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NCITOJBb30OBAHME CJIOUCTO-IEPUOJUYECKUX CTPYKTYP
AJIA UCCIAENOBAHUA BUOJTOT'MYECKHX MATEPHAJIOB
ITPU TEPATEPHOBOU TUMATI'HOCTHUKE

Hpe[[CTaBJIeHI)I TCOPCTUUCCKHUEC OAHHLIC O TCPArcpuoBOM H3JIYYCHHU U €TI0 HCIIOJIb30BAHWH. KpaTKO
OIKCaHa UCTOPHUs co3/1aHusi reHepaTopoB TT'1l BOJH, CIIOXKHOCTH NP HX Ipou3BojcTBe. [IpuBeneHs
pe3yJIbTaThl TEOPETUUECKUX PACUETOB U MOJIyUYeHHbIE (popMyIIbl A1 pacuéra oTpakeHus TI'1 BOIH.

KioueBble ciioBa: TepareprioBoe U3IydeHHE, CIIEKTPOMETPHS, CIOUCTO-TIEPUOJUUCCKUE CTPYK-
TYpBI, OTaHCHBIN IETEKTOP, OOJIOMET.

TepareproBsiM (CyOMUJUTMMETPOBBIM) HU3IIyYEHUEM HA3BIBAETCS SJIEKTPOMArHUT-
Hoe u3nydeHue B uHteppaie yactot 0,3 mo 10 TT'u, To ecth 0,3-10% -10-10" ' (-
Ha BOJIHBI MM — 30 MKM). DTOT 4aCTOTHBI MHTEPBAJI 3aHUMAET YACTh IEKTPOMArHuT-
HOTO crekTpa Mexay uHppakpacHeiM (MK) 1 MUKpPOBOJTHOBBIM AMANa30HAMU, IIOATOMY
ero Takxe 4acto Ha3biBaloT AanbHUM UK unm cyOMmummeTpoBbIM auamnazoHoM. [[o
HBIHEIIHEr0 BPEMEHHM TeparepuoBbIi JUana3oH OCTAaETCS MaJOW3YYEHHBIM IO CpaBHE-
Huto ¢ cocequumMu — UK u MukpoBosiHOBEIM. Pa3zpaboTanHbie BO BTOpOil MmosoBuHE XX
BEKa UCTOYHUKH KorepeHTHOro NK-u3nyuenus (1a3epbl) 1 MUKPOBOJIHOBOTO U3TyUYEHUS
(a5eKTpOHHBIE TPUOOPHI) TUIOXO MOAXOIAT JUIsl TEHEPALMH U3TYyYEHHUs B MPOMEKYTOU-
HOM TEparepuoBOM JHANA30HE; B CIIydae JIa3€pOB, 3TO CBA3AHO C TEIUIOBBIM Pa3MbITUEM
Ja3epHbIX YPOBHEH, a B cllyyae 3JE€KTPOHHBIX MPUOOPOB — C KOHEYHBIM BPEMEHEM IIPO-
néta HNEeKTpOHOB. Ilo3TOMY TeparepuoBBbIil y4YacTOK 3JEKTPOMArHUTHOIO CIIEKTpa
Ha3BaJIM «TE€PAreproBbIM NPOBAIOMY». J[0 CETOAHSIIHETO BPEMEHH B MUPE MPUKJIIAIbI-
BAlOTCS 3HAUYUTENIbHbIE YCHIINS, YTOOBI 3alI0JIHUTh 3TOT MPOBAJL.

Ha puc. 1, mokasaHsl HWKHSISI YaCTOTHAsI TpaHMIIA Ja3e€pHBIX METOJIOB T'€HEpalUH
U3ITyYEHUS] U BEPXHSS YaCTOTHAs TPaHUIa paObOThI AJIEKTPOHHBIX yCTPOoMcTB. [1] OgHako
3G (HEKTUBHOCTD JIA3EPHBIX U AJIEKTPOHHBIX MPUOOPOB, TOCTUTAIOIINX (C TPOTHUBOMOIOXK-
HBIX CTOPOH) BBICOKHUX YaCTOT B LIEHTPE TEPAreplioBOTO MpOBaia, OCTAETCS HEBBICOKOA.

