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B 1865 . MakcBesu mpe/iIoK i1 CBOIO TEOPHUIO CBETA.
K xoniry 1888 . oHa BcecTopoHHE IPOBEpEHa U TOITBEP-
xnena. [TomHoe ee pa3BuTHE ecTh He Ooliee, Kak BOIIPOC
BpPEMEHH, Tpy/a U OCTpOyMUst. Bee BiageHus onTiku Te-
Nepb MPUCOSTUHEHBI K ANIEKTPHUYECTBY, KOTOPOE TaKUM
00pa3oM CIe1aoCh TOCIOICTBYIOIICH HAYKOM.
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B macrosmieit paboTe mpencTaBIeH COBPEMEHHBIH YPOBEHb PAa3BUTHS KBa3HONTHYECKOW TEXHHKH BO BCEM
MHOT000pa3uy BapHaHTOB HCITOIb3YEMbIX JIMHUHN Nepenadn. PaccMOTpeHBI pa3IuyHbIe IPUMEHEHHS KBa3HONTH-
YECKHMX CHCTEM C yUETOM 0COOCHHOCTEH OTIENbHBIX HAYIHBIX IPoOIeM U crienn KN TPUKIAIHBIX 3a1a4. M3mo-
JKCHHE TIPOBEICHO MCXO/S M3 MEPBBIX MIPUHIINIIOB, HAYMHAS C MHOHEPCKUX MccenoBannii “ BoH ['epma” . OcHOB-
HOE BHIUMaHHE yIeleHo paboTaM paanodpu3nkos ctpal ObBirero Coserckoro Coro3a, KOTOpEIE BHECIH —CyIIe-

CTBEHHBIN BKJIAJ] B pa3pabOTKy KBa3HONTHYECKON TEXHUKH.

Y po0orTi npencTaBieHui CydacHUH piBeHb PO3BUTKY KBa3iONTUYHOI TEXHIKH Y BCi pi3HOMAHITHOCTI Bapi-
aHTIB JiHIH epenadi, 0 BUKOPUCTOBYIOThCS. PO3IISTHYTO 3aCTOCYBaHHS KBAa31ONTHYHUX CHCTEM 3 ypaxyBaHHSIM
0COONMMBOCTEH OKpPEMHX HAYKOBHX HANPSMKIB 1 cienniku MpUKIagHuX mpodiaeM. JochimkeHHs MpOBEIcHO
BHUXOJISTYH 3 TIEPIITUX MPUHITUIIIB, TOYNHAIOYH 3 MOHEPCHKHUX TOCIHTIHKeHb “XBrih [epra”. OcobnuBy yBary mpu-
IUTEHO TpansaM pamioi3ukiB KpaiH komumiHboro Pagsacekoro Coro3y, KOTpi 3pO0HIN iCTOTHHI BHECOK Y PO3-
pOoOKy KBa3iONTHIHOI TEXHIKH.

1. BBenenue

Bonee yem 3a BekoBOW NepuoAa CBOEH MCTOpUU
KBa3MONTHUKA C(OPMHUPOBATACH KAK YHUBEPCAIHHOE
Hay4YHOE HalpaBJICHUE, BKIIOYAIOIIEE COBOKYITHOCTD
METOZOB U CPEACTB JUISI M3YUECHHUS MPOLECCOB pac-
MPOCTPAHEHHUS, PETIOMIICHUS U OTPaKEHUS DJICKT-
POMarHWTHBIX BOJIH B TOM CIydae, KOTrJa JJINHA BOJI-
Hbl Majla [0 CPaBHEHUIO C MONEPEYHBIMU pa3Mepa-
MH PacCeMBAIOIINX WM HANPaBISIONUX CHCTEM,
A < D (B oTiu4Me OT TEOMETPHUYESCKOH OTTHKH, T
A << D, 37ech Hapsaay ¢ reOMETPOONTHYECKUMHU
YUHTBIBAIOTCS AU(PPAKIMOHHbIC SBICHUS). B TO xKe
BpeMs B HAy4HOH JIUTepaType uMeeTcs KpaitHe orpa-
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HUYEHHOE KOJIMYECTBO PaboT, B KOTOPHIX BCE acmeK-
THI TIPOOJIEMBI TPECTABICHB B TIOJHOM O0BeMe, B
comoctaBuMoii hopme, B IUHAMUKE Pa3BUTHA C yUe-
TOM 0COOCHHOCTEH OTACIBHBIX HAyYHBIX POOIEM U
cnenuUKH MpUKIagHbIX 3anad. Kak mpasuio, oTi
MyOIUKAIME OTHOCATCS K ONPEICICHHOMY UCTOPU-
geckoMmy Tepuony [1-3], mocBsmensr paspaGoTke
TOTO MJIM MHOTO HAIlpaBJICHHs HCClefoBaHui [4-6]
WJIH SIBIISTIOTCA 0030pamMu pa0boT OTAENBHOM HaydIHOH
mkoel [ 7-10]. B 1998 1. BeINIIa B cCBET MOHOTPAHS
[11] ¢ yHuKanpHBIM OUOIHOTPahUICCKUM CIIUCKOM,
conepxxamuM Oonee 700 HammeHoBaHWU. B 3TOM
pabote HanboIee OIHO CHCTEMAaTH3UPOBaHa TEOPHSI
rayCCOBBIX BOJHOBBIX ITyYKOB, IPUBEICHBI PE3YIib-
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TaThl pa3pabOTKH AIIEMEHTHOH 0a3bl U PACCMOTPEHBI
0COOCHHOCTH peIIeHHUs NPUKIAJHBIX 3a/1ad IpHMe-
HUTEIBHO K 3TOMY Ba)XHOMY, HO, TEM HE MeHee, He
eIMHCTBEHHOMY CIIOCO0Y KaHAIN3aI|H JJIEKTpoMar-
HUTHOHM SHEPruM W peanu3anuy (yHKIHOHAIBHBIX
CHCTEM Pa3IMYHOrO HazHa4eHus. Cpenu pyccKos3bIY-
HOM HAy4yHOH JIUTepaTypbl NEPBBIM H3AaHUEM, IO-
CBSIIIIEHHBIM TaKUM BOINPOCAaM, MOXXHO CUHTATh H3-
nauueil B 1966 1. c6opuuk [12], B KOTOpHIH BOMUTH
n30paHHbIE JOKIAIbl HA MEXTYHAPOJHOM CHMITO3H-
yMe 10 KBa3HOMTHKE, cocTosBIeMcs B 1964 r. B Hrio-
Mopke. HanGonee mcuepnbiaromas HHGOPMALHS O
KBa3WONTUYECKUX JUHUSAX TepeJadyd pazInyHOTO
TUIA ¥ NPUHOMNAX MMOCTPOSHHS HMPUOOPOB U yCT-
POWCTB, COOTBETCTBYIOIIAsl YPOBHIO Pa3BUTHS dlie-
MeHTHOH 0a3pl 60-X TOI0B, COAEPKUTCS B MOHOTpa-
¢un [13] (1969 r.). JomomHUTENbHBIC CBEICHHS OT-
HOCHTEJIBHO Pa3paboToOK Oojiee MO3/HEro nepuoja,
B YaCTHOCTH, Ha OCHOBE ITOJIOTO THAJIEKTPUIECKOTO
Jy4eBO/A U METaJUIO-TUDJIEKTPUIECKUX BOTHOBOJIOB
MOKHO HalTh B paborax [14, 15].

B macrosmieii pabote crenaHa MOIBITKA TTOKa3aTh
COBPEMEHHBIN YPOBEHb Pa3BUTHUS KBAa3HMOINTUYECKOU
TEXHUKH BO BCEM MHOI000pa3uy BAPUAHTOB IIPUMEHS-
eMBIX JIMHUH TTepejadyl U Pa3uyHbIX ee TPUIOKCHUH.
Hapsiny ¢ sTum npuBenen 0030p HcciiefoBaHUi “ BOTH
I'epria” (Tak Ha3BIBAJIM OIBITHI ITO U3YUCHHUIO CBOMCTB
9JIEKTPOMAarHUTHBIX BOJNH TociexoBarenau [epua), B
KOTOPBIX OBLITH 3aJI0’KEHBI OCHOBHBIE KBa3HONITHYSCKUE
NPUHIHUIIEL, OIHPOKO U dP(YEKTHBHO UCHONb3yeMbIC B
coBpeMenHoi CBY Texanke. O0beM XypHAIBHOMN ITy0-
JIMKAI{HX He TI03BOJISIET IETAIBHO PACCMOTPETh TEXHH-
YeCKHE XapaKTePHCTUKN KBa3HONTHYECKHX CHCTEM pa3-
JIMYHOTO THIIA M IPUBECTH IIOJHBIN 0030p JINTEpaTyphl
B YaCTH OIMCAHUS TPUOOPOB U YCTPOUCTB, HO IIPH STOM
TMIOKa3aHbI KIIIOUEBEIC TEHICHIINH HCCIISIOBAaHUHI U pa3-
paboTOK, BBIAETICHB OCHOBOIONATAIOMINAE PAaOOTHI H
cTaTh 0030pHOTO XapakTepa. M3 paccMoTpeHus 3aBe-
JIOMO MCKITIOYEHBI TaKHe Ba)KHbIE TIPOOIEMBI, KaK pas3-
paborka CBY anTenH omrtuueckoro tuma [16-18], or-
KPBITBIX pe30HATOPOB [19-21] 1 KBa3HONITHYECKUX TBEP-
JIOTENTBHBIX IPHOOPOB [22], KOTOpbIE B HACTOSIIIEE Bpe-
M3 OTIPEACIIMIIMCH KaK CAMOCTOSTeIIbHBIC HayYHBIC Ha-
NIPaBIICHUS M IIHPOKO OCBEIICHBI B COBPEMEHHOH Ha-
YYHO-TEXHUYECKOH JIUTEpaType.

2. IInonepckue ucciaenopanus “BoaH [epua”
(1888-1900rT.)

®dopMUpOBaHUE KBA3UONTHUKHM KaK HAyYHOTO Ha-
MPaBJICHUS TECHO CBS3aHO C PA3BUTHEM BBICOKOYAC-
TOTHOW PaJHMOTEXHUKU U OepeT CBOe Havaso B 3Ha-
MEHHTHIX ombITax [. ['epua, pe3ynbraThl KOTOPBIX
Opmi mipencraBneHs 13 nexabps 1888 r. B moknazne

“O nyvax 3JEKTPUICCKON CHIIBI Ha 3acenanuu bep-
JMHCKON aKaJleMUH HayK U yOeOHMTEeNIFHO JDOoKa3asln
€IUHCTBO MPUPOJIBI AMEKTPOMATHUTHBIX U CBETOBBIX
BoaH [23]. Ilpu MOCTaHOBKE STHX SKCIIEPHMEHTOB
Tepir cTpeMuiICS K YMEHBIICHUIO F€OMETPUUICCKUX
pa3MepoB IpUOOPOB, YTO MO3BOJIUIIO EMY MOJTYYHUTh
3ICKTPOMArHUTHOC H3ITyICHHE C ATMHON BOIHBI A =
66 cM U mpoBecTH HCCIIEAOBAHUS, CIEAYS KIAcCH-
YEeCKMM ONTHYECKUM IIpeACTaBICHHUAM. “MHe yaa-
JIOCh, — MHUCAJT OH, — MOJYYUTh OTUETIMBBHIE JyYU
ANEKTPUYESCKOH CHIIBI ¥ IPOU3BECTH IIPH UX TOMOIIN
BCE JJIEMCHTApHBIC OIBITHI, KOTOPBIE MTPOU3BOASATCS
CO CBETOBBIMH U TEILTOBBIMHU JTydaMu” . J{Jist KOHIICH-
TPaLUK 3JICKTPOMAarHUTHOM DHEPIHH B BUJIC HAIIPaB-
JeHHoro Jyyda ['epr ucronbs3oBan napaboiandeckoe
ITHHIPUYECKOE 3epKAI0 U3 IIMHKOBOTO JIUCTA C
pasmepom arneptypbl 2.0x1.2 M2 1 POKYCHBIM pac-
crossaueM 12.5 cum (puc. 1). B pokansHoit TuHMH 3ep-
Kayra ObUT YCTaHOBIICH AMIIONb C HCKPOBBIM 3230pOM
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Puc. 1. Ilapabonuueckuii peghnexmop anmennot I'epya ons
onvimoe na eonne A= 66 cm. Penpodykyus uz pabomu [ 23]
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JUIS TIOAKJIIOYEHUS] K MHIYKIMOHHOMY YCTPOWCTBY
tuma Kaiizepa — [lImuara (puc. 2, a). [lpuemuas an-
TEHHa MMelNa aHAJIOTUYHYI0 KOHCTPYKIHIO, a B do-
KaJBbHOW JIMHHUHU 3epKasia ObUT pa3MelleH pe30HATop
B BHJIE JIBYX CTE€PKHEH, BHYTPEHHHUE KOHI[BI KOTOPBIX
IIPH IIOMOUIM MPOBOJIOK, MPOXOANBIINX Yepe3 CTEH-
Ky 3epKajia Hapyy, IPACOCANHSIINCH K UCKPOBOMY
MIPOMEKYTKY, PETYIHPYEMOMY IIPH TOMOIIH MUKPO-
MeTpuueckoro BuHTa (puc. 2, 6). Peructpamms
9JIEKTPOMArHUTHOTO U3ITyYeHHsI OCYIIECTBIIIIAaCh 3a
CYET BTOPUYHOTO HCKPOBOTO pa3psiaa. DKCIIepUMEH-
THPYS ¢ HaIlpaBJICHHBIMHU ITy4YKaMu Jy4deit, ['epr mox-
TBEPJWJI 3aKOHBI MPSMOIUHEHHOTO paclpocTpaHe-
HUS, OTPaXXCHHS, IIPETOMIICHHS ¥ UCCIIe0BAII TIOJIS-
pH3alMOHHbIE SBJICHHUS IPUMEHHUTEIBHO K DIIEKTPO-
MarHUTHBIM BOJTHAM, I10 CYTH J€Ja, BIIEPBBIC Pean-
30BaB KBa3WONTHYECKUE MPUHIIMITHI B BBICOKOYACTOT-
HOW paguorexHuke. [Ipy 3TOM OH HMCIOIB30BAI IK-
paHBI U3 CTAaHHOIS, 30J0THIX JHCTOYKOB U JICPEBSH-
HBIX IIUTOB, @ MAKCHMaJIbHOE PACCTOSTHUE MEKIY aH-
TEHHAMH B €ro OmbITax cocTaBisio 16 m. Jlnsg uc-
CJIEJIOBAaHUS MPEJIOMIICHHUS NPH MPOXOKICHHUHU JIyda
13 OHOU Ccpelbl B ApyTryto I'epi u3roToBUI NpusmMy
n3 ac¢ansra Maccoit 1200 KT ¢ ceueHneM B BHJIE PaB-
HOOCIPCHHOTO TPEYTOJbHUKA ¢ OOKOBOW CTOPOHOM
1.2 m, BeIcOTOM 1.5 M, mpenomisirormum yrimom 30°.
JJis monsprU3alMOHHBIX UCCIEI0OBAaHUN OH HMCIOJIb-
30BaJl PEIICTKY M3 MEAHOW MPOBOIOKH (Iuamerp
2b =1 cm, mepuog | = 3 ¢M), HATAHYTYIO Ha JIEPEBSH-
HY0 BOCBMHUYTONBHYIO paMky 2.0x2.0 M2
OkcriepuMeHTH [epra nmenn GpyHIaMeHTaIbHOE
3HAYCHHUE U CTUMYJIUPOBAIIN Pa3BUTHE UCCIICNOBAHHI
ONTHYECKUX CBOWCTB DJIEKTPOMArHUTHBIX BOJH M HX
MpaKkTUYECKUX NpuioxeHui. Ilpu stom nmocnenosa-
Tenu ['epiia, BOCIPOU3BOAS U pa3BHBasi €ro OIBITHI,
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Puc. 2. Koncmpyryuu nepedatowezo (a) u npuemnozo (6)
ounoneti aumennul epya (Penpodyryus uz pabomot [23])

CTPEMUITUCH K elle OONbIIeMy YKOPOYCHHIO ITHHBI
BOJIHBI U COBEPIICHCTBOBAHUIO 3KCIIEPUMEHTAIbHBIX
npudOpOB.

