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EJVHCTBEHHOCTD PEIIEHUSA TPIMOM 3A TAUYN
IMPOLHECCA ABUKEHUSA BJIAI'OITIEPEHOCA OIIOJIBHEBOI'O MACCHUBA
C M'HOBEHHBIM 1 HTHYPOBBIM UCTOYHUKAMU
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UNIQUENESS OF DIRECT PROBLEM SOLUTIONS
OF THE PROCESS LANDSLIDE MASSIF MOISTURE TRANSFER MOVEMENT
WITH INSTANT AND CORDED SOURCES
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Annomayus. PaccmarpuBaercst npsiMasi 3ajjada JIBUYKEHHUS! IOYBEHHOH BJIarM B OINOJ3HEBOM
MacCHBe, KaK OJTHOM M3 INIaBHBIX IIPUYMH BO3ZHMKHOBEHUS OIIOJI3HEBBIX ITpolueccoB. IIpsamas 3anaua
aHAJM3UPYeTCs C Y4ETOM MTHOBEHHBIX M IIHYPOBBIX HCTOYHHUKOB, KOTOpBIE SIBISAIOTCS Hauboiee
[IPUEMIIEMBIMY HaYaJIbHBIMU U TPAHUYHBIMH YCIOBUSAMHU I MOJEIUPOBAHUS JAHHOTO IIPUPOJHOTO
sBieHus. [Ipu wmccnenoBaHMM TNPsAMBIX 337ad IEPBOOYEPEAHOEC BHUMAHUE YACISAETCS BOIPOCY
KOPPEKTHOCTH MX PEUIEHUH, BKJIFOYasl BOIPOCHI CYIIECTBOBAHMS, €AMHCTBEHHOCTH U YCTOMYNBOCTH
pemeHuii. B pabote u3nojkeHa eMHCTBEHHOCTD PEIICHUs NMPsIMOM MocTaBleHHOH 3anauu. [Tpsamas
3ajjaya 3aKiIo4yaeTcs B OINpeNesieHMH (YHKUIUM BIQXHOCTH OIOJ3HEBOrO MaccuBa. bbuin
WCIIOJIb30BaHbl METO/BI BBIIPSIMIICEHUSI XapaKTEpPUCTUKU M BBIJACIEHUS OCOOECHHOCTEH, dYTOOBI
MOJIyYUTh 3aJady C JaHHBIMU Ha XapakTepucThkax. YToObl 0Ka3zaThb TeOpeMy ObUIO IPOBEAECHO
HCCIENOBAHUE II0 METOAY OHEPreTUYECKUMX HEpaBeHCTB. lCmosib30BaB  DHEPreTUYECKHE
HEpaBEHCTBA Il TUIEpOOINYECKUX YPaBHEHUH, TOKa3alu TEOPEMY €IMHCTBEHHOCTH. YpaBHEHUS
JBUKEHUS BIIarolepeHoca MCCIIE0BaHA C MTHOBEHHBIM HMCTOYHHUKOM M IIHYPOBBIM HMCTOYHUKOM.
VYpaBHEHHsI B TAKOW ITOCTAaHOBKE M3y4aeTCs BIEPBBIC.

Abstract. This article examines the direct problem of soil moisture movement in the landslide
mass as one of the primary causes of landslide occurrences. The direct problem is analyzed
considering instant and corded sources, which are the most appropriate initial and boundary
conditions for modeling this natural phenomenon. When studying direct problems, primary
attention is given to the correctness of their solutions, including issues of existence, uniqueness, and
stability of solutions. The paper outlined the uniqueness of the solution to the direct problem. The
direct problem is to determine the moisture function of the landslide massif. The methods of
straightening the characteristic and extracting features were used to obtain a problem with data on
the characteristics. for the first time. To prove the theorem, a study was conducted using the method
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of energy inequalities. Using energy inequalities for hyperbolic equations, the uniqueness theorem
was proven. The equations of moisture transfer motion were studied with an instantaneous source
and a cord source. The equations in such a formulation are studied for the first time.

Knrouesvle cnosa: maremarndeckue mozaenu, pynkiuu Jupaka u XeBucaiiaa, KodhGUImeHTs
YpaBHEHHUSI, €AMHCTBEHHOCTh PEIICHHUSI, OTIOJI3HEBbIM MAacCUB, IBH)KEHUS TOYBEHHOMU BJary.

Keywords: mathematical models, Dirac and Heaviside functions, equation coefficients,
uniqueness of solution, landslide massif, soil moisture movements.

Onon3HW — 3TO NPUPOAHBIE SIBIECHUS, NPU KOTOPOM CJIOM 3€MJIM, MOPOJbl WM TIpyHTa
HaYUHAKT ABUTaTbCAd BHU3 M0 CKIIOHY I1OJ BOSHeﬁCTBHCM rpaBUTAllNN. O,HHa 13 OCHOBHBLIX IPUYUH
TOSIBIICHHSI OTOJI3HS SIBISICTCS BIMTBHIBAHME BJIAarM B T'COJIOTMUECKUX TPYHTaX MOCPEACTBAMU
NOXKJeH, TasHUs CHera W JeJHUKOB U T.J1. OHHM MOryT OBITh BBI3BaHBI PA3IUYHBIMU (haKTOpaMHu,
BKJIIOYasd HWHTCHCHUBHBLIC OOXAH, 3CMIICTPACCHUA, CHHUIKCHHEC YPOBHA TI'PYHTOBBIX BOI, a TaKXKC
YCIIOBCUCCKYIO OCATCIBbHOCTb, TAKHC KaK CTPOUTCIILCTBO WJIM IMPOMBINUICHHBIC OJSKCILTyaTallvuH.
Omon3Hu MOTYT NPHBECTH K Pa3pyLIMTENBHBIM MOCIEACTBUSAM, BKIIOYAs pa3pyllICHHE 3/1aHHM,
J0pOr, MHGPACTPYKTYpbl, a TakKe Yrpo3y Uil KU3HU U 370poBbs Jtofeil. OHM MOryT ObITh
0COOEGHHO OINAacCHBIMH B TOPHCTHIX pailoHaX, TH€ CKJIOHBI Oojiee KpyTble W HEYyCTOMYUBBHIC.
NHTencuBHBIC J0XKXJIU MOT'YT BbI3BAaTh CTOK BOJBI 11O CKJIOHAM, YTO IMPUBOAMWT K Pa3MbIBAHUIO ITOYBbI
1 (QOpMHPOBAaHHIO OBpParoB M pydbeB. be3 ajekBaTHOro ympaBiieHHsS NOYBCHHBIMH pECypcaMH U
naHamadToM, BOIHAS SPO3US MOXKET OBITh CEepbe3HON NpoOIeMOi, OCOOCHHO Ha CKIIOHAX H
HAKJIOHHBIX TCPPHUTOPHAX. B cirydac OIIOJI3HEH Ba)KHO MMPUHHUMATbL MCPBI IO MPCAOTBPALICHUIO U
MUHUMH3AIMAN  ymepOa, BKIIOYAs CTPAaTeTHH  3€MIICEYCTPOMCTBA, YKPEIUICHHE  CKJIOHOB,
JIPCHUPOBAaHNWE W KOHTPOJb 3acTpoiku. Takke BaXHO pa3paboTarh IUIaHBI JACHCTBUI B ciydae
Ype3BBIYANHBIX CHTYAlMsAX M OOECIEUUTh CBOCBPEMEHHOE HH(MOPMUPOBAHUE U HBAKyalUIo
HaceleHus B 30He pucka. [Ipsmas 3amada 3akiarodaeTcss B ONpeAeTeHUH (DyHKIMH BIAXKHOCTH
OIOJI3HEBOTO MACCHBA.

JIOPOXKHBI METOIMYECKMI JOKYMEHT paclpoCTpaHseTcss Ha pacdeTbl YCTOHYMBOCTH
OTIOJI3HEBBIX CKJIOHOB U pAacyeThl OIOJI3HEBBIX JABJICHUA Ha WHXXEHEPHBIX COOPYKEHHSX.
HpI/IBeI[eHBI YKa3aHusa 110 BI)I60py HCXOAHBIX JAaHHBIX W OLCHKU pPE3YJIbTaTOB, PpacuycTOB
YCTOMYMBOCTH M pacueThl OMOJI3HEBBIX JaaBieHUH. OIEHKa YCTOWYHMBOCTH OITOJI3HEBOTO CKIIOHA
BKJIFOYAeT: cOOp MCXOIHBIX JaHHBIX; BBIOOP pAacCUETHBIX CTBOPOB; OIpPENEIEHUE PACUETHBIX
napaMeTpoB TPYHTOB; BBIOOp METOAAa pacyera; BBINOJIHEHHWE W aHaju3 pPe3YJIbTaTOB pPacueToOB
YCTOWYMBOCTH; OMNpEAENEHHE M IOCTPOCHHE 3IIIOP ONOJI3HEBOTO MAABJICHUS, PEKOMEHAAIMH |
MpeI0KEeHUs 10 poBeIeHHOH padoTe [1].

IIpu cTpouTenbCTBE HAa HEYCTOMYMBBIX CKIOHAX PaOOTHI ClIEAYEeT HAaUMHATh C OLIEHKH CTENeHU
UX YCTOMYMBOCTM CKJIOHOB. Takas paboTa OLIEHKM MPOM3BOAUTCA IIyT€M BBIYHUCICHUS
K09()(UIIMEHTOB YCTOMYMBOCTH, KOTOPBIA XapaKTepU3yeTCs] OTHOLIEHHEM CHJI U MOMEHTOB,
YACPKUBAOIIUX MAaCCHUB I'PyYHTa HaA HaKJIOHHOM IMOBEPXHOCTHU, K CHUJIaM, CABUTAIOIIUM 3TOT MaCCHUB
[2].

B wMeronuke mnpuBeneHB PEKOMEHIAIMH, 110 KOJMYECTBEHHOM OLIEHKE, U MPOTHO3Y
YCTOMYMBOCTH CKJIOHOB PAaBHUHHBIX IPEATOPHBIX TEPPUTOPUN pPACUETHBIMH M CPAaBHUTEIBHO-
I'€OJIOTHYECKUMHU METOAaMU. OXapaKTepI/I?;OBaHI)I CII0COOBI OLNCHKUW MW TMPOrHO3blI OTACIBHBIX
OTIOJI3HEH W CKJIOHOB B IEJIOM TPU BO3MOKHOCTH CMEIICHHH OJIOKOB M TIAKETOB WJIA TTOKPOBHBIX
oOpa3oBaHuii. JlaHa cxema TUITU3AIMK OMOJI3HEN TI0 MEXaHHU3MY OIOJI3HEBOTro nporecca [3].
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Onomn3HeBbIe MPOLECCHl Pa3BUBAIOTCSA MO/ BO3ACUCTBUEM JIByX IPYII (PAKTOPOB: MPUPOTHBIX
U TexHoreHHbIX. Hambosiee 4acTo Omosi3HEBbIE MPOLECCHl BO3HUKAIOT HA CKJIOHAX, CIOXKEHHBIX
YepeAyIOLUMUCS BOJOYNOPHbIMU  (IJIMHUCTBIMH) M BOJAOHOCHBIMU  IOpojaMu  (TecyaHo-
IPaBUIHBIMH, TPEIIMHOBAaTHIMH W3BECTHSAKOBBIMH). Kimmaruueckue ¢akTopsl (HOpMHPOBAHUS
JUHAMHKHU OTOJ3HEH MHOTOOOpasHbI, T.K. OHU ONPEIENIAIOT X TEeII0-BiIaroodecrnedyeHHoCThb. s
OMOJ3HEW BaXHEE CTENEHb YBJAXHEHUA, T.€. TO KOJIMYECTBO OCAJIKOB, KOTOPBII IPOHUKAET B
ONOJI3HEBOW CKJIOH. OCHOBHBIMM T'€HETHYECKUMHM THUIIAMHU OIOJ3HEH SBISIOTCA: OIOJI3HU
JETPYy3UBHbIE WM BbIJIABIMBAHUS; OINOJ3HU CKOJBKEHUS; OIOJ3HU BA3KOIUIACTUYECKUE WM
JIETISITICUBHBIC; CIIOXKHBIC OMOJI3HU [4].

[Ipy wW3ydYeHWM OMOJ3HEH OMNPEAeNSIOTCS CIEAyIolmue napameTpsl [4]: mioniagHas
MOPaXEHHOCTh TEPPUTOPH, %; IUIOIIAJb Pa30BOI0 IPOSBICHMUSI HA OJHOM YYacTKe, KM; 00beM
3aXBa4€HHBIX MOPOJ MPH PAa30BOM MPOSBICHUU; CKOPOCTh CMEIEHUs, MIH.M3, M/Mecsl (CM/Tox);
MIOBTOPSAEMOCTb, €IMHULIA B TOJ.

MeToabl OLIEHKH YCTOWYMBOCTH OIOJI3HEBBIX CKIOHOB MOAPA3ACISAIOTCS HAa: CPABHHUTENIBHO-
re0JIOrMYECKHE METObl; PACUETHBIE METOJbl; AKCIEPUMEHTAJIbHO-PACUETHBIE METOJbI; METOJIbI
MozenupoBaHus [4].

T. 5. EMenbaHOBON paccCMOTpEHAa HH)KEHEPHO-T€OJOTMYEeCKas XapaKTepUCTUKA OIOJI3HEH.
Onomn3eHb — 3TO CMENICHHs YaCTH TOPHBIX MOPO]I, CJIArarolIuX CKJIOH, Ha O0jee HU3KUN YPOBEHb B
BU/JIE CKOJIB3SIILETO JIBUKEHUS. DTO re€0J0rMuecKoe SBJICHUE, BOZHUKAIOIINE HAa CKJIOHAX U OTKOCAaX
ropHoi mnoponbl. JlaHa o0mias XapakTepUCTHUKA OIOJ3HEH, NMPUYMHBI IPOSBICHUS OIOJI3HEH,
(bakTopbl pa3BUTHA OMOJI3HEH U TUHAMUKA, a TAK)KE MEXaHH3M OIOJI3HEBOTO Mpoiiecca [5].

OcHOBHOE BHHMaHHE YyAelIeHO ¢akTopaM U JAWHAMUKE Ppa3BUTHUS KPYIHBIX T[IIyOOKUX
OTIOJI3HEN B IOPCKMX INIMHAX U U3JI0KEHA MCTOPUS T'€0JIOTMYECKOTO PA3BUTHUSL TEPPUTOPUU B ME30-
KaifHO30¥#CcKoe BpeMsi. 3110)keHbI OnrcaHus CTPYKTYPBI, COCTaB M (PU3UKO-MEXaHUYECKHE CBOMCTBA
MOpOJI, OXapaKTepH30BaHbl MOP(HOJIOTHS M 30HATBHOCTH CTPOCHHS OIOJI3HEBBIX CKJIOHOB U
MPUBEICHBI pEKOMEHIaIu [6].

[IpuBeneHbl 3aKOHOMEPHOCTHU IMPOSBICHHUS OIOJ3HEBBIX IIPOLIECCOB B paiioHE Tropoja
Maiinyy-Cyy, a Takke JaH IpPOrHO3 pa3BUTHs OIOJI3HS B 3TOM paifoHe. Ha ocHoBe anamm3za
BPEMEHHBIX DPSJIOB OMOJI3HEH U MPHUPOJHBIX (PAKTOPOB OBLIM U3YUYEHBI SMIUPHUYECKUE MPHUHIIUIIBI
BO3HMKHOBEHUS OMNOJI3HEH B TOPHOJOOBIBAIOIINX paifoHaX BBICOKOTO I'€0JIOTHYECKOro pucka [7].

[Ipomecc nBHXEHHS OTMONI3HS (CIIBUTOBOTO OOPYIIIEHUS) — 3TO T'E€OJOTUUYECKOE SBIICHHE, TTPU
KOTOPOM CJION IpyHTa WX MOPOAbI HAUWHAET NEePEMENaTbCcsl BHU3 MO/ BO3/IEHCTBUEM IPABUTALINH.
OTO sBJIEHHE MOXET MMETh Pa3JIMYHbIE NMPUYMHBI M OKa3bIBACT CYIIECTBEHHOE BO3JCHCTBHE Ha
OKpYXarollyto cpeny [8].

Ilenb naHHOW paboOThI 3aKJIIOYAEeTCsl B J0KA3aTeIbCTBE TEOPEMBI €IMHCTBEHHOCTH DPELIEHUI
NpsIMOW  33Jla4M  BJIArONEPEHOCa B OIOJI3HEBOM MAacCHUBE [UIsI MIHOBEHHBIX U IIHYpPOBBIX
HCTOYHHKOB.

Mamemamuueckas nocmano6ka 3a0a4u
prlMaﬂ 3aJa4ya JIBHXKXCHUA IIOYBEHHOM BJard OIIOJI3HEBOTO MACCHBAa C MTHOBCHHBIM H

IMHYPOBbBIM HCTOYHUKOM B HYJICBOM HpI/I6J'II/I)KCHI/II/I OITMCBhIBACTCA CJ'ICILyIOH.[Cﬁ 3aj1aueii:

FW _ o EW L p oW ow : (1)
a2 - D(Ij ax2 + D.I[:xj Ee ar’ (x-" r) ER +r
Wittt <0=0 Z|x=0=hy8(t) +n8(t) + poby (£), )
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3necw &(t) — nenbra GyHkuus Hupaka, 8(t) — Tera QyHkuus Xesucaiina, 8,(t) = t&(t),
ho, 1o, po — MONOXHUTENBHO MOCTOSAHHBIC uucna. Ilpsmas 3amaya 3akirouaeTcs B ONPENEICHUHU
(YHKIMH BIQYKHOCTH OMOJI3HEBOTO MaccuBa — W (X, t) u3 3anauu (1)-(2) mpu U3BECTHBIX 3HAUYCHHSIX
ho, 1o, po, a Takke mpu u3BecTHOM Kodpdunuente mupdysmn — D(X). IlycTh oTHOCHTENBHO
napametpa au¢(dy3uH BBIIOJIHEHO YCIOBHUE:!

D(x) €Ay, 3)
e Ap= {Dn(xj EC(0T), 0<M <D(x)<M, a= IDC) 2oy = Ma}r
M, M2, M3 — NOCTOSHHO-IIOJI0KUTENLHBIC YHCIIA.

Hcnonb3yst MeTon BBIIPSIMIICHUST XapaKTEPUCTUKU U METOA BblIesneHus ocodbennocteit B. T
Pomanoga [9-11], nmosyuum 3a7auy ¢ TaHHBIMU Ha XapaKTEPUCTUKAX.

w,,(z,t) =u__(zt) — Lyu(z,t), (zt) € A(T), 4)

u(z,t)lt =|z| =5(z), ze[-T.T]. (5)

rae Lyu(z, t) = 2%1{?(2;) +u_(zt) —u,(z.t),

(6)
S(z) = ——
e
x  df
d(z(x))=D(x), u(z(x).t) = W(x,1), 200 =[, B
AT)={(z.t) ERXR,, z€(-T.T), |zZ]<t<2T}. 5(0)= ,:gm;
HYCTL OTHOCUTCIIBHO HepeMeHHOﬁ Z(X) BBITIOJIHCHO YCJIOBUC!
2@ >0, lim,, Z(¥) =2 @
EI[I/IHCTBCHHOCTB peICHUA
BBenem o0o3HaueHUE U HOPMY:
1_[ =min {|5.(2)|}, 1_[ = min {|S(2)]}. (®)
|zl<T |2|<T
1 2
lull3(t) = [° u?(zt)dz, t€[0,T]. ©)

Teopema. Ilycts k03 punent ypaBuenus (4) S(X) — HENpephIBEH U UMEET HETPEPHIBHYIO
MIPOM3BOAHYIO MEPBOr0 MOpsiAKa W MycTh BbIMoMHEHBI ycnoBus (3), (7), (8), (9), a Takxke mycTh
pemenus 3anaun (4)-(5) cymecTByer u npuHaiexut kiaccy C*(A(T)). Torna pemenue 3anaun (4)
- (5) enuHCTBEHHO B 005aCTH peryisapHOCTH A(T) 1 UMEeT MeCTO OLEHKU:

max (lull3(8)} < llull3(z) exple], (10)
roe [T = 4#(%4- l}.

HOKaSaTeJ'IBCTBO TEOPEMBI ITPOBOAVM IO METOAY SHEPICTUUCCKUX HEPABCHCTB.

o du
YMHOXKast KaK/bli 4IICH YpaBHEHH (4) HA 2 —— TOTYYHM CIICIYIOIIME BEIPAKCHUS:
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o (e A =R F - R =
Eﬁlzif-%[z]ﬁ: s(zj[auau] du du _ R[@@] du du
dt  S(z) o=z 5(2] dz dt dt dz gz dtl ’ dt dt
— - au
—2"[5] |
Teneps npounterpupyem no oomactu A(T), tne A(T) = {(z,t):|z| <t < T, z€(-T,T)}
ypaBHeHue (4):
J f du [a IL_M_L e ﬂl o _ r {a:quafu_ (11)
2] J—e ar* dz? _|ar? adz*
2+5_(z) du duy|" " [du du TeE ou* "
"o 2 5 5 L 5 5 o 50 ngl jdr.

Hcnionp3ysi BBIYKMCICHHBIE MOCIEAHNE BBIPAKCHUS, a TaK)Ke BBEJCHHbIE 0003HadeHus (8) u
HOpMBI (9) u3 nocnenneit coornomenue (11) nomyuum:

7 7 4+]], Eu Eu E'.J E'.a 12

lell(©) < ullfClz) + 552 07 |5 a]| @ + 2 [ |55 " (@ <)
Mozxapupyst HOPMBI IOy M:

du du du 9 13

el sell oar < g2 [15e] + 1520 o < 1 e "

YuuTteIBas mocieaHee HEPaBeHCTBO U3 OLleHKH (12) momyunm:

I, (14)
c1)]

I,

W3 mnocnegHero  HEpPaBEHCTBA,  MCHONb3Ys  JHEPreTUYECKHEe  HEpaBeHCTBA I
runepOOIMUeCKUX YpaBHEHHUH, TOTyYUM:

max (llull3(9) < llull3(1z]) exp [4 [2—+ 1]r], (15)

2 < 2 &
l;ﬁf}grﬂlulll[t)} < |lull{(z) exp [4 (

speck [[ull3(8) = (llull® + llul® + llul*)(0).

Takum 00pa3om JT0kazaHa TeopemMa eMHCTBEHHOCTH.

W3 sxBuBanentHoctyu 3anaud (4)-(5) u (1)-(2) caenyer, uro peuenue npsamoit 3anauu (1)-(2)
TaKXe eIUHCTBEHHO B 00acT A(T).

3axnouenue

B pesynprare mnpoBEeNEHHOTO HWCCIAEAOBAHMS 110 PEIICHUIO TMPSIMOW 3a7add  JIBYDKCHHS
BJIATOTIEPEHOCAa B OMOJ3HEBOM MACCHBE C MTHOBEHHBIMH M IIHYPOBBIMH HCTOYHHUKAMHU OBLIO
JIOKa3aHO €IMHCTBEHHOCTb PEILICHUS 3aJaud MPU ONPEAENEHHBIX YCIOBUAX, 3a/IaHHBIX BXOJAHBIMU
napamMeTpamMu ypaBHEHHS M YCIOBUSMHU 3a1aur. OCHOBHBIE PE3YJIbTAThl UCCIICIOBAHUS: HUCTIONB3YS
METOJIbI «BBITIPSIMIICHUSI XaPAaKTEPUCTUKN» U «BBIICIEHUS OCOOCHHOCTEW», TOMYUUIIN 3a7ady C
JAaHHBIMH Ha XapakTepUCTHKax; ¢ momoisio meronuku B. I. PomanoBa o00o00mieHHas 3amada
MpUBEJEHA WX PEryaspHOM 3ajJau€ W YCTAHOBJIEHA €JAMHCTBEHHOCTh PEIICHUS; HCIOIb3Ys
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SHEPreTHYECKHe HEepaBEHCTBA JUId TUnepOONMYecKod ypaBHEHHMH OBbLTO JOKa3aHa Teopema
enuHCTBEHHOCTH.  llomydyeHHble — pe3ynbTaTbl  MO3BOJIAIOT  MOATBEPAUTH  BO3MOXKHOCTh
MaTeMaTH4YeCKOrO OIMKCAaHMUSI M aHaldu3a IPOLIECCOB JBWKEHHUS BIArornepeHoca B OMOJ3HEBOM
MacCHBE MPU PA3JIMYHBIX YCIOBHUSAX M MOATBEPKAAIOT HAAEKHOCTb MPEUIONKEHHOTO YUCICHHOTO
aNropuTMa.
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AHAJIN3 NTOJAPU30OBAHHBIX CIIEKTPOB KP COIIOJIMMEPOB
ITPOITMJIEHA C OJIE@UHAMU
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Hncmumym ooweti puzuxu um. A. M. Ilpoxopoea Poccuiickoul akademuu Hayk, Pedepanbrwiil
Hayunwslll acpourdicenepHuviil yeump BUM, . Mockea, Poccus, kuznetsovsm@kapella.gpi.ru

ANALYSIS OF POLARIZED RAMAN SPECTRA
OF PROPYLENE-OLEFIN COPOLYMERS

©Kuznetsov S., ORCID: 0000-0002-8378-7085, SPIN-code: 5144-7999, Ph.D.,
Prokhorov General Physics Institute of the Russian Academy of Sciences, Federal Scientific
Agronomic and Engineering Center VIM, Moscow, Russia, kuznetsovsm@kapella.gpi.ru

Annomayus. IlpeacraBineHbl pe3yibTaThl HCCIEIOBAHHS IMOJIAPU30BAHHBIX CIIEKTPOB
koMOuHarmonHoro paccesHus (KP) cBera min€HOK CTaTUCTHUECKHUX COMOJIMMEPOB IMPOMUIIEHA C
onepunamu: OyreHOM-1 m OkTeHOM-1 pasznmuuHol koHueHTpamuu (0T 0 mo 30 ModbHBIX %).
Metomonorus MCCIIeOBaHMs BKJIIOYAla PETUCTPAIMIO TOISIPU30BaHHBIX criekTpoB KP B nByx
TEOMETPUSIX PACCEeSTHUS MPU BO30YKICHUH aprOH-KPUITOHOBBIM JIA3€POM C JTHHON BOJIHBI 488 HM.
[IpoBeneH AeTanbHBINA aHATN3 CIEKTPAIBHBIX XapaKTePUCTHK B 00JIACTH BATEHTHBIX Kojebanuii C—
C cBaseit u nehopmannonubix konebanuit CH, m CH3z rpynm. B xoje uccnenoBanus yCTaHOBIIEHO,
YTO C YBEJIMUYEHHEM COJCpKaHUs J00aBICHHOTO MOHOMEpA MPOUCXOJAUT MOHOTOHHOE M3MEHEHHE
CHEeKTpalbHBIX XapakTepucTuk. I[lokazaHo, uro Oonee MacCUBHBIH MOHOMEp (OKTeH-1)
sddekTrBHEE MPEMSITCTBYeT OOpa30BaHUI0 KPUCTAIUYECKOW (as3bl IMONMUIPONMUIIEHA IO
cpaBHeHHIO ¢ OyTeHOM-1. OCHOBHBIE pE3yJNbTaThl JEMOHCTPUPYIOT 3aBUCHMOCTH (Da30BOTO M
KOH(OPMAaIIMOHHOTO COCTaBa MOJIEKYJl COIOJUMEPOB OT COAEpPKAHUSI COMOHOMEpPOB U JIJIUHBI
O0KOBOH Lien BTOpOro MoHomepa. [IpakTuueckass 3HaUMMOCTb pabOThI 3aKJIF0YaeTCs B pa3paboTKe
METOJOB CIIEKTPOCKONMUYECKOIO aHallM3a CTPYKTYphl COMOJIMMEPOB, MO3BOJSIOIIMX C BBICOKOH
TOYHOCTBIO XapaKTepU30BaTh M3MEHEHUS B UX CTpyKType. IlomydeHHbIe pe3yibTaThl MOTYT OBITH
WCTIOJIH30BAHBI JIsI ONITUMH3AIIMHY TIPOIIECCOB CHHTE3a COMIOJIMMEPOB C 3aJJAHHBIMH CBOWCTBAMH.

Abstract. Presents the results of a study of polarized Raman spectra of films of statistical
copolymers of propylene with olefins: 1-butene and 1-octene of various concentrations (from 0 to
30 mol%). The research methodology included recording polarized Raman spectra in two scattering
geometries when excited by an argon-krypton laser with a wavelength of 488 nm. A detailed
analysis of spectral characteristics in the region of valence vibrations of the C—C bonds and
deformation vibrations of CH> and CH3 groups was carried out. During the study, it was found that
with an increase in the content of the added monomer, a monotonic change in spectral
characteristics occurs. It has been shown that a more massive monomer (1-octene) more effectively
prevents the formation of a polypropylene crystal phase compared to 1-butene. The main
results demonstrate the dependence of the phase and conformational composition of copolymer
molecules on the content of comonomers and the length of the side chain of the second monomer.
The practical significance of the work lies in the development of methods for spectroscopic analysis
of the structure of copolymers, which make it possible to characterize changes in their structure
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with high accuracy. The results obtained can be used to optimize the processes of synthesizing
copolymers with desired properties.

Kniouesvie cnosa: mponuieH, oJeQHUHBI, COMOIUMEP, CIEKTPOCKONHS KOMOMHAIMOHHOTO
paccesiHUs CBeTa, MOJIIPU30BaHHBIC CIIEKTPHI.

Keywords: propylene, olefins, copolymer, Raman spectroscopy, polarized spectra.

beicTpoe pa3BuUTHE NMPOU3BOJACTBA B COBPEMEHHOM OOIIECTBE NMPUBOAUT K HEOOXOAUMOCTH
MIOCTOSIHHOM Pa3pabOTKH M BHEIPEHUS HOBBIX ITOJUMEPHBIX MarepuajoB ¢ TpeOyeMbIM HaOOpOM
(bU3MKO-XMMHUYECKUX CBOWCTB. OmHUM u3 HambOosee YPPEKTUBHBIX U HEAOPOTUX IYTEH perIeHus
3TON TPOOIEMBI SIBISICTCS MOACPHHM3AIMS M YCOBEPIICHCTBOBAHME YK€ H3BECTHBIX M XOPOILIO
OoTpa0OTaHHBIX TEXHOJIOTMH CHHTE3a U Iocleayromeid o0paloTKM IIMPOKO HCIOJIb3yEMbIX
nonumepoB. K uuciy Takux nomumepos otHocutcst nonumnponwieH (I111), 3anumaromuii ogHo u3
BEIYIIMX MECT B MHUpE MO 00bEeMy NPOM3BOACTBA CPEAM IOJUOJIC(HUHOBBIX MAaTEpPHajOB, YTO
OOBSACHSICTCSI €ro HHU3KOW Cce0eCTOMMOCTBIO, XOPOUIMMH OJKCIUTYyaTallMOHHBIMHA KadyeCTBaMH,
JETKOCThI0O B 00paboTKe W B IOBTOPHOH mepepaloTKe, HETOKCUYHOCTBIO, XUMHUYECKOH
YCTOMUYMBOCTBIO U IpyruMH cBoiicTBaMu. BBenenue passersienuii B I1I1 myrem cononumepuszanuu
nponuieHa ¢ oJepUHaMHU TO3BOJISET IIEJICHANPABICHHO U B MIMPOKUX IMpeJesiaX W3MEHSITh CBOMCTBA
ucxonnoro I1I1, He co3gaBast HOBBIX MTPOU3BOACTB [ 1-4].

Bo3MmoxHOCTh MOIM(UKAIIMY CBOMCTB UCXOIHOTO MOJIMMEpPa OCHOBaHa Ha TOM (hakTe, 4yTO B
Ccllyyae KpUCTaUTU3YIOIUXCS OJIMMEPOB BBEJICHHUE B LIETIb JJa)ke HEOOJIBIIOT0 KOJIMYECTBA BTOPOIO
MOHOMEpPA PE3KO OTPaHUYMBAET BO3MOXKHOCTh KPUCTAJUIM3ALMU, YTO MPUBOAUT K 3HAUYUTEIHHOMY
YMEHBIIECHNIO CTENEHU KPUCTAJUIMYHOCTH Marepuana M, Kak CIEACTBHE, K 3HAYUTEIbHBIM
U3MEHEHUSAM B MEXaHMUYECKUX CBOMCTBAaX M K NMPUHLMIIMAIBHO JPYrOMy MEXaHU3My JedopManuu
marepuana [1-4].

Tak, B paborax [2-4], o CTaTUCTUYECKUX COTIOJMMEPOB MpOIUiieHa ¢ ojiepuHamMu OBLIO
MIOKa3aHO, YTO C YMEHBIIEHUEM COJEp)KaHUs NponuieHa Moayib FOHra ObICTpo yMmeHbIlaeTcs, a
pa3pbIBHOE YJUIMHEHUE YBEIMUUBACTCS, TO €CTh MaTepuas CTaHOBUTCS Oojee »nacTU4YHbIM. OveHb
BaXHO, YTO 3HAYUTEIbHBIE H3MEHEHHS B MEXAaHUMYECKHX XapaKTEPUCTHKaX COMOJIMMEPOB
HaOJIIONIAI0TCSl YKE TIPU CONIeP KaHUU JOOABJIEHHOTO MOHOMEPA, He TIpeBbImaromnieM 10 MoIbHbBIX %o.

Bce cononmmmepbl MOXHO pa3fenuTh Ha YEThIpe IPYMIbl, OTIMYAIOLIUECS PACIIOIIOKEHUEM
3BEHbEB B II€NHU: OJOK-COMOJUMEpPhl — BCE 3BEHbSI OJHOIO THUIIA PACIOJIOKEHBI B OIHOW WM
HECKOJIbKMX YacTSAX LENH; NPUBUTHIE COMOJMMEPBl — OCHOBHAs LIENb COAEPKUT MOHOMEPHBIE
3BEHbsI OJIHOTO THUIIA, BETBM OOKOBOM IE€MH CONIEp’KaT 3BEHbS JPYroro THIA; YepeayIoluecs
COTOJINMEPBl — 3BEHbS JBYX THUIIOB DPETYISIPHO UYEPENyIOTCS; CTAaTUCTUYECKUE COIMOIUMEPhl —
3BEHbsI JIByX THUIIOB PACIOJIOKEHBI B LIENN XaOTHYECKH. OCHOBY NPOMBIIUIEHHOTO IIPOM3BOJICTBA
COIOJIMMEPOB COCTaBIsieT MMEHHO 4YeTBepTas TIpyMlna, Tak Kak, Ojarogaps CTaTHCTUYECKOMY
pacripesie/IeHUuI0 3BEHbEB COMOHOMEPOB, Jake MPU HEOOJBIIOM COAEP)KaHUU BTOPOIO MOHOMEpa
He)XeNaTeJIbHasi KpUCTaIn3alys TOMONOJIMMEPOB CHIIbHO 3arpynHeHa. Crnektpockonus KP cBera
SIBIIIETCS BBICOKOMH(OPMATHUBHBIM, OBICTPBIM M HEpa3pylIAIOIUM METOJOM HCCIIEIOBaHUS
CTPYKTYpBl DPAa3JIMUHBIX BEIIECTB M MaTEpUajoB, UMEIOUIMM YHHUKAJIbHbIE BO3MOXXHOCTH JUIS
BBITIOJTHEHHSI KOJIMYECTBEHHOTO aHAJIN3a MOJIEKYJIIPHON U HAIMOJIEKYJIIPHON CTPYKTYpHI [5-7].

