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HNPEIUCIIOBHUE

3HaKoM Jii yBaskaeMblil YuTaTe b C NPUHLUMIIOM AEHCTBUS aTOM-
Holt 60MOBI? PazymeeTcs, 3HakoM! MBI cO IIKOJNIBHON CKAMBH 3HaeM,
YTO aTOMHast 60MGa COCTOHUT U3 JIBYX KYCKOB OOOrallleHHOI'0 ypaHa.
Kaxxpsiit u3 HEX B OT/EIBHOCTH He IMPEBBIIIaeT KPUTHIECKOH Macchl.
Ecnu ux 6b1cTpO cONMU3UTH, TO KpUTHYECKas Macca OyAeT NMpeBbIIIe-
Ha ¥ IPOM30U/IET aTOMHBIA B3pIB. O3HAYAET JIU 9TO, YTO KaKABINA 13
Hac CMOXET cO3[jaTh aTOMHYI0 60MOY NpY HAJIMINKA COOTBETCTBYIO-
mux MatepruanoB? Koneuno ke, Het! OrpomMuelie Hay4dHbIe U MHXKe-
HEpHBbIE KOJUIEKTHBBI [IByX KPYIHEHIINX MHAPOBBIX Aep>KaB OHINCH
HaJl CO3JlaHMeM IEepPBBIX 0Opa3lOB aTOMHOU GOMOEBI, XOTS B OOIIKX
yepTax MPUHLIMI UX JeiCcTBHAS ObLI YK€ U3BECTEH.

Toyno Tak ke 3ajjaya MarHUTOCTATHYECKOIO 3KpaHMPOBAHUS
pelllaeTcs CTyAeHTaMH Ha 3aHATHSX IO TeOpHH Noisi. TeM He MeHee
pa3paboTka M CO3[aHHe MarHATHBIX 3KPAHOB, YHAOBIECTBOPSIOIIUX
3ampocaM COBPEMEHHOU TEXHUKH, TPEOYIOT 3HAUNTENBHBIX WHTEI-
JIEKTYaJIbHBIX ¥ MPOU3BOJICTBEHHBIX 3aTparT.

1151 03HaKOMJIEHHS YUTATENs C TOHKOCTSIME YCTPOHCTBA U JieH-
CTBHS MarHUTHOTO 3KpaHa M HamlmcaHa 3Ta Kaura. Kax n mo0ksre py-
rHUe Hay4HbIe 3HaHUs, CBe[JeHNs, IOYEePIHYThIE B 3TOH KHATE, HE OKa-
KyTCA U3NUIIHAMY [JIS YATATeNd, JaXe eclId OH HUKOIfa He OyheT
3aHUMAaThCs pa3paboOTKON MarHUTHBIX 3KPaHOB.



BBEJEHUE

Ilog MarHNTHBIM 9KpPaHOM YCJIOBHMCS IIOHHMAaTh YCTPONCTBO,
MpegHa3HaYeHHOE JJIS 3allUThI ONpeieJIEHHOI 00JIaCTH MPOCTPAHCT-
Ba OT MarHUTHOTO MoJii Ge3 pacXOofoBaHUS 3JEKTpodHeprmu. Ha
BO3MOXHOCTb CO3JJaHHSI TaKOr'o ycTpoicTBa eie B X VI B. ykaseiBal
IIxnoBaunu Barrucra pesuia Ilopra [1]. B cBoeM counHeHnH OH IH-
caJl «0 IIPOHNKHOBEHUY MarHUTHOTO IEACTBHS Yepe3 Bce Tesa, Kpo-
Me xene3a». B 1820 r. Barlow Habmrogan skpaHHpOBaHHE IOJbIM
SKeJIe3HBIM IapoM [7].

BrniepBble nmpaxkTmyeckasi NOTpeOHOCTh B 9KPaHUPOBAHUM IOSIBU-
nack B XIX B. B CBSI3M C CO3[[aHEM TaK Ha3bIBAEMOT'O “‘NaHIIPHOr0”
ranpBaHoMeTpa [2]. Ha HayasibHOM 3Tane CTaHOBJIEHHS 3JIEKTPOTEX-
HUKHM HEMAaJIOBaXXHOH Oblia mpobiieMa M3MEpEeHHs 3JeKTPHYECKOTO
Toka. OJHUM W3 NEpPBBIX U3MEpHUTENIEll MOCTOTHHOTO TOKa GBI rallb-
BaHOMETP, IPEJICTABIABIINI CO60H KaTYIIKY € TPOBOIOM, BHYTPH KO-
TOpO#l pa3Melljajiacb MarHUTHAs CTpeJiKa, OPMEHTHPOBAHHAs BHOJb
TOPHU30HTAIBHO! KOMIIOHEHThI F€OMarHUTHOrO MoJjisi. MarHuTHoe 1o-
Jie, BO3HUKABIIIEE B KaTYIIKE MY MPOITyCKAaHWUH I10 Hel 3JIEKTPAYECKO-
ro TOKa, CTPEMIIIOCh OPAEHTHPOBATh MArHUTHYIO CTPEJIKY BIIOJIb IIPO-
IOJIBHOM OCH KaTYILUKH — IONIEpeK FOPU30HTaIBHON KOMIIOHEHTHI I'e€0-
MarHuTHOro mojs. O4YeBUHO, YTO CTENEHb OTKJIOHEHHUSI CTPEIIKHA OT
MarHuTHOrO MepHjiFaHa ObliIa MpsSIMO MPONOPLHOHAIBHA CHJIE TOKa,
NPOTEKABIIEro IO KaTyllKe W OGpaTHO, IMPONOpPLHOHAIbHA Hamlps-
3KEHHOCTHU F'OPU30HTAJIbHOI KOMIIOHEHTBI FeoMarHuTHOro mojs. Cie-
JOBaTEJIBHO, JIVIS OBBIIIEHNS YYBCTBUTEILHOCTH raIbBAHOMETPA ObI-
J10 OBbI BBITOTHO IO BO3MOKHOCTH YMEHBIIHUTDb HANpPSDKEHHOCTh [e0-
MarHuTHOTO MOJIS, IefiCTBOBABIIEro Ha CTpeNKy raiabBaHoMeTpa. I1o
3TO NpUYMHE raJIbBAaHOMETP IIOMEILAJICS B XKeJe3HbII MaHIUPh — 3K-
paH, CYIIECTBEHHO YMEHBIIABIIMIA HAMPSKEHHOCTh F€OMarHUTHOTO
MOJISL BO BHYTpeHHe# nosnoct. OTCroa ¥ Ha3BaHUe rajlbBaHOMETpa —
naHuupHbIA. TakuM 06pa3oM, mporpecc B pacyeTe M KOHCTPYHpPOBa-
HUY MarHUTHBIX 3KpaHOB OKa3bIBaJl HEMOCPEJCTBEHHOE BIIMSHUE HA
NOBBIIIEHNE TOYHOCTH M3MEPEHHUS JIEKTPUYECKOro TOKa U B KOHEY-
HOM CYETE Ha pa3BUTHE 3JIEKTPOTEXHUKH B LIEJIOM.

YyuThIBask CKa3aHHOE, IOJ] KJIACCHYECKMM MarHUTHBIM 3KPaHOM
yCIIOBUMCS TIOHUMATh 9KpaH, NpeHa3HaYeHHBIH IS 3aIlUThI BHYT-
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PEHHEro MpOCTPaHCTBA (IIOJIOCTH) OT BHEIIHETO IMOCTOSIHHOI'O OfHO-
poaHoro MarauTHOro moJist'. imenno B XIX — Hayane XX B. u 6bL1x
[POBefeHbI HCCIIeJOBAaHNs], 3aJI0KUBIIE TEOPETHYECKUE U IIPAKTH-
YecKre OCHOBBI MarHUTHOI'O 9KpaHupoBanus. Hayano uM 6b110 no-
noxeHo Tpynamu Ilyaccona (Poisson S-D.) m Credana (Stefan J.),
paccuMTaBIINX KO3((PHULUHEHTH! 3KpaHUPOBaHUS CHEPUYECKOro U
GECKOHEYHO JUIMHHOIO LJIMHAPHYECKOro (IONmepeK MpOAOIbHOMI
ocr) skpaHOB [3-5]. BeiIosMHeHHbIE MMH pacdyeThl OKa3ajuCh Ha-
CTOJIBKO 6e3yNnpeyHbIMU, YTO B HUX Ha MPOTSKEHNH BOT yXKe MOYTH
IABYX BEKOB HEe OOHApPY:KEHO Kakux-nmubo norpemrHocred. 11ybmxa-
LMy, MOSBUBIIKECS 3aTeM B Koule XIX —Hayane XX B. (A.B. Rucker,
Du Bois, A.P. Wills, Esmarch), kacanuch npenMyimecTBEeHHO MHOTO-
CIIOUHBIX 3KpaHoB [6-13], a Takke 0COGEHHOCTEN MPUMEHEHNS HO-
BbIX MarHATHBIX MaTepuasoB [14] n axpaHnpoBaHUs OT NEPEMEHHBIX
¥ AMITYJIbCHBIX MarHATHBIX NoJielt . OCHOBHAS YacTh ITyGIIMKAIMT 110
Hay4YHBIM OCHOBaM MarHHNTHOI'O 9KpaHMpOBaHMS pa3bpocaHa Mo Ma-
JIOMOCTYIIHBIM HAy4YHBIM >KypHaliaM (3apyOesKHbIM M OTe4YeCTBEH-
HbIM). Brimeuiast B 1957 r. Ha pycckoM s3bike kaura I'. Kagena [15]
crana 6ubamorpacguyeckoir peAkocTeio, a ABe kHurm C.M. Amoi-
soHckoro [16, 17], Beimepnmme B 1982 u 1988 rr., TpeOyIOT M1 cBO-
€ro MOHMMAaHUS MaTeMaTU4YEeCKO! MOATOTOBKM Ha YpOBHe (pu3mKa-
TEOpeTHKA.

Lens mpepnaraeMoil paGoThI — CUCTEMATH3ALUS IMEOIIETOCs
MaTepuralia 1 U3JIOKEHHe ero B JOCTYNHO hopMe ¢ fobaBiIeHneM
HEKOTOPBIX OPUIHMHAJIBHBIX PE3YJIbTAaTOB HMCCIENOBAHMIA W pa3pa-
60TOK.

*B npefneiax peajlbHbIX pa3MEPOB MAarHUTHOT'O 3KpaHa r€OMarHuTHOE To-
Jie C BBICOKOI TOYHOCTbEO MOXHO CUUTATh OJTHOPOIHBIM.



I'masa 1

TEOPUSI MATHUTHOI'C 9KPAHUPOBAHUSA

1.1. OMHOCIOMHBIA MATHUTHBIN 9KPAH

ITonblii KPyroBoi GeCKOHEIHO JNIIMHHBIA HUIMHED
B OJ{HOPOXHOM MATHHTHOM NOJIE

ITycTh MBI IM€EM TOJIBIIA KPYTOBOM GECKOHEYHO JIMHHbIN hep-
POMarHUTHBIA LMJIMHADP C IOCTOSHHOH IPOHMIIAEMOCTBIO CTEHKHU
(MaTepuana) |, pagiycoM BHYTPEHHEH MOBEPXHOCTH I'; M PaliyCcoM
Hapy>XHOH NOBEPXHOCTH I,, HAXOMAIIMICS B OTHOPOHOM MOCTOSIH-
HOM MarHUTHOM II0JIe HAalIpSKEHHOCTHIO H ), HallpaBJIeHHOM IepIIeH-
OUKYJISPHO MPOJOJIBHON ocu nmimHpapa [18,19]. Paccmorpum cedve-
Hue nunuaapa muockocteio X0Y (pumc. 1.1). Bungy Oeckonedynoro
MIPOCTHpaHus NWINHpa B HallpaBJeHUH, IEPIEHUKYISIPHOM ILIOC-
KOCTH PHCYHKa, 3a/layy MO>KHO paccCMaTpUBaTh KaK JBYMEPHYIO C Te-
KYIIAMH MOJIIPHBIME KOOPAMHATAMH I 1 .

CkaJspHbIY MarHATHBIHA NOTEHIFAI OJHOPOJHOTO BHEIIHETO I10-
14 (Korja HeT 9KpaHa) 3aluIleTcs B BUje

UO =—-H0'x=—H0~FCOS(p. (11)

[Ipu Hamumyuu 3KpaHa Ta-
KyI0 e BEJHMYHHY JOJKEeH
IMETh NMOTEHIHAN Pe3yJIbTUPY-
IOIIEro MOJs B 6eCKOHEYHOCTH,
Tak Kak N0 Mepe YBeJId4YeHHUs
paccTosHus BO3MYyIIAIOINIee
AelicTBHE 3KpaHa OJXKHO yObI-
BaTb. CliefloBaTeNbHO, B BBIpa-
SKeHHe NOTeHAAalIa ISl pe3yJib-
TUPYIOLIEro MOJIsI BO BHEHIHEH
00J1aCcTH JOJIKEH BXOIUTDH YJIEH,
yObIBalOIMA NpH yBeJInye-
HUM TEKYIIell KOOpHIUHATHI I.
Puc. 1.1 Kpome Toro, BeIpaxkeHue s




[OTEHNMAaNa AOJIXKHO YIOBIETBOPSATh ypaBHeHHIO Jlamiaca B mo-
JISIpHOYI cUCTEME KOOPAMHAT:

2U=(1/r)z%( aU") (1/r )a Y% _o. (1.2)

OTUM YCIIOBHUSM YAOBIETBOPSET CIENyIOlIee BhIpakeHue IS pe-
3yJBTUPYIOLIETO NMOTEHIMAIa BO BHEIIHEN! 061acTi (OTHOCHTEIb-
HO 3KpaHa):

Uy =—-Hyrcos® — (A/r)cosQ = —(Hyr + A/r)coso. (1.3)

BrIpaskeHue 1 noTeHnmana (peppoOMarHATHOIO CJIOSI CaMOr'0 dKpa-
Ha 3aNMIIeTcs] aHAJIOTHYHO:

Us; =—(B-r + C/r)cose. (1.4)

Bemuuunsl A, B u C npeficTaBISIOT co00i HEKOTOpbIe K03 duiu-
€HTBl. 3aBHCHMOCTb OT () JOJKHA OBITh MMEHHO TaKO#, 4YTOOBI
YIOBJIETBOPHUTH F'PAaHUYHBIM YCJIOBHUSM Ha IIOBEPXHOCTH LIINH/PA.
TaxuM o6pa3oM, pemieHne ypaBHeHus Jlaminaca MOXeT OBbITH BbI-
paxkeHo MyHKIUAME rcos® 1 (1/r)cos@ nnu ux IuHeHO! KoMOnHa-
nued. [ BHYTpeHHEH IOJIOCTH LHWJIMHApa NMpUMEHMMa TOJIBKO
byskuums rcos@, Tak kak ¢pynknus (1/r)cos npesparraercs B 6ec-
KOHEYHOCTb npu 1 = 0.

Toraa [y NOTeHNMAaNa MOJIst BO BHYTPEHHE! TOJIOCTH LMIAHAPH-
YEeCKOro 9KpaHa IMeeM

U; =-D-rcoso. (1.5)

Takoii Buji IMeeT BbIpa>keHue JJIS MOTEHIalIa OfHOPOJHOIO I10-
JId, CefoBaTelbHO, K03 duuueHT D ecTh He YTO MHOE KaK Hampsi-
SKEHHOCTb OJHOPOJHOIO MOJsi H; BHYTPH IIOJIOCTH 3KpaHa, U BbIpa-
keHne (1.5) MOXKHO 3aMEHHTH Ha ClleyIolee:

U,' = —Hi‘rCOS(P. (1.6)

s onpenenenust Koagpguuuentos A, B, C u H; Bocronb3yeMcst yc-
JIOBHEM HENPEPbIBHOCTH HOPMAJBHBIX COCTABJISIONIMX BEKTOpa WMH-
AYKUHH ¥ HEMPEPbIBHOCTH Iepexofia MOTeHI ala Ha IpaHuax Bo3-
OyX — (peppoMarHeTiK u heppOMarHeTuk — Bo3[yX (B 061IeM caydae
HE BO3[yX, @ BaKyyM).



Ha BHenIHell cTeHKe IMUIMHAPAYECKOTO 3KpaHa (r = r,) IMEEM

Uu,=U, (1.7)
T. €. €ClIA
Hy+ Alr2 =B + C/r?, (1.8)
a Takxe
(U, for = (U /ar), (1.9)
3HAYHT,
Hy— Alrt = (B - C/rd). (1.10)
Ha BHyTpeHHel cTreHke 9kpaHa (r =r;)
U;= U, (1.11)
WA TIO-APYroMy
B+ Clrt=H, (1.12)
a Takxe
oU; [or = uw@U/ar), (1.13)
T.
WB - Cfrh) = H,. (1.14)

Takum o6pa3oM, umeeM 4yeThbipe ypaBHeHus (1.8), (1.10), (1.12) u
(1.14) nist 9eThIpeX HEM3BECTHBIX. VI3 HUX B JaHHOM cllyyae Hac HH-
TepecyeT Juiub H, PemmB oTHOcUTEeNbHO H; yKa3aHHYIO CHCTEMY
ypaBHEHHH, NOJyyaeM

H. = 4p”H0
C(rr) (- (-2 (1.15)

A

H, = H,
Co1+0,25(w-2+ 1) (1-12 /)

(1.16)



MoxeM 3amnmcaTh
Hy/H; =1+ 0,25( + 1/u =2)(1 - r#/r?). (1.17)

OTHollleHNe HaNPSKEHHOCTH BHEIIHETO MOJIS K HAIPsKEHHOCTH
I0JIA B TOJIOCTH, 3aIIMIIEHHON 3KpaHoM, OyfieM Ha3bIBaTh KO3 pu-
OHEeHTOM KPAHHPOBAHNUSA dKpaHa U 0603HaymM K:

K = Hy/H,;, (1.18)
a BeIpaxeHue (1.17) 3anmieM B Bujie

K =1+0,25(\it -/ (1-r2/r2). (1.19)

ITockonbKy B GONBIIMHCTBE ClIy4daes L >> 1, 3TO BbIpaXKeHHe Ja-
1Ile 3alIChIBAETCs TaK:

K=1+025u1 /). (1.20)

Ecnu TomumHa CTeHKH 9KpaHa f Majia o CPaBHEHMIO CO CPETHUM
pagaycoM €€ KpUBHU3HEBI 7', TO BBIPA>XKEHUE JIJISL K nmeer BH]]

K=1+0,5un. (1.21)

Ecnu BHENIHW pajuyc MWIMHAPAIECKOTO 9KpaHa 1, MHOTO 6oJIbIIe
€ro BHyTPEHHET'O pajigyca r;, TO

K=1+025@+ 1/n—-2). (1.22)

OvuyeBuaHO, 3TO MaKCHMAaJIbHO BO3MOXHBIN KO3(h(HUIMEHT IKpaHU-
pOBaHUs LIIMHAPAYECKOTO 9KpaHa, H3rOTOBJIEHHOTO U3 MaTepuaia
C JaHHO¥ MarHUTHOM NPOHULIAEMOCTHIO |L.

Ecnu Teneps nepeiiTi K pacCMOTPEHHMIO IIOBEJIEHNST KPYTOBOro Oec-
KOHEYHO JVIMHHOI'O MOJIoro (heppOMarHUTHOIO LMIMHAPA B OHOPOJ-
HOM IIOCTOSIHHOM MarHUTHOM I10JI€, OpUEHTUPOBAHHOM BJ[OJIb €T'0 IIPO-
TOJILHOM OCH, TO HETPYIHO YOEMUTHCS, UTO ITOJIe BO BHYTPEHHET MOJIO0-
CTH TaKOr'0 NWIMHpPA B TOYHOCTH PaBHO IOJIO BHE ero. JIuxmm Hanps-
SKEHHOCTH MarHuTHOIO IOJISL M €r0 MHAYKLHMM HUITIE HE IIepeceKaroT
NOBEPXHOCTE IINHAPA, a CIIEA0BaTENLHO, ! HE IPETEPIEBAIOT OT ero
MPUCYTCTBUST HUKAKHX U3MEHEHUH. B ciiyyae mpou3BOJIBHOI OpreHTa-
MM BEKTOPA HANPSKEHHOCTH BHEIIHETO OJHOPOJHOIO IOJISI OTHOCH-
TEJILHO MPOJIOJILHON Ocy 6ECKOHEYHO JIIMHHOIO LUIAHAPAIECKOrO K-
paHa, BCIIEJICTBIE JINHEMHOCTH IIPOMCXOMSIIMX B €I0 CTEHKE MPOLIECCOB,
OyleT CripaBe/IuB IPHHIUIL CYIIEPIIO3UIMI OTHOCUTEIEHO KOMIOHEHT

9



TOJIs, HaNpAaBJIEHHBIX BAOJNb U TOIEpPEK ero mpopoieHoit ocu. ITo-
CKOJIbKY ITPOMIOJIbHAST KOMIIOHEHTA NOJIg OyieT IPOHUKATh BO BHYTPEH-
HIOIO IOJIOCTh 3KpaHa OecHpeNITCTBEHHO, a MOINepeyHasi, B TOU WK
FHOH CTeleHH, OyleT oclabisThCs, HAllPaBJIeHHe BEKTOpa PE3yJIbTH-
PYIOLIETo MOJIsi BO BHYTPEHHEH MOJIOCTH 9KpaHa OyfeT 6oiee 6JIM3KO0 K
HaNpaBJICHUIO IPOJOJILHON OCH 3KpaHa, YeM HaIpaBJICHHE BEKTOpa
BHelHero nous. IIpoucxoaur “npenomiieHrie” MarHUTHOTO IOJISL TP
MIPOHNKHOBEHNY B 3KPaH M BLIXOJIE U3 HETO.

Ionsii 3MNTAYECKNIT 6ECKOHEYIHO JTHHHBIA I{IJIAHP
B OJJHOPOJ{HOM MAarHUTHOM MOJIe

Ecnyn upnmunapudeckuil 6eCKOHEYHO JIJIMHHBIN 3KpaH gBISETCA
9JUIMIITAYECKHM, a HE KPYTOBBIM, TO 3ajaya HECKOJIBKO YCIIOXKHSET-
cs. IIpiHIHI ee pelIeHnst OCTAeTCs TEM e CaMbIM, HO IPAMEHSIETCS
yKe 3JUIMITHYECKas CHCTeMa KOOpAUHAT. PacyeT, BHINOIHEHHBIN B
[20] png skpaHa, CTEHKH KOTOPOro 06pa3oBaHbl CODOKYCHBIMH 3JI-
nuncamu (puc. 1.2), gaeT cuenyrouiee BeIpaxkeHne i1 KoaguimeH-
Ta 9KpaHHUPOBAHMUA OT IOJs, HAPABJIEHHOTO BROJbL GOJIBbIIEH MOJTY-
ocy 00pa3yromIero JUINAICA:

3 (HzCh{Sl + Sh&l)Sh(§2 -§)+p (ch§1 + Shél) Ch(§2 &)
== 11(chE, +shE,) (1.23)

_ (;J,zshé1 +chg, ) sh(§2 - {51) +H (Shgl + Ch‘:l) Ch(éz - ‘:1)
n= P«(Ch§2 +Sh§2) (1.24)

JUISL TIOJISI, HAMIPABJIEHHOTO BIOJIL MeHblelt moayocu. 3neck &, u &, —
A BHYTPEHHH! ¥ BHEIIHWI pa3Me-

le——2a, > pbl 00pa3yrolux Cco(OKYCHBIX
3JIJIAIICOB B 3JUIMNTHYECKUX KO-
2b, s OpAMHaTAax.
— Ecnu o6o3navynts a,, b; 1 a,, b,
>  COOTBETCTBYIOIIUE IIOIyOCH 3JI-
) 25y npncos, cBS3aHHbIE C AILIAIHYEC-
\_/ l KAMH KOOpAMHATaMH COOTHOIIE-
— 24, . HUSMUI
Puc. 1.2 a = cchg, b= cshg,
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IIpuYeM, ¢ yaeToM CO(pOKyCHOCTH
az>a1, b2>b1,a2>b2, a; >b1,a%‘—b%=a%'—‘b%,

TO BbIpaXKeHHS I KO3(D(PHUIMEHTOB SKPaHNPOBAHHUS IT€PETHITYTCS:

bl(ale - azbl) p-1

K =1+ al(albz "‘azbl)

(a, +b,)(a? —bf)(”_l)— (a, +b,)(at -0%) 0’ (125)
e T
pe ey 129
Ecnu ygects, uTo il >> 1, TO
K_~1+ (a‘? (_a;?z) (‘a‘;’r’llzz) u, (1.27)
o o

Atu dopMyasl 6osiee YIOOHBI I IpaKTHYEeCKUX pacyeToB. Kak
BUJUM, KO3((UIMEHT SKPAHAPOBAHUS SJUIMINTAYECKOTO LIUIAH/-
pUYECKOro 3KpaHa OT IOJIs, HAIIPABJIEHHOI'O BAOJIEL GOJIBIIEH MO-
JyocH 3Juidnca, OoJibllie, YeM OT IIOJIS, HalpaBIIEHHOTO BJOJb
MEHBbIIEH MOJyOCH.

Ecnu cymrath, YTO TOJMIIMHA ! CTEHKH 3KpaHa BJIOJIb OOJIbIIEH
MOJIYOCH MHOT'O MEHbIIIE €ro BHEIIHUX NoJyocelt a u b, To

K_.=1+atu/[bla + b)] (1.29)
BJIOJIb GOJIBIIIEH IIOJIYOCH H
K“ =1+ },L-t/(a + b) (1.30)

11



K BIIOJIb MEHBIIIEeH mojiyocH. Tomu-
Ha CTEHKH O B MOCIIEIHEM CIy4yae

LiF 8= a-/b.

Ilpu a = b = r, T. e. B ciny4ae
1,0 KpyroBOI'O UMIMHAPUAYECKOTO 3K-
paHa, BeIpaxkenus (1.28) u (1.29)
I 1 I npeBpamaiorcs B (1.21).
3 5 7 n [Ipu meranpHOM aHajM3e BbI-
paxkeHul I K03a(puIMeHTa K-
Prc. 1.3 PaHUpPOBaHKS SJLUTHNTAYECKOTO IH-
muuppa C.Y. Kypeunés u M.I'. Bonkos nogmeriu [20], a A.B. Ca-
noxxHukoB 1 M.H. Bo6poBa [21] 06bscHumm acpdexT “obpaTHOro”
9KpaHUPOBaHMUs TaKUM IUIMHAPOM IOJIs, HaIpaBJIEHHOTO BJOJb
MEHbIIEH MOJYOCH, 3aKTF0YAIOIUICS B YCUJIEHHUH IO BHYTPH 9Kpa-
HHUPYEMOII IOJIOCTH IO CPAaBHEHHIO C BHEITHAM HOJIEM. DTOT 3(hekT
IMeeT MeCTO B MHTepBaJle NIPOHHUI[aeMOCTe! MaTepraja 9KpaHa 1 <
< U< a/b;.

Ecnu 3adukcupoBarts a,/b; 1 N3MEHATD BEJIMYNHY L, TO K03¢du-
I[IEHT 3KpaHMpPOBAHU JBaXK/(bl OOpalaeTcs B eUHALY — Ipa 1L = 1
1 npu UL = a,/b;. B npoMexyTke Mexny 3TuMH 3HauyeHusMu K < 1
(puc. 1.3). KoacppuuueHT sxkpaHHpoBaHMS MHUHUMAJEH Hpd [ =
= (a,/b,)%. llpu W > a,/b; ©MeET MeCTO “HOpMAlIbHOE™ 3KpaHUpOBa-
HEE, T. €. TOJIeé BHYTPH 3KPAHMPYIOLIEH IMOJOCTH BCErja MeHbIe
BHEILHETO (IIEPBUYHOIO).

