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PE®EPAT
lenepaTop BHCOKOYACTOTHMX CcHrHajgiB / Maricrepcbka aucepramis 3i
crenianbHocti 171— Eaexrtponika cneuianizauil «EjgekTponni mpuiagm Tta
npuctpoi». Ivenceknii B.C. HTYY «KIII imeni Iropst Cikopcbkoro». d@akynsTeT
€JIEKTPOHIKH, Kadepa eIeKTPOHHUX MpuiaaiB Ta npuctpois. [pyna JIE-371MII. —
K.: HTYY «KIII imeni Iropst Cikopcekoroy, 2018. — 79 c. in. 15, Tabmn.8.
Karouosi ciioBa: HBY — HajBucoki yactoru; maraetpos; JIBX — namma 6ixxydoi
xBuii ; JIBX — mammna 3BopotHoi xBuiti; KCX — koedimieHnT crosgoi xeum; TKY —
temneparypuuii koedimient yactory; K.K./I. — koedirieHT KOpUCHOT Jii.
KopoTtkuii 3mict po6oru: IlpencraBneHo TOPIBHSUIBHY —XapaKTEPUCTUKY
mapaMeTpiB MarHeTpOHHHUX TeHeparopiB. IlpuBeaeno mnpuHUIUMOD  POOOTH
0ararope3oHaTOPHOr0  MarHeTpoHa, METOJUKH  PO3paxyHKIB  Pe30HATOPiB
MarHeTpoHa THUMIB IIIJIMHA-OTBIp Ta CeKTopHOro Thiy. llpuBeaeHa meromuka
IH)KEHEPHOTO  PO3PaxyHKYy eJEKTPUYHOIO PEXHUMY 1 TPOCTOpPY B3a€MOAIl
€JIEKTPOHHOTO TIOTOKY 3 €JIEKTPOMArHiTHUM II0JIEM pe30HaTopa MarHeTpoHa.
[IpuBeneHo pe3yabTaTH i1HXKEHEPHOTO PO3PAaXyHKY EINEKTPUYHOTO PEeXUMY 1
POCTOPY B3a€EMOJii ENEeKTPOHHOTO TIOTOKY 3 €JIEKTPOMAarHiTHUM TIOJIeM
pe3oHaTopa MarHeTpoHa 3 HACTYIHHUMHU MapaMmeTrpaMmH: dactora 9375+£25 MIm;
BuxigHa NoTyXHIcTh 50...100 Bt npu xoedinieHTi kopucHoi aii 35+5%.

AHOTANIA
B poboti mpencraBieHO orisA pi3HUX KOHCTPYKLiM MarHeTpoHiB, NPUBEACHI
METOAMKH 1HKEHEPHOTO PO3PaxyHKY €JIEKTPUYHOTO PEKUMY 1 MPOCTOPY B3AEMOIL
€JIGKTPOHHOTO TIOTOKY 3 EJEKTPOMAarHiTHUM TIOJEM Ta PE30HATOPHOI CHCTEMHU
MarHeTpoHa Oe3nepepBHOI Ail 3 BuXigHOW mOTYXHICTIO 50...100 BT Ha wacToTi
9375425 MI'11, koedimienToM KOpHCHOI Aii 35+5%.

SUMMARY
In work the inspection of different constructions of magnetrons, methodics of
engineering calculation of electrical regime and the space of the interaction
electronic flow with electrical-magnetical field and resonator system of
continuous-action magnetron with output power 50...100 W on the frecuency
9375425 MHz, the coefficient of useful action 35+5% are represented.

BCTYII

Po3Butok pamionokarii, pajiopeleHOrO i KOCMIYHOTO 3B'S3KY, TelcOadeHHS,
pazmioHaBiramii, NTPOMHUCIOBOI 1 TOOYTOBOI ENEKTPOHIKH, paxioacTpOHOMIi,
pamiocHeKTpocKomii, simepHoi (i3UKM, MEAWLIMHU 1 0araTboxX iHIIWX, Taly3en
HAYK{ 1 TEXHIKA HEPO3PUBHO 3B'SI3aHUM 13 IIMPOKAM BUKOPUCTAHHAM HaJIBUCOKHX
gacTtoT (0,3...3000 I'rm). ¥ 3a1eKHOCTI BiJl JTOBKHHH XBHJI €JICKTPOMArHITHHX
xonuBaHb HBY posz0OuBaroThest Ha gianazonu: aerumerposux (0,3..3 I'rm),
caatuMmetrpoBux (3..30 I'rm), mimimerpoux (30...300 I'rm) i cyOMiTiMETpOBHX
(300...3000 I'rir) XBUIIB.
Jiama3oHu qeMMeTPOBUX 1 CAHTUMETPOBUX XBHJIb HAMO1IbII OCBOEHI i OfepKain
LIMPOKE MpakTHUYHE 3acTocyBaHHA. OJHAK OCTaHHIM YacOM CTaB BHSBIISTHCS
MiABUILEHUH 1HTEpEC N0 BUKOPUCTAHHS MUTIMETPOBUX XBWJIb y PaJioNIOKaIlifHUX
cHUCTeMax 3 BHCOKOIO 3/aTHICTIO, paliopelelHuX JiHIX 3B'A3KYy, CHUCTEeMax
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CXOBaHOTO  3B'A3Ky 3  KOCMIYHMMH  amaparamMd, pajioacTpoOHOMIil i
paxmiocnexkTpockonii. Bukopucranus apianazony HBY y 3a3HaueHux oOmacTsix
3aCTOCYBaHHS CTall0 MOXJIMBUM 3aBJSIKH CTBOPEHHIO 1 BHPOOHMITBY BCiX
HEOOXiZIHUX EJIEKTPOHHUX TPWIaiB, MmO 3a0e3NnedyloTh y LbOMY Jliama3oHi
TreHEepYBaHHsS KOJHMBaHb, MOCWJICHHS 1 TIEPETBOPEHHS CHTHAJiB, KOMYTAIIilO
npuiMalIbHO-TIEpeIaBalbHUX TPAKTIB.

VY 3B'I3KY 3 BENHMKOIO pO3MaiTiCTIO BUKOHYBAaHUX (PYHKIIIH, PO3XOIKEHHSIM BHMOT
0 TEeXHIYHMX XapaKTCPUCTHK IPHIAAIB 1 OOMEKEHHUM pPOOOYHMM JIiarma3oHOM
4acTOT KOKHOTO TIPWIIAy JJIsl IEPEKPUTTS Bcboro Jiamazony HBY norpibHa Oyna
mMpoka HoMeHkatypa enektpoHanx HBY mpunazgis. Pasom 3 tuM yHacmizok
KOHKYPEHLIi MK BUTOTOBJIIOBaYaMH 1 OKpEMUMH HanpsiMKamu esnektpoHiku HBY
CTBOpPEHO 0araro NpWIagiB TOTO €aMOro (YHKIIOHAJIBHOTO NPU3HAYEHHS 3
ONMM3bKMMU 3HAYCHHSMU ITapaMeTpPiB 1 TEXHIYHUX XapaKTEPUCTHK.

3 MeTo cucTeMaTH3amii po3mIsAy CTaHy W aHamisy TeHJeHmii po3Butky HBY
MpuiaaiB yce iXHe pi3sHOMAHITTS JOLIJbHE 3BECTH A0 YOTHUPHOX TPy NpUIafiB,
IO BiAPI3HAETHCA MiXK COOOO TT0 BUKOPUCTOBYBaHHUX (Pi3UYHUX MPHHIIATIAX.

I rpynma — enextpoBakyymui HBY mpunaau, 3acHOBaHi Ha BHKOPHCTaHHI SBHII
IPOXOJUKEHHS CTPYMY Y BaKyyMi;

Il rpyna — TBepmorineHi mpunaaun i HBY mpucrpoi, crBopeHi Ha OCHOBI
BHUKOPHUCTAHHS BIIACTUBOCTEH HAIIBIIPOBITHUKOBUX MPHUIIAJIIB 1 (EPHUTIB.
3a3HadueHa cucTema kiacudikaimii BifOMBae HaWOUTBII 3HAYHI PO3XOKCHHS
MpUJIaaiB, MAKPECTIOE criequdiuHi 0COOMMBOCTI KOHCTPYKLII 1 TEXHOJIOTI] IXHBOTO
BUTOTOBJICHHS 1 HE CyNEpeYuTh CPOPMOBAHUM TPAIULISM PO3NOALTY PUIAAiB Ha
KJIaCH, BUAM 1 THIIH.

I. EnextpoBakyymui HBY npujaau siBiisitoTs 0000 HAHOIBII YUCICHHY TPYILY,
o0 BKJIIOYAE TPUJIaTd 3 €NEeKTPOCTATHYHHM (CITKOBHM) 1 €IeKTPOAMHAMIYHUM
KepyBaHHSM.

1. Jlo mpunaiiB 3 eNeKTPOCTATUYHUM KEPYBaHHSM BiTHOCATHLCS MeTallOKepamiuHi
TPIOAM 1 TETPOIH, MPUIATH 3 TANbMYIOUUM TonieM. Lli mprmany 3HaWILN HPOKe
3acTtocyBaHHs B Jiama3zoHi HBY 3aBasky CTBOPEHHIO CrEIialbHUX KOHCTPYKITiH,
110 3HWXKYIOTh IIKIJUIMBUNA BIIMB Yacy MPOJbOTY €EKTPOHIB Ha poOOTy MPHIIAdiB.
He3Baxaroun Ha TpuBaly iCTOpil0 iCHYBaHHS 1 PO3BUTKY LUX NPUIALiB MpoLEc
IXHBOTO yJOCKOHAJIOBAHHS OE€3YMUHHO MPOIOBKYETHCS B HAMIPSIMKAX MMiABUILICHHS
e(eKTUBHOCTI 1 HallikHOCTI poOOTH, 301IbIIEHHS BUXiTHOI MTOTY>KHOCT1, OCBOEHHS
KOPOTKOXBHJIBOBOI YaCTHMHU CAHTHMETPOBOTO Jiana3oHy XBUJb, a TAKOXK B 00JacTi
CTBOPEHHS T€PMETU30BaHUX OaraTo(yHKIIOHATEHIUX MOIYJIIB.

2. Jlo mpumamgiB 3 eNeKTPOAWHAMIYHUM KEpPyBaHHSIM BiAHOCSATBHCS TpPUIIaIU
MarHeTpoOHHOTO TUMY, Jamnu oirydoi (JIBX) i 3BopotHoi (JI3X) xBurii, KIICTPOHH.
2.1. llpunmaam MarHeTpOHHOTO THIy BKJIIOYAalOTh cebe aBTOreHeparopu i
MiJICHITIOBAYI, 10 MPAIIOIOTh Y CXPEIIEHUX eNEKTPUYHHUX 1| MATHITHUX TOJISX.

Jlo aBTOoreHepatropiB  BIZHOCSTBCS MAarHeTPOHM  3BHYANHOI  KOHCTPYKIIi,
KOaKciaJbHI MarHeTpOHH, 3BOPOTHBO-KOAKCiaJlbHi MarHeTpoOHH, MarHeTPOHHU 3
€JIGKTPOHHUM HACTPOIOBAHHSM YaCTOTH, JIAMITM 3BOPOTHOT XBMJII MarHETPOHHOTO
THITY 1 CTAOUTIOTPOHU. 3a3HAYCHI BUIM MPWIAJIB, Y CBOIO UEPTy, MigPO3IiIISIOTHCS
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[0 PeXUMy poOOTH Ha IMITyNbCHI 1 Oe3ynuHHi Iii, a 32 piBHEM MOTYXHOCTI — Ha
HAATOTY)KHI 1 TOTY)XHI, CEpPeJHbOI MOTYKHOCTI 1 MajonoryxHi. Cepex HHX
HAUOIIBII PO3MOBCIKEHUMHU € MAarHeTpOHW 3BHYAWHOI KOHCTPYKUii, IO
MpaLoTh B IMIyJIbCHOMY 1 O€3ymMHHOMY pekuMmax. Pa3om 3 TUM B OCTaHHI
JIeCsSITh POKIB BElIMKA yBara MPUAUISETHCS PO3BUTKY KOAKCiaJIbHUX MarHeTpOHIB,
0 yce OIbII IIHPOKO 3aCTOCOBYIOTHCS 3aMICTh MAarHeTPOHIB 3BUYAWHOI
KOHCTPYKU,T.

Jo mijcuiroBadiB MarHeTPOHHOTO THIY BiJTHOCATHCS aMILTITPOHH, MPHIAAU 3
TH)KEKTUPOBAaHHKM E€JIEKTPOHHUM MOTOKOM 13 mipsiMoi (JIBX marHeTpoHHOTO THITY) 1
3BopoTHOI (JI3X MarHeTpoHHOTO THITY) XBHJIEIO, & TAKOXK MPHUIATH 3 HE3AMKHYTHM
CJIGKTPOHHUM TTOTOKOM 1 IPSAMOIO XBWiIel0. MarHeTpoHHI MiACKUIIIOBaYi, TaK caMo
SIK aBTOT€HEPaTOpH, MigPO3AUISIOTECS MO PEeXUMy poOOTH Ha IMITYJBbCHI 1
Oe3ynuHHI [Iii, a 32 piBHEM MOTYXXHOCTI — Ha HAAMOTYXKHi 1 MOTYXHI, CEPEAHBOT 1
MaJoi MOTYKHOCTI.

2.2. Jlamnu Oixyuoi xBuii O-Tumy, (3 MOAOBKHIM EIEKTPUYHUM 1 MarHiTHUM
MOJISIMK) CKJIJIAI0Th TAKOX BENMKHH Kiac elekTpoBakyymHux HBY mpunanis 3
EJIEKTPOAMHAMIYHAM KepyBaHHAM. J[0 cKkiamy HbOTO Kiacy HpWIIAIiB BXOISThH
migcrtroBanbHl JIBX i3 pi3HUME PIBHSAMU BHUXIJHOI MOTY>KHOCTi 1 MaJjONIyMHI
migcumoBanbHi JIBX. TlizcumroBaneHi JIBX 3a piBHEM BHXIJHOI MOTYKHOCTI
MiPO3AUISIOTECSI HA  HAANOTYXKHI 1 TOTYXKHI, CEpeAHbOI TOTYXHOCTI 1
ManonotyxHi. Hagnoryxni 1 nmotyxai JIBX, kpim Toro, moninstorbes Ha JIBX
IMIIYIBCHOTO 1 6E3YIIMHHOTO PEKUMIB.

OcTaHHIM 4YacoM BeJHMKa yBara NPUAUISETHCS CTBOPEHHIO MIMPOKOMOJOCHHUX 1
neopexxumMunx JIBX, winiattopanx JIBX, y ToMy uucm 3 JIpyKOBaHUMH
cUCTeMaMH, WI0 CHOBUIBHIOIOTH, Ui (a3upoBaHHMX aHTeHHHUX r1patr, JIbX
CePeIHBOI MOTYKHOCTI JIJISI KOCMIYHHUX araparis.

2.3. Jlamnu 3BopoTHOI xBWITi O-THITY CKIIAAal0Th MOPIBHSAHO HeBelnKuil kitac HBY
npuianis. i mpunagu BukopuctoBytoThes sik HBU reneparopu 3 eneKTpOHHOIO
nepeOyIoBOI0 YacTOTH B Jiama3oHax BiJ| JNEIMUMETPOBHX JIO CYOMIiTiMETPOBHX
XBWJIb BHHSATKOBO B Oe3ymMHHUX pexuMax pobotu. [lo TOTYXHOCTI BOHH
nigpo3aistoTees Ha JI3X migBUIEeHOT MOTYKHOCTI 1 MaJOMOTYKHi.

2.4. Knictponu ckianaroTh Benukuid kinac HBY npunaais i 3a npuHIUTIOM poOOTH
MiAPO3AUISIOTECS HAa MPOJITHI 1 BimOuBHI. IlpomiTHi KiicTpoHH MicTATH Y coOi
MiCUITIOBAJIbHI 0araTope30HaTOPHI i TeHEPATOPHI KIICTPOHH 3 HEBEITUKUM YUCIOM
pezonaropiB. 1li mpwiamgu CTBOPIOKOTBCS Mg POOOTH B  IMIYJIBCHOMY 1
0e3yNMMHHOMY pexuMax. bararope3oHaToOpHI MiACHIIIOBAJIbHI KITICTPOHH 32 PIBHEM
BUXITHOI TMOTYKHOCTI TOIUISAIOTHCS Ha HAANOTYKHI 1 MOTykHi. ['eHepaTopHi
MICTATh ¥ c001 JBOX -1 TPHOXPE30HATOPHI KIICTPOHH 1 KIICTPOHHU 3 PO3MOIiICHOO
B3aeMomiero. Ll KIICTpOHM BITHOCATHCS JO MPHIALIB Majoi 1 CepeaHboi
MOTY>KHOCTi. BinOMBHI KIICTPOHW CTBOPIOKOTHCS JJISi BUKOPUCTAHHS B SIKOCTI
ManonotyxHux HBY reneparopiB 0e3ynMHHOTO pexuMy poOOTH.

II. TeepaotiabHi npuiagu i HBY npuctpoi SBi1s110Ts c00010 HOBY BEIUKY IPYILY
HBY npunaniB, po3BUTKY SKHX OCTaHHIM YacoM HPUIIISETHCS TyXKE BETUKa
yBara. [linBumienunii inTepec A0 UUX OpUIaliB i IPUCTPOIB BUKIMKAHUI TOJOBHUM
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YUHOM iX BEJIMKMMH NOTEHIIMHHMH MOXIUBOCTSMH JJIsl YCHIIIHOTO PIIICHHS
pobJeMH KOMILIEKCHOT MiHiaTIOpU3allii pagioeJIeKTPOHHOI araparypH.
o cxnany ui€l rpynu BXoAATh aKTHBHI 1 nacuBHi npunaau i HBY npuctpoi.
1. Jo TBepnorinbHux aktuBHUX mpunaniB i HBY mnpuctposm BimHOCATHCS
TeHEepaTOpH 1 MMiJICHITIOBaYi Ha HamiBrpoigaukoBux HBY mionmax i TpaH3ucTopax.
i mpunaau 1Mo CBOEMY MNPU3HAYCHHIO BUKOHYIOTH Taki kK (QyHKOil, $K i
enekTpoBakyymHi HBY mpuiagu Majaoi MOTY»HOCTI, i CTBOPIOIOTHCS JIJIS 3aMiHH
OCTaHHIX.
1.1. Teepaotineni HBY renepatopu BUKOHYIOTHCSI HA OCHOBI TYHEIBHUX i JJABHHO-
MPONITHUX JioAiB, MiofiB ['aHHA, MombOBHX 1 OimomspHUX TpaH3ucTopiB. Lli
re’eparopu 3adesneuytors onepkanas HBY konuBasb sik y 6e3ynuHHOMY, TaK i B
IMIYyIbCHOMY peXHMax. 3a pIBHEM NOTYXHOCTI BOHM TMOAUISMIOTHCS HAa
ManonoTyxkHi 1 moTyxHi. [lomampmumM po3BuTkOM TBeproTimbHHX HBY
TeHepaTopiB € CTBOPEHHsI HA iXHIH OCHOBI KOMIUIEKCHPOBAHHHX MPHUCTPOIB, IO
BKJIIOYAIOTh TEHEPATOP, CXEMY KepyBaHHS 4aCTOTOIO, IXKEPEJO KUBJICHHS i iH.
1.2. Teepporineni HBY mincumioBadi CTBOPIOIOTBCS HA OCHOBI TYHEJIBbHHX,
BapaKTOPHMX 1 JIABUHO-TIPOJIITHUX JiOAIB, MioAiB ['aHHa, OIMOSIPHUX 1 MOJBOBUX
TpaH3uCTOPiB. BOHM MiIpO3AIAIOTECS HA MAIOIIYMHI 1 MiJICHIIOBAaUi MOTY>KHOCTI.
Teepmotineni HBU migcumroBaui, Tak camMoO SK T€HEpAaTOPH, BUITYCKAIOTHCS B
0ararboX BHIIAJIKaX Pa30M i3 JpKEpeIaMuy )KUBJICHHS.
2. INacusni HBY mpuctpoi ckiagaotbes 3 pizHux enementis HBY nianasony, mo
3a0e3MeuyI0Th AETeKTUPOBAHHSA, TIEPETBOPEHHS 1 MHOXKEHHSI 4acTOTH, 3MiHY (a3u
HBY xonuBaHb, pO3B'SI3Ky 1 MEpeKIOYeHHs KaHaimiB, oOmexeHHs HBY
MOTY>KHOCTI. JI0 IUX MPHUCTPOIB BIJHOCATHCS NETEKTOPHU 1 3MilllyBaui, MHO)KHUKA
yactotd 1 (azoobepraui, mepemukadi W OOMEKHWUKH IOTY>KHOCTi, BEHTHJI i
IUPKYISATOPH. BOHH CTBOPIOIOThCS HA OCHOBI 3aCTOCYBaHHS HAIiBIPOBITHUKOBHX
HBY giogie i1 deppitiB. [lacuBai HBY npuctpoi BUKOPHCTOBYIOTHCS 1
BUITYCKAIOTHCS B SIKOCTI OKPEMHX JTUCKPETHUX MPUIIAIiB.
3aBaaHHsAM poOOTH €:
[MopiBHSIBHUI OIS KOHCTPYKITiH Ta TapaMeTpiB MarHETPOHHHUX T€HEPaTOPiB.
Po3pobka MeTOOUKHM 1HKEHEPHOTO PO3PAXYHKY €JEKTPUYHOTO PEXUMY 1 POCTOPY
B3a€MOJIii EJIEKTPOHHOTO TOTOKY 3 €JEKTPOMAarHiTHUM TIOJIEM pe30Haropa
MarHeTpoHa 3 HACTYITHUMH MapameTpamu: dYactota 937525 MI'm; BuxigHa
noty>kHicTh 50...100 BT mpu koediuienTi kopucHoi Aii 35+5%.