TI 11 «mposan»

PAoOHOYaACTOTHOS MHLIHMETPOBOC BHOHMOC PEHTIIEHOBCKOE
MHUKPOBOMHOBOES HK Y@
l l | “ | I .
1 T 7 1 >
10° 10" 10" 10 TIn

Puc. 1 - CHCKTp QJICKTPOMAIrHUTHBIX BOJIH U TeparepHOBI)II/I «IIpOBaJI»
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[Ipobnema co3znanus 3(h(PeKTUBHBIX TEParepIiOBBIX HICTOYHUKOB CBSI3aHA C TEM, YTO
B TEpareploBOM [MaNa3oHE CJIOXKHO MCIOJIB30BaTh XOPOIIO pa3paboTaHHBIE METOJIbI
reHEPALNH U3JIyYeHUI COCEHUX ONTUYECKOTO U MUKPOBOJHOBOTO JHANMAa30HOB. ONTH-
YEeCKUE TeHEPaTOPbl KOTEPEHTHOTO H3Iy4eHHs (J1a3epbl) OCHOBAHBI Ha BBIHYKJICHHBIX
nepexoaax NEKTPOHOB MEXy YpOBHsIMU. M3-3a TOro, 4TO KBaHT TEPareploBOro U3iy-
YEHUS! HEBEJIMK (3KBUBAJIEHTHAs TeMIieparypa u3inydeHus yactorod 1 TI'm cocraBnser
Bcero 47,6 K), TersoBasi penakcaiys Jla3epHbIX YPOBHEW MPU KOMHATHOW TeMIEparype
NPUBOJUT K BBIPABHUBAHHUIO HACEICHHOCTEH M OBICTPOMY YHHUYTOXEHUIO WHBEPCHUHU.
[ToaTOMy, Hampumep, KBAHTOBO-KACKaJHbBIE Ja3€pbl, KOTOPHIC SIBJIAIOTCS OJHUMH U3
NEPCIEKTUBHBIX UCTOYHUKOB, HA CETOAHSIIHUM IEHb MOTYT T€HEpUPOBaTh HAa Teparep-
[IOBBIX YaCTOTAX TOJBKO B YCIOBUAX KPUOTEHHOTO OXJIAXKICHUSI.

B mukpoBonHoBoM 1 CBY nuamna3onax, pacnoioKEHHBIX C IPYroil CTOPOHBI TEpa-
reploBOro MpoBajia, reHepanus 3JIEKTPOMAarHUTHOTO M3JIYYEHHs CBSI3aHO C TPAHCIOP-
TOM (JIBIKEHUEM) HOCUTENEH 3apsiaa. BepxHss rpaHuiia 4acToThl U3TyUEHUS OTpeAes-
€TCsl XapaKTepHBIM BPEMEHEM IpoJi€Ta Hocutels B mpudope. To ecTh, eciii Hy>KHO Io-
JYYUTHh OCHMJUTSIIIMA HOCUTEJIEH Ha TepareplioBbIX 4acTOTaxX, HY>KHO MPUIIOKUTH JOCTa-
TOYHO CHJIBHOE AJIEKTPUUECKOE IMOJIE K MajJloil 00JIacTh MPOCTPAHCTBA, YTO U BBI3HIBAET
TEXHUYECKHUE TPYAHOCTH. MOIIHBIMH UCTOYHHUKAMH TEPareplioBOTO H3IIyYEHHUs, OCHO-
BAHHBIMU Ha NEPEHOCE HOCUTENEH 3apsja, SBISIOTCS CUHXPOTPOHBI U JIa3epbl HA CBO-
OOJIHBIX JIEKTPOHAX, HO UX JIOPOTOBU3HA U pa3Mephl MPEMATCTBYIOT UX IIUPOKOMY HC-
MOJIb30BAHUS, JAXKE JUIsl YUCTO HAYYHBIX UCCIICIOBAHUM.

