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Awkunazu JI1. , 113 JeT omuoKe JaucoHa.
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113 stet onmmbKe I1MCOHA

Kak ot namnbl
ANEKTPUHECKOR
npou3owna namna
ANEKTPOHHARA

3.']E'}¢T'|;|-|;|q-| HAH AaMia BOAHHKTA 13 30K
TpHaeckoi. Coajan nepuyi s eKTpon-
Hy0 AamMmy T, 2Hoon, PHYeM no owum-
ke. [poraowno 310 Tak.

Cretn HIIE'JH'PH'-IEEHH X laMnmax HEJ'I.'}"'
HAICH B TE BPeMEHa HaKAAeHNoH YIoas-
HOH HHTRI0. (MIHAKO OT HHTH JETEAH BO
BOE CTOPOHBE HE TOABKO (hoTOMB, HO H
HEMTO, oceaanee Ha GaI0He i Bhiabl-
BRELLEE 670 0TEMHERHE, DANCOH Npe-
NOJAGKEHA, YTO JETAT OTPHUATEARHO
AAPHAREHHBIE YTOABHBIE MLLTHHEHR, H eCaH
BBECTH B AaMIy AONOAHHETETLHLN S0ek-
TPOA M NOAATh HA HETO MOAOAHTEb-
HBIi OTHOCHTEIBHO HHTH NOTERLHAT, TO
NBLTHHEH GYIYT NPHTATHBATBCA K 3TO-
MY IACKTPOAY B He OVayT NONaJaTh Ha
Gannon, Crasano — caenamo (puc.1).

Jenoanume s

Arexmpod

Vzonmnan
e + | Anodweai
I oK
Hanpaumene wikatd Anodnoe
HOnpRENE

P, 1. SgbaxT Sgmncona

Ho Gannonws Bee paBpHO TEMHETH.
Hanko, woweuno, sato Igucon ob-
HAPY#HMA, YTO B HENH J0ON0AHHTEARHO-
ro 3IEKTPOAa NpoTexaeT Tok, Tak B
1883 rogy oH OTKpELA AB2 HOBLIX SAR-
ACHHA — OPOTEKAHHE TOKA YEpPes BaKy-
YH H TEPMOATEKTPOHHYI0 SMHCCHID —
HCMYCKANME JNEKTPONOB HATPETRIMH Be-
mecteami. [loaxe »Ta ABa ABIEHHA
BMecTe HEUTH HaseaHb! 4aduhextosm Jam-
COHAR,

Kak wenosex, muicasuidil npakTs-
geck (asTop Goaee 1000 narenTor),
O TVT e M NpHayMan npufop Ha
ocHope aTHX adupextop. [lockoasxy
TOK, TEKVIHHA B LeNH A0N0IHHTEARHO-
rO MIEKTPOAA, CHABHO 3aBHCEN OT Ha-
MpAKERHA, MPRI0HKEHHOTO K HEeTH (Ha-
3MBAEMOTD HATIPAMKEHHEM HakaJal,
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NAWKWHAZH

B_J:I_HC{I“ T[FI'E:,IIII:I}IEHJ'[ HCIHOALIOBATH
ator  aduberT AnA ofHapyMEHHA Ma-
MBIX HAMEHEHHI HATTPAREHHA,

Hepes werwrpe roga Ja, . ToMcon
VCTAHOBWJ, “TO TOK B JaMne JaHcoHa
nepeHocAT anekTpors. Ho, Gmte Mo-
#EeT, aT0 cBoiicTBO HMenno yraa? Her,
CCAH HHTE OB METALTHYECKOR, TOXE
BOIHHKAN HJEKTPOHHL TOK B BAKYY-
se, On cTanorwaca ocofleHHO BETHE,
CCAK HHThL NOKPMBATH AOPOIUEOM OKH-
e kansuma. Tax s 1904 rogy A Beneawt
OTEPBLA OKCHANMA KaTOd, KOTOpPOMY
NPeACTOAIN HePes NONBEKA JAROCHAT
MHP TEKTPOMHBIX JTAMIL.

B 1908 roay . Coqan ofinapy:sun,
YTO MPH YAYHIOEHHH BaKyYMa TOK
vMEHBIIASTCA. BOIHHKA0 eCTECTREHHOE
= XOTH K K CHICTHI HEBEPHOE - NPEd-
AOAOKEHHS, 9T0 B alC0THTHOM BAKYY-
M€ TOKA He OVaeT cobceM. BakyyMuan
ANEETPORKEA GBLTA FOTORA YMEPETh, HE
poaneumcs, Oanako sduberT e ofib-
ACHEN: YMERBIIEHHE TOKA NPH Y IVIe-
HEH BAKYYMA BEIIRANO 06 pAI0BANKEM B
JaMMe OTpHUATETBHOTO 3apAna. [ek-
CTBHTEALHO, VKE JETALHE 4EPel 3a30p
KaTOA-2H0 AAEKTPOHB MMEKT OTPHILA-
TeNLHLIH 3APAT, OTTATKHBANT 2AeKTPO-
HBl, TOABKO BRLTETCBUINE HI KATOZA, W
YMEHBIIAKT JTHM TOK, TEKYIIHIA qepes
aazop. A NpH HATHYHHE T332 3NeKTPOH B
HOHMAVIOT €00, HOBLIE 3IEKTPOHED Ha-
YHEHAKT JBEHMATLRCA BMECTE OO I':THPHIH'H
K aHOLY, a NOJOKNTENbHBEE HOHBI, HMe-
wmme B cpegnes 8 60000 pas Soasmyo
MACCY, YXOOAT H3 3a30DPa METTSHHO H
NOSTOMY COZNART B HeM Goasmoil noa-
OARCHTENBHBII AAPAJ, ROMITEHCH PO
sapAn anextponon. Ho ¥ Gea wouon
OBHMEHHE JIEKTPOHOE B BAKYYME BIIOA-
HE BOIMOMHO.

