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B peax:oaux ycnoBHHX a~epao-wuaaqecxoro axcnepauaa~a, 

npeMeaaoe paapemeaue cnex~poueTpuqecKHx cHc~eu, xax npaBuno,

;/aauaoro xyze, qeM ~a "pexop~aue" ~oc~uzeaua, noJiytreaaue B OT.JteJir,-n 

aux cnyqaHx ,o xo~opux coo6~~tae~ca B nocne~aee npeMH B p~e 
pa6o~ /!, 2 , 31. 

-9~0 qaDte BCero CBHSBHO C HCilOR:030BBHH6M pacmHpeHHHX ~HHa-

MHqecKHX ~aanaaoaon, Kor~a ua-aa aenpepunaoro xapax~epa peruc~pu

pyewx cneKTpoB HnH nnoxoro aMMH~y~aoro. paapemeaua 11 BpeueHHNX11 

~e~eK~OpOB, BMllXH~Y~HBH 8BBHCHMOC~:O BXO~HHX yc~pOMC~D aaqaaaeT 

HrpaT:O CYDt6C~B6HHym pon:o. 

YMeH:OW6HH6 BMllXHTY~HOtt 8BBMOHMOC~H ny~eu CHHZ6HHH noporOB 

BXO~HHX WOPMHpOBa~enett npHBO~~ B BOSpaCTBHHD WYMOBNX H WOHOBNX 

3arpy30K 1K YBeJIHqeHHD BJIHHHHH npe,JtBMfiYJILCOB/4/.H K HCilOJIL30BaHH~ 
Haqan:OHOM qacTH HMnyn:oca, r~e ero KPYTHSHa M6H:Ome. TaK HSK 

0Yil.l6CTBye~ HeKO~opoe Oil~HMSnDH06 OTHOW6HJtJ6 BMllJlliTy~N BMnyn:OCOB •· 

K nenuquae nopora /I, 2/, aanycx BXO~BHX wopuMpoBa~exett no wpoa~y 
flBJifl6TCH PBUZOHSX:OHHM ~OX:OKO B cnyqaax, KOr~a ~HHBMHqecKHtt 

~Hanaaoa ~ocTaToqao yaoK,aaupHMep, ££,.,,,..,<c. ::::= I,S. 
Ml<fH 

Eon:omuacTBo·wHpoKO~Hanaaoaaux ue~o~oB yuea:oweaHH 

aunnu~y~aott aaBHCHMOC~H (aanpHMep, RnaccuqecKoe nepeceqeaHe 

HYXfi 1 060q~p6HH6 llMnynDCOB npH llOMODtH HeRHHei:fHbiX peaK~HBHbiX 

8X6M6HTOB 1 HCilOJI:030BBHH6 HBHOTIX6HHOrO aapa~a ~HO~OB H T.~.) 

npHBO~HT K yxy~WSHHIO MBKC11MBJI:OHO }IOCTHllt11MOrO paapemeHllH /S,G/ 

HRH He 06Xa~ae~ ~OCTBTOqHHM 6HCTpo~ettCTBH6M. H yHHBepCBJIDHOC~:OJO, 

(npHM6H6HHe: H6JlHHettHHX M6TO~OB ROMn6HCB~HH Ha Bb!XO~e KOHB6pTO

pOB /?~. 

!IO-BH,ll;HMOMy, CBMbiM nepcneKTHBHbiM B HBCTOHDt66 Bp6MH 1 HBK 

HBMH .6Hno yze TIOK83BHO /!4/, HBHaeTCH TBK HBSbiBaeMbltt M6TO,ll; 
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CJI9,lUJDt9rO cnopora/B-IJ/, npM MCllOJIL30BaHHH KOTOporo aanyCK BXO,ltHllX 

!f>OpMHpOBaTeJietol OCYDt9CTBJISI9TCSI Bcer;ta Ha onpe;teJI9HHOM,npe;tBapHT9JIL• 
. I 