Jo xonma 20-ro Beka Jazepsl 115 qanbHel UK obnactu OpUM rpOMO3JIKMMU U Ma-
103G deKTUBHBIMH, TTO3TOMY MOTpeOOBaach pa3paboTKa HOBOW cxembl renepaiuu. Co-
3nanue B 80-X rojax MpoILIOro CTOJIETHS MOITHBIX UMITYJILCHBIX JIa3€POB, B YACTHOCTH,
(heMTOCEeKyHTHOTO, TO €CTh TEHEPUPYIOIIETO UMITYILCHI TUTEIbHOCTHIO 0KoJio 100 ¢c

(1 e =10"" ¢), OTKPBLIO MyTH IS CO3AHHS KOMITAKTHBIX HCTOYHHKOB TEPArepLIOBOTO
W3JIy4EHHUsI, OCHOBAHHBIX Ha B3aUMOJCHCTBUM JIA3€PHOTO U3JIYYEHUS C BEIIECTBOM. BhI-
SCHWJIOCH [2], 4TO TeparepuoBOE€ U3JIYYEHHUE MOYKHO MOJYYUTh 3a CUET HEIMHEHHOTO
npeoOpa3oBaHus BBICOKOMHTEHCHBHOIO JIA3€PHOTO M3IyYeHUs B KpUCTaiax (reHepa-
1M Pa3HOCTHOW YacTOTHI), a TaKXKE 3a CUET HEKOTOPBIX JUHEHHBIX d(P(HEKTOB, TAKUX
KaK MHIYLUPOBaHHAs JIA3€PHBIM HMITYJILCOM T€HEepalusl HOCUTENEH B MOJyIPOBOIHU-
Kax. BriepBeie T. H. KBaHTOBO-KaCKaAHBINA MpUHIKI TeHepanuu TT11 nazepa ObLT peau-
30BaH B 1994 r.

OmHOM M3 MEePCIIeKTUBHBIX 001aCTe UCCIIEI0OBAHUS, CBI3AHHBIX C TePareprioBEIMU
BOJIHAMH, SIBJISIETCS WCIIOJB30BaHUE CIOMCTO-TICPUOINYECKUX TUDJICKTPUUECKUX MaTe-
puasnoB. JlaHHbie CTPYKTYpHI pu oOydeHun TI'11 BoHaAMU BeayT ceOsi crielupuIHbIM
oOpa3om. B 3aBUCHMOCTU OT TOJIIIUHBI CJIOEB U JUIJIECKTPUUECKON MPOHUIIAEMOCTH K C-
MOJIb3YEMbBIX MaTe€pHaioB, BO3MOXXHO IMOJyYaTh XapaKTEPUCTUUECKUE KPHUBBIC, MMO3BO-
JSIOIIME XapaKTEepU30BaTh CaMy CTPYKTYPY M OMNpenenarh €€ mapameTpbl. B cBsizu ¢
ATUM, MPEJICTABIISIET HHTEPEC MPUMEHEHUE JAHHBIX CTPYKTYP B IMArHOCTUKE COCTOSIHUM
OMOJIOTUYECKUX MATEPHAIIOB.

B pabGote uccnenoBamuch MHOTOCIOWHBIE MEPUOJANYECKUE CTPYKTYPBI, KOTOPBIC
COCTOSUIM U3 JIBYX CJIOEB C PA3IMYHON TUNIEKTPUYECKONU MPOHULIAEMOCTBIO & U &, , KO-

TOPBIC IEPUOANUCCKUC ITIOBTOPAIOTCA. TOJIHII/IHBI CIIOEB dl 141 d2 cooTBeTCTBEeHHO. [locne
HCCKOJIBKUX IICPHUOAO0B JHUIJICKTPUICCKUX CIIOEB HAXOOUTCS OMOJOrNYECKUI Marcpuai C
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AUAIIEKTPUUECKON MPOHULAEMOCTBIO &, U TOMIMHON ciost d, . CunraeM, 94TO 00OBEKTHL

UCCJIEIOBAHUS HAXOJATCSA B IJIOCKOCTH XZ M MPHU 3TOM OJHOPOJHBI MO HAIPaBICHHUIO
ocu 0y. PaccmarpuBaics ciydail JjIsi HEeMarHUTHOHN cpeabl. Mccienyemas CTpyKTypa

M300pakeHa Ha puc. 2.