[Tepsri nacToAH A BakYYMHBIH L0
Obin coanan 8 1913 roay. [las nomy-3e-
HHA B BAKYYMHBIX JAMIAX TOTD e TOKA,
UTO W B JaMIay ¢ YACTHYHON KoMOex-
canueil TpOCTPAaHCTBEHHOTC 3apaAa,
Tpef0BATHCh HECKOIBKD O0ILININE Ha-
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MPAMENHA KATOO-AHO00, HO 34TO 3TH
nNamns paborand crabusnee, Moo xora
XOPOUIHA BAKYYM H TPY.IHEE NOTYHNHTS,
yeM mIoxoi, Ho oA paGoTsl AaMIE ©
KOMNeHCALHER HYXeH He NpocTo nao-
X0H BAKYVYM, & CTAOHABHO NI0X0H, Aero
oeCneduTh CIMEHEE, MEM XOpowmHi

BAKYYM.

«3aKoH 3/2» 1
XAPaKTEPWUCTHKN NamMnl

Ocrosnan GopMyaa, ONHCHIBAOIAS
paloTy ANeKTPOHHLIX gami, Omaa no-
ayvena M. Jlenmsopom 8 1915 roay.
HaawsawoT ee nosemy-1o He GopMy 10#
Jlewrmiopa, a «zakonom 3/ 2». Bapo-
ueM, YeI0BEK, CAEMABIIW 14 hRuIHKK
H XHMHM CTOALKO, CKOABKD CHETAT
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Puc.2. Tox 8 BAKYYMHOM 383008

Jlenrvop, He ctan Osl TPATHTE BPEME Ha
NpHOPHTETHEE cnopel. Hrax,
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— TOK, KOTOPBI MOMET NPOTERATE Ye-
pea BaKyyMupil 3a30p, TPONOpUXONA-
JIEH TJTOEA M EHEHTPD.E-DE 5, HallrAse-
HHIO Ha 3azope U B crenenn 372 w
ofpaTHO TNPONOPUMOHATEH KBAAPATY
mupusst 3azopa d (pue.2).

«HYepHblid AlWMK=, ero
napaMeTpel M HaYMHKa

BepreMca k anoay JAMcoNa H NOCMOT-
PHM Ha HeTo cHapy:u. Bor suepusiii
ANME* C KIEMMAMH LTS NOQKI0MeHHA
BHEmHUX ueneil (puec.3). aHephuii
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Pic. 3. « HepHed supme (CNeBa) M ero xapakTepreTie | cnpasa)
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AIHE* XAPAKTEPHIYETCA BXOIHONA Xa-
paxTepuctikod I (U ) # nepegatou-
HOH xXapakTepucTHroi f I_'L-’“]I. Ka-
HECTBO < AUIHEA* TEM BRINE, YeM MEHb-
we [ n Gompine [ 0pH HEKOTOPOM
suavennn U . Manoe anavenme [,
HAM, KaK FOBOPAT, BHCOKOE BXOHOE
conporusaenwe R =U_ (1 . casava-
T, YT 4AINME * MOTPES ST MATO Anep-
N U3 Lenu ynpasienns, Goasioe I
OIHAMACT, YTO ¢ ALK HMECT Goas10e
yeunenne no Tory I (1 wan wpy-
THsHy s =1 JU T XOpoimo you-
Mupaer curaan. Ilepexogs ua paguo-
TEXHHYECKHH A3IBIK, MOMKHO CKAJATH,
YTO HHIKO0S BXOAHOE COMPOTHENEHHE HE
AaeT BOIMOMHOCTH NOAKTIOYATD KO
BXOAY BHCOKOOMHBIR HCTOMHHE CHIHA-
Ad, HANPHMEP NMbE30AIEKTPHYECKHH
MHEpPOgMOH, 3 MATDE YCHIEHNE TPedyer
HAEHYHA GOBIOND KOJHYECTBA TAKMX
AAEMEHTOR, wTols clalenbRUR CHIHAN
OT MUKpOdsOHA TPO3BYAA HA BCKO A0~
I Th.

JarnAHeM BHYTPD 44EPHOID ALHKL»
{puc.4). BxoaHoe HANPAKEHHE W TOK
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Puc. 4. CoQopaHMog «yaDHOnD RLHKEs
— Qrog JOHcoHa

Teneph OYAYT HAIBIBATLCH HANPAACHH-
€M H TOKOM HAKA3, BHXOJHOH TOK
CTAHET AHOIHBIM TOKOM, HANPAKEHHE,
BIANMCHHOE B BRIXOHOH BENH, — aH0-
HBM HanpAmenHeM. KpyTHana xapak-
TEPHCTHEH 3aBHCHT OT COOTHOLIEHHSA
TOEA, (NTPENESTTEMOTD 4 3aK0H0M 3 7 2%,
H TOKA SMHCCHH — TOKa SIEKTPOHOR,
NDKHAROMHX KaTon. Ecam Tox amuc:
CHI MEHBLIE, TO BECH OH H NTPHXOANT Ha
AHOJ, ECAH TOK IMHCCHH OoJbine, To

I I H 1‘
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Puc. 5. Hakansyan {cnesa) i BoMeT=ak-
MepHar [ CApasa ) XapaKkTepDHCTHEM QH0-
Aa [ «qe — DENACTE HACKILLEHMA, KOrO8
Tox AHOOS DEBEH TOKY SMHCCHH, =3/ ds

- JAKOH HIMEHEHMA AHOIHOND TOKE,
KOO8 OH MEHBILE TOKE IMHCTHA)

KEAHT - 1996 /&5

YaCcTh SACKTPOHOB BOIBPAULACTCH HA
KaTomd, a J008, ONpeIeiseMas +3axo-
oM 3./2s, mpuxoaur Ha awon. Tow
BMHCCHH O4EHE CHABHO JARHCHT OT TEM-
MEpaTypPhl KATOAA, A TEMTEPATY Pa KaTo-
Aa onpedeNfeTca HATPAKEHHEM Haka-
na. Tak # NOAYHANTCA JABHCHMOCTH,
MOKAZAHHLIC HA PHCYHEE 3 caepa, Kpy-
THIHA HAKATLHOM XapaKTePHCTHRH JH-
03 BECBMA BEIMKA, a BOT MO 9acTH
BXOJHONG CONPOTHBAEHHA B CXEME PH-
cyuka 4 awoa noakayvan. Conporisae-
HHE HHTH HAKAAA Ja%eE 108 0YeHbL TOH-
EMX HuTeht He Goaee gecathor OmM.

