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TEILIOBOE JIENCTBUE MUKPOBOJIHOBOI'O U3JIYUEHUSI
HA OYEHb TOHKOE ITPOBOJAIIEE BOJIOKHO

Ipenver u meab padoTel. B pabdoTe nmpoBeneHO SKCHIEPUMEHTANBHOE HCCIENOBAHIE HOBOTO (DU3HIECKOTo dddekra —
CHJIBHOTO B3aUMOJACHCTBHSI MHKPOBOJIHOBOTO M3JIydeHHMs ¢ O4eHb TOHKHMH (0 << 1) MpoBOISIIMMHU BOJIOKHaMH. Brrancie-
HUSI TIOKa3bIBAIOT, 4TO (PakTop 3((EKTUBHOCTH IIOTIIONICHHS BOJIOKHA IMAMETPOM HECKOJIBKO MHKPOMETPOB IIPH ACHCTBHU
Ha HETO M3JIyYeHHs B CAHTHMMETPOBOM JHAIla30HE MOXET JOCTHIaTh HECKOJIBKHX COTeH. Bbuio oGHapyxkeHO, 4To 3¢ dekT
YCUIIUBAETCS P HAKJIOHHOM TaJeHHUU Iy4yKa W3TydeHHUs Ha BOJIOKHO. [IpoBeseH SKCIIepUMEHT 10 H3MEPEHHUIO MOTJIOMEHUS
MHKPOBOJIHOBOTO M3ITy4€HHS C JUIMHON BOJMHEI 1 ¢M B TpaduTOBOM BOJIOKHE JHAMETPOM 12 MKM.

MeTtoab! 1 MeTog0JI0THS padoThI. [l onpeseneHys MOTJIOMIEHNsT U3TyUeHUs] B BOJIOKHE U3MepsieTcs M3MEHEHHE CO-
MPOTHUBJIEHHS BOJIOKHA NPU HArpeBe u3iydeHHeM. [l yMEeHBIIEHUs] MOTPENIHOCTH Pe3yNbTaTOB M3MEPSIIOCHh CpelHee 3Ha-
YeHHe CONPOTHBIEHNS 3a 1 MuHyTy. ConpoTuBIIeHNE U3MEPSIIOCh ¢ YacToToi 2 ', Habmronanacs TermoBast KapTHHA Harpe-
TOTO BOJIOKHA TEIUIOBU30pOM. Pazpaborana MaTemMaTHdeckast MOAEINb IPOIlecca HarpeBa BOJIOKHA ITyJKOM H3ITydEeHUs.

Pe3yabTaThl padoThl. DKCIIEPHMEHT ITOKA3all, YTO IpaHUTOBOE BOJOKHO IuamMeTpoM 12 MkM moriomaer okono 10 %
SHEPruu Iydka MUKPOBOJIHOBOIO M3JIy4€HHs C AJMHOM BOJHBL 1 cM, majaromero Ha Hero. Temmeparypa HarpeBa B MecTe
najneHus mydka pocruraer 200 °C. MaTtemaTudeckass MOJe/Ib XOPOLIO ONKCBIBAET MPOLECC B3aUMOJACHCTBUS U3ILyYCHUS U
BOJIOKHA.

3akJ0yeHne. Pe3ynpTaTel Mccien0BaHN MOATBEPANIN CYLIECTBOBAHHE 3P (EKTa CHIBHOTO B3aUMOACHCTBUS MHKPO-
BOJTHOBOTO U3JTy4EHHS C 0YEHb TOHKUMH TPOBOAAIINMH BOJOKHAMH. D PEKT MOKET HAWTH MPUMEHEHHE B YCTAaHOBKAX, 1€
HEOOXOIUMO TIepeiaTh SHEPTHIO 3MEKTPOMATHUTHOTO M3ITy4EHHs MalbIM MHIICHAM. J[pyras o01acTh NCTIOIB30BaHHS 3TOTO
s¢dekTa — co3naHNe 3AIUTHBIX SKPAHOB OT JEHCTBUSI MHKPOBOJHOBOTO M3TydEHHsS Ha YEJOBEKA MM HA PA3IIMIHBIC yCTa-
HOBKH. Un. 5. bubnworp.: 9 Ha3B.

KorodeBble cioBa: Gpakrop 3¢ (HeKTHBHOCTH MOTJIOMIEHHs, TOHKOE BOJIOKHO, MHKPOBOJHOBOE M3Iy4eHHE, HarpeB BO-

JIOKHA.

