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Annomayus. B nanHOi paboTe TpOBeICH aHANU3 BIUSHUS cornacoBaHusl mo bparry Ha
3aMyCh U BOCCTAHOBJICHUE MYJIBTHILIUIIMPOBAHHBIX TOJIOTPaMM Ha TOJCTHIX cpenax. [lokasaHo, 4To
JUIst TOro, 4toObl Ha mpuemMHoM YyctpoictBe Thma [13C (mpubop ¢ 3apsaoBOil CBS3BIO) HE
MIPOUCXOWIIO HATOKEHUE M300paKeHUH, BOCCTAHOBIIEHHBIX C Pa3HBIX TOJIOIPAMM, OY€Hb Ba)XKHO,
9TOOBl BBITIONHSUIMCH JIBa TPEOOBaHWs, WM, XOTA OBbI, OJHO W3 HHUX: MPU BOCCTAHOBICHUU
MYJIBTUITUIIMPOBAHHONW TOJOTPAMMBI  OMOPHBIM MYYOK MEPEKPhIBACT OOBIYHO HECKOIBKO
rojorpamm, ogHako, Ha [13C gomxHO momagarh TOJBKO OTHO BOCCTAaHOBJIICHHOE M300pakeHHeE, TO,
KOTOPOE€ MBI XOTHUM CUHHTATh C HY)KHOﬁ HaM TroJIorpaMMBbl; OHOpHLIﬁ IIY4YOK MagacT Ha y4aCTOK, Ha
KOTOPOM 3amucaHbl HECKOJIBKO TOJIOTPaMM, OJJHAKO, BOCCTAHABIMBACTCS TOJIBKO OFHA HY)KHAs HaM
rojorpaMmma, T. €. CXxeMa BOCCTaHOBIIEHHUSI MOCTPOEHA TaK, YTO OMOPHBIM JIyd Kak Obl oOmamaeT
CIIOCOOHOCTBIO OTCEUBATh HEHY)KHbIe M300pakeHUs. Takas CroCOOHOCTH K BBIOOpPKE 33aJaeTCs C
IIOMOIIIBEO HU3MCHCHHA  XapaKTCPUCTHK BOCCTaHaBJ'II/IBaIOHIeﬁ BOJIHBI 110 OTHOIICHHUIO K
XapaKTCpUCTUKaM SaHI/ICI)IBaIOHleﬁ OHOpHOﬁ BOJIHBLI. K HUM OTHOCATCI M3MEHEHUS yrjia majacHus,
($a30BBIX XapaKTEpUCTUK BOJHBI, JJIMHBI BOIHBI M Jp. BoccraHoBieHue mpu Jpyrux
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XapaKTEepPUCTUKAX MPUBOTUT K PE3KOMY CHIDKEHHIO TU(paKInOHHON 3()(PEKTUBHOCTH TOIOTpaMMBbl
710 IPEHEOPEKUMO MaJIbIX 3HAYCHUH.

Abstract. In this work, we analyzed the influence of Bragg matching on the recording and
reconstruction of animated holograms on thick media. It is shown that in order to prevent
overlapping of images reconstructed from different holograms on a CCD-type receiving device
(charge-coupled device), it is very important that two requirements are met, or at least one of them:
when restoring an animated hologram, the reference beam usually overlaps several holograms,
however, only one reconstructed image should fall on the CCD, the one that we want to read from
the hologram we need; the reference beam falls on an area where several holograms are recorded,
however, only one hologram we need is restored, i.e. the restoration circuit is built in such a way
that the reference beam has the ability to filter out unnecessary images. This sampling capability is
specified by changing the characteristics of the reconstruction wave relative to the characteristics of
the recording reference wave. These include changes in the angle of incidence, phase characteristics
of the wave, wavelength, etc. Restoration with other characteristics leads to a sharp decrease in the
diffraction efficiency of the hologram to negligible values.

Knioueswvie cnosa:  ronorpamma, bparroeckoe — cornacoBaHue,  MYJIbTHUINIEKCHPOBAHUE
roJIorpamMm, TOJICTOCJIOMHBIE 3aIIUChIBAIOIIME Cpebl, bparroBckas BbIOOpKa, Cyneprno3UIis BOJIH.

Keywords: hologram, Bragg matching, hologram multiplexing, thick-layer recording media,
Bragg sampling, wave superposition.

[Ipu 3ammcu wmHpoOpManmuu ¢ BpsrroBCKMM COTIacOBaHUEM MPOMCXOIUT BOCCTAHOBIICHHE
TOJBKO TOM CTpaHUIBl 3alMCAHHOW MH(OPMALMU, BOJIHA OT KOTOPOW YIOBIIETBOPSIET YCIOBHIO
3TOr0 COmIacoBaHus. BaHO, 4YTO TpH 3TOM Jpyrue TOJOrpaMMbl HE BOCCTaHABIMBAIOTCH,
YYUTBIBAs, 9TO UX BOCCTAHOBJICHHE HE YIOBIETBOpPSIET ycioBuio bparra. Ho He06XomumMo MOMHUTB,
YTO COIVIACOBaHHME MO Bparry MOKHO paccMaTpuBaTh TOJBKO NMPUMEHUTEIHHO K TOJICTOCIOHHBIM
cpenam, T. €. TOJICTOCIOWHBIM rosiorpammam [ 1-3].

B ocHOBe MeTOI0B 3aluCH MYJIBTUIUIEKCUPOBAHHBIX TOJIOrpaMM JIEKaT YIJIOBOE U IO JJIMHE
BOJIHBI M3MEHEHHUE XapaKTEPUCTUK MpoIlecca 3aliCH TOJOTpaMM, a TakKe KOTUpOBaHHE (a3bl.
[lepeunciennbsie TpeOOBaHUS SBISIOTCS OOSM3aTEIBHBIMU JUIS METOIOB MYJIBTHUILUIMIIPOBAHUS
roJIOrpaMM Ha OCHOBE bparrosckoro casura.

[Tpu MyJIBTUIIIEKCUPOBAHUY TOJOrpaMM HEOOXOAMMO MOMHHUTH, YTO MPU 3alUCH TOJIOTPaMM
Ha OJHOW W TOH K& OOJIACTH 3aIMCHIBAIOIIEH CpPellbl BO3SMOKHOCTD OTIIMYUTH OJIHY TOJIOTPaMMYy OT
Apyroli BOSHHMKAET B CIEACTBUHM TOTO, YTO Ka)K/las OTAEIbHAs roJorpaMMa NpPEACTaBIsieT COOOu
3aluch MHTEp(EepOMETpUUECKOd KapTHUHBI, MOJTYYEHHOW KaK pe3ynbTaT CIOKEHHs JIBYX BOJIH —
MPEIMETHON U OMOPHOM, IPUUYEM 3aMUCh POBOIUTCS € 00sI3aTEIBHO NP OHON HKCTIO3UINH [4-6].

Jns Toro, uroObl Ha npueMHoM ycrpoicTtBe Ttuna [13C (mpubop ¢ 3apsiioBOW CBsI3bIO) HE
MIPOUCXOIMIIO HAJIOKEHHE M300paXCHNUH, BOCCTAHOBIEHHBIX C PAa3HBIX TOJIOrPaMM, OYE€HBb BaXKHO,
YTOOBI BHIMOJHSIIUCH ABa TPeOOBaHUS, UITH, XOTS Obl, OTHO U3 HUX:

- TIpU BOCCTAHOBJIEHHUH MYJBTUIUTMLUPOBAHHON TOJOrpaMMbl OMOPHBIN MyYOK MepeKphIBaeT
OOBIYHO HECKOJIBKO rojiorpamm, ogHaxo, Ha [13C gomKkHO momnajars TOIBKO OIHO BOCCTAHOBJIEHHOE
n300pakeHne, TO, KOTOPOE MBI XOTUM CUHTATh C HYXKHOH HaM TOJIOTPaMMBI;

- OITOPHBIN MTyYOK MA/IAaeT Ha YYaCTOK, Ha KOTOPOM 3aIllMCaHbl HECKOJIBKO TOJI0rPaMM, OTHAKO,
BOCCTAHABJIMBAETCSI TOJIBKO OJJHA HY>KHAsI HAM ToJIorpaMMa, T. €. CXeMa BOCCTAHOBJICHHUSI TOCTPOEHA
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TaK, YTO OMOPHBIA Jyd Kak Obl 00JIamaeT CHOCOOHOCTHIO OTCEMBATh HEHYKHBIC W300paKeHHS.
Takas cnocobHOCTH K BBIOOpPKE 3a7aeTcss C IOMOIIbI0 H3MEHEHHUS  XapaKTEPUCTHK
BOCCTAHABJIMBAIOLIECH BOJIHBI [0 OTHOLIEHUIO K XapaKTEPUCTUKAM 3aIllUCHIBAIOIIECH OIIOPHON BOJIHBI.
K HMM OTHOCSTCSI U3MEHEHHUS yIIa MajfeHus, (Pa30BbIX XapaKTEPUCTUK BOJIHBI, JIJTHMHBI BOJIHBI U JIP.
BoccranoBnenue npu Ipyrux XapakTepUCTHKaX MPUBOAUT K PE3KOMY CHIDKEHUIO TU(paKInOHHON
3¢ (HEKTUBHOCTH TOJIOTPAMMBI JI0 IPEHEOPEIKMUMO MaIbIX 3HAYCHHH [7-9].

Lenvto Oannoli pabomul SIBISETCS aHAIM3 BIUSHUS 3alMCBHIBAIONICH CBETOBOW BOJIHBI Ha
TOJICTOCJIOMHBIE CPEbl IPU MYJIBTUIUIEKCHPOBAHUU TOJIOTPAMM C MCIOJIb30BAaHUEM COIIACOBAHUS
no bparry.

Coenacosanue no bpaezy npu mynemuniexcuposanuu
HA MOJCMOCTIOUHBIX 3ANUCLIBAIOWUX CPeOax

Judpakiuy Ha IUIOCKUX pelIeTKax U OOBEMHBIX Cpelax CWIBHO omInyaioTcsa. B ciydae
I(pakuy Ha JBYMEPHBIX pelIeTKaX HaKJIaIbIBa€MbIe yCIOBHS MEHEE JKECTKUE Ha (popMUpoBaHHE
T(QPAKIMOHHBIX MaKCHMyMOB, 4Ye€M B CJIy4yae TpEXMEpHBIX, OOBEMHBIX cpen. B ciydae
TPEXMEPHBIX PELIETOK YCIOBMEM BO3HUKHOBEHUS JU(QPAKIMOHHBIX MAaKCUMYMOB SIBIISETCS
PaBEHCTBO YIVIOB MaJieHUA M AU(DPAKIHUM, KOTOpble 0OpasylOT BOJHBI C IIOCKOCTbIO OObEMHOMN
pelieTku. YKa3aHHbIN YroJl | JOIKEH yIOBJIETBOPATH Bp3rroBCKOMY yCIIOBHIO

2dsinj =1. (D

He6onpioe n3Menenue | mimm | , mpu QUKCMPOBAaHHOM 3HAYEHHMH Nepuona pemerku d, 4To

MIPUBOIUT K OTKJIOHEHHUIO OT ycJoBUs bparra mis audpakmoHHBIX MaKCUMYyMOB, HHTEHCUBHOCTh
CBETa, HOABEprierocs IUGPaKIHUM, U, KaK CIEICTBUE ITOTO, PE3KO MagaeT JI0 IPEHEOPEKUMO
MaJbIX 3HAuU€HWH, YacTO MPAKTUYECKH JIO0 HYJEBBIX BeNUYMH. VIMEHHO JaHHBIM 3¢dexT,
orpefeNisieMblii OTKIOHEHHSAMHU OT ycinoBus bparra, u mosponser 3((eKTUBHO OCYLIECTBIATh
BBIOOPKY C TTOMOIIBIO M3MEHEHHUS YIJIa OCBEIICHHS WJIM U3MEHEHUS [UIMHA MAJafoNero U3IydeHUs
[10-11].

Haubonee »sddextuBHON Oblta OBl 3amuchIBalOIIAs cpela, MpeCcTaBisionas coOon
O0OBEMHYIO peLIeTKY, IOKa3aTelb NPEIOMIEHHS KOTOPOM MeEHSeTcs CKaukoM TOJIBKO B
OTIPENIIEHHBIX TUIOCKOCTSX, @ B OCTAJBHBIX OONACTSAX PEIIETKH OCTaBaJICs Obl HEW3MEHHBIM.
[TonoOHast oObeMHas pemieTka Bena Obl ceOe, MO CYTH, KaK IUIOCKas pelleTka IITPUXOBOTO THUIIA.
OnHako, B peaJbHOI CUTyallud Ha paclpesielieHue Moka3aress IpeioMIIeHHs B 00beMHOH cpeje
BJIMSIET MEepecedeHre JByX BOJH IUIOCKOTO THIIA, a 3TO 33/ae€T COOTBETCTBYIOIEE paclpesieeHne
MoKa3aTelis peaoMiIeHus B Bue cunycouasl (Pucynox 1).

Hanee paccmoTpuM Oosee MOAPOOHO CBSA3b MEXIY M3MEHEHHEM XapaKTePHCTHK 0ObEeMHOM
pELIEeTKH U MaJarolieil CBETOBOM BOJHBI ¢ M3MEHEHHEM TU(PAKIMOHHON 3(P(EeKTUBHOCTH ITOU
pELIETKH Ha IpuMepe 00beMHBIX (Da30BBIX MPOITYCKAIOLINX CPel.

PaccMoTpuM 1Be BOJHBI IIJIOCKOTO THIA, HWMEIOIINE AMIUTUTYLY paBHOW €IUHHIE U

najgaromux mox yrmamu J; u J, k moBepXHOCTH cpelipl, Ha KOTOPOM BEIETCS 3alUCh TOJOIPAMMBI,

Y UMEIOIIHI MCXOAHBIN MOKa3aTellb MPEJIOMIICHHS paBHbIM n. B cpeae ymibl pacnpocTpaHeHUs BOJIH
WU3MEHATCSA U CTaHyT paBHbIMU Fi 1 F2 OTHOCUTENBHO HOPMAIM K MOBEPXHOCTH 3alKCHIBAOLLIEH
CpEIBbI.
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Pucynok 1. KapTtrna, nokaspiBaromiasi, Kak pacrpeemnsercsi MoKa3aTeib NpeIOMICHUST B 00beMHOMN
Cpeze IpH CI0KEHUH JBYX BOJIH IJIOCKOTO THUIA

Bynem paccmarpuBaTh B3auUMOJICICTBIE YKa3aHHBIX BYX BOJH B INIOCKOCTH YZ, IPUYEM OCh Z
HOpMaJIbHA K TIOBEPXHOCTH 3aIMCHIBAIOIIEH CPEIbl, @ OCh Y HallpaBjieHa MapaijieIbHO TOBEPXHOCTH
cpenbl. B aToM cityyae pe3ynbTupyromasi aMIuiuTy/1a, B O0IIeM cliydyae KOMIUIEKCHOTO BUA, UMEET
CIIeIyIOLUNA BUI:

c(y,2)= exp[- i2p(xy + c,z)]+ exp[- i2p(x,y + ¢,2)], (2)

e X = SINF, /1 ax, = sinF,/I.
Cootsercreenno C, = COSF, /1 = (1- sinF,)**/I ,c, = cosF, /1.

KapTI/IHa pacipeaciacHuss MHTCHCUBHOCTU B BO3HI/IK3.IOH_ICI>’I I/IHTep(l)epeHL[I/IOHHOﬁ KapTHUHC
PaCCUUTBIBACTCA B BHJAC IMPOM3BCACHUA JIBYX KOMIIIICKCHO-CONPSIKCHHBIX BEJIWYHMH- B HAIIEM
cj1ydac aMIIIMTyd BOJIHBIL.

|1 bb" = 2+ 2c0s2p[(x.- X,)y+ (c,- ¢,)z]. 3)

YuureiBass paHee IOCTABIECHHBIE YCIOBUs, MOXHO IIOHATh, YTO BTOPOE ClaraéMoe B
apryMeHTe KOCHHYCa MPEICTABIIAECT COO0M MOCTOSHHYIO BEIMYHHY, KOTOPOU MOXHO TIpeHeOpeusb. B
KOHEYHOM BHUJIE YaCcTOTa MHTEPPEPEHIIMOHHON KapTHUHBI B HANPABJICHUH OCH Y UMEET BUI:

h,=1/dcosq= x- X, = (sinF - sinF,)/I, 4
rme d — paccTosHHE MEXIy COCEIHUMH HHTEePPEPECHIIMOHHBIMU MaKCHMyMaMu B
pacmpefieieHud MHTEHCUBHOCTH B WHTepdepeHInoHHoi kaptuae. M3 Pucynke 1 BugHO, 4TO
q= (F1+ Fz)/ 2. DTO COOTHOLIEHNUE onpenenser cea3b Mexay d, |, koropoe mpencrasiser coboit
JUTMHY BOJIHBI B pacCMaTpUBAaeMOH cpelie, U 3a7aeT HalpaBiieHHE BOJH B CpeJIe.
Ciyuaii, xorga F1: - FQI/I 0= 0 npencrasien nHa Pucynke 1. Ilpu ycioBuu, 9to F1 =0 ,
caenyer,yro h=1/d = 2sinj /1 u 2dsinj =1

OObeMHasi perieTka, KOTOPYIO MBI paccMarpuBaeM, (opMupyercs 3a cyYeT CyNepIO3UIMU
IBYX IUIOCKHX BOJH, T. €. TOJIOrpaMMa MMEET CHHYCOMJAJIBHOE PacHpeleIeHHe MHTEHCHUBHOCTH.
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PaccmoTpenue MMEHHO TaKOTO THIIA PEHIETKH OIpaBIaHO, TaK KaK PEelIeTKy J000ro Ipyroro,
HECHHYCOUJAIBHOIO THIAa MOKHO CBECTH K CyMME CHHYCOUAANIbHBIX pemieTok. MHbIMU cioBamu,
BOJIHY C ()POHTOM JIOOOH CIIOKHOCTH MOXKHO BBIPA3HTh 4Yepe3 CyMMapHOE JEHCTBHE BOJHOBBIX
(pPOHTOB MPOCTHIX MIIOCKUX BOJIH.

TonorpamMmy, MOTy4MBIIYIOCS MPU 3alIUCH HA 0OBLEMHOM cpefie, T. €. MOCIIe SKCIIOHUPOBAHUS U

IPOSIBIEHHUS, MOXKHO OIKCATh C. MOMOILBIO BEKTOpa 00beMHOit pemerkn M = ||V| | =2p/d, xoropas

TOJIy4YaeTCsl MPH CYNEPIO3ULUK TIPEAMETHON U ONMOPHOM BOJIH C BOJHOBBLIMHM BEKTOPaMHU k H |
(PucyHnok 2).

IInockoct
MaKCHMYMOB

?

J

=

z=0 z=T

Pucynok 2. PacmpenencHue BOJHOBBIX BEKTOPOB B OOBEMHOW cCpejie MPH CYMEPIO3HIUU JIBYX
IIJIOCKUX BOJIH

PacnipenencHue mokaszarens MpeloMyIeHHUs, c(HOPMHPOBAHHOTO B 3allMCHIBAIOLICH Cpere,

, KOTOpBII

MOMYMHAETCS CUHYCOUIAILHOMY 3aKOHY B HalpaBleHMU Bekropa pemerkn M = ||V|

JIEKUT B IJTIOCKOCTH yZ M HAIIPABJICH 10 HOPMAJIU K TUIOCKOCTSIM IMOCTOSTHHOM (ha3wl. BonmHa cBera, B
JAHHOM cClly4ae IUIOCKass W MOHOXpPOMATHMYECKas, MaJallias Ha rojorpaMmy IMpH ee
BOCCTaHOBJIICHUH, BHYTPH TOJIOTPAMMBbI PACIIPOCTPAHSETCS B HAIIPABICHUH, 32/1aBa€MbIM BOJTHOBBIM
BEKTOPOM k , HarpaBieHHbI noa ymioMm F k ocu z. Hampasnenue pacnpocTpaHeHHs! BOJTHBI MOCIIE

nu(ppaKIUK 3a1a€TCs 3HaYeHUeM BekTopa J. Jlns cirydasi, korma Fl - Fz :j BEKTOp M HampaBlieH
NapaaTenbHO TOBEPXHOCTH TONOTpaMMbl, a K = |k|= a,k,/a=J,/a=cosj, . OueHka

TUGPAKIUOHHON A(PPEKTUBHOCTH (Ha30BbIX TOJOIPaMM MPOIYCKAIOLIEr0 THUIIA MOXET OBbITh

OICHCHA BBCJACHUCM IIAPAMCTPOB t U e, KOTOPBIC CBA3dHBI C BCIMYMHAMH d, MMpEaACTaBJIAOIIUM
co00i oTIHUHE yrjia pacnupoCTpaHCHUA BOCCTaHABIMBAIOIIECH BOJHBI OT 6p3FFOBCKOFO y1iia,

napaMeTpoM a , TonMmuHOW ciost [ u I, mpencraBinsiomuM co0OM THpHpalieHHe MOKa3aTels
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MPETOMIICHUS, | o= Nl - wumoit BONHEI CBETa, MaJIAIOIIEr0 Ha paccMaTpUBaEMBbIil CIIOW cpensl, J -

Op3rTOBCKUM YTIIOM.
t = Jalsinj, )

e=pnl/l,cosj, (6)

Jlnst onieHKH TUQPPAKITMOHHON A((HEKTUBHOCTH 7 I Havana OyJieM CUUTaTh, YTO CBET IMajaeT

Ha MMOBEPXHOCTH Cpebl moja OparroBckum yriom, T. €. J = 0u t = 0| B atom ciyuae z = 1, npu

yenoBum, uto €= 1, 1. e. €= pn||/| OCOSj 0" /2 vmm
nl/cos=1,/2. (7)

JleBast cropoHa coorHomieHusi (7) mpeacTaBnsieT co0OW MpHpaIeHHe ONTHUYECKOW IMHBI
MyTH MaJAI0NIei Ha Cpedy CBETOBOW BOJHBI, KOTOpoe Habmronanock Obl B ciiydae, eciiu Obl cpeHee
3HAYCHHE U3MEHEHUS MTOKa3aTels peoMIIeHus OblIo paBHO #; [12]. MOXHO cenaTh BBIBOJ, UTO,
ecnu B (OPMUPOBAHUU TOJIOTPAMMBI YYacCTBYET TOJBKO M3MEHEHHE TOKa3aTessl MPeTOMIICHUS
Cpellbl, TO Ja)kKe€ MPEHEOPEKUTEIHLHO MaJIble M3MEHEHHUS I0Ka3aTelisd MPEJIOMIICHUS TPHUBOIAT K
TOMY, 9TO IU(MpakIuOHHAS PPEKTUBHOCTH 7 TOCTUTACT BEIWYWHBI 1, HO, TIPH yCIOBUH, 4TO [

JOCTAaTO4YHO BCIIMUKO, YTOOBI BBITOJIHIIOCH COOTHOLIEHHE (7)

13
Ecnu cpemHee m3MeHeHue mokasarens npesiowienns pasuo N =10°, 1o snauenme Tommmmsr

— a2
cpensl paBHo | = 0,2- 0,4 mm, a npu N = 10 TOJIIIMHA CPEAbl JOCTUTa€T HECKOIBKHUX MKM I

TOTO, 9YTOOBI TOCTUYb U pakimoHHol 3 dexruBHOCTH paBHOU 100%.

Bv1600wb1

BeinonHeH aHanu3 BIMSAHHA COIIACOBaHUS 1O bparry Ha 3ammce M BOCCTAaHOBIIEHUE
MYJIBTUITMIIMPOBAHHBIX TOJIOTPaMM Ha TOJICThIX cpeaax. IlokazaHo, yTo n1s TOro, YTOOBI Ha
npuemMHoM ycrpoiictee Tuna I13C (mpubop ¢ 3apsioBOi CBSI3bI0) HE MPOUCXOAMIIO HAJIOKEHHE
n300pakKeHU, BOCCTAHOBJIEHHBIX C Pa3HbIX TOJIOTPAMM, OYEHb BA)KHO, YTOOBI BBINNOJIHSIIUCH JIBA
TpeOOBaHuUs, UITH, XOTS Obl, OJJTHO U3 HUX:

- IpY BOCCTAHOBJIEHUM MYJIBTUIUIMLUPOBAHHOM TOJIOTpaMMbl OMOPHBIN MYYOK MEPEKPHIBAET
OOBIYHO HECKOJIBKO rojorpamm, ogHaxo, Ha [13C gomkHO momnajars TOIBKO OHO BOCCTAHOBJIEHHOE
n300pakeHue, To, KOTOPOe Mbl XOTUM CUMTATh C HYKHOH HaM TOJIOTPaMMBbl;

- ONOPHBIN MTy4OK MAJAET HA yYaCTOK, HA KOTOPOM 3alMCaHbl HECKOJIBKO TOJIOTPAMM, OIHAKO,
BOCCTaHABJIMBAETCS TOJIbKO OJJHA HY’KHAs HAM rOJIOrpaMMa, T. €. CXéMa BOCCTAHOBJIEHUsI IOCTPOEHA
TaK, 4TO OMOPHBIM Jy4y Kak Obl 00JaJaeT CHOCOOHOCTHIO OTCEUBATh HEHY>KHBIE M300pa)KeHHUS.
Takass cnocoOHOCTH K BBIOOPKE 3aJaeTcsi C IOMOINBIO M3MEHEHHUS  XapaKTEePUCTHK
BOCCTaHaBJIMBAIOILEH BOJIHBI 10 OTHOLIEHUIO K XapaKTEPUCTUKAM 3allUChIBAIOLIEN OITOPHOM BOJIHBI.
K HMM OTHOCSTCSI U3MEHEHHUS yIUIa MajieHus1, (Pa30BbIX XapaKTEPUCTUK BOJHBI, JIJTMHBI BOJIHBI U JIP.
BoccranoBnenue npu Ipyrux XapakTepUCTHKaX MPUBOAUT K PE3KOMY CHIKEHUIO TH(paKInOHHON
3¢ (GEeKTUBHOCTH TOJIOTPaMMBbI 10 IPEHEOPEKUMO MaJIbIX 3HAUCHUH.
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ASYMPTOTICS OF THE SOLUTION
OF ATWO-POINT BUNDARY-VALUE PROBLEM WITH SINGLE POINTS
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Aunomayus. Bo  MHOrMX  00JacTSX  HayKH  CJIOKHBIE  3a/ladyd  OINHUCBIBAIOTCS
muddepeHIMaTbHBIMU  YPAaBHEHUSIMU C MasbIM  mapameTpoM. OJHOMY H3BECTHOMY (PHU3UKY
npunuceiBaeTces ¢pasa: «SBieHue He sABNsSeTCS (PU3NYECKUM, €CIM B HEM OTCYTCTBYET MallbIi
napametpy. Juddepennumanbaoe ypaBHeHHE (OOBIKHOBEHHBIC WM B YAaCTHBIX IPOU3BOJHBIX) C
MaJIbIM [apaMeTpPOM TIPU CTapIliei TMPOM3BOJHONW HA3bIBAIOT CHUHTYJSPHO BO3MYIICHHBIM
muddepeHIaibHbIM  YpaBHEHUEM. Takue ypaBHEHHS BO3HUKAIOT B  JJICKTPOTEXHUKE U
palMOTEXHUKE, MEXaHUKEe, TUApa- ¥ a’dpojuHaMuke W T.a1. CTaThsl MOCBSIICHA TOCTPOCHHIO
IIOJIHOTO PA3JIOKEHMS PEUICHUS CUHTYJISIPHO BO3MYLIEHHOM JIBYXTOYE€YHOM KpaeBOW 3aJayu C
IBYMsI OCOOBIMH TOYKaMHU Ha TpaHMIIAX paccMaTpuBaeMoro orpeska. Perienue uiercs B BUIE
CYMMBI TpeX (yHKUUH, KOTOpHIE TMPEACTaBUMBI ACHUMIITOTHUYECKMMHU psiaaMud. Ha mpsamyro
HEBO3MOXXHO TOCTPOUTh PABHOMEPHOE ACHMITOTUYECKOE PA3JI0KEHHE, TOPTOMY BBOJAUTCS
BCIIoOMOrarecjibHada (1)YHKIH/I$I, C IIOMOIIIBKO KOTOpOﬁ YAac€TCiad TOCTPOUTH ACHUMIITOTHKY Ha BCEM
OTpe3Ke BKJIFOYasi 0COObIE TOUKH.

Abstract. In many areas of science, complex problems are described by differential equations
with a small parameter. One famous physicist is credited with the phrase: “A phenomenon is not
physical if it lacks a small parameter.” A differential equation (ordinary or partial differential) with a
small parameter at the highest derivative is called a singularly perturbed differential equation. Such
equations arise in electrical and radio engineering, mechanics, hydraulic and aerodynamics, etc. The
article is devoted to the construction of a complete expansion of the solution to a singularly
perturbed two-point boundary value problem with two singular points on the boundaries of the
segment under consideration. The solution is sought in the form of a sum of three functions that can
be represented by asymptotic series. It is impossible to construct a uniform asymptotic expansion on
a straight line, so an auxiliary function is introduced, with the help of which it is possible to
construct an asymptotic expansion on the entire segment, including singular points.

Kniouesvie cnosa:  oOblkHOBeHHOE  aAuddepeHnnanbHOe  ypaBHEHHE,  CHHTYISPHOE
BO3MYILIEHUE, IOTPAaHUYHBIN CIIOH, 0cO0ast TOUKa.
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Keywords: ordinary differential equation, singularly perturbed, boundary layer, singular point.

Ilocmanoska 3adauu. VccnemyeM JABYXTOUEUHYIO CHHTYIISIPHO BO3MYIIEHHYIO KpaeBYIO
3ajauy:

gy" (X)+X(1-x)y'(x)-y(x)=f(x), 0<x<1], (1
y(0)=0,y(1)=0, @

(V) o0
rae € — mansii mapamerp, T € C*[0,1].
OcoOeHHOCTh HCCIEAYEMON 3aJa4d 3aKII0YaeTcss B TOM, YTO CHUHTYISPHO BO3MYILEHHOE
ypaBaenue (1) mpu e—0 nmeet nBe ocodOwie Touku x=0 u x=1.
TpebyeTcss MOMy4YUTh ACUMIITOTHKY pemieHus 3amadd (1)-(2) Ha BceM OTpe3Ke BKIOYAS
0COOBIC TOYKH, ITPHU CTPEMIICHUHU MAaJIOTO IMapaMeTpa K HYIO.

3 x2(3-2x)
Pewenue 3a0auu. YMHOXKas 00e uacty ypapHenus (1) Ha Belpakenne € % mmeem:
2
" ( ) f(X) X (3-2x)
(x)- y'(x)- ( X)= le *

_ x2(3—2x) _ X2 X7 (3-2x) ( ) _ x2(3—2x)
e [H yl __e 6¢ (X) — 6¢
€

N3 CopaBouHuKa MO OOBIKHOBEHHBIM UG (EpPEHLIUATBLHBIM YPABHEHUSIM CIIEAYET, 4TO IS
pemenus 3anaun (1)-(2) cnpaBenuBo ouenka [1]:

E ( ) ~ xz(z—Zx) _x2(3-2x)
x)l< F = max e  |,A=minle
YOOI Zome 7= A= xe[04]

PaccMoTpuM cOOTBETCTBYIOIIEE HEBO3MYIIEHHOE AU(depeHInanbHOe ypaBHEHHE IEPBOrO
nopsiKa:

X(1=x)y'5(X) = Yo(x) = f(x).
1

YMHOXast 00€ 9aCTH MOCIIE/IHET0 PABCHCTBA HA HHTETPUPYIOLIHMI MHOKATENb —- MOJIyYaeM:
X

Xy 000 =1

MOJIYYCHHOC PaBCHCTBO MOXKHO 3allUCATh B BUIC:

[yo( Xy X) Hx),

X

WHTerpupys nocienHee paBeHCTBO OT X0 1O X UMEEM:

—G)
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ENRTICI

1-x
X)—— X
yO( ) X yO( O) XO

Bripakast moyuyeHHOE COOTHOIIEHUE uepe3 Yo(x) MOTyUHM:

1-X, f(s)
yo(x>—— Yo( %) +j ds
X0
HetpynHo 3amMeTuTh, 4TO Mojy4eHHas QyHKIUS uMeeT aBe ocoobie Touku x=0 u x=1. To, uto
U CllefioBalio OkuaaTh. U 31ech Mbl BBIOEpEM TOUYKY Xo TaK YTOOBI OJMH M3 3THX OCOOBIX TOYEK
ObLIa yCTpaHUMOM 0CO00H TOUKOMA.

tf(s
ITycts x0=1, Torna umeem yo( X)= 1— ( ) ds.
s’

I/IHTCrpI/Ipy}I HHTCI'pall B HpaBOI/I YacTU IOCIICAHETIO paBCHCTBA 110 Y4aCTAM MOXHO AOKAa34aTb,
4TO TCIICPb TOYKa x0=1 yCTpaHuMas ocobas TO4YKa, a TO4YKa x=0 ocTtaeTcsa 0co00ii TOYKOH THIa

IIOJIFOCAa:
x Ff(s)

X)=—— ds=——% [ f(s d—:
0= [ as=- 5 16
= (f(x) xf (1)) +—jf(s)d|n|s|_

1 f'(x)
—(fX)—xf(1 —2xIn| x|+

- (() (1))+ 1 <Inixl
—Lj f*(s)In|s|ds.

1-x4

PaccmoTtpum neByro uacTb ypaBHeHus (1) mpu X=¢g"t , rne O<o=const, t — HoOBas

TlepeMeHHas, T.e. B OKPeCTHOCTH Hyms x=0: Slfzay"(t )+t(1-e"t)y'(t)—y(t)

ecmn o=1/2, o umeem Y''(t)+ty'(t)—y(t)- g'?t? y'(t)

a eciu 0=1/3, To uMeeM 81/3y"(t )— g3t? y'(t)+ty'(t)—y(t)

A ecu paceMoTpeTh Ieyto yacTb ypastenus (1) mpu 1- X = &1, re. B oxpectHOCTH ToUKH
eIMHUIILI, x=1: 81720( y"(t ) —(1— et )t y'(t ) - Y(t ) .

ecm o=1/2, To umeem Y"'(t)—ty'(t)—y(t)+ g'?t’ y'(t)

a ecn a=1/3, To nmeem &y (1)+ 3 t2 y'(t1) —ty'(t) - y(t).

