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PE3OHATOPHBIN CITIOCOB ONPEJIEJEHUS TOTEPH B OJTHOMEPHBIX
METAJIVIMMECKUX PEHIETKAX B TEPAI'EPHHEBOM /IUAITIA3OHE

Tpeamert u neab padotel. Tepareprensiii (TI') nuama3on yacToT B HaCTOSANIEE BPEMSI MIPHUBIICKAET OOJIBIIOC BHUMAHIE
B CBSI3U C IIMPOKUMH BO3MOXKHOCTSMH MPUMEHEHHMS €r0 JUIs PEeIlIeHHs LEJI0ro pafa 3a1ad B HayKe, TEXHHKE M MEIHIIHE.
B sTOM uama3zoHe B KauecTBE YAaCTUYHO NMPO3PAuHBIX 3€pKal JIa3€pOB M PA3INYHBIX KBA3HONTHYECKHX MPHOOPOB MIMPOKO
UCIIONB3YIOTCS METAIIMYECKHEe PEIIEeTKH ¢ MEePHOJOM MEHbIIE IIHHBI BOIHBEL OmpeneneHue MapaMeTpoB TaKHX PEIIETOK
SIBJIIETCS AKTYaJIBHOM 3a/1auei.

MeTtoasl 1 MeTog0J0THs PadoThl. B pabore paccMOTpeH croco0 SKCIEPUMEHTANFHOTO CPAaBHEHHS ITapaMeTpoB (T10-
Teph U KO HITHEHTa MPOITyCKAaHNs1) METAUINIECKUX PEIIETOK, COCTOSIINX M3 MapajUIeNbHBIX IIPOBOJHUKOB. B kadecTBe
HM3MEPHUTENHHON yCTAHOBKHU UCIOIB30BaH TTI-l1a3ep ¢ IJIaBHOM PeryaMpOBKOM BBIBOJA M3IyUSHUS U3 pe3oHaTopa. Bexox-
HBIM 3€pKaJloM TaKOTO Jia3epa CIY)KUT HCCIeayeMas MeTauIMdecKkas penreTka. BTOpBIM 3epKalloM JIa3epHOTo pe3oHaTopa
aBisieTcs: AByrpanHoe 90° 3epkano. PerynupoBka oOpaTHOH CBS3M OCYIIECTBISETCS IIyTEM MOBOPOTA ABYIPAHHOTO 3epKaja
BOKPYT OCH Pe30HaTOpa. YTOJI HOBOPOTA ABYTPAHHOTO 3€pKana, P KOTOPOM 00eCIeunBaeTcss MAKCHMYM MOIITHOCTH JIa3ep-
HOTO M3JIy4eHUs, XapaKTepuzyeT Ko3()(HIMEHT MPONyCKaHHUs UCCIESAyeMOH pelleTkd. BennunHa MakcMMyMa MOIIHOCTH
JIa3ePHOTO M3IIyYCHHUSI XapaKTepU3yeT BEIMUMHY HOTEPh B HCCIEIyeMOH peleTke. DTO MO3BOJSIET MPOM3BOAUTE SKCIEPH-
MEHTaJIBHOE CPaBHEHHE ITapaMeTPOB PEIIETOK 0e3 HCII0JIB30BaHU METPOJIOTMIECKHX IIPHOOPOB.

Pe3yabsTaThl padoTsl. B kauecTBe anpobanun criocoba NMpoBeeHO IKCIIEPHMEHTAIBHOE CPaBHEHUE NTapaMeTPOB MeTal-
JIMYECKHUX PEIISTOK, MMEIONINX Pa3Hble KOHCTPYKIUH. BBIpaboTaHbl peKOMEHJAINH 110 MOBBIIICHNIO JOCTOBEPHOCTH H3Me-
PEeHHH U JabHEHIIEMy pa3BUTHIO 3TOTO CIIOCO0a.

3axaouenne. IIpeoxeHHbIi criocod sBisieTcs: 3 (GEeKTUBHBIM HHCTPYMEHTOM JUIS CpaBHEHUS K0d((UIMEHTOB mpo-
ITyCKaHUsI ¥ TIOTEPh B OJHOMEPHBIX METAINIMUECKNX PEIIETKAX C IIENbI0 UX KOHTPOISI U BBIOpakoBku. Kpome Toro, 3ToT cmo-
€00 MOXXET CIY>KUTh M3MEPUTEILHBIM HHCTPYMEHTOM B CITydae HCIIOIb30BAHUS ISl CPAaBHEHMS 3TAJOHHBIX PEIIETOK C W3-

BeCTHBIMHU mapameTpamu. M. 6. bubauorp.: 8 Ha3B.

KiioueBble ci10Ba: MeTalInyuecKas peleTka, TeparepleBblii InanasoH, pe3oHaTop, HOTEPH.

Teparepuessii (TTw) nuanazon (0,1...10 TI ')
B HACTOsIEE BpeMsl aKTUBHO OCBaMBaeTCsS B
Pa3TUYHBIX OOJIACTSIX HAYKW, TEXHUKH U MEIH-
uHBL. Pa3pabaThIBalOTCS U COBEPIICHCTBYIOTCS
pa3uyHbBIe KBA3HONTHUYECKUE YCTpPOMCTBA U
puOOpPHI, CIIOCOOHBIE paboTaTh B STOM JHara-
3oHe. ONHMM W3 BAXHBIX DIIEMEHTOB KBa3W-
ONTUYECKUX YCTPOUCTB SIBIISIIOTCS METaJuIHue-
ckue perietkn. Haumbonbliee pacrmpocTpaHeHHe
MOyYMJIA OJHOMEPHBIE PEIIeTKH, COCTOSIINE
U3 TapauIelbHBIX METAUIMYSCKUX JICHT WIH
MPOBOJHUKOB KPYTJIOTO CEUYCHUS, MOIMEPEUHbBIC
pa3Mepsl KOTOPHIX MEHBIIIE IJIHHBI BOJHEL Takne
pELIETKH TPUMEHSIOTCS B KaueCTBE YaCTUYHO
MPO3PAYHBIX 3epKall B PA3IMYHBIX YCTPOUCTBAX:
Tl'u-nazepax, aTTeHOaTOpax, MOJISPU3ATOPAX,
BpalllaTeNIX IUIOCKOCTH TIOJSAPU3ANUd U BO
MHOTHUX Jpyrux npubdopax. Pacuery mapamerpos
METaJUIMIECKUX PEIIETOK IOCBAIMIECH Pl (QyH-