B 1894 . A. Purn monepuusuposain aunons [ep-
112, BBEJIS1 BMECTO OTHOTO UCKPOBOTO IIPOMEKYTKA TPH,
YTO MO3BOJUIO €My MOMYYUTh U3NyUYCHHE C ATHHON
BOJIHEI A = 7.5 1 20 cm [24]. OnuH 13 BApUAHTOB KOH-
CTPYKIHHU TOJO00HOTO OCHMIIISATOpa ¢ Mapadonuyec-
KuM pedrekTopoM rnokaszan Ha puc. 3. Yke B 1895 .
I1. H. JleGemeB mpoBe CEPHUIO OTBITOB C BOJHON A =
6 MM [25, 26]. Tlo ero crioBam, “mosBHIAaCH MOTPeO-
HoCTh jenats ero (Fepma — A. K.) onbITEl B HEGOIB-
oM macirade, 6oyiee ynoOHOM ISt HAYYHBIX U3BIC-
KaHWH", ¥ Tepexo] K CTOJIh KOPOTKHAM BOJTHAM OBLI
HeoOxoauM s popMHUPOBaHUS U (POKYCHPOBKH “ITy-
4eil AMeKTPUYECKOH CHIBI” , TIPEIHA3HAYCHHBIX JUTS MC-
CJIeI0BaHUsl B3aUMOJEHCTBUS AIEKTPOMArHUTHBIX
BOJIH C BEIIECTBOM. XOTs B LIEJIOM ITPOrpaMMa Hcclie-
nmoBaHuit JlebemeBa cooTBeTCTBOBANA OMbITaM [ epria,
THHEIHBIE pa3Mepbl pa3pabOTaHHBIX UM HPUOOPOB
OBLIH B CTO pa3 MEHbIIIE, a MX TEXHUYECKAs peain3a-
IUsl JUISE CBOETO BPEMEHH SIBIISUIACH YHUKAILHOU M
BBI3bIBAJIA BOCXHUIIICHHE COBPEMEHHHUKOB. [lepBUUHbIit
M3JTy4aTeNb SIBUJICS Pa3BUTHEM UCH, PEATOKEHHOMH
Pury, u coCTOSI U3 ABYX IJIATWHOBBIX IMIXHIPOB
mmHo# 1.3 MM u qumamerpom 0.5 MM, pacmonoxes-
HBIX B ()OKyCE KPYTOBOTO LIHIMHIAPUIECKOTO 3epKaa
pasmepom 2.0x1.2 cm2 3epkaiio OBLIO MOMEIIEHO B

Puc. 3. Koncmpyxkyus 00H020 u3 6apuanmos oCyuiismopa
Pueu ¢ napaboruveckum pegpnexkmopom. (Penpodykyus co
empanuywr http: www.df.umbo.it/museo/filedRIGHI.HTM ¢
mobesnozo paspewenus Museo di Fisica, Departimento di
Fisica, Universita degli Sudi di Bologna (Italy))
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KEPOCHHOBYIO BaHHY, U3 KOTOPOH 3JI€KTPOMAarHUTHBIH
Jyd BBIXOAMJI Yepe3 CIIOASHOE OKHO. AHAJIOTHIHO
ObuIa BBITIOJIHEHA NTPUEMHas aHTeHHA: B OKyce BTO-
PUYHOTO 3epKaia OBLUTH PactoiI0KEHBI Ba TPSIMOIH-
HEHHBIX pe30HaTOpa JJTMHOM 3 MM, HO MHIHKATOPOM
CIIy’KMjla He BTOpHUYHAsI HCKpa, Kak y ['epua, a xene-
30-KOHCTAaHTAHOBAsl TePMOIIapa W YyBCTBUTEIBHBINA

rajgbBaHOMETP. B OONBIIMHCTBE OMBITOB PACCTOSHUE
Mexay aHTeHHaMu cocTtaBisuio 10 cm. KommmekT skc-
MEePUMEHTAITBHBIX YCTPOICTB (pHc. 4), pa3paboTaHHBIX
JleGeeBbIM, BKITFOUAI POBOJIOYHBIH TTOJIsIpr3aTop (pe-
tretka u3 20 TOHKUX TIPOBOJIOK, HATSHYTHIX Ha YeThIpe-
XYTOIIbHYIO pamMKy pasmepom 2.0x2.0 cm?), metamnu-
yeckwue 3epkana 2.0x2.0 cm?, ipusmy u3 300HuTA (BBI-

Puc. 4. Komnnexm ycmpoiicmea, paspabomannvix Jlebedesvim 0as ocyujecmenenus onvimos Iepya na eonne A = 6 mm.

(Penpooyxyus uz pabomel [26])
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cota 1.8 cm, mmpuna 1.2 M, npenomitstioniumii yromu 45°,
BeC 2 T), @ TAKKE MPU3MBI, HUKOJIb ¥ YETBEPTHBOJIHO-
ByI0 (ha30ByIO IUIACTHHKY M3 JIBOSIKOTIPEIOMIISIOIINX
KpHUCTaJIOB poMOudeckoit ceprl. M3rorosnennsie Jle-
0eeBbIM TIPHOOPBI MTO3BOJIMIIM €MY HE TOJIBKO TOBTO-
pUTh ONBITH ['eplia, HO TaKk)Ke HKCIIEPUMEHTAIBHO Ha-
OnronaTe TBOWHOE MPENOMIICHHE JTydel M MPOIEeMOH-
CTPHPOBAJIH “ TOXKIECTBO B SBJICHUSAX MEKTPUIECKHX U
CBETOBBIX KOJIcOaHMIA B 3TOM OOJIee CII0KHOM cirydae” .
Bosee Toro, ymeHblias pasmepsl Bubparopa (uiinHa —
0.8 MM u auamerp — 0.3 Mm), JleGerieB 0GHAPYKHUIT KO-
nebanus pu A =3 MM [27]. B To Bpems 310 GbuiM
caMble KOPOTKHE 3JIEKTPOMArHUTHBIE BOJIHBI, TIOJTyY€H-
HBIE IIPU TIOMOIIN UCKPOBOTO KOJIeOATeNBHOTO pa3psi-
na. Kak mucan A. J{roOya B nuceMe k JleGeneBy ot
10.10.1899 r., B pesynsrare 3THX padot “Poccust cra-
nosutcs world’'s small wave champion” [28].

B uneitHom miane 3Ta paboTa npeIBOCXUTHIIA Pa3-
BUTHE KBa3HONTHYECKUX METOJI0B (DOPMUPOBAHUS T10-
Jieli B BU/I€ OCTPOHAIPABIICHHBIX ITyYKOB M HX MPe00-
pa3oBaHMs pa3IMYHBIMUA CUCTEMaMHM Ha IyTH OCBOE-
HUS MMJUIMMETPOBOTO auaraizoHa. JleOexeB mucan
[25]: “...xOpOTKHEe BOJNHBI MPUTOIHBI IS OOMTHUPHBIX
MIPUMEHEHUH, TaK KaK 37ech ¢ NpUOopaMH CpeaHUX
pa3mepoB, 0e3yKOPU3HEHHBIMH B ONTHYECKOM OTHO-
LICHUH, TU(PPAKIHOHHbIE SIBICHHUS MOTYT OBITh BIIOJI-
HE OTOJBUHYTHI Ha 3a/HUH IJIaH, U HE3HAUYNTEIIbHbIE
KOJIMYECTBA MCCIIEyEMBIX BEIIECTB YK€ JOCTATOYHBI
JUIS1 TOYHBIX M3MepeHHid. Takum 00pa3oM, Te MpoCThIe
YCIIOBUS, K KOTOPBIM MBI TIPUBBIKIIH TIPU ONITHYECKHUX
UCCJIEIOBAaHUSX, MOTYT OBITh OCYIIIECTBIICHBI B ONITH-
K€ TePIICBCKUX KOJicOaHuit" .

WmeHHoO Ju1s1 peanu3anny TeX YCIOBHH, B KOTOPBIX
MoIIH OBITH 3P (PEKTHBHO OCYIIECTBICHBI KBA3HOITH-
YecKnue MPUHIUIBI, UcclieaoBaTenu “BonH [epua”
WCKaJI! HOBBIE METOJbI TIOCTPOCHHUS M3JTyUYaroIUX H
JIETEKTUPYIOLINX YCTPOHCTB.

B 1894 . O. [Ix. Jlomxk BHEpBbIC MPEUTOKIIT U3ITY-
YaTeNb BOJHOBOJHOTO THIIA, TOMECTUB BUOPATOp B OT-
PE30K MEIHOM TPYOBI KPYIJIOTO CeYeHHs1, KoTopast Oblia
3aKphITa C OMHON CTOPOHBI M OTKPBITA C PyToii (puc. 5).
B cBomx ombITax OH MCIONIB30BANI 3JIEKTPOMAarHUTHBIC
BONHBI A, = 7.5 1 20 cM [29]. AHanorn4HbIe KOHCTPYK-
IIMM Ha OCHOBE BOJHOBOJOB KPYIVIOTO M KBaJpaTHOTO
ceueHuit ObuTH uccienosanbl k. Y. Bose B 1897 1. B
nmarazode A = 0.5 + 2.5 cm [4]. B KopoTKOBOIHOBO#
YaCTH JMana3oHa BOJHOBOL OB CBEpXpa3MepHbIM (T10-
TIepeYHBIi pasMep mopsaka 2.5 cMm), a ycrpaHeHue Koite-
OaHMid BBICIINX THIIOB JOCTUTAJIOCH IPH TIOMOIIH I10-
IJIOIIAOIIETO NMOKPBITUS HAa BHYTPEHHEH TIOBEPXHOCTH
TpyOBI B BHJE IIPOMOKATEIIFHOM OyMard, mpoITUTaHHO’
anexrporuroM. B 1900 . [Ix. A. ®nemuHr B nccieno-
Bauusx Ha BoytHe A = 20 cM [30] mpeioKui n3mydarens
NPSIMOYTOJIEHOTO CEYEHHMs, KOTOPBII MOXHO CYHTATh

Puc. 5. Koncmpyxyus 6onno6o0nozo usnyuamens Jlooxca 8
6ude ompesxa MeoHot mpyowl Kpyanozo ceuenus. (Penpo-
oykyust uz pabomoi [29])

IpooOpa3oM MPAMOYTOJIBHOTO BOIHOBOAA, a s (oky-
CHPOBKH JIy4a TIPUMEHW [WINHAPHYECKYIO JIMH3Y H3
napaduna (puc. 6, a). [Ipi 3TOM B cHCTEMaX Ha OCHOBE
n3Jyvaresied BOJHOBOJHOTO THUIIA aBTOPHI (haKTHUYECKH
HCHOJIB30BAIU (PUIIBTPYIOLIHE CBOICTBA BOJIHOBOAA UL
TIOJIABJICHUS] HU3KOYACTOTHBIX COCTABIISIIOLIMX CIEKTPa
IIIyMOBOT'O HCTOYHHKA W3ITy4eHHUH.

B03M0OXHOCTb CKOHIIEHTPHUPOBATH IEKTPOMArHUT-
HYIO 9HEPTHIO TIPH IIOMOIIHN JIMH3 TPHBJIEKaJIa Hccie-
JloBaresieil Kak abTepHATUBHBIA BapUaHT 3epKaJIbHOM
CHCTEMBI, He BCeT/a yIoOHOH B J1a0OpaTOpHBIX YCIIO-

Puc. 6. Dxcnepumenmanvuvie ycmpoiicmea ®@nemunea 0ns
uccnedosanuii na éonne A= 20 cm:

@) KOHCMPYKYUs U3YyHamest 8 8UOE 60IHOB00A NPAMOY20lb-
HO20 CeueHus: U YUTUHOPUHECKOU (oKyCupyoujell TUH3bL;

0) usmMepumenvbHas yCmanogka OJisi UCCIeO08AHUsL NPETIOM-
ssiowgux ceoticmes npusmol. (Penpoodyrkyuu uz pabomot [30])
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Busx. Eme B 1889 1. O. [Ix. Jlomxk u J{x. JI. ToBapn
[31] msroroBwmM TS STHX HENEH MIHHIAPUIECKHE
JIMH3BI U3 PEBECHON CMOIbI, OMHAKO HE CMOTIH J10-
OUTBCSA TOCTaTOYHON (POKYCHPOBKH JIy4a, T. K. JINH3A
uMena pa3Mepbl COM3MEpPHUMBIC C JIHHOW BOJHBI
(A =101 cm). B 1894 r. JIo/K UCTIONB30BAN CTEKIISH-
Hy10 JUH3y quameTpoM 23 ¢cMm (A =7.5 cM) u orme-
THI 3aMeTHbIH (okycupyromuit addexr [29]. Eme B
Oonpiieit creneHn GOKycHUpyIoIiee AeUCTBHE THH3BI
MPOSBIIOCH B ombITax Puru [32], KoTopsIii skcrepu-
MEHTHPOBAJ C JInH3aMu (prc. 7) u3 mapaduHa 1 cepol
auametpoM 32 cMm (A =3 cm). B 1897 1. Bose, ocyue-
CTBJISISL CBOM SKCIICPUMEHTHI B JIHANIa30HE JUTUH BOJH
A =0.5+ 2.5 cm [4], paspaborain pst KBa3HOITHYEC-
KHX YCTPOMCTB, B TOM YHCIIC SKPAHUPOBAHHYIO JIHH30-
BYIO aHTeHHY (pHcC. 8), B KOTOPO#t H3ITy9aTells 1 [HITHH-
JIpUUecKasi JIMH3a U3 Cepbl JUaMeTpoM 25 MM ObUIH
00BbEINHEHBI B SIMHYIO KOHCTPYKIIUIO BHYTPH TPYOBI.
[Tpu 5TOM IS yCTpaHEHHS HeXeNaTeIbHBIX IIepeoTpa-
JKEHHI OH, TaK )K€ KaK U B CBOMX BOJHOBOIHBIX HU3ITY-
YaTessIx, HPUMEHHUII ITOTIOIIAOIIee TOKPHITHE HA BHYT-
penHeil moBepxHOCTH TpyOBI. Kpome aToro, bo3se B ka-
YecTBe MPHUEMHOTO YCTPOUCTBA BIICPBBIC HCIIOIB30BAIl
MMPaMUIATBHBINA BOTHOBOIHBIM pytiop [33].

B 1890 . O. bpannu B kauecTBE NETEKTUPYIOIIIE-
TO yCTPOICTBA MPEAIIOKII IPUOOP, OCHOBAHHBIN HA
MU3MEHEHHHU NMPOBOAMMOCTH METAJUIMYECKUX HOPOIL-
KOB I10]] BO3/ICHCTBHEM 3JICKTPOMArHUTHOTO U3JTy4e-
Husl. B nanpHeiiemM OONBIIMHCTBO UCCIIEAOBaTENeH
HCIIONb30BAIM PAa3UYHBIC BAPHAHTHI KOHCTPYKIHH
MO00HOTO yCTpOiCTBa, YCOBEPUICHCTBOBAHHOTO B
1894 1. Jlomxem [29] u Ha3BaHHOTO MM “KOTEpepom” .

Puc. 7. Jlunsvl, ucnonvzyemsvie 6 sxcnepumenmax Pucu.
(Penpodykyus co cmpanuysr http:www.df.umbo.it/museo/
filessRIGHI.HTM ¢ nr06e3nozo paspeuenus Museo di
Fisica, Departimento di Fisica, Universita degli Sudi di
Bologna (Italy))

Puc. 8. Koncmpykyus 5Kpanupoéantoi iun3060u anmenHol
FBosze. (Penpoodykyust uz pabomot [4])

Bonpmioit Bkiag B pa3BUTHE JETEKTHPYIOLIETO dJie-
MmeHTa BHec boze. C 1enbio MOBbIIEHHs HaIe)KHOC-
TH ¥ CTa0MIIBHOCTH paOOTHI OH MOJIEPHU3UPOBAT KO-
repep ¥ BMECTO METAJUIMIECKOTO IIOPOLIKA HCIONb-
30BaJl CITUPANBHYIO CTadbHYI0 pykuny [33]. Takoe
YCTPOWCTBO MPENCTABISANIO0 COOONH MYIBTHKOHTAKT-
HBIH JIETEKTOP, UCTIONB3YIOUINH MOJTYIPOBOIHIKOBEIE
CBOWCTBA €CTECTBEHHOTO OKCHUAHOTO OKPBITHS TPY-
kuHBL. KOHCTpyKIHMs neTekropa obecredynBaia pe-
T'YJINPOBKY YyBCTBUTEIBHOCTH, YTO TO3BOJIHIO boze
OCYIIECTBHTH JTOCTAaTOYHO TOHKUE TOSPH3ALHOHHBIC
M3MEPEHNUs C BHICOKOH CTENEeHbI0 HajeKHOCTU. Ero
JlaJIbHEHIIINE UCCIIeI0BaHUS TPOBOJUMOCTH pa3iny-
HBIX MaTepHaJiOB IPH BO3ACHCTBUY IEKTPOMArHUT-
HOTO U3JTyYeHHs IPUBEIH K CO3TaHUIO TOYSYHO-KOH-
TaKTHOTO ITOJYIIPOBOIHMKOBOTO IETEKTOpa Ha OCHO-
Be cynbuna ceuHNa. M3obperenue bose OvI0 3a-
peructpuposano B 1901 r. u BrocieacTBUYN IpU3HA-
HO TIEPBBIM B MUpPE MAaT€HTOM Ha MOJYNPOBOIHUKO-
BbIi ipubop (matuposan 29 mapta 1904 1. [34]). D10
YCTPOWCTBO, SIBIIASICH IT0 CBOCH CYyTH IPHOOPOM KBa-
3MONTHYECKOTO THIIA, OBIJIO IpeTHa3HAYEHO IS HC-
CIICOBaHMI B MWUIMMETPOBOM JHAala3oHe JINH
BOJIH, YTO COOTBETCTBOBAJIO OOIIUM TECHICHIMSM B
BBICOKOYACTOTHBIX HCCJIEJOBAHHUIX TOTO IMEpPHOA.
TouyeyHO-KOHTAKTHBIH feTekrop (Cat whiskers) Gbin
pa3MeleH B chepruuecKoM KopIyce, a dJIeKTpoMar-
HUTHOE HM3IIyYeHHE IOCTYNalo Ha HETro Yepe3 CTeK-
NsHHEYO THH3Y (pHc. 9).

