Jlekuusi: METO/IbI 1 CPEJACTBA 3AILUTDBI OT JJIEKTPOMAI'HUTHBIX
W3JTYUEHUNA U HABOJOK

Bonpocksr:

1.[laccuBHbIE METOAbI 3aLLUMNTbLI OT NOOOYHbLIX SNEKTPOMArHUTHbIX N3NYYEHUA N HABOOOK
2.AKTnBHbIE MeToabl 3awunTbl oT [NMOMUH

3. CpencrtBa BbigBneHus v 3awmtbl ot [T9MUH

[IIupokoe UCTIONb30BaHUE CAMBIX PA3TMYHBIX TEXHUYECKUX CPEACTB 00eCTieueHHs IPOU3BOICTBEH-HOM
Y HAyYHOU JESATEIHbHOCTH U aBTOMAaTU3UPOBAHHOM 00pabO0TKH MH(OpMAIIMK MPUBEIIO K MOSBICHUIO
TEXHUYECKUX KaHaIoB yTeuku uHpopmanuu. [lepenocunkamMu nH(pOpPMAINH B HUX BBICTYIAIOT
NMO0OYHBIE JIEKTPOMArHUTHBIEe M3ay4yeHus: M HaBoaku ([I9MUH) paznuyHOro nporucxoxIeHHs.
[IT9MUH npucyiu 1100bIM 3JIEKTPOHHBIM YCTPOKUCTBAM, CUCTEMAaM, U3JIETUAM 110 CAMOU MPUPOJIE UX
MPOSIBIICHUS TIPU pabOTe ITUX TEXHUYECKUX CpeacTB (puc.l).



Puc.1. [I0004HBIE 3JIEKTPOMATHUTHBIC U3aydeHus U HaBoaku (IIOMUH)
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3U o yreuku npu Haauuuu [I9IMUH

3amurTa nHGOPMALNNM OT YTEYKH IO NIEKTPOMATHUTHBIM KAHAJIAM - 3TO KOMILIEKC
MEPONPUATHN, UCKIIOYAIOIINX WIIH OCAa0ISIOMNX BO3MOXKHOCTh HEKOHTPOJIUPYEMOTO BbI-
X0/1a KOH(OHUJICHIMAIbHOW HHPOPMAIINK 32 IPEJIeIbl KOHTPOJIUPYEMOU 30HbI 3 CYET I1EKNI-
DOMACHUMHbBIX noied NoO0YH020 Xapakmepa U HA80OOK.

M3BECTHBI CIEIYIONIME AIEKTPOMArHUTHBIC KaHAJIbI YTEYKU MH(pOpMaInu:

* MUKPOGOHHBLU 3¢hhekm dTIEMEHTOB JICKTPOHHBIX CXEM;

* JleKMpOoMAcHUMHOe U31yyeHue HU3KOM U BICOKOUM yacToTwl (HY u BY);

* BO3HUKHOBEHUE Napa3umHou cerepayuy yCUINTEIIEH Pa3INYHOrO HA3HAUYCHHUS;
* Yyenu nUMaHus A NETH 3a3emM1eHUs JIEKTPOHHBIX CXEM;

* 83aUMHOE 8IUsHUEe TIPOBOJOB U JINHUW CBSI3U;

+ gblcokouacmomuoe Hassazvieanue (BU HaBs3bIBaHUE);

* BOJIOKOHHO-Onmu4eckue cucmemsl (ONTOBOJIOKOHHBIE CUCTEMBI).

Puc.2. [TpuunHbI U yCIIOBUSI BOBHUKHOBEHUSI TEXHUUECKUX KAHAJIOB YTEUKHU UH(OPMAILIIU

IIpHYMHEL, YCIIOBHA BO3HHKHOBEHMA KAHANIOB YTEUYKH HHGODMANMH '

HecoBepmeHCTBO CXeMHBIX
permeni

DKCILIYATAIMAOHHLIA H3HOC
BJIIEMEHTOB :

Konctpyk- | | Texnonmoru- H3aMeHneHnne ABapuAHBIA
THBHbLIE " YeCKHe IIapaMeTpoB BLIXOA M3 CTpPOL




Kanaa yreukn nndopmanun

MeToabl 3a1IATHI OT AIEKTPOMATHUTHBIX U3JIYYEHUN U HABOJOK MOXKHO Pa3lEeiIUTh HA NACCUG-
Hble U aKMUeGHble.

I1accCUBHBIC METOJIBI 3AMMUTRI OOSCTICUNBAIOT YMEHBIIIEHHE YPOBHS OMTACHOTO CHTHAJIA WJIN CHU-
KeHre nHHOPMATUBHOCTH CUTHAJIOB,

AXKTUBHBIC METOJbI 3AIIIATRLI HAMPABIICHBI HAa co3aaHue roMex B kaHanax [IDMUH, 3arpyausto-
KX MIPUEM U BBIJCICHHUE MOJIE€3HONM HH(OPMAITUU U3 NTEPEXBAYCHHBIX 3JI0YMBIIIJICHHUKOM CHT-
HAJIOB,

Kanan yreuku I/IH(I)ODMaHI/II/I - 9TO (I)I/ISI/IIIGCKI/II;'I IIYyTb OT UCTOYHHUKA I/IH(l)OpMaHI/II/I K 3JIOYMBbIII-
JICHHHUKY, 110 KOTOPOMY BO3MO’KHA YTCYKA WJIM HCCAHKITMOHUPOBAHHOC ITOJIYYCHHUC OXPAHACMbBIX

CBEeICHUH

Puc.3. CrpykTypa KaHana yTedku uHPpOpMaIiuu

HcTounnk | Cpe xa IIpreMuEK 310yMEIII-
CHTHana JEHHHK

HcToYHuK 1

l | | i
L@ Kapan yreuxun HHGOPMANHA ——)

2. IIaccuBHbIe MeTOABI 3a1IUTHI oT II9OMUH

[TaccuBHbie MeTObI 3aUThI OT [ISMMH MoryT ObITH pa30UTHI HA TpU IpynIsl (puc.7.3):
- 9KpaHupogauue,

- CHUICeHUe MOUWHOCMU U3YYEeHUU U HABOOOK;

- CHUdICeHUe UHDOPMaAMUBHOCMU CUSHAIOE.



