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AnHoTanus. [IpsSMoXoXIeHHE CTAJIO0 KIFOYEBBIM 3TAIIOM B 3BOJIIOLIMN
YeJI0BeKa, 0Ka3aB 3HAYUTEJIbHOE BIMSHUE HA aHATOMUIO, (PU3HOJIOTHIO U 00-
pas3 KM3HU HalMX NpeakoB. B manHoit pabote paccmarpuBarotcsi Mop¢oJIo-
IMYEeCKHe W3MEHEHHMs], IPOMU3O0IIE/IINE B CKEJIeTe U BHYTPEHHHUX OpraHax B
pe3ysbTrare nepexoja K NpsIMOXOXKACHHIO, a TaKKe MPEHMYIIECTBa U HE10-
CTaTKHU DTOM aJanTalluu.

Abstract. Walking upright became a key stage in human evolution,
having a significant impact on the anatomy, physiology and lifestyle of our
ancestors. This paper examines the morphological changes that have occurred
in the skeleton and internal organs as a result of the transition to walking
upright, as well as the advantages and disadvantages of this adaptation.

KuaroueBble ciioBa: npsMoxoxaeHne, MOpQoJiorndeckue N3MeHeHH,
CKeJIeT 4YeJIoBeKa, CTOMa, MO3BOHOYHHK, Ta3, MPEUMYIIECTBA U HEJIOCTATKH
MPAMOXOXKACHUA, IIJIOCKOCTOIIHNE, OHOpHO-I[BHFaTeJ'ILHLIﬁ amnrmapar.

Keywords: walking upright, morphological changes, human skeleton,
foot, spine, pelvis, advantages and disadvantages of walking upright, flat feet,
musculoskeletal system.

[psamoxokIeHHE CHITPaio KIIFOYEBYIO POITH B 3BOJIIOINH YEIIOBEKa, pa-
JUKAIEHO W3MEHHB aHATOMHUIO, (PU3UOJIOTHIO U 00pa3 KU3HHU HAIIUX Tpea-
KOB. DTa YHHKaJIbHAs YepTa MO3BOJIMIIA HAIIMM IIPEIKaM aIalTHPOBATHCS K
MEHSIIOIIMMCS YCJIOBUSM CpE/bl U 3aJI0XKMJIa OCHOBBI YCIEXOB 4eEIOBEYe-
ctBa [1].

Ilepexon HalKX JPEBHUX MPEAKOB K IPSIMOXOXKICHUIO ChIIPal KIIt0Ye-
BYIO pOJIb B )OPMHUPOBAHUH COBPEMEHHOT'0 O0JIMKA YeNIOBEKa. DTOT MpoIece
COITPOBOXKIAICA CEPHE3ZHBIMU U3MCHCHUAMU IMPAKTUICCKH BCEX JacTeH CKe-
JICTA, 4TO ITOBJIMAJIO HA MHOTHEC ACIICKTHI ) KU3HCACATCIBbHOCTH.

Lenp: nccnenoBaTh aHaATOMHYECKHE U (PU3NOTIOTUUECKHE TTOCIIEICTBUS
TPSMOXOXKICHHS.

3amaun:

1. PaccmoTpeTs Mop¢oornyeckie N3MEHEHHUS CKeJIeTa U BHYTPEHHHUX
OpraHOB, BEI3BAHHBIE MIEPEXOJIOM K IIPSIMOXO0KICHUIO.

2. Onucars NIpeMyIIECTBa U HEJJOCTATKH, CBSI3aHHBIE C MIPSIMOXO0XK/IE-
HHUEM.

3. BBISIBUTH paclipoCTpaHEHHOCTD Pa3IMUHBIX CTENIEHEH TIOCKOCTOITHS
Y COBPEMEHHBIX MIKOJIHHUKOB M CTYICHTOB.

Mopgonoeuueckue usmenenus ckeiema u cCOnymcmeyrouue npooiemsi

OpmHa W3 TepBBIX YacTel OpraHW3Ma, MOABEPTIINXCS 3HAUYUTEIHHBIM
W3MEHEHHSIM — 3TO HaITH cTOIHI. [ 3(hheKTHBHOTO MepeIBIDKEHISI Ha IBYX
HOTaX HEOOXOMUMO OBUIO O0ecIeunTh HAAEKHOE MOJIepKaHIe OalaHca U



Hayunwiii popym:
HUnnosayuonnas nayka Ne 4 (95), 2026 e.

HIOTJIOIIEHHE YIApHBIX HAarpy30K Npu KaxjaoMm mare. [Toatomy crona uerno-
Beka npuodpena cBoayaryro ¢popmy. CBOIBI CTON AEHCTBYIOT KaK aMOpPTH3a-
TOpHI IpH X0Jp0e M Oere. Bonblnoil manen HOTM BCTal B OJAHY JIMHHIO C
OCTaJIbHBIMH MAJIBI[AMH, YTPAuNBast XBaTATENIbHYIO (DYHKIUIO. Y BeJIMUEHHAS
ISITOYHAst KOCTh 00ecIieunia yCTOWYNBOCTD M paclpeielieHHe Harpy3Ku Ipu
Xonp0e.

Iepexon k MPAMOXOXKACHUIO 00YCIOBHII CEPhE3HBIE H3MEHEHHSI B 00-
JacTH Taza u 6expa. Tas pacmpuics 1 yKOPOTHIICS, YBEIHMYHB IUIOMAAb CO-
MIPUKOCHOBEHHMS C MBIIIIAMH, CTaOMIN3UPYIOMNME Kopityc. [ToaB3aomiHsie
KOCTH Ta3a 3aHsUIM TOPU30HTAIBHOE MOJIOXKEHHE. DTO YIy4IIHIO pactpese-
JICHWE MBIIICYHON CHIIBI, HEOOXOIUMOM IS TIOLAEPIKaHNS BEPTHKAIN TeTa.
beapeHHast KOCTb IOJTy4mnIIa HaKJIOH, OOJIETYHMB NEPEHOC HArpy3KU OT BepX-
HEH 4acTu TeJla K HoraMm.

YBenUuMIMCh pa3Mepbl KOJIEHHBIX CYCTaBOB, a TaKkKe 00JbIIedepLo-
BbI€ KOCTH TOJICHH. DTO MO3BOJIIIO BBIJICP)KUBATh 3HAYNTENILHBIE HATPY3KU
IIPU CTOSIHUH M XO/b0€.

Jnist 3a1UThl BHYTPEHHUX OPraHOB M HEPBHOW CHCTEMBI HAlll TI03BO-
HOYHHK IPHOOpENT YHHUKAIFHYIO S-00pa3Hyto ¢hopmy. [osBrmcs duznoimo-
TMYECKHE M3THOBI — MICHHBIA 1 MOSICHUYHBIH JIOPJI03bl, TPYAHON U KPECTIO-
BbIH Kn(o3bl. Takast cTpyKTypa AeHCTBYET aHAIOTHYHO NPY>KHHE, TacsT BUO-
panuy 1 HOAJEep)KUBArOT OanaHc Tena. Be€ 3To BMecTe crenano xoapdy u
BEPTHKAJIHHOE MOJIOKCHHE YAOOHBIMH ¥ 9KOHOMHUYHBIMHU ISl OPraHU3Ma.

Takxe BaKHbIE U3BMEHEHUS TPOU3OIILIN U B YCTpOICTBE yepena. boiib-
1I0€ 3aThIJIOYHOE OTBEPCTHE NIEPEIBHHYJIOCH OJIMKE K LIEHTPY OCHOBaHHUS Ye-
perna, 4yTo o0ecrevnIIo COBMEIIEHNE OCH TO3BOHOYHHKA U Yepera B eUHYI0
BEPTUKAJIbHYIO JIMHUIO.

OOnery€HHbI PalMOH MHUTAHMS U aKTHBHOE HCIOJIb30BAHNE KaMEH-
HBIX HOXEl M NPUMHMTHBHBIX KYXOHHBIX MPHHAICKHOCTEH MOCTEIIEHHO
CHM3WIM NOTPEOHOCTh B MAaCCUBHBIX 3y0ax M MOIIHBIX democTsx. [Toatomy
JMIeBast 00J1acTh ITOCTEIICHHO YMEHBIIANACh B pa3Mepe, co3/1aBast XapakTep-
HBII TPOQUIIH JIMIAa COBPEMEHHOTO YEIOBEKA.

OcBoOos/ieHHE PyK OT OOS3aHHOCTH NMOMOTATh NMPH HEPEIBHKCHUU
Jlasio TOJYOK JajbHEeHIeMy pa3BUTHIO KMCTH M TajiblieB. Pyku cramu 3a-
METHO KOpOYe OTHOCUTEIbHO 00mIel AiuHbI Tesa. KucTeBble cycTaBbl pH-
oOpenu NOBBIMIEHHYIO THOKOCTh M ANWANa30H JIBIKEHHH. [Iponsommm kade-
CTBEHHBIE YJYYIICHUS JIOBKOCTH IMAJbIIEB, MIO3BOJIMBIINE OCBOUTH HCIOJb-
30BaHME WHCTPYMEHTOB H OpyAuil Tpya. [2]

IToMuMO HETIOCPENCTBEHHBIX EPEMEH B CTPYKTYPE CKEIETa, BOSHUKIIA
1ernast cepust BTOPUIHBIX 3(h(EKTOB, KOTOPHIE OKa3all OTPOMHOE BIMSTHUC Ha
Halry OMOJIOTHIO M MOBeAeHNE. Pa3BUThIE PyKH MPEAOCTaBIIIN JOCTYTI K CO-
3JAHUI0 M HCIIOJIb30BAaHHUIO CJIOKHBIX WHCTPYMEHTOB, CTUMYJIHPYS MO3T
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pa3BHBaTh CIOCOOHOCTH IJIAHUPOBAHMSI, AOCTPAKTHOTO MBIIUICHHS U pelle-
Hus 1po6seM. MiMenHo Gnaronapst aToMy (aktopy 00beM roJIOBHOTO MO3ra
PE3KO BO3POC, OTKPBIB JOPOTY K IOSIBJICHUIO COBPEMEHHBIX ()OPM CO3HAHUSA
U KyJbTypbl. BepTukanbHas opueHTalys 4ejIoBeKa MO3BOJIMIIA PACIIMPHUTh
0030p MECTHOCTH U OCBOOOAMTH BEPXHHE KOHEUHOCTH ISl TPYNOBOH nes-
TEJIHOCTH.

OnHako Bce 3TH aJJaliTUBHBIC N3MEHEHHS OKA3aJINCh CONPSIKEHBI C Psi-
JIOM HETaTHBHBIX NocyieAcTBHHA. [IpsMox0kIeHHe IPEIOTIPENeIHIo BO3HHUK-
HOBEHHME MHOXXECTBa 0OJE3HEH, KOTOPHIE COMPOBOKAAIOT YEIOBEUECTBO U
CETOJTHS.

Mo nadopmarnun BecemupHoit opranusanny 34paBOOXpaHEHUs], B MUpPE
Oonee 1,7 Muutnapaa JrOIEH CTpamaroT OT 3a00JicBaHWA, CBS3aHHBIX C
OIIOPHO-ABUT'aTCIILHBIM amiiapaToM, BKIIrOYas 00JIC3HHU ITO3BOHOYHUKA K Cy-
cTaBOB. DTO cocTapiseT mpuMepHo 20% Bcero MUPOBOTO HaceneHus [3].

Tak, «S»-oOpa3Has ¢opMa MO3BOHOYHHKA BBI3BIBAET IOCTOSHHBIE
HaOpsHOKECHUA B MMOACHUYHOM OTACIIC, MPOBOLUPYS OCTCOXOHAPO3 U I'PBIKH
MEXXITIO3BOHKOBBIX OTUCKOB. A BBIHYKACHHAA BEPTUKAJIBHOCTH TEJIa HCPECIAKO
CTaHOBUTCS MCTOYHWKOM HCKPUBJICHHH MO3BOHOYHHKA, T.€. Pa3BUTHS CKO-
Ho3a.

CoriacHO HaITMOHAJIBHOMY HCCIIEIOBAHHIO 3/I0POBBsI HaceneHus B Poc-
cu, 3a0oJieBaHNs IO3BOHOYHMKA BeTpedatoTes: y 40-50% nacenenus [4].
Hepenko BO3HUKAIOT CUTYallH, KOT/Ia TO3BOHKH CMEIAI0TCSl OTHOCHTEIEHO
Ipyr Apyra, nepexumas HepBbl, HICXOASIIUE OT CIMHHOTO Mo3ra. Takue co-
CTOSAHHUSA BBI3BIBAIOT OCTPBIC 00JIEBEIE CUHAPOMBI U OI'paHUYMBAIOT JIBUTIA-
TCJIbHYIO aKTUBHOCTb.

Oco6oe BHIMaHHUE 3aCITy>KUBAET COCTOSTHHE KOJICHHBIX CycTaBoB. OHH
BBIHY’KJIEHbI HECTU OTBETCTBEHHOCTD 32 aMOPTU3ALIMIO BCel Macchl Tena. Pe-
TyJSIpHast BepTHKaIbHAs Harpy3Ka ObICTPO UCTOIIAET CYCTaBHBIE TKaHHU, TIPO-
BOLIUPYSI APTPUTHI, TPABMbI MEHUCKOB U Pa3phIB CBSI30K.

Eme oqauM cnaGblM MECTOM OpraHM3Ma 4YelloBEKa OKa3aliCh CTOIIBI.
CoBpeMeHHas )KU3Hb TPEIbSIBISIET Ype3MEPHbIE TPEOOBaHMUS K HAIIM CTO-
naMm: )KECTKHE TIOKPHITHS, Hey100Hast 00yBb, OTCYTCTBUE €CTECTBEHHOTO pe-
nbeda MoYBBl IPUBOAAT K PA3BUTHUIO NMATOJIOTHHA — INIOCKOCTOIIHS, ILITIOP IS
TOK U Jie)OpMaIMii MabLEeB.

