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HesxenareJabHbIE H3JIYUYCHUSA TEXHUIECKUX
cpeactB o0padoTku unpopmanuu (TCOHN)

[Tpumepsr TCOMU:
AJIEKTPOHHO-BBIYUCIIUTEIbHAA TEXHUKA,
pexnumubie ATC,
CUCTEMBI ONIEPATUBHO-KOMAHIHOW U TPOMKOTOBOPSAIIEH CBA3H,
CAUCTEMBI  3BYKOYCHUJIEHUS, 3BYKOBOTO  CONPOBOXICHUSA U
3BYKO3aITUCH U T.].

B memsx pasMyHbBIX YCTPOWCTB NPOTEKAOT IIEPEMEHHbBIE
SIECKTPUUECKUE TOKH, MOPOXKIAIOIIME BICKTPOMArHUTHBIC ITOJIS,
M3JIy4aeMbI€ B OKpY KaroIee nmpocTpancTtso. CTpykTypa W mapa-
METPBbI SJICKTPOMArHATHBIX MOJEH, CO3IaBAEMBIX TOKOBEAYIIMMH
AJIEMEHTAMM, OMNPEICIISIOTCS KOHCTPYKTUBHBIMH OCOOCHHOCTSIMHU
CHUCTEM M CPEJCTB MH(POpPMATU3ALIMU U CBA3H, a TAKXKE YCIOBHUSIMHU
UX PA3MEIICHUS W DOKCIUTyaTaluHu. Takue SJIeKTPOMAarHUTHHIE
M3JIYUYCHUS SIBIISIFOTCS MOTECHIMAIBHBIMA HOCHUTEISIMM OITACHOIO
CHUTHAJIA. )



Bo3MoXHBIE KaHAJIbl YTEYKHA MH(OPMAILIUH 00Pa3yrOTCH:

HHU3KOYaCTOTHBIMU JIEKTPOMATHUTHBIMU MIOJISIMU,
BO3HHUKAIONMMH MNP pabdOTE€ TEXHUYECKHX CPEICTB IEepeaadu
uapopmaruu (TCIIM) wu BCHOMOTAaTeNbHBIX TEXHUYECKUX
cpeactB u cuctem (BTCC);

npu BozaerctBuM Ha TCIIM um BTCC »siaexkrpruydeckux,
MArHUTHBIX U AKyCTUYECKHUX MOJIEH;

Opd BO3HUKHOBCHWH Iapa3suTHOM BbICOKO4YacToTHOM (BY)
reHepaiuu (mapa3uTHbIe U OOpaTHBIE CBS3H);

IPY MPOXOKJACHUU MH(YOPMATUBHBIX (OMMACHBIX) CUTHAJIOB B IICITH
QIEKTPOIUTAHUS;

IIPY B3aMMHOM BIIMSIHUU LIETIEN;

IPY MPOXOKJICHUU MH()OPMATUBHBIX (OMACHBIX) CUTHAJIOB B IIEIH
3a3€MJICHUS;

U TTapa3UuTHON MOIYJISIIMHA BEICOKOYACTOTHOIO CUTHAJIA;

BCJICACTBUE JIOKHBIX KOMMYTAlMd M HECAHKIMOHUPOBAHHBIX
JICUCTBUM. 3



NuadopMaruBHbIE (OIMACHBIE) CHUTHAJIBI MOTYT BO3HHKATh Ha
JEMEHTAaX TEXHUYECKHUX CPEACTB, UYBCTBUTECIBHBIX K
BO3/ICHCTBUIO:

ANEKTPUYECKOr0 Moas (HESKpaHUPOBAHHBIE IMPOBOJA U
3JIEMEHTHI TEXHUYECKUX CPEACTB);

MarHuTHOIO 110JIs1 (MUKPO(OHBI, TPOMKOTOBOPUTEIIH, TOJIOBHBIC
Tele(OHbl, TpaHC(POPMATOPHl, KATYIIKH HWHIYKTUBHOCTH,
JIPOCCEIH, DIICKTPOMArHUTHBIC PETIC);

AKyCTHUYECKOro  Iojis  (MHKpO(OHBI, T'POMKOTOBOPUTEIH,
TOJIOBHBIE TeJIe(DOHHI, TpaHc(pOpMaTophl, KaTyIIKH
MHAYKTUBHOCTH, IPOCCENH, DJICKTPOMArHUTHBIEC pPEe).

[Ipy HamMuum B TEXHHMYSCKUX CPEACTBAX DJIIEMEHTOB,
CIIOCOOHBIX MPEoOpa30BbIBaTh ATH MOJS B JJICKTPUUYCCKUE
CUTHAJbI, BO3MOXKHA yTeUka MH(pOpPMAIIUH MO HE3AIIHUIICHHBIM
ensM  a0OHEHTCKHUX  JIMHUM  CBSI3H,  DJICKTPOIHUTAHHS,

3a3eMJICHHMS, YIIPABJIEHHUS, CUTHAIA3AIIHH.
4



[To6ounbie n3aydyeHus TCOM MOryT UMETh MECTO B PA3JIMYHBIX YUaCTKaX
4aCTOTHOTO Jana3oHa. HwuzkodacToTHBIMU H3TydaTesIsIMU
AJICKTPOMArHUTHBIX KOJICOAQHHWM SBIISIIOTCS, HAIpUMEp, YCHIMTEIIbHBIC
YCTPOMCTBA PA3IMYHOTO (YHKIIMOHAJIBbHOTO Ha3zHadeHus. Ha Ooree
BBICOKMX YacTOTax HAONIOJAIOTCS H3JYyYCHHUS TETEPOJUHOB PpPaJro-
IPUEMHBIX YCTPOMCTB, HU3MEPUTEIILHBIX TI'€HEPATOPOB, T€HEPATOPOB
TAKTOBBIX YaCTOT JICKTPOHHO-BBIYUCIUTEILHON TEXHUKHU M T.]I.
HexxenarenbHble M3IYyYEHUSI PA3JIMYHBIX YCTPOHMCTB MOTYT COJEpKaTh
OmacHbIEe CUTHAJIBIL. B mporiecce QyHKIIMOHUPOBAHUS TEXHUUECKHUX CPEACTB
00paboTKH MHOOPMALIMU 3JIEMEHTHI TEHEPAaTOPOB, YCHIUTENCH U APYTHX
M3YyYaroIIUX 3JIEKTPOMArHUTHBIE TI0JI YCTPOMCTB MOTYT OKa3aThCs B 30HE
JIEUCTBUA JJIEKTPOMArHUTHBIX MOJIEM ONMACHBIX CUTHAJIOB. Bo3gencrBue
AJICKTPOMArHUTHOTO IIOJs OIIACHOIO CUTHajJa Ha paccMaTpUBacMbIe
YCTPOMCTBA MOKET IIPUBECTH K M3MEHEHMIO IapamMeTpoB OTJIEJIbHBIX
9JIEMEHTOB T€HEpATOpa WM yCHIMTEIs. Pe3ylbTaToM Takoro W3MEHEHUS
SBJISIETCSl Mapa3yuTHas MOMYJISIMS ONAaCHBIM CHUTHAJIOM HEKEIaTelIbHbBIX
M3IyYEHUH TEXHUYECKUX cpeAacTB. CrlelcTBUEM HTOr0  SIBJISICTCA
MOSIBJICHUE B OKPY>KAIOIIEM MHPOCTPAHCTBE HEKEIATEIbHBIX H3IYyYCHHH,
MOJYJIMPOBAHHBIX OIMACHBIMUA CUTHAJIaMH, T.€. CO3JAIOTCA MPEAIIOCHUIKH
U1l YTEUKH MH(pOpMAIUM, 00padaThiBa€MOM TEXHUYECKUMHU CPEICTBAMMU.
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B oTAe/IbHBIX TEXHUYECKUX CPEACTBAX, HAIPUMED B YCHUIIUTEIBHBIX