naMeHTanbHbIX paboT [1-3]. Kpome koaddu-
LIMEHTOB TPOIMYCKAaHUS U OTPAXKEHHSA, YacTo
TpeOyeTcs y4uTHIBaTh MOTEPH, BHOCHUMBIE pe-
nretkoil. OcoOeHHO 3TO BaXKHO IPH UCIIOJNIB30-
BaHUU PEIIETOK B Ka4eCTBE YACTUYHO MPO3pad-
HbIX 3epkan B TTn-nmazepax. Ilpn kaxknom mpo-
XO/JIe uepe3 Ja3epHbId pe30HaTop 4acTh U3Iyde-
HUS TepseTcd Ha 3epKajaX W HE3HaYUTEIbHbIC
MIOTEpH, BHOCHMBIE PEHIETKON, MOTYT CYILIECT-
BEHHO BJIMATH HA MOLIHOCTh m3nyuyeHust u KIIJ{
nasepa. TeopeTHUecKHd pacCUUTaTbh CyMMapHBIE
MOTEPH C JAOCTATOYHOM TOYHOCTBIO KpaiiHe
CJIOKHO, TIOCKOJIbKY, KpPOME Te€OMETPHYECKHUX
pa3MepoB W NMPOBOAUMOCTH MeETaija, CyIIECT-
BEHHOE BIHUSHHE HA MapaMeTpbl PEIIeTKH OKa-
3BIBAET TEXHOJOTHA ee M3roToBieHus. OOBIYHO
HCIIOJIB3YIOTCS 1B THUIIA PEHIETOK: U3 METaJUIU-
YECKUX MPOBOJHUKOB, PACIOIOKEHHBIX Ha MPO-
3payHOl MOJIOKKE, ¥ METAITHYECKUX MPOBO/I-
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HUKOB, 3aKpEIJICHHBIX Ha pamKe. B pemrerkax,
BBITIOJTHEHHBIX Ha MOJIOXKaX, KPOME T'eOMeT-
PUYECKHX pa3MEPOB MPOBOJHUKOB, CYLIECTBEH-
HOE€ BIIMSHHE Ha IMapaMeTpsl PEHIeTKH OKasbIBa-
€T Marepuaj IMOJIOXKKH, €€ TONIINHA, a TaKKe
HEPAaBHOMEPHOCTD TOJIIIVHBI 1 HEOAHOPOAHOCTD
MaTepuana TMOMJIOXKKH. B pemerkax, 3akpern-
JEHHBIX Ha pamKe, HaOII0JaeTcs MPOBHCAHUE
MIPOBOJHUKOB, YTO CYIIECTBEHHO BIIUSAET Ha UX
napaMeTpsl. Mcxoas U3 Bcero 3Toro, CTAaHOBHUT-
Csl OYEBHIHBIM, YTO OOJee TOCTOBEpPHBIE Pe3yIlb-
TaTbl MOXET JaTh 3KCIIEPUMEHTAIBHOE OIpene-
JICHHE MTapaMeTPOB PEIIETKH.

BzaumopeiicTBrue u3MydeHUS] C PEMIETKOU
M3MEHSETCs U U3MEHEHNH yria najaeHus. [Ipu
HOPMAJIbHOM TaJIeHUU HM3IY4YCeHUS Ha PEIIETKY
M3MEPEHHS YCIOKHSIOTCS TEM, YTO OTPaKEHHOE
U3Iy4YEHHE paclpoCTpaHsIeTcs Mo OAHOMY MyTH
C T/IAIONINM M3Ty4YeHHEM U TpedyeTcsl mpume-
HATH MEPHI 10 UX paszlieieHnio. B To xe Bpems
U3MEpPEHHE TapaMeTpPOB pPEIIETOK IPU TaKOM
pacroiOKeHHH BEChbMa aKTyalbHO, MOCKOJBKY
Ha TIPAKTUKE DPEMIeTKH YacTO pPacIioiararoTcs
CTPOro MEPNEHAUKYJISIPHO HAIpPaBICHUIO pac-
npocTpaHeHus u3nydeHns. OMHUM U3 IPUMEPOB
TAKOTO PACTIOIOKEHHUS ABJISIOTCS KBa3HOITHYE-
CKHE PE30HATOpbl, B YACTHOCTH PE30HATOPHI
TI'u-na3zepoB, B KOTOPBIX PELIETKH BBITOIHSIIOT
(YHKIIUHM YaCTUYHO MPO3PAYHBIX 3EPKAL.