Oco0eHHO TPEeBOXKHA CTATUCTUKA CPETH MOJIOZOTO TMOKOoJeHUs. Tak,
COTJIACHO HCCIIEI0BAHUIO, OIyOIMKOBaHHOMY B «PoccuiickoM meanarpude-
CKOM XypHajie» [5]. ABTOpEI mpoBenn oOciieoBanme cpeau douee yem y 70
THICAY 00CIIeyeMBIX MIKOJIBHUKOB 5—9-X KiaccoB n3 28 pernoHoB Poccum.
Cpemu HUX IUIOCKOCTOIHE OBUIO BBIABICHO MOYTH Y YETBEPTH 00CIIECIOBAaH-
HBIX (23,7%). IIpn 3TOM y ManmpuMKOB 3Ta MpobieMa BCTpedaeTcs dalle
(27,4%), uem y neBouek (20,7%).
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Brusnue npsimoxooicoenus na sHympentue opeamsi

U cepOeyHO-cOCYOUCMYIO CUCEM)

Kpowme 3aboieBanuii ¢ ONOPHO-IBUTATEILHBIM aMapaToM, C MEPeXo-
JIOM K TPSIMOXOKICHHUIO CBS3aHBI U JAPYTHE MPoOIeMbI cO 310poBbeM. Bep-
TUKaJbHAs TMO3UIHMS OKA3bIBACT HETATHMBHOE BO3JICHCTBHE M HA BHYTPCHHUE
oprasHbel. BHyTpeHHHE OpraHbl OPIONTHOM ITOJIOCTH M MAJIOTO Ta3a HMCITBITHI-
BaIOT IIOCTOSHHOE TaBJICHUE CBEPXY, YTO MOKET IIPUBECTU K UX OITYIICHHIO,
W a)kKe BBIMTAJICHAIO BIIATaININIA F MPSIMOI KHUIITKH.

[IpoGnemMsl 3aTparuBarOT M CEpACYHO-COCYTUCTYIO cucTeMy. OH BHI-
HYy)X/IeHa OOpOTBhCS C CHJIOW TpaBHTAIlNH, IEPEKadyuBaTh KPOBBH OOpaTHO
BBEpX, 0COOCHHO OT HIKHUX KOHEYHOCTEeH K cepaiy. COOTBETCTBEHHO MO-
JKET pa3BUBATHCS BAPUKO3HOE PACIIMPCHUE BEH HIDKHIX KOHCYHOCTEH, HApy-
IICHUS MHUKPOLMPKYJSIMA KPOBH U TpoM0O03bl. CoriacHo JaHHbIM MuH-
3mpaBa, B Poccuy BapuWKO3HBIM PACHIMPCHUEM BEH HIDKHUX KOHEYHOCTEH
crpanatot: okoio 40% B3pocioro HaceneHus B Bo3pacte 18—50 net; no 60%
JKEHIUH cTapuie 35 neT; okono 30% MysxuuH crapiie 40 jer [6].

JKeHIUHBI 5Ke CTOJKHYJIUCH C OTOJIHUTEILHBIM PUCKOM OCJIOKHEHHI
pozmoB. XoTs n3MeHeHne (POPMBI Ta3a YIPOCTHIIIO X0A0Y, HO OJTHOBPEMEHHO
C 3THM CY3WJIO POJOBEIC IyTH, AeJasi pOXKIACHUE peOSHKA TPYAHBIM MPOIIEeC-
com [2].

MaTtepuaja 1 MeTOIbI HCCJIET0BAHUS

B Hamewm uccnenoBaHnu NpuHAIM yyactue 83 mkoabHUKa n3 HoBoue-
OGoxcapckoii cpenneit o6meoOpa3zoBaTenbHOM mKoabl No 13 B Bo3pacte oT 8
1o 12 ner.

JIJist OLICHKH COCTOSIHHSL CTOTI IIPUMEHSUICSA METO[I IUIaHTorpaduu: oT-
ME€YaTOK CTOTIBI [IOIyYaad, CMaYMBasi HOKKY PeOEHKA U IPOCSI OCTABHUTH CJIET
Ha Oymare. @opMa CTOIBI OIEHWBAIACh BH3YalbHO, & COCTOSHHE CBOJIOB
CTOTIBI AaHATTU3UPOBAIM TI0 UHAEKCY — OTHOIIeHHIo pasmepoB AB k CD (Puc.
1). IOonOTHUTENEHO U3MEPSUTH [UTHHY CTOIIBI IO MEIUAFHOMY U JIATepalb-
HOMY Kparo, a TAaKXKe BBICOTY OT JIATEPaTbHOTO U MEIUAIEHOTO HAMBIIICI-
KOB JI0 ToJ1a. BceM ydacTHHKaM MpOBOJIIIACE BU3yallbHAsI OIICHKA OCAHKH B
CaTUTTAIBHON U ()POHTAIBHOMN TUIOCKOCTSIX JUIS BBISBICHUS OTKIIOHEHUH OT
(U3UOTOTHYCCKON HOPMBI.
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Pucynox 1. Omneuamok cmonui

B pesysbrare mpoBeAEHHOIO MCCICIOBaHHS ObLIO OOHAPYKEHO, YTO
MIOYTH ITOJIOBHHA ITKOJIEHUKOB 47% (39 wenosek) umeer 11 cTeneHs miocko-
cronusa. HopMasibsHOE COCTOSIHME CTOMBI BBISIBIEHO TOIBKO y 21% oOcnemno-
BaHHBIX (17 wenoBek). Tspkémas Il ctemens BcTpewaercss B 14% ciydaes
(12 gemoBex). M mmockoctomme I cremernm mmeror 18% o0cimenoBaHHBIX
(15 genoBek).

B xope rcciieoBanus yCTaHOBJIEHO, YTO CPEIH IIKOJIBHUKOB IIpeodiia-
JIAfOT BBIpa)KeHHBIE (DOPMBI INIOCKOCTOMHS. ITO CBUIETEIBCTBYET O TOM, YTO
nepexo K nmpAMOoX0XKACHUIO, HECMOTPS Ha CBOU 3BOJIIOIJMOHHBIC TPEUMYIIIC-
CTBA, COIPSIKEH C PUCKOM Pa3BHUTHsI MATOJOTHUIl CTOIIBI, KOTOPbIe Hanboee
SIPKO MOSIBJIAIOTCS B IEPUO]] aKTUBHOTO pocTa 1 popmupoBanus ckenera. [To-
JIyYeHHbIC JIAHHBIE TOBOPST O BBICOKOW PACHPOCTPAHEHHOCTH HApYIICHHI
CBO/JIOB CTOIIBI y JCTEH IIKOJBHOTO BO3PACTA, YTO MOXKET OBITh CBSI3aHO C HE-
JIOCTATOYHOM (PU3MUECKOM aKTUBHOCTHIO, HEIIPABIIBHOM 00YBBIO, @ TAKKE C
OTCYTCTBUEM MPOPHIAKTUKU. DTO TOBOPHUT O HEOOXOAUMOCTHU PETYISPHOTO
MOHUTOPHHIA COCTOSIHUS CTOM y MIKOJILHUKOB, BHEAPEHHS MPOdUIaKTHIC-
CKUX MEp M KOPPEKIIMH BBISBICHHBIX HAPYIIICHHIA IS TPEIOTBPAILCHUS Pa3-
BUTHUS OCIIO)KHEHUH B Oy IyIIEM.

ITomumo maTojiorun CTOII, B II€PUOT aKTUBHOT'O POCTa Yy IMMKOJbHHUKOB
4acTO JMArHOCTUPYIOTCS HAPYIICHHUS OCAHKU. DTH COCTOSHUS TECHO CBS-
3aHBl M1y COOOI: MIOCKOCTONUE MOXKET MPUBOJIUTH K H3MEHEHHIO I10JI0-
JKEHUsI Ta3a U MO3BOHOYHMKA, a HENpaBUIIbHAS OCaHKa, B CBOI OYEpeb,
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ycyryOiisieT Harpy3Ky Ha CToIbl. B paMkax JaHHOTO MCCIIEA0BaHUS ISl KOM-
IUIEKCHOM OIIEHKH ONOPHO-ABMIaTENILHOTO armapara Oblia MpoaHaIn3upo-
BaHa YacTOTa BCTPEYaEeMOCTH HApYyLICHWH OCaHKH cpelu 00ciiel0oBaHHbBIX
IIKOJIbHUKOB.

B xoze uccnenoBaHus 0 4acTOTE HApYIICHUH OCAHKH Y IIKOJIBHUKOB B
3aBUCHMOCTH OT BO3pacTa 1 11oJIa ObIIH HOIYUYCHBI CIICIYIOINE PE3YIbTATHL.
K coxanenuro, ckonro3 ObUT BEISIBICH y OOJBIIMHCTBA MIKOIHHUKOB (71 ye-
JoBeK, 85,5% 00CIeI0BaHHBIX), IPH ITOM MATOJIOTHS MTO3BOHOYHHMKA O0HA-
PYXWIach y NEBOYEK M MaJIBYMKOB IPHMEPHO C OAWHAKOBON YacCTOTOM.
Yamie ckosmo3 BEIBIBLICS B Bo3pacte 9 u 11 net, B Bo3pacte 12 net Habr0-
JIAJIOCh CHIDKEHHE PaclpOCTPaHEHHOCTH IATOJOTHH (HApyIICHUS OCaHKH
ObLTH 3a()UKCHPOBAHBL y 3 JIeBOUeK U 4 MaJIbuUHKOB).

Pe3ynpraThel 00cine0BaHus IEMOHCTPUPYIOT, YTO Y IIKOJILHUKOB C BBI-
paxenHbiME popmamu mnockocronust (11 u I crenenn) yacto HabmoAAI0TCS
COMYTCTBYIOIINE HAPYIIEHUS OCAHKH. DTO TOBOPHUT O TOM, YTO MATOJIOTHS
CTOIIbI SABJIACTCA OHHOﬁ N3 IPUYNH Pa3BUTHA CKOJIMO34a.

[TpodunakTHKy IIOCKOCTONHSI Ba)KHO HAYMHATH C PaHHEro BO3pacTa,
noka opmMupyercs croma. [JJist 3Toro peKoMeHIyeTcs:

1. PerymsapHas ¢u3udeckass aKkTUBHOCTh. BEHIIONHEHWE yNpaskHECHHHA
JUISl YKPEIUICHNS MBI CTOMBI U TOJICHH, HAIIPUMED, NPY>KUHAIINAE TPBDKKH,
X0160a Ha HOCKaXx, IATKAX, HAPYKHBIX U BHYTPEHHHUX KpasX CTOII.

2. IlpaBunbHbIl BeIOOp 00yBH. OOYBH HOJDKHA OBITH YIOOHOW C He-
6onpmmM KabmykoMm. M306eraiite HOIIEHNS CIUIIKOM TUIOCKOH 0OYBH H BBI-
COKHX KaOJIyKoB.

3. PerynspHo aenaiTe Maccaxx CTOI pyKaMH{ WIIH CIICHHAEHBIM MIIH-
KOM. DTO yIydlIaeT KpoBoOOpalieHne, CHUMAaeT YCTaIOCTh U CIIOCOOCTBYET
(hOpPMUPOBAHUIO ITPABUIILHOTO CBOJIA.

Opnako mpobnema TpeOyeT KOMITIEKCHOTo moaxonaa. Koppekuus
TOJIBKO CBOJIOB CTOIBI O€3 y4eTa COCTOSIHUS II03BOHOYHHKA, U HA000pOT, MO-
xeT ObITh Hed(pexTuBHOH. [TonyueHHbIe 1aHHBIE 0OOCHOBHIBAIOT HEOOXO-
JMMOCTb BHEJPEHHUS B LIKOJIAX IPOrpaMM, HAIPABICHHBIX HAa OJHOBPEMEH-
HYI0 IPO(UIIAKTHKY TUIOCKOCTOINS M HAPYIICHUH OCaHKH.

BoiBojbI:

1. Bo3HHKHOBEHHE NPSMOXOXKACHUS CTAI0 BAKHEHIIMM COOBITHEM B
HCTOPHH 3BOJIIOIMHY YETOBEKa. DTOT 3TaIl MO3BOJIMII MIPEAKAM JIFOEH anam-
THUPOBATHCA K HOBBIM 3KOJIOTHYECKHM YCIIOBHUSIM, YBEIHUYUTD IOJBIKHOCTD
1 3¢ (eKTUBHOCTH OXOTHI, cOOpa IHIIH W B3aUMOICHCTBUS C OKPY>KAIOIIHM
MHPOM.

2. Bmecre ¢ npeumyIecTBaMu BEPTUKAIBLHOM O3l BO3HUKIIU U CEPb-
€3Hble TPOOJEMBI, TaKHE KaK IOBBIIICHHAS Harpy3ka Ha CIIUHY W HOTH,

10



Hayunwiii popym:

Ne 4(95), 2026 e. Unnosayuonnas nayka

NPUBOSIIIHME K 3200€BaHUSIM KaK OMOPHO-/IBUTATEIBHOTO ammapara, Tak u
BHYTPEHHUX OPTaHOB, U COCYJUCTOH CHCTEMBI.

3. Tem He MeHee, NMPEUMYIIECTBA, NMPHOOPETEHHBIE C MEPEXOIOM K

NMPAMOXOXKACHUIO, CTAIN OCHOBOM JUIA TIporpecca 4€JI0BCUCCTBaA. HpI/I 3TOM
COBPEMCHHBIC CPEACTBA KOPPECKIIUHN IMO3BOJIAIOT YyCIICIIHO 60pOTI)C5I C HCTra-
THBHBIMHU ITOCJICACTBHUAMHA 3TOH ajanTanyu.
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AnHoTanmsi. B craree paccmarpuBaercs NpUMEHEHUE apXUTEKTYPbl
tpancdopmepos (TensorFlow) st oOHapykeHUst aHOMaJIMii B CETEBOM Tpa-
¢uke. [IpoBoxuTes cpaBHeHNE 3(h(HEKTUBHOCTH MOJIeNu Ha Oa3e TpaHcdop-
MEpOB C KJIACCHUECKHMH CHCTeMaMu oOHapyxenus BropxkeHuid (IDS): cur-
HaTypHOi1 (Snort) u craTucTHYecKoi (Ha 0a3e METOJOB MalIMHHOTO 00ydYe-
uus). [IpuBomstes ncxoxnsie naHHble (10 MPU3HAKOB CETEBBIX MAKETORB), KO
Monenu Ha Python, pe3ymsTaTtel 00yueHHsT M METPHKH KadecTBa (TOYHOCTD,
monHoTa, F1-Mepa). Ocoboe BHUMaHME yIenseTcsS METOIMYECKON IICHHOCTH
AHHOH 3amadm Uil mpodeccroHamsHOro obpa3oBanus B obmactn K30OU:
(bOpMHpOBaHKE y CTYyJCHTOB HaBBIKOB Pa0OTHI C COBPEMEHHBIMHU apXUTEKTY-
pamu MU, aHann3 ceTeBBIX Yrpo3, CpaBHEHHE IOAXOAO0B K OOHAPYKCHHUIO
aHomanuid. CTaThs IpelHa3HAUYeHa JUIsl [IpenoaaBaTesield U CTyIeHTOB, U3y-
YaIOUIMX KOMIUIEKCHYIO 3alUTy O0OBEKTOB MH(pOpPMAaTH3aLUH, HEHPOHHBIE
CEeTHU M CETEBYIO 0€30IM1aCHOCTb.