B paborax [1-4] 6bU10 MOKa3aHO, 9TO DJICKT-
POMarHUTHOE U3IYYCHHE B MHKPOBOJIHOBOM
JMana30He MOXKET CHJIBLHO IOTJIONIAThCS B Me-
TATMYECKUX MPOBOJIOYKAX HIIM APYTHX TOHKHX
MPOBOMSAIIUX BOJOKHAX, JUAMETP KOTOPBIX
HAMHOT'O MEHBIIIE JUTUHBI BOJNHEL. DOKycHpoBKa
U3Iy4YeHHs TIPU 3TOM HE Hy)KHA. Pa3mepsr
(hOKaIBHOIO ISITHA MOTYT OBITh B TBICSIYH pa3
Oombire pazmepoB muiieHn. Daktop 3P PexTHr-
HOCTH TIOTJIOIIEHUS (OTHOIICHUE TUIOMAAN (-
(DEeKTHBHOT'O TOMEPEUYHOr0 CCUCHUS MHIICHU K
TUTOIIATA TEOMETPUYECKOTO MOTIEPEYHOTO Cceue-
HUS) MOXET JIOCTHTaTh HECKONBKUX ThICSY. [Ipu
3TOM HEOOXOJIUMO, YTOOBI ICKTPUUCCKUI BEK-
TOp BOJHBI OBUI MapajlieJicH OCH IPOBOJIOKH
(E-BonHa).

OT10T 3¢ (deKT OYeHb CHIIBHO IMPOSBISETCS B
MHUKPOBOJHOBOM JIMAIa30HE TIPU JTHAMETpe

MIPOBOJIOKH B HECKOJIBKO MUKPOMETpOB. B skc-
nepuMeHTe [1] B IIaTUHOBOM MPOBOJIOKE NHa-
MeTpoM 20 MKM, IIOMEIIEHHON B ITy4OK M3IyYe-
HUSl TUAMETPOM 3 CM TIPH IJIMHE BOJHBI M3IIY-
yeHust | cM, morsiomianock okono 10 % sueprum
mydka. J{lmamerp myuka 6601 B 1 500 pa3 6ombine
JuaMeTpa TPOBOJIOKU. M3iyueHue magano Ha
MIPOBOJIOKY MEPIEHIUKYIISPHO €€ OCH.

@akrop >ddextuBHOCTH NOrIOMEHH Qs

3aBHCUT OT COOTHOIICHHS MEXIy JIHAMETPOM
BosiokHa D u pnuHOM BonHEI n3nydeHus A. [lpu
HEKOTOPBIX 3HaueHusx BeauuuHel D/ A umeer
MECTO MaKCHMyM moromenus. Ha puc. 1 moka-
3aHa 3aBUCHUMOCTH (akTopa 3PGHEKTHBHOCTH
MOTJIONIEHUS TPaUTOBOTO BOJIOKHA OT €T0 Jina-
MmeTpa. Korma /juimHa BOJHBI BO3pacTaeT, Mak-
cumyM yBenuuuBaercs. [Ipu 4 =8 mm dakrop
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Puc. 1. T'paduku 3aBucumoctu akropa 3pQeKTHBHOCTH
nornomennst Qups TpaduTOBOrO BOJIOKHA OT JHaMETpa
BoJOKHa D a1 HEKOTOPHIX JUIMH BOJH: KpuBas 1 —
A=8wmM; kpuBasi 2 —A=10cm; kpuBast 3 —A=1m

3(PEKTUBHOCTH TOTIIOMICHHUS TpauTOBOTO BO-
JIOKHA B MakCHUMyM€ AOCTHUTAeT BEIMYMHBI 78,
mpu A=10 cM oH cocrtaBiuser 260, a mpu
A=1wm pasen 780.

B cinyyae H-BomHBI (MarHMTHBIA BEKTOP
BOJIHBI MapaljieJieH OCH BOJIOKHA) (akTop 3¢-
(hEeKTUBHOCTH TIOTJIONICHUS] OYEHb Mall — €ro
BearunHa He mpesbiiaet 0,01,

