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YK 677.027
PEJIBKO 4.B., bPUK O.b., KOBIIIMK T.B., KPABUVYK LB.
KuiBcbkuii HalliOHAJILHUM YHIBEPCUTET TEXHOJIOTIH Ta TU3aiiHy
[HcTuTyT reoximii, minepasorii Ta pynoyrBopenss iM. MLI1. Cemenenka HAH Ykpainu
HAMATHIYEHICTb HACUYEHHS BOJIOKHUCTUX MATEPIAJIIB,
OTPUMAHMUX 13 3ACTOCYBAHHAM HAHOTEXHOJIOT'TA

Mema. Po3pobnenna npucmpor ma MemoOuKu 6UHAYEHHA HAMAZHIYeHOCmi
HacuyeHHs BONOKHUCMUX Mamepianie, 3a0apeneHux HaHo4acmuHKamu MazHemumy.

Memoouka. Buxopucmani HAHOMEXHONO02II CMBOPEHHs B0JOKHUCMUX Mamepianié 3
MACHIMHUMU 671ACTMUEOCTIAMU.

Pesynomamu. Busnaueno eeiuuuHu HAMASHIYEHOCMI HACUYEHHSA MACHIMHO20
MEeKCMUII0 Ma O0CTIOHCEHO 8NJIUE YMO8 CMBOPEHHS HA 11020 MASHIMHI 81ACMUBOCHII.

Haykosa mnosusna. Bnepwe po3pobnewi npucmpiii ma Mmemoouka po3paxyHKy
HAMACHIYEHOCMI HACUYEHHA MACHIMHUX 60JIOKHUCMUX Mamepiais.

Ilpakmuuna 3nauumicme. Ompumani GeIUYUHU HAMASHIYEHOCMI HACUYEHHS
MAZHIMHUX BOIOKHUCMUX MAMepialie 8U3HAYAOmMy iX nepcnekmusHi 0o1acmi 3acmocy8aHH.
MeXHIYHULL MEeKCMUNb 60 MACHIMHI 80JIOKHA MEOUYHO20 NPUSHAYEHHS.

Kniouosi  cnosa:  nanouacmumku — macmemumy, — GOIOKHUCMUL  Mamepial,
HAMACHIYEHICMb HACUYEHHA.

Beryn. IligBumieHuilt iHTEpeC M0 3alli30-OKCHIHHMX HAHOPO3MIPHUX MarepiajiB
MOB'sI3aHUH 3 TX 3aCTOCYBAaHHSAM Y PI3HUX 00JIaCTAX TEXHIKU 1 MenuuHu. OCHOBHA BUMOTA JI0
TaKUX MaTepialliB — IOCTaTHLO BUCOKI 3HAaYEHHS HAMArHIYE€HOCTI, K1 3aJIe)KaTh HE TUTbKH BiJl
po3Mipy 4YacTHMHOK, aje 1 Bif iX a3oBoro ckiaay, B TEpIIy YEpry BiJg HasSBHOCTI
dbeppimarniTHUX (a3. PI3HUM TEXHOJOTISIM CHHTE3y 3ali30-OKCUIHUX HAHOPO3MIPHHUX
MmartepiaiB 1 JOCHiIKEHHIO iX ()a30BOr0 CKIaay HpUCBAYeHO pan poOiT [1, 2]. Otpumanns
HaHOPO3MIPHHUX YAaCTHHOK OKCHY 3aJli3a Ha BOJOKHHUCTHX MaTepiajax B mpoiieci hapOyBaHHs
3a MexaHi3MOoM rerepokoaryssimii [3, 4], 3Ha4YHO PO3LIMPIOE HE TUIBKKM 00JacTi iX
MPAKTUYHOTO 3aCTOCYBAHHS, & 1 ACOPTUMEHT TEKCTHIIIO 3 (DYHKIIIOHATBHUMHU BIACTHBOCTSIMHU.

Panime [5] Oyma mpeacTaBieHa MOKIIMBICTh OIIHIOBAaHHS MAarHiTHUX BJIACTUBOCTEH
BOJIOKHUCTUX MaTepiamiB, 3a0apBlIeHWX HAHOYACTMHKAMH MarHeTuTy. He3Bakaroum Ha
HasIBHICTh 0araThOX MPUIYIIEHb Ta METOJAUYHUX TPYAHOUIIB JaHa MeToauKa [5], no3Bonuia
OTPUMATH PE3YJIbTATH, 110 BIAKPUBAIOTH MOXJIMBOCTI ISl PO3POOKH OUIBII TOYHUX Ta OLTBIIT
EKCIIPECHUX METOJUK BU3HAUCHHS PI3HUX XapaKTEPUCTHK MArHiTHOTO TEKCTHIIIO.

