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MEMBRANE POTENTIOMETRIC SENSOR
FOR DETERMINATION OF CETYLPYRIDINIUM
CHLORIDE

Nataliya Ruzhenko-Mizovtsova
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Lugansk state University
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AunHoTanusi. PazpaboTaHa MeTOAMKa KOJMUECTBEHHOTO OTPE/IeICHUS
conepkanus nermnnupuannus ximopuaa (Cetylpyridinium chloride, CPC) ¢
IIPUMEHEHHEM MEMOpPAHHOTO MOTEHIIMOMETPUYECKOI0 CEeHCOopa, OTINYalo-
1[asicst BBICOKO# 4yBCTBUTENLHOCTHIO (107° MOJIB/IMTD) M CENEKTUBHOCTBIO.
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Abstract. This work is devoted to the development methods for quanti-
tative determination of cetylpyridinium chloride (CPC) content using a mem-
brane potentiometric sensor has been developed. The developed techniques
provide sufficient sensitivity, accuracy and selectivity for determination.

KioueBble cioBa: moBepxXHOCTHO-akTHBHEIE BemecTBa (ITAB); me-
Trwmmupugnang xmopuna (LI1X); reTepomonukucioTsl; HOHHBIH accoIHaT;
MeMOpaHHBIA TOTEHIIMOMETPHYECKIHA CEHCOP.

Keywords: Surface-active agents (surfactants); cetylpyridinium chlo-
ride (CPC); heteropoly acids; ionic associate; sensor membranes; potentiom-
etric sensor.

K BemecTBaM, ¢ KOTOPBIMU HaceJIeHHE KOHTAKTUPYET IOBCEIHEBHO,
OTHOCSTCSI CHHTETHYECKHE TIOBEPXHOCTHO-aKTHBHbIE BemecTBa ([TAB), xo-
TOpBIE UCTIONB3YIOTCS B Pa3IMUHbBIX c(hepax MPOU3BOJCTBA U ObITA KaK MOIO-
LIKE CPEACTBA, SMYJIBIaTOPbI, IHIIEBbIe T0OABKH, OAKTEPUIIMHBIEC CPECTBA
u T.11. OOBEMBI BBINTYyCKa ¥ aCCOPTUMEHT CHHTETHYECKHX JIETEPIreHTOB eXe-
TOAHO yBEIWYHMBAIOTCA. B mociennee BpeMs Gimaromapsi CBOMM CBOHCTBaM
IIMPOKO PaCIIPOCTPaHIINCH cpencTsa rpymisl katuoHHBIE [IAB (KITAB). K
KITAP otHocsTCS deTBepTHUYHBIE amMMoHHEBEIe coenuaeHus (YAC), comm
amuHOB, iomuMepHbie KITAB. CritbHBIMEU Je3MH(GUIAPYIOIINMHI U aHTHCETI-
TUYECKUMU cBoricTBaMHu oTindaoTes YAC, Takue Kak aaKuInUpUIuHUN ra-
JIOTEHUIBI, AJKWITPUMETHJIAMMOHHHA TaJOTeHHIBl M JpyTue, UIMPOKO
HCTIONb3yeMBbIe BO BCeX cTpaHax Mupa. Ho BMecTe ¢ MacCOBBIM HCIOIB30Ba-
nHueM ITAB Taroke OyqyT HaKaIUIMBAaTHCS B PA3JIMYHBIX KHUBBIX OpraHH3Max
U IpYruX 00BbeKTaX, BKIKOYas NPUPOAHBIE U CTOUHBIC BOJIBI, IPOMBIIIICH-
HbIE BEIOPOCHI 1 OBITOBBIE TOBApHI. [l0aTOMY pazpaboTka METOIOB I OTIpe-
JIEJICHUs 9TUX BEIIECTB UMeeT O0JIbIIoe MpakTuieckoe 3HaueHue [4, 10].

OnHUM U3 NIPEACTaBUTEINCH 3TOM IPYIIIEI BEIIECTB SBJISCTCS IETHIIHN-
punuaIiA xmopun (LIIIX). C xuMrdIecKoi TOYKH 3peHUs — 3TO OPTaHHIECKOE
COEIMHEHHE, CoJlepiKalllee B MOJICKYIISIPHOW CTPYKTYpe LIECTHHWICHHBIN Te-
TEPOLMKII C aTOMOM a30Ta, 00JIaaloOMNi IPKO BBIPa)KEHHBIMH POTOHOAK-
LENTOPHBIMU CBOWCTBAMHU:

CHj
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Hernnmupunnuus xnopuy (LI1X) — anTHcenTHk, 6akTeprunaHOe Be-
IIECTBO, HCIOJIB3YEMOE JUIsi MECTHOT'O IPUMEHEHHS], 0COOEHHO B CTOMATOJIO-
run 1 MenunuHe. OH 3G QEKTUBEH NMPOTHB IIMPOKOTO CIEKTpa OaKTepHi,
rpuboB u Bupycos. Jlannoe I[IAB ucnonb3yeTcst Kak KOMIIOHEHT HEKOTOPBIX
TUIIOB OIIOJIACKMBATENEH MOJIOCTH PTa, 3yOHBIX IAcT, TaOJIETOK, CIIpeeB
JUISl TOpJIa, JBIXaHWs, Ha3aldbHBIX. B KauecTBe OaKTEPUIMIOB IIHPOKOTO
CHEKTpa IEHCTBHA, aHTUCTATUKOB M CMATYMUTENEH A TEKCTHIBHOW IpO-
MBIIIJIEHHOCTH, KOMIIOHEHTOB MOOIIHX U Ie3NH(UIMPYIONX IIPETIapaToB,
UCTIONB3YeTCs IS OTyYSHUS! OPTaHOOEHTOHNTOB M KaK KOMIIOHEHT OI0JIac-
KHBaTelen.

BospacTratomue TpeGOBaHHS K KaU4eCTBY JIEKAPCTBEHHBIX MPETIApaToB,
CHOCOOCTBYIOT OECIIPEpPhIBHOMY Pa3BUTHIO M yCOBEPLICHCTBOBAHUIO METO-
JIOB MX aHAJIMTHUYECKOTO KOHTPONIA. DTO B 3HAUUTEIBLHON Mepe OTHOCUTCS K
OlIeHKE KauecTBa (papMalleBTHYECKUX, JIeYeOHO-KOCMETUYECKUX U aHTHCETI-
TH4ecKux cpeacts [10].

AHanu3s cofep)kaHus IOBEPXHOCTHO-aKTHUBHBIX BEIIECTB B COCTAaBE KaK
MIPOMBILIJICHHBIX TOBAPOB, TAK M B 00BEKTaX OKPYKAIOIEH CPeabl SBISIETCS
Ba)KHOH aHAJTMTHYECKOI TPOOIEMOi, KOTOpast peIaeTcs IyTeM HUCII0Ib30Ba-
HUSI CIIEYIONINX XUMHYECKUX (METOA IBYX(a3HOrO TUTPOBAHMS; TUTPOBA-
HHE C TeTpadeHWIOOPaTOM; THTPOBAHHE XJIOPDHOW KHCJIOTOH B CMECH
6erzon-xaopodopm; meron Iudepa nu Bomuma; merox xkoarymsiwm; [ITX
TETEPOIIOINKNCIOTaMH) B (PU3NKO-XUMHUYECKHX (ONTHIECKHUIL; CreKTpodo-
TomeTpudeckuit, IMP-criekTpockonus U T.I.) METOJI0B aHanm3a [2,6,9,13].
He cMmoTtps Ha cBor 3(pPeKTUBHOCTD, BCE TPUBEIEHHBIE METOJIUKA UMEIOT
PSLL HEOCTATKOB — TPEOYIOT 3HAUUTENBEHON TPOOBI TIOATOTOBKH, UCIIOJIB30-
BaHHE TOKCHYHBIX OPTaHHYECKUX PACTBOPHUTENEH, CYyOBEKTUBHOE BOCIPHUS-
THE W3MEHEHMS OKpacKd WHAWKATOpa NPHU ONpeAeNICHWH TOYKH
9KBHBAJICHTHOCTH, ONpeeIeHIe KOHIIEHTPAINH 110 XJIOPHA-aHHOHY, a HE TI0
OpraHNYecKOMY KaTHOHY, YTO 3HAUYMTEIBHO YBEJIMYNBAET BEPOSITHOCTH IIO-
SIBJICHUS! OIIMOOK B IpoLiecce aHan3a. TakuM 00pa3oM, HECMOTPsI Ha OOJIb-
I10€ KOJIMYECTBO METOIOB OPEAEIICHHS YeTBEPTHUHBIX aMMOHHNEBBIX COJIEH,
aKTyaJIbHOM MPOOJIEeMON aHAIMTHYECKOW XMMHUH OCTaeTcs pa3paboTka mpo-
CTBIX U JOCTYITHBIX METOJHMK MX KOJMYECTBEHHOTO OIPEJENICHUS B pa3ind-
HBIX OOBEKTaX.

