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BeegeHnue

B KHM3HH COBpEMEHHOro OOLIECTBA DAaAHONIEKTPOHHKA HIPaeT HCKIIOUHTE/IbHO
BaXkHyl0 pojb. OHa cTana O4HOH M3 OCHOB TEXHHKH, NOJYUMIA LIKPOKOE pac-
TpOoCTpaHeHHe M YHHBepcaJbHoe npuMeHeHne. CBoe CTOJIb BBICOKOE [0JIOXKelHe
pa/Ho03/eKTPOHHKA 3aBOEBbIBa/a MOCTENEHHO.

IlepBoHauasbHO pagUOCHCTEMbl BO3HHKAM HCKJIIOUMTENbHO KAaK CHCTEMBI
cBA3u. VX ocHOBHBIM Ha3HaueHHeM Obl1a CKOPOCTHas TNepegaya CPOUHBIX CO-
obLeHHii Ha MaKCHMaJbHO BO3MOXHble paccrosiuusi. Ilepenatoliiee ycTpOHCTBO
CHCTEMBl DajHOCBA3H NpencTasiser cob6of H3/lyuyaTenb (reHepaTop) 3JMeKTpo-
MarHUTHBIX BOJIH, a NpHeMHOe — CHCTeMY, pearupyioumyro Ha NPHCYTCTBHe
3JIEKTPOMarHUTHOre 1oJs. BO3MOXHOCTH MepBBIX CHCTEM DaaUOCBS3M  GbUIH
BecbMa cKpoMHbiMH. Jlalee WX COBepUIEHCTBOBAHHE WO MO CAEAYIOLIHM Ha-~
TIpaBJeHHAM: yBeJHYeHHe TeHepHPyeMOH MOLLHOCTH, MOBBbILIEHHE UYYBCTBHTED-
HOCTH ITPHEMHOH annapatypsi, BblGOp HaAMIYYWIHX CHOCOG0OB KOXHPOBAHHA H
JeKOJHPOBaNHs HCXOAHBIX cOOOIeHni, BbGOp Haubojee TNOAXOAAIUX AAR
KOHKPeTHLIX YCJIOBHIl paGouyuXx [HaNa3oHOB PAafHOBOJNH, OCBOEHHE HOBLIX AHA-
NMa3oHOB BOJIH, HaxoXjeHue Haubosee a(h@deKTHBHLIX CNOCOGOB H3MyueHHS H
npHeMa 3JeKTPOMarHMUTHOH 3HepPruH, pa3paboTKa CHCTEM HAMPaBJCHHOTO H3My-
yeHust (HanpaBJEeHHBIX aHTeHH).

VYcoBeplueHCTBOBAHHbIE 1 CMeNHaMU3HPOBaHHble (A5 paboTel B CaMbix
pasHIHbIX YCIOBHAX) CHCTEMbl PAfHOCBSA3H M B HAacTOfllee BPeMs COCTaBf-
10T 3HAYHTE/bHBIH TNPOLEHT BCEeX PaXHOCHCTEM.

Hoctuxenust B o6nactdH TeHEepUPOBAHHUS  3JIEKTPOMArHHTHLIX  KoJeOaHHi
6oJIbIIOH MOILHOCTH, CO3RaHHe BLICOKOUYBCTBHTENbIIOH IpHEMHON anmnapary-
pBl ¥ paspaboTKa CHCTeM HaNpaBJIEHHOTO H3JyyeHusi NO3BOJIWIM B Hauaje CO«
POKOBbLIX T'QNOB NPHMEHHTb PAAHOCHCTEMbl M AN APYTHX Ilesei, B 4acTHOCTH,
B KauecTBe CHCTeMbl 0630pa MnpocTpaHcTBa. [IpHMepoM TaKuX CHCTEM MOFYT
CAYXKUTb paauosokaunounble cravuuu (PJIC) pas oGHapyxeHHS B OKDYKaio-
IleM NMPOCTPAHCTBE PA3IHYHBIX OGHEKTOB (Uallle caMOJeTOB, CNYTHHKOB M T. 1L}
H onpenelNeHust UX KOOpAHHAT H cKopocrteil. ITpuHuun paboTbl TAKOH CTaHULH
3aKJI0YaeTcsi B TOM, UTO OOBEKTH PAcCeHBAIOT PaJHOBOJHBIL.

Kaxknana PJIC collepKHT nepenaiollee i NPHEMHOe YCTPOHCTBO, a TaKike
AHTEHHYIO CHCTEMY, NMO3BOJSIOLLYIO H3/1yyaTh 3JMEKTPOMATHUTHbIE BOJHbI Y3KHM
NMyYykKoM B oONpene]eHHOM HaNpaBjeHHH M NPHHHMAThb HX TOJbLKO C 3TOr0 Ha~
npasJ/ieHus. DJeKTPOMarHUTHAsl SHeprusi OObLIYHO H3JyuyaeTcs NepeiaTyMKOM B
BH/Ie KQPOTKHX HMIyJbcoB. OTparkeHHble OGEKTOM HMINYJbChl BOCPHHUMAIOT-
csl TIPHEMHUKOM, U 110 pa3HHLE BPeMeHH H3JydyeHHs H NPHXOAa HMIyJbca ompe-
JlefisieTcst paccTosiine no 06beKTa.

CrenuasnbHOe YCTPOHCTBO NPOH3BOAHT «KauaHHe» Jyya aHTEHHbI Nepeaar-
yHKa MO BCeM HaNpaBieHUsiM (WIH CKaHupOBaHHe NMPOCTPAHCTBA), UeM [OCTH-
raercst 0630p GOJBIION YacTH NPOCTPAHCTBA.

K cucremam o6G3opa npocTpaHCTBAa OTHOCATCS TaKiKe H HEKOTOpbIE Mac-
cuBHble (T. e. JIHUIEHHBle CBOErO MepeAaTyHka) ycTpolcrBa, KoTopoie OOHapy-
JKUBAIOT OOBbeKTbl MO0 HX COOCTBEHHOMY u3JydeHuio. IIpuMepOM TaKHX CHCTEM
MOTYT CAYXKHTb PafHOTeNEeCKONHl, NMpejHa3HauyeHHble A/ TpHeMa 3JeKTpomar-
HUTHOH 3HEepPrHH, FeHepHpyeMol BHe3eMHLIMH HCTOYHHKAMH,
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PaspaGoranHble B XO/e COBEpINEHCTBOBAHMS! CHCTEM CBA3M METOAbI MHIM-
KauuH ¥ OOpabGOTKH CHTHAJOB OKa3ajucb yAOGHBIMH M A/ onepauuit c
caMbIMH  Pa3/MYHBIMH  JDaHHBIMM, He TpPEACTaBJEHHBIMH B BHIE 3JEKTPO<
MarHuTHbIX KojeGauuit. IlepeBOd 5THX NAaHHBIX B 3JEKTPUYECKYI0 (opMy H
HCHOJIb30BaHHE M3MEPHTENbHOMH, aHa/Ju3HpyoLleil H oGpabaThiBalolleiy anmnapa-
Typbl PaJHOCHCTEM OKAa3ajHCh HCKIIOYHTEAbHO MJIOXOTBOPpHbIMU, Ilo3Ke st
neqeft 06paGOTKH pas/YHbIX [JAHHBLIX CTAJH Pa3pabaTbiBaThCA CHelHaJbHble
panHO3JIeKTPOHHBIe YCcTpoiicTBAa. B HacTosllee Bpemsi apceHasn Takoif amiapa-
Typbl upe3BbiyaiiHo Gorar. llIupokoe NpuMeHeHMe HAUUIM PA3JHYHOTO pPOAA
npeo6pa3oBaTeNi, YCHIHTENH, AaHAJH3AaTOPHI, KODPENSTOPBl, AUCKPUMHHATOPH
H Jpyrue CJAOXHblE PaAHO3JMEKTPOHHbIE NMPHUGOPEL

HecMoTpsi Ha TO, 4TO PafHOCHCTEMbI B HAacTOsliee BPEMsl HOCTHUIVIH BHICO+
KOft CTelleHH Pa3BHTHS, BO3HHKLIHE HOBbE C/IOXKHbIE 3a4aud TPeGYIOT UX Hajlbs
Hefilllero COBEPLUEHCTBOBAHHS.

OCHOBHBIM CTHMYJIOM JJIfl YJAYYIUIEHHS CHCTEM CBSI3H ¥ 0630pa MpocTpams
CTBa SBUJIOCH HAyalo OCBOeHHst KocMoca. JloGaBieHne K «cdepe oGeayxi-
BaHus» cucreM cBsdn PJIC HOBBIX 061acTeit — OKOMO3EMHOIO ¥ KOCMHYECKOro
TPOCTPAHCTBA, @ TaKkKe De3Koe BO3PACTaHHEe CKOPOCTeil JieTaTelbHbIX anmapas
TOB NOTpeGOBaJM PaAHMKaJbHOrO yBeJHYEHHS pajuyca AefCTBHA ITHX CHCTEM
M CKOPOCTH HX paboThL

PasBuTie KocMHYecKOH DPaAHO3JEKTPOHHKM BKJIIOYaeT B cebsi pa3paGoTKy,
BaXKHBLIX NPOG/IEM CBSI3H C KOCMHYECKHMH OGBEKTaMH H CJEXeHHS 33 HUMH, HX
CTaOMIN3aUHH M YNpaBleHHss HX ABHAEHHeM, NpobieM HaBeJdeHUS M HaBUIa-+
LM KOCMHYeCKHX KopaGieit, u3MepeHusi u 06paboTkn pauubix. OT craHuuit
JAanbHero oO6HApYZKeHHs KOCMHYeCKHX Kopalueil TpeGyloTcsi HeBHAAHHble JO
HeNaBHUX IIOp HAJbHOCTH HEHCTBHSA, M3MepsieMble ThicsiuamMu Kuiaomerpos. M
TaKylo NaJbHOCTb HEOGXOAHMO OOecrmeudTb B HCKJAIOUHTEIbHO CJHOXHBIX YCJI0+
BUAX — Npu AeACTBHU 110 UeaH, ABHXKYIIefcs C OrpOMHOiI CKODOCTHIO Ha Bble
COTe B COTHM H TBLICAYM KMJIOMETPOB II MMelolleil oueHb Manbie pasmepel. Co-
NPOBOXK/eHHe KOCMHYECKHX annaparoB CBA3AHO C TPYZHOCTAMH HAaJeXHOIo
npueMa uHpopManHuu Ha paccTosHHAX A0 50 mapa. km. Paborer B obaacTu Ha-
BefleHHsl U HaBUraUUKM CBSI3aHbl C CO3JaHHEM CHCTexl, BKJIOYAIOWUX UU(pOBLIE
BBHIYHCIHTENbHLIE MAllMHbl AN aHANIW3a TPAeKTOPHI M YNpaBJeHHS H Koop-
JAMHALUHMH pPabOTHI CHCTEM HaBeJeHHs.

VYBenHueHHe YMCAAa M THIOB JIeTaTeNbHBIX AMMNaparoB, OJHOBPEMEHHO I10a
najamomwux B cekrop o63opa PJIC, nocraBuio 3ajzauy OJHOBPEMEHHOrO clies
JREHHst 3a MHOTHMH 00BbEKTaMH M HX ONO3HABAHHMA.

B cuny atoro upesBbuaiiHO BO3DOCAH B HacTosiliee BpeMsi H TpeGoBaHUS
K anmapartype AJsi aHanu3a y 06paGOTKM mocTynamouiel HHQOPMauUHH — 3JeK-
TPOHHBIM BbIYHC/AMTENbHBIM MalliHaM (DBM).

PaspuTie KOCMHYECKO#l HaBUTraUMH CTHMYJIHPOBANO Pa3paGoOTKy GOPTOBBIX
cucreM cBsasu U PJIC pna KocMuueckHX Kopabiei; HauGoJiee aKTyaJbHBIMH AJISE
TaKOi ammapaTypbl SIBJIAIOTCA BOMPOCHI YMEHbILIEHHS TaGapuToB, MOBBIUIEHHS
“Ha€’KHOCTH M SKOHOMHYHOCTH. ITpoGJeMbl MHHMATIODH3AUHMH, MOBBILIEHHS 3KO-
HOMHUHOCTH M HaJeKHOCTH BCe HacToffuMBee BCTAlOT M AJs Ha3eMHBIX YCT-
PoHicTB, TaK KaK [Jsi BBIMOJHEHHS HOBBIX YCHOXKHHBIUMXCH 3ajay Tpebyercs
CYLIeCTBEHHOE YCJIOXKHEHHE CXeM, a CJef0BaTeNbHO, 3HAUHTEJbHOE YBEJUYEeHHe
YHC/A KOMMOHEHTOB. B CBSI3M C 3THM CHJIBHO YBeJHYHBAIOTCS Pa3Mepbl CHCTEM
H norpeGiseMas HMH MOLIHOCTb, @ TaKXKe BO3pacTaeT YHC/AO OTKAa30B amma-
paTypbl

Ycnexu B pa3BUTHH MHKPOIJEKTDOHHKM MO3BOJHIAM NPHCTYIHTh K pellles
HHIO NpoGJieM pa3paGOTKH CAOXKHBIX M HaJXeMKHBIX PagHOCHCTEM,

Cosnanne HOBefI¥ PaAZHOCHCTEM, CPABHHMBIX MO CJI0XKHOCTH CBOEro
YCTPOHCTBA M CJHOKHOCTM BBITOJNHAEMBIX (YHKUHA ¢ GHOJOTHYECKHMH CHCTes
MaMH, NPUBEJNO K HeOOXOAMMOCTH TILATeNbHOr0 M3yYeHHs M TeXHHUYECKOrQ Mo-
JlesMpOBaHHsl 06BEKTOB M TIPOLECCOB B JKHBOI TPHPOJE.

Ilpexae uem mepeiTH K ONMHCAHHIO HEKOTOPBIX HAMpPABJAEHHIl HCMOB30RA<
HH GHONOrMYEcKHX MPHHIMIOB B PaJHO3JIEKTPOHHKE, PACCMOTPHM INOJpoGHee
ycrnexd, JOCTHTHYTEIE B PasMuYHBIX O6/acTAX PaAHOIIEKTPOHHKH B NOC/AEAHHE
FOJIbl,
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TexHurka reHepalyuu
MOILHBIX PaJHOCUTHAJIOB

CoBpeMeHHas CNOXKHAs pagMOCHCTeMa NMpeJCTaBJaseT coboil KoM-
TJIEKC CaMBIX Pa3JIMYHbIX PaZHOTeXHHYCCKUX, 3MeKTPOTeXHHUYECKUX
H paJHO3JEKTPOHHBIX MPHGOPOB. HacTOThl 3/71eKTPHUECKHX TOKOB,
TeKYUIMX B Pa3/HYHbIX LENfAX, 3aHUMAIOT OTPOMHBIf IUaNa30H OT
HYJsI (MOCTOSIHHBIA TOK) IO HecATKOB Thicsiu Merarepy (10'0 ey)
H Bbie. HanpsizkeHusI 3THX TOKOB HMEIOT 3HAUEHHS OT JOJe#l MHUK-
POBOJILT 1O JECATKOB KHJIOBOJIBT, a MouiHocT ot 10-16 1o 107 s7.
B orzenbHBIX y3/Max paZHOCHCTEM HCIIOJB3YIOTCS HOBeifline JO-
CTHXKEHHUS reHepaTOpPHOH, NMPUEMHO-YCUIUTENbHOH H 3JeKTPOHHO-
BBIYUCJIUTEJBHON TeXHHKH, aBTOMAaTUKH H T, II., IpHYeM BCe Y3JIbl
¥ npubopsl NpeAcTaBAdIOT coOofl efHHYIO cHCTEMY M padoTaroT
B CTPOroil B3aUMOCBSI3H, Bec KpymHBIX pajuocucTeM H3MepsieTcs
JecsITKaMU ThICAY TOHH,

IlpoGaema yBenuueHHsI H3/NyyaeMOH MOIHOCTH Haubosee
OCTPO CTOHT B HacTosilllee BpeMs [Jis1 HepefarillUuX YCTPOHCTB
pamUONOKAIIMOHHBIX CTAHLIHH, KOTOpBIE NO/IKHBI 0fecneynBaTh 06-
HapyXeHue 06'beKTOB B KOCMOCE U HX CONMPOBOXKAEHHE.

¥YpoBHH uMNyabCHOH MouHOCTH nepenatunkos PJIC ysenuuu-
BaJ/IMCh 3a Kaxjoe mecATuseTHe Ha nopsaok ot 100 xer B 1940 r.
mo 1 Msr B 1950 r. u 10 Msr B 1960 r.

B Hacrosiee BpemMsi MOUIHOCTh mepenatuukoB PJIC Gonbiioi
TaJbHOCTH JefCTBUSI B HMIYyJbce H3MepseTcsl HecATKaMu Mera-
Batrt. Mcnosnb3yeMble B nepefaTydKax 3JeKTPOHHBIE JAMIbI-KJIH-
CTPOHBI MMEIOT I'DOMajHble pa3Mepbl — JJIHHY OKOJO 3 # U Bec
okosio 300 ke. MmmysnbcHass MOLIHOCTb PajfHOJOKALHMOHHBIX CH-
CTeM, BKJIOYAIOIIUX DS NepegaTunkos, mocturaer 2000 Msr.

