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MAT'HHUTHBIE DKPAHBI,
MPOIY CRAIOIIHUE BHXPEBOE JJIEKTPHUECROE IIOJIE

E. A. ABPAMAH, JI. H. GOHJAPEHKO, B, H. BOJIOCOB, A. A. HAVMOB, B. B, YHPHKOB
{Hoayveno 28 Depalpa 1963 2.)

COnucaHM KOHCTPYVRIEHE H MeTONE PACYeTda BEpAHOR, paﬁnﬂnﬂmﬁmx nepemMenohe MAr-
HHTHOS H DIEKTpA9ccKos noad, [lpoEnunm geficToEa mopgolELX DRPAHOR COCTOMT B TOM, 9UTO
METAIIHICCKRI DHpan oo ofpasyer SaMEEYTOTO BATHA BOKDYT SKPAHMPYEMOTD MATHUTHOrO
noToka, 8 BapRBaeTcA Hanofobme ofmorrm, Tamoil skpaE ceobollHO MPONYCKAST BUXPEBOS
SACKTPHYSCKOE IOME, B TO BPEMA, KAK MATHHTHEI DOTOK DPOXOJHT 92eped| NINHEYIO o
YIRYE COHPATRHYI mMeih, 00aajammyn GolRIHM MATHETHHM CONPOTHRICITEM.

Bonpocas SEPAEHPORAREA OT NEPEMEHHBEX Mar-
HERTHHX [oJel Ooengmeno Goabimos Koldngectso pador
(cx. maopusep, [1]). Oxmako Bee pPACCMOTPEHEEE [0
CHX DOD SKPANE GoJAGIAAN DPHMEPHO B OJUHAKOBOH
CTENEHH HAK MATHHRTHOS, THK M HSNERTDHTECKDS MOJIA.
B mocnenmes BpeMA B CBASH ¢ paapafoTeoll HeROTO-
[EX HODEX THIOE YCKOpPHTeNel BOZHNKIA 3afada co-
BUAHHSA 3EPANOR, KOTOPEE O SHATHTEILEO 0CIAGTATH
MATHETHOS 006, DPAKTHYECKHE HEe YMeHBIIAA BJeKTpH-
geckoe. Takad safada BOIHHEAST, B UACTHOCTH, NPH
HOHCTPYHPORAEHT GOTATPOHOOTO YCHODUTETA, ©CIH
YCROPAKIE: N DOOACNEHBAKIINE: MATHUTHWE I0AH B
HeM HamenawTed nesapmcso (2], B aroM cayvdae meod-
XOJAMO THATEARHOS BEPAHHPOBAHHE KAMEDH OT pac-
CEfHAOTD FCROPAWIETD MATHHTHOTO OOJA, B TO Bpe-
MA KAK BHXDEROES SJERTPHTeCKOs DOJNe OOJKHO cBo-
fogEo mpoxoguTk B Kamepy. llockoanky BEXpenos
AIEKTPHYECKOR MO TAKMe ABIARTCA NEPEMEHHLM, TO
BHYTPH KAMEpH BOSHHEAST MATHHTHO® I0I8 M, TAKHM
ofpasos, Koa(dNITENT SRPATTPORAHNA B OTOM CIYTaE
U PRENEIRATRHO OF paHRTenH. JIerno NoKasarTs, 1To Mag-
CHMANELEENT KoMbQEInenT skpannposamia ~ (A L)%, rme
b — mnREa ROMEER O0OA, L — pasMep cHOTEMED; B O0ORT-
HHX VOIORHAX DTOT Roopimiment NOCTATOTHO B&THK:
~10" opm L~ 1 m, 0 ~ 105ex72,

 Hamman pabora NOCBANMEHA OUHCAHNE KOHCTPYR-
Imil B MEeTONAM PACIETA 3KDPAHOR, PA’NEIAIONEX Oepe-
MEHHBI® MAIHATHOR H DIBKTPAMECHOOS TIONTH.