Hapsiny ¢ paboTamu 1o CO31aHHIO HOBBIX M3JTy4a-
IOIMX ¥ IETEKTUPYIOIUX YCTPOUCTB ObLII BHECEH CY-
LIECTBEHHBIN BKJIaJA B JalbHEHIIee pa3BUTUE KBa3H-
ONTHYECKUX METO/IOB HccienoBaHuid. B wactHocTH,
Jlomx [29] m ®emunr (puc. 6, 6) [30] usyuwnnu mpe-
JIOMJISIIOIIME CBOMCTBA MPU3M U3 napaduna. Boamox-
HOCTB B OOJIBIINX Npe/ieNiaX PeryJupoBaTh BEINUUHY
OTHOULIEHUS NMEPENAHHON U OTPAXKEHHON MOIIHOCTEH

226 Pagnodusuka u pamuoacrponomust, 2000, T. 5, Ne3



KBasunonTuka: UCTOPHUYCCKHUE MPEANOCHIIKN U COBPEMEHHBIC TECHACHIIUN Pa3BUTUSL

Puc. 9. Toueuno-xonmaxmmvlil ROIYNPOBOOHUKOBIL OemeK-
mop Boze. (Penpooykyus uz pabomol [34])

TIPY M3MEHEHHUH PACCTOSHHS MEXKIY TPAHAMH JBYX [IH-
snmekTpudeckux npusM (puc. 10) Gbuta BIiepBEIC OT-
MeyeHa Bose, a HCTONb30BaHHE 3TOrO CBOMCTBA MO-
3BOJIHJIO MY PEaTn30BaTh OPUTHHAIBHYIO KOHCTPYK-
1Hko arteHroaropa [4]. BaxkHbM 3TanoM 0bL10 co3za-
HHE MOSIPUMETPHICCKUX M HHTEPHEPOMETPHUCSCKHX
cucTeM Ha 0a3e yke M3BeCTHBIX ycTpoicTB. [Ipu mo-
MoI uHTepdepomMeTpa, ocymectrieHHoro B 1897 .
Ix. @. Xamnom, OBITH TIPOBEACHBI U3MEPEHUS TH-
Hbl BOHBEI (A =9.12 ¢M) ¢ MOrpemHOCTbIO MeHee
1 % [35]. bose paszpaboran crmekrpometp (puc. 11),
BKJIIOYAIOIIMI KOMIUIEKT KBa3UONTUYECKUX YCTPOICTB
[33] mst muanazona s BonH A = 0.5+ 2.5 cm. Kpo-
M€ TOTO, OH CO3/1AJT PSi/I IIOJSIPUMETPHUYECKUX CHCTEM
[36], rae B kavecTBe MONAPU3ATOPOB HAPSITY C TIPOBO-
J04HOU MU paKIMOHHON PELIETKON UCTIONB30BAN Me-
TAJUTO-TUTACTHHYATYIO CTPYKTYpy (puc. 12), mepmon
KOTOpO# OBUT BHIOpaH TakKMM 00pazoM, 4ToObI obec-
NEYUTH TPECTbHBINA PEKHUM [T OCHOBHOTO THIIA KO-
7ebaHuii B CHCTEME BOJHOBOJHOTO THIIA.
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Puc. 10. Cxema ammenioamopa Bose na ochoge 08yx npusm
¢ pezynupyemvim 3a30pom medcoy epanamu. (Penpodykyus
u3 pabomer [4])

Puc. 11. Cnexmpomemp bo3ze, npeonasnauennulii 0nia uccie-
oosanuii 8 duanazone gonn A = 0.5 + 2.5 cu. (Penpodykyus
u3 pabomest [4])

Yenexu, nocturuyteie Ha pyoeske X1 X u XX cro-
JeTH B MccieoBaHmsIX “BoiH ['epua’, a Taxke mu-
pokue QpyHKIIMOHAIEHBIE BOBMOXKHOCTH pa3paboraH-
HOM KBa3WONTHYECKOH ammaparypsl IPHUBEIHU K CO-
3JaHUIO0 TPUHIIMITHAIBLHO HOBBIX METO/IOB H3YYCHHUS
KHUBOH M HEXXNBOH MaTepuu. KoMIiekT u3amepuTens-
HBIX YCTPOWCTB, pa3paboranHbiX bo3e, Obl1 npume-
HEH UM JUIsl NOJISIPU3AIIMOHHBIX UCCIIEJOBAaHUN MHO-

Puc. 12. Memanno-nracmunyametii nonspuzamop Bose.
(Penpooyxyus uz pabomer [36])
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THX €CTECTBEHHBIX MATCPHAIOB M HCKYCCTBEHHBIX
Cpej, BKITIoUas pa3siHyHble KPUCTAIIBI U PACTHTEINb-
Hble BOJOKHA [36], a Takke IJisl OCYLIECTBICHHUS
MEPBBIX KCIEPUMEHTOB MO0 MHKPOBOJIHOBOMY MO-
JICIUPOBAHHUIO MOJIEKYNl ONTHYCCKH AKTHBHBIX Be-
mectB [37]. PUru M3roTOBHI 4ETBEPTHBOIHOBYIO
ceknuio [32], ucmonb3ys moaspu3anuoOHHO-H30Hpa-
TEeNbHBIC CBOMCTBA PACTUTEIBHBIX BOMOKOH. A. Iap-
6acco u E. Amikunacc B 1894 r. peanmzoBanu noss-
PH3alHOHHO-CEICKTUBHOE 3¢PKAaJI0 B BUJC PELICTKH
JIUIIONICH, a TAKXKE MPU3MY, COCTOSIIYIO U3 CHCTEMbI

JMcrepcuoHHbIX aumnoneii (A = 7.5 ¢m) [38], koTopyro
MOYKHO CUMTATh IEPBOM CTPYKTYPOMH, BHIITOJHEHHOM
U3 UCKYCCTBEHHOTO qudjekrpuka. B 1894 r. M. bep-
KJICH]] U3TOTOBIWII “ CHHTETHYECKUE  MaTepualbl, B ya-
CTHOCTH, “ peppo-napapun”, COCTOSIIUN U3 OTHIOK
YyTryHa WM YyTYHHOH OyIphl, CMEIIAHHBIX BMECTE C
nopoikom keapia B napadune [39]. Ha pasnuunsix
yacToTax ObLIU MCCIIEI0BaHbI CBOMCTBA BObI (Die-
munr [30], Koy [40]), ciupToB, KACTOPOBOTO U OJIHB-
KOBOTO Macel, Oer3uHa u jp. Bemiects (bpanmu [41]).

Nmes BaxHOe (yHAaMEHTAIBbHOE 3HAYCHHUE, HC-
cienoBaHus “BoiH ['epria” BMecTe ¢ TEM MOCITYXUIH
OCHOBO Juist mpakTuyeckux pador A. C. Ilomosa
(1895r.) u I'. Mapkonu (1896 .) B obmactu Gecrmpo-
BOJIHOM pagunoTenerpaduu. XapakTepHo, 4TO B paH-
HUX HCCIICOBaHUSIX MapKOHH MOJ] BIUSHHEM PaboT
CBOETO COOTEUSCTBEHHHKA PHUrM MCXOIMI U3 KBa3HU-
ONTHYECKUX TPEICTABICHHUI U B IIEPBBIX OMbBITAX MO
paauoTenerpapuu Ha BoJHe JTHHON 25 cM 115t pop-
MHPOBaHUS HAMPABICHHOTO M3ITyYESHUSI HCIIONb30BAa
3epKalbHYI0 AaHTEHHYIO CHCTEeMY. AHTCHHA €ro KOH-
CTPYKIIUH, BHIMOJHEHHAs B BHJC MapabolnvecKoro
munuaapa (puc. 13) [42], mo3Bonuia TOCTUTHYTH
JATbHOCTH Tepenaun 6.5 k.

OnHako HECMOTPSI Ha CTONb SPKHE M MHOT000e-
QIO PE3YNIBTAThl, XapaKTepHbIe IS Ha4adbHOTO
MepHo/ia Pa3BUTHS BBICOKOUYACTOTHOU PAANOTEXHUKH
(1888-1900 rT.), B IOCIIEMYIOIINE TOBI B OOIACTH OC-
BOCHUsI BBICOKOYACTOTHBIX JHMAMa30HOB, a TAKXKE B
pa3paboTKe TEXHUKH U METOJOB HCCIISIOBaHUIT ¢ UC-
TMOJIB30BaHUEM KBa3HONITHYECKUX IPHHIIUIIOB HAaOMIO-
Jialcs 3aMeTHBIH cral. B mepByro ouepesib 310 00bsic-
HSETCSI TEM, YTO MCKPOBBIE METO/IBI BO30YKICHUS 3a-
TYXAIOIMX KOJIeOaHUIH HCUepTaNid CBOM BO3MOXHOC-
TH KaK Ha IyTH JAJIBHEUIIEr0 YKOPOUCHHMS JUTHHBI
BOJIHBI, TAK U B IUTAHE Pa3BUTHS BBICOKOYACTOTHBIX
METO/IOB HCClleNoBaHuit Matepuu. B wactHoctH, Jle-
OezieB peIBUCT, YTO B 9TOM CMBICIIE CO3IaHHE MO-
HOXPOMATHYECKUX TEHEPATOPOB MHUILTUMETPOBOTO H
CyOMMIUTIMETPOBOTO IHANa30HOB OyeT PEICTABIATh
OCHOBHYIO M Haubojee CIIOXHYI mpobiemy [27]:
“ ... I7Ts IOy IeHUS KoJleOaHM, 3aKITI0YAT0IIAXCS MEXK-
ay A=3 MM 1 A=0.1 MM HamM HEOOXOAUMO HaAWTH

Puc. 13. Aumenna Mapronu ¢ napaboruveckum 3epKaio-
Hoim penexmopom. (Penpodyxkyust uz pabomei [42])

HOBBII UCTOYHHUK. M3MepATh AMHHBI 3THX Gosee KO-
POTKHX BOJIH HHTEPPEPEHIIUECIO U HAOIIOAATh HX Tep-
MOBJIEMEHTOM HE COCTABUT TPYAHOCTH, HO MOJNyYaTh
MX U3BECTHBIMH YK€ TIPHEMaMH BPS JIH BO3MOKHO;
BHOpaTOpy U pe30HATOPY HYXKHO OBLIO OBI HaTh pas-
MEpBbI, 10 CPABHEHHIO C KOTOPHIMH CaMbIe TOHKHE MPO-
W3BEJICHUSI YaCOBIIMKA WM IOBETIHPA — TOJIBKO HEYK-
JFOXKUE METAJUTHYECKHE MACChI; KOJUYIECTBO SHEPTHH,
KOTOpPOE B BHJC 3apsiia MOXKHO 3alacTH Ha TaKOM
MHKPOCKOIIMYECKOM BHOpATOpe, HEYIOBUMO Malo;
CBEPX BCETO HTOTO SIBISICTCS] COBEPIICHHO HEU3BECT-
HBIM, BO3MOXHBI JI1 00pa30BaHus KoneOaHui pH Hc-
KPOBOM pa3psijie TAKUX HUYTOXKHBIX 3apsanoB. Celfuac
MBI HE UIMEeM BO3MOKHOCTH MPEIBHICTh, KaK yIacT-
Csl Pa3pelluTh 3TO 3aTPYJHCHUE; BO BCSKOM CIIydae
TYT BCTPETATCS 3HAYUTEIbHBIC 3aTPYJHEHHS, U CIIO-
co0 monyueHwus ere 60j1ee KOPOTKUX BOJIH Oy/IeT O4CHb
KPYMHBIM IIIATOM BIEPE B 00IACTH SKCTIEPUMEHTAb-
HOU (u3UKH.”

C npyroii CTOPOHBI, BIIEUATIAIONINE YCIEXH, JO0C-
TUTHYTBIC B YBEJIMUCHUH TATbHOCTH PaJHOCBS3HU MTPU
nepexozie kK 6onee AaMHHBIM BonHaM (yxke B 1901 .
MapkoHH yAQJIOCh OCYLIECTBUTH pajHoONepeady U3
EBpomnbl B AMepuKy depe3 ATIaHTUKY Ha PACCTOSTHUE
cebiie 3500 kM), CYIIECTBEHHO OCTa0MIN HHTEPEC K
HCCIIECIOBaHHUSAM B CBEPXBBICOKOYACTOTHOM JIHAMA30-
HE U B TO )€ BpEMsI CTUMYJIHPOBAIH UCCIICNOBAHUS B
obnacTi KOPOTKUX, CPEAHUX W JTHHHBIX BOJMH. Tem
HE MEHee, HEKOTOPBIC HCCIISI0BATENH IPOIOJDKAIIN Pe-
aJN30BBIBATh KBA3HOMTHYCCKUE MOJXObI B Pa3iny-
HbIX paborax. [Ipu 3TOM pa3pabaThIBaIuch TAKHE CHC-
TEMBbI, pa3Mepbl KOTOPBIX B HHU3KOYACTOTHBIX THATa-
30HaxX cOOTBeTCTBOBaNM ycnoBuio D/A >1. B mep-

228 Pagnodusuka u pamuoacrponomust, 2000, T. 5, Ne3



KBasunonTuka: UCTOPHUYCCKHUE MPEANOCHIIKN U COBPEMEHHBIC TECHACHIIUN Pa3BUTUSL

BYIO OYepellb 3TO OTHOCHUTCS K CO3/IaHHIO 3epKATBbHBIX
antenH [16], B ToM yucie 11 GopMHUPOBAHHS OCTPO-
HAMpaBJICHHOTO M3JIyYeHUs B paauoreneckonax [17].

3. [lepenaya 3/1eKTPOMArHUTHOI JHEPIrUM U3
nepeaaouneil AHTEHHbI B IPHEMHYIO B BHe
HANPaBJIEHHOI0 NMy4YKa

[IupokoMacmTabHOE OCBOCHHE CBEPXBBICOKOYA-
CTOTHOTO JMarna3oHa BO300HOBMIOCH TONbKO B 30-¢
TOJIbI, KOT/Ia OBLITH pa3paboTaHbl MOHOXPOMATHUYECKHE
HCTOYHHKH KOJIeOaHU#l U YyBCTBUTEIBHBIC TPUEMHO-
YCUIIUTEJIbHBIC yCTpolicTBa. Pemmaronmm daktopom
OBLIO CO3JaHUE TIONBIX METAUTHYCCKUX BOJHOBOIOB
U (pyHKIIMOHAIIBHBIX YCTPOKCTB Ha X OCHOBE. [1o Mepe
MPOABUYKEHHUS BOTHOBOJHON TEXHUKH B HATIPABICHUU
YKOPOUYCHHS JITHHBI BOJTHBI OTHOBPEMEHHO COBEPIIICH-
CTBOBAJIACh TEXHOJOTHS H3TOTOBJICHHS BOTHOBOJHBIX
y3II0B, CO3/IaBaJIMCh HOBBIC MaTepHabl, pa3padarsi-
BAJTMCh METO/IbI H3MEPEHHUI U HEOOXOAUMasT U3MEPU-
TenbHAs anmaparypa.

Ha py6exe 50-x u 60-x romoB OblIIM OCBOCHHI Jie-
[MMETPOBbIiA, CAHTUMETPOBBIIl U YACTHYHO MUJLTUMET-
POBBIil AMAMA30HBI BOJH, @ B HAYYHOM M TEXHOJIOTH-
YeCKOM acreKTax Obliia MOrOTOBICHA TOYBa TS pa3-
pabOTKH YCTPOICTB U CHCTEM KOPOTKOBOJHOBOM Yac-
TH MHJUTAMETPOBOTO M CYOMHJUTHMETPOBOTO JHara-
30HOB BOJTH. 3/1eCh KBa3HONITHYESCKHE MPUHITUITBI OKa-
3aJIMCh BEChbMa TUIOJI0TBOPHBIME M OTKPBIBAIIH ITHPO-
KH€ BO3MOXXHOCTH JUTSl CO3/IaHUs ICKBATHON 3JIeMCH-
THO# 6a3bl. B 3TH ro/ibl OBUT OCYIIECTBICH MPOPHIB B
pa3paboTKe KBa3HONTHYECKUX METOOB MEpeiayn H
mpeobpa3oBaHus JIEKTPOMATHUTHBIX BOJH, & KBa3H-
ONTHKA CHOPMHUPOBATIACH KaK BaxHOE U dP(HEKTUB-
HOE HalpaBJeHHE PamuoPU3NICCKUX HCCICTOBaHMUI
U Pa3HOOOPA3HBIX MPHIOKECHH.

Kak 0bLI0 OTMEYEHO BBIIIIE, UCS MEPEHadn dICK-
TPOMArHUTHO# SHEPTHHU U3 TIepeNAroNIeii B IPUEMHYIO
AQHTCHHY HAITPABJICHHBIM BOTHOBBIM ITYYKOM ObLiTa ar-
pobupoBaHa elie B MEPBBIX OMBITAX HCCICI0BATEICH
“BorH ['epria”. EcTecTBeHHO, YTO MOI00HAS CUCTEMA,
Kak HanboJiee POCTast U JICTKO pean3yemMasi, B 1ab-
HeiiliieM ObLTa pa3BUTa, UCCIIEA0BaHA U UCIIOIb30Ba-
Ha ISl Pa3IMYHBIX PUMEHEHHH €Ile JI0 MOSBICHHUS
KBa3HONTHYCCKUAX JINHUN Tepefiaull APYTUX THIIOB.
s TeOpEeTHYEeCKOTO aHalu3a MOJeH H3TydeHHUs
B TaKo# cucreMe 00bIYHO APPEKTUBHO NPUMEHSIETCS
meroz [roiireHca-Kupxroga, B COOTBETCTBHHU € KOTO-
PBIM B JH(MPAKIIMOHHOM IMOJIE€ BBIACISIOT TPU 30HBI —
OMMKHIOW, TTPOMEXKYTOUHYI0 (30HY AMbpaKIuH
Dpenensi) u AanpHIOW0. Eciiu B 1anbHel 30He, T. €. HA
paccrosaun R > 2D? /7», 9NIEKTPOMArHUTHOE ITOJIC
chopMUpOBaHO B BHIC CHEpUUECKOl BOJHBI, TO B

ONMKHEW M MPOMEKYTOYHOW 30HaX OHO MMEET BHUJ
Jy4eBoii TpyOku. B aToii oOnacTu 3a cueT kBagpaTHy-
HOMW KOPPEKIMH B allepTypPHOM pacrpeseneHnu (asbl
MOXHO J1OOUTBCSl (DOKYCHPOBKHM aHTEHHBI U OCYIIe-
CTBHUTH HAalPaBJICHHYIO ME€peaady YHEPTUHU Ha IPHEM-
HYI0 aHTeHHY. DP(PEeKTUBHOCTh (OKYCHPOBKH B Ta-
KOW CHCTEME OIpEEIsIeTCsl OTHOCUTEIBHBIM pa3Me-
POM pacKpbiBa aHTEHHBI U €€ (POKYCHBIM PacCTOSHH-
eM. Hapsiny ¢ meronmom [roiirenca-Kupxroda, mis
M3YYeHHS TIOJIs U3TyueHus ObUTo mpemioxkeHo [43] u
B JanpHeiieM pa3Buto [44] ero mpeacTaBieHHE B
BUJIE CYIIEPIIO3UIINH TIOCKUX BOJIH, paCHPOCTPAHSIO-
IIUXCS B PA3JIMYHBIX HaNpaBIeHUAX. [Ipu 3ToM ObLTO
BBEJICHO TIOHSATHE YIJIOBOTO CHEKTpPa KaK (GpyHKIMN aMm-
TUTITY/IBI U (ha3bl BOJTH B 3aBUCHMOCTH OT HallpaBJICHUS
UX paclpoCTpaHEHUs, KOTOPBIH MpPEACTaBIseT co0oi
Dypbe-npeodpa3zoBaHme pacrpeneIeH s Mo B IUIOC-
KOCTH aneprypsbl. JlJIst onpeaeneHus MOIIHOCTH T1a/1a-
I011Ieit Ha IPHEMHYIO aHTEHHY HEIUIOCKOH BOJTHBI OBLITO
HalIeHO IPOCTOe M YIOOHOE JUIsl HHXKEHEPHBIX pacye-
TOB cooTHoIeHue [45], ocHoBaHHOE Ha TemMe JlopeH-
112 ¥ IOJTyYEHHOE ISl aHTEHH C OONBIINM PaCKpPBIBOM,
T. €. C IOIYIICHUSIMH, SKBHBAJICHTHBIMU TIPHOIVKEHHUIO
Kupxroda. It1o BeIpakeHne 0Kkazanock 3P peKkTHBHBIM
IUISL pacyeTa NoTepb He TOJIBKO MPH Mepeaade MOIHO-
CTH OT Mepe/Iaroleii aHTCHHBI B IpueMHYto [46], Ho U
NP BKJIFOYEHHUHU B CHCTEMY 3JIEMEHTOB U YCTPOWCTB, B
TOM MITM MHOH CTETIeHH HCKAKAIOIINX aMILTUTYIHO-(a-
30BO€ pacIpeeIeHHe HCXOIHOTO BOIHOBOTO oISt [47].

