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AHHOTAIHSA.

Co3/1aHKEe BBICOKOUYBCTBUTEIbHBIX U CEJICKTUBHBIX CEHCOPHBIX CUCTEM JUIsl ONPEACICHHUS OHOJIOTHYECKH aKTHBHBIX BEILIECTB
SIBJIIETCSl OJIHUM M3 BAXKHEHWIIMX HANpPaBICHWH Pa3BUTHS COBPEMEHHOW aHAIUTHYECKOH XMMuH. B pabore mpencTaBieHBI
PE3yJIbTaThl HCCIIEAOBAHUS HIEKTPOXMMHUECKUX CBOWCTB HOBBIX BOJOKOHHBIX MAaTEPHAJIOB HA OCHOBE CETOK U3 OJHOCIOHHBIX
YIIEPOAHBIX HAHOTPYOOK, NMpeAHAa3HAYCHHBIX JUISI M3TOTOBICHUS CEHCOPOB JUIS ONpPESIICHUsI COJIEpKaHUsI acCKOPOMHOBOM
KHUCJIOTHI METOZI0M BOJIbTAMIICPOMETPHUH.

Pa3paboTaHa TEXHOJIOTHsI CHHTE3a CETOK U3 Pa3yNopsA0UCHHBIX OJJHOCIOWHBIX yIIIEPOAHBIX HAHOTPYOOK METOIOM XHMHUYECKOTO
OCaKICHHS U3 Ta30BOH (ha3bl U M3TOTOBJICHHS BOJOKOH METOJOM MOKPOIO BBITATHBAHHS CETOK OJHOCIOWHBIX YTIEPOIHBIX
HAHOTPYOOK U3 pacTBopuTessi. ONTHMH3MPOBAaHA METOIMKA MTOJIOTOBKH CETOK M BOJIOKOH, COYETAOMIAsl OTKUT Ha BO3/LyXe U
00paboTKy CHIIBHBIMH HEOPTaHNYECKUMH KHCIOTaMH. DKCIIEPUMEHTAIBHO BEIOPAHEI YCIIOBHUS PErHCTPALMN BOJbTAMIIEPHBIX
KpHUBBIX ((OHOBBIN BICKTPOIHUT, CKOPOCTh Pa3BEPTKHU, YCIOBHS MPEABAPUTEIBHOTO KOHAUIMOHUPOBAHMSA) IS MOJNYUCHUS
MaKCHMaJIEHOTO OTKJIMKA CEHCOpa Ha CoAep KaHnue acCKOPOMHOBOM KUCIOTHL. TOK M IUTOIAAb TUKA OKHCICHHUS aCKOPOMHOBOM
KHCJIOTBI HE 3aBHCAT OT BPEMEHHU M NOTEHIMAIa KOHANIMOHUPOBAHUS ceHcopa. JINHelHbIe 3aBUCUMOCTH 3THX 11apaMeTPOB OT
KOHIICHTPAIlNH aCKOPOMHOBOI KUCIOTH B pochaTHOM OydepHOM daeKTponnTe HabmronaoTes B auanazone 50-500 pmoins/a
(8,8-90 mr/in) npu ckopoctu ckanupoBanus 0,1 MB/c. UyBCTBUTEIbHOCTh MUHUATIOPHOTO BOJIOKOHHOTO CEHCOpa M3 CETOK
OJIHOCJIOMHBIX YIIIEPOJHBIX HAHOTPYOOK MtuHO# 0,5 cM 1 cpenueit mupuHoit 400 MKM B J1Ba pasa BBIIIE YYBCTBUTEIBHOCTH
JUCKOBOT'O CTEKJIOYTICPOIHOTO IEKTPOAa TUAMETPOM 5 MM.

JIOCTHIHYThIE TIOKA3aTEeN! MO3BOJISIOT HCIIOIb30BATH CEHCOPBI AT ONPE/IeICHNS ACKOPOMHOBON KHUCIOTHI B IHIIEBBIX MPOAYKTAX,
(hapManeBTUYECKHUX Ipenaparax U OHOJIOTHYECKUX KUIKOCTSIX.

KiawoueBsbie cioBa. anepom{me HaHOpr6KI/I, CEHCOPbI, BOJIbTAMIIEPOMETPUS, aCKOp6I/IHOBa$I KucJjorTa

®dunancupoBanue. Padbora noanepxkana MUHHCTEpCTBOM HayKH U BbIciiero oopaszosanus Poccuiickoit @eneparym (MuHOOpHayKH
Poccun)ROR (poekt Ne FZSR-2020-0007 B pamkax rocyaapctBennoro 3aganus Ne 075-03-2020-097/1).

Jlns uuTHpoBaHHUsA: DJIEKTPOXUMHUYECKHE CEHCOPHl Ha OCHOBE CETOK M3 OJHOCIIONHBIX YTJIEPOJHBIX HAHOTPYOOK IS
BOJIbTAMIIEPOMETPUIECKOTO OIpeieneHns: ackopornnoBoi kuciaoTel / H. B. iBanosa [u ap.] // TexHUKA U TEXHOJIOTHSI MTUIEBBIX
npou3BoacTB. 2023. T. 53. Ne 4. C. 824-831. https://doi.org/10.21603/2074-9414-2023-4-2482
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Abstract.

Modern highly sensitive and selective sensors are able to determine biologically active substances, which makes this direction
one of the most popular areas of analytical chemistry. The study featured the electrochemical properties of new fiber materials
based on single-wall carbon nanotubes with prospects of using them in the voltammetry of ascorbic acid.

The authors developed a new technology to synthesize films from disordered single-wall carbon nanotubes by chemical
vapor deposition. Fibers were produced from a solvent by wet-pulling of single-wall carbon nanotubes networks. Thin films
of randomly oriented single-wall carbon nanotube bundles were deposited downstream of a floating aerosol CVD reactor,
which included a high temperature furnace with a quartz tube. The synthesis of the single-wall carbon nanotube samples
was performed at 825°C. Ethanol served as carbon source while ferrocene was used as catalyst precursor. The single-wall
carbon nanotubes were collected on a nitrocellulose filter in the form of films with transmittances of 10% in the middle of the
visible wavelength (550 nm). The method was optimized to involve air annealing at 300-320°C and a treatment with strong
inorganic acids, i.e., HCI, HNO, + H,SO,. The voltammetric curves recording included background electrolyte, scan rate, and
preconditioning. These parameters were selected experimentally to obtain the maximal sensor response to ascorbic acid content.
The anodic peak of ascorbic acid in the phosphate buffer electrolyte (pH 6.86) was observed at a potential of +0.2 V. The
current and peak area of ascorbic acid oxidation depended neither on the time nor on the conditioning potential of the sensor.
The linear dependences of these parameters on the concentration of ascorbic acid stayed within 50-500 umol/L (8.8-90 mg/L)
at a scan rate of 0.1 mV/s. The single-wall carbon nanotube microsensor had a length of 0.5 cm and an average width of
400 pm. Its sensitivity was two times as high as that of a disk glassy carbon electrode with a diameter of 5 mm.