Yucno u pacnonoxenue auHUM B crnekrpax KP naér BaxkHyro mH(pOpManuioo O CTpOECHUU
paccenBaroIMX MoJIeKys. DTa UH(pOpMaLKs MOKET ObITh CYIIECTBEHHO PacUIMpeHa, €ClId MPHUBIICYb
KOJIMUECTBEHHbIE JaHHbIE 00 OCHOBHBIX mapameTpax JuHuii KP. Takumu nmapamerpamu sSBISIOTCS
9YacTOTa, MHTEHCHUBHOCTb, IIMPUHA M COCTOSHHE TMOJISIpU3ALMU JIMHUN (JeNoIspu3aliOHHOe
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oTHouieHue). M3MmeHeHue mnapameTpoB cheMku crnekTpoB KP (Temmeparypsl W OpHEHTalMH
00pa3oB, COCTOSHUS MOJSIPU3ALUUA BO30YXIAIOIIET0 U PACCESIHHOTO CBETA) MO3BOJISET MOIYYUTh
JIOTIOJTHUTEIbHBIE TAHHBIE 00 UCCIIeyeMbIX MaTepraiax.

B u4unciie HECOMHEHHBIX IOCTOMHCTB Meroaa crnekrpockonuu KP B ormiamume ot apyrux
TPAIUIIMOHHBIX METOIOB HCCIIeOBaHUs monumepoB (Hampumep, meromoB PCA, JICK u UK -
CHEKTPOCKOMHH) CIEAYeT OTMETUTh BO3MOXKHOCTh H3Y4YEHHsI MarepuayioB 0e3 Kakoi-mudo
MPEBAPUTEIHLHOM UX TIOATOTOBKH, B MalIoM O0OBEME M C MPOCTPAHCTBEHHBIM pPa3pEIICHHEM JI0
€IWHUIl MHUKPOH, Kak 1O [IyOWHEe, TaKk W 1O IMOBEPXHOCTH oOpa3ma. B ciydae MmoIMMepHBIX
MaTepualioB, B KaueCcTBE OOBEKTOB HCCIIEOBAHUS MOTYT OBITh KaK TOHKHE IJICHKU TOJIIUHOW B
HECKOJIbKO MHUKPOH, TaK M TOTOBBIE W3JENUs U3 IMOJIUMEPOB, a TAKKE IMOJMMEPHI, U3BICKAEMbIC
HEMOCPEACTBEHHO M3 PEaKTOpa B TaK HAa3bIBAEMOW HACIIEHTHOU (hopMe.

Crnektpel KP comepkar mHPOpPMAIMIO 0 MHOTHUX BaXKHBIX CTPYKTYPHBIX XapaKTEPHUCTHUKAX
MOJIMMEPOB, OKa3bIBAIOIIMX 3HAUYUTEIbHOE BIMSHHE HAa (DU3MKO-XMMHUYECKHE CBOMCTBa, Cpeau
KOTOpbIX (ha30BbIi U KOH(OPMAIMOHHBI COCTaB MaKpPOMOJIEKYJ, CIHOCO0 YMAaKOBKH MOJEKYII,
OpUEHTAIMsl MaKpOMOJEKYl B KpHUCTAJUIMUYECKOM M aMopdHOi (a3ax, XUMHUYECKUN COCTaB.
Hecmorpss Ha cBOoM ceppe3Hble IIpeuMyllecTBa, crekrpockonus KP  HeompaBmanHo Maio
MPUMEHAETCS. IS UCCIENOBAaHUS MOJMMEPHBIX MaTEpHANIOB, YTO, MO-BUAMMOMY, CBA3aHO C
TpaAuLIIMOHHBIM Ucnoib3oBaHueM MeTooB PCA u JICK ydeHbiMH U TexHOJOramMH, paboTaromuMu
B 00s1acTH (PU3HUKH MTOJTMMEPOB.

B nanno# paGote ObUIO TPOBENEHO HMCCIIEIOBAHUE MOJAPU30BaHHBIX CreKTpoB KP miéHok
CTaTUCTUYECKUX COMOIUMEPOB MpoIruieHa ¢ OyreHoM-1 u okTeHOM-1, pyHIaMeHTaIbHBIA aHATH3
cnektpoB KP comonumepoB, paspaborka KP-criekrpockonudyeckux MeToAOB aHain3a (a30BOTO U
KOH(QOPMAIIMOHHOTO COCTaBa MaKpPOMOJICKYJ, ompeneicHue 1o crekrpam KP  3aBucumoctu
CTPYKTYPBI COIIOJIMMEPOB OT COJIEPKaHUsI BTOPOTO MOHOMEpPA U ITTUHBI €r0 OOKOBOM ILIETIH.

Mamepuanvi u memoowl uccnedosanus

Jlia uccnenoBaHusi ObUIM MOATOTOBIEHBI IUIEHKU COIOJIMMEPOB MPONWIEHA C OJepUuHAMHU
(otnenbHO ¢ OyTeHOM-1 1 OKTEHOM-1) ¢ pa3nuuHbIM cofepkanreM oeuHoB OT 0 10 30 MOTBHBIX
%. IInénku tommmuoi okono 100 MkMm roroBunm mnpeccoBanueMm c¢ ycunuem 50 kH mpu
temneparype 190°C.

Bce chopmoBaHHbIe MIEHKM NpPU 3TUX YCIOBUSAX ObUIM mpo3paunble. [Ipu uccrnenoBanuu
pEeruCTpUpOBAIMCh MoOJsipu30oBaHHbe crekTpel KP B 1OBYX reoMerpusix paccesHus IpH
BO30Y>KJI€HUU JITTMHOM BOJIHBI aprOH-KPUIITOHOBOTO Ja3epa 488 HM.

Jns o0o3HaueHHsT TeOMETpHM paccesHus Obljla BBeleHa cucremMa koopauHar X'Y’'Z’
cnenyromuM obpazom (Pucynok 1): ocu X’ u Z’ HanpaBieHbI BAOJIb BOJIHOBOTO BEKTOpA U BOJIb
HaNpaBJIeHUs MOJISIPU3ALINHN JIA3E€pPHOTO M3JYyYEHUS! COOTBETCTBEHHO, OCh Y — BJOJb BOJIHOBOTO
BEKTOPA PACCEHHOTO U3IIY4YEHHsI. YTOJI MEXAY OCbi0 X’ M HOPMAJIbIO K TIOBEPXHOCTH MCCIEAYEMBIX
IUIEHOK COCTaBIIsLT 45°.

Cnektpel KP cononuMepoB perncTpupoBalIuCh MPHU MapajuIENbHBIX (FEOMETPUS PACCESTHUS
X(Z2°,2°)Y’) n ckpenieHHbIX (reomerpusi paccesHus X'(Z°,X’°)Y’) HampaBieHMSIX MOJSIPU3ALNAN
JIa3€pPHOT0 U PAaCCESHHOTO U3ITyUEHUS.
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YI

Pucynok 1. T'eomeTpus paccessHUSI TPU PETUCTPALMHM TOJSIPU30BAHHBIX CIIEKTPOB IUICHOK: S —
oOpazer; X'Y'Z' — naboparopHasi cUCTeMa KOOpAMHAT; XYZ — CHUCTeMa KOOpJMHAT, CBSI3aHHAS C OCSAMHU
cummetpun obOpasma. Ei m Es — snexTpudeckue BeKTOpa BO30YXKIAMOIIETO W PACCESTHHOTO H3ITyYCHUS
COOTBETCTBEHHO

Pesynomamot u obcyscoenue

Jl1s uccneyeMbIX COMoIMMeEpoB 00HAPYKEHO, YTO B 00EMX F€OMETPHIX PACCEsSHUS CIIEKTPhI
KP MOHOTOHHO MEHSIIOTCS TPU W3MEHEHHH COJIEp)KaHUs MPOMWICHA, TPUYeM, KaKk UM B cliydyae
HACIICHTHOW (OPMBI, XapakTep M3MEHEHHH KayeCTBEHHO HE 3aBHCEN OT XMMHYECKOTO COCTaBa
BTOPOTO MOHOMEpa. OTO TMO3BOJIAET IPEANOJIONKUTh, YTO H3MEHEHHMs B HCCIEIyEeMBIX
CHEKTPAJIbHBIX JIMala30HaX CBS3aHbl CO CTPYKTYPHBIMH HM3MEHEHHUSIMH B IOCJIEIOBATEIBHOCTAX
MIPOIUJIEHA B LEMSAX CONOJIUMEPOB.

[TonapuzoBanusie cnektpsl KP conmomumepoB mpomunena ¢ OyreHom-1 U okTeHoMm-1 B
obnactu BajeHTHBIX KojeOaHuil C-C cBa3u u aedopmarnonHsix konebanuii CH> u CH3 rpynn
npencraBieHsl Ha Pucynke 2a u 26 (reomerpust X’(Z°,Z°)Y’) u Pucynke 3a u 30 (reomerpus
X(2°,X’)Y’) coorBercTBeHHO. Kak u B ciy4yae HacueHTHON (opmbl, Hambojee CUIbHbIE
M3MEHEHNs B TIOJIAPH30BAHHBIX CIIEKTPaX HAOMIONAIOTCA B AUanas3one yactoT oT 800 10 850 cm!
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Pucynok 2. Cnexrpsl KP cononnmepos npomnwiiena c¢ (a) 0yrenom-1 u c (0) okreHoM-1 B obnactu
BanleHTHbIX Konebanuit C-C cBs3u u nedopmaunonHsix konebanuii CH, m CH3 rpynn. HanpaBnenus
HOJIAPHU3AIMN BO30YKJAOIIET0 U PACCESTHHOTO M3Ty4YeHHS MapajlIeIbHbI
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Pucynok 3. Cnexrpsl KP comonnmepoB npomnuiiena ¢ (a) 0yrenom-1 u ¢ (0) okreHoM-1 B obmactu
BaneHTHbIX KoneOanmii C-C cBszu u gedopmarmionHsix konebanuit CH2 u CH3 rpymm. Hampasmenus
MOJISIPHU3AIIMN BO30YK/AIOIIETr0 U PACCESTHHOTO M3TYUCHHUS TIePIICHIUKY IS PHBI

OO6HapykeHOo, YTO B 00€HX T€OMETPUSX PACCESHUS B CIIEKTPaX UCCIEAYEMBIX COIMOJIUMEPOB
MHTEHCHBHOCTH JMHHH ¢ MakcuMyMmaMu okoio 809 u 841 cM™' MOHOTOHHO yMeHbIIAIOTCS C
yYBEJIMUEHUEM cojepxaHus 100aBieHHOro MoHoMepa. Kak Obulo onmucaHO paHee, NPUCYTCTBHE
9TUX JMHUM B CIEKTpaX COMNOJMMEPOB NIPONWIEHAa C ojepuHAMHU YKa3blBaeT Ha HaJIU4YUE B
u3ydaembix marepuanax makpomosiekyn III1 B cnupanpHOl koHpopmanuu. Tak Kak JTUHUS C
MakcumymoM 809 cm! oTBeuaer koneGanusm makpomonekyn IIIT B kpucrammmueckoil dase, a
nuHUA ¢ MakcumymoM 841 cm! - konebGaHusaM Makpomonekyn B amopdHoii dasze [8], To
YMEHBIIEHHE WHTEHCUBHOCTEH ATHX JIMHUA COOTBETCTBYET YMEHBIIEHHIO OOILEro CoJep:KaHus
makpomosekys 111 B cnupanbHOl KoHbOpMauu B KpUCTAUIMUECKOM 1 aMOop(dHBIX (ha3ax.

W3 cnekTpoB, npeacTaBieHHbIX Ha Puc. 2 u 3, BUAHO, 4TO, 4eM OOJIbIlle aTOMOB B MOJIEKYJIE
n00aBIIEGHHOTO MOHOMEpa, TeM OBICTpEe WHTEHCHUBHOCTH JIMHUU C MAKCHUMYyMOM OKOJIO 809 em!
YMEHBIIAETCSA 110 OTHOLIEHHIO K MHTEHCUBHOCTH JIMHMH C MakcuMyMoM okono 841 cml. Dro
O3Ha4yaeT, 4To 0o0Jiee MACCUBHBIA MOHOMEp Ooisiee d(PPEKTUBHO MPEMSATCTBYET 06pa3013aHmo
Kkpuctamnieckoit ¢assi I111.

[Tpu ananu3e crekTpoB 00pa3lioB ObUIAa MPOBEAEHA AEKOMIO3ULUS JIUHUH B Anana3zone 800 —
850 cm!'. BBUIO YCTaHOBIEHO, YTO B OTOH 007TAacTH HAGNIOAAIOTCA TONBKO JBE IMHUM: C
makcumymamu 809 u 841 cm™! . Bo3moskHoO, TuHUSA ¢ MakcuMyMoM okono 830 cm™!, oTBeuaromas
KoJIeOaHUAM MOJIEKYJl B HECNIUpaJbHOM KOH(popMauuu B aMop(hHOM (a3e u omnucaHHas B pabore
[8], UMeeT HU3KYI0O MHTEHCHUBHOCTb M3-3a MaJOro COAEPKAaHMS TAKUX MOJIEKYJ B HCCIELYyEMBIX
oOpasmax. [loaToMy B COOTBETCTBUM C METOJAOM [8], TPEHJIOKEHHBIM [IJII pacueTra CTENeHH
kpuctasutmaHoctd  yuctoro IIIl, mama  pacdyera comepkaHusi  KpPUCTAUIMUECKOW  (pa3bl
n3otakruyeckoro I1I1 B u3ydaeMsIx conoiuMepax ObUIO HCHOIBb30BaHO oTHoIeHHe Igoo/(IsootIs4r)
MHTErpalbHbIX MHTEHCUBHOCTEH nuHmit ¢ Makcumymamu 809 u 841 cm’!. Benuumna sToro
OTHOIIEHUS Obllla CKOPPEKTUPOBAHA B COOTBETCTBUH C COJEp>KaHUEM J00aBICHHOIO MOHOMEpa B
COMOJNIMMEpE, TaK Kak OTHOLIEHHWe MHTeHCUBHOCTEH Igoo/(Isootlss1) mpencraBisier coboit
coJiepKaHue KpucTauindeckod (a3l  m3otakTHueckoro [III  oTHOCHTENBHO cozep)KaHUS
IIPOINUJIEHA, & HE CyMMBI COJIEP’)KaHUN JBYX COMOHOMEPOB.

3aBucumocTh oTHommieHus: Igoo/(Igoot+Issa1) oOT comepkaHusi mMO00aBIEHHOTO MOHOMEpa
MOKa3bIBAaeT, YTO COJEpKaHUE KpHUCTauinueckoil ¢aspl m3otaktuueckoro IIII B comommumepax,
paccuntaHHoe 1o crnekTtpaM KP, MOHOTOHHO yMEHbIIAETCS NPU YMEHBIIEHHWU COJEP)KaHUs
IIPOIUJICHA.
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CreneHpb KpUCTAUNIMYHOCTH VISl COTIOIMMEPOB C OKTEHOM-1 yMeHbIIaeTcs 3aMeTHO ObICTpEE,
4yeM i conommepoB ¢ OyteHoM-1 (PucyHnok 4). Takum o0pa3oM, U3 3TUX 3aBHCHMOCTEH TaKkKe
ClIeyeT, 4To 0oJjiee MacCUBHBIN MOHOMep Ooiiee 3(PPEeKTUBHO pa3pylIacT KPUCTALIHIECKYIO (dazy
nzortakruaeckoro I1I1.
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Pucynok 4. Otnomenme 1809/(1809+1841) B cmekrpax KP mieHok comonmmepoB Kak (DyHKITHS
COZIepKaHusI BTOPOr0 MOHOMEpa

3axnmouenue

B nanHOll paboTe BBINOJIHEHO HccCileqoBaHUE MeToaoM crnekTpockonuu KP ciemyromux
MOJIMMEPHBIX MAaTEPUAIOB — CTaTUCTUYECKHX COIMOJIMMEPOB MPOMNHUJIeHa ¢ OyTeHOM-1 1 OKTeHOM-1
B (hopme meHok. CrnexkTpbl KP cTratnucTryeckux conoiumMepoB MponuieHa ¢ 0yTeHoM-1 1 OKTeHOM-
1 ObuIM 3aperucTpupoBaHbl BIIEPBbIE. YCTAHOBJIEHO, YTO C YBEJIMYEHHEM COJEp>KaHUs
N00aBIEHHOTO MOHOMEpa B HEMOJSIPU30BAaHHBIX CHEKTpaX HACHEHTHOM QopMbl U B
MOJIAPU30BAaHHBIX CIEKTpaxX IUIEHOK COIOJMMEPOB TNPOMCXOAAT AHAJIOTUYHBIE W3MEHEHMS, 4TO
CBUJETEIBCTBYET O TOM, YTO IMpPH BBIOPAHHBIX YCIIOBUSX HM3TOTOBJICHUS IJICHOK M3 HACIIEHTHOMN
(OpMBI CTPYKTypa COMOJIMMEPOB HE MPETEPIEBAET CEPbE3HbIX M3MeHeHU. OHaKO M3MEHEHUs B
MOJIIPU30BAHHBIX ~ CIEKTpaxX IIJIGHOK 3HAYUTEIbHO OoJiee BBIPAKEHBI, 4YTO OOBSCHIETCA
oTCyTCTBUEM 3((HEKTOB JAENoisipU3aliu BO30YKIAIOIIEro M PACCEHHOTO M3JIyuyeHHUs IpHU
perucTpaly CHEKTPOB IUIEHOK IO CPaBHEHUIO CO CIEKTpaMU HACLEHTHOM (OpMbI, a Takxke
BBIICJICHUEM YEeTKOW TOJSpHU3allMM pPACCESHHOTO CBETa B IMOJSPU30BAaHHBIX CHEKTpax IO
CPAaBHEHMIO C HEMOJSIPU30BaHHBIMHM. TakuM o0pa3oM, aHaJIW3 MOJISIPU30BaHHBIX crekTpoB KP
MO3BOJISIET C Ooyiee BHICOKOH TOYHOCTBIO OXapaKTE€pPU30BaTh TOHKHE HM3MEHEHHUS B CTPYKType
COTMOJIUMEPOB IO CPABHEHMIO C HEMOJISIPU30BAaHHBIMU CHEKTpaMmu. l3MeHeHuss B cmekTpax
COTIOJIMMEPOB MpPOIUJIeHa ¢ OyTeHOM-1 U COMmoNIMMepoB MPOIUIeHa ¢ OKTEHOM-1 Tak)ke OKa3alluch
OYeHb TIIOXO0XKM, OJIHAKO B Cllydae OKTeHa-1 5TH u3MeHeHHs ObUIM 3HAYMTENbHO Ooliee
BBIpQKEHHBIMU. ODTOT (hakT ObLI OOBSACHEH TeM, YTO OKTEeH-1 mmeeT Oosee JUIMHHYIO OOKOBYIO
1enb, 4eM OyTeH-1, W Mpu COMOJIMMEpHU3AIMU C MPOMUIECHOM OKTeH-1 sddexTuBHEe pa3pymiaeT
cnupaigbHyl0 KoHpopmauuioo uenu wuzorakruyeckoro Il u sddexTuBHEee mnpensTcTByeT
Kpuctaum3anuu u3oraktuueckoro IIII. OGHapyxkeHo, uTo (ha30BBI M KOH(POPMALMOHHBIN
COCTaBBl MOJIEKYJI COTMOJIMMEPOB 3aBHCAT OT COJEPKAHUS COMOHOMEPOB U JUIMHBI OOKOBOM LIENH
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Broporo MoHoMmepa. Cogaepkanue wmakpomosiekyn IIII B coupanbHOW KOHpOpManuu B
KpHCTAJUINYEeCKOW M amopdHoi (hazaXx COMOIMMEPOB MOHOTOHHO YMEHBINACTCS C YBEIUYECHHUEM
cozepkanusi BToporo MoHomepa. Copep)kaHue MaKpOMOJIEKYJl B CIUPAJIbHON KOH(pOpManuu
yMEHbIIaeTCs ObICTpee B KpUCTALTHUECKON (paze mo cpaBHeHHIO ¢ amopdHOi (a3oit. [Ipu oguux u
TEX K€ COAEPKaHMAX COMOHOMEPOB OOIee coAep)KaHHE LeNneld B CIUpaNbHOW KOH(MOpMaluH
YMEHBIIACTCS C YBEIMYCHUEM JITMHBI OOKOBOH LIEMH BTOPOTO MOHOMEDA.
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AHAJIM3 BJUAHUS ®PAKIITUOHHOI'O COCTABA 3EPEH MIIEHUIIBI
HA CIIEKTPbI KOMBUHAILIMOHHOI'O PACCESAHUMSA CBETA

©Ky3neuoe C. M., ORCID: 0000-0002-8378-7085, SPIN-x00: 5144-7999, kano. ¢u3z.-mam. Hayx,
DedepanvHulil HAYYHBIU acpouHdceHepblil yenmp BUM; Hucmumym obwetl puzuxu um. A.M.
IIpoxoposa Poccuiickoti akademuu Hayk, 2. Mockea, Poccus, kuznetsovsm@kapella.gpi.ru

ANALYSIS OF THE INFLUENCE OF THE FRACTIONAL COMPOSITION
OF WHEAT GRAINS ON RAMAN SPECTRA

©Kuznetsov S., ORCID: 0000-0002-8378-7085, SPIN-code: 5144-7999, Ph.D.,
Federal Scientific Agronomic and Engineering Center VIM, Prokhorov General Physics Institute of
the Russian Academy of Sciences, Moscow, Russia, kuznetsovsm@kapella.gpi.ru

Annomayus. ViccnemoBaHWe KadecTBa CENbCKOXO3SIMICTBEHHOM MPOAYKIIMH, B YaCTHOCTH
MIICHUIIB, UMEET BaXKHOE 3HAYeHHEe Uid oOecredeHHs MpPOAOBOJIBCTBEHHON O€30MacHOCTH U
YCTOMYMBOTO Pa3BUTHUA arpoNpOMBINIJICHHOTO KoMIUiekca. B pabore paccmarpuBaercs
MIPUMEHEHUE CTIIEKTPOCKONHH KoMOnHanmoHHoro paccesinus (KP) cBera niis ananusa CTpyKTYpPHBIX
ocoOeHHOCTEeW 3€peH mmieHUIBl pa3Hbix  ¢(pakuuid. Merox KP, oOmamas BbicOKoOit
MH(OPMATUBHOCTHIO, HEPA3PYIIAIOIIUM XapaKTepPOM U CKOPOCTHIO aHallu3a, MPEACTaBIsSeT coO0i
MEePCIEKTUBHBIM HWHCTPYMEHT 11 OIEHKM KauyeCTBa CEJIbCKOXO3SIMCTBEHHON MPOIYKIIUH.
Pe3ynbrarhl moka3aian 3aBUCMMOCTh MHTEHCHBHOCTH CIIEKTPAJIBbHBIX JTUHUU OT (pakluu 3€pHa: C
yBEJIMYEHUEM pa3Mepa 3epHa BO3pacTaia MHTEHCHBHOCTh CUTHAJIOB, OTHOCSIIUXCS K KOJeOaHUsIM
benmnbpHBIX U apoMatudeckux kojer, a Takke C—C u C-N cBsazeil. DTO CBUIECTENLCTBYET O
BO3MOKHOM TIOBBIIIEHUHM KOHIIGHTPAIIMM aMUHOKHMCIOT M TENTHUJIOB B 0ojiee KPYMHBIX 3EpHaX.
beimo ormedeno Takke ycuieHue (OHOBOM (IyopecueHIUd TPH YBEIUYCHUH (PpaKIuu, 4To
OTpa)kaeT pPa3IUyusl B COOTHOLICHUH 000JI0YKY U BHYTPEHHEH YacTH 3epHa.

Abstract. Studying the quality of agricultural products, particularly wheat, is essential for
ensuring food security and sustainable development of the agro-industrial complex. This paper
examines the use of Raman spectroscopy to analyze the structural features of wheat grains of
different fractions. Raman spectroscopy, with its high information content, non-destructive nature,
and rapid analysis, represents a promising tool for assessing the quality of agricultural products. The
results demonstrated a dependence of the intensity of spectral lines on grain fraction: with
increasing grain size, the intensity of signals related to vibrations of phenyl and aromatic rings, as
well as C—C and C-N bonds, increased. This indicates a possible increase in the concentration of
amino acids and peptides in larger grains. An increase in background fluorescence was also noted
with increasing fraction, reflecting differences in the ratio of the grain shell to the core.

Knwouesvie  cnosa:  TIIeHWNA, 3€pHOBBIE  KYJIBTYphl,  (pakius, CHEKTPOCKOMHS
KOMOHMHAIIMOHHOTO PAcCEesTHUS CBETA.

Keywords: wheat, grain crops, fraction, Raman spectroscopy.
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[Tmenuna sBASETCS ONHOM M3 OCHOBHBIX 3€PHOBBIX KYJIBTYP B MUPE U CIY>KUT KIHOUEBBIM
HMCTOYHUKOM O€JKa, yIIIeBOJ0B U MUKPO3JIEMEHTOB B paloHe yenoBeka [1-3].

KadecTBo 3epHa HampsMyl0 BIMSET Ha €ro IMUTATENIbHYI0 LIEHHOCTb, TEXHOJOTMYECKUE
CBOMCTBAa M NPUIOAHOCTH AJIi IIPOM3BOJACTBA MYKH, Xje0a M Jpyrux npoaykroB. Kpome Toro,
MOHHUTOPUHI XUMHYECKOTO COCTaBa U BBISABJIEHHE BO3MOXKHBIX 3arpsA3HEHHN (Hampumep,
MEeCTUIUAO0B, MUKOTOKCUHOB MJIU TKENBIX METAJIOB) MUMEIOT pellarolllee 3HaueHue IS OXpaHbl
37I0POBbs TOTPEOHTENCH M COOTBETCTBUS MEXIYHApOJHBIM CTaHAAapTaM KadecTBa. B ycrmoBusx
M3MEHEHUS KJIMMara U MHTCHCU(UKAIMK 3eMJIe/IeNIis CBOCBPEMEHHAs U TOYHAsl OI[CHKAa KauecTBa
TMIIEHUIIBI MTO3BOJIIET ONTUMH3UPOBATh METOABI XpaHEHUs, MepepabOTKU U CENEKIUU, YTO JIelaeT
WCCIIEIOBAHUS B 3TOW 00JIaCTH OCOOCHHO aKTyallbHBIMH. B HacTosiiiee Bpems Ui aHalln3a cOCTaBa
M KayecTBa CEJIbCKOXO3AHCTBEHHOM MPOAYKIUH LIMPOKO TNPHUMEHSIOTCS pas3iIuydHble (U3UKO-
XUMUYECKHE U CTIEKTPOCKOIIUYECKUE METObI [4-7].

Cpenn vux — uHbpakpacHas (UK) n 6mmwxusas MK-cnekrpockonusi, yiasTpaduoiaeToBas
Bugumas crekrpockonusi (UV-Vis), ¢uyopeclieHTHbIN aHaiu3, Xxpomarorpaguueckue MeTOIb
(ra3oBas M KUAKOCTHAsi Xpomarorpadus), a TaKKe MacC-CIIEKTPOMETPHS. DTH METOIBI MTO3BOJISIOT
OTIpE/IENATh COJEP)KAHUE OCHOBHBIX MHTATENbHBIX BELIECTB, MECTULHUIOB, TOKCHHOB, BJIaru M
JIPYyTUX TapaMeTpoB, XapaKTePU3YIOUIMX KadyeCcTBO M O€30MaCHOCTh CEJIbCKOXO3SHCTBEHHON
npoaykuuu. Hapsimy ¢ BellienepeducIeHHbIMA METOJaMU MOXKHO BBIIETUTH CHEKTPOCKOIHIO
koMmOuHamonHoro paccesinus (KP) cBera, koTopast Bc€ yalie paccMaTpuBaeTcsl Kak MepCreKTUBHASA
aJIbTepHaTHBa O1arofapsi COUETAaHUIO CKOPOCTH, YHUBEPCAIBHOCTH M OTCYTCTBHSI HEOOXOAMMOCTH B
CJIO’KHOM MPOOOIOATOTOBKE.

Cnekrpockoruss KP  mpencraBiasier  coOoif  BBICOKOMH(DOPMATHBHBIN,  OBICTPBIA |
Hepa3pylIAMUNi METOJ] aHallu3a CTPYKTYpPbl PAa3JIMYHBIX BEIIECTB M MarepHalioB. JTOT IMOIXOJ
00JlaaeT yHUKAJHHBIMH BO3MOXKHOCTSIMH ISl TIPOBEICHHUS KOJMYECTBEHHBIX HMCCIEJOBAHUHN Kak
MOJIEKYJISIPHOM, TaK U HaIMOJIEKYJISIPHON CTPYKTYpPHI BellecTBa. KolnyecTBo U MoiokeHue IMHUHN B
cnektpax KP naroT nieHHyro MHpOpMALHMIO O CTPOSHUH PACCEUBAIOIIUX MOJIEKYJ, a MPUBJICUCHUE
KOJIMYECTBEHHBIX XapakTepucTtuk JuHui KP, Takux kak 4acToTa, MHTEHCUBHOCTH W TMOJYIIUPHUHA,
MO3BOJIIET 3HAYUTENBHO PACIIUPUTH WHTEPIPETALMOHHBIE BO3MOXXHOCTH METO/a U MOBBICUTH
TOYHOCTH aHAJHN3a.

Cpenn HECOMHEHHBIX JOCTOMHCTB crekTpockonuun KP 1o cpaBHeHHMIO ¢ JIpyrumu
TPaAULIMOHHBIMU METOJaMM HCCJEIOBaHUS CEJIbCKOXO3SIMCTBEHHON mponykuuu (Hampumep, UK
WK (QIIyOpECIEHTHON CHEKTPOCKOMMENH) MOKHO BBIJEINUTh BO3MOKHOCTh M3ydeHHUsl 00pasloB 0e3
MpeBAPUTENHHOM MOATOTOBKH, B MaJloOM 00BEME M C BHICOKUM MPOCTPAHCTBEHHBIM pa3pelieHueM
— JI0 €IMHUI] MUKPOH KaK IO MOBEPXHOCTH, TaK U MO IIyOmHe oOpasua. EmE omHuM BaXHBIM
MPEUMYLIECTBOM SIBJISIETCSl BBICOKAsh CKOPOCTb aHajIM3a: HCCIEAOBAaHHE OAHOrO o0Opasna MOXKET
3aHUMaTh MEHEE MUHYTHI.

Kpome Toro, 3ToT MeTO] OTIMYAETCS BBICOKOM CENEKTUBHOCTBIO, UTO IMO3BOJSIET pa3inyarb
XUMHYECKH CXOJHBIC COCAMHEHMsS, a TaK)K€ CTOMKOCThIO K BIHSHUIO BIard U (IIyopecleHIINH,
KOTOpasi 4acTO MEIIAeT APYTUM ONTHYecKUM MerojnaM. CoBpeMeHHble cuctembl Ha ocHoBe KP
CHEKTPOCKOMHUH MOTYT ObITh COBMEIIEHBI C MUKPOCKOTIHUEN MIIH BOJIOKOHHO-ONTUYECKUMHU 30H/1aMU,
YTO JieJlaeT BO3MOKHBIM BCTpavWBaHWE METOJa B MPOMU3BOJCTBEHHBIC JUHUM M MPOBEACHUE In Situ
MOHHUTOPHUHTA KQ4€CTBA MPOTYKITUH.

Mamepuanvt u Memoovl Uccie008aHUs.
B nmanHo#t paGore Meromom crekTpockonuu KP ObuTO mpoBeneHO HCClIEeOBaHHE COCTaBa
3€peH MILEHUIIBI Pa3HOro pa3Mepa M Macchl. B kauecTBe 00pa31oB AJIs UCCIIEAOBaHMsI ObUIN B3STHI
3épHa mmeHunpl copra «TumupsaseBka 150». DOTOT CcOpT O3UMBIM, CpEIHENO3AHMIA,
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BBICOKOYPOXKAMHBIA, KOPOTKOCTEOETbHBIH C BereTalmoHHbIM mepuonomM 214-306 nueir. Coprt
ycroiuuB K mojeranuto. Opurunarop copra: KHUMCX um. II. II. Jlykesnenko (r. KpacHomap),
npousBoautenb 3EpeH: ArpoMup-Cuac (Kpacnomapckuii kpaif). CopT ycroduuB Kk Oypoi
prkaBuMHE, KENTOW pKaBUMHE, CTEONEBOM prkaBUMHE, MyYHUCTOH pOCE; CpelHE BOCHPUHUMYHB K
¢dby3apuozy u centopuosy. BocmpuumuuB K TBEPAOW TrOJOBHE M BUPYCHBIM Oone3Hsim. Jlis
UCCle0BaHus ObLTM 0TOOpaHbl U OUYMILEHBI 3EpHA pa3inyHoi (pakuuu (T.e. Mmaccol 1000 cemsin) oT
32 1047

Jliis mpoBeneHus CieKTpanbHOro aHanmm3a 20 T 38peH Kaxaod (pakiuu U3MENTBYaInuch J10
COCTOSIHUSI MyKH B OJIMHAKOBBIX yCJIOBHsX. [lonmyunBiascs Myka nmomMemnanach Ha aJFOMUHUEBYIO
MOJIJIOKKY, Ha KOTOpOM NpoBoauiack perucrpanus cnekrpoB. Crnektpsl KP peructpupoBanuce ¢
nomotipio ciekrpomerpa Senterra II (Bruker, CIIIA), ocHamEHHOTO TUOIHBIM JTa3€pOM C JTHHON
BOJIHBI BO30YXKJIAIOMIET0 H3IydeHUuss A = 785 HM u ¢ BbIXogHOH MomHocThio 100 mMBt, TI3C-
MaTpUYHBIM JETEKTOPOM, OxJaxaaemoro snemeHtamu Ilenstbe m oObexTHBOM Olympus ¢ 20-
KpatHbIM yBenuueHueM (NA = 0.4).

JUia nojaBieHUs P3JIEEBCKOIO paccesHUsl NPUMEHSIINCh KpaeBble CBETOPMIBTPHI. CHEKTpPbI
PEruCTPUPOBAIMCH NIPU KOMHATHOM TeMIlepaType Bpexume paccesHus Ha 180° co crneKkTpaabHbIM
paspemennem 4 cM™. Bpems perucTpaiun Kaxaoro CekTpa He IPEeBBIIIANo 3 MUH.

