anmnaparblHbIH 2/3-1 Keyil Oy3bUIFbIH QJICI3 XKAaIbIPaKThl, 6CY OUIKTIT1HIH 6T€ KaTThl KbICKapybl,
arail YINTapbIHBIH e19yip KeOyl, AIHIEpiHiH, TaMbIpAbIH 3aKkbiMaaHyhl. (Cyper 2, 3).
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Cyper 2 — Orte o1ci3 aramrap Cyper 3 — Ore asci3 aramrap
(minaepiHiH 3aKbIMIAHYHI) (afam ymrapsIHbIH e19yip KeOyi)

3—keyinm 6apa kaTkaH aramtap—()OTOCHHTE3 amnmapaTbiHbIH 2/3 GeirineH ko0l Oy3bUIFaH,

JKambIpaKTapbl capraiiblll Tyce OacTaiifipl, ©cy OMIKTITI KOK, >KaHAJaH JIHICPIHIE 3USHKE-

CTep KOHBIC TENKeH.4 — yKaHa KypaFraH araliTap — OChl )KbUIbI Keyill OacTaraH araill; CapFblIil-

KOHBIpJIAy JKalbIpaKTapbl 0ap HEMece TIMNTi KOK; AiHIH/IE )KaHAAaH KaOBIK KYPThl KOHBIC TETI-

KeH. 5 — ecKi KypaFaH araliTap—aJiIbIHFbI )KBUIBI KypaFaH aralll; »KambIpaKTaphbl JKOK; ararl

yiap OachlHaH ChIHFaH; JIH KaObIFbI OHAM CHITTBIPBUIBII KOHE OYTAIIBIKTAPbl CHIHFBIII KEJIC/Ii.
(Cypet 4, 5).

Cyper 4 — Jlininze 3usitHKeCTEp
KOHBICTAHBII, Keyil 0apa KaTbIpraH
aramrap
6 — >KaHa KeJl CYJIaTKaH araliTap — OTKeH XKbUIbl Oyl aramn 0-3 apanbIiFbIHIAFbl CaHATTApFa
KATKbI3bUIFAaH 0oJica, an OakpUIay KE3iHIE TaMbIp KYHECIHIH JKalaH Kalybl; ©Cy KapKbIHBI
KOK; KaOBIK KETiTepaiH KOHbIC TeOyi. 7 — €CKi JKeJ CyJIaTKaH aramTap — ©TKEH JKbUIIaphl
KYJIaIl, TaMbIp JKyHeci OypaibIll IIBIFIT KATKAH aFainTap; JiH KaObIKTapbl OHAM CHITTBIPHLUIAIBL;

e e
Cyper 6, 7 — Ecki e cyJlaTKaH arairap
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bi3miH xalplIMalbIK OPMAaHIAPBIMBI3 — TEPEKTI, MIETIPUIHAL, TalIbl OOJBINT TaOBLIA/IBI.
JXKaiibIk e3eH1H Ooiinaii kese OyJ1 opMaHIapAbIH TYPIIiK Kypambl 3repin oTbipaibl. JKalblImManbik
OpMaHJbl KYpPaWTBhIH HETi3r1 araml TypiepiHe ToKTanaTbiH Ooscak: AK Tepek (Populus alba)
xoHe Kapa Tepek (Populus nigra) — skalibliiMa opMaHIapblH HETi31H Kypayibl, OuikTiri 20-25
M OoJaThIH, JKambIpaK TacTaWThIH aramTap. Onap Taza opMaH Kypaiasl Hemece 0acka opMaH
aralITapbIHBIH KypaMblHA €HEl.

A menTeciHAepl MAaIFBIHABI )KOHE IIAIFBIHIbI-KAIITaHIbl TY3/1bl, IIAJFbIHIBI-0aTIaKThl
TOIBIpaKTapAaFbl IAIFBIHABIK )KOHE IAIFbIHBI-0aTIaKThI IIONTECIH 00BN CUnaTTanais! [5].