OddekT “obpaTHOro” akpaHupoBaHus [21] o6ycloBiIeH TeM,
YTO MY CXKATHUH MOJIOCTH B (heppOMarHuTHOM Telle (B HallpaBJIEHUA
BHEIIIHETO IOJIs) MOoJIe B 3TOH MOJIOCTH MpUOIIDKAaeTcs K BeIN4ruHe
MHIYKIMHE B Macce 3TOr0 Tella, a IIOCKOJIBKY HHAYKIHS B heppomar-
HHUTHOM TeJle Bcera Ooublile MHIYKIMY BHEIIHETO MOJIs, TO IpH OIl-
pENETIEHHBIX COOTHOMICHUSIX MEXAY L ¥ a;/b; MHIYKIMS B CIUTIOIIEH-
HO ITOJIOCTH 5KpaHa MOXKET MPEBbICHTH MHAYKIMIO BHEITHETO MOJIS.
VIHTepecHO OTMETHUTD, YTO MHTEPBAJ 3HAYEHHH |1, IPH KOTOPBIX Ha-
omonaercs “oOpaTHOE” 3KpaHUPOBaHKE, OMPENEIISIETCS TOJIBKO CO-
OTHOIIEHHEM pa3MepOB BHYTPEHHE! IOJIOCTH 9KpaHa M He 3aBUCUT
OT COOTHOIIEHHUS €ro BHEIIHMUX pa3MepoB. I[Ipu pealbHBIX 3HAYEHH-
X IIPOHULIAEMOCTEH HCIOIB3yEMbIX MaTeprajoB 3 dexT “o6paTHO-
ro” 3KpaHHPOBAHUS HIMEET MECTO JIMIIb JIJIsl 9KPAHOB, OUEHb CKATBIX
B HalpaBJIEHNM HaMarHMYMBAIOIIEro IOJI, 1a U BeJIMYMHA ero He-
3HaYUTeNbHA.

0,9
1
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Cdepunaecknii OqHOCTIOMHBIA MATHUTHBIH 3KPaH

Pacuer cepuueckoro sxpana [15,22] coBepllIeHHO aHAJIOIMYEH
pacyeTy KpyroBOro HWJIMHIPHMYECKOrO 9KpaHa, TOJbKO BENETCA B
cdepryeckoit cucreMe koopauHat. [Tone BHyTpu cpeprudeckoro k-
paHa Takke ofHoponaHO. Koad¢uupeHT akpaHupoBaHus chepmyec-
KOT'O 9KpaHa OINpefeIsieTcs BhIpaXkeHneM:

K =1+(2/9)(Ji ) (1-7/72). (1.31)
WM, ecnu L >> 1,
K =1+ @Ol -rird). (1.32)

Ecnn TonmuHa ¢ cTeHKN 9KpaHa Majia 0 CPaBHEHHIO C ero cpefl-
HUM papnrycoM R, To

K=1+2t+y/(3R). (1.33)
Ecnu BHeMHAR paguyc 9KpaHa MHOrO OO0JIbIIEe BHYTPEHHETO, TO
K=1+2u/09. (1.34)

3To BhIpaxkeHHE I MaKCUMAJIbHOI'O KO3((HULKEHTAa IKPAHUPO-
BaHMs 3KpaHa, M3rOTOBJIEHHOrO U3 MaTepuala c JaHHO! MpPOHMIA-
€MOCTBIO.

Ecnu o603uaunts k = 1 — ri/r3, To Beipaxenue (1.32) MoXHO 3a-
MmIcaTh MHAYe:

K =1+ QO)uk. (1.35)

Ha puc. 1.4 npusenieH rpaguk 3aBUCIMOCTH MHOXKHTENS k OT OT-
HOILIEHHUS I,/T;. K

BunHO, 4TO yXe NpH BHEUIHEM
papguyce ?kpaHa r,, B 1,25 paza npe- 0.8
BBIIIAIOIIEM BHYTPEHHHI, MHOXH-
TeJb k IOCTUraeT IOJIOBHHBI CBOEH 0.6
MaKCHMaJbHO BO3MOXHOM BENMYA- (4
Hbl (EMHUUBI), a MpPH I,, PaBHOM
1,7r;, 3TOT MHOXHUTEJb COCTABIAET (2 |
80 % ot nee. Eciu yyecTh, YTO Mac-
ca 9KpaHa pacreT NpUOIM3UTEIBHO 0 ] ]' 3 1'4 ]' 5 L .
NPONMOPIMOHAIILHO TPEThEH CTEle- w0 ’ !
HH €ro BHEIHEro pajmyca, TO o4e- Puc. 1.4
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BHHO, YTO BBIOMpaTh BHEUIHHUI pafuyc 3KpaHa, 6oiee yeMm B 1,7
pa3a npeBhIIAIOIM BHYTPEHHUH, HeljeJiecoo0pa3Ho.

Bepuemcst K Boipaxkenuto (1.31). KoacgpuupeHT sKxpaHnpoBaHus
OyneT OOJbIlle EIVHUIBI, €CIIF IPAaBOE ClaraéMoe B 3TOM BhIpaXKCHIH
Gouibie HyJst. J17151 BBITOJIHEHUST 3TOTO YCIIOBHS JIOCTATOYHO, YTOOBI

W/, e L 1, (1.36)

VlHpIME cllOBaMH, B TOI WM UHOI CTENEHN 9KPAaHUPYIOMIUIMHA CBOM-
cTBamu OyfeT ob6iyafjlaTh 5KpaH U3 Jro6oro marepuana (¢peppomar-
HHUTHOTO, TapaMarHUTHOI'O WX IMaMarHuTHOI'O), JIMIIb ObI €ro mpo-
HHMI[aEMOCTb OTJIMYajach OT MPOHHUIaeMocTH Bakyyma. Ha ato o06-
CTOSATENBCTBO (HACKOJIBKO HaM U3BECTHO) BIepBble 0OpaTMI BHIMA-
Hue npogeccop N.W. Boprman B [2, c. 155]. OueBugHO, YTO 151 3€M-
HBIX YCIIOBHH IPOHAIIAEMOCTh MaTeprasa 3KpaHa I0JKHA OTIIMYaTh-
sl OT IPOHHUIIAEMOCTH BO3/IyXa.

IKpaH B BHUJ€ 3JUIHICONAA BPALIEHHS

B pab6ote [23] paccMOTpEeHO 3KpaHMpPOBAHME 3KPAHOM, MOBEPX-
HOCTH KOTOpOro 00pa3oBaHbI JBYMS CO(OKYCHBIMH BBITSHYTHIMH
3JUIAIICOUAAMY BpAIlEHN)s, OT MOJIsl, HallpaBJIEHHOTO BJIOJIb OCH Bpa-
meHus (puc. 1.5). Iy MpocTOThI paccCMOTPEHHs NPOHMIAEMOCTh
CTEHOK 3KpaHa INPHHATa OYeHb GOJIBIIOH, YTO MO3BOJIIET CYHTATh
JIMHUAY MHAYKUIKA MarHATHOTO MTOJIS IIPY IIEpeXojie U3 Bo3ayxa B ep-
pPOMarHeTHK U u3 heppoMarHeTHKa B BO3AyX (BHE IOJIOCTH 9KpaHa)
HOpMaJIbHBIMH K IOBEPXHOCTH dKpaHa.

KoaddunueHT aKpaHNpOBaHHS TaKOro 3KpaHa OINpefessieTcs

BbIpaXEHAEM
K=o ll (a/r)arch(a/r)—+la®/r?* -1 (137)
r (az/rz _ 1)1»5 ’

A 3pech r — cpeiHul pajuyc 3KpaHa B
. 2a 9KBaTOpHAJILHOYU INIOCKOCTH; ¢ — TOJI-
II¥HA CTEHKH 9KPaHa B 3TOH XKe IIIo-
CKOCTH; a — ITOJIOBYMHA JJIMHBI 3KpaHa
v =\, BHalpaBJIeHUN OCH BpalICHIS.

~— _—— 3anumieM 3TO BbIpaskKeHUE HHayYe:

k=LRp (1.38)
r



e

Feo (a/r)arch(a/r)- m |
(az/rz _ 1)1,5

Ha puc. 1.6 noka3aHa 3aBHCEMOCTbh MHOXMUTEJS F OT OTHOIIE-
HUA afr.

K coxanenuio, Beipakenue (1.39) He MO3BOJIAET BLIYUCIUTE 3HA-
yeHns F nipu a/r < 1, OfHaKO IIpH a/r = 1 OHO W3BECTHO U3 BBIPAKEHUS
17151 Koo hunyeHTa 3KpaHUPOBaHUs c(heprIecKOro aKpaHa [22] 1 paB-
Ho 0,666, a 11 IpefieNIbHO CIIIOCHYTOTO B HAIIPABJICHNH OJHOPOTHOI'O
BHEILIHETo 0JIs 3JUTAIICOn/a BpaleHust K03 uipeHT F [oIKeH ObITh
paBeH HYJIO, IOCKOJIBbKY OECKOHEYHO IpPOCTHpAlolIasics IOIepeK
BHEILIHEro NoJIst (heppOMarHuTHas IUIaCTHA HE BHOCUT HUKAKHUX MCKa-
>KeHuil B aTo moje [24]. Ha puc. 1.6 3T0 06CTOATENHCTBO OTPasKEHO
ITpuxoBoy JymHueH. TakuM o6pa3oM, ecnu B3SITh (heppOMarHUTHbIN
9KpaH B BAfie IyCTOTEJIOr0 JUIAIICOU/IA BPAILEHNS C OChIO CHMMETPHH,
IapaJIesIbHON BHEIIIHEMY OTHOPOJTHOMY IIOJIIO, TO, IO Mepe yBeJInye-
HUS €r0 JUIMHBI (B HAIlpaBJIEHU! 3TOH OCH) OT HYJIS 10 6ECKOHEYHOCTH,
Koa(punpeHT 3KpaHNpOBaHIs TaKOI'o 3KpaHa cHayaja GyfieT Bo3pac-
TaTh OT EMHUIBI IO HEKOTOPOrO MakcuMyMma (IIpH JJIMHE, HECKOJIBKO
MEHBIIIE! InaMeTpa), a 3aTeM CHOBA CIIafIeT [0 eMHHULIbL.

ITone BHYTpH Takoro aKpaHa OJHOPOJHO, TaK Kak OH 0Opa3oBaH
MOBEPXHOCTSIMA BTOPOT'O TMOpSfKa.
Yka3aHHbII 3KpaH HMEET IepeMeH-
HyIO TOJIIMHY CTE€HOK: HamOOoJblIas

(1.39)

TOJIIMHA CTEHOK — Ha JKBAaTOpe H 0.6 B
HanMeHbIIasl — Ha ToJfocax (eclu OH i
BBLITSHYT B HANPABIEHMH IOIIOCOB). O
Ecnu B34Th 3KpaH, CTEHKH KOTOPOT'o 04

Be3fle MMEIOT OfJMHAKOBYIO TOJIIIMHY,
PaBHYIO TOJIILWHE HA 9KBAaTOpPE, TO KO-
a¢pumenT sKpamupoBaHms Takoro 0.3
9KpaHa BbIIIIe, YeM y 9KpaHa, 00pa3o-
BAaHHOIO CO(OKYCHbIME aimrncomua- 0,2
MU BpaIIIEHus], HO [I0JI€ BHYTPH TaKOTO
9KpaHa OyfieT y:Ke HEONHOpPOAHbIM — 0,1
OyfeT yMEHBIIAThCS K €ro MOJIIOCaM.
KomrmbroTepHOEe MOJieTIMpOBaHue, Bbl-
MIOJTHEHHOE aBTOPOM, IIOKa3bIBaeT,
yTO 3(hexT “o6paTHOro” 3KpaHNpo- Puc. 1.6

T==F==F--LC__
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BaHMS, PaCCMOTPEHHBIH B II. 1.1, UIMeET MecTO 1 IJIs 9KpaHa, o6pa3o-
BaHHOTO CO(POKYCHBIMH 3JUIATICOMIaMI BpallleHuSI.

IlopBoAsl UTOTH PacCMOTPEHUIO PACYETOB KO3(P(PUIKMEHTOB 3K-
PaHUPOBaHUS OTHOCIONHBIX 9KPAaHOB, OIPAaHIMYEHHbBIX MMOBEPXHOCTSI-
MH BTOPOTr'O HOpsIKa, MOXHO KOHCTaTHPOBaTh, YTO KO3 PUIMIEHT
SKpaHNPOBAHMUS IPONOPIMOHAJEH IPOHMIIAEMOCTH CTEHKY 9KpaHa 1
OTHOCHTEJIEHOMY 00'beMy, 3aHAMaeMOMY MaTepHalioM 3KpaHa, Io
CPaBHEHHIO C 00'bEMOM, 3aHIMAEMbIM 3KPAHOM B IEJIOM.

Yder BiAHsHAS 3KPAHHPYEMOTO (DePPOMArHUTHOTO 00 HEKTa
HAa KO3()(PUIHMEHT IKPAHUPOBaHHS

Ecnu 06 bexT, KOTOPBI HEOOXOIMMO 9KpaHUPOBaTh, (peppomar-
HHUTEH, TO HEOOXOJMMO YYHUTHIBATh €T0 BIIMSHHE Ha pe3yNILTHPYIO-
mmit koagguuueHT aKkpaHupoBaHus [15]. PaccMotpmM KpyroBoit
6GECKOHEYHO JIJIMHHBIA (peppOMarHuTHBII LWINHP, TOMEIICHHBIH B
OIHOPOJIHOE TMOCTOSIHHOE MAarHUTHOE II0JIe, HAallpaBJIeHHOE IepIeH-
IUMKYJISpHO ocu nuiuHApa (puc. 1.7).

ITo ananormu c 1. 1.1 3anuieM BbIpaskeHue U1 NOTEHIHAalIa Mo-
JI1 BHE LWJIMHJpa:

U, =—Hyr + Alr)cos@. (1.40)
IToTenunan nosus H, BHyTpH IMIKMHApA 3alMIIETCS B BUE
U,=-H_ rcoso. (1.41)

Ha rpannue ymnuHpa JOJIKHBI BBITOIHATECS yenosus: U, = U,
u oU,/or = u,0U,/dr, rHie |, — IpOHUI[AEMOCTh MaTepralla HMINHIPA.

AY 3Haywr,
IHE HO + A/rt% =Hiaa (1°42)
Hy— Alr2 = w-H,,. (1.43)
Orcrona
ua_l 2
A=-"2—vr"-H,,
lla"‘lra 0 (1.44)
2
H, = H,.
ia ua+1 0 (145)

Puc. 1.7



3neck H;, — HE YTO MHOE KaK I0Jie BHYTpU (peppOMArHUTHOIO M-
JIMHJpA.

J71s1 KOMIIOHEHTHI TOJNIST BHEe (peppOMarHUTHOrO LuiamHApa H,,
HaIpaBJIEHHOH BJOJIb EPBIYHOTO MOJst Hy, 3amumeM:

-1r?
H, = H0(1+A/7’2)= Hy| 1- ﬁa 1 -rgz— (x — koMmoHeHTa). (1.46)
o]

OTcroga BHJHO, YTO IIOJie BOJIH3H
(heppoMarHuTHOTO UIMHJIpa Ocial-
JIEHO ¥ HEOJ[HOPOJIHO, a M0JIe BHYTPH
LIUIMHAIpAa OJHOPOJHO W OciabiieHo
eme Oonwiie. MlHTepecHO, YTO BHE
IUIAHAIpa Ha IUIMHIPHYECKHUX IIO-
BEPXHOCTSIX PaIdycoOM I KOMIIOHEH-
ThI NOJIS, HalpaBlIeHHbIE BROJIb H,
ONIHAKOBBI.

Bo3sMeM Tenepr Kpyrosoil Gec-
KOHEYHO JVIMHHBIA HWIAHIPIYIECKUN
9KpaH C BHEHNIHAM U BHYTPEHHAM pa-
OUycaM#l r, U F; COOTBETCTBEHHO U Puc. 1.8
NMpPOHML[AEMOCTBIO CTEHKH L (CM.
puc. 1.1). ITosie BHyTpH TaKOro 3KpaHa OHOPOJHO ¥ ocliabieHo B K
pa3 o cpaBHEHHIO ¢ BHeIHNM noseM H; = Hy/K. Ecnu Teneps BHe-
CTH B 3TOT 3KpaH Halll (peppOMarHuTHoIN nuinuHap (puc. 1.8), To on-
HOPOJHOCTH IOJI BHYTPH 3KpaHa Hapymmwmrcs. [lpm 3ToM Ha BHYT-
PEHHEN CTeHKE 3KpaHa JOJKHO OYIeT BBINOJIHATHCS yciaoBue H,, =
= Hy/K u none BHyTpu (heppOMarHUTHOrO UIMHAPA

o= 2 H,
Y, +1 M 12V (1.47)
K|1-—4—5
Ho+17

T. €., 10 CpPaBHEHMIO C MoJjieM 6e3 3KpaHa OHO OyfeT ociabiieHo B

—1s2
I—E—L———I"? pa3s

M+l

Orcrofia ciefiyer, YTO eClIi BHYTpU LUIHMHAPUYECKOr0 SKpaHa Ha-
XONIUTCS KOAaKCHAJILHBIN eMy (peppOMarHUTHBIA LMIUHAP, TO KO-
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a¢PUUMEHT 3KPAaHAPOBAHUS IKPaHA YMEHBIIAETCS, IO CPABHEHHUIO

¢ aKpaHoM 6e3 mmwinHpa, B 1/ [ 1-

Torpa xoadduuueHT 3KpaHUPOBAHUS KPYTOBOT'O LMIMHPAYECKOTO
6eCKOHEYHO [JIMHHOTO 3KpaHa, BHYTPU KOTOPOTO KOAKCHAaJIbHO pac-
MOJIOKEH 9KPaHUPYEeMbIl OECKOHEUHO UIMHHBIA (heppOMarHATHBIN
IWINHAD, UMEET BUJ

1 ’}2
K=1+Zu 1——2

e

l_ua_—li

1.48
B, 157 (149
Jl1s chepryeckoro akpaHa, B IEHTpe KOTOPOro pacroyIoXkKeH K-
paHUpyeMblil (heppOMarHUTHBINA HIap PagUycoM r, C MPOHUIIAEMOC-
TBIO |L,, COOTBETCTBEHHO [15, c. 87]:

3 1,3
21|l Remlr

K=1+— 1.4
2 G Ty 44
Ecnu y4yects, 4TO W, >> 1, TO AN HUIMHAPAYECKOrO 3KpaHa
K=1+0.25u(1 - r?/r5)(1 - rr?), (1.50)
1151 chepryecKoro
K=1+ QO -r3rd(1 - riir}). (1.51)

31H HopMyIIBI OTIANYAIOTCI OT COOTBETCTBYIOIUX (POPMYJI IS
9KpaHOB 6e3 (heppOMarHuTHHIX NPEIMETOB BHYTPH HAa MHOXKHUTE-
JI¥, KOTOpbl€ MPENCTaBISIOT COO0M He YTO MHOE KaK OTHOCHTENb-
HbIl 06'beM HedeppOMarHUTHOH IMOJIOCTH 3KpaHa OT BCEro BHYT-
peHHero o6beMa akpaHa (BKJIIOYas ¥ 3KpaHUpyeMblil heppomar-
HUTHBIA 0O'BEKT).

Takum oOpa3oM, yeM Gobli 06'bEM IKPAHUPYEMOH MOJIOCTH
3aHAMaeT 9KpaHHpyeMoe (peppOMarHUTHOE TeJO, TEM MEHBIIIE KO-
acdunueHT axpannpoBaHus. [IpoHNIaeMOCTb 3KpaHUPYEMOT0 00h-
€KTa, eCIi OHa MHOTr'0 OOJIbIIIE eIUHUIIBI, MAJIO BIIUSET HA PE3YNIbTH-
pyromui K03 HUIUEHT SKpaHUPOBAHMSL.
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1.2. IBOMHO 1 MHOTOCIIOVHBIE COEPUYECKHUE 9KPAHBI

OKpaHHpOBaHUE 00 BEKTA MOXKET GBITH YIIYUIIEHO, ECIA €ro I0-
MECTHUTh B 9KpaH, COCTOSIIIAN U3 HECKOJIBKIX (peppOMarHiTHBIX CIIO-
€B, pa3JieJIeHHbIX HEMarHATHBIME NpoMexxyTkamu [6, 9-12, 16, 17,
25-27]. IlepBas Takass peKOMEH/IalMs C COOTBETCTBYIOLIIM TEOPETHU-
yecknuM 00OCHOBaHMEM ObuIa omybiaunkoBana B 1894 r. [6] (moppo6-
Has ccblika B [25]). 3ajjaya BeruncieHns K03 puiueHTa 3KpaHupo-
BaHHS TaKOT'O YCTPOUCTBA KATaCTPO(HUIECKH YCIOKHIETCS 110 Mepe
YBEJIMYEHHS YUCIia CJIOEB, IOCKOJLKY NOOGaBISIOTCS HOBble TpaHWy-
Hbie ycnoBus. Eciu 3KkpaH “MeeT n ClIoeB, TO NPUXOIUTCS pemaTh
cucreMy u3 4n ypaBHEeHH# ¢ 4n HEU3BECTHBIMIA.

IIpuBeneM pe3ynbTaThl BBIYHACIECHUN VIS IBYX- M TPEXCIONHBIX
cepryecknx 3KpaHOB, MPEACTABISIOMIX COOOH KOHIEHTPHYECKU
BJIOKEHHBIE JIPYT B ipyra OJMHOYHBLIE 3KpaHbl. B COOTBETCTBHH C
[48], ucionp3yeM BcioMorarebHOE 0603HaUEHHE:

vi=1-(Ri/R)?, (1.52)

r7ie R; u R; — oyepeqiublie paguychl 060JI0YEK HaYMHas C CAMOr'o BHY-
TpeHHEro — HyJIEBOTO.

B TakoM citydae JijIsl OfHOCJIOMHOTO 9KpaHa K03 HIHeHT 3Kpa-
HupoBaHus [48]

2

a2 2
K1—1+9u(u 1) vor, (1.53)
IUISL IBYXCJIOMHOTO
2 2
K, = 1"'%(“‘ 1) (V01 +Vy3 = Vo1Vp3 V01V12V23)+
) 2
2
ﬁ{@(u-l) } VorViaVass (1.54)

IJIS TPEXCIIOUHOTO

2 2
K;= 1+9—(u —1)" (Vo1 + Va3 + Vg5 — VorVa3 — VasVas — VasVor +

19



2
2 2
—(n-1
9u(” )| x

+ V1ViaVas + Va3VaaVas + VorVigVas) +

X(Vo1V12Vas + Va3VaaVas + Vo1ViaVas — VorVasVas + VorvizVasVaavas) +
3

2 2
—(0=1)" | voViaVasVaavas- (1.55)
Su

N3yuenue cTpykTypbl Boipaxkenuit (1.54) n (1.55) nmoka3spIBaer,
YTO B NEPBOM IPUOIIILKEHIN:

a) pe3yIbTUPYIOMI KO3(h(HUIMEHT 3KPaHUPOBAHUS “‘COCTaBHOIO”
9KpaHa 60JIbIIe CyMMBI U MEHbIIIE POU3BEeNIeHUsI KO3 (PUIIEHTOB 3K-
PaHNPOBAHMS COCTABIISIIOIINX €T0 3KPaHOB KaXMOro B OTAEIbHOCTH;

0) eclu HEMarHUTHBIN 3230p MEXJy CTEHKAaMH 39KPaHOB MHOTO
MEHbIIIE TOJIIMHBI CTEHOK, TO pe3yJIbTHPYIOMmui Ko duImeHT K-
paHHpoBaHus OJIU30K K cyMMe K03 (UIMEHTOB 3KPaHUPOBaHMS OT-
IEJIbHBIX 3KPAaHOB, a €C/IM 3TOT 3a30p BEJIUK 110 CPABHEHMIO C TOJIIIH-
HaM# CTEHOK, TO pe3yJbTUPYIOMINN KO3(p(DHUIMEHT IKpaHNPOBAHUS
OJIN30K K NMPOU3BENEHUIO KO3(h(hUIMEHTOB IKPAHUPOBAHMS COCTAB-
JISIOIIUX 3KPaHOB;

B) IO OTHOILIEHNIO K BHEIIIHEMY 3KpaHy BHYTPEHHUN 3KpaH (He3a-
BHCHMO OT CBOEI'O BHYTPEHHETO CTPOEHMS) BBICTYNAeT KaK CILIOII-
Hoe (heppOMarHuTHOE TEJIO, YMEHbINAollee ero Koa(huIueHT K-
paHHpPOBaHHUS B COOTBETCTBUY C BblpaxkeHusami (1.49) u (1.51), 1. e. B
COOTBETCTBHH C JI0JIE! 3aHIMaeMOro UM 00'beMa BHYTPEHHEH 10JI0-
CTH BHEIIHEro 3KpaHa.

JlaHHOE BBICKA3bIBaHME HE MOXET NPETeHI0BATh Ha HENOrpelt-
MOCTb, IIOCKOJIBKY CIeJIaHO Ha OCHOBAaHHMM PacCMOTPEHHS JMIIb TPEX
¢opmyi. B TO ke BpeMst OYEBHIHO, YTO €CJIM aKe M YHACTCs BHIBECTH
¥ 3aIHCATh TOYHbIE BhIPAsKEHUSI I KO3(h(DUIIEHTOB S9KpaHUPOBaHHS
YeThIpeX-, IATUCIONHBIX (1 6oJiee) IKpaHOB (3TO BO3MOKHO [48]), To
BPSII JIX MOXKHO OyJIeT UX IOCTaTOYHO ajleKBaTHO IIPOaHAIN3APOBATh.
ITo aToil mpuynHe Hambosiee LeecOOOpa3HbIM MpeACTaBISIeTCs UC-
HOJIH30BaHNe MPHOIIKEHHOH (pOpMyJIbl KO3(puIeHTa 3KpaHIpOBa-
HUS 3KpaHa C JI0ObIM YHCIIOM CIIOEB, BHIBEJIEHHOII B [48].

K coxkanenuro, B [48] aTa popmyia npuBesieHa ¢ OUEBIIHON OIINO-
KO, TO3TOMY NpEJCTaBIIsIeM €€ 3ech B HCIpaBJIeHHOM Bujie [49]:

+

1 -
gg(zw) 5", (1.56)
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T7le 1 — YHCJIO CJIOEB 3KpaHa; { — TOJIMHA CTEHKH 3KpaHa B O — TOJI-
IIFHa HEMarHATHOT'O IPOMeE3KyTKa MEKNy CTCHKaMH (BCe B EAMHHLIAX
€ro cpefHero papuyca R).

dopmMmyna BelBefleHa B IPEANOJI0XKEHUH, YTO TPOHUIIAEMOCTh L
BCEX CTEHOK 9KPaHOB OJMHAKOBAa U MHOTO OOJIbINE eIHHHALBI, YTO
OTHOIIIEHHE BHEIIHErO pajjiyca caMoOro BHEMIHEro 3KpaHa K BHYT-
pEHHEMY pajiycy caMOro BHYTPEHHEro HEHaMHOro OOJIbIe efu-
HHUUBI U, B COOTBETCTBHH C 3THM, ¢ << R 1 § << R. OueBUIHO, YTO
yKa3aHHbIE YCIIOBHS B CYIECTBEHHOII CTENEHN OIPaHUYMBAIOT 00-
JacTh NpUMEHUMOCTH opmyibl (1.56), offHaKO albTEpHATHBBI €l
MOKa HeT.

Jl71s MOJIHOTHI KapTHHBI npuBeneM (opMyiy pacyeTa Koagdu-
[EeHTa SKPaHUPOBAHUS IBYXCIONHOTO OECKOHEYHO MJIMHHOTO IH-
JIMHAPUYECKOT0 KPYroBOro 3KpaHa, IEePIEeHIUKYISIPHOIO HaMarHu-
YHBaIOLIeMy Moo [9-12, 25-27]:

1 R?-R? 1) R R R
K=1+-p|1-=2+—- +(— ) I-—Lf1-=2{1-=2| @5
ria R:-R? 4ILL R, R, R, (1.57)

3pech R—R, — paguychl NWINHIPHYECKUX IOBEPXHOCTEN 9KpaHa Ha-
YHMHAas C CaMO# BHYTPEHHE.

[l npuOKEHHBIX pacyeTOB MOXKHO NPUHATH KO3(h(UIMEHT
9KPaHIPOBAHUSI MHOI'OCJIIOTHOT'O 3KpaHa PaBHbIM [IPOU3BEIEHUIO KO-
a¢(pUIIEHTOB 9KpaHUPOBAHUS KaXKJOrO CJIOS B OTAEIBLHOCTH C yye-
TOM TOI'O, YTO BCE OCTAJIbHBIE CIIOU, HAXOMSILUECS BHYTPH JaHHOIO
CIIOsI, BEYT ce0sl MO0 OTHOIIEHMIO K 3TOMY CIIOIO KaK OffHO (heppo-
MarHuTHOE TeJIO C BHEIIHAM pajliyCcoM, paBHbIM BHEIIHEMY pajiiycy
HanOOJIBILIETO U3 CIIOEB, HAXOJSIIMXCS BHYTPU JJaHHOTO.