Ilepen Tem Kak meEpedTH K OOCYXKACHUIO PE3YyJIbTAaTOB, CTOUT OTMETUTh HEKOTOpHIE
ocobeHHOCTH Tporiecca monydeHust cniektpoB KP. Bo-mepBrix, anms kaxaoro obpasma CHeKTphI
PErUCTPUPOBANINUCH B 5 pa3HbIX TOUKax. [lodydyeHHbIE CHIEKTPBI OBUIM CXOXHU APYT C IPYrOM, YTO
MO3BOJISIET CJIeNIaTh BBIBOJ O TOM, YTO 00pa3iibl ObLTN MPOCTPAHCTBEHHO OJAHOPOIHBIMU MO COCTABY.
Bo-BTOpBIX, B KaXKI0M TOYKE PETHCTPUPOBAIOCH HECKOJIBKO creKTpoB noapsa (ot 10 mo 20). Ot
CEpUHU CIEKTPOB TaKXKE HE OTIUYAIUCH JIPYT OT JAPYyra, YTO TOBOPUT O TOM, YTO BO BpeMs pabOThI
Ja3zepa 00paslibl HE JerpaaupOBalIH.

CrekTpsl, pecTaBiIeHHbIE B pa3aene «Pe3ynpTaTsl U 00CyKIEHUEY, IBISIOTCS CYMMOM BCEX
CIEKTPOB, MOJIYUYEHHBIX JJIS Ka)XJ0ro o0Opas3iia BO BCEX €ro Toukax. Bo Bpems MaremaruyecKou
00pabOTKU W3 3apPETUCTPUPOBAHHBIX CIIEKTPOB BHIUUTANICA (OH (DIFOOPECICHIINU, KOTOPHIA ObLI
anmnpOKCUMHUPOBAH IMOJIMHOMOM BTOPOT'O MOPsAKa.

Pesynomamot u obcyscoenue

3aperucTpupoBaHHBIE CHEKTPhl M3MENBUYEHHBIX 3€pEH MIICHUIBI Pa3HOW  (pakmuu
npencrasieHsl Ha Pucynke 1. Bece criekTpbl HOpMHPOBaHBI Ha MHKOBYI0 HHTEHCHBHOCTH JIMHUU C
MakcuMyMoM okonio 480 cM™!, koTopas oTHOCHTCA K BajieHTHBIM Konebanusam C—H casseit. Busno,
4YTO C yBeJIWYeHHEM (pakiuu 3epHa pacTéT MHTEHCHBHOCTb OTAEIBbHBIX OO0JIACTEH CIIEKTPOB.
HaubGonee 3ameTHbIe M3MEHEHUsT HAOMIOIAt0TCS U1 00IacTH KoJjiebanuil (heHubHbIX Kosterl (850 —
950 cm!), a Taxoke apomatudeckux konery 1 C—C u C—N casseit (1000-1150 cm™!) [8-11].

[IpennonokuTenbHO 3TO MOXKET OBbITh CBA3aHO ¢ ABYMs (akTropamu. Bo-mepBbix, B Goiee
KPYIHBIX 3EpHaX MOXKET CoJep)KaTbcs OONbIIas KOHIEHTpAaIUs pPa3IHYHBIX CBOOOIHBIX
aMHMHOKHCIIOT U TENTHI0B, HEXXEH B 3¢pHaX MEHBIIETO pa3Mepa.

Bo-BTOpBIX, HEOOXOIMMO YUYWTHIBaTH cocTaB oOpasma. [lpu wu3menbueHun 3EpeH B
MOJTyYMBIIIEHCSI MyKE COJIEp)KATCs YacTHIBI KaK BHYTPEHHEW YacTH 3€pHa, TaKk M OOOJIOYKH.
OOBémHas o1 yacTULl 000I0UKH B 3€pHaxX (ppakuuu >45 3HAYMTENHHO MEHbILE, YeM B 3EpPHAX
¢pakuun 32-33, MOCKOJIBKY IUIOIIAAb IMOBEPXHOCTH 3€pHA C yBEIMUEHHEM (pakiuu pacTET
MeJJICHHEe, 4eM ero o0hEM, a Macca Bcex o0pa3iioB oanHakosa. [Ipu aTom TBEpAas o6osiouka cama
no cebe He umeeT BbIpakeHHOro crekrpa KP, mpu e€ ananuze Obul oOHapyeH TOibko (hoH
(br00peCLeHITHH.
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Takum oOpazom, cnektpel KP myku, monydeHHOW w3 3EpeH Mayiol (pakiuu, Coaepkar
OoupIryro (POHOBYIO JOJIIO, @ B ClIydae KpYNMHOW (PpaKIMU CHEKTp BHYTPEHHEH 4acTH 3epHA UMEET
HAMHOTO OOJIBIIYI0 HHTCHCUBHOCTD, 4eM (POH. CTOUT OTMETHTh, YTO BHYTPEHHSIS 4aCTh TaKKe NaET
CBOM JIOTIOJIHUTENIbHBIA (POHOBBIIN BKJIAJ B OOLINI CHEKTP, HO MPU 3TOM €€ TOJEe3HbIN curHai (T.e.
UHTEeHCUBHOCTH TMHUI KP 110 OTHOIIEHHIO K MHTEHCHBHOCTH ()OHA) 3HAUYNTEIIHHO BBIIIE.

dpakuunm 3épeH:
>45
——43-44
—41-42
—39-40
—37-38
—36-37
—335
— 32-33

MHTEHCUBHOCTb, OTH.€A.

T T T T T T T T T T T

400 500 600 700 800 900 100011001200130014001500
YacToTa, cm™

Pucynok 1. O6paborannsie ciekTpsl KP 00pa3oB n3mMenb4€HHBIX 3€peH MIICHAUIIB Pa3HBIX (paKkiui

IToMumMO pocTa HMHTEHCHBHOCTH OTIENBHBIX OOJNacTed B OOpabOOTaHHBIX CHEKTPax CTOMT
OTMETHTh HaONIOfeHWe, CAETaHHOe TpH aHanm3e HeoOpaboraHHbIX cnekTpoB KP. Beuio
oOHapyxeHo, 4T0 (HoH (IFOOPECHEHIINH, KOTOPBIM MPUCYI] CHEKTPaM CIOXHBIX OPTaHUYECKHUX
COEJMHEHUH, TakKe pacTéT ¢ yBeIUYEHUEM (PpaKLUU 3epHA. DTO CBA3AHO C POCTOM (POHOBOTO
CUTHaJIa U OT 00OJIOUKU 3€peH, W OT MX BHYTPEHHEH 4acTH, ueil BKJaJ MpH 3TOM CTaHOBUTCS
Oosblie.

Opakyuun 3épeH:
>45
—43-44
—41-42
—39-40
—37-38
— 36-37
— 34-35
32-33

MHTEHCUMBHOCTb, OTH.€[.

200 400 600 800 1000 1200 1400 1600 1800 2000
YacroTa, cm™’

Pucynok 2. HeoOpabGoranubie criektpel KP 00pasiioB u3Menb4€HHBIX 3EpEeH IIEHUIBI Pa3HBIX
(bpaxrmii
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Hecmotpst Ha 1O, uTO aHanu3 (OHOBOM KOMIIOHEHTHI — 3TO CIJIOXKHBIM HPOLECC, KOTOPBIH
CBSI3aH C OOJIBIIMM KOJMYECTBOM CIIOKHOCTEH, CTAaTHCTHKA, IONyYeHHas B cilyyae 3EpeH,
UCCIICIOBAHHBIX B JaHHOH pabore, [aér yBHIACTh TEHICHIMIO, OOBEAMHSIONUIYIO (OH
¢moopeceHIMU U pa3Mep 3epHa. JTO MO3BOJISIET MPOBOANUTH Oosiee OBICTPHIN OLIEHOYHBIN aHAIIN3
(pakIIMOHHOTO COCTaBa 3E€PHOBBIX NPOAYKTOB, TaK Kak HE TpeOyeT mociemyromeil oOopadoTKu
CTIEKTPAJIbHBIX TAHHBIX.

3axnmouenue

IIpoBenénnple nccCneIOBaHUS MNOATBEPAMIN BO3MOKHOCTh IIPUMEHEHHUS CIIEKTPOCKOIUHU
KOMOWHAIIMOHHOTO PAcCestHUS JJISl aHaIu3a CTPYKTYpPHBIX OCOOCHHOCTEH 3€peH mieHubl. Meton
MIPOJAEMOHCTPHUPOBAJ BHICOKYIO UYBCTBHTEIBHOCTh K M3MEHEHHUIO (PPAKIIMOHHOTO COCTaBa 3€pHA U
IIO3BOJIMJI BBIABUTH KOPPEIILUIO MEXKIY pPasMEpoM 3E€pEH M HMHTEHCHUBHOCTBIO XapaKTEPHBIX
CIEKTPAJIbHBIX JIMHUH, CBSI3aHHBIX C OEJKOBBIMM M YIJIEBOAHBIMH KOMIOHEHTaMHu. [loBbliieHue
WHTCHCUBHOCTH CIIEKTPOB JUIS KPYIHBIX 3EpPEH YKa3blBaeT Ha 0ojiee BBICOKOE COIEpIKaHUE
OPraHWYECKUX COCIMHEHHUH, YTO MOXET MCIOJb30BaThCS IIPU COPTUPOBKE M OLIEHKE KayecTBa
3epHa.
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AGRIS P33

AHAJIN3 CIIEKTPOB KP COITIOJIMMEPOB 9THUJIEHA U ITPOIINJIEHA
B OBJIACTH YACTOT OT 2850 JTO 2950 cm!.

©Hoeukoe B. C., ORCID: 0000-0002-3304-1568, SPIN-xo00: 41896086, kano. ¢us.-mam. Hayx,
Hncmumym obweti puzuxu um. A. M. Ilpoxoposa Poccuiickoti akademuu Hayk,
2. Mocksa, Poccus, vasiliy1992@gmail.com

ANALYSIS OF RAMAN SPECTRA OF ETHYLENE AND PROPYLENE COPOLYMERS
IN THE REGION FROM 2850 TO 2950 cm™'.

©Novikov V., ORCID: 0000-0002-3304-1568, SPIN-code: 41896086, Ph.D.,
Prokhorov General Physics Institute of the Russian Academy of Sciences,
Moscow, Russia, vasiliy1992@gmail.com

Annomayusn. B nanHo# pabote uccienoBaiuch crekTpsl KP comoammepoB aTHIICH-TIpONTUICH
(COII), cuUHTE3UPOBAHHBIX C IOMOIIBID HOBBIX METAJUIONEHOBBIX KaTaauTUdeckux cuctem. C
YBEITMYCHUEM COJICPKAHUS ITHIIEHA HAOMIOAAINCh CUJIBHBIE MOHOTOHHBIE M3MEHEHHMS B CIEKTpax
COII. B KP cniekrpax COII HabnrogaeTcsi MOHOTOHHBIN CABUT B BBICOKOUACTOTHYIO O0JIACTh JIMHUU,
COOTBETCTBYIOLIEH CHUMMETPUYHOMY BalleHTHOMY KkoneOanuto rpynn CH2, npu ysenuueHuu
comepkanus stuiieHa. [lokazaHo, YTO MONOXKEHHUE MAKCUMyMa STOW JIMHWUU 3aBUCUT TOJIBKO OT
OTHOCHUTEIIEHOTO COJICPKaHHUSI COMOHOMEPOB M HE 3aBHUCHUT OT COJCpPIKAHUS KPUCTALTHYCCKUX (a3
IIIT u I1D.

Abstract. In this study, we investigated the Raman spectra of ethylene-propylene copolymers
(EPCs) synthesized using new metallocene catalytic systems. Strong monotonic changes in the EPC
spectra were observed with increasing ethylene content. The EPC Raman spectra exhibit a
monotonic shift in the high-frequency region of the line, corresponding to symmetrical valence
mixing of the CH2 group, with increasing ethylene content. It was shown that the preference for this
line's maximum depends only on the relative comonomer content and is independent of the content
of the crystalline phases of PP and PE.

Knroueswvie cnosa: CIICKTPOCKOIINA KOM6I/IH3.I_[I/IOHHOFO paccesanusa CBCTa, 3TUJICH, ITPOIUJICH,
COIIOJIMMCEPHI.

Keywords: Raman spectroscopy, propelene, ethylene,copolymers.

OcHOBHOUM 3a/laueii COBPEMEHHBIX TMPUKIAJHBIX HCCIECIOBAaHUN TOJIUMEPOB SIBIISETCS
MOJTy4eHHUE MaTepuajoB C KOMIUIEKCOM 3aJaHHBIX (U3UKO-XMMHUYECKUX CBOUCTB. OmHHM U3
3G (GEKTUBHBIX CHOCOOOB JOCTHXKEHHSI OTOM 1MW SBISETCS MOJACPHU3AIUS OTJIAKECHHBIX
TEXHOJIOTMA TIPOM3BOJCTBA TAKUX IIMPOKO HMCIOIB3YEMBIX MOIMUMEPOB, Kak moimdTmwieH (I19) u
noymmmnponwieH ([1I1). B manHoit pabore paccMaTpuBarOTCS OJHO W3 HamOoJee MEepPCIeKTHUBHBIX
METOJIOB TaKO MOJEPHHU3ALUU — COIMOJIMMEpPHU3AIIHsL.

Haubomnee npocThIM ¢ TOUKHU 3pEHHS] XUMUYECKON CTPYKTYPHI SIBISIETCS COTIOJIMMED ITHIICHA C
npomwieHoM (COII). DToT conmomuMep Hamien MHUPOKOE MPUMEHEHNE B MPOMBIIIIEHHOCTH, U €T0
M3y4YeHUE MPECTABISET Cepbe3HbIN MpakTuueckuii nuatepec. Onnako uccnenopanue COII umeer u
Oonblioe (QyHIAMEHTAIbHOE 3HAYeHHE, TaK KaK Ha MPUMEpE STOro MPOCTEHIIEero COomoiIuMmepa
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MOKHO TPOCIEAUTh OCHOBHBIE 3aKOHOMEPHOCTH M3MEHEHUS! MOJEKYISPHOM M HaJIMOJIEKYISPHON
CTPYKTYpBI OJMMEPHOTO Marepuaia B 3aBUCUMOCTH OT TEXHOJIOTMU €ro CMHTE3a, B YaCTHOCTH, OT
CTPYKTYpbl ~Karajau3aropa U OTHOCUTEJIIBHOIO COJEpXKaHUs COMOHOMepoB. MccnenoBanue
kosiebarenbHbIX criekTpoB COII Takke mpeacTaBisieT 3HAUUTENbHBIA METONOJIOTUYECKUN UHTEPEC,
TaK Kak CIEKTp COMOJMMEpa MOXET ObITh pPACCUMTaH TEOPETUYECKH C JOCTAaTOYHOU
MaTeMaTH4YeCKONH TOYHOCTHIO, U, TAKUM 00pa3oM, Ha €ro mpuMmepe MOXKHO MPOU3BECTU MPOBEPKY
pa3NUYHBIX MOJAENEH CTPYKTypbl Marepuaja W pacyera ero KojeOaTelabHBIX CIIEKTPOB.
Ony6nukoBaHO OONBIIOE KOMMYECTBO paboT, mocBAmEeHHbIX u3ydeHno COIl  paznuuHbIMU
CTPYKTYPHBIMH METOJaMH, CpEeId KOTOpBIX Hambonee uyacto Bcerpevarorcs SAMP u HUK-
cnekTpockonus, nupdepeHnuanbuo-ckanupyromas kanopumerpus (JCK), peHTreHOCTpYKTYpHBIIT
ananus (PCA) [1-4].

Opnnako 4ucio padoT ¢ AeTaabHBIM UCCIECIOBAaHHEM CIEKTPOB KOMOMHAIIMOHHOTO PACCESHUS
(KP) aTux marepuanoB ¥ UX 3aBUCUMOCTH OT CTPYKTYPHBIX XapakTepucTHk HeBenuko. Ecnu xe KP-
CHEKTPOCKOMHS U MPUMEHSIACh, TO B MOJAABJISIONIEM OOJBIIMHCTBE TaKUX pabOT MCCIENOBaUCh
JUIIL OTACIbHBIE 00pa3Iibl COMOIMMEPOB M cMecel 0e3 AeTalbHOro aHalu3a Cepuil 00pasIoB C
Pa3IUYHBIM COOTHOIIICHHEM MOHOMEPOB M CHHTE3MPOBAHHBIX PAa3HBIMH METOIAMHU.

Lenpto naHHOW pabOTHI ABISETCS HCCIeNOBaHHE MeTonoM crekTpockomuu KP crpykrypbl
COII ¢ paznuuHbIM copepkaHueM dTuiieHa u nponwieHa. Crnekrpockomnus KP cBera okasbiBaeTcs
yIO0OHBIM ¥ MH()OPMATUBHBIM METOJIOM aHaJN3a CTPYKTYPhl PAa3IUYHBIX MAaTepUATIOB U ITO3BOJISCT
MOJTyYUTh HMH(OPMAIIUIO O COCTOSHUU MOJICKYJ B Pa3IUYHBIX (Pa30BBIX W KOH(POPMAIMOHHBIX
COCTOSIHMSIX, UTO SIBJSIETCS 3HAYUTEIbHBIM TMPEUMYIIECTBOM TMeEpel JPYTUMH  IIHPOKO
UCIONIb3YEMBIMU METO/IaMU CTPYKTYpPHOTO aHaIM3a, TaKUMH Kak, Harpumep, PCA u JICK.

[TockoabKy CONMOIUMEPHI SIBISIFOTCS WJIM YAaCTUYHO KPUCTANIMYECKUMHU WIHA IOJHOCTHIO
aMop(HBIMH, TO 3Ta HawOoJyiee MONHAsS WHPOpPMAIHUSA 00 WX CTPYKType MOXKET OBITh IMOJydYeHa
MMEHHO MeTolaMu KoneOarenbHOM crnekTpockonuu. [lo cmektpam KP mMoxHO ompenenuts
XUMHYECKHI COCTaB, CTENEHb KPUCTAIUTMYHOCTH, KOH(OPMAIMOHHBIA COCTaB M OPUEHTAIIMIO
Makpomoriekyn monumepa. CoBpemeHHass TexHuka KP mo3BomsieT uccienoBarh oOpasiibl OY€Hb
MaJjioro o0beMa ¢ MPOCTPAHCTBEHHBIM pa3peIIeHUeM A0 €IUHULl MUKPOH.

Mamepuan u memoOost ucciedosanus

Cononumepbl 3TUIIEH-TPONIIEH, UCCIEOBAaHHbIE B JaHHOW paboTe OBbLIM CHHTE3UPOBAHBI
OTHOCHUTENIbHO HEJAaBHO C HCIIOJb30BaHUEM TpPEX aHCA-METAJJIOLIEHOBBIX KAaTalu3aTopoB,
aKTMBUPOBAHHBIX mosnMeTuiantoMokcanoM (MAO). Karanuzarop 1 tuna obecrieunBaeT CUHTE3 C
BBICOKOM 3()()eKTUBHOCTBIO BBICOKOKpHCTalIMueckoro usoraktuueckoro IIII ¢ conmepxanuem
M30TAKTHYECKUX TeHTag mmmm 98% wu MonekynaspHoil maccod 10 1 MIIH.; MCIOJIB30BaHHE
METaJUIOLIEHOBOTO KaTaju3aropa 2 TUIla MPUBOAMT K TMOJNy4eHHIo u3otakruueckoro IIIT ¢
peryiMpyemMbIM KOJHMYECTBOM CTEPEOOIINOOK, C COIEp)KaHHMEeM HM30TAaKTHUECKHUX MEeHTaJ mmmm
36% wu wMonekymsapHoi Maccoil go 200000; xarammzatop 3 Tuma oOecrnedMBaeT CHHTE3
n3zoraktuueckoro Il ¢ conmepkaHmeM uzoTakTHueckKux neHTag mmmm 80% U MoJeKyaspHON
maccoit 1o 100000 [5].

Perucrpanus crnekrpoB KP mpousBonniack Ha yCTaHOBKE Uil perucrtpauuu crektpos KP.
Omna coctout u3 nazepa Sapphire SF 532 (Coherent Inc., CIIIA), nBoitHoro moHoxpomaropa U1000
(Jobin Yvon, ®panuus) u ¢GOTOYMHOXKHTENS, paboTamomero B pexume cuera (GortoHos. [[nmHa
BOJTHBI BO30YkMaromiero u3nydeHus: Obuta 532 HM. CriekTpsl 3anuchIBATNCH TTpu 90°-paccesHun co
CIEKTPaJIbHBIM pa3pelieHHeM 5 cM ™.
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Pe3zynemamol u 0ocyscoenue

Uccnenosanca psan COII ¢ conepxkanrem stuieHa ot 4 10 85 moi.%, CHHTE3UPOBaHHBIX B
MPUCYTCTBUU Pa3IUYHBIX KaTaan3atopoB. C yBeJIWUEHUEM OTHOCUTEIBHOTO COACPKAHUS STUIICHA B
cnektpe KP COII momxHbl HaOMOAATECS U3MEHEHUS, CBSI3aHHBIE C M3MEHEHHUEM OTHOCHUTEIHHOTO
conepkanus rpynn CH, CH> u CH3, koH(}OpMaMOHHOTO cOCTaBa MaKpOMOJIEKYJI U CTEIICHH
KPUCTAILTMYHOCTH COIOJIUMEPA.

B cootBerctBuu ¢ [6], Bce muauu KP uzonupoBanHoi Makpomosiekyisl [1I1 B cimpanbpHoii
KOH(OPMAIIMH COCTOST U3 TPHUILICTOB JTUHUI, OTBEUAIONINX KOJICOAHHSIM CUMMETPUH A U JBaXKIIbI
BBIPOXKJICHHBIM KOJI€OaHUSIM cCUMMETpHH E.

Pacmierienne auHME  u3otakthudeckoro IIII, Bo3MokHOe 3a cyeT OOBEIUHEHUS
MaKpOMOJIEKYJI B MOHOKJIMHHYIO KPUCTALTMYECKYIO PEIICTKY, JJIs MOJABIISIFOIIET0 OOJMBIIMHCTBA
koniebanmii He Habmromaercs. [ToaToMy, Kak MpaBUIIO, OTHECEHUE JIMHUH B KOJIeOATeNbHBIX CIIEKTPax
n3oraktudeckoro Il ¢ MOHOKJIMHHOM KpUCTAJUIMYECKOM PpEIIETKOM paccMarpuBaeTcs B
MpUOMIKEHUN U30JIMPOBAHHONM MAaKpOMOJEKYlbl B crupainbHoil koHpopmauuu. Crnektp KP
MakpoMoliekynel [1D B mpanc-konpopmarmun u [ID ¢ opropoMOMUecKod KpHUCTAUIMYECKOU
PEIIEeTKOI COCTOUT U3 KojeOaHuit cuMmMeTprn Ag, Big, B2g 11 B3g [7, 8].
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Pucynok 1. Cnektpsl KP 00pa3ioB conoimmepoB 3TUIEH-TIPOITUIIEH W TOMOIIOIIMMEPOB B 00JacTH
BayieHTHBIX KoneOanuit Tpynn CH, n CH3 B reometpusix paccesiaus X(Z,2)Y (cnea) u X(Z,X)Y (crpaBa) B
obnactu yactor ot 2850 10 2950 cm’!

Ha Pucynke 1 mnpencraBiensl cnektpsl KP  comonmmMmepoB 3TuiIEH-IpONMIIEH U
rOMONOJIMMEPOB B oOnacTu BasleHTHBIX KonebGanuii rpynn CH: m CH3; B reomerpusx paccesHus
X(Z,2)Y wu X(Z,X)Y coorBercTBeHHO. Jlnsg CcpaBHEHHMsS TpHUBEIEH CIEKTp IUICHKU
BBICOKOMOJIEKYJISIpHOTO JuHEeHHOTo [12. O603HaueHust a1 00pa3IloB M MX pa3/eieHUE 0 CePUsIM
npusezieHbl B Tabmuue 1. Mccnenyemble o0pasibl NpeICcTaBIsiin co00i MIeHKH U nopomku. [Tpu
3alACU TNOJIIPU30BaHHBIX CIIEKTPOB IOPOLIKOB Ha pacHpele/IeHNe NHTEHCUBHOCTEH JIMHUI MOIIIa
OKa3bIBaTh BIMSHUE JACTIONSIPU3ALNSA BO30YKIAIOUIEr0 W paccesHHOro uinydeHus. OgHako, s
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6onbimnHcTBa COIl cnekTpsl, 3amucaHHble MPH NapauIeIbHBIX W CKPEIICHHBIX HAIMPaBJICHUAX
MOJIIPU3aUU BO30YKJIAIOIIEr0 U PacCeSHHOTO M3JIy4YeHHUs, CylllecTBeHHO ominyatorcs. M3 Puc. 1
BUIHO, 4TO crekTpsl COIl, cuHTe3upoBaHHBIE B MPUCYTCTBHH OJHOTO U TOTO XK€ KaTalu3aropa,
MOHOTOHHO M3MEHSIOTCS C YBEJIMUYEHHEM YHCIa 3BEHBEB STWIIEHA B LENH comoiuMmepa. B
reoMeTpun paccesHus X(Z,Z)Y HauOosiee CUIBHBIMHU d(PPEKTaMu MPU YBEIUYCHHH COACPIKAHUS
STWJIEHA SBISIIOTCS  YMEHbIIEHHWE HMHTEHCHBHOCTH  Jy0OneTra JIMHUNA, COOTBETCTBYIOIIMX
aCHMMETPMYHOMY BaleHTHOMY Konebanuto rpynn CHi ¢ makcumymoM okono 2960 cm,
yBEITMUYEHHUE WHTCHCUBHOCTH ¥ MOHOTOHHBIA CIBUT B BBICOKOYACTOTHYIO OOJIACTH JIMHHH,
COOTBETCTBYIOLIEH CHMMETPUYHOMY BajeHTHOMY Kojiebanuto rpynn CHo.

Ha Pucynke 2 mpencraBieHa 3aBUCHUMOCTh MOJOXKEHHSI MaKCHMyMa WHTEHCHUBHOCTH 3TOU
JUHUKA OT coaepkanusi sTwieHa musi COIl, CHHTE3MpPOBaHHBIX B TNPHUCYTCTBHU PAa3IMYHBIX
KaTaau3aTopoB. JTa 3aBUCUMOCTh M3MEpPEHa CO CIEKTpalbHbIM pa3pelieHHeM 3 CM.
[IpyuHIMIHATEHBIM PE3YJIbTaTOM SIBJISIETCS TO, YTO IOJIOKEHHE MAKCHMyMa 3TOH JIMHUU 3aBHCHUT
TOJIKO OT OTHOCUTEIHHOTO COAECPKAHMSI COMOHOMEPOB M HE 3aBHCHUT OT COJIEP>KaHUSI MOHOKIMHHOM
kpucraumdeckoit ¢aser [T u opropomOuueckoii kpucrammmueckoir ¢aspl [13. Takum obpaszom,
MOJIO)KEHUE MaKCUMyMa »JTOW JIMHUM MOXET CIY)KUTh JUISI OIICHKH COJICp)KaHUS OJTUJICHA
COTIOJIUMEDE.
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Pucynok 2. 3aBHCHUMOCTH TOJIOKEHHUSI MaKCUMyMOB JIMHUN B crekTpax KP oOpasiioB comonmmepon
STHJICH-TIPONUJICH U TOMOIIOJIMMEPOB B 00JIacTH BajieHTHbIX KosieOanwmii rpyrnn CH, u CHs ot cogepaxHus
STHUIICHA

ITomumo stux 3¢dexToB, B reomerpun paccesnus X(Z,2)Y (Pucynok 1) c yBenuueHHeM
cofiepXaHusl 3TUJIeHa HaOlofaeTcs IepepachpeielieHie WHTEHCUBHOCTU paccesiHUsl B 00JIacTH
gactoT ot 2850 10 2950 cm™!. CTpyKkTypa CHEKTPOB COIOIMMEPOB B 3TOM JHANa30HE OYEHb CII0KHA,
TaK Kak 3/ech HaOdrofaercss HaJlokeHHe (yHIaMEHTalIbHBIX KOJEOAaHHH M CIEKTpa BTOPOTO
mopsnka I[ID wu IIIl. JleranpHOoe KOJIMYECTBEHHOE UCCIEAOBaHHWE TpeOyeT aKKypaTHON
JEKOMIO3UIIMKN CIIEKTPOB, OJHAKO HEKOTOphle KaueCTBEHHbIE 3aKOHOMEPHOCTH MOTYT OBITh
BBISIBJICHBI U IIPU BU3yaJIbHOM aHaju3e cuekTpoB. B yactHoctu, B I1I1 tuHus ¢ MakcHMyMOM OKOJIO
2884 cm! cooTBEeTCTBYeT CHMMETpMYHOMY BaleHTHOMY KoneGanumio CHs3 rpynm, a numus c
MaKCHMyMOM OKo0JI0 2869 cm™! — cuMMeTpuuHOMy BaneHTHOMY konebanuo CH, rpymm.
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Kak BugHo u3 Pucynka 1, nmpu yBenW4YeHHH COAEp KaHUS dTUIIEHA UHTEHCUBHOCTH JIMHUH C
MakcUMyMoM 2869 cM™' MOHOTOHHO pacTeT, a MHTEHCHBHOCTH JMHHM C MakcuMyMmMoM 2884 cm™!
MOHOTOHHO yMmeHbluaercs. Ilpu comepxkanum stuneHa 76 u 85 Mon.% B CHEKTpe OTYETIMBO
BBIAENSAETCS JMHUS C MaKCHMyMOM OKojJo 2882 cM’', KkoTOpas OTBeYaeT acHMMETPUUHOMY
BasieHTHOMY Kosiebanuto CH» rpynm makpomosekyisl [193.

Jluans ¢ mMakcumMymoM okono 2907 cm! oTBeuaeT BajeHTHOMY Koiebanuio rpymmsl C-H, a
JUHUSA ¢ MAKCUMYMOM OKOJIO 2925 ¢cM™' COOTBETCTBYeT acCHMMETPUYHOMY BAaJIEHTHOMY KOIEOAHHIO
CH: rpynn B IIII. C yBenuueHnuem coiep:kaHusi 3TUIEHA MHTEHCUBHOCTb JIMHUHM C MaKCHMyMOM
okom10 2907 cM™! MOHOTOHHO yMEHBIIIAETCS, a HHTEHCUBHOCTh JIMHUU C MAKCUMYMOM OKOmo 2925
cm’! pacrer. U3 Pucynka 1 BUIHO, YTO CHEKTpHI BCEX IMIIEHOK B reomeTpuu paccesHus X(Z,X)Y
IIPaKTUYECKU HE MEHSIOTCS A0 coiepxaHus 3TuieHa 24 mon.%. [ns obpasua 2.4 ¢ conepkaHueM
stwiieHa 50 Mom% HaOmromaeTcsi yMCHbBIIEHWE HWHTEHCHUBHOCTH JIMHHWH, OTBEYAIOIICH
aCUMMETPUYHOMY BaJleHTHOMY KosieOanuto rpynn CHs, u yBenuueHue WHTEHCUBHOCTU U
BBICOKOYACTOTHBIA CIIBUT JIMHHH, COOTBETCTBYIOIICH CHMMETPUYHOMY BAJIEHTHOMY KOJI€OaHUIO
rpynn CHz. Ananus ciektpo nopomkoB COII Gonee cioxkeH, Tak KaKk UMEHHO B 3TOM T€OMETpUU
Ha paclpeqelieHue WHTCHCUBHOCTEH JMHHMIA Hauboiee CHIBHO BIHUSET JACTIONSpHU3ALHUS
BO30YKJIaIOIEro U paccesHHoro minydeHus. OgHako, u3 Pucynka 1 BUAHO, YTO C yBeJIMYEHHEM
cofiepaHus dTUIICHA MPOUCXOAUT IepepacipeeneHuie nuTeHcuBHoctel nuuuii KP, orBevarommx
konebanusam CH> wu CH3 rpynm, BBICOKOYACTOTHBIM —CABUT JIMHHUH, COOTBETCTBYIOIIEH
CUMMETPUYHOMY BajieHTHOMY koneOanmio rpynn CHa, m 3amemenne ymuuii KP I muHusMu
Makpomoutekyi 110.

IIpu cpaBuenun cnektpoB COII, CHHTE3UpPOBAHHBIX B MPHUCYTCTBUU  PA3IUYHBIX
KaTajau3aTopoB, B STOW CHEKTpabHOM 00JIaCTH HAOIIOMAIOTCS pas3lidyusi MEXIy oO0paslamu C
pa3IuyYHOM cTeneHbto KpuctammyHoctu. U3 Pucynka 1 BusgHo, yro muaun KP cononumepos cepun
2 Oonee IIMPOKHE IO CPAaBHEHUIO C JIMHUSAMHU comoiuMepoB cepuit 1 u 3, u Habmomaercs
nepepacmnpesielieHie MHTEHCUBHOCTH paccesHus. llo-BUIuMOMy, 3TO CBA3aHO C H3MEHEHHEM
MHTEHCUBHOCTEH MOJIOC, OTBEYAIOIINX CHEKTPY BTOPOIO MOPSAKA, KOTOPbIE OYE€Hb YYBCTBUTEIbHBI
K M3MEHEHHIO KOH(OpPMAIlMOHHOTO M (Da30BOro coctosiHus Monekyn. JlaHHbIi Bompoc Oyner
MPEeIMETOM HalUX OyAyIIUX UCCIIeA0BaHUM, OCHOBAHHBIX HA JEKOMITO3UIMU crieKTpoB KP.

