IIpoBepka NpaBMJILHOCTH H/IeH YCHJIMBAIOIIEr0 MepeaaTIuKa,
n3jgo:xxenHoi B nmarenre H.Tecanr Ne 787,412.

B pesynbraTe mnpoBenEHHONW pabOThI, CMBICI KOTOPOM OTpak€H B JOKYMEHTE
«ITonck onTUMaIBEHOrO KOHCTPYKTHBA KAaTYIIKU TeCibD», COCTOSAIIEM U3 ABYX YacCTEH,
Mbl MMEEM IIPEACTABICHHE O TOM, KaK HYXHO MOTaTh KaTyIIKy Tecibl, 4TOOBI
BBIIIOJIHUTD YCJIOBUS, U3JI0KCHHBIE B NAaTeHTE. He MOJHOCTHIO NMOHATHBIMUA OCTAKOTCS
ITIOKA BOIIPOCHI, CBSI3aHHBIE C KOHCTPYKIMEN U MPABUIIBHBIM IIOJIOKEHHEM MHAYKTOPA,
U BOMNPOC O TOM, YTO CUUTATh TOYKOM 3a3eMJICHHS, OCOOEHHO €CIM YCTaHOBKa
pa3MenieHa B KpYIHOIIAHENIBHOM JIOME, /1a €€ U He Ha IepBoM dTaxe. Haznerocs, 4To
B IIPOLIECCE TATbHEUIINX SKCIIEPUMEHTOB 3TH BOIIPOCHI OyIyT CHATHI.

1. [TocTaHoOBKA 3a1a4M.
Jl1st Toro, 4TOOBI «MMETh BCE MOJ PYKOID», TPUBOXKY 3/1€Ch KIIOYEBYIO IUTATY U3
natenTta Ne 787412 B nepeBoae LlapeBa B.A., ¢ HeOONbIIMMU YTOUHEHUSAMH.

Ha Fig.l, A onpedensiem nepsuunyio Kamyuixy,
ABTAIOWYIOCS. YACMBIO MPAHCHOpMaAmopa U COCMOAULYIO
8000We U3 HeCKONbKUX GUMKO8 MOJCMO20 Kabens ¢
MU3EPHLIM conpomueneHuem, KOHYbl KOMopo2o
NOOKNIOUeHbl K 6bl800AM  UCMOYHUKA — CUTbHBIX
. NEeKMPUYECcKUX Konebanul, cxemamuiecku
Figl : npeocmasnenno2o kaxk B. Ob6viyno smom ucmounux -
KOHOEHCAmop, 3apsaniCeHHblil 00 8bICOKO20 NOMEHYUana u 8
ObICMpOM memne pa3paXCarowuiics yepe3 nepeuyKy, KaxK 8
MANOU38eCMHOM mune mpancpopmamopa, uz0opemenHo2o
MHOU, HO K020a 3A0YMAHO HNOJYYUMb CHOAYUE BOJHbL
OOLUUX ONIUH, MOIHCEM UCNOTBb30BAMbCA OUHAMO-MAUUHA
nepemMeHHo20 MOKa Nnooxoosiuell.  KOHCMPYKYuu, 0Js
Haxkauxu nepsuuku A. C - namomanumas no cnupaiu
BMOPUYHAS KAMYUWKA 8HYMPU NEPEUUKU, Yell OIUMICAtiUll K
nepeuuke 6vl800 NOOKIOUeH Kk 3emie E' u opyeum evieodom
K noousmomy mepmunany E. Kowcmpyxkyus u ecabapumol
kamywxu C, onpedensiowue ee nepuoo c80000HbBIX
Konebanull, 8b10paHbl U HACMPOEHbL MAK, YMo 6MOPUYHAS
cucmema E' C E naxooumcs 6 camom bauszkom pezonance ¢
KOeOaHusAMU, NPOU3BOOUMBIMIUL NepauyKkotl A.

Kpome mozo, 0na o0onoanumenvnozo yeeauueHus
noo0véma 0aeneHus u 603PACMAHUA IIEKMPUUECKO20 O0BUNCEHUS 60 GMOPUUHO
cucmeme (E' C E), kpaiine easxcno, umoont ee conpomuenenue 0bl10 HACMOIbKO
MANeHbKUM, HACKONBbKO IMO O0CHUNCUMO, A €€ CAMOUHOYKUUA Obl1a KAK MONCHO
O0onbute, npu 3a0aHHBIX YCA0BUAX. 3A3eMIEHUE 001HCHO OblMb 6bINOJHEHO C 0CO00
MuamenbHOCmblo, ¢ Uelbl0 YMEHbUICHUs €20 conpomueieHus. Bmecmo mozo
Ymoovl HenocpeocmeeHHo 3azemaamsy (Kak Ha pucynke), kamywky C ModxucHO
HOOKIIOYUMb NOCNE008AMENbHO UMW UHAYe K nepeuuke A, u yxce nepeuuy
coeounums ¢ naacmunoit E'; no 6 nobom cayuae, nooknwouaa nepeuuKy ueaukom
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(6ce 6umKu HAKA4Ku), UIU YACMb ee UIU cO8cemM He NOOKnwuasa K kamyuike C,
HOIHAA ONUHA NPOBOOHUKA Om naacmuusl 3azemiaeHus E ' 0o noonamozo
mepmunana E oOondcna ovime paenoini unu neuemHOKpAmMHO pPAGHOU O0O0HOU
yemeepmu ONAUHBL 601HBL INeKmposo3myuwenus ¢ cucmeme E' C E. Ilpu
CcO0II00enuU YKA3aHHO20 COOMHOUleHUus, noJoxcenue mepmunana E coenaoem c
MOUKAMU MAKCUMATbHO20 nomeHnyuana o emopuunoii yenu (E' C E), u 6 neii
O0yoem oocmuzHyma Hau0O0IbUAA AMAIAUMYOA ITNEKMPOKOIeOaH U,

Umobwt ysenruuumsv snekmpudeckoe "Ogudicenue” 60 emopuunol yenu 8
MAKCUMATILHO B03MONCHOU CMeNneHU, 04eHb BAXNCHO, YMoObl ee UHOYKMUBHASL C8A3b C
nepguukoll A He Obliad 04UeHb CUILHOMU, KAK 8 00bIUHbIX MpaHc@opmamopax, a ciaoot,
umobsl paspeuiums cob6cmeeHHvle C80000HbIE KONeOAHUsi - Mo eCchmb, UX 63AUMHAS
UHOYKYUSL OOJIHCHA ObIMb MAIEHLKOLL.

Cnupanvras gpopma oomomku C obecneuusaem HysxicHuIll d2¢pexm, Koe0a moibKo
onuocavmue Kk nepsuuke A eumxu kamywxku C  noosepearomcsa  cunvbHOMY
UHOYKMUBHOMY — OelCmBUIO u svipabamuleaiom 8bICOKYIO ~ HAYATbHYIO
9neKmpoosuxcywyio cuny. Ilpu muwamenvHOM BbINOJHEHUU OMUX HACMPOEK U
COOMHOWIeHUN U CMPO2OM COONI00eHUU OpYeUX KOHCMPYKMUBHLIX 0COOEHHOCMeE,
aneKmpudecKkue Koaebanusi 60 8MOPUUHOU cucmeme, NOJLYYeHHble O UHOYKMUBHOU
HAKauKu nepsuykou A, upe3suluauHo YCUNAMCA, U MO YBeluyeHue npsimo
NPONOPYUOHANBHO UHOYKMUBHOCMU U Yacmome U O0OpamHo NponopYUOHAIbHO
CONPOMUBNEHUI0 BMOPUUHOU cucmemsl. A Hawien, 4mo 3mum cnocoooMm peabHO
ROJYYUMb dJIeKmpudecKue Koiebanus 8 mvicayu paz ooavuiue, yem y HauaibHblx — mo
ecmo, KOJleOaHuli HaKayku 8 nepguuxe A - u s makum oopazom oocmue nokazameineti
unu yposeneu nomoxa s1ekmposnepeuu 6 cucmeme E' C E, couzmepumon munozumu
0ecAmKamu molcsad 10UAOUHBIX CUIL.

Chopmynupyem U3JI0KEHHYIO MBICIIb KPaTKO:

- He00XO0UMO, YTOOBI COOCTBEHHBIEC KOJICOAHUS KATYIIKA HAXOAUIUCh B PE30HAHCE
C KojeOaHUSIMU B MHIYKTOpE, U YTOOBI B LIeNH, 00pa30BaHHOW BCEMU MPOBOJAMU OT
TOYKU 3a3€MJICHUSI U JI0 BBIXOJIHOTO TE€pPMHHAJIa (AaHTEHHBI) MOMEIIATOCh HEYETHOE
KOJIMYECTBO YETBEPTEH MJIMHBI BOJIHBI, COOTBETCTBYIOIEH 4YacTOTe KoJieOaHUM B
KaTYIIKE;

- YCUJIEHHWE MOIIHOCTH MPSIMO MPOMOPLHOHAIBHO WHIAYKTUBHOCTH M YacTOTE, W
00paTHO MPOMOPIIMOHAIIBHO COMPOTUBICHUIO BTOPUYHON CUCTEMBI,

- yJapHble HUMIYJbCHI, MOJYy4YaeMble MNPHU pa3psle KOHJEHCATOpa, HE SBIISIIOTCA
00s13aTEIbHBIM YCIIOBHEM, «MOKET HCIOJIB30BAThCS JMHAMO-MAIMHA TEPEMEHHOTO
TOKa MOAXOAIICH KOHCTPYKIINH, JIJIsl HAaKauyKu mepBUUKH Ay. JI06aBUM K ceMy — «HIn
TeHEepaTop CHUHYCOWIATBHBIX KOJEOaHMi1», KOUX BO BpeMeHa Tecibl MpoCcTo HE ObLIO.
Jpyrumu cioBamH, MPOCTO Kauepa JA0HKHO OBITh JOCTATOYHO;

- cniupayibHasi opMa KaTylIKH «00ecreuynBaeT HYKHbIA d(PeKT», HO HE SIBISETCS
obsizatenbHbiM  yciioBueM. Cam  Tecnma B Komopago-Cnpunrc pabotan ¢
HAJMHIPUYECKUMU KaTylIKaMu. [[J1s KaTyIlIKu «04eHb BaKHO, UTOOBI €€ WHIYKTUBHAS
CBSI3b C MEPBUYKON A He OblIa OYEHb CUJIBHOWY». DTO U €CTh «HYXHBIN 2 PerT;

- OYCHb TOJIE3HO MpHU paboTe MOMHUTH (paszy: «IIpu THIATETHLHOM BBINOJHEHUH
ATUX HACTPOEK M COOTHOIIECHUN M CTPOroM COOJIIOJIEHUN JPYTHX KOHCTPYKTHBHBIX
0CO0EHHOCTEM, ...», - TO €CTh, HY)KHO OBITh TOTOBBIM, NMPU HEOOXOIUMOCTH, ITH

«Ipyrue KOHCTPYKTUBHBIE OCOOCHHOCTHY JOAYyMaTh CaMOMY.
2



2. O0beKT ucciIeI0BaHUS — KAaTyIIKa 1 ¢ SMaTUPOBAHHBIM TPOBOIOM.

Bo BTOpO# yacTu BHIIEYNOMSIHYTOM paOOTHI MOCTPOCHBI TPaPUKH, MO3BOSIONINE,
JUISL HEKOTOPHIX TMPOBOJIOB W JUAMETPOB KapKaca, OMNPEACIUTh KOH(DUTYpaIHIO
KaTYyIIIKK, Y KOTOPOH B MPOBOAE YyMeEIIaeTcs Y4 WIM ¥4 JJIMHBI BOJHBI KOJeOaHUM
KOHTypa. MHe BBIOMpaTh HE NpUNLIOCh. M3 TPOBOMOB y MEHS B JOCTaTOYHOM
koimumdectBe Toibko I1DT-155 mmamerpom mo memu 0,56 MM, a W3 KapkacoB —
KaHaJIM3allMoHHas TpyOa quamerpom 50 M.