The experimental sensors proved effective in determining ascorbic acid in food products, pharmaceuticals, and biological fluids.

Keywords. Carbon nanotubes, sensors, voltammetry, ascorbic acid
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BBenenne ITo cpaBHEHUIO ¢ MACCUBHBIMH YIJIE€POJHBIMY MaTEPHU-
OTKpBITHE YTIIEPOTHBIX HAHOTPYOOK MPUBEJIO K BO3-  aJlaMH, TAKIMH KaK CTEKIOYTJIEPOa U Tpadut, mpeumy-
HUKHOBEHHIO HOBOTO HANPABJICHUS B dJIEKTpOaHaIN3e, IIeCTBa YIIIEPOIHBIX HAHOTPYOOK CBSA3aHBI C BHICOKOH
CBS3aHHOTO C UCCIICAOBAHUEM DJICKTPOXUMUUYECKUX Xa-  aJCOPOIMOHHONW aKTHBHOCTBHIO, PA3BUTOMN IMMOBEPXHOC-
PaKTEPUCTHUK YIIEPOJHBIX HAHOTPYOOK U BO3MOKHOCTH THIO U BBICOKOH CKOpPOCTBIO ITIE€peHOca 3apsiaa IMpHU
UX MPUMEHEHUS JUIsl OTPeACTICHUSI Pa3IUYHBIX BEIIECTB. OCYIIECTBICHUH 3JIEKTPOIHBIX IPOLECCOB. YKa3aHHbIE
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0COOCHHOCTH AETAIOT YTICPOAHBIE HAHOTPYOKH MaTepu-
aJIoM BBIOOpA LTS UCTIONB30BAHUS B KAYECTBE aKTHBHOM
TIOBEPXHOCTH UHJIMKATOPHOI'O 3JIEKTPO/Ia-CEHCOPA B BOJIb-
TaMIIEPOMETPHUIECCKOM aHATHN3E OPTaHMYECKUX BEIICCTB.

Pa3paboTka 2JIeKTPOXHUMHYECKUX CEHCOPHBIX CHUC-
TEM sIBJII€TCA aKTHUBHO pa3BUBaroIIeicst 00J1aCThIO COB-
pEMEHHOH aHanuTHIeCKOr XuMur. OO 3TOM CBUIETEh-
CTBYET BBICOKAs MyONMKAIIMOHHAS aKTHUBHOCTH Ha TIPO-
TSDKEHUU TIOCNIeHUX faecsituietnii [ 1, 2]. bonbmuHcTBO
MPEJICTABJICHHBIX B JUTEPAType CIOCOOOB MCII0JIb30Ba-
HUS YTICPOTHBIX HAHOTPYOOK CBSA3aHO C UX HAaHECEHHEM
Ha TTOBEPXHOCTh MHEPTHOT'O AJIEKTPOJIa U laTbHEeHHEN-
et mogudukamueit [1-6]. D10 yCI0KHICT METOIUKY
M3TOTOBIICHUS U NMIPUBOJIUT K CHIDKEHHIO BOCIIPOU3BO-
JUMOCTH PE3yJIbTaTOB U CPOKaA CIY>KOBI IT0JIy4aeMOro
ceHcopa. DJIEKTPO/IbI, TOJYYCHHbIE ITyTeM HaHECEHUS
WM BBIPAIIUBAHUS YTIIEPOTHBIX HAHOTPYOOK Ha TIPOBOIS-
I1eil ITOBEPXHOCTH MIIH ITyTEM I1€4aTH, JEMOHCTPUPYIOT
MOMEXHU OT MaTepuaia MmoUIoKKu. Takxke s HUX Xa-
PaKTepHO HEepaBHOMEPHOE MOKPHITHE YTIEPOIHBIX Ha-
HOTPYOOK, CHHIKCHHUE OTKJIMKA BO BPEMCHU U BIIHSHUC
mo60ro MonuduKaTopa Ha (PU3NKO-XUMHUYECKHE XapaK-
TEPUCTHUKHU YTICPOAHBIX HAHOTPYOOK. [loaToMy akTy-
aTpHOM 3a/maveii ABNIIETCS CO3TaHUe DIEKTPOIHBIX Ma-
TEpPHAJIOB HAa OCHOBE HECBS3aHHBIX C MTOJUIOKKON CETOK
WM BOJIOKOH M3 YIJEPOAHBIX HAHOTPYOOK. AHalu3
JTUTEPaTyPHBIX JaHHBIX MTOKA3aJ]l HATNYHE ITyOIUKAIINT,
aBTOPBI KOTOPBIX PACCMaTPHUBAIOT UCIOJIb30BAHHE €1~
HUYHBIX BOJIOKOH/ITYYKOB M3 YIJICPOIHBIX HAHOTPYOOK B
HCXOJTHOM COCTOSIHUH U BOJIOKOH, ITOJTYYEHHBIX METOIOM
npsaenus [7-10].

B nanHoit pabote paccMaTpuBaeTcsi BO3MOXHOCTh
MIPUMEHCHH METOJa MOKPOTO BEITATUBAHUS LI POp-
MHUPOBAHUSI TPOYHBIX BOJIOKOH U3 CETOK OJTHOCIONHBIX
YTJIEPOIHBIX HAHOTPYOOK, MOJYYEHHBIX METO/IOM a3po-
30JIbHOTO OCaKICHUS U3 ra3oBoif dassr [11, 12]. DmexT-
POJBI-CEHCOPHI U3 BOJIOKOH YKa3aHHOTO THIIA TIpeasia-
raeTcsi MCIOJIb30BaTh JUISl OINpPEACNICHUsT METOJ0M
BOJBTAaMIIEPOMETPHUH COJICPKAHUSA aCKOPOMHOBOMN KHC-
JOTHI B Pa3lIUYHBIX O0BEKTAX: MPOAYKTAaX MUTAHUS U
CBHIpbE, JICKAPCTBEHHBIX CPEACTBAX U OMOJOTHYECKUX
KUTKOCTAX.

AckopOWHOBas KHCIIOTA U3BECTHA CBOMMHE aHTHOK-
CUJAHTHBIMU cBo¥icTBamMu. OHa SIBISETCS XU3HEHHO
HEOOXOIUMBIM JiJIsi PYHKIIMOHUPOBAHUS JKUBBIX Opra-
HH3MOB BEIIECTBOM, T. K. HTPAET BaXXHYIO POJIb B pEry-
JSIUH OKUCIIUTEIbHO-BOCCTAHOBUTEIBHBIX MTPOIECCOB
M y4acTBYeT B CHHTE3€ KOJUIareHa U MpoKoJuiareHa, 00-
MeHe (oJIMeBOH KUCIOTHI U XKelle3a, a TakKe B CHHTE3E
CTEPOMIHBIX TOPMOHOB M KaTe€X0JIaMHUHOB. B nuiessie
MPOAYKTHI 3TO BCUICCTBO }1068.BJ'IHIOT JJIs1 YBCJIIMYCHUA
CpOKa TOJHOCTH W TMOBBIIICHUS BUTAMIHHON IIEHHOCTH,
B YaCTHOCTH IIPU MPOU3BOACTBE CICIUAAIBHBIX U JIHC-
TUYECKUX MPOAYKTOB U IMPOAYKTOB AETCKOIO IUTAHUS.