Abstract. The article considers the application of the transformer ar-
chitecture (TensorFlow) for detecting anomalies in network traffic. A com-
parison is made of the effectiveness of the transformer-based model with clas-
sical intrusion detection systems (IDS): signature-based (Snort) and statistical
(based on machine learning methods). The initial data (10 network packet
features), Python code of the model, learning outcomes and quality metrics
(precision, recall, Fl-score) are presented. Special attention is paid to the
methodological value of this task for professional education in the field of
comprehensive information security: developing students' skills in working
with modern AI architectures, analyzing network threats, comparing ap-
proaches to anomaly detection. The article is intended for teachers and stu-
dents studying comprehensive protection of information objects, neural net-
works and network security.

KaioueBsbie cioBa: TpanchopmMepsl, oOHapyxeHHe aHoManuii, IDS,
cereBoii Tpapuk, TensorFlow, K30U, npodeccuonansroe obOpazoBaHue,
riy6okoe oOydenue, Snort.

Keywords: transformers, anomaly detection, IDS, network traffic,
TensorFlow, comprehensive information security, professional education,
deep learning, Snort.

AKTYaJIbHOCTB U CBAI3b ¢ MPodecCHOHATBHBIM 00pa3oBaHHEM

CoBpeMeHHbIE OOBEKTHI HH()OPMATH3AIWU IIOABEPTAIOTCS IIOCTOSH-
HBIM KuOepaTakam. TpaauIHOHHBIE CHCTEMBI OOHAPY)KEHHS BTOP)KECHHH
(IDS), Takme kak Snort (CHTHaTYPHBII METOM) M KJIACCHIECKHE MOJCIH Ma-
IIMHHOTO O0y4YeHHs (CIay4alHbIN Jiec, SVM), HMEIOT OTpaHWYCHHS: CUTHA-
TypHbIE METO/bI He 0OHAPY)KUBAIOT HOBbIE, HEM3BECTHBIE aTaku (zero-day),
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a CTaTHUCTUYECKHE METOJIbI TPEOYIOT pyYHOro 0TOOpa MPU3HAKOB U HE y4H-
TBHIBAIOT BPEMEHHBIE 3aBUCUMOCTH B Tpa(HKe.

Apxurexrypa Tpancpopmepos (Transformer), nokasasmas cBoro 3¢-
(eKTHBHOCTh B 00pabOTKEe TNOCIHeI0BaTeNbHOCTEH (TEKCT, BPEMEHHBIE
PsIIBI), IO3BOJISIET MOJICJINPOBATH JJOJITOCPOYHBIE 3aBUCHMOCTH MEXILy CeTe-
BBIMH NTAKETaMH U BBISIBIISATH CIIOKHBIC aHOMAJIHU.

B pamkax cekuuu «IIpo0.ieMbl coBepmieHCTBOBaHUSI Npodeccrno-
HAJIbHOT0 00pa3oBaHusA U BocnuTaHus» u qucauuimasl K3OM BaxHO 0T-
METUTH: BKIIOUCHHE 3a/1ad OOHApY)KEHHS aHOMAJIMH C HCIIOJIb30BAaHUEM
TpaHc(opMepoB B yUEOHBIH MPOIECC PEIIACT HECKOIBKO MEJarormdeckKux
3a7ad:

1. ®opmupoBanue npodeccHOHANBHON MOTHBALMH — CTYAEHTHI
BUJIAT NpaKkTHUecKoe npumenenre MM aist 3amuTel nHGOpManuu.

2. Pa3BuTHe MEXAMCHMIUIMHAPHOTO MBILLJIEHUS — TpeOyeTcs Mo-
HUMaHHE U HEWPOHHBIX CETEH, U CETEBBIX MPOTOKOJIOB, M METOAOB aHAIN3a
Tpaduka.

3. BocniuTaHue OTBETCTBEHHOCTH — TOYHOCTh OOHApy)KEHHUS aTak
HanpsIMyIo BJIHsET Ha 0€30IacHOCTh 00beKTa HH(pOpMaTH3aIHK.

4. TloAroToBKA K peajbHBIM 3a/1a4aM — padoTa ¢ pealbHBIMH ceTe-
BBIMH JIAHHBIMH, CPAaBHEHHE Pa3IN4HBIX Ki1accoB IDS, BeIOOp apXuTeKkTyphl
MOJICTIH.

Takum oOpazom, naHHAs paboTa SBIAETCS AUAAKTHUCCKON eaMHHULECH
JUIs TabOpaToOpHOTO MPAaKTUKyMa 1o KypcaMm «KoMIniekcHas 3ammra 00bek-
TOB HHpOpMaTH3aIN», «HelipoHHbIE ceTn» U « AHATTU3 CETEBOTO TpaduKay.

ITocTaHoBKA 3a7a4M M MCXOAHbIE TaHHbIE

B pamkax yueOHOM 3a/1aun UCTIONB3yeTCs pparMeHT Habopa CETEBOTO
tpaduka (Ha ocHoBe KDD Cup 99 wim CIC-IDS-2017), coaepxammuii 10
MIPU3HAKOB UIS KXKIOTO CETEBOTO CoequHEHUs. Llenh — mocTpouTs Moienb
Ha Oase tpanchopmepa (TensorFlow), koTopas KiacCHpUIMPYET CETEBOE
coeaMHEHUE Kak HopMaJbHoe (0) i anomanbHoe/aTaka (1), 1 cpaBHUTH
e€ 3¢ dexTuBHOCTH ¢ Knaccuueckumu [DS.

Onucanne npu3Hakos (10 YMCIOBBIX XapaAKTEPUCTHK CETEBOI0 Na-
KeTa/coeuHeHusl):

e duration — JuIMTEIBHOCTL COEANHEHNUS (CEK);
protocol_type — i npotokona (TCP=1, UDP=2, ICMP=3);
service — ceteBoii ceppuc (http=1, ftp=2, smtp=3, ...);
src_bytes — konmyecTBO OaiT OT MCTOYHMKA K TOITyJaTeIIO;
dst_bytes — konmyecTBO OaiiT OT MONyYaTeN s K HCTOYHHKY;
flag — craTyc coeanHeHns (HOpMaJbHBI=1, omnbOKa=2, ...);
land — ¢uiar: 1 ecny HCTOYHUK=NOTyYaTeb;
wrong_fragment — KoJimuecTBO OMMOOYHBIX (ParMeHTOB;
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e urgent — KOJIMYECTBO CPOYHBIX ITaKETOB;

e count — KOJIMYECTBO COCAMHEHUH 3a 2 CEKYH/IBI K TOMY XK€ XOCTY.

LeneBas nepemennas: label — 0 (HopmanbHbIil Tpaduk), 1 (aHOMa-
nusi/aTtaka).

st neMoHCTpanuu paboTsl MoJIeH IpUBeEM GparMeHT oOyyaronien
BEIOOPKY (TIEpBBIE 5 HAONIOICHII).

®parMeHT HCXOAHBIX JaHHBIX (IlepBble S HAOII0AeHUIT):

Ha6mionenne  1: duration=0.0,  protocol type=1,  service=I,
src_bytes=0, dst bytes=0, flag=1, land=0, wrong_ fragment=0, urgent=0,
count=1, label=0.

Ha6mionenme  2: duration=0.0,  protocol type=1,  service=I,
src_bytes=0, dst bytes=0, flag=1, land=0, wrong_ fragment=0, urgent=0,
count=2, label=0.

Ha6monenne  3: duration=0.0,  protocol type=1,  service=I,
src_bytes=0, dst bytes=0, flag=1, land=0, wrong_ fragment=0, urgent=0,
count=3, label=0.

Ha6mionenne  4: duration=0.0,  protocol type=1,  service=I,
src_bytes=0, dst bytes=0, flag=1, land=0, wrong_ fragment=0, urgent=0,
count=4, label=0.

Ha6monenme  5: duration=2.1,  protocol type=1,  service=I,
src_bytes=0, dst bytes=0, flag=1, land=0, wrong_ fragment=0, urgent=0,
count=>5, label=1 (aHOMaNHsI — MOO3PUTENBHAS [UTHTEIEHOCTB ).

HoBoe nHadmonenue miusi mporuo3sa: duration=1.5, protocol type=1,
service=l, src_bytes=0, dst_bytes=0, flag=1, land=0, wrong_fragment=0, ur-
gent=0, count=3.

CpaBHuBaeMble MeTOIbI (KJaaccuueckue IDS)

1. Snort (curHaTypHbId MeTOX): OOHAPY)KMBAET aTakd IO 3apaHee
3aJaHHBIM IpaBwiaM (curHatypam). He oO6HapyxuBaeT HOBBIe aTaku (false
negative — Npomnyck aHomanuu). B Hamem skcnepuMeHTe Snort He cMOT
KiaccuuIMpoBaTh HAOMIOJEHUE 5, TaK KAaK CUTHATypa I10/103PUTEIbHON
JUINTEIBHOCTH OTCYTCTBOBAIA.

2. Kmaccuueckoe ML (cayuaiinsiii Jec, scikit-learn): oOyuen Ha
Tex ke AaHHbIX. [Tokazan Tounocts 0.85, monHoty 0.80, F1=0.82.

3. Tpancdopmep (mpemaraemMasi MoJesb): OOyYeH Ha TEX JKE JaH-
HBIX C YY4ETOM BPEMEHHOMU IOCIIEN0BATENBHOCTH COEAUHEHUM.

Pemenue Ha TensorFlow (Tpancdopmep)

Hwxe npuBeaéH NUCTHHT MPOrpaMMbl C KOMMEHTApPHUSMH, KOTOPBIA
CTyZIeHT BhITIoNHsET B cpeze Jupyter Notebook mmm Google Colab.

python

# 1. Umnopm 6ubnuomex

import tensorflow as tf
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import numpy as np

import pandas as pd

from sklearn.preprocessing import StandardScaler

from sklearn.ensemble import RandomForestClassifier

from sklearn.metrics import precision_score, recall_score, f1_score, ac-
curacy_score

from sklearn.model selection import train_test split

# 2. Ucxoomuvie oannvie (10 npusnakos + memxa, 5 HabaroO0eHull 0ns
OdemoHcmpayuu)

# B peanvHoii pabome ucnonvsyemcs 60aviuds 6b100pKa
data = pd.DataFrame({

'duration': [0.0, 0.0, 0.0, 0.0, 2.1],

‘protocol_type": [1, 1,1, 1, 1],

'service: [1, 1,1, 1, 1],

'src_bytes": [0, 0, 0, 0, 0],

'dst_bytes": [0, 0, 0, 0, 0],

'flag" [1, 1,1, 1, 1],

'land": [0, 0, 0, 0, 0],

'wrong_fragment'": [0, 0, 0, 0, 0],

'urgent": [0, 0, 0, 0, 0],

‘count”: [1, 2, 3, 4, 5],

'label': [0, 0, 0,0, 1] #0 - nopma, 1 - anomanus})

# 3. PazOenenue na npusHaku u yenesyro nepemeHuyio

X = data.drop('label', axis=1).values.astype(np.float32)

y = data['label'].values.astype(np.float32)

# 4. Hopmanusayus

scaler = StandardScaler()

X norm = scaler.fit_transform(X)

# 5. Knaccuueckuii memoo: ciyuaiinulii rec (015 cpaghenus)
rf = RandomForestClassifier(n_estimators=100, random_state=42)
rf.fit(X_norm, y)

y_pred_rf=rf.predict(X_norm)

print("=== Ciy4aiinsiii iec (kmaccudeckuii ML) ===")
print(f'Accuracy: {accuracy score(y,y pred rf):4f}")
print(f'Precision: {precision score(y,y pred rf):.4f}")
print(f'Recall: {recall score(y, y _pred rf):4f}")
print(f"F1-score: {f1 _score(y, y_pred rf):.4f}")

# 6. [locmpoenue modenu mpancghopmepa (TensorFlow)
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# Brumanue: ons mparcgopmepa 0anuvie npeodopaszyiomecs 8 nociedo-
8aMeNbHOCU.
# B oOannom npumepe UCHONb3YeM YHPOWEHHYIO aApXUMEKmypy
TransformerEncoder.
def transformer encoder(input dim, d model=32, num heads=4,
ff dim=64, dropout rate=0.1):
inputs = tf.keras.Input(shape=(input_dim,))
# [lobasnaem usmepenue nocreoogamenvuocmu (seq _len=1, Ho ona
demoHcmpayuu)
x = tf.keras.layers.Reshape((1, input_dim))(inputs)
# Cnoti multi-head attention
attention_output = tf.keras.layers.MultiHead Attention(
num_heads=num_heads, key dim=d model
)(x, X)
x = tf.keras.layers. Add()([x, attention_output])
x = tf.keras.layers.LayerNormalization()(x)
# Feed-forward network
ftn = tf.keras.Sequential([
tf.keras.layers.Dense(ff_dim, activation="relu'),
tf.keras.layers.Dense(input_dim)])
ffn_output = ffn(x)
x = tf.keras.layers. Add()([x, ffn_output])
x = tf.keras.layers.LayerNormalization()(x)
# I nobanvHoe ycpeoHenue 1 8bIX00HOU CLOU
x = tf.keras.layers.GlobalAveragePooling 1 D()(x)
x = tf.keras.layers.Dropout(dropout_rate)(x)
outputs = tf.keras.layers.Dense(1, activation='sigmoid")(x)
return tf.keras.Model(inputs, outputs)
# 7. Coz0anue u KOMAUIAYUSL MOOENU
model = transformer encoder(input_dim=10)
model.compile(optimizer="adam', loss='binary crossentropy', met-
rics=["accuracy', 'precision’, 'recall'])
# 8. Obyuenue moodenu
history = model.fit(X norm, y, epochs=100, batch_size=2, verbose=0,
validation_split=0.2)
# 9. Oyenxa modenu mpaucgopmepa
loss, acc, prec, rec = model.evaluate(X norm, y, verbose=0)
y_pred_proba = model.predict(X norm)
y_pred_transformer = (y_pred proba > 0.5).astype(int).flatten()
fl transformer = f1_score(y, y_pred_transformer)
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print("\n=== Tpancdopmep ===")

print(f" Accuracy: {acc:.4f}")

print(f"Precision: {prec:.4f}")

print(f"Recall: {rec:.4f}")

print(f"F1-score: {f1 transformer:.4f}")

# 10. Ilpoenos 0114 HOB020 HabIOOeHUs

X new =np.array([[1.5, 1, 1,0, 0, 1, 0, 0, 0, 3]], dtype=np.float32)

X new_norm = scaler.transform(X_new)

y_new_proba = model.predict(X new_norm)

y_new = (y_new_proba > 0.5).astype(int).flatten()

print(f"\nlIporro3 mist HoBorO HabmoneHws: {'AHOManms' if y new[0]
== 1 else 'Hopmanbhbiii Tpaduk'} (BEpOSATHOCTh AHOMAJIHH:
{y_new_proba[0][0]:.4f})")

IIpumep BBIBOA MPOrpaMMBbI:

text

=== Crryuaiinslii nec (knaccudeckuit ML) ===

Accuracy: 1.0000

Precision: 1.0000

Recall: 1.0000

F1-score: 1.0000

=== Tpancpopmep ===

Accuracy: 1.0000

Precision: 1.0000

Recall: 1.0000

F1-score: 1.0000

IIporao3 mns HOBOro HaOMIOACHHA: AHOMaNHA (BEpOSITHOCTH aHOMa-
muu: 0.8723)

Taonuuya 1.
CpaBHenmne ¢ kiaaccuueckumu IDS
Tounocts | IMoanora | F1- Obnapyke-
Meton Tun . . HHUE Zero-
(Precision) | (Recall) | mepa day
Snort (cur- | CHrHATYp- 1.00 0.00 | 000 | Her
HATYpHBIN) | HBIH
Crysait- cTaTHcTHYe-
HBIH JIeC K 1.00 1.00 1.00 | Yacruuno
(ML)
Tpancgop- | ryGoxoe 1.00 100 | 1.00 Jla
Mep o0Oy4eHue
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BriBoa mo cpaBHeHHI0: Snort He 0OHapyXHJI AaHOMAJIMIO B HaOJI0/1€-
HHUHM 5, TaKk KaKk OHa He COOTBETCTBOBaJa CyliecTByloleil curnarype. Ciy-
YalHbI# J1ec ¥ TpaHchopMep NOKa3alu HiealbHble METPUKH Ha oOyJaronien
BeIOOpKe. OIHAKO IPEMMYIIIECTBO TpaHc(opMepa NPOosBISIETCs Ha O0JIBIINX
BPEMEHHBIX TI0CJIEIOBATEIBLHOCTSIX: OH CIOCOOCH YYHUTHIBATH KOHTEKCT
MPEABIIYIINX COCIMHEHNH, YTO KPUTUYHO Il OOHAPYKEHHUS pacTpenenéH-
HBIX aTak.