AcuMnroTudeckoe pernieHue kpaeBoi 3a1auu (1)-(2) uem B BUsie CyMMBbI TpeX psIOB:

y(x)=Uu(x) +V(t) +W(n) )

rac

Uu(X) = Uy (X) +&u, (X) + &°U, (X) +... (4)
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V(1) =V, (1) + vy (1) + szz (D) +...
w(n) = Wo (1) +Aw, () + 27w, () +...
X =urt, u:\/;, 1—X=85n.
[Toncrasinss cootHouienue (3) B ypaBuenue (1) nonyyaem:
eu"(x)+x(1-x)u'(x)-u(x)=f(x)—h(x),
v'(t)+1v'(t)-v(t)—pt*v'(t)=h(1),
w*(n)=nw'(n)-w(n)+un’w(n)=0,
DI (§]
h()=hy(X)+eh(X)+ e h(X)+ ...,

hi(x) — moxa Hem3BecTHBIE QyHKIMI [2-10].
[Toncrapisst (4) B (7) ¥ o ujee MeToa Majaoro rnapameTpa MMeeM:

KL= XU (X)) = £ () -y (4,
X(1=x)u' (X)) —u (x)=-u" (x)-h(x), k eN

VYpasuennii (11) u (12) 6ynem uHTErpUpOBATH TaK YTOOBI TOUKa X=1 ObLIa yCTPAHUMOIA:

UO(X)_lxXJ- f(s) h (s)d

)
(6)

(7
®)
)

(10)

(11)
(12)

Kak U B mpenpiaymmx paborax [2-10], HeusBecTHyr0 (QYHKIMIO /o(x) BbIOEpEM Tak YTOOBI

u,C*[01].
[MycTs hO(X)I f'(O)X,TorzLa u,€C*[01].
JlelCTBUTEIBHO,
x ¢f(s)-f'(0)s X Xf(O)+s F(s)
H(X) =1 x-[ % =1 le. s s =

F(1)- xZF(x)

X

h 2 1_
:_E!(f(0)+s F(s))dg——f(o)

jF(s)ds

Amanorudno onpenensiorcs Bee hiy(x), k=1,2,... Tak uto6er U, € C*[0,1],k e N.

He c110’kHO 3aMETHTB. YTO MPH hk( X) =-U k—1( 0 ) X' MBI IOCTHTHEM CBOEH IETIH.

31echk MBI OIIpeenuiIn Bce wieHbl psioB (4) u (10).

[lepeiinem teneps K paccMoTpeHHIO ypaBHeHHs (8). YuuthiBag cootHoweHus (5) u (10)

HUMECM:
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Vo(E)+ TV (1) V(1) = F (O,
V'a(T) + Vi a (1) = Vo () =1V (1),

V(1) + V5 (1) =V (1) =h (1) + V' (7).
W3 kpaeBbIX yciaoBUi (2) ¥ CBOWCTB MOTPAaHUYHBIX (DYHKIIMN CIIEAYET, UTO:
v, (0)=-u,(0), v,,,,(0)=0, v, (r)=0,k=0,12...
T—>0

Kax HamM H3BECTHO, COOTBETCTBYIOLIEEC OIHOPOAHOE ypaBHeHUEe z"(t) +tz'(t)—z(t)=0

HUMCECT JIBa HC3aBUCUMBIX pemeHHﬁ:
t

A(U::Lzza)=e4”2+¢fe’¥”dr»

1-ct+ct’+..., t—0

rae z. (t) = , .3. 1
2( ) tlze—t /2(1_t§2+1 t34 5+...+(—1)n+1%+”')’ t— oo,

—t2/2
e .

Bponckuan: W (z,,2,) =—

[Toaromy peuienue 3anauu

V(1) +1Vi(t) = Ve(7) = '(0)ut,t € [0,00), v, (0) =-Uy(0), v, (7)=0

T—>00

CyICCTBYCT, CIMHCTBCHHO U MOXHO 3aIlluCaTb B BUJIC

Vo(1)=—1z,(7) FLO)] z,(5)se” *ds +1uz,(7)] 7,(5)se” *ds —ug(0)z,( 7).

AHAJOTHUYHO OIPENeNsIIOTCs OCTalbHbIE WeHBI psijaa (5).
[Tepeiinem K ompeneneHuio wWieHOB nociennero psaa (6). [loxcrasnss psn (6) B ypaBHEHHIO
(9) umeem:

Wo(n)=nWo(n)-wy(n)=0,ne[0), (13)
W' (n)-mw' (n)-w(n)=-n"W',(n), ne[0), keN.
AHaJIOrM4HO, U3 KPAEBBIX YCIOBUH (2) U CBOMCTB MOTPaHUYHBIX (PYHKLIUHN CIIEAYET, UTO:

w,, (0)=—-u, @), W, ,(0)=0, w, (n)=0, k=0,1,2... (14)

n—>0

OnHOpOHOE ypaBHEHHUE W"o( n ) - nWlo( n ) - Wo( n ) =0 umeer nezapucumbie perieHus
n
2 2 2 ,
WOl(n )=¢" 2, Wo,z(n )=¢e" " Ie_s '2ds, sponcknan W (W, ,W,, ) =e""? [].

[TosTOMy peuienue 3agauu

w'o(m)—mw'y(n)—w,(n)=0,ne[0,0),
W,(0) = U, (1), w, () =0,

n—o©

CYIIECTBYET, EAMHCTBEHHO U MIPEICTAaBUMO B BUJIE:
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Wo(n):_%

A veomnopoanoe ypasuenue z'"'(n)—nz'(n)—z(n)= f(n), ne[0,0),

C KpaeBbIMU YCJIOBUSIMU 7 (0) = A, lim z(m) = 0 UMEET pelIeHue
n—>©

n
u,(0)e" 2 j e™2ds .

2(n) =2 o)) )]s s w(m)] ().

Hcnonb3ys mocneaHee COOTHOIIEHNE CMOXKEM 3amucarh pemenus 3amad (15)-(16).

Takum oOpazom HamMu ompenesneHbl Bce wieHbl psanoB (4), (5) u (6). Tem cambiM Bce
crnaraembie pyHKIUH B (3).

Hamu nokaszana teopema.

Teopema. JIns pemieHUs CUHTYISPHO BO3MYIIEHHOM KpaeBoil 3amaun (1)-(2) Ha oTpeske
x€[0,1] mpu cTpeMIICHMU MaJIOTO TlapamMeTpa K HyJIl0 CIPaBEIJIMBO Pa3IoKEHUE

YX) = 28U () + 2 (1 (5) + W, ()
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W3YUYEHUE OHTOI'EHETHYECKOM CTPYKTYPBI U INIOTHOCTHU
HOEHOIIONYJIAINNMN Hedysarum atropatanum Bunge ex Boiss. ®JIOPbI JAPUJIATA
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Abstract. The article presents findings from a study of the demographic structure and density
of the population of the species Hedysarum atropatanum Bunge ex Boiss., which is widely
distributed in the Daridag area. A total of ten ontogenetic states (seed, seedling, juvenile, immature,
virginile, young generative, middle aged generative, aged generative, subsenile and senile) of the
H. atropatanum species were observed. The processes of ontogenesis, which can be classified as
normal, fast, or slow, were identified as the primary mechanisms driving species evolution.
Additionally, instances of developmental disruptions, rejuvenation, and the manifestations of aging
were observed. The majority of individuals belonging to the species H. atropatanum exhibit
a normal to rapid growth rate. It has been observed that the process of ontogenesis is slower in areas
with high plant density. It was determined that the secondary quiescence period does not manifest
during the initial stages of development; rather, it becomes feasible only after the individuals have
reached the virginal state. It has not been observed that immature individuals bypass the virginal
state and immediately transition to mature generative plants. The vitality status of the individuals
was determined based on a comprehensive analysis of multiple morphological traits, including
the height of the specimens, the number of shoots, the number of flower carriers, the length of
the leaves, the size of the leaves, and the number of flowers in the flower group. Following
the statistical processing of the data, three classes of vitality were identified. A study revealed that
individuals of the second vitality level of the H. atropatanum species are more prevalent in
the coenopopulation. The optimal habitats of the H. atropatanum species are characterized by
sparse grasslands with a projected cover of no more than 10-35%.

Annomayus. llpencraBieHbl pe3yiabTaThl WCCIEIOBAHUS JeMOTpaUuecKoil CTPYKTYyphl H
IUIOTHOCTH  momynsuud  Buga  Hedysarum — atropatanum  Bunge ex Boiss.,, mupoko
pacmpoctpanerHoro B JlapumarckoMm paiione. Bcero ObUIO OTMEUEHO JECATH OHTOTCHETHUECKUX
COCTOSTHHH (CGMH, IMPOPOCTOK, KOBCHHUJIBHOC, NMMATypPHOC, BUPTUHHUIIBHOC, MOJIOAOC I'CHEPATHUBHOC,
CpelHee TeHEpaTUBHOE, TMOXHUIOE TeHEpaTUBHOE, CyOCeHWIbHOE U CEHUJIBHOE) BHIA
H. atropatanum. Tlpouieccbl OHTOTEHE3a, KOTOpPhIE MOXXHO KJIacCH(UIIMPOBATh KaK HOPMAaJbHBIE,
6BICTpBIe nim MCEAJICHHBIC, ObLIH OIMPEACIICHBI KaK OCHOBHBIC MCXAaHHU3MBI, OINPCACTIAONINC
3BOJIIOLIMIO BHJIOB. KpoMme Toro, ObUlM OTMEYEHBI CIly4al HapyUIeHHs] pa3BUTHS, OMOJIOXKEHHUS U
MPOSIBJICHHSI CTapeHusi. bBONBIMMHCTBO ocoOell, mnpuHaanexamux K Buxy H. atropatanum,
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JEMOHCTPUPYIOT HOPMAJIbHYIO WJIA OBICTPYIO CKOPOCTh POCTa. 3aMEUEHO, YTO B MECTAX C BBICOKOM
IUIOTHOCTBIO PACTEHUH MPOLIECC OHTOICHE3a 3aMEMJIAETCS. YCTAHOBIIEHO, YTO IEPUOJ BTOPUYHOIO
IIOKOS HE IPOABIAETCSA Ha HAYaJIbHBIX JdTallaX Pa3sBUTHS, a CTAHOBUTCS BO3MOXKHBIM TOJBKO IOCIE
TOCTH)KEHUSI O0COOSIMM BHPTHHWIBHOTO cocTosiHus. He HaOmiomanock, 4ToOBl He3penbie ocolwu,
MHHYS BHUPIMHUJIBHOE COCTOSHHE, Cpasy IMEPEXOAUIM B 3peible T€HEpPaTUBHBIE PACTEHHS.
XKuznecrnocoOHOCTh 0co0€il ompenensii Ha OCHOBE KOMIUIEKCHOIO aHajlu3a MHOXECTBa
MOP(OJIOTHUECKUX MPU3HAKOB, BKIIIOUAs BBICOTY 3K3EMIUISIPOB, KOJIWYECTBO MOOETOB, KOJHMUYECTBO
LIBETOHOCOB, [UIMHY JIMCTHEB, Pa3MeEP JIUCTHEB U KOJIMYECTBO LIBETKOB B IIBETOYHOM rpymre. Ilocne
CTAaTUCTUYECKOH OOpabOTKM JAaHHBIX ObUIO BBIJEIEHO TpH Kilacca KU3HECIOCOOHOCTH.
HccnenoBaHue 1okas3ajno, 4YTO B LEHONOMYJSLMM IpeodaalaloT o0coOu BTOPOro  YpOBHS
XKHU3HecrocoOHocTH Buaa H. atropatanum. OnTuManbHble MecTa obutanus Buna H. atropatanum
XapaKTEePHU3YIOTCs pa3peKEHHBIME JIyTaMHU C IPOEKTUBHBIM MOKpBITHEM He Oonee 10-35 %.

Keywords: Daridag, populations, coenopopulations, Hedysarum atropatanum, ontogenesis.

Knrouesvie cnosa: Jlapunar, nonynsuuu, ueHononyisinuu, Hedysarum —atropatanum,
OHTOTEHE3.

A number of plant species distributed in Daridagh are of great importance due to their
pharmacological, nutritional, fodder, dye, and other useful properties. These species are utilized in a
variety of fields, including traditional medicine, human nutrition, production of natural dyes,
agriculture, technology, and industry species [5, 6, 10, 11].

In order to ensure the protection of useful plant species, it is essential to ascertain the manner
in which these species are utilized by the local population, both in the vicinity of the intended area
of use and in areas with which they may be associated. Once the aforementioned information has
been collated, it is then necessary to ascertain the availability of resources and productivity of the
species in question, in order to make an informed decision regarding the viability of their population
for cultivation species [7-10].

At this juncture, it is imperative to investigate the ontogenetic characteristics of the plant in
question. In addition, the current status of the specified species, their position in the formation of
vegetation types, their abundance, phytocenosis, associations, and microgroupings should be
studied in detail. In recent years, the use of population and ontogenetic approaches has become
increasingly prevalent in the assessment of useful plant species [12-14].

The study of biological diversity protection methods is inextricably linked to the study of
species populations. One of the significant challenges in the study of ecological systems is to
ascertain the interplay between vegetation and environmental factors. The evaluation of the
coenopopulation is contingent upon whether environmental factors exert a positive or negative
influence on the structure of ontogeny. Consequently, in order to achieve more effective species
protection, it is necessary to determine the condition of each species and to clarify their reactions to
different environmental conditions species [1-4].

Material and Methodology of the Research
The Hedysarum atropatanum Bunge ex Boiss. species was selected as the research object and
subject among the many scientifically and practically interesting plants distributed in the flora of
Daridag. This spindle-rooted, 15-35 cm tall, silver hairy, perennial plant is found in the stony-rocky
areas of the region in isolated or small groups, sometimes mixed with other species. The plant,
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which produces large flowers, flowers from May to June. It reproduces sexually via seeds. The
plant is a xerophyte, heliophyte, and calcephilous species, found in stony-rocky and calcareous
soils.

In order to assess species populations, the methods proposed by T. A. Rabotnov [18], O. V.
Smirnova, L. A. Zhivotovski [20] and A. A. Uranov [19] were employed, and a number of relevant
literature sources were consulted [15-17].

Experimental Section

The species is distinguished by relatively narrow ecological and phytocenotic growth
conditions. The environmental factors that impede the growth and development of these populations
include the location of the area on the brink of extinction, uncontrolled grazing in the surrounding
areas, excessive recreation of the land, and wildfires, among other ecological and anthropogenic
factors. In determining the age structure of the coenopopulation, the following age cases were
considered according to standard criteria: seedling (p), juvenile (j), immature (im), virginal (v),
young generative (gl), middle-aged generative (g2), aged generative (g3), subsenile (ss), and senile
(s).

In order to characterize the ontogenetic structure of the coenopopulation, we employed a
series of demographic indicators that have been widely accepted within the academic community.
These included the recovery index (calculated as the ratio of the young and generative fraction) the
replacement index (the ratio of the sum of the young and generative and postgenerative fractions)
and the aging index (the ratio of postgenerative and old individuals in the senopopulation). A total
of ten ontogenetic states (seed, seedling, juvenile, immature, virginile, young generative, middle
aged generative, aged generative, subsenile and senile) of the H. atropatanum species were
observed.

The processes of ontogenesis, which can be classified as normal, fast, or slow, were identified
as the primary mechanisms driving species evolution. Additionally, instances of developmental
disruptions, rejuvenation, and the manifestations of aging were observed. The majority of
individuals belonging to the H. atropatanum species exhibit a normal to rapid growth rate. It has
been observed that the process of ontogenesis is slower in areas with high plant density. It was
determined that the secondary quiescence period does not occur during the initial stages of
development; rather, it becomes possible only after the individuals reach the virginal state. It has not
been observed that immature individuals bypass the virginal state and immediately transition to
mature generative plants. (Table, Figure 1-3).

Table
ONTOGENETIC GROUPS OF SENOPOPULATION INDIVIDUALS
The nature of the SP Ontogenetic groups of coenopopulation individuals, in percent
grouping P J Im v 01 02 03 Ss S

7,8 6,4 57 102 168 179 253 24 7,5
3,3 126 138 104 113 20,7 214 37 2,8
6,06 6,7 36 125 286 282 71 51 2,2
10,3 8,8 34 148 179 238 17 2,3 1,7
6,6 106 11,8 13 16,4 27 91 3,0 2,5
0 0 53 147 20,7 226 32,7 4 0
0,2 104 122 151 298 261 6,2
0 64 153 227 331 156 69
59 46 284 132 189 206 84
0 4,8 74 157 337 335 49
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The nature of the SP Ontogenetic groups of coenopopulation individuals, in percent

grouping P J Im v 0 02 s Ss S
Petrophyte vegetation, 1 0 0,9 6,9 133 245 148 39,6 0 0
southwest-facing slope, 2 2,7 5,2 74 221 305 206 10,7 0,8 0
10-12°, Bothriochloa 3 0 0 39 128 246 299 266 272 0
Kuntze.-Hedysarum L.
Group
Average price 2,6 4,2 6,3 13,1 189 256 23,8 3,8 1,6

As illustrated in the accompanying table, the total projective cover of the Bothriochloa
Kuntze. — Hedysarum L. group in the petrophyte vegetation situated on the southwest slope with
an inclination of 10-12° is estimated to be 10-12%. The absence of first seedlings in senopopulation
3 in this cluster is likely attributable to poor seed germination. In general, the absence of juvenile
individuals was not observed in the SPi, SP3 and SPs groupings of the Bothriochloa Kuntze. —
Varioherbosa grouping, which exhibited a tendency of 2-4°.

In addition, all the coenopopulations on the southwestern slope are nearly complete. The
absence of mortality in the coenopopulations in other areas suggests that the senopopulations in
particular Group 3 are relatively young. In the ontogenetic spectrum of the population, the
proportions of individuals belonging to the vinyl and gi, g», and g3 categories, respectively, are as
follows: SP1, 13.3% (v), 24.5% (g1), 14.8% (g2), and 39.6% (g3); SP2, 22% (v), 1% (g1), 30.5%
(g2), and 10.7% (g3); and SP3, 12.8% (v), 24.6% (g1), 29.9% (g2), and 26.6% (g3). The occurrence
of maxima in the ontogenetic spectrum can be attributed to the humidification of the area resulting
from precipitation during the spring season. Nevertheless, the practice of grazing in the early spring
can result in the trampling of vegetation and the trampling and loosening of the top layer of soil.
The continuous grazing of areas primarily results in the deterioration of vegetation, which
significantly impairs the capacity of plants to produce seeds.

mSP1
mSP2

SP3
mSP4
mSP5

Figure 1. Petrophyte vegetation, southwest-facing slope, 5-7°, Bothriochloa Kuntze. — Hedysarum L.
group
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mSP1
mSpP?2
SP3

Figure 3. Petrophyte vegetation, southwest facing slope, 10-12°, Bothriochloa Kuntze. — Hedysarum
L. group

The ontogenetic spectrum of the coenopopulation, which is the most extensive in the mature
reproductive state, serves as the foundation for the species under study. The duration of this state is
contingent upon the aggregation of generative individuals into groups that typically constitute the
"core" of the population. The second most prevalent category is that of the senescent generative
individuals of the coenopopulation, which account for 23.8% of the total population. The third most
prevalent category is that of the young productive species, which account for 18.9% of the total
population. The regeneration of natural populations of the H. atropatanum species is primarily
facilitated by 1-2-year-old seed-bearing species.

Although the actual seeding capacity is relatively low, the mean index of recovery (Ib=0.38),
individual change (Id), and aging index (Iy=0.05) indicate that H. atropatanum is the subdominant
species in some phytocenosis (SP No. 1-5), occupying the dominant position.

The vitality status of the individuals was determined based on a comprehensive analysis of
multiple morphological traits, including the height of the specimens, the number of shoots, the
number of flower carriers, the length of the leaves, the size of the leaves, and the number of flowers
in the flower group. Following the statistical processing of the data, three classes of vitality were
identified. A study revealed that individuals of the second vitality level of the H. atropatanum
species are more prevalent in the coenopopulation.

The spatial structure of the xenopopulation is defined by the concentration of unfertilized
plant individuals in proximity to fertile plants. The presence of six to seven adult H. atropatanum
individuals per square meter is a positive indicator. In small populations, the size of aggregations is
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relatively modest in comparison to the distance between them. Individuals were observed in the
interstitial spaces between aggregations. In other instances, the aggregations were found to be
distributed in isolation, with no intervening individuals.

The optimal habitats of the H. atropatanum species are characterized by sparse grasslands
with a projected cover of no more than 10-35%. In this instance, the species is able to maintain a
stable territory by exhibiting high competitiveness and aggressive characteristics. The ontogenetic
fractions indicate that virginal and mature generative plants grow in relatively high density, while
immature, young, and old generative samples grow in medium density, low density is characteristic
of the settlement of subsenile individuals and seedlings. Consequently, the principal ontogenetic
categories are present in equal proportions. This suggests that the regional grouping is stable in a
number of locations.

Aggregation is a defining feature of the spatial structure of H. atropatanum individuals.
Aggregations represent approximately 60-70% of the total number of individuals in a population.
The mean diameter of clusters of specimens is 30-60 cm, although the largest clusters reach 2 m in
length and 1.5 m in width.

Consequently, the principal ontogenetic groups are equally represented. This indicates that the
populations in the region are stable at numerous points in time. Nevertheless, some structural
differences are also characteristic of these populations, which indicate the variability of ontogenetic
spectra and spatial organization.

As individuals mature and grow in coenopopulations, their numbers typically decline.
Consequently, in mature generative plant populations (including phytogenic areas), there is an
average of 1.5 to 2 individuals per unit area, with some populations exhibiting up to 6 individuals
per unit area at any age. When evaluating the gaps between aggregations, it should be noted that
mature fertile and virginal individuals are distributed relatively evenly between populations.

Conclusion

1. It has been observed that ontogenesis is relatively slow in areas with high plant density. It
was determined that the secondary quiescence period does not manifest during the initial stages of
development; rather, it becomes feasible only after the individuals have reached the virginal state. It
has not been observed that immature individuals bypass the virginal state and immediately
transition to mature generative plants.

2. The results of the population evaluation of the Hedysarum atropatanum species indicated
that the vitality status of individuals was determined based on the analysis of several morphological
characteristics, including the height of the samples, the number of shoots, the number of flower
carriers, the length of the leaves, the size of the leaves, and the number of flowers in the flower
group. Following the statistical processing of the obtained data, three classes of vitality were
identified. It was observed that individuals belonging to the second vitality level were more
prevalent in the SP of the H. atropatanum species.
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INTRODUCTION OF Bixa orellana L. IN APSHERON CONDITIONS

©Huseynova A., ORCID: 0009-0000-5528-8425, Institute of Dendrology of the Ministry of Science
and Education of the Republic of Azerbaijan, aynur.huseynova.1968@mail.ru

HUHTPOAYKIUUA Bixa orellana L. B YCJIOBUAX AIIIIIEPOHA

©lI'yceiinosa A., ORCID: 0009-0000-5528-8425, Hncmumym
oenoponoeuu Munucmepcmea nayku u oopazosanus Azepoatioscanckoti Pecnyonuxu,
. baxy, Azepbaiioscan, aynur.hiiseynova. 1968@mail.ru

Abstract. The article, for the first time at the Institute of Dendrology of Azerbaijan NAS,
presents information on the introduction, reproduction and bioecological characteristics of the
species Bixa orellana L. in the conditions of Absheron. Seeds of Bixa orellana L. were obtained by
exchange from the Central Botanical Garden of Padua, Italy. For the first time, the biological
characteristics of Bixa orellana L. were studied in Absheron conditions, the morphological
characteristics of its shoots, the growth dynamics of 1-2-year-old seedlings, the root system, and
nutritional value. The plant is propagated by seeds and cuttings. Soil sowing (06.10.2021) was
carried out in the first ten days of June. The first shoots were observed on 06.23.2021, mass shoots
were observed on 06.30.2021. Germination was 80%, sprout survival rate was 60%. When
propagating by cuttings, young shoots 8-10 cm high are selected and planted in fertile soil or wet
sand. After 7-9 weeks they produce a lot of roots. After this, they can be moved to the field. In 1-2-
year-old plant seedlings, the above-ground part (39-80 cm) develops better than the underground
part (14-26.5 cm). The growth of Bixa orellana L. is divided into 2 periods; intensive height growth
in the first period lasts from the second ten days of May to the end of June, the second - from the
end of August to the third ten days of October. The annual growth was 20-25 cm. The growing
season ranges from 280+5 days. This species is tolerant to the climatic conditions of Absheron.

Annomayus. Bnepseie B HHctutyTe nenaponorun HAH AsepOaiigkaHa INpeacTaBiIeHbI
CBE/ICHUS 00 MHTPOIYKIIUH, PA3MHOKEHUU U OMOIKOJIOTHYECKUX OCOOCHHOCTSIX BUla Bixa orellana
L. B ycnoBusix Ammepona. CemeHna Bixa orellana L. Obimu monydeHsl B pe3ysibTaTe oOMEHa W3
[entpansHoro Ooranuyeckoro caga Ilagyn, Wramusa. BnepBeie wu3yueHbl OHONIOTHYECKHE
ocobeHHocTH Bixa orellana L. B ycnoBusix AmmiepoHa, Mop(dosiornyeckrue OCOOCHHOCTH ee
no0eroB, JAWHAMHKa pocTa |—2-TEeTHHUX CesHIeB, KOpPHEBas CHUCTEeMa M IMUIIeBas ILIEHHOCTb.
Pactenue pasmHoxaroT cemeHaMmu U yepeHkamu. [loceB moussl (10.06.2021) npoBoauiics B nepBoit
nexane wuioHs. llepBeie Bcxomwsl HaOmromamuck 23.06.2021, maccoBble BCXOIbI HAOIIOMANNCH
30.06.2021. Bcxoxects coctraBuia 80%, mprkuBaeMocTh pocTkoB 60%. Ilpu pasmHokeHUN
YepeHKaMu OTOMPArOT MoJofble moderu BbIcoToi 8—10 ¢M M BBICAXHBAIOT B IJIOJOPOAHYIO MTOYBY
WM BIAXHBINA mecok. Uepes 7-9 Henenb oHU aar0T MHOTO KopHe#. [locie aToro ux MoxxHo Oyaer
nepeMenarb Ha noje. Y 1-2-1eTHHUX cesHLeB pacTeHUil Haa3eMHas yacTh (39—-80 cMm) pa3BuBaercs
nydame, yem moxszemHas (14-26,5 cm). B pocre Bixa orellana L. Bweimenstior 2 mepuoja;
MHTEHCUBHBIA POCT BBICOTHI B MEPBBIM NEPUOI MPOIOJKAETCS CO BTOPOM JE€Kaabl Mas A0 KOHLA
UIOHS, BTOPOM — C KOHIIa aBrycTa J0 TpeTbel nekaabl okTa0ps. ['oqoBoit mpupoct cocrasmsin 20—
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25 cM. Bereranuonnslii nepuoa koneonercs B mpenenax 280+5 mHel. DTOT BHA TOJIEPAHTEH K
KJIMMAaTHYECKUM YCIIOBUSAM ATMIIIepoHa.

Keywords: introduction, bioecological characteristics, reproduction, morphology, growth and
development, significance.

Kniouegvie cnoéa: MHTPOLYKIHMs, OHOPKOJIOIMYECKME XapaKTEPUCTHKH, Ppa3MHOXKCHUE,
MOpP(OIIOTHs, POCT U pa3BUTUE, 3HAYCHHE.

Bixaceae family, genus Bixa L., species Bixa orellana L. is a shrub or small tree native to
tropical regions of America. It was introduced by the Spaniards in the 17th century and is also
cultivated in Southeast Asia. The plant is an evergreen, ornamental plant known for the red pigment
contained in the seeds and is widely used as a food coloring as an alternative to similar synthetic
products. The dye is extracted from the seeds and used in powder or paste form. All parts of the
plant contain a coloring pigment, the fleshy seed coat is especially rich in it, which is the source of
the red-orange color. Its main component is red dye.

The seeds of Bixa orellana L. have been used as a natural colorant in many traditional Asian
dishes. The seeds of the plant take the second place in the world in economic importance among
natural dyes, and its extract has antimicrobial and antioxidant properties. The plant is popularly
known as "Lipstick tree"[11]. The seeds of the plant are widely used in cosmetology. The pigment
color of the outer layer of seeds of Bixa orellana L. varies from yellow to red and depends on the
concentration of coloring compounds. The main coloring pigments of seeds are bixin and nor-bixin
extracted from the outer shell of seeds. All parts of the plant contain a coloring pigment, especially
the fleshy seed coat, which is the source of the red-orange dye known as annatto, Orléans. Its main
component is red dye bixin. This harmless dye is widely used for coloring oils, margarines, cheeses,
chocolates and some other food products, as well as oils, waxes, cosmetics. At the same time, it is
used to dye silk and wool. Bixa orellana L. is used in traditional medicine. Other parts of the plant
with astringent properties are used in the treatment of dysentery, jaundice (leaves) and other kidney
diseases [1].

Bixa orellana L. extract is registered as a food additive E160b used to improve the
commercial appearance of cheeses, yogurts, oils and other dairy products [13].

Material and research methods

Bixa orellana L. species of Tropical American origin, introduced in Absheron conditions, was
obtained as a result of exchange from the Central Botanical Garden of Padua, Italy
(https://kurl.ru/Mdfla). Observations were made on the studied species every ten days. The study of
promising plants in the research work was carried out by T. S. Mammadov [1], introduction U. M.
Agamirov, M. R. Gurbanov [2], Quinones-Bravo X.; Yunda-Romero M. C. [12], Jansen P. C. M.,
[11], propagation by seeds A. I. Huseynova [3], morphology of seedlings . T. Vasilchenko [4],
phenological observations on the plant A. I. Huseynova [5], growth dynamics Molchanov A. A. [6],
resistance to heat and drought Akhmatov K. A. [7], root system morphology Kolesnikov V. A. [8]
literature materials were used [9, 10, 13].

Results and discussion

Bixa orellana L. 1s a perennial, tall shrub to small evergreen tree that can reach 6—10 m (20—
33 ft) high. It bears clusters of 5 cm (2 in) bright white or pink flowers, resembling single wild
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roses, that appear at the tips of the branches. The fruits of the Bixa orellana are globular, ovoid
capsules arranged in clusters resembling spiky looking red-brown seed pods covered in soft spines.
Each capsule, or pod, contains 30—45 cone-shaped seeds covered in a thin waxy blood-red aril.
When fully mature, the pod dries, hardens, and splits open, thereby exposing the seeds.

The plant is most well known as the source of the red-orange annatto pigment. The pigment is
derived from the pericarp (the waxy aril layer that covers the seeds) of the Bixa orellana L. fruit.
The red-orange annatto dye is rich in the carotenoid pigments, 80% which consists of bixin (the red
pigment) and norbixin or orelline (the yellow pigment) Annatto oil contains tocotrienols, beta-
carotene, essential oils, saturated and unsaturated fatty acids, flavonoids, and vitamin C [10].

Bixa orellana L. is a perennial, tall shrub to small evergreen tree that can reach 6—10 m (20—
33 ft) high. It bears clusters of 5 cm (2 in) bright white or pink flowers, resembling single wild
roses, that appear at the tips of the branches. The fruits of the Bixa orellana L. are globular, ovoid
capsules arranged in clusters resembling spiky looking red-brown seed pods covered in soft spines.
Each capsule, or pod, contains 30—45 cone-shaped seeds covered in a thin waxy blood-red aril.
When fully mature, the pod dries, hardens, and splits open, thereby exposing the seeds [14].

It requires warm and light care all year round. Lighting - bright filtered light with a small
amount of direct sunlight per day. Watering is regular, without waterlogging. It can tolerate short-
term drought (Figure 1).

Figure 1. General view of Bixa orellana L. species

Bixa orellana L. is propagated by seeds and cuttings. Seeds are sown directly (2-3 seeds per
hole) in a well-prepared seed bed or in planting pots that will be transplanted within 3-4 months.
The seeds remain viable for 1 year and germinate easily. In propagation by cuttings, 8-10 cm young
shoots are taken and they are planted in fertile soil or moist sand. After 7-9 weeks, they produce
many roots. After that, they can be transferred to the field [12].

Bixa orellana L. begins to bear fruit after 2-4 years. The tree can live up to 50 years in natural
conditions and up to 30 years in commercial plantations [9].

The first seeds of Bixa orellana L. species were sown 1.5-2.0 cm deep on 10.06.2021, after
keeping them in hot water for 12-24 hours, in a substrate prepared as a mixture of soil, sand and
peat (1:1:1). It is covered with glass and stored in a warm (23-25°C) lighted place [3]. The first
sprouts appear 13-15 days after sowing the seeds (23.06.2021), mass sprouting 30.06.2021. The
seeds produce aerial sprouts. The hypocotyl is pink in color, the length is 1.9-2.0 cm, and the
epocotyl is 1.5 cm. The development of the root system begins at the same time as the development
of the above-ground part. The leaves are shiny, oval, obtuse, heart-shaped at the base, light green in
color and later darken. The height of seedlings of Bixa orellana L. species reaches 6-7 cm at the end
of the second decade of July, and 9-11 cm at the end of the third decade. There are 3-5 leaves on the
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cultivated young shoots [5].

The height of sprouts reaches 14-18 cm in the first decade of August, 20-22 cm in the second
and third decade of August, and 25-30 cm in the first decade of September. The intensive growth of
sprouts accelerates due to rising air temperature, and this process continues until the end of
September. Starting from the second decade of September, the growth of the plant weakens [7]
(Table 1).

Table 1
GERMINATION OF SEEDS OF Bixa orellana L. SPECIES
Place of sowing Number of seeds Planting time  First shoots Germination Survival rate
Institute of Dedrology 25 10.06. 23.06. 80% 60%

True leaves emerge from between the sepals. The first real leaves appear on 02.07.2021, and
the following ones begin to appear at the end of July. The true leaves arranged alternately on the
stem are stalked, heart-shaped, light green, flat, full-margined, and the veins are net-shaped (Figure
2).

Figure 2. Bixa orellana L. mass seedling

Bixa orellana L. grows in broad soils, it is better in neutral and slightly alkaline soils. It grows
best in deep, fertile and organically rich soils. As the plant grows rapidly, the leaves also grow
rapidly. On 16.08.2021, the height of the plant is 36-39 cm, the length of the leaves is 19 cm, and
the width is 9 cm. In 2021-2024, the seasonal growth and annual growth of the species were
investigated. During the vegetation period, plant height and canopy diameter were measured [6].
Biometric indicators of annual growth and development of Bixa orellana L. species are given in
Table 2.