IlocTaHoBKa 3aBAaHHs. Y 3B'A3Ky 3 IIUM BHMHHUKJIA HEOOXIIHICTH y po3poOseHHI
CHeUiaJIbHOT0 MPHUCTPOIO JUIsI BUMIPIOBAHb 1 METOJMKH PO3PaXyHKY 3HaU€Hb HaMarHi4eHOCTI
HAaCUYCHHS BOJIOKHUCTUX MaTepialliB, 3a0apBICHUX HAHOYACTUHKAMU MarHETUTY.

Pe3yabTaTi gociaigxeHHsi. B SKOCTI BOJOKHHUCTOTO MaTepialy BUKOPHCTOBYBAJIUCS
nmoyamigHi  BOJOKHUCTI ~ maTepianu.  HaHomucrmepcito  MarHeTUTy — OTPUMYBAIH
cniBocamxeHHsM coneit 3amiza (Fe(Il) 1 Fe(Ill)) po3unHom Bomnoro amiaky npu pH=10 B
MPUCYTHOCTI BOJOKHUCTOTO MaTepialy 1 KaTiOHOAKTHMBHOI MOBEPXHEBO-aKTUBHOI PEYOBUHHU
(KITAP) B apOyBanbHiii BaHHi [4-6].

Ha puc. 1 npencraBneHo cxemy KoHTeitHepy (puc. 1, a) /i po3MilieHHsS 3pa3ka
MarHiTHOTO BOJIOKHHCTOTO Marepiaiy, SIKUd JOCTIIKYEThCS 1 KOHTEHHEp y peanbHOMY
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Burnsial (puc. 1, 6). Ha puc. 1 (B) npencraBieHo NpUCTpil, Ui BUMIPIOBaHHS CHIIH, 3 SKOIO
MarHiT MPUTSTYe 3pa30K.

1 - cknsHKa, 2 — xopryc, 3 — mWIHAP 4 — NPUTHCKHUHA TBHHT, 5 — 3pa30K MarHiTHOTO BOJIOKHHUCTOTO
MaTepiary
Puc. 1. a) cxeMa KOHTeliHepa AJsl po3MillleHHS 3pa3Ka, AKUI T0CTiTKY€EThCS;
0) KOHTeliHep A5 po3MillleHHS 3pa3Ka, AKUIl JOCTITKYEThCA, Y peaJbHOMY BUIJIS;
B) po3po0dJiennii mpucTpii. ABTOpchbka po3podka

B sikocTi eranonHoro 3paska BukopuctoByBascs 0,1 T Ni, 11st sKoro BizoMa BeIHYHHA
HaMarHiueHocti HacuueHHs (Ms, = 54,4 A'MZ/KF). BianoBigHO 10 MaHWX €TaJIOHHOTO 3pa3ka
BiIOyBaJIOCS HAIAINITYBAaHHS TPHUCTPOIO JJIi BHUMIPIOBAaHHS BEJIWYMHU HaMarHi4€HOCTI
HAaCWYEeHHs g 3a0apBIEHOTO MAarHITHOTO 3pa3ka BOJOKHUCTOTO Mmatepianmy. Ilpuctpiit
CKJIQAEThCS 3 MIKpOBAr, 3a JOIMOMOTOIO SIKUX BUMIPIOETHCS Crila (3 SIKOKO MarHiT MpUTSTYE
3pa30K MarHiTHOTO BOJIOKHUCTOTO MaTepiainy) 1 KOHTelHepa JUis pO3MILIeHHS 3pa3Ka.

Ipunyun 0ii npucmporo:

1. 3pa30K MarHiTHOTO BOJIOKHHCTOrO Marepiany (Maca skoro He mnepesumrye 0,3 T)
noMinaeMo B CKIsSHKY 1 (puc. 1, a) i NPUTHCKAEMO IMIIHAPOM 3 3a JIOIMOMOIOI0
MPUTUCKHOTO TBUHTA 4.