3.1. Keasuonmuueckue npuooput u ycmpoiicmea
OMKPBINO20 muna

J171s1 OTKPBITHIX CHCTEM, B KOTOPBIX IIepeaya dJIeK-
TPOMAarHUTHOM SHEPTUU MEXAY IPUEMHON U niepeaa-
IOllleli aHTEHHAMH OCYIIECTBISACTCS C(HOKYCHPOBAH-
HBIM MyYKOM, OBUT peaTH30BaH IENbIN Psil yCTPOUCTB,
CHOCOOHBIX pellaTh caMble pa3HO0Opa3Hble (hyHKIHU-
OHaJIbHBIE 3a1a4i. CHCcTEMa IBYX IIPH3M C PETYIUPY-
eMBbIM 3a30pOM MKy Tpausmu [4] B manbHelimem
UCIIONB30BAIACh TP MMOCTPOCHHH TAKUX YCTPOUCTB,
KaK HalpaBJICHHbIA OTBETBUTEIb, MONIOMIAOIIHIA aT-
TEHI0ATOP, H3MEPHUTEIh KO PHUIHEHTA CTOsTUCH BOM-
HBI, peobpa3oBaresb nojspu3anuu u ap. [5, 6, 48].
JlpyriM 371eMeHTOM, HallleIIINM CaMoe IHPOKOE PH-
MEHCHHE B KBa3HONTHYECKOW TEXHHUKE, SBISETCS Je-
JUTENh Ha OCHOBE IOJYIPO3PAYHOIl TUINIEKTpHYec-
KO¥ TUTACTHHBI, PACTIONIOKEHHOMN MO/ YIIIOM OTHOCHU-
TENBHO HATIPABIICHHUs pacTipocTpaneHust. B uactHocTH,
TaKoOe YCTPOHCTBO OBLIO B3ATO 32 OCHOBY MPH peau-
3aI[M{ TIACCHBHOTO aHTEHHOTO Tiepekrouaress [48].

BaxHbIM 3TarnoM B MOJ00HBIX pa3paboTKax CTaio
HCIOJb30BaHNE HCKYCCTBEHHBIX AUDICKTPHUKOB U TIe-
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PHOAMYECKUX CTPYKTYD Pa3iIHYHOTO THIA, YHUKAIb-
HbIC CBOHCTBA KOTOPBIX 00CCIIEUIIH CO3/[aHHE [[eII0-
TO psia KBa3HONTHYECKUX YCTPONCTB U cucTeM. bpiio
pa3paboTaHo GOJNBIIOE KOJIHYECTBO CAMBIX Pa3HO00-
Pa3HBIX UCKYCCTBEHHBIX CPE/l, KOTOPbIE MOXKHO MOJI-
pasaeuTh Ha CTPYKTYPHI U3 MIPEMSATCTBUI 1 CTPYKTY-
pbI BOMHOBOAHOTO TUMA [5, 6]. B wacTHOCTH, BOMNHO-
BOJIHAs CTPYKTypa B BHJE HAOOpa dKBHUIMCTAHTHBIX
METaJUNTHYECKUX TJIACTHH IIHPOKO HCIOIb30BAIACH
NPU CO3AHUH MOSAPU3ATOPOB, MOJSIPU3AIHOHHO-CE-
JICKTUBHBIX OTpaskaTeliei, mpeodpa3oBaresell moispu-
3a1uu U Jp. Ha ocHOBe mog00HO# CTPYKTYpBhI ObLTH
peann30BaHbl MACCHBHBIC aHTCHHBIC TIEPEKIIOYATEIIN
¢ KkpyroBoii monsipusarueii [48, 49]; naboparopHsbiii

MakeT oxHoro u3 BapuantoB (A =8.5 MM) mokasan
Ha puc. 14. CyniecTBeHHYIO POIb ITPU CO3aHUHU KBa-
3UONTHYECKOI TEXHUKH CHITPAIIO MPUMCHEHHE AU (-
PaKIMOHHBIX PEIIETOK PA3TMYHOTO THTIA Kak 3 dek-
THUBHBIX TTOJISIPU3AIHOHHBIX dJIeMeHTOB. TeopeTuyec-
KHe paboThl, TOCBSIICHHBIC TPOXOXKACHHUIO dJEKTPO-
MarHUTHBIX BOJIH Yepe3 MOJ00HbBIC CTPYKTYPbI, HMe-
0T IaBHIOI0 HcTOpHEO [50] ¥ MPOBOAMINCH MHOTUMHE
HCCIIeIOBATEISIMHU B TCUCHHE JTTUTEILHOTO EPHO/IA.
Crnenyer BoiienuTh pabory [51], rme MmeTomom BO3-
MYIICHUH ObUTH HalICHBI AHATUTHYCCKHUE PEIICHHSI
Ui K03 (UIIUEHTOB OTPaXCHUS M MPOXOKIACHHUS
MPOBOJIOYHBIX AU(DPAKIIHOHHBIX PEIIECTOK B Clydyae
2a >> A >>| > 2b (rne 2a — BHewmHuil pa3mep pe-
uretkd, 2b — aAuameTp OpoBOJOKH, | — mepuon pe-
HIETKH). BIOCIeACTBIM 3TH BhIpaXKEHHS ObLIH yTOU-
HEHBbI W MONYYCHBI JJIsl IIMPOKOTO Kiacca mudpak-
[IHOHHBIX CTPYKTYP, B TOM YHCIIC JJIsI ICHTOYHBIX pe-
uretok [52, 53]. Haiinennsie cooTHOIEHH obecrie-
YHBAIOT BBICOKYIO CTETIEHb TOCTOBEPHOCTH JIJIS F€0-

Puc. 14. Anmennvwiii nepexmouamens OmKpuiMo2o muna oJis
pabomwl 6 pescume kpyeoeoti nonspusayuu (A= 5mm). (Pen-
Ppooykyus uz pabomol [48])

METPUHU PEUICTOK, TUIHYHO B KBa3HONMTHYECKOI
TEXHHKE U TO3BOJIWIIM HCCIIEJ0BATh JIEKTPOIHHA-
MHYECKHE CBOICTBA B COMOCTABICHHH C JKCIICPH-
MeHTaIbHbIME UcchaenoBanusamu [54]. CpaBHUTEb-
HBIH aHAJTH3 PENICTOK Pa3IMYHOrO TUIIA, TPOBEICH-
HBIIl HAa OCHOBE 0030pa JKCICPUMCHTANIBHBIX pe-
3yABTATOB, MpeacTaBieH B pabote [55]. [Tpomsbrii-
JICHHBIH BBIMYCK MPOBOJIOYHBIX PEIIETOK, OCBOCH-
HBIH B IMHPOKOM J[aria30He TEOMETPHUYCSCKUX Tapa-
metpoB (2b = (8 + 20)-10° m, | = (20 + 400)-10° m u
2a = 40 + 100 mm), cmocoGCTBOBA CO3aHHUIO B
Ousnueckom nHctutyte umenu I1. H. JleGenena
AH CCCP (smocnencteuu U PAH, Mocksa) kBa3u-
OINTHYECKOW M3MEPUTENBHOMN anmaparypbl CyOMUILIU-
METPOBOTO JMara3oHa OTKPHITOro Tuma [8]: momspu-
3atopa (puc. 15), unrephepomerpa dadpu-Ilepo, ar-
TEHI0AaTopa, BpallaTesist INIOCKOCTH MOJISAPHU3AINY, Ka-
TUOPOBAaHHOTO BOJHOMEpA M JIp.

3.2. Jlabopamopnbsie uzmepumenvhsie yCmMano6Ku
OMKpPBINO20 Muna
Jlunuu mepenadu 3JICKTPOMATHUTHOW YHEPTUU
MEX]ly IPUEMHO U TIepearoleii aHTCHHAMHU B BUJIC
HaTPaBJICHHOTO H3NyueHus yxe B 50-60-¢ rompr ObutH

Puc. 15. [Honapuzamop murnumemposo2o ouanaszona Ha oc-
Ho6e npoeonounoll Jugparyuonnot peutemxu. (Penpodyk-
yust uz pabomoi [8])
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pea30BaHbl B TAKKX JIAOOPATOPHBIX N3MEPUTEIBHBIX
npubopax, Kak CHEKTPOMETPBI M WHTEPHEPOMETPHI
[56-61], usmepuresbpHas 4acTh KOTOPBIX MPEICTABIISI-
Ja co0OM KBa3HMONTUYECKHH y3€J OTKPBITOTO THIIA.
B aToT epuon Hapsiay ¢ CO3aHUEM YCTPOWCTB CaH-
TUMETPOBOTO Auana3oHa [56, 57] 6onee akTuBHO pas-
pabarbIBarOTCs aHAIOTHYHbIE YCTAHOBKH B MUAJIJTUMET-
poBoM auarnazone BoiH [58-61], st KOTOpBIX Xapak-
TEPHO HUCIIOJIb30BaHHE MPUHIIUIIOB, XOPOIIO W3BECT-
HBIX B OITHKE, C Y4€TOM OCOOCHHOCTEH M ypPOBHS
TEXHOJOTUI COOTBETCTBYIONICH 3JIEMCHTHOW Oa3bl.
dororpadust uaTeppepomerpa Maiikenbcona, obec-
TIEYMBAIOIIETO N3MEPEHUSI XapaKTEPUCTHUK AUDIICKTPHU-
koB B jauama3zone uyactor 100 + 300 I'T [61], koto-
pwlit 6611 peanuzoBan B 1961 . ®@. Cobenom, npuse-
JeHa Ha puc. 16.

B manpHeimeM mogoOHBIE CUCTEMBI HAIIUIH IIIH-
pOKoe MpUMEHEeHHE Kak J1abopaTopHbIe U3MEPUTEIIb-
HbIe KOMIUIEKCH. B wactHOCTH, B JIOB-pamnocnexr-
pometpe, ocyuiectBieHHoM B @1 PAH u npeanas-
Ha4eHHOM JIJISl ICCIIEZIOBaHUS TBEPABIX TEJI B IUara-
3one il BosH A = 0.5+2.5 MM npu temmeparype
JKUAKOTO TENHsI, TapaKCHAIBHBIN MOISPHU30BaHHBINA
BOJTHOBOH ITy4YOK MPH MIOMOIIIN CUCTEMBI 3epKaJjl BBO-
IUIICS B TETUEBBIA KPHOCTAT Yepe3 Te(hIIOHOBOE OKHO
[62]. PaboTsr B o6macTu JIOB-pagrnoCcneKTpoCKOMHH
Ha OCHOBE OTKPBITHIX KBA3HONTHYECKUX CHCTEM II0-
ayuunu pasButue B HMHcTuTyTe o0mei ¢usnku
AH CCCP (smocnenctsun MO® PAH, Mocksa).

IIpumMepoM ymauHOrO MCHOJIB30BAHUS OTKPBITON
JIMHUH TIEPE/Iautl SIBISIETCS TAK)KE YEThIPEXKaHATbHBIH
nHTepdepoMeTp, pa3pabOTaHHBIN IS SKCIEPUMEH-
TanbHOM TepMosepHoi ycraHoBkU Tokamak TOP Ha
ocuose HCN mazepa (A = 0.337 mm) [63].

Puc. 16. Humepghepomemp Maiikenbcona omxpuimozo muna
071 UCCLe008AHUSL XAPAKMEPUCTNUK OUITEKMPUKO8 8 OUana-
3ome yacmom f=100+300 I Ty. (Penpodykyust uz pabomei [ 61])

3.3. llepedaua CBY snepzuu na paccmosnue

dopMHpOBaHUE HANPaBIEHHOTO U3ITyYeHUs TIPH
oMoy (hOKycCHpyIolied aHTEeHHON CHCTEMBI TaKKe
HCTIOJIb30BAJIOCH HITH TIPEIOIAralioch HCIOIb30BaTh
npu iepenade CBY srepruu. Jta uies BrepBsie ObLIa
Boickazana B 1899 r. H. Teciia 1 Ha MHOIrHME roabl
npenBocxutuia pazputue CBUYU sHepretukwu.
B 1945 r. C. 1. Terenpsbaym BIIEpBBIE PACCMOTpPEI
SHEPTETHICCKYIO () (HEKTUBHOCTD TaKOW JTMHUU IS
GecrpoBOIHOM 3JIeKTpoTIepenaun [64], a BO3MOXKHO-
CTH €€ pealiu3alliy B JaJIbHEHIIeM TpopadaThIBaIUCh
MHOTHMH aBTOpamu [65, 66]. M3BeCTHBI TpaHIMOo3-
HBIE POCKTHI CO3/[aHMUs COTHEUHbBIX AIEKTPOCTAHIINH,
pacroyoKeHHbIX Ha KOCMUYECKHX TuaTdopmax u me-
peIaroniX YHEPrUIo Ha 3eMITIO ITPY TOMOIIH HapaB-
neunoro CBY uznyuenus [67, 68], a Takxe mpoeKThI
MCIIOB30BAHUS MOJOOHOTO JIy4a JUisl TUTAHUS J[BU-
raTebHbIX YCTAHOBOK KOCMUYECKUX 00beKTOB [69].
B wactHocTH, cucrema nepenaun CBY suepruu [69]
IoimkHa obecmednBarh padotry CBY mBurarens on-
HOM M3 CTyIIEHEH paKeThl IPH BBIBOAE KOCMHUYECKOTO
Kopabins Ha NyHHYI opOuty. HaszemHas aHTeHHa
npencrapiset co0oit pemerky U3 1000 oTaenbHBIX
napabonmueckux anterH (A = 3 cM, guametp 10 m),
a OoproBasi aHTEHHA B Pa3BEPHYTOM COCTOSHUHU 00-
pasyet mapabosioun auametpom 100 m (puc. 17).
[Ipennonaraercs, 4To NpueMHasi aHTEHHA 3TOH CHUC-
TeMbl IoipKHa morydarh Oonee 30 % m3myuaemoit
MOIIHOCTH MPH PACCTOSHUH MEXIy MPUEMHOUN u
nepenatonieid anreHHamu 10 1000 kM. OxHako ocyie-
CTBJICHUS TaKUX CIOXHEHIINX MaCIITaA0OHBIX TIPOEKTOB
TPYIHO OXHAATh B Ommkaiimiem Oymymem. B To ke
BpeMsi pellieHre Ooliee YaCTHBIX M JIOKATbHBIX 3aad
IO Tiepeiaye SHEPriK Ha PAacCTOSHUE B BUJIE HAIPaB-
JICHHOTO ITyYKa MPEACTaBIIeTCs peabHBIM U yXKe pea-
JU30BaHO B psze dKcrepuMeHToB. B 1964 r. 6511 mmpo-
JICMOHCTPHPOBAH BEPTOJIET C IEKTPOMOTOPOM, KOTO-
pbIit ipoziepakaincs Ha Beicore 17 M B Teuenue 10 ya-
cOB, MoTpelIsist ToabpKo dHepruto B Buae CBY myuxa
[70]. D10 sBHITOCK TIEPBO#T AEMOHCTpAIHEH TIOMOOHOM
JUHAW TIepefadn dHeprud, a B 1975 . Obu1 mpoBeneH
TIOJIMTOHHBIN SKCTIepUMeHT 1o nepenade CBY snepruu
Ha paccTosHKE B OMHY MOpcKyro muiio (1.6 km) [68].

3.4. Keazuonmuueckue mpakmol numanus
AHMEHHBIX cUcmem

AHANOTHYHBIN TTOIX0A OBUT peai30BaH MPH pas3-
paboTKe YCTPOUCTB MATAHUS PAJHOPEICHHBIX THHUH 1
AQHTEHH Ha3eMHBIX CTaHIUI CITyTHUKOBBIX JIMHUM CBS-
3u [46, 71]. [lepenaua sHepruu B BUje CHOKYCHPOBAH-
HOTO Jy4a OT CTallMOHAPHOTO NPHEMO-IIEPEIAOIIETO
YCTPOICTBA K OCHOBHOM aHTEHHE, PACIIOJIOKEHHON Ha
OONBIION BBICOTE, MO3BOJIMJIA MCKIFOYHUTh JUTMHHBINA
TPaKT ITUTAHUS C JOTIOHUTEILHBIMH ITOTEPSIMHU B 00€ec-
MIEYUTH BBICOKHE MapaMeTphl YCTPONUCTBA B IHUPOKOM
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Puc. 17. Ilapabonuueckas 6opmosas aumenna CBY osucamens pakemoi, npeOHA3HAYEHHOU 01 6616004 KOCMUYECKO20 KO-
pabns na ayunyio opoumy (npoexm). (Penpooyxyust uz pabomer [69])

nosoce 4acTot. [Ipu 3ToM Hapsay ¢ IuHMEH nepegadu
B BHJIC JIBYX B3aUMHO C(HOKYCHPOBAaHHBIX 3¢PKaIBHBIX
anTteHH (puc. 18, a), mmpoKoe pacnpocTpaHeHHE MO-
JYYHIH NIEPUCKOIIMYECKHE CHCTEMBI, B KOTOPBIX aH-
TEHHBIE CHCTEMBI TPEACTABISIOT COOOW pa3JInYHbIC
KOMOMHAIMK MapaboIMYecKiX U IUIOCKHX 3epKall
(puc. 18, 6). ITogoGHBIE KOMOMHHPOBAHHBIC 3epKaja
UCTIOJIB30BAINCH TAK)KE TIPH CO3AaHHUH JTa00PaTOPHBIX
M3MEPHUTENBHBIX CTEHIOB KBa3HONTHYeCcKoro Tuma [13].