[ToBTOpUM 311€CHh Ha pUCcyHKE | Tpaduk AJs IMaNTMPOBAHHBIX MPOBOJIOB M KapKaca
aumeTpom S0 M.
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d01 = 035 M. D = & om, LC-pe3oHaHs
------- To e, 1/4-BONHOBOW peaoHaHs, K= 080
— — To e, 3/4-B0NHOBON pe3oHaHs, K= 0586
dd1 =056 MM, D =5 M. LC-pe3oHaHe
------- Towe, 1/4-BoNHOBOK paaoHaHs, K= 080
— — To e 3M4-BONHOBOW pe3oHaHs, K= 080

Puc. 1. I'paduku 3aBUCMMOCTH IJIMHBI BONHBI ¢ yactotod LC-pezonanca, Y-
BOJTHOBOTO M 74-BOJIHOBOTO PE30HAHCOB OT JUIMHBI HAMOTKH, JJIS TPOBOJOB B
AMaJIEBOM M3O0JIAIUM, ¢ auamerpamu 1o Meau 0,35 MM u 0,56 MM, HAMOTaHHBIX Ha
TpyOe auamerpom 50 MM.

[IpoBoay nuameTpom 0,56 MM COOTBETCTBYIOT rpa)iku KOPUUHEBOTO I[BETA.



Karymiky ¢ COBMEIIEHHBIM 74-BOJHOBBIM PE30HAHCOM MBI YK€ MOMPOOOBaIH.
Kauep na Heli He 3amyckaercs u3-3a OOJBIION YacTOThl pe3oHaHca. OcTanoch
nonpoOoBaTh KAaTyIIKy, Y KOTOPOH COBMEUIEH ¥4-BOJTHOBOM pe30HaHC, TeM OoJjee, uTo
Takas KaTyllKa UMeeT OOJIbIIYI0 MHAYKTUBHOCTD M JYUIlle OTBEYAET MPEIbSIBISIEMbIM
K HEeW TpeOOBAHMSIM.

U3 rpaduxa crnemyer, uyTO INMHA KaTyIIKW AobkHAa ObITh 49 cm. Ho, uz-3a
HEBBICOKOW TOYHOCTU TpaUKOB, CIENyeT MepecTpaxoBaTbCcs M HAMOTATh KaTYIIKY
emé JuiMHHEee. Bo-mepBbIX, yKopauumBaTh MpOIIE, YeM IlepeMaThiBaTh, BO-BTOPBIX,
NPEANOYTUTENbHEE TOJACTPOUTh KATyIIKy BHECEHHUEM JOMOJHUTEIHHONH EMKOCTH,
HarnpuMmep, MpU MOMOUIM 3a3eMJIEHHON TIACTHHBI U3 MEAHON (OJbIH, MOTOMY, YTO
TOTZa MBI CMOXEM CKOMIICHCUPOBaTh EMKOCTh OKPY)KAIOIIUX NPEIMETOB IpHU
U3MEHEHHUH TI0JIOKEHUS KaTyIIKU MPOCTHIM MEpeMeIIeHuEM (POIBIH.

2.1. Tlocne moakienBaHusl K CTAaHIAPTHOMY OTpe3Ky TpyObl B 50 cM HEOOJBIIOTO
KyCKa TakoH e TpyObl 1 HAMOTKU Ha BCIO MOJYYEHHYIO UIMHY, [TOJTYYHIACh KaTyIIKa
C JIMHOW HaMOTKM 63,6 cMm. Pe3ymbTaTel M3MEpEeHHH MapamMeTpoB ATOW KaTYIIKH
3aHeceHbl B Ta0muiy 1.

Tabnuua 1. Pe3ynbrarsl u3aMepeHuid U pacu€ToB NapaMeTpoB KaTymku 1.

Ne Haumenosanue |O6o3Ha-| Bennunna
PasmepHoOCTB dopmyna [Ipumeyanue

n/n napamerpa YeHHEe | mapamerpa

1 2 3 4 5 6 7

Katymka 1 — 1006 Butkos nposogom 0,56 MM na kapkace D = 5 cm

1 [Ilmamerp kapkaca D 0,050 M HU3MEPEHO -

2 JlnmrHa HAMOTKH h 0,634 M U3MEPECHO -

3 lmametp >Kujibl d. 0,00056 M nacropT -

4 InameTp npoBojia d 0,00063 M H3MEPEHO -

5 Komau4ecTBO BUTKOB n 1006 - n=h/d -

6 [lnmHa mpoBoJia I 160 M I =9*(D + d)*n -

7 JlnuHa pe3. BOJHBI A p 640 M 4*| Y/4-BOJIH. pes3.
8 [lvHa pe3. BOJHBI A 3mp 213,35 M 3% %4-BOJIH. P€3.
9 (CkopocTh cBeTa c 299792458 M/cC MTOCTOSTHHAS -

10 Hacrora Y4-BomH. pe3.| fupacut 0,468 MI' C/ Aup*K, k,=1

11 Hacrota ¥4-BoiH. pe3.| faupacul 1,405 MI' 3*fupacul k,=1

12 Koa¢. 3amennenus K 0,85 - M3MEPEHO B MPOIIJIOM OIBITE
13 Hacrota Y4-BoiH. pe3.| fupacy 0,398 MI'g C/ Amp *Kai k,=0,85
14 Hacrora ¥4-BonH. pe3.| fapaca 1,19 Ml C/ Aaup *Ksy k,=0,85
15 MHyKTHUBHOCTH L 3,9 Ml H U3MEPEHO -

16 ConpotuBieHue R 11,6 OMm U3MEPEHO -

[TapameTpsl KaTymiku 1, pacCUUTaHHBIC IO PE3YJIbTaTaM U3MEPEHHI B paboTe.

13 Hacrora LC-pe3oH. fic 0,96 Ml U3MEpPEHO Makc. BepX
13 HacroTa pe3oHaHca f1 2,4 MI'g HU3MEPEHO MUH. 16 cM Bp
14 |Cob6cTBeH. éMKOCTD C 7,0 n® C=1/A4**fc™* L)

15 Macrora */4-BomH. pe3) Faqusm 3,4 MI'n HU3MEPEHO MUH. CEpe]l.
16 [Mactora “/4-BomH. pe3) Faqus 1,9 MI'n HU3MEPEHO Makc. cepel.
17 Hacrora Y4-BomH. pe3.| Fuuy 0,95 Ml Fousn = Fouua /2 -

18 Koad. 3amennenus K, 0,83 - Ks = Fausm / Tapacul A3MEHUIICS
19 [EMKOCTB TIpH fiypian Cumsu 14,3 nd Caun =1/ (4*1]2* Fopn ™ L)

20 |[To6aBouHast EMKOCTh | Cj o6 10,2 nd Cio6 = Cuysn - C ‘ -




2.2. [ToBTOpUM 371€CH MPOLIECC U3MEPEHHS TAPAMETPOB KaTYIIIEK.
OcHOBHas cxema U3MEpPEHUsl PE30HAHCOB KaTYIIKK N300pa)keHa Ha PUCYHKE 2.
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Puc. 2. OcHOBHas cxeMa SKCIIEPUMEHTA.

Jnst BO30YykJIeHHsT KoJieOaHUM B KaTYIIKE MCIOJIb30BaJICA OJIOK PO3KHUTa Ta30BBIX
BOJIOHArpeBaTesiel, B KOTOPOM yJaalieHa BBIXOJHAs KaTymika. Bwmecto Heé
UCIIOJB3YETCSl TOT K€ HMHAYKTOp, YTO U B TMEpPBOM 4YacTh cTaTtbu. WMHAYKTOp
pACIOJIOKEH MOJ KaTyIIKOW, HA 5 CM HM)KE MEPBOr0 BUTKA Karywku. [lapauienbHo
KpailHUM BBIBOJIaM HMHIYKTOpa BKJIIOUEH BO3AYIIHbIA KoHAeHcaTop Cl mepemeHHOMN
E€MKOCTH OT cTapuHHOTO paguonpuémunka («Kazaxcrany). Takum 006pa3om, HHIYKTOP
MpeBpallaeTcs B reHepaTop ¢ U3MEHIEMOM YaCTOTON KOJIeOaHMi.

N3mMepuTenbHbl BUTOK HAMOTAH MO IEPBBIM BUTKOM KATYIIKH.

2.2.1. Jlnsg ompenesieHHs] 4acTOT, KPATHBIX Y4-BOJITHOBOMY PE30HAHCY B IPOBOJIE,
ONPEIEINM YaCTOTY MOJIYBOJIHOBOIO PE30HAHCA, a YaCTOThI, KPATHBIE 74-BOJTHOBOMY
pE30HaHCy, MPOCTO BBIYMCIMM. YcTaHaBiuBaeM koHzaeHcatrop Cl B mosoxkeHue
MUHUMAJIbHON €MKOCTH, 3aMblKaeM K104 SA2, TO ecTh, CBOOOAHBIN BBHIBOJ KATYIIKH
coenunsgeM c 3emiéi. [logkmouaem ocumuiorpad K U3MEPUTENIBHOMY BUTKY - KITHOY
SA3 B nonoxenuu 1, u Bkiitoyaem nutanue (SAL).

B 3aMKHYTOM € JIByX CTOPOH MPOBOJI€ MOT'YT BO3HUKATh CTOSYUE BOJIHBI TOJIBKO Ha
YACTOTAX, KPATHBIX TOJOBHHE JTHHBI BOJHBI, TO €CTh, PE3OHAHCH ¥4 = °/,~BOHOBOIA,
?l, = %/,-BOTHOBOM, U AHAJIOTHYHBIE.



Habmronast curnan Ha skpaHe ocuuuiorpada, Bpamaem pydky konaeHcaropa Cl u
HaxoauM  pe3oHaHCchl. Mx  okazamocb MHoro. Hac  wuHTepecyror  camble
JUTMHHOBOJIHOBBIE PE30HAHCHI, ITOCJI€ KOTOPBIX PE30HAHCOB OOJIBIIE HET.

