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B npubmmkennn Kupxroga noxy4eHo aHaIuTHYECKOE pelieHre Ju(PaKIHOHHON 3a1a4l O HAXOXKACHHHU CIEKTPOB aMIUTUTY/L
MOJ BOJHOBOZHOTO 30HJA IPH OTPaXCHHH TePareploBoro UMILyJibca OT OTKPHITOrO TOPIa BOIHOBOJA C MOJIOH CepALEBUHON,
KOHTaKTHUPYIOLIEro Co CIIOUCTON cpeoi. Ha mpumepe 351eKTpoANHAMUYECKOH MOJIETIM KOXKH B BUJIE JIBYX CJIO€B BOJHOIO pac-
TBOpa anbOyMHHa, BO30YXkKIAEMbIX MOJAMH II0JOr0 METAULIMYECKOrO BOJIHOBOJA, HCCIIEJOBAHO BIMSHHE BIAXHOCTH SMHUICP-
MHCa Ha CHEKTPH! aMIUIUTY] OTPAKCHHBIX MO/, TOITYCKAIOIHe H3MEPEHHEe METOJOM TeparepIioBOi CIEKTPOCKOIHH BO Bpe-
MEHHO# 00/1acTH. Y CTaHOBIIEHO, YTO ONTHMAJIBHBIM JUISl JAHHOTO METOJIA SIBJISICTCS BHIOOP YaCTOTHOTO JIMAIa30Ha, COOTBETCT-
BYIOIIETO OJTHOMOZOBOMY PEXXHMY PabOThI BOITHOBOA.

Knrwouegwie cnosa: 60110600 ¢ nonoi cepoyesunoll, 30H0, mepazepyosas CREKMPOCKONUsL 60 6PEMEHHOU 00IACmU, CLOUCMAs
cpeoa, OUoI02UYeCcKUli CEHCOp.

Using the Kirchhoff approximation, an analytical solution of the diffraction problem on finding the spectra of the amplitudes of
the modes of a waveguide probe at reflection of a terahertz pulse from the open end of a hollow core waveguide contacting with
a layered medium, is obtained. On example of the electrodynamic model of the skin as two layers of an aqueous albumin solu-
tion excited by the modes of a hollow metal waveguide, the effect of epidermal humidity on the spectra of amplitudes of re-
flected waveguide modes, which can be measured using the time domain spectroscopy, is studied. It is established that the op-
timal choice of the frequency range refers to single-mode regime of the waveguide work.

Keywords: hollow-core waveguide, waveguide probe, terahertz time domain spectroscopy, layered medium, biologic sensor.

