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OO0mas xapakrepucTuka padorsl

AKTYaJILHOCTH padoThI

B Hacrosiiiee Bpemsi aKTUBHO pa3BUBAIOTCS MHCTPYMEHTHI ISl PA3IUYHBIX
3a/1a4, HAMpaBJICHHBIX HAa MCCJIEIOBAaHUE PEIMKTOBOIO M3nyueHusi BeceneHHON Takux
kak Mummumerpon, BOOMERANG, OLIMPO, LSPE, BTA, CYD®®DA. B ciyuae
MPOBEJCHUSA  PAJAMOACTPOHOMUYECKUX HAOIIOJEHUM C TOBEPXHOCTH  3eMIIu
CYIIECTBEHHYIO POJIb UTPAET MOTJIOIICHUE TEPArepliOBOI0 U3IYyUCHHUS MapamMu BOJbI,
HaxoasmuMucsa B atMmochepe. UToObl yMEHBIIUTh HETATUBHOE BIMSIHUE aTMOCHEpHI,
PaIMOTENIECKONBI  PACIoiaraloT Ha 3HAYUTEIBHOM BBICOT€ OTHOCUTEIBLHO YPOBHS
MOpsi, JMOO TIOMENIaloT Ha OOpTy HCCIENOBATEILCKUX 30HAOB (BBICOTHBIC
a’pocrtatbl). s  pajgMoOTENecKONoB, HAXOMAIIMXCS Ha TOBEPXHOCTH 3eMIIH
HEOOXOJUMBI YYBCTBUTEJIbHBIC MPUEMHBIE CHUCTEMbl C MIUPOKUM JUHAMUYECKUM
JMara3oHoM; TpeOyeTcsi CHOCOOHOCTh paboTaTh MPH BBHICOKOW (DOHOBOW MOIIIHOCTH
(mopsinka 5-80 nBT). B cBsi3m ¢ 3TUM, akTyaJbHOW 3ajadeil SBISIETCS CO37aHUC
KOMITAKTHBIX U BBICOKOUYBCTBUTEIIBHBIX JETEKTOPOB MM U CyOMM JMANa30HOB JJTUH
BOJIH. ONTUMAIBHBIMU JE€TEKTOPAMH ISl TTOJOOHBIX TEJIECKOIOB, C TOYKH 3PEHUS
JTOCTH)KCHUSI TIPEICIIbHOM YYBCTBUTEIIBHOCTH, SIBJISIIOTCS TPUEMHHKHA Ha OCHOBE
CBEPXIIPOBOIHUKOBBIX HEKOT€PEHTHBIX JAETEKTOPOB. TpeOoBaHUs, IpeabsIBIsIEMbIe K
NOJIOOHBIM CHCTEMaM JOBOJBHO MPOTHBOPEYMBBI: C OJHOW CTOPOHBI, HEOOXOJIHUMA
TpefenbHO BBICOKAs YyBCTBUTENLHOCTh Ha ypoBHe He Xyxke 10710 Br/Tu? nna
HA3€MHBIX TEJIIECKONOB, C JPYyrod CTOPOHBI HYKEH IIHPOKHI JUHAMHYECKUN
JMana3oH, MOCKOJIbKY YPOBEHb (DOHOBOTO M3ITy4YEHHUS aTMOC(Epbl Ha MOBEPXHOCTU
3eMJIM MOKET COCTaBIIATh JECATKH MUKOBATT B nuana3zoHe 0,8 mM. JlJis MOBBIIEHUS
MOIITHOCTH HACBIIIEHUS UCIOJIb3YIOT MAaTPHULIbI CBEPXIIPOBOAHUKOBBIX IETEKTOPOB. B
KayecTBE MPOTOTUNA TOJOOHBIX MPUEMHBIX YCTPOMCTB MOKET CIYXKUTh MaTpulla
KOJBLEBBIX AHTEHH C JETEeKTopaMu Ha ocHoBe CBepxmpoBoaHUK-W3omaTop-
Hopmaneneiii  metami-M3onstop-CeepxnpoBoauuk (CHMHUC). XapakTepucTHKH
npueMHblx MaTpul] Ha ocHoBe CHUHUC-nerekTopoB (BbICOKas 4yBCTBHUTEIBHOCTD,
ITUPOKUN JTHMHAMUYCCKUI JMarma30H, BBICOKOE OBICTPOACHCTBHE) JACNAIOT WX
MEPCIEKTUBHBIMU JICTEKTOpAMU JUISI HCCIICIOBAaHUNH B 00JacTM MM U CyOMM
ACTPOHOMHH.
Crenenb pa3paboTaHHOCTH

Ananoramu no obnactu npuMenenuss CMHUC-aeTekTopoB MOXXHO Ha3BaTh
Ooomomerp  Ha Kpaw cBepxmnpopomsmiero rmepexoma (BKII, B aHrmos3saHON
mutepatype TES), a Taxke nerektop Ha kuHeTmueckod wmHaykruBHOcTH (KID).
Kaxnapli w3 Hux o00JlalaeT CBOMMHU NPEUMYIIECTBAMH W HEJAOCTATKAMH.
brictpoaeiictBre BKII 00bIYHO COCTaBIAET HECKOIBLKO MUJUTUCEKYH . OHAKO, KaK 1
y CHUHUC-getexTopa, oHO MOXeT pgocturaTh mopsiaka 1-2 mxc. B BKIT sto
MPOUCXOJUT 3a CYET pealn3alldd OTPULATEIbHOW OOpaTHON TEPMOIIICKTPOHHOMN
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CBA3U, HO IPHU 3TOM INPOUCXOIUT cHWKeHHe uyBcrBUTENbHOCTH BKII. B CMHHUC-
JETEKTOpax MoJ00HOT0 CHMXKEHHS HET, YTO MO3BOJSET JOCTUTATh YyBCTBUTEIBHOCTU
Ha yposre 1017-1028 Br/I'u2. Ecau nposoauts cpasuenue ¢ KID, To B 6onomerpax
Ha KUHETUYECKOM MHAYKTHUBHOCTH OIPAHMYEHUE B MPEACIIbHYI0 UYBCTBUTEIBHOCTH
JE€TEKTOpa BHOCHUT TI'€HEPAIMOHHO-PEKOMOMHAIIMOHHBIA IIyM, BO3HUKAIOUIUH B
MaJioM 00bEeME CBEpPXIPOBOJHUKA Tocie morjiomienus B HeM (orona. B CUHUC-
JIETEeKTOpE MCIOIb3YETCsl MOJO0CKAa HOPMAJIBHOTO METajula, MO3TOMY IOAO0OHOM
po0JieMbl HET, a OOJBIION 00bEM CBEPXITPOBOIHUKA MO3BOJISIET N30€KATh BEICOKOTO
YpOBHS IIymMa B CBEpPXMNPOBOAsAIIEM »3JekTpojae. bonee moapoOHO cBoicTBa U
XapaKTepUCTUKN KPUOTEHHBIX JETEKTOPOB U UX CpPaBHEHHE MpeJcTaBieHbl B [ ase 1.
eap HacTOSIIIEH qMCCEPTANMOHHOM PadoThI:

pelieHre npoodeMbl HACBIIEHUSI CBEPXIPOBOAHUKOBBIX JETEKTOPOB B YCIOBHSIX
BBICOKOW (DOHOBOI MOIITHOCTH (JIECATKH MUKOBATT), a TAKXKE YJIyUILICHUE UX
CUTHAJIbHBIX XapakTEePUCTHK. JJi TOCTHKEHUS 3TOH 11eJ1h ObLIN PEeIIeHb
CJIEIYIOLIME OCHOBHBIC 3aa4H:

1)  Pa3pabGoTka mMaTpuIl IUTAHAPHBIX KOJBICBBIX aHTCHH MM U CYOMM JIMANa30HOB
¢ wunrerpupoBanHbiMu  CHUHUC-nerexTopamu, KoTOphie 00J1aal0T BBICOKOU
YYBCTBUTEJIBHOCTBIO, HU3KOW MOIMHOCTBIO JKBUBaJeHTHOW 1mymy (MOII) wu
IMPOKUM JUHAMUYECKUM JHUANA30HOM ISl IPUMEHEHHUS B PAAMOACTPOHOMUMU.