KOHCTPYRIHA OHPAHOR

Iprenun geficTeuA SKPAHOB COCTOHT B Cle-
oyiomes (puc. 1). SxpammpyeMslit MarauTmsil
MOTOK OKPY/KAGTCH CINIOMIHELIM SKPAHOM, KOTO-
pHiil, ognako, He ofpasyer SaMKHYTOI'O BHTKA
BOKPYI NOTOKA, A4 HABMBASTCA HA Hero nogob-
HOo ofmorke. Takoit axpan ceologHO IponycKa-
eT BHXPEB0e BJIeKTpHIcckoe I0Te, eciH TOAEKD
HACTOTA £T0 He CHAHNIKOM BeIHEA, T. €. EMKOCT-
HHI® TOKH B BKpaHe npeHeipemnMo mans. B ro
#e DpeMs MAUHHTHEI HOTOR MOGKeT IpPOHHK-
HYTH HADY;KY TOABKO 9epes JINHAYI0 0 YIKYH
CIHpANLAYH meak, obzagaiomyo  GoanIimHn
MATHHTHKM CONPOTHRISHHEM. D10 I [aeT BO3-
MOMHOCTE OTH@IATH MalHATHOS Hode 0T SIeK-
TPHIECKOT D,
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Pug, 1. TlpranunualbHAA CXeMa

MATHHTHOTO SEPAHA, TPOIYCHANNIE-

I'o BHXPEEOE BICKTPIIECKOD IIOJE,

1 — MarERTONpOROD, 7 — MeTALNH-
gecKA  BHPAR

Ileprasg KoHCTPYKINA HOA0GHHX BKPAHOE,
npenmomerran [, I, ByniepoM H HAazBaH-
gaa nabmpmmronm, m Osia TNpeHASHATEHA
man yeroputens Gerarponsoro tuma B-l, yer-
poiierro Kotoporo Aco ua pue. 2 [2]. Vero-
pefEe SAKTPOHOB NPOHCXOAUT B NMOCTORHHOM
MAFHETHOM II0J1e o[ eilcTENeM BHX PeBOT0 MIeK-
TPEYECKOr0 NOJA, CO3jlABAEMOrO IEeHTPATbHLIM
porokom. ia HopMmansHODE palornl yexopH-
TenAa  HeoDXONHMO YMEHBIINTE PACCOARHEE
mons mentpaiasEoro cepetEnka B 10°-+-10° pas.
JlaGHpuAT COCTOHT W3 BOCHMH OTHENBHLIX MeJ-
HHX DEPAHOB, HMEOMEX (opMy HoXyKaTyIIeK
¢ paspesom (pmc. 3). Paspeanr cocefjuX SKpa-
gop capunyTi Ea 90 mmm 180°.

CoeuHeEns OTIeIBHNX YacTell aKpaHa Mesi-
Ay cofoil gomKNE HMETH XOPOIIMIT Meraime-
CHEIT KoHTAakT (cBapka, Daiika), B NPOTHBHOM
cAydae MATHHTHOE HoJe NpocaduBaerca wepes
mop. B kpaiineM coydae MOAKHO HCHOAL3OBATE
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u (OoXTOEHEe CORIRHEHHA, OTHAKO,
KAK NoRA3aIAN CIHeNHAJNBHLIE OLLITLHL,
N]ERTPHVIEC-HI{}? KOHTAKT B 2TOM CJIY-
yae OoliEeH O00eCHeMHBATECH CIHEe-

nEANLHEON Npokzagroii ma Ioce-
pefpennoll  MegHO#  DpOBONOKH
¢ — 0,2 un. Kparepmem Xopomero
KOHTAKTA HEJIAETCH pAacIlIOMHBA-
AHe NPOBOJIOKH H BJapIMBaHHEe eo
B coequasemue nopepxroct. Hood-
(pEmEenT bEpaRN pOBARKA JAOHPHHTA