B pabote [5] ObLI0 TIOKa3aHO, YTO TMOTJIONIE-
HUE DHEPIHH YBEIMYUBACTCS TPU HAKIOHHOM
MaJIeHUY BOJHBI Ha BOJOKHO. Ha puc. 2, B3sToM
u3 3ToH paboThl, MOKa3aHa 3aBUCHMOCTBH IIO-
TJIOLEHUSI M3JYyYEeHUsl C JJIMHOW BOJHBI 1 cM B
rpauTOBOM BOJIOKHE AMAaMETpPOM 12 MKM OT
yIiia naieHus BOJIHBL. JJIMHA BOJHBI M3TyYCHUS —
10,6 MkMm. IIpu BBIMHCIEHHAX HMCIOJIB30BAIHNChH
dopmynbl nudpakuy 3IEKTPOMArHUTHOW BOJI-
HBI Ha KPYTOBOM ItuHApe [6, 7].
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Puc. 2. T'paduku 3aBucumoct akropa 3GPeKTHBHOCTH
niortomeHnst Qgps OT OT yIVIA MaJeHus BOIHBI §: kpuBast 1 —
Juist H-BONHBI (3KCHEPHMEHT); KpuBas 2 — Juisi H-BONHBI
(teopms); xpuBast 3 — it E-BONHBI (9KCIEPUMEHT); KpH-
Bast 4 — jurs1 E-BoyHEI (TEopHs)

Oco0eHHO CHJIBHOE TOTJIOMIEHUE TPH yIilax
nageHus, Oonpmux 60°. daktop 3PPeKTHBR-
HOCTH TIOTJIOIIEHHSA 3[€Ch B HECKOJIBKO pa3
Oosnplie, YeM NpU HOPMAJILHOM MAAECHUH, NPH-
yeM 3HaueHUs (PakTopoB 3PGEKTUBHOCTU AT
E-BonHbl 1 H/-BOJIHBI NOYTH OJUHAKOBBI.

[Ipupoaa cuabHOrO MOIJIOMIEHUS IPU CKOJIb-
3s1eM IaJEeHUM BOJIHBI HesicHa. llorsoreHue
SHEPIUU B IIPOBOJHMKE BCEra CBSA3aHO C BO3-
HUKHOBEHHEM 3JIEKTPHUECKOIO TOKa, a 3HAYMUT,
C HAJIMYKMEM TPOJIOJILHON COCTaBIISIIOILIEH JIEKT-
pudeckoro nons. Ho B BoiHe, magatomield BoJIb
BOJIOKHA, BEKTOpP 3JEKTPUYECKOrO IO MOYTH
HOpMaJieH B OcH BoJIoKHA. [lo-BuaumMomy, mpu-
YUHOM SIBJISIETCS HMCKaKeHHE (OPMBI BOJHEI
BOJIM3M POBOJIHUKA.

CunpHOE MOTJIOLIEHNE MUKPOBOJIHOBOTO M3-
Jy4eHHs] B TOHKUX MPOBOJSIIMX BOJOKHAX MO-
JKeT OBITh MCTOJIB30BAHO UIS CO3JAHUS 3aIIHT-
HBIX DKPaHOB B 3TOM JuanazoHe. Pe3ynbratel
UCCIIeIOBaHUsl 00PAa3loB TaKWX DKPAaHOB OBLIH
omucaHsl B pabdote [8].

B nanHoli paboTe omucaH 3KCIIEPUMEHT, TI0-
JIOOHBII onrcaHHOMY B pabote [5], HO B MUKpO-
BOJIHOBOM JHala3oHe.

1. DxcniepuMeHTANIBHAS YCTAaHOBKA. B skcrie-
PUMEHTE H3MEpsUIOCh MOIJIOLIEHHE MHUKPOBOJI-
HOBOTO H3IY4YE€HUS B TpadUTOBOM BOJIOKHE
nuamerpoMm 12 Mkm. Brok-cxema 3KCHepHMEH-
TaJbHON YCTAaHOBKH ITOKa3aHa Ha pHC. 3.

]

K {H AL HM3500

Puc. 3. bok-cxeMa 5KCIIEpUMEHTAIbHON yCTAaHOBKHU

JnuHa BONHBI M3nMydeHus reHeparopa I' co-
ctaBimsuia 1 oM, MomHOCTh u3nydenus — 0,5 BT.
JJ1 KOHTPOJI MOIITHOCTH MCTIONB3YeTCs TEPMIIC-
TOpHBII BaTTMeTp B ¢ HampaBiIeHHBIM OTBETBU-
teseM. [lydok u3mydeHus: HanmpaBiseTcs Ha ce-
peauny rpaduToBOoro BojiokHa ['B  mmuHOM
280 mm mox yriom 68° k Hopmanu. [Ipo¢unb
myyka Onu3ok K TayccoBckomy. CpenHe-
KBaJpaTHYHbIE PAJUYChl MONEPEYHOTO CEUCHHS
Iy4Ka B MECTE MaJleHUsl Ha BOJIOKHO: I, = 4 MM