2)  Pa3paboTka,  M3TOTOBJIEHHE W  OKCIEPUMEHTAIFHOE  HCCIICAOBAHUE
[epecTPauBaeMoOro KpUOTEHHOTO CETOYHOro (uiabpTpa, Mo TUIy UHTephepoMerpa
®abpu-Ilepo, TOHKOIUIEHOYHBIX (PUIBTPOB, MAaTPULl KaNWUIAPHBIX (QUIbTpoB. OHU
HEOOXOAMMBI JJIi TPOBEIACHHUS HM3MEPEHUN BOJIbT-BATTHBIX, AaMIIEP-BaTTHBIX U
CIIEKTPAJIBHBIX XapaKTEPUCTUK MATPUIL IUIAHAPHBIX KOJIBLEBBIX AaHTEHH B KPUOCTATAX
npu Ttemmeparypax 0,1 m 0,3K, a Takke MoryT OBITH HCIIOJIB30BaHBI Ha
panuoTeneckonax AJis BblAeJIeHHE TPpeOyeMOi MOJIOCHl 4acTOT

3)  Onrummu3anus CyIIECTBYIONICH TEXHOJIOTUU H3TOTOBICHUS 00Pa3IOB.

4)  HccnenoBanue BOJIBT-BATTHBIX, aMIIep-BaTTHBIX XapaKTEpUCTUK
pa3palaThIBa€MbIX CTPYKTYp Ha BHEIIIHEE JIEKTPOMATHUTHOE U3ITyUYCHHE.

5)  U3MmepeHue CHEKTPANbHBIX XapaKTEPUCTHK MATPUIl KOJIBLIEBBIX aHTEHH
Pa3IUYHBIX TUIIOB. CTPYKTYpPbl CTAaHJAPTHOrO pasMepa (MOJyBOJHOBBIE AHTEHHBI) U
ANEKTPUYECKHU MaJbIX aHTCHH.

Hayuynasi HOBHU3HA

o JInsi crieKTpallbHOM KaauOpPOBKU MaTPHUIbl IJIaHAPHBIX KOJIBLIEBBIX AHTEHH C
CHUHUC-neTexkTopamu BIIEpBbIE MPEIJIOKEHA U PEaTM30BaHA OpPUTHMHAIbHAs
KOHCTPYKILIMSI KOMIAKTHOTO TIEPECTPAMBAEMOr0 CETOYHOTO KPUOTE€HHOTO
¢unpTpa Ha ocHoBe wuHTephepomerpa Dabpu-Ilepo, mO3BOISAIOIIETO
MPOBOJUTh KaTUOPOBKY JETeKTOpPOB. JlaHHBI mpubop OBLT TOMEIIEH B
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KpuocTat, Oblja MpoJAEeMOHCTPUPOBAHA MEPECTPOUKA HIEHTPATIbHON YacTOTHI B
nuanaszone 100-500 I'Tu, mupuna nonock! npomyckanus 4 [T,

o JleTanbHO M3y4YE€HO BIMSHUE OJM30CTH HOPMAJIBHOIO MeTajla U o0beMa
cBepxmnpoBoaHuKa Ha paboty CHUH-nepexonoB. BrepBeie s3KcriepuMeHTaIbHO
nokazaHo, 4to Oojbimoii o0bem cBepxnpoBoanuka (V) (V.adVsn=200 B
cpaBuenuun ¢ Vy/Vspy=3) W ymaneHHOCTh HOPMAlbHOTO MeTajjla OT
CBEPXIIPOBOJIHMKA HA 5 MKM BMECTO 2 MKM MO3BOJISIIOT YCTPAHUTH MOJIABICHUE
SHEPreTUYECKON IeNM B CBEPXIPOBOJHMKE. Ha ocHOBe 3THX NaHHBIX ObLIa
ontumusupoBana tonojoruss CUHUC-gerexkTopos.

o BnepBeie mnpensioxkeHsl, pa3pabOTaHbl U HUCCIEIOBaHbBl TPU THUIA MATPUII
AJIEKTPUYECKH MAaJIbIX KOJBILIEBBIX AHTEHH, B KOTOPbIE HWHTETPUPOBAHBI
CUHUC-nerextopbl. Mcnonb30BaHUE KOJBIEBBIX AHTEHH, CYILECTBEHHO
MEHBIIEr0 pa3Mepa, YeM MJIMHA BOJIHBI, MO3BOJISIET 3HAYMTEIBHO IMOBBICUTH
mI0THOCTh KOMNOHOBKM CHUHUC-aeTeKTOpOoB, yIydllIUTh YyBCTBUTEIHHOCTD
Y TIOBBICUTH MOIIIHOCTh HACBHIIICHUS] IPUEMHON CUCTEMBI.

Teoperndeckasi M NPAKTHYECKAS IEHHOCTH PadoOThHI

1)  Pa3paboraHHble, H3rOTOBJIICHHbIE W H3MEPCHHBIC MPUEMHBIC MATPHIIBI
IJIaHAPHBIX KOJIBLIEBBIX aHTEHH, ¢ HHTerpupoBaHHbIMU B HUX CUHUC-nerekTopamu,
UCIIOJIb30BaHbl B KAaueCTBE IMPOTOTUIA MPUEMHMKA JJII HCCIEAOBaHMM B 00JacTu
pPaguoacTpOHOMHH.

2) Pazpaborannbiii, U3TOTOBJICHHBIN 51 W3MEPEHHBIN KPUOTEHHBIN
nepecTpanBaeMblil (PUIIBTP UCIOJB30BAH JIJIsl IPOBEECHUS CIIEKTPAIBHOTO aHau3a C
MOMOIIIbI0 MaTPUI MJIAHAPHBIX KOJIBLIEBBIX aHTEHH, ¢ uHTerpupoBanubiMu CMHUC-
NETEKTOPaMHU, Ha HA3€MHBIX TEJIECKOIAaX MU a3POCTATHBIX MUCCHSIX.

3) Usmepennl pa3paOOTaHHbIE W H3TOTOBJICHHBIC IOJOCHO-TIPOIYCKAIOIIHE
¢unbTpel. OTHOCUTENBHBIA KOXGGUIMEHT Tpomyckanus coctaBuin Oonee 0,9
(M3MepeHo MEeTOoNIOM 3aMelleHus: PuiIbTpa), ocinabieHne BHE IMOJIOCHI MPOITYCKAHUS
cocrapmio 11xab. Tlonydyena mmpuna monockl mpomyckanus 10-90 [T as
nenTpanbHoi yactoTel 330 [T, Pasmep u momydeHHbIE XapaKTePUCTUKH (PUIBTPOB
MO3BOJISIFOT MCIIOJIB30BATh UX IS POBEICHUS U3MEPEHUN BHYTPU KPUOCTATOB.

4)  H3roToBJCHHBICE W W3MEPEHHBIC MATPUYHBIC KAIMUIAPHBIC BOJIHOBOIHBIC
GunbTpbl MUHOM 2 W 4 MM HCHOJNB30BaHBI Kak (UIBTPHl HU3KUX YacTOT B
KPUOT€HHBIX YCTaHOBKaX.

5) [Tony4eHHBI  pEKOPAHBIM  OTKIMK MO  HANPSKECHUIO HA  BHEIIHEE
ANEKTPOMAarHUTHOE  W3JIy4Y€HHE  JJIsI  MaTpull  KOJIBLIEBBIX  AHTEHH, C
unrerpupoBanibiMu B HuUX CHUHUC-geTekropamMu, ¢ XapakTepHbIM AUAMETPOM
KOJIbLIA PaBHBIM MOJOBHMHE MHBI BoJiHBI (3-10° B/Bt na wactore 345 ITm),
MO3BOJIUT MPOBOAUTH TOUHBIC H3MEPEHHUsI IJid MpUeMa U OLUEHKU MNPUXOJAIIETO
3JIEKTPOMArHUTHOTO U3JIyYEHHS HA PAIMOTENECKOMax.