JaMeTHM, YTO CCOH HA AHOT MOJATh
OTPHUATEILHOC HANTPAXKEHHE, TO, KAK
Bbl Ve IHACTE, TOK Yepes TaMuy Teub
ne Gyaer. [MosToMy anoa MoMHO TpH-
MEHATE KA BMITPAMHTENb A8 npeod-
Pﬂﬂﬂ]ﬂﬂl‘[“ﬂ MI}EHEHHDIH {IIH.I'.IFIHH-[:F,
CHITYCOMIANSHOND ) HATPAMCHEA B Y-
CHPYIIEe {HIKHHE NO0BHHKH CHIY -
conAabl scpesaroTeas ). Ho kak s yveunn-
TEAb: NPHMEHHTE AHOA NPH Nogaqe
HANKCHHA Ha aHOO HEAL3A — Bedb
IABHCALIMA OT HAMPAXEHHA ToK Oyaer
NpOTEKATE B TOH #e BXoaHod wend.

CymecTeyioT I8 HHBE, KPOME HIMe-
HEMHA TEMTIEPATYPR KATOJA W HANPSA-
HCHHA Ha AHOTE, CIoeodsl YOAPaBAeHHA
AvigerHeM aaexTponos? Honewwo.
CopceM He of43aTEARNO HIMEHATE Ha-
MPAMKERHE HA AHOIE — Bedb ABHAEHHE
ATEKTPOHOB 3aBHCHT OT 3JEKTPHYEC-
KWK ITOUTEH, COBaNHBIY HAMMYHEM Japa-
A0E H MOTEHLIHATOR Ha MO0 30¢KTPO-
Jax, CTOANIMX HA NYTH MEKTPOHHOTO
NOTOKA WIH PALOM C HHM,

ABOCBKa NS 3NEKTPOHOB

Jlu e PopecT NOCTABH HA MYVTH 3eK-
TPpOHOB ceTky. Teneps ynpanammumi
CHIHAM HAO OLLIO MOJABATL Ma Hee
(puc.6), 2 BHIXOIHBIM CHIHANOM T0-
npexHeMy GBLT AHOIHEIH TOK I,.
[MocMoTpis, 970 TPOHI0NLAD C HETO-
CTATHOM ANGAA — HHIKHM BXOJIHEIM CO-
npoTHBAcHReM. HeaocTatok yeTpanes,
npiHYeM pagikaisio. Bxoaoe conpo-
THBASHHE YBEIHYERO HA MHOPO NOPAI-
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Puc. 6. TpHoa: BXOOQHOR CHIHAN NogaaT-
CH HA COTEY
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kon. [1p# orprnareasHoM NnoTeHUBANE
CETHH OTHOCHTEABMO KaTOda 3JeKTpo-
Hbl, JMHTHPOBAHHLIE KATOA0M, BOOGILE
HE nonagaot wa cetry (oMa ux oTTat-
KHBAET) M BXOANGIH TOK MOMET npoTe-
KaTb TOABKO N0 CTERAY, 8 0HO — OMEHb
xopowni nzoaatop. Ho Gyaer an pa-
GOTaTe 1aMIa NPH OTPHLATEABHOM Ha-
npmenun L, #a cetke? Momet 6wimh,
OTPHUATEIBHOE HATIPAXKEHHE Ha CETKE
BOOGIIE MPEKPATHT ABHMKEHHE JIEKT-
POHOB K aHOLY ? 3aBHCHMOCTE TOKA aHo-
Ad OT HAMpPAHEeHHH Ha ceTke W aHoae
(L7, ) Tpuoaa nokasana wa pucynxe 7.
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Puc. 7. AHOAMO-CBTONHBE XBDaKTEDHG-
THEH TRHOAE

BanAHKE CETOMHOTD ¥ AHOAHOM HANPA-
WEHRI HA AHOAHBI TOK AAAHTHEHO,
NPHYEM AHOAHOE HANPAMEHHE BAMAST
chaabes, nhHo noae, COIAHH0E HM B pai-
OHE KaToja, ocaabasercs ceTxoi.,
Mrax,
1~{U, +(U k)

Beawuuny & Ha3MBAKOT YoHIACHHEM
(eMBICA TAKOTD CTPARHOTD HAIRANNA CTa-
HET ACEN W3 AaAbHERMIEro) ¥ roBopuT
OHA O TOM, B0 CKOAIBKO PA3 H3MEHEHHEe
HANPAMEHHS HA CETKE BAMAET Ha TOK
CHIBHEE, HEM HIMEHCHHE HANPAKCHHA
Ha anoqe:

k= Al AU, .
AT JAU,

Kpyruana sasucusoctu [, or U pasna
AF fAUT , roe Af, — uaMenenne anoa-
HOTD TOKA,; BHELIBAMHOE HAMCHCHHCM CE-
TOMHOTD nanpamenua ALT_, Tax, ecrect-
BEHHO, H HASKIBAETCA — KpyTHIHOMH. [Tph
MO HTENBHBIX HATPAMKEHHAX HA CET-
K& NOABARETCA CEToMRBIR ToK [, a npy
€0 POCTe HANHNAET YMEHBUATBCA AHO-
HBE TOoK (eM. pHe. 7). Ho stor ey
AAA pafoThl TPHOAOE HEXAPAKTCPEHN,

Pafiora Tpuo/a Xapaktepusyerca asy-
MA OCHOBHBIMH HE3ABHCHMBIMH Napa-
METPAMH — KPYTHIHOH M Yeuaenuen,
Huoraa seogat eue u TpeTHil — oTHo-
LRE I VO M ASHIA K KPpYyTHINE, Opo pap-
wo AU AT W HASKBAETCH, ECTECTBEH-
HO, BHYTPEHHHM conporiBaenmed. Kpy-

THAHA ONPERLIAET cCNOCobHOCTE NTaMITH]
YOHAHBATE PAMHOCHTHATR, & Kondu]n-
IMEHT YCHAEHHA — CNooo0HOCT: TAMITb]
}'I:!H,'JHBHTI; HHASEOMDCTOT O {.HH-}".I“JHJE_}
HH.“]:I.F[}I{.I:HHE- nﬂ;i'!'l,]}'l.}" B IOBHCHMOCTH
OT NPeINaIHAMeHNA JAMIb Halo Go-
potbea {Kak H CIeqoBaio OHIaTh) 34
PATHBIE NAPAMETPLL.