HO BU6paHHOM ypOBH9,COOTBeTCTBYDDteM !f>HKCHpOBaHHOn qacTH aMnJIHTY.ltll 

~U.IIIYJIDCOB. 1\ COllt8J19HHIO, ;140 ClfX nop 8H8JIH8 STOro M6TO;l48 He 

npOBO;l4HJIC.11, a H8B6CTHN6 CX6MHb16 pemeBIJH YCTapeJIH /B,9/, CJllfiUHOM 

OJIOlltHbl /IO,II/, HJllf JIHmeHbl YHHBepcaJI:&HOOTlf /Il/. 
\ 

06¥e o:se,yeHHH 

Kax PiaBeOTHO, :speM.a, aeo-6xo;l4PIMO~ ;l{JIH ;l{OCT~xe~um ypo:saa 

aanyCKa BXO)tHllX !f>OpMHpOBaTeJien (ecJIH OTCqMTNBaTL ero OT HaqaJia. 

HMnyJI:&ca),O ;l400T8TOqaott TQqHOCT:&IO ;l486TCll Bblp8llt6HI46M 

Uo t ::::::Tq, IJ.,A n vt 
(I) 

r;z4e tn - :speM!I ;l{OCTHJB:eHHH ypoBHH aanyoxa (no pore), 

~ . - BpeMH HapaOT8HHfl MMnyJI:&COB, 

~ - nopOl'"BXO;l4HbiX ~OpMMpoBaTeJiett, 

lit - 8MllJIMTYI48 BXO;l{HNX MMIIYJJ::&COB. 

QqeBH;l{HO, qro B CJiyqae 8MnJIHTY;l4HOtt H688BMCHMOOTH tn 
;l40JllltHO COXpaHflT:&Cfl llOCTOHHHNM: 

tn = m'lf, =canst, (2) 

r;zte m - ypo:seH:& aanycxa) BHpaxeHBliiM :s 6;l4HHPinax {It; , a 

T8Kllte BpeMfl ;l40CTHllt6HMfl nopora' :a 6;l4MHPinax T~ ·.·=· -. 

(lo _ tn := 1 • 
1n = Ui - T~ ' 

. ....... 
'(3) 

llpH BB6;l46HHH HeROTOpOl'O ;l40llOJIHHT6JI:&B01'0 qJieHa ~ ~ 
•"f;.' ' . B BNp8llt6HHe (I)'Bp6Mfl ;l400THllt6HHfl nopora 6y;l4eT ]faBHO: ... _ 

t ,.. Uo ..,... UK 
n = ·""'--{A.-., ,.. Ut: ,.. U;, (4) 
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, EHnonaae~cn ycnoBHa (2) ARH 

(5) 

Tor,~ta ,JtJI.a: auriJIHTY.ltH xounelicaitHOHHoro cxraa11a xueeu: 

(6) 

H nonaraa, tzTo .!&.. = U, , nonytzaeu: 
In 

. /4 = m (-II,: "~-1/n) (7) 

Ha BHpazeHHM (6) H (7)·cne;tyeT,· tz~O UHHHMSJIDHSH ~IIDJIHTy,Jta 

BXO,ltHOrO CHrHana, ,lt11H ROTOpo« ROMD6HCSQHH e~e. OC~eCtBJI.IIetcR, 

onpe;ten.a:exc.a: H3 ycnos1.a: 

(8) 

C116,ltOBST611DHO 1 r.tJIIHlfMB11DHaH SMDJIHTy,Jta BXO,ltHHX CJ/IrHanOB paBHa: . 