6) s coryiacoBaHUs MaAIONIETO JIEKTPOMArHUTHOTO H3IYUYEHUS C IETEKTOPOM,
MOKa3aHO, YTO JYy4YlIMEe CHEKTpaJdbHblE M3MEpPEHUs HaOJI0JAlTCd B Cilydae
pacronokeHust — oOpasna  MeTajuiMzanued — (aHTeHHaMU) K MaJarlieMy
AIEKTPOMAarHUTHOMY M3JIy4Y€HUI0, NpU 3TOM 3((PEKTUBHASA TOJIIMHA MOAJIOKKA
cocTaBisieT A/4. OTu BbIBOABI, IMOJYYEHHbIE NPU TMOMOIIM KOMIIBIOTEPHOTO
MO/ICJIMPOBAHUS, TOJTBEPUINCH SKCIIEPUMEHTOM, B KOTOPOM BIEPBBIE peagIn30BaHa
KOHCTpYKIUs nogoOHoro mnpueMHoro snementa (CHMHUC-nerekropa) mid
OCBEILIEHHSI CO CTOPOHBI AHTEHH.

7)  Pa3paboTaHHBIC MaTPUIIbI JICKTPUUCCKU MAJIBIX KOJBIEBBIX aHTCHH, MO3BOJIST
NOBBICUTHh  TUIOTHOCTH KommnoHoBkn CHHUC  getexkTtopoB, 4YTO  YBEJIMYHUT
JOMYCTUMYIO0 TPUEMHYIO MOUIIHOCTb, HEOOXOAMMYIO0 JUisi paboThl B YCIOBHSX
BBICOKOM (pOHOBOM Harpysku. IToqydeHHBI OTKIMK 10 HanpsoxeHuto (2,8¢10° B/BT)
JUISL MAaTPUL[ SJEKTPUUYECKH MaJlblX aHTEHH IO3BOJISET MCIOJIb30BaTh UX HApaBHE C
MaTpUIIAMH CTaHIapTHBIX KOJIBIIEBBIX aHTCHH. DKCNepUMEHTAIBHO
OPOJEMOHCTPUPOBAH  JuHaMuyeckuil  auanazoH Oomee 30 n1b. U3mepena
CIieKTpalibHas xapaktepuctuka B auanazone 220-380 [T, DxcnepumeHTaIbHO

rmosydeHa BbicOKas (IyKTyal[MOHHas 4dyBcTBUTeNbHOCTH 74 MkK/T'u*? mpu yposHe
¢dona 2,7 K.
MeTom010TUs ¥ METOAbI HCCACAOBAHUS

1. Jns  onucanus mnapamerpoB CHMHUC-peTekTopa HCHOIB30BATUCH

METOAbI TEOPETUYECKOTO PacyeTa U METOJ YUCIEHHOTO MOJEIUPOBAHUs, PE3YyJIbTATHI
KOTOPBIX B JAJbHEUIIEM ITPOBEPSIIUCH SKCIIEPUMEHTAIBHBIM ITYTEM.

2. JUist  KCIIEpUMEHTANIBHOTO MCCIENOBAaHMUS pa3pabOTaHHBIX MAaTPUIL
mIaHapHbeIX KobIeBbIX aHTeHH ¢ CHHUC-merekTopamMu ObUIH HCIIOIB30BaHBI
CIEAYIOIINE UBMEPUTEIIbHBIE CTCH/IbI:

a) Ui MPOBEJICHHS U3BMEPEHUI TP KOMHATHOW TEMIIEPATYPE UCIOIb30BAIACH
KOMMYTHPYIOIIAs MIaTa ¢ MAJIOLIYMSIIUMU OTEPALIMOHHBIMHA YCUIIUTEISIMHU C
matoit LHATT-ALII nns ynpasnenus c [1K;

0) U151 KpUOTEHHBIX IKCTIEPUMEHTOB UCTONIb30Baics kproctat Heliox ¢pupmbr
Oxford Instruments ¢ umiryibcHO# TpyOOil B KaueCcTBE TIEPBOM CTYNICHU OXJIAXKICHHUS
u otkaukoil mapoB He3 (Temneparypa 273 mK), a Tak:ke KppocTat pacCTBOPEHHS,
co3nanusiii B.C. Dnenpmanom B uHcTHTYTE (hrzmaeckux npodaem um. [1.JI. Kanuist
(MmunuManbHas temmneparypa 100 MK) [10], komMyTupyromas miara ¢ yCUIuTeIsIMU
py KOMHATHOM Temneparype, u mata LLAIT-ALII gns ynpasnenus c 11K.

3. JIns  uccieioBaHUS OTKJIMKA HA DJIEKTPOMAarHUTHOE H3JIyYEHHE
pa3pabOTaHHBIX CTPYKTYp OBUIM PAacCUMTAHbl U U3TOTOBJIEHBI CETOYHbBIE MOJIOCHO-
nporyckaromme GuibTpel quanazona 250-400 I'T. /s usMepeHuid CieKTpabHOTO
OTKJIMKA B KQYECTBE MCTOYHMKA U3JIYYEHHUS UCIIOIH30BANIN JIaMITy OOpaTHOW BOJIHBI
(JIOB) nuamazona 230-380 I'T'1, ¢ KBa3MONITUYECKAM T'ayCCOBBIM TPAKTOM.



4, JUist  yay4imieHuss TOYHOCTM HM3MEpPEHHM Oblla NpeajiokeHa u
peanu3oBaHa KOHCTPYKLHSI KPUOTEHHOIO CIIEKTPOMETPA B BUJE NEPECTPAUBAEMOrO
¢unbTpa. OTO MO3BOJMIIO YMEHBIIUTHh BIHMSHUE HEOJHOPOAHOCTEW ONTHUYECKOTO
TpaKTa 3a CUET YMEHbIIECHHs 4yucia (UIBTPOB U ONTHYECKUX HKpaHOB. Hannuume
nepecTpanBaeMoro (pUiIbTpa BHYTPUM KPUOCTATa Jal0 BO3MOXKHOCTb M30aBUTHCS OT
BIIMSIHUS BHETIOJIOCHOTO M3JIyUYEHHS.

S. B pamkax naHHoO#M quccepTalMoOHHON paboThl ObUIO MPOBEIECHO JBA TUIA
WCCIICIOBAHNUN: M3MEPEHUE ONTHUYECKOTO OTKJIMKA MAaTpUll IUIAHAPHBIX KOJIBLIEBBIX
anteHH ¢ CUHUC-getexropamMu Ha pazinuHyto Temmnepatypy depHoro Tena (UT) u
CIIEKTPAJIbHBI OTKJIMK Ha BHEIIHEE 3JIEKTpOMarHutHoe uznydeHue ot JIOB. Jlns
NOBBIIIEHUS TOYHOCTU DSKCIIEPUMEHTa MO0 M3YYEHUIO CIEKTPAJIbHOTO OTKIHMKA
UCIIOJIB30BAJIACH CXEMa C OMNOPHBIM KaHAJIOM, B KOTOPOW MOUIHOCTH H3Iy4YEHUS
MCTOYHHUKA OJHOBPEMEHHO PETMCTPUPOBAIACH HA TUPOIIEKTPUIECKOM ITPUEMHHUKE.
IHonoxeHusi, BLIHOCUMBbIE HA 3AILUTY:

1) Martpuubl nnaHapHbix KoubleBblx aHTeHH ¢ CHHHMC-nerexropamu
MO3BOJISIIOT TPOBOJAUTHL TPUEM BHEIIHETO JJIECKTPOMArHUTHOTO U3JIyYCHHUS Ha
neHtpanbHOil yactote 345 I'T1 ¢ 4yBCTBUTEIBHOCTBIO HE XYXKE 2,6%¥10° B/Bt. B
YaCTHOCTH, JUIS TIOCJIEJOBATECIbHOW MATpUIbIl W3 25 aHTEHH C JeTEeKTOpaMHu
YyBCTBUTEJIBHOCTh 110 HAIpPSDKEHWI0 HAa W3JIyYEHUE YEPHOIrO Tejla JIOCTUraeT
3-10° B/BT, MOIIHOCTH HACHIIICHHS npesbimaeT 5 nBT. TokoBas 4yBCTBUTEIBHOCTD
IUIsL MaTPULBI U3 25 mapaieIbHO COEAUHEHHBIX aHTEHH C JIETEKTOPaMU COCTaBIISIET
2:10* A/Bt. Takue IpUEMHBIE YCTPOICTBA CIIOCOOHEI paboOTaTh B IOJIOCE YACTOT
240-370 I'T'1; ¢ MOIIHOCTBIO SKBUBAJIEHTHOH mymy He xyxe 101" Br/T'ut?.