Be16op yucia cnoes cpepuyecKoro sKpaHa

Korma A.W. Rucker B 1894 r. BnepBble NpENJIOXUI HCIIOJIB30-
BaTh IBYXCJIOWHBIN 9KpaH B3aMEH OJJHOCIOMHOIrO, OH cpasy Ke Ipu-
BeJI KpuTepuil nesecoodbpasHocTd Takoro nepexona. OH ykasan [6],
YTO NMPUMEHEHNE OJHOCJIOMHOrO 3KpaHa B BHJE IMOJIOH cephl Ayt
MOJIyYEeHUST MAKCUMAJIFHOT0 KO3 (PUIUEHTA SKPAHUPOBAHUS CTAHO-
BUTCS HepeHTa0eJIbHBIM, €CIIU TOJIIMHA [ €r0 CTEHKH

tZ%, (1.58)
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r7ie |L — OTHOCHTEJIbHAS IPOHMUI[aEMOCTh MaTepuaa CTeHKY; a R — ee
panuyc.

I'opa3po mo3z:xe, B 1957 r., I'. Kagenowm [15, c. 110] 6510 BhICKa-
3aHO MHEHHE O [eJIecO00Pa3HOCTH Nepexofia K IBYXCIOMHOMY 3Kpa-
Hy, eciu TpebyeTcs: Koa(hpuuueHT 3KpaHUPOBAHNS BEJIMIAHON

K =2p. (1.59)

Bripaxkenus (1.58) u (1.59) xopeHHBIM 00pa3oM pa3nuyaroTCs
KakK [0 CTPYKType, TaK U IO YHUCIEHHBIM 3HAYEHUSIM MTOJIydaeMbIX
13 HEX nmapaMeTpoB. Kpurepues nenecoo6pa3HOCTH Iepexofa OT
IBYXCJIOTHOTO 3KpaHa K 3KpaHy ¢ ele OOJIbIIIM YHCIOM CIOEB B
M3BECTHOH aBTOPY KJIaCCHYECKOIl InTepaType BOOOIEe He BCTpeya-
ercq. IlosToMy oueBupHa LenIecOO00pa3HOCTh U HEOOXOAMMOCTH
nmoycka 060CHOBaHHBIX KPUTEPHEB BbIOOpa YHCIIa cIoeB cepuye-
CKOro MarHHUTOCTAaTHYeCKOro 3KpaHa [49] . byugeM paccmaTpuBaTh
JIMHEWHBIH cIyJai, T. €. clIy4Jail HOCTOSTHCTBA MarHATHOY IpOHAIa-
€MOCTH MaTepHalla ¥ €€ He3aBUCHMOCTH OT IPUJIOKEHHOI'O IOJI,
JUIsT 4ero BOCHOJIb3yeMcs MpuOIMmKeHHOl (opMyioll Koaddunu-
€HTAa 9KpaHHPOBAHMs 3KpaHa C INPOU3BOJLHBIM YHCIOM CIIOEB
(1.56).

ITockounbky B (1.56) mapaMeTpsl £ i & BXOJIAT IPaKTHIECKH B PaB-
HOH cTeneHu (OCOOEHHO Tpu # >> 1), OYEeBUIHO, YTO HAMOONBINIAI
K03 ULMEHT 3KpaHUPOBaHUs (IPH MPOYXX PABHBIX YCIOBHSX) HOJ-
SKeH NUMETh MECTO TIpHI

=3, (1.60)

Ha YTO yKa3bIBaeTcs B [6—12, 48-52].

KpuTepuii nenecoo6pa3HoCTH 0TKa3a OT OHOCIONHOIO SKPaHa.
ITyctb chepryeckuit 3KpaH, COCTOSIIMMA U3 A CIOEB, YIOBIETBOPSET
ycnosuio (1.60). B Takom cinygae

1\ an
K”sg(Zu) s (1.61)

ByneM cpaBHEBaThH €ro KO3(p(HUIMEHT 3KpaHUPOBaHUS ¢ KO3-
¢puumenToM aKpaHupoBaHus K| OJHOCIOMHOrO 3KpaHa, UMEIOIIEero
TOJIIIUHY CTEHKH d B eUHANIAX paguyca, npudeM d << R. CoriacHo
(1.56), umeem

K, = 2u-df3. (1.62)
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Ecnu MHOTOCIIORHBIH (B 4aCTHOCTH ABYXCJIOMHBIN) 3KpaH COlep-
KAT TO XK€ KOJMYECTBO (peppoMarHeTuka, YTo ¥ OJHOCIOUHBIM, TO,
OYEBUJHO,

t=djn. (1.63)
O6o3naunm 0. = K, /K, Torna
o= (ZL’:::?"_"; (1.64)
WM MHaYe
o= (2n-a?) " (165)
Beengem o603HaueHne
B =2u-d2 (1.66)
B TakoMm cnygae
o = B/l (1.67)

OyeBHHO, YTO NpPHMEHEHNE OJHOCIONHOrO 3KpaHa I[es1ecoo0-
pa3Ho, moka 0. < 1. VIHbIME cII0OBaMH, KpATEPHEM LieJIecO00pa3HOCTH
mepexofia OT OfHOCIIONHOrO 3KpaHa K MHOT'OCJIONHOMY SIBJISIETCS He-
PaBEHCTBO

B2 > 1. (1.68)

ITony4yaercs, 4TO A/ JOCTHXKEHHUS MaKCHMaIbHOTO KO3(hunueHTa
9KpaHUPOBAHMS NPY O[UHAKOBOM pacxojie (eppoMarHuTHOrO MaTe-
puana neinecooOpa3sHO WCHOJIL30BAaTh JIBYXCIOUHBIA chepuuecKuil
9KpaH B3aMeH OJJHOCIIOHHOro, Korja f3 > 8, mwin

ud? > 4. (1.69)
Bripaxkenue (1.68) MOKHO nepenucaTs B BHJIE
B > n2-ln-1, (1.70)

HeTpyQnHo BUIETD, YTO IPH 1 —> oo n?-1n-1 5 p2 1 e mpaBas 9acThb
HepaBeHcTBa (1.70) MOHOTOHHO YBEIMYHBAeTCS. ITO JOJIKHO O3Ha-
4aTh, YTO [0 MEPE BO3pacTaHUs NapameTpa 3 ocienoBaTeasHo cTa-
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HOBHTCS BHITOJIHBIM ITEPEXOJ] OT 3KpaHa ¢ MEHBIIIMM YHCIIOM CIIOEB K
60s1ee MHOTOCIIOHOMY 3KpaHy.

3 Boipaxkenus (1.69) ciepyeT, YTO NpH UCIOIB30BAaHAN MaTepHa-
1a ¢ )L = 100 nenecoobpa3Ho iesaTh 3KpaH OHOCIOHHBIM, TOKa d < 0,2
(unu, nHayve, noka K < 13), a mpumensas marepuai ¢ i = 10 000, cne-
AYET MEPEXOANTH K [IBYXCIOMHOM KOHCTpyKumH yxe npu d > 0,02
(1. e. mpu K = 133).

Ecnu BepHyTBC K BhIpaxkennto (1.59), uutuposanaomy u3 [15], u
BOCIIOJIb30BaThCs (hOpMYJIoit KoahuIreHTa IKpaHUPOBAHUS OJTHO-
cioitHoro akpana (1.62), To mosyuum BbIpaskeHue

21-d/3 >\, (1.71)
KOTOpO€ HETPYHO peobpa3oBaTh:
2.Ju-dj3>1, (1.72)
a 3aTEM B TaKOe
-d? > 9/4. (1.73)

CpauuBas BbipaxkeHus (1.73) u (1.69) , MOXXHO KOHCTaTHPO-
BaTh, YTO OHU CXOXM 10 CTPYKTYPE, XOTS ¥ OTIINYAIOTCS YACICHHO
(moutn B 2 pa3sa).

Kpurepnn BbIGOpa YHCIa CJI0EB MHOTOCJIOMHOrO 3Kpana. [Ipu
repexofie OT MCIOJIL30BaHMS 1 CJIOEB K MCIIOJIB30BAHUIO 7 + 1 clloeB
B c(hepuyecKoM 3KpaHe, M3rOTOBISEMOM M3 MaTepualla ¢ OTHOCH-
TEJILHO! MPOHUIIAEMOCTHIO L IIPY CYMMapHO# TOJIIIMHE CTeHOK d (B
€MHUNAX pajudyca), BBIATPHII B KO3((PHUIUEHTE IKpaHHPOBAHUS
[IOJIy49aeTcs] paBHbIM

K,+1 ., n*"'
P =B o ik (1.74)

n

B 9TOM JIeTKO yOeauTncs, nmoactaBuB B (1.61) cooTBeTcTByIOIE
BEJIMYMHEI.

IIpesrimenne gpoObio (1.74) equHHULBI SBISETCS KPHUTEpPHUEM
1eJ1ecO00Pa3HOCTH Nepexojia OT UCIOJIb30BaHUS 9KpaHa U3 1 CJIo-
€B K 3KpaHy u3 n + 1 cjioeB. ITOT KpUTEpUU MOXKHO 3alKcaTh B
ApYroM BuHjie:

(n+ 1)2n+1 — Bn2n—1. (1.75)
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Orcrona p

2n+l1 600

_(,,_+21)_ (1.76)

400 -

Ha puc. 1.9 npencraBnena pac-
YeTHas 3aBHCHMOCTb KPHUTHYECKHX 200 [~
3HaYeHWH MapameTtpa [, mpu KOTO-

pBIX Ieslecoo0pa3eH mepexoj oT 9k- 0 > i 6' ;3
paHa c n clIoeB K 3Kpauy ¢ n + 1 cio- "
B, OT ymucia n. IloJb3ysich IpuBe- Puc. 1.9

J€HHOH 3aBHCHMOCTBIO, HETPYIHO
BbIOpaTh KOJMYECTBO CJIOEB 3KpaHa, ONTHMAJIBHOE IS pELIeHUs
KOHKPETHBIX 3ajiad.

Y6eautscst B TOM, HACKOJIbKO BasKeH MPAaBWIBHBINA BHIOOD YHCiIa
CIIOEB 3KpaHa, moMoraet puc. 1.10, Ha KOTOpOM IpeJICTaBJIEeHbI 3aBH-
CHMOCTH BbIUTpBIIIA B KO3(hUIMEHTE 3KPaHUPOBAHUS OT NTPAMeEHe-
HMS 9KpaHa C YHUCJIOM CIIOEB A, [0 CPAaBHEHUIO C IPUMEHEHUEM OJIHO-
CIIOMHOT'O 9KpaHa, IIPH 3aJlaHHOM pacxojie (heppOMarHUTHOIO MaTe-
puaina c 3aJaHHO¥ NpoHuIaeMocThio. KpuBble paccyntansl mo ¢op-
Myne (1.67) 1 HOpMHPOBaHbI K CBOMM MAaKCHMAJIbHBIM 3HAYEHHSIM
np¥ 3a7jaHHbIX . OYEeBUIHO, YTO OTCTYIUIEHHE OT ONTHMAJILHOIO KO-
JUTYECTBA CIIOEB MOXET NPUBECTH K CYIIECTBEHHBIM MOTEPSIM B KO-
acpuumeHTe IKpaHNPOBaHHUS.

YucneHHas MpoBepKa, BBINONHEHHas B [49], mokasana, 4yTo mc-
NOJIb30BaHKE 9KpaHa C CYMMApHOH TOJIIMHON CTEHOK, COCTaBJISIO-
mieit 1o 0,1 ot ero paguyca, He IPUBOJUT K CYIIECTBEHHO! OrPENIHO-
CTH B pacyeTax K03 UIHEeHTa IKPaHUPOBAHUS MO NMPHOIIMKEHHO

1,0 dopmyie (1.61), a oTHOCHTEILHAS
MarHuTHas IPOHMUIAEMOCTh COBpe-
MEHHBIX MarHUTHOMSTKIX MaTepH-
ajioB MoxeT gocturath 10°. B Ta-
KOM cllyyae MaKCHMaJIbHOE 3Hayde-
HUe mapameTpa [}, Ipu KOTOpPOM
cnpaBefiuBo BhIpaxkenue (1.61),
MOXKET COCTaBJIATh, IO KpailHen
mepe, He Menee 10% Pacyer mo
dopmyne (1.76) mokasmiBaeT, 4To
IpH YKa3aHHOM 3HaYeHuH [3 MOKeT
OKa3aThbCs IellecooOpa3HbIM HC-
MOJIb30BaHNE 3KpaHa, COCTOSILETO

Puc. 1.10
1-B=30,2-B=100:3-p=250;4-p=4so 13 40-50 cmoe.



I'maBa 2

OU3NYECKAA CYITHOCTb MATHUTHOT O
9KPAHUPOBAHMUA

B npenpinyieii rinase NpuBeieH CTpOruit BEIBOJ (popMyiI IS KO-
a¢unrenTa 3KpaHNPOBaHUS MarHUTHOIO 3KpaHa. IIpu Bcelt cBoei
CTPOTOCTH 3Ta METO[Ka pacyeTa 00JlaflaeT TeM HEJOCTAaTKOM, 4TO
BBIBOJ] OCYILECTBISETCS (DOPMAIBHO M CYIIHOCTh 3KPaHHPOBaHUS
IpH 3TOM He BbIscHseTcs. [TompoOyeM pa3oOpaThbes B (pu3muecKomn
CYIIHOCTH 3KpaHupoBaHus [36].

2.1 MAI‘HI/IT!-IHﬁ 9KPAH KAK IIYHT JJI TIOTOKA
MATHUTHOU MHOYKIINU

IIycTs mMeeTcst MarHUTHBIR 9KpaH B BUJE MyCTOTENON KyOuye-
CKOI1 KOpOOKH C [NINHOI CTOPOHBI L ¥ TOJIIMHOM CTEHKH ¢, IpHYEM
L >> t v NpOHHI[aEMOCTh CTEHKH KOpOOKH L (puc. 2.1a), a BHElIHEe
OJHOPOJIHOE MoJie H, HalpaBJIeHO BIOJbL ONHOU M3 CTOPOH KOpOO-
k1. O1leHEM BeJMYKHBI IOTOKOB MHYKIMH Yepe3 CTEHKH 3KpaHa I
Yyepe3 ero BHYTPEHHIOKO MOJIOCTh.

MaruutHoe conpoTuBiieHde [28] CTEHOK 2KpaHa MOTOKY MHIYK-
nuM yepe3 HUX (M. puc. 2.1a; oT ToukE A 0 ToYku D) MOXKeT ObITh
IpUOIIKEHHO BBIPAXKEHO TaK:

Ry = 2LJ(AL-1-41) = 1/Q1-40). @.1)

3peck JUIMHa yJyacTKa JIMHUY IIOTOKA PUHATA paBHOM 2L, a ceyeHne
noToka 4L-t.
MarHuTHO€E Xe CONPOTHUBIIEHNE MTOJIOCTH BHYTPH 3KpaHa

Roon = LIL? = 1/L. 2.2)

B aTOM BhIpakeHWM AJIMHA y4JacTKa CWJIOBOHM JIMHUH IIpUHSTA
paBHoii L, a ceyenue L2

OTH ABa MarHUTHBIX CONPOTHBIICHUS COENMHEHBI apallJielIbHO,
MO3TOMY MAarHUTHBIN MOTOK MHAYKUHM BHELIHETO OJHOPORHOIO IIO-
715, KOTOPBII JTOJIKEH MPOUTH 4Yepe3 00beM, OrpaHUYEHHbIN 3Kpa-
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Puc. 2.1

HOM, pacIpefieNIuTCs MEXy CTEHKaMH 3KpaHa U ero IoJIOCThIO 006-
PaTHO NMPOMOPIMOHAIBHO UX MarHUTHBIM CONPOTHBIICHUSM:

cDaKp/choJI = Rnon/R:aKp =2r-u/L. 2.3)

Orcrofa HeTpYAHO BUJETh, YTO IOJIE B IIOJIOCTH 9KpaHa OyaeT ocial-
seHo [29] no cpaBHEHHIO ¢ BHEMIHUM nojieM B 1 + 2¢-u/L pa3, T. e. Ko-
acuEeHT 5KpaHNPOBAHUS KpaHa Ky6Hueckoi (hopMbl

K=1+2ru/L. 2.4

Jra oneHoyHasa ¢opMyiia 6imu3Kka K popMyse KoaduurenTa sKpa-
HUpOBaHMA cepudeckoro akpana (1.33), BrIBEIEHHO# COBEPILIEHHO
CTpOro, npu4eM coGIIIoieHa IMPONOPIUMOHAILHOCTh Ko3gdhunueHTa
9KpaHHPOBAHNS MarHUTHO! NPOHUIIAEMOCTH U TOJIIIMHE CTEHKH H
oOpaTHas NpONOPLHOHATIFHOCTE — IIONEPEYHNKY 3KpaHa.

ITonnpo6yeM BBIICHUTH, KaKYIO IIOJB3Y MOXKHO U3BJIEYh U3 Ta-
KO#l MHTepIpeTalliy MarHUTHOI'O 39KpaHMpOBaHUs. PeaspHble 9K-
paHpl, XOTS M CYHTAIOTCH 3aMKHYTBHIMH OOOJIOYKAMH, COCTOST
OOBIYHO M3 HECKOJIBKUX YacTeil, coOpaHHbIX C HEKOTOPBIMHU 3a30-
pamu (HampuMmep 3KpaHupoBaHHble KOMHaThI [30, 31]). A Takume
3a30pbl, €CIIA OHHU NPENITCTBYIOT MPOXOXKIEHAI0O MarHUTHOTO I10-
TOKa, MOTYT CYIECTBEHHO 0ciabuTh 3(hp¢PeKT MarHUTOCTATHYEC-
KOT'O 3KpaHUPOBaHUS.

KrnaccpuecknM crioco60M BhIYHCIEHHS KO3 (pHIMEeHTa SKpaHu-
POBaHUS 3TO OciIablleHne He MOXKeT OBITh OLIEHEHO, a HCXOfIS U3 IIpH-
BEJICHHOU MHTEpIpEeTalud Takas OIeHKAa MOXKET ObITh BBINOJHEHA
JIOCTaTOYHO NMpOcTO. UHCIEHHO yd4ecTh BIMSHHE 3a30pa B CThIKE
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MOXHO, CPaBHMBAasi MAarHUTHbIE CONPOTHUBIIEHUS CTEHOK 3KpaHa IIo-
TOKY MpY HaJWYMX 3a30pa u 6e3 Hero mo 3akoHaM Kwupxroda s
MarHuTHol nenu. Ecim, HanpuMep, B3SITh paCCMOTPEHHbI HAMU K-
paH ¥ cheNnaTh B ero creHKkax (cM. puc. 2.16) HepeppoMarHuTHbIH 3a-
30p TOJIIMHOM @, TO MAarHUTHOE COIIPOTHUBIIEHNE CTEHKH

1 a
=—+ . 2.
& 2u-t 4Lt @3)
Orcrofa k02 OUIIEHT 9KPAaHUPOBaHKS [IPY HAJIMYKH 3a30pa
K=1+ 1 . 26
1 , a 2L+-a (2.6)
2t-n 4Lt

Korpa a = 0, aTo BrIpakenue copnagaet c (2.4).

Ilpu a/L = 2/ x03hpuIueHT 2KpaHUPOBaHUS Y 9KpaHa C 3a30-
POM BJIBOE MEHbIIIE, YeM Yy 3KpaHa Oe3 3a3opa. Takum o6pa3oM, npu
W = 10* Hanmume 3a30pa, cocrapisomero auims 0,02 % oT nonepey-
HHKa 9KpaHa, B[BOE YMEHbIIAET KOI(PDUIMEHT SKPaHUPOBAHMS.

IIpuBeneHHbIN IpUMep MOKa3bIBaeT, YTO, pacCMaTpPHUBast MarHu-
TOCTaTHYECKUN 3KpaH KaK HIYHT MarHUTHOIO IIOTOKA, MOXKHO He
TOJIBKO MPaBUJIBHO BbIOpATh HAlpaBJIEHUE CTHIKOB B €r0 KOHCTPYK-
[M, HO ¥ YHCJIIEHHO OLICHUTH UX BIIMSHUE U CBECTH €0 K MUHIMYMY,
IIPaBUJIBHO BbIOpaB COOTBETCTBYIOIIME HaKJIAIKU, MarHUTHbIE 3a-
Mas3Ky U T. II.

BMmecre ¢ TeM npuBefeHHAs MHTepIpeTanus He SBIISETCS UC-
yepnblBamomei. B knaccnyeckne popmynsl (1.19) u (1.31) maruut-
Has MPOHULIAEMOCTh CTEHKH 9KpaHa L BXOJHUT COBEPIIEHHO PaBHO-
IIpaBHO KaK B IIEPBOIi, TaK ¥ B MEHYC IIEPBO CTENEHH, a 9TO O3HA-
YaeT, YTO ocnablieHue HaIpsiKEHHOCTH MarHATHOTO MOl OyfaeT
HMETh MECTO KaK IIPH NPOXOXKJEHNH €ro U3 HEMarHUTHO! Cpefibl B
HEMarHUTHYIO Y€pe3 MarHUTHYIO 000JI0YKY, TaK M MPH IPOXOXKJE-
HUM U3 MarHUTHOH cpefibl B MarHUTHYIO Yepe3 HEMarHuTHYI0 060-
104Ky [2]. MHTepnipeTanys 9KpaHa KaK IIYHTa B TaKOM ciy4yae co-
BEPIIEHHO HE TOIUTCA.

CymecTByeT u Apyroi acmekt. PaccMoTpuM juis npuMepa IHo-
Tl (heppOMArHUTHBIA IHAIMHIAP, OTKPBITHIA C OOOUX KOHIIOB I
HaXO[sAIMIACS BO BHEIIHEM OJHOPOJHOM IIOJIe, HaIlpaBICHHOM
BJOJIb ero ocH. IIpu GeckOHeYHO# MJIMHE TaKOro ILMJIMHJpa Mar-
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HATHBIA [MOTOK HaMarHWYMBAIOIIErO IOJIS HHUTE HE IepeceKkaeT
€ro CTEHOK H, CJIeJJOBaTeJIbHO, NMPH KJIACCUYECKOM PACCMOTPEHHHM
9KpaHMpPOBaHME TaKMM IWIMHIPOM HE AOJIXKHO HabmmofmaTecs. He
JOJKEeH 9KpaHHpOBaTh TakKOi LIUIMHAD U IO BEPCHH IIYHTHPOBA-
HUS MarHUTHOTO IIOTOKA, MIOCKOJILKY IIOTOKH BHE CTEHOK LMJIMHJ-
pa I B ero CTeHKax COBeplIeHHO He3aBucuMbl. Ho ecnu Tenepn
YMEHBIIUTDb JJIMHY HWJIMHpA, CeJIaB €€ CPaBHUMOIH C €ro morme-
PEYHBIMH pa3MepaMHd, TO CTPOroe KJIacCHYECKOE PacCMOTpPEHHE
MPOMCXONSAIIMX IIPA 3TOM IPOLECCOB CTAHET HEBO3MOXKHBIM, a IO
BepCHHY IIYHTUPOBAHMS MarHATHOIO MOTOKA, (pu3nyecKkas KapTHHa
IIpY KOHEYHOH JJIMHE UIMHApa MPUHUUIHAAIBHO HE OTIMYaeTCs
OT KapTHHBI IIpA ero 6eCKOHEYHO! JJIMHE, T. €. SKpaHHPOBaHUE
HOJIKHO OTCYTCTBOBaTh. MeXNy TeM U3 3KCIEpHMEHTa U3BECTHO
[32-35], 4TO MpM KOHEYHOM [JIMHE TaKO# LMIMHADP OOJafaeT He-
IUTIOXMMH 3KpaHUPYIOWuME cBolictBaMu. OO bsICHEHHE 3TOMY (dak-
Ty JaeT APyroid BapmaHT MHTEpIpeTaluy SKPaHHPOBaHUS, K pac-
CMOTPEHHIO KOTOPOT'O MBI U MepeigeM.

2.2. MATHUTHBIA 3KPAH KAK KOMIIEHCATOP
MATHUTHOTIO ITOJA

Eme Ha 3ape CTaHOBJICHUS YYEHHS O MarHeTU3Me, 110 aHAJIOTHH C
MIOHSITHEM O PEAJIbHO CYILECTBYIOIIMX 3JIEKTPUYECKUX 3apsifiax, Obl-
JIO TIpefJIoXKeHO MOHATHE (PUKTHBHBIX MAarHUTHBIX 3apsfl0B, BO3HHU-
KaIoIUX Ha KOHIAax (IOJIF0cax) HaMarHW4YMBaeMOro INpefMeTa IOf
JelicTBEeM BHEIIHEro HaMarHW4yuBaromero mnojis (Hanpumep [24]).
[Tone aTHX 3apsfioB BHYTPH IpeAMETa HalpaBlIeHO HaBCTpedyy Ha-
MarH{4MBaroIEeMy MOJIIO U B TO! WM UHOY CTENeHN KOMIIEHCUPYET
ero. PaccMoTpuM a11THIICONU]] BpalleHUs, IS ONPEIeIEeHHOCTH BbITSI-
HYTBIZ BAOJIb HAaNpaBJIeHHUs BHEITHEr0 OIHOPOJHOro mnoius H,, u3ro-
TOBJICHHBIN U3 MaTepuaja C OTHOCHUTEJILHOU NPOHHUIAEMOCTHIO |L
(puc. 2.2). ITop nefictBuem moist H, Ha KOHLAX 3JMIconia obpasy-
IOTCS POTHBOIIOJIOXKHBIE IO 3HAKy (DMKTUBHBIE MarHUTHBIE 3aPSAbl,
KOTOpbI€, B COOTBETCTBUH C 3aKOHOM KyiloHa, co3fiaflyT BHyTpH 3JI-
JIMICONa pa3MarHn4yuBarolee MarHuTHoe nose Hy, B To# Uiy UHOMI
CTEIeH! KOMIIEHCHpYIOlee TaM BHelHee moiyie H,. O4eBHUHO, YTO
pe3yJbTHpYIOLIee MoJie BHYTpH ajumancouna H; 6yaeT paBHO pa3HoO-
cTH 3THX noJjein [37]:

H,'=He—Hk. (27)
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—_—
H, KoMneHcupyromiee moye mpo-

Hy . MOPLMOHAIBHO pa3MarHU4uBa-
7~ \+ omeMy ¢akTopy N amnuiiconga
= = ¥ HaMarHm4eHHoctu M ero ma-
_ H-l + Tepuana [37]:

Prc. 2.2 H,=N-M. (2.8)

Ecnu yyects, uto N = 1/my,, TTie mg — IpOHALAEMOCTE (hOPMBI SJUIHAI-
comna, a M = (U — 1)H;, TO MOXXHO 3amucaTh

H;=H,-[(L-1)/m]H, (2.9)

Jlo cux mop Mbl He o6Gpamiaiy BHAMAHHUS Ha HaJMYde ITOJIOCTH
BHYTpH Haiero aiuuncouga. Hanmune nosmoctu o6bemMoM VB ai1-
JIAIICONJIE BHEIIHMM 00BbeMOM V cKa3bIBaeTCsl B TOM, YTO OTHOCH-
TeJIbHas NMPOHMIIAEMOCTh MaTepualla 2JUIMICOMIAa C MOJOCThIO KaK
ObI YMEHBIIIAETCS, 10 CPABHEHUIO C IMPOHHMIAEMOCTHIO CIUIOIIHOI'O
3JUIATICOUAA, U PHOIIIKEHHO MOXET ObITh NPHUHSTA paBHOM

Mo = WAV/V), 2.10)

rane AV =V -V, - 06beM ¢heppOMarHuTHO! CTEHKY MOJIOTO JUIHIICO-
una. Torga it mojoro 3JUIMNCcoua Beipaxkenue (2.9) 3ammmrercs

AV n-1
H=H SR, @.11)
V m
B TakoM cnyyae K03 UIMEHT IKpaHUPOBaHUSI pacCMaTPABAaEMOr0O
anunconpa [16-19]

H _j p-laV
H:; m V

1

K= (2.12)

IlpuBeneHHBIE BBIKJIAJKA HECKOJIBKO YHOpolleHHble. Ecin npu-
HHUMaTh UX pe3yJbTaT 3a UCTHHY, TO KO3(P(PUIUEHT 3KpaHAPOBAHNS
IIOJIOTO SJUIAIICOM/IA BPAIEHHMS, BLITSIHYTOIO BOJIb OCH CAMMETPHH,
OT IOJIsI, HANPABJIEHHOTO BJOJIb 3TO OCH, JJOJDKEH BO3pacTaTh MO
Mepe yObIBaHHS BBITSIHYTOCTH, IIOCKOJIBKY TP 3TOM OYIEeT MOHO-
TOHHO YMEHBIIAThCS MPOHAIAEMOCTh (popMbI asumunconpa. OnHaAKO
TaKoro OBbITh He JJOJKHO, TaK KaK IPH HEOrPaHMYEHHOM YMeEHbIIIe-
HHUHM BBITSHYTOCTH 3JIIMIICOM] BBIPOXKAAETCS B [iBe MapalliesbHbIe
TOHKHE (peppOMarHuTHbIE CTCHKM, HaMarHMYMBaeMble Momeped-