Bropas cetka nomoraet
nepeoi

——

Jna paboTsl NEpPBBIX TPHOJOE HYHHO
GHJI0 AHOJIHOE HANPAMEHHE OKOAO
100 B. TIntaawes TORIA pASHOCKEME OT
Gatapei, a CORIHHATE NOCIEJ0BATE -
HO MHOTHE JECATKH SJIEMEHTOR He XOTe-
aock, [odke, Koraa paanoannaparypa
CTAJA MHTATECA B OCHOBHOM OT ceTel
NEPEMERHOND HANPAACHH, JOTYCKAK-
UMY ACFKOC S0 OBLICHIE [V TEM TPaH-
copopMalK, OCTpOTA MPOHaeME YMEHD-
wnaack. Ho npotaesa, so-nepsbix, He
HCYE3Aa COBCEM, A, BO-BTOPBIX, Ha My-
TAX YMEHBIEHHA aHOIHOTO HANpa#Ke-
Hus Op10 HalleRo u pelmenne npobae

ME] ﬂll}ﬂhtﬂﬂl'ﬂ NOHACHHEA.

Mrak, novesy TPHOLY HY N0 HMETD
foasmoe anognoe nanpaxenne? [loro-
MV, MTO NPH 5TOM MOTYHaeTCR Go/Ib o
anoanbii Tox. Ecoam apoanoe nanpse-
PERRE: Y M E R HThL, TO }'F[-I':l!hlllHTtH TOK N,
CAGADBATENABHO, KpyTHANA. Kax paso-
pRate aTy uenouky? Kak nomyuwTs
OOALILIOH AHMTHBIE TOK MPH MAT0M Ha-
npsekensn ? Kasagocs 6ul, 0TReT npayMo
caeayer Ha dopmyaw Jenrmopa —
npuhaHaIke aHoa K kaToay. [la, Ho nps
ITOM AHOJHOE HANPAMEHHE HAYAHAET
CHAbHES AEHCTROBATH Ha TOK W, CAe10-
BATEALHD L"i_E'ﬁ-lTl’HIIL‘"'I'ﬂ- CETHH QUTAETCH
Takus el ), YMeHBInaeTea youaenne. A
T0 TOME He 3gopobo. Takis oOpasom,
HARO 1 TPHEIHIARTS AHOA K KATOLY H HE
npriansnTe ero... Haseproe, npumep-
HOTak paccy#.1an u Jlenrseop, npeano-
wupnmit B 1913 rogy BBecTE ¥ TPHOL
ATITHH T-E.'IH!:,.’HJ {'ETK!.".. ]!‘-HIU..'I,H'I'.LI:}'H:I'
cA GAHME BCETo B KATOAY, o MoJaTh 1A
HEE MOADENTEABHOE HAN pAXeNHe. JTH
AaMIbl ObLIH HAIBAHDT «ABY XCETRAME*,
H OHH JZeficTenTe wHo paloTain npw
MEHBILOHX aHOJHBIX 1-I.H.r|:|].H.il-|{t"HHH!{
nopaaka 10 — 20 B nporus 100 B. Hoc
I, AMES ![EI.'II}"'-]ET].- BHICOKHE !IEI.[['.'I-HH{E'
HIA CTAHOBHAOCH BOE TETHe i Ierde, ,
Ka3410Ch, BEK BY XCOTOK KOHYHICA, HE
HAYABIIHC.

Bropoe posaenHe BTOPON CETKN Npo-
waomao B 1926 rogy. B.lllotrem
A XoAT NPEIACKHAR PAChONNERTE
BTOPYED CETEY Me Onae K Karody, a
Hanfopot — Omuxe K anogy. [puanon-
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113 MET OMHEBEKE 2AQHCOHA

HaA CETKA JKPANHPOBATA KATOL OT aHO-
A3 M, CABNOBATEARHO, VBLTHYHBANA YCH-
aeuse, 2ra mamna HLL1A HAZRAHA TETPO-
aox. Tak Gena peiwena npodieMa Ma-
ST }'l'.HJ'['EH HH Tp}!ﬂm P

BrposteM, B KpyTHIHY XO4ETCH VBe-
ATk, Ma dopmyas Jlenrmopa sua-
HO, KAK €8 YBEAHYHTE — NPHOIHIATE
ceTKY K karoay. Ha sTom nyTh 3a apag-
1aTh AeT (C HavaJa COPOKOBRIX 40 KOH-
114 NATHAECATHIX rOJA0B) 3a30p CETHA-
katon 6w yMensimied B 10 pas: ¢ 200
a0 20 mrm. Ho 3o noTpefopano co3/pa-
HHA TEXHOIOrHN HATOTOBAEHNA TPOBo-
AoxK guamerpoM 7 MM (B 7 pas Tonse
BOAOCA) M PAAHKAABHOIO M3MEHEHUA
TEXHOJOTHH 1 KOHCTPYKIHH damn. Beas
MaJ0 H3MOTOBHTL 3TY NPOBOJIOKY, HALD
Ellle CACNATE H3 HEE CETKY. HA YTO-TO
HAMOTATE, KaK-TO 3axpennts. Boe ato
OB110 CALMAHD, B KPYTHIHA ObLIa yBe-
JHMCHG, MU BOE HC JlaMilhl O TAakHMA
CETEAME ﬁh].-"l!H CAOHHBIME B llpﬂﬂﬁﬂﬂﬂ'
ctee U Joporisu. Jpyrofl nyts — 310
6B ONATE MYTh ABYX ceToK. [lomomu-
TeNLHAS NMPHKATOIHAA COTER VBEAWYH-
Ba1Ta T H _:."RI:.'!I HEHHBAMA HF_'!."I':H :Ill:f'.