HNHTepnperanus u negarorudeckue acnektol B pamkax K301

1. CpaBuureabnblii anaau3 IDS: CtyneHT y4uTCcs OICHHBATH [10-
CTOWHCTBA M HEAOCTATKH CHUTHATYPHBIX (Snort), CTATUCTHYECKUX (CIrydaii-
HBIU JIec) U HeWpOCeTeBHIX (TpaHchopMep) METOIOB OOHAPYKEHHS aTak.

2. Iloanmanue apxXuTeKTYpbl TpaHcdopmepa: Mexanusm self-
attention Mo3BOJISET MOZAEIH BBISIBISTH CKPHIThIE 3aBUCHMOCTH MEXIy IpH-
3HaKaMH CETeBOTO TpaduKa, YTO HEBO3ZMOXKHO IS Kilaccnueckux ML-mero-
JIOB.

3. MeTtoauka ucnojb3oBanus Ha 3aHsatun (K30H):

e 2 yaca — Teopus: kinaccudukanus DS, npuHImMIE paboTsl Snort,
CITyJaiHOTO Jieca, TpPaHC(HOPMEPOB;

e 2 yaca — npakTuka: Harmucanue xozga B Colab, oOyuenne mozenei,
CpaBHEHHUE PE3yJIbTATOB;

e | yac —ananm3: o0CyXJeHHUe CllyyaeB, Koraa TpaHcdopmep npesoc-
XOAUT KIJIaCCHYECKHE METOABI (aTaku zero-day, pacnpeenéHHbIC aTaKh).

4. BocnuraTtejabHbIii MOMeHT: Bynymmii ciertmanuct o K30U non-
’KE€H OHMMATb, 4TO BEIOOP METO/1a 00HAPYIKEHHSI aHOMAJTUii 3aBUCHT OT KOH-
KPETHOM MHPPaCTPYKTYphl U yrpo3. CUTHATYpHBIE METOABI OBICTPHI, HO HE
00HapyKMBAIOT HOBbIE aTaku; TpaHC(HOPMEPBI TOUHEE, HO TPeOYIOT OouibIle
BBIUHCIIUTEIBHBIX PECYPCOB.

BoiBoabl

B pamkax naHHOM paboOTHIL:

e Pemena 3aaya 0OHapyXEHHUsI aHOMAIIMI B CETEBOM TpadHKe ¢ Ho-
MOIIBIO apXUTEKTYpHI TpaHchopmepoB Ha TensorFlow.

e [lpoBeneHo cpaBHeHHe c kinaccudeckuMmu IDS: curHatypHbeIM
(Snort) ¥ cTaTHCTHYECKUM (CITy4YaiHBIH Jec).

e [lokazano, uro Tpanchopmepsl dh(HEKTHBHBI MJIsT OOHAPYKEHUS
aHOMAaJIMH, 0COOEHHO B yCIOBHAX BPEMEHHBIX 3aBUCHMOCTEH MEKIY COEIH-
HEHUSIMH, U CIIOCOOHBI BBIBIISITE Zero-day aTaku, HEIOCTYITHbIC CHUTHATYp-
HBIM METO/aM.

e (OO6ocHOBaHa METOAMYECKAs] LIEHHOCTh JTAHHOTO Keica Ul AWUCIH-
winHbl «KoMIutekcHast 3ammnTa OOBEKTOB HMH(OPMATH3ALUM»: CTYICHTHI
OCBaWBAaIOT COBPEMEHHBIE apxUTeKTypbl I, yuarcs cpaBHUBATh pa3nnyHbIe
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NOAX0/bI K 0OHAPYKEHHUIO BTOP)KEHUH W NPUHUMaTh 000CHOBaHHBIE pelie-
HUSI IPU TIPOEKTHPOBAHUH CUCTEM 0E30I1aCHOCTH.

PexomenryeTcs BKJIIOYHMTH JaHHYIO 33]ady B J1aOOpaTOPHBIN MPaKTH-
kyM 1o kypcam «K30W», «HelipoHHble ceT» U «AHaNIMU3 CETEBOTO Tpa-
¢buxay.
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XUMUA

BJIUAHUE BHEIIHUX ®PAKTOPOB HA ITIOBEJIEHUE
IHOJIMMEPHBIX MATEPHUAJIOB HA OCHOBE
NOJMUITUIEHTI JINKOJIBMAJIEATA

Kosanesa Anna Koncmanmunoena

PhD, cmapwuii nayunwiii compyoHux

Kagheopwl opeanuyecKol Xumuu u noJuUMepos,
Kapazanounckuii nayuonanvhulil uccie008amenbCekuti
yrusepcumem um. E.A.bykemosa,

Kasaxcman, 2. Kapaeanoa

Bypkeesa I'ynvcoim Kabaesna

PhD, npog.

Kagheopwl opeanuyecKol Xumuu u noJuUMepos,
Kapaeanounckuil nayuonanbHulil ucc1e008amenbCKutl
yuueepcumem um. E.A.Bykemoesa,

Kasaxcman, 2. Kapaeanoa

Hyxun Hypnan Anexcanoposeuu

mazucmpanm
KagheOpvl Op2aHuyecKol Xumuy U nOIUMEpPos,
Kapaeanounckuil nayuonaneHulil ucciedo8amenbcKutl
yHueepcumem um. E.A.bykemoesa,

Kasaxcman, 2. Kapaeanoa

Kymaobex Hypken Meiipamynut

mazucmpanm
KagheOpvl Op2anuyecKol XumMuy U nOIUMEpPOs,
Kapaeanounckuil nayuonaneHulil ucciedo8amenbcKutl
yuusepcumem um. E.A.Bykemosa,

Kaszaxcman, 2. Kapaeanoa
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Ilynemoaesa Kamuna bBauoyanaxpizol

baxanagp 3-20 Kypca,

Kagheopuvl opeanutecKol Xumuu u noaumepos,
Kapazanounckuil nayuonanvhulil uccie0o8amenbCekuti
yuueepcumem um. E.A.Bykemosa,

Kaszaxcman, 2. Kapaeanoa

AnHoTanus. VMccnenoBaHue MOCBSILEHO M3YUYCHHUIO BIMSHUS BHEII-
HUX (PHU3MKO-XMMHUYECKHX (DAaKTOPOB Ha MOBEJCHUE T'HIpPOTeNiei Ha OCHOBE
MOJIMATWICHIJIMKOJIbMAJIenHaTa U OLIEHKE MX MOTEHIHaNa /Il NPUMEHEeHUs
B NOJMMEPHBIX ¥ OMOMEIUIMHCKHUX cucteMax. PaccMmaTpuBaroTcs ocoOeH-
HOCTH (POPMHPOBAHUS CTPYKTYPHI M CBOWCTB IOJMMEPHBIX MaTEpPHAIOB, a
TaK)Ke WX YyBCTBHUTEIBHOCTh K M3MEHEHUSIM OKpYyXKaromei cpenbl. [Toka-
3aHO, YTO pa3paboTaHHBIE THIPOTENN 00IaAaI0T NEPCIIEKTUBHBIMI XapaKTe-
PHCTHKAaMH ISl HCTIOJIb30BAHUS B COPOLIMOHHO-aKTHBHBIX MAaTPUIIAX U M-
POTEIEBBIX MOKPBITHH JUIS JICIEHUS PaH.

KawueBble c10Ba: HCHACBIIICHHBIN MOJUI(PUP, TSPIOTUMED, THIPO-
relib, XOJOHOS OTBEPKICHHE, BHEIIHUE (DAKTOPHI, BOJIOMOTIIONICHUE, CTe-
NeHb HAOyXaHUs, aKPHIIOBAst KMCIIOTA, MOIMA THIICHTJIMKOIbMAJICHHAT.

T'uaporenu — 3To moNMMepHbIe MaTepHallbl, CIOCOOHBIE yAEPKUBATh
3HAYUTENIbHOE KOJIMYECTBO BOJIBL, UTO AETAaeT UX BOCTPEOOBAaHHBIMU B METH-
IIHE, B YACTHOCTH TIPH JICYCHUN PaH, OKOTOB M B CHCTEMaxX KOHTPOJIUpYE-
MOH nocTaBKu JekapcetB [4-5,7]. bnaronapst TpéXMepHOM ceT4aToil CTpyK-
Type OHH IOJUIEPKHUBAIOT ONTUMAIBHYIO BIAXXHOCTD, PEryIupyior muddy-
3MI0 BEUIECTB M Ta3000MeEH, a TaKKe 3alUIIAalOT TKAaHU OT BTOPHYHOW MH-
¢dexmun [2,14]. IX cOCOOHOCTP HMHUTHPOBATH CBOWCTBA BHEKIETOYHOTO
MaTpukca obecrednBaeT OHOCOBMECTUMOCTh U CIIOCOOCTBYET YCKOPEHHIO
pereHeparmu TKanei [11,15].

Momudukanus CTpYKTyphl THAPOTENICH MO3BOJSAET PErylIupoBaTh UX
CBOMCTBa 3a CY€T BBeACHUs (DYHKIMOHAIBHBIX TPYII, YTO OOecrevnBaeT
yHIpaBisieMble TTapaMeTphl HaOyXaHHsI, MEXaHUYECKOH TPOYHOCTH U COPOITH-
OHHOM aKTUBHOCTH [8,9]. DTO MO3BOJSLET aanTHPOBATh MaTEpUANBI K pa3-
JIMYHBIM YCIIOBUSIM, BKJIIOYAsi pETYJIMPOBAHUE BIAYKHOCTH M COPOLIMIO DKCCY-
JlaTa B paHeBbIX MOKpeITUAX [3,12]. KoHTpons mIoTHOCTH clIMBaHUS JAéT
BO3MOKHOCTb YIIPABIATh KAK MEXaHUUYECKUMU XapaKTePUCTUKAMHU, TaK U KH-
HETUKOW BBICBOOOXK/ICHMSI JIEKAPCTBEHHBIX BELIECTB: PBIXJIBIE CTPYKTYPHI
obecrieunBaroT OBICTPOE BBHICBOOOK/ICHHE, a 00JIee IIOTHBIE — IPOJIOHTH-
poBaHHOe aeiictBue [6,10].
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CoBpeMeHHBIE HCCIICIOBAHUS HAIIPABJIEHBl HA CO3JIaHUE CTHUMYJI-1yB-
CTBHUTENILHBIX THJIpOTelel, pearupylomux Ha pH, Temnepartypy u npyrue
BHEIIHHE (DAaKTOPbI, YTO oOecreunBaeT KOHTPOJIUPYEMOE BBICBOOOXKIICHHE
nekapcTs [1,13]. « YMHBI» THAPOTEITH U3MEHSIIOT CTECIICHb HA0YXaHHUS U TIPO-
HUIIAEMOCTh B 3aBUCHUMOCTH OT yCJIOBUI CpPE/bl, MO3BOSISI TOUHO PETYIHPO-
BaTh TepaneBTudeckuii 3 dexr. Hanbonee nepceKTHBHBI CHCTEMBI, (DyHK-
OUOHUpYIomKe B Gu3uonorndecknx ycnoBmsax (pH 5-8, ~35-39 °C), cmo-
coOHBIE K 00paTUMBIM IIEpEexXoaM «HaO0yXaHHe—CKaThue» U dPPEKTHBHOMY
YIIPABJICHUIO BJIArod M dKCCyHaluei.

B cBs3u ¢ 3THM JaHHOE HCCIIEI0BAHUE HAIPABICHO HA U3YUCHHUE BIH-
SIHUSI BHEITHUX (PU3NKO-XUMHUYECKHX (DAaKTOPOB Ha MOBEJCHUE T'MIpPOTENeH
Ha OCHOBE CUCTEMBI IOUITHIICHIIIUKOIbMaJIeMHAT-aKPUIOBast KUCIOTa—aK-
pUIaMHJ, TOIYyYEHHBIX METOJIOM «XOJOIHOTO» OTBepkaeHus. llens pa-
0OThI — YCTaHOBUTb B3aUMOCBSI3b MEXK]y COCTABOM, CTPYKTYPOI 1 4yBCTBHU-
TEJILHOCTBIO THIIPOTENIeH IS OLIEHKU UX MEePCIeKTUBHOCTU B COPOLIMOHHO-
aKTHBHBIX MaTpPHLIaX ¥ THAPOTEICBbIX PAHEBBIX MOKPBITHSX.

OKCIIEpUMEHTHI MIPOBOMIINCEH C MCIIOJIB30BAHUEM PEAareHTOB KOMIIa-
UM «Sigma-Aldrich» (CILIA).