1. KTACU®DIKALIS TA XAPAKTEPUCTHUKHU

MATHETPOHHUX 'EHEPATOPIB

B sKkocTi mkepen KoNMMBaHb BEIHMKOI TOTYXHOCTI B aianmazoni HBY mmpoko
3aCTOCOBYIOThCSl TpWIAAX MarHeTpoHHoro tumy (M-Tumny), OCHOBHHUMH
JOCTOTHCTBaMU kuX € BUcOokui KKJ]I, KOMIIaKTHICTb, MOPIBHAHO HEBUCOKI po0oui
Hamnpyrd 1 BiJICYyTHICTh KOPCTKOTO PEHTTEHIBCHKOTO BHITPOMiHIOBaHHS. Jlo 1mx
MpUIaiiB BIIHOCATBCS OaraTo pI3HOBHUIIB TEHEPATOPHUX 1 MiJCHIIOBAIbHHUX
MpUJIaAiB, 0 IPALIOIOTh Y CXPELICHUX €IEKTPUYHUX 1 MAarHITHUX MOJSX, Y TOMY
YHCIi IMIIYJIbCHI MarHETPOHH 3BUYaHOI KOHCTPYKIIii, KOaKciadbHi 1 KOaKCHaIbHO-
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3BEpHEHI MAarHeTpOHH, MITPOHH, MAarHeTPOHHI MiJCHJIIOBadi, MarHeTPOHH
0e3mepepBHOrO PEKUMY 1 JIaMIH 3BOPOTHBO1 XBUIl M-ty (JI3XM). [1...4].

3a JomoMoror npuiagiB M-THIly [0 TENEepilIHbOTO Yacy AOCSTHYTI 3HA4YHI piBHI
MOTYXHOCTI SIK B IMIyJIbCHOMY, Tak i B Oe3lepepBHOMY pexuMax podoru. B
IMIOYTbCHOMY  pEXHMi Hai0inblla BUXigHAa TOTYXHICTH OTpUMaHa Ha
mijcutoBayax M-TUIy 1 Ha MarHeTpoHaX 3BUYAMHOI KOHCTPYKIlii. BoHa gocsrae
10 MBt Ha /=0,5..2 [T, 1 MBt Ha /=10 I'T'1 i 6inbir 200 kBT Ha /=301 L.

Y 0Oe3nepepBHOMY PEKUMi OTPHMAaHHS BUCOKHMX PIBHIB BHXIJIHOI IOTYXKHOCTI
3a0e3Meuy€eThesl 32 JIOMIOMOTOI MarHeTpoHiB OesnepepBHOro pexxumy i JI3XM.
Haiibinpima motyxHicTh gocsrHyta Ha yactorax 0,915 i 2,45 I'Tu, BumineHux
BiINOBiMHO A0 MikHaponHoi yrogu s HBY nHarpiBanpHOi amaparypu
MIPOMHUCIIOBOTO 1 TOOYTOBOro Npu3HaueHHs. BoHa cknamae Ha mux yacrorax 100 i
10 kBt BigmoBigHO. MakcuManbHa MOTYXHICTH fopiBHIOE 10 kBT Ha wacroTi 3
I'Tm, 600 Bt Ha wactoti 10 I'T'1r i 100 Bt Ha wactoti 6im3bko 20 [T, [punagn M-
TUMY BiApi3HsIOThCA Bif iHmuXx HBY mpumaniB Oinbin BHCOKOIO e(eKTHBHICTIO
NIEPETBOPEHHS €Heprii MmocTiiHOTO cTpyMy B eHeprito HBY kommBanbs. HaiGinbimn
Bucokuii KKJI mocsraerbcs Ha mifcwiIoBadax M-Tunmy 1 MarbdeTpoHax
IMIyJIbCHOTO 1 Oe3mepepBHOTO pexkuMiB podotu. Ilpumagn M-tuny cepen iHIIUX
MOTY>KHUX TeHeparopHUX 1 migcumoBanbaux HBY mnpunagie € HaiOinbin
KOMITAKTHUMH 1 XapaKTepPU3YIOThCS BUCOKHM BiJIHOIICHHSIM BUXIJTHOI MOTYXHOCTI
JI0 MacH Mpujanmy.

Jns  moTyXHMX TpWialdiB IMIOYJIbCHOTO PEXHUMY BiJIHOIIEHHS CepeaHbOl
MOTYKHOCTI 10 Macu JexuTh y Mexax 50...100 Bt/kr. binbimn BuCOKi 3HaueHHS
OBOTO BiAHOIIEHHS JocArHyTi y wMitponiB (170 Bt/kr) 1 wmarHeTpoHiB
Oe3nepepBHOTO pexxkuMy (150 BT/ Kr) roloBHUM YMHOM 3a paXyHOK 3aCTOCYBaHHS
HOBHX BUCOKOC(EKTHBHUX MarHiTHUX Marepiamis.

[Mpunagn M-Tumny B 3alIeXXKHOCTI BiJ PiBHSI BHUXIJHOI MOTYXXHOCTI HPAIIOIOTh MPH
aHogaux Hampyrax U, =2...100 kB. Ha npunagax iHIIUX TUMIB, HAPUKIAJ Ha
MiJICHITIOBATLHUX KJIICTPOHAX IMITYJILCHOTO PEXHMY, aHAJIOTI4HI PiBHI MOTY>KHOCTI
JOCATAOThCS TIPU aHOJHHX Hampyrax y 1,5...2 pa3u OuIbIHX, HIXK y TpuiaaiB M-
Tumy. Y 3BS3Ky 3 MM NOTYXHI Opwiagd M-Tumy MaioTh MOPIBHAHO MEHII
PEHTTEHIBCHbKI BUMPOMIHIOBAaHHS 1 HE BUMAraloTh CIEI[iaIbHOTO 3aXHCTY.

B nammii wac 3akopaoHHMMH ¢ipMaMu BHUIycKaeTbes Onusbko 1500 Ttumi
MpUJIaiB MAarHETPOHHOTO THIY Pi3HUX KOHCTPYKUIH 3 BEIUKOIO PO3MAiTiCTIO iX
TEXHIYHUX 1 eKCIUTyaTaliiHuX XapakTepucTHK. KinmbKicTh THUMIB mpuialiB 3a
OCTaHHI POKM MPAKTUYHO 3ANHUIIAETHCS HE3MIHHMM, TOMY IO 3 TMOSIBOIO HOBHX
npyiIajiB BilOyBa€eThCS 3HATTS 3 BUPOOHUIITBA 3aCTAPUTUX THITIB.

1.1. IMITYJIbCHI MATHETPOHH 3BUYAMHOI KOHCTPYKIIIT
IMImynBCHI MarHeTpOHHM € caMHUM PO3MoBcrkeHUM TuioM HBY reneparopis, 1mo
OTpUMaKM HaHOiNbIIe 3acTOCYBaHHS B PaJiONIOKAIiWHIA amaparypi pi3HOTO
npu3HadeHHs. Lli MarHeTpoHu B 3aJIEXKHOCTI BiJ BUXiAHOI MOTY>KHOCTI MPUKAHSTO
knacudikyBati Ha notyxHi (6utbme 10 kBTt) i manonoryxHi (Menmi 10 xBT).
[loTykHi iMIynBCHI MarHeTpOHH 3aCTOCOBYIOTBCS B Ha3eMHiM 1 KopaOenbHii
pagioNOKAIiiHIN CTAHITIAX MOMIYKY 1 CIIOCTEPEIKESHHS 3 BEJIMKOIO NAIBHICTIO [ii, a
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TaKOX y OOPTOBUX pafioIOKAIlIfHAX CTaHLIsAX TAKTHYHOTO Npu3HaueHHs. O6nacti
3aCTOCYBaHHS MaJOMOTY>KHUX IMITYJIBCHUX MAarHETPOHIB OUIbII pPi3HOMAaHITHI: y
JIITAKOBUX  JIOTUICPIBCKUX  PAIONOKAI[iIMHUX  CTaHIlAX, Maskax, CTaHI[iAX
3a0e3MeUeHHS MOJIBOTY 3a TPACKTOPIEI0, IEPCHOCHUX CTaHIIISIX BHUSBJICHHS IIUICH 1
B iHmINA amaparypi. TexHIYHMH piBeHb IMX TNPUIATIB XapaKTEPU3YETHCS
HACTYITHUMH JIaHUMH.
MoTy:xHicTh i wactora. [ToTyXHi IMIYJIECHI MATHETPOHH TPAIIOIOTH HA YaCTOTaX,
mo sexars y Mmexax 0,4. . .35 I'Tn. Haii0inbma mOTYXHICTh JOCSITHYTa Ha
MarHeTpoHax JeIMMETPOBOTO Jiama3oHy XBWIb. BoHa ckmamae 2,5..5 MBT Ha
gacrorax 0,4..3 I'Tn. 3HayHa MOTYXKHICTH OTPUMaHa TAKOX Y CAHTHMETPOBOMY
niama3oHi W y IOBrOXBWIIbOBIM 4acTWHI MijmiMeTpoBoro nmiamasony: 1 MBT Ha
gactori 10 IT 1 100 kBt Ha wactori 35 I'Tu. € BigoMocTi mpo CTBOPEHHS
IMIIYIbCHOTO MarHeTpoOHa 3 MOTYHicTIo B iMmynbei 1700 MBT Ha wactori 31T .
Llett MarHeTpoH Mae rpadiTOBUI aBTOAICKTPOHHMN Katox i mpaioe pu U,=360
kB, =12 xA i tpuBanocti imnynbcy 30 Hc. IlapameTrpu okpemMux HaHOiIbII
PO3MOBCIOMKEHNUX THUITIB TOTYXHHUX IMIYJIbCHUX MAarHeTpoOHIB TPUBEACHI B
Tabn.1.1.

Taonuuns 1.1

ITapameTpu AesiKMX THIIB MOTY:KHHUX iMIYJIbCHUX MArHETPOHIB

IlepedynoBa yacroru. [Tops 3 MarHerpoHamMu Ha (hiKCOBaHI YaCTOTH OKPEMUMU
(dipMaMu BUIYCKalOThCS MarHETPOHU 3 MEXaHIYHOIO (IMOBUIBHOIO Ta HIBHJIKOIO)
nepedyoBol0 yacToTh. MakcuManabHMKA [iama3oH IUIaBHOT NepeOydoBU JocATae
5...7 %, a WIBUAKOT — AEKIUIBKOX JecsATKiB Merarepl. OKpeMi TUIIM MarHeTPOHiB 31
LIBUIKOIO TTepeOyI0BOI0 3a0€3MeUyI0Th 3MiHY YaCTOTH BiJl iIMITYJIbCY J0 IMITYJbBCY i
BHKOPHUCTOBYIOTHCS B PaJiOJIOKAI[iIHHUX CTAHINAX 13 CEJEKINEI0 PYXOMHUX ITiJICH
(CPII). Onnak y nmaHWi 4ac 4Yepe3 HEIOCTaTHIO CTAOUIbHICTh YacTOTH 1 Masol
HaJIMHOCTI pOOOTH IIi MarHETPOHHM 3aMIiHSAIOTBCS MarHETPOHAMH KOAaKCiaJbHOI
KOHCTPYKIIii, 0 IepeOyI0BYOThCS.
Crabiabnicte 4acTtoTH. CTaONBHICTE POOOTH IMIYJIBCHUX MAarHETPOHIB
XapakTepusyeTbesl TemneparypHuM koedimieatom (TKY), enexTpoHHUM 3CyBOM
(E3Y) i 3arsaryBaHHAM 4acToTH. [JI1 NOTYXHHUX IMITyJIbCHUX MarHeTPOHIB THUIIOBI
3HaueHHs TKY cxmamarors 30...40 kI'/°C, E3Y =1,5...15 MI'w/A u 3atsaryBaHHs
gactoTd 5..60 MI'm. HalimeHmr 3HaueHHS IMX IMMapaMeTpPiB BiHOCSATHCS IO
MarHeTpoHIB JCIMMETPOBOTO JIialla30Hy, a HaHOUIbIIi — JI0 MarHeTPOHIB
JIOBTOXBHJILOBOI YaCTHHH MIJIIMETPOBOTO JliaIla3oHy.
TpuBagicts immyabcy. [loTyxHi IMIOynbCHI MarHeTpoHH pPO3paxoBaHi B
OCHOBHOMY Ha pOOOTY IpPH TPUBAIOCTI iMIYyJIbCy 1 MKC, OIHAaK OKPEMi THITH
MarHeTPOHIB JOIMYyCKalTh poOoTy mpu TpuBajocti a0 5..10 mkc. KoedimieHt
3amoBHeHHs 0,1...0,2 %.
KKA. Jlns moTy)XKHUX MarHeTpoHIiB JOCSTHEHHs BUCOKMX 3HaueHb KKJI mae
0COONMBO BaXJIMBE 3HAYCHHSA. ToMy BCl MIpH, IIO IOYHMHAIOTHCS AN HOTO
MiABUILEHHS, HacaMIepel  peaji3oBaHi [pH  KOHCTPYIOBaHHI ~ MOTYTHIX
marHeTpoHiB. Kpamii 3nauenns KKJ[ cxmamators 80...85% y nemmmerpoBomy
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miana3oni, 80% Ha yactoti 3 I'T, 55% na gactori 10 I'T 1 30% Ha yacToTi
35Ty,
Maca. TloryxHi iMIyJIbCHI MAarHETPOHH SK TAKETOBaHI, TaK i 3 30BHIIIHBOO
MarHiTHOI CHCTEMOI0 MalOTh JIOCUTh BEJIHMKY Macy, IO y CaMHUX MOTYKHHUX
MarHeTpoHiB IEUMETPOBOTO Jiamna3ony jgocsrae 100 kr.
[OOBroBiYHICTb. TapaHTiiHuii  TepMiH  CIY)KOW  TOTYKHHX  IMITYJIbCHUX
MarHeTPOHIB JIGKUTh B Mexax 1...2 Tucsd ronuH. DakTHYHUIA CepefHill TepMiH
CIIy’)kOM 0araTboX THITIB MarHeTpoHiB gocsirae 10 tucsy rogmH. Cepen
MarHeTpoHiB, 110 MalOTh BEJIHKY JOBrOBIYHICTh, MOKHA BiJ3HAYUTH, HATIPUKIIA,
MaraetpoH MAG21 3-cm pianaszony 3 P,=100 kBT, rapantoBanuii TepMiH cyx0u
SIKOTO 2 THCsY roguH. Y marHerpoHa VMX1090 ¢ipmu Varian, mo mnpauroe B TiM
xe miamazoHi yacTtoT 3 P,=200 kBT, ouikyBanuii TepmiH ciayx0u 3 THCAY TOAMH.
[loTykHi iMIynbCHI MarHeTPOHH BHUIIYCKAIOTBCS TIEPEBAXKHO MAKETOBAHOI
KOHCTPYKLIi 3 TMOCTIHHUMH Mar"iTaMd i 3 TPUMYCOBUM YH TPUPOJHUM
oxonomxkenHsM. Buxin HBY eneprii B MarHeTpoHiB JCHMMETPOBOTO Jiama3oHy
KOaKCialbHUH, a B MATHETPOHIB CAHTUMETPOBOTO 1 MIJIIMETPOBOTO Jliala3oHiB —
XBUNEBIOHUN.
XapakTepHUM MPUKIAJOM KOHCTPYKTHBHOTO O(QOPMIIEHHS CYYacCHHUX IOTY>KHHX
IMIYJIbCHUX MarHeTpoHiB € marHeTpoH Tumy F1103 ¢ipmu Thomson-CSF. Ilei
MarHeTpoH Mae€ IaKeTOBaHy KOHCTPYKIito, xBuieBimuui Buxinm HBY eneprii i
po3paxoBaHmii Ha PoOOTYy 3 MEXaHIYHOIO MepeOyIOBOI YACTOTH B Jliara3oHi
8,5..9,6 I'Tm. Horo P,=200 kBt ipu koedimienTi 3amoBuenHs 0,001, U,=22,5 kB i
1,=27,5 A.
Bumyck moTy:XHUX IMIYTBCHUX MAarHeTpOHIB 3BUYAMHOT KOHCTPYKIII 3 KOXKHUM
pPOKOM CKOpouyeTbes. lle ToB'sI3aHO 3 THUM, IO B HOBIH pagioeIeKTPOHHIN
amaparypi 3aCTOCOBYIOTHCS TEPEBAXKHO KOAKCiaJbHI MarHETPOHH, IIO BOJIOIIIOTH
3HaYHMMHU TIepeBaraMy B MOPIBHSHHI 3 MarHeTpPOHAMH 3BHYAHHOI KOHCTPYKIIII.
Cepenl iMIyJIbCHUX MarHeTpPOHIB 3HAYHY YaCTHHY CKJIaJal0Th MarHeTPOHU Mayoi
MOTY>KHOCTI, IO MIMPOKO 3aCTOCOBYIOTHCS B Pi3HIN pajlioeJIeKTPOHHIN amaparypi.
B nmanwii wac 3 770 TUMIB pekjIaMOBaHMX MarHETPOHIB 3BHYANHOT KOHCTPYKIIii
Oimpm 320 THMIB BITHOCATHCA JO 4YKCIAa MAarHETPOHIB Majoi MOTYKHOCTI.
TexHiYHUI piBEHP MAaJOMOTY)KHUX IMIYJIBCHHX MarHETPOHIB XapaKTepHU3YEThCS
HACTYITHUMH JaHUMHU.
Yacrora i mory:xHicTb. MarHeTpoHn Majoi MOTYXHOCTI CTBOPEHI Ha 4YacTOTU
0,35...97 I'Tn (waitbinpme uyucino tumiB Ha §..10 I'Tn). Buxigna moTyXHicTh
MaraeTpoHiB y Mexax 100 Br...10 kBt B iMnynbci. Jlesike mpeacTaBieHHS PO
napaMeTpu MaJIOTIOTY)KHUX IMITyJbCHHX MarHeTPOHIB JAIOTh JlaHi, MPUBEJCHI B
Tabn.1.2.

Taonnuns 1.2

IMapamMeTpu OKpeMHX THIIIB MAJIONOTYKHUX iMITYJIbCHUX MAarHETPOHIB

IlepedynoBa yacroTu. ManomnoTykKHi MarHeTPOHH BUITYCKaIOThCS Ha (ikcoBaHi
4acTOTH, & TAKOXK 3 MEXaHIYHOIO i eJeKTPOMEXaHIYHOIO mepeOynoBOI0 YacTOTH.
Hiama3on MexaHiuHOi mepeOynoBH YacTOTH ckiaagae 5..7% Bil HOMiHaJIBHOT
4acTOTH, IPH eJIEKTpOMeXaHiuHil nepedynosi 2...3%.
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CTaliibHICTh YacTOTH. Y MaJONOTY>KHUX MarHeTPOHIB, SIK 1 y BCiX MarHeTpOHiB
3BUYAWHOT KOHCTPYKIIii, CTAOUIBHICTh YaCTOTH KOJHMBAHb 3aJICKUTh BiJ 3MiH
TeMIepaTypd HaBKOJUIIHBOTO cepenoBuina, KCX HaBaHTakeHHS W aHOMHOTO
CTpyMy MarHeTpoHa 1 XapaKTEepHU3yeThbCs BiANOBITHUMH  KoedillieHTaMu.
MinimaneHe 3Ha4YeHHsS TemmeparypHoro koedimienta uactotd (TKY) mns
MarHeTpOHiB, IO MPAIIOIOTh y miana3oHax yactor 3...16 I'T'm, ckmamae 30...40
k['1/°C. 1le nocsaraeTbcsi 3aMiHOIO MIJHOI PE30HATOPHOI CHCTEMH MOJIOICHOBOIO i
BBEJICHHSAM Y KOHCTPYKIIIFO MAarHeTpOHa EJEMEHTIB  TEePMOKOMIICHCAITI].
Hanpuknan, miniManeae 3HadeHHs TKY 30 k['/°C mae marnerpon BLM207
¢ipmu Varian na f=9,3 I'Tt i3 P,=0,55 kBt mpu K,=0,002, U,=2,4xB i [=1,2 A B
iMOyNbCi.

KoedimienT 3arsryBaHHS YacTOTH, LIO XapaKTEpPHU3YyE BIUIMB HEY3TOKEHOCTI
HaBaHTAXCHHS HA YaCTOTy MarHeTpoHa, 3BUYaiHO JIeXUTh y Mexax 1,5...60 MI'
npu TpaHuuHo mnpunyctumux 3HadueHHsX KCX. Hampuknan, MiHiManbHe
3araryBaHHs yactotu 2 MI'm mae marnerpon BLM153 Tiei x ¢ipmu Ha f=5,7...5,8
[T i3 P,=5 kBt mpu K5=0,001, U,=5 kB i [,=4,5 A B imMmmyJnbci.

KoedilieHT eneKTpOHHOTO 3CyBY YaCTOTH MaJIOTIOTY>)KHUX MAarHeTpOHIB JISKUTh Y
mexax 1,5..30 MI'/A. Hampukiaz, MiHiManbHUN €JIEKTPOHHUHN 3CyB 4acToTH 1,5
MTI'1/A mae maraerpor M5031 ¢ipmu Englich Electric V. Ha /9,35 I'T't i3 P,=9,5
kBTt mpu K,~=0,0025, U,=6,2 kB 1 [,=5,5 A B iMnyinbci.

Jis migBUILEHHS CcTa0lIbHOCTI YaCTOTH MaJIONOTY KHUX IMITYJIbCHUX MarHeTpOHIB
y JeSKAX BHIAJKaX BHUKOPUCTOBYIOTHCS CIOCOOM CTalumizamii 9acToTH BiX
30BHIIIHBOTO BHUCOKOCTabimeHOrO HBY reneparopa. Ili cmocobm mopsg 3i
CTaOUTI3aIl€l0 YaCcTOTH MOXYTh 3aCTOCOBYBaTHCS 1 JUIsl KepyBaHHS (a3oro
IMITYJIbCIB BUX1THOTO CHUTHAIY.