[locnennuit pesonanc okasancs Ha yacrtore 1,9 MI'n. Hanpsok€HHOCTB 1O BOOJIb
KATyIIKAd UMEET MUHUMYMBI IO KpasM W MakCUMyM B cepenuse. [Ipeamocnennuii
pe3oHaHC OOHapyxwics Ha vactore 3,4 MI. MuHUMyMBI HampsoKEHHOCTH TIOJIS
PacrojoKeHbl O KpasM M B LIEHTPE KaTylIKU. Bpone BCE TOBOPUT O TOM, UYTO MbI
HaAO0JII0JJaéM IIOJIyBOJIHOBOM M BOJIHOBOM pe30HAaHCHl. To, 4YTO 4YacTOThl 3THUX
PE30HAHCOB HE TOYHO KpPAaTHbI 2, MOXHO OOBSACHUTH TE€M, 4YTO KO3(PUIMEHT
3aMeJUICHHUs BOJIHBI 3aBUCUT OT 4acTOThl cuUrHaja. He BskeTcst TONBKO pacuéTHast
4acToTa 4-BOJIHOBOTO pe30HaHCa, KOTopas noiy4aercst pasHoi 0,95 MI'n, B To Bpems
KaK OXHJaeMasl 4acToTa JI0JDKHA HaxoauThes B paiioHe 0,4 MI'u. CurHan B mpoBoJe
HE MOXET paclpOCTPaHATBCA CO CKOPOCTbIO, IPEBBIMIAIOLIEH CKOPOCTh CBETA.
HacropaxuBaeT U CHJIbHasE 4YyBCTBUTEIBHOCTh PE30HAHCHOM YaCTOThI K MOJIHECEHHUIO
K KaTyIllIKe pa3In4HbIX NpeameToB. [Ipu pe3oHaHce B MPOBOAE MOXKET YMEHbBIIATHCS
aMIUIMTYJ]a CUTHAJIAa, HO YaCcTOTa pE30HaHCca U3MEHseTCs ci1abo.

OOBSICHUTH 3TOT ()EHOMEH 5 CMOI TOJIBKO TEM, YTO COINPOTHUBICHHE KATYIIKU
CJIIMILIKOM BEJIMKO JUIsl pe30HaHca B NpoBOAE. A TO, 4TO Mbl HaOJIOaeM, MOXKHO
MOJIYYHTh, €CIIM Pa3[eiUTh KATYyIIKy IONOJIAaM M HApUCOBATh JBa KOJEOATEIbHBIX
KOHTYpa, COeAUHEHHbIE Mexay co0o0il comporuBienuemM 11,6 Om. To ecTp, kKaryiika
cama JCJINTCA Ha JBE ITOJIOBUHBI, KaXJasi U3 KOTOPBIX PE30HHUPYET Ha 4acTOTE, B J1BA
pa3za Ooublueil yactoTsl noiaHoro LC-koHTypa. XKenarouiye MOryT nNocUuTarh, 4TO TaK
oHO u Oyzner. Ha wacTtore, B J1Ba pa3za Oojbllel, KaTylIKa JAEIUTCS Ha JIBE Mapbl
KOHTYPOB.

3alerast BHepEn, CKaxy, YTO TMOATBEPKACHUEM JTOTO CIYXUT H3MEpEHHas
pE30HaHCHAs 4YacTOTa, KOTOpasl paBHA MTOJIOBUHE YAaCTOTHI IIOCIIEHETO PE30OHAHCA.

Htak, ¢ "3BMepeHneM 4acTOThl “4-BOJHOBOTO PE30HAHCA MMOTEPNENN HEYAauy.

2.2.2. W3mepum Ttenepp uactory LC-pezonanca. Pasmbikaem kimou SAZ2 —
0CBOO0X/1aeM CBOOOIHBIN KOHEI KaTYIIKH.

HabGnrogas curnan Ha skpaHe ocuusuiorpada, Bpamaem pydky konaeHcatopa Cl u
ONSATh HAXOJIUM CaMbld HU3KOYACTOTHBIN pe3oHaHC Ha yactore 0,96 MI'n. Oto u ecthb
LC-pe3onanc kontypa. [loaTBepkaeHHeM CIy>XUT TOT (DAaKT, 4TO Tpu HAOIIOJIEHUU
LC-pe3onanca ¢ BbIX0/a OAHOTO BUTKA, aMIUIUTYJa CUTHAla OYeHb MaJieHbKas. 3aTo
YUCTBIA U OOJIBIIION CUTHAJI HAOIIOJAETCsl B MOJOKEeHUU 2 mepekitouatens SA3, 4aro
Ha TPaKTUKE JIOCTUraeTcsl MOJHECEHHEeM Ulyna ocuuuiorpada K BEpXHEMY KOHILY
KaTyILIKH, HA PAaCCTOSIHUE HE OJIMXKeE 5 CM.

Ha Oonee BBICOKMX YacTOTax TOK€ HAOJIOJAIOTCS PE30HAHCHI, MPUUEM, CYIsS MO
0O0JBILION aMIUIUTYE CUTHAJIa C OJHOTO BUTKA, 3TO PE30HAHCHI B MPOBOJE, a Cy.s IO
YyBCTBUTEJIIBHOCTH K BHEIIHUM IpPEIMETaM, 3TO PE30HAHCHI B KOHType. bimkanmmit
pe3oHaHc — Ha yactore 2,4 MI'n. MHTEepecHO, 4TO HaNpsHKEHHOCTH MOJS BIOJb
KAaTYIIKA UMEET MUHUMYM — TIOJIHBIM HOJIb, HA PACCTOSTHUU POBHO Y4 IMHBI KATYIIKU
OT CBOOOJTHOTO KOHIIa, @ 4YaCTOTa B JIBa pa3a BhIIIE€ PACUETHON YaCTOThI ¥4-BOJHOBOTO
pe3onanca. Ho 310 He ynCThIM pe30HaHC B nmpoBojAe. HacTpoOWKON TOJIBKO MHIYKTOpa
HE yAa€Tcs MONY4YUTh pe3oHaHc Oe3 OueHuil. bueHuss MOXHO yCTpaHUTh, MOJHOCS K
KaTyIlIKe KyCOK 3a3eMJIEHHOM (OJIbIH, TO €CTh, BBEICHUEM JOMOJIHUTEIBHON EMKOCTH.
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[Toxoxe, KaTymika OMAThH caMa JEIUTCS Ha YacTH TaKMM 00pa3oM, 4TOOBI BOWTH B
pe3onaHc. Ho Bc€ 310 HE TO, UTO MBI HILIEM.

2.2.3. OTo6pa3uM Moyly4eHHbIE pe3yNIbTaThl Ha TpaduKax.

Ha pucynke 3 mpeacTaBieHbl T€ ke TpauKH, MO KOTOPHIM OMpeNesuiach JIIHHA
HAMOTKH KaTYyIIKH, HO C TOMETKaMH OKUIAEMbIX JJIMH BOJHBI U COOTBETCTBYIOLIUX
UM YacTOT JUIsI HAMOTAHHON KaTYIIKH.

CroppekTUPOBaHHBIA FPacpKK

|'= 312 m- nonyveHHas AnuHa BonHel LC-pesoHanca, = 0,98 MMy
hr =41 o - MoKOMEA OMMHA YKOPOYeHHDA KATYLIEKW

Mpacpyk ONA YKOROUEHHOA KaTYLLIKK

szn it
=
1
300 e
LT 11
1~
T g
280 > = =
L1 L o
- e L1 L
I = 250 M - 03MAEMAA ANKHHA BONHE 3/4-B0AHOBOMD PESOHAHCS) L~ // L
L1
240 L | By L1
|1 pd -
[T // L~ /"{
220 =
1 1~ "]
I~ 7
[
200 ] // T L]
1
el LA~ A
160 // L o .
// 1]
9 L1 11
160 A =
L il -
- .
e 1
140 1 1/ i Wl v
A L1 1 [y
1 LT b
1 / d // il
A = -
- A
100
A - v
a0 A L A
v A
/A =
G0 vd
vl L
v =g
o) A
L~
L1
20 ﬁ
l’
hll
. 3]
0 5 110 15 20 25 30 35 41 45 50 3 0] 65 H|
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— — To ke, 3/4-000H0BOW pe30HaHC, K= 0.80
— h =63 cM-OeWCTBUTENBHAA OMMHE HAMOTKIA
— =250 M- ommaaeman OnvHa BonHel 3/4-sonHoeoro peaoHanca, T= 1.2 MMy
— | =221 M- orOaemas OnvHa BonHel LC-pesoHaqca, =136 My
— h =49 ¢M -pacdETHAA ANMHA HAMO TKKM AN9 CoBNaNeHUd pe3oHaHCos
— =184 m - pacuéTHaa ONMHA BONHEl COBNANeHMA peaoHancos, = 1.bb MIy

Puc. 3. I'paduku 3aBucHUMOCTH IIMHBI BOJIHBI ¢ yacTtoToi LC-pe3oHaHca, U ¥a-
BOJTHOBOTO PE30HAHCOB OT JIJIMHBI HAMOTKH, JUIsI MIPOBOJA B IMAJICBOM M3OJISAIUU, C
nuamerpamu o meau 0,56 MM, HaMOTaHHOTO Ha TpyOe auameTpom 50 MM.

Pe3ynprarel m3MmepeHuil coaep:kaT MHOro 3araaok. Ho ecim mMbl B HUX He
pa3depémcs, O0IBIION TPY/ OKAKETCS HEHYKHBIM.

[lepBas HENPUATHOCTL — CONPOTUBIICHHE KaTymku 11,6 OM Henp3s cuuTarth
MHU3EPHBIM.



Bropas — usmepennas yactora LC-pezonanca 0,96 MI'n1 oka3anach ropa3fo HIDKE
oxxkupmaemor wyactotel 1,36 MIn. Paccuumrannas coOctBeHHas émkocth 7,0 nd
oKazanach B JBa pasa Oombiie éMkoctu 3,49 nd, ucnonp3oBaHHOU B (hopmyse s
nocTpoeHuss rpaduka. Ecnu mpoaHamM3MpoBaTh MPEABIAYIIAE OMBITH, MOYKHO
3aMETHUTh, YTO COOCTBEHHAs €MKOCTh HAIMUX OOJBINNX KAaTYIIEK Ha CaMOM Jeje He
SIBIIICTCSl BEJIMYMHOMN MOCTOSTHHOM IS 33JJaHHBIX JWaMeTpa Kapkaca W MmpoBoja (3To
BIIOJIHE MOJKET OBITh CIPaBEUIMBO IS MAaJCHBKHMX KaTyIlleK), a BO3pacTaeT C
YBEJIMYEHUEM JUIMHBI KaTyImKH. JIOTMUHO MpearnoiaoXuTh, YTO K MEXKBHUTKOBOMU
EMKOCTH J100aBJISIETCS €MKOCTh OTHOCHUTEIBHO OKPYKAIOIIMX IMPEIMETOB M 3EMJIH.
Ona JnokHa OBITh MPONOPLUMOHATBHA IUJIOMIAU TOBEPXHOCTH KATYIIKU H
3aBUCUMOCTh J100aBIsieMOM €MKOCTH OT JIJIMHBI HAMOTKU JOJKHA OBITh JIMHEWHOM.
3Has JJIMHY HAMOTKH, MPU KOTOPOM ObLIa MOJydeHa UCXOAHAsi EMKOCTh

C1=13,49 n® — npu hl =0,1265 m,

JUTHHY HAMOTKH U3TOTOBJICHHOU KaTYIIKHA U €€ EMKOCTh
C2=17,0 n® —mpu h2 = 0,634 wm,

OTIPEICITAM JIJISl HAIICW KaTYIIKH TIOTOHHYIO T00aBIsIEMYyI0 EMKOCTh
Ch=(C2-C1)/(h2—-h1)=(7,0-3,49)/ (0,634 —0,1265) = 6,916 [nD/m] =
=0,06916 nd/cm.