Tpebyemast BbicoKas NMHKOBasi MOLIHOCTb B MUMMYJ/bCe He Ble-
rna moxeT ObITh O0eclieyeHa MO HHXKEHEDHBIM MJH 3KOHOMHUE-
CKUM COOOpa’KeHHAM HJIM MPUBOJUT K TAKUM BPEIHBIM MOC/EICT-
BUSIM, KaK IOSIBJCHHe MAONOJIHHUTEJNbHBIX MOTeph, BO3HUKHOBEHHE
PEHTreHOBCKHX Jyued u T, M,

YBenuueHue xe JJIHTENBHOCTH HMNYJIBCOB HeXKeJqaTeqabHO, TaK
Kak IpH 3TOM YMeHbIlaeTcd paspemraiomias cnocobuocts PJIC mo
nanbHOCTH. [NA yZOB/NETBOpeHHS ITHX MPOTHBOPEYMBHIX Tpebo-
BaHHH OBLI0 MPeNOkKeHO HCIOJNb30BATh ClelHalbHble CUTHAIB —
JUIHHHBIE HMIIYJbCH ¢ (Da30BOM MJIM YaCTOTHOH MOAYJSLIHENL.

IlepegaTuuk reHepupyer HMIYJbChI, YaCTOTA 3aMOJIHEHHS KOs
TOPHIX YBe/JIMYUBAETCA BO BpeMeHH. lmewuiasacsi B npueMuuxe
CXeMa BBbI3bIBAeT 3afepKKY NPHHMMAaeMOro curHajma, o0GpaTHO
NpPONOPLUHOHANBHYIO ero yacToTe. HuskouacToTHbIe COCTaBISIOIHE
OTPaXEeHHOTO CHTHaJa [OJYYalT MaKCHMAaJbHYIO 3aJepxkKy, a
COCTaBJISIOLIME CAMBIX BBICOKMX YacTOT BOBCe He 3aepiKUBAIOTC S,
BeseacTeue HepaBHOMEpPHO! BpeMeHHON 3aiepP:kKKH MEpefHil
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GpouT npuHHMaemMoro HMNyJbca Oyaer Kak Obl COJMMXKAThCA C
3aaHuM (PpPOHTOM; B pe3y/bTaTe NOJYYaeTcss CxKaTue CHrHa.a,
Onarojapsi YeMy CHIHaJ BLICTYNaeT B BHAE NHKA Hal YPOBHEM
nomex. CoobLLaoch O CHCTEMAX, HCHOJB3YIOUHX TEXHHKY CXKas
THSl MMNyJbCOB B COTHH H THICSIYH pas.

TpyAHOCTH, CBSI3aHHBIE C YBeJHUYEHHEM MOLIHOCTEH paanones
peAaTUHKOB, NPUBE/IH K DAa3BHTHIO BBICOKOYYBCTBHTENbHBIX MpH-
€MHBIX YCTpPOJNCTB.

BLICOKOUYBCTBUTENIbHBIE TIPHUEMHbBIE YCTPOMCTBA
Ha TBEpAOM TeJle

PasputHe TeXHHKH NpHeMa B MOCJeAHHe TOXbl XapaKTepH3yeTcs
TeHJeHLUHEeH K NMOBBILIEHHIO YYBCTBHTEJNbHOCTH INPHEMHBIX YCT-
poiicts. IlpelesbHasi UyBCTBUTENbHOCTb OrpaHuueHa armocdep-
HBIMH H KOCMHYECKHMH IIYMaMH, a TaKxe IIyMaMH, NPUCYIIHMH
Pa3NHYHBIM 3JIEMEHTaM BXOJHbIX Lened MPHEMHOro YCTpOHCTBa
aHTeHHe, YCUIHTEJNbHEIM JaMIIaM H KOHTYpaM, KPHUCTaJJIH4ecKoMYy
cMecuTeN0 (MoJynpoBOAHUKOBOMY AHOAY, C MNOMOLLbIO KOTOPOTro
ocyLlecTBJseTCA npeoOpasoBaHie YacTOThl NPHHUMaeMblx KoJeba-
HMA) H T. O.

B cBsi3u ¢ GonblIMMU TPYAHOCTAMH Ha NMYTH YMEHbIUIEHHS LIy«
MOB B NpPHEMHBIX JlaMIax cBepxBboicokux uactor (CBU) B mocaex-
HHe TOJBI CTaju pa3pabaThiBaThbCsl HOBblE CPEACTBA YMEHbIUEHHS
ypoBHeii wymoB B npueMHukax CBY u HoBble npHHUHMEBL, obecne«
yupatourye ycunenne CBY npu majom ypoBHe wmymoB '

Artn paboThl pa3BUBAJHCh IO HeThIpeM HanpasjaeHHAM. Ilep«
BOE U3 HHMX — OXJIaXKeHHe OTHEJbHBLIX 3J1€MEHTOB BbICOKOYACTOT«
HOTO NMPHEMHOTO TpakTa (B YaCTHOCTH, KDHUCTAJJHYECKOTO CMeCH-
Tess, OCYLIECTBASAIOIEr0 npeofpa3oBaHHe 4acTOTH B NPHEMHOM
yCTpOHCTBe) N0 HU3KUX H CBEPXHH3KHMX TeMmepaTyp. Pesyabrarht
psina pa6or, nposegennnix B CIIIA, nokasanu, uTo NpH oxjaxie-
HHH JI0 TeMmepartyp, OMH3KHX K aOGCONIOTHOMY HYJIO, U OTCYTCTe
BHM YCHJIMTENS BBICOKOH YacTOThl Ha BXOJe NPHEMHHKA MOXHO
NOHU3UTh YPOBEHb BXOAHBIX LIYMOB NpPHEMHHKa CaHTHMETPOBOTQ

JuanasoHa npHMepHoO B JBa pasa.

ITlpumeuanune. JIna XapakTePUCTHKH LIYMOBHIX CBOMCTB COGCTBEHHO
{yCHAMTEJBHOTO KacKaja MPUMEHSIOT NOHATHE LIYMOBOH TemmepaTyphl. Hasecr-
10, YTO aKTUBHOE CONPOTUBJIEHHE SIBJIAETCS] MCTOYHHKOM IIYMOB, MOLIHOCTb KO+
TOPLIX NPONOPUKOHANbHA abCOMIOTHOM TeMmepaType comnpotupienus. Iymosoir
TeMnepaTypoil YCWIHTENbHOrO0 Kackaja Ha3bIBaeTcsi TeMnepaTypa, A0 KOTOPOit
MaJo Harperb aKTHBHOE COMPOTHBJIEHHe, NOJCOEAMHEHHOE KO BXOAY KacKaja,
SNEKTPHUECKH HAEHTHYHOTO paccMaTpHBAaeMOMY, HO JIHIIEHHOTO WLIYMOB, AAs TO+
FO yTOGbl MOLIHOCTb WIYMOB Ha BBLIXOAE PaBHANACh MOLIHOCTH WIYMOB peallb+

HOro KacKazna,
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Bropoe nanpaBnenue cBsi3aHo T pa3paGoTKOH KBaHTOBOMEXa«
HUYeCKHX (MapaMarHUTHBIX) YCUJHTeJel, YCTaHABJHBAeMbIX Ha
BXOJe NMPHEMHHKA, B KOTOPBIX AJISl YCHJIEHHS HCIOJb3YyeTCs Bbi-
HYXJEHHOe (CTHMYJIHPOBAaHHOE) H3Jy4YeHHe MapaMarHUTHBIX HOHOB
(nanpumep, B pyOHHe, coeprKalieM NpuMech Xpoma) nof aeHcT-
BHeM C/1a00r0 NPUHUMAaeMOr'o CHTHaJa Ha YacToTe 3TOTO XKe Cur-
Haja. Biarogaps oTCyTCTBHIO 3/1eKTPOHHOIO Jyya, OCHOBHOTO
HUCTOYHUKA INYMOB B 3JeKTpPOHHbIX JMamnax CBY, u pabote npu
TeMnepaTtypax, OJU3KHX K aOCOJIOTHOMY HYJIO, 3TH YCHJHMTEJH
HMEIOT BecbMa MaJjible IIYMbl, B AECSATKH U COTHH pa3 MeHbIUye,
ueM B JIAMIOBHIX ycuauTeasx. B yacTHocT, Kak mokasa/u u3me-
peHusi, BXOfHasi LIyMOBasi TeMmepaTypa napaMarHHTHBIX YCH/H-
teneit cocrasasier meHee 20°K, B To BpeMsi Kak LiymoBasi Temie-
patypa samnoBblx yéuauteseit CBY, nenonbsyownx Majomyms-
e gamnbl Geryuieii Bosubl (JIBB), umeer Benuuuny, He MeHb-
Y0 400°K. 3a oTkpbiTHe TpPHUHIHIA MOJEKYJNSPHOTO YyCHIe-
Hus coBerckue yuennte H. I'. Bacos u A. M. Ilpoxopos u amepu-
KaHckuit yueneit U, Taync B 1964 r. 6euin ynocroensl HoGenes-
CKOH MpeMuH.

[TapamaruuTHele ycuaurenu TpeGyloT A/d cBoeil paboOThl HC-
Toynnk CBY momHocTu (a/1d nmepeBoja mapaMariHUTHBIX HOHOB B
BO30YIKAECHHOE SHepreTHYeCKoe COCTOSIHHE), UacToTa KOTOpOro
OOBIYHO BbILIE, YeM YacTOTa YCHJHBAEMOro CHIHaJa, M MarHuT,
CO3JaoIIMil CHJIbHOE TIOCTOSIHHOe MarHutHoe moJe. HeoGxozumo
TaKXKe NPUMeHeHHe CHellHaabHOIl OXJlaXKJaloleil yCTaHOBKH, obec-
neyuBawollel paboTy mapaMarHMTHOTO KPHCTaJ/jia NpH Temmepa-
Type, oObIYHO OJIM3KOH K Temmepatype xujgkoro renusi. Otciona
OUEBHIHO, UTO H3TOTOBJIEHHE HX COMpSIKEHO C PSIIOM KOHCTPYK-
THBHBIX TPYZHOCTell, a UX 3KCIJyaTalus JIOBOJIbHO 3aTpPyHHHU-
TeJIbHA.

HegocraTkaMu mapamMarCHUTHBIX YCHJHTeJedl SIBASIOTCS Ha-
coileHde (yMmeHblileHne Koa(guuueHTa yCUAEHHS TMOJ NeHCTBUEM
CMTHaJa), NpH Od4eHb cnabbix curHanax (mopsgka 10-% er) u
OoJsibllIoe BpeMsl BOCCTAHOBJIEHHMSI CBOHCTB YCHJIMTeJS IIOCJe BO3-
JeficTBHS MolLHOro curHaJja (mopsiaka 0,1 cex.).

[To onyOsauKOBAaHHBIM [JaHHBIM, PaGOTHl MO IMapPaMAarHATHBIM
yCcHUTeNIM TNPHBENH K CO3[aHUI0 3a TpaHuleil psma dKcnepu-
MeHTaJbHBIX YCHJHUTeJel Ha puanasonsl 1, 3, 5, 10, 21, 30 cu u
oxoso 1 m. MmeloTcst cBemeHHs O NMPOMBIIIJIEHHOM BBIIYCKe YCH-
aureneit 3 u 10 cu guanasonos. [TapamarHuTHble ycuautenu uc-
M0/1b30BAJHCh B YCTaHOBKe AJst NIpUeMa PaJUOJOKAIMUOHHBIX CHT-
Ha/0B, OTPAYKeHHBIX OT MyaHeThl Benepa. PaGora mo pagnosoka-
LMOHHOMY HccsenoBanuio Benepsl, npoBenennas 8 CCCP nox py-
KosoncTeoM akafemuka B. A. KorenbHukoBa, Oblia yIZocTOeHa
JlenuHckoii npemuu.

Tpetbe nanpassieHHe -— pa3paGoTKa TaK HasbiBAeMbIX INapa-
METPUYECKHX ycuaHTeseit. PaGora saTux ycunuresnell ocHoBaHa Ha
NepPHOJHYECKOM H3MEHEeHHWH PEaKTHBHOI'O CONpPOTHBJICHHS KOHTYpa
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ycuanTens (MHIYKTUBHOCTH WJM €MKOCTH) C ONpejeJieHHOM uas
CTOTOM, BCJIEJCTBHE Yero B KOHTYp BHOCHTCSI OTPHLATEJbHOE CO-
NPOTHBJIEHHE, UYTO M co3faeT 3ddekr ycuaenusa. DpdexTHBHaA
B8XO[HasA 1UYMOBas TeMlepaTypa HaWJIyylIHX HNapaMeTpPHYecKHX
ycuauTenei 10xoauT no 25—100°K.

Jng paboThl napaMeTPHUECKHX YCUJIHUTeNel Takxke He06Xo-
JIIMO HMEeTb HCTOYHMK IHTaHHUSI BBICOKOH YacCTOTHI, T. €. TeHepaTop
HaKayKH; efo yacToTa B GOJIbIUMHCTBe pa3paGoTaHHBIX YCHJHTE-
Jiefi BhILLle YacTOThl YCHJAHBAaeMOTo CHMTHaJja.

B oriuMune OT mapaMarHUTHBIX NapaMeTpHuYeCKHe YCHJIHTENH
#e Tpe6yloT A1s CBoeft paboThl HH OXJaXIEHHs N0 CBEPXHH3KHX
TeMIepaTyp, HH NOCTOSTHHOrO MarHUTHOTO N0, M, CleJoBaTelib
HO, OHH TPOLUE B 3KCIJyaTalHy.

[TapameTpHyeckHe fBNE€HHS] B MEXaHHUYECKHX CHCTeMaX OblnH
OTKPHITHL M HccaefoBaHbl emie B XIX Beke. B mBamnarteix U Tpu-
AuaThiX TOJaX TeKYIlero CTOJETHS COBETCKHMH  YYeHBIMH
JI. Y. Maunpgeavmramom v H. JI. ITananekcu ¥ ux wmkoao# 6bau
06CTOSITEIBHO HCCEOBAaHbl MapaMeTpHYECKHEe SIBJEHHS B 9JEKT-
pPHUECKHX CHCTEMaX, HCHOJIb3YIOUIUX NMEepPEeMEeHHYI0 eMKOCTb H HH-
JAYKTHBHOCTD.

B03MQXKHOCTb CO3MaHHA NapaMeTPHUECKHX YCTPONICTB B AHA-
na3oHe CBePXBLICOKHX YacCTOT MOfBHJIACh OC]€ TOrO, KaK B NATH-
JecAThIX TOfAX COBETCKHe H HMHOCTPaHHble YYeHble HpeIs0oXHIN
HCMOJIb30BaTh B KauecTBe NEPEeMEHHOH peaKTHBHOCTU CBOHCTBA
10JIyNIPOBOAHUKOB. H 3JIEKTPOHHBIX MYYKOB.

Paznuyalor Tpu Tuna napameTpuueckux ycuautenein CBY:
AIOJYIPOBOHHKOBEIE (HAa TNOJYINPOBOLHHKOBHIX AHOXax), ¢eppo-
MAarHUTHblE, U (QeppHUTOBHIE (B HMX HUCHOJb3YIOTCH HeJHHEeHHble
siBlieHHst B deppuTax), M 3JEKTPOHHOJYyueBble, HCNOJAb3YIOLIHE
*3JIEKTPOHHBIA Y4 C NePeMEeHHOH NJIOTHOCTBIO 3JIEKTPOHOB.

Coserckuil yuennlit . M. ByJs npenoKua HCHOJIb30BaTh 3a-<
BHCHMOCTb €MKOCTH p—n-Tiepexofa MOJYNPOBOLHHKOBOTO AHOJa
OT NOJBOAMMOTO Hanps2KeHHs] B NMapaMeTPHYeCKHX YCTPOHCTBaX.
I1. Mapu (PpaHuus) npemyoKHI HCIOAB30BATh CBOHCTBA 3JIeK-
TPOHHOrO Nyuka. PaspaboTka aTux ycTpoHcTB Hauajach B 1957—
1958 rr.

Ilo ony6GiMKOBaHHBIM AaHHLIM, paGoTa MO HapaMeTPHYECKHM
yeuautenssm CBY unrtencnBHo Bemerca B CIIA, Aursmuu u Slno-
nuu. TlosynpoBoXHUKOBEE YCTPOHCTBA, HCIOJBL3YIOLIHE . eMKOCTh
p—n-nepexona B NOJYNPOBOJHHKe, MOJYYHIH HauboJbllee pac-
ApocTpaHeHHe 6Jarogapsi MaJablM LIyMaM, peajJn3yeMblM IpU KOM-«
HaTHOHA TeMmeparype, NPOCTOTE CXeMbl H KOHCTPYKLMH 3THX YCT+
PONCTB, TOTEHUHANbHO BBICOKOH HAIEXKHOCTH, a8 TaKxe OTHOCH<
TeJbHOM JIETKOCTH pa3paboTKH AHOLOB ¢ TpeGyeMbIMH NnapameTs
pamu.

