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Annomayus. Boripoc npeacTaBlIeHNN JIMHEHHBIX TPy (M CBA3aHHBIX C HUMU KOHCTPYKLIUI)
MOPOKIAIOIIMMH AJIEMEHTaAMH U ONPEEISIOIIMMY COOTHOIIEHUSIMU BCETa MPEACTaBIIsAI OOIbIION
MHTepec B o011el KOMOMHATOPHOH Teopuu IpyIi. B Ha3BaHHOM HarpaBJIeHUM Ha CErOJHs UMEETCs
O0JIbIIIOE KOJMYECTBO JKYPHAIbHBIX M KHIDKHBIX MaTepualioB. BO3HHMKIM Takke  METOAbI
uccinenoBanus. OOHUM M3 TaKUX METOJOB SBISIETCS (YHUBEPCAJIbHBIN) KOMOMHATOPHBIM METO[
Tpancopmarun  OykB. CyTh Ha3BaHHOTO METO/IA 3aKIIOYAeTCs B TMPEOOpa30BaHUU  CJIOB
BbIOpaHHOTO ajdaBuTa paccMaTpuBaeMOM Ipynmbl K UX CTaHAAPTHBIM GopmaM. B pabore maercs
OIKCaHKE Yepe3 NOPOKIAIoIINe U ONpeAesIoIIie COOTHOIEHU MOHOMUAIBbHOH rpynmnbl Mona(R),
n>2, 3aJJaHHON HaJ MPOU3BOJIbHBIM aCCOLMATUBHBIX KOJIbLIOM ¢ [#(). [Tonb3ysch 3TUM pe3ylibTaToM
HaXOOUTCS KOMOMHATOpPHOE ONHMCaHHE TakXke HpPOoeKTUBHOro ¢akropa PMon,(R) Ha3zBaHHOU
rpynisl. [Ipu pereHnu 3TuX BONPOCOB MCIIOIB30BaH YIOMSIHYTBI METOJ] TpaHC(HOPMAIUH.

Abstract. The question of representing linear groups (and related constructions) by generating
elements and defining relations has always been of great interest in general combinatorial group
theory. Today, there are a large number of journal and book materials in this direction. Research
methods have also emerged. One such method is the (universal) combinatorial method for
transforming letters. The essence of this method is to convert the words of the selected alphabet of
the group, Mon,(R), n>2, under consideration to their standard forms c /#0. The paper gives
a description in terms of generators and defining relations of the monomial group defined over
an arbitrary associative ring with. Using this result, we find a combinatorial description of also
the projective factor PMon,(R) of the named group. When solving these issues, the mentioned
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method of transformation was used.

Kniouegvie cnoga: MOHOMMANbHAas TIpyINa, CHMMETpUYECKas TIpyINa, IOACTAHOBOUHAS
MaTpHIla, MOPOKAAOMNN andaBuT, cTanmapTHbIe (POPMBI, HAOOP COOTHOIICHUH, TpaHChopManUs
OyKB, IPOEKTUBHAsE MOHOMHAJIbHAS TPYIIIA, CKAJIIPHAS MaTpHIIA.

Keywords: monomial group, symmetric group, substitution matrix, generating alphabet,
standard forms, set of relations, transformation of letters, projective monomial group, scalar matrix.

Onurcanue JHMHEMHBIX TPYINIl 4Yepe3 MOPOKAAIOIIME U COOTHOLICHHUS SIBISETCS OJHUM U3
CrIoco0O0B MX M3YYEHUS M COCTABISET OJMH M3 INIAaBHBIX BOIIPOCOB B KOMOMHATOPHOM TEOPUH TPYIIIL.
B na3BaHHOM HampaBlieHUM B KayeCTBE SIPKUX (M OOIIMX) MOXKHO OTMETUThH pe3ysibTarsl [1-6].
HccnenoBanus B 3TOM HaIlpaBlIEHUU BEAYTCS UHTEHCUBHO U 1O ceil neHb. Llenpio ganHoi paboTsl
CTaJO BBISBJICHHE TMOPOXKJIAIOIMIUX W ONPENESIONUX COOTHOIICHH MOHOMHUAJIBHON TpPYMIIbI
Mon,(R), n = 2, HaJ TIPOU3BOJILHBEIM acCOIMATHBHBIM KoJbIIoM R. Ilpu pemienun sTod 3amaun
MpUMEHsIETCS METOJl TpaHchopMaIiK, pa3BUTHIN emie B padorax [7-9]. CyTh Ha3BaHHOTO MeETOa
3aKJII0YaeTcsl B MPeoOpa3oBaHUU CJIOB BBIOPAHHOTO andaBuTa K MX CTaHAAPTHBIM (QopMaM mpu
ITOMOIIM HaliJIEHHOTO Ha0Opa COOTHOLLEHUH.

Onpeoenenus u 0603Ha4eHUs
Bcrony nanee B pabore R cumraercs mpou3BOJIBHBIM acCOIMATHBHBIM KOibIloM ¢ 1#0.
Marpuiy @ U3 MOJHOrO MaTpu4HOro komeia M, (R) Ha30BeM MOHOMHAJIbHOH, €CIIM KaXKaas ee
CTpoka H cToji0ell comepkaT POBHO IO OJHOMY HEHylneBoMmy »dieMmeHty. [lycte mamee s
MOJICTAHOBKM O M3 CHMMETPHUYECKOM Tpynmbel S, (0) O3HauaeT COOTBETCTBYIOLIYIO €l
TIOJICTAHOBOYHYIO Marpwily, T. €. marpuity u3 My(R) c¢ snementamu (@);; = 8z (jy, A€ Oqr—

cumBon Kponekepa (pasusiii 1 npu ¢ = k u 0 ipu q # k). HerpynHo npoBeputh, 4To 0TOOpakeHue
Sp = GL,(R), a - (a), (mon)

3amaeTr MOHOMOpdu3M rpynn (3mech GL,(R)— monHas JIUHEHHas Tpynmna CTENeHH 7 Hal
konbIioM R). Jlanee mbl uepe3 d, (x) o6o3HaunM auaroHaibHyo marpuny diag(l,...,1,x,1,...,1)
u3M, (R), rtne snemeHT x HaxomuTcs Ha k-om mecre (1 < k < n). Jlerko BUIETh, YTO BCSKYIO
MOHOMHAJIBHYIO MaTPHILy d MOKHO IPEJICTABUTh, IIPUYEM €THHCTBEHHBIM 00pa3aM, B BHJIE:

a = dy(x,)-.- dp(xn) (@), (a)

rie x; € R\{0} u o — HekoTopas moacraHoBKa u3 S,. OUEBUIHO TAK)KE, YTO TaKas MATPHIIA
o0OpaThMa Torzna U TOJIBKO TOT/Ja, KOrjaa oOpaTuMbl Bce ee apryMeHTHl X; (B R). CoBOKymHOCTh Bcex
00paTHMBIX MOHOMHUAIBHBIX MaTpull U3 M, (R) MbI 0003HaunM uepe3 Mon, (R).

ITokaxkem, uto BBereHHOe Mon, (R) obpasyer noarpynmy B GL,(R). JIas 3TOro 10CTaTouHO
MOKa3aTh 3aMKHYTOCTh MHOXeCTBa Mon, (R) OTHOCUTENIHHO ACUCTBUI MaTPUIHOTO YMHOXEHHS U
B3STHUS OOpaTHOTO »NeMeHTa. JleWcTBUTEeNnbHO, MycTh Hapsany ¢ (a) uz Mon,(R) B3sTa emie oaHa

Marpunia b = dy(y1)... dn(yn)(B)-

ITockonmbKy TSI HHUX ab = dy(x1)...dp(x)[(@)d1(V1)... d (¥ )]I(B) =
d1(x1)... dn (X)) A1 (Vo1(1))- - A Va1 @) [(@ (B)] = d1(X1Y 011 - - A (XnY o1 () (@)

a™t = (@) tdyt (). di (1) = (@) Ty (e ). dn () = dy (g(y)).- - dn(amy) (@)
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(mpu HaMMCaHWU TUX PABEHCTB MCIOJb30BaHA MOHOMOP(HOCTH (mon)!), T. €. YIIOMSHYThIC
3aMKHYTOCTH HMMEIOT Mecto, Mon,(R) oOpasyer rpymnmy mo yMHOXeHWI0. OHa Ha3bIBaeTCs
MOHOMMAJIBHOW I'PYIIIION CTENIEHU /7 HaJl KOJIbLoM R.

Cmanoapmmuvle popmor 6 Mon, (R)
31ech Mbl CHayaja 3aiiMeMcs MOpPOXKIAIOUIEH CHUCTEMOW Ha3BaHHOM TIpynnbl. XOpOIIO
W3BECTHO, 4YTO Tpymnmna S, mopoxkpaercs cBouMu Tpancnosumusmu (12), (13),..., (1n) [10].
[Tonw3ysick 3TMM (pakToM W paznokeHHeM (a), Mbl B KadecTBe mopoxiaromei miss Mon,(R)
CHCTEMBbI MOKEM B3ATh

(i), 1<i<k<n;dy(e), ceER,1<q<n (1)

(", kak Bcerya, 0O3HAYAeT B3ATHE MYJIBTUILIMKATUBHON Tpymnmbl). s coxpaHeHus oOMHOCTH
Martpunly ((7k)) Mbl noompeznensieM 10 pPaBHbIX HMHJIEKCOB, MOJOXHB ((if))=e (e — eIuMHUYHAL
matpuna u3 GL,(R)).

YHOMSHYTBIA BBIIIE METOZ TpaHC(HOpPMALMK HCHOIB3YeT CTaHIApTHBIE (HOPMBI IEMEHTOB
rpyrnnel Mon,(R) (B andaBute (1)). B KkadecTBe TakOBBIX MBI OOBSBISIEM BCEBO3MOXKHBIC
KOMOMHAIMK BUJa

dyi(€1).-- dn(n) (M = Lxp-1))--. ((2%2)) ((L*1)), (/)

TJe *, 03HAYACT HEKOTOPBI HOMeEp, s KOToporo k <#,<n. OTHOCHUTEIbHO BBEIECHHBIX
dhopM UMeeT MeCTO CIeayIonIas.

Teopema 1. Besxas marpuna a = (a;;) us Mony,(R) NpeacTaBiseTcss B CTaHAAPTHOM BHJIE
(sf), mpuyem Takoe npeacTaBICHUE SAUHCTBEHHO.

Joxazamenbcmeo MPOBOAUM WHIYKIMEH 10 yuciy 7. [IycTh B 3agaHHOM marpuie a;, # 0
(1 £ k < n). Torna ona npeacTapisieTcs B BUAC

a = dy(a)diag(12) (1K), *)

rIe KIeTKa * — ecThb HeKoTopas marpuma u3 Mon,(R). Ecim 3mece n=2, 10 *€E R u
paznoxenue (*) MOXHO Hamucath emie Kak a = dq(aqx)[d,(*)((22))]((1k)) = dy(a)d(*
(1K) ((22)),

T. €. mpeacTasieHue (sf) s a uMeeT MecTo. EMMHCTBEHHOCTh IMOJYYEHHOTO pa3ioKeHHUs
37IeCh yCMaTPHUBACTCS JIETKO.

Ipu xe n > 2 comuoxutens diag(l*) m3 (* ¥ ) (IO HPEAMONOKEHNIO HHIYKIHH)
NpEeACTaBIseTCs, NPUYEM EAMHCTBEHHBIM o00pa3oM, B Buae d, (&) -~ dp(ep)(n— 1,%,_1)) -
((2,%3)), tme k <*x,<nmnpuBcex k =n —1,...,2. Orciona u u3 (*) CyIeCTBOBaHHE Pa3JI0KCHUS B
Buje (sf) Ul @ U €ro eAMHCTBEHHOCTh YK€ clielyeT o4eBUIHBIM 00pazoM. Teopema 1 nokasaHa.

W3 5T0if TeopeMbl TyT *ke clieayeT HopoxaaeMocTh rpynnslMon,(R) marpuuamu (1). B
pabote MBI B KadecTBe mopoxaatoniero Mon, (R) andasura Bo3pMeM u cuctemy (1).

Tonnwiii Habop coomHoueHutl
Hamumem B andasute (1) cruemyromue (J€rko TpOBEpsSEeMbIE) COOTHOIIEHUS TPYIIITHI
Mon,(R):
1.d;(e)d;(o) = d;(e0);
2.d;(e)di (o) = dyr(0)d;(e), k #1i;
3.((k))d;(e) = dy () ((ik));
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4.((ik))dk (&) = d;(e)((ik));

5.((ik))dg(e) = dq(e)((ik)); q # i, k;

6.((k)) ((ik)) = ((@D));

7.((qk)) = ((kq)), q # k;

8.((tk) ((iq)) = ((kq))((ik)), k # q;

9.((Ik))(GR) =GR, i <j<k;

10.((@)) (k) = (kD)) T <k <J;

11.((k))((a)) = (@) ((ik)), i < q, k #q,j.

Harmeii Onrkaiiieid 1enblo SBISICTCS I0Ka3aTebCTBO MOHOTHI ATON CUCTEMBI COOTHOIICHUN
st pynnsl Mon, (R). s 3To#l menu Mbl UCTONB3yeM (KaK YK€ YIMOMSHYTO) KOMOWHATOPHBIN
MeTO/ TpaHC(hOpMaIUH.

Tpancghopmayuonusvie npeobpazosanus
OToT maparpad TaKKe SBISETCS BCIOMOTATEIbHBIM TIPH JIOKA3aTelIbCTBE OCHOBHOTO

pesynbrara pa®oTbl. BBemem cHadama Ha MHOXecTBe Bcex cioB aindasura (1) (OunHapHbIC)
1 i
otHomeHus >, 1 <i <n, nonoxkus W ™ V Torga ¥ TOJNBKO TOINA, KOIZA JTU CJIOBA CBA3AHBI

cooTHomeHueM W=XV, rae X — HEKOTOpoe CJIO0BO, HE colepallee TPAHCIIO3UIIMOHHbIE OYKBbI
Buga ((kq)) , k<q wu k <i . BBeincHHbIE OTHOUICHHS OYECBUIHBIM OOpA30M SIBISIOTCS
pedIeKCUBHBIMU U TPaH3UTUBHBIMU. VIMeeT MecTo clieayromas.

Teopema 2. (o tpanchopmanuu OykB). I[lycts ((ik)) — HekoTOpas TpaHCIO3ULIMOHHAS
Mmarpuna,l < i < k < n, u X — TaKke HeKoTOpas HeequHUYHast OykBa andasuta (1), A7 KOTOpOIA
mpu x = ((qr)) (q < r) cuutaercs BBIIOJHEHHBIM ycioBUEe q = i. Torma nns HUX TPUMEHSS

1

cooTHomernst 1-11 MoxHO BbimomruTs npeodpazosamme V = ((ik)x = (1)) | e j —
HEKOTOpBI HOMep At kKotoporo 1 < j < n.

loxazamenvcmeo. Hame noka3aTenbCTBO — SIBISETCS KOMOMHATOPHBIM M pa3jiMyaeT
CIIEIYIOIINE CIIyYau.

L x =dg(e).

1
3nech, mpumenss cootHomenus 35, umeem V = d;(e)((ik)) = ((ik)), rae j — HEKOTOPBIH

HoMep, u3 {i, k. ¢}, T. e. TpeOyemoe npeoOpa3oBaHue 3/1€Ch UMEET MECTO.
Ix=((qr)) q<r.
PaccMoTpuM cneyromnye moaciyyan.

a) g=i. Ecnu 31echb r=k, TO ucnonb3ys 6 OyaeM UMeTh
1
V = ((ik))((ik)) = ((ii)) = ((ii)), T. e. npuxogum K TpeOyemomy Buay. Ecim xe r # k, T0

npuMeHsist cootHomenus 8, mbl npuxonuM kK V = ((kr))((ik)), uro nanpHeHIIMM NpUMeHEHHEM (K
1
MIEPBOMY COMHOXHTEII0) 7 TIPUBOIUT HAC K V3 ((ik)).

1
B)i<q, k=1 (> q<k). 3necs, ucnoneszysa 9 Oynem umers V = ((qr))((iq)) = ((iq)),

T. €. oJIly4aeM Tpedyemyto Gopmy.
¢) g=k. B aToM ciydyae mpumeHsisi cootHomieHus 10, nmpuxoauM K TpeOyemoi 3amucu V =

(@) ((kr)) = ((kr))((ir)) 5 ((ir)).

d)i <gq, k # q,r. Ilpu nomomu cootHouenuit 11, Tpebyemyto Gopmy nomyyaem Tak V =

((@k))((qr)) = ((gm)((ik)) 5 (k).
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Taxum 006pa3oM, BO BCeX UMEIOIIUXCS CIIydasx MmpeoOpa3oBaHue, ykazaHHOE B (DOPMYITHPOBKE
TEOPEMBI, UMEET MECTO. A ITO YK€ 03HAYAeT 3aBEPIICHUE JI0KA3aTeIbCTBA TEOPEMBI 2.

I nasnvuii pesynomam
OH chopmynupyercs CleaymuM 00pa3oMm.

Teopema 3. Monomuanbhas rpymmna Mon, (R), N2 2, HaJl aCCOLIMaTUBHBIM KosblloOM Rc 1 #
0, B mopoxknatomux (1) mpencrapinsiercs cooTHomeHusmu 1-11.

Jlokazsamenvcmeo. Ilycte W=e — mnpou3BONBHOE COOTHOIICHHE Tpynmnel Mon,(R) B
andasure (1) (T.e. W — Kakoe-TO CJIOBO YKa3aHHOTO ai(aBuTa, 3alHCHIBAIONICE CAMHUYHYIO
MaTpuLy e). JlokazaTeibCTBO TEOPEMBI COCTOUT U3 JIBYX ATAIlOB.

Oran L.

[TokaxxeM cnepBa, yTO NpUMeHssA cooTHoueHus 1—11, cioBo W MoxkHO IpeoOpa3oBaTh K €ro
cranmaptaomy Buny S(W). He tepsis 0oOUIHOCTH 3TO CIOBO MOXKHO CYHTATh IMPEICTABICHHBIM B
BUJIE

WS ()W, 1< s 2)

(3mech wacth u3 W, naxomsmasicsa 1o ((1i;)) u He comepxaimas Oyksel Buma ((1k)), k > 1,
oroporiena). [Tycte Wi=xW>, T. €. x — niepBas HeHyJeBasi OykBa B Wi. [lpumenss x cteiky ((1i;))
X TpaHc(hopMaIMOHHYIO TeopeMy 2, OyJIeM UMETh:

Wé) ((Qi)W,, 1 < iy, ()

rJe 9TOH omepanueil Mbl JOOWIMCH COKpAlIeHWs AONOJIHEHUs Wi B mpenacraBieHun (2).

L (i)W, 1<,

Teneps aHaTIOrHYHBIM 00pa30M MOCTYMAs ¢ NpeacTaBieHueM (3), Oynem umers W=

u T 4. [lpomomkasi OMUCAHHBIA IPOLIECC COKPAIICHUS A0 TEX IOp, MOKa HE HCYEpIacTCs
1
MOJTHOCTBIO IoTONHeHHe W1, MbI ipuxoanM K 3anucu W= (1 x1))W;, 1 <.
1
[TocnenHee cormacHO ONMpPEETICHUIO = 03HA4YaeT, YTO JeBas 4acTh 3a/JaHHOTO COOTHOILICHHMS

npencrasiena B Buge W=Xi ((1%1)), 1 <#;(<n), tae cioBo Xi yke HE COICPKHT
TpaHcno3unuoHHble OykBbl BUaa ((1 *)), 1 <*< n.

AHaOTHYHBIM 00pa3oM BBITATHMBasS w3 X| coMHOXHTENb ((2*,)), MBI OyaeM HUMETb
W=X2((2 *3))((1 *1)), 1 <#;, 2 <#,,u T. 1. [IpogomkeHrne OoMMCaHHOTO MpoIlecca OTIIEIUICHUN
Ha (n—1)-M 1mare mnpuUBOAMT Hac K W=X,; ((n — 1,*n_1)) ((2 *2))((1 *1)), k<#,, k=
1,...,n— 1, re c10BO Xy-1 yXKe HEe COACPKUT HEeAUHUYHBIX TPAHCIO3ULIMOHHBIX OyKkB U3 (1), T. e.
OHO COCTOWT CIUIONIb W3 JAMArOHAJIBHBIX OyKB 3TOro andaBuTa. IIpUMEHSSI COMHOXHTETIO Xp-1
cooTHouieHust 1 u 2, merxko 3amucarb ero B Buae X,_; = dq(&)...d,(g,) . Takum oOpazom,
nCronb3ys cooTHomeHus 1—-11 Bcskoe cioBo W MOXHO NPUBECTH K €r0 CTaHJAPTHOMY BHJIY

S(W) = dy(&1)-.- dn(en) (N = Lxn_1))-.. ((2 %2)) (1 *1)).

Oran II
3aMeHUB 3/1€Ch B 3a/1aHHOM COOTHOILLIEHUU W ¢ ero cTannapTHON (GopMoOii, UMEEM PaBEHCTBO

di(€1).--dn(en) (M = Lxp-1))... (2 %2))(1 %)) = e.
CormacHo Teopeme | mocieaHee BO3MOXKHO TOJNBKO TOTZA, KOIAa BCE €ro OyKBBI —
eNUHUYHBIC, T.€. & =...= &, =1u *,= k npu Bcex k=1,..., n—1. A 3T0 yXe O3Ha4YaeT, 4TO
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cooTHoleHue W=e ecth cneacTBue ot cootHomeHui 1-11. Teopema 3 gokazaHa MOJIHOCTHIO.

B 3axnmroueHne Mpl OCTAaHOBMMCSI Ha YaCTHOM CIIy4ae, KOTJa OCHOBHOE KOJIBIIO COCTOHT
TOJILKO M3 JIBYX 3eMeHToB: R={0, 1}. B aTom ciydyae nopoxaarommuii andasur (1) Oyaer cocToarsb
TOJIBKO U3 TPAHCIIO3UIIMOHHBIX MATPHUIL

k), 1<i<k<n. (1)

Onpenensromuii xe rpynmny Mon, (R) vabop 1-11 3aech npeBpaimaercs B COOTHOMICHUST 6—
11 (cepum 1-5 BBIOpachIBalOTCS Kak TpUBHANIbHBIC). Takum obOpaszom, B ciydae kombila R={0, 1}
OCHOBHOH pe3yibTar padoThl chopMynupyeTcs Kak

Teopema 4. MonomuanbsHast rpynna Mon,(R), n = 1,nag xompuom R={0, 1} wu3 aByx
3JIEMEHTOB B MOPOXKAAOIINX (1/ ) 3ajaeTcs COoTHOIeHUsIMU 6—11.

OtoxnmecTBUB B paccMmarpuBaeMoMm ciydae rpymmy Mon,(R) ¢ ee mpoobpazom S, mpu
MoHOMOopdH3Me (mon) U 3aMeHHB Hopoxaarontyio cucremy (1) ¢ andasurom

((ik),1<i<k<n, 4)

MBI KaK IPSIMO€ CJIECTBUE U3 TEOPEMBI 4 3aI0JIy4aeM U CIEAYIOIIYI0 TEOpEMY.

Teopema 5. Cummerpuueckas rpynma S, n=>2 , B oOpadyromux (4) 3amaercs
COOTHOIICHUSIMU

6.(ik)(ik) = (ii);

7.(kq) = (qk), k # q;

8.(ik)(iq) = (kq)(ik), k # q;

9.(ik)(Jk) = k)(@)), i<j < k;

10.(tk) (k) = (kD (), L <k <J;

1.3k (D)) = (@) ((K)), i< q, k#q,].

MHorue apyrue KOMOMHATOPHBIE OMUCAHUS CUMMETPHUECKON TPYIIBI Sp,n = 2, emle 3a10T0
JI0 3TOTO OBLIM M3BECTHBI U3 KHUTH [11].

Omnwmpasice Ha TeopeMy 3, 37€Ch MBI HAXOAUM TaK)Ke KOMOWHATOPHOE ONMHCAHUE MPOSKTHBHON
MOHOMHAIBHOU Tpynmel PMon,(R), 1.e. dakropa Mon,(R) no ee uenrpy C = centMon,(R).
Jlnist 3TOro cHavaja HaM HYXHO HaWTH KakKyro-HUOyAb Mmopoxjaaronryro nentpa C cuctemy CIOB V,
v € V andaBura (1). 3areM mnpucoenuHss K HaWJIECHHBIM COOTHOIIEHUsSM 1—11 (uLeHTpanbHbIE)
cooTHomeHust v=1, v €V, Mbpl, TeM caMmbM, NOpuxoauM K Tpedyemomy mins PMon,(R)
onmcanuio [12].

Ilpu |R*| =1, xak ™Mbl yxke Bugenu, Mon,(R) NPOCTO-NOMPOCTy TPEBPAIIACTCI B
CUMMETpHUYECKyI0 Tpynmy S,. Ilockonbky mocnemusis mpu N 2 3 yMeeT eMHUUHDIN neHtTp (T. e.
ABJISIETCA TPYNION «0e3 LEHTpa»), ee NMPOEKTUBHBIA (PakTOp MPOCTO coBMagaeT ¢ caMou Sp. A
KOMOMHATOPHOE )K€ OMMCaHue S, HaMu yke IpuBeaeHo B Teopeme 5. Ecnu xe n=2, To S> apnsercs
[MUKIMYECKON TPYIIION TOpsAKa 2, TTOATOMY JIJIsl pacCMaTpUBaEeMOro (akTopa 3/eCh UMEET MECTO
npencrasnenne PM,(R*) = ((12); (12)?> = e, (12) =€), . e. on B nopoxkaaromem (12) 3amaercs
cooTHouIieHueM (12)=e.

[Mepexoaum Temnepsb K cinydaro |R*| > 1, u Beraucium neHtp C. J[omycTuM, 4TO OH COACPKUT
B ce0Oe Kakyro-To Marpuiy a = (a;;) ¢ HeauaroHaasHOM mosunued a;; # 0 (i # k). Jlng anemenra
€ € R*"\{1} cpaBuenue B d;(¢)a = ad;(¢) nozunmii < i, k >, TOrna, NPUBOIUT HAC K HEBEPHOMY
PaBEHCTBY €04, = Q;i. TakuM o06paszoM, 1eHTp C 00s13aH COCTOSITh TOJIBKO M3 JUArOHAJIBHBIX CJIOB
d = d;(&)...dy(g,). Hanee, nockonbky ((ik))d = d((ik)) — & = &, npu Bcex1 < i<k <n,
3TO CJIOBO JIOJDKHO OBITh cKaJspHbIM d (&) = dq(&1)...dy(¢) . Wmmmkanus xe Vo €
R*:d;(0)d(e) = d(e)d;(0) = € € centR*noka3biBaet, 4To 3MeMeHThl U3 C TODKHBI OBITH elle U
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CKasIpHO-IeHTpabHBIMU d (&) = dy(&1)...d,(€) € € centR*. Takum 00Opa3oM, B 3TOM CIydae MBI
UMeeM CIIeAYIOIIee OMMCaHuE.

Teopema 6. IlpoexTuBHast MOHOMHANBbHAs rpynna PMon,(R), n = 2, Hax accolMaTUBHBIM R
¢ |R*| >1 B mnopoxmaromux (1) 3amaercs cootHomeHusMu 1—11 W elle IEHTPaIbHBIMU
cootHomeHUsIMU d (&) = d(&1)...dp(€) = e, € € centR".
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Annomayus. Ita pabota sABIsIeTCA NPOJOHKEHHEM OJJHOMMEHHOI ee nepBoii yactu. B nepsoit
YacTH C [MO3ULMM MOPOXKIAIOMIMX M ONPENeNAIOIUX COOTHOIIEHUH OBIIM  HCCIIEAO0BaHbI
MOHOMUaNbHas rpynmna Mon,(R), n>2 u ee npoekTuBHbIi (akrop PMon,(R) Haj npou3BOIbLHBIM
OCHOBHBIM aCCOIIMAaTHUBHBIM KONBLIOM R c [#(0. 31ech ke aHaJOTM4YHas 3ajada perraercs s
AJIEMEHTapHbIX MOHOMHAaNbHBIX TIpynn EMon,(R) u PMony(R), Takxke HaJl TNPOU3BOJbHBIM
accoIMaTUBHBIM KosbLioM R. HecMoTpsi Ha KaxyI1yrocsi (BHEIIHIOW) OJM30CTh, MOHOMHUAJIbHbBIE U
3NIEMEHTapHbIE MOHOMHUAJIbHBIE IPYTIIBI OKAa3bIBAIOTCS KAYECTBEHHO Pa3InYHbIMM oObekTamu. [lpu
pemeHnr 000MX ATHX BOIIPOCOB MPUMEHEH KOMOWHATOPHBINA METOJ TpaHchopMmanuu. B otnmmdne ot
MOHOMUANbHBIX Tpymi, ciay4dail B EMon,(R), xorga n=2, Oyner HeTpaauuUoHHBIM. OH TpeOyer
cnennpuyeckux 1 0ojaee TOHKUX pacCyKACHUH.

Abstract. This work is a continuation of the first part of the same name. In the first part,
the monomial group Mon,(R), n>2 and its projective factor PMon,(R) over an arbitrary basic
associative ring R, /#0. Were studied from the position of generators and defining relations. Here,
a similar problem is solved for elementary monomial groups EMon,(R) and PMon,(R) also over
an arbitrary associative ring R. Despite the apparent (external) proximity, monomial and elementary
monomial groups turn out to be qualitatively different objects. When solving both of these issues,
the combinatorial method of transformation was applied. Unlike monomial groups EMona(R),
the case in when n=2 will be non-traditional. It requires specific and more subtle reasoning.

Knrouesvle cnosa: snemeHTapHass MOHOMHAJIbHAs TPYINa, I[EHTP TPYIIbI, KOMMYTaTop,

KOMMYTaHT, MOPOXJIAIOMIMKA anaBUT, CTaHIAPTHBIE (QOPMBI, OIpPEENAIONNe COOTHOIICHUS,
TpaHchopmaryst OykB, MPOEKTUBHBIN (haKTOp, CKAJIIpHAs MaTpHlla, KOPHEBas TpyIia.
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Keywords: elementary monomial group, group center, commutator, commutator, generating
alphabet, standard forms, defining relations, transformation of letters, projective factor, scalar
matrix, root group.