Yac roroBHOCTi. [[1s MarHeTpoHiB, BHUKOPHCTOBYBAaHMX B OKPEMHX BHJaX
palioeNeKTPOHHUX MPUCTPOIB (HApHKIaa, y OOpTOBil amapaTypi paker), ayke
BRXIMBUM TIapaMeTpOM € iXHIi Yac TOTOBHOCTI. Y MarHeTpOHIB TaKOTO
MPHU3HAYCHHS 4Yac TOTOBHOCTI, BIUTIYyBaHWH 3 MOMEHTY BKIFOUYCHHS HamNpyr
pO3XKapeHHs i aHOAHOTO ONOKy 10 AocsirHeHHs 80% piBHS BHXITHOI MOTYXKHOCTI,
nopiBatoe 2...10 c. Jlnsg omepkaHHS Takoro Majloro 4acy TOTOBHOCTI IIpH
KOHCTPYIOBaHHI MarHeTpOHiB MPUHAMAIOThCS CIIELiaNbHI 3aX0JH I 3a0€3MeUeHHS
HaWOLIBII IMIBUIKOTO PO3ITrpiBy Karoma (3MEHIICHHS Macu Karona, 3aCTOCYBaHHS
CreniajJbHUX MaTepialiiB i 3HWKEHHsI pobouoi TemnepaTypu Karoga). Ilpuknamom
Mar"eTpoHa 3 MaJluM 4acoM FOTOBHOCTI MOXe CIYXHTH MaruetpoH tuny MAG17,
napaMeTpy SKOTro puBeaeHi B Ta0u. 1. 2. Yac roTOBHOCTI MarHeTpoHa MeHIe 3 c.
TpuBagictb iMmyJsbcy. s MarHeTpoHiB Majoi MOTYKHOCTI BEJHKE 3HAYCHHS
Ma€ MOXJIMBICTh POOOTH NMPU MaIUX TPHUBAJIOCTAX IMIYNBCIB, OCOOIUBO MPH
BUKOPHUCTaHHI iX y 60pTOBHX BUCOTOMipax. ToMy o0 MaJoOMOTYy>KHI MarHeTpOHH
MaroTh JyXKe Manuii dac ycraHoBieHHs HBY konmBaHb i MaJUM TpPEMTIHHAM
(pOHTY IMIYNIbCY, BOHH JO03BOJISIIOTH NMPALIOBATH MPH TYy’KE KOPOTKHX IMITyJIbcax
— TtpuBajictio g0 10 He. Li X MarHeTpOHM HOPMAJIBHO MPALIOIOTh MpPU
3BHYAHHHUX TPUBAIOCTSX IMITYJBCIB 1...2 MKC.
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AHoaHa Hanpyra. ManonoTyXHi iMIOYyJIbCHI MarHETpOHH B 3aJICKHOCTI BiX
MOTY>KHOCTI 1 pobouoi wactoTm mpamiooTs npu U,;=0,8...10 xB. Minimanbhi
3HA4YEHHS BiJHOCSTHCS 10 MAarHETPOHIB JOBIOXBUIIBOBOI YACTHHU CAHTUMETPOBOTO
Jiama3oHy 3 BUXiJHOIO TIOTYXHICTIO B KiJIbKa COTEHb BaTiB, 2 MAKCUMaJbHI — JI0
MarHeTpoHiB KOPOTKOXBHIBOBOI YAaCTHHM CaHTUMETPOBOTO 1 MIiliIMETPOBOTO
nmiamna3oHis 13 Penx 10 10 kBT,
Maca. ManonoTyxHi iMIyJIbCHI MarHeTPOHH € Ty»e KOMITAKTHUMH TpHJIaaMH i
MalTh HeBenuky macy (m=0,2..2 xr). Haiimenmry macy MarOTh MarHeTpoOHH
KOPOTKOXBWJILOBOI YaCTHHH CaHTUMETPOBOTO piamazoHy 3 P,=40... 250 Br i
P=0,2...2,5 Br. 11i marHerporu po3pobiieHi ¢ipmamu Varian i Microwave Ass. i
maroth T=0,2...0,35 kr. Cepen HUX caMuM HaiulermuM € MarHeTpoH BL212, mo
npamoe Ha f=54..59 I'Tu i3 P,=100Bt. Moro m=185 r. Y marHerpoHa THIy
M5021 ¢ipmu Englich Electric V. m=l xr. Bin mae ¢ikcoBany po6ody 4acToTy B
miamasoni 9,38...9,44 T'Tu i xBunesignuii Buxigx HBY eneprii, P,=1,4 kBt mpu
K:=0,1%, Ua=2 kB i [,=2,25A.
MaJionoTyXHi iMITyJIbCHI MarHeTPOHHU TPOJIOBKYIOTh BiJlirpaBaTu BaXKIIUBY POJIb Y
pagioeNeKTPOHHIA amaparypi He3BaXkalOuM Ha pO3BHTOK TBepaoTumx HBY
rereparopiB. Bonu € HalOITBII KpaIuMU JIJIs 3aCTOCYBaHHSI B ariapaTypi TOMY, 10
JIO3BOJISIFOTH HE TUTLKU JOCATTH HEOOXiTHOI MOTY>KHOCTI i YaCTOTH KOJIMBAaHb, ale i
MaloTh IrepeBaru nepen TBepaoTimMu reHepatropamu HBY mo KKJI, wactotHOi
CTaOLIBHOCTI, MOXKIIMBOCTI POOOTH IPH AyXKE MaJIUX TPUBAIOCTSIX IMIYNbCIB 1 T.1.
Hum, 30KpeMa, i MOPO3yMIBaeTbCs Te, IO BUIYCK IMIyJbCHHUX MAarHETPOHIB
MPAKTUYHO HE 3MEHIIY€ETHCS.

1.2. KOAKCIAJIBHI MATHETPOHHU
KoakcianbHi MarHeTpoHH Ha BiIMiHY BiJl 3BHYaiiHUX OaraTope30HaTOPHHUX MAaIOTh
JOAATKOBUI CTaOIMi3yrounii pe3oHaTop KoakciadbHOTO THITy. HasBHiCTH 1OTO
pe30HaTOpa, BUHECEHOTO 3 MPOCTOPY B3aEMOJIl 3 €NEKTPOHHUM IOTOKOM i SIKUH
BOJIOJIIE BHCOKOIO HABaHTAXKYBallbHOIO JOOPOTHICTIO, 3a0e3nedye IiIBUIICHY
YacTOTHY CTaOibHICTh MarHeTPOHA, a TaKOX BEJIMKY J[OBTOBIUHICTH i BUCOKY
HaIiiHICTh poOOTH. 3a3Ha4YeHI JOCTOIHCTBA KOAKCIaIbHUX MarHeTPOHIB 0COOIMBO
BaXJIMBI B KOPOTKOXBHJIBOBIH YacCTHHI CAHTUMETPOBOIO Jiana3oHy XBHWIIb, €
MarHeTpoHH 3BHYAMHOT KOHCTPYKLIii MalOTh Mally AOBIOBIYHICTH 1 HEIOCTATHIO
HaxiiiHicTe. KoakciadbHi MarHeTpOHM 3aBASKM LM IIlepeBaraM BHTICHSIOTh
MarHeTpoHH 3BHYAMHOT KOHCTPYKLIi HE TUIBKM B PO3POONIOBANBHIN 1
MOJICPHU30BaHIil paJioCIEKTPOHHIN amapaTypi, aje W B amaparypi, II0
3HAaXOAUTBCS B eKCIUTyaramii. 3aTBepAKyeThCs, MO 3aMiHa 3BHYANHOTO
MarHeTpOHa KOaKCialbHUM MOXKJIMBA MPaKTHYHO B OyIb-AKii amaparypi mpu il
He3Ha4Hii jgopoOui. B manuii yac cepen ycix BUAIB MarHeTpoHiB Oiabin 60%
CKJIQJal0Th MarHETPOHHU KOAKCiaJIbHOT KOHCTPYKIIIi.
[MotyxHI KOaKciallbHI MarHeTpOHHW 3aCTOCOBYIOThCS B Ha3eMHiH 1 kopaOenbHil
pamioNoKaliifHIA CTaHLIAX MMOLIYKY 1 CIIOCTEPEKEHHSI, @ MArHETPOHU CEPEIHBOTO
pPiBHS TOTY)KHOCTI — Yy pafioNoOKaliiHUX CTaHLIsIX ODISLY, KEpyBaHHS
CTPUISIHUHOIO, 3a0€3MeYeHHs MOJIbOTY 10 TPAEKTOpii, IO IMOBTOPIOE DPENbED
MICIICBOCTi, @ TAaKOX y HaBiraimiifHiii i MeTeopoJIoTiuHil amaparypi Ha OopTy
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mitakiB i kopabmiB. ManonoTyxHi koakcianebHi MarHeTponu (3 Pu<10KBT)
BUKOPUCTOBYIOTBCS B MasiKaX, IMITyJIbCHHUX JOIUIEPIBCBKUX CHUCTEMax Ha OopTy

JITaKiB 1 pakeT, a TAaKOXX y MOPTATUBHUX PATI0NOKAIIHHIX CTAHIIIsX.

3a KOpAOHOM BHITyCKaeTbes Oipiie 200 TUTIIB KOaKCialbHUX MarHETPOHIB Ha pi3Hi
YacTOTH 1 piBHI MOTYXXHOCTI, TPU3HAYEHUX BUHATKOBO JUI POOOTH B IMIYJIBCHUX

pexxumax. TexHIYHMH piBeHb IIUX MAarHETPOHIB XapaKTEPH3YEThCS HACTYITHUMHU

OaHVMN.

Yacrora i moty:xkHicTb. KoakcianbHi MarHeTpoHH CTBOpeHi Ha wactotd 2,7...35

[T i3 P= 0,2 xBt1...3MBT i cepelHb010 MOTYXHICTIO Bijl JEKUILKOX BaTiB J10 2,2
kBT. 3 HHX Hail0inblIe YMCIO TpPU3HAYEHE AT POOOTH B KOPOTKOXBHIILOBIH

YaCTUHI CAHTUMETPOBOTO Jlialla3oHy.

Heo0OxigHicTh moAaiIbIIoro 30UIbIIEHHS JOBIOBIYHOCTI 1 MiABUILEHHS HaIiHHOCTI

IMIIYJIbCHUX T€HEPATOPiB MUTIMETPOBOTO Aiana3oHy XBHJIb IPUBEIN JO CTBOPEHHS
mie OAHOTO pI3HOBUAY MAarHeTpOHIB, IO OJEpXald Ha3By 3BOPOTHHO-

KoakcianpHMX. Ha BiAMIHY Bil KOakCiaJbHUX JIOJATKOBHM CTaOLIi3yrOUMiA
pe3oHaTop 00EpHEHO-KOaKCialbHOTO MAarHeTpoHa PO3TAlllOBaHHWHA ycepeauHi
npuiany, a KilbleBUH Katoq — 3 HOro 30BHINIHBOI CTOpOHU. Taka KOHCTPYKILis

JI03BOJISIE 3HAYHO PO3BUTH KaTOAHY YacTHHY MAarHeTpoHa 1 3HU3UTH IHTOME

HABaHTAXKEHHSI KaToJia 1 BiIIMOBITHO IMiJIBUIINTH JOBrOBIYHICTh MPHIAAY B LIJIOMY.

3BOPOTHBO-KOAKCIaJIbHI MarHeTpoHH cTBopeHi Ha yactortax 20...35 T i3 P,=10 ...
150 kBT, omHaK NpakTUYHOTO 3aCTOCYBaHHS B araparypi BOHU IIOKH HE OIEPKaJIH.

IlepedynoBa yacToTu. BijblIicTh KOAKCiaIbHUX MAarHeTPOHIB J03BOJIsIE POOUTH

nepebynoBy poOouoi uactotu. llpm 1nboMy mOBiNBHA mepeOyaoBa MOXKe
BimOyBatucs B Mexax 710 13% BiJl HOMIHAJIEHOT YaCTOTH, a MIBUIKA — Y MEXax J0

5% y 3aJeXHOCTI Bijl 3aCTOCOBYBAaHOTO CHOCOOY mepeOyoBH poOoYOoi 4acToTH i

MOTY>KHOCTi. MakcuManbHi MeXi MIBHJIKOI IepeOya0BH YaCTOTH JJIsi MAaTHETPOHIB

3 BiOpaliliHOW IepeOymoBo jaocsaraioTh 5%, 3 enekTpomartitHoroo 3,5%, 3

ripoHacTporoBadeM 2% i 3 m'€30€JeKTPUIHOIO TIepeOymnoBor0 1% Big HOMIHAIBHOT
4acTOoTH. MakcuMalbHa IIBUAKICTH NepeOydoBH IMPHU IbOMY B MarHeTpoHax 3

nepebynoBoto ckianae 220, 3 enekrpomaraitHoro 400, 3 ripoHactpotoBaueM 800 i 3
M'e30eNeKTpU4HOI0 nepedynoBoro 1000 MUKITIB y CEeKyHAY.

Crocobu mBHAakoi TepeOydoBM MAarHeTpOHIB  MPOAOBXKYIOTh  OE3yNUHHO

VAOCKOHATIOBATHUCS ISl TOCSATHEHHS OiNBII BUCOKOI IIBUAKOCTI 1 TiBUIICHHS

TepMiHy CIyXOM 3acTOCOBYBaHMX MexaHi3mMiB mnepeOynoBu. Ilopsn 3

YAOCKOHAJIOBAHHSIM  CIIOCOOIB  MIBHIKOI  elleKTpoMexaHiuHoi — mepeOyaoBu

3aKOPJOHHUMH (hipMaMH MPOBOASITHCS IHTCHCHBHI JOCHIKCHHS 31 31HCHCHHS

€JIEKTPOHHOI Mepe0yI0BH YacTOTH IMIYJIBCHUX MarHeTpoHiB. 30kpema, pipmamu

Thomson—CSF 1 Raytheon po3pobneni marnerpoHu 2- i 3-cM Jiama3oHiB 3

nepeOyJ0BOI0 YacTOTH 3a JOMOMOTOI0 (eppiTOBUX IIACTHH, PO3TAIIOBAHUX Y

JIOZIATKOBOMY ~ PE30HATOpPi 1 KEepOBaHMX MArHITHAM TIOJIEM  CIICIialbHOTO

enekrpomarHiTa. dipmoro Varian BeaeTbcsi po3poOKa KOAKCiaJbHOTO MarHeTpoHa

2-cM [Iianasony, mepedyaoBa YacTOTH SIKOTO 3IiHCHIOETHCS 38 JIOMIOMOTO0 P—I—7-
IiofiB, II0 € pEaKTUBHUM HaBaHTAXXKEHHSM KOAKCiaJlbHOTO PE30HATOpA.
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3acTocyBaHHS 3a3HaYCHHUX CIOCOOIB €JIEKTPOHHOI MepeOyaoBU 4aCTOTH J03BOJISIE
ICTOTHO 301IPIINTH MIBUKICTH IepeOyn0oBH 1 3a0€3MeYUTH BHYTPiIIHBO-IMITYJIbCHE
KOJTyBaHHSI CUTHAIIIB TePeIaBaIbHOTO MPUCTPOIO padioioKalifiHuxX cTanuii. Jeski
MarHeTpoHu 3a cHocoboM mepeOyJOoBH YacTOTH € OaraTopeXxMMHUMH. BoHu
MOXYTh TMpamoBaTd Ha (iKCOBaHIM YacTOTi, 3 TMOBULIBHOIO MEpedydoBOIO, 3i
IIBUIKOIO MPEIU3IHHOI0 NepeOyI0BOIO 1 3 IepeOyI0BO0 YAaCTOTH BiJl IMITYJIBCY JO
iMmoynbcy. lle posmuproe o6nacTi 3acTocyBaHHST MAarHETPOHIB 1 JI03BOIISIE
BHUKOPUCTOBYBATH ix y OararoQyHKI[iOHATTBHUX 3aBaJ[03aXUIICHUX
palioIOKAIIfHAX CTaHIIisIX.

CrabiabHicTh yacToTu. KoakciaiibHi MarHeTpoOHU B MOPIBHSHHI 31 3BHYAHHUMU
XapaKTepU3yIOThCs OUTBII BUCOKOIO CTabIIBHICTIO YAaCTOTH TOMY, IO IXHi 4acTOTHI
napaMeTpu (eneKTpoHHUN 3cyB yactotd, TKY, KoedilieHT 3aTsaryBaHHs 4acTOTH,
BiJIXOJIM YACTOTH BiJ IMITyJIbCYy AO IMIYJbCY) 3HAYHO Kpallli, Hi’)K y MarHeTPOHiB
3BUYANHOT KOHCTPYKIIIi.

EnexkTpoHHMIT 3CYB 4aCTOTH KOAKCialbHUX MarHETPOHIB 3HAXOAMTHCS B MEXKax BiJ
10 kI'/A B 10-cMm mianasoni g0 1 MI'/A B 8-mMM, mo B 3...10 pasiB MeHIe
3Ha4YeHb IBOTO IapaMeTpa B 3BUYaWHUX MarHeTpoHiB. TKY koakciaibHUX
MarHeTpOHIB TakoX y 2..3 pa3uw MeHIle, HDK Yy MarHeTpOHIB 3BHYAIHOI
KOHCTPYKIIii, TOMY IO 30BHIIIHIH pE30HATOP BHIYYEHHMU Bij JDKepena Teruia i
3BHYAlHO BHTOTOBISETHCS 3 1HBapY, a He 3 Miji. MiHimManpHi 3Hauenns TKY
cknagaoth ~ 60 kI['i/°C na vactoTi 3 I'T, 100 xI'n/°C ma wactorax mo 10 I'T'iy 1
150 xI'u/°C na yactotax no 35 I'T1r.

KoedimieHT 3aTsryBaHHs 4acTOTH B KpalIUX KOoakciadbHUX MaraeTpoHis npu KCX
HaBaHTaxeHHS ~ 1,5 gopiBHtoe 2 MI't Ha wactoti 3 [T, 5 MI'1 Ha wacToTax A0
16 ITu 1 15 MI'n Ha wacrorax g0 35 [T, mo takox y 3...5 pa3iB MeHIIe, HIX Y
MarHeTpoHiB 3BHYAiiHOI KOHCTpyKmii. KoakcianbHi MarHeTpoHH, KpiM TOTO,
XapaKTepU3yIOThCs MaJMMH 3HAaUEHHSIMH BiJIXOJly YacTOTH BiJl iMIYyJbCy [0
IMITyJIBCY, 110 CKJIAJar0Th JECATKH KiTorepiiB Ha dvacrotax jgo 16ITm. Ilo
KUTBKOCTI MPOMYIIEHUX IMITYJIbCiB BOHM Maiike Ha MOPSJOK Kpallli 3BUYAHUX
MaraerpoHiB. KilbkicTh IPOMYIIEHNX IMITYJIBCIB y 0araThOX THIIB KOaKCiaTbHUX
marHeTpoHiB ckiamae 0,1..0,25 %, a B xpamwmx 3paskiB 0,05 %. 3a3Haueni
MepeBaru KOaKciaJbHUX MAarHETPOHIB € 0COOJIMBO BaXKJIMBUMH MPHU BUKOPUCTAHHI
WX MPUJIAIIB Y PalioIOKAI[IfHIX CTAHINAX 13 cenekiliero pyxomux Iriteid (CPLL).
KKO. VY KOpOTKOXBWJILOBI 4YacTWHI caHTHMeTpoBoro miamazony KKJI
KOaKCiaJJbHUX MarHeTPOHIB, SIK MPaBWJIO, TPOXU BUIIE TMOPIBHIHHUX MarHETPOHIB
3BUYAWHOT KOHCTPYKIIii. MakcumanbHi 3HaueHHs KKJ[ y 3amexHocTi Big podouoi
YaCTOTH 3HAXOIATHCA B Mexkax 26...56 %.

Maca. He3Baxkatoun Ha Te, 10 KOAakKcialbHI MarHeTPOHH MalOTh TPOXU OUTBIIMN
JiamMeTp aHoja, iXHS Maca HE TMEpPEeBHINye Macy MAarHeTpOHIB 3BHYANHOI
KOHCTPYKIIii. [le MOosICHIOEThCST THM, III0 BUCOTa aHOHOTO OJIOKY ITUX MarHeTpOHIB
MEHIIA 1 BIANOBITHO MEHIIWH 3a30p y MarHiTHIA CUCTEMI, a TOMY MEHILI radapuTi
i Maca mnocTtiiHuX MarHiTiB. MiHiManpHI 3HaYeHHS Macl MarHeTPOHIB Yy
3aJIe)KHOCTI BiJl iMIyJIbcHOI MOTY>KHOCTI ckianaioTs 20..25 xr mpu P,=1 MBT,
omu3bko 3 kr npu P,=100 kBt 1...2 kr npu P,~10 kBT.

- Citation

Similarity from a chosen source References

abc | Possible character replacement


https://corp.unicheck.com/

() UNICHECK

[JOBroBiYHICTb. TapanriiiHuii TepMiH CIIy)KOUM KOAKCialbHHX MAarHeTPOHIB
3HAaXOAUThCS B Mexkax 1.5 tucsu roguH. HaiGinpmwii rapanTiiHuil TepMmiH
ciyx0u (5 THCSIY TOIWH) MAalOTh OKPEMi TUIIM MAarHETPOHIB, IO BUITYCKAarOTHCS
¢dipmoro EMI-Varian. ®aktnuanii TepMiH ciyk0u cknazgae 3...10 Tucsa roauH, a
IpH poOOTI B ICIKHUX JIFOUMX CUCTEMaXx BiH gocsrae 30 TUCSIY TOAMH.
Bucoxi 3HaYeHHST JOBrOBIYHOCTI 3a0€3MeuyroThCs 3aBASKH 3aCTOCYBAHHIO B IHX
npuiagax JesKuX 3aXo/iB sl 3HKEeHHS HanpykeHocTi HBY momtoun B mpoctopi
KaToJl — aHo/l, 3MCHIIICHHIO OOMOapyBaHHsI KaTojia i po3MIICHHIO HOro akTHBHOT
PEYOBHMHHU, 30UTBIICHHIO YWCIIA PE30HATOPIB 1 BiJMOBITHO 3HMKCHHIO MHUTOMOIT
MOTY>KHOCTI, IO PO3CIIOETHCS HA JIAMEISX PE30HATOpiB, a TAKOXK 32 PaxyHOK
BUKJIIOUYEHHS 3 KOHCTPYKILil MarHeTpoHa BY3IiB, 5IKi MOXKYTh CIPUYMHUTH NPOOii
MK pE30HAaTOpaMU. 3acTOCYBaHHS  KOAaKCiaJlbHUX MAarHeTPOHIB  3aMiCTh
MarHeTpoHiB 3BHYAMHOT KOHCTPYKLil /A03BOJIsi€ 30UIBIIMTH  JOBTOBIYHICTH
PaaioeneKTPOHHOI amapaTypH B 5 pasis.
Jesike mpeacTaBiIeHHs PO MapaMeTpH i eNeKTPUYHI PEXKUMHU POOOTH IMITYILCHUX
KOaKCiaTbHUX MarHeTPOHIB JIAIOTh BiZIOMOCTI, IpuBeeHi B Ta0m. 3. Y Tabmn. 1.3 gk
NPUKIIaA MPUBENEH] JaHi OKPEMHX THUIIB MOTY>KHUX KOAaKCiallbHUX MAarHETPOHIB.
Cepenl HUX TpPHUBEACHWH, 30KpeMa, OAWH 3 HAWOUIBII TOTYXHHX NpUJIaJliB
MaraetpoH 10-cm nmianazony tuny VMS1143.