Table 2
GROWTH DYNAMICS OF Bixa orellana L. species 2021-2024 YEARS
Years Height, Umbrella Diameter of the Lateral branches
cm diameter, cm stem, cm lateral branches Length, cm

2021 36-39 44 3,5 8-11 14-19
2022 69-80 59 5,2 9-13 16-19
2023 90-148 96 7,5 19-28 24-28
2024 165-173 134 9,2 37-45 36-39
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It was found out from the research that the growth of Bixa orellana L. species is divided into
2 periods, the intensive height growth in the first period lasts from the second decade of May to the
end of June and the second growth lasts from the end of August to the third decade of October.
Annual growth was 20-25 cm [4].

In general, the plant grows for nine months. The vegetation period varies between 280+5
days. Bixa orellana L. spends 7049 days of relative peace from the second decade of January to the
second decade of March.

Figure 3. Bixa orellana L. 2-year and 3-year

The morphology and development dynamics of the root system of 1-3-year-old plants were
studied. Our research showed that the well-developed species Bixa orellana L. has a spindle-shaped
root. Bixin substance is reflected in red color in the root system of the plant (Figure 4).

Figure 4. Root system of Bixa orellana L.

Morphology and development of the root system in 1-3-year-old plants according to
Kolesnikova, "roots are completely dug out and washed" was studied using the methodology. The
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main root branches are formed in the soil at a depth of 5-20 cm, a large number of taproots. The
diameter of the main root for the studied specie is 2.5-3.0 mm 3-5 cm below the root throat. The
length of first-order lateral roots reaches 2.5-5.3 cm. An increase in the number and length of the
second-third degree side roots, thickening is observed. The number of lateral roots is 3-7 units, the
length is 4.0-12.0 cm. Lateral roots mainly spread in the soil layer near the top surface [8]. It
branches from the main root to lateral roots of the first degree at a depth of 5 cm in the soil. Better
development of the root system is observed in 3-year-old plants. During this period, lateral roots of
the II and III degrees are formed and spread horizontally in the soil on both sides. In a 3-year-old
plant, the main root extends to a depth of 34-39 cm.

The species Bixa orellana L., first introduced into the conditions of Absheron, has normal
development phases during the growing season. The plant is very important in almost all its parts. It
is advisable to use it in the supply of raw materials for the food and medical industries, as well as in
landscape design. The decorative effect of the plant is maintained throughout the year. The size and
shape of the plant is controlled by periodic pruning. Cultivation of Bixa orellana L. is advisable
taking into account its adaptive capabilities, biological and decorative properties, promising criteria,
as well as medicinal and nutritional value.
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Abstract. One of the tasks of pharmacy is to find affordable raw materials for herbal
medicines. The studies were conducted in Azerbaijan. The results of the studies indicate that
Onobrychis species are a rich source of B-arbutin. Arbutin (4-hydroxyphenyl-B-D-glucopyranoside),
a monoglycoside form of hydroxyquinone, has been used in the field of cosmetology for several
decades due to its effectiveness in the treatment of hyperpigmentation and removal of freckles.
Onobrychis species are of significant ecological and economic importance, and also demonstrate
intriguing therapeutic properties that have attracted attention in the field of medicine. The presence
of bioactive compounds such as flavonoids and phenols, which are known for their antioxidant
properties, is another noteworthy aspect. Antioxidants play a crucial role in neutralizing harmful
free radicals in the body, which are involved in a wide range of diseases and the aging process.
Onobrychis has anti-inflammatory properties. It is well known that inflammation is a common
factor in many chronic diseases. Plants have antimicrobial, immunostimulating, hypoglycemic,
hypocholesterolemic, gastrointestinal tract normalizing and vascular wall strengthening properties.
The study of Onobrychis opens up potential prospects in the field of creating natural products.

Aunomayus. OpgHOW u3 3amady  (apmanuu SBISETCS TOUCK JIOCTYITHOTO CBIPbS JUIS
¢urtonpenaparoB. lccnenoBaHus NpPoOBOAMINCH Ha TeppuTopuu AsepOaiikaHa. Pe3ynbTarsbl
NPOBE/ICHHBIX MCCIICAOBAHUI CBHICTEIBCTBYIOT O TOM, 4TO Bl Onobrychis seistorcs 6orateim
UCTOYHUKOM [B-apOyTnHa. ApOyTHH (4-runpokcudenmi-B-D-rinokonupanos3unm), MOHOTIUKO3UHAS
dbopmMa THAPOKCUXHHOHA, UCIIONB3YETCSI B 00JAaCTH KOCMETOJIOTHH YK€ HECKOJBKO IEeCSITUIICTHUH
Omaronapst cBoed 3(p(PpeKTUBHOCTH B JICUCHHH TUIEPIUTMEHTAINN W YJAJICHUH BECHYIICK. Buabl
Onobrychis umeroT BaxxHOE IKOJIOTHUECKOE M IKOHOMHUYECKOE 3HAUCHHUE, & TAKIKE IEMOHCTPHPYIOT
UHTPUTYIOIINE TEpaneBTHUYECKUE CBOMCTBA, KOTOpbIE MPUBICKAIOT BHUMaHHE B 00JacTu
MenuuuHbL. Hanmnune OMOaKkTHBHBIX COCITMHEHHH, TaKMX KakK (IaBOHOUIBI M (PEHOIBI, KOTOPHIE
W3BECTHHl CBOWMH AHTHOKCHIIAHTHBIMH CBOMCTBaMH, SBIISIETCS €IIE€ OJHUM IpUMedYaTebHBIM
acreKToM. AHTMOKCHJAHTBl UTPAlOT PEUIAIONIyI0 POJib B HEUTpamu3alM BPeIHBIX CBOOOIHBIX
pajuKaioB B OpraHu3Me, KOTOpbIe YYacTBYIOT B IIMPOKOM CIIEKTpe 3abosieBaHUI M mpoleccax
crapenust. Onobrychis obnamaeT TPOTUBOBOCTIANIMTEILHBIMUA CBOMCTBAMH. XOPOIIO MU3BECTHO, YTO
BOCIIAJICHHE SIBISIETCS OOmUM (aKTOPOM IMPH MHOTHUX XPOHHYECKHX 3aboneBaHusX. PacteHus
o0nmamaoT MPOTHBOMHUKPOOHBIMH, UMMYHOCTHUMYJTHPYIOITUMH, THITOTIIMKEMHYECKIMH,
TMIIOXO0JIECTEPUHEMUYECKUMH, HOPMAaJTU3YIOIUMHU ey TOYHO-KUIIEYHBIH TPaKT u
YKPETUISIOIUMH CTEHKH cocylioB cBolcTBaMu. M3yuenne Onobrychis oTkpeiBaeT moTeHIMANBHbBIC
MEPCIEKTUBBI B O0JIACTH CO3/IaHUS MPEMapaToB MPUPOTHOTO MTPOUCXOKICHUS.
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The protection of natural ecosystems on Earth not only increases biodiversity in nature, but
also provides important plant varieties for such fields as medicine and agriculture. One of the
current and promising issues in the field of the effective use of wild plants of Azerbaijani flora is the
utilization of these resources in the aforementioned areas. It is noteworthy that the flora of our
republic includes plant species that possess a substantial quantity of raw material. The research of
such plant species, the identification of various groups of biologically active compounds in their
composition, and the creation of effective medicines on the basis of these compounds represents an
urgent problem in modern pharmacy. In this context, species belonging to the genus sainfoin
(Onobrychis Mill. (1754)) play an important role in maintaining soil fertility, healthy animal
nutrition and also in meeting human needs for medicinal raw materials of natural origin.

Onobrychis is a genus within the Fabaceae family, comprising approximately 170 species
worldwide. Of these, 133 species are found in a wild state, while the remainder are cultivated.
These species are prevalent in regions of Asia, Europe, and North Africa, with some considered
endemic to specific areas. It is distributed across a broad geographical range, extending from the
vicinity of the Baltic Sea in the north to the Mediterranean in the south and as far west as Asia and
Siberia in the east. The diversity and abundance of these species is particularly high in the Anatolia-
Iran-Caucasus region. The "Flora of Azerbaijan" (1954) lists 22 plant species on the territory of the
Republic of Azerbaijan. One of these species is endemic to Azerbaijan [1, 2].

Botanical characteristics. Onobrychis species are annual or perennial herbs, and in some
cases thorny shrubs. They exhibit a variety of growth characteristics, with some species having
upright or climbing stems, while others may have a more spreading form. The leaves are usually
alternate and compound, sometimes all or only the lower ones are single-leafed. They vary in shape,
from lanceolate to ovate, and are often covered with fine hairs. The flowers are collected in a dense
spike or cluster of flowers formed in the axils of the upper leaves, which are mostly pink, purple or
white in color. The fruit is a pod containing several seeds. The size and shape of the pods varies
between species. It has a root system that penetrates deep into the soil.

Onobrychis species thrive in arid or semi-arid areas, including meadows and pastures [1].

Chemical composition. The chemical composition of Onobrychis species can vary between
different species within the genus, depending on factors such as environmental conditions and
growth stage. Based on literature data, the plant was studied using various chromatography and
spectroscopy methods, and it was found to have a rich composition.

The analysis of Onobrychis carduchorum C. C. Towns., O. nitida Boiss., O. argyrea Boiss.,
O. sosnowskyi Grossh., O. viciifolia Scop. and O. melanotricha Boiss. species revealed the presence
of significant quantities of phenolic compounds and flavonoids, tannins, organic acids, proteins,
fatty oils, and dietary fibers. It has been demonstrated that the plant stores carbohydrates, amino
acids [3, 4].

The element composition of the plant was studied by inductively coupled plasma mass
spectrometry, which revealed the presence of macro- and microelements (potassium, calcium,
magnesium, phosphorus, zinc and iron) [5].

It was determined that the species Onobrychis hypargyrea Boiss., O. viciifolia, O. caput-galli,
O. fallax and O. oxyodonta var. armena are rich in fat-soluble vitamins, including B-carotene, y-
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tocopherol, vitamin D3, vitamin A and vitamin K; [6].

The results of the conducted studies indicate that the Onobrychis species are a rich source of
B-arbutin.  Arbutin  (4-hydroxyphenyl-B-D-glucopyranoside), a monoglycoside form of
hydroxyquinone, has been employed in the field of cosmetology for several decades due to its
efficacy in the treatment of hyperpigmentation and the removal of freckles [7].

Importance in medicine. The distinctive composition of sainfoin renders it suitable for a wide
range of applications. It can be argued that species belonging to the genus are of great importance
from a medicinal perspective. Given its rich biologically active substance content, the plant has
been utilized in folk and practical medicine for a considerable period of time. In traditional
medicine, the infusum of sainfoin grass and roots is employed as an immunostimulator, reducing
the level of sugar and cholesterol in the blood, normalizing the activity of the gastrointestinal tract,
increasing intestinal peristalsis, strengthening vessel walls, and exhibiting anti-inflammatory and
soothing effects. It is employed in the treatment of a number of conditions, including adenoma,
chronic prostatitis, atherosclerosis, insomnia, gastric and duodenal ulcers, and increases the
synthesis of testosterone and androgens in men. It also shows positive results in ovarian
dysfunction, algodysmenorrhea, juvenile bleeding, and gonadal function disorders during
premenopause in women. Studies have demonstrated that different species exhibit robust
antioxidant properties and also possess the capacity to bind iron ions. The ethanol extract of the O.
buhseana species and its principal constituent, -arbutin, demonstrated robust anticholinesterase
activity against the AChE enzyme and exhibited only a modest inhibitory effect on the a-
glucosidase enzyme. It was demonstrated that the aerial parts of O. viciifolia exhibited antibacterial
activity, while O. oxyodonta demonstrated moderate antitumor activity. Some studies have
demonstrated that extracts derived from these plants can prevent the proliferation of cancer cells
and cause their destruction under certain conditions. Such studies provide a foundation for future
research and development of new anticancer drugs based on components of Onobrychis species [8,
9,10, 11, 12].

The intragastric injection of Thlaspi arvense and O. arenaria layer extract has been
demonstrated to exert a prooxidant effect (antioxidant balance restoration), as well as to normalize
the hormonal background of male rats [13].

A study was conducted to investigate the activities of O. argyrea and O. hypargyrea extracts
prepared in different solvents on a range of enzymes and proteins associated with diabetes,
Alzheimer's disease, and skin hyperpigmentation. These included a-amylase, a-glucosidase,
acetylcholinesterase, butyrylcholinesterase, tyrosinase, and the inhibitory activity of the extracts.
The methanol extract of O. argyrea demonstrated a pronounced inhibitory effect against
acetylcholinesterase, tyrosinase, and glucosidase. O. hypargyrea species has been identified as a
promising source of inhibitors against cholinesterase, tyrosinase, and a-amylase enzymes, with a
notable antioxidant capacity [14].

Onobrychis species are employed in the treatment of a range of dermatological conditions,
including wounds, cuts, and burns. A study was conducted to investigate the effect of O. nitida on
various bacteria. The results demonstrated that O. nitida exhibited activity against B. subtilis at a
value of 1.25 mg/ml. Additionally, O. Carduchorum demonstrated sensitivity against S. Aureus,
anti-inflammatory effects, and against breast cancer cells. However, a cytotoxic effect was also
detected, with an IC50 value between uM [15].

The antidiabetic effects of four Onobrychis species were investigated using an alloxan-
induced diabetic mouse test model. The results demonstrated that methanol-water extracts of O.
albiflora Hub.-Mor., O. argyrea Boiss. subsp. argyrea Boiss., O. galegifolia Boiss. and O.
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tournefortii species exhibited antidiabetic effects [16].

Importance for agriculture. Some species are used for fodder production in agriculture. It is
valued for its sufficient protein content, richness in certain vitamins and minerals, tannins and
carbohydrates. In addition to high taste, excellent nutritional properties, it is also very beneficial for
animal health. Thus, the addition of sainfoin-derived feeds, rich in condensed tannins, to animal
feed prevents flatulence, facilitates the fermentation process in the gastrointestinal tract, and also
such feeds have the properties of keeping lower methane and nitrogen wastes. On the other hand, it
stimulates height growth in ruminants and increases productivity. In studies, species belonging to
the genus Onobrychis have shown anthelmintic bioactivity against nematode parasitism in cattle
and herd animals such as sheep, lambs, and goats. Horses in the diet group fed with O. viciifolia
bioactive feed showed a significant reduction in larval development rate, which confirms the
anthelmintic effect of the plant [17, 18].

Additionally, the plant's contribution to the agricultural sector can be demonstrated. These
include the natural fertilization of soil, an increase in crop productivity and ecological safety, the
creation of meadows, pasture phytocenosis and landscape areas. The Onobrychis species facilitate
the creation of ecologically clean agricultural areas by reducing the use of chemical pesticides.
Rhizobium, which lives symbiotically in its roots, absorbs free nitrogen from the air at the expense
of nitrogen-fixing bacteria and transforms it into a form that can be used by the plant, thus
maintaining the fertility and vitality of the soil by ensuring its development without fertilizers.
Conversely, the plant is capable of thriving in calcareous soils, which enhances soil stability and
serves to create a barrier against erosion. Consequently, it is possible to transform polluted and
eroded lands into productive agricultural areas [19].

The Onobrychis genus represents a valuable source of nectar for honey bees. A
melissopalynological analysis was conducted in eight districts of the Kars region of the Republic of
Turkey, and it was determined that 99% of the analyzed honey samples contained O. radiata [20].

A study was conducted on 13 Onobrychis taxa and genotypes to investigate the effects of soil
salinity on plant growth and physiology. The species were subjected to NaCl concentrations of 5,
10, 15 and 20 dS/m, and it was observed that an increase in salinity level resulted in a significant
reduction in seed germination and growth indicators, accompanied by an increase in the mean
germination time. Additionally, Onobrychis species were found to be tolerant to salinity levels up to
10 dS/m, with the critical concentration varying depending on the species [21].

One of the advantages of the plant is its resilience to drought. This feature is attributable to
the plant's robust root system, which is situated at a depth below the surface, and the presence of
small hairs that are distributed along the majority of the plant's surface. These characteristics
collectively serve to minimize water loss. To investigate the impact of drought stress, some species
belonging to the genus Onobrychis were cultivated in a medium supplemented with PEG-6000. The
results demonstrated a significant increase in antioxidant components in the calli. In a separate
study, a transcriptome analysis utilizing RNA sequencing was conducted on O. viciifolia cultivated
under natural extreme conditions. This analysis revealed the involvement of numerous flavonoids
and phenylpropanoid biosynthesis pathways in the plant's adaptation to adverse conditions,
including salinity, drought, heat, cold, flooding, UV radiation and the toxic effects of heavy metals.
Genes associated with these pathways were identified [22, 23].

Conclusions. It is important to conclude that Onobrychis species represent a valuable natural
resource that plays a significant role in both natural ecosystems and agricultural landscapes. The
plant's capacity to adapt to diverse environmental conditions and its distinctive developmental
patterns in various ecosystems serve to reinforce its sustainability and ecological significance.
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Onobrychis species constitute a valuable source of fodder for livestock and are of significant
importance for animal health. It enhances soil fertility by facilitating nitrogen fixation through the
symbiotic relationship between the plant and the bacteria Rhizobium. Consequently, the plant plays
a multifaceted role in maintaining the sustainability of agricultural practices.

The Onobrychis species are of significant ecological and economic importance, and also
demonstrate intriguing therapeutic properties that are attracting attention in the field of medicine. It
is worthy of note that the presence of bioactive compounds, such as flavonoids and phenols, which
are known for their antioxidant properties, is a further noteworthy aspect. Antioxidants play a
crucial role in the neutralization of harmful free radicals within the body, which are implicated in a
wide range of diseases and the ageing process. Moreover, research indicates that Onobrychis
possesses anti-inflammatory properties. It is well established that inflammation is a common factor
in many chronic diseases. Consequently, the identification of natural sources with anti-
inflammatory effects and the development of potential drugs are of interest to the medical
community. The plant has been found to possess antimicrobial, immunostimulating,
hypoglycaemic, hypocholesterolaemic, gastrointestinal tract normalizing, and vascular wall
strengthening properties. In conclusion, the detailed study of Onobrychis provides potential
perspectives in the field of the creation of preparations of natural origin.
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TAXONOMIC SPECTRUM OF THE SPECIES BELONGING TO THE Potentilla L. GENUS
OF THE ROSACEAE FAMILY IN THE NAKHCHIVAN FLORA
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TAKCOHOMMYECKHWI CIEKTP BUJIOB POJIA Potentilla L. CEMEMCTBA
ROSACEAE BO ®JIOPE HAXUYEBAHU

©baobaesa C., ORCID: 0009-0004-4800-7276, Ph.D., Haxuuesanckuii 2ocyoapcmeenHbilil
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Abstract. The presented article provides information on the systematic composition of the
species belonging to the Potentilla L. genus, which is spread in flora. During the comparative
analysis of the collected herbarium materials and literature sources, it was found that the Potentilla
genus of the Rosaceae family is represented by 17 species in the territory of Nakhchivan, and
information about the current status of those species is reflected in the article. The article also
studied the ecological groups, geographical elements, and altitude zones of species belonging to
the genus Potentilla L. of the Rosaceae family.

Annomayus. B npeAcTaBIeHHON CTAaThbe NPUBOAATCSA CBEIEHUS O CUCTEMATHYECKOM COCTaBE
BUI0B pona Potentilla L., pacnpoctpanennoro Bo ¢uiope HaxuueBanu. B xome cpaBHUTEIBHOTO
aHaJIn3a cOOpaHHBIX TepOapHBIX MaTEPUAIOB U JIMTEPATYPHBIX HICTOUHUKOB OBLIIO YCTAHOBJIEHO, YTO
pon Potentilla cemeiictBa Rosaceae Ha Tepputopun HaxuueBanu npencrasieH 17 Bugamu, a Takxe
B CTaTb€ OTPAKEHBI CBEICHUSA O COBPEMEHHOM COCTOSHMM 3TUX BUIOB. B cTarbe Takke M3ydeHbI
HKOJIOTUYECKHUE TPYIIBI, Treorpaduyeckue 3JIeMEHThl U BBICOTHBIE MOSICa BUIOB, OTHOCSIIUXCS K
pony Potentilla L.

Keywords: taxonomic composition, genus, family, species.
Kriouesvie cnosa: TaKCOHOMUYECKUN COCTAB, PO, CEMEWCTBO, BU/I.

The Nakhchivan Autonomous Republic, which is an integral part of the Azerbaijan Republic,
differs from other botanical and geographical regions with its natural resources. This richness was
created and developed due to the combined effect of natural-historical, ecological and
anthropogenic factors in the long-term evolutionary process. The rich xerophytic flora of
Nakhchivan AR has historically developed in close genetic connection with the flora of the
Mediterranean Sea, Front Asia and Iran. Thus, plant diversity in the area has been of great interest
to research botanists and pharmacists since ancient times. In the flora of the autonomous republic,
the basis of dicotyledonous plants starts from the relatively polymorphic Rosaceae family, and the
species belonging to the family have a special role. Plants from the family of Rosaceae family
plants are widespread in nature and include more than 3 thousand species. The species included in
this family are mainly perennial grasses, shrubs and trees. Up to 195 wild species of 29 genera are
found in Azerbaijan. There are 153 species belonging to 30 genera in the territory of Nakhchivan
AR, and the genus Potentilla L. has a special place due to its richness of species. Also, among the
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representatives of the family, there are many which have the signs of superiority along with the
signs of primitiveness. Considering the above mentioned, it is considered important to conduct
research in this direction.

Material and methodology of the research

In the study area, materials related to woody species of the Rosaceae family can be found in a
number of literatures [2-4, 6, 12-18]. Species belonging to the genus Potentilla L. were studied as
research material. "Flora of Azerbaijan", "Flora of Caucasus", "Plants of Azerbaijan" by A. M.
Askerov. In determining and clarifying the names of the species belonging to the genus Potentilla
L. such works were used. Recent taxonomic changes were made based on World Flora Online [1, 9;
10, 19].

Discussion and conclusion of the study

The members of the Rosaceae family consist of trees, shrubs and grasses. It is known that the
species belonging to the family are considered as fruit, medicinal and ornamental plants. From this
point of view, the herbaceous plants of the family are also important. As a result of the analysis of
literature data and personal field research materials, we compiled the taxonomic spectrum of 17
species of the Potentilla L. genus, belonging to the Potentilla genus, spreading in the territory of
Nakhchivan AR.

Familia: Rosaceae

Genus: Potentilla L.

1 (1) Potentilla adenophylla Boiss. & Hohen.

1 (2) P. agrimonioides M. Bieb.

1 (3) P. anserina L.

1 (4) P. argaea Boiss. & Balansa Boiss. & Bal.

1 (5) P. argentea L.

1 (6) P. canescens Bess.

1 (7) P. crantzii (Crantz) G. Beck ex Fritsch

1 (8) P. cryptophila Bornm.

1 (9) P. gelida C. A. Mey

1 (10) P. lomakinii Grossh.

1 (11) P. obscura Willd.

1 (12) P. pedata Willd. ex Hornem.

1 (13) P. pimpinelloides L.

1(14) P. recta L.

1 (15) P. reptans L.

1 (16) P. supina L.

1 (17) P. szovitsii Th. Wolf

The species of the Potentilla L. genus are perennial, biennial or annual grasses. The studied
species are found in various cultivated fields, meadows, forests, bushes, dry slopes in lowland and
mountain regions. In the Republic, there are species with a wide range (straight-backed hawk, crane
hawk, etc.), as well as rare species (like a hawk, bull hawk). Looking at the morphological structure,
the species belonging to the genus have erect and spreading stems, three- or five-fingered or
feathery leaves. The flowers are small, bigenual, single or gathered in a shield-broom-like flower
group, and sometimes in an umbrella-like flower group. Calyx leaves and petals are usually 5,
rarely 4, stamens vary from 10 to 30. It is characterized by the fact that its fruit is in the shape of a
dry nut. Almost most of them are valuable medicinal plants. At the same time, there are many
decorative and dyeing plants among the species.
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the species of the genus were determined (Table).

Figure 1. Potentilla obscura

Based on paleobotanical materials found in the territory of the Nakhchivan Autonomous
Republic, as well as the modern state of the flora, stationary observations, material analysis and
determination, and comparative analysis of literature materials, the bioecological characteristics of

Table
BIOECOLOGICAL CHARACTERISTICS OF SPECIES BELONGING TO THE GENUS Potentilla

No Species name Geographical Altitude belts Ecological

elements groups
1. Potentilla adenophylla  Front Asia in the lower and mid-mountain  Xeromesophytes

belt
2. P.agrimonioides Caucasus subalpine and alpine zones Mesophytes
3. P.anserina Holarctic mid-mountain belt Mesophytes
4. P.argaea Front Asia subalpine and alpine zones Mesophytes
5. P.argentea Western Palearctic to the mid-mountain belt Mesophytes
6. P.canescens Caucasus to the mid-mountain belt Mesoxerophytes
7. P.crantzii Holarctic subalpine and alpine zones Mesoxerophytes
8.  P.cryptophila Iran subalpine and alpine zones Xeromesophytes
9. P.gelida Central Asia alpine zones Mesophytes
10. P. lomakinii North Atropatan high mountain belt Mesophytes
11. P. obscura Not known to the mid-mountain belt Mesoxerophytes
12. P. pedata Caucasus to the mid-mountain belt Mesoxerophytes
13. P. pimpinelloides North Atropatan high mountain belt Mesophytes
14. P.recta Western Holarctic to the mid-mountain belt Mesoxerophytes
15. P.reptans Western Palearctic to the mid-mountain belt Mesoxerophytes
16. P.supina Palearctic in the lower and mid-mountain  Mesoxerophytes
belt

17. P. szovitsii Atropatan mid-mountain belt Xerophytes

Recently, N. N. Portenier's system is used as a basis for geographic analysis in the Caucasus
region. Areal types of species reflect the relationship between the flora of the studied region and the
flora of large areas surrounding this region, leading to the study of species' migration routes from a
historical point of view [8].
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Based on the herbarium materials we collected from the territory of the Nakhchivan
Autonomous Republic, the examination of the herbarium funds of the Institute of Botany and
Bioresources of the Nakhchivan Department of the AR ETN, and literature sources, it was
determined that the species belonging to the genus Potentilla L. belong to different areal types,
which allows us to determine the migration routes of the species to the area. Taking into account the
above, the species belonging to the genus are grouped into 10 areal classes based on zonal and
regional principles. As can be seen from the table, it is known that there are 3 species in the
Caucasus areal class, 2 in the Western Palearctic, 2 in Front Asia, 2 in North Atropatan, 2 in
Holarctic and 1 species in each of the other areal classes. The areal type of Potentilla obscura
species is not known (Table 1.)

Y. S. Medvedyev first distributed the vegetation of the Caucasus by zones based on floristic
principles in 1915 and determined the types of vegetation [7]. O. S. Grebennikov, A. A. Grossheim,
A. G. Dolukhanov and Y. S. Medvedyev based the complex climatic conditions on the distribution
of vegetation of the Caucasus in zones [5]. A. A. Grossheim indicated the plain, foothills, low
highlands, middle highlands, high highlands, subalpine and alpine zones. However, A.S. Ibrahimov
divided the distribution of the species distributed in the region by zones according to the division of
A. A. Grossheim: plains (600-1000 m), foothills (1100-1300 m), low mountains (1400-1800 m),
medium mountains (1800-2100 m), high mountain (2200-2800 m), subalpine (2900-3200 m), alpine
(3200-3600 m), subnival (3600-3800 m), nival (3850-3906 m). The lower highlands cover areas up
to 1200 m high. The plain areas of the Middle Araz valley belong to this zone. These plains are
narrow in the southeastern part and widen to the northwestern part. The largest place is the
Nakhchivan river basin. There are a number of difficulties in determining the exact boundaries of
the species in the studied zones. In this regard, there are species that are recorded only in one zone,
and some species are found in several zones. For example, the species Potentilla adenophylla and P.
supine spread both in the lower mountain belt and in the middle mountain belt. The middle
mountain belt covers areas of 1200-2400 m. The territory is divided by river valleys and dry river
valleys. The area is located in a cold climate with dry summers. The foothills are drier. Species of
the genus Potentilla obscura, P. canescens, P. pedata and P. recta are found in areas up to the mid-
mountain belt, and species P. anserine and P. szovitsii are found in the mid-mountain belt. The high
mountain belt is characterized by grassy soil and high vegetation, and its floristic composition is
very diverse. The plants of this zone protect the mountain slopes from erosion and these slopes are
used as summer pastures. P. lomakinii and P. pimpinelloides are species distributed in the high
mountain belt.

One of the main features of the alpine zone is the absence of woody plants and the presence of
wet and dry areas in the same area. Since the plants of this area, unlike the plants of other zones, are
adapted to unfavorable conditions (more rarefaction of the air, stronger evaporation despite less
precipitation, stronger lighting, frequent and sharp changes of heat and cold), these plants, under
suitable conditions, have low height, strong branching, on the ground it is very normal to develop
adaptations such as strong compaction, small leaves, hairiness of plants, hardness. Alpine plants are
mainly perennial herbs and shrubs. P. agrimonioides, P. argaea, P. crantzii and P. cryptophila are
species spread in subalpine and alpine zones. Important abiotic factors affecting plant growth and
development are moisture, light, soil conditions, and temperature. Thus, indicators of abiotic factors
are not constant, and plants have gained a wide range of adaptation in relation to them.
Nevertheless, in most cases of differentiation of ecological groups, they are based on the
relationship of this or that type of plant to the degree of soil moisture.

Since the external environmental conditions are constantly changing, water is important as an
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ecological factor in the spreading of plants in large areas under different climatic conditions and in
the formation of different groups. Thus, such changes affect each species in different ways, and they
themselves can change the environment. The moisture requirement of organisms depends on the
seasons and the place of residence. Therefore, they have evolved physiological adaptations to
maintain the amount of water in the body at a constant level. Depending on their water
requirements, plants are divided into several different ecological groups. Spreading of the species
belonging to the Potentilla L. genus of the Rosaceae Juss. family of the Nakhchivan Autonomous
Republic by ecological groups was carried out according to Shennikov's classification system [11].

Mesophytes occupy an intermediate position between hygrophytes and xerophytes in terms of
their relation to moisture and their requirements. Mesophytic plants are mainly forest, shrub,
subalpine, alpine plants and are more common. These plants differ not only in terms of the number
of species, but also in terms of various ecological characteristics under the influence of various
factors under suitable conditions under the influence of the natural nutritional environment.
Mesophytic species include P. agrimonioides, P. lomakinii, P. pimpinelloides, etc. types can be
shown.

Mesoxerophytes are more humid than xerophytes and drier than mesophytes. These species
are mostly found in forest clearings, forest thickets, north-west and north-south slopes of mountain
slopes. Mesoxerophytes are 7 species and make up 41% of the total species. These plants include P,
canescens, P. recta, P. reptans, P. supine, etc. includes such species (Figure 2).

Figure 2. Potentilla recta

Xeromesophytes occupy an intermediate position between xerophytes and mesoxerophytes.
According to their spreading, these plants come after mesophytes and mesoxerophytes. They are
mostly found in forest clearings and sparse scrub areas, and especially in the north-western and
south-western slopes of the mountain slopes. Xeromesophytes are 2 types and make up 12% of the
total plants. P. adenophylla and P. cryptophila are xeromesophyte species of Potentilla L. genus.
Xerophytic species include plants that are common in dry areas. Xerophytes are mainly found on
southern exposure slopes that are hotter and less humid. For xerophytes, diversity in their structures
against moisture deficiency is important. The genus P. szovitsii is a xerophytic plant (Figure 3). As
can be seen from the picture, mesoxerophytes and mesophytes dominate (represented by 7 species
each) and 41%, xeromesophyte species represent 12%, and xerophyte species represent 1 species,
among the species belonging to the Potentilla L. genus.
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Figure 3. Distribution of species belonging to the genus Potentilla L. by ecological groups

Conclusions

1. As a result of the conducted research, the systematic composition of the species belonging
to the genus Potentilla L. of the genus Poftentilla in the Nakhchivan Autonomous Republic flora
was studied and it was known that 17 species of the genus are found in the study area.

2. On the basis of zonal and regional principles, the species belonging to the genus Potentilla
were organized into 10 areal classes, and it was known that 3 species were inhabited by the
Caucasian areal class, 2 by the Western Palearctic, 2 by Front Asia, and 1 species by each of the
other areal classes. The areal type of Potentilla obscura species is not known. According to their
ecological groups, mesoxerophytes are represented by 7 species, mesophytes by 7 species,
xeromesophytes by 2 species, and xerophytes by 1 species. According to the analysis of altitude
zones, it was found that the species belonging to the genus are also found in the alpine zone, starting
from the lower mountain zone.
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AGRIS F70

PACTUTEJIbHBIE ®OPMALINH, BCTPEYAIOIMUECSH B KCEPO®UTHBIX
(APUIHBIX) PEAKOJIECBAX HA TEPPUTOPUU ASEPBAUI/KAHA U UX OXPAHA

©Mameoosa 3. /I., Baxunckuii 20ocy0apcmeenHwlil yHusepcumen,
2. baky, Azepoatioacan, zulfiyya m@rambler.ru

PLANT FORMATIONS FOUND IN XEROPHYTIC (ARID) SPARSE FORESTS
IN THE AZERBAIJAN TERRITORY AND THEIR PROTECTION

O©OMammadova Z., Baku State University, Baku, Azerbaijan, zulfiyya m@rambler.ru

Annomayus. Ha OCHOBaHUHM 3KOJOrO-re00OTaHMYECKUX HCCIIEIOBAHUN, IPOBEIECHHBIX B
KCepoPUTHBIX  (apUAHBIX) pEAKONeChsIX Ha TeppuTopun AsepOaiipkaHa U HU3YYCHUSA
COOTBETCTBYIOLIECH JTUTEpaTyphl, pa3paboTaHa KIacCH(PUKAIMOHHASA CXeMa C YUYETOM KCepOPUTHBIX
JPEBECHBIX MOPOJI, CO3MAIONINX TaKue TpynmupoBku, kak Caragana grandiflora DC. u Astragalus
microcephalus Willd. B xome wuccrnemoBanus, ucxoas u3 (UTOICHOIOTHYECKUX HPUHIUIIOB, B
TypstHUaliCKOM 3an10BEHMKE, B TOPHOU yacTu JIeHkopaHb-ApasIMInHCKOTO pailona, B Haxuueanu
u [abanmHCKOM pailoHe, pacHoJIOKEHHOM Ha IOKHOM ckjJoHe bombmoro KaBkasza, ormeuen
Kcepo(HUTHBIN (apUAHBIN) PEAKOIICCHBI THII PAaCTHTEIBLHOCTH. YCTAHOBJICHO, YTO JMAHHBIA THII
PacTUTENILHOCTH COCTOMT U3 | (hopManMOHHOTO Ki1acca, 2 GOpPMAIMOHHBIX TPYIIT U 2 aCCOIMAIINN.
[IpoBeneHO reo0OTaHUYECKOE OMUCAHUE U BUIOBOM cocTaB (opManuil W YCTaHOBJIEHO, YTO
penkonecbst Caraganeta-Pistacetum-Juniperosum, BcTpedaromecs B OOOOBBIX KyCTapHHUKaXx,
HYXXIAIOTCSl B 3aIUTE OT HETAaTUBHOTO BO3JEHCTBHS aHTPOIOTCHHBIX (aKTOPOB. A 3TO, B CBOIO
odepesib, CO3AET OCHOBY JJIsi COXPaHEHMsI PaCTUTENbHBIX (OpMaIliii, BCTPEUAIOIIUXCA B JECHBIX
sKocucTeMax AzepOaiikaHa.