IJiHHH = ::: = lin, (9) 

H ,ltJifi MSRCHMSJIDHOrO ,ltOCTHZHMOrO ,ltJIIHSMHtzeCROro ,JtHanaaoaa 

nonytzaeu: 

· f) = (It· MAKC = . /7] {~: H14KC 

' l/£ MHH lfo (IO) 

T.a. npaHTHtz6CHH ,ltHBSIIHtzeCRHM ,ltHSUSSOH orpaHH~BaeTCfi T011DK0 .. 
CHJIISy J/1 onpe;tenaaTCfi OTHOW6BH6!1 £4 • 

m 
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HeROTOplle CX6UBll6 BOnpOCll 

MeTO~HR8 no~y~eHHfi ROMn6808~0HHllX CHrHa~OB CBO~HTCH R 

~BYM BOSMOJltHNM CX6MHNM pemeBHHM! 

I. ~HB6pTHpOB8HH6 BXO~BOro CHrHa~a C noc~e~ym~M 06peaa

HH6M CHH~Y Ha ypOBB6 {J, t ~TO npoll{e. B~ero OCYllt6CTBJIH6TCH 

HMnyJil)CHNM Tp8HCcpOpMBTOpOM H BB6~6HH6M .~HO~HOro nopora (CM.pHCoi). 

2. ~HBepTHpOB8HH6 BXO~HOrO CHrH8~8 H noc~e~roll{ee C~OJlt6HH6 

C H6ROTOpllM CHrHa~OM nOCTOHHBO~ 8MllnHTy~H ~ (MeTO~,nDe~eCT8~8). 

C~OJlt6HH6 BXO~HOro CHrHa~a C KOMneaca~OHHNM MOZHO pea~H-

30B8TD napa~e~DBNM H~ llOC~6~0B8T6~DBNM 06paaou, BBO~H npH 

STOM 38Tyx8HH6, y~0~6TBOPHIDll{66 yc~OBHHM (3), (6), '(7), T.e. 

m = tn - 14-1/o 
'L,s - ~ 

{JK --
~·--1/n (II) 

TaK K8K CHrH8~ ROMn6HC8~H yze ~o~eH npHCYTCTBOB8TD B MOM6HT 

aanycxa cpopumpoBaTe~H, BXO~ao~ c~ra9~ aeo6xo~HMO aa~epzaTD 

Ba H6KOTOpoe BpeMH' tJ n, HMeSl.B BlUYt UO t'?J'!AKC = 't"~, ~e~e
C006pa3HO BH6Hp8TD t3 ~ ~ • llpH ~eTe ItOHeUOrO BpeMeRH 

cna~a KOMneaca~oaaoro cHrHa~~(ec~H ae npHHHTN cne~a~hHNe 
uepH era y~HHeHHH) BpeMH ~ocTHZeHHH nopora cpopuupoBaTe~ 

6y~eT OT~~8TDCH OT (2) t (4), .~(5), H B ~Haena oM. ttp~c5~J£6BHH ero 

MOJltHO npe~CT8BHTD: B BH~e: 

(I2f t ~ T¢?c - tn __ _;..,.,_..;.._ 
n - Tc+m'l¢> 

. -... 

llp.HMep cxeUHoro peweli~m BTOporo Txma (c ~HO~HNM noporoM) 

.:npuBe~eB aa pHc.2. 

' .... 
,~·-,. ... 
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3:ztec:& BXO:ztBOit CHraan HBBepTHpyeTCH HMnyn:&CBHM fi)SBCfPoplla

TOpOM T ( jt11 = 600, Np=Ns = !4), ·odpeaaeTcH TeMnepaTYPHO 
.:.. . . . 

CKOMD6BCHpOBSHHHII noporou (n!' nz) H C1Iap86TCH C 3B:ztepzaHBHII 

BXO:ztBHII HMny~:&COM napa1I11&1I:&BHM OdpaSOII np11110 Ha TfHHaJIJ,HOII 

:ztHO:zte jr~t BXO]tHOrO O:ztHOBHdpaTOpa. ~dopOM OTBOW6BHH p63HCTO

pOB R2 H R3 HaueaHeTcH OTHocmien:&BHit ypoBeHD aanycxa 

(B :ztaHBOM cnyqae m 1:: 0,5), a BHll01IB6HH6 YC1IOBHH (6) OCYJ116CTB-

1IH6TCH npu noMoiltH noTeHUHOMeTpa R 4 • BTopoit O:ztBOBHdpaTop 
' •"',. .. . ' -