30



HbIM TIOJIEM, a TaKWe CTEHKM He MPOSBIAIOT (heppOMarHATHBIX
CBOWICTB H, CJIEJIOBATEJIbHO, HE MOI'YT OKa3bIBaTh 3KPaHUPYIOLIETO
melicTBus. B mopaBisiiomieM GOJILIIMHCTBE IATEPATYPHI 110 9KpaHaM
Ha 3TO 0OCTOSTENLCTBO He 06palialoch BHUMaHUA. ABTOPY U3BECT-
HBI JIMIIG [iBE MyOAUKANHK, B KOTOPHIX BBIIIOJHEHO CTPOrO€e aHaju-
THYECKOE PACCMOTpEHHE CBSI3U K03 pHuuueHTa 3KpaHNPOBaHUs K-
paHa ¢ k03 punEEeHTaM pa3MarHNYNBaHUs F€OMETPUYECKUX Pu-
I'yp, OrpaHAYmMBaOIuX ero creuku [38, 39]. Pa6ora [38] omy6inko-
BaHa Ha 14 jiet paHbllle, OJHAKO WU3JIOKEHA B CTOJIbL COKpPaIlleHHOM
BHJIE, YTO aHAIM3MPOBATh €€ 3aTPyIHUTENbHO. I1o 3To# mpuymHe
BOCIIOJIb3yeMCsT TaHHBIMHU paboThI [39]. BrimonHeHHOE B HEl CTpo-
roe aHaJUTHYECKOE pellleHne IMO3BOIIIO YCTAaHOBUTD CIEAYIONIYIO
CBsI3b KOA(h(DHIMIEHTa IKPAHUPOBAHUA ¢ KO (PUIUEHTOM pa3Mar-
HUYMBaHMA U JPYTEMH MapaMeTpaMd 9KpaHa:

K=1+ @+ 1/iw—2)N(L - N)AV/V) + (N = N)] +
+ (N = Np(L - 1/ 2.13)

3peck N — k02 HUIMEHT pa3MarHHYUBaHUs T€OMETPHYECKOro Tela,
OrpaHMYMBAIOIIEr0 3KpaH CHapyXu; N; — ONHOMMEHHbIH K03 duuu-
€HT TeJla, OrPaHUYNBAIOIIEr0 BHYTPEHHIOKO N0JI0CTh. Ecu NpHHATSD,
yto N u N; o6b19yHO OIM3KHU ApYr ApYyry, a L >> 1, TO BbIpaKeHHe
(2.13) MOXHO ¢ HEOOIBIION NOTPENIHOCTLIO 3aIMUCATh B BHJIE

K=1+puN(1 - N)AV/V), (2.14)
ung, nepexojs ot N x m,
K =1+ wm — D)QAV/V)m?. (2.15)

PaccMOTpHM 3KpaH, CTeHKAa KOTOPOr'o OrpaHrYeHa Mo0OHbIMH
M KOaKCHaJbHBIMH APYT APYrY SJUIAICOMAAMH BpallleHHUs, HaMar-
HIYZBAaEMbIMH BJIOJIb OCH BpamieHus (cuMMerpun). O603HaunM k =
= (m — 1)/m?. Torga 04eBUIHO:

K=1+u~k%. (2.16)

Ha pwuc. 2.3 mpepcraBiieHa pacyeTHasl 3aBUCHMOCTb k OT m. BupHo,
YTO NP BO3paCTaHUH IIPOHHUIIAEMOCTH (POPMBI SJIIMIICOU/A Bpallle-
HUs, 00pa3yIoUero BHEIIHIOK IIOBEPXHOCTH dKpaHa, OT €€ MUHU-
MaJIFHOT'O 3HAYEHMs, PaBHOTO €MHUIE, MHOKUTEIb k CHaJyasa Kpy-
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k TO BO3pacraeT OT HyJIs, Iph m = 2
HOCTAraeT MaKCHMAaJLHOIO 3Ha-

02 yeHnd, paBHoro 0,25, a 3areMm
IUTABHO CHAJaeT 0 HyJIs.
0,15 Takum 06pa3oM, U3 3aMKHYTHIX

MOJIBIX TeJl, OCpaHMYEHHBIX IO-
BEPXHOCTSIMA BTOPOI'O IOPSJIKA,
MaKCUMAaJlbHBIM K03 dunueH-
TOM 3KpaHUpOBaHHS oOlafgaeT
0,05 clerka CIUIIOCHYTBIN B HampasJie-
HUM JIeHCTBUS BHEIIHETro IOJA
0 : : — cepori ¢ INPOHHUIAEMOCTHIO

1 3 3 7 9 m  gopmsr, paBHoii iByM.* IIpaBna,
Puc. 2.3 BBIATPBIII B KO3(D(DUIMEHTE K-
paHHpOBaHMs, IO CPaBHEHHUIO CO

cdepoii, He npesbimaeT 13 %. bonee BaXXHO TO 0OGCTOATENLCTBO,
410 K03 PUIUEHT IKPAHAPOBAHUS MOJIOTO JJIIUICONAA YBEIHYH-
BaeTCs C pOCTOM €ro pasMarHu4ymBaromero paktopa OTHIOAb HE MO-
HOTOHHO, KaK MOXHO ObUI0 MOHATE U3 [17, c. 48] u [33, c. 69]. IIpn
N << 1 (unm, 94TO TO Xe caMoe, pu m >> 1) Beipakenue (2.12) coB-
nmagaeT c (2.15), BhI3bIBas WIMIO3WIO NMPaBWILHOCTH BhIBOMA (2.12).
Cnenyetr oOTMETHTE, 9TO B pabory [40] Bkpasack, eciii MOXHO TaK
BBIpa3UThCs, MPOTUBOIIONIOXKHA ommOKa. TaM yTBep:Kaaercs, 4To
o Mepe BO3pAacTaHus YIJIMHEHNs ceponyia B HaANpaBJICHUHA JIEHCT-
BUSI BHEIIHEr0 MOJIS KO3 (PUUMEHT IKPAaHNPOBAHNS YBEIMYNBAETCS
(cM. puc. 2, c. 31). Ommbka ycyrybnsercss TeM, YTO IS ciiydas Io-
Joro mapa ¢opmyiisl, BeIBeleHHbIe B [40], coBmagaroT ¢ Kiaccuye-
CKHMH, ONSITh K€ CO3[[aBasi WIIIO3MIO MPABIIBHOCTH MPOJIETaHHbIX
BbIkJIaiok [41]. Takum o6pa3oM, 3aBHCHMOCTH, IpHBefeHHas Ha
pHc. 2.3, ajeko He CTOJIb TPUBHANIbHA, KaK 3TO MOIJIO MMOKAa3aThCs.
B nenoMm ke, eciiv OTBIEYLCS OT JONYIIEHHBIX IPH HCCIEIOBaHUIX
ommObOoK ¥ HEIOpa3yMEHM!, HHTEPIPETANNS MarHATOCTATHYECKOTO
5KpaHa Kak YCTpolicTBa, aBTOMAaTH4eckKd M Oe3 clenmalbHbIX 3a-
TpaT 9HEpPra¥ KOMIIEHCHUPYIOIIEro MOCPEJICTBOM MarHMTHBIX 3aps-
TOB BHelllHee moJie [42], B 3HaYUTEIbHON Mepe ajleKBaTHa U 3aclly-

0,1 H

* Kak yxe oTmeyanocs B m. 1.1, B pa6oTe [23] B 1969 r. Gblia BbIBefieHa Npu-
6mKeHHas opmyila, HaoLast KpHBYIO 3aBUCUMOCTH K03 ulieHTa 3KpaHIpoBa-
HUS MOJIOTO 3JIIIMMCOM/IA BPAILIEHUS OT €r0 OTHOCUTENILHOTO YIIIMHEHUS!, COBEPILIEH-
HO aHaJIOTHYHYIO TPUBENIEHHON Ha puc. 2.3. OfHaKo B yKa3aHHOI paboTe He aKkleH-
THPOBAJIOCh BHUMAaHUE Ha HaJUYHU Ha KPUBON MaKCUMyMa, 4a M caMa KpHBasi He
NPUBOAMIACK.
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JKHMBaeT M3y4YEeHMs M NpUMeHeHus. BpITekarolas U3 TakKOd MHTEp-
IpeTalyu CBA3b KO3((UIMESHTa SKpaHUPOBAaHHUS C KO3 dHIHEH-
TOM pa3MarHMYMBaHus (WM IPOHHUIAEMOCThIO (hOPMBI) Tela, Orpa-
HAYMBAIOILLEr'0 3KpaH CHApPYXH, MMO3BOJISIET PacCUMThIBATh WIIH, IO
KpailHell Mepe, OLieHMBaTh KO3(h(HUUMEHTHI 3KpaHUPOBaHUA 9Kpa-
HOB CIIOXKHOI (hOPMBI, pacCUUTaTh KOTOPBIE KJIACCHYECKHM METO-
JIOM 3aTPYAHUTEIBHO MIIN [jaxke HEBO3MOXKHO.

Kpowme Toro, Takas HHTEprpeTanys M03BOJIAET IOHATh, IOYEMY
KPYroBOii 6ECKOHEYHO JITIMHHbBIN IWIMHAPAYECKIHA 9KPaH NPENSTCT-
BYET IIPOHHKHOBEHHUIO B €r0 MOJIOCTh OJHOPOJHOIO IOIEPEYHOIO
BHEILIHETO IIOJI ¥ B TO K€ BpeMs He NPENATCTBYET paclpoCTpaHe-
HHIO HapyxXy IOJIS TOKa, MPOTEKaloUero Mo IMPOBOJHMKY, MPOJIO-
>KEHHOMY IIO €I'0 IPOJIOJIBLHOM OCH.

2.3. MATHUTHBIA 9KPAH KAK COJEHOUN,
KOMIIEHCHPYIOII MATHUTHOE ITIOJIE

MarHuTHBII 9KpaH B BIJE MOJIOr0 KPYroBOIro, OTKPBITOTO ¢ 060-
UX KOHIIOB LIMHJPA, MOXKHO IPEICTAaBUTh KaK paBHOBEIIUKHI eMy
COJIEHOH]], ITOJIE KOTOPOro KOMIIEHCHPYET BHEIIHEE BO BHYTPEHHEH
nosioctu. Ilompo6yeM 060CHOBaTh TaKylO0 KOHIENIHMIO, paCCMOTPEB
sSIBJICHHE, Ha3blBaeMoe B NepBOMCTOYHMKaX [32, 33] BbIpakeHueM,
KOTOpOE MO3KHO NepeBecTH Kak “a¢pexT oTBepcTHs, uinn “aggexT
oTkpbIToCTH’. COCTOUT OHO B TOM, 4TO B ITOJIOCTH 3KPaHa C OTBEP-
CTHEM B CTEHKE, IOJI IeHCTBAEM BHEIIHETO OHOPORHOro moius H,, K
BHYTpeHHeMy NOJII0 H;, paccumTbhiBaeMoMmy no ¢opmynam (1.20),
(1.32) nnu (2.15), po6asnsercs noiue H;;, yopiBaromee Mo Mepe yr-
JyOJleHus B MOJIOCTh 3KpaHa 10 3KCIIOHEHIMAJIbHOMY 3aKOHy. B pe-
3yapTaTe KO3(p(pHUIEEeHT SKpaHNPOBAHNS B 3aJaHHON TOYKE MOJIOCTH
9KpaHa ¢ OTBEPCTHEM

K=H,/(H;+ Hy), (2.17)

T. €. YMEHBIIHUTCS 10 CPAaBHEHHUIO C TAKOBBIM JIJIsl 9KpaHa 6e3 oTBep-
CTHS.

Hawn6onpimii mpakTHYECKNH NHTEPEC MPEACTaBIsIeT caydan u-
JIMHPAYECKOTo 9KpaHa (B YaCTHOCTH KPYrOBOI'0), OTKPBITOrO ¢ 000-
uX KOHIOB. Takoi aKpaH IpOCT B U3rOTOBJIEHNUH, B HEI'O JIETKO ITOMe-
LIaTh ¥ N3BJIEKATh U3 HErO 0OBEKThI, OJIEXKAIIME 3KPAHUPOBAHHUIO.

Ecnu pagnyc oTBEpCTHS B 3KpaHe r;, a pacCTOSHUE BJIOJIb OCH OT-
BepCTHs B r1yOb 9KpaHa P, TO B CIyyae BHEIIHETO OIS, HalpaBJieH-
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HOTO BJIOJIb IUIOCKOCTH OTBepcTHsi, mose H;, o6ycioBieHHoe -
¢exTom oTBepeThd, [33]

H;y = Hexp(-3,52p/r). (2.18)

JInst ciydast BHEITHEro IOJIs, HalpaBJIEHHOrO MOMepeK IUIOCKO-
CTH OTBEPCTHS:

H;, = H exp(-2,26p/r;). (2.19)

B npuBeeHHBIX BHIPAKEHUSIX YINTHIBAETCS IOJIE TOJIBKO OT OJHOTO
OTBepCTHS, IIPH HAJMYAH IBYX OTBEPCTUH (3KpaH, OTKPBITHIA ¢ 000-
MX KOHIIOB) HEOGXOMMO CYMMHPOBATh O0YCIOBIIEHHbIE UMH MOJIS.

B cnyyae nonmepeyHoro HaMarHMYMBaHUS KPYrOBOTO LMIMHADA,
HMEIOIIEro JJIVHY, PaBHYIO €ro BHyTPEHHEMY IHaMeTpy, I0JIe B LIeH-
Tpe ero BHyTPEeHHE! MOJIOCTH, 00YCIIOBICHHOE HAIMINEeM OTKPBITBIX
TOPLOB, cocTaBUT (cornacHo (2.18)) mumpb 6 % OT BHELIHETO IOJIS.
YIBOMB-YTPOVB UIMHY LWIMHAPA, YMEHBIIMM OOYCIOBIEHHOE OT-
KPbITOCTBIO BHYTPEHHEE MOJIe (B LIEHTpe MOJIOCTH) 0 IIpeHeOpeKu-
MO MaJIOX BEJIMYNHEI.

CoBceM nHaye OOCTOUT JIeJIO B CIy4yae BHEIIHEro IOJIs, Halpas-
JICHHOTO BJIONb OCH IWJIMHApPA, OTKPHITOrOo ¢ oboux KoHNoB. [Ipu
JJIMHEe TaKOro LMJIMHpa, BO MHOTO pa3 IpeBbIMIAIONIE ero BHYT-
peHHUI pajinyc, BIUSHUE MPOHUKHOBEHHMS MOJIS C TOPLIOB IIpeHeOpe-
SKAMO MaJlo, OfHaKO ¥ KO3(h(HUIMEHT SKPAaHUPOBAHUS TAKOTO IH-
JIMHJpa, BEIYUCISIEMBI B COOTBETCTBHH ¢ (2.15), 6/IM30K K eUHHLE.
Ilpu puivHe nuIMHApA, OJIM3KOH K ero BHYTPEHHEMY JUaMETpy, €ro
KO3 (pUIMEHT 3KPAHHPOBAHMS, BbIYHCIsIeMblid o (2.15), moikeH
OBITh MakCHMaJIeH (€C/IM BHEIHUN JIaMeTp HE CIIMIIKOM OTIIAYaeT-
csl OT BHYTPEHHEro0), OHAKO M3-3a IPOHMKHOBEHMS BHEIIHErO IOJIsS
yepe3 OTKpbIThIE TOpIBI 3TOT Ko3adduiueHT (cornacHo (2.19)) He
MOKET MpeBbICUTD 5,8. O4eBHIHO, YTO MAaKCHMYM B 3aBHCHMOCTH
K03(hhUIEEeHTa 9KPAHNPOBAHUS IIPOJOILHOIO IOJIS IIAHAPOM, OT-
KPBITBIM ¢ 000MX KOHIIOB, OT €ro OTHOCHTENLHOH JJIMHBI MOXKET
OBITH CYIIECTBEHHO CMEINEH 10 OTHOIIEHUIO K TaKOBOMY B cllydae
HaJIMY#s Y UAIMHPa BRICOKONPOHUIIAEMBIX KpbIleK. [la 1 cama Be-
JIMYMHA 3TOrO MaKCHMyMa MOKET OKa3aThCs CYIIECTBEHHO MeHBbIIIE.

Onnaxko ¢usnyeckast HHTeprpeTanus Beipaxkennit (2.18) u (2.19)
HaTaJIKABaeTCs Ha cepbe3Hbie MpOoTHBOpeuns. B camoM ferne, npen-
cTtaBuM cebe, YTO MBI UMeeM GEeCKOHEYHO JIMHHBLIA KpPYroBOH Iu-
JMMHAPUYECKH 9KpaH U3 MaTepuaia c [L >> 1 U ¢ TONIIHON CTeHKH,
CpPaBHHMOY C €r0 BHYTPEHHUM painycoM. B Takom ciydae (coriacHo
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BeIpazkeHuIo (1.20)) ero koag¢uIEeHT 3KpaHUPOBaHM OT II0JIs, Ha-
TIPaBJIEHHOT'O IIOIIEpPeK ero MpOJOJIbHON OcH, OyleT MHOro 0oJIbIIe
€IMHAIBL. DTO O3HAYAET, YTO BHEIIHEe HaMarHu4YuBaroliee mnose 6y-
JET CKOMIIEHCUPOBAHO IOYTH PaBHLIM €My IO BEJIMYHHE MOJIEM Mar-
HUTHBIX 3apsjiOB Ha JAWaMeTpalIbHO NPOTHUBOIOJIOXHBIX CTOPOHAX
oOpa3syrolieit ero NIINHIPHYECKOil TOBEPXHOCTH, T. €. Hy = H,. A Te-
IEpb MBICJIEHHO OTOPOCHM OJ{HY ITOJIOBHHY 3KPaHa, T. €. CIIEJIAEM ErO
MOJIyOECKOHEYHO JUIMHHBIM. B CHJly CHMMETpHH I€pBOHaYallbHOM
KapTHUHbI, Ha TOpIie MOJIYYeHHOTO 9KpaHa B TOUKeE, JeXallei Ha ero
ocu (p =0), Hy = 0,5H,. CornacHo ke BbIpaxkeHuio (2.18), H, = H,.

AHanorn4yHeIM 00pa3oM MOJIYOECKOHEYHO JJIMHHBIN [UJINHAPY-
YeCKU 3KpaH, HaMarHM4WBaeMbIil NpPOJNOJBHBIM IIOJEM, HMEEeT
BJIOJIb 0Opa3yomeil OKpY>KHOCTH BOJIM3H TOPLia MarHATHBIE 3apsIbl,
I10JIe KOTOPBIX HOJIKHO 0cNabisiTh HAMarHN4MBaroIlee MoJe, a 3Ha-
YHUT, pe3yNbTUPYIOIee MOJIe Ha TOPIE B TOUKE, JIeXKalllel Ha OCH 9K-
paHa, JOIKHO OBITH TOJIEKO MEHBIIIe HAMarHMYMBaIoIero nous H.,,
HO HHKaK HE PaBHO EMY.

Taxum obpa3om, IJIT COOTBETCTBHUS peaIbHON KapTUHE SBIICHHUS,
B BbIpaxkeHus (2.18) u (2.19) qomkHe! ObITH, IO KpaiiHei Mepe, BBe-
JIEHBI TOMTOJIHUTEILHbIE MHOXKUTEIN MEHbIIE €NHAIBI.

C y4eToM TOJBKO YTO HM3JIOKEHHOTO, HWJIMHPUYECKH dKpaH
KOHEYHOM! JUIMHBLI, OTKPBITHIA ¢ 0O0MX KOHIIOB M HaMarHhynBae-
MBIl IPOIOJIEHBIM IOJIEM, MOKHO MBICIIEHHO 3aMEHHUTH PaBHOBEJIH-
KIM MY COJIEHOHUJIOM, II0 0OMOTKE KOTOPOT'O MPOTEKAET MOCTOSH-
HBII TOK, 0OYCJIOBJIMBAIOMIMIA IIOCTOSTHHOE MarHUTHOE II0JIe, B TOM
WM WHOY CTENEHHU OcIabiIgIolee BO BHYTPEHHE! MOJIOCTH JIeHCT-
BHE BBI3BaBIIEro 3TOT TOK BHEIIHero noiist. Takas usndeckas uH-
TepIpeTalys XOPOILIO COTJIacyeTcs C TUNOTEe30i AMIIepa O MOJIEKY-
JISIPHBIX TOKaX [2] ¥ HarIAgHO OOBSACHIET ocnablieHne 3KpaHupyIo-
IIEero efCTBUSA TAKOIO 3KPaHa OT LEHTpa K ero TopuaM, MOCKOJIb-
Ky IoJIe COJIEHOHU/Ia K TOpljaM YMeHbIIaeTcs. B peaqbHOCTH OHA cO-
OTBETCTBYET NPUHUUILY AEHCTBHS CBEPXIPOBOMSILErO HIUIHHpIYE-
cKoro akpasa [43].

TakuM 06pa3oM, pacCMOTPEHHE pa3IMYHbIX BAPUAHTOB (pu3nye-
CKOIl MHTEpIIpPETalM CYITHOCTH MarHUTOCTAaTHYECKOI'O IKPaHHpPO-
BaHUs MIOKA3aJ10, YTO HU OJIMH U3 HUX MO OTAELHOCTH HE OO BICHIET
B IIOJIHOX Mepe IpOLECCOB, HAONIONAaEMbIX NpPH KPaHUPOBAHUM.
TonpKO COBMECTHOE HCIIOJIL30BAHUE STUX BAPHAHTOB MO3BOJISET MMO-
HSTB BCEe UX MHOroobOpasue.



I'masa 3

HEJIMHEVHBIE VI TUCTEPE3VCHBIE SIBIIEHVS
B CTEHKAX MATHUTHBIX 3KPAHOB

Jlo cux mOp OTHOCUTENIBHYIO MarHUTHYIO POHMIIAEMOCTb CTEHKH
9KpaHa MbI IPUHIMAJIH 3a[JaHHOH 1 HEM3MEHHOH. Mexxny TeM ob1e-
H3BECTHO, YTO NMPOHUI[AEMOCTh (heppOMarHeTHka, B 3aBUCUMOCTH OT
HaMpPSKEHHOCTH EHCTBYIOIEro MOJIst, MOXKET M3MEHSThHCS 10 Kpali-
Hell Mepe B JlecsiTKH pa3 (Hanpumep, [37]), 1, KpoMe TOro, mpouecc
NmepeMarHMYMBaHUs CONMPOBOXaeTcs rucrepesucoM. K pacemorpe-
HUIO BIIMSTHAS 9TUX 0OCTOSITENILCTB Ha (DYHKIMOHUPOBAHIE MarHUTO-
CTaTHYECKOI'0 3KpaHa MBI U IIEPEXOMIUM.

3.1. ”HOYKIHUA 1 HATIPSDKEHHOCTD ITOJIA B CTEHKE 9KPAHA

Kak m3BectHO [24], npoHniaeMocTs OpMBI 7 CIUIOMIHOTO Iapa
paBHa TpeM. B TakoM ciiyyae, HHAYKUHS B IIape, H3TOTOBIEHHOM M3
¢eppoMarHeTKa ¢ OTHOCHTEIBLHO! MIPOHUIIAEMOCTRIO L >> 1 1 Ha-
XOJIsAIeMcs B IIepBOHAYaIbHO OJJHOPOIHOM MarHUTHOM IIOJIe Hampsi-
SKEHHOCTBIO H,, OMHOpOJHA U paBHA

B, =3ugH,, (€RY

r7ie Ly — MarHATHAs TOCTOSHHAS.
ITockONMBKY MHAYKUMS B IIape OJHOPOAHA, TO MOTOK MHAYKLAA
Yyepe3s [ap pajuycoM r,

® = By 112, (3.2)
nim
® =37y r-H,. (3.3)

I1pu mosiBjieHU” B LEHTpe miapa cheprudecKoil MOJOCTH pajuy-
COM r; HCKaXKalollee JlefiCTBre Iapa Ha HaMarHW4yuBarollee, NepBo-
HayaJIbHO OTHOPOJIHOE IOJIe MPaKTUYEeCK He N3MeHuTCs [24, 44, 45]
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[axe IpH r;, CPABHAMOM C I,. DTO O3HAYAET, YTO ITOTOK MHAYKLIUH Ye-
pe3 Map C MOJIOCTHIO MPAaKTUYECKH PABEH IOTOKY HMHAYKIMHA Yepe3
CIUIOIIHOY IIap ¢ TeM ke paguycoM. B TakoM ciyyae MHAyKuus B B
CTEHKE I0JIOro HIapa B 9KBaTOpUalbHOMI mockocta [17, 33]:

B, = d)/ (n(rez —r? )) = %i_z—/[ir% (3.4)

Takum 06pa3oM, Ipy yMEHbIIEHAHN TOJIIMHELI CTEHKH 9KpaHa MH-
AYKIMS B HEM, IIPY IMPOYMX PaBHBIX YCIOBMSX, BO3pacTaer.

HamnpskeHHOCTL BHyTpeHHero nois Hg B CTeHKe 9KpaHa B 9KBa-
TOPUAJILHOM IIJIOCKOCTH:

B, 3H,

s = 272\
weo  m(i-r2/r?)
HpeI[CTaBJIﬂeT I/IHTepeC CpaBHHTB 9TO II0JIE€ C ITIOJIEM H i BO BHyT-

peHHel nmoyiocTu akpaHa. [Ipenebperas nepBbIM ciaraeéMbIM B BbIpa-
xenun (1.32), umeeM:

H

(3.5)

—'z/—z-- (3.6)

HeTpynHo BHAETH, YTO IIPH TOHKOI CTEHKE 9KpaHa, Korja r; i r,
MPaKTHYECKN PaBHBI, YCPEJIHEHHOE IO TOJIIUHE CTEHKW 3HaUYeHHe
HaNpSKEHHOCTH IMOJIS B MaTepuale H OYTH IOCTHraeT HalpsKeH-
HOCTH NOJISl BO BHYTPEHHe! MoJIocTH 9KpaHa H;. Ilpm ToscToi ke
CTEHKE, KOI7la I; MaJIo II0 CpaBHEHMIO C r,, H cocTaBnseT nuus 2/3 ot
H;. Y4nTbIBas, 4TO B CHJIY HENPEPHIBHOCTH TAHT€HIMATBHOM COCTaB-
JSIOLEN HAalPSKEHHOCTD IOJIS Ha BHYTPEHHE! MOBEPXHOCTH CTEHKH
9KpaHa B TOYHOCTH paBHA HANPSKEHHOCTH IOJIS B €ro BHYTPEHHel
moJyioctd H;, a mosne BO BHYTpPeHHEH MOJIOCTH c(hepruIecKoro IKpaHa
OHOPOJHO, MOKHO 3aKJIIOYUTh, YTO B 9KBATOPHAIBLHON MIIOCKOCTH
IoJIe B CTEHKE 9KpaHa Bcerja He 6oJiee MO B ero BHYTPEHHEH 1mo-
soctu. B o6mieM ciiydae cpefHee 3HaUYeHHe HANpPSIKEHHOCTH ITOJIS B
CTEHKE 9KpaHa B 9KBaTOPHAJILHON INIOCKOCTH MPHOIMKEHHO MOXKET
OBITh MPUHSATO PaBHBIM HAINPSDKEHHOCTH ITOJIS B €r0 BHYTPEHHEH Mo-
noctu [18, 19, 33].