B HaIlpaBJICHUU BJOJIb OCU BOJIOKHA U [y = 7 MM
B ITIOIICPECYHOM HaAIIpaBJICHUH.
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TorsonieHue U3MyYeHUs B BOJIOKHE BBI3BIBACT
€ro HarpeB M W3MCHEHHE 3JICKTPHUYECKOTO CO-
npoTuBiIeHUs. [ u3MepeHus CONPOTHBICHHS
cnyxut MynstuMerp M3500. Curnan c Hero
yepes aHaoro-uudpooii npeodpasosateinp AL
BBoguTcsl B kommbiorep [IK. B Teuenme 1 mun
U3MEPSIIOCh CONPOTHBIIEHUE «XOJIOJHOTO» BO-
JIOKHA, 3aTeM BKIIFOYAJICSI TeHEepaTop, U B Teve-
HUE | MHH U3MEPSUIOCH COMPOTUBJICHHUE «TOpS-
YEeroy» BOJIOKHA. DTH CUTHAITBI YCPETHSITUCH.

[pu temneparype T;=20°C comnpoTusie-
Hre BOJIoKHA cocTaBwio R; =31 230 Om. TewMm-
nepaTypHeli  KO3(D(QUIMEHT  COMPOTHBICHHUS
rpaduTa OTPUILIATENICH, TaK YTO MO/ JeHCTBHEM
W3JTy4eHHs COMPOTHBIICHUE BOJIOKHA yMEHbIIIA-
JI0Ch J10 BeauuuHsl R, = 31 135 Owm.

2. Maremarnyeckasi Mojedb Ipollecca
HarpeBa. Ha BOJIOKHO MajiaeT rayCCOBCKUM IMy-
YOK M3IYYCHUs1, MPO(UITbL KOTOPOTO OMKCHIBACT-
cs1 hopmyJion

2 2
X<z

I(x,2)=1yexp| - —+ ||
X I’-Z

rae |y — MHTEHCHMBHOCTH HAa OCH ITyYKa.
WnTeHCHMBHOCTE M3IMydeHHs |y cBA3aHa C
MOIIHOCTBIO B ITy4Ke Py COOTHOIICHUEM:

IDO
lg=——.
TrT,
IIpu Py=05Br, r,=4mMM u r=7MMm
MHTEHCHBHOCTH | =5 684 Br/™m°.
Bronp  ocu  BONOKHA ~ MHTEHCHUBHOCTb
U3Ty4EeHHs MEHSETCS M0 3aKOHY
72
|(Z)=|OeXp —r—2 . (1)

z
Ha ywactke dz ¢
TIOTJIOIIAETCS MOIIHOCTh

dPaps (z) = 1(2) Qaps D dz, )
rae Qups— GaxkTop 3QQPEKTUBHOCTH MOIJIOIIE-

KOOpJIMHATON  Z

His. [l rpaUTOBOrO BOJIOKHA AHAMETPOM
12 MKM, ITHHBI BOJHBI H3/TydeHHst 1 ¢M | yria
nasieHus BOJHBI 68° hakTop Qgps = 65.

IToromenHast B BOJIOKHE MOIITHOCTE PaBHA
L

2
P.ps = Qs D j | (z)dz =0,031Br.
L
2
Ciie1oBaTeNbHO, B BOJOKHE IIOTJIOIIAETCS
oKono 6 % maparomeil Ha HETr0 MOIIHOCTH,

HECMOTpsI Ha TO, 4TO auamerp mydka B 500 pa3
OoJTbIrie, YeM JuaMeTp BOJIOKHA.

[Ipu oueHke TeMmmeparypsl HarpeBa BOJIOKHA
CeNacM TPH JIOMYIICHUS:

1) remmepaTypa 1O BCEMYy MONEPECYHOMY
CCUCHHIO BOJIOKHA OJTMHAKOBA,;

2) pacmpe/ieicHHe ~ TEMIEpaTypbl  BIOJb
BOJIOKHA TIOBTOPSIET PAcCIpe/ieiecHue UHTCHCHUB-
HOCTH MIAI0NIET0 U3ITyUeHHS,

3) Termodpu3MUECKHEe MapamMeTpbl BOJOKHA

(TemIoeMKOCTb,  TEIJIONPOBOAHOCTh,  TEIUIO-
oOMeH C BHENIHEW CpeZor | Ap.) HE 3aBUCAT OT
TEMIEPATyPBHI.