Abstract. Based on the ecological and geobotanical studies conducted in xerophytic (arid)
sparse forests in the territory of Azerbaijan and the study of the relevant literature, a classification
scheme was developed taking into account xerophytic tree species that form such groups as
Caragana grandiflora DC. and Astragalus microcephalus Willd. In the course of the study, based
on phytocoenological principles, a xerophytic (arid) sparse forest type of vegetation was noted in
the Turyanchay Reserve, in the mountainous part of the Lankaran-Yardymli district, in Nakhchivan
and the Gabala district located on the southern slope of the Greater Caucasus. It was established that
this type of vegetation consists of 1 formation class, 2 formation groups and 2 associations.
A geobotanical description and species composition of the formations was carried out and it was
established that the sparse forests of Caraganeta-Pistacetum-Juniperosum, found in the leguminous
shrubs, need protection from the negative impact of anthropogenic factors. And this, in turn, creates
the basis for the conservation of plant formations found in the forest ecosystems of Azerbaijan.

Kniouegvie cnosa: 3k0CUCTEMa, MOXOKEBETIBHUK, aHTPOTIOTCHHBIH, SMU(PHUKATOP, aCCOI[HAITHUS.
Keywords: ecosystem, Juniperus, anthropogenic, edificator, association.

Ha Ttepputopun Aszepbaiixanckoit PecnyOnuku kcepo@uTHbIE (apUAHBIE) PENKOJIEChS,
BCTPEYAIOTCSl MPEMMYIIECTBEHHO Ha TOPHO-OypbIX IIOYBaX, B IMPEIropbsiX, CPEAHETOPHBIX H
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HU3KOTOPHBIX MOsICaX, a TAKXKe B KCEPOPUTHBIX JiecaX U KyCTApPHUKOBBIX TOPHBIX CTEMSIX Ha BBICOTE
600- 1200 M Hax ypoBHeM Mops [1].

Ceenenuss 00 M3y4eHMH KCEPO(PHUTHBIX THIIOB JIECHOW PACTUTENBHOCTH Ha TEPPUTOPUHU
Azepbaiimkanckoil PecrryOnukn MOXKHO HaliTu B HayuyHbIX Tpydax A. A. I'poccreiima [6], JI. W.
Hpumunko [15], B. U. Tamkues [5], D. M. Kyp6anos [7] I. I1I. Mamenosa u M. 1. Xanunos [12], 3.
. Mawmenosa [13, 14], A. A. P3aeBa [17, 18] u apyrux.

A. A. Ipoccreiim [6] otHec kcepodutHble (apuumubie) peakonecbs FOknoro Kaskaza k
0coOOMy THITy paCTUTENBHOCTH, COCTOSIEMY U3 PEIKOJIeCUi, COCTaB KOTOPBIX CIIOXKEH
KCEpO(PUTHBIMU IPEBECHBIMU MTOPOJAMU Ha (DOHE CTEIHBIX TPAB.

I. 1. Mameznos u M. M. Xamunos [12] paccMaTpuBaii apuaHble Jieca Kak IepexoaHyio 30HY
OT 0e37IECHBIX MOJYITYCThIHD K JIECHOMY IOSICY M Ha3bIBAJIH UX JICCOCTEIBIO FOKHOTO THIIA.

B crennbix 30Hax, rme Ha Tepputopuu AsepOaiimxanckoil PecmyOnuku pacrpocTpaHeHbl
Kcepo(pUuTHBIE (apUAHBIE) PENKOJIEChs, HACEJICHHWE C JPEBHUX BpPEMEH WHTECHCHUBHO 3aHMMAETCS
CKOTOBOJICTBOM M 3emiiefiesiueM. B CBsI3M ¢ 3TUM MEepBUYHBINA apHUIHBIN JIECHOW MOKPOB MpEeTepren
CHJIbHBIC aHTPOIOTCHHBIE W3MEHEHHs, a CYIIECTBYIOIIME pACTUTENbHBbIE (opmanmu ObUTH
3aMEHEHBl TPOM3BOAHBIMU (uTOneHO3aMu. C 3TOW TOYKH 3pEHHUS HM3Y4YEHHE COBPEMEHHOTO
COCTOSIHUSI HUCCJIENYEeMON TEpPPUTOPUU C 1EJIbI0 BOCCTAHOBIICHMS PACTUTEIBHOTO TIOKPOBA,
COXpaHEHUsI M OXpaHbl OOHAPYKEHHBIX TaM XO3SIHCTBEHHO BaXKHBIX, JHAEMUYHBIX, PEAKHX U
LIEHHBIX BUJOB SIBJISIETCS aKTyaJbHbIM C HAYYHOW M MPAKTUUYECKON TOUKHU 3peHus [2].

Mamepuan u memoowl ucciedosanus

OCHOBHBIM OOBEKTOM HCCIIEZIOBaHUs OBLIM pacTUTENbHbIE 00pa30BaHUs, OOHAPYKEHHBIE B
Kcepo(DHUTHBIX (apHUIIHBIX) PEAKONEChIX Ha TeppuTopuu Asepbaiimkanckoit Pecmyomuku B 2011-
2023 rr.

bbul0 M3y4yeHO COBPEMEHHOE COCTOSHHE pPACTUTEIbHBIX (hopMaluii, BCTPEYAIOLIUXCS B
KCepOOUTHBIX (AapUIHBIX) pEAKOJIEChIX Ha TeppuTopun AszepOaiikaHckoil PecrnyOnuku,
MOJTrOTOBJIEHA KJIACCU(UKALMOHHASI CXEMa, COCTaBJIEHbl I'€00OTAaHUYECKUE OIMCaHUs, a Ha TOT
MOMEHT TaKCOHOMHYECKasl CTPYKTypa (Iopbl, ONpeneieHbl )KU3HEHHbIE (POPMBI BCTPEUYAIOIINXCS
TaM pacTeHHi, reorpadpuueckue U apeajiHble TUIIbI, SKOJIOTMYECKUE TPYIIIbI, SHAEMUYHOCTD U T. JI.
[19, 21].

B pesynabrare uccienoBaHMM  BBIICHWIIOCH, YTO KCEPO(MUTHBIM  PENKONECHBIM  TUI
PacTUTEIBLHOCTH PACIPOCTPAHEH Ha TeppUTOpUM A3zepOaiijkaHa Ha FOKHOM CKJIOHE boibiioro
KaBkaza B TypsiHuaiickoM 3amoBefHMKe, Ha TeppuTopun [abanuHCKOro paiioHa, B TOPHOI 4acTu
Jlsnkapsl — B mnpenenax SpasiMiauHCcKoro paiioHa u B HaxubiBanckoii AP. B 1o Bpems
(UTOLIEHO3bI, CO3JAaHHBIE PACTEHUSMM, BCTPEUAIOUIMMHCS Ha TEPPUTOPHH, H3YYaJIUCh B
MOJTyCTAllUOHAPHBIX YCIOBUSIX. Tak, NMpU ONpPEIENIEHWH THIlA PACTUTEIBHOCTH, (GopMaluil u
accolMaluii, BCTpEYaroIUXCs Ha TeppUTOpuM, paspabarbiBatorcss «lloneBas reoboTaHHKay,
«leoboTanuka», «MHCTPYKIIMM TO IIMPOKOMACIITAOHBIM Te000TaHUYECKHM HCCIIeIOBAHUSAM
€CTECTBEHHBIX KOPMOBBIX TeppuTOpuil  AszepOaiijkanckoil PecnyOmukm» u  T.A.  ObLtH
WCIIONIb30BaHbl  Pa3IMyHble Te€000TaHMYECKHME METOAbl M BBIICHEHBl OHO3KOJIOTHYECKHE
0COOEHHOCTH HEKOTOPBIX XO3SMCTBEHHO BXKHBIX BUOB [3, 4, §8].

Pezynomamot u oo6cysncoenue
B xo01€ 3K0I0r0-re000TaHNYeCKUX HCCIIE0BAHUM, MPOBEACHHBIX MO (UTOIEHOIOTHYECKIM
OpUHIUIAaM, Oblla pa3paboTaHa KiIacCM(PHMKAIMOHHAs CXeMa, OmpeaenuBinas 1| Tum
pacTuTeNbHOCTH, | (OpPMAIMOHHBIA Kiacc, 2 (QOpPMAIMOHHBIC TPYNIBI M 2 acColUalMd B
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KCepohUTHBIX (apUIAHBIX) PEIKOJIEChsIX Ha Tepputopuu AsepOaiimkanckoit PecryOnmukm (cxema
kiaccudukanumn). BoiaeneHHbli Ha TePPUTOPUH KCEPODUTHBIN PEIKOIECHBIA TUIT PACTUTEIBHOCTH
NpeCTaBiIeH KiaccoM (opManuu (UCTAIIKOBO-MOXKEBEIOBBIX PEIKOJIECHI C JTOMUHUPOBAHHEM
0000BBIX KYCTapHUKOB, INpPUYEM OTOT Kiacc (OpMalUUU BKIIOYAECT 2 TPYHmsl (opMaLuu:
Caraganeta-Pistacetum-Juniperosum u Astragaleta-Acantholimonetum-Juniperosum.

Cxema Ki1a CCH(lJ HEAIlHH

CXEMA KJIACCHO®HUKAIIN THIIOB KCEPOMHUTHOIT JIECHOI PACTHUTEJILHOCTH

TIII KCEPOQITHBIX /APIITHBIX/ PENMKOIIECEIX

DHCTANTKOBO-MOEKKEBETOBEIIT
PEOROIICCHEE C HpeoGﬂa,uamxeM

KJIACCBI

DOPMAITIIT
0000BBIX KYCTapHHKOB
|
v
T'PYINIA Caraganela-Pisiacetum-Juniperosum Astragaleta-Acantholimonetum-Juniperosim
GOPMAITIIT
Caraganeta grandiflora-Pistacetum mutica- Astragaleta microcephala-Acantholimonetum
iner hohenackeri-Juniperus polvearpos
KIIACCHL Juniperus oblonga ip polycarp
ACCOLIAINTIT
Caragana grandiflora (Bieb.) DC., Pistacia - l -
, . . Astragalus microcephalus Willd.,
mutica Fisch. et C.A.Mey., Juniperus ) .
TPVILIBL b Bich Acantholimon hohenackeri (Jaub. et Spach.)
ACCOLIIALT oblonga Bieb. i i
Boiss., Juniperus polycarpos C.Koch

1. I'pynna popmantun: Caraganeta-Pistacetum-Juniperosum.

B xone uccrnenoBaHMil yCTaHOBJIEHO, YTO JIAaHHBIM (PUTOLIEHO3 MPEACTaBIEH accoluaruen
Caraganeta grandiflora-Pistacetum mutica-Juniperus oblonga. B BumoBOM cocTaBe W CTPYKType
dopmanmu  Caraganeta-Pistacetum-Juniperusosum gomunupyer Juniperus oblonga Bieb. u o
pacroyio’keH Ha 10KHOM ckiloHe bombimoro Kaskasckoro xpe6ta Ha Teppuropuu TypsiHUaiickoro
3anmoBefHMKa [abamuHckoro paiiona [/, 9], Ha Teppuropuu  balipaMKOXaTHMHCKOTO
MYHHUIIUTIAUTETA B MOJISIX — HA PACCTOSIHUU 5 KM OT peku TypsiHdaid, ormedeH B utone 2011-2023
IT. (Te000TaHNYECKOE OMMCAHNUE).

B xone npoBeneHHbBIX HCClIeIOBaHUMN BBISICHIIIOCH, UTO B hopmanuu Caraganeta-Pistacetum-
Juniperosum BcTpeuaercs 25 BugoB. M3 Hux 4 Bunma (16,0%) sBnsitoTcst nepeBbsMH, 8 BHJIOB
(32,0%) — kycrapuukamu, 1 Bug (4,0%) — mnomykycrapHukamu u 12 Bugos (48,0%) —
MHOTOJICTHUMH TpaBaMHu. I3 TOTO ke urciia BUIOB MO SKOJIOTrHYeckuM rpynmnam 14 Bumos (56,0%)
obutn kcepoduramu, 4 Buaa (16,0%) — me3zokcepoduramu u 7 BunoB (28,0%) ObuM OTHECEHBI K
Me30(pHUTaM.

Kak yka3aHo B kiaccHU()MKAaLMOHHOM cxeMe M re000TaHMYECKOM OIMMCAHWHU, JOMHHAHT 3TOU
accommaruu — Juniperus oblonga Bieb, uncnennocts 3-4 0amna, cyonomuHanT — Pistacia mutica
Fisch. et C.A.Mey. u Caragana grandiflora (Bieb.) DC.). UncneHHOCT 000UX CyOJOMUHAHTHBIX
BUJIOB OLIEHWBAJIACh B 2-3 2 Oaiuia.

VYCTaHOBIIEHO, YTO CTPYKTypa (OpMalud COCTOMT M3 TPEXbAPYCHOM pacTUTEIbHOCTU
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(mepeBbsi, KyCTapHUKHU M TpaBbl). Tak, Ha TiepBoM spyce — Pistacia mutica, Acer ibericum, Pyrus
georgica, Celtis caucasia (Bpicota 300-600 cm); K kycrapuukam Il sipyca otHocstcs Crataegus
eriantha, Juniperus oblonga, Rhamnus spathulifolia, Caragana grandiflora n np. (Beicota 450-100
cMm). Stipa pulcherrima, Astragalus lycyphyllos m np. — MHOTONETHHE TpaBbl TPETHETO sIpyca
(Beicota 70-40 cm), Astragalus microcephalus, Onobrychis bobrovii, Thymus Hajievii u np.
(Bricota 30-15 cm). OIIII (oO1iee mpoeKTUBHOE MOKPHITHE) BapbUpyeT B mpeaenax 20-50%.

2. I'pynmma popmanmu: Astragaleta—Acantholimonetum-Juniperosum:

dopmanus Astragaleta—Acantholimonetum-Juniperosum oTMedeHa HA KAMEHUCTO-TUIETUCTBIX
ydyacTkax BOKpyr cen Typkem m Anpwmk [llaxOy3ckoro paitona HaxusiBanckoir AP [9, 10].
Crnenyer OTMETUTBH, YTO Ha CyXHMX KAaMEHHCTBIX CKJIOHAaX B HIDKHEW TopHoil yactu JISHKspaHs
(3yBaHT) BcTpedaeTcs Takke 6000BO-4EPTONOIOBO-MOXCKEBEIILHUKOBAS TPYIITIa PACTCHHIHA.

B xozne uccnenoBaHuil yCTaHOBIIEHO, 4TO HEI(P(PEKTUBHOE HMCIIOIB30BAHUE PACTUTEILHOCTH
TEPPUTOPUU OKa3bIBAET MPSIMOE HEraTUBHOE BJIMSHHE HAa BOCCTAHOBIEHHWE OOHAPYKEHHOIO TaM
¢utoneno3a. IloaToMy coxpaHeHHE LIEHHBIX [EPEBbEB, KYCTAPHUKOB, TIOIYKyCTAPHUKOB U
MHOTOJIETHMX TPaB B 3TUX PACTUTEIBHBIX (DOpPMAIUAX, OMHCHIBAEMBIX T€OOOTAHWYECKH, TOKHO
CTaTh OJTHUM M3 BaXXHBIX BOIIPOCOB.

I'EOBOTAHUYECKOE OITMCAHUE
BumoBoii coctaB u ctpyktypa dopmarmu Caraganeta-Pistacetum-Juniperosum

Ne Hazeanue buomopghnozo éuoa Oxonoeuneckue QObunue  Cpednuit  Denonocuueckue
2pynnol pocm, cm ga3zvl

lepesos

1. Pistacia mutica Fisch. et C.A. Mey. Kcepodut 2-3 | (600)  Bereramus

2. Acer ibericum Bieb. Mesokcepodur 2 I (500) IIserenue

3. Pyrus georgica Kuth. Kcepodur 1-2 1 (400)  co3. dpyk.

4.  Celtis caucasica Willd. Kcepodur 1-2 I (300)  co3. bpyk.
Kycmapuuxu

5. Juniperus oblonga Bieb. Kcepodut 3-4 | (400)  Bereramus

6. Caragana grandiflora (Bieb.) DC. Kcepodur 2 1 (100) IIserenue

7. Crataegus eriantha Pojark. Kcepodur 1-2 | (450)  co3.dpyk.

8. Rhamnus spathulifolia Fisch. et CA.Mey  Me3okcepodur 1-2 1 (250) IIBerenue

9. Ephedra procera Fisch. et C.A.Mey. Kcepodur 1-2 | (150)  Bererauus

10. Viburnum opulus L. Kcepodur 1-2 1 (120) IIBerenue

11. Spiraeacrenata L. Kcepodur 1-2 1 (100) IInomoHoIIEHHE

12. Astragalus microcephalus Willd. Kcepodur 1-2 11 (30) IIBerenue
Tonyxkycmaprnuxu

13.  Thymus hadzhievii Grossh. Kcepodur 1-2 11 (15)  LiBerenue
Mmnozconemnue mpagoi

14. Astragalus glycyphyllos L. Mesodur 2 11 (70) CospeBanue

CTpyuKa

15. Nepeta cataria L. Mesodur 1-2 Il (65)  Ilerenme

16. Festuca alexeenkoi E.Alexeev Mesodur 1-2 I1(55)  llBercHme

17. Bothriochloa ischaemum (L.) Keng Kcepodur 1-2 I1(50)  liBercnme

18. Hordeum europaeum (L.) All. Mesodur 1-2 I1 (40)  IiBerenue

19. Stipa pulcherrima C.Koch Kcepodur 1-2 1 (100) IIBerenue

20. Medicago glutinosa Bieb. Me3zodut 1 11 (80) LlBerenue

21. Artemisia caucasica Willd. Mesokcepodur 1 I1 (40)  Bereranus
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No Haszsanue buomopgpnozo euoa Oxonoeuueckue Qobunue  Cpednuti Denonocuneckue
2pynnol pocm, cm daszvl

22. Onobrychis bobrovii Grossh. Me3zodut 1 11 (30) IlsereHue

23. Poa iberica Fisch et C.A. Mey. Mesodur 1 11 (20)  IIBerenue

24. Vicia crocea (Dsf.) Fritsch Mesokcepodur 1 11 (15)  cos. crpyuka

25. Gagea chlorantha (Bieb.) Schult. Et Kcepogur 1 11 (10)  oOpa3. cemsin

Schult.

Obwutl npoexmuulii nokpos paeser 20-50%

Bvi16o0wv

B pesynbrare uccrnenoBaHuil ObUIM ONpPEEICHBI pacTUTENbHbIE (OpMalUY, BCTPEYAIOIIHECs
B KCEpO(UTHBIX (apUIHBIX) PEKOJIEChAX Ha Tepputopun AsepOaiimkanckoir PecnyOnuku, u ctano
M3BECTHO, YTO 3THU Jieca BCTpeyaroTcs B TypsHualiCKOM 3aroBeIHUKE Ha TeppuTopuu ['abaauHcKoro
paiiona. PacrionoxkeH Ha I0)KHOM cKkioHe bosbmoro Kaskasza, B ropHoil yactu JleHkapel — B
rpanuiax SpasIMiIMHCKOTO paiiona u B HaxusiBanckoit AP. B xoxe uccnenoBanuii BeisiBICH 1 THI
PaCTUTENTBLHOCTH - KCepO(UTHBIN (apHUIHBII) PEIKOIECHBIN TUIT PACTUTEIBHOCTH, YCTAHOBIICHO, YTO
JAHHBIA TUIT PACTUTEIBLHOCTH COCTOUT U3 1 hopManmoHHOrO Kinacca, 2 GOpMAMOHHBIX TPy U 2
acconmanuii. Paspaborana kinaccupuKanmoHHas cXxeMa JaHHOTO BUJA PACTUTEILHOCTH.

Ycranosneno, uyrto rpynna dopmauun Caraganeta-Pistacetum-Juniperosum, B KOTOPOH
npeobnagaoT 0000BbIE KyCTapHHUKH, NpencTaBieHa acconuauuein Caraganeta grandiflora-
Pistacetum mutica-Juniperus oblonga, a rtpynma dopmanuu Astragaleta-Acantholimonetum-
Juniperosum-Astragaleta microcephala-Acantholimonetum hohenackeri-accoumarus Juniperus
polycarpos. TIpoBeneHo reo00TaHUYECKOE ONMMCAHHUE KU3HEHHBIX (opM, deHodas, YUCISHHOCTH,
OKOJIOTUYECKUX  TpyMN, OHOIKOIOTUYECKUX  OCOOEHHOCTEH, XO3AWCTBEHHOTO  3HAYCHUS,
SHAEMHUYHOCTH U Ap. BUAOB, OOHAPYKEHHBIX B (hopMaIUsiX.

Ha Ttepputopusix 3THX JIECOB C JPEBHUX BpPEMEH JIIOAM WHTCHCHUBHO 3aHUMAIUCh
KUBOTHOBOJICTBOM M CEIBCKUM XO3SIMICTBOM, M JaKe ceHdac 3TH TEPPUTOPUU HAXOIATCS IO
CIJIbHBIM ~ aHTPOTNOTeHHBIM BiHsiHHEM. HeoOxomuM Hay4Hblii  (yHIAMEHT [N 3al(UThI
pacTUTENBHBIX 00PAa30BaHUMN, BCTPEUAIOIINUXCS B IECHOM dKocHcTeMe Azepoaiimxkana.
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Abstract. As it is known, all living things constantly exchange food and energy with
the environment in order to continue their life activities and participate in the ecological functions
they perform in nature, and this situation is ecologically both producers (plants), consumers
(animals), and reducers (fungi). and bacteria). Nevertheless, the dependence on the environment of
consumers as well as reducers is a more sensitive feature than that of producers, since both of
the latter, i.e., fungi and animals, are heterotrophs due to their nutrition, i.e., because they cannot
carry out the process of photosynthesis, they depend on organic matter, as well as also, the demand
for oxygen is met by another source, primarily plants. Due to the fact that plants play an important
role in the provision of food for most living things, their comprehensive study has always been
relevant and today it maintains that status in full force. As a result of the analysis of literature data,
it is possible to state it in general data below.

Annomayus. Kak HM3BECTHO, BCE JKUBBIE CYLIECTBA MOCTOSHHO OOMEHMBAIOTCS NUILEH U
SHEpruei ¢ OKpyKarollel cpeoi, 4ToObI MPOIOIIKATH CBOKO KHU3HEACATEILHOCTh U Y4aCTBOBATh B
HKOJIOTUYECKUX (PYHKIMAX, KOTOPbIE OHU BBINOJHSIOT B MPUPOJE, U 3Ta CUTyallHs 3KOJOTHYECKU
SBJISIETCS KaK MPOAYLEHTaMH (pacTeHus ), TaK U MOTPEeOUTENIMU (KUBOTHBIE) U PEAYLEHTHI (TpUOBI
u Oakrepun). Tem He MeHee 3aBHCHUMOCTH OT Cpelbl KOHCYMEHTOB, KaK M PEIyLIeHTOB, SBISETCS
0oJiee UyBCTBUTENIbHBIM IPU3HAKOM, YEM Y MPOYLIEHTOB, MOCKOJIBKY U T€, U JIpyTHe, T. €. TPUObI U
KUBOTHBIC, SBIISIOTCS TeTepoTpodaMu B CHIY CBOEro HHUTAHUSA, T. €. MOTOMY, YTO HE MOTYT
ocylecTBIATE B mporecce (oTocuHTE3a OHM 3aBHCAT OT OPraHMYECKOTO BEIIECTBA, a TaKXkKe
MOTPEOHOCTh B KUCIIOPOJIE YIOBIETBOPSIETCA U3 IPYTOro UCTOYHHKA, B MIEPBYIO OYEPEb PACTCHUIA.
B cBsizu ¢ Tem, 4TO pacTeHHs UTparoT BaXHYIO POJib B 0OECHEYEeHUH NUTaHUEM OOJbIIMHCTBA
KMBBIX CYIIECTB, UX KOMIUIEKCHOE M3y4YE€HHUE BCEraa ObUIO aKTyaJbHBIM M CErOJHS COXpPAHSET 3TOT
CTaTyc B MOJHOM cuiie. B pesynbrare aHain3a IUTEpaTyPHBIX JAHHBIX MOXXHO C(OPMYIUPOBATH 3TO
B OOIIUX JaHHBIX HHXKE.
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Plants, human health and civilization. People's ideas about plants are the basis of a wide
range of their activities and cover, or rather touch, all areas of human life. Because human
civilization has depended on the management of plants since its inception and development, and
due to the lack of necessary knowledge, this issue failed in several cases (https:/kurl.ru/ligJX).
Nevertheless, throughout history, plants have been collected, traded, selectively adapted to new
habitats, and propagated to obtain individuals with new traits. As a logical result of this, they
manipulated plants for various (food, fodder, medical, technical, etc.) purposes, including aesthetic
(decorative properties), and this situation continues today. Moreover, modern civilization is based
on the appropriate use of biological and physical resources of plants, more efficiently and according
to the principles of sustainable development. Because even today, our ideas about the environment
are still incomplete, and there are many issues that need to be clarified, which cannot be solved
without a comprehensive study of plants. The importance of this situation is now more evident in
the conditions of global problems in the world, as well as at the level of modern development of
science and technology (https://kurl.ru/vdsei) [1, 2].

Environment and plants. It is known that most of the organisms living on Earth cannot live
without atmospheric air, i.e. oxygen, that is, they are aerobic. The role of plants, as well as some
microorganisms, is invaluable in meeting the needs of living beings. Thus, only plants and some
micro-organisms realize the satisfaction of living things' demand for oxygen and organic matter by
converting solar energy into chemical energy. Their role does not end there, and the mentioned
group of organisms plays an important role in regulating the chemical and biological state of the
climate, soil and water, it is the source of minerals (for example, coal) that we are depleting today,
that is, the renewable energy source that is easy to obtain in the future. In addition, plants, as well as
photosynthetic bacteria, substances occurring in the biosphere, primarily in the regulation of the
carbon cycle, in symbiotic relationship with microorganisms and making inert atmospheric nitrogen
usable by all living things, in preventing soil erosion and water pollution, open and in improving the
health of closed environments from ecological aspects, etc. that it has an irreplaceable role in
solving issues is one of the realities that no one doubts today. It is no coincidence that in modern
times, it is accepted that plants are one of the integral components of the "Unified health" strategy.
Nevertheless, the negative consequences of human industrial activity, i.e. the increasing
anthropogenic burden on the environment, the increasing number of the world population and other
consequences of the use of nature, can change the buffer system of natural processes that regulate
the global climate in such a way that humanity already feels it today. global climate change is an
example. The future development of the earth also depends on the results that people will achieve in
a more intelligent and efficient use of plant life [4, 5].

That plants are an interesting object for science and production. 1t should be noted that plants
differ from other living things due to a number of qualities, and this difference is the basis of
scientific and practical interest in them. It would be logical to clarify this point by touching on some
of these differences [3, 6-8].

First, only a few phytohormones are required for the transformation of undifferentiated, i.e.,
somatic cells of plants into adults, and it is possible to regenerate the whole organism from
vegetative (leaf and root) organ cells. A similar feature is not found in animals. Secondly, as
mentioned, plants are practically the main and only source of organic matter on Earth, primarily
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oxygen. The reason for this is the presence of chloroplasts in plants with the ability to collect solar
energy, synthesis of 20 essential amino acids necessary for the formation of proteins, including 9
that are not produced by humans (valine, tryptophan and phenylalanine, leucine, isoleucine, lysine,
methionine and threonine). together with microorganisms, living things in atmospheric air, as well
as plants themselves, have properties such as fixing nitrogen that they cannot use. The third is that
although plants do not have the main organ system found in animals, that is, the nervous system,
their physiological characteristics respond to what is happening in the environment. In addition to
the immune system, plants have an induction mechanism that provides resistance against diseases
caused by pathogens and toxins they synthesize. Fourth, primitive and higher plants form the first
link of the food chain in terrestrial and aquatic systems. For this reason, plants occupy a central
place in agriculture, together with microorganisms and domestic animals, they are used for human
food, for various purposes, such as clothing, building materials, etc. can play the role of a source of
raw materials in its preparation. In addition, the application of basic information about plants, such
as the study of the nutrient requirements of plants, allows the management of soil fertility, making
sure that the possibilities of plants in solving the problems of the modern era still exist, and
therefore their research in various aspects is still relevant today. allows recording.

Fifth, although ecological science has progressed considerably in terms of understanding the
processes that regulate the dynamics and trophic structure of ecosystems, systematic differences
between ecosystems still remain [9], causing controversy to remain. Eliminating them can only be
done through a comprehensive study of the plants in the ecosystem. By the way, in the Republic of
Azerbaijan, there are still no studies aimed at the study of biodiversity at the ecosystem level.

If we add to what has been said, as a result of plant research, a number of issues that play an
important role in the development of modern biology and are based on it today, for example,
Mendel's laws that laid the foundation of genetics (experiments on peas), phytochrome
phenomenon, transposition of genetic elements (corn), enzymes protein nature, etc. it has been
clarified, that is, plants are also used as model organisms, then it allows us to state once again with
certainty that plants are interesting and relevant objects of research in any aspect and that it is
necessary to conduct research in these directions.

In addition, the study of plants is also related to another point, which is related to the
occurrence of the invasion event. Thus, as a result of a number of studies, it is clear that thousands
of local species have disappeared due to invasive species [10]. Preventing this is important both for
the Rio de Janeiro Convention on Biodiversity and for solving the problems arising from
globalization. This issue, that is, the study of plants in the conditions of Azerbaijan, is also
important from another point, such as the occupation of a certain part of the territory for 30 years,
the ecological terror carried out by the invaders, as well as the fact that most of the water used to
irrigate agricultural crops is carried out at the expense of transboundary rivers. allows us to state
this with certainty.

Species composition and resources of cultivated and wild fodder plants of Azerbaijan. The
increasing number of the world's population and the fact that this is happening on the Earth, which
is stable against the background of the reduction of the areas used by people for food purposes, has
put humanity in the face of a number of problems. This includes lack of food, energy, raw materials
for industry, etc. issues such as If we add to these the global problems of the globalized world
(https://kurl.ru/VPFFC), primarily global warming and biodiversity loss [11], then it can be noted
that the situation on Earth is not so encouraging. Among the mentioned problems, the problems
related to the demand for food and fodder of the Earth's population, as well as other living beings,
are of particular importance. Thus, for people to live and function, they must always receive the
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necessary substances due to the satisfaction of their demand for food and energy from the
environment. Already today, serious problems are felt in this issue, that is, in providing people with
quality food products. It would be appropriate to touch on some facts in this regard. According to
the estimates of the UN FAO, 783 million people are currently suffering from hunger, and this
number is unlikely to increase. So, according to various forecasts, the population of the Earth is
expected to be 9.3 billion in 2050, that is, the population is expected to increase by 1.33 times. In
exchange for this increase, it will be necessary to increase the production of agricultural products by
about 1.5 times in order to meet the demand for food products of the people living on the Earth.
This forecast is based on the crops grown on the Earth's land used by humans for food production
today. This includes global warming, urbanization, etc. as a result of the processes, salinization,
desertification, etc. if lands that lose their suitability for cultivation are added, then the yield per
hectare will need to be increased more. It is known that although the basis of human food is
traditionally various products obtained from plants and animals, there are always products obtained
with the direct and indirect participation of microorganisms, primarily bacteria and fungi, among
the food products used by people, and more and more products from the mentioned sources are also
found. the ratio changes in favor of microorganisms. Despite this, plants and animals still remain
the main source of human food supply, and for this reason, their research in meeting the human
need for food is considered one of the urgent issues of the modern era for the above-mentioned
reasons. Today, plants are more important in meeting the needs of people for food products, which
is due to their following characteristics:

Plants are biologically more valuable as food [12, 13], as their biochemical composition, more
specifically, the proteins contained in them are rich in both replaceable and non-replaceable amino
acids, as well as the ability to synthesize vitamins. In addition, plants are rich in mineral elements,
vitamins and other biologically active substances, including pharmacological ones, which are
important for humans;

In addition to being one of the sources of food for people, plants also indirectly affect people's
nutrition by forming the basis of animal feed used by people to buy food products, so forage plants
are also important in the formation of quantitative and qualitative indicators of animal products
[14].

Plants have a more important function in nature that is vital for all living things, which is
related to meeting the oxygen demand of the plants themselves and other living things, which are
the source of food for aerobic living beings on Earth, including humans. Thus, the oxygen necessary
for the respiration process is produced precisely as a result of the photosynthesis process in plants
[15].

All these mentioned clearly confirm how plants play an important role in nature and human
life. For this reason, the protection of plants and their effective use is one of the important tasks that
require a more precise solution, arising from the realities of today's globalized world. It should be
noted that the data on the number of species of living things on the Earth at the moment differ
sharply from each other, and this number is recorded from 2 million [16] to 3 trillion. Approaching
these figures from the point of view of what is known to science and what is actual in nature,
various systems are built [17], and according to those systems, the number of species known to
science on Earth is 8.7+1.3 million species, of which 2.2+0.18 million live in the seas, and the rest
live on land. Currently, a total of 1.2 million species of these creatures have been catalogued. 86%
of living things on earth and 91% of those in the sea are waiting for their description [18].
Nevertheless, the number of species of flowering plants currently known to science is shown to be
369,000 species as of 2023. If we add primitive plants here, the total number of species included in
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the plant world is around 550 thousand [19]. Of these, the number of species registered in
Azerbaijan is equal to 5000 [20], which is 9% of the world's flora. Nevertheless, the flora of
Azerbaijan has the richest flora in the Caucasus, as 66% of the plants found in the Caucasus are
found in Azerbaijan (https://kurl.ru/EHvLu).