Ha "acTore o Kay ~ 300. Onramans-
HEI@ PagMepsl o KORQHTYPALHA 5K-
PAHOB BHOHpPANECE KAK PacueTHEM
oyTeM (CM. HIe), TAK H IPH IOMO-
I MOJEILHEX SRCIePHMEeHT0s,

B nocmenyommx KOHCTPYKIHAX
HCHOMBBOBANHCE WHBEG Mopufura-
ONH SKPAHOB, B YACTHOCTH, IOKA-
samHad HA pHC. 4. 3/1ech KasKIHIl
BKpAH TpeAcTaBiAer co0oil KATymIKY, IpHYeM
OIHA H3 MK Kayioll KATYIIKE NPHOAWEAETCH
mocne cbopkn. Eme ogEa BosmoikHAA KoH-
cTpyknnA aalHpUETA IOKAZAHA HA DHC. .
B arom cayuae jnalHPHET BKPAHHPYeT ML
paspes NelbHOMETANIHTeCKOH HKaMeps YCKO-
putena CB (ca. rawme [3]). Jlabupmar npen-
crapnfer cofoll EBe commpanm mo 24 sum. HI
memnoil donsrm ronmumrod 0,5 mm (1, ckuB-
¢JIoA), BCTABIEEHEE OPYT B ApYra M H3OIHpO-
paEEEe TefuoR0BOH memroil, "IIpoTHEOmONTOM-
HEE@ TOPOE 00eHX cUEpafiell NPHNAAHKE K Mej-
AEM (rapmaM Toammeoi 6 s B CoeTRHEHH
¢ EKaMepoli ycHopHTensd Yepea NPOBONOHKY.
KoafpunmenT skpammpoBanns JalHpHHETA HA
gacrore 4 wey ~ 10%.

METOOBI PACHETA JJABHFPHHTOB

Tounnii pacuer pacupefeNeHis BIeKTPO-
MATHHTHOTO0 TONfA Takoil caoiuoll KoEHrypa-
nun, Kak Ja0HpHETH, TPAKTHYECKHE HEOCYINecT-
puy. IlosTomy npomspogaTea pacier Gonee Him
Memes FpyORX Mofeneil peajbsHoil KOHCTPYRIHH,
KOTOPHIL DOBBOIAET ONEHHTE HNOPAJOK BejH-
yupn  KosddHUmeHRTA SKPAHHPOBAHHA H BEH-
fpaTe NapaMerpH dKpPAHOB, JOCTATOUHO OmHa-
KMe K ONTHMANLHEM, Beck crommslii mpomecc
NPOX OAEAEHAS DIEKTPOMATHHTHOTO HONA CKBOAE
aKpansl pasofbeM Wa J{BA OCHOBHHX HPOIeCCA:

1) mpoxompenne MATHATHOTO HOTOKA IO IMenn’

nafmpuAETA; 2) NpPOXOeMKIeHHe MATHHTHOTO II0-
TOKA CHBOBL CTEHKH DEPAHOR,

1) Hpozoxcdenue Maznummnozo ROMoka RO
weau safupunma ONEHEHBANOCH JBYMA MeTO[a-

Pue. 2. Marnmreas cmeTema yeraEonkm B-l.
OAKMIRE DOCTONEHO? MATHATHOS MoJle; £ — SKpaHH, § — CepAeTHHE,