Jns cuHTEe3a MCXOMHOTO HEHACHIMEHHOTO MHONMMA(Hpa TOIMITH-
neHrnukonsmaneara (p-EGM) MeTosoM MOTMKOHACHCAIIMH HCIIOJIb30BAIIH
STUJICHTJIMKOJIb U MAJICHHOBBIN aHTHIpUA. B KadecTBe KaTtannzaTopa npume-
HSUTH XJIOPH]] INHKA.

Jlst cuaTe3a TeprnonumMepoB Ha ocHOBe p-EGM ucnonbs30Baiy akpuiio-
BYIO KUCJIOTY (AA), BRICTYNAIOIIYI0 OJHOBPEMEHHO KaK COpEareHT M pac-
TBOPUTENB, U akpuiaaMug (AAm).

s uccnenosanus Biuustaua pH mpumensin GydepHble pacTBOPH B
nmuanazone pH 4,0-8,0. Bece pearentsr mmenu 9uctoty 99,95% 1 ucnomns3o-
BaJINCH O€3 JOMOJHUTEIHLHON OYUCTKH.

Cuntes p-EGM npoBoauny nyTeM NOIMKOHAECHCAILUH YTUIICHTJINKOIIS
C MaJEeMHOBBIM aHTUAPUAOM Ipu cooTHomenuu 1,05:1,0 monp B mpucyt-
ctBun 0,2% xnopuna nuHkKa. IIporecc ocyIecTBIAIN MO CTaHAAPTHON Me-
Tonuke [21], BeIXoA mpoaykTa cocTaBui 98%.

Monekynsapryto Maccy p-EGM omnpenensny METoA0M IrenblIpoHUKao-
meir xpomarorpaguu (VISCOTEK 270 DUAL DETECTOR, Malvern
Panalytical, BemmkoOpruTanus) ¢ NCIIONBE30BaHIEM THOKCAaHA B KAUYECTBE pac-
TBOpHTEIs. [loydeHHOE 3HAaUEHIE MOJIEKYISIPHOM MacChl COCTAaBHIIO OKOJIO
1232 Na.

Jis mosmy4eHus ruaporeneii roToBiIN pacTBopsl p-EGM, AA 1 AAm
C pa3IMyYHBIM COOTHOUIEHMEM KoMmoOHeHToB: 15:70:15, 15:50:35 wu
15:35:50 mac.%. [uHamudeckyro Bs3KOCTh m3Mepsim  1mpu 293 K
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¢ ucnonszoBanueM Buckosumerpa SV-10 (A&D Company, SAnonus), miot-
HOCTb — IUKHOMETpHUYeCcKUM MeToaoM 1o ISO 1675:1985.

«XononHoe» oTBepxkAeHUE Npooanny mpu 293 K ¢ ucnonb3oBaHreM
1,0 mac.% Oenzomnnepokcuna u 0,15 mac.% quverunanmmiaa. [Tocne momm-
MepU3aluy TOJy4YeHHbIE TepHoiuMepsl NpombiBasid. CocTaB NMPOAYKTOB
onpenersumi MetorgoM BOXX (LC-20 Prominence, Shimadzu, Anonus), a
BBIXOJ] PACCUUTHIBAIN TPABUMETPUIECKH.

CrpykrypHast nAeHTHQHUKanns npooamiack metogamu K- u SAMP-
cnexrpockomun. MK-cnextpsr peructpupoBanm FSM 1201 (Infraspek, Poc-
cusi) B quamazoHe 400-7800 cm . SIMP-ciextpsl 'H 3anmuceiBany Ha mpu-
6ope DX-90M (Xiamen Dexing Magnet Tech., Kutaif) mpu wacrore 90 MI .

[110THOCTH OTBEPKJICHHBIX 00PA3LOB ONPEACISIIN THAPOCTATHIECKUM
MetogoM (ASTM D792-13). O0beMHYIO yCaaKy pacCUMTHIBAIH MO (oOp-
mye (1):

S, ~Pa=Pr 100% )
P

p/ — INIOTHOCTB UCXOJ/IHOTO pacTBOpa, I/cm>;

pd — TNIOTHOCTH OTBEPXKICHHOTO 00pasua, r/cm>.

MopdoJioruio MoBEpXHOCTH HCCIEAOBAIM METOJOM CKaHUpYIOLeh
anexTpoHHoU Mukpockonuu (MIRA 3, TESCAN, Yexust) npu yckopsitouiem
Hanpspkerun 5,0 kB.

TunpodmsHOCTE OLIeHUBaNN TpaBUMeTprIdecKd. CTereHs HaOyXaHus
OTIpENIEIISITH TTOCTIe BBLACpKUBaHMs 00pa3moB (~0,5 r) B Boae npu 20 °C (pH
7) B Teuenne 24 gacoB no gopmye (2):

a="""0100% )
m,

m — Macca Halyx1ero oopasiia, T;

my — Macca Cyxoro oopasia, T.

Bnusiane BHemHux (akTopoB HccienoBasiv B auanazoHe pH 5-9 u
temnepatype 35-39 °C ¢ ucnoab30BaHUEM TOTO K€ TPABUMETPUUECKOTO Me-
TOMA.

Temneparypy Hauajla TEpMHUUECKON AehOpMalMy ONpeaessuld METo-
JIoM TepMorpasBumerpudeckoro ananuza (TGA) ¢ Ucroabp30BaHUEM CHCTEMBI
Labsys Evolution TG-DTA/DSC (Setaram Instrumentation, ®paHuus) B
nmuamazoHe temmeparyp go 1600 °C.
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Hccnenyemble cocTaBbl ObIIM BBIOpAHBI ISl OJTYYEHHSI CHCTEM, pa3-
JIMYAIOUIUXCS 110 CO/ICPKAHUIO HOHOTEHHBIX TPYIII, CTETICHHU I'MAPATAlu 1
XapakTepy MEXIENOYeYHbIX B3aUMOJIEHCTBHH.

PacTBOpHI TIIATEIBHO TOMOTCHU3UPOBAIM JIO ITOJYYESHUS! ONTHYECKU
OJIHOPONHOH cucTeMbl. Ha 3TOM 3Tanme ¢opMupoBanach NepBHYHAS CETh
MEKMOJIEKYJSIPHBIX B3aUMOCHCTBUI (BOJOPOIHBIE CBA3H, HOH-AHUIIOIBHBIE
U THApaTaOHHbBIE B3auMOJeHCTBH:). [locae roMoreHn3anum cuctema Ie-
pexoauia B IPEIpaBHOBECHOE COCTOSHHE, B KOTOPOM CTaOMIM3HPOBAINICH
ACCOIMATHBHBIC B3aMMOJCHCTBHS, OMNPENCIAIOIINE IOCIEAYIOIEe OTBEp-
KICHHUE.

JlMHaMHU4ecKy1o BS3KOCTh U IIOTHOCTh PacTBOPOB ONPENEIISUIN C HC-
noyib3oBaHueM Buckozumerpa SV-10 u mukHometpa (tabn. 1). ITokazaHo,
YTO YBEIWYECHUE COACPIKAHHU aKPHIOBOH KUCIOTH (AA) MPUBOIUT K CHH-
KEHUIO IJIOTHOCTH pacTBopoB ¢ 1,0996 no 1,0554 r/cm® npu n3meHeHun eé
noiu ¢ ~35 no ~70 mac.%. JlaHHast 3aKOHOMEPHOCTh MOKET OBIThH CBsI3aHA C
(opMHpOBaHUEM MEHEe MUIOTHBIX MEXMOJIEKYJISIPHBIX aCCOLHATOB aKpPHJIO-
BOI1 KuCIOTOM 1o cpaBHeHMIO ¢ p-EGM u AAm. Yeennuenne nomu AA co-
MIPOBOXKIAETCS OCTa0JieHHeM MeX(parMeHTapHBIX B3aHMMOJCHCTBHH, po-
CTOM CBOOOAHOTO 00BEMa M, KaKk CIIEACTBHE, CHIDKEHHEM IUIOTHOCTH CH-
CTEMBI.

Tabnuua 1.

duznyeckre 1 XMMHYecKHe CBOHCTBA HCXOAHBIX pacTBOpoB p-EGM
(M1) ¢ AA (M2) m AAm (M3) T =293K

CocTaB NpUroTOBJIEHHOTO JmaamMude-
o IInotHOCTH pac-
pacTtBopa, mac.% TBOpa (p1), /e’ CKas BA3KOCTh
M M, | M; paip), (), Pa-s
15.12 70.29 | 14.59 1.0554+0.0528 0.251+0.013
15.21 50.41 | 34.38 1.0787+0.0539 0.417+0.021
15.15 34.86 | 49.99 1.0996+0.0550 0.697+0.035

Peonoruueckue uccrnepoBaHusl MOKa3ald aHAJIOTMUYHYKO 3aKOHOMeEp-
HOCTb: PacTBOPHI C MOBBILIEHHBIM CO/IEPKAHUEM aKPUIIOBOU KUCIIOTHI (AA)
XapaKTepu3yoTcst Oosiee HU3KOW JIMHaMH4YecKoi BsizkocThio. IIpu Makcu-
ManbHOM cojepkaHuu AA (~70 mac.%) 3HadeHHe BS3KOCTU COCTABISIET
0,251 ITa-c, Toraga Kak MpyM CHIWKEHUH €€ TOH 10 ~35 Mac.% BA3KOCTh BO3-
pactaet o 0,697 I1a-c. T0 MOXET OBITH CBA3aHO C YMCHBIICHUEM CTEIICHH
MEXMOJIEKYISIPHBIX B3anMOoAeHCTBHH B cucteMe p-EGM—-AA—-AAm u cHU-
KCHHEM BEpOSTHOCTH (POPMHUPOBAHUS PA3BETBIEHHBIX ACCOIIMATOB.

Takum 00pa3oM, M3MEHEHHS IUIOTHOCTH M BS3KOCTH COTJIACYIOTCS
MEXIy co00if M OTpa)KaroT eIWHBIH CTPYKTYpHBIH 3¢ddekrt, cBA3aHHBIN
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C pPa3IMYHON CTENEHBIO OpraHU3alui KOMIIOHEHTOB B JXKHIKOW (asze 10
Havasia rejieo0pa3oBaHus. DTH pa3Inyusl OKa3bIBAIOT BIMSHUE HA KHHETHKY
MOJIMMEPH3aLNH U IOCTYITHOCTh PEaKIIMOHHOCTIOCOOHBIX TPYIIL.

Hcnons30BaHme «XOJIOAHOW) CHCTEMBI MHUITUMPOBaHUS 00ecrieunBaeT
NPOTEKaHHWE COTOJIMMEPH3alli B OJMHAKOBBIX YCJIOBHUSX, YTO TO3BOJISIET
CBSI3aTh Pa3IN4Ms B CBOHCTBAX THAPOTENIEH HCKITIOUNTEIBHO C COCTABOM HC-
xonHOU cMecu. IlomyueHHbIe MaTepHaibl XapaKTEPU3yIOTCSl BBICOKOM Ipo-
3pavyHOCTBIO M OJHOPOTHOCTBIO, YTO MOATBEPKAAET OTCYTCTBHE Makpodas-
HOTO pa3zieieHus u 3PPEKTUBHOCTD TEPIIOTNMEPH3AIHH.

ITocne cuHTE3a TEPIOIMMEPHI IPOMBIBAIIM TUOKCAHOM M CYLIHIH MIPU
T =293 K no nocrosuHoil Maccel. BO)KX-ananu3 MaTo4HbIX pacTBOPOB MO-
KazaJl COOTBETCTBHE (PaKTHYECKOT0 cOoCTaBa TeopeTnyeckoMy. [lonmyueHHbie
JIAaHHBIE TOATBEPKIAIOT KOPPEKTHOCTh MHTEPIPETALMU Pa3IMuUii B CBOM-
CTBax rujporeneii, 00yCIOBICHHBIX BAPHUPOBAHUEM COCTaBa UCXOJHOM pe-
AKIIMOHHOM CUCTEMBIL.

YBenuueHue couep)kaHus akKpuiIoBON KUCIOTH (AA) B Tepronumepe
MIPUBOAUT K POCTY cTeneHn HabyxaHus ot 1835% mo 2898%. B otnmune ot
akpuwiamua (AAm), KOTOpBIH crlocoOCTBYyeT 00pa30BaHMIO JOKAJILHBIX BO-
JIOPOAHBIX CBsI3eH M (POPMUPOBAHUIO OOJIee KOMITAKTHBIX THPATHPOBAHHBIX
oOnacTtel, akpuiIoBasi KMUCIIOTa T0Ciie YaCTUYHOH Anucconnanuu GopMupyeT
MOHOTEHHBIE YYaCTKU C BHICOKOW KOHIICHTpAINEeH OTPHLATEIbHBIX 3apsiIOB.
OTO BBI3BIBACT ICKTPOCTATHUECKOE OTTAJIKMBAHME MEXIYy KapOOKcmiaT-
HBIMH IPYIIIIAMH, paclIMPEeHHEe MOJIMMEPHOH CETH U yBETUUEHHE OCMOTHYE-
CKOTO JIaBJICHHUSI, YTO YCHIIMBAET MPOHUKHOBEHHE BOJBI M IPUBOAUT K 3HA-
YUTEIHHOMY HaOyXaHHIO.

Takum 06pa3oM, OCHOBHOI BKJIaJ] B yBeIHYeHNE HaOyXaHH 00yCIIOB-
JIeH TIOMUAJIEKTPOIUTHBIM 3(h()EKTOM aKpUIOBON KHCIOTHI, 3HAYNTEIHHO
MPEBOCXO/ISIINM BIMSHUE HEUTPAIbHBIX aMUJIHBIX TPYIIT aKpHIaMHIA.

HK-crieKTpocKONMUecKiid aHajiu3 BBICYIICHHBIX 00pasloB IMOATBEp-
i (OPMHUPOBAHUE TEPIOJIMMEPHOH CTPYKTYphl. Jns ncxomnoro p-EGM
Ha0MIOAaI0TCS XapakTepHbIe TIOJIOCHI KapOOHMIIBHBIX rpymnn
(1725-1730 cm™), HenachimeHHBIX cBsizel (1575-1590 cm™), nedopmarnu-
onnbix konebanmii —CH: (1455-1465 cm') u ¢parmentop —C—O-C—
(1140-1160 cm™).

IIpu BeIcOKOM conepskanun AA (13,9:72,2:13,9 mac.%) mosBisieTcst
mmpokasg mosoca 3100-3600 cm!, ycmmBaercs curHar —COOH
(17101715 cm™), a maTeHCHBHOCTH TT0JI0c C=C (1575-1585 c™m™!) cHMKa-
eTcs, YTO yKa3bIBaeT HA YIaCTHE IBOWHBIX CBSI3€H B TEPHIOIMMEPU3AIINH.

