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TPYJlbl KOH~EPEHuaR .no aJIEKTPOHHO!tl TEXH~KE 

IY BCECODSHAH KOH~EPEH~ no ann ~ ~an BHn.5(3I) ,T.IY 

YllK 621 ~383 .5-I 

H .M JnJOTTe, n.n .CIIHpaoBa, ~ .lll.napBymHH 

CPABHMTEJibHYE XAPAKTEPlllCTlllKlll KAHAJIOBHX SJlEKTPOHH~ 
YMHOliTEXER PA3HOR KOH~lllrYPAUKlll B AHAJIOrOBOM 

PEIWIE 

llpoBe~eso Hccne~oBaHHa · ocaoBHYX CBOICTB a:aaanoBHX 
aneK~poHHHX 1J0!01t&'fenelt ( K9Y) c pa asol !J)opllola aJ&W.TTepa: 

. npHIIOro, ~yroBoro, ~eneBoro H H8CK0n~KHX THROB cnHpa~ 
nel. llony'I8BY ~8BBH8 0 38BHCHIIOCTH KO~HUH8BT8 JCHn8-
HIB' K9J OT aanpK18BHfl UHTSHHH, BXO~Horo TOK8 H KOH!J)H-

rypaq~H 3IIHT~8pa. 
B peayn~TSTe npoBe~eBBHX Hccne;oBaHH~ nony'leHH 

CB8~8BHH 0 pa60T8 pasni!'IBHX THUOB K9Y B nHH8IHOI 'ISC
u_,iO~~T-811U8pHOI.t :xapaKT8pRCTHKH, U03BOXHHlJD.H8 CA8X8TD 
BHBOA 0 BOSIIOXHOC~H ycnemaoro npHII8H8HRH cnHpan~HHX 
K9Y B annapaType ~H HCCX8~0~HHH KOCIIH'I8CKOrO npo

CTp8HC~B8 B aaanoroBOII p8XHII8o 

K9Y mapoKO npHM~HHHlTCH B pasni!'IHHX o6nacTHX T8XHHKH, B qaCTHOC
TH ~H HCCX8AOB8BHII noTOKOB aap11Jt8HHHX '18CTHU B KOCIIH'18CKOII npo
CTp8BC'fB8 (1-2]., r~e K9Y HCnon~ayllTCff KSK B p8lltl'lll8 C'I8T8 (1-2) , 
'f8K H B aaanorOBOII p8Jtl4118. npl4118B8HH8 K9Y B KOCIIH'I8CKHX npH60-
p8X UOSBOXHnO CABn8'f~ npl4BUHUHan~BO B8JtllY8 O'fKpHTI'lll, Banpl4118Pt 
CYJD.8CTBOB8Hl48 ToKOBOrO KOn~~ B 118rHT4TOCIP8p8, B KOTOpOII 06Hapy
Jt8BH npoTOHH 1181t!Ul8H8TBOI IUISSIIH C 3B8prH81.t 5-50 KSB 14 MOTHO-

. cor:Dil ro+3qacor/c~[r]. 
Uen~JO H8CTOH)ll.8rO C006)ll.8HHH HBnH8TCH cpaBH8BH8 .pa60'IHX :xapaK-

'f8pHCTHK aeca:on~KHX orHnoB KaY, onpeAeneaHe aaH6onee nepcnea:THB
aoro THUS K9Y C TO'IKI'l ap8BHH ero HCnon~SOBSHHH B aaanorOBOII p6-
XBII8 H JCT8HOBn8Hl48 KpHT8pB8B H81'160nee SKOHOYH'IHOrO p8XHII8 pa6o-

~H. 
llpa ·pa6oore npH6opa B aaanoroBOII pelltHIIB Hcnon~ayeorcfl nKHBMHYI.t 

yqacTOK :xapaKT8pHC'faKl4. lloSTOIIY H806XOAHII0 3H8T~, KSKOIIY HaUpH
llt8HHIO COOTB8TCT:Bf8T TO'IK8 nepera6a :xapaKT8pHCTHKH ·l4 K8KOB8 KPY-
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TH3B8 nl4H81.tBOro J'ISCTKa xapaKT8pl4CTI4KH. 9TO Aae!r BOSIIOZHOCT~ BH-
6paU H8H6onee SKOHOr.niq!Wlt p8~KII UH~SBIUI K9J npll 38A8BBHX Tpe6o
BSHHHX K co.ra6HH~socTH acoro'IBBKa. 