] — MarsmuT, CO3-

CO3JANIED BRXPEROE DICKTPHuYECHOe MOne

Pue. 4. Kogerpyroua or-
Jeasuoro BRPARA CHETEMEL
 AEpampporaEna B-1

Pue. 5. Pagpes HaMepsl YCKOPRTEIR

CB ¢ naGupunToM. I — cep/leuHnk,

CORTANNHE  YOROPAKINE: SIEKTPH-

qecKod  mOde; £ — DHpAaHADYeMED

gfipem; & — CTEHKH HaMephl; £ —
AafupueET
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mu. Bo-mepBHX, caomuans mens JabnpunTa sa-
MEHANACE HPAMOil NPAMOYTOJLHOI NNk, KOH-
durypanua mons B Koropoil Xopolio H3BeCTHA
(manpumep, [4]). 3amena maormyToii mean Ha
NPAMOYTONBHYI0 BOBMOMKHA, eCAH  NOIPHHA
HeJH MEOTO MeHbINe paanyca kpueuaan. Hpome
TOTO, ACHO, YTO MOMHO NpeHelpeYn MecTaMm
kpyTHx (ma 180°) moroporos menn BeaecTEHe
HX OTHOCHTeNBHO MaXoll jauwas. B npasoil
OpAMOYTOABHON eIl MATHATHOE Hode YOH-
BAET N0 3aKOHY:

H = C,Hy, exp (— nzlh), (1)

rae i — BHCOTA WEal, T — KOOPAHHATA BAOIb
menn; == h; C; —~1 — xoapdunmenrt, za-
BHCAIAN 0T KoBQHrypanon MATHATHOTO DOJA
npa = = 0; Hy — cocTapas0OAA TOIA TpH
=0 pgoaxs h. Bo-Bropeix, Kak HapecTHO,
pacupeflelenne MepeMeHHOT0 MATHUTHOTO IOJH
B o0BEME, OTPAHHICHHOM XOPOINIO IpPoBOJA-
H{MMHA CTEHKAMH, COBOANAET ¢ pacIpeleleHmeM
IIOTHOCTH TOKA | B OQHOPOAHOM NPOBOTHIEE
Toif se dopwmer, Yro u obbeM, SAHATHEIE Mar-
HATHRIM DoXeM. JT0 ciaegyer HS YpapHeH:
divH=0; rotH=0 ¥® aHaTorE9@ex HM
ypasgernii divj =odivE =0, rot j =
=corotE = 0, a Tarske N3 ONHAAKOBEIX Tpa-
HA9HHX yenopmia H, =0; j, = 0.

B umTepecymimesm mac ciyuae OpoBojJHEK
MOKRT OHTH DPHONIHEHHO SAMEHCH NemoTHoll
CONPOTHRIeAN, NokasagHolE Ha pme. 6. Cooil-
cTBa mofo0Hol memodkn mogpofHO TpoAHATH-
aupoeaHsl. B wactmoctm, nmpu R, = R, nmeer
MECTO CAeIVIOMEAA BaBMCHMOCTH HANDAEe HIA
Ha K, or HoMmepa sgelikm n:

Va=Vyexp(—nVEJR). (2

Jdaa npaMoyroanHoii medm MoWHO IpH-
HATH MPHEOIMHEHT0:
R, = 4Az/ha; R, = h/2aAxz, (3)

rae Ar — pasmep sAveiikm, @ — mMUpHHA WETH,
Torpa ua (2) cuemyer

H = H, exp (— V'8 z/h). (4)

Cpanmenne (1) m (4) nokasmpaer TouHOCTB
METONA MeNoIEH COnpoTHBIeHmE (M.1.c.)

L0 s
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B caytae ciaosmoi GopMmer mieasm, He Doi-
mammeiica ToIHOMY pacdery,! M.I.c. Joxa-
supaercA pechMa adderrneaay. Haopmuep,
IIA DpAMOYIOAbBHOHR eTH DepeMeHHOD( Ce-

TeHMA M.IL.C. JAer:
e B(O)y /3 (0) ¢ de
H(x}HH{U}m T} exp (_ﬂSFTL?J)' (5)

HpyraM mpusMepoM OpPHMEHEHWS  M.ILC.
ABIAETCA pacder aHM3OTpOmHOro JadmpuHTa,
¥ KOTOPOT0 HCKYCCTBEHHO YBedHTEHO COMpO-
TueaeEne H, B ymesemeno R, JToro MOEKHO
HOCTHYE, HAOpPHMEp, pACOONATAA WMHXTOBAH-
HOE Heje30 BHYTPH meiam Bgodk R B atom
cayuae iy npaxtudeckn He MaMensercs, a [t
VMEHBIIASTCA B L pas M, cJIeJ0BATEIBHO, [THHA
SaTYXAHHA MATHATHOTO N0JAA VYMeHBNIAOTCA B
~ V' pas (2).