Cpenu CymecTBYIOIHUX METOIOB OTPEICICHHS ac-
KOPOMHOBOW KMCIOTHI BOJBTAMIIEPOMETPUUCCKII aHa-
JIU3 OTIMYAETCS BBICOKOW YYBCTBUTEIHHOCTBIO, IKOHO-
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MUYHOCTBIO M 9KCIIPECCHOCTHIO, & BAPbUPOBAHHUE TH-
OB 3JICKTPOJHBIX MaTEPHAIOB MO3BOJISET MMOBBICUTH
CEJIEKTUBHOCTH onpeneneHus. Hampumep, npenioxkeHs!
METOJMKHU BOJILTAMIIEPOMETPHUECKOTO ONpPEACICHUS
ACKOPOMHOBOW KHCIIOTHI C HCITOJIb30BAHUEM CIIOXKHBIX
CEHCOPHBIX CHUCTEM Ha OCHOBE PA3IUYHBIX YTIEPOAHBIX
HAaHOKOMIIO3UTOB U HAaHOTHOPUIOB, CIOUCTHIX HAHO-
CTPYKTYp M MaTepHasioB, MOAN(DHUINPOBAHHBIX METaJlJIa-
MU U UX OKcuaamu [5, 6, 13-24].

Lenpio uccnenoBaHus ABISAIACH pa3pabOTKa HOBBIX
MHUHHUATIOPHBIX CEHCOPOB HAa OCHOBE OJTHOCIIOMHBIX yT-
JICPOJIHBIX HAHOTPYOOK, OTIINYAIOLINXCS YBEINICHHBIM
CPOKOM DKCIUTyaTalluy ¥ HE COJIEePIKAIIUX MOIU(PHUKATO-
POB ¥ TOIAHTOB.

OO6beKTHI H METO/BI HCCIIEI0BAHUS

CeTKH OJTHOCIIONHBIX YTIIEPOAHBIX HAHOTPYOOK, HC-
MOJIb3yeMble I M3TOTOBJCHHS BOJOKHA, KOTOpOE
MOCIY)KUT DJIEKTPOJIHBIM MATEPUAIIOM, ITOJIy4ajH C 1O-
MOII[BI0 METOa XUMHUYIECKOTO OCAKACHHS U3 Ta30BOH
¢azpl. [l 3TOro B KauecTBe HCTOYHHUKA YTIIEPOIa Uc-
moJib30Bajics 3Tano (95,6 % purity), B KauecTBe MPEKyp-
copa KaTalu3aTopa — pacTBOp (eppolieHa B ITaHAHOJIE
(C,H,Fe, 98 % purity Sigma Aldrich). Pactsop dep-
polieHa B 3TaHOJIE MOJaBAJIKNCh B KBAPIEBBIH TpyOUa-
TBIN peakTop mipu Temmeparype 825 °C [11-13]. Onno-
CJIOMHBIC yTIIepOAHbIC HAHOTPYOKN COOMpaICh Ha HUT-
POLIEILTIONO3HBIH GUIBTP ¢ AuaMeTpoM rop 0,45 MkM
(Millipore Corp). CBeTonporyckanue CETOK COCTaBUIIO
10 % npu nmuHEe BOTHEI 550 HM.

W3 GunbTpa ¢ ceTKoi 0JJHOCIONHBIX YTIEpPOAHBIX Ha-
HOTPYOOK BbIpe3anuch mosocku 0,5%2 cM, KOTOpbIe Mo-
MeIIaanch Ha KBapieBoe crekiio mapku KC-4B. Crexito
C HAHECCHHBIMHU CETKaMH OJHOCIOWHBIX YTJIEPOIHBIX
HaHOTPYOOK HarpeBajiu B TpyOuaroii neun Nabertherm
mo 300-320 °C ma BO3AyXe MpPH CKOPOCTH Harpena
8 °C/Mun. CeTKH Ha CTEKJIE OXJIAXKIAJIH 10 KOMHATHON
temnepatypsl, Hanocuiu 0,1 mut HCI (35,1 %) u ocTaB-
nsi Ha 1 9. OOpasiisl MpOMBIBAIIN JUCTUILTUPOBAHHOMN
BOJIOH M OCTABIISUIH /10 TIOJTHOTO BBICBIXAHHMS ITPH KOMHAT-
HOH Temrepartype. MeTo1 MOKpOTro BBITSITHBAHHUS TI03BO-
JISIeT M0JIy4aTh YIIIEPOAHbIE BOIOKHA ITyTEM caMocOop-
KI CETKH M3 OIHOCTIONHBIX YTIIEPOIHBIX HAHOTPYOOK 32
cuet caboro BaH-ep-BaalbCcoBa B3aUMO/ICHCTBHS U CHIT
TMMOBEPXHOCTHOI'O HATAXKCHUA, BOSHUKAIOIINX IIPHU CMa4u-
BaHWH XUAKOCTHIO [12, 13]. U3 mommatunenTepedranata
MOJIrOTABJINBANIACh CHIEMANIbHAS PAMKA C OTBEPCTHEM U
MeJIHBIM KOHTaKTOM. BOJIOKHO roMenanock B 3Ty pamMKy
M €T0 KOHIIBI 3aKPETUISUIACH C TOMOIIBIO TEPMO3ananBa-
Hust ipu Temrneparype 110-120 °C (puc. 1). Tonmmuna
BOJIOKOH BapbupoBaiachk B mpeaenax 400-550 M.
JnmHa paboueit moBepxHOCTH BosokHa 0,5-2 cwm.