3epTTey HOTHKeNepl KepceTkeH e, XKallblk 3eH1 xKaibuiMa OpMaH1apbIHBIH YKOJIOTHUSUIIBIK
KaFIalbIHBIH HaIlapiaybl OaiKasabl:

» KaiibuimMa opMaHAapbIHBIH KeOyi. ballbIprsl xKalibliMa KaybIMAACTHIKTAPBIHBIH ayJaHbl
60%-ra KpIcKapraH. ¥1ap OacTapblHbIH KeOyl MEH KaJIbIHJBIFBIHBIH TOMEHJeyl OalKasabl.
Ken aramrrapasiy yiiap Gactapsl oJici3 JaMbIFaH JKOHE CHpereH. byphIHIaphl aK TepeKTeH
KeHiHri exiHmi sipyctsl anymsl Teric meripuinaep (Ulmus leavis) ne keyimn, Ka3ipri yakpITTa
TEK OpMaHILATapIbIH KypaMbIHaH Ke3aecTipyre Oonanbl. AK TangapasiH fa (Salix alba) tapany
apeaJbl Kimipeiin 6apa sxaTbIp.

»  AramTbl, OyTasbl )KOHE MIONTECIH/I APYCTAPAbIH KYPbUIBIMBI bIKIIAMIAIIBII, ©3TepicKe
yusipan oTeip. Kypan kanfan aram opbIHAApBIH TYBIHIBl KaybIMJACTBIKTap OAachll amysa.
Baranel xaiibiMa KemierTepiH yileHki (Acer negundo) xoHe amepukaHablK mereH (Fraxinus
Americana) T.0. anMacTbIpbIN >kaTblp. Kenreren TybIHABI KaybIMJIACTBIKTapa OpMaHIIaiap
Ke3zaecneini.

P [lanfpIHABl MIONTECIH XaMBUIFBICBIHBIH KypaMblHAa KcepopuTTep MeH Me30(ur-
Tep yieci kebeiin orelp. Apmadactel (Bromopsis inermis), Ounaiibiktel (Elytrigia repens)
HIANFBIHAAPABIH  OpHBIH aipaybIKThl (Calamagrostis epigeios), »oHE UWIMXK KyCaHJbl
(Artemisia abrotanum) KaybIMIaCTBIKTAPhl aIMACTBIPBIIT OTHIP.

P IllenreciH sApyChIHBIHKYPAMbIHIAF bl TY PJIEP I1HIKOIOT HSUTBIK TOTITapbl apaKaThIHACKIHIA
e3repicTep OPbIH AJIBII XKaThIp. O3 Tapaty apeajblHaa opHanackaH moHkin (Viburnum opulus),
Mmoitb (Padus racemosa), nonana (Crataegus sanguinea) Me30(pUIb/Ii TYPIIEp KOFaIy YCTIHAE.
Hotmwxkecinne Taburu sxaiibliiMa MEH IIAJIFBIH 6CIMIIKTEP1 OHILIA OaFachl )KOK JKOHE apaMILeNTiK
TYpJIEPMEH aybICy/a.

3epTTey KYMBICTaphl HOTHXKECIHE KalbuIMa OpMaHIaphl ©CIMJIIK KaybIMIaCTBIKTAPbIHBIH
Heri3ri keOy ceOenrtepi peTiHIe FalaMbIK >KbUIbIHY, KU1 KalTaJaHaThlH KYPFaKUIBUIBIK, a3
KapJibl KbIC, TUJPOJIOTHSUIBIK PEKUMHIH €3repyl, opTTep, MapyallbulblK KbI3METIHIH XKyheci3
KYPriziryi (Man >KalblIBIMBL, 16N OpY, CaHbIPAyKYJIaK Tepy, AOPUIIK >KOHE HIapyallbUIbIK-
Oarayibl ©CIMIKTEP/l )KUHAY), Cy KOpFay aliMarbl MEH arajaylapJblH KOKBICIICH JIACTaHYbI
CHSKTHI T.0. (hakTOpIapbIH oCepiHEH eKEeHIIr aHbIKTaIbIHABl. COHBIMEH Oipre opMaHAap/IbIH
KOFaJTybl KIIMMATTBIH ©3TepyiHe , IeNIeUTTeHyTe, TOMbIPAK dPO3UsACHIHA, ETIHHIH a3al0blHa, Cy
TaCKbIHbIHA, aTMoc(depararbl MAapHUKTIK Ta3gapAblH KOOCI0iHEe JKOHE KEPTUTIKTI TYpPFbIHIAD
YLIIH KeNTereH npobieManapra okenyl MYMKIH. TombIpak 3po3usichl opTypiii (hakTopiapra
OaliaHbICTBI: KJIMMAT, Kep Oenepi, TOIMBIpaK *OHE OCIMIIK epekiienikTepi. JlyHuexysuik
ayKpIMJ]a KOpIIaFaH OPTaHbIH aHTPOIOTEHJIIK ©3TepiCTEepiHEH TYBIHAAFaH JKeIeNl 3pOo3us Cy
KoMMalapbIHbIH JaillaHybIHA, ©3€HIepAIH MOP(HOJIOTHCH MEH apHa IIeT1HIUIEPiHIH 63repyiHe
okeneni [6].