Hacrosiimast pabota npomosmkaeT uCClieJoBaHus, HauaThle B OJJHOMMEHHOHN €€ NEPBOM YacTH.
[TosTOoMy 3a ompeneraeHUsIMHA U 0003HAUCHUSIMH OTChIJIAsl YATATENS B TIEPBYIO YacTh, U 371eCh R MBI
OylIeM cuuTaTh MPOW3BOIBHBIM ACCOIMATUBHEIM KoibIloM ¢ 1#0. IIpuHuMaem emie criemyromue

o6o3HayeHus. Yepes (R*)/ =[R",R"], kax Bcerna, 0G03HaUaETCS KOMMYTAHT MyJIbTHILIHKATHBHOI
rpymmsl R, Te moarpymma B R, mOpokieHHas BceMH €€ KOMMYTaTopamH
[x,y]= X‘ly‘lxy, X,Y €R". Beenennas (R*)/ oOpasyer BR" nake ee HOpMAJIbHYIO MOATPYIITY (CM.
06 srom [1], crtp.38). ns aprymenta &< R™ M HHAEKCOB i,k,1<i<k<n, MOJOKHUM TaKxe
dy (e)=d;(e)d (7). Janee wepes EMON,(R) oGosnaunm mnomrpymmy s Mon,(R) |
MOPOXKACHHYIO BCEMHU €€ (JIEMEHTApHBIMHU) MaTpUIlaMU dik (8) n ((ik)), 1<i<k<n,. Oty

rpyImy EMonn (R) MBI 1 HA30BEM JJIEMEHTAPHON MOHOMHAJIBHOM I'PYIIION CTEIIEHU /1 HAJl KOJIBLIOM

R.
HeJ’ILIO B OTOH YaCTH pa6OTLI ABJISCTCA OIIMCAHHC HaA SA3BIKC IMOPOKAANOIINUX U COOTHOIIEHUM

BBeIeHHON Tombko ato rpymmsl EMON, (R), n> 2. Honssyscs atum pesynsraroM, HAXoQuM 316Ch
KOMOMHATOpHOE OmMcanue Taxke npoextusHoro dakropa rpynmsi EMON (R). Xors u rpymms:
Mon, (R) u EMon, (R) umeror onpenenennyio 6musocts u o6mHOCTh, TeM He MeHee (Kak Mbl
YBUIUM HIKE), OHH HMEIOT U CYyNICCTBEHHbIe pa3nuuus. Jlanee, MOCKOIBKY sl HOMEPOB
i,1<i<n, usiemMeHToB &, 0 € R*

d ([e,0]) = dy (e "o )dy (€)dy (0),d, ([&,0]) =y (6)d, (0)dy (6 "),

Bce (ommuapusre) wmarpumel 0, (X), X € (R*)/, 1<K<n, comepxarcs B moxrpymme
<d j(€reeR, 1<g<j< n,> (T.e. Tpymme, TOPOXIACHHOW BCEMH YKa3aHHBIMH TapHBIMHU
JMArOHANBHBIME ~MaTpuilamu). JKemas COXpaHSTh CHMMETPHYHOCTH B OIMHCAHUH, TPYIIIY

EMon, (R) mut Oy/ieM TPEICTABIATh B CIIEAYIOIIEH TOPOKIAIOIIEH CHCTEME

d, (¢), s€R", 1<i<k<n;d, (o), ce(R"), 1<q<n; (k) 1<i<k<n. (2)

Cmandapmusie gopuer ¢ EMON, (R)

Meton Tpancopmanuu, KOTOPBIA MBI OyieM MpUMEHSTH A7 3Toi uenu (cm. [2] u [3], [4]),
WCIIONIB3YeT CTaHJAPTHBIC (KaHOHWYECKHE) (OpMBI DJIEMEHTOB HM3ydaeMou Tpynmbl. B kauectBe

TaKOBbIX ()OPM B EMon, (R) mb1 0GbsiBISIEM BCCBO3MOKHDIC KOMOUHALH andasuTa (g) BuAa
din (51)"'dn—1,n (gn—l)dn (8)((” _1’*n—1))"'((2 *2))((1*1))1 (Sf)

e *, 03HayaeT HOMEP, IS KOTOPOTO k< * <N,

Beenennnie (bOpMLI OITMCBIBAIOT 3JICMCHTHI I/I3yqaeM0171 T'pyHIibl CJICAYIOMIUM O6p8.30M.
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Teopema 1. Besixnii snement s EMON, (R) npencrasnsercs B crammapraom Bume (sf),
[pPUYEM TaKasl 3aIKiCh CANHCTBCHHA.

Jloxazamenocmeo. Eouncmeennocms. IlycTh KakoW-to d3nemeHT W U3 E Monn (R)
MIpeICTaBJIeH B BUJIE (sf). [Tockoabky 311eCh OTPE30K
W, = d n (82 )...d nin (e n—l)d n (&)((n -1* ))--((2% 2 ) u3 (sf)umeer KIETOUYHO-TUATOHAIBHBIN BHJT

diag (L*), <1,*1> JaeT HaM MO3UIMIO0 HEHYJIEBOTO 3JeMEHTa MepBoi cTpoku MaTpuubl W. [lostomy

HoMep *; cioBoM W ompeielnieH ofHO3HauHO. PaccMarpuBas Terieps BMecTo W ero orpe3ok Wi, Mbl
aHAJIOTUYHBIM 00pa30oM NPHUXOAMM K BBIBOLY OO0 ONHO3HAYHOCTH *, M g, U T. A. OnucaHHbIHA

nporuecc Ha (n—1)-M 11are npuBeAET HAC K 3aKJIFOYCHUIO 00 €TUHCTBEHHOCTH apryMenTa &.
Uto KkacaeTcss 4acTH CYILIECTBOBAHMSI TEOPEMbI, TO OHa SBJISETCA MPSMBIM CJIEICTBUEM
cienyromei aanee reopemsl 3 (cm. stan ). [losToMy npoBenenue ero 31ech SABISETCS U3TUILHUM.

Habop onpeodensarowux coomnowenuti
Hammmmewm B andasure (g) cienyrommue (TpoBepsieMble HANPsMYI0) COOTHOIICHUS TPYIIIIBI

EMon, (R)
1.d, () =d. (e)d,, (), e€R", k<n;
2.d.(0)=d_(0)d, (0)d, (0), ce(R") 1<i<n;
3. din (8)din (6) = din (SO')dn ([8_1!0_11)’ &,0 € R*’
4.d;,(e)d,, (o) =d, (G)din(g)dn([g_l,d_l]), g,0eR", k=i
5.d (e)d (0)=d (¢0), &,0€(R");
6.d (€)d, (6)=d. (0)d (oec™), e€(R") o eR’;
7.((k))d. () =d,, (&)((k)), e R, k<n;
8.((in))d. (¢)=d. (¢™)((in)), e eR;
9.((in))dy, (£) =d;, (¢ ), (e)((in), e €R", k=i
10.((ik))dy, (£) =d;, (e)((ik)), e € R,
11.((k))d, (e) =d (e)(k)), e R, k<n, j#ik;
12.((ik))d, (¢) =d, (e)(k)), e e (R")', k<n;
13.((in))d, (£) =d; (¢)((in), £ € (R)";
14. ((ik))((ik)) = ((ii)) (=e);
15. ((iK)) = ((ki)), k =i
16. ((Ik)((i))) = ((k)((ik)), k = J;
I7.(()((kD) = (k)((ik)), i<k < j;
18. ((ik)((kD) = ((k((ij)), i<k < j;
19. ((i)((rj)) = ((ri)((rk)), i<r, k=r,].

W 3pecr 1enpro SBIAETCS OOKA3aTEIbCTBO IIONMHOTHEI CHUCTEMEI cOOTHomeHuit 1-19 mig
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IPYIIIbI EMonn (R) . DTOT BOIIPOC peliaeM BHOBb UCTIONB3YsI METON TpaHchopmanuu Oyks [2—4].

Tpancghopmayuonnvie npeobpazosanus
Oror maparpad, Kak ¥ B TEpBOM 4YacTH, SBJIsieTcs O0a30BBIM JUISl HAIIKMX JajJbHEHIINX

1
paccyxnenuii. Ha MHONecTBe Bcex cioB andasura (g) oTHomeHus —y , 1<i<n, u 3xmech
L
BBOJATCS 110 TIpaBuiy W _3 V Torma M TOJBKO TOIA, KOTJA 3TH CJIOBA CBA3aHBI COOTHOIIEHHUEM

W=XV, rne X—kakoe-TO CJOBO, HE cojepxallee TpaHCIo3uLIHOHHbIe OykBbl Buaa ((kq)), k <q,c

|
uagexcamu K < i. O4eBHIHO, 5TH OTHOIICHHS Y PE(ICKCHBHBI K TPAH3UTUBHBL.

Nwmeer mecTo cnenyromee.
Teopema 2. (o Tpanchopmanuu 6yks). [Tyctsb ((K)) __ xaxas-to TPAHCIIO3UIIMOHHASI MaTPHULIA,

1<i<k<n 1<g<r

' M X O3Ha4aeT JUOO0 HEKOTOpyI OyKBY @r) ¢ HHJIEKCAMH ' mubo xKe

(€), eeR", - d (o), ce(RY).

JaroHajbHbIe MaTpuibl Buga " Torma s HUX TPUMEHSIS

1
cOoOTHOLIEHUS 3—19 MOXXHO BBINOJIHUTBH ITPeOOpa3oBaHUE Vv =((k)x —> (1)) , TIe j—HEKOTOPBIN

1<j<n
HOMEDP, JJIsI KOTOPOTO .

ﬂoxcwameﬂbcmeo COCTOUT U3 CJIICAYIOIICTO KOM6I/IHaTOpHOFO aHaJIni3a.

|. x — nuaronanpHas OyKkBa.

Ecimm  3pecoh Xqun(E), TO TpUMEHsss cooTHomieHuss 7—11, ™Mbl Oyaem HUMeETh

V =((ik))d,,(e) =d;,(o)((k)) 55 (Gk)), tne o, j —Hexotopsie smeMeHTHI U3 {8,8_1} u {i,k,q}
COOTBETCTBEHHO. MTak, B 3ToM ciydae TpebyeMoe HpeoOpazoBaHHE MMEET MecTo. Eciu ke

X=dk(0), TO MBI HCNONB3ysd cooTHomeHus 13 u 14, x TpeOyemoil ¢opMme NPUXOIUM Kak

V= ((ik))dk (O') = dj (0)(("()) i) ((ik)), 3mech j — HEKOTOPBIN d51eMeHT u3{i, n}.
II. x=((qgr)),i<g<r.

B strom ciywae mpuBogumocts nipu V = ((ik))((qr)) :) ((ij)) mpm oMoy COOTHOLIEHUI

14-19 ocymectBnsercs kak B nmyHKTe Il M3 cooTBeTCTBYyIOLIEW TeOpeMbl 2 MEPBOM 4acTU. DTH
MTOBTOPSIFOIIMECS JETAIN 3[ECH MBI OITyCKaeM.
BosbmeMm Teneps B (g) AMaroHaabHbIN MofaipaBuT

d. (), eeR*, 1<i<n; d (o), o (R (d)
i i
Ha mHoxecTBe BcexX cioB 3 (d) BBOAMM OTHOLIECHHUS < ,1<i<n, MOJOXUB W< Vtorna u

TONBKO TOT/A, KOTJa 3TH CJOBa CBS3aHBI MEXIY co0oil cooTHomeHueM W=VY, rne cioBo Y He

|
conepxur 6yksbr Buma Uy, (€), X#1, ¢ ummexcamm k <i. Dmn orHOmemms < Taxke GymyT

pedIeKCUBHBIMH U TPAH3UTHBHBIMH.
JInst HamMX JanbHEHIINX PacCy ACHUN MoTpedyeTcs.
Jlemma. Vicnonb3ys cooTHoueHus: 3—6 Bcsikoe cioBo W andasuta (d) MOXKHO 3amucaTh B
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BUAC W= dln (Tl)"'dn—l,n (Tn—l)dn (T)

,ZZOKCZ&’ameflel’l’lGO. He TCpAAa O6IJ.IHOCTI/I 3aIaHHOC CJIOBO MOJKHO CUHUTATh NPCACTABJICHHBIM B
BUJC

we vd, (&), &)

ITycte B aTOM 3ammcu Y=Y1y, T. e. y—nociuenuss Oyksa cioBa Y. Eciou 3mech y= dln (0), TO
ucronb3ys 3, mer 6yzem uvers W =Y,[d,. (0)d,, (€)] =Y, d, (ce)d (67,7 (i— v:1d,,(0¢).

Ecu xe Y= din (G ), | > 1 o npuMeHsisi 4, K TpeOyeMOod 3amucu NPUXOAMM Tak
W =Y,[d,, (0)d, (£)] =Y,d,, (e)d, (0)d, ([0, 67]) & 1y ().

B cnyuae xe, xorga y=dn (O' ), MBI UCIOJIB3Yysl COOTHOLICHUS 6, TpeOyeMyto 3alMCh MOIydaeM

1
xax W =Y,[d, (0)d;, ()] =Y,d,, (6)d, (e0e ™) & 11y, (&),
1
Takum 00pazom, Bce MMEIOIIMECS CIydauw MPHUBEIM HAaC K HEKOTOPOH 3amucu Buaa W< Yi

1
* ~
dln (81) , tme & €R, 1. e. Mbl n06mmnch coxpamenus mIHHBL ciioBa Y B (< ). AHAJTOTHYHBIM

1
obpazoM ynamsisi u3 Y1=Y> z OykBy z, OyaemMm UMeTh 3anuch W Y dln (52)1/1 T. 1. [Iponomxas 3ToT

IIPOLIECC COKPALLEHMs 10 TEX 0P, II0KAa HE UCUEPIIAeTCsl BCE CJIOBO Y, MPUXOAUM K 3anucu Bujga W

1
< dln (Tl) .
L
[Tocnennee mo onpeneseHU0 OTHOLICHUSI <— O3HAYAET, YTO W = dln (T 1)V1,rzle Y1—HexkoTopoe

CJIOBO, HE COZIeprKalllee MapHble TuaroHaiabHble OyKBbI BUJA dln (X), X#1. Ananormunsiv obpazom
BBITSTUBas U3 V10ykBYy d2n (Tz) , MBI IIPUXOAUM K Pa3JIOKECHUIO W :dln (Tl)dZn (TZ)VZ, rnel> He
COZIEP)KUT HEEeJUHUYHBbIC OYKBBI BHIA dkn (X), k<2, u .o Onucanusiit IPOLECC OTLIEIUICHUS
MApHBIX JHArOHATbHBIX OykB Ha (n-1)-M mare mpusomut Hac k W =0, (Tl)"'dn—l,n(z-n—l)vn—l' B
MOCJIeIHEH 3aMnuCh CJI0BO V-1 HE COmepKuT OykBa BHUja din(X), X 751, I < N, T.e. oo cocrout
CIUIOIIb, U3 OAWHAPHBIX OyKB dn (o) andasura (d). [loaToMy OHO MPUMEHEHHUEM COOTHOLIEHUH 5

IIPUBOJIATCS K BULY dn (T) O4EBHUIHBIM 00pa3zoM. Jlemma foka3aHa.

3adanue spynner EMON, (R)
Teneps y Hac Bce TOTOBO, YTOOBI CPOPMYITMPOBATH OCHOBHOM pe3ysbTaT paboThl.
Teopema 3. DneMeHTapHas MOHOMUAJbHAs Trpymmna EJV[OHn (R) ,N>2 HaJ acCOIMaTUBHBIM

kosbiioM R ¢ 1 5= O, B mopoxaaroniux (g) 3agaercst cooTHomenusimu 1-19.

/Jlokaszamenbcmeo Mbl IPOBOIUM B J[Ba 3Tara.

Oran [.

3nech Mbl MOKakeM, 4To Jroboe cioBo W andasura (g) ucnonb3ys cooTHomieHus 1-19
MOXXHO TIpeoOpa3oBarh K ero cranmaptHomy Bumy S(/). He tepss oOmHOCTH 3amaHHOE CIIOBO
MOYXHO CYHTATh MPE/ICTaBICHHBIM B BHJIE
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W L _ (1)
—> (@)HW,, 1<,

(3nech yacTh U3 W Haxomsmascs 10 ((1,)) m HE coaepxarnas OykBbI ((1k)) c HOMepamu k>1,

orOporiena). [Ipumensist k ciioBy Wi cooTHomenust | U 2, ero MOXHO CYHTATh COCTaBICHHBIM

TOJIbKO M3 OYKB BHIA din(é‘) u dn (0) us (g). Ilpumenenue x cnoBy ((li,)) W1 TpaHncpopMannoOHHON

1
Teopemsbl 2 (T. €. COOTHOmIEHHH 3—19), NPUBOAMT 3alaHHOE CIOBO K BULY W — ((1x,)), * =1, T. €. K
IIPEICTABICHUIO
W = Xl((l*l))v
1
rae X1 (Mo ompeneseHui0 — ) HE COAEPIKUT TPAHCIO3ULIMOHHBIE OYKBBI BUAA ((1%)), * >1.

AHajorn4HBIM 00pa30M BBITATUBASA U3 X1 COMHOKHMTENEH ((2+,)), *, > 2, OyeM UMeTh

W = X, ((2*,))((A*,)),

rae X2 He coaepKuT OykBbl Buaa ((k*)), * >k, k < 2,1 T.1. OnMcaHHbII NpOLeCC OTIIETIICHUS]

TPaHCHO3UIIMOHHBIXOYKB Ha (#7-1)-M 11are MpUBOAUT HAC K 3aHCH

W =X, ((0=1%,,))-.(L%,),

n-1
e COMHO)KI/ITGJ'IBXn-l (COFJ'IaCHO OIIPCACIICHUTIO - ) HC COACPKUT HCCIAWMHUYIHBIC
TPAHCIIO3MIUOHHBIC MaTpulbl, T. €. COCTOUT TOJIBKO H3 JUArOHaJIbHBIX 6YKB BHUa (d) A 1o

JIOKa3aHHOW BbIlIE JieMMe (T. €. COOTHOWIEHUSMU 3—0) ciIoBO X,-1 Temepp YXKE MOXKHO

peoOpa3oBaTh K BHILY, dln (Tl)"'dn—l,n(r n_l)dn(T ). Takum obpasom, cioBo W cootHomeHusimu 1-19

[lef/'ICTBI/ITeJH)HO IIPHUBCACHO K €ro CTaHAApPTHOMY BUAY
S (\N) = dln (Tl)' ' d n-1,n (Tn—l)d n (T)((n - 1'*n—1))' ((1 *1))
Orar II.

Iycts Temeps W=e — mpousBobHOE cooTHomenue rpymmer EMon, (R)e HOPOXJIAIOIMINX (g)

(W — cnoBo yka3aHHOTo ajgaBHUTa, 3alUCHIBAIOIIEE €IMHUILY €). 3aluchbiBas JIEBYIO 4yacTh (Ipu
noMoIy cooTHomenuit 1-19) B crannaptHoM Bue, npuBoauM ero k Buay S(W)=e. Ilo teopeme 1
3anuch B Buge  S(W) enuHCTBEHHa, IO3TOMY IIOCJIEHEE PAaBEHCTBO BJEUET 3a COOOMU

T, =.=7,,=r=1ly* =k npu Bcex k=n-1,...1, T. e. paBeHCTBO S(W)=e BO3MOXHO TOJBKO

pHu eAMHUYHBIX OykBax u3 S(W). A 3To yke 03HauaeT BHIBOAUMOCTH 3aJIaHHOTO COOTHOIICHHUS U3
cootHomeHuit 1-19. Teopema 3 mokazaHa MOJIHOCTHIO.

Onucanus npoekmueHvlx pakxmopos

Kak u qyist camux rpynn G, npeAcTaBisIOT TaKoM K€ HHTEpeC KOMOMHATOPHBIE OMUCAHUS U X
¢dakropoB G/H1IO HEKOTOPHIM HOPMaJIbHBIM HoArpymnnam H. OIuH U3 TaKuX BOIPOCOB COCTABISAIOT
onucaHus NpoeKkTuBHbIX (hakropoB G/C rpynn G mo ux neHrpam C=cent G. Cka3aHHOE 371€Ch B
MIOJTHOM Mepe OTHOCUTCS TakkKe K JHMHEHHBbIM rpynmnaM. lIpoekTuBHbIE (DaKTOPBI HEKOTOPBIX
JUHEHHBIX TPYIII C MOMOIIM MOPOXKIAIOIIUX U COOTHOIIEHUH W3y4alluch, HapuMmep, B padoTtax [S5—
7].

Lenbto 31ech  sABHSETCd KOMOMHATOpPHOE  ONKCAaHUE MPOEKTHUBHOM  (aKTOPrpPYIIIbI
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PEMon, (R) = EMon, (R) /C, tne C=cent EMon, (R) (otnocutensho angasura (g)). Haunem sty

3ama4y (Kak ¥ B NEpBOM yacTH) ¢ BbluucieHus ueHtpa C. HpH‘R* =1 EMOnn(R) OYEBUIHBIM

o0pa3oM mpeBpaliaeTca B CUMMeETpuUueckyto rpymmy S,. [IpoekTuBHBIN ke ¢dakTop mocienHen
TPYIIIBI MBI TIOAPOOHO pa3o0panu B mepBoi yactu padoTsl. [loaToMy Berony manee OyaeM CUMTaTh

\R* >1.

[Tpexxne uem Ha4aTh BHIYMCICHHE [IEHTPA, BBOAUM K PACCMOTPEHHIO OIHY BCIIOMOTATEIIBLHYIO
* * * ~ * /
rpymmy. ITycrs 3/(R*) ={xeR*:x" € (R*)'} (. e. «kopeHb n-ii cTemeHu u3 (RY) »). Herpynno

npoBeputh, uTo mepeceuenne G (R)=centR* NY/(R")’ obpasyer B R’ KOMMYyTaTHBHYIO
noarpynmny. Ee Mbl Ha30BeM 7-ii KOPHEBOM rpynmoi koJbia R.

[Ipucrymaem Tenepb K BBMHCIECHHIO LeHTpa. IlycTh cHavana N>3 u d = (aik)—HeKOTopa}I

HeJMArOHAIbHAs MAaTpHIA, couepkamascs B C ¢ HexuaronampHoil nosmumei dy #0 (i=k).
Torma mbi s marpuust 0, (), 6 € R™\D, j £k, umenn 6wt dyj(e)a=ad;(e) - &gy =a, > e=1.
[TomyuenHoe npotuBopeure (¢ BeIOopoM & ) mokasbIBaeT, 4To 1eHTp C B pacCMaTpUBacMOM Cllydae

OyleT COCTOSTh TOJBKO W3 JUArOHAIBHBIX MAaTpPHIL d= d|ag (31,---,5 n)' Tenepp HMMIUIMKALUU
((lk))d = d((lk)) —& = Sk,1< k<n, MMOKa3bIBAIOT, YTO MaTpuila d JOJDKHA OBITh €Ie U CKaJISAPHOR
d =d(¢) =diag(e,...,&). Janee nmockoybKy dln (O')d (6‘) = d(é‘)dln (G) —0E=E0 pnua moboro

*
oeR, aprymeHT & u3d(g) AOIDKEH MPUHAMIEKATh HEHTPY cent R™ . MBI IMeeM 1 UMIUIAKAITUIO

d() =dy, (¢)..d, ,, (£)d, (")  EMon, (R) > £" € (R").

Ona nokxa3sbIBaeT, yTO apryMeHT & o0si3aH MONacTh €lle U B IPyMIy Gn(R)- Tenepp xe TO,
4TO BCsKas marpuna d(g) ¢ apryMeHToM & EGn(R) NpUHAUIEKUT LeHTpy C, odeBUAHO. Takum

obpazom, mpu N>3 MBI I IEHTPA MOTYUHIH C ={d (X) XE Gn (R)} 31eCh MPOEKTUBHBIN
(bakTop MOXET ObITh OMMCAH CIEAYIOIIUM 00pa30oM.

Teopema 4. llpoexTHBHas dJIEMEHTapHas MOHOMMaJlbHAs IpyIIa PEMon, (R),n>3, wan

accolMaTUBHBIM KoJbloM R ¢ 120 u ‘R‘ >1, B mOpoXkAArOIMX (g) 3a1aeTCsl COOTHONIEHUAMHE
1-19 u eme creayomUMI LeHTpaTbHO-CKapHBIME cooTHowennsvu 0, (€)...d, ., (£)d, (") =¢€,

e & npoberaer kopresyio rpymy G, (R).

Cnyuaii, korna n=2, sBIseTcs NaToJOTHYeCKUM (U 37eCh ‘R*‘ >1). IlycTh Ha Kakoe-TO BpeMs
a= (aik) 03HAuYaeT HEMaroHAJIbHYI0 MAaTPHILy U3 LIEHTPA
* *\/
C=cent EMon,(R). Ecin 31ech ‘(R ) ‘ >1, TO mId BJeMeHTa XE(R ) \{1} AMILTAKAIITH

d,(x)a=ad,(x) > X_1a21 =a, > X=1 (r.e. mpormBopeune c BHIGOPOM X) MOKA3BIBAIOT HA

orcyrcTBue B TIeHTpe C HemuaroHajdbHBIX Marpuil. Ecmm xe ‘(R*)’ ‘:1 (r.e. xorma R’
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* 9] w 2
—KOMMYTaTI/IBHa), HO B R HauACTCA HC MACMIIOTCHTHBIN 3JICMCHT X, X 751, TO 34€CHh Mbl UMCCM

d,(x)a=ad,(x) > xa, = aﬂx_l —>Xa, = X_la.lz —>x* =1 [Tony4yeHHOE IPOTHBOpEUNE MOKA3bIBACT

OTCYTCTBHE HEJHAroHaJbHOU MaTpullbl B IeHTpe CU B 3TOM ciyyae.
ITycts Temepb B pazoOpaHHbIX ciydasdx d =diag(x,y) O3Ha4aeT Kakyro-To marpuiy us C.

WMmvnnvkanms d,,(s)d =dd,, () — ex=xes (Opu m000M & e R" ) IIOKa3bIBAaET, YTO M 3/I€Ch

JIOJDKHO OBITH X € centR™. Wmnnukamus ke  ((12))d =d((12)) » x=y Jaer HaM, 4TO
paccMaTrpuBaeMasi MaTpHIla JI0JDKHA MMETh €LIe CKaJspPHBbIM BHJL d= d(X) = diag (X, X), X ecentR".
Teneps npunamnexnocts 0(X)= dlz(X)dz(Xz) e EMon,(R) (xax u Bbume) Bueuer 3a coGoit

2 N
srmouenne X €(RY), T e xe G, (R). 1 31eck marpuna d(x) ¢ apryMeHTOM x e G, (R) BXOIHUT B
nenTp C oueBUIHBIM 00pa3zoM. Takum o6pasoM, u 371ech Ml uMeeM C ={d(x): x € G, (R)}.

I[Ipu n=2 B npuBeAeHHOM BbIille cnucke 1—19 Bce COOTHOWIEHHS, 32 HUCKIOYEHUEM
2,3,5,6,13—15, saBnsitorcst HeaieKBaTHbIMU (T. €. OHM HE yKJazabiBatoTcs). [loaroMy omyckas ux us
ompenenstomero Habopa 1-19 u npucoenuHsAs K OCTIbHBIM COOTHOIIEHUS, MOJYYCHHBIC
MpUpaBHUBAHUEM K (€IMHUYHOMN ) MaTPHIIE e BceX Mopokaaronux mnentpa C cios andaBura

dy,(e),eeR%d,(0). oce(R), 1<q<2 ((12), (2)

MBI 37IECh CMOXeM C(HOPMYIIMPOBATH CICAYIOUIHNA PE3yIIbTaT.
Teopema 5. llpoexTuBHas »dlIeMEHTapHAas MOHOMHUAJIbHAS TpyIIa PEMon,(R) Haz

acCOIMAaTUBHBIM KOIbIIOM R ¢ 10, Kkotopoe eme MO0 HEKOMMYTaTHBHO, JHOO e

KOMMYTaTHBHO, HO B R" CyIIIECTByeT HE UJEMIIOTEHTHBIM 3JIEMEHT, B MOPOXKAAIONINX (g2) 3a7aeTcs
COOTHOIICHUSIMU 2, 3, 5, 6, 13—15 u emie cneayronmmMu IeHTPaIbHO-CKASIPHBIMUA COOTHOIICHUSMH

2
d12 (8)d2 (6°)=6, me & npoberaer kopHeByto rpymiy G2(R).
Kak xopomio cTano BHIHO, CJMHCTBCHHBIM HEpa300paHHBIM B HAIUX PACCMOTPEHHSIX
OCTaJICsl CIy4ai, Korjaa #=2, OCHOBHOE KOJbBIIO R KOMMYTaTHBHO W Tpymna R® COCTOMT TOJBKO W3

uIeMIIOTeHTOB. OUEBUIHO 31€Ch d,,(¢) = d (&) A moboro ¢ e R* u EMon,(R) = <d (&), ((12))> KaK

rpyIIa, MOPOXKICHHAsT YKa3aHHBIMU KOMMYTHUPYIOIIMMHU MEXIY COOOW sreMeHTaMu, cama Oyner
KOMMyTaTuBHOW. IIpucoenuHeHne ke K TPUBHUAIBHBIM COOTHOIIEHHsM 2, 3, 5, 6 u 13-15
MOPOXKAAOIINX IEHTPATBLHBIX COOTHOIIECHUH Ta€T HaM 3/I€Ch CJIEIYIOIIEe ONMMCaHuE.