3axnmouenue

Uccnenosanucek cnektpbl KP COII, cuHTE3MpOBaHHBIX B NPUCYTCTBUM HOBBIX TOMOTEHHBIX
METaJNIONICHOBbIX  Karanu3zaropoB, u  cmeceir  [III/IID/IBC, momydeHHBIX  METOIOM
MOCJIEI0BATENbHON MOJMMEPU3aLUUA. AHANN3 CIEKTPOB COIMOJIMMEPOB U CMECEH MPOBOAMIICA C
MpUBJIeUYCHUEM JaHHBIX O cniekTpax KP cepum xuakux n-amkaHoB. C yBeTWYEHUEM COJIEPIKAHMS
STHJIEHA HAOIONAIUCh CHIIbHBbIE MOHOTOHHBIE M3MeHeHus B crnekTpax COII. Cnexrper COII He
SIBISUIACH CYTIEPIIO3UIIMEH CHEKTPOB TOMOIIOJIMMEPOB, TaK KaK CMEIIEHME MOHOMEpPOB B 3TOM
Cllyyae TMpOMCXOAWJIO Ha YpOBHE IeNM MakpoMosiekyibl. JlaHHble cnekTpockonun KP
CBUCTETHCTBYIOT O TOM, UTO cofiepkaHue Kpuctaummueckux (a3 B COII 3aBUCHUT OT MPOIIEHTHOTO
COZIEpP’KaHMSI COMOHOMEPOB M CTPYKTYpPBI KaTrajinu3aropa, B MPUCYTCTBUU KOTOPOTO CHHTE3UPYETCS
COIl. M3 nanbornee MHTEPECHBIX PE3yIbTAaTOB JAaHHOW PabOThI MOXHO OTMETHUTH HAONIOEHUE C
yBeNn4YeHueM copaep:kanus dtuieHa B COIl MOHOTOHHOTO cIBHUra B BBICOKOUACTOTHYIO 0ONacTh
JUHUH, COOTBETCTBYIOIIEH CUMMETpUYHOMY BajeHTHOMY kojiebanuto rpymn CHy. ITokazano, uro
MOJIO)KEHNE MaKCMMyMa »d3TOH JIMHUM 3aBHCUT TOJBKO OT OTHOCUTEJIBHOTO —COJIEp’KaHus
COMOHOMEPOB U HE 3aBHCHUT OT cojepkanus kpuctamnudeckux ¢as [ u [13. Takum oOpazom,
MOJIOKEHHE MAaKCUMyMa JTOW JIMHUU MOXET CIYKUTh JUIsl OLEHKH COAEpX aHUs HTUICHA B
COTIOJINMEDE.
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AHAJIN3 CTEPEOKOH®UT'YPALIMI MNOJUITPOIUJIEHT JINKOJIEM
C PA3JIMYHOM MOJIEKYJIIPHOM MACCOH METOJAMUA
KP-CIIEKTPOCKOIIUU 1 KBAHTOBO-XUMHYECKOI'O MOJIEJUPOBAHUSA
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ANALYSIS OF STEREOCONFIGURATIONS OF POLY(PROPYLENE GLYCOL)S WITH
DIFFERENT MOLECULAR WEIGHTS BY METHODS OF RAMAN SPECTROSCOPY
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Aunomayusi. BBINONHEH aHAIW3 AKCHEPUMEHTANbHBIX CIIEKTPOB KOMOMHAIIMOHHOTO
paccestaus (KP) momunponunenriukoneit (IT117) ¢ monexynspasimu maccamu oT 150 mo 2000 [a, a
TaKXke pacy€Thl CTPYKTYphl U criekTpoB KP pazmnunsix kondurypanuii I ¢ 7 MoMHOMEepHBIMU
3BeHbsAMH TpormieHrmkos (I117), uTo cooTBeTcTBYeT 00pasily ¢ MoJIeKyJpHOW MaccoB 425 Jla.
[TokazaHo, 4To JUIsi BBIOpaHHBIX SKCIEPUMEHTAJIBHBIX 00pa3llOB CIEKTPhl Clad0 OTIMYAIOTCA B
3aBUCHUMOCTH OT JUIMHBI MOJIEKYJIbI. TeopeTuuecKne CIEeKTphl OKA3aIUCh HEPAZIUUYUMBIMA MEXKIY
cO0Oi M XOpOUIO COTJacyIOTCSl ¢ AKCIEPUMEHTOM. Pe3ynbTaThl MOATBEP)KAAIOT Cl1aboe BIIMSHUE
takTuyHOCTH KOpoTKuX [II1I" Ha nx cnektpsr KP.

Abstract. In this work, an analysis of experimental Raman spectra of polypropylene glycols
(PPG) with molecular weights from 150 to 2000 Da was performed, as well as calculations of the
structure and Raman spectra of various configurations of PPG with 7 monomer units of propylene
glycol (PG), which corresponds to a sample with a molecular weight of 425 Da. It was shown that
for the selected experimental samples, the spectra differed only slightly depending on the molecular
length. The theoretical spectra were indistinguishable from each other and were in good agreement
with experiment. The results confirm the weak influence of the tacticity of short PPGs on their
Raman spectra.

Kniouesvie cnoea: cneKTpOCKONMUS KOMOMHAIIMOHHOTO pPAacCesSHUsS, MOJUIPONHUICHIIIUKOIIb,
MeToJ PyHKIIMOHAJIA IUIOTHOCTH.

Keywords: raman spectroscopy, poly(propylene glycol), density functional theory.
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[IIII" mpuMeHsieTcss BO MHOTUX pa3fenaxX MNPOMBIIIJIEHHOCTH, & TAKXKE >KU3HEAESITEIbHOCTH
YeJIOBEeKa, CBS3aHHONW C KOCMETHYECKHMHM, (apMAIleBTUYECKMMU W XHMHUYECKMMHU OOJIACTSIMH.
BaxxHpIM 11 NIpaKTHUYECKUX NPUMEHEHUN SABIAETCA TO, 4YTO HHU3KOMOJeKyispHele I
pacTBOPSIIOTCA B BOJIE U SIBJISIOTCS XOPOLUMMHU PACTBOPUTEISAMHU Ul PA3IUYHBIX KJIACCOB
coeuHEeHM. DT OMOCOBMECTUMBIE U OMOJerpaiupyeMble BEIECTBA HE TOKCUYHBI IIPU MOMalaHuu
B Opranu3M B Maibix koHueHTpanusax. 1" u ero xumuueckue Mmoaudukanum o6aaaal0T MHUPOKUM
MOTEHIIMAJIOM HCIIONb30BaHUs B (hapMalleBTUKE U KOCMETHUYECKOW MpoMblnuieHHOoCcTH. Hanboree
WHHOBALIMOHHBIM U TepcrnekTuBHbIM npuMeHeHuem [l sBnsercs wucnonb3oBanue OIOK-
conoaumepos [T ¢ monu3TUIEHITIMKOIEM ITPU CO3/IaHUH CUCTEM MPOJIOHTUPOBAHHOIO JEHCTBUS C
KOHTPOJIUPYEMOH CKOPOCTBIO BBICBOOOXKIGHHMSI AKTHBHOTO BEIIECTBA, B CHCTEMax IIEJIEBOU
JIOCTaBKM JIEKAPCTBEHHBIX BEILECTB K IOPAXXEHHBIM OpraHaM M TKaHAM, JUIS MCIIOJIb30BAHMS B
TKaHEBOU MHeHepuu [1].

Hcnonk3oBanue OJI0K-COMOTUMEPOB MMO3BOJISET 3HAYUTEIBHO YBEIMUYUTH APGEKTUBHOCTH
JEWCTBUS JIEKapCTBa U CHU3UTH M0O0UHBIe Y dexThl. [lernnmpoBansie GOpMBI yKe UCIOTB3YIOTCS
JUISL JICUSHHsI PA3IMYHBIX BUJOB TE€NATUTA, HEKOTOPHIX OHKOJIOTUYECKHUX 3a00JI€BaHUHN, TOMOTAIOT B
O6oprbe ¢ xponuueckuMm 3aboneBanueM mouyek. CpoiictBa I[IIII" cunbHO 3aBUCAT OT
CTEPEOPETYISIPHOCTH €0 Lernel. B 3aBUCMMOCTH OT yCIIOBUIM CHHTE3a MOHOMEPBI B Mosekyie T
MOTYT COEIMHATHCA Pa3HBIMU CIIOCOOAMHU, B YAaCTHOCTH, NPU COEAMHEHHUU IO THUILy «TOJOBa K
XBOCTY» MOTYT OOpPa30BBIBATHCS CTEPEOPETYISPHBIE HM30TAKTHYECKash M CHHIMOTAKTHYECKas
koHpurypauuu [2].

Ha npaktuke wacto BcTpedaercss HecrepeoperyisapHbii arakrnueckuit [IIII, B mMonekymax
KOTOPOTO 3aMECTUTENIM PACIOIOKEHBI OECIOpSAIOYHO MO 00€ CTOPOHBI OCHOBHOM IOJUMEpPHOU
uenu. CrepeoperyasipHOCTh OTKPBIBAET JOMOJIHUTEIbHBIE BO3MOXKHOCTH IPHU CO3/IaHUU HOBBIX
MEePCIIEKTUBHBIX MaTepHalloB C 3aJaHHBIM Habopom cBoiicTB. [lomumo cmocoba coeanHeHUs
MOHOMepa B 1emnb cBoiicTBa cBoiictBa IIIII" (arperatHoe cocrosiHue, BS3KOCTh, PACTBOPUMOCThH B
BOJIE, TOKCHYHOCTb, CIIOCOOHOCTh NPOHUKaThb B KOXy, Y®- u TepMocTaOUILHOCTb,
KOH(QOPMAIIMOHHBINA COCTaB, CIIOCOO YHMAKOBKU MOJIEKYJI M JIPYTHe) U, KaK CJIEe/ICTBHUE, BO3MOXHbBIE
00JIaCTH TIPUMEHEHHs 3TUX BELIECTB 3aBUCAT OT MOJIEKYJspHOW Maccel. s onmuromepos IITIT
BBIp@)KEHA XapaKTepHas 3aBUCUMOCTh CBOMCTB OT MOJIEKYJSIPHOI Macchl 00pasiia.

CpaBHUTENBHBII aHAMU3 CTPYKTYpbl M KojebarenbHbIX creKkTpoB onuromepos [T c
Pa3JIMYHBIM YHMCIOM MOHOMEPOB B LIENU U NPU PA3IUYHBIX BapUaHTaX MX COCAMHEHUS BAXKEH Kak
s (GyHIaMEHTAIbHOTO H3YYEHHs] KONeOaTelnbHBIX CIEKTPOB CTPYKTYPHBIX HM30MEPOB U
TOMOJIOTUYECKUX CEPUM OpPraHUYECKUX MOJIEKYJ, TaK M IS IPAKTUYECKUX IPUMEHEHUU,
HampuMmep, [UIsl ONpENeNIeHUs COAEpXMaHMs, W30MEPHOIO0 M KOH(POPMALMOHHBIA COCTaBa,
MOJIEKYJISIPHO-MAaCCOBOTO pacIpeesieHuss MOJIEKYJI ITHX BEHIECTB KaK B YMCTOM BHJIE, TaK U B
pPa3IMYHBIX CMECSX, KOMIO3UTaX M XUMHUYECKUX MOAU(DUKALUAX, BKIIOYAs TETHIUPOBAaHHBIC
¢dopmbl. B xuakoM uinu razoo0pasHoM coctosHud Mojekynbl [T MoryT HaxomuThCs B pa3HBIX
koHpopMmanusx. s pa3BuTuss MeTofoB crekrpockonuu KP odens BaxHa wuHpOpMamus o
3aBUCHMOCTH  CIEKTPOB OT KOH(OPMAIMOHHOTO COCTaBa MOJEKYl. Bo-mepBbiX, IO
XapakTepUCTHYECKUM JIMHASAM KP BO3MOXHO paccCUMTHIBaTh OTHOCUTENIBHBIE COACPIKAHNS MOJIEKYII
B Pa3NUYHBIX KOH(pOpMaUsx. Bo-BTOPBIX, IpU U3MEHEHUH TEMIEPATYphl, OKPYKEHHSI MOJIEKYIIbI
(Hampumep, TPH TPUTOTOBIECHUHM CMECH), MPU XUMHUYECKOW MoauduKanmuu KoH(OPMAIMOHHBII
COCTaB MOJIEKYJI MOXET 3HAYMTENbHO H3MeHAThbCs. Ilockonbky cnektpsl KP monexkynm B pa3HbIX
KOH(QOpMaLMsIX pa3iuyHbl, TO CHOCOO pacueTa CoAepKaHHUs ONPEAEIEHHOIO BEIIeCTBA B CMECHU
JIOJDKEH BKJIFOYaTh Y4eT BO3MOXKHBIX M3MEHEHHUH B KOH()OPMAIIMOHHOM COCTaBE MOJIEKYJ] 3TOrO
BEIIECTBA
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BaxubM npenmyIinecTBoM HccienoBanusi Hu3komounekyasapraoro [T, sBasercs To, 4ro mms
3TOr0 COEIMHEHMsI MOXKHO PACCUUTaTh ONTUMHU3UPOBAHHBIE T€OMETPUH, SHEPIUU (OTHOCUTEIIbHBIE
cozepskanusi) u criekTpsl KP miist Bcex cTaOuibHBIX KOH(OpMALUid, U, TAKUM 00pa3oM, TOCTaTOYHO
TOYHO CMOJENIMPOBaTh KOH(OPMAIMOHHBIN cocTaB U crekTpbl KP mpu pa3znuyHbIX Temmeparypax.
Wudopmanuss 0 CTPyKType M CIEKTpax AJTHUX BELIECTB MOXET ObIThb MCIIOIb30BaHA IS
uHTepnperanuu cnekrpoB KP Gosee ClIOXHBIX COEIMHEHMH, HallpUMeEp, BBICOKOMOJIEKYJISPHbIX
[I1I, 11 KOTOPBIX YKCIIO CTAOMIBHBIX KOH(POPMALUii OYeHb BEIHKO.

Cnekrpockorusi KP  sBnsiercs BBICOKOMH(OPMATUBHBIM H  HEPa3pyLIAIOIIUM METOIOM
MOJIEKYJIIPHON CIIEKTPOCKOIINH, KOTOPBIM IO3BOJIAET ONPENEIUTh XUMUYECKUN COCTaB BEILECTBA,
KOH(UI'YpaLlMOHHBIM ¥ KOH(OPMALMOHHBIM cocTaB MoJeKysd, (a3oBblii cocTaB (B TOM 4MHCIE,
CTENEHb KPHUCTAJUIMYHOCTH), COACPKAHHE PA3IUYHBIX XUMUYECKUX T[PYIIl U JApYrue BaKHbIE
CTPYKTYpHBIE XapaKTepUCTUKH BellecTB. Hambonee BaKHBIM MPEUMYIIECTBOM METO/IOB
KoJ1e0aTeabHON CIEKTPOCKONMH SBISETCS BBICOKAs HH()OPMATUBHOCTh HE TOJBKO IO OTHOILEHHIO K
KPUCTAJUIMYECKUM 00JacTsM, HO W IO OTHOILIEHHIO K Hekpucrammmueckod ¢asze. Tak ke
cnekrpockonust KP siBisieTcst onHuM 13 Hanbosiee yI0OHBIM B HCIIOJIB30BAHUN METOJIOM, TaK KakK He
TpeOyeT HUKAaKOH TpeNBapUTEIbHOW MOATOTOBKM NpoO M HE HMMEeT OrpaHHyYeHHid Ha (opmy
o0pa3ia, No3BOJISIET 3aperucTpupoBarhb crekTpbl KP B HIEHTHYHBIX YCIOBUSX Ui 00pa3loB, Kak B
KHUJKOM, TaK M B TBEPAOM COCTOSHUH, II03BOJIAET MPOBOAUTH IUATHOCTHKY C MUKDPOHHBIM
IIPOCTPAHCTBEHHBIM pa3peIICeHUEM U B PEKHUME PEajJbHOrO0 BPEMEHU (UTO Ba)XKHO JJISi IPUMEHEHUN
Ha IPOU3BOJICTBE).

JUia onpeniesieHus BAUSHUS PacloIOKEHUsI METHIIBHBIX Tpynnl B Mosiekyiax [IIII" Ha ciekTpbl
KP B nanHoii pabore ObLIN NPOU3BEIEHBI KBAHTOBO-XUMHUUECKHUE PACUETHI.

OnyOnukoBaHHbIX pabor B obmactu cnekrpockonun KP IIIIT mpaktuuecku Her. Kak
CIIEICTBHE, U1 OTUX BEIIECTB TAaKXKE HE CYLIECTBYeT IIOJIHOrO oOTHeceHus nuHud KP n
KOJIMUECTBEHHBIX METO/IOB aHaJIn3a cTpyKTypsl 1o cnekrpam KP. Cpenu HanOosee BaKHBIX MOXKHO
OTMETUTh pabory [3] B KOTOpOl NpUBENEHBI NEHOSpU3ALMOHHBIE OTHOWIeHUS JuHUlA KP,
OTBEYAIOIMX BajeHTHbIM KojieOanusM CHz u CHj3 rpymnm, B 3aBUCUMOCTH OT MOJIEKYJISIPHOM Macchl
[, u caenaHa MONBITKA BBISIBUTH M3MEHEHUS B CTPYKTYpE ATHX BEIECTB C YBEIMUEHUEM
MOJIEKYJIApHOH Maccel. B pabGore [4] mnpuBeaeHbl SKCHEPUMEHTAIbHBIE M PACCUUTAHHBIE C
IIOMOLIBK0 METOJa MOJIEKYJIIpHOW JMHaMUKKM Hu3kodacToTHble criekTpbl KP IIIIT mms ugeTsipex
3HAYEHUN MOJIEKYJIIPHOW MACCHI.

Mamepuan u memoOost ucciedosanus

DKkcnepuMeHTalIbHas yCTaHOBKa BKiroyana yiazep Sapphire SP 532 (Coherent Inc., CILIA) ¢
JUTMHOW BOJIHBI M3Ty4eHUsi 532 HM U BBIXOJHOM MOIIHOCTHIO 150 MBT, nBOiHON MOHOXpOMarop
U1000 (Jobin Yvon, ®panuus), oxnaxaaembiii DY, paboraromuil B pexxuMe cdyera (OTOHOB.
Cnextpst KP III" u TITII" Opiiu 3anucansl npu paccestHuM Ha 90° co CrieKTpasIbHBIM pa3perieHuemM 5
cm!. JluameTp na3epHOro Iydka Ha MOBEPXHOCTHM oOpasia cocTapisi 2 MM. Bcee crektpsl KP
PETUCTPUPOBAINCH IIPH KOMHATHOM TeMIIeparype.

Pacuer crpykrypsl u cnektpoB KP paznuunbix koHbopmanmii monekyisl I Obin
ocyuiectBiieH pu nomoru M®II na 6a3e nporpammuoro obecrieuenns PRIRODA [5, 6].

Hcxons wn3  pesynpraroB  pacdetoB  crnekrpoB KPP HOpMmanpHBIX — ankaHOB U
MOJIMATUIICHIIIMKOJIEH, BBIOJIHEHHBIX € Hcnojib3oBaHueM mnporpamMMmbel PRIRODA, 6buto mpuHATO
pelieHre ucnoiab30oBath HeruOpuaHelii pyHkimonan OLYP u 6a3ucHslit HaOop (yHKIMI rayccosa
trna 4z.bas mrs qaaHOTO HccaeaoBanus [7-9].
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Pezynemamul u 0o6cyscoenue
Ha Pucynkax 1 u 2 npencrapiieHbl 3kcriepuMeHTanbHble criekTpbl KP atakrnueckux TN ¢
MOJIEKYJIApHOI Maccoii ot 425 1o 2000 Jla B muanaszonax ot 100 g0 1800 cm™ 1 ot 2600 10 3100
cm™!, cootBercTBenHO. OnuH obpasen sBisucs cMechio ITIT ¢ MosekynsapHoii Maccoii 150 Jla u
[IIIT" ¢ monekynspHoit Maccoit 450 Jla B cootHomenuun 60% u 40%. [ns cpaBHeHHs] HA PUCYHKaX
npuBeneH crnekrp 1,2-I1I, koTopblii sBISIETCS NMEPBBIM WieHOM romojorudeckoro psaa 1IN Bcee
00pa3iibl OBLIN KUIKUMHU TIPU KOMHATHOW TEMIIeparype.
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Pucynok 1. Oxcnepumentanbnbie ciekTpbl KP 1,2-I1T" u [T ¢ pa3nuyHOil MOJIEKYJISIpHOM Maccoil B
nuanazone or 100 mo 1800 cm™!. [l HarIsgHOCTH CpaBHEHMs BCE CIIEKTPHI HOPMUPOBAHBI Ha IHUKOBYIO
MHTEHCHUBHOCTb CaMOIl HHTEHCUBHOM JIMHUU B CIIEKTPE
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Pucynok 2. OxcniepumenTtanbuble criekTpsl KP 1,2-I1TN u IIIIN ¢ paznu4Hoil MoneKynIsspHON Maccol B
nuanasone ot 2600 10 3100 cm'. Jlyis HArJIAAHOCTH CPABHEHHS BCE CIIEKTPhI HOPMHUPOBAHbBI HA MHUKOBYO
WHTEHCUBHOCTH CAMOIl HHTEHCUBHOM JINHUU B CIIEKTPE

B gwmamaszone or 100 mo 1800 cm™! (Pucynok 1) skcnepumeHTanbHble crekTpsl KP
araktuueckoro IIIII" ¢ pa3nuuHON MOJEKYISIpHOM Maccoll OKazanuch oueHb moxoxu. Crnekrp KP
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1,2-I1I" u ciexpst [IT" uMeroT IBHO BRIpaXEHHBIE OOIIHE CTIEKTpaTbHbIe 0COOCHHOCTH 0K0JI0 S00.
800, 1100 u 1450 cm’!. B amamasome or 2600 no 3100 cm™! (PucyHok 2) crekTpsl Bcex
uccneayembix I u 1,2-I1T" npaktuyecku conanu. Janee nis [T ¢ monekynsipaoit Maccoit 425
Ha (IIII" 425) O6bu mpoBelneHbl KBAHTOBO-XMMUYECKHE PAacdeThl CTPYKTYpbl H crekTpoB KP.
Monexynapuoii Macce 425 Jla coorBerctByeT IIIII" ¢ 7 MOHOMepHBIMH 3BEHBSIMH. MozenbHas
CTPYKTypa ¢ 7 MOHOMEPHBIMH 3BEHbsIMH janiee oOo3HadeHa kak [IIII-7 (Pucynok 3).
OkcriepumenTanbHblil o0paszer [N 425 spnsics arakTudeckum. [ljiss 7 MOHOMEPHBIX 3BEHBEB
aTaKTHYECKYI0 KOH(QUTYpAIMI0 MOXKHO CMOJAEITUPOBaTh pPAa3HBIMU CIIOCOOAMU, TMO3TOMY OBLIU
paccuuTaHbl CTPYKTYPBI YETHIPEX PA3INYHBIX ATAKTUYECKUX KOHPUTYpALIUNA.

Ama 3+4

Ama 116

Pucynok 3. OnrtumusupoBanubie cTpykTypsl IIIII-7 ¢ 7 moHOMepHBIME 3BeHBsIMH. O0O3HAYEHUS:
ATa — atakTHyecKas CTPYKTypa, V30 — M30TaKkTH4ecKash CTPYKTypa, aTOMblI yriepoia — OOpIOBBIM IBET,
aTOMBI KUCIIOPOJIa — KPACHBIH I[BET, aTOMBI BOJOPO/a — Cepblid IBeT. JIsl aTAKTUYECKUX CTPYKTYpP IUQPPHI
o6o3HavaroT yncsio CH3 rpymnm, nmocienoBaTesbHO PACHONI0KEHHBIX C OHOW CTOPOHBI LIEHH
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Pucynok 4. Teoperuueckue crektpel Mmonekyn [IIII-7 B pasnmmusbix KOHUTyparusx u
skcnepumenTanbHbii cniextp I 7 Z,Z+X (MCTHHHO HEeTOIIPU30BaHHBII)
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Jlnst kaxxnoit mpuBeAEHHON KoHpuTypamuu 0sutn paccuntanbl criekTpsl KP (Pucynok 4). Jlns
CpPaBHEHUS TEOPETHMUECKMX M  OKCHEPUMEHTAJbHBIX  CHEKTPOB  OBUIM  CMOJEIMPOBAHBI
TEOPETUYECKHUE CIEKTPBI C YICTOM PEATbHBIX 3HAYCHHUN IIMPUHBI JIMHUMA, KOTOPHIC OBLIH OIICHEHBI
M3 DKCHEPUMEHTAJIBHBIX CIEKTPOB. [Ipu MomeaMpoBaHMM TEOPETUUYECKUX CIEKTPOB 3HAYCHUS
IMPUHBI JIMHUN COCTaBISIM 15 em™! s muanaszona 50-1600 em™ u 135 em! st muamazona 2500-
4000 cm.

[TomydeHHBbIE CHIEKTPBI Ui PA3IMYHBIX aTaKTUYECKUX KOHQUTYpAIHii MOJTHOCTHIO COBIIATHN
apyr ¢ apyrom. Criexktp KP n3oraktudeckoit koHpurypamuu [1I11-7 Takke okazanucs O4eHb MOXO0XK
Ha CHEKTPbl aTaKTUYECKUX CTPYKTyp. Takum oOpasom, mokazano, uro s [IIII'-7 paznuunbie
aTaKTHUYeCKHEe W HU30TaKTHUeckue KoHdurypauuu Hepanuuumbl B crektpax KP. B Oymnymem
TUTAHUPYETCS TPOBECTH pacueT Uil CUHAMOTaKTU4IecKoi koHpurypamuu [1111-7 u Gonee IIHMHHBIX
monekyn IIII'-7, xoTopble MOTyT 0Opa30BBIBATH CTEPEOPErYISPHBIE CTPYKTYPHI, B TOM YHCIIE,
KPUCTAJIJIN30BaThCA.

3axnmouenue

B nanHOI paboTe dKCIIEpUMEHTAIBHO MCCIIEA0BaHbl CIIEKTPhl KOMOMHAIIMOHHOTO pacCesiHUs
(KP) mnonunponunenrnukoneit (III1I) ¢ pasnuyHOl MoOJeKynspHOW Maccoil, a Takxke 1,2-
MPONWICHIJIMKOJIS KAK HU3KOMOJIEKYJIIpHOTO aHaiora. [loka3ano, uro B auanazonax 100-1800 cm
'"u 2600-3100 cm' cnekrpanbHble HpoduIM BceX 00pa3LOB IMPAKTUYECKH HICHTHYHBL.
HesaBucumo ot monexkymsapHor Maccbl IIIIIT coxpaHSIOTCA XapaKTEpHBIE IIOJIOCHI, NPUCYILHE
IPONWIEHIIMKOIBHOMY (PparMeHTy, 4To CBUIETEIbCTBYET O ci1aboi 3aBucUMOCTH criekTpoB KP ot
JUIMHBl LENM B HCCIEIOBAaHHOM JMaNa3oHe MOJEKYyJsApHbIX Macc. [lng oOpasma [T ¢
MOJIEKYJISIpHOM Maccoil 425 Jla ObulM NpOBENEHBl KBAaHTOBO-XUMHUYECKHE PaCUEThl CTPYKTYp H
cnektpoB KP wmogenu IIIII-7. PaccMOTpeHBI HECKOJNBKO aTaKTHYECKHX KOH(PHUTypamuid u
M30TaKTUYeCKUN BapuaHT. [lodydeHHBIE TEOPETUYECKUE CIEKTPbl OKa3aJluCh IPAKTHYECKU
HEepPa3JIMUYUMBIMU KaK MEXJy COOOH, TaK U MO CPAaBHEHUIO C SKCIEPUMEHTAIbHBIMU JTaHHBIMH. DTO
yKa3bIBa€T Ha TO, YTO PACIOJIOKEHWE METWIbHBIX Tpynn B KopoTkux uensx [IIIIT He oka3bIBaioT
CYILLIECTBEHHOI'O BJIMSHUS HA CHIEKTPaJIbHbIE XapaKTePUCTUKU. Pe3ybTaThl HOITBEPKIAIOT, UTO AJIS
kopoTkux IIII" cnektpsl KP oGmanaroT BBICOKOW CTPYKTYpHOH YCTOMUMBOCTBIO, a pa3iuyus B
KOH(pOpMAallUi U TaKTUYHOCTU HE TMPOSBISIOTCS B CHEKTPAJIbHBIX OCOOCHHOCTAX. B nanbHeiem
IUTAaHUPYETCS UCCIIE0BAaTh CHUHAWOTaKTHYeCKHe (OopMbl U OoJiee JUIMHHBIE LIENH, CIIOCOOHBIE K
CTEpEOpEryIsIPHON YIIaKOBKE U KpUCTAILITN3ALUU
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Aunomayusn. OtuneHrmukonb  (OI) W ero  BOAHBIE  pPAacTBOpPHl  NMPUMEHSIOTCA B
MHOTOUYHCIIEHHBIX 001acTsAX 4YenoBeueckod >ku3HU. COCTaB M KaueCTBO MPOIYKTOB, COJEPIKALIMX
OI, onpexaenstoT Oe3omacHOCTh U 3()(EKTUBHOCTh MX HCMoNb30BaHUA. [loaToMy HeoOxonuma
nHopmaruBHas, ObICTpas U yaoOHas JMArHOCTHKA MPOAYKTOB Ha ocHoBe OI. B wacTtHOCTH,
cofiepaHue BOAbl B BOAHBIX pacTBopax Ol ompenenser WX Temmeparypy 3aMep3aHus, 4To
SBISICTCS KPUTHYHBIM MPU HCHOJNBb30BAaHMM TaKUX PpAacTBOPOB B KauecTBE AaHTU(PHU30B U
IIPOTUBOOOJIEIEHUTENbHBIX JKUAKOcTe. JlaHHas paboTa MOCBsAIIEHA OMNPEAETICHUI0 BPEMEHHOMH
9BOJIIOLIMM XMMHUYECKOTO COCTaBa HU3KOKOHIIEHTPUPOBAHHOIO BOJHOTO pactBopa OI, HaHecEHHOrO
Ha MOAJIOKKU U3 Pa3JInYHbIX MaTepuasoB. B kauecTBe Moaokek ObUIM BbIOpaHbI IOBEPXHOCTU U3
KpeMHus1 U Hukens. IIponsBeneHa oneHka M3MEHEHMsI COIAEPYKAHUS BOABI 110 MEpE BBICBIXaHUS
pactBopa. PactBop OI' ObUT MCCIe0OBaH METOJOM CHEKTPOCKOIMUU KOMOMHAIMOHHOTO paccesHus
(KP) cBera. Bnepsble ¢ momomipio Merona crnekrpockonuu KP ycTaHOBIE€HO, 4TO CKOPOCTh
YMEHBIIIEHUS CO/Iep>KaHUs BOAblI B BOJHOM pacTBope DI, HaHECEHHOM Ha MOBEPXHOCTb, 3aBUCUT OT
Marepuaa oBEPXHOCTH.

Abstract. Ethylene glycol (EG) and its aqueous solutions are used in numerous areas of
human life. The composition and quality of products containing EG determine the safety and
effectiveness of their use. Therefore, informative, rapid, and convenient diagnostics of products
based on EG is necessary. In particular, the water content in aqueous solutions of EG determines
their freezing point, which is critical when using such solutions as antifreeze and deicing fluids.
This study is devoted to determining the chemical composition of low-concentration aqueous
solution of EG applied to substrates. Silicon and nickel surfaces were selected as substrates.
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Changes in water content as the solution dries were assessed. Solution of EG were studied using
Raman spectroscopy. For the first time, Raman spectroscopy was used to establish that the rate of
water content reduction in aqueous solution of EG applied to a surface depends on the surface
material.

Knrouesvie cnosa: cnexrpockonust KP, 3THIIEHITINKOIIb, BOIXHBIN PACTBOP, MOMIOKKH.

Keywords: Raman spectroscopy, ethylene glycol, aqueous solution, substrates.

Otunenrukoib (D) M ero BOAHBICE PACTBOPHI IIMPOKO HCIOJB3YIOTCS B CaMbIX
Pa3HOOOPA3HBIX 00JIACTAX ACATEIHPHOCTH YelIOBEKAa. B 4acTHOCTH, Takue pacTBOPBI MPUMEHSIOTCS
KaKk OCHOBa aHTU(PHU30B, TOPMO3HBIX >KUIKOCTEH, MPOTUBOOOJICICHUTEIHHBIX JKUIKOCTCH st
Ha3eMHON OOpabOTKM BO3AYIIHBIX CYJOB W B3JETHO-NIOCAIOYHBIX IOJIOC, >KEIE3HOJOPOKHOTO
TPAaHCIOPTa, PEYHOTO M MOPCKOTO TPAHCIOPTA, B CUCTEMAax BEHTWISLMH, KOHIUIIMOHUPOBAHUS
JKUJIBIX JIOMOB M OOIIECTBEHHBIX 3JaHHH, B CHUCTEMaxX OXJIAKICHHUS IHINEBBIX IPOU3BOJCTB, B
CUCTEMAaX >KHJIKOCTHOTO OXJIAXKJICHHUS KOMIBIOTEPOB, B KOHTYpaxX JAPYTUX TEIIIOOOMEHHBIX CUCTEM
OBITOBOTO ¥ MPOMBIIIICHHOTO Ha3HaueHus [1-7].

Bo mHorumx caywasx cocTaB M Ka4ecTBO IPOAYKTa Ha OCHOBE BOJHOro pactBopa OI
OmpeiensoT 0e30macHOCTh U 3(G(GEKTUBHOCTh  AKCIUTyaTallud  TEXHUYECKUX  UBJICNUU.
OtHocuTenbHOE coaepkanue OI° W BOIBI B PacTBOpPE OIpPEACNSeT €ro CBOWCTBA, BKIIIOUYas
TeMIIepaTypy 3aMep3aHus U BSI3KOCTh. Boga u OI' ABIsAIOTCS OCHOBHBIMH, HO HE €IMHCTBEHHBIMH
KOMIIOHCHTaMH TMPOTHBOOOJICICHUTEIBHBIX JKUJIKOCTEH, aHTU(PPHU30B W TEIUIOHOCUTENeH. B
KOMMeEpUEeCKHe MPOIYKThl Ha OCHOBE BOJHBIX pacTBOpOB O, Kak mpaBuio, 100aBIAIOT KPACUTENN U
pazuyHble TPHUCAAKW, aHTUOKUCIUTENTU. CTpOro TOBOPs, TOYHBIM COCTaB ATUX KHUIKOCTEH
HEU3BECTEH, IIOCKOJIbKY SIBIISIETCS KOMMeEpUYecko TaiHoi (upM-npousBoaureneil. Kpome Ttoro,
ACCOPTUMEHT IMOAOOHBIX JKHUIKOCTEH IOCTOSHHO PAacTEéT. AHaNIM3 cOCTaBa KOHTpaaKTHBIX WIH
HEKAaUYeCTBEHHBIX TMPOJIYKTOB CTAJKUBAETCS €IIe C OONBUIMMH CIOXHOCTSIMH. B cBsi3u ¢ 3TuM
CYIIECTBYeT NOTPEOHOCTh B YHUBEpPCATbHOW METOIUKE oOmpeseneHus coiepkanus OI, He
3aBUCSIIEH OT HAJTMYMS B PACTBOPE JOMOJHUTEIBHBIX KOMIIOHEHT.