KacKazaax, MOTYT BO3HUKATh [apa3uTHHIE U3JIy4YEHUS,
OOYyCIOBJICHHBIE HX CaMOBO30yKJICHMEM 3a CYET Mapa3UuTHBIX
MOJOKUTEIIbHBIX O00paTHBIX CBsA3ei. IIpuyMHBI BO3HHUKHOBEHUS
HE)KEIaTeIbHBIX OOpAaTHBIX CBS3E€M B YCHIMTEISX MOTYT OBITh
pa3iuuHbIMHU.  [lapamMeTpbl  3JIEMEHTOB  PaIaUO3IECKTPOHHOUN
armaparypel  —  KOHJIEHCAaTOpPOB,  PE3UCTOPOB,  KaTyIIEK
UHIYKTUBHOCTU, OTPE3KOB COCAUHUTEIBHBIX JIMHUN — BHE I10JIOCHI
paboYnMX YacTOT CYIIECTBEHHO OTIMYAKOTCA OT COOTBETCTBYIOIIMX
napaMeTpoB Ha paboumx yactorax. Hamuume  KOHEYHOM
UHIYKTUBHOCTA BBIBOJIOB DJJIEMEHTOB, PAa3JIMYHBIX IMMapPA3ZUTHBIX
EMKOCTEW, MPOSIBICHUE CBOWCTB IIENEU C PaACIPEACICHHBIMU
napamMeTpaMu, pa3IndHbIC MEKAJIEMEHTHBIE COCIMHEHUS 00paszyroT
OOJIBIIIOE KOJWYECTBO TAPA3UTHBIX KOJICOATEIBHBIX CUCTEM U
OOpaTHBIX CBSI3€H, CBOMCTBA KOTOPBIX HEBO3MOXKHO IIPEIYCMOTPETH
U YYECTh 3apaHee. 6



[IpruurHBl BO3HUKHOBEHUSI HEXKEJATEIBHBIX OOpPATHBIX CBS3EU B
YCUJIUTEIAX MOKHO PA3ICIUTh Ha JIBE TPYIIIIHI.

[lepBast rpymnma Npyu4uH CBSI3aHA C HAJWYHWEM BHYTPEHHUX
OOpAaTHBIX CBA3EU YEPE3 YCUIUTEIbHBIN MTPUOOP.

Ko BTOpO# IpyIine OTHOCAT BHEIIHUE OOpPaTHBIE CBS3U YEPE3
MMApa3suTHbIE WHAYKTUBHOCTH, €EMKOCTHU, IIENK [UTAHUS,
pPEryJIUPOBOK U T.1.

K TakuM KaHajgamM MOKHO OTHECTH BCE€ BHJbI OOpaTHOM CBS3U
MEXIY BXOJHOM M BBIXOJHOMW MENAMH, B IIPEAEiaX KaxIoro
OTJICILHOTO Kackaja, B Ipejienax AByX, TPeX 1 00jiee KaCKaJloB.



OCHOBHBIC BU/JIbl BHEIIHUX OOPATHBIX CBS3CH:

— Yyepe3 B3aMMOMHAYKTUBHOCTH MEXKIY BBIXOAHBIM M BXOIHBIM
KOHTYpaMHu U30MpPaTEIAbHOI0 YCUINTES;

— 4epe3 NPoBOJA MUTAHUS AKTHUBHBIX SJIEMECHTOB YCHIIATEIIS;

— 4epe3 NPOBOAA PETYIUPOBOK, NOAKIIOYEHHBIC K Pa3JIUYHBIM
TOYKaM YCHUJIMTEIbHBIX KaCKaJ10B;

— yepe3 IIacCM M KOPIYC YCWIWTENSA, SBISIOIMIMECS OOIUM
IIPOBOAOM, COCIMHSIIOIINM PSIJT €TO TOYECK;

— 4Yepe3 EMKOCTb MEXKIY BBIXOJHOUM M BXOJHOM IIECISAMHU
YCUJIUTENA. DTOT BHJ CBSI3M MMEET MECTO B TE€X ClIydasx, Kormaa
IPOBOAA BXOJHOM IEMH IMPOXOAAT PSIJOM C IMTPOBOAAMH BBIXOIHOU
enu (eMKOCTh C,), KOTJa OTCYTCTBYIOT 9KPaHbl MEXy KacKaaamu
WJIA KOT[la OHM HEIOCTATOYHO SKpaHUpOBaHbI (eMkocTh C,), Korna
CpE€IM MOHTQXHBIX MPOBOJOB HMEIOTCS MPOBOAA, HE HMEIOIIUE
OTHOIICHHS K BBICOKOTOYHBIM II€IISIM, HO CBSI3aHHBICE C HHUMH
emrocTsmu (emxoctu C, u C)). g



1-614 2-0H 3-um
KackKaJl KackaJl KAaCKaJl

Ciry4aiiHbIi IPOBOJL

OOpa3oBaHue IMapa3uTHOM €MKOCTHON OOpaTHOM CBSI3U B
MHOI'OKACKaJHOM YCHUJIUTEIIE

B onpeneneHHbIX YCIOBUSAX HEXKeIaTeabHas 00paTHas CBI3b MOXKET

OKa3aThCsS IOJOKHUTEIBHONH, a YCIOBHS CaMOBO3OYXXICHHUS -
BBIIIOJJTHEHHBIMH. OJTO MNPUBOAUT K BO3HUKHOBCHHIO Mapa3UTHOMU
r€HEpaluyu yCTPOMCTBA HAa ATOM YacTOTE, MpEJCKa3aTh KOTOPYIO
3apaHee MPAKTUYECKA HEBO3MOKHO. 9



J1iist MEPCOHAIBHOTO KOMIIBIOTEPA MOTEHIUAJIbHO-
NH(OPMATUBHbIMU apa3suTHBIMU ANEKTPOMArHUTHBIMU
mnydeHussma - (IIOMU)  saBasroTcst  M3IydeHHs, (POPMHUPYEMBIC
CIEAYIONUMHU LETISIMU:

IENb, II0 KOTOPOW TEPENAIOTCS CHUTHAJIbl OT KOHTpPOJUIEpa
KJIABUATYPhI K IOPTY BBOAA-BBIBOJA HA MATEPUHCKOW ILJIATE;
€T, 10 KOTOPBIM MEPEAAECTCS BUIACOCUTHA OT BHUJECOATANTEPA
10 AIEKTPOAOB IEKTPOHHO-TYYEBOM TPYOKH MOHUTOPA;

neny, (OPMHUPYIOIIWE IIHMHY JAHHBIX CHCTEMHOW IIIMHBI
KOMIIbIOTEPA;

1enu, GOpMHUPYIOLIKME IIMHY JaHHBIX BHYTPHU MHUKPOMpPOIIEccopa,
U T. II.