OcraeTcst BBISICHATD, KaK U3MEHSeTCSI HHIYKIHS B CTEHKE K-
paHa OT IOJIFOCOB K 3KBaTopy. Kak MbI y:ke yOequiuch, IOTOK UH-
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IYKUMK BHEIIHETO II0JIs Yepe3 9KpaH paBeH 37-,r,2-H,. Yepes ak-
BaTOpHAJIbHOE CEYEHNEe CTEHKM 3KpaHa, Korja yroyx ¢ cpepuyec-
KO# cucTeMbl KoOpAMHAT paBeH 90°, OH NMpOXOAUT NPaKTUYECKH
LeINKOM, a BOT B OKPECTHOCTH IIOJIFOCA, KOTfla yroj ¢ ONHM30K K
HYJIIO, 3TOT IIOTOK, 10 OYEBUAHBIM IPHYMHAM, TaKKe OJIN30K K HY-
n10. ITockoabKy IIIOMIab CEYeHHs KPYrJIoro Mojpca, yepe3 KOTo-
pbIl BHEIIHUHA NOTOK NMPOHHKAET B CTEHKY 3KpaHa, MPOIOPIHO-
HaJIbHA sin’Q, a IIOIAJh CeYeHns] CTEHKH, [0 KOTOPOii 3TOT MOTOK
yCTpeMiIseTcsl K 9KBaTOpPY 3KpaHa, NMpOIOpLHOHANbHA Sing, IO-
CTOJIbKY MHAYKLMSI MarHUTHOIO MOJISI B CTEHKE 9KpaHa, paBHas OT-
HOIIIEHHIO IOTOKA K CEYEHHIO, MPUOIMXXEHHO NPONOPLIOHANBHA
sing. CrnegoBaTeIbHO, MarHUTHAasE MHAYKIMS B CTEHKE 9KpaHa Ba-
pBHEpYET OT HYJIEBOI'O 3HAYEHHS Ha MOJIFOCaxX 10 3HaYeHNs, Onpefie-
nseMoro BelpaxeHueM (3.4), Ha aKBaToOpe.

3.2. KOO®OPUIIUEHT DKPAHUPOBAHUS
1 KPUBASI HAMATHUYUBA HUS

HVicxonst W3 TOro, 4ro OOBIYHO KO3((HHUIMEHT SKPAHHPOBAHMS
3HAYUTENILHO OOJIbIIIe eJIVHHMIbI, a TaKKe NPUHAMAas BO BHAMAHWE,
yTO B cucreMe epunun CY npoHUIaeMOCTh 1 ¥ BOCIIPHAMYHMBOCTS ),
MaTepHala pa3InJyaloTcs TOIBKO Ha eIMHALY ¥ [, KaK ¥ %, OOBIYHO
ropasyio 6oJIbIIe eIUHALBI, MOXKeM MPUOIKEHHO 3aMiucaTh

k=tle X (3.7
H G
rie G — ko3 puIHeHT, XapakKTepu3yowmil popMy 1 reoOMeTpruIec-
KH€e NPONopLUH 9KpaHa (MpUOJIIKEHHO OH paBeH BOCIIPHUMYHABOCTH
¢hopMbI 3KpaHupyIOIIEeH 000JI0YKH C YYETOM BHYTPEHHEN ITOJIOCTH).
B TakoM cnyyae

H =

e

H,. (3.8)

QR

Ecnu yyects, yto H; = H,, TO mosny4yaercs, 4TO NOJe B CTEHKE 9Kpa-
Ha MEHbIIIE BHEIIHEr0 HAMAarHWYHMBAIOIIErO MOJS HpUOIN3UTEIHHO
BO CTOJILKO XK€ pa3, BO CKOJILKO NPOHUIIAEMOCTh (DOPMbI 3KPaHUPY-
IolIel 060I09KH MEHbIIle IPOHMIAEMOCTH MaTepHaja 3KpaHa.

Ha puc. 3.1 n3o6paxeHa OcHOBHas (KOMMYTAlUMOHHAsI) KPHBast
HaMarHnyuBaHus cTeHKH 5kpaHa OAF.
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ITo ropusoHTan® OTIIOKEHa HA- M F

NPSKEHHOCTh MarHUTHOTO 1ouns H,
a 1O BEpTHKAIM — HaMarHMYeH-
HocTb M. Tanrenc yrina AEB paBen
BOCIIPUMMYUBOCTH (DOpPMBI 3KpaHa
G, a TanreHc yrina AOB paBeH Boc-
IPUIMYABOCTH Marepuana % IpH
HamarHmyeHHoctu AB. HetpyasHo
MOHATH, YTo oTpe3ku OF u OB pas-
HbI BHeIIHeMY H, U BHYTpEeHHEMY
(B crenke aKkpaHa) H; moysiM coort-
BETCTBEHHO. [lepemernas nmpsmyro 0
AE mapannensHo camoil cebe u Puc. 3.1
oIyckas Ha och abcHucc neprneHau-
KYJISIpBI M3 TOYEK e IepeceyeHns C KpMBO HaMarHNYMBaHUs, MOX-
HO TOCIIE[JOBATENIbHO YCTAHOBUTH COOTBETCTBUE 3HAYEHN HAMArHK-
YHUBAIOWIEro IOJIS ¥ IOJIS B CTEHKE 9KpaHa (IpHOJIMKEHHO PaBHOI'O
MOJII0 BO BHYTpPEHHE! IOJIOCTH), a MOJENNB 3TH 3HA4YEHMs ApPYr Ha
Apyra, — BBIYACIUT KO3(p(DHUIMEHTh! 3KPaHHUPOBAHHA B JI000H TOY-
K€ KpHBOIl HAMarHM4YNBaHUs MaTepHaa.

EcrecTBeHHO, YTO MakCHMAaIbHbII KO3((HUIUEHT 9KPAHUPOBaHUA
OyneT HabIIONaThHCS B TOUKE KPUBOH, Ifie JOCTUrAETC MaKCUMalIbHasI
BOCIIPHMYMBOCTb MaTepHaiia (AId, YTO B HAILIEM CIIy4Yae TO 3Ke, Ipo-
mamaeMoctk). CormnacHo [46], aTo umeet Mecto npu H, = 1,35-H...

CnepyetT OTMETHTD, YTO CIIPaBOYHbIE 3HAYCHHS HAYaJIbHOH! ¥ MaK-
CHMAJIBFHOH IPOHUIIAEMOCTE!l MaTepHUaJIoB MOJIyYaroTCs IyTeM oOpa-
OOTKMA KOMMYTALMIOHHBIX KpPHBBIX HaMarHMYMBaHWS, KOIfa Kaxkpas
TOYKa KpHBOIl HaMarHWYMBaHMS JIOCTHIA€TCI MHOTOKPATHBIM IIEpe-
KJIFOYEHUEM HalpaBJIeHHs HaMarHU4MBAaIOMIEro OIS 3afaHHOH Halps-
SKEHHOCTH. B peasbHbIX YCIOBHSX 3KCIUTyaTallil MarHUTHOT'O 9KpaHa
M3MeHeHre HAMarHMYeHHOCTH €ro CTEHOK IPOMCXOMUT, B OOIIIEM CITy-
yae, XaOTHYHbIM 00pa3oM. [1o aToll npuunHe peanabHble 3HAUYEHUS Ha-
YJaJIbHOM ¥ MaKCUMAJIBHON IPOHUI[AEMOCTEN MaTepralla 3KpaHa MOTI'yT
0Ka3aThCsl 3aMETHO HIDKE CIIPaBOYHbIX JIaHHbIX.

He cnepyer Takke 3abbIBaTh, YTO HAMAarHHYEHHOCTh B CTEHKE
9KpaHa M3MEHSETCS OT HyJIEBOIO 3HAYEHMs Ha IOJIIOCAaX [0 MaKCH-
MaJIbHOT'O Ha 9KBaTope. BeieacTBue aToro MaTepuall CTEHKH 3KpaHa
B pa3HBIX ee MecTax paboTaeT Ha COBEPIIEHHO pa3HBIX y4acTKax
KpUMBOIi HAMarHW4YMBaHUS M yKa3aTh KaKoe-JIn0O yCpEeIHEHHOE 3Ha-
YyeHre paboyeil HAMarHHYeHHOCTH (MJIM HaNpsKEHHOCTH 110JIsT) CTEH-
KM 9KpaHa KaK ONTHMAaJIbHOE JOBOJIBHO 3aTPYJHUTEINBHO.
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3.3. MAKCUMAJIbHOE ITIOJIE, 9KPAHUPYEMOE 3KPAHOM

HavanrHasi MarHiTHas IpOHAL[AEMOCTH L, MaTepuasa onpefes-
eTcs Ha KOMMYTallMOHHON KpMBOil HAMarHW4IMBaHMs KaK TaHTeHC yT-
Jla ee HaKJIOHa B caMOM Hayaje (Ipd HaMarHW4YHMBAIOILIEM IIOJIE, BO
MHOT'O pa3 MEHbIIIEM KO3PLUTHABHON ciibl). Eciu MpogoikuTh npsi-
myio OA f10 nepecedyeHns ¢ KpuBO HaMarHuumBaHus (B Touke D) n
ONYCTUTH M3 TOYKH IepeceyeHus NepleHuKyIsp Ha och abcuucc
DE, To MBI y3HaeM 3HaueHHE HANpPsKEHHOCTH HaMarHWYMBAIOIIEro
nost (0603HauMM ero H ), npu KOTOPOM MPOHUIIAEMOCTh MaTepraia
nociie MpOXOXKEHNsI MaKCUMAJIbHOTO 3HaYeHHs CHOBA CpaBHsJIAch C
HavyaJibHOM (puc. 3.2).

3HayeHne HHAYKUMY B TOuKe D Malo oTindaeTcs OT UHIYKIAA
HaCBIIICHNS U [T03TOMY NPUOINKEHHO MOXHO 3allicaTh

B
H, =——.
‘ Mg Mo 39
OueBHAHO, YTO B JaNa30He HaNpPsDKEHHOCTEN MOJell oT Hylle-
BOl 10 H,; mpoHHMIIaeMOCTh MaTepuaja He ONyCKaeTCsl HIKE Ha-
YaJIbHOTO 3HAYEHMS U B 9TOM [[Malla30HEe NOJIeH B CTEHKE 9KpaHa
ero ko3¢ (puuueHT 3KpaHNPOBAHUS HE HMXKE 3HA4YeHUs, IOJyJae-
MOT0 B HYJIEBBIX IOJSIX. DTO O3HAYAET, YTO IKPAH COXPAHSET BBI-
COKHE 9KpaHHpYIOIIME XapaKTEepHCTHKU [0 IMOJIell B MaTepuaie
CTEHKH, 110 KpaiiHell Mepe, Ha MOPSAOK NPEBbIIIAIOIIX KO3 PIUTHB-
HYIO CHJIy MaTepHaia.
KoaddpuuenT axpanupoBaHus 3KpaHa, TONIIIHA CTEHOK KOTO-
poro BbiOpaHa ob6ecnequBaromeil 80 % ero MakcMMaiabHO BO3MOXK-
Horo 3HauyeHnd (cM. 1.1), paBen

B ~ K = 0,18y. (3.10)
-

Y4uThIBasl, YTO MOJIE B 3Kpa-
HHUpPYEMOIi OJIOCTH MPUOIIIKEHHO
PaBHO MOJIIO B CTEHKE 3KpaHa, 1o-
JTyJaem

BX
A H,, =0,18—. (3.11)
Mo

0 E H 310 4 ecrh HANPSLKEHHOCTD BHEII-
Puc. 3.2 HEro ImoJIsi, 10 KOTOpOil 3KpaH ¢
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pa3yMHO BLIOpaHHOM TOJIIIIHON CTEHKH paboTaeT 6€3 CHIKEHHS K-
PaHUPYIOIIMX XapaKTepUCTUK OTHOCHTEILHO MX 3HAYEHUS IIPU HyJle-
BbIX BHEIIIHUX ITOJISX.

[Ipn panbHelimeM yBeJIWYEHHM HANpPSKEHHOCTH BHEIIHErO Ha-
MarHAYMBAIONIero (a caefoBaTelIbHO, M BHYTPEHHETO) MOJIST OTHOCH-
TeJIbHasi MarHUTHAas MPOHULIAEMOCTh MaTepyala 3KpaHa (a BMecTe ¢
Hell ¥ Ko3(h(pUIUEHT 3KpaHupOBaHus) OyeT cHIKaThcs. B cooTBeT-
cTBUH ¢ BripaxenueM (3.10), peanbHoe 3KpaHHpOBaHUE (B HECKOJIb-
KO pa3) NMpEeKpaTUTCs, KOTa MPOHMIAEMOCTh MaTepuata CHU3UTCS
MPAMEPHO 70 AecsaTH equHul. JIIs OLeHKN HaNpsZKEHHOCTH MOJIS B
CTEHKE 3KpaHa, Ipyd KOTOpO# 3TO MpomM30ijieT, TpebyeTcs 3HaHue
KOMMYTAalIOHHO! KPWBOI HaMarHM4YMBAaHUS JAHHOTO KOHKPETHOI'O
Marepuarna.

TaxkuMm o6pa3om, Beipaxkenue (3.11) mo3BoJISET OLEHUTH IHaMNa-
30H HaNpsKEHHOCTE! MoJell, B KOTOPOM 3KpaH 3¢ deKkTuBHO pabdo-
TaeT. YeM Gouibllle MHAYKIMS HACBIIEHNSI MaTepHralla 9KpaHa, TeM B
6oJbIIeM [iHana3oHe MoJjiell oH obecneynBaeT 3 HeKTUBHOE IKpa-
HupoBaHue [19, 33, 54]. Coepuueckuii sKpaH, mpelHa3HAYEHHBIN
NI paboThI B MaKCUMAJIBEHO OOJIBIIMX IOJISX, OJXKEH MMETEH BHEIII-
HUi pagmyc, B 1,7-1,8 pa3 npeBsIIIaomuii BHYTPEHHUIL.

Ecnu He TpebyeTcs feTalbHO aHAIM3UPOBATh U3MEHEHNe Kpa-
HUPYIONIMX XapaKTEPUCTHK C M3MEHEeHHEM HaMarHUYMBAIOIIEro IMo-
JI51, TO KO3(h(pUIHEHT SKPaHUPOBAHUS IKPaHa MOXKHO BLIYHCIISATH MO
¢opmyiiaM, BEIBEIECHHBIM B [VIaBe 1 711 IMHENHOTO CiIyvasi, HOJICTaB-
7SS B HAX HaYaJIbHYIO IPOHMIIAeMOCTh MaTepHalia SKpaHa.

3.4. TUCTEPE3HC U DKPAHNPOBAHUE

OmnmcanHblii B 1. 3.2 rpacduyeckuit MeTo]l aHaiu3a paboThl Mar-
HUTHOI'O 3KpaHa C YYeTOM HEeJIMHEHHOCTH KpHUBOH HaMarHAYWBAaHUS
npepnoxeH A.A. Ilpeo6paxenckum [18, 19, 47]. IlompoGyeM wuc-
[I0JIL30BATh €r0 VISl pacCCMOTPEHNS paboThl 3KpaHa Ha CIIMHKE IeT-
mu rucrepesnca FAC (puc. 3.3).

ITepememas mnpsmyio AE mapamnenbHo camoii ce6Ge BJIeBO
(yMeHbIlIasg BHEMIHEE IOJE), AOObEMCS TOro, YTO OHA IepeceyeT
CIIMHKY NETJIN TICTEPE3Nca, KOryla HAMarHuyeHHOCTh MaTepralla 9K-
paHa cTaHeT paBHOH ocTaTo4yHO# M,. DTO MpOU30MIET HpH Hamps-
SKEHHOCTH BHEILIHEIO ITOJIsI

H,=M,JG. (3.12)
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F| B 3TOT MOMEHT I0OJIE B CTEHKE 3K-
paHa, a 3HA4WT, ¥ B €ro BHYTPEH-
Hell MOJIOCTH, paBHO Hyiro. Ilpm
TaybHeleM yObIBaHNM BHEIIHe-
A O I0JIS MOoJIe B CTEHKe KpaHa (4
B €ro BHYTpPEHHEH MOJIOCTH) NpH-
HIMaeT OTpHUIATENIbHOE 3HaYeHUe
U HapacraeT no mopymoo. Korpa
¢ o E H  pHemee moie mpUMET HYyJIEBOE
Puc. 3.3 3HayeHMNe, IoJIe B CTEHKE 9KpaHa U
B €ro BHYTpeHHe! MOJIOCTH 1o ab-
COJIFOTHOMY 3Ha4eHHIO OyIeT MeHbIIe KOIPLUTHBHON CHIIbI MaTEPH-
aJjia Ha JIaHHOM THCTepe3UCcHOM Hukie (puc. 3.4).
I1pu HapacTaHu¥ BHEIIHETrO MOJIS OT HYJIEBOI'O YPOBHS B CTOPOHY OT-
pHULaTeIbHbIX 3HAYEHUH MIPON30HIEeT AalbHellIee yBeIuIYEHNe MO-
IyJId NOJISL B CTEHKE 9KpaHa (M B €ro IOJIOCTH) aHAJIOTHYHO Hapacra-
HUIO NIpH HaMarHW4YuBaHuM 1o kpuBoit OAF, BBUAY MIEHTHYHOCTH
MPOLECCOB B IIEPBOM U TPEThEM KBaf[paHTaX KOOPAUHATHOM IIJIOCKO-
cth (cM. puc. 3.1). Tonbko B 9TOM ciay4ae K ero 3Ha4eHHIO, OIpefie-
nsseMoMy oTpe3koM OD, Hy>KHO J00aBIISTh BEJIMYKHY, PaBHYIO KO3p-
IUTHBHOM cHJle MaTepraja Ha paccMaTpABaeMOM LIUKIIE.

W3 M310KEHHOTO CIEAyeT, YTO Jlake IMocje HaMarHWYMBaHUS
9KpaHa JI0 HachIIIEHHS 110JIe B 9KPaHUPYEMOH MOJIOCTH B OTCYTCT-
BU€ BHEIIHEro IOJIs He MpeBbIIIaeT KOIPUUTHBHON CHIbI MaTepU-
ajla CTeHKH 3KpaHa. O4YeBHIHO TakXe, YTO NMpH MPOYNX PaBHBIX
YCIIOBUSIX MaTepHrall C HAU3KON KO3PUUTHABHON
CIJION MpeNNOYTHTeIbHEEe IS U3TOTOBIEHHS
sKpana [34]. /

W3 ananm3a BHAHO, 4TO (OpPMANBHO KO- M,
acpUIUEHT 9KpaHUPOBaHMS (KaK MOAYJIb OT-
HOIIIEHNS HaIpPsIKEHHOCTH BHEIIHEro MOoJs K
€ro HaIpsIKEeHHOCTH B IOJIOCTH 9KpaHa) B Te-
YeHHe FUCTePE3NCHOro UK BaX/(bl CTAHO-
BUTCS paBHbIM O€CKOHEYHOCTH (KOI[a HHAYK-
Mg B CTEHKE paBHA OCTATOYHOM), HBaXMIbI
obpailaeTcs B egWHULy (NpH HaMarHN4YWBa- A
HUM JIO HACBIIEHMS) M JBaXK[bl CTAHOBHUTCS
PaBHBIM HYJIO (NIpH NCYE3HOBEHUH BHEIHEro |k,
noust). s 06'beKTUBHOIO MPEJCTABIEHUS O

paboTe aKpaHa MoJIarajiock Obl, IO aHAJIOTUN H 0
¢ moHaTueM puddepeHuaIbHOd MarHUTHON s
IIPOHMI]AEMOCTH, BBECTH NOHATHE AU PepeH- Puc. 3.4
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uuanbHOro KoadguuuesTa K- Kaig
PaHHpOBaHHAA:

oH,
K g = S (3.13)

3TtoT K03(hdUIMEHT NOKa3bIBa-
€T, BO CKOJILKO pa3 IpHpallleHue _’_/
MoJIs B 3KpaHUpPYeMOoil IOJIOCTH -H,

c

H\<-

4

cinabee IIpUpallcHuA BbI3BaBIIE- 0 H,
ro €ro BHemHero mnoJs. MiMes B
CBOEM pPaCIOPSKEHUU IMETIIIO T'h- Puc. 3.5

cTepe3nca KOHKPETHOIO Mare-
puana IpH 3alaHHOM MaKCHMaJlbHOM 3HAYEeHUH BHEIIHEro MOJIs, Mbl
MoxKeM rpacguyeckn (cM. puc. 3.1) onpefenuTh 3HAYEHUS IOJSA B
CTEHKE 9KpaHa, COOTBETCTBYIOIIME TEKYIIAM 3HaUEHUSIM HaIpsKeH-
HOCTH BHEIIHETO II0JIs, a 3aTeM 10 3TUM 3HAYECHHUSIM IIOCTPOHTD KpH-
BYIO H3MeHenus fud ¢ epeHIuaisHoro Koag puuueHTa sKpaHupoBa-
HUS OT NMPHWJIOXKEHHOTO MOJIsA, KaK IM0Ka3aHo Ha puc. 3.5. BugHo, yTo
puddepeHnanbHbIi K03 GUINEHT 3KPAaHUPOBAHUS 3aBHUCUT OT
IPUIOKEHHOrO BHEIIHEro IOJS TOYHO TaK Xe, Kak auddepeHuu-
aJbHasg MarHuUTHas NMPOHHUIAeMOCTh (eppoMarHetuka. Ilpm BHemI-
HUX MOJISIX MOPSAKA KOIPUUTHBHON CHIbI MaTepuaja OH NIMEET MaK-
CHMAJIbHOE 3HAYEHHE, B TO BpeMsS KakK “OOBIYHBIN" KO3 duuueHT
9KpaHUpOBaHUs (popManbHO OOpalaeTcs NpH 3TUX MONSX B HYJNb.
ITpu GoNbIIMX BHEIIHUX MOJISX, IPUBOSAIIMX MaTepral 9KpaHa B cO-
CTOSIHME HACBIILEeHHs, fuddepeHIIaIbHbIi KO3 (MUIUEHT IKPaHU-
POBaHUS paBEH EMHMULIE.



I'maBa 4

KOHCTPYUPOBAHME MATHUTHBIX JKPAHOB
U ITPUMEPBI PEAJIbHBIX KOHCTPYKIINHU

4.1. MATEPUAJIBI JJISI MATHUTHBIX OKPAHOB

B coBpeMeHHO! TEXHHKE U B HAYYHBIX UCCIEOBAHUAX ObIBAaET
HEOOXO[IMO HE TOJIBKO 3KPaHMPOBATh KaKO#-1100 06'bEM IPOCT-
PpaHCTBa OT NMOCTOSHHOI'O MarHUTHOTO IOJISI, HO M BBISICHUTD, B Ka-
KO CTeNeHu Ta WU MHasi (peppoMarHuTHasi 060JI04YKa, 10 CBOEMY
IPSIMOMY Ha3HAaYyeHHUIO He SIBIISIOIIAsICS MarHUTOCTATUYECKUM K-
paHOM, ocnabiseT BHEIIHEe, HallpuMep IeOMarHuTHoe, IOJe B
cBOeyl BHyTpeHHel nosocth. I1o 3Toli mpuynHe Moje3HO COCTaBUTh
ob1ee NMpeficTaBlIeHAe O MAaTHUTHBIX CBOMCTBaxX (heppOMarHUTHBIX
MaTepHaloB.

B cBsi3u ¢ TeM, YTO OCHOBHOI NOKa3aTelb 3((EeKTUBHOCTH NpH-
MEHSIEMOT0 3KpaHa — ero Koa(hhUIUEHT IKpaHNPOBaHMS, POIOPIK-
OHAJICH MarHUTHOY IPOHMUIIAEMOCTH MaTepraia, i3 KOTOpPOro 3KpaH
U3rOTOBJIEH, IPEBANNPYIOLIEN XapaKTEepPUCTHKON MaTepraja 3KpaHa
JOJIKHA OBITH €ro BbICOKAsl MarHUTHAs NMpOHHLIaeMocTh. 11o aTomy
IIp¥ KOHCTPYHPOBAaHMU MarHATOCTAaTHYECKOr'O 3KpaHa Hac NpexXpae
BCErO MHTEPECYIOT MAarHUTHO-MSTKHE MaTepHalbl C BHICOKOH Mar-
HUTHOM IpOHHIAEMOCThbI0. Takue MaTepmalbl, HapsAly C BBICOKOI
MIPOHMIIAEMOCTHIO0, 00JIaIal0T MAJION KOSPIUTHBHON CHIJIOHN, YTO MO3-
BOJISIET TapaHTHPOBAHHO MOJIyYaTh Majble MOJIS B 9KPaHHPOBAHHON
MIOJIOCTH IIPX OTCYTCTBHUM BHEILIHETO MOJS.

BMmecre ¢ TeM MoxkeT nmoTpeboBaThCS HE KOHCTPYHpPOBAaTh Mar-
HATHBIA 3KpaH, a OIpefessaTh (BBIYUCIATh) SKpaHUPYIOIIHe CBOMCT-
Ba pealbHbIX (peppOMarHUTHLIX 000JI0YEK, He INpeHa3HAYEeHHBIX
CenUanbHO JJIs 9KpaHMpoBaHUS (pe3epByapbl, OpOHHPOBAaHHbIE
KOMHATBI, TPYObl MarucTpajbHbIX TpyOONpoBopoOB). MaTtepuaniom
JJIsE TAKAX KOHCTPYKIMIA CIIy>KaT YIepOfiCTbIe W JeTIpOBaHHbIE
cTanu, He oOlafjarolye BBICOKOI MarHUTHOH IPOHHMIAEMOCTHIO.
PaccmoTpuM Gonee mmpoxuil Kpyr eppoOMarHUTHLIX MaTepUalloB,
a He TOJIbKO MarHUTHO-Msrkue. B Tabiuie, COCTaBIIEeHHOM ¢ NCIIOJIb-
3oBaHueM [46, 55-62], npuBefeHbl MarHUTHbIE XapaKTEPUCTHKH He-
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Koapuurus-

Marepuar rporeoers | Mpomaenoers | oW | HacHmemE, T
Cranb KOHCTPYKIUOH- 50 500 1500 2,1
Hast
Msrkoe xenes3o 200 2000 140 2,1
Kenezo “apmko” 10 000 200 000 4 2,15
TpancdopmartopHas| 250-1000 500040 000 9-50 1,4-1,8
cranb
TTepmanmnoit 10 000-100 000 50 000-1 000 000| 0,164 | 0,6-0,85
beppur 400-25 000 1500-35 000 248 0,25-0,35
Anbcucep-cnnas 35 000 117 000 1,8 1,1
Anbcuep-auaIekTpuK 20-60 20-60 - -
TTepmenytop 800 5000 160 2,45
AmopdHblit B HaHO-| TIpamoyr.
KpUCTANIMYEeCKHit Ma- TneTas 70 000700 000 0,5-8 0,7-0,9
Tepual

KOTOPBIX MaTepuajoB, MIXPOKO NPUMEHSIEMBIX B TEXHHUKE, a TaKXKe
MAarHUTHO-MSTKUX MaTepuaaoB, IPATOAHBIX JJIsl H3TOTOBJIEHHS Mar-
HATOCTATHYECKHUX SKPAHOB.

BupHo, 4TO MaTepuaibl, U3 KOTOPHIX OOBIYHO H3rOTOBISIOTCS
cocynsl (00YKH, UCTEPHbI, pe3epBYyaphl), TPYOBI IS IEpEeKaYKH BO-
Ibl 1 He(PTENPOAYKTOB, Ky30Ba TPAHCIIOPTHBIX CPEACTB 0OJafaloT
HavyaJbHOI NMpoHunaeMocthio He 6onee 100-200, a ux MakcuMalb-
Has npoHunaeMocTsb He gocturaet 1000.