IlynkTsl 1 ¥ 2 cBsI3aHBI C MaJNON TOJNIIUHON
BOJIOKHA M MaJIbIM TEIUIOBBIM TIOTOKOM BIOJb
Hero. Pemenuwe TeroBoi 3amaum (31eCh HE
NPUBOJUTCA) IMOATBEP)KAACT OSTH IOJOXKEHHUSL.
[lynkTt 3 npu cunbHOM HarpeBe (HECKOJBKO CO-
TEH IpaaycoB) He BbImonHAeTcs. Ho yder atnx
3aBUCUMOCTEH NPH PELICHUH TEIJIOBOM 3amayu
MOKa3bIBaeT, 4YTO 3()(HEKTUBHOCTH Nepenadu
SHEPTrUM M3JIYy4YEeHUS BOJIOKHY OoJblIe, Yem
OLICHKA, ClIeJIaHHas MPH JIOMYyIEHUH MyHKTa 3.
[losTOMy maHHas OLIEHKA SBIAETCSI MUHUMAIBHO
BO3MOXHOM.

Cormacao 3akony HeroToHa—Puxmana, s
TEII000MeHa TOHKOTO BOJIOKHA C BHEIIHEH
Cpelof MOBBILIEHHE TEMIEepaTypbl Tela IpH
MOIIHOCTH Harpepa Py, paBHO:

Tl (4)
P

Il op— TMOTOHHBIH KO(QQHIMEHT TerIoooMe-

Ha ¢ BHemHeH cpemoil. OH oIpeneiseT MOII-
HOCTb, YXOJSIIYI0 BO BHEIIHIOIO Cpeay OT BO-
JIOKHA JUIMHOW 1 M mpu pa3sHOCTH TeMIIepaTyp
BoJiokHa U cpeasl 1 K. g TOHKOro BOJIOKHA
Op HE 3aBUCHT OT auamerpa [9].

Ucnone3ys ypaBuenus (1)—(3), momyuum
BBIpAXXEHHE JUIS pacIpeieieHuss TeMIIepaTyphl
BJI0JIb BOJIOKHA:

ZZ

T()= 100 Ly 21 ©)
ap rZ

IIpy TepeunClieHHBIX BBINIC 3HAUYCHHUSAX
napamMeTpoB MydKa H3JIydeHHs W BOJOKHA U
U3MEPEHHOM B  OJKCIEPUMEHTE Mapamerpe
ap= 0,02 Br/(m-K) Temneparypa B MakcuMyMme
cocraBsieT 242 °C. Ha puc. 4 mokaszaHo pac-
npesieNiCHUe TEMITIEPAaTyphl BIIOJb BOJIOKHA, I0-
JY4YEHHOE C TMOMOINBI0 TEIIoBU30pa. BuiHo,
YTO pa3Mep HarpeToro M0 BHICOKOW TeMIepary-
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pBl ydacTKa BOJOKHA PaBEeH NPUMEPHO 8§ MM,
T. €. JUaMeTpy ITydKa BIOJIb OcH Z. B cooTBeTcT-
BUM C JaHHBIMH TEIUIOBH30pa, TeMIeparypa
HArpeToll YacTh BOJOKHA cOCTaBisia Oolee
200 °C, a temmeparypa APYI'HX YYacTKOB BO-
JIOKHA — JIMIIb HECKOJBKO JIECSTKOB IPalyCcoB,
9YT0 OOYCIIOBIEHO HArpeBOM BOJIOKHA TOKOM
npubopa il U3MEPEeHHs CONPOTHBICHHUA. DTO

COTJIaCy€CTCd € pe3yJibTaTaMU PACUCTOB.

Puc. 4. TeruoBas kapTHHA HarpeBa BOJIOKHA M3Iy4EHUEM

Ha pwuc. 5 nokazan pe3ynsTaT mudpoBoi 00-
pabOTKH KapTHHBI, MPEJCTaBICHHONW Ha puc. 4.
[Ipuunna u3pe3aHHOCTH TpadKa — 3ePHUCTOCTh
kaptuHbl. CIUTomHAS JWHUA — CLITAKEHHBIN
rpaduK pachpeieieHuss TEeMIIepaTyphl BJOJb
BOJIOKHA. KayecTBeHHO OH cornacyeTcs ¢ puc. 4
U pe3yJibTaTaMU Pac4eToB.