[IpumMeHEHHE MHOIOPA3PSAHOI0 MNAPAJICJBLHOI0 KOJAa B
OOJILIIIMHCTBE CJIydyacB (B 3aBUCHMOCTH OT pa3psSJHOCTH KOJa,
(opMara TpeACTaBICHUS HWHMOpPMAIIMHM) JEIA€T HEBO3MOKHBIM
BOCCTaHOBJICHUE HH(opMaIuu nipu nepexsare [[19MU. 10



YTeuka HH(MOPMAIIMH 110 HenAM 3a3eMJICHUSA

3azemiyleHMEM Ha3bIBACTCs MPEAHAMEPEHHOE COCIMHEHHE 00BhEKTa
C 3a3€eMJISIIOLIUM YCTPOKWCTBOM, OCYIIECTBIAEMOE IIYTEM CO3IAHUS
CUCTEMBl  TPOBOJAINIMX  MOBEPXHOCTEM U DIICKTPUUYECKUX
COCIMHCHHUH, MOPEJHA3HAYCHHBIX JIJISI BBIINOJHEHUS Pa3IUYHbIX
(DYHKITUM.

OaHoM M3 NPUMYMH MOIAJAaHUS OMNACHOIO CHUTHajda B CHCTEMY
3a3€MJICHUS SIBJISIETCA HAJIMYMUE DSJIIEKTPOMArHUTHOTO MO —
HOCHUTENA OMAaCHOI0 CHUTHAJIa B MECTAaX PACIOJIOKEHUS SJIEMEHTOB
CHCTEMBI. OJTO JJIEKTPOMAarHUTHOE TII0Ji¢ OyAeT HaBOJAUTH B
PACIIONOXEHHON ITOOIU30CTA CHUCTEME 3a3€MJICEHHMSI TOK OMNAaCHOTO
CUTHAaJIA.

IIpOHMKHOBEHHE OMACHOTO CHUTHAJIa B LENHU 3a3€MJICHHAS MOXKET
OBITh CBSI3aHO C OOpa30BaHMEM TaK HAa3bIBAEMbIX KOHTYpPOB
3a3eMJieHMs. PaccMOTpuUM J1Ba yCTPOMCTBA, COCIAUHEHHBIE MApPOU
IIPOBOAHHUKOB, OJMH M3 KOTOPBIX SIBIISICTCS CHUTHAJIbHBIM, a APYTOM
CIIYKUT JJIsl IPOTEKaHUsI OOPaTHBIX TOKOB. 11



OOpa3oBaHUE KOHTYPOB 3a3€MJICHUS MEXKY IByMs YCTPOMCTBAMU

[IycTh BO3BpaTHBIA MPOBOAHUK COCAUHEH C KOopmycom neproro (I)
YCTPOMCTBA, a KOPIYC — C 3eMJIEU. ECIIM 3TOT NMPOBOJHUK COCAUHEH
¢ kopnycom Broporo (II) ycrTpoicrBa, TakKke HMMEIOIIETO
SIEKTPUYECKUM KOHTAKT C 3emiied (coeaumHenue 2'-3'), TO
oOpa3yeTcsl 3aMKHYThIA OPOBOASIIMN KOHTYp 2-2'-3'-3-2.
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BHemiHee 3JI€KTpOMAarHMTHOE MOJI€ MCTOYHMKA OIaCHOIO CHUTrHalla
HAaBOJUT B 3TOM KOHType IJIC, BbI3bIBasA NPOTCKAHHUE TOKa IOC,
KOTOPBI, B CBOK OYEpPElb, CO3AAECT HA Yy4dacTkKe 2-3 mnajJcHue
HanpspkeHust U__ (OmacHOro curHania) paBHOE:

Uo ]c.ZZ3

C — o
rae Z,, — CONPOTHBJICHUE YyYacTKa Lernu 2-3.

Ecnn oTCcyTCTBYeT MpOBOAHMK 2'-3' MM COEAWHEHHE IIPOBOIHHKA
2-2" ¢ KOPITyCOM BTOPOI'0 YCTPOMCTBA, TO BO3MOXKHOCTh 00Opa30BaHUS
KOHTYpPa 3a3€MJICHHUS TTOJHOCTBIO HE MCKIOYAETCs. B 3TuX cirydasx
KOHTYP MOET COCTOSTh U3 MPOBOAHUKOB 2-2', 3-3', 36 MIITHOM IIIWHBI
M IIAPA3UTHBIX €MKOCTEHM MEXKIAY CHUTHAIBHOW LENbI0 M KOPITyCOM
Broporo ycrpoiictBa C,, a Takke MEXIy KOPIyCOM BTOpPOro
ycTporicTsa u 3emiieit C, ..
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Eme oaHa mnpuymHA TOSBIECHUS OIMACHOIO CUTHAJIAa B IEMH
3a3€MJICHUS]  CBfI3aHAa C KOHEYHBIM  3HAYEHUEM  BEIIMYUHBI
COIPOTUBIICHUS 3a3€MIIAIOLINX NPOBOAHUKOB. [lo 3azemusromemy
IPOBOAHUKY IPOTEKAET OOpaTHBIM AICKTPUYECCKHM TOK OMNACHOIO
CUTHAJIA.

M3-32 KOHEYHOTO CONPOTHBICHUS R, 3€MJSIHOM IIMHBI Ha 3TOM
COIPOTHUBIIEHNU CO30ACTCS MaJICHUEC HANIPSIKECHUS:

U -R
oc
R, +R.,+R
rne U - — HalpsDKeHUE MCTOYHMKA CUTHAJIA, R a R -, — BHYTpCHHEe

COIIPOTHUBJIICHHUC HCTOYHHKA CHI'HAJId W COIIPOTHBIICHHUC HAI'PY3KH
COOTBCTCTBCHHO.

U -R

R, -|—Rfi

IIpu R.,+R.,>R U =



Y1euka wuHbOpManMKM 3a CUET IMaJCHUS HAOpsOKCHHS  Ha
COIPOTUBIICHUH 3A3EMIISAIONIETO YCTPOMCTRA.

HanpsikeHre omacHOro CHrHana B IENH 3a3€MIICHMS OydeT Tem

OostbIie, YeM OOJIbIIIE BENUYMHA COMPOTUBIICHUS R, 1
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YTeuka wuHGOpMAIMM MO LENIM 3a3€MJICHHS MOXKET TaKKe
IPOUCXOJIUTH BCIEACTBUE TOTO, YTO OOIIAS 3€MJIs CIY>KUT 0OpaTHBIM
IIPOBOJIOM JIJIsI PA3JIMYHBIX KOHTYPOB.

B 3ToM ciydae mis IBYX pa3lIMYHBIX KOHTYPOB — CHUTHAJIBHOTO U
IIOCTOPOHHEI0 — 00IIas 3eMJIs SIBIISICTCS OOpPaTHBIM IIPOBOAOM C
SKBUBAJICHTHBIM COIIPOTHUBJICHUEM R 7 16



Ha 5KkBHBaJICHTHOM COIIPOTHBIICHWH 3eMJIM R, BO3HHKACT MaJCHUE
HaIMpsKEHUS 3a CUET MPOTEKaHUsI 0OPAaTHOTO TOKA OMACHOTO CUTHaja
[, paBHOE:

U.-R U.-R
Up =723 R ,apu R << R +R
R, +R,+R, R +R
rne R, R., — BHYTpPCHHEE COIPOTHBICHHE NCTOYHUKA OITACHOTO

curHana U, M CONPOTHBIICHHE HArpy3kd B II€NH CUTHAIBHOTO
KOHTYpA.