Puc.3. Kaaccudpukanus naccuBHbIX MeTOA0B 3amuThl oT [ID9MUH

IlaccuBHbBIE METOOBI 3aLLMTHI

ot [IMHUH
JKpaHUpOBaHue CHWKEHUE MOLHOCTH CHuxeHue uHpopMma-
M3JIy4YE€HUd U HABOOK TUBHOCTH CUIHAJIOB

DKpaHUPOBaHMeE - OJIUH U3 CaMbIX 3(P(HEKTUBHBIX METOJOB 3AIUTHI OT AJIEKTPOMATrHUTHBIX U3JTY-
YEHUH.

ITon sxkpanuposanuem noHumaeTcs pazmenieHye 3aeMeHToB KC. co3/1arommx dJIeKTpUYecKue, Mar-
HUTHBIC W 3JIEKTPOMATHUTHBIC TOJISI, B IPOCTPAHCTBEHHO 3aMKHYTBIX KOHCTPYKIHIX. CITocoObI DKpa-
HUPOBAHMS 3aBUCIT OT 0COOCHHOCTEH IMojIeH, co3maBaeMbix dneMeHTaMu KC mpu mpoTekaHuu B HUX
ANEKTPHUUECKOTO TOKA.




1.1. CpeacTBa u cmoco0ObI IKPAHUPOBAHUA

Paznuyatot ciienyromnme BUabl SKpaHUPOBAHMUS:
- IKPAHUPOBAHUE INEKMPUUECKO20 NOJIA,

- IKPAHUPOBAHUE MACHUMHO20 N0,

- IKPAHUPOBAHUE 2TEeKMPOMASHUMHO20 NOJA.

OKpaHUPOBAHUE AICKTPUUECKOTO MOJISI 3a3€MJICHHBIM METANTMUECKUM SKPAHOM HEHUTPATU3YIOT JJICKT-
pUYeCcKre 3apsiibl (OHU CTEKAIOT 0 3a3€MIISIIOIIEMY KOHTYPY). 10JbKeH uMeTh CONpOTUBIICHUE KOHTYpa
3azemiieHUs < 4 OM. BO3MOXXHO 3KpaHUPOBAHUE C TTIOMOIIBIO IUAJICKTPUUECKUX IKPAHOB, UMEIOIITUX
BBICOKYIO0 OTHOCUTEIBHYIO JTUANEKTPUUECKYIO IPOHUIIAEMOCTS & (TI0J1€ OCJIa0NseTcs B € pa3).

OKpaHUPOBAHME MAarHUTHBIX MOJIEH BKIIIOUAET B ce0s dSKpaHupoBaHue Huzkouacmomuwix (10 10 k') u
8bICOKOUACTNOMHBIX MASHUMHbLE NOJIA.

Huszkouacmommnule macnummuvie nojisi LIyHTUPYIOTCS SKPAHOM 3a CUET HANPABICHHOCTH CHJIOBBIX JIH-
HUU BJIOJb CTEHOK DKpaHa.

Buvicokouacmommnoe macnumnoe nosie BbI3bIBA€T BOSHUKHOBEHHUE B SKPAaHE MEPEMEHHBIX WHYKIIMOH-
HBIX BUXPEBBIX TOKOB, KOTOPBIE CO3/IJaBA€MbIM UMH MAarHUTHBIM MOJIEM MPEHSATCTBYIOT PaclpoCTpaHe-
HUIO TOOOYHOTO0 MAarHUTHOTO TOJIs. 3a3eMJICHUE HE BIMSET HAa SKPaHUPOBAHUE BHICOKOYACTOTHBIX Mar-
HUTHBIX o€, JIJ1s u3inyueHuil B quarna3oHe CpeHUX BOJIH U BbIIIE TOCTATOYHO dP(HEKTUBHBIM SIBIISI-
ercs skpaH TommuHou 0,5-1,5 mM. [{img uznydenui Ha yactorax cBaie 10 MI'm nocratouHo UMeTh
AKpaH U3 MU WK cepedpa Tomuuon 0,1 mm.

OKpaHUPOBAHUE ICKTPOMArHUTHOIO NOJIS (U3JTyUEHHUS ) BKIIOYAET €ro OJOKUPOBAHUIO METOJIAMU BbI-
COKOYaCTOTHOTI'O JEKTPUYECKOTO U MATHUTHOTO SKpaHUpoBaHua. OHO OCYIIECTBISAECTCS HA 5 YPOBHSX:

- YPOBEHb DIIEMEHTOB CXEM;

- YPOBEHb OJIOKOB;

- YPOBEHb YCTPOMCTB;

- YpOBEHb KaOEIbHbIX JIMHUM;

- YPOBEHB IIOMEIIECHUM.

OKpaHUPOBAHUE, TOMUMO BBITIOJIHEHUS CBOEH mpsiMoit pyHKIMHU - 3amuThl oT [IDIMUH, 3HaunTenbHO

CHIKAET BPEAHOE BO3JACHCTBUE DJICKTPOMArHUTHBIX M3JIVUCHUN Ha OPraHU3M YeJIOBEKa. U II03BOJISET
YMEHBIIINTH BIUIHUE DISKTPOMArHUTHBIX IIIYMOB Ha PaboTy VCTPOKICTB




1.2. CHHKeHHEe MOLITHOCTH U3JIYYeHUH U HABOJAOK

CHUKEHHE MOIIIHOCTYU U3JIYUYCHUN U HABOJIOK 00ECTICUnBAET CHYXKCHUSI YPOBHSI U3TyYEHHUS U B3AUMHOTO
BnustHus 3nemeHToB KC. K nannoi rpynne nmaccuBHbIX MeTof0B 3amuTthl 0T [IDMUH oTHOCSTCS
METONBI:

- USMEHEHUE IJIeKMPUUECKUX CXeM,

- UCNOJIb306AHUE ONMUYECKUX KAHAIOB CB6A3U,

- UBSMEHEHUE KOHCMPYKYyuu,

- UCNOJIb306AHUE qbwzbmpoe;

- 2ANIbBAHUYECKAA PpA36A3KA 6 CUCmMeme nNunarnu-l.