-
d L
d, £2
d, £1
dx £
d, £1
dl Ez
d 1
d: 0 £2
dlI |. t £1
4 b\

Puc. 2 — Cxemarnueckoe n300pakeHne UCccaeayeMoi MHOTOCIOWHOM CTPYKTYPBI

N3HavampHO paccMaTpHUBAIOCh MPOXOXKACHUE U OTPAKEHUE BOJH B CIIydae OJHO-
poaHOro nudnekTpuyeckoro cios. Ilocne nomyueHuss HeoOXo0IUMBIX (HOPMYIL, C TOMO-
1IbI0 TeopeMbl Abene, ObLIM MOJYyYeHbl YPaBHEHUS JIi MHOTOCIOWHOM AMAIEKTpHUYE-
CKO#l cTpykTyphl [3]. 3aTeM ypaBHEHUs ObLIM MOIM(ULMPOBAHBI C yYETOM HATUUMS
CJ10s OMOJIOTMYECKOT0 MaTepuaja M MOJydeHa XapaKTepUCTHUecKas MaTpHlla JTaHHOU
CUCTEMBI B 11€JIOM. bblIO OJy4eHO AUCTIEpCHOHHOE YpaBHeHue Juist TM-kose0anuid:

L[ &eky &Ky

cosk " d = (cosk ,d, cosk,,d, — =| £2-2 + £2%22 sink_d,sink,,d,)-U, ,cosk, d,
‘91k22 gzkzl

[ _ ik, C . ik,,C . o .
_1og cosk,,d, sin kZZdZUNI —sin kzLdL—icoskzldlsm k,dU, ~ 12 sin k,d,
e @ e, k,.C
[ : ik, C . ik,C . o .
19 gin kzldlcoskzdeUNI Z—sin kZLdL—I 2-sink ,d, cosk,,d,U 12 gin k,d,
I(le o 0)81 zL
sin(N coskd
rae U =¥;
sin(coskd)
sin(N coskd) —sin((N —1) coskd)
U= i = .
sin(coskd)

[Ipu paccMOTpeHHMM MOJTYYEHHBIX YpPAaBHEHHUU OBLIM OIpEAesieHbl 3aBUCUMOCTH
MIPOXOXKJICHUS U HEMPOXOKACHUS SJIEKTPOMArHUTHBIX BOJH B 3aBUCUMOCTH OT yTJia ma-
JICHUS1, KOJIMYECTBA CIIOEB U COCTOSTHUSL OMOTIOTHYeCKOi cTpyKTyphl. [loBeneHre BOJIHbI
NPE/ICTABIIACTCS B BUJIE 30HHOM CTPYKTYpPHhI, KOTOpasi UMEET pa3pelIEHHbIE U 3anpeniEH-
Hble 30HBI. [Ipy mapameTrpax, COOTBETCTBYIOUIMX 3aNpEUIEHHON 30HE, dJIEKTPOMArHUT-
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Hasl BOJIHA HE MOKET MPOHUKATh BIIIyOb CTPYKTYpPHI, UTO AA€T HAM BO3MOKHOCTH OIIpe-
JENATh COCTOSTHUE OMOJIOTMYECKOT0 MaTeprala Mo pe3ysibTaTaM MOBEICHHUS BOJIHBI.