Y10 NO3BONEHO TPWOAY, TO
HEe NO3BONEHO TeTpoay

[Tpu GoABIIX HATPARKENHAX Ha CETHE B
TPHOLE HAMMBAN YMEHBIIATLCA aHO]-
neaid ToK (em. pue.7 ). Hy uro &, anyero
CTPAHHOTD — AJEKTPOHE MEPEXBATHIBA-
AWCE CETHON W HE MOXOJINTH 10 aH0A.
Crano Outh, ator spcdbekt qomen Gbuirn
y moboro Tpuoga. Oanako wer! B nexo-
TOPBIX CAVIAAX NPH VBEAHVEHHH Ce-
TOMHOTD HAMPSAEEHNA TOK CETEY Havn-
M I}"HE‘Hh.IJ.I'.'iThEH, A4 TOK anoja, ooors-
BETCTBEHHO, PAcTi. SAMETHM, YTO CYM-
Ma TOKOB aH0/a, CETKH H KaTo1a 10/-
Ha ObITH paBHa HyAm, whHo B Jamne
NEKTPOHB HE BOZHHKANT H HE Npona-
aawT, Bneuarnense Takoe, wto anbo o
CETEH HNAMMHAKIT :.-'xﬁ..'.‘[!ITIJ KAKHE-TO
AONOIHHTEALHBIE JAEKTPAHKE H TPHXO-
JAMTE Ha amoa, aubo © anoda YXoAaT
NOJA0HKHTEIBHBIE NOHE W TIPHXOAAT HA
ceTky. HoHaM B 1aMne BIATLCA HEOTKY-
A — BAKYYM XOPOWN, 3IeKTPOALI HE
paspyuwanTtea. Ho nodsemy na cerkn
BLASTAWT aaerTpobt ? [lo ouedb npo-
CTOM NpHdMHEE - NOTOMY, 4TO Ka Hee
NoNajanT aarekTponsl. Bxoga B MaTe-
pHAaN, OHK TEPEJAloT CBOK JHEPTHKD H
ANEKTPOHAM MATEPHATA, W atoMam. [le-
pedava 3Hepril ATOMaM — 3T0 HAT]PEDR
MATEPHANA, @ TIOAYYHBUIHE JHEPTHID
NEKTPOHE ARGO ONATE Ke OTAAKT &6
aToMaM, AnG0 33 CHET ITONR SHEPrin
EBLIETAIT M3 MATEPHATA COTKH M IETAT
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K aHOIY. A pAeHHE 3T0 HaIBIBAETCA BTO-
pHYHOH SAEKTPOHHOH JMHCCHEH, a To,
yTo Haolpaseno Ha pHcyHke 8, Ha-
apiBaeTCH AMHATpORHMM shdexToM
CETKH.
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Puc. 8. duyaTtponHend aguborT B TDHOOE

{1 — HODMEMEHNA TOKONEDEXEAT, & —
AuHaTROHHB 3gubekT caTeu)

PazyMeeTca, BTOPHYMHAA 3MHCCHA
HMEET MecTO o Ha anoge. Ho nokyiaa
AMOINOE HANPAMEHHE GOALIE CETOM-
HOMO, BTOPHYHBIE JIeKTPOHLL € anoia
HE NOTALAKT Ha CeTEY (AHeprid OCHOR-
HOW MACCHl BTOPHYHBIX 3JEKTPOHOR
MaAa), 3 BOIRPAILAKTCA Ha AHOI W HA
TOK B LHEMH He BAManT. Ecau ke ceroy-
HOE HANPAMEHWE CTAHOBHTCA GOJbILE
AHOAHOTD, TO BTOPHYHBIE 3NEKTPOHE ¢
AHOAA OOCTHTAKT CETKH H TOK aHOJIa
BOE-TdKH HAa'ITHHALT }']’-‘I(:th[lﬂ'l'h[".ﬁ'.. i TR
CETHH ONATH PACTET.

Bnpoues, 1A TPHOLa Bee 3T He
CTONb BAKHO, TAK KAK 00MYHO TPHOAK
pafoTAKT NPH MAILIX CETOMHEIX HANPH-
AEHHAX , A Salle Boeny - fll“'l 'ﬂ"fp'll! L=
Teabtbix. Mnan enTyauns B TeTpOae.
Ha propyio ceTky (CETKH NpHHATO HY-
MEPOBATD OT KaToaal) pn pafore naM-
NE MOAAeTCA oOBYHD A0BOALBHO GOk
LI HATIPRAKEHHE — CTO M 60J6€ BOIBT.
B aToM cayvae Ha 3aBMCHMOCTH AHOJ-
HOTO TOKA OT aHOJAHOND HANPAKEHHA
BOFHHEZET nagawumid yqactox. [Ipn
I'IH.[I]}FIHLEII}'I'H HA AHOTE, MEHLIEICHM Ha-
NPAKEHNA Ha BTOPOR CeTHE, © ¥ BT
HEEM HANpAKENHA Ha al00e BTOPHY-
MBlE BAEKTPOHBE, BRLASTEBLINE C HETD,
HATHHAKT Hi HETO BOARPALLATHCA.

BTopHYHY 0 SMHCCHID MOAKHRO YMEHb-
LT BRGOPOM MATERHATA TEKTPOIOR.
Mo GOpOTECA CO BTOPHYHON 3MUC-
CI'II:'I:'i: KﬂHI:".I'p}-'!-I.‘I'iIBIIETHII HE‘F'E.HH, Had=
II]'.I-iiHL"p e Nan lt!‘EEME]_'IIIIIl]ﬁ Alde n
BIJLE NOAOCTH, B KOTOPOH BTOPHMHBLIE
JAEKTPOHB OVAVT «3anyTRIBATECAS
NONAJATE CO CTEMKH Ha CTEHKY, H He
OVAVT BELAETAT B 0OBes AaMnel. Ecan
CAENATE JAEKTPOL IMEPOXOBATEM, TO
oH OyIeT BECTH cefifl KAK 4HAMepHLIH
AHOA® — AEKTPOHL GVIVT 3AIVTH-
BATLCH BO BAAAMMAX. Taxk CMBKAKTCH
KOHCTPYHPOBAHNE W TEXHOAOTHA,

IX

Ho ects w Tpetnit nyte Gopeist ©
ARHATPOHKEIM adpdrexTom. B 1926 roay
chupmoit « OUIHNC GB11 BRITYIEH NER-
TO — JAMTA C MATHIO AMEKTROJAMH HITH
TPEMA CETKAMH, TPEThA CETKA HAXOAN-
Mach MeR Iy Bropoii 1 anogom. Ha nee
MOJABAIOCE HAMPAKEHHE, G068 HH3KOe
W YeM Ha BTOpOil CETKe W YeM Ha aHozIe,
Yallle BCETO B8 MPOCTO COBNMHAMN ©
karogom. B aToM cayuae Boe BTOPHY-
HBLIE 3AEKTPORBI BOABPALLAIHCE HA TOT
aaeKTpol, ¢ KoToporo ssiaetean. [lpo-
fiema Obpl1a pemeda.