yMeH:&maeT B1IHRHH6 H3M6H6HBH 811ll1IHTY:ztH.BXO:ztHHX CHrH81IOB Ba 

aunnHTY:ztY -BhlXO:ztHHX BMIIyn:ocoB. B cny:qae aeodxo:ztBMOCTB y:se1IH'Ile

HBH dHCTpO:zteitCTBHH MOEBO DPlf116BHT:& O]tBOBHdpaTOpH HS 1IBHHHX 

H1IH C DpBHY:ztBTeh:&HHM B03BpaTOM, a DpH HCD01IJ,30BSHHB ~pMBPOBS

T61Ieit B KS'Il6CTB6 OT]t61I:&HOrO d1IOK8 ~ Ha BHXO:zte npe;ztyCIIOTp6TJ, 

8MHTT6pHHtf DOBTOpHT61I:&o 

SxcnepHueaTan:&HHe peayn:&TaTH 

Ha peayn:&TSTOB 8KCD6pHM6HT81I:&HHX HCC116]tOBSHHit BXO:ztBHX 

YCTpOilCTB BHW6YKB38HHON THDS MOEHO C:zt6118T:& CJi6:ztYIOiltlf6 BHBO;ztH: 

I. BpeMeHHOM C:ztBBr BHXO:ztHOrO CHrBana DO OTHOW6HHD K BXO:zt

HOMY He npeBHwaeT ± 70-ncex, .ecnB aMnnBTY:zta nocne;ztaero aa Mea:&me 

yTpoaaao£1 BenB'IIBHH nopora. B donee yaxou :ztBHaMB'IleCKOM :ztBanaaoaa 
' 

BpOMOHH0£1 C]tBllr YM6H:&W86TCH B 3HS'IlHT61I:&BOit CTOD6HBJ BSilpBUep, 
E,.,AKC . 

:zt1IH · E ,.,HI/ = 40 H Ei. ~ SEJ,. oa IU4eeT :senM'IlBHY npHuepao 

.± 27 ncex (puc.3). 

l. 0THOW6HM6 B61IH'IIMHH DOpora R 8MD1IMTY:zt6 HMnynDCOB Be 

HB1IH6TCH KpHTH'IlHHM B WBpoKBX npe:ztenax DO OTHOW6HBD K BP6116BHOMY ' . . 
' paapemeBHD (pBc.4). llpB MBnHX B61IlfqlfH8X 8TOrO OTHOW6HHH Badnm-
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AB6TCH 1XYAW6BH6 paspemeBHH, tiTO He COr~acyeTCH C C006~6HH6M /!~/. 

3. SxcnepHII6HTSJII.HO HSMepei:IHille SHS't!6HHH (pHc.5) :AJIH Bp6116H-
I . 

HOro paapemeHHH B mHpOKOM ABHSMH't!6CKOM AHanaaoae (npH HSM6B6HHB 

OKHS nponyCKSHHH no OAHOMY KSHa~y) OT~t!aiDTCH H63HS't!Hf6~bHO OT 

paCti6THOa SSBHCHMOCTH 0EHAS6MOrO paspemeHHH 1 nonyqeaaoa C ytieTOM . 1 
BK~SAS 0TA6JII.BiliX yqaCTKOB. KO.MfiTOI:IOBCKOro cneKTpa no SSKOHY 1~.- • . . ~ 

3KcnepHM6HTS~bBO HSM6p6HHill6 SBS't!6HHH B TSKHX X6 yc~OBHHX 1 I:IO 

npH nponyCKSHHH WHpoHOro AHHSMH't!6CHOro AHanaaoaa no 060HM KSHa

~aM (pHC.6) COBn~aDT TaKEe y~pBneTBOpHT6~bHO.C OEHAS6MiliMH 
. ' 

B6nlft!HHSMH. 

