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HCCAEAOBAHHE 3KPAHUPOBAHHS NMPUMEHHUTEJBbHO
K TYPBOT'EHEPATOPAM

B. I IYMAXEP

*

(I[1}p=1cTapnedHa HAYYHBIM CEMHHAPOM KadeRp 2JeKTPHYECKHMX MAalHMH H 0JIel
3JIEKTPOTEXHHEH)

DASKTPOMATHHTHOE TIOJIe PACCEesHHs B 00JaCTH JM000BbIX YacTel 00MOT-
kn ctatopa TvpGorenepatopa, TPOHHMKas#s B JAETAJH KOHUEBOH 30HLI,
IPHUBOAHT K KOHUEHTPAUUM [OTEPb W K TOBBLILIEHHBIM MECTHBIM Harpesam.
B HEKOTOpBIX THIIAX MOIIHBIX TYypOOreHepaTopOB /ISl 3aLUHTH HAXKHMHOrO
KOJIbLA M CIMHKH CTATOPa OT HOJel paccesHHs NPHMEHAIOT MEeIHBIH 3KpaH.
DKpaHHPYIOIUMH CBOHCTBAMU 00J1a7aI0T TakKke KOHCTPYKTHBHbiE 1eTasll
KOHIEEBOH 30HBI, B YACTHOCTH, CaMO HaxKKHUMHO€ KOJIbILO CTATOPA.

Tounslii pacyer moseli paccesiHusd, NOTEPh U HArPeBOB B KOHIEBOH 30He
HEBO3MOXCH 63 ydeta 3KpPaHHPOBaHHs.

[Toast u 3KpaHHPOBAHHE B KOHIEBON 30He HCCJAEAYIOT Ha HATYPHBIX 00-
pasiax MoulHbix TypOoreHepatopos [l] M Ha yMeHLLICHHBIX (DH3HUECKHN
mojeasx rewepatopos [2]. Kax B ToM, Tak # B APYroMm cayyac nccieiosa-
TeJn H3MEPSIOT Pe3VabTHPYIOIlee I0Je paccesHus, He ompelcass 3poexra
IKPAHAPOBAHHS-

ViccaenoBande SKpaHHPOBAHUA IPOBEAEHO HA MakeTe BpalllatoUIeToCHd
104, KOTOPBIH COCTOHT U3 ABYX KOJIBLIEBBIX HIMXTOBAHHLIX ITAKETOB 3JEKTPO-
TEXHHUECKOH CTAMH, PACIONOKEHHBIX TapajiebHO U COOCHO (pHC. 1).

1 w

Puc. 1, DcrU3 maxera Bpalnafourerocs moas: 1 —
HaKeT CIHHKH, 2 — HcCOenyeMmbli obpasen, 3 — 00-
MOTKa HHIYHTOpa, 4 — TaKeT HHEVKTOpA.

1 TCTOYHHK MOAA — MHIYKTOp — JOCTATOUHO yAasldeH OT BTOPOro f1akerTa
— CIHMHKM € PACTOJOXKEHHBIM Ha Hel HccaedyeMblM oOpasumom. Tpexdasuas
KObieBAg OOMOTKa HHAYKTOpPA CO3J4€T B IPOCTPAHCTBE MEHIY HaKeTaMmi
(z peloucii 30He Makera) Bpallalolleecss 3JAeKTPOMArHHTHOE IOJIe, HMEH-
giee ¢HHYCOHAAJbHOe pacnpeleleHde HHAYKIHH MO OKPY/KHOCTH I OrU3KOE
K PaBHOMEGPHOMY pacrnpejelende nmo pazuycy. Mccnenyemvsie KoabieBpie 00-
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pasusl cpeaHuM aHaMmeTpoM De¢p=450 mm, mmpunoit B=80 sxm u To.1WHHON
==& MM M3TOTOBJCHBl H3 MeLH U HEMarHUTHOH CTaJIu.

Has onpefeseHus SKpaHHPOBAHHS ONBITHI MPOU3BOASITCA IPH OTCYTCT-
BHH 3 Npd HAIMUHK ofpasna B padoueit 3oHe. HTobObl nipH 3TOM ofecneuuTsh
MOCTOAHCTBO Be/JAHYHHBI BbIHYXKIAIOMIero MoJsi, TOK HHAYKTOpa MU 3a30p Me-
KAV aKeTaMH HHAYKTOpP& H CIIHHKH BO BCEX ONBITAX MOJANEPKHUBAJHCH OXH-
waxoppiMu, Mennniii obpasew ucesenopan npu vacrorax 14, 30, 50, 100, 200
1 400 ey, obpasen 13 HeMaruuTHoil craqau npu 50, 100, 200 n 400 ey. Mnuayk-
U5 BBIHYXIAKOUIETG 11079 y [OBEPXHOCTH CHNHHKH BO BCEX ONbITAX ObL1a
oko.ao 160 ec.