Ha conpotuBneHun Harpy3kd R, TMOCTOPOHHEIO KOHTypa HMEeT
MeCTo TmajaeHue HampspkeHust U, ., BBI3BAHHOC IIPOTCKaHHEM
00OpaTHOTO TOKA OIMACHOI'O CUTHala - [, 10 0O0IIeH Lenu 3a3eMJIICHUS,

C
KOTOPOC PABHO.

:Ucz'Rz
“ R, +R,

e R, — BHYTPEHHEE CONPOTHBICHUE MCTOYHHMKA HampshkeHus U,
B 1IEITM IOCTOPOHHETO KOHTYpA. 17
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B0o3MOXHOCTh yT€UKM HH(MOpPMAIMM, CBSI3aHHAsA C LCISMHA
3a3eMJICHUS, OOYCJIOBJICHA TAaKXE€ HAIMYHUEM BJIEKTPOMATHUTHOIO
MOJg OITACHOTO CUTHajla B TPYHTE BOKpYyr 3azemiurens. HM3-3a
OOJIBIIIOrO 3aTyXaHWsl, BHOCHMOIO TPYHTOM, MAarHUTHOE MOJIE B
3EMJII0 IIPAKTUYECKU HE IMMPOHUKAET. DJIEKTPUUYECKOE T0JIE€ B 3EMIIE
ONPENEIACTCS BEIIMYNHOM MTOTEHIMANA 3a3€MIIUTEIIS U TTapaMeTpaMu
IPYHTA, TJI€ MPOHCXOJUT PACTEKaHHWE TOKa omacHoro curHana. C
IIOMOINBIO JOIMOJIHUTEIIBHBIX 3a3E€MIIMTEIIEH MOXKHO OCYIECTBUTH
[IEpEXBAT OIIACHOTO CUTHAJIA.

HcTouHuK -
OITACHOTO Harpy3ska CeneKkTUBHBIN
CUTHAaJIa MHUKDPOBOJIGTMET]




YTeuka nuHGpOPMALMHA 110 LEHsIM
ICKTPONUTAHUS

Kak npaBuio, mpoBoja oOIIEH CETH MUTAHUS PACHPEACIIIOTCS I10

PA3JIMUYHBIM  [OMELICHUSAM, TJE€ PACHOJ0XKEHbl TEXHUYECKUE
CUCTEMBI, U COCIMHEHBI C PA3JIMUYHBIMUA yCTPOUCTBaAMU. BcelieacTBue
3TOr0 00pa3yeTcsi HeXKeJlaTeabHasl CBS3b MEXKIY OTICIbHBIMU
TEXHUYECKUMU CpeACcTBaAaMHU. Kpome Toro, mpoBoga CETH IMUTAHUS
SBJISIIOTCSA JIMHEMHBIMA AHTE€HHAMH, CIOCOOHBIMH M3JIydaTb WU
BOCIIPUHHAMATL  JJIEKTPOMAarHuTHbIE  mojsd. Ha  mpakTtuke
3HAYUTEJIbHAS YaCTh HEXKEJIATCIIbHBIX HABOJOK MEXIY YIAJICHHBIMU
IpYr OT Jpyra YCTPOMCTBAMM IIPOUCXOJUT C YYACTUEM CETHU
nutanus. [Ipy 3TOM BO3MOXHBI pa3iIdyHbIE CUTyaluu. B ciydae
ACUMMETPUYHOM  HABOJKH, KOIJa MOPOBOAA CE€TH NHATAHUSA
MPOKJIAJIBIBAKOTCI BMECTE U HUMEKT OJUHAKOBBIE E€MKOCTH
OTHOCHUTEJIIbHO HKCTOYHUKOB MW NPUEMHHUKOB HABOIAKHW, B HHUX
HABOASTCS HANpPSHKEHUWS, OAWHAKOBBIC II0 BEIWYMHE M MO (hase
OTHOCHUTEJILHO 3€MJIA U KOPITyca MPUOOpPOB.
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BBIBO/IbI
CeTH
C'ec

|
HcTouHnk
HABOJIKU

JlericTBUTEIILHAS DKBUBAJICHTHASI

CXeMBbI HEKENATEIbHOM ACUMMETPUYHOMN CBSI3U JIByX YCTPOMCTB
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CUMMETPUYHOE PACIPOCTPAHECHUE HABOJIKM HMEET MECTO B TeX
ciay4dasx, KOrja Ha IPOBOAAX CETH HHIAYLUMUPYIOTCS pPa3jIMYHbIC
HAIIPSDKEHUST OTHOCUTEJIBHO 3€MJIM. Torma MEXay MDpOBOJAMH
00pa3yeTcsi BBICOKOYACTOTHAs Pa3HOCTh ITOTCHIMAJIOB, M IO
IIPOBOJIAM CETH IMPOXOAAT TOKU HABOIAKH B PA3HBIX HAIIPABIICHUSIX.

[IpuemMHuK
HABOJIKU

BceneacrBue 3TOr0 B MPUEMHMKE HABOJKU WHAYLUPYIOTCS PaBHBIC
0 BEJIMYHMHE OOparHble 10 3HAKy HanpsbkeHus. Iloatomy
CAMMETPUYHO  pPACOpPOCTPAHSIOMIASICS  HABOJAKA  HE  MOXKET
[IPOHUKHYTH B BEICOKOYACTOTHYIO YaCTh IPUEMHHUKA HABOIKH.



IIpoHUKHOBEHHME  CUMMETPUYHOU  HABOAKHA  4YEpe3  CUIIOBOU
TpaHchopMarop MOyTeM MEpeaadyd HaIpsKCHWs, HaBEACHHOIO B
IIEpBUYHOM OOMOTKE, BO BTOPHYHYIO MAaJOBEPOSTHO BCIIECACTBUE
CYLLIECTBEHHBIX OTIMYUKA YACTOT CETHU IMUTAHWS U CUTHAJIA HABOIKHU.
CUMMETPHUYHOE PACIPOCTPAHCHUE HABOAKHA OIIACHO TOJILKO IIPH
ACUMMETPHUM NPUEMHHKA HABOJAKHW OTHOCHUTEIIBHO IPOBOJOB CETH
nuTanus. Hampumep, €ciim B OMH U3 IPOBOJOB CETU IMUTAHUS BBECTHU
IpPEIOXPaHUTENb, TO MPOBOJA CETH OyayT MMETh pa3HbIe €MKOCTH
OTHOCHUTEJIBbHO NPHEMHHKA HABOAKHU. Uepe3 HUX OyayT mepeaaBarbes
HAIPSKEHUSI, PA3HOCTh KOTOPBIX IPUBEAECT K HABOAKE B IIPUEMHHUKE.
[Ipy HamMUMKU B COCTABE TEXHUYECKUX CPEIACTB YCHUIUTEIbHBIX
KaCKaJi0B TOKH YCHJIHMBAEMBIX B HHUX CHTHAJIOB 3aMBIKAIOTCS 4Yepe3
BTOPHUYHBIN UCTOYHUK JJIEKTPOIIMTAHMS, CO3/1aBasi HA €T0 BHYTPEHHEM
CONPOTUBJIICHUM  MAJACHUE  HANPSKECHUSA,  H3MEHSIOIICECS B
COOTBETCTBUM C 3aKOHOM HW3MEHEHHMS YCHJIMBAEMOro (OMacHOIo)
CUTHAJIA.