Hcnonb3ys nojydeHHbIE YpaBHEHHUs, OblIa pa3paboTaHa KOMIBIOTEPHAs POrpam-
Ma, KOTOpas IMO3BOJISIET MOJEIMPOBATH MOBEJCHHUE TEPAreproBOM 3JIEKTPOMArHUTHOU
BOJIHBI B 3aBHCUMOCTH OT CJIEAYIOIINUX MNapaMeTpPOB: AUDJIEKTPUUECKHE TPOHULIAEMOCTH
CIIOEB, WX TOJIIMHBI, KOJUYECTBO MEPHOJOB. JlJii BCEX OCHOBHBIX OHMOJIOTHYECKUX
CTPYKTYp (TKaHH, OpraHbl) CYIECTBYIOT IPaJlyHpOBOYHbIE TAOJIMLIbI C BEIMUYMHAMU JIU-
ANEKTPUYECKUX ITPOHUIIAEMOCTEN IIPU Pa3IMYHBIX YacTOTaxX BOJIH. Mcronb3ys 3TH naH-
HbIE B IIpOTpaMMe, MOKHO MOJIYYUTh TpauK, ¢ MOBEACHUEM BOJHBI B JAHHOM CTPYKTY-
pe, ipu e€ HopMajbHOM paboTe. B ciydae ke OTKIOHEHUH WM HapylIeHUH B padoTe,
Mbl OyzneM mnoiydarh uHble rpaduxu. Ha puc. 3 mpencraBieH pe3yibTar padoThl Ipo-
rpamMel. CreBa, Ha puc. 3, a, IPEACTaBIEH TEOPETUUECKUN TpapuK JIsl OMOIOrHYECKO-
ro MaTepuaia 3J0pOBOI MEUYEeHH; CIipaBa, Ha puc. 3, 6, IpeAcTaBieH rpaduK AJisl IeYeHU
c omyxodibto. [To ocu Oy otnokena pynkuus Gopmynst (1.1). I'paduku BITOTHEHBI B
eanHoM Maciutabe. Hanbosnee xapakTepHO OTIMYAIOUIMECS TUKHU BBIIEIEHBI HA PHC. 3,
0, IPSAMOYTOJIbHUKAMHU.

a o
Puc. 3 — TeopeTnueckue xapakTepUCTUYECKHUE KPUBBIE JITIS:
a — 3I0pOBOM NE€YEHU: O — IIEYEHU C OITYXOJIbIO

BolieonyvcanHplii MPUHLMIT JUATHOCTUKU COCTOSIHUS OWOJIOTHYECKUX OOBEKTOB
BO3MO>XHO NPHUMEHUTh, UCITON3YSl TEPAreplOBBI CIIEKTPOMETP, MPEITIOKEHHBIN B [4].
Ero ¢yHkimonansHasi cxema rnpejcraBiieHa Ha puc. 4. JlazepHbiii mydyok (PeMTOCEKYHI-
HOTO ((c) J1azepa ¢ MOMOIIbIO CBETOACIUTENBHOTO KiMHA K pa3nenstoT Ha 1Ba mydka:
My40K HAKa4YKU M 30HAUPYIONINI (MpoOHBIN) mydok. boyiee MOMIHBIA MydOK HaKauyKu
HCIIOJIB3YETCs JJI TeHEepaluy TeparepLoBOro MMITyJibca B KpHCTaJle reHeparopa I, a
30HIUPYIOMUA TTy4OK — JUIS I€TeKTHUpoBaHus B Kpuctawie nerekropa . s sddex-
TUBHOTO JETEKTHUPOBAHUS TEPareplioBOro Mmyyka €ro Takke HeOOXOAMMO CKOHIEHTPH-
pOBaTh B MaJIOM 00JACTH MPOCTPAHCTBA (C pa3MepaMy MOpsJIKa JJIUHbI BOJHBI), [I03TO-
MYy AHAJOTMYHOE 3EPKAJII0 MOXKET MCIIOJIB30BaThCA B IUiede AeTekropa. Mccnemyembie
oOpas1pl IOMEIIAIOT B TEPATEPLIOBBIM MyYOK MEX 1y Napad0IMUYeCKUMH 3epKajlaMu.

112 ISSN 2079-0023. Bicnux HTY «XIII». 2012. Ne 18 (991)




30HAHMPYOIIHHA MYYOK

Y40k
K HaKAYKH

e nazep
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]
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i | yeunurens