YuuThiBasg COOTHONIEHUS MEXKNY TOJIIIMHAMA CTEHOK TaKWX U3-
fenuii ¥ uX rabapuTHHIMH pa3MepaMi U MOJIb3ysck hopMyIaMu pac-
4eTOB K03(h(PUIMEHTOB S3KPAHUPOBAHNS HOJIBIX chep U HUINHIPOB,
HETPYIHO BBIICHUTBH, YTO IEPEYUCIICHHbIE H3[eUs OCIablgIoT
BHeIlIHee MarHUTOCTaTH4YecKoe mnojie He 6onee yeM B 2-3 paza. Ilo-
CKOJIbKY KO3PUMTHBHAS CHJIa MAaTepHAJIOB TaKHWX M3[leNUll OOBIYHO
npeseimaeT 300-500 A/M u OHE B Ipoliecce W3rOTOBJICHHS 4acTO
IproOpeTaloT OCTATOYHYIO HAMAarHWYeHHOCTh (HalpuMep B pe3yilb-
TaTe CBapOYHbIX paboT), JIErKo IOrafgaThCs, YTO MarHUTHOE IIOJIE BO
BHYTPEHHEN IOJIOCTH TaKOI'o U3fienus He OyIeT CyIECTBEHHO OTJIH-
YaThCs B MEHBIITYIO CTOPOHY OT €CTECTBEHHOI'O F€OMarHiTHOTO MO
— 25-50 A/M, a yacTo MOXET ¥ 3aMeTHO NpeBbIlIaTh ero. CienoBa-
TEJILHO, NePEeYnCIICHHbIE U3/leNnst He 00ajatoT IpreMIIEMbIMU K-
paHupyommMu cBoiictBami. OcoGEHHO 3TO CIIPaBEINBO B OTHOIIIE-
HHUM T€OMarHATHOTO MOJIS U ero Baphali.
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OT/EeNIBHOrO pacCMOTPEHNS 3aciIy>KUBAIOT heppuThl. PannuorexHu-
YecKasi IPOMBIIIICHHOCTh BBIIYCKAET OOIIMPHBINA aCCOPTAMEHT H3/le-
I U3 9TUX MaTEepHAJIOB, ¥ HEKOTOpble U3 HUX (IPEHMYILIECTBEHHO
KOJIbI[a) MOTYT HCIIOJIB30BaThCsl KaK I'OTOBBbIE COCTaBHbIE YAaCTH AJIS
COOpKM 9KPAHOB (HaNpHMep HUINHPAYECKHUX) C IPHEMIIEMBIME 9Kpa-
HUPYIOIIUMH CBOMCTBaMH, He TpeOys KaKo#-100 06paboTKu (MEXaHH-
YecKoi Wiz TepMurdeckoit). C MX MOMOIIIBIO MOXKHO OCIIaOUTh AEUCTBHE
FeOMAarHATHOTO IIOJIS B IECSITKY M COTHH pa3, YEro BO MHOTHX CIIy4dasix
ObIBaeT BIOJIHE JJOcTaTO4HO. HeoctaTkamu (heppUTOB SIBIISIIOTCS HE
CIIMIIIKOM BBICOKAsI MPOHUIIAEMOCTD ¥ OTPAHIYEHHbIE pa3Mephl BbIITY-
CKaeMBbIX U3 HUX W3[ENIFH, BCIEJCTBIE Yero pasMephbl 3KpaHupyeMOi
TMIOJIOCTH HE MOTYT IPEBBICUTH COTHHA MIJIJIAMETPOB.

[IprMepoB HCIOIL30BaHMs TPAHC(POPMATOPHOI CTANN JJIS U3LO-
TOBJICHUSI MalrHATHBIX 9KPaHOB B JTepaType HeMHoOro [31]. Mexny
TeM TpaHcopMaTOpHas cTajlb 00JIaaeT JOBOJIBLHO BEICOKOU MPOHU-
[[aEMOCTBIO M MaJION KOIPLUUTHBHON CHJION B COCTOSIHUM IOCTaBKU.
Kpome Toro, 9TH ee XapaKTEepUCTUKH NMPAKTHYECKH He YXYALIAIOTCS
B pe3yJbTaTe pe3KH, n3ruba u ip. B coyeTaHnu co cpaBHUTEILHO He-
BBICOKOI CTOMMOCTBIO 3TO IO3BOJISET HAfIEsIThCS MOJMYYUTh 9KPaHbI
¢ GONBIIMMY pa3MepaMi 9KpaHIPYyeMOU NOJIOCTH (OT MOJIyMeTpa 0
HECKOJIbKUX METPOB) 1 K03(hHIIeHTaMIl 9KpaHNPOBaHNS B COTHH 1
ThIcsud pa3. OHA MOTYT OBITH WIX HUIVHAPUYECKUMHY, HABUTHIMU U3
JIEHTHI B HECKOJIBKO CJI0eB (MaKcHMaJlbHas TOJIIIHA JIEHTHI He Ipe-
BeImaeT 0,35-0,5 MM), MM cOCTaBJIEHBI U3 IJIOCKHX JIUCTOB, CJIOXKEH-
HBIX BHAXJIECT.

ITepmastoi — cruiaB Kejie3a ¢ HUKEJIEM — CYUTaeTcs Hamboiiee
NPeNNoYTHTENLHBIM MAaTepUalIOM ISl 9KpaHOB Kak Oiarofaps pe-
KOPJHO BBICOKO¥ MPOHUIIAEMOCTH, TaK ¥ Ype3BbIYaHO MAJIOH KO3P-
nuTHBHOM cmite. I[Toapistomee GOIBIIMHCTBO 9KPAHOB, OMUACAHHBIX
B JINTEpAType, M3TOTOBJIEHbI IMEHHO U3 Hero. BmecTe ¢ TeM Hy:KHO
peanbHO MpEeACTaBIATh cebe TPYNHOCTH HM3TOTOBIIEHUS dKpaHa W3
nepMaIos. B coCTOSIHMM MOCTaBKY NepMaJlIoi CAIBHO HaKJIEMaH 1
obJajjaeT ympyrocThlO CTAJILHOW IPYKMHBI, MAJIOf NPOHUIIAEMOC-
THIO W KO3PUUTHUBHONU CHIION B HECKOJIBKO COTEH amiep Ha MeETp.
VIMeHHO mocne OTXKWra U3 TaKOro COCTOSHHS OH U IpHoGpeTaeT
CBOH BBICOKHE XapaKTEpHCTUKHI KaK MarHUTHO-MSTKUI MaTepHall.

Mexannyeckas o6paboTka nepMaioss B COCTOSIHAN MOCTaBKHI
OCJIOKHEHa KaK BbICOKOH TBEPHOCTHIO, TaK U XPYHKOCThIO. [HYTH
1 BBITATMBATH €0 B TAKOM COCTOSHUH NMPAaKTUYECKH HEBO3MOXKHO.
IIpuxopuTtcst npuberats K MPOMEKYTOYHOMY OTXKHTY (a 4acTo U K
HECKOJILKHM) JUISl pealn3anuy Mexaundeckoit o6paborku. Tonbko
[ocjie MOJHOU MeXaHW4yecKoll oOpaboTKHM IPOBOJNHUTCS OKOHYA-
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TEJIbHBIN OTKUT W3JIeNINs, TOBOJSIINI MarHATHBIE CBOIICTBa mep-
MaJJos IO ONTHMAaJIbHBIX.

3rot oTxur npu Temmnepatype 6onee 1000 °C giurcs He MeHee
1 4 ¥ mpoBOAMTCS B BLICOKOM BaKyyMe MM B aTMocdepe Boopoja.
OxJtaxkneHne W3[eIns OCYIIECTBIISIETCS B TeYeHNe HECKOJIBKHX Ya-
COB BMecTe ¢ Imeyblo. [lepeq OTsKUroM MOBEPXHOCTh U3HENNS JOJIXK-
Ha OBLIThH TIIATEJHLHO OYHINEHAa W 00e3KWpeHa, MHaye IMOBEPXHOCT-
Hble 3arpsa3HEHNs 1 NPUMeECH, UCTapssch NPH HarpeBe, He MO3BOJISAT
noctads TpebyeMoro BakyyMa B 30He oTxkura. [lociie Takoro oTxKu-
ra Jro6Gble MEXaHMYECKUE HArpy3Kd U JedopManud YpeBaThl YXYi-
IIeHreM MarHATHBIX CBOMCTB NepMaJioeBoro nu3zenus. Heprimomnne-
HI€ MepeYrCIeHHbIX YCIOBHI NPUBOAUT K CHIDKEHHIO IPOHUIIAEMOC-
TH MaTepuaja ! MOBBIIICHNAIO €r0 KOIPUUTHBHON CHJIBI B pa3bl U Jja-
3Ke Ha MOPSJIOK, IO CPaBHEHHUIO C MaCIOPTHBIMU AaHHBIMIL.

BaxkHO HOMHUTE, YTO IaJIeKO He BCIKUIA MaTepHall, Ha3bIBaeMbIi
NepMaJlyIoeM, TOJUTCS 1T M3TOTOBJIEHUS MarHUTOCTaTHYECKHX 3K-
paHOB. Iy 3TOH LENW MOAXONST JIMIIL CIUIABBI C COJIepsKaHUEM
76-81 % nukend. CymecTByIOT nepmaiion ¢ 45-65 % Hukens, co-
BEpIIEHHO HENPUTOAHbIE JJIS 3KpaHoB [59, 61].

Vcnonb3oBaHue MEpMalIos [JIs M3rOTOBJIEHMS KaK 9KPaHOB,
TaK ¥ JAPYIHX JIEKTPOMEXaHWYECKUX YCTPOMCTB LieJecooOpa3Ho M
9KOHOMMYECKH OINpPaBJaHO JIAIIb Ha BLICOKOTEXHOJOTHYHBIX CIIeIH-
aJM3MUPOBAHHBIX MPEANPHATHSIX.

Aubcudep — cruiaB xeje3a, allFOMAHUS ¥ KPEMHUS — IPUTOJIEH
JUIST ©3TOTOBJIEHUS TOJIKO JIMTHIX MAarHATHBIX 9KPAHOB, MOCKOJIb-
Ky M3-3a Ype3BbIYafHON XPYNKOCTH HE MOANAETCs MEXaHUYIECKON
obpaboTke.

BrIcoKre MarHATHBIE XapaKTEPUCTHKH alibcudepa pean3yoTcs
B OYeHb Y3KOM [Ifiana3oHe IMPOLEHTHOTO COOTHOMIEHUS KOMIIOHEHT
caBa. Jlake He3HAUUTEIHFHOE KOJIMYECTBO NMpHMecell pe3KO CHH-
3KaeT ero CBOMCTBA IO CPaBHEHMIO C IKCTpeManbHbiMA. OYeBHIHO,
YTO ¥ CIUIaB aJbcuep pa3yMHO HCIIONIbL30BaTh B KaUecTBEe MaTepHa-
Jla SKPaHOB JIMIIL MPH HaJIMYNM COOTBETCTBYIOIIUX TEXHOJOTWYec-
KHX BO3MOXXHOCTEMH.

PangmorexHnmyeckass NpPOMBIIIIEHHOCTh BBINYCKAeT IS CBOHX
HYX]| CTepKHEBbIE€ U KOJIbIEBbIE CEpIEYHUKN U3 MarHNTOAUIJIEKT-
PHKa, OCHOBOW KOTOPOro siBisieTcs aascudep. PazMosoThii Ha Mell-
KM€ YacCTHIbI alIbc(PEepOBBIil MOPOMIOK CMEMIMBAETCS CO CBS3YIO-
MM TU3JIEKTPUYECKAM BEIIECTBOM U B PE3YJIbTATE MOJIyYaeTCs Ma-
Tepual ¢ npoxnunaemMoctbio 20-60 ef., He 3aBHUCAIIEH OT HAPSKEH-
HOCTH NPUWIOKEHHOT'O MarHUTHOTO IOJISI ¥ CTaOMIBLHON B IIHPOKOM
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UHTepBajie TeMiepaTyp. AJbCHGepPOBbIE KOJbUEBLIE CEPIEYHUKA
NPUMEHSIOTCS B KaTYyIIKaxX, HHAYKTUBHOCTh KOTOPBIX CTaOMJIbHA BO
BpeMeHH, B IIIPOKOM MHTEpPBaJle TEMIEpATyp U B MOJAX A0 30 KA/M.
Takue KOJbIEeBble CEpAeYHUKH MOT'YT MCIOJIb30BaThCS 1 JITIST KOHCT-
PYMpOBaHHS MarHUTOCTAaTHYECKHX 3KPAHOB, 3aINHUINAIOMUX OT IO-
JIel B lecsITKY Krtoamriep Ha MeTp. OffHaKo cilydad IpIMEHEHHUs Ta-
KHX 9KpaHOB pepnku [36].

[Ipn HeoOGxogmMocTH paboOThl B CHIBHBIX MAarHUTHBIX MOJISX
OOBIYHO pPEKOMEHJYETCs MEePMEeHAIOpP — CIUIaB KeJje3a ¢ KoOaJbToOM
(c moGaBnenneM BaHajIvs), IMEIOIH peKOPAHYIO cpefau eppomar-
HETUKOB MHAYKUHMIO HAChIIEHUT — 0KoJIo 2,45 T. BBuny BBICOKOI e~
HBI ¥ MaJIOY KOPPO3MOHHOH CTOMKOCTH HMCIONIb30BaTh 3TOT MAaTepH-
aJ cieflyeT JIUMIb B ClIyyasix, 0OOOCHOBaHHBIX pacyeTaMy U 9KCIepH-
MEHTaMH.

Hogeiimmmy, 1 moka Majio U3y4eHHLIMI, MAarHATHOMSITKAMHE MaTe-
pHanaMi SIBJISIOTCS aMOpP(HbIe M HAHOKPHCTA/INYECKNE CIUIaBbI Ile-
PEXOIHBIX METAJUIOB ¢ MeTaJutonamu [60-62]. Ot MaTepuaisl, o6ia-
Aast MarHATHOM IMTPOHUIIAEMOCTBIO ¥ KO3PUUTHBHON CHIION, CPaBHIMBI-
MH C XapaKTepHbIMH IS JIy4IIIX COPTOB IepMaJIIos, OMyCKaIOT 3Ha-
YHTeNIbHbIe MEXaHUYECKUe HaNPSDKEHNS 1 IUIaCTHYecKue e opMalya
B FOTOBOM BHjle Oe3 YXy/IIUEeHNs 3THX XapaKTepucTyK. Takne marepua-
JIbI MOKHO B COCTOSIHUM IIOCTaBKM pe3aTh, HITaMIIOBaTh, M3rU0ATh M
BBITSITMBATh, HE PUCKYS YXYALIUTb MX MarHUTHbIE KadyecTBa, NpHaH-
HbI€ MM [TOCTABIIHUKOM, T. €. U3[eJIIs 13 ITUX MaTepHajIoB He TPeOYIOT
OT3KUra 1o OKOHYAHNM MeXaHuyeckoi o6paboTku. K ToMy ke 3T ma-
Teprabl 00/1alaloT BBICOKOH KOPPO3MOHHOH CTOAKOCTBIO.

[TepcnekTUBBI HCMONIB30BaHUS aMOP(MHBIX M HAHOKPUCTAJIIA-
YEeCKUX MaTEePHAJIOB JIT MarHUTHBIX 9KPaHOB, B3aMeH ITepMaJljIos,
OOCTaTOYHO 3aMaH4uBbL. OJHAKO CIelyeT YYUThIBATh, YTO IIOKa
TaK#ie MaTepHuajbl BHIIYCKAIOTCA TOJIBKO B BHJIE JIEHT TOJIIIMHOM
0,05-0,2 MM U COXpaHSAIOT CBOY YHHKAIIbHbIE MAaTHUTHLIE CBOMCTBA
B Y3KOM TeMIepaTypHOM pAmamnasoHe. I[Ipm HarpeBanum [0
120...150 °C oxm mMoryT HeoOpaTuMO fierpagupoBaTs. I1o yka3aH-
HBbIM NPAYMHAM HCIOJIH30BaTh 3TU MaTepHUabl JJIs 3KPaHOB PEKO-
MeHfIyeTcst ¢ OONBIIOH OCTOPOKHOCTHIO.

4.2. 9KPAHBI, U3TrOTOBJSAEMBIE 11O BBICOKUM TEXHOJIOT'UAM

Ecam marHuTHBIR 9KpaH H3rOTaBJIMBAETCA Ha MNPEANPUATHH,
pacmoiiararonmeM BBICOKMMH TEXHOJIOTMYECKHMMH BO3MOXKHOCTSIMU,
a 3aTpaThl Ha U3rOTOBJIEHUE UMEIOT BTOPOCTENEHHOE 3HAYCHHUE, TO

48



IpEeBANIMPYIOMIMME OyAyT TpeOGOBaHMUS
NOJIyYeHHs] HAWIYYIINX 3KpaHHPYIO-
IIUX XapaKTepUCTHK. B TakoM ciyyae
6osiee BBITOfIHA cepuyeckas ¢opma
9KpaHa, ofecrme4yuBalolas BbICOKHUE
SKpaHMUpYIOIIME CBOWCTBA IpH JIO60M
OpHEHTalud 3KpaHa OTHOCUTEIBHO
BEKTOpa BHEIIHEr0 MarHUTHOIO IOJIA.
B upeane Takoil skpaH JOJKeH ObITh
Hepa36OopHBIM, T. €. HE COfiep3KaThb CThI-
KOB, YXyAIIAIOIIUX IPOXOXJEHHE Mar-
HHATHOTO TIOTOKA IO CTEHKAaM 3KpaHa. Puc. 4.1

Ecnu y4ecTsh, 4TO 3KpaHHPOBAHUIO IOJJIEKAT OOBIYHO 3JIEKTPOH-
HbIE Y3JIbl, TO 9KpaH HEM30EXKHO NOJIKEH COMep:KaThb OTBEPCTUS
IS IIpOoXofia MpoBOAOB 1K Kabesnel. C UCNOIb30BaHUEM 3THUX OT-
BepCTUI MOXET GbITh COPMUPOBaHA BHYTPEHHSS MOJIOCTh 9KPaHa
(HanpuMep NpHu OTIMBKE), K Yepe3 3TH K€ OTBEPCTHS YCTPOUCTBO,
nojiexaliee 9KpaHuPOBAaHUIO, MOXKET OBITh MOMEILIEHO B IIOJOCTh
okpaHa. IIpeanosnaraercs, YTo 3KpaHHpPyEMOe YCTPOMICTBO, ITOMe-
LIEHHOE B 3KpaH WX TaM copMHpOBaHHOE, OyAeT B HEM Haxo-
JOHUTBCA BCE BpeMs IKCIUIyaTanuu. TeopeTHyeckd MOXKHO IpefcTa-
BUTh TaKOH 3KpaH CBapeHHbIM B aTMocepe MHEPTHOrO rasa us3
IITaMIIOBAHHBIX NIEPMAJIIOEBbIX JieTajiell. MOXHO NpeCTaBUThL €Er0
1 MHOT'OCJIOMHBIM C MEXKCIIOMHBIMU IPOKJIAIKaMH U3 KepaMuKH, 00-
Jlafjalomed HACHTHYHBIM TEMIEPaTyPHbIM KO3 (DULMEHTOM JIHHEH-
Horo pacimmpeHusi. Tako# 3KkpaH Bce e CJIOXKEH B U3rOTOBIIEHHN U
orpaHuYeH B IPMMEHEHNH, IOCKOJIbKY 3aMEHa U PEMOHT 3KpaHHUpye-
MOTO YCTPOMCTBa NPaKTHYECKH HEBO3MOXKHBI. I'opa3fio jerye mpep-
CTaBHUTb TaKOH 3KPaH U3TOTOBJICHHBIM U3 aMOP(HOI0 I HAHOKPH-
cTajmyeckoro Marepuana. OgHako Moka TaKoil 3KpaH — U3fieNue
HeflaJIekoro Oyayuero.

Hanbonbiiee npakTHYeCKOe paclpOCTpPaHEHHE IOJIYYIIH
cOopHbIe MmepMallioeBble 9KpaHbl. Kaxk[bIil cl1oii Takoro skpaHa
MpeJCcTaBasieT co00i KpyroBoy LUIMHApP, CHaOXEeHHBIN HITaMIIO-

BAaHHBIMHU HJ¥ BbIAABIEHHBIMH KpBIII-
KaMu (puc. 4.1). PasMeps! Kpbllek no-
HmoOpaHbl Tak, YTO OHU HaJfleBalOTCA Ha
LIAHAD ¢ HeOOIbIINM ycuiueM. B ofr-
HOU U3 Kpblmek (puc. 4.2) Ha Kparo OK-
PYKHOCTH IpeJlycCMaTpUBaeTCs BbIpE3,
yepe3 KOTOPBIA M3 3KpaHa BbIBOASATCS
Puc. 4.2 COOTBETCTBYIOIIME MMPOBOJIA.
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K JnuHa UUIAHAPAYECKON
JacTH 3KpaHa OOBIYHO B
2-3 pa3a IpeBbILIAET €€
nuameTp. CTHIKE 3KpaHa
Puc. 4.3 I CBEJIEHUST K MAHUMY-
My MarHuTHOTO COIIpO-
THBIIEHUS CHA0XalOTCs HaKJIagKaMd U3 TOrO Xe MaTepHala
(puc. 4.3).
Haknaaxu npuBaprBarOTCs KOHTaKTHOU CBapKOM MJIM IyroBOH B aT-
Mocdepe HHepTHOTO ra3a. Ciion sKpaHa pasfelsioTcs MPoCIoOfKaMu
U3 TIEHOIJIaCTa MM JPYroro aHaJIOTMYHOro MaTepuasa. DKpaHupye-
MO€ YCTPONCTBO 3aKpeIuIseTcs B 9KpaHe IOCPEJCTBOM, HallpUMeEp,
TOTO Xe IEHOIIacTa TaK, YToObl MeXaHWYecKue Harpys3kd OT YCT-
po¥icTBa IepefjaBalich Ha BO3MOXKHO GOJIBIIYIO IIOBEPXHOCTH BHYT-
PEHHEH CTEHKH 3KpaHa.

Jns cBefieHUsT K MEUHEMYMY JedopManuu jieTaleil aKpaHa Ipu
ero pasbopke u c60pke (11 IOMEIIEHHS B €ro MOJIOCTh 9KpaHupye-
MOT'0 YCTPOMCTBA WK €r0 3aMeHbI) HEOOXOAUMO NMPENYCMOTPETH CO-
OTBETCTBYIOIME TEXHOJIIOIMYECKUE BBICTYNbI, OTBEPCTHA U fp. Bo
n30eKaHUe JIOKAJIbHOIO HaMarHW4YMBaHMs JieTallell 9KpaHa Heo6Xo-
JAMMO HCIIOJIb30BaTh TOJIBKO HE(heppOMarHuTHbIE BCIIOMOraTeIbHbIE
npucnocoOeHns (3alenbl, KPIoUbs, pbIYary, YIOophl U p.).

B mareparype [14, 26, 27, 34, 63—76] onmcaHbl 9KpaHbl YKa3aH-
HOI KOHCTPYKLMH, U3TOTOBJIEHHbIE U3 MEpMauIos ToJmuHoi oT 0,5
10 2 MM, ¢ BHyTpeHHuM auameTpoM oT 10 MM 1o 400-500 mm. Konu-
YECTBO CJIOEB 9KpaHa OOBIYHO He IpeBbllaeT Tpex. Koaddunuen-
THI 3KPaHNPOBaHMS TaKUX SKPaHOB BapbUPYIOT OT COTEH IO JIECHT-
KOB ThICSIY pa3. OrpaHuyYeHNs Ha MEHIMAJIBHO JIOCTIDKAMOE TI0JIE B
IIOJIOCTH TaKOTO 3KpaHa HaKJAJbIBAIOTCS HECOBEPIIEHCTBOM pas-
MarHMYMBaHNsA CTEHKH BHYTPEHHETO CJIOSl 9KpaHa, T. €. HaJIM4heM Oc-
TaTOYHOTO 1oJIA. B XopoleM skpaHe 3TO IoJIe COCTABISET OT eH-
HHII IO COTEH HaHOTecJa.

Ecni MarHuTHBL 9KpaH UCIOIB30BaTh B CTAIIMOHAPHBIX YCIOBH-
sIX, HaIpUMeEp B IieXe WA Jab0paToOpuH, TO €ro KOHCTPYKIHS MOXKET
OBITh 3HAYATENILHO YIPOIIEHa 3a CUET TOPLEBbIX KpbIlIek. B TakoM
cllyyae MOKHO HCIIOJIb30BaTh O/IMH WM HECKOJILKO BIIOKEHHBIX IPYT
B Ipyra KOaKCHAJIbHBIX KPYTOBBIX NEepMallJIOEBbIX HUIMHAPOB [10,
11, 25-27, 34, 35, 72, 74], OpUEeHTAPOBAHHBIX NPOJOILHBIME OCSIMA
NOIIEPEK BEKTOpa TeOMarHWTHOro mojs (ecnu Tpebyercs 3amura
HMEHHO OT Hero). [IJauHa Takoro IuiuHgpa B 3—7 pa3 NpeBbIIIaeT
€ro auaMeTp. B TakoM ciydyae MaHHUITYJISIIMY C 9KPAHUPYEMbIM 00'b-
€KTOM IIPEJIENIBHO YIPOIIAIOTCAL.
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B [77] onmcaH MarHUTHBIH
9KpaH, OfWH CIOH KOTOPOro
npefcTaBiisseTr coboli OTpe3oK
IpSIMOYTOJIBHOTO  UWJIHHApA,
IPONMOPUMSIME HallOMHHAIOLIAA
BHEIIHIOIO YacTh CIIMYEYHOTIO
KopobOka. Takoit sxkpaH Hemio- Pl
X0 3KpaHHpYeT OT IIOJs, Ha-
IpaBJIEHHOrO BJOJb IIJIOCKO-
CTell OTKPBITHIX TOpPLOB. [IBa
TaKuX MNepMaJUIOEBBIX LMJIMH/-
pa, BIOXEHHBIX OIMH B JIpyroi
TaK, YTOOBI IIOCKOCTH OTKPBbI- Puc. 4.4
TBIX TOPIOB OBLIM B3aUMHO NEPIEHANKYISpHEI (puc. 4.4), ob6pa3y-
IOT pa300PHYIO KOHCTPYKIHIO, JOCTATOYHO IPOCTYIO B H3TOTOBJIE-
HHU ¥ 9KCIUTyaTalyH.

4.3. 9JKPAHUPOBAHHBIE KOMHATBI

B cepepune XX B. cTasio akTyallbHO U3yYEHHE U N3MEpeHne Mar-
HUTHBIX IOJIell, FeHepupyeMbIX opraHamu 4ejloBeka [78-81] (cepn-
1le, MO3T, MbIIIIGI). [IoCKOIBEKY Takue MOt OYeHb cI1abbl B CpaBHE-
HUY C TeOMarHATHBIM MTOJIEM U MTOJISIMU HHAYCTPHAAILHBIX TIoMeX [82],
noTpe6GoBaoCch MOMEIaTh YeJOBeKa B 9KpaHHPOBaHHOE MPOCTPaH-
CTBO (KOMHATY), Ifle TeOMarHuTHOE MoJie 0ciabieHO 0 BO3MOXKHO
MEHBIIINX BeNn4YyH. PazMephl TaKOro 3KpaHHpPOBAaHHOTO NMOMEIIeHHS
IOJIKHBI 0OecnednBaTh HOCTATOYHO KOM(OPTHOE MpebbIBaHue ye-
JIOBEKa B Te4YeHHe MPOJIOJIKATEIHHOIO BpEMEHN.

Ecnu npuHATE MEHEMAJBHO JOIYCTUMBIM BHYTPEHHHI pa3Mep
9KpaHHPOBAHHOHW KOMHAThl OKO0JIO 2 M (B J1I0O0M HalpaBlIeHUH), a
MaKCHMaJIbHYIO TOJIIMHY IEPMallJIOeBON CTeHKH 2 MM (6osbleit
TOJIIMHBI IIePMAJLIIOEBbIN JINCT He IPOKATHIBAIOT), TO MPH POHHUIA-
eMoctu MaTeprana 10 Thic. chepryeckuil 3KpaH TaKuX pa3MepoB Oc-
nabur BHelnHee moiie B 14 pa3. Cpa3y BO3HHKAeT BONPOC: IOYEMY
MPOHUI[AEMOCTh TepMajjiosl MpuHsATa paBHO# sk 10 ThIC., a He
50-100 ThIC., KaK ykKa3aHO B Tabiuue. OTBET 3aKJIIOYAETCI B TOM,
YTO eclii JaXe yHacTcs Mocie OTXKHra NoJay4duTs [83] Takyro 60b-
LIYIO HAaYaJbHYIO IPOHHUIAaEMOCTh IepMaJlIos B JINCTaX pa3MepaMu
0,5%0,5 — 1x1 M2, TO MeXaHUYECKHE HATPSEKEHNUSI B MECTAX Kperuie-
HUSI JIICTOB K HECYIIEH KOHCTPYKIMH ¥ 3a30Phl B MECTAX COETUHEHHUS
JIACTOB JIPYT € APYroM CHHU3SAT ee 3(h(eKTUBHOE 3HAYECHHUE IO BEJIH-
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yuHbI nopsiika 10 Teic. PacyeT Ha TO, YTO MaTepHal 9KpaHa BCIEN-
CTBHE HAMarHMYMBAHUS B FEOMarHUTHOM IIose OyeT paboTaTh IpH
IoJIe B CTEHKE, OJIM3KOM K 3HAYEHUIO KOIPUUTHUBHOI CHIIBI, KOIfa
MPOHMI[AEMOCTD JJOCTUTAET MAKCHMAJIBHOTO 3Ha4YeHUs (IO MIIIHO-
Ha), ONpaBJiaH JIMIIb JJIsl BHEIIHETO CJIoq 9KpaHa. BHyTpeHHue cion
9KpaHa paboTaloT B 00JacTH HayajlpHOU NMpoHuuaemoctu. Ilo yka-
3aHHBIM IPUYAHAM IS HOCTIDKEHUS HY>KHOU CTENEeHH OcablleHus
F€OMarHUTHOTO IIOJISI 3KPaHMPOBAHHbIE KOMHATBI BBIIOJIHSIOT
OOBIYHO B BHJIE JIBYX- HMJIM TPEXCIOHHOTO 3KpaHa. [IJis cBelieHHus K
MIHIMYMY MEXaHIYEeCKHUX Harpy30K Ha EpMaJlJIOeBbIE JIeTall 3Kpa-
HUPOBaHHOE NMOMEIIEHNE COCTONT U3 IEPEBSIHHON WX aJIFOMAHAEBOH
Hecyllell KOHCTPYKLMHM, K KOTOpOH INMpHKpENeHbl NepMallioeBble
JIICTHI ¥ IIepMaJllIoeBbIe Xe HakJIagku. [Iys Toro yTo6bl nepMaio-
€BbI€ JIMCTHI U HAKJIAJIKK IUIOTHEE MPHKUMAINCh PYT K JIPYTY, B 3K-
PpaHHPOBAHHOM ITOMEIIIEHIH CO3/1aeTcsl HeOOJbIIoe pa3pesKeHne BO3-
myxa. BciencrBue TOro, 4To 1m0 KOHCTPYKTHBHBIM COOOpaXKeHUSIM
9KpaHupylomas 000j0uka Hecdepryeckas, Mojle B 3KpaHUPOBaH-
HOM IOJIOCTH HEOTHOPOJHO, U JIJISl €r0 BHIPDAaBHUBAHUS IPUXOIUTCS
IPUMEHSTh KOMIIEHCHPYIOIIVE KaTyIIKU. B pe3yibTare Bcex yXHMIL-
PEHMI yfaeTcsl CHU3UTh MHAYKUIHMIO IIOCTOSHHOIO IOJII B CEpElUNHE
9KpaHMPOBAaHHOI KOMHATHI JIO IECATKOB HaHOTecna. Bee coopyxke-
HHe TOJIyJaeTcs JOBOJILHO CIOXHBIM 1 foporuM [30, 31, 84-88]. B
CIIA skpaHupOBaHHbIX KOMHAT HacCUUThIBaeTcs Ooiiee lecsiTKa U
BCE OHH SIBJISIOTCS HAMOHAJILHBIM JIOCTOSTHUAEM.