4. IToporoBoe aanpaxeaze, ~H HOToporo BpeMeaaoe paspeweHHe 
. ( EMJI>KC 

OnTHMS~bHO A~fi WHpoKoro AHHSMH't!6CHOro AHSnaSOHS Hanp.1 -----£.. =70), 
HHif 

H6CKO~bKO OT~HtiaeTCH Of H3M6peHHiliX 3HS't!6HHa B Y3KOM AHanaaoae 

( {HAKe ) · · 
E = 1133 1 t!TO MOEHO 06:&HCHPJTb H6KOT,Opb!M yxyAW6HH6M KOM-
H~ . . 

neHCSJzyJH aMnniJTYAHOii 3SBHCHMOCTH npH ·aun~HTYASX. BXO;zJ;HiliX CHrHa~OB1 
cpaBHHMbiX c Be~tiHHO~ nopora (cM.puc.7). 

5. KaH PI C~6;ll;OBS~O OXH;ll;STb 1 Bb!H!'pblm BO BpeMeHHOM paapemeHHH 
/ 

OC066HHO 3HS't!HTe~eH B cnyqae pacmHp6HHiliX ;ll;HHSMH't!6CKHX ;n;~anaaOHOB 1 
t!TO H~IDCTpHpyeTCH pHc.5 U 6, a Taitle pHc.8, US KOTOplliX BH;ll;H0 1 

tiT~.A~H ~:::~ = IO.Bpeueaaoe paapeweaHe aa ypoBHe O,I_y~yqwaeTca 
·a 3,3 pas~, aHa ypoBHe 0,5- B 2,7 paaa no cpaBHeHHD c paapeme

HHeM npH aanycite no !J>p(>HTY H ~oc:raBJI.11e:r aeJIHtiHHy. 430 nceit BMec:ro 

II80 nceK. 3aK1IIOti6HHe 
........ 

ITpHBe;n;eaaw~ aaa~a H axcnepHMeHTam:.aue peayJibTaTH noKaaN~ 

BSIOT, 't!TO SMnm·ITY;zJ;BSH 3SBUCUl40CTD BXO;ll;HUX yCTpo.tiCTB ;n;~ BpeMeHHiliX 

HSMepeBH.ti CO C~6;n;H~M noporOM MOXHO YM6HbWHTb B TSKO.ti CT6ll6HH 1 · 

t!TO yxy;n;meHHe BpeMeHHOrO paapemeHHH HS-~a HCUOJibSOBSHHH.lllHpoKHX . 
·· ;n;HHaMHtiecKHX AHanaaoaoB npH6Jinxa eTCH .K pacqeTHUM aaatieHHHM, noJiy-

1 . . . . 
ti6HBiliM HCXO;ll;H HS SSBHCHMOCTH ~, a BpeMeHHSH OWH6Ha B CJiyqae, 

KOrAa SMn~TYAB BXOAHbiX CHrHaJIOB npeBUWS6T B6JIHtiHHY nopora B 
5 pas, ae npeBOCXOAHT + 27 ncex. \ · 

.-:~· - 8 -
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~ ~ ~ 

Bp6M6HH0-8Mll1IMTYAH~6 AMarpaMM~, MnnDCTpMpym~e nonyqeaMe 
HOMll6HCa~OHHOrO CHraana. I - BXOAHOU CHrHan; 2 - MHBepTH
pOBSHB~U ClirBa1I; 1/q - ypOB6H]) oc5peaaHMHi 3 - CMrHa~ 
HOMll6HC8UlfH ll0C116 Oc5peaaHMHi 4 - CHrBa1I HOMlleHCS~M' 
ll0C116 A6,116HHH HS j;-. ·:; 5 - BXOABOit CHrBan, aa;ztep:m:aHHblit 
Ha Bp6MH f3 =~ ; 6 - CHrH81I Ha BXOA6· OAHOBHc5paTopa • 

. ...... 
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Pvrc.2 . 