2) Martpuubsl nnaHapHbix KoibleBbix aHTeHH ¢ CHUHUC-nerexropamu
HEO0OXOIMMO pacrioyiaraTh AHTCHHAMH HaBCTpeUy BHEITHEMY u3iydeHuto. [logqoOHoe
pacIioioKeHre 0o0pasloB IMO3BOJISIET JOOUTHCS Oo0jiee MOIITHOTO W OJHOPOJIHOTO
npUeMa CUrHaja.

3) [TonocHo-nponyckatonue (GUABTPH UMEIOT TOJIocy mporyckanus 10-
90 I'Ty m ocnabnenue BHe mosiockl mopsiaka 10 nb. [lepecTpanBaemblii KpUOTCHHBIN
bunbpTp cocodeH pabortaTe pu KproreHHBIX TemmepaTtypax (mo 0,1 K) u B monoce
gactoT 100-500 I'T1y ¢ mupunoit monocwl mpomyckanus 4 ['Tn. Kanumnspueie
¢unbTpel UMErOT Kod(duinment mnpomyckanus 40% u ociabieHWe CUTHAIa HIKE
4acToThl oTceukH B 40 ab.

4) Hcnonp3oBaHue TEXHOJIOTUHA TEHEBOI'O HAMBUICHUS! MPU HU3TOTOBICHHUU
AKCHEPUMEHTATBHBIX o0pa31oB MO3BOJIAJIO YMEHBIIUTh KOJIMYECTBO
TEXHOJIOTUYECKUX 3TANoOB. OTO MO3BOJUJIO YJIYYIIUTh TEIUIOOTBOA (HHUHAIBHOM
CTPYKTYPHI 3a cueT 00Jiee TOJICTOrO CJI0si HOPMaJIbHOTO MeTalljia, UCIOJIb3YEMOro JJIs
dbopmupoBanusi MaccuBoB anTeHH (200 HM npoTUB 35 HM paHee).



5) Marpuna snextpuueckn manbix anteHH ¢ CUHUC-perexropamm, ¢
XapaKTEePHBIM AUAMETPOM KOJblla 54 MKM UMEET BOJIbT-BATTHYIO UyBCTBUTEIHLHOCTh
seime 10° B/Bt, quaamudeckuii quanason 6onee 30 ab, nonoca npomyckaHus Gonee
180 [Tu. Hcnonp3oBaHue MaTpULbl AJIEKTPUUECKHM MAJbIX KOJIBLIEBBIX aHTEHH
ITO3BOJIMJIO YBEJIUYUTH MOJIOCY IIPOIYCKAaHMS B CPABHEHUM C MATPUIIEN CTaHIAPTHBIX
koJbLeBbIX aHTeHH ¢ CUHUC-nerexropamu.

CreneHb 10CTOBEPHOCTH U anipodanus pe3yJibTaToB

JIOCTOBEPHOCTH IOJYYEHHBIX PE3YyJbTAaTOB IMOATBEPKAAETCA COOTBETCTBUEM
pacyeToB W pa3jIMYHbIX TUIIOB SKCIEPUMEHTOB: C OOJy4YEeHHMEM OT HUCTOYHHUKA
YEepHOIro Tejla B KpUOCTAaTe€ C pa3iudyHbIMU (UiIbTpamu, OOJIyYE€HHUEM BHEIIHUM
ucrounnkoM JIOB, wu3MepeHUsMH B pa3HbIX KpUOCTAaTax M KOHPUTYpAIUSIX, C
UMMEPCUOHHOMN JIMH30M U BCTPEUHBIMH PYIIOpPaMHU.

OcHOBHBIE pe3yNIbTaThl NPOBEAEHHBIX HCCIECAOBAHUW NPEACTaBIEHBI B 55
paborax, B TOM 4yuciie 28 — cTaTbu B KypHajiaX, BXOJAIIMX B MepeyeHb U3JaHUMH,
pexomengoBaHHbix BAK MunoOpa3oBanuss u Hayku P®, W3 HHX BXOASIIMX B
MEXIyHapoJiHble 0a3bl JaHHBIX 23, a Takke B 22 JIOKIaAax Ha MEXIyHapOIHBIX U
poccuiickux KOH(epeHIMsX ¢ MyOauKaluei pacHIMpEeHHBIX TE3MCOB, MOJYYEHO 6
naTeHToB. PaboThl MyONMKOBAIMCH B BEAYIIMX CHEIMAIU3UPOBAHHBIX H3IAHUIX:
Superconductor Science and Technology, Applied Physics Letters, Journal of
Physics, Journal of Applied Physics, IEEE Transactions on Applied
Superconductivity, PagroTexHnka 1 3JIeKTPOHHKA.

[lyOnukamuu 1o MaTepualiaM JHCCepTallMd TOJHOCThIO OTPAKAIOT €€
COJIepKaHHue.

JIn4HBIN BKJIAJ aBTOpA:

PaGotet Oblu  BeImoNHEHBI A.M. UeKymIKMHBIM B  COaBTOPCTBE C
COTpYIHHUKAMU J1abOpaTOpuu  CBEPXIPOBOJAHUKOBON dnekTpoHuku HWMPD uwm.
B.A KorenpnukoBa PAH, wu YaaMepckoro TEXHOJOTMYECKOTO  HHCTUTYTa
(r.'érebopr, MIBenus). ABTopom paspaborana tomonorus wmarpunt CHUHUC-
netektopoB B cpene AutoCAD, paspaboraHa MeETOIMKA W3TOTOBICHHUS U
M3TOTOBJIEHBI 00paslibl JETEKTOPOB C HCIOJIb30BAHUEM JJIEKTPOHHOHN JUTOrpaduu
METOJOM TEHEBOT'O HAIBUICHUS Ye€pe3 IOABEUICHHYIO PE3UCTUBHYIO MACKYy, aBTOP
MPUHUMAJI y4acTUE€ B NPOBEACHUU H3MEPEHHI 3JIEKTPUUECKUX XapaKTEPUCTUK H
onTtudeckoro otkiauka o6OpasuoB wmatpuly CHUHUC-nerexkTopoB B KpuOCTaTe C
oTkaukoii mapos He®,B kpuocTare pacTBOpeHHs B MHCTUTYTe (DM3UUYECKHMX IPOOIEM
uM. [1LJI. Kanuiel, B 00paboTKe pe3yabTaTOB M MOATOTOBKE My OIMKAIINN.

OcHoBHoOeE cogep:xkaHne padOThI:

Bo BBeeHUM 00OCHOBaHA aKTyaJbHOCTH TEMBI JIUCCEPTAIIMU U OMPECICHBI
ee uenu. ChopmynupoBaHbl HayuyHasi HOBU3HA, MPAKTUYECKAs] IIEHHOCTh pabOThI U
MOJIO’KEHHUSI, BHIHOCUMBIE Ha 3allUTY.



IlepBass rnaBa HocuT OO30pHBIA XapakTep. B Hell maH KpaTkuil aHaius
CYIIECTBYIOIIMX KPUOTEHHBIX AETEKTOPOB. ONMCcaHbl MX KOHUEILHH, [TapaMeTphl U
croco0bl peanu3ali. BelaeneHsl OCHOBHBIE XapaKTEPUCTUKH, HEOOXOAMMbIE MpU
IIPOEKTUPOBAHUM  CBEPXIPOBOJHUKOBBIX  JETEKTOPOB: KOMIIAKTHOCTh, MDOIII,
YyBCTBUTEJIBHOCTb, BPEMS OTKIMKA. XapaKTEpHBIMH 3HAYEHUSAMU MOIIHOCTH
skBUBaJICHTHOU 1mymy (MOIIl) ans gaHHOTO THUMA TPUEMHBIX CHUCTEM SIBIISIFOTCS
snauenns 10717-102 Br- T2, XapakrepHas ammep-BaTTHas 4yBCTBUTEIHLHOCTh Ha
yposre 10° A/BT. Bpems OTK/IMKa MOpPsAAKA HECKOIBKUX MHKPOCEKYHI. IIpuBeneHO
OMKMCAHME UCTIONB30BAHUS MATPULL TPUEMHBIX 31eMeHTOB. OHM MO3BOJIAIOT U30€KaTh
neperpeBa no cpaBHeHUI0 ¢ oauHOo4YHbIMU CUH-cTpykTypamu u n1oOuthbest npuema
MOIIHOCTH u3nydeHuss 95-40 nBT B 3aBUCMMOCTM OT KOHQUIYypaluud MaTPHIIBL.
IIpuBeneHO ONUCaHUE MPUEMHBIX AIEMEHTOB TUIIA TUMOJIBHBIX U KOJBLEBBIX aHTCHH.
VYkazaHbl MX JOCTOMHCTBA M HemocTaTku. OmnucaHbl QUIBTPEI MM U CyO-MM
JIMAIa30HOB.