HaMH npOB8A8HO HCcn8~0BaHH8 K9Y CJI8~YJODU!X KOH!J)Hrypa~Hlt: npH
IIHX, ;nyrOBHX, 1118n8llHX, nHB8bHX '18'fHp8XK8H.anOllHX H UpOCTp8HC'lB8H
HHX cnwpanei~ OnpeAenHnuc~ aa:BHCHIIOCTH KOS<l!\llH~HeHora ycueaHH K 
Hnl4 KOnn8KTOpHOrO TOK8 IKon OT BXO~Horo TOKa IBX (TOKOllH8 xapaK
T8pHCT14.1C~) 14 oor . aanpaaeHHH nKTaHHH UKaH (»on~or-a»nepsYe xapax
TepHC!BKH). 

TOKOllHB xapaKT8pHCTBKH onp8A8nHIOT pa60'IMit ~HHaJillli8CKHlt ;!tHana
SOH _KSY npH pa6oore » aaanoro»oll peaHMe, xor;tta Hcnon~ayeorca nH
aeiHYi Y'I~CTOK xapaKT8pHCTKKH. BOJI~T-allnepHYe xapaKT8pHCTHKH ~a
liT BOSIIO~HOCT~ Henocpe;nCTB8HHOrO llHCiOpa H8H6onee 3KOBOJll4qaoro pe
lltHIIS nHTaHHH KSY. Ha pHc.I aa npH11epe K9Y ~11na qeo.rYpeuaaano:Bolt 
nwse£1Hol.t CUHpanH c KanH6pOII 40 H AR8118Tp011 KaHana I ,65 1111 noKaaa
Ha H8H6onee xapaKT8pHaH KapTHHa H3118H8HIH KOnn8K~OpHoro .'fOKa (a} 

. H K03tP\llHUH8HT8 yCM8HHlt ( 6). B 38BHCHIIOCTll OT liXO;ttBOrO TOKa npB 
pasHHX BBnK'IHBaX H8UpHlK8HHll nHT8HHH. 

lila pHc .I :BH~Bo, 'ITO npH UKaH ~ IOOO» :xapaKTBpHC'fHKH K9Y JIH

H8£1HH ll ;ttirl8n&30H8 H3118B8HHH. IBX ~0 I0-12a, a KO~H~II8BT JCHJI8-
HHH- DOCTOHH8H H paBeH ro4 • npa YBBnH'I8HIIH ztKaB B8nH'IBHa K 
pacTeT ; TOKOll8ft xapaKTBpHCTHKa CTaHOBHTCfl H8XHH8iBOlto Tax, npH 
~RaH=2350B KO~H~K8BT YCM8HHH ll03paCTa8T ~0 7•I07 , a H8nH
H8bOCTD Ba'lmiaeT CKaSHll8TDCft npH BXO~BOII TOK8 Io-I4a. ;IlaJir 
HeltmHlt pOCT nOTOKa aneKTpOHOB ' Ha BXOA8 K9Y npH:BOAHT K JM8H~IR8-
HHil K. TaKHII o6paaoM, npH yBenH'IeHHH ZlKaH xapaKTepHCTHKa cue
~~UJe'rcH B cTopouy 6on~mHx a6conMBHX .Beni!'IBH K, a rpaaaua JIHHelt
Horo H H8nl4H8ltHO:o yqaCTKOll - B CTOPOHY _118H~mHX IBX" ;Ilnfl ~py
rex THDOB K9Y K8pTHH8 CPllnaAaBT C OnHCSHHOlt BYme. . 

l/lccne~OllSHWI nOKSsana, 'ITO 118KCHII8JI~H8ll llBnH'IHHa KOnn8KTOpHo
ro TOKa orpaHH'IHll8BTCH·TOK_()II HarpyaKH TOKOH8Cy~ero cnOR H COO.,. 
TaBJIHeT O,I•IxaH' T.e. aaBHCHT oT Rxaa• 