Hamu npennoxena HOBass METOJHMKA KOJMYECTBEHHOTO OMpEAeTICHUS
LHETHIMHPUANHUS XJIOPUIa METOIOM MPSIMOM NOTEHIIMOMETPHH C UCTIONB30-
BaHUEM ITOTCHIIMOMETPUIECKOTO CEHCOpa, YyBCTBUTEIHHOI'O K OpraHHWYe-
CKOMY KaTHOHY NETWINMHPHAUHMA. 15 MOTydeHHs 3JIeKTPOA-aKTUBHOTO
BemecTBa (DAB) CEHCOPHOTO AIEKTPOIa OBIIIN MCTIOIh30BAHBI TETEPOTIONH-
kucaoTsl (I'TIK) ctpykTypsr Kerruna takue xak 12-mommbaeHodocdopras
(M®K), 12-mommbnenokpemuuneBas (MKK), 12-Bosmsdpamodocdophas
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(BD®K), xoTOphlc XapaKTepH3YIOTCS MOCTOSHCTBOM COCTaBa, MOHOOOMEH-
HBIMHU ¥ OKHCJIUTEIILHO-BOCCTAHOBUTEILHBIMU cBOMcTBaMu [11,12]. JlanHbIC
COCITUHEHUS CTIOCOOHBI 00Pa30BBIBATh CTONKHE MaJIOPaCTBOPUMBIC B BOJIC U
XOPOILIO PACTBOPUMBIEC B OPTAaHUYECKUX PACTBOPUTEIISIX COSAUHEHUS C KaTH-
OHOM LIETHJINUPUAUHUSA.

JlaHHBII METO/ KOMMYECTBEHHOTO OIPEACICHNUS MPEICTaBIsET COOOH
AIBTEPHATHBY CYIIECTBYIOIINM METOANKAM U XapaKTepu3yeTcs Oe30IacHo-
CTBIO, IYBCTBUTEIEHOCTBIO, CEIEKTUBHOCTHIO, IIPOCTOTOM BBHITIOJTHEHUS U OT-
HOCHTEILHO HEBBICOKOH CTOMMOCTBIO.

JKcHepuMeHTAJbHASA YaCTh

B nmanHO# pabote mcmonp3oBanm netwmupuanHAi xmopun (LIIX)
¢dapmakoneiiHoii  umcrorel M 12-monuOneHodocdopHy0  KHUCIOTY
(HsPM012040-26H,0) mapku «u.m.a». {1 H3rOTOBICHUS] MeMOpaHBbI MOTCH-
LHOMETPUYECKOT0 CEHCOPa HCI0JIb30BaI MEMOPAHBI CIIEIYIOLIET0 COCTABA!
noauMepHast Matpuna — nonuBuHUIXI0pUI (IIBX) C-70 «x.4.», pacTBOpH-
tenb—uukiorekcanod (L) «u.m.a.», 3MEKTPOJHOAKTHBHOE BEIIECTBO —
(LITTX)3PM012040, nactudukarop-nuoyTiadTanat (IbD) «x.d.».

[TnacTudunrpoBaHHble MOTMBUHHUIXJIOPUIHBIE MEMOpaHBI CHHTE3H-
poBanu 1o cranaaptHoi metoauke [1,11]. BaxkHpiM yciioBueM mpu cUHTE3€
MeMOpaHbI SBISETCS €e TOMOT€HHOCTh, KOTOpas 00ECIIeUnBACTCS TTOTHBIM
pactBopenuem JDAB B MmeMOpanaoM pactBoputene. Hasecky IIBX maccoit
0,45t pactBopuiu B 4,5 mu1 LI" npu HarpeBanuu 60°C 1 MOCTOSIHHOM Tiepe-
MEIIMBAaHUHU 10 ToMoTreHHoro cocrtosausa. Hasecku DAB maccoii ot 0,001 1o
0,1 r pactBopuiu B 1.1 M1 MmemOpanHoro actudukaropa (JJb®D) Ha Bons-
HOM OaHe NpH MOCTOSHHOM NepeMEIINBaHUH JI0 TI0JIHOTO pactBopenus. [To-
Jy4eHHBIH pacTBop OAB BiMBamM B pPacTBOpP NOJIMMEPHON MaTpHIBL,
IepeMemnBany 10 o0pa3oBaHUs MPO3pavyHON TOMOTEHHOH cMmecu 6e3 my-
3BIPbKOB BO3/ayxa. ['0ToByI0 cMech nepeHocunu B yauky [lerpu. [lonyuen-
Has TakuM oOpa3zom MemOpana mociie ucnaperus L[I' B Teuenne 3-5 cyrox
pu KoMHaTHOU Temrieparype (18-22°C) mpencrapisiia coO0H TOHKYO TIPO-
3payHyl0 3JaCTHYHYIO OCCIBETHYIO IUICHKY, M3 KOTOPOH BBIpE3alld JIUCK
NCD meMOpanbl quaMeTpoM 1 ¢M U HaKJICHBAIIK €r0 Ha TOPEI] TIOJTHBHHIUII-
XJIOPUIHOW TPYOKH, OCTABIISIIM OACYIINBATHCS (B TEUCHUE CYTOK).

Ilepen ucnonszoBanuem MC3O BeiMauuBanu B pactBope LIIX ¢ xon-
LIEHTpanrei, COOTBETCTBYIONIEH CpeHEMY 3HAUEHHUIO JUAra30Ha ONpeIess-
embix cepuit (1:10°2 mosn/n).

Jl1s perucTpanuy 3IeKTPOIHBIX XapAKTEPUCTHK MCTIONB30BAIIN 3JIEKT-
POXUMUYECKYIO STUEHKY:
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Ag AgCl, | Uccneny- | Mem- | Craumap- | AgCI Ag

KCl, eMblif pac- | OpaHa THBIH KCI
(nac.) TBOP Hnco pacTBop (nac.)
LIIX (10
MOJIB/J)
X

[oTenmomeTprIecKre U3MEPEHNs IPOBOIMIINCH P KOMHATHOH Te-
Mmmepatype Ha noHoMepe M1-130. s noctpoerus rpaduka E=f(pC) roro-
BIJIM CEPHUIO CTAHAPTHBIX BOIAHBIX PACTBOPOB LETHINUPUANHUN XJIOpUAA C
KoHueHTpausaMu oT 1072 1o 108mons/n. KucnoTHocTs pacTBOPOB peryiu-
posaiu mpu oMoty pactBopoB HoSO4 u NaOH.

Pe3yJ'l])TaT])I H UX 06cymz[elme

Peaxiiro B3aumoaeicTBUS MeXIy opraHudeckuM katnoHoMm ITAB u
reTepoIoIMaHUOHaMH CTPYKTYpbl KerrnHa ObUI0 HCclieIoBaHO CeKTpodo-
TOMETPUYECKUMH U JIEKTPOXUMHUYeCKUMHU MeTonamu [11,12].