Teopema 6. 1lpoeKTuBHas DJIEMEHTapHas MOHOMHUAlbHas TIpymmna PEMon,(R) Hax

acCOIMAaTHBHO-KOMMYTATUBHBIM KOJNIBIIOM R ¢ 10, 1rae eme Bce deMeHThl u3 R’

HIEMIIOTCHTHBI, B NOPOXXIAIOIINX d(é‘), [28S R*; ((12)) 3aJaeTCs COOTHOUWIEHUAMHU d(g)=e H

(@2)) =e.
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Annomayus. PaccMOTpEeH METOAMUYECKUN acCHeKT MPUMEHEHHs] MCKYCCTBEHHOIO MHTEIUIEKTa
(M) B maremaruxe. OOCyXIeHbl OCHOBHble NpuHIUNB padoTsl UM u ero npunoxeHue k
MaTeMAaTUYECKUM HCCIIEOBAHUAM. AHAIM3UPYIOTCS TMpeuMyllecTBa ucnonas3oBanus WU B
MaTeMaTuKe, Takhe Kak IMOBbIIEeHHE 3(P(PEKTUBHOCTH M TOYHOCTH BBIYUCICHHH, OOHapy>KeHHE
HOBBIX 3aKOHOMEPHOCTEH M NaTTepHOB B OONBIIMX 00BbEMax IaHHBIX U Jpyrue. A Takke
paccMOTpEHbl TOTEHLMAIbHBIE PUCKM W MpoOieMbl, CBA3aHHbIE ¢ ucnoib3oBanuem WU B
MaTeMaTuKe, a Takke HEOOXOAMMOCTh YUeTa COMAIbHBIX U ATHUYECKUX BOIPOCOB.

Abstract. Discusses the use of artificial intelligence (Al) in mathematics. The basic principles
of Al operation and its application in mathematical research are described. The advantages of using
Al in mathematics are analyzed, such as increasing the efficiency and accuracy of calculations,
discovering new patterns and patterns in large amounts of data, and others. However, the potential
risks and challenges associated with the use of Al in mathematics are also considered, as well as the
need to take into account social and ethical issues.

Knioueswie cnosa: I/ICKyCCTBCHHHﬁ HUHTCJUICKT, MAaTEMaTuKa, BbIYUCIICHUSA, aJITOPUTMBI,
O6Hapy)i(CHI/Ie 3aKOHOMepHOCTCﬁ, OTHKA.

Keywords: artificial intelligence, mathematics, calculations, algorithms, pattern detection,
ethics.
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B nHacrosiiiee BpeMsi HAaUOONBIINX YCIEXOB JIOCTUTAIOT T€ OTPACTN 3HAHUN, KOTOpPbIE IIIUPOKO
HCTOJB3YIOT MaTeMaTUYECKU ammapar B cBoux uccienoBaHusx. Eme K. Mapkc roBopui, 4to
HayKa TOJbKO TOIZA JOCTUTAeT COBEPILEHCTBA, KOIJA €M YIaeTcsl IOJb30BaTbCsl MAaTEMAaTHUKOM.
KauecTBeHHOE M3MEHEHHME HAyKH, YIPABJICHUS, MHPOPMAIIMOHHBIX TEXHOJIOIMH M SKOHOMHKH B
[EJIOM TOKAa3bIBAET, YTO MCKycCTBeHHBIH MHTeIUIeKT (M) cranoBuTcs Bce Oolsiee MOMYJISIPHBIM B
Hayke W TexHonorusx. MM B Maremaruke yke MMeEEeT MHOXECTBO MPHJIOKEHUN u obnacteit
MPUMEHEHHS, KOTOpbIE O0CIIal0T U3MEHHUTh HAIlM MOHMMaHUE OOBEKTHMBHON peanbHOCTH OOIIen
KapTUHBI MUPA M YCOBEPLICHCTBOBATH CIIOCOOHOCTH PeIIaTh CI0KHBIE MAaTeMaTHYEeCKHUE 3a/1auu.

Mamepuanvt u Memoobwl uccie008aHUs.

CyuiecTByeT HECKOJIBKO HampaBieHui, B KoTopbix WM yxke celiuac mnpumeHsiercss B
Maremartuke. OZHO M3 HUX — aBTOMATMYECKOE J0KAa3aTelbCTBO TEOPEM. OJTO HAIpaBICHUE B
MaTeMaTHUKe 3aHUMAETCSl CO3JaHUEM HWHTEJUIEKTYaJbHbIX CHCTEM, KOMIIBIOTEPHBIX IIPOrpamw,
KOTOpbIE MOTYT aBTOMAaTMYeCKH JOKa3blBaTh MAaTEeMAaTUUYECKUE TEOPEMBI, UCHOIb3Yysa (OPMAIbHYIO
JIOTUKY U METOJIbl HCKYCCTBEHHOI'O MHTEJUIEKTa. Takue KOMIBIOTEPHbIE MPOTrPAMMBI YK€ IOKa3alu
CBOIO 3((EKTUBHOCTh B JOKA3aTEIBCTBE HECKOJIBKUX CIIOKHBIX TEOPEM, HalpHUMEp TEOpPEMBI
®depma [3].

Hpyroe HanpaBieHue — wucnoinb3zoBanue MW s aHanuM3a [JaHHBIX W CO3JAHUS
MaTeMaTudyeckux Mojened. Tak, Hampumep, € IMOMOIIBIO METOI0B MAIUIUHHOIO OOy4YeHUsS U
cratuctuku MM MOXeT CyliecTBEHHO YIy4YlIUTh Kaye€CTBO IMPOTHO3UMPOBAHUS, ONTHUMHU3ALUU U
TPUHATHS PEIICHUI B Pa3IMYHbIX OOJIACTSIX, OT MEIUIIMHBI U SKOHOMHUKHU /10 HAYKH O MaTepuasax.
Kpatko oxapakrepusyeM HEKOTOpbIE U3 KIIIOYEBBIX obOnacteil mpumenenus MU B maremartuke —
9TO:

- peuienue MamemMamuyeckux 3a0ay, NOUCK ONMUMATbHLIX peueHUull U OO0KA3amenbCmeo
meopem, KOTOpbIE paHee He JI0Ka3aHbl 4ejoBeuecKUM pasymoMm. Hampumep, B 2017 romy
UcKyccTBeHHbIN HHTe/UIeKT AlphaGo mobemun yemmnuoHa Mupa MO Wrpe B IO, YTO BBI3BAJIO
6onpmioi naTepec B Mupe MU u komnbroTepHbIX Hayk [4]. HexoTopble 3amaun, Takue Kak TeopeMa
®depma, OCTaBaINCh HEPEUICHHBIMU Ha MPOTSKEHWHM MHOTHMX JIET, MpexJae 4yeM ObulM HailleHbI
JI0Ka3aTeNbCTBA, YTO CTaJ0 BO3MOXKHBIM Ojlarojjapsi HOBBIM IMOJXOJaM U TEXHOJOTHSM, TAaKUM Kak
nn e, 12].

Hpyroi npumep ucnonb3zoBanus MW s moncka HOBBIX MaTeéMaTH4YECKUX J10KAa3aTelIbCTB —
npoekT GPT-3 ot OpenAl. DTOT NpPOEKT UCTIONB3YET TIIyOOKOe OOydeHHUE JUIsl TeHEepalluu TEKCTa,
BKJIFOUasi MaTeMaTuuyeckue (GopMynbl U JoKa3arenbcTBa. HecMOTpst Ha TO, UTO CreHEepUpOBaHHBIE
JI0Ka3aTeIbCTBA HE BCETNA ABIISAIOTCA NPAaBUIbHBIMU, OHU MOTYT CIIY>KMTh KaK OTIIpaBHasi TOUKa JUIs
JAIbHEHIINX UCCIEA0BAHUM U YTOUHEHUS:

- NOUCK HOBbIX Mamemamudeckux sakoHomeprocmeu u ¢opwyn. Ilpumenenne MU moxer
IIOMOYb B PEUICHUH HEKOTOPBIX OTKPBITHIX MpoOJeM B MaTeMaTHKe, HalnpuMmep, runoTe3sl Pumana,
JUI CO37IaHUs HOBBIX (POpPMYJ, KOTOpPbIE MOTYT IIOMOYb B pelleHnu 3Toi runoressl [7, 11]. Kpome
toro, M mMoxeT OBbITh MCIIONB30BaH AJIs MIOMCKA CBS3€H M 3aKOHOMEPHOCTEH MEXIY pazIUuHBIMU
MaTeMaTUYeCKUMHU OObEKTAMHU, YTO MIOMOTAEeT YCKOPUTH MPOLIECC UX U3YUEHHS U TIOHUMAaHHUS.

- aHanu3 6onbuUx 06LemM08 OAHHBIX U NOUCK CKPLIMBIX C8A3ell U 3aKOHOMepHOCmel 8 HUX. DTO
MOXET TPUBECTH K IOSBICHUIO HOBBIX TEOpUH W (QOpMYJ, KOTOpbIE MOTYT H3MEHUThH Hally
MOHMMaHHE MAaTeMaTHKH U CIHOCOOHOCTH pelIaTh CIOKHbIE 3ahaud. Hampumep, KOMITbIOTEpHBIE
QITOPUTMBI MOTYT OBICTPO aHAJIU3UPOBATh OrPOMHBIE OObEMBI MaTeMaTHYEeCKHX JaHHBIX U
BBIJICJISITh M3 HUX OOIIME 3aKOHOMEPHOCTH U cBoicTBa. Kpome toro, MU wmoxer mnomoub
MareMaTvkaM OOHapy>KMBaTh HOBBIE 3aKOHOMEPHOCTH U MATTEPHBI B OOJBIIMX OOBEMax JaHHBIX,
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KOTOPBIC MOTYT OBITh TPYIHBI )1 OOHApYKeHUs Bpy4Hyto. Harpumep, M MoXkeT UCTIOIB30BATHCS
JUIS aHalM3a OoJIBIIUX HAOOpOB TeHETHUYECKHMX JAHHBIX, YTO MOXKET IOMOYb B OOHApYXCHUU
TEHETUYECKUX (PaKTOPOB, CBA3AHHBIX C PA3IMYHBIMU 3a00JICBAHUSMHU.

- COBEPULEHCIBOBAHUE HABLIKOG 00YYeHUsl MameMmamure U CHOCOOHOCmel 00yYaouUXC.
Hekoropeie mporpamMmbl yke HCIIOJIB3YIOT TexHoorun MW s co3maHus MmepcoHaIn3upOBaHHBIX
YPOKOB M MaTepHAaJIOB, KOTOPBIC aJalTUPYIOTCA K YPOBHIO 3HAHUH CTYJICHTOB W IOMOTAIOT UM
JydIlie TTOHUMaTh MareMaThueckue KoHuenuu. M MoxeTr moMo4db B pa3BUTHH MaTeMaTHUeCKOM
WHTYHUIIMU U TBOPYECKOTO MbiluieHus. Micnons3oBanue MU mmst co3manus MaTeMaTHdeCcKuX 3a1ad u
pelIeHU MOXKET IOMOYb CTYJIEHTAaM W HCCIICJOBATEeIIIM YBHUICTh MAaTeMaTHKy B HOBOM CBETE H
Pa3BHUTh CBOM HABBIKH B 3TOW 00JIaCTH.

- 2eHepuposanue 3a0aHull NO paziuyHbiM napamempam (ypoBEeHb CIOXKHOCTH, TEMaTHKa U
T. 11.), A8MOMAMU4ECKAdsi NPOBEPKA 3A0AHULL U OUASHOCMUKA OMWUOOK. DTO TIO3BOJISET CYIIECTBEHHO
YIPOCTUTh M YCKOPUTH CO3JIaHUE TECTOB W JOMAIIIHHUX 3aJaHHi, a TaK)Ke CHH3UTh BEPOSTHOCTH
OIMOOK W IMOBBICHTH Ka4eCTBO OOYYCHHS, 3HAYMTEIBLHO COKPATHUTh HArpy3Ky Ha MpernojaBaTess
(yuurens) [5, 8].

- CO30aHUe UHMEPAKMUBHLIX MAMEMAMUYECKUX UHCMPYMEHmMOo8, TaKuX Kak rpapuuecKue
KaJbKyJISTOPBI, MPHJIOKEHUS ISl PELIeHUS YpaBHEHUW M T. 1. DTO MOXET cAenaTb OOy4yeHHe
MareMaTtuke O0oJiee MHTEPECHBIM W JIOCTYIHBIM JUIS HIMPOKOW ayJUTOPUH, a TAKKE YIPOCTHTH
pelIeHre PA3IMYHBIX 33134 U IPOOIIEM.

Pesynomamot u o6cysrcoenue

NN npencrapisier co00M MOLIHBIA HHCTPYMEHT, KOTOPbI MOXET OBbITh MCIOJIb30BaH JJIs
YIOPOIIEHUSI U YCKOPEHUS PELIEHUS Pa3jIMUHBIX MaTeMAaTUYECKUX 3aad, a TaKkKe JJs CO3aHUA
HOBBIX MaTeMaTHMYECKUX Monened u Teopui. bosee toro, MM Moxer Takke IOMOYb B IIOHCKE
HOBBIX JIOKa3aTEJIbCTB JJIS CIOXKHBIX MAaTEeMaTHUECKHUX HpoOieM, YTO aKTyaJbHO B 3ajaydax
IIOBBIIICHHON CIIOKHOCTH B MareMaTuke. [Ipumenenne MM B maremaTuke feiiaeT MaTeMaTH4eCKHUeE
UCCIe0BaHUs OoJiee JOCTYITHBIMU U MOHATHBIMU I IMpokoi aynuropuu. Hanpumep, 1 moxer
UCIIONIb30BaThCsl  JJIi  aBTOMATHMYECKOTO CO3/1aHUsl HMHTEPAKTHUBHBIX Oojee IPPEKTUBHBIX
MaTeMaTH4eCcKUX y4eOHbIX MOCOOMH U KypcOB, KOTOpbIE aJallTHPOBAaHbl K Y4eOHBIM ITpOrpaMMaM U
YYEHUKaM C pa3HbIM YPOBHEM 3HaHUI, yMEHHI 1 HaBBIKOB [9].

[Ipumenenne UM B Maremaruke, OeccriOpHO, BEAE€T K pa3BUTHIO CaMOM MaTeMaTUKU
«M3HYTPU» KaK (yHAaMEHTaJIbHOW HAyKU — IOSBICHHUIO HOBBIX 00JacTel MCCael0BaHUI U HOBBIX
MaTeMAaTUYECKUX TEOpPUH, HO W MO3BOJIIET pAa3BUBaTh INPUKIAIHYIO MAaTEMaTUKy Kak
YHHUBEPCAIBHBIN S3bIK — CPEICTBO CBSI3U PA3IUYHBIX OTpaciiell HayKu U TEXHUKH. Tak, Harpumep,
MOCPEJCTBOM METOJOB MAIIMHHOIO OOy4YeHUS U CTAaTUCTUKU MOXKHO OTKpPBIBaThb HOBBIE
3aKOHOMEPHOCTH M CBSI3M JAHHBIX, IO3BOJIAIOIIME CO3[aBaTh HOBBIE MAaTeMaTH4E€CKHE MOJEIU
OIMCAHMsI Pa3IMYHBIX MPOIECCOB U HOBbIE MareMaTW4yecKhue OOBEKTHI, TAKUX KaK aJTOPUTMBI U
Mozenu. HekoTopsle anropuTMsl, co3anHble ¢ momolibio M, yxke Oblii NPUMEHEHBI B Pa3INYHbIX
o0nacTsx, HanpuMmep, B KpunTorpapuu 1 3amure HHGopMaluy, ONTUMUA3ALUU U TPOTHO3UPOBAHHH.
OTO OTKpbHIBAET HOBBIE BO3MOXKHOCTU JJIsi pa3paboTKu Oosiee 3(PPEKTUBHBIX MaTEMaTHUYECKUX
METOJIOB ¥ aJITOPUTMOB [7].

Takum o6pazom, pa3zsutre MM nmeeT orpoMHBIN MOTEHIMAI, YTO MOXET MPUBECTH K HOBBIM
OTKPBITHSIM U YIYyYLICHHIO pPEIIeHHs pa3IMYHbIX MareMaTH4yeckux MpobieM Kak B
(byHIaMEHTaJIbHOM, TaK M B IMPUKIaJHOW MaTeMaTUKe JJIs PeIleHUsl CIOKHBIX MPoOIeM U MOoHCKa
HOBBIX pemieHud. [[nst Toro uToObl peanu3oBaTh ATOT MOTEHLHUANT HEOOXOAMMO MPOJOIIKATh
UCCIIeIOBaHUA B O3TOM 00macTH, pas3BUBasg TEXHOJOTMHM U obecreunBas 0e30MacHOCTh
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ucrionb3oBanus MU B maremarnke u npyrux oOmnacTsx Hayku W TexHuku [10]. Tak, mMHorme
MaTeMaTU4YEeCKUE 3aJadyd MOTYT OBbITh CIUIIKOM CIIOKHBIMH JJIsl 4eJOBeKa, YTOObl PEHINTh HX
BPYUYHYI0, HO MOTYT OBITb PEIIEHbI C MOMOIIbIO KOMIIBIOTEPOB C HCIOJb30BAHUEM NATTEPHOB U
anroputMoB UM [1]. Ho HeoOXomuMoO YYHMTHIBaTH 3TUYECKHE, COIMAIbHBIE M TEXHHUYECKUE
BOIIPOCHI, CBS3aHHBIE C €r0 HCIOJb30BaHMEM, YTOOBI TrapaHTHpoBaTh, 4ro MU npumensercs B
MaTeMaTuKe C MAKCUMaJIbHOM IMOJIb30H AJIs 00IIeCTBa.

Hnst toro, uro6st UM B maremaruke crano Oojee pacrnpoCTpaHEHHBIM H 3(P(PEKTHBHBIM,
HEOOXOIMMO TPOJOJDKATh HCCIICAOBAHHUS B 3TOM OONACTH M CO37aBaTh HOBbIE MHCTPYMEHTHI U
texHosoruu. Hecmotps Ha Bce mpeumyinecTtBa, npuMmeHenue MM B Hayke M TEXHUKE BBI3bIBACT
HEKOTOpbIE CEpbE3HBbIC OIMACEHUsi U ITUYECKUE M coluaiabHble mpobiembl. MM B maremaruke
NpeACTaBIsieT CcoO0OW HEeKylo MOTEHIMAJbHYI Yrpo3y. Tak, Hampumep, YYeHbIe-dKCHEepPTHI
Oecriokositcs 0 ToM, uro MM MOXeT 3aMEHUTh 4YeJIOBEYECKHH pa3syM U MPHUBECTH K IOTEepe
TBOPYECKOTO MOAXOAa K MareMaThudeckum rnpoodiemam [2—4]. Kpome Toro, cyliecTByeT OomacHOCTb,
yto N MoxeT ObITh HCIIOJIB30BaH Ui CO3JJaHUsI «HEMOJKPEIIEHHBIX)» TEOPUid, KOTOPhIE HE UMEIOT
HayyHOM oOocHoBaHHOCTH [5]. Hampumep, aBTOMaTH4eCKHE JOKa3aTEIbCTBA TEOPEM MOTYT
BbI3BaTh BOINPOCHI O TOM, KaK JOBEPSATh pe3yJbraraM, MOIy4eHHbIM KommbioTepoMm. Kpome Ttoro,
ucnonb3zoBanue M1 B maremMaTtuke MOKET MPUBECTU K 3aMEHE JIOIEH Ha KOMIIBIOTEPHI, UTO MOXKET
MIPUBECTH K YBOJIBHEHHIO MHOTHX MareMaTHKoB M wuccienoBareneid [11]. Taxxke cymectByer
omacHocTh, u4To MW wmoxer mnpuBecTH K 1oTepe pabouux MecT Wid  Habopy
HU3KOKBAJM(HUIIMPOBAHHBIX KAJApOB B HEKOTOPHIX cdepax, Hampumep, B OyXrajaTepuu WIH
aHanuTHke [2].

Hekoropele Maremaruueckue 3aJadd MOTYT OBITh CBSI3aHBI C KOH(HIIECHIIMATBHON
uHpopManuei, kotopas 1o/bkHa ObITh 3amuineHa. [Ipumenenne M moxeT BBI3BaTh MPOOIEMBI B
00JIacTH TPUBATHOCTH W OE30MACHOCTH NaHHBIX. Bo3MoxHOCTH mcnonb3oBaHus MU st B3ioma
muppoB U APYrux OE30MaCHBIX CHUCTEM, YTO MOXET IPEACTaBIATh CEPhE3HYIO YIrpo3y s
KOH(HICHIIMATHHOCTU U 0€30MaCHOCTH YeTIOBEKa.

Hampumep, eciau Mb1 ucnionbzyem MU juist co3ganus MareMaTndeckux 3a4ad U TECTOB, TO Kak
Mbl MOXXEM OBITh YBEPEHbI, YTO ATH 3aJa4d HE COJEp)KaT KaKUX-JIUOO TMPUCTPACTUH WU
JUCKPUMHUHALMOHHBIX  »neMeHToB? Kak  Mbl  MoxeM  oOecneuuTh  0€30MacHOCTb U
KOH(UACHIMAIBHOCTD JTaHHBIX NMpH Ucnonb3oBaHuu MU B matemaruke? [ToaToMy, Kpome pa3BUTHS
TEXHOJIOTHH, HEoOXOAMMO TakKe oOpallarb BHUMaHHE Ha pa3jIM4Hble 3TUYECKHE, IPaBOBbIE U
COLIMaJIbHBIE BOMNPOCHI, CBsA3aHHbIE C wHcnonb3oBaHueM MU B marematnke. OTO TOMOXKET
obecrniednTh 6e30MacHOCTh U APPEKTUBHOCTH Hcnoyb3oBaHud MU B 3Toi 06nacTu U caenarh ero
MOJIE3HBIM HHCTPYMEHTOM JJIsl PELIeHHs pa3IMYHBIX MareMaThdyeckux 3ajgad u npobmem. C
MPaBWIbHBIM TOAXOAOM M pa3BUTHEM TexHonoruit, UM MoxkeT mpuHecTH MHOTO MOJIE3HOTO B
MaTeMaTuKe, YJIy4lluB CIOCOOHOCTD JIIO/IEH pellaTh CI0XKHbIE MaTeMaTHUYECKUE 3a71a4M, HaXOIUTh
HOBBIE 3aKOHOMEPHOCTHU M (POPMYIIBI, a TAKKe YIydlIMB 00pa3oBaHue B 3TON 0OIACTH.

Bv1600wb1

[Ipumenenne MM B maremaTuke MMEET OTPOMHBIN MOTEHLIHAN JJI YIy4YIIECHUs Ka4ecTBa U
TOYHOCTH MAaTEeMaTHYEeCKUX WCCIEOBAHUN, a TaKKe JUIA CO3/aHUS HOBBIX HWHCTPYMEHTOB W
TEXHOJIOTHH, KOTOpble MOTYT IIOMOYb HE TOJBKO MaTeMaTHKaM, HO CHelMajucTaM B JpyTux
o0NacTAx HayKH U TEXHUKHU B uX padore. OnHako, 4ToOsl ucnonas3oBanue MU 66110 3 GeKTUBHBIM
U OTHYHBIM, HEOOXOAMMO YYHTHIBATH MHOXKECTBO TEXHHYECKUX, COLIMUANBHBIX W JTHYECKUX
BOTIPOCOB, CBSI3aHHBIX C €r0 MPUMEHEHUEM B MaTeMaTuKe.

MaremaTukaM-HCCIIe0BaTeNsIM U Pa3paboTUMKaM UCKYCCTBEHHOT'O MHTENJIEKTa HEOOX0IUMO
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paborarh BMecTe, 4ToObl obecrneunTh 3PGHEKTUBHOE U ATUYHOE ucrosib3oBanue M He Tonbko B
MaTeMaTuKe U TEXHUKE, HO JPYruX OONacTsIX HapogHoro xossiiictBa. Kpome Toro, Heob6xomumo
VYHUTHIBATh TOTEHIMAIBHBIE PHCKH, CBS3aHHBIE C WHCcmonb3oBanueM WM u paspabarbiBath
MEXaHU3MBbI 3alllUThl OT BO3MOXKHBIX HETaTUBHBIX MOCIEACTBUU. [IpuMeHeHrne HMCKYCCTBEHHOTO
MHTEJJICKTA MO3BOJIAET CYIIECTBEHHO MOBBICUTH A(P(GEKTUBHOCTh W TOYHOCTh MaTeMaTHUeCKHX
KCCIICIOBAaHUI M MMEET OrPOMHBIM MOTEHIMA IS HAyYHbIX OTKPBITUH W WHHOBaIUi. BaxHo
yoenutbesi, uro MU wucnons3yercss NpaBHIBHBIM 00pa3oM, M HE 3aMEHSET TBOPYECKHHA H
MHTEJUICKTYaJbHBIA  BKJIQJI YEJOBEUECKOIO pasyma B  MareMarUyeCKUe  HCCIIEIOBaHMUS.
Hcnonp30BaHue HMCKYCCTBEHHOTO HMHTEIUIEKTa B MaTreMaTHKE IMPEACTaBIseT coOON Kak HOBOE U
3axBaThIBAIOIIIEE HAMpaBiIeHHE, TaK M BbI3bIBamoIIee omaceHus. C MPaBHIBHBIM TOAXOAOM U
pazButueM TexHojorui, MM Moxker crarb BaKHBIM HMHCTPYMEHTOM ISl COBEPILIEHCTBOBAHMS
MOHWMAaHUS O0INel KapTHHBI MUpPA MOCPEICTBOM PEIICHUsS CIOXKHBIX MAaTeMaTHYECKHX IMpoOiieM
JUTSI CO3JIaHMSI HOBBIX MareMaTHYECKUX TeOpHi U (popMyIl, a Takke UX IpriIokeHui [12].
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Abstract. Human beings have used plants as medicine for various health cause of years. Plants
are widely used in the traditional medicine of different countries and are a source of strong drugs.
To evaluate research some bioactive properties of the extract of the Crocus cancellatus subsp.
mazziaricus (Herb.) B. Mathew, 1982 the antioxidant activities of these extracts were analyzed by
means of cleaning methods (DPPH, ABTS scavenging activity), B-carotene/linoleic acid test system
and FRAP activity. Phenolics and flavonoid contents as the equivalents of gallic acid, quercetin
respectively. The phenolic content of the extracts was analyzed using HPLC. Brine shrimp lethality
test was applied to analyze cytotoxic activity. The obtained results indicated that the highest
phenolic compound ferulic acid with 2376.2+0.00 pg/g was in extracts. The highest total phenolic
and flavonoid were found in the ethanolic extracts. The aerial part-methanol extract exhibited the
highest antioxidant capacity and the corm acetone extract the highest amount of ferric reducing
power activity. Among the four different extracts, the acetone extract showed the highest amount of
radical scavenging both corm and aerial parts. The brine shrimp lethality assay of bulb ethanol
extract has showed good cytotoxic with LCso of 320.535 pg/mL. This study will be a source for
future studies.

Annomayus. Jomu WCTIONB30Bald PAaCTEHUS B KaueCTBE JICKAPCTBEHHOTO CPEICTBA JIJIs
JICUEHUS PA3IMYHBIX 3a00JI€BaHMI HA MIPOTSHKEHUH MHOTHUX JIeT. PaCTeHHs MIMPOKO UCIIONB3YIOTCS B
HAapOJAHONW MEAWIIMHE pa3HbIX CTPaH ¢  SBISIFOTCS MCTOYHHUKOM  CHUJIBHOJEHCTBYIOLINX
JICKApCTBCHHBIX CPCIACTB. I[J'If[ OLCHKU HCEKOTOPBIX HCCHGJIOBaHI/Iﬁ OMOJIOTMYECKON aKTUBHOCTH
akctpakta Crocus cancellatus subsp. mazziaricus (Herb.) B. Mathew, 1982 anTHOKCHAaHTHYIO
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AKTUBHOCTh ITHX KCTPAKTOB aHAIM3UPOBAIN C MOMOIIbI0 MeTonoB ouncTku (DPPH, aktuBHOCTH
ynanenuss ABTS), TectoBoit cucrtembl B-KapOTHH/TWHONEBas KHCIOTa M akTUBHOCTH FRAP.
Conepxxanue (QeHonoB U (PIAaBOHOMAOB JKBUBAJCHTHO TaJNIOBOM KHCIOTE U KBEPICTHHY
cooTBeTcTBeHHO. CojepxaHue (DEHOJIOB B AIKCTPAKTaX aHAIM3MPOBAIH C momollsio BOXKX. [lns
aHaJIM3a IUTOTOKCUYECKONW aKTUBHOCTU MPHUMEHSUIM TE€CT Ha JIeTalbHOCTh apTemuu. [lomydeHHbIe
pe3yabTaThl CBUICTENHLCTBOBAIA O TOM, YTO HAuOOJbIIee KOJIUYECTBO (DEHONIBHBIX COETUHEHHI
depynoBoii kucioTsl (2376,2+0,00 MKT/T) comep)UTCs B 3KcTpakTax. Hawmbolbiee KOIMYECTBO
(denomnoB u GpraBOHOUIOB OBLIIO OOHAPYKEHO B CIIMPTOBBIX IKCTPAKTAX. DKCTPAKT HAJ[3EMHOUN YacTU
B METaHOJIE TI0Ka3aJl CaMyl0 BBICOKYIO aHTHOKCHJIAHTHYIO CIIOCOOHOCTb, a alleTOHOBBIM SKCTPAKT U3
KITyOHEITYKOBHIIBI — CaMyIO BBICOKYIO aKTUBHOCTH 10 BOCCTAHOBJICHHIO >kene3a. Cpenu 4eTbipex
Pa3IMYHBIX SKCTPAKTOB AaIllETOHOBBIM JKCTPAKT IMMOKa3ajdl HauOOJIbIIEE KOIMYECTBO PATUKAJIOB,
VIQISIONMX KaK KIyOHETYKOBHUIly, TaK M HAaJI3€MHbIC 4YacTU. AHAIN3 JIETATHHOCTH apTeMUU
ATAHOJIOBOTO AKCTPAKTA JIYKOBHUIIBI MTOKA3aJI XOPOIIYI0 ITUTOTOKCUIHOCTH ¢ LCso 320,535 MKr/miL.
OTO Hccie0BaHUE CTAHET HCTOYHUKOM I OyyIIUX UCCIIeTOBAHUM.

Keywords: Crocus cancellatus subsp. mazziaricus, antioxidants, bioactive properties, radical
scavenging activity, HPLC.

Knrouesvie cnosa: Crocus cancellatus subsp. mazziaricus, aHTUOKCUJIaHTbI, OUOJIOTHYECKas
aKTUBHOCTh, aKTUBHOCTH 3aXBara pajaukanon, BOXX.

Introduction

The Crocus genus belongs to the large Iridaceae family and consists of about 85 species of
flowering plants [1]. Crocus sativus L, commonly known as saffron, is originally grown in Iran and
Spain. Saffron has a long medicinal history as part of traditional [2].