2. Jlnst KamiOpoBKM MarHiTHHX Bar, Jaji Bard, BAKOPUCTOBYeMO 3pa3ok Ni macoro 0,1 T.

Busnauaemo 3anexxnicts cuan F B3aemonii 3paska Ni 3 maruiTom Bar Bin Bifcrani h
3pa3ka MarHiTHOTO BOJIOKHHCTOTO MaTepialy 0 MOBEPXHi IPUCTPOIO:

h, MM 0 2,03 4,10 8,90
F, ct 68,4 50,0 33,5 11,3
Anpokcumyemo F(h) Ha Biapizky 0 < h < 8,9 ekcrioneHTOI0O:
F =83,7 exp (-h/7,56) — 14,94 (1)

3. BupaxoByemo cepeHio BUCOTY (TOBIIMHY) 3pa3ka BOJIOKHUCTOTO MaTepiaiy:
h = (hy—6,7)/2 (2
4. Po3paxoByemo F. s 3paska, sky crBopuB 0u 3pazok Ni 3 macoro, sika TOpiBHIOE Maci

3pa3Ka MarHiTHOTO BOJOKHUCTOTO MaTepiamy:
F.=Fm./0,1, 3
Jie M, — Maca 3pa3ka MarHiTHOro BOJIOKHHCTOTO Marepiaiy, T.

5. Hamarniuenicte HacHUEHHS 3pa3ka MarHiTHOT'O BOJIOKHHUCTOTO MaTepiay:
Msz = F 54,4/F, 4)
6. BpaxoByroun ¢popmymnu 1 — 4 orpumaemo:

Msz = 5,44 F3/(m,(83,7 exp((6,7- hy)/15,2) — 14,94)),
ne hy — Bucota, mm (m1uB. puc. 1, a); F3— cuia B3aemoii 3pa3ka 3 MarHitom, Ct.
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Takum yuHOM, pO3pOOJEHO MPHUCTPI 1 OMMUCAHO METOIUKY PO3PAaXYHKY BEIHMUWH
HAMAarHiY€HOCTI HACHYCHHS MAarHiTHOTO BOJIOKHHCTOTO Marepiaily, Imo mnepeadadae
BU3HAUEHHS MATHITHUX BJIACTUBOCTEH BOJIOKHUCTUX MaTepialiB pPI3HOTO CHPOBUHHOTO
CKJIamy.

Buknukae iHTEpec JOCHIIKEHHsS YMOB (KOHIIGHTpAIlisl BUXIAHUX pPEareHTIB,
0OpOOJICHHSI IO Ta MICHsl MPOIECy OCAKCHHS HaHOYAaCTWHOK MAarHETHTY Ha BOJOKHHUCTOMY
marepiai), sSKi BIUIMBAIOTh HA BEJIMYHWHY HaMarHi9eHOCTI HACHYEHHS 1 BU3HAYAIOTh MarHiTHI
BJIACTUBOCTI TTOJTIaM1THUX BOJIOKHUCTHUX MaTepialiB.

Ha puc. 2 npezacrapneHi 3aneXHOCTI BEIMYMHU HamarHiyeHocTi HacuueHHs (Ms;, A-
MZ/I(F) Binm KoHueHtparii (C, 1/1) cipdyaHokucioro 3amiza y GapOyBaibHIA BaHHI TIpH
reTEepPOKOAryJsilii HAaHOYACTHHOK MarHeTUTy Ha TOMEPEIHbO OOpOoOJEeHOMY MOIaMigHOMY
BOJIOKHHCTOMY Marepiaii po3unHoM xjopuctoro Harpito (NaCl) 3 moganbimum o6podaeHHIM
y BUIVIAAI NPOMHMBAHHS 3a0apBJICHOTO BOJIOKHHUCTOTO Marepiajly PO3YHMHOM XJIOPHCTOTO
HATPiIO 1 TUCTUIBLOBAHOIO BOAOKO (pHC. 2, a) 1 MPOMMUBAHHAM 3a0apBIIEHOTO MOJiaMiIHOTO
BOJIOKHHCTOTO MaTepiany TiJIbKM PO3YMHOM XJIOPUCTOTO Hatpito (puc. 2, 6). Kpusi (puc. 2),
o noOyoBaHi 3 BUKOpUCTaHHAM nporpamu Curve Expert 1.3, onucytoTbes pariioHaIbHUMHA
dyukuismu (Rational Function): Ms; = (a + bC) / (1 + ¢C + dC?), a= 0,009 b = 0,231 ¢ =
0,103, d = 0,0002 (puc. 2, a); Msz = (a + bC) / (1 + cC + dC?, a =-0,013 b = 1,301 ¢ =
0,003, d = 0,0002 (puc. 2, 6) 3 AOCTaTHLO BUCOKMM 3HAYEHHAM Koedirienty kopensmii (R =
0,99) B 000X BUMIaaKaXx.
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Puc. 2. 3anexnicTs HaMarnivenocti Hacuuennsi (Ms,, A* MY/Kr) Bil KOHIeHTpaii

cipuaHokmcaoro 3ajiiza y papoysaibHiii BanHi (C, r/J1) IpH rerepoxkoaryJisinii HAHOYaCTUHOK MArHETUTY
HA BOJIOKHI micJis:
a) npomuBaunns po3unnom NaCl i nucTunboBanow Boxo10; 6) npomusanus po3unaom NaCl