Puc. 4 — ®ynkunoHanbHas cXxeMa TEpParepIioBoro CleKTpoMeTpa

Hcnonb30BaHuEe CIOUCTHIX CTPYKTYpP MO3BOJISIET AUATHOCTUPOBATH Pa3iIMYHbIE OT-
KJIOHEHMS Wi omyxoyik. OHO U3 TJIaBHBIX OTIWYUHI, IO CPABHEHHIO C YK€ U3BECTHBIMU
METO/IaMH, 3TO BO3MOXKHOCTb UCHOJIb30BaHUS JJIsl TIPOBEACHUS aHAJIM30B KOXXKHOTO MO-
KpoBa 0€3 HapyIIeHHs €ro IEeJIOCTHOCTH. B manbHEHIEM CTOUT CTPEMUTCS K yBEIUde-
HUIO 3()PEKTUBHOCTH JTAaHHOM CHUCTEMBI. TakkKe HY)>XHO MCKaTh WHBIC ITYTH JETCKTUPO-
BaHus TI'1 u3nmydeHusi, MEHEe KPUTUYHBIE K TEMIIEpaType OKPYKaroLIeW Cpeibl, 4To,
BO3MOKHO, IPUBEAET K 00IIEMY YICIIESBICHHUIO IIPOU3BOJICTBA JAHHBIX MPUOOPOB.

3akaoueHune

beumn nmosrydensl pusznueckue BhIpKEHUS IS IEPHOANICCKU-CIIOUCTBIX CTPYKTYP
c yu€ToM cjosi OMOJIOTUUECKOTO Marepuaina. Pa3paboTaHa KOMIbIOTEpHas MporpaMmma
JUIS MOJICIUPOBAHUS TIOBEACHUS AJIEKTPOMArHUTHBIX BOJIH HA OCHOBE IMOJYYEHHBIX BbI-
paXX€HUM, U TIOKa3aHO, HAa MPUMEpe OMOJIOTMYECKOr0 Marepuaia MeyeHu, HaIu4yue Ha
auarpaMMax XapakTepHbBIX 30H, YEM IMOJTBEPIKIEeHAa BOZMOXKHOCTh JUArHOCTUKUA OHOJIO-
THYECKUX OOBEKTOB.

Cmucoxk gutepatypsbl: 1. Zhang, X.-C. Introduction to THz Wave Photonics / X.-C. Zhang, Jingzhou
Xu. — Springer, 2010. — 248 p. 2. Far-infrared step-tunable coherent radiation source: 70 um to 2 mm /
B. Lax, R. L. Aggarwal, and G. Favrot // Appl. Phys. Lett. — American Institute of Physics, 1973. — V.
23. — P. 679-681. 3. Facc @.I'. BbICOKOYACTOTHBIC CBOMCTBA MOJIYIIPOBOTHUKOB CO CBEpXpelieTkamu /
@.I". bacc, A.A. bByneaxos, A.Il. Temepeos — M: Hayka, 1989. — 288 c. 4. [Japes M.B. I'enepanus u pe-
TUCTpaIs TepareploBOro U3ay4eHus yIbTPaKOPOTKUMU JIa3epHbIMU UMIyJIbcaMu: [y4ued. mocodue] /
M.B. [Japes. — Huxunii HoBropoa: Huwxeropoackuii rocynusepcuret, 2011. — 75 c.
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[IpencraBneni TeOpEeTUYHI aHi PO TeparepioBe BUIIPOMiIHIOBAaHHS 1 iioro BuKopucTanHs. Kopo-
TKO ONHMCaHa iCTOpis CTBOpPeHHs TeHeparopiB TI 11 XBUIb, CKIIAIHOCTI MpHU X BUpOoOHUIITBI. HaBeneHno
pe3yIbTaTH TEOPETHUHUX PO3PAXYHKIB 1 OTpUMaHi (OPMYIH Ui pO3paxyHKy BitOUTTs Tl XBUIIb.

KaiouoBi ciioBa: TepareprioBe BUIIPOMIHIOBAaHHS, CIEKTPOMETPIsl, MIapyBaTO-TIEPiOANYHI CTPYK-
TypH, OaTaHCHUH IETEKTOpP, O0IOMET.

The theoretical data on the terahertz radiation and its use is presented. Summarized history of the
THz wave generators, difficulties in their production is described. The results of theoretical calculations
and the resulting formulas for the calculation of reflection THz waves are reported.

Keywords: terahertz radiation spectrometry, layered periodic structures, balanced detector, bo-
lometer.