[TockonbKky panee BeuucieHHas ¢MKocTh C0 cama COAEpX)UT B ceOe MOTOHHYIO
E€MKOCTb, OTIPEJIEITNM MEKBUTKOBYIO EMKOCTh KaTYIIIKH.

Cw=C1l-Cy*hl=3,49-6,916*0,1265 = 2,62 [nD].

Teneps MBI MOXXEM CKOPPEKTHPOBATH (POpMyIy, MO KOTOPOM cTpomsics Trpadux
3aBUCUMOCTH JJIUHBI BOJIHBI LC-pe3oHaHca OT JIJIMHBI HAMOTKH KaTyIIIKH, MOJICTAaBUB
BMecTO C BbIpakKeHHE

C= CW + Ch*h.

Aic= C/fLC = C*Z*TC*\/(L*C) =

= 299792458*2*1*\[10°*0,01*(D+d)*(h/d)**(Cw+Cr*h)/(h/(D+d)+0,44)] =

= 0,299792458*0,2*1*(h/0,063)*[5,063*(2,62+0,06916*h)/(h/5,063+0,44)] =

= 6,728*h*\[(2,62+0,06916*h)/(h/5,063+0,44)] (1)

3nech C = 299792458 M/c - cKOpoCcTh cBeTa, d - TuaMeTp MPOBOA C U3OJIAIUCH, CM,

h - nmuHa HamoTkH, cM, D — TMaMeTp Kapkaca, CM.

Bun popmyier s mporpammer AGrapher:
6.728*x*sqrt((2.62+0.06916*x)/(x/5.063+0.44))

CKoppeKTUpOBaHHBIN rpauk HAPUCOBAH HA PUCYHKE 2 3eJEHBIM LIBETOM. BuaHo,
YTO OH HUKOT]Ia HE TMePECeKaeTcsl ¢ MyHKTUPHBIM rpadukom. To ecTs, coBnageHue ¥a-
BOJIHOBOTO pe3oHaHca ¢ LC-pe3oHaHCcOM B Hallell KOHKPETHOM KaTylIKe HEBO3MOKHO.
Panee s mucan, 4Tto rpaguKy HE OTIMYAIOTCS TOYHOCTHIO, HO YTOOBI HACTOJIBKO — HE
npenanonarai. MoxxHo ObUIO, KOHEYHO, U paHbIIe HAMOTaThb HECKOJBKO KaTyIEK,
U3MEPUTh UX MHAYKTUBHOCTh M MOCTPOUTH OOJiee TOUHBIM rpaduk, Ha)ke MO TOUKAM.
Ho 6orock, uto Torma sta pabora He OblIa OBl 3aKOHYEHA HUKOT/A. A Tak MBI BCE XKe
IpOABUTAaEMCS BIIEPEN, KOPPEKTUPYS MPOLECC MO pPe3yIbTaTaM SKCIIEPUMEHTOB.

Hanerock, 11t 60J1€e TOJNCTBIX IMTPOBOJIOB 3TO HE TaK (haTalIbHO.



3. HeMHOT0 0 «KOHCTPYKTHBHBIX 0COOEHHOCTSIX).

Kaxercs, camoe Bpemsi cooOpa3nuTh HEKOTOPhIE «KOHCTPYKTUBHBIE OCOOCHHOCTIY,
YTOOBI C Y€CTHhIO BHINTH U3 CIOKHUBIICHCS CUTYAllUH: - 3aTPAUYE€HO MHOTO TPYyZa, YXKe
MOYTH Yy LU, U BAPYT 00JIOM.

3.1. Hama 3amaua — He yKopauywBas JJIMHBI MPOBOJIA, YKOPOTHUTHh KATYIIKy Tak,
yToOBI yacToTa €€ LC-pe3oHanca Bo3pocia 10 4acTOThI ¥4-BOJIHOBOTO PE30HAHCA.

3.1.1. Camplii ipocTO# CIOCOO — CMATHIBaTh C KaTYIIKH HIKHIOIO 4acTh MPOBOJA,
COEIMHEHHOTO C TOYKOW 3a3eMiieHHsl 10 TeX mop, nmoka dacrota LC-pe3onanca He
BO3pACTET JI0 YAaCTOThl ¥4-BOJHOBOTO pe3oHaHca. OYeBUIHO, C 3IMATMPOBAHHBIM
MPOBOJIOM TaKOW HOMEp HE MPOUIET, €ro CIUIIKOM MHOTO, TO3TOMY OTJIOKHUM 3TOT
BapHUAHT /10 PabOTHI C TOJICTBIM IIPOBOJIOM.

3.1.2. Ha Bropoii cmoco6 Hamekaer cam Tecnma, Korma TMHIIET, YTO
MOCJIEA0BATEIBHO C KATYIIKOW MOXET OBITh BKIIFOUEH UHYKTOP, UJIA YaCTh €TO0.

Yacrory LC-pe3oHanca MOKHO yBEIHYUTD, €CJIU CMOTATh C KaTyIIKH 9acTh BUTKOB
M HaMOTaThb MX Ha BEPXHIOI0 YacThb KaTYyIIKH BCTpeuyHO. [lonydyuTcs ykopodeHHas
KaTylllKa, K BEPIIMHE KOTOPOW COEIMHEHAa €mE OJHA KATyIlKa, HE WMEIOIIAst
WHIYKTUBHOCTH, HO BHOCSIIAS TOTIOJHUTEIBHYIO EMKOCTB B KOJIeOaTeIIbHBIA KOHTYD.

[To 3enéHomy rpaduky JIETKO ONpeIeIUTh, YTO JJIMHA TaKOW KaTyIIKHA OYyAET OKOJIO
48 cm. C yuétom 106aBOYHON EMKOCTH, BHOCUMOM BepXHEH KaTYIIKOH, JJIMHA TOJHKHA
OBITh HECKOJIBKO MeHbINe. Ho mydiie He rajgarth, a monpoooBaTh MOCTPOUTH €IIE OUH
rpaduK U ONpeeuTh 3Ty AJTUHY 00Jiee TOYHO.

[Toctpoum rpadmk 3aBUCHMOCTH YacTOTHI KOJIeOATEbHOIO KOHTYpa KaTYIIKH, Y
KOTOPOM JJTMHA TIPOBoJia (DMKCHpPOBaHA, KaTyIllka HAMOTaHa Ha JJIMHY h, a ocTranbHOI
MPOBOJ UCTIOJIB30BAH JIJI1 HAMOTKH JIOTIOJIHUTEIIbHOU KATYIIIKHU.

DKCMEPUMEHTAIBHO YCTAHOBJICHO, YTO EMKOCTh TaKOM KaTyIIKUA Takas ke, KaK y
MCXOJHOM KaTyIIKH.

[ToncraBuB B dopmyny (1) 0,06916*hy Bmecto 0,06916*h, momyunM BeIpakeHHE
JUJIS1 TIOCTPOCHHUS Tpaduka:

Aic= 6,728*h*\/[(2,62+0,O6916*h0)/(h/5,063+0,44)] =

= 6,728*h*\/[(2,62+0,06916*63,4)/(h/5,063+O,44)] (2)

Bun dopmyier s mporpammer AGrapher:
6.728*x*sqrt((2.62+0.06916*63.4)/(x/5.063+0.44))

Ha pucynke 3 rpaduk mjis yKOPOYCHHOW KATYIIKH H300paKEH CHHUM IIBETOM.
[Ipoekiuss TOYKM TepeceueHus OTOro Tpaduka C TOPU3OHTAIHHOW JUHUEH,
COOTBETCTBYIOILIEH YACTOTE Y4-BOJIHOBOI'O PE30HAHCA B IIPOBOJIE, HA OCh X ITOKA3BIBAET,
JI0 KaKO# JJIMHBI HEOOXOIMMO YKOPOTHTH KaTyIKy, uTo0bl €€ LC-pe3oHaHc coBman ¢
3/4-BOJIHOBBIM PE30HAHCOM.

[Tocne ykopaunBanusi Katymku A0 39 cM, €€ MHAYKTUBHOCTh YMEHBIIUIACh ¢ 3,9
MI'H go 2,38 mI'H, wactota LC-pe3onaHca AEHCTBUTENIHHO MMOBBICWJIACH M CTaja
paBHO# 1,2 MI'l, - mpakTUUYECKH TaKOM ke, KaK y ¥4-BOJHOBOro pe3oHanca 1,19 MIw.
TeM He MeHee, BBIPAXXEHHOIO pPE30HAHCa B MPOBOJIE OOHAPYXKUTh HE YAAJIOCH.
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HabGnrogaeTcs Hekwii HaMEK Ha PE30HAHC B BHUJE TOTO, YTO HEMHOTO YBEIWYUIIACH
aMIUTUTYyJ]a CUTHAJIA C OJHOTO BUTKA M TPH MOJHECEHUU K KATYIIKE 3a36MJICHHOTO
mucta (onpru HAOMOMAIOTCS OYEHHb Ciadble OWEHHWs, KOTOpPbhIE HE YCTPAHSIOTCS
HACTPOWKOW HUHAYKTOpa. TO €cTh, NMOXO0¥XKE, BCE-TAKM YJAJOCh COBMECTUTH 3THU
PE30HAHCHI, HO TOOPOTHOCTH SIBHO He 1o Tecie.

3.1.3. MO>XHO MOABECTH UTOTH MO pe3yjibTaTaM dKCIIEPUMEHTA.

1. B ouepenHo#t pa3 BBISICHUIOCH, YTO TOHKUW MPOBOA JUIsl HACTOSIIEH KaTYyIIKH
Tecnbl HEMPUTOAEH.

2. Oka3anochk, 4TO paHee MoJy4eHHbIe IpaQUKU HYKIAI0TCSI B KOPPEKTUPOBKE.

3. YTouneHna dopmyina ajig NOCTpOEHUs: TpaduKOB 3aBUCUMOCTH WHIYKTUBHOCTHU
KOHTYpa OT JJIMHBI HAMOTKH.

4. TlpennosxeHo ABa U opoOOBAaH OJUH CIIOCOO COBMEIIECHUSI PE30HAHCOB B CIIyYae,
KOTJ]a 4aCTOTa KOHTYPHOTO PE30HAHCA HIXKE YaCTOTHI pe30HAHCa B MPOBOJIE.

4. O0beKT ucciae10BaHus — Katymka 2 ¢ npooaom B [IBX - uzoasiiun.

Wtak, Mbl OnATh yOEIWJIMCh, YTO KaTyllika Teciibl JOMKHA OBITh «CEPbEZHON.
PaccmoTprm BHHMaTEnbHEE KaTyIIKy, HAMOTAaHHYIO IPOBOJOM CEYEHUEM 2,5 MM’ B
I1XB mn3omsammn.

4.1. Panee ObLIM MCCIENOBAHbBI JIBE TaKWX KATYIIKWA pa3sHOW miuHbl. [lomydeHHOU
uH(pOpMAaIUU JOCTATOYHO, YTOOBI CKOPpPEKTHpOBaTh Trpaduk 3aBucumoctu LC-
pe30HaHca OT JIMHBI HAMOTKH.

IIpu nyiMHE HAMOTKHU, PaBHOM

h1=19,4 cMm, cobcTBeHHast éMKOCTh Karyiku paBaa Cl = 4,19 n®,

a Tpu JJINHE HAMOTKHU

h2 =29,2 cm— C2 =4,53 n®.

