5 . 74- i
2025 T. 55 Ne 4 / Texnura u mexHonozus nuuiesslx npouseoocme / Food Processing: Techniques and Technology i:gg 321;-?2; igﬁﬁze)

https://doi.org/10.21603/2074-9414-2025-4-2608 OpuruHanbHas CTaThs
https://elibrary.ru/QMIXBQ https://fptt.ru

BAHIHHE YABTPa3BYKOBOIO BO3AEHCTBHSA Ha CTPYKTYpPHbIe
H aHTHMHKPOOHBIE CBOHCTBA MOAHMEPHBIX KOMIIO3HILHH
Ha OCHOBE NOAHOA€(HHOB, AHCNEPCHO-HANNIOAHEHHBIX

OeTyAHHOM
l) H. 10. BacuaseB* , B. A. Pon , O. A. CaBeabeBa
Mockosckuili noarumexHuueckuili ynugepcumem , Mockea, Poccusi
ITocmynuna e pedaryutro: 23.06.2025 *e-mail: iljanaras@ya.ru
ITpunama nocne peyeHzuposarus: 18.09.2025 © U. FO. Bacunves, B. A. Pod, O. A. Cagenvesa, 2025

Ipunsma k nybrukayuu: 07.10.2025

AHHOTAIHSA.

OrpaHHYeHHBIH CPOK XPAaHEHHS ITUIIEBBIX IIPOTYKTOB SBIISETCS OJJHON N3 OCHOBHBIX IPOOJIEM B ITUIIEBON OTPACIIH. Y BETHINBACTCS

aKTyaJbHOCTh IIPUMEHECHNS aKTHBHON YIIAaKOBKH, COJEeprKalle aHTHMUKPOOHBIE J00aBKH, IIPOIOHTUPYIOIHE CPOK XPAHEHHS IIPO-
IykToB. Llenb uccinenoBaHusl — U3yYUTh BIMSHUE BO3AEHCTBUS YIbTPAa3ByKOBBIX KONEOaHHH Ha PACIIaBhl ITOMMMEPHBIX cMecei

Ha OCHOBE T€PMOIIACTUYHBIX MOIHONEPHHOB (TONUITUICH, NOIUIPOIHIEH), JUCIEPCHO-HAMIOIHEHHBIX OETYIHHOM, a TaKxkKe

UX PeLeNTypPHO-TEXHOJIOTHYECKUX TaPaMeTPOB Ha CTPYKTYpHbIE M aHTUMHUKPOOHBIE CBOHCTBA.

OOBeKTH HCCIIeJOBaHUS — IUIEHKH Ha OCHOBE MOJIHOJIE()UHOB (ITOJMITHIICH U MOJUIPOINMIIEH), a TAK)XKe IOJIMMEPHBIE KOMIIO-
3K Ha OCHOBE IOJIMONIE(HUHOB U OETyJIMHA, PACIUIaBbl KOTOPBIX IIPH OTJIMBE MOAM(UIMPOBAIN BO3ICHCTBHEM YIIBTPa3BYKO-
BBIX KOJI€0aHHH, HCIONB3Y ITocKomeneBoi sketpyaep (Mamllnact, Poccns). st BeIeyKa3aHHBIX OOBEKTOB ONPEIEIISITH CTPYK-
TypHO-MOP(}OJIOTHYECKHE CBOMCTBA HA CKAHUPYIOIIEM dJIeKTpOHHOM MuKpockone JSM-7500F (JEOL, flnonus), Teruogusnyeckue

cBoiictBa — Ha kanopumerpe DSC 204 F1 (NETZSCH, Germany). Xumuueckuii coctaB uzyuann merogom HMK-cnekrpockonuu

Ha nipubope PCM-1201 (Mudpacmek, Poccust) ¢ mpucraskoit HIIBO. /IeopmaiinoHHO-IIPOYHOCTHBIC CBOMCTBA — HAa pa3pbIBHOM

mammae Z010 (ZwickRoell, I'epmanust). Onpenenenne aHTAMUKPOOHBIX CBOHCTB — AUCKO-TU(P(y3HOHHEIM METOJJOM B COOTBET-
CTBUHU ¢ pykoBoacTBoM MVYK 4.2.1890-04.

Bo3sneticTBre ynbTpa3ByKOBBIX KOIeOaHUH Ha pacIulaBbl MOJMMEPHBIX cMeceil 3 (GEeKTHBHO MpU ColepKaHUU OeTyIMHA B CMECsX
¢ nonmonepuHaMu Boie 6 Mac. %. JlaHHBIH IpoIiecc MO3BOISET HAMIPABICHHO JUCIEPIHPOBATH arIOMEPHPOBAHHbBIE YACTHIIBI OETY-
JIMHA, MUHUMU3HUPYS UX pa3Mep, U MoydaTh Oojee TOMOI€HHOE €ro PaclpeesieHHe B CMeCsIX C MoinosieUHAMU IIPU UX OTJIMBE

B ITOJIMMEPHbIE KOMIO3UINH. Moanukanus paciiaBoB MOJUMEPHBIX KOMITO3ULIUH BO3AEHCTBUEM YIBTPa3BYKOBBIX KOJIeOaHMI

OKa3bIBaJIa BIMSHNE Ha MEHBIIIEE CHIDKEHHUE () OPMalMOHHO-TIPOYHOCTHBIX CBOMCTB, B CPAaBHEHHH C MTOJIMMEPHBIMH KOMIIO3HIIVISIMH,
IUTSL KOTOPBIX YJIBTPa3ByK HE MPUMEHSUIH. DTO 00YCIIOBIICHO yBEINUCHUEM MeX(a3HOTO B3aMMOAEIHCTBHS MEXIy MOIHoIehHAMU

u OETyIMHOM B pe3ylibTaTe 00pa3oBaHUs (YHKIMOHAIBHBIX TPYIII C HOIIPHOH CTPYKTYpOH (KapOOKCHIbHBIE U KapOOHUIIBHBIE)

npu ux 06pabotke. IIpu 3TOM Bo3/AeHicTBHE YIBbTPa3BYKOBBIX KoseOaHMi HA PacTIaBbl MONMMEPHBIX KOMIIO3UIINIT HE BIUSIIO HA TEM-
HepaTypHbIC PEKUMBbI HX IIePepabOTKH U B 3HAUUTEIILHOM CTENIEHH HE CHIDKAJIO IPOU3BOAUTEIIBHOCT SKCTPY3HOHHOTO 000py/J0BaHu,
YTO SIBJISIETCS KAaK 9PTOHOMUYECKH, TaK U SKOHOMHYECKH dPHEKTHBHBIM.

[oaTBepkaeH MOJIOKHUTEIBHBIN Pe3yIbTaT aHTUMUKPOOHOTO BO3/ICHCTBHS MOJIUMEPHBIX KOMITO3HIMH Ha OCHOBE MOJIHOJIE()HUHOB,
JICHEPCHO-HATIOIHEHHBIX OETYINHOM, pacIIaBbl KOTOPBIX MOABEPraIy BO3ACHCTBHIO YIBTPa3BYKOBBIX KOIeOaHH: K03 GHUIEHT
MHTHOMPOBAHMUS POCTA B OTHOIICHNH TECT-MHKPOOPTAaHU3MOB, B CPAaBHEHHHU C HCXOJHBIMH ITOJMMEPHBIMI KOMITO3HIISIMH, yBEIHU-
quics B 1,5 pasa; A7 MOIMMEPHBIX KOMIO3UIUHI Ha OCHOBE MOJUMPOIMIEHA — BBIIIE, YEM JUIS TOJTUITUIICHOBBIX, YTO 00YCIOBIEHO
XUMUYECKOH CTPYKTYPOH HCXOAHBIX NOan0NeGuHOB. JJaHHbIH KO3(D(PUILHEHT TaKKe HO3BOJISIET HHITHOMPOBATh PEIPOAYLIUPOBAHUE
TECT-MHUKpPOOpranu3mMoB B otHomeHuu Candida albicans, Staphylococcus aureus, Pseudomonas aeruginosa, 0JJHakO HHI'MOHpPOBa-
HHE penpoxylupoBanus s Escherichia coli He Habmonanock. st TaHHOH IPYIITBI TECT-MUKPOOPTaHU3MOB OETYJIMH B Ka4eCTBE
MoaubHIpyonIei 100aBku ¢ GpyHKIHE aHTUMUKPOOHOCTH He TOAXOANT. TakuM 06pa3om, MoaH(HKaIHS PAaCcIUIaBOB ITOJIMMEPHBIX
KOMIIO3HIIMH Ha OCHOBE MONONIC(PUHOB B CMECSX C OETYIMHOM IPH BO3IEHCTBUHN yIbTPa3ByKOBBIX KOJICOAHUH SBIISETCS aKTyalbHbIM
HAaIpaBJICHUEM JUTS CO3/IaHMS aKTHBHBIX MJICHOYHBIX MAaTEPHAIIOB.