DNEeKTPOXUMHUYECKUE NCCIIEIOBAHNUS TIPOBOJIUIH C
MCIIOJI30BAaHUEM ITOTEHI[MOCTaTa/TajbBaHocTaTa Versa-
STAT 3 B TpeXdIEeKTPOTHOM PEXHUME C HHIUKATOPHBIM
JIEKTPOIOM (CEHCOPOM M3 CETKH OJJHOCIIOMHBIX yIIIepoa-
HBIX HAHOTPYOOK), CTEKIIOYTJIEPOAHBIM BCIIOMOTATEIb-
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Menubiit
KOHTAKT
WueprHas
MOJIUMEpHasT —»
pamxa

Pabouas moBepXxHOCTD
BosiokHa u3 cetku OYHT

Pucynox 1. KoHCTpyKIUsI BOJIOKOHHOTO CEHCOpa U3 CETKU
OJTHOCIIOWHEIX yriIepogHbIX HaHOTpy6ok (OYHT)
u portorpadus paboyeil MOBEPXHOCTH BOJIOKHA

Figure 1. Fiber sensor made from a network of single-wall carbon
nanotubes: working fiber surface

HBIM 3JIEKTPOJIOM U XJIOPHUACEPEOPSHBIM 3IEKTPOJOM
cpasuenus (Ag/AgCl/0,1 M KCI). CrangapTHblii pacTBOp
ACKOPOMHOBOM KHCJIOTHI TOTOBHJICS IO TOYHOW HaBeC-
Ke, CTaHAapTU3alHs PacTBOPA NIPOBOAMIACE METOIOM
MOJIOMETPUYUECKOTO TUTPOBaHHs. B kauecTBe poHOBOTO
AJIEKTPONIMTA MCTIONIb30Balcs (pocdaTHbIl OyhepHbIi
pactBop ¢ pH 6,86. OnTuMU3UpOBAIN yCIOBHS IIPOBE-
JICHUSI JIEKTPOXUMHUYIECKOT0 SKCIIEPUMEHTA, BKIIFOYAT0-
IIME ATAIBI TOCIEA0BATEIBHOTO INKINPOBAHHS TOTCH-
nuana B nuamnasone ot —0,5 1o +1,0 B, katoxHoro BeIIED-
skuanus nipu —0,5 B ¢ nepememinBanuemM pactsopa u
perucTpanuu MUKINYECKHX BOJIbTAMIIEPHBIX KPUBBIX.

Pe3ynbTaThl 1 HX 00CyKIeHHE

DIEKTPOXUMUYIECKUN OTKIHMK 3IEKTPOJOB ISl BOJIb-
TaMIIEPOMETPHUYECKOT0 aHAJIN3a 3aBUCUT OT MHOTHX (haK-
TopoB. [ToaToMy Ha 3Tane cozgaHusi CEHCOPOB BaXKHO OI-

TUMHU3UPOBATh HE TOIBKO YCJIOBHUS MOTYyUCHHUS OTHOCIION-
HBIX YTJIEPOJHBIX HAHOTPYOOK M UX IMOCTOOPaOOTKH, HO
1 YCJIOBUS IIPOBE/ICHUS PETUCTPALIMHU CUT'HaNA (pHc. 2).

B maccuBe 0THOCIIONHBIX YTIIEpOAHBIX HAHOTPYOOK
IocJIe CUHTE3a COAEpIKaTCsa OCTATKU KaTalnu3aTopa, aMop-
(bHBIN yTaepos u psifi OpraHndeckux coeanHenuii. Ha-
pUMep, MOJUIUKIHYECKUE apOMaTHUYECKHE YIIIeBOI0-
ponsl. Borokna 63 mpeaBapuTeNbHON OYHCTKH IEMOH-
CTPHUPYIOT BBICOKHE (POHOBBIE TOKU. Takke HaOIIOIat0T-
Csl aHOJTHO-KaTOJHbIE MAaKCHMYyMBI B ITOJOXUTEIBHON
obnactu norennuanos ot 0 1o +900 mB, xapakTepHbie
JUISL COSJTMHEHNH KeJle3a ¥ KUCIIOPOACOoIepKaIuX GpyHK-
LUOHAJIBHBIX TPYNI. B cBsI3U ¢ 9THM pazpaborann MeTo-
JIUKY OYUCTKH CETOK M BOJIOKOH, COCTOSIIIYIO U3 CIIEAYIO-
IIUX JTAMOB: OTXKUT Ha Bo3ayxe npu Temmeparype 300 °C;
00paboTka KOHIEHTPUPOBAHHOW COJITHOW KHCIOTOM;
00paboTka pazbaBieHHON HUTpYromIeH cmechio (1:10)
IIpY HarpeBaHUHU.

@DoHOBBIC UKINYECKUE BOJbTAMIICPHBIC KPUBHIE,
TIOJIyYEHHBIE JIJIS TOJITOTOBJICHHBIX BOJIOKOHHBIX JJIEKT-
POJIOB B KHCJIOM JIEKTPOJIHUTE, MIOKA3bIBAIOT, YTO OHH
XapaKTepU3yOTCs LIMPOKOH 00JIacThi0 paboYMX TOTEH-
nuanoB: ot —0,7 mo 1,0 B. B HelTpaIbHBIX U MIEITOTHBIX
cpenax 3Ta 00JacTh YBEITMUMBACTCS M HAXOIUTCS B TIpe-
nenax ot —1,2 mo +0,9 B.

YcTaHOBIIEHO, YTO HCXO/IHBIEC BOJIOKHA M3-3a CBOCH
ruipooOHOCTH HEIIPHUTOIHBI /IS NCIIOIb30BaHUs 0e3
MpeIBapUTEIHHON TPOIeAYPHl KOHIAUIMOHUPOBAHUSI.
JlanHas mporenypa 3akiI04aeTcsl B BbIICPKUBAaHUH B
STHIIOBOM JIN00 M30IPOIHUIOBOM CIIUPTE, OUINCTHIIIN-
POBaHHOI BOJIE, a 3aTEM B MHOTOKPAaTHOM ME/JIECHHOM
nukmupoBaruu (v = 10-20 mB/c) B KuCIIOM 3JIEKTpO-
JUTE B YCIIOBUSAX IOCTETICHHOI'O YBEJIWYCHUS MOTCH-
LHAJIBHOTO OKHA.

Ha kauecTBO moJTydyaeMbIX JIEKTPOIHBIX MaTepra-
JIOB BJIMSIET PACTBOPHUTEIb, U3 KOTOPOI'O BBITATHBAIOTCS
BOJIOKHA. MeXaHNYeCKH IPOYHBIC BOJIOKHA IMOJTYyYar0TCA

Metomuka cuare3a YHT

BOSHeﬁCTBHC XUMHYECKHX ar€HTOB

TToctobOpadoTka cetok YHT mociie CHHTE3a: OTKHT,

Meronuka
BA-anamm3za

O6paboTka/MOTU(PHUKAIUS BOIIOKOH
u3 cetok OYHT

INEKTPOITUT

BpemsI

MOTEHIINA HAKOTLICHHUS
CKOpPOCTb Pa3BepPTKU

peKUM

KOH)II/H_II/IOHI/IpOBaHI/Ie TOTOBBIX CEHCOPOB:
XPpaHCHUC U HUKIIMPOBAHUE B PA3JIMYHBIX Cpeaax

Pucynox 2. ®akTophl, BIUSIONINE HA OTKINK BOJIOKOHHBIX CECHCOPOB U3 OJHOCIOIHBIX yriaepoaHbx HaHOTpYyOok (OYHT)