Hpome yMespmenss MarEgTHOTO NOJAS B
mean HeodXooHMMo y9ecTh  JONONHHTENBHOS
ocafieHne ToMH NpPH EBHEXOLE MATHHTHOTO
OOTOKA M3 [ETH B JEPAHAPYeMH o0heM.
Tpybyvio oueHEY ocnableHHA MOEKHO COOIATE
caegyomm ofpasoM: [as MOCTATOYHO JIIHH-
HOH IMeAN NONHEN MATHWTHHI DOTOE, Dpo-
XOAAMMI Yepes Meab H paBHEN, coraacHo (1),

(]

e aS Hdr = H (z) haln (6)

X

OpaRTHIeCKH HE 3aBUCHT 0T FeOMeTPHH aKpa-
HEpyeMoro ofbeMma, Tak Kak OH ompelelAeTcH
weasw. Orcoga, 3HAA KOHKPETHYI TeoMETpHIo
VCTAHOBKM, JeI'K0 ONpedelHTh JOMOJHATETE-
Hoe ocaafiuenne. Pacwer wM.m.c.© Dpusoger
B aTOM cIy9ae K cAg(youmeMy naMeHeHnn (2)

V2R — 2
V. o V2Rgexp (—n V RIR) )
Ry + V Rilta

rjge H, — sKRUBATEeHTHO® CONPOTHBICHNE IKpa-
HUpyesmoro ofsesa,

Caegyer ormernts, uro afdexrmeman -
pHHA IMeIH, ONpefedAKas NPoXOoTAIA mo-
ToK, coraacHo (6), meckoabko OGoasme reo-
MOTPHYECKOIl 34 CYeT MATHHTHOTO IO B CKHI-
caoe. Eenw vommmma cremkm mabupnura o
MHEOTO GodbOe TOAMMHH CREH-CIOA A, TO
g =a+VZA: opan d <= A ap=a + d.
B cayuae sxenesHEX cTeHOK XalupuATa Toa-
NMHA CKMH-CTOA yMmeHbmaerea » ) pas,
HO HOTOK N0 HeMy YBOIHYHBaeTcA B |1 pas,
nostoMy shdexTHnnia mMpHEA 4y = a -+

+ V2 pA pesxo wospacraer.
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2) Mpoxoacdenue  MASHUMNOZO nomoka
ckeoab CcMeRKl Aafupunma paccYHTHBAETCA HA
OCHOBAHHH XOPOIIo NaBecTHOH $opMyan cHEH-
aferTa B CIVIOMEOM MeTajie:

H=Huaxp[-a§-|[i+i}], 8)
e A = ¢/} Znpow — TonmMUHA CKHB-CAOA.
Ilpesne seero meoGxommmo ofobmure (8) ma
CAONCTYE CPemy, Karoil apasercA jnabupumT.
B cayuae, ecliH TONMPHA CTEHOK H DPOMEKYT-
KOB ME/y HHMH MHOrO Menbmie A, CIOHCTYIO
cpefly MOMKHO PaccMarpuBarh Kak ORHOPOLHYIO
[5] co cpeEuME SEATEHHAMH 5, fi. JpderTHe-
Huil CKHH-CIOI JIA Takoll cpejs papeH:

A, = ¢cf VEME}I ()

Hs aroit dopMyas nuipo, YT0 MeEAYy cTen-
raMu TafEpHHTA BHTOJHO PAcHOIaraTh jKesied-
HEle maacTaEEM. IlpH BMXoge MarEWTHOIO HO-
TOKA M8 CTeHOK Na0HPHHTA B DHEPAHH]YeMBlii
ohBEM HMeeT MecTo JONONHHTeABHOS ocjaabie-
HIEe 00N COBEPOIEHHO AHATOTHYHO Ipesiy-
memy caydao. llpoxopsimmii moros paBeH
@ = H (z) A/V'2 (ma egnmmmmy pummEs).