BBenenne

B oTimuune ot cxem 00BEMHOW TepareproBoit
(TT'w) onTHKW, UCHONB3YEMBIX IS JAATHOCTHUKH
OMOJIOrMYECKUX TKAaHEH, BOJHOBOIHBIM 30H MOKET
00eCTICYnTh JIOKATBHBIN JOCTYH K OHOJOTHYECKUM
00BEeKTaM, B TOM YHCJIE K TPYIHOIOCTYIHBIM, in
vivo [1], [2]. OH OJZHOBPEMEHHO BBIMOJHSET JBE
(hyHKIMK — ZOCTaBKH MUMITyJIbCHOTO TI'IT M3mydeHus
K U3y4aeMOMY OOBEKTY U IMOJyYSHHS OTPAKEHHOTO
CHrHaja, Hecyuiero nHpopMaiuo o0 o0beKTe, U3-
BIeKaeMmyro meromoM TI'1 cekTpockomuu BO Bpe-
MeHHOU obunactu (time domain spectroscopy (TDS))
[1], [2]. Aus 3oHm0BBIX npuMmeHenuit B TI'1 nuamna-
30HE, MO-BHIUMOMY, Hamboiiee MEePCIEeKTUBHBI II0-
JIBIC BOJTHOBOJBI C METAJLTU3UPOBAHHON BHYTpEHHEH
rpanuteit [1], [3]-[6], koTOpble MOKHO HM3TOTOBUTH
B THOKOH KOH(UTYpAINH, UCIONIB3Ys BHYTPECHHIOIO
MeTaJUIM3aLHUI0 TTONIUMEpPHBIX TpyOok [3]-[6]. Ilepe-
JATOYHBIC XapaKTCPUCTHKH TAaKUX BOJHOBOJOB HC-
cienoBaHbl B paborax [3]-[7]. B Hacrosmei cratbe
paccMaTpUBaeTCs MPAKTHYCCKH HE W3yUCHHBIH Ha
JAHHBI MOMEHT BOIIPOC O pacdeTe KOoA((HUINEHTOB
oTpakeHust Mo Toioro Tl BOJHOBOMA C OTKPHI-
TBIM TOPLOM OT ciIoucToi cpenbl. OH akTyaleH,
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B YaCTHOCTH, C MO3UIHH 30H10B0K TDS m0KaIbHBIX
Y4aCTKOB KOKU TMpPH JAUAarHOCTUKE TPAHUL] OMACHBIX
3aboneBannii. B mpubmmkennn Kupxroda mis Ha-
3BaHHBIX KOA()(UIMEHTOB TOIYYCHHl aHATUTHYC-
CKHE BbIpaXKeHMs. B paMkax ABYXCIIOMHOW MOJENH
KO OLIEHEeHa 4yBCTBUTEIbHOCTh TI'Ll 30HAa B BU-
Jie METaJUTMYECKOr0 BOJHOBOJA C IIOJION CepalleBH-
HOHM KPYrOBOT'O CEUEHHS K BJIAYKHOCTH MUIEPMHUCA.

1 PacyeTHas cxema

Hccrnenyemast onTuyeckas cxema MpUBEICHA
Ha pucyHke 1.1.

3nmecs HeKoTOpas Moaa Tpexmeproro 11 Boi-
HOBOJIA C TIOJIOW CEepALEBUHON (BBIOOP BOJIHOBOJA
TAKOTO THIIA OOBACHICTCS 3HAYUTEIHHBIM MOTIIONIE-
HueM TI'I u3My4YeHUs] BCEMU W3BECTHBIMH BELIECT-
BaMHU 3a UCKJIIOUEHHEM CyXoro Bo3ayxa [8]), obo-
3Ha4YEHHasi CHMBOJIOM /, [Ta/IaeT Ha TIOCKOCIIOUCTYIO
cpeny, pacmoyioxeHHylo B obmactu z <0. Cpena
cocTtouT U3 n+ 1 OgHOPOIHBIX cioeB. MckoMbIMU
SBJISIOTCS] AaMIUIUTY Il OTPaXXEHHBIX MOJ (Ha PUCYH-
ke 1.1 cumBon R), GOpMHPYIOIIIE HMITYITBC HA TIPH-
eMHO# (oToaHTeHHe [6].
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Pucynok 1.1 — I'eomerpus 3agauu 06 oTpakeHUH
MO/IbI BOJTHOBO/Ia C OTKPHITHIM TOPIIOM OT CIIOUCTON
cpezbl

B crporoii nocraHoBKE COOTBETCTBYIOIIAS JU-
(pakroHHAs 3a7adya SBISETCS BECbMa CIIOKHOM.
Jnst ee ympoIeHns: BOCIIONb3yeMesl TPUOIIKEHNEM
Kupxroda [9], [10], B KOTOpoM OTpaskeHHOE II0JIe B
cepAleBUHE BOJMHOBoAa npu z =+0 coBmagaer c
MOJIEM Iy4yKa, OTPak€HHOTO OT CJIOUCTOH cpensl
Npy NaJeHWd Ha Hee M3 obnactu z >0, 3aHATOU
BO3JlyXOM C OTHOCUTEJIBHOU AU3JIEKTPUUECKON MpO-
HHMIAEMOCTBIO €,, IIyuKa, [I0JIe KOTOPOro B Ipeele
npu z — +0 paBHO MOJIO MaAaroLIed BOJTHOBOIHON
MO/IBL.