OTtcroa moroHHast 100aBisgemMasi EMKOCThb

Cp=(C2-C1)/(h2 —hl) = (4,53 -4,19)/(29,2 —19,4) = 0,0347 [nD/cmMm].

[Tockonbky émkocth Cl cama comep uT B ce0e MOTOHHYIO €MKOCTb, OMpPEIeIIUM
MEKBUTKOBYIO EMKOCTh KaTYIIKH.

Cw=Cl-Cy*hl1=4,19-0,0347*19,4 = 3,52 [nD].

Tenepp ™Mbl MOXeM ckoppekTtupoBaTh ¢opmyrny (17) Bo BTopoilt Hactu
BBIIICYTIOMSIHYTOM CTaThH, MO KOTOPOH CTPOMIICS TpaduK 3aBUCUMOCTH JTHHBI BOJIHBI
LC-pe3oHaHca OT IJTMHBI HAMOTKH KaTYIIIKH, MTOJCTaBUB BMeCTO C BhIpaKE€HUE:!

C=Cw + Cy*h =3,52 + 0,0347*h.

ALc = cff c = c*2**(L*C) =

= 299792458*2*1*\[10°*0,01*(D+d)*(h/d)**(Cw+Cr*h)/(h/(D+d)+0,44)] =

= 0,299792458*0,2*n*(h/0,34)*V[5,34*(3,52+0,0347*h)/(h/5,34+0,44)] =

= 1,28*h*V[(3,52+0,0347*h)/(h/5,34+0,44)] (3)

3mech C = 299792458 M/c - cKOpocTh cBeTa, d - TuaMeTp MPOBOA C U3OJIAIUCH, CM,
h - nmuHa HamoTkH, cM, D — nMameTp Kapkaca, CM.

Bua dopmyier mis nporpammer AGrapher:
1.28*x*sqrt((3.52+0.0347*x)/(x/5.34+0.44))
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Ha pucynke 4 ckoppeKTHPOBAaHHBIN rpa@K HApUCOBAH 3€JIEHBIM LIBETOM.

Bungno, uyto ckoppektupoBaHHbiii Tpapuk LC-pezoHanca mepecekaeTcss ¢
rpadukom ¥4-BoHOBOTO pe3oHaHca. Ho anmHa KaTymiku Ipy 3TOM MOJTy4aeTcsi OKOJIO
MeTpa. Bpsin nu jqiuHHAs KaTymika SIBISETCS XOpolluM BapuaHToM. HasepHoe,
CYIIECTBYET HEKOTOpPOE ONTHUMAaJIbHOE OTHOIICHHWE [IMHBI HAMOTKH K JIHAMETpy,
KOTOPOTO MBI TIOKa HE 3HAEM.
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------- To e, 3/4-80NHOBOW pezoHaHs, K =083
——— CKOPPeKTMPOBaHHEIM Mpagouk
— =4 7T F=7178 MY
— h =424 cM- 1CKOMaA ONUHAE HAMOTKK
Puc. 4. I'paduku 3aBECUMOCTH JJIMHBI BOJHBI ¢ 4yacTtoTo LC- u ¥4-BOITHOBOTO
PE30HAHCOB OT AJIMHBI HAMOTKH KAaTYIICK, HAMOTAHHBIX Ha pr6€ AUaMCTPOM 50 MM,

1151 poBojia B uzosisiiuu [1BX, ceuenunem 2,5 MM nramMeTpom 3,4 M.

4.2. TlpumeHuM K HaMaTHIBAEMOM KaTYIIKE «KOHCTPYKTHBHYIO OCOOEHHOCTHY,
chopmynupoBanHyto B 1. 3.1.1., To ecTh, HAMOTaeM Ha KaTYIIKy HE BECh MPOBOJ, a
TOJIBKO 4acTh ero. OcTtanbHOW MpoBOJ OyIeT pacrnojararbcsi cBOOOAHO, OT TOYKH
3a3eMJICHHS 10 Hayasla KaTylIKH.
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[Tonpobyem mo rpaduky Ha pucyHke 4 XOTs Obl NPUOIM3UTEIHHO OICHUTb,

CKOJIBKO TIPOBOJIa OCTABUTH CBOOOTHBIM.
2

VY nac B Hanmuuu uMmeercs 26 M npoBona cedernuem 2,5 mm°, B [IBX uzomsium, ¢
JTUAMETPOM KUJIBI 1,8 MM U JUaMETPOM B U30JISAIAA 3,4 MM.

Jlnst Havanma BBIYHCIAM OXHUAACMYIO YacTOTy 74-BOJHOBOTO pe30HaHca. 10 ecCTh,
HagHEM pabOTy C TOCTPOEHUS OUEePETHON TAOTHITHI.

Pe3ynbpTaThl ©3MEpeHU napaMeTpoB ATON KaTYIIKHA 3aHECEHBI B TAOIUILY 2.

Tabnuma 2. Pe3ynbTaThl H3MEpEHUI U pacuéTOB MapaMeTPOB KAaTYIIKH 2.

Ne HaumenoBanue |O6o03Ha-| Bennunna
Pa3zmepHocTh ®dopmyna [Ipumeuanue
n/n napameTpa YeHHE | mapamerpa
1 2 3 4 5 6 7
Karymka 2 — BHTKOB POBOOM 2,5 MM° Ha Kapkace D =5 cm
1 [Ilnamerp kapkaca D 0,050 M H3MEPEHO -
2 |[luaMeTp >KHITbI d, 0,0018 M U3MEPEHO -
4 |[luameTp poBoIa d 0,0034 M U3MEPEHO -
5 |[lnmHa mpoBoaa i 26 M U3MEPEHO -
6 Koad. 3amennenus K, 0,83 - HU3MEPEHO B MPOIILIOM OIIBITE
7 [lnuHa pe3. BOTHBI 4 | A1 125,3 M M = 4%l 1 Ky Y4-BOJIH. pes3.
8 JlnuHa pe3. BOJHBL ¥4 | Agnp 41,77 M Aamp = Aanp / 3 %4-BOJIH. pe3.
9 (CkopocTh cBeTa Cc 299792458 M/C MTOCTOSTHHAS -
10 Hacrora Y4-BosH. pe3.| Fupacu 2,883 MI' Fpaca1 = C/ (4%lyp) k,=1
11 Yacrora Y4-BoiH. pe3.| Fiupacy 2,393 MI'g Fipacs = C/ A1 k,=0,83
12 acrora ¥4-BosH. pe3.| Faupacy 7,178 MTI 1 Fapacs = 3*F1pacy k,=0,83
13 J/lnHa HAMOTKHU h 0,424 M u3 rpaduka -
14 Konu4ecTBO BUTKOB n 125 - n=h/d -
15 |[lnuna npoBoaa B KaT.|  lar 21 M liar = I*(D + d)*n -
16 JInuHa 3a3eMieHus Lsen 5 M biew = lup = lxar -
17 Ml gyKTHBHOCTh L 87 MKI'H U3MEPEHO -
[TapameTps! KaTyniku 2, paCCUUTaHHBIE TIO PE3YyJIbTaTaM U3MEPEHHH B paboTe.
18 HacTtora LC-pe3oH. fic 6,7 MI'n U3MEPEHO ‘
19 |Cob6cTBeH. EMKOCTB C 6,5 n® C=1/(4** o™ L)
20 Hacrora */4-BonH. pe3. Fauou 10,2 MI'g HU3MEPEHO
21 Hacrorta Y4-BonH. pe3.| Fuuy 2,55 MI' Famsy = Faqusu 14 -
22 Hactota ¥4-BOJH. pe3.| Fauuu 7,65 MI'g Fow = Foqua™3 oXumaemast
23 Hactora Y4-BoH. pe3. | Fsgconn 6,7 MI'g U3MEPEHO -
24 Hacrora Y4-BoH. pe3.| Fycopn 2,23 MI' Fucosn = Faucosn 13 -
25 Koad. 3ameuieHust K, 0,77 - Ks = Facosn / Fupaca U3MEHMIICS

Pacuérnas dactoTa %4-BOJHOBOTO pe30HAHCA B MPOBOJIEC MOJydniach paBHou 7,178
MI', 4TO COOTBETCTBYET AIMHE BOJHBI A3y, = 41,77 M. IlpoBomum Ha rpaduxe
TOPU30HTAJIBHYIO JIMHUIO, COOTBETCTBYIOLLYIO JIMHE BOJIHBI 41,77 M. Uepe3 Touky
MEePECEUCHUs] OTOW JIMHUM CO CKOPpPEKTUpOBaHHBIM rpadukoMm LC-pezonanca
MPOBOJANM BEPTUKAIBHYIO JIMHUIO U HA TOPU30HTAJIBbHOM OCU CMOTPHUM, KAKOW JIJTUHBI
noJDKHA OBITHh KaTymika. Okazanock, nopsiaka 42,4 cM. PaccunTeiBaeM JUTHHY MIPOBOJIA,
KoTopasi yUAET Ha HAMOTKY KaTyIIKH, U BUJUM, YTO IPOBOJIa XBaTaeT, CBOOOIHBIM
OCTAETCA KYCOK JUIMHOM 5 M.

HamatbiBaeM katymiky aiauHOM 43 c¢M, CBOOOJHBIA KOHEI[ CKJIAJbIBA€M BIBOE U
CMaThIiBaeM B OyXTYy, YTOOBI HE BHOCUJI UCKaKEHUN B U3MEPECHUS.
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4.3. 3akopaunBaeM BBIBOJIbI KATYIIKH M COEIUHSAEM UX C 3a3€MJICHUEM.

W3mepsieM 4YacTOTy MOJHOBOJIHOBOTO PE30HAHCA M PACCUMTHIBAEM OXKHMJIAEMBbIC
YacTOThl “4- M Y2-BOJHOBOT'O PE30HAHCOB. Bce pe3ynpTaThl M3MEPEHUN 3aHECEHBI B
Tabnuiy 2.

4.4. Pa3MmblkaeM BbIBOJBl KaTyIIKM W JUIMHHBIM  BBIBOJI  MOJAKJIIOYAEM
HEMOCPEJACTBEHHO K TOYKE 3a3eMJICHUs. BapuaHThl MOJKIIOUECHHUS K 3a3eMIISIONIEMY
MIPOBOJIY TOJICTOTO CEUCHUS, WIIM K 3a3€MJIEHHOMY JINCTY ATFOMUHUS HE TTPOXOISIT.

[TonyuyeHHass W3 CKOPPEKTUPOBAHHOTO Tpaduka JJMHA HAMOTKH OKasajlach
HACTOJIbKO TOYHOM, YTO TOJIbKO HEOOJIbIINEe OMEHHUS] B XBOCTE TOBOPUJIIM O TOM, YTO
00a pe3oHaHca UMEIOT OJIHY YacToTy. [loaMoTKa TpEX BUTKOB B KaTYIIKE MPUBOIUT K
CUJILHBIM OHEHHUSM, KOTOphIE HE YCTPAHSIOTCS MOACTpOMKOW MHaykTOopa. [lomHoro
COBMAJICHUS YIAJIOCh JOCTUTHYTh, OTMOTAB BCETO TPU BUTKA.

Panyer, 4To Takoi crnoco® O4YE€Hb MPOCTO MO3BOJISIET MPOU3BECTH MOACTPOMKY.
[IpocTo Bpaiias KaTyuiky, MOHO U3MEHSITh B HEM KOJIMYECTBO BUTKOB U HAOIIOJATh
M3MEHEHHE CUTHAJIa Ha ocHiorpade.