Crenyet 3aMeTHTb, YTO B HacToOsIIee BpeMs, 61arofapsi ycnexam
B pa3paboTKe CBEpPXIPOBOJHUKOBLIX [PAINEHTOMETPOB, OTIANa IO-
TpeGHOCTh B 3KPAHMPOBAHHBIX NMOMEIICHUSIX IS U3yYeHHs IOJei
61000 BEKTOB. I'pageHTOMETpbI, CHAOXEHHbIE KOMIIbIOTEPHBIMHI
YIPABISIOIIMY CHCTEMaMH, OKa3aJiCh CTOJb COBEPIIEHHBIMH, YTO
U3MEPSIOT 9TH MOJIS B YCIOBUSIX HHAYCTPHANIBHBIX MoMeXx [8§9-95].

4.4. 9KPAH JJIA OCIIABJIEHUS ITIOMEX
BECKOHTAKTHOMY U3MEPHUTEII0 NIOCTOAHHOI'O TOKA,
TEKYHEIO B 2KUAKOCTH

J1y1s 6ECKOHTaKTHOTO N3MEPEHNS TOCTOSTHHBIX TOKOB, TEKYIIMX
B MPOBOJSIIEN KUANKOCTH (HalpIMEP B MOPCKOM BOfIE), MCIOJIb3Y-
IOTCS KOJIbLIEBbIE (peppO30HALI (KOJbIEBbIe MATHUTHBIE MOYJISATO-
pbl), IpefcTaBisgiomye coboit peppoMarHuTHbIE KOJIbLIa C HaHe-
CEHHBIMHU BJI0JIb 00pa3ylommx oomMoTkamu [96, 97]. I[Ipu npoxoxpe-
HUH IIOCTOSTHHOT'O TOKa Yepe3 OTBEpPCTHE TaKOro Koibla (puc. 4.5)
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BJIOJIb €r0 OKPY>KHOCTH BO3HHUKAET Hy
UUPKYJISpHOE (KOJIBLEBOE) MOCTO-
SHHO€ MAarHWTHOE II0Je, MpOIop-
[AOHAJILHOE CHJIe MPOTEKAIOIEro
TOKa, KOTOpOe U m3MepsieTcst pep- T~
PO30H/IOM. | —» /
BcenencrBue  HempeallbHOCTH
peanbHOro mnpeoGpa3oBaTelss HAa —
HETO, Hapsy ¢ UUPKYJISAPHBIM Mar-
HHATHBLIM ITOJIEM, OKa3bIBaeT BJIUs-
HHE ¥ OJIHOpPOJHOE MarHUTHOE II0-
ne (HampuMmep TreoMarHuTHOE), Puc. 4.5
MPENSATCTBYIONIEE CHIDKEHWIO IIO-
pora 4yBCTBHUTENILHOCTH M3MEPUTEHHOrO npubopa. [ yMeHsbIe-
HUS TOMeX OT TaKOT'O MOJIS KOJIBLEBON MarHATHBIN MOIYJISTOP MOX-
HO IIOMECTHUTH B NOJIOCTh TOPONJATIEHOTO MarHUTOCTATHYECKOTO 3K-
paHa, He NPensITCTBYIOIIEro NPOXOKACHUIO H3MEPSEMOro TOKa ye-
pe3 BHYTpPEeHHee OTBEpCTHE MpeoOpa3oBaTeis, a TaKsKe COBEPIIEHHO
HE NMPEeNsTCTBYIOWErO MPOHAKHOBEHUIO UPKYISIPHOIO MarHUTHOTO
TOJISI 3TOTO TOKA BJIOJIL OKPYKHOCTH CeplieyHrKa MopyJsitopa [36].
IlocnenHee yTBEp:KICHAE HEMOCPECTBEHHO BBITEKAET U3 HHTEpIIpe-
Tanuy 3KpaHa Kak KOMIIEHCaTOopa MarHUTHOTO MoJjs. Bionb okpyx-
HOCTH 9KpaHa He BO3HMKAET IOJIIOCOB M MAarHUTHBIX 3apsfioB, IOJe
KOTOPBIX KOMIIEHCHPOBAJIO OBI MOJIe U3MepseMOoro Toka. B To xe
BpeMs OJHOPOTHOE IToJIe MoMeX (B YaCTHOCTH F€OMarHUTHOE) BBI3bI-
BaeT MOSIBJIIEHNE HA IIOBEPXHOCTH TOPOUNAILHOIO 3KpaHa 3apsijioB,
oCNabIsIomyUX JEeUCTBHEe 3TOro Iojs Ha mpeobpa3oBaTenb. [lo-
CKOJIbKY TOpoHnfialibHasi 000JI09Ka He SBIISETCS HOBEPXHOCTHIO BTO-
poro mopsjka, moje BHyTpH Hee He Oy[eT OHOPOJHbIM, a 3HA4HT, 1
caMO HOHATHE K03((HLEHTa IKPAHUPOBAHUA K TAaKOMY 3KpaHy
NPUMEHUMO JIMIIb NpUOIIKeHHO. IIpakTHyeckn Hac JOIKHO WHTe-
pecoBaThb, BO CKOJIBKO pa3 KOJIbIIEBON MarHUTHBIA MOIYJIATOP MEHb-
IIIe TOJ{BEP>KEH JIEHCTBUIO BHEIIIHET'O OJJHOPOHOIO MOJIs, Oyny4u mo-
MeIleHHBIM B 3KPaH, [0 CPaBHEHMIO CO ciy4yaeM Oe3 sKpaHa.
Cnyvaii pacyeTa 3allMThl OT MOJIS, HapaBIEHHOIO IONIEpPEK
IJIOCKOCTH KOJBIEBOTO MAarHATHOI'O MOMYJISITOPA, HE IPeCTaBIseT
3aTpyNHEHNH, TOCKOJILKY NPUOIIKEHHO MOXET OBITh CBEJIEH K pac-
YeTy 9KpaHNPOBAaHUS OECKOHEYHO JJIMHHBLIM ITOJIBIM KPYI'OBBIM LIH-
JIMHAPOM OT IIOJIS, HANpaBIIEHHOT'O MOIepeK MpofoyibHou ocu [98].
Kpowme Toro, konplieBOi MarHATHBIA MOIYJIATOP B HAaMEHbILIEH CTe-
IEHN MOfIBEP>KEH IIoMeXaM OT IIOJISI TaKOTO Hanpapienus. Haubonee
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HHTEpeCceH U TPYJEH ciydall pacyeTa SKpaHHpPOBaHHUS OT MOJIs, Ha-
IPABJIEHHOT'O BJIOJIb INIOCKOCTH MOAYJIATOPA.

B [99] nmpuBenena nosyamnupuueckas ¢opmyna MiIs pacyeTa
IpOHUIaeMOCTH (POPMBI TOPOUAATBHOTO (hePPOMArHUTHOIO CepAey-
HHKa, HAMarHWYMBaeMoro BJOJIb HaMeTpa:

m=2,6(D/S)", (@.1)

rae D — cpeqHuii [uaMeTp cepfiedyHnKa; S — IUIoajhb ero nomnepey-
HOT'O CeYEeHHsI.

Bocnonp3oBaBmmch BeIpaxkeHnneM (2.15) u mojicraBuB B HEro 3Ha-
YeHre m, MOXKHO OLEHHUTh 3(h(heKTHBHOCTh 9KPAaHUPOBAHUS TOPOU-
JaJbHBIM 3KpaHOM. 3ajiaguMcs THaMeTpoM oOpa3yIoel OKpYKHO-
ctu Topa D; = 40 MM 1 [1aMeTpOM OKPY:KHOCTH, [0 KOTOpPO# OHa
Bpamaercs, D, = 160 MM, TOJIIMHON CTEHKH ¢ = 1 MM M OTHOCHTEIIb-
HOIl mpoHnuaeMocTbio Matepraia [L = 1000 (0TOXKEHHOE apMKO-
kene30). B Takom cirydae B popmyiy (4.1) moucrasinsiem S = 1256 mm?,
D = D, = 160 MM 1 monyyaeM m = 25. lanee, Beraucius AV/V = 0,1,
MOJICTaBUM Bce flanHble B (2.15) u nonyumm K = 4,84. Ecnu npume-
HHUTb BMECTO apMKO-XeJjle3a IepMalljiofl ¢ MPOHUIaEMOCThIO, Ha I0-
pPAfoK GonblIel, TO B OXHUHaeMblil KO3 (UIMEHT IKPaHHPOBAHUS
BO3pacTaeT Ha MOPSAIOK U COCTaBISIET yxKe 0koso 50. Bruiu n3rotos-
JIeHbI U UCHBITaHbl 00a BapHaHTa 3KpaHa (U3 apMKo-Xeje3a W U3
nepmainos 79 HM) n a¢perTuBHOCTD 9KpaHUpOBaHHs OKa3ajach
6J1M3Ka K OKUJAaeMbIM PaCUETHBIM 3HAUEHUSM.

4.5. 9KPAHBI, COBIPAEMBIE 13 I'OTOBBIX
IMOKYITHBIX TETAJIEM

9Kpanbl U3 (PePPHTOBBIX KOJIEI

ITp OTCYTCTBHM TEXHOJIOTMYECKHMX BO3MOXKHOCTEH HM3rOTOBIIE-
HHUSI BHICOKOKAYECTBEHHOI'O 9KPaHa MOXHO MOIMBITATHCS PEIINTD 3a-
Jady SKpaHWPOBAHWS, UCIOJIb3Ys BbIIyCKaeMble PaJiOTEXHIMIECKON
IIPOMBIIIEHHOCTBIO (DEpPUTOBbIE KOJNbLA. B 3TOM cilyyae W3roToB-
JIeHUe 3KpaHa CBOJIUTCS K ero cOopKe (CKJIEMBAHMIO) U3 TAKUX KOJIel].

I_Innnﬂnpnqecxne IKPaHbI A 3ALMUTHI OT NMONEPEIHOro MoJs

CyiiecTByeT NOBOJBHO OOJNBIION aCCOPTHMEHT BBIITYCKAEMBIX
IIPOMBIIIITIEHHOCTHIO (hEPPUTOBBIX KoJiel [57] , U3 KOTOPBIX MOXKHO
cobMpaTh UWIMHAPAYECKHE 3KPAHBI C AMAMETPOM 3IKpAHUPYEMOH
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MIOJIOCTH OT HECKOJNBbKHMX MIIIuMeTpoB o 80-115 mMm. IIpaBpa, ra-
paHTHpyeMast TeXHIYECKIMH YCIOBHSIMI OTHOCUTENIbHAs HayalbHasI
MarHuTHas MPOHUIIAEMOCTh TaKKX KoJiel He npeBbimaeT 5000-6000
(o6wryn0 1000-2000), HO A1 pelIeHns MHOTUX NPaKTUYECKHX 3afiayd
9TOTO MOXKET OKa3aThCs BIIOJHE HOCTATOYHO.

Koadduumentr! 3KpaHApOBaHUs IONEPEYHOTO OIS LUTHHAPU-
YeCKNMH 3KpaHaMH, COOpaHHBIME U3 (DEPPHUTOBBIX KOJEl], OIpefe-
JISUTACH 9KCIEepUMEHTAIbHO [35] n3MepeHneM MarHUTHBIX IOJIEH BHE
¥ BHYTPH 9KpaHa ¢ MOMOIIbIO (heppO30H0BOrO MarHUTOMETpa co0-
CTBEHHOI'O M3TOTOBJIEHHUS, IPOrPaflyipOBAaHHOIO IO aTTECTOBaHHO-
MY cOJIEHOHM/y. BHEITHUM OHOPOJHBIM IIOJIEM, OT KOTOPOI'O OCYyIIle-
CTBJISVIOCH 9KpaHMPOBaHUE, CIYXKUIO €CTECTBEHHOE MarHUTHOE IIO-
ne 3emiu napyknuei 50 MxT.

UccnepoBanuck aKpaHbl, coOpaHHble U3 MMEBIIMXCS B HAIEM
pacnopstkennu koser; Mapku M 1000 HM-3 tunmopa3smepa 45x28x8
(BHELIHUII ¥ BHYTPEHHWH AaMeTpbl 45 1 28 MM, TOJIIIEHA § MM, Ha-
yanbHasg MarauTHas nporunaemMocts 1000). PacyeTHbrit koadduuu-
€HT 9KPaHNPOBaHMS TAaKOro 9KpaHa (B ciydyae 6€CKOHEYHOM JIJIMHBI)
IJIS TIOJISl, HANpaBJICHHOTO HONMEpeK IpOJOJILHON OCH, COIJIACHO
(1.19), poyken 6bITh paBeH 154. ®akTiueckuit KO3 PUIUEHT IKpa-
HHUPOBAHMS B IIEHTPE 9KpaHa, cocTosero u3 15 konen (obmas fim-
Ha 120 mMm), cocraBun 153. Ha puc. 4.6 npefcraBieHa 3aBUCUMOCTD
Koo uimeHTa 3KpaHUPOBaHUsI, H3MEPEHHOI'O B LIEHTPE 3KpaHa, OT
€ro JIJINHBI, BBIPA>KEHHO! B eJUHUIAX JaMeTpa BHYTPEHHEN 1osoc-
1 D; (B jaHHOM ciy4ae 28 mM). [IyinHa 3KpaHa L BappupoBanach u3-
MEHEeHHEM KOJIMYeCTBa COCTABISBIINX €ro (peppUTOBBIX KOJIEL, NpH-
3KaThIX BIUIOTHYIO APYT K Apyry. ITo BepTukanu Ha puc. 4.6 oTiioxe-
HO OTHOIIeHHe KoadduuueHTa KIK
9KPaHUPOBAHUS B LIEHTPE 9KpaHa 0
3aflaHHOM JUIMHBEI K Koa(dmmm- o
€HTY 9KpaHMpPOBaHMs 3KpaHa, co- ’
cTaBJeHHOro u3 15 xomnern. Buj-
HO, YTO MOIEPEYHbIN K03(ppunm-
€HT 5KpaHMPOBAHUS peabHOIo
9KpaHa, UIMEIOIEero JUInHy, B 3—4 04
pa3a IpEeBbIMIAIONIYI0 BHYTDEH-

0,6 [~

HHY IAaMeTp, MPAKTHYECKH COB- 02 9

HagaeT ¢ Ko3(p(UIEEHTOM dKpa- A

HUpOBaHUs OECKOHEYHO [IJIMHHO- | ! | |

ro akpasa. IIpumeHeHne sKpaHa 0 1 2 3 4 LD

C MEHBIIEH OTHOCUTEJILHOM JIJIH-
Puc. 4.6
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K/K,,
0,8

HOU pe3Ko cHIKaeT ero agdex-
TUBHOCTB. [Ipy 3TOM yMeHbIa-
I0TC U pa3Mepbl 3(PHEKTHBHO
9KpaHHPYEMOro IPOCTPaHCTBA B
HanpaBJIeHUH IPOAOJBHON OCH
nuinHApa. Cka3zaHHOE HILIIOCT-
pupyeTtcs puc. 4.7, Ha KOTOPOM
OTOOpaXkeHbl 3aBHCHMOCTH KO-
3¢ PUINEHTOB 3KpaHUPOBAHMS
9KpaHOB 3afJaHHOI JJIHUHBI OT
04 08 12 1620 xD; paccrosHust x MEXY TOYKOMH U3-

Puc. 4.7 MEPEHHUSI Ha OCH 9KpaHa M ero
neHrpoM. Ha ropmsoHTanbpHON
ocu rpachKa paccTOsSIHEE X BHIPDa>KE€HO B €[JMHHUIaX BHYTPEHHETO Axa-
MeTpa 3KpaHa D;, a Ha BEpTHKAIBHOI Ocl KO3(p(DHUIMEHTHI 3KPaHU-
pOBaHUS BHE IIEHTpPa OTHECEHBbI K LIEHTPaJIbHBIM K03 duuueHTam
9KpaHUPOBAHMS COOTBETCTBYIOLMX BApDHAHTOB 3KPaHOB. BBuny cuM-
METpHM KapTHHbI M300paskeHbl 3aBHCHMOCTH JIMIIL IS MOJIOXKH-
TEJIbHBIX 3HAaYECHUH X.

0,6
0,4

0,2

HHJH/IH}IPH‘IGCKHQ 3KPaHBI IS 3ALHUTEI OT MPOXOJIBHOIO MOJISA

Ha puc. 4.8 npepicraBieHa sKclepIMeHTalbHas 3aBUCAMOCTH IIPO-
HOJBHOrO KOo3(hhuupeHTa 3KpaHUpOBaHMS (PeppUTOBOro 3IKpaHa,
HAIEHTAYHOTO OIMCAaHHOMY BBIIIE, OT €ro JJIMHBI, BBHIPAXXEHHOU B
e[MHNLaX EaMeTpa BHyTpeHHel nosnoctu. KoadduuueHT skpaHu-
pOBaHUs U3MEpEH B LIEHTPe 3KpaHa. SIpKO BbIPA>KEHHbBI MaKCUMYM
Koa(dunyeHTa 9KpaHUPOBAHUA g
HabIrofjaeTcs MpH [IMHE 9KpaHa,

B 2-3 pa3a mpeBbILIAIOMIEH €ro 16 |-
BHYTPEHHU IHaMETP.

OpnHako HalInywe Takoro
MakCHMyMa elle He O3Hayaer,
YTO 3KpaH YyKa3aHHOU OTHOCH-
TEJILHOM JIMHBI NPENOYTATENb- 8 [
Hee. []eJ10 OCIIOXHSETCS TEM, UTO
II0 Mepe yfaleHust OT EHTpa K-, |
paHa (BIOJb NPOJOJILHOU OCH)
KO3(ppuiueHT sKpaHHpOBaHUS | | | |

12 -

yMeHbIIIaeTcs, IpAYeM TeM pe3- 0 1 N 3 4 LD
4e, YeM MEHBIIEe OTHOCHTENIbHAS !
mnHa 3Kpasa. Puc. 4.9 woct- Puc. 4.8

56



pupyeT cka3zaHHoe. 3meck mo K
BEPTHUKAJIA OTJIOXKEHBI 3HAUCHUS
K02(p(pUIMEHTOB SKpaHUPOBa-
HUSI, U3MEepeHHble Ha pa3HBIX
PacCTOSIHUSIX OT LEHTpA dKpaHa
BJIOJIb €r'0 MPOJIOJILHOM OCH, a 10
TOPU30HTAJI COOTBETCTBYIOIINE
3HaYEeHHUS paCCTOSIHHS, BBIpa-
SKEHHbIE B €[JUHAIIAX BHYTpEHHE-
ro gmameTrpa 3KpaHa. Kpusbie
HA3MEpEHBI I 9KPaHOB pa3iinyd-
HOU JyuHbl. BupmHO, 4YTO ymIH-
HEHHBIH, 110 CPaBHEHUIO C “OITH- Puc. 4.9

MaJIbHBIM”, 9KpaH olecreynBa-

eT 3alUIeHHOe MPOCTpaHCcTBO O4nbmiero oosemMa. O4eBHUIHO, YTO
HaUBbITOJHENIIINI 3KPpaH cIeyeT BbIONpaTh UCXO/S U3 KOHKPETHBIX
YCIIOBH# €r0 IIpUMEHEHNS.

02 04 06 08 1,0xD;

JKpaH U3 anbcH(epoBhIX KOJew, 3au(MIAI0IHA OT 0ONBIINX MOJIei

B kayecTBe elle OHOro MpHMeEpa KUCIOIb30BaHUS FOTOBBIX pa-
AUOTEXHUYECKUX H3MIEeNMHA ONMIIEM 3KpaH, MO3BOJISIOMMI pacHin-
puTh paboumil AMana3oH M3MepUTeNbHOro npubopa. ITpomsBopcT-
BEHHasi HEOOXOAMMOCTh TpeboBasla CO3[laHus YCTpOMCTBA M NpH-
GIIKEHHOTO M3MEPEHHsI MIOCTOSTHHBIX MOJIEN HaNpSKEHHOCTBIO IMO-
psgka 400-500 A/cM. ViMeBmmecs: B paclopsKeHAN aBTOpa paspa-
60oTaHHbIe M (DePPO30HIOBEIE MATHUTOMETPBI TO3BOJISUIH C YIOBJIE-
TBOPUTEJILHON JIMHEHHOCTBIO M3MEPATDH JIMIIE IOJIS HANPSKEHHOC-
ThIO 710 40-50 A/cM. BbuIo pemeHo mombITaThCs UCIOJIL30BATh UX
IS U3MEPEHHUS NoJIel Ha MMOPSIOK OoJbIlell HalpsKEeHHOCTH, ToMe-
cTuB (heppO30H]] B MarHATOCTaTHYeCcKui 9kpaH [36]. B kayecTBe Ta-
KOro 3KpaHa OblI BbIOpaH BBINYCKABIIMICS MPOMBIIUIEHHOCTHIO
KOMILIEKT U3 [IBYX ajbcrugepoBbIx Koser (puc. 4.10).

Peppo30HAOBEI TpeobpazoBaTelb / MOMEIIEH HOCepEIHE CII0-
>KEHHBIX BMecTe Kouer] 2 i 3. OH u3MepseT [oJie BO BHYTpEeHHeH 1o-
JIOCTH KoJjen H;, 06ycloBiIeHHOe BHEIIHUM TojieM H, 1 mponopIyo-
HaJIbHOE eMY.

Kax yxe oTMmedanocs B 1. 4.1, ciinaB anscudep, IpuMeHsIeMbIT
JJIsT M3FOTOBJIEHHS MarHUTOAURJIEKTPUKOB, MMEET HavaJIbHYIO
npoHrnaeMocTs okoso 35 000, MakcHMajbHYIO NPOHHUIIAEMOCTD
okousio 120 000, xospuutuBHyto cuny 0,025 A/cM u HHIYKOHIO Ha-
ceiieHus okoio 1 T. biarogaps ToMy, 4To 3epHa crijiaBa B MarHu-
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¢ 1
2
3
1 H;
Puc. 4.10

TONMAJIEKTPUKE MMEIOT OKPYIIyIO popMy, a cieoBaTelbHO, 00-
JajaoT GONBIIMM pa3MarHMYMBaIOmMuM (akToOpoM, a TakXKe 6ja-
rojgapst TOMy, 4YTO 9TH 3epHa pa3fielIeHbl He(heppOMarHUTHBIM 3a-
MOJTHATEJIEM, MarHATHAS POHUIIAEMOCTb alIbCU(PEPOBOr0 MarHu-
TOJAUAJIEKTpUKA cocTaBisieT Bcero jumb 20-100. Hanpumep, y
anbcudepoBOoro MarHuTogudnekTpuka Mapku TU-60 ee HOMH-
HaJbHOEe 3HadyeHme paBHO 60. BenepcrBue ymeHbIneHHs agdex-
THBHO! IPOHMI[aEMOCTH MarHuTou3IekTpuka B 600 pa3 (1o cpas-
HEHHIO C MPOHMUI[aeMOCThIO METAJIINYECKOIO allbchepa) npumep-
HO BO CTOJIBKO € pa3 BO3pacTaeT ee CTabMIbHOCTh. JTa MPOHHU-
1[1aeMOCTh IOCTOSIHHA [0 muAyKumi mopsiika 0,3-0,6 T. CnepoBa-
TEJILHO, IJIT MAarHUTOUAJIEKTPUKA ¢ HOMHHAJIBHOH NpOHUIIAeMOC-
ThI0 60 9Ta MPOHMUI[AEMOCTD JJOJIXKHA COXPAHAThLCSI HEM3MEHHOM J10
noJsieir HanpstkeHHocThio 40-80 A/cM (mone B maTepumane). Ecnu
KOSPUUTHBHASL CAJIa MarHUTOAMUSJIEKTPHKA NPUOIN3UTENIBHO PaB-
Ha KO3PUWTHBHOH cmie MaTepuaia (clijiaBa), U3 KOTOPOro 3TOT
MarHATOJUAJIEKTPUK U3TOTOBIEH [56], TO IECTEPE3UCHBIE SIBICHHUS
B 9KpaHe U3 TaKOro MaTepHaja JOJIKHbI ObITh Majlo BBIPAXKEHBI,
Belb MOJIE B CTEHKE 3KpaHa MpHUOJIU3UTENIBHO PaBHO IOJIIO B €r0
MOJIOCTH.

CHoBa Bocnosib3yeMcst popMyoit (4.1) npoHunaeMoctTr (hOpMbI
TOpPOHJJaJIbHOTO ceplieyHrKa. B Hamiem ciyyae CpefHHil AuaMeTp
cepraeynrka D = 11 MM, a II0IIagb €ro NONepeyHoro ceyeHus (KoM-
IUIEKT U3 [IBYX CIIOKEHHBLIX BMecTe Kouten) S = 35 mm2. Tormga m = 6,6.

Ecnu yuects, 4To K03 dunueHT skpanupoBanus K = 1 + |/m, To
B HameM cityyae (L = 60) nomxkHo 61Tk K = 10. TakuMm 06pa3oM, npe-
JeJl M3MEepeHUs] MarHUTOMeTpa ¢ (heppO3OH[IOM, NOMEIIEHHBIM B
OTIMCaHHBII 9KpaH, JOJIKEH PACIIIPUATECS MPAOIN3ATEIBHO Ha oS-
1ok (mo 400 A/cm), yTo u HabGIOfaeTcs B geiicTBuTeNbHOCTH. [1oy-
YeHHasl JITHEHHOCTD BIIOJIHE YAOBIIETBOPSIA IPE bSBIISBILAMCS TPE-
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OGOBaHMSIM, HECMOTPS Ha JONOJIHATEHHYIO MOI'PEIIHOCTh OT THCTe-
PE3UCHBIX SIBJIEHUH B 9KpaHe, focturasmmx 10 A/em (2,5 % oT Bepx-
HEro Mpefiesia N3MEpPEHMI).

4.6. KOHTPOJb XAPAKTEPUCTUK U3rOTOBJIEHHBIX
9KPAHOB U UX YIYYIIEHUE

KoHTpoib XapakTepHCTHK 3KpaHa

OKpaHHpyIOI¥e XapaKTEPUCTUKN U3TOTOBIEHHOTO MJI TOTOBO-
ro K c60opke 3KpaHa HEOOXOAUMO MPOBEpUTh. Takas Mepa He ABIs-
€TCsl M3JIMIIHEH, TOCKOJIBKY B IPOLECCE €ro M3TOTOBJIEHUS HE HC-
KJIIOYEHBI MepenyThIBaHne MapKu MaTepraja (BHEIIHE IepMalIoi
50H reoTimynm ot 79HM, HO OHM 0071a[1alOT COBEPILIEHHO Pa3HbIMHI
CBOICTBaMM), HapylllEeHHE pexXuMa OTXKUra, fechopManus Mocje OT-
SKUTa U TOMY IOf[00HOE.