Bo BTOpo#i ruase mnpousBeneH pacuer napamerpoB CHMHUC-perextopa Ha
neHTpanbuyto yactoty 345 ['T. [Tonyueno, yro miomans CUH-niepexonoB momkHa

2 emkocTh 14 @, nna cornacosanus CHMHUC-1eTeKTOpOB B

coctaBiaTrs 0,8 MKkM
KOJIBIIEBOM QHTEHHE C BHEIIHUM JJICKTPOMArHUTHBIM HM3JyYCHHEM Ha ICHTPaJbHOU
yactore 345 1Tu. beulo McclienoBaHO M IMOKA3aHO C MOMOIIBI) KOMIBIOTEPHOTO
MOJIETUPOBAHMSI, YTO PACIIOJIOKEHHE 00pa3llOB aHTEHHOW K BHEIIHEMY H3ITYYEHHUIO
NpearnovYTUTeNbHEee, YeM OOJIydeHHE CO CTOPOHBI JUAJIEKTpHKa (MOoIokKH). B
NEPBOM CJIyyae pacCuuTaHHas CHEKTpalibHasg XapaKTepUCTHKAa HMeeT Ooiee
IMPOKYIO U PAaBHOMEPHYIO MOJIOCY MpUEMa.

[IpousBeneHa OLIEHKAa MaTPUILl DJIEKTPUYECKH MaJbIX KOJBLEBBIX AHTEHH C
CUHUC-netexktopamu. IlosydyeHo, 4TO Takod BHUJ MaTPHUIl MOXKET CYIIECTBEHHO
(6onee yem B 40 pa3) MOBBICUTH IJIOTHOCTH pacrnonoxenuss CUHUC-nerexTopos,
YTO MO3BOJIUT YBEJIWYUTHh MOUIHOCTh HACBIIMIEHUS MIPU TE€X K€ IUIOLIAIAX TETEKTOpa.
JInsi OLleHKH MpeajiaraéMoidl CTPYKTYpbl ObUIM CHEJIaHbl TPU Pa3IMYHBIX pacyera:
MeToJ1 cocpenoToueHHbIX demMeHToB (RLC), uncinennoe MogenupoBanue 0TMHOYHON
AYEUKU C TEPUOJMYECKUMH TPAaHUYHBIMHU YCJIOBHSIMHU, YHUCIEHHOE MOJIEIUPOBAHUE
Bcell cTpykTyphl, coctosmeit uz3 100 O9MA ¢ CUHUC-nerekropamu. C noMOIIbIO
KOMITBIOTEPHOT'O MOJICTMPOBAHUS OBLIIO TTOKA3aHO, YTO MOJA00HAs CUCTEMA TTO3BOJISET
peanu3oBaTh MIUPOKOIMOJIOCHYIO MpUeMHYI0 cucteMy (mojsioca 6onee 180 I'T'), uro
Ja€T BO3MOXKHOCTh HCMOJb30BaTh JIaHHYK) MATpPHUIy B Mape CO CHEKTPaJbHBIM
GuUIBTPOM I MPOBEACHUS CIEKTPATBHBIX 3MepeHnid Ha yacToTax 280-460 ['T.

B Tpernbeil riaBe ONKWCAaHO M3TOTOBJIEHUE MATPUILBI IJIAHAPHBIX KOJIBIIEBBIX
AHTEHH C UEHTpajlbHOM YacToToM 345 I'T' ¢ XapakTepHBIM JITHAMETPOM KOJbIla
nopsiAKa NoJIMHbI BOIHBI (300 MKM BHEIIHUN JUaMeTp U 23 MKM IIMpPHUHA KOJIbLIA),
a TaK)Xe MaTpUlbl 3JIEKTPUUYECKH MAaJbIX KOJIbLIEBBIX AHTEHH, BHEIIHUN JIUMETP
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54 mkMm, mumpuHa 15 mxM. B kauwectBe wmatepuanoB 11 CHUHUC-perextopos
ucnons3oBanchk: amomMunuit (10 HM) ¢ moacinoem kenmeza (1,5 HM) - kak
HOpPMAaJIbHBIN MeETajjl, OKCHJ aTIOMHUHHS (CO3/IaHHBIM OKHUCJICHUEM AaJIOMUHHS B
KaMepe HanbUIMTENbHOW yCTaHOBKU 1,2 HM) Kak HW30JATOP M YHMCTHIA altOMUHUM
(40 M) xak CBepXIPOBOAHHMK. B KauecTBe MaTepHasoB /Ui aHTCHH W KOHTAKTHBIX
IUIOMAZ0K MCHONb30BaMCh TUTaH (10 HM) Uit Jydined ajresuu 30510Ta, 30JI0TO
(100 um), mamraguii (20 HM), 4TOOBI M30€XKaTh WHTEPMETAIIMYECKOrO KOMIIAyHIa
MEXIY 30JI0TOM U antoMuHueM. Vcrnonb30BaHuEe ABYXCIOMHOTO pe3ucTa MO3BOJIUIO
peanu3oBaTh HaBUCAIONIUN PO MAaCKH, YTO J1a€T BO3MOXKHOCTh UCTOJIb30BaAHUS
TE€XHOJOTHU TEHEBOTO HAIbUIEHUS. JTO MO3BOJWIIO peann3oBaTh coznanue CUHUC-
NEeTEeKTOpOB 0€3 pa3pbiBa BaKyyma, 4YTO TIOJIOKUTEIBHO CKa3bIBa€TCS Ha WX
XapakTepucTukax. M3roToBiaeHbl pa3WyHbIE TOIMOJOTHU O0pa3loB ISl WM3y4YCHHUS
OCOOCHHOCTEH TpHeMa 3JIEKTPOMArHUTHOTO H3JIYYEHHUS: CO CTOPOHBI aHTEHH M CO
CTOPOHBI JUAJIEKTPUKA. BbUIM W3TOTOBIEHBI HAOOPHI 00pPA3IIOB IS HCCIICTOBAHMUS
BIMSHUS OJIM30CTH HOpMajbHOTO MeTtasa Ha kauectBo CHUH-nepexomos. O6pasiibi
OTJIMYAIIUCh 00BEMOM CBEpXMpoBOAHUKA (Sa/Ssiv=200 u 3) U paccTosHUEM OT
CBEPXIIPOBOJIHMKA JI0 HOpMaJTbHOTO MeTtayuia (2 u 5 MkMm). M3roToBieHbl 00pa3Iisl
JUIsl OTPaOOTKM HOBOT'O TEXHOJIOTHYECKOT'O0 MaplIpyTa, B KOTOPOM ObLI yOpaH cioit
«TOHKOTO 30JI0Ta», HEOOXOAMMBIA I peau3alii AJIEKTPUUECKOro KOHTAaKTa
MEXIy pa3BOAKON IMPOBOJAOB, KOHTAaKTHbIMHU Iutomankamu u CUUHUC-geTekTopom.
D10 OBUIO cIeNaHo Jisi MPOBEPKH HAEH O TOM, YTO HAIbUICHHE TOJ yIiaMu
NO3BOJISIET M3rOTABIMBATH CTPYKTYpbl C TOCIEAYIOIIMM CJIOEM TOHBIIE, YeM
OpeAbIIyIui (4TO HEBO3MOYKHO B paMKax IUJIAaHAPHOM peanu3aluu CTPYKTYpHI).
[lony4yennsle oOpa3lbl MOKa3add HAIWYUE DJIEKTPUUYECKUX KOHTAKTOB. OmHCcaHbI
AKCHEPUMEHTAIbHBIE YCTAHOBKHM: ONTHUYECKUA TPAKT, KPUOCTAThl, IpPUBEICHA
ANEKTPUYECKask CXeMa JJIsl IPOBEACHUS U3MEPEHHUI.