Crocus species are characterized by slender grass-like leaves with white, yellow or purple
flowers; plants are native chiefly to the Mediterranean region, but Crocus spp. are widely cultivated
[3]. The Crocus genus is known mainly for the valuable aromatic and medicinal cultivated species
C. sativus (saffron), which is of great economic importance [4]. Saffron has been used as a drug in
folk medicine, particularly in traditional Indian folk medicine, where it has been used for the
treatment of various kinds of mental illnesses among other uses without any toxic side effects [5].
The chemical composition of saffron was studied in detail by a number of authors. Crocus
cancellatus which belongs to the Iridaceae family, commonly known as saffron, is a medicinal plant
with various bioactivities including antioxidant, anticancer and antibacterial properties. In vitro
studies revealed the antioxidant activity of C. cancellatus subsp. damascenus stigmas extract. The
extract showed DPPH radical scavenging activity with the 1Cso value of 34.6 pg/mL, which was
6.2-fold lower than the positive control ascorbic acid (the ICso value of 5.0 pg/mL). The radical
scavenging activity was confirmed by ABTS test with ICso values of 34.6 and 21.6 pg/mL and a
good ferric reducing ability (53.9 uM Fe(Il)/g). The authors reported on the high content of
phenolic compounds (namely, caffeic acid and ferulic acid), which probably contribute to good
activity [6]. The active constituents of Crocus spp. raw materials, namely crocetin, crocin and
phenolic compounds are potential candidates for the treatment of various diseases [7].

Nowadays, synthetic antioxidants such as BHA, BHT and TBHQ are widely used in the food
industry. However, it is arguable whether these compounds are safe and their use in food products is
questioned [8]. In recent years there has been an interest in determining total phenolics (as natural
antioxidant) content and their antioxidant activities in various plants specifically by-products of
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agriculture and even marine microorganisms [9, 10]. Phenolic compounds of edible and inedible
plants have multiple biological effects such as anti-inflammatory, bactericidal as well as antioxidant
properties because of their ability to neutralize free radicals [11]. Herbs are used in many industries
such as medicine, food, fragrance and cosmetics. Crude extracts of herbs and spices have been
reported to be rich in phenolics and attracted more attention in the food industry because of their
antioxidant capacity [12]. Phytochemicals such as phenolics and flavonoids have antioxidant
activities and can be used for scavenging excess free radicals present in the body [13]. Antioxidants
have been recognized as potential therapeutics for preventing different human diseases [14]. Human
beings have used plants as medicine for diverse health issues for thousands of years. Plants are
widely used in the traditional medicine of different countries and are a source of many potent and
powerful drugs [15]. Since ancient times human beings depend on plants for meeting various daily
needs such as food, medicine and for construction and other purposes. Plants are considered an
integral part of daily life.

The aim of this study was to determine the antioxidants, the phenolic compounds, total
phenolic and flavonoid content, bioactive properties (blood chemistry-ALT, AST, GGT, urea) and
cytotoxic activities of different parts of Crocus cancellatus subsp. mazziaricus (Herb.) B. Mathew,
1982 extracts are examined by employing various in vitro assay systems in order to understand the
usefulness of this plant as well as in medicine and pharmacology. This is the first study on the
antioxidant capacity and biological activities of the C. cancellatus subsp. mazziaricus extracts.

Materials and methods

Plant material and extract preparation: Crocus cancellatus subsp. mazziaricus species were
collected from Kazykbeli-Serinhisar and Alikurt-Bozkurt, Denizli (Turkey) in the autumn. The fresh
corm and aerial parts of the plants samples were cleaned and dried in the shadow for extraction.
Dried plant parts (corm and aerial parts) were extracted individually with different solvents such as
ethanol, methanol, dH,O and acetone at room temperature in a water bath at 55°C for 6 h. After
evaporation of the solvents on rotary evaporator ethanol, acetone and methanol extracts were
obtained. After that, extracts were lyophilized to give the crude dry extract in a freeze-dryer.
The powdered crude extracts were stored at —20°C until used [16].

Analysis of phenolic contents by HPLC: Phenolic compounds were evaluated by reversed-
phase High Performance Liquid Chromatography (RP-HPLC, Shimadzu Scientific Instruments).
The conditions utilized were as follows: C-18 column CTO-10ASVp, 4.6 mm x 250 mm, 5 um;
mobile phase was composed of solvent A (formic acid with 3 % methanol) and solvent B (100 %
acetonitrile); injection volume 20 uL, gradient elution from 15 to 100 % B; run time 45 min and the
flow rate was 1 mL/min. For analysis, the samples were dissolved in methanol, and 20 pL of this
solution was injected into the column. The chromatograms were examined at 280 nm with an LC
gradient detector. The phenolic compounds were recognized by comparing retention times and UV
absorption spectra with those of pure standards. Gallic acid, 3,4-dihydroxy benzoic acid, 4-
dihydroxy benzoic acid, chlorogenic acid, vanillic acid, caffeic acid, p-coumaric acid, ferulic acid
and cinnamic acid were used as standard. Peaks were identified by comparing retention times and
UV spectra with authentic standards. The amount of each phenolic compound was expressed as
pg/g per gram of the extract.

Total phenolic content and total flavonoid content: the total phenolic content of extracts was
determined using the Folin-Ciocalteu (FC) reagent with some modifications, as demonstrated by
Slinkard and Singleton [17]. The total phenolic content was expressed as gallic acid equivalents
(GAE) in mg/mL plant extract. Briefly, 0.75 mL of Folin-Ciocalteu reagent and 100 mL of sample
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(5 mg/mL) were put into a test tube. The mixture was allowed to stand at room temperature for
5 min. 0.75 mL of 5% (w/v) Na,CO3 was added to the mixture and then mixed gently. The mixture
was homogenized and allowed to stand at room temperature for 90 min. Total polyphenol content
was determined using a spectrophotometer at 760 nm. The Standard calibration curve was plotted
using gallic acid.

The total flavonoid content of extracts was determined using the “aluminum chloride”
method [18]. The total flavonoid content was determined on a standard curve using quercetin as a
standard. For each extract, 1 mL of methanolic solution was mixed with 1 mL of aluminum
trichloride (AICI3) in methanol (2%). The absorbance was read at 415 nm after 10 min against a
blank sample consisting of 1 mL of methanol and 1 mL of plant extract without AICI;. The mean of
three readings was used and expressed as mg of quercetin equivalents (QE) per 100 mg of extract or
fraction (mgQE/g).

Antioxidant activities. the total antioxidant capacity of the crude extracts was evaluated using
the B-carotene-linoleic acid test system with slight modifications [19]. 0.2 mg of B-carotene in 1mL
of chloroform was added to 20 pL of linoleic acid and 200 mg of Tween-20 emulsion mixture. The
mixture was then evaporated at 40°C for 10 min by means of a rotary evaporator to remove
chloroform. After evaporation of chloroform, 100 mL of distilled water saturated with oxygen,
4.8 mL of this emulsion was placed into test tubes which had 0.2 mg of the sample and 0.2 of the
extract in them. For control, 0.2 mL of solvent (methanol, ethanol, acetone and dH»O) was placed in
test tubes instead of the extract. As soon as the emulsion was added into the test tubes, initial
absorbance was measured with a spectrophotometer to be at 470 nm. The measurement was carried
out at 0.5 h intervals for 2 h. All samples were assayed in triplicate. BHT (butylated
hydroxytoluene) was used as standard. The antioxidant activity was measured in terms of the
successful bleaching of B-carotene by using the following equation:

AA: [ (AO-At/A0s—Ato)]x100

where AA is the total antioxidant activity, A0 is the initial absorbance of the sample, At is the
initial absorbance of the control, A0, is the sample’s absorbance after 120 min, and At, is the
control’s absorbance after 120 min.

Free radical scavenging activity of the extracts was determined using the free radical
DPPH [20]. 4 mL of the DPPH’s 0.004% methanolic solution was mixed with 1 mL (0.2-1.0
mg/mL) of the extracts, and their absorbances were measured to be at 517 nm after incubation for
30 min at room temperature the absorbance value of the samples were evaluated against empty
control group (where all determinants except the test compound were present). Lower absorbance of
the reaction mixture indicates higher free radical scavenging activity. Every test was treated three
times and the averages as determined. Free radical scavenging activity was measured using the
equation below:

Scavenging activity =[(Ao—A1/A0)]*100

where Ao is the absorbance of the control (blank, without extract) and A; is the absorbance in
the presence of the extract. The results were expressed as ICso (the concentration required to inhibit
50% of the DPPH).

The reducing power (FRAP) of the extracts was determined according to the method
described by [21]. The different concentrations (40-150 pg/mL) of extracts were mixed with 2.5 mL
of phosphate buffer (0.2 M, pH = 6.6) and 2.5 mL of potassium ferricyanide [K3Fe(CN)g]. The
mixture was incubated at 50°C for 20 min. A portion (2.5 mL) of TCA (10%) was added to the
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mixture, which was then centrifuged for 10 min at 3000 rpm (MSE Mistral 2000, UK). The
supernatant of the solution (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of
FeCl; (0.1%). The Fe**/Fe*" transformation was investigated in the presence of extracts or standards
and the absorbance values were measured at 700 nm in a spectrophotometer. Phosphate buftfer
(pH 6.6) was used as a blank solution. BHT was used as standard. The FRAP was expressed as
Trolox equivalents in mg/g of samples used.

Experiments were performed according to Re et al. [22] with small modifications. ABTS and
potassium persulfate were dissolved in distilled water to a final concentration of 7 mM and 2.45
mM respectively. These two solutions were mixed and allowed to stand in the dark at room
temperature for 16 h before use to produce ABTS radical (ABTS™). For the study of phenolic
compounds the ABTS radical solution was diluted with distilled water to an absorbance of 1.00 at
734 nm. After the addition of 10 uL of sample to 4 mL of diluted ABTS solution, the absorbance
was measured at 30 min. Free radical scavenging activity was measured using the equation below:

A%:(Acontrol_Asample)/ Acontrol) %100

where Acontrol 1S the absorbance of the blank control (ABTS solution without test sample) and
Asample 1S the absorbance of the test sample. The results were expressed as ICso (the concentration
required to inhibit 50% of the ABTS).

Cytotoxic activity: The brine shrimp lethality test (BSLT) was applied to analyze the possible
cytotoxic activity of the extracts. 4. salina eggs (10 mg) were incubated in 500 mL of seawater
under artificial light at 28°C, pH 7-8. After incubation for 24 h, nauplii were collected with a
Pasteur pipette and kept for an additional 24 h under the same conditions to reach the metanauplii
(mature larvae) stage. Ten nauplii were drawn through a glass capillary and placed in each vial
containing 4.5 mL of brine solution. In each experiment, 0.5 mL of the plant extract was added to
4.5 mL of brine solution and maintained at room temperature for 24 h under the light and then dead
nauplii were counted [23]. Experiments were conducted along with control and five different
concentrations (10-1000 pg/mL) of the extract in a set of three tubes. The data was performed by
EPA Probit Analysis Program (version 1.5) to determine the LCso.

Bioactive properties: Male albino rats, weighing approximately 150-200 g, were obtained
from the Pamukkale University, Faculty of Medicine, Experimental Research Center, Denizli,
Turkey. The animals (Ethical approval was obtained from the Pamukkale University Animal Ethics
Committee, Ethics Committee Decision No: PAUHDEK-2015/24) were allocated into four groups
with seven rats in each group.

- Group I: Control animals received normal rat diet and water

- Group II: The plant ethanol extract at concentration of 0.5 and corm

- Group III: The plant ethanol extract at a concentration of 0.5 and the aerial part

- Group IV: The plant ethanol extract at a concentration of 1.0 and corm

- Group V: The plant ethanol extract at a concentration of 1.0 and the aerial part

After the experimental period, the animals were sacrificed under anesthesia, and blood
samples were collected for the biochemical assays. Blood samples were taken by cardiac
venipuncture on the 15th and 30th days after the initial treatment. Then, they were centrifuged at
1000 rpm for 10 minutes to collect serum and were stored at —20°C. Aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyltransferase (GGT), and urea were
measured for the determination of liver function.
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Statistical analysis

All analyses and tests were run in triplicate and mean values were recorded. All the
experimental data are presented as mean = SEM of three individual samples. Data are presented as
percentage of inhibition or radical scavenging on different concentrations of extracts ICso and
LCso(the concentration required to scavenge 50% of free radicals) value was calculated from the
dose-response curves. All of the statistical analyses were performed by means of Microsoft Office
Excel 2010 software and Minitab. The results were evaluated using an unpaired t-test and a one way
analysis of variance (ANOVA). The differences were regarded as statistically significant at p< 0.05.

Results and discussion

In the present study, the phenolic contents of the ethanol extracts of C. cancellatus subsp.
mazziaricus were identified using the HPLC method, and these are listed in Table 1 and Figure 1.
Some phenolic compounds were determined in the present study. In general, ferulic acid and
cinnamic acid were the most predominant phenolic compounds found in the extracts. Ferulic acid
was detected to be the major phenolic component in the extract, contributing about 2376.2+0.00
ug/g. Phenolic compounds could directly contribute to the antioxidant activity of plants and thus the
identification and measurement of phenolic compounds in plants are found out as one of the
important tools in understanding the value of plants for human health.

Table 1
HPLC ANALYSIS OF EXTRACTS FOR PHENOLIC COMPOUND
Phenolic standard compounds Standard retention C. cancellatus subsp.
time (RT) (min) mazziaricus (ug/g)
1.Gallic acid 7.8+0.00 174.6+0.00
2. 3,4-dihydroxy benzoic acid (protocathechuic acid) 12.2+0.00 53.6+0.00
3. 4- dihydroxy benzoic acid 16.9+0.00 140.3+0.00
4. Chlorogenic acid 19.4+0.00 103.7+0.00
5. Vanillic acid 21.7+0.00 186.4+0.00
6. Caffeic acid (3,4-dihydroxy cinnamic acid) 24+0.00 39.6+0.00
7. p-coumaric acid 29.3+0.00 47.4+0.00
8. Ferulic acid 34.7+0.00 2376.2+0.00
9. Cinnamic acid 70.7+0.00 283.5+0.00
mAU
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Figure 1. HPLC chromatograms of phenolic acids from the C. cancellatus subsp. mazziaricus
ethanolic extracts. (1) Gallic acid; (2) 3,4-dihydroxy benzoic acid; (3) 4-dihydroxy benzoic acid; (4)
chlorogenic acid; (5) vanillic acid; (6) caffeic acid; (7) p-coumaric acid; (8) ferulic acid; (9) cinnamic acid
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The researchers reported that the p-Coumaric acid, apigenin-glucoside, rosmarinic acid,
quercetin, and kaempferol are detected by HPLC-DAD in methanol extracts of C. baytopiorum
which was an endemic species in Anatolia [24]. Tuberoso et al. [25] found that flavonoids are
mainly represented by kaempferol, quercetin and isorhamnetin glycosides, with kaempferol 3-O-
sophoroside being the most abundant.

Esmaeili et al. [26] evaluated total phenolic content in saffron corms in dormancy and waking
stages. Gentisic and gallic acids were the highest and lowest phenolic compounds in dormant and
waking corms, respectively. Hadizadeh et al. [27], isolated kaempferol from saffron petals and
determined its structure by chemical and spectroscopic methods.

The total phenol content in the extracts ranged from 2.51£3.03 to 3.25+2.01lmg GAE/mL
(Table 2). The highest concentration of phenols was measured in the aerial part-ethanol extract
(3.25+2.01 mgGAE/mL) (P<0.05). The concentration of flavonoids in the extracts of C. cancellatus
ranged from 7.91£3.06 to 60.71+4.03 mg QE/g (Table 2). The concentration of flavonoids in the
aerial part-ethanol extract was the highest (60.71+4.03 mg QE/g) (P<0.05). Flavonoids with
multiple hydroxyl groups are more effective antioxidants than those with only one [28]. Zengin et
al. [29] have determined the total phenolic compounds and total flavonoid compounds of methanol
extracts in C. pallasii samples as 28.92+0.81 mg/g GAE/g, 31.44+0.29 mg RE/g extract. With
regard to C. pallasii, the methanolic extract of the flowers possessed the highest TPC and TFC.
Moreover, Wali et al. [30] investigated the total phenolic and flavonoid content observed in
C. sativus which showed that the C. sativus stigma possessed higher phenolic, flavonoid content
and consequently higher antioxidant activity as compared to C. sativus petals. Phenolic compounds
will transfer hydrogen to free radicals to avoid the lipid oxidation chain reaction at the initial stage.
The capacity of phenolic compounds to scavenge radicals is due to the effects of their phenolic
hydroxyl groups.

Table 2
TOTAL PHENOLIC AND FLAVONOID CONTENTS OF THE EXTRACT
C. cancellatus subsp. mazziaricus
Plant extracts Total phenolic content (mg GAE/mL) Total flavonoid content (mgQE/q)
corm - ethanol 2.79+0.08 9.09+1.05
aerial part - ethanol 3.25£1.04 60.71 £0.08
corm - methanol 2.94+1.05 7.91+£0.07
aerial part - methanol 2.86+0.06 48.91+1.09
corm - acetone 2.59+0.04 12.39+0.10
aerial part - acetone 2.63+0.10 34.00+0.05
corm - dH,0O 2.51£0.06 9.00£1.07
aerial part - dH,O 2.63£0.08 23.85+1.09

The results showed that saffron stigma had an antioxidant activity that was lower than that of
BHT and a-tocopherol. The total phenolic content of stigma was 6.55 mg gallic acid equivalent/g
dry weight for methanolic saffron extract [31]. Goli et al. [12], showed that saffron petals had
3.42+0.2 mg phenolic content equivalent to gallic acid per g dry weight. This value was higher than
the amount of phenolic acids (1.38 mg caffeic acid / g dry weight) reported by Termentzi and
Kokkalou [32] for saffron petals harvested in Greece. Satybaldiyeva et al. [33] have reported total
phenolic content in C. alatavicus. The highest phenolic contents were obtained in ethanol and
methanol extracts from the aerial parts (72.29 and 62.37 mg GAE / g extract respectively).
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Considering that antioxidants can act through different mechanisms, the antioxidant potential
of C. cancellatus subsp. mazziaricus was determined using five different assays: PB-Carotene-
linoleic acid, DPPH, ABTS and Ferric-reducing antioxidant power (FRAP) assays (Table 3). In the
present study, the potential of the plant to inhibit linoleic acid oxidation was evaluated using the -
Carotene/linoleic acid test system. This system depends on the principle that B-carotene discolors
rapidly when no antioxidant is present as a result of the process in which free radicals produce
hydroperoxides from linoleic acid. In the literature, there are some studies on the antioxidant
activities, phenolic contents and some biological activities of Crocus species. Previous studies have
also reported differences in the phenolic levels of different anatomical parts of several plant species.
Many earlier reports have shown a significant correlation between total phenolic content and
antioxidant activity [7, 34].

Table 3
ANTIOXIDANT ACTIVITIES OF METHANOL AND ACETONE EXTRACTS OF
C. cancellatus subsp. mazziaricus
Extracts ABTS DPPH FRAP p-caroten/linoleic
1Cs0, mg/mL 1Cs0, mg/mL (uM/g Trolox) acid (%)
corm - ethanol 6.228+0.16 4.123+1.05 3.710+0.13 97.5+0.09
aerial part - ethanol 4.583+0.12 4.66+0.06 3.7224+0.12 86.36+0.06
corm - methanol 5.502+1.07 3.811+0.19 3.42440.08 95.6£1.07
aerial part - methanol 3.026+0.04 4.156+0.13 3.405+0.07 98.37+0.10
corm - acetone 0.091+0.08 2.109+0.07 3.832+2.09 92.92+0.11
aerial part - acetone 0.856+0.09 3.509+0.06 3.695+0.14 81.25+1.07
corm - dH,0O 8.385+0.10 4.535+0.04 3.510+1.12 78.94+0.06
aerial part - dH.O 9.013+0.13 6.569+0.07 3.490+0.09 75.234£0.10
BHT 0.010+0.16 28.13+0.96 7.598+0.05 99.84 +0.21

BHT = Butyl Hydroxy Toluene

According to the report by Acar et al. [24], antioxidant activities of the extracts from the
Crocus species; C. flavus, C. biflorus and C. baytopiorum. The antioxidant activity of the extracts
was evaluated by DPPH radical scavenging activity and Peta-carotene bleaching assays. Among the
extracts, the highest free radical scavenging activity was observed for methanol. Methanol extract
of C. flavus showed higher activity than other species of Crocus we studied (90.51%). The highest
total antioxidant activity value was determined at a 0.8 mg/mL concentration of C. flavus methanol
extract which showed 89.32% inhibition.

Satybaldiyeva et al. [35], have determined the total antioxidant and DPPH radical scavenging
activities of C. alatavicus. Ethanol extracts from aerial parts and bulbs had good scavengers of
DPPH radicals (65.5% and 54.08%, respectively) and the maximum antioxidant activities were
observed in ethanol (61.34%) and methanol extracts (46.13%) from aerial parts. In another study,
Shakeri et al. [36] reported the antioxidant activities of C. sativus L. and C. pallasii subsp.
haussknechtii. The antioxidant activities of the extracts were assessed by the DPPH method. The
DPPH radical scavenging activity of C. sativus L. corms methanol extract at a concentration of
200 pg/mL was significantly higher than that of C. pallasii.

Baba et al. [37] measured the free radical scavenging activity of ethanol and aqueous extracts
of C. sativus L. corms by the DPPH test. The ICso values for ethanol and aqueous extracts were
246.224+5.60 and 45643.52 pg/mL, respectively. The antioxidant activity of an ethanol extract of
C. sativus L. corms was higher than that of the aqueous extract. Based on the results of antioxidant
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activity, antioxidant agents in C. sativus L. are extracted by polar solvents such as methanol, ethanol
and water. Polar extracts contain high levels of phenolic content [38]. The antioxidant activity of
C. pallasii was investigated. The antioxidant abilities of the extracts were investigated via different
antioxidant assays (metal chelating, radical quenching (ABTS and DPPH), reducing power
(CUPRAC and FRAP) and phosphomolybdenum). As a result, it was observed that among
C. pallasii extracts, the flower extract (18.42 and 42.53 mg TE/g, for DPPH and ABTS,
respectively) was the most active radical scavenger [29].

Methanol extracts of Saffron petal (C. sativus L.) were tested for their antioxidant activity
with the B-carotene-linoleate and 1,1-diphenyl-2-picryl hydroxyl (DPPH). In model systems of 3-
carotene-linoleate and DPPH, the extract at 500 ppm concentration showed 91.4% and 74.2%
antioxidant activity which was comparable with that of TBHQ (93.1% and 77.9%) at 100 ppm. The
results showed that saffron petals could be considered a bioresource of phenolic compounds with
high antioxidant activity.

The brine shrimp lethality assay represents a rapid, inexpensive and simple bioassay for
testing plant extracts bioactivity which in most cases correlates reasonably well with cytotoxic and
anti-tumor properties. Results (LCso values) are shown in Figure 2. Based on the results, the ethanol
aerial part extract of C. cancellatus subsp. mazziaricus has shown good toxicity to brine shrimp
nauplii, with an LCso of 320.535 pg/mL. In addition, the degree of lethality was found to be directly
proportional to the concentration of the extract.

1200
1000 -
800 -
600 - W corm M aerial part

400 -

200 -

Cytotoxic activity (LCS50pg/mL)

ethanol acetone
Extracts

Figure 2. Cytotoxic activities of extracts by LCso values

C. sativus L. (Saffron) is often used as a spice in various parts of the world and as a
therapeutic agent for a range of diseases. A literature survey revealed that more than 100 bioactive
compounds have been isolated from saffron stigma. Recent pharmacological analysis of saffron
stigma and petals showed a broad range of biological activities like antioxidant, anticancer,
cytotoxic, etc. Wali et al. [30], have reported the cytotoxic activity revealed by C. sativus L. petals.
Cytotoxic activity was tested against MDA-MB-231 cell lines using the MTT method whereas,
antidiabetic activity was evaluated using an alpha-glucosidase inhibition assay. Ethanol had the
highest inhibition of MDA-MB-231 cells (12.98 £2.53 mg/mL ICso) (p < 0.05).

Satybaldiyeva et al. [33], have determined the brine shrimp cytotoxic activity of the ethanolic
extract from the aerial part of C. alatavicus. The results reveal that the ethanolic extract from the
aerial part of C. alatavicus exhibit high cytotoxicity with an LCso of 15.71 pug/mL. Tokgun et
al. [39], reported cytotoxic activity in human breast cancer cell line MCF-7 cells of the methanol
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extracts of C. antalyensis. The results reveal that the methanol extract has shown good toxicity, with
an ICso of 0.72 pg/mL. Here the study reported that C. antalyensis total extracts have strong
cytotoxic effects on cellular proliferation, and this cytotoxicity results from p53-mediated apoptosis.

The effects of using water extract of C. cancellatus subsp. mazziaricus corm and aerial part on
rats on the activities of ALT, AST, GGT and urea activities in the blood plasma were shown in
Tables 4.

Table 4
MEAN VALUES OF ALT, AST, GGT (U/L) AND UREA (MG/DL) ACTIVITIES
IN THE BLOOD OF RATS TREATED WITH WATER EXTRACT
Values Extracts Week 2 Week 4
0.5 mg/mL 1.0 mg/mL 0.5 mg/mL 1.0 mg/mL
ALT corm 86.166+1.21 59.857+2.42 99.571+1.44 62.857+1.54
Aerial part 83.857+1.32 64.857+1.24 67.858+1.21 102.00£1.65
AST corm 239.428+1.23*  121.142+1.48*  179.855+£2.22*  120.00+2.54*
Aerial part 159.571+1.43 158.857+2.44 163.428+1.51*  192.714+2.52
GGT corm 108.571+£2.20*  67.285+1.56 88.00+1.66* 70.285+1.59
Aerial part 96.142+1.29* 79.571+£1.43* 76.857+1.54* 72.285+1.71
Urea corm 44.300+3.24 48.400+1.55 45.900+1.30 47.885+2.76
Aerial part 47.828+1.45 47.200+2.33 44.785+2.44 45.785+1.29
Control ALT 81.00+1.06 83.043+0.07
AST 123+1.10 125.052+1.05
GGT 40.142+1.09 65.081+0.09
Urea 54.171+£1.07 56.003+1.07

Values denote the mean =+ standard deviation of measurements from n=35 animals; P<0.05. AST=aspartate
aminotransferase; ALT=alanine aminotransferase; GGT=gamma-glutamyltransferase; Control= control
group, normal rat diet and water

In the liver AST, ALT and GGT show high activity and are most often determined if there is a
suspicion of acute or chronic liver disease. The use of extract for 2 and 4 weeks produced a
significant increase in the liver AST activity as compared to the control (p<0.05). Using the extract
for 4 weeks resulted in a significant increase in the liver GGT activity with a corresponding
significant increase in the activity of the serum enzyme compared to the control (p<0.05). Increased
AST activity in the serum is a sensitive marker of liver damage, even if the damage is of subclinical
nature. During the extract, values were significantly higher than in the beginning treated water
extracts. This study is the first to report on the bioactive properties of the extracts of C. cancellatus
subsp. mazziaricus species.

Conclusions

In the present study, analysis of the phenolic component, antioxidant activity, cytotoxic
activity, bioactive properties and content of total phenol, flavonoid revealed that the ethanol,
methanol, acetone and dH>O corm and aerial part extract of C. cancellatus subsp. mazziaricus can
be a potent source of natural antioxidants. The results of the present study demonstrated that
C. cancellatus subsp. mazziaricus constitute a rich source of antioxidants. The bioactive
phytochemical compounds in C. cancellatus subsp. mazziaricus were found to exhibit potential
antioxidant activity through in vitro model. The strong antioxidant potential of C. cancellatus subsp.
mazziaricus may be due to the presence of diverse phytochemical compounds, mainly flavonoids
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and phenolic acids. Further research is required to determine the potential health benefits of these
bioactive components in vivo and elucidate their mechanism of action. Therefore, this research
study can be useful for further research studies and needs to be investigated with more detailed data.
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U3YUEHUE BUOJIOT'MYECKH AKTUBHBIX COEJJMHEHUM U PECYPCOB
HEKOTOPBIX BUJOB INOJIBIHU (Artemisia abrotanum L., A. maritima L.,
A. pauciflora Weber, A. issaevii Rzazade), PACITIPOCTPAHEHHBIX
BO ®JIOPE ABEPBAMIIKAHA
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Abstract. As a result of analysis of the literature data and our research, for the first-time
distribution of the species Artemisia abrotanum L., A. maritima L., A. pauciflora Weber, A. issaevii
Rzazade in different regions of Azerbaijan by obtaining bioactive compounds typical for them is
confirmed in the article in detail. Distribution, resources, ecological features, as well as useful
properties of wormwood (Artemisia L.) species found in the flora of Azerbaijan were studied by us,
their possibilities of use in various fields of folk and agriculture were recommended. General
distribution areas, biological and ecological features of all species were studied. Essential oil was
obtained using the Ginsberg hydrodistillation method and component content was determined by
the method of Gas Chromato-Mass Spectroscopy. Gas Chromato-Mass Spectroscopy was
performed using Agilent 5977A MS gas chromatography and Agilent 7890 GC inert Mass Selector
Detector. A. abrotanum L., which is new for the flora of Azerbaijan, two new substances, steroids
(B-sitosterol St-1, stigmasterol St-1) was obtained from A4. maritima L. species three substances, o-
santonin, artemisin, glabellin was obtained. In the composition of the aerial part of the species
A. pauciflora Web., 60 terpenoid compounds were identified, 17 components were detected by mass
spectroscopy.