B Hacrosiliee Bpems CyILIECTBYET pPsAI METONOB aHAIN3a IPOAYKTOB Ha OCHOBE BOJHBIX
pactBopoB OI, KOTOpbIE MOXHO pa3feNuTh Ha JBe Oonbinue rpynmbl. [lepsast rpymmna MeToaoB, B
KOTOPYIO BXOAST U3MEPEHUE IUIOTHOCTHM WJIM TOKa3aress MPEOMIIEHUS, SIBISIOTCS JOCTATOYHO
MPOCTBIMA U IIUPOKO HCIIONB3yeTCs Ha mpakTuke. Ho 3TH MeToapl 00s1afaloT CyIIeCTBEHHBIMU
TEXHUYECKHUMH OTpaHUYCHHUSIMH M Y3KOH cdepoll mpuMEeHHMMOCTH. BTopas rpymnma MeTonoB, B
KOTOPYIO BXOJIUT T'a30Bas U KHUAKOCTHAs XpoMarorpadusi, MO3BOJSET ONpenesaTh coaepxanue O B
OYEHb HU3KHUX KOHLEHTPALMSAX W YCIEIIHO HCIONb3YETCS B CUTyallUsX, KOIJa HAJI0 ONpPENCIIUTh
COOTBETCTBHE CONIEP)KaHUsI BEIIECTBA MPEACIbHO JOMYyCTUMBIM KOHIEHTpauusM. OpHako 3TH
METOZIbl TPEOYIOT CIOKHOM MPOOOMOATOTOBKH, HATUYHS BBICOKOKBAIU(DUIIMPOBAHHOTO NEpCOHAIa
Y HE MOTYT OBITh peain30BaHbl B MOOMJILHOM BapuaHTe. TeM He MeHee, BO MHOTUX MPUMEHEHUSIX
TpeOyeTcst ObICTpasi AMATHOCTHKA MPOAYKTOB ¢ coaepkanuem DI wnu Boasl 6omnee 1 mompHOTO %.
C omHOM CTOPOHBI, JJISI TAKUX MPOAYKTOB coiepkaHue B HUX Ol ABIsieTcs OIHUM M3 OCHOBHBIX
MoKasaresyiel, OmpeNeNsSomuM 001acTh MPUMEHEHUS W YCIIOBUS OJKCIUTyaTallid, a, C JPYyrou
CTOPOHBI, HEOOXOAMMOCTh JUATHOCTUKU yIbTpaMalbiX coaepxkanuii O B 3TOoM ciyuae
OTCYTCTBYeT. J[7s AMAarHOCTHKU TakuWX OOpa3IOB MOTYT MPUMEHSThCS Oojiee MpOCThie B
pealn3alry METOAbI, JaK€ HECMOTpPS Ha TO, YTO KX YYBCTBUTEIBHOCTh YCTYNA€T METOJaM
xpomarorpaduu. [lepcrieKTHBHBIM SIBISIETCST CO37]aHUE METOIUK CIIEKTPOCKOMMH KOMOWHAIIMOHHOTO
paccesus (KP) cBera mist ananm3a coctaBa U CTPYKTYPBI MPOIYKTOB HA OCHOBE BOJHBIX PaCTBOPOB
OI. JIns mnpuKIagHbIX TPUMEHEHUH Takas JUarHOCTHKa MOXeT OBbITh peannu3oBaHa W B
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1abopaTopHOM, U B MOOMJIBHOM BapHaHTE B IIMPOKOM JHana3oHe TemIeparyp — B JHama3oHe
skcrutyaranuu npoaykra (or —40 mo +40°C) B nabopaTopHOM BapuaHTE M B JIMAIIa30HE
sKkcrutyaranuu crekrpomerpa KP B MoOuibHOM BapuanTe. HecMOTps Ha OYEBHIHBIE TOCTOMHCTBA
cunexkrpockonuu KP, 3ToT Meron BCE emé He3aciayKEeHHO Mallo NIPUMEHSETCS IIPU UCCIIEN0BAHMIX
BOJIHBIX pacTBOPOB DI U A1 TMarHOCTUKU KOMMEPUECKUX MPOAYKTOB Ha OCHOBE TaKMX PAaCTBOPOB.
B nureparype He HaiiieHO paboOT, B KOTOPHIX Obl MPOU3BOAMJICS CUCTEMATUUECKUN aHaIu3
3aBucuMocTu criekTpoB KP oT cocraBa Takux pacTBOpPOB, OT TEMIIEPATyphl U HAJIMYUS B COCTaBE
npucanok. Llenpro paboTsl sBasieTcs onucanue no cuekrpam KP usmeHenuii B XMuMHUYECKOM COCTaBe
BOJIHOTO pactBopa JI' mocie HaHeCeHUs ero Ha MOBEpXHOCTbh. Jis TOCTMKEHHUS 3TOH 1enu Obul
npousBenén ananus auHuu KP, oTBeuaromieil BaneHTHbIM KoneOanusiM OH cBs3eil, B 3aBUCUMOCTH
OT BpEMEHHM, MPOILEAIIEr0 ¢ MOMEHTAMU HAHECEHUs BOIHOIO pacTBopa Ol Ha MOBEPXHOCTh, U
OIIpe/IETICHUE BPEMEHHOM BOJIIOLIMY COJEPKAHUS BOJbI B BOJHOM pacTBope DI’ Ha IOBEPXHOCTH.

Mamepuansl u memoOowl uccredosanus

3ajaya onpezeneHus conaepkaHus Boabl B pacTBope DI Oblia pemieHa myTéM HM3MEpeHUs
cnekrpoB KP. Jlns mpuroroBieHus pacTBopa ObUIM KCHOJIb30BaHBI KOMMepueckuil obOpaszer OI
(crenenb 4uUCTOTHI 99%) U nUcTHIUIMPOBaHHAas Boaa. MonbHoe cozepkanue D1 B BOjie COCTABIISIIO
1%. PactBop ObuT HaHeceH Ha MOAJOXKKHA M3 HHKeNs (Ni) M KPUCTALTMYECKOTO KpemHus (Si).
[IpenBapuTENbHO MOMAJIOKKH MPOMBIBAINCH 3TUIIOBBIM CHUPTOM M OCYIIAJIUCh CHKATBIM BO3JLyXOM.
Cnextpsl KP Boaubix pactBopoB DI B mpoOupke M Ha MOUIOKKAX ObUIM 3aluCaHbl MPU
BO30Y>KJICHUU H3IYyYEHHEM C JUIMHOM BOJMHBI 532 HM M BBIXOOHOHW MOIIHOCTBIO 25 MBT, co
CIEKTpaJIbHBIM paspelieHueM 4 cM . Bo3Oyxknaroliee U paccessHHOE M3TyueHne (OKyCHpPOBaIoCh
oobekTuBOM ¢ yBenmmuenueM 20X (umciosas ameprypa 0,40). B kaxmoil cepum m3MepeHui Ha
MOJUIOKKAaX perucTpanusi CIeKTpOB HauMHajach depe3 4 MUHYTHI 1IOCJIE HAHECEHMs pacTBopa Ha
NOUIOXKKY. Jlajlee CHEKTpbl PErHCTPUPOBAIM 4YEpe3 KaKAble 3 MUHYTHI J0 TOTO MOMEHTA, IOKa
n3MeHeHus B crekrpax KP B 3aBucumocTu OT BpeMeHH, MPOLIEALIET0 ¢ MOMEHTA HAaHECEHUs Ha
MOJVIOKKY, HE CTAHOBWJIMCH HE3HAUUTENbHBIMU. BpeMs Habopa kaxzaoro crekrpa KP cocrasnsino 1
MUHYTY.

Pesynomamot u obcyscoenue

[TockoabKy MHOTOYMCIIEHHBIE NMPUMEHEHMsI BOAHBIX pacTBOpoB Ol BKIIIOYAIOT HaHECEHUE
3TUX PACTBOPOB Ha MOBEPXHOCTH, TO B JAHHOH paboTe ObLIM MpOaHAIM3UPOBAHBI BO3MOXXHOCTHU
cnekrpockonuu KP i onpeneneHns XMuMU4eCKOro cOcTaBa BOAHOTO pacTtBopa Jl, HaHECEHHOro
Ha MOBEPXHOCTH [8§].

B mumanazone 2600-4000 cm ! HaGmIONalOTCS MHTEHCHMBHBIC JIMHUM, CIa00 3aBUCAIINE OT
KoH(popManMOHHOTO cocTaBa Mojekyn Ol I[losToMy maHHas crnekTpalibHas 00JacTh XOPOIIO
MTOIXOIUT JIJIsl OLEHKH COOTHOILEHUS coiep KaHusl Boabl U O B pactBope [9].

Ha Pucynke 1 npencrasnens! cnexktpsl KP BogHOoro pacrsopa OI' Ha oanoxkax B IHana3oHe
2600—4000 cm'. Bee criekTpbl HOPMHPOBAHBI HA MHKOBYIO MHTEHCHBHOCTH JiiHUMK DI 0kos10 2880
cm ! (BanenTnble xoneGanus CH, rpynm monekysn OT). JIs OleHKH comepKaHus BOJbI B PACTBOPE
Ha TIOJIOKKAX MPUMEHSIICS METOl, CO3JaHHBIN B padore [9].

Metoa OCHOBaH Ha U3MEPEHHH OTHOIICHUS HHTEHCUBHOCTEH IMOJIOCHI BAJIEHTHBIX KoJeOaHUH
OH cBs3eii u oockl BajieHTHBIX Kojebanuit CH2 rpymm, koTopas HabIr0gaeTCsl Ha 4acTOTEe OKOJIO
2880 cm—1 B cnekrpax OI. MHTeHCMBHOCTH MOJNOCKH BajeHTHBIX KoseOanuit OH cBsizeil He paBHa
HYJII0 JaXe IMpU HYJIEBOM COAEP)KAHMM BOABI, IOCKOJBKY II0J0CA, OTBEYAIOLIAs BaJCHTHBIM
koneOanusiMm OH cBszeif, HaOmomaercss Takke B chekTpax uyucroro OI. Ha Pucynke 2
IIPEACTABIICHBI 3aBUCUMOCTH OTHOIIEHUI MUKOBBIX MHTeHCHBHOCTEN JInHMM KP okono 3400 u 2880
cM—1 nmma pactBopa OI' OT BpeMeHM, NpPOLIEANIET0O C MOMEHTAa HAHECEHMs pacTBOpa Ha
MTOBEPXHOCTH.
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Pucynok 2. 3aBUCHMOCTh OTHOIIEHWH WHTEHCUBHOCTH TOJOCHI BaJeHTHBIX KoseOarmnii OH cBs3elt u
WHTEHCUBHOCTH TIOJIOCHI BaleHTHBIX Kojebanuii CH» rpynm monexyn DI, OoT BpeMeHH, MPOIIEANIETO C
MOMEHTa HAaHECEHUS pacTBOpa Ha MOBEPXHOCTh

[TokazaHo, 4TO conmepx)aHue BOIBI B BOIHBIX pacTBopax DI’ Ha MOII0KKAX YMEHBIIAETCS CO
BpEMEHEM, MPHUUEM CKOPOCTh YMEHBILIECHHUS COAEP>KaHMS BOJABI 3aBUCUT OT Marepuaia IMOAJOXKKH.
Conepsxanue Bobl B pacTBope DI yMeHbIaeTcst ObIcTpee Ha MOI0KKE M3 HUKEIS M0 CPAaBHEHUIO C
MOJIOKKOM U3 KPEMHHUS.

Juamu KP A B o6mactu 2600—4000 cm™ ' HanéxHO JNETEKTUPYIOTCSA 110 conepkanust Ol
paBHoro 1 MombHBIH %, U MOTYT OBITH HCIONB30BAHBI Ui OmpeneieHus cogepxkanus O B
pactBope. OgHaKko B ciay4yae HU3KOKOHIIEHTPUPOBAHHBIX pacTBOPOB DI HU3KOUACTOTHOE KPBUIO
MOJIOCHI BaJIeHTHRIX KoeOanuii OH cBsi3el oka3pIBaeT CHIILHOE BIUSHHAE Ha TuHUI0 D1 okono 2880
cMm !, TIoaToMy /11 HU3KOKOHIIEHTPHPOBAHHBIX PACTBOPOB METON ONpE/eNeH sl COCTaBa PACTBOPA
IO/DKEH OBITH OCHOBAaH HA MCHOJIB30BAaHUM HE IMMKOBBIX MHTEHCHUBHOCTEH JIMHMI, a Ha 3HAUYEHHAX
WHTEHCUBHOCTEH JIMHUM, MOJYYEHHBIX IpH pasiiokeHun crnekTpoB KP pacTBopoB Ha oTaenbHBIE
nuHud. TeMm He MeHee, TaKoW MOAXOoJ MpH ompeneieHuu coaepxkanust D' B pacTBope paboTraer 10
coaepxanus O, paBHoro 1 MonbHBIH %.
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3axnouenue
B nmanHo#t paboTe METOJOM CHEKTPOCKONUH KOMOWHAITMOHHOTO pacCesHUs CBeTa ObLI
uccnenaoBad 1%-HbIil BOJHBIA pacTBOp ATUJIEHINIHKOJNA. [loka3aHO, 4YTO CKOPOCTH BBICHIXAHUS
pacTBOpa 3aBUCHUT OT MaTepuala MOIOKKH. Takxke T0Ka3aHo, YTO aHaiau3 noyiockl KP BaneHTHBIX
koneGanuit OH cBs3eit u muunu KP stinenmukoss okoso 2880 cM ™! mo3Bosier ONPEACIISITh COCTAB
pacTBopa 10 COJIEPKAHUS ITUIICHITIMKOIISI, paBHOTO | MOJIbHBIN %o.
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Abstract. In this study, we synthesised a coordination compound resulting from the interaction
of para-aminobenzoic acid (PABA) with nickel (II) sulfate heptahydrate (NiSO,-7H,0). To clarify
its structural features, the complex was examined by FT-IR spectroscopy and thermogravimetric
analysis (TGA). Its biological influence was tested on Gisela-5 rootstock grown in vitro through
microclonal propagation. The compound was added to Murashige and Skoog (MS) medium at four
concentrations: 0.5, 1.0, 1.5, and 2.0 mg-100 mL™'. The treatment containing 1.5 mg-100 mL™
promoted the highest proliferation rate, nearly 90%. These observations suggest that the PABA—
NiSO,:7H,0 complex may act as a useful biostimulant for enhancing plant tissue culture growth.

Aunnomayus. B uccnenoBaHUM CUHTE3UPOBAIM KOOPAMHALIMOHHOE COEAMHEHHUE, MOMYyUYEHHOE
B pe3yabTare B3auMOJEHCTBUS Mapa-aMuHOOeH30MHOM kucinotel (PABA) ¢ remrarugparom
cynbdara Hukens (NiSO,-7H,0). Jlng u3ydeHust ero CTPYKTYPHBIX OCOOCHHOCTEW KOMILIEKC ObLT
uccnenoBadn MeronoM MK-cnexkrpockonuu (FT-IR) m TepmorpaBumerpuueckoro ananuza (TGA).
Ero Gmonornueckoe BiausHUE OIeHMBAJIOCh Ha moaBoe Gisela-5, BeIpallieHHOM in Vitro METOIOM
MHUKPOKJIOHATLHOTO pazMHOkeHus. CoequHenne Obuto BHECEeHO B cpeny Mypacure u Ckoora (MS)
B ueThIpex koHmeHtpausax: 0,5; 1,0; 1,5 u 2,0 mr-100 mn™'. Hauboneimii ypoBeHs nponudeparum
Obu1 oTMeueH mpu koHueHtparuu 1,5 mr-100 mn™', moutu 90%. DT pe3ynabTarhl MO3BOJISIOT
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npeanonaoxuth, 4ro kKomriekc PABA-NiSO, 7H,O wmoxer ciyxuTh 3(PGEKTHBHBIM
OMOCTHMYISATOPOM IS OBBIILICHHS POCTA PACTUTEIBHBIX TKAHEH in Vitro.

Keywords: para-Aminobenzoic acid (PABA), Nickel(Il) sulfate heptahydrate complex,
Gisela-5 rootstock, micropropagation.

Knouesvie cnosa: mapa-amuHOOeH30MHass kucinota (PABA), kommiekc ¢ TenTaruaparom
cynb(ara HuKems, noasoi Gisela-5, MUKpopazMHOKEHHUE.

Modern approaches are increasingly used in the mass propagation of plants. Among these,
microclonal propagation has become one of the most effective techniques, playing a central role in
the rapid progress of plant biotechnology. The Murashige and Skoog (MS) medium [1, 17] remains
the standard nutrient base for in vitro culture and is often modified to meet specific experimental
aims. Tissue culture is widely applied around the world to produce disease-free and genetically
stable planting material [21].

Supplementation of the nutrient medium with macro- and microelements has been shown to
improve plant growth and proliferation, and in some cases, to influence cell division and
differentiation. Nickel (Ni) is recognised as an essential microelement in plant physiology. Nickel-
dependent enzymes contribute to key metabolic processes in plants [4, 8].

On the other hand, para-aminobenzoic acid (PABA) plays an important role in folate
biosynthesis [14, 16].

The application of metal-ligand complexes in plant tissue culture may help uncover new
mechanisms that stimulate morphogenesis and growth. In this context, PABA—Ni(Il) complexes
combine the biological activity of the organic ligand with the catalytic function of the metal. The
present study therefore aimed to synthesise a PABA—Ni(Il) complex, characterise its structure using
FT-IR and thermogravimetric analyses, and evaluate its effect on the in vitro proliferation phase of
Gisela-5.

Materials and Methods

Plant material. Explant samples were obtained from the Gisela-5 rootstock and used as the
plant material for in vitro culture experiments.

Chemical substances and synthesis. The PABA-Ni(Il) complex was synthesised using
stoichiometric ratios of the reagents. A solution containing 2.75 g of para-aminobenzoic acid
(PABA) (GOST 6-09-3395-78; 0.01 mol) and 1.67 g of sodium bicarbonate (NaHCO3) (GOST
2156-76; 0.02 mol) was prepared in 80 mL of distilled water in a 300 mL round-bottom flask. The
mixture was heated to 60—70 °C and stirred for 5 min using a Daihan Scientific Hotplate Stirrer
(MSH-20A). Separately, 2.81 g (0.02 mol) of nickel(II) sulfate heptahydrate (NiSO4-7H,0) (GOST
4465-74) was accurately weighed on a Kern ABJ220-4NM analytical balance and dissolved in a
small volume of ultrapure water in a 200 mL beaker. The metal salt solution was stirred for 4 min at
70 °C, then cooled to 25 °C. The resulting mixture was filtered through standard filter paper to
obtain a green precipitate [2, 4].

The precipitate was stored in the dark at 20 °C for 48 h, after which transparent green crystals
appeared. The crystals were dried over anhydrous calcium chloride (CaCl,) in a desiccator until
constant weight was achieved [8, 21].

Elemental composition was determined using a Carlo Erba CHNSO elemental analyser. The
reaction yield was calculated as 79.45 %.

Theoretical element composition (%): C — 18.05; H—1.53; Ni — 22.92
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Empirical formula: (NH,-C¢H4-COO),Ni(II)-4H,O

Experimental element composition (%): C — 18.22; H— 1.10; Ni —22.81

Spectroscopy and thermal analysis. The FT-IR spectrum was recorded between 4000-250
cm™! using the KBr tablet method [15] (Figure 1).
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Figure 1. FT-IR spectrum of the synthesized PABA-Ni(Il) complex [(NH,—CgH4—
COO0),Ni(Il)-4H,0]

The infrared (IR) spectrum of the complex displays a strong absorption band at 1600 cm™,
corresponding to the asymmetric stretching vibration of the carboxylate group, v_as(COO7), and a
band at 1374 cm™', assigned to the symmetric stretching vibration, v_s(COQO~). The difference
between these two bands (Av =v_as — v_s) can be used to determine the coordination mode of the
carboxylate oxygen atoms with the Ni(II) centre. In general, a Av value below 200 cm™ indicates a
bidentate or bridging bidentate coordination, whereas a Av value above 200 cm™ suggests
monodentate or ionic interaction. For this complex, Av was calculated as 226 cm™, indicating that
the carboxylate oxygens of the para-aminobenzoate ligands interact with Ni(I) primarily through
ionic bonding [12]. These results confirm the proposed coordination mode of the synthesized
complex.

Thermogravimetric analysis. Thermogravimetric analysis was carried out using a NETZSCH
STA instrument, and the stages of thermal decomposition were described [3] (Figure 2).

As shown in Figure 2, the thermal decomposition of the complex compound proceeds through
four main stages.

Stage 1 occurs in the temperature range of 171-210°C, during which the four water molecules
incorporated in the complex are released. The liberation of these coordinated water molecules from
the coordination sphere is evidenced by an endothermic peak observed around 195°C.

Stage 2 takes place between 210 and 360 °C, during which the dehydrated structure undergoes
transformation into a dimeric configuration.

Stage 3 occurs in the range of 360—450°C. At this stage, the dimeric structure decomposes,
leaving a hydrocarbon residue and forming NiCOs. This process is confirmed by the exothermic
effect observed at approximately 445°C.

Stage 4 takes place from 450 to 720°C, during which NiCO3 decomposes to yield NiO as the
final product.
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Figure 2. Thermogravimetric analysis of the complex compound

In vitro Conditions. The growth and development of plant cells under in vitro conditions
largely depend on the chemical composition of the culture medium. Fundamental components of
plant tissue culture media include inorganic and organic nutrients, vitamins, and plant growth
regulators [7, 14, 16].

For the acquisition of plant material, it is essential to prioritise specimens aged between 1.5
and 2 years. In this study, explants were collected from one-year-old branches of the Gisela-5
rootstock. Sterilisation was performed in three stages using Fairy detergent, the fungicide Captan,
and sodium hypochlorite (NaOCI). The explants were subsequently rinsed with distilled water
under a laminar flow hood prior to culture initiation [9].

The MS-based culture medium was prepared according to the standard protocol,
supplemented with sucrose (30 g-L™"), agar (6 g-L™"), and the required hormonal components. To
evaluate the effect of the synthesized PABA—Ni(II) (PABT—Ni) complex, the compound was added
to the MS microelement stock at concentrations of 1.0, 1.5, and 2.0 mg-100 mL™". The standard MS
medium without any added complex was used as a control.

Proliferation and Evaluation. Plants that successfully completed the initiation phase were
transferred to the proliferation stage. The nutrient medium for proliferation was prepared with 3%
sucrose and 7% agar. A complex mixture of microelements, including the synthesized PABA-Ni(II)
complex, was added to the stock solution in the same proportions for the treated groups.
Propagation was carried out over four successive passages, each lasting 23 days. The composition
of the nutrient medium was maintained consistently across all passages. Cultures were grown under
controlled conditions in a climate chamber set to 23°C and 55% relative humidity. Compared with
the control group, plants cultured in the medium containing the complex exhibited faster growth. At
the end of each passage, during the subculture process, an average of four new shoots per plant was
observed in the treated group, whereas the maximum number of new shoots in the control group
was 2-3.

Synthesis and Yield. The crystalline material obtained from the synthesis of the complex was
isolated with a yield of approximately 79.5%. FT-IR Analysis. The infrared spectrum revealed the
asymmetric stretching of the carboxylate group at ~1600 cm™, and symmetric stretching in the
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range of 1346—1377 cm™. The calculated Av value (~223 cm™) indicates an ionic or monodentate
mode of coordination.

Thermal Analysis. Thermogravimetric (TGA) and differential scanning calorimetry (DSC)
analyses showed that the thermal decomposition of the complex proceeds through four main stages:
(1) loss of crystallization water, (2) dimerization and oxidation-related transformations, (3)
decomposition of the ligand, and (4) formation of the metal oxide. These stages were observed in
the temperature range of 170-720°C.

Biological Effect-Proliferation. The addition of the PABA—Ni(II) complex to the MS medium
at a concentration of 1.5 mg-100 mL™" significantly enhanced the proliferation efficiency. On
average, the proliferation success rate in the 1.5 mg-100 mL™ treatment group reached
approximately 90%, compared with 60—70% in the control. The average number of new shoots per
explant per passage was 4 in the treated group, compared with 2—3 in the control. These results
indicate that the synthesized complex is stable and effective, demonstrating considerable potential
for application in plant biotechnology (Table).

Table
Proliferation of Gisela-5 under different concentrations of the PABA—Ni(I) complex
Concentration Proliferation Average Number of New Note
(mg-100 mL™) Success (%) Shoots per Explant
Control (0) ~65 2.5 —
0.5 ~70 2.8 Slight improvement over control
1.0 ~75 3.2 Gradual increase observed
1.5 ~90 4.0 Maximum stimulation observed
2.0 ~80 3.8 Slight reduction in effect, suggesting

dose-dependent response

Discussion

The results of this study indicate that the application of the PABA-Ni(II) complex at lower
concentrations (1.0-1.5 mg-100 mL™") can effectively stimulate proliferation in Gisela-5. Potential
mechanisms underlying this effect include the optimization of cellular metabolism by Ni ions as
enzymatic cofactors (e.g., Ni-dependent enzymes such as urease and Ni-SOD) and the role of PABA
in folate biosynthesis, which supports cell division and metabolic activity [1, 5].

However, excessive concentrations of Ni may induce toxicity, highlighting the importance of
concentration optimization [10, 11].

Recent studies also demonstrate the concentration-dependent effects of PABA on root
development and the cell cycle, which are consistent with our findings [13].

FT-IR and thermogravimetric analyses confirmed that the complex is stable, and the mode of
carboxylate—Ni coordination may influence ligand bioactivity [3, 15].

Micropropagation techniques for Gisela-5 have been extensively studied. Nodal explants
cultured on MS, DKW, and WPM media supplemented with BAP and kinetin combinations have
been tested, and MS medium containing 2 mg BAP + 0.5 mg kinetin resulted in an average of 3.1
microshoots per explant [6].

Investigated tissue culture methods for Gisela-5 in plant biotechnology [18. 19].

Assessment of the effect of treating ‘GiSelA 5° softwood cuttings with biostimulants and
synthetic auxin on their root formation and some of their physiological parameters. These studies
demonstrate that although in vitro propagation is critical, cutting techniques can occasionally yield
superior results [18].
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The stimulatory properties of PABA and its organic salt complexes have also been
documented in previous studies. For instance, Sumalan et al. (2020) reported that p-aminobenzoate
salts enhanced root development and productivity in tomato plants [17]. Such complexes may
combine ligand activity with the effects of the metal ion, resulting in enhanced biological efficacy.

Ni ions are considered essential microelements in plants, playing a critical role in Ni-
dependent enzymes such as urease [20]. In soils, Ni exhibits a tendency to form complexes with
carboxylate groups [9]. The present findings suggest that the PABA—Ni complex can stabilize Ni
ions in plant tissues through carboxylate ligands. This coordination may facilitate efficient Ni
bioavailability, enhancing metabolic activity at the cellular level.

Conclusion

The findings of this study indicate that the PABA—Ni(II) complex at a concentration of 1.5
mg-L™! exerts the maximum stimulatory effect on plant proliferation, whereas a concentration of 2.0
mg-L™" leads to a slight reduction in efficacy. This dose-dependent response suggests that higher
metal concentrations may pose a risk of metal toxicity, potentially affecting plant physiological
processes. FT-IR analysis revealed a Av value of approximately 223 cm™, indicating ionic-type
coordination. This coordination mode suggests that the ligand is peripherally bound to the metal
ion, which may enhance its gradual release and bioactivity within plant tissues. Thermogravimetric
results confirmed that the complex exhibits stable, stepwise degradation, implying a controlled
release of ions within the tissue. Overall, this study demonstrates the potential of the PABA-Ni(II)
complex to stimulate in vitro proliferation in Gisela-5. However, the current investigation was
limited to a single plant species and a narrow range of concentrations. Future studies should include
dose-dependent evaluations across diverse plant species (fruits, grains, and seed plants) and should
incorporate enzymatic assays (e.g., urease activity, Ni-SOD, and ROS markers) to elucidate the
underlying cellular mechanisms of complex activity.
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Abstract. The genus Prangos (Apiaceae) comprises about 45 perennial aromatic species
distributed mainly across the Mediterranean, the Middle East, and Central Asia. Over the past two
decades, Prangos species have received growing scientific attention due to their remarkable content
of coumarins, flavonoids, terpenoids, and essential oils with diverse biological activities. This
review summarizes current knowledge on the phytochemical composition, pharmacological effects,
and biotechnological potential of Prangos species, with particular emphasis on P. ferulacea and P.
trifida. Data from in vitro, in vivo, and biochemical assays are critically assessed. Evidence
supports their antimicrobial, antioxidant, anti-inflammatory, and enzyme inhibitory properties,
alongside promising industrial and biotechnological applications. The review aims to consolidate
recent findings and identify future research directions for exploiting Prangos as a source of natural
bioactive compounds.

Annomayusn. Pon Prangos (Apiaceae) BKIIIOYaeT OKOJO 45 MHOTOJIETHHUX apOMaTHYeCKuX
BUJIOB, PACHpPOCTPAHEHHBIX B OCHOBHOM B CpeamsemHOMoOpbe, Ha brnmxxem BocTtoke u B
enTpansHoil A3um. 3a TOCIeAHHE ABa ACCATHIICTUS BUABI Prangos TPHUBIEKIN Bce OoJbIee
BHHMaHUE YYCHBIX OJIaromaps CBOeMy 3aMedaTrelIbHOMY COJICP)KaHHWI0 KyMapWHOB, (pIaBOHOHWIOB,
TEPHEHOU 0B U 3(PUPHBIX Macesl ¢ pa3HOOOpa3HON OMOIOrMYecKOM aKTHUBHOCTHIO. B 3TOM 0030pe
00001IIeHBI COBPEMEHHBIE 3HaHUS O (PUTOXMMHYECKOM cocTaBe, (hapmakonornueckux s ¢dekrax u
OMOTEXHOIOTUYECKOM TOTeHIMane BUaI0B Prangos, ¢ ocoObiM akiieHToM Ha P. ferulacea u P. trifida.
Kputnuecku ornieHeHbl JaHHBIC, MTOJTYYEHHBIE in Vitro, in vivo U B OMOXUMHUYECKHUX HCCIICIOBAaHUSX.
JlaHHBIE TIONTBEPXKIAIOT WX AHTUMHKPOOHBIC, AHTHOKCHJIAHTHBIC, IMPOTHBOBOCIATUTEIILHBIC U
(bepMeHT-UHTUOUTOPHBIE  CBOMCTBAa, a  TakKe  MEpPCHEKTUBHBIE  NPOMBIIUICHHBIE U
OonoTexHomornyeckue mnpuMmeHeHus. lLlens o003opa — 0000mIUTH TMOCIETHUE pPE3YNbTaThl U
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OTpeeTUTh Oyaylllue HampaBlIeHUS HCCIENOBAaHMM IO MCIONb30BAHUIO Prangos B KauecTBe
WCTOYHHKA MPUPOAHBIX OMOAKTUBHBIX COCTUHEHUIA.

Keywords: Prangos, Apiaceae, phytochemistry, bioactive compounds, pharmacology,
biotechnology.

Knouesvie cnosa: Prangos, Apiaceae, GpUTOXUMHUS, OMOIOTHYECKH AKTUBHBIC COCIUHCHUS,
(hapMakoorus, OMOTEXHOJIOTHSI.

Medicinal plants represent a fundamental source of bioactive compounds with therapeutic
relevance in modern and traditional medicine. Among these, the Prangos genus of the Apiaceae
family occupies a distinctive position due to its diverse secondary metabolites and extensive
ethnopharmacological applications. The genus is distributed primarily in the Irano-Turanian floristic
region, extending into the Caucasus, Anatolia, and Mediterranean territories [33]. Species such as P
ferulacea, P. pabularia, and P. trifida have been traditionally employed to treat digestive disorders,
infections, and inflammation in various folk medical systems [28, 44].

The increasing global interest in natural therapeutics has renewed focus on Prangos species as
sources of pharmacologically valuable compounds [11]. Studies over the last two decades have
demonstrated the genus’s potential in combating microbial resistance, oxidative stress, cancer cell
proliferation, and metabolic disorders [20, 29]. Additionally, biotechnological investigations into
plant tissue cultures, nanoformulations, and enzyme inhibition have expanded the genus’s relevance
beyond ethnobotany into applied pharmaceutical and industrial research [4-6, 15]. The species
occupy an important position in both traditional and modern phytotherapy [12, 13].

The species is widespread across the Fergana Valley [18] and the Lower Dnipro region [26],
contributing significantly to ecosystem diversity and soil adaptation. Its seeds serve as food for
parasitic Lepidoptera of the Eurytomidae family, revealing its importance in ecological food webs
[32]. Several species have also been utilized in animal husbandry and the food industry [22, 43].

Furthermore, P. ferulacea contributes to the traditional “Van otlu cheese” formulation in
Turkey, enhancing aroma and functional qualities [38].

This review aims to synthesize recent findings regarding the phytochemistry, pharmacology,
and biotechnological potential of Prangos species. Emphasis is placed on major bioactive
compounds, mechanisms of action, and correlations between chemical structure and biological
function. Furthermore, emerging research directions and applications are highlighted to encourage
future multidisciplinary exploration.

The genus Prangos belongs to the subfamily Apioideae, tribe Peucedaneae, within the family
Apiaceae. It comprises about 45 recognized species, with the highest diversity found in Iran,
Turkey, and Central Asia [35]. These are perennial herbs with strong aromatic odors, thick taproots,
and umbellate inflorescences typical of the family. Fruits are schizocarps with distinct vittae (oil
ducts), often used as diagnostic features in taxonomy [39].

Prangos ferulacea (L.) Lindl., one of the most studied species, is characterized by robust
stems (up to 150 cm high), bipinnate leaves, and yellowish umbels. Other species, such as P.
pabularia and P. trifida, exhibit morphological variability linked to their ecological adaptation. The
genus is taxonomically close to Ferula, Peucedanum, and Heracleum, sharing similar coumarin-
rich profiles, though differing in fruit anatomy and essential oil composition [24, 25].

Phytogeographically, Prangos species occupy dry, rocky, and calcareous habitats at altitudes
between 800-2500 m. Such environmental conditions contribute to their secondary metabolite
diversity, influenced by altitude, climate, and soil mineral content [40, 41].
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The pharmacognostic characteristics of the aerial parts of P ferulacea Lindl. at the early
vegetative stage have been investigated. Macroscopic and microscopic features-including tissue
structure, stomata, trichomes, and cellulose content - were characterized, and the suitability of its
bioactive components for pharmaceutical applications was evaluated. The findings suggest that
aerial parts collected during the early vegetative stage are rich sources of high-quality bioactive
substances suitable for pharmacological and cosmetic use [16].

P trifida was recently recorded for the first time in Croatia, refining the known
biogeographical range of the genus [31].

The phytochemical profile of Prangos species is dominated by coumarins, flavonoids,
terpenoids, phenolic acids, and essential oils [1, 28]. These metabolites play a crucial role in the
plant’s defense mechanisms and serve as pharmacologically active molecules responsible for
multiple biological effects.

Coumarins are the most characteristic constituents of Prangos species, particularly
furanocoumarins and simple coumarins. Studies have reported the presence of xanthotoxin (8-
methoxypsoralen), bergapten (5-methoxypsoralen), isopimpinellin, and heraclenin as dominant
components [9]. These compounds exhibit antimicrobial, anticoagulant, and photosensitizing
properties.

In P. ferulacea, coumarins constitute over 70% of the total extractable secondary metabolites
[40]. Other species such as P. platychlaena and P. pabularia contain rare pyranocoumarins and
dihydrofurocoumarins, which have demonstrated selective cytotoxicity against cancer cells [20].