ANNeTyuT (Ha ceTkn)
NPUXOAWT BO BpEeMA eabl

Bropas cetia Oblna BReAeHA I8 NOJTY -
HEHHA BONBIIETO YEHASHHA, TPeThA
s HabapaeHHA OT AHRATPOHHOrD -
derta. Ho HHOTKYAa HE CAELYET, YTO
HX MENbIA MPHMEHATL H AMA YEr0-Hi-
fivas apyroro, Hanpesep, ecan na oamy
CETKY NOJATE NEReMEHHOE HATPSARCHIE
CHACTOTON [, . a na APYTVIO — & YacTo-
ToR [y, TO B UENH anoaa AamMnel OYAyT
OPOTEKATE TOKH ¢ dacToTaMu [ =
=nf tmf,, taen=0,1,2,...,m=0,
1, 2... (KoMewmo, m 0 m MOrYT GhiTn
TOIBRKO Takne, yroln [ Geao Goasme
uynst). Hacrors nf, + mf, nasspatores
CyMMAPHBIMH, YacToTh af, — mf, —
PASHOCTHERIMH. l’Dm]m'pa:arH, HACTPOCH -
HBIMH Ha COOTBETCTBYIMUME YACTOTH,
OTH TOKH MOMHO Bngeants. Ha scme-
WHBAHHA® YacToT [, W f, 1 BELIETEHHN
pasHocTHOM vacToTw f; — f,,roe f, —
YACTOTA NPHHAMAEMONO CHIHATA, 3 [, —
HACTOTA CHTHAA, TEHCPHPYEMOTD B TPH-
EMHHEE CIIELMAEHEIM reHepaTopoM (re-
TEPOANHOM ), OCHOBANA BCA CORPEMEH-
HaA pagnoTexuuka. Jamna, 8 koTopoil
CMEWMBAKTCA CHIHAAL], HAIBIBAETCH
SCMECHTETEM S .

CyIISCTEYIOT 1aMITE ¢ YeTHIPEMSA CET-
wamp (rexcon), narew (remroal u
wectbie (oxToa). B nerotophx coav4a-
AX MACTD TAMTIBL BLITIOTHAET PO 4 /1aM-
Nbi TETEPOAMHA®, 3 YACTh — 4JaMITN
cMecHTens». B atom cayuae nepeaava
CHIHARA HE rf'TE],'.HJ.:I.III!ﬂ B CHECHTED
NPORCXOANT HE N0 NPOBOJIAM, A MYTeM
NONAJaHKA JEXTPOROE HI OIHOH Yac-
TH JaMNBI B IPYTYHD.

Kak paforaer ofbMHME TPHOIL NPR
NOgaYe Ha HEMD BHICOROYACTOTHOTD ne-
peMennoro Hanpaaxenea? Iloka Hanpa-
AEHHE Ha CeTke GOJIblIe CPeanero, Ha
MEKTPOMEL, TETAUNIHE OT KaT0da, JAeh-
CcTRYET HOARMOe YCKOPAWILEE TOE.
Ecnu HanpsakeHne MeHbile CpeIHero,
YEKOPAKISE MONe ToXe Merbue. Ecan,
NOKa JNEKTPOH JeTe1, NPpoen nepHog,
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NepeMENHOND HANPAKEHHA, TO HTOro-
BOE BOAJEHCTEHE HA 3JEKTPOH OTCYT-
CTBYET — NOANepHOLA €00 TOAKATH,
noaneproda ropMoanan, Hrak, na gac-
TOTE, Ha KOTOPOIl NEpHO] NEPEMERHOTD
HAMPAKEHHA PABEH BPEMEHH MpPOaETa
IMEKTPOHA, JaMna padoTate y&e co-
Bees He MokeT. Caenaem onenkn. Bpe-
MA MpoJaeTa pasHo f = .ulrl'-d.-‘:: Jraed —
IHPHHA 3a30pa, d — yekopenne. Jatee,
a=F/m, rae F — cuna, m — Macca
anexrpona; F = ¢E, rae ¢ — 3apan
anextpona, E — none; HakoHer,
E =(U, +U,/k)/d. [loacrasans, nosmy-
qaeM

, id __510d
JU AU, R)eim U +U, [k

OfsMHOE 3HAMEHNE IHAMEHATENA OKO-
Ao 2, Torga t=2-10"d u o =
=100 — 10 MM noayaaem =2 107" —
240" ¢, CregomaTtensyo, JaMner o
aasopoM cetea-katog B 100 - 10 MEM
MOAHOCTHIO NPekpataT pafoTy Ha vac-
totax 3 - 30 I'Tu. IpakTiieckn cerya-
WMA, KAK BOEFLA, CADMHEE M XYHE, TeM
Ha Gymare, n myqmne CBY-namMnm pa-
GotawT Ha vactotax 2o 10 [MTu. Jocte-
raerca 510 yMenbplierneM o qo 10 sMeM
€ COOTRETCTEVIOIINM POCTOM C0MHOC-
TH HIATOTORERCHHAS H CTOHMICTH H }"HIEII'I:-
MEHHEM HAJEMHOCTH W MOUHOCTH.
KeTatd — MBI NOKa HHIAE HA CAOBa He
CKA3ATH O MOUIHOCTH, a 3TO BECHMA
BAMHBI MAPAMET].

Marwa merasaTTos

To, uro GoAbIAR MOMMOCTE HYAHA,
COMMEHHA He Branpact. JadsHOCTL
AeficTBHA PARHONOKATOPA M PajJHONe-
pEAATYHEA B cNocofHOCTE pafoTaTh B
YCAOBHAX MOMEX 3ABHCAT HMEHHO OT
MOIHOCTH. B MOMH0 VBEARYHTD AH60
AYTeM VREIHYEHHA TOKA JaMibl, Aubo
MY TeM VEEAHSCHHA Hanpaxennd. [Toc-
KOJIBKY MAKCHMAIBHAA NIOTHOCTE TOKA,
OTOHDAEMOTO C KATOJA, OIPRHHYEHS,
HAZ0 AHG0 YBEIHTHBATE NS KaTo-
aa, anfo wanpsxenne. M o w apyroe
O3MAYACT YBEIH4YCHHE PAIMEPOB JaM-
nel, MOCKOABKY NPH YBEJHYEHHH Ha-
MPAKEHHA NPHXOIHTCA YBEAHYHBATD
3A30PH MEXULY AEKTPOIAMM BO Hale-
AAHHE BOIHHKHOBEHHA JNEKTPHYLCKO-
ro npodon.

