CEHCOJJIEKTPOHUKA

00yuenus y-kantamu — 2-10'7 cm2

noje ¢ uHAyKuuei no 4 T).

[Tokaszano, yto HK ¢ ymenpHBIM COMPOTHUBICHHEM
P390k = 0,018 OM*cM 0GeCTIEUMBAIOT BBICOKYHO TOYHOCTh
m3Mepenus aepopmaruu (£5-107° oTH. ef1.) mpu Temme-
patype 4,2 K.
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YBEJIMYEHUE HYBCTBUTEJIbHOCTU CEHCOPOB
N3MEHEHUS 1TIOKA3ATEJIA ITPEJIOMJIEHNW A CPEABI HA
OCHOBE ITOBEPXHOCTHOI'O ITNIASMOHHOI'O PEBOHAHCA

HOKLZS’LZHO, uno ucnoJjab3oedHue qubpa-
KpACHO20 UCMOYHUKA U3TIYUEHUSl NO360JI5-
em Yayuuiums 4yecmeumeslbHocnib CEeHCOo-
pa no CpasHeHuro ¢ UCnOo4YHUKOM BUOUMO-
20 ceema.

IToBepxHOCTHBIH 1a3MoHHBIH pe3oHanc (ITITP) 3a-
KITFOYaeTCsI B ONITUYECKOM BO30YKICHUH I11a3MOHOB (T
BOJIHOOOPA3HOTO U3MEHEHHUs MJIOTHOCTH 3apsijia) B IO-
BEPXHOCTH, pa3/esstoliell MPOBOAHUK (HAIIpUMeEp, ce-
peOpo IITH 30I0TO) M TUDIICKTPHK (ITO MOXKET OBITH T'a3,
KHUJIKOCTh WIIK TBEPJIOE TeNO0). Pe30HaHCHBIN BOJTHOBOM
BEKTOp, CBS3aHHBIA C ONTUYECKUM BO30YKICHHUEM I10-
BEPXHOCTHBIX IJIA3MOHOB, 3aBUCUT OT KOMIJIEKCHOTO TIO-
KazaTelsl MPEIOMIICHHST METallIa U OKPYKaIOIIeH ud-
JEKTPHUYCCKOU CPeIbl. ITOT pePpaKTOMETPUICCKHUIT Me-
TOZ C YCIEXOM HCIIONIB30BANICS JIsI aHAIIN3a pa3Hoo00-
pa3HBIX BEMIECTB, Oy/b TO Ta3bl (HAIIpUMEp, apoMaTH-
YecKHe yrieBogopoasl) [ 1], skuakoctu (Hampumep, TOK-
CUHBI B )XKHUJKOHU cpene) [2] wiu TBep/ble Tena (Hampu-
Mep, HeOpraHM4ecKue TBepAble YacTHlbl [3] u opraHu-
yeckue ieHkn Langmuir-Blodgett [4]).

OCHOBHBIM MPEHMYIIECTBOM ITOBEPXHOCTHOTO IJTa3-
MOHHOTO PE30HAHCa SIBISICTCS TO, YTO OH TI03BOJISICT Ha-
OJFOIaTh M3MEHEHHST KOMILUTEKCHOTO ITOKA3aTes IIPEIOM-
JICHHSI, KOTOPBIC MPOUCXOST BOIM3H TTOBEPXHOCTH CEH-
copa. To ectb, 11060€ Pu3HUecKoe SBICHUE HA TIOBEPX-
HOCTH, KOTOPOE IPUBOIUT K U3MEHEHHIO [T0Ka3aTes mpe-
JIOMIICHHS, MOJKET OBITh UCIIOIB30BAHO JJISI OTYICHII
OTKJIMKa U3MEPHUTEITFHON CHCTEMEI.

s peructpanuu 3¢ dekra [P ucrmonb3yror pas-
JIMYHbIE TPUHLMIIBL: 3a1IMCh MHTEHCUBHOCTHU OTPaKEHHO-
ro cBera Ha noiyBbicore Munumyma I1ITP-kpuBoii [5];
IIPUMEHEHNE KOHBEPIUPYIOLIETO CBETOBOIO Iy4Ka U KO-
OpAMHATHO-4YBCTBUTEIHHOTO perucrparopa [6]; mexa-
HUYECKOE CKaHUPOBAaHUE YIVia majeHus [7], mpu KoTo-
POM PUMEHSIOT KAK MOHOXPOMATHYECKUH JTa3€pHBII HC-
TOYHUK U3JIy4eHUs], TAK U ICTOYHUKH HEMOHOXPOMATH-
YecKoro uaimydenus [8].