JlazepHbIil pEe30HATOP MOXKET CIYKUTb -
(EKTUBHBIM MPUOOPOM ISl IKCTIEPUMEHTATBHO-
TO U3MEPEHHS MapaMeTPOB PEIIETOK, BBHITIOIHS-
omMx QyHKOMHU ero 3epkan. braromaps muoro-
KpaTHOMY OTPaX€HHIO M3Iy4eHHUS OT 3epKal,
HE3HAYUTEIbHOE U3MEHEHHUE MTOTEePh B HUX MPH-
BOJMT K CYIIECTBEHHOMY M3MEHEHHMIO MOIIHOC-
TH Ja3epHoro u3iayuyenus. Kpome toro, B pes3o-
HaTOpax, COJAEpKAIIUX METaNINYECKHE peleT-
KM, YAAETCS MONY4YUTh IUIABHYIO DPETYIUPOBKY
cBs3u. [Ipo3padHocTs 3epkaia B BUAE OJHOMEp-
HOM METaJUIMYECKON PEIIETKU 3aBUCUT OT IOJISI-
pU3aLMK MAJAIOLIET0 HAa HEro U3JIy4eHHs. DTO
JTaeT BO3MOKHOCTH IUIaBHO PETYJIMPOBATH BBI-
BOJl M3IydeHHs1 U3 pe3oHaropa [4] u, ciemosa-
TEIhHO, TOYHO HACTPOUTHCS HA ONTUMYM CBSI3H
C OKpyXxarlieil cpefoil. Benuuuna ontumalib-
HOW CBSI3U HeceT MH(OPMAIUI0 00 YCHIICHHUH U
nmoTepsx B pe3oHartope. B manHoi paborte pac-
CMOTpPEH CIOCO0 KOHTPOJISL U OIpEeeNICHHs T10-
TE€ph B OJHOMEPHBIX METAUIMYECKUX pEIIeTKax
MyTeM 3KCIIEPUMEHTAIBHOTO CPaBHEHHS HCCIIe-
JIyeMbIX pEIeTOK. DTO IMO3BOJISIET MPOBOJIUTH
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KOHTPOJIb U OTOPaKOBKY pEIIETOK JHOO H3Me-
peHre ux kK03(h(UIMeHTa NPOIyCKaHUus U BHO-
CHUMBIX IOTEPb IyTE€M CPaBHEHHUS C aHaJIOIW-
HBIMH TTapaMeTPaMH 3TAJIOHHBIX PEIIETOK.

Metonosorust uccjaegopanui. s onpene-
JICHUS! TIOTE€Ph B OAHOMEPHBIX METANIMYECKHX
pelIeTKax WCIOIb30BaH JIa3epHBIH PE30HATOP C
TUTABHOM PEryIHpPOBKON CBS3M, KOTOPBI 00pa-
30BaH OJHOMEPHON METAJUIMYECKOW PEelIeTKON
u neyrpanHeiM 90° orpakarenem. PeryimpoBka
CBS3M B TaKOM pE30HATOPE OCYIIECTBISETCS
MOBOPOTOM JIBYTpaHHOro otpaxkarests [3, 6]. Tepa-
repleBble Jasepbl C PE30HATOPOM, BBIIIOJIHEH-
HBIM TI0 TaKOW CXeMe, He TOJIbKO 00eCIIeunBaroT
ONITHMAJIBHYIO OOpaTHYIO CBSA3b, HO M IIO3BOJISIOT
OTIPENEIIATh IEKTPOANHAMUYECKHE MapaMeTphl
OJTHOMEPHBIX METAIUTMYECKHX perieTok [7].

MakcuMaibHasi MOIIHOCTh JIa3€pHOTO H3IYy-
YEeHUSl TOCTUTaeTCs IPU ONTHMAIBHOM 3Haue-
HUH KO3 (UIMEHTa MPOMYCKAHUS BBIXOJHOTO
3epKazia Pe30HaToOpa, KOTOpoe OOecredynBaeT
BBIBOJ, YaCTH H3JIyY€HHS M3 PE30HATOpa, OCY-
IIECTBIASA CBA3b pPE30HATOpa C OKpY’KaroLIeH
cpenoii (obecriednBaeT 0OpaTHYIO CBS3b B TEHE-
paTope, KOTOphIM siBisieTcs nasep). Eciau B pe-
30HATOpE U3MEHSIOTCS [TOTEPH, TO U3MEHSAETCS U
3HAYEHUE ONTUMAIBHOW CBs3H. IIpm sTOM uyem
MEHbIIE IOTEPU B PE30HATOPE, TEM BBIIIE MOIL-
HOCTh M3JIy4EHHUS NMPH ONTHMAIbHOM 3HAYEHHUU
cBs13u. CienoBaTenpHO, B JIA3€PHOM PE30HATOPE
C IUTAaBHOM pPEryiaupOBKON CBSI3U MOKHO IPOBO-
JIUTH CpaBHEHHE MOTEPh B 3epKajlaX, KOTOPHIMHU
OH 00pa3oBaH.

B Hammx skcriepuMeHTax MCHONIb30BajICs ra3o-
paspsaubiii HCN-1asep ¢ ayiuHOM BOSHBI 337 MKM.
KoncTpyxkius nazepa nokaszasa Ha puc. 1.