PaccMoTpeHHbIe TPUHIHITEL, 3JT0KEHHBIE B OCHO-
BY pabOTBI 3JICMEHTOB ¥ IPUOOPOB JIJIsl CUCTEM, 00pa-
30BaHHBIX NEPENAIOIIE U MPUEMHON amepTypamH,
OKa3aJIMCh TUITMYHBIMH U OOIIMMH J1J1s1 OOJBIIMHCTBA
JOPYTUX KBa3HONTHYECKUX JIMHUH ITepeadr U B J1aJib-
HeiinieM ObUTH BOIUTOLICHBI BO MHOT'HX BapHUaHTax
YCTPOMCTB Pa3IMYHOrO HA3HAYCHHS.

TeMm He MeHee, CIIeyeT OTMETHTh, YTO CyMMapHast
JUIMHA TpakTa, 00pa30BaHHOTO Mepenaroieii u npu-
EMHOU amnepTypamMu, He MOXKET MPEBHIATh 3HAYCHHS,
XapaKTepU3yIOLIerocs BeNNInHOi 30Hb1 Dpenerns, 4yto
B HEKOTOPBIX CIIydasx OTPAaHUYHUBAET BO3MOXHOCTb
MPUMEHEHUSI TOOOHBIX CHCTEM.

4. MetaJuInyecKHe cBepXpa3MepHbIe
BOJIHOBO/IBI

B yKka3aHHOM CMBICIIE IIPEICTABIISLIOT HHTEPEC Me-
TAJUINYECKUE BOJIHOBOJIBI C CYIIECTBEHHO YBEIMYEH-
HBIMH pa3MepaMi BHYTPCHHHUX CCUCHHHN, HIIH CBEPX-
pasmepubie BoHOBOIBI (CPB), B KOTOPBIX IIOTOHHOE
3aTyXaHHe 3HAYUTENBHO HIDKE, Y€M B CTAHIAAPTHOM
BOJIHOBOJIE, OJIHAKO BO3MOXHO BO30Y)KIE€HHE U pac-
npocTpaHeHue KojeOanuii BeicIuxX TUIoB. Takue Jiu-
HUU TI€pelaull OKa3ajiuch BechbMa dPp(HEKTUBHBIMU K
HCITOJIb30BAINCH TSl TIOCTPOCHUSI PA3IHYHBIX CHC-
TEeM U YCTPOMCTB Kak 6a3oBsie. [Ipn aTOoM ObLITH pas-
BUTHI KBa3HONMTHYCCKUE MOAXOIbI AL pacdyera pas-
JIUYHBIX HeoaHOpoaHocTel B CPB [72-76], a ananu3
TAKUX 3JIEMEHTOB TPaKTa, [POBEICHHBIN CTPOIHMHE
Merozxamu [ 77], mokasa MIpUMEHUMOCTh ATHX METO-
JIOB TIPH TIOTIEPEYHBIX pasMepax BosHoBoma D/A > 5.

4.1. Bonnoeoo kpyzanozo ceuenus c 6onnoii H

CuMMeTpUYHasi MarHUTHAs BOJIHA B KPYIJIOM Me-
TAJJIMYECKOM BOJIHOBOJE 00NIaiaeT yAWBUTEIHHBIM
CBOMCTBOM — KOX(UIMEHT 3aTyXaHHUs TaKOH BOJHBI
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Puc. 18. Becnpoeoouvie tunuu nepedauu snepeuu 8 uode 08yx
COKYCUPOBAHHBIX 3ePKANbHBIX anmenH (a) U nepuckonuyec-
koeo muna (0). (Penpodykyuu uz pabom [46,71])

YMEHBIIAETCS, CTPEMACh K HYTIO TPHU yBEIUICHHUH
IJIOMIA M TIONIEPETHOTO CEeUSHUS, 3SHAYUTEINBHO OBICT-
pee, 9eM JUTs IpyTUX BOIH. DTO OOBSCHICTCS TEM, UTO
BoHa H ;| He BO30yXXaeT B METAINIMIECKUX CTEHKAX
TOKOB, TEKYIIINX B HAIIPABJICHUH €€ PaCIIPOCTPAHEHUS,
YTO OTIMYAET €€ OT BCEX APYTUX THUIOB KoJeOaHHi,
CYIECTBYIOIINX B TaKMX BOJHOBOJAX. YKa3aHHOE
o0ctosTensecTBO B 50-¢ n 60-¢ TOIBI BEI3BAJIO TOBBI-
meHHbli naTepec kK CPB kpyrmmoro cedenns ¢ BOIHOM

H,,, CBA3aHHEBIN C BOSMOKHOCTBIO CO3aHUs] MHOTOKa-

Puc. 19. Dxcnepumenmanvras aunus nepedauu SHepeuu Ha
OCHOBE KpY2ll020 C6epXpasmepHo2o 60110600a ¢ sonnoi Hy
(f = 9 I'Ty). (Penpodyxyust uz pabomor [78])

HaJBHOM TMHUK CBS3U Ha JalbHUE pacCTosHuUs. B aT0T
nepros ObLTH MIPOBEICHBI ITUPOKOMACIITAOHBIE HCCITe-
JOBaHUs (U3UYECKUX CBOMCTB TaKUX BOJHOBOJIOB,
OCYIIECTBICHBI pa3paboTKa (yHKIHOHATBHBIX yCT-
POJCTB Ha UX OCHOBE, & TAK)KE OMBITHI [T0 PeATU3AINU
9KCIICPUMEHTANIBHBIX BOTHOBOMHBIX JIHHUIL. B vact-
HOCTH, B pabote [ 78] mpuBeeHBI pe3yabTaThl LEIOro
KoMmIuIeKca uccaenosanuii ¢pupmer “Bell Telephone”
10 M3y4EHUIO BONHBI H | B KpyIIIoM BOJHOBOJIE M Me-
pezadue SHEPTUH MO SKCIICPUMEHTATBHON JIHHAH (IITH-
Ha 152 M, auametp 127 mm, pabouas yactora 9 I'T'ry),
noka3aHHoO# Ha puc. 19, a B cOopHuke ctareit [79]
HaunboJee MOJHO OTPa)KEHBI BCE CTOPOHBI MPOOIEMBI
(B TOM YHCIIe HCCIIEIOBAHUS B MUJUTMMETPOBOM JIHa-
na3one). Llernblit psi BOITPOCOB, CBSI3aHHBIX ¢ 0COOCH-
HOCTSMHU IPaKTHYECKON peann3alui TaKUX BOITHOBO-
JIOB TIPH HAJTMYHH W3JIOMOB M M3rHOOB, MPUBEJCH B
pabore [80]. OgHako B majibHeieM mpobiiemMa uc-
nosnk3oBanus CPB kpymioro cedenust ¢ BoiHOM H B
KayeCTBE IMHUH CBA3H ObLiIa HCUepIaHa B CBS3U C MO-
SIBJICHHEM BOJIOKOHHO-OMTHYESCKUX CPENCTB, PElIaro-
IIMX 33][a49y CO3MaHUSI MArHCTPAIbHBIX JTHHUIT CBA3U
Ha MPUHIUIHAATFHO HOBOM TEXHOIOIHYECKOM yPOB-
He. CieqyeT Takke OTMETHTD, YTO peasin3alus 00Jb-
LIMHCTBA yCTPOMCTB HA OCHOBE KPYIJIOTO BOJHOBOAA
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¢ BOIHOI H | cBOIUTCA K Npeo6pa3oBaHI0 OCHOBHO-
ro THna xonebanuii B BonHy H  mpsmoyronsHOro
BOJIHOBOJZIA, OCYIIIECTBIICHUIO COOTBETCTBYOMINX (yH-
KM C MCIIOJIb30BAaHUEM TEXHUKH HA OCHOBE IPSAMO-
YTOJIBHOTO BOJIHOBOJIA U OOPATHOIO MpeoGpa3oBaHus
B BonHy H, Kkpyrmoro BonHoBona. B To ke Bpems
ycTpolicTa BO30yxkaeHns BonHbl H , oTiMuarorcs
0OoJbIIMME TabapUTaMu, CIOXKHON KOH(Uryparuen u
JIOCTATOYHO GOJIBIIMMH TIOTEPSIMH, B CBSI3H C YEM KPYT-
neiit CPB ¢ xoneGanusamu tuna H , He Hamen mmpo-
KOTO NPHMEHEHUsI B MHOTO()YHKIHOHAIBHBIX CHCTE-
Max. [1o 9To# e MpUYnHE He TOMYYHIH JadbHenIe-
ro passurust uieu nepenaun CBY sHepruu 1o Kpyr-
JIBIM TOJ3EMHBIM BOJIHOBOAAM OOJIBIIOrO JUaMETPa
(1 + 2 M) na Boue H, [68].

4.2. Bontno600 npamoy2onbHo2o cevenus
c éonnoii H

Hos CPB npsamMoyronsHOro cedeHus ¢ BoaHod H,
XapaKkTepHO MCIOIb30BaHKE B KauecTBe 0a30BOM JIU-
HUH TIepeiadl CTaHAapTHBIX BOIHOBOIOB C 6ojiee uem
JECSATUKPATHBIM YBEJIMYEHUEM TIOTIEPEYHBIX pa3Me-
pPOB OTHOCHTEIBHO OJXHOMOIOBOTO pexkmma [81].
B wacTtHOCTH, HCIONB30BaHUE BOJIHOBOAA 3-CM JIuUa-
nazona WG-16 (ceuenne 22.86x10.16 mwm?) na mu-
HE BOJIHBI 2 MM TIPHBOJIUT K YMCHBIIICHUIO 3aTyXaHHsI
B 20 pa3 u cocrasmsier 0.23 nb/m [82], a nst BoHO-
Boza ceueHHEM 7.2X 3.4 MM? B quana3oHe JUIMH BOJIH
A=0.8+0.9 MM MOroHHBIE MOTEPU COCTABIISIOT
1.4 nb/m [83].

Brutn moppo6Ho uccnenoBansl cBoiictBa CPB mpsi-
MOYTOJILHOTO CEYCHHS, B TOM YHCIIE 0COOCHHOCTH €10
BO30Y>kIeHus [84], ¥ MoKa3aHo, YTO ECITH TMHCHHBIIH
TUTABHBIH ITEPEX0]] OT BOJHOBOIA CTAHIAPTHOTO Cceve-
HUsT (OMHOMOIOBBIH PEXKMM) K BOJTHOBOY TIOBBIIICH-

HOTO CEUEHHMs JOJKEH UMETh JUTMHY He Menee S0A ,
TO WCIIONb30BaHME BO30OyanTeNnel ¢ Ooiee CIOKHON
(dbopMoii MO3BONSIET YMEHBIINUTh ATO 3HAYCHUE IO
(5+10)A. Ipu pazpabotke ycrpoiicts mist CPB Heo6-
XOJIIMO YYHUTBIBATH BO3MOKHOCTh PACIPOCTPAHEHHSI
KOJIeOaHuil BBICIIUX TUIIOB, B CBSI3U C Y€M IPUMEHE-
HHUE HEOJHOPOJHBIX B MOMEPEYHOM CEUCHHHU DIICMEH-
TOB HE MPEACTABISCTCS BO3MOKHBIM. B pabore [85]
OIHKCaHbI YCTPOUCTBA HA OCHOBE CTaHAAPTHOTO 3-CM
BOJIHOBO/IA, MCIIOJIb3yeMbIC B JHAIA30HE JJIMH BOJH
0.5+8 MM, B TOM YmCIe THpaMUIATBHEIE TTEPEXO/IEI,
JIETEKTOPHAs CEKIUsI, KpeCTOOOPa3HbIN IENUTENh Ha
OCHOBE MMOJYPO3PaYHOi MIACTHHBI, (ha30BpaIaTeb,
STaJOHHBIM M MONIOLIAIOIUNA aTTEHI0ATOPbl U MH-
tepdepomerp Maxa-Ilennepa. s BonHOBOIA cede-
HueM 7.2%X3.6 MM? OBUTH M3TOTOBJIEHBI HAIPABJIEH-
HBIH oTBeTBUTEND (prc. 20), peryaupyemblii aTTeHIo-
arop ¥ (ha3oBpaIiaTesh ¢ IepeMeHHBIM (Pa30BbIM CIIBHU-
TOM, BBIMIOJIHCHHBIC HA OCHOBE JCTUTEIS C JBOWHOM

Puc. 20. Hanpasnenuviii omeemeumens Ha OCHOGe Npsi-
MOY201bH020 C6epXPAZMEPHO20 601106004 ¢ 6oanoti H,
ceuenuem 71.2x3.6 mm? (f = 345 I'Ty). (Penpodyxyus u3z
pabomur [86])

MIPU3MOH, a TaKke (HIBTPBI HA OCHOBE MAKETOB M3~
nekTpuueckux miactud [85, 86], mpeaHazHaueHHBIC
Jutst paboThl Ha wactore 345 ['T'. AHanmoruvHeIe pas-
paboTku mpenacraBieHsl B mybnukanuu [87]. Uccre-
noBanHbie B pabore [82] 90°-u3ru6er CPB mpsimoy-
TOJILHOTO CEYEHHS B BHJIC COYICHEHUS JIBYX TEpIICH-
JIKYJISIPHBIX BOJTHOBOZIOB, B IEPECEUEHUH KOTOPBIX yC-
TaHaBJIMBACTCS IUIOCKOE OTpakarollee 3epKallo, Hc-
TI0JTb30BAHbI IPU CO3JIaHHUU MEPEKIIoYaTelisi KaHAJIOB.
Pa3znnuHble KOMOMHAIIMN MHOTOTPAHHBIX OTpakaTelei
MO3BOJIMII peajn3oBarh (hazoBpamaresin U OajaHc-
Hble cxembl [82, 87]. CPB mpsMOyronsHOTO CeYCHUsI
UCIIOJIB30BAJICS Kak 0a3oBasi IMHMS Tepeadu B pas-
JIMYHBIX CHCTEMaX MUJZTAMETPOBOTO U CyOMHILIUMET-
POBOTO TMaIa30HOB, pa3paboraHHbIX B HayuHo-uccre-
JI0OBaTeIbCKOM paguo(pU3NIECKOM HMHCTUTYTE IPU
ToperoBckom yuuBepcutere (HUPOU), a 3arem B
Nuctutyte npuknansoit puzuku AH CCCP (B HacTo-
smiee Bpemsi UTI® PAH, Huxuuit Hosropon). B vac-
THOCTH, ObLT pa3paboran mHTepdepomerp [88] Ha

ocHoBe CPB ceuenmem 23x10 Mwm? mis nuama3zoHa

JUHH BOMH 1+4 MM. OCHOBHBIM y3110M HHTEp(Epo-
MeTpa SIBISIETCS KPEeCTOOOpa3HOe pa3BETBIICHHE, B
HepeceyeHnH oceil KOTOPOro YCTaHOBIICH OTPaKaTelb
B BHJIC METAJUTMYECKOTO Ky0a JUTs ACJICHHUS Ha JIBE PaB-
HBIX YaCTH BOJHBI, NAIAIOIIEH CO CTOPOHBI KaXKIOT0
mieda. Vcmonp3oBanmio mHTEpdepomMeTpoB Maxa-
Lienznepa, BBIMOJIHCHHBIX HAa OCHOBE CBEPXPAa3MEPHBIX
BOJIHOBOJIOB ceueHneM 23x10 mm? m 11x5.5 mm2 B
CYIepreTepOANHHBIX palyoMeTpax A IUala30HOB

e BoH 1.1 + 1.6 mm 1 0.8 + 1.0 MM mrocBsiIieHa
pabora [89].
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4.3. Bonnoeoo kpyanozo ceuenus c eonnoii H

ITo cBonm xapaxtepuctukam CPB kpyrioro ceue-
Hust ¢ BomHOHM H,, cpasanm ¢ CPB mpsimMoyromnbHOTO
CedeHus ¢ BOJHOW H, ) W Taxike MCHOIB3yeTCs MpH
MOCTPOCHNH aHTEHHO-(QUACPHBIX CUCTEM MHJUTIMET-
poBoro auanazona [90]. MccrnenoBanus mokasanm, 4To
3aTyxaHHe B TaKOM BOJIHOBOJIE MOXKET OBITH JlOCTa-
TOYHO HU3KHM H, B YACTHOCTH, B 3-MM JIMaIIa30HE BOJIH
IpH IMaMeTpe BOJIHOBOJA 24 MM HeE INpeBHIIIAET
0.1 1b/m [91], a B KauecTBe BO3OyaUTENEH MOTYT OBITH
WCIIOJIb30BaHBI IIJIABHBIE NEPEXObI KaK C JIMHEHHOH,
TaK ¥ HEMUHEHHOH popmoit oOpasytomieit. [Ipu aTom
HEOOXOIMMO MMETh B BHIY, YTO AJISI HECHMMETpPHY-
HBIX THIIOB KOJ€OaHUI B BOJHOBOJE KPYIJIOTO ceve-
HUS BO3MOXHO TOJISIPH3ALIHOHHOE BRIPOXKACHHE U ITPU
HaJIMYMU HEOTHOPOJHOCTEH B BOJHOBOJHOM KaHaje
(HamprMep, OTPE30K C HE3HAYUTEIBHOM U THIHO-
CTbI0) IPOMCXOIUT MpeoOpa3oBaHye BOIHbI H | B BoI-
HBI BHICHIMX THIIOB M BO30Y K I€HHE BOJIHBI H,; ¢ opTo-
roHanbHOM monsipusaieii. B pabore [80] paccmor-
PEHBI YCIIOBUS, ITPU KOTOPBIX MPEe0Opa30BaHUE THIIOB
BonH B CPB kpyrioro ceuenns ¢ BomHo H,, mMoxer
OBITH CBEJICHO K MUHUMYMY, M IOKa3aHO, YTO Haps Ly
C TEXHOJIOTHYECKUMHU TPeOOBAaHUAMH MHHUMAJIBHOM
nedopManuy CTEHOK BOJIHOBOAA BaYKHO 0OECIICUHUTH
MHUHHAMAJIBHYIO JUTMHY OTPe3Ka BOJHOBO/A C HEOHO-
POIHOCTEIO, Ille OCYIIECTBIACTCS Mepeaya YHEPIHU
MeXAy TuIaMu BoiH. [1o 9Toil mpuunHe npruMeHeHue
MOOOHBIX CHCTEM B CITydae HPOTKEHHBIX Y9aCTKOB
TpaKTa M3-3a KOHCTPYKTHBHBIX CIIOKHOCTEH HE Ipe-
CTaBJIsICTCS BO3MOXKHBIM. B T0 5xe Bpems B Tex ciyda-
AX, KOra JUIMHA TPaKTa ¢ y4eTOM IIOJHOro Habopa
BCEX 3JICMCHTOB YIOBJICTBOPSICT TPeOOBaHMSIM, CPOp-
MynupoBaHHEIM B pabote [80], CPB kpymmoro ceue-
HHA ¢ BOJHOH H,;, MoxkeT ObITh UCIIONB30BaH B CHC-
TeMaX Pa3IMYHOrO Ha3HAYCHHS.