[NosiBneHne HOBBIX MOAM(UKALUH TPHOOPOB [9] cBH-
JIETENbCTBYET 00 aKTyalIbHOCTH HAIIPABJICHUS U HATUYUH
JOCTaTOYHO OOJBIIOTO KOJINYECTBA HEPEIICHHBIX 3a/1a4,
TpeOyIOMNX HeTIPEPLIBHON MOICPHH3AIIIN CEHCOPOB Ta-
KOTO THIIA ¥ TIPUCTIOCOONICHHUS MX K H3MEHSFOIIIMCS Tpe-
0OBaHUSM K 4yBCTBUTEIBHOCTH, TOUHOCTH H3MEPEHHUS,
BOCIIPOU3BOIUMOCTH PE3YIbTATOB.

B Hacrosieit paboTe paccMaTpUBaeTCs OJJUH U3 BO3-
MOYXHBIX CITOCOOOB yITydInieHust 9yBCcTBUTENbHOCTH [1T1P-
npeoOpa3oBaTeneil K N3MEHEHHIO TT0Ka3aTelsl IIPEIoM-
JICHUs UCCIIEAyeMOM Cpelibl, OCHOBAaHHBIN HA IPUMEHE-
HUW JIJTMHHOBOJTHOBBIX HCTOYHUKOB BO30YxkneHust [TTTP.

AHaJIN3 BO3MOKHOCTH YBeJMYECHUS] YyBCTBHUTEJIb-
HOCTH K M3MEHEHHMI0 MOKAa3aTeJs MpeJoMJICHUS
BHEIIHEel cpeabl

OCHOBHBIMH O0BEKTAMH aHATM3a B HACTOSIIICH pa-
6ote cayxar npudopsl cepun [IJTASMOH [10, 11], xo-
TOpBIE SBJISOTCS yHUBEPCATBHBIMY TpH peructparmu [1T1P
B TEX CIIydasx, KOTJa B KAUECTBE AUAIICKTPUKA UCTIONb-
3yIOT KHJKOCTH M Ta3bl. B HUX B KauecTBE MCTOYHHKA
CBETAa UCTIONIB3YETCS JTa3ePHBIN CBETON3TY YOI IO/
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C ONITHYECKON CUCTEMOI (pOpMHUPOBAHHS KOJTTUMHUPOBAH-
HOTO ITyYKa.

[Tpubop ITJIABMOH-5 moxeT paboTath B ABYX pe-
KUMax. B mepBoM pexxume n3MepsieTcss HHTCHCUBHOCTb
1 OTpaXEHHOTI0 U3JIyUeHUs IPU pa3IMYHbIX YIVIax Maje-
HUS () JIa3ePHOTO U3IYUYCHHUS Ha CUCTEMY «IIPHU3Ma—30-
JOTO—UAIEKTPUKY. [IpH KakuX-I11nb0 N3MEHEHHUSIX, ITPO-
UCXOASIIUX Ha TOBEPXHOCTH 30JI0TOU TJICHKH, U3MEHS-
€TCsl yIIOBO€ NoJokeHue MuHumyMa Ha I1ITP-kpuBoit
1(¢), kotopoe hukcupyercst mpudopom. B ITITTASMOHe-5
UCTIONB3YETCs TOMYPOBOIHUKOBBIN J1a3ep ¢ JUTMHOH BOJI-
HBI A=650 HM, JMama30oH H3MEHECHHUS YIJIOB IalcHus B
BO3JIYIIHOU cpejie cocTaBisieT 17°, mpu 3ToM pa3dpoc
H3MEpeHHil yria coctaBmsieT okoio 107, 4to mo3Boser
OIpeleNsATh U3MEHEHHUE IToKa3aTelis IPeJIOMIICHHUS Ha Be-
snauny 51073, TeopeTHueckuii pacyerT, IPOBEIEHHBIH 110
[12, c. 379—388] ¢ momorkio nporpammbl Mathcad 13.1,
MOKA3bIBAET, YTO MIPH UCIIOIb30BAaHUU U3TYUEHUS J1azepa
C JUTMHOM BOJTHBI A=650 HM, H3MEHEHHE TI0Ka3aTeJIs pe-
nomienus cpenabl Ha 0,0001 mpUBOAUT K CMELLIEHHIO YT -
J10BOrO0 nojoxeHus Munumyma HTTP-kpusoii Ha 0,0095°,
a npu A=820 um — Ha 0,0076°. To ecTb, yeM GoIbIIIC
JUTHHA BOJIHBI, BO30yxnatomieii [1T1P, tem menbIiie n3me-
HsIETCs yIIIOBOE nosytoskeHrne MuHUMyma Ha [1T1P-kpuBoii
IIPY OJJMHAKOBBIX M3MEHEHUSIX [T0Ka3aTesl PEeTOMIICHHS
BHeIIHeH cpezpl. TakuM 00pa3oM, UCTIONb30BaHUE BOJIH
OoJblel UIMHBI B peskume u3mepenus mnosaHou IITP-
KPHBOI PUBOJIUT K yXYALICHUIO YYBCTBUTEIBHOCTH ITPH-
Oopa, B JaHHOM ciiydyae — B 1,25 pasa.