~

Puc. 1. Koncrpykuust razopaspsigaoro HCN-nasepa

Jlazep mMmeeT kecTKuit Kapkac, oOpa3oBaH-
HBIH TepMOCTAOUITN3UPOBAHHBIMHA CTEPKHIMH 1
C IBYMS 3aKPCIUICHHBIMU Ha WX TOPIAX JAHUAJICKT-
pUYeCcKUMH TTaHeasMu 2. Pe3zoHaTop mazepa 00-
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pa3oBaH ABYMs BHYTPEHHUMH 3epKaidamu 3, 4,
YCTAHOBJICHHBIMHU Ha FOCTUPOBOYHBIX YCTPOMCT-
Bax 5, 6. Pesonarop umeer mmuny 1,2 M, a qua-
MeTp 3epkain — 40 MM. 3epkano 3 — YacTHUYHO
IpO3padyHoe, Yepe3 HEro MPOU3BOAMUTCS BBIBOJ
u3IydeHus. B kadecTBe 3TOro 3epkaia MCHOJb-
30BaJIach OJJHOMEPHAs METAJUINYECKasl PEIIeTKa.
B xauectBa 3epkana 4 HCIIOIB30BaH JIBYyIpaH-
HelE 90° oTpaxartens. 3epkano 4 cHaOXeHO
MHUKPOMETPUYECKUM MEXaHU3MOM 7 IJIs Iepe-
MEILEHHUs ero BIOJb OCH Pe30HaTopa U Mexa-
HU3MOM 8 /7Sl MOBOPOTa 3epKasia 4 BOKPYT OCH
pe3oHaTopa. Jlazep paboraer B OJHOMOJOBOM
OJIHOYACTOTHOM PEKUME, U FeHEepaLusl BO3MOXK-
Ha, KOTJa MEXIY 3epKajaMu YKJaJbIBaeTcs Lie-
JI0€ YMUCJIO TMOJYBOJIH. 7 HacTpolku pe3oHa-
TOpa Ha PE30HAHCHYIO IJIMHY CIy)KAT MeXa-
HU3M TepeMelieHus 7. MexaHusM Iepemelie-
HUsL obecrieynBaeT KOHTPOIb IepeMeIleHUs
3epKaia ¢ TOYHOCTHIO 10 1 MkM. C TIOMOIIIBIO
MEXaHH3Ma IOBOPOTa 8 OCYIIECTBIISICTCS IJIaB-
Hasl pETyJUpPOBKa BBIBOJA M3IYUYCHHUS U3 PE30-
HaTopa.

AKTHBHOE BEIECTBO OTPAHUYCHO Pa3psTHOM
TpyOKO# 9, KOTOpasi OJHOBPEMEHHO BBITIOIHSET
¢bynkuun BomHOBOAA. PaspsgHas TpyOka 9 rep-
METHYHO yCTaHOBJICHA B criib(oHax 10, moacoeau-
HEHHBIX K IOCTHPOBOYHBIM yCTpOHCTBaMm 5, 6.
BoeiBoa W3mydeHHs M3 T€PMETHYHOIO PpE30Ha-
TOPHOT'O MPOCTPAHCTBA OCYIIECTBISICTCS CKBO3b
npo3paynoe okHo 11. ['a30BbIii paspsin BO3OYX-
JaeTcsl CKBO3b CTEHKH Pa3psaHON TPYOKH NpH
MOMOIIH TPeX UIMHIPUIECKUX 3IEKTPOaOB 12,
YCTaHOBJIEHHBIX CHAPYXXHU pa3psiAHOM TpyOku 9.
IleHTpaJIbHBIN IEKTPOJ MOAKIIOYEH K BBICOKO-
YaCTOTHOMY UCTOYHHMKY 13, a KpailHue a3nekTpo-
JTbI 3a3€MJICHBI.

IIpu pabote razopaspsanbix TI-mazepos
TpeOyeTcs MPOM3BOIUTH OTKAUKy U3 PE30HATOpA
0TpaOOTaHHBIX Ta30B M MOJABaTh B PE30HATOP
pabouyto cmeck ra3oB. [loaToMy B coctaB naze-
pa BXOAMT CHCTEMA OTKA4KU M CHCTEMa MOoJauu
paboueii cmecu. [lomaya m oTKadka MPOU3BO-
nsaTea depe3 marpyOku 14, 15. Otkauka ocy-
HIECTBIISICTCSI C MOMOIIBIO  (OPBAKYyMHOTO
Hacoca (Ha cxeMe He Tmokazad). [loaroroBka
paboueii cMecH Ta30B OCYLIECTBISIETCS TIPH TO-
MOIIM PEryIHpyeMbIX HaTeKaTelel (Ha cxeme
He nokasansl). B HCN-na3zepe B kauectBe pabo-
Yyel CMeCH MCIOJIb3YETCsl CMECh U3 a30Ta U yriie-
BOJIOPOJACOAEPKAIIMX Ta30B TOJ JAaBIECHUEM
nopsinka 1 MM pt. cT. Jlazep reHepupyeTr H3Iy-

4YeHne ¢ JATUHOW BONMHBI 337 MKkM. MomrHOCTh
M3JTy4eHHs B HETIPEPHIBHOM PEKHME COCTABIISIET
okozo 10 mMBr.

Cxema Ja3epHOro pe3oHaTopa C IJIaBHOH pe-
TYJMPOBKOH BBIBOJIA M3ITy4eHHUs (PETYIUPOBKOI
0o0paTHOM CBs3M) TMOKa3aHa Ha puC. 2. Pe3oHa-
TOp 00pazoBaH OTHOMEPHON METaTHICCKOU
pemetkoii u aByrpaHHsIM 90° oTpakaTenem.
[IpuHIMI peryaupoBKH OCHOBaH Ha W3BECTHOM
cBoiicTBe nByrpanHoro 90° orpaxarens u3Me-
HATH a3UMYT TOJSIPU3AINU MAJarolero Ha Hero
n3nyderns. Ecnu peOpo IBYrpaHHOTO OTpaka-
TeNsl MapajuIebHO MPOBOIHUKAM OJHOMEPHON
METAJTMYECKON pemeTKH, TO W3 pe3oHaTopa
BBIBOAWUTCS MHWHHMalbHAsi YacTb W3IMyUCHHS.
Uznyuenue, reHepupyeMoe B J1a3epHOM pE30Ha-
TOPE C BBIXOAHBIM 3C€PKaJIOM B BUAC OJHOMCP-
HOW peleTKy, OOBIYHO JTMHEHHO MOJISIPHU30BAHO.