B ykazaHHOM mNpUOMIKEHUH pelleHHe M-
(pakuroHHO# 3a1aun 00 orpaxenun TT1 ummynsca
OT CJIOMCTOM Cpefbl CBOAUTCS K PELICHUIO BYyX He-
3aBUCHMBIX JWQPAKIMOHHBIX 337ad JUIs TI0JIeH ¢
komioHeHTamMu E, =0 u H_, =0 [11]. IIpu BbIne-
nenuu B nosie TI'm ummynabca MOHOXPOMAaTHYECKON
KOMIOHEHTH exp(io?) (o =2nf, f— dacToTa) Au-
(hpakIOHHOE IT0JIE MPEACTABISIETCS] MHTETpajlaMy
®ypbe 10 NPOCTPAHCTBEHHBIM YacToTaM k.,

[E(x,y,2),H(x, y,2)] =
= [ [ Bk, by, 20, e kW21 1y

xexp(—ik x —ik,y)dk dk,.

Jlist BonH nepsoro tuna (£, = 0)
E =-opk k’H,, E =oukk H,,
H, =-ikk?V_H , H =-ik k*V_H_, (12)
rae |, — MAarHUTHas IPOHUIAEMOCTh BaKyyMa,
K=k +k}2,, a H. NMOTYHHSCTCS OOBIKHOBEHHOMY

middepeHraIEHOMY YpaBHEHUIO

V2H, +[kye(z)-k’1H, =0, (1.3)
rae k,=woc' — BONHOBOE 4mMCIO Bakyyma, £(z) —

OTHOCUTECIIbHAA AUDJICKTPUYECCKAsA IMPOHUIIAEMOCTDH
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CJIONCTOM Cpelbl Ha 4acToTe . PemreHue ypaBHe-
Hus (1.3) maer ans OTpa)XeHHOTO TOJIS:

I:IZ") = A};Z (k. k,)r, (k*)exp(=iB,,,z). (1.4)
3n1ech ﬁz (k,,k,) — pypbe-obpa3 z -KOMIOHEH-

Thl MArHUTHOTO MOJA Hajarolied moamel A, (x,)),

A — ammmutyna jgamHoit Monwl, B,,, =+/kie, —k’

— K03pPUITUEHT
T (kz) = (iYHn+2 - H,;Jrz )(iBn+2Hn+2 - H,;+2 )71 > (1 ~5)
rie Y — MOCTOSHHAs PaclpOCTpaHeHHsS MOIBI, Ha-
XOJUTCS C IPAMEHEHHEM PEKYPPEHTHBIX (popMyi
H; , =H,cos(B;Az,)+ Hsin(B,Az, )[3;1, (1.6)
H',,=-H B, sin(B,Az,)+ Hcos(B;Az,), (1.7)

B KOTOpBIX 3, = kgsf—kz, €,

;H Azj — JIMDJICK-

TpUYECKasl MPOHHUIIAEMOCTh M TOIIIMHA J-TO CJIOS,
H,=1, H, =i,
Just BonH Broporo tvna (M, =0) coorHoule-
Hus, aHasorngHbie (1.2)—(1.7) umeror Bu
E, =ik kD', E =ik k’D',

H, =eok k7D, H, =-gokk’D, (1.8)
rae g, — AUAJIEKTPUYCCKas NPOHUIIAEMOCTh BaKyy-
va, D=¢g(z)E, D'=[e(2)]'V.D

eV, [e(2)]'V.D+[kse(z)—k*1D =0, (1.9)