NwmenHo 3Ta KOHIeHsA OblIa peann3oBaHa B 1H-
crutyte paanodusuku u snekrpornnkn AH YCCP (8
Hactosimee Bpems VPO um. A. 5. Yeuxoa HAHY,
XapbKOB) MIPH MOCTPOSHUH LIENIOTO Psiia aHTEHHO- (-
JCPHBIX TPAKTOB JBYXMHJIITMMETPOBOTO IHara3oHa
IUTSL CHCTEM C HMITYJIbCHBIM M HEIIPEPBIBHBIM H3ITyde-
uuem [92, 93]. B atux cucremax B KadecTBe o0myda-
TeJs aHTEHHBI HCIIOIH30BAaJICS OTKPHITHIN KoHEll CPB,
YTO MCKJIIOYAET BO3MOXXHOCTh BOSHUKHOBEHUSI Pe30-
HaHCHBIX SIBJICHUH Ha Napa3HTHBIX TUIAX KOJeOaHHi
[94]. TIpu sTOM Hapsimy € dIEMEHTaMH OOIIETO TPH-
MeHeHHs (IenuTend, npeodpa3oBaTeiu MoNsIpUu3alui
M T. I.) ObITHM pa3paboTaHbl yCTPONCTBA CIIEIHATBHO-
ro Ha3HaueHus (00TyyaTesn 3epKaJbHbIX AHTCHH, CKa-
HUPYIOI}E YCTPOHCTBA, BPAILAFOIINECS COWICHEHHS,
AHTCHHBIC MEPEKITIOYATEIH PA3TMIHOTO TUIIA H T. [1.).
B yactHOCTH, 1715 IpUEeMO-TIEpENAIOLIEN CUCTEMBI Ha
ocHoBe CPB kpyrioro ceuenns auamerpom 20 MM C
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Puc. 21. Tpaxm oonoanmenno2o npuemo-nepedaroue2o yc-
mpotuicmea 2-mm OUanazond, BbINOIHEHHbLI HA OCHOBE Kpye-
71020 c8epxpasmeprnoco 60aHo600a ouamempom 20 mm
¢ eoanoti H

BoIHOM H,, Ol pa3paboTan W HMccleoBaH B 2-MM
JIMara3oHe BOJH (ePPUTOBBII aHTCHHBIH MepeKiToya-
Tenb [95]. OCOOEHHOCTBIO YCTPOMCTBA SBISIETCS HC-
MoITb30BaHKe MeTona coracoBanus [96, 97] ¢ mpume-
HEHHEM MHOTOCIIONHBIX (DepPPUTOBBIX CTPYKTYD, BBITION-
HCHHBIX B BHJIC THPOTPOINHBIX pe3oHaTtopoB Dadpu-
ITepo, 4TO MO3BOIUIO JOCTUTHYThH BHICOKHX MapaMer-
POB MpHEMO-TICPEIAIOIIECH CHCTEMBI B Tie70M. OOmuii
BHUJI TPAKTA, Pa3MEIICHHOTO C ThIJIbHOH CTOPOHBI JIBY-
3epKaJIbHOM aHTEHHBI, TPUBEICH Ha puc. 21. BombiuH-
CTBO (DYHKIIMOHAIBHBIX JIEMEHTOB BBIMOJHEHO B BUJIE
eMMHOIT MaorabapuTHON KOHCTPYKIIMH, YTO HCKITFOYa-
eT mprMeHeHHe (BIaHIeBbIX COCANHEHNUH, YKOpaYHBa-
€T CyMMApHYIO JUTHHY YCTPOICTBA U YpE3BBIUAHHO BaX-
HO TIPU CO3JIaHUH TOAOOHBIX cucTeM. B pabore [95]
TaKKe PACCMOTPEHBI BO3MOXKHOCTH PEaTH3alliK aHTCH-
HOTO TIEPEKITIOYATENSI OTNITOIEKTPOHHOTO THIIA, B KOTO-
POM KOMMYTAIHsl KAHAJIOB OCYILIECTBIACTCS MPH T0-
MOIIIY TTOYTIPOBOTHUKOBOTO JIa3epa, CBETOBOM MMITYJIbC
KOTOPOTO MOCTYIACT Ha MOIYIPOBOTHUKOBYO MIACTH-
HY, YCTAQHOBIICHHYIO B IHArOHAIHOM CEUCHUH KPECTO-
obpasznoro passerBienusi CPB.

CyIIeCTBEHHBIM HEJIOCTATKOM, TPUCYIIUM METaI-
muaecknm CPB, siBisieTcss OTCyTCTBHE CBOWCTBA ca-
MOGUIBTPAINH TS BOJH BBICIIUX THIIOB, YTO B HEKO-
TOPBIX CITy4asix TPeOyeT MPUHSITHUS CIIEIHATBHBIX MEP.
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5. JlyueBbie BOTHOBOABI

C TOUYKM 3pEHUs MOCTPOCHUs KaHAJIU3UPYIOUIEH
CHCTEMBI MUJUITUMETPOBOTO M CyOMUILIUMETPOBOTO
JIMANa30HOB YPE3BBIYAWHO MPOMYKTUBHOM OKa3aaach
ujIest epeiadn IEKTPOMATHUTHBIX BOJIH B BHJIE BOJI-
HOBOTO IyYKa, XapaKTEPHCTHKH KOTOPOTO 3aJIaf0TCsI
COOTBETCTBYIOIIMM pacrpeiesicHieM (asbl B morepey-
HOM CEUECHHH Yepe3 IEPHOJINYECKHIE MHTEPBAIIBI BIOJIb
ocu cucteMbl. CyIECTBEHHBIM CTUMYIIOM JUISL PA3BH-
THS TAKOTO MOJIX0JIa SIBUJIOCH PEIOKEHNE 00 UCTIONb-
30BaHMH B KA4eCTBE Pe30HATOpa sl Jlazepa uHTepde-
pometpa @abpu-Ilepo, Brickazannoe B 1958 1. HezaBu-
cumo P. JTuke [98], A. M. TIpoxoposeim [99], a Takske
A. Hlasnoseim u Y. Tayncom [100]. Bekope st mo-
J0OHO# crucTeMbl ObUTa pa3paboTaHa TEOpHUs pe3oHa-
TOPOB €O C(HEePUUECKHUMH 3ePKAIAMH, TJI€ MOJIBI IIPe/-
CTaBISIFOTCSA B BHJIC BOMHOBBIX myukoB [101-103]. Ana-
JIOTHYHBIN TI0AX07 65T ocymiecTiieH k. ['y6o [104],
KOTOPBIH TIPEIIOKHIT JINHUFO TIepEiadn B BHIE MHOTO-
KPaTHO TOBTOPSIOIINXCS MYYKOB DJIEKTPOMArHUTHBIX
KosieOaHui, (HOPMUPYEMBIX CHCTEMOM SKBHIUCTAHTHBIX
(ha30BBIX KOPPEKTOPOB, MPEICTABIISIONICH cO00it moc-
JIeIOBATEIBHOCTD JINH3, ¥ Ha3Ball €€ JIyYEBBIM BOJHO-
BOZIOM HMITH JTydeBonoM (beam waveguide).

5.1. JTunzoevie u ouagppazmennsie ayueeoon

B pa6ote [104] T'y6o pa3paborai METO MaTeMaTu-
YECKOTr0 OIMUCAHUSI TIONsl BOJHOBOTO IMy4Ka, KOTOPOE
MPE/ICTABISAETCS B BUE COBOKYITHOCTH IIOCKUX BOJH,
HAIPABJICHHUS PACTIPOCTPAHECHHSI KOTOPBIX JIS)KAT BHYT-
pH Masioro KOHyca BOJM3M OCH CHCTEMBI, a PEIICHUE
BOJTHOBOTO YPaBHEHHSI B KBa3HOIITHYECKOM MPHOIHIKe-
HHH TTO3BOJSIET MOYYUTh PaCTpeeieHUE MOJIsl B TTOTe-
PEYHOM CEYCeHHH B BUJIe pou3BeneHuil GpyHkiuii [ayc-
ca-Dpmura (B JEKapTOBOW CHCTEME KOOPIWHAT) WITH
Taycca-JIsreppa (B IIMTHHAPHYIECKOH CHCTEME KOOPIH-
Har). BBeIeHHBIE IPH 3TOM XapaKTepHbIC TapaMeTPhI —
paauyc Tydka (WM ISITHA MOJST) U PAANyC KPHBH3HBI
(hazoBoro ¢poHTa — MMEIOT TIYOOKUH (PU3UUECKUIA
CMBICJI, a TIPE/ICTABIICHHUE ITOJIsI B BUjie HHTErpasia Oypbe
MO3BOJISIET PACCMOTPETH MPEOOPa30BaHHS TyUKa pa3iiny-
HBIMH cHcTeMamu ontuueckoro Tuma [105, 106]. Tpu
MOIOOHOM PAaCCMOTPEHHH PACIPOCTPAHEHHUS! BOIHOBO-
T0 IMyYKa, HapsiTy ¢ TCOMETPOONITUYSCKUM PAacCMOTpE-
HHEM Mpoliecca KOppeKinu (asbl JTMH30M, s orrca-
HUS U3MEHEHHS CTPYKTYPBI TOJIS IPHBIICKAFOTCS THITHY-
HO JT(PaKIIMOHHBIE TPECTABICHHS.

[TepBble DKCIMEPUMEHTANbHBIC HCCICTOBAHMS
[107], npoBenennbie B Auana3zone iuH BoiH 1.25 cmM,
MPOJEMOHCTPHUPOBAH TEPCIICKTUBHOCTh JIMH30BOTO
Jy4eBO/a, & U3TOTOBJICHHASI [IPH STOM MOJICTIb CHCTE-
MbI (pHrc. 22) COCTOsIIA U3 TEHOMONTUCTHPOIOBBIX JIHH3
nuamerpom 20 cM, yIaleHHBIX APYT OT Ipyra Ha pac-
ctosiHue 1 M (KOIMYecTBO JIMH3 B IMHUH HE TPEBbIIIa-

10 10). B pabore [47] npuBe/ieHbI pE3yIbTATH HCCITE-
JIOBaHMS Jy4yeBojJa B auama3one uacror /5 T, a
TaKKe 1IEJIOr0 Psiaa YCTPOUCTB Ha €ro 0CHOBE (BOJHO-
BOJIHO-JTyY€EBbIE MEPEXOIBI C MUPAMUAATLHEIM U OH-
MOJIAJIBHBIM PYTIOPAaMH, TPEOOPA30BATENH THITOB BOJIH,
MOTJIOMIAOIUMA U TONAPU3ANMOHHEIA aTTEHI0ATOPHI,

Puc. 22. Dxcnepumenmanvhas Mooens MUH306020 1y4e800d
Iy60. (Penpooyxyus uz pabomer [ 107])

Puc. 23. Keazuonmuueckoe 08yx601H080€ npuemHoe ycm-
POICMB0, UCNONb3YEMOE 8 CUCEeMe OUASHOCTUKY NILA3MbL.
(Penpooyryus uz pabomer [11] ¢ mobesnozo paspeuwtenus
npogeccopa I1. @. Tondocmuma)
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JVDNEKTPUYECKUH ACTUTEINb JTy4a, U3MEPHUTENb KO3 (-
¢bunuenTa oTpaxkeHuit). B mocnenywoiie romsl 310
HarpapJjeHUe UCCIECIOBaHUN aKTHBHO pa3padaTbiBa-
JIOCh: OBIIM JETaIbHO M3YYEHBI CBOICTBA BOJHOBBIX
MYYKOB, pa3paboTaH LeNbIi psa npubopoB U yCT-
POMCTB /i1t TOOOHOM JIMHUM Tepesiadu, pean3oBa-
HBI TPUHIIMITBI JIMH30BOTO JIy4€BOIa IPH IIOCTPOCHUH
KBa3MONTHYECKUX W3MEPUTEIBHBIX KOMILJIEKCOB IS
JMarHOCTHKH TJI1a3Mbl, K3MEPEHHsI TapaMeTpOB Mare-
pHaJIOB, KBa3HONTUYECKUX aHTEHHO-(QHUJIEPHBIX CHC-
TEM JIIsl YCTAaHOBOK JTUCTAHIIMOHHOTO 30HIMPOBaHUS
Y paJlMOJIOKAIIMOHHBIX HCCIIEIOBaHM, a TaKXkKe JIpy-
THX BOXHBIX IPUIIOKEHNI. MHOTOJIETHHE PE3YIBTaThI
Pa3IMYHBIX HAayYHBIX ILIKOJ MOAPOOHO H3JI0KEHBI B
moHorpaduu [11]. B yactHoctH, Ha puc. 23 npen-
craBiicHa ortorpadus TBYXBOTHOBOM MPUEMHOMN CH-
CTEMBI Ul JAMAarHOCTHKH IJIa3Mbl, a Ha puc. 24 —
TIepeatoIUi ¥ TPUEMHBIH KaHAIIbI KBA3HONITHYECKOH
YCTAHOBKH JIJIsl HCCIICJOBaHuUs Marepuanos [11].
HenocrarkoM JIMH30BOTO JTy4eBO/Ia SIBISIETCSI ITOIIIO-
IICHHE YHEPTHH MyYKa B TUAIEKTPHUKE ¥ OTPAKECHHUE OT
TIOBEPXHOCTH JIMH3bI. XOTA TOTEPH Ha OTpaKEHHE OT
OJIHO¥! JTHH3BI COCTABISIFOT MATYI0 BEIHYHHY (HampH-
mep 0.02 nb B pa6ore [107]), mpu co3aaHUU MPOTS-
JKEHHBIX MHOTOJIMH30BBIX TPAKTOB 3TOT (DAKTOP MOXKET
OTPUIIATENIBHO BIUSTH Ha XapaKTEPUCTUKU CUCTEMBI B
nenoM. OTHOM U3 BO3MOXKHOCTEH yCTpaHEHHsI OTpake-

HUH SBJISIETCS MCTIONL30BAHKUE JIMHUU, TIPEITI0KEHHOM
B [108]. B aTOM cityuyae JIMH3BI CHEIUATBHON (HOPMBI
(amnunTHyecKuit mapaboIoua) MOBEPHYTHI OTHOCH-
TEJBHO OCH ITydYKa Ha yroi bprocrepa u obecreunBa-
10T (ha30BYIO KOPPEKITUIO, SKBUBAJICHTHYEO KOPPEKITHH
OOBIYHOW JIMH3BI. DKCICPUMEHTAIBHBIA MaKeT JIUH-
30BOTO JIYYE€BO/Ia TAKOTO TUMA ObLJIa OCYIICCTBICH B
WPD PAH u uccnenoBaH B CyOMUITMMETPOBOM JTUATIA-

3oHe (A=0.9+0.7 mm) [109]. Jlunust cocrosia u3
22 MOMUATIIICHOBBIX JIMH3 TONIIHHON 3.2 MM, YCTaHOB-
neHHbIX Ha paccrosiauu 10 cM apyr ot apyra, n obec-
TIeunBaIa MOTOHHEIE TTIoTepH He 6omee 1.7 nb/m. JTyde-
BOJIBI M3 HEOTPAKAFOIIMX JIMH3 BIIOCIIEICTBUH OBLTH HC-
MOJTb30BAHBI MTPH CO3AaHUU M3MEPUTENIBHBIX YCTaHO-
BOK M pa3pabOTKe METO/IOB JIYYeBOJHON CIIEKTPOCKO-
MUK JUTS UCCIICJIOBAHKS CBOWCTB PA3NUYHBIX Cpell, B
TOM YHCJIE CIIA0OTIOTIIOMAIOIINX TUAIEKTPHKOB, (ep-
PHTOBBIX, TTOTYMNPOBOIHUKOBBIX, KUAKUX, ra3000pa3-
HBIX, CTPOHUTENBHBIX U OBITOBBIX MaTepuaios [14, 110].

Pa3HOBHAHOCTEIO IMH30BOTO JIy4eBOAA SBISACTCS
nuadparmennas nuaus. B pabore [111] B quamaszo-
HE JUTUH BOJH A =4+8 MM pacCMOTPEH JIYYCBOJ C
nuadparMaMu B BHIE IPSIMOYTONBHBIX OTBEPCTHH, a
B [109] mpuBemeHBI pe3ynbTaThl NCCIECAOBAHUS JIH-

uud (A =0.9+0.7 MM), B KOTOPOit HCTIOIB30BAHbBI ME-
TaJUTHYECKUE HPUCOBBIE TuadparMbl, 00eCIeInBar0-

Puc. 24. [lepedarowuii u npuemHblli KAHALbE KEAZUONMUYECKOU USMEPUMENbHOU cUcmeMbl OJis UCCe008AHUSL MAMEPUATLOB.
(Penpooyxyust us pabomer [11] ¢ mobesnozo paspewenus npogeccopa I1. @. Iondcmuma)
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e TJIABHYIO PETYIHPOBKY Pa3MEpOB OTBEPCTHUS.
I[Tpu 3TOM paccTosiHue MEeXIy AuadparMamMu paBHs-
nock 12 ¢M, a MOTOHHbIE MOTEPH IS JAHHOMN CHUCTE-
Mme coctaisin 2.2 1b/m. lnadparMeHHbIi Ty4eBos
M0 CPAaBHEHHIO C IMH30BBIM HMeeT OOJBIIHE TOTEPH
M CTAHOBHTCS KOHKYPEHTOCIIOCOOHBIM JIHIIb Ha BOJI-
Hax kopode 0.5 MM u3-3a Bo3pacTaHus HoTeph B Ma-
Tepuaine nuu3 [14].