Figure 2. Factors affecting the response of single-wall carbon nanotube fiber sensors
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TIPU BEITSATUBAHNY U3 allETOHA, @ HE U3 9TAHOIA, T. K. arle-
TOH CIIOCOOCTBYET JIy4IIIeii OYMCTKE BOJIOKHA OT OCTaTKOB
OpraHNYECKUX MpUMecel, He YJalIeHHbIX Ha peIecT-
ByIOMNX 3Tamnax. [Tocie n3roroBiaeHus 31eKTPOIbI-CEHCO-
pst BeiaepxkuBaiuchk B 0,1 M HCI B Teuenne HeckoIb-
KHX 4acoB. 3aTeM MPOU3BOIUIOCH JIEKTPOXUMHUUECKOE
KOHAMIHMOHUPOBAHHE 3IEKTPOJOB CHAYajIa MpH MOCTO-
STHHOM TIE€pEMEIINBAHIH: MHOTOKPAaTHOE IUKINPOBAHHE
B nuarma3oHe noteHiuanos ot 0 1o 1,0 B co cmeHol ¢o-
HoBoro anektpoauta (0,1 M HCI), a 3aTem ¢ kKaTOTHBIM
BoccraHoBieHueM npu —0,8 B. ITocne Bcex Bolenepe-
YHUCJICHHBIX TPOIIEYP JeJIajCs BBIBOJ O IPUT'OTHOCTH
aseKTpoja K padore. [Ipu HanTU4YMK OTIOTHUTEIbHBIX
CUTHAJIOB HA BOJITAMIIEPOMETPHUECKUX KPUBBIX HIICKT-
POJIBI OJIBEPTAIHCH JTOTOIHUTEIBHON OYHCTKE ITyTeM
HarpeBaHusi ¥ 00pabOTKU U30IPOMUIOBBIM CITHPTOM.
AHOIHBIN CHUTHAJT aCKOPOMHOBON KUCIOTHI, 3aPETHCT-
PHPOBAHHBIN C NCTIOJIB30BAHUEM CEHCOPA M3 OJHOCION-
HBIX YTJIEPOJHBIX HAHOTPYOOK, UMEET XapaKTepHBIH BUIT
muKa (puc. 3), mapHBIi CUTHAJ TIPH KaTOAHOM CKaHWPOBa-
HUH 0TCYTCTBYET. Clle10BaTEeNbHO, ITPOIECC OKUCIICHHS
ACKOPOMHOBOM KHCIIOTHI IPOUCXOIUT HeoOpaTumo. [la-
paMeTpsl MUKa OKUCIEHHS IPAKTUIECKH HE N3MEHSIOTCA
IocJie MPOBEICHNST KATOJHOTO BOCCTAHOBICHHUS.
CoryacHO JUTEPATyPHBIM JaHHBIM aCKOPOMHOBAsS
KHCJIOTa OKHCIISIETCS B HEHTPaJIbHBIX Cpeax ¢ o0pazoBa-
HHUEM JETHIPOacKopONHOBON KUCIOTHI (puc. 4) [16—18].
BcnepcrBre TOro 4TO HOHBI BOJOPO/Ia IPUHUMAIOT
y4acTue B AJIEKTPOJHOM IpoIiecce, MOJ0KEeHUE KA
OKHUCIICHUS aCKOPOMHOBOM KUCIOTHI 3aBUCUT OT pH cpe-
nbl. [Ipy mogkucieHuy MpOUCXOINUT CMEIIEHUE MTHKA B
a"HonHywo o6iacte. B 0,1 M pacTBOpe XI0pOBOAOPOI-
HOM KHMCJIOTHI ITOTEHIIMaJ] nuka cocrtasisieT +0,75 B,
B (ocdarnoit Oydepnoii cpene ¢ pH 6,86 nuk Hadmr0-
naetcs npu norennuane +0,16 B 1y1st onnHaKoBOW KOH-
HEeHTpalnu acCKOPOMHOBOM KUCTOTH 70 MKMOJB/I.
HccnenoBanue BIUAHUS BOJIBTAMICPOMETPHIECKUX
IapaMeTpoB M0Ka3ajo, YTO MOTEHI[MA U BpeMs Ipe-
BAPUTENBHOIO KAaTOAHOTO BBIJEPKUBAHUS HE BIIH-
AT Ha xapakrepuctuku ([ .S = E ) CHTHAJOB
acKopOMHOBOW KHUCIOTHI. Cle0BaTEIbHO, KOHIICHT-
pUpOBaHUs aCKOPOMHOBOW KUCJIOTHI HA MOBEPXHOCTH
SJIeKTpoaa He Mpoucxonut (tadn. 1), m ang aHanmsa
CJIelyeT UCII0JIb30BaTh BAPHAHT IIPSIMOH BOJIbTAMIIEPO-
MeTpuH. TOK MUKa OKUCICHUS aCKOPOMHOBOM KHUCITOTHI
MIPOITOPIHOHAICH KOPHIO KBAaJPaTHOMY M3 CKOPOCTH
CKaHHWPOBAHUs MOTEHIMAJA, YTO COOTBETCTBYET TEOpe-
TUYECKUM 3aKOHOMEPHOCTSM IS YKa3aHHOTO BapHUaH-
Ta BOJIBTAMIIEPOMETPUHN B paMKax moaxoma Pammica-
IlleBuyuka [25]. B kauecTBe oNTUMAIBHBIX UCIOJIb30Ba-
JIUCH CIEIYIONINE YCIOBUA: AUANa30H CKAaHUPOBAHUSA TI0-
ternuanos ot —0,5 B mo +1,0 B, Bpems BeiaepKuBaHUSA
9JIEKTpO/ia MpH HadaIbHOM IoTeHnuane 40 ¢, CkopocTb
ckanupoBanus 0,1 B/c.
3aBHCHMOCTb MAKCHMAILHOTO TOKA M TUIOMIAN TTMKA OT
KOHIICHTPaMK aCKOPOMHOBOM KHCIIOTHI B pPACTBOPE IPe/I-
craBiieHa Ha pucyHke 5. [TonydyeHHble KaTuOpoBOUHBIE
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Pucynox 3. l{lukinndeckue BoJbTaMIE€pHbIE KPUBbBIE,
3apEruCTPUPOBAHHBIC C HCIIOJIB30BAHIEM BOJIOKOHHBIX
CEHCOPOB M3 OJTHOCIONHHBIX YTIAECPOJHBIX HAHOTPYOOK
B pocharrom OydepHom ammektponute (/) ¢ 1o6aBKaMu
CTaHJAPTHBIX PACTBOPOB aCKOPOMHOBOM KUCIOTHI,
MKM (mr/n): 2 — 200 (35); 3 — 400 (75)

Figure 3. Cyclic voltammetric curves recorded using fiber sensors
made of single-wall carbon nanotubes in a phosphate
buffer electrolyte (/) with standard solutions of ascorbic acid,
uM (mg/L): 2 —200 (35); 3 —400 (75)
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Pucynox 4. Cxema nporecca aHOJAHOI'O OKUCICHUS
ACKOPOMHOBOM KHCIOTHI

Figure 4. Anodic oxidation of ascorbic acid

Tabnuua 1. BausHue BpeMeHU U OTCHIHAA
KOHJMIMOHUPOBAHHUS CEHCOPa Ha mapaMeTphl aHOAHOTO
nUKa acCKOPOMHOBOMW KHCIOTHI B hochaTHOM OyhepHOM

IIIEKTPOJINTE

Table 1. Effect of sensor conditioning time and potential on the
anodic peak of ascorbic acid in phosphate buffer electrolyte

t,e | LuA | £C*,vA | S,uKn | £+C,uKn | E,mB
0 932 10 948 11 158
10 928 9 952 12 158
40 946 12 986 10 160
80 935 9 957 9 161
—-E,c| LuA | £+C,vA | S,uKn | £+ C,uKn | E,mB
500 955 4 980 7 161
400 956 5 978 6 160
300 959 3 978 6 160
200 956 4 986 8 160
100 959 5 983 7 161

* 0OBepUTEIbHBIN HHTEPBAI.