Bo BTOopom pexume paboTsl mprOopa cHavana u3me-
PSIIOT MOJHYTO KpuBYIo /() (puc. 1). 3atem BEIOMpaIOT
pabouyio TOUKY Ha €¢ CIaJarouieil BETBH, B COOTBET-
CTBHH C KOOPIMHATAMH KOTOPOH I1arOBbIiA JIBUTATEITH ITPH-
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Puc. 2. VI3mMeHeHne 4yBCTBUTEIBHOCTH MPUOOpa K M3MEHe-
HUIO 72 TIpH =650 HM ¢ POCTOM JUTHHEI BOJTHBI BO30YKICHUSI
[ITIP B pa3nuuHbIX pexKUMax U3MEPEHUS:
[ — nepBblii peXUM (110 U3MEHEHHUIO YIIIOBOTO MOJIOKSHUSI MUHUMY-
Mma [IITP-kpuBoif); 2 — BTOPOH pexuM (110 U3MEHEHHIO KPYTHU3HBI

TIITP-kpuBOit); 3 — peabHOE yBEIHYEHNE TyBCTBUTEIBHOCTH PUOOpa
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0opa ycTaHaBIHBAET IOBOPOTHYIO cucTemy. Jamee u3-
MEpSIeTCS] HHTCHCHBHOCTB OTPayKCHHOTO U3ITyYCHUS TIPH
(UKCHPOBaHHOM yTIIe MaaeHus. [Ipy n3MeHEeHUH ONTH-
YECKHUX CBOMCTB cpelbl HaJl MOBEPXHOCTHIO 30JI0TOH
mieHku [ITTP-kpuBas cmemaeTcsi, 4To MPUBOJUT K Iepe-
MEIICHUI0 (PUKCUPOBAHHON MO YDy MajeHus paboueit
TouKH B1oAb [ITIP-kpuBOii, @ 3HAUUT U K U3MEHEHUIO UH-
TEHCUBHOCTH OTPAKEHHOTO M3TydeHus. Takum oOpazom,
9yBCTBUTEILHOCTh BCEH CUCTEMBI B 3TOM PEXHME OTIpe-
nensieTcst KpytusHou cnanaromeit setsu [1I1P-kpuBoid,
T. €. BenmnunHOU nipon3BoaHoi d//d@. Pacuernsie I111P-
KPHBEIC JUIS1 BOJH Pa3HOW JUTHHEL, a TAKXKe BUJI EPBBIX
mpou3BoaHbIX d//d@ npencrapiieHsl Ha puc. 1.

W3 puc. 1, 6 BUIIHO, 4TO aOCOTIOTHOE 3HAUCHUE MaK-
CHMyMa TPOU3BOIHON it A=650 M paBuo 0,5 mpu
0= 62°, a st A=820 um — 1,3 ipu 9=59°. D10 03HAUA-
€T, YTO BO BTOPOM PEKUME U3MEPEHUH 1pu A=820 HM 3a
cuet n3menenus popmsl [TI1P-kpuBoii (puc.1, a) Mmox-
HO MTOJYYHUTh TyBCTBUTEIHHOCTH K N3MEHECHHUIO TIOKa3a-
TeJIsl IPEIOMIICHHSI CUCTEMBI B 2,67 pasa BEIIIE, YeM IPH
2A=650 uM (puc. 2 kpuas 2). Ho yuuTsiBas T0, 4TO IIPU
YBEJIMUEHUH A BCS KpHBas CABUTAETCS 1Mo yriay B 1,25
pa3a MeHbIIIe, YeM TIPH HCIOIb30BAaHHU BOJH JTHHOM
650 uM (kpuBast /), momydaeM o0 ko3 UIKEHT yBe-
JIMYCHUS TyBCTBUTENLHOCTH — 2,14 (kpuBas 3). Taxxke
OBLIO PacCYUTAHO U3MEHEHUE YYBCTBUTEIHLHOCTH MPH-
00pa ¢ JaIbHEHIITUM POCTOM JUTHHBI BOJTHBL. Pe3ynbrarh
pacueTa mpeJIcTaBlIeHbI Ha pHC. 2.

Ecnu n1s pemieHus KOHKPETHOM 3a/1a4M HE XBATAET
YyBCTBHUTEIHFHOCTH MPHOOpa Ha OMPENIEICHHON IIHHE
BOITHBI, TO U3 IPa)UKOB HA PUC. 2 MOYKHO OIICHUTH Iielie-
Cc000pa3HOCTh Mepexoia Ha JAPYTYI0 BOJHY BO30YXIe-
HUS [UIa3MOHHOTO PE30HAHCa.