Flavonoids, mainly quercetin, kaempferol, rutin, and apigenin derivatives, contribute to the
antioxidant and enzyme inhibitory effects of Prangos [15]. Quantitative analyses using HPLC and
LC-MS/MS indicate that the total flavonoid content in methanolic extracts ranges between 10-25
mg QE/g DW, depending on the species and extraction solvent [23, 26].

Phenolic acids such as caffeic, ferulic, and p-coumaric acids have been identified as minor yet
potent antioxidants [4, 5]. The phenolic profile contributes significantly to the radical scavenging
potential and overall antioxidant index [28].

Essential oils represent another valuable chemical fraction of Prangos. GC-MS analyses have
revealed dominant monoterpenes such as B-pinene, a-pinene, limonene, sabinene, and myrcene [34,
36].

In P. ferulacea, B-pinene often constitutes over 30% of total oil composition, conferring the
plant its strong aromatic odor and antimicrobial capacity [41]. Terpenoids also include
sesquiterpene hydrocarbons like B-caryophyllene and germacrene D, which possess cytotoxic and
anti-inflammatory activities [1].

The seeds and oil of P. ferulacea are rich in unsaturated fatty acids, mainly linoleic and oleic
acids, as well as macro- and microelements such as potassium, calcium, magnesium, phosphorus,
zinc, and iron, highlighting its nutritional and pharmacological value [14].

Chemical profiling of essential oils from P pabularia (Iran) using GC-MS revealed
spathulenol (16.09%) and a-bisabolol (14.30%) as the major components in leaf oils, while a-
pinene dominated the fruit and flower oils (33.87% and 21.46%, respectively). These terpenoids
exhibited allelopathic properties, influencing the growth of neighboring plants [34].

A systematic review of Prangos essential oils identified monoterpenes-especially a-pinene, 3-
pinene, (Z)-B-ocimene, and 98-3-carene -as the predominant constituents. These oils exhibited broad
biological activities, including antibacterial, antioxidant, allelopathic, insecticidal, and anticancer
effects. The chemical profile varies notably with plant organ and geographical origin [36].
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Although alkaloids are not abundant in Prangos, traces of indole and quinoline alkaloids have
been detected in certain species [7, 8]. In addition, recent studies highlight the presence of
polysaccharides and steroidal components with immunomodulatory potential [29, 30].

The diverse phytochemical composition of Prangos species translates into a wide spectrum of
pharmacological actions. Experimental evidence supports their roles as antimicrobial, antioxidant,
anti-inflammatory, cytotoxic, and enzyme inhibitory agents.

Numerous studies have demonstrated potent antimicrobial properties of Prangos extracts
against both Gram-positive and Gram-negative bacteria, as well as fungi.

Methanolic extracts of P. trifida showed significant inhibition zones (up to 25 mm) against
Staphylococcus aureus and Escherichia coli [20]. The activity is mainly attributed to
furanocoumarins, which interfere with bacterial DNA replication and membrane integrity [40].

Essential oils of P. ferulacea also displayed strong antifungal effects against Candida albicans
and Aspergillus niger, with MIC values below 200 ug/mL [44]. The synergistic action between
monoterpenes (especially a-pinene and limonene) enhances this effect [1].

Studies on P. pabularia confirm significant antioxidant and antimicrobial activity [9]. Extracts
of P. ferulacea and F. orientalis demonstrated significant anti-leishmanial activity in vitro against
Leishmania tropica; the strongest effects were recorded for ethanol root and chloroform fruit
extracts of P. ferulacea [10].

The antioxidant properties of Prangos species have been confirmed through various assays,
including DPPH, ABTS, and FRAP. Methanolic extracts exhibit ICs, values comparable to
synthetic antioxidants such as BHT [44].

The presence of flavonoids, phenolic acids, and coumarins contributes to the neutralization of
reactive oxygen species and prevention of lipid peroxidation [29]. In vivo studies demonstrated that
P ferulacea extracts can restore glutathione and catalase levels in oxidative stress models [28].
Ferula extracts related to Prangos have shown gastroprotective and antioxidant effects in
indomethacin-induced ulcer models [42], indicating therapeutic promise for P. ferulacea as well.

Coumarins and terpenoids isolated from P. ferulacea have exhibited anti-inflammatory effects
by suppressing pro-inflammatory cytokines (IL-1B, TNF-a) and inhibiting COX-2 enzyme activity
[19]. Animal models revealed significant reductions in carrageenan-induced paw edema and pain
responses, suggesting both peripheral and central analgesic mechanisms [1].

Extracts of Prangos platychlaena and P. pabularia have shown cytotoxic effects against
breast (MCF-7), colon (HT-29), and liver (HepG2) cancer cell lines (Latif et al., 2025). Mechanistic
studies indicate that coumarins induce apoptosis through caspase activation and mitochondrial
depolarization [2, 15].

Moreover, P. ferulacea essential oil significantly reduced tumor cell viability while sparing
normal fibroblasts, highlighting its selective toxicity [29].

The enzyme inhibitory potential of Prangos species is particularly relevant for diabetes,
obesity, and neurodegenerative diseases. In vitro analyses demonstrated a-glucosidase, a-amylase,
and acetylcholinesterase inhibition comparable to standard drugs [44]. Compounds such as
bergapten and xanthotoxin exhibit dual enzyme inhibition, suggesting their potential in managing
postprandial hyperglycemia and cognitive decline [4].

Recent advances in nanobiotechnology have highlighted the potential of Prangos extracts in
drug delivery systems. A chitosan-based nanoformulation of P. acaulis extract demonstrated
enhanced cytotoxicity against HT-29 (colon carcinoma) and MCF-7 (breast adenocarcinoma) cell
lines by improving cellular uptake and bioavailability [17]. These findings indicate that Prangos-
derived phytochemicals can be effectively incorporated into nanocarriers for targeted cancer
therapy.
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P. ferulacea extract has been applied as a natural dye for polyester, wool, and nylon fabrics,
offering an eco-friendly alternative to synthetic dyes. Optimization using artificial intelligence (Al)-
based models improved dye fastness and reduced water and chemical consumption, thus supporting
sustainable textile technologies [17, 37]. The plant’s colorant compounds, mainly coumarins and
flavonoids, provided stable chromatic intensity and UV resistance, meeting international fastness
standards.

Beyond pharmacology, Prangos ferulacea plays a significant role in rangeland ecosystems. Its
deep root system enhances soil stability, reduces erosion, and supports biodiversity in semi-arid
zones [21]. In Turkey and Iran, P. ferulacea and Ferula communis have been explored as
supplementary forage sources due to their favorable digestibility and mineral composition [27].

In Eastern Anatolia, Turkey, a newly described species, P. munzurensis, was morphologically
and ecologically characterized. Detailed analyses of its floral and foliar morphology, together with
comparisons to other Prangos species, were performed. The study also documented the ecological
preferences, soil, and climatic conditions of its habitat, illustrating its adaptive mechanisms and
contribution to biodiversity [21].

In the Hissar mountain flora, P. ferulacea exhibits strong adaptive potential under diverse
environmental conditions [27]. P. ferulacea serves as a food plant for several insect species,
including Apochima diaphanaria larvae, underscoring its ecological relevance [2].

The integration of Prangos into rangeland management plans is considered a sustainable
strategy for combating desertification and improving soil fertility.

Biotechnological propagation of Prangos species through in vitro techniques allows the
production of genetically uniform and phytochemically consistent plant material. Gene expression
analyses have revealed high transcription levels of phenylalanine ammonia-lyase (PAL) and
chalcone synthase (CHS) in P. ferulacea, confirming its biosynthetic potential for phenolics and
flavonoids [3]. Furthermore, in vitro cultures can be utilized for elicitor-induced enhancement of
coumarin biosynthesis, paving the way for commercial-scale production of natural bioactive
compounds.

A new steroidal molecule, Daucosterol, was isolated from P. aricakensis, demonstrating
antibacterial activity through molecular docking interactions with DD-peptidase and DNA gyrase
enzymes [15]. Similarly, P. pabularia yielded a newly characterized coumarin with unique
structural features confirmed by NMR and MS analyses [7]. These discoveries highlight the genus
as an underexplored source of novel natural compounds with therapeutic potential.

The genus Prangos (Apiaceae) represents a valuable phytochemical reservoir with significant
pharmacological, ecological, and industrial potential. Its diverse composition - rich in coumarins,
terpenoids, flavonoids, and phenolic acids-supports multiple biological effects, including
antimicrobial, antioxidant, anti-inflammatory, and enzyme inhibitory activities.

Biotechnological advancements, including nanoformulation, tissue culture, and chemometric
profiling, have further broadened the application of Prangos species in pharmaceutical,
nutraceutical, and green chemistry sectors.
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Annomayus. BriepBble NPOBENEHO HCCIENOBAaHUE MAKpO- U MHKPOIJIEMEHTHOIO COCTaBa
nuCcTheB Limonium ferganense - sunemuynoro Buna llentpansuoit Asun. llenr — uccrnenoBanue
MUHEPAJILHOTO CcOCTaBa KepMeKa QepraHckoro Limonium ferganense, >HIEMUYHOTO BHUAA B
Lentpanbnoii Azuu. OOpa3ubl pacTeHus: ObUTM coOpaHbl B OKpecTHOCTH cena Ak-Tepek (Omickas
obnactb, KbIpreiscran), a 3J€MEHTHBI cOCTaB ONpeAeiaEH METOJAO0M WHAYKTUBHO-CBS3aHHOU
m1a3MeHHoW ontudeckord smuccuoHHoi cnektpoMerpun (MCII-OOC). Bceero BbIsiBiIeHO 25
aneMeHToB. Cpeu MaKpo3JIeMEHTOB JoMuHUpoBain Hatpuil (290,52 mr/10 r) u cepa (147,73 mr/10
r), 32 KOTOpbIMU cnepoBanu kanuit (73,78 mr/10 ), marauii (38,40 mr/10 r), kaneuuit (9,49 mr/10
r) u docdhop (5,97 mr/10 r). Cpeau MUKpPOIIEMEHTOB cojaepkanue tutaHa (25,61 wmr/10 r)
0Ka3aJ0Ch 3aMETHO BBICOKMM ueM jpyrue. lloBbimennble koHueHTpanuu Na, S u Ti oTpaxkaroT
BBIPOKEHHYIO TAIOPUTHYIO a/IallTallMI0 PAcTEHUS K 3aCOJIEHHBIM M MHUHEPAJM30BaHHBIM MOYBAM.
CpaBuutenbHblii aHanusz ¢ L. bicolor w L. spathalum mokazal MeXBHIOBBIE pazIuyus,
00YCJIOBJICHHBIE HSKOJIOTUYECKUMHU YCIOBUSAMHU. [loslyueHHBbIE [AaHHBIE DACHIMPSIOT 3HAHUA O
XUMHUYECKOM U IKOJIOTHIECKOM pa3HOOOpa3uu MpeacTaBuTeNe poaa Limonium.

Abstract. For the first time, the macro- and microelement composition of the leaves of
Limonium ferganense, an endemic species of Central Asia, has been studied. Study of the mineral
composition of Limonium ferganense, an aedemic species of Central Asia. Plant samples were
collected from the vicinity of Ak-Terek village (Osh region, Kyrgyzstan), and the elemental
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composition was determined using inductively coupled plasma optical emission spectrometry (ICP-
OES). A total of 25 elements were identified. Among macronutrients, sodium (290.52 mg/10 g) and
sulfur (147.73 mg/10 g) were dominant, followed by potassium (73.78 mg/10 g), magnesium (38.40
mg/10 g), calcium (9.49 mg/10 g), and phosphorus (5.97 mg/10 g). Among microelements, titanium
(25.61 mg/10 g) was present in a significantly higher amount than others. The elevated
concentrations of Na, S, and Ti indicate a pronounced halophytic adaptation of the plant to saline
and mineralized soils. Comparative analysis with L. bicolor and L. spathalum revealed interspecific
differences determined by ecological conditions. The obtained data expand current knowledge
about the chemical and ecological diversity of Limonium species.

Kouesvie cnosa: Kepmek ¢epranckuit, MakpomuHepabl, Mukpomuaepaist, MCIT-O2C.
Keywords: Limonium ferganense, macrominerals, microminerals, ICP-OES.

Limonium — KpYIHBIA U TaKCOHOMHYECKH Pa3HOOOpPa3HBIA oI, BKIOUAONUi okojo 600
BH/JIOB IIBETKOBBIX pacTeHUH cemeiictBa Plumbaginaceae [1].

[IpencraBuTenu 3TOro poja MIMPOKO PACHPOCTPaHEHBI B MPHUOPEKHBIX, CONOHYAKOBBIX M
3aCyILIMBBIX MecTaXx oOOWTaHWs, M I[I0Ka3aHO, YTO HEKOTOpble BHUAbI Limonium o00nagaroT
MOTCHIIMATBHBIMU (hapMaKOJIOTUYECKUMHU CBOMCTBaMH [2].

Pucynoxk 1. Bremnuii Bug L. ferganense B nepuon nperenus (A) u Bereranuu (B).

AHann3 MHHEpPATBHOTO COCTaBa BUJIOB Limonium WUMEET BaKHOE 3HAYEHHUE C IKOJIOTHYECKON
u (papmakonoruueckoit Touek 3peHus. CnocoOHOCTh ITUX PACTCHHUI HAKAIIMBATH YJIEMEHTHI TECHO
CBf3aHA C MEXaHM3MaMH QJalTallid K CTPECCOBBIM YCJIOBHSIM OKpYXaromied cpensl. M3ydeHue
JJIEMEHTHOTO  COCTaBa  MO3BOJISIET  TIyOke  TMOHATh  (DU3MOJOTHYECKHE  MEXaHHU3MBI,
oOecrieunBarONIMe BbDKMBAHWE BHJOB Limonium B TIOYBaX, OOTaThIX COJSIMH W TSKEITBIMU
MeTaiiami [3].
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OTU 3JIEMEHTHI HE TOJIBKO CIIOCOOCTBYIOT BBKUBAHUIO PACTEHUM Limonium B SKCTpEeMaIbHBIX
YCJIOBUSIX, HO M ONpPEAENSAIOT HMX JIEKAPCTBEHHBIE CBOMCTBA, B YAaCTHOCTHM AHTHOKCUAAHTHYIO,
MIPOTUBOBOCTIAJIUTENIEHYIO U aHTUMUKPOOHYIO aKTHBHOCTh. MaKkpoaieMeHThl, Takue kak kanui (K),
kanpuui (Ca), marauit (Mg) u Hatpuii (Na), UrparoT BaKHYIO pOJib B MOAJIEP)KAaHUH HOPMAJIbHOTO
cocTaBa >KUIKOCTEH OpraHu3ma, (yHKIIMOHHPOBAHWU HEPBHOM M MBIIIEYHON CUCTEM, 30POBBE
KOCTEH U MeTabOoJIMUeCKHX Tporeccax [4].

Mukposnementet — xene3o (Fe), nuak (Zn), mapranen (Mn) u menp (Cu) - umeror
KIIIOYEBOE 3HAYCHHE JUIA CHHTE3a TOPMOHOB W (PEPMEHTOB, NPOIECCOB POCTA, PA3BUTHUSA U
Mo/IepXKaHUsI UMMYHHOH (yHKIIMHM OpraHu3Ma [5].

AHanu3 >3JE€MEHTHOIO COCTaBa SBJSETCS BAXKHBIM IIOKa3aTelIeM KadecTBa IMPU OLECHKE
6e3omacHoCTH U () (HEKTHBHOCTH JIEKAPCTBEHHBIX CPEJCTB, M3TOTOBICHHBIX HA OCHOBE 3THX BHJIOB
pacTeHuii, 0coOeHHO IPU KOHTPOJIE COJCPKAHUS TOKCUYHBIX 3JIEMEHTOB (Hanpumep, Pb, Cd, As).

Limonium ferganense lkonn.-Gal. — MHoroyieTHee TpaBSHUCTOE pacTeHHe BbIcOTOM 40—75
cM (Pucynox 1). Bun pacmpoctpanén B Cpenneit Asum: 3amanueiii Tsaup-lllanb, CeBepHblit
[Mamupo-Amnaii (Keipreizcran, Tamkukucran, Y30ekucran) [6-7].

Hackonbko W3BECTHO, JaHHBIE O XMMHUYECKOM WJIHM DJIEMEHTHOM cocTaBe L. ferganense
oTcyTcTBYIOT. C 3TOH I1IeNbI0 B paMKaxX HAIIUX MCCIEI0BAaHUN XMMUYECKOTO COCTaBa Tallo(UTHBIX
BUJI0B DepraHcKoi JONMMHBI ObLIT MPOBEAEH aHAIU3 MAKPO- B MUKPOIJIEMEHTHOTO COCTaBa JINCTHEB
L. ferganense MeTOIOM WHIYKTHBHO-CBS3aHHOW IUIa3MEHHOW ONTHYECKOH AMHUCCHOHHOM
cunektpomerpun (MCIT-O2C).

Mamepuan u memoowl ucciedosanus

OOpasubl TucTheB L. ferganense Obun coOpanbl B utoHe 2025 roma B OKPECTHOCTH ceyia AK-
Tepex Haykarckoro paitona Omickoii oGmactu (KbeIpreizctaH) u uWAeHTU(GUIMPOBAHBI Kak L.
ferganense Ha kadenpe OoTaHMKH, OOILIEH OHOJIOTMM W METOAUKHU IPENOAaBaHUs OHOJIOTHH
O111CKOT0 rOCyAapCTBEHHOTO YHUBEPCUTETA.

JIy1st MUHEpanu3alu HaBECKy CyXOro M U3MeNbu€HHOro 0opasia maccoit 200 Mr B3BEIIMBAIH
Ha AHAINTUYECKUX BecaXx. MuHepaau3aluio MpPOBOAWIM C UCIHOJIb30BAHHUEM YCTaHOBKHU
MILESTONE Ethos Easy (Mramnus).

B npoGupky npubopa nomemanu 200 mr obpasua, 6 MJI OUMIIEHHONW TUCTUIUIALUEH a30THON
kucnotel (HNO3) u 2 mn nepexucu Bopopoaa (H,O;) B kauectBe okucautens. Cmech noasepraiu
MuHepanu3zauuu npu temmneparype 180°C B Teuenme 50 mumHyT. Ilocne 3aBepiieHus mpouecca
COIEP’)KUMOE TPOOUPKM TMEPEeHOCHJIM B KOHHYECKYI0 MEpHYI Koil0y U pa30aBisiu
muctuipoBaHHod Bogon (BIOSAN, JlatBust) no o6béma 50 mut. [lonydeHHbI pacTBOp moMeniaiu
B CIIeI[MaIbHbIE MPOOUPKHU aBTOCAMILIEpa AJisl JaJbHEHUIIEro aHaIu3a.

IToaroroBneHHble 00pa3lbl AaHAJIW3UPOBAIM METOJOM HHIAYKTUBHO-CBS3aHHOW IJIa3MEHHOM
ontudeckoi smuccuoHHoil crnekrpomerpun (MCII-O9C) ¢ ucnons3zoBanuem mnpubdopa Avio 200
(Perkin Elmer, CIIIA).

Pesynomamet u o6cyscoenue
Pesynbrarbl aHanmm3a Makpo- M MHKPO3JIEMEHTHOTO CcOCTaBa JIMCTheB L. ferganense
NpUBECHbI B Tabauie HIbke. B xone uccienoBanust ObUTO BBISIBICHO MPUCYTCTBUE 25 Pa3sTUYHBIX
AIIEMEHTOB B Pa3HBIX KOHIIEHTPAIUSIX.
Cpenu Makpo31eMEeHTOB HauOoJibliee KoJu4decTBO Habmronanoch y Harpust (Na) — 290,52
Mmr/10 r. 3a aHum cneqoBanu cepa (S) — 147,73 mr/10 1, kamuit (K) — 73,78 mr/10 r, marauii (Mg)
— 38,40 mr/10 1, kanbuuii (Ca) — 9,49 mr/10 r u pocdop (P) — 5,97 mr/10 1.
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Oco0eHHO BBICOKasi KOHIIeHTpanus Na v S CBUACTEIBCTBYET O MPUCTIOCOOIEHHOCTH PACTCHUS
K IIPOU3PACTAHHIO B YCIOBHSIX 3aCOIEHHBIX MM MUHEPATH30BAaHHBIX MTOYB.

Cpenu uccneoBaHHBIX MHKPORJIEMEHTOB JIMCThEB L. ferganense Hambolblee KOTUYECTBO
obHapyxeno mis xenesa (Fe — 3,787 mr/10 r), pocdopa (P — 5,969 mr/10 r) u xpemuwus (Si — 0,719
mr/10 r).

3HaunTenpHoe KonmmuectBo TuTaHa (Ti — 25,607 mr/10 r) yka3siBaeT Ha €ro akTHBHOE
HAKOIUICHUE PACTEHUEM, YTO MPEICTABISICT 0COOBI MHTEpEC, MOCKOIbKY JaHHBIN 3JIEMEHT PEIKO
BCTPEUYACTCS B 3aMETHBIX KOHIICHTPAIUAX Y BBICITUX PACTCHU.

CpaBHHTEIIBHO HHM3KHE cojaepaHus nuHka (Zn — 0,160 mr/10 r), mapranma (Mn — 0,115
Mmr/10 r), menu (Cu — He oOHapyxeHo) 1 HuKesA (N1 — He 00HapY»KEHO) CBUICTEIBCTBYIOT O CJIa00it
AKKYMYJISIHA TUTTUYHBIX MUKPO3JIEMEHTOB B TKAHSAX JIAHHOTO BHJIA.

Cpenu TOKCUYHBIX U TIOTEHIIMAIBHO OMACHBIX 3JIEMEHTOB B Mpobax BbIsBICHBI cBUHEI (Pb —
0,094 mr/10 r), mpimbsik (As — 0,052 mr/10 1) u cypsma (Sb — 0,014 mr/10 r), Torga Kak KaJaMHi
(Cd), pryts (Hg) u cepedbpo (Ag) He 0OHApYKEHBI.

OTHOCHTETFHO HU3KHUE KOHIEHTpanuu Pb m As yka3pIBalOT Ha OTCYTCTBHE aHTPOIIOTCHHOTO
3arpsi3HEHUS Cpebl OOUTAHUS PACTCHUSI.

5 Tabmauna
MUHEPAJIBHBIN COCTAB JIMCTBEB L. ferganense
Onemenm Jlnuna 601bHbL, HM Konuuecmeo, Onemenm  J{nuHa 60/vHbL, Konuuecmeo,
me/10 2 HM me/10 2
Li 670.784 0,044 Fe 238.204 3,787
Al 5,622 1.121 Na 589.592 290,518
Mo 202.031 0,018 Pb 220.353 0,094
As 193.696 0,052 Cd 228.802 -
Se 196.026 0,061 \% 292.464 -
Sb 206.836 0,014 Zn 206.200 0,160
Sn 283.998 - Cu 327.393 -
Sr 407.771 0.141 Ag 328.068 -
K 766.490 73,783 Hg 253.652 -
Ba 0,042 0.009 Ti 334.940 25,607
Cr 267.716 0,037 Ni 231.604 -
Mn 257.610 0,115 P 213.617 5,969
B 249.677 0,054 Si 251.611 0,719
Ca 317.933 9,488 S 181.975 147,73
Be 313.107 1,793 Mg 285.213 38,399

JUisi HEeKOTOpBIX HpeicTaBuTeNel poaa Limonium Taxkke W3ydald MUHEpANbHBIM COCTaB
pa3NMYHBIX 4YacTed pacteHuid. Ha npuBen€éHHOW HMKE auarpaMMe ITOKa3aHa CpaBHUTEIbHAS
KOHILEHTpalLus MATH KIYEBBIX MUHEpaNbHBIX 37eMeHToB — Kanus (K), marnus (Mg), xanbuus
(Ca), narpus (Na) u xxenesa (Fe) — B nmuctbsx L. ferganense, U3y4eHHOTO HaMH, a TAK)KE B JINCTHIX
L. bicolor [8] u L. spathalum [9], uccienoBaHHBIX IPYTUMH aBTOPAMH.

CpaBHHUTENBHBI aHAM3 TPHUBEAEHHBIX BHIIIE MHHEPAJIOB IMOKa3aJl, YTO KAKABIH BHI
oOnanaer cnenupuUYecKUMH OCOOEHHOCTSMH, CBS3aHHBIMH C YCJOBHMSIMH €ro IpPOU3PACTAHUSI.
Kanwuii (K) nanbosnbiieid kKoHeHTpanueit xapakrepusyercsa y L. bicolor (383,23 mr/10 r), Torna xak
y L. ferganense w L. spathalum xonuentpammss K Obuta 3HaumtenbHO Hibke. Marauii (Mg)
MPEUMYIIIECTBEHHO HakarmuBaeTcs B L. bicolor (164,74 mr/10 r), 3atem B L. spathalum (105 mr/10
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r). Kanennii (Ca) moctur makcumyma B L. spathalum (171,00 mr/10 T) 1 MUHUMaIBHOTO 3HAYCHHUS
y L. ferganense (9,49 mr/10 r). Hatpuii (Na) B mucThsx L. ferganense oka3ajicsi 3HAUUTEIbHO BBIIIIE,
4eM y OCTaJbHBIX BUAOB (290,52 mr/10 T), 9TO CBHIETENBCTBYET O MPHUCIIOCOOICHHOCTH 3TOTO
pacTeHHMssT K TIPOM3pPACTaHHIO B CHJILHO 3acon¢HHbIX mouBax. JKemezo (Fe) HamOombiieit
KOHIIGHTpanue otmedeHo y L. spathalum (422 mr/10 1), B TO BpeMsl KaK y OCTaJbHBIX BHJOB
conepxanue Fe ObL10 KpaitHe HU3KHUM.

422
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Pucynok 2. CpaBHUTENbHBIH aHAIN3 COJAEpPKaHUS HEKOTOPhIX MuHepanioB (Mr/10 r) B mucThsx L.
ferganense, L. bicolor u L. spathalum

3aknoyenue

HccnenoBanme mokasano, 4ro L. ferganense XapaKTepU3yeTcs BBICOKHM COJIEpIKaHUEM
HaTpus, Cepbl M THUTaHA, YTO TMOJTBEPKAAECT €ro MPHUCIOCOOICHHOCTh K TPOU3PACTAHUIO B
cosioH4yakax. CpaBHEHUE C JAPYTMMH TNPEACTABUTENSIMU pojia Limonium BBISIBUIIO BBIPAKEHHBIE
HKOJIOTHUECKHE OCOOEHHOCTH U MEXaHU3MbI afanTtanuu. [lomyueHHbIe pe3ynbTaThl MPEACTABISIOT
co0o¥i mepBbIe CIIPaBOYHbBIC JTAHHBIE 0 MUHEPAIBLHOM COCTaBe L. ferganense v cO37al0T OCHOBY IS
JTATBHEHIINX DKOJIOTO-XUMUYECKUX U (HapMaKOJIOTHYECKUX HCCIAEAOBaHUN TanoGuTHOU (Iopsl
HentpanbHoil A3un.

Asmopbl  8vlpadxcarom  01a200apHOCMb  1AO0PAMOPUU  IKCNEPUMEHMANbHOU  OuoI02Ul
T'ynucmanckozo 2ocyoapcmeenno2o yHugepcumema (Y3zbexucmawn) 3a nomowp 8 nposedeHuu
INIEMEHMHO20 AHANU3A.
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®AKTOPBI, BIUSIOIIUE HA TUHAMUKY PAZBUTHS SIJOBATHIX BUJIOB
CEMEMCTBA Ranunculaceae B PACTUTEJIbHOM ITOKPOBE
HAXYBIBAHCKOM ABTOHOMHOM PECIIYBJIUKHA
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FACTORS AFFECTING THE DEVELOPMENT DYNAMICS OF POISONOUS SPECIES
BELONGING TO THE Ranunculaceae FAMILY IN THE VEGETATION
OF THE NAKHCHIVAN AUTONOMOUS REPUBLIC

©Safarova F., ORCID: 0009-0006-3350-6093, Ph.D., Nakhchivan State University,
Nakhchivan, Azerbaijan, seferova05@gmail.com
©Mammadova H., Nakhchivan State University, Nakhchivan, Azerbaijan, hediyemva@gmail.com

Annomayus. PaccMarpuBaioTcst (akTOpbl, BIUSAIOIIME HA JWHAMUKY DPa3BUTHUS STOBUTHIX
BUJO0B cemeiictBa JlrotukoBbie (Ranunculaceae Juss., nom. Cons.) B pacTHTEIRHOM IOKPOBE
HaxupiBanckoii ABTOHOMHO# PecryOnuku. YcTaHOBIICHO, YTO, TIOCKOJIBKY KaK JICTHHE MAcTOMIIA,
TaK U CEHOKOCHI HE MOTYT YJOBJIETBOPUTH PACTYIIUE MOTPEOHOCTH KUBOTHOBOJCTBA, MACTOUIIA U
CEHOKOCHI IEpPErpyKaroTCs CBEPX HOPMbI, YTO MOJOXKUTEIbHO CKa3blBACTCSI Ha JUHAMUKE
YHCJIEHHOCTH NpezacTaBureneil cemeiictsa Jlrotukossie. Kpome Toro, n3duparenbHOe HEBbIEIaHUE
CKOTOM SIJTOBHTBHIX PACTCHUI Ha MAaCTOMIIAX U CEHOKOCAX, U, KaK CIEICTBUE, TOCTENICHHOE PAa3BUTHE
U YBEJIMYEHUE UYMCICHHOCTH SIIOBUTHIX PAacCTEHUH, YK€ JOCTUINIM OMAacHOro cocrosiHud. [loatomy
HE0OXOJMMOCTh TOBBIIIEHUSI TPOAYKTUBHOCTH CEHOKOCOB M TMACTOMIN ITyTeM BBIABICHUS U
ycTpaHeHus (PakTOpOB, BIUSAIOIINX HA ATY AMHAMUKY Pa3BUTHS, SBISETCS aKTyaJIbHOU 3a1adyeil.

Abstract. The article investigated the factors affecting the development dynamics of
poisonous species belonging to the Ranunculaceae Juss.,nom. Cons. — Buttercup family in the
vegetation of the Nakhchivan Autonomous Republic and found that since both summer pastures and
hayfields cannot meet the increasing demands of livestock farming, pastures and hayfields are
overloaded beyond the norm, which has a positive effect on the number dynamics of representatives
of the Buttercup family. In addition, the selective avoidance of poisonous plants by livestock in
pastures and haytfields, and as a result, the gradual development and increase of poisonous plants,
has already reached a dangerous state. Therefore, the need to increase the productivity of meadows
and pastures by identifying and eliminating the factors affecting this development dynamics is now
an important problem.

Knrouesvie cnosa: Ranunculaceae, nuHaMuKa pa3BUTHS, MACTOMINA, CEHOKOCHI, CYKIIECCHS,
Jerpajganus.

Keywords: Ranunculaceae, development dynamics, pastures, meadows, succession,
degradation.
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CeMeiCTBO JIFOTUKOBBIX — OJHOJIETHEE WJIM MHOTOJIETHEE TPABSIHHUCTOE PACTEHUE, PEXKE
KyCTapHUK, mopsnaka JoTukoBblX (Ranunculales). Jluctes pacmonoxkensl ouepenno. LlBetku
JIOTUKOBBIX 00OEIMOJIbIe, COIBETHE MPOCTOE WM MaXPOBOE, aKTHHOMOP(GHOE WU 3UTOMOPQHOE,
O0OBIYHO C MHOTOYHUCIICHHBIMH TBIYMHKAMU U IUIOJOJUCTHKAMHE, PACIIOIIOKEHHBIMU IO CIHPAJIH,
HEKTapHUKM  PACIOJOXKEHbl MEXIQy ThIYMHKaMU W conBetueM. I[lnogoBele  nucTOUYKH
MHOTOYHCIIEHHBIE, CBOOOIHBIE, C OJJHUM HJIM HECKOJIBKUMU cemsizauaTkamu. [lnon — cemenHas wiu
MHOTOCEMSIHHAsI KOCTSIHKA, PEJIKO SIrojia WK opex. BerpevatoTes BUIbI, UMEIOIIKE JIEKAPCTBEHHOE,
MPSTHO-apOMaTHYeCKOe U KpacwibHoe 3HaueHue. B padore H. M. McmannoBa «AnKanoug0HOCHBIE
pactenus AsepOaiimkanckoi CCP» ykazano, uro B HaxuwiBanckoii ABTOHOMHOHN PecmyOmmke
BcTpeuaercs 47 BUJIOB 3TOro ceMmeicTBa. Y 16 BUJIOB — OTMEUEHO HAJIM4HME TOKCUYHBIX BELIECTB
[7-13].

Pactenus cemelicTBa JIFOTUKOBBIX 3aHMMAIOT BAXKHOE IMOJOKEHUE CPEIH BBICIIMX PACTCHHUM
Onmaromapsi CBOEMYy HAay4YHOMY, JCTETHYECKOMY, MPOMBILIUIEHHOMY M MEIUIIMHCKOMY 3HAuCHHUIO.
[ToaTomy oOcienoBaHue apeanoB pacIpOCTPAHEHUS BHJIOB CEMEWCTBA, OCOOEHHO SAOBUTHIX,
BECbMa Ba)XKHO C TOYKH 3PCHHS YIYUYIICHHS KOPMOBBIX KauecTB macTOwmy u jyros. Mx skomoro-
OMOJIOTMYECKHIE CBOMCTBA TAKXKE TMO3BOJISIOT IIMPOKO WCIOIH30BaTh WX B MEIMIIMHE. YYHTHIBAS
aKTyaJIbHOCTh TEMbI, CUUTAETCS BAXKHBIM [IPOBEACHUE UCCIIEIOBAHUI B 3TOM HaIlPaBJICHUU.

YCcTaHOBJIEHO, YTO JIETHHE MAcTOMINA M Jyra HE MOTYT O0ECHeYuTh MOTPEOHOCTH CKOTA,
MacTOMIa W Jyra — IMepPerpyKeHbl cBepX HOPMBI. Kak clecTBUE — MOJIOKHUTEIbHAS JUHAMHKA
YUCIICHHOCTH BHJIOB poOJa JIIOTUKOBBIX. I30upareibHOE HEYNMOTpeOIeHHE CKOTOM SIJOBHTHIX
pacTeHMii Ha MacTOMIAX M CEHOKOCaxX, M, KaK CIENCTBUE, MOCTETNIEHHOE Pa3BUTHE U YBEITUYCHUE
YHCIIEHHOCTH SIJIOBUTHIX PACTEHUH, YK€ JOCTHUIVIO OMACHOTO cocTosiHus. [loaToMy HEOOXOAUMOCTh
MOBBIIICHUS TTPOAYKTUBHOCTH CEHOKOCOB M MACTOMUII ITyTEM BBISBICHUS U YCTPAaHEHUS (HhaKTOPOB,
BIUSIONINX HA 3Ty TUHAMUKY Pa3BUTHS, SIBISETCS aKTyaIbHON MPOOIECMOH.