KuroueBble ciioBa. HOJ'II/ISTI/IJ'ICH, IOJIMIIPONMJIEH, YJIBTPA3BYKOBOEC B03I[eﬁCTBHC, TMOJIMMEPHBIE KOMITO3UILINH, 6€TyJ'II/IH, aHTI/IMI/IKp06-
HbIC CBOI‘/‘ICTBa7 OKCTPY3Usl, TECT-MUKPOOPIraHU3MbI
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Abstract.

Food products have a limited shelf life, which remains a major challenge for the food industry. Active packaging with antimicrobial
additives extends shelf life and prevents spoilage. This research tested two hypotheses: 1) ultrasonic treatment affects polymer
blends based on thermoplastic polyolefins (polyethylene, polypropylene) dispersed with botulin; 2) their structural and antimicrobial
properties depend on the formulation and processing parameters.

The study featured polyolefin-based films (polyethylene and polypropylene), as well as polymer composites based on polyolefins
and betulin. The melts of these composites were ultrasonicated during casting using a flat-die extruder (MashPlast, Russia).
The structural and morphological properties of these composites were determined using a JSM-7500F scanning electron microscope
(JEOL, Japan); their thermophysical properties were tested using a DSC 204 F1 calorimeter (NETZSCH, Germany). The chemical
investigation relied on IR spectroscopy in an FSM-1201 device (Infraspek, Russia) with an NTR attachment. The strain and strength
properties were measured on a Z010 tensile tester (ZwickRoell, Germany). The antimicrobial experiment involved the disk
diffusion method.

Ultrasonic vibrations were effective when the betulin content in the polyolefin blends exceeded 6 wt.%. This process provided
targeted dispersion of agglomerated betulin particles od minimal size. It resulted in a homogeneous distribution of polyolefin
blends during polymerization. The ultrasonic treatment slowed down the decline in strain and strength properties. The increased
interfacial interaction between the polyolefins and betulin was due to the development of polar functional carboxyl and carbonyl
groups during processing. Ultrasonication affected neither processing temperatures nor extrusion performance, which makes
the method ergonomical and cost-effective.

This research confirmed the positive antimicrobial effect of ultrasonicated polymer composites based on polyolefins dispersed
with botulin. The growth inhibition coefficient for test microorganisms increased by 1.5 times, compared to the original polymer
composites. For the polypropylene-based polymer composites, it was higher than for polyethylene-based ones. This phenomenon
could be explained by the chemical structure of the original polyolefins. This coefficient also inhibited Candida albicans,
Staphylococcus aureus, and Pseudomonas aeruginosa. However, it failed to inhibit Escherichia coli, rendering betulin unsuitable
as an antimicrobial additive for this group of microorganisms.

In general, the ultrasonic modification of polyolefin-based polymer composites blended with betulin showed good prospects
as a component in new active food films.

Keywords. Polyethylene, polypropylene, ultrasonic exposure, polymer compositions, betulin, antimicrobial properties, extrusion,
test microorganisms

For citation: Vasilyev [Yu, Rod VA, Saveleva OA. Effect of Ultrasonication on Structural and Antimicrobial Properties of Polymer
Compositions Based on Polyolefins Dispersed with Betulin. Food Processing: Techniques and Technology. 2025;55(4):807-818.
(In Russ.) https://doi.org/10.21603/2074-9414-2025-4-2608

BBenenne OJIHOpPa30Bas IUTACTUKOBAS IOCY/1a; MOTpeOnTENbCKas

[ToauMepHbIe MaTepHabl SBISIOTCS HEOTHEMIIEMON ynakoBka Al (pacoBKM M TPAaHCHOPTHPOBKH IHIIEBBIX
YacThIO YIIaKOBOYHON MHAYCTpHU. 13 00111ero KonnyecTsa npoaykros [1-3].
MIPOU3BOJUMBIX MOJUMEPHBIX MaTepHalOB 3HAUYUTEIb- J1st I3rOTOBIICHNUS BBIIETIEPEUUCICHHBIX YIIAKOBOY-
Has ux 4acTh (45 %) ucnonb3yercs B yImakOBOUHON OT- HBIX U3JIEIMI UCTIONB3YIOT PA3JIMYHbIE BUJIbI TOJTMMEPHBIX
paciu JuIs M3rOTOBJICHUS U3IEIHH U3 TIJIacTMacC Pa3HoM MaTepHuasoB: MOJnoJieGuHb! (TIOJUITUIIEH, TOJTUIIPO-
KOH(HTypaluuu 1 pa3MepoB: THOKas YIIakOBKa; jXecT-  nuiieH) [4-6], monuatuientepedranar [7], nonmamun [8],
Kasi, OnucTepHast 1 (OpMOBaHHAs MMOJIMMEPHAs Tapa; MOJIUCTHPOI [9] ¥ NX POHU3BOAHEIE.
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CoBpeMeHHOEe MHOT000pa3re MHUIIEBHIX TPOAYKTOB
TPEABSBIIET PA3IMYHbIE TPEOOBAHMS K YITAKOBOYHBIM Mate-
puanam U U3AEIHsIM, OCHOBHBIMU U3 KOTOPBIX SBIISIOTCS
3aIUTHEIE U ToTpednTenbekre cBoricTra [ 10]. B aToit cszn
HanboJIee MCIIOB3YEMBIMHU SIBIITIOTCS TIOJTMMEPHEIC TJIe-
HOYHbIe MaTepHuaibl. K OCHOBHBIM JOCTOMHCTBAM HCIIOJIb-
30BaHMS MOJIMMEPHBIX TNICHOYHBIX MAaTePHAJIOB, TO3UIHO-
HUPYEMBIX B KAYECTBE YIIAKOBKH, OTHOCAT TPeOyeMbIe IS
YIaKOBOUHBIX MaTepPHAJIOB IPOYHOCTh, CTOMKOCTS K IIPO-
KOJIy ¥ XMMHYECKYIO0 CTOMKOCTb, OaphepHBIE CBOWMCTBA,
JIETKOCTh B KCIUTyaTaIllH, HI3KYFO IDIOTHOCTH [11, 12].

OpnHa U3 OCHOBOIOJIATAIONINX MPOOJIEM MUIIEBOH
OTpaciu — OTPAHUYCHHBINH CPOK XPAaHEHHUS MMHIIEBBIX
mpoaykToB. OHOCIOWHAS THOKAS TTIOIMMEPHAs YITaKOBKa
B IOJIaBJISIONIEM OOJBIIMHCTBE CIIy4aeB HE yJIO0BIETBOPSIET
MPEIbSIBISEMBIM K IJICHOYHBIM MaTepHaiaM TpeboBa-
HisM [ 13]. K mprmMepy, moanmpommiieHoBast IIeHKa Xapak-
TepU3yeTCsa HU3KON NapONPOHUIIAEMOCTBIO, HO TIPU 3TOM
BBICOKOH KHCJIOPOJOIIPOHULIAEMOCTBIO, YTO CBOMCTBEHHO
nosmaTIIeHTepedTanaTy. Tak, akTyaabHBIM SIBIISIETCA
H3TOTOBIICHUE MHOTOCIIOMHBIX TUICHOYHBIX MaTEPHAJIOB,
KOTOPBIE XapaKTEePU3yIOTCs CBOMCTBAMU, MPUCYIIUMHU
KaXJIOMY OTIEIHbHOMY KOMIIOHEHTY, BXOJASIIEMY B UX
coctaB [ 14—16]. 1151 U3roTOBJICHUS MHOTOCIIONHBIX TIJIe-
HOYHBIX MAaTepUAJIOB IPUMEHSIOT TEXHOJIOTUIO COIKCTPY-
3UH, HEPEIKO — KalIUpOBaHHE. DTU MPOILECCH, B CBOIO
odepenp, Oonee TPYIOEMKUE B YHEPTro3aTPaTHEIC, YeM
MIPOU3BOJICTBO OJHOCIOMHBIX TOJUMEPHBIX MJIEHOK [17].
W3 601p10ro MHOT000pa3us MOTMMEPHBIX MaTEpHAIIOB,
MO3UIHOHNUPYEMBIX B Ka4eCTBE YIAKOBOYHBIX, ITOJHO-
JIeUHBI IO CUX ITOP UMEIOT BBICOKHE TEMITbI IIPOU3BO/I-
CTBa, YCTOMYHMBOE Pa3BUTHUE U SIBISIOTCS aKTyaJbHBIMU
IUTSL HAYYHBIX pa3paboToK.

[IpuHNMas Bo BHUMaHUE pa3HbIe METOABI M 0COOCH-
HOCTH T€XHOJIOT Ui IPOHU3BO/ICTBA YIIAKOBOYHBIX MaTepua-
JIOB W W3JICJIHA, OOHUM W3 aJbTEPHATHBHEBIX U IEPCIeK-
TUBHBIX HalpPaBJICHUH SIBISETCS pa3pabOTKa TEXHOJIOTHU
M3TOTOBJICHUS aKTUBHOM yIIaKOBKU. J[aHHAsI TEXHOIOTHUA
SIBJISIETCS] aHAJIOTUYHOM ITPOU3BOJCTBY OAHOCIONHOM yna-
KOBKH C BO3MO>KHOCTBIO TIPOJIOHTAIMHN CPOKA XPAaHCHHUS
npoayktoB [18]. Takum 00pa3oM, akTyalbHBIM HaIlpaB-
JICHHMEM KaK B MUIIEBOM, TaK U B YIIAKOBOYHOMN OTpaciu
SIBJISIETCS CO3JaHUE TMOJTUMEPHBIX YIIAKOBOYHBIX MaTe-
pHaJIOB C aHTUMUKPOOHBIMH cBoOcTBamu [19].