Bektop E  HANpsOKCHHOCTH DIEKTPHYECKOTO
MoJIsl MapaJuleNieH MPOBOJHUKAM pPEmIeTKH. Pe-
IIeTKa OTpaXkaeT OCHOBHYIO YacTh WU3IYUYCHHS B
PE30HATOP W TMPOITYCKAET JUIIb Malyl) YacTh.
CooTHOIIEHHE MEXAYy 3TUMH YacTSIMH 3a/IaHO
napaMeTpaMu PEmeTKH.

(222122

..\

Puc. 2. Cxema na3epHOro pe3oHaTopa ¢ ILIABHOM peryiu-
pOBKOH BbIBOja M3ilydeHus: 1 — neyrpannoe 90° 3epkaino;
2 — pemerka

[Ipu moBopoTE NBYrpaHHOTO OTpakaTess Ha
YTOJI @ OTHOCUTEIIEHO IMPOBOJHHUKOB PEIICTKH
M3MEHSETCS a3UMYT MOJSPU3AIUN OTPAKEHHOTO
OT HEro M3ny4yeHus. B JIMHeNHHO NoIspru30BaHHOM
M3TYyYeHHUH TOSIBISIETCS OPTOTOHATIBHASI COCTAB-
JSIOIIasi, JUisi KOTOPOW peIleTKa Mpo3padHa.
B pesynbTaTe BBIBOJ U3IYUYCHHS U3 PE30HATOpA
yBeJNIMYMBACTCS. BBIBOIMMOE H3IIy4eHUE NpHU-
o0peTaer >UHMNTHYECKY0 Toispu3anuo. [lpu
YBEIMYEHUH YTJIa ( 9acTh BBEIBOJMMOTO U3 pe-
30HATOpa W3IY4YeHHS YBEITWYMBaeTcs. Takum
o0pa3oM, TOBOpauuBasi JByTpaHHOE 3epKallo
BOKPYI' OCH pPE30HATOpa, MOXXHO B IIUPOKUX
npejienax M3MEHSTh YacTh BBIBOAMMOIO H3IIY-
yeHus. [{ns nosrydeHus: Ipu 3TOM ONTUMAaIbHOMN
CBSI3U HYXXHO, YTOOBI KOA((DHUIIMEHT MPOITyCKa-
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HUSI penieTky (B TOJOXKEHNH, Koraa ¢ = 0) Obu1
HECKOJIBKO HIKE ONTHMAaJILHOTO.

Ha puc. 3 mokazano aByrpanHoe 90° 3epkaino
Ja3epHOTO PE30HATOPA, a Ha pHC. 4 — MEXaHU3M
€ro IepeMelleHHs U MOBOpPOTa. MexaHH3M
obecreunBaeT nepeMelleHre U IOBOPOT 3epKaja
1 CHa0XeH IIKajJaMU OTCYeTa MOBOPOTA B Ipa-
Jycax M IepeMelieHusi B MUKpOMETpax.

Puc. 4. MexaHu3M nepeMereHus U oBopoTa ABYTPaHHOTO
3epKaJia JIa3epHOro pe3oHaTopa

C nomoupl0 JaHHON J1a3epHOM YCTaHOBKH
OBLIO IPOU3BEICHO CPaBHEHHE MOTEPh, BHOCHMBIX
B JIa3€pHBIA pE30HATOP MPOBOJIOYHOM M JIEHTOY-
HOH peleTkaMu, KOTOpbIe H300paKeHb! Ha puc. 5.

[IpoBonoyHas pemeTka 0Opa3oBaHa BOJIb(Hpamo-
BBIMH TIPOBOJAHUKAMHU auaMeTpoM 10 MKM ¢ 1ira-
rom 60 MmkMm. OHHM 3aKpeIUIeHBI Ha MeTaJlTH4Ie-
CKOM KOIII[EBOM OCHOBaHWUU METOJOM TajbBa-
HAYECKOTO HapamuBaHus (puc. 5, a).

JlenTouHas pemieTka BBITIOJIHEHA METOJIOM
HambpUICHUS HA MPO3PAvyHON  MOJMAMUIHON
IDICHKE TONMIMHON 25 MkM (puc. 5, 6). IlpoBon-
HUKH BBITIOJHEHBI U3 MEJTH, IMEIOT MMPHHY 30 MKM
u tonuuHy 10 Mxm. IIlar pemerkn cocrtaBiser
50 mxM. st moy4deHus! TUTOCKO# MOBEPXHOCTH
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IJICHKY 3aKpEeNWid B CIHEIHUAIbHOU OIpaBe W3
JIBYX KOHIICHTPUIECKUX KOJIEII.

i

@’

30 MM

1] . v ::SOMKM
-_—

0)

Puc. 5. YactuuHo npo3padsble 3epKajia JIa3epHOIO pe30Ha-
TOpa: a) MeTaJuIMdeckasl IPOBOJIOYHAS peIIeTKa, 3aKpel-
JIeHHas! Ha KOJIBIIEBOM OCHOBAaHHH; 0) MeTaJuTdecKast JICH-
TOYHas PELIEeTKA, BEIIOJIHEHHAs Ha IPO3PayHOi IIICHKE

B xone skxcniepuMeHTa pemeTky MooYepeHO
YCTaHABIUBAINCh B JIa3€pPHOM PE30HATOPE C
nocienyrouieil roctupopkoil. Ilapamerpel ak-
TUBHOTO BEINECTBA M HAKAYKH OBLUTU WICHTUY-
HBl. V3nydeHrne mpuHUMAIoCh MUPO3JIEKTPHYE-
CKMM TPUEMHHUKOM, HE YyBCTBHUTEIHHBIM K IIO-
JspU3alud. DKCIEPUMEHTANbHbIE 3aBUCUMOCTHU
MOIITHOCTH JIa3€PHOTO M3IyUYEHHsI OT YTJia ITOBO-
poTa pedpa ABYrpaHHOTO 3epKaja OTHOCHTEIHHO
MPOBOJIHUKOB PEIIETKU MPUBEACHBI Ha puUC. 6.