Taonuuns 1.3

OcHoBHi napaMeTpu JiesiKMX THIiB
NOTYKHHX KOAKCiaJIbHUX MATHETPOHIB
1.3. MATHETPOHMU BE3IIEPEPBHOI'O PEXKUMY

MarneTporn 0€3MepepBHOTO pPEXHUMY 3acTOCOBYIOThCs isi HBY narpiBaibHOT
amaparypy IMPOMHUCIOBOTO 1 TMOOYTOBOTO TPU3HAYCHHS, a TaKOXK Yy OOpTOBiit
pajioTexHIuHil amapaTypi HaBiraimii, MOIIyKy i1 crocTepekeHHs. 3a pyOekeM
BUIyCKaeThes OUbn 80 TUMIB IMX MarHETPOHiB, MpuioMy Onu3bko 70% 3 HHUX
npusHadeHo st HBY narpiBanHsi.
3 BeNHMKHM YCIXOM BOHHU 3aCTOCOBYIOTHCS B Xap4OBid MPOMHCIOBOCTI st
CTepuITizailii, 30epeXeHHs CBIXKOCTI 1 TOTYBaHHS XapUOBUX MPOAYKTIB, Y MEJHUIINHI
Ui AlatepMii, y BUPOOHHIITBI IUIaCTMAC, & TAaKOX IS CYLIIHHS A€IKHX MarepiajiB
1 NpOAOyKTiB (HampHWKIaj, AEpPeBHHHU, (GoTope3ucty i iH.). OcobmmBO MacoBe
3aCTOCYBaHHS 3a3HaueHi MarHeTpoHHM onepxkanmu B noOyroBux HBY mewax,
BUPOOHMIITBO SIKUX MIOPIYHO 301MBIIYETHCS B 3B'A3KY 31 3pOCTAIOYMM IMOMHUTOM
HaceneHHs. HBY meui cranm momynsipHUMHU cepej] HacelleHHS TOMY, IO BOHH
3a0€3Meuy0Th CKOPOUYCHHS Yacy TOTYBaHHS iXki, EKOHOMIIO eJIeKTPUYHOI eHeprii i
MOXKITUBICTh BUKOPUCTAHHS LIOAO0 JICHIEBHX 3aMOPOKEHUX MPOIYKTIB.
Marnetporu Oe3MepepBHOTO PEXHUMY, IO OIliHKaX 3aKOpJAOHHHUX (axiBIliB, €
HaOIbI IpuaaTHUMU JoKepernamu HBY eneprii mist moOyTOBUX medeid, ToMy IO
BOHM HaWOIIBII KOMIAKTHI, €KOHOMIYHI, HafiifHI 1 MarOTh HaWMEHIIy BapTiCTh
BUroTOBJIEHHS. Lli mepeBarn MarHeTpoHiB 30epiraloTbCsl 1 NPy BUKOPUCTAHHI AT
nux miiedt TBepmorimmx pkepen HBUY eneprii ocoomuBo mo KKJI i Baprocri.
TexHiyHM piBeHb MAarHETPOHIB O€3MEPEPBHOTO PEXHUMY XapaKTepU3yeThCS
HACTYITHUMH JaHUMHU.

Similarity B Citation
Similarity from a chosen source References

abc | Possible character replacement


https://corp.unicheck.com/

() UNICHECK

Similarity

Yacrora i noryxHicTs. MarneTpoHu 6e3nepepBHOTO PEXUMY BUIYCKAIOTHCS IS
pobotu Ha f=0,35...10,5 I'T. Haiibinpmie yicno TUMIB HUX MarHeTPOHIB CTBOPEHO
Ha gactoru 0,915 1 2,45 I'T'u, BuaLIeH! BiAMOBITHO O MIKHAPOIHOT yroau JyIs
HBUY narpiBanss.
JoBruii yac Haii0inpma moTyxHicTs MarHeTponi a1t HBY narpiBanns cknanas
25 kBT. B ocranni poku Pgsux IUX NpwiagiB Oyna 3HavyHO migsuiieHa. CroyaTky
snoHcbkoro (ipmoro NJRC OyB po3pobnenuii MaraeTpoH tuiy M1265 i3 Peux=60
kBT, a notim kanaacekumu pipmamu Atomic Energy of Canada Ltd. 1 Varian Ass.
of Canada Ltd. 6yB cTBOpeHUiT MarHETPOH Y IIbOMY X Jliana3oHi 9acToT i3 Peux=100
kBT (Ta6mn. 1.4). OTpumana MOTYXKHICTh HE € TpaHUYHOK. Ha MyMKy KaHaJIChKHX
¢axiBuiB, Ha 6a3i po3poOICHOT HUMU KOHCTPYKIIT MOXKHA MiABUIIUTH Pgux 1HX
MaraeTpoHis 10 250 kBT.

Taoaunsa 1.4

MapameTpun MarHeTpoHiB Ge3nepepBHOTO
pe:xxumy i HBY narpiBanns

Y Mar"eTpoHiB, NpU3HAYECHUX JUIsI PATIOTEXHIYHOI amapaTypH, MaKCUMallbHa
Psux=200 Bt Ha uactorax 0,35..2,5 I'Ti i Psux=300 Bt Ha wacrori 10 I'Tm. ¥V
MarHeTpOHiB JyIs MoOyToBUX meve Ha =2,45 [T TumnoBa Peux=600...800 BT.
KCX. BigMiHHOIO pHCOI0 MarHeTpoHiB, npu3Hadenux uist HBY HarpiBanHs, € iXHS
pobora Ha Hey3rojkeHe HaBaHTaxeHHs. Lle mosicHroeThess ThMm, 1o HBY
XapaKTepUCTHKH OOPOOIOBAaHUX MaTepialiB i MPOAYKTIB iCTOTHO 3MIiHIOIOTHCS B
yaci miJ BIUTMBOM BHCOKOUYacTOTHOI eHeprii. MakcumanbHo mpunyctumi KCX
HABaHTAKEHHS JUIsl OUTBIIOCTI MarHeTPOHIB NP JKUBJICHHI BiJl HECTaOL1i30BaHOTO
BUIPSIMITIOBAYA 3HAXOAATHCS B Mekax Big 4 (mpu TpuBaiiii podorti) ao 8...10 (npu
KOpOTKOYacCHHWX BIUIMBax). [Ipu >KMBJIEHHI Bijg BUIpsMIIOBada 3 (iIbTpalieio
MOMBa cTabinbHa pobota MaraerpoHa npu KCX HaBaHTa)keHHS, IO TOCSTAIOTh
8...10, a pu KUBJEHHI BiJl MEpeXi 3MIHHOTO CTPYMY 31 3HAUHUMH IyJIbCAIiISIMU
Hanpyru npumyctuMuit KCX HaBaHTa)KeHHs 3SMEHITYEThCS 10 2...4.
KK/. Haii6inemi KK/ qocsrHyTi B MOTY>)KHUX MarHeTpoHaX, MPU3HAYCHUX IS
HBUY narpiBanns. binbmicts mux marterposiB MaioTb KKJ[~70%. B oxpemux
THUIIIB MarHeTPOHiB aenuMeTpoBoro giamazony KKJ[~78...80 % (Tabm. 1.4).
JoBroiunictb. IlinBumenns noBrosiuHocti reHepatopiB HBY € opniei 3
KITI040BUX Ipobiem 3nemesnenns HBY eneprii. 3a octanni 5 pokis ¢ipmu CLLIA i
SAnownii (Litton, Toshiba, Hitachi) migBummmm TepMiH CiIy>kOM MarHeTpOHiB
oe3nepepBHOTO pexkumy 3 500 g0 2000 romun. o 1975 p., rapaHTiiiHUi TepMiH
CIIy>)kOM MarHeTpoHiB NpH BHUKOpHCcTaHHI B moOytoBux HBY mewax 3 obGmikom
[IOIGHHOTO TPHPa30BOTO BKIIOUEHHS CKjiagaB 2..5 pokiB. B manwmii uac
MIPOTHO30BaHUH TepMiH ciyxOu 3a3HaueHux HBY meueit mpu BHUKOpHCTaHHI
OKpPEeMHX THIIB MarHeTpoHiB (Hampukman, L5260A i 2M71) cknamae 10 pokis,
TOOTO HAOIMKAETHCS JIO IOBFOBIYHOCTI 3BUMAHUX T'a30BUX 1 €IEKTPUYHUX TUIUT.
[lapameTpn OKpeMHX THUIIB MarHeTpPOHIB Ui INPOMHCIIOBOIO HarpiBaHHS 1
noOyroBux HBY neueit npuseneni B tabin. 1.4. Cepen MarHeTpoHiB, MpU3HAUYCHUX
i nobyroBux HBY meweid, naiGinbm po3noBcromkeHuM y €spomi, CHIA i
SAnownii € margetpon tuny 2M53. Bin BunyckaeTbes sSmoHcbKot0 ¢ipmoro Toshiba
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Yy BEIMKUX KUTBKOCTSX (O0nmu3pko 200 ThC. mWT. y piK) 1 € caMuUM JeleBUM
marmerpoHoM s HBY meueit. Cepen aMepuKaHCBKMX MArHeTPOHIB CIIij
3a3HaYUTH MarHeTpoH tumy L5260A, mo Bumyckaetbest dipmoto Litton. Lleit
MArHETPOH Pa3oM 3 MATHITHOI CHCTeMOKO i (insrpoM mae m=1,35 xr. Horo
rabaputHi po3mipu He mepeBumytoTh 114x127x123 mm. MarHeTpoHu Uist
MIPOMUCIIOBOTO HarpiBaHHS B OUIBIIOCTI BHUIAJAKIB MarOTh 30BHIIIHIO MarHiTHY
CHCTEMYy Ha TMOCTIHHUX MarHiTax 4d eJIeKTPOMArHiTax i CHCTEMY MPHUMYCOBOTO
PIAMHHOTO YM MOBITPSHOT'O OXOJIOIKECHHSI.
J5is 3aXUCTy BiJl MEPEBaHTAXKEHb Y IIUX MarHeTPOHAX 3aCTOCOBYIOThH 30BHIIIHI UM
BOynoBani HBY i3omsaTopu y BHII TPHOXIDIIYHUX (EPPITOBUX MUPKYIATOPIB 3
BOISHUM HAaBAHTAXKCHHSM, a Ul 3HIDKCHHS Mapa3UTHOTO BUIPOMIHIOBAHHSA —
BOynoBani katonHi HBY QineTpu. Y HaanmoTyKHUX MarHeTpOHax MPUHAMAIOTHCA
JIOJJATKOBI 3aXOJU IO ITiIBUIEHHIO EJIEKTPUYHOI MIITHOCTI KEPaMiuyHOTO BiKHA
Buxoay HBY eneprii i mo #oro oxonomkeHHto. J[1s 1i€i METH BUKOPHUCTOBYIOTH
KepaMiKy 3 MiJBHUINEHOI TEIUIONPOBIAHICTIO 1 CUCTEMY OXOJOMKEHHS BiKHA 3a
JIOTIOMOTOI0 TETUIOBUX TPYOOK.
Maruetponu aisi moOyTOBHX TeUel BHITYCKAIOTHCS B OCHOBHOMY 3 BOYIOBaHOIO
MarHiTHOI0 CHCTEMOIO Ha IOCTIMHHMX MAarHiTax, MalOTh MPSIMOHAKAJIBHHUN KaTol 3
BoNb()paMy 3 MaJoI0 TEIJIOBOK IHEPIEl0 1 pajgiatop s MPUPOJHOTO YU
MPUMYCOBOTO MOBITPSHOTO OXOJOMKEHHS. Y OUIBIIOCTI WX MAarHETPOHIB 3 METOIO
3aro0iraHHs BUTOKY BUCOKOYAaCTOTHOI €HEpril uepe3 KaTogHy HiKKY 3aCTOCOBYIOTh
BOynoBani katonHi HBY ¢ineTpu.
Maruetpor MA8000 miist mobytoBux HBY meueit npaioe Ha f=2,455 I'T1 i3 Paux
=600 Bt y Oe3mepepBHOMY PEKHMi, BUITYCKAETHCS STMOHCHKOIO (ipMOI0 Sanyo
Electric, mae mysxe mani rabaputHi po3Mmipu i T=1 Kr.
[IpuknagoM KOHCTPYKTHBHOTO OQOPMIIEHHS TeHeparopiB, NpU3HAYEHUX IS
npomucioBoro HBY HarpiBanns, € maraetpon F1123, mo Bunyckaerbes GipMoro
Thomson-CSF. Maruerpon F1123 nmpu po6oTi, Ha ¢ikcoBaHili 4acTOTi B MeXax
2,43...2,47 I'Tu mae Peyx=5 kBT mpu U,=5,2 kB i I,=1,6 A. Woro maca ckianae 6,5
KT.

14 MITPOHHU
Cepen HBY npunaniB MarHeTpOHHOTO THITy OCOONMBE Miclie 3aiMalOTh MITPOHH,
poboda yacToTa SKHX NepeOyJOBYEThCS 3MIHOK aHOAHOI Hampyru. EnextponHa
nepeby10Ba 4acTOTH B IIUX MpHIIaAax 3a0e3Meuy€eThesl 32 JOIMOMOTOI0 CHCTEM, IO
CTOBIJIBHIOIOTb, 31 CTA0KO BUPa&KEHMMH PE30HAHCHUMH BIIACTHBOCTIMH. Y SKOCTI
TaKUX CHCTEM 3aCTOCOBYIOTHCS 3yCTPiUHI IITHPI, pO3TAIIOBaHI HABKOJIO KaToja 1o
yTBOprOouoi mnwiIiHApa. MiTpoHn B mOpiBHAHHI 3 iHmmMu Buaamu HBY
reHepaTopiB MarOTh JiHIHHY 3aJIe)KHICTh YaCTOTH BiJl KEPYIOUOT0 HANIPYTH 1 MEHIITY
HEPIBHOMIPHICTh aMIUTITYJIHO-4aCTOTHOT XapaKTEPUCTHUKHU. 3aBISKH 3a3HAYCHUM
JOCTOTHCTBAM IIi TIPWUJIANW OJIEPXKAIIM JOCUTh IMUPOKE 3aCTOCYBaHHS B Pi3HIH
pazioenekTpoHHIN anaparypi. B nanuii yac MITpOHM YCHIIIHO 3aCTOCOBYIOTHCSA SIK
reTepoArHU  MPUHOMHUX  MNPUCTPOIB, CBIN-TEHEPATOpPiB Yy  MaHOPaMHUX
BUMIPIOBAIBHUX MpHiaJax 1 T1epeOydoByIOUMX TeHepaTtopiB B amaparypi

pagionpoTusii. Mitponu 3 i IBUTIICHOO BHXiTHOIO MOTYXHICTIO
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BUKOPUCTOBYIOTbCS B IepelaBaIbHUX  MNPUCTPOSIX  PadiomNiApUBHUKIB,
QIBTUMETPax, BUMIPIOBAJLHUX TeHeparopax, sK 30yaHukiB MmoryTHix HBY
NpUiaaiB, a TakoX y MepeAaBadyax CTaHIIH 3aropo/KyBalbHUX MEPEHIKOa 1 B
amaparypi 3B's3Ky.
3a KOpJIOHOM BUIYCKa€eThcst 01 170 TUMIB MITPOHIB Ha Pi3HI poOOYi 4aCTOTH i
MOTYXKHOCTI, MPU3HAYEHUX BHHATKOBO JJIsI pOOOTH B OE3MEPEPBHOMY PEKHMI.
OcTaHHIM 4YacOM BiJ3HAYA€ThCS 3HAYHE CKOPOYEHHS PO3pOoOOK 1 BHUPOOHHUIITBA
MITPOHIB MaJjOi TOTYXHOCTi, TIOB'S3aHE 3 PO3IIMPEHHSM BUIYCKY TBEPIOTIIHX
HBY npunajis, oo MiJIKOM 3aMiHSIOTh MaJIOTIOTYKHI €JIEKTPOBAKYYMHI MPUIIAIH,
y TOMY 4YHCHI W MITpoHH. TeXHIYHWI piBEHb MITPOHIB XapaKTEePHU3YEThCS
HACTYITHUMH JIaHHMHU.
Yacrora i noTy:kHicTb. [cHyr0Ui MITpOHHM MpamoOTh y Aiana3zoni yactoT 0,2...11
ITu; OimblricTh MITPOHIB po3paxoBaHa Ha poboTy B miamasoni f=2..40TL.
Buxinna notyxHicts MiTpoHiB ckiagae 10 MBt...500 BT. 3a noTyxHicTio npunaau
IBOTO THITy MOKHa YMOBHO PO3AUTUTH HA TPU TPYIHU: MAIONOTYXKHi, CepeaHbol
MOTYXKHOCTI 1 oTyXHi. ManonoTyxHi MiTpoHH 3 Peux=10 MBT...1BT mpamtoroTs y
mianazoni wactor 0,2...11 I'Tu. HaiiGinabin po3MOBCIOIKEHUMH € MITPOHH
cepeanboi moTyxHocTi (1...10 Bt), mo npaigotots y aianazoni gacrot 0,4...7 ['T.
Mitponu 3 Peu>10 Bt BimHOCSTBCS 70 yricna moTyXKHUX. CaMUM MOTY>KHUM cepel
BiJIOMUX TpUJIaiB 1[boro THITY € MiTpoH 500S2,9-3,1, mo Bumyckaethes (ipmMoro
Mictron. MakcumanbHa MOTYXHICTh MiTpoHiB ckinagae 100 Bt wva f/=10I'Tm, 500
Bt ma /=3 [T i 100 Bt va /=10 I'Tu. He tak maBHo ¢ipmoro Mictron Oys
po3pobnenunit MiTpoH Tuiy 500S 2,45 i3 Peux=500 Bt Ha f=2,45I'T'11, npusHayeHuit
Ut BUKopucTanHs B mooyroBux HBY nmewax. 3aBnsku MOXINBOCTI Oe3mepepBHOTO
CBIMUPYBAHHS YaCTOTH BAAETHCS 3MEHILIUTH «XOJIOAHI 00JacTi» B 00poOIIOBaHOMY
npoaykTi. [lapameTrpu MiTpoHiB npuBeneHi B Tadn. 1.51 1.6.

Taonuuns 1.5

OcHoBHI mapaMeTpn MaJONOTYKHUX MiTPOHIB
Taonuuns 1.6
OcHoBHI mapaMeTpH NOTYKHUX MiTPOHIB

IlepedynoBa yactoTu. BigHOImIEHHS MaKCMMaJbHOI YacTOTHM O MIiHIMaJbHOI Y
MiTpoHiB cknagae 1,05...3,0. HaiiGinpmie 3HaueHHS BiAHOCHTHCS A0 MITPOHIB
Majoi TOTYXHOCTi. 3 POCTOM YacTOTH 1 TOTYXKHOCTI Jiama3oH mepeOyIoBU
CKOpOUYEThCS. 30KpeMa, JUIsi MITPOHIB CEPEIHBOI MOTYXKHOCTI Il KoeQillieHT
JOPIBHIOE 2, a s MOTY>KHUX MITpPOHiB 1,5 i MeH1Ie.
HacrporoBajibHa XapaKTepUCTHKAa MITPOHIB Onm3bka 10 JiHiWHOI. Tunose
BiJIXWJICHHS peajbHOT YaCTOTHOI XapaKTepUCTHKH BiJl JiHIMHOI y BChOMY Jiama3oHi
nepeOynoBu He nepeBuirye =1 %, a B OLIBII By3bKOMY JIiala3oHi NepeOyIoBy He
6inpmr +0,5 %. Kpyricte mepeOynoBH B 3aJ€XHOCTI BiZl poOOuYOoro iamazoHy
gacror 0,2...10 MI'n/B. HaiiGinbmie 3Ha4eHHS BiIHOCHTHLCS JIO MITPOHIB 3-CM
niamazony. Lli 3HauenHs icrorHo Menuni, Hix y JI3X O-tumy, ToMmy 11 KepyBaHHS
4acTOTOIO MITPOHA BUMAararoThCs MEHII OTYXHI MOIYJIATOPH.
MiTpoHH MarOTh TaKOXX TapHY MOBTOPIOBAHICTH HACTPOIOBAIBHUX XapPaKTEPUCTHK,
110 TPY NPaBUIIBHO OOpaHMX JKEpeIiax KUBJICHHS OLIHIOETHCS PO3KHIOM y MEXKax
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+0,1%. MakcumaiibHa MIBUAKICTH TepeOymoBu MiTpoHiB mocsrae 200 T1y/mkc.
Peanizamis 1€l MIBUIKOCTI 3aJIEKUTh BiJl MOKIUBOCTEH 1 SKOCTI MOIYJISATOPIB
HaIpyTH.

CrabinpHicTh YacTOTH MITpOHIB, K 1 iHmMX HBY mpunagi 3 mepeOymoBoro
4acTOTH 3MIHOIO po0O0Y0i HANMpyrH, BU3HAYAETHCS TOMIOBHUM YHHOM CTa01IBHICTIO
Jokepena kuBieHHs. CTBOPEHHST TaKoOTrO JUKepesla >KUBICHHsS JJisi MIiTpOHA
npocrtime, Hix it JI3X O-tumry, TOMy 10 KpyTiCTh epeOyI0BH MiTpoHa Maiike
Ha TOpsAAOK MeHiie. YacTtorHa HeCTaOLIbHICT, Mpu poOOTI 31 3BUYAHHUM
JDKepeJIoM JKUBIICHHS cKiagae 1%, a mpu 3acTocyBaHHI cTaOLTI30BaHUX Kepel
BoHa Moxe Oytn 3meHmenHa 1o 0,06 %. Ilpy HeoOXiZHOCTI MOANBIIOTO
MiABUILEHHs CTaOlIbHOCTI YaCTOTH 3aCTOCOBYIOTH CXEMH 31 3BOPOTHHUM 3B'S3KOM
abo crmocoOu CHHXPOHI3alili YacTOTH Bil 30BHIIIHBOIO TeHEpaTopa. AMILIITYAHI
IIyMH MITpPOHIB, BUMIpsiHI TpH 3CyBi Bij poOodvoi wacrotu Ha 30 i 60 M,
cknangarTs 90 nb/MI'nt (mus mmpokosiana3oHHUX MiTpoHiB) 1 100ab/Mriy (ams
By3bKOMiama3oHHUX). IHTerpaysibHi Imymu B cMy3i dgactor 100k[...100MI'ng
npubnu3HOo Ha 65 1b HIbKYe PiBHA KOJMUBAHb HA HECYININA YaCTOTi.