Aunnomayus. B pesynbsrare aHaln3a JUTEPAaTYPHBIX JaHHBIX U HAIIMX UCCIIEOBAHNUN BIIEPBbIE
M3YUYEHO pacrpocTpaHeHue BUAOB Artemisia abrotanum L., A. maritima L., A. pauciflora Weber,
A. issaevii Rzazade B pa3nuuHbBIX pernoHax AsepOaiiikaHa C MOJyYEHUEM TUIUYHBIX IS HUX
OMOJIOTMYECKH AaKTUBHBIX coeluHeHUH. Hamu OblTM HM3yuyeHBl paclpoCTpaHEHUE, PECYPCHI,
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OMOJIOTMYECKHE M DKOJIOTHUYECKHE OCOOEHHOCTH, a TaK)Ke I0JIe3HbIE CBOMCTBA BUIOB IOJBIHU
(Artemisia L.), BcTpevaronuxcs Bo ¢uiope A3zepOaiikaHa, PEKOMEHIOBAHBI BO3MOXKHOCTH HX
WCIIONIE30BAHUSl B PA3IMYHBIX 00JACTSAX HAPOAHOTO XO3SMCTBA W 3emuenenus. M3ydeHbl oOmiue
apeaJbl, OMOJIOTHYECKHE U HKOJIOTUYECKHE 0COOEHHOCTH BCEX BHIOB. DPHUPHOE MACIIO TOTYyHaIH
METOAOM THAPOIUCTIIUIAIMN [mH30epra, a colep)kaHue KOMIIOHEHTOB OIPENesuld METOI0M
ra3oBoi XpoOMaTO-Macc-CIEKTPOCKOMHUH. ['a30BYI0 XpOMAaTO-MacC-CIIEKTPOCKOIUIO BBHIMOIHSIIN C
UCIIONIb30BaHUEM Ta3oBoro xpomarorpada Agilent 5977A MS u ngerexkTopa WHEPTHOH MAacCChI
Agilent 7890 GC. U3 HoBoro s ¢uopsl A3epOaiimkana suna A. abrotanum TONTYYESHBI Ba HOBBIX
BeIeCTBa, CTepousl (B-cutoctepon St-1, crurmacrepon St-1), a u3 A. maritima — Tpy BEIIECTBA,
a UMEHHO 0-CaHTOHUH, apTeMH3UH, abemmuH. B cocraBe HamzemHoi vactu Buaa A. pauciflora
Web. wunentudunupoBano 60 TEpPHNECHOMIHBIX COCAMHEHHN, METOIOM MAacCC-CIEKTPOCKOHH
BBISIBJICHO 17 KOMIIOHEHTOB.

Keywords: Artemisia, distribution, biological resources, plant ecology, bioactive compounds,
spectral methods.

Knrouegvle cnosa: nonbiHb, pacCpoOCTpaHEHNE, OMOJIOTHYECKUE PECYPCHI, SKOJIOTHS PACTEHUH,
OHMOJIOTMYECKH aKTUBHBIE COSAMHEHHUS, CIEKTPAIbHBIE METOIBI.

Wormwoods were first identified by Carl Linnaeus. At the beginning of the 19th century, the
author provided information on 19 species of wormwood, 7 of which (4. annua L., A. vulgaris L.,
A. abrotanum L. A. absinthium L. A. dracunculus L. etc.) were described from the Caucasus [1].

He laid the basis of the systematics of genus given by Besser. These include Artemisia
tschernieviana Besser, Artemisia fasciculata Bieb. var. iberica Besser, A. fasciculata var. armeniaca
Besser, A. maritima var. hanseniana Besser, A. maritima var. szowitziana Besser, A. maritima var.
erivanica Besser, A. maritima var. meyeriana Besser [2].

After C. Linnaeus, Willdenov, Biberstein, B. Besser, C. Koch studied the main stages of the
development of wormwoods. Russian scientists B. A Keller, M. F. Komarov, I. M. Krashennikov
specified Eurasian wormwood species, analyzed the phylogeny of the species and enriched the
systematics of the genus Artemisia L. [3].

In 1920-1949, during the analysis of flora of Caucasus, A. A. Grossheim noted that there are
25 species in the fundamental work “Flora of Azerbaijan”. 20 years later, R. Y. Rzazade confirmed
that the number of wormwood species was 42 [4]. After a while, P. P. Polyakov noted that
wormwood is represented by 17 (1 of which is cultivated) species in the flora of Azerbaijan [5].

Based on Frenecu, Qodronu, Gray, and especially Krashennikov, who well defined the
Eurasian wormwoods, R. Y. Rzazadeh, who is considered the monograph of wormwoods in
Azerbaijan divided the genus Artemisia into 4 subgenera: 1. Dracunculus (Bess.) Rydb.,
2. Seriphidium (Besser) Gren et Codr., 3. Fuartemisia (Cray) Krasch. et Codr., 4. Artanacetum
Rzazade. Unlike Besser, the scientist discovered a new subgenus (Artanacetum) and combined the
two sections of Besser under the name Euartemisia [4].

In 1961, while working on the flora of Azerbaijan (Vol. VIII) and the flora of the former
USSR (Vol. XXVI), P. P. Polyakov described Besser’s four sections: 1) Abrotanum Bess.;
2) Dracunculus Bess.; 3) Seriphidium Bess.; 4) Absinthium D. C. as 4 subgenera in the Artemisia
genus [6].

P. P. Polyakov described the sections shown in the study of the Artemisia genus as an
Artemisia subgenus and the genus Artemisia in the flora as three subgenera — Artemisia L.,
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A. dracunculus L., A. seriphidium (Bess.) Peterm [7].

For the first time, distribution of 4. abrotanum L. species found in the flora of Azerbaijan in
Nakhchivan AR were reported [8].

The distribution volume of the genus Arfemisia L. in Azerbaijan varies according to
systematists. In doctoral dissertation, A. N. Alasgarova using chemotaxonomy — sesquiterpene
lactones of 42 species of wormwood distributed in Azerbaijan as a marker studied chemotaxonomy
of these species and according to her, studies were conducted on the species Artemisia
abrotanum L., A. maritima L., A. pauciflora Web. and A. issaevii Rzazade in Azerbaijan. For the
first time, the morphological features of these species were studied and substances completely
different from the biologically active substances characteristic for them were obtained by us. As a
result of studies conducted by R. Y. Rzazadeh, he gave detailed information about the distribution of
these species in Azerbaijan.

Our goal, for the first time, is to provide detailed information about the morphological
features of these species, their distribution area, obtaining biologically active substances specific to
the species. Each species were collected from different regions of Azerbaijan and herbarium
materials were prepared. For the first time, the study of these species is noted by us. According to
Grossheim the flora of Azerbaijan is represented by 21 species of wormwood, according to Rzazade
by 42 species, and according to Polyakov by 17 species. Substances of secondary synthesis origin
of each taxon plays a significant role in resolving these complex and controversial issues.

The research was conducted in the east and west of the Greater Caucasus, in the north of the
Lesser Caucasus by field routes and expeditions, as well as by appropriate methods in the cameral-
laboratory conditions in 2009-2018. The studies were devoted to the study of biologically active
substances obtained from species (4. abrotanum, A. maritima, A. issaevii, A. pauciflora) of the
genus Artemisia of the family Asteraceae distributed in Azerbaijan and their biological resources.
Field studies were conducted on 5 routes in Ganja, 2 routes in Nakhchivan AR: Julfa, Babek,
Sharur, 10 routes in Absheron, 3 routes in Guba, Gusar, Shabran, Khachmaz districts with a total of
20 routes.

Materials and methods

Identification of species was based on herbarium funds — USSR, Caucasus, naming of taxa
on “Caucasian Flora Conspectus”.

Life forms were studied according to Raunkiaer and Serebryakov, phenological observations
to Lavrenko, floristic geobotanical indicators to Beydeman, biological reserve to Shreter, Krilov and
etc., and the richness of the flora to Grossheim. Essential oil was obtained using the Ginsberg
hydrodistillation method and component content was determined by the method of Gas Chromato-
Mass Spectroscopy. Gas Chromato-Mass Spectroscopy was performed using Agilent 5977A MS gas
chromatography and Agilent 7890 GC inert Mass Selector Detector.

More than 200 herbarium materials were collected from different regions of Azerbaijan
(Absheron, Nakhchivan Autonomous Republic, Ganja, Shamkir, Guba, Khachmaz, Shabran and
districts, around villages), from the plains and mid-mountain ranges. Classical and botanical,
floristic, areological, ecological and statistical methods were used in the development of materials.
About 15 geobotanical descriptions were made.

Results and discussion

During our study, we have found that the morphological features (structure of their leaves,
roots, stems, flowers) and biologically active substances of 4 species are completely different. At
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the same time, first the study confirmed that the distribution, reserve, bioecological characteristics
of the species Artemisia abrotanum L, A. maritima L., A. pauciflora Web., and A. issaevii Rzazade
were different. For this purpose, the morphological features of each species are described in detail.

For the first time, A. Ibrahimov confirmed the distribution of Artemisia abrotanum L. as a
new species in the Nakhchivan Autonomous Republic. The studied 4. abrotanum — medicinal
wormwood was collected in the budding phase around the city of Nakhchivan in 2012. The plant is
semi-shrub at a height of 70-150 cm; columnar tree-like roots, fruiting stems in the upper part,
leaves are double-triple pinnately divided, thread-like-linear, linear-lanceolate-elliptical, green
hairy, rarely whitish densely hairy, later green bare, oval-shaped stalk 4-8 cm length and 3-6 cm
wide double-triple pinnately divided. Anthodes are ovate-spherical and collected in bent scoparious
inflorescence 2.5 mm wide. The outer flowers are toothed with 8. The seeds are 1.2 mm long, ovate
oblong, the edges of the spathe leaflets are bordered. It blooms in VIII month and seeds in IX month
(Figure 1).

As a result of the studies, for the first time, constant elements were found in the structural
features of the species. It is more common in forest-meadow vegetation type, in chestnut dry soils.
It is a mesoxerophyte, perennial, subshrub semi-desert herbaceous plant. It belongs to the European
group. Distribution area: in LC — in Nakhchivan city (in the center of the city, around the station as
a weed), as well as in all districts of Nakhchivan AR, and mostly in a large area around the Janbar
spring in Sovetabad village of Julfa district, on the edge of ditches, from plain to mid-mountain belt.
Besides, it is distributed in Gulustan, Yayici, Jamaldin villages of Julfa district of Nakhchivan AR,
Iranian borders along Araz, Diza village, Dardagh, Hachadagh, Ashabi-Kahf massif up to Asahab-
Kahf mountain. Here the plant grows mostly in forests, forest-steppe zones, riverbanks, dense and
moist meadows, around deciduous dense forests, and sometimes near settlements.

It was found in several villages of Shahbuz district, around houses, on the road edge from
Bichenak to Batabat, and in the forest glades as a pile, in some cases in a specific ecological
condition. In Julfa district, the abundance of 5 points is an indicator of the widespread of this
species in the area. Medicinal wormwood harvested during the budding phase and collected as raw
material.

The second species A. maritima L. — sea wormwood belongs to the xeromesophyte semi-
desert vegetation type and has many nonbearing branches. It belongs to the European geographical
group. The lower leaf are double-triple pinnately divided, the leaves of 3-4 cm long around the
flower often longer than the anthode, and the anthode is usually (2.5) 3-4 mm long (Figure 2). The
flower base is usually longer than the anthode. It is mainly found in the Absheron Peninsula:
Mardakan-Pirallahi-Zagulba-Shuvalan-Mashtaga, Nardaran-Khirdalan-Saray-Pirshagi, Fatmayi-
Jeyranbatan-Sumgayit, Baku-Hovsan, Turkan, Shagan, Lokbatan-Ortadag, in the coastal sands in a
heap. It is widespread in the plains of the Absheron district and accompanying fragrant wormwood,
dominating the phytocenosis found locally. Its abundance is 3-4 points. In the coastal plain, reserves
of A. maritima were calculated by a known method (120 hectares) and its biological reserve is
324 tons and an operational reserve is 32 tons. It blooms in IX-X months, fruits and seeds ripen in
X-XI months.

It is found in 32 villages of Absheron district (Fatmeyi, Novkhani, Gala, Turkan, Hovsan,
Nardaran, Buzovna, etc.). The research was conducted in two directions. The accumulation of
biologically active substances — sesquiterpene lactones and steroids in plants was studied in the
budding phase, and the accumulation of the main components of essential oil in the flowering
phase.

Grossheim and Rzazade criticized the species A. maritima and noted the variations
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(A. maritima Bess. var. hanseniana (Bess.) A. Grossh., apscheronica Rzazade, phyllostachys
Rzazade, jasamalica Rzazade) of this species. Polyakov did not accept the species and any of
variations. Before us, A. N. Alasgarova, researcher of wormwood species obtained a specific
sesquiterpene lactone from these variations and showed that sesquiterpene lactones obtained from
the species 4. maritima differ radically from variations.

Figure 1. Herbarium of A. abrotanum L. Figure 2. Herbarium of 4. maritima L.

The third species 4. pauciflora — (Volga wormwood according to Rzazade) few-flowered
wormwood is xerophytic plant, belongs to the European geographical group. 4. pauciflora is a
dwarf subshrub of 10-25 cm high, the leaves are grayish green, the following are fast-shedding,
stalked, twice-thrice-pinnately divided, the middle leaves are sessile, the upper ones are completely
short (Figure 3). Anthode in broomlike inflorescence, sessile and short-legged, ovate or oblong. The
crown is white or ruby-red. It blooms in VIII month and seeds in IX month. It is distributed in GC
and LC, Guba, Gusar, Gazakh districts, riverbanks, gravelly rocks.

During the budding phase few-flowered wormwood was collected from Ganja-Shamkir
districts, roadsides, plains and other districts.

The species of wormwood that occupies the deserts of Azerbaijan was mistakenly named as
A. meyeriana Bess. by academician A. A. Grossheim. This plant was originally named as
A. maritima L. var. hanseniana Bess. by B. Besser, famous Russian scientist. When A. A.
Grossheim gave the plant the same name, he named the same combination in accordance with
international botanical rules.
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Besser clearly shows that 4. hanseniana Bess. was collected from Salyan. The second species
— A. meyeriana is noted to be collected from Grozny and Nargin. Therefore, the species
widespread in the Kur-Araz area should be named as A. hanseniana (Bess) Grossh. Real
A. meyeriana Bess. is a plant that grows in the Far East and has nothing to do with the Caucasus. At
the same time, the author notes that in the North Caucasus grows the famous few-flowered
wormwood (4. pauciflora Web.), which is still unknown to Caucasian scientists [4]. This new
species mentioned by Rzazadeh was collected from different regions of Azerbaijan (Ganja,
Khachmaz, Shabran, etc.) and based on literature we confirm that this collected plant sample is
completely new in both morphological and chemical composition.

A. issaevii Rzazade — A plant of 35 cm tall is a dwarf subshrub with woody stem. Numerous
stem is rod-shaped, yellow-brown, 1-2 mm thick, with traces of the previous year’s leaves, simple,
weakly branched only in the upper part, with short thin off-shoot (Figure 4). The leaves are
pinnately divided, rapidly pubescent thick particles is long, blunt-tipped. The elliptical anthodes are
sessile or short-stalked, sparsely arranged, and are equal to or longer than the thick leaves. The
leaflets of the cover are glumal, the outside is shorter than the inside, all boat-shaped, the edges
glumal, back green or dark green, usually with brown spots, the inside is long, elliptical. The seeds
are 2 mm long, narrowing towards an elongated oval base.
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Figure 3. Herbarium of A. pauciflora Web. Figure 4. Herbarium of A. issaevii Rzazade
The species 4. issaevii blooms in [X-month, bears fruit in IX-X months. It was collected from

the plains around the village of Gosha-diza in the Nakhchivan Autonomous Republic in the budding
phase. It is an endemic species.
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The structure of the area where wormwood is spread, floristic geobotanical indicators and
flora richness were marked on a 5-point Druden scale.

The essential oils of the studied plants were obtained from the aerial part of the plant when
wet and dried by the method of hydrodistillation. The component content of the obtained essential
oils was determined on the chromatograph of Agilent Technologies 6890N Network firm by the
method of Gas Chromato-Mass Spectroscopy.

Individual obtaining of steroid compounds using the method of column chromatography from
the total extractives from the species 4. abrotanum: 10.0 g of resin-like total extractives was mixed
with 50.0 g of neutral Al,O3 with III-IV activity and chromatographed on a glass column filled with
ADO3 with the same activity (h = 35, d = 3.5 cm). The volume of each fraction is 100 ml.
Chromatography column was eluated with hexane, a mixture of hexane and benzene in different
proportions (8:2, 7:3, 6:4, etc.); with benzene, a mixture of benzene and chloroform (9:1, 8:2, 7:3,
6:4) and chloroform, and 4 crystalline substances were obtained [9, 10].

Obtaining f-sitosterol (substance St-1)
A white crystalline substance was obtained individually from fractions 15-17 eluated with a
1:9 mixture of hexane and benzol. After recrystallization of the substance from a mixture of hexane
and benzene, the substance with element content C20HsoO and m. p. 138-139°C was obtained. The
Liebermann-Burchard and Zalkovsky reaction is positive. This is evidence that the substance
belongs to the group of steroids. IR spectrum, vmax: 3470, 3340, 1670, 1070, 980, 810 cm™ .

Obtaining stigmasterol (substance St-2)

Crystalline substance was obtained individually from fractions 25-28 eluated with benzene.
After recrystallization from ethanol, the element content was determined as CxoHsO, m. p. 170-
171°C. The Liebermann-Burchard and Zalkovsky reaction is positive.

IR spectrum, Vimax: 3350, 1650 cm ™.

13C NMR Dept 135 spectrum: 20,10; 20,30; 20,40; 20,80; 30,20; 30,40; 30,70; 30,95; 40,30
m. h.

10.0 g of resin-like total extractives is mixed with 50.0 g of neutral Al,O3 with III-IV activity
and chromatography was performed on a glass column filled with Al,O3; with the same activity (7 =
35, d = 3.5 cm). The volume of each fraction is 100 ml. Chromatography column was eluated with
hexane, a mixture of hexane and benzene in different proportions (8:2, 7:3, 6:4, etc.); with benzene,
a mixture of benzene and chloroform (9:1, 8:2, 7:3, 6:4) and chloroform, and 4 crystalline
substances were obtained.

Obtaining p-sitosterol (substance St-1)

A white crystalline substance was obtained individually from fractions 15-17 eluated with a
1:9 mixture of hexane and benzol. After recrystallization of the substance from a mixture of hexane
and benzene, the substance with element content C20Hs0O and m. p. 138-139°C was obtained. The
Liebermann-Burchard and Zalkovsky reaction is positive. This is evidence that the substance
belongs to the group of steroids. IR spectrum, vmax: 3470, 3340, 1670, 1070, 980, 810 cm™ .

A white crystalline substance was obtained individually from fractions 15-17 eluated with a
1:9 mixture of hexane and benzol. After recrystallization of the substance from a mixture of hexane
and benzene, the substance with element content C290Hs0O and m. p. 138-139°C was obtained. The
Liebermann-Burchard and Zalkovsky reaction is positive. This is evidence that the substance
belongs to the group of steroids. IR spectrum, vmax: 3470, 3340, 1670, 1070, 980, 810 cm™ .
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Structure of p-sitosterol Structure of stigmasterol

Obtaining of Artabrosterin A
White crystalline substance was obtained from fractions 41-43 eluated with benzene
(substance St-3). After recrystallization, the element content was determined to be C29H40, m. p.
180-181°C. The Liebermann-Burchard and Zalkovsky reaction is positive.

Obtaining new steroid compound Artabrosterin B (substance St-4)

A white crystalline substance was obtained individually from the parent solutions of fractions
41-43 and fraction 44, which were obtained by elution of the chromatography column with benzene.
After recrystallization of the substance from aqueous ethanol, the element content of the compound
was C24H480 and m. p. 185.5-188.0°C. The IR spectrum is very close to the IR spectrum of
substance St-3 — artabrosterin A.

Study of the chemical composition of essential oil of the species Artemisia issaevii Rzazade

(Isayev wormwood) by gas-chromato-mass spectroscopy and its practical significance

The plant material (300,0 g) collected from the plain around Diza village of Julfa district of
Nakhchivan AR during budding phase in 2010 was finely chopped and dried, then boiled for 3
hours and essential oil was obtained by hydrodistillation method. Yield is 3.2g (0.11%). From 500
grams of the aerial part of the plant, an essential oil was obtained in a known manner, 2% alcohol of
essential oil was used. The primary cell culture from human fibroblasts was prepared from §-10
weeks of human abortive material by classical method. The aqueous-alcohol mixture of the
essential oil did not have a toxic effect on the cells in the native state and prevented the cytopathic
effect to enterovirus pathogens on primary cell culture of human embryonic fibroblasts. The studied
essential oil remedy prevented enteroviruses by 50% in 72 samples, 25% in 40 samples, and 75% in
13 samples. An alcohol-water mixture of essential oil obtained from the species Artemisia issaevii
Rzazade has antiviral activity in its native form and can be used for the prevention of some
enterovirus infections [11, 12].

IR spectra are determined using vaseline oil, on Varian 640 IR spectrophotometer with
Agilent Technologies 6890N Network CG System, 5975 inert Mass Selective Detector mass
spectrometer using chromatograph and Split/Splitless, injection-Split, Inlet pressure 60,608 kpa,
Split-100, Low Mass-40, High Mass-400, Threshold 150 were used as a detector. The analyzes were
performed in temperature programming mode at a temperature of 50°C to 280°C at 15 °C/min.

The temperature regime of the column:

- starting temperature of the column 50°C — 2 min, fixed;

- raising of temperature from 15°C to 200°C — 2 min, fixed;

- raising of temperature from 15°C to 280°C — 10 min, fixed;

- vacuum HiVac — 3,38e-005.
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The velocity of the gas (He) is 1 ml/min. The standard mass spectroscopic NIST library was
used to identify the substances and the analysis lasted 33 minutes.

The study of essential oil obtained by hydrodistillation method from the species A. issaevii by
gas-chromato-mass spectroscopy revealed 17 components in addition to the main components in the
essential oil (camphor 37.21%, 1.8 cineol 31.73%).

1) 1-Octene-3-ol; 0,25%

2) O-Simol; 1,64%

3) 1,8-Cineol (eucalyptole); 31,73%

4) 4-Methyl-1-(1-methylethyl-bicyclo(3,1,0- hexane-3-on); 7,41%

5) Thujone; 3,47%

6) n-Menth-2-en-1-ol; 2.56%

7) Camphor; 37.21%

8) Trans-pinokarveol; 0.87%

9) 4-Methyl-1-(1-methyl-ethyl )-3- cyclohexane -1-o0l; 1.90%

10) 6,6-Dimethyl- bicyclo [3.1.1] hept-2-en-2-carboxaldehyde; 0.69%

11) 4-trimethyl -3- cyclo-1- methanol; 0.23%

12) 6,6-Dimethyl-bicyclo[3.1.1.]hept-2-en-2- methanol; 1.08%

13) sis-3-Methyl-6-(1- methylethyl)-2- Cyclohexen-1-ol; 0.55%

14) 3,7,7- trimethylcyclo ( 4.1.0) hept-2-en; 0.72%

15) bornyl acetate; 0.73%

16) Sabinil acetate; 0.27%

17) thymol; 0,56%

Obtaining total of biologically active substances from the aerial parts of the
species Artemisia pauciflora (Volga wormwood)

From the species Volga wormwood, collected on the left side of the Ganja-Shamkir highway
in the budding phase in 2011, dark green resinous total extractive substances were obtained using
known method. Yield is 18.56 g (9.48%). Using the gas chromatography—mass spectrometry
method, 60 terpenoid compound was identified in the composition of the aerial part of Volga
wormwood (4. pauciflora) species.

As a result of the study of the biologically active substances of 4. pauciflora species by gas
chromatography—mass spectrometry method, total extractives were determined.

1) 4-Methyl-3-penten-2-on; Element content: C¢H100; Molecular mass (MM): 98.

2) 4-Hydroxy-4-methyl-2-pentanone; Element content: CcH1202; MM: 116.

3) B-Simen; Element content: CioHi14; MM: 134,

4) Eucalyptol; Element content: CioH1sO; MM: 154.

5) 1- Terpinene; Element content: CioHi¢; MM: 136.

6) 2-Methyl-5-(1-methylethyl)-(a,2,5a)-bicyclo[3,1,0]- hexane-2-ol; Element content:
Ci0H130; MM: 154.

7) 4-Methyl -1-(1-methylethyl)-bicyclo[3.1.0]- hexane-3-on; Element content: Ci10Hi60; MM:
152.

8) Thujone; Element content: C10H160; MM: 152.

9) 4-isopropyl -1-methyl-2- cyclo-exane -1-ol; Element content: CioHis0O; MM: 154.

10) Trans-pinokarveol; Element content: C1oH160; MM: 152.

11) L- Camphor; Element content: C10H160; MM: 152.
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12) sabina ketone; CoH140, MM:138.

13) trans-2,7-dimethyl-3,6- octadien -2-ol; Element content: Ci1oHis0; MM: 154.

14) Isoborneol; Element content: C1oH130; MM: 154.

15) 4- Terpineol; Element content: C1oHi1sO; MM: 154.

16) p-Simen-8-ol; Element content: CioH140; MM: 150.

17) p-Ment-1-en-8-ol; Element content: C1oH1sO; MM: 154.

18) Myrtenol; Element content: C1oH160; MM: 152.

19) sis- Limonene oxide; Element content: C10H160; MM: 152.

20) Carvone; Element content: C10H140; MM: 140.

21) trans-2-Caren-4-ol; Element content: Ci1oH160; MM: 152.

22) 2-ethenyl -1,3,3-trimethyl cyclo-hexane; Element content: C11H130; MM: 166.

23) Ascaridol; Element content: C10H1602; MM: 168.

24) Geranyl vinyl ether; Element content: C12H220; MM: 180.

25) Caryophyllene oxide; Element content: C15sH240; MM: 220.

26) Hanfillin (sesquiterpene lactone); Element content: CisH2003; MM: 248.

27) phytol; Element content: C20H400; MM: 296.

28) Ambrosiol (sesquiterpene lactone); Element content: CisH2204; MM: 266.

29) 6-isopropenyl-4,8-o0. dimethyl-1,2,5,6,7,8 a- octahydro-naphthalene-2,3-diol; Element
content: C1sH2402; MM: 236. [9, 10, 13-15].

Obtaining totals of biologically active substances from the aerial parts of the
species Artemisia maritima (sea wormwood)

From the species 4. maritima — sea wormwood, collected from the plain around Buzovna
village of Baku in the beginning of budding phase in 2011, dark green resinous total extractive
substances were obtained using a known method. Yield is 15,7 g (7,16%). 11.0 g of resin-like total
extractives obtained from the aerial parts of the species A. maritima L. was mixed with 52.0 g of
neutral Al,O3 with III-IV activity and chromatographed on a glass column filled with Al,O3 with the
same activity (2 = 35, d = 3.5 cm). The volume of each fraction is 100 ml. Chromatography column
was eluated with hexane, a mixture of hexane and benzene in different proportions (8:2, 7:3, 6:4,
etc.); with benzene, a mixture of benzene and chloroform (8:1, 8:2, 7:2, 6:4) and chloroform, and 3
crystalline substances — A-santonin, artemisin, glabellin substances were obtained. After checking
the individuality of the obtained crystalline substances, their structure was identified using modern
spectral (IR-, UV-, mass-, 'H, B¢, Bc Dept 135, Dept 90 NMR) methods along with chemical
methods. The element content, melting temperature and IR spectrum of the obtained substance were
compared with the same parameters of a-santonin, artemisin, glabellin, and it was determined that
the studied substances overlap with a-santonin, artemisin, glabellin [16].

N
'

\

o
N\
\O

a-santonin glabellin artemisin

For the first time, the reserve of species (Artemisia abrotanum L., A. maritima L, A. issaevii
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Rzazade, A. pauciflora Web.) was studied. On 10 hectare of the area, the biological reserve of
Artemisia abrotanum is 14 tons 400 kg and the operational reserve is 1 ton 440 kg; around Diza
village of Julfa district, on 20 hectare of area biological reserve of A. issaevii is 18 tons and the
operational reserve is 1ton, 800 kg, in the coastal plain on 120 hectare of area biological reserve of
A. maritima is 324 tons and the operational reserve is 32 tons 400 kg, In Eldar plain of Samukh
district on 15 hectare of area biological reserve of 4. pauciflora is 14 tons and the operational
reserve is 1 tons 700 kg [17].
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MOP®O-AHATOMUHNYECKAS XAPAKTEPUCTUKA
Artemisia szowitziana (Besser) Grossh., 1934
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MORPHO-ANATOMICAL FEATURES OF
Artemisia szowitziana (Besser) Grossh., 1934

©Sadigova N., ORCID: 0000-0003-4765-8734, Institute of Botany of the Ministry of Science and
Education of the Republic of Azerbaijan, Baku, Azerbaijan, narasadiql4@gmail.com

Annomayus. BBITOTHECHHBIC aHATOMUYECKHE MCCIICIOBAHUS MPOBOIUINCH B COOTBETCTBUHU C
o0IIenpUHATOW MeTonuKorW. Marepuan mist uccienoBanusi (JIMCT, cTebenb, KOpeHb) Opalin BO BCe
da3zer MOpHOPHU3NOIOTUICCKOTO pa3BUTHSA. B pesynbrare NpoBEACHHBIX MOP(}HO-aHATOMHYECKHX
WCCIIEIOBAaHUI YCTAHOBJICH DS XapaKTepHBIX NMPU3HAKOB BUAA. Artemisia szowitziana (Besser)
Grossh., 1934 — wmHoronetHuk BbicoToi 50-60 cM u Oosee, C MPOIOJTOBATHIMU JIUCTHSIMH.
[1mon0BBIE CTPYUKH MHOTOUMCIICHHBIC, PSIMOCTOSYUE, BETBSIIUECS YyTh BhIIIEC CepeanHbL. JINCThs
¢ HHU3Y cTeONs YeperkoBbie, 2,5-3,5 ¢cM anuHoii. B cepenune credmnst JmcThs cuasune. Mesohuimt
JIUCTHEB aM(PUCTOMATO3HBIN, M30JIaTePaTbHO-TTAIMCAJHOTO THIIA, BEPXHUNW W HIDKHHH SIHIEPMHUC
cofiepaT MEJIKOKJIETOUHYIO MalIUCaTHyI TKaHb. YTONIICHHBIE SMUJEpMajbHble KICTKU CTeOs
UMEIOT 2—3 CJ0sl KOJJIEHXUMBI, OJJHOPOIHYIO, TIOJIMTOHAIIBHYIO M TOHKOCTEHHYIO MApEHXUMY KOPBI.
KopHu noxpbIThl 01HOCIONHONW pu3oaepmoil TonmuHoi 35-45 mxMm. Ilox pusogepmoii HaxonuTes
OJTHOCJIOWHAsI 3K30/IepMa, S—6-CIoitHas TapeHXUMa KOPbI, SHAO0ACpMa U MEPUITUKIL. Tak KakK JIETOM H
OCEHBIO B 3aCYIIUIMBBIX 30HaX MajiO BJIard, KOPEHb OYEHb MHTEHCHBHO PA3BUBAETCS BO BIIAXKHBIN
nepuol. B pesynbraTe mMpoBeACHHBIX HCCIEIOBAHUN YCTAaHOBIEHO, UTO BUJ A. Szovitsiana UMeeT
aJanTalyu K OKPYXalolleh cpesie, UuTo SBISETCS OJHOW M3 CTPYKTYPHBIX XapaKTEPUCTUK OOIIETro
pona.