3 eKCHepUMEHTAIbHHUX JaHUX, [0 TMPEACTaBIeHI Ha pPHUC. 2 BCTAaHOBIEHO, IO
MaKCHUMaJbHe 3HAUYCHHS BEIMYMHU HAMArHIY€HOCTI HACHYEHHS MOJ1aMiJHOTO BOJIOKHHCTOTO
marepiany nocaraerbcss mnpu koHueHtpamii 60 — 80 r1/m cipuaHokucioro 3aimiza |y
¢bapOyBanbHii BaHHi 3 mpoMuBaHHsaM po3urnHoM NaCl i quctuinpoBaHo0 Bomoro i 40 — 60 /i
3 nmpoMuBaHHsAM Tinebku po3unHoM NaCl. HeoOximHo 3a3HaunTH, M0 OTpUMAaHi BEIWYHHU
HaMarHiYeHOCTI HACHMYEeHHS 1 KUIBKOCTI HAHOYAaCTMHOK MAarHETUTY Ha BOJOKHHUCTOMY
Martepiam (10 XapaKTepPHU3YEThCS BEIUYMHOI ONTHYHOI TYCTHHH) [4, 5] mocsraroThes 3a
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HEOJIHAKOBUX KOHLIEHTpAIIill CipyaHOKHUCIIOro 3aiiza y ¢apOyBasbHii BanHi. Taky oOcTaBUHY
MOYKHa MOSICHUTH TUM, II0 MarHiTHI BJIACTHUBOCTI MONEPEAHbO OOpPOOIIEHOrO MOJIiaMiTHOTO
BOJIOKHHCTOTO  MaTepiajly —BHU3HA4alOTbCs HE  TUIBKM  KIJBKICTIO  CHHTE30BAaHOTO
HaHOMarHeTutry y ¢apOyBanbHiii BanHi y mnpucytHocti KITAP 1 rerepoxoaryssii€eio
HAaHOYACTMHOK MAarHEeTUTY Ha TIOJIIaMiJITHOMY BOJIOKHHCTOMY Marepiaji (KOHIICHTPAIIE
HAaHOYACTMHOK MAarHeTUTy Ha BOJIOKHI), a 1 pO3MOJIIOM HAHOYACTHHOK IO TOBEPXHI
BOJIOKHUCTOTO Matepiamy. Takok MOXXHA CTBEp/DKYBaTH, IO peaiizamii MeXaHi3Mmy
TeTEPOKOAryJAIil  CIPUAIOTh BIAMIHHOCTI  €JIEKTPOMOBEPXHEBHX CHJI  B3a€EMOJIIFOUHMX
MOBEPXOHb: TO3UTUBHO 3aps/KCHAa TIMOBEPXHsS HAHOYACTHHOK MAarHeTHTy (32 YMOBH
marepiany pozunHoM NaCl. BcranoBieHo, mo mnomnepeiHe OOpPOOJICHHS IOJIiaMiIHOTO
BOJIOKHHCTOT'O Martepiajiy i HOro mpoMuBaHHS CYTTEBO BIUIMBAE HA KIJIBKICTh 1 PO3MOAITICHHS
HAaHOMAarHeTUTy (MarHiTHOTO KOaryisTa), 10 OCa/PKYEThCS Ha IOBEPXHI BOJOKHUCTOTO
Marepiary 3a MEXaHI3MOM TeTepOKOaryJssiii MICiAs CHHTE3y MarHeTUTy Y MPUCYTHOCTI
KITAP. HaiiBumii pe3ynbTaTvl 3a BEIMYMHAMH HAMarHi4€HOCTI HACHYCHHS JOCSTHYTI TICIIS
MOTIEPETHBOTO  OOPOOJICHHSI  MOJIaMITHOTO BOJIOKHHCTOTO Marepiaiay, IO CIPHUSIOTh
MOCWJICHHIO 3apsly MOBEpXHi, 1 HeWTpamizamii abo MpPU3BOAATH A0 3MIHH 3HAKY 3apsiy
HIOBEPXHi BOJIOKHUCTOTO Martepiaiy, i #oro npomuBanHs Tuibku po3unHoMm NaCl.