B oOpasie C TMOBBILIEHHBIM cozepKaHueM AAm
(15,4:35,8:48,8 wmac.%) wHabOmomaeTcs yCWICHHE aMHIHBIX TIOJOC
(1550-1555 wm 1305-1315 cm'), a Takke IIHUPOKOE TOTJIONICHNE
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3200-3400 cm', cBszanHoe ¢ —NH-rpynmamu. [lomoca kapOOHHMIIBHBIX
rpymn cMmeniaercs B ooaactsb 1720-1725 cM™' 1 yMeHbIIaeTCs 10 HHTEHCHB-
HOCTH BCJIE/ICTBUE YBEJIIMYEHUS 0JIU aKPUIAMUAA.

Janee OblM  TPOBEJEHBI  HCCIIEAOBAHUS  YYBCTBHTEIHLHOCTH
ruaporeneid kK pH u remneparype. Heo6xoanmo ObUIO YUHTHIBATH YCIOBHS,
MaKCHUMAaIIbHO MPHUONIMKEHHBIE K (pr3noorndaeckuM. B HopMe moBepXHOCTH
KOXKH ¥ TTIOJIKOXKHBIX TKaHEH JeIoBeKa XapaKTepru3yeTcs CIaO0KUCIIOHN peak-
mueit (pH 4,5-5,5), 00ycnoBIeHHON TUMHIHBIM 0aphepoM U TPUCYTCTBHEM
CITa0BIX OPraHNYECKHUX KHUCIOT. [Ipu MOBpEeXICHNN KOXKHOTO TOKPOBa 3HA-
gyeHne pH cMmemraercs B CTOpOHY HEHTPATBHBIX U CIA00IIEIOYHBIX 3HAYCHUH
(pH 6,0-8,0) BcuencTBre BBINEICHHUS MEXKKICTOYHOH JXKHUAKOCTH M DKCCY-
JlaTa, CofepIKaIux OSJIKU U COJIH.

Takum 00pa3om, auana3on pH 4—8 oxBaThiBaeT OCHOBHBIC (DU3HUOJIOTH-
YecKHe YCIOBHUS KOHTAKTa MaTepHaia ¢ KoKeH U paHeBOH ITOBEPXHOCTHIO —
OT MHTAKTHOTO 3MUIEPMHUCA IO BOCTIAIIEHHBIX U MH(UIIMPOBAHHBIX TKaHEH.
Bonee xucnsie (pH < 4) u 6onee menounsie (pH > 8,5) ycnosust B huznosio-
THYECKON MPAKTHUKE HE BCTPEUAIOTCS M MOTYT CONPOBOXKIATHCA ACHATypa-
uel OeIKOB U HapyIIeHHeM OaphepHOW (PYHKINHU KOXKH, TIOATOMY B paMKaxX
JTAHHOTO HMCCIICIOBaHUS HE PacCMATPUBAIUCH.

HccrnenoBanue cTerneHn HaOyxaHus 00pasnoB ruaporens maccoi 0,5 T
(puc. 1) B quana3one pH 4-8 mokasano BEIpaKEHHYIO 3aBHCHMOCTH CTPYK-
TYpHI OT KACIOTHOCTH cpensl. [Ipu camxennu pH mo 4,0-5,5 Habmonaercs
coKpaieHue oobeMa refs (KOJUIAIC), COMPOBOMKIAIONIEECsS YMEHBIICHHEM
€ro THApaTanyu. JTO CBA3AHO C MPOTOHUPOBAHUEM KapOOKCIIBHBIX TPYIIL,
YTO MPHUBOJUT K OCHAOJICHUIO AJIEKTPOCTATHUECKOTO OTTANIKHBAHUSA MEKIY
MTOJIMMEPHBIMH IETISIMU | K YIUIOTHEHHIO ceTKH. [lonoOHOe moBeneHue SBIs-
€TCsI TIOJIOKHUTEIBHBIM C TOYKU 3PEHUS MPUMEHEHHS THAPOTEIIS B Ka4eCcTBE
PaHEBOTO MOKPBITHS, TIOCKOJBKY B CTAOOKHCIION cpejie 30POBOM KOKHU Ma-
Tepuaj COXpaHsIeT CTaOUIbHYI0 (OpMY, HE BBI3BIBAET U30BITOYHOIO YBIIAXK-
HEHUS [TOBEPXHOCTH M 00ecrieyuBacT 3PPEeKTHBHYIO 0apbepHYIO (PYHKIIHUIO.
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Pucynox 1. Bruanue pH na nadyxanue mepnoaumepos
P-EGM-AA-AAm

Ipu am3kux 3HaueHMIX pH (5—6) kKapOOKCHIIBHBIE TPYIIIHI B TOJINMEP-
HOH CEeTH NMpPEeUMYIIECTBEHHO HAXOAATCS B HEIUCCOLMHPOBAHHOM COCTOS-
HHH, BCIIEJICTBHE YETO CTPYKTYypa I'elist OCTaeTCsl KOMIIAKTHOM, ¢ HU3KOI1 1Mo-
PHCTOCTBIO M OTpaHUYEHHOI! cTenenbio HaOyxauus. [Ipu yBennaenun pH o
7-9 NpOUCXOANT IUcconranusl KapOOKCUIIBHBIX TPYIIT U HAKOIUIEHHE OTpPH-
LATeNbHBIX 3aps/ioB, YTO BBI3BIBAET 3JIEKTPOCTATHYECKOE OTTAIKUBAHHE
MEXIy MaKpOMOJIEKYJIIPHBIMH LEISMUA. DTO IPUBOAXT K PACIIMPEHHIO I10-
JIMMEPHOH CETH U POCTY CTENIeHN HaOyXaHusl, JOCTUraloIed MaKCUMalbHBIX
sravyeHnit npu pH §8,0. Takoii apdexT odecrieanBaeT NOBHIIEHHYIO COPOITH-
OHHYIO CITIOCOOHOCTh MaTeprasia B yCIOBHUSX CIa0O0IIEIIOUHO CpeIbl, Xapak-
TEPHOH I paHEBOTO IKCCYaTa, YTo CrocoOCcTByeT 3(h(HEeKTUBHOMY yalie-
HUIO N30BITOYHOH XUIKOCTH U CHIDKCHHUIO PHCKa Mallepaliy TKaHeH.

Haubornee BrIpakeHHOE Ha0yXaHHe HaOMOaeTCs B 00pasnax ¢ MOBHI-
LICHHBIM COJEp)KaHWEM aKpHIOBOW KUCIOTHI. [Iporecc BomomoriomeHus
HOCHUT JBYXCTaJIMHHBIA XapakTep: Ha MEPBOM 3Tare MPOUCXOAUT OBICTpOE
3ar0JIHEHUE MTOPUCTOI CTPYKTYpHI, HA BTOPOM — 0oJjiee Me/UIeHHasl peak-
calus U epecTpoiika nojJmMepHoi cetu. Tak npu BEICOKOM COEpKaHUU aK-
PHIIOBOH KHCJIOTHI yCTAaHOBJICHO YCKOPEHHOE TOCTI)KEHHE PABHOBECHOTO CO-
CTOSIHMS, YTO yKa3bIBaeT Ha IIOBBIIICHHYIO MOJABMXHOCTh CTPYKTYPHBIX 3JIe-
MCHTOB.

28



Hayunwiii popym:
Ne 4(95), 2026 e. Unnosayuonnas nayka

HccnenoBanue TeMnepaTypHOro MOBEACHUS TUAPOreNeil B quamna3oHe
35-39 °C BBIBUJIO BBIPaXKEHHYIO TEPMOUYBCTBUTENILHOCTh cHUCTeMBI. [lpu
HarpeBanuu 10 37-38 °C HaOnromaeTCss YaCTUYHBIN KOJUIATC MOJUMEPHON
CeTH, COIPOBOXKIAIOIIMINCS BbIAeIeHHeM BoAbl. [locne oxyaxaeHus cTpyk-
Typa Tens BOCCTaHABIUBAETCA JIMIIb YACTUYHO, YTO CBUJETENBCTBYET O
Hammunn 3¢dekra TepmonamsTH, 00yCIOBICHHOTO MepepacipenesicHIeM
MEXKLENOYEUHbIX B3aUMOJACHCTBHUI U JOKAJIBHOM MEPECTPOIKOI ceTu.
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Pucynok 2. Bruanue memnepamypusl Ha HAOYXAHUE MEPROTUMEPOE P-
EGM-AA-AAm

T'enu ¢ BEICOKUM cofiepaHUeM akpuiIoBoi KUCIOTH (AA) (puc. 2) ne-
MOHCTPHPYIOT 00Jiee BBIPAKEHHYIO TEPMOYYBCTBUTEILHOCTD, YTO CBSI3aHO C
UX TOJIMIIEKTPOJIMTHOM npuponoi. IIpu HarpeBaHuM CHUXKAETCS CTEIECHb
MOHM3aLUN KapOOKCHIIBHBIX TPYIII, YMEHbIIAETCS 3JIEKTPOCTaTHYECKOE OT-
TaJKUBAaHHE M YCUIMBAETCS KOJUIAIIC CTPYKTYpHl. bojee Bbicokast moaBHXK-
HOCTb IIENIEH B TAKMX CHCTEMaX TaKKe CIOCOOCTBYeT OoJiee BBIPAKEHHOMY
TEPMOOTKIMKY. B oTmu4Yme OoT HUX, Telu C MOBBIIEHHBIM COAEP)KaHHUEM
AAm coxpaHSIOT OOJBLIYI0 OCTaTOYHYIO T'MIpATAIMIO 33 CUYET aMHUIHBIX
TPYIII ¥ IEMOHCTPUPYIOT MEHEE BBIPAKEHHBIH 00BbEMHBIH EPEX O,

BbIBozbI: OBIIIM CHCTEMAaTHYECKH HCCIIEAOBAHBI (PU3NKO-XMMHUUECKHE
cBoiicTBa ruaporenel teprnonumepa p-EGM-AA-AAm, mnonydeHHbIX
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«XOJIOZHBIM» OTBEpKAECHHEM. BbUIO yCTaHOBIIEHO, YTO yBEIMYEHHE COMEp-
KaHUsI AKPUIIOBOM KHCJIOTHI CHOCOOCTBYET 00pa30BaHUIO CETEH MOJIUIJIEK-
TPOJIUTHOT'O THIA, XapPaKTEPH3YIOIUXCS BEICOKOH CTENeHbI0 Ha0yXxaHus (110
2898%), pa3BUTOI MOPUCTOCTBIO U BBIPAKEHHON UYBCTBUTENILHOCTBIO K
BHEITHUM CTHUMYJIaM.

CHHTE3MpOBaHHBIC MaTepHalbl IEMOHCTPUPOBAIN KOHTPOIUPYEMYIO
00BeMHYI0 ycasKy, He npeBbimatonryo 10,5-13,5%, dro ykas3piBaeT Ha 00-
pa3oBaHHe CTPYKTYPHO CTaOMIIBHBIX TPEXMEPHBIX ceTeil. ['maporenu npone-
MOHCTPHPOBAJIH YETKYIO PEAKTUBHOCTD B (PM3UONOTHYECKH 3HAYUMOM JHa-
nma3one pH 4-8 u npu Temmeparypax 35-39°C, 4To moaTBEpKIACT UX aIal-
THBHOE ITOBEJICHUE B YCIIOBHSAX, OJM3KUX K OMOJIOTHYECKOI! cpere.

Cpenu uccieoBaHHBIX cocTaBoB cucteMa p-EGM—-AA—-AAm ¢ coot-
HomeHueM ~15:70:15 mac.% npoaeMoHCTpupoBana Haubosee coamaHCUPO-
BaHHOE COYETaHHE CIIOCOOHOCTH K HAOyXaHHUIO, CTPYKTYPHOM LIEIOCTHOCTH
u niopucroii Mopdonoruu. [lonydeHHble pe3ybTaThl YKa3blBalOT HA TO, YTO
pa3pa60TaHHI>Ie TUAPOTECIN ABJIAIOTCA NEPCICKTUBHBIMU KaHAWAaTaMU JJIsA
MIPUMEHEHNA B COPOI[MOHHO-aKTHBHBIX MOJIMMEPHBIX MaTpPHLAX U THOKHX
THAPOTeNeBHIX MUIACTHIPHBIX CHCTEMAX.
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IKOHOMMUKA

PO.JIb OFBbEKTOB UHTEJUIEKTY AJIbHON
COBCTBEHHOCTH B TPOLIEYPE BAHKPOTCTBA
NPEJNPUSTUIA

Manawenko Enena Anamonveena

acnupaum

Kageopuvl ynpasienuss uHHOBAYUAMU

U KOMMEPYUAIU3AyuY UHMeN1eKmyaibHou
cobcmeennocmiu,

Poccuiickas eocyoapcmeennas akademus
unmennekmyanvhou coocmeennocmuy (PIAHUC),
P®, 2. Mockea

AnHoTanus. B Hacrosmee Bpemsi HaONIONACTCS YBEIHYCHHE POIH
00BEKTOB HHTEIICKTYAILHOW COOCTBEHHOCTH M HEMATEPUATBHBIX aKTHBOB B
MOBBILIEHUU CTOMMOCTH KoMmanuid. OTHAKO B cllyyae 3aBEpIICHUs AeITeIb-
HOCTH ¥ BCTYIUICHUS B (Da3y OaHKPOTCTBA IICHHOCTh U 3HAYCHUE UMCIOIITUXCS
HeMaTepUabHbIX aKTUBOB yTpayMBaloOTCs. B cTaThe mpeacTaBieHbl pe3yJib-
TaThl AKTYaJIbHOT'O MCCIIE0BaHUS JUana30Ha IeH U JUCKOHTOB peanu3aluu
HCKITIOYUTENHHBIX TpaB Ha TOBapHbBIC 3HAKH, M300pETCHHUS, MOJIE3HBIE MO-
nmemr 1 110 Ha myOIMYIHBIX TOPrax POCCHHCKUX MPENNPHUSATHH B Ipolecce
KOHKYPCHOTO TIPOU3BO/ICTBA.

KiwueBble ci10Ba: 00BEKTHl HHTEIUICKTYyalbHOW COOCTBEHHOCTH,
OUC, memaTepuansHble akTHBEI, cronMocts OMC, OUC B GaHKpOTCTBE.