Abstract. The performed anatomical studies were conducted in accordance with the generally
accepted methodology. The research materials (leaf, stem, root) were taken in all morpho-
physiological development phases. As a result of the conducted morpho-anatomical research,
anumber of secret characteristics of 4. szowitziana species were determined. A. szowitziana is
a perennial, 50-60 cm or more tall, with oblong leaves. Fruiting pods are numerous, erect and
branching slightly above the middle. The leaves of the lower stem are stalked, 2.5-3.5 cm long.
Middle stem leaves are sessile. The mesophyll leaves are amphistomatic, isolateral-palisade type,
the upper and lower epidermis contains small-celled palisade tissue. The thickened epidermal cells
of the stem have 2-3 layers of collenchyma, homogeneous, polygonal and thin-walled bark
parenchyma. The rhizodermis roots are covered with a single layer rhizodermis, 35-45 pum thick.
Underneath the rhizodermis is a single-layered exoderm, 5-6 layered bark parenchyma, endoderm
and pericycle. Since there is little humidity in summer and autumn in arid zones, the root develops
very intensively in the humid period. As a result of the conducted research, it was determined that
the species A. szovitsiana has the nature of adaptation to the environment, which is one of
the structural characteristics of the general genus.

—®
Tun nuyenzuu CC: Attribution 4.0 International (CC BY 4.0) 67



Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 9. Ne6. 2023
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/91

Knioueswvie cnosa: monbiHb, cTe0CIb, TUCT, KOPEHb.
Keywords: Artemisia, stem, leaf, root.

Artemisia L. — camblii KpynHbId poj B TpuOe Anthemideae um B 1menoM B ceMeEWCTBE
Asteraceae pasHbiMu aBropamu [1-4] ormeudeno, uto pox coctouT wu3 200—400 BuaOB.
Mmuorouucnensnsie, 6omnee 150 BumOB poma Artemisia SBASIOTCS MHOTOJETHHMH TpaBaMHU WIIH
MOJIYKYyCTapHUKaMH M B OCHOBHOM pACIpPOCTPAHEHBI B CTEMHBIX, MYCTHIHHBIX, aPKTUYECKUX U
BBICOKOTOPHBIX pailOHaX CEBEPHOrO MOIyLIapus, B YMEPEHHOM KIMMAaTHUYECKOM IMosice A3HH U
EBpomnbl. Artemisia L., momumopdHbIi Bua, HacuuThiBaeT B A3zepOaiimxane 40-42 uma [5]. B
AzepOaiipkane BHUBI, BXOAAIINE B COCTaB POAA, PACIPOCTPAHEHBI B OCHOBHOM B 3aCYyLUIMBBIX
paiioHax, Oeperax pek, CyXHX JOJIHHAX M 3aCOJCHHBIX 1MouBax [6]. OH yCcTOi4YMB K 3acyxe U xape. B
MpUpoJIe pacnpocTpaneH Ha Anmiepone, Kypa-ApakCHHCKON HUBMEHHOCTH.

Jliia yno6cTBa rpynnupoBKY M KilacCU(UKALMU BUIOB POJl pa3lesieH Ha YeThipe rpynnsl [3]:
Dracunculus — KOp3UHKHU Trojible, OOKOBBIE LIBETKM HE IUIOJOHOCAT, Seriphidium — KOP3UHKHU
TOJIBIE, BCE IIBETKU O0OCTIONBIE U TUIOIOHOCAIINE, Absinthium — KOP3WHKY TOJIbIC, OOKOBBIC IIBETKH
wioAoHoCsue, Absinthum — KOp3WHKA MOXHATbhIE, BCE I[BETKHU IIOAOHOC IKE. 3yueHHbIi HaMu
BUJ A. Szowitziana OTHOCHUTCSI K 4eTBEPTOH rpytme Absinthum.

B uenom pon Artemisia ouenb nonumopdeH, modToMy €ro TaKCOHOMUUYECKUH CTaTyC 10 KOHIIA
He ompexnenen [1, 2]. OnHako, HECMOTpsS Ha BCE JTO, BHJBI, MPEACTABISIONIUE PO,
Mopdonoruuecku o4eHb OMU3KH U OBICTPO M3MEHSAIOTCS O] BIUSHUEM (PAKTOPOB BHEIIHEH Cpeilbl
[7-9]. [lnamazoH 5KOIOTMYECKOW H3MEHYHMBOCTH M JAHMArHOCTHYECKUX MPU3HAKOB Y polia OYEHb
mHUpoK. Bce 3TO mpuBeno K HIMPOKOMY paclpOCTPaHEHUIO W aJanTalud BUAOB NOJBIHU. B
pe3yibTare IpPOBEICHHBIX HCCIIEAOBAaHMI YCTaHOBIEHO, 4TO (hopmMa M Xapakrep OCOOECHHOCTEH
CTPOEHUS Y BUJIOB MOJIBIHUM B OCHOBHOM XapaKTEPHbI JJIsl a/1alTal[uH.

Mamepuan u memoowl ucciedosanus

BrImonHeHHBIE ~ aHATOMHYECKHWE  HCCIECOBaHUS  TPOBOAWIMCH B COOTBETCTBHH  C
obmenpuHaTol MeTonukold. Marepuan ais uccienoBanus (JIUCT, crebenb, KOpeHb) Opaiau BO Bce
¢da3el Moppodusmonornyeckoro passutusa. Mccnenyemslii marepuan nomemanu B 70% coupt, B
nabopaTropuu JUIsl UCCIIEAOBAaHUS M3TOTABIMBAIM PYYHbBIE CPE3bl, OKpAIIMBAJIN CPE3bl, TOTOBUIH
BpEMEHHBIE U MOCTOSHHBIE Mpenaparsl. Mopdonornueckoe CTpoeHue JINCThEB, cTeONel, KOpHEH U
JAPYTUX yYacTed M3ydalM C MOMOIIbI0 OMHOKYJISPHOHM JyHbl. AHATOMO-MOpP(OIOrHYecKrue CHUMKHU
BBINOJIHSUIM BPY4YHYI0 ¢ momouipto anmaparoB «IIA-4», «I1A-6» (cuctema A6Ge). dortorpadun
CZeJIaHbI C TOMOIIBI0 U(PPOBOTO MUKpOCcKona ¢ MoHuTopoM Mapku XCII 91-06-/1H.

B xoze uccnenoBanus AKUBOM MaTepHrall ONbUISUICS TSKEJIBIMU METAJlIIaMU, 3aT€M ITOMEIlascs
B BakyyMHbIH mocT snekTpoHHoro Mukpockona CKAH (Jeol JSM-35C) u ¢ortorpadpupoBancs
uudpoBoit Texuukou [10-12].

Pesynomamot u obcyscoenue
Artemisia szovitsiana — MHOTOJETHUK BbIcOTOM 50—60 cM u Oornee ¢ MpoaOATOBaTbIMU
mucTbaMu. [ImogoHOCHBIE TOOETM MHOTOYHMCICHHBIE, MPSIMOCTOSUME, BETBAIIMECS YyTh BBIIIE
cepeauHsl. [IpunBETHUKN COCTOAT U3 3—7 KECTKUX JIMCTOYKOB, PACHIOJIOKEHHBIX APYT HAJ JPYTOM.
MapruHanbHble JUCTbS HEMHOTO MeJbue CpeAHUX JMcTheB. COLBETHS IIHPOKOMETENbYaThie.
Kop3uHku y3KkoImInHApUYecKrue, HIKHUE JUCThs 3—4 cM anuHoM. L[Beter B ceHTs0pe-okTsaOpe,
IUTOIOHOCUT B HosiOpe. JIuCThst HMKHEro credns uepemkoBble, 2,5-3,5 cm amuHoi. CpenHue
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ctebneBbie TucThs cuasune (PucyHok 1). JIuctes me3odumia ampucromatnueckue, U30sSIMOHHO-
MAJIUCAIHOTO THUIA, BEPXHUH M HIDKHHHA SIHIECPMHUC COIEP)KAT MEJIKOKJICTOYHYIO MaIHCaTHYIO
TKaHb. FY6OBI/II[H3.$I TKaHb COCTOUT U3 OAHOPOAHBIX KJICTOK, BBITAHYTBIX BAOJIb OCHU JIMCTA. HNmenno
3/1eCh PACIOJIOKEHBI BTOPOM M TPETUH Psii TOKOMPOBOAAIIMUX IMapukoB. ColiujiHAs CKIIEpEHXUMaA
pacrioyioKeHa B IIEHTPE OCH JIUCTa B HAMPABICHUU MPSIMOYTOJIbHBIX BBIIISTYMBAHUN BEPXHETO U
HWDKHETO SIUACPMHUCAa U OKpYXeHa 2-3 CJOSMH IMapeHXMMATO3HBIX KJIETOK MEJIKOKICTOYHOU

majaucaaHon TKaHH, paCHOHOH(eHHOﬁ noJa SN ICpMHUCOM.

1
8 2
7
3
6
4
5
Pucynox 1. Ilomepeunslii cpe3 mucra A. Szovitsiana: 1— »smmaepmuc, 2 — KyTHKyhda, 3 —
MepPeropoIouHasl MmapeHxuMa, 4 — CXHM30TeHHBIH ClOH, 5 — mapoBuaHas ¢uodma, 6 — IIapOBUIHBINA

KaMOwmii, 7 — MIapoBUAHAs KCHiieMa, 8 — ry0uarasi mapeHXxuM

3HI/I,Z[CpMaJ'IBHLIe KJICTKU C YTOJIIICHHBIM IMOKPOBOM cTeOIst (PI/ICYHOK 2) HUMCIOT HCCKOJIBKO
CJIOCB KOJJICHXUMbI, OTHOPOAHYI0, MHOT'OYT'OJIbBHYHO U TOHKOCTCHHYIO KOPKOBYIO ITAPCHXUMY.

Pucynok 2. Ionepeunslii paspe3 credust A. Szovitsiana: 1 — snumepmuc, 2 — Keae3ucTas TPUXoMa,
3 — cyOonuuepMaibHbIi ci10i, 4 — 000JI0uKa MapeHXUMBI (KOpblI), 5 — TpaHcMuccuBHas (riodma, 6 —

IapOBUIHBIN KaMOwii, 7 — TpPAaHCMHCCHBHAas KcWiemMa, 8 — Cep/IeBrHa, 9 — KaclapueBbie
(BBICBOOOXK IAIOIITHE) KIETKH
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Mexanuueckoe IuieTeHue uepenyromieecs. BoiokHa (piaosMbl pacrnosnaraiorcs rpynnamu BO
¢dmnosme. Xopomro BHJIEH OaxpomMdyaTbli W HEOKaWMJICHHBIH KaMOWMN, pacTOJIOKEHHBIH MEXIY
KiyOoukaMu 3—7-ro psiia JIy4eBOM HapeHXUMBL [Iydykd KCHUJIEMBI COCTOSIT M3 METAKCHIEMBI U
BTOpUYHON KcujieMbl. OCHOBHYIO MacCy BTOPUYHOM KCHUJIEMbl COCTABIISIIOT BOJIOKHUCTHIC
aneMeHThl. TpyObl pacmonaratoTcsi IO OTHACIBHOCTH WM B IENoYke u3 2—3 IMITYK.
[lepumenymnnspHas 30Ha y3Kasg W HMMEET MEJIKUE KIETKH, SIpO OKpPYyIJIo€ M COCTOUT U3
TOJICTOCTEHHBIX U30JUAMETPUUYECKUX KIIETOK.

Kopuu puzonepmsl (PucyHok 3) MOKpPBITEI OJHOCIONHON pU301epMOM TOMIMHON 3545 MKM.
[Tox puzonepMoii HaXOAUTCS OJHOCIOMHASA K30/1epMa, S—6-CIIOMHAs MapeHXUMa KOPhI, SHTOIEpMa
U MEPUIUKI. SIIpO COCTOUT M3 LEHTPAJIBHOTO IMJIMHIPA, CUCTEMbl NUAPXUYECKOW Mepeaayu u
METaKCUJIEMHBIX TpyOOK. B KoHIIe mepBoro roma, mepes MepexoioM pacTeHHs B JIETHUN TOKOH,
auameTp ocHoBaHMsI KOpHs 1,8—2 MM, TonmuHa kopbl 250—-620 MxM, quametp apeBecuHsl 590-980
MKM, JHaMeTp KpynHbIX cocynoB 21-29 mxM. Ha BTOpoil rog B UEHTpalbHOM LMJIMHIPE
MIPOMCXOIUT PACIIUPEHUE paJAUaNbHBIX Jy4yel, 4TO BbI3bIBaeT (pakuuoHuposanue. I[lo mepe
YBEIMYCHUSI BO3pAcTa PACTCHUS MapeHXMMATH3alisi KOPHEBOM OCHOBBI YCHIJIMBAETCS, KOpHEBas
OCHOBA 5—6-JIETHETO pacTEHUs 3aMETHO JPOOUTCS Ha YACTHUIIBI, TAK KaK MapeHXHUMa, OKPY KaroIas
JPEBECHHY, CO BPEMEHEM CTaHOBHUTCS TPUOKOBON M pacnagaeTcs.

— 1
5 5 2
3
4
Pucynok 3. Tlonepeunsiii cpe3 kopHst A. szovitsiana: 1 — mnepunepma, 2 — Kopa, 3 — TOsC

Kacnapus, 4 — puromenanus, 5 — xamOuanbHas NEPUIMKINYECKas POU3BOJTHAS

TakcoHOMUYECKasi POJIb AMUJIEPMUCA U YCThHIA Y BUIOB Arfemisia L. yCTaHOBIIEHA PSAIOM
yueHbIX [4]. Onucanue ocoOEHHOCTENW CTPOEHHUs BHJA JIaHO COMIACHO NMPUHATOM TEPMHUHOJIOTHU
[13, 14].
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CURRENT STATUS AND TAXONOMICAL COMPOSITION
OF THE NATURAL DENDROFLORA OF THE HIRKAN NATIONAL PARK

©Huseynova A., Institute of Dendrology of the Ministry of Science and Education of the Republic
of Azerbaijan, Baku, Azerbaijan, aynur.hiiseynova.1968@mail.ru

COBPEMEHHOE COCTOSIHUE U TAKCOHOMMYECKHWH COCTAB
INPUPOAHOU JEHAPOD®JIOPHI TNPKAHCKOI'O HAIMOHAJIBHOTI'O ITAPKA

©Iyceitnosa A., Hncmumym 0eHOponocuu MUHUCmMepcmea HaAykKu u 00pazo8anus
Asepbaiiocanckou Pecnyonuku, e. baky, Azepoatioxcan, aynur.hiiseynova.1968@mail.ru

Abstract. The current state of the natural dendroflora of the Hirkan National Park was
analyzed, an inventory of natural and cultivated plant species was carried out, the impact of climate
change on biodiversity, the taxonomic composition of trees and shrubs, dominant species, and the
distribution areas of the studied plants were comprehensively studied. In the forest ecosystem of
Hirkan National Park, the area where the plants live change in several directions. In the deep layers
of the forest, the sun hits a small amount. The level of illumination depends on the composition,
age, density and geometric dimensions of the trees and shrubs that make up the forest. Depending
on the amount of light, more or less shade-tolerant species grow in the lower tiers of the forest.
Hirkan National Park has undergone anthropogenic impact in recent years. The forest usually
consists of 2-3 tiers.

Annomayus. TIpoaHaNM3UPOBAHO COBPEMEHHOE COCTOSHUE MPHUPOJHON JeHAPOdIOpHI
['mpkaHCKOTO HAIMOHAJBHOTO IapKa, NpPOBEICHA WHBEHTAPU3AIMs TMPHUPOIAHBIX U KYJIBTYPHBIX
BUIOB paCTeHHﬁ, BCCCTOPOHHEC HU3YyUCHO BIIUSHUC KIINMAaTUYC€CKUX H3MEHEHUN Ha
Oropa3zHooOpa3ne, TAKCOHOMHUYECKHA COCTAaB JIEPEBbEB M KYCTAPHUKOB, JOMUHHPYIOIIHE BHUJIBI,
apeanbl paclpOCTpaHEHUs U3yYaeMbIX pacTeHuid. B mecHolt osxocucteme [upkaHCKOTO
HAI[MOHAIIFHOTO TapKa YCJIOBUS MECTHOCTH, TJi€ OOMTAIOT PACTEHHS, MU3MEHSIOTCA B HECKOJIbKHX
HampaBlIeHUsX. B miy0okue ciow Jieca CONHIIE TMOMagaeT B HEOONBIIOM KOJWYECTBE. YPOBEHB
OCBEIIEHHOCTH 3aBUCUT OT COCTaBa, BO3PACTa, TYCTOTHI M TEOMETPUYCCKUX Pa3MEPOB JIEPEBHEB U
KyCTapHHUKOB, COCTaBISIONINX JieC. B 3aBUCMMOCTH OT KOJMMYECTBAa CBETa B HIDKHUX spycax Jlieca
MPOU3pacTaloT Oojiee UM MEHEe TEHEBBIHOCIUBBIE BHABI. [MpKaHCKUN HAIIMOHATBHBIA TapK B
MOCJICIHUE TOJIbI TOJBEPraeTCsi aHTPOIOTeHHOMY Bo3jaeicTBuI0. Jlec 00bIYHO cocTouT U3 2-3
SPYCOB.

Keywords: flora, taxonomy, edificators, rare species, relict species, range, plant strata,
climate.

Knrouesvie cnosa: ¢pnopa, TakcOHOMUS, 3AUPUKATOPHI, PEIKHE BUIbI, PEIIMKTOBBINA BUI, apea,
SIPyChl PACTUTENBHOCTH, KJIMMAT.

Introduction
In the flora of Hyrcanus, 1204 species of higher plants are known. There are 174 species of
trees and shrubs in the Hirkan National Park, of which 36 species are relict and endemic. Hyrcanian
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flora mainly consists of Quercus castaneifolia C. A. Mey., Fagus orientalis Lipsky, Carpinus
betulus L., Parrotia persica (DC.) C. A. Mey., Alnus barbata C. A. Mey., Zelkova carpinifolia
(Pall.) Dippel, Diospyros lotus L., etc. A special place is occupied by tree species, many of which
are relicts [9]. The average age of these trees is 120-150 years. In the forests of Zelkova carpinifolia
(Pall.) Dippel, Diospyros lotus L., Pterocarya pterocarpa (Michx.) Kunth ex Iljinsk. and so on.
Albizia julibrissin Durazz., Quercus castaneifolia C. A. Mey., Gleditsia caspia Desf., various
creepers (ivy species) are widespread. Species Fagus orientalis Lipsky, Quercus castaneifolia C. A.
Mey., Parrotia persica (DC.) C. A. Mey., Carpinus betulus L. are the main edificators in Hyrcanian
forests [5]. Evergreen plant species in these areas are Buxus hyrcana Pojark., Ilex hyrcana Pojark.,
Ruscus hyrcanus Woronow, Danae racemosa (L.) Moench. forms an undergrowth. Ruscus hyrcanus
Woronow usually in the lowland and foothill zone, Danae racemosa (L.) Moench. mainly on
riverbanks and wet ravines Ilex hyrcana Pojark. forms undergrowth in oak and beech forests. At the
same time, endemic trees and various plants listed in the Red Book of the Republic of Azerbaijan
are widespread in this area.

Material and methods
Vegetation in research Kh. M. Safarov [1], rare and endangered species T. S. Mamedov, E. O.
Iskendarov [2, 3], distribution area of V. S. Farzaliev, E. S. Shukurov, G. M. Safarov [4],
“Azerbaijani flora” and S. K. Cherepanov [5] were used to identify plants, the layers of V. Ch.
Gadzhiev [6], climate P. P. Posokhov and K. S. Asadov [11], systems. APC. III-IV
(https://goo.su/aYhgpPj), endemic, relict species of G. F. Akhundov, 1. S. Dzhafarova [7, 8] and
literature materials [9] were used.

Analysis and Discussion

The flora of Hyrcanus is geographically rich in flora elements of different types of habitats.
Here a special place is occupied by elements of plant groups of boreal and Mediterranean origin.

The territory of the Hirkan National Park has a humid subtropical character due to its natural
climate.

The average annual rainfall is 1200-1600 mm. The maximum temperature is +40°C in
summer and the minimum is +2-3°C in winter [10]. It is for this reason that this area is rich in
elements with endemic and numerous relict vegetation dating back to the Tertiary period. More than
1200 species out of 4500 higher plants grow in the Hyrcanian forests, about 170 species out of
450 trees and shrubs distributed on the territory of the republic, of which 36 are relict and endemic
species [7, 8].

The seasons influence the structure of the Hyrcanian flora and species richness, under the
canopy of trees and shrubs, ephemeral plants flourish in early spring and bloom until the trees are
covered with leaves. After the end of the growing season in summer, the aerial part of the ephemera
dries up until the next spring. Usually, such plants are not found around conifers. Ephemerals
cannot grow because they lack sunlight in a shaded garden.

Humidity and temperature regime of the Hirkan National Park varies depending on the
evaporation of water by plants. Under mesa conditions, most of the water evaporates into the
atmosphere through plant leaves. As a result, humid climate conditions are created. Disintegration
of the earth’s surface at a high speed, the presence of steep slopes, climatic and water factors cause
erosion processes here. Washing out of the soil after heavy rains can lead to the formation of heaps
of stones and outcrop of rocks.

The main reason for the formation of layering in the Hyrcanian forest is light, heat, and
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humidity. Therefore, plants are located in the forest in several tiers. Ecological factors, soil,
spelling, genetic factors play a key role in the formation of vegetation. A noticeable difference was
observed in height, leaves and fruits of trees in tiers (Figure) [6; 12].

Figure. General view of the Hirkan National Park

On the territory of the Hirkan National Park, partial thinning and changes in area were
recorded compared to previous years. The reasons for the reduction in plant areas are determined,
the criteria for danger, biological characteristics, and the reasons for changing natural resources are
investigated.

Although the territory of the Hirkan National Park is not very high in the vertical zone (up to
1000 m), as you climb the mountains from east to west, you can notice that the forests change in the
vertical zone: in the lower part, mainly Quercus castaneifolia C. A. Mey., Fagus orientalis Lipsky,
Carpinus betulus L., Parrotia persica (DC.) C. A. Mey., Zelkova carpinifolia (Pall.) Dippel,
Diospyros lotus L., Pterocarya pterocarpa (Michx.) Kunth ex Iljinsk. and so on. Forests dominated
by Albizia julibrissin, Durazz., etc. are widespread [11].

With increasing height, mainly Parrotia persica (DC.) C. A. Mey., partly Quercus
castaneifolia C. A. May. decreases, they are replaced by Fagus orientalis Lipsky forests. In the
forests of the National Park Dryopteris Adans., Ruscus hyrcanus Woronow, Buxus sempervirens
subsp. hyrcana (Pojark.) Takht. Various creepers of the Lesser Caucasus, /lex hyrcana Pojark., are
widespread. The names of most of these plants are listed in the Red Book of Azerbaijan [10].

Hyrcanian flora is dominated by Fagus orientalis Lipsky, Quercus castaneifolia C. A. Mey.,
Parrotia persica (DC.) C. A. Mey., Carpinus betulus L.

Buxus hyrcana Pojark., Ilex hyrcana Pojark., Ruscus hyrcanus Woronow, Danae racemosa
(L.) Moench, etc. were noted in the study areas. They form undergrowth. Ruscus hyrcanus
Woronow usually in the lowland and foothill zone, Danae racemosa (L.) Moench. More common
along riverbanks and in damp ravines, llex hyrcana Pojark., in oak and beech forests. Sometimes
Ruscus hyrcanus Woronow, Carpinus betulus L., Quercus castaneifolia C. A. Mey., Zelkova
carpinifolia (Pall.) Dippel, Acer campestre L. form a small range in river areas [4].

The vegetation cover of the banks of Khanbulanchay is not the same, despite the fact that they
are at the same height. In the southern part of the Khanbulan River, the composition of vegetation is
changing. Carpinus betulus L. Quercus castaneifolia C. A. Mey., abundant, Parrotia persica (DC.)
C. A. Mey. and relatively less the trees are almost completely covered with Hedera pastuchovii
Woronow. In the Hyrcanian flora, Ruscus hyrcanus Woronow dominates among the plants forming
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the undergrowth in the lower layer. Parrotia persica (DC) C. A. Mey. the forest exists. Parrotia
persica (DC.) C. A. May in the forest. Young trees with straight trunks of a typical height of 25-28
m make up the majority. Forest edges usually contain Mespilus L., Crataegus Tourn. ex L., Prunus
L., and in places blackberry bushes Ficus hyrcana Grossh., Punica L., Rosa L., Smilax L. and
Periploca L. form an insurmountable barrier. Sometimes in eroded areas, around rocks, on very
large areas along the edges of the forest, the genera Quercus L., Parrotia C. A. Mey., Carpinus L.,
Fagus L. dominate, evergreen shrubs in the forest: Ruscus hyrcanus, Ilex hyrcana, Danae racemosa
evergreen undergrowth forms a tier [2, 3].

The shrub layer forming the undergrowth consists of Mespilus L., Crataegus Tourn. ex L.,
Prunus L., sometimes Cydonia oblonga Mill. consists of Hedera pastuchovii Woronow, Rubus
raddeanus Focke, Periploca graeca L., Smilax excelsa L., Vitis sylvestris C. C. Gmel. were found
throughout the territory where our studies were carried out. creepers can be found.

Taxonomic composition of plants APC. It is assigned according to the III-IV system (Table)
(https://goo.su/aYhgpPj).

Table
TAXONOMIC COMPOSITION, LIFE FORM AND ORIGIN OF SOME PLANTS
OF THE HIRKAN NATIONAL PARK
No Family Genus Species Life Homeland
form
1 Fagaceae Quercus L. Quercus castaneifolia C. tree Azerbaijan
A. Mey.
2 Asparagaceae Ruscus L. Ruscus hyrcanus G. shrub  Northern Iran, Europe,
Woronow Caucasus
Danae Medik.  Danae racemosa (L.) shrub  Asia Minor, Caucasus
Moench
3 Aaquifoliaceae lex L. llex hyrcana Pojark. shrub  Lesser Caucasus
4 Hamamelidaceae ParrotiaC. A.  Parrotia persica (DC.) C.  tree Azerbaijan
Mey. A. Mey.
5 Fagaceae Fagus L. Fagus orientalis Lipsky tree Greater and Lesser
L Caucasus
6 Castanea Mill. Castanea sativa L. tree Southern Europe, Asia
Minor,
7 Ulmaceae Zelkova Spach  Zelkova carpinifolia (Pall.) tree Central, Southern China,
Dippel Western Asia, Caucasus
8 Juglandaceae Pterocarya Pterocarya pterocarpa tree Caucasus, Northern Iraq
L Kunth. (Michx.) Kunth ex Iljinsk.
9 Juglans L. Juglans regia L. tree Iran, Afghanistan, China
10 Betulaceae Alnus Mill Alnus barbata C. A. Mey.  tree Asia Minor, Caucasus
11 Rosaceae Prunus L. Prunus divaricata Ledeb.) tree Greater Caucasus
12 Cydonia Mill.  Cydonia oblonga Mill. tree Asia Minor, Caucasus
13 Crataegus L. Crataegus Tourn. ex L. shrub  North America, Europe
14 Mespilus L. Mespilus germanica L. tree Southwest Asia, Southeast
L Europe
15 Sorbus L. Sorbus boissieri C. K. shrub  Asia Minor, Caucasus
Schneid.
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MNo Family Genus Species Life Homeland
form
16 Rubus L. Rubus raddeanus Focke shrub  Eastern Caucasus
17 Apocynaceae Periploca L. Periploca graeca L. liana Mediterranean countries
18 Smilacaceae Smilax L. Smilax excelsa L. shrub  Asia, America
19 Araliaceae Hedera L. Hedera pastuchovii liana  Greater Caucasus
Woronow
20 Vitaceae Vitis L. Vitis sylvestris C. C. Gmel. liana ~ West Europe
21 Ebenaceae Diospyros L. Diospyros lotus L. tree Caucasus, Asia
22 Betulaceae Carpinus L. Carpinus betulus L. tree South America
23 Buxaceae Buxus L. Buxus sempervirens subsp. shrub  Azerbaijan
hyrcana Takht.
24 Fabaceae Albizia Durazz. Albizia julibrissin Durazz. tree Iran, Turkey, South-
Eastern Azerbaijan
Gleditsia J. Gleditsia caspica Desf. tree Azerbaijan, Iran
Clayton
25 Sapindaceae Acer L. Acer campestre L. tree Central America, South
Asia
26 Acer velutinum Boiss. tree Azerbaijan, Iran.
27 Taxaceae Taxus L. Taxus baccata L. tree Europe, Africa
28 Tiliaceae Tilia L. Tilia caucasica Rupr. tree Caucasus, Crimea, Asia
Minor
Conclusion

An inventory of natural and cultivated plant species has been carried out, the impact of
climate change on biodiversity, the taxonomic composition of trees and shrubs, dominant species,
and distribution areas of the studied plants have been comprehensively studied.

The ranges of most species in the Hirkan National Park have changed compared to previous
years, and some plant species have multiplied, and the gene pool of some of them has been
threatened. The forest usually consists of 2-3 layers: the first layer is Quercus castaneifolia C. A.
Mey., Carpinus betulus L., Populus hyrcana Grossh. comprises. Second layer — Parrotia persica
(DC.) C.A. Mey., Acer velutinum Boiss., Ulmus minor Mill. etc. consists of species. In the third
layer, Pterocarya pterocarpa (Michx.) Kunth ex Iljinsk., in some places Alnus barbata C. A. Mey.
prevails.