BucHoBku. Brmeprie s BHU3HAu€HHS HAMAarHi9YeHOCTI HACHUYEHHS BOJOKHUCTHX
MarepiaiB po3poOJIeHO MPUCTPii Ta OMMCAHO METOAMKY PO3paxyHKy. Bu3HaueHO BeIWYMHU
HaMarHiue€HOCTI HACHYEHHS] MarHiTHOTO TEKCTUIIIO Ta JAOCHIIKEHO BIUIUB YMOB CTBOPEHHS Ha
HOTO MarHiTHI BJIACTUBOCTI. BemMunHM HaMarHiueHOCTI HACHYEHHS BOJIOKHUCTHUX MaTepiaiB,
OTPUMAaHMX TPHU peajtizallii HAHOTEXHOJOTI CTBOPEHHSI MarHiTHUX BOJIOKHUCTHUX MaTepiaiiB
3 BHUKOPHUCTAHHSIM MEXaHI3My TeTepOKOaryJssilii, BH3HAYAIOTh iX MEpPCHEKTHBHI 00JacTi
3aCTOCYBaHHS: TEXHIYHUN TEKCTHJIb 00 MarHiTHI BOJIOKHA MEIMYHOTO TTPU3HAYCHHS.
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HAMATHUYEHHOCTDHh HACBILEHUA BOJIOKHUCTBIX MATEPHAJIOB,
MMOJIYYEHHBIX C UCITIOJIb30BAHUEM HAHOTEXHO.IOT U

PEJIBKO 41.B., BPUK O.b., KOBIIMK T.B., KPABUVYK U.B.

Kuesckuii nayuonanvHwill yHUSepcumem mexHono2uil u OU3atiHa

Huemumym eeoxumuu, munepanoeuu u pyoooopazosanus um. M.I1. Cemenenxo HAH
Ykpaunwi, 2. Kues.

Heab. Pa3paboTka ycTpolicTBa W METOAUKH ONPEICIICHUS HaMarHUYEHHOCTU
HACBIIIECHHS BOJIOKHUCTBIX MaTEPHAJIOB, OKPAIICHHBIX HAHOYACTUIIAMU MarHeTHUTA.

Metoauka. Vcrnonb30BaHbl HAHOTEXHOJOTUU CO3/1aHUS BOJOKHUCTBIX MaTepUalioB C
MarHUTHBIMHU CBOMCTBaMHU.

Pe3yabTaTel. OnpesneneHbl BEIMYUHbl HAMAarHUYEHHOCTH HACBIIIEHHUS MAarHUTHOTO
TEKCTWJISI M UCCIIEOBAHO BIMSIHUE YCIOBUM CO3JJaHUS HAa €r0 MAarHUTHBIE CBOMCTBA.

Hayuynass HoBuM3Ha. BnepBbie pa3pa0oTaHbl YCTpOMCTBO M METOJHMKA pacyera
HaMarHM4eHHOCTH HACBIIIEHUS MAarHUTHBIX BOJIOKHUCTBIX MAaT€pPUAJIOB.

IIpakTuyeckass  3HA4YMMOCTb. [lonaydeHHBIE  BEIWYMHBI ~ HAMarHU4EHHOCTH
HACBILIICHUS] MATHUTHBIX BOJIOKHUCTBIX MaTepUaIOB ONPEAEIIOT UX MEePCHEKTUBHbBIE 00JIacTH
MPUMEHEHHUS: TEXHUYECKUM TEeKCTUIIb UJIM MarHUTHBIE BOJIOKHA METUIIMHCKOTO HA3HAUCHUSI.

KiroueBble  c10Ba:  HAHOYACTHUIIBI ~ MAarHeTUTa,  BOJIOKHHUCTBIA  MaTepual,
HaMarHM4YeHHOCTh HACBILECHUSI.

THE SATURATION MAGNETIZATION OF THE FIBROUS MATERIALS
OBTAINED BY USING THE NANOTECHNOLOGY

REDKO YA., BRIK O., KOVSHYK T., KRAVCHUK 1.

Kyiv National University of Technologies and Design

Institute of Geochemistry, Mineralogy and Ore Formation by Semenenko M. of the
National Academy of Sciences of Ukraine, Kiev

Purpose. Developing device and methods for determining the saturation
magnetization fibrous materials dyed nanoparticles of magnetite.

Methodology. Used are nanotechnology creations of fibrous materials with magnetic
properties.

Findings. The values of the saturation magnetization of the magnetic textiles are
determined and the influence creation of the conditions for its magnetic properties are
investigated.

Originality. First developed a device and method of calculation of the saturation
magnetization of the magnetic fibrous materials.

Practical value. The values obtained the saturation magnetization of magnetic fibrous
materials determine their perspective applications: technical textile or fibers of the magnetic
medical purpose.

Keywords: nanoparticles, the fibrous material, the saturation magnetization.
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