B onbitax M3mepsieTcss aMIJHATYAa HOPMAJbHOM K IJIOCKOCTH CITHHKI
MATHATHON WHIYVKUHH U ee (Pa3a, Kak B OTAEJbHBIX TOYKAaX BAOJIb pajguyca
paGouel 30HbBl, TaK H yCpelHeHHasi no MIHPHHe obpasua. /latunkamu saBaIs-
I0OTCH MHOTOBUTKOBbIe KATYIIKH, KOTOpPble  pAaCHOJOXKEeHbl Ha pPACCTOSHHH
3 M4l OT TIOBeDXHOCTH MaKeTa COHMHKH H OT yCTaHOBJeHHOro ofpasua. Beau-
YMHA WHAYKIMH OIpele/fercs Mo NoKaszallHsM JaMIOBOMO BOJbTMETpA TH-
ria B3-13, ¢asza — no npubopy BHII-5. CpenHekBanpaTHUHast NOrpenIHoOCTh
OTHOCUTENbHOH HHAYKUUM He NpeBocxoaut 3%, ¢passt — £8°. [lorpemmHocts
H3MENCeHHA B LEHTPAJbHON 4acTh o0pasiia MOXKeT OblTh HECKOAbKO GOJIbILICH.

ZxpanupoBadHe 00pa3LoB XapaKTepuU3yeTcs CJAEAYIOUIHMH napaMerpa-

S by
i (31
3
W — xkosdpuuuedr o6paTHoro ACHCTBHS,
S — KO3(pPHUHEHT 3KPaHMPOBAHMS, CPEIHHH MO ILIHPHHE IKpaHa;
So — KoabdHUHEeHT 3KPAaHHPOBAHHS B LEHTpe JKpaHa.

» Kosddununent obparnHoro LedcTBusa W xapakrepuayer yBedHUEHHUE M0-
A5 Ba TpaHuUax 9kpaHa. Uem MeHblle Ko3(pduUHEHTH IKpaHUpoBaHHA S
H S., TeM 3ddekTHBHEE YMEHBIIACT 3KpaH BblHyxaawuee nojae. Kosdpohuiin-
cHTE! W UM S, onpeneasiioTcsi Kak OTHOLICHHEe WHIYKUHH B COOTBETCTBYIOLIUX
TouKax paboueil 30HLI B ONbITAX ¢ 0OpasuoMm U 6e3 Hero, Ko3hpPuuHeut S—
aHaJoOruuHoe OTHOLIEHHe CPeJIHMX HHAYKUHMH mo LiupuHe obpasia.

MaKeT HMUTHPYET TOPHOBYIO 4ACTh CIUHKH CTATOPA C PaACHOJOMKEHHBIM
30JIII34 Hee HEMATHUTHBIM SKPAaHOM WM HAXXHMHBIM KOJbUOM. PesyiabTatht
HccJellOBaHHS Ha MaKeTe MOryT ObITb HONOJb30BaHbl AAs TypOoTreHepaTopa
C NOMOILIbI0 TIPUMEHeHHUs] TeOpHH MoAenuposanus. MssectHo [4], uTo ycio-
BHEM MOJEMHPOBAHHS BEJIWYHH, XaPAKTEePH3YIOUINX 3JEKTPOMATrHUTHOE noJje
B FeOMeTpUUYECKH MOJOGHBIX CHCTeMaX, FABJAACTCH OIpefe]eHHasd CBA3b Mac-
wtaboB MOoLO06GHA reOMeTPHUECKUX Pa3MepoOB My, YaCTOTHl Mj, JCKTPHUCCKOH
NPOBOJHMMOCTH M) ¥ MAarHHTHOH NpPOHMIAaeMOcTH m,. B cayuyae HemarHur-
HBIX 06pasuoB (m,=1).

2

m % = m;-m, . (1)

Ycanosue MOJeanpoBaHus (1) MOXKHO BHAOH3MEHHUTb, HCIOJb3YS TOHS-
THe TAYOHHBI [IPOHUKHOBEHHS MOJS

1 — l/— fMOJI')‘MOH. - 80131’“' 2)
wm TV T T e @
L fopHr OpHT MOL
rle HHICKCH #00 OTHOCATCS K MOJAENH, opue K opuruHany. CrenoBateabHO,
npy OJXHHAKOBBIX MEOMETPHYECKHX pa3mepax oOpa3ioB H3 pPa3JHYHbLIX MaTe-
puanoB napamMeTpsl IKPaHHPOBAHHS 3aBHCAT TOJIBKO OT TM1yOHMHBI HPOHHKHO-
BCHHA TIOJSL.