[TapaMeTrpHueckHe yCHJIHTENU MOTYT paboTaTh NpH H3MEHEHHH
TeMIepaTypbl OT KOMHATHO/ IO rejHeBOd INPH HE3HAUYHTeNbHOM
noacTpoiike ycuanteas, lLymoBrie XapakTepHCTHKH HOJTYNPOBOJs
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HUKOBOT'O MapaMeTPHYeCKOT0 YCHJIUTe/sl, paboTaomero npyu Tem-
fiepaType XHAKOTO Te/Mf, NOUTH TakHe e, KaK U Y KBaHTOBBIX
yCUJIUTeNEH.

HepnocratkaMu napaMerpuueckHX YCHJIHTeJeH SABJIAIOTCSH Bble
coxue TpeOOBaHUA K CTaOUJIBHOCTH MOILHOCTH M 4aCTOThHI reHepa-
TOpa HaKaykH, a Takke K (epPUTOBLIM 3JeMeHTaM, BXOMALIHM
B cxemy ycunutens. deppHTOBbIe NMapaMeTpHYECKHe YCHIHTENH
CBY cyuiecTBeHHO YCTYNAIOT MOJNYNPOBOAHUKOBBIM MapaMeTpuye-
CKUM YCHJAHMTEJNSIM MO IUYMOBOH TeMmepaTtype, OJHAaKO He BBITO«
pawT B pe3yJjbTaTe MonajgaHda B ycuautenb Goabwoit CBY momts
HOCTH.

DJIEKTPOHHOJIyUEeBble NapaMeTpHYecKHe YCHIUTeNH 06aanaior
LIYMOBbIMH TE€MII€paTypaMH, HE3HAUHTETbHO MPEBBIIAIOUHMH LY
MOBBbIe TeMIepaTyphbl MONYNPOBOAHHKOBBIX MapaMeTPHYECKHX YCHa
JuTesell, OXHAKO TPeGYIOT MPHMEHeHHsT MarHHTHOTO MOJIS.

B 1959 r. 3a rpaHuueil NMOABHJAMCh COOGIUEHHS O MPOMBILIs
JICHHOM BbIMyCKe NOJYNPOBOLHMUKOBBIX HHOLOB M MapaMeTpHs
YeCKHX ycHJaHuTeseH, paboTaomux B guanasore 100—10 000 Mey.
Coo61manocs 0 paspaboTke M MPOMBILIJIEHHOM BbHTYCKE HECKOJIb-
KHX THIOB 3JeKTPOHHOJNYYEBbIX NapaMeTPUYECKHX YCHJMTeJel
JeIlMMeTpOBOTO JHama3oHa. XOTA HapaMeTpbl NMPOMBILIJIEHHBIX
yCHJIHTeJIel JaJeKH OT ONTHMAaJbHbIX H MHOTO XyXe, YeM JXOCTHI-
HyTble B psfle SKCMepUMEHTaNbHBIX paboT, NpPHMeHeHHe 3THX
yCHJIHTeNeil KaeT BO3MOXHOCTb YBEJHYHTb RaJbHOCTb IeHCTBHS
pagdonokatopa B 1,5—2 pa3sa, a HHOIa U 3HAUUTENBHO GOJIbLIE,
IToutn B KaxxJa0# BHOBb pa3pabGatbiBaemoit cucreme B CILA mpe-
JyCMaTpHUBaeTCs yCTaHOBKA IpeJBapHTebHOTO NMapaMeTpHYecKo-
ro ycuautens uau npeo6pas3osarens yactotel. HecMoTps Ha TO,
4TO NMpUMEHEHHEe MapaMeTPHYECKUX YCHJIHTeNeil YCJIOXKHAET cxe-
My IDHEMHHKA, C 3THM NPHUXOZUTCS MHPHUTHCS, MOCKOJIbKY HHUKAaKHE
JApyrue GoJiee MPOCTble YCHJIUTENH He MOTYT OGeCNeyuThb MmoJyyes
Hige CTOJIb MaJbIX BXOAHBIX MIYMOBLIX TeMieparyp. OXuaaioT, YTo
B 1968 r. Boinyck mapaMerpuyueckux ycunureneil B CIIA B 4 pasza
MpeB30HAeT BBHIMYCK MaJOWIyMSIIHUX JaMn Oeryiieit BOJHBI, 4acTo
nucnosb3yeMblx B KayectBe ycuautenss CBU Ha Bxojae mpueMHOro
VCTpOHCTBA.

UYerBepThIM HamnpaBJjeHHEM B HCCAEIOBAHHAX MaJOLIYMSLIUX
ycunutesneit CBU aBnserca pa3paGoTka yCu/IHTeN el Ha TYHHE b«
HbIX AMORax. B 3Tux Anomax mop AeHCTBHEM INPHJIOMEHHOTO MO+
CTOSIHHOTO 3JIEKTPHYECKOrO MOJsI NMPOTeKaeT 3JeKTPHUECKHil TOK,
deJiMHEIHO 3aBHCALIMN OT HanpsixkeHus. B HekoTOpOM Auamasone
HampsiXKeHU BXOJHOEe CONpPOTHUBJIEHHE TYHHEJNBHOTO AHOZA OTpHU-
uaTejbHo. DTO CBOMCTBO MOJYNPOBOXHHUKOB OBIJIO HCIOJB3OBAHO
s cosmanus majnomymsux ycunureaeit CBU. Illymossle Tem-
mepaTtypel TaKuX ycuautesell He omyckaiorcs HHxe 300°—400°K,
H B 3TOM OTHOLIEHHH OHM YCTYMAIOT llapaMarHUTHLIM M IapaMmer-
pHUeCKHM ycuauTeasiMm. OIHAaKO OTCYTCTBHE reHepaTopa HaKaukH,
OTHOCHTeJIbHASl NPOCTOTA YCHJHUTENH, PETYJAHPOBKA TOJNBKO H3Mee
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HEHHEeM MOCTOSTHHOTO HanpsDREHUSA NMPHUBEJH K LIHPOKOMY MNPHMEes
HEHHI0 TakuX ycujuTtesed. Mcnonb3oBanue ManoWlyMslIuX YCH-
JuTejiell NO3BOJSET YBEPEHHO OCYILEeCTBJATH IIpHeM CHCHAJ0B
molHocThio 10~15 81 M MeHee.

B nocaenHee BpeMs 3a TPaHHUed NOABHJAHUCL pabOoThHl IO CO-
3[aHUI0 TPAH3UCTOPHBIX ycuaurtenelh CBY u HOBBIX MaJjiouwryMsis
mux cMecutedaesi CBY, wucnosbsylomux Auoasl ¢ OapbepoMm,
1 oTkH.

TaxumMu nyTsaAMH peliaercs npobsema YBeAMYeHHS YYBCTBH=
TeJBHOCTH NMPHEMHBIX VCTPOMCTB cTaHUUil, B Go/blLMHCTBE Mano«
MYMALIUX YCTPOHCTB UCNONB3YyIOTCSl cBOHCTBA npuGopoB CBY na
TBePJOM Tese: TYHHEJbHBIX M NapaMeTPUUECKHX MOJYIPOBOAHH~
KOBHIX JHOZOB, (DepPHTOB U MapaMarHUTHbIX MaTepHaoB.

Ilpumenenue aieMEHTOB Ha TBEPAOM Tesie B PaJH0O3/1eKTPOHU-~
xe npHobpeno B HacTosilllee BpeMSl HCKJIOYHTeNbHO GoJabuioe
3HayeHHe. C NOMOLIBIO 9THX JIEMEHTOB YIaeTCsl YCOBEPLIEHCTBO+
BaTh, cJenaTh 6oJiee HaJeKHBIMH, AOJTOBEUHEIMH U MaJjorabapur-
HBIMH OJIOKM pajuoannaparypbl Kak B AHaNa3OHE CBEPXBLICOKHX
4acToT, TaK U B HM3KOYACTOTHOM JHala3oHe.

Teopusa uH@popMaLuu
K METOJbl TOJIyYeHUA paguonHGOpMaIin

Hng yBeqnueHNs IaJbHOCTH AEHCTBHUSI PafHOCHCTEM H TOYHOCTH
BHIJIeICHUs] NPHHUMaeMbIX CHTHAJOB HEOOXOZUMO MCIOJb30BaTh
enenyaJsbHble BUAB MORYJALMH PaJHOCHTHAJNOB ¥ ONTHMajbHbie
MeTolbl 06HApy2KeHMA H OnpeJesieHus NapaMeTpOB CUTHAMOB, 32~
MaCKHPOBaHHHIX IIyMaMH U nomexamu. CeMelCTBO paauoCTaHIui,
OCHOBAHHLBIX Ha NPUMEHEHUH HOBBIX METOAOB NpHeMa H BbiNOJ-
HAIOUHUX CBOM (QYHKUUH NPH MHHHMAJbHOH MOILHOCTH IepeaaTt-
YHKa, HeNpepbhiBHO YBeJHYHBAeTCA.

IIpuMeHenne Teopuu MHGOPMALUHY K OGHAPYKEHHIO H aHAJIU3Y
PaNUOCHTHAJIOB OBLIO CHeJaHO B NATHAECATbIE IQAbl. ¥ Aajl0Ch
0006IIUTh MHOTHE NOJyYeHHbIe paHee pe3y/bTaThl, paccMaTpuBasi
MX C TOYKH 3peHHs Teopuu HHpopmauuu.

3agaua mpueMa 3ak/wouaeTcs B TOM, YTOGHl U3BJIeYb HHQOP-
Mal{IO M3 CMeCH CHrHaja M LymMa. 3HauuTesbHas YacTh JIMTepa«
TYpHl 110 3TOMY BONPOCY KAacaeTcs MeTOLOB IOJyYeHHST BO3MOXKIO
©0J1bILIeTO OTHOLIEHHS MOLUHOCTH CHT'HA/a K MOIIHOCTH IyMa Ha
BBIXOJe NPHEMHMKA, TaK KaK LIYM B KOHEUHOM HTOTe OIPaHHYH-+
paeT YYBCTBUTENBHOCTb U, C/IeJ0BATEJNbHO, YeM HIyM OTHOCHTEb-
1O MeHblIe, TeM Jyulle, DTOT NOAX0J, OZHAKO, HE COJNEPXHT Mo~
€TaHOBKH 3ajaud 06 H3Bieuenun uHbopmauud. Muorma on mo-
KeT BBeCTH B 3a6JYKIEHHE, TAK KaK He CYLIeCTByeT QOLIeli Teo+
peMbl, YTBEpPKHAIOUIeH, YTO MAKCHMQJ/bHOE OTHOLICHHE CHIHAJQ
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K WIyMy Ha BbIXOJe o0ecrneunBaeT MakCUMaJbHOe H3BJIeUCHHE HH-
dbopmaumu.

ITpexnonoxuM, uTO CHrHaJ Ha BXOJAe NMPHUEMHHUKA TpPeACTas-
JifieT COOOIUeHHe X, KOTOPOEe HYXHO OfpenesnTb. B To ke Bpevs
Hen30exXHO NPHCYTCTBYeT MIyM; JIONy4alollylocss CMech 0603Ha-
yuM uepe3 y. 3ajaua mpuema 3aKJIO4aeTcs B TOM, 4TOObl, one-
PUPYs HAA Y, MOJYYHTh BO3MOKHO 6OJbLIYI0 HH(POPMALHIO OTHO-
cuTenibHO x. Oanako Teopusi MHOpMaLUH YTBepKIaeT, YTO HHU-
KaKasi omepamnus HaJ y He MOXET YBEJIHYHTb KOJHYeCTBO X-HH-
¢dbopmauun, comepxamieiicas B Y, a MOXET TOJbKO YMEHbUIHTH
x-uHdopmauuto. [TosToMy B OTHOIIEHHH X-HH(pOPMAUMUH 3agaua
CBOIHUTCS K €e COXpaHEHHIO, a He K BO3MOXKHO GOJbLIeMy ee yBe-
Juvernio. OfHaKo y OOLIYHO CONEPIKHT TaKKe HEKOTOpPOe KOJH-
YecTBO MH(OpPMALMH, He CBA3AaHHON C X H He MHTepecylolleft HAaO-
Joxatens. DT0 HHMDOPMANHUA O HCTOYHHKAX MOMeX, TMOTepsiXx B
KaHa/jax CBA3M H T. A. 3ajadeil MOITOMY SIBISETCA HCKJIOUEHHE
KaK MOXKHO 60JIbILIEr0 KOJHYECTBA HeHYXHOH HHDopMauuu o6bi-
HO myTem ¢unbTpauuu, 6e3 paspyuleHHs] Kakoi-Ju60 HYIKHOM
X-UHODOPMALHH.

C nomoiubio Teopuu HHopMauuu GbLIH pa3paboTaHbl HOBbIE
MeToApl paboThl paguocHcTeM. IlpueMuHuk panuocucreMsl pac-
cMmaTpuBaercs Kak (HJIbTP, KOTOPHIH HOJIKEH COXPaHHTb COAEp-
JKAULYIOCA B CHTHaJe TNOJIe3HYI0 MH(pOpPMAaUMIO U OTCeATb BCe I10-
cropoHHee. IIpu 3TOM HCRO/NB3YIOTCA H3BECTHble NAHHbIE O CHI-
Hane —oxunaemass ¢opma curLana, wyMm, ¢OH, KOOpAHHATHI
HCTOYHHKA CUT'HAJA M XapaKTep HX H3MEHEeHHS BO BPeMEHH.

B PJIC BaxHoe 3HaueHue AJSl yBelHueHHs oGbeMa HHQOp-
MalliH O UeJH TpHOOpeTaeT BHYTPEHHAA CTPYKTypa MpHHHMAae-
MBIX CHTHAJIOB, KOTOpble GOJbllle HE PacCMaTPHBAIOTCHA KaK OHO
ueJsoe. DTH CUTHAJBI MOTYT CPABHHBATHCH C [IPSAMBIMH CHTHAJaMHy,
u3jayuyaeMbiMu crauumeft. Ilocnensue nu6o npocTo 3anepKUBAIOT-
a1 HajJiexauuM o6pa3oM Bo BpeMeHH (aBTOKOPPeJSLHOHHbIT Me-
TOA mpueMa), JUOO TaKxkKe H3MEHAIOTCS C ydyeToM 3apaHee H3-
BECTHBLIX CBeJeHHH 00 OXXHIAEeMOM HU3MEHEHUH OTPAKEHHOTO CHT-
Hasa (KpOCCKOpPpeSLHOHHBIH METOx).

Ianunasi 3ajava npueMa MoKeT ObITh pelleHa Ha OCHOBE aHa-
au3a GOpMbl CHTHAJNOB, MO3BOJISIOLIETO H3BJeYb LEHHYID HHOD-
MalHMIO O IIeJId, COfepKallylocsl B YaCTOTHbIX M (ha30oBBIX Xapak-
TEPHCTHKAX OTPaXKeHHbIX CUrHaJoB. Pa3paboTaHHble CHCTEMbf
adaausa (GOPMbI CHTHAJOB MO3BOJAIOT OMNPEJessATbh MOJIOXKEHHUE
1esel, U3MEPATh HX CKOPOCTU H BBIAEJSITH MOJE3Hble CHTHAJAbl Ha
(oHe WWIYMOB.

Teopusi uuopManyu MO3BOJISIET ONTHMAJBHO BHIOPATH CTPYK-
TYpYy NPHEMHOTO YCTPOHCTBA M ¢moco6 KOJHPOBAHHS CHIHAJIOB,
O6uieit ans pafuOJOKAHOHHLIX CHUCTeM MOCJeJHHX pa3paboTok
fIBJISIETCS BCe BO3pacCTAlOllasl TeHIEHLUHS K MCIOJb30BaHHIO KO-
AUPYIOUIHX YCTPOHCTB B MepefaTudke H YCTPOHACTB JEKOAHpOBa-
HHA B npueMmHuke. I[Ipy 3TOM NpUMEHSIOTCS caMble pa3HooGpa3-
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HEYe MeTOJbl KOAHPOBAHUA, KOTOPEIE 0GeCneynBaloT BEHICOKYIO CTes
NeHb Pa3JUYMMOCTH CHTHAJIOB PA3HBIX PaJHONOKALHOHHBIX CH=
creM. B pesyabTaTe STOr0 NOBBICH/IACh NOMEXOYCTOHYHBOCTD CHs
cTeM, a TaKxkKe YCTOHYYBOCTb HX K CPEACTBAM PajJHONpPOTHBOAEH~
CTBHSA.