E = 48, (k. k,)r, () exp(=iB, ,2), (1.10)
e.(k.,k,) — (ypbe-00pas z-KOMIOHEHTBI BIEKTPHU-
YEeCKOr0 TOJIs MAJaromiell BOJHOBOIHOW MOIBI
e.(x, ),

r, (k") =
=(@ivD,,, —¢,D,,,)(B,..D,., +¢,D,.,) ",
D, =H,cos(B;Az;)+¢,D] sin(BjAzj)B;l, (1.12)
D :—Hjs;‘Bj sin(B,Az,) + D) cos(B,Az;), (1.13)
D, =1, D, =i, .
IToncranoBka B (1.1) 3Hauenwmit (1.2), roe

(1.11)

’
j+l

H. =H" u(1.8), rne E. = £ nossonser anam-
THYECKH PacCUUTaTh OTPAKEHHOE DIIEKTPOMArHHT-
HoOe mone B mpefnene npu z — +0. O6o3HaYNM 3TO
none yepes E,H". Haxoxnenue T ummynbca,
OTPa)XEHHOTO OT CJIOMCTOH cpelsl B OKPECTHOCTH
TOpLA BOJHOBOJA, CBOAUTCS K MPSIMOMY HHTEIDH-
POBaHHUIO AHHOTO MOJSI MO CHEKTPY BPEMEHHBIX
4acTOT IO CXeMe, OIMCaHHOH B [7].

Jnst mosHOTO pacyera XapaKTEPUCTHK BOJHO-
BOJHOI'O 30H/Aa HEOOXOAWMO IOMOJHHUTH IMOJTY4YCH-
HOE pelleHHe HaXOXKACHWEM aMIUIUTY[ BOJHOBOJ-
HBIX MOJI, OTPaXEHHBIX OT CJIOUCTOM cpenbl. B pac-
cMmarpuBaeMoil reomeTpur 3((GEKTHl B3aUMHOTO
npeoOpa3oBaHKsl MO Pa3HOTO IOPsAKA HE CYIIECT-
BEHHBI, YTO MO3BOJISIET BHIMOJHUTH HA3BaHHBIN pac-
YeT B NPUONIKEHNH, TIEe MOJa OTpaKaeTcsl cama B
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cebs [12]. B aTom ciyyae mpuMeHEHHE BEKTOPHBIX
COOTHOIIEHNH opToroHansHocTH Mox [13] mpuBo-
JUT K CIEAYIOIIEMY BBIPAKEHHIO Ui aMILIUTY B
B otpaxkeHHOI MOABIL:

B=RA=

= |:J T dxdy(exh)z i| I T dxdy(]_;(r) ><h)z,

rae R — aMIuUTYIHBIH KO3()(HUIUEHT OTpaskeHHs

(1.14)

MOJIBI OT crouctoii cpemsr, E” = A'E", E© —
HANPSHKEHHOCTh OTPa)KEHHOTO IIOJIS, HalIeHHAs Ha
MPEBIAYIIEM IIare perieHusl.

VuureiBas, uro mose monasl aroboro TI' Boj-
HOBOJAa TPAKTHYECKH IMOJHOCTHIO JIOKAJIH30BAaHO B
€ro IoJIOH CepIEeBHHE U NPUHUMAET MPEHEOPEKH-
MO Mallble 3HAUCHHUS BHE CEPIICBUHBI M Ha €¢ Tie-
pumetpe [7], [8], a Takke TO, YTO B CEpALCBUHE
BOJTHOBOJIA BBITTOJTHSIOTCS YPaBHEHUS

(Vi+Vi)eh )=k (e.h.),

e k° =kje, —y*, u3 (1.1), (1.2), (1.8) nonyuaem:
I I dxdy(E" x h) =

(1.15)

47c03
= jjdkdk(ssﬁﬁzpzuovrh)

J ‘[ dxdy(exh), =
- (1.16)

j j dxdy(g,e,€" +ph’).