T°C
300

200

100

0 5 10 15 20z mm

Puc. 5. Pacnpenenenue temneparypsl BA0JIb BOJIOKHA

OLeHNuM M3MEHEHHE CONPOTHBIICHHUS BOJIOK-
Ha TIPH €r0 HarpeBe M3JIyueHHEM. 3aBHCHMOCTb
CONPOTHUBIICHUS OT TEMIIEPATYPhI ONPEACISICTCS
dhopmynoii:

R(T) =Ry (1+agT), %)

rie R, - comporuBnenne mpu 0 °C,
ag= -0,00034 1/K — temnepaTypHslit kK03(du-
IIUEHT compoTuBieHus rpadura. Koaddurment
op OBLI OIIpesIeNeH PKCIEPUMEHTANIBHO, TaK KaK
CHIJILHO 3aBHCHUT OT CI0Cc00a W3rOTOBJICHUS HUC-
nojbp3yeMoro BoJokHa. OH OTpHUIATENHHBIN.
DTO 03Ha4yaeT, YTO CONPOTUBJICHHE BOJIOKHA
YMCHBIIIAETCS MPU HAarpeBe.

I[lo ¢opmyne (5) ObuUlO HaiimeHO, dTO
Ry =31 440 Om.

U3 ypaBHeHUsI, CBS3BIBAIONIECTO IPOBOJIU-
MOCTh BOJIOKHa M €r0 COINPOTHBIICHHE, ObLIa
HalieHa BenrmanHa mpoogumocta mmpu 0 °C:

4L
0g =——>—=17,87-10* 1/(Om-m).
2
7D"Ry
3aBUCUMOCTb MPOBOJMIMOCTH OT TEMIIEPATYPHI:
o=1Y[L+agT)
CormpoTuBIieHHE y4acTKa BOJIOKHA JUTMHO# dZ:
4dz
dR(z) =———

7D?%c

Torma COIIPOTHUBJICHHUE BCET'O BOJIOKHA!

2
R:ﬁDLZGO jL[1+aRT(z)]dz. (6)

Beraucnenus no ¢gopmyie (6) ¢ ucnoiap3oBa-
HUEM BBIpaXeHHs (4) HalOT 3HAYCHHUE COIPO-
TUBJICHUSI «ropsiaero» BojokHa: R =31 125 Om.

OTOT pe3ysNbTaT XOPOIIO COTNIACyeTcsi CO
3HAYCHUEM, I[IOJIyYCHHBIM B OKCIEPUMEHTE:
R = 31135 Om. [ToaToMy MOKHO CUHTaTh, YTO
MaTeMaTH4yecKas MOJIENb IPaBUIIHO ONMCHIBACT
NpoIlecC HarpeBa BOJOKHA 3JEKTPOMArHUTHBIM
W3JTy9eHHEM, a OICHKA TMOTJIOMEHHOW MOITHOC-
T4 usnyuenus: B BojokuHe (0,031 Bt) u xoad-
(urmenTta mornomieHuss (6 %) COOTBETCTBYET
UCTHHE.

3. O0paGoTka pe3yJbTAaTOB H3MepPEeHHIA.
Ucnone3ys ypaBHeHue (5), MOKasblBaollee 3a-
BHUCHMOCTH COTIPOTHBIICHHSI BOJIOKHA OT TEMIIe-
patypsl, U 3HAUEHHS COTMPOTHUBIICHHUS «XOJIOTHO-
ro» R; u «ropsuero» R, BOJIOKHA, MOXHO

HallTU TeMIlepaTypy HarpeBa BOJOKHA H3IIy4e-
HUEM T5:

T, NS &(1+aRT1)—1 .

Orl ™
Boruuciaennss mo aToi  opmyne  maroT
T,=28,9 °C. OO0 cpeaHss MO IJIMHE BOJOKHA
TeMIieparypa, HO BbIlle ObUIO TOKa3aHO, YTO B
HEKOTOPBIX MecTax oHa npessimaet 200 °C.
[TornomieHHast B BOJIOKHE MOIIHOCTh MOXET
OBITh  BBIUMCIICHA TI0  QopMmyIe