Conpnaii-ak JKailblk ©3eHI aHFapbIHOAFbl 9JCI3 JKOXKYHEHIH Oipi peTiHzae, KapTbuiait
HI6JIEUTT] 30HAIaFbI aK TEPEKTI KaybIMIACTHIK TipKesi. Jlananany MeH MIeNIeHy YpIICTepiHiH
KapKBIH/IbI JKYPY1 JKaFaiblHAa ocbl MoceneHi menry JKaifblK ©3€HiH epekie TaOuru >kaifbli-
Ma JKOXKYHECiH cakTayzna Heri3ri MaHel3fa ve Oomazbl. JXKaiibuiMa opMmaHIapbl CaHUTAPIIBIK
XKal-KyHiHIH TeMeHJeyl, OMoalyaHTYPIIriHIH KeJAeHneHyl, TYpii 3USHIbl XKOHIIKTEP >KOHE
CaHBIPAYKYJIAKTBIK aypyJapAblH MaccajiblK KeOeroi, 0acka aa Jerpajalysuiblk ypAicTep
eceOiHeH OHMOJOTHAIBIK TYPAKTBUIBIKTBIH TOMEHEYl, KaUTHIMCBI3 ©3repicTep MEH epekliie
TaOUFH KaybIMJIACTBIKTAP, CUPEK KOHE >KOMBUIBIN Oapa >KaTKaH KoHE SHAEMHSUIBIK 0CIMIIKTED
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MEH aHyaplap[blH >KOMBUTYbIHA OKEN COFybl MYMKiH. COHJIIBIKTAH KEHICHII 3epTTeyiaepl
KYPTri3yli KaIFacThIpy aca MaHBI3IbI JKOHE HAKTHl ayMaKTapIbIH JKOJOTHSUIBIK Kyl MEH
TaOMFU-KIIMMATTHIK JKaFIalibiHa OaiJIaHBICTHI KaiiTa KAJbIHA KENTIPY KYMBICTAPBIH KYPTi3y
KaXKeT.

OpmaH mapyanbUIBIFBIHBIH HET13T1 MIHACTTEPIHE OpPMaH/bl KaJMbIHA KEJITIPY; OpPMaH]IbI
JTAMBITY; OpMaHIapAbl KYTiMm-0anTay; OpMaHIbl KY3€Ty YXoHE KOpFay, OpPMaHHBIH ©HIMIUIITIH
YKOFapbIIaTy MEH TYPIiK KYpaMbIH jKaKcapTy; MeIHOpaIlHs >KyMbICTaphl xkarajsl [7,8].

OpMan bl KaliTa KaJIbIHA KeJITIPy apajapbl — OpMaHHbIH JKail-Kyii Halap ayMakTapbIH/a,
aralITapbl Kecil-oTaJIbIHFaH ayMaKTap/ia aralll ecipy K9He ©pT OpbIH aJlFaH ayJaHap/aa xxy3ere
aceIpbUIaAbl. by mapamapsl Ky3ere acblpyra €H aJbIMEH OpMaH MIapyallbUTBIFBl YHBIMBI
KaTBICAIbI.
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JIECHBIE KVJIBTYPbI TOIIOJISA BAJIB3AMAYECKOI'O
B COBPEMEHHOU CUCTEME I'OPOJACKOI'O O3EJIEHEHUS

Lsemrosa H.B., acnupanm 2 kypca
Hayuonanvuwiii uccneoosamensvcruti Tomckuti cocyoapcmeennuiil ynusepcumem 2. Tomck, P®

CoBpeMeHHasl cucTeMa 03€JICHEHHs TOPOACKUX TEPPUTOPH y OoibIIMHCTBA TopoaoB Poccuii-
ckoit denepanuu Hayana ¢popmupoBarbes B 1950-e mocneBoeHHbIe robl. 3HAYUTENbHYIO POJIb B
(hopMUpPOBaHUM 3€JIEHBIX KapKacOB TOPOAOB CHITPAIHU MOCAIKU YEPEHKOB M CAXKEHIIEB TaKUX ObI-
CTPOPACTYIIUX JIEPEBbEB KaK TOMOJIb U HBA.