IIpuMeHeHHe B HEKOTOPBIX CHCTEMaxX KOPPEKTHPYIOIIHX KOXOB
N03BOJIIET BLILCIHTD NOJE3HYI0 HHPOPMALHIO B YCAOBUSX, KOTAA
MOLIHOCTb CHTHAJa B ThICAYM M JECATKH ThICAY pa3 MeHbIlE MOILs
HOCTH IIYMOB,

HoBble TIpUHIUIB PabOThI
CHCTEM CHKaHUPOBAHUA IIPOCTPAHCTBA.

JLaa n3nydeHns pajHoBOJIH, CO3aBaeMbiX NepeJaTyHKoM, U pHe+
Md OTPaXKEHHBIX PAagHOCHT'HAJIOB B PaJHOJNOKAUHOHHBIX CTAHUHAX
HPUMEHSIOT aHTeHHBl Pas3JIMYHBIX THHOB, obecHeuuBawoliue, Kax
NpaBMJIO, HANIpaBJeHHOe M3JyueHHe M npHeM. B nuana3oHe meT-
POBBIX BOJH LOJrOe BPeMsI B OCHOBHOM INpPHMEHSIJIHCh AHTEHHH,
cocrosiue U3 .Habopa BUOPAaTOPOB. DHEPTHSA OT NMepefaTuiKa pac-
npenensjach MeXAy BceMH BHOpatopaMH. IJeKTPOMAarHWTHHIE
noJisi, co3faBaeMble BCeMH BUGpaTOpaMH, B HEKOTOPLIX HalpasJies
HHAX CKJaAblBa/JHCh, & B HEKOTOPHIX KOMIEHCHPOBAaIH  JApYyr
Apyra.

T'oBOpAT, uTO B NEPBOM Ciyuae 37eKTPOMarHUTHBEIE KoJieOGaHUs
0KasblBaJuCh B (ha3e, a BO BTOPOM — B NpoTHBO(pa3se 1,

B pesyabTarte sHeprus pacnpocTpaHsaaach JHLIb B ONpenesieH=
HbIX HanpaBJeHHSAX.

Pacnpenenenye u3syyaeMoil 3HeprHd 1O Pa3JHUHBIM HanpaBs
ReHUsIM OmpejensieT AUarpaMMy HanpaBJeHHOCTH aHTEHHBl — €@
BaXXHYI0 TeXHMYECKYI0 XapaKTepHUCTHKY.

UemM B MeHblLIeM AHana3oHe YIJIOB H3JyuaeTcd OCHOBHAsA 4acCTh
SHEpTHH, T, €, YeM yXe CPOPMHDOBAHHBLIA AHTEHHBIH J1y4Y; TeM
TOYHee MOTYT OBITb ONpejleNleHbl KOOpAHHATHI IIEJH,

lupuna AuarpaMMbl HaMpaBJEHHOCTH YMEHbIIAETCS NpH yBe-
JNMYEeHVH yHCa BUOPATOPOB B aHTEHHE, HHBIMH ClIOBAMH, IIPH yBe-
suueHnd «3¢(QeKTHBHOIN» IO aAl aHTCHHHI,

B nyvanasone CaHTHMETPOBBLIX U JCLUMETPOBLIX BOJIH HCHOJb=
syloTcst mapaGosuueckHe, pynopHule, JHH30BbIe H TOMY NOJO6HBIE
anTeHHbl, B 3TUX aHTeHHaAX auarpaMma HanpaBJeHHOCTH (QopMHu-
pyercs JaH60 C MOMOIIBIO MeTaNIHYECKOro napagoona, B oKy«

! Kone6anusi, co3naBaeMble TeHepaTOpaMH, B OOJBUIHHCTBE CJIy4aeB OINH<
cuiBaloTesi  dopmysoi y=A sin(ot+¢), rae A — MakcuMalbHOe 3HaYeHHE
J, HA3bIBaeMOe aMIIUTYJOH KoJeGaHusl, @ — yacroTa KosneGaHus, a (¢ — Ha-
yanbHas (asa KoneGanus B paccMaTpupaeMoi Touke. Benuuuna @ onpeaensep
sHaueHHe y B HauaJbHEIi MOMEHT Bpemenu (=0,
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Ce KOTOPOro YCTaHOBJIEH H3JnyuaTedb, 160 C IMOMOUIBIO MeTaJtn-
YeEKOro pynopa, J160, HaKOHel|, C MOMOILIbI0 MeTaJIH4YeCKOI JTHH-
3bl. Bo Bcex 3TuX cayyasx wMpuHa JHarpaMMbl HanpaBJeHHOCTH
YMEHbLIAETCS NPH YBeJHYEHHH pa3MepoB aHTeHH, T. €, KaK H pa-
Hee NMpH yBeauueHun ee 3¢(eKTHBHOI NMJOLIALH.

B nocnennue roawl cosfaHbl rpoMajHbie aHTEHHbIE CHCTEMBI.
B 1963 r. B Apecuro (ITyspro-Puko) BBeneH B meficTBue GOJbLION
PajHOJNOKALMOHHBIN Teseckon. [liHaMeTp anepTypsl chepryeckoro
oTpaxkatens pasen 305 u mpu panuyce cdepst oxono 260 x, nao-
maabp orpaxarens cocrasaser 73 000 x2 AHTeHHa co3jgaer Jvi
mupunoit 0,6°. DTa cucTeMa npefHasHaueHa Asis H3YUYEHHUS MOHO-
ceprl. Ona MoxeT ObITb NPUMEHeHa TakKxe A/ HaOGJIONEHUH B
npenesax COJHEUHOH CHCTeMbl, COCTaBJeHHUA NOAPOGHOI Kaprhl
Heba M M3yUeHHUs OTAENbHBIX 3JEKTPHUYECKHUX SIBJIEHHI.

BriGop ApecuTo ass YCTAHOBKH pajuOTesecKona 06YCIOBJEH
pAAOM NpPHYMH: 3TOT NYHKT HaxoAuTcs Ha mupore 20° ceBepHee
SKBaTOpa, 4To obJeruaer HabmojfeHHe 3a CoJHleM M TJIaHeTa-
MH; TaM HMeeTCsl eCTeCTBeHHas BIaJHHA B ropax, B KOTOpPOil pa3-
MellleH OTpa)kaTesb; PalOH XapaKTepH3yeTCSi MaJblM YPOBHSM
HIYMOB.

ITocae Toro kak BnajuHe Oblia NpuaaHa HyxKHas ¢opma, B
Hee OBl IOMeLIEH THIaHTCKUI OTpaKaTesb, BHINOJHEHHBI 43
NOJIOTEH CTaJbHOH CeTKH. MeX1y MmoJIOTHAMH CeTKH MMeeTcs Ha-
JeXHBIH 3jexTpuueckuil xoHTakT. ITo Kpasm BIajHHBI YCTaHOB-
JieHbl TPH MacCHBHble OallHH, K KOTOPBHIM Ha CTa/bHBIX TPOCaX
noaBelieH o6ayuyaresb paauoreneckona Becom 500 7, pacnoJo-
JKEHHBbIM HaJ 3epKaJoM aHTeHHBI Ha BbicoTe mouTu 150 a.

Kpome TouHOCTH OmnpejesieHHsT KOOPRUHAT leJHd, YacTto Heob-
XOIHMMO, YTOGH 33 3afaHHOe BPeMs PaJHOJOKATOpP MEepHOAUYECKH
TIPOCMaTPHBAJ ONpejefieHHOe NPOCTPAHCTBO, T. €. AHarpaMma Ha-
NPaBJEHHOCTH AHTEHHBl IepeMeliasach B NPOCTPAHCTBE C ONpe-
JIeIeHHOH CKOpOCThIO cKaHHMpoBaHus. [losroe BpeMs 3Ta mpolJe-
Ma pelajsach NyTeM MeXaHHYeCKOTO IepeMellleHHs BCeHd CHCTeMbi
BHOpaTOpOB, 06pa3yIolUX aHTEHHY.

B unoctpannoifi autepatype cooblanoch O CO3MaHHM paiHd-
JIOKAIHOHHOIT uameo6pa3Hoi aHTEeHHBl AHaMeTpoMm 45 M, npegHa-
3HAYEHHOH JJIA CONPOBOXKAEHHUS CMYTHUKOB. AHTEHHA BECHT COTHH
TOHH W yCTaHOBJIeHA Ha maaTdopMe, NepeMellaoueicsa No KOab-
LeBOMY KeJe3HOJopOkHOMY myTH. Ee uyama MoxeT ycTaHaBaH-
BaThCs B JI060E MOJIOKEHNEe — OT FOPU30HTAJbHOTO 0 BePTHKAJb-
Horo. YmnpasJjieHHe aHTEeHHCH NPOH3BONHTCA MeXaHHYecKH C HO-
MOIIBIO THAPABIHYECKOTO NMpPHUBOAA. LECTECTBEHHO, YTO BHICOKaf
CKGPOCTDb NepeMellleHHsT AuarpaMMbl HaNpaBAeHHOCTH B TAKOH Ci-
cTeMe HeBO3MOXHa. B HHOCTpaHHBIX JKypHajJax OIHcaHa
TAKXKE DPAJAMOJOKAUMOHHAS CTaHUMA CONPOBOXKIEHHA C Of-
Hoi1 uallleo6pa3HOll aHTeHHOI AHameTpoM 18 M. Bcenencrsue Toro,
wro antenna PJIC moaxua GopMHUPOBaTh Y3KHUH JIyY, K HEl npeab-
ABJIAI0TCA OYEHb BbICOKMe TpeGOBaHHS B OTHOLUCHHH TOUHOCTH e¢
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H3TOTOBJIEHUS U cTaBUALHOCTH. TOUHOCTh NMapaboOIHUHOCTH aHTEH<
Hbl 110 BCeli ee NMOBEPXHOCTH JOJIKHA ObITh B mpenenax 3 M.
CKopocTh BpalleHHsi 10 a3UMYTY T4KOH aHTEeHHBl — OKO/I0
6 2pad/cex.

[To mepe pocra TpeGOBaHMi K TOYHOCTH ONpeNeseHHUS KOOp-
JHHAT NPH OJHOBPEMEHHOM YBEJHMYEHHH CKOPOCTH CKaHHDOBAHIUS
NPHXOAHJIOCh HCKAaThb HeMeXaHHYeCKHe pellleHHsi npoGsiembl mepe-
Mell[eHHsl JHarpaMMbl HAaNpaBJeHHOCTH aHTeHH B IIPOCTPaH-«
CTBe.

dta npobaema Oblna pelleHa 3a pyb6exkoM NyTeM HCIOJb30+
BaHUs (pa3MpOBAHHLIX AHTEHHBIX peELIETOK.

dasypoBanHas aHTeHHAas pelLleTKa NMpejcTaBJseT co00H HaGOp
HeGOJIbIIUX NPOCTHIX H3JyuaTesei, 9Heprusi K KOTOPbIM MNOABO-
AuMTCH OT OfHOro mepepaTudka (puc. 1), Ojauako mpexpe ueMm

Hanysamean

(o[ (o] [o} [0

J6M

l K npuewa- nepedomyury

Puc. 1. TlaccuBHas antennas ¢asupoBaHHast

pewmteTka, PaszoBpaularenu ynpasJsiOTCA CHE-

Ha/laMH, INOJyYaeMbIMH OT 3JIEKTPOHHOI Bbi:
YHCAUTENbHOA MaiuuHer (DBM)

nonacTb K KaxX/OMy H3jyyaTesio, KojeGaHHS NPOXOAAT uepce3
¢azoBpamaTtesb, KOTOPbifi H3MeHseT a3y TOKa B H3Jayuarene, H
COOTBETCTBeHHO (ha3y 3/eKTPOMarHHTHOro KoJjieGauus, co3jaBae-
MOTO 3THM H3aydaTejeM. B pesyabrarte cioxeHus koJjeGaHui,
co3/laBaeMbIX BCEMH H3/JyyaTeJsMH, B NPOCTPAaHCTBE BO3HHKaeT
noJie U3JyueHus, 3aBucsAllee OT (a3 OTAEJbHBIX KoseGaHUil, T. e.
oT moJioxKeHus (aszoBpauiartesneil B OTAeNbHHIX KaHajax. [lepe-
cTpoiika (pazoBpaliaTesneli MOXKeT OCYHIECTBAATLCA UPe3BbIUaHHO
6LICTPO 3JIeKTPHUECKHMH MeTOJaMH, H B (Da3MpOBaHHBIX aHTeH-
HBIX pellleTKax MOXKeT ObITh NOJyueHa BeCbMa BBICOKAs CKOPOCTTh
ckanupoBanHd. ITOCKOJNBKY YHCJO 3/1eMEHTOB pelIeTKH U COOTBRT-
CTBEHHO IJIOL[aAb pelIeTKH MOTYT HeOTPaHHYEHHO BO3DPacTaTh,
yraercss YMeHbIIHTb LIMPHHY HHAarpaMMbl HanpaBJeHHOCTH H MO-
BBICHTB TOYHOCTb ONpefe/ieHHs KOOPAUHAT LieJH Ge3 yMeHbIIeHHs
CKODOCTH CKaHHDOBAHHS.

®a3npoBaHHBIM aHTEHHBIM pPeUIeTKAM B HOBBIX pa3paboTKax
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yaeasiercss camoe 6osblioe BHHMaHHe, [ToBBILIEHHBIN HHTEpeC ¥
$a3upoBannbiM pelieTKaM HalJiofaeTcsl NPHMEPHO B TeyeHue
nocaeannx 10 ger. McenegoBanust 1 pa3paGoTKH, BLIIONHABLIHECS
B 3TH ToJAbl, OblJIM JOBOJBLHO NPOAYKTHBHBIMHU. Tar, co3zansl peii-
CTBYIOIME MAaKeTh (ha3sHPOBaHHBLIX AHTEHHBIX PELIETOK; H3yYeHbl
pasnnynbie (pH3MYeCKHE NPOIeCcCHl, MPOUCXOAsILHE B STHX YCTPOil-
CTBaX; NpOBeJeHbl Pa3HuHble HCCNEI0BAHUS METOLOB MOCTPOEHHS
peweTok H BhiGopa UX (POPMBI; pa3paGOTaHBI HOBblE THMEL HEKO -
TOPBLIX KOMNOHEHTOB ()a3HPOBAHHBIX AHTEHHBIX DELIETOK, HampH+
Mep sjexTpoHHble (asoBpamiaTend. B Hacrosulee Bpems HaeH
NIOCJI€AHHX JIET MOJYYaloT NPAaKTHUYECKOe BOIJIOLLEHHE,

Onucanuple B MHOCTPAHHON JHTepaType aHTEHHbIE PELIETKHU
pPafHONIOKaTOPOB JAaNbHEro MAeHCTBUA HMEWT pasMepbl A2
100 <50 #2 u Bxawuaior no 40 000 snemeHTOB.

Pa3paGoTasbl KOHCTPYKUHH aHTEHHBIX PelIeTOK, KOTOPbIe MOK~
HO MOHTHPOBaThb Ha 4acCTH C(HEPHl, KOHYCa WM LUMJIHHAPA. DTO
NO3BOJIMT HCNOJNB30BATh MX HA CaMojieTax H CHyTHHKax. [Ipume-
HEeHHe B 3TOM CJyuae 3JEKTPOHHOIO CKAHHPOBAHHSI aaeT GOJb-
Y10 BHITOAY, TaK KaK TPeGylQTcsi MaJjible MOLIHOCTH H OTCYTCT-
BYIOT MEXaHHYECKHe MOMBUIKHBIE CHCTEMBI, HeCTaGUIH3HPYIOLINE
NOJIOKEHHE BOSAYLIHBIX U KOCMHYECKHX alnapaToB.

B nacrosiiiee Bpem# pa3paGoTKa aHTEHHBIX (Da3sHpOBaHHBIX
pelleToK HAET 1O ABYM HanpaBJeHUsM: CO3[4aHHE TACCHBHBIX De-
1IeTOK, KaXKAblil U3/1y4aTesb KOTOPbIX cHabKeH (as3oBpalluaresnem,
H CO3JlaHH€e aKTHBHBIX PELIeTOK, B KOTOPBIX KaXKABIH H3JydYaTeib
nMeeT OT/eJbHbIH NpHEeMHO-Mepenaloui 610K, 34ech MBI BIep-
Bble CTa/JKHBaeMCfl ¢ MHOTOKaHa/JbHOH paJHOJOKalHOHHOH CH-
CTeMOoil.