=ap L(TZ —Tl), KOTOpas CIIeIyeT U3 ypaBHe-

Pabs =

Hus (3). [logcraBuB croma 3HaYEHUS, MOTydYeH-
HBIE B 3KCIIEpUMEHTE, NoTyuuM: Py = 0,05BT.
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CrnemoBaTenbHO, B BOJIOKHE IIOTJIOMIAETCS
10 % »Hepruu Mmajarniero Ha HEro M3JIy4YeHHS.
Paznuna mexy 3Toi BETUYMHON M BETUYUMHOM,
MOJTy4YeHHOH B pe3yJbTaTe MaTeMaTHYECKOTO
MOJICITUPOBAHNUS, OOBSICHSCTCS JIOMYICHUIMH,
CIETaHHBIMU TIPH TEOPETHYECKOH OLEHKE II0-
TJIOMIEHHOW MOITHOCTH, M HETOYHOCTHIO BBIYHC-
aeHus (axtopa 3(PPEKTUBHOCTH IOTJIOIICHHUS
no ¢opmynam teopun audpakuuu. Ho u Teo-
pUsi, ¥ SKCIIEPUMEHT TOJITBEPKAAIOT CYIIECTBO-
BaHHe d(deKTa aHOMAITBHO OOJBIIOrO TIOTJIO-
HICHUS SJIEKTPOMArHUTHOTO U3TY4YEHUsS B OYCHb
TOHKHUX TPOBOJIAIINX BOJOKHAX U BO3MOXHOCTB
€ro UCIIOIb30BaHUS B TEXHUKE.

BriBoabl. Takum o0pazom, B paboTe JaHO
JKCIIEpUMEHTANILHOE MONTBepkIeHHE 3 deKrTa
CHJIBHOTO  TIOTJIOUICHHUS  DJIEKTPOMAarHUTHOTO
M3JIy4eHHUs] B OYCHb TOHKHX IPOBOISIINX BO-
JIOKHAaX MPH HAKJIOHHOM TaJIeHUH BOJHBI B MUK-
POBOJIHOBOM Jnamna3oHe. B rTpaduroBOM BO-
JokHe auaMeTpoM 12 mxm mornomaercs 10 %
SHEPTUM MAJAlOIIEro Ha HEero moja yriom 68°
MHKPOBOJTHOBOT'O M3Ty4EHHS C JNTMHON BOJHBI 1 CM.
Huametp myuka wmznydeHus 10 MM, uro Oonee
yeM B 800 pa3 Oosibliie AuamMeTpa BOJIOKHA.

IloctpoeHa mpoctas MaremaTHyecKass MoO-
JIeJTb TIpoliecca HarpeBa BOJIOKHA U3TYYCHUEM.

O dexkT MOXKEeT HCIOaB30BaThCS AJS Mepe-
a4l DHEPTHM JJIEKTPOMAarHUTHOTO H3ITyYeHUS
TOHKHMM BOJIOKOHHBIM MUILCHSIM U JJIs1 CO3/AaHUs
3aLIUTHBIX 3KPAaHOB B MHUKPOBOJHOBOM JHaria-
30HE.
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N. G. Kokodii, M. V. Kaydash,
S. V. Pogorelov

THERMAL ACTION
OF MICROWAVE RADIATION
ON A VERY THIN CONDUCTING FIBRE

The subject and purpose. The experimental findings
of a new physical effect of a strong interaction of micro-
wave radiation with very thin (d << 1) conducting fibers
are presented in the paper. The calculations show that the
absorption efficiency factor of fiber of a diameter of sever-
al micrometers when exposed to radiation in the centimeter
range can reach the value of several hundred. It was found
that the effect can be enhanced by oblique incidence of the
radiation beam. An experiment to measure the absorption
of microwave radiation with a wavelength of 1 cm in a gra-
phite fiber with a diameter of 12 um has been carried out.

Methods and methodology. To determine the absorp-
tion of radiation in a fiber the change in the resistance of
the fiber when heated by radiation was measured. To re-
duce the error of the results, the average value of resistance
for 1 minute was measured. The resistance was measured
at a frequency of 2 Hz. A thermal picture of the heated
fiber was observed by means of a thermal imager. A math-
ematical model of the fiber heating process by the radiation
beam is developed.

Results. The experiment has showed that a graphite fi-
ber with a diameter of 12 pm absorbs about 10 % of the
energy of the incident microwave beam with a wavelength
of 1 cm. The heating temperature at the place of incidence
of the beam reaches 200 °C. The developed mathematical
model describes the interaction process of radiation and
fiber well.

Conclusion. The results of the study confirmed the ex-
istence of a strong interaction of microwave radiation with
very thin conducting fibers. The effect can find application
in installations where it is necessary to transfer energy of
electromagnetic radiation to small targets. Another area of
usage of this effect is the creation of protective screens
against the effects of microwave radiation on a person or
on different installations.

Key words: absorption efficiency factor, thin fiber,
microwave radiation, heating.