*confidence interval.
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Pucynox 5. KanubpoBouHbIe 3aBUCUMOCTH TOKA MHUKa U
IUTONIAIM MTHKA OT KOHIEHTPAI[UH aCKOPOMHOBOM KUCIOTHI,
IOJY4YEHHbBIC C UCII0JIb30BAHUEM BOJIOKOHHOI'O CEHCOpa
13 OJHOCIIOMHEIX yTJIepOJHBIX HAHOTPYOOK B ochaTHOM
OydepHom anekTpoiute ¢ pH 6,86

Figure 5. Peak current and peak area vs. concentration: calibration
dependences obtained using a single-walled carbon nanotube fiber
sensor in a phosphate buffer electrolyte with pH 6.86

3aBUCUMOCTH JTUHEHHBI. Clie10BaTeIbHO, BOJOKOHHBIE
CEHCOPHI M3 OJIHOCIOWHBIX YTIEPOIHBIX HAHOTPYOOK
MIPUTOJIHBI JUTSI IPOBEACHUS BOJIBTAMIIEPOMETPHYECKOTO
aHaln3a Ha COJICpKaHHE aCKOPOMHOBOM KHUCIOTHI.

[IpoBenu cpaBHUTENBHBIC UCTIBITAHUS XapaKTEPHUC-
THK BOJIOKOHHBIX CEHCOPOB OJTHOCIIOMHBIX YTIIEPOTHBIX
HaHOpr6OK N AUCKOBBIX CTCKJIOYIJICPOAHBIX JJICKT-
pOJIOB ¢ AMaMeTpoM paboueil moBepxHoCTH d = 5 MM
B HJICHTHYHBIX YCIOBUAX, KOTOPHIC TTOKA3aIH IIPOIOP-
[IUOHATEHOE M3MCHEHHUE CHITHI TOKA (B MKA ) THKOB OKHUC-
JIGHUsI aCKOPOMHOBOM KHCIIOTHI OT €€ KOHIEHTPAllUH
(B MKMOJIB/) ¢ KOd(PPUIIMEHTAMU MPOMOPIUOHAIb-
noctu 1,43 +£0,02x1072 1 8,6 + 0,5%107 111 0gHOCIIOM-
HBIX YTJIEPOJHBIX HAHOTPYOOK M CTEKIOYTIEPOIHBIX
3JIEKTPOJIOB COOTBETCTBEHHO.

Takum 00pa3oM, MUHHATIOPHBIH BOJTOKOHHBIA CCH-
COp M3 CETOK OTHOCIONWHBIX YIIIEPOIHBIX HAHOTPYOOK
JIEMOHCTPUPYET OOJBITYIO YYBCTBUTEIHHOCTH BOJbTAM-
MEPOMETPUUECKOI0 OIpeielIeHUs] aCKOPOMHOBOI KHc-
JIOTBI, YEM DJIEKTPOJI U3 CTeKIoyriepoaa. Kpome roro,
BEIMYMHBI OTHOCUTEIBHBIX CTAaHAAPTHBIX OTKJIOHCHHN
IS TOKOB MTHKOB B CEPUHU U3MEPEHHH B CIIydae CEHCO-
POB OTHOCIOWHBIX YTIAEPOIHBIX HAHOTPYOOK HE Tpe-
BoimatoT 0,6 %, a 115 CTEKIOYTIePOTHBIX JIEKTPOIOB
9TH BEIUYUHBI HAXOSATCA B npenenax 2—-3 %.

CeHcopbl JEMOHCTPUPYIOT BBICOKYIO CXOJUMOCTD
BEIIMYNH TOKOB W IIJIOM[AeH TUKOB MPH MPOBEICHUN
JTIONITOBPEMEHHBIX HCTIBITaHuU. [IpoBenu nccienopanme
CTaOUIBHOCTH OTKJIMKA CeHcopa B cepur u3 20 perucr-
pauﬂﬁ BCJIIMYUHbBI aHAJIUTUYCCKOI'O CHUI'HajJla — IIHMKa
acKOpOMHOBOI KHCIIOTHI. PaccunTany rpaHuIbl JOBEPH-

TEIBHOI'0 HHTEPBaJIa: IPH JOBEPUTEIBHON BEPOSITHOCTH
0,95 Tox muka paBeHn 2,85 £ 0,05 MKA U1 comepIKaHus
ackopOnHOBOM KHCIOTH 200 MKMOJIB/JI.

BoiBoABI

[IpoBeneHHbIE SKCIIEPUMEHTHI MOKA3aJd BO3MOXK-
HOCTb MCIIOJIb30BaHMsI CEHCOPOB Ha OCHOBE HOBOT'O JIEKT-
POJHOTO MaTepuala — BOJOKOH M3 CETOK OJTHOCIOWHBIX
YIJICPOIHBIX HAHOTPYOOK IS DJIEKTPOXUMHUCCKOTO OII-
peneneHus aCKOpOMHOBOW KUCIIOTHI B BAPHAHTE JTHHEH-
HOW aHOJIHOW MOCTOSTHHOTOKOBOM BOJIbTAMIIEPOMETPUH
0¢3 HaKOIICHHUS. Y CTAHOBUJIU ONITHMAJIBHBIC YCIIOBHUS
MMOJArOTOBKHU CETOK M BOJIOKOH, 00€CIIEUNBAIOILIUE MAKCH-
MaJIBHBIM OTKJIMK U €70 BOCIIPOU3BOAUMOCTb B TEUEHHE
JIIUTENbHOTO BpeMeHu. [IpoBeieHa onTuMu3anus ycio-
BHI BOJBTAMIIEPOMETPHUYCCKOTO OTIPEICICHUS aCKOpOH-
HOBOU KHUCJIOTBI C HCIIOJIB30BAHUEM JIEKTPOAA U3 CETOK
OJHOCTIOMHBIX YTJIEPOJAHBIX HAHOTPYOOK: UCCIIeayEeMbIi
Jnuana3oH norenuuanos ot —0,5 go +1,0 B, Bpems BbI-
JIep KUBaHMSI IPU Ha9aTbHOM ToTeHIrane 40 ¢, CKopocTh
ckanupoBanus 0,1 B/c. JINHEHHOCTh OTKIIMKA Ha COACP-
JKaHUE aCKOPOMHOBOI KUCIOTHI HAOIIOJaeTCs B AMara-
3oHax KoHMeHTpanuit 50-500 MxM (8,8—88 mr/m).
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HH®OPMALUA N1 ABTOPOB

Kypuan «TexHuUKa ¥ TEXHOJOTHS HHUIIEBBIX MPOU3BOJACTB
(Food Processing: Techniques and Technology)» npeanasnauen
JUIs My OJIMKAIIMK CTaTel, MOCBALICHHBIX IPo0IeMaM MUIIEBOH U
CMEKHBIX OTpacJieil IPOMBIIIICHHOCTH.