COOTHOIIIEHNE pearupyrolUX BEIEeCTB U3ydald METOOM aMIepMeT-
PHUYECKOrO TUTPOBAHMSA, OCHOBAHHOTO Ha PEaKUUH B3aUMOACUCTBHUS MEKIY
opraandecknM katroHoM (OK) nerunmmupuanaus u I'TIA M®K c o6pa3oa-
HUEM MaJlopacTBOPUMOro coeanHeHus. Ilo pesynapraTam ammepoMeTpude-
CKOrO  TUTPOBAaHUS  YCTaHOBIEHO, 4YTo cooTHomeHue HIIX:TTIK
cocraBierT 3:1, T.e. peakuys B3aUMOAEHCTBHS MEXy F€TepONOJIHaHIOHOM
PMo012040% u Tpems mostekysiamu OK LeTHIUPUAMHUS B BOJHOMN CpeJe Py
pH = 2-5 umeer Bu:

3 C16H3sN*CsHs + PM012040> — (C16Hzzs N*CsHs)3sPM0120404

B accommarax, 00pa3oBaHHBIX OPraHUYECKUMHU KaTHOHAMH IETHIIIH-
puaunus u TTIA PMo12040> Habimojaercs ycroitunpoe cootHomenue ITIA:
OpraHWYeCKHid KaTHOH paBHBIA 3:1, 4TO MOATBEPKIAET ACCONMATUBHBIN
ANEKTPOCTATUUECKUI XapaKTep B3aUMOIEHCTBUS.

O06pazoBaBLIMICS MaJOpPaCTBOPUMBII OCaJOK OBLI HCIIOJIBL30BaH Kak
JIEKTPOJHOAKTUBHOE BewlecTBO Npu paspaborke MCD, obpatumoro k OK
LHEeTUINUPUINHA.

Jlis mpoBeieHus UCCIeI0BAHUS BIMSHUS COCTaBa dJIEKTPOJIHO-aKTUB-
HOTO BellecTBa Ha 3JeKTpoaHyo pyHkmuio MCD, oOpaTUMBIX K KaTHOHY
HITX, 6puTH CHHTE3UPOBAHBI MEMOPaHBI CO CIEIYIOIINM COCTaBOM:



Hayunwiii popym.: Meouyuna,
6uonoeus u Xumus Me 5(78), 2025 e.

1. [IBX=29,9 %, 16®=69,77 %, DAB=0,33 %
2. IIBX= 29,8 %, I1bD=69,54 %, DAB =0,66 %
3. [IBX=29,7 %, Ab®= 69,31 %, DAB = 0,99 %
IIpu yBennuennn koHueHTparmu JAB B MeMOpaHe HIKHHN TIpeneln
¢yakunonnpoBanus MCO cMemnraercss B 00JacTh MEHBITNX KOHIICHTPAIUHA

(Pucynok 1), Ho ipu yBenmueHnn conepxanus DAB no 0,99 % B memOpane
HaOJIfoaeTcs YBeIMYCHHE KPYTH3HBI AJICKTPOIHOH (HYHKIUH.

180

160

mB

w1404
120 -

100

80 4

30 35 4,0 45 50 55 6.0

Pucynox 1. 3asucumocmov 3/]C HCI na I[ITIX om xonuuecmea IAB,
cooepacanue IAB 1 — 0,33 %, 2 -0,66 %, 3—-0,99 %

Wzyueno BnusHue BesmuuHbl pH Ha KPYTH3HY 3JI€KTPOIHOH QyHKINH
W MHTEpBaJl JIMHEHHOCTH OIIpeie/sIeMbIX KOHLEHTpai (pucyHoK 2). Ycra-
HOBJIEHO, 4TO Jy4dmne xapakrepuctuku MCD nabmonatores npu pH=4-7,
IIPYU MEHBINNX 3HaUeHUAX pH cykaeTcs quanazoH JIMHEHHOCTH AIIEKTPOAHBIX
(YHKIMH, 3HAUNTEIHHO U3MEHSIETCS! HAKJIOH M BEPXHHUI Ipejiesl onpenerne-
Hus (1o 107 Moms/m).
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Pucynox 2. Bauanue pH na naxknon snekmpoonoit pynxuyuu HCI
na I[IIX, cooeprcanue 3AB=0,66 %, 1 — pH=2; 2 — pH=4, 3 — pH=5; 4 —
PpH=7; 5—-pH=10

Eme ognoit BakHOI arekTpoanoi ¢pyaknuu MCD sBuseTcs ero cenek-
TUBHOCTh K ITOTEHLUAJI-OTPENENIIeMOMY HOHY Ha (hOHE BO3MOXKHOTO psiaa
MEIIAOLINX HOHOB.

Ormpezenena cenekTuBHOCTH MICD, 00paTHMOro K KaTUOHY LETUIIITHPHU-
JIMHHUS OTHOCHTENBHO KatnoHoB Na ¥, K *, NH 4* Ca?", Mg %" (pucyHok 3).

200+
1804

160

120 4

100

80 T T T T T T
30 35 40 45 50 55 60

pC
Pucynok 3. Onpeoenenue nomenyuomempuieckozo ko3pguuyu-
enma cenekmusnocmu HCI

10
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Koadpdunuenter cenekruBHoctd MCD OBbUIM ONMpENEICHBI METOAOM
CMEIIIaHHBIX PACTBOPOB, KOTOPBI 0a3upyeTCsl Ha U3MEPEHUH TTOTCHIIUAIOB
B CMCIIIAaHHBIX PACTBOPAX C MOCTOSHHBIM COJICPKaHHEM MEIIAIOIIEro HOHA j
MIpH IEPEMEHHON KOHIIEHTPAI[UH OMpPEeIsieMOro HOHa.

Tabnuua 1.

Horenuunomerpuyeckne ko3 dpuuueHTsl cenekTusnoctu MCH,
00paTHMOro K KATHOHY LeTHINUPHINHUSA

Memawoumii HOH Na* K* Ca* Mg?
Koappumuent cenex-
TuBHOCTH Kijj UCD 0,01 0,01 01 01

HMcxofs U3 3TUX JAHHBIX, MOKHO CJeTaTh BHIBOJ, YTO KaTHOHBI K *,
Na*, NH 4%, Ca ?* u Mg ?* He 0Ka3bIBAIOT CYLIECTBEHHOTO BIMAHNUS HA JIeK-
TpoaHyto GyHKIuH0 pazpadorantoro MCI (Kij < 1).

Tabnuua 2.

OcHOBHBIE JIEKTPOAHbIE XapaKTepuCcTUKHU pa3padoranubix UCD,
00paTHMOro K KaTHOHY LeTHJINMUPUIHHHSA

Conepa- HHTeBBa_n Bpews IIpoaoskure- Terrep-
JIMHEHHO- S, JBHOCTD KH-
Hue JAB, OTK- Ball
o CTH, mB/pC 3uu UCD,
% JIMKa, ¢ pH
MOJIB/JI CYTKH
0,33 103-10* 57 60-80 30-40 4-5
0,66 103-10% 56,6 30-60 30-45 4-7
0,99 104-10 61 25-30 30-45 4-5

CrenoBatenbHO, aHAIN3 AJIEKTPOIHBIX XapaKTEepUCTHK (Tabmuna 2) no-
Ka3bIBaeT, YTO HAWIYYIIAMH TOKazatessiMa oOmamaer MCD ¢ maccoit
3AB 0,01 wmr (0,66 %).

[omydeHnsle pe3ysbTaThl IMO3BOJIMIIM TNPUMEHHUTh Pa3pabOTaHHBIHA
CCHCOPHBIN 3JIEKTPOJL [UISl MOTEHINOMETPHYECKOTO ONPEIEICHHS IETHIIIIH-
PHUIMHUS B MOJEIBHBIX 00pa3nax cyOCTaHIIMK U JiedeOHO-TpodrIakTiHye-
CKHX CPEJICTB.