YacroTa coBnajceHUsI pE30HAHCOB OKa3ajaach paBHou 6,7 MI 1.

YacroTra %2-BOJHOBOrO pPE30HAHCA OKa3alach HIXKE, YEeM HU3MEpPEHHas IO
KOJICOAHUSIM B 3aMKHYTOM MPOBOJIC a PE3YIbTUPYIONTUN KOIDPUIIUECHT 3aMe/IJICHUS B
MpOBOJIE OKazaiics paBHbIM 0,77.

4.5. Haxonen, yaaloch TMOCTPOUTH KATYIIKy, YAOBJIECTBOPSIONIIYIO BCEM
TpeboBanusiM Hukossl Tecibl, U COBMECTUTH B Hel Y4-BoiHOBOM LC- pe3oHaHCHI.
Teneps HaO pa3zoOpaThCsl ¢ KOHCTPYKTUBHBIMU OCOOCHHOCTSIMHU UHIYKTOPA.

5. Uuaykrop.

K cokanenuio, mpo UHIYKTOP U3BECTHO OYEHb MaJI0 — TOJBKO TO, YTO OH JIOJDKEH
MMETh OUYEHb MaJIO€ CONMPOTUBIICHHUE, MATYI0 UHIYKTUBHYIO CBSI3b C KaTYIIKOU, U OBITh
B pe3oHaHce ¢ KaTymkoul. [loaToMy mjis SKCHEPUMEHTOB MPHUIETCS W3TOTaBJIMBATH
pa3JIMuHbIe UHIYKTOPHl U HAXOJUTh MX ONTUMAJIBHOE PACIIOJIOKEHUE OTHOCUTEIIHHO
KaTYIIKH.

5.1. PaccMoTpuM, Kak BIMSIET HalpaBlieHUE HAMOTKM BUTKOB M HaIlpaBJIEHUE TOKA
B UHIYKTOpE, OTHOCUTEIBLHO BUTKOB B KaTYIIIKE, HA BBIXOJAHOW CUTHAJL.

NuaykTop U3roToBsieH B GopMe MIOCKON CIupalid U3 TPEX BUTKOB, METHOW IITUHOM
5x1,8 mm. PacniosioxkeH B 5 ¢CM HHMKE MEPBOr0 BUTKA KATYIIKU. VIMIyJIbCHBIM CHUTHAI
OAAETCS HA BBIBOJ OT CEPEAUHBI MHIYKTOPAa OTHOCHUTENIBHO OJHOIO M3 €ro KOHIIOB.
Pe3oHaHCHBIN KOHIEHCATOP MOAKIIOUEH MEXAY KOHIIAMU HHIYKTOpA.

Korga uHAYKTOp B pe30HAaHCE € KATYLIKOW, IEPEBOPOT MHAYKTOpPA HE OKa3bIBAECT
BJIUSIHUA Ha aMIUTUTY1y U (pOpMY CUTHAJIA.

Ecnu yOparh KOHJEHCATOp, MOAKIIOYEHHBIM K WHAYKTOpPY sl oOecreuyeHus
pe30HaHca, TO OT YJapHOTO MMIYJbCa B KaTyIIKE BO3HUKAIOT KoJjieOaHUsi Ha €€
pe3oHaHCHOM 4actore. [lonokeHne MHAYKTOpAa BMECTE C HANpPaBJIECHUEM HMITYJIbCA
TOKa CUJIbHO BJIMSIET Ha (POPMY CHUTHaja.

Jlns ompezenieHUsl HaNpaBl€HUsT HAMOTKH, 3a HAyajgo OOMOTKM MPHUMEM HIHKHHMA
KOHEI| KaTyIlIKH, COeIUHEHHBIN C 36MJIEN, TOTJA PE3yJIbTAT PA3IMYHbIX MaHUITYJSIIUN
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C MOJIOXEHUEM MHIYKTOpa U MOAKIIOYEHUEM K HEMY MCTOYHHKA UMITYJIbCOB, MOKHO
OTKCATh CIEAYIOIUM 00pPa3oM:

- Ecnn Ha KOHel WMHIYKTOpa MOoJaBaTh OTPHUIATENBHBIM UMITYJIbC OTHOCHTEIHHO
ero Hayaja, TO Ha KaTylIKe HabJIogaeTcsl CUTHAN Ha €€ pe30HaHCHON 4acToTe U UMEET
BUJI 3aTyXaloIe CHHYCOU bl C MUHUMAJIbHBIMHA UCKAKEHUSIMHU.

- Ecnin Ha KoHel MHIyKTOpa MOAaBaTh MOJIOKUTEIbHBIA HUMITYJIbC OTHOCHUTEIHHO
ero Hayasa, TO Ha KaTylIke HaOIoJaeTcsl CUTHAN Ha €€ pe30HAaHCHOM YacTOTe U UMEET
BUJ 3aTyXaroulel CHUHYCOUIbl C OWMEHHSAMH, HCKKEHHBIA TapMOHMKAMH BBICIINX
nopsiakoB. HavyanpHas aMIUTUTyAa CHTHajla HECKOJIBKO BBINIE, YeM B HPEIbLAYIIEM
clryyae.

OOmiee omymieHNe Takoe, YTO B MEPBOM CIIydae y HAaC B CUCTEME MMeEeTCs HeKas
OTpHLIaTeNIbHAs 00paTHAS CBSA3b, @ BO BTOPOM CIIydae — MOJOKHUTEIbHAS.

Jlpyrumu ciioBaM# MOXHO ¢(hOpMYIHPOBaTh, YTO B TIEPBOM CIllyyae CUCTEMa BEIET
ce0s Tak, Kak Oy/ITO TOK UAET «IPOTHB MOTOKA», BO BTOPOM CIIy4ae — «B MOTOKEY.

B mo0oM ciyuae, 3T0 HaOII0AEeHUE TOATBEPKAAET MBICIIb, YTO B MOMEHT YJapHOIO
UMITYJIbCa K 3eMJI€ TOJDKEH OBITh MPUIIOKEH «MUHYC», & K aHTEHHE — «ILTIOCY.

5.2. Onpenenum onTUManbHbIE, JOPMY U KOJTMYECTBO BUTKOB B HHIYKTOPE.

[Io ¢opme cpaBHMBaNIWCh CHHUPAIBHBIM W IMIMHIPUYECKUHA HHAYKTOpHL. Iloka
OonbIIOr0  pa3nuuus B MX  (QYHKUMOHMPOBAHUM HE  OOHAPYXKUIOCh, HO
WIMHApUYEcKas ¢opma 0ojiee KOMIIaKTHA, IOATOMY Jajiee moka OyaeMm paboTtath c
LUAJIMHIPUYECKUM UHAYKTOPOM.

OT Koiam4ecTBa BHUTKOB 3aBUCUT CKOPOCTh HAapacTaHUs TOKA B HMHIYKTOPE B
HAYyaJbHBII MOMEHT, KOTJa Ha HEro pa3pspKaeTcs KOHIEHCATop, M JTOOPOTHOCTH
camoro uHaykropa. JKenareapHo HAUTH KOMIIPOMUCC.

Ecnu cnumikomM Mano BUTKOB, - JOOPOTHOCTh CamMOro MHAYKTOpa MajaeT u3-3a
00JBIION pe30HaHCHON €MKOCTH. [Ipy yBeaM4YeHHH KOJIMYECTBA BUTKOB JI0OPOTHOCTD
KOHTYpa M, COOTBETCTBEHHO, aMIUIMTyAa KOJeOaHW HanpsyKeHUs Ha HHAYKTOPE
CHayajla BO3pacTaeT OBICTPO, B pa3bl, MOTOM HE3HAYMTENHbHO. Sl OCTaHOBWICS, IO
CyOBEKTHBHBIM OIIYIIEHHUSIM, HAa TpaHUIE OBICTPOrO M MEMJICHHOIO BO3pPACTAHUS
NOOPOTHOCTH OT KOJMYECTBAa BUTKOB. B pesynbrare mosiydwsics LUIMHAPUYECKUAN
MHIAYKTOp nuamerpoMm 10 cMm, coxepxamuii 6 BUTKOB, HAMOTAaHHBIX MEIHOW IIWHOU
5x1,8 MM, ¢ marom 10Mm.

5.3. OOHapyXUJIOCh CYIIECTBEHHOE BJIMSIHUE HA TPOIIECC IMOJIOKEHUS MHAYKTOpa
OTHOCHUTEJIBHO KaTYIIKH.

Korma BepxHuUii BUTOK MHIYKTOpPA HAXOAUTCS Ha paccTossHUM Oonee 5 cM (auameTp
KapKaca KaTyIlIKH) HHKE, YeM HY>KHHUM BUTOK KaTyILKH, PAaHEE HACTPOCHHBIN PE30HAHC
LC-koHTypa W BOJHBI B NPOBOJE COXpaHIETCS, AMIUIUTYJa CUTHaja Ha KaTyllKe
M3MEHSETCS TOJIBKO MPH yJaJeHUU UHAYKTOpa Ha paccrosinue 6omee 10 cm.

Ecnm nBurate MHAYKTOp K KaTyLIKE, TO MPU PACCTOSHHUM, MEHBIIEM, Y€M 5 CM,
BO3HMKAIOT OMEHUS, KOTOPbIE HE YCTPAHSIOTCS HACTpoWKoW MHAykTOopa. Yacrtota LC-
KOHTYpa HauMHaeT noHmkarbes. [Ipuuém, aMmmnTyna konebaHuii B KaTylike cHavasa
HEMHOTO BO3pacTaeT, MOTOM OCTAETCSI HEU3MEHHOM, BO3MOKHO, U3-32 BOZHUKAIOIIETO
pacxoKJEeHUsI PE30HAHCOB. BepHYyTh COBMaJeHUE PE30HAHCOB MOKHO, OTMATHIBAS
BUTKH B KaTYIIIKE.
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Ha pucynkax 5 - 7 npuBOISTCS OCHMIUIOTPAMMBI, MOKAa3bIBAIOIIME 3aBUCHUMOCTD
aMIUTUTYI6I U (POPMBI CUTHAJIA OT PACCTOSIHUSI MEXKTY KATyIIKOW W UHTYKTOPOM.

N
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i
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Puc. 5. OcuumnorpaMma cursajga Ha KaTyIIke IIPU PacCTOSHUHM OT MHIYKTOpa J0
karymku 10 cm. Yeranosku: X = 1 mxc/aen, Y = 0,2 B/med.

Puc. 6. OctmuiorpaMma CUTHANIa Ha KaTYyIIKE TIPH PACCTOSHUM OT MHIYKTOpPA JI0
katymku 5 cM. YcranoBku: X = 1 mkc/nen, Y = 0,2 B/nmen.

Puc. 7. OcnmmiorpaMma CUTHaJIa Ha KaTyIIKe TIPU PacCTOSHUHM OT MHAYKTOpa 10
karymku 2 cMm. Ycranoku: X = 1 mkc/nmen, Y = 0,2 B/nenn.
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Ha pucynke 8 mokaszaHo pacnoso)XeHHe IIyTna oCIuiorpada npu n3MepeHmsx.

Py

Puc. 8. [Tonoxxenue nryna ocuusuiorpada npu CHATAN OCIHILIOTPAMM.