HpeI[CTaBI/IM KOMITOHEHTBI MOJIsI MOJBI B CEPII-
LIEBUHE BOJIHOBOIA psiamu Panest [14]

(e..h)= Z (CE,.CH, )exp(in)J, (k7).

rae J, (kr) — (l)yHKHI/IH Beccenst, CE,, CH, — am-
TUTUTY B! [AIMHIPHYECKUX TAPMOHHK U UCTIONB30Ba-
HBI MOJISIPHBIE KOOPJIMHATEI (X =7 COS @, ¥ = rSin Q).
Toraa mocie BBIYMCICHNSI HHTETPANIOB OT (YHKIHNA
Beccens Beipakenus (1.15), (1.16) mpeoOpasyrorcs
K BUJLY

[ [ dxdy®" xh), = (1.17)
2nwa’ 7 s
== ARk (CEB, 22, = CHupgyr) +
v 0

+2>" f2(CE,CE_B,.,e¢,7, —CH,CH_ u,y7,)],
n=1

rJle @ — pajuyc cep/IlleBHHbI BOJTHOBO/IA,
fo =[x, (ka)J,_ (ka) -

kI, (ka)J, (xa)|(k* —=k*)" (k # ),
£, =0.5a[J} (xa)—J,_ (k)] ,,(ka)] (k =),

Jdedy(exh)z = (1.18)
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Tcy(ua

{(e,,CEq +1,CH})[J; (ka) + J (xa) 1]+

+2) " (-)"(g,8,CE,CE_, +1,CH,CH_,)x

<[J} (ka) = J, , (ka)J,,, (xa)]}.

Bripaxenus (1.14), (1.17), (1.18) marot uroro-
BOC pelicHHe AU(PAKIMOHHON 3amadyd i KOM-
TUIEKCHBIX KO3 (HUIIEHTOB OTPaKEHUSI MOJ BOJIHO-
BOJIa C IOJIOM CEepIUEBHHON, OTHOCAIIMXCS K CIEK-
TPaTbHOH KOMITOHEHTE UMITYJIbCa C YaCTOTOH f.

2 BouanoBoaubiii TI'm 30Hx Kak ceHcop
BJIA’KHOCTH KOKHU

[TpenctaBneHHble HMKE pACUETHHIE JaHHBIC
HUMEIOT IIeTb OLIEHKH YyBCTBHTEIBHOCTH BOJHOBOJ-
Horo TI'1 ceHcopa BIaXHOCTH KOxH. OHH TOTyde-
HBI JUI1 MOZENH KOKH B BHJIE BYX CJIOEB BOJHOTO
pactBopa ansOymuHa. J[ns 3amaHus IUAJIEKTpHYe-
CKOM NMPOHUIIAEMOCTH CJOE€B HCIOIb30BaHA MOJEINb
Bpyrremana [15]:

=0.25(,/S* +8¢ &, +5),

S= 3(1—C)(sp -g,)+2, ¢,
rne C — obbeMHas OO BOIBI B PacTBOpE, a IH-
JNEKTPUYECKHE NTPOHULIAEMOCTH BOABI (€,) H Ipo-
TenHa (€,) BBIYUCISAIOTCA IO SMIUPUIECKHM (op-
mynam [15], [16]

g, =2.5+75(1+il9n f)" +
+1.47(1+i0.46m f) " +32(28.09— > +i5.35f) ",
e, =4.185-i0.598-(0.805+i0.766)(f/ — /) —
—(0.179—-i0.751)(f - f)?,
rae 7 =0.503 TT'u, f Gepercst B TI'n. st nepmbl
(cnoit 1) ucnonp3oBaHO (PUKCHPOBAHHOE 3HAUCHHE
C=0.7, a nons Boxel C B snmuepmuce (cio 2)
paccmarpuBanach repeMeHHoH. Takas Mozens orl-
paBlaHa C TOYKH 3PEHUS] JTHArHOCTHKH HEKOTOPBIX
KOXXHBIX 3abosneBanuii [1]. [Ipn pacuerax TommuHa
SMHUJEpMHCA TIojarajgach paBHOH Az, =50 MxM.
30HIMPOBAaHNE CIIOUCTOM CpeAbl BBIMOJIHEHO IIPH
NOMOIIY TOJIOTO METAJLTMYECKOr0 BOJIHOBOJA C
Cep/LIEBHHOW  KPYroBOro  Ce4eHHs  pajuyca
a =900 MM (MenuuuHCKas uria 13 xamubpa), 3a-

HOJIHEHHOH cyXuM Bo3ayxoM (g, =1).