Sxuio panime BiJ3HAYajoOCs, MO CTBOPEHHS MITPOHIB 3 MalMMHU IIyMaMH,
nopiBHSIHHEMHU 13 1mymamu JI3X 1 BiIOMBHMMH KJIICTPOHAMH, € HEPO3B'S3HOIO
3aJja4ero, TO 3apa3 BiloMO 0arato MPOMUCIOBHX THIIIB MITPOHIB 3 MaJIUMHU
mymamu. JIo HUX BIIHOCSTBCS, HANpHKIaA, MiTporn ZM6223 i ZM6201, mo
Bumryckarotbes ipmoro General Electric. Y nepmoro tumy miTpona mpu Penx=1 Bt
amIuTiTyaHi mymu cknazgaiote 135 ab/I'n, y apyroro npu Pewx=1,35 Bt — 155
nb/lu.

KK/. Haii6inemi KKJ[ matore motyxkHi MiTpoHu (45..72%). B oxpemux
nabopatopaux 3pazkax 1=78...80%. ManonoTyxHi MITpOHH XapaKTepU3yIOThCS
MOpiBHAHO HeBeMKUMU 3HaueHHsMu KK, mo cknangarots 5S...15%.

MinHicTs. MiTpoHH 3aBASKH MaJIUM pO3MipaM 1 TBEpAid KOHCTPYKIl BOJOMIIOTh
BHUCOKOI0 MEXaHIYHOIO MIIHICTIO 1 € JyXe CTIHKUMH JI0 BIUTUBY IHIIHX
eKCIUTyaTalliftHuX ¢akTopiB. BOHM yCHINIHO BUTPUMYIOTH MEXaHIuHI ynapu 3
npuckopeHusiM Bumie 1000 g, BiOpamito 3 mpuckopeHHsM 20g 1 TPaHUIHOIO
gactotoro 2000 I'm. Kpim Toro, BoHH CTiiiko mpaIfroroTh Ipu Toxp= -55...+125°C,
OpH  ONPOMIHCHHI HEWTpoHAaMu 3 iHTeHcuBHicTIO 2,55*10° pam/c i ramma-
NPOMEHAMH 3 iHTeHcHBHicTIO 1,68*107 pan/c.

Maca. MiTpoHu B 3aJIe)KHOCTI Bil MOTYXKHOCTi i poOOYOi YACTOTH MArOTh Pi3HI
rabaputHi po3mipu 1 macy. 3aranbHui 00’€M, 3aliMaHU MITpPOHAMH, CKIAAae
150...600 cM’, a ixust maca 0,25...3,5 kr. 3Ha4Hi ycIixu B MiHiaTFOpH3allii MiTPOHIB
JOCATHYTI OCTaHHIM YacOM 3aBJSKH 3aCTOCYBaHHIO MarHiTHHX CIUIABIB 3 BUCOKOIO
MarHiTHOI eHepriero. e 103BoNMIO CTBOPUTH MAarHiTOEKpaHipOBaHHI MITPOHI i
noBecTH ixHii 06’em 10 150...200 cm’.

Cepenl MiHIaTIODHHX MITPOHIB 3acCJIyrOBye yBaru MiTpoH ¢ipmu Mictron. Bin
po3paxoBanmii Ha poOory B miamazoHi f=0,5..1,0 I'Tm mpu 3mini U, B Mexax
250...500 B. Maca wnporo MitpoHa He mnepesuirye 0,25 kr. 3acTocyBaHHS
MiHIaTIOpHUX, MAarHiTOEKpPaHipOBaHWX 1 HU3bKOBOJBTHUX MITPOHIB 3a0e3mnedye
LliJibHE  KOMIIOHYBaHHSA  amapaTypu 1 3MeHIIye i  3araJbHy  Macy.
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MarniToekpaHipoBaHi MITPOHI HEYYTIMBI A0 30BHILIHIX MAarHiTHHX IMOJiB A0
30*10* To.
[ OBroBiYHICTb. apanTiiiHuii TepMiH CIy>KOM MITPOHIB 3aJICKHUTH BiJ BHXiTHOT
notyxkHocTi 1 ckmagae 500...1000 rogun. Halimenie 3Ha4eHHS BiTHOCHUTBCS 10
MOTY>KHUX MITpoHiB. OpHak (QakTHYHHHA TEepPMiH CIyX)OW MITPOHIB Habaratro
NICPEBUIIYE TapaHTiIHHI 3HA4YeHHS. SIK TMOKa3ajiu AOCiAM, TPOBEICHI (ipMOoro
General Electric, ¢paktuunuii TepMmiH ciry>k0u MIiTpoHiB 3 Penx=1...3 BT nepesuiye
5 THCSY TOAMH, a MITPOHIB 13 Peux=7...10 BT cknanae 3 tucsa romus. IoTyxHi
MITpOHH 3 Paux ~100BT MaroTh Tepmin ciryx6u 500...1000 roa. MiTpoHH ocTaHHIM
9acoM CTaJld 3aCTOCOBYBATHCS HE TIAbKH ISl TeHepamii MOHOXPOMAaTHYHHX
KOJIUBaHb, aJI¢ 1 y SKOCTi reHeparopis mryma. [lepiii moBigoMiIeHHS PO CTBOPEHHS
MPSIMOLIYMOBOTO MiTpoHa Oynu omyOiikoBaHi ¢ipmoro Mictron y 1966 p. [loaiowni
reneparopu po3pobieni a /=0,2...7 I'T11 i3 Peux =0,25...2 Br.
XapaKTepUCTUKY MPSMOILIYMOBHX MITPOHIB IpuBezeHi B Ta0in.1.7. IpsmonrymoBi
reHepaTopy Ha OCHOBI MITPOHIB MarOTh J€sIKi JOCTOIHCTBA. BOHM MaloTh MIMPOKUIN
Jiarma3oH eIeKTPOHHOI epeOyJOBH YaCTOTH, Y SIKOMY IITYMOBI KOJHMBaHHSI MOXKYTh
nepeMilliaTUCsT 3 BEIHMKOIO INBUJKICTIO. 3MIHOK PEXUMY POOOTH Ii MITPOHH
MOXXYTh TEPEBOJUTUCS B PEKUM 3BHYANHUX MOHOXPOMAaTMYHMX KonuBaHb. Ilo
IHIIMX EeKCIUTyaTallifHuX XapakTepUCTHKax (MeXaHI4HOI MIIHOCTI, rabapuram,
Maci, HBIISTYMM HAmpyram) BOHUM HE BiJPI3HSIOTBHCS Bijl 3BHYAHUX MITPOHIB
MaJIoi OTYKHOCTI.
Tabmmuns 1.7
XapakTepucTHKH J1a00paTOPHUX 3pa3KiB NPSIMOLIYMOBHX MITPOHIB
VY 3B'a3ky 3 po3BuTkoM TBepAoTiimx HBY reneparopiB BHIyCK MalOMOTYKHHUX
MITPOHIB HIOPIYHO CKOPOUYETHCS. PO3pOOIAIOTHCS TIIBKA MITPOHHU 3 T ABUILIEHOIO
BUXIJTHOIO TOTYXHicTio. [Ipn mpoMy Benmka yBara NpUAIISETHCA IiJBUIICHHIO
KK, momimimeHH® 4YacTOTHOI  CTaOUIbHOCTI, PO3IIMPEHHIO  Jiana3oHy
€IIEKTPOHHOI 1epe0yI0BH, CKOPOUCHHIO rabapuTIB 1 MacH.
2. TEOPETUYHA YACTHUHA
2.1. ®YHKIIOHAJIbHA CXEMA TA IPUHIIMIT 11
BATATOPE3OHATOPHOI'O MAT'HETPOHA.
bararope3oHaTopHuii MarHeTpoH — 1e reHeparop Ttumy M i3 3aMKHEHUM
€JIEKTPOHHUM ToToKoM. KomnmBanbHa crcrema 0ararope30HaTOPHOTO MarHeTPOHY
SIBIIE COOOI0 CTOBIJILHIOIOUY CHCTEMY (HAampuKIaj, TUIY OIiIMHA — OTBIp),
3aMKHEHy caMmy Ha ceOe. 3BHYAailHO MAarHeTpOH TPAllOE B MEXKaxX CMYyTH
MPOITYCKaHHS CIOBUIBHIOIOYOI CHUCTEMH Ha CTOSYIM XBWJII 1 Ha YacToTax, SKi
BiMOBigatoTh (a3oBOMy 3CyBy, KpaTHOMY 27, 1O 3aMKHEHOMY KOIY.
BaraTtope3oHaTopHi MarHeTPOHW HajieXaTh J0 HAWOLIBII IOMIMPEHUX THIIIB
notyxHux reHeparopie  HBY. [Ilepmri  Oararope3oHaTOpHi  MarHeTpOHH
3aIMpoIOHYBANU palsHChKi imkeHepu M. @. AnekceeB ta [I. €. Manspos y 1938-
1940 poxax.
Hpunuun aii  6araTope3oHaTOPHOr0 MarHeTpoHa. MarHeTpoH — 1€
UWTIHAPUYHANA Ai0A, SIKUM PO3MILIY€ETHCS Y MAarHiTHOMY MOJi, HampsMIEHOMY
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B3JIOBXK OCi IMJIiHApa. AHOJ 3BUYAHO PE30HAHCHOI CTPYKTYPH, KaTOJ Ma€ BUIJISA
LWITIHIPA 3 EMITYI040I0 OOKOBOIO MIOBEPXHEIO.
MarneTpoH npairoe B pexumi B > Byp. ENexTpoHH, 110 BUTITAIOTh 3 KaToAa, SKIIO0
HEMae BUCOKOYACTOTHOTO TOJISI, OMUCYIOTh LUKIOiHI TpaekTopii. [Ipu 30ymxenHi
BHUCOKOUYACTOTHUX KOJMBaHb B PE30OHAHCHIH CHCTEMi €JIEKTPOHU B3aEMOJIIOTH 3
MoJIeM pe30HaTOpiB. AHOAHY Hampyry U, Ta Mar”iTHe moJjie B migOUparoTh Tak,
00 PyX €JEKTPOHIB OyB CHMHXPOHHUH 13 3MiIHOI (Pa3u BHUCOKOYACTOTHOIO ITOJIS.
BHacnmiok 1pOro BiJOyBa€ThCS TPYMyBaHHS CIEKTPOHIB y 3TYCTKH, SKi
MOTPAIUISIOTH Y TAILMYIOUE TI0JIe pe30HaTopiB. Takuii THI B3a€EMOJIi1 aHATOTTYHUHA
0 TpHWBalIoOi B3aeMonii B mpwiagax Obkydoi xBuii. ToMy KOINUBaHHS B
0ararope3oHaTOPHUX MarHeTPOHAX HA3UBAIOTh KOJIMBAHHIMH THITYy O1KY401 XBHJII.
Ane Hikonmu He ciif 3a0yBaTH, 0 MarHeTpoH (aKTHUYHO MPAIIOE HA CTOSYiH
XBHIII, SIKa YTBOPIOETHCS B JIAHIIOKKY 3aMKHEHHUX caMHX Ha ceOe pe3oHaropis, i
TOMY MarHeTpOHY BJIaCTHBA BY3bKOCMYTOBICTb.
3a yMOBOIO 3aMKHEHOCTI JaHIIO)KKa 3 N pe3oHaToOpiB MOBHUH 3CcyB (a3 1o
BHYTpIIIHI/ MOBEPXHi aHOJIa TOBUHEH JIOPIBHIOBATH HYIIO 200 OYyTH KpaTHUM 27
Harmpolyerbcss BUCHOBOK, IO Pi3HUIA (a3 KoNMBaHb B CYCiJHIX pe30HaTOpax
MO)kxe ~ HaOyBaTd  TUIBKM  JAWCKPETHMX  3HA4YeHb, SIKI  BU3HAYAIOThCS
CMiBBiAHOLIEHHAM:
3 yciX MOXJIMBHX KOJIIMBaHb (n = 1, 2, 3, 4) Hali0IbIIe NpaKTHYHE 3HAYCHHS Mae
BUJ, IpH siIKOMY M=N/2, Tak 3BaHU# TT-BU], IKUH MOKJIMBUH, SIKIIO € TApHE YHCIIO
pe3onaropiB N. Y BuNaaKy N-BHAY BHHHMKAIOTH KOJMBAHHS, 3aBISKH SKUM
BHCOKOUYACTOTHI HOJISI B CYCIIHIX pe30HATOpax 3HaXoIsuThcs y mpotudasax (puc.
2.1). EnekTpoHHi 3ryCTKH YTBOPIOIOTHCS B TaJbMyIOUiid (ha3i HaBKOJIO €JEeKTPOHA
tuny 2. EnextpoHu Tumy /, sKi BWIITalOTh 3 KaTola MpH NOMAATHIH padialbHii
CKJIaJIOBIi 3MIHHOTO €NEeKTPUYHOTO IMOJIsl, MPUCKOPIOIOTHCS 1 3MIMIYIOTBCS JO
enektpona tuny 2 : (Ex = Ey +E,).

Puc. 2.1. CTpykTypa BHCOKOYACTOTHOIO MOJIA B

NMPOCTOPi B3aeMOAil HUJIiHAPUYHOT0 MATHETPOHA
Enexktponn Tumy 3, SKi TOYMHAIOTH pPyXaTHCS TPH BiI'€MHOMY 3HA4eHHI
paniajgbHOI CKJIAI0BOi €JIEKTPUYHOTO BHCOKOYACTOTHOTO MOJIS, TalbMYIOTBCS 1
TaKoX HaOmmxaroTbes A0 enekrtpoHa 2 (Ex = E, -E,). TakuM 4MHOM, BHACHiJIOK
IpyIyBaHHA €JIEKTPOHHN 30MPalOThCs B 3TYCTKH, SIKi MArOTh BUJ chUIb (puc. 2.2).
Cromni 00epTaroThCsl 3 MOCTIHHOI KYTOBOIO IIBHIKICTIO CHHXPOHHO 13 3MiHOIO
¢a3zun BucokouacToTHOTO mojsi. CHUI 3aBXAM 3yCTpidae raibMylode II0J€ B
MPOMiXKY pe3oHaropa. [Ipu Takiii B3aeMoAii eIeKTPOHU BiAJAIOTh CBOIO €HEPTil0
BHCOKOYaCTOTHOMY TIOJII0 TIPOTATOM TpHuBasoro dYacy. EdekTuBHIN B3aemomii
€JIEKTPOHIB 3 TIOJIEM CIIPHUSIOThH, 3 OJJHOTO OOKY, TpUBaJIe epeOyBaHHs eIEKTPOHIB
y TaubMyIOYOMY TIOJIi, & 3 JPYroro, JIOCHTh BEJIMKa aMILTITy/la MOJIsi B MPOCTOPi
B3aEeMoAil.

Puc. 2.2. Cniuui npocTopoBoro 3apsiy B MarneTpoi

Sk 1 pnst Oynp-sIKOTO NpUiIagy THILY M, XapakTepHUM y MEXaHi3Mi nepeaadi eHeprii
€JIEKTPOHIB BHCOKOYACTOTHOMY TIOJII0 € 3MEHIIEHHS MOTEHIIadbHOiI eHeprii
eJIEKTPOHIB y mpoueci B3aemopii. [loTeHmiansHa eHepris 3MEHIIYETHCS B Mipy
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MIPOCYBaHHS €JIEKTPOHIB 10 aHona. Te, M0 eNeKTPOHH, BiAAI0UM CBOIO €HEPrilo
oJIsI, HAOMMKAIOTHCSA JI0 aHoja, J¢ ToJie Iie Oulblne i Bifmada eHeprii OiLmbIr
IHTEHCUBHA, TaKOX CIIPUsE 3HAUHOMY 30UIBIIECHHIO K. K. 1. MarHeTpoHiB. K. k. 1.
MaraeTpoHiB pocsrae 60% i HaBiTh OibIIe.

YmoBa camo30ym:keHHsi marHerpona. [lose B MarHeTpoHi mMyJbcyroue i Mae
XapakTep CcTos40i XBWIi. MaxkcuManbHe mone Oylae B IIGHTpax MPOMIXKIB,
nocepeinHi MiX JIBOMa CYCIJHIMH MPOMDKKaMH (y By3JlaX CTOSYOT XBHWIII) TOJIE
JOpIBHIOE HYJIO. AHami3youdm poOodi TpolecH Yy MarHeTpoHi, Tpeba
JOTPUMYBATHUCS KOHIICTIIT O15Ky401 XBHIIL.

Po3kianemo mose cTosiuoi XBUITI B IPOCTOPI B3a€MOJIIT HA JIBI XBHJII 3 OTHAKOBUMH
MIBHKOCTSIMHU B MTPOTHJICKHUX HanpsMKax. J{ist 30y/KeHHsT KOJIMBaHb, SIK MU BKE
3HAa€EMO, Tpeda, 00 eNeKTPOH, PyXalouHCh, 3aBKAM 3yCTpidaB rajipMyody (asy
BHCOKOYACTOTHOTO eNeKTpuyHoro mnons. [lo3Haummo uepe3 ¢, Ta  4ac
MIPOXO/PKEHHS €JIEKTPOHOM IIEHTPIB JBOX CYCITHIX MPOMIXKKIB pe3oHaropa. Tomi
yac, 3a SKHA EJIEKTPOH TMEpPEeMICTUThCS MK LEHTPaMH CYCiIHIX MPOMIXKKIB,
NOpiBHIOBaTUME:

ne p=0, 1, +2... Pi3Hi 3HaKku IpH P BiNOBIJAIOTH MPOTUIICKHUM HAIMIPSIMKAM PYXy
eNeKTpoHa.

Pizanns a3 konmuBaHb y CyCiHIX pe3oHaTopax @ = wAf, abo, siK BijOMO,
@=2nn/N, 3Binku At=2ntn/Nw. Tomy MOXXHA 3aITUCATH:

IBUAKICTB, 3 KOO IOBUHEH PYXaTUCh €IEKTPOH, BU3HAYAETHCS (OPMYIIOIO:
SKmo mpu UpOMY E€JNEKTPOH 3aBXKIU 3yCTpidae OAHAKOBY (hazy MOJs, TO MOXKHA
BBXKAaTH, 110 B3JOBX 3aMKHEHOTO KiNblLiA PE30HATOPIB aHOXHOTO OJioKa OiKHTH
XBHIIA 3 ()a30BOIO MIBHJIKICTIO:

OTtxe, Ha BHYTpIIIHIA MOBEPXHI aHOTHOTO OJoKa oOepTaeThcsi B oOuaBa OOKU
0arato BX€ BiJOMHX HaMm NPOCTOPOBHUX TapMOHIK, SIKi BiANOBiAalOTH Pi3HUM
3HAYCHHSIM .

Tenep mepeitnemo Oe3mocepe/IHbO /10 BUKIALy YMOBH 30YMKEHHS KOJHMBaHb Y
MarHerpoHi. lle yMoBa CHHXpOHI3MY pyXy ENEKTPOHIB y MPOCTOpi B3aeMOIii i
(a30BOi MIBUIKOCTI MPOCTOPOBOI TAPMOHIKH Vy=Ve. BBaxkaTuMemo, 110 OCHOBHA
Maca eJIeKTPOHIB PyXa€eThCs MOCEPEINHI MIXK aHOIOM 1 KaTonoM. ToMy y Bupas s
(ha30BOi MBUAKOCTI 3aMIiCTh 7, TIJICTABUMO CEPEIHIN Paiyc MPOCTOPY B3aEMOJIII:
OTxe, cepenHs Ga3oBa MBUIKICTH XBUII B TPOCTOPI B3aEMOII:

CepenHs WIBUAKICTD PYXy €IEKTPOHIB Y MPOCTOPi B3a€MOII:

SK110 BBaXKaTH, HIO 7'/7x ~1, HANPY>KEHICTH MOJIS MOJKHA BU3HAYUTH TaK:

Togni

YMOBY caM030y/I>)KEHHS MOJKHA 3aITHCaTH:

3Biaocum

3riJiHO 3 OCTaHHBOIO (OPMYIIOI0 aHOJHE HABAHTAKEHHSI, IPH SKOMY 30Y/KYIOThCSI
KOJIUBAHHS B MAarHETPOHI JUUIsl KOKHOTO BUJY KOJMBAHb 71 TIPU (JiKCOBAHOMY HOMEpi
MIPOCTOPOBOI TApMOHIKH p, JIHIMHO 3B'sA3aHe 3 iHAyKmiero mons. Ha pwuc.2.3
noOynoBaHo Tpadikk Ui YOTHPHOX BHUJIB KOJMBAaHb BOCHEMHPE30HATOPHOTO
MarHeTpoHa. YMoBaM caM030y/DKEHHS BiAMOBIAAIOTh JUISHKH MPSIMUX, SIKi JI€XKaTh
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3a JIIHIEI0 KPUTHYHOTO pexumy. 3 puc. 2.3 BUAHO, IO AJIS TT-BHAY MOTpPiOHA
HaiiMeHIIa aHoHa Hampyra U,.

KosmBanns m-Buay. Hezaxaroun Ha pi3HOMaHITTS KOHCTPYKTHBHUX O(QOPMIICHD
0ararope3oHaTOpHOr0 MarHeTpoHa, MOPOKHWHA KOXKHOTO PE30HATOpa 3aBKIu i
00O0B'SI3KOBO 3'€IHYETHCS IIUIMHOIO 3 MPOCTOPOM KaTom - aHoA 1 ToMy poOoda
MOBEPXHS aHOJHOTO OJIOKY (TOOTO MOBEpXHs, HA SIKY MOMAAal0Th EIEKTPOHH, IO
BUJICTUIM 3 KaTO/da) 3aBXKIW PO3pi3aHa Ha Psj CEMEHTIB, BIIIUICHUX IPYT Bin
JIpyra miMHaMH. MiX IIMMH CerMeHTaMu Ipu poOOTi MarHeTpoHa BUHHKAE
NepeMiHHa Halpyra BUCOKOT YaCTOTH.

Hopmanena po0oTa MarHeTpoHa XapaKTEpU3YEThCS THM, IO BHCOKOYACTOTHI
Hampyrd CyCigHIX cerMeHTiB 3pymieHi mo ¢a3i Ha 180°. Jlns xapakTepucTHKH
3araJibHOi KapTUHHU PO3MOALTY MEPEeMiHHOI HalpyrH MO CErMEHTaX aHola MOXHa
CKa3aTH, MPHUBIACHMUBIIM KOXKHOMY CETMEHTY MOPSAKOBHI HOMEp, L0 B TOH
MOMEHT Yacy, KOJIM Ha TapHUX CerMEHTax Hampyra MO3UTHBHA, HAa HEMapHUX
CerMEHTax BOHO HETaTHBHO 1 HaBMakW. Takwii TUN KOJIMBaHb HA3HUBAETHCA
KOJMBAHHSAMHU T-BUAy. LlMM TepMiHOM MigKpecilolTh 0o0cTaBuHy, 1m0 ¢asu
HaNpyr JBOX CYCIJHIX cerMeHTIiB 3pymieHi Ha KyT 180° um m pamian. Kapruna
PO3MOITY 3apsiB i BACOKOYACTOTHUX IOJIIB aHOIHOTO OJIOKY MPH KOJMBAHHSX TT-
BH]ly TTOKa3aHa Ha puc. 2.3.