WBBI 1 TOTIONS MCTIONB30BAUCh MPH 03€JICHEHUH YIIUIl M MarucTpasieid, CKBEpOB, MMApKOB U B
HEKOTOPBIX CITydasx Kak JIECHBIE KyJIbTYPBI ISl CO3JJaHMs TOPOACKUX JIECOB.

3a 3T0 BpeMsi ObUIO MPOBEICHO 3HAYUTEIHHOE KOIUYECTBO MCCIIEI0BAaHUI TOPOIBI, (hopMuUpy-
IOLIEH B HACTOSIIEE BpEMs CYLIECTBEHHYIO JI0JIIO 3€JIEHBIX KapKacoB ropoioB. B paborax y4eHbIx
Cubupckoro 6orannyeckoro caga TT'Y (B Tom uncie Mopskunoit B.A.) pekoMeH1anuii no ucmosb-
30BaHUIO TONOJIS 0aIb3aMUUYECKOTO B TOPOICKOM O3€JICHEHUH HET, B OTJIMYHE OT TOMOJIS YEPHOTO U
Tomosisi Oenoro. B paborax yuensix Cubupckoro otaenenus Llenrpansanoro Cubupckoro 6otannye-
ckoro cama Yunamsesoit JI.H., Tomomesna M.A., bemanoroit A.Il., banaera E.B. [14,15,18,19,20]
OTMEYEHO, YTO TOMOJb 0alb3aMUUECKUN YacTO BCTPEYAETCS B O3€JIEHEHHHM CHOMPCKUX TOPONIOB
(HoBocubupck, Omck, Kemeposo, Tomck, baprayir), mpu 3TOM peKOMEHIaluU K HCITOJIb30BAaHUIO
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B TOPOJCKOM O3€JICHEHHH TaKXe OTCYTCTBYIOT. B umcie pekoMeHayeMbIX CTOSAT TOTONb OeNbIi
Populus alba L., Torons gepnsiit Populus nigra L. u Tonons naBponuctHeiid Populus laurifolia L.

Kmumor A.B. u3ydan TononsHukH moMel peku Tomu B KemepoBckoit oonactu [5,6], mpeumy-
LIECTBEHHO TONoJb yepHbli Populus nigra L. u Tonons naBponuctHelii Populus laurifolia L.

Brlmieyka3zanHbie Hcce10BaHMs HE KacaJluCh OLEHKH JIOJU TOTOIS 6alb3aMUYECKOTO B 0011IEM
00beMe ropoJICKOTO 03€JIE€HEHHs], U B YaCTHOCTH MCCIIEJOBAHU JIECHBIX KYJIBTYD TOMOJIS Oalb3aMu-
YeCKOro, (pOpMHUPYIOIIEro YacTh TOPOACKHX JiecoB ropoja HoBocubupcka.

3HAUUTETBHYIO POJb B (DOPMHUPOBAHUY CHUCTEMBI 3€JCHBIX HACAXKICHUNA M JIECOMapKOBOTO 3e-
JeHoro nosca ropoga HoBocubupcka urparot ropoackue yeca. CormacHO ohUIMaTbHBIM JaHHBIM
TOPOJZICKHE JIeCa 3aHUMAIOT Itomaas 8568 ra. Jlons miomanm ropoaa, 3aHsITOM TOPOJCKUMU Jieca-
Mu cocrasisieT 17%.

HoBocubupckoe ropojickoe J1IeCHU4eCTBO C(HOPMUPOBAHO U3 JIBYX JIECOXO35IMCTBEHHBIX yU4acT-
koB — IlepBomaiickoro u 3aenbLOBCKOrO, PACIONOKEHHBIX B KXKHOM M CEBEPHOM 4acTIX ropoja
COOTBETCTBEHHO.

CymiecTBeHHast JI0JIs JIGCHBIX HACAKJCHUN Ha TOPOACKUX TEPPUTOPHSX, NH(POPMATHBHAS IS
HAy4YHOT'O HCCIIEZIOBAaHUs, MPEICTaBIEHA JIECHBIMU KyilbTypamu Tomnoisd. [Ipm ocmorpe Tomosns
oTpeJiesicH Kak Tomnojib Oanp3amudeckuii Populus balsamifera L.

OO6mas muomaab JeCHbIX KyJAbTyp TONOJs cocTaBiuser 238,5 ra, B TOM 4MCiIe HA TEPPUTOPUHU
ITepBomMaiickoro JiecoXo3sUCTBEHHOTO ydyacTka — 159,7 ra, Ha TeppuUTOopun 3aeIbIIOBCKOTO JIECOXO-
3sTICTBEHHOTO y4yacTka — 78,8 ra. O0muii 3amac ApeBeCUHbI HCUUCsieTcss B o0beme 5175 mMeTpoB
KyOH4ecKHX.