5.3.1. OueBuaHO, HaC HMHTEPECYIOT JBa Cliydas: - KOTJla KaTylllKa HE IIOoIajiaeT
BHYTPb MHJAYKTOpPA, U KOTJA HUKHSS 4acTh KaTYIIKU MOJHOCTbIO HAXOAUTCS BHYTPHU
uHayKTOpa. IlocKkoabKy Ha JaHHBIA MOMEHT PE30HAHCHI COBMEIIEHBI JJISI MEPBOTO
Ciy4dasi, C HeTO U HAYHEM.

Paccuntaem »sHepreruueckuit Oamanc. WcxomHble [aHHbIC JISI PacyETOB H
pe3yJbTaThl CBEICHBI B TAOJIHUITY 3.

Tabnuna 3. DHepreTHdeckuii 0amaHc KaTyIKH 2.

Ne| HaumenoBanme |O0o3Ha-| Bennuuna
PasmepHoCTB dopmyna [Ipumeyanue
n/n napaMmerpa YeHHEe | mapameTpa
1 2 3 4 5 6 7
WHaykTop Ha 5 cM HUXKE KaTYIIKU, PE30HAHC ¥4 BOJIHBI.
1 |Pa3psimHast EMKOCTh C, 100 n®d HU3MEPEHO -
2 AMIITUTY/Ia HaTIPSIK. U, 400 B H3MEPEHO -
3 Pueprus pa3psga Ep 8*10° bk C,*U,/2 -
4 [EMKOCTh MHIYKTOpa o 130 nd HU3MEPEHO -
5 |AMIUIMTY/Ia HAIPSIK. U, 100 B H3MEPEHO -
6 DHeprus B unaykrope| E, 0,65%10°° Jx C.*U,%2 -
7 [EMKOCTb KaTyIIKH Cy 6,5 nd U3 Tabdmn. 2 -
8 AMIIIMTY/a HanpsiK. Uy 200 B HU3MEPEHO -
9 Dueprust B KaTyIIKe = 0,13*10° T C,*U,°I2 -
WuayKTOp HaJ HaYaJIoM KaTyIIKH, pe30HAHC Y4 BOJHBI.
10 MHTyKTUBHOCTH L 137 MK['H HU3MEPEHO -
11 Yacrora LC-pe3oH. fL.c 2,2 MI'1t U3MEPEHO -
12 [CoOcTBeH. EMKOCTD C 38,2 nd C=1/ (4*1]2* Lo L)
13 JAMIUIATY 12 HANPSTK. Uy 200 B H3MEpPEHO -
14 DHeprus B KaTylike E. 0,76*10° Jx C.*U,%2 -
15
16

Cnegyer OTMETUTh, YTO TIPH PACTIOJOKEHUHM WHAYKTOpAa HUXKE KaTYIIKH,
U3MeHeHHe EMKOCTH paspsaaHoro kouaeHncatopa (C10 Ha pucyHke 2) B aecsth pa3 (0T
50 n® g0 500 nd), NpUBOMUT K U3MEHEHUIO aMILIUTY bl KOJICOAHUIN B KaTYIIKEe HE
Oonee, yeM B nBa pasa. To ecTh, ms BO30OYXJeHUS KoJeOaHWil BakeH (DPOHT, a HE
JUTUTEIHLHOCTh UMITYJIbCA.
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5.3.2. PazmecTum Teneps HHIYKTOP HaJ HA4aJlOM KaTYUIKUA U HACTPOUM PE30HAHC.

Pasmectunu. Yacrora LC-kOHTypa mNOHM3WIACh, W CKOJIBKO MpPOBOAA HE
OTMaThIBail, coBMecTUTh pe3oHaHC LC-koHTypa ¢ %:-BOJHOBBIM pPE30HAHCOM B
npoBoae He ypaérca. llepepenann UHUIMHIPUYECKUM HWHAYKTOP B CIHPAJIBHYIO
KaTywmky. Pe3ynbrar TOT *Ke€.

3ajady NOpHUILIOCh CKOppeKkTHpoBaTh. Pa3 uacrora LC-koHTypa mNOHMXKaeTcs,
HOTBITAEMCSI TOHU3UTH €€ elE OOoJIbIIE — JO COBMAJEHUS C 4-BOJIHOBBIM PE30HAHCOM
B IpoBoJe. s 3TOro mpuuiock ¢ 000MX KOHIOB KAaTyIIKH cMOTaTh 10 20 BUTKOB U
HaMOTaTh UX B Ty JK€ CTOPOHY, HO IOBEPX YK€ HAMOTAHHBIX BUTKOB. BHEIHUI BHUJI
NOJIy4YEHHOW KaTyIIKH MOYXHO YBHJIETh HAa PUCYHKE 9.

NHAYKTUBHOCTD U COOCTBEHHAsI EMKOCTh KaTYIIKU
IIPY TaKOM HaMOTKE BO3POCIIH, U YaCTOTA ITOHU3HIIACK.
OxoHuaTtenbHass A0BoAka 4acToTel LC-koHTYypa 10
COBHNAJECHUS C Y4-BOJIHOBBIM PE30HAHCOM B IPOBOJIE
IIPOU3BOINIIACH IIEPEMEILICHHEM 3a3€MJIEHHOU
AITIOMUHUEBOU TPYOKM C pa3pe3oM BHYTPU Kapkaca ¢
HIKHEW CTOPOHBI KaTyIIKHA. YacTtoTa 72-BOJIHOBOIO
pe30oHaHca OKa3zanach paBHou 2,2 MI'n, To €cTh, B TpH
pasa HUXKE YacTOThI Y4-BOJIHOBOT'O PE30HAHCA.

Karynika B TakoM Buj€ cTaja CHJIBHO HAIIOMUHATH
karymky Kamanagze u3  rpuHOokca.  Temnepn
CTAaHOBUTCS NOHATHO, nouyeMy y Kamanansze karyiika
UMEET TaKylo KoH(urypamnuw. Tak Mbl MOTUXOHBKY
ceanuBaeMcs ot Tecnbl k Kanananse.

Jlng Oonbliero TMOHUMAaHUS MexaHu3Ma paboThl
karymku Kananaase, mombITKa NOJaBaTh MMITYJIBCHI
Ha Pa30MKHYTBII UHIYKTOP OTHOCUTEJIBLHO
3a3eMJIEHHOM  TpyOKM BHYTpPHM KapKaca yBeHYaJach
= ._ ycnexoM. [loTeHIManbHBIM MepenagoM KoJjieOaHus
Puc. 9. Bemnnii Bug ~ BO30y)XImarooTcs TIOYTH TaKk ke, Kak TOKOM B
KATVIIKH. UHIYKTOpE.

JIns  cpaBHEHHMS C TOJIOKEHMEM WHAYKTOpa BHE KATYIIKH, PACCUUTAEM
DPHEPreTUYECKU OanaHC MpU TOM K€ pas3psAIHON EMKOCTH, YTO U B MPEIBIIYIIEM
ciydae. Pe3ynbraTel 3aHeceHbl B Tabmuily. BuaHO, YTO 3HEpruM B KaTyIIKY
nepeaasoch OOJbIIe.

5.3.3. PacrnonoxeHne WHAYKTOpa HaJ KaTyIIKOH B KOpHE OTJIMYAaeTcs OT
pacmoIoXKeHHs Mo KaTymKkoi. OTMETHM 3/1€Ch BBISIBICHHBIEC OTINYHS.

Bo-nepBbiX, ¢opMa curHaiza Ha BbIXOJIE€ KaTyIIKHU MPHUHsUIA BUJ 3aTyXarolled Mo
OKCIIOHEHTE CHUHYCOWJBI, HO WMITYyJbChl OIHOW TMOJSPHOCTH CBOPAYMBAIOTCS, Kak
nokazaHo Ha pucyHke 10. Ilpy u3MeHEHWH TONSPHOCTH 3ATAOMIUX HMITYJIHCOB,
CBOPAYHMBAIOTCS] UMITYJIHCHI TPOTHUBOTIOIOKHOM MOJIIPHOCTH.

Bo-BTOpBIX, aMIIINTy1a UMITYJIbCOB Ha BBIXOJE KATYIIKU MMOYTH MPOMOPIIMOHAIBHA
E€MKOCTH pa3psAHOTO KOHAeHcaTopa. To ecTh, 3aBUCHUT HE TOJBKO OT Hamu4us QpoHTa,
HO ¥ OT JUIMTEIBHOCTH BO30YKIAIOLIETO UMITYJIbCA.
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[lepememasi cimpalibHbIN UHAYKTOP BIIyOb KaTYIIKH, MOKHO HAaWTH ONTUMAJIBLHOE
IIOJIOKEHHE, NPU KOTOPOM aMIUIMTyAAa BBIXOJHOIO CUTI'HAJIa MAaKCUMallbHA, HO 3TO
IIOJIO’KEHHME HENAIEKO OT HaYaJla KaTyIIKH.

Puc. 10. Ocumnorpamma cCuTHaJIa Ha KaTyIIKe TP PACIOJIOKEHUN MHAYKTOpa Hal
HavajioM Katymku. YcranoBku: X = 1 Mxc/nmen, Y = 0,2 B/nern.

U, nns obmiero ceefeHus, Ha (pucyHke 11 npuBeaeHa oCHMLIorpaMma, HojiydcHHast
TIPY BO30YXKICHUH KaTYIIIKU TOTCHIIMAIIBHBIM UMITYJIBCOM.

Puc. 11, OcummorpaMma curHaja Ha KaTyIIKe MPY PacIiooKeHUH HHIYKTOpa Hall
HavajioM Katymmku. YcranoBku: X = 1 mxc/nen, Y = 0,1 B/nenn.

Kak BUIHO W3 pUCYHKA, €r0 aMmIUIMTYyJla BCEro B JIBa pa3a MEHbIIEC aMIUIATYIbI
UMITYJIbCa, BO30YKIAaEMOIro HMITYJIbCOM TOKa B HHIAyKTOpe. (O0€ ocuuiiorpaMMbl
CHSITBI IPU EMKOCTH 3a1aroniero kouaencaropa 100 nd.

5.4. Urak, Temepb MbI 3HAeM, 4YTO €CThb [IBa MPHUHIMIHUAIBHO pPa3IMYHBIX
PacHoJIOKEHUS] MHAYKTOPA OTHOCUTENBHO KaTYIIKH.

[TepBoe — KorAa MHAYKTOP BBIHECEH 3a MPE/EIIbl KaTyIIKA Ha pacCTOsIHUE, OOJIbIIee
auaMerpa Kapkaca. B 3ToMm ciywae sHeprus, nepenaBaeMasi B KaTyLIKY, 3aBHUCHT
OoJbllle OT YacTOThI, YeM OT JJIMTEIBHOCTH HMITYJIbCOB Hakauku. UHAyKTOp crnabo
BiusieT Ha LC-pe3oHaHCc KaTymku. BO3MOXHBI Kak Y2-BOJHOBOM, TaK M Y4-BOJHOBOM
PE30HAHCHI.