M. I'. Kokouniit, M. B. Kaiigam,
C. B. [loropenos

TEIUIOBA X1 MIKPOXBUJIbOBOI'O
BUITPOMIHIOBAHHA HA AYKE TOHKE
[MPOBIAHMKOBE BOJIOKHO

Ipenmer i MeTa po6oTH. Y po0GOTI IPOBEIEHO EKCIIe-
pPHMEHTAJIbHE JOCIHI/DKEHHS HOBOTO (i3HYHOTO edekTy —
CHJIBHOI B3a€MOJii MIKPOXBHIBOBOTO BHIIPOMIHIOBAHHS 3
JIy’Ke TOHKHMH TPOBIAHUKOBUMH BosiokHamu (d << A). O6-
YHCIICHHSI MOKa3yIoTh, MO (akTop ePeKTHBHOCTI IOTIIH-
HaHHs BOJIOKHA JiaMETPOM JIeKisibKa MIKpOMETpiB mpH il
Ha HBOTO BHUIIPOMIHIOBAaHHS B CAHTHMETPOBOMY [iara3oHi
MOJXKE JIOCATaTH IEKUIBKOX COTeHb. E(EKT MOCHIIOEThCs
OpU NOXWIOMY MagiHHI My4YKa BHIPOMIHIOBaHHS Ha BO-
nokHO. [IpoBeseHO eKCrepUMEHT 3 BHMIPIOBaHHS IOTIIH-
HaHHS MIKpOXBHJIFOBOTO BHIPOMIHIOBAHHS 3 JIOBXKHHOIO
xBuIi 1 cM y rpadiTOBOMY BOJIOKHI JliaMeTpoM 12 MKM.

Mertoau i Metonosorisa podoru. Jng BU3HAYEHHS IO-
TJIMHAHHS BUIIPOMIHIOBAaHHS Y BOJIOKHI BUMIipIOETHCS 3MiHA
OIopy BOJIOKHA NPH HArpiBaHHI BUNPOMIHIOBaHHAM. {71
3MEHILICHHS MOXUOKHN Pe3ylbTaTiB BUMIPIOBATIOCS CEPEIHE
3Ha4eHHs omopy 3a 1 xBuwimHy. Omip BUMIpIOBaBCs 3 4ac-
toroto 2 I'm. Cnocrepiranacs TemioBa KapTHHA Harpitoro
BOJIOKHA TEIIOBi30poM. Po3pobiieHo MaTeMaTn4Hy MOJIeNb
MIpoLecy HarpiBaHHs BOJOKHA ITyYKOM BUIIPOMIHIOBaHHS.

PesyabTatn podorn. ExciepumeHT nokasas, 1o rpa-
¢iToBe BOJIOKHO JiaMeTpoM 12 MKM NOTJIHMHA€E OIHM3BKO
10 % eneprii my4ka MiKpOXBHJILOBOTO BHIPOMIHIOBaHHS 3
JOBXKHMHOIO XBUIII 1 cM, sike nmajae Ha Hporo. Temmneparypa
HarpiBaHHs B MicIli majaiHas mydka gocsrae 200 °C. Mare-
MaTH4HA MOZEIb J00pe OmHcye MpoIec B3aeMOJil BHIIPO-
MIHIOBaHHS 1 BOJIOKHA.

BucHoBok. Pe3ymbraTH JOCHI/UKEHHS MiATBEPIMIIH
iCHyBaHHsI e(eKTy CHJIBHOI B3a€MOJil MiKpOXBHJIHOBOTO
BUIIPOMIHIOBAHHSI 3 Ty’K€ TOHKUMH IIPOBITHUKOBIMH BOJIOK-
Hamu. Eexr Moxxe 3HaAWTH 3aCTOCYBaHHS B yCTaHOBKAX,
Jie HEeOOXiHO IepenaTu eHEeprilo eIeKTPOMArHiTHOIO BH-
MPOMIHIOBaHHS MAJIUM MilIeHsAM. [HIIa o6macTe BUKOpHC-
TaHHA IIbOTO €(EKTy — CTBOPCHHS 3aXHCHUX EKpaHIB BiJ
BIUTMBY MIKPOXBHJIBOBOTO BHUIIPOMIHIOBAHHS Ha JIIOAUHY
a0o0 pi3HI yCTaHOBKHU.

KumrouoBi cioBa: ¢daxrop edexTHBHOCTI MOTJIMHAHHS,
TOHKE BOJIOKHO, MIKPOXBMJILOBE BHIIPOMIHIOBAaHHS, Ha-
TpiBaHHA.
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