3) Cosmecrnnoe npoxomdeniie  MazHIMHOZ0
noas no wesl I cKaoas cmeMEu aafupunma
yao0mee Beero YUNTHEBATE mo M.ac. Pac-
CMOTPHM Kayio ATeiiky nabmpmETa (cTemna
B IMedB), KaK TpH MATHHTHEIX COIPOTHEIGHIS
(pue. 7). Compormerenme [i,, mepes Koropoe
SAMEIHAETCA HAK MATHHTHHII ToToK, OPOXomfA-
MUl mo IMeaH, Tak M HOToK, OPOXONANIHID

CHBEO3h CTEHHRY; CONPOTHETEHHE R MATHUTHOMY

OOTORY B H@IH B conporHereaEne fi; Marmr-
HOMY HOTOKY, OpOXofANEMY CKBOSL CTEHKY.
Cfa mociequnx CONPOTHBIEHHA BHEINYEHL Da-
PALIEIBHO M COOTBETCTBYIOT CONPOTHRIIEHUIO
£, 3a pme. 6. Memoaeaya (7), maiigem aus
wospdunmenTa ocaadTeHHA MATHHTHOIO IOJA
NABUPHETOM BHPAKEHITE

k= |HyH | =Y, (1 + VR R, Ry '], (10)

rge [ —noamas rtonmpeEa aabHpHHETA;

H.. ﬁ; -I?, ]

g, T

ChEn el bk =

1/R, = {/R, + V/Ry;
Ay = (@ + O VEJR, =V AT T B .

s npueegeHEHEHX GopMyd MOMKHO OHEHHOTH
OOTHMAALHEE mapaserpu aabmpuara. B wmact-
HOCTH, ONTHMAJIbHAA TOAMNHA CTEHOK He Beer-
ma Donbme ¢kmp-cioa. Hanpmwep, ana madbm-
punta yexopurena CB (cM. BRINE) ODTHMATB-
Haf TOADHWHA CcocTABIAer — 1 A,

Bee mpegmyimme pacdersl Kacallich aKpa-
HHADOBAHUA B YCTAHOBMBHIeMca peskusme. B me-
PeXONHOM DeKHME CPasy e MOockHe BRINTeHNA
NepeMeHHOr0 MATHUTHOTO IONA Iponece Ipo-
XOEIEHHA [OIA CKBO3b METAI OpPOTeRaeT
BHATHTENEHO caokHee. B mepsmit  momenr
{t < od¥c®, d— ronmuua Meramna) xoaddm-
OHeHT HKPAHHPOBAHKSA 3HAYHTENIRHO Ooabme,
YeM B VCTAHOBMBIICMCS De:RHMe, A 3aTeM (mpu
{ ~ od®¢®), naobopor, MHOTO MEHBIIS.

dror mompoc paccmorper B [Gl

CPABHEHHE C 3RCOEPHMEHTOM

Jas minwerpangHEE  TOYHOCTH  OIEHOYHHEX
dopMys DpHBEEM YacTh SKCHEPHUMEHTAN bHEIX
NAHHEYX, NOJAYYeHHHX JAA ITadNpHETA YCKO-
purens CB. 3apmcumocts koaddummenta axpa-
HAPOBAHNA HIMEPAIACh KAK B YCTAHOBHBINEM-
ca (ky), Tak W mepexommHoM (k) pemmMmax.
B rafuinue 8TH JaHEMC CPABINHBAIOTCA ¢ pac-
JeaTHLIMH.

I
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TlonbayeMes CYIARM BHPAZHTL HAITy Gua-
rogapaocte I'. M. Bynrepy m A. M. Creda-
HOBCKOMY 83 I0JeaHHe  JIMCKYCCHH  H
B. II. Menynuay sa paapalorky TeXHOIOTHN
H Haroromienne Ja0HpHHTOR.
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