BaxXHBIM JOCTHXKEHHEeM SIBHJOCH CO3laHHe (hasoBparuiateneil
¢ uudpoBbIM ynpaBjaeHneM. DTH YCTPOHCTBA MNpeACTaBJAIOT CO-
0oii (heppuTOBbIe 3/1EMEHTH, KOTOPble PAaCMNOJIOXKEHL B BOJHOBO-
nax (CBY) xosne6Ganuii, 4 MOryT MepeXJO4aTbC U3 OAHOFO CO~
CTOSHUSI B ADPYroe MoJ AeiiCTBHEM HMIYJbCOB TOKAa M OCTaBaTbCH
B HOBOM COCTOSIHHM B Nay3e MeXAy HMilysbcaMH. B-pesyabrarte
obecneunBaeTcss RUCKPETHBIH CABUr (Daspl NPOXOASALIMX HO BOJA=
nosony xoae6annit CBY. Pan Takux 3/JeMeHTOB, pa3MelleHHbIX
B OJHOM BOJIHOBOJE, HpeAcTaBJsieT co0oil Lu¢poBoil (asoBpa«
marTesb, yIpaBjeHHe KOTOPLIM MO:KET OCYLeCTBJIATbCA Hello«
CPeACTBEHHO C MNOMOLLbIO KOMaHA B BHJAe JIBOMYHBIX 3HAKOB,
nosy4yaeMblX OT UH(DPOBLIX cXeM, YTO oGeclieunBaeT BO3MOKHOCTH
HenocpeACTBEHHOTO B3aHMOJENCTBHSI C 3JE€KTPOHHBLIMH BBIYHCJH«
TeIbHBIMH MalHHaMu (2BM), ynpaBasiomiuMu pajHOCHCTEMOH.

3HauHTeJbHBIE YCIeXH B pa3paboTkax (pa3HpOBaHHBIX pelie«
TOK IOYTH IIOJHOCTbIO OOYCJOBJIEHBI HCIOJNb30BAHHEM YCTPOHCTB,
B KOTOpPhHIX (pa3a H3MeHAeTcl He HenpepbiBHO, a CTyMNeHsi«
MH, OOBIYHO C JBYXKPAaTHHIM M3MEHEHHEM BEJAMYHMHEL (T, e.
180°, 90°, 45° 22° u 1. A4.).



Cospanne 3XOHOMHYHBIX (a3HPOBAHHBIX PEIETOK ONpeje/nsers
€Sl He TOJIbKO pellleHHeM mpoGseMbl Bpaienus ¢assl H pa3pabor-
KH HajexXHbIX 37eMeHTOB. UTOOBl clesnaTh BHIFOAHBIM HCIOJB30+
BaHHe TMOKOCTH CKaHHPOBAHHS, NMPHCYIleH aHTEHHON pelleTke, B
CHCTeMYy NOJIXKHA BXOIUTh OblcTpojeficTByiomass SBM ans npu-
HATUA pellleHHH, KoTopas ynpasJser pa6oroii PJIC u mosBossier
NMOJYUYHTh HYXKHYIO JUArpaMMy HanpaBJeHHOCTH. ITOH BaxXKHOMH
npobJieMe yAeJsieTCsl B HacCTOsliee BpeMs MHOTO BHUMaHHS.

[NoBbllIenne cKOPOCTH CKaHUPOBAHUS U YNpaBJeHHE 3JIeKTPOH~
HBIM JydoM ¢ nmomoibio DBM olGecneuaT BO3MOXKHOCTb GHICTPO-
ro HaBe[eHHS aHTEHHH B CEKTOPH HanboJiee BEPOSTHOrO HaJUUHSA
06beKTOB HaOJIOJeHAS.

3a rpauuuell OblIM OMHCaHBl 3KcnepuMeHradbHele PJIC ¢
TIPHEMHOH H Nepejalolleil aHTEHHBIMH peLIeTKaMH. DJIeKTPOHHOe
yupasjienue AMarpaMMoil HanpaBJeHHOCTH OCYIIECTBJSAETCA B
STHX CHCTeMax C momoiublo GeicTponeficTBylomux dBM, obecne-
YMBAIOUIHX HEOOXOAHMYIO HTPY Jyueils,

Ycnonn3oBauue
BbIYMC/IUTE/IBHBIX MAlIUH
B pailiocHCTEMax

Co3naBaemble B TNOC/JefHHe TOJAB PaIHOCHCTEMBI HEBO3MOXKHO
ce6e npencrasmb 6e3 SJIeKTPOHHbIX BbBIUUCJUTEJNBHBIX MAallHH.

B cBs3u ¢ 3anyckOM OOJbIIOTO KOJHYECTBA CIYTHHKOB BO3HH-+
KaeT npoGsieMa COBepIIEHCTBOBAHUS PaXHONOKAIUOHHON CHCTEMBI
COMPOBOX/JAEHHSA OOJBIIOrO KOJHYECTBA KOCMHUYECKHX JIeTaTelib-
HBIX anmapatoB. Paciupenue 3toli npoGJembl CBS3aHO, B 4acT-
HOCTH, C pacliMpeHHeM aBTOMAaTH3allUH CTAHLHA CHCTEMBI CONMpPO«
BOXJEHHUS U YIPaBJEHHS, UCHOJb3YIOIHX KOMIJIEKC BBIUHC/IH«
TeJbHbLIX MAaIlHH AJf PacyeToB TPAeKTOPHH CHYTHUKOB. Bbrumcs
JIMTEJIBHBIYl LEHTP TaKO# CHCTEMBI Ha OCHOBE BLIGPAHHOTO KOMII-
JieKca JIAHHBIX CONMPOBOXKJAEHHS OT YAAJEHHBIX CTAHIHH NMPOM3BO-
JIUT pacueT H3MeHeHUs] opOHTH cnyTHHKa. IlonyuenHble paHHbIe
OyayT mepelaHbl HAa KaXKAyl CTAHIUIO CONPOBOXKIEHHS, MECTHAS
BbIYUC/IUTEIbHAS MAalUHHA BBINOJHUT pacyeT MAHHBIX, HEOOXOMU-~
MbIX Ajist paGoThl HaHHOH cTaHuuu. TakuM 006pa3oM, HECKOJBKO
S/IeKTPOHHBIX BBIYHCJAHTEJNBHBIX MaLIHH CMOTYT OOCIYXKHBaTh
MHOXKECTBO CIIyTHHKOB NPH MUHHUMAJILHOM IMOTOKE MaHHBIX MeX-
JYy CTaHUHUSIMH COIPOBOXAEHHA M BLIUHC/IHUTEJbHBIM HEHTPOM.

Bce mugposble BHIUMC/AHTENbHBIE MALIUHBL JOJJXKHBI aBTOMAaTH-~
yeckd oOpabaThiBaTh Bce JaHHble CONpPOBOXKJEHUS, YNpaBleHAS
¥ TeJeMeTPHH, a TaKxe NPOH3BOAUTL NPOBEPKY M KaJuOGPOBKY,
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BCeit JeHCTBYIOU(eli anmapaTypsl CTaHIMH W CUTHAJH3HPOBATh B
Clyyae MOfIBJICHHS] HEHCNPABHOCTEH.

[IposonaTca uHTeHCHBHBlE Hccaenosanus no cosgauuio PJIC,
C/e[SIHUX CPa3y 3a MHOTHMH LeJfAIMH, a TaKXe CNOCOGHBIX ompe-
JensiTe GOpMy M pa3Mepbl HEH3BECTHBIX CNYTHHKOB C MOMOLLBIO
OBM aas 06paGoTKH pafHONOKALHMOHHEIX CHTHAJIOB.

B nanuom cayuyae mepen aBTOMaTHYeCKH paGoTalollel paguo-
THCTEMO# CTaBHTCA 3aJaua ONO3HAaBaHHA OGBEKTOB HaOMIONEHHS,
T. €. 3aJlaya pacrno3HaBaHus 06pasos.

Pesymmom
’ pOcnoIna «
o Enox fanus
Peyenmaprge npedlopumen Beiderowun K000 PUNIMOP g
none #od obpadomnu npusnoxol
Jonnsiz
ok
0dpas odyuenun
Ucmunnas
KAGCCUPUKOYUR

Pue. 2. O6masn GoK-cXxeMa CHCTeMb LSl paclo3HaBaHHA 06pasa

Ha puc. 2 npuBenena o6iasi 640K-cXxeMa CHCTeMbI PacHO3Ha-
Bauua o0pa3oB. OHa MOXKeT NPHMEHATbCA NpH JI06cH popme 3a-
JayH Pacrno3HaBaHHs, He3aBHCHMO OT TOrO, CBfi3aHa JH OJOK-
CXeMa C MPOCTPAHCTBEHHBIMH, BPEMEHHBIMH HJIM JPYTHMH BXOJ-
HBIMH CHTHaJIaMH.

BxojHoi# cHrHaM WIH CUMBOJI MOKET 3aJaBaThCS B BHJAE H30-
GpaXKeHHA B Cjyyae NPOCTPAHCTBEHHBIX CHMBOJIOB, CHTHajla KO-
HeYHOH JUTHTEeNbHOCTH, MEHSIOLErocsds BO BpeMeHH, B Cilydyae Bpe-
MEHHB{X CHMBOJIOB HJIM B BHJe HaGopa pe3yJbTATOB MHOMXECTBa
Ha6aofe N,

[lepshiit 610k — peLenTopHOe (CEHCOPHOE) MOJie — pa3buBaeT
CHTHaJ Ha PAJ JeMeHTOB, KOTOpble MOTYT OBITh MpOaHaJU3UPO-
BaHbl CXeMO¥# pacno3HaBaHUS, U CO3JaeT ONHCaHHe 0GBEKTa.

Bropo#t 6110k cXeMbl, Ha3BaHHBIA GJIOKOM MpeIBapUTEJNbHOM
oGpaGoTku AHGOpPMAaLuH, BBOJUTCS He BCerAa H NpeXHa3HaueH
IJisl pelleHHsl JOBOJbHO CJIOXKHOH 3ajaud BBIJEJIEHHSI CHUJY3Ta
CHMBOJ1a, YTO HHOTZa ObIBaeT HEOOXOAHMO CHENATh O BBIAEIEHHS
npu3HaKos. DTOT GJIOK pellaeT 3afavyy HaXOXKAeHHS KOHTypa CUM-
BOJIa H UEHTPOBKH «BHHMAaHHS» CHCTEMbI: OH HaXOXUT ONMpPEHe/CH-
#Hible JIMHHH, BBHIAEISET KaKHe-TO 00JacTH CHMBOJA, NPOHU3BOAHT
LIeHTPOBKY BXOAHOTO H3o6paxkeHus. MHBIMH cl0BaMu, OH Bbije-
JasieT "HYXHY0 HHpopMauumio u3 obuero ¢oua,

Cnenyomuit 60Kk NpeAHa3sHAYCH JJIS BbIAEJEHHS NPH3HAKOB,
110 KOTOPHIM MPOU3BOJUTCS ONO3HABaHHE. DTH NPU3HAKU mepena-
03¢k B 00K «KaacCHUKATOP», NPHHUMAIOIKMI pellenye 0 npu-
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HaJJIeXHOCTH ONO3HABAaEMOT0 OOBEKTA TOMY MJIH HHOMY KJjaccy.
B ToM cayuae, ecqin M3BeCTHa HCTHHHAsA KJaacCH(MKaliHsl CHTHA~
Ji0B, 610K 00Y4eHHsT MOKeT YTOYHHTh NPHHLMUNLI paGoThl OJOKOR
BbIJIeJIEHUST TIPH3HAKOB H KJaCCH(HUKALHU.

Orpaxennbit curian PJIC, noMHMO KOOpAHHAT H €KOPOLTR
Henu, MOXKeT JaTh NpelACTaBjeHHe 00 H3MEeHeHHH OTpaxalomiefi
nJaolaay UeJH H YacToTe KoJebaHuil 3To#l mJouiamH.

PapnosiokalHOHHbIE OTPaXKEeHHs, MHOTOKPATHO MOJyYeHHbI&
PJIC or ganHoil neJsH, npeo6pasyiorcs B uudposyio Gopmy u co3-
LalOT NpeACTaBJeHHe O XapaKTepHOM <«IlOYepKe» KaXKjiOTo THHa
CNYTHHKOB H JIPYTHX KOCMHUYeCKHX 00bexkToB. LInpoBrie xapax«
TEPUCTHKM OYAYT XPaHHUThCH .B 3aNOMHHAIOLIEM YCTPOICTBe BbI+
UHC/HITENbHON MamunHbel. Takum oOpasom, Jawo6asf 1ejib CMOMeET
ObiTb OMO3HAHA NMOCPEACTBOM COIOCTABJEHHA ee «IouepKa» ¢
uuGpoBHIMH XapaxTePUCTUKAMH, XPaHAIMMHCA B BBLIYHCIAHTENb~
HOH MalllHHe.

B nnocTpanHOll aHuTepaType coo61ANOCh O TOM, YTO CO3AAeT~
sl TUTAQHTCKHI PANHMOJIOKATOP. A/ CHCTEMbl OOHAPYXKEHHS H CcJes
JKeHUA 3a KOCMOCOM. B kauecTBe aHTeHHBI HCHOJB3YeTCA Pa3nupe«
saHHas pemerka anuHoit 100 m u BbicoTolt 44 x. Papnosiokatop
MOJKeT CJeJHTh 3a MHOTHMH HeJSIMH OJHOBpPEMEHHO.

HudpoBble BLIUUCAUTENbHbIE MALIMHBI HCNOMB3YIOTCSI Ha Gop-
TY KOCMHYECKHMX Kopabueii AAf KOOpAHHAHHH paboTsl Bceil pa-
JAHO3JIEKTPOHHOH anmaparyphbl.

[loaBaenyie aHTeHH C 3/JEKTPOHHBIM CKaHHPOBaHHeEM AJs Ca-
MOJIETOB M KOCMHYeCKHX KopabJiell 1M03BOJIeT CO3[JaBaTh MHOTO«
YHKUHOHANbHBIE PafHOJOKATOPbl, O0ecneyuBaloilie IIHPOKHIL
¢630p HpoCTpaHCTBAa. ¥NpaBjieHHe . TAaKUMH JIOKaTODAMH -OCYile-
CTBJISIETCS C TOMOILBIO GopTOoBHIX DBM.,

Hanpumep, xocmuueckuii kopabab «JxxemMuHai» oGopynyercy
CHCTEeMO} HAaBUTALUMH H yIIpaBJieHus, colepxalleil Hu(ppoByio Bh~
UHCJAUTENbHYI0 MalluHy, HH(pakpacHble JaTYHKH TOPH3OHTA, CH=
CTeMYy OPHEHTAalluH, PaAUOJOKALHOHHYIO CHCTeMY BCTpeYH, Lup-~
pOBYIO KOMaHIHYIO CUCTEMY M HHAHUKAaTODHBIe ycTpoiicTBa. Kpome
TOTO, Ha CHYTHHKE YCTaHaBJHBaeTCAd TeJeMeTDPHUECKOe U CBA3HOE
oGopyHOBaHHe, a TaKXKe pagHOMasiKH.

PaguosnoxauuonHas cHCTeMa HaBeJAEeHHS KOCMHYECKOro Kopao-
as «JlxeMuHall» npeiHasHayeHa IJA OCYIHIECTBJIEHHS BCTpeUd
Ha op6uTe Kopal/is H paxeThl «AIKeHa»,

CucreMa npefcTaB/sgeT co00H codeTaHHe UMMYJIBCHOFO Paayo-~
JIOKaTopa C OTBETYHKOM M obecreynBaeT HeOGXOAUMYI® UH(PO-
BYI0O HH(OpPMALHIO A/ BHIYHCAUTENBHOH MAIUUHBEI KOCMHYECKOTO
kopabas Ha ganbHOCTAX OT 450 xx mo 150 # M HHAMKALUHUIO He-
NpepeIBHBIX JAAHHBIX JAJbHOCTH M CKOPOCTH COMHKeHHS B TNpe-
nenax ot 90 ku mo 6 xu. I[IpumMeHeHHe GBICTPOAEHCTBYIOHIEH Bbi+
YHCJAUTeJbHON MalUHHBL H KBapLeBOro reHeparopa, paGoTalouiero
na uacrote 10 Mey, oGecrneurdBaeT Ha MAKCHMaJbHOH AaAbHOGTH
TOUHOCTb H3MepeHHs paccToanusa nopaaka 0,1%,
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Boabmoe BHuManHe 3a py6exom yrensercss 60PTOBLIM CHCTe«
Mam OTPabGOTKH JAHHBIX CO CXKaTHeM HH(POPMaLHH.

BopToBhie BbIYMC/IHTE/NbHBIE MAIIHHBL MOTYT NpPOCMATPHBATH
BCce NaHHble O KOCMHYECKOM IpPOCTPAHCTBe, INOCTynaiwomue OT
JaTYUKOB, U NepenaBaTh IO KaHajaMm CBSI3H TOJIbKO Te HaHtble,
KOTOpble YKa3biBAalOT Ha H3MEeHeHHe KaKHX-JIHOO mapameTpos.

[Tpusesgennsie npumMepsl MOKa3bIBAIOT, YTO 3aJauH, pelacmbie
COBpPEMEHHBIMM pajHOCHCTEMaMH, TPeOYIOT INHPOKOro NnpHMeHe-
HUf UMGPOBBIX BHIUHCIUTENbHBIX MALIHH, HCMOJAB3YeMbIX IS KO-
OpAMHAIKMK PaGOThl OTA/bHBIX 3JeMEHTOB CHCTeMbl H 06paloTKH
notoka mHdopmauHuM.