J71s1 NOBBIIIEHNST TOYHOCTH U3MEPEHUI nocie
Ka)XKIO0r0 TOBOPOTa JIBYTPAHHOTO 3€pKajia Mpo-
HU3BOAMIIACH €0 IOCTUPOBKA MO MAKCHUMY MOII-
HOCTH JIa3epHOTO H3Iy4eHUs, (UKCHPYEMOro
MHAPOIJIEKTPUICCKUM TIPUEMHUKOM. ITO Tpebo-
BaJIOCh JIENaTh MOTOMY, YTO Ja)K€ HE3HAUUTEIb-
HOE TEXHOJIOTHYECKOE HapyIlleHHe IepIeH -
KYJISIPHOCTH pedpa 3epKalia K OCH pe30Haropa, a
TaK)Xe HEPABEHCTBO YTJIOB MEXAY OChIO U Ipa-
HSMU MPUBOJUT K HAPYIICHUIO IOCTUPOBKH pe-
30HATOpa MpPH MOBOPOTE JABYTPAHHOTO 3epKala.
B cBowo ouepenp HapylleHuE IOCTUPOBKU IpPHU-
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BOJWT K yBEIWYECHHIO MOTEPh B PE30HATOpE M
M3MEHEHHWIO MOIIHOCTH JIa3€PHOTO H3ITyYeHHs.
BenmuunHa 3THX M3MEHEHUH 3aBUCHUT €IIe U OT
MOJIIpU3AlK  M3IIYICHHsI B pe3oHatope [8].
IloaToMy nmomonHWTENbHAS IOCTHPOBKA IOCIE
K2XKI0TO TOBOPOTa JIBYTPAHHOTO 3epKalia XOTs
Y 3HAYMTENIbHO YCIIOKHSET MPOBEJECHUE JKCIIe-
pUMEHTa, HO MOBBIIIAET JOCTOBEPHOCTh H3MeE-
peHwuil.

15+

131

-4 -2 0 2 4 6 8 10 12 ¢°

Puc. 6. I'paduku 3aBUCHMOCTH MOIIHOCTH JIA3E€PHOTO H3-
JydeHus OT yriia TIOBOPOTa ABYIPAHHOTO 3epkana: 1 — s
JICHTOYHO# PEeIIeTKH; 2 — JJIsl IPOBOJIOYHOM perieTkn

B cnyuae, korna pedpo IByrpaHHOTO 3eKaja
MapauieIbHO MPOBOAHKMKAM perieTku (yroi ¢ = 0),
SHEpPreTHKa pe30HaTopa MOA00Ha pPe30HATOpY,
00pa30BaHHOMY TUIOCKHM 3€pKaJioM H peleT-
Koil. Paznuuue cOCTOMUT JiMIIb B TOM, YTO TOTe-
pY Ha ABYIpaHHOM 3epKajie Oonblle, YeM Ha
IIJIOCKOM, 3a CUET JBYX NepeoTpakeHuil. B atom
ClIy4yae U3 pE30HATOPa BBIBOAUTCS MHHHMAJIb-
Has 4acTh TCHEPUPYEMOTO0 B HEM H3IYUYCHUS.
JlazepHoe U3ydeHHE PU TAKOM PACIIOIOKEHUN
3JIEMEHTOB PE30HATOPA JIMHEHHO MOISIPU3OBAHO.
Bektop mnomsipuzanuu mapanieiaeH MpPOBOJHU-
KaM pELIETKH.

IIpu moBopoTE ABYTpaHHOrO 3€pKajia jlazep-
HOE WU3JIY4YCHHE TNPUOOPETaeT ISIUNTUYCCKYIO
MOJISIPU3ALMEIO U JOJS1 BBIBOJAUMOIO H3IIYYECHUS
YBEJIIMYMBACTCS, YTO U IIO3BOJISICT IMOA00pPATh
ONTUMAJIBHYIO OOPAaTHYIO CBsI3b (TIPH YCIIOBHUH,
YTO CBsI3b, OOECIIeUMBaeMasl JaHHON PEIIeTKOH,
npu @= 0 HIKE ONTUMAJILHOR).

B xone »KCnepUMEHTOB YCTaHOBJIEHO, YTO
MaKCHUMAaJlbHasi MOIIHOCTh JIA3€pPHOTO U3Iyue-
HUS B PEXUME ONTUMAILHOW OOpaTHOM CBS3U
OKa3aJlach BBILIE MPU HCMOIB30BAHUU JICHTOY-
HOH pemetku. [lapameTpbl Hakayku U COCTaB