[Ipy HemOCTAaTOYHOM 3aTyXaHWHU B (DMIIBTPE MCTOYHHKA MUTAHUS 3TO

HaIPSIKEHUE MOXKET OBITh OOHAPYKEHO B MUTAIONIEN JINHUM.
22



B3anMHbIe BAUSAHUS B JUHUAX CBA3HU

C Uenpro pacCMOTPEHHUS PE3YJIbTATOB BIMSHUA JPYr Ha JApyra
MapaJUICIIbHO MPOJIOKECHHBIX JIMHUK CBI3UM IPUHATHI CIEIYIOIIMUE
OCHOBHBIE OIIPEJIECIICHUS:

— BIIMAIOIIAA LEIb — IME€Ob, CO3JAI0NIAas IEPBUYHOE BIIUAIONICE
3JIEKTPOMArHUTHOE o€ (1ensb I);

— LEMb, IOABEPKECHHAA BIMSIHUIO, — IE€Nb, HAa KOTOPYIO
BO3JICHCTBYET BIUSAIOIICE AJIEKTPOMArHuTHOE 1oJie (1enb 11);

— HETMIOCPEACTBEHHOE BJIMSAHUE — CUTHAJIBI, WHIYIUPOBAHHbBIE
HEIIOCPEACTBEHHO 3JCKTPOMAarHUTHBIM II0JIEM BIHSIOIIECH LE€NH, B
LIEITH, TTIOJIBEPKEHHOM BIIMSIHUIO.




B 3aBUCUMOCTH OT CTPYKTYPHl BIHUSIOLIECTO 3JIEKTPOMArHUTHOTO
[OJII U KOHCTPYKIMU L€, MOABEPKEHHON BIIUAHUIO, Pa3IAYaArOT
BIIUSTHUA

CUCTEMATUYECKUE

CIIy4YaulHbIE.

K cucreMarndyecKuM BIMSHHUSIM OTHOCSITCS B3aMMHBIC HaBOIKH,
BO3HUKAIOIIUE 110 BCEU UIUHE JTUHUMU.

K ciiydyariHbIM OTHOCATCS BIMSAHUSA, BOSHUKAIOIIHAE BCICACTBUE psiia
CJIyYaHBIX IPUYUH U HE MOAJAOIIMECA TOYHOU OIICHKE.

CyLIeCTBYIOT  peajibHbI€  yCIIOBHS  HABOAOK C  OJHOTIO
HEOKPAHUPOBAHHOIO MPOBOJA HA JPYrow, MNapajuICIIbHbIA €My
IIPOBOJ, TOM K€ JIJIMHBI, KOIJIa 00a OHU pacHoJ0KEHBI Haj ''3eMiieh .
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Tun TuauNn

[Ipeobnamaroniee BIMSHUAEC

Mepbl 3a1UThI

Bo3ayiiHbie
JIMHUU CBS3U

CucreMaTn4ecKoe BIMSHUE,
BO3pACTAIOIIEE C
YBEJINYCHUEM YaCTOTHI

CxkpeluBaHue eneun
OINTUMAJIbHOE
PACIOJIOKEHUE NETIEN

CHucreMaTHYeCcKOE BIINSIHUE

DKpaHUPOBAHUE U

KoakcrnanbHbIN 4yepe3 TPEThU LEIn OrpaHUYCHHUE
Ka0eIb (ocnabmisercs ¢ avana3oHa paboumx
MOBBIIIIEHUEM YACTOTHI) 4aCTOT CHU3Y
(O CI/ICTCUMaTI/IIIeCKOG 17| OnTuMusanus maroB
ABCITE CILyHaMHOE BIMHKE, CKPYTKH KaOeJs,
BO3PACTAIOIIEE C YaCTOTOU SKPAHUPOBAHUE
CucTemMarnyecKoe u DKpaHUPOBAHHUE
OnTudeckuu CIIy4aliHOE BIWSIHHUE (OT | ONTHYECKUX BOJOKOH,
Ka0eJlb 4aCTOThI CUTHAJa IPOCTPAHCTBEHHOE
MPAKTUYECKU HE 3aBUCHUT) pa3aeIeHue
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YTeuka vHpOpPMAIIMHA B BOJIOKOHHO-OIITHYECKHUX
JIMHUSIX CBA3H

OCHOBHBICE NPUYMHBI yTE€UKH HHGOPMALMK B  BOJOKOHHO-
ONTUYCCKUX JIMHUSIX CBSI3aHBI C M3JIYYCHHEM CBETOBOM SHEPIUU B
OKpyXKaroliee IpOCTpaHCTBO. IIpwyuMHBI  ATOro  H3IyUYCHHS
OOYCIIOBJICHBI MPOIECCaMU, MPOMUCXOISIIIUMU IIPU BBOJEC (BBIBOAC)
M3Iy4YCHUs B ONTHYECKHUII BOJIHOBOJ M PacOpOCTPAaHCHHH BOJH B
AURJICKTPUYECKOM BOJIHOBOJIe. KpoMe Toro, yreuka nHpopMmaiuu 3a
CUCT ONTHUYECKOIO M3JIYUYCHHUS MOXKET MMETh MECTO M3-3a HaJIM4us
MOCTOSHHBIX M Pa3bEMHBLIX COCIMHCHHUM ONTUYECKHX BOJIOKOH, a
TaK)Ke M3riO0B U MOBPEKICHUM ATUX BOJOKOH.

PaccenBaHMe M3IIy4YeHHS MOpPU BBOJE OITHYECKOIrO CHTHAlla B
BOJIHOBOJ, CBS3aHO C TEM, YTO IYYOK M3IIYUYCHHS MCTOUYHHMKA MMECT
3aMETHO OOJIBIIYIO IIUPUHY, YeM TOJIIHHA CEPALICBUHLI BOIHOBOIA.
VYBenuuenue A(PPEKTUBHOCTHM BBOJA M3IYUYCHHUS HJOCTUrACTCS
IPUMEHEHHEM OITHUYECKOrO KJjiesl, MUKPOJIUH3 U APYTHX CPEACTB
(hOKYCHUPOBKH U3TYUYCHHUS.
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B IMANIEKTPUYECKOM BOJIHOBOJAC TOJIIMUMHOM MOPSAKAa JJIWHBI
pacIpocTpaHsrouencs B HeM BOJHBI (1-10 MKM) B 3aBUCMMOCTH OT
COOTHOIIICHUSI TMOKa3aTelied IPEIOMIICHUS BOJIHOBOJHOIO —CJIOS
(CepalIeBUHBI), O0OJOYKH M IOKPOBHOIO CJIOS, a TaKXke OT yIja
NaJICHUsl CBETOBOM BOJIHBI Ha I'paHMIIE pas3jielia BOJIHA MOXKET JIHOO
pacIpoCTpaHsATbCS  BAOJAb  BOJOKHA IIYTEM  MHOTOKPAaTHBIX
OTPaXCHUM OT TpaHMlbl CepAlleBUHA—O0000YKa (1y4 1), 1m0
IPOHMKATh B OOOJIOUKY, PacCIpOCTPaHSATHCS BAOJbL HEEe U Jajee
BBIXOJWTH B OKPYKaIOIIYyI0 cpeay (myuu 2, 3).