Puc. 2.3. Po3noain e1eKTPUYHHX i MATHITHMX BUCOKOYACTOTHHUX IOJIIB Y
daraTope3oHaTOpHOMY MarHeTpoHi. EjlekTpuyuHe moJie npeacrabJjieHe
NYHKTUPHUMH JiHISIMH, 2 MATHITHe— CTPiTKaMH, NEePIEeHANKYJISIPHAMH 10
IVIOLIUHY KpecieHHs. KoxkeH MaJIlOHOK 300paKy€ mpoiecH, 1o
Bi10yBalOTHCS
B MarHeTpoHi yepe3 1/4 nepiona: a) +=0; 6) =1/4T; B) t=1/2T; 1) =3/4T.
KoediuienT xopucHoi aii maraerpona. CKIaJHICTh MPOIECIB, sKi BiA0OYBaIOTHCS
B 0Oararope3oHaTOpHOMY MAarHeTpOHi, HE Ja€ 3MOTrH 0e3nmocepeHbO MiIpaxyBaTH
BUXIJIHY TOTYXHICTh Ta K.K.J. MarHeTpoHa. BuXxijlHa eHeprisi BU3HAYAETHCS SIK
PI3HUIISE MK TTOBHOIO MOTEHIIIATBHOIO EHEPTi€l0, IKy Ma€ eJIEKTPOH Ha KaTolli, Ta

KIHETUYHOIO CHEPTi€l0, Ky Ma€ eIEeKTPOH Y MOMEHT yapy 00 aHo/I.

K. k. 1. BU3HAYAETHCS SIK BiTHOIICHHS:

[ToTenmianbHa eHepris exeKTpoHa 01 KaToaa JopiBHIOE e,

MoskHa BBaXKaTu, IO «KOPUCHI» €IIEKTPOHU B MarHETPOHI PyXalOThCs MPUOIHU3HO
M0 «CTaTW4HIW» HuKIoini. Pamiyc koma fe d- BiACTaHb MiX KaToJOM Ta aHOJOM:
R=mE/eB*=mU,/eBd .

Puc. 2.4. lIpsimi caM030y1zKeHHs MarHeTPOHA THITY Oixky4oi XxBuuti mpu N=8
Bynemo BuxoauTy 3 HaWOLIBII HECHPUATIMBUX YMOB IOJAO K. K. XI., KOJIH yaap
eJleKTpoHa 00 aHox BiAOyBaeThcs y BEPXHiM Todlll MUKIOIAHOI Tpaektopii. [Ipu
IbOMY IIBUJKICTH eNeKTpoHa Oyne HaiOinbmow. LleHTpoM obepTaHHS € TodYKa
JOTUKY KOJIa JI0 IOBEPXHi, Ha sIKiii BiI0yBa€eThCsI MepeKodyBaHHs 10 aHoja. Pasiyc
oOepranns Oyne 2R. Toai mpu KyTOBiM IIBUIKOCTI
Busnaunmo kiHeTnuHy eHeprito Wi npu ynapi eJIeKTpoHa o0 aHOJ:

EnexTpoHHuil K. K. 1.
AO00 BHpa3UBIIH K. K. 1. uepe3 KpuTHuHi 3Ha4eHHS Uakp Ta Byp, AicTaHEMO:
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Otxe, pu U,= U, oo Ta B = By, K.K.J. JIOpiBHIOE HYI0. s MexaHizmy i3
BEJIMKUMH 3HaYCHHSIMH K.K.JI. Tpeba Bubuparu B>By, .
Koncrpykuii 0araTope3oHATOPHUX MarHeTpoOHiB. Bararopesonaropsi
MarHeTpoHH, SIK MPaBUJIO, BUKOHYIOTHCS 3 «BHYTPILIHIM» BapiaHTOM KOHCTPYKIIii
KONMBaIbHOI cUcTeMu. Bes pe3oHaTopHa cucTeMa i 3HAUYHA YacTWHA BHBOAY
eHeprii MICTAThCS BcepelrHI BaKyyMHOI OOOJIOYKH 1 CTaHOBIATH HEBiA'€MHY
YacTHHY MarHeTPOHa.
Koncrpykiiii 6ararope3oHaTOpHIUX MAarHETPOHIB MOYKHA KIACHU(IKyBaTH 32 THIIOM
pE30HATOPHOI CHUCTEMH, CHOCOOOM 3'€THAHHS 3 MArHITHOIO CHCTEMOIO, THIIOM
BHUBOJly €HEprii, METOJOM MEXaHIYHOTO MEPEeCTPOIOBAHHS YaCTOTH 1 CIIOCOOOM
OXO0J1I0OXKEHHA.
AHonHMid OJIOK MarHeTpoHa 3aBXKId Ma€ MapHy KUIBKICTh PE30HATOPIB IS
3a0e3meueHHs pPo0OTM Ha T-BUAI KoJWBaHb. PoOoTa MarherpoHa iHOMI
CYIIPOBO/DKYETHCSL MOSIBOIO JOAATKOBHX BHUJIB KOJIHMBAaHb a00 PANTOBOIO 3MiHOIO
yacToTu. [10sICHIOETHCS 1€ TUM, IO TPU MaJliil Tucepcii CIOBIIBHIOIOYO0] CUCTEMHU
KOJIMBAaHHSI PI3HUX BHJIB MaJjlo po3HeceHi 3a yactotoro. [Ipu mpoMy 30ymxeHHS
OJTHOTO 3 BHWJIIB KOJIMBaHb (HANPHUKJIA, T-BUAY) MOXKE CIPHUYMHHTH 30YIKCHHS
KOJIMBAHb 1HIIIOTO BHY, OJM3BKOTO 32 4YaCTOTOK. BHACIHIIOK I[bOTO OCHOBHUI BUJT
KOJIMBAaHb Uepe3 3MiHY IOJIS B POCTOPi B3aEMOJIIi MOKe HaBiTh 3HUKHYTH. Bee 1e
MPU3BOIMTE JI0 PANTOBOi 3MiHM YaCTOTH MarHeTpoHa. € JBa METOAW YCYHEHHS
0araro4acTOTHOCTI MarHeTPOHHOI'O reHeparopa:
1. CermeHTH aHOAHOTO OJIOKa Yepe3 ONWH 3'€IHYIOTh KOPOTKUMH NPOBIIHUKAMU-
3B'si3kamu (puc.2.5,a). Ilpu 30y/DKeHHI KOJMWBaHb T-BHAY CETMEHTH, JIO SKHX
MPUEIHAHO 3B'SI3KM, MAlOTh OJIHAKOBHI TMOTEHLIaN, CTPyM IO 3B'A3KaxX HE Tedye.
3B'sI3KM, TAKMM YHHOM, [IPUEIHAHI 0 PE30HATOPIB MapajesibHO, BOHU 301IbIIYIOTh
BJIACHY €MHICTh PE30HATOpPiB, IO NMPUBOJAUTH IO 3HUKEHHS POO0YOI HacTOTH
KOJIMBaHb T-BU LY.

Puc. 2.5. Pe3onaropHi cucTeMn MarHeTpoHiB 0isky4yoi XBuIi:

a) — cucTeMa i3 3B’si3kaMu; 0) — pi3HOpEe30HATOPHA cUCTeMAa
3 HOsIBOIO KOJMBAHE IHIIMX BHIIB MK CETMEHTAMH, [0 SKHX IiIIMKHEHO 3B'SI3KH,
BHHHKHE Pi3HUIII MOTEHINIANIB, 1 TI0 3B’sA3KaX MOTeYe CTPyM. Y IIbOMY pa3i 3B's3Ka
BXE BiAirpae poib I1HIYKTHBHOCTI, sIKa MiAMUKA€THCS MapayiebHO BJIACHIN
IHAYKTUBHOCT]I pe30HaTopa. 3MEHIICHHS €KBIBAJIEHTHOT iIHAYKTUBHOCTI MIPUBOAUTH
70 301JTBIIEHHS] YaCTOTH KOJIMBAHb IIbOTO BHUIY. Pi3HUIIS B pE30HAHCHUX YacTOTax
JUTS Pi3HUX BUJIIB KOJMBAaHb 301IBIITYETHCS 1 32 PAXYHOK €EMHOCTI MiXK 3B'SI3KaMH.
2. BUKOpUCTOBYIOTBCSI PI3HOPE30HATOPHI KONHUBAJIbHI CUCTEMH, B SIKUX PE30HAHCHI
YacTOTH BIJAMOBIAHO JO PO3MIpiB PE30HATOPIB PO3MAJar0OThcs Ha JABI IPYyNH, B
OJIHIH 3 SIKUX € YacTOTa KOJHMBaHb T-BUIY (puc. 2.5, 0). [HTepBan Mix yacToTamu
301IBIIY€ETHCS 13 301IBIIEHHSIM PI3HHUIN B pO3Mipax pe30HATOPIB, alie MPH IbOMY
3MEHIIYEThCS HAPYX)eHicTh enekrpudHoro nosst HBY y mpocropi B3aemoii.
KinpkicTe pe3oHaTopiB 301b1IyEThCA 13 301IbIIEHHSIM POOOYOT YaCTOTH. 3BUUANHO
MarHeTpoHu 10-caHTHMETpoBOro [iama3oHy MaioTe 8-12 pe3onaropis, 3-
caHTUMeTpoBoro 12-18 pe3zonaTopis. 3 mepexoaoM 10 MiTIMETPOBOTO Jiana3oHy ix
KUTBKiCTh 30UTbIIyeThC 10 24-38 1 Oimbmie. Baarami, 30inblIeHHS 4YHcia
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PE30HATOPIB CHpHsiE€ 3HIKEHHIO aHOAHOI HAmpyrd Opu Tikd caMmill iHAyKuii
MarHiTHOro moJs.Pi3HOPE30HATOPHI CHUCTEMH HIMPOKO BUKOPHCTOBYIOThCS Ha
XBWJISIX, KOPOTIIHUX 32 3 CM.
3HayHO e(heKTUBHIIIE PO3IUIAIOTHCS KOJIMBAHHS B KOAKCiaJbHUX MAarHETPOHaX, Jie
BUKOPHUCTOBYEThCS KOAKCiaJbHUN PE30HATOP, SKUH OXOIUTIOE OaraTope30HaTOPHUIMA
aHoAHMK ONOK. BHYTpilIHIM TPOBIAHMKOM KOAKCiaJbHOTO pe30oHaTopa €
IMWTHIPUYHA TIOBEPXHS BJIaCHE aHOAHOro Oyoka. llg moBepxHs mpopizaHa
MO3MIOBXKHIMU ~ NIUIMHAMHU, WIO 3BSI3YIOTh  KOAKCiaJbHHH  pPEe30HATOp 3
MarHeTpOHHUMH PE30HATOPAMU Yepe3 OMH.
36yKeHHS aHOHOTO 6J10Ka BifbyBaeThes Ha T-BHI. MoMy Bimosinae 36ymkeHHs
KOAKCialbHOTO pe3oHaTopa Ha XBWii Hy;, mpu sikii enekTpuyHe mosie i CTpyM B
CTIHKaX MalOTh BHUIISA 3aMKHEHUX K. [HIN BHAM KOJNMBAaHb KOAKCiaJbHOTO
pe30oHaTOopa MOXKHA JIETKO moracuT. KoakcianbHi MarHETPOHH 3aBASKH KpaIlOMy
MOAUTY BUJAIB KOJIMBaHb MAlOTh 3MOTY IMPAILIOBATH TPU MEHIIMX aMILTITyIax
BHCOKOYACTOTHOTO TIOJISI B TPOCTOPI B3a€MOJIi, II0 MPHUBOIUTH IO ITiJBUICHHS
K.K.JI. 301IbIICHHS JOOPOTHOCTI KOJMBAIBHOI CHCTEMH KOAKCiaJIbHOTO MarHeTpoHa
3a0e3neyye OB BUCOKY CTAOUIBHICTh POOOYOT YACTOTH KOJUBAHb.
3a crioco0OM CMOJIyYeHHS 3 MarHITHUMM CUCTEMaMU MarHeTpOHM MOJUISIOThCS Ha
HENaKeTOBaH1 KOHCTPYKIT 3 30BHIIIHBOI0 MAarHiTHOIO CHCTEMOIO Ta TAKETOBaHi, B
SKHX MarHiTHa CUCTeMa BXOJHUTH 10 OyJOBH CaMOr0 MarHeTpoHa. Y MaKeTOBAaHHX
KOHCTPYKIISX BJAETHCS 3HAYHO 3MEHIINTH MAarHiTHHHA MPOMDKOK i TUM CaMuM
30UIBIIUTH MAarHiTHE IMOJIeé B MPOCTOpi B3aemopii. binbliicTe MarHeTpoHiB, L0
MpaLioe Ha XBUIISX, KOPOTIIMX 32 3 CM, Ma€ MaKeTOBaHI CUCTEMH.
[HAYKIiST MATHITHOTO TOJISA, SIK MU BXK€ 3HAEMO, 3QJICKHUTH BiJl pPOOOYOro Jiana3oHy.
Ha xBusix Bin 1 1o 3 cm Bona nopiBaioe 0,6-0,8 Ti; Bix 8 mo 10 cm — 0,2-0,5 T,
Ha OUIBII TOBrUX BoHa He nepesutye 0,2 Ti.
BucokodactoTHa eHepris BiAOUpaeTbcs BiJi MarHeTpPOHA KOAKCIATbHUMHU YU
XBWIEBIIHUMU JiHIAMH a00 KoMOiHawisMu iX. XBWIEBIJAHI BUBOAA MAalOTh
KepaMidHe BiKHO.
MexaHi4He NEpecTPOIOBAHHS YacTOTH MarHeTPOHIB 3BUYAlHO BUKOHYETHCS 3a
JIOTIOMOTOI0 CTEpPIKHIB, SIKi BBOIATHCS B IIIIHAPHYHY TOPOKHHHY PE30HATOPIB
(emMHicHe HacTporoBaHHs) a0 Kinelp, pO3MIIEHMX HapajelbHO OIYHUM
MOBEPXHAM aHOAHOTO OJIOKY (1HAYKTHBHE HACTPOIOBAHHS).
Jns oxonomkeHHs HA aHOAHOMY OJIOLI € pajaiaTop, MO O0AYBAETHCS MOTOKOM
MoBiTpsl. BNkl MOTYXKHI MAarHETPOHU MAIOTh CUCTEMHU OXOJIOJPKEHHS PiAMHOIO.
3aranbHUM BUIIIA MarHeTpoHa NoKa3aHo, Ha puc. 2.6.

Puc. 2.6. 3aranpHuii BUDIAA MArHETPOHA 3-CAHTHMETPOBOTO JiaNa30HY
3 KOHCTPYKTHBHOI TOYKH 30py OaraTtope3oHaTOpHUH MarHeTPOH CKIAJa€Thes 3
TPhOX OCHOBHHX dYacTWH (pHuc. 2.7): KaToja; aHOMHOTO OJIOKY, IO MiCTHTh
KOJIUBAJIbHI KOHTYPH; BUBO/Iy BUCOKOYACTOTHOI €HEprii.
PoOouya moBepxHs Karoma pO3TAIOBYETHCS CTPOrO KOAKCIadbHO 3 POOOYOI0
MIOBEPXHEI0 aHOTHOTO OoKy. /liamMeTp Karoza ckianae 3HaYHy YacTHHY (TIOPSAKY
50%) niameTpa po6OUOi MOBEPXHI aHOTHOTO OJIOKY.
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Haii6inbin xapakTepHO0 0COOIMBICTIO OaraTope3oHaTOPHOTO MarHeTpoHa € Te, 10
B aHOJTHOMY OJIOIII PO3TAIIOBYETHCS BEIUKA KUTBKICTH (BiJ 8 10 40) MOPOXKHUH, 110
BUKOHYIOTh POJIb KOJHMBaJbHUX KOHTYpiB (pPE30HATOpPiB), WIO JAajo MiACTaBy,
HA3WBAaTH LEH TUIl MarHETPOHIB «0araTope30HaTOPHUMY).
dopma pe3oHaTOpiB MOKe OyTH y’Ke Pi3HOMaHITHOIO, HAPUKIIAJ, IIIINHA-OTBIp,
CEKTOp, IIIMHA # iH. (puc. 2.8).
Puc. 2.7. OcHOBHi YacTHHU MarHeTpoHa:
1 — karoa; 2 — aHogHMi 0J10K; 3 — BUBiJ BUCOKOYACTOTHOI eHeprii
Puc. 2.8. Tunosi ¢popmu pe3oHaTopiB MarueTpoHa:
a) winnHa-oTBip; 0) misiMHAa; ¢) CEKTOP.
[Ipu po3podui 6araTope30HaATOPHUX MArHETPOHIB Y HUX OYyJIM €KCIIEPUMEHTAIbHO
BUSIBJICHI «TI€pEXi» TeHEPYEMUX KOJIMBaHb 3 OnHi€l xBuii Ha iHmy. Lli nepexoau
BUKJIMKAINCS SK 3MiHAMHU PEKUMY JKHUBJICHHSA, TaK 1 3MiHAMH BHCOKOYACTOTHOTO
HAaBaHTAKEHHSI MarHeTpoHa. st ycyHeHHs X HeOakaHMX y pPoOOTi HepexoiB
3aCTOCOBYIOTh 200 «PI3HOPE30HATOPHI CUCTEMU», Y SKHX aHOIHUW OJIOK MiCTUTh
PE30HATOPH IBOX THUIIIB, SIKi OCTIIOBHO YeprytoThes (puc. 2.9), abo aHomHi O10KK
3 OJJHAKOBUMHU PE30HATOPAMH, IO €JISKTPUYHO 3B'SA3aHi Mik COOOI0 TaK 3BaHUMH
«3B's13yBaHHAMIY. OJMH 3 MOXKITUBUX BUJIB «3B'SI3yBaHby MPEJCTABIsE COOOI0 /1B
METalleBUX KiJbIISA, OJTHE 3 SKUX 3'€JIHYE MiXK COOO0 BCl MapHi CErMEHTH aHOJHOTO
Onoky, a iHme — Bci HemapHi cerMeHTH. KoHCTpykmii 3B’s30K Y
Oararope3oHaTOPHUX MarHeTpOHaX mpejcTasieHi Ha puc. 2.10.
Puc. 2.9. Pi3Hope3oHATOPHI 0JIOKH MATHETPOHIB: 3BepPXy 3 OAHOTHIIHUMH
pe30HaTOopaMu; 3HU3Y 3 YePIryBAHHSIM Pe30HATOPIB Pi3HUX THIIB.
Puc. 2.10. Koncrpykuisi 3B'130K:

a) 3arajJbHuil BUa; 0) cxema 3'€IHaAHDb Kulelb (3B'A30K) i3 cerMeHTaMu
Buxia BHCOKOYACTOTHOI eHeprii B CydacHHX 0araTope3OHAaTOPHHX MarHeTpOHax
POOUTHCS Ha KOAKCiaJIbHY JIHIIO 32 IOIIOMOTOFO MET/Ii B OJHOMY 3 pE30HATOPIB, a00
Ha XBHJIEBI]] 33 JOMOMOTIOIO IIIUIMHU B OJTHOMY 3 pe30oHatopiB (puc. 2.11).
[MopoxxHMHM PE30HATOPIB PIZHOKOHTYPHUX MArHETPOHIB MOXYTh OYyTH SK
BIJIKPUTUMH 31 CTOPOHH TOPIIEBUX MOBEPXOHb AHOJHOTO OJIOKY, TaK i MOBHICTIO
3aKpUTHUMH MeTaioM (puc. 2.12).

Puc. 2.11. BuBix BHCOKOYACTOTHOI €HEPrii 32 JOMOMOT0K0 MeTJi 200 IMTHHA

Puc. 2.12. PizHope3oHaTOpHi aHOHI 0JIOKH MarHeTPOHA:

a) BigkpuTHii THIT; 0) 3AKPUTHI THII;
PoOoui Ta HaBaHTaXKyBaJIbHi XapaKTePUCTUKH MArHETPOHIB. XapaKTepUCTUKU
— 1Ie BOJNBT-aMIlepHi xapakrepuctuku: U,=f(l,), iX mapameTrpu Taki: MartiTHa
inaykmis B, moryxknicTe P~ , YacTOTa KOJNMBaHb ) i MOBHMH K.K.ja. 7. Lli
XapaKTePUCTHKH 3BUYAWHO OYyIyIOTHCS B MPSIMOKYTHIH cucTeMi koopawHaT. Ilo
BEPTUKAIBHIN OCi BiIKIQJal0Th CTally aHOAHY Hamnpyry U,, MO TOPU3OHTANBHIHN -
MOCTiIHHWE aHomHUH cTpyM /5 (puc. 2.13).