*I3MeHEHHUS DIICKTPUUYECKUX CXEM OCYIIECTBIISIFOTCS JJIs1 YMEHBIIICHHUSI MOITHOCTH MOOOYHBIX
M3JIy4YEHU. ITO JOCTUTAETCS 3a CUET UCMOJIB30BAHUS JIEMEHTOB C MEHBIIINM HU31yYE€HUEM, YMECHBIICHUS
KpYTU3HBI (J)POHTOB CUTHAJIOB, MPEIOTBPAIIICHUS BOSHUKHOBEHUS MMAPA3UTHON IeHepalluu, HapylIeHus
PErYyJSIPHOCTH OBTOPEHUN MHPOPMAITUH.

*/cnosib30BaHNE ONTUYECKUX KAHATIOB CBA3M - MEPCIEKTUBHBIM HarnpasiieHrneM 00ps0bl ¢ [IDMUH. [Jlns
nepeaayu nHGopmManuy Ha OOJIbIINE PACCTOSIHUS YCIEUTHO UCTIONB3YIOTCSI BOJIOKOHHO-ONITHYECKUE Ka-
oemu. [lepenauy nndopmaruu B mpeenax OaHOTO MOMEIICHUS (J1ayke OONBIITUX pa3MePOB) MOYKHO OCY-
HIECTBIIATH C MOMOIIBIO OECIIPOBOIHBIX CUCTEM, UCIIONB3YIOIIUX U3TyYeHUS! B MHPPAKPACHOM JHAana3o-
He. OnTrueckue KaHaibl cBa3u He nopoxaatoT [I9MUH. Ouu oGecrieuynBarOT BHICOKYIO CKOPOCTD Tepe-
JA4X ¥ HEMTOABEPIKEHBI BO3JICUCTBUIO AIEKTPOMATrHUTHBIX ITOMEX.

*/I3MeHEHUS KOHCTPYKIIMH CBOJAATCS K U3MEHEHHIO B3AUMHOT'O PACTIONIOKEHUS OTACIbHBIX Y3JI0B,
0JI0KOB, Kabelel, COKpaIEHHUIO JUTUHBI IITHH.

/cnionb3oBaHue QUIBTPOB - OAMH M3 OCHOBHBIX CITOCO00B 3amuThl OT [ID9MUH. ®unsrpsl ycTaHaBu-
BAIOTCS KaK BHYTPHU YCTPOMUCTB, CUCTEM JJIs1 YCTPAHEHUS PACIIPOCTPAHEHUS U BO3MOXKHOTO YCUJIEHUS Ha-
BEJICHHBIX ITOOOYHBIX 3JICKTPOMAarHUTHBIX CUTHAIOB, TaK U Ha BBIXOJIE U3 00BEKTOB JUHHUHN CBS3H, CUTHA-
J3AlMHU 1 deKTponuTaHus. @UIBTPhl PAaCCUUTHIBAIOTCS TAKUM 00pa3oM, YTOObI OHU 00CCIICUMBAIIH
CHIKEHHME CUTHAJIOB B IMana30He NOOOYHBIX HABOJOK J0 0€30MaCHOTO YPOBHS M HE BHOCUIIU
CYLIECTBEHHBIX UCKAXKEHUM TTOJIEC3HOTO CUTHAJIA.




['asibBaHMYECKas Pa3BsI3Ka B CUCTEME MUTAHUS MOJHOCThIO UCKITIOUAETCS MonagaHue mnoooy-
HBIX HABEJACHHBIX CUTHAJIOB BO BHEIIHIOIO LEMb MJIEKTPONUTAHUA. Halnyre reHeparopoB mu-
TaHUS B IEPBUYHON LEMH 00ECIIEUUBAIOT 2AIb8AHUUECKYIO PA36A3KY MEXAY NEPBUUHON U
BTOPUYHOU LEMISAMU, & TAKKE MO3BOJSAET MOaBATh BO BTOPUUYHYIO LEHb AJIEKTPONUTAHUE C
OPYTUMU IIapaMeTPaMHU 110 CPAaBHEHUIO C IEPBUYHOM LIENbIO. Tak, BO BTOPUYHOM LIETIH
MOXXET OBITh U3MEHEHA YaCTOTa [0 CPABHEHUIO C IEPBUYHOM 1IETIBIO.

FeHCpaTOpBI IMUTAHHUA, 34 CHCT HHCPIUOHHOCTH MEXaHUYECKOM HYaCTH, ITIO3BOJIAIOT CIJIaKHU-
BaTh IIYJIbCAallUN HAIIPSKCHHUA U KPATKOBPCMCHHBIC OTKIITOUCHUA B HCpBH‘-IHOfI I CIIN.

1.3.Cum:kenune uanpopmMaruBHOCTH cMrHAJM0B IIDIMHUH o0ecnieunBaeT 3aTpyHSIONICE UX
HCTIOJIb30BAHUE ITPU NIEPEXBATE.

OHO OCYIIECTBISETCS C MOMOIIBIO UCITOIb30BAHHUS:
- CNeYUAIbHBIX CXEMHBIX PeUleHUL;
- KOOUposarusl uHhopmayuu.

CrenyajbHbIe CXEMHBIC PEIICHUS — 3TO UCIOJIb30BaHUC HE TPAANIUOHHBIX CXCM, HAIIPUMCED,
TaKHUX KaK:

® 3aMEHA MOCIEI0BATEIBLHOIO KO/Ia MTAPAIUICIbHBIM,
® YBEJIMYCHUE PA3PAIHOCTH MAPAIUIETBHBIX KOJOB,
® 3MEHCHUE OYEPETHOCTH PA3BEPTKU CTPOK HA MOHUTOPE U T.II.

KonupoBanue nH@opmaliiy yaiie BCero OCyIecTBISETCS IMyTeM UCIIOIb30BaHUS KPUIITO-
rpaduUecKuX mMpeodpa3oBaHUi JaHHBIX. ITO MPEAOTBpAIIACT YTEUKY HHPOPMAIIUH, T.C. €€

HEBO3MOKHO MCIMOJIb30BaTh 0€3 pacinppoBKU




2. AKTUBHBIE MeToAbI 3aiuThI oT [IIDMHUH

AKTHBHBIE MeTOAbI 3a1IUThI oT [[DOMUWH npeanonararot npuMeHEHHE Fr€HEPATOPOB IIY-MOB,

PA3JITUYAIONINXCA TTPUHIIUIIAMUA ghO[!MI/IQOBaHI/I}I MACKHDPVIOIHNX TTOMCX. B xauecTBe MAaCKHPYIOIINX

HCTOJIB3YIOTCA CIIyYaHBIE IIOMEXU C HOPMAJIBHBIM 3aKOHOM PACIPEAEIICHUS CIIEKTPAIBHON MIIOTHOCTH
MTHOBEHHBIX 3HAYEHUW aMIUTUTY] (TayCCOBCKUE MMOMEXH) U MPUILICIIbHBIE TOMEXH, TPEACTABIISIONINE
co0oM cIydaifHyI0 MOCJIeI0BaTeIbHOCTh CUTHAIOB TIOMEXH, UICHTUYHBIX TOOOUYHBIM CUTHAJIAM.