Bricokoropusie nyra HaxusiBanckoii ABToHOMHOW PecnyOnuku — 3T0  OOIIMpHBIE
MAcTOUIIHBIE YTOMbs U1 KOYEBOro CKoTa. Ha mpoTsHKeHWH MHOTUX JIET 9TH HEIOPOTHE U COYHbIE
KOpMa MOEAI0TCS ThICSIYaMH MEJIKOTO M KPYITHOTO POraToro CKOTa B TeueHUe 3-4 JTETHUX MECSIICB.
21% BUIOB pacTeHUN BBICOKOTOPHBIX PAliOHOB CUUTAIOTCS KOPMOBBIMHU pacTeHHMsIMH. MHorue u3
HUX OTHOCATCS K KOPMOBBIM pPACTEHHUSIM CPEAHEr0o M HU3KOro KadectBa. Hekoropble BuUIbI
MOJIHOCTBIO ~ BpPEAHBl WM AJOBUTHI Ui kMBOTHbIX. [Ilupokoe  pacmpocTpaHeHue
HU3KOKAYECTBEHHBIX KOPMOBBIX TPaB O0YCIIOBICHO YHHUYTOXKEHUEM IIEHHBIX KOPMOBBIX PACTCHHH B
pacTUTEIHLHOM TIOKPOBE B pe3yibrare OEeCCHUCTEMHOTO M WHTEHCHBHOTO BBITaca CKOTA, CMEHBI
pPaCTUTENHHBIX OMOILIEHO30B, MOCTENEHHOTO 3aHITHS OONBIINX IJIOMAZAeH HEHY)KHBIMU TPaBaMU U
HapylLIeHUs] BOAHOTO PEKMMa MOYBBL. 3/1€Ch BMECTO ILIEHHBIX KOPMOBBIX TPaB Ha Me30(HIbHBIX
nyrax (HOPMHUPYIOTCS KOJTIOUUE OCOKH, OEJTOXBOCT MOJIBYUYHH, CHOOATbINS MEIKOJIUCTHAS, TOpbKast
MOJIBIHD WJIM PECHUTYATHIE 3JIaKH, KOTOPhIC TAKXKE IUIOXO TOENAloTCs XKUBOTHBIMH. Hemoctarok
JETHUX MAacTOMIN CEphEIHO CAEPKUBAET PA3BUTHE OBIIEBOJCTBA — MPUOBUILHON OTPACIH CEIbCKOTO
X034iicTBa. BBICOKOTOpHBIE JIyra CyIIECTBYIOIIUX MACTOWII BHITANTHIBAIOTCS H3-32 YPE3MEPHOTO
BbIIACa CKOTA, YXYAIIAETCS X KauyeCTBO, YCKOPSAETCS 3p03Usl MOYBbl. B pesynbrare 3HauMTeNbHAS
4acTh MACTOMII MPHUIIIA B HETOJHOCTh. XOTS BCE MPUTOAHBIC MACTOUIIA OTHOCATCS K 4 KJIaccy, CKOT
3]1eCh BBINTACACTCS B HECKOJIBKO pa3 OOJIbIIIE HOPMBI.

Mamepuan u memooonozus ucciedosanus
MaTepI/IaJ'IOM HCCIICAOBAHUSA MMOCITYKHIIO U3YYCHHUE BUAOB SAJOBUTBIX paCTeHPII)'I, OTHOCAIINUXCS
K cemeiicTBy moTukoBbIX (Ranunculaceae Juss.,nom. Cons.), u uccienoBanbl (HakTOpbl, BIUSIONINE
Ha JMHAMHUKY pa3BUTHS SJIOBUTHIX BHIOB. B KauecTBE OCHOBHBIX HAONMIONATEIbHBIX U
HKCIEPUMEHTAIbHBIX IUIOIAJ0K ObUIM B3ATHl CyOambIMiiCcKas W aibIMiCKas 30HBI XpeOTOB
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Xazunazepe, demupnuaar u ropsl Apaunr J[xynsdunckoro paiiona HaxdusiBaHCKOW ABTOHOMHOM
PecniyOnuku, cyOanbnuiickas M aimblUNCKas 30HbI TOPHBIX MaccuBOB [amuras u [anbimxur
Opny6anckoro paiioHa, a TaKke Jeco-KyCcTapHUKOBBIe MaccuBbl barabarckoro jneca IllaxOy3ckoro
paioHa.

[Ipu pa3paboTke KapT 30H pacHpoCTpaHEHHUs BUIOB ceMmeiicTBa Ranunculaceae Bo ¢mope
HaxubiBanckoii ABToHOMHON PecnyOnuku, MCHoib30BaHbl repOapHble 00paslibl, XpaHAILIUECS B
repOapubix Qoumax HMuctuTyTa OHMOpecypcoB HaxubiBanckoro otneneHus HamwmoHansHOU
Axanemuun Hayk AsepOaiimkana u coOpaHHbIe JTUUHO, a Takke padoTel «Dropa AszepOaiimxanay,
«®Dnopa Kaskaza», T. X.Tansi6oBa, A. III. Moparumora, A. M. U6parumos, ®@. A. Cadaposoii.
denomornueckue HadMoAeHUs TpoBeneHsl o meroauke M. H. beitnemana [1-12].

Ha3Banus BUIOB, POJOB, CEKIMH W MOAPOAOB CUCTEMATHUYECKUX TAKCOHOB YKa3aHbl B
COOTBETCTBHH C MeEXTyHAPOIHBIM KOIEKCOM OOTaHMYECKOH HOMEHKIIATYPHI U B COOTBETCTBHH C C.
K. YUepenanossim [13].

Ananuz pes3yibmamos uccneoo8anus
Eciu 00paruthesi K CTAaTUCTUYECKUM JTAHHBIM, TO MOXHO YBHUJICTh, YTO JTUHAMHUKA Pa3BHTHUS
KUBOTHOBOJICTBa B HaxdpIiBaHCKOW ABTOHOMHOW PecryOnuke B IMOCIEIHUE TOIBI MPOAOJIKACT
pactu (Tabmuma).

Tabmuna
JIMHAMMKA PA3BUTHS )KUBOTHOBOJICTBA B HAXUBIBAHCKOM AP (2020-2025)
Toout Tlozonoswe Ilpupocm k Pacnpeodenenue noconosvs cxoma
ckoma npeovioyuiemy Kpynnoui pocamuiti ckom Menkuii pocamwiii ckom
(201106) 200y Konuuecmeo  Ilpupocm k  Konuuecmeo Ipupocm x
207108 npeovloywemy 207108 npeovioywemy
200y 200y
2019 648046 92624 555422
2020 731884 83838 103637 11013 628247 72825
2021 741736 9852 104908 1271 636828 8581
2022 747712 5976 105775 867 641937 5109
2023 749857 2584 105869 395 643988 2189
2024 752441 12774 106264 1854 646177 10920
2025 765215 - 108118 - 657097 -

Kak BugHo u3 Tabnuupl, mocie pacnpeneseHust 3eMellb CPElU HACEIEeHUs, Y HaceJIeHUs
YCWIIWJIACh CKJIOHHOCTh K CKOTOBOZCTBY, IIOCKOJIBKY B TOpPHBIX CTpaHax, ocobeHHo B 2020 1,
HaOIroaNICs O4eHb OOJIBIION MPUPOCT MOTOJIOBbsSI CKOTA 10 CPABHEHMIO C MPEIBLIYIIUM TO0M —
83 838 romnos, n3 KOTOphIX 72 825 ToJIOB COCTABIIAN MEJIKHUH porarelii ckoT. /s nanpHeimero
pa3BUTHS KUBOTHOBOJICTBA, KOTOPOE UMEET CTOJIb BBICOKME TEMIIBbI, OOJIbIIOE 3HAUEHUE, HApAIy C
OpyruMu  (GakTopaMu, HMEET YBEIMYEHHWE U TOBBIIIEHHE A(PPEKTUBHOCTH HCIIOJIB30BAHUS
€CTECTBEHHBIX MacTOMI W CEeHOKOcoB. Jlake mnpu mNpUOIU3UTENBHOM pacdyeTe BCE pPaBHO
OOHapYy>XUBAETCS, YTO COOTHOILIEHHE IMOTOJOBbsS KPYMHOrO pOraroro CKoTa K oOmieil miomiaau
nacTOMIN BhIlIe HOPMBI. TakuM 00pa3oM, MpHU HEM3MEHHOW OOIIeH MJIoa Iy MacTOUI, OYEBUIHO,
YTO AMHAMMKA TOTOJIOBBSI KPYITHOTO pOraToro cCKoTa mpojoiikaer pactd. [IpaBnia, kak mokazaHo B
Tabnuue, TemMnbl pocTa NOroJI0Bbs KPYITHOTO POraToro CKoTa CHUXKAIOTCsl MPUMEPHO B 2 pasa B rof,
HO, HECMOTpsI Ha 3TO, POCT MpojoikaeTcs. BoT mouemy 3arpy3ka JETHUX MacTOWI HAXOTUTCS B
O4YEHb KPUTUYECKOM COCTOSIHHH.

B mnocnenHee BpeMss B 3TOM palloHE MOCTPOEHO MHOIO HCKYCCTBEHHBIX 03€p, a TaKxke
YIAYUYLIMIIOCh OOECIiedeHHe HacelIeHUsl CeJIbCKOXO3SIICTBEHHON TEXHHUKOM depe3 arpoiu3uHr. B
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pe3ynbTare (hepMepckue Xo3siicTBa A3PPEKTHBHO UCIIONB30BAIN 3EMITI0, @ HA MHOTHX 3€MEJTbHBIX
y4acTKax ObUIM TIOCTPOSHBI KaHAJIBI, U3bIMAs 3¢MJIU M3 CEITLCKOTO XO35HCTBA.

HckyccrBennslie o3epa (Cupad, ['azanuu, Baiixup, beHanusp u T. 11.) yBeIHYMIN KOJTHYECTBO
IPYHTOBBIX BOJ| Y TIOJHOXHSI 03€p U CO3aIH 0O0JIOTA WK 3a00JI0YCHHBIE YYACTKH, PUOIH3UBIINCH
K TIOBEPXHOCTH. B pesysnbrare 3TOoro TpaBsiHOM MOKPOB TAKXKE €CTECTBEHHBIM 00pa30M M3MEHUIICS.
B pesynprare upesmepHOro BbIaca CKOTa B pailioHe berokay3, KOTOpbIM SBISETCS 3UMHUM
nacTouIeM, Ie MPOBOAMIN IKCIIEPUMEHT, OCTANNCh: Atraphaxis spinosa L., Anabasis aphylla L.,
Salsola dendroides Pall., Alhagi persarum Boiss. et Buhse, Ranunculus repens L. u Ranunculus
sceleratus L. SImoBuThie BUABI JIOTHKA 3aHSUIM OOJIBIIHME IUIOMAAM M 00pa3oBald YHCTHIC
¢dbopmanuu (PucyHok).

Pucynok. ®opmanus ¢ JOMUHHPOBAHUEM JIFOTHKA SIIOBUTOTO Ha JIyry cena Apadca J[xynbhuHckoro
paiioHa

B mensx pa3BUTHS CEIBCKOTO XO3SCTBA HAa TMAaXOTHBIX 3eMJSX Oblla MOCTpOeHa
WppUTAIIMOHHAs CHCTeMa M Ha BO3/ENBIBAEMBIX IUIOMIANAX ObLIO MpoBeaeHO opolneHue. OaHako
BCKOpe (hepMephl, CTOJNKHYBITUCH C JBOWHBIM 3aCOJICHHEM, CTAIU BBIPAIMBATH TOJBKO JICPEBBS U
KyCTapHHKH KaleJIbHBIM CITIOCOOOM. Bee 3T aHTpororeHHbie (PakTopbl MOTYT CYIIECTBEHHO BIUSThH
Ha pa3BUTHE SITOBUTHIX PACTEHHI, KaKk HampsMylo, TaKk U KOCBeHHO. XoTs Jyr cema Apadca
UCIIONB3YeTCsS KaK MacTOWIEe, TPaBSHOW MAacCChl, IPUTOAHON ISl MOEHAHUS KUBOTHBIMH, 371ECh
KpaiHe MaJlo.

Buvisoowl

Ha ocHOBaHMM MpOBENEHHBIX MCCIEAOBAHUIN YCTAaHOBIEHO, YTO (PaKTOpaMH, BIHUSIOIIUMHU Ha
TUHAMHUKY Ppa3BUTHsI BHUIOB JIIOTUKA SIIOBUTOTO, PACCENSIONIMXCS Ha MAacTOMINAX W Jyrax,
SIBIISIFOTCSL:

1. UpesmepHOe M HMHTEHCHUBHOE HCIOJb30BAaHHE JIETHUX U 3MMHHUX MACTOMI B CBSI3U C
pa3BUTHEM KHUBOTHOBOJICTBA,

2. CTuMmynupoBaHue pa3BUTHS SIIOBUTHIX BUAOB MOJIOUAEeB MyTeM co3/1aHus (hOHA U3 BPETHBIX
pacTeHuii (0COK, MOJBIHEH, KPAIUBBI, OCOKH U TPOCTHHKA).
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3. [loBbilIeHHAs] CKJIIOHHOCTD MOYB K OMYCTHIHUBAHUIO, YXYALICHHIO OOTaHMYECKOTOo COCTaBa
U CHWKEHUIO NPOAYKTHUBHOCTH BCJIEJICTBUE MPSAMOrO WM KOCBEHHOI'O BO3JEHCTBHS MOIIHBIX
HKOJIOTUYECKUX ¥ aHTPOIOTCHHBIX (PaKTOPOB;

4. TloBbIlICHHAs CKJIOHHOCTHh K 3aCOJICHHIO M 3a00JIaYMBaHUIO HA TEPPUTOPUU aBTOHOMHOMU
pecnyOIMKH B pPe3yJbTaTe MOBBIIICHHUS YPOBHS TPYHTOBBIX BOJ B HEKOTOPBIX pailoHax uH3-3a
HEJABHO IIOCTPOEHHBIX HCKYCCTBEHHBIX 03€p, KAHAJIOB U apBIKOB JJIs1 OPOILICHHS;

5. SInoBUTHIE pacTeHUs, HE OEJAaEMbIE KHUBOTHBIMH U HE UCIIOJIb3yEMbIE YEIIOBEKOM, OBICTpee
MOJIE3HBIX AJANTUPYIOTCS K HEOJArONMpPHUATHBIM KIMMAaTUYeCKHM YCIOBHSM, 00pasysl MpU 3TOM
00JIbIII0E KOJIUYECTBO CEMSH U 3aHMMAasi HOBbIE MECTa OOUTaHMUS;

brazooaprocmu. BeIpaxkaro omaronapHocts npodeccopy amruny 'anO6apoBy 3a Oka3aHHYIO
[TOMOIITb.

Qunancuposanue: ucciea0BaHne GUHAHCUPYETCS U TOIICPIKUBAETCS MPOeKToM «I epOapHbIii
bona 6uosornyeckoro Gakyabrera HaxdbIBAHCKOTO TOCYAapCTBEHHOTO YHUBEPCUTETA.
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Abstract. The genus Orobanche L. (Orobanchaceae) is a taxonomically complex group of
parasitic flowering plants with significant ecological and agricultural importance. Despite its
diversity, systematic studies of Orobanche in the wild flora of Azerbaijan have been limited for over
60 years. This study provides an updated overview of the genus in Azerbaijan, integrating historical
taxonomic knowledge with recent findings. A total of 59 species of Orobanche are currently
recognized in Azerbaijan, with 29 species preserved in the herbarium of the Institute of Botany,
Ministry of Science and Education of the Republic of Azerbaijan. The paper discusses the genus’s
systematics, phylogeny, morphological characteristics, and distribution, highlighting the importance
of field studies for accurate species identification. The results contribute to a better understanding of
the diversity, ecological adaptations, and taxonomic status of Orobanche in the region.

Annomayus. Pon Orobanche L. (Orobanchaceae) mpenctaBnser co0oil TaKCOHOMHYECKH
CIIOKHYIO TPYIIY MHapa3UTHUECKUX I[BETKOBBIX PACTECHWH, MMEIOLIMX BA)KHOE 3KOJOTHYECKOE U
CebCKOX03sIicTBeHHOe 3HaueHue. Cucremarnueckue wuccnenaoanus Orobanche Bo duope
AzepbaiixaHa MpoBOAWINCH Ha MpoTskeHUH Oonee 60 net. JlanHas paboTa mpezacTaBiseT coOoit
OOHOBJIEHHBIH 0030p poma B AszepOaiikaHe, 0ObEAMHSIOUIMNA HCTOPHUECKHE TaKCOHOMHYECKHUE
3HaHUS C HEJaBHUMM OTKPHITHSIMU. B Hactosimee Bpems B AsepOaiijkaHe nM3BecTHO 59 BHIOB
Orobanche, 29 u3 kotopbix Xxpanstcs B repbapun MHctutyTa O0TaHukn MuUHHCTEpCTBA HAayKU U
oOpazoBanusi  AzepOaiipkanckorr PecnyOmmku.  OOCykmaroTcsi CUCTEMaThka, (DUIOTCHHS,
MOp(OJIOTHUECKUe XapaKTEPUCTHKU W PaclpOCTpaHEHUE poja, MOAYEpKHBas Ba)KHOCThH IOJIEBBIX
UCCIIEIOBAaHUN Ui TOYHOM WACHTU(GHUKAIMKA BHUIOB. Pe3ynbrarbl CHOCOOCTBYIOT JIydIIEMY
MMOHUMAHUIO Pa3HOOOpa3usl, SKOJOTHUYECKUX alanTaliii ¥ TakcoHoMHueckoro craryca Orobanche B
peruoHe.
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For more than 60 years, systematic study of broomrape distributed in the wild flora of
Azerbaijan has not been conducted. The systematics, taxonomy, bioecological characteristics,
phytocenological adaptations, phylogeny, and specific ranges of the genus Orobanche need to be
studied [1, 4].

The family Orobanchaceae, belonging to the order Lamiales, includes 14 genera in the flora
of Azerbaijan. Etienne Pierre Ventenat first wrote about broomrapes in "Tableau du regne vegetal".
Immediately after collection, color changes in species within the family significantly complicate
species identification. Thus, the taxonomic position of this family has always been a subject of
debate [1, 2].

Materials & Methods
The following table shows the results of research conducted by scientists in different years on
the family Orobanchaceae, including the number of genera and species (Table).

Table
OROBANCHACEAE, INCLUDING THE NUMBER OF GENERA AND SPECIES
Author, year Number Number  Number of species Source
of genera  of species of the genus

G.F. Reuter, 1847 9 148 93 Prodromus systematis naturalis regni
vegetablis, pars 14

E.P. Boissier,1878 4 80 38 Flora orientalis, T 4

G. Beck, 1895 12 - - Die naturlichen Pflanzenfamilien,
Bd, 4

G. Beck, 1930 14 - - Das pflanzenreich,Bd,4

I.V. Novopokrovskiy, 15 - - Flora SSSR, T 23

N.N. Svilyev,1958.

J. C.Willis, 1966 14 180 140 A dictionary of the flowering plants
and ferns.

A. L.Taxtacan, 1966 13 - - Cucrema u pumoreHus IBETKOBBIX
pacTeHui

A. Cronquist,1981 17 150 100 An integrated system of
classification of flowering plants

E. S. Teryexin, Z. I. 16 212 146 Family Orobanchaceae. OHTorenes u

Nikitcieva, 1981 ¢duorenes

R. F.Thorne, 2000 17 230 - The classification and geography of

the flowering plants:dicodyledons of
the class Angiospermae

Below is a map (scale 1:1000000) of the global distribution of the genus Orobanche L. In the
green areas, species of the genus are naturally distributed, and in the purple areas, species are
introduced. In the white areas, species of the genus do not occur.
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Figure. Range map of family Orobanchaceae (https://www.worldfloraonline.org)

Results & Discussion

In the first half of the 19th century, several descriptive monographs on the systematics of the
family Orobanchaceae were published, which described the morphology and distribution of
individual species [6].

In 1852, W. G. Walpers first divided the family into four tribes: Orobancheae, Aeginetiae,
Lathraeae, and Hiobancheae. He did this based on characteristics of ovary structure and the number
of carpels. The monographer of the broomrape family, G. Beck, in 1895 divided the family into two
subfamilies based on the number of carpels — Orobanchaceae bicarpellatae G.Beck and
Orobanchaceae tricarpellatae G. Beck. However, subsequent observations showed that this
characteristic is not constant [3].

Systematic analysis of the family Orobanchaceae remains relevant to this day, with the main
study on this subject being the monograph written by G. Beck in 1930. In his research, the author
provided detailed diagnostic characteristics for all species and analyzed nomenclatural references
[8].

The genus Orobanche worldwide includes 198 species belonging to the broomrape family and
is the genus with the greatest number of species among approximately more than 4000 parasitic
plants distributed worldwide [5, 7].

The name "Orobanche" was formed from the combination of the Greek words orobus (a
genus of leguminous plant) and anche — to strangle. In many languages of the world, the word
Orobanche is called differently. For example, in German "tabacwurger" — tobacco strangler,
"hanftog" — death of hemp, "kleeteufel" — clover devil; in Italian "carnifera de la canapa" —
executioner of hemp; in Uzbek "mymrus" — greedy plant; in Turkish "orobans" - monster grass. All
this stems from the great damage that broomrape causes to agriculture and from the interest of
scientists in this genus from past times.

The name Orobanche was first introduced into science by Tournefort, who included 6 species
in the genus (O. major, O. lusitanica, O. flore minére, O. subcaeruleo, O. ramosa, O. quasi); later
Linnaeus in the work "Species Plantarum" included 18 species in the genus (O. major, O. foetida,
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O. caryophyllacea, O. coerulescens, O. elatior, O. purpurea, O. minor, O. alba, O. gracilis, O.
americana, O. virginiana, O. uniflora, O. coerulea, O. phelypaea, O. tinctoria, O. cernua, O.
ramosa, O. coccinea).

At the beginning of the 17th century, Wallroth in the work "Orob. Gen. Diask." divided the
genus into 4 tribes, which are as follows: Osproleon Wallr. (18 species), Trionychon Wallr (5
species), Anopolon Wallr. (2 species) and Haemodron Wallr. (10 species).

Jean-Pierre-Etienne Vaucher, the author of the first monograph of the genus, divided the genus
Orobanche into two tribes named Osproleon and Terionychon.

In 1874, Pomel (Phelipanche Pomel in Bull. Soc. Sci. Phys. Algérie 11: 102) introduced the
genus Phelipanche into science, transferring species belonging to the section Trionychon into the
composition of this genus.

In the 1890 work of Giinther R. Beck von Mannagetta "Monographie Gattung Orobanche," all
species of the genus Orobanche known to science were analyzed in detail. The author divided the
83 species included in the genus Orobanche into 5 sections: Aphyllon Nutt., Myzorrhiza (Philippi)
Beck., Kopsiopsis Beck., Trionychon Wallr. and Osproleon Wallr.

For the first time, a comprehensive study of host plants on which the genus parasitizes was
conducted.

In our research, Beck's monograph was taken as a basis, with some modifications noted.
Kapsiopsis Beck., which was accepted by Beck as a section, was later elevated to the genus level,
and some new species were added.

Uhlich and others in 1995 in the book "Die Sommerwurzarten Europas" noted that the genus
Orobanche consists of 170 species distributed worldwide and divided the genus into 4 sections:
Gymnocaulis Nut., Myzorrhiza (Phil.) Beck., Trionychon Wallr. and Osproleon Wallr.

The most recent studies of the genus Orobanche belong to the Polish scientist R.
Piwowarczyk. She apparently comprehensively studied the genus and noted 4 new species
distributed in Azerbaijan and belonging to the genus. These are as follows: O. arpica Piwow,
Sanchez & Moreno Mor., O. zajaciorum Piwow, O. javakhetica Piwow., O. Sanchez & Moreno
Mor., O. mlokosiewiczii Piwow., O.Sanchez & Moreno Mor [7-9].

In the flora of Azerbaijan in 1957, N.N. Tzvelev studied the genus, which reported the
presence of 49 species. According to modern taxonomic nomenclature, 19 of these species were
transferred to other genera (The Euro+Med Plantbase Project, KEW, WFO.). As a result of our
current research, noting nomenclatural changes, we can say that the genus is represented in
Azerbaijan by 59 species. The herbarium collection of the Institute of Botany of the Ministry of
Education and Science of the Republic of Azerbaijan contains herbarium specimens of 29 species of
the genus [11-13].

The genus Orobanche is known as a taxonomically very difficult group of plants. Thus,
variations in the taxa of the genus within populations are very widespread. For species
identification, it is important to collect and study a large number of species from as diverse ranges
as possible [8].

Despite the fact that all species of the genus are very similar in appearance, each genus has its
own characteristics that distinguish them from others. Herbarium materials are difficult for species
determination, so field study is considered more appropriate, since important diagnostic characters
disappear when the plant dries. After herbarization, the coloration of the plant, which is very diverse
in nature, changes and becomes dark brown, pale, brown, or gray-brown. This is very difficult to
determine (https://doi.org/10.11646/phytotaxa.604.1.1.). Thus, many old herbarium specimens
received incorrect identifications. Few studies cover the entire genus from a taxonomic perspective,
despite the many problems associated with determining the genus [9].
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Conclusion

In conclusion, we can note that the monographer of the family Orobanchaceae, G. Beck, in
1895 divided the family into two subfamilies based on the number of carpels — Orobanchaceae
bicarpellatae G.Beck and Orobanchaceae tricarpellatae G. Beck. The systematic analysis of the
family Orobanchaceae remains relevant to the present day, with the main study on this subject being
the monograph written by G. Beck in 1930. In his research, the author provided detailed diagnostic
characteristics for all species and analyzed nomenclatural references. In the flora of Azerbaijan, the
genus was studied by N. N. Tzvelev in 1957, who reported that 49 species belong to the genus.
According to modern taxonomic nomenclature, 19 of these species have been transferred to other
genera (https://europlusmed.org). As a result of our current research, noting nomenclatural changes,
we can say that the genus is represented in Azerbaijan by 59 species. The herbarium collection of
the Institute of Botany of the Ministry of Education and Science of the Republic of Azerbaijan
contains herbarium specimens of 29 species of the genus. Currently, in our research, we have taken
Beck's monograph as a basis.
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Abstract. Melissa officinalis L. belongs to the genus Melissa L. (commonly known as lemon balm) of
the family Lamiaceae Martynov. This plant, possessing strong pharmacological properties, has been
extensively studied in several countries, including Turkey, Iran, Algeria, France, Germany, Italy, Romania,
Bulgaria, North America, and many others. To analyze the harmonization of the effects of Melissa
officinalis L. in folk medicine and modern medical science and to strengthen the flavonoid content
of the plant cultivated by the population in the Nakhchivan Autonomous Republic. Because
polyphenol and flavonoid compounds have a special role in each pharmacological effect. Plant
material of Melissa officinalis L. was obtained from a private household in the Ordubad district of
the Nakhchivan Autonomous Republic. The study was conducted at the Biomedicine Center of
Nakhchivan State University. Extracts were prepared separately from the leaves and flowers of the
plant using 70% ethanol. The total flavonoid content was determined using the colorimetric method
described by Fukumoto and Mazza. The total flavonoid content in the leaves of M. officinalis L.
was determined to be 6.1777+0.466969 mg quercetin equivalents per g of dry sample, while in the
flowers it was approximately two times lower — 3.5557+0.2688 mg QE/g dry sample. Collecting
up-to-date scientific data on the medicinal properties of Melissa officinalis L. and studying its
flavonoid composition in relation to the region of cultivation will facilitate future research on the
extraction process and promote the broader application of this plant in medicine and pharmacology.

Annomayusa. Melissa officinalis L. otHocutcs x pony Melissa L. (IIMpoKo U3BECTHOMY Kak
Menucca) cemercTBa SCHOTKOBbIX (Lamiaceae Martynov). D10 pactenue, obagaroniee CUIbHBIMU
(hapMaKoJIOTHYECKUMHU CBOMCTBAMH, OBLJIO TIIATENIBHO M3Y4YEHO B Psijie CTpaH, BKiIroyas Typiuio,
Wpan, Amxup, @pannuto, ['epmanuto, Uranuto, Pymeinuto, bonraputo, CeBepHyro AMepuky u
MHorue npyrue. Jlns aHamuza rapMmoHuzaumu 3¢dextoB Melissa officinalis L. B HapomHOU
MEIMIIMHE M COBPEMEHHON MEAMIIMHCKOM Hayke M JJIsl YCWJIEHHs coiepxaHus (pIaBOHOMIOB B
pacTeHuHu, BblpamiuBaeMoM HaceneHueM B HaxubiBanckoit ABroHomHOU PecnyGmuke. Ilockonbky
nonupeHoNbHble W (IAaBOHOMIHBIE COEAMHEHHUS UIpaloT o0co0yld poib B KaXKIOM
bapmakonorndeckoM >ddexte, pactutenabHblii Matepuan Melissa officinalis L. Obi1 momyden u3
yacTHOro jaomoxossiictBa B OpnyOaackoMm paitone HaxubsiBanckoll ABTOHOMHOH PecryOmuku.
UccnenoBanne mpoBonunoch B LlenTtpe Ouomenunuubsl HaxdbIBaHCKOrO ToOCYIapCTBEHHOTO
YHUBEpCUTETA. DKCTPAKThl TOTOBHIIN OTJEIBHO U3 JIUCTHEB U I[BETKOB PACTEHHS C UCTIOIb30BAaHUEM
70% »stanona. Obuee conepxaHue (IABOHOMIOB ONPEAETSIIOCh KOJIOPUMETPHUECKUM METOJIOM,
onucanHbiM Dykymoro um Manma. OOmee conepkaHue (IaBOHOMIOB B JIUCTBIX MEIHCCHI
nekapctBeHHOU (M. officinalis L.) coctaBuno 6,1777+0,466969 Mr kBepiieTHH-IKBUBAJIECHTOB Ha | T
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cyxoro oOpasiia, Torja Kak B IIBETKaX OHO OBIJIO MMPUMEPHO B J1Ba pa3a Hmwke — 3,5557+0,2688 mr
KBEpIIETHHA/T cyxoro oopasia. CO0p COBPEMEHHBIX HAyYHBIX JIAHHBIX O JICKAPCTBEHHBIX CBOMCTBAX
MeNHcChl JiekapcTBeHHOU (Melissa officinalis L.) n wu3ydenue e€ (praBOHOMIHOTO COCTaBa B
3aBHCUMOCTH OT pPEruoHa Mpou3pacTaHus OyleT CIoCOOCTBOBAThH JalbHEHINIEMY HCCIICIOBAHUIO
mporecca 9KCTPAaKIMM M 0o0Jiee MIUPOKOMY IPHMEHEHHIO JTOTO0 PACTCHUSI B MEAWIIMHE U
(hapmMaKoJIOTHUH.

Keywords: Melissa officinalis L., ektract, flavonoid, pharmacological effect, medicine.

Knrouesvie cnosa: Melissa officinalis L., sxcTpakt, GyaBoHOUI, (hapMaKOIOTHISCKUIA dPPEKT,
JIEKapCTBEHHOE CPEJICTBO.

Melissa officinalis L. belongs to the genus Melissa L. (commonly known as lemon balm)
of the family Lamiaceae Martynov [2, 3].

The plant is native to Southern Europe and the Mediterranean region. In nature, it is found
in the Mediterranean basin and Western Asia, while it is currently widely cultivated in Europe
and North America. Melissa officinalis L. has long been known in folk medicine as a medicinal
plant, especially during the Middle Ages. The famous physician Avicenna [2] recommended its
use to strengthen heart function. According to ethnobotanical studies, this plant is known for its
beneficial effects in relieving headaches, toothaches, asthma, bronchitis, stress, insomnia,
nervousness, and depression [1, 14].

Due to its strong pharmacological properties, Melissa officinalis has been extensively
investigated in countries such as Tirkiye, Iran, Algeria, France, Germany, Italy, Romania,
Bulgaria, North America, and others. Modern medical science continues innovative research
aimed at expanding its therapeutic applications [12, 13].

The chemical composition of Melissa officinalis samples includes 15.3% moisture, 5.7%
ash (indicating mineral content), 7.375% protein, 0.94% lipids, and 70.68% carbohydrates. The
concentrations of mineral elements were determined as follows: Na — 83.34 ppm, Mn — 16.41
ppm, Fe — 119.4 ppm, Zn — 29.160 ppm, and Ni — 6.589 ppm [11].

The plant is rich in secondary metabolites such as flavonoids, terpenoids, phenolic acids,
tannins, and essential oils. The main active components of Melissa officinalis include geranial,
neral, citronellal, and geraniol (terpenoids); ursolic acid and oleanolic acid (triterpenes);
rosmarinic, caffeic, and chlorogenic acids (phenolic acids); as well as quercetin, rhamnocitrin,
and luteolin (flavonoids) [14].

With its pleasant lemon-like aroma, Melissa officinalis is also widely used in foods, syrups,
and culinary applications. The purpose of this study is to analyze the correlation between the
traditional medicinal uses and scientifically established pharmacological effects of Melissa
officinalis L., and to determine the flavonoid content of the plant cultivated under the
environmental conditions of the Nakhchivan Autonomous Republic. Polyphenolic and flavonoid
compounds play a crucial role in the pharmacological activity of this species.

Materials and Methods
The Melissa officinalis L. plant sample was obtained from a private household in the Ordubad
district of the Nakhchivan Autonomous Republic. The research material was collected at the end of
May, during the full vegetation period of the plant, and at the beginning of June, during the full
flowering stage. In the Biomedicine Center of Nakhchivan State University, the leaf parts and the
inflorescence of the plant were dried separately. Herbarium specimens of the plant were prepared.

Tun auyensuu CC: Attribution 4.0 International (CC BY 4.0) 96



bBroanemens nayxku u npaxmuxu / Bulletin of Science and Practice T. 11. Nel2 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/121

Preparation of the Extract. For the extraction process, 2 g of dried plant material (both leaf
and flowering parts) were mixed with 50 mL of 70% ethanol and stirred on a magnetic stirrer for 24
hours. The mixture was then filtered through Whatman filter paper and stored at 4°C.

Figure 1. Laboratory equipment, experimental work

Total Flavonoid Content. The total flavonoid content was determined using the colorimetric
method described by Fukumoto and Mazza. This method is based on the reaction of flavonoids with
aluminum nitrate. For the determination of flavonoid content in the extracts, 0.25 mL of extract,
2.15 mL of ethanol, 0.05 mL of 10% AI(NO3)s; solution, and 0.05 mL of 1.0 M NH,CH;COO
solution were added to each of three test tubes. The mixtures were vortexed and kept in the dark for
40 minutes. Absorbance was then measured at 415 nm. The total flavonoid content was expressed
as milligrams of quercetin equivalents per gram of dry sample, using quercetin as the standard [15,
16]. The metrological characteristics of the obtained mean results were analyzed using the
Statistical Package for the Social Sciences (SPSS) software.