O0o1ouka

CepaiieBuHa



B npaMOIMHEHWHBIX CBETOBOJIAX U3JYUYECHHUE B OKPYKAIOIIYIO CpEay

He3HauuTelIbHO. (OJgHako B MeECTax M3TMOOB  BOJIHOBOJIOB
MHTEHCUBHOCTD M3JIy4YCHHUS B 000JI0UKY WM BO3AYX YBEIWYMBACTCH,
M TeM OoJiblle, 4YE€M CHWJIbHEE OTH W3rMObl. VIHTEHCUBHOCTH
MU3JIY4CHUST B OKPYXKAIOLIEe MHPOCTPAHCTBO YBEIWYUBACTCI U IPHU
MOBPEKJICHUN 000JIOUYKH CBETOBO/IA.

IlocTosTHHBIC COCAMHEHUSI OTPE3KOB ONTHYECCKUX BOJOKOH MEXKIY
COOOM  OCYIIECTBIISIIOT  CBapHUBaHHUEM, CIUIABJICHUEM  HJIM
CKJICMBAaHHEM B IOCTUPOBOYHOM YCTpoMcCTBe. ONTHUYECKHUE Pa3beMbl
(COCAMHUTENN) IOJKHBI JOIMYCKAaTh MHOTOKPATHHIC COCIMHCHUSI—
pa3beIMHECHUS ONTHUYECKMX BOJOKOH. PaccorimacoBaHHe BOJIOKOH
BO3HHUKACT M3-3a HMECIOIINXCS pa3Induili B YHCIOBOM aleprype,
npoduIIe IMOKa3aTe/Isl IPSIOMICHHS, THAMETPE CEPALICBUHEI HIIH W3-
32 TOTPEHIHOCTEM BO B3aMMHOM OpPHEHTAIMM BOJOKOH MPH HX
COEIUHEHUU.
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OCHOBHBIMM TPUYMHAMH H3JIYYCHHS CBETOBOW DSHEPIrUHA B
OKPY>KaroIiee IPOCTPAHCTBO B MECTAX COCAWHEHHS ONTHYECKUX
BOJIOKOH SIBJISIFOTCS:

— CMCILICHHC (OC@BOG HCCOBMCIICHHUC ) CTBIKYCMBIX BOJIOKOH

o

— HAJIMYHUC 3a30pa MCXKAY TOPIHAMHN CTBIKYCMbIX BOJIOKOH

— HCIIAPAJUICIIBHOCTDb TOPLCBbLIX HOBerHOCTeﬁ BOJIOKOH

E\

— YIJIOBOE PacCOrIacOBaHUE OCEH CTHIKYEMbIX BOJIOKOH

\

— Ppa3JINIUC B JUAMCTPAX CTBIKYCMbIX BOJIOKOH 29



Haunbosnee MHTEHCHBHOE U3JIYYEHHUE B OKPYKaOIIEEe MPOCTPAHCTBO
HaOMIOMACTCS TPU  HAJIWMYUMUA CABUTAa COCAUHSIEMBIX BOJIOKOH
OTHOCHUTEJIBHO APYT JIpyra.

Eme oHa npuyrMHa yTEUYKU MH(MOPMAIIMU B BOJIOKOHHO-ONTHYECKHUX

JUHUSIX MOXET OBITh CBSI3aHA C BO3MOXHBIM BO3JCHCTBHEM
BHEIIHETO aKyCTMYECKOro IoJjisi (MoJii OMacHOro CHUrHajia) Ha
BOJIOKOHHO-ONTUYECKUN Ka0eib. 3ByKOBOE JABJICHUE AKYCTUYECKON
BOJIHBI MOXXET BBI3BaTh W3MEHEHHUE TIE€OMETPUYECKUX Pa3MepoOB
(TONIIMHBI) WIA CMEIICHUE COCIUHSIEMBIX KOHIIOB CBETOBOJIOB B
Pa3bEMHOM YCTPOMCTBE OTHOCHUTENBHO JpPyr Apyra. Bcieacrsue
3TOT0 MOXET OCYIIECTBISITHCS aMIUITUTYIHAA MOIYJISIMUSA OIACHBIM
CUTHAJIOM M3JIYYCHMS, MPOXOMAIICIo II0 BOJOKHY. InyOuHa
MOIYJIALUMUA  ONpEHensaeTca  CWIIOM  3BYKOBOIO  JIaBJICHUS,
KOHCTPYKIUEU U CBOMCTBAMU BOJIOKHA.
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BLicoOKO4YaCcTOTHOE HaBsA3bIiBaHue

ITepexBar oOpabaTbpIBacMOM TEXHUYECKUMH CpeICTBAMHU
MH(pOpPMAILIMM  MOXET OCYIIECTBISATBCS IIYTEM  CIIEIAAIbHBIX
BO3JACKUCTBUI HA DJJIEMEHThl TEXHHUYECKHUX cpeactB. OmHuM U3
METOJIOB ~ TAaKOTO  BO3JICMCTBHUSL  SBJIACTCS  BBICOKOYACTOTHOE
HaBsI3bIBAHWE, T.€. BO3JEMCTBHE HA TEeXHHYECKHE CpeAcTBa
BbICOKOYACTOTHBIX CUTHAJIOB. B HacTosmee BpeMsi HCIIOIb3yIOTCS
J[Ba CII0CO0A BEICOKOYACTOTHOTO HaBSI3bIBAHUS:

1. HOCpGZ{CTBOM KOHTAKTHOI'O BBCACHUA BBICOKOYACTOTHOI'O
CHUI'HaJla B JJICKTPHYCCKHUC LCIIM, MMCIOIIHUC (I)YHKI_II/IOHEUIBHBIG NJIN
IMapasuTHLIC CBA3HU C TCXHHUYCCKHUM CPCACTBOM.

2. HYTGM HN3JIYYCHHUA BBICOKOYACTOTHOI'O SJICKTPOMAI'HUTHOI'O ITOJIA.
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B03MOXXHOCTh ~ yTE€UKM  HHQOpPMAIlMU NpPHA  MCIOJb30BAHUU
BBICOKOYACTOTHOTO HAaBSA3BIBAHUS CBA3aHA C HAJIWYUEM B IIEIISIX
TEXHUYECKUX CPEACTB HEJIMHEHWHBIX WA  IAPaMETPUYECKUX
JIEMEHTOB.  HaBs3piBaeMble  BBICOKOYACTOTHBIE  KOJICOAHUSA
BO3JICUCTBYKOT  HA  OTHU 3JIEMEHTBI OTHOBPEMEHHO C
HA3KOYACTOTHBIMHA CHUTHAJaMH, BO3HUKAIOIIMMM IIpU PabOTE ITHUX
CPEIACTB W COJEpKAIMMH KOH(UICHIMAJIbHBIC CBeacHUS. B
pe3yabrare B3aMMOJICCTBUSI Ha TAKUX 3JIEMEHTaX
BBICOKOYACTOTHBIE  HaBS3bIBAEMBIE  KOJICOAHUS  OKa3bIBAKOTCS
ITPOMOIYJIMPOBAHHBIMM HU3KOYACTOTHBIMHM OITACHBIMM CHUTHAJIAMHU.
PacnpocTtpaHeHre BhICOKOYACTOTHBIX KOJICOAHUN, MOIYJIMPOBAHHBIX
OITACHBIMM CUTHAJIAMH, 110 TOKOBEAYIIIUM ILEMHAM WA U3ITYUYCHUE HUX
B CBOOOJHOE IIPOCTPAHCTBO CO3/AIOT pPEaAJbHYIO BO3MOXKHOCTH