Species Fagus orientalis Lipsky, Quercus castaneifolia C. A. Mey., Parrotia persica (DC.) C.
A. Mey., Carpinus betulus L. are the main edificators in Hyrcanian forests. In these areas, the
evergreen plant species Buxus hyrcana, Illex hyrcana, Ruscus hyrcanus and Danae racemosa form
the undergrowth. Ruscus hyrcanus usually forms undergrowth in lowlands and foothills, Danae
racemosa more often on riverbanks and damp ravines, and Ilex hyrcana in oak and beech forests.

As a result of the monitoring, the taxonomic composition of the tree and shrub flora of
Hyrcanus was studied, from 54 species of tree and shrub plants belonging to 21 genera, for 28
seasons at different stages of plant development.
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AGRIS H10

BUJbI POJA Euscelis Brull¢, IOBPEXKJAIOIUE JIIOLEPHY
B ®EPITAHCKOMU JOJIMHE

©Koorcesnuxosa A. I., 0-p 6uon. nayx, Tawkenmckuii 20Cy0apCcmeenHblil a2papHblil YHUsepcumenmn,
2. Tawxenm, Y36exucman, gnadezhda03@gmail.com

SPECIES OF THE Euscelis Brullé GENUS DAMAGED TO Medicago
IN THE FERGANA VALLEY

©Kojevnikova A., Dr. habil., Tashkent State Agrarian University,
Tashkent, Uzbekistan, gnadezhda03@gmail.com

Annomayus. B crathe mpencTaBlieHbl MaTepHalbl 10 U3yYEHHUIO BPEAMUTENICH IJIOLIEPHBI U3
orpsana paBHOKpbUIBIX (Homoptera) B ®depranckoil noJiMHE, WX BHJIOBOM COCTaB, OTMEUYCHBI
HamOosee BPEIOHOCHBIC BUIBI M3 poma FEuscelis Brullé, mx mnwimeBbie CBsA3HM, OHOJIOTHYECKHE
0COOCHHOCTH, BPEIOHOCHOCTh, 0COOCHHOCTH (ha3 pa3BUTHUS, UX €CTeCTBEHHbIE Bparu. OnpeneneHo,
YTO cpeau paBHOKPBUIbIX, cemelicTBo Cicadellidac 3anmmaeTr oco0oe MECTO, OHO DKOJOTHYECKH
CBSI3aHO C Pa3IMYHBIMH OMOTONAMH M WTPAET BAXKHYIO POJIb B arpoOHoreHo3ax. B pesynbrare
MIPOBEICHHBIX MCCIIEOBAaHUI BBISBICHO, YTO BH/IBI PABHOKPBUIBIX HACEKOMBIX, B YaCTHOCTH IHKA/I,
B Depranckoii 10MHE XapaKTepU3yeTCsl CI0KHBIMUA OMOIKOJIIOTHUYECKUMH 0COOCHHOCTSIMH, BBICOKO
CHEIHAM3UPOBAHBl M  XOPOILO MPHUCHOCOONeHbl nansi  obutanus. lccrnegoBanus HMMEOT
MPAaKTUYECKOe 3HAauEHHE, IMOCKOIBKY HEKOTOphle BUIBI LUKaN: Euscelis lineolata Brullé, Euscelis
plebeius (Fallén) siBAsIIOTCS BpeIUTENSIMU JTFOLEPHBI.

Abstract. The article presents materials on the study of herbivorous pests of Medicago in
Fergana Valley from the order Homoptera, their species composition, the most harmful species of
the Fuscelis Brullé genus, their food relations, biological characteristics, harmfulness, features of
development phases, their natural enemies were noted. It has been determined that the Cicadellidae
family occupies a special place among the Homoptera; it is ecologically associated with various
biotopes and plays an important role in agrobiocenosis. As a result of the research, it was revealed
that the species of Homoptera, in particular cicadas, are characterized by complex bioecological
features, highly specialized and well adapted for living in Fergana Valley. The studies are of
practical importance, since some species of cicadas: Euscelis lineolata Brullé, Euscelis plebeius
(Fallén) are pests of Medicago. The author revealed the harmfulness of cicada species found on
Medicago, which is as follows: Insects suck juices from the vascular bundles of roots, stems, leaf
veins and from leaf cells. They inflict wounds on the vegetative parts of the plant with their
ovipositor during oviposition. Some species transmit viral plant diseases.

Knroueswvie cnosa: nukaael, 3aiuTa paCTeHUH, JTIOLIEPHA.
Keywords: Euscelis, plant protection, Medicago.
Hukanel otHOCATCS K oTpsay Homoptera, cepun (Auchenorrhyncha) siBasitorcst 10BOiBHO

OONBIION Tpynmoid HACeKOMBIX, pAaCIpPOCTPAHEHHBIX MPAKTHUECKHM BO BCEX IIMPOTaXx U
MPECTaBICHHBIX MHOTOBHJIOBBIMH KOMITJIEKCAMU BO MHOTMX Ha3€MHBIX COOOIIECTBAX.
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3Ha4YeHMeE JIFOLEPHBI TPYJHO NEPEOLEHNTD. JItolepHa CBA3BIBAECT a30T BO3yXa U HAKAIUIUBAECT
€ero B KiIyOeHbKax Ha KOPHSX, B II€JIOM 00Oram@aer IOYBY YCBOSEMBIM a30TOM, KOTOPBI
UCTOJNB3YIOT KYJBTYpPBI, YYacTBYIOIIME B CEBOOOOPOTE C JIIOIEPHON, OHA YIy4YIIaeT CTPYKTypa
nouBel. Kpome TOro, nmaer QypaxHyro Maccy OOraryr ILEHHBIMU BemlecTBaMH (OEIKOM,
MUHEPATBbHBIMH COJIIMU U T. I1.).

[lockonpky JrOLEpHA MOBPEXKAACTCS  PA3IWYHBIMM  BPEOUTEISAMHU, LEJIbI  HAIINUX
WCCIICIOBAaHUM ATHX HACEKOMBIX SBISICTCS W3YYCHHUE BHUJJIOBOTO COCTaBa, MOP(HOIOTHMUYECKUX U
Apyrux ocobenHoctedt BumoB poxa Euscelis Brullé, moBpexmaromumx nonepny B depraHckoit
nonune. Uccnenoatenu A. I1I. Xampaes, J. P. AGaymnaesa, I1I. Kommosa, A. X. Kyukapos, 3. O.
bex6eprenosa, K. Zakirov, M. Mirzakarimova, A. I'. KokeBHHKOBa W JpyrHe OTMEUYAIOT, YTO B
MOCJICIHUE TOJbl 3aMEUaeTCs PaACHIMPEHHE >KU3HEHHBIX apeajioB U YCUJICHHE BPEIOHOCHOCTH
Pa3IMYHBIX BPEIUTENCH, TAKUX KaK PACTHTEIHHOSIHBIC KIIOMbI, IUKA/IbI, OCTOKPBUIKH, Pa3IndHbIC
BHIBI MOJIEH M IPYTHX HAceKOMBIX [1-5, 12].

[Io ob6meMy MHEHHIO 3alIUMTa pACTEHHI, C HSKOHOMHYECKOH TOUKHM 3pEHHUS TIopas3io
3¢ deKTUBHEH, YeM yCTpaHEHUE MTOCICACTBUI UPE3BBIYANHBIX CUTYAIUH, CBI3aHHBIX CO 370POBHEM
pactenuii. Hepeako Bpemuteneit u OOJE3HM PACTEHHMM TIOCIE€ TOTO, KaK OHH OOOCHOBAJHCH,
HMCKOPEHUTh OYEHb TPYIHO, a MHOTa HEBO3MOXKHO [6, 7].

CewmetictBo Cicadellidae Latreille, k koropomy otHOcuTcst pox Euscelis Brullé, mpunaniexxur
K PaBHOKPBUIBIM COCYIIMM HACEKOMBIM M HKOJOTHYECKH CBSI3aHO C PA3IMYHBIMU OHOTOMAMHU.
MHOXEeCTBO BHJOB 3TOI'0 CEMEMCTBA SIBISIOTCS BPEIUTEISIMU KYJIbTYPHBIX pacTeHud. B cBsA3uM ¢
STUMH 3aJlayaMU HCCIIEIOBaHHM, B TMEPBYIO OYepeab SBISETCS pa3padoTKa METOIOB SKCIIPECC
JUArHOCTUKU BPEAUTENEH U UX MOHUTOPHUHTL.

@depranckas JOJMHA PaCIONOkKeHAa B BOCTOYHOM dYacTH Y30ekucTaHa. ITOT PpEruoH
XapaKkTepusyeTcss OOJIBIIUM KOJIMYECTBOM TEIUIa, OOECIEUMBAIOIIETO BBIPAIIMBAHUE MHOTHX
CEeJIbCKOXO3SMMCTBEHHBIX pacTeHuil. B cucreme xped6ToB Tsaub-1llans u Ilamupo-Anas depranckas
JOJIMHA — 3TO TIyOOKas BMaJMHA, PACIONIOKEHHass Mexay rop. depranckas AOJIMHA OrpaHUYEHA
xpedramu ¢ tora Anaiickum u TypkecTaHCKuM, ¢ BocToka DepranckuM U ATOHHAKCKHM, C CE€Bepa
YarkansckuM u Kypamunckum xpedtamu [6, 8].

Mamepuanvt u memoouka pabomul

MatepuanoM st HacTosimie padboTel sBwiMch 10-IeTHHE HCCIeIOBaHUs, TPOBEIACHHBIC B
@Oepranckoil monuHe Y30ekucraHa. B @depranckoil MonMHE MpEACTaBICHO BCe pa3zHooOpasme
NPUPOJIHBIX  ycrnoBuM cBoWcTBeHHBIX Cpeaneit Asum. Kiummar @DepraHckoid  T0JIMHBI
KOHTUHEHTANBHBIA W XapaKTepU3yeTcss  3acylUIMBOCTBIO M Malod  OOJIAYHOCTHIO,
MPOJOJKUTEIIBHBIM CYXUM JIETOM, HEYCTOMYHUBOW JOXKIJIMBON 3UMOW C CHIIBHBIMU 3aMOPO3KaMH.
Bcenencteue stux ocobenHocrer kimMara depranckasi J0JMHA OTHOCUTCS K TIEPEXOIHON 00sacTu
OT YMEPEHHOH K CyOTpOMHUYECKON 30HE C PEe3KO BHIPAKEHHBIMHU Ye€pPTaMHU KOHTUHEHTAIbHOCTH. B
paboTe UCTONB30BATUCH OOIIETPHHSATHIE B SHTOMOJIOTHH METOIUKH [3, 9].

[TpoBoaUIHUCH CTAllMOHAPHBIE U MapLIPyTHBIE COOPHI, HAOMIONEHNS, SKCTIEPUMEHTHI U YUETHI.
COop HACEKOMBIX TMPOBOIUIN OOBIYHBIM SHTOMOJOTHYECKHMM CaYKOM M CauykKOM CO ChEMHBIMH
npucnocobnenusiMu. CoOpaHHBIE HACEKOMBbIE U3 cadka CcoOHUpajuch U JIOCTaBISJIUCh B
naboparopuio, T1e MPOBOAMUIACH IHTOMOJOTHYecKas o0paboTka B3ATHIX TpoO. B HEKOTOpbIX
CIly4asix, MPU U3yUYE€HUU KOPMOBBIX CBsI3€H, COOp IMKaJ C pacTeHUN MPOU3BOAMICS BPYUHYIO, C
MOMOIIbI0 TMpoOupKu. [lpu u3yuyeHWH OWOIOTUH OTIAEIBHBIX BHJIOB TOJB30BAINUCH CaJIKAMH,
MOJIOTaMH ¥ MapJIeBBIMHU U30JISTOPAMHU.
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Pesynomamot uccneoosanuii

HccnenoBanust B 06macTu pa3paboOTKU METONOB IKCIpPecC TUArHOCTHKU BpeauTeNel, HaMHu
MIPOBOJIMIIUCH C BBIOOPOM Pa3iIMUHBIX BUIAOB IIUKAJl, U3yUYE€HHE KOTOPHIX UMEET BaXKHOE JJIs1 60pbOBI
¢ anmu 3Hadenue [10]. [lnst sTtoro Obima paspaboraHa cleayromasi, OpUTHHAIbHAS U yAOOHAS
MMEHHO ISl IPOBEACHUS MOHUTOPHHIA LUKAIOBBIX MeTonuKa. OHa 3aKio4aeTcs B TOM, UYTO IPH
KaueCTBEHHBIX cOOpax BBHIOOpKA IMKAJ U3 Cauka OCYLIECTBIISIIACH MPU MOMOILIU MPUCIIOCOONICHNUS,
pa3paboTaHHOTO aBTOPOM JIaHHOM CTAaThH U HA KOTOPOE IMOJy4YeH nareHT. [Ipucrnocobnenre cocTout
U3 IPOOUPKH U CTEKJISTHHOW TPYOKM OIMHAKOBOTO JAMAaMETpa M JUIMHBI, ¢ podupkoil. [Ipobupka u
TpyOKa COE€TUHEHBI PE3WHOBON TPYyOKOW JuIMHOW 5—8 cMm. Pe3anHoBas TpyOka 1aeT BO3MOXHOCTH
CKJIa/IbIBaTh CTEKJISIHHBIE YacTH MapajlieibHO ApPYyT Ipyry, NpUYeM, B MecTe Hu3ruda pesuHa
CIUTIOIIMBAETCS W TEM CaMbIM MPEISATCTBYET IEPEXOAy HACEKOMBIX W3 CTEKJISHHOH TpyOKH B
npobupky u HaoOopoT. Ilpu BBIOOpKE HACEKOMBIX W3 Cayka MPUOOpP HAXOMUTCS B CIOKEHHOM
nosioxkeHnH. Kak Tonpko TpyOKka HamoJIHSIETCsl HACEKOMBIMU, PUOOP pacIpsIMIIIOT PUIOAHUMAIOT
€ro mpoOHpKOM KBEpXy M HACEKOMbIE 4Yepe3 PEe3WHOBYIO TPYOKy MEpeXolsiT B MpOOHpKY. 3aTem
npuOOp CKJIAIBIBAIOT U MPOAOIDKAIOT BHIOMpATh IMKAJ U3 CayKa B CTEKISIHHYIO TPyOKy, 1O Mepe
HAITOJIHEHHS KOTOPOW, HACEKOMBIX CHOBA MEPEBOJAT B IIPOOHPKY.

Bunsr cemeiictBa Cicadellidae ortnuyarorcss TeM, 4TO 3TO MEJIKHE M CpPEIHEH BEIMYHUHBI
HACEKOMbIe, UMEIOIINE MIUPOKHUE 3aJHIE Ta3UKH, 3aJJHUE TOJICHH y HUX IJIOCKUE, YEThIPEXTPaHHbIE
CO IIETMHKAMH 1O HAPY>KHBIM pedpaM. DTO caMoe OOJBIIOE CEeMEHCTBO IMKAIOBBIX. MIMEHHO K
HEMY OTHOCSTCS, M3ydaeMble HAMU TaKue BPEIOUTENH, Kak Austroagallia zachvatkini Vilbaste,
Anaceratagallia venosa (de Fourcroy), Cicadella viridis (L.), Empoasca meridiana Zachvatkin,
Kyboasca bipunctata (Oshanin), Circulifer opacipennis (Lethierry) u MHOTHE ApyTHe BUIBL.

Pon Euscelis Brullé Bnepsbie uccienosan Brullé B 1832 ronmy, B Y30ekucrane mmkaj 3TOTO
pona uzydanu oTpsiBoYHO. K 3TOMY pony, B ycnoBusix depraHnckoil JOIMHBI, OTHOCSTCS HEOOIbIIHE
[UKaIbl C KPEMKUM U KOPOTKUM TenoM. [0n0Ba y HHMX HIMpe NEpeJHECHUHKH, TeMs BBITYKIIOE,
MATUYTOJILHOE, CIIEPEIN YITIOBATO BHITHYTOE, IUIABHO 3aKpyrieHHoe. [IpocThie ma3ku nexar omuxe
K CJIIOKHBIM Ta3aM. JIMIo BEIMyKII0€, (POHTOKIMIICYC BIBOE JJIMHHEE aHTEKIIHUIEYCa, IMUPOKUN U
OKpYINIbIH. AHTEKJIUIEYyC NapaulelbHOOOKHUN, HEMHOro JJMHHEE CBOEM IIMpUHBI, c1abo
BBIMYKIIbIN. [lepeqHecnHKka BBIMYyKIas, MEpPENHSAS €€ TpaHb OKpyrias, 3aaHAd NpsMas co
Cpe3aHHBIMU YTJIaMH, MO0 CTOpOHaM ciabo 3akpyrieHHas. 3afHss MOJOBHHA TEPEIHECHTHHKU B
MOTIEPEYHBIX M MOPIIMHHUCTHIX Oopo3akax. O0e mapbl KPBUIBEB DPa3BHUTHIC, [UIMHHEE OpIOIIKa,
HAJIKPBUTBSI TIPO3pAYHbIe WM C CHJIBHON NHUrMeHTanuei. JKWKku CBETNIble, Y CaMOK HaJIKPBUIbS
WHOTZIa yKOpOodeHHble. Hamm uccnenoBaHusl mokasaiu, 4TO Ha JIOLIEPHE JKUBYT, Pa3BUBAIOTCA U
HAHOCST BpeJ HECKONbKO BUAOB: Euscelis lineolatus Brullé, Euscelis plebeius (Fallén.).

Euscelis lineolatus Brullé xapakrepusyercss Tem, 4Tto 3T0 Oyphle LHKAJIbl, C YEpPHO-OypBHIM
pUCYHKOM. PrcyHOK Oojiee MHTEHCHBHBIM HAa TeMEHH M TepenHecnuHke. JIumo ¢ Oypo-uepHbIM
pucyHKoM. CTHIIyChl OOBIYHOTO CTPOCHMS C JJIMHHOM MaNbLIEBUAHOH, CBEPHYTOH B CTOPOHY
BEPIIUHOMN. DJiearyc JOPCOBEHTPAIbHO YIIOMIEHHBIN, BHITHYTHIA. BepiinHa ero 3akpyrieHHas 0e3
OoTpocTKOB. [OHOMOp cyOamukanbHO-IOpcanbHbId. Pasmepsl camma 3,5 mm, camku 3,3-3,6 MM.
Pacnipoctpanenue Buna cienytomniee: Kanapckue octpoBa, CeBepHas Adpuka, EBpona, Mopnanus,
Azepbaiixan, Y3oekucrad. Ilo csenenusim I. K. JlyGoBckoro mukaza xapakTepHa JUisl paBHHH
[enTpansHoil A3uH, I1e OTIIOKEHHBIC ITUKAIaMH K KOHITY ampeis siia BruajaoT B Auanaysy [3].

JIvuMHKM W3 TIepe3WMOBAaBIIUX SUI[ TMOSBISIOTCS B Hayale MapTa M OCHOBHAas Macca
3aKaHYMBAaeT CBOE pa3BUTHE K KOHIy Mapra. B Hauame ampens y caMoK HaOmomaercs
(dbopMHpOBaHUE SHI, KOTOPbIE OHM OTKJIAJBIBAIOT JIO CEpeauHBI ampens. K KoHIy ampensi mMaro
IIUKa/ TOJHOCThIO MOru6arT. OTIOXKEHHBIE LUKaJaMU SHIla HE pa3BUBAIOTCS 10 CIEIyrolei
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BecHbl. CnenoBarenbHo, Euscelis lineolatus Brullé maet 1 renepanuo B roj, IpOXOauT Tpu (a3bl
pazBuTus u 3umyet B (aze sina. [{ukana Euscelis lineolatus Brullé oOHapyxeHa HAaMH HE TOJBKO
Ha JsroriepHe. COop ObUT Ha MIICHWIIE W SYMEHE. MecTaMu 3TO MHOTOYHMCICHHBIA BUJ. Euscelis
plebeius (Fallén) B ycnoBusix @epranckoil JOIMHBI 3TO Oypble WM OypoBarble NHMKAIbl C
KpacHOBAaThIMH TOHAMHU, ¢ OyphIM PUCYHKOM Bepxa. CTHIyChl OOBIYHOTO CTPOCHHUS, C YAJIUHEHHOM
MaJIbIIEBUIHOM, HEMHOTO CBEPHYTOM B CTOpOHY BepmimHoW. CTBOJ 37earyca IJIOCKUM, ITUPOKUM.
Bepmmaa ero BeieMyarasi ¢ HEOONBIIMMHU KIIFOBOBHIHBIMH OTPOCTKAMH 1O CTOpOHAM. [ OHOMOp
cyOanuKabHO-T0pcanbHbiid. Pazmepsl camma 3,1-4,1 mm, camku 4,8-5,1 M.

Bun Euscelis plebeius (Fallén) 6p11 onucan uccnenosarenem Fallén B 1806 1. moa Ha3BaHueM
Cicada plebeja, 3arem ObUl IepeonrMcaH MHOTMMH YYEHBIMH W JaXe IMEpexXOAusl B pa3HbIe
CHUCTEMaTHYeCKHUE Kareropuu. B Hacrtosiiiee Bpemsi, COIIACHO IpaBUjIaM MPUOPUTETAa — 3TO BUJ
Euscelis plebeius (Fallén). PacnpocTpanenue 3Toil nukangel ciemyromee: Maneiipa, CeBepHas
Adpuka, 3anagnas Eepoma, Kumnp, Typrwus, Mopmanus, Uspauns, Upan, Adranucran, Jlarsus,
VYkpauna, MonnaBus, eBporeiickas dactb Poccum, Aunrail, Cubups, I[pys3us, Apmenus,
Azepbaiikan, Kazaxcran, Tamkukucran, Keipreicran, Y3oOekwcran. B ®depranckoit moiumHe
nukana FEuscelis plebeius (Fallén) Oomee xapakTepHa MHOTOYHCIICHHA B TPEATOPBAX M TOpax.
OTmeueHa Ha JIolEepHEe, HEKOTOPBIE UCCIIE0BATENHN COOOMIA0T, 4To 310 nonudar [3, 9, 11, 12].

HccnenoBanusi 1Mo M3y4eHHIO 3TOW LUKAIbl APYTUMHU aBTOpaMU B ycioBHsIX DepraHckoi
JOMHUHBI OTCYTCTBYIOT. Hamu nmkana Euscelis plebeius (Fallén) B @epranckoii nonuae oOHapyKeHa
Ha mrouepHe. Kpome Toro, coriacHO JUTEpAaTypHBIM CBEICHUSIM, 00a OOHApyXCHHBIX BHUIA
(E. lineolatus u E. plebeius) aBns0TCSA NEPEHOCUNKAMU BUPYCHBIX Oosie3nell. [IpoBeneHHbIi ananmn3
(dayHbl KKa npencTasieH B Tadnure.

Tabmuna
AHAJIN3 ®AVYHBI ITUKA/T Euscelidius Ribaut u Euscelis Brullé (2011-2022 rr.)
Cemeticmso, poo Buowi, nogpesicoarowue Haubonee spedonochvie 8udvl
JIOYEepHy
Cewmeiictro Cicadellidae Euscelidius mundus (Haupt) Euscelidius mundus (Haupt)
pox Euscelidius Ribaut Euscelidius striatus (L.)
Euscelidius sp.

CewmeiictBo Cicadellidae Euscelis lineolatus Brullé Euscelis lineolatus Brullé
pox Euscelis Brullé Euscelis plebeius (Fallén.) Euscelis plebeius (Fallén.)
Bcezo: 5 3

B Tabnuie npencraBieH BHIOBOM cocTaB u3 ABYX poaoB cemeiictBa Cicadellidae. 13 pona
Euscelidius Ribaut oOHapyeHO Tpu BHIa IHMKaJ, OOWUTAIOIIMX Ha JIIOIEPHE, M3 KOTOPBIX
Euscelidius mundus (Haupt) naubosnee BpeoHOCHbIN. A U3 AByX BuaoB poaa Euscelis Brullé, o6a
Bumaa Euscelis lineolatus Brullé u Euscelis plebeius (Fallén.) Euscelis plebejus (Fallen) sisstotcst
BpEIUTEISIMU JIIOIIEpHBL. T. €. 00a Buaa TpeOyroT BHUMATENIbHBIX HabmoneHuit. Kpome »Tux nByx
BusioB (E. lineolatus u E. plebeius), namu Obi coOpaHbl U JAPYTHe BHUIbI, OTHOCSIIUECS K POy
Euscelis Brullé. Onn Ha naHHBI MOMEHT OOHMTAIOT HAa JMKOM PACTHTEIHFHOCTH M HE MEPEXOIAT Ha
nrouepHy. Hanpumep, Bun Euscelis alsius Ribaut 6s11 cobpan ¢ nukoii 31aKoBo# pacTUTETBHOCTH.
buonorus Euscelis plebeius (Fallén) u Euscelis alsius Ribaut umeer mHOro obmiero ¢ Guosnorueit
Euscelis lineolatus Brullé. JlutepaTypHbIX CBEICHHMIA O €CTECTBEHHBIX Bparax IIMKaJIOBBIX
depranckoil JAONWHBI elie HeJocTaToyHo. L[ukanel moaBepraroTcs HamaJeHHI0 €CTECTBEHHBIX
BPAaroB, CHIKAIOLIME WX YUCICHHOCTh. MIX YHUUYTOXKAIOT MPECMBIKAIOIIUECs, TUTAIOTCS Pa3InYHbIe
OTHIBI MECTHOHM (payHbI U JPyTrue KUBOTHBIC, B TOM YHCJIe HACEKOMbIC. EMUHUYHBIC 3K3EMILISIPhI
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1uKaa ObUTH 3apaKeHbI Tapa3uTaMu u3 cemeicTB Dryinidae u Dorylidae.

Bvi16o0wv

B pesynprare TpPOBENCHHBIX MCCIENOBAaHUM IMKANOBBIX U3 poxa FEuscelis Brullg,
MOBPEXKIAIOIINX JIFOIIEPHY MOXKHO CJeNiaTh BBIBOJ, YTO Ha JIIOICPHE >KHBYT, Pa3BUBAIOTCA M
nutarotcss  Euscelis lineolatus Brullé w Euscelis plebeius (Fallén). W3yuenue sHTOMO(Aros
JOMHHAHTHBIX BUJOB IIMKAJ IOKa3aJ0, YTO LUKAJ YHHYTOXKAIOT XWIHBIE WU Tapa3uTHUECKUE
KHUBOTHBIC. V3ydeHne OMOIOTHYeCKUX U APYTHX OCOOCHHOCTEH BPEIHBIX BUJOB IIMKA[l, TO3BOJISET
HE TOJIBKO TIPOTHO3MPOBaTh YBEIMUYCHHE WX YHCICHHOCTH, HO M pa3paborarh Hambojee
a¢hdexTuBHBIE U 6e30MacHbIe MEphl OOPHOHI.
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PHYTOPHAGOUS INSECTS OF Malus IN UZBEKISTAN

©Muminova R., Ph.D., Tashkent State Agrarian University,
Tashkent, Uzbekistan, muminova.rano@tdau.uz

HACEKOMBIE-OPUTOPAI'U ABJIOHU B Y3BEKUCTAHE

O©OMymunosa P. /., kano. c.-x. nayk, TawkenmcKkuti 20cy0apcmeeHHblil depaphblil YHUGepCument,
2. Tawxenm, Y30exucman, muminova.rano@tdau.uz

Abstract. The paper presents descriptions of some of the most common apple pests. In
Uzbekistan, the apple tree is one of the most important fruit trees. Damage to the apple tree must be
controlled, and for this, all types of pests must be studied. Horticultural products from Uzbekistan
are in demand on the world market. Currently, the export of food, fruit and vegetable products
totaled about 5 billion dollars. Over the past three years, the volume of exported agricultural
products has more than tripled. On fruit crops, one of the most dangerous pests are mites. Biological
control measures on these crops have not yet been developed to the perfection as against pests
belonging to the class of insects. There are studies where effects on the number of spider mites on
an apple tree are noticed, where varieties with weak and medium pubescence are especially affected
by the mite, and varieties with felt pubescence are slightly damaged.

Annomayus. B pabote mpencTaBiieHbl OMMCAHUS HEKOTOPBIX, HauboJIee 4acTo BCTPEYaeMbIX
BpenuTeneil si0nonu. B Y30ekucrane si010Hs SIBIAETCS OHUM U3 BaXKHEHUIIMX IUIOOBBIX JI€PEBLEB.
HopameHI/m S10710HHA JOJDKHBI KOHTPOJUPOBATHCA, a HJId 2TOI0 HGO6XOI[I/IMO HU3ydaTrb BCC BHJBI
Bpenuteneil. IIponykuus cajgoBoacTBa M3 Y30ekucraHa BocTpeOOBaHa Ha MHUPOBOM pbiHKE. B
HacTosIIee BpeMsl KCIIOPT MPOA0BOILCTBEHHOM, MI000BOIIHON MPOJYKIIMU COCTABHII Ha OOILYIO
CyMMY OKOJIO 5 MWIIMApAOB JA0JUIapoB. 3a MOCIEJHHE TpHU roja o0beM 3KCIOPTHPOBAHHOU
CEJIbXO3IPOIYKIIMU BBIPOC Oosee ueM B TpH pa3a. Ha miuofoBbIX KyiasTypaX OIHUM U3 Hambonee
OTACHBIX BpPEIUTENCH SABIAIOTCS Kiemu. buonorndyeckue mepsl 00phOBI Ha ATUX KYJIBTypax IMOKa
pa3paboTaHbl B MEHbIIEH CTENeHW, 4eM IMPOTHB APYrux Bpeauteneid. OTmeyaercs BIUSHUE Ha
YHUCJICHHOCTh MayTHHHOTO Kiella Ha s0JoHe, TAe copTa cO ClabbIM U CPEJHUM OIyIICHHEM
0COOEHHO CTPaAAIOT OT KJIENIA, @ COPTa C BOMJIOYHBIM OIYIIEHUEM MTOBPEKIAIOTCS c1a00.

Keywords: pests, Malus, control, Uzbekistan.
Knrouesvie cnosa: Bpenurenu, siomons, 6oproa, Y306ekucras.