IToTepu 13-3a MOTIIONICHHUS B TMH3aX MOTYT OBITh
CHIDKEHBI [TPU UCTIONB30BaHIH COBPEMEHHbIX €1a00-
HODIOIIAIONIMX MaTepuanos (Hanpumep, Ast Gropo-
mwiacta @-4 6e3 TepMo0OPaOOTKH, TAHTCHC yTIIa TMO-
Teph tgd = 0.27-10°%) [14], oaHaKo MONHOCTHIO HC-
KIFOYHTH TOT BHJ MOTEPh MOXKHO TOJIBKO B CiIydyae
3epKaJIbHOM JIMHHUHU, KOTOPAs SBISICTCS aHAJIOTOM JIHH-
30BOTO JIy4eBO/IA.

5.2. 3epxanvhsiii 1yueso0

3epKanpHbIC JTy4eBObI OBLTH MPEIOKEHBI B pa-
6ore [112], a ponb (ha30BOro KOPPEKTOpa B JAHHOM
Clly4ae BBITIONHSIET 3epKaio B BU/IC YUaCTKa MOBEPX-
HOCTH SJUTHIICOU A BPAIIICHHSI, XOTS BITOJIHE TOMYCTHU-
Ma ¥ Goree mpocTas hopMa MOBEPXHOCTH (HATpUMEp
coepuueckas [113]). EcTecTBeHHO, YTO aMILTUTYIHOE
pacrpe/iesieHre B MONEPEYHOM CEUCHUH MMydKa, Chop-
MHUPOBAHHOTO TAaKUM 00pa30M, IMEET O0Jiee CIOKHYIO
KapTHHY, Ye€M B Clly4ae OCECHMMETPHYHOTO Jy4EBO-
i, YTO HEOOXOAUMO YUUTHIBATh IPH KOMITIOHOBKE CH-
ctembl B 1ienoM. B pa6ote [114] B 4-MM auama3oHe
OBLIT HCCIEI0BAH 3ePKAIBbHBII Ty4eBO/I, B KOTOPOM HC-
MOJIB30BANTUCH SIUTUIITHYESCKHE 3epKalia, a MOTepH Ha
onny utepanuto cocrapimsuia 0.015 nb. Hegocrarkom
MOM00HO# TMHKUH TIepe/IauH SIBISCTCS JOCTATOYHO TPO-
MO3/1Kast KOHCTPYKIIHS M OYSHb BHICOKAst YYBCTBHUTEb-
HOCTh K IOCTHPOBKE 3epKall. B 3ToM cMmbicie mpes-
MOYTHTEILHOW SIBISETCS PA3HOBHIHOCTD 3€PKajbHO-
ro yueBoza [115], B koTOpoii 3epkana 0ObeIHHEHEI B
napbl ¥ 00pa3yloT (UKCHPOBAHHBIH y3en (TepHCKo-
nuyeckas TuHus). [Ipi paccTosHUN MEXIy 3epKaja-
MH B K&XJO# Mape CylIeCTBEHHO MEHBIIEM, YeM HX
(dokycHOe paccTosHHE, (a30Bas KOPPEKIIHS TaKOrO
dJIeMEeHTa paBHA CyMMe (Da30BBIX KOPPEKIIHit Kax10-
ro 3epkaja. [loBopoT ycTpoiicTBa, 00pa30BaHHOIO Ma-
poit pUKCHPOBAHHBIX 3ePKal, IPHUBOIUT K APAJLICIb-
HOMY CMEII[CHHIO OCH MyYKa, a He K €ro MOBOPOTY,
CHCTEeMa B IICJIOM SIBJISIETCS MEHEE YyBCTBUTEIBHON K
nepekocy (a3oBbIX KOPPEKTOPOB. DKCIEPHMEHTAIb-
HbIC HCCIE0BaHUsI MOA00HOI THHUKM OBUTH OCyIile-
CTBJIEHBI B BUAUMOM 00JaCTH ONTUYECKOTO AMAMNA30-

Ha (A =0.63 mkM) [116] ¥ moOKa3amu MEPCIIECKTHB-
HOCTBH DTOTO HAmpaBjieHus ucciexoanuii. Tem He
MEHE€e OTMEUEHHEBIE HEIOCTATKH TEXHUUECKOTO XapakK-
Tepa SBJIAIOTCS OCHOBHBIM IMPENSATCTBHEM Ha MyTH
IIMPOKOTO UCTIONB30BAHMS 3€PKABHBIX JTyYEBOIOB KAk

JMHUM TIepeadd MUJUTAMETPOBOTO U CYOMHJITHMET-
poBoro auana3oHoB. OJHUM M3 HEMHOTHX, HO SIPKUX
NPUMEHEHUH TaKUX JIMHUHN SBISETCS Pa3BUTHE YIIO-
MSIHYTBIX BBIIIE JTYYEBOMHBIX CHCTEM MUTAHUS BYX-
3epKaNbHBIX CKAHUPYIOIINX aHTCHH HA3EMHBIX CTaH-
Ui CIyTHUKOBO# cBsi3u (puc. 25) [117, 118], B koTO-
PBIX IOCTPOCHHUE MHOTO3ePKATBHBIX TPAKTOB Pa3IHy-
HOM KOH(UTYPAIIH TO3BOJSIET 00ECIIEYUTh MHOTOYA-
CTOTHBII PEeXKUM pabOTHI.

6. JIyueBoabl (BOJTHOBO/IBI) KJIacca
“ MoJIBIH AMDIEeKTPUYECKUI KaHAT

B piane cinyuaeB k KaHaIM3UpYOLIEH cUcCTeMe
MIPEIBSBISIFOTCS TPEOOBAHMSI, KOTOPBIE HE MOTYT OBITH
YIOBIIETBOPEHBI ITPH UCTIONH30BAaHUH JIMH30BBIX U 3€p-
KaJbHBIX JIy4eBOJIOB. B wacTHocTH, mpH co3naHUH
IMIMPOKOANANIa30HHBIX W3MEPUTENBHBIX NMPUOOPOB,
nHTEp(PEPOMETPOB /ISl JUATHOCTHKH TOpsTUeH IJias-
MBI B 9KCIEPHUMEHTAIBHBIX YCTaHOBKaX TEPMOsICp-
HOTO CHHTE3a M TPaKTOB CHCTEM CIICI[HaJIbHOTO Ha-
3HaueHMs 6a30Bast JIMHUS IEPEAadn Hapsay CO CIelH-
(hmuecKUMU ANEKTPOAMHAMHYECKUMHU XapaKTepUCTH-
kKamu (OTCYyTCTBHE MEPHOJUYCCKAX M3MCHEHHH amIl-
JIUTYHO-(a30BbIX XapaKTEPUCTUK MOJS BOJIb THHUH
nepenadd, CHMMETPHS aMILUIUTYHO-(a30BbIX Xapak-
TEPUCTHK TOJIS B JBYX OPTOrOHAJIBHBIX IJIOCKOCTIX,
JMHEHHAs TOoNsIpHU3alus Mojisi, caMo(UIbTpanus Ko-
neGaHui BBICIIUX THUIIOB, BHICOKAs! CTEINIEHb DKpPaHMU-
POBKH, NIMPOKUI1 AnaITa30H pabouUX YacTOT U HU3KOE

Puc. 25. Jlyuesoonas cucmema numanusi 08yX3epKaibHOlL
AHMEHHbL HA3eMHOU Cmanyuu cnymuukosot cessu. (Penpo-
oykyust uz pabomsi [ 117])
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3aTyXaHHe OCHOBHOM Mojibl [15]) mo/mKHa yI0BIETBO-
PSITH LIENOMY PSY KOHCTPYKTHBHBIX U MEXaHUKO-KITH-
MaTHyeckux TpeboBaHuii. B mepByto ouepeap 310 Ka-
caercst KOpIyca JHHHH Mepeiadd, KOTOPBIil JOKeH
OJIHOBPEMEHHO CITYXKHTh 3KPaHOM, HECYIEH KOHCT-
pykumeit s GyHKIHOHATBHBIX 3JIEMEHTOB, a TAKKe
MPOTHBOCTOSITh MEXaHUYCCKHM U KIMMaTHYECKUAM
BO3JCUCTBUSAM. B HanboubIeil creneHu 3TuM Tpe6o-
BaHHUSIM YIOBJICTBOPSIIOT BOMHOBEAYIIME CHCTEMBbI KiTac-
ca “noJielil auanexTprdaeckuii kanat' . (B naHHoM cydae
HE CYIIIECTBYET €AMHOrO MHEHHS 10 OBO/TY Ha3BaHUsI TOW
WM WHOH pa3sHOBHAHOCTH JIMHHUH TIEpeiaull; Pa3InyuHbIC
ABTOPBI KCTIONIB3YIOT TEPMUHEI “KaHai” , “rydeBon’” , “Boi-
HOBOZ, TIOATOMY B JaJIbHEWIEM OyJieM HCIIONb30BaTh
ABTOPCKYIO TepPMHUHOJIOTHO.) [107100HbIe BOMTHOBEMYIIE
CHCTEMBI IPEJICTABIISIFOT COOOH KPYIIIBIH HITH MPSIMOYTOJTb-
HBII KaHaT GOJIBIIOTO (IO CPABHEHHIO C TTUHO BOJIHBI)
HOTEPEYHOro pa3Mepa, 00pa3oBaHHBINA IPaHUYHBIMH
CTPYKTYpaMH Pa3THIHOTO THITA — IUICKTPHIECKOH, CIT0-
HCTO-AMANCKTPHIECKON MITH METaILIO-IUNICKTPUUYECKO.
HecMoTpst Ha OTITHYHE TPAHHYHBIX CTPYKTYP, 3TH CHCTE-
MBI O0ITaIaf0T PAMOM THIIMYHBIX CBOKCTB (CTpYKTypa
noJIeH, MOCTOSHHBIC PACPOCTPAHCHHS, JIOKATH3AIIHS
OCHOBHOTO THITA KONCOAHHH BO BHYTPCHHEM KaHaie),
00y CIOBICHHBIX HATMYHEM JIUAIIEKTPHICCKOM MPAHHIII
KaHaJa, 4To MO3BOMsIeT OObEIMHUTD MX B OOIIHI Kiacc.

6.1. Honwtii ournekmpuuecKkuii 1yueoo

B 1964 . E. A. Mapkarnmm u P. A. llImensuepom
Obu1a omyOrkoBaHa pabora [119], B koTopoii Kak pas-
uTHe 3amaun [43] Oblia paccMoTpeHa TeopeThdec-
Kast MOJIETIb CTPYKTYPBI B BU/IE€ IMJIMHAPHYECKOTO Ka-
Haya B 0€3rpaHUIHOM ITUAJICKTPUKE MIPH OOJIBINUX T10-
MEepeUHbIX pazMepax KaHana. s Takold BOJTHOBENY-
el CUCTEMBI OBUT MPOBE/EH aHAJIN3 OCHOBHBIX TH-
IOB BOJIH, IIOCTOSTHHBIX PaclipOCTPaHEHUs U 3aTyxa-
HUSI U TIOIPOOHO paccMOTpeHa HM3IIasi ruOpuaHas
BOJTHA EHu, MMEFOIasi MUHAMAIIEHOE 3aTyXaHHe, IPH-
MEHHTEJIFHO K Tepeaue YHEPTUH ONTHYECKOTO ana-
Ma30Ha Ha JIaIbHUE PACCTOSHHUS.

B nepuon ¢ 1963 no 1971 r. 8 PO HAHY 06t
OCYIIECTBIICH PsiJl HAyYHO-HUCCIIEJOBATEILCKUX Pa0oT,
HaIpaBJICHHBIX Ha pa3paboTKy 0a30BOI JIMHUU TIEepe-
Jla9¥ U KOMILJIEKTa U3MEPHUTENIBHBIX YCTPOUCTB Cy0-
MHJUTUMETPOBOTO JIMana3oHa BOJH. Y)Ke Ha IEePBOM
stane [120] 6su1a chopMyITHPOBaHA KOHIICTIITHSI ITOJI0-
TO JuaNeKTprdeckoro srywesoza (I[1/1J1), u3rotoBieH 3K-
CIIepHMEHTAJIBHBIA 00pasel, a pe3yabTaThl ero Hecie-
JIOBaHMs BIIOCIEACTBUH OnyonukoBansl B [121, 122].
Konctpykrusro I1/1JI BIONHEH B BHIE TPyOBI U3
¢enormacra (BHyTpeHHuil quamerp 20 MM, TOJIIMHA
5 MM), MOMEUICHHOW B HECYLIYI0 METAIUIHYECKYIO
TpyOy ¢ coemuHUTENbHBIMU (umanmamu. [Ipu 3Tom
ObpUTH pa3paboTaHBl /JBa BapHaHTa KOHCTPYKIIMH: C

IIIaJIKOI BHYTPEHHEH MOBEPXHOCTHIO U C TIPOAOJIbHBI-
MU pedpaMH TPEyroJbHOTO MOIMEPEYHOTO CEUeHHUS.
[Tpumenenue deHoruacTa, 00J1a1a0IEro 3HAYUTEIb-
HeiMu notepsimiu (€ = 2.3 ;196 = 0.1+0.05 ), nossons-
€T UCKITIOUUTH BIUSHIE METAIUITMIECKON TpyOHI, a nc-
MTOJTb30BaHUE PEOPUCTON IMOBEPXHOCTH KaHANA IPH-
BOIIUT K CHIDKEHUIO Y(PPEKTUBHOMN AUINEKTPHIECKON
MPOHUIAEMOCTH JI0 3HAYCHHUS £€=15mu Croco0CTBy-
eT 3¢ pexTHBHOMY TOIaBIICHHIO BBICIIMX THITOB KOJIe-
Oanuii. DxcnepuMeHTaNbHBIC HccienoBanus [1/1J1

ObuTh TpoBenensl B auanasone A =0.8+1.6 MM wu
MOKa3alH, YTO B CyOMWUINMETPOBOM JHaIra3oHe

(A <1 MM) DOTOHHBIC MOTEPU B MOJIOM JHIIEKTPH-
4eCcKoM JTyueBojie He npeBbiniatoT 1 1b/M. Ha ocHoBe
T11J1 ObLT OCYIIECTBIICH TOMHBII KOMIUICKT KBa3HOII-
TUYECKUX PAIMOM3MEPUTENBHBIX YCTPOHCTB, BKIIIOYA-
IONIMH B ce0sl BOJTHOBOHO-JTyYeBBIE MEPEXO/IbI, OKO-
HEYHbIE COIIACOBAHHBIE U TIO/IBUKHBIE Harpy3KH, OT-
pakaTeJu, IOJSIPU3aToPbI, IEPEXOIbI C PETYIHPYEMBIM
W HEPETYNNPYEMBIM YIJIOM H3JI0MA, TEJIECKOITMUECKUE
W BpalaroNfecs COYJICHEHHs, BOJHOMEPHI, IMOJSpH-
3alMOHHBIE aTTEHI0ATOPHI, (ha3oBpallaTeNy, CBUra-
TEJIH YaCTOTHI, IMAIEKTPUIECKUE H MOJISIPU3AIIMOHHbIE
JISTTUTENH JTy4a, u3MepuTenn kodddunrenra orpaxe-
HUsI, corIacylonye TpaHc(opMaropsl, aMIUIUTYJHbIE
MOAYJISTOPHI, DIIEKTPOMEXaHUYECKHE MTEPEKII0YaTeIIH
HarpaBJIeHUs JTy4a, OaJaHCHBIE CMECUTEIH, TyTUIeKC-
HBIE YCTPOWCTBA, MpeoOpa3oBaTeliv NONSIPU3aIIH, U3-
MepuTenu MoiHocTd (puc. 26) [15, 123]. Hapsaay ¢
ycTpoiicTBamu 00IIero npuMeHeHust ObuI pa3pado-
TaHbl (DEPPUTOBBIC U TIONYITPOBOAHUKOBBIC ITPUOOPEI
[124], pagrousmepuTenbHbIC KOMIUIEKCH ISl HAyd-
HBIX W MPUKJIAJHBIX HcclenoBanuit (MaTephepomer-
PBI, TOJSIPUMETPBI, IeHEKTOCKOIIBI | JIP.), & TAKKE JJ1e-
MEHTBI aHTEHHO-(QUJIEPHBIX TPAKTOB ISl PaJANOJIOKa-
LIMOHHBIX CUCTEM KOPOTKOBOJIHOBOH YaCTH MUJUIUMET-
poBoro nuamnaszona [125].

[Iupokuii Tnana3oH MEXaHUYECKUX BO3IECHCTBUH,
B KOTOpPOM pa3paboTaHHBbIE MPUOOPHI 00ECIIEYHBAIOT
BBICOKHUE JIEKTPOTMHAMHYECKUE XapaKTePUCTHKH, T10-
3BOJIMJI CO3/IaTh HA MX OCHOBE JTy4eBOIHBIE MHOTOKA-
HaJIbHbIE MHTEP(HEPOMETPHI JJIs OIpeIeTICHHS KOHIICH-
TpPaIMH NIEKTPOHOB TOPSTYEH M1a3Mbl B YCTAHOBKAX IS
HCCIIeIOBAHHS YIPABISIEMOTO TEPMOSICPHOTO CHHTE3a
tuna Tokamak. B wactHocTH, Ha puc. 27 npuBeneHa
¢dororpadus ycranoBku Tokamak T-10 B UHCcTHTYyTE
atoMHO# sHepruu um. U. B. KypuaroBa, Ha koTopoii
Ha TIepeTHEeM TUTaHe TI0Ka3aH KBa3HONTHYECKUH JTyye-
BOIHBIN TpakT 9-kaHanpHOTO HWHTEpdepomeTpa
(A =0.9 mm) [126].