YcioxHeHHe paJHOCHCTeM, CBSI3aHHOE C YCJOXKHEHHEM Bbi+
NOJHAEMBbIX UMH (YHKUHMH, NPHBOAHUT K YBEJIHYEHHIO UYHC/IA HC-
NOoMb3yeMblX KOMIIOHEHT W, CJeJ0BaTeJ]bHO, K YMEHbIUEHHIO
HaJeXXHOCTH BCEro yCTpPoficTBa M yBeJqHUEHHIO raGapHTOB H Beca.
YBennueHuto HafeXKHOCTH pajuoannapartypbl yAeasieTcsi B Ha-
crosiliee BpeMst oueHb Gosbmoe BHUMaHue. OgHuM U3 3¢ ¢deKTHB-
HbIX MyTefl pelleHHs 3TOH Npo6JeMbl SIBJIAETCS PAa3BHTHE MHKPO-
3/IeKTPOHHKH.

yenexu MUKPO3JIEKTPOHUKU

MuxkpoasieKTpoHHKa, KaK peaNbHO CYLIECTBYIOLULasd OTPac/ib TeX-
HHKH, BO3HHK/IA CPAaBHHMTEJbHO HexaBHO. B oTinuue ot moaympo-
BOJZHHUKOBOI TeXHUKH MHKPO3JIEKTPOHHKA K MOMEHTY CBOEro BO3-
HUKHOBEHHUSl CMOTJIa ONMEpeTbCsl Ha HMeIOLIHecs] CPeICcTBa MPOH3-
BOJCTBA MOJYNPOBOJHHKOBEIX MPUGOPOB M TOHKOMJIEHOUHBIX MO-
KPBITHi MpOCBeT/eHHOH onTHKH. OHa cMorja BOCMOJIb30BATHCH
Xopouro pa3paGoTaHHOH Teopuell (H3HUKH TBepAOro Tela H TOH-
KHX MJIEHOK, MIePEeHATh ONBLIT pa3pabOTYHKOB TPAH3HCTOPOB H Clie-
LHAJHCTOB MO BaKyyMHBIM IpuOOpam.

Pa3BuTHIO MHKDO3JEKTPOHHKH CIOCOOCTBOBAMH Takue (hakro-
pbl, KaK HeOOXOAUMOCTb MOBBIMICHHS HANeXHOCTH M CHHUXeHHe
CTOMMOCTH amnapatypbl NPH ONHOBDPEMEHHOM YMEHbLIEHHH ee ra-
0apuToB U Beca.

Conupnas HcxonHast 6a3a, HMeBLIAACA K MOMEHTY 3apoxie-
HUS MHKDO3JEKTPOHHMKH, H MOUIHble CTUMYyJupyiouue (akTopbl
Pa3BUTHA 3TOf OTPAC/IM TEXHHKH NPHBEJH K 3HAYHTEJIBHOMY NpO-
rpeccy B HCC/eJOBaTeJbCKHX paboTax, H OueHb OLICTPO MHKPO-
3JIEKTPOHHKA MOJIyunsia BCeoOlllee U MOJHOe NPH3HAHHeE.

B Hacrosimee BpeMsl NPaxXTHYECKH Kaxnasd 3apyOexHas ¢up-
Ma, 3aHUMAIOUIAsCS BBHITYCKOM DPaJHO3JEKTPOHHO! ammapartyphl,
BLIHYKA€HA BCTYNHTb Ha NYTb HHTEHCHBHOH pa3pabOTKH MHKDO-
MHUHUATIOPHBIX YCTPOACTB H OCBOEHHS TEXHOJIOTHH IPOH3BOJACTBA
TOHKOIJIEHOYHBIX H TBEPJABIX CXEM.

Orkupaior, uTo B O/HKaiiliee BpeMsl TeXHHYECKHEe XapaKTepH-
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€THKH CTapoil anmapatypbl MO HaleXHOCTH, CJOMKHOCTH BBHITION-
HaeMblX QYHKUMH, Becy H raGapuTaM H IpexXJe BCEro Nno CTOHMO-
€T OyAyT 3HAUUTENbHO YCTYNaTh NOKAa3aTeNsIM annapaTyphl, cO3+
JaHHON MeTONaMH MHKPO3JEKTPOHHUKH.

CyliecTByeT HECKOJbKO METOJOB KOHCTPYHPOBAaHHA MHMKDO-
SJIEXTPOHHBIX cxeM. Haubosee H3BECTHHIM M3 HHUX SBJsSETCA Me-
TOJ H3TOTOBJEHHS TOHKOIJIEHOUHBIX CXeM. ITH CXeMbl COCTOAT
H3 TOHKOIIJIEHOUHBIX KOMIIOHEHTOB, OCaXXJaeMblX Ha COOTBETCT=
Bylolllell MoANoXKKe (HaubGosee 4acTO — H3 KPEMHHs) MNOCPEACT-
BOM HCIapeHHs B BaKyyMe WJM HamblIeHUs. TOHKOMJIEHOYHBIMH
METOLAMH MOXHO M3TOTOBHTb KOMIOHEHTBI C NapaMeTpaMy OT
THICAYHBIX JIOJIEH OMa [0 HEeCKOJbKUX MEroM H OT NMHKO- A0 MHK-
podapan. ToHKON/IeHOYHBlE KOMIOHEHTH CTOHKH K H3MEHEHHAM
TEMIIepAaTypLl; MOXHO H3TOTOBJSITh CONPOTHBJIEHHS C HOJOXKH-~
TeNbHBIMH H OTPHLATENbLHBIMH TeMIIepaTypPHLIMH Ko3(dHiienTa-
mH. TOHKON/IEHOUHbIe MACCHBHbIE CX€Mbl MOTYT TNPHUMEHSTLCS B
yCTpoHCTBaxX, TPeOyIOHIHX JKEeCTKHX IOMYCKOB, OuYeHb OOJIbIIHX
HJIH BeCbMa@ MaJblX BeJIHUMH [TACCHBHBIX KOMIOHEHTOB H BBICOKOH
HaJIeKHOCTH.

CuoiefyeT OTMETHTb BBHICOKYIO HAaJeXXHOCTh BBHIMYCKAaeMbIX MHK-
pOY3JIOB: 4acTOTa OTXa30B COCTaBJjsieT BeJuuuHy nopsiaka 0,19%)
ra 1000 uacoB pabGoThl, NpUYEM BeLyTCS HCCAENOBAHHUA MO AAJb-
HelilleMy CHHJKeHHIO ee. JIOMyCKH B napaMeTpax MOTYT YAEPIKH+
BaTbCAd B rpanunax *=1%,

ToHKONJIEHOUHEIE NTACCHBHblE CHCTEMBI OGBIYHO MPHMEHSIOT ¢
JMCKPETHBIMH TIOJIYIIPOBOAHUKOBBIMU TipuGopamu. Taxue cmeinans
Hble, HJIH THOPHAHBIE, CXEMBI YaCTO ONPERE/IsIOT TEPMHHOM «MHK-
pocxemay. OHu ABJAIOTCA HanOosee THOKUMH MHXPO3JEKTPOHHbI~
MM CXeMaMH C TOYKH 3peHHS BO3MOXXHOCTEH UX MPHMeHeHU:.

Opnnaxo J1060H MeTox, TpeOyloUnil KOHCTPYHPOBAHUS W NpH-
COeINHEHHs MTUCKPETHBIX KOMIIOHEHTOB, HE MOXeT ObTh TaKUM JKe
JlelIeBbIM, KaK METOJ HM3TOTOBJEHHS KpPeMHHEBLIX HHTErpaJibHbIX
cXeM, HMEIOIIHX MOHOJHTHYIO CTPYKTYDY.

B MOHOJNHMTHBIX MHTErpaJbHbIX CXeMax Bce aKTHBHBIE M Macs
CHBHBIE 9/IeMeHTH BBHIIOJHEHH KaK ONHO IieJioe Ha ORHON oCHIeH
KpeMHHeBO# nnacTHHe, HemocTaTKOM MOHOJNHTHBIX CXeM SIBJSi-
1OTCSL OTpAaHHYCHHBIE BEJHUYHHBI apaMeTPOB OCHOBHBIX KOMIIOHEH-
TOB, @ TaKXe MapasuTHbIEe SBJEHUS, OTPAHHYUBAIOIHE HX NpHMe-
HeHHe B OBICTPOAEHCTBYIOLIMX LH(POBLIX ycrpodcTBaXx. Kpome
TOTO, UYPE3BLIYAMHO TPYHO BbIJepKHBATh JONYCKH HAa NapaMeTphl
HEKOTOPbIX aKTHBHBIX 3JI€MEHTOB.

[To sapy6exHBIM JaHHBIM TPaH3HCTOPH € XOpoWMMH pabo-
uyMH XapaKTEPUCTHKAMH MOTYT ObITb H3TOTOBJIEHBI € PaCCTOSIHH»
em Mexay LeHrpamu 0,05 ma. DTa TeXHHKA NMO3BOJISIET PAa3MECTHTb
Ha cTopoHe KBajgpata 2,5 ci mpuGnu3UTENbHO 500 KOMIOHEHTOB,
unn 250 000 KoMImOHEeHTOB Ha Jowanu 2,5X2,5 cu.

[Iupokoe HCHOML30BaHHE MUKPOIJIEKTPOHHBIX CXeM TECHO CBfe
3aH0 ¢ pa3paboTKoi Bce Gojiee CHIOXKHBIX CHCTEM
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HecmoTps Ha cBOI0 KOPOTKYI0 HCTOpHIO pa3sutus (6—8 ser)
MHKDO3JIEKTPOHHKA B HaCTOfllee BpeMs YK€ HAaXOIUT IpaKTHye-
CKOe NpPHMEHeHHe B DasJIMYHOM palMO3JeKTPOHHOH amnaparype,
B YAaCTHOCTH B KOCMHYECKHX CHCTEMax, B NPOMBIIIJEHHOM H Be-
HIAaTebHOM TeJEeBHJEHUH, B BBIYACAHTENbHBIX MaLIHHAX, a TaKXKe
B pa3/IMYHOTO POJa CBSI3HOH W M3MEpHTEeJbHOH ammaparype, 0co-
GeHHO TaM, TI'ie HaXOJWUT NpHMEHEHHe BEIUHCJUTeJbHAs TeXHHUKa
U TAe HaJaeKHOCTH, CTOMMOCTb, PasMepnl M Bec cayxar (axrto-
paMH THepBocTeneHHOro 3Hayenud. IlpuMeHeHHe MHKPO3JIEKTPOH-
HBIX CXeM II03BOJISIET COKPaTHTb OOllee KOJHYeCTBO OTHEJbHBIX
KOMIIOHEHTOB CHCTeMBI, OOJjieryasi 8afayy HX COEIHHEHHS H B TO
JKe BpeMs NOBbIIAA JKCIJYyaTalHOHHbIE XapaKTePHUCTHKH CHCTe-
Mbl B LIEJIOM.

IlpuBeneM npuMep HCHOIb30BAHNA MHKDO3JEKTPOHHUKH B Obl~
TOBOH pajyoanmnaparype.

®upwmoit Zenith Radio paspabortan cnyxoBoil anmnapar, leau-
KOM IOMeLIaIoIIMiic BHYTPH yXa. YCHJIHTeJb HOBOTO ammapara
BLINIOJIHEH B BHJ€ MHTETPaJIbHON CXEMBI H, 10 MHEHHIO pa3pabor-
upkoB, uMeeT Ha D009, JaydymIyi0 HaJeXHOCTh IO CPABHEHHIO C
YCHJHTENeM Ha AUCKPETHBIX KOMIIOHEHTaX,

Bce KOMIOHEHTHI CJYXOBOTO ammaparta, BKJAlouas MUKpodow,
BBIKJIIOUATeNb, PEryJasaTop IPOMKOCTH M 0aTapeio, pa3MelleHb B
onnoMm kKopmyce. Iuanason yacror anmapara ot 430 go 4500 zy.
OH He HMeeT IIHYPOB, NPHCOEUHUTE/NbHBIX IPOBOJOB, MOHTHpYE-
MbIX B ONpaBe OYKOB, M APYTHX HapyXHHIX Jerajell. Bec ero
6,2 2. HntepecHo, uTo po3HHYHafA leHa CIyXoBOrg ammapara 325
AOJJIapOB.

HuTerpanbuble cXeMbl BCe (IHpe NPHMEHSIOTCA B pajuoanmas
paTtype CIyTHHKOB, BHITECHASA BMeCTe ¢ JPYTHMH TBepPJOTeNbHbIMH
BJIeMEHTaMU 3JIEKTPOHHbIE JlaMIbl,

IMosiBunOCH KpaTKoe coollieHne 0 pa3paboTKe paguoJoKaTopa
B ofecreueHHs BCTpeud Ha OpOHTe KOCMHUECKHX anmnaparos,
COOPaHHOTO TIOJIHOCTBIO HA TBEPAOTE/bHBIX KOMIOHEHTaX, BKJIO»
yasg nepefaTyUK.

PasBurtue Gu3uxu TBepIOro Tesna, YCIeXu MOJNEKYNSIPHOH TeXs
HUKHM M TeXHMKH MHKPOMHHHATIODU3aLUHU NPHUBEJNH K MOTEHL(HaJlbe
HOM BO3MOXHOCTH H3IOTOBJICHHSI <CHCTeM, COZepkKallux Jo
0,5-101° s;rementoB B 1 cud,

HecmoTpst Ha ycmexu BO MHOTHX 006JacTX pPagd03/JeKTPOHH<
KH, TIOKa ellle He pellieHbl TaKHe cepbe3Hble BONPOCHI, KAK OHO3Ha«
BaHHEe CIOYTHUKOB, YBeJHUYeHHe NaJbHOCTH JNEHCTBUS JO CBEpX+
60JIbIINX PACCTOSSHHH M yBeJHYeHHe HaJeXHOCTH DPaJHOCHCTEM,
Jlna pelieHna 9THX BONPOCOB HaMeyaeTCs HECKOJbKO MYTeH Mo+
BuieHns: 8 (PeKTUBHOCTH paguocucTeM. K HUM OTHOCHTCA B Iep-
BYIO ouepellb TeXHHKa PaJHOJOKAaLHH C HCIOJb30BAHHEM TEOPHH
nupopmanun. Konerpykropckue rpynnbl 3a pybexxom paGorator
HaJl BONIPOCAMH CO3[laHHS CaMOOPTAHHM3YIOLIUXCS H CaMONPHCHOs
caGaupatouuxcsa PJIC. B Takux cucreMax MOoxHO Gblio Obl Gosee
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3 (HeKTHBHO HCMOJB3OBATH BCIO HMEIOULYIOCS HHOpMauuio IS
OTHICKaHHS HOBOH HeoGxoauMOi nHpopmauun. O6paboTka pagHo-
JIOKAIMOHHBIX AaHHbIX B mepcrnekTuBHBIX PJIC Gymer mpousso-
autbess B nupposoil popme. s 3Toro Heo6XOAUMO IOBBICUTE
eMKOCTb NnaMsiTH H GbicTpozelicTBHe DBM,

Pauon/ieKTpOHUKA U GHOHHKA

C/10)KHOCTb COBPEMEHHBIX PaIHOCHCTEM, MPeJHa3HAUEHHBIX s
CBSI3H C KOCMHYECKHMH amnnapaTtamMu M CJeXeHHA 3a HHMH, CH-
cTeM 0030pa mpoOCTPaHCTBa, HaBeJeHUS H YNpaBJeHHs, a TaKxke
yCTPO#CTB, aBTOMaTHYeCKH NMepepabaThiBAIOMUX GOMbUIHE KOJHYe-
CTBa pa3/iuvHOil UH(pOpMaLHU, pacTEeT OYeHb OBLICTPBHIMH TEMMAaMH.
Muorue u3 3THX CHCTEM Yike cefiuac COHEpPKAaT COTHH THICAY M
MUJIHOHBL 3semenToB. Hanpuwmep, ecnin B 1940 r.  kosanuecTBo
3/IEKTPOHHBIX Y3/10B M AeTajsel Ha cameJjere paBHAJNOCH MpHMeEp-
HO ABYM TbicAuam, To K 1960 r. oHo Bo3pocyo yxe a0 100 ThicA1.
Tonbko oana anTeHHas cucteMa Tuna (pasHPOBAHHOH peLIETKH
A1l COBPEMEHHO! paJHOJOKALHOHHON CTAHUMH COAEPHKHT JO
40 THICAY 3/71€MEHTOB.

YcnoBust paGoThl pafHOCHCTEM OMHMCAHHOTO THMA TPeGyIOT OT
HHX BBICOKOH HAJ@MHOCTH, ObICTPOJEHCTBUA, BBHINOJHEHUS CJIOX-
HbIX omepauufl HAaJ BXOAHBIMH CHIHAJaMy, a 4YacTo — Cnoco6-
HOCTH npHcrnocabuauBaTbesl K MEHAOLIMMCH YyClI0BHAM (aganra-
UHH) U 06YyYaThCs.