YTE€UKH 3aKPBITON MH(OPMAIIUH.
32



Cxema WILTFOCTPUPYET IPUHIIUII peann3anuu
BBICOKOYACTOTHOIO HAaBS3bIBaHUS B Teae(OHHOM ammapare MOpu
MOJ0KEHHOM MMKPOTEIC(HOHHOW TpyOKe (T.€. B CHUTyalluM, KOTJa
TeJIe()OHHBIA PA3rOBOP HE BEAECTCS W IENb MUTAHWUS MHUKPO(OHa
PAa30MKHYTA).

v T
_I—CH
|

_—_v

BY J Llens [lenn
reHepaTop 3BOHKA MHKpPO(DOHA

[IpuHIIMI peanu3alii BLICOKOYACTOTHOTO HABS3bIBAaHUS B
TeJie(D)OHHOM armnapare 33



B paccMmarpuBaeMoM ciiydyae B Tele(hOHHYIO JUHHIO MOAAIOTCS OT
CIIEIIMATILHOTO BBICOKOYACTOTHOIO TE€HEeparopa BbICOKOYACTOTHBIE
xosneoanus ¢ yactoror oonee 100 kI 1. HuzkouyacToTHBIE (OTIaCHBIC)
CUTHaJbl (hOPMHUPYIOTCS B TeIe()OHHOM ammapare Ha JJIEMEHTax,
00JIaJaroIINX CBOMCTBAMU AJICKTPOAKYCTHUYECKHUX IIpeoOpazoBaTeic
(3BOHOK, MUKPO()OH H T.J.), KOTOpPBIE IPEOOpPa3yrT aKyCTHUECKHE
CUTHaJbl (pPa3rOBOPHYKD pPEYb B MOMEIICHWH, IJIE PAacCIOJIOKEH
TeJIC(DOHHBIN aImnapar) B JICKTPUUYECKUE.

HecmoTps Ha TO, 4TO HEenmb MUKpodoHa TeledOHHOro ammapara
PA30MKHYTa  PBIYAXHBIM  MEPEKIIOYATEIIEM, MEXIY  LEIbIO
MHUKpPO(OHA U BBIXOJOM JIMHHUH CYNIECTBYCT Mapa3uTHast eMKOCTh C
nmopsiaka S5-15 md®. Ha gocTaro4yHO BBICOKMX YaCTOTAX E€MKOCTHOE
COIPOTHUBJICHWE HTOr0 IEpeKIrodareias OyAeT OTHOCHUTEIIbHO
HEBBICOKHUM, ITI03TOMY HaBA3bIBAEMBIC BHICOKOYACTOTHBIE KOJICOAHUS
gepe3 eMKocTh C_ OyyT MPUITOKEHBI K MUKPO(OHY.
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Ecnn B 3TO BpeMsi HA MUKPO(POH ACHUCTBYET JIOCTATOYHOE 3BYKOBOE
NABJICHWE OMACHOTO CUTHAJA, 00YCJIOBICHHOE BEJICHUEM PAa3rOBOPOB
B MOMEIIICHHH, IJI€ PACTIOIOKEH TEIS(POHHBIN amnIapar, TO Ha BBIXOJE
MUKPO(OHA MOSIBUTCS HAIIPSIKEHUE omacHoro curHana. [Ipoucxogut
MOJYJISILIMS  BBICOKOYACTOTHBIX KOJICOAHMH OIMACHBIM PEUYEBBIM
CUTHAJIOM. AHAJOTMYHBIC SIBJICHUS HAOMIOMAIOTCI M B 3BOHKOBOM
[eny Teae(OHHOTO anrapara.

M3nyyeHrne BBICOKOYACTOTHBIX KOJICOAHWM, MPOMOAYJIHMPOBAHHBIX
ONACHBIM CUTHAJIOM, B CBOOOJIHOE IIPOCTPAHCTBO OCYIIECTBIISIETCS C
MOMOIIBIO  CIyYalHOM AaHTEHHbI — TEIE(POHHOIO MPOBOJA.
[IpoMoayIMpOBAHHBIN BEICOKOYACTOTHBIA CUTHAJ PACIPOCTPAHAETCS
TaKk€ B TeIe(pOHHOM AOOHEHTCKOM JIMHUM 3a  IIPEICIbI
KOHTPOJIUPYEMOU TEPPUTOPUH. CremoBarenbHo, puem
BBICOKOYACTOTHBIX KOJICOAHUM MOKHO OCYIIECTBIIATH JIMOO IyTEM
MOAKJIIOYCHHUS PUEMHOI0 YCTPOKMCTBA K TEIC(POHHON JIMHHUH, JIMOO
ITO ITOJIIO. 35
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YTeuka 3a CHET CTPYKTYPHOIO 3BYKA B CTEHAX U MEPEKPBITUSX;
CbeM HH(OOpPMAIIUM C JICHThI IIPUHTEPA, CTEPTHIX JUCKET U T.II.;
CbeM HH(OOpPMAIIUKM C MCHOJIb30BAaHUEM BH/I€0-3aKIaJI0K;
[Iporpammuo-anmaparHeie 3akiaagkd B [I1DBM;
Panno-3akiaaky B cTeHaX U MeOeiu;

CpeM MH(pOpMAIIUK 110 CUCTEME BEHTUJISALINH;

JIazepHbIM CheM aKyCTHYE€CKOM HH()OPMAIMU C OKOH;
[IpON3BOACTBEHHBIE U TEXHOJIOTUYECKUE OTXObI;
KoMnberoTepHBIE BUPYCHI, TOTHYECKHE OOMOBI U T.I1.;

CbeM HH(OOpPMAIIUM 32 CYET HABOJIOK U ''HaBSI3bIBAHUSA "
JIMCTaHIIMOHHBIN ChEM BUJICO MH(POpMALINK (ONITHKA);

ChbeM aKyCTHUECKOM MH(POPMAIIMHU C UCII0JIb30BAHUEM JIMKTO(DOHOB;
XHUIEHUE HOCUTENEN HH(DOPMAIIHH;

BBICOKOYACTOTHBIN KaHAJI YTEYKH B OBITOBOM TEXHUKE;

CbeM nH(pOpMalliK HalTPpaBICHHBIM MUKPO(OHOM;
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BHyTpeHHHE KaHaIbl YTEYKU HHPOpMalnu (4epe3 00CTyKUBAIOIIHMI
IIepCOHAII);

HecaHKIIMOHMPOBAaHHOE KOTIMPOBAHUE;

YTeuka 3a c4eT MOOOYHOI0 U3ITYYECHUS TEPMUHAIA;

CbeM MH(pOpMAaIIKK 32 CUET UCIIOIB30BaHUs ""Tene(OHHOTO yXxa";
ChbeM ¢ KJIaBUATYPhI U IIPUHTEPA MO aKyCTUYECKOMY KaHaJly;
CbeM ¢ AuCIlIEs 1O AJIEKTPOMArHUTHOMY KaHally;

Bu3syanbHbIN ChEM C IUCIUIEA U IPUHTEPA;

HaBonku Ha IMHUKA KOMMYHUKAIIMKA U CTOPOHHUE MIPOBOAHUKMY;
YTeuka yepes JIMHUU CBA3MU,

Y Tedka 1o 1ernsiM 3a3eMIICHUS

YTeuka 1o CETU 3JIEKTPOUYACOB;

YTeuka 10 TPAHCISIIIMOHHON CETH U TPOMKOTOBOPSIIIIEN CBA3H;
YTeuka 10 OXpaHHO-TI0XKAPHOW CUTHATU3AIINY;

YTeuka 10 CETU BIEKTPONUTAHUSA;

VYTedka 1o ceTH OTOIICHUS, Ta30- U BOJOCHAOKEHUS 38



C ABTOHOMHbIM
NMATAHKUEM

MUKPOPOHbI C
MPOBOACMMU

CpeacTtBa
nepexsara
TeAepOHHOMN
CcBSI3n
C HENOCPEA-
CTBEHHbIM
NMOAKAIOHEHNEM

CpeacrtBa
CKpPbITOTO
HaBAIOAEHUS U
noucka

Ontnyeckue

Cpeacrtea
KOHTPOAS
KOMIMbIOTEPOB
ncereun
NACCUBHbIE
CPeACTBA KOH-
TPOASI MOHUTOPRCO

CpeacTtea
npuema, 3anucu,
YrNpaBA€HUS U

AP.