Ucnonsiyercs npocmpancmeennoe v auneliHoe 3auryMJICHHE.

I[IpoCcTpaHCTBEHHOE 3allIYMJICHHUE OCYHICCTBIIACTCA 3a CUHCT U3JIYUCHHUA C IOMOIIBbIO aHTCHH 3JICKTPO-
MAarduTHBIX CUTHAJIOB B IIPOCTPAHCTBO.

[IpumensieTcs 10KkaIbHOE NPOCMPAHCMEEHHOe 3auyMleHue IS 3allUThl KOHKpeTHOTo 31emenTa KC u
00veKmosoe NPOCMpaHcmeenHoe 3auymMieHue i 3alUThl OT TOOOYHBIX AIEKTPOMArHUTHBIX
m3nyuennit KC o0bekTa.

[Ipu oxanerom npocmpancmeeHHOM 3auyMaeHuu UCIIONb3YIOTCS PUIIEIbHbIC TOMEXU. AHTEHHA
HaXOJIUTCA PSAOM C 3amuiiaemMbiM snemenTom KC.

Obvekmogoe npocmpancmeeHHoe 3aulymMieHue OCyIeCTBIAETCS, KaK IPABUIIO, HECKOJIbKIUMU IeHe-
paTopaMu CO CBOMMH aHTEHHAMU, YTO MO3BOJISIET CO3/1aBaTh IOMEXHU BO BCEX JIMANA30HAX MOOOYHBIX
AIIEKTPOMArHUTHBIX M3JIYUYEHUH BCEX U3TYYAIOIIUX YCTPOMUCTB OOBEKTA.

Ilpocmpancmeennoe 3auiymienue NOIKHO 00ECIIEUNBATh HEBO3MOXKHOCTD BBIJICJICHUS] TOOOYHBIX U3-
JydeHHI Ha oHEe co3aaBaeMBbIX IIOMEX BO BCEX JHAaNa30oHaX MU3JIYy4YeHHUS U, BMECTE C TEM, YPOBEHb CO3-
JTaBA€MBbIX TIOMEX HE JIOJPKEH IPEBBIIAThH CAHUTAPHBIX HOPM U HOPM I10 3JIEKTPOMAarHUTHOW COBMEC-
TUMOCTH PAAUO3JICKTPOHHON anmaparyphbl.

IIpy ncnob30BaHUM JIMHEWHOTO 3aTYMIICHUS T€HEPATOPHI NPULEIBHBIX TOMEX MOAKIFOYAIOTCS K TO-
KOITPOBOJAIIMM JIMHUSM JJISI CO3IAHUSA B HUX JIEKTPUUECKUX TTOMEX, KOTOPBIE HE MO3BOJISIOT 3JI0Y-
MBIIIJICHHUKAM BBIIEISATh HABEACHHBIE CUTHAJIBI




3. CpeacrBa BoisiBJIeHUus U 3amuThl oT [I9MUH

Mukpodonubii 3pPekT npucyny cambiM paznuyabiM TC 1 pex/ie 4Yem MpUCTynarh K UCIOJIb30Ba-

HUIO 3aIlIUTHBIX MEP, OYEBUIHO, CIIETYET KAK-TO Y3HATh, UMEETCS JIM B JAHHOM KOHKPETHOM yCTPOMCT-
BE€ 3TOT caMblil APGEKT.

Hcnvimanus u uccneoosanue TC Ha Hanuure B HUX MUKPOPOHHOTO 3P (heKTa MpOBOIUTCA Ha CIIELU-
AJbHBIX UCIBITATEIBHBIX CTEHAAX C NCIOJIb30BAHUEM BBICOKOKAUE€CTBEHHOM MCIIBITATEIILHON anmnapary-
pbl. KoMmIiekT Takoit anmaparypbl HCIOJIB3YETCA MPU pa3pabOTKe, UCIIBITAHUSAX U KOHTPOJIE KaueCcTBa
AIIEKTPOAKYCTUUECKUX U JEKTPOMEXAaHUUECKUX MpeoOpa3oBareneil: Teae(OHHbIX alaparos,
IPOMKOTOBOPUTENEH, MUKPO(GOHOB, HAYLITHUKOB, CIIYXOBBIX armapartoB U T.4. Ha puc.7.4. npeacrasieHa
npuMepHasi cxema ucnbsiTaHui Tenedonnoro annapara (TA) Ha TakoM KOMILIEKCE

Puc.4. ITpumepnas cxema ucnsiTanuit Tenedonnoro anmnapara (TA)
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7.3.1. 3amura ot yTe4KHu 3a cueT MUKpodoHHoro a3 dexra

AKyCcTHYeCKas SHEpTrys, BOZHUKAIOIIAS ITPH Pa3TOBOPE, BEI3BIBAET COOTBETCTBYIOIINE KOJICOAHMUS
AIIEMEHTOB 3JIEKTPOHHOM ammapaTypbl, YTO B CBOIO OYepEAb MIPHUBOIUT K TOSIBICHUIO JIIEKTPOMArHUT-
HOTO M3JIYYCHHS WU AJIEKTpUIeCcKoro Toka. Hanbosee 9yBCTBUTEILHBIME 3JIEMEHTAMHM 3JICKTPOHHOM
amnmapaTrypbl K aKyCTHUYECKHM BO3JICHCTBHAM SBIISIIOTCS KaTyIIKH MHAYKTUBHOCTH, KOHJICHCATOPHI
MEPEMEHHON €MKOCTH, MbE30- U ONTHYECKHUE MpeodpazoBaresin. MUkpohoHHbIM d(PdhexkToM 001agaroT:

- OTJCIbHBIC TUIIBI T€JIE(OHHBIX anIapaTos,

- BTOPUYHBIE IEKTPUUYECKHUE YaChl CUCTEMBI Yaco(UKaIuH,

- TPOMKOTOBOPHUTENHU (IMHAMUKHN) CUCTEM PATHUO(PUKAIIUN U TPOMKOTOBOPSIIEH CBSI3U U JP.
Tam, TJ1e UMEIOTCS TAaKUE AJIIEMEHTHI, BO3MOXKHO MOSABJICHHE MUKPOGOHHOTO 3 dheKTa.