B yerBepTOii IJ1aBe MPEIOKEHBI U UCCIEAOBAHBI PA3TUYHBIC QUIBTPHI IS
BBIJICNICHUS TpPeOyeMOW TOJIOCHI YacTOT: IMOJIOCHO-TIPOIYyCKAIOMKUE (PUIBTPHI,
nepectpauBaeMbli  GuIBTp Ha ocHOBe wuHTepdepomerpa Dabpu-Ilepo wu
KaMmWUISIPHBIA  (UIBTp HA OCHOBE BOJHOBOAOB. Pa3paboTaHbl, M3rOTOBICHBI |
MCCJIeIOBAaHbI MOJOCHO-TIPOITyCKamue GUibTPhl ¢ NEHTpalbHOM YacToToi 345 [T
n nosiocoit mporryckanuss ot 10 mo 100 [T, OcnabneHue BHE IOJIOCH COCTABIISICT
10 nb-20 nb.  Pa3paGotan  KpUOTEHHBIM  TepecTpamBaeMblii  QuIbTp  1JIs
CIEKTPAIbHBIX H3MepeHud Ha ocHoBe wuHTEephepomeTpa Dadbpu-Ilepo. Pacuer
dunpTpa mpoBommicS aig nuama3ona yactor oT S50 mo 1000 [Tu. 3nadenwue
T00pOTHOCTH cocTaBuio 34. MUHHMMAanbHO BO3MOXKHAsI MEPECTpPorKa (QUiIbTpa IO
gactore 1I1Tu. Koadbdumuent mnpomyckanusi cocraBun 0,4, mmpuHA TIOIOCHI
nponyckanus 4 I'T st nentpanbHoit yactoThl 280 I'T'p 1 20 '’ ayist neHTpasbHOU
yactoTbl 420 I'T'. [IpeacraBiena unes u peanuzoBaH GUILTP HA OCHOBE MAaTPUIIbI U3
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TOHKHX BOJHOBOJIOB. M3roroBieHa cepus KaNmWUISIPHBIX MATPUUYHBIX (PUIBTPOB C
pa3nUYHBIMU JUIMHAMU KanuwuisipoB (1-4 mm) u aumamerpom 0,54 mm. 3aryxanue
dunsTpa coctaBuiio 6osiee 40 n1b Ha yactorax Hike 200 I'Tu. Ha wactorax Bblie
350 ITu 3aryxanue He npeBbIIacT 5 OB, YTO COOTBETCTBYET TEOPETUUYECKOMY
pacuery.

IIsaTas raaBa nocBsIIeHa YKCIIEPUMEHTATLHOMY HCCIIE0BAHUIO CIIEKTPATIbHBIX U
CUTHAJIbHBIX TIapaMETPOB MAaTPHI] KOJBIEBBIX aHTCHH C MHTCTPHUPOBAHHBIMU B HHX
CHUHUC-peTexropamu.

UccnenoBano  BausitHue  ONM30CTH  HOPMAJbHOTO  MeTalyla HM  oO0bema
cBepxmnpoBoaHuka Ha cBoiictBa CHH-nepexonoB. beuio mokazaHo, yTo OONbIIMIA
oobem cBepxmpoBoguuka (Va/Vsiv=200 mnporuB Va/Vsiv=3) ¥ y@anieHHOCTh OT
HOPMAJIBHOTO MeTajjla OT CBEPXMPOBOJHHMKA Ha 5 MKM BMECTO 2 MKM 3aMETHO
yJIy4IIaloT CBOMCTBAa TMeEpexoJ0B. bbuIM  ucciaegoBaHbl  o0Opasibl € JBYMS
nocnenoBatenibHo  coenuHeHHbIMU  CUHUC-ctpykTypamu. uddepennuanbabie
COTNPOTHUBIICHHS 3TUX OOpa3IOB MPHUBEACHBI HA pUCYHKEe 1, Hymepamus Ha rpaduke
CJeIyIoas:

1) cBepxmpoBOMSIIME DJICKTPOALI JiekaT ToBepX Tojctor (200 HM)
TPEXCIIONHON CTPYKTYyphl u3 MeTauioB Ti/Au/Pd, paccrosHue 110 HOpMalIbHOM
noBymiku 2 MkM. HabimronaeM yMeHbIIEHHE 3HAYEHUs CBEPXIPOBOISIICH MIENU OT
ta0muHbIX 185 MxkB 10 125 MkB;

2) koH(pUrypamus aHaJOoTMYHA TEPBOM, HO CBEPXIPOBOJSAILINE 3IEKTPOIbI
aexar Ha ToHKOM (35 uMm) cioe u3 Ti/Pd. B mepBoM u BTOPOM Cily4asiX OTHOIICHHE
TUIOMIAN CBepXIpoBoasiiero amoMunus K rmiomiann CUH-nepexoma (Sa/Ssiv -
coctaBiseT Bcero 3). BumHo, 4To 3HaueHHE CBEPXMPOBOMSAIICH IIETH CPABHUMO C
nepBbIM citydaem (125 mxB);

3) B crpykType OblUla 3HaYUTENBHO YBEJIWYEHA IUIOMIAIb CBEPXITPOBOISIIETO
amoMuans  (Sa/Ssin=200), CBEpXMPOBOIAIINI 3IEKTPOJ JIEKHAT HA TOHKOM
JIBYXCIOWHOU CcTpyKType u3 metawioB Ti/Pd, Ho paccrosaune or CUH mepexona g0
HOPMAJIBHOTO METaJUIa TaKoe K€, KaK W B MPEABIAYIUX ABYX ciaydasx (2 Mxm). B
ATOM cily4ae HaOJ0aeMO€ 3HAYEHUE SHEPreTUYECKOW WIENH B CBEPXIIPOBOJHUKE
150 mxB.;

4) Jlns mociemHero Tuma oOpasma Obuta peajan3oBaHa OOJbINAs TUIOIIATH
cBepxmpoBoasiero 3nekrpoaa (Sa/Ssiv=200), paccrosaue or CHH-mepexoma a0
HOpPMaJBbHOTO MeTalla cocTtaBwio S5 MkMm. Jlms a3toro oOpasma 3HadYeHHE
cBepxmnpoBosmen menu s oaHoro CHH-mepexoma cocraBuio 187 mxB, 4rto
OJIM3KO K TaOJIMYHBIM 3HAYCHHSIM.
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Pucynok 1. 3aBucumoctn muddepeHIranbHOr0 COTPOTHBICHUS OT HAITPSHKEHUS] CMELIEHUS ISl YeThIpeX
MOJIETIBHBIX 00pa3IoB, KOTOPBIE NpeACTaBIsIOT coboi 2 nocienoBatensHbix CUHMC-nerexTopa.

N3 pucynkal MOXHO cjaenath BBIBOJ, YTO TOJIIMHA 3JIEKTPOJOB U3
HOpMaJIbHOTO MeTayijia BiausieT Ha cBoiictBa CHH-nepexona. Ho B ropaszno Gosbiieit
creneHu, Ha cBoiictBa CHH-nmepexogoB  oka3plBalOT  BIHSHUE  00BEM
CBEpXIIPOBOJIHMKA U €r0 OJM30CTh K HOpMalbHOMY MeTtauty. [locnennuii-siBnsercs
JOMUHAHTHBIM [TAPAMETPOM.

N3mepens TemHOBble BAX CHHUC-nmerektopa Ha TOCTOSSHHOM —TOKE
(pucyHok 2). Cnenan BbIBOJ 00 HM3HAYaJbHOM IE€PETPEBE IIEKTPOHHOW CUCTEMBI.
IleperpeB MOKeT BO3HMKATh M3-3a IIPOCAYMBAHUS BBICOKOYACTOTHBIX CUTHAJIOB U3
BHEIIHETO OKPYKECHMUS.
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Pucynok 2.JIuddepunimanbHoe CONPOTUBICHUE CTPYKTYPBI U3 25 KOJIell COSAMHEHHBIX TOCIIeI0BATEIbHO (CIIeBa)
¥ TIapajuieNbHo (CIpaBa).