NMEMeMHUKU AAS
PAANOIAKACAOK

C MUTOHWEM OT
TenePOHHON CeTn

SAEKTPOHHbIE
CTETOCKOMbI

C UHAYKUMOHHbBIM
AQTHUKOM

dotorpadpunyeckme

QKTUBHbIE
CPeACTBA KOH-
TPOASI MOHUTORA

YCTPOWUCTBA
HOKOMAEHUS U
3an1cu

C NMTaHKnem Ot
SAEKTPOCeTU

HONPOBAEHHbIE
MUKPODOHBI

C AQTHUKQAMU
BHYTPU TeAe QOH-
HOro annapara

TeNnAOBU3NOHHbIE
M HOYHOI o
BUAEHUS

NACCUBHbIE CPEA-
CTBQ KOHTPOAS! L=
Hbl (MQrMCTRQAN)

CPEeACTBA
nepenpuema
(PeTpPAHCAATOPbI)

YIPOBASIEMbIE
ANCTAHLMOHHO

AQ3epPHble
MUKPOOOHbI

Tene POHHOM
PAANOTROHCASILIAA

TeAeBU3NOHHbIe

QKTMBHbIE CPEACTBQ
KOHTROAS! LLUMHBI
(MarucTpaAmn)

CpeACTBO
YCKOPEHHOM
nepeAayu

C ¢QyHKUMen
BKAKOYEHMS MO
roOAOCY

MUKPOPOHbI C
nepeaQayen no
SANEKTpOoCeTU

nepexsara
COTOBOW TEAE-
GOHHOWM CBSI3U

onpeAeAeHus
MeCTOMNOAOXKEHUSI

annaparHble
3AKACAKM

YCTPOWCTBA
ANCTAHLUMOHHOrIO
YNPABAEHMS

NOAYQKTUBHbIE

C UCMNOAb-
30BAHMEM MUKPO-
$oHa annapara

nepexsara
NeMAXUHIOBbIX
coobuleHum

MOPKUPOBOHUS U
LeAYKO3aHMS

NPOrPAMMHbIE
3AKAQAKM

MCTOYHUKHU
MATAHMS

C HOKOMAEHUEM U
BbiCTPON
nepeaQyen

MAPOCOKYCTU-
Yeckme
MUKPOQOHbI

MHOITOKGAHQABHOT
O nepexsara

BUAEO3AKACH-
AOYHbIE

KOMMbIOTEPHbIE
BMPYChI

BCNMOMOrareAbHble

n Apyrme
CPEeACTBA

Taba. 1. OCHOBHbIE TEXHUYECKHE CPEeACTBA KOMMEPUYECKOMN pa3BeAKH.




UM ARl VTaU

NOCBOAHOMY TeaedOoRy

Pasrosop no
poanoTenedony

| AOKYMEHT HO BYMOKHOM
HOCUTEAE

[1aroToBAEHIME AOKYMEHTO
| HO BYMOIKHOM HOCUTEAS

| TlouToBOE OTNPOBAEHME

AoKyMerT Ha
HEBYMCIKHOM HOCKTEAS

(3roToBASHKE ACKYMEHTAO
HO HEDYMOKHOM
HocUTeAe

[MepeAQua ACKYMEHTA NC
KOHOAY CBA3K

SASKTDOCUIHOA B AMHUK | NOPOAAEARHEI TeAedOH,
NEAMOE NOAKAKOYEHUE,
SASKTDOMOrHUTHE
AQTUMK, AUKTODOH,
TenedoHHON 3AKACAKO

| PQ3roBOP B NOMELLE HMM OKYCTUKO NOACAYLUKMBOHKE, LIYMOBLIE TrEHEDATOPRE!,
MAMK HO yAULLE AMKTOPOH, MUKPDOGDOH, NOWUCK 3QKACAOK,
HONPOBASHHEI 30LLMTHEIE DUABTPH,
MUKPOGOH, OrpaHUYeHUne ACCTYNa
NOAYCKTHBHOA CUCTEMO
BB POOKYCTUKO | cTeTOCKON, BUBPOACTUMK
MAPOOKYCTHKO MAPOCOKYCTHUYE CKUIA
AQTUMK
OKYCTOSAEKTPOHUKO LOAMOTEXHMUECKIME
cneunpuUemMHUK
Pasrosop no CKYCTUKCO QHOAOTMUHO N. 1 QHOAOTMYHO N.1

MCCKUPOBOHKE,
CKpemMBAaupOoBsaHMe,
wudpposaHue

cneurexHuka

aHoAOTMYHO N1

QHOAOTHMYHO N.2

| orponuueHue AOCTYNQ,

cneurexHu1ka

HOBOAKMU POAUOTEXHUUYECKME
CcnevuycTporcTea
OKYCTUKCO QHOAOMYHO N. 1
SAEKTDOMOrHUTHEIS DOAKMONPKHEMHLIE
BOAHE! YCTPOWCTBO
Hoauumre K OOKQ, BU3YOAEBHO,
KonuposaHUe,
doTorpaduposaHme
HOAMUKE QHOAOTHMYHO N.4

NAPA3UTHLEIE CUTHOAR!, CneLmMaAsHee DOAMO-

HOBOAKM TEXHECKME YCTDOMCTRO
Haaunune KDOKQ, NpoYTerue
Hocutens XULLEeHWe, KONUPOBAHME, |

CUUTHIBOHU E

M3oBbpoKeHre Ha

Aucnaee doTorpaduposaHmHe

NOPO3UTHEIE CUTHOAL,
HOBOA KM

cneunoAbHEIe
POAUOTEXHHUUYECKKE
YCTOOMCTBO
SAEKTPUYECKHE U
onTuuyeckue CUrHaAbl NOAKAKOUYEHKE, MMUTALMA
30PerMCTpUpPoOBOHHOIO
NMOARINROTEAD

[BU3YOABHO, KONUPOBOHKE |

HE COHKUMOHUPDOBOHHOE |

OHOAOTMYHO N4

SKPAQHKUPOBOHKE

CNeLMOAbLHEIE METOAH
3OLLATH

KOHTPOAE AOCTYNQ,
GU3nueCcKos 30WLnTa,
KPUNTO3OLWKUTa

KOHTPOAL ACCTYNO,
KPUNTO3OLWLUTO

KPUNTO3OLWLMTO