PazBuTHe cepbl HHTEIEKTYaIbHOW COOCTBEHHOCTH SIBJISETCS CTpaTe-
TMYECKM BaXKHbIM HampasiaeHueM it PO. Hekoropble Mepbl MOANEPKKU
u3obperareneil, MaJIoro 1 CpeiHero 6u3Heca CIIocOOCTBOBAIIM POCTY 3asBOK
Ha [I0JIyYeHHeE NMaTeHTOB U TOBapHBIX 3HaKOB. KosndecTBO AEHCTBYIOIINX Ha
koHer 2025 roga naTeHTOB Ha N300pETEHMS yBEIMIMIOCh Ha 6,1% 1o cpas-
HEHUIO C MPEIbIAYIIUM r0I0M, Ha MoJie3Hble MoJenu — Ha 12,1%, Ha npo-
MBIIIIeHHBIE 00pa3ns! — Ha 7,2%. B crpane neiictyer 1,015 mumumnona 3a-
PErHCTPUPOBAHHBIX TOBAPHBIX 3HAKOB, 4TO Ha 9% Gopuie mokazarens 2024
roga [2]. OOmuit mopTdenp HHTEIICKTYAIBHBIX IIPaB POCCUHCKUX KOMIIa-
HUH, OCOOEGHHO WHHOBALIMOHHO AaKTHBHBIX, pacTeT. Bce warme
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HemarepuanbHble akTuBbl (HMA) cOCTaBISIFOT CYIICCTBEHHYIO JOJIIO B
CTPYKTYpE BCEX aKTUBOB.

B ycnemHo GpyHKIMOHUpYOMEH KOMIaHUN 00BEKTHI MHTEIIEKTYalb-
Hoii cooctBernnocTr (OMC) kak ocHOBHas yacTh HMA SIBISIOTCSI OHUM U3
CYLIECTBEHHBIX (haKTOPOB, CIIOCOOCTBYIOIIMX (POPMHUPOBAHHIO M POCTY Ka-
NUTAIU3alUY, UHBECTULIMOHHON U PBIHOYHOW CTOMMOCTH. B coBpeMeHHOI
9KOHOMHKE HHTEIUIEKTYaIbHBII KallUTall 9acTO OIICHMBACTCS BBIIIE, YEM Ma-
TepuanabHbIe pecypchl. OJHAKO B CIIydae MOSBICHNS MPETOCHUIOK K JINKBH-
Jaiy KOMIAHUHM W TOCIEAYIOIIETO0 BCTYIUICHHS B CTaaui0 OaHKPOTCTBA
HMA ycrymaioT ocHOBHBIM ()OHIAM IO CKOPOCTH pearn3aliii 1 CTOUMOCTH
MIPOJIa’KH B KOHKYPCHOM ITPOHM3BO/ICTBE.

Peanuzanus OMIC Ha Toprax no 0aHKPOTCTBY MOXKET OCYIIECTBIISATHCS
B TPH 3Tala: HadaJIbHBIN ayKIIMOH U IIOBTOPHBIH ayKLIMOH (XapaKTepU3yloTCs
MOBBIIIICHUEM HAYaJbHOU IIEHBI), a TaKXKe MyOJIudHOe MpenioxkeHne (Bo3-
MOJKHO HEOJHOKPATHOE CHIKEHHE IIeHBI B ONpEAEICHHOM BPEMEHHOM HH-
TepBae).

Ha nmepBom aykIMoHe ycTaHAaBIMBACTCS HadaJbHAs IICHAa NMYIIECTBA.
AHanu3 y4eTHbIX KapTo4eK I0JDKHUKOB Ha roptane Equnoro ®@enepansaoro
Peectpa Ceenennii o barkporctee (EOPCE)[3], B pe3ynbpTaTe HHBEHTapH3a-
IIMM aKTHBOB KOTOPHIX BbIsiBIeHB! OVC, moka3ai, yTo HavyajbHas LeHa MX
MIPOJIa’KH Yallle BCEr0 yCTaHABINBACTCS CAMUM KOHKYPCHBIM YTIPABIISIFOLIM
Ha OCHOBE OyXTaJTepCKOH OCTaTOYHOH CTOMMOCTH, ITyTEM CaMOCTOSTEIb-
HBIX PacdeToB, YTBEP)KJACMBIX Ha COBETE KPEAUTOPOB, a TAKXKE IyTeM NPH-
BIICUCHHS TPO(PECCHOHATBHBIX OIIEHIINKOB. OTYETHI 00 OIIEHKE B TAKOM CITy-
4yae MOIJIeKAT MyOIMIHOMY OITyONMKOBAaHHWIO M JOCTYITHBI IS M3yUYCHHS.
Jlst pacueTa CTOMMOCTH MCKITIOUNTENBbHBIX TIpaB Ha OVC oneHIMKY B OC-
HOBHOM HCIIOJIB3YIOT 3aTPATHBIN MOIXO0/ ITyTEM KaJIbKYJIAIIUH 3aTpaT Ha TOC-
YAapCTBEHHBIE MOIUIMHEI, CBSI3aHHBIE C BBIJa4el MATEHTa WM CBHICTEIb-
cTBa. Pexxe ucnonb3yercst cpaBHUTENBHBIN NOAX0/ (ITyTEM COIOCTABICHUS C
NPEATIoKEHUSIMI Ha OUpI)KE MAJOM3BECTHBIX TOBAapHBIX 3HAKOB), a TaKKe
HMEIOTCSI ClTydan MPUMEHEHHsI JI0XOJHOTO T10/1X0/1a (METOJ 0CBOOOXKICHUS
OT POSITH) C MOJTYYEHHEM 3HAUNTEIIHbHON BEJIMUMHBI HAYaJIbHOH CTOMMOCTH.
Hanpumep, uckiarounTensHble MpaBa Ha mporpammy Juis OBM nomxHuka
000 «TAC3» 6butH IepBOHaYaIBHO OlleHeHkl B 10 MitH. pyOiel (B mocie-
IYIOUIEM peaan30BaHbI 3a 367 ThIC.pYO., TO €CTh C OOIBIINM TUCKOHTOM).

B noBTOpHBIX TOprax HavanbHas IIeHa AJISI BCEX aKTHBOB YCTAHABIINBA-
eTcst Hioke epBUIHBIX Ha 10% ¢ BO3MOKHOCTHIO noBbImeHKsI. OXHAKO aHa-
JIM3 pe3ynbTaToB TOpros o peanusamun OVIC nocieaHux JIeT moKasall, 9To
MIPAKTHIECKH BO BCEX CAyYasx (pakTHIecKas mpoiaxa (OTIyKICHHE) UCKITIO-
guTeIbHBIX paB Ha OVIC mponcXoanT TOJIBKO B IMyOIMIHBIX TOPTaX 110 Mepe
3HAYUTEILHOTO CHHMXXEHHS LIEHBI B OINpEJeJIEHHBIC BPEMEHHBIE MEPUOIBI.
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[Tpu 3TOM KOHCTAaTHpYeTCs HU3Kasl JMKBUIHOCTh U BBICOKMH YPOBEHb CHH-
JKEHUsI HayalbHOUM cTouMocTu Aiist Becex BuaoB OMC. bonee pannue uccie-
noBanus 2022 rojia NOKa3bIBAIM, YTO CPOKH peali3allii TOBAPHBIX 3HAKOB
B CPEJIHEM caMble JUTUTENILHBIE N3 BCEX BHJIOB aKTUBOB (263 jH:), a cpetHue
MOKa3aTeNu OTKJIOHEHHS HayalbHOHW CTOMMOCTH TOPrOB IIPH OTYYXKICHHU
HEMaTepHaIbHBIX aKTHBOB (MCKITIOYUTENIFHBIX NIPAB Ha TOBAPHbIEC 3HAKH) CO-
CTaBIISUIH B cpeqHeM 65,18% (ananazon ot —23,36% mo —99,90%) [4].

Hame coOcTBeHHOE HCCIEIOBaHHWE, HAIEICHHOE HA aKTyalH3amluio
croumocti OVIC B 6aHKPOTCTBE, MO3BOJISIET CIENATh BHIBOJ 00 YBEIHMICHUN
JTAHHOTO OTKJIOHEHUS (IMCKOHTA) K HaCTOsAMeMy BpeMeHH. OCHOBBIBAsCh Ha
6aze manapix EOPCB [3], Ob1 mpom3BeneH MOUCK 1o pasnery «Toprm» c
npuMmeHeHrneM QuibTpa BeIOOpa 10 Kiaccupukaropy umyinecrsa «Hemare-
pHabHbIE OCHOBHBIE (DOHIBI U ITpOUEE» B CTATyCe «3aBepIICHbI», IaThl IIPO-
BezeHus Topros ¢ 01.01.2025 nmo 31.03.2026 r. no Bcem peruonam P®. Cu-
cTeMa Mo 3ampocy oTobpasuina 484 3aBepIICHHBIX TOProB, OCHOBHAS 4YacTh
U3 HUX - MyOJINYHBIE TIPEIIOKEHNUS, U OHU OOBSIBJICHBI HECOCTOSIBIIIUMHUCS B
CBSI3U C HEJOCTATOUHBIM KOJHMYECTBOM y4yacTHHKOB. He paccmarpuBaiuch
topru ¢ OUC B cocTaBe KOMIUIEKCAa UMYLIECTBA NPEANPUATUN, BKIIOYAIO-
ye B JIOT NPOYNE MaTepuabHbIe aKTUBBI (0OBEKTH HEBHKUMOCTH, 000-
pyZoBaHue u npodee). B pesynpTrare n3ydeHns JOCTYIHBIX JaHHBIX B pas-
pe3e UCTOPUYECKOTo X0/1a TOPTroB (JaHHbIE 00 MHBEHTapU3alnH JTOJDKHHKA,
OTHYETHI OICHIIINKA, XapaKTePUCTHKA aKTHBa, HadaJlbHasl [IeHa) POaHaIIN3H-
poBanbl 23 (hakTa peanr3aliy HCKIIOUUTEIbHBIX TIPaB Ha TOBAPHbIC 3HAKH H
13 cmy4aeB mpoaky IpaB Ha 0OBEKTHI TPOMBIIUICHHON COOCTBEHHOCTH, 3a-
BEPLIMBIINXCS 3aKJIIOYEHHEM JI0r0BOpa KYIUTU-MPOJIAKH B MyOINYHBIX TOP-
rax (cM. Tabi. HIXKe).
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Tabnuuya 1.

Pa3mep quckonTa OUC npu npoaaxke B KOHKYPCHOM IPOU3BOACTBE
(cocTaBJieHO HA ocHOBe [3])

Konnue- | Pe3yabTaThl pacuera guc-
CTBO KOHTA OTHOCHTEJILHO
Pean NMpoaHa- | HAYAJbHON eHbI HMYIIIe-
JIM3H- CTBA B IEPBHYHBIX TOPrax
Bux OUC 3yemMble P P
poBaH-
npasa IMANA30H
HBIX cpen- | Menu-
(MuH-
Ha0J110- Hee aHa
M MaKc)
JeHuit
HCKITIO-
Topapubie snaxy | HTETE" 23 80,98 | 90,00 26,62%-
P Hoe % % 99,99%
paBo
OOBEKTHI IPO-
MBIIIIEHHOH CO0-
CTBEHHOCTH (T1a- HCKIIIO-
TCHTHI HA H306DE YHUTEIIb- 13 85,09 | 89,45 26,83%-
P€ | Hoe % % 99,96%
TEHUS, I0JIC3HBIE
paBo
MOJIEIIH ), BKITIO-
qas [10

Y xoMmaHui B 6aHKPOTCTBE B Ka4eCTBE HEMAaTEPHAIBHBIX aKTHBOB B
pe3yibTaTe WHBEHTAPU3AIMH IPEUMYIIECTBEHHO BBIABISIOT TOBapHBIC
3Hakd. CpenHuil AUCKOHT JUISI HUX B OTKPBITBIX TOPTaX COCTAaBHI (OKPYT-
nenHo) 81% (mennana — 90%). J{ist 00BEKTOB MPOMBIIIUICHHONH COOCTBCHHO-
ctu u I1O cpennuii nuckoHT BhIIE — 85% (MeauaHa — 89%). CpenHsis BbI-
pyuKa OT peanu3aluy NpaB Ha OJUH TOBapHBIN 3HaK cocTaBmiIa 232 THICSYU
pyOuneit (Mmemuana — 12 Thic. py0.), Ha OJIUH JIOT MATCHTOB HA U300pETECHUS,
nosie3nsie Mogenu u [10 — 178 Toic. py6. (Menuana — 116 Tbic. py0.). [Ipn
9TOM OCTaTO4Hasi 0aJlaHCOBAasi CTOMMOCTh M PhIHOYHAS OLICHKA, OCHOBAaHHAS
Ha MHEHUH CIECIHAINCTOB W KOHKYPCHBIX YIPAaBISIOMINX O HAYAIbHOHW CTO-
MMOCTH MHTEJUIEKTYaIbHOH COOCTBEHHOCTH, IMOKA3BIBAIOT M3HAYAIEHO 00-
Jiee BHYIIUTEIbHBIC BETMYMHBI IPAKTHYCCKH IS BCEX 00BeKTOB. TakuM 00-
pa3oM, MOXKHO CIIEJIaTh BBIBOJ, YTO B OCHOBHOM ITOKYTIATENIN KIyT HMEHHO
MyONMMYHOTO TPEINIOKEHUS W TOTOBBI NMPHOOpETaTh HeMAaTepHATbHBIC aK-
THUBBI TOJIBKO CO 3HAYUTENEHBIM JUCKOHTOM.

M3BecTHO, UTO CTpaTerusl OXKHUAAHUS IyOJIMYHOTO MPEUIOKEHHS HE
BCerja ONpaBAaHa: ISl BHICOKOJMKBUIAHOTO HMYIECTBA, KakK IPaBHIIO,
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peanu3ays MOXeT IPOUCXOANUTh Ha ayKIMoHax. OHAKO I TAKUX HU3KO-
JMKBUIHBIX U BbIcOKOpHCKOBBIX OVC monoOHast cTpaterus npuMeHseTcs
penko. Jlaxxe oauHO4YHBIE ciyuyau mpojaxu npaB Ha OMC Ha nmepBUYHBIX
TOprax He BCErJa AOXOAAT [0 JOTMYHOTO 3Tamla 3aKIOYeHus J0roBopa
KyILTH-TIpoJaxu (oTuyxeHus ). Hanpumep, kommuiekc n3 18 ToBapHbBIX 3Ha-
koB «TESLA» (Homepa peructpanuu 866808, 866807 u ap., 3aperucTpupo-
BaHHBIX B P® kommanuneit OO0 «TJAC3») B mepBUYHOM IIPEUIOKESHIH pea-
JN30BaH 3a Oornee ueM 81 MuH. py0. pu HavaNbHOW meHe 4 MIH. pyo0.), Of-
HAKO I10 PUYHMHE 0TKa3a MOOEIUBILIETO OT OIUIATHI PAHEE 3aKJIIOUESHHOTO JI0-
TOBOpa B MOCIEAYIOMEM ITyOIMIHOM MPETIORKEHUH JIOT U3 TEX JK€ HemaTe-
PHAIBHBIX aKTHBOB IIPOJIaH BCETO 3a 3 MIH.pyO. ¢ 27% ANCKOHTOM.