JlanpHEHIIIIE UCCIIeIOBAaHMS IT0KA3ajId, YTO JICKT-
ponvHamuueckue xapaxkrepuctuku 11/1JI mo3Bomstor
HCTIONIB30BATh €T0 ISl (HOPMHUPOBAHHUS ITOJISI B METOZIC
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Puc. 26. Komniexm K6a3uonmuyeckux usMepumenbHuix YCmpocme Ha 0CHO8e HOL020 QUdeKmpuyecko2o iyyegooa. (Pomo-

epagpusi mobesno npedocmasnena B. K. Kuceneswim)

KBa3HONTHYECKOTO BOJHOBOIHOTO MOJEIHPOBAHMUS.
MHMKPOKOMITAaKTHBIH TOJIMIOH — CPEACTBO OCYIIECTB-
JICHUSI 3TOTO METO/Ia — MPEeTHA3HaYEH I N3yICHHS B
71ab0paTOPHBIX YCIOBUSIX XapaKTEPHCTHK PacCEsHHS
Pa3MUIHBIX (PU3NIECKIX 0OBEKTOB B KOPOTKOBOIHOBOM
YacTH MIIJIMMETPOBOTO ¥ B CyOMHIJIZIMMETPOBOM JHa-
nasonax BoiH [127, 128]. B stom ciyuae uccnenye-
MBI OOBEKT WJIM €0 MacIITaOHas MOLEIb ITOMEIIAIOT-
cs1 BHyTpb I1JIJI, a o n3MepeHHBIM ITapaMeTpaM pac-
cesnns pabouei Bomubl EH,, onpenensercs paanono-
KallMOHHOE CEUCHUE paccesiHusi 00bEKTa B CBOOOTHOM
npoctpaHcte. Halinens! kpurepuu, npu kotopsix T11J1
obecrieunBaeT GOPMUPOBAHNE HEOOXOANMOTO aMILITH-
TynHO-(a30BOTO pacrpeeNieHHs MaIatoliero moJis.

6.2. Memanno-ousnekmpuueckue 60,1H0600bl

BomHoBenymas cuctemMa ¢ METaIO-TUAICKTPHU-
YeCKOM TpaHWYHOW CTPYKTYpOH Oblia MpemoxKeHa
corpynaukamu PO PAH kak nunus nepenauu ¢ ma-
JIBIMH TIOTEpsMU B pabote [129] u moxpo6HO ucciie-
nosana B [130]. MeTamio-qu3nekTpudeckuii BOIHO-
Box (M/IB) B obmiem ciydae mpezcTaBiseT coboit
METaJUIMYECKYI0 TPyOy MPSMOYTOIBHOTO HIH KPYT-
JIOTO CeUeHUS ¢ OOIBIIMMH MTONIEPEUYHBIMH pazMepa-
MU; Ha BHYTPEHHIOIO TIOBEPXHOCTh TPYOBl HAHECECHA
TUICHKA U3 JAMDIICKTPUKA C MAJBIMH HOTepsMH (HM-
nenancHas rpanuna). [Ipu 3ToM, Kak mpaBuiIo, HC-
MOJIB3yeTCs TUIEHKAa HepEe30HAHCHOH TOJIIIMHEL, a IPH

CKOJB3SIIEM MMAJCHUN TTAPIHATbHBIX TUIOCKUX BOIH
Ha CTEHKY BOJHOBOmA (4TO MMEET MECTO Ui BOJH
HU3IIUX THIOB) OMHYECKHE MOTEPH CYIIECTBCHHO
HUXe, ueM B Metayutnueckux CPB npsimoyronsHOTO
(Bomma H, ) u xpyrmoro (Bonmna H,,) cedenns. B To
’K€ BpeMs JUIsl BOJIH BbICHIMX TUNIOB B M/IB mposiB-
JSETCSI CBOWCTBO CaMO(IIBTPAIIHH.

6.2.1. Memanno—ousrekmpuueckuii 60J1H0800
Kpy21020 ceyenus

Kak 1 B mo/IoM IMAIEKTPHYECKOM JIy4EBOAE, pa-
O6ounMm THnoM Konebanuit MJIB kpyrioro ceuenus
ABJIAETCA HU3WAs rubpuaHas Boana EH, . B pabore
[130] mokazaHa BO3MOKHOCTH pealiU3alliid MalbIX
3aTyXxaHWi B MONOOHOM cucTeMe, a B JaibHeHmeM
[131] mpuBenmen moapoOHBIN aHa W3 ee CBOWCTB. B
YaCTHOCTH, OLIEHEHBI NOTOHHBIE oTepu B M/IB nna-
metpoM 40 MM, KOTOpbIE TIpH A = 2 MM W TOJIIMHE
nsekTpuaeckoro mokpeitus d = 0.25 mum (g = 2.3,
tg8 =2-10") cocrasnsior 3.7 n1b/kM, a Takxke pac-
CMOTPEHBI 0COOCHHOCTH BO30YKIICHHUS.

Kak anprepHatuBy pa3zpaboTKaM C HCIIOIb30Ba-
uuem I1J1J1 [123] MoxxHO paccMaTpuBarh CO3/1aHHE B
NP3 HAHY yctpoiicTB u cucrtem Ha ocHoBe M/IB
Kpymioro cedeHus auamerpom 20 MM, Ha BHYTpEH-
HIOIO IOBEPXHOCTh KOTOPOT'O HaHECEeH CIIoi (roporn-
nacta tonmuHoi 0.2 mm. Takast reoMeTpusi BOJIHO-
BOJIa MTO3BOJIMIIA MAKCUMAJIbHO HCIIOIb30BATh NMEIO-
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HmKecs TeXHUYECKHE PelIeHHs 0e3 CyIIeCTBEHHBIX
KOHCTPYKTOPCKHX 0opaboTok. B wactHOCTH, B pado-
Te [132] paccMOTpeH KBa3HONTUYECKHIA TPAKT Cymep-
TeTEPOANHHOTO MPUEMHHIKA CO CBEPXBBICOKOH MpO-
MexyTouHoit uacroroit (0.3 I'T'w), npenHa3sHauYCHHBII
Ut paboTHI B auamazone A =1.3+2.2 MM. YcTpoii-
CTBO BKJIIOYAeT B ccOs MOTYBOJIHOBBIH M YETBEPTh-
BOJTHOBBIH NMOJISIPH3aLMOHHbIE HHTEP(HEPOMETPHI, BOII-
HOMep OeryIel BONHbI, MOJIIPU3allMOHHbIHN aTTeHI0a-
TOp W BBHINTOJHEHO B BHAE €AWHOTO MOXYJs. AHaio-

THYHBIE KOHCTPYKIINU OBUTH pean30BaHbl U aHTCH-
HO-(HIEPHBIX CUCTEM M CMECHTEIBHBIX YCTPOUCTB B
COCTaBe U3MEPHUTEIBHBIX KOMILJICKCOB I TUArHOC-
THKHU BBICOKOTEMITEPATypHOH IIa3MBI.

6.2.2. Memanno-ousnekmpuueckuii 60J1H0800
RPAMOY201bHO20 CEHEeHUA
M/IB npsiMOyTOJILHOTO CEYeHUs] OOBIYHO peajiu-
3yeTcs B IBYX BapUAHTAX . C AUNIEKTPHUUECKUM TOKPHI-
THEM Ha JIByX IMIPOTHBOJIEKAIINX CTEHKaX BOIHOBOJA

Puc. 27. Ksasuonmuueckux nyueeoonulii mpakm 9-kanaisHoeo unmepgepomempa 0jisi OUdeHOCMUKU 20psidell Nia3mMbl HA YC-
manoske Toxamax T-10. (Qomoecpagus nobdesno npedocmasiena B.K. Kucenesvim)
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WM Ha BceX uyeThIpex. [Ipu aToM BTOpO# cityuaii mo-
3BOJISIET 00ECIICYHUTD Mepeaaqy BOJIH OPTOrOHAIbHOM
MOJISIPU3ALNH C MAJIBIMU MIOTEPSIMH U HCIIOJIB3YETCS B
YCTpPOHCTBaX, B KOTOPBIX OCYLIECTBISIETCS mpeodpa-
30BaHME OJHOTO THIA MOJISPU3alMU B Apyroii. Pado-
YUM THIIOM KOJIEOaHUIl B TAKOM BOJHOBOJIE SIBIISICTCS
IpO/IONIbHAs MarHuTHas BonHa LM, koTopas xapak-
TEpU3YeTCsl MPAKTUIECKU IIOCKUM (ha3oBbIM (PpoH-
TOM, JINHEWHOU MoJNIsipu3alvel U aMILUTUTYAHBIM pac-
npeJiesIeHUeM C MAKCHMYMOM Ha OCH BOJIHOBO/IA, TLIaB-
HO CHaJalollluM K €ro CTeHKaMm, CUMMETPHYHBIM B
OPTOTOHAJTBHBIX MIOCKOCTSX [133]. DKcnepuMeHTab-
HBIE HcclenoBanus norepb B M/IB npsimoyroiasHoro
ceyeHHs1 OBLIM NMPOBEACHBI B JHMana3oHax BOJIH
8 u 2 mm [134]. B uactHOCTH, B 2-MM [IHana3oHe
UCIIONB30BANICS BOMHOBOJ ceyeHnem 10X 23 mm? co
crosivu onmaTIIeHa (€ = 2.3 ; 198 =5-10") tomum-
Hoit 0.55 MM Ha y3KHX CTEHKaX, a H3MEPECHHBIC TIPH
stom morepu coctapmwmn 0.03 1b/m. Ha ocHoBe Tako-
ro BomHOBOoza B IPD PAH 6putn pa3paboTaHsbl dire-
MEHTBI U ycTpoiicTBa (BO30yauTEIb, BOIHOBOIHBIC
M3JI0MBI, (GMIIBTPHI BEICIIMX THITOB BOJH, BpaIaroIe-
ecst couwieHeHune, eppuToBhIe yeTpoiicTsa) 133, 135],
KOTOPBIE MCIIONB30BAINCH TIPH CO3AaHUH aHTEHHO-(u-
JIEPHBIX CHCTEM 2-MM Jnana3oHa. B gansHeiimem pa-
0OTHI 10 co3maHuio cucteM Ha ocHoBe M/JIB mipsimo-
YTOJBHOTO CEYEHHS HAlLM pa3BuTHe B IHCTUTYTE pa-
muopusuku u dmekrponnkn AH Apmsackoit CCP
(Briocnencteun MP®D Apwmsirckoit AH, Epesan) [136],
e Takke ObUT peasn30BaH MPUEMHBIH MOIYITh 2-MM
nmuarazoHa, CBY y3en KOToporo BHITIONHEH B €IMHON
MOYIBHOM KoHCTpyKIHH [137].

B PO HAHY na ocaoBe M/IB xBagpatHOTO ce-
geHus ObUT pa3paboTaH MOTHBIH KOMIUIEKT KBAa3HOTI-
TUYECKUX YCTPOMCTB, MPEAHA3HAYEHHBIX IS TTOCT-
POEHUS PaJHON3MEPHUTENBHBIX CXEM KOPOTKOBOIHO-
BOH 9acTH MIJUIMMETPOBOTO M CyOMIIIITHMETPOBOTO
nuamna3oHoB. IIpn 3TOM HCHONB30BaNCs BOJHOBO
IByX pasmepoB: 14x14 mwm? ans nuamasoHa
A=1.15+3 MM u 10x10 mwm? pust nuanasona
A=0.7+1.7 mm[138]. B cocTaB KOMILIEKTa BXOASAT
OTpPE3KH BOJIHOBOAA, BO30Y/ANTEIH, YITIOBOW MEPEXOI,
Bpalaomneecs COwIeHeHHe, HeoTpaXxaromias Harpy3-
Ka, JMHEHHBIH MoJsipu3arop, npeodpa3oBaTelpb Io-
JSIPU3alLNH, NOISPU3ALMOHHEIN aTTeH0arop, ha3os-
pamiareins, pe30HaHCHBII 4aCTOTOMEp, TU3JIeKTprUIec-
KW W MOJSIPU3AIIMOHHBIHA IETUTEIN MOLITHOCTH, 1O~
BIKHBIH OTpakaTellb, AByTPaHHBIN YTOJIKOBBIN OTpa-
JKaTejb, aMIUIUTYAHBIH MOJYNATOp U (heppUTOBBIH
BeHTwib. MJIB kBagparHoro ceuenusi 14x14 mm?
WCIONB30BaJICS TaK)KE MPH CO3/IaHUM TpaKTa OJHO-
anTenHoit PJIC 2-mMMm nmanazona ¢ KpyroBod moJs-
pu3anmei 30HINPYIOIIETO CUTHaJIa U OallaHCHBIX MO-
CTOB pasnuyHoro tumna [139].

7. 3akaouenue

Co BpeMeHH TIPOBEJCHUS NEePBBIX ONMBITOB [epma
KBa3HOIITHKa C(hOPMHUPOBAIIACH KAK OJJHO M3 Ba)KHEH-
IIMX HamnpaBIeHUH COBPEMEHHOH paauo(pU3UKH,
BKITIOYAOIIee B ce0s1 pa3BUTHIN MaTeMaTHIESCKHUN all-
napar, MeTo/ibl PU3MYECKUX HCCIIEOBAHUH, CITIOCOOBI
KaHaJIM3alM1 JIEKTPOMarHUTHOI SHEPTruH, IPUHIIN-
Bl TOCTPOEHHS (PYHKIHOHAJIBHBIX 3JIEMEHTOB U ca-
MBI€ Pa3HOOOpa3HbIe NPHIoKeHHs. Baxuelmm ctu-
MYJIOM JJIsl €€ Pa3BHUTHUS SIBUJIOCH OCBOCHHE MMJILIH-
METPOBOTO M CyOMHWJUIMMETPOBOTO AMANA30HOB, TIe
CO3JJaHNe TPAIUIIMOHHOW TEXHHKH Ha OCHOBE OJIHO-
BOJTHOBBIX BOJHOBOJIOB OTPaHWYEHO BO3pacTaHUEM
3aTyXaHWs B BOJHOBOJE ¥ IOBBHIIICHHBEIMHU TpeOoBa-
HUSIMH K TEXHOJIOTMU M3TOTOBJICHHS JJIEMEHTOB U y3-
JIOB TpakTa. B To ke Bpems A caMbIX pa3HooOpas-
HBIX JIMHUH NIepeadd KBa3HONTHYESCKOTO TUITa CO3/1a-
Ha dJIeMeHTHas 0a3a, criocoOHas penars Bce Heo0xo-
JUMble (pyHKIMOHANBHBIE 33]]a41, a IapaMeTpbl pas-
pabOTaHHBIX IPHOOPOB HE YCTYIIAIOT, 8 BO MHOTHX CIIY-
qasiX MPEeBOCXOIAT XapaKTEPUCTUKH BOJHOBOIHBIX
aHayioroB. [Ipu 3TOM NPUHIMITBI TOCTPOCHUS (QYHK-
[IMOHAIBHBIX YCTPONUCTB OKa3JIMCh OOIIVIMH JIIs KBa-
3MONTUYECKUX JINHUH Mepeaun, XapaKTepHU3yFOIHX-
cs TUHeWHo! nmonspusanueit pabouero Tumna xoneda-
HHH{, TaKMX KaK JIMH30BBIE JIy4EeBOABI, CBEpXpa3Mep-
HBIE METAJTNYECKHIE BOTHOBOABI, TUNIEKTPUIECKUE 1
METaIO-THIICKTPHICSCKUE BOTHOBOIBI (JTy4EeBOIbI).

3HaYNTENbHBIN BKJIa] B pa3pabOTKy TaHHOMH Mpo-
OJIeMBl, KaK B 4acTH pelleHHs (yHIaMEHTAIbHBIX
BOIIPOCOB, TaK U B IPAKTHYECKOM OCBOCHUH MHUJLIU-
METPOBOTO U CyOMHIUTIMETPOBOTO AUAIIa30HOB BHE-
cim paxgnodusuku crpa o6sBmero Coserckoro Co-
1032, CpeI KOTOPBIX CIEAYEeT BBIACIHUTD KOJUIEKTHBBI
WPD PAH, ®U um. I1. H. Jlebenesa PAH, MO® PAH,
UIl® PAH, HUPOU, UPD HAHY, UPDD Apwmsn-
ckoif AH. CBueTensCTBOM MPU3HAHUS 3TOTO (haKTa
B HayYHOM COOOIIECTBE ABIACTCS IPUCYKICHHE ITpe-
MHH MK ayHapoaHoro obmectsa |EEE MTT Society
(reopust u Texunka CBY) 3a 2000 rog B HOMHHAIIHH
“Microwave Pioneer Award” yKpanHCKOMY YUIECHOMY
Esrenuto Mutpodanosuay Kynemosy 3a pa3paboTky
MOJIOTO TUAJIEKTPUYECKOTO JTy4eBoaa K H3MEPHUTEIIb-
HOM TEXHUKH KOPOTKOBOJHOBOM YaCTHU MUJULIUMETPO-
BOTO U CYOMHJUTAMETPOBOTO JHaa3oHoB BouH [ 140].
Orta pa3paboTka Obla ocyIecTBIeHa B mepuoxn 1964-
1972 rr. noxg pyxoBoactsom E. M. Kynemosa B otze-
ne xBasuontuku PO HAHY.

B 3akitoueHne aBTOp CYMTAET CBOMM JIOJITOM BbI-
pa3uTh TIyOOKYIO NPU3HATENBHOCTh COTPYIHHKAM
UPD nm. A. f. YeukoBa HAH VYikpaunsr B. K. Kuce-
neBy, E. M. Kynemosy, M. C. fIlHoBckoMy 3a UHTepec
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K paboTre, KpUTHUECKUE 3aMEeYaHMsl, OJIEe3HbIE PEKO-
MEHJAIMKA ¥ MPEIOCTABICHHBIC Marepualibl. ABTOP
06s3an mpodeccopy I1. ®. Tonacmury (National
Astronomy and lonospheric Center, Cornell University,
Ithaca, USA) no6e3HbIM pa3pelieHneM Ha PEenpoy-
nupoBanue (ororpaduii U3 ero KHUTH. ABTOpP BBIpa-
xaeT GmaromapHocTh Museo di Fisica, Departimento
di Fisica, Universitadegli Studi di Bologna (Italy) 3a
pa3pelieHne Ha penpoayIupoBaHie GoTorpaduii IKc-
no3uuuu padbot A. Puru.
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Quasioptics: Historical Preconditions and
Modern Trends of Development

Alexel A. Kostenko

The modern level of the development of quasiop-
tical techniquesispresentedin all thevariety of trans-
mission lines used. The applications of quasioptical
systems are considered with allowance for the specif-
ic features of the particular scientific problems. De-
scriptionsis carried out from the very beginning, start-
ing from the pioneer research of the “Hertz waves'.
The contribution is enlighted of scientists and engi-
neers from the former Soviet Union countries in the
development of quasioptical techniques.
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