3awuma menegponnozo annapama om ymeuxu uH@opmayuu 3a cuem MUKpo@hoHHo20 d¢hhexma MOXKET
OBITH OOecIiedeHa OpraHu3alMOHHBIMU UIN TEXHUUYECKUMHU MEPaMHU.

Opzeanuzayuonnvie Mepbl MOTYT OBITh CIICTYIOIIHE:

* BBIKJTIOUHTH TeNe(DOHHBIN anmapaT u3 po3eTKH (3TUM HUCKIIFOYAETCSl UCTOYHUK, 00pa3oBa-HUs
MUKpO(OHHOTO 3P PekTa);

* 3AMEHUTB alllapaT Ha 3allUIIeHHbIN (BbITycKatoTcs [lepMckum TenedOHHBIM 3aBOJIOM).

Texnuueckue mepovl CBOAATCS K BKIFOUCHHIO B TEIC(HOHHYIO JTUHUIO CIICIIUATBLHBIX YCTPONCTB
JOKaIu3aluu MUKpo(OHHOTO d(PdheKTa.

Puc.5. Bapuant OydgepHoro ycunaeHus aJisi ATMHAMHUKa

OT CETH U




DJIeKTPOMeXaHUYeCKHii 3BOHOK KOJIOKOJIbHOI0 THIA SBIISICTCS UCTOUHUKOM BO3SHHUKHOBEHHS MHUK-
podonnoro 3ddexra B TeaedhoHHOM anrmapare. I1oa Bo3neiicTBHeM Ha HETO aKyCTHYECKUX KoJIeOaHUM Ha
BbIXojie ero Karymku Bo3HukaeT 3J]C mukpodonnoro sadgdexra (Emd). s 3ammutHbix ot EmM» uc-
MIOJIB3YIOTCS CXEMBI €€ MoJIaBeHUs (OHHU MpeICcTaBlIeHa Ha puUc.7.6a u 0).

ITepBas cxema Puc.7.6a npeacrapnseT aBToMaTuueckui kiaamnan: manyto JJIC O1okupyeT, a peueBoit
CUTHAJI pa3roBopa abOHEHTa MpoItyckaeT. B Hell B 3BOHKOBYIO I1€TTh BKJIFOUAIOTCS JIBA AU0/1a, 00pasyto-
e cxemy nonasineHus Ema. Jisa maneix 3HaueHut EM» Takasi cxema npeacTaBiseT co0oi 00bIoe
CONIPOTHBJICHHUE, a JIJII PEYEBOT0 CUTHAJIA, 3HAYUTEIHLHO OOJIBIIIETO M0 BEJIMUYHUHE, CXeMa OTKPBIBACTCS U
peveBOi CUTHAJI CBOOOIHO MPOXOIUT B JIMHMUIO.

Bo BTopoii, 6osee cioxkHoOM cxeme Puc.7.60 ucnonb3yercs ABE Maphl IUOJ0B U BBICOKOUACTOTHBIM
buIbTp.

O0e cxeMbl MPeI0TBPAIIAIOT BO3MOXKHOCTh 00pa30BaHusl yTeUKU UH(GOPMAIIUK 32 CYET MUKPOGOHHOTO
addexra TenedoHHOro anmnapara ¢ moJIOKeHHOH Ha pblyar Tejie)OHHOM TPyOKOil.

B nocnennee BpeMst cxeMbl oJiaBlieHust MUKPOGOHHOTO 3 (eKTa CTaau BBIMOIHITHCSA B BUAE PA3IUY-
HBIX 110 KOHCTPYKIIMU anmapaTHbIX PelieHui (Hanpumep, B BUAE TeaedOHHON pO3ETKU, YTO MO3BOJISAET
CKpBIBaTh UX HAIMYKE OT "MOOOMBITHRIX" T71a3).

Puc.6. Cxema nonasnenust 3/1C mukpodonnoro a¢dexra Emd 3BoHkoBoi nenu TA
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3.2. 3aHlI/ITa OT YTCUKH 3a CUCT JJICKTPOMAI'HUTHOTO U3JIYUCHUC HU3KUX U BBICOKHX HACTOT

DNeKTpOHHBIE U painodiekTpoHHbIe TC, 0COOEHHO Cpe/ICTBA AINEKTPOCBA3U, 00IaAaI0T
OOJIBIINM AJIEKTPOMArHUTHBIM U3JTyYEHUEM, CIICIIUAIbHO BhIpaOaThIBAEMBIM IS TIepeIadu
uH(popMaIu, U HeXKe-IaTeIbHBIMU U3JTYUYCHUSIMH, 00pa3yIOMIMMHUCS 1O TEM WJIM UHBIM
IPUYMHAM KOHCTPYKTOPEKO-TEXHOJOTMYECKOTO XapaKTepa.

HexenarensHbie anekrpoMarauTHeie n3nydenusds HU u BU noapasaensrorcs Ha onacHbie
st Ub

- MOOOYHBIE ANEKTPOMArHUTHBIC U3ydYeHus U HaBojku (II9MIUH),
- BHEIOJIOCHBIE U
- IIIyMOBBIE.

Ocob6enno omacHbl [ISMHWH - rmaBHBIN HCTOYHUK 00pa30BaHUS SJIEKTPOMArHUTHBIX
KaHaJIOB yTEYKH UH(OpMaIIUHU.

Kaxkgoe 3JIeKTpOHHOE YCTPOMCTBO SIBIASECTCS HCTOYHUKOM 3JICKTPOMArHUTHBIX MOJICH IITH-
POKOTO YaCTOTHOIO CIIEKTPA, XapaKTep KOTOPBIX OMPESIICTCS HA3HAYCHUEM B CXEMHBIMU
PEIICHUSIMH, MOIITHOCTBIO YCTPOMCTBA, MaTeprajaMH, U3 KOTOPBIX OHO M3TOTOBIICHO, M €TO
KOHCTpYKITUEH. XapaKTePUC-TUKHU JTH000r0 JIEKTPOMAarHUTHOTO IT0JIS U3MEHSETCS B 3aBUCH-
MOCTH OT JAJIbHOCTH €T0 IpHeMa. DTO PaCCTOSHUE ICIIUTCS Ha IBE 30HBI: ONUNCHION U
OAIbHIOIO.