CraThsi JOJDKHA OTBEYaTh MPOQMII0 XKypHaia, 00JanaTh
Hay4YHOH HOBH3HOM, My0JINKOBATHCS BIICPBHIE.

Pykonuch Hay4HOH CTaThu, MOCTYNHBILAS B PEAAKLIHUIO JKypHATIA
«TexHuKa 1 TEXHOJIOTHs MUIIEeBbIX Mpon3BoacTB (Food Processing:
Techniques and Technology)», paccmaTpuBaeTcsi OTBETCTBEH-
HBIM 32 BBIIIYCK Ha MPEIMET COOTBETCTBHUS MPO(UITIO KypHaIa
1 TpeOOBaHUAM K 0)OPMIIEHHIO, TPOBEPSETCS OPUTHHAIBHOCTh
MPEJCTABICHHOIO TEKCTa € IMOMOINBIO HHTEPHET-PECypcoB —
www.antiplagiat.ru u www.ithenticate.com, peructpupyercs.

B xypHaie myOIuKyTCs TOJIBKO PYKOIUCH, TEKCT KOTOPBIX
PEKOMEHI0BAH PEICH3CHTAMH.

Penakius opranu3yeT «IAByXCTOPOHHEE CIIernoe» (AaHOHUMHOE)
pEleH3UpPOBAHUE MPEACTABICHHBIX PYKONMCEH C LENbI0 HX
9KCIIEPTHOH OlleHKU. BhIOOp pelieH3eHTa OCyIIeCTBISETCS pelie-
HHEM IJIABHOTO PEAAKTOpa WU ero 3amectuters. s npoBeaeHus
PELEH3UPOBaHNUSI PYKOITHCEH CTaTei B KAUeCTBE PELICH3EHTOB MOTYT
MPUBJIEKATHCSI KAK WICHBl PEJaKIHOHHOW KOJUICTHH JKypHaja
«TexHuka n TexHOIOTHS NMUILEBbIX Tpon3BocTB (Food Processing:
Techniques and Technology)», Tak 1 BEICOKOKBanu()UIIMPOBAHHBIE
YYEHBIC U CIELUAINCTBI APYTHX OPTraHU3alMi U MPEANPHUITHH,
obnagatome riyooKMMH TPO(ECCHOHANIBHBIMU 3HAHUSIMH U
OMBITOM pabOThl O KOHKPETHOMY HAYYHOMY HAMPAaBJICHHUIO, KAK
[IPaBMIIO, JOKTOpA HayK, mpodeccopa. Bee perieH3eHTh SBISIOTCS
MPU3HAHHBIMU CHELHAIUCTAMH 110 TEMAaTHKE PELEeH3UPYEMBbIX
MaTepUaJIOB U MMEIOT B T€UEHHE MMOCIEAHUX 3 JIeT MyOJIMKaUK
10 TEMAaTHKE PELIEH3UPYEMOH CTAThH.

PerieH3eHThl YBEAOMISIIOTCS O TOM, YTO INPHCIAHHBIE HM
PYKOITHCH SIBIISIFOTCS YaCTHOM COOCTBEHHOCTBIO aBTOPOB U OTHOCSTCS
K CBEJICHHsIM, HE MOJICIKAIIMM pasrialleHuio. PereH3eHTamM He
pasperiaercs AenaTh KOMUK CTaTel Ui CBOMX Hy»a. PerieH3upoBanue
MPOBOAIUTCS KOH(pHACHIMATBHO. HapyieHne KoHHIeHIIHAIbHOCTH
BO3MO’KHO TOJIBKO B CJTy4ae 3asiBIICHUSI PELICH3EHTa O HEJI0CTOBEPHOCTH
wid panbcu(PUKALUU MaTEPHAIOB, H3JI0KEHHBIX B CTATheE.

Cpok paccMOTpeHHs CTaThbH HE JOJDKCH IPEBBIMIATh TPEX
MECSILEB CO JIHS MOJTY4YEHUsI CTaTbU Ha PelleH3MpPOBaHUeE.

OpHruHaIbl PeLeH3Hi XPaHATCS B U31aTeIbCTBE U B PEAAKLIUN
U3JaHUS B TEUCHUE IIATH JIET CO JHS IMyOIUKalUH CTaTeil.

Ecnmn B peneHsuu Ha cTaTbl0 HMEETCS yKa3aHHE Ha
HEOOXOIMMOCTb €€ UCIIPABJICHHUS], TO CTaThsl HAIIPABJIAETCS aBTOPY
Ha J0paboTKy.

Ecau ctaTes Mo peKOMEHJIAllMU pEleH3eHTa MOABEPIiach
3HAYMUTEIBHOW aBTOPCKON mepepaboTKe, TO OHA HAaIMpPaBISICTCS
Ha NIOBTOPHOE PELEH3UPOBAHHE TOMY )K€ PEIICH3EHTY, KOTOPBIi
clienal KpUTUYECKHE 3aMEYaHUs.

Penaxuus ocraBiser 3a co00it MpaBo OTKJIIOHEHUS CTaTel B
cily4yae HeCIOCOOHOCTH MM HEXKEIIaH sl aBTOPa yUeCThb M0XKEIaHUs
penaKuuy.

Ilpu HamUYUK OTPULATENBHBIX PELCH3UI Ha PYKOIUCH OT IBYX
Pa3HBIX PEIEH3CHTOB WU OJHOM PelleH3UH Ha ee JOpaOoTaHHBII
BapHUaHT CTaTbsl OTKJIOHIETCS OT IyOnuKauu 6e3 pacCMOTPEHHs
JPYTMMH  4WIEHAMH pPEJIKOJIETUH. ABTOpPY HE IPHUHATON K
nyOJUKaluk CTaThd OTBETCTBEGHHBIH 3a BBINYCK HAampaBiseT
MOTHBHMPOBAaHHBII OTKa3. daMunus peneH3eHTa MOXKET ObITh
c000IIeHa aBTOPY JHIIb C COTJIACHs PELCH3CHTA.