Jis anpoOupoBaHHUS METOAMKH ONPEAEICHUS HETWINMHPHINHAS XII0-
puma OBIJIO CMOJAEIMPOBAHO CPEACTBO IS TOJIOCKAHHS POTOBOW ITOJIOCTH
(comepxanme LIITX 0,01 %), KOTOPEI MOMEIIATN B AIIEKTPOXUMHUYECKYIO
AYeWKy C pa3pabOTaHHBIM CEHCOPHBIM W XJIOPCEPEOPSIHBIM 3JIEKTPOIAMHU.
C noMonIsI0 HOHOMEpa U3MEPHITH AIIEKTPOABIKYIIIYIO CHITY M TI0 KaJIHOpo-
BOYHOMY rpaduky onpenensuin koHueHrpamueid L{ITX B ucnsiTyemom pac-
TBOpe. MeTposiornyeckne XapakTepuCcTUKH METOIa TPUBEAEHBI B TabiuIe 3.
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Tabnuua 3.

PesyabTarsl onpeaesnenus LIIIX B ucnbiTyeMom pacTBope MeTOAOM
npsiMmoii norenuuomerpuu (n =5, p = 0,95)

Beeneno, r | Haiineno, r MertposiornyecKre XapaKTepUCTHKU MET01a
12,0 X=10,6
11,0 S=2,3
10,0 11,0 Sx=1,52
9,0 Sr=0,15
10,0 x+0=10,6+0,2

Takum 06p330M, HCCIICAOBAHUC XaPAKTCPUCTUK pa3pa60TaHHOro I10-

TEHI[MOMETPHUYECKOTO CEHCOopa, 0OpaTUMOTo K KaTHOHY IETHINHPUIUHUA,
TIO3BOJIMJIO ONPE/ICNINTh ONTHMAIIBHbIE ITapaMeTphl U yCIOBUs pabOThI CEeH-
COPHOTO 3JEeKTPOAa U pa3paboTaTh HOBBIH 3KCIPECC-METOH 3IEKTPOXUMUYE-
ckoro ananmsa IIIX xapakrepusyeTcs BBICOKOM 4YYBCTBUTEIbHOCTBIO,
CEJICKTHBHOCTBIO M XOPOIIEH BOCIPON3BOIUMOCTBIO PE3YIIbTATOB.
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AnHoTanus. buopasmaraeMele NOJIMMEpHl pa3IMYHON NPHPOJIBI
HUMCIOT OI'POMHOC 3HAYCHUEC B KOHTCKCTC yCTOfI‘IPIBOFO pa3BUTHA. B nacros-
meﬁ CTaTh€ OIMIMCAaHbl OCHOBHBIC ITOAXO0JbI K UX MOZ(I/I(l)I/IKaLII/II/I, BKJIFOYas XHu-
MHYCCKHC, (I)I/I3I/I‘IGCKI/IC u (bepMeHTaTI/IBHI)Ie METOAbI, C AKICHTOM Ha
YJIydlI€HHUE paCTBOPUMOCTU, MEXAHUYCCKUX CBOICTB 1 OMOJIOTMYECKOH aK-
TUBHOCTH. PaCCMOTpeHLI TPUMEPHI CIIMBAHUA U COMOJIMMEPU3AH, A TAKIKC
OKOJIOTMYCCKUC PUCKU, CBA3AHHBIC C NCIIOJIb30BAHUCM CUHTCTUYCCKUX KOM-
IIOHCHTOB.

Abstract. Biodegradable polymers of various origins are of high im-
portance in the context of sustainable development. This paper describes the
main approaches to their modification, including chemical, physical, and en-
zymatic methods, with an emphasis on improving solubility, mechanical
properties, and biological activity. Examples of cross-linking and copolymer-
ization are considered, as well as environmental risks associated with the use
of synthetic components.

KiroueBble cjioBa: OGuopasiaraeMble MOJIMMEPHI; XUMHUECKass MOJIH-
(1)I/IKaLII/I$I; CIIWBAHUE; TTOJIMKAIIPOJJAKTOH; ITOJIMMOJIOYHAA KUCJIOTA; XUTO3aH,
6H0nerpaz[au1/m; JKOJIOrH4ecKas 6630HaCHOCTB; YIIaKOBKa; MCUIINHA.

Keywords: biodegradable polymers; chemical modification; cross-
linking; polycaprolactone; polylactic acid; chitosan; biodegradation; environ-
mental safety; packaging; medicine.

MerTo/ipl yCOBEPIIEHCTBOBaHMSI OHOpa3iaraeMbIX MOJUMEPOB MOCTO-
SIHHO Pa3BHBAIOTCS: BEIYTCSl pa3pabOTKH HOBBIX IOJIMMEPOB U COIOJIMME-
POB, a TaKXe HCCJIEJOBaHMS IO YJIYUIIEHHIO CBOMCTB CYIIECTBYIOIIUX
MaTepHuaoB. [ IpuauHBI A1 aKTUBH3AIIMH UCCIIEAOBAaHHUN B 00acT 6uopas-
JaraeMbeIX onMepHeIX Matepuanos (BIIM) 3axmogarorcss B ocTpoil HeoO-
XO/IMMOCTH CHIDKEHUS! HETaTHBHOTO BO3/ICHCTBUS Ha OKPY)KAIOIIYIO CPENy,
YCTOHYMBOTO MOTpeOJIeHnsT U ynpasieHus orxonamu. B Poccun exxeronno
oOpazyercst 0kos10 750 ThIC. TOHH NMOJIMMEPHBIX OTXOJIOB, M3 KOTOPBIX JIUIIb
3-10 % nepepabarsiBaercs [1; 21].

Momudukanus OropasinaraeMbpIX IMOJMMEPOB YJIydlIaeT MX CBOWCTBA,
TaKue KaK MPOYHOCTh U TEPMOCTAOMIBHOCTb, /ISl IPUMEHEHHUS B METUIIMHE,
YIIAaKOBKE U CEJIbCKOM XO03siiCTBE. DTO JOCTUTaeTCsi 4Yepe3 XMMHUYECKYIO
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1 GpU3NYECcKy0 MOTU(UKAIHIO, TO3BOJISIS CO3/1aBaTh MAaTEPHUAIIbI C AHTHMUK-
POOHBIMHU CBOWCTBaMH U BHICOKOW CTaOMIIHOCTEIO.

®uznyeckas MoanpHUKaLUs BKIIOYAET U3MEHEHUE CBOICTB 0e3 XHUMH-
YEeCKUX M3MEHEHUH MOJUMEPHOU LIeNH, HalpuMmep, IyTeM H3MEeHEHHs MOp-
(doyoruu MM CTPyKTypbl. XUMHueckas MoAu(UKaIMs, B CBOIO OuYepesb,
HalpaBJIcHa Ha YIydIIeHHE CBOMCTB IOJIMMEPOB Yepe3 N3MEHEHNE XHUMUYe-
CKOW CTPYKTYpBI, BBEICHHE HOBBIX (DYHKIIMOHAIBHBIX TPYII HIN CO3JaHHUC
comnoauMepoB. BaxHyro poins pu Mogu(UKaIMy UTpaeT COOTHOLIEHHUE TH -
podobHOCTH M THAPOPUIHLHOCTH: CKOPOCTH THAPOJIA3a MOXKET 3aBUCETH OT
runpodmbHOCTH omMepa [10; 15].