Ha pHc,.2 npH:Be:z18HH CBO;ltHI:il8 ~aHHYB, UOK83HBilKlDU!B AH8U830HY 
HSIIBHBHHH BHXO~HY~ TOKOll B 38llHCHIIOCTH 0~ llXO~BHX ~R p83nH'I
HYX THnOB HCCne:~tuBaHHYX K9Y npH HBCKOn~KHX \llHKCHpbBSHHI:iiX llBnH
'IHHSX UKaH. S~ec~ no ocH op;ttHH&T oTnoaeaH :BBnH'IHHI:il KOnnexTop-. 
HOro, a UO ~CH a6C~HCC - BXO~HOrO TOKOB. HSKnOHHYB OPftiiU8 
npeACT8BnliiO'l C06olt nHHHH paBHOro KO~HUH8H'la yCHn8HHll. ~3 pl4~ 
CyHKa· BH,ltHO, liTO 118KCHM8n:&Hafl ll8ni!'II4Ha IKoir. T811 Bl:ilme, '1811 llBH~ 
me RKaH" C y:Benl!'leHHell R xas rpasH~ .naaeAsoro H Henaaeltaoro 
Y'ISCTKOB C]lBHi'88TCH ll CTOpOBy 118H:&mHX BXO~HYX TOKOB·. Cn8AOB8-
T8JI:&HO, oroqKa neperK6a oroa:o:Bolt xapaKTBpHcnKH aa·BJICHT IiaK oT 
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·pac.I. lr13Jl&H8BB8 KOJIJ18K~Opll01'0 TOKa (a) ll 
. KO~~Il8H~8 yCKn8HBft (0) B 38BBCH

UOC!rB 0! BXOAHOl'O ~OKS npH paaHHX BB
XINHH8X BanpHK8HHH DB!r8HHH: 

I- U,xaa=650:a; 2- Ux88=850:a; 3- Uxaa=IIOO:a; 
4- UK8u=I300:a; s- UK88=2400:a 

H8Dp8Z8BIB ·ua~&HIB, ~8K H 0! CODpO~BBXBBHH 3UHTTHPYD~81'0 CXOH. 
lieu ueane R xaa• 'l'au ••pe 1tiiB8UINecxHA AHanasoa K9Y npa pa<So'l'a 
B SHBXOl'OBOU peZHU~. topua K8B8X8 B8 BB1t TOKOBYX X8p8K'1'8pllC'l'HK 
C~8C'l'B8BB01'0 BXHHBRH B8 OK88YBaaT. 

CpaBB&BH8 paBXINHYX ~llROB K9Y noxasaBO B8 pac.3 Upll OABOU B 
'l'OU ze I:a:z:=5•Io-I3a a KaJIIlCSpa 50, :a AH.auasoae xaueaeBHH UKaB 
0~ 600 ;«O 3000B. BQBO, ll'l'O upsuommeblle K9Y (KpBB&ff I) BIIBD'l' 

ISO 

a 

fO-g 

PHc.2. Hauaua&He BYXOAHHX TOKOB B sa:aecauocTH 
O!r BXOAHHX Anff pasnwquux THROB HCC~8AO
B8HHHX K9J_~pll HaCKQn»KHX ~HKCHpOB8HHHX 
BMH'IIHB8X 7J., .IC&H . 

a 

aaauea»maA no a6conDT&oA B~H'IIHHe xos~H~HeH'l' ycKneHHH, a ero xa
paxTepHC'l'HKa 6nHS.IC8 K JIHBB!HO!. KpHBYB APYl'HX THROB K9Y MMBDT 
CSon»myD xpyT~.SHy. llpH STOU AYl'OBO! K9Y (KpHBaH 2) , IIIMBBO! (Kpll
B8H 3) H K9Y C CHHYCOHAaJI»HO! ~OpUO!. K8B8Jl8 {KpHB8H 4) HMBDT xa~ 
paKTBPHCTHKy, 6JIH3KYD .IC JIHHB!Ho!. nna K9Y THna npocTpaHCTBBHHO! 
(KpllB8H 5) H JIHBBIBO! CRHpaJIH (KpHBaH 6, 6o~»mH! paAHyC KpHBHSHH) 
nepeXOA OT ~BHB!HOi aaBHCHMOC!rH K HBJIHHB!HO! RPOHCXOAHT 6onee pea
KO. AaHeARYA yqacToK xapaRTepwsyeTca 6o~»moA KPYTHaao«, a uaqaxb
aoe paCSollee. Hanpazeuae - ueH»me K=S•ro-7 AOCTHraeTca npa ZLKaH= 
=l300B. llpi'IIHBO! 3'l'HX paSJIH'IHirt HBXH8TCH 1 DG-BHAHJIOUy 1 38BHCH
MOC'l'» KOS~H~Il8HT8 YCHXBHHH OT ~OpMH K8HaJl8o ne!CTBHTBJI»H0 1 npH 
OABOM H TOM ze rpaAI48HT8 ROTBH~Hana KOS~~~HBHT YMHOXBHMH B a~eK
TpOHBOM ~O'.I!O.IC8 ' B8 BlUIHHey AXHRY .IC8H8Jl~ 6yiteT Tell :BHme 1 '11811 60Jib- . 