MenHbl 3KpaH MM Ha*KUMHOe KOJbIO TypOOoTeHepaTopa MOXKHO MoIe-
JUPOBaTh Ha MakeTe 00PaslLOM U3 TAKOTO XKe Marepuaja ¢ IOMOLUBIO YBe-
Anuends 4acTothl. KpoMe rtoro, MiMeercsi BO3MOXKHOCTb MOAEJTHPOBAHHA He-
MarHHTHOTO HA)KUMHOTO KOJbLa H3 MaTepHa/ja ¢ Jyylled yaenbHOH IPOBO-
TUMOCThIO, HanpuMep, u3 Mead. Ilpu aTom ormanaer HeoGXONXHMOCTh B BHI-

COKCUACTOTHOM HCTOYHHKe TTUTAHHUA. LIHCTOTy moJasd mpu MOACAUPOBAHHH HA-
XOA5T H3 BblpaKeHHA
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McenegoBanus ¢ OMOILbIO MOJEJUPOBAHUS HA MaKeTe BpallaloIerocs noJss
OTJANYAIOTCS MPOCTOTON M yAOOCTBOM BbINOAHEHHS 3KcNMepuMeHTOB. Cacayer
OTMETHTb, YTO MoJe paccesnys B Typboredepatope yMenbliaeTcs BLOJME TOD-
LOBO TOBEPXHOCTH CepleuyHHKa B PaIHaNbHOM HaNpaBJeHHH, a B MakKeTe
noje B10Jb pamuyca pabouelt 30HB GJU3KO K paBHOMepHOMY. B 3TOM OTHO-
IEHHH AaHHble 06 3KPAHHPOBAHHUH, TIOJYUEHHble HA MaKeTe. TPHNOAHbBI AHLIb

A5 KayeCTBEHHOW OlEeHKH 3KPaHHPOBAHHUS B TypOOTeHepaTopax.

PesyabTaTel HCCNe10BAHHH

1. XapakrepHbele 3@BHCHMOCTH HHAYKUHH BAOJb Painyca 3KPaHUPVIO-
uMx 06pa3uoB (pHC. 2) MMeIOT TIPOBaJ B LEHTPaJbHOH vacTd obpasna, molb-
€M y rpaHul o0pasila, NpeBblIIAOIIAfl BBIHY K IAOLEe 10Je, U CHaT 2 f1pe-
nenramu obpasua. I1pu ymenbluensu O riayoHHa W 00JaCTh MpoBaja, a TaKe
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Puc. 2. Pacrpepenernde HHAYRIHH TI0 pagaycy
MERHOrO 00pas3a Mpd PasTUYHbIX 4acTOTax.

HUK posist y rpanul obpasua yseduuusaioTcsi. Pasa moas Baoab pasuyca
3Kpanupylouero obpasiia 3HAUNUTEJbHO H3MeHSeDCs, MOCTHIrad  BeJHUYHHBI
1opanka 100° B nenrpe mejgHoro o6pasua npu {=50 ey. Uewm Jdyyiie 3KpauH-
poBanue, Tem Gosblle M3MeHeHHe (a3bl, KOTOPOe sABJsiercd OoJiee UYBCTBHU-
TeJTbHBIM HHAMKATOPOM 3KPAHHPOBAHHSA, ueM H3MeHeHHe HHAykuud. Pasa
110151 3a TpaHHLAaMH 00pas3la ocTaeTcsd NPaKTHYECKU HEH3MEHHOH.
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B ryp6oreHepaTope nHK moas y BHYTPeHHeH KPOMKH 3KpaHa MPHXOIHT-
¢ Ha 00J1acTb TOPUOBOH YaCTH CIHHKK H 3Y6LOB y AHA Ma3a, UMEIOIMYIO i
0e3 Toro 60JbIIYI0 KOHUEHTPAUHIO MECTHBIX NOTEPb, YTO HEOOXOAHMO YUHThI-
BaTbh NMPH OXJAaXKACHUH TOPUOBBIX YacTeH.