ComBaHne — 3TO MPOLIECC COSNMHEHUS MOIMMEPHBIX LeTel ¢ 00pa3o-
BaHUEM TPEXMEPHOW CETYAaTOH CTPYKTYpPHI, YTO YIydlIaeT MEXaHHYECKYIO
MIPOYHOCTh, XUMHUUYECKYIO0 CTOHKOCTh M TEPMHYECKYIO CTaOMIBHOCTH. Me-
TOJIbI CIIUBAHUS BKITIOYAIOT (PU3HMUECKHH (BO3EHCTBIE HOHU3UPYIOIIETO 13-
JIy4eHHs), XUMUUECKHUH (C UCIOJIb30BaHUEM PEAreHTOB) M (POTOXHMMHUUECKOE
(c ucronp3oBanueM Y ®-uznyuenus) [13; 16].

CunThle MOJIMMEPBI 00JIAIAIOT MOBBIMIEHHOH MPOYHOCTHIO, YCTOWYH-
BOCTBIO K TEIUTy M CHIDKCHHOW PacTBOPHUMOCTBIO, YTO 3aMeIUIIeT UX OHo-
pasiioKeHue. DTH yIyqlIeHHbIE XapaKTEPUCTHKHY JIEJIAI0T MX NPUMEHUMBIMU
B MEIULMHE, YIIAKOBKE U CUCTEMaX JIOCTABKH JIEKApCTB [5; 6].

IIpuBuBKa (TpaTHHT) — 3TO METOJ XUMHUYECKOW MOAM(pHUKANNH, TIPH
KOTOPOM Ha TOJIMMEpHBIE IIEMH JOOABIAIOTCS OOKOBBIC IENH HMIM MOHO-
MepBbl, OTIINYHBIE OT OCHOBHOM CTPYKTYpBL. DTOT IPOLECC MO3BONIAET Lieie-
HANpaBJICHHOTO M3MEHATh (U3MYECKUE, XUMHYECKHE M OHOJOrMYecKue
cBOlicTBa OMOpasiaraeMbIX IOJMMEPOB, yIy4Illias HX COBMECTUMOCTD C ApY-
IMMHU MaTepuajiaMi, a TaKkKe MX aJIr€3UI0, YBEINYHMBasi F’UAPO(GUILHOCTD U
BBOJsl OuoakTuBHble (QyHKIMH. CylIecTBYeT HECKOJIBKO METOJIOB
rpadTHHTA:

a) rpadTHHT Yepe3 — COMOIMMEpH3aIis MOHOMEpA C MOJIUMEPOM, CO-
JeprKaliM PeaKIMOHHOCIIOCOOHBIE TPYIIIBI;

6) rpadTHHT Ha — IPHCOEMHEHNE NIPEIBAPUTEIHHO CHHTE3UPOBAHHBIX
TIOJIMMEPHBIX 1IeNeH K aKTUBHBIM LIEHTPaM OCHOBHOTO TOJIMMEPA;

B) Tpa)THHT U3 — THULIMMPOBAHNE MOJINMEPU3AIINI MOHOMEPOB TIPSIMO
13 OCHOBHOH LieMN.

[IpuBHBKa THAPOPHUIHLHEIX MOHOMEPOB K THAPOGOOHBIM MOJIMMEpaM
3HAYUTEIHHO YBEIWYHBAET BOJOIOTJIOIICHNE M OHMopas3naraeMoctb. Taxke
MOJKHO IPUBUBATH OMOAKTHBHBIE MOJIEKYJIBI JIS1 CO3/IaHMUS CUCTEM JJOCTaBKU
JIEKapCTB WJI OMOCEHCOPOB [8].

Bnok-comonmumepusanus sBISIETCS KIIOUYEBBIM METOJOM XHMHYECKON
MOIU(HUKAIINHA [TOJIMMEPOB, TO3BOJIIONINN CO3/1aBaTh MaTEepHajbl C YHH-
KaJIbHBIMH CBOIMCTBaMH 33 CYET COUETAHHS PA3JIMYHBIX TTOJIMMEPHBIX OJIOKOB

16



Hayunwiii popym.: Meouyuna,
6uonoeus u Xumus Me 5(78), 2025 e.

B OJTHOIl MakpoMmoJieKyJje. BIok-comoaiMepsl coCcTOsAT U3 IBYX WK Ooiee
TOMOMOJIMMEPHBIX OJIOKOB, KQXKIBIi M3 KOTOPBIX 00J1a/1aeT OTIINYUTEIbHBIMU
CBOICTBaMH.

OmHUM U3 METOMOB SIBIAETCS «KHMBas MOJMMEPH3alUa», IPU KOTOPOH
MOJIMMEpHas 1eTb pacTeT 0e3 OCTAaHOBKH JI0 CUEpPIIaHUsi MOHOMEPA, TT03BO-
TSl [O0OABIIATE HOBBIE MOHOMEPHI it (popMupoBaHus O710KOB. [IprmMepst
BKITFOYAOT JKUBYIO aHHOHHYIO H paJUKaIbHYIO HonnMepu3anuio. CeKBEeHIH-
OHHasl HOJIMMEPH3ALSI TPEOyeT CTPOroro KOHTPOJISI BPEMEHH U YCIIOBHI pe-
aKuu, oOecriednBasl IOJTHYIO KOHBEPCHIO KaXKAOTO MOHOMEpa Iiepen
J00aBIEHHEM CIIEAYIONIETO, YTO MO3BOJIIET CO3/1aBaTh OJIOKM C YETKOI mo-
cienoBaTebHOCTRIO [7; 11].

I'ubpuaHbIe cONONMUMEPBI, TOTyYyaeMble IPUBUTOHN paauKaIbHOM MOIH-
MepH3alueil, coueTaroT CBONCTBAa CHHTETHYECKUX U IIPUPOAHBIX OJIUMEPOB,
YTO JIeNaeT UX MOJIe3HBIMU B OMOMenIHe U yrnakoBke. [loixnmepananoruy-
HBbIE IPEBPAILEHUS U3MEHSIOT (QYHKIIMOHAIBHBIE TPYIIIBI HA yiKe chopMHpo-
BaHHBIX MOJHMMepax, ylydiias UX CBOWCTBA, TaKUE KaK THIPOPHIBHOCTD U
MeXaHHYecKasi IPOYHOCTh. K HUM OTHOCSTCS THIPOJIH3, CyIb(QOHUPOBAHUE
1 pyHKIHOHAMm3anus [18].

Jerpanamms kak MeTon MoaAn(HKaNKH OHOpa3IaraeMbIX MOJHMMEPOB
N3MEHSIET X CTPYKTYPY U CBOWCTBA, TAKHE KaK paCTBOPUMOCTb M MEXaHH-
yeckas MpoyHocTh. [Ipomecc MoXxeT ObITh HHUIIMUPOBAH XUMHUYECKUMH pea-
TeHTaMH, (epMeHTaMH WIM W3Iy4YeHHeM. [WAponm3, OKHCICHHE W
(doToaerpasays MO3BOJISIIOT KOHTPOJIMPOBATh CKOPOCTh PA3JIOKEHHs, YTO
0COOEHHO Ba)KHO JUI MEIUIIMHCKUX NIPUMeHeHHH [12].

IlepcniexTrBHBIE MaTepHaIbl HA OMOOCHOBE, TAKHE KaK MOJIMIAKTHIBL,
oM (UPHI U TOJTUTHUAPOKCOATKAHOATHI, 00JIaAal0T IIMPOKIUMH BO3MOXKHO-
CTSIMH MOJICIUPOBAHUS CTPYKTYPBI U CBOMCTB, MPUOIMKASACH IO XapaKTepH-
CTHKaM K TPaJUIMOHHBIM CHHTETHYECKHM TonumepamM. Hecmorps Ha
BBICOKYIO CTOMMOCTB M CJIOXHOCTH ONTHMHU3AINH, POIOIDKAIOTCS HCCIe0-
BaHMS ISl YJIy4YIIEHHUS WX CBOWCTB M pa3pabOTKH 3(h(HEKTHBHBIX METO/IOB
nepepaboTKH.