HccnenoBanbl crekTpsl KOI(GQHUIUEHTOB OT-
paXeHHs OCHOBHOM [, W mnepBoi BeICIIEH FE,
MO/, Jomyckarommx Bo30yxkaeaue TI' ¢poToanTeH-
HOM, pacrioyIoKEHHOH CUMMETPHYHO OTHOCHTEIBHO
BXOJIHOTO Topiia BotHoBoAa [3], [4], [7].

Hus monet  H, CE, =0 mpu Bcex L,

CH,=0 npu |p|#1, CH =1, CH_ =
nepcuoHHoe ypaBHeHue J,(ka)=J,(xa) wumeer
ka=1.8412 [17].

-1, a guc-

penieHue COOTBETCTBEHHO,
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qacToTa OTCCYKH, Ha KOTOpOfI ’\{:0, COCTaBJIACT

f. =xe(2na)”' =0.098 Tl'u. Cornacro (1.14), (1.17),
(1.18), mas maHHOM MOMIBI

R=2[J; (Ka)—le(Ka)]’I'[ kr fldk.  (2.1)
0
Hust monet  E,, CH, =0

CE,=0 npu |u|#1, CE =1, CE, =-1, a anuc-

nepcuoHHOe ypaBHeHHe J (ka)=0 umMeer peleHue

opu Bcex |,

k,a=3.8317 [17]. YacToTa OTCEYKU JAHHOW MOBI
f. =0.203 TT'u. 3gecs, cornacHo (1.14), (1.17), (1.18)

R=2wixa)] [k, fodk.  22)

3aMeTHM, YTO paBHOMEpHas OTHOCHUTENBHO f
CXOIMMOCTh MHTeTpasioB B (2.1) u (2.2) obecneunBa-
eTCsl aCHMITOTUKAMH IOABIHTETPATBHBIX (DYHKIHI
O(/k’) m O(1/k*) npu k — o, COOTBETCTBEHHO.

Ha pucynke 2.1 comocTaBieHbI CHEKTPHI KO-
s dunnentos orpaxenus mox H,, u E,, paccuu-

TaHHbIe Ha ocHOBaHuU (2.1) u (2.2) mpu C =0.2. Ha
Hm3kux gactorax (f <0.6 TI'm) 3T CHexTps Cy-

MIECTBEHHO Pa3IMYar0TCsA, HO TI0 MepE YBEIMUCHHUS
4acTOTHl OHM cOmmkarorcs. [lociuemumii pesynbrat
€CTECTBEHEH, TaK KaK IPH BBICOKHX YacToTax obe
paccMaTpuBaeMble MOJIBI IEPEXOAAT B IUIOCKYIO
TEM BOJIHY, HOPMAQJIBHO OTPa)KAIOLLYIOCS OT CJIOH-
CTOM cpepl.