B TakcanmoHHbIX MaTepuanax yKazaHbl rojibl CO3aHus JecHbIX KynbTyp ¢ 1950 o 1970. Bos-
pacT JIECHBIX KyJIBTYp TOIOJISI Ha TeppuTopuu ropoaa HoBocuOupcka Ha CErOAHALUIHUN JI€HB CO-
ctaBiger oT 51 no 71 rona. Yto moATBepkAaeT MOMYISIPHOCTh MPAKTUKN UCKYCCTBEHHOI'O O3€Jle-
HEHUS TOPOJICKUX TEPPUTOPHM B MOCIEBOECHHBIE IO/IbI C TPUMEHEHUEM TOIOJIS 0aIb3aMUYECKOTO,
HO B TO € BPEMs1 YKa3bIBa€T Ha CO3[aHHBIE YHUKAJIbHbIE OOBEKTHI B CTPYKTYpE TOPOJICKOTO 03€eJIe-
HEHHSI — JIECHbIE MAaCCHUBBI.

JIoOKyMeHTaIIbHBIX JAHHBIX O MPOBEIECHUH PyOOK yXO/1a Ha TUIOIASX JIECHBIX KYJIBTYP TOTOMS
He 00HapykeHo. MacCuBBI JIECHBIX HACAKICHUH 3aryIleHbl, IMEIOT CXO/IHBIE MTapaMeTphl Ha BCEX
y4acTKax, a MMEHHO: OTHOCUTEIFHO HEOOIBIION AuaMeTp cTBOJIOB — OT 24 10 36 cM. [1pu 5TOM BBI-
COTa TOMOJISI B HACAXKACHUAX BapbUpyeT oT 24 10 31 M. UTO rOBOPUT 0 3HAUUTENIbHON KOHKYPEHLIUN
3a pecypchl OCBEILIEHHOCTH U MUTAHUS JIEPEBbEB B MACCUBAX.

[Ipu 5TOM Ha 001IECTBEHHBIX TOPOJICKUX TEPPUTOPHUAX, HE SIBISIOMIUXCS TOPOACKUMHU JIECAMU,
B OJJMHOYHBIX WJIM U3PEKEHHBIX TOCATKAX OT/IEIbHBIE SK3EMIUISAPHI TOOJS 0aTb3aMUYECKOTO aHa-
JIOTUYHOTO BO3pacTa JocTuratoT 60-68 cM B 1uaMeTpe, IpH TOM OHU PEIKO JOCTUTAIOT BBICOTHI B
25 MeTpoB.

B HacTosimee Bpemst U1l JIECHBIX MAaCCHUBOB TOMOJS XapaKTEPHO HAJIMYKHE OOJBILIOTO KOJIUYe-
ctBa (10 47% OT 00111ero KOIMYecTBa AePEBLEB HA MPOOHBIX yUaCTKaX) CyXOCTOsl WIIM BaJISKHHKA.
Taxoke 4yacTO BCTpEUaeTCsl CyXOBEPIIMHHOCTh M OTMEUEHO HAJIMYUE 3HAYUTEIHHOTO KOJIMYeCTBa
CYXHX BETBEH B KpoHax TomnoJjei. Bce 3To ykas3piBaeT Ha 00111ee HEYI0BIETBOPUTEIHLHOE COCTOSIHIE
TOTIOJIS B JIECHBIX KYJIBTYpPaXx.

Crout oTMeTUTH, YTO co3aHHble B 1950-70 roasl JecHbIE KYJIBTYpBI TOIOJS HAa TEPPUTOPUU
ropona HoBocubupcka npakTudecky He UMEIOT €CTECTBEHHOTO BO30OHOBIICHHUS (32 HCKITIOUCHHEM
HE3HAUNTENbHbBIX YUYaCTKOB BJI0Jb pek). Ha OomnbIiel yacT TEppUTOPHIA, 3aHATHIX JIECHBIMH KYIIb-
TypaMH TOMOJIS POUCXOAUT BO30OHOBICHHE a0OPUTEHHBIMU MTOPOIAMU — COCHOM OOBIKHOBEHHOM
u 6epe30il MyImucTou.