Puc. 2.13. TunoBi po0o4i xapakTepuCTUKU MarHeTPOHa
HaBaHTa)xyBasbHI XapaKTEpPUCTUKHU MOKA3YIOTh 3aJE€KHICTh BHXIIHOI MOTYKHOCTI
Ta 4YacTOTH Big MOBHOro omnopy (abo MOBHOI MHPOBIAHOCTI) HAaBAaHTAKEHHS.
Xapakrepuctuku P~=f(Z,) ta w=f(Z,) npu I[;=const Oyqyl0Tb Ha KOMIUICKCHiH
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MOBEPXHI IOBHOTO OINOPY HABAaHTAXEHHS Yy TMOJSAPHINA CHUCTEMi KOOpIUHAT
(puc.2.14). ®opma 1 Xig HaBEACHHX XapaKTEPUCTHK 3yMOBIEHI (i3WYHUMU
MpolecamMy B MarHeTpoHax.
O0nacti BUKODHUCTAHHSI MAarHeTpoHiB. Bucoka edeKkTUBHICTb, MOPIBHIHO
MpocTa KOHCTPYKIIisl, BUCOKA HAJiiHICTh y poOOTi 1 HEBETMKA BapTiCTh - BCe IIe
CIpHsIE UPOKOMY BHKOPHCTAHHIO MarHeTPOHHUX TeHeparopiB. OCHOBHI 007acTi
BUKOPUCTaHHA:
- IepeiaBavi iIMIyJIbCHUX PaJioOKaI[ifHUX CTAHITIH Ta MasKiB;
- TeHepaTopH PalioNepPeIKoz;
- IMITyJIbCHI T€HEPATOPH JUTS KHUBJICHHS JITHIHHUX PUCKOPIOBAYIB;
- reHeparopu Oe3nepepBHOro pexxumMy i ycranoBok HBY narpiBanHs.
Puc. 2.14. TunoBi HaBaHTa)KyBaJIbHI XapaKTePUCTHKHA MarHeTpPOHA
Jns MarHeTpoHiB OinbIl BXKHMBAaHWUK IMIYIBCHUH pEXuUM poOOTH. IMmynbeHi
MarHeTpOHH BHITYCKAIOTh Ha JOBXHHH XBWIb Bil 8 MM 10 10 cM 3 iMITyIBCHOIO
noTyxHicTio Big 10 kBt 10 10 MBT, mianma3oH MeXaHIYHOTO MEPECTPOIOBAHHS 10
15%.
Marnetponu Oe3nepepBHoi aii Manoi mortyxHocti (Bim 3 mo 20 Br)B 3-
CaHTUMETPOBOMY Jiama3oHi BHITyCKAIOTbCS JJisi OOPTOBUX Ta MEPEHOCHUX
HazeMHux PJIC. Binbm nmotyxHi MarHeTpoHu (10 3 kBT) npairoroTe Ha XBHIISX,
noBmmux 3a 10 cmi BumyckaroThest ansi BU HarpiBanHs B moOyTi; MOTYXHi
maraerpoHu (10 30 kBT) B OCHOBHOMY BHKOPUCTOBYIOTHCS B IPOMHUCIIOBOCTI
takox a1 HBY HarpiBanas. 3 KOXHHUM pPOKOM 301JbIIY€ETHCS KITBKICTh
KOaKCiaJJbHMX MAarHeTpOHIB, sIKi MaloTh K.K.J., BUIUNA 3a 60%, Ta BHCOKY
CTaOlIbHICTh YACTOTH.

2.2. METOAUKA PO3PAXYHKY PE3OHATOPA

TUITY IMIJIMHA - OTBIP

Hatinpoctimmii MeToa po3paxyHKy pe30HATOpiB THIY HIUIMHA—OTBip (puc. 2.15)
IPYHTYETBCS Ha PO3MISAI KOXKHOTO Pe30HATOpa aHOJIHOTO OJIOKY, SIK CHCTEMH, IO
CKJIaJIA€ThCS 13 30CepeIKEHOT EMHOCTI 1 30cepekeHol inaykTuBHOCTI. [Togymkn
M IKITFOYA0YH JKEPEIo 3MIHHOI HANPyTH JIO0 KpaiB IIUTMHHA, BU3HAYHMO YacTOTY,
npH sikiit ctpym | gepes mxepeno [=0.
YMoBa pe3oHaHCy:
3BiZKK MaeMo a00. TakiM YHHOM, 3a/1a4a 3BOJUTHCS 10 BusHaueHHs L i C.
Jlns BU3HaueHHs L TPUIYCTHMO, IO 1O BHYTPIIIHIA MOBEPXHI IMJIIHIPUIHOTO
OTBOpY pe30HaTOpa Tede CTPyM Iy (0 TOJMHHUKOBIM CTpINIi), a B CyCiTHBOMY
pE30HATOpi Takoi X CHIM CTPYM Te4e B NPOTUICKHOMY HampsMKy (IPOTH
TOJMHHHUKOBOI CTpinku). JIms cepemHbOro 3HAYCHHS MArHiTHOTro mojis Hep,
BIJIMIOBIZHO 710 3aKOHY AMITepa, CIIpaBeJIMBE CIIBBIIHOIICHHS:
CepenHIO JOBXKHHY NIISIXY 00XOMY [cp HABKOJO CTiHKH, IO PO3IINISE pe30HATOpU
(puc. 2.15), npuitmeMo piBHIH cepeHii JOBXHHI MarHiTHOI CHJIOBOI JiHii, 0e3
00Ky TOBIIMHHU CTiHKH, TOOTO:
MarHiTHH MOTIK, 10 TPOHU3YE UMITIHAPUIHUHN OTBIp PE30HATOPA:
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Kpim wmi€i yacTHHM MarHiTHOTO MOTOKY y PE30HATOPi Mae Micue e MarHiTHHH
MOTIK, 30Cepe/PKEHUH y MuHI pe3oHaropa. [Ipunyckaiouu, mo y310BXK HITHHHA
MarHiTHe 1oJjie piBHOMipHO majae Bix Hep 10 HyIs1, oTprMaemMo
Puc. 2.15. MarHeTpoHHi pe3oHATOPH THITY IIiJIMHA — OTBIp
i3 IBOCTOPOHHIMHU OAUHAPHUMH KiTbUSIMU 3B’ SI3KY
[To BU3HAYEHHIO MOHATTS «IHAYKTHBHICTBY», TOMY:
IMepeiinemo g0 Bu3HavyeHHs eMHOCTI pe3oHatopa C. 3ocepemkeHa €MHICTH
pE30HaTOpa yTBOPIOETHCS YOTHPMA YaCTHHAMH HOTO.
[Mo-nmepme, wactuaa emHocTi Cy OOyMOBJIECHa CTiHKamMH IMUIMHU. 1[0 €MHICTBH
MOKHA O0YHMCIIUTH 0 (POPMYITi TUNIOCKOTO KOH/IGHCATOPA:
[To-gpyre, yacTuHa €EMHOCTI OOYMOBJICHA TOPLUEBUMH KpasMU aHOJA, TIOB'I3aHUMHU
13 MIUTHHOIO:
[To-TpeTe, yacTHHA €MHOCTI OOYMOBJICHA Ti€H0 YAaCTHUHOK CTIHOK IMUTIHIPHUYHOTO
OTBOpY, IO MPWJIATaE M0 MIMHU. L{10 €eMHICTP MH BHU3HAYMMO Tak, 100 Tpu
CKOpPOYEHHI JIO HYyJIS BCiX IHIMUX €MHOCTEH BJacHA JOBKWHA XBUJI IHJIIHAPUIHOL
MOPOXHHUHU 3 PO3Pi30M MparHysia Jo NOABIMHOTO MepuMeTpa MUITiHApa TOOTO:
[TizcTaisaoun 3aMicTh Ly HOTO 3HAUEHHS, OJCPIKYEMO:
[lo-yeTBepTe, yacTHA €MHOCTI OOYMOBJIEHA KUTBISIMU 3B’si3Ky. [Ipu ogumHapHHX
JIBOCTOPOHHIX KiBIAX 3B 53Ky (puc. 2.15) eMHicTh Ccg.on OOYMOBJICHA TiNBKH Ti€IO
JUISTHKOFO KiJIbIIS 3B'13KY, 110 TPOXOJUTH HAJ| TOPIIEBOIO CTIHKOIO pe3oHaropa. Lo
€MHICTh MU OOYHCIUMO 1O (QOPMYJi IUIOCKOTO KOHAEHCATOpa, HNpUHAMAarouu
BEJMYMHY IUIONI KOHAEHCATOPa PiBHOIO N0OYTKY TOBIIMHHU CTIHKU 7 Ha JOBXKHUHY
Pcp cepenHboi JiHii 3a30py MiXK KUTBIIMU 3B 3Ky 1 CTIHKAMU «KaHABKI:
VY Bumaaxky HOABIMHMX 3B'S3yBaHb Ll €MHICTh IOJBOIOETHCS 1 O HEl HONAETHCS
emHiCTE Cpos MK HUIIHKAMH KiJlelb, M0 3HAXOAATHLCA Haj wiimHo0. ILlro
JIOIaTKOBY €EMHICTh MU TaKOK BU3HAUYMMO IO (hOpMYITi TNIOCKOTO KOHAEHCATOpa:
ToMy eMHICTB, sika 00yMOBJICHA TOABIHHUMU KiJIBISIMU 3B'S3KY, JTOPIBHIOE:
[Mincramsiioun 3uaiaeni 3HaueHus L, Cu, Cr, Cu, Ces y hopMyity ajst TOBKUHH
XBHIIL, OIEPIKYEMO:
ne Ceg — EMHICTD KiJIET[b 3B'SI3KY.
s marHeTpoHiB 0e3 Kinenp 3B'A3Ky. s MarHeTpoHIiB 3 OAMHAPHUMU KiTbLSAMU
3B's13Ky. 711 MarHETPOHIB 3 MOJABIMHIUMH KiJIISIMH 3B'SI3KY.
[Ipu BU3HAUYEHH] €EMHOCTI 1 TOBKWHH XBWJII IPUHHATO psig npunylieHs. Kinbuesuit
aHOAHMU OJIOK 3aMiHEHHMH JiHIMHUM, EMHICTh MK TOPIIEBOIO TIOBEPXHEIO OJIOKY 1
KaTOZIOM He BpaxoBaHa, KpaloBHH e(eKT i BIUIMB TOPLEBUX KPUIIOK MarHeTpoOHA
HE BpaxOBaHa, JIOCUTh CKJIaJHA KOH(Irypallis mojs 3aMiHeHa CIPOILICHOO 1 T.[I.
€IVMHUM BUIIPAaBIAHHSIM YCIX I[HMX JONyHIeHb € IixXHsA (i3udHa SCHICTH 1
MareMaTHyHa mpoctoTa. [IpuaatHicTh 1iel GopMynu MoXKe BUPIIIUTH MPAKTHKA.
P030iKHICTh TEOPETUIHHUX PO3PaXyHKIB i eKkcriepruMeHTanbHuX ckianae 20...30 %.
2.3. METOAUKA PO3PAXYHKY PE3OHATOPA CEKTOPHOI'O THUITY
OpHa 3 HaMOLIBII PO3NOBCIOMKEHUX (OPM aHOAHOTO OJOKY Cy4acHUX
MarHeTpoHiB mokazana Ha puc. 2.16. [Ipodins pe3oHaropa Takoro TUIY JIETKO
ACOLIIOETHCS 13 CEKTOPOM, y SIKOTO BHJIy4YeHa BEpUIMHA 1 Haraaye 3a (HopMoro
nonatky. Tomy OygemMo Ha3WBaTH Taki PE30HATOPH CeKTopHoro Tumy. llpm
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PO3paxyHKy LHX pE30HAaTOpiB MU OyJeMO po3MIAJaTd KOXKEH pPEe30HATop SK
BiJIPi30K CEKTOPHOI JiHii, 3aMKHYTHI HAKOPOTKO Ha OJHOMY KiHIIi i HABaHTaKEHUH
Ha €MHICTb Ha IHIIOMY KiHIi. EMHICTh, Ha SIKy HaBaHTa)KEHA JIiHisl, CKJIaJaeThCs 3
€MHOCTI MiJK TOPLISIMH PE30HATOPa 1 EMHOCTI, BHECEHOI KUTBISIMH 3B'SI3KY.
s po3paxyHKy pe30HaHCHOT YaCTOTH MM MOJYMKH IiJKIIOUAEMO J0 «ILTAHU
pe30oHaTOpa JKEPesIo Hanpyru U, sinw? 1 BIAMIYKYEMO TY 4acTOTY, IIPH SKil CTpyM
yepes JKepeNo JIOpPiBHIOE Hy 0. Yepes HKepeno MpoXosTh JiBa CTPYMH: CTPYMHU
CEeKTOPHOI JIiHiT |, 1 cTpyM eMHOCTI /.. ToMy YMOBOIO PE30HAHCY € CITiBBiTHOIICHHS
Jlns pimeHHs 3a7a4i HAM HEOOXiTHO BH3HAUYUTH CTPyM |, 110 iae B JiHifO.
PosrsiHeMO  ISIHKY CEKTOPHOI JIiHII IMUPUHOK /A 1 JOBXHHOKO dr, IO
3HAaXOAWTHCS Ha BiACTaHi 7 BiA LeHTpa cekropa miHii. Tak camo, ik y Oyab-Kii
JOBTiM JMiHI{, 3MEHIIEHHS CHJIM CTPyMYy 1 Hampyrda Ha Lid JUISHLI JTiHi
BHU3HAYAETHCS HACTYITHUM YHHOM:
Busnauumo Bemuuunan dC i dL ans cextopHoi minil. Bemuuwny emuocti dC
BHU3HAYUMO 1O (POpMYJIi MIOCKOTO KOHACHCATOPA:
ne ¥ — KyT pO3KpPHTTS CEKTOPA.

Puc. 2.16. MarHeTpOHHI pe30HATOPH CEKTOPHOIO THILY

3 IBOCTOPOHHIMH MOABIiHUMHU KiJILISAMU 3B'SI3KY

3a 3akoHOM Awmrmepa HaNpPyXEHICTh MAarHiTHOrO TOJNS B OyIb-sKid TOUIi
PO3MISIHYTOT UISTHKH JOPiBHIOE.
[1o BU3HAYEHHIO NOHATTS IHAYKTUBHOCTI:
[Migcrapnsroun 3Haiaeni 3HadenHss dC i dL y Qopmynu, [0 BH3HAYAIOTH
3MEHIICHHS CTPYMY 1 HAPYTH, OTPUMYEMO:
Hudepenuiroroun mo 7 mepuie piBHSAHHSA 1 MiACTABISIOYM B HBHOTO 3HAYEHHS 3
IHIIIOTO, OTPUMYEMO:
3aranpHe pillIeHHS [IOTO PiBHSHHS:
JludepeHiirooun e piBHSAHHS 1O 7 1 MiJCTaBISIOYM 3HAHJACHE 3HAYCHHS B
piBHsHHS (2.8), OTpUMY€EMO:
PiBasians (2.11) 1 (2.12) € OCHOBHUMH PiBHSHHSIMH IS PillleHHS Oy/b-SIKUX 3a]1ad,
3B'SI3aHKX 13 CEKTOPHOIO IiHiero. [lepeiineMo 10 BHU3HAYEHHS CWJIM CTPYMYy Ha
MOYATKY JIiHii.
['pannuni ymoBu (npu r=b, U=0 i npu r=a, U=U,) 1atoTh MOXJIMBICTh BU3HAYUTH
NOCTilHI iHTerpyBaHHs A u B i 3HalTH CHIy CTPYMy Ha MOYaTKy JiHil (pu r=a,
puc. 2.17):
®yuxkuis Ctlka,kb) Ha3UBAa€THCA BENUKUM paialbHUM KoTaHreHcoM. CTpyMm ., 1o
MPOTIKae Yepe3 30CepePKEHy EMHICTh, TOPIBHIOE:.
Tomy ymoBa pezoHaHCy Jae
B anomHoMy OJioIli MarHeTpoHa BCi pe3oHATopu piBHI Mix coboro. OTxe, KyT
PO3KPHUTTS CeKTopa, Ae N — 4uCiI0 pe3oHaTopiB. ToMy yMOBY pe30HAHCY MOKHA
3aMycaTH y BHTIISI
s dpopmyna € OCHOBHOIO [UIsl pO3PaXyHKY JAOBXXHUHHU XBUII.
3ocepemkena emuictb C =Cr +CG. cknmamaerses 3 eMHOCTI Kijelnp 3B'3Ky Ces i
TOPLEBOI €MHOCTI, Ui AKOI B MOMEPEAHBOMY pO3Aiii Oynd OoTpHMaHi HACTYIHI
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bopMyITH: pU BiAICYTHOCTI Kijelb 383Ky C.. =0, mpu JBOCTOPOHHIX OJUHAPHHUX
KUTBISIX 3B'SI3KY, TIPU MOABIMHUX JBOCTOPOHHIX KUIBLSAX 3B'SI3KY.

Puc. 2.17. Ilo3Ha4yeHHs1 po3MipiB, NPUIHATE MPH PO3PAXYHKY

Pe30HaTOpiB CEKTOPHOIO THILY

[lepm HiXX mepexoAWTH IO MPUKIAAIB MPAKTUYHOTO PO3PAXyHKY PE30HATOPIB
I[LOTO THITY, BAPTO 3pOOUTH 3ayBaXKCHHS PO BEJIMYUHU A 1 b. Y KOHCTPYKTUBHUX
KpECIIEHHSIX MarHeTpOHIB 3BUYAaliHO BKa3ylOTh JiaMeTp aHoja d, i nmiametp D
OKPYKHOCTI, IO 30iraeThecsi 3 3aJHIMH CTIHKAMHU PE30HATOPIB. SIKIIO MPUAHATH;
(puc. 2.17), TO NpaKTUYHO BUXOIUTH AY>KE BEJTMKA TOMUJIIKA.
Benwunnau a i b BapTo po3paxoByBaTH OLTBII TOYHO. 3 puc. 2.17 BUIHO, IMI0:
[TutaHHs PO MPHUIATHICTB IIBOTO METOY ISl PO3PAXyHKY pealbHUX MarHeTPOHIB,
TaK caMo SK i MUTAaHHS TPO MPUAATHICTH OYIb-SIKOTO METOJIY, MOXKE BUPILIHTH
TIJIKM TPaKkTUKa. PO301KHICTh TEOPETHUHUX PO3PAXYHKIB 1 €KCHEPUMEHTATBHUX
ckiangae 20 — 25 %.

2.4. METOAUKA IHJKEHEPHOI'O PO3PAXYHKY EJIEKTPUYHOI'O
PEXXUMY I ITIPOCTOPY B3AEMO/II EJIEKTPOHHOI'O IIOTOKY 3
EJJEKTPOMATHITHUM ITOJIEM PE3OHATOPA MATHETPOHA
Jns  copoleHHS MaTeMaTHYHOTO aHaji3y pyXy eJNeKTPOHIB B MAarHeTpoHi
HEOOXiZIHO TPHUHHATH psAJ TPUIYIIEHb, $KI HE TMPHU3BOAATE J0 3HAYHHUX
po30iKHOCTEH MK  TCOPETUYHMMH  PO3paxyHKaMHd Ta  pe3ysbTaraMu

EKCIIEpUMEHTAIbHHUX JTOCIiPKEHb:
1. Hextyemo kpaeBumMu edekTamu i PO3IITOBXYBAIbHUMH [isIMH 00’€MHOTO
3apsy B HaNpsSMKY OCi MarHeTpoOHa, IO Ja€ MOXKIHUBICTH 3BECTH TPUBUMIpHY
3aJadyy A0 ABOMIpHOI, TOOTO NPUHHATH pPyX €JEeKTPOHIB B IUIOMIMHI, fKa
MEePIEeHANKYIISIPHA JI0 OCi Karoja, i MOJIOKEHHS eJCKTPOHAa BU3HAYAETHCS JIWIIIC
JIBOMa KOOpAMHATAMHU.
2. HexTyeMO HEOJHOPINHICTIO TOCTiHHOTO (y dYaci) eNeKTPUYHOTrO MO, SKa
BUKJIMKA€THCS HASBHICTIO 3a30piB B aHogHOMY Oiomi. Ile mae MoxiauBicTh B
MOJIAPHIA CHUCTEMI KOOPAWHAT MPUHHATH MOCTIHHE €JICKTPHYHE IOJIE 3aJCKHHM
JIMIIIE Bijl pajiiycy 1 He3aJIeKHUM BiJI KyTa.
3. HexTyeMo Mar"iTHHUM IOJIEeM B Pe3yJbTaTi KPYTOBHX E€JIEKTPUYHUX CTPYMIB B
NpOCTOpi  KAaTON-aHOJ, TOOTO HANpPYXKEHICTh MAarHiTHOTO TOJS HpUIIMaeMo
MTOCTIITHOIO 1 HEe3aJIeKHOIO Bif pajiyca.
4. HexTyeMO BTOPMHHOIO CJICKTPOHHOKO €MICI€0 1 BIIOWTTAM EJICKTPOHIB Bij
MOBEPXHI KaToa i aHoxa.
5. HexTyeMO moYaTKOBUMH HIBHIKOCTSAMH €JIEKTPOHIB MPH BUXOAI €NEKTPOHIB i3
KaTo/1a, 3aJIC)KHICTIO MaCH €JIEKTPOHIB BiJl IIBUIKOCTI, BIUTMBOM BHCOKOYACTOTHOTO
Mar”iTHOTO TOJIs Ha PyX €JICKTPOHIB.
6. IpuiimMaeMo imeanbHy HAIIHAPUYHICTH 1 KOAKCIaIbHICTH POOOYMX IMOBEpPXHEH
KaToJa i aHoza.

2.4.1. TIOPABOJIA KPUTUYHOI' O PEXKUMY
[Topabosa KpUTHYHOTO PEKUMY MarHeTPOHA ONUCYETHCS CITiBBIIHOMICHHSIM:
ne H — mampyxenicth MarHiTHOro moissi B epcrenax; U, — aHOJHA Hampyra B
BOJIBTAX; 7, 1 74 — palilyc aHOAA 1 KaTolla B CAHTUMETpPaX.
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Puc. 2.18. TpaekTopii eJIeKTPOHIB i 3HAYEHHS AHOJHOI0 CTPYMY MarHeTpOHAa
B CTATHYHOMY PeKHUMi NP MOCTIiiHii aHOTHI HANpY3i

Ha puc. 2.18 300paxkeHi TpaekTopii eJIeKTPOHIB i 3HAYEHHS aHOIHOTO CTPYMY
MarHeTpoHa B CTATHYHOMY PEXHMI IIPH MOCTiHHINA aHOIHIN HAIPy3i.
Ha puc. 2.19...2.30 300paxkeHi TeopeTH4Hi mapabody KPUTHUYHOTO PEKUMY
MarHeTpoHa.