[{ns OnuKHEW 30HBI PACCTOSIHUE # 3HAYUTEIIBHO MEHBIIIE JUTMHBI BOJIHBI (7<</) U MOJIe UMEET
SAPKO BBIPAKEHHBIA MAarHUTHBIN XapakTep, a Il JadbHEH - (#>>4) 1oJie HOCUT SIBHBIM
AIEKTPOMArHUTHBIN XapaKTep U PACIPOCTPAHSAETCS B BUJIE TNIOCKOU BOJIHBI, SHEPTUS KOTOPOU
JEIUTCS TIOPOBHY MEXKAY DJICKTPUUECCKUM U MArHUTHBIM KOMIIOHEHTaMU.

CrneioBaresibHO, MOXKHO CUMTATh BO3MOXKHBIM 00Opa30BaHKE KaHala yTEYKHU B OJIMDKHEN 30-
HE 3a CYET MarHUTHOU 11105 (BHYTPH MOMEILICHUS ), a B TaJlbHEH - 3a CUET DIACKTPOMArHUTHO-
r0 U3AYYCHUS (3a MpeJiesiaMu TTOMEIICHUS, 3AaHUsI, KOHTPOJIUPYEMOU 30HBI).




Puc.7. Opranuzanuonssie Mepbl 31 OT yTeUKH 3a CUET AIEKTPOMArHUTHOTO U3JTYUYCHUS

B kauectBe MCTOHOB 3allIMTHI U ocJIabJIeHUS QJICKTPOMArdouTHBIX nosieu SHCPIreTHYCCKOTO ITOMCIICHUA

HCIIOJIB3YCTCA

- YCTaHOBKA 3JIEKTPUYECKUX (DUIIBTPOB,
- IACCUBHBIE Y aKTHUBHBIC SKPAHUPYIOLINE YCTPOUCTBA U
- CIIEHMAJIbHOE Pa3MELICHUE anmnapaTrypsl 1 000pyIOBaHUs

: : 3 ]

OPTAHH3AIIHOHHBRIE MEPLI
3AIIATHI HHOOPMAITHH OT YTEYKH

3A CYET 3JIEKTPOMATHHTHOI'O N3JIY4EHNUA

Bocnpemenne

. YMeHrmenne NOCTYNHOCTH

|

Ve niassis Henonp3oBaHue i’acumpeaue YMmeHblLISHHS Hcnonp3osanue . Bu6op pexuMOB
e 9KPaHAPOBAHHEIX KOHTPOJNHEDYe- . HATLHOCTH NPOCTPAHCTBCHHOMN pa6oTir
b NOMeIIeHAH MOH 30HBI PacnpocTpaHeHHs OPHEHTAUNH
“BHiG0p Ge30macHEIX
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- ocrponanpasreHEnx | || Hcooxs3oBamne
ARTEHH : PACUCTIIRIX METOXOB|
IToparnenune

6OKOBBIX H 38HEIOC
nenecrxos ITH




3.3. 3ammTa OT YTEYKH 33 CUET Napa3uTUYCCKON reHEepalli YCUIIUTENEH pa3anyHoro HazHadenus. [lapa-
3UTHas TeHepaIus yCUIUTeNe BOZHUKACT U3-3a HEKOHTPOJIUPYEMOM MOT0KUTEIIHLHON 00paTHOM CBSI3H 32
CUYET KOHCTPYKTHUBHBIX OCOOCHHOCTEN CXEMBbI MJIU 3a CUET cTapeHus 3eMeHTOB. CaMoBO30YKICHUE MOKET
BO3HUKHYTH U TIPU OTPHUIIATEILHON 00paTHOM CBSI3U U3-3a TOTO, UTO HA YACTOTHI, TJI€ YCHJIMTEIh BMECTE C
IENbI0 00paTHOM CBA3M BHOCUT cIBUT (a3wl Ha 180°, oTpullaresnbHas oOpaTHas CBsI3b IPEBpaIaeTCs B MO-
H0XUTENbHY10. CaMOBO30YXJIEHUE YCHINTENEH 0OBIYHO MPOUCXOIUT HA BBICOKHUX YaCTOTaX, BBIXOISIIUX 32
npeaessl padodeit mosiockl yacToT (BIoTh 10 KB u YKB nuama3zoHos).

YacTtoTa camoBO30YKACHUS MOIYJIUPYETCS aKyCTUUECKUM CUTHAJIOM, MOCTYIAIOIINM Ha YCHIUTEINb, U U3ITY-
qaeTcs B 9pup Kak 0OBIYHBIM pagronepeaaTaInkoM. JlanbHOCTh pacCpoOCTpaHEHUsI TAKOTO CUTHAJIa OTnpe/e-
JSI€TCA MOITHOCTBIO YCHIIMTENA (T.€. TIepeAaTurKa) U 0COOCHHOCTSIMU JIhara3oHa paJIroBOJIH.

3auwummnule mepsvl - KOHTPOJIb YCUIIUTEIEH Ha CaMOBO30YKAEHUE C MOMOIIBIO PAIUONTPUEMHUKOB TUIIA
HHJIMKAaTOPOB I0JIs1, padOoTaIOMMX B IOCTATOUYHO IIMPOKOM JIMAIla30HEe YacTOT, 4YTO 00eCIIeYnBaET ITOUCK
OMAaCHOIO CUTHAJIA.

3.4. 3amura OT yreuku no uensam nutanus. [{upkynupyromas B Tex win uabix TC koHUAeHIIMaTbHAS
uH(OpMAaIMs MOXKET MOMACTh B LEMU U CETH IEKTPUUECKOTO MMUTAHMS U Yepe3 HUX BBINTH 3a MpeAeIibl
KOHTpOJINpyeMOU 30HbL. Ha puc.8.mpuBeaeH npuMep nepenayn BbICOKOM YaCTOThI B TUHUIO JIEKTPONUTAHUS
s 3a CUET Mapa3UTHBIX EMKOCTeN TpaHchHOpMaTopoB OJIOKOB MUTAHUA.