[TockonbKy TOMONbL Oanbp3aMuueckuil yxxe 0onee 70 JIeT UCMONB3yeTCs B HCKYCCTBEHHOM 03€-
JIEHEHUHU POCCUNUCKUX TOPOJIOB, IOHUMAHUE COBPEMEHHOMN €ro poJId U BO3MOKHOCTH JIaJIbHEUILIErO
€r0 UCIOJIb30BAHUS B O3€JICHEHUH B YCIOBHSIX U3MEHUBIIEICS aHTPOIIOIN€HHON Harpy3Kku, HOpMa-
THUBHO-TIPABOBOM 0a3bl M OOJIBIIOMY BHUMAHUIO K (DOPMUPOBAHUIO SKOJIOTHICCKHU OIaronpHusITHBIX
YCIIOBUH JUIS JKUTENeH B TOpoJax JaeT BO3MOXKHOCTH HCIIONB30BaTh JaHHYIO TIOpOLy Hauboiee
3¢ (deKTUBHO.

[IpakTHKa HCKYCCTBEHHOT'O JIECOBOCCTAHOBIICHUS HA TEPPUTOPUSIX TOPOJCKUX JIECOB C HCTIOJb-
30BaHMEM pacTeHHsI — MHTPOIylLieHTa A ropoga HoBocuOupceka — Tomoss 6anb3aMUuecKoro, Mo
pe3ysbTaTtaM OLEHKH COCTOSHHS JIECHBIX KyJIbTYp B Bo3pacTte 51-71 rona, nmokassiBaeT, 4To co3/a-
HHUE yCTOWYHMBBIX CAMOBO300HOBIISIEMBIX JIECHBIX HACAKICHUH U3 TONOS 0aIb3aMHYECKOTO HEBO3-
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MOXKHO. VICKyCCTBEHHBIE HACAXKIEHHUS M3 TOMOJSA TPEOYIOT 00s3aTeNbHBIX 3HAYUTEIBHBIX 3aTpar
Ha yXOJI, BKIIOYas PyOKH yXo0Jla, a M0 OKOHYaHHIO OTHOCHTEIHHO KOPOTKOTO KH3HCHHOTO ITHKJIA
TOJIHOW 3aM€EHEI HACaKICHUI.
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KOPFAJI’KBIH CY OBBEKTIJIEPIHIH, CY-KATAJIAY
OCIMAIKTEPI ) KOoHE AJIBI'O®JIOPACHI

Coexozosa K.C., 2 kypc mazucmpanmoi
Acmana xanvixapanvix ynueepcumemi, Hyp-Cyaman K.

KopramkbiH MeMJIeKeTiK KOPbIFbI 1968 )KbUTbl KYpblIFaH. ByJ1 TaOUFBIN KEIlIeH XaIbIKapalbIK
Pamcap ti3imi Men KOHECKO taburu mypanapsi Tizimine enret. 2012 sxpuist KOHECKO taburu
pe3epBarTaphl Ti3iMiHE KOCBhUIaAbL. TeppuTopusIarsl OMOIEHO3 bl diicipey ce0edl XMMUSIIBIK
JacTaHy, THAPOXUMHUSIIBIK KOHE TUAPOOHONOTHSIIIBIK KYPBUIBIMHBIH TYPAKCHI3ABIFBIHAH 00-
7Tybl MyMKiH. COHBIKTaH, KOPFaJKBIH KOJJIEPiHIH Cy-)KaFajay KoHE CyJIbl OCIMJIEKTEepiH 3epT-
TEy KalllaH J1a MaHbI3bI OOJBIN TaObLIaabl. ON TAOWFU KEIICHHIH KEIICH[I MOHUTOPUHTIH]IC
eJIeyJll OPBIH aJabl.

Teio3-KopramxkeiH kenaepi xyihecine Temipray-Kaparanasl eHepkocinm ajaHIapbIHBIH
akaba cynapsl araThlH Hypa e3eHiHIH apHachIHAH KEJIETiH TOKCUKAJIBIK 3aTTap o9Cep eTel.