Ha pucynke 2.2 mnpuBejeHbl OTHOCUTENIBHBIE
CHEKTPBI KOAP(PHUIIUESHTOB OTPAKCHUS MO/, JTOIMYC-
Karomue umepenue meronom TDS mpu yciaoBuu
CEJIEKTUBHOTO BO30YXaeHus Mo, [t HIX

p=|R(C)/R(C,)|,
vy =arg[R(C)/ R(C,)], (2.3)
rne C — Tekymas JA0ds BOABl B JIUAEPMUCE,
C, =0.2 — non4 BOIBI B SIIMAECPMHUCE IIPH 3aAITUCH

p—1y
- o1
N@

v

0.08

0.04 —

0.4 0.6
fTly

omopHoro crekrpa. CrekTpsl (2.3) comocTaBieHbI ¢
OTHOCHTEIIHBIMHU CIIEKTPaMHU KO3 PHUIIMEHTa OTpa-
JKCHHS TUTOCKOW BOJIHBI, HOPMAJIbHO TaIaromield Ha
CIIOUCTYIO cpeny. st mociaeqHnx

p=[r(C)/1,(C))
v =arg[r, (C)/7.(Cy)],
rae 7, paccuuTbiBaercs mo dopmyre (1.5) npu yc-

nousix vy =,,,, k=0.

IRvl.arg(Ry)

1 ] 1 I

o 1N\

a4 — Ry
b —arg(Rv)

24
b — —

I
0 0.2 0.4 0.6 0.8 1
f, Try,

Pucynok 2.1 — Criektpbl k03 GHIHEHTOB
OTpa’keHUsI OT KOXH ocHOBHOM (1, 1") u mepBoi
BBICIIIEH (2, 2") MO ITOJIOTO METAJUTHYECKOTO
BOJIHOBOJIa. BepTHKanbHBIMH IITPUXOBBIMA
JIMHUSIMA OTMEYEHBI YaCTOTHI OTCEYKH MOJ]

Cornacno pucysky 2.2, B obmactu f < 0.6 TI'a
YyBCTBUTEIBHOCTb MOJ /1, U E; K BIaXHOCTU

SMUICPMHCA 3aMETHO pa3indaercs. JTa 0coOeH-
HOCTh 3aTpPYIHSET WHTCPIPETAINIO JKCIICPUMEH-
tanbHeIX gaHHeIX TDS [5], [7]. IIpu f > 0.6 TT'g

crexTpsl oTHoweHu R(C)/ R(C,) mns obeux mMox

p—1y
| (0

yr

0.08 —

0.04 —

1
'
1
1
1
[
]
]
[
1
3
1
'
¢
I
»
1
'
[N
i
1
1
'
'
i
0
1
1
'
§
T

0.4 0.6
fTly,

Pucynok 2.2 — CneKkTpbl OTHOCUTEINIBHBIX K03 ¢UIMeHToB oTpaxeHus mog H, (a) u E,, (0)

npu C=0.3 (1, 1")u C=0.1 (2,2'). llIrpuxoBbie IBETHBIC KPUBHIEC — IUIOCKOBOHOBASI MOJIENIb
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Pacuem 601108001020 30H0a 0N mepazepyo8oll CHeKMpPOCKONUU CIOUCOT Cpedbl

COMMKAIOTCSL M TPAKTUYECKH COBIANAIOT CO CIEK-
tpoMm otHowenus 1, (C)/r,(C,). B sToM nuanasone

4acTOT BOJHOBOJ[ BeIeT cedst Kak oObeMHas cpefa,
BCJICZICTBHE Y€ro B HEM PE3KO BO3PACTAIOT M3THO-
HBIC TIOTEPH 3HEPIUH, KOTOPbIE B XOJE PEalbHBIX
U3MEpPEHUI TPYAHO NpEJCKa3yeMo BIIUSIOT Ha JaH-
ueie TDS [1].

Takum 00pa3oM, OCHOBHOM MPAKTUUECKHUI HH-
Tepec Uil 30HAOBBIX NPUMEHEHHH IPEICTaBIsET
JIana3oH 4acTOT, B KOTOPOM BOJIHOBOJ| SIBJISIETCS
OJTHOMOJIOBBIM (Ha PUCYHKe 2.2 3TOT JHara3oH Or-
paHMYeH BEepTHUKAJIbHBIMU LITPUXOBBIMH JIMHUSIMH).
CornacHO TIpeICTaBICHHBIM BBIIE (OpPMyJIaM, I10-
JIO)KEHHUE W IIMPUHA JaHHOTO JHaIra3oHa MOTYT pe-
TYJIMPOBATHCSl BBIOOPOM AMAMETpa IOJION ceple-
BUHBI BOJTHOBO/IA.