PHc.3 

I 

0u., 0 u. 

ITpHH~nHanhHaH cxeua BXO~Horo ycTpowcTBa co cne~H~M 
noporoM. 

.r: 4t •1{£-t£.) 
• IIIIIIYAJ(Imli 1711tJ1ATI' .. i!lrmS-:.;:=~~:::l:: 

[, • fJ hf J.J./IAIIAJIJN IIQIII~,T(JJIA •IIJ11J 
·r- ,-· -r r-r '', 

!0 

-100 

-200 • --+ 

t.:. 

' !0 fJO 100 

--~ £, 

i13M6H6HH6 BpeMeHHOrO C~BHra BhlXO~HOrO CHr'Hana no OTHOW6HHIO 
K BXO~HOMY B c~qafiX HCllORb30B8HHH HMllYRDCHOrO reaepaTopa 
HJIH HCTO'IIH~Ka 6000 ( {(-COBna~e!lHH) ~H p83HhiX B6JIJdllHH 1./n,. 
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3aB1Wl1MOOi':& BpeMeHHOI'O paapemeBHfl Ha ypOBHe 0,1 :H 0,5 Oi' 
Oi'HOW6H:HH _mg__ (no O~HOMY HaHany). . 

EM aRc. 

ZT.•./(E-/E-}z ... : 
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S(}(} ----- ------------
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----- --··- ---
~=~-.......... ~~=~""'·~ .. ---~ ~4S} 

, .. 11 JIJ J() 100 
--(r_;r-h£. 
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_) 

aB:HOHMOOi':& BpeMeaaoro paapemeH:HH aa ypOBHe O,I 11 0,5 Oi' 
Oi'HOWeH:Hfl ~aRC (no O~HOMY HaHany). Cnnomaue HPHBUe -
. EM:HH . 
paoqei'HaH aaBnouuooT:&, nyBKi':Hpaue HPHBUe - aanycH no 
WPOHi'y (aHcnepHuea!ran:&Hafl .?aBl1CIDlOCT:&). 

' 

I2 

PL!C.6 • 

2T:o•f(E-/E-JI•Jl...., . . 
TTet>ln.Co'"; ZxXPf020 

CTII,tji&N;£.• f!'k~V 

- 2"t411 
3l001---- ··--~ _2r~c4t~ 

ZT.[pS] I ,..,. I I 
51111 

2/JD 

.2 .f 111 

' . . ~ . :.-.~~ :r~ 
i : i. ' .. 
I I, 
' I 

111 50 too 
----(£-.1£-}z.][_,. 

3aB:HC:HMOCi':& Bp6M6HHOrO paapemeHHH Ha ypOBHe 0,1 H 
EuaKo 

Oi'HOill6B:HH ~ (no ~BYM H3HanaM O~H0Bp6M6HHO). 
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3aBMCMMOCTh BpeMeHHOrO paapemeHHH· H8 ypOBHe 0,! H 0,5 ~H 
.EManc · · EMaRo 

;zumaMIJJqecRIJJX ;ztiJJanaaoHOB E = I,33 m-..._ -E = 70 
MHH MIJJH 

OT BeJIIJJqiJJHbl HanpHlltemm Uno1 (no O;AHOMY HaHaJiy). 
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- NsiWIAM NAA 

· PHC. 8 Bpeue~HOe pa3pemeHHe ( f (- COBna,D;eHRJI OT 60co npR RCnOJIJ1· 

'· 30BamUf 2-X .P'JY XPI020 H CTRJILC!eHOBNX Cl:lHHT.HJIJIJITOpOB) Ha 
E 

ypoBHe O,I R 0,5 .D;JIJI .D;HHaMHqecKoro .D;Rana3oHa EMaKC = IO 
. 'MHH 

,D;JIJI ,D;Byx KaHaJIOB. ilyHKTRpHNe Kp.HBNe - TO xe CaMoe, HO 3a-

·nycK no cppOHTY. 
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