, me .1CpHBHSH8 KaHana, Ka.IC :BCJI6ACTBK8 YBBJIH'IIBBHH B8pOHTHOl'O 'IIHC~a CO
YABPBBB~ :BTOpH'IIBUX aneKTpOBO:B CO CT8HK8MH KaHa~a, TSK H 6~aro~apfl 
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1000 2000 J0008 

PBc.3. CpaBBHTex:r.uue xapaKorepacorua paSJirA
uux THROB KSY 

Gonee 3~8KTHBHOKY HCIIOX:&30B8HHD ~YHK~BH yrnoBoro pacnp8A8X8HKft. 
BTOpH'IIHHX a.neKorpouo:s. Kpoue ororo, cyntecorBo:saHHe HeJIHHeluoro 
yqaCTK8 Ha pa60'IIHX X8p8KT8pHCTHK8X K9Y KOXHO 06~CHHT:& npOHBD8HH-
8K a~eKTa aacu~eHHH, c:sHaauuoro co cneAYD~MH ABYKB uexauaaKaMH, 
CHKK8D~H - 3MHCCHD H TOpM03H~H p83BRTR8 X8BHHH: o6paaOB8HH8K no
.JIOSB!eJI:&HOrO · UOB8pXBOC!BOrO 38PHA8 B8 C!8HK8X !py6KH B peayn:r.Ta
T8 HH!8HCHBHOA 3KHCCHH BTOplrt'IIHHX 3Jl8KTpOHOB (3) H 06pa30B8HH8K 
OTpH~aTeJI:&HOrO npOC'fp8HCTB8HBOrO 38PIIA8 l)-9] Ba :BHXOABOM KOH~8 
K8H8Jl8o 9TH npocorpaHC'fB8HHH(l _lrt UO.BBpXIIOC'lHHI 38PIIAH HCK8S8D'f 8K
QH8X:&H08 3Jt8K'fp!IA8CK08 none Ill ylieH:&B18DT 3~8KTH:BHYID A.JIHHY K8H8ll8, 

· Ha KOTOPOII npoHCXOAHT yYHOE&HH~ SJI8KTPOHo:s. BeJIH'IIHHa no:sepXHOCT-· -
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HOrO 38PIIA8 nponop~HOH8JI:&H8 COUpo!HBD8HHID 3KH'f!8pHoro CXOH R HH"" 
'f8HCH~HOCTH ll8BIIBH BTOpHqHHX 3JJ8KTpOBO:B, 601168PAilPJDDiJIX DOB.epx
HOCT:r. Tpy6KH, T.e. 'B KOHeqHOII CUTe KO~II~H8H!y YCH.JI8HHH. 0TCD
A8 HCHO , U01181ly ~Oplla TOKOBHX .X8p8K!8piiCTHK 88BKCH'f 0! B8.JII'IIHB 

U KaH • .RK8'H" 
Ha pac .4 ua npauape 1118.JI8BHX IC9Y upeAcora:sneua TKIIK'IIH&H xapor11Ba 

HaKeHeHHH :son:r.or-a11uapHHx xapaxTepacorzx KSY npx y:sen~~AaHIH BXOAHo- 
ro TOK8 . qey 6on:r.me :B8.JIH'IIHH8 IBX' Tell K8AJ18HH88 DpOIICXOAH'f Hapac
T8HR8 a6COXDTHOH B8XHqHHH Kon.JI8K'f0p&Orp 'f0K8 H8 H8ll.B8AHOII yqacor
K8 xapaKT8pHC!HKHo Ha JJRH81BOK Y118C'fK8 - KOS~H~R8HT YCRX8HKII 
IIP8KTH118CKII H8 38BHCHT 9! IBX" 
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Pac.4. maueHeHae :sox:r.or-a• nepHHx xapaxore
pacTHK K9Y npH y:senH'IIBHHH :BXOAHoro 

TOK8 
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BnHHHH8 ITOB8pXHOCTHOrO 38PHA8 Ba BCJI~T-8MU8PHY& xapaKT8pHCTB~ 
KH RnR~CTpHpyeTCH pHCo5o 

K 

1 

to? I ,,-----+1~- 7'1 -----;:-i-1 -- 1 

to51 . l/t4A ~ ;.' j~. . j 

lo 3 

UKAH 

6 

PHC .5 • BJn'IHHHe DOBepXHO.CTHOrO 38PftA8 Ha BOR~'f-8UD8pHY8 
xapaKT8pHCTHKB K3Y: 

1-320 !.lou; 2-420 Mou; 3-400 Mou; 4-700 llou; 5~7.0011o»; 
. · 6-700 MoM; 7-2 rou . . · . 