Jns wn3MepeHuss KBa3sUCTaTHYECKOTO ONTUYECKOIO0 OTKJIMKA B KAdeCTBE
HMCTOYHUKA U3JIyYeHUs HCHoJib3oBajgock uepHoe Teno (UT), B BuIAe HambUICHHOU
IJIEHKW HUXpPOMA, Ha KPEMHUEBOW MOMJIOKKE (B MO3JHUX BapUaHTaX HA MOIJIOKKE
candupa), pacroOKeHHOE BHYTPU KpHocTaTta. YUyBCTBHUTEIBHOCTh MPU MU3MEPEHUU
ONTUYECKOTO OTKJIMKA MapajuleIbHOM MaTpuubl KoableBbix aHTeHH ¢ CHMHUC-
nerekropamMu Ha wuznydenne YT temmneparypoit 10 K uepe3 momocoBoil ¢puibTp
nocturna 3Hadenuit dV/dP=3.4-10" B/Br u 10° A/Btr. HeBbICOKUI OTKIHMK IO
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HaIpsHDKEHUIO0 00YCJIOBIIEH HE MJI€aJIbHOM CUCTEMOW CUMTBHIBAHUS JUIsl JAHHOIO THIIA
COEIMHEHHUS AaHTEHH.

N3MmepeH onTUYECKUd OTKJIMK B CIy4ae, KOrJa UCTOYHUK HaXOAWICA CHapyX U
KpuocTaTta. MoaynupoBaHHbIA cUrHal u3iaydeHus: yepHoro tena 77/300 K noxasasncs
Ha oOpaszell uepe3 OKHO KpuocTaTa. llosydeHHBIN pe3ynbTaT NpPEACTaBICH Ha
pUCYyHKe 3 clipaBa.
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Pucynok 3. CieBa: ONTHYeCKUii OTKIMK MaTPHIIbI TAPALIETbHO COSAMHEHHBIX aHTEHH Ha M3JIy4eHUE YePHOTo Teja
temnepatypoil 10K, pacnonoxeHHOro BHyTpH KpHocTaTa
CrpaBa: OnTHYecKHi OTKIIMK MAaTPHIIBI ITOCIIEIOBATEIbHO COCTUHEHHBIX aHTEeHH Ha W3Ty4eHHe YepPHOTO Telna,
PacHoIOKEHHOTO CHApYKU KpHOCTaTa

Ha pucynke 4 mnpuBeleHbl ONTHYECKUE OTKIMKMA [0 HANPSDKEHUIO JUIs
MaTpUIIbl KOJBIEBBIX AHTEHH, COEIMHEHHBIX I[OCJeNoBaTelbHO. TeMiepaTypa
yepHoro Tena usMensuiach oT 2 K 10 9 K, 4To cOOTBETCTBYET MOIIHOCTH H3Ty4YEHUS
or 30 Bt mo 3,0 nBt. M3mepeHHBIE ONTHYECKHE OTKJIMKUA TI0 HAMPSHKECHUIO
coctasuan ot 2,6:10°B/Bt ans 30 ¢Bt mo 5-108 B/Bt ana 3 nBt. Mccnenyemble
o0pa31el Haxoauauck mpu Temreparype 100 mK.
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Pucynox 4. OnTrueckuii OTKIMK MO HAIPSDKEHUIO J11 MATPULIBI 25 KOJBIEBbIX aHTEHH, COeTMHEHHBIX
mocneaoBatensHo, st Temmeparyp YT 2-9 K. VCC - BAX matpuriisl 6e3 o0ydeHus.

Jlis u3MepeHuil CHEeKTPaTbHOrO OTKJIMKA B KAa4eCTBE HMCTOYHUKA W3ITyYCHUS
ucroib30BaHa Jiamna oOpatHot BosHbl (JIOB) B nmamazone 230-380 I'T.
W3nyueHne MpoXOAUT Yepe3 TPW TMOTJIOMIAIONIMX aTTEHI0ATOpa, Pa3MEIIeHHBIX Ha
paauanuoHHbIX dkpaHax ¢ temneparypamu 100 K, 3 K, 0,3 K ¢ ocnabnenuem 6omnee
20 n1b, ¢GuAbTp HU3KUX YACTOT U MOJIOCHO-TPONyCKAMUNA GuibTp. OJHOBPEMEHHO
M3MEPSUTHCH CUTHAJ OT JIETEKTOpa M OT MUPOIIEKTPHIECKOTO JETEKTOPa, C MOMOIIBIO
KOTOPOT'0 KOHTPOJMPOBAICS YPOBEHb BXOJHOW MOIIHOCTU. DKCIEPUMEHTAIBHBIC
CHEKTPHI JJIs1 00pasiia ¢ MaTpUIle aHTEHH Ha KPEMHHEBOH MOJJIOKKE MPUBEACHBI Ha
pucynke 5. b mpoBeneHBI  UCCIEOBAHHMS BIUSHUS  UYETBEPTHBOJIHOBOTO
NPOCBETNIAIOMIETO  TOKPBHITHS, ¥  OBUIO  TMOKa3aHO, 4YTO OHO  YJydYIIaeT
YyBCTBUTEIHHOCTh M PABHOMEPHOCTH CIIEKTPAIIBHOTO OTKJIMKA (KpacHas KpuBas Ha
pucyHke 5).

bbun paccMOTpeHBl pa3nuyHble KOH(MUTYparuu Ui U3MepeHus: o0pa3IoB:
O0JydeHHe CO CTOpPOHBI AHTEHHBI M OOJydeHHE CO CTOPOHBI JUAJICKTPHKA.
OKCIIePUMEHTAIFHO TOJITBEPIKICHO, YTO OOJyYCHHE MaTPHUIIBI CO CTOPOHBI aHTEHH
uMeeT OoJiee MIMPOKYIO IMOJIOCY W YPOBEHb NMPUHUMAEMOTO CHTHAIa CYIIECTBEHHO
OoJbIIe, YeM TMpH OOJYYEHHH CO CTOPOHBI AMAIEKTpUKa. Pe3ynapTaThl M3MepeHuiu
NpUBEICHBI HA PUCYHKE S CIIpaBa.

C NPOCBETAAIOLLMM NOKPbITUEM
6e3 NpocBeTNAILLEro NOKPLITHA

) []\\ ﬁ\ S
| SRR IEN

IR PN,
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220 240 260 280 300 320 340 360 380 400 220 240 260 280 300 320 340 360 380

—_— L

Amnnutyga, o.e.

AmnnuTtyaa, o.e

YacroTta, My Yacrora, My,

Pucynok 5 CrieBa: BIUsHHIE MPOCBETIIIOIIETO ITOKPHITUS Ha CIIEKTPAbHYIO XapaKTePUCTHKY.
CrpaBa: CeKTpanbHbIA OTKINK 00pa3noB AByX TumoB Ha curHai ¢ JIOB. KpacHsriit-o0mydeHne co CTOPOHBI
aHTCHHBI, CHHHH-00Ty4eHHEe CO CTOPOHBI IMAJIEKTPHKA.

[IpousBeneHbl U3MEPEHUS MATPULL PJIEKTPUUECKU MaJIbIX KOJBLEBBIX AHTEHH C
CHUHUC-petextopamu. M3MepeHusi TECTOBBIX 00pa3l0B MPOBOJIWIU B KpPUOCTATE
npu padboueit temmeparype 100 m 300 mK. IlpoBoagmnu nBa TuNa H3MEPEHMIA:
UCCIIEIOBAM  ONTUYECKUI OTKIMK MPUEMHOW CTPYKTYpPbl Ha  Pa3IMYHYIO
temneparypy YT, pacmoiio)keHHOro BHYTpH Kpuoctara (pHCYyHOK 6), U
CHCKTpaJdbHBIA OTKIMK (pucyHOK 8). Hcciemyemblii oOpasemr B JepikaTelie ¢
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KPEMHHUEBOM JIMH30M 3arpy»aercss B BaKyyMHBIM KpuocTtar. M3meHsas temmeparypy
YT npu nomomu Harpesarens ot 2 10 7 K, u3aMepsyin OnTHYECKU OTKIUMK IPUEMHOMN
CTpyKTypbl. JluHammyeckuid nuanazoH oT 2 Bt no 2 nBr mnpexacraBieH Ha
pPHUCYHKE 7.
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PucyHok 6. DKCriepuMeHTAIFHO M3MEPEHHBI OTKIIMK 110 HAIPSDKEHUIO Ha M3ITyYeHHe YEPHOTO Tema st
HocJe10BaTeIbHON MaTpUIlBl U3 81 anekTpruyecku Manoi anTeHHs! npu Temmneparypax YT ot 2 K 1o 7,5 K.
Temneparypa o6pazua 100 mK.
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Pucynok 7. luHamMuyeckuil qrana3oH nNpuHIMaeMon MouHocT MaTpunsl 13 81 OMA ¢ CUHUC-perexTopamu
coctasui 0osee 30 1b. AHTEHHBI COETMHEHBI [TOCIIEA0BATEIBHO.