J1y1 MpoBepKY NPaBUIBHOCTH COOJIIO[EHUS peXKiUMa OTXKHTa 3K-
paHa (B 0COOEHHOCTH IEPMAJITIOEBOI'0) PEKOMEHJ[yEM BMECTE C 9Kpa-
HOM OT3KUTaTh KOHTPOJIbHbII 00pa3el] B BUAfle IITAMIIOBAHHBIX KOJIEI]
13 Takoro e maTeprana. Ha KOHTpoJIbHbBI 06pa3er ociie OTKUra
HaHOCAT OOMOTKHM M €ro MarHUTHbIE XapaKTEepPHCTUKY (HayajabHas 1
MakcuMallbHas IPOHUIIAEMOCTH, KOIPUUTHBHAS CHJA) U3MEPSIOTCS
6GaJUIMCTAYECKUM UJIM KaKAM-JIH00 MHBIM criocoboM. Crenyer 3ame-
THTBh, YTO Takas IPOBEpPKa BCE XK€ He JAeT IOJHOY rapaHTUU UIeH-
TAYHOCTH MarHUTHBIX XapaKTEpPUCTUK 9KpaHAa U KOHTPOJIBHOIO 00-
pasia, MOCKOJIbKY BO BpeMsl OTKHWIa OHHM MOTJIM pacroJiaraThCs B
pa3HBIX MecTaxX BakyyMHOI nedn. Takue ¢hakTopbl, Kak GJIM30CTh K
CTEeHKaM Ieyd WM K MaTpybKy BaKyyMHOro Hacoca, MOryT obycio-
BHTbH pa3jIMyMsi B MarHUTHBIX cBoiicTBax. [Io aToit mpuynHe MarHuT-
Hble CBOWCTBA OJHOTHUIHBIX 3KPAHOB, MPOMIEAIIAX OTXKHUI B OJHON
3arpyske, MOT'YT 3aMETHO pa3lInyaThCs.

JlJI HeNoCpeICTBEHHO! MPOBEPKU CBOWCTB 3KpaHa HEOOXOJMM
HCTOYHMK [TOCTOSTHHOTO MarHUTHOIO MOJIS ¥ U3MEPUTEIb MHAYKIUN
WIN HaNpSKEHHOCTH MarHUTHOTO moJis. Ecim akpaH npefHa3HayeH
JJIS 3al0MTHI OT ECTECTBEHHOTO F€OMAarHUTHOTO IOJI, TO OHO B MO-
KET, B MPOCTeHIIIeM cilydae, ObITh MCTOUYHHIKOM IOJIS NPHU HCIBITA-
Huu. B Ipyrux ciy4asx HICTOYHHKOM BHEITHETO IIOJIS MOTYT OBITh Ka-
TymKky ['eIbMrosnbua Ik COJIEHOMH COOTBETCTBYIOIIUX Pa3MepoB,
obecrneynBaroIye B Ipefieslax rabapuToB 3KpaHa MpUEMIIEMYIO Of-
HOPOTHOCTH HoJid. M3MepuTensb mousi, moMenjaeMblil B 9KpaHupye-
MYIO IOJIOCTh, JOJKEH UMETh YYBCTBUTEIBHOCTD, JOCTATOUHYIO JIJIS
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YBEPEHHOT'O M3MEPEeHHUsT HaNpPSDKEHHOCTU (WM MHAYKLUM) TOJIs, OC-
TaBIIIelics Mocle SKpaHupoBaHus. Ha coBpeMeHHOM 3Tane pa3BUTHS
MarHUTOMETPHUH B Ka4eCTBE U3MEPUTEIIS MOTYT ObITh KCIIOJIb30BaHbI
¢deppozonoBsie [100-103, 110] mixm MarHUTOpE3UCTUBHBIE NPHOO-
pbl [104]. Bo3MOXHO Tak>Xe HCIOJIb30BaHKWE NMPOOHON KaTYIIKH C
GayutacTHyeckuM ransBaHoMeTpoM [54]. IIpuGops! ¢ dheppo30HO0-
BbIMH IpeoOpa3oBaTessiMi 00eclednBaloT MEHBIINN OPOr 4yBCT-
BUTEJILHOCTH, OJJHAKO OHM CJIOKHEE B M3rOTOBJIEHUU M HACTPOMKE.

B HacTos11ee BpeMsl JOCTaATOYHO YyBCTBUTENIbHbIE MATHUTOMET-
PBI IIPOM3BOJST MHOTHE pOCCHiiCKHME U 3apyOexkHble (pupMbl. Ecin
M3rOTOBJIEHHE MAarHUTHOI'O 3KpaHa SBJISETCS OJHOPAa3OBBIM JEMCT-
BHEM, TO BpsJ JIU IesecooOpa3HO NpHOOpETaTh {OPOTOCTOSIIMIA
npuOOp 7St MPOBEPKH €ro XapaKTEepUCTUK. B TakoM ciiyyae pa3yMm-
Hee B3STh €ro HalpoKaT WM BOCIOJIB30BaThCs yCIyraMyu METpPOJIO-
THYECKOH OpraHu3alyy.

ITockonbKy M (peppO30HIOBBIE, I MAarHUTOPE3UCTUBHBIE IIpH-
60pbI MOTYT 00JIalaTh 3HAYUTEJILHBIM COOCTBEHHBIM HyJIEM (TTOKa-
3aHus Npubopa B HYJIEBOM IIOJIE HE paBHbI HYJIO), JKeJIaTeJIbHO
NpeycMOTPETh BO3MOXKHOCTh pa3BOpoTa NMpeobpa3oBaTesst Mar-
HUTOMETpa B MECTe ero pa3MeIleH:s B MOJOCTH 3KpaHa Ha 180°.
B TakoMm ciydae NMOSBUTCS BO3MOXKHOCTb ONpPENENNTh KaK coOCT-
BEHHBI! HYJIb MArHUTOMETPA, TaK ! HCTUHHOE 3HAYEHHeE IOJIS B 3K~
PpaHIpPOBAHHOY IOJIOCTH.

ITycTb B MCXOMHOM IOJIOKEHNH NPeo6pa3oBaTellsi MarHUTHOL'O I0-
751 B 9KpaHUPyeMoii I0JIOCTH IMprOop MoKasbiBaeT H,, a mocie pas3so-
poTa npeobpa3zosarens Ha 180° — H,. OueBupiHO, uto H, = H, + H,, rue
H — co6cTBeHHBIH HyIb Npubopa, a H, — mosie B mojocTa 3KpaHa.
B To xe Bpemst H, = H, — H,. Torna

H,=0,5(H+ Hy) 1 H, = 0,5H, — H,).

IIpubnmxeHHoe MpejicTaBlieHde 00 9KPaHUPYIOMUX XapaKTepH-
CTHKaX MarHATOCTaTHYECKOrO0 9KpaHa MOKHO IOJYYHTb, U3MEpPST
UX B CHHYCOMJAJIbHBIX MOJIIX HU3KUX YacToT (epuHuup! rep). [Tons
TaKUX 4acTOT MOXKHO M3MepSITh MAaCCUBHBIMH MHAYKLOHHBIMU IIpe-
oOpa3oBaTelsiMi, YTO ropasfo Jierye.

YiydureHne XxapakTepuCTHK H3rOTOBJIEHHOrO IKpaHa

PaGoune xapaKTepHCTHKH 9KpaHa MOTYT OBITh CYLIECTBEHHO
YIy4IIeHbI ero THIaTeIbHbIM pa3MarHMYMBaHWeM. Pa3MarHu4mBa-
HHE 3KpaHa I03BOJISET YCTPAaHUTh €ro OCTaTOYHYIO HaMarHMYeH-
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HOCTH (B 0COOEHHOCTH JIOKANBHBIX B Begrﬂc*pepegnc[.{a;{
Y4acTKOB) K TE€M CaMbIM CBECTH K (__/———
MHHHEMYMY TOJIE B 3KpaHUpPyEMOH Kpusas
IOJIOCTA NpU HYJIEBOM BHEIIHEM
noJe [34]. PasmarHn4uBaHue ocy-
LIECTBIISIETCS HaMarHN4YMBaHHEM
9KpaHa 3HaKOIIEPEMEHHBIM IOJIEM
BHayaJle [0 HaCBIEHMS C IOCIe-
AYIOUIMM IUIAaBHBIM YMEHBIIEHHEM
HaNPSKEHHOCTH 3TOrO MOJIA 10 Be-
JIMYVH, MaJIbIX B CPaBHEHHWH C KO-
SPUUTHBHOM CUJION MaTepurala K-
pana. [Ipyroit Bapuant pasmaruu- O H
YHUBAHUS — HarpeBaHUe 9KpaHa JIo Puc. 4.11
TEMIIEpaTyphl Bbime Touku Kropu

MaTepHaia 3KpaHa. CylecTBYIOT MapKH IepMajlIosl ¢ HU3KOU TeM-
nepaTtypoit Kropu [59]. B 060ux ciy4asx HOCTOSTHHOE BHEIIHEE N10JIE
IIPA 3TOM JIOJKHO OTCYTCTBOBAaThH (OBITH CKOMIIEHCHPOBaHO). Pa3-
MarHI4MBaHMIO IOJDKHBI OIBEPraThCs BCE CIIOM MHOTOCIIONHOTIO 9K-
paHa, a CJIe[IoBaTeNIbHO, KaXK/bI! TaKOH CII0M JOJIKeH ObITh CHAOXKEeH
COOTBETCTBYIOIIEH pa3MarHmumBaromer oO6MoTkoin. IO¢ddekTus-
HOCTb pa3sMarHMYMBaHMUS KOHTPOJIUPYETCS U3MEPEHNEM OCTAaTOYHO-
O IOJS B 9KpaHUPYEMOM IIPOCTPAHCTBE NPH OTCYTCTBUM BHEIIHETO
noiis. Ilocne pasMarHMYMBaHMS 2KpaHa HEOOXOAMMO H30eraThb ero
CONPHKOCHOBEHHS C JIOKAJIbHBIMA HCTOYHUKAMHM CIJIBHOI'O MarHuT-
HOTO I0JIs, ia ¥ BooOI1e ¢ (heppOMarHUTHLIMA IPEIMETAMY.

Ecnu sxpaH HaMarHN4MBaTh 3HaKONEPEMEHHBIM ITOJIEM, CHaYasa
JIOBefi ero [0 HACBIIIEHHs, a 3aTeM IIJIaBHO YMEHBIIUB aMIIUTYHY
MOJIA 10 MaJbIX 3HAYEHWI B IPUCYTCTBUU BHEIIHETO CTaTHYECKOTO
MOJISA, MOJJIEKAIEro 3KPaHNPOBAHMUIO, TO MPOM30HIeT HAMarHW4H-
BaHME 3KpaHa 3THM CTaTHYECKUM II0JIeM IO Oe3TUCTEePE3UCHO! KpH-
Boii HaMarnmyuBangst [105]°. OTa KpumBas XxapakTepu3yeTcs OYeHb
BBICOKVIMY 3Ha4YEeHUSIMH NpoHunaeMoctu (puc. 4.11), 6iaarogaps ye-
My ¥ KO3((HULUKEHT KPaHUPOBAHUSI 3KPAaHOM JAHHOIO BHEIIHErO
MOJIST MOXKET 3HAYUTENbHO MOBhICUTELCA [106-109]. Takoe moskIile-
HHE OrPAaHMYMBAETCS MarHUTHLIM CONPOTHBIIEHHEM IOTOKY MHJYK-
LAY [0 CTEHKE 3KpaHa BO3[YILIHBIX IPOMEXKYTKOB (3a30pOB), HEU3-
6eXHO MMEIOIMIUXCS B peallbHOM 3KpaHe. Kpome Toro, mpu KaxkaoM

OG6b14Has KpuBas

* Toro xe addexra MOKHO TOCTHYL HarpeBaHUEM 9KpaHa JIo TeMnepaTypsl,
npeBbILIarollell Touky Kropu MaTepuana, ¢ mocIenyrOLNM OXIaskKeHHEM.
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CYILIECTBEHHOM M3MEHEHWH BHENIHEro MOJS ONepauyio “‘Hpeanm3a-
uy”’ KpUBOH HaMarHWYMBaHUS MaTepHalla 3KpaHa HMPHUXOAUTCS IIO-
BTOPATh. [IJIs aTOro TpeGyIOTCS KaK COOTBETCTBYIOLME OOMOTKH,
TaK ¥ NCTOYHMKHM TOKa JJIS HUX C CHCTeMOii ynpasieHus. OgHako B
TakOM cJlydae MarHATOCTaTHYEeCKUI 3KpaH yxKe mepecTaeT ObITh
KJIACCHYECKUM M MOXKET OKa3aThCs MpOIIe NPUMEHATEH BMECTO HETO
aBTOMATHYECKYIO CHCTEMY KOMIEHCAlH IOJIS [TOCPEICTBOM CHCTe-
MBI KaTyuiex [94].

TakuMm o6pa3oM, ocHaIas 9KpaH BCEBO3MOXHBIMA 0OMOTKaMH,
3JIEKTPOHHBIME YCTPONCTBAMH M HHBIMH IPHCIOCOOJIEHUSIMH, HE
cleflyeT IpeBbIaTh pa3yMHBIX [IPefesIoB, 32 KOTOPbIMU MOXET IO-
TEPSATHCS TJIABHOE €ro NMpeuMyYIIeCTBO — MPOCTOTa U3TOTOBJIEHNS U
MpIMEHEHHUS.



3AKITHYEHHUE

ITonBO/SI HTOTY TEOPETHYECKOMY M 3KCIEPUMEHTAIbHOMY pac-
CMOTpEHHIO MpOGJIeMbl MAarHATOCTAaTHYECKOTO 3KPaHHPOBAHMSA,
MO3KHO C(hOpMYJIIPOBAThH CIEAYIOIIME BbIBOABI U IPAKTUYECKHE pe-
KOMEHJIaIiH.

HauGoree nenecoobpa3Ho NPpUMEHITH 3KpaH N30TPONHOH (hOPMBI.

MakcuManbHbI KO3((UIUEHT 3KpaHUPOBAHUS OJHOCIONHOTO
akpaHa coctaBiigeT 20-25 % OT 3HaYEeHHS OTHOCHTEILHOH MPOHUIA-
€MOCTH MaTepHraa.

BpiOupaTh BHENIHUI pagryc cpepruyeckoro akpaHa, 6ojee yeM B
1,7 pa3a npeBplIIIAIOMIAM BHYTPEHHUM, HEI[EIeco00pa3Ho.

J1J1s mosly4eHus] MaKCHMaJIbHOI'O K03 punpenTa aKpaHupoBa-
HHSI peKOMEHJIYeTCsl HCIONb30BaTh JIS U3TOTOBJIEHUS 9KpaHa Ma-
Tepuall c OOJIbIIed HayaJbHON MarHUTHOM NpPOHMIIAEMOCTBHIO, a
IS TTOJTy4YeHUsI MIHUMAJILHOTO MOJIS B 9KpaHUPYEMOH MOJIOCTH B
OTCYTCTBHE BHEIIHErO MOJIS — MaTepual ¢ HauMeHbIIeH Ko3puu-
THBHOI CHIIOIL.

I 3am|ThI OT moJiell OOJBIION HaNpsDKEHHOCTH (HalpuMep IO
CPaBHEHMIO C TeOMarHUTHBLIM) TpeOyeTCs: IPUMEHSTh [JIs 9KpaHa MaTe-
puail c HarGoJIbIIIeH MHAYKIe! HachIIIeHN, a BHEITHII pajliyc 9Kpa-
Ha (cepudeckoro) foykeH B 1,7 pa3a MpeBhIIaTh BHYTPEHHUI.

KoaddunpeHT akpaHnpoBaHus OJHOCIORHOIO 3KpaHa IpoIop-
[UOHAJIEH IPOHULIAEMOCTH MaTepraja 3KpaHa U OTHOCUTEILHOMY
06 peMy MaTepHala B o011ieM 00’beMe IKpaHa.

Ecnu TpebyeTcsl 3alUTUTH OT BHEIIHErO0 CTATHYECKOro MOJIS
(heppoMarHuTHOE TENO, TO HYXKHO YYHUTHIBATh, YTO KO3hpHIMEHT
9KPAHUPOBAHUS 3KpaHa C TaKUM TEJIOM YMEHBIIAeTCs MPONOPUHO-
HAJIbHO OTHOCHTEJILHOMY 00 bEMY, 3aHIMAaeMOMY TEJIOM BO BHYTPEH-
Hell MOJIOCTH 3KpaHa.

KoaddunueHT axpaHnpoBaHns ABYXCIOHHOTrO (JIBOMHOrO) 3Kpa-
Ha B Xy/IIEM clIyyae paBeH cyMMe K03(h(PUIHNEHTOB 3KPaHUPOBAHHUS
COCTaBJISIFOLMX €r0 9KPaHOB, a B JIyYIIeM — IPOU3BENCHUIO 3TUX KO-
3¢ unueHToB. XyALINM SBJISETCS cllydail, KOTa 3a30p MeXAy 9Kpa-
HaMM MaJl IO CPaBHEHMIO € TOJIIMHAMHE UX CTEHOK, a JIYYIINM, KOTAa
BHEMIHNI 00'beM BHYTPEHHEIO 3KpaHa Maj 10 CpPaBHEHHIO C 00be-
MOM BHYTPEHHE! IOJIOCTH Hapy>KHOTO.
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OKpaH, HaXOAIMICS B IOJIOCTH JIPyroro, BefleT cebsi OTHOCH-
TEJILHO €ro Kak CIUIOIIHOE (heppOMarHuTHOE TeJO.

Pa3ppIBbI CITIONIHOCTH 3KpaHa — OTBEPCTHS, LIEJIH, CTBIKH, 3a30-
PbI — CHIDKAIOT KO3(h(PHIUEHT 3KPaHNPOBAHNUS ¥ HapyIIAlOT Of[HO-
POIHOCTB MOJISE B 3KPAHUPYEMOII MOJIOCTH.

Ilpu ompefielIeHHbIX COOTHOINIEHHUSX pa3MepoOB 3KPaHMPYEMOit
MOJIOCTH ¥ NIPOHUIIAEMOCTH MaTepuaa 3KpaHa BO3MOKHO HE YMEHb-
IIEHNE, a YBEIMYECHIE HAPSKEHHOCTH MOJIS B ITOJIOCTH IO OTHOIIIE-
HHIO K BHEIIHEMY MOJIIO.

Ecnmu okpyxaromas 3KpaH cpefia U COlepXKNMO€ BHYTpEHHEH
(3xpaHupyeMOli) IOJIOCTH UMEIOT OJMHAKOBYIO MarHATHYIO IPOHH-
IIaeMOCTb, TO MarHATOCTATHYECKOE 3KPAHMPOBAHUE HMEET MECTO
IpH JI000M 3HAYEHHWH MAarHUTHOM IMPOHHUIAEMOCTH CTEHKH 2KpaHa,
HE paBHOM 3TOI BenuyuHe. YeM 6OoJblle 3TO pa3inyre, TeM JIyylle
3KpaHUpOBaHHUE.

KoadduuuenT sxpanupoBaHus BIOIL OCH CAMMETPUH MTOJIOTO
(heppoMarHuTHOTO UUINHAPA, OTKPBITOrO ¢ 000UX TOPLIOB, MAKCHU-
MalJleH IpH OINpeeIeHHOM COOTHOIIEHHH JJINHBI ¥ [MaMeTpa TaKko-
ro nunuHApa. ITomelil nMIuHAP, AIMHA KOTOPOro Maja Mo CpaBHe-
HHIO C [UaMEeTPOM HJIA, HA060pOT, BEJINKA 10 CPAaBHEHHUIO C HUM, HE
obJiaflaeT 3KPaHUPYIOIUME CBOUCTBAMHI OTHOCHUTEIBHO IPOJOJIhb-
HOT'O IOJISI.

CylmecTBYIOT YeTKHE KPUTEPHH Le1eco00pa3HOCTH Iepexoyia OT
OJMHOYHOI'0 3KpaHa K JBOMHOMY, OT [IBOMHOIO K TPOHHOMY M T. [.
HecoOGmnrofieHue aTHX KpUTEPUEB MOKET IIPUBECTH K CHIDKEHHIO 3()-
(peKTHBHOCTH 3KpaHMPOBAHUSL.

MarsuTocTaTu4eckoe 3KpaHHpPOBAaHKE OOBSICHIETCS CIEHYIO-
MU SBJICHUSIMH: IIYHTHPOBAHUEM IIOTOKA MHAYKIHN CTEHKaMH
9KpaHa; KOMIIEHcalyel 101 BO BHYTPEHHEN MOJIOCTH 9KpaHa Io-
JIeM MarHATHBIX 3aps/OB, BOSHUKAIOIIMX Ha MOJIIOCaxX 3KpaHa Mmoj
BJIMSIHAEM BHEIIHETO MOJIsT; KOMIIEHCalell BHEIIHETO IOJIS B 9Kpa-
HHUPYEMOIl IOJIOCTH IOJIEM MOJIEKYJISPHBIX TOKOB AMIepa, TeKy-
mMuX M0 obOpasymolell 3KpaHa NEepNeHJUKYIJISPHO HaIpaBIIECHHIO
BHemHero nojs. Hu ofHo m3 3THX ¢usmyeckux oOBSCHEHUI B
OTAEJILHOCTH HE HMCYEPIBIBAET, Ka3aJoch Obl, MPOCTON KapTHHBI
MarHuTO-CTaTHYECKOro 3KpaHMpOBaHHUSA. TOJBKO KOMILUIEKCHOE
ICIIOJIb30BaHUE YKa3aHHBIX IMOAXOMIOB MO3BOJISET MOHATH MHOTHE
aCIeKThbI 3TOTrO SIBJICHUS.

AMopdHble 1 HaHOKPHCTAJNIMYECKNE MarHATHO-MSTKHE Mare-
puainel Hanbosee MEepPCIeKTHBHBI Ik IPAMEHEHNs B MAarHUTOCTATH-
YeCKMX 3KpaHax. IIpensaTcTBreM K UX MIIPOKOMY IPAMEHEHHIO SBJISI-
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IOTCSL MaJible pa3Mephbl ¥ TOJIHUHBI MOJIy4aeMbIX II0 COBPEMEHHBIM
TEXHOJIOTUsIM 00pa3noB. HescHbI moKa 1 cpoKu ux ciIyk0bl, 0cOGEH-
HO B YCJIOBHSIX IMMOBBIIIEHHBIX TEMIIEPATYP.

B Hacrosiee BpeMsi HanboJliee peaabHO NMpUEMIIEMbIMH AJIS U3-
TOTOBJIEHAS. MAarHATOCTATHYECKUX SKPAHOB SIBISIOTCS MEPMAIITION C
copepxkanueM 76-82 % Hukens. IlpensTcTBEEM K MX NPUMEHEHHUIO
MOKEeT 0Ka3aThCs OTCYTCTBHE COOTBETCTBYIOIIMX TEXHOJIOTMYECKHX
BO3MOXHOCTEH.

AnexTporexHuyeckas (TpaHcpopMaTOpHasi) CTalb MOXKET ObITh
PEKOMEHJIOBaHa JIJIsT M3TOTOBJIEHNS IPOCTBIX 3KPAHOB B BUJE MOJBIX,
OTKPBITBIX ¢ 060X TOPLOB HMIHHAPOB. K coxkanenuro, oHa o6iajia-
eT 66IbIIIell, MO CpaBHEHHUIO C MEPMAJlJIOEM, KOSPUMTHBHON CHJION.

HanGonee mpocThl B U3rOTOBIIEHWH 3KpaHbl, COOMpaeMble W3
(heppHTOBBIX KOJIEL], BBITYCKAaEMbIX PaSMOTEXHHYECKOI NPOMBIII-
JIEHHOCTBIO. Pa3zMephl Takux 3KpaHOB OIPaHMYEHBI TUIIOpa3MepaMu
9THUX KOJeIl.

I1pu KOHCTPYMPOBaHMM M M3rOTOBJICHUN MarHATOCTAaTHYECKHX
9KpaHoOB 0co60e BHHMAaHHE CIEAYET YHeNATh MHHAMH3ALUHM Mar-
HUTHOTO CONIPOTHBIICHHUS IIOTOKY MHAYKIMHK CTHIKOB U 3a30pPOB B HX
CTeHKaX. Takye CThIKM He TOJBKO CHIDKAIOT KO3(p(puIMeHT 3Kpa-
HUPOBAHUS, HO 1 HapyIIAIOT OJHOPOIHOCTH MOJI B 9KpaHUPyeMOi
MOJIOCTH.

Bo mn3bexaHme yxXyAIIEeHUS 3KPAHUPYIOIMIMX XapaKTEPUCTHK
CTEHKM IIepMaJlIOEBOr0 9KpaHa JJOJIXKHbI ObITh B MAKCUMAaJIbHOI CTe-
MeHN 3allMIIeHbl OT MEXaHWYECKHX Harpy3ok u aedopmanmi. Mc-
NOJIb30BaHNE UX B Ka4eCTBE HECYIMX KOHCTPYKIMIA HEOITYCTIMO.

JJOoIKHO OBITh HCKIIIOYEHO KaKOe-T100 cMellleHne CIIOEB 3KpaHa
OTHOCHTEJILHO AIPYT Apyra B Ipolecce SKCIulyaTanuu. TOYHO Tak Xe
JOJIKHO OBITh 3a(pMKCHPOBAHO 3KPaHUPYEMOE YCTPOMCTBO BO BHYT-
PEHHEH MOJIOCTH 3KpaHa.

Heo6x0oauMo HCKITIOYUTH BO3MOXKHOCTh CONPUKOCHOBEHHS T'OTO-
BOT'0O 3KpaHa C KaKNMH-I100 (heppOMarHUTHLIMI IPEAMETaMH.

Pa3smarHnyuBaHue 9KpaHa Mmocjie U3rOTOBJICHHS B 3HAYUTENBHON
CTEICHN YJIY4IIaeT ¥ HOPMAIU3YET ero pabo4re XapakTepPUCTHKH, B
0COOEHHOCTH OJHOPOJHOCTH IOJII B 9KpaHMpyeMoi mosoctu. Pas-
MarHM4uBaHUE JIOJKHO OCYILUECTBISITHCSI B OTCYTCTBHE BHEIIHEIO
IIOCTOSIHHOTO TIOJISI.

Besrucrepe3ncHoe HaMarHAYMBaHUE 3KPaHa BO BHEIIHEM Mar-
HUTOCTAaTHYECKOM II0JI€ MOXKET CYIIECTBEHHO MOBBICUTE K03 du-
IUEHT 3KpaHupOBaHUs OT Hero. OgHaKO OHO TpeOyeT AJIs CBOEro
OCYIIECTBJICHHS HAJIW4YMS ClEeNUaJIbHbIX OOMOTOK, 3JEKTPOHHBIX
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Y3JIOB ¥ HICTOYHUKOB 3JIEKTPOIHEPTHH, UTO JINIIAET KIIACCUYECKUT
MarHuTOCTATHYECKHI 9KPAH ero riIaBHbIX NPEeUMYIIECTB — IPOCTO-
THI SKCIUIyaTallMd M OTCYTCTBHS HEOOXOJUMOCTH HCTOYHUKOB
SHEPrUY.

IIpm ucnosiab30BaHUM 9KpaHa C HECKOJIBKHMMIU CJIOSIMU OJHOPOJ-
HOCTH IIOJIST BO BHYTPEHHE! MOJIOCTH MOXKET GBIThH YIIydIlleHa BBeJie-
HHEM HEKOTOPOT'O 3KCIEHTPUCUATETA CJIOEB OTHOCHTENILHO JPYT IPY-
ra, a TaKKe I3MEHEHNEM B3aUMHOTO YIIIOBOTO MOJIOXKEHUS CTHIKOB B
Pa3HbIX CIIOSX.

IIpounTaB 3Ty KHHUTY, YATATENb IOUMET, YTO JIaXKe TaKOe He-
XUTPOE C BUJY TEXHUYECKOE YCTPOMCTBO, KAKHAM SIBIISIETCS MarHu-
TOCTaTHYECKUYU 3KpaH, TauT B ceOe MHOXECTBO (PU3MUECKUX TOH-
Kocrelt. Eciu ux paccMoTpeHue mpoOyamio B YATATeNle HHTEPEC K
(pu3rKe MarHUTHBIX SBJICHUI, TO aBTOP KHUTY CUMATAET CBOIO 3a/ia-
Yy BBIIIOJIHEHHOM.
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