2. DKpaHUpOBaHHe HCCAeAyeMBIX 06pa3ios (mopsizka 19%) Hauxnaer
MpoABAATbCA npu 6= =3 cu (puc. 3) B ob61actu 6=2-0,65 cu 3KpaHipoBa-
HHE H MUK NOJs y TpaHuil o6paslia YBeJHUHBAIOTCS 3HAUHTENbHO, jajlee
venbuie. C 3TOH TOUKH 3peHUst MPH MOCTOSHHBIX pa3mepax D¢p H b 3kpana
TypBoredepaTopa, HauWHasi ¢ ONpejeJeHHON TOJIIMHDLI, faJbHelilee ee vpe-
1HYEHHe CTAHOBUTCH MaJ03(P(EeKTHBHLIM,
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Puec. 3. [HapaveTpsbl 3KpaHHPOBAHHA HCCIACLYEMbLX
00pasyoB NPH PABIHUHLIX 4aCTOTAX: ® — obpasen u3
HeMarHuTHoiH ctaax, @ — obGpasey U3 wxeum

3. dkcnepumenTaabias 3asBiucHMocTs W, S, So=1{(8"!) moxeT 6blThb liC-
110J1b30BAHA [AJd TIOJYYeHHs AaHHbIXx 06 3KPAaHHPOBAHHH OpPHIHHAJ/Ia — Ha-
/KHMHBIX KOJel, 1 9KpaHoB TypOoreHepatopa M3 HeMarHUTHbBIX MaTepHAJIOB,
reOMeTPHUYECKH TOLOOHbIX HccienyeMbiM o6pasnam. [lapamerpbi 3KpaHnpo-
BaHus npu {=50 2y A9 MeIHOro 3KpaHa HaxoAT no (2) B Touke d~'=m',
TIOCKOJIBKY Ogpur=1 €M 151 ODHrHHAJa W3 HepXKaBewlleld  CTaAH MapkKu
1x18HIT — B TOuke & '= (m;-6,0) “'cu~!. Tak, MeaHoMy 3KpaHy C pasme-
paMd b=226 um, h=226 um, Dcp=1270 uu (m~—11=2,83), ynaneniomy ot
cnuHKH Ha 17 mm, cootBetcTBYeT S=0,22 0. ., W=1,5 0. €,, 5,=0,02 0. €., TO
€CTb MmoJle B UEHTPAJbHON YacTH 3KpaHa IPAKTHYECKH IIOJHOCTBIO 3KPaHHPY-
erca (puc. 2 =400 ey). HaxxuMHOMY KO/bLYy M3 HepKaBewllied crajd C
pasmepamu b=400 muxm, h=40 un ,Dcp=2250 mm (m~1}=5), ynanennomy
ot cnHHKH Ha 30 mm cootBercTBYeT S=0,65 0. e, W=1,22 0. €. §,=0,57 0. e.
Pa3Mepnl TaKOro HaX)XHMHOTO KOJbIia AOCTATOYHO  TOYHO COOTBETCTBVIOT
pasMepaM HaXXHUMHOTO KoJbla TypGoreneparopa tHna TBB-320 mowHocTbIO
300 m81, OHO MomeaHupyercsi MegHbIM obpasuom npu f=30 2y (puc. 2).
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4. Ilpu uvactorax no 400 ey He oOHapy»XeHO  3SKPAHMPOBAHHA TIAKeTa
CIIHKH, IIHXTOBAHHOTO M3 KOJBLUEBLIX JUCTOB 3IeKTPOTeXHHUeCKOH Cranu

OM - MM*
MapKH 331(9 = 0,0 —) TonmuHow 0,35 MM, UTO CBHIETEJNbCTBYET 00
OTCVTCTBMHM IKPAHUPOBAHHS CMHHKH CTATOpPa M3 3TOH CTaAM C paaMepamu
b=283 ma, Dep=1275 mm (m—=2,83) npu [=50 ey.

3akawyenme

PesyanpTatel  ‘HCCAeAOBaHHA  o0pasuoB ¢ cooTHomeHHeM b:h=8 u
Dep:b=5,6 MOTYT OBIThH HCIOJL30BAHbI /51 KAYECTBEHHOH OLEHKH IKPaHWpO--
BaHiisd TeOMeTPHYECKH TOAOOHBIX JeTajell TypOOreHepaTopoB, B YacCTHOCTI,
HeMaTHHTHBIX Ha)*XUMHBIX KOJiell H 3KpaHoB B TOpUOBOH 3oHe. [logobHbie
JaHHble MOCYT OBITh TIOJYYEHBl HAa MakKeTe BpallaOUIEroCcs NOJs A5 AeTa-
Jiefl ¢ APYTHMH TeOMETPUUECKHMH NponopuusMi. Ha maxere BO3MOKHO Tak-
Ke cpaBHeHHe pPa3aruYHbiX BaPHAHTOB IIPUMCHEHHUA SI{paH‘OB B TYp@OI‘GHCp&-
TOpeE,
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