EricrikTepaeH sxep YCTi aFbIHBIMEH, COH/Iali-aK KelO1p OHIIPICTIK KaJABIKTapMEH MHHEpa-
JIbI TRIHAUTKBIITAP TYpiHae Pocdop KOCHUIBICTAPBIHBIH aPTHIK TYCYl aFbIHCHI3 JKOHE aFbIHbBI
a3 Cy alabIHIapbIHIA ©CIMAIK OMOMAacCachIHBIH OaKbUIAYChI3 ©CYiHE, Cy alJbIHAApPBIHBIH
Tpo(UKaIBIK ACHI€HiHIH 03repyiHe dKkenei. by ruapomneno3napasiH 3BTpod T 3repicTepine,
uripy mpouecTepiHiH 0ackiM 0achblM OOJIybIHA JKOHE COMKECIHIIE OYJIIBIPIBIFBIHBIH OCYIHE,
Cy/IIbIH MUHEpaJIaHybIHa, OaKTepUsuIapaAbIH KoOeroine okeneni [1].

[Honak, Eceii, Kokait, Cynrankenai, Acayoanbik kesaepi KopraikbiH kesaepi sKyHeciHig
HET13r1 J)KoHEe KOCAIKBI KeJaepi 6ombin Tadbuias [2].

Kopramxbia TaOuFu 00bEKTiIepiHiH OaTHaKThl ©CIMIIKTEP1 KOl Karajayinapbl MEH ©3€H ap-
HaJTapbl MAaHAWBIH/IA IIOFBIpIaHFaH. KopFamKbIH KeJiepi xaranaylapbliHaa JOMUHAHT IO TECiH
ecimMIIKTepre KomiMri Kambic (Phragmites australis), xora (Typha angustifolia), enenmen
(Scirpus lacustris) xaranpl. COHBIMEH KaTap KOFaJIbI-KaMBICThI KaybIMJIACTBIKTApAaH Jungus
gerardi, Alisma gramineum, Tripolium pannonicum, KUASK-KaMbICThl KaybIMJACTBIKTAp/IaH
Carex melanostachya, Beckmannia eruciformis, Elecharis palustris xe3neceni. bynapmen
Koca Utricularia vulgaris xxane Batrachium trichophyllum maxpodutrepi 1e ke3aecyi MyMKiH.

Kopramkein kemnaepi >kyieciHiH tymbl kenuaepinae Ceratophyllum demersum xoHe
Potamogeton pectinatus cynbl eciMaikTepi ke3nece1i. KaMbICThI-KOFaIbl KaybIMIACTHIKTAP IbIH
apaceiana Utricularia vulgaris apanacyst MymkiH. Kysri aitnapaa kenaepair 6eti Lemna tricula
)koHe Lemna minor eciMaiKTEPiHIH )KaObIHBIMEH jka0bLTa1bl. KaMBbICTBI KaybIMIACTHIKTAP apa-
ceraa Hydrocharis morsus-ranae cymbl ©CIMIIT1 Ke3aece/l.

KopramkeiaabeiH  Ty3ab11ay Kemnaepinae (Eceit, Cynrankenmi, Kokail, Acay0amnbiK) Cymsl
OCIMJIIKTEep TYIIBI KeJepre Kaparanjaa a3 kesaecedi. AmbIK Oemikrepinae Potamogeton
pectinatus Hemece Potamogeton perfoliatus xe3neceni. Keibip xwimmaper Myriophyllum
spicatum xe0ipek ke3neceni. Kambictapasiy apacsiaga Potamogeton macrocarpus, Utricularia
vulgaris »one xacbut ximmeni oanasipnap (Chlorophyta)na xesnecyi myMkid. Kap cysimen
KopekTeHeTiH kemaepnae (Caymankesn) cyibl e©CIMIIKTepAeH WIbUIBIH (Potamogeton) TOII-
Tapbl KenTen kesneceni. Ty3abl kenaepae Ruppia maritima Cylbl ©CIMAITT kKoHE XKIlMIIeNi
Cladophora Gannplpiapbl Ke3/1ecei.

Hlonak, Ecelt, Cynrankenni kenaepinae nepuuToH TYPIiK KypaMbIHIa TAATOMJIbI Oal-
neipnap (Bacillariophyta) xebipex ke3neceni. An xacwin oanaesipiap (Chlorophyta) men mu-
anobaxtepusuiap (Cyanobacteria) a3zpIpak Ke3zecesi, ajaiaa olapAblH OMoMaccachl yKasJbIH
BICTBIK KYHJEpl yyiFass TyckeH. bera-anbda-me3acanpoOTsl Ganjbipiap KHIPEK, OJIUroca-
npoOThUIap cupek kesnecenl [4]. CyITaHken Il KeaiHAe dBIIICHANBIK OaJIIbIpiaap KeHOip Kbl
Me3TiTiHe OailaHbICThI Ke3aecin Typaabl. EH Kem ke3neceTiH TybIcTapra IUaTOMIbl OasibIp-
napaan Nitzschia, Navicula, Cymbella, Diatoma TywicTapbl xarasl. Kaceln OGangsipiapaan
Scenedesmus, Pediastrum TybicTapbl ke3aecei.