Bropoe — korma yacTh KaTylIKd pPAaclojOK€Ha BHYTPH HHAYKTOpa. DHEprus,
nepeaaBaeMasi B KaTylIKy, 3aBUCUT OT YacTOTbl M OT JJUTEIbHOCTU HMITYJIbCOB
Hakauku. Karymika umeer 60nbinyr0 coOCTBeHHYIO EMKOCTh, LC-pe3oHaHC KOHTypa
KaTylIKM Mpu 3TOM MoHWkaercs. Cucrema, HACTpOEHHas B pE30HAHC, OoJee
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YCTOWYMBA K BHECEHHOW BHEIIHUMH MpEAMETAMU EMKOCTU. BO3MOXKEH 74-BOIHOBOM
s /4= 7 .
€30HAHC, 74-BOJIHOBOM PE30HAHC MOJIyYUTh HE YJAJIOCh

6. Touka 3a3eMJIeHH M LeJIbHOCTH MPOBO/A.

B ombITax co BTOpOW KaTyIIKOM MCIIOIb30BAaH LENBHBIM KYCOK IPOBOAA OT TOYKH
3a3eMJICHUS U 10 KOHIIA HAMOTKH. DTO HEYJJ0OOHO. XOTeN0Ch Obl MPOBEPUTH, MOXKHO JIH
3TOT MPOBOJ OOpBIBaTh B KOHIIE KATyIIKH, M HapallMBaTh TaKUM € WM APYTUM
IPOBOJIOM 0€3 yiiepOa /111 COBMEILEHUS pPE30HAHCOB.

6.1. OtpeiBaeM NPOBOA OT TOYKH 3a3eMJICHMS M TPUCOEAMHAEM €ro K
3a3eMJISIOIEMY IPOBOAY JUIMHOW 6 M M ce4eHHEM |2 KB.MM.

OTkiroyaeM KOHJEHCATOp OT MHAYKTOpPA, MAPAJUICIbHO KATYyIIKE YCTaHABIMBAEM
KOHJCHCATOp MEPEMEHHOW EMKOCTH, MNpU YBEIMYEHUU EMKOCTH OOHApyKUBAaEM
OMeHMs U MOJACTPAUBAEM KOHAEHCATOP A0 UX MpONagaHus.

Yacrora, nmpu KOTOPOU COBIAJIM PE30HAHCHI, OKa3anach paBHou 1,8 MI .

[IpoBepsiem. [lpu aymne npoBoga 26 M yacToTa Y4-BOJIHOBOTO pe3oHaHca Oblia 2,2
MI'n. IIpn nymee npoBoma 26 + 6 = 32 M, yacToTa '4-BOJIHOBOIO pE€30HAHCA JOJKHA
CHUBUTCS J0 BEIMYUHBI 2,2*26/32 = 1,79 MI'l, uTo B npenenax TOUHOCTH U3MEPEHHUS
YacTOThl ~ OCHHIIOrpa)OoM  COOTBETCTBYET IOJYYEHHOHM 4YacTOTE€ COBIAJCHUS
PE30HAaHCOB.

6.2. JIpyrux 3KCrepuMeHTOB MOKHO HE CTaBUTh.

MBI BBISICHWIM, YTO TPOBOJ, KAaTyIIKd MOKHO HapalluBaTh JUIsl TOHMKEHUS
4acTOTHI Y4-BOJTHOBOT'O PE30HAHCA, U TaKUM 00pa3oM HacTpauBaTh e€ro Ha yactoty LC-
pe30HaHca B KOHTYpE.

Kpome Toro, okazanock, 4T0 MOKHO HapaliuBaTh IPOBOJOM OOJIBIIIETO CEUCHUSI.

7. Iouckn CB0OOOAHON JHEPTrUH.

Kaxkercs, Mbl JOCTaTOYHO XOPOILO HAYy4YMIUCh oOpamiarhes ¢ karymkoil Tecibl. Ho
«JTMUIHEN» SHEPIUH MOKa HE 3aMETHIIH.

Bo3MoxHO, He Tam uckanu. Hago yrounuTs 3amaqy.

VY Tecnbl 3aa4a COCTOsIA B TOM, UTOOBI KaK MOXHO OOJIbIIIE SHEPTUU OTIPABUTH B
OKpYXarollee MPOCTPAHCTBO. A CKOJIBKO €€ yXOAUT B 3TO CAMOE IPOCTPAHCTBO, MBI
KaK pa3 U HE U3MEPSUIIH.

Hama 3amaya, - HaoOOpOT, Kak MOXHO MEHBIIE D3HEPTUU OTIPABUTH B
OKPY’KaIOIYIO CPely, U KaK MOXKHO OOJIbIIIE€ CHATH I JUYHOTO MOJIb30BaHUS 37€Ch U
ceituac. Tak 4To, Ha TaHHOM 3Tarne HEOOXOAMMO CAETaTh MOBOPOT B IPYTYIO CTOPOHY.

Kak-to camo co0oii moixy4usioch, 4To Karymka Teciabl MOTUXOHBKY MPHUHSIIA BHUI
karymkyn Kamanaza3e, KOTOpbIA YCIEMIHO pemwa Hamy 3aaady. OueBUAHO, BCE
IIPUXOAUT K TOMY, 4TO AaJIee HAJO0 3aHUMAaThCs Karymkon Kamananse.

7.1. TlepemMoTaeM Haimly KaTylmiKy OoJjiee KOMIAKTHO, Kkak y Kamanagze B
rpunOokce, hoTorpaduu KOTOpoi NpuBeACHbI HA pUcyHKax 12 u 13.

B kartymike mpocmaTrpuBaeTcsi emi€é ogHa OOMOTKa, HaMOTaHHas MOJ KaTYyIIKOW
Tecnbl. HamoTtaem u 3Ty Karyliky Toxe. Iloka mpocTo oauH Cioi mpoBoAa.
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Puc. 12. Karymka Kamananse.

Puc. 13. Ta ke karymika B rpuHOOKCE.

B pesynbrare nosiyuuiam KaTymky, NOKa3aHHYIO Ha pUCYHKe 14.
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Puc. 14. DxkcnepuMeHTalIbHAs KATyIIKa.

OT OOMOTKM HUXHEro CJI0S OTXOAUT clieBa rojly0oi MpOBOJ, a ClipaBa YEPHBIH,
MIOTOMY, YTO IPUIIOCHh HAPACTUTH POBO/I, KAK MTOKA3aHO Ha PUCYHKeE 15.

R R R L R

Puc. 15. HuxxHuit ciioi KaTyImku ¢ Hapa€HHBIM POBOJIOM.

Bxirouenne BHOBP HAMOTAHHOW KaTyIIKH, KaK KaTymKd Tecibl, pu CBOOOIHBIX
KOHIIaX HIKHEH OOMOTKHM, IOKa3ajao, YTO IMIOCPEICTBOM BIBUTAHUS B TPYyOy
3a3eMJIEHHOM JIOpalieBoM TpyOKH yma€Tcsi COBMECTUTh PE30HAHCHI. TO €CTh, KaTyIlIKa
«paboTaeTy.

7.1.1. ITonbiTaeMcsl Tenepb OCMBICIUTH KaTylmky Kamanan3e u mombITaeMcsl YTo-
HUOYIb M3BJICUb U3 HAIIEH KaTYIIKH.

Ho cHauana mpousBeném skcnepuMeHT. B mecTe coenrHEHUs HMXKHErOo BBIBOJA
KaTylmky Tecisl ¢ 3a3eMIISIOIUM [TPOBOJIOM BCTABIISIEM PE3UCTOP CONPOTHUBIIEHHEM 15
OMm, u cmoTpuMm ocuwuiorpammy. Ha pesucrope HaOmogaeM HampspkeHHE C
ammutygo 1,5 B. OTo 3HauuT, 4TO B 3a3eMJISIIOIIEM IPOBOJIE MPOTEKAET TOK C
ammuntyoit 0,1 A. 3aMbpIkaHHE pe3UCTOpa HUKAaK HE CKa3bIBAETCS HA OCLUILIOTpPaMMeE
HaIpsDKEHUS Ha KaTylike. To ecTh, CToA4Yas BOJIHA B POBOJIE HUKAK HE pearupyer Ha
CONPOTHUBIIEHUE, BO3MOXXHO, MOTOMY, YTO OHO Ha MOPSJOK MEHBIIE BOJHOBOIO
compoTuBiieHUsI mpoBoja. M emé MOXHO OOBACHUTH TAaKOE IOBEIEHUE TEM, UTO
nporiecc BO30YXKIEHUS BOJHBI (Kak OBLJIO TMOKa3aHO B PaHHUX DKCIEPUMEHTAX,
HaIpsHKeHUEM Ha CBOOOJHOM KOHIIE BOJIHOBOJA), M MPOLECC MPOXOKIEHUS BOJIHOU
CONPOTHUBIIEHUS HATPY3KU Pa3HECEHbI BO BPEMEHH, U SIBHO HE CBSI3aHBI.
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Emé onun skcmepument. Bxmounm karymiky, kak y Kamanansze B rpunOokce.
CoenuHUM MPOBOJA, KOTOPHIE UAYT B JKECTAHYIO OaHKY, U MOAAANM Ha HUX MEperaibl
HanpspkeHus 200 B yepes konaeHcatop 500 nd. (KonaeHcaTtop MEIIIEHHO 3apshKaeTcs
U pa3pspKAeTCs Ha KaTyIIKY Yepe3 TUpUCTop). B Harpysky Tot xe pesuctop 15 Om.

[lo xaxaoMy UMIyJbCy B Harpy3ke HaOlI0aeM TIapMOHHUYECKHE 3aTyXarollue
KoJIe0aHUs TOKA C Ha4aJbHOW aMIUIUTYA0M 1 A.

7.2. UccnenoBanune karymiku Kamanan3e mMeeT CMBICT BBIJCIUTH B OTIEIBHYIO
CTaThlO, a MOKa MOJABEIEM UTOTHU PAOOTHI.

1. B peanbHbIx KaTymkax Tecabsl BO3MOKHO coBmenieHne LC-pe3onanca ¢ Va- u Y-
BOJIHOBBIM PE30HAHCOM.

2. Ha noBenenue kaTymku Tecibl CUIIBHO CKa3bIBACTCS PACIIOIOKEHUE UHTYKTOPA.
EcTh kKak MUHMMYM JIBa B KOPHE OTJIMYHBIX MOJOXKEHUS — KOTJIa MHAYKTOP HAXOIUTCS
Ha pACCTOSHUHU, OOJIBIIEM JTUaMeTpa HAMOTKA OT KaTyIIKH M KOrJa HWHAYKTOP
PAaCIOJIOKEH MOJTHOCTHIO HaJl KATYIIKOM.

3. JleiicTBUTENbHO, UIMHY MpPOBOJIa, MpU pacu€re pe3oHaHca, HEeoOXOIUMO
OTCUUTBHIBATH OT TOYKU 3a3€MJICHUS.

4. B 3a3eMJiI0IIEM MPOBOJIE TEYET TOK, KOTOPHIA CIIOCOOEH BBIJIETUTH B HArpy3Ke
HEKOTOPYIO MOITHOCTb, HE OKa3bIBasl BIMSIHUS HA PE30HAHCHBIE IPOLIECCHI B KATYIIIKE.

[Toka 3TO €IMHCTBEHHOE, 32 YTO MOXKHO 3alenuTscs B mouckax CE.

Bcem ynaun! =Multik u3 MynbTrKoHa.=

23.02.2012.

22


SPACE
Выделение

SPACE
Выделение

SPACE
Выделение

SPACE
Выделение

SPACE
Выделение