B kauecTBe MOTU(HUKATOPA, CITIOCOOCTBYIOIIETO IIPHIa-
HUIO TTOJIMMEPHOH YIaKOBKE aHTUMUKPOOHBIX CBOWCTB,
UCTMOJB3YIOT AUCHEPCHBIE HAIOIHUTEIU IPUPOTHOTO
1 CHHTETHYECKOTO IIPOUCXOXKICHNS, MHOT' 1A IPUMEHSIOT
1 Mo (pUKaTOPEI HAHOPa3MEPHBIX XapaKTEPUCTUK (HAHO-
gactuipl) [20]. [IepcneKTHBHBIM aHTUMUKPOOHBIM MO-
JTU(GUKATOPOM SIBIISIETCS OCTYJIMH, KOTOPBIN MOIy4atoT
MTyTeM BBIJICIICHUS U3 KOpHI Oepesbl. OH MO3UIINOHHPY-
eTcst Kak OMOJIOTHYeCKH aKTHBHOE BemniecTBo. Hammume
B €70 MHOT'OKOMIIOHEHTHOM COCTaB€ JIYIIEHOHA, YBeoJa,
arerar OeTyJrHa M OJEMHOBOH KHUCIOTH (popMHUpYET
MIUPOKUH CHEKTP (hapMaKOJIOTHICCKOH, aHTUMHUKPOOHOH,
(yHTUIUIHOM, TPOTHBOBUPYCHOW M aHTUMYTareHHOM
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aKTHBHOCTH. TakXe HEOCTIOPUMBIM MPEHMYIIIECTBOM HC-
TI0JIB30BaHMS OCTYJIMHA SBIISICTCS MPAKTUYECKH HEHC-
yepraemasi 1 BO30OHOBIIsieMasi ChIpbeBast 0a3a, JIETKOCTh
BBIJICIICHUS TOTOBOTO MIPOAYKTA ITPU XUMHUUECCKOH U / HITH
MEeXaHMYEeCKOH IepepaboTKe U BHICOKOE CO/EpIKaHHe
ocHoBHOTO Bemectsa (2540 %). berynun ycroiuus k Y O-
U3JTy4EHHIO, HETOKCHYEH, YTO ITO3BOJIAET IPUMEHSITh €TI0
B COCTABE MOJIMMEPHBIX TUIEHOYHBIX MaTePHAJIOB IS TPs-
MO0 KOHTAKTa C MUIIEBBIMU IIpoayKTamu [21-22].

[Ipumanue monrMepHON MaTpHIle aHTUMUKPOOHOH
(YHKIMH TOCTUTAeTCsl IIPU TOCTATOYHO BHICOKOM COZIEp-
JKaHUM aHTUMHKPOOHOTO HAIIOJHUTENS, YTO TEXHOJIOTH-
YECKH OCYLIECTBUTH MPAKTHYECKH HEBO3MOXKHO. Bbicokoe
CoJIep)KaHNE HATIOJIHUTEINS B OJIMMEPHBIX CMECSIX BBI3bI-
BaeT €ro arjioMepanuio, HU3Koe AUCIEeprupoBaHue U pac-
npeJesieHne, YTO CKa3bIBaCTCsl Ha CTPYKTYPHBIX Xapak-
TEPUCTUKAX M CBOMCTBAX TOTOBBIX m3aenuil. OHIM 13
Hay4YHO-TIPaKTHYECKHX PEIICHHH JUIl MUHUMHU3AI[N TEXHO-
JJOT'MYCCKUX np06neM IIpru CO3JaHUN aKTUBHBIX ITOJIN-
MEpHBIX MaTE€PHAJIOB SIBIISIETCS] HCIIOIb30BaHNE YIbTPa3-
ByKa, KOTOPBIH HalpaBJICHHO BO3IEHCTBYET Ha pacIliaB
MOJIMMeEpa NMPH UX SKCTPY3HH, YITydllas TEXHOJIOT HIECKHe
XapaKTEePUCTUKH TIICHOYHBIX MaTepuainos [23, 24]. K Hau-
GoJee MPaKTUKO-OPUEHTHPOBAHHBIM METO/IaM HM3TOTOB-
JICHUS] aKTHBHBIX MOJMMEPHBIX IJICHOYHBIX MaTepUaioB
OTHOCHT MepepaboTKy uepe3 paciiaB [25] ¢ BO3MOKHOCTHIO
MacIITaOMPOBAHNUS HA CYIIECTBYIOIEM TEXHOJIOTHIEC-
KOM 000pY/IOBaHUHM JJISl UX U3TOTOBIEHUS [26].

L[eﬂb HCCIICIOBAHUSA — U3YUYUTH BIIUSAHUEC BO3]1€I>1CTBI/I$I
YIIBTPa3BYKOBBIX KOJI€OaHMH HA PACIIIIaBbl TOJMMEPHBIX
cMecell Ha OCHOBE TEPMOIUTACTUYHBIX MOJIHOIE(HUHOB
(mONMATHIIEH, TIOJTUITPOIIUIIEH ), AUCTIEPCHO-HAIOJIHEHHBIX
OETyIMHOM, a TAK)KE UX PELENTYPHO-TEXHOIOTHUECKUX
I1apaMeTpoB HA CTPYKTYPHBIE M aHTUMUKPOOHbIE CBOWCTBA.

OO0BbeKTHl U MeTO/IbI HCCJIe0BAHUS

JUJ1 M3roTOBIIEHNST aHTUMHUKPOOHBIX MOJIMMEPHBIX
KOMIIO3UIIMI UCIIOIB30BaNHU JIBE€ Pa3HOBUIHOCTH IOJIUO-
neUHOB: MOTUATUIIEH HU3KOH TuioTHOCTH 11503-070
(Kazanpoprecuntes, Poccnst) n momunponmnen PP HO80 CF
(SIBEX, Cubyp, Poccus).

Jinst mpugaHus MaTpuIiaM HONMHoiIe()UHOB aHTUMUK-
poOHOIl PpyHKIHH B paboTe MPUMEHSIIA OCTYJIHH — CO-
otBercTBytomuit aexnapauuu RU JI-RU.BS101.B24672
ot 11.04.2018 skctpakt kopsl 6epessl (OKbB, Koprekc,
Poccust) mo TY 9154-001-35348291-16.

[MonumepHbIe KOMITO3UIMU Ha OCHOBE ITOJIHOJIC(HHHOB,
JIUCIIEPCHO-HANIOJIHEHHBIX OETYJIMHOM, N3TrOTaBIMBAJIH
Ha MOJICPHU3NPOBAHHOM IUIOCKOIIIEIEBOM OCHAIIEHHBIM
YJIBTPa3ByKOBOM MPUCTABKOM 3KCTpyiepe ¢ GapbepHBbIM
mHekoM (nmaboparopus Pa3paboTku U 3KCILTyaTallUu
CHHTETUYECKUX U IPUPOJHBIX MOINMEPOB U KOMIIO3UTOB
OI'AOY «MOCKOBCKHH TOIMTEXHUIECKUH YHUBEPCHTETY),
BapbUpysl KOHIIEHTPAIMIO OETyJIMHA B CMECSX C IOJINO-
nepunamu ot 2—10 mac. %. Berxonpsmuii 13 miockoe-
JIeBOW T'OJIOBKM PACIUIaB MPUHUMAIIN HA OXJa)KAaeMble
BaJIbl ¥ JOPMHUPOBAITH B TUIEHKH TOJMIUHOM (70 £ 3 MKM).
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TeMnepatypHbIe PEXUMBI TOITyYEHUS TOTUMEPHBIX KOM-
MO3MIUI Ha OCHOBE MOJIMOJIE()UHOB, IUCIEPCHO-HAIIOII-
HEHHBIX OETYJIMHOM, ITPEACTaBIeHbI B TadmuLe 1.

TexHonoru4eckass 0COOCHHOCTh MOJTYYEHUs TOJH-
MEpPHBIX KOMITO3UIMI Ha OCHOBE IOJINOJIE(UHOB, HC-
MIEPCHO-HAMIOTHEHHBIX OETYIMHOM, COCTOUT B TOM, YTO
pacIuiaBbl MOJIUMEPHBIX CMECei! TOMOIHUTENBHO TTOABEP-
rajy HalpaBJIEeHHOMY BO3JEHCTBHIO YIbTPa3BYKOBBIX
koneOanui (Y3) npu popMoBaHHY IIICHOK U3 HUX. TexHO-
JIOTHYECKHE TTapaMeTphl Ipolecca MpeAcTaBlIeHbl B Ta0-
nuie 2. YIpTpa3ByKOBYIO MPUCTaBKY YCTaHaBIUBAIN
MEXy 30HOM J03UPOBAHMS U IIOCKOIIEIEBOM TOJIOBKOM
IKCTpYJepa, MOTrPy>KEHHOT0 HEMOCPEACTBEHHO B PACILIaB.

Brnusinne ynbTpa3ByKOBOTO BO3JEHCTBHS pH 00pa-
00TKe pacIIaBOB MTOJMMEPHBIX KOMITO3UIMHN Pa3HBIX CMe-
CEBBIX COCTABOB Ha MX (h)a30BOE COCTOSHHE ONPENEIISIIN
€ MOMOIIEI0 Tr( depeHIaTBFHON CKaHUPYOIIEeH Katopu-
metpun Ha npubope DSC 204 F1 (NETZSCH, I'epmanus)
B uHTepBajue teMmnepatyp 20-200 °C mpu cKopocTH cka-
nuposanus 10 rpan/mMuH u HaBecke oOpasma 11 + 1 mr.
B kauecTBe TEIUIOPHU3NIECKUX CBOWCTB ONPEACIISIIN TEM-
nepatypy mwiasnenus (T ), cTenens KpucTammIHOCTH (;(Kp),
sHTadbNHIO miasneHus (4H). 1t pacdera crenenu kpuc-
TaJNIMYHOCTHU MOJUMEPHBIX KOMITO3UIMH HCTIOIB30BaIN
SHTAJIBIHUH IUIABJICHHUS TOTHOCTHIO KPUCTAIUINYECKOTO
nmomatiieHa (I19) — AH(IID) = 293 Jx/r u KpucTaiom-
yeckoro nosumnpornmiena (I1IT) — AH(IIIT) = 147 x/t
cornacHo ['OCT 55134-2012.

BnusHue ynpTpa3ByKoOBOTO BO3ICHCTBUSA HA PEOIOTH-
YeCKHe CBOMCTBA (TEKY4eCTb) HOINMEPHBIX KOMIIO3UIMH
IIPU MX 3KCTPY3HUH OIIPEACISIIN Ha U3MEpUTETIe HHIEKCa
pactasa TepmorutactoB MUPT-5 (Toumammpudop, Poc-
cus). [Ipu mpoBeneHNN UCTIBITAHUIN MTOJTMMEPHBIE CMECH
3arpyxaiu B iuinHapudeckuii oynkep MMPT-5 u Harpe-

Tabnuua 1. TemnepaTypHble peKUMBI H3TOTOBIICHUS
MOJIMMEPHBIX KOMIIO3HUIINI

Table 1. Temperature modes for polymer compositions

Komnoszunus TemnepaTypa 1o 30HaM nuIuHapa, °C
30Ha KCTpynepa
130Ha | 230Ha | 3 30Ha | 4 30Ha | 5 30Ha
I13:6etynun 100 110 120 130 130
I1:6erymuH 160 165 170 175 180

Tabmuma 2. TexHOTOTHYECKHE TapaMeTpsl 00pabOTKHI
pacriaBoB IIOJIMMEPHBIX CMECeH yIbTpa3ByKOM

Table 2. Ultrasonication of polymer melts: Processing parameters

ITapametpsl TexHuueckue
YABTPa3ByKOBOU MPUCTABKU MOKa3aTelx
I'enepatop xonebanmit 1o 25 k'
Topen BoHOBOAA 1o 10 MkM
YacroTa kosiebaHuit 20 k'
MoHocTh reHepaTopa 1,2 kBt
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Baym 10 190 °C. IIpu Bo3meticTBIH Tpy3a Maccoi 2,16 kr
BBITCKAIOIINK Yepe3 CKBO3HOE OTBEPCTHE KalTMJUIIpa
(d =2,095 mm) paciaB orcexanu (10 MUH) U U3MEPSIIH
ero maccy B coorBercTBuu ¢ 'OCT 11645-2021.

BosneiicTBre ynpTpasByka Ha e OpMaIIIOHHO-TIPOY-
HOCTHBIE CBOICTBA MOJMMEPHBIX KOMIO3HUIINHN Ompee-
nsnu B cootBercTBuu ¢ ISO 527-3:2018. B kauectse
nokaszaTelsielt 1e(hOpMarmOHHO-TTPOYHOCTHBIX CBOMCTB
MCCIIeIOBAJIM pa3pylIatoliee HapsHKeHUE IPU pacTsike-
HUU (O’p) Y OTHOCHUTEJIbHOE Y/UTHHEHHE TIPH Pa3phiBe (sp).

CTpyKTypHO-MOP(OIOTHIECKHE CBOIICTBA TOBEPXHO-
CTH TIOJIMMEPHBIX KOMITIO3UIIMHA ¥ MOJU(QHUIINPOBAHHBIX
BO3JIEIICTBUEM YIIbTPa3ByKa W3y4allk C TIOMOILBIO BbICO-
KOpPa3peIaroniero aBTOAMUCCHOHHOTO CKaHUPYIOIIETO
anekTpoHHOro Mukpockona JSM-7500F (JEOL, Slnonus).

XHUMHUUYECKYIO CTPYKTYPY IOJUMEPHBIX KOMIIO3HULIUM,
pacIIaBbl KOTOPBIX MOABEPTay BO3IECHCTBHIO yIbTPa3By-
KOBBIX KoJieOanuii, onpenensiau cormacHo 'OCT 57939-
2017 dypee UK-cnexrpockonueii ¢ mpucraskoit HIIBO
Ha npubope ®PCM-1201 (Muadpacnex, Poccns) ¢ paspe-
meHreM B 1 cM' B guamna3oHe BOJIHOBEIX yucel oT 375
10 4000 cm'.

HccnegoBanue MoJUMEPHBIX KOMIIO3UIIUN Ha Ompe-
JIeJIeHne aHTUMHUKPOOHBIX CBOWCTB IMPOBOIMIN TUCKO-
1 Gy3UOHHBIM METO/IOM B COOTBETCTBUU C PyKOBOJI-
crBoM MYK 4.2.1890-04.

B kadecTBe TECT-MHKPOOPTaHNU3MOB HCIIOIB30BAIH
TPaMIIOJIOKUTENFHBIE U TPaMOTPHLATENIbHBIE CTaHIIO0-
KOKK (Staphylococcus aureus), KUIlIedHyI0 manouky (Es-
cherichia coli), cuHerHONHYTO TTano4Ky (Pseudomonas
aeruginosa), npoxxessie Tpudku (Candida albicans).

TecTupyemsbie ITaMMbI KYJIbTUBUPOBAIH B IIPOOUPKAX
Ha CKOLUEHHOW arapu3upOBAHHOM MUTATENBHOU cpele
B TepMocTare npu temnepartype 35 £+ 1 °C. Ilo ucreue-
HUU 24 4 C UCIIOJI30BAaHUEM JCHCUTOMETPA TOTOBUIH
MHUKpPOOHYIO CYCIIEH3HIO, COOTBETCTBYIOLIYIO ONTHYE-
CKOMY cTaHfapTy MyTHocTd Mak-®apnanna Ne 0,5; 3aTem
nosoauau ee 1o 1,5x108 xir./mm.

Ha vamku Iletpu ¢ arapu3anpoBaHHON NMUTATEIBHOMN
MsICO-TIENTOHHOM cpenoi u muraresnsHbIM arapoM Cadypo
HaHOCHJIM B3BECh TECT-MUKpoopranu3MoB (200 Mki), pas-
HOMEPHO paclpeessis CTePUIIbHBIM IIIaTeIeM 10 T0-
BEPXHOCTH, Ha HUX yKJIQABIBAIIN UCCIIELyeMble 00pa3Iibl
pasmepom 1x1 cm.

[ToceBbl moMeIIaay B TEPMOCTAT IIPH TEMIIEpaType
35+ 1 °C na 24 4. [Iocrne oLleHHBaIH POCT MEKPOOPTaHH3-
MOB M M3MEpsUIN IUIOIIA(b 30HBI HHIMOMPOBAHMS POCTa
NpY HaJIM4YUU. AHTUMUKPOOHBIE CBOMCTBA MOJTMMEPHBIX
KOMITO3HIIHH BRIpAKAITH B KOA(PPUIIEHTE HHTHOUPOBAHIIS
pocra (KH), koTopbIi paccuMThIBaIM Kak S,/ S

Pe3yabTaThl M HX 00CyXKAeHUE

[Ipunanne aHTUMUKPOOHBIX CBOMCTB IOJIMMEPHBIM
KOMITO3HILIMSIM U M3/IENHSIM Ha MX OCHOBE 3aBHCHT HE TOJIBKO
OT PaBHOMEPHOTO, HO U 00BEMHOTO paclpeelIeHus Ha-
MOJTHUTENS B MaTpUIle NoJuMepa 1npu (GOpMUPOBAHUH
CTPYKTYPBI B TIPOLIECCE DKCTPY3HH.
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Mopdonorus HOBEpXHOCTH IUIEHKH HA OCHOBE IOJIH-
nponmieHa (puc. 1a) mpeacrasiser 6e3aeeKTHYIO, CINIONI-
HYI0, MOHOJIUTHYIO ITOBEPXHOCTbh C OPHEHTAIIHOHHBIMHA
TSOHKaMH, COOTBETCTBYIOIMMH (PHOPHITIPHOH CTPYKTYpE,
KOTOPYIO BO3MOXKHO HOJYYHTh B IPOLECCE MEAJICHHON
BBITSDKKHM pacIlIaBa IomMepa npyu (GOpMOBAHHUH TIOJIH-
MEPHBIX IUIEHOK U3 HEro. J[JIs MoIrMMepHOH KOMITO3HIINH
Ha OCHOBE IOJINIIPONMIICHA, TUCTIEPCHO-HAIOIHEHHOTO
6erymmHOM (10 Mac. %) (puc. 1b), 3aMeTHO HEOJHOPOIAHOE
pacIpeseneHue MocIeJHEr0 B MaTPHIIE TOJIUITPOTIAICHA,
KaK U B CIydae MOJMMEPHBIX KOMITO3UINII Ha OCHOBE
TTONMATHIIEHA. DTO 00YCIOBICHO IIMPOKIM €TO pacIipesie-
nenueM 1o pazmepy (10-70 MxM) 1 BIusieT Ha 00pa3oBaHKE
arJIoMepaToB BCJIEICTBHE UX BBICOKOM MOBEPXHOCTHOU
sHeprun. [Ipu Bo3AeiicTBUN yIbTPa3BYKOBBIX KoyeOa-
HUM Ha pacIIaBbl MOJMMEPHBIX CMECEH pa3Mep YacTHIL]
Oerynuna 3HaunTeNbHO (1025 MKM) cHIDKancs (puc. 1c),
YTO CBSI3aHO C KABUTALMOHHBIM ITOTOKOM, BO3HUKAIOIIUM
IIPH BO3JCHCTBUM yJIBTPa3BYKOBBIX KOJI€OaHH, KOTO-
PBIi pa3pylIaeT arlioMepUpOBAaHHbIEC YAaCTUIIBI OETYIHHA,

JIOTIONTHUTEIBHO JUCTIEPTUpys ux. B pesynprare sToro
IIporiecca BO3MOKHO ITOJIydUTh 00JIee TOMOTEHHOE €ro
pacmpeziesieHue B CMECSIX C MOJINoJIe(hUHAMH, PETYIIN-
pys pa3mepsl yactuil, obmagaronux chepudeckoit u /
WA HENMPaBWIBHON (POPMOIL, KOTOPBIE pacIpeaeIOTCs
HE TOJIKO Ha IMOBEPXHOCTH, HO U B 00BEME, UTO MPEO-
TIpeesIeT YITyUIeHne ero BIUSHISI Ha aHadpoOHOe U /
WA a3po0HOE WHTHOMPOBAHKE B 3aBICHMOCTH OT BHIA
TECT-MUKPOOPTaHN3MOB.

[MTosummonupys pazpaboTaHHBIE TOTUMEPHBIE KOM-
MTO3HINH B KAYECTBE aKTHBHOHN yIAaKOBKH, HEOOXOIIMO
YYUTHIBATH TEXHOJIOTHIO UX MOy4yeHus. OTHIM W3 Tpax-
THKO-OPHEHTUPOBAHHBIX METO/IOB SBISIETCS SKCTPY3HSL.
Omnpenennny BIASHAC YIbTPa3BykKa Ha TETIOQU3NIECKHE
(puc. 2) 1 peomoruyecKue CBOMCTBA MOTUMEPHBIX KOM-
MTO3UIIMH, B KOTOPBIX COAEp)KaHUE OETyJIMHA B CMECAX
¢ monmonepuramu cocrasister 10 mac. %.

JCK kpuBas molImMepHOH KOMIIO3HUIINH HA OCHOBE
TIOJIMATHIICHA, TIPE/ICTABIICHHAS HA TEPMOIPaMMe, IMEET 3H-
JOTEPMUYECKHH MUK, TO3BOJITIOIINH HACHTH(UINPOBATH

Pucynox 1. COM u3o00pakeHus CTPYKTYPHO-MOP(HOIOTHIECKUX CBOMCTB TOBEPXHOCTH IMOJIMMEPHBIX KOMITO3HUITHI:
a—IIIT ; b — III:6etynun (90:10 mac. %); ¢ — [II1:6eTynun (90:10 mac. %) npu yabTpa3ByKOBOM BO3AEHCTBUI

Figure 1. SEM images of structural and morphological properties of the surface of polymer compositions: a — polypropylene;
b — polypropylene:betulin (90:10 wt.%); and ¢ — polypropylene:betulin (90:10 wt.%) with ultrasonication
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Pucynok 2. Terodusudeckue cBoiicTBa nmosnMepHbix kommnosunuit 90:10 mac. % npu yJibTpa3ByKOBOM BO3ACHCTBUU:
a — [19:6etynun; b — I[II1:6eTynun

Figure 2. Thermophysical properties of polymer compositions 90:10 wt.%: with ultrasonication: a — polyethylene:betulin;
b — polypropylene:betulin
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HaJTMYe KPICTAJUTMIECKOH (a3bl C TEMIIepaTypoi IIaBIe-
Hus 115 °C, ynensHON SHEpTUei 3HA0TEPMIYECKOT0 IPO-
mecca 109 J[x/r 1, Kak ClIeACTBUE, CO CTCIICHBIO KPUCTAI-
muHoct 37 %. Hanmmurie HeGoIbIIoro 3HA0TEPMUIECKOTO
NUKa MiaBjieHus npu temnepatype 60 °C cBuaerennb-
CTBYET O Ha4YaILHOM IPOIIECCE Pa3MATYCHUS MOTMATIIICHA,
YTO, BEPOSTHO, CBSI3aHO C COJICPIKaHUEM HH3KOMOJCKY-
JSIPHBIX BEIECTB B €ro CTpyKType. s monmumepHO
KOMITO3WIINY Ha OCHOBE MOJUIPONUICHA, KaK U B CIY-
Yyae TMOJIMMEPHON KOMITO3UIINH Ha OCHOBE TIOJHMATHIICHA,
Ha TepMOrpamMMe IPUCYTCTBOBAJIA KpUCTAIINYecKas (a3a
¢ Temriepatypoi rwiasienus 171 °C. DHTanpnus miasie-
Hust Ha 18 J[x/r Hike, yem Juist nonmatuiiena (91 Jx/r),
[IPU 3TOM CTENEHb KPUCTAUNIMYHOCTU cOcTaBisuia 62 %.
IIpu Bo3neiicTBHM YIABTPA3BYKOBBIX KOJeOaHUI Ha pac-
TUTaBHI TIOJIMMEPHBIX CMECEH TEeTUIO(PH3MICCKIE CBOMCTBA
ITOJIMMEPHBIX KOMIIO3UIINI Ha OCHOBE MOJNOJIC(PHHOB,
IUCTIEPCHO-HAIIOTHEHHBIX OCTYIMHOM, HE M3MEHSUIIHCH
1 TIPEACTABIISIIN COOOM KIIACCUYECKUN BHJT TUTABICHUS
nosuosieuHoB. TakuM 00pa3oMm, B JaHHOM CIy4ae yJIbT-
pa3ByKoBast MO (HKALIS PACIIIABOB MOJIMMEPHBIX CMeCei
HE BJIMsJIa HAa TEMIEpaTypy UX NepepaboTKH.
[Tokazatenp TEKy4eCTH paciiiaBa MpPH OTIUBE TOIHA-
THJICHOBOM TUICHKH cocTaBisieT 7 T/10 MUH, JUIs MOJIHIIPO-
mteHoBo# — 8 1/10 muH. [Ipn yBenudeHnn conepKaHus
OeTynrHA B CMECAX C OTHONIe(hHHAMH TTOKA3aTeNb TEKY-
YeCTH pacIuiaBa CHIKaJcA (puc. 3), 9To 00yCIOBIEHO €ro
0ombIIIel MacCOBOU A0JIEH B MOJIMMEPHBIX KOMIIO3HIIHSIX,
a TaKke UCXOAHBIM pa3MepoM uactull. st monmmep-
HBIX KOMIO3UIMI Ha OCHOBE MOJIUATHIICHA U OeTylInHa-
10 mac. %, nokasaTenb TEKy4eCTH paclljlaBa B CpaBHe-
HUU C UCXOTHOM MOJMATUIICHOBOM MJICHKOW CHUXKAJCS

10

[TokazaTens TekydecTu
pacmnasa, /10 Mun

O T T T T 1
2 4 6 8 10

Konnenrpanus 6eTynanna, mac. %

PucyHnox 3. BausiHue ynbTpa3ByKoBOro BO3JeHCTBUSA
Ha T0Ka3aTelb TeKyJeCTH pacilyiaBa MOJIMMEPHBIX
KOMIO3UIMK Ha OCHOBE MOJNO0JIE()UHOB, TUCIIEPCHO-
HaTOJTHEHHBIX OETYJIIMHOM: NIPH yIbTPa3ByKOBOM
BosneiictBuu (1 — I1I1, 3 — I1D); 6e3 yIbTpa3sByKOBOTO
Bosaeicreus (2 —I1I1, 4 — I19)

Figure 3. Effect of ultrasonic exposure on melt flow index
of polymer compositions based on polyolefins dispersed
with betulin with ultrasonication (1 — polypropylene,

3 — polyethylene); without ultrasonication (2 — polypropylene,
4 — polyethylene)
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Ha 26,0 %, 114 MOTMMEPHBIX KOMITO3HIHH Ha OCHOBE TIOJTH-
MPONWICHA TPH TOM K€ MacCOBOM COJIEpP)KaHUHU OeTy-
nuHa — Ha 37,5 %. [Ipu BO3AeHCTBUM yIbTPa3ByKOBBIX
KoJeOaHmil Ha pacIIaBbl TIOJIMMEPHBIX CMecel B Tiporiecce
9KCTPY3UH MOKa3aTelb TEKyYeCTH pacIulaBa JuIs MOJIH-
MEPHBIX KOMITO3UIMI CHIDKAJICS B MEHBIICH CTETICHU:
Ha OCHOBE ITOJIMATHIICHA U OeTysinHa — Ha 6 %, Ha OCHOBE
MoJNMIpoIiieHa n oeryinHa —Ha 5 %. BozaelicTue yib-
TPa3BYKOBBIX KosieOaHuii 10 6 Mac. % OeTyJnHa B cMecsX
¢ noJjuonieHAMU HE BIIMSIIO HA U3MEHEHHE MTOKa3aTeNs
TEKY4eCTH PacIuiaBa. ITO MO3BOJIIET CAENATh BBIBOJ, YTO
Mo (UKAIMS pactIaBOB ITOJIMMEPHBIX CMeceil yabpTpas-
BYKOBBIM BO3JICHCTBHEM IMPH O0JIee BHICOKOM MacCOBOM
coaepxannu OeTynuHa dpdexkTuBHee. Takol moaxoxd
CIOCOOCTBYET MUHUMH3ALUHN 00pa30BaHuUs arJioMepupo-
BAaHHBIX YaCTHUI 6eTyHI/IHa, JUCTICPTUPYA UX, U TIO3BOJISACT
M3rOTaBIMBATh IOJIMMEPHBIE KOMIO3HUIIUH TIPU IIepepa-
00TKe yepes3 pacruiaB ¢ 6oJiee TOMOT€HHBIM €0 pactpese-
JICHHEM B CMeCsIX ¢ rosnosneduHamu. [Ipu 3ToM cHMKEeHUe
TOKa3aTeNs TEKy4eCTH PaciliaBa lsl HOJMMEPHbBIX KOMITO-
3WIMIA Ha OCHOBE TOJIMONIE(UHOB U OETy/NNHA HE BIHSCT
Ha MPOU3BOJUTENLHOCTD SKCTPY3UOHHOTO 000pyA0OBa-
HUS U SBIISIETCS KaK 3PTOHOMHYECKH, TaK U YKOHOMH-
gecKH Y (HEeKTUBHBIM.

J11s1 TOTIOJTHUTENIEHOTO ONPE/IeIEHHsT MEXaHU3Ma BO3-
JIeUCTBHS yIbTPa3ByKOBBIX KOIeOaHU Ha pacIlIaBbl MOJIHU-
MEpHBIX CMeCel NMPH U3rOTOBICHUN KOMIO3HIIMOHHBIX
MaTepuaIoB Ha OCHOBE MOJINOIEPUHOB U OETYIINHA OIIpeie-
JIWITH UX XUMUYECKHiA cocTaB MeToioM MK-cniekTpockonuu.
s monmmaTreHoBo# tuieHkn Ha MK-criektpe (puc. 4a)
MPHUCYTCTBYIOT aCHMMETPUYHBIE 1 CHUMMETPUYHBIE T10-
JIOCHI TorJtomeHus B o0mactu 2950 u 2850 cm™' u nedop-
MaIlHoOHHBIC Koyebanus B obmactu 1460 cm !, xapakrep-
upie juis Hamuuus CH,-rpynn. Ha MK-cniekrpe monunpo-
MHUJICHOBOH TIEHKH (pHUC. 4b) MPUCYTCTBYET MHTEHCHBHAS
moJtoca morsonienus B obmactu 2950 cM!, xapakTepHOi
s acummeTpranoi CH,-TpyTITibl, M MHTEHCHBHBIE TTOJIOCHI
noryomienus B oomactsax 1435 u 1370 cm™!, xapakrep-
HBIX ISl aCHMMETPUYHOH nedopmarmonHoit CH-rpymmer
u cummeTpuanol CH,-rpymmer. Tak, noanoneuHoBbie
TUIEHKH TIPEACTaBIISIOT cO0O0H KIacCHYECKHE CIIEKTPHI,
COOTBETCTBYIOIHE HCXOIHBIM MONU3THIICHY HU3KOH ILUIOT-
HOCTH ¥ N30TaKTHIECKOMY MOJIHITPOTIMIICHY.

JUi1s nonuMepHOH KOMIIO3UIIMK Ha OCHOBE MOJIMITUIICHA,
JUcTiepCcHO-HanoaHeHHou 6etymuuaoMm (10 mac. %), nonos-
HHUTEJIFHO K (PYHKINOHAIBHBIM IPYTIIaM, COOTHECEHHBIM
K nonmaTHiIeHy, Ha MK-cnekTpax (puc. 5) mosiBuiack mmpo-
Kasi TT0JI0ca oromeHus B obmactu 3300 oM !, xapaktepHast
st OH-rpymm. Ona oTHOCHTCS K OCTYIHHY M CBUICTEIb-
CTBYET O €ro YacTHYHO! ruapodmisHocTH. Takxke rmosBu-
J1ack moJjioca mnoromeHus B oomactu 1200 10 960 cm™, xa-
paxtepras mst CH-rpynm u CH-konre6anmii 0€H3016HOTO
konbiia. Takum oOpaszom, Hamaue 6etynuHa 10 10 mac. %
B COCTAaBC NNOJIMMEPHBIX KOMHOSI/ILII/Iﬁ HC BJIMAJIO HA U3MC-
HEHHE WX XUMHYECKOH CTPYKTYpBI, a TAKXKE MO3BOJISIO
YCTaHOBUTH (PU3NUECKHUI, 2 HE XUMHUYECKUH (MITH IPYTOil)
THIT B3aUMOJICHCTBUSI B CUCTEME TTOJIMMED / HATIOJTHUTEITb.
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Pucynok 4. UK-crieKTpbl HCXOAHBIX MOJUITHIICHA HU3KOH IUIOTHOCTH (a) U U30TaKTHYecKoro nonunponuicHa (b)

Figure 4. IR spectra of initial low-density polyethylene (a) and isotactic polypropylene (b)
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Pucynok 5. UK-cnekTpsl noauMepHbIX KoMmo3uuuii: 1 — ucxoanas mwienka [19; 2 — [13:6etynun (95:5 mac. %);
3 — [19:6etynun (90:10 mac. %); 4 — [19:6eTynun (90:10 mac. %) npu yIbTpa3ByKOBOM BO3CHCTBUU

Figure 5. IR spectra of polymer compositions: 1 — initial polyethylene film; 2 — polyethylene:betulin (95:5 wt.%);
3 — polyethylene:betulin (90:10 wt.%); and 4 — polyethylene:betulin (90:10 wt.%) with ultrasonication
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JIns moJIMMEpHBIX KOMIIO3ULIUNA HA OCHOBE IOJINO-
nepuHOB 1 O6eyTimuHa-10 Mac. %, pacmiaBbl KOTOPBIX
TIOJIBEPTANIN BO3JICHCTBHIO YIBTPAa3BYKOBBIX KOJIEOAHUMH,
Ha MK-criekTpe NosIBUIINCH JOTIOJIHUTEIIBHBIE TIOJIOCH
noryoteHust B oonactu 1740-1720 cm!, ykassiBaromue
Ha Hammare C=O-rpymm, u 1600 cM ', XxapakTepHbIe ISt
COOH-rpynn. CrnenoBaTenbHO, BO3JEHCTBUE YIbTPa3BYy-
KOBBIX KOJIeOaHUii Ha pacIuiaBbl MOJIMMEPHBIX CMEceH Py
SKCTPY3HHU MO3BOJIAET YBEIUYUTH HOJSPHOCTH CHHTETH-
YECKUX TEPMOILIACTOB, BIUSIONTYI0 HA CMAYHMBAIOIIYIO CIIO-
COOHOCTB, IPOSIBIIAIONIYIOCS B YBEIMICHUN MeX(pa3HOTO
B3aUMOAEHCTBUS MEXIY MOIHONeHUHAMH U OCTYITHHOM.

Jl71s1 akTUBHOM MOJIMMEPHOM YIIAKOBKY BaXKHO YUHTHI-
BaTh KOMILIEKC 1e(hOPMAIIHOHHO-TIPOYHOCTHBIX CBOHCTB.
J11st 3TOTO ONpeAeNnIIN pa3pyLIatoIiee HarpspKeHne Ipu
pacTspkeHuH (puc. 6) 1 OTHOCHUTENBHOE Y/UIMHEHUE TIPH
paspeiBe (puc. 7).