cMecH OBLTH MaKCHMAaJbHO CTaOWIM3WPOBAHEL.
CrnenoBaTenbHO, HCclenyeMas JEHTOYHas pe-
IIeTKa IMEET MEHBIIINE TIOTEPHU M0 CPABHEHHIO C
HcclielyeMoN TIPOBOJIOYHOM, HECMOTPA JaXXe Ha
TO, YTO B COCTaB JICHTOYHOH PEIIETKH BXOAUT
IUIGHKa, WMeromas mnorepu mopsaka 30 %.
N3 npencraBieHHBIX 3aBUCUMOCTEN TaKXKe Clie-
IyeT, 9TO JICHTOYHAsl pelIeTka MeHee Mpo3pad-
Ha, YeM TIPOBOJIOYHAS, ITOCKOJIBKY ONTUMYM
CBSI3M TOJTy4YeH JJIsl Hee TIpY OOJIbIIeM YTIIe .
[IpuBeneHHasT METOIUKA MO3BOJSET IPOU3-
BOJIUTH CpPaBHEHHUE IapaMeTPOB OJHOMEPHBIX
METAIUTMYECKUX pemeTok. llpu 3ToM MOXKHO
CpPaBHHMBATh HE TOJHKO MOTEPH B PEHICTKAaX, HO
U UX KO3(hQUIMEHT HpOomycKaHus. YeM BbIIIC
3HaY€HNE MOITHOCTH M3IYYEHHUS B PEXKUME OIl-
TAUMAJILHOU CBSA3U — TEM MEHBIIIE IoTepu B pe-
meTke. Ecim onrTumannHas CBSI3b OOCTUTHYTA
IPU MEHBIIEM YTIIE MOBOPOTA (), TO peIIeTKa
Oonee mpo3payHa. [TmaBHBIM yCIOBHEM IS
CPaBHHMBAEMBIX DELIETOK SBISIETCA TO, YTO WX
KOA(PGUIMEHT MPOMYCKAaHUS JOUKCH OBITh
MeHbIIIe, 4eM KO3(UIMEHT NpOImyCKaHUs OIl-
TUMAJIBHOTO BBIXOJHOTO 3€pKajia s JaHHOTO
nasepa npu yrine @=0. s Gosbliel A0CTO-
BEPHOCTH PE3yJIbTATOB CPAaBHEHHUS KEJIATEIBHO,
4TOOBI CPaBHUBACMBIC PEIICTKA OOECIICUHBAIN
ONTUMYM CBSI3M TpU OJHM3KUX yriax ¢. Benmp
MIpU U3MEHEHWH YTJIa () U3MEHSETCS IMOJIsIpH3a-
U] U3ITYYEHUS U TIPH STOM MOXKET U3MEHSITHCS
HE TOJBKO KO3 (UIMEHT POMYCKAHUS PEIIETKH,
HO ¥ moTtepu B HeH. [lns cpaBHEHUs TOTEpH B
perieTkax, Ko3QQUIMEHTHl TPOMYCKaHUs KOTO-
PBIX CYIIECTBEHHO OTJIMYAIOTCS, MOXKHO BBO-
JUTh B PE30HATOP JIOTIOJHUTEIBHBIE HOPMHPO-
BaHHBIC TMOTEpU (HANPUMEDP, TOTOJHUTEIBHEIC
TuieHkr). Eciii ucnonb30BaTh 7S 3TOTO TUICHKH
C HOPMHUPOBAHHBIMH IIOTECPAMU, TO MOXHO YHC-
JICHHO OIPEJICIIATH Pa3HMILY ITOTEPh B PEIICTKaX.
BeiBoabl. Takum 00pa3oM, B TaHHOW paboTe
SKCIIEPUMEHTAIIbHO IPOBEPEH PE30HAHCHBIN
CIoco0 Ompe/e/ieHns] MOTePh B OJHOMEPHBIX
MPOBOJIOYHBIX PEIIETKAaX C HCIOJIb30BaHUEM
Tl'u-nazepa. IlpemnoxeHHbI crnocod MOXKET
CITY’)KHTb MHCTPYMEHTOM JJISi CpaBHEHHS KOd(-
(DUIMEHTOB TPOITYCKAHUS U TIOTEPH B OJJHOMEP-
HbIX MCTAJUIMYECKUX PCIICTKax C HEJIbI0 HUX
KOHTpOJIA U BHIOpakoBKH. B ciydae cpaBHeHHS
C DTAJOHHBIMH pEIIETKAaMH C W3BECTHBIMHU TMa-
pamMeTpaMH JaHHBIM CIIOCOO0 MOXKET CIYKUTh
HHCTPYMCHTOM JJI1 U3MCPCHUA. B X0O€ HCIIbI-
TaHUH BHIPA0OTaHBl PEKOMEHJAIMH TIO ITOBBI-
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HIEHUIO JJOCTOBEPHOCTH M3MEPEHUHN U NalibHEH-
[IeMy Pa3BHTHIO 3TOTO crioco0a.
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M. 1. Dzyubenko, Y. E. Kamenev,
V. P. Radionov, Z. Y. Litvina

RESONATOR METHOD
FOR DETERMINATION OF LOSSES
IN ONE-DIMENSIONAL METAL
GRATINGS IN TERAHERTZ RANGE

Subject and purpose. The terahertz frequency range
currently attracts much attention due to the wide possibili-
ties of its application for solving a number of problems in
science, technology, and medicine. In this range, metal
gratings with the period shorter than the wavelength are
widely used as partially transparent mirrors of lasers and in
various quasi-optical devices. The determination of the
parameters of such gratings is an actual problem.

Methods and methodology. The method of experi-
mental comparison of the parameters (losses and transmit-
tance) of metal gratings consisting of parallel conductors is
presented in the paper. A THz laser with a smooth adjust-
ment of the output of laser radiation from the resonator was
used as a measuring device. The investigated metal grating
serves as the exit mirror of this laser. The dihedral 90°
mirror is the second mirror of the laser resonator. The ad-
justment of feedback is performed by rotation of the dihe-
dral mirror around the resonator axis. The angle of rotation
of the dihedral mirror, which provides the maximum power
of laser radiation, characterizes the transmittance coeffi-
cient of the investigated grating. The value of the maxi-
mum power of laser radiation characterizes the magnitude
of the losses in the investigated grating. This allows one to
compare the grating parameters experimentally without the
use of metrological instruments.