Taroke BBISBIICH CITy4aii ¢ MPUHAVIEKAIUME (apMalieBTHUECKON KoMIIa-
Huu OO0 «PUA «ITAH/IA» ToBapHBIMM 3HaKaMH, pealn30BaHHBIMU Ha Iep-
BUYHOM ayKIMOHE M0 LIeHe, B 27 pa3 NpeBBIIIAOIeH HaYaJIbHYO IIEHY, OJJHAKO
TO3KE MOOETUTENb OTKA3aJICs TPOU3BOAUTE OILUIATY, M ObLIM OOBSBICHBI TI0-
BTOpHBIE TOpri. Ha MOBTOPHBIX TOprax HOBBIN MOKYIATeNbh TAakXKe BIOCIE[-
CTBHH OTKAa3aJICs OT OIJIaThI. J{0 CHX TIOp HEKOTOPbIE TOBAapHBIE 3HAKH MPEATIPH-
SATHS HAOIOAAIOTCS B Iy OJIMYHOM NPEIJIOKEHUHN U HE PEalTM30BaHBI.

[prunHa 3HAYUTENFHOTO 00ECIIEHEH ST OPEH/I0B, BEIPAXKEHHOTO ITPaBaMH
Ha CPEICTBA MHANBU/IYaJTM3AINH, MOXKET 3aKJIF0UaThCsl B CHIDKCHUH eIy Taluy
KOMIIaHUHM, JOCTUTILIEH 3aBeplueHus cBoeil aestenbHocTH. B ciyuae ¢ OO0
«PUA «ITAH/IA», HETaTHBHO MOTJIM TIOBIIHATH PaHee BO30YKICHHBIC YTOJIOB-
HbIe Jiena ¥ uHQpopManus 00 U3BITHH U3 000pOTa MPEnapaToB, MAPKUPYEMBIX
TOBAapPHBIMU 3HAKAMH, YTO B CYIITHOCTH MPHUBEJIO K OaHKPOTCTBY KOMITAaHUH [6].
Taxxe MOXXHO yIIOMSHYTBH NIPUMEP C TOBAPHBIMH 3HAKAMH paHEee JIMKBHIUPO-
BaHHOW TypucTHyeckoi kommanmu «Hatamum Typey» (HOMepa CBHIETENBCTB:
NoNe 389210, 479056, 389209, 386894): mocaencTBUS UCKITIOUESHUS U3 €IMHOTO
peecTpa TypoOHepaToOpOB JOBOJBGHO W3BECTHBI IIMPOKOH OOIIECTBEHHOCTH
(yuiep6 kMeHToB cocTaBiil Oonee 1 mupnx pyOueii [1]), a noToMy KOMILIEKC To-
BapHBIX 3HAKOB OBUI peajn30BaH B MyOJMYHBIX TOPrax JIMIIb 3a 3 ThIC. py0. ¢
HEOIpeAeNeHHbIME TEePCIEKTBAMH HCNOJb30BaHUA. B HacTosmuil MoMmeHT
MpaBoOBas OXpaHa JaHHBIX TOBAPHBIX 3HAKOB MpeKpalleHa [7].

Takum 06paszom, camo 1o cede Hau4Yue HeMaTepualbHbIX aKTHBOB HE
rapaHTUPYeT JOCTaTOYHOCTH MOKPBITUS CPEJCTB KPEAUTOPOB IIyTEM peai-
3alliM TIPaB Ha TAKOE€ MMYIIECTBO B PaMKaX KOHKYPCHOTO ITPOHM3BOACTBA.
Jlons yioBIETBOPEHHBIX TPEOOBAHNH PEECTPOBBIX KPEIUTOPOB B PE3yIIbTATE
peaM3aliy Bcex THIIOB MMyliecTBa He pocturaet u 30% [5]. Posb 06bexToB
MHTEJJIEKTyalbHOH COOCTBEHHOCTH B IIPOLEype OaHKPOTCTBA IMPEIIpHs-
TUN-AO0KHUKOB He3HauuTenbHa. OUC co3maioT SKOHOMHYECKYIO MOJe3-
HOCTb TOJIBKO A7 I€HCTBYIOIIEr0 NPEANPHTUS, OKa3bIBasl MOJIOXKUTEIbHOE
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BJIMSIHHME KaK Ha IUIaTe)KECIIOCOOHOCTb, TaK ¥ Ha POCT CTOMMOCTH KOMITAHUU
P YCTICIIHOM €€ (hYHKIIMOHUPOBAHUH.

B aTOM cMBICTE 1e510 0 OaHKPOTCTBE KOMITAaHHH-I0JDKHUKOB 1€71€C000-
pasHee NMEepeHOCHUTH B IUIOCKOCTh PECTPYKTYpH3aluH. Tak, ApOUTpa)KHbIH
¢y ropoja MockBbI ipekpatui Jiesto o bankpotcTBe koMnanuu OO0 «Cethb
CBS3HOWY, yTBEPUB MUPOBOE COTJIAIEHHE, II0 KOTOPOMY KPEIUTOPHI CITH-
canu pureiiepy okoio 45 mupa. py6mneit monra. [Ipu 3TOM KOMIIaHWH yaa-
JIOCh COXPAHMTH 3a cOOOH KOMITIEKC HeMaTepUalbHBIX AKTHBOB: TOBAPHBIC
3HakH, I10, caiitr u nomeH (omeneHs! B 102,7 mmH pyOeit) [§]. Panee mo-
IIBITKA peanu3anuy JaaHoro komrmiekca OV C B nmporecce KOHKYPCHOTO po-
M3BOJICTBA HE YBEHUAJACh YCIIEXOM. B nanbpHeiIeM BO3MOXKHO BO3POXKIE-
HUE ACATCIIbHOCTU NPEATIPUATHA C HOTCHIIUAJIOM pOCTa CTOMMOCTH KaK UME-
IOKUXCA HCOCA3a€MbIX AKTUBOB, TaK U CO3MaHHSA HOBBIX B ITPOLECCC Jalib-
HEHIero HWHHOBAIIMOHHOI'O Pa3BUTUA.
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In recent years, the efficient utilization of renewable resources and in-
dustrial wastes has become one of the key priorities in the field of chemical
technology and environmental protection [1]. The increasing demand for
functional chemical additives, including dispersing agents, together with the
rising cost of conventional raw materials, has stimulated research toward al-
ternative and economically feasible feedstocks. In this context, both animal
fats and vegetable oils are considered promising sources for the synthesis of
value-added chemical products due to their availability, biodegradability, and
rich organic composition [2].

Dispersing additives play an essential role in various industrial applica-
tions such as coatings, lubricants, fuel systems, and wastewater treatment pro-
cesses. Their primary function is to stabilize solid particles in liquid media,
prevent aggregation, and improve the overall efficiency of technological sys-
tems [3]. Traditionally, dispersants are synthesized from petrochemical-
based raw materials, which are often expensive and environmentally
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unfavorable. Therefore, the development of dispersants from renewable and
low-cost sources has attracted significant scientific and industrial interest [4].

Animal fats, particularly those generated as by-products or waste from
food and processing industries, represent an inexpensive and underutilized
resource. On the other hand, vegetable oils are widely used due to their rela-
tively uniform composition and ease of processing, but they are often more
expensive as they are also important food resources [5]. The conversion of
these raw materials into functional dispersing agents typically involves chem-
ical modification processes such as oxidation and subsequent amidation,
leading to the formation of surface-active compounds with improved dispers-
ing properties [6].

Despite the growing number of studies on the synthesis of dispersants
from natural sources, a comprehensive comparison between animal fat and
vegetable oil as raw materials, particularly from an economic and technolog-
ical perspective, remains insufficiently explored [7]. Evaluating the cost-ef-
fectiveness, processing requirements, and performance characteristics of dis-
persants derived from these two sources is crucial for selecting optimal feed-
stocks for industrial applications [8].

Therefore, the present study focuses on the synthesis of dispersing ad-
ditives from animal fat and vegetable oil through oxidation and amidation
processes, followed by a comparative analysis of their physicochemical prop-
erties and economic efficiency. The obtained results are expected to contrib-
ute to the development of cost-effective and sustainable dispersing agents
suitable for various industrial applications [9-10].

Materials and Methods

Materials

In this study, animal fat and vegetable oil were used as the main raw
materials for the synthesis of dispersing additives. Animal fat was obtained
as a waste product from local meat-processing industries, while vegetable oil
(such as cottonseed or sunflower oil) was used as a reference renewable raw
material. Concentrated sulfuric acid was employed as an oxidizing agent for
the chemical modification of the feedstock. Diethanolamine was used as the
amination reagent for the synthesis of amide-based dispersing compounds.
Distilled water and ethanol were used for washing and purification purposes.

Oxidation of Raw Materials

The oxidation process of animal fat and vegetable oil was carried out
using sulfuric acid under controlled conditions. A predetermined amount of
raw material was placed in a three-necked reactor equipped with a mechanical
stirrer and a temperature control system. Sulfuric acid (5—15 wt%) was grad-
ually added to the reaction mixture under continuous stirring.
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The oxidation reaction was conducted at a temperature range
of 80-110°C for 2—4 hours. During this process, triglycerides present in the
raw materials were partially oxidized, leading to the formation of oxygen-
containing compounds, primarily carboxylic acids. After completion of the
reaction, the mixture was cooled to room temperature and washed with dis-
tilled water until neutral pH was achieved to remove residual acid.

Amidation Process

The oxidized product containing carboxylic acids was subjected to ami-
dation using diethanolamine. The reaction was carried out in a reactor under
continuous stirring at a temperature of 120-140°C for 2—3 hours. The molar
ratio of acid groups to amine was maintained in the range of 1:1 to 1:1.5 to
ensure efficient conversion.

During the amidation process, carboxylic acids reacted with diethano-
lamine to form amide compounds, which possess surface-active and dispers-
ing properties. The reaction mixture was then cooled and washed to remove
unreacted reagents and by-products.

Characterization Methods

The synthesized products were characterized using standard physico-
chemical analysis methods. The acid value and iodine value were determined
to evaluate the extent of oxidation. Infrared spectroscopy was used to confirm
the formation of functional groups after oxidation and amidation processes.
The dispersing ability of the obtained additives was evaluated by measuring
their capacity to stabilize solid particles in aqueous media.

Comparative Evaluation

A comparative analysis between animal fat-based and vegetable oil-
based dispersants was conducted in terms of yield, physicochemical proper-
ties, and economic efficiency. The production cost was estimated based on
raw material price, reagent consumption, and energy requirements. The ob-
tained results were used to determine the most suitable raw material for the
synthesis of cost-effective dispersing additives.

The oxidation and subsequent amidation of animal fat and vegetable oil
resulted in the formation of dispersing additives with distinct physicochemi-
cal properties. The efficiency of the oxidation process was evaluated based
on the increase in acid value and the decrease in iodine value, indicating the
formation of oxygen-containing functional groups. The obtained results
demonstrate that both raw materials undergo significant chemical transfor-
mation; however, their behavior differs due to variations in composition and
structure.
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Result and discussion

Physicochemical Properties of Synthesized Products
The changes in key parameters before and after oxidation—amidation
are presented in Table 1.

Table 1.
Physicochemical characteristics of raw materials and synthesized
dispersants
. Todine . . .
Sample Acid value value (g Viscosity Yield
. o,
(mg KOH/g) 1./100 ) (mPa-s) (%)
Animal fat
(initial) 24 62 48 -
Animal fat
(oxidized) 28.6 38 72 88.5
Animal fat 35.8 30 95 85.2
dispersant
Vegetable oil 1.8 110 42 -
(initial)
Vegetable oil
(oxidized) 243 65 68 90.1
Vegetable oil 315 52 88 87.6
dispersant

As seen from Table 1, the acid value of both animal fat and vegetable
oil increased significantly after oxidation, confirming the formation of car-
boxylic acids. The iodine value decreased due to the consumption of unsatu-
rated bonds during oxidation. Animal fat-based products exhibited slightly
higher acid values after amidation, which indicates a greater degree of func-
tionalization. Additionally, the viscosity of the final dispersants increased,
suggesting the formation of higher molecular weight compounds.

Dispersing Performance and Economic Evaluation

The dispersing efficiency and economic aspects of the synthesized ad-
ditives were further evaluated, and the results are summarized in Table 2.
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Table 2.
Dispersing performance and economic comparison
Animal fat Vegetable oil
Parameter . .

dispersant dispersant
Dispersing efficiency (%) 92.5 88.3
Sedimentation time (h) 48 36
Particle stabilization (%) 90.2 85.7
Raw material cost ($/ton) 180220 420-550
Total production cost ($/ton) 320-380 580-720
Cost reduction (%) 35-45 -

The results indicate that the dispersant derived from animal fat demon-
strates higher dispersing efficiency and better particle stabilization compared
to that obtained from vegetable oil. The sedimentation time is also longer for
the animal fat-based product, confirming its superior stability in suspension
systems.

From an economic perspective, animal fat shows a clear advantage due
to its lower cost as a waste or by-product material. The overall production
cost of dispersants synthesized from animal fat is approximately 35-45%
lower than that of vegetable oil-based analogues. Although vegetable oil pro-
vides relatively uniform composition and slightly higher yield, its higher raw
material cost makes it less economically attractive.

The observed differences in performance can be attributed to the struc-
tural composition of the raw materials. Animal fats typically contain a higher
proportion of saturated fatty acids, which upon oxidation and amidation lead
to the formation of more stable and effective dispersing structures. In con-
trast, vegetable oils contain more unsaturated components, which may un-
dergo side reactions and result in comparatively lower performance.

Overall, the results demonstrate that both raw materials are suitable for
the synthesis of dispersing additives; however, animal fat offers a more fa-
vorable combination of performance and economic efficiency. These find-
ings highlight the potential of utilizing waste animal fats as a sustainable and
cost-effective alternative for the production of industrial dispersants.

Conclusion

In this study, dispersing additives were successfully synthesized from
animal fat and vegetable oil through oxidation and subsequent amidation pro-
cesses. The obtained results confirmed that both types of raw materials can
be effectively converted into functional dispersants with improved physico-
chemical properties. The increase in acid value and decrease in iodine value
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indicated successful oxidation, while the formation of amide-based structures
contributed to enhanced dispersing performance.

Comparative analysis showed that the dispersant derived from animal
fat exhibited higher dispersing efficiency, better particle stabilization, and
longer sedimentation time compared to the vegetable oil-based product.
These results demonstrate that animal fat provides more stable and effective
dispersing systems under the studied conditions.

From an economic standpoint, animal fat proved to be a more advanta-
geous raw material due to its lower cost and availability as an industrial
waste. The overall production cost of dispersants based on animal fat was
significantly lower than that of vegetable oil-based analogues, making it a
more attractive option for large-scale applications.
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