Huoraa — o 310 caM0e HHTEDECHOE —
pemenne OnlBaeT NpOMEKYTOMHBIM,
KOTJA HOBAA TaMIa HE ABIAETCA 4Npo-
CTO YBEAHYEHHOH® CTAPOH, & COCTOMT
KaK OB H3 HECKOBKHX JaMn B ofmed
pakyyMHo# obonouke, Muorga ath nam-

bl et i P P

A HMERT H el KaKHE=TO I:HSIJ.I_HE JETa=
ad. HanpuMep, cradlapTHLIM pelesin-
£ AEAHETCA HAAHYHE B aMIE HECKO k-
KEHX KATOO0B MPH 0QHO0R CETHE H OQHOM
anoae (pue.9),
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Puc. 9. 1asna-npoToTHn, MOLLHSHA Rak-
na ¢ BOABWHM K8 TOD0M M MOLLHER NaM-
Na ¢ HECKOMBKHMK KATOAaMK COOTaaT-
craeqrHo (K — karog, © — cetka, A —
anoa)

HMuoraa rpanmia Mesy «ofuimmMs o
SYACTHBIM S NPOXOINT TAK XHTPO, 4TOH
ne cpaiy pasbepewnca. Hanpusep, s
MHOTOTYYeBoH LaMne (HIea MACroay-
yepoil gamnel OGmaa BHICKA3aHA
B. @ Kopanenko & 1940 r ), noxazan-
uoil na prcynre 10 cnesa, Katog HarpeT
BECE, HO TOKPLITHE, SMETHPYIOUIRE 30K
TPOHB, 3aMOAHAET He BCK EMO NOBEPX-
HOCTh, & TOABKO YHACTKH MERLY CTep-
HAMA ceTin, Jonoaserenssmit npok

Piuc. 10. BapiaHTel MHOFORYYSBOW NamM -
N ( paspes, 3 — JNeKTROHHEE NOToKH)

OT BAPHANTOR, NOKAIIHHBIX Ha PHCYHEE
10, — ymeubmenne Toxa cetrn (aqex-
TPOMEL MPOACTAIOT B OCHORHOM MHMO
Aaxke TPH NOAKWTEASHOM Hanpr#e-
HIH Ha Heii ).

«MpuBop HOBOro BMAaa»

OcnosHble CORPEMENHME 001aCTH TpH-
MEHEHHA JaMil, B KOTOPHIX MOJYOpo-
BOJHHKOBBIE NPHOOPH X HE 3AMENAT K
He COCTABAT HM KOHKYPEHLMH, 3T0 NpH-
fophl a) MomHBE, §) BHCOROYACTOT-
HEE, B} TEPMO- H PAIHALHOHHOCTOHN-
ke, (OMako coBeplIEHCTEOBAHHID CNIO-
COOCTBYET KOHKYPCHUMA, H NO3TOMY
MOCMOTPHM, YeM OTBETHIH MaMilll Ha
TpaHiucTOpHEd Bwaos. Ho npexae
BCETD — B YeM OH COCTOAN?

TpanancTOpsl MOMKHO CAENATh Ma-
JEHBEHMH H HX MORKHO JeaTh MEXAHH-
IHPOBAHKEIMKE H TPYTINOBRIMH METOA-
MH. r]}_'g."ll]'l'ﬂH]‘h]l‘: METOAB — HAMTOBTE=
HHE CPrasdy HECKOILEH X ﬂpﬂfhﬂpﬂﬂ-; KT
A HYAHBN MEATHOHB NPUOOPOB, TEX-
HOAOTHMHOCTE MOGKET CTaTh OTpeeni-
oM thakTopoM. JaMeTHM, YTO FOBO-
PHTE PO TPAHIHCTOP $MAJEHBKHA» —
Henbad. Ero MoxHO coienaTh TAKHM, HO
ECAW HYHEH TPAHIHCTOP MOUIHBIN, TO
MAThIM €70 HE CAENATh — BhLREAAI0IEes-
cA NpH pafoTe TENJI0 BLIBEAET €10 H3
cTpoA. Kasanock Gbi, B 3TOM CMBICIE ¥
AAMNEl ECTH MpenMylecTeo: Gyaydan
cAeNaHA M3 BHCOKOTEMIEPATYPHBIX
MATEPHANOE, OHA MOT/1a OB GHITE MEHB-
e TPaHIHCTOPa TOH e MOUIHOCTH,
Ja, Ho y& oMeHb MHOTO B JaMne aeTa-
Aefl H OMeHb YR CAOKHYID (hopMy OHK
umewnT. Heasan an caenats aamny H3
HeBOABIIOND KOJHYECTBA [POCTRIX fe-
TaneH?

B 1934 roay H.A.Kauman u
AA Hanonmykos NPEIA0KHIH KOH-
CTPYKUMID swTabeasiol maMmbix. Ha
KEPAMWYECKHX PaMKAX 3aKpPenininch
OTAEABHBIE 3AEKTPOA, NOTOM PaMKH
CHEOAAMEBELTHC II['I'.i-Iﬁ!!'.-'IL"H. CTOMKOH
(puc.11). Takan naMna morna ObITH
ManeHbKoil, ee clopky MomHO GLLAO
Mexannanposats. Owua, Kcrath, Guiia
TepmocToiikoil (paMxn Ha xepaMukn)
u BuicokosactoTHol (Mansie sasopei).
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Puc. 11. WiraGemsHas namna (A — anog,
C — cerxa, K — karoq)

Jansreiimes paspuTHe aTOH HIEH NPH-
peno K coaganuo Qupmoil «General
Electrics naMn gHaMeTpoM H BRICOTOMH
OH0A0 1 MM. JIEKTPOAB B STHX JAMITAX
JEAANHCH B3 THTaHA, KOTOPBINH XOpowo
cnanBaerca ¢ Kepamukoil. Jlamna co-
CTOAMA H3 YEPEAYOUIHXCA KepaMHIec-
KHX H THTAHOBHIX JHCKOB, KEPaMH9ec-
KHE CAYXHIH HI0IATOPaMHE H ONpese-
NAMH 3A30p MERIY SNEKTPOJAMH, a
THTAHOBME JHCKH BRITIOAHAIN OJHOB-
PEMEHHO POAL BMBOAOR H HECTH B cBOeH
cpenseil JAcTH MIEKTPO/AL] JAMITH.
dpyrof oyTs, BOpoYeM TOME OCHO-
BANNEIE HAa MafKe METAJLTOB ¢ KepaMH-
koil, moasoun mpme « RCAs Brmye-