Pucynox 2.3 WITIOCTpUPYET YYyBCTBHTENb-
HOCTb BOJIHOBOJHOIO 30HZA K BIIQXKHOCTH SMHIEP-
muca Ha yactote f =0.15 TI'n, sBisromeiics neH-

TpaJbHOW AJIsI Mara3oHa OJHOMOJIOBOTO pEXHMa
paboTsl BomHOBOAA. Pacder BBITONMHEH 1O (opMy-
mam (2.1), (2.3).
p—Ly
0.04
i —p-1
A\

0.02 H

0+

-0.02

-0.04 +

-0.06 —_— —
0 0.1 02 03 C

Pucynox 2.3 — UyBCTBUTENBHOCTE OJHOMOJOBOTO
BOJTHOBOJJHOTO 30HA K BJIQXKHOCTH 3ITHIEpPMHCa

CornmacHo pucyHKa 2.3, TpH JHATHOCTHKE
BJI&YKHOCTH KOXH MeTojioM TDS ¢ ucnons3oBaHreM
OJTHOMOJIOBOTO BOJIHOBOJHOTO 30HAA IIPEANOYTH-
TEJIbHO OPUEHTHpPOBaThCs Ha 3aBUCUMOCTH P(C),

KOTOpasi B MPEACTABISIIOIIEM MPAaKTUICCKANH WHTE-
pec auana3oHe U3MEHEHUs! BIOKHOCTH MPAKTUISCKU
JUHENHA U, IO CpaBHEHUIO C 3aBUCUMOCTBIO Y (C),

Oomee PE3KO BbIpaKCHA.

3akii0yeHue

B nmpubmmwkennn Kupxroda nomydeno ananu-
THYECKOE peleHne An(pPaKkIHOHHON 3aJadu O pac-
YyeTe CMEKTPOB aMIUIUTYZ MOJ BOJHOBOIHOTO 30HIA
npu otpaxkeHuu Tl ummysbca OT TOpLA BOJHOBO-
J1a, KOHTaKTUPYIOLLETO CO CIOUCTON cpenoil. B pam-
KaxX JBYXCJIOWHOM MOJENH KOXKH MCCIIENOBaHbl 4yac-
TOTHBIE XapaKTEPHUCTUKH OTPAKEHHBIX CUTHAJIOB, I10O-
JIy4aeMbIX C OMOIIBIO 30H/Ia B BU/I€ METAJUTMYECKOTO
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BOJIHOBOJIa KPYTOBOT'O CEUEHHs. YCTAaHOBICHO, YTO
MpPU UCMOJB30BaHUU JAHHOTO 30HJAa B KadecTBe
CEHCOpa BIIAXXHOCTU KOXH, OMpPENEsieMO METOJIOM
TDS, npenmnouturensHO paboTaTh B TOM JHana3oHe
YaCTOT, I'/I€ BOJHOBOJ SIBISCTCS OJHOMOIOBBEIM. B
9TOM CJIy4ae YyBCTBUTEIBHOCTh AMIUIUTYIBI OTpa-
JKCHHOTO CHUTHAJIA K BIIQXKHOCTH SITUICPMUCA JTOCTa-
TOYHA U1 MCIIOJB30BAHUSA B IHATHOCTHYECKHX IIE-
nsax (pucyHok 2.3). HaiineHnHsrit onTuMansHBIN TUa-
na3oH vactoT (0.1-0.2 TI'm) mocTymeH Takxke s
u3Mepenuit CBYU Metonamu, rie BeKTOPHBIN aHATH-
3aTop Lened MO3BONSET MOJIYy4uTh (Ha30BYHO WH-
(dhopmaruro.
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