Puc.8. Cxema yTeuku nHdopMaIuu mo 1eiasM MuTaHus
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3awuma: Vicnojib30BaHUE METOJIOB Pa3BA3KHU (Pa3BOJKH) LIENEH MUTAHUS C TIOMOIIIBIO
OTJICJIbHBIX CTA0MJIN3aTOPOB, MPeoOpa3zoBarTeieii, CeTeBbIX (DUIIBTPOB JJISI OTJICJIBHBIX CPEACTB
WU TIoMeleHu. Bo3MOXKHO MCIIOIB30BaHUE OTIEIBbHBIX TPAHC(HOPMATOPHBIX y3JIOB IS
BCETO AHEProCcHAOKEHUSI 00bEKTA 3aIUTHI, PACIIOJIOKEHHOTO B MpeJiesiaX KOHTPOJIUPYEMOM
TeppUTOPUHU. ITO OOJIee HAACKHOE PEIICHUE JOKAJIU3alMU JAHHOTO KaHala yTEUKHU.

4.5. 3amuTa OT YTEUKH M0 IensaM 3a3emiieHud. [IpaBuinbHoe 000pyaoBaHKUE 1EISIM
3a3eMJICHUS — OJTHO M3 BaXKHBIX ycioBuil 3M. 3a3eMJIeHUE - 3TO YCTPOMCTBO, COCTOSIIEE U3
3a3eMITUTENICH-TIPO-BOJIHUKOB, COCTUHSIONINX 3a3€MIIMTEIHN C DJIEKTPOHHBIMU U
ANIEKTPUYECKUMH YCTaHOBKaMH, TpubopaMu, MammHamu. Kak npaBuiio, 3a3eMIUTEIN UMEET
(dbopMBbI TPYOBI, CTEPKHS, TTONOCHI, JIMCTAa. OHU BBIMOJHSIIOT 3aIUTHYIO (PYHKIIUIO U
peaHa3HAYar0TCs JJIs1 COCIMHEHUS C 3eMyIel MprOOopoB 3amuThl. OTHOIIICHHUE TTOTEHIINAa
3a3eMJIUTENIS K CTEKAIOIIEMY C HETO TOKY Ha3bIBA€TCS COMPOTUBICHUEM 3a3€MJICHUSI.
BenuuunHa 3a3eMJIeHUs 3aBUCUT OT yJEJIbHOTO COITPOTUBIICHUS TPYHTA U IJIOIAIN
COIIPUKOCHOBEHHMS 3a3€MJICHUS C 3eMiieH (puc.9).

Puc.9. DxkBuBajgeHTHas cxeMa 3a3eMJIICHHUS




3.6. BaH_II/ITa OT YTCUKH 34 CUCT B3AMMHOI'O BJIMAHHUC IIPOBOIOB U JIMHUM CBSI3U

DJIEMEHTHI, IIENH, TPAKThI, COSTUHUTEIbHBIC TPOBOJIA U JTUHUU CBSI3U JIOOBIX AJIEKTPOHHBIX CUCTEM U
CXEM IMOCTOSTHHO HAXOJSTCS MO/ BO3IEUCTBUEM COOCTBEHHBIX (BHYTPEHHUX) U CTOPOHHUX (BHEIITHUX )
AIEKTPOMArHUTHBIX MOJIEN PA3IMYHOTO MPOUCXOKICHUS, HIYIUPYIOMNX WA HABOASIIUX B HUX 3HA-
YUTEbHBIC HANPsOKeHUs. Takoe DIeKTPOMATHUTHBIM BIUSHUEM (BIUSHUE) HA SJIEMEHTHI IIenu 00paszyeT

HETpPeAyCMOTPEHHBIE CBA3SMH, T.€. Tapa3uTHBIC (BpeIHbIC) CBA3M U HaBOJKH. [locinennue MoryT npu-
BECTH K 00pa30BaHUIO KaHAJIOB YTEUKH HHGOPMAITUH.

Mepbl 32U THI [ICTIEW U TPAKTOB JIMHUN CBS3U U MPOBOJIOB OT B3AUMHBIX BJIUSHUM.

1. MaccoBoe NPpUMCHCHHUC CUCTCM IICPCAaYU U THUIIOB JIMHUM CBi3H, O6€CH€‘II/IB3.IOH_II/IX MaJIbIC 3HAYCHUA
B3aMMHBbIX BJIWAHHWU.

2. PantmoHanpHbIN BRIOOp KaOesel Il pa3IMYHbIX CUCTEM IIepeIayH.

3. B3anmHas koMIIeHCAIMs HABOJAOK M TTOMEX MEXAY HEMSIMA CUMMETPUYHBIX JIMHUN CBS3U, HABOAUMBIX
Ha PA3JIMYHBIX YYACTKaX 34 CYET CKPEIIMBAHUS LIETIEN

4. DKpaHUPOBAHUE 1I€TICH KaOCIbHBIX TUHUN THOKUMHU (UYJIOK) MU )KECTKUMHU (TpyOBbl) SKpaHaMH.

Ha puc.10a u 6 mpuBeeHbI NpUMepPbl HABOJAKU HE SKPAaHUPOBAHHBIN MpoBoj (1-c HeuaeaTbHOU U 2 —
UJeaqbHOM «3eMJIel») | B3aMMHBIE HABOJKHM YKpaHUPOBaHHBIX kabernel (puc.100)
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3.7. 3amuTa OT yTEUKH 3a cueT BhicokouacToTHOro (BY) HaBs3bIBaHMS

JIto00€e AIEeKTPOHHOE YCTPOMCTBO Mo Bo3AelcTBEM BY 31eKTpOMarHuTHOTO MOJIsi CTAHOBUTCS Kak Obl
nepe u3ydaresieM, BTOPUYHBIM HCTOUHUKOM M3JIyYEHHUS BICOKOUACTOTHBIX KosieOanuil. Takoit curHan
MPUHSATO HA3bIBaTh MHTEPMOAYJISAIIMOHHBIM U3TyUYCHHUEM, a B IPAKTUKE CIICIIUATUCTOB OBITYET MOHATHE
"BBICOKOYACTOTHOE HaBsI3pIBaHUE". ITO MOOOYHOE paON3IyUYCHUE, BOSHUKAIOIIEE B PEe3yJbTaTe BO3-
JNEUCTBHS HA HEJTMHEUHBIN 3J1eMEHT BY 31€KTPOMAarHuTHOTO OIS U 3JIEKTPOMAarHUTHOTO MOJIS DJIEKT-
pOHHOTO ycTpoiicTBa. OHO B MOCIEAYIONIEM MOXET ObITh IEPEU3ITYUCHO Ha TapMOHUKAX 2 U 3 TOpsiaKa
WJIM HAaBEAECHO Ha MPOBOJA U JINHUY CBSI3U U BBIWTH 32 MPEAEIbl KOHTpOIUpyemoi (kak OMUN).