Homumaktug (ITJIA) — 310 OHopasznaraeMblil TEPMOTLIACTUYHBIA MTOJTH-
3¢up, KOTOPBIHA pas3yiaraeTcsi 4epe3 THAPOIUTHIECKYI0 1 MUKpOOnoIoTHye-
ckyto gerpaganuto. ITJTA nmMmeeT XOpollyl0 MEXaHHYECKYH MPOYHOCTb U
MIPO3PavHOCTh, JIETKO MOAMaeTca 00paboTKe, Cpeau HEeIOCTaTKOB OTHOCH-
TENbHO HH3Kas TepMHYECKas CTaOMIBHOCTH, MEIJICHHOE pa3lo)keHue 0e3
MIPOMBIIJICHHOTO KOMITOCTUPOBAHHA. [ MAPOTUTHYECKOE paCHICIUICHHE
HAYMHAETCS C MPOHUKHOBEHUS BOJBI B MaTepHall, YTO IPUBOIUT K Pa3pBIBY
3(HUPHBIX CBsI3eH U 00Pa30BaHIIO MOHOMEPOB MOJIOYHOW KHUCIOTHI. DTH MO-
HOMEpPHI MOTYT HCIIOJIB30BaThCd MHUKPOOPTaHM3MAaMU KaK WCTOYHHK yTIe-
pola M JHEPruH, NpEeBpaIlasiCh B YIVIEKUCIBIH a3 U BOXY B a’pOOHBIX
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YCJIOBHSIX WJIM B METaH U BOJy B aHAdpOOHBIX ycnoBusix. HecmoTps Ha To,
yro [IMK cuuTaercst ofHUM U3 CaMbIX JEIIEBBIX OMOpa3iiaraeMbIX IOJUMe-
POB, €r0 CTOMMOCTB BCE €l BBIIIE, YeM Y MOJUATUICHA U noauctupona. Io-
9TOMY BeayTcsi pa3paboTku Oojee 3HEProd(PEeKTUBHBIX METOAOB €ro
MIPOM3BOJICTBA C UCTIOJIB30BaHUEM KaTaln3aTOPOB Ha OCHOBE IIUPKOHMUSL, rad-
HUSI, 30J10Ta U MIJIATHHBI IS MOBBIICHNS cTepeocnenuduarocti. CKopocTb
6uopaznoxenus [1JIA cocraBiser okono 6 Mecsres, 9To TpedyeT uccieno-
BaHWH IO CO3JAHHUIO COTOJMMEPOB C PETYIHPYEMOH CKOPOCTBIO Pa3ioke-
uus [9; 19].

Job6asnenre (yHKIMOHANBHBIX TPYHII 3HAYHUTENHFHO Yydmaer ¢u-
3uKo-Mexanndeckue cBoiicta [1JIA. B pabote [2] paccMaTpuBaeTcss XHMU-
yeckass MOAM(UKAIKS KOHLEBBIX (YHKIMOHAIBHBIX TPYIIl MOJIHIAKTHIOB
(TUIPOKCUIIBHBIX, KAPOOKCHIIBHBIX) C ITOJyYeHUEM aKpHIATHBIX POU3BO/I-
HBIX Yepe3 o0pa3oBaHKe ypeTaHonpou3BoaHbIX [1JIA npu B3anmoaeicTBum
C IMU30IMAaHATaMU.

INonusunannoseii cnupt (IIBC) — cunteTnueckuil moiaumep, noxydae-
MBIH THAPOJIN30M HOJIMBUHUNAIETaTa. ETo MoneKyIsipHas CTpyKTypa BKIIIO-
YaeT TUAPOKCHIBHBIE TPYMIBI, YTO BIMAET HA BOAOPAaCTBOPHMOCTH M
¢usnaeckue cBoiictBa. [IBC BomopacTBOprM, HETOKCHICH, 00IaIaeT Xopo-
IIMMH TUIGHKOOOpa3yromuMu cBovicTBamu. bruopasnoxenne [IBC naumna-
ercst ¢ aDMOTHYIECKOTO THAPOJIN3a, YTO 00JIeryacT MUKpOOHOE pa3IoKeHHUE.
MHUKpOOPTaHU3MBI PACIICIUISIOT TOJIMMEP Ha MEJIKHE COSIUHEHHSI, IPeBpa-
1as X B yIVIEKUCIIBINA ra3, BoAy U 6uomaccy [4].

OmHUM U3 MEPCHEKTUBHBIX MPUPOIHBIX MOJUCAXAPUIOB ABISETCS XU-
TO3aH — MPOAYKT JI€alleTUINPOBAHMU XUTHHA, BTOPOTO IO PacpOCTpaHEeH-
HOCTHM MOJMCaxapuja Iocie LeJUT0oNI03bl. XHUTo3aH obianaer amopgHO-
KPUCTAJUTUYECKON CTPYKTYpOH M MOJIUMOPGU3MOM, a €ro OHOpa3ioKeHHe
3aBHCUT OT XUMUYECKOH CTPYKTYpPHI, MOJIEKYJISIPHOTO Beca, CTEIICHH Jearie-
THWJIMPOBAHUS, BIAXHOCTH, TEMIIEPATYPhl, KHCIOTHOCTH CPEAbl U HAINYUS
MHKpPOOPTaHM3MOB. XHUTO3aH XOPOIIO PACTBOPUM B Pa30aBICHHBIX BOIHBIX
pacTBOpax 0JHOOCHOBHBIX KHCIIOT Oaroiapsi HAIMIHIO IIEPBUYHBIX aMHHO-
rpymi. OH siBiseTcss 6MOCOBMECTHMBIM, OMOpa3araeMbiM, aHTHMHUKPOOHBIM
U HETOKCHYHBIM MaTepHajoM, HO HMEET OTpPaHWYCHHYI0 MEXaHHYECKYIO
MIPOYHOCTB ¥ PACTBOPUMOCTD B Bozie. Pa3paboTaHbl MeTOIBI CHHTE3a IPOU3-
BOJIHBIX XHTO3aHa C BEICOKOH CTETIEHBIO 3aMEIICHNS, KOTOPBIE HAXOAAT MPH-
MEHEHHE B MapProMepuH, KOCMETOJIOTHH U (papMareBTHKE.

XWTO3aH, MOJy4aeMbIii U3 XUTHHA MMAHIUPEH PaKooOpa3HBIX U HACEKO-
MBIX, MOJIBEPTaeTCsl TUAPOIUTUIECKOMY DACIICIUICEHHIO, B XOIE KOTOPOTO
MTOJIMMEPHBIE [ENH Pa3phIBAIOTCS Ha Oojee Menkue (hparMeHTHI MoJ Jeii-
CTBHEM BOMBI. DTOT INPOLECC MOXKET YCKOPATHCS B HMPUCYTCTBHM KHCIOT
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i menoyveid. [lanee pepMeHTBI, Takie KaK XUTHHA3bl U JIM301UM, BbIpada-
ThIBa€Mble MUKPOOPTaHU3MaMH, PACIICIUIIOT XUTO3aH HA MOHOCAXapH/Ibl U
OJIUTOCAXapUAbl, Pa3pbiBas INTUKO3HUIHBIE CBSI3U MEXAY MOHOMEPAaMU IIIO-
Ko3aMUHa. MUKPOOPTraHU3MBI UCTIONB3YIOT 3TH POIYKTHI B KAUECTBE UCTOU-
HUKa YyIJepojia W DSHEepruu, YTO NPUBOAUT K HX METabomm3My cC
00pa3oBaHHEM BOJIBI, YTIIEKHUCIIOTO ra3a u omomacckl [3; 14; 23].