Results

Calibration and Linearity. For the construction of the calibration curve, quercetin standard
solutions of different concentrations (0.5, 0.25, 0.125, 0.0625, 0.03125, and 0.015625 mg/mL) were
prepared from a 1 mg/mL stock solution. These solutions were analyzed in triplicate, and
absorbance was measured at a wavelength of 415 nm. The mean absorbance values were plotted
against the corresponding concentrations to obtain the calibration curve. The curve was found to be
linear in the concentration range of 0.5-0.015625 mg/mL (Figure 1). The correlation coefficient
(R?) was determined to be 0.9943. The total flavonoid content was expressed as milligrams of
quercetin equivalents per gram of dry sample (Figure 2).
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Quercetin calibration curve
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Quercetin concentration (mg/mL)

Figure 2. Standard calibration curve of quercetin

From the calibration curve, the equation y = 3.9594x+0.0524 was obtained. Based on this
equation, the total flavonoid content in the leaf and flower extracts of Melissa officinalis L. was
determined.

Table 1
SPECTROPHOTOMETRIC RESULTS
mg/g
mg/ml sf abcl abc2 abc3 netl net2 net3 fsl fs2 fs3 gsl gs2 gs3 prt/g ss
Yarpaq 0,04 1 1,118 0,977 1,043 11142 09732 1,005 0268172 0,23256  0,2405  6,7043 5814 60148 6,177 0,466969
Cigak 0,04 0589 0668 0601 05852 06642 05972 0,134566 0,154518 0,137597 3,36415 3,86295 3,439925 3,555675 0,268791
Table 2

TOTAL FLAVONOID CONTENT (MG/G) IN ETHANOL EXTRACTS OF DRIED LEAVES AND
FLOWERS of Melissa officinalis L.

Total flavonoid content (mg of QUE g—1 dry sample))

Leaf Flower
Mean+Std 6,1777 £ 0,466969 3,555675+0,268791
Intervals 6,7043- 5,814 3,86295+3,36415

In Tables 1 and 2, the total flavonoid content, expressed as quercetin equivalents, is presented
as the mean value + standard deviation (SD). The highest flavonoid content was observed in the
leaves of Melissa officinalis L. (6.1777+0.466969 mg QE/g dry sample).

Discussion

Melissa officinalis L. is a medicinal plant with a wide range of therapeutic effects. It has been
increasingly studied in medical research due to its sedative, antidepressant, memory-enhancing,
antioxidant, and antibacterial activities. The significant role of phenolic-flavonoid compounds and
terpenes and terpenoids, which are the main constituents of its essential oil, in these
pharmacological effects is well recognized. These compounds, possessing strong antioxidant
properties, contribute to the plant’s protective effects against the development of degenerative
diseases such as Alzheimer’s disease, cardiovascular disorders, cancer, and dermatological
conditions.

Virchea L. et al. (2021) investigated the flavonoid content of Melissa officinalis collected
during the flowering period in the Sibiu region of Romania [9]. According to their results, the
total flavonoid content in the aerial parts of the plant was 0.965 g/100 g. In our study, the
flavonoid content in the leaves and flowers of the plant was 6.1777 mg/g and 3.555 mg/g,
respectively. Moradi M.A. (2016) and colleagues, based on research conducted at Shahrekord
University of Medical Sciences (Iran), reported that the total flavonoid content of a 70%
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ethanol/water extract of Melissa officinalis L. was 12.5£2.11 mg/g, expressed as rutin
equivalents [10].

Cunha F. et al. (2016) suggested that ethanol extracts from the leaves of Melissa officinalis
could be used as natural products with anti-Leishmania and anti-Trypanosoma activity [8]. Their
study indicated that the antiparasitic effects of the plant are associated with the presence of
compounds such as rutin, quercetin, caffeine, and ellagic acid in significant amounts.

Ozarowski et al. (2016) reported that a hydroethanolic extract from the leaves of Melissa
officinalis contained 21.15 g/100 g of rosmarinic acid [6]. This polyphenolic compound is
notable for its strong antioxidant and anti-inflammatory activities, highlighting its potential
therapeutic significance.

Perry N.S.L. et al. (2017) demonstrated that oral administration of an extract containing
sage, rosemary, and Melissa officinalis (SRM) at selected doses and durations significantly
improved memory in healthy individuals under 63 years of age [7]. These findings suggest that
extracts of the studied plants may have adjunctive therapeutic potential for Alzheimer’s patients
and the elderly. Pharmacological studies have also documented the antioxidant and
anticholinesterase activities of M. officinalis in various research works, emphasizing its potential
as a therapeutic agent in Alzheimer’s disease [5]. However, clinical application of the plant
remains limited, indicating the need for further innovative research.

Medicinal plants are considered powerful tools in the treatment of human diseases. This
study provides a new perspective on the potential of Melissa officinalis and encourages
researchers to further explore and deepen understanding of its therapeutic capabilities.

Conclusion

The chemical composition of plants can vary depending on the climatic and geographical
conditions of their growing regions. Investigating the total flavonoid content of Melissa officinalis
L. (lemon balm) cultivated under the conditions of the Nakhchivan Autonomous Republic provides
a scientific basis for recommending the use of this plant in future dietary supplements. This
approach 1is closely related to the health-promoting significance of flavonoid-containing
compounds, which are well known for their antioxidant properties.

This plant has considerable potential for use in both the pharmaceutical and food industries to
support human health. Collecting up-to-date scientific information on the therapeutic properties of
Melissa officinalis will facilitate its application in food products and further expand its utilization.
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BUODKOJOI'MYECKUE OCOBEHHOCTHU U HATIPABJIEHUS UCITIOJIB30BAHUS
BUJIOB POJIA Salsola L., PACIIPOCTPAHEHHBIX BO ®JIOPE
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Abstract. As a result of the research, it was found that the genus Salsola L., which was
involved in the study in the flora of the Nakhchivan Autonomous Republic, belongs to the family
Chenopodiaceae Vent. The family has 100 genera and 1600 species distributed in the world. Of
these, 101 species belonging to 33 genera are distributed in the flora of Azerbaijan. There are 30
genera and 76 species in the territory of the Nakhchivan Autonomous Republic. From the
systematic review, it is known that there are 13 species of the genus Salsola L., which belongs to
the family Chenopodiaceae Vent. in the autonomous republic. In this regard, the species
composition, distribution patterns of species, origin and other specific features of the genus Salsola
L. were investigated in the research work. A study was conducted on the soil types and altitudinal
zones where the genus is distributed. Most of the species belonging to the genus Salsola L. are used
in ornamental plants, medicine, and the chemical industry, as they have significant feed value, and
none of the species are poisonous. The quality percentage of meat of cattle and small-horned
animals fed with it increases.

Annomayusn. B pe3ynbrare MpoOBEACHHBIX HCCIEIOBAHUN YCTaHOBIEHO, YTO poxa Salsola L.,
KOTOpBIM OBII BOBJIEUEH B HcciiefoBaHue Bo ¢uiope HaxubiBanckoilt ABToHOMHOHN PecmyOnuky,
oTHOCUTCS K cemelicTBy Chenopodiaceae Vent. CemeticTBo HacuuThiBaeT 100 ponos u 1600 BuaoB,
pacnpocTpaHeHHbIX B Mupe. M3 Hux Bo ¢uope AsepOaiimkana pacmpoctpanensl 101 Bun,
otHocsimuecs k 33 poxgam. Ha tepputopun HaxusiBanckoit ABroHoMHON PecryOnuku BcTpedaroTcst
30 ponoB u 76 BunoB. 13 cucremarnyeckoro 0630pa M3BECTHO, YTO HA TEPPUTOPUH aBTOHOMHOI
peciyonuku  BeTpedaercss 13 BumoB popa Salsola L., KOTOpbIi OTHOCHTCS K CEMEHUCTBY
Chenopodiaceae Vent. B cBsi3u ¢ 3TUM B Hay4YHO-HCCJIEIOBATENbCKOM pabOTe ObUIM H3y4YECHbI
BHUJIOBOM COCTaB, 3aKOHOMEPHOCTH pacCHpOCTpaHEHHs] BHJIOB, IPOUCXOXKIECHUE U JApyrue
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cnenuduaeckne ocodeHHOCTH poaa Salsola L. Bbuto mpoBemeHO HCClIeTOBAaHUE THUIIOB IOYB H
BBICOTHBIX TOSICOB PacHpOCTPaHECHUs poaa. bolbmMHCTBO BUIOB poaa Salsola L. ucnonas3yroTcs B
[[eKOpaTI/IBHBIX paCTeHI/IﬂX, MCIUIIUHE U XHMH‘IGCKOﬁ HpOMbIH_UIeHHOCTI/I, HOCKOJIBKy OGJIB,IIEIIOT
3Ha‘{I/ITeJIBHOI>'I KOpMOBOﬁ OCHHOCThIO, U HU OJHMH H3 BHJOB HC SAJOBUT. HpI/I KOpMJIeHI/II/I 9THUM
pPacTeHHEM IOBBIIIACTCS KAYECTBO MsICa KPYITHOT'O POTraToro CKOTa M MEJIKOPOraroro CKoTa.

Keywords: Systematics, saline soils, population, subalpine, vegetative organs.

Knroueswie cnosa: CUCTEMATHKa, 3aCOJICHHBIC ITOYBbI, ITOITYJIALMA, CY6aHBHHﬁCKHe 1osACa,
BEr€TaTuBHBIC OpIraHbI.

We have studied the species composition, distribution patterns, origin and other specific
features of the genus Salsola L.. Species of the genus Salsola L., which are widespread in the flora
of the Nakhchivan Autonomous Republic, are widespread in saline soils, steppe or coastal regions.
Saline plants can survive in this environment by absorbing salt and having a metabolic system
adapted to it. These plants usually consist of species that can purify water or naturally grow in
saline conditions. Examples of saline plants include halophytes and salt grasses. These plants are of
great importance for both ecology and agriculture, as they can help improve the quality of soil and
water in steppe environments. Due to the high ontogenetic variability of representatives of the
genus Salsola L., comparative study of the complete life cycle and different characteristics at all
stages of plant development is of great importance. Salsola L. is a plant genus belonging to the
family Chenopodiaceae Vent. It is found in a variety of ecosystems, mainly distributed in arid and
semi-arid regions. The genus is also known as "sand bushes" or "wild bushes". The species of this
genus are mainly perennial or annual plants. The genus Salsola L. has a variety of plant forms.
Some species are perennial shrubs, while others are biennial herbs. The plants are usually short or
medium-sized. The leaves of these plants are usually long, sharp or lanceolate, sometimes thorny.
The flowers are usually small, solitary or loosely grouped. The flowers are often few, sometimes
pollinated by wind. The fruits are usually seeds and are adapted to harsh conditions. These seeds are
mainly spread by wind [14-26].

Material and methodology of the research

In order to study the bioecological characteristics and directions of use of species belonging to
the genus Salsola L. distributed in the flora of the Nakhchivan Autonomous Republic, the distance
from the subalpine to the alpine zone of the Khazinadare, Demirlidagh and Arachig mountain areas
in the Julfa region, the Gamigaya and Gapijig mountain areas in the Ordubad region, and the forest-
bush massifs of the Batabat forest in the Shahbuz region were taken as the main observation and
experimental areas.

In order to study the genus Salsola L. distributed in the flora of the Nakhchivan Autonomous
Republic, herbarium specimens stored in the herbarium funds of the Institute of Bioresources of the
Nakhchivan branch of the Azerbaijan National Academy of Sciences and personally collected, the
work “Flora Kavkaza” were used, phenological observations were made by E. M. Lavrenko, 1. N.
Beydeman and others [1-13].

Discussion and results of the research
The genus Salsola L. consists of perennial or annual plants adapted to living conditions in
arid, semi-arid and saline areas. These plants are both ecologically and economically important.
Their adapted characteristics help them play an important role in ecosystems. The family
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Tarachichekli is dominant due to its distribution in saline soils. The Tarachichekli family, which is
mainly distributed in dry climates, has 81 species belonging to 28 genera in the Nakhchivan region.
The taxonomic composition of the species belonging to the genus Salsola L. in the flora of the area
is as follows. Taxonomic overview of the genus Salsola L. in the flora of the Nakhchivan
Autonomous Republic:

Fam.: Chenopodiaceae Vent.

Genus: Salsola L. (Caspia Galuschko)

(1) S. australis R.Br. (S. pestifer Nels.)

(2) S. camphorosma iljin

(3) S. cana C.Koch

(4) S. crassa Bieb.

(5) S. dendroides Pall.

(6) S. ericoides Bieb.

(7) S. futilis 1ljin

(8) S. nitraria Pall. (S. macera Litv.)

(9) S. nodulosa (Moq.) iljin = S. gemmascens Pall. subsp. nodulosa (Mogq.) Botsch.

(10) S. soda L.

(11) S. stellulata Korov.

(12) S. tamamschjanae 1ljin

(13) S. tomentosa (Moq.) Spach (S. takhtadshjanii Iljin; S. flavovirens Iljin)

The systematic review shows that there are 13 species of the genus Salsola L. (Caspia
Galuschko), belonging to the family Chenopodiaceae Vent. - in the Autonomous Republic. Salsola
australis R.Br. (S. pestifer Nels.) - Australian saltwort. Its common name in flora is also called
prickly saltwort among the people. The plant is a species that often colonizes dry or slightly saline
areas due to its biodiversity. It is an annual or biennial herb up to 1 m tall. The ribbed leaves are
fleshy. The stems are glabrous or sparsely coarsely hairy, sometimes warty. The leaves are mainly
alternate on the stems, 0.5-4 cm long, 0.5-6 mm wide. The stem of the leaf bases continues
downwards [28].

Figure 1. Salsola australis R.Br. (S. pestifer Nels.)
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Salsola cana C. Koch. — a plant species belonging to the Chenopodiaceae Vent. family.
According to the IUCN, the category and status of the species belongs to the category “Vulnerable
to extinction” — VU D2. It is a rare species growing in Azerbaijan [1].

The stem is a silvery-gray semi-shrub, 20-35 cm high, covered with short hairs. The leaves
are 2-3 cm long, 1-2 mm wide, alternately linear, semi-cylindrical, hard, blunt, dense, short, covered
with whitish-gray hairs, naked at the end of vegetation. The sepals are slightly smaller, slightly
longer than the flower. The seeds are arranged vertically. The flowering and fruiting period falls on
September-November. Xerophyte, light-loving, resistant to salinization. Propagated by seeds. Found
on dry, saline, clay or clay-stony slopes. It forms cereal-shoangal groupings in saline areas. It was
widespread in the Nakhchivan plain (Julfa region — around Yayci village), Gulustan plain [27].

Salsola nitraria Pall. (S. macera Litv.) — is a salt-resistant plant, mainly distributed in saline
and arid areas. It is found in the form of a perennial subshrub or bush. The root system is strongly
developed, has a deep root system. This feature makes it easier for the plant to survive in saline and
arid soils. The stem is multi-branched, woody and hard. Its leaves have small, narrow, needle-like or
fleshy leaves. To reduce water loss, the leaves are covered with wax or hairs. It blooms in July-
September, forming small green or reddish flowers. Its seeds are light and spread by the wind [15-
26].

Figure 2. Salsola cana C. Koch. Figure 3. Salsola nitraria Pall. (Salsola
macera Litv.)

Drought-resistant. Can survive with minimal water requirements. Adapted to flat soils. Grows
in saline and salt marsh areas. It is a photophilous (light-loving) plant, develops better in sunny
areas.

Table
Salsola L. (Caspia Galuschko) — Altitude zone and soils where the Salsola genus spread
Names of the Species Altitude zone Soils of Spreading
Salsola paulsenii Litv. Plain sandy, saline soils
S. futilis 1ljin. low mountain zone clayey-rocky slopes
S. nitraria Pall. Plain saline soils
S.nodulosa (Moq.) 1ljin from the plain down to the gray-brown and brown semi-desert
mountain range saline and salt-affected soils
S.soda L. Plain saline and brackish soils
S. stellulata Korov. Plain sandy slopes
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Names of the Species Altitude zone Soils of Spreading
S. tamamschjanae 1ljin low mountain zone semi-desert, sandy soils
S. tomentosa (Moq.) Spach Foothills dry, rocky slopes
S. incanescens C.A.Mey. Plain sandy-clay saline areas
S. cana C.Koch Plain dry, saline, clay or clay-rocky slopes
S. crassa Bieb. Plain saline and brackish soils
S. dendroides Pall. Plain and foothills salted gray soils
S. ericoides Bieb. from the plain down to the salted, saline gray soils and brown
mountain range semi-desert soils
S. glauca Bieb. from the plain down to the saline soils, clayey, rocky, saline
mountain range slopes
S. orientalis S.G.Gmel plain and low mountain range gravelly slopes and clayey saline soils
S. australis R. Br. Plain and foothills (rarely middle sandy soils
mountain belt)
S.camphorosma 1ljin. Plain and foothills rocky slopes

It is clear from the table that most of the species belonging to the Salsola genus L. were
distributed in the plain and foothill altitudinal zones. The soils where they were distributed are
saline, saline gray, saline slopes and brown semi-desert soils. The rich xerophytic flora of the
Nakhchivan Autonomous Republic has historically developed and formed in close genetic
relationship with the floras of the Mediterranean, Near Asia and Iran. Based on the literature
research and research work conducted, the following formation class of the genus Salsola L. exists
in the Nakhchivan Autonomous Republic flora:

1. Shrubby-bushly and semi-shrubby saline desert formation class. The formation class
includes Halocnemeta, Salsoleta, Halostachyeta-Halocnemetum, Halostachyeta, Salsoleta-
Halostachyetum, Kalidieta, Suaedeta, Halostachyeta-Kalidietum and other formation groups.

2. Perennial salicornia-wormwood desert formation class. The formation class includes the
formation groups  Salsoleta-Artemisiosum,  Salsoleta-Suaedetum-Artemisiosum,  Salsoleta-
Artemisietum, SuaedetaSalsoletum-Artemisiosum, SuaedetaSalsoletum-Artemisiosum, Suaedeta-
Artemisietum, Puccinellieta-Limonietum-Artemisiosum), Limonieta-Artemisietum.

3. Ephemeral-salicornia desert formation class. The Ephemereta-Salicornia-Petrosimoniosum
formation group, represented in the Ephemeral-salicornia desert formation class, includes the
association Ephemereta-Salicornia-Petrosimoniosum brachiata.

4. Perennial-annual saline desert formation class. The formation class includes the formation
groups Salsoleta-Suaedetum-Ephemerosum, SalsoletaSalsoletum, Salsoleta-Petrosimonietum,
Salsoleta-Petrosimonietum, Limonieta-Salsoletum-Petrosimoniosum.

The Salsoleta-Suaedetum-Ephemerosum formation group is represented by the Salsoleta
dendroides-Suaedetum dendroides-Ephemerosum association. The phytocenosis is edified by black
locust and shrubby sedge. The association includes 17 species of higher plants. The total project
cover reaches 25-45%.

The species included in the vegetation cover of the Salsoleta-Salsoletum formation group (a
total of 523 species) mainly belong to the Chenopodiaceae Vent. family. The lowland has developed
halophytic desert vegetation, with the edificators Salsola dendroides Pall., Petrosimonia brachiata
(Pall.) Bunge, European saltwort Salicornia europaea L. and Artemisia lerchiana Web.

5. Wormwood-perennial saline desert formation class. The formation class is represented by
the Artemisieta-Salsoletum, Artemisieta-Suaedetum and Artemisieta-Camphorosmetum formation
groups.
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6. Annual saline desert formation class. The formation class includes the Petrosimonieta,
Climacoptereta, Salicornieta, Eremopyreta-Petrosimonietum, Climacoptereta-Petrosimonietum,
Salicornieta-Petrosimonietum, Petrosimonieta-Salicornietum formation groups.

A study was conducted on the soil types and altitudinal zones where the genus is distributed.
From the prepared table, it was clear that most of the species belonging to the genus Salsola L. of
the family Terachichekli were distributed in the plain and foothill altitudinal zones. The soils where
they are distributed are saline, saline gray, saline slopes and brown semi-desert soils.

The genus Salsola L. studied in the flora of the Nakhchivan Autonomous Republic belongs to
the family Chenopodiaceae Vent. The family has 100 genera and 1600 species distributed in the
world. 101 species of the family Chenopodiaceae Vent. are distributed in the flora of Azerbaijan.
There are 30 genera and 76 species in the territory of the Nakhchivan Autonomous Republic. A
systematic review of the genus was investigated and it was found that there are 13 species of the
genus Salsola L., which belongs to the family Chenopodiaceae Vent., in the autonomous republic.

Species belonging to the genus Salsola L. are used in ornamental plants, medicine, chemical
industry, and as food because they have significant feed value and none of them are poisonous. The
quality percentage of meat of cattle and small-horned animals fed with it increases.

Species belonging to the genus Salsola L. participate in soil formation and reduce the salt
content of the soil.
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Abstract. This article presents an analysis of the biological, psychological, and social
foundations of antibiotic dependence. An "artificial sense of security" and fear of illness exacerbate
psychological dependence on antibiotics, leading to their inappropriate and repeated use. This
behavior poses a serious threat not only to human health but also to public health systems and
global infection control policies. Extraction and formulation technologies are considered, including
the preparation of aqueous and alcohol extracts, tinctures and tinctures, as well as safe glycerin-
based alternatives for children. Using the Nakhchivan region as an example, the potential of local
flora and research infrastructure is analyzed. Preparations derived from plants common in the
region, such as dogwood, garlic, propolis, sage, and mountain ginger, are considered important
resources for integrating traditional medicine with modern biotechnology.

Annomayus. lpencrabnen aHanu3 OGMOJOTMYECKUX, TICUXOJIOTHUYECKUX U COIUAIBHBIX OCHOB
aHTHOMOTUKO3aBUCUMOCTH. «VICKycCTBEHHOE UyBCTBO 0O€30MacHOCTU» U CTpax mepes; 00Jie3HbIO,
UCTIBITHIBAEMbIE JIFOJIbMHU, YCUJIMBAIOT ICHXOJIOTMYECKYI0 3aBUCHMOCTh OT AaHTHOMOTHKOB, YTO
IIPUBOAMT K UX HENPABUIBHOMY MU MHOTOKPaTHOMY IIPMMEHEHHIO. Takoe MoBeneHne NpeacTaBiseT
CEpbE3HYI0 yrpo3y HE TOJNBKO JUIsl 3[0pOBBbSl YEJIOBEKAa, HO U JJs CHCTEM OOIIECTBEHHOIO
3paBOOXPAHEHHUS U DIOOAJIbHOM TNOJNMTUKM HH(EKIMOHHOTO KOHTpousid. PaccmarpuBarorcs
TEXHOJIOTUM JKCTPAKIUK W TPUTOTOBICHUS JIEKaPCTBEHHBIX (HOpM, BKIIOYAs MPUTOTOBICHHE
BOJHBIX U CIUPTOBBIX AKCTPAKTOB, HACTOEK M HACTOEK, a Takke Oe30MacHBIX aJbTepPHATHB Ha
OCHOBe muieprHa i aereil. Ha mpumepe HaxubiBaHckoro paiioHa IpoBeAECH aHAIU3 MOTEHIMAaa
MECTHOM (propel W HaydyHO-HMCCIEeN0BaTeabckol MHGpacTpykTypsl. llpenaparsl, mogydyeHHbIE U3
IIMPOKO PAaCIpPOCTPAHEHHBIX B PETHOHE PACTEHUH, TAKUX KaK KU3WJI, YECHOK, IPOIOIIUC, mandei u
TOpHBI UMOUpPb, PACCMATPUBAIOTCS KAaK BaXKHbIE PECYpPCHl JUIsI WHTETPALUU TPaJuIIMOHHOU
MEAMIIMHBI C COBPEMEHHBIMU OMOTEXHOJIOTHUSMHU.

Keywords: antimicrobial resistance, phytotherapy, inappropriate use, health, environment.

Kniouesvie cnosa: ycTOHUMBOCTD K MNPOTMBOMMKPOOHBIM THpemaparamM, QuToTepanus,
HEeHaJyIeXkalllee UCIO0Ib30BaHUE, 30POBbE, OKPYXKAIOIIAs cpelia.
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Antibiotics are considered one of the revolutionary discoveries of 20th-century medicine. The
discovery of penicillin, the first antibiotic, by Alexander Fleming in 1928 from the mold
Penicillium notatum marked the beginning of a new era in medical development. As a result of this
breakthrough, many fatal bacterial infections were prevented, and the treatment of infections arising
from surgical operations and traumatic injuries became possible. Since the mid-20th century, the use
of antibiotics has played a crucial role in extending the average human lifespan and significantly
reducing mortality rates [6].

However, alongside this extraordinary success, the uncontrolled and incorrect use of
antibiotics has given rise to a new and dangerous phenomenon, antimicrobial resistance (AMR).
AMR is characterized by microorganisms (especially bacteria) developing resistance to the effects
of antibiotics. As a result, infections that were previously easily treated no longer respond to
standard antibiotics. According to the World Health Organization (WHO) fact sheet for 2019,
bacterial AMR was directly responsible for an estimated 1.27 million deaths and contributed to
around 4.95 million deaths globally. Projections suggest that without effective global action, the
number of deaths could reach 10 million per year by 2050 [5].

Among the main reasons for the rapid spread of resistance are the self-administration of
antibiotics, incorrect use in viral diseases, non-professional prescribing, as well as the prophylactic
use of antibiotics in veterinary medicine and agriculture. As a result of these factors, bacteria
undergo genetic mutations, resistant strains emerge and are transmitted to other microorganisms,
leading to the development of treatment-resistant diseases [3].

The current situation poses serious challenges for global healthcare systems. To overcome this
challenge, a two-directional approach is required:

-Ensuring rational antibiotic use, meaning that antibiotics should be prescribed only based on
medical indications and supported by laboratory analyses;

-The application of natural, safe, and scientifically validated alternatives, particularly the
integration of advancements in phytotherapy (plant-based treatment) into practical healthcare.

Scientific studies conducted over the past decades have shown that certain plants synthesize
bioactive compounds with antibacterial, antiviral, and antifungal properties. These natural
compounds, including flavonoids, phenolics, alkaloids, terpenoids, and essential oils, inhibit
bacterial growth and reproduction, disrupt cell wall function, or block protein synthesis. For this
reason, natural antibiotics possess significant potential as supplementary and supportive agents in
combating antimicrobial resistance [7].

Materials and Methods
The present article focuses on reducing antibiotic dependency and determining the scientific
foundations for the application of natural antibiotics. Both biochemical, as well as psychological
and social factors, are analyzed. The phytotherapy potential of the Nakhchivan region is
investigated, and scientifically based dosage and usage guidelines are systematized. The objective is
not only to address the medical aspect but also to present a comprehensive approach encompassing
educational, behavioral, and ecological dimensions [9; 10].

Discussion of the Study
Reducing Antibiotic Dependencyro Antibiotic dependency (or addiction) is considered one of
the most pressing and dangerous problems in modern healthcare. This concept does not only refer to
biological dependence on drugs but also represents a complex condition arising at psychological,
social, and medical behavior levels. Antibiotic dependency is understood as the unnecessary,
repeated, and prophylactic use of antibiotics, that is, their consumption without confirmed bacterial
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infection or medical supervision. This situation poses numerous risks to both individual health and
public healthcare [11].

According to the World Health Organization (WHO) 2024 report, 30—50% of antibiotics are
used without medical justification. In particular, antibiotics are still widely prescribed for viral
infections such as the common cold, influenza, pharyngitis, bronchitis, and COVID-19, despite their
ineffectiveness in these cases. This practice normalizes the unnecessary use of antibiotics and
directly contributes to the increase of antimicrobial resistance (AMR) [13].

The causes of antibiotic dependency are multifaceted and interrelated:

-Self-administration and uncontrolled use: Many people obtain antibiotics from pharmacies
without a prescription or use leftover medications from previous treatments on their own. This
behavior is particularly widespread in regions with low levels of medical awareness [7].

- Incorrect use in viral infections: Antibiotics are effective against bacteria but are ineffective
against viruses. Nevertheless, people have developed the habit of taking antibiotics for every cold or
cough.

Lack of awareness and education: A large part of the population does not sufficiently
understand the mechanisms of antibiotic action or the proper guidelines for their use. The scarcity
of medical literacy programs in schools and higher education institutions exacerbates this problem.

Uncontrolled use in veterinary medicine and agriculture: In animal husbandry, antibiotics are
frequently used prophylactically or as growth stimulators. This practice leads to antibiotic residues
entering the human body through the food chain and contributes to the spread of bacterial
resistance.

Priority directions have been established in international healthcare policy to reduce antibiotic
dependency: Sale of antibiotics only with a prescription, Implementation of e-prescription and
electronic tracking systems, Awareness campaigns (e.g., “Antibiotics are not for the common
cold”), Integration of phytotherapy and natural alternatives, Continuous training of healthcare
professionals and monitoring of prescribing behaviors.

At the same time, reducing antibiotic dependency involves not only medical but also socio-
psychological and ecological dimensions. Excessive reliance on medications, lack of trust in the
body’s natural healing mechanisms, and the urgency for “quick recovery” represent the
psychological roots of this problem. Thus, antibiotic dependency is regarded as a complex,
multifactorial, and global issue in modern healthcare. Its mitigation is possible not only through
medical control mechanisms but also through a synthesis of educational initiatives, behavioral
therapy, social policies, and scientifically grounded phytotherapy approaches [11, 12].

Treatment - Resistant Infections and Multidrug - Resistant Pathogens. One of the most
dangerous consequences of antibiotic resistance is the emergence of infections that are “treatment-
resistant” or “multidrug-resistant.” These infections exhibit complete resistance to one or more
classes of antibiotics. For example, bacteria such as Staphylococcus aureus (MRSA), Pseudomonas
aeruginosa, Klebsiella pneumoniae, and Mycobacterium tuberculosis have developed resistance to
many classic antibiotics, including penicillin, tetracycline, and vancomycin. In such cases, standard
treatment regimens become ineffective, the course of the disease is prolonged, and mortality rates
increase [8].

Antimicrobial resistance poses a threat not only within hospitals but also at the community
level. Resistant bacteria can be transmitted to humans through water, soil, food products, and
animals. This is particularly associated with the prophylactic use of antibiotics in agriculture and
animal husbandry. Such bacteria can infect not only individual patients but entire communities,
reducing the effectiveness of epidemiological control. This leads to an increased risk of pandemics
and weakens the resilience of healthcare systems. Furthermore, antibiotic resistance poses serious

Tun auyensuu CC: Attribution 4.0 International (CC BY 4.0) 113



broniemens nayku u npakmuku / Bulletin of Science and Practice T. 11. Nel2 2025
https://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/121

risks to food safety and ecosystem stability. The accumulation of antibiotic residues in soil and
water disrupts microbiological balance, negatively affecting the health of both plants and animals
[4].

The reduction of antibiotic dependency and antimicrobial resistance (AMR) requires the
implementation of comprehensive, multi-level, and integrative strategies. These strategies should be
carried out in a coordinated manner, not only at the individual behavior level but also within
healthcare systems, the education sector, and agriculture. According to the World Health
Organization’s “One Health” concept, human, animal, and environmental health are closely
interconnected. Therefore, antibiotic use control must be strengthened simultaneously across all
three components [1].

To ensure the rational use of antibiotics, medical oversight and decision-making mechanisms
should be enhanced through modern technological and administrative tools. Antibiotics should be
prescribed only based on precise clinical indications and laboratory diagnostic results. Each
prescription should be confirmed by bacteriological analysis (e.g., antibiogram). Clinical protocols
in healthcare institutions should be updated, and Antimicrobial Stewardship programs should be
implemented to guide antibiotic prescribing practices. Through electronic prescription (e-
prescription) and electronic audit systems, antibiotic use can be monitored, statistics collected, and
prescription decisions justified. Regular clinical audits and accountability mechanisms enhance
oversight in healthcare institutions and strengthen physician responsibility. Thus, strengthening
medical oversight not only reduces antibiotic use but also slows the emergence of resistant bacteria
[2].

Education is one of the key factors in reducing antibiotic dependency. The higher the level of
medical literacy in a community, the lower the incidence of self-administration of antibiotics.
Continuous awareness campaigns should be conducted through mass media, social networks, and
healthcare institutions. Simple but effective messages such as “Antibiotics are not for the common
cold” and “Do not take antibiotics without a doctor’s prescription” are effective in changing public
behavior. Topics such as “Health Literacy” and “Antimicrobial Resistance” should be included in
school and higher education curricula. Local seminars and awareness activities should be organized
annually within the framework of World Antibiotic Awareness Week. Awareness measures should
not only provide information but also incorporate psychological approaches aimed at changing
human behavior, including behavioral psychology, social influence, and motivational strategies [3].

One of the main reasons for the reduced effectiveness of antibiotics is their incorrect and
unnecessary use. Therefore, the development and promotion of alternative therapeutic methods are
of significant importance. In mild to moderate infections, priority should be given to symptomatic
treatment, plant-based preparations (phytotherapy), and strengthening of the immune system.
Probiotics and prebiotics help restore the body’s microflora and maintain the natural balance of the
gut and immune system. Plants containing natural antibiotic compounds — such as garlic, ginger,
turmeric, sage, propolis, black cumin, and chamomile — can be used both prophylactically and
therapeutically. The mechanisms of action of these plants, including the antibacterial and
antioxidant properties of phenolic and flavonoid compounds, have been confirmed through
scientific research. Alternative approaches play an important role not only in the treatment of
diseases but also in preventing antibiotic resistance [8, 9].

The aim in the preparation of formulations is to ensure the maximum extraction of active
components found in plants, such as flavonoids, phenolics, essential oils, alkaloids, and terpenoids,
and to stabilize them in a suitable form. Aqueous Extraction (Infusion and Herbal Tea Preparation).

Method: 1-2 tablespoons of dried plant material are added to 200 mL of boiling water,
infused for 10—-15 minutes, and then filtered.
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Physical principles: Heat facilitates the transfer of phenolic compounds, flavonoids, and
essential oils into the water.

Advantages: Simple, inexpensive, non-toxic.

Limitation: Aqueous solutions have low microbiological stability; therefore, they should be
consumed within 1-2 days.

Example uses: Sage, chamomile, and ginger teas are beneficial for respiratory and digestive
problems.

Glycerin-Based Extracts. Method: Plant material is added to a 70-80% glycerin solution and
kept for 57 days.

Advantages: Glycerin is non-toxic and serves as an alternative to alcohol; therefore, it is
suitable for children, the elderly, and pregnant women.

Limitation: Extraction efficiency is slightly lower compared to alcoholic solutions.

Example use: Ginger—glycerin extract is widely used as an immune-boosting remedy.

The main reasons for the rapid spread of antibiotic resistance include self-administration of
antibiotics, incorrect use in viral infections, non-professional prescribing, as well as prophylactic
use of antibiotics in veterinary medicine and agriculture. These factors lead to genetic mutations in
bacteria, the emergence of resistant strains, and the transfer of these genes to other microorganisms,
resulting in treatment-resistant diseases. The development and promotion of alternative therapeutic
methods play a crucial role in preventing unnecessary antibiotic use.
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