B kauectBe uctounnka HaBsizbiBaeMoro BY curnana moryT Beictynats (puc.11):

* paaruOBCIIATCIIbHBIC CTAHIINK, HAXOAAITUCCA BOJIM3H 00BEKTA 3alllUTHI,

- iepcoHasibHbie DBM, 371eKTpOMarHuTHOE MOJIe KOTOPBIX MOXKET BO3JIEHCTBOBAThH Ha TeNe(POHHBIE U (PaKCUMUIIbHBIE
arraparel, ¢ BEIXOJA0M OIIACHOI'O0 CMIHaJia I10 IIPpOBOAAM 3a IMPCACIIbl IOMCIIICHUU WU 3aHU.

[Ipu BoznerictBuu BY HaBsizpiBanust Ha TA ero MOAYIHPYIOIIUM 3JIEMEHTOM SIBIISIETCSI MUKPO(OH.
CrnenoBarenbHO, HYy’KHO BOCIIPETUTD IpoxoxaeHne BY Toka yepe3 Hero. 3To JOCTUraeTCsl IyTEM MOAKIIOUEHHUS
napauieIbHO MUKPO(OHY TOCTOSSHHOTO KOHJIeHcaTopa eMKocThio mopsiaka 0,01-0,05 mx®d. B stom cinyuae BU
COCTaBJISIONIAsl CUTHANIA Oy/IeT IPOXOAUTh Yepe3 KOHIeHCATop, MUHYSI MUKPOQOoH (puc.13)

Puc.11. Bapuant BY HaBs3bIBaHMS U IPUMEDP IIYHTUPOBAHUS MUKpPO(dOHA TesnedoHa Mpu 3TOM

_ Muxporenedonnas Tpy6xa




Puc.9. Akyctudeckas yreuka uH(opMaiuu

3a  cuer pAaCHPOCTPAHCHEA
aKyCTHYCCKHX  (MCXBHHYCC-

- KHX) xonebammd 8 coBoEOM
BO3TYIIHOM MPOCTPAHCTBE

- [IperoBopsl Ha OTKDPRITOM 0OpPO-
CTPAHCTBE

- OTKpuTEE OKHa, ABepH, (HOPTOTKR

- BeHTENSOROHHAIE KANAIL

AKYCTHYECKHE
KAHAJIBl YTEYKH HHPOPMALMH

3a cuer BoameHCTBHE 3BYKO-
BBIX KOCORHHH Ha SMCMCHTR!

K XOHCTPYKIEH 3MAHHE, Bh-
[ 3amag @x Babpanax

- Cresil, NOTOJIKH, MOJB, OKEA, BEDH,
xopo0a BeRTHISIHOHERIX CHCTEM

- Tpybm BogocHAOXeHMH, OTOMIE-
HER, KOHJHIHOHEPOBAHEL B JP. -

3a cyer nomimni 3BYXO-
BHX KoneGaHMi Ha TeXHEuC-

cxkge cpencrsa o6paboTxm
HEQOPMATNRA

- Muxpodorunl sddexr

- AXycTAGOCKAZ MONYJMANRL BOJIO-

KOHHO-ONTEYECKHX NHHHHE mepens-
98 BAQOPMAIHE




Puc.10. Akyctnueckue v BUOpPAllMOHHBIE KaHAIbl YTEUKHU
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Puc.11. AkycTrdeckas 3amura

- COBOKVITHOCTS MeEp, HAOPEBACHHNX HA ECRIONEHAE
. BO3MOXHOCTH YTeINH KOHQEACHIHATLKON HHPOPMa-
N 38 CHeT AKYCTHRECKHX TIONOH

OPTAHH3ALIMOHHEIE OPrAHU3ALMOHHO-
MEPEL TEXHHYECKME MEPH

Peansie AKTREHME

geTpa 3ayKo- 3pyRo- SeITRCHRLE
al Her HOTHOIENHE TOXABNCHNE AKyCTHICORHE
CHCTSM R

Puc. 49



Puc.12. Axyctudeckas 3anura oObeKTa

3amura oKHa 3anmTa ¢ MOMOIIbI0 aKYCTUUECKUX JaTYUKOB
C IIOMOIIbIO TeHepaTopa IrymMa pa3MEeNICHHBIX B MOMEIICHUN
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-
TenepaTop
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HpH‘II/IHBI BO3HUKHOBCHHUSA U3JTYICHHUA B CBETOBOIAaX

a. Pa,Z[I/IaJILHaH HCCOITIACOBAHHOCTD CTBIKYCMBIX BOJIOKOH

=== === E—=r—==3
.
\;.‘L
0. YioBasi HECOMIACOBAHHOCTD OCEM CBETOBOJIOB p— — = - = - ——— —
B. Hasmaue 3a3o0pa Mexay TOpaMyu CBETOBOIA ' : el
pa MEAy TopH g S Ny ==X
C——
r. Hanuuune B3auMHOM HE apaijIeIbHOCTH TOPIOB BOJIOKOH
= ————= A — — — — — — — — A
7\
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Puc 8. UyBCTBHUTEJIBHOCTH CBETOBOAOB K ONTHYECKOMY AaBjJeHUIO P mpu ux
NMOKPBHITHH PA3JIUYHBIMHU 3JI1ACTOMEPAMHU (B CKOOKaX yKa3aHHA TOJIIIMHA OKPHITUS B

MM)
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10
Obonoyxa -
» 0,8
Ceppuesrra —
N
0,6
0,4
0,2

600 800 1000 1200 1400 1600

AD(AD-P) (o)

Axpaunar (0,5)

Toxunponaner (0,62)

- " o, "/
~-.|‘~

Tedaon (0,69)
Xurpen (0,5)

I'm