Kpome BonmpoeoB NpHHUHMHAIBLHOTO XapakTepa, YCJIOMXKHEHHE
paauocxeM, LIHPOKoe npuMeHeHHe B HHX DBM TpebyloT HeoT1OK-~
HOTO pellieHHsl psifa YHCTO TeXHHYECKHX 3ajay: 3HAYHUTEJbHOTO
NOBbILIEHHA KaueCTBa KOMIIOHEHTOB, obecneueHHs Xopolueil pas-
BA3KM KaHaJiOB, CO3JaHHS JATYHKOB H BCIIOMOTATE/bHBIX YCT-
poiicTB ¢ WH(POBLIM BHIXOJAOM H T. K.

Heo6xoauMOCTb pelleHHsi 3TUX CJOXKHBIX TeXHHKO-TaKTHYeE-
CKHMX 3aJay, JIOXO NOAAAIOLIHXCSA TeOPETHUECKOMY aHaNU3y, H BCe
BO3pACTaloIlas MOTPeOHOCTh B Nepefadye MHOTHX aHAMHTHIECKUX
(yHKUHI uesOBeKa MalldHE 3aCTABWJIH PaJHOMHKEHepOB OoJee
BHHMAaTeJ/IbHO OTHECTHCh X CHCTeMaM CBS3H, 0630pa MpOCTpaHCTBa
1 06paGoTkH HH(GOPMALHMH, CYLIECTBYIOUIMM B KHBOH NpHpOIE.

Hosas o6nactb HAyKH U TeXHHKH — OHOHHKA, 00beIMHUBIIAS
Hccse0BaHuss O0O'beKTOB, NPOLECCOB H SIBJICHUIH B JKUBOH NPHPO-
Je ¢ TeM, 4ToObl B KOHEUHOM CueTe HCIOJb30BATb MOJNYy4YeHHbIE
3HaHus A CO3LAHHs HOBOH TeXHHKH, Halljla MHOTO CTOPOHHHKOB
H cpellH PaJHOMHKEHEepOB.

B GuoHHKe BbIENAITCA ABA BaKHEHIIMX HANpABJEHUS HCCJIe-
JIOBaHHUM:

1) paspaboTKa NPHHUUNMHANBHO HOBBIX TeXHHUECKHX CHCTeM
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OOHApYXKEeHHS U U3MEDEHHST CHIHaNOB, B YAaCTHOCTH HOBHIX THIIOB
I aTYHKOB;

2) co3janne HOBHIX CHCTeM aBTOMAaTHUECKOTO yNpaBJieHHud,
T. €. cucteM cOopa, nepenauu, nepepaboTkyd W XpaHeHUss HHOOP«
Mauuu.

[lepBoe nanpaBjenue CBA3aHO € H3yueHHEM OPTaHOB YYBCTB
JKHBBIX OPraHU3MOB, BTOPO€ — C M3yueHHeM paboThl nepudepuue«
CKO}1 HepBHOH CHCTeMbl H MO3ra.

B nacrosiiee BpeM BHISIBUANCH CJeXYyIOUINEe OCHOBHbIE MPOG-
neMbl B 06aacTy GHOHHMKM, KOTOpble NIPeACTaBJsIOT HENOCPeAcT-
BEHHBbIH HHTepeC A/ PaJHO3JIeKTPOHHKH: HCCJeJOBAHHUS TpOHEC-
cOB TpHema 1 00paGoTKH MH(pOpMaluH, afanTallH, HaZeKHOCTH
#1 KOMIIOHOBKH (YNaKOBKH) 3/1€MEHTOB CHCTEM U CO3LaHHE COOT+
BETCTBYIOLIHX MOZeseH.

Oco6eHHOCTH XUBBIX CHCTEM NO3BOJISIIOT HAfESATbCS HA H3BJe=
YyeHHe MOJIe3HbIX PELeNTOB I pellieHHus JIUHIb OTHEeJbHLIX NpoG-
saeM, 6a1uskux K npobJsemam, peliaeMbIM HPHPONOH, Tak Kak B
1ieJIOM 3TH CHCTeMbl CO3AaBajich Aaf (QYHKUHOHHPOBAHHUA B Cre-
n¥(UYECKHX YCIOBHAX, CYLIECTBEHHO OTJIRYAIOIIMXCH OT CyHIecCTs
BYIOILUX B TeXHHKe.

[IpuBenem HeKOTOpble HaHHble O NMapaMeTpax 3JMeMEHTOB U
NPHHUHUNAX <KOHCTPYKUMH» CXeM XXHUBbBIX OPraHH3MOB, KOTOpble
MOTYT NpeACTaBUThb HMHTepec IJfA PaiUOMHKEHEPOB MWIH JakKe
HaWJIH Yy>Ke NpPHMeHeHHe B TeXHHKe.

HepBHas cucrtema XHBOTHBIX, B (JYHKHMIO KOTOPOH BXOIUT
c6op u nepepaboTKa CBeJl€HUH O COCTOSSHHH Cpeibl BHE H BHYTPH
opranuaMa M BHipaboTKa pelleHHli O Llenecoo6pa3sHLBIX AEHCTBU=
fX, IOCTPOCHA M3 KJIETOK TpeX THHOB:

1) BOCIpHHHMAIOIIHX 3JEMEHTOB, WM PEleNnTOpOR,

2) NpoOMeXyTOUHHX, MJIM aCCOLHATHBHBIX HEHPOHOB, U

3) MOTOHEHPOHOB, cAYKaWUX [ Nepejayd KOMaHJ HCIOM-
HUTEJbHBIM MeXaHH3MaM.

Penenrtopuble 3/7eMeHTHl OPTaHOB YYBCTB MHOTHX JKHBOTHBIX
HWMEIOT OYeHb BBICOKYIO UYBCTBHTEJbHOCTb. Tak, uesoBeyeckuil
TJ1a3 perucTpUpYeT Nonajanue Ha Hero HeCKOJbKHX (POTOHOB, Tep-
MOpeLenTopbl IpeMyyeid 3MeH pearupyloT Ha pa3HOCTb Temmepa-
Typ B 0,001°, a TapakaH QuKXcHpyeT H3MeHeHHe TeMIlepaTyphl B
nudpaxpacHoi 4acTH cnekTpa ¢ TouHocTeio no 0,01°. HanGonb-
uixil HHTEepec mpejacTaBJsfer TO, YTO CTOJb BHICOKOH YYBCTBHTE/Ibe
HOCTbIO 00J1aJ1al0T CHCTeMbl, paboTalolliHe NPU OGBIYHBIX TeMile-
patypax, TOTAa XaK JOCTHXKEHHe BLICOKOH YYBCTBHTENbHOCTH B
TeXHHKe CONPSIXKEHO C OXJ1aXIeHHeM JaTUHKOB L0 HHU3KHX H CBEpX-
HH3KHX TeMIIepaTyp.

Ecau peuentopHble KJeTKH SIBAAIOTCS, KaK NPaBHJIO, ClelHa-
JIN3UPOBAHHBIMH HEHe[IPOHHLIMH CTPYKTYPaMH, acCOLMaTHBHLIE
HelipOHBI H MOTOHEHPOHBI HPeACTaBJROT €060H TUNHYHBIE HeMe
POHHEIE 3JIEMEHTH, T. €. JIQTHYeCKHe NOPOroBble 3J1eMeHTH ¢ GO0Jiba
HIHM YHCJAOM BXOJOB M ORHHM BHIXOAOM. HelpOQHHEI oueHb CHJIBHO
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pasnHyaloTCa MexAy cofofi mo pasmepaM, (popme U Xapakrepy

BeTBJEeHHUA CBOHX OTPOCTKOB. .
Oco6blii HHTepec MNpPeACTaBJsIeT BBIXOAHOH OTPOCTOK HEHPO-

Ha — aKCcOH, KoTopblfi obecneynBaeT nepefayy HepPBHbIX HMIYJb-
coB Ha Gosblive paccTosiHus 6e3 3aTyxaHus. M3yuenuio cBoiicts
Hell[pOHOB H AKCOHOB, a TaKze CO3JAaHHI0O HX Pa3HOOGpa3HbLIX MO-
Jeaeil 1 KOHCTPYHDOBAHHIO CXeM M3 HHUX YAeasieTcs ceifluac oueHb
6oJsblIOe BHUMAHHE.

PaccMoTpum HekoTOpble CHCTEMBI M OpraHbl JKHBOTHBIX, U3Y-
yeHHe KOTOPbIX MOXKeT OKa3aTbCAd MNOJIe3HbIM C TOYKH 3PEeHHUs
yayudllleHusl CyLUeCTBYIOWell mepefaloweil H NpHeMHOR pajauoan-
napartyphl,

fHuBble JIOKaTOpPBI

Urto Kacaercs npoG/ieMbl COBEpLICHCTBOBAHUSI Iepenatouleil am-
napatypsl, TO TYT B NepBYI0O ouepejb NpejcTaB/sieT HHTepeC H3Y-
yeHHEe HCTOYHHKOB IHEPTHH JKHUBOTHBIX — JKHBBIX JIOKATOPOB.

BonbWHHCTBO BHICOKOOPraHH30BAHHBIX KHBBIX CYILECTB IJfl
OpHEeHTALHH B OKpYXalolle# cpeje H 0630pa NMPOCTPAHCTBA MOJb-
3yeTcsl OpraHaMu 3peHHus, KOTOpble MO3BOJAIOT UM 00HApYXKUBATh
H ONO3HABaTb OKpYXKAIOIUe NpeAMeThl N0 OTpa)KaeMOMy HMH
conHeydoMmy csery. CoGCTBEHHBIMH aBTOHOMHBIMH HCTOYHHKAaMH
SHEPTHH Aaf Hesell 0630pa NMpOCTpaHCTBA CHaGXKeHB, Kak Npa-
BHJIO, JIHLIb KHBOTHbIE, JKUBYIIHE B YCIAOBHAX TEMHOTHI HJIH B Ma-
JIONpO3payHbIX, MYTHBIX cpeflax (JeTyyHe MbILIH, DeJbOHHBI, 3/12K-
rpudeckue puiObl U Ap.). JIyulue Bcero, ¢ 3TOi TOUKH 3DPEHHS, H3Y-
YeHbl JIETyYyHe MBIIIH, UMeIOlHe clellHaJbHble OPraHbl AJs H3JY-
YeHUS] U TMpPHeMa YJbTPa3BYKOBBIX MMIYJbCOB.

DX0/10KaTop JIETYUHX Mbllllefi — O4eHb TOUHBIH «IPHGOP»; OH B
COCTOSIHHH OGHapYXKHUTb npeamer auamerpom Bcero 0,1 s C mo-
MOILBIO 3X0JIOKaTOPOB JleTyyHe MBIIIK He TOJBbKO OpHEeHTHPYIOTCS
B NMPOCTPAHCTBE, HO H OXOTATCS 32 HAaCEKOMBIMH.

[Tepex craprom JsieTyyass Mbllb H3faeTr JHIb 5—10 yabTpa-
3BYKOBBIX HMIYJbCOB B CeKyHAY. B mosere ux 4Hc/i0 yBeauuu-
paerca g0 30. ITpu npubausKeHUH K NPensTCTBHIO 3BYKOBLIE CHT-
Hansl ciaeaywor eie Obictpee — 50—60 pas B cexynay. Hacruras
JOGBIYY, HEKOTOpble MBbIIM H34al0T faxe 250 umMnyabcoB B ce-
KYHIY. YBeJaHuYeHHe KOJUYeCTBa HMIYJbCOB MO3BOJSIET MMOBHICHTH
NOTOK HHGOpPMAUMH O JBHXKEHMH LieH H TOYHEe KOODJAMHHPOBATH
HeficTBUS JieTy4uell MBbIL.

IIpencraBisier HHTepec BbISICHeHHe NPHHUHUNOB paGOTH aky-
CTHYECKHX JIOKATOPOB JIETYYHX MBIIIEH IO BBIAE/NEHHIO Ca1a0bixX
curHaioB u Gopnbe C momMexaMmH, CO3JaBaeMbIMH JPYTHMH Mbiliia-
MH, OCOGEHHO y JIETYYHX MblLIeH-pPbl6OIOBOB,
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CeHCcOpHbIE CHCTEMbI

Becbma ofemamomumM H NJIOJOTBOPHBIM O0Ka3aJioCh 3HAKOMCT-
BO paJHOHMHXKEHEepOB-KOHCTPYKTOPOB NMpPHEMHOH amnmaparypel ¢
CEeHCOPHBIMH CHCTEMaMH HJH aHanusartopamu. Jlio6as cencopuas
cucTeMa BKJlouaeT B celd nepudepuyeckuil BOCIPHHHUMAIONIMIT
annapar (opraH 4yBCTB) H COOTBETCTBYIOIIHE MO3TOBBIE OT/EJbI,

ITpH «KOHCTPYHPOBAHHH» CEHCOPHBIX CHCTEM NPHPOAA CTO.K-
HyJacb C KOMIJIEKCOM TpeGOBaHMiH, BO MHOTOM  aHAaJOTHUYHbIM
TOMY, KOTOpBIii ceffyac MBITAIOTCSA yIOBJETBOPUTH paJHOUHIKEHe-
pH: obecneueHHe GONbLIOH YYBCTBHTEJIbHOCTH, NMOMEXO3aLIHIIEH-
HOCTH, OBICTPOJEeHCTBUSA, BBLICOKO! HaIEKHOCTH, 3KOHOMHUHOCTH,
NpoBeJieHHe CJO0XKHOTO aHa/lu3a 0GCTaHOBKH AJS BBIABJICHHA Hall-
0oJjiee BaxKHBIX OGBEKTOB H T. 1.

IMpexnge yeM maTh KpaTkoe omucaHue paGoOTHl psiza CeHcop-
HBIX CHCTEM, OTMETHM HX HEKOTophle obuiue CBOHCTBA.

BbicOKOpa3BUTbIe CEHCOPHBIE CHCTEMBI BKJIOYAIOT CAEHYIOUIHe
OCHOBHBIE YaCTH:

1. TTpoekuuonHoe YCTPOMCTBO H BCIOMOraTeJbHLIE CTPYKTY-
pul. FIx ocHOBHOe Ha3HayeHHe — COOTHOCHUTb OMNpejesNeHHOH IpyT-
Tie YYBCTBHTEJbHBIX 3JIEMEHTOB (peLenTopoB) ONpengeHHyIo 06-
J1acTh KOHTPOJIHPYEMOTO NMPOCTPAHCTBA HJIH ONpejescHHOe 3Haue-
HUe TapaMeTpa CHTHaJia, a TakKXKe PeryJHpOBaThb YYBCTBHTE.1b-
HOCTb CHCTeMBI B COOTBETCTBHH C YPOBHEM BXOJHOTO €HTHaJa.

2. Tlone BoOCMPUHHMAIOUIUX 3JEMEHTOB — PELENTOPOB.

Hasunauenne penentopoB — onpenensTb Ha/JIMuHe BOJUSH HHX
cnenudryeckoro A5l KaxJo¥i CeHCOPHOH CHCTeMbl BHAA 3HEPTHH
(ctumyaa, pasapaxurens) H KOAHPOBaTb NapaMeTpbl CTHMY.JIOB
9JIEKTPUUECKUMH CHTHaJIaMH.

3. Bsiok mpexBapuTenbHOl nepepaboTKH HHOOpMAUHH.

OH CAYXHUT TJaBHBIM 00pa3oM [/l yMEHbUIEHUH H3GBITOUHO-
CTH HOCTYMAalOUIUX OT PELeNnTOpPoB COOOLIEHHH B LeJSX Yhpolie-
HHSl ¥ YCKOPEHHS MOCJeyIOllero aHaan3a H 3KOHOMHH UHC/Ia Ka-
HaJI0B mepejayd HHGOpMaLHH, a TakxkKe AJS BHIAEJEHHS CHTHaaa
H3 IFyMa.

4. Kanan cBasu nepudepuyeckoro opraHa ¢ LeHTPaJbHbIMH
CTPYKTYpaMH.

5, Mosrosele 1eHTpH, oGpabarbiBaiomye HHpopMauuo, no-
crynamouyio ¢ nepudepuu.

OTMeTHM HEKOTOphle OCOGEHHOCTH IOCTPOEGHHSI CXeM aHajau3a-
TOPOB.

TIpexne Bcero, 1/ BceX CEHCOPHBIX CHCTEM YCTAHOBJIEH NPHH-
HUN Joxanu3aluud QyHKuuii B onpeieseHHBIX o6JacTAX Mo3ra H
CYLIeCTBOBAHHE YNOPAMOYEHHOH MNOTOYEYHON NPOEKUHH HHKese-
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JKAIIUX OTHEJOB Ha BHILIEJeKalrie, Koropas BHIAEPKUBAETCA Ha
BCEM MPOTSKEHHH CEHCOPHOrO MyTH OT nepudepHyeckoro oTaena
K Kope Mo3ra, XOTSI TAKOH MOPAAOK B INPHUHLHUIIE U HE SABJAAETCA
HeOOXOAUMBIM AJI51 paGoOThl aHAJU3aTOPOB.