CymiecTByeT TpM OCHOBHBIX HAIpPABICHUS MOAW(DHUKALNHM XUTO3aHA:
peaknuy (QyHKIIMOHAIBHBIX TPYII MOJIHCaxapyuia, IpUBHUTasl U OJIOK-COIIO-
JUMEpHU3alys ¢ CHHTETUYECKUMH MOHOMEPAMHU, a TAKXKe MOJIydeHHe CMece-
BBIX KOMIIO3UIWH ¢ APYIMMH TOJMMepaMH. B pesymprate MOTyT OBITH
YIy4qIIEHBl PAacTBOPUMOCTH, OHOJIOTHYECKas AKTUBHOCTb, MEXaHHYECKas
MPOYHOCTh XUTO3aHa. [IIUpOKO MCHONB3YIOTCS aNKUIMPOBaHUE, CyNb(haTu-
poBaHue U (hepMeHTaTHBHBIE MOAU(UKaIMK xuTo3aHa. Comnoaumepusanus
XWTO3aHa, BKJIIOYAs MPUBUTYIO MOJIMMEPU3ALUIO U CIIUBaHUE, C JPYTUMHU
MOJIIMEpaMM TOMOTAeT MPEOI0JIETh €ro HeJOCTAaTKH, TAKHE KaK OTpaHUYEH-
Hast THOKOCTh M HU3KOE TepMHUuecKoe conpoTusieHue. OObdHO Momuduka-
LU XUTO3aHa OCYIIECTBISIETCS CHHTETHUECKUMH MTOJTUMepaMu, KOTOphIe He
TIOJITAFOTCSl OMOPA3TI0KEHHUIO U TPEOYIOT JIETYINX OPTaHMIECKUX PACTBOPH-
TeJeH, YTO CO3AaeT IKOJIOTUYeCKue pucku [17].

Homukanponakron (ITKJI) — 3T0 OmopasnaraeMplii TOTyKpHCTAIIIIYC-
CKHH CHHTETHYECKHH MOIMI(PHP, COCTOSLIINN N3 TTOBTOPSIIOIIMXCS MOJICKYT
KaIllPOJIaKTOHA, COEAMHEHHBIX JCTEPHBIMH CBs3sMHU. Kaxablil MOBTOpsIO-
UIUICS AJIEMEHT MPECTaBIIAeT COOOM MIECTUUICHHBIM KOJBIIEBOH JIAKTOH C
THIPOKCHIIBHOW TPYIIOH, KOTOpasi pearupyer ¢ IpyTUMH MOJIEKYJIaMH Ka-
MIPOJIaKTOHA /7151 00pa30BaHus MOJIMMEPHOH 1erny. [lonuKanponakToH nMeeT
XOPOIIIYIO PaCTBOPUMOCTH, CMEIIUBAEMOCTD C JPYTUMH MOJMMEPaMHU B MeJl-
JeHHoe O6mnopasnoxenue. Cpean HeIOCTATKOB OTMEUAOT HU3KYIO TeMIlepa-
Typy IUIaBJIEHUS, YTO OTPAHUYHMBAET €r0 HCIOJIb30BaHHE. bropasmoxxenue
IKJT npoucxoauT 4epe3 ruAPOIUTUIECKYIO Jerpajaluio, 3a KOTOpoH cie-
IyeT MHKpoOHoIorHmIeckoe pasioxenue [20].

[TonMKanpoIakToH M €ro COMOJIMMEpHI, 00JalaloNIie BHICOKOW Mexa-
HUYECKO MPOYHOCTHIO M OMOCOBMECTHMOCTBIO, MOTYT OBITH OOBEINHEHBI C
XHMTO3aHOM JUISl CO3AaHHsI HOBBIX THOPHIHBIX COIIOJINMEPOB. DTO COUYETaHHUE
TIO3BOJIUT YIIyUYIIUTh THAPO(OOHbBIE CBOWCTBA XMTO3aHa M €r0 (PYHKIIMOHAIb-
HOCTb.

[Ipumepom sBISETCS MOTyYeHHE IPUBUTOTO COTIOIMMEpa KarpoJak-
TOHA C XHTO3aHOM uepe3 (TaTOMI3ANIUIIEHHBI XUTO3aH, 9TO 00ecredn-
BaeT caMOKaTaJW3 ¥ YJIy4YIIEHHYI0 pPacTBOPHUMOCTH B BOJHBIX H
opraHmueckux pactsopax. B 2004 roxy Ovin BepBeIe HOTy4YeH (prajmoni-
XHUTO3aH, KOTOPBIH CITY)KHJI YHUBEPCAIBHBIM NMPOMEKYTOYHBIM MPOTYKTOM
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JUISl PErHOCENIeKTUBHBIX MoanuKanui xuto3aHa. [IpuBuBka runpodoo-
Horo [IKJI x ruapoduiIbHOMY XUTO3aHY NPOMCXOHIIA IPEUMYIIECTBEHHO
10 THAPOKCHIILHBIM IPYIaM, OCTaBIIssl aMUHOTPYIIIBI cBOOOJHBIMU. DTa-
JIOWJIbHBIE TPYIIIBI, BBEJICHHBIE B XUTO3aH, YIy4Illadl €ro pacCTBOPUMOCTh
B OpPraHMYECKUX pacTBOpUTENX, Takux kak JJM®PA u JIMCO, no3Bosss
ocymectBuTh npuBuBKY I1KJI B romorenHoi#t cucreme [22].

PaspaboTaH ogHOCTaAMHHBIN METOJ CHHTE3a COIOJIMMEPa XUTO3aHa C
[IKJI uepe3 nonumepu3anmio ¢ pacKpbITHEM LUKJIA ¢ UCIOIb30BAHUEM Me-
TaHCYITb(POHOBOI KHCIOTH B KAUECTBE PACTBOPUTEIS U KaTaim3aropa. [1po-
TOHHPOBaHNE aMHHOTPYIIII B KHCIIOH cpene crocodcTBoBaio mpuBuBke [TKJT
K TUAPOKCUIBHBIM TPYIIaM, YTO YJIYUYLIHJIO PACTBOPUMOCTH IOJY4EHHOIO
COMOJIUMEPA ¥ TIO3BOJIHJIIO JIETKO MepepadaThiBaTh €ro B HAHOBOJIOKHA [24].

Takum 00pa3oM, MoaubUKaIMKi OUOpa3IaraeMbIX MOJIUMEPOB HAIPaB-
JICHBI Ha paCIIUPEHUEC UX TPUMCHCHHU U TOBLINICHUE KOHKypeHTOCHOCO6HO-
CTH IO CPpaBHCHUIO C TPAAUIHMOHHBIMU CUHTCTHUYCCKUMU IIJIAaCTUKAMH, YTO
MOXET NPUBECTU K IMOJOXKUTCIbHBIM U3MCHCHUAM B OKOJIOTUH U 3J0POBLE
YenoBeKa.
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BIOLOGY

HIDDEN 1. GENERAL BIOLOGY

1.1. BIOGEOCHEMISTRY

STRATEGIES FOR THE PREVENTION AND CONTROL
OF AEROMONIASIS IN TROUT

Afet Suleymanova

PhD in biology, Assistant Professor,
Scientific Research Institute

of Veterinary Medicine,

Ministry of Agriculture of Azerbaijan,
Chief of the Department

of Fish and Bee Diseases,
Azerbaijan, Baku

CTPATEI'MHU ITIPO®UJIAKTUKHU U BOPBBbI
C ADPOMOHHO30M Y ®OPEJIN

Cyneiimanosa Agpem Banenmun Koi3ol

0-p @unocoghuu no buonozuu, doyenm,
Bemepunapnuuii hayuno-uccredosamensckuii
uncmumym npu Munucmepcmese cenbcko2o
xoszsticmea Azepbaiiodcana,

Asepbaiioocan, 2. baxy

Abstract. During 2012-2022, we conducted studies on the prevalence
of parasitic diseases among trout species in the Republic of Azerbaijan.
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A total of 668 specimens were examined using the complete parasitological
dissection method. The bacterial furunculosis caused by the pathogens from
the species Aeromonas salmonicida, Aeromonas hydrophila, Pseudomonas
fluorescens, and Vibrio anguillarum recorded in brown (Salmo fario) and
rainbow trout (Salmo gairdneri). The species Aeromonas salmonicida
demonstrated the highest pathogenicity. The prevalence rate of furunculosis
was 56.8 %. Several veterinary drugs were tested, and the highest effective-
ness was observed in the drug “Antibak-100.” This preparation was tested
and implemented in trout farms in Azerbaijan.