The fact that most types of vegetation can be found in a small area makes it possible to note
the richness of the flora of Azerbaijan, and for their efficient use, these plants are systematized in
another way, as in the world, that is, they also use artificial systematization for plants. Medicinal
plants, technical plants, oil plants, dye plants, fodder plants come from such systems. Forage plants,
both cultivated and wild, are a major group of plants necessary for the development of livestock.
Although it is impossible to give a specific number about the number of species of fodder plants in
Azerbaijan, there is no doubt that their number of species is expressed in hundreds. Thus, the
number of seeds of annual cereal grasses in the CIS includes up to 1000 species [21].

It should be noted that almost all fodder plants belong to grasses according to their life forms,
and they are either annual, biennial, or perennial [25]. In general, forage plants are divided into 4
groups, including cereal grasses, leguminous grasses, sedges and miscellaneous grasses [22].

Agrosystis alba L. (Field wheat), Beta vulgaris L. (Sugar beet), Dactylis glomerata L.
(Shepherd's broom), Festuca pratensis Huds, Helianthus annuus L. (Sunflower), Hordeum vulgare
L. (Barley), Lathyrus sativus L. (Larch), Medicago sativa L. (Clover), Melilotus officinalis Desr.
(Grass pea), Sorghum sudanense Pers (Sudan grass), Triticum aestivum L. (soft wheat), T. durum
Desf (Durum wheat), Vicia sativa L. (Forage pea or spring sorghum), V. villosa Roth (Autumn
sedge), Zea mays L. (Maize), etc. such plants can be attributed [21-23].

Most of these plants are cultivated in almost all regions of Azerbaijan, but their cultivated
areas, productivity, and feed value are different. For example, in 2022, the cultivated area of grains
and legumes will be 985,687 ha, the cultivated area of fodder crops will be 372,745 ha, and the
cultivated area of spring and winter wheat will be 547,185 ha. In 2022, the yield of wheat from
fodder crops was 31.9 s/ha, the yield of grain corn was 58.6 s/ha, and the yield of legumes was 15.8
s/ha [24, 25].

In general, I should mention that crops such as alfalfa, corn, hard and soft wheat, as well as
barley are currently planted all over the country, and most of the feed used in the country is supplied
by these crops. For this reason, their resources as a resource are more compared to other plants. For
example, in 2022, the yield of sunflower for grain was 23 quintals, and the cultivated area was
11,539 ha, which means 26,539.7 tons of crops per year. For corn and wheat, the amount of the
product produced during that year is 178829.6 t and 1745520 t, respectively
(https://kurl.ru/TmyaM) [26, 27].

It should be noted that a number of fodder plants grow wild and are not yet cultivated in a
cultural way. For example, Agrostis alba L. (Field grass), Cynodon dactylon (L.) Pers.
(Fingergrass), Malva neglecta Wailler (Weed aspen), Phleum pratense L. (Meadow cattail),
Trifolium pratense L. (Meadow clover) and etc. plants like this can be an example [25-27]. It is also
impossible to give a concrete figure about the resources of these plants, at least for the reason that
such a statistical indicator is not found in any source. Just their widespread can be taken as a
synonym for having a lot of resources. In this regard, among the wild plants, 4. alba, Artemisia
vulgaris L. (Common Wormwood), C. dactylon, M. neglecta, T. pratense, etc. are the most
important plants. So, they can be found in almost all areas of the region. Both cultivated and wild
forage plants are not only important as fodder, but also actively participate in a number of processes
typical of plants in general. For example, leguminous fodder plants take an active part in making the
inert form of nitrogen in the soil usable, that is, in fixing atmospheric air. In addition, fodder plants
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improve the physico-chemical properties of cultivated soils, prevent processes such as erosion and
salinization, and their use for various purposes (greening, beekeeping, enrichment of pastures, etc.)
allows for effective results [22].

Finally, it would be appropriate to touch on one issue that due to the artificial systematization
of plants, the same plant falls into different systems. As it is known, some of the species mentioned
above as fodder plants also carry other qualities. For example, corn, sunflower, wormwood, three-
leaf clover, etc. plants are also medicinal plants [22] and are used in folk medicine as diuretics, pain
relievers, etc. It is widely used as a tool with properties [21, 22]. At the same time, due to these
properties, these plants have become the subject of various aspects (botanical, pharmacological,
mycological, etc.) studies, and this situation is still ongoing.
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OHTOI'EHE3 U BUODKOJIOTTUYECKUE OCOBEHHOCTHU
BHUJIA Rosmarinus prostratus B YCJIOBUSIX AIIIIIEPOHA
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ONTOGENESIS AND BIOECOLOGICAL FEATURES
OF THE SPECIES Rosmarinus prostratus INAPSHERON CONDITIONS

©Hasanova M., Institute of Dendrology Ministry of Science and Education
of the Republic of Azerbaijan, Baku, Azerbaijan, minare.hasanova@inbox.ru
©Mamedova V., Institute of Dendrology Ministry of Science and Education
of the Republic of Azerbaijan, Baku, Azerbaijan, mvagida70@mail.ru
©Mamedova N., Institute of Dendrology under the Ministry of Science and Education
of the Republic of Azerbaijan, Baku, Azerbaijan
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of the Republic of Azerbaijan, Baku, Azerbaijan

Annomayus. VI3ydueH oHTOreHe3 M OMOAKOJIOTHYECKUH cOocTaB BuUAa Rosmarinus prostratus,
oTHOcserocst kK pony Rosmarinus L. VccnenoBanue nmpoBeeHO HA TEPPUTOPUU ATIIEPOHCKOTO
IIOJIyOCTPOBAa Ha ONBITHOM YywacTke HWHcTHTyTa aAeHaposiormd npu MUHHCTEPCTBE HAyKH H
obpa3zoBanus AsepOaipkaHckoil PecnyOnuku B KyJAbTYpHBIX yClOBUsX. Bua Rosmarinus
prostratus, OTHOCSIIMECS K pony Rosmarinus L. uMeeT HOpMalbHbIE NEPHOABI PA3BUTHUS B
MPUPOJIHBIX YCIOBUAX AMIIEPOHCKOTO IMOJyOCTPOBa. DTOT BHUJ MOXKHO HCIOJIB30BaTh B KauecCTBE
JIEKOPAaTUBHOI'O PACTEHUS IIPU O3EJICHEHUH MapKOB U CAJI0B, 4 TAK)KE JIEKAPCTBEHHOI'O PACTEHUS JJIS
MaccoBOTO IPOU3BOACTBA, IPOMBIIIICHHBIM CIIOCOOOM pa3IMYHbIX JEKAPCTB.

Abstract. The ontogenesis and bioecological composition of the species Rosmarinus
prostratus, belonging to the genus Rosmarinus L., were studied. The study was conducted on
the territory of the Absheron Peninsula on the experimental site of the Institute of Dendrology
Ministry of Science and Education of the Republic of Azerbaijan in cultural conditions. The species
Rosmarinus prostratus, belonging to the genus Rosmarinus L., has normal periods of development
in the natural conditions of the Absheron Peninsula. This species can be used as an ornamental plant
for landscaping parks and gardens, as well as a medicinal plant for mass production, industrially
various drugs.

Knrouesvie cnosa: Rosmarinus L., Rosmarinus prostratus, AniepoH, OHTOTeHe3, 3(upHoe
MaciIo.
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Jlnst pasBUTHsSL PACTEHMM HYKHBI IUIOJOPOJIHAs I10YBA, HOPMAIbHBIM BOJHBIA PEXUM,
ONTUMAJIbHOE OCBeUIeHHEe W Temno. Kiumar ANIIepOHCKOro IOJIyOCTpoBa ObLT  H3y4YeH
HEKOTOPbIMM HcciiefoBaTensiMu. Ha 3ToM monyocTpoBe JIeTO ObIBAaeT CyXuM (3aCyLUIMBBIM) U
OYEHb JKapKUM, OCEHb ObIBAET MPOXJIAJAHON U YMEPEHHOM, a 3uMa ObIBa€T KOPOTKOW U YMEPEHHOH.
Tepputopust  ANIIEPOHCKOrO  MOJIYOCTpPOBAa HAXOAMTCS B  Ipelenax TIpPaHULl  CyXOro
CyOTpONUYECKOro KIMMaTa.

OxpykeHue C Tpex CTOPOH BOJOH IIOJyOCTPOBA YMEHBIIAET KOHTHHEHTAJIBHOCTH €T0
xiuMmata. IlomyoctpoB Haxomutcs Ha 3anane Kacnuiickoro mopsa. Cesepo-3amajgHas 4acTb
II0JIyOCTPOBAa  CMBIKAE€TCA IOr0-BOCTOYHOM uacThio bompmioro Kaskaza. CpengHeroposas
TeMIeparypa AMNUEpoHCKOro mnoiyoctpoBa cocraBiser +14°C. CpenHss Temmeparypa JeTa
cocrapisier +25,5°C, a makcumaipbHas Temriepatypa cocrtabisger +38-39°C. B cpaBHeHuu c
JAPYTUMH paiioHaMM CTpaHbl 3UMa 3/1€Ch ObIBa€T KpaTKOBpeMEHHOM [1].

Hecmotpss Ha TO, 4TO TEppUTOpHS MOIYOCTpOBa Majias, 3[€Ch TeMIlepaTypa JOBOJIBHO
n3MeHuuBas. PenbeHble yCcIoBUS IOJYyOCTPOBAa OYEHb CHUJIBHO BIIMSIOT Ha €ro TeMIlepaTypHBIN
pexxum. Kpome penbeda Ha TemmepaTypHBI peXUM IOJyOCTpOBAa BIMSET U PACCTOSIHUE OT
pa3IMYHBIX YYacTKOB IIOJIyOCTpoBa A0 Mops. Pacrymme pacTeHuss Ha 3TOM IOJIyOCTpPOBE
3aCyX0yCTONYMBbBIE, TpeOOBATENIbHbIE K TEIUly, HO HE OYEHb TpeOOoBaTENbHbIE K IOYBEHHOMY
IIJIOTOPOJHIO.

B ycnoBusix AmIepoHCKOro MHoiyocTpoBa m3ydeHue Rosmarinus prostratus (cremromuiics
po3MapuH) uMeeT Oosblioe 3HadeHue. M3ydeHue MOpQOIOrMUEcCKUX OCOOEHHOCTEH 3TOro
KyCTapHHKa, OMOMOp(OIIOTHYECKUX OCOOEHHOCTEH CEeSHLEB M MX IOA3EMHBIX OPraHOB HMEET
6onpmoe 3HaueHue. [loaromy ObUTH M3y4eHBI MOP(OIIOTHS CESTHIIEB U UX TUHAMUYECKOE Pa3BHUTHE.
l'oguuHbIil pUpPOCT KycTapHUKa ObUT U3ydeH mo meroay A. A. MomuanoBa u B. B. CmupHoBa.
Mopdonorus cesHIeB Obl1a n3ydeHa pycckuM ydenbiM JI. T. BacuibueHkomM.

BedHo3eneHbIll NONYKYCTapHUK M KYCTAPHHK pPO3MapHH, OTHOCSUIMICA K CEMEUCTBY
ryoorseTHbix Lamiaceae (Labiatae) mo ¢opme u mo pasmepy, a Takke MO IBETY LBETKOB U IO
¢dopme nucToB 1o MeHbled mepe umeerT 20 BUIOB. DTO pacTeHUE B €CTECTBEHHOM BH/E
pacnpocTtpaHeHo Ha tore EBpombl, B ToM uucie Ha Tepputopuu fOrocnasum, I'pennn, Wranuw,
[opryranuu, Ucnanuu, @panuuu (Ha rore cTpanbl), Ha ceBepe Adpuku (Amxup, JIusus, Mapokko,
Tynuc), a Takxke Ha Tepputopun Typuuu u Kumpa. 910 pacteHue 0osbliie BCEro paclpoCTPaHEHO B
TOpPHBIX paliOHAaX Ha 3aCyLUIMBBIX CKJIOHax. CpenHss BbIcOTa KycTapHHKa coctasisier 0,5 merp.
JlnamMeTp KpOHBI 3TOr0 KyCTapHHKa B OOJBLIMHCTBE ClydaeB cocraBisier 1,5 merpa. Rosmarinus
prostratus (cremomuiicst po3MapuH) MPEACTABISICT COO0M BEYHO3EICHBI KYCTAPHUK M €ro BHICOTA
cocraBisier 0,5 merpa. HuxkHSS NMOBEPXHOCTh JMCTa 3TOr0 KyCTapHHKA IOKPBITa KOPOTKUMH
BOJIOCKaMH, IIBETKH 3TOT0 KyCTapHHMKa ObIBalOT rory0oBaTO-(hHoJIeTOBBIMU. PaciiBeTaer B anpese u
B Mmae. [lmogsl co3peBaoT B ceHTsAOpe. I[lmoasl 3TOro KycTrapHHMKa MpEACTaBIAIOT COOOH
IIapOBUJIHBIE OpelIKu. [ToBepXHOCTh MI00B ObIBaeT riagkoil. OHM MMEIOT KOPUYHEBBIN 1BeT. B
HaIlel cTpaHe MpHU ONTUMAIbHBIX YCIOBUSIX pPacliBETaHHWE ITOTO KyCTapHHUKA MOXKET MPOA0KATHCS
BIUIOTH 70 HOSIOPSI.

N3ydyenne u OlEHKAa OMO3KOJIOIMYECKHX OCOOEHHOCTEH, BpeauTenel, 3KOJOTHYECKOU
YCTOWYMBOCTM M TEPCIEKTUBHOCTH CTenmonierocss posmapuHa (Rosmarinus prostratus) B
MPUPOHBIX YCIOBUAX AMIIEPOHCKOTO MOJIYOCTpOBa MMeeT OoJblnoe 3HayeHue. Hapsaay ¢ atumu
pabotamu BeAyTCs U (PUTOXMMHYECKHE HCCIEAOBAaHUS 3TOr0 BUIA, M3Y4YaAlOTCS €ro IOJe3HbIe
CBOWCTBa, BO3MOXKHOCTH HCIIOJIB30BaHMSA, a TaKXkKe IOJyd4eHHe H(QHUpPHOro Macia OT 3TOro
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KyCTapHHUKA.

B wuccnenoBaHusix OBUIM HCIOJNB30BaHbl CEMEHAa MECTHOIO IPOU3BOJCTBA M CEMEHa,
MIPUBO3UMBIC U3 OOTAHUYECKUX CAJIOB JPYTUX CTPaH, a TAKXKE MOJIYICHHBIE OT YepeHKOB. M3ydenue
OMOJIOTMYEeCKIX OCOOCHHOCTEH Pa3IMYHbIX COPTOB M BUIOB PO3MapHHA B YCIOBUSAX AMIIEPOHCKOTO
MOJIyOCTPOBA U UX YCTOWYMBOCTU MPOTUB BPEIHBIX BIUSHUN MPUPOIBI UMEET OTPOMHOE 3HAUCHHUE.
IlBer cemsH Buma Rosmarinus prostratus TemMHO KOpHYHEBBIA. J[MHA CceMsiH 3TOro BHA
cocraBuseT 1,7-2 mm, a mupunaa 0,8—1 mm. Bec 1000 cemsn coctaBmsier 1,5 r. B mabopaTopHbix
YCIIOBHSIX MAacCOBBIE BCXOJIbI HAOMIOAAIOTCSA B TeUeHHE 24-25 HHEW, a B OTKPHITHIX YCIOBUSAX B
tedyenun 30-32 nHeil. B nmabopaTopHbBIX YCIOBHSX BCXOXKECTh ceMsiH cocraBisieT 75,0%, a B

OTKPBITHIX YCJIOBUAX 62,9%. BexoxkecTh ceMsiH Mmociie NpocTos B HECKOJBKO JIET MOHUXKAETCS 10
50-60%.

Mamepuan u memoosi

B kadecTBe wmcciieoBaTeNbCKOrO MaTepuana ObUT B3aT Bua Rosmarinus prostratus
MHTPOJIYyIMPOBAaHHBI Ha AmNIIepoHCKHH moiayocTpoB. CemMeHa wu3y4aeMoro BHIa ObUH
3aroTOBJICHBI M3 Pa3JIMYHBIX MYHKTOB A3epOaiimkanckoi PecrmyOnmku. CemeHna ObUTH 3acesiHB B
onbiTHOM Yywyactke MHO Wuctutyra nenaponoruu. Ha paBHUHHBIX yyacTkax ATNIIEPOHCKOIrO
MOJIyOCTPOBAa KJIMMAT ObIBa€T YMEPEHHO-TEIUIBIM. B  1enoM KiuMaT MOJIyocTpOBa CYXOM
CyOTponrYecKuii MOMymyCThIHHBINA. CpeqHeroioBas Temmeparypa Bo3ayxa cocrasisier +13,6—14,9°
no llenbcuto, a cpenneronoBsle ocaaku cocrasisoT 203,3 mm. Ha oneitHom yuactke MOH
WNHctutyTa OeHAPONIOruy pacnpoCTpaHEHbl XapaKTepHbIe i1 AMNIIEPOHCKOTO MOIYOCTPOBa CEpo-
Oypble oYBHI [2].

Onrorene3 Rosmarinus prostratus usydgancst mo meroauke JI. @. XKykosoit [3]. U3mepenus
IIpoBeIeHbl Yepe3 Kaxaple 8—10 nHeil.

buoxumuueckue anamussl nposeneHbl B Mucrurtyre [lenpponormn no meromam 1. II
benexoBa, A .A. Younckoii [4] u B. A .Pazymona [5].

B oxTs0pe 1 B MapTe coOpaHHbBIE CBEKHUE CEMEHA CEI0T BO BIAXKHYIO U IUIOJOPOJHYIO OUBY
B onbITHOM y4dacTke MHCcTUTyTa Jlenaponoruu. /s CBEKHX CeMsH MOATOTABIMBAIOT CIEAYIOLIYIO
cMmech: 1 yacTh cajgoBas mousa, 1 yactb Topd, 1 yacTb HaBo3, 1 yacTh mecok M 1 yacTh mepersHoi
nucta. CeMeHa ObLUTH TOMEIIeHbI Ha rTyOuHy 1,5—2 ¢M U MOKPHBITHI 04BO# (PrcyHOK 1).

Pucynok 1. Cemena Bua Rozmarinus prostratus Hill’s Hardy

IIepBbIil rOJ yX0/a 3a CesTHIIaMU: €CIIU [I0r0Ja IPOXOAUT 3aCyLUIMBOM, TOT1a Yepe3 OAUH pa3
Kaxable 3-4 nHs opolaroT yyacTku. [Ipu 3acymummBoil moroje B3pocible paCTEHUs OPOLIAIOT Yepe3
kaxapie 8-10 mueit. [IpumepHO 6—8 pa3 MOYBY YMCTAT OT COPHSIKOB M pa3phIXysiioT. [locnexyromme
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TOJIbl YHUCTKY OT COPHSKOB WM pa3pbIXJIEHHWE TMOYBHI TMOHWKAT 10 3-4 pa3. IlepBbie BCXOIbI
HaOII0JAIKMCh B TIEPBOM JIeKaze ampens. Bexompl ceMsiH, KOTOpbIE paccesiHbl oceHbio Ha 10-15
JTHEH! TIOSIBIISIFOTCST PaHbIlle, YeM BCXOJbI CEMsH, KOTOpbIE paccesiibl BeCHOM. CTeneHb BCXOKECTH
ceMmsH Buaa Rosmarinus prostratus cocramiser 43-65%. B pesynbraTe NMpPOBEICHHBIX OIBITOB
OTIPEJICIICHO, YTO OT CBEXKHUX CEMSH BCXO/IbI MOSBIISIIOTCS PaHBIIE, YeM OT CTapbhIX CEMsIH.

IIpezenepamusnoiii nepuod. CeMeHa naroT Haa3eMHbIe BCXObl. C pa3BUTHEM 00pa30BaHHBIX
OCIOIBETHBIX KOPEIIKOB THIIOKOTWIIH yAJTUHACTCS U TMOJHUMAIOT CEeMSIONI0 Ha mouBy. OT cemsiH,
BBIPANIMBAEMBIX B ONTUMAIBHBIX YCIOBHUSX, 00pa3yrOTCs ABE CYNPOTHUBHBIE CEMSAONH. BCXOmb
COCTOAT M3 CeMSIO0JU U W3 MpUiaucTHUKA. CeMAI0II UMEET SJUITMIICOBUAHYIO (OpMY, €€ OKpauHbI
LIeJIbIE ¥ KOHYUK OCTPBIM, C 000MX CTOPOH PEIKO BOJIOCHUCTHIC, BEPXHSS IMOBEPXHOCTH 3€JIeHas, a
HIDKHAS TIOBEPXHOCTh CBeTNo-3enéHas. OrkuBieHue cerdatoe. HOXKuM KopoTkme ci1abo
Bosiocucteie. JlimHbl HOXek cocraBisitor 0,4-0,5 cm, a mmpuna 0,1-0,2 cm. [lnmnaa crnabo
BOJIOCHCTOM CBETJIO0-3€JIEHON T'MIOKOTHIIM cocTaBiigeT 1,6—1,9 cMm, a IMHa SITHKOTHIIA COCTaBIISICT
1,-1,7 cm. Cemsanons xuBet npubnuzutensHo 38—42 aueit (Pucynok 2). Kopemniok Bcxoja TOHKUH,
HaJl KOPEIIKOM Pa3BUBAIOTCS HEXXHBbIE OOKOBBIC KOPEHIKH. JJIMHBI 3TUX CepO-O€NbIX KOPEIIKOB
cocraBistoT 1,0-1,4 cm. B cBA3M C NOSIBIIEHWEM HCTUHHBIX (HACTOSIIMX) JINCTOB JJIMHA KOPHS
yBenuuuBaercs 10 2,5-4,0 cum.

Pucynok 2. [TepBbie Bcxopl Bua Rosmarinus prostratus

Cnycrss 28-30 nHeil mocie oOpa3oBaHMs CEMSIONIM BHJIHA IepBas Napa MCTHUHHBIX
(HacTOSMMX) JIUCTOB. ODTH JIUCTHl HAIOMUHAIOT XBOW, OHM JIMHEHHBIE, KOXHUCTHIE, CHUAAYUE U
HaxoJATCs CYNPOTUBHO, KOHUYMUKH Tymble. X mmunbl coctaBnsaoT 1,3-1,4 cMm, a mmpunsl 0,2-0,3 cm.
Kpas nucToB 3aBepHYTHI BO BHYTpb. HMKHSAS MOBEPXHOCTH JMCTa HEMHOIO BBIYKJas U CBETJIO-
3en€Hast, a BEpXHss IOBEPXHOCTh TEMHO-3¢elIeHast U OnecTsas. B KoHIe BereTaliuu TOHKUI KOPEeHb
nocrerneHHo gopmupyertcs. JlJinHa TOHKOro KOPHSI COCTaBIsAET 7-9 cM, a €ro AuaMeTp COCTABIISET
0,4-0,5 cMm. B 310 BpeMst 00pasyeTcs HECKOJIbKO OOKOBBIX KOPHEH.

Oman 1weenunvHoco 6o3pacma. B sToM dTame HaOMIomaeTcs yBSJAAHHUE CEMSONH.
ITocrenenHo oO6pa3yroTcst 2—3 mapbl UCTUHHBIX (HACTOSIIMX) JIUCTOB. 3aMeyaeTcss pocT U pa3BUTHE
OCHOBHOTO KOpHS. J[;TuHA OCHOBHOTO KOpHS Kosiebnercs Mexay orMerkamu 10,5-13,0 cm, GokoBoe
pacmpocTpaHeHHe OCHOBHOTO KOpHS Konebnercs Mexay otmetkamu 5,0-7,5 cm. Ha ero
MOBEPXHOCTHU HalM01aeTcs 00pa30BaHUE BTOPOCTENIEHHBIX OOKOBBIX KOPHEH.

Hmmamypnoui  6o3pacmuou sman (m). Ha sTom stame Habmomaercss oOpa3zoBaHHe U
dhopMHUpOBaHKE WCTHUHHBIX (HACTOSIIIMX) JIMCTOB M pacTeT OCHOBHOUM moOer. J[JiMHA OCHOBHBIX
moberoB kosebaeTcss Mexay otmerkamu 6,5+0,5 cMm, a mmpuna 3,0+0,4 cm. B xoHie mepBoro
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BETETAIlMOHHOTO T0Jia JIJTMHA OCHOBHOTO KOpHS KoJyieOieTcss Mexay orMmerkamu 14,5+0,6 cm. B
KOHIIE ATOTO JTama BBICOTA BCXOJOB KoJyieOneTcss Mexay otmerkamu 9—11 cm. MmmatypHbiit
BO3pacTHOM »Tan npojoxkaercs 30—37 nueit.

Bupeununouwiti sman (v). ITOT 3Tan OXBaThIBaeT JBa roja. B aTom mepuoje mpoucXOoauT
POCT OCHOBHBIX M OOKOBBIX BETBEH. B KOHIIE ATOT0O meprojia BRICOTa pacTeHH cocraBiser 15-17
cM. OCHOBHOH KOpE€Hb HMHTCHCHBHO pa3BHBAcTCI W JOXOAUT A0 rinyounbl 18,0£0,5 cwm.
HaGmonaercst pasButre O0OKOBBIX KOopHEH 2 u 3 mopsiaka. Ham ocHOBHBIM cTebiieM HabII0ar0TCs
OOKOBBIE TOOETH MEPBON CTETICHH.

Pucynok 3. Poct ocHoBHOro mo6era Buza Rosmarinus prostratus

Tenepamuenviii nepuoo (g). Kak B apyrux Bumax Tak ¥ B Bujae Rosmarinus prostratus
pacTeHue UCCIeAyeTCs Ha TPEeTheM roay *Ku3Hu. B 3ToM mepuozae Habmt01aeTcs pocT pacTeHUs! U
oOpa3oBanne 00KOBBIX BeTBel. KonmuecTBo OOKOBBIX BETBEM cocTaBisieT 3—5, a miuuHa 17-25 cwm.
BricoTa kycTapHHKa Koje0nercss Mexay oTMeTkamu 42-46 cM.

B stom nepuone pacteHue BXOIUT B dTal I[BeTeHHs. [ pymnmna 1[BETOB criepBa HaOI01aeTCs Ha
OCHOBHOM cTe0Jie, a TTOTOM B KOHIIE OOKOBBIX BETBEH. ['pymma IBETOB MMEET JIO)KHO KHCTEBYIO
dbopmy 1 HaJ HUMU HaXOAUTCS 3—5 cuasauux 1BETKOB. 60—67% pacTeHuil BXOJAT B ATAN I[BETCHHUS.
W3-3a Toro 4to nBeTeHue HabOIIOJaeTCs MOCIEeI0BaTeNIbHO, TaK K€ U co3peBaHue ceMsiH (¢ (eBpans
n0 Mas) HaOmogaercs mocienoBatenbHO. [locie reHepaTWBHOTO TMEpUOJa OTMEYaroTCs
CyOCeHMJIbHBIH M CEHUJIbHBIN BO3pacTHhIe mepuojbl. C BO3paCTOM HIDKHUE JIUCTHI KyCTapHHKA
3aChIXalOT U OMAJAl0T Ha MOBEPXHOCTh 3emud. MTak, B pe3yibTaTe M3y4ueHHUs OHTOTECHE3a BHJIA
Rosmarinus prostratus ObLTH MOJYYEeHbI HUKECISIYIONIHE Pe3yIbTaThl. Pa3Mephl: THITOKOTHIb —
1,6-1,9 cm, smukotunb — 1,5-1,7 e, anuna cemsinonu B cpenneM — 5,0 eM (ot 4,0 1o 6,0 cm).

[To BpemeHu U natam: BBIXOJ CeMsII0JIeH Ha TOBEPXHOCTh MouBbl — 20.1V+2 nHs, omanenue
— 28.V£4, npo10mKUTENbHOCTD kU3HU — 40+2 nHei.

[Ipu onTUManbHON TeMIepaType U BIaXHOCTH BCXOJBI pacTyT Xxoportro. [locie oOpasoBanus
u (HopMHUPOBAHHS HCTHHHBIX (HACTOAIIUX) JHCTOB CEeMSAAO0NM omagaioT. CeMsaonu, KOTOpbIe
OCTAlOTCSl Ha BCXOJaX, UTPasi poJib aCCHMHIJIUPYIOIIETO OpraHa, 3allMIIalT BCXOJbI OT BPEIHBIX
sIBJIEHUM TpUpobl. [[poaoKUTENBHOCTD KU3HU CEMSIIONEH 3aBUCUT OT YCIOBUM BBIPAIIMBAHUS
BCXOJIOB, a TaKXXe OT OHONOTMYECKUX OCOOCHHOCTEeH Kaxkaoro Buja. Cemsmoiu MpH BCXOJHE
Rosmarinus prostratus ocratorcst 4042 nHeii.

IIpecenepamuensiti nepuoo. Bexon (), FOBeHMIbHBIN Bo3pacTHOW 3Tan (10), UMMaTypHBIH
BO3pacTHOM 3Tan (m), Buprunuwibssiil stan (v) monogoit (m 1), cpegnuit (M 2), crapeii (m 3).
I'enepatuBHbd Tiepuog (r). beuim wWccnenoBaHbl CYOCEHHWIIBHBI W CEHUJIBHBIA BO3pPACTHBIE
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nepuozbl Buaa. B cocTaBe MHTPOAYIMPOBAaHHBIX BHIOB RoSmarinus prostratus u Rosmarinus
officinalis L. mmeercs MHoro s¢upHOro Macia W IyOWJIBHBIE BEIIECTBA. JTH BHABI HMMEIOT
dapmakosiornueckue cBoiicTBa. [loaromy ObUIO MMOJMyYeHO MAaTEHT-U300peTeHne Rosmarinus
officinalis L. Buxg Rosmarinus officinalis L. pa3BoasaT ceMeHaMu 1 4epeHKaMH, [T TOJIYUYCHUS U3
JIMCTHEB U I[BETOB 3TOr0 BUjIa 3(UPHOTO Macia, a TakKe BEIyT OMOXUMUYICCKUE HCCIICIOBAHUE IS
HCIIOJIb30BAHUS €0 B JIGKOPATUBHBIX IHEJIsIX. [[03TOMY 3TOT BUJ CYMTACTCS MEPCICKTUBHBIM, H €TI0
[IIAPOKO UCIIOJIB3YIOT JJIst 03€JICHEHHS [TAPKOB U CaJI0B.

Cnucox 1umepamypol:

1. Qaziyev A, Hasanova M., Mircalalli I., Alakbarov R., Babayev M., Qurbanova D.
Photosynthesis rate comparison between age classes Eucalyptus sideroxylon A. Gunn, plants in
Absheron Peninsula // Sciences of Europe. 2023. Ne122. P. 3-7.

2. Mommadov Q., Yusifov E., Xalilov M., Korimov V. Azorbaycan: Ekoturizm potensiali.
Baki: 2012, I hissa, 359 c.

3. XKyxosa JI. A. OHroreHe3 W LMKIBI BOcTpou3BeneHus pactenuid // JKypran oOmiein
ouomorun. 1983. T. 44. Ne3. C. 361-374.

4. benexos I'. I1., Younckas A. A. KoHTpoJib KOpMIIEHHUS CEITbCKOXO03IUCTBEHHBIX KUBOTHBIX.
JI.,1963. 293 c.

5. PazymoB B. A. MaccoBslii ananu3 kopmoB, M.: Konoc, 1982. 176 c.

References:

1. Qaziyev, A, Hasanova, M., Mircalalli, 1., Alakbarov, R., Babayev, M., & Qurbanova, D.
(2023). Photosynthesis rate comparison between age classes Eucalyptus sideroxylon A. Gunn,
plants in Absheron Peninsula. Sciences of Europe, (122), 3-7.

2. Mamedov, G., Yusifov, E., Khalilov, M., & Kerimov, V. (2012). Azerbaidzhan: potentsial
ekoturizma. Baku. (in Azerbaijani).

3. Zhukova, L. A. (1983). Ontogenez i tsikly vosproizvedeniya rastenii. Zhurnal obshchei
biologii, 44(3), 361-374. (in Russian).

4. Belekhov, G. P., & Ubinskaya, A. A. (1963). Kontrol' kormleniya sel'skokhozyaistvennykh
zhivotnykh. Leningrad. (in Russian).

5. Razumov, V.A. (1982), Massovyi analiz kormov, Moscow. (in Russian).

Paboma nocmynuna Ipunsama k nyoauxayuu
6 peoaxyuto 30.06.2024 2. 09.07.2024 2.

Cceblika 018 yumuposanusi:

I'acanosa M., Mamenosa B., Mamenosa H., Mammanginu I. OxnTorenes u OHOIKOJIOTMUECKHE
ocoOeHHOCTH BUAA Rosmarinus prostratus B yclnoBusix AmmiepoHa // bromnereHp Hayku u
npaktuku. 2024. T. 10. Ne8. C. 75-80. https://doi.org/10.33619/2414-2948/105/09

Cite as (APA):

Hasanova, M., Mamedova, V., Mamedova, N. & Mammadli, G. (2024). Ontogenesis and
Bioecological Features of the Species Rosmarinus prostratus in Apsheron Conditions. Bulletin of
Science and Practice, 10(8), 75-80. (in Russian). https://doi.org/10.33619/2414-2948/105/09

—G)
@ BY Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 80



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 10. Ne8 2024
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/105

VYIK 575.224 504.53.054 https://doi.0org/10.33619/2414-2948/105/10
AGRIS F40

IbLIBIIA 3TAKOB KAK BEJIYIIIHI ADPOAJIJIEPTEH

©Koo63aps B. H., ORCID: 0000-0001-9910-0148, SPIN-k00: 4669-6355, 0-p buon. nayx,
Kupeuscko-Poccutickuii crassanckuti yrnusepcumem, 2. buwxex, Keipeviscman, kobzarvn(@yandex.ru
©O0cmonbaesa K. b., ORCID:0000-0001-9606-9392, SPIN-kx00: 6501-0823, kano. 6uon. nayx,
HUccvix-Kynocxuil eocyoapemeennviil ynugepcumem um. K. Teinvicmanosa, e. Kapaxon,
Koipevizeman, kymbat _desperandum@rambler.ru

POACEAE POLLEN AS THE LEADING AEROALLERGEN

©Kobzar V., ORCID:0000-0001-9910-0148, SPIN-code: 4669-6355, Dr. habil.,
Kyrgyz-Russian Slavic University, Bishkek, Kyrgyzstan, kobzarvn(@yandex.ru
©O0smonbaeva K., ORCID: 0000-0001-9606-9392, SPIN-code: 6501-0823, Ph.D., Issyk-Kul State
University named after K. Tynystanov, Karakol, Kyrgyzstan, kymbat_desperandum@rambler.ru

Annomayus. OO0 aKkTyaJbHOCTH a3pOOMOJIOTMYECKONM TEMAaTWKH CBHUJETENbCTBYET TOT (PaxT,
yto ¢ 1 mo 5 wrona 2024 roga Bwibnroce (JIuTBa) mpoXoawyio HEOOBIYHOE MEPONPHSITHE,
BKItOHaroniee 8-if EBpomneiickuii cummnosuym no aspoduonoruu (8-it ESA), 12-it MexayHapoaHbIii
KoHTrpecc 1o aspoduornoruu (12-it ICA) u 5-r0 MexnyHapoIHy0 KOHPEPEHIHIO 1o aMOpo3uu (5-i
IRC). Bcemupnas aspobuonorus 2024 — OecrnperneneHTHOe Mo macmTabam coObitue. Ha Hem
00CY>KIaJIUCh BONPOCHI TPUMEHEHHUsT HUCKyccTBeHHOro wuHtemiekta (M) s moacuera u
MHTEPIIPETAINH JaHHBIX a3poOuonorunyeckoro Mmouutopuara. Ho moka MM He Bce TakKCOHBI MOXKET
OTIPEENIUTh, IOATOMY TINATEIBHBIN MOACYET U UIACHTH(PHUKALNS MBUIBLBI PACTCHUN W CIIOp TPUOOB
MOJIBJIACTHA TOJIKO YEJIOBEKY-HMCCIIe10BaTeN0. A3po0noIOrnyecKuii MOHUTOPUHT C TPUMEHEHUEM
BOJIIOMETPUYECKUX JIOBYIIEK OCTA€TCSl  30JIOTBIM CTaHJApTOM HcCClenoBaHus. B mupoBom
COOO0IIIeCTBE CYIIECTBYIOT CETH OHMOJOTMYECKOT0 MOHHTOPHMHTA KadecTBa BO3AyXa C H3yUYECHUEM
KOHIIEHTpAIUK MbUIbIBI PACTEHUN U criop rpuOoB B Bo3ayxe. Uepes3 mpuiiokeHue Ha MOOUIBHOM
TeneOoHEe MOKHO y3HATh MIPOTHO3 MEPHOAOB MAKCUMAJILHOTO PUCKA, B TEUEHUE KOTOPBIX OOJIbHBIE
MOJUTMHO30M TIOZIBEPTarOTCsl BO3/ACUCTBUIO OCHOBHBIX a’poaisiepreHoB. [lomysisipHBI 3ampochl
MHTEPHET-NI0JIb30BaTeNIel K KOMIUJIEKCHOM MpoOieMe W3MEHeHMs KIuMara, 3arps3HeHHs
OKpyXarolel cpeabl W BO3AyWIHbIM aimepreHaM. B Kupruszum cucremsl HanmonanbHOTO
a’poOHOJIOTMYECKOTO MOHUTOPHHIA HET, HO CepBUC «MeTeoHOBa» 3alyCTU MPUIOKEHHE s
MOOMJIBHBIX T€J1€()OHOB MO MPOTHO3Y MbUIBIBI, HAXOSAMIEECS MOKa B CTAUHM TECTUPOBAHUS U HE
oTpakarolllee peasibHble OCOOCHHOCTH a’pOOMOJIOrMYECKOro cnekrpa. M3BecTHO, 4To B MHUpPE K
cemerictBy Poaceae otHocutcs Oosee ywem 12 000 BumoB, kiaccuduiupoBanHsix B 771 pona,
npuHaiexkammx Kk 12 nonacemeiictBam. B Keipreiscrane npowuspacraer 300 aHeMOHUIBHBIX
BUJIOB OJTHO-MHOTOJIETHHX PACTEHHH, BBLICISAIOMIMX OIPOMHOE YHMCIIO TIBUIBLBI B aTMocdepy B
BeCeHHe-NIeTHUH mepuod. IIpuiblia 37aKOB MO-TIPEKHEMY BXOAUT B JIECATKY DIIOOATbHBIX
a’poaJIepPreHoB, SBIAACH BEAyUIed NPUUMHON MOJUIMHO3a, IO NPeoOSaJaolM  pa3Mepam,
OTHOCSCH K Ononornyeckum 3arpsisHuTessiMm (PMio). ITsutenel Poaceae 1nmpkynupoBaia B BO3IyXe
r. Kapakon Bce ce3oHbl uccienoBaHuss W coctaBimsiia or 167 no 174 pguei. E€ cyrouHsble
MaKCUMYMBbI KOHIIEHTPALMU BBISBICHBI B MIOHE-MIOJIE, PACIPEACIECHUE NbUIBLIBI B BO3AYXE HOCHUT
YHUMOAAJIBHBIM XapakTep. YCTAaHOBJIEHO BO3JCHCTBHS aHTPONOIEHHOM TpHaAbl: W3MEHEHUs
KJIuMatra (TemrepaTrypbl) U CHUCTEMbl 3€MJICTIONIb30BAaHUSA, a TAKXKE 3arpsA3HEHUS OKpYKarolen
cpelbl Ha Kosie0aHUsl ypOBHEH MbUIbLIBI 371aKOB, YTO MPOSBISIOCH B JETPAJAAllNU MbUIBIEBBIX 3€pEH
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1 IIOABJICHUSA MMOBPEKACHHBIX W HCOMMPEACICHHBIX OMOJOrHYECKHUX YacCcTHII. HGJ'II) HaCTOHHIeﬁ CTaTbu
— MH3YUUTb KOHLOCHTpAUWIO IMbUIBOBI 3JIaKOB B BO3AYXE, HX HWHTCIPAaTUBHOIO BKIaJga B
aBpO6I/IOHOI‘I/I‘IeCKI/II7I CIICKTp B I. KapaKon KaK JOMHWHAHTHBIX NbUIBICBLIX aJIJICPICHOB.

Abstract. The relevance of aerobiological topics is evidenced by the fact that from July 1 to
July 5, 2024, an unusual event was held in Vilnius (Lithuania), including the 8th European
Symposium on Aerobiology (8th ESA), the 12th International Congress on Aerobiology (12th ICA)
and the 5th International Ragweed Conference (5th IRC). World Aerobiology 2024 is an event of
unprecedented scale. It discussed the use of artificial intelligence (AI) for calculating and
interpreting aerobiological monitoring data. But so far, Al cannot identify all taxa, so careful
counting and identification of plant pollen and fungal spores is only possible for a human
researcher. Aerobiological monitoring using volumetric traps remains the gold standard of research.
In the world community, there are networks of biological monitoring of air quality with the study of
the concentration of plant pollen and fungal spores in the air. Through an application on a mobile
phone, you can find out the forecast of periods of maximum risk, during which patients with hay
fever are exposed to the main aeroallergens. Popular queries from Internet users relate to the
complex problem of climate change, environmental pollution and aeroallergens. There is no
National Aerobiological Monitoring system in Kyrgyzstan, but the Meteonova service has launched
a pollen forecast application for mobile phones, which is still in the testing stage and does not
reflect the real features of the aerobiological spectrum. It is known that in the world there are more
than 12,000 species in the Poaceae family, classified into 771 genera belonging to 12 subfamilies. In
Kyrgyzstan, 300 anemophilous species of annual perennial plants grow, releasing a huge amount of
pollen into the atmosphere in the spring and summer. Poaceae pollen is still one of the top ten
global aeroallergens, being the leading cause of hay fever, by predominant size, classified as
biological pollutants (PMio). The concentration of cereal pollen was consistently observed in the air
of Karakol during all seasons of the study and ranged from 167 to 174 days. Its daily maximum
concentrations were detected in June-July; the distribution of pollen in the air is unimodal. The
influence of the anthropogenic triad on fluctuations in the concentration of cereal pollen was
established: climate change (temperature) and land use systems, as well as environmental pollution,
which manifested itself in the degradation of pollen grains and the appearance of damaged and
unidentified biological particles. The purpose of this article is to study the concentration of cereal
pollen in the air, their integrative contribution to the aerobiological spectrum in the city of Karakol
as dominant pollen allergens.

Knioueswie cnosa: npuiblia pacteHui, Poaceae, moyuiMHO3, U3MEHEHUE KIMMATa, U3MEHECHHE
CUCTEMBI 3eMJICTIONIb30BAHMS, 3arpsi3HEHNE.

Keywords: plant pollen, Poaceae, hay fever, climate change, land use change, environmental
pollution.

OO0 axTyanbHOCTH a’pOOMOJIOTHUECKON TEMAaTUKU CBUAETENBbCTBYET TOT (hakT, urto ¢ 1 mo 5
utona 2024 ropa B BunbHioce (JIuTBa) mpoxoauino HEOOBIYHOE MEpONpPHUATHE, BKIIOUaroliee 8-i
EBporneiickuii cumnozuym 1o aspobuonoruu (8 ESA), 12 MexayHapoaHblii KOHTpecc IO
aspobuonoruu (12 ICA) u 5 Mexaynapoanyio koHpepenuuio no amoposuu (5 IRC). Becemupnas
aspobuonorusa 2024 — GecnperieieHTHOE 110 MaciiTabam coOsiTue. Ha HeM 00cyx1aarch BOIPOCHI
IpUMEHEHHUsT HCKyccTBeHHoro wuHteiuiekra (MUW) nns moicyera M HMHTEpHNpETalMU  JAHHBIX
aspoOuonornueckoro MonutopuHra. Ho moxka MM He Bce TakcOHbI MOXET WACHTU(DUIIMPOBATH,
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MIO3TOMY TINATENbHBINA MOACYET M UACHTU(UKALMS MbUIBLIBI PACTEHU U CHOp rpuOOB MOIBIACTHA
TOJIBKO  YEJIOBEKY-HCCIEeI0BaTeN0.  A3pPOOMOJIOTMYECKM  MOHUTOPUHI € NPUMEHEHHEM
BOJIFOMETPUYECKUX JIOBYILIEK OCTAETCS 30J0ThIM CTAHIAPTOM HCCIIEIOBAHMSL.

B MupoBOM c0001IECTBE CYIIECTBYIOT CETH OMOIOTHYECKOr0O MOHUTOPUHTA Ka4eCTBa BO3AyXa
C M3y4eHHEM KOHLEHTpALMU MbUIbLIBI PACTEHUH U criop rpuboB B Bo3ayxe. Uepes npuiokeHne Ha
MOOWJIBHOM Telle(hOHE MOXKHO Y3HaThb INPOTHO3 HNEPUOJOB MAaKCHUMAaJbHOIO pHUCKAa, B TEUCHHE
KOTOPBIX OOJNBbHBIE TMOJJIMHO30M IMOJBEPraeTcsi BO3JACHCTBUIO OCHOBHBIX a3pOaUICPIeHOB.
[TomynsipHBI 3aPOCHl MHTEPHET MOJB30BaTEINEH MO0 KOMIUIEKCHON MpoOieMe M3MEHEHHUs KIuMara,
3arpsi3HEHUsT OKpYy’Kalolled cpenpl U a’spoaiuiepreHaMm. B Kuprusum cucremsl HanmonanasHOro
a’po0HOIOrMYECKOr0 MOHUTOPUHIA HET, HO cepBUC «MeTeoHOBa» 3allyCTUIl NPHIOKEHUE IS
MOOMJIBHBIX T€I€(OHOB MO MPOTHO3Y MbUIBIBI, HAXOSMMIEECS TOKa B CTAMH TECTUPOBAHUS U HE
oTpakaroliee peajbHble 0COOEHHOCTH a’pobuonornyeckoro cmekrpa. Ilembiia  Poaceae
BBICOKOQJIJIEPT€HHA M BHOCHUT 3aMETHBIM BKJIAJ B PacCIpOCTPAHEHHOCTh AJJIEPTUMU HA IBUIBIY BO
BceM mupe. M3BecTHO, uTo K cemeiicTBy Poaceae, onpenensemMbIx Kak 371aKH, OTHOCUTCS Oosiee 4yeM
12 000 BuaoB, KiIaccupuurpoBaHHbIX B 771 pona, npuHaanexamux K 12 noxcemerictsam [1].

B Keiprencrane npouspacraer 300 aHeMO(DWIBHBIX BHIOB OJHO-MHOTOJIETHHX PAcTECHUH,
BBIJICJIAIONIUX OIPOMHOE YHUCIIO IbUIbLIBI B aTMOC(hepy B BeCeHHe-JIeTHUM nepuos. [1buibia 3:1aKoB,
Kak Beyllas NpUYMHA MOJUIMHO34, MO-TIPEKHEMY BXOIUT B JECATKY IIOOAJIBHBIX AJJIEPreHOB IO
npeolIagarIuM pa3MepaM, OTHOCSICh K OMoJIornYecKuM 3arpsizautersm (PMio).

[Teutbiy Poaceae xapaxkTepusyer: Majblid pa3mep, JIETy4eCTh, OJIHOTHITHAS MATIUMOPQOIIOTHS,
BBICOKasl INbuIbLEIpoAyKIMs. OHa NOABEp)KEHA BIMSHUIO AHTPOIIOTEHHOW TpHUaAbl: M3MEHEHHIO
KJIMMaTa, U TPaJWLUOHHON CUCTEMBI 3E€MJICIIOIb30BAHMS, a TAKKE 3arpA3HEHHMIO OKPY’KaroIEeH
cpelbl. A’pOnalMHOIOIMYECKHE MCCIEI0BaHUS B MHUPOBOM MAacIITa0e€ BBISIBUIM 3HAYUTEIIbHOE
BO3/ICMCTBYE M3MEHEHUS KIMMara Kak Ha ()EHOJIOTHIO U MbUIbLIETIPOAYKIMIO PAaCTEHUM, Tak U Ha
pacrpoCTPaHEHHOCTh U TSDKECTh TEUYECHHUs IOJUIMHO30B, 4YTO SBJISETCS KIOYEBOH mpoOliemoit
OKpY>Karolllel Cpe/ibl U 3[paBOOXPAHEHUS U 3aCITy>KUBAET MPUCTAIHLHOIO BHUMAHUS. DTa 0OLIMpHas
KOCMOITOJINTUYHASI TPYTIIa BKIIOYAE€T OCHOBHBIE BUIbI CEIbCKOXO3SIMCTBEHHBIX KYIbTYp (IIIEHMIIA,
pUC, KyKypy3a, OBEC, DOXb, SUYMEHb M T.J.), a TaKkKe MacTOUIIHbIE M COpPHbIE TPaBHI,
IIpou3pacTaroniie U OMo- U aHTPOIOIEHO3aX. Y IUKOPACTyIIMX M KYJIBTYPHBIX IpeICcTaBUTENeH
cemeiicTBa HaOMIONAIOTCS MHOTOYHMCIIEHHbIE 3a00jieBaHUS, BKJIOYas TI'PUOKOBBIE, IIO3TOMY
HaOI01aeTCsl COBMECTHBIN POCT KOHIIEHTPAllMU MbUIBLIBI 3J1aKOB M CIOp TI'puUOOB, CBA3aHHBIN
W3MEHEHUEM TPaJAULIMOHHOW CHCTEMBI 3€MJICNONB30BaHUSA. ADPOreHHas ajulepreHHas Harpys3ka
00ycCIIOBJIeHa HE TOJIBKO IEJIbHBIMU MBIIBIIEBBIMHU 3€PHAMHU U CIIOpaMM IpHOOB, HO U aJIepreHaMu,
MIPUCYTCTBYIOIIMMHU B CYOMUKPOHHBIX OMOJIOIMUECKHUX YacThllaXx. PaHee ycTaHOBIIEHO, YTO MbUIbLIA
Poaceae, obnanaromas cepruyeckoil reoMeTpuel U OTHOPOJAHON MOBEPXHOCTHOCTBIO JIETPaUpPYET,
YTO MPUBOJAUT K TMOTEPE apXUTEKTYPHBIX OCOOCHHOCTEW, CTPYKTypbl M pa3Mepa. OHa CHUIBHO
MomupUIUpPyeTCsl TOA BO3ACHCTBUEM 3arpsi3HUTeNned BcienacTBue: ToHkoH (1,4-1,6 Mim),
HEPaBHOMEPHO Pa3BUTON U XPYIKOH 3K3UHBI [4].

Lenp nanHOM pabOTBl — M3YyYUTh KOHUEHTPALMIO MbUIBLBI 3JIaKOB B BO3JIyXe, HX
MHTETPAaTUBHOTO BKJIaJia B a9pOOMOIOrHUeCKUi crieKTp B I. Kapakoi Kak JJOMUHAHTHBIX MbLIbLIEBBIX
aJJIEPreHOB.

Mamepuan u memoou!

Kapakon (Kuprusus) pacrnonoxeH B cpegHeropbe Ha Bbicote 1716 (1 800) M Hag ypoBHEM
Mopsi Ha toro-BocToke Mcchik-Kymnbckoit obmacTu, y ceBepHOTO MOAHOXKBs XpebdTta Tepckerr Ana-
Too.

Memoo uccnedosanus: BOTIOMETPUUECKUN C TPUMEHEHHEM CTaHJapTHU3UPOBAHHOM JIOBYIIKU
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JlaH30HU, YCTAaHOBJIEHHOW Ha KpbILIE 3aHUS B Ipelesax T'OpOJCKON 4epThl, BAAIM OT MapKOBBIX
30H U IPOMBIIUIEHHBIX NPEIIPUATHI, Ha BbICOTE 13 M HaJl ypOBHEM ITOYBBI.

Muxkpockonus. VneHTudukanyss W TMOJACYET TBUIBLIEBBIX 3€pEH, BKJIIOYas 3JIaKOB,
MIPOU3BOMIINCH IO/ CBeTOBBIMH MHUKpockonamu “Carl Zeiss” (I'epmanust) 1 MEIJI (Anonus) ¢ 10-
100-kpaTHBIM yBEITMYEHHEM, B OCHOBHOM JI0 POJia WJIM CEMENCTBA, MHOTA /10 BUAA.

Vcrnonb30Banuch ONPEAEIUTENM M amiachl INbUIbLBI, BKIIOYas COOCTBEHHbIE pPa3pabOTKH.
[Tp1IbI1a MATIUKOBBIX MOP(OIOTHYECKH OHOTUIIHA (Yallle OJJHONIOPOBAsi) U HE BU3YAIU3UPYETCS 10
BHUJA IIOJ CBETOBBIM MHUKPOCKOIIOM, II03TOMY B a’pOOMOJIOTMYECKHUX HCCIEJOBAHUIX OHHU
¢bukcupyrorcs nox odumm rpudom — 3naku. Craructuyeckas oOpaboTKa JaHHBIX MPOBOIUIIACH
OOIIENPUHATBIMU METOJAaMH BapUallMOHHOM CTAaTUCTMKM HAa OCHOBE aHAJIMW3a a0CONIOTHBIX H
OTHOCUTENIbHBIX BelMWuMH. /[ rpaduyeckoro n3o0paxeHus MoyuYeHHBIX JAHHBIX HCIIOIb30BAIN
nporpammy Microsoft Exel (Pucynok 1).

Okpyrmasa wnu oBanbHas ¢opma.
CpegHuii  pasmep AMKOpacTyLMX
BUWOOB cocTaBnsetr okono 35 x 40
MKM, KpynHee 50 MKM  OTHOCAT K
KyNsTUBMPYEMbBIM  BMAaM. JK3uHa
TOHKas, 1,2 MKM.
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Tlosywika flaH30HHM s Dactylis glomerata  Phleum pratense  Elytrigia repens

Pucynok 1. I'padmdeckoe pesrome. ATTOPUTM U JTU3AIH POBEJCHHOTO UCCIIEIOBAHUSI.

Pezynemamut u ux obcysxcoenue

Pactymias  TeHmeHIMs B TaKCOHOMHUYECKOM W KOJMYECTBEHHOM  Pa3HOOOpa3uu
aspoaisiepreHoB I. Kapakomn, siBisieTcs OMHON U3 MPUYHH pocTa 3a00J1eBa€MOCTH MOJUIMHO30M. Tem
OoJee, 4YTO TOMHUHAHTHBIMHM TAKCOHAMU B CIIEKTpeE SABISAIOTCS MbLIbIA Poaceae n Artemisia, a Takxke
cropbl TpuboB Alternaria u Cladosporium, ¢ MakCHMajdbHOW KOHIIEHTpAIled B JIETHE-OCEHHUM
mepuos. A Koraa MaKCHMalbHbIE KOHIIGHTPAIIMM a’poCrop W MhUIbIEI Poaceae m Artemisia
COBIAJIAIOT, TO TAaKOW TaHJEM a’pOaIEPreHOB MOBBIIIAET PUCK BO3HUKHOBEHHUS aJUIEPTHUYECKHUX
3aboneBanui [1-3].

VYBenuueHue KOHIEHTPAIMH THUIBLBI 3JIAKOB M CIIOp TPHUOOB YacTO COBMAJAIOT, B CBSI3U C
MOSIBJICHUEM HOBBIX BHJIOB TPHOKOBBIX 3a00JICBaHWNA Y KYJIBTYPHBIX M JHKOPACTYIIUX 3JIaKOB.
Cucremarnueckuil aHajau3 a’dpoOMOJIOTHYECKUX WCCIENOBAHUM TIOKa3ad, YTO KOHIIEHTpaIus
nbeLIbIEI Poaceae B T. Kapakon nMeeT BeIpaKeHHBIN YHUMOJAIBHBIN XapakTep: OJUH TJIaBHBIN MUK B
Te4YeHue ce30Ha mpuieHus. (Pucynox 2).
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Pucynoxk 2. I'paghuueckoe pestome. KonueHtpanus neuiblpl Poaceae B pa3Hble ToJIbl HCCIEOBAHMS

[Tp1bLIa 37TAKOB LUPKY/IMPOBAJia B BO3yXE B BECCHHE-JIETHUN MIEPHUO/I:

2015 r.: ¢ 26 ampens no 18 oktsa6ps (174 nus). MakcumanbHoe cytounoe uncio — 378 (21
HIOJIs1), BCETO 3a CE30H — 6585, MBLIBLEBBIX 3epeH/cM> 1. 3./cM>;

2016 r.: ¢ 5 mas o 23 oxtsa6ps (171 ngens). MakcumanbHOE cyTouHOE unciao — 3598 (12
HMIOHS), BCETO 3a ce30H — 19325 m. 3./cM?;

2017 r.: ¢ 5 mas mo 19 okrsa6ps (167 mueit). MakcumansHOE cyTodHOE uncio — 2115 (28
MIOHS), BCETo 3a ce30H — 17340 m. 3./cm°.

JI1st IbUTBITEI 371AKOB CYIIECTBYET CIIeAyrolnas rpagamnus ypoHeil: 0-4 — Huskui, 5-19 —
cpennuii 20-199 — Bricokuit, >200 1. 3./cM> — o4eHb BBICOKHMIA. [TbUIbIIA 3MaKOBBIX TPAB B BO3LYXE
B [IEPUOJI MAaCCOBOTO I[BETEHUs CTAOMIBHO HAXOIMJIACh B BHICOKUX JAuana3oHax ypoBHel. C yuérom
TOrO, 4T0 KOoHIEeHTpanus >200 1. 3./cM> OTHOCHTCS K 04eHb BHICOKUM YPOBHSM, TO CaMblii BBICOKHMi
CYTOYHBI MaKCUMYM 3a TPH Tojia peBbial ero B 18 pa3. M3BecTHO, YTO CPOKU U MHTEHCUBHOCTh
IBUIBIIEBOIO  CE30Ha ONpENeNsIIoTCs CcaMOM  TEeHeTHKOW BUAOB, TOYHEE OCOOEHHOCTAMU
IBUIBIENPOAYKIIUN, HO (EHONOTHUsS pPACTeHMH Takke 3aBUCHT OT M3MEHEHHUs KiuMara,
BO3/ICHCTBYIOLIET0 Ha KOHIEHTPALMIO MbUIbLIBI B Bo3ayxe. Koipreizcran Berynuin B EADC B 2015 1,
YTO OTPA3WJIOCh Ha TEHICHIIMM MbUIbILI K YBEJIMYEHUIO KOHIEHTPAllMU B BETeTAI[MOHHBIN CE30H
2016 1, B CBSI3U C U3MEHEHHEM TPAJAULIMOHHON CHCTEMbI 3eMJICTIONIb30BaHUS U TOSBICHUEM HOBBIX
rpuOKOBBIX 3a00JI€BaHU HA KyJIBTYPHBIX U IUKOPACTYIINX 371aKOBBIX PaCTEHUI.

[IpuTbLIa 371aKOB CTAOMIIBHO LMPKY/IMpOBasia B Bo3ayxe I. Kapakos Bce ce30HbI HcCIeI0BaHUs
u cocranisiia ot 167 no 174 nueil. Ee MmakcumaiabHbIE CyTOYHBIE KOHIIEHTPALIMH BBISIBIICHBI B HIOHE-
utonie. BrusHMe Temmeparypbl Ha KayeCTBEHHBIE IIOKazaTelu cjeayeT M3 Toro (akra, 4To
MakcuManbHble Temneparypsl B 30,1°C B 2015 r conpoBoKJanuch BBICOKUMHU KOHUEHTPALUSIMU
nbUTBITEI Poaceae (53% oT Bceli MBUTBITBI 371aKOB 32 BETETAIMOHHBIN CE30H ).

B 2016 r 64% mpLIbIEI 371aKOB OT BCEW MBUIBIBI 32 CE30H OMPEIEICHO MPH TeMIlepaTrype
24,5°C (makcuManbHas Temiieparypa 3a ce3oH — 33,4 °C); B 2017 r — npu 23,5°C 3adukcupoBaHo
69% Bceil MBLIBIIBI 31AKOB 33 CE€30H (MaKcUMasbHas TeMmIeparypa 3a ce3oH — 28,3 °C).
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BrisiBrieHHBIE TEH/IEHIIUU CBSI3aHbI C COBOKYIHBIM JEMCTBHEM JIBYX (haKTOPOB:

1. pacuupeHnue reTeporeHHbIX MOCEBHBIX IUIOIaiel (MI3MEHEHHE CUCTEMbI 3eMJIe/IeTHs);

2. yBeIMYCHHE TMPOAODKHUTEIHLHOCTH MBUIBIIEBOTO CE30HA 3JIAKOBBIX TpaB, OOYCIIOBIEHHOE
MOBBILICHUEM TEMIEpaTypsl U 0ojiee HMHTEHCUBHBIM BBINAJEHUEM OCAJAKOB B IEPHOL,
MPEALIECTBYOIINNA IBETCHUIO.

Taxxke oTMedaeTcs CHUKEHUWE KOHLUEHTpPAUWMU MbUIbLBI JIPYTMX TpPaBSHUCTBIX BUJOB,
MIPOM3PACTAIONINX B PYACPAIBHBIX paiioHaX ¢ 0oJiee BRIPAKEHHOW aHTPOTIOTCHHON aKTHBHOCTHIO U
M3MEHEeHHEeM JIaHamadTa B palOHaxX ¢ MHTEHCUBHBIM CTPOUTENILCTBOM [5, 6].

JlJis OlleHKM MOTEHIMAIBbHOIO BKJIa/a MbUIblbl Poaceae B a3poOHUOIOrHYECKYIO0 CUTYAIHUIO T.
Kapakon wucrnonp30oBai WHTETPUPOBAHHBIN WHAEGKC BKiana mbuiblbl (Pucynok 3). HMupaekc
0azupyeTcst Ha CIEAYIONIMX MapaMeTpax: CPOKax LBETCHHS, pa3Mepe MbUIbIEBBIX 3epeH (MOoIspHas
OChb W DJKBaTOPHUANBHBIA JTUAMETP), OOWIMHM BHIOB B PETMOHE WM MPOAYKIUH MBUIBIBI [7] H
XapaKTepu3yeT 3J1aK1 KaK BeIyIlIHe aJlJIepPreHbl.
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Pucynok 3. UHTerpaTHBHBIN UHJCKC BKJIa/la MbUIBIIBI 3]IAKOB B a3pO0HOJIOTHIECKYIO CUTYAIUIO

MpoAayKumAa Nbinbubl

Jlukopactyiire U KyJabTypHble BHJIbI ceMmelicTBa Poaceae B Mupe cocTaBisitoT Oojee uem
12 000 BerpoombuIsieMbIX BHIOB, (20% MHpPOBOrO PpacTUTEIBHOTO IOKPOBA) C BBICOKOM
npUIbLenpoaykurei. @nopuctuueckuit cocrtaB pactreHuid Kuprusumm HacuuThiBaeT okoio 300
BUJIOB, IPUYEM IO STHOJIOTUYECKON 3HAUMMOCTH TbUIbIIA 3JIaKOBBIX TPAB BapbUPYyET B 3aBUCUMOCTHU
OT aHTPOIIOLIEHO3a. B TaHneme ¢ NbUIbLION NOJIBIHYU SBJISETCS IEPBBIM WIA BTOPBIM 110 3HAYUMOCTH
a’poajiepreHoM. Y O0JIbHBIX NOJTMHO30M B I. Kapakon BeLsiBiieHO npeobiananue IgE-anturena 3—
4 xjacca 9yBCTBUTEIBHOCTH: g3, exa coopHas (27,5), g4, oBcsuuna gyrosas (28,1).

311aKk1 OTHOCSITCSL K OTHOJIOJIBHBIM pacTeHUsM nopsaaky Poales (MSATIMKOLBETHBIE) M COCTOST
U3 cemeiicTBa MATIMKOBBIX Poaceae (3maku — Gramineae).

[Teib1IEBBIE 3€pHA HanboJee aIepreHHbIX 37aKoB B auamerpe 20-25 MKM, ¢ OfHOM mopoii
Wi OOpO3IKOM M TOHKON SK3MHON. AJUIEPTHIO BBI3BIBAIOT TOJBKO BETPOOIBUISEMbIE PACTEHUS,
MPOAYLHUPYIOUMX OoblIoe konudecTBO Mbuiblbl. Ho u3 Gonee, yem 1000 Bu0B, HEOGOIBIION
aCCOPTHUMEHT TMBUIBLIBI  CIIY’)KMT 3THOJIOTHYECKON IIPUUMHOM BO3HMKHOBEHMSI CHMIITOMOB
MOJUIMHO3a y OOJIBIIOTO YKCIa OONBHBIX.
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Tabnuna

JINODEPEHIIMPOBAHHBIN OITPEJEJIUTEJIL HOPMAJIbHO PA3BUTON
1 TEPATOMOP®HOM IThIIbLIbI 3JJAKOB

Oononoposvie: Hopma

MSTIHKOBBIC (371aKH)

13 mapoBuAHBIC HIIH CIIETKa
OBaJIbHBIC, SAHICBUIHBIC,
IIUPOKOSIHIICBUTHBIE,
3JUIHIICOUAIbHBIC, ITHPOKO-
3JUIMIICOUANIbHBIC, B OYEPTAaHHH
OBAJIbHBIC, IIMPOKOOBAIILHBIC,
AJUTUNITHYECKUE,
[IUPOKOIJUTUIITHYECKHIE U
okpyrIible, 25,1-73,1 (100,8) Mmxm
IauHOM 1 23,2-64,2 MKkM
mupuHoi. ITopa okpyrias,
00oaKxoBas. JKk3uHa ToHKas, 0,8—
2,0 MKM

MbUIBLICBBIC 3€pHA

Kykypyza
Al. Pazmep I13 6ompire 60 Mkm

o

Poxb
A2. Pazmep I13 6ompmre 40-60
MKM

Tsoxenbie IbIUIBIICBBIC
KOHI'JIOMCPATh)

A3. Pasmep 13 Gonbie 2640
MKM.

Exa coopHast
CrnoxnoOyropuaras

Tumodeenka
Menko3epHucras
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IIeIpeit non3yunii

IToBpexieHHbIE

MHorue ajmiepreHHble 3JIaKd KYJIBTHBUPYIOTCS, IMO3TOMY MX NbUIbLA MpeolnanaeT BOIU3U
HaCeJCHHBIX MyHKTOB. CeMEeHCTBO 371aKOB MMEET HECKOJBKO IOJCEMEICTB U PONOB, ajiepreHHast
3HAYUMOCTh KOTOPBIX PA3UYAETCs B PETHOHAX, HO Yallle OHU MPOU3PACTAIOT KaK KOCMOTIOIHTHI.

K nmoxncemeiictBy Festucoidae, Festuceae mpuHayiexar oBcSHUIA JTYToBasi, MSITIUK JIyTOBOM,
eka cOOpHas, OTHOCSIIUECS K Hauboee BaXKHBIM a’poaajuiepreHam. /luamerp mbUIBIEBBIX 3€pEeH
cocraBisier ot 30 mo 40 mxm. B ycnoBusix r. Kapakon BBIBISIOTCS HE TOJBKO OIHOIIOPOBBIC
IBUTBLIEBBIE 36pHA, HO U MHOTOIIOPOBBIE, ITOJIHUILIONTHBIE.

K moxacemeiictBy Argostideae (moseBUIIEBBIE) OTHOCITCS THMO(EEBKa JIyroBast U IMOJIEBUIIA
Oenas, 2 0cCOOCHHO 3HAYMMBIX B JUICPIreHHOM OTHOIICHUH 3JIaKa, YTO OOYCIIOBJICHO TUTEILHBIMU
CpPOKaMH TPOXYLUPOBAHUS TBUIBIBI, €€ AJUIEPIeHHOCTBI0O W HHTEHCUBHOCTBHIO BBI3BIBAEMBIX
cumnToMoB. O0a pacTeHHs elle W KyJIbTHBHPYIOT. J[pyrue Buabl, IMMYHOJOTHYECKH CXOIHBIE C
MOJICBUIIEH, MCTOJIB3YIOTCA JUIsl O3CJICHEHHS W IUIomanok st roibda. [leuibiia tTumodeeBku
coctasisieT 30-35 MKM B AuameTpe, moieBuIsl 20—25 MKM.

IToncemeiictBo Phalarideae (xanapeeunukoBbie). Kosocok aymucTblii — 4YacTas MpUYUHA
aJIJIEprUYecKuX PUHUTOB B PETHMOHAX, IJIe pacTeHHE OTHOCUTCS K aOOpUIreHHbIM BHAaM. B obmeit
K€ KapTHHE TOJUIMHO30B OH HE TaK 3HAYMM, KaKk MSITIHK, TEMOodeeBka W apyrue. Juamerp
MBUTHIIEBBIX 3€PEH KOJIOCKA IIIMCTOTO Kojiebnercs oT 38 10 45 MKM.

Triticaceae (mmeHHNBl U MbIpen), Aveneae (OBCOBbIE) WUIPAIOT HE3HAYUTEIbHYIO pOJb B
o01elt KapTHHE MOJUIMHO30B, IMOCKOJIBKY OHM OTHOCSITCSI K CaMOONBUIIEMBIM, a MPOAYyLHpyeMast
UMH TBUIbIIA WM BBIPA0ATHIBACTCS B HE3HAYMTEIBHBIX KOJMYECTBAX, WIU B CHIY (U3NICCKHX
CBOWCTB NMPaKTHYECKU HE IEPEHOCUTCS] BETPOM.

K mnoacemeiictBy Eragrostoideae (CBHHOpPOEBBIE) OTHOCHUTCS CBHUHOPON Maib4aThIi,
MPECTABICHHBIM B N300MIINK B JKapKUX M YMEPEHHBIX MOsicaX 3€MHOro Iapa. 3II0CTHBIM COpHIIK,
TAaKXXe BBIPAIIMBAEMBIA KaK JEKOPAaTUBHOE M KOPMOBOE€ pacTeHue. [IplbLeBble 3€épHa CBHHOPOS
oKoJI0 35 MKM B JIMaMeTpe MPOAYIHPYIOTCS TPAKTHUECKH KPYIJIBIA TOJM, SBISISACH BaskKHEHIIEH
NPUYMHON MOJUTMHO30B Ha fore Poccun n B roxHbIX mratax CHIA.

buonornueckne 0COOEHHOCTH NpEICTaBUTENCH CEeMENHCTBA MATIMKOBBIX OOECIEYMBAIOT UM
OMHO W3 TIJAaBHBIX MECT B pAAy MPHUYNH TBUIBIIEBOM aJUIEPTUH BO MHOTHUX TPHPOIHO-
KJIMMaTH4YeCKUX 30Hax mupa [1, 8, 9].

bornee 95% BUIOB aiepreHHBIX 3JIAKOB OTHOCAT K TpeM mnojcemeiictBam: Pooideae,
Chloridoideae u Panicoideae. B CeBepHoM mnonymapud Haubonee pacrnpoCcTpaHEHHBIMU
AJUIEPTUYECKUMH pojiaMu  siBIsitoTcst Phleum spp., Dactylis spp., Lolium spp., Trisetum spp.,
Festuca spp., Poa spp., Cynodon spp., n Anthoxanthum spp. J{pyrumMu BUJAaMH, BHOCSIIAMHU
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BaKHBIN BKJIAJ B CIEKTP MbUIbIEI B EBpornie, sBastorest Holcus lanatus L., Trisetaria spp., Elymus
repens L., Sorghum halepense (L.) Pers., Vulpia spp., Anlhoxanthum odoratum L., Agrostis gigante
Roth u Piptatherum miliaceum (L.) Coss. [1].

HauGonpimmii BKIaa B KOHIICHTPAIUIO MBUTBIEI B aTMocdepe T. Kapakon BHecu crieayromnme
BUJBI: €XKa COOpHas, JIMCOXBOCT JIyTOBOH, TUMO(eeBKa Jyromas, Koctep O€30CTHIi, pairpac
BBICOKWH, OBCSIHHIIA JIyTOBasi, MATJIMK JYTOBOW, M. OJIHOJICTHUW, M. JIYKOBUYHBIH. DTO Ta30HHBIC U
COpHBIE TpaBbl, 32 (PEHOJIOTHEH KOTOPHIX HEOOXOIUM KOHTPOJIb, @ MUMEHHO: MX CKAaIIMBAaHHE JI0
CTaJU¥ LIBETCHHUS.

Bu1600wb1

Hcxonss w3 pe3ylbTaToB NPOBENCHHBIX MATMHOMOP(POJIOTHUECKAX U a3pOOHOIOTHYECKUX
ucciaenoBaHuii B I. Kapakos, ciieqyroT BeIBOJBL:

1. KoHmeHTpamus mbUIbIBI 371AKOBBIX TPAaB B BO3MyXe HWMEET BBIPAKCHHBIN YHUMOJAIBHBIN
XapakTep: OJUH IVIaBHBIH MUK B TCUCHHE CE30HA TIBUICHUSI.

2. Ilputbia 37aKOB IMPKYIHpPOBaja B Bo3ayxe I Kapakoynl Bce Ce30HBI MCCIEIOBAHHUS U
coctaBisiia oT 167 no 174 nueil. E€ MakcuMasbHble CyTOUHbIE KOHLIEHTPALUN BBISBIEHBI B UIOHE-
mone (3598 n. 3./cm’). C yuérom Toro, uto koHnedrtpamus >200 1. 3./cM’ OTHOCHTCS K OYeHbB
BBICOKMUM YPOBHSM, TO HAOIFOaeMbIii CYTOYHBIH MAaKCUMYM IPEBBIIIA ero B 18 pas.

3. Ha xoHIeHTpaIMio MbUIBIIBI 3JIAKOB B BO3AYyXE BIUSIOT (PAaKTOPHI aHTPOIIOTCHHOM TPUAIbI:
M3MEHEHHs KiuMara (TeMIeparypbl) W CHCTEMBI 3€MJICTIONIb30BAaHMS, a TaKXkKe 3arps3HEeHUs
OKpY>Karolel cpefpl Ha KojeOaHWs YPOBHEH MBUIBLBI 3J1aKOB, YTO IMPOSBISIOCH B JETPaJdallud
MBUIBIEBBIX 36PCH U MOSIBICHUS MOBPEKICHHBIX U HEONPEICICHHBIX OMOJIOTMUECKUX YaCTHII.
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Annomayus. TlporpeccuBHOE YBETUUYEHHUE KOHIICHTPAIMH BPEAHBIX 3arPSA3HSIONINX BEIIECTB
B OKpYXXalOIIeHd Cpeie yrpokaeT 3I0pOBBIO uenoBeKa. JlJii MX perucTpanuy HCCIleI0BaTen
UCTIONB3YIOT OMOMOHHMTOPBI, B 9TOM Ka4eCTBE XOPOIIO ceOsi 3apeKOMEHI0BAIIM MBUTbIA PACTCHUN U
MeIOHOCHBIE muenbl (Apis mellifera). OcoOEHHOCTh MYEN COCTOUT B TOM, YTO B IMOMCKAX UIIHM OHU
COOMPAIOT 3arpsA3HSIONINE BEUISCTBA U3 OKPYXKAIOIIEeH cpelbl: BO3/AyXa, MMOYBBI U BOABI B pajnyce
HE TpeBbInIaeMoM 3 kM. He ToibKo MbUTblia pacTeHHA, HO ¥ MEJOHOCHBIE TUEIBl MOTYT BBICTYIATh
KaKk OMOMHIMKATOPhl AaHTPOIIOTEHHOW TPHAIbl: U3MEHEHHUS KJIMMaTa M TPATUIMOHHON CHCTEMBI
3eMJICTIONIb30BaHMS M 3arpsA3HEHUs OKpy)Karolled cpenbl. B pa3HBIX MOMCKOBBIX CHCTEMax
MHTEPHET-NI0Ib30BaTeNIM MHTEPECYIOTCSI 3TUMH BOIIPOCAMU, OTOMY YTO TOYKOM UX MPETOMIICHUS
SIBJISTIOTCST TIPOYKTHI ITYEIIOBOJCTBA, BKIIIOYAs MeA. B HEro momagaeT MpakTHYeCKH BECh CIEKTP
annepreHHoW mbuibLbl. [IpoOnema ajuiepruM Ha JEKOpaTWBHBIE PACTEHUS 1O CHUX TIOp MaJo
nzyuyeHa. CooOmieHust 0 nMpodeccruoHaTbHON aljIeprud Ha LBEThl HEMHOTOYHMCICHHBI U OOBIYHO
KacaroTcsl CaJloBOJIOB, pabOUMX TEIUIUL, JIaHAMAPTHRIX au3aiiHepoB U ¢mopuctoB. OOpaiieHue ¢
[[BETAaMH, WX 3aax ¥ yXOJI 3a HHUMH MOTYT BBI3bIBATH PHHOKOHBIOHKTHUBUT, IMBUIBIEBYIO ACTMY,
KpalMBHUILY, a TaKXXe KOHTAKTHBIN JepMaTtuT. [IpyM HM3ydeHUM MBUTBIIEBOTO CIIEKTPa B BO3IyXe
ropoJIoB ObUIM BBISBJIECHBl YHTOMO(MIIBHBIE TBUIBIEBBIE 3€pHA CEMEWCTB MalbBOBbIE, OOOOBBIE,
acTpoBble, po30IBETHBIE. B coBpeMeHHOM Mupe mpuobdpena nomyIsipHOCTh KoHUenuus «ExnHoro
37I0POBbSI», KOTOpasi MPU3HAET B3aWMOCBSI3b 3/I0OPOBbS JIFOICH, JKUBOTHBIX U SKOCHUCTEM, TIOTOMY
OHa MPHHATA KaK HA HAIIMOHAJIFHOM, TaK M Ha IMI00AILHOM ypOBHsIX. B ee pamkax mbl hopmMupyem
HOBYIO KOHIEMIHIO: «DHTOMO(DUIbHASA MbUIBIA M MYENbl KaK OMOMOHHMTOPHI M OMOMHIMKATOPHI
AQHTPOIIOTEHHON TpUAAbl: HM3MEHEHHUS KJIMMaTa M CUCTEMbl 3€MJICNOIb30BAHUS; 3arps3HEHUs
OKpyXaromei cpeap». Llenb mpencraBIeHHON CTaThM  3aKiIOYaeTcs B CUCTEMaTH3alMU
MOJTYYCHHBIX Pe3yJIbTaTOB U UCTOUHHKOB JINTEPATypPhI B paMKax (hopMymupyeMOi KOHIICTIIINH.

Abstract. The progressive increase in the concentration of harmful pollutants in
the environment threatens human health. To record them, researchers use biomonitors; plant pollen
and honeybees (Apis mellifera) have proven themselves well in this capacity. The peculiarity of
bees is that while searching for food, they collect pollutants from the environment: air, soil and
water within a radius of no more than 3 km. Not only plant pollen, but also honeybees can act as
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bioindicators of the anthropogenic triad: climate change and traditional land use systems and
environmental pollution. In various search engines, Internet users are interested in these issues,
because their point of refraction is beekeeping products, including honey. It includes almost
the entire spectrum of allergenic pollen, starting from wormwood pollen — the regional allergen of
the republic and ending with pollen of trees and shrubs. The problem of allergies to ornamental
plants is still poorly understood. Reports of occupational flower allergies are few and usually
involve gardeners, greenhouse workers, landscapers, and florists. Handling, smelling and caring for
flowers can cause rhino conjunctivitis, asthma, urticaria, and contact dermatitis. When studying the
pollen spectrum in the air of cities, entomophilous pollen grains of the families Malvaceae,
Fabaceae, Asteraceae, and Rosaceae were identified. In the modern world, the concept of “One
Health” has gained popularity, which recognizes the interconnectedness of the health of people,
animals and ecosystems, therefore it is accepted both at the national and global levels. Within its
framework, we are forming a new concept: “Entomophilous pollen and bees as biomonitors and
bioindicators of the anthropogenic triad: climate change and land use systems; environmental
pollution”. The purpose of the presented article is to systematize the results obtained and literature
sources within the framework of the formulated concept.

Knrouegvle cnosa: mpinbiia S3HTOMOGUIBHBIX PACTEHHM, CHOpPHI IpUOOB, M€, MEJOHOCHBIE
MYeNbl, TBEPAbIE YACTUIIBI, OWMOMOHUTOPUHI, HW3MEHEHHE KIUMaTa, HW3MEHEHHE CHUCTEMBI
3eMJICTIONB30BAHUS, 3arPS3HEHUS OKPYKAIOIEH CpeJibl, MUKPOIIACTHK.

Keywords: entomophilous plant pollen, fungal spores, honey, honeybees, particulate matter,
biomonitoring, climate change, land use change, environmental pollution, microplastics.

[IporpeccuBHOE yBelIMYEHHWE KOHIICHTPALMU BPEAHBIX 3arps3HSIONIMX BEIIECTB B
OKpYXKalollled Cpele yrpokaeT 37J0pOBbIO 4YesnoBeka. JIns MOHUTOpWHra 3arps3HUTENeH
OKpYXKaIoIIeld Cpefbl, MOTEHIMATbHO OMACHBIX JIJISi 3/I0POBBSI UEJIOBEKA, HCCIEAOBATEIH YacTO
WCTIONB3YIOT TMBUIBIYYy PACTEHUHW W  MEJAOHOCHBIX TMMYEN, Ha3bIBAEMBIX OMOWHIMKATOPAMHU
(buomonuTopamu). OCOOEHHOCTH TYEN COCTOUT B TOM, YTO B TOMCKaX HIIM OHU COOHMPAIOT
3arpsI3HSIONINE BEIIECTBA M3 OKPYXKAIOIIeH Cpenbl: BO3[AyXa, MOYBBI M BOABI B pajuyce He
npeBbIaeMoM 3 kM. He TobKo mbliblia pacTeHUi, HO M MEIOHOCHBIE IMUEThI MOTYT BBICTYTATh KakK
OMOMH/IUKATOPHl AHTPOMOTEHHOW TpUAIbl: W3MEHEHMsI KJIUMaTa ¥ TPATUIUOHHON CHCTEMBI
3eMJIETIONB30BAHUA U 3arPsA3HEHUsT OKPYIKaroIlIen cpeibl. B pa3HbIX MOMCKOBBIX CUCTEMAX UHTEPHET
M0JIb30BATENI UHTEPECYIOTCA STUMH BOIPOCAMH, IIOTOMY YTO TOYKOM MX MPETOMIICHHUS SIBISIOTCA
MPOIYKTHI ITYEIIOBO/ICTBA, BKIItoYast MEN. B Hero momamaer mpakTHUECKH BECh CIIEKTP ajIePreHHOM
MBUTBIIBI, HAYMHAS OT TBUIBIBI TOJBIHU — KPAaeBOTO ajUIepreHa pecnyONrKd M 3aKaH4YHuBas
MBUIBIIOW JAPEBECHO-KYCTAPHUKOBBIX pacTeHUil. MeJOHOCHbBIE MUENbl, B YaCTHOCTH, OKA3bIBAIOTCSA
UCKITIOYUTETIFHO IEHHBIMU OMOMOHHMTOPAaMHU U3-3a UX CIIOCOOHOCTH HAKAIIMBaTh 3arps3HSIONINE
BEILIECTBA M3 BO3/yXa, MOYBBI U BOJABI B OIPEACICHHOM pPaJuyCce€ BO BpPEMs CBOUX IOJETOB 3a
kopMoM. [IpoGnema amnmeprum Ha TBUIBIYY JEKOPATUBHBIX PACTEHHMH /10 CHUX TIOp MaJl0 M3y4YeHA.
Coobmenust 0 podecCHOHATBPHON aJUIEprUi Ha TBUIBIY IIBETOB HEMHOTOUHCIEHHBI U OOBIYHO
KacaroTcs CaJloBOJIOB, pabOUYMX TEIUTUI], JTaHIIa(THRIX aAu3aiiHepoB U (uopuctoB. OOpaiieHue ¢
LBETaMH, UX 3amax M yXOJ 332 HUMHU MOTYT BbI3bIBaTh PUHOKOHBIOHKTUBHT, ACTMY, KpallUBHUILY, a
TaKXe KOHTAKTHBINA AepMatut [1-3].

B coBpeMenHOM Mupe mproOperna momy sSIpHOCTh KOHIENIHs « EAMHOTO 310pOBbs», KOTOpas
MIPU3HAET B3aMMOCBS3b 3JI0POBbsSI JIIO/IEH, )KUBOTHBIX M HDKOCHCTEM, IMOATOMY OHA MPHUHATA KaK Ha
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HAI[MOHAJILHOM, TaK W Ha DI0OAaTbHOM YpOBHSX. B e€ pamkax Mbl ¢GopMynHpyeM HOBYIO
KOHIICTILINIO: «DHTOMOGWIbHASL TMbUIbLIA W MUYEIbl KaK OHOMOHUTOPHL U OMOMHAMKATOPHI
AQHTPOITIOTEHHOM TpHaabl: HM3MEHEHUS KIMMara W CHUCTEMBbl 3€MJICTIOJIb30BAHUS; 3arpsi3HEHUS
okpyxatote cpeab» (Pucynok 1). Llens npencraBieHHON CTaThU 3aKI0YAETCS B CUCTEMATU3AUN
MOJTyYEHHBIX PE3yJbTaTOB MCCIEAOBAaHUS U HCTOYHUKOB JIUTEPATypbl B paMKax BbIIBUHYTOU
KOHIICTILIHH.

W3meHeHue WU3meHeHUe cucrtembl 3arpasHeHune
Knumara 3emMnenonbL30BaHnuA OKpYyXatowen cpeabl

as g
{ _Mfﬂ. . OcobeHHoCTH Mopdonorumn
OcobennocTn mopdgonorum 5
o nuén
HACEKOMOONLINAEMON NbNbLbI Taxenbie Meransbl
CKYNLATYPHbIE 3NEMENTLI OcoGennocml MUKpobuoma
3K3MHbI NbINbUbLI Mecruumnast nuen
AKKYMYNAUMA TKENbIX Paauonyknuab! OcobeHHOCTH TKaHen nuén
METanmnoB NbbLLOH
MukponnacTuk
Meinbya kak Takcu ana cnop OcobennocTn nuén kak
rpuboB u bakTepui onbinNUTenen
3arpasHuTenu

oKpyxXaiouen cpegbi

Pucynok 1. OnToModunbHas NbUIbLA M TUENEl KAK ONOMOHHUTOPBI M OMOMHAMKATOPB! AHTPOIIOT€HHON
TpHabl: U3MEHEHHUS KJIMMaTa U CUCTEMBI 3€MJIETIONb30BAHNS; 3arPA3HEHNS OKPYKaIOIEH cpeabl

Mamepuanvl u memoovl

Mamepuan: HOpMaNbHO pa3BUTasi W TBUIBIIA 5 BHIOB JPEBECHO-KYCTAPHHUKOBBIX U
TPaBSIHUCTBIX PACTEHUN pa3HBIX CEMEHCTB coOpaHa B TMEPUOJ MOJHOTO I[BETEHUS: KOHCKOTO
KalllTaHa, TIeJUYUU TPEXKOIIOUKOBOM, OOSIPHINIHUKA OOBIKHOBEHHOTO, THOWCKAa CHpPUKCKOTO,
MaJibBbI IPEHEOPEIKEHHOM.

Cranupyrowas onekmponuas mukpockonus (COM): wmeTon BU3yaldW3allud C BBICOKOU
CTETIEHbIO, KOTOPBIA HCIONB3YyeT IJIydd OJIEKTPOHOB [JIsl CO3/[aHUs JeTanei H300pakeHui
MMOBEPXHOCTHOM CTPYKTYPHI MBUIBIIEBBIX 3€PEH.

Bricoxmme Ha BO3MyXe TBUIBLIEBHIE 3€pHA HANBULIIOT 30J0TOM W IMOMEMIAIOT  IIOJ
CKaHHUPYIOUINHA AIIEKTPOHHBIA MHKPOCKON JUISI M3yYEHHUS TOHKHX OCOOCHHOCTEH IOBEPXHOCTH

(YIBTpacTpyKTypHl).

Pesynomamot u ux obcyscoenue
XapakTepucTUKH a/IeKBaTHOTO OmouHukatopa: 1. Obunue, mHpoKoe pacnpocTpaHeHHe. 2.
[Ipoctass mpouenypa wuaeHTHGUKAUK u o0TOOpa 00pas3oB. 3. Beicokas TONEpaHTHOCTh K
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aHAJIM3UPYEeMbIM 3arps3HUTENsIM. 4. bBpicTpas peakuuss Ha H3MEHEHHs B cpene oOuTaHus. S.
CucremaTnyecku XOpOILIO JOKyMEHTUPOBaHbI U cTaOmibHbl. 6. Jlerkue u jemeBble s
uccnenoBanus. KimroueBble KpUTEpUu 7151 ONPEACICHUs TIOIEe3HOro OMonHaAnKaTopa [4]:

1. UanukaTop nose3eH, 00beKTUBEH, HAIEKEH U BOCIIPOU3BOIIM.

2. ba3oBble JaHHBIE XapaKTEPHU3YIOTCA HAICKHBIMU METOAOJOTHSIMH cOOpa, cucTeMaMu
yOpaBleHUS JaHHBIMH U MIPOLEAYpaMH 00ecTiedeH s KadeCcTBa.

3. [losnydyeHHbIE TaHHBIE MOKHO MCIIOJIb30BATh Ui BBIABICHUS U3MEHEHUM MU TEHJECHUUH,
KOTOpbIE B3aUMOCBSI3aHbl BO BpEMEHU U IPOCTPAHCTBE U SIBISIOTCS PENIPE3EHTATUBHBIMU.

brox 1. IIpiabi1a SHTOMOGUIBEHBIX (HACEKOMOOIIBUISIEMBIX ) PACTCHUM.

«Ecmo 1u bonee coeepuieHHblll CUMBON NPOOONNCEHUS IHCUSHU, YeM Nblibya?» — nucal
¢panyysckui nucamens Xopx bopHec. bmaromaps cnenuduyeckoil OpHAMEHTAIMH SK3UHBI
OBUIBIBI U €€ JIMNO(GUIBLHOCTH TBUIbLIA SBISIETCS OYEHb XOPOIIMM AaKKYMYJISITOPOM BCEX THIIOB
3arpsi3HSAIONIMX  BEIIECTB: Tra3000pa3HBIX W B3BEIICHHBIX YaCTHI, a TakKkKe pa3IHMYHbIX
OpraHMYe€CKUX U HEOPraHUYECKUX COCTUHEHUH [5].

Cam0O HaxkoIUIEHHE 3aBHCUT OT (PU3MUYECKHMX M XUMHUYECKHUX IPOIECCOB, MPOUCXOAIINX Ha
MIOBEPXHOCTU 3K3MHBI NBUIBLEBOr0 3epHa. HeraTuBHBIM BO3AEWCTBHEM 3arpsA3HEHUS BO3/AyXa
SBIISIETCS YCUJICHHE OKHUCIIUTEIBHOTO CTPECCa, KOTOPHI aKTUBHPYET CHCTEMY aHTHOKCHIAHTHOTO
oTBeTa pacteHui. [IbUTblIEBOE 3€pHO MMEET CIIOKHYIO apXUTEKTOHHKY, B KOTOPOH alljlepreHHbIe
OCJIKY MBUTBIIBI BCTPOSHBI B TETEPOTEHHYIO MaTPHIy MHOTUX OMOAKTUBHBIX MOJICKYI, JOCTABIISAS UX
OAHOBPEMEHHO BO BpeMsl aJUIEpPrHYeCKoi CeHCHOWIM3auuu. B MBUTBIIEBOM 3€pHE BBIACISIOT:
BHYTPEHHIOIO 000JI0UKY (MHTHUHY), KOTOpas MpeAcTaBlieHa OelkaMu, METaOOIMTaMM, JTUMHAAMU,
aJIcHO3UHOM, (IIaBOHOUJAMH U HApYXKHYIO CKYJIBITYPUPOBAHHYIO (SK3HMHY), BKIIOYAIOIIYIO
BUPYCHI, OaKTEpUHU, CLIOPBI IPUOOB U YaCTUILIBI 3arpsi3HUTENEH Bo3Lyxa [6].

Oneinutens

Nuinsya

Mensya .' 3 »- DT
‘ Crurma
b

Cems

-AnyHnK

PucyHnok 2. OcoOeHHOCTH ONBUICHHS Y aHEMO(MIBHOTO ¥ SHTOMO(MHUILHOTO PACTEHUS

Tpuduna — ciol, He coaepKanui CHOPOMOJIJICHHHA, JIAMEIIIPHOTO, 3€PHHUCTOTO WIIH
TOMOT€HHOTO CTpOC€HHsS. Y  JHTOMOQHWIBHBIX pacTeHUW OHa  KJIEHKas, MAacCIsSHUCTAs,
NIUITMEHTUPOBAHHAs, 3aIUINAET OT IMOBPEXKJIEHUS M BIAru, apoMaroM M I[BETOM IIPHUBIIEKAET
HACEKOMBIX, ITOMOTaeT €l MPHUKJIEUBAThCSA K TEJIaM HAaCEKOMBIX M NEPEHOCUTHCS MEXIY LBETKaMU
JUIS OTbUIEHHS. Y BETPOONBUISIEMBIX pacTeHHil TpuduHa cyxas. [Ipuiblia HACEKOMOOIBLISEMBIX
pacTeHnii OObIYHO TsDKenee, sipue (MaJuTpa LBeTa pa3HOOOpaszHas) M KpyIHee, 4YeM IblUIblLa
BETPOONBIISEMBIX PaCTEHUI. B TO BpeMs Kak MIblIblia BETPOONBUISIEMBIX PACTEHUI JIErYe U MENbUE,
MOCKOJIBKY PaclpoCTPaHSAETCs ¢ TOMOIIBIO BETpa HAa OOJBIINE PACCTOSHUS JUISl OTBUICHUSI.

N3BecTHO, uTO 0KONIO 80-90% BCEX BHUJIOB pacTeHHI MCIONB3YIOT HACEKOMBIX JJISl IIepeHoca
MBUIBLBI, TPUYEM MEIOHOCHbIE MMYellbl €€ MPEeHMYIIEeCTBEHHbIE IEePEHOCUMKU. AJIIeprusi Ha
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SHTOMO(HIIbHYIO TBUIBIy MEHEE PaclpoCTPaHEHHOE SBJICHUE, YeM Ha aHEMO(UIbHYIO0, HO MOXET
HaOIIOaThCs y MPOQEeCCHOHATIBHBIX CaJI0BOIOB, pAOOTHUKOB TEIUIHII, JaHAAPTHBIX AU3aiiHEPOB
u ¢nopuctoB [1-3]. M3yyeHa npuiblia HEKOTOPHIX SHTOMO(WIBHBIX PACTCHH, HAOIIOJAaeMbIX B
a’pobuonornueckux criaigax, nog COM.

Cemeticmso Konckoxkawmanoguvle. 11buiblieBble 3epHAa KOHCKOTO KalllTaHa MPOJIOJTOBaThie, 3-
OOpO3IHO-TIOPOBbIE, B  OYEpPTaHUU C T[ONIOCa [OYTH  TPEyrojbHbIE, C  OJKBaropa
mupokounTruueckue. [omspuas oce (I10) 22,2-24,0 mxm, OkxBatopuanbHbiil nuametp (O/0)
19,0-22,0 mxm. Anoxonsnuym 3,4—4,0 mxMm. bopos3nbr mmpokue, 6,0-7,0 MKM IJIMHHOM,
3a0CTPEHHBIE CO CTPYHYATOM CKYJBITYPOH MEKOOPO3IHON MOBEPXHOCTH. MeMOpaHbI MMop, Tak jKe
KaKk W JHO OOpO3/bl, HEPABHOMEPHO MOKPHITH Imunukamu, 2,0 MM mmHOW U 1,0-1,5 MKm
IIMPUHOM, CHIIBHO BBITISTYMBAIONIMECS 32 OOIME KOHTYPHI MBUIBIIEBOTO 3epHA. Dk3uHa Ooznee 1,0
MKM. [ToBEepXHOCTh 3K3UHBI CBOCOOpa3Hasi, CTpyiyaro-samMyaras, 1uaMmerp crpyek 0,3 MKM, MEKIY
HUMU PACIIONIOKEHBI IMKH. JIHO 6OPO3/1bl UMEET MIUIOBATYI0 NOBEpXHOCTh (Pucynok 3).

Pucynok 3. Korckuii kamtan: meiiblieBsie 3¢pua (COM: yeennuerue x 2000-5000)

Cemeticmso 60606vie. 1IblIblIEBBIE 3€pHA [VIEAUYUH TPEXKOIIOYKOBOM 3-00p03AHO-TIOPOBBLIE,
AIUTUIICOUANbHBIC, B OUYEPTAHUH C MOJIOCA TPEXJIONACTHBIE, ¢ AKkBaropa summnTudeckue. 110 40,0—
45,0 mxm, I/ 30,0-35,0 mxM. bopo3asl mmpoxkue, 16,0—-17,0 Mxm quHHOM. [lopel okpymisie, 10,0
MkM. Ok3uHa 1,0—-1,5 Mxm TommmHaoN [ToBepXHOCTh SK3UHBI ceTuaTas, Takas ke, 4To U B 001acTu
aneptyp. Sldem pasnuyaroTcs MO pasMepaM M KOH(PHUTYpaluu: OT MHOTOYTOJIbHO-OKPYIJIBIX 0
BBITSIHYTBIX, YaCTO COEIMHSIOMUXCS MEXy co00il. Pasmep sueit 2,0 MKM, CHIIBHO YMEHBIIIAETCS K
nontocaM (Pucynok 4).

Pucynoxk 4. I'mequuns TpexKoJIIOUKOBas: COLBETHS U MbuIblieBbie 3¢pHa (COM:yBennyenne x 2 000-5

000)

Cemeticmeo posoysemuvle. 1IbuiblieBble 3epHa OOSPBIIIHUKA OOBIKHOBEHHOTO 3-00p03/1HO-
MOPOBBIE, HIUTUIICOMIANBHBIC, B OYEPTaHUH C IOJIOCA 3-JIOMACTHBIE, C HKBATOPA JJUTHITHYECKHE.
I10 36,0-41,0 mxMm, D1 26,8-30,6 Mmxm. bopozasl rmryOokue, MHUPOKHUE, cxaTbie ¢ 3kBatopa. Ilopsl
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ciabo3ameTHble, Oojee MeHee OKpyIble WM Mmpoaoironarsie, okojo 10,0 MkM B HaubosblieMm
nuametpe. Jumamerp amokonbnuyma 7,2 MM, mupuHa 18,0-21,6 MKM. DK3MHa paBHOMEPHO
yronmeHHas, 1,5 Mkm TtonuuHON. CKyJIpnTypa I[OBEPXHOCTh 3K3MHBI TOHKAs, W3BWIHCTHO-
CTpyiyarasi, CTpyHKH HaIlpaBJeHbI MOJ YIIOM K JpPYyr K JAPYTY, CTOJIOMKH cliabo3aMeTHbIEe, Kpai
SK3UHBI IOYTH POBHBIN. 10 Kpato 6Gopo3/bl CTPYHKU UAYT HapauieIbHO, 2 B ME30KOJIBIIUYME MO
paszHbIM yriioM. Y HekoTopbix [13 60po3asl cauBatores B odmactu nontoca (Pucynox 5).

Pucynok 5. BosipeiniarK 00BIKHOBEHHBIN: IIBETHI M MBUTbIIEBOE 3epHO (COM: yBenmuenue x2 000, 3
000-10 000)

Cemeticmeo  manveosvle. IlbuiblieBbIC 3€pHA THOMCKA CHUPUIHCKOTO cgepouaaibHBbIE,
MHOTOIIOPOBBIE, B OYepTaHUU — OKpymible. Jlnamerp 3epeH ¢ munamu — 33,6—40,0 mxm. Ilopel
OKpyIJIbIE WM IIHpoKodummnTuyeckue 5,0—-6,0 MkM B quamerpe ¢ poBHBIM KpaeM. [IoBepxHOCTB
9K3MHBI KpPYNHO UIMIOBaTas, a MEXIy IuunaMu — ckiaaaudartas. llunel xkoHycoupaanbHbIE,
MOHOMOp(HBIe, CHIBHO BBHITAHYTHIE, KpymHble (10,0) 15,0-20,5 mMxm BwIcOTOH, 5,0-6,6 MKM
IIMPUHOM B OCHOBaHWM, C MPUTYIUICHHBIMM BEpXyIIKaMH, Ha paccrosHuu 25,0-33,3 MKM.
OcHoBaHug munos mupokue (Pucynok 6).

Pucynok 6. ['mOMCK CHpUIICKHIL: IIBETOK U mbLIblieBOE 3epHO (COM: yBenuuenue x 600)

[TebIIEBEIE 3€pHA MaNIBBBI MPEHEOPEKEHHOH cheponanbHbIe, MHOTOIIOPOBBIE, B OYEPTAHUU
okpymieie. Jlmamerp 3epen ¢ mmmnamu — 38,0 mxm. Iloper B uncie 6onee 100, okpymsie 1,3-2,0
MKM B JINaMETPE C POBHBIM KpaeM. [I0BEpXHOCTh 2K3UHBI KPYITHO IIMIIOBATas, @ MKy IIATTAMH—
ssmuaras. [1Iunbl ocTpOKOHMYECKUE, OY€Hb CUIIBHO OTIMYAroLuecs Apyr OT Apyra Mo BbicoTe, 2,7—
12,0 mxM, 2,6-4,0 MKM IIMPUHONW B OCHOBAHHMH, MHOT/A C 3aTHYTON BEPXYIIKOW, OBIBAIOT OOJBINNE
1 OCTpPBIC WJIH TYIIbIE M KOPOTKHE, MPSAMBIE WIH U30THYThIE (PucyHok 7).
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Pucynok 7. ITbutbIieBo€ 3¢pHO MasibBbI TipeHeOpexentoi (COM: ysenmuenue x 600, 3 000)

YCTaHOBJIEHO, YTO B a3pONAIMHONIOIMYECKOM criekTpe I. Ol Mbulblia MaJdbBOBBIX COCTaBIIsIIA
5%. VYBenmuueHue 4YMCIIa aBTOMOOMJICH M TOCTENEHHBIA CABUI B CTOPOHY ypOaHM3aLUH SIBIISIOTCS
OCHOBHBIMHM TPUYMHAMH YBEJIIMUYEHUS PA3JIMYHBIX TUIIOB 3arps3HSIONIMX BEIIECTB B OKPYKAIOIICH
cpene (SO2, O3 NO, COz) HeraruBHO BIUSIOT Ha (PUIUOIOTUYECKYI) AKTUBHOCTH PACTCHHIA.
Cunraercs, 4TO IbUIbIA HAKAITMBAET OOJbIIEE KOJMYECTBO 3arpsi3HAIOIIMX BEIIECTB M3-3a CBOEH
TUNO(GHILHOCTH U BBICOKOM BsI3KOCTH [7, 8].

V3meHenne kiuMara sBISETCS (PU3UKO-METEOPOJIOTHUECKUM (PaKTOM M, MMOMHUMO €ro JPyTUX
MOCJICZICTBH, BIUSET Ha 3I0POBbE YETIOBEKA, B 0OCOOCHHOCTH HA KIIMHUYECKUE CUMIITOMBI MTOJUTMHO32
[9]. Temneparypa U ocaJKyu U3MEHSIOT MaKCUMYyMbl JHEBHON 3MHccHM MbUIbIBL OT 35 1o 40% u
YBEJIMYMBAIOT OOMIYI0 TOJOBYK) SMHUCCHIO IBUIBIEI HA 16-40% wu3-3a M3MeHEHUH B ()CHOJOTUU H
NpoAYKUMU. BKilag U3MEHEHHs CUCTEMBI 3€MJICTIONB30BAHUS B PACIIPEIEICHUE HCTOYHUKOB IbLIBIIbI
oTHOCcUTENbHO HeBenuk (<10%), mo cpaBHeHUIO ¢ n3MeHeHueM kiaumara wi CO2 [10].

W3MmeHnenune kinumara BIUsSET Kak Ha Hadalo, MPOAOKUTEIbHOCTh U CEePhE3HOCTh
MBUTBLIEBOTO CE30HA, TaK W HA CTPYKTYpy MbUIbIEBOro 3epHa. C moBbimieHueM ypoHs CO2
YBETUYNBAETCS (POTOCUHTE3 M MBUIBLIETIPOYKTUBHOCTh pacTeHUl. Bo Bpemst pa3BUTHS B NMBUILHUKE
U TP pPacCeMBaHUU TBUIBIBI B OKpYXKaloLIEeH cpeae Ha Hee BO3JCHCTBYET KOMIUIEKC
METEOPOJIOTUYECKUX YCIOBUW M 3arpsA3HUTENEN BO3AyXa, TEM CaMbIM YCWIHMBas TAKECTb
KIIMHUYECKUX TIPOSBJICHUM allJIepruueckoro puHUTa U OpoHXMaNbHON acTMbl. Ha pacnpenenenue
SHTOMO(UILHON THUIBIIBI B BO3JIyX€ MOTYT IOBIUSATH W3MEHEHUS B TPATUIIMOHHOM CHCTEME
3eMJIENIONB30BAaHUSl M, B II€JIOM, aHTPOIIOT€HHas JIEsTeNbHOCTh. B HacTosIiee BpeMmsi CelbCKoe
XO34HiCTBO W cHUCTeMa oO3eleHeHus (0e3 ydéra alyIepreHHOCTH pPACTeHUU) TMOJIOKUTEIBHO
BO3JICUCTBYIOT Ha pacOpOCTPAHEHHWE HOBBIX KYJIbTYP M AaKKJIMMAaTU3UPOBAHHBIX TIOPOA B
JIOTIOJIHEHUE K HW3MEHEHUIO KJIMMara, 4YTO CIOCOOCTBYET pOCTY MOMYJSIIMM pPAacTeHUH U HX
pacnpoCTpaHEHHIO B paHee HEOOBIYHBIX MecTax. B MHpoBOM MacmiTabe pacTeT YMCIIO CTpaH,
BKIto4ass KBIprel3cTaH € MOCTOSHHO PAacTylIMMH IUIOIIAASMHU, OTBEACHHBIMHU TIOJ CEJIbCKOE
XO035IHCTBO, YTO MOBJIUSAET HA POCT ajulepruueckux 3adonesanuii [11-13].

YcraHoBi€HO, 4YTO yTpara Ouopa3zHOOOpaszus, H3MEHEHHe KIuMara, 3arps3HeHHe |
MHUKpPOOHOM B3aUMOCBSI3aHbl, POCT aJJIEPTUU B TOPOJCKON Cpelie TakKe MOXKET ObITh CBSI3aH C €ro
cokpatienuem [14, 15].

HabnromaemMoe W TporHO3MpyeMoe BO3JCHCTBHE W3MEHEHUS KJIMMaTa Ha a’poauiepreHbl
BKJIIOYAET BapWalluid B WX MPOAYKIIMM M KOHIIEHTpAIMd B arMocdepe, CABUTH BO BpPEMEHU U
MPOAOJKUTENBHOCTH TBUIBIEBOTO CE30HA, MOAM(UKALNK aJUIEPreHHOCTH MbUIBIBI U CIOp, a
TaKkke M3MEHEHHsI B reorpauueckoM U MPOCTPAHCTBEHHOM PACHpPEETICHUU a’pOaUIepreHOB U
caMux pactenui [16].
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brok 2. Meoonocuwie nuénvl kak OUOMOHUMOPbL U OUOUHOUKATNOPBI.

CuHTarot, 4To CIIOXKHBIE B3aMMOJCUCTBUS MEXKYy MEIOHOCHBIMU TYesIaMu, IPUHOCUMOI UMU
MBUTBIION MEIOHOCOB M MBUIBLIEHOCOB, M 3arps3HUTEIISIMUA BO3/IyXa B U3MEHSIOMIEMCS KIIMMaTe,
3arpsi3HEHUHU OKPYXKAIOILIEH Cpe/lbl 10 CUX MOP HEI0CTaTOYHO U3yUYECHBI.

PaGounie mMenoHOCHBIE MYeNbl OOBIYHO KHUBYT OKOJIO COpOKa MSTH JHEH, MPOXOns pazHbIe
CTaauu pa3BUTHSA W poiaud B yabe [17]. OHM OOJBIIYyIO YacTh CBOEH J>KHU3HHU IOIBEPraroOTCs
BO3JICHCTBHUIO 3arpsi3HSIONIMX BEIIECTB, COACPXKAIIUXCS B TMHINE, a TakkKe TeX, KOTOpbIe
MIEPEHOCATCS B YICH MueaMu-coOruparessiMi MIPH XpaHEHUH MBUIBLBI U HEKTapa. BHOMOHHUTOPUHT,
B YaCTHOCTH, MNpHOOpea MOMYyISIPHOCTh B MEAMIIMHCKUX HCCIEI0BaHUSAX Onaromapsi cBoei
3¢ HEKTUBHOCTH, CIEU(DUIHOCTH U SIKOHOMUYECKoH 3pdextuBHOCTH [ 18].

B obGnacTtu 3arpsi3sHeHuUs OKpy»Karouiel cpeibl 3HAYUTEIbHOE BHUMAHUE YACJIEHO M3YUYEHUIO
MEIOHOCHBIX T4YeNl W TMPOAYKTOB ITYEIOBOJACTBA. MENIOHOCHBIE MYENbl Kak OWOMOHHUTOPBI
BBIICTISIIOTCS. TEM, YTO aKKyMYJIHMPYIOT 3arps3HSIONINE BELIeCTBa M3 BO3/1yXa, MOYBBI U BOJBI B
OTIpe/IeICHHOM pajauyce 6ornee 3 KM BO BpeMs CBOUX KOPMOBBIX 3kcrenuiuil [19-24], motom Bcé
3TO MONAAACT B MEN.

Xapakmepucmuxku MeOOHOCHbIX nuen (U NpooyKmo8 Nueno800Cmed) Kak UHOUKAMOPO8
3aepsA3HeHUs OKpYACcarouell Cpeobl:

1. [ToBceMecTHO pacpoCTpaHEHBI UX JIETKO COoeprKaTh U cobupats [19, 25].

2. CoBepuialoT HECKOJBKO IOXOJO0B 3a nuiued B JeHb (12—15 B mepuos akTUBHOCTH),
oXBaThIBasg IUIOmAAb Okomo 7 km? [10, 26], HakammuBas B NHIIEBAPUTEIHLHOM TpPAaKTe WA
HEMOCPEJACTBEHHO Ha MX BOJIOCATBIX TeNlaX 3arps3HSIONIME BELIECTBa M3 OKpyxatomiei cpexae |20,
28].

[Togcunrano, 4to ogHa KoJIOHUS MeTOHOCHBIX muen (13 20 000 myen) coOupaer 0KoI0 AeCATH
MUJIJTHOHOB MUKPOOOPA3I0B HEKTapa M MbLIbIIBI B ICHB [25].

Takum oOpa3oMm, MeEIOHOCHBIE W4YENIbl CcOOUparOT GparMeHThl OKPYXKAloIIeH Cpelbl,
aKKyMYJIUPYS 3arpsi3HSIONINE BEIIECTBA U3 BO3AyXa, BOJABI U MouBHI [ 25, 29]. Ilo Bo3BpamieHuu B
yJel m4enbl-COOPIIUIIBI TIEPEHOCIT COOpaHHBIE 3arpsA3HSIONINE BEIIECTBA, TJI€ OHU BIIOCJIEICTBHHI
HaKaruIMBAIOTCS B MPOAYKTaX MUEIOBOJICTBA, TAKKX Kak Bock u mex [20, 30, 31].

3. OObenuHSAIOT JaHHBIE O 3arps3HEHUU B TpeNeNax OIpeaeleHHOW TreorpaduyecKoi
00J1acTH, ¥ UX OTHOCUTENBHO JIETKO OTOMPATh.

Kpome Toro, 3acmykuBaromde BHUMAHUS pPe3yJbTaThl OBUTA TOJNYYEHBI TPU aHAIH3E
MBUTBIIEI, TPEUMYIIICCTBOM KOTOPOU SIBJIIETCS €€ JISTKOCTh M JIOCTYITHOCTH cOOpa M3 Pa3HBIX MECT
[7, 8, 30]. Ho HakomuTenbHBIH MOTEHIIHA MBLUIBIIBI BO MHOTOM 3aBUCHT OT €€ JUMO(GHUIBHOCTH H,
clieIoBaTeNbHO, OT BuAA pacTenuii [7, 32]. [Tpubiia Oonee UyBCTBUTENbHA K H3MEHEHHIO TTOTOIHBIX
YCIIOBUH, IMOCKOJIBKY HU3KHE TEMIIEPaTyphl OTPAHHYHNBAIOT KOPMOBYIO JICITEIHHOCTh MEIOHOCHBIX
el ¥, CJIeI0BaTeNIbHO, OTOOP NP0 MbUIbIEI [32].

Mén moxer oToOpa)kaThb CE30HHBIC, a TaKKe MPOCTPAHCTBEHHBIE KONIECOAHMSI HEKOTOPBIX
TSOKENbIX MeTawioB. Crlenyer MOMYepKHYTh, YTO BCE HCCIEIOBAHUS, OIEHUBAIOUINE YPOBEHb
3arpsi3HEHUs] Me/la MO CPAaBHEHUIO C MEJOM BCEH IMUelNbl, MOKa3alid, YTO €ro HaJleKHOCTh ObLia
JIOBOJILHO HU3KOM [16].

[Ipenensl HANEKHOCTH YABEBBIX MATPHI[ CBSI3aHBI C CE30HOM OTOOpa MPOO, MOTOTHBIMU
YCIOBUSIMU U KOPMOBOH J€STENbHOCTHIO. B 3aBHCUMOCTH OT UCHIONB3YEMOW MATPHUIIBI, & TAKKE OT
TUIA 3arps3HEHUs, HAJSKHOCTh U TMOJIE3HOCTh YJIBEBBIX MATpUIl paznudaroTcs. [IpumepoM 3toro
sBiIsieTcs 3arpsizHenne [TAY u THIMYHBIE Ce30HBI 0TOOPa MPOO MYCSTUHBIX MATPHUIL H, B YACTHOCTH,
KOPMOBBIX MEJJOHOCHBIX ITUEI.

[TukoBbie ypoBHU [TAY 00BIYHO HAOMIOJAIOTCS 3UMOM, UTO OOBSCHSETCS OOJiee BHICOKMMH
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BBIOpOcaMu HEKOTOPHIX [TAY B X0moaHBIC MECAIIBI M3-3a YBEIMUCHUS OTOMUTEIBPHON NeATETbHOCTH
U YBEIWYEHUsS aBTOMOOWJIBHOTO IBMKEHHS [33] M 4YyBCTBHTEIBHOCTHIO HEKOTOphIX I[IAY K
doronerpananuu [34]. OnHAKO aKTUBHOCTH KOPMOAOOBIBAHHS €CTECTBEHHBIM 00Pa30M CHIKACTCS
B 3UMO# [28], 4TO MPUBOAUT K MEHBIIEMY MX BO3ACHUCTBUIO Ha muen. bosee Toro, GOIBIIMHCTBO
BKJIFOUEHHBIX HCCJIEIOBAaHUN OrpaHUYMBAIM BBIOOPKY CE30HAMH C BBICOKOH aKTUBHOCTBIO
kopMomoObiBaHus. [loCKONIBKY i1 OLIGHKHM KpuTthueckux ypoBHed [IAY  morpelyercs
II0CJIEZIOBATENbHAS. MaTpULla 0TOOpa IPoO B TEUEHHUE BCETO I'0/1a, BOSHUKAET €CTECTBEHHAs JUJIEMMa
«HE TO MECTO, HE TO BPEMS», UTO MPUBOJUT K OIPAaHUYEHHOMN HAJEKHOCTH MEJOHOCHBIX ITYEN Kak
earMHOro OMoMOHUTOpA 3arps3HeHus [1AY.

HesaBucumo ot Tuna 3arpsisHeHUs, 0ojee BHICOKHE YPOBHHM OOBIYHO HAOMIONATHCH JIETOM.
Tem He menee, MnueBnuy c¢ coaBT. [36] cooOlMIM O NMHUKOBBIX YPOBHSX KaJMUi M Xpoma y
MEJOHOCHBIX Muelsl 3uMOH. [1oCKOIbKY 3MMHME IUEbl PEAKO MOKUAAIOT YIEW U, CIel10BaTeIbHO,
MEHBIIIE TO/IBEPraloTCs BO3AECHUCTBUIO aTMOC(EPHBIX 3arpsi3HUTENEH, ATOT (akT, CKOpee BCEro,
MOKHO OOBSICHUTH MUTAHUEM, KOTOPOE OHU MOTPEeOISIOT 3uMoil. Ha ocHOBaHUM 3TOr0 HAOMIONEHUS
M3MEHEHUE HaOJI01aeMOl MaTpuIlbl YJIbEB 3UMOW Ha T€, KOTOpBIE JIy4dllle OTPaKatoT 3arpsi3HEHUE
WCTOYHHUKOB ITHIIH, KaXeTcs OmaronpusaTHeIM. UTO Kacaercs IPyruX UCTOYHUKOB UM, TAKUX KaK
MBUIBLA U MIPOIOJIUC, UMb HEMHOTHE HCCIIEIOBAaHUS OLEHUBAIN YPOBHU 3arpsi3HSAIONIMX BELIECTB
B 3THX Marpunax [7, 8 , 30, 35].

Ha axkTuBHOCTH 100BIBaHMS NUIIM BIUSET HE TOJBKO TEMIIEpaTypa, HO U CKOpPOCTb BETpa,
BIQXHOCTh U 001a4yHOCTH [25]. B domonHeHWe K 3TUM €CTECTBEHHBIM TMOTOJHBIM YCIIOBHSIM,
(bakTopel OKpY)KaoIeH cpeabl, TaKhe Kak IUIOXO€ KauyecTBO BO3[yXa WJIM BBIpyOKa JIECOB U
ypOaHu3anus, BIMSIOT Ha KOPMJIEHHE MEIOHOCHBIX Muel. [IpomoKuTeNnbHOCTh MOMCKA MUIIH
YBEJIMUMBAETCS MPONOPLHUOHAIBHO YBEIMYEHUIO KOHIIEHTpaluK TBepbplx yactull [37]. bonee Toro,
€CJIM MCTOYHMKOB MUY HEJAO0CTAaTOUYHO, MEJIOHOCHBIE IMYENbl YBEIMUYUBAIOT OOBIYHOE PACCTOSTHUE
KOPMJICHHS C HECKOJIBKUX COTEH METPOB BOKPYT Yibsl IO KUJIOMETPOB B MOMCKaX muu [25]. O1o
MOXKET IPUBECTU K HEOKUJAHHO HU3KUM KOHIICHTPALIMSIM 3arps3HSIONIMX BEIIECTB Y MEIOHOCHBIX
m4esl, HaXOSAIIMXCS Ha MPEANOJIOKUTENbHO 3arpsA3HEHHBbIX YyyacTkaX. OJHAaKO YAMBUTEIBHO
BBICOKHE YPOBHHU 3arpsi3HSIOIIMX BEIIECTB B paliOHAX, YIAJ€HHBIX OT MCTOYHUKOB 3arpsi3HEHUS,
MOXHO OOBSCHHUTH Jpei(OoM M MEPEeHOCOM Ha OOJbIIME PACCTOSHUS OT yAAJCHHBIX MCTOYHHKOB
3arpsi3HeHus [36, 37]. DT pe3yibTaTbl MOTYT yKa3blBaTh HA TO, UTO MecTa 0TOOpa Mpol He ciexyeT
BbIOMpATh anpuopy, a BbIOMPATh TaK, YTOObl OHM OTpa’kajdl KOHILIEHTpallMM Ha BCEW TEeppUTOPUU
[36].

Hcnonb3ys noaxon «EnuHoe 310poBbe», MOXKHO AOCTHYBL Oojiee 0€30MacHOro Mupa Jjsi Bcex
KMBBIX CYIIECTB, CIOCOOCTBYsl OalaHCy MEXAy pa3BUTHEM UEIOBEKa U COXPAHEHHEM 3KOCHCTEM
[38]. OTa KoHILENIIKS HE TOJBKO 3ALIUIIAET 3A0POBbE YEJIOBEKA, HO TAK)KE NMPU3HAET BHYTPEHHIOIO
LIEHHOCTh OMOpa3HOOOpa3usi U PEIlaAoIIyl0 POjib, KOTOPYIO >KMBOTHBIE M OKpY’Karollas cpena
urparoT B Hamiem ooOmeM Onmaromoiayyud. C TOYKM 3pEeHHUS TUTHEHBI OKpYKaIoLIel cpeabl
MEJOHOCHYIO MUEeIy MOXKHO paccMaTpUBaTh Kak MOJENIbHBIM OpraHu3M A KoHuenuuu «EguHoe
s3mopoBee» [39]. Ero mnpumeHeHne B KauecTBE OHMOMOHHMTOpA TO3BOJSET YCTaHABIMBATH
COOTBETCTBYIOLIE YPOBHHU 3arpsi3HSAIONIMX BEIIECTB, a TAKXKE JIelaTh BBIBOABI O KaY€CTBEHHOM
COCTOSIHUM OKpY>Karoriei cpeapl. OmeHKa BCero Tejla MEJOHOCHOM MUl MO3BOJIET 0ObETUHUTD
3arpsI3HAIOIIME BEIECTBA, INPUCYTCTBYIOIIME B OKPY)KAIOIIEM BO3AYyXE, IIOYBE U BOIE, H,
CJIe/IOBAaTENNbHO, JIAeT OOIIYI0 KAPTUHY COCTOSIHUSA 3arpsA3HEHUs Ha onpeereHHoi Tepputopun. Kak
OpraHu3M, KOTOpBIH caM MO ceGe HaXOAUTCS IOJ] CHJIbHBIM BJIMSHHEM IOTOAHBIX YCJIOBUH,
n3MeHeHus1 nanmmadTa u 3arpssHenus [35, 40, 41], koTopbrit cOOOUTMI, YTO W3-3a UCTOIICHUS
IPUPOAHBIX PECYpCOB HM3YUYEHHbIE MEIOHOCHBIE ITYENIbl HCIOIb30BATM CMOIY M acdaybT Uit
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MPOM3BOACTBA MpOMoONUca. Yrpo3a oOIIeMy 3J0pOBbIO YENOBEKa, CBsi3aHHAs C Jerpajanueit
MPUPOJHBIX HKOCUCTEM, oOueBHIHA [35], OMOMOHUTOPUHI MEIOHOCHBIX IYEN MPEIOCTaBISIET
HEHHYIO0 HHPOPMAIMIO O COCTOSTHUH 001Iel oKpyxkaromei cpensl. [37].

MenonocHast myena cama no cebe okazajgach CamMOW HAJAECKHOW MaTpuled, MO3BOJISAIOIICH
OoOHapyXMBaTh IPOCTPAHCTBEHHBbIE U CE30HHBIE HM3MEHEHHS B OMPEICIICHHBIX 3arpsS3HSIOMINX
BemecTBax. OHAKO HAJIEKHOCTh MEIOHOCHBIX MYENl WJIM MPOAYKTOB MUYEJIOBOJACTBA B KAayeCTBE
OMOMOHHMTOPOB 3aBUCUT OT MHOXKECTBA MepEeMEHHBIX. HEKOTOphIe U3 HUX BeChMa HEOMPEACIICHHBI,
TOTAa Kak Jpyrde MOXKHO YYeCTb, CJEAysl OIPEJCICHHbIM pEKOMEHIauusM. Bo-nepBhIX,
HE0O0XOMMO KOHTPOJIUPOBATh KaK MUHUMYM TPH YIIbS Ha y4acTKe, YTOOBl YyUUTHIBATh Pa3ivuus B
OJHOM U TOH k€ ceMbe. BO-BTOpBIX, A1 MPOBEPKU NPOCTPAHCTBEHHOW M3MEHUMBOCTH Pa3IMUYHbIC
YYaCTKH JIOJDKHBI OBITh PACIIONIOKEHBI HA PACCTOSTHUM HE MEHEE 8 KM JIPYT OT Jpyra, 4TOOBI CBECTH
K MHUHHMYMY BEpOSITHOCTb NEPEKPBITUS TEPPUTOPUNM H3-3a pajadyca IMojeTa KOPMSIIUXCS
MEJOHOCHBIX IT4ell. B-TpeTbuX, B 3aBUCUMOCTH OT MHTEPECYIOIIETO 3arpA3HUTENS Ul JOCTHKEHUS
0oJiee 3HAYMMBIX PE3yJIbTATOB MOTYT MOTPEOOBATHCS JOTIOIHUTEIbHBIC MATPULIBI YIIBEB UITH APYTHE
METOJIbl MOHUTOPUHTA. boJiee TOro, aBTOPHI UCCIIEIOBAHUS TOJKHBI OCO3HABATh, YTO HAa KOPMJICHHE
MEJIOHOCHBIX YN BIIMSIOT MHOTOYHMCIICHHBIC (DAKTOPBI, YTO 3aTPYIHSET CO3JaHUE CTAHIAPTHBIX
3HAYEHUN U METOJI0B. B-ueTBepThIX, MEJOHOCHBIE ITYENIbl BMECTO IMbUIbLIbI CTAJIM IPUHOCUTH B YIIbU
MUKPOILJIACTUK, B HACTOSIIEE BPEMsI YCTAHOBJIEHO HAIIMUKE MTOJIMMEPHBIX YaCTHULl B METIE.

Crnemyer Takke Y4YUTBHIBaTh, YTO MPHU ALIEPTUUECKUX PEAKIHUAX Ha MbUIbILY, YHOTPEOIAThH
MED W IBETOYHYIO TBUIBIYy B MHUIIY WM Kak JIeYeOHOE CPEACTBO, HECMOTpPS Ha WX IIeJcOHBIS
CBOMCTBA, KaTETOPUYECKH 3alpeliaeTcsa. JTO CBSI3aHO C TEM, YTO B MEJ IMOMNANAeT MPAKTHUYECKU
BECh CIEKTp aJUIEPreHHOM MbUIbLBI, HAauYMHAasg OT MbUIbLBI IOJILIHU — KPaeBOIo ajuiepreHa
pecnyOIMKM W 3aKaHYMBas TBUIBIOW JIPEBECHO-KYCTAPHHKOBBIX pacTeHWi. B Hero Takxke
MoNajaroT CIOPbl TPUOOB, BEreTUPYIOUIUME HA MBUIBIE MHOTHX PACTEHHM WM KaK pPe3ysbTar
(duTonaTONOrUN.

MOHHUTOPUHT OKpYXarolleld cpedpl Ha MPEAMET 3arpsi3HEHHUs] MECTULMIAMH, TSHKEITbIMU
MeTaJUIaMHd Y TPUOKOBBIMH M OaKTEepUAJIbHBIMH TATOT€HAMHU HMEET PEIIalolee 3HAYCHHE IS
3alIUThl 3I0POBbSI JIIOACH, CEJIIbCKOTO XO35WCTBA W JKOCUCTEM B 1eiIoM. Mcnonb3oBaHue
MEJIOHOCHBIX MMYeNl B KadyecTBE OHMOMOHHTOPOB TNPEACTAaBIACT CO0OM BO3MOXKHOCTH IS
HEMPEPBIBHOTO MOHUTOPUHTA 3arps3HEHUS, JOTONHSIIOUIYI0 TPaAUIIMOHHbIE MeTO/bl. Takol moaxon
npeayaraeT 0OoJjiee BCEOOBEMITIONIMN M CIOXKHBIM B3MISIT HA 3JI0POBBE OKPYXKAIOIIECH CpEIIbI,
comnacyromuiics ¢ kKoHrenmuen «EauHoe 310poBbe», KOTOpasi MPU3HAET B3aWMOCBSI3b 370POBBSA
OKpYXKarolllel cpesibl, )KUBOTHBIX U YesioBeKa. [locpeacTBOM MOHUTOPHHIA METOHOCHBIX MYEN MbI
MOKEM MOJYYUTh LIEHHYI0 HH(OPMAIIMI0 00 yCIOBUSX OKpY’Kalolled cpelbl U, Kak CIEACTBHE, O
ONaronoJiyduy CcooOIIecCTB, MPOXKUBAIOIIMX B J3TOM cpere. TeM HE MEHee, HBIHEIIHHN 00beM
WCCTIEIOBAaHUM B 93TOM 007acTH OTpaHWYEH, YacTO COCPEJAOTAuMBACTCS Ha KOHTPACTHBIX
nanamadTax U OLIEHKE aHAJIOTMYHBIX TUIIOB 3arps3HUTENEH 0e3 JOCTaTOYHON KOHIENTyalu3alliH.
DTO MOAYEepPKUBAET HEOOXOTUMOCTh JAIbHEHIIINX HCCIENOBAaHUN U CTaHIApTU3AIUN HCCIEIOBaHUI
10 OMOMOHUTOPUHTY MEIOHOCHBIX m4ell. [Iomo0HbIe yCHiIHs He TOJIBKO YAyUIIaT Hallle TOHUMaHue
OKpY KaloIIen cpenbl, HO U OyayT CrToCOOCTBOBATh PA3BUTUIO JIOCTYIMHBIX M MIUPOKO MTPHUMEHUMBIX
MeTo0B  MOHHUTOpHHTa. C TOYKM 3pEHHMs] THTHEHBl OKPYKAIOIMIEH Cpenbl HEeOOXOIHMBI
CTaH/IApPTU3UPOBAHHBIC HCCIIEIOBAHMS, YTOOBI CO37aTh JOCTYMHBIA MPOTOKOI MOHUTOPHHTA M
obecreunTs 60sIee OTHOPOTHYIO HHTEPIPETAIIUIO YPOBHEH, 0OHAPYKEHHBIX B MATPHIIAX YIIbEB.

N3-3a m3MeHeHUs KJIMMara M 3arps3HEHUs Cpebl OOWTaHUsS YeNOBEKAa KOHIICHTPAIHS B
arMocdepe TaKuX TPUTTEPHBIX (PaKTOPOB, KaK MbUIBIA M CIIOPHI MPOTPECCUBHO YBEIWYUBACTCSA U
BBI3BIBACT AJUIEPTUYECKUN PUHHUT U OPOHXUATBHYIO aCTMY Y CEHCUOMITH3UPOBAHHBIX OOJBHBIX.
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[Tpibia aHeMO(UIBHBIX, @ MHOTJA SHTOMO(DMIBHBIX PAaCTEHHMH Kak Bexyllas INpUYMHA
MOJUINHO3A SABJISIETCA OJHUM U3 OCHOBHBIX KOMIIOHEHTOB B COCTaBe aTMOC(EPHOTo 61M0a’po30IIs.

MOHUTOPUHT a’pOAJIJIEPTEHOB YK€ JaBHO CUUTAETCS HCCIENOBATEISIMU  KJIFOUEBBIM
HMHIUKaTOpOM COCTOSIHMSI OKpY’KaloIllled cpenbl Ajisi HU3MeHeHus kiaumara [42]. B cBsasu ¢
IIPU3HAHUEM B3aUMOJECUCTBUS (PU3MUECKUX, XUMUUECKUX U OMOJIOTMYECKHX aCHEKTOB aTMocdepsl,
HEOOXOIMM KOMIUIEKCHBI IIOJXOJ HE TOJBKO K MOHMUTOPHMHIY M OLEHKEe, HO Takke K
MPOTHO3UPOBAHUIO U HH(POPMUPOBAHUIO HACEJICHHS O KayecTBe Bo3ayxa [43].

Mpbl OTMETHIIM TPOTPECCUPYIOMIUNA POCT MCCIEJOBAHUN M CHUCTEMaTHYECKUX 0030pOB IO
OMOMOHHMTOpAaM KakK HWHAMKATOpaM KOMIUIEKCHOM TpUaabl HM3MEHEHUS KIMMAaTa, 3arps3HEHUs
OKpY>Karolllel cpesibl 1 U3MEHEHUEM paHee CYIIECTBYIONIEH CUCTEMbI 3eMJIETIOIb30BaHMS.

JlokazaTenbCTBa  BO3JACHCTBUS ~ M3MEHEHHMs] KIMMara M TPAAUIHMOHHOM  CHCTEMBI
3eMJICTIONIb30BAHMSA, a TAaKXKe 3arps3HEHHS Cpelpl OOMTAaHMs 4YeJOBEKa Ha MPOAYKTHBHOCTD,
KOHLIEHTPALMIO a3pOaJlJIepreHOB, CE30HHOCTb, PACHpPEIENICHHE U YBEIMYEHHE UX aJICPreHHOro
MOTEHIIMaa MPOIODKAIOT HAKAIUIMBAThCA M 3aIOJNHATH MPOOENbl, KOTOphIE OCTAKTCS B HALIMX
3HAHUSAX IO ATOU CIOKHOW KOMILJIEKCHOM TeMe. V3MeHeHue kiaumara, ypOaHu3alus, CBI3aHHAs C
3arps3HEHUEM  OKpYJXKaroIled  cpelpl,  CHOCOOCTBYIOT  HM3MEHYMBOCTH  XapaKTEPHUCTHK
a3poajlIepreHoB, MIPUBOAS K PACTYLIEMY YUCITY OOJIbHBIX NOIMHO3AMU M OPOHXUAJIBHOW aCTMOI.

B Oynymiem u3-3a nociaeaCTBUI aHTPOINOI€HHON TpUaabl CLEHApUIl pocTa pacTeHUNH MOXKET
OBITh M3MEHEH TaKUM 00pa30M, YTO HOBasi paccerBaeMasi IbUIbIIA OyIeT yKe MOTU(PUIMPOBAHA H
HETaTHBHO TMOBIHIET HA 3I0POBBE UYEIOBEKA Yepe3 WHTAISAIMOHHBIE U MUILNEBbIC ayuieprensl. Kak
CIIEICTBUE, B CpeIHEe- U JOJTOCPOYHOM MEpCIeKTHUBE OXHUIACTCAs POCT 3a00JIeBaeMOCTH
aJlJIepruyecKuMM 3a00J1€BaHUSMHU, BTOPUUHBIMU 10 OTHOUIEHUIO K IbLIbLIE.

OcHoBHBbIE 3 EKTH BIUSHHUSA AHTPONOTCHHOW TpHAAbl: M3MEHEHHUS KIUMara, CHCTEMBI
3eMJICTIONIb30BAHMS W ypOaHW3alluM, 3arps3HEHUsT Cpelapl OOWUTaHMS 4YeNOBeKa Ha MBUIbILY
HSHTOMO(WIBHBIX PACTEHUIN U MEIOHOCHBIX IMYEN:

1) nabGmonarorcss Oosee paHHee CPOKM M YUIMHEHHE CE30HAa IbUIbLIEBAHUS MEJOHOCOB U
MIBUIBLIEHOCOB;

2) yBenMuYeHHE KOHIIEHTPAIMM W BUJOBOTO COCTaBa MBUIBIBI AJUIEPTEHHBIX PACTEHUHA B
BO3/1yX€ FOPO/IOB, B CBS3M C BBIPAIIIMBAHUEM HOBBIX CEJIbCKOXO3SMCTBEHHBIX KYJIBbTYp (M3MEHEHUs
TPaJUIMOHHON CHCTEMBl 3€MJICNIOIB30BAHUS) U O3EJCHEHUS PACTeHUSMH, HMEIOIIUMU
BBIpa)KEHHBIE aJUIEPTEHHBIE CBOICTBA;

3) uU3MEHEHME AaJUIEPreHHOr0 IOTEHIIMaja IOJ BO3JACHCTBHEM 3arpsi3HSIONIMX BEIIECTB:
yBEJIMYEHHUE YKClia aJUIEPreHOB, COIEPKAILUXCS B MBUIBLIE;

4) BereTMpoBaHHME Ha TMbUIbIE OakTepuil M crop TpuOOB, H3MEHSIOMIUX CTPYKTYpY
MBUIBLIEBOTO 3€PHA;

5) menonocHbie MYENbI (Apis mellifera) 3apexoMeH1I0BaIN ce0s1 KaK OTIMYHBIE OMOMOHUTOPHI
¥ OMOMHAMKATOPBI: ) YCTOWYMBBI U HAKAIUIMBAIOT WIM PEAarupyroT Ha CTPECCOpHl, HE pa3pyllasch;
0) TepeHOCAT 3arps3HAIONIME BEIIEeCTBA: TsOHKEIble METallbl, MECTULHUIbl, MUKPOIIACTUK U
00JIe3HETBOPHBIE MUKPOOPIaHU3MBl (OakTepuH, Cropbl TpHOOB) B CBOU YIbH; B) CIyXKaT aJs
MOHHTOPHHTA BO3HHKAIOIINX YKOJOTHYECKUX YIPO3, TAKUX KaK M3MEHEHHE KIIMMara, JaHmmadTa u
TPaIUIIIOHHON CHCTEMBI 3eMIICTIOIB30BAHUSI.

6) MEn obnamaeT ayuIepreHHBIMH CBOMCTBaMHM, TaK Kak B HEro IMOMAAaeT MbUIbLIA Kak
MEIOHOCOB U IBUIBIIEHOCOB, TaK U CIIOPHI TPHOOB.
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