IKcnepuMeHT
s TpoBepKH TEOPETUUECKUX pacueToB Ha Oase
npubopa [INTASMOH-5 ¢ aauHo# BOIHBI BO30YKACHHS
650 HM ObLT co3aaH PUOOP ¢ ATUHON BOJIHBEI 820 HM.
CeHCOpHBII UuI NpeCTaBIIsAeT COO0H CTEKIITHHYTO T11a-
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Puc. 3. DxcniepuMeHTalbHBIC KHHETHYECKHE KPUBBIC (pa3-
HOCTh MEX[y MOKa3aHUsAMH Npudopa B ONMOpPHOM U pabo-
4yeM KaHajax) Ipy W3MEHEHHH TT0Ka3aTels MPeIoMIICHHUS cpe-
JIbl IPY BO30YIK/IEHHN PE30HAHCAa BOJHAMH PAa3HOM UTHHBI

ctuny pazmepamu 20x20x1 MM c mokazarenem mpe-
momuteHust n=1,515, TOKPBITYIO CII0OEM 30JI0Ta TOJIITHHOMN
50 HM ¥ TOZICIIOEM XPOMa TOJIIMHON 3 HM /IS JTyqIIen
anre3uu. B xoze skcriepuMeHTa B KIOBETE, I71€ HaXOINJI-
Csl YT, TPUKIbI IPOU3BOMIIN 3aMEHY JUCTUIUIMPOBAH-
HOM BOJBI ¢ ToKazareseM mnpenomiienus n=1,33303 na
OJHOIPOIIEHTHBII pacTBOp NIMLEPUHA B TUCTUILIIMPOBAH-
Ho¥ Bojie ¢ n=1,33416. Pexxuim n3mepeHuii COOTBETCTBO-
Bau1 jieBoM BeTBU [T 1P-kprBoil. Pe3ynbrarsl sKCiepuMenTa
TIpe/ICTaBICHBI Ha pHC. 3.

[NockonbKy mprOOp UMEET JIBA ONITHUECKIX KaHAJIA —
OTIOPHBIN U pabo4nii, O OCH OPAWHAT OTKIJIAABIBANIN Pa3-
HOCTB O MEXKTy ITOKa3aHUSIMHU aHAIOTOBO-IIU(POBOTO Ipe-
oOpasoBarens Ha 3TUX KaHanax. M3 puc. 3 BUAHO, 4TO
YYBCTBUTEJIBHOCTh K U3MEHEHMIO TIOKa3aTess IpeioM-
JICHUS MCCIEAYEMOH Cpefbl ¥ MpHOopa ¢ UCTOYHUKOM
n3nydenus BoiH JunHON 820 HM B 2,4 pa3a BbIIlIe, 4YeM
npu A=650 HM.

[omyueHHbIe pe3ysbTaThbl HEMJIOX0 COIACYIOTCS C IPOo-
Be/ICHHbIMU pacueTamu. HecoBmaieHne pacyeTHOro 1 9K-
CIIEPIMEHTAITFHOTO KOA((HIIIeHTa YBETITIeHHS TyBCTBH-
TEJIBHOCTHU CBSI3aHO C pas3IMyueM MoKa3aTesel npeiom-
JICHUSI UMMEPCUOHHOM KUKOCTH, MaTepuaa Mpu3Mbl 1
CTEKJISTHHOM TOAJIORKKH, KOTOPOE HE ObIO YYTEHO MPH
TEOPETHUYECKUX pacyeTax.

k%

Iepexon k GomnbIeil ATHHE BOIHBI BO30Y K IAIOIIETO
IIITP u3ity4eHus: yBeNUYUBACT YyBCTBUTEILHOCTD IIPU-
60pa K U3MEHEHHUIO TOKA3aTeNs MPETOMIICHUS JUINIEKT-
PUYECKOi CperIbl, TI03BONISET U3ydaTh OoJiee TONCTHIE CIION
JUBJICKTPUKA Hal TOBEPXHOCTHIO 30JI0TOM IIJICHKH, T. K.
IIPU 3TOM YBEJIINYMBACTCS TITyOMHA MPOHUKHOBEHHUS 3a-
TyXalOLEero 3J€KTPOMAarHUTHOIO IOJISA B JUAIIEKTPUK.
Kpome Toro, ucnonp30BaHuE U3TydeHuUs ¢ OObIIEH 1Tn-
HOI1 BOJTHBI ITO3BOJISIET pabOTaTh ¢ MaTepHalaMu, HMEI0-
UMM CHIIBHOE TIOTVIOIIEHNE B BUANMOM 00IacTH CIIeK-
Tpa u nmpo3paunsivu B MK-o6mactu.
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