The appearance of the numerous apple-infesting species varies as follows: The brown mite:
The adult female is a dull reddish brown with dark orange markings on a flattened body. The front
legs are much longer than the other legs and reach forward from the torso. Adult European red mites
are globular, reddish, and have white spines. Immatures resemble adults but are smaller. Red and
globular eggs (Figure 1, 2). Adult females are pale yellow to white with two or three dark,
rectangular marks on each side of the abdomen. Immatures resemble the two-spotted spider mite;
however, they are more yellowish in color. Eggs are transparent and round. Spider mites cause leaf
damage by puncturing cells and sucking the contents out. This causes little yellow-white dots to
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appear on the upper leaf surface. In severe infestations, the dots merge and the leaf turn yellow or
bronze. Resistance to clofentezine was identified in four populations of the European red mite,
Panonychus ulmi (Koch), from apple orchards in Ontario after ca. 5 years use. Resistance was
expressed at high levels (> 2000-fold at the LC 50) to clofentezine in a population selected in the
laboratory. This population was resistant to hexythiazox and to the organotin compounds cyhexatin
and fenbutatin-oxide. However, a population selected with fenbutatin-oxide did not show cross
resistance to clofentezine. The clofentezine-resistant population was not resistant to pyridaben,
propargite or dicofol [1].

Female yellow spider mites overwinter under bark or in soil debris as fertilized females.
European red mites and brown mites overwinter as eggs in twig bark cracks and immature limbs.
When the buds break in the spring, they travel to the young leaves and create several generations
from spring until October. Females can lay up to ten eggs every day and over 200 eggs in their
lifespan. During the summer, egg-to-adult development can take 7 to 10 days. They flourish in hot,
dry climates. Webbing is produced by large mite colonies. Wind transport is the primary mode of
dispersal [2].

Figure 1. European Red mite’s egg Figure 2 Codling moth (Cydia pomonella
(Linnaeus, 1758) on apple

Green apple aphid is a widespread but minor apple pest that also infects pear. It is especially
vital on young trees. It is brilliant green in color, as the name says, and easily recognized from other
apple aphid infestations [3].

The life cycle begins in April when the aphid hatches from overwintered eggs on the bark,
although the spring colonies that grow in shoot tips are unimportant. In the summer, winged forms
emerge and move to the budding branches of other apple trees. In the summer, large, dense colonies
form along the lengths of these migrants’ branches, and it is these that are harmful. The colonies
emit a strong, unique odor. Fruits near and beneath colonies are extensively polluted with
honeydew, which is darkened by sooty mould and cast aphid skins. Black ants are commonly
present in the colonies [4].

When pest assessments are performed from late June to the end of August, the severity of
infestation by green apple aphid should be determined in each orchard. If more than 10% of shoots
have green apple aphid infestations producing leaf curling, an insecticide application should be
considered. The codling moth This pest is as damaging to fruit trees as it is widespread it may be
found anywhere apples are planted, with the exception of East Asia and Africa. Codling moth is not
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a new pest; it was brought to America by European settlers more than 200 years ago. Its primary
host is apples, although it can also infect other fruits such as pears. Not only does the fruit lose its
flavor, but the damaged areas of the apple may contain aflatoxins, which are carcinogens generated
by mould. Lepidopteran insects use sex pheromones to communicate for mating. Olfactory
communication and mate-finding can be prevented by permeating the atmosphere with synthetic
pheromone. Pheromone-mediated mating disruption has become a commercially viable pest
management technique and is used to control the codling moth, Cydia pomonella, a key insect pest
of apple, on 160,000 ha worldwide. The codling moth sex pheromone, codlemon, is species specific
and nontoxic. Orchard treatments with up to 100 grams of synthetic codlemon per hectare
effectively control codling moth populations over the entire growing season. Practical
implementation of the mating disruption technique has been realized at an opportune time, as
codling moth has become resistant to many insecticides. We review codling moth chemical ecology
and factors underlying the behavioral mechanisms and practical implementation of mating
disruption. Area-wide programs are the result of collaborative efforts between academic research
institutions, extension, chemical industries, and grower organizations, and they demonstrate the
environmental and economic relevance of pheromone research [5].

The codling moth goes through four stages of development: egg, larva, pupa, and adult. The
number of generations per year grows as the climate and weather warm. It is not uncommon to have
two, three, or even four generations per year. The developed larvae spend the winter in a thick
cocoon under the bark scales and in plant detritus or soil around the base of host trees. The larvae
pupate in early spring, and the adult moths emerge around the time the apples begin to bloom. Adult
moths are only active when the temperature rises over 60 degrees Fahrenheit and in the hours before
and after sunset. To mate, the moths require temperatures of at least 62 degrees Fahrenheit at
sundown. A female lays solitary eggs on leaves, stems, or growing fruit at night, totaling 70 to 100
eggs. The eggs hatch in six to twenty days [6].

The emerging larvae dig deeply into the developing fruit's core to feed on the seeds for three
to five weeks before exiting the fruit. They fall from the tree and crawl to a sheltered area, such as
plant debris on the ground or bark cracks, where they spin a cocoon for their pupa. In mid-summer,
the next generation of adult moths emerges, and the life cycle begins again. The larvae found in fall-
harvested apples are usually from the second or third generation. Management-biological control.
Cool, moist temperatures early in the season keep spider mite populations in check. Lady beetles
(Stethorus spp.) and minute pirate bugs (Orius spp.) provide significant natural control. Predator
mites like Typhlodromus spp. or Neoseiulus fallacis (Garman, 1948) (= Amblyseius fallacis
(Garman, 1948)) are also helpful in controlling spider mite populations and can be purchased. To
protect predators, avoid broad-spectrum insecticide spraying. Spider mite infections thrive in dry,
dusty environments, so avoid generating these circumstances and stressing the plants. Cover crops
also help to alleviate dust and mite concerns. Broadleaf weeds such as mallow, bindweed, white
clover, and knotweed increase mite populations. Mite numbers may be reduced if these weeds are
suppressed through cultivation or grasses. Mites can be removed off the tree by using a forceful
stream of water. Trees that have been drought-stressed are more vulnerable. Excessive nitrogen
applications promote mite growth. The suppression of this pest in the past relied on intensive
insecticide application(s) which ultimately led to the development of resistance an Effective
strategy should involve all available tools for pest control for their monitoring.
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Abstract. Scale insects are major pests of crops and ornamental plants, with Diaspididae,
Pseudococcidae, and Coccidae being the three most important families. They can cause economic
damage by sucking sap, injecting poisons, and transmitting viruses. Mealybugs and soft scales may
also cause indirect damage by excreting honeydew onto the plant surface. National phytosanitary
services conduct active inspections for these insects, and morphological identification is achievable,
but difficult. Diaspididae are a family of fast-breeding insects that suck plant sap and produce
a sticky material called pad, which attracts ants. Diaspididae is a type of sap-sucking insect that
affects hard-leaved orchids, citrus, ficus, and other plants. Females are aphids and generate wax that
provides a protective shield. The shield itself can be circular or extended and can range in color
from light to dark brown. Diaspididae produces eggs (up to 3000 pieces) under the shield, from
which very small, mobile young individuals hatch. Males have two front wings and can fly to other
plants; their life cycle is only a few days long.

Annomayus. Hacexomble SBISIIOTCS OCHOBHBIMH BPEIUTEISIMU  CEITBCKOXO3SHCTBEHHBIX
KyJbTYp U JEKOpaTUBHBIX pacTeHuil, npuuem Diaspididae, Pseudococcidae u Coccidae siBnsrorcs
TpeMs HaubOoJiee BaKHBIMU cemericTBamu. OHU MOTYT HAHECTH SKOHOMHYECKHUH yIiepO, BbIcachiBast
COK, BBOJS SIABI M TIepefaBas BUPYCHl. MyUYHHCTHIE YepBEIbl U JIOKHOIIUTOBKM TaKkKe MOTYT
HaHOCUTh KOCBEHHBIN yIiep0, BbIIEISISI MEABSHYIO Na/lb Ha MOBEPXHOCTh pacTeHus. HaloHanbHble
¢buTOCaHUTApHBIE CITYKOBI MPOBOJAT AKTUBHBIE NMPOBEPKU ATUX HACEKOMBIX, U MOP(OJIOrHYecKas
UACHTUQUKAIMS ~JOCTHXKMMa, HO 3arpyaHeHa. Diaspididae — 310 cemeiictBo  ObICTpO
Pa3MHOXKAIOIINXCS HACEKOMBIX, KOTOpPbIE BBICACHIBAIOT COK PACTEHHWHA W TPOU3BOAAT MENBSHYIO
najab, KOTOpas TpHUBIeKaeT MypaBbeB. Diaspididae mopaxaioT KECTKOJUCTHBIE OpXHJIEH,
LUTPYCOBBIE, GUKYCHI U Ipyrue pacteHus. CaMKH MPOU3BOIAT BOCK, KOTOPBIA 00pa3yeT 3aIllMTHBINA
mut. CaM MUT MOXET OBITh KPYIJIBIM HIIM BBITSHYTBIM, & €r0 I[BET MOXXET BapbHPOBATHCS OT
CBETJIOro /10 TeMHo-kopuuHeBoro. Diaspididae oTknanpiBaer noa mutkoM sifna (no 3000 mryk), u3
KOTOPBIX BBUIYIUISIFOTCS OYE€Hb MEJKHE MOABMXKHBIE MoJozble 0co0u. CaMIlbl KpbUIaThle U MOTYT
nepeneraTb Ha Ipyrue pacTeHUs; UX KU3HEHHBIN IIUKII JJTUTCS] BCETO HECKOJIBKO JHEH.

Keywords: Coccoidea, ornamental plants, berry crops, sucking insects.

Kniouesvie cnosa: YCPBCUbI W MIIMTOBKH, JACKOPATHBHBLIC PpACTCHUA, ATOAHLIC KYJIbTYPBI,
COCyIIUC HACCKOMBIC-BPCAUTCIIN.

Scale insects (Hemiptera: Coccoidea) are major pests of crops and ornamental plants all over
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the world. Diaspididae (419 genera), Pseudococcidae (272 genera), and Coccidae (170 genera) are
the three most important families in terms of economic harm and number of genera. Scale insects
can directly inflict economic damage by sucking sap, injecting poisons, and transmitting viruses
that weaken the plant, decreasing fruit quality and output. Mealybugs (Pseudococcidae) and soft
scales (Coccidae) may also cause indirect damage by excreting honeydew onto the plant surface,
allowing sooty mold fungus to grow. Scale insects are also invasive pests that require quarantine in
certain countries, resulting in product rejection during international trade.

As a result, national phytosanitary services conduct active inspections for these insects, and
the presence of these insects is monitored by the majority of farm advisers. One of the most serious
issues in scale insect management is the difficulty in identifying them. Morphological identification
is achievable, but difficult: it necessitates a high level of competence and the inspection of adult
females, which are not usually available in the wild or in commercial items. Furthermore, even
when adult females are tested, distinguishing between highly similar species might be difficult.

Diaspididae are a family of fast-breeding insects. They suck plant sap and produce a delicious
sticky material called pad, which attracts ants. Diaspididae affects hard-leaved orchids
(Phalaenopsis, Cattleya, and Cymbidium), citrus, ficus, and other plants. The plant begins to
deteriorate as a result of Diaspididae influence: the leaves wither, become yellow, and fall off, and
the color of the leaves and flower shape alter.

Females are aphids, and they generate wax that provides a protective shield. The shield itself
can be circular or extended and can range in color from light to dark brown. The shield can range in
size from 0.5 mm to 5 mm. Diaspididae produces eggs (up to 3000 pieces) under the shield, from
which very small, mobile young individuals hatch. Females are immobile because they are securely
linked to the plant by a proboscis. The shield rises after the mother’s death, and the young
individuals scatter on the plant. Males, unlike females, can easily travel from plant to plant.

Pests are classified into two types based on the structure of the shield:

Diaspididae — a convex shield that is part of and attaches to the insect.

Pseudococcidae — shield flat, it may be softly picked up and lifted with a needle.

Diaspididae and Pseudococcidae are sap-sucking insects that reproduce quickly.

In urban settings, the armored scale insect Pseudaulacaspis pentagona infests mulberry trees
in disturbed landscape habitats (roadsides, parking lots) but not trees in forested habitats (woodlots).
Populations of P pentagona are contagiously distributed among mulberry trees in landscape
habitats [2].

Asexual or sexual reproduction is possible; some species are viviparous, while others lay
eggs. The newborn individual develops through numerous stages after emerging from an egg. They
are very little (invisible to the human eye), mobile, and can spread swiftly from plant to plant at
first, but then lose their ability to move and become overgrown with shield. Males have two front
wings and can fly to other plants; their size ranges from 1 to 2 mm; and their life cycle is only a few
days long. Females, unlike males, live for several months. Dispersal and colonization of new areas
by armored scale insects (Hemiptera: Diaspididae) is achieved by mobile first-instar nymphs, called
crawlers. Few studies have considered the actual mechanisms by which crawlers disperse, and
although crawlers are capable of actively wandering over short distances (generally <1 m), their
dispersal over longer distances has been thought to be wind-mediated. Here, we present evidence of
a potentially more important means of dispersal over longer distances (>1 m) [1, 5].

Pests do not infect well-developed, healthy plants that produce insect repellents. Infected
plants are weak and highly nitrogenous, as a result of inappropriate care (light, improper watering,
too hot or too cold air, etc.). Plant sap undergoes various changes that offer optimal circumstances
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for pest multiplication, which is especially problematic in the winter owing to limited sunshine and
dry air. Armoured scale insects (Sternorrhyncha, Coccoidea: Diaspididae) are sap-sucking
hemipterans with certain distinguishing characteristics when compared to other scale insect family
groups. They, for example, have a blind gut with no direct connection between the stomach and the
anal orifice, and hence do not produce honeydew, a delicious secretion. In order to mitigate this,
their bacteriomes contain vertically transmitted endosymbionts that aid in the manufacture of
essential nutritional components (e. g., amino acids) that are missing from the plant sap that they
consume.

Figure 1. Hemiptera: Diaspididae [8] Figure 2. Hemiptera: Diaspididae [8]

Scale insects are a complex collection of primarily sap sucking insects that include at least
30 families and around 8,000 species. These insects feed on the leaves and branches of a variety of
beautiful plants produced in gardens and nurseries. They cling to plants and feed by sucking fluids
with straw-like mouthparts. Scale insects are classified into two types: armored scale and soft scale.
The differentiation is significant because the behavior and management styles of the two groups
differ. Both groups live beneath waxy coatings that keep predators, parasitoids, and insecticides at
bay. Soft scales secrete a waxy covering over their bodies that cannot be removed. During their life
cycle, soft scales emit sugary honeydew and may travel from branches to leaves. Diaspididae, or
armored scales, is the most species-rich family of scale insects, with over 2,400 known
insects [4, 6].

Armored scales are also among the most challenging nursery pests to handle since they cause
considerable plant damage, and their “armor” makes them difficult to manage successfully. They
have overrun every continent except Antarctica and are among the world’s most invasive insects.
Euonymus scale, tea scale, oystershell scale, Japanese maple scale, false oleander scale, poplar
scale, and juniper scale are some of the most frequent armored scale species in nurseries. The list
will differ depending on your location and the crops you cultivate [7].

Most armored scale species have many generations per year and overwinter mostly as first
instar nymphs and adult females. Crawlers are legged, mobile nymphs that roam about hunting for
new areas to feed after hatching from eggs. In the case of females, these crawlers remain
permanently attached to the host plant. Males seek for females to mate with once they reach
maturity. Crawlers are the sole mobile life stage, and they colonize plants during this brief period.
Except for crawlers and adult males, armored scales have no visible appendages and spend their
entire lives feeding in the same location. Sexual or parthenogenetic reproduction is possible. Some
species are oviparous (laid eggs), while others are viviparous (have living young). Some armored
scales exclusively attack branches, while others attack foliage or fruits. A severe armored scale
infestation can weaken or destroy a tree or plant. When certain scale species are plentiful, they
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weaken the plant and cause it to grow slowly. affected plants show signs of water stress, their leaves
become yellow and drop prematurely, and plant sections that remain extensively affected may
perish. The dead brownish leaves on scale-killed branches may survive, giving plants a burned
appearance. Even if the scale does not harm the plant by producing honeydew, the sticky faeces,
sooty mold, and ants attracted to honeydew can disturb people.

Chemical control. Because most contact pesticides cannot penetrate the waxy layer on scale
nymphs and adults, these insecticides only control the crawler stage. Systemic products containing
dinotefuran, acetamiprid, or thiamethoxam, on the other hand, will aid in armored scale
management [3].
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Annomayus. BrnepBble W3y4eHO CBO€OOpa3zue KapHOTHUIIOB CIEIYIOIIMX MEIKHUX IPbI3yHOB
Uccbik-Kynbckoro n CoOKyJyKCKOro paiOHOB! JMUIUIOMAHBIA Habop XpOMOCOM TaMapHCKOBOH
necyanku (Meriones tamariscinus) ucchik-Kyabckoil momyssituu 2n=40. Yucio mied ayrocom
NF?=74. 38 ayrocom cocrosr u3 4 rpymr: 14 (M)+10 (Sm)+12(St)+2(A)+X(M)+Y(M). Beisisiiena
YCTOMYHMBOCTh KAPUOTUIIOB TAMAPUCKOBOW NECYAHKU MCCBIK-KYJIBCKOM MOYJSINUU. JAIUTOMAHBIN
Habop xpomocoM JjecHoit Mbimm (Apodemus sylvaticus) ucchIk-KynbCKO# momynsiuu 2n=48.
Yucmo rtrea ayrocom  NF?=68. 46 ayrocom cOCTOAT W3  CIEAYIOIIUX  TPYIIIL:
8(M)+14(St)+24(A)+X(M)+Y(M). BelsgBieH NOpocTpaHCTBEHHO-OMOTONUYECKUH XPOMOCOMHBIN
MOJIMMOP(U3M KapUOTUIIOB JIECHOW MBIIIM HCCBHIK-KYJIBCKON MOMyJsAuu. JunaouaHelii HaOOp
XpoMocoM JoMOBO# Maiu (Mus musculus) HCChIK-KyIbCKO#H U COKYITYKCKO# momyJsiun 2n=40.
Yucno mred aytocom NF?=38. 38 ayTocoMm COCTOSAT M3 aKpOLEHTPUYECKUX XpOoMocoM. [lonoBbie
XpOMOCOMBI COCTOSIT M3 Pa3/IMYarOMIUXCS MO pa3Mepy aKpOLEHTPUUYECKUX XpOMOcOoM. BrisBiieHa
YCTOMYHMBOCTh KapUOTHUIIOB JIOMOBOM MBIIIM MCCBIK-KYJIBCKOM M COKYJYKCKOM NOIYJISALUU.
JIututonIHbIH HaOOp XpomocoMm JiecHo# corm (Dryomys nitedula) mcChIK-KYIbCKOH MOMyYJISAIIHH
paBHO 2n=48. Yucno mieu ayrocom NF?* = 90. XpoMocomHBIi Ha0Op COCTOUT U3 YETBIPEX TPYIII
xpomocom: 16 (M)+18(Sm)+10(St)+2(A)+X(Sm)+X(Sm).  BbisiBIeH  HIpPOCTPaHCTBEHHO-
OMOTONMMYECKUH XPOMOCOMHBIM TOMUMOP(U3M KAPUOTUIIOB JIECHOM COHU HCCHIK-KYJIbCKOU
nonyJsinuy. BriepBele omucaH kapuoTui ceporo xomsiuka Cricetulus migratorius cokymykckoit
nomyssun: 2n=22, NF=44, 10(M)+2(Sm)+10(St); monoBsle XpoMocoMbl He OOHapyxkeHbl. [Ipu
CpPaBHEHMM KapHOTHIIOB, OOOCOOJIEHHBIX MHUKPOIOMYJALMHA JaHHOTO BHUJAA, OMNpeaeseH
MIPOCTPAHCTBEHHO-OMOTOMMMYECKH XPOMOCOMHBIN TonmuMopdu3M 1o  MOp(OJOTUH  ayTOCOM
JUTIJIOUTHOTO Habopa XpOMOCOM.

Abstract. For the first time, the originality of karyotypes of the following small rodents of
the Issyk-Kul and Sokuluk Districts was studied: Diploid set of chromosomes of the Meriones
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tamariscinus of the Issyk-Kul population 2n=40. Number of arms of autosomes NF*=74.
38 autosomes consist of 4 groups: 14 (M) + 10 (Sm) + 12 (St) + 2 (A) + X (M) + Y (M).
The stability of karyotypes of the tamarisk gerbil of the Issyk-Kul population was revealed.
The diploid set of chromosomes of the Apodemus sylvaticus of the Issyk-Kul population 2n=48.
Number of arms of autosomes NF*=68. 46 autosomes consist of the following groups:
8(M)+14(St)+24(A)+X(M)+Y(M). Spatial-biotypic chromosomal polymorphism of wood mouse
karyotypes of the Issyk-Kul population was revealed. The diploid set of chromosomes of the Mus
musculus of the Issyk-Kul and Sokuluk populations 2n=40. Number of arms of autosomes NF*=38.
38 autosomes are made up of acrocentric chromosomes. The sex chromosomes are made up of
acrocentric chromosomes that differ in size. The stability of the karyotypes of the domestic mouse
of the Issyk-Kul and Sokuluk populations was revealed. The diploid set of chromosomes of
the Dryomys nitedula of the Issyk-Kul population is 2n=48. The number of arms of autosomes is
NF? = 90. The chromosome set consists of four groups of chromosomes: 16 (M) + 18 (Sm) + 10
(St) + 2 (A) + X (Sm) + X (Sm). Spatial-biotypic chromosomal polymorphism of karyotypes of
forest dormouse of the Issyk-Kul population was revealed. The karyotype of the gray hamster is
described for the first time. The karyotype of the gray hamster Cricetulus migratorius of
the Sokuluk population was described for the first time: 2n=22, NF=44, 10(M)+2(Sm)+10(St); no
sex chromosomes were found. When comparing karyotypes, isolated micropopulations of this
species, spatial-biotypic chromosomal polymorphism was determined according to the morphology
of autosomes of the diploid set of chromosomes.

Knrouegvle cnosa: 1UTOTEHETHKA, KapUOTHUIIBI, KapUOTPAMMa, XPOMOCOMBI, MOIUMOPQHU3M,
TPBI3YHBI.

Keywords: cytogenetics, karyotypes, karyogram, chromosomes, polymorphism, rodents.

OnpenereHre 9uciia XpoMOCOM M UX MOPQOJIOTHH SBISETCS BAXKHON WH(GOPMAIUEH I BCeX
BHUJIOB, B OCOOCHHOCTH IS T€X, T€HOMBI KOTOPBIX TOJABEPIIMCh K JIEUCTBHSIM HKOJIOTO-
MPOCTPAHCTBEHHO-OMOTOMMYECKOH H30JSIIMH. BO3MOXKHO, MMEHHO TO 3TUM MPUYMHAM TIPU
M300MIIMK JTaHHBIX KapHOTUIUPOBAHUS, COOPAaHHBIMU JIO YPOBHS XPOMOCOM OCTalOTCS T€HOMBI
JUIIL HECKOJBKHX JIECATKOB BHJOB TpbI3yHOB. llocienHee OOCTOATENHCTBO TMOJYEPKUBACT
KPallHIOK BAXKHOCThH JIETAIBHBIX IIUTOTCHETHYECKUX HMCCIEAOBAaHUW MU MU3YyYECHUS OpraHu3aluu,
CTPYKTYphl ¥ (YHKIIMOHHPOBAHHUS TE€HOMOB TpBIBYHOB. LluTOreHeTHuYeCKHe WCCIEIOBAHUS
MO3BOJIAIOT B3MIISIHYTh HA TEHOM B IIEJIOM: BBISIBUTH YHCIIO XPOMOCOM U OMHUCATh UX MOPQOIOTHIO,
MOKa3aTh NPHUCYTCTBHE WJIM OTCYTCTBHE JO0ABOYHBIX XPOMOCOM, MOJIUMOP(PHU3M XPOMOCOM,
BBISIBUTH I'€TEPOXPOMATUHOBBIX U 3yXPOMAaTHHOBBIX MOCIEA0BATEIBLHOCTEN U TTOJIOBBIE XPOMOCOMBI.
KapTel palioHOB romMoJOrMy MO3BOJISIIOT TOYHEE IOHATH 3BOJIOLUI0 KapUOTUIIOB TPBI3YHOB H
buIoreHeTHYeCKUe CBSA3M MEXAy BuAaMmH. M3ydeHHe XpOMOCOMHOW W3MEHYMBOCTU HWMEET
OOJNIBIIIOE 3HAYEHHE IS OLEHKHM T'€HETHYECKHUX ITOTEHIIMAJIOB JMKHX >KHBOTHBIX. YCTOMYHMBOCTH
[IUTOTCGHETUYECKUX  TIOKazaTrelied JKMBOTHBIX MOXKHO HCIOJB30BaTh KaK  OHMOWHIMKATOP
B3aMMOJICUCTBHS CO CPEON U BBISBICHUS TOCIEACTBUM BIUSHUS HKOJOTHYECKHX (hakTopoB. Tak
KaK TPBI3yHBI MPUCIOCOONEHBI K OOUTAHUIO B Pa3NUYHBIX SKOJOTHYECKUX ycIoBUsX. [loaTomy
WCCIIEIOBAHUS KapHUOTHIIOB TPHI3YHOB OIPEACTSIOT CBOEOOpa3ue MOMysIuil BHYTpU BHIA U
HEKOTOpBhIE OCOOCHHOCTH WHJMBHIYyaJbHOM TEHETHYECKOM H3MEHYMBOCTH Ha TEPBOHAYATHHOM
JTane AUBEPTCHIIMH BHUJOB, SBISSICH IEHHBIM (DAaKTHUYECKHM MaTepHaJioM IO JBOJIOIHMH BHUIOB
rpeI3yHOB. llocneacTBust WM30MLMM  HAKJIAABIBAIOT CBOW OTIEYAaTOK W HAa KapUOTHIIBI,
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BBIp@)XAIOUIUICA B XPOMOCOMHOM IOJMMOp(HU3ME BHYTPU BHJA HAa ypOBHE Momyisuuu. Pemenue
3THX BONPOCOB HMEET OOJbIIYI0 LIEHHOCTh INPHU Pa3BUTHM TEOPUU M TNPAKTHUECKUX MpoliieM
JKOJIOTMYECKOM LIUTOTCHETUKHU. Takue McciaenoBaHus JAl0T OLICHKY BIMSHUS OKPYKAIOLIEH Cpebl
Ha HACJIEIACTBEHHOCTb, BO3MOXXHOCTb OIPEIECIATh NPUYMHBI U YPOBEHb M3MEHYMBOCTH, a TaKXKe
JBIDKYILYIO CHITY 3BOJIFOLMH. [10TOMY 11enbio 1aHHON paboThl SIBIAETCS U3YyUEHUE CPAaBHUTEIIbHON
XapaKTePUCTUKHU KAPUOTHIIOB MEJKHX TIPbI3yHOB OOMTAIOLIMX B YCIOBHUSX SKOJOTHYECKOH
U30JIALIHH.

Mamepuan u memoowi

Marepuan s HUCCIEAOBaHUS IOJIyYEH IIyTEM CIELUAIbHOTO BBICTABJICHUS >KUBOJIIOBOK
gepe3 KakIple 5 METpOB B OTKPHITBIX Omotonax Hcckik-Kymbckoro u COKYITYKCKOTO PailOHOB.
Marepuan cobpan B nepuox ¢ 2021 r mo 2023 1. Ha TEPPUTOPUU JOIMHHO-TIPEATOPHON 30HBI
Uccpik-Kynbekoro u CokyayKCKOro paiiOHOB.

OT0B IPOBOJAMIM METOJOM JIOBYIIKA-TMHUM B OTKPBITBIX CTAlMAX (JIECONMOCAAKH, JIyra,
3apOoCiii KyCTapHUKOB, apKH, IICThIPU) U €IMHUYHBIMU IIJIAIIKAMH B 3aKPBITHIX CTAlUAX (3KUJIbIE
MacCHUBBl CEJIbCKOIO THUIIA, MYCOpHbIE CBasikH). Ilpu uccieqoBaHMM MHMTOTHYECKHX XPOMOCOM
MeTadasHble IUIACTUHKM TOTOBWIM METOJAaMHM IPUIOTOBJIEHUS BBICYIIEHHBIX IIPENaparoB.
XpOMOCOMHBIE Npenaparbl IPUrOTOBIEHbBI U3 KJIETOK KOCTHOIO MO3ra o OOLIENPUHATON METOAMKE
C. E. Ford, J. L. Hamerton [8].

[IpuroToBneHHblE MHUTOTHYECKHE XPOMOCOMHBIE IIperapaTbl OKpallWBaJd B a3ypeo3uHe
(xkpacutens I'mm3za) nmo merony Pomanosckoro [3]. Ilociie BbIChIXaHMsI OKpalllEHHbIE IMperaparhl
aHAJIM3UPOBAIN TOJ] MUKPOCKOIIOM, CHayajla ¢ HeOONbIIONW yBEIMUUTEILHON JIMH30M, [0 odepeau
aHAMM3UpPys KaKAbIH psa. beum cnemanel ¢otorpagum BBIOpaHHBIX XPOMOCOM M CO3JIAaHBI
Kaprorpammsl. Kaprorpammy cOCTaBHIIN 1O pazMepy U MOP(OJIOTHH XPOMOCOM.

TamapuckoBass mnecuanka — Meriones tamariscinus Pallas. Kapuotun TtamapuckoBoi
[IECUYaHKU IIMPOKO H3ydeH. Okpacka Bepxa cepo-pbbkas, OpIOX0 4YHUCTO 0Oenoe, XBOCT DPE3KO
JBYXLBETHBIM (CBEpXY OJHOILIBETHBIA CO CIMHOM, CHU3Y OE€Iblil), «MEeTelKa» HEe BBIpaXKEHA, Ha
KOHIIE XBOCTa JIMIIb HEOOJIbIIas TEMHAs KUCTOUKA. [1001MBEI 3aJHUX JIall TyCTO OMYIIEHbI OypbIM
mexoM. Haz rmazom Genoe nsaTHO. YIHas pakoBUHA — OOJIbINAs.

[lo HammM JaHHBIM KAPUOTHUII TaMapUCKOBOM IECYAHKM HCCBIK-KYJIBCKOM TMOIYJIALNAN
COCTOMT W3 AMIUIONIHOTO Habopa xpomocoM 2n=40. Yucno mieu ayrocom NF*=74. 38 aytocom
cocrosT u3 4 rpynn. IlepBast rpynmna u3 niaaBHO yOBIBAalOI