XapaKTepHbIM J151 HEHPOHHBIX CeTel CEeHCOPHBIX CHCTEM siB-
JsieTcsl CyleCTBOBaHHe OTPOMHOIO YHCJAa CBfi3efl KaK BHYTPHU
Ka’KJOTO CJIOSl 371eMEHTOB, TaK M MeXIy CI0AMH, MpHUeM KaXKAbii
2/IeMeHT BblIIeJeXKalero cjaosi cobupaer uHHpopMauuwo ¢ 6OJb-
LIOTO YHCJHa KJIETOK HHXKeJekamlero Cjos, a Kaxjmas U3 3THX
KJETOK B CBOIO OYepejb MOCHIIAeT OTPOCTKH KO MHOTHM KJETKAM
Bblenexaniero cnosd. COBOKYINHOCTb PeleNTOPHBIX KJ/eTOK, OKa-
3bIBAIOIIUX BJIMsSHHE HA paboTy KaKOH-IHGO KJAETKH M3 Bbllene-
JKallUX OTHAEeJOB, COCTaBJfeT peUeNTOpHOe MOoJie JTOH KJIETKH
(puc. 3).

OaHUM M3 CaMBbIX aKTya/bHBIX H MepPCleKTHBHbIX HallpaBJeHHU
6GHMOHHYECKUX HCC/IeNOBAHUI SIBISACTCA M3y4deHHe pPabOThl MepBHIX
CTyneHeH CeHCOPHBIX CHCTeM, TaK KakK, HeCMOTPSl Ha COIpSIKeHHe
¢ ObICTPOJEHCTBYIOUIHMH 3/1EKTPOHHO-BBIUUCAHTENbHBIMH MaLIH-
HaMH, COBpeMeHHble CHCTeMbl 0030pa MPOCTPaHCTBAa U 00pabOTKH
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Peyenmubuoe none knemwu A

Puc. B. Ilpumep cBsselt MexIy 3JeMeHTaMH
B CEHCOPHBIX CHCTEMax

nudopManuy YacTo He B COCTOSSHHU CHPABUTHCHA TO BCEM OGBEMOM
MOCTYMawIuX AaHHBIX. B TO ke BpeMsi »KHUBble OpPraHU3Mbl Bbi-
pabotanu BecbMa 3PQeKTHBHbIE CMOCOObl (PUABTPALHH MOJE3HOM
vHpopMaLul U3 Bcell nocrynaiomleil. Hanpumep, uenoBek, KOTo-
pbli paboTaeT Kak Ype3BBIYafHO MeperpyKeHHbIi aBTOMAT, HC-

nosb3yer AJs paGOTHl CO3HAHHS BCEro 4acTb IIOCTY«

10000 000
natouteit HHpopmanuu., Koneuno, sTor o160p ocyuiecTBasgeTcss Ha
BCeM ITIPOTSIXKEHHH CEHCOPHBIX NyTeH, HO OJIOKH mepBUYHOH 0Gpa-
GOTKH HUTpalOT OYeHb CYLIECTBEHHYIO POJb. PaccMOTPHM HECKOJbe
KO IpPHMEPOB pabOThl TAKUX OJIOKOB,
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3ameuaresibHble CBOICTBa
YJIATKU yXa

B cayxoBoM ananu3atope yenoBeka 06paboTka peueBbIX CHIHa-
JIOB B 3HAUMTEJIbHOH CTENEeHH NPOU3BOJHTCA YiKe BCMOMOraTeib-
HOHl MeXaHHYeCKOH CHUCTeMO# yxa.

Oznna U3 ee OCHOBHBIX yacTeli — YJIHTKa npeAcTaBasgeT co6oi
JNHHHBIA cnupaleBHAHBIH KaHal Cpeiu KocTell yepema ¢ ABYMA
MeMOpaHHBIMH NeperopoiKaMH, 3anoNHeHHbIH BA3KOHA XK HAKOCTbIO.
BocnpunnMaloiye KNeTKH pacnonaraiorcs BIOJb OJHOH H3 MeM-
OpaH — GasanbHO Hau ocHosHOH. [lpu BoO3zeficTBUM 3BYKOB
pasHbiX yacToT Ha MeMOpaHe Bo3HMKaeT Geryuiass BOJIHA, AOCTH-
raiolas MakcuMyMa B ONpeJiesieHHOH Touke, 3aBHCSILEH OT yacTo-
Thbl, IPHYEM BLICOKHE HACTOTHl AaloT BO30yxKaeHue BOMM3H BXOJa
B YJHTKY, a HH3KHe NpPOHHKAIOT K ee AajbHeMy KOHUY. Takum
00pa3oM, B YJIHTKe OCYLLECTBJSIETCA B KaKOH-TO CTeNEeHH TOHOTO-
nyueckass NpoexXUHus, T. €. COOTHeCEeHHe OnpefesieHHEIX 4acToT
3BYKOBOTO CHIHa/la onpelleJIeHHbIM ydyacTkaM MeMOpaHHI.

B nocnenHee BpeMs NOABHJIHCH PaGOTH, B KOTOPBIX YTBepi=
jaerTcs, YTO YJHTKA He NMPOCTO NPOM3BOAMT aHa/au3 CNeKTpa CHI-
Ha/na, a o6pabarbiBaeT curHan GoJiee cj0xHbIM o6pa3om. [lpen-
noJiaraioT, 4YTo pas3jHyHble YacTH YJUTKH CNelHaNH3HpOBaHbl 15
KOIAHPOBAaHHA Pas/JHUHBLIX XapaKTepUCTHK peyeBblX CHCHanoB. Tak,
CudTaeTCsl, 4TO AaJbHUI KOHEl BHYTPEHHEro yXa yuacTByeT B fep-
Byl0 odepelb B aHa/su3e CBOHCTB orubalollefi KpuBoil peud, Me-
HAIOWUXCA NPU NEepeXofe OT FPOMKOH peud K IIeNOTy; OTKIHK
cpejHell yacTH onpejensdeTcs KauecTBOM NPOH3HOCHMBIX 3BYKOB,
T. €. HX 60TaTCTBOM H 3BYYHOCTbIO, TepPAIOIUMCA NpPH WenoTe, H,
HakoHell, HanboJlee BaxKHas 4acTb BHYTPeHHErQ yxa, pacnoJaralo-
11a9ca OT ero LeHTpa [0 BXOJa B Hero, pearupyer Ha peyb MOYTH
He3aBUCHUMO OT TOrO, KTO €e IPOM3HOCHT, IPOHU3HOCUTCS OHa
FPOMKO HJIH wenoToM. [ad pacno3HaBaHHSI peud NPaKTHYECKH
BaXHa TOJbKO uHHQOpMauud, nocrynawpomas ¢ 3Toil YacTd
YAUTKH.

JTa nHpOpMaUUs COCTaBASET HE3HAUHTENbHYIO MO0 BCeil
3BYKOBOIl HH(OPMAalHH, NOCTYyNAOLEH B YXO, HO €e HCMOJb30Ba-
HHE N03BOJIIET Pacno3HaBaThb 3BYKH peud BecbMa HajexHo. Cos-
JlaHye CUCTeMbl 06pabOTKH 3BYKa MO NPHUHUMOY HEHCTBHA YJIHUTKH
N03BOJIMJIO CHU3UTb CKOPOCTb Nepefayd peueBHIX AaHHBIX B 100—
200 pa3 mo cpaBHeHHIO C TeM, 4TO HMeeT MECTO B TesJe(OHHBIX
KaHaJax CBA3H. A NpH TOH Ke reHepHpyeMOil MOIIHOCTH YMeHb=
weHne ckopocTy nepefaun B 100 pa3 o3nauaeT yBenHueHHe Halb-
HocTu cBfA3H B 10 pa3. AMepHKaHCKHe HHIKeHephl, CKOHCTPYHpO-
BaBllliie BbIIIEONMHCAHHYIO CHCTeMY, HaJeloTCd, YTO CO BPEeMEHeM
noJ00HbIe CHCTEMbI NO3BOJIAT OCYULeCTBUTb HOPMAaJlbHHI pasro-
BOp MeXAY JIIOJbMH Ha 3eMmie H acTpoHaBTOM Ha Mapce.
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«DunbTpauusay NU300parKeHnH

B 3puTenbHOM aHATH3aTOPE BBHICLIMX MJIEKOMHTAIOLHX GJOK mep-
BHUHOII 0GpabOTKHM CHMIHAJOB — CeTYaTKa — uMeeT GoJjee CTa
MHJIJTHOHOB BXOJXOB (pelenTOPHBIX KJIETOK) M JIUIIb OKOJIO OJHOTO
MHJIJTHOHA BBIXOJIOB, U3 KOTOPHIX, K TOMY K€, B KaxK/Jblil JaHHBIi
MOMEHT pa6oTaeT JIMIUb KaKasA-TO 4acTh.

B ceTuaTKe MHOTHX JKUBOTHBIX OJHHM H3 OCHOBHBIX MEXaHH3-
MOB yMEHbIIEHUST H3GLITOYHOCTH NOCTYNAOIIUX CHITHAJIOB SBJSAET+
cs Tak Ha3pIBaeMoe OOKOBoe (/aTepaJjibHOE) TOPMOXKEHHe, Brep-
Bele MOAPOGHO M3yueHHOe Ha Iya3e paka-meuexBocra. OHO 3a-
KJIOYaeTcsi B TOM, UTO peaklus Ha NAaHHBI CBETOBOH pasjpau-
Te/lb B JaHHOM TOUKe yMeHblIaeTcs, eC/IH OCBETHTb TaKKe H O/u3-
Jexallie y4acTKH. DTOT MeXaHH3M IPHBOIHUT K NOAYePKUBAHHIO
KOHTYpOB H300paxKeHHi, TaK KaK peakuus OyneT HaumOoJbllueil B
Tex MecTaX, [Jie CBeT/ble yYacTKH H3006paKeHHs IpaHUyaT C TeM«
HBIMH.

HMeeTcs yiKe HeMaJsl0 NMONBITOK HCHOJb30BaTh B TeXHHUYECKHUX
CHCTeMaX CBOMCTBO Iy1a3a BBIAEJNATH KOHTYp H3006paKeHus.

Tak, mpensoxeHa HOBasg CHCTeMa Illepefaud TeJeBU3HOHHBIX
u306paKeHH, UCNONb3YIOLIasl BblJeNeHHe U Nepefauy KOHTYpOB
H BOCCTaHOBJIEHHE IO HHM HCXOIHBIX NOJYTOHOBBIX H306pakeHuit
Ha NPUEMHOM KOHIe. DTa cHcTeMa obewiaeT cTaThb 3(pQPeKTHBHbIM
CpPeiCTBOM COKpallleHHsA NepefaBaeMoii HH(pOpPMaLHH.

JIpyruM Ba’KHBIM MeXaHH3MOM BblJeseHHs nose3Holt uHbop<
MalliH CJAYXKHUT CBOHCTBO ()YHKUHOHAJBHBIX €IHHHI CEeTYATKU —
peLeNnTHBHBIX NOJieH — pearupoBaTh JHUIIb Ha M3MEHEHHA HX OC»
pemeHnocTy. [1pocThle THMEL pelenTHBHLIX MOJIEH ceTYaTKH AaiorT
peakuuIoO Ha BKJ/IOYEHHe cBeTa JHOO Ha ero BblKJIOYeHHe, JHGO
H Ha BKJIOUEHHEe H Ha BLIKJIOUYeHHe.

Taxass opraHu3aunusi paGoOTH ceTYaTKU NPHUBOJUT K TOMY, UTO
HermpepbIBHOE BOCIPHATHE H300paxkKeHHs MoxkKeT ObITh obGecneueHo
TOJIBKO NPH HEMOCPEeJCTBEHHOM H3MEeHEHHH OCBEIeHHOCTH BHYTPH
OTJE/NbHBIX PELEeNTUBHBIX NoJeill. DTOr0 MOXKHO JOCTUTHYThH JIHGO
nepeMelllenreM o0pas3a mo ceTyaTKe (3a cueT ABHXKEHHI Kak
o6bekTa Hab/II0JeHHsA, TaK U CaMOr0 JXHBOTHOIO HJIH ero rJias),
n1u60 co3maHHEM MeJbKawllero ocselleHus. Mesbkamwoliee ocze«
{llecHHE MOKHO CO3[aTh TOJbKO B HCKYCCTBEHHBIX YCJIOBHSIX, H Gbl~
JI0 T0Ka3aHo, YTO OHO MeHee 3((eKTHBHO, UeM CMelleHHe H3006-
paskeHHs IO CETUATKE; B CCTECTBEHHBIX YCIOBUAX XKUBOTHbBIE MOJIb~
3yI0TCsl MepeMellleHHeM o6Gpa3a IO ceTuaTKe.

C TOuKH 3peHHS aHa/lMu3a BXONHBIX CHTHAJOB, ONHCAHHBIH Bbl«
1le MeXaHHM3M TaKXKe CIOCOGCTBYeT BBIJGNEHHIO KOHTYPOB H300-
paxeHHil (TaK KaK OCBELIEHHOCTb JAaHHOTO PELEeNnTHBHOrO MO
MeHsleTcsl TONbKO B TOM Caydae, €C/IH Yepe3 Hero MPOXOAHUT Tpa-
HHI[a TeMHOTO M CBETJIOTO yYacCTKOB HEH3MEHHO OCBEIeHHOro
u3o0paxenusa) M, KpOMe TOro, OH IMO3BOJACT HANPAB/ATH BHHMAs
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HHe Ha JABHIKYILMECS U MeHAWoLIHecsd 4acTd H306paKeHuil, Hecy-
u{de rjaBHyi0 HH(MOpMalHUio 00 M3MEHEHHAX B OKpykKalollei 00-
CTaHOBKE.

C TouxH 3peHus IJa3a KaK TeXHHUECKOH CHCTeMbl OH M03B0-
jaset ©ojiee 3KOHOMHO HCIOJIb30BAaThb HPONYCKHYIO CHOCOOHOCTH
KaHaJ/J OB CBSI3 B HEPBHOI CHCTeMe H COKPAaTHUTb YHUCJO 3TUX Ka-
HaJIOB.

KpoMe oTMeueHHBIX BbILle HPOCTBIX PELENTHBHBIX MOJed, B
CeTYaTKe MHOTHX »KHUBOTHBIX BCTpeyaloTCsl MOJs, HPOH3BOAALIME
0oJiee C/IOXKHBIA aHAJM3 TOCTYNMAIOILHX CHTHAJOB H pearupyio-
e Ha OoJiee y3kuil knacc paspapaxureneil, CJioxHBIE pelen-
THBHBIE MOJISI HA3bIBAlOT TaKXKe JeTeKTOpaMH TeX BHUIOB H300Da-
YKEHUI UM TeX MapaMeTpoB H300pa’keHUi, Ha KOTOpHIe OHU pea-
rupyior. B Hacrosiiiee BpeMsl M3BeCTHBI, HampuUMep, TakHe JeTeK-
TOPbI, KaK [JEeTeKTOpPbl TpaHHll, KPHBHU3HBI, ABHIKYIIUXCS Kpaes
(y mArymku); HeTeKTOpbl OPH30HTAJbHOTO M BEPTHKaJbHOrO
Kpast (y ronyGsi), QeTeXTOpbl HampaBJeHHs NBHXKeHHS (y roayos
M KPOJIHKA), NeTeKTOpbl CKOPOCTH ABHXeHHA (y KPOJHKa) M He-
KOTOpBIe J[pyTHe.

Crenu(UYHOCTh IETEKTOPOB, NMO-BUAHMOMY, 00yCJIOBJeHa 00-
pPa3oM KH3HHM JKHUBOTHBIX H HEOGXOMMMOCTBIO GBICTpefiluell peak-
MM Ha XU3HEHHO BaXXKHble pa3ipaKHTeNH.

Hanpumep, meTeKTOopbl KPUBH3HBI CETUATKH JATYIUKH, pPearu-
pyloliye Jullb Ha He6GOoNbIlHe TeMHble OOBbEKTHI, IO BCeil BeposT-
FOCTH, UTPAIOT BaXXHYI0 pPOJb B OXOTe JATyIIeK Ha HAaCeKOMbIX.
JleTeKTOpEl TOPH30HTANBLHOTO Kpas CeTYAaTKH ToJy6sl, pearupyio-
e TOJIbKO Ha TPaHHLY ABYX obJsacTelf, pacloJOKeHHYI TOpH-
30HTaJIbHO, MOTYT HMETh 3HaueHHe B OPHEHTAL(HU BO BpeMs MO-
Jera,

E)JIeI{’PpOHHaH MO[eJIb CeTYaTKHU JIATYIIKU

[IpoBegeHHbIe HCCAENOBAHHSA NMO3BOJNUIM CKOHCTPYHPOBATb DAL
Mojesiell, IMHTHPYIOIUX HEKOTOpble OCOOEGHHOCTH paloThl opra-
HOB 3peHHUS.

AMepUKAaