\ <
*%°
Polish journal of science

POLISH JOURNAL OF SCIENCE
NelO1 (2026)

ISSN 3353-2389
Polish journal of science:

¢ has been founded by a council of scientists, with the aim of helping the knowledge and scientific achieve-
ments to contribute to the world.

e articles published in the journal are placed additionally within the journal in international indexes and li-
braries.

e s a free access to the electronic archive of the journal, as well as to published articles.

e before publication, the articles pass through a rigorous selection and peer review, in order to preserve the
scientific foundation of information.

Editor in chief —J an Kaminski, Kozminski University
Secretary — Mateusz Kowalczyk

Agata Zurawska — University of Warsaw, Poland

Jakub Walisiewicz — University of Lodz, Poland

Paula Bronisz — University of Wroctaw, Poland

Barbara Lewczuk — Poznan University of Technology, Poland
Andrzej Janowiak — AGH University of Science and Technology, Poland
Frankie Imbriano — University of Milan, Italy

Taylor Jonson — Indiana University Bloomington, USA

Remi Tognetti — Ecole Normale Superieure de Cachan, France
Bjern Evertsen — Harstad University College, Norway
Nathalie Westerlund — Umea University, Sweden

Thea Huszti — Aalborg University, Denmark

Aubergine Cloez — Universite de Montpellier, France

Eva Maria Bates — University of Navarra, Spain

Enda Baciu — Vienna University of Technology, Austria

Also in the work of the editorial board are involved independent experts

1000 copies
POLISH JOURNAL OF SCIENCE
Wojciecha Gorskiego 9, Warszawa, Poland, 00-033
email: editor@poljs.com
site: http://www.poljs.com


mailto:editor@poljs.com
http://www.poljs.com/

CONTENT

ART
Maryshchuk T.
THE USE OF MODERN TECHNOLOGIES IN
STRUCTURAL AND TEXTURAL DESIGN, BRAND
MANAGEMENT, AND MARKETING STRATEGIES IN THE
FASHION DESIGNERS' ACTIVITY .ccoviieeeeiieeeeiiee e, 3

BIOLOGICAL SCIENCES
Lis R., Aladyeva T.

THE EFFECT OF ANTIBODIES AGAINST RAT FETAL
ANTIGENS ON THE CONDITION OF FETUSES AND THE

MOTHER'S SPLEEN DURING PREGNANCY ......cccceveeeens 9

CHEMICAL SCIENCES
Ravshanov M., Aronbaev S., Aronbaev D. Klimko Yu., Koshchii l.
SULFUR-CONTAINING COMPOUNDS IN PETROLEUM SYNTHESIS OF ADAMANTYL DERIVATIVES OF
AND MOTOR FUELS: OCCURRENCE, ANALYTICAL ALDIZINE. DERIVATIVES CONTAINING AN
DETERMINATION, ENVIRONMENTAL IMPACT, AND ACYLHYDRAZONE FRAGMENT ....ceviiverriiiieeeeeeeens

ADVANCES IN DESULFURIZATION TECHNOLOGIES...15

ECONOMIC SCIENCES
Ratnikov D., Shyliuk P.,
Fesun A., Petrenko O.
METHODOLOGY FOR DEVELOPING THE ECONOMIC
ADAPTABILITY OF CONSTRUCTION ENTERPRISES
UNDER MULTILEVEL UNCERTAINTY ..eiieeeeeiiceeeeeeees 27

MEDICAL SCIENCES
Azamatov A., Rakhimov J.,
Abdullayev A., Ergashova M.,
Okhundedayev B., Botirov R.
EXPERIMENTAL INVESTIGATION OF THE ANALGESIC
ACTIVITY OF A FRACTION ISOLATED FROM PHLOMIS
THAPSOIDES L. ..ot eeevevene e e e 32



POLISH JOURNAL OF SCIENCE Ne 101, 2026 3

ART

BUKOPUCTAHHS CYUYACHUX TEXHOJIOT'TI KOHCTPYKTUBHO-®AKTYPHOI'O ®OPMOYT-
BOPEHHSA TA BPEHA-MEHE/KMEHT I MAPKETUHI'OBI CTPATEI'TL Y AIAJIBHOCTI JU3AU-
HEPIB OJATY
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AHoTanisa

VY cTaTTi JOCIHIIKEHO 0COOIMBOCTI KOHCTPYKTUBHO-(pakTypHOro (pOopMOYTBOPEHHS B AN3aiiHI OJsTy B KOH-
TEKCTi 1HTerparii Cy4acHMX TEXHOJIOTIYHHX INpOIECiB, (OPMYBaHHS CTHIIO, MAapKETHHIOBHX TEXHOJIOTIH Ta
OpeHI-MeHeDKMEHTY. AKTYallbHICTD JOCIIKEHHS 3yMOBJICHA HEOOXITHICTIO KOMILICKCHOTO MiIXOAY A0 IMPO€EK-
TYBaHHS Cy4acHOTO OJISTY, IO TIOEAHYE XyN0XKHbO-ECTETHYHI, KOHCTPYKTHBHO-TEXHOJIOT1YHI Ta KOMYHIKaliitHO-
MapKETHHT'OBI aCIIEKTH CTBOPEHHSI KOHKYPEHTOCIIPOMOXKHOTO TU3aifHEPCHKOTO MPOIYKTY.

Abstract.

The article investigates the peculiarities of constructive-textural form generation in fashion design within the
context of integrating modern technological processes, style formation, marketing technologies, and brand man-
agement. The relevance of the research is determined by the need for a comprehensive approach to clothing design
that combines artistic, aesthetic, technological, and marketing aspects to create competitive fashion products.

KaiouoBi ciioBa: KOHCTPYKTUBHO-(pakTypHE (JOPMOYTBOPEHHS; IN3AiH OJAry; TEXHOJIOTIUHI mporecH; ¢o-
PMYBaHHS CTIIIIO; peKJIaMa 1| MApKETUHIOBI TEXHOJIOTIT B IM3aiiHi OJITY; MO/ 1 CTUITIICTHKA; OpeH/I-MEHEDKMEHT;
MapKeTHHT Y cepi MOAM; IMiK-THU3aiiH.

Keywords: constructive-textural form generation; fashion design; technological processes; style formation;
advertising and marketing technologies in fashion design; fashion and stylistics; brand management; fashion mar-
keting; image design.

CyuacHi KOJIEKIIif OAATY CBiAYaTh, IO KOHCTPYK-
TUBHO-(aKTypHEe (POPMOYTBOPEHHS [eAajii dacTime
BUCTYIIA€ HE JIMIIE XYJ0XKHIM NpUIHOMOM, a i cTpate-
FYHAM 1HCTPYMEHTOM CTBOPEHHSI KOHKYPEHTHHX Iie-
peBar Openmy. IuTerparist 1MQPOBUX TEXHOJOTIH,
IHHOBALlIMHUX MaTepiaiB Ta Cy4aCHUX BHPOOHHYMX
NpoLeciB Jae 3MOry (GopMyBaTH YHIKaJIbHY IU3aiiHep-
CbKY MOBY, IKa CTa€ BKJIMBOIO CKIIAJIOBOIO MO3HUIIIO-
HyBaHHs OpeHIy Ha cBiTOBOMY pHHKY. [lokasoBum
NPUKJIAZAOM € TBOPYICTH YKpaiHCBKOTO OpeHmy
FROLOV, y KoneK1isx sIKOro KOHCTPYKTHBHI PILICHHS

TIOEHYIOThCS 3 PYYHOIO BHIIHMBKOIO, JI€KOPATUBHUM
03]100JICHHSM, ITPO30PUMH MaTepialaMy Ta CKIIaJHIMHU
TEXHOJIOTISIMH OOPOOKH TEKCTHIIIO. BUKOpUCTaHHS KO-
PCETHHUX KOHCTPYKIi# y IO€IHAHHI 3 CyYaCHUMH MaTe-
pianamu popMye BUpa3HUi Xy0XKHIH 00pa3, 1110 BUPi-
3HsI€ OpeH]| cepell IHIIMX MPEeACTaBHUKIB YKpaiHChKOT
MozHoT iHayCcTpii [12]. V 11bOMy BUNaAKy KOHCTPYKTH-
BHO-(akTypHE GOPMOYTBOPEHHS BUKOHY€ HE JIUIIIE eC-
TEeTHYHY, a 1 KOMYHIKaIiiHy (YHKIIIFO, MiAKPECITIO-
FOUH BITi3HABaHICTh aBTOPChKOTO cTIuio (L. 1).
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(In.1) Koncmpyxkmueno-gakmypre gpopmoymeopenis y konekyii 6pendy FROLOV
(8UKOPUCTNAHHS KOPCEMHUX KOHCMPYKYIlL).

[HmuM  mpukmagoM € yKpalHCBKHKA — OpeHn
BEVZA, nu3aiinepcpka KOHIETIIA SKOTO IPYHTYETHCS
Ha MiHIMaNi3Mi, 9iTKif TeoMeTpii KOHCTPYKIiil Ta BH-
KOPUCTaHHI IPUPOIHOI TUIACTUKU TKaHWH. KOHCTpYK-
TUBHO-(DaKTypHE (OPMOYTBOPEHHSI pealli3yeThCs Ye-
pe3 JIaKOHIYHI CHITyeTH, TOUYHICTh KOHCTPYKTUBHHUX JIi-
Hill 1 BUCOKOsIKiCHI HaTypanbHi Matepianu (11.2).

-5

"
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Takuil maxin JeMOHCTPYE, IO XyIOKHS BUpPa3-
HICTB MOJKE JIOCATATHCS HE JIMIIE CKIAJHUMH JIeKopa-
TUBHUMH €JICMEHTaMH, a i TApMOHIHHUM ITO€THAHHAM
KOHCTpyKii, mponopiit Ta paktypn marepiamy. Came
ue GopMmye CTiliKy Bi3yalbHY iJEHTHYHICTh OpeHIy Ha
MiKHapoJHOMY puHKY [11].

8

(In.2) Minimanicmuune KoHcmpyKkmugHe opmoymeopens y Konexyii opendy BEVZA
(ceomempuyni cunyemu, 1aKOHIYHI KOHCMPYKMUBHT PilUenHsl).

BaxnuBe Mmicue cepell YKpaiHChbKHX AM3aiiHEpiB
nocinae 6penn Litkovska, y TBOpYOCTi SIKOTO aKTHBHO
BUKOPHCTOBYIOThCS MPUHIIUIIH AEKOHCTPYKIIii, acHMe-
Tpii, OararourapoBocTi Ta TpaHChOpMAIil KOHCTPYKTH-
BHUX €JIEMEHTIB. 3aCTOCYBaHHS HETPAJAUIIHHUX KOHC-
TPYKTHBHHX PIllICHb J03BOJISIE CTBOPIOBATH JTMHAMIUHI

(bopmu, 1110 3MIHIOIOTh Bi3yallbHe CHPUIHATTS BUPOOY
3aJIeXHO BiJ| crioco0y #oro Hociuus [13]. Le cBiguuth
Mpo TepexXi BiJ TPaAWIifHOTO KOHCTPYIOBaHHS MO
KOHIICTITYaJbHOTO TPOEKTYBAHHS, JI¢ KOHCTPYKIIS
CTae OCHOBHUM HocieM XynoxkHboi inei (In.3).
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Cepen MiXkHapOIHHUX OPEHIIIB OJTHUM i3 HaHO1IbII
nokaszosux € Iris van Herpen, komekimii sikoi 1eMoH-
CTPYIOTh NMPHHIMIIOBO HOBHH MiJXiJ 10 KOHCTPYKTH-
BHO-(akTypHOTO (popMoyTBOpeHHS [14]. [u3aitHepka
AaKTHBHO BUKOPHCTOBYE TPUBHUMIPHUH JPYK, alITOPHT-
MidHEe MOJEJIIOBaHHs, JIa3epHi TEXHOJIOrIT Ta OiomaTe-
piaji, CTBOPIOIOYH CKJIa{HI IUIACTUYHI CT

KTYpH, 110

::., i

(In.3) Buxopucmanms npunyunie 0ekoHcmpyKkyii ma mpancgopmayii KOHchipyKuii' vy koaexyii 6penody Litkovska.

MTOEHYIOTh BIACTHBOCTI MOJIH, apXiTEKTYpH Ta mug-
poBoro muctenrBa. Y ii poboTax KOHCTpYKis, (ak-
Typa 1 TEXHOJOTisl YTBOPIOIOTh €AUHY XYIOXKHIO CHC-
TeMy, sIKa BU3HAYa€ MEPCIICKTUBHI HAIIPSMH PO3BHTKY
cydacHoro am3aitHy oasary (1n.4).

(In.4) 3acmocyeanns 3D-0pyKy ma ancopummiuHo2o MOOeNO8AH s Y GUCOKIT MOOI Ha npukadi konexyii Iris van
Herpen.

He menm BaxiuBuUM € nocBim Openmy Issey
Miyake, sIKvif OZHUM 13 MEPIINX IHTETPYBaB TEXHOJIO-
rii TPOMHUCIIOBOTO IUTICHPYBAaHHS y TIporiec ¢Gopmy-
BaHHsA KoHCTpykuii BupoOy (In.5). Cepis Pleats
Please 1eMOHCTpY€ MOXIIMBICTh BAKOPUCTAHHS TEXHO-

JIOTIYHUX MPOIIECIB IK OCHOBHOTO 3ac00y (pOpMOYTBO-
peHHs. 3aBIsSKH CIEialbHI TEXHOJOTl TepMiyHOTO
3aKpIIUICHHsS] CKJIAJ0K JW3aifHepu OTpUMaiud 3MOry
CTBOpIOBaTH BUPOOH, IO MOEAHYIOTHh IIACTHYHICTb,
(YHKIIOHAJIBHICTh, MOOUIBHICTE Ta XYJ0XKHIO BUpa3-
HicTb [15].
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(In.5) Texnonozia npomucnogozo niicupyeanus y konexyisix PLEATS PLEASE ISSEY MIYAKE.

[HHOBaWi#HI MiaAXoAM 10 poOOTH 3 MaTepiatamu
MPOCTEKYIOTHCS TAKOXK Y KOJIeKLisx OpeHay Alexander
McQueen, 1e KOHCTPYKTHBHO-(aKkTypHe (HOPMOYTBO-
peHHsI 0a3y€eThesl Ha NOETHAHHI TPAAUIIIHHUX TEXHOJIO-

il Kporo 3 HU(POBUM MOJETIOBAHHSIM, JIA3EPHOIO 00-

poOKOIO MaTepialiB Ta CKJIaJHUMH BHIAMH JICKOPATH-
BHOrO 037100seHHs [16]. Lle 3abe3meuye cTBOpeHHS
CKJIaJTHUX CHJIYETHHX KOMIIO3HIIiH, SKi OJJHOYACHO BU-
KOHYIOTh €CTETUUHY, EMOLIIHY Ta KOMYHIKaTUBHY (Y-
HK1i (171.6).

(11.6) Tloconanus yughposux mexnonoeii, CKiadHo20 Kpor ma 0eKopamusHo2o 030001eHHS Y KOAeKYil
Alexander McQueen.

AHaJi3 nae macTaBu CTBEpHKyBaTH, 10 He3aje-
KHO BiJl KOHIIEMIIii OpeHIy Cy4acHe KOHCTPYKTHBHO-
(akTypHE (OPMOYTBOPEHHSI PO3BUBAETHCA 3a KiJIb-
KOMa B3a€MOIIOB’SI3aHUMH HaNpsiMaMu: OUQPOBi3allis
NpoLeCy NPOEKTYBaHHS, BAKOPUCTAHHS iIHHOBaLIHHUX
MarepiaiB, IHTerparisi BACOKOTEXHOJIOTTYHUX CIIOCO-
6iB 00pOOKN TEKCTHIIIO, NepcoHali3amis Au3aiiHepCh-
KOT'0 IPOJYKTY Ta IOCHWIEHHS pouti OpeHnuHry. Came
KOMIUIEKCHE TMO€JHAHHS IUX CKJIAJ0BHX 3a0e3rneuye

(opMyBaHHS BITi3HABaHOI AU3aifHEPCHKOI MOBH, CTBO-
peHHS eMOLiWHOI IHHOCTI MPOIYKTY Ta IiABHUIICHHS
HOro KOHKYPEHTOCIIPOMOXKHOCTI Ha CBITOBOMY PHHKY
[8].

OTpuMaHi pe3yibTaTd MiATBEPIXKYIOTh, IO CYy-
YacHI TEXHOJIOTIUHI MpolecH 0e3rnocepesHbo BIUIHBA-
I0Th Ha PO3BUTOK KOHCTPYKTHBHO-(aKTypHOTo (op-
MOYTBOPEHHSI Ta 3MIHIOIOTh TPAAMLIHHI MiAXOAN 1O
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NPOEKTYBaHHS onsry. BospHowac ycmimHicTs au3aid-
HEPCHKOTO MPOIYKTY BH3HAYAETHCS HE JIMIIE PIBHEM
TEXHOJIOTIYHHMX 1HHOBAIIiH, a i 3MaTHICTIO iIHTETpyBaTH
iX y OiTiCHy XyIOXHIO KOHIICTIIIIO, IO BiATIOBigae
cTpaTerii OpeHIy, aKTyalbHHM TEHACHIIISIM MOIH Ta
OUiKyBaHHAM LiIH0BOI aynuTopii. Lle gae mincraBu po-
3IAAATH KOHCTPYKTHBHO-(aKTypHE (POPMOYTBOPEHHS
SK OJVH 13 KIIIOYOBHX YUHHHUKIB PO3BHUTKY CYy4acHOI
MOJIHOI 1HIYCTPil [6].

[IpoBenenuii ananiz cy4acHOro puHKY MOJIH CBiJl-
YHTh, 110 YCIILIHI OpPEHM BUKOPHCTOBYIOTh KOHCTPY-
KTUBHO-(aKTypHE ()OPMOYTBOPEHHS SIK OJIMH i3 TOJIOB-
HUX IHCTPYMEHTIB OpeHAa-mo3unioHyBaHHA. Hampu-
KJan, ykpaincekuit Opeanq BEVZA copmyBas BracHy
PUHKOBY 1I€HTHYHICTP 3aBASKH MiHIMaJIICTUIHIN ecTe-
THUI, YiTKUM KOHCTPYKTHBHUM DIiIlICHHSAM, BHKOPHC-
TaHHIO HATYypaJIbHUX MaTepialiB Ta CTPUMaHiil KOIbO-
pogiii rami. CaMe TOCITiOBHICTh qU3aifHEPCHKOi KOH-
nenuii  3abe3medmsna  OpeHOY BHCOKUH  piBEHb
YIi3HABAHOCTI HA MIKHAPOJHOMY PHHKY [9].

Inmry crparterito peanizye 6penn FROLOV, sikuii
aKIEHTYE yBary Ha CKJIaJHHX KOHCTPYKTHUBHUX (op-
Max, KOPCETHUX TEXHOJIOTISIX, IPO30pUX TKAaHWHAX, PY-
YHI{ BUIIUBII Ta ICKOPATHBHUX eneMeHTax. KoHerpy-
KTUBHO-(aKTypHE ()OPMOYTBOPEHHS Y IIbOMY BHITAIKY
CTa€ OCHOBOIO €MOIIHHOT KOMYHiKaii OpeHmIy 31 cro-
JKUBaueM i popMye HOTo mpeMiaTbHIH iMiIK. 3aBIsIKA
TIOETHAHHIO BHCOKOI SIKOCTI BHKOHAHHS, aBTOPCHKOI
CTHJIICTHKH Ta aKTUBHOI NMPUCYTHOCTI ¥ CBITOBOMY iH-
(hopmMariiifHoMy TpocTopi OpeHI 3MIIHUB CBO{ IMO3UIIIT
B CErMEHTI cy4acHoi Mo [4].

[TokazoBUM MpPUKIANOM MIKHApOAHOTO OpeHI-
MEHEDKMEHTY € HisuTbHICTh Iris van Herpen, sika mo0y-
JyBaJia MO3MILIOHYBaHHs OpeHIy Ha MOEIHAHHI BHCO-
KHUX TEXHOJIOTiH, HAyKOBHUX JOCIIPKEHb 1 1u(poBOro
MuctenTBa. Bukopucranus 3D-apyky, napameTrpuu-
HOTO MOJICITIOBAHHS, IHHOBAI[ITHUX MaTepiaiiB i Mix-
JTUCHHTUTIHAPHOI CITIBIIPAIli CTAaI0 OCHOBOKO YHiKallb-
HOI 1IGHTUYHOCTI OpeHIy Ta HOTOo BITi3HABAHOCTI y CBi-
TOBIM iHAycTpii haute couture. ¥ 1pOMy BHIIAAKY
TEXHOJIOTIYHI IHHOBAIlil € He JUIIe BHPOOHHYUM iH-
CTPYMEHTOM, a i BOXKJIMBUM €JIEMEHTOM OpeHJI-KOMY-
Hikauii [7].

VY cyuyacHUX yMOBax pO3BHTKY IH(POBOro cepe-
JoBUIIA e(hEeKTUBHICT OpeH/I-MEHEPKMEHTY 3HAYHOIO
MIpOO BU3HAYAETHCS BUKOPUCTAHHIM MapKETHHTOBHX
komyHikauii. CouiansHi Mepexi, udposi npe3eHTarii
KOJICKIIiH, BiJICOKOHTEHT, CHIiBOpals 3 iH(IIOCHCE-
paMu, IHTEpaKTUBHI IJIaTPOPMH Ta EIEKTPOHHA KOMe-
pIisl CTamu HEBiI €MHUMH IHCTPYMEHTAMHU MPOCY-
BaHHS TU3aiTHEPCHKUX OpPCH/IIB.

Lle mo3Boise He ymie 301IBITYBATH OXOIJICHHS
aymuropii, a i (opMyBaTH AOBrOCTPOKOBY €MOILiHHY
B3aEMOJIIIO 31 CrIOKUBadamu [9].

AHai3 103BOJIsIE BAOKPEMUTH OCHOBHI CKJIQIOBI
e(eKTHBHOTO OpeHA-MEHEKMEHTY y cdepi Tu3aiHy
OJIATY: HASBHICTH MIJIICHOT AM3aHEPCHKOT KOHIISTIIII;
BUKOPUCTAHHS KOHCTPYKTHBHO-(aKTypHOTO (HOpPMOY-
TBOPEHHS SIK €JIEMEHTa Bi3yallbHOI 1AEHTHYHOCTI;
YIPOBA/UKEHHS CyYacHUX TEXHOJIOTIH MPOEKTYBaHHS 1
BUPOOHMIITBA; CUCTEMHE 3aCTOCYBaHHS MapKETHHIO-
BUX KOMYHIKalid; MiATpUMaHHS CTa0UIBHOI SKOCTI

MIPOYKLIT; (POPMyBaHHs MO3UTHUBHOTO IMIKY OpeHmy
Ta PO3BUTOK EMOIIIIHOT JIOSIHHOCTI CIIOKUBAYiB [2].

B3aemogis mux ckiramoBux 3a0e3rnedye CTilke mo-
3UILIOHYBaHHA OpeHIy Ta HOT0 KOHKYPEHTOCIIPOMOXK-
HICTh y TUHAMIYHOMY CEpEIOBHINI MOJHOI iHIyCTpii.

BpeHn-MeHeKMEHT y CyJacHOMY JH3aifHi OJATY
CITiJ] PO3TIIANATH SIK IHTETPOBaHY CHCTEMY YIIPaBIiHHS,
y SKii KOHCTPYKTHBHO-(paKTypHE (OPMOYTBOPEHHS
BUKOHYE€ HE JIMILE XYJ0XKHbO-ECTETUYHY, a i cTpaTeri-
yHy ¢yskuiro. Bono ¢opmye yHiKaJdbHY BizyalbHY
MOBY OpeH/Iy, HiJICHIIIOE HOTO KOMYHIKaliHHy e(eKTH-
BHICTB, CIpHsI€ CTBOPEHHIO KOHKYPEHTHHX HepeBar i
3a0e3meyuye JOBIOCTPOKOBHN PO3BUTOK IH3aiHEPCH-
KOTO MPOAYKTY Ha HAIIOHAJFHOMY Ta MiKHAPOITHOMY
puHKax. Takuif KOMIUIEKCHUH TiAX1T M ATBEPIKYE, IO
B3a€MO3B’SI30K JH3aifHy, TEXHOJIOTIH 1 OpeHI-MeHeK-
MEHTY € OJHHM i3 BU3HAYaJIbHUX YMHHHKIB PO3BUTKY
cy4acHoi iHgycTpii moaum [10].

CrpimMKuii po3BUTOK IM(POBOT EKOHOMIKH Ta IJI0-
Oamizalliss MOAHOT iHIYCTpil CYyTTEBO TpaHCHOPMYBAIH
MIiAXO0H 10 IPOCYBaHHS AU3aHHEPChKUX OPEH/IIB.

VY cydacHHX yMOBax yCHIIIHICTh OpeH/y BU3HA4a-
€TBHCSI HE JIUILIE XYI0KHBOIO SKICTIO BUPOOIB UM PiBHEM
TEXHOJIOTIYHOTO BUKOHAHHSA, & H S(EKTHBHICTIO Map-
KETHHTOBUX KOMYHIKAIil, CHJIOIO Bi3yallbHOI IICHTHY-
HOCTI Ta 3IATHICTIO ()OPMYBATH CTIHKHH E€MOIHHUI
3B 530K 3i crioxuBadeM. CaMe TOMy MapKETHHIOBI Te-
XHOJIOTII Ta IMIIK-AU3aiiH CTallM HEBiA €MHUMH CKJIa-
JIOBAMH PO3BHUTKY CYy9acHOTO OpeHmy omsry [7].

MapKkeTHHI0Bi TEXHOJIOTIi y cpepi MOIU OXOIIIFO-
I0Th CHCTEMY IHCTPYMEHTIB, CHPSMOBAaHHMX Ha JIOCIi-
JOKCHHS CIIOXKUBYOI MOBEIIHKY, aHAII3 PUHKOBHUX TCH-
JCHLIH, (OopMyBaHHsI KOHKYPEHTHHX IIepeBar i mpocy-
BaHHS JM3allHEpChKOTO NpoAykTy. Ha BimMmiHy Bif
TpaAuLiifHOrO MapkeTHHTY, fashion-mapkeTuHr 0a3zy-
€THCS Ha TIOETHAHHI €KOHOMIYHUX MEXaHi3MiB i3 XyH0-
HBOIO CKJIaJIOBOIO, 1€ EMOIIiifHe CIpHUHHSTTS OpeHmy
4acTO Ma€ BUpIIAIBHE 3HAUCHHS MiJ 4ac MPUHHSATTS
pitmeHHs npo KymiBiaro. OqHIM 13 HaAWHBaXITUBIIIAX 1H-
CTPYMEHTIB Cy4acHOTO MPOCYBaHHS € IIM(PPOBI MapKe-
THUHTOBI KOMYHIKarii [1].

CorrianpHi MEpexi, Creniani3oBaHi OHIAWH-TIAT-
(dbopMH, eeKTpOHHA KOMEpIIis, BiJI€COMapKETHHT, iHTe-
PaKkTHBHI Mpe3eHTalil KOJIeKil, IH(ppPOBI MoKa3u MO
Ta CHIBIIpalld 3 JIiiepaMy TpOMaICbKoT IyMKH 3a0e3me-
YyIOTh O€3M0CepeHii KOHTAKT MK OPEHIOM 1 MOTEeH-
ITHUM CITOKHBaueM. BUKOPUCTAHHS IIUX TEXHOJOTIH
JI03BOJISIE OIIEPAaTUBHO pearyBaTH Ha 3MiHM MOJIHHX Te-
HICHIIIH, aHaJi3yBaTH MOBEIIHKY ayAUTOPii Ta Iepco-
HATI3yBaTH KOMYHIKAIlI0 BiAMOBITHO 1O MOTped pi3-
HUX TPYII CIIOKHUBaYiB [5].

CydacHa TpakTHKa CBiUUTH, IO TPOBIIHI YKpa-
THCBKi AU3aiiHepH Jie/1alli akTUBHIIIE iHTeTPYIOTh Map-
KETHHI'OB1 TEXHOJIOTIi y MPOIeC CTBOPEHHSI Ta MPOCY-
BaHHA Kousiektii. Tak, Openn BEVZA mocnioBHO BU-
KOPUCTOBYE KOHIICTIIII0O «TUXOi po3komi» (quiet
luxury), miarpumyrouu ii B ycix elreMeHTax KOMyHika-
il — BiJ apXiTEKTypH KOJEKILiH 1 CTHIICTUKH peKiIaM-
HUX KaMIaHiil 10 odopmiieHHs UPPOBUX IIATHOPM.
€IHICTb KOHCTPYKTHBHUX PillleHb, HATYPAJIbHUX MaTe-
piayiB 1 MiHIMaTiCTHYHOI Bi3yallbHOT MOBH 3a0e3Ieuye
OpeH/y BII3HABaHICTh Ha MDKHApOJHOMY pHHKY [11].
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Bpenn FROLOV peanisye iHIy MapKeTHHIOBY
MOJIeTb, 3aCHOBaHY Ha €MOI[iIHHOMY IMO3WI[IOHYBaHHI.
BuxopucranHs crieHiYHEX 00pasiB, CIiBIIpaIld 3 Bigo-
MHUMH apTHUCTaMH, aKTHBHA IIPUCYTHICTh y MIKHAPO-
HOMY iH(OpMAIIfHOMY TIPOCTOPi Ta IEMOHCTpAIisd
CKIIaTHUX TEXHOJIOTiH pydHOTo 031001eHHS (opMy-
IOTh CTIMKi acoriarii 3 eKCKIIO3UBHICTIO, MaiCTepHi-
CTIO Ta CYYaCHOIO YKPaiHChKOIO MOJIOI0. Y LIbOMY BH-
NajgKy iMiZk OpeHOy CTBOPIOETHCS 3aBISIKM MOE]-
HaHHIO KOHCTPYKTUBHO-(paKkTypHOTO
(hOpMOYTBOPEHHS, XyA0KHBOT KOHLENLIT Ta e()eKTHB-
HHUX MapKETHHTOBHX KOMYHiKkaii [12].

[Toxa30BUM MDKXHAPOJHUM TNIPUKIATIOM € OpeHs
Iris van Herpen, sxuii BuOyITyBaB BIacHy MapKEeTHH-
TOBY CTpATEeTil0 Ha OCHOBI MDKAHMCIIMILTIHAPHOI B3a€-
MOJIii MOIH, HAYKH, apXiTeKTypH Ta IMU(YPOBHUX TEXHO-
norit. JleMoHCTpamis iHHOBAIlIfHUX TEXHOJIOTIYHIX
nporeciB — 3D-apyKy, MmapaMeTpUIHOTO MOJEITIO-
BaHHs, BHUKOpHCTaHHs OiomarepianiB — cTajga He-
BiJI’€MHOIO CKJIa[IOBOIO OpEeHI-KOMYHIKaIlii. Y pe3yiib-
TaTi TEXHOJIOTIYHI 1HHOBALl EPETBOPIOIOTHCS HA I10-
TYXXHUH MapKeTHHTOBHUH IHCTPYMEHT, sIKMU (opmye
YHIKaJIbHE MO3UI[IOHYBaHHs OpEH/y Y CBITOBIM MOHIN
inxyctpii [14].

IIpoBenene mOCHiKEHHS [a€ IICTaBH CTBEp-
JOKyBaTH, IO HAHOUThII e(QEeKTHBHI MapKETHHTOBI
cTparerii CydacHUX OpeHIIiB IPYHTYIOTbCS Ha KOMILIE-
KCHiH iHTerparii XyJZ0KHbOI KOHIIENIii, KOHCTPYKTHU-
BHO-()aKTypHOTO (POPMOYTBOPEHHS, TEXHOJOTIYHHUX
iHHOBAIIi# Ta MUPPOBUX KOMYHiKariil. Came y3romke-
HICTh NU3aHHEPCHKUX, TEXHOJOTIUYHUX I MAPKETHHIO-
BUX pillleHb 3a0e3neuye (popMyBaHHS LTICHOT Bizya-
JIBHOT 1IEHTUYHOCTI OpeH/1y, MiIBUILY€ HOTO BIli3HABa-
HICTh 1 CTBOPIOE J0JaHy LIHHICTh NPOIYKLII B 04Yax
criokuBayva [2].

TakuM 4YHMHOM, MapKETHHTOBI TEXHOJOTrii Ta
IMIIDK-ITU3alH y cydacHil iHIycTpil MOIU BUKOHYIOTh
He JIMIIe KOMepLiiHy, a if crpareriuny ¢yHkuito. Bonn
3a0e3neuyroTh e(heKTUBHE IO3HI[IOHYBaHHS OpeHY,
HIATPUMYIOTh HOro pernyTaiiro, GOopMyrTh eMOLINHHY
B3a€EMOJIIIO 31 CIIOXHBAYEM 1 CIIPHUSAIOTH JJOBIOCTPOKO-
BOMY PO3BHTKY TU3aiHEPCHKOTO Oi3HECY. ABTOPCHKHUIT
aHaJi3 103BOJISAE 3pOONUTH BUCHOBOK, 110 KOHKYPEHTO-
CIPOMOKHICTB Cy4acHOTO OpEeHIY OATY BU3HAYA€THCS
HE OKPEMHUMH MapKETHHTOBHMH 33X0/1aMH, a KOMILIe-
KCHOIO 1HTETPaIli€l0 KOHCTPYKTUBHO-(aKTYPHOTO (o-
PMOYTBOPEHHS, TEXHOJOTIYHUX MPOIECiB, OpeHI-Me-
HEJDKMEHTY Ta iMiK-Tu3aifHy B €IUHY CHCTEMY CTpa-
TerivHOrO ympasiiHHA OpeHmoM. Ha ocHOBI aHamizy
KoJeklii ykpaiHcekux Opennie BEVZA, FROLOV,
Litkovska ta mixnaapogaux OpenmniB Iris van Herpen,
PLEATS PLEASE ISSEY MIYAKE, Alexander
McQueen BCTaHOBIICHO, 110 TEXHOJOTIYHI IHHOBAIIIT €
He JIMIIE 3ac000M YJOCKOHAJICHHS! BAPOOHUYHX MTPOIIe-
CiB, a i BOKIIMBIM YHHHUKOM OpCH/I-TIO3UI[IOHYBaHHS.
VYenimHi OpeHAM IHTETPYIOTh Cy4acHI TEXHOJOTIl y
BJIaCHY JM3aliHEPCHbKY KOHIENMilo, (JOpMyIOUn yHiKa-
JBHUH XYZOXKHINH 00pa3s, skuii 3abe3nedye BIi3HaBa-
HICTB MPOAYKILIi Ha MbKHapogHOMY pHHKY [10].

EdextuBamii OpeHI-MEHEIDKMEHT y JW3aiiHi
oJiry 06a3yeThcsi Ha KOMIUIEKCHOMY TO€JHaHHI KOHC-
TPYKTHBHO-(AKTypHOTO ()OPMOYTBOPEHHS, TEXHOJIOT1-
YHUX [POIECiB, MapKeTHHTOBHX KOMYHIKamii Ta

iMiJDK-1n3aliHy. Bukopucranss nudpoBux MapKeTHH-
TOBHX IHCTPYMEHTIB, Bi3yaJIbHOI ali/ICHTUKH, KOHTCHT-
MapKeTHHTY, COLIaJbHUX MEPEeX 1 CyyacHHUX 3aco0iB
KOMYHIKaIlii crpusie (OpMyBaHHIO ITO3UTHBHOTO iMi-
JUKY OpeHay, HiJIBUILEHHIO HOT0 KOHKYPEHTOCIIPOMO-
JKHOCTI Ta 3MIIIHEHHIO JIOSITFHOCTI ITBOBOI ayJUTOPIi.

HaykoBa HOBM3HA JOCIIXKEHHS TIOJISITAE Y KOM-
IUIGKCHOMY OOTpYHTYBaHHI B3a€EMO3B 513Ky KOHCTPYK-
THUBHO-(DaKTYpHOTO (POPMOYTBOPEHHSI, Cy4aCHHX TeX-
HOJIOTIYHUX TIPOLECiB, (POPMYBaHHS CTHIIIO, OpEH/I-Me-
HEJDKMEHTY Ta MApKETHHIOBHX TEXHOJIOTIH SIK €TMHOT
CHCTEMH IIPOEKTYBAHHS 1 IPOCYBaHHS AU3AHHEPCHKOTO
MIPOXYKTY. 3alpOIIOHOBAaHMI IHTEIPOBAHMH TMiIXi O~
3BOJISIE PO3TIISIATH KOHCTPYKTUBHO-(hakTypHE (hopMo-
YTBOPEHHSI HE JIMIIE SIK XYyJOXHbO-KOHCTPYKTUBHHUI
TpoIiec, a i SIK CTpaTeriyHui iHCTPYMEHT CTBOPEHHS
KOHKYPEHTHHX IIepeBar Cy4acHoro openay oxsry [8].

Otmxe, NpaKTUYHE 3HAYCHHS OTPHMAaHUX PE3YJIb-
TaTiB MOJISITAE Y MOKJIMBOCTI iX BUKOPHCTAHHS ITij1 4ac
MPOEKTYBAHHS aBTOPCHKHUX 1 MPOMUCIOBUX KOJIEKITiH
oJiry, po3poOsieHHs1 OpeHA-CTpareriii, HaBYaJIbHOTO
nporecy 3a cneiaibHicTio «/u3aiiiy, a TakoxkK y mpo-
(eciliHiii AisUTBHOCTI AU3aliHEPiB, KOHCTPYKTOPIB, TEX-
HOJIOTIB, MapKeToJIOTiB 1 haXiBLiB 3 OpeHA-MeHeIKMe-
HTY HIiATPUEMCTB MOJIHOI IHAYCTPIi.
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AHHOTALUA

Heas. OnpenencHue ko3QQUIMEHT TOCTUMIUIAHTAIUOHHON THOEH TUI0Z0B, UX MacChl U BO3MOXKHBIX H3-
MEHEHHH KJIETOYHOI'O COCTaBa Pa3HBIX 30H CEJE3EHKU MaTepH IPH BBEJCHUU aHTUTEN NIPOTHB aHTUTEHOB IUIOJA
B OpPraHu3M CaMOK OeJbIX KPBIC BO BpeMsi OepeMEHHOCTH.

Marepuan u Metoabl. VccnenoBanne npoBeaeHo Ha 16 OepeMEHHBIX caMKax OellbIX KPBIC U TIOJIyYEHHBIX
OT HUX IUI0/1aX. AHTUTEJA IPOTHB IJIOAHBIX AHTUTCHOB OBLIN MOJIyUYEeHbI ITyTeM CEHCHOMIN3aIMi HeOepeMEHHBIX
MHTaKTHBIX CaMOK KpBIC CYCIIEH3HEH CeJe3€HKH, MEeUeHH, TOJIOBHOTO MO3ra IUIOJIOB Ha IOJHOM aJbIOBAaHTE
Opeiinna. JKMBOTHBIM MMOJONBITHBIX TPYIIT BBOJUIACH IMMYHHAs CBIBOPOTKA MPOTHUB IUIOIHBIX aHTHUI'CHOB OJIHO-
KpaTHO, BHyTPUOPIOIKHHEO Ha 15-i neHs 6epemenHocTH. Ha 20-if meHp OepeMEHHOCTH OTpeesIi TOKa3aTen
NOCTUMIUIAHTALOHHOM rMOeNn 3apoAbIIeii, Maccy mIogoB. Ha rucToIornyeckux npenaparax celie3eHKH Oepe-
MEHHBIX CaMOK KPBIC IPOU3BOAMIN IUTOMETPHUIO B LICHTPAX Pa3MHOXKCHUS, MAHTUH U MapTrUHAIBHOH 30He (o-
JIMKYJIOB, B IEpHApTEPHABHBIX My(TaX U B KPACHOM ITyJIbIIe.

Pe3ynbTaThl. AHTUTENIAa IPOTHB IUIOJHBIX AHTHI'CHOB, BBEACHHBIC B OPraHU3M OCpPEMEHHOW CaMKH OebIX
KPBIC BO BTOPYIO IOJIOBUHY O€PEMEHHOCTH HE MPUBOAT K YBEINYEHHIO KO (PHUINEHTa TOCTUMIUIAHTAIHOHHON
rudesy 3apoblieii ¥ U3MEHEHHIO MacChl 3apOJIBIIICH, a TaKkKe K 3HAYUTEIILHOMY M3MEHEHHIO KJIETOYHOTO CO-
CTaBa pa3yIMuHBIX 30H JIUMQATHYECKUX (OJUTHKYIIOB, NEpHAPTEPUATLHBIX My(PT M KPACHOM MyJIbIbI CeNe3EHKN
Marepu.

BoiBoabl. OCHOBHBIM (DakTOPOM BHYTPUYTPOOHOTO BIKMBaHHS II0/Ia SIBJISIETCS TUIALICHTA.

Abstract

Objective. Determination of the coefficient of post-implantation fetal death, their weight and possible
changes in the cellular composition of different zones of the mother's spleen when antibodies against fetal antigens
are injected into the body of female white rats during pregnancy.

Materials and methods. The study was conducted on 16 pregnant female white rats and their fetuses. Anti-
bodies against fetal antigens were obtained by sensitizing nonpregnant intact female rats with a suspension of the
spleen, liver, and brain of fetuses on a full Freund adjuvant. The animals of the experimental groups were injected
with immune serum against fetal antigens once, intraperitoneally on the 15th day of pregnancy. On the 20th day
of pregnancy, the indicators of post-implantation death of embryos and the weight of fetuses were determined.
Cytometry was performed on histological preparations of the spleen of pregnant female rats in the germinal cen-
ters, mantle and marginal zone of follicles, in periarterial zones and in red pulp.

Results. Antibodies against fetal antigens injected into the body of pregnant female white rats in the second
half of pregnancy do not lead to an increase in the coefficient of post-implantation death of embryos and a change
in the mass of embryos, as well as to a significant change in the cellular composition of various zones of lymphatic
follicles, periarterial clutches and red pulp of the mother's spleen.

Conclusions. The main factor in fetal survival is the placenta.

KaioueBbie c1oBa: OepeMEeHHOCTh, aHTUTENA IPOTUB aHTUI'€HOB IUIOJIA, Cele3EHKa MaTepH, IUIAleHTa.

Keywords: pregnancy, antibodies against fetal antigens, maternal spleen, placenta.

Beagenne
CymiecTBoBaHHeE JIFOOOT0 TOCYAapCTBA HAIPSIMYTO

npuynHaMu, OJIHOH W13 KOTOPBIX BBICTYIIACT HEBBIHA-
INIMBAHUC 6epeMeHHOCTI/I. CHC}IOBaTeHBHO, ucciacaoBa-

CBsI3aHO ¢ ero Aemorpadueii. CoBpeMeHHasI TCHISHITUS
neMorpauueckoil CHUTyalMd TPaKTUIECKH BO BCEX
CTpaHax MHUpa, a 0co0eHHO B EBporie, SBISeTCS BBI30-
BOM JUJIs1 CYILIECTBOBAHUS UX B UCTOPUUECKON MEePCIEK-
TrBe. CHI)KEHUE POXKIAEMOCTH BBI3bIBAETCS MHOTMMHU

HUSl, HalIpaBJICHHBIE HA U3y4YCHHE ITPUYHH HEBBIHAIIIN-
BaHHS OEPEMEHHOCTH, SIBJISIOTCS aKTyallbHBIMH [5,6].
BepemeHnHOCTH IIpeACTaBIseT COO0H YHUKATIBHYIO
HMMYHOJIOTHYECKYI0 Hapajurmy, MIpu KOTOPOH HM-
MYyHHas cucTeMa MaTepu J0JKHA alallTUPOBAThCS AJIs
3alllUThl KAK MAaTE€PH, TaK U pa3BUBAIOLIETOCs IJI0/1a OT
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Pa3IMYHBIX NaTOTEHOB, OJHOBPEMEHHO IMEPEHOCS I10-
JyaJuToTeHHbIe TKaHu miona [11, 12].

VYcnemHass MEpPeHOCHMMOCTh IOy aNIOTE€HHOTO
IUIOJ]a MAaTePhI0 CO3MaeT OYEBHIHBIH MMMYHOJIOTHYE-
ckuit mapagokc. bepeMeHHOCTH YeoBeka OOBITHO CUH-
TaeTCsl MPUPOTHBIM AJUIOTPAHCIIIAHTATOM, HO Ha ca-
MOM JieJie TPAHCIIJIAHTATOM CKOpee SBISIETCS Iia-
LIeHTa, a He IUIoA. [1nanenTa u SBIseTCs TeM OpraHoM,
KOTOPBIH, aHATOMUYECKU Dasfessiss TKaHH MaTepu |
TUI0/1a, TTO3BOJISIET M30€KaTh UMMYHOJIOTHYECKOTO pac-
MO3HABaHUSI M TIOCIEIYIOUIET0 OTTOP)KEHUS TKaHeH
TUIOJIa U TIPEKpalIeHUs] OEpEeMEHHOCTH.

IIpu 3TOM 3a1€iCTBOBAHBI NONOJHUTENIBHBIE Me-
XaHU3MBI U1 COXPAHEHHS IUTAlEHTHl Ha BECh MEPUOT
0GEepEeMEHHOCTH: M3MEHEHHE KCIPECCHU MOJIEKYI de-
JIOBEYECKUX JICWKOIMTApHBIX aHTUTreHoB (human
leucocyte antigen, HLA) B maneHTe; mogaBIeHNe UM-
MYHHUTETa, ONOCPEJOBAaHHOTO MAaTEPHHCKUMH KIET-
kamu [8]. To ectb (opMupyeTcs TOJNIEPAaHTHOCTbH, B
MEepBYIO Ouyepelb, K aHTHUIeHaM IUIalleHThI, KOTOpbIE
SIBJISIFOTCSI CJICICTBHEM IKCIIPECCHHU, B TOM YHUCIIE, U OT-
LIOBCKUX TE€HOB.

B Hammx npeapIynmMx UCCIeA0BaHUSAX BIHSIHUS
AQHTUTEHOB IUIOJA U IUIAICHTHl Ha aHTEHATAIbHOE Pa3-
BUTHE OTOMCTBA ObUIa MOKA3aHO Ha MPUMEpPE U3MEHe-
HUS KJIETOYHOTO COCTaBa Pa3NIMUHBIX 30H CEIE3EHKU
MaTepu, YTO AHTUTEHBI TUTALICHTHI SIBIISIFOTCS] MEHEE MM-
MYHOTEGHHBIMH, Y€M AaHTHTEHBI IJIOAA, YTO AAET BO3-
MOXHOCTb COXPaHATh OEPEMEHHOCTH CTOJIb IJTUTEINb-
HBII CPOK, pa3o01Iass HIMMYHHYIO CHCTEMY MaTepu U
aHTUTEHBI o2 [4].

JIOTIOJTHUTENBHBIM ~ JI0KAa3aTeNIbCTBOM  BEYyILEH
pOJM IJIALIEHTHl B Pa300LIEHUH UMMYHHOH CHCTEMBI
MaTepu U OpraHu3Ma IUI0JIa MOXKET SIBUTHCS COCTOSIHHE
3apOAbIIIEH B YCIOBHSAX HAXOXKICHUSI aHTUTEN IIPOTUB
AQHTUTEHOB IUI0/Ia B OPraHU3Me MaTepH BO BpeMst bepe-
MEHHOCTH. B 3TOM ciydae, Ipu IpOX0>KAEHUH aHTHUTET
NPOTHB aHTUTEHOB IUIOJAa Yepe3 IUIalleHTapHbIN Oa-
pbep, OKUIAETCS PEaKIUsl XO3UH MIPOTUB TPaHCIUIaH-
TaTa, 9TO B CBOIO OYepe.b JOJDKHO OTPa3HThCS Ha CO-
CTOSIHUHM pa3BUTHS 3apozbimied. COCTOSIHUE pa3BUTHS
3apOAbIIIEeH MOXKHO OLIEHUTH 110 KOI(PQPUIIMEHTY TTOCT-
MMIUTAaHTAIIMOHHON THOETIN U Macce TUI0JI0B.

Mopdosorudeckum cyOCTpaToM, OTPa)KaroIIUM
(YHKIIMOHAJIBHOE COCTOSIHAE UIMMYHHOI CHCTEMBI Ma-
TepH 1pu OEPEMEHHOCTH, SBJISIETCS KJIETOYHBINA COCTaB
nepudepryeckux HMMYHOKOMIIETEHTHBIX OPraHOB,
OJTHMM M3 KOTOPBIX BEICTYHAeT cene3éHka. M3menenne
KJIETOYHOTO COCTaBa B PA3HBIX 30HAX CEJIE3EHKU MOXKET
BBICTYIATh B KAYECTBE HHINKATOPA COCTOSIHUS UMMYH-
HOHM CHCTEMBI MaTepH BO BpeMs OEpEeMEHHOCTH.

[TosTOMy 1iemBI0 HCCTIeOBaHMS BUIIOCH OIIpejie-
neHue ko3 puImenTa NoCTUMIUTAHTAIMOHHON THOEH
UIOJIOB, UX MacChl U BO3MOXKHBIX M3MEHEHHH KIIEeTOU-
HOTO COCTaBa pa3HBIX 30H CENe3¢HKU MaTepy IpHU BBe-
JICHUH aHTHUTEJN NMPOTHB AHTHI'CHOB IUIOAA B OPTraHU3M
CaMOK OeJIBIX KpPBIC BO BpeMs OEpEMEHHOCTH.

Marepuaji 1 MeTOblI.

B skcniepuMenTe 1o M3yUeHHIO JEHCTBHS aHTHTEN
MPOTHUB IUIOIHBIX M IUIAIIEHTAPHBIX aHTHI'€HOB Ha CO-
CTOSIHHE ceNe3EéHKH OepeMeHHON CaMKH OBbLIO MCIIOJb-
30BaHO 16 OepeMeHHBIX caMOK OenbIx Kpbic Ha 20-i
neHb OepemenHoctH ([Ib). Macca camok cocraBisiia

200 - 250 rpammoB. M3 Hux ObuTH 00pa3oBaHbl 3 MOA-
OTIBITHBIX M OJJHA MHTAaKTHasl rpynmbl. JKuBoTHBIE MO~
OIIBITHBIX M MHTAKTHOW TPYI COIEPKAJNCh B CTaH-
JApTHBIX YCIOBUSAX BUBApHUs ¢ COOMOICHNEM TpeOoBa-
HUH, W3JI0)KEHHBIX B XEIbCUHCKOW JEKJIapaluud O
TYMaHHOM OOpAIIEHUH C KUBOTHBIMH.

AHTHTENA IPOTUB MJIOAHBIX U IIALCHTAPHBIX aH-
tureHoB (AT) ObUIM MOJyYeHBI MyTEM CEHCHOMIM3a-
MM HeOepeMEHHBIX MHTAKTHBIX CAMOK KPBIC CyCIIeH-
3uel cele3eHKH, eYeHH, TOJIOBHOTO MO3ra IIJIOJIOB Ha
nonHoM anbtoBanTe Dpeitnna [1]. KuBotHbIM moa-
OIBITHBIX TPYNIT BBOJWJIACh MMMYHHAas CBHIBOPOTKA
MIPOTUB IUIOJHBIX AHTHI'CHOB OJHOKPATHO, BHYTpPH-
OprommHHO Ha 15-i /1B B 00BEMe 2 Mit Ha 1 Kr MaccH
*uBoTHOTO (IlepBBIM nHEM OEpEeMEHHOCTH CUHUTAETCS
JeHb OOHAPY’KEHHS CIIEPMATO30HJ0B BO BIIATaJIUIIHOM
Ma3ke). JKUBOTHBIE MHTAKTHBIX TPYMI HUKaKHM BO3-
JEHCTBHSAM HE ITOJ[BEPTaIHCH.

bepeMeHHBIX CaMOK IOJOIBITHBIX M HWHTaKTHOM
rpynn faexanutupoBanu Ha 20-i neHp GepeMeHHOCTH
1oz 3GupHBIM HapKO30M. Y OEpEeMEHHBIX CAMOK BbljIe-
JISUTH ceJIe3eHKY M MaTKy ¢ Iutoaamu. [locie BCKphITHS
MaTOK MOJCUHUTHIBAIA KOJIWYECTBO MECT HMILIaHTa-
[IMMU U KUBBIX IUIOJIOB JUIs OonpeseaeHus: Kodhhuuu-
€HTa MOCTUMIUTAHTAIIOHHON THOENHN TIOI0B, a TAKXKE
onpeneanu Maccy miogoB. Kosgounuent moctum-
TUTAHTAIIMOHHOW THOEIH II0JI0B - YACTHOE OT JCTICHUS
Pa3sHOCTH MEXIy KOJIMYECTBOM MECT MMILIAHTALMH U
KOJINYECTBOM JKMBBIX IJIOZIOB U KOJTMIECTBOM MECT M-
wiaHTtaud. Kycoukn cene3eHKH (QHUKCHpOBAIH B
cmecu Kapnya. Kycouku cene3eHkH, 3aQUKCHPOBaH-
Hble B cMecH KapHya, 3anuBany B napaduH U FOTOBHIN
U3 HUX THUCTOJOTMYECKHE MpenapaTsl, KOTOphIe OKpa-
[IMBAJIM TEMaTOKCHIIMHOM-3031HOM [3].

Ha ructonorugeckux npenapaTax cesie3eHKH Ipo-
W3BOJIMIIN IMTOMETPHUIO B [IEHTPAX Pa3MHOXEHUs, MaH-
THHM ¥ MapTUHAIBHON 30HE (OJIIMKYJIOB; B IepUapTe-
PHATBHBIX My(Tax U B KpaCHOH IMyJIbIIe C HCIIOIB30Ba-
HHEM KOMIIBIOTEPHOTO aHaJIM3aTopa HW300pakeHHi
BIOSCAN NT Ha mmomaau 10000 mxm? (0,01 mm?)
mpu yBenudeHnn o0vekTrBa X 100. [Ipn 3TOM y4UTHI-
BaJIM KOJMYECTBO MAJBIX M CPEIHHUX JHUM(OLHUTOB,
aMpo6IacToB, TIa3MOIKUTOB. JINMQPOOIACTHI YUUTHI-
BaJIUCh TEPMHUHATHBHBIX IIEHTpax (OJUIMKYJIOB; IIjIa3-
MOLMTHI - B MaprHHAJIbHOW 30He (POJUIMKYJIOB U Kpac-
HOM ITyJIbIIE.

OI11eHKY JOCTOBEPHOCTH H3MEHEHHs YHCICHHBIX
3HAUYEHWH MPOBOIMIM C MOMOIIBIO METOJIOB HEmapa-
METPUYECKON CTaTUCTUKU. B omucarensHOW craru-
CTHKE JUIS Ka)XXJJOr0 YHCIICHHOTO ITTOKa3aTellsl onpesie-
JSUTH 3HAUCHMS MEJMaHbl 1 MHTEPKBAPTHIILHOTO JHa-
na3oHa. CpaBHEHHE TPYNI MO0 OJHOMY W3 IPU3HAKOB
NIPOBOJWIIN C IIOMOIIbIO KpuTepus MaHHa-YUTHU 1Jis
HE3aBHUCHUMBIX BBIOOpOK. Pazmmume Mexmy moxasare-
JSIMA CYUTAIM CTATUCTHYECKH JOCTOBEPHBIMH, €CIIH
BEPOSATHOCTH OIIMOOYHOM OIICHKM He TpeBhImana 5%
(p<0,05).

Pe3ysbTaThl HCC/IeA0BaHUS U UX 00Cy KAeHHe.

ITpu BBenenun AT npotus Al ceneseHku mioaa
y OEepeMEeHHBIX >KMBOTHBIX JIOCTOBEPHBIE PA3INYHS B
KOJIMUECTBE KIIETOK B cele3€HKe MaTepy HaOI0JaIich
TOJIBKO B MaprHHAIBHOH 30HE QoiumKyoB. Perncrpu-
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POBAJIOCH TOCTOBEPHOE YMCHBIICHHE KOJIMYECTBA Ma-
71X TMorToB Ha 64,5 % 1O CpaBHEHHIO ¢ MHTAKT-
HbIMH XUBOTHBIMY (Tab:. 1). B kpacHo# mybIie cee-

3E8HKH, IEHTPAX PA3MHOXKEHHS X MAaHTUH JTUM(OUIHBIX

(G oIUTHKYIIOB, MEpUAPTEPUATBHBIX My(Tax JTOCTOBEp-
HBIX PA3JIHYUi C MHTAaKTHBIMH [IOKA3aTEJIIMHU B KJICTOY-
HOM COCTaB€ He Ha0JII01aJI0Ch.

Tab6muma 1.

KommaectBo Mabix muMponutos Ha 0,01 MM? IIomanm cpesa Cene3éHKH caMOK OEIBIX KPBIC MOAOMBITHBIX H
WHTAKTHOM Tpym Ha 20-i 1eHp OEpEeMEHHOCTH MIPH BBEJCHUN MM aHTHUTEIN IPOTHB AHTUT'CHOB CEJIC3EHKH, TO-

JIOBHOTO M0o3ra u neveHu mwiona (Me (Q25/Q75), % K MHTaKTHBIM).

AHTHTENIA IPOTUB
AHTHTENAa IPOTUB aH- AHTHTENIA IPOTUB
THUTCHOB CENE3EHKH AHTHTCHOB AHTUTEHOB TEYEHH MuraxThLe
_ TOJIOBHOT'O MO3Ta _ (n=16)
(Il—3) (Il:4) (Il—3)
I'epMuHaTUBHBIIH 22,5 82,2 48,8 71,3
HeHTp (46,’173/ 23,8) (68,? 1/51;0,5) (48,4618/ 23,8) (59.4/78.4)
148,8 208,8 204,7 246.3
ManTust (118,8/188,8) (182,5/218,8) (185,0/228,1) (207 2/2,69 4)
60,4 84,8 83,1 ’ ’
31,3% 51,6% 53,1 88,1
MapruHanpHas 30Ha (29,7/37,5) (43,4 /66,9) (46,9/61,3) (82,2/105,2)
35,5 58,6 60,3
IepHanTen AL Has 242.5 301,9 255,0 298.,8
. E)Tap p (202,5/246,3) (239,4/318,8) (226,/275,0) (261,3/310,0)
Y 81,2 101,0 85,3
23,8 28,1 23,8 30,0
Kpacnas nynena (22,5/32,5) (24,4 /32,5) (18,8/27,5) (23,8/36,9)
79,3 93,7 79,3

[Tpumeyanue — * — CTaTUCTHYECKU TIOCTOBEPHBIE Pa3IMUMsl C MHTAKTHBIMH NOKa3aressaMu mpu p < 0,05.

IIpu BBenenun AT mpotus Al rosloBHOTO MO3ra
TUIOJIOB JOCTOBEPHBIC Pa3NIMIUsl B KOJHMUECTBE KIETOK
HaOJIOaJNCh TaKKe TOJNBKO B MaprHHAIBHON 30HE
(dommmkynoB. Iporcxoauao MOCTOBEPHOE yMEHBIIIE-
HHUE KolmdecTBa Maibix auMdormro Ha 41,4 % 1o
CPaBHEHHIO C MHTaKTHBHIME XUBOTHBIMHU (Tabm. 1). B
KpacHOM IyJIbIle Celle3EHKH, IICHTPAX Pa3MHOKEHUS H

MaHTHH TUM(OUIHBIX (OJUIHKYIIOB, NepUapTepHallb-
HBIX My(TaxX JOCTOBEPHBIX Pa3IHYUi C MHTAKTHBIMH
IIOKa3aTesIMM B KJIETOYHOM COCTaBe He HAaOII01aJI0Ch.

[Ipu BBenenun AT npotuB Al' neyenu miona go-
CTOBEPHBIX PA3NMUUN C MHTAKTHBIMH >KHBOTHBEIMH B
KOJIMYECTBE KIIETOK BO BCEX MCCIIEIYEMBIX 30HAX ceJe-
38HKH HE HAa0JII01aJI0Ch.

Tabnumna 2.

KomuecTtBo cpenuunx mumponutos Ha 0,01 Mmm? muiomamm cpesa cene3éHKU CaMOK GENBIX KPBIC TIOAOMBITHBIX U
MHTaKTHOH rpyni Ha 20-i 1eHb OEpeMEeHHOCTH NP BBEJCHUM UM aHTUTEN IPOTUB aHTHI'€HOB CeJIe3EHKH, I'O-

JIOBHOTO Mo3ra 1 nedenu miona (Me (Q25/Q75), % K UHTaKTHBIM).

AHTHTEa IPOTHUB
AHTHUTENA TPOTUB aH- AHTHUTENA TPOTUB aH-
N AHTHIE€HOB MHTaKkTHBIE
TUTEHOB CEJIC3EHKHU OOBHOMO MO TUTE€HOB TICYEHH (n=6)
(n=3) e 4) (n=3)
I'epMuHaTUBHBIH 23,8 35,2 42,3 31,9
(21,3/36,3) (31,3/46,9) (34,4/47)5) 22,5/
HCHTP 74,6 110,3 132,6 39,1)
33,8 34,5 32,8 (‘12‘92’?/
ManTust (26,3 /43,8) (29,8 /40,8) (22,5/48,4) 26,1)
150,2 153,3 145,7 ’
22,5 41,1 39,1 25,0
MapruHanbpHast 30Ha (17,2/31,3) (36,4/444) (29,7/46,3) 24,7/
90,0 165,2 156.4 33,1
IlepuaprepuanbHas 18,8 23.8 21,3 14,4
(16,3/21,3) (20,6 /31,9) (6,6 /22,5) ’
Mypra 130,5 1652 148,9 ©4/717.5)
13.8 12,5 10,0 7,5
Kpacnas nynsna (11,3/16,3) (9,4/18,3) (8,8/12,5) (6,9/10,0)
184 166,7 133,3

HpI/IMG‘laHI/IC — * — CTAaTHCTHYECKHU JAOCTOBEPHBIC PA3JINYNA C MHTAKTHBIMU IIOKA3aTCJIAMU IIPHU P < 0,05



12 POLISH JOURNAL OF SCIENCE Ne 101, 2026

Tabnuna 3.
Komuuectso mumdobaactos Ha 0,01 MM? IO cpe3a CENe3EHKH CaMOK OElbIX KPBIC MOIO0MBITHBIX U HHTAKT-
HO# rpymnn Ha 20-i JieHb OepeMEHHOCTH MPH BBEICHUU UM aHTHTEI IPOTUB AaHTUTCHOB CEJIE3EHKH, TOJIOBHOTO
Mo3ra u neyeHn mwioga (Me (Q25/Q75), % K UHTaKTHBIM).

AHTUTENNAa IPOTUB aHTU- | AHTHUTENa NPOTUB | AHTUTENA IPOTUB aH- | VHTakTHBIE
TCHOB CeJIe3EHKH aHTUTCHOB TUTCHOB TICUCHH (n=16)
(n=3) TOJIOBHOT'O MO3Ta (n=3)
(n=4)
I'epMuHaTUBHBII 22,5 39,8 40,6 58,1
LEHTP (18,8 /33,8) (30,5/42)5) (34,4/42)5) (53,8/69,2)
38,7 68,5 69,9

HpnMeanI/Ie — * — CTAaTHCTHYECKHU JOCTOBEPHBIC pa3JININA C UHTAKTHBIMU IMOKA3aTCJIAMU IIPHU P < 0,05

Tabnuna 4.
Konuuectro mnazmonutos Ha 0,01 Mm? miomaam cpesa cene3éHKHM caMOK GeNbIX KPBIC MOJIONBITHBIX ¥ HHTAKT-
Hoi Tpymm Ha 20-# 1eHp OepeMEeHHOCTH IIPH BBEICHUN UM aHTHUTEI IPOTUB aHTUTCHOB CEJIC3EHKH, TOJIOBHOTO
MO3ra, IedYeHH w1oja u mianeHTsl (Me (Q25/Q75), % K MHTaKTHBIM).

AHTUTENA IPOTUB
AHTHTENIa IPOTUB aHTH- AHTHTENIa IPOTHUB aH-
N AHTUTCHOB WHTakTHBIE
TEHOB CENE3EHKN OJOBHOIO MOSL TUTCHOB NICUYCHA (n=6)
(Il—3) (n=4) (Il—3)
3,1 34 1,3
MapruHanbHast ’ ’ ’ 4,1
(2,5/4,7) (1,6/4,4) (0,0/3,1) ’
3oHa 75,6 82,9 31,7 (16/6,4)
8,8 5,0 11,3 6,3
Kpacnas nynsna (6,3/10,0) 4,4/1,5) (10,0/12,5) (5,6/8,8)
139,7 79,4 179,4

[Tpumeyanue — * — CTaTUCTHYECKU TIOCTOBEPHBIE Pa3IMUMsl C MHTAKTHBIMH NOKa3aressaMu mpu p < 0,05.

BBeeHre aHTUTEN IPOTHB AHTUT'CHOB 11012 HE MPUBOIUT K CTATUCTUYCCKH JIOCTOBEPHBIM H3MECHCHHSIM KO-
3¢ PuLHeHTa MOCTUMIUTAHTAIMOHHOM MMOEITH 3apO/IBIIICH U X MACChI [0 CPABHEHUIO C MHTAKTHBIMU T10Ka3aTe-
nsamu (Tabu. 5, 6).

Tab6muma 5.
Koad¢dunueHt mocTMMITIIaHTAIMOHHOM THOEIH 3apOIbIIIeit y CaMOK OEITbIX KPBIC MOAOMBITHBIX U MHTAKTHOM
rpyrmn Ha 20-if ieHb OEPEeMEHHOCTH MPY BBEJCHUM UM aHTUTEJ MPOTUB aHTUI'CHOB CEJIC3EHKHU, FOJIOBHOTO MO3ra
u iedenn wiona (Me (Q25/Q75)).

AHTHTENa IPOTUB AHTHTENAa MPOTUB
AHTHTENa IPOTUB aH-
o AHTUI'CHOB AHTHUI'CHOB IIC- HTakTHBIE
THT'CHOB CEJIC3EHKH
- rOJIOBHOTO MO3Ta YeHU (n=16)
(n=3) _ _
(n=4) (n=3)

Koadpununent noctum- 1 0 0 0
IUIAaHTAallTMOHHOU T'Hu-

! . 0/3) 07/0) (0,0/0) (0/0)
0eJi 3apoIbliie

IIpumedanue — * — cCTaTUCTUYECKH JOCTOBEPHBIE PA3IUUUS C HHTAKTHBIMU MOKa3aTensaMu mpu p < 0,05.

Tab6muma 6.
Macca mro1oB (rpaMm) TIOAOTBITHBRIX M HHTAaKTHOH rpymi Ha 20-i neHs 6epemenHocTr (Me (Q25/Q75), % k
HWHTAKTHBIM).
AHTHTENa IPOTUB
AHTHTENA MPOTUB AHTHIE- AHTHTENa IPOTUB aHTHU-
.. AHTHTCHOB WuTtakTHbBIC
HOB CeJIe3EHKU TEHOB MEYCHU
(n=3) TOJIOBHOTO MO3Ta (n=3) (n=16)
(n=4)
Macca 1Uio- 2,29 2,31 2,32 2,12
oB. I (2,05/2,46) (2,28/2,37) (2,00/2,35) (2,03 /
7108, 108,0 109,0 109,4 2,24)

[Iprumeganne — * — CTATUCTHYECKH JOCTOBEPHBIE PA3INYMs C HHTAKTHBIMHE IToKa3aressivu mpu p < 0,05.

Cunmurtnorpodobiract U muroTpodobIacT, mo-  THYECKHE KIETKH IUI0Aa, KOTOPBIE IOJHOCTHIO JKC-
KPBIBAIOIIME BOPCHHBI XOPHOHA, HE JKCIPECCHPYIOT  IpeccupyroT Mosekynsl HLA, anatommueckm otne-
mozekynsl HLA, 4yTo nocturaercs mogaBieHneM TpaH-  JIEHBI OT IMMYHHOM CHCTEMbl MaTepy IUIalleHTapHBIM
ckpununu Moniekyn HLA, mpenorpamas xiaccude- — 06apbepoM, PEAOTBPAIIAIONINM NPSIMOI KOHTAKT U, Ta-
ckuii T-KJIeTOUHBIN OTBET Ha aHTUTeHbI IoAa. CoMa-  KuM 00pa3oM, nepejgady aHTHI'€HOB IIIOAa MaTEepHH-

ckuM uMdoruram. [8]
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Ecnu Obl 3apoabint ¥ 104 TpopHUecKr He ObUIH
3aBUCHMBI OT OPTaHM3Ma MaTEPH, TO IBOIIOLHOHHO J10-
CTaTOYHO OBUIO OBI TUTAIIGHTAPHOTO Oaphepa: dyxKe-
POIHBIN IIOJ pa3BUBACTCS 3a IUIALICHTAPHBIM Oaphe-
POM, KOTOPBIH HONHOCTBIO pa3lesieT TKaHW MaTepu U
IUIOJa ¥ CaM HE BBI3BIBACT arpecCHy CO CTOPOHBI UM-
MyHHOH cucteMbl Matepu. Kak npumep — »xuBopoxae-
HHE Yy HEIUIAlleHTApHBIX XHUBOTHBIX. Ho Tpoduueckas
3aBUCHMOCTH OT OpTaHM3Ma MaTepy npuBesna K Gopmu-
POBaHHMIO MPUCTIOCOOUTENEHOTO IPU3HAKA B BUAE Pa3-
BUTHS TOJICPAHTHOCTH UMMYHHOH CHUCTEMBI MaTepH K
aHTHreHam 1iona. s obecrnedenus decnepeboitHoro
MOCTYIUIEHNS] KPOBU K BOPCHHAM XOPHOHA, OKPYXKEH-
HBIX [OUTO- M CHHOUTHOTp(oOIacToM, HEOOXOIMMO,
YTOOBI COCYIBI MaTKU (CIHpaNIbHBIC apTepUn) HE KOH-
TPOJUPOBAIUCH MATEPUHCKOW Ba30MOTOPHOW CHUCTe-
Moii Bo Bpems OepemenrHoctd [10]. Oto mocturaercs
UX PEMOJEIMPOBAHNEM: NIPEBPALICHIEM B OOIINPHBIC
CHHYCHI 32 CU€T 3aMelIeHUs X 00O0JOYKU KIETKaMH
BHEBOpCHHYATOr0 Tpodobimacta. B artom ciyuae
KJIETKH BHEBOpPCHHYATOro Tpodobiacta BHEAPSIOTCS B
SHIOMETPUA U BCTYNAIOT B HENOCPEACTBEHHBIN KOH-
TaKT C MMMYHOKOMIICTEHTHBIMU KJIETKAMH MaTepH.
Jns  mpenoTBpalleHHss OTTOpXKEHUs Tpodobiacta
HE00X0ANMO, 4TOOBI KIETOYHBIH MMMYHHTET MaTepH
MOJIBEPraJiCsl TUIIOPEAKTUBHOMY CIBHUTY [2].

Knerkn BHeBopcmH4aToro Ttpogobiacra, KOTO-
pbIe BHEAPSIOTCS B ICHIUAYaATbHYIO 000J0YKY MaTKU B
Havajie OepeMEHHOCTH, HKCIIPECCHPYIOT HEKJIacchuye-
ckuit HLA-G knacca 1b. TomepaHTHOCTB SIBISIETCS OC-
HOBHOH Ouosormyeckoit ¢pynknueir HLA-G Bo Bpems
BHYTpUyTpoOHOTO pa3urus mioaa. HLA-G, skcnpec-
CHUPYEeMbIM NpH BHEIPEHUH BHEBOPCHHYATOTO TPO-
(dobnacra, CayXUT JTUTaHAOM IJIs TIPSIMOTO CBSI3bIBa-
HUS C PELEeNTOpaMU KJIETOYHOH IOBEPXHOCTH JIEHKO-
uutoB, Braodas NK-xierku, T-kiaeTku pa3HOU
crenupuIHOCTH, B-KIETKM M aHTHIeHIPE3eHTHUPYIO-
IMe KIETKH, HaXOIIIHECs B IeIUAyaTbHOM 000JI0UKe
MaTepu, KOTOpble PEeKPYTHPYIOTCS 3a CUET XeMOKHHOB
CEKpETOPHBIX JeUUAyalbHbIX KIeToK [7, 13]. B coBo-
KyITHOCTH OHM O0ECHEeYMBAIOT TOJICPAHTHOCTH K (e-
TaJIbHBIM aHTUI'€HaM U TIOMOTAIOT MOJAEPKUBAThH T'0-
MEOCTaTHYECKYIO CPey, CIOCOOCTBYIOIIYIO BBDKHBA-
HUIO U pa3BUTHIO 11042 [9].

B namem ciyuae, BBeieHHE B OpraHu3M OepeMeH-
HOW CAaMKHM KPBIC aHTHUTEJ MPOTHB aHTUI'CHOB IIJIOJA HE
MPUBOIUT K YBEIWYCHHIO BHYTPUYTPOOHOU rubenn
IUIOJIOB, O €M CBHETEIILCTBYET OTCYTCTBUE CTATUCTH-
YEeCKH JIOCTOBEPHBIX passInuuii Mexay Kod(hHuuneH-
TaMM TOCTHATAJIbHOW T'MOENH 3apoiblmield MOIOMbIT-
HBIX M MHTAKTHOHN rpymm. Takke OTCYTCTBYIOT CTaTH-
CTHYECKH JIOCTOBEPHBIC pA3IM4Ms MEXAY Maccoi
TUIOJIOB TIOJIOTIBITHBIX M MHTAKTHOW TpymIl. JTO SIBIIS-
eTCsI KOCBEHHBIM JI0KA3aTEIbCTBOM aHATOMUYECKOTO
pa3zencHrs UMMYHHON CHCTEMBI MaTepH M IIOa Ha
YpOBHE IUTallCHTEHI.

Ecmu OBl OTCYTCTBOBAJIO aHATOMHYECKOE pa3fe-
JIeHWe WMMYHHOH CHCTeMBl MaTepH W OpraHH3Ma
IUI0/1a, TO, B HAIIEM Clly4yae, Mbl MOTJIM OBl OXHAATH
PEaKIHIO XO35IMH NPOTUB TPAHCIUIAHTATA U, KaK ClIea-
CTBHE, YBEIMUYCHHE KOI(p(HIMEHTA IOCTHATAILHON
rudeny MOTOMCTBA M U3MEHEHHE MacChl II0/I0B.

Kpome Toro, oTcyTcTBHE peakuy X035UH IPOTHB
TPaHCIUIAHTATa B HAILIEM CIIydae MOATBEPXKAACTCS CO-
CTOSTHUEM CeJIe3€HKH MaTepu, B KOTOPOH OTCYTCTBYET
THIIEPPEaKTUBHBIN CIBUT Ha IPHMEpPE KIETOYHOTO CO-
CTaBa Pa3NUYHBIX 30H CeNE3EHKH U, 0cOOeHHO, B T-3a-
BUCHMBIX [IEPHAPTEPUATBHBIX My (PTax.

3akia0ueHue.

AHTHTENA IPOTUB IUIOAHBIX AHTHI'€HOB, BBEJIEH-
HBIE B OpraHu3M OepeMeHHOIl caMKH OelbIX KPBIC BO
BTOPYIO TOJIOBUHY O€PEMEHHOCTH HE MPUBOJIAT K yBeE-
JUYEeHUI0 Kod(duIMeHTa NoCTUMITIIAHTAMOHHON TH-
0enu 3apoablliell 1 U3MEHEHMIO MacChl 3apOAbIIIeH, a
TaKKe K 3HAUYUTEIBHOMY M3MEHEHHUIO KIETOYHOTO CO-
CTaBa PA3MMYHBIX 30H JTUM(ATHIECKUX (HOJUTHKYIIOB,
TeprUapTEepUabHBIX My()T M KpacHOH IIynbIbI cele-
3¢HKH MaTepH. JTO CBUACTENHCTBYET 00 3(h(heKTHBHO-
CTH TUTAIIEHTapHOTO Oapbepa
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AHHOTALUA

Cepoconepikalue CoOeJMHEHHsI, ECTECTBEHHBIM 00pa30oM MPUCYTCTBYIOIINE B CHIPOW HEPTH U MOTyYEHHOM
U3 Hee TOIUIMBE, OCTAIOTCS OJJHUMH U3 HanOoJiee BAXKHBIX 3arpsI3HSIOLUIMX BEIECTB, BIUAIOUIMX Ha Ka4eCTBO TOM-
JIMBa, IPOM3BOIUTEIBHOCTh HedTenepepadaThiBalOIIUX 3aBOI0B, IKOJIOTHYECKYI0 YCTOWYHBOCTh U COOTBETCTBUE
Bce OoJiee CTPOrMM MEXyHapOJHBIM TOIUIMBHBIM CTaHIapTaM. X Xxumudeckoe pazHooOpasue, BapbUpyoleecs
OT CEpPOBOAOPO/Aa ¥ MEPKANTAHOB JI0 TYTOIJIABKHX THO(PEHOBBIX MPOM3BOJHBIX, ONPEEISIET KaK X MOBEACHHE
MPU OYUCTKE, TaK U CJIOXKHOCTh UX aHAJUTHYECKOTO ONPEAesICHUs U yaaieHus. B aTom 0030pe npecTaieH Bee-
CTOPOHHHI aHaJIM3 IPOUCXOXKIICHHS, MOJIEKYJSIPHOTO pacrpeeieHus], (pU3nKo-XMMUUECKUX CBOMCTB M IMyTeH
TpaHcopManuy coeqUHEHHH cephl B mporiecce rnepepadoTkn HepTH. Ocoboe BHUMAHUE YAEIEHO BIUSHUIO CO-
€/IMHEHUH cephl Ha MPOLECChl KATATUTHIECKONH OYHCTKH, KOPPO3HIO, CTAOMIIBHOCTD TOILUTHBA, BEIOPOCH! BBIXJION-
HBIX Ta30B U 3arpsi3HEHNE OKPY’KaroLIeH CpeIbl.

Kpurnueckn oneHHBAIOTCS MOCIEAHUE JOCTHKEHNS B 00JIaCTH aHaIM3a Cepbl, BKIIIOUasi peHTreHoIryopec-
IEHTHYIO CIIEKTPOCKOIIHIO, YIbTPa(hHOIETOBYIO (PIIyOpeCHEeHINIO, Ta30BYI0 XpoMaTorpaduio B COUYETaHUH C Ce-
JIEKTUBHBIMH T10 CEPE JACTEKTOPAMHU, METO/Ibl HHIIYKTUBHO CBSI3aHHOM IJIa3MbI M HOBBIE ITOJIXOJIbI K DJIEKTPOXUMH-
YEeCKOMY 30HAMPOBaHUI0. [IprBeeHBI CPAaBHUTEIBHBIE XapPAKTEPUCTUKH, TPEUMYILECTBA, OTPAaHUYEHHS U 00Ja-
CTH TIPUMEHEHHS STHX METOJIOB C aKLIIEHTOM Ha 4yBCTBUTEJIBHOCTH, CEJICKTUBHOCTb, OBICTPOTY M HNPUTOJHOCTH
JU1s TaOOpaTOPHOTO KOHTPOJIS Ka4eCTBA TOIUIMBA M KOHTPOJIS Ha MECTe.

Janee npuBoguTcsi 0030p COBPEMEHHOI'O COCTOSIHHS TEXHOJIOIM 00eccepuBaHus], OXBATBHIBAIONIMIA TPaIu-
IMOHHYIO THAPOOOECCEPUBAHUE, & TAKIKE OKUCIUTENIbHBIE, DKCTPAKTHBHBIE, 81COPOIIMOHHBIE, MeMOpaHHbIe, OHO-
JOTH4ecKre u ruopuaHble nponecchl. Ocoboe BHUMAaHUE yIeNseTcsl pacTylied PO COBPEMEHHBIX (pyHKIHO-
HaJIbHBIX MaTepualioB, HAHOCTPYKTYPUPOBAHHBIX aJCOPOEHTOB, HOHHBIX JKUIKOCTEH, INIyOOKO 3BTEKTHYECKUX
pacTBOpHTENIEH N KOMIUIEKCHBIX CTpaTernii nepepaboTKH, HAllPaBJICHHBIX Ha MOJy4Y€HHE TOIUIMBA CO CBEPXHU3-
KHM COJIep>KaHHEM Cepbl IIPU OJHOBPEMEHHOM CHHW)KEHUH SHEPronoTpeOIeHNs U BO3IEHCTBUS Ha OKPY KAIOIIYIO
cpeny.

HakoHeli, orpezienieHbl OCHOBHbIE HAay4YHbIE 3a/aull ¥ HAIPaBICHUS OyIyLIMX HCCIIEOBAHUM, NOAYEPKUBA-
I0IIMe HEOOXOIUMOCTh B BBICOKOM30MpATEIbHBIX aHAIMTHYECKHUX METOJOJIOTHX, YCTOMYMBBIX Mpoleccax Je-
cynbdypannu, tnppoBOM MOHHUTOPHHTE MPOLIECCOB M MHTETPUPOBAHHBIX aHATMTUYECKUX ITaThOpMax, CrIrocoo-
HBIX NOJJICPKUBaTh HedrernepepaboTKy HOBOT'O MOKOJICHHS U 9KOJIOTMYECKH OTBETCTBEHHOE ITPOM3BOICTBO TOII-
JMBa.

Abstract

Sulfur-containing compounds naturally present in crude oil and petroleum-derived fuels remain among the
most important contaminants affecting fuel quality, refinery performance, environmental sustainability, and com-
pliance with increasingly stringent international fuel standards. Their chemical diversity, ranging from hydrogen
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sulfide and mercaptans to refractory thiophenic derivatives, determines both their behavior during refining and the
complexity of their analytical determination and removal. This review provides a comprehensive analysis of the
origin, molecular distribution, physicochemical properties, and transformation pathways of sulfur compounds
throughout petroleum processing. Particular attention is devoted to the influence of sulfur species on catalytic
refining processes, corrosion, fuel stability, exhaust emissions, and environmental pollution.

Recent advances in sulfur analysis are critically evaluated, including X-ray fluorescence spectroscopy, ultra-
violet fluorescence, gas chromatography coupled with sulfur-selective detectors, inductively coupled plasma tech-
niques, and emerging electrochemical sensing approaches. The analytical performance, advantages, limitations,
and application areas of these techniques are comparatively discussed with emphasis on sensitivity, selectivity,
rapidity, and suitability for laboratory and on-site fuel quality control.

The review further summarizes the current state of desulfurization technologies, covering conventional hy-
drodesulfurization together with oxidative, extractive, adsorptive, membrane-assisted, biological, and hybrid pro-
cesses. Particular emphasis is placed on the growing role of advanced functional materials, nanostructured adsor-
bents, ionic liquids, deep eutectic solvents, and integrated treatment strategies designed to achieve ultra-low sulfur
fuel production while reducing energy consumption and environmental impact.

Finally, major scientific challenges and future research directions are identified, highlighting the need for
highly selective analytical methodologies, sustainable desulfurization processes, digital process monitoring, and
integrated analytical platforms capable of supporting next-generation petroleum refining and environmentally re-

sponsible fuel production.

KunroueBble cioBa: HedTh, HEPTEIPOMYKTHI, CEPOCOMCPIKALINEG COSAUHEHHUS, ACCYNbhYpU3aLHs, THIPO-

OYHCTKaA, aHAJUTHYECKHI KO HTPOJIb

Keywords: petroleum, petroleum products, sulfur-containing compounds, desulfurization, hydrodesulfuriza-

tion, analytical control.

1. Introduction

Crude oil is a complex multicomponent system
composed of a wide variety of hydrocarbon and het-
eroatomic compounds. In addition to hydrocarbons, pe-
troleum contains oxygen-, nitrogen-, metal-, and sulfur-
containing compounds that significantly affect the
physicochemical properties of crude oil and the charac-
teristics of its processing [1,2]. Among these heteroa-
tomic constituents, sulfur-containing compounds are of
particular importance because they largely determine
the quality of petroleum products, the stability of pro-
cess equipment, and the environmental characteristics
of fuels [3].

Depending on sulfur content, crude oils are classi-
fied as low-sulfur, sulfurous, and high-sulfur. An in-
crease in the concentration of sulfur compounds com-
plicates the transportation and refining of crude oil, pro-
motes equipment corrosion, and necessitates additional
purification stages [4,5].

The composition of sulfur-containing compounds
in petroleum systems is highly diverse. Crude oil con-
tains mercaptans, sulfides, disulfides, thiophenes, ben-
zothiophenes, and dibenzothiophenes [2]. Among
them, alkyl-substituted dibenzothiophenes present the
greatest technological challenge because of their high
chemical stability and low reactivity under conven-
tional hydrodesulfurization conditions [6,7].

The growing interest in sulfur removal is associ-
ated with increasingly stringent environmental regula-
tions governing the quality of motor fuels. Current in-
ternational standards limit sulfur content in gasoline
and diesel fuels to approximately 10 mg/kg [8]. Com-
pliance with these requirements has stimulated the de-
velopment of highly efficient desulfurization technolo-
gies and the improvement of analytical methods for de-
termining ultralow sulfur concentrations [9,10].

Sulfur compounds adversely affect most petro-
leum refining processes. Under high-temperature con-

ditions, they accelerate corrosion, cause catalyst deac-
tivation, and contribute to the formation of resinous and
coke deposits [11,12]. During fuel combustion, sulfur
compounds are converted into sulfur oxides, which par-
ticipate in the formation of acid precipitation and at-
mospheric pollution [13].

At present, sulfur in crude oil and petroleum prod-
ucts is determined using X-ray fluorescence [14,17],
fluorescence [15], chromatographic, and electrochemi-
cal analytical methods [16,17]. Particular attention is
being paid to electroanalytical systems that combine
high sensitivity, the possibility of miniaturization, and
rapid measurement capabilities [18-20].

Despite advances in deep purification technolo-
gies, the effective removal of refractory organosulfur
compounds remains an important challenge [5,21-23].
Consequently, combined catalytic [21,24], oxidative
[22,25], sorption-based [26,27], and biotechnological
approaches [28,29] aimed at achieving deeper desulfu-
rization of heavy petroleum fractions are being actively
investigated.

The aim of this study was to systematize current
data on the composition and distribution of sulfur-con-
taining compounds in crude oil and to comparatively
analyze methods for their analytical determination as
well as technologies for sulfur removal from petroleum
feedstocks and petroleum products.

2. Materials and Methods

The informational basis of the study consisted of
publications from leading international peer-reviewed
journals and specialized industrial editions published
between 2023 and 2026, focusing on the analytical de-
termination of sulfur, petroleum product quality moni-
toring, and modern desulfurization technologies [9,30].

The selection of literature sources was based on
the relevance of the studies, the reliability of experi-
mental data, the reproducibility of analytical proce-
dures, and the practical significance of the reported re-
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sults for the petroleum refining industry. The review in-
cluded studies containing data on the quantitative de-
termination of sulfur, comparative evaluations of ana-
lytical techniques, and the efficiency of sulfur removal
processes.

The methodological framework of the study was
based on a comparative analytical approach involving
the systematization of published data and the compari-
son of results obtained by different research groups.
The sensitivity, selectivity, limits of detection, analysis
time, and sample preparation requirements of various
sulfur determination methods were comparatively eval-
uated.

In addition, a comparative assessment of current
technologies for reducing sulfur content in petroleum
feedstocks was performed, including catalytic hy-
drodesulfurization, oxidative desulfurization, sorption
and extraction processes, as well as biotechnological
methods for the removal of organosulfur compounds.

3. Results and Discussion

3.1. Origin and Distribution of Sulfur-Con-
taining Compounds in Petroleum

Feedstocks

The presence of sulfur in crude oil is associated
with a combination of geochemical and biochemical
processes occurring in sedimentary basins during the

Gases

transformation of organic matter [1-3]. Anaerobic mi-
croorganisms play a significant role in this process by
reducing sulfates to hydrogen sulfide, which subse-
quently participates in reactions leading to the for-
mation of organosulfur compounds [28,29].

Sulfur-containing components in petroleum occur
in both inorganic and organic forms. The most common
species include hydrogen sulfide, mercaptans, sulfides,
disulfides, thiophenes, benzothiophenes, and diben-
zothiophenes. Their quantitative distribution depends
on the origin of the crude oil, the degree of its thermal
maturation, and its fractional composition.

Light petroleum fractions are characterized pre-
dominantly by low-molecular-weight mercaptans and
sulfides, whereas heavy distillates contain increased
amounts of polycyclic aromatic sulfur compounds
[1,2]. Among these compounds, alkyl-substituted
dibenzothiophenes are considered the most refractory
because the sulfur atom is sterically shielded by hydro-
carbon substituents, significantly hindering hy-
drodesulfurization processes [22].

Figure 1 presents a generalized scheme illustrating
the distribution of the major classes of sulfur-contain-
ing compounds among petroleum fractions as a func-
tion of boiling point and molecular weight.
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Figure 1. Distribution of the Main Classes of Sulfur-Containing Compounds in Petroleum Fractions

3.2 Influence of Sulfur-Containing Com-
pounds on the Properties of Crude Oil
and Petroleum Products

Sulfur-containing compounds exert a negative im-
pact on petroleum refining processes, the performance
characteristics of fuels, and the environmental safety of
petroleum products. The most reactive sulfur species
cause intensive corrosion of processing equipment, par-
ticularly in the presence of moisture and at elevated
temperatures [11,12].

High-molecular-weight heterocyclic sulfur com-
pounds are capable of participating in thermal conden-
sation reactions leading to the formation of resinous
substances and coke deposits [5]. This results in cata-
lyst deactivation and deterioration of the operational ef-
ficiency of refining units [3,24].

The environmental consequences associated with
the use of high-sulfur fuels are primarily related to the
formation of sulfur oxides during fuel combustion.
These compounds contribute to acid precipitation and
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the generation of toxic atmospheric aerosols, thereby
adversely affecting environmental quality [13].

To systematize the major consequences associated
with the presence of sulfur in crude oil and petroleum
products, Table 1 summarizes the most characteristic
effects of different classes of sulfur-containing com-
pounds on the technological and environmental proper-
ties of petroleum products.

The obtained data indicate that the chemical nature
and distribution of sulfur-containing compounds di-
rectly determine both the technological complexity of
petroleum refining and the environmental characteris-
tics of final petroleum products. This necessitates the
development of highly efficient analytical control
methods and the improvement of deep desulfurization
technologies.
Table 1.

Influence of the Main Classes of Sulfur-Containing Compounds on the Technological and Environmental Char-
acteristics of Petroleum Products

Sulfur-Containing Compound Characteristic Impact

Hydrogen sulfide High toxicity and accelerated equipment corrosion

Mercaptans Strong unpleasant odor, susceptibility to oxidation and corrosion
Sulfides and disulfides Formation of resins and carbonaceous deposits

Thiophenes Catalyst deactivation and reduced catalytic activity

Dibenzothiophenes Resistance to hydrodesulfurization and accumulation in heavy fractions

3.3.Modern Methods for Analytical Determi-
nation of Sulfur

At present, a wide range of methods for sulfur de-
termination in crude oil and petroleum products has
been developed, including spectroscopic, chromato-
graphic, and electrochemical approaches [9,10].

One of the most widely used techniques for total
sulfur determination is ultraviolet fluorescence analy-
sis, which is based on sample combustion followed by
the determination of SO: according to fluorescence in-
tensity [17]. This method is characterized by high sen-
sitivity and good reproducibility of results.

X-ray fluorescence analysis is distinguished by its
high measurement speed and minimal sample prepara-
tion requirements. Modern wavelength-dispersive sys-
tems allow sulfur determination at concentrations be-
low 0.2 ppm [14].

Ion chromatography methods combined with ther-
mal decomposition are employed for the analysis of
heavy petroleum fractions and enable the simultaneous
determination of sulfur and halogen-containing com-
pounds.

In recent years, electrochemical analytical meth-
ods based on modified screen-printed electrodes have
been actively developed [18,19]. Such systems provide
high sensitivity, compact instrumentation, and the pos-
sibility of rapid on-site analysis directly at sampling lo-
cations.

Table 2 summarizes modern analytical methods
used for sulfur determination in crude oil and petroleum
products.

Table 2.
Modern Analytical Methods for Sulfur Determination in Crude Oil and Petroleum Products
Method Determined Sulfur Advantages Limitations
Forms
uv . fluorescence Total sulfur High sensitivity Requlres' sample
analysis combustion
X-ray ’ fluorescence Total sulfur No ’sample preparation |\, fects
analysis required
Ton chromatography Sulfates and oxidation High selectivity Comple)'( sample
products preparation
Potentiometric titration | Active sulfur Simplicity Limited sensitivity
Electrochemical Hydrogen sulfide, . . Electrode  modification
Rapid analysis .

methods mercaptans required

3.4.Technological Approaches to Reducing
Sulfur Content
in Petroleum Feedstocks

The principal industrial method for removing sul-
fur-containing compounds remains catalytic hy-
drodesulfurization, which is based on the interaction of
organosulfur compounds with hydrogen in the presence
of heterogeneous catalysts. The process is carried out at
elevated temperatures and pressures using molyb-
denum-based catalysts promoted with nickel or cobalt
[24].

Despite its high industrial efficiency, conventional
hydrodesulfurization is insufficiently effective for the
removal of alkyl-substituted dibenzothiophenes [4,5].

Steric shielding of the sulfur atom decreases the acces-
sibility of active molecular sites for catalytic interac-
tion.

As alternative approaches, oxidative desulfuriza-
tion methods are being extensively investigated. In
these processes, sulfur-containing compounds are con-
verted into more polar sulfoxides and sulfones, which
can subsequently be removed by extraction or sorption
techniques.

Considerable interest has also been directed to-
ward sorption technologies employing zeolites, carbon-
based materials, metal-organic frameworks, and
nanostructured adsorbents. The main advantages of
these methods include mild operating conditions and
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environmental safety; however, their relatively limited
sorption capacity still restricts large-scale industrial ap-
plication.

Extraction methods are based on the use of polar
solvents and ionic liquids for the selective removal of
organosulfur compounds. These processes are charac-
terized by comparatively simple process design, alt-
hough subsequent regeneration of the extractants is re-
quired.

Petroleum feedstock

(contains sulfur compounds)

Catalysts
Co-Mo, Ni-Mo/Al,0,

Hydrogenolysis of C-S
bonds with the formation

Oxidation of organosulfur

Transfer of oxidized sulfur Pl

comp: to
of hydrocarbons and and sulfones.

hydrogen sulfide.

and their removal from
the oil phase.

A separate research direction involves biodesulfu-
rization, which is based on the ability of microorgan-
isms to cleave carbon—sulfur bonds in organic mole-
cules [31]. Biocatalytic processes proceed under mild
conditions and are characterized by reduced energy
consumption; however, their practical application is
limited by the relatively low rate of biochemical trans-
formations.

Figure 2 illustrates the principal desulfurization
methods currently employed in the petroleum industry.

Desulfurized product
(low sulfur content)

of sulfu
compounds on the surface
of adsorbents.

break C—S bonds with
the formation of nontoxic
products.

into the extractant

Figure 2. Modern Methods of Petroleum Desulfurization

To compare the principal advantages and limitations of current purification technologies, Table 3 presents a
comparative characterization of the most widely used desulfurization methods.

Table 3.

Comparative Characteristics of Technologies for Sulfur Removal from Petroleum Feedstocks

Desulfurization

Method Main Advantages Main Limitations
Catalytic High productivity and well-estab- | High energy consumption and incomplete
hydrodesulfurization lished industrial implementation removal of refractory thiophenes
Oxidative Enhanced selectivity toward aromatic | Requirement for oxidizing agents and ad-
desulfurization sulfur compounds ditional purification stages

Extraction methods .
configuration

Simple process design and equipment

Limited efficiency of sulfur compound ex-
traction

Sorption technologies ating conditions

Environmental safety and mild oper-

Relatively low sorption capacity of adsor-
bent materials

Biodesulfurization

age of C—S bonds

Energy efficiency and selective cleav-

Low rate of biochemical transformations

Conclusion

The present review demonstrates that sulfur con-
trol in petroleum and petroleum-derived fuels remains
one of the central challenges of modern petroleum
chemistry, analytical science, and refinery technology.
Although significant progress has been achieved in re-
ducing sulfur concentrations in transportation fuels, in-
creasingly stringent environmental regulations and the
growing complexity of petroleum feedstocks continue
to drive the development of more selective analytical
methodologies and more efficient desulfurization pro-
cesses.

The analysis of recent literature indicates that the
evolution of sulfur determination has progressed from
conventional bulk analytical techniques toward molec-
ularly selective, portable, and high-throughput analyti-
cal platforms. While standardized spectroscopic meth-
ods remain indispensable for regulatory compliance
and routine refinery quality control, chromatographic

techniques have substantially advanced the understand-
ing of sulfur speciation and reaction pathways. At the
same time, rapid progress in electrochemical sensing,
particularly through the application of nanostructured
screen-printed electrodes, has created new opportuni-
ties for decentralized, cost-effective, and real-time sul-
fur monitoring in industrial and environmental applica-
tions.

The review further highlights that no individual
desulfurization technology currently satisfies all tech-
nical, economic, and environmental requirements. Con-
ventional hydrodesulfurization will undoubtedly re-
main the cornerstone of industrial sulfur removal be-
cause of its proven reliability and large-scale
implementation. However, the limited reactivity of re-
fractory aromatic sulfur compounds, together with in-
creasing hydrogen consumption and energy demand,
has accelerated the development of complementary
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technologies, including oxidative, adsorptive, extrac-
tive, membrane-assisted, and biological desulfuriza-
tion. Rather than competing with hydrodesulfurization,
these approaches should be regarded as complementary
components of integrated sulfur management strategies
designed to achieve ultra-deep desulfurization with im-
proved process sustainability.

A key conclusion emerging from this review is
that future progress will depend not only on incremen-
tal improvements of existing analytical methods or cat-
alytic systems, but also on the convergence of analyti-
cal chemistry, nanotechnology, catalysis, materials sci-
ence, computational modeling, and digital process
engineering. The design of multifunctional nanomateri-
als, integration of advanced analytical platforms with
intelligent process monitoring, and application of data-
driven optimization strategies are expected to substan-
tially improve both sulfur determination and sulfur re-
moval efficiency while reducing environmental and
€conomic costs.

Finally, future research should increasingly em-
phasize validation under realistic industrial conditions,
harmonization of analytical protocols, development of
sustainable catalyst and sensor materials, and compre-
hensive evaluation of technological performance using
environmental and techno-economic criteria. Such in-
terdisciplinary and application-oriented approaches
will facilitate the transition from laboratory-scale inno-
vations to practical refinery technologies capable of
meeting future demands for cleaner fuels, improved en-
vironmental protection, and sustainable petrole
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Marine natural compounds are of increasing interest in drug research and development due to their unique
structures, diverse biological activities, and novel mechanisms of action. Using the antiviral alkaloid aldisine as a
starting compound and exploiting hydrogen bonding effects common in drug discovery, novel derivatives contain-
ing an acylhydrazone moiety were designed and synthesized. The structures of these derivatives were systemati-
cally analyzed using 1H NMR spectroscopy at various temperatures. Antiviral activity tests revealed that most
derivatives were active against tobacco mosaic virus (TMV), with some compounds outperforming the commercial
antiviral drug ribavirin. In particular, 3-methylphenyl- and 3-pyridyl-substituted acylhydrazones 5-6 and 5-12 ex-
hibited activity comparable to ningnanmycin, one of the most effective commercial antiviral drugs.

Keywords: adamantyl derivatives of aldizine, acylhydrazone, 4-(1-adamantyl)benzaldehyde, 'H and *C nu-

clear magnetic resonance spectra.

Introduction

In the global agricultural production system, plant
viral diseases have become one of the major biological
threats to crop health and food security [1]. According
to statistics from the Food and Agriculture Organiza-
tion of the United Nations, annual crop losses caused
by viral plant diseases worldwide exceed US$60 bil-
lion, which seriously impedes the sustainable develop-
ment of the agricultural economy [2—5]. Compared to
fungal and bacterial pathogens, plant viruses are char-
acterized by rapid spread, few symptoms, and complex
control strategies [6]. Currently, commercially availa-
ble antiviral drugs for plants are limited in variety, have
low effectiveness in the field, and have weak therapeu-
tic effect. Thus, there is an urgent need to develop new
and highly effective antiviral drugs for plants [7-10].

Natural products have gradually become a vital re-
source for the development of new pesticides due to
their structural diversity, ecocompatibility, and unique
mechanisms of action [11-13]. Derived from plants,
animals, and microorganisms, natural products such as
alkaloids, terpenoids, and polypeptides exhibit signifi-
cant biological activity, inhibiting pest growth and de-
velopment, interfering with pathogen metabolism, and
much more. Furthermore, these substances possess
characteristics such as low toxicity and easy degrada-
bility, which aligns well with the growing demand for
environmentally friendly pest control technologies in
modern agriculture [14, 15].

The vast marine ecosystem contains many natural
compounds that serve as potential model molecules for
the development of new drugs [16,17]. Over the past
decade, with more than 1,000 new structures being dis-
covered each year, this period has marked a golden era

of exploration of marine natural compounds, culminat-
ing in the creation of a highly valuable and extremely
extensive chemical database. Among them are com-
pounds with a unique structure and exceptional biolog-
ical activity [18]. Many marine natural compounds ex-
hibit antiviral activity against plants, with aldisine alka-
loids, in particular, demonstrating relatively strong
antiviral activity [19].

Hydrazone compounds are a class of compounds
with a broad spectrum of biological activity. As the
basic structure of hydrazone compounds, the (-
CONHN=CH-) fragment is often incorporated into the
backbones of drug molecules, serving as an active
group [20-22]. Due to its multiple hydrogen bond for-
mation sites, it can enhance hydrogen bonds between
small molecules and target proteins, thereby improving
the biological activity of the compounds [23]. Further-
more, the introduction of a hydrazone structure into the
carboline ring significantly enhances the anti-TMV (to-
bacco mosaic virus) activity of the corresponding de-
rivatives [24,25].

To enhance hydrogen bond-mediated interactions
between the target molecule and protein, a new series
of derivatives incorporating an acylhydrazone pharma-
cophore was designed and synthesized.

The physiological activity of framework hydro-
carbon derivatives, primarily adamantane derivatives,
has been extensively studied. The activity of these com-
pounds is due to the pronounced lipophilic nature of the
compact framework hydrocarbon fragment. Therefore,
the aim of this study was to attempt to impart greater
lipophilicity to known anti-priposomal drugs, which, in
our opinion, could improve their pharmacological ac-
tivity.
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Figure 1. Design of the target compounds.

Results and Discussion

Under alkaline conditions, aldizine underwent a regioselective nucleophilic substitution reaction with benzyl
bromide, forming derivative (1). Subsequently, using sodium hydride as a base, derivative (1) reacted with o-
bromoethers in a nucleophilic substitution reaction to form an alkoxycarbonylmethyl-substituted derivative (2)
(Schemel).

0]
PhCHzBr K2CO3 RBr NaH
NH
/ \ CH3CN, reflux, 70%
N,N- dlmethylformamlde

N 0o

H
Aldisine

(1) (2)
R = /\ffo\/ 72%

@)

Scheme 1. Synthesis of aldisine derivatives 1 and 2

Starting from the aldisine derivative (2), the alcohol derivative (3) was obtained by reduction with sodium
borohydride. The ether group in alcohol (3) was amidated with hydrazine to form the acylhydrazide derivative (4).
Derivative (4) then underwent a condensation reaction with an aromatic adamantyl-containing aldehyde to form
the hydrazone derivatives from (5) (Scheme 2).
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Scheme 2. Synthesis of aldisine derivative from (5).

Hydrazone derivative (6) was synthesized by condensation of derivative (2) with hydrazine hydrate under
heating and reflux conditions. This hydrazone subsequently underwent a condensation reaction with 4-(1-adaman-
tyl)benzaldehyde to form azine derivative(Scheme3).
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Scheme 3. Synthesis of aldisine derivatives from (6) to (7).

Oxime (8) was synthesized by condensation reaction of derivative (2) with hydroxylamine hydrochloride
under heating and reflux conditions (Scheme 4).
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During the synthesis, it was discovered that when Conclusions

compound (2) was used as the starting compound for
the reaction with hydrazine hydrate, the expected hy-
drazine ester product was not obtained, resulting in the
formation of the hydrazone product (5). This experi-
mental finding suggests that the reactivity of the ketone
carbonyl group is significantly higher than that of the
ester carbonyl group, leading to its preferential reaction
with hydrazine hydrate.

To further verify the above conclusion, the car-
bonyl group in compound (2) was reduced to obtain
compound (3), and then compound (3) was subjected to
a hydrazine formation reaction, which successfully
quantified the hydrazine ester product (4).

Experimental results further confirm that the reac-
tivity of the ketone carbonyl group is higher than that
of the ester carbonyl group. That is, after reduction of
the ketone carbonyl group, the ester carbonyl group
could readily undergo the reaction to form hydrazide
with hydrazine hydrate.

Materials and Methods

Instruments

'"H and '’C nuclear magnetic resonance spectra
were recorded using a Bruker Avance 400 Ultrashield
NMR spectrometer. Chemical shifts (3) are reported in
parts per million (ppm) and are measured relative to tet-
ramethylsilane. High-resolution mass spectrometry
(HRMS) data were obtained on an FTICR-MS instru-
ment equipped with a q-TOF mass analyzer (Ionspec
7.0 T). Melting points were determined using an X-4
microscopic melting point apparatus and are uncor-
rected.

The degree of conversion was monitored by thin-
layer chromatography (TLC). Flash column chroma-
tography was performed on silica gel (200-300 mesh).

General Synthesis

Aldisine and other reagents were purchased from
commercial suppliers and used without further purifi-
cation. All anhydrous solvents were dried and purified
according to standard methods immediately before use.
The synthetic routes to the target compounds (3-8) are
shown in Schemes 1-4.

New adamantyl derivatives of aldisin containing
acylhydrazone moieties were successfully synthesized
and characterized. Systematic evaluation of biological
activity revealed that all compounds exhibit significant
inhibitory activity against tobacco mosaic virus
(TMV).

The derivatives can also exhibit significant insec-
ticidal activity, as well as broad-spectrum fungicidal
activity against phytopathogenic fungi.
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Abstract

The article develops a methodology for the economic adaptability of construction enterprises under multilevel
uncertainty. Economic adaptability is defined as the capability to anticipate, absorb, respond to, recover from, and
transform disruptions while preserving continuity, solvency, value, and portfolio feasibility. This study integrates
systemic, scenario, risk-oriented, capability-based, and value-based approaches. It identifies key sources of uncer-
tainty and their transmission chains. A vulnerability index and an adaptive management sequence are proposed,
including uncertainty mapping, capability assessment, scenario modelling, decision portfolio formation, imple-
mentation, monitoring, and organizational learning. The methodology supports reconfiguration of resources, pro-
cesses, projects, and business models, enabling enterprises to maintain economic viability in a changing environ-

ment.

Keywords: enterprise; resilience; economic diagnostics; investment and construction project; adaptive man-
agement; risk management; sustainable development; business model transformation; digitalization; competitive-

ness.

Problem statement. Construction enterprises op-
erate in a complex and dynamic environment character-
ized by long investment and production cycles, the ter-
ritorial dispersion of construction sites, high capital in-
tensity, substantial dependence on external financing,
an extensive system of contractual relations, the multi-
actor nature of project implementation, and considera-
ble inertia in operational processes. The combined ef-
fect of these industry-specific characteristics increases
enterprises’ sensitivity to macroeconomic, institutional
and regulatory, market, financial, resource and logis-
tics, technological, security-related, and organizational
and behavioural disruptions. Such disruptions may un-
dermine the synchronization of project implementation,
the balance of cash flows, resource availability, and the
overall economic viability of an enterprise.

Under these conditions, economic adaptability
cannot be interpreted merely as an enterprise’s ability
to passively adjust to changes in the external environ-
ment. Its content should encompass the institutional-
ized capacity of an enterprise to identify changes in ad-
vance, interpret their economic consequences, develop
alternative courses of action, reallocate resources, ad-
just project portfolio parameters, restructure opera-
tional processes, and renew its business model without
losing manageability or economic viability

Analysis of recent research and publications.
The theoretical foundations of enterprise economic
adaptability have been developed mainly within the
concepts of dynamic capabilities and organizational re-
silience. D. Teece [11] links long-term performance to

the ability to identify change, seize opportunities, and
reconfigure resources, although this approach insuffi-
ciently reflects the project-portfolio and financial con-
straints of construction enterprises. E. Hollnagel, D.
Woods, and N. Leveson [5] interpret resilience as the
capacity of complex systems to anticipate, monitor, re-
spond, and learn. However, their concept focuses pri-
marily on safety and operational reliability rather than
on the economic outcomes of adaptation. S. Duchek [1]
defines resilience as a meta-capability comprising an-
ticipation, coping, and adaptation, but the model re-
quires industry-specific operationalization. J. Hillmann
and E. Guenther [3] emphasize the need to distinguish
resilience from flexibility, adaptability, and crisis man-
agement and note the lack of established measurement
approaches. For construction projects, K. Hilu and M.
Hiyassat [4] identify preparation, absorption, recovery,
and adaptation as key resilience components. However,
their model is limited mainly to the project level. X.
Ren, F. Yuan, Y. Li, and co-authors [10] demonstrate
that financial reserves, organizational flexibility, and
social capital strengthen construction enterprise resili-
ence, while high external uncertainty reduces its posi-
tive effect on performance.

ISO 31000:2018 [6] provides a risk-oriented
framework integrating risk identification, assessment,
treatment, and monitoring into corporate management,
but it does not fully address deep uncertainty. ISO
22301:2019 [7] regulates business continuity, prepar-
edness, response, and recovery, although its provisions
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require adaptation to the temporary, geographically dis-
persed, and multi-contractor nature of construction ac-
tivity. OECD guidelines [8] shift attention from iso-
lated risks to systemic interdependencies and stake-
holder coordination, while the Project Management
Institute [9] distinguishes risk, ambiguity, complexity,
and unpredictability and recommends predictive, adap-
tive, or hybrid project approaches. Nevertheless, both
frameworks insufficiently formalize enterprise adapta-
bility as an integrated economic system. UNDRR [12]
defines infrastructure resilience as the ability to with-
stand, absorb, recover, adapt, and transform, extending
adaptability to the ecosystem level. The World Bank
report by S. Hallegatte, J. Rentschler, and J. Rozenberg
[2] further shows that the economic effects of disrup-
tions arise from both direct asset damage and failures
of interconnected infrastructure systems.

The analysed studies [1-12] demonstrate a transi-
tion from isolated risk management to systemic and ca-
pability-based approaches. However, existing research
usually focuses on general organizational resilience [1;
3; 5; 10; 11], individual projects [4], risk and continuity
management [6; 7; 9], or infrastructure systems [2; 8;
12]. A comprehensive methodology integrating macro-
economic, institutional, financial, resource, project-
portfolio, operational, digital, and security uncertainty
with quantitative assessment of construction enterprise
adaptability remains insufficiently developed.

The purpose of the article is to develop an enter-
prise’s capacity to maintain an economically viable tra-
jectory of operation and development under different
combinations of uncertainty through the timely identi-
fication of disruptions, the selection of adaptive ac-
tions, and the reconfiguration of resources, processes,
and projects.

Presentation of the main research findings. The
economic adaptability of a construction enterprise may
be defined as its dynamic and integrated capacity to an-
ticipate, absorb, compensate for, and transform the ef-
fects of multilevel disruptions through purposeful
changes in its resource configuration, operational archi-
tecture, project portfolio structure, financial model, and
system of inter-organizational interaction. These
changes are aimed at maintaining business continuity,
solvency, enterprise value, and long-term development
potential. Under this interpretation, economic adapta-
bility is broader than organizational flexibility and dif-
fers from economic resilience. Flexibility characterizes
the available range within which individual operating

parameters may be adjusted without changing the en-
terprise’s existing configuration. Economic resilience
reflects the ability to maintain or restore core functions
following a disruption of equilibrium. Adaptability in-
volves not only returning to the previous state but also
transitioning to a new and more economically appropri-
ate configuration of activities.

The methodological foundation for this distinction
is the dynamic capabilities theory, according to which
an enterprise should develop the ability to identify
changes, seize emerging opportunities, and reconfigure
its resources and organizational structures. To ensure
resilient performance, this approach is complemented
by the capabilities to anticipate, monitor, respond, and
learn.

Economic adaptability is formed not in relation to
uncertainty in general but in relation to a specific con-
figuration of external and internal disruptions, the en-
terprise’s critical functions, decision-making time hori-
zons, and acceptable limits of performance deteriora-
tion. Therefore, the level of adaptability is not a
permanent property of an enterprise. It varies depend-
ing on the scale of uncertainty, the speed at which it
unfolds, the interdependence of risks, accumulated re-
source reserves, the quality of managerial decisions,
and the enterprise’s capacity for organizational learn-
ing. Multilevel uncertainty implies that disruptions
arising at one level are transmitted to other levels. For
example, an exchange-rate shock may increase the cost
of imported materials, alter the project budget, create a
working capital deficit, delay project completion,
weaken solvency, and cause conflicts with counterpar-
ties. Therefore, the methodology should examine not
isolated factors but the transmission chains through
which uncertainty propagates.

Multilevel uncertainty represents a set of interre-
lated changes in the external and internal environment
for which the probability of occurrence, scale, time
horizon, direction, and aggregate economic impact on
the enterprise cannot be determined unambiguously
(Table 1). Unlike risk, which allows a set of possible
consequences and their probabilities to be identified,
uncertainty may involve incomplete information, struc-
tural ambiguity, unknown cause-and-effect relation-
ships, model errors, behavioural unpredictability, and
events for which a reliable statistical distribution can-
not be established. Therefore, traditional risk manage-
ment should be incorporated into a broader methodol-
ogy for managing adaptability but cannot substitute for
1it.
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Table 1.

Levels of multilevel uncertainty in the operations of construction enterprises

Level of uncertainty

Key sources and manifestations

Main economic consequences

1. Macroeconomic

Inflation, exchange rates, interest rates,
credit conditions, investment.

Construction costs, demand, payback
periods, and asset values.

2. Institutional and regulatory

Regulations, permits, procurement rules,
oversight, and legal changes.

Delays, additional costs, and loss of
project feasibility.

3. Industry and market

Demand, competition, prices, sales, and
rental rates.

[Revenue, financing, and construction|
work in progress.

4. Financial and investment

Cash-flow gaps, lending conditions, debt,

ILiquidity, solvency, and project port-

and capital shortages.

folio financing.

5. Resource and logistics . L.
& times, and logistics.

Prices, resource and labour shortages, leadDowntime, cost overruns, delays, and

resource gaps.

6. Project and portfolio racts, and resources,

Budgets, schedules, design changes, con-Portfolio imbalance, resource con-

flicts, and schedule overruns.

7. Operational and

technological land downtime.

roductivity, disruptions, defects, rework,[Higher costs and duration, and lower

quality of work.

8. Digital and information risks, and model risk.

Data quality, system incompatibility, cyber|Planning errors, delayed decisions,

and weak coordination.

9. Organisational
behavioural

and|Conflicts, communication gaps, competencelSlow decisions, transaction losses,
deficits, and resistance to change.

and loss of managerial control.

land force majeure treme events.

10. Security, environmentalWar, damage, disruptions, accidents, and ex-Work stoppages, asset losses, and

threats to personnel.

Source: compiled by the authors based on [1-12]

Random, or aleatory, uncertainty is associated
with the inherent variability of parameters, such as la-
bour productivity, delivery times, prices, or work dura-
tion. Appropriate methods for its analysis include prob-
ability theory, statistical modelling, Monte Carlo simu-
lation, probabilistic network scheduling, Value at Risk,
and Conditional Value at Risk. Epistemic uncertainty
arises from insufficient knowledge, incomplete data, or
model uncertainty. It can be addressed through interval
analysis, fuzzy logic, expert assessment, Bayesian up-
dating, sensitivity analysis, and robustness testing un-
der alternative assumptions. Structural uncertainty re-
sults from an incomplete understanding of the cause-
and-effect relationships among factors. Cognitive map-
ping, system dynamics, DEMATEL, Bayesian net-
works, causal graphs, and risk interdependence analysis
may be applied to investigate this type of uncertainty.

Scenario uncertainty is associated with the exist-
ence of several fundamentally different trajectories of
environmental development. Its assessment requires
scenario building, stress testing, morphological analy-
sis, and scenario-adaptive budgeting. Deep uncertainty
occurs when neither the probabilities nor the full range
of future states can be reliably determined (fig. 1). In
such cases, preference should be given to robust deci-
sions, minimax regret, real options, phased investment,
and decisions that can be revised when new information
becomes available. Studies of construction project cost
contingencies confirm the need to distinguish among
different types of uncertainty, since applying a single
standard contingency percentage does not account for
differences among aleatory, informational, and struc-
tural uncertainty.
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1. Anticipation

|

Detect weak signals,
analyze trends, and
build scenarios.

—

2. Absorption

Withstand initial
shocks through

A

h

3. Response

Recognize deviations
quickly, make

reserves, backup
suppliers, and
spare capacity.

| Economic

Adaptability

decisions, and
mobilize resources.

4. Recovery

Restore critical
functions: financing,
supply, operations,

h

A

5. Transformation

Reconfigure the project
portfolio, business
model, technology, and

information, and
client interaction.

6. Learning

contracts when the old
model is no longer viable.

r

Convert disruption
experience into new
knowledge, updated
rules, and better
risk models.

Fig. 1. Functional structure of the economic adaptability of construction enterprises

For each source of uncertainty, the level of occur-
rence, time horizon, speed of development, potential
scale, controllability, possible indicators, and channels
of impact transmission should be identified.

It is advisable to develop the following map:
source of uncertainty — primary impact — transmis-
sion channel — critical function — economic conse-
quence — possible adaptive response.

Exposure reflects the extent to which an enterprise
is affected by a source of uncertainty. Sensitivity char-
acterizes the magnitude of the change in outcomes re-
sulting from a change in a particular factor. Vulnerabil-
ity indicates the likelihood of a critical deterioration in
the enterprise’s condition due to insufficient protective
or adaptive capabilities.

The vulnerability index may be calculated as fol-
lows:

m
IV,t = Z yrEr,tSr,tDr,t
r=1

where E.,. denotes exposure to the r-th disruption;
St,¢ 18 sensitivity; Dy, represents the deficit of protective
or adaptive capabilities; and y, is the weight assigned to
the 7-th disruption.

The methodology integrates diagnostic, forecast-
ing, scenario-based, optimization, organizational, and
value-oriented dimensions. Uncertainty is regarded not
only as a source of potential losses but also as a factor
that creates a need for managerial flexibility, real op-
tions, new technological solutions, and business model
transformation. Within this framework, economic
adaptability is characterized by three interrelated prop-
erties: the adequacy of adaptive capabilities relative to
the scale of uncertainty; the balance among financial,
resource, operational, digital, and organizational com-
ponents; the speed at which information about changes

is converted into economically justified managerial ac-
tions.

Conclusions. The methodology for developing
the economic adaptability of construction enterprises
should focus not on forecasting a single future state but
on building the enterprise’s capacity to operate under
multiple possible environmental conditions. Its founda-
tion is the continuous alignment of multilevel uncer-
tainty, enterprise vulnerability, and available adaptive
capabilities.

Adaptability is developed through the successive
determination of the economic viability domain, uncer-
tainty mapping, vulnerability assessment, capability
auditing, scenario modelling, the formation of a portfo-
lio of adaptive decisions, their economic selection, im-
plementation, monitoring, and organizational learning.
The outcome of applying the methodology is not the
mechanical preservation of the enterprise’s initial state
but the maintenance of its capacity to create value, fulfil
critical obligations, preserve the economic feasibility of
its project portfolio, and undertake timely structural
transformation in a changing and only partially predict-
able environment.
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AHHOTAUUA

B nmaHHON Hay4HOW cTaThe HM3y4eHbl 00€300JHBarOIIMEe CBOWMCTBA (Dpakiuu, moaydeHHoW w3z Phlomis
thapsoides L., B 3KCTIEpUMEHTAIBHBIX YCIOBUAX. AHAJIBI€THUECKYIO0 AKTHBHOCThH OLICHHBAJIN C ITOMOIIBIO TECTa
«ropsyas INIaCTHHA) Ha OeCIOpoHBIX OenbIxX MbiIax. MccnexyeMyro (pakiiiio BBOIMIN NIEPOPATIHHO B Pa3INd-
HBIX J103aX M HaOMoaany 3a e€ BIMSHUEM Ha JIATCHTHBIN meproJ 60JIeBOi peakunu. Pe3ybraTel HcciienoBaHus
MOKa3aJn, 4To 3()(PEKTUBHOCTD (BPaKIMK B CHIKEHHH OO0JIEBOM 4yBCTBUTEILHOCTH BO3pACTaja C YBEINYEHHEM
no36l. HauBblcmii aHaneretuueckuii 3¢ et Obur 3apeructpupoBad B jpo3e 25,0 mr/kr. [lomydeHHble gaHHbBIE
CBHJIETENBCTBYIOT O TOM, YTO JAaHHAas (hPaKIUsl MIMEET HAyYHOE 3HaYEeHHE KaK MEPCIeKTHBHOE aHAIbI€THYECKOE
CpPE/ICTBO Ha OCHOBE NPUPOHOIO HCTOYHHKA.

Abstract

In this scientific article, the analgesic properties of a fraction obtained from the Phlomis thapsoides L. were
studied under experimental conditions. Analgesic activity was evaluated using the hot plate test on outbred white
mice. The test fraction was administered orally at various doses, and its effect on the latent period of the pain
reaction was observed. The results of the study showed that the effectiveness of the fraction in reducing pain
sensitivity increased with increasing dose. The highest analgesic effect was recorded at the dose of 25.0 mg/kg.
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The obtained data indicate that this fraction has scientific significance as a promising analgesic agent based on a

natural source.

KuioueBblie ciioBa: Phlomis thapsoides L., ananpreTndeckuii 3¢ GekT, MoAeb TEPMUIECKON OO, TECT «T0-

pA4Yad mIaCTuHa, JIATCHTHBII TIICpuoad.

Keywords: Phlomis thapsoides L., analgesic effect, thermal pain model, hot plate test, latent period.

Beenenue. boyeBoit cHHIPOM SIBIISIETCST OJTHOM U3
B)XHBIX MPOOJIEM COBPEMEHHOW MEAMIMHBI U (apma-
KOJIOTHH, TIOCKOJIBKY OH CITy>KUT OCHOBHBIM KIIMHHYE-
CKUM IPU3HAKOM MHOTHX MAaTOJIOTMYECKUX COCTOSTHHUH.
HecMmotpst Ha BBICOKYIO 3(p(heKTHBHOCTH CyIIECTBYIO-
MIUX AHAIBIETUYECKUX CPEJICTB, NMPUMEHSEMBIX IS
ycTpaHeHus 001, B YaCTHOCTH HECTEPOUIHBIX IIPOTH-
BOBOCTIQJINTEIIBHBIX NPENapaToOB M ONMMONUIHBIX aHAb-
TETUKOB, WX UINTEIBHOE NPUMEHEHHE OTPAHUIUBA-
€TCSl MHOTOYHCIICHHBIMH TOOOYHBIMU 3 (PeKTaMu,
BKJIFOYast TaCTPOIHTEPOIIATHH, HEYPOTOKCHIHOCTB, Te-
MATOTOKCUYHOCTh M Pa3BUTHE TOJIEpaHTHOCTH [1-3].
[TosTOMY MOMCK HOBBIX BBICOKO3()(EKTHBHBIX, MaJO-
TOKCHUYHBIX U 0€30MacHBIX aHAIBIeTHYECKUX CPEACTB
OCTaETCs aKTyaJbHON HaAyYHO-IIPAKTUYECKOM 3a/1ayeil.

B nocnenuue roasl oco6oe BHUMaHUE YAETSAETCS
CO3/IaHHMIO HOBBIX IIPENapaToB HA OCHOBE OHOJIOTHYE-
CKH aKTHUBHBIX BEILECTB, BHACIAEMbIX U3 JIEKaPCTBEH-
HBIX pacTeHHd. [IpupomHble coenuHEHHs 00JanarOT
MHOTOKOMITOHEHTHBIM  ()apMaKOJIOTHYECKUM  JCH-
CTBHEM U BaXXHBI TEM, YTO BO3/CHCTBYIOT HA pa3nnd-
HBIC 3BEHBS MMaToreHe3a 60 u Bocnanenus [4,5]. Oco-
OcHHO pacteHus pona Phlomis, npuHaIeKamme K ce-
MeWcTBy  Lamiaceae,  paccMaTpUBAIOTCSI  Kak
MEPCIIEKTHBHBIN (hapMaKoJIOrHYeCKUil NCTOUHUK OJa-
rojapsi OorarcTBy (uaBoHOMIAMH, (pEHONBHBIMH CO-
€/IMHCHUSIMU, TEPICHOWAAMH W JPYTMMH OHOAaKTHB-
HBIMH KOMITIOHEHTaMH [6].

X 0T XUMHYECKHUI COCTaB U HEKOTOpbIe OMOJIOTH-
4yeckue cBoiictBa Phlomis thapsoides L. n3y4eHsl, ero
aHaJbreTHUecKass aKTHMBHOCTb, OCOOCHHO 3((eKTHB-
HOCThb Ha MOJIEJISIX IIEHTPaJbHOW 0O0JM, MCcieoBaHa
HEJIOCTATOYHO. B CBS3M ¢ 3THM aKTyaJIbHOCTb JAHHOTO
MCCIIEZIOBaHMS OIpeieNIsieTcsl OLEHKOW 00e300mBato-
1€l aKTUBHOCTH (DPaKIMH, BBIJIEICHHON U3 3TOTO pac-
TEHHsI, Ha MOJICJIN «ropsyasl IUIAaCTHHA», OIpenese-
HHEM Juara3oHa 3QeKTUBHBIX 103 U 000CHOBaHHUEM
€€ BO3MOXXHOCTEH B KAaueCTBE IIEPCIEKTUBHOIO IIPHU-
POJIHOTO aHAIbI€TUYECKOTO cpecTBa [5-8].

Henr uncciegoBaHusi: HM3ydeHHE aHAJIbIETHYE-
CKOW aKTMBHOCTH (h)pakuuH, BbIIEICHHON u3 Phlomis
thapsoides L., Ha MoeNH TEpMUIECKOH OOIIH.

Marepuansl u MeToabl. ViccnenoBanus mpose-
JICHBI Ha OECTIOPOJHBIX OEJbIX MBIIIaxX-CaMIax Maccon
tena 18-20 r. )KuBoTHbIe B TeueHne 7 qHel ObLIN anan-
TUPOBAHHI B yCIoBUAX BuBapus (23+2 °C, 12/12 gaco-
BOM PEKUM CBET/TEMHOTA) CO CBOOOHBIM JIOCTYTIOM K
CTaH/IapTHOMY TPaHyJIMPOBAaHHOMY KOPMY H BOJIE.
J103bI MccieyeMbIX BEIIECTB U METOJIbl UX BBEICHUS
OBUTH BBIOpAHBI B COOTBETCTBHUH C TPEOOBAaHUAMH JEH-
CTBYIOIIIETO METOAMYECKOTO PYKOBOJACTBA IO JIOKJIHU-
HUYECKUM uccienoBanusaM [9]. Bce sxcmepumeHTHI
MPOBEJIEHBI C COOJIIOAEHHEM HOPM OMO3THKH, B YacT-
HocTH EBporeiickoif KOHBEHIIMH 110 3aIIUTE T03BOHOY-
HBIX JXMBOTHBIX, HCIIOJIb3YEMBIX B JKCHEPHMEHTAIb-
HBIX 1 Hay4HBIX nemsax (CrpacOypr, 1986) u Tpebona-
uHuit Jupextussr EC 2010/63/EU [10,11]. B xaxnyro

SKCIEPUMEHTANBHYIO TPYIITY METOIOM PaHIOMH3AINN
OBUIO pacrpeeseHo N0 6 )KUBOTHBIX.

Hccnenyemyto ¢paknuio BBOAWIN NEPOPAIHHO
(uHTparacTpaibHO) C IOMOIIBIO aTPAaBMAaTHYECKOTO
30H7a B go3ax 1,0; 5,0; 10,0; 25,0; 50,0; 100,0; 150,0;
200,0 mr/kr. [lo BBeneHUs HccieayeMol (pakuuu y
BCEX JKHBOTHBIX PETHCTPUPOBATH HcXoAHbIe ((oHO-
BEIC) ITOKA3aTENN B TECTE «TOpsdas IIACTHHAY, 3aTEM
gepe3 60 u 120 MHHYT ITOCIIC BBEJICHHUS BEIIECTBA OIIC-
HUBAJIA U3MEHEHHS JIATCHTHOTO Ieprosa 00JIeBoi pe-
AKITUH.

Jis ompeneneHys aHAIbreTUYECKOM aKTUBHOCTH
UCIIONIB30BaIN TECT «ropsyas miactuHa» (Hot Plate).
JlaHHBIIT MeToj SBISETCA KJIACCUYECKON MOJEIbI0
CKPUHUHTa, OCHOBAaHHOM Ha OIIeHKe OOJIEBBIX PEeaKLni,
(OpPMHUPYIOIIMXCS € yYacTHEM CYNpacluHaJIbHBIX
HEpPBHBIX CTPYKTYp. B xo7€e 3xcrepuMeHTa JKUBOTHBIX
NOMEINaIM Ha IOBEPXHOCTh METAJUIMUeCKOW IiIa-
CTUHBI, HarpeToi 10 57 °C, u perucTpupoBaiu JaTeHT-
HOE BpeMs OT Hayalla Harpena JI0 MOSBICHUS TIOBEICH-
YeCKUX peakiuii Ha 00JeBOM CTUMYI: OONU3BIBAHUSL
Jarnbl, TPBDKKA WK OTAEPTUBAHUS JIamlbl. Y NTHHEHNE
9TOTO JIATEHTHOTO MEepHOoJa OLCHUBAIOCH B Ka4eCTBE
KPUTEPHsI CHIKCHUS OOJEBOH WyBCTBHTENBEHOCTH U
HaJIM4Ms aHAJbIeTHUYECKOro JIEHCTBUS HCCIIEyeMOro
Bemiectna [12,13].

ITonmyuyeHHble pe3yabTaThl MIPEACTABICHBI B BUAE
M=+m. MexXrpynnoBsle pa3inyus OLEHUBAIU C IOMO-
mpio t-kpurepus CThIOAEHTA, a P MHOKECTBEHHBIX
TPYTIIOBBIX CPaBHEHISIX HCIIOIB30BATH OJHO(AKTOP-
HBI aucnepcuoHHBI aHamm3 (One-way ANOVA).
Pasmiaus cauTanmm CTaTUCTHYECKH TOCTOBEPHBIMU MIPH
ypoBHe p<0,05 u p<0,01. AHanbreTnyeckyr akTHB-
HOCTB PAaCCUUTHIBAIH B IIPOICHTAX B KAYECTBE YAJIIHE-
HUS JTATEHTHOTO TIEPHOa 110 CPABHEHHIO C MCXOTHBIM
MOKa3aTeseM U aHaJH3UPOBAJIM B CPAaBHEHUH C Pe3yJib-
TaTaM{ KOHTPOJIBbHOM I'PYTIIIEL.

PesyabTaThl. AHampreTudeckas axkTHBHOCTb
(bpakuuu, BeiaeneHHON u3 Phlomis thapsoides L., Obuia
W3y4eHa Ha Mojienu «ropsiyas tuiactuHay (hot plate) u
OILIEHEHA IO MOKAa3aTeNsM JIATeHTHOTo nepuona Ooe-
Boll peakmmu. [lomydeHHBIE pe3ynbTaThl IPECTaB-
JeHsl B Buae M+m (n=6) U mpoaHaIiM3UpOBAHEI CTATH-
CTHYECKH B CPAaBHEHUH C KOHTPOJIBEHOU TPYIIION.

CormacHO pe3yJibTaTaM HCCICIOBaHUSA, B KOH-
TPOJNIBHOW Tpymme (KUBOTHBIC, momyduBimue 0,2 M
(hM3HOTOTHYECKOTO pacTBOpa) JIATEHTHBIN Tepro] 60-
JIEBOM peaKIi B HOPMAJbHOM COCTOSHHH COCTABIUI
14,2+0,6 cexyHnpI, a uepe3 60 MUHYT 3TOT MOKa3aTelb
coctaBmi 13,9+0,5 cekyHpI, MPU 3TOM CTATUCTHYECKU
3HAUYMMBIX U3MEHEHUH He Habmoaanock (p>0,05).

PedepenTHplii mpemapar KeTOmpodeH MpOsSBIII
BBIPAXKEHHYIO U J10303aBUCUMYI0 aKTMBHOCTb IO CHHU-
JKEHUIO 00JIeBO YyBCTBUTENBEHOCTH. [IpH n03e npena-
para 1,0 MI/Kr JaTeHTHBIH nepuoj 0oNeBoH peakiuu
yamuHuics ao 22,3+0,8 cekyHbl, KOTOPOE B IPOLEHT-
HOM OTHOIIIEHHUU COCTaBWJIO yBeJndeHue Ha 62,7% 1o



34

POLISH JOURNAL OF SCIENCE Ne 101, 2026

CPaBHEHHIO C MCXOAHBIM TO0Ka3zareneM (p<0,05). Yee-
JUYeHre J03bl Tpernapara 10 5,0 MI/Kr MpuBeNo K
VUIMHEHUIO JaTeHTHOro mepuoma no 24,5+0,9 ce-
kyHnsI (73,7%; p<0,01), a mpu BBenenun B poze 10,0
Mmr/kr - go 25,8+1,0 cexynast (80,4%; p<0,01). Otn
JTAaHHBIC CBHUJIETEIHCTBYIOT O CHILHOM U BBIPA)KEHHOM
JI0303aBHCMOM aHAJBI€THIECKOM JICHCTBHH KETOTIPO-
¢ena.

B 3KCnepuUMEHTANBHBIX TPYIax, MOJYYaBIIUX
tdpakumro Phlomis thapsoides L., Takxe HaONI01a1aCHh
aHanmpreTuueckas 3¢eKTUBHOCTH. [Ipu BBEJCHUU HC-
CJIEZIyeMOT'0 COCTUHECHHUS B MaJIbIX J103aX, 8 UMEHHO 1,0
MI/KT 1 5,0 MI/KT, TaTEHTHBIN TTepro]; 00JIeBOi peak-
IIUHU YJTAHUIICS COOTBETCTBEHHO /10 19,4+0,7 cekyHapl
(40,5%; p<0,05) m 20,7+0,8 cexynusi (45,7%; p<0,05).
OTH pe3yabTaThl MOKAa3bIBAIOT, YTO (Dpakius Take B
MaJbIX o3ax obmamaet 3dexTom momaBiIcHUs Ooire-
BBIX MIMITYJIECOB.

AHaNbreTH4ecKoe JACUCTBUE UCCIeayeMoil (hpak-
U YCUJIMBAJIOCH C YBCJIUYCHUCEM J03bI. HpI/I BBC/C-
HUH coerHEHUs B 103¢ 10,0 MI/KT TaTEHTHBIH EPHO

HawuBpicmiass ananprermdeckas 3QQeKTHBHOCTh
(bpaxkiuu 3apeructpupoBana npu nose 25,0 mr/kr. [Ipu
9TOW 03¢ JIATEHTHBIN MepHoJl OOJIIEBON peakIuu J0-
ctur 26,9+1,0 cekyHabI, KOTOPOE B MMPOIIEHTHOM OTHO-
IOICHWW COCTAaBHWIIO yBenudeHue Ha 94,9% mo cpaBHe-
HHIO C UCXOAHBIM MokasaresneM (p<0,01). DToT pe3yib-
TaT CBHUIETEIBCTBYET HE TONBKO O BBICOKOM
AQHAJIbIETHYCCKOM MOTCHIMANE (PAKIUU, HO U O TOM,
YTO onTUMaibHas 3¢ deKTuBHas 103a cocrasisier 25,0
mr/kr. Kpome Toro, HabmogaeMbiid QKT Mpu 3TOH
JI03€ XapaKTepU3yeTCsl MPEBOCXOACTBOM Haa d(dek-
TUBHOCTBIO pe)epeHTHOrO IpernapaTa KeTonpoQeHa B
BBICOKOI JI03€.

Uccnenyemas ¢pakums CoOXpaHsia BBICOKYIO
AHAJBTeTHUECKYI0 aKTUBHOCTH IPU BBEICHUH B J103€
50,0 Mr/kr, TaTeHTHBIA TIEpHO ] OOJIEBOI peakIuu co-
craBun 25,6+0,9 cexynmsr (80,2%; p<0,01). [Ipu BBe-
neHud ppaxuu B 1o3e 100,0 MI/KT JaTeHTHBIH IEPUO.T
cocraBun 23,1+£0,8 cexkynanl (68,6%; p<0,05), npu
150,0 mr/kr - 21,840,7 cexynapl (52,4%; p<0,05) u npu
200,0 mr/kr - 20,640,7 cexyumasl (46,0%; p<0,05). ITo-

cocraBmi 25,7+0,9 cexyHABI, aKTUBHOCTb yBEJNHYH-  JIydCHHBIE SKCICPUMEHTANbHBIC pe3yJIbTaThl Ipen-
nack Ha 83,5% (p<0,01). JaHHbIN pe3ynbTaT MOKa3bl-  CTaBIeHHI B Tabmule 1.
BAeT, 4TO IIPU ITOH 03¢ aHajbrerndeckas 3hGexTuB-
HOCTH (DpaxIiy MpaKTHIECKU CPaBHAIACEH C pedepeHt-
HBIM TIpEIapaToM KeTOIPO(QEHOM.
Tab6muma 1
AHanpreTnieckas akTUBHOCTD (hpakuuu, monydeHHo u3 Phlomis thapsoides L., B TecTe TepMUYeCKON 00JIH,
M=+m, n=6
JlaTeHTHBIN nepro1 00IEBOH PEaKITH
. [loBbiIEHUE aKTUBHOCTHU Yepe3 60
Ne VYcnosus onbiTa Hosa, VICXOJHBII NOKA3ATEI: B MUHYT (B % K MICXOJJHOMY YPOBHIO)
MI/KT HOpPMAaJIbHOM COCTOSIHHH (B
ceKyHax) yepe3 60 MuHyT (B ce- Dddekr
KyHJax) (%)
1 Korports 02 M 14.240.6 13.940.5 .
(¢wus.pact.)
1.0 13.740.5 22.34+0.8* 62.7
2 Keronpoden 5.0 14.14+0.6 24.540.9%* 73.7
10.0 14.340.6 25.8+1.0%* 80.4
1.0 13.840.5 19.440.7* 40.5
5.0 14.240.6 20.74+0.8* 45.7
Opaxius, 10.0 14.040.5 25.740.9%* 83.5
3 MOJTyYeHHAs U3 25.0 13.840.5 26.9+1.0%* 94.9
Phlomis thapsoides 50.0 14.2+0.6 25.6+0.9%* 80.2
L. 100.0 13.740.5 23.14+0.8* 68.6
150.0 14.340.6 21.84+0.7* 52.4
200.0 14.14+0.6 20.6+0.7* 46.0

IMpumeuanme: pe3ynbTarhl MpeacTaBieHsl B BUIe M+m (n=6). *p<0,05; **p<0,01 o cpaBHEHUIO C KOHTPOJIbHOM

IPYIIION.

Pe3yabTaThl NIPOBEAEHHOI0 IKCIIEPUMEHTA TO-
Ka3zaju, uYto ¢paxuusi Phlomis thapsoides L. obna-
JlaeT BBIPAXKEHHOM aHaIbreTUYECKONW aKTUBHOCTBIO HA
MOJIETIM TEPMHUUECKOM O0JIH, TP 3TOM €€ IeCTBHE SIB-
JsIeTCsl 10303aBUCHMBIM, MakCHMalibHast 3()(deKTHB-
HOCTh HaOIojaercs npu no3e 25,0 MI/Kr, U JaHHAs
JI03a MOJKET OBITh OIIEHEHA KaK ONTHMaJIbHAs TePaIeB-
THYecKas 103a. Pe3ynbraTel HeciaeoBaHus 000CHOBBI-
BAlOT, YTO 3Ta (pPaKmus MOXeT OBITh IMOJBEPrHyTa
JATBHEHITUM  yTITyOIEéHHBIM (DapMaKOIOTHYECKUM U
MEXaHUCTUIECKUM HCCIEOBAHUSAM JUIS YCTAaHOBIICHUS
BO3MOYKHOCTH €T0 NMPHUMEHEHHS B KadeCTBE IMEepPCIeK-
TUBHOTO IIPUPOJHOTO aHAJILI€TUYECKOr0 CPEACTBA.

BeiBoa. Pe3ynbraTel NpoBEAEHHBIX IKCIIEPUMEH-
TaJIHBIX MCCIICIOBAHUIA MOKA3aJd, YTO (DpaKIys, BbI-
neneHHast u3 Phlomis thapsoides L., obnanaet BwIpa-
’KEHHOH aHaJbI'€THYECKON aKTUBHOCTHIO HAa MOJECIH
TepMuveckoi Oonm. Hccnmemyemast ¢pakmus JOCTO-
BEPHO yUIHHSUIA JIATCHTHBIN [TEPHOJT O0JICBOM peaKIuu
U TPOSBISUIA 0303aBUCHUMOE  (PapMaKoIOrHIecKoe
JIECTBHE.

CoriacHO pe3yibTaTaM HCCIICAOBAHUS, CpEan
Bcex BBeNEHHBIX 103 (pakmmu 1,0; 5,0; 10,0; 25,0;
50,0; 100,0; 150,0; 200,0 Mr/xr HauBBICIIAS aHAJbIe-
THYecKasi aKTUBHOCTH HaOmofgamack mpu jgoze 25,0
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MTI/KT, B 3Ta Jio3a OblIa OIICHEHa KaK ONTUMAalIbHas -
(dexruBHAsT n03a. HaOmromaeMblil mmpu 3TOM 103€ 3¢-
ekt OBIT comocTaBUM C JEHCTBHEM pedepeHTHOTO
mpemnapaTa keronpodeHa, a o HEKOTOPBIM TOKa3aTe-
JISIM TIPEBOCXOJIAI €T0.

Wsyuennas ¢pakmus Phlomis thapsoides L. mo-
JKeT OBITh WCCIIeIOBaHa B KA4ECTBE IMEPCIIEKTUBHOTO
AHAJIBI'€TUUECKOTO CPEJICTBA HAa OCHOBE IPUPOIHOTO
ucroynuka. [lomydeHHbIe pe3yabTaThl CO3/IAIOT HAyd-
HYIO OCHOBY HCIOJIb30BaHUs JaHHOW (paKiyy B Kaue-
CTBE 00BEKTa AaJTbHEHIINX yriTyOnEHHBIX (papMakoso-
THYCCKUX, TOKCHUKOJIOTHUYCCKUX M MEXaHUCTHYCCKUX
HCCIIETOBaHUM.

JlaHHbIe Hay4YHbIe UCCIeT0OBAHUS BBHINOJTHEHDI
B paMKax 010/:keTHOT0 nmpoekTa UHcTuTyTA.
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