Results. An experimental comparison of the parame-
ters of metal gratings with different structures was carried
out as an approbation of the method. Recommendations for
the increase of the measurement reliability and further ad-
vancement of this method were developed.

Conclusions. The proposed method is an effective tool
for comparing the transmittance and loss factors in one-
dimensional metal gratings for their control and culling. In
addition, this method can serve as a measuring device,
when reference gratings with known parameters are used
for comparison.

Key words: metal grating, terahertz range, laser, reso-
nator, losses.
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M. 1. JI3r06enko, 1O. 10. Kamenes,
B. I1. Pagionos, 3. 0. JlitBina

PE3OHATOPHUI CITIOCIE BUSHAUEHHS
BTPAT B OIHOBUMIPHUX METAJIEBUX
PEHIITKAX Y TEPATEPLIOBOMY
JIAITA3OHI

Ipenver i mera podoru. TepareproBuii mianazoH
YacTOT Ha Iel Yac IPHUBEPTAE BEIHKY yBary MOCTITHUKIB i
CIIOXHMBAYiB y 3B’A3Ky 3 LIMPOKUMH MOXJIMBOCTSIMH 3aCTO-
CYBaHHS MO0 A7 BUPIIIEHHS 11701 HU3KY 3aBJaHb y Haylli,
TEXHilLli Ta MEAULIMHI. Y [[bOMY Jiana3oHi B sSIKOCTi 4acTKO-
BO TPO30PHX J3EpKall Jia3epiB 1 PI3HUX KBa3iONTHYHHX
HpUIaB MIHUPOKO BUKOPHUCTOBYIOTHCS METAJIEB] PELIITKH 3
nepiosIoM, MEHIINM 3a TOBXUHY XBUIIi. BU3HaueHHs napa-
METpIB TaKUX PELIITOK € aKTyalbHUM 3aBIaHHSIM.

Metonu i MeToo10rist po6oTH. Y poOOTI PO3IISIHYTO
Croci0  eKCHePHMEHTAIBHOTO IOPIBHSHHI —MapameTpiB
(BTpaT i KoedilieHTa MPOITyCKaHHS) METAIEBUX PEIIiTOK,
IO CKJIANAIOTHCS 3 MapalelbHAX HPOBITHUKIB. B skocTi
BUMIPIOBAIBHOI yCTaHOBKM BHKopHCTaHMH TIm-masep 3
IUIABHUM PETYIIIOBaHHSIM BHBEACHHS BHIPOMIHIOBAaHHS 3
pe3oHaTopa. BuximHUM I3epKaioM Takoro ja3epa CIyKUTh

JOCHIDKYBaHA MeTaneBa pemniTka. J[pyrum m3epkaiom
Ja3epHOro pesoHaropa € neorpanHe 90° m3epkano. Pery-
JIIOBAHHS 3BOPOTHOT'O 3B’SI3KY 3AIHCHIOETHCA IUIIXOM IO-
BOPOTY JIBOIPAaHHOI'O JA3€pKajia HaBKOJIO OCi pe3oHaropa.
Kyt moBopoTy ABOrpaHHOTO A3epkana, MpH sSKOMY 3a0e3-
HEeYYEThCS MAaKCHUMYM ITOTYXKHOCTI JIa3epHOTO BHIIPOMIHIO-
BaHH, XapaKTepu3ye Koe(ilieHT MPOITyCKaHHs AOCITIIKY-
BaHOI pemiTku. BeanunHa MakcHMyMy HOTY>KHOCTI J1a3ep-
HOTO BHIIPOMIHIOBAaHHS XapaKTepH3ye BEJMYMHY BTpAT y
JIocmipKyBaHid pemriti. Lle no3Bossie 3miliCHIOBATH €Kc-
MEepUMEHTaJbHE TOPIBHAHHA MapaMeTpiB pEIITOK 0e3
BUKOPHUCTAHHS METPOJIOTIYHUX IPUIIA/IiB.

PesyasTatn po6orn. B sxocri ampobarii crmocoOy
MPOBE/ICHO EKCIIepUMEHTAIbHE IIOPIBHSHHS IapaMeTpiB
METaJEeBUX PELIITOK, 1[0 MAKOTh Pi3HI KOHCTpPYKIIii. Bupoo-
JIHO peKOMeHJalil II0J0 MiABUIIEHHS JOCTOBIPHOCTI
BUMIPIOBaHb 1 TOAANBLIOTO PO3BUTKY LILOTO CIIOCOOY.

BucHoBku. 3anpornoHoBaHUH cmocid € edeKTHBHUM
IHCTPYMEHTOM [UISl TIOPIBHSHHA KOEQIIi€HTIB MpPOITyCKaH-
HS 1 BTpaT B OJHOBHMIPHUX METAJIeBUX PEIIITKAX 3 METOIO
ix KoHTpoIIO 1 BUOpaKkyBaHHs. Kpim Toro, nei crocid mo-
)K€ CIyTyBaTH BHUMipIOBaJIFHMM 3acO00M y pa3i BHKOpHC-
TaHHS JUI MOPIBHSHHS €TaJOHHUX PEIIiTOK 3 BIIOMHMH
napaMeTpamy.

KniouoBi cioBa: meraneBa pelniTka, TepareproBUil
JiarasoH, Jia3ep, pe3oHaTop, BTPaTH.

ISSN 1028-821X. Paxiodisuka ta enexrponika. 2018. T. 23. Ne 2 75