JIns monm3TUNIEeHOBOM IUIEHKU pa3pylIarolee Hamps-
JKeHME TP pacTspkeHuH coctasnsio 16 MIla, g momu-
nponmieHoBoi — 27 MlITa. IIpu yBenuueHnn coaeprkaHus
6etynunaa 10 10 mac. % B cMecsx ¢ moanonehuHaMu
MIPOYHOCTH MOJIMMEPHBIX KOMIIO3UIMH CHM)KAIACh, YTO
00yCIIOBIIEHO 00pa30BaHNUEM T€TEPOTCHHOMN CTPYKTYPHI.
Taxk, paspymiaroniee HanpsDKCHNE IPU PACTSKCHNH MOJH-
MEPHBIX KOMIIO3HIWI Ha OCHOBE MOJIMATHIICHA B OETYIIHHA
1o 10 mac. % cHmkaock Ha 23 % u cocraBisuio 12,4 MITa.
JI71s1 OTMMEpPHBIX KOMIIO3UIMM HAa OCHOBE MOJIMIIPOIHU-
JieHa ¥ OeTyJInHa MIPHU TOM YK€ MacCOBOM COJICpXKaHMHH,
Kak U B CJIy4ae C OJMMEpHBIMU KOMIIO3UIUSIMU Ha OCHOBE
MOJIMATUIICHA, Pa3pyLIaolee HapsHDKEHUE IPU pacTsike-
HUH CHIKaJochk Ha 19 % u coctasmsno 22 MIla.

YV IoIMMEpHBIX KOMITO3UITHI Ha OCHOBE MOIHONIE(HHOB
u 6erynuna (10 mac. %), pacmiaBsl KOTOPBIX ITOIBEPTaIIH
yIBTPa3BYKOBOMY BO3/ICHCTBHIO, CHIJKEHHE TIPOYHOCTHBIX
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Pucynox 6. BnusiHue ynpTpa3Byka Ha MIPOYHOCTHBIE
CBOICTBA MOJIMMEPHBIX KOMIIO3UIIUHA Ha OCHOBE
MOJNOJIe(UHOB, AUCIIEPCHO-HAMIOJIHEHHBIX OSTYIHHOM,
IpH yJIBTpa3BykoBoM Bo3zaercteuu (1 — III1, 3 — I19);
0e3 ynbpTpa3BykoBoro Bosnercteus (2 — 111, 4 — I13)

Figure 6. Effect of ultrasound on tensile properties of polymer
compositions based on polyolefins dispersed with betulin:
with ultrasonication (1 — polypropylene, 3 — polyethylene);

without ultrasonication (2 — polypropylene, 4 — polyethylene)

CBOICTB OCYILECTBIISUIOCH B MEHbIIEH cTeneHu. PasHuna
JUTSL IOJIMMEPHBIX KOMITO3HIINH Ha OCHOBE MOJIMITHIICHA
coctasisia 13 %, Ha ocHOBe nonumnponuneHa — 12 %.
OTHM OIIOCPEIOBAHHO YBEJINUEHHUE MEK(Pa3HOTO B3aHMO-
JISUCTBHS MEK Ty KOMIOHEHTaMH, KOTOPOe 00eCIIeYHBaiOT
nosnspabie (COOH- u C=0-) pyHKIMOHAIBHBIE TPYIIIEL.

AHaJIOTUYHYIO 3aBHCUMOCTb HAOJIIO/IaJIH U TIPU OTIpeie-
JieHuH neOopMaIMOHHBIX CBOMCTB. OTHOCUTEIIBHOE Y LI~
HEHUE ITPU pa3pbiBe IS TOJIUATUICHOBOI IIJIGHKH COCTaB-
1510 390 %, i monumponuieHoBoi — 250 %. ITpu yBenu-
YeHUH COJIEPIKaHUs OETYIMHA B CMECSX C IoaroaepuHaMu
1o 10 mac. % nedopmarioHHBIE CBOHCTBA MTOTUMEPHBIX
KOMITO3UIIMH CHIDKAJIMCE: HAa OCHOBE ITOJUATHIEHA — Ha 8 %;
nonunponuieHa — Ha 16 %. IIpu Bo3aeicTBUM yIbTpa-
3BYKOBBIX KOJICOAHMH Ha MX pacIuIaBbl pa3HULA B 1edop-
MAalMOHHBIX CBOWCTBAaX, B CPABHEHUH C HCXOAHBIMHU ITOJIH-
MEPHBIMHA KOMIIO3UIIUSIMH, COCTAaBIISUIA: ISl TIOJIMITUIICHO-
BOM — 2 %, A5 nonunponuiaeHoBor — 4 %. AHanuzupys
JeopMaIioHHO-IIPOYHOCTHBIE CBOMCTBA, MOYKHO 3aKITIO-
YUTb, YTO MOJHUMEPHBIC KOMIIO3UIIUM Ha OCHOBE I10JIMO-
neuHOB M OeTyIHHA LesiecO00pa3Hbl sl IPUMEHEHHUS
B KaUE€CTBE YIIAKOBOYHBIX MaTEPUAJIOB.

HccnenoBanue noiuMepHbIX KOMIIO3ULUI Ha OCHOBE
onoNIe()UHOB ¢ OETYIMHOM OCYIIECTBILIIN IJISI OIpe-
JIeJIeHUs] aHTUMUKPOOHBIX CBOMCTB. B kauecTBe TecT-
MHKPOOPI'aHM3MOB HCIOJIb30BAIM TPAMITOJIOKHUTEIBHBIC
W rpamMoTpHIaTesbHble cTadUIOKOKK Staphylococcus
aureus (utamMMm 906), KUIIEUHYIO NANOUKy Escherichia
coli (mrramm 1257), cuHerHOMHYIO IAN0UKy Pseudomonas
aeruginosa (ATCC 27853), npoxokessie rpudku Candida
albicans (PKIIT'Y 1353/1277) (puc. 8).

HccnenyemMbie moimMepHble KOMITO3UIIMK Ha OCHOBE
CHHTETHUUYECKHX MONHONE()HHOB, TUCTIEPCHO-HAMOIHEHHBIX
6erynuHOM 10 2 Mac. %, He 00J1agan aHTUMUKPOOHBIM
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Pucynox 7. Bnusinue ynprpa3Byka Ha nedopMaliioHHbIE
CBOHCTBA MOJIMMEPHBIX KOMIIO3UIINHI Ha OCHOBE
MoJINONIe(UHOB, TUCIIEPCHO-HATIOIHEHHBIX OETYIMHOM,
NIpH yIbTpa3ByKoBoM Bo3zaeiicteun (1 — 119, 3 — I1IT);
0e3 yibpTpa3ByKkoBoro Bosnericreus (2 — I109, 4 — I1IT)
Figure 7. Effect of ultrasound on deformation properties of
polymer compositions based on polyolefins dispersed with betulin:

with ultrasonication (1 — polyethylene, 3 — polypropylene);
without ultrasonication (2 — polyethylene, 4 — polypropylene)
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Pucynox 8. BausHue ynpTpa3ByKoBOTO BO3ACHCTBUSA Ha KOO()PUIIHMEHT HHTHONPOBAaHUS TECT-KYJIbTyp: a — [1D:0eTynuH;
b — IIIT:6etrynun (Candida albicans: 1 — npu ynpTpa3ByKOBOM BO3JAEHCTBHUH, 3 — 6€3 yJIbTPa3BYKOBOTO BO3ACHCTBHUS;
Pseudomonas aeruginosa: 2 — pu yiabTpa3ByKOBOM BO3JeHCTBHH, 4 — 6€3 yIbTPa3ByKOBOTO BO3ACHCTBUS; Staphylococcus
aureus: 5 — IpU yIbTPA3BYKOBOM BO3JCHCTBUH, 6 — O€3 yIBTPa3ByKOBOTO BO3aeicTBUS; 7 — Escherichia coli)

Figure 8. Effect of ultrasound exposure on the inhibition rate of test cultures: a — polyethylene:betulin; b — polypropylene:betulin
(Candida albicans: 1 — with ultrasonication, 3 — without ultrasonication; Pseudomonas aeruginosa: 2 — with ultrasonication,
4 — without ultrasonication; Staphylococcus aureus: 5 — with ultrasonication, 6 — without ultrasonication; and 7 — Escherichia coli)

neiictereM. [lonmmmepHas KOMITO3UIINS HAa OCHOBE TOJIN-
THIIeHa ¢ OeTyauHoM npu 4 Mac. % npuobperana n3ou-
paTeIbHY0 MPOTHBOMUKPOOHYO aKTHBHOCTh B 3HAYC-
HUAX K03 unmenta naruduposanus pocta (K1) = 0,9
n 1,3 %, narnbuposana poct 6akrepuit P. aeruginosa
U pocT ApoxokeBbIX TpubkoB C. albicans. 3HaYNMBINA
pe3yabTaT Mo ONpEeNeICHNUI0 aHTUMHUKPOOHOH aKTHB-
HOCTHU MOJIUMECPHBIX KOMHO3I/II.[HI>i Ha OCHOBC ITOJIM3TH-
JIeHa B cMecsax ¢ 6eTynrmHOM AOCTUTHYT mpu 10 mac. %
nocieauero; KW B orHomenuu S. aureus cocrasui 1,7 %;
P. aeruginosa — 2,2 %. MakcumanbHbIil pe3yabTaT J0-
cturayT B otHowenuu C. albicans — 2,6 %.