Kokaii kemiHzme amyaHTypuiiri €H a3 KaybIMIAacThIKTap OpblH anaael. [lepudurton
OanbIpIapbIHBIH TYPJIEP1 op KbuLaapaa 9-20 TypMeH meKTeATreH. backiM KommuIiri 1uaToM bl
Oannapipnap [5].

121



Kopsita aiftkanga, KopramkbiH cy 0ObeKTUIEpiHIH jKaFaiay 6CiMIIKTEpl KAMBICTBI, KOFaJIbl
KaybIMJACTHIKTAPMEH JKaOBLIFaH, Cylbl OCiMAiIKTeNneH keOinece Potamogeton, Utricularia
TybIcTapbl ke3aeceni. [lepuduron OanmpipiapblHaH TYp allyaHTYpIIiri 6ackiM AUaToMIIbl Oa-
nwipnap (Bacillariophyta) G0t TaOBLTABI.
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This paper discusses the possibilities of macrophyte treatment of chromium-containing
wastewater from tanneries based on macrophytes. At present, Azolla biomass is widely used in a
number of countries for the treatment of heavy metals from industrial effluents and wastewater.
[3-8].

Macrophytes (Azolla caroliniana Willd., Lemna minor L., Pistia stratiotes L., Eichhornia
srassipes Solms.), as well as wastewater from a tannery containing chromium (Cr) were chosen
as objects of study. The retention of chromium in water was determined by atomic spectroscopy
(GOST P51309-99 Method for determining the elemental composition of natural and nutrient
solution by ICP-MS). The calculation of the statistical error and standard deviations from the
experimental data was carried out using the computer program STATISTICA 6.0 and standard
methods. The statistical significance of the results was determined using Student's t-test.

In the course of the study, the process of treating wastewater from leather processing plants
from chromium and other types of chemicals using macrophytes were studied. The tolerance of
macrophytes to chromium, which was identified as the main object of study, was also studied.

According to the results obtained, the biomass of A. caroliniana decreases with increasing
chromium concentration ((mg/l) 0,5—0,87%, 1,0—0,68%, 1,5—0,59%, 2,0—0,50%,
2,5—0,46%, 3,0—039%) and biomass correlations. In particular, on the 10th day of cultivation
at a concentration of 0.5 mg/l, 1150.9 g of biomass per 1 m2 was obtained, and at a concentration
of 3.0 mg/l - only 1.79 g of biomass.

When studying the resistance of macrophytes to chromium in the amount of 1.0 mg/1 Azolla
caroliniana on the 2-7th day of cultivation was 86.7%; 42.1%; 27.1% and 6.32%, respectively,
viable. Compared to control 1, it showed a decrease of 12% on the second day of growth and
26.1% on the 7th day of growth. It was found that over the same period, the survival rate of
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duckweed was 3.21% at 5 days of growth compared with other macrophytes. On the 7th day of
observation, it was noted that the culture was completely necrotic, the roots began to rot. Lemna
minor, Pistia stratiotes and Eichhornia srassipes were completely necrotic on the 7th day of
observation, while Azolla caroliniana was completely necrotic on the 10th day observations.
In the course of the study, it was noted that Azolla caroliniana had a relative resistance among
macrophytes in terms of resistance to chromium (1.0 mg/1).
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Fig.-1. Tolerance of macrophytes to chromium (1,0 mg/I)

An interesting aspect of the study was the very low biomass with a survival rate of 0.52%.
The reason for this was noted in the use of tap water in the nutrient medium, to which a certain
amount of chromium was added. The tolerance of Azolla caroliniana to high concentrations of
chromium and its sorption properties for chromium can be explained by the absence of macro-,
microelements and mineral salts in the nutrient medium.

Studies have showed the potential of Azolla caroliniana in relation to tolerance to chromium.
According to the results, the photosynthesis process of a 5-day culture of Azolla caroliniana
adapted to chromium-plated (30%) wastewater is restored by 50-80%. day of growth. The crop
yield reached 78.4-82.6% and the decrease in the chromium content in wastewater was from
4.87 mg /1 chromium to 2.34 mg / 1. The results showed that Azolla caroliniana sorbs chromium
in an average amount of 0 .56-1.09 mg/g relative to dry weight.
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