[Ipy u3MepeHHM CHEKTPAJIbHOIO OTKJIMKA B  KAayeCTBE MCTOYHUKA
ucnoib3oBasin jamiy oopatHoil BoaHbl (JIOB). Curnan ot JIOB, mpoxoas uepes
OKHAa KpHMOCTaTa, MOCTYIMAaeT Ha MCCIeAyeMbIi oOpaser. Pe3ynbrarhl crieKTpaabHBIX
n3mepeHuit koiblieBbix aHTeHH ¢ CUHUC-aeTekTropamMu U KOJIBUEBBIX AIEKTPUUECKHU
Maisibix anTeHH ¢ CUHUC-peTekTopamu npeacTaBiieHbl HA PUCYHKE 8.
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PucyHok 8 CpaBHEHHE CIIEKTPAIILHOTO OTKJIMKA AIIEKTPHUYECKH MaJIbIX KOJIBIEBBIX aHTEHH M KOJIbIIEBBIX aHTEHH C
XapaKTEepPHbIM pa3MepoM B MOJUIMHBI BOJIHBI Ha 00y4deHue ¢ JIOB.

HeoaHopoIHOCTE M M3pE3aHHOCTh CIEKTPAIBHOIO OTKIMKA MO OOJbIIEH YacTH
CBSI3aHA C HE UCAJTbHOCTHhIO KBA3MONTUYECKOIO TPAKTa M3-3a TPEX ONTUUYECKUX OKOH
Ha pa3HBIX TeMIlepaTypHbIX cTyneHsx. OOlee majgeHue CeKTPaJIbHOrO OTKIMKA Ha
gactotax Hiwke 350 I'T'11 cBsi3aHO ¢ MOJI0COM MponycKkaHus GUIbTpa.

B 3aknw4yennu chopMyIUpOBaHbBl OCHOBHBIE PE3YJIbTaThl AMCCEPTALMOHHOM
padoTHI:

1. Pa3paboTaHbl, M3TOTOBJICHBl U H3MEPEHBI KBA3UONTHYECKHUE (UIBTPHI IS
KPUOTEHHBIX ANEKTPOMArHUTHBIX U3MEPEHUN: MIOJIOCHO-TIPONYCKAIOUIHE,
nepecTpauBaeMblii Ha OcHOBe wuHTepdepomerpa Dadbpu-Ilepo, KammmispHbie
MatpuuHble  GuiIbTphl. llomocHo-mpomyckatonme QUIbTPHI  HMMEIT  TOJOCY
nponyckanus 10-90 T w ocmabnenwe BHe mosockl mopsaka 10 gb.
[lepectpanBaembiii GUIBTp CIOCOOEH pabOTaTh MPU KPUOTCHHBIX TEMIIEpATypax U B
nmosnoce dactoT 100-500 [Ty ¢ mmpuHoil monockl mnpomyckanus 4 [T
BonHoBOoHBIE (GUABTPHI ¢ XapaKTEpHBIM AHAMETPOM BoiHOBoAa 0,54 MM HMEIOT
nponyckanue Bbimie 350 I'Tu Ha ypoBHe 40%. 3aTyxanue Ha yactorax Huxke 200
[T 6onee 40 ab.

2. PazpaboTaHa ¥ YCHENIHO WCIIOJNh30BAaHA METOJWKA W3TOTOBJICHUS MATPUII
IJJAHAPHBIX KOJBLEBBIX aHTEeHH, ¢ uHTerpupoBaHHbiMu CHUHUC-petexktopamu, B
KOTOpBIX yOpaH CJIOH «TOHKOrO 30J0Ta». OJTO TMO3BOJUIO YHOPOCTHUTh
TEXHOJOTHYECKYI0 KapTy W3TOTOBJCHUS OOpasloB, yIyYIIATh TEIUIOOTBOJ
(dUHaNBHON CTPYKTYphl 3a cueT 0oJyiee TOJCTOrO CJIOSi HOPMAaJbHOIO MeETaia,
UCIoiab3yeMoro s ¢opmupoBaHus maccuBoB aHTeHH (200 HM npoTuB 35 HM
paHee).
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3. Pa3zpaboTraHbl, M3rOTOBJIEHBl MaTPHULbl IJIAHAPHBIX KOJIBLIEBBIX AHTEHH IS
IIpUEMa BHEHIHEro0 JJIEKTPOMAarHUTHOTO W3daydeHus pauamnasoHa 345 1Tnm c
unterpupoBanibiMu B HUX CHUHUC-nerekropamu. MDOIIl  pa3zpaboTraHHBIX
cTpykTyp He xyxe 107 B/,

4. I3MepeH  ONTUYECKUA M CHEKTPalbHBIM  OTKJIMK Ha  BHEIIHEe
DJIEKTPOMAarHUTHOE M3Jy4YEHUE MATPULl MApaJUIEIbHO U IOCJIEAOBATEIBHO
COCIMHEHHBIX KOJIBLIEBBIX AHTEHH C XapakTepHbIM auamerpoM 300 mxm. Jls
MIOCJIEA0BATENBHON MATPULIBI U3 25 aHTEHH C JETEKTOPaMU YYBCTBHUTEIBHOCTH IO
HAIIPSDKEHMIO HAa HM3IydeHHe uepHoro Tena pocturaer 3-10° B/BT; MoIHOCTSH
HaChIlleHUs1 npeBblaeT 5 nBT. TokoBas 4yBCTBUTENBHOCTH I MATpPULBl U3 25
NapaJuIeNlbHO COeJMHEHHBIX aHTEHH ¢ JIeTeKTopaMu cocTasiser 2-10% A/Br.

5. DKCHEepUMEHTAIbHO HW3MEpPEHbl CIEKTpPaJbHbIE XapaKTEPUCTUKH MaTPHIL
konbleBblXx aHTeHH ¢ CHUHUC-perexropamu. IllupuHa mOJIOCEI MPOIYCKaHHUS
npesbimmaet 100 I'T.  HccnegoBano BiusSiHME pacIioioKeHHMs oOpasia Ha
OJIHOPOJTHOCTH M MOIIHOCTh IIPHE€Ma CUTHaJIA MPU OOJyYEHUHU: ¢ OOPATHON CTOPOHBI
NOJIJIOKKH, CO CTOPOHBI aHTEHH.

6. PazpaboraHa, W3roTOBIIEHa W OKCIEPUMEHTAIBLHO HCCIEIOBaHA MpUEMHAs
Matpuua anekrpuyecku manbix aHTeHH ¢ CHUHUC-perexropamu, XapakTepHBII
JUaMeTp KOJIbLa aHTEHHBI 54 MKM. MI3MepeH ONTUYEeCKN U CIIEKTPAJIBHBINA OTKIIUK.
DKCIEPUMEHTAIBHO TOJNyYeHa BOJILT-BATTHAs 4yBCTBUTENbHOCTH Bhime 10° B/Br,
nuHaMudeckuid auamnazon Oosiee 30 nb, momoca mpomyckanus Oosiee 130 I'T'm.
Hcnonp30BaHue MaTpUIbl KOJIBLIEBBIX AHTEHH THIIA MeTaMmarepuasa I103BOJINIIO
YBEJIIMUUTH IIOJIOCY TPONYCKAaHUS B CPAaBHEHHHM C MAaTPUIEH IOJIyBOJHOBBIX

KOJIBIIEBBIX aHTCHH.
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