Pemenne 0 BO3MOKHOCTH ITyOIMKALIUH T10CIIE PELIEH3UPOBAHUS
MPUHUMAETCS TJIaBHBIM PEJaKTOPOM, a IPU HEOOXOAUMOCTH —
peaKosIerueit B 1eaom.

Penakiys KypHajga HampasiseT aBTOpaM IpPeACTaBICHHBIX
MaTepuanoB KOIUH PEIEH3UH HIM MOTHBHUPOBAHHBIH OTKa3, a
TaKKe 0053yeTCs HAlPABIIATh KOIIUY PEleH3Ui B MHHICTEpCTBO
HayKH ¥ Belcuiero obpasoBanus Poccuiickoit ®exnepaunn npu
MOCTYIUIEHUH B PEAKIHIO U3aHUSI COOTBETCTBYIOILETO 3a1poca.

Penakuus KypHajga He XpaHHT PYKOINHCH, HE HPHHATHIE K
neyatd. Pykomucu, IpuHATHIE K MyOIMKAIUH, HE BO3BPAIIAIOTCS.
Pyxonucu, nomy4uBIye OTpUIATENIBHBINA Pe3yJIbTAaT OT PELCH3EHTa,
He IyOJIMKYIOTCS U TaKKe HE BO3BPAILAIOTCs 00PaTHO aBTOPY.

Pykomnucu nevararorcsi, Kak paBHUiIo, B OPSIKE 0YEPEAHOCTU
X TOCTYIUIGHUS B pPEIaKIMI0. B HCKIIOUMTENbHBIX cllydasx,
peIaKIMOHHAsA KOJUIETHs MMEET MPaBO M3MEHUTh OYEpPEeIHOCTD
nyOIUKaUK CTaTel.

Bce marepuansl sxypHana « TeXHHKa U TEXHOJIOTHS MTHUIIEBBIX
npousBozcTB (Food Processing: Techniques and Technology)»
pacnpocTpaHsIoTes Ha ycnoBusax aunensun Creative Commons
Attribution 4.0 International (CC BY 4.0).

TPEBOBAHUS K O®POPMJIEHUIO CTATHbHU

O0BeM cTaThbU AOJDKEH OBITH He MeHee 35-40 ThICc. 3HAKOB
(He BKIJIFOYAs! CIIUCKH JINTEPATYPbI HA PYCCKOM H QHIJIMHCKOM $I3bIKaX).
O6beM 0030pHOI pykonucu — 6oiee 40 ThIC. 3HAKOB.

Oc¢opmienne Texcra (popmaruposanue): mons 1mo 20 Mm,
OZIMHAPHBINA HHTEPBAII 6e3 IIEPEHOCOB, JIMIIHHUX IPOOEIIOB 1 a03aLHBIX
unrepsaios, mpudT Times New Roman, 10 kerib. Cieznyer nsderatb
Teperpy3Ku cTaTeil OOJBIIMM KOJIMYECTBOM (hopMyJI, TyOIMpOBaHHs
OJIHUX U TeX K€ Pe3yJbTaTOB B TaOIHIaX U rpaduKax.

I'padmxn, uarpamMmbl 1 T. 1. (KeIaTENBHO IIBETHBIC), CO3aHHbBIC
cpeactBamu MicrosoftOffice u Corel Draw, 1omKHBI 10TyCKaTh
BO3MOJKHOCTb PEJIaKTHPOBAHUS M HAIPABISIOTCS B PEIAKIHIO
ornenbHBIME (aitnamu B Gopmarax tiff, jpeg, cdr, excel.

Kaxnas Tabmuna, rpaduk, 1uarpaMMa u T. 1. J0JDKHBI HMETh
3aroJIOBKH M IMOPSIKOBBIC HOMEpa, B TEKCTE CTATHH JIOJIKHBI
MPUCYTCTBOBATH CCBUIKH Ha KaX/yI0 U3 HUX.

CTpyKTypa cTaTbhu:
. Tun crateu;
. Ha3Banwue cratou;
. Mnunuans! 1 GpaMuinm Bcex aBTOPOB;
OdunuaabHOE MOJHOE HA3BAHUE YUPESHKICHHUS;
. E-mail aBTopa, ¢ KOTOPEIM CIIEAYET BECTH MEPEIHCKY;
. AnHOTanus (pa3ouBaercs Ha pasaeinsl: «Beenenne», «O0BEKTHI
W METOJIbl HMCCIe0BaHUN», «Pe3ynpTaThl U X 00CYXIEHUEY,
«BBIBOZIBIM);
7. KitroueBble CIIOBA;
8. dunaHcupoBaHue;
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9. Tekcr cratbu (00s3aTenbHbIe pa3aeibl: «Beenenuey, «OOBEKTH

U METOJIbl UCCIeoBaHMi», «Pe3ynbTaThl U UX 00CYXKICHHEY,

«BBIBOTBIY);

10. Kpurepuii aBropcTsa;

11. KoH(auKT nHTEpECOoB;

12. bnarogapHocTy;

13. Crircok nuTeparypsl;

14. Cnncok nuteparypsl (References);

15. Cenenust 00 aBTOpax (Ha pyCCKOM M aHTJIMHACKOM sI3BIKAX).
Tlonate pykomuch MOXHO Ha caiiTe xypHaina https://fptt.ru

wiy otnpaBuB Ha e-mail fptt98@gmail.com

B penaknnio npexocTaBasIIOTCSA:
1. DnexrponHas Bepcus cratbu B nporpamme MSWord. ®aiin cratbu
cietyeT Ha3BaTh 110 (hammimu nepsoro asropa — [TerposI'Tl.doc. He
JIOITyCKaeTesl B OIHOM (paiisie moMeriaTh HECKOJIBKO JJOKyMEHTOB,;
2. CkaHMpOBaHHAs JIEKTPOHHAs BEPCHS CTAThH, MOIINMCAHHAS
BCceMH aBTOpamu, B iporpamme PDF. @aiin cTateu ciaeqyer Ha3BaTh
no ¢amunuu nepsoro apropa — [lerposl'Il.pdf. He nomyckaercs
B 0JIHOM (hailiie moMeIaTh HECKOJIBKO JTOKYMEHTOB;
3. T'apaHTHiiHOE TMCHMO (CKaH-KOIIHsI) Ha UMsI TJIABHOTO PEAKTOpa
JKypHalla Ha OJIaHKe HalpaBIIsIoLel opraHu3aluu ¢ yKa3aHueM
JIaThl PETUCTPALMKM U MCXOJSIIEro HoMepa, ¢ 3aKIIoueHHeM 00
AKTYaJIbHOCTH pabOThl U PEKOMEHJALMIMU K OITyOIMKOBaHHUIO,
C HOAIMMCHIO PYKOBOJUTENS YUPEIKICHHUS;
4. 3gaTenbCKUil TUIIEH3UOHHBIA TOTOBOP.

Bonee moapobuast madopmarus Ha https://fptt.ru.