Annoranus. B nepuon ¢ 2012-2022 rr. Hamu OBIITH IPOBEICHEI UCCIIE-
JIOBaHMUS 10 PACHPOCTPAHEHHIO Mapa3UTapHbIX 3a00IeBaHuil cpean opere-
BBIX pBIO B ycioBus AsepOaimkaHckodl pecrmyOnuku. Bceero Obuio
HCCIIEIOBAHO 668 SK3eMIUIIPOB METOJOM MOJHOTO Mapa3sHUTONOTHYEeCKOTro
BCKPBITUS. Y HCCIIEIOBAHHBIX BUIOB MmATHUCTOM (Salmo fario) u pagyxuHoi
(Salmo gairdneri) dbopesnu 6bLT BBISIBICH GakTepHaTIbHBIH QypYHKYIE3, BbI-
3BaHHBIN BO30YIUTEISIMH, MPUHAICKANMM Bumam Aeromonas salm-
onicidae, Aeromonas hydrophila, Pseudomonas fluorescens u Vibrio
anguillarum. Ilpu smom, naubonvuieri namozennocmuio omauuancs 6uo Aer-
omonas salmonicidae. IIpoyenm sapasicennocmu gypynkynezom cocmagui
56.8 %. B yenax oz0oposumenvhuix meponpusmutl no 6opvbe ¢ ypyHKyie-
30M ObLI NPUMEHeH PO 8eMePUHAPHLIX NPenapamos, Haubonvuiell ¢ @ex-
musHocmuio omaudancs npenapam “‘Antibak-100". Dmom npenapam 6win
ucnviman u Heoper 6 (hopenesvix xozaucmeax Azepoatiodicana.

Keywords: trout, Causative Agent, Furunculosis, Prevalence Rate, An-
tibacterial Drug

KiroueBbie ciioBa: ¢openeBsie poiObl, Bo30Oynutens, OypyHkynes,
3apakeHHOCTh, AHTHOAKTepHATIBHBIN Mpenapar

Introduction

Fish are susceptible to various diseases like other living beings. Alt-
hough the negative impact of diseases that may be recorded among fish in-
habiting natural water basins is not strongly felt. This effect is much more
pronounced in pond-based commercial fishery farms. Fish that contract dis-
eases experience stunted growth, disruption of reproductive organ functions,
deterioration of meat quality to an unfit state, and, in some cases, mass mor-
tality [9, 5, 3, 8]. Therefore, one of the most critical issues in the effective
organization and development of commercial pond-based fishery farms is to
recognize the symptoms of common fish diseases, understand their causes
and the biological characteristics of the pathogens, and implement timely and
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effective control measures against these diseases. Developing the country's
fishing industry is essential to meet the demand for fish meat and its various
products. At the same time, the timely detection of infectious and invasive
diseases that seriously hinder the development of fisheries, as well as the de-
velopment and implementation of a system of comprehensive control
measures against them, is of particular significance [9, 4].

BACTERIAL DISEASES OF FISH

Bacterial diseases of fish are hazardous because controlling them in an
aquatic environment is very difficult. The technological conditions of fish repro-
duction, the degree of intensification processes, and the overall level of fish farm-
ing culture during each biotechnological cycle of cultivation and maintenance
significantly impact the manifestation and course of bacterial diseases [5].

Among fish raised in natural fishing reservoirs, the most dangerous bac-
terial pathogens affecting species such as trout and sturgeon include Aer-
omonas, Pseudomonas, Vibrio, Chondrococcus, Mycobacterium, and others.
However, aeromonosis in fish holds the most significant practical signifi-
cance, see Fig. 1. (A, B, C).

Figure 1. Diseases and causative agents in trout infected with different
species of aeromonosis.A. Aeromonosis, Aeromonas hydrophila; B.
Pseudomonosis, Pseudomonas fluorescens; C. Vibriosis, Vibrio
anguillarum

Furunculosis in Salmonids
Clinical Symptoms and Pathogenesis

This disease induces hematological disorders in the bloodstream of the
fish. Infected fish commonly exhibit open wounds at the base of the dorsal
and abdominal fins. Furunculosis occurs in two stages, although sometimes
a mixed stage can be observed. In the muscle stage, trophic ulcers form, and
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large, hard or soft furuncles appear on the body surface. The interior of the
swelling is filled with blood, pus, and large quantities of bacteria. When the
swelling matures, it ruptures and deep ulcers form in its place [6].

Etiology

The causative agent of the disease is a bacterium called Aeromonas salm-
onicida, measuring 0.8-0.5 micrometres. Furunculosis in salmonids is an infec-
tious disease characterised by the formation of abscesses in the muscle tissue,
their rupture leading to red ulcers, significant changes in internal organs, the rapid
development of pathological processes, and mass mortality among fish. This bac-
terium is found in water and silt. Limited water pollution and the decay of plant
matter contribute to its persistence and even proliferation [6].

Epizootic Data

All studies were conducted at the Chaykend salmon hatchery, Zagatala
rainbow trout hatchery, Sheki Kirkhbulak trout hatchery, and the Goranboy
"Agdja" trout hatchery. The contamination of water with organic matter is
one of the main factors contributing to the emergence of the disease in natural
water reservoirs [9].

Clinical Symptoms and Pathological Changes in Anatomy in Bacterial
Diseases of Trout

Pathological anatomical changes include spotting in the liver and
reddened abdominal area. During the progression of the disease, a hem-
orrhagic inflammatory process develops between the epidermis and der-
mis, and central trophic ulcers are observed as a result of tissue
degradation (Fig. 2, A, B) [6].

Figure 2. Trout infected with the disease caused by Aeromonas
salmonicida
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Control and Prevention Measures

As a result of scientific research, a preparation called “Antibak-100" was
proposed by us for prevention and treatment against bacteria causing aeromono-
sis in trout (Aeromonas salmonicida, A. hydrophila, Pseudomonas fluorescens,
Vibrio anguillarum). The antibacterial efficacy of this preparation was tested un-
der farm conditions [7]. The drug was used according to a specific scheme: 0.5
1 g per 1 kg of live fish weight was mixed into the feed and administered to the
fish, achieving 100 % treatment effectiveness against the disease. The results ob-
tained under laboratory conditions indicated the need for further application un-
der broader farming conditions. For this purpose, research and trial experiments
were conducted at the “Agca Trout” farm in the Goranboy district.

In other experiments conducted to determine the effectiveness of Antibak-
100, a total of 73 trout were separately caught from each of two different channels
of the same farm and underwent bacteriological examination. Therefore, 29 of
the 73 trout (39.7 %) seen from the first channel and 33 trout (45.2 %) from the
second channel were infected by furunculosis. The fish in the first channel were
treated with Antibak-100 at a dosage of 0.5-1 g per kg of live weight (once daily
for 5 days), and the fish were kept in test ponds with a water temperature of 26°C.
The fish from the second channel were kept as a control group.

On the 10th day of the experiment, 52 fish from the first channel and
43 from the control channel were examined. The fish treated with Antibak-
100 achieved a 100 % therapeutic effect [9]. In the control group, the infec-
tion rate remained unchanged [2, 1].

Conclusion

After reviewing and analyzing the above findings and conducting produc-
tion trials of the Antibak-100 preparation, we reached the following conclusions:

+ Under farm conditions, Antibak-100, administered at 0.5-1 g per kg
of live trout, demonstrated 100 % therapeutic effectiveness against Aer-
omonas salmonicida.

 This antibacterial drug must be used on a larger scale in trout farms
to combat Aeromonas salmonicida infections.
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