YK 004.358:615.837

O.I. ABPYHHH, n-p. TexH. HayK, goueHT, XHYPD, Xapbkos;
A. B. HOCOBA, ctyaeut, XHYPD, XapbskoB

CUCTEMA BUPTYAJIBHOH YJIbTPA3BYKOBOM JJUATHOCTUKHU
JJIA TOATI'OTOBKU BUOMEAUHXXEHEPOB

B pabote paccmarpuBaetcs mpobiieMa pa3paboTKU CHCTEMbl BUPTYalbHOU YIbTPAa3BYKOBOH THATHO-
CTHKH JJISl TIOATOTOBKU OMOMeIMHXeHepoB. BaxxHOl cocTaBistomeil Takoro nNpoaykra sBisercs (aH-
TOMHBIH OOBEKT, KOTOPBIII UMUTHPYET pealbHOro nanueHTa. B kauectBe paHTOMHOr0 00beKTa Mpea-
JaraeTcs MCHOJb30BaTh HCKYCCTBEHHO CO3/1aHHOE M300pa’keHHe OPraHoB IMAIeHTa B HOPME U C TH-
MUYHBIMU [aTOJIOTMYECKUMH COCTOSHUSMHU.

KiroueBblie cjioBa: ynbTpa3ByK, TpEHaXeEp, OMOMEINHKEHED, CIEKII-IIIYM, (PaHTOMHBIH OOBEKT

Bsenenne

[Ipu moAroTOBKE OMOMEAMHKEHEPOB CYIIECTBYET MpoOIeMa JOCTyNa K peaJbHOMY
JMAarHOCTUYECKOMY O0OpYIAOBAHUIO, YTO OOBSICHSIETCS €r0 BHICOKOM CTOMMOCTBIO U 3a-
IPY>KEHHOCTHIO B KJIMHUKAX M AUArHOCTHMYECKUX ILEeHTpax. OaHUM U3 Haubojee mep-
CIIEKTUBHBIX HAIPaBJICHUN MEIUIIMHCKON UHTPOCKOIUU SIBISECTCS YIABTPA3BYKOBOU Me-
TOJl AUArHOCTHKU, TaK KaK OH 00JiaJlaeT BHICOKOW AMAarHOCTUYECKONW MH(POPMATUBHO-
CThIO U 0€3BpEIHOCTHIO 0OCIIE0BaHUM /IJIs MAIlMEeHTa U Bpada. BakHOU cocTaBIstoMIeH
TaKOTO MPOAYKTa sABJsACTCS (PaHTOMHBIA OOBEKT, KOTOPBIM JTOKEH OBITh MAaKCUMAJIbHO
MPUOJIMKEH K peaJbHON OMOMETUIIMHCKOW MH(pOpPMaLUU, MOTy4aeMoil B KIIMHUYECKON
npakTuke. B pabore mpenmaraercs B kauecTBe (h)aHTOMHOTO OOBEKTa MCIOJIB30BaTh HC-
KYCCTBEHHO CO3JIaHHBIC M300pa)KEHUS OPraHOB MalleHTa B HOpME W maTtojioruu. J{ms
0oOy4eHHSI METMKOB MIPOBENCHUIO Y 3-AMarHOCTUKHA CO37aHbl ()aHTOMBI U3 TKAHEIKBUBA-
JIEHTHBIX MaTE€pUaJIOB, HO MPU MPOBEACHUU TPEHUPOBOYHOTO HUCCIICIOBAHUS MMPUMEH -
eTcsi peanbHbI Y 3-ckaHep. Takum 00pa3oM, CYIIECTBYET PUCK BBIXOJAa U3 CTPOS JIOPO-
TOCTOSIIIIETO anmnapaTa Ipy ero HempaBUIIbHOM JKCIUTyaTaluH. TakKe CylecTBYeT Mpo-
0JieMa MOPAJIBHOTO YCTapeBaHUs MEIUIIMHCKOM anmapaTyphl.

AHAJIHM3 NOCTECAHUX HCCIACAOBAHUN U JIMTEPATYPHI

B nocnegnue roapl 00yueHne Ha TpeHa)xepax NpuoOpeso MMpPoKoe NPUMEHEHHE
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