' ·. .· 
Pasnzqae ~opUY BOX~T-aunepHYx xapa~Tepac'HK K3Y pasnuquux TB-

noB UOXHO o6~HCHBT~· pa3HO~ CTBDBH~m BnHHBHH ·Ha Dp0~6CC yuaoaeBiiH 
o6JiaKa npoc'fpaHCTBBHHoro sapaAa B saBBCHMocn O'f KOBWIIl'YPll~D .Ka
Hana. B K3Y C uano~ KpHBHSHO« KaHana B peayJI~T8T6 ,lt8ICTBHft o6pa!
uoa HOHHO~ CBH3H OdJI8KO npOCTp&HC'fBBHHOrO 38pft,lt8 HU86'f 60JI~Bym DpO~ 
TBZ8HHOCT» B CTOPOHY BXOAHOro KOH~a, a B K3Y C dOJiimOI KpBBBSHOI • 
noKanzsyeTCH y BHXOAHOrO KOH~a KaHana. llOSTOJly B D6pBOK CJiyqae 
DpOHCXOAHT DJiaBH08 BHpaBHHBaRH8 rpa,ltH8HTa DOT8H~B8JI8 B,ltOJI~ OCH Ka
Hana. 0TCDAa MBH»mee 3HaqeHH8 K03~H~H8H'f8 yCHJIBHHH H8 8,ltBHB~ 

AJIHHH H nnaBuoe Bospac'fauae K npu yBenzqeHBB U.Kaa• Bo B!opou cny.:. 
qae - HCKaZeHHe nona 38 cqe'f npocTpaHCTB8HBOrO 38pH,lt8 DpOHCXO,ltH'f 
184 

.. 

' 

r 

nBm!> B6nHaa BYXOAHoi'o xo.HQ.II • B pesynuaTe Tpe6yeorca Menllllia Be
nzqDa rpa,~taeam noTeB~BUa BP.CJI~ enos .ltJlft peanaaa~n Tex •• xo-
. a!J.XPH~II8B'fOB yCHJI8HBlJ. qeu B 06UCHII8TCR 60JIY8H KPY'lii8Ba BOJI~'f- · 
aunepsux xapax'fepxc'fHK cnBpan~HYX KB.Y • 9KpaaxpyD~ee ,~teacuae pd
JI&Ka npocTpaHC'fB8HHOrO 38pH,lta T8K KBT6BCKBB88 1 qeu BHme K. O!cm

· ,~ta 6anee p88KKI nepexo,~t · K BBJIKBBIBOyY yqac!KY DpB YB&nJiq8HBB KPK
BHSHY KaHaJI8 • . 

Ha OCHOB8RBB D~OB8,lt8RBHX HCCJI8,ltOB8RB~ UOEHO C,lt&na'f~ CJIB,ltYm-.e 
BYBO,ltH: 

I . Pa6oqee Ba~pHK8BB8 H CODpOTHBn8BB8 ~OKOBBC~BrO CBOH cy•e
C'fBBHBYU 06pa80U Bn1411DT Ha TO!COBYB xapaKT8piiCUKB K3Y • 

2 .' Bon»T.;.aunepHYe xapaKTepwcTHKII saBHCHT oT ~opUY aauaxa 11 co- · 
· DpOTHBn8BHll CJIOll e. 

3. HaBdOJiee nepc~eKT~HHIIJI npH HCDCJI~30B8BJla B auaJiorOBOJl pea~ 
ue .HBJIHDTCH KSY c 6on~BM AHHaMuqecKHM ,~taanasoaou, · To ecT~ uansu · 

. CODpO'fBBJI8BJl!IU TOKOH8CYli!BrO CnOHo 
4 . CHuesBe no!pe6naeuol llOIIIHOC'fi1 npw6opa · npB ·uanol B&nnDe 

R KBB uoze'f 6HT~ AOC~KrByTo ny~eu BH6opa reoueTpHa KSBaxa~ o6ec-
neqHBam~el uanym Benzqzay uanpHZeHKH DB'faHBH. · · 
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