Puc. 2.19. Ilapa6ou KPpUTHYHOTO Pe;KUMY MAarHETPOHY NP

Puc. 2.20. Ilapa6oau KPpUTHYHOTO Pe;KUMY MAarHETPOHY NIPH

Puc. 2.21. Ilapa6ou KPUTHYHOTO Pe;KUMY MarHeTPOHA NP
[T:1aBHE 3MEHIIIEHHS aHOHOTO CTPYMY NP 301TBIICHHI HAMIPY>KEHOCTI MarHiTHOTO
moJyisi BimOyBaeTbcs OO THX Mip, MOKM KYT MIDK TPaeKTOPIEI0 EJeKTpOHa 1
MMOBEPXHEI0 aHOZA HE MpUiiMe HYJIbOBE 3HaUEHHS. B 11eif MOMEHT uepe3 MarHeTpoH
MPOXOJUTh CTPYyM, 1e |y — cTpyMm mpu BiAcyTHOCTI MarHiTHOro mois. Ilomanbiie
30inbmieHHst H BUKIMKae “BifipuB” TpaekTopii eNEKTPOHIB BiJ MOBEpXHi aHOA i
pi3Ke 3MEHIIEHHs aHOJHOTO CTpyMy Binm no (. B peanbHMX MarHeTpoHax B
KPUTHUYHOMY PEKUMI CTPYM 3MIHIOETHCS TIOBUIBHIIIIE.
B Hepobouiii obnacTi mapabosii KpUTUYHOTO PEXKUMY KOJIMBAHHS HE BUHUKAIOTh,
TOMY IO EJIEKTPOHU IONAJAl0Th Ha aHOJ IpPU MPOXODKEHHI MepIIoi MOJIOBHHU
CBO€I MmeTni 1 HEe MOXYTh TNepelaBaTH EHEpril0 eJIeKTPOMATHITHOMY IIOJIO.
[TpakTiuHe 3Ha4eHHS Mapaboin KPUTHYHOTO PEKUMY — HPHU 33JaHUX 3HAYCHHAX
Ta T 1 H MOXHA pO3paxyBaTH 3HAUYCHHS aHOAHOI Harpyru U,, pyu 30UIbILICHHI SKOT
MarHeTpoH He 3MOKe (PYHKIIIOHYBaTH SK TE€HEPATOp €IEKTPOMArHITHIX KOJMBAHb.

2.4.2. IOTEHIIAJ CHHXPOHI3AIIII

YMOBOIO pOOOTH MarHeTpoOHa € CHHXPOHI3alisl pyXy MPOIBOTY E€JIEeKTPOHIB Bij
3a30py 10 3a30pYy 32 MOJOBUHY IEPio/ia eIEKTPOMArHiTHUX KOJIMBaHb, TOOTO, ae [ —
Mepioj] PO3MIIICHHS 3a30pPiB B3J0BXK IMOBEPXHI aHOJA; MEPioJl eICKTPOMArHiTHHX
KOJIMBaHb; A - TOBKHMHA €JICKTPOMArHiTHUX KOJIMBaHb, C — IIBUJKICTh CBITJIA.
[epion / 3HaxomuThes 3riHO GopMyTH
Jie 7 — pajiyc ysBHOTO Koia; N — yucio pe3oHaropis. Tomi
[MorennianbHe  CKIQJOBE IMIBHJIKOCTI OIS TOBEpXHI aHoma  HaOyBae
MaKCHMaJbHOTO 3HAYCHHSI - IIIBUIKOCTI CHHXPOHI3aIlii
I Toxi, mpuiitMarouy, MOKHA 3HAUTH HANIPYTy CHHXPOHI3aLii:
Ha puc. 2.22 300paxeHi TEOPETUYHI 3aJEKHOCTI JUIS MOTEHINAy CHHXPOHI3allii
BiJl UMCJIa PE30HATOPIB.
3 ¢izuuHOl TOYKHM 30py MOTeHLian CHHXpoHizamii U. mpeactaBisie coOO0
TaHTEHCiabHY CKJIQZIOBY KIHETHYHOI €Heprii eJeKTpOHIB Oifs aHomy, sKa
3a0e3neuye CHHXpOHI3M. [Ipu marHeTpoH He Moke (QYHKI[IOHYBaTH, TOMY MIO
€Heprii, SIKy eIeKTPOHU OAEPXKYIOTh BiJl [Kepella aHOAHOI HANPYTH, HEJOCTATHRO
U 3a0e3ledeHHs] MIBUJAKOCTI, sKa HeoOXijHa s cuHXpoHizamii. Tomy Ha
mwiomuHi H 1 U, obnacte, sKa JeKUTh HUKYE JiHIT € HepoOoUuor 00IacTo, TOMY
o0 B HIA aHOJHA HAamNpyra HEIOCTAaTHS AJs 3a0e3MeUeHHS pPyXy eNEKTPOHIB
CHHXPOHHO 3 PYXOM TaJbMIBHOI'O BHCOKOYAaCTOTHOTO IOJIsA. TOMy LI0 KiHETHYHa
€Heprisl eNeKTPOHiIB 01l aHoga HE MOXKe OyTH MEHIa, TO 1 BTpaTH MOTYKHOCTI B
0ararope3oHaTOPHOMY MarHeTPOHI HE MOXYTb OyTH MEHIIII.
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Puc. 2.22. TeopeTn4Ha 3aJIe5KHICTH MOTEHIia1a CHHXPOHi3anii Bix yncia
pe3oHaTopiB
NpH pajiycax aHoAa
3 ¢izuuHOl TOYKHM 30py MOTEHLian CHHXpoOHizawii U. mpeacraBisie coOOI0
TaHTEHCiaNbHY CKJIQZIOBY KIHETHYHOI eHeprii eJeKTpOHIB Oifs aHomy, sKa
3a0e3neuye CHMHXpOHI3M. [Ipu mMarHeTpoH He Moke (QYHKI[IOHYBaTH, TOMY MIO
€Heprii, SIKy eIeKTPOHU OAEPXKYIOTh BiJl JUKepella aHOJAHOI HANPYTH, HEJTOCTATHRO
Ui 3a0e3ledeHHs] MIBUJAKOCTI, sKa HeoOXijHa Juis cuHXpoHizamii. Tomy Ha
mwiomuHi H 1 U, obnacte, Ka JeKUTh HUKYE JTiHIT € HepoOoUuor 00IacTo, TOMY
o0 B HIA aHOJHA HAmNpyra HEJOCTaTHsS sl 3a0e3MeYeHHS PyXy eIEeKTPOHIB
CHHXPOHHO 3 PYyXOM TaJbMIiBHOTO BHCOKOYAaCTOTHOTO IOJisi. ToMy IO KiHETHYHA
€Heprisl eNeKTPOoHiB OiNis aHoga HEe MOXKe OyTH MEHIIa, TO 1 BTpaTH MOTYKHOCTI B
0araTope3oHaTOPHOMY MarHeTPOHI He MOXYTb OyTH MEHIIII.
2.4.3. IOPOI'OBA HAITIPYTA

[Toporoa Harnpyra — MiHiMaJIbHEe 3HAUEHHS AHOHOT HAIIPYTH, TIPH SIKiH eJIEKTPOHU
MOXKYTb TIOTIaJ]aTH Ha aHOJl, BU3HAYAETHCS CITIBBIIHOLICHHSIM
Ha puc. 2.23...2.27 300paxkeHi TeopeTHYHi JIiHii MOPOTOBOT HANIPYTH B 3aJIE)KHOCTI
BiJl Hampy)keHocTi MarHiTHOro mojst H. JIiHis mOporoBoi HANpyru JOTUKAETHCS
mopaboy KPUTUIHOTO PEXKUMY B TOYIII.
ITopiBHAHHS PO3paxOBaHUX 3HAYEHb MOPOTOBHX HANPYT 3 €KCHEPHUMEHTAIbHUMHU
pe3ylbraTaMd  TOKa3yloTh, IO, SK IIPaBHJIO, MAarHeTPOHU IPOAOBKYIOTh
TeHepyBaTH EJICKTPOMATHITHI KOJHMBAaHHS 1 NMpH Hampyrax, ae U, — moporosa
Hanpyra, po3paxoBana 1o gopmyii (2.18), To6to moxudka Gpopmynu 6immu3sko 10%.
CriBBimHomenHsa (2.18) npusBomuTh A0 mnoxuOku Omm3pko 10%, Tomy 110
BpaxoBy€ [il0 Ha €JIEeKTPOH B paJialbHOMY HANpsSMKY JHIIE TPbOX CHIL:
€JIEKTPUYHOI, MarHiTHOI 1 IEHTPOOIKHOI.
Sxuro BpaxyBaTH Ie IUKIIO1NAIbHUN XapakTep pyXy eIeKTPOHiB, TO GpopMymna Ass
IIOPOrOBOI HANPYTH NPUAMAE BUIIIAL:
A CHIBBiIHOIIEHHS [T pOOOYOT HANIPYTH B IIbOMY BUTIAJIKY:
1e h — BucoTa aHomHOTO 050Ky [CM]; |5 — aHomHMIE cTpyM [A].
30inbieHHsT poO040i HAPYTH 13 30UMBIIECHHAM CTPYMY [z MOSCHIOETHCS THUM, IO
CHJIOBI eNeKTpUYHi JiHii, sIKi OB ’s3aHi 3 €JIEKTPOHAMH, CTBOPIOIOTH JONATKOBE
eJIEKTPUYHE TI0JIE, SIKE 1 MPU3BOAUTE 10 POCTY POOOYOi aHOAHOT HAIIPYTH.
Puc. 2.23. TeopeTn4yHa 3aJ1e5KHICTH OPOTr0OBOI HAIIPYT'M MarHeTpPoHa 0e3
ypaxyBaHHs (a) Ta 3 ypaxyBanusam (b) nuki10inaJabHOro xapakrepy pyxy
eJIEKTPOHIB NpH i

Puc. 2.24. TeopeTu4Ha 3a/1e:KHICTH OPOTrOBOi HANPYI'YM MarHeTpoHa 6e3

ypaxyBaHHs (a) Ta 3 ypaxyBaHHsAM (b) HUKJI0iTaJbHOT0 XapaKTepy Pyxy

eJIEKTPOHIB npH i

Puc. 2.25. TeopeTuuHa 3aj1eKHiCTh MOPOTrOBOI HANIPYTM MarHeTpoHa 6e3
ypaxyBaHHA (2) Ta 3 ypaxyBaHHsM (b) HUKI0IZaTbHOIO XapaKTepy pyxy
€JIeKTPOHIB npH i.

Puc. 2.26. TeopeTn4yHa 3aJ1eKHICTH TOPOTr0BOI HANIPYTM MarHeTpoHa (e3

ypaxyBaHHs (a) Ta
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3 ypaxyBanHaM (b) nMKJIOiAaIbHOTO XapaKTepy PyXy eJeKTPOHIB IpH i.
Puc. 2.27. TeopeTn4Ha 3aJ1eKHICTH TOPOTr0BOI HANIPYTM MarHeTpoHa Oe3
ypaxyBaHHs (a) Ta
3 ypaxyBanHaM (b) nMKJI0iTaIbHOTO XapaKTepy PyXy eJIeKTPOHIB MpH,.
2.4.4. BOJIbT-AMIIEPHA XAPAKTEPUCTHUKA
TA KOE®IIIEHT KOPUCHOI JIIil MATHETPOHA
Bonbr-ammepHa xapakTepuCTHKa MarHETPOHA OMMCYETHCS CITIBBITHOIMICHHAM
ne h — BucoTa aHomHOTO 050Ky [CM]; |5 — aHomHMIE cTpyM [A].
Ha puc. 2.28 300pakeHi TEOPETUYHI 3aI€KHOCTI BOJBT-aMIIEPHUX XaPAKTEPUCTUK
MarHeTpoHa IpH Pi3HUX 3HAYECHHSIX HAMPYKEHOCTI MarHiTHOTO TIOJISL.
Puc.2.28. BosbT-amMnepHi XapaKTepUCTHKH MATHETPOHA
Brpartu eneprii B MarueTpoHi BiiOyBaroThCs [0 HACTYITHUM MPUYHHAM:
- SJICKTPOHU TOMAJIAl0Th Ha aHOJ 3 BEJIMKUMU MBHIKOCTSIMHU (10 30% Bix
MPUKIIaJICHOT HATIPYTH);
- PO3irpiB MOBEPXHI aHOTHOTO OJIOKY HABEJICHUMH BUCOKOYACTOTHUMH
ctpymamu (10 20 % KoIMBalIbHOI MOTYKHOCTI).
3aranbHUH K.K.JI. MATHETPOHA BU3HAYAETHCS (OPMYIIOH0:,
Jie eJIEKTPOHHUH K.K.JI. BU3HAYAETHCS (popMyIIoro:
Ha puc.2.29 300paxkeHi TeOpeTHUYHI 3aJ€KHOCTI EINEKTPOHHOTO KoedillieHTa
KOPHUCHOT JIii MarHeTpoHa BiJ] 3HAYCHHS aHOJHOTO CTPYMY TIPH Pi3HUX 3HAYCHHSX
HaANpPy>KEHOCTI MarHiTHOTO TMOJIS.
EnexTpoHHa KOMMBaJIbHA BUCOKOYACTOTHA OTYKHICTh
Jie Koe(iieHT KOPUCHOT JTii KOJIMBATLHOI CHCTEMHU.
Tomi BUXiTHA MOTYXHICTh MarHETPOHA BU3HAYAETHCS (HOPMYJIOH0:

Puc.2.29. TeopeTnuHi 32/1€KHOCTI eJIEKTPOHHOT0 KoedilieHTa KOPUCHOI il
MAarHeTpoHa Bil aHOAHOT0 CTPYMY NPH Pi3HUX 3HAYEHHSIX HANPYKEHOCTI
MAarHiTHOTO MOJISI
Ha puc.2.30 300pakeHi 3aJIe’KHOCTI €JIEKTPOHHOI BHCOKOYACTOTHOI MOTYXKHOCTI

BiJl aHOJTHOTO CTPYMY TIPH Pi3HUX 3HAYCHHSIX HAMPYKEHOCTI MarHITHOTO TMOJISI.
Puc.2.30. TeopeTnuHi 3a/1€KHOCTI €JIEKTPOHHOI BUCOKOYACTOTHOI MOTYKHOCTI
Bill aHOIHOT'0 CTPYMY NPH Pi3HUX 3HAYEHHSIX HANPYKEHOCTI MATHITHOT O MOJIst

3. KOHCTPYKTHUBHO-TEXHOJIOT'TYHI OCOBJINBOCTI
MATHETPOHA

Bubip Oararope3oHaTopHOr0 MarHeTpoHa B sKocTi reHeparopa HBU-konuBanb
O0OyMOBIICHHH BHCOKHUM KOe(il[ieHTOM KOpHCHOi JMii MpH BiTHOCHO MPOCTIH
KOHCTPYKIIi Ta CTIHKICTIO 10ro poOOTH NpH HEY3r0HKEHHOMY HAaBaHTaKEHHI.
[Mpuctpiii ckinagaeTbes 3 HACTYITHUX OCHOBHHX BY3IIiB:

1) AHOMIHOTO OJIOKY MarHeTpOHa, KU Ma€e pe30HATOPHY CUCTEMY Ta MPHUCTPOL
JUTS PO3AUICHHS BUIB KOJUBAHb;
2) KaTOJIHOTO BY3Jia 3 BiAMOBITHUMH BUBOJAMU;
3) BHUBOJlY €HEPrii;
4) MarHiTHOi CUCTEMU;
5) CHUCTEMH OXOJIOJKEHHS.
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AHOmHMIA OJIOK TpecTaBisie co00t0 24-X pe30HATOPHY CHCTEMY CEKTOPHOTO THITY.
Pe3oHaTopHa cHCTEMa CEKTOPHOTO THITy TEXHOJOIIYHO MpPOCTa, BUTOTOBJICHA
EJICKTPOICKPOBOID 00pOOKOI0 (MOXKHA NUISXOM TIAHKK JIONATOK (Jamelnell) B
OWIIHAPUYIHE TIJI0 KOPITYCY aHOJA).
JInst po3/IisieHHs BUJIIB KOJIMBaHb B MAarHETPOHI BUKOPHCTOBYIOTHCS KIUTBIIS 3B’ S3KY,
KOHCTPYKTUBHO BUKOHAaHI y BUNISAJI NPOBIAHHUKIB MPSMOKYTHOT'O TEPETUHY, SKi
3’€IHYIOTh CETMEHTH PE30HATOPIB aHOJAHOTO OJIOKY uepe3 omuH. J{yis mincuineHHs
Ji1 KiJenp 3B’ 3Ky MpH 30€peKeHHI CUMETPii KOJIMBaIbHOI CHCTEMH 3aCTOCOBYIOTh
JIBOKpaTHE KiJlbIIeBE 3B’S3YBaHHS 3 JBOX CTOPIH aHOJHOTO OJIOKY, IO JIO3BOJISIE
301IBIIUTH 3B’ 30K MiXK pEe30HATOPAMHU Ta TIOKPAIIUTH PO3IIJICHHS BUIIB KOJINBAHb
3a 4actoToro. Kinbls 3B’S3Ky NPHEIHYIOTBCS 10 CETMEHTIB aHOTHOTO OJIOKY
nankoto.
Karognuii By3onm mpenctaBisie co0O0 IMIPETHOBaHWH KaToA LMIJIIHAPUYHOI
dbopmu. Karomamii OJOK pPO3MINIYEThCS HAa KAaTOMHIA HOXIII KOHTaKTHUM
3BaproBaHHsIM.KaToqHuli By3ell 3 KaTOAHOK HOXKOI TNPHBAPIOETHCS JIa3ePHUM
3BapIOBaHHSM JI0 KOPITYCY aHOJHOTO OJI0Ka.
Busiz eneprii npejcrapisie co00r0 miaBHuil nepexin 3 H-moxiGHoro xpuiaeBoxy Ha
NPSIMOKYTHWH XBUJIEBI]l 3 IEPETHHOM. Takuii BUBIJ] €HEPTii Ma€ JOCTATHIO IIHUPOKY
YaCTOTHY CMYTY , IIIO TO3BOJISIE CUJIbHO 3B’S3aTH 3 HABAaHTAXKEHHSIM KOJIMBAHHS HE
TiINBKW Ha JT -BH[i, aJie W Ha iHIMUX (HEOAKaHWX) BUAAX KOJNUBaHb. JIsKyroun
OMY TIIOJIETHIYETHCS YCYHEHHS Iapa3suTHHX BUAIB KOJMBaHb. BuBin eneprii
3’€IHY€ETHCS 3 PE30HATOPHOIO CUCTEMOIO TTAMKOIO.
MarniTHa cucTeMa MarHeTpoHa 3a0e3reuye MarHiTHe MoJie 3 HalpyKEHICTIO.
B marnerpoHax, sik i B 0araTbox iHIIUX eJIeKTPOHHUX npucTposix HBY, mmupoke
PO3MOBCIOIKCHHSI OTPUMaJIa IMaKeTOBaHA CUCTEMa, NPU SKil MOCTIMHHMIA MarHiT €
KOHCTPYKTUBHOIO YaCTHHOIO CaMOro MpHiany. B sKocTi OCHOBHOTO Marepiaiy A
MOCTIHHMX MarHiTiB BUKOPUCTOBYIOTHCS CIEIialibHI MarHiTHI CIJIaBH, SIKi MarOTh
BEJIMKY KOEPIUTUBHY CHITY 1 BEIHMKY 3IMIIKOBY 1HAYKIIIIO.
B makeToBaHMX MarHeTpoHaX IIOJIFOCHI HAKOHEYHHMKH 13  CHEMiaIbHUX
(dbeppoMarHiTHUX MarepianxiB BXOISTH 3 TOPIB B cepenuHy marHeTpoHa. [{um
3HAQYHO 3MEHIIYETHCS TOBITPSHUHA TMPOMIKOK MIDK TIIOJNIIOCAMH, SIKHUH CKIIalae
OCHOBHY YaCTHHY MarHiTHOTO OIIOPY JIAHKH.
CucrtemMa OXOJIOIDKEHHSI TPEJCTaBIsE COOOI BHIIAPOBYBAJIHHO-KOHJCHCOBAHY
CHCTEMY, SIKa CKJIQIAETHCS 3 KaMEpU KUIIHHS, KaMepH KOHJICHCAIlil Ta pajaiaTopa 3
PO3BHHYTOIO TOBEpXHEI Temioo0MiHy. CHcTeMa OXONOHKEHHS MAae€ TPOCTYy
KOHCTPYKILiO, CTabibHICTh yTpuUMaHHs poOouoi TemmepaTypw, Maly Macy i
rabapuTn.

BUCHOBKMHA
1. IlopiBHsIBbHA XapaKTEPUCTHKA MapaMeTpiB Ta 3aCTOCYBAaHHS MarHEeTPOHHHMX
reHeparopiB MiATBEPAWIH JIONMITBHICTh BHKOPHUCTAaHHS MAarHETpPOHHA B SIKOCTI
HaJIIHHOTO Ta BUCOKOE()EKTUBHOTO JPKEpelia HaBHCOKOYACTOTHHX KOJMBAHb.
2. B poboti Oyna BuOpaHa KOHCTPYKIisl MarHeTpoHa 3 0ararope3oHaTOPHOIO
CHCTEMOI0, sIKa MpaIkoe Ha 7T = BUJI KoiuBaHb. [IpuBeieHI METOANKN PO3PAXyHKY
PE30HATOPIB THUIIB: PE30HATOP Y BHUIVISAII HIUIMHA-OTBIP; PE30HATOP CEKTOPHOTO
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tuny. s caHTHMMETpOBOro Aiama3oHy JOLIIBHO BHUKOPHCTOBYBAaTH PE30HATOP
«IIUTMHA-0TBIP», @ IPU MEpexo/li B MTIMETPOBUH /iana30H HeoOXiqHO BUOHpATH B
SIKOCT1 KOJINBAJIBHOT CHCTEMH PE3OHATOP CEKTOPHOTO THUITY.

3. 3riIHO 3 METOAMKOIO PO3paxoBaHi Mapaboiyd KPUTHUYHOTO PEKUMY MarHeTpOHa,
3QJICKHICTh TMOTEHI[iANy CHHXPOHI3AIlil BiJ] YMCIa PE30HATOPIB, 3aJICKHICTH
MOPOTOBOI  HANpYTW BiJi HANpPYKEHOCTI MAarHITHOTO TIOJNs, BOJIbT-aMIlepHa
XapaKTepUCTHKA, 3alIe)KHICTh EJNEeKTPOHHOI BHUCOKOYACTOTHOI TIOTY)KHOCTI Ta
€JIEKTPOHHOTO KoedilieHTa KOPUCHOI il BiJ aHOJHOTO CTPYMY Ta HAIPYKEHOCTI
MarHiTHOTO TOJIS.

4. JlocmipkeHHST TIOKa3ald, IO JJis TeHepyBaHHS Ha dvactoTi 9375+25 MIn
HeoOxigHo 3abesneuntn Hanpyry 2500...3200 B npu HampyXeHOCTI MarHiTHOTO
oyt 2600...3000 Epcren. Ilpu mpomy BuximHa moTyxkHicTh 50...100 BT mpu
koedimienTi kopucHoi il 35+5%. OcCHOBHI KOHCTPYKTHBHI MapaMeTpu
PE30HAHCHOI CUCTeMHM HACTYIIHI: pajiyc karona =0,24 cM; paniyc anona r,=0,35
CM; KUTBKICTh pe3oHaTopiB N=24.
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