{ Kzant M 5

113 JET OMHEKE 32AHCOHA

Tk B 1959 rogy npabop, nassanmsii
«HyBRcTOpoMy (0T nuevo vista — Ho-
puiii Ba). B sTHX namnax, yenemrso
NPHMENAKIMXCA NTo ceft aeHs, Bee
SACKTPOAL KPENWanchy najikoil K xe-
paMHYECKOH ILTACTHHE, KOTOPAs BraH-
BAJACKH B MOTANAHYECKHA CTAKaAHYHE,
CAVAHBUIME oboaouxoii namnm. HMx
clopra ObLT: MEXaHMIHPOBAHA, OHH YC-
nemxo pafoTanM Ao TeMNepatyphl
350 "C. DnexTpOHKEIM NaMMmaM OCTa-
BAJICA NOCASAHMH AP HA TYTH YMeHb-
WIEHHA KOJHYECTRA feTanedl, B OHH ero
CAETAH.

Namna 6e3 netanei

A wyro B atoM cTpanHoro? B camom
Aefe, CKOMBKO AeTaNeil B TpaHancTope?
A aT0 cMOTPA B Kakom, Ecan Tpanamc-
TOP ABTACTCA HACThI0 MEKPOCXEMBI, TO
AeTaded B HeM HET HH OOHOH, Tak Xe
KaK HET OTASAbHBIX AeTaftci no poeil
MuKEpocxeme. Poak nposojunkon Ber-
MOJHAKT HATILLIEHHELE TUTEHKH METa-
AR, POJIL HIOAATOPDE — TLIEHKH OKHC-
A0B.

[leppans noneITEa caenats AaMny ¢
YMEHBIIEHHBIM KOTHHECTBOM JIeTaned
NOCPEICTEOM HAMBLIEHEA NPOBOLALIHX
ILTEHO K CCHOBLBI BSOS Ha [-['I:I-'III:‘T"FI}"HH,HH
wrrabensnod faMnby, [Treskn, Bamos-
HABIIHE POJTb AIEKTROI0E, HATILLTATHCE

P, 12, LUiraensHas AeHoYHan Jan-
na {3 — INeKTROHHLE NoTok)

HA KepaMuqeckre naactuam (pre.12),
Oanako B 2100 MaMmne ewe GBLIH OT-
AEABHBE JETATH, X0TA cepbeanbii mar
1o MyTH H30aBAeHHA OT HHX OLLY Cae-
nan. Cnenywommii papHant G yxe
umcTo naeHouHb (pre. 13). Saextpo-
Hbl JETEJIH C KATOMa HA aAHOJ HAJ CeT-
koil. Ho nanbonee ahdextnanoil oxa-
AATACH HEKAA 4CMECLS TaleTsHOM LamM-
nei # naanapuoft (puc.14). Anognas
NAENKA HAHECEHA Ha OJHY KepaMHdec-
KV IUIACTHHY, & KATOHAA W CETOMHAA
Ha ApyTy®o. Takue namnsl 6BLTH co3na-
Hel B 1977 rogy B Jloc-Anamoccrodt
nafopatopun. Onu cnocofne paboTaTs
casnue 10000 wacos npu TeMnepatype

Evant.mocme.ru
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Ilaenxu

Pue. 13. Mnaxvounsid Tprog

500 *C u MOryT pasMellaTheca Ha noj-
noxkax ¢ naotHoctsio 3000 1/em®,
HanGonee ocrpoii npofaemoit stHx
NAMI ABAACTCA BRIGOD MATEPHAIOR —
NPH TAKHX TEMNEPATYPAX KEpaMHKa Ha-
YHHAET MOHEMHOTY B3aHMOIERCTROBATE
€ METANTAMH, A3 H COTPOTHBACHHE ¥
KePaMINKH ¥R H{.‘*Eﬁﬂ:'!’hﬁil}’ﬂfﬂhﬂlaff"
CH, ‘:.-"I:I.'!II’I--I'"-'[1 'P-Ei[[]l]ﬂ_l'lhlﬂ [IHPHHET'FI‘H
AAPOM HE JANNTCH.

Puc, 14. MagHoyHsNT TEMOD HE SEYX N0G-
noxKax

[Lnenodman TexHoaorns Gulaa yene-
HO MPHMEHEHA H B MOU[HBIY JAMITAX. A
HMEHHO, OKA3AN0CH BOIMOMHEIM He Je-
JaTh CETKY OTAENbHO, & HAHOCHTL Ha
KATOJ/, HIOMHPYIOUIHE NOA0COMKH, a Ha
HHX — MPOBOIANIHE MOJOCKH, BELINOAHA-
KLHE POJAL CETHH. 3a30D KATOA-CETEA B
STOM CAYyHAr IIﬂ.ﬂ}"—.IEIE"I"ﬂH MabIM l::":I'["l:l'
YBETHYMBAET KPYTHIHY JIaMILL) U CTa-
OrabpbiM. Tak IIEHOYHAR TEXHOIOTHA,
MNOIYHHBIIAA ITHPOKOE PACTPOCT Pane-
HHE 1aro apa pasEHTH MOy TTROBOL-
HHKOBOH TEXHHKH, CcnocobGCTROBANA
VAYHIIEHHO MAPaMETPOR ANEKTROHHBIX
TLAMIT.

M b1 HAY=TH OTHH THI 3IEKTPOHHBIX
nprGopos — Tak HAIKIBAEMbIE JTAMITH C
BAEKTPOCTATHYECKHM YNPaBJcHHEM.
CyumecTsyeT MHOXECTBO JPYTHX IeK-
Tpornnx npréopor. Ho myrateca ne
Haao! B caMoM Aene — MAREHbLEAA ML
CHEJAET, KaK HIBECTHO, GOABIIOH KY-
coK cuipa. [enaer ona 370 0UeHb Npo-
CTO — OTLEIAA 0ANH MATEHEKHH Ky COK
34 APYTHM.
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