J71st moTuMepHBIX KOMIIO3UIIMK HA OCHOBE MOJIUIIPO-
nuiieHa B cMecsix ¢ oerynuaom — 10 mac. %, KU B otHO-
meHnn pocta S. aureus coctasun 2,0 %; P. aeruginosa —
3,1 %; MaKCUMaJIbHBIH pe3yIbTaT JOCTUTHYT B OTHOLICHNUH
C. albicans — 3,4 %.

[Ipu onpeneneH aHTUMUKPOOHBIX CBOICTB TOJIH-
MEpHBIX KOMIO3UIMI Ha OCHOBE MOJIHOJIEPHUHOB, HAIION-
HeHHBIX OetymuHOM 10 10 Mac. %, pacraBel KOTOPBIX
MOTU(PHUIIMPOBATH YIBTPa3BYKOBEIM Bo3aericTBrueM, K
B OTHOIIEHUH TECT-MHKPOOPTaHN3MOB YBEIUYHBAJICS.
Tax, /Ui TOIMMEPHBIX KOMITO3UIMH Ha OCHOBE IOJIHI-
TuneHa ¢ 6erynuaom KU B otHOomenuu P. aeruginosa
cocraBui 2,9 %; S. aureus — 2,4 %; C. albicans — 3,2 %.
151 monuMepHBIX KOMIIO3ULMKM Ha OCHOBE MOJIUIIPOIIH-
snena KU B otHowienuu P. aeruginosa — 3,6 %; S. aureus —
3,2 %; C. albicans — 3,8 %. [1oBprienue ko3ddunmeHTa
l/IHFl/I6l/IpOBaHI/I$I Y UCCIIEAYEMBIX TCCT-MUKPOOPIaHU3MOB
MOJIMMEPHBIX KOMITO3UIUN Ha OCHOBE MOJINOJIE(HUHOB
B CMecCsX C OeTyIMHOM, MONy4eHHBIX IpH 00paboTke
paciiaBoB yJIbTPa3BYKOBBIM BO3JEHCTBHEM, BEPOSTHO,
CBSI3aHO C TEM, YTO TOMOTCHHOE pacIpe/iesIeHne MocIe -
Hero B MaTpuiax noinoje(uHOB U HAIMYUE TOJISPHBIX
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TpyYI Ha UX TOBEPXHOCTH Pa3pyLIalOT KIETOYHbIE CTEHKU
MHUKpPOOPIaHU3MOB, Melllas UX CHUHTE3Y, YTO MPUBOIUT
K MyTallu¥ U TUOeNN KIIETOK.

IIpu sToM Ha yamkax [leTpu ¢ «ra30HHBIMU» KYJIBTY-
pamu E. coli HabIromam, 9TO 30HBI OJABIICHHUS PETIPOLTY-
LIMPOBAHMS OTCYTCTBOBAIIN, HO TIPH 3TOM POCT OAaKTepHii
1oz hparMeHTaMy HOJIMMEPHBIX KOMITO3UIIUI HE BBISBICH
U MO3BOJIACT CACIAaTh BBIBOJ, YTO aHTMMHKpOGHLIﬁ HaroJ-
HUTENb — OSTYJIHMH — JUIsS JaHHOW TPYIIIBI TECT-MUKPO-
OpPTraHU3MOB HHTHOMPYIOIIEE BO3CHCTBHE HE OKa3bIBAIL.

Takum 06pa3om, NpIMeHEHNE OETYIMHA B CMECSX C IO-
nuonedruHaMU, MOAU(PHUINPOBAHHBIMHU BO3JIEHCTBHEM
YIBTPa3ByKOBBIX KOJIEOaHUH MX PacIUIaBOB MPH IKCTPY3HH,
SBJIAETCS IIEPCIEKTUBHOM TEXHOJIOTUEH, KOTOPast IIO3BOJIAET
M3TOTaBINBAThH MOJMMEPHBIE YIAKOBOUHBIC MaTEPUAIIBI
C 33JaHHBIMH CBOWCTBaMH, B TOM YHCII€ aHTUMHKPOOHBIMHU.

BriBOABI

[TpoBeneHo KOMILIEKCHOE UCCIIEI0BaHUE, HATIPABIICH-
HOE Ha OTpENENEHUE BIUSHUS BO3JCHCTBUS yIbTPa3By-
KOBBIX KOJICOAHWH Ha pacIiIaBBl MOJMMEPHBIX CMeEce
MOJIN0Ie(PUHOB, AUCIEPCHO-HAIIOJIHEHHBIX OCTYIMHOM
ot 2 o 10 mac. %, mpu U3roTOBIEHUH NOIUMEPHBIX KOM-
TO3UIUH U3 HUX.

Bo3zaeiicTBre yabTpa3ByKOBBIX KOJIEOAHUI Ha pac-
IUTaBBI TIOJIMMEPHBIX CMecE MPOsABIAET 3PPEKTUBHOCT
BbIIIe 6 Mac. % OeTyJMHa B CMECSIX C MOJHOJIeHHAMH,
B pe3yJbTaTe Yero CTAaHOBUTCS BO3MOXKHBIM JHCIIEPTUPO-
BaTh arJIOMEPUPOBAHHbBIE YACTHUIIBI OETYIIMHA B MAaTPULIAX
MoJInoie(HOB, CHUXKas UX pazmep B 3 paza (¢ 70 Mkm
JUTA ICXOTHBIX 10 20 MKM U151 MOTU(UIIUPOBAHHBIX YITh-
Tpa3BykoM). JleopMarmoHHO-IIPOYHOCTHBIE CBOWCTBA
CHW)KAJIMCh B MEHBLICH CTEIEHU BCIIEACTBHE YBEIHUeE-
HUSI MEK(pa3HOTO B3aUMOJICHCTBHS B cUCTEME TIosumep /
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HaTOJIHUTEIb, YTO MPOSBIIIOCH NIPH TOSBICHUH QYHK-
IIHOHANBHBIX TPYIII C MOISPHON CTPYKTYpOH (KapOOHHITb-
HOHU M KapOOKCHIILHOM).

B nosuMepHbIX KOMITO3UIHSX, U1l KOTOPBIX YJIbTpa-
3BYK HE IIPUMEHSIIN, B3aUMO/IEIICTBIE KOMIIOHEHTOB IIPH
nepepaboTKe yepe3 paciiaB OCyIIEeCTBISIIOCH IIyTEM
(hn3nyeckoro, a He XUMHUYECKOTO (WJIM IPYroro) THma
B3auMojieiicTBud. D10 noaTreepxkaaerca MK-cnexrpamu,
Ha KOTOPBIX OTCYTCTBYIOT HOJIOCHI OTJIOIEHUSI, HeXapak-
TepHbIE A1 (YHKIMOHAIBHBIX IPYNIT UCXOIHBIX MOJH-
osilepnHOB. Bo3znelicTBue ylIbTpa3ByKOBBIX KOJIeOaHUH
Ha pacIulaBbl OJIMMEPOB HE BIIHSJIO HA TeMIlepaTypHbIe
PEXUMBI UX TIEpEpaOOTKHU M B 3HAUUTEIBHOMN CTENCHU
HE CHIDKAJIO IPOU3BOIUTEIBHOCT S9KCTPY3UOHHOTO 000-
PYAOBAHMUSL, YTO SIBISIETCS KAK 3PrOHOMHUYECKH, TAK M 9KO-
HOMHUYECKH 3P PEKTHBHBIM.

Camblit BBICOKMH KO3 PUIMEHT MHTHOMPOBaHUS pOCTa
(KIN) mukpoopranu3mos ocymiecTsisuics mpu 10 mac. % Oe-
TyJIMHA B CMECAX C ITOJIHONE(HUHAMH, PACIUIaBBl KOTOPBIX
TIOJIBEPTAJIN BO3JICHCTBHIO YJIBTPa3BYKOBBIX KOJIECOAHHM.
J1J1st TOTMMEPHBIX KOMITO3MIIMH Ha OCHOBE ITOJIMATHIICHA
KW mukpooprannsmoB cocraBwit: Staphylococcus au-
reus — 2,4 %; Pseudomonas aeruginosa —2.,9 %; Candida
albicans — 3,2 %. JIns monMMEpHBIX KOMITO3UINHA Ha OC-
HoBe nosmnpornwieHa KM MUKpoopraHiu3MoB COCTaBUII:

S. aureus — 3,2 %; P. aeruginosa — 3,6 %; C. albicans —
3,8 %. I1pu 3TOM 1151 TOJMMEPHBIX KOMIIO3UIMI HA OCHOBE
MOJINOJIC()UHOB, AUCIIEPCHO-HAIOTHCHHBIX OCTYINHOM,
B OTHOILICHUU Escherichia coli ycTaHOBWIIH, YTO TOJIaBIIC-
HHE PENpOLyLIMPOBaHUS MUKPOOPIraHU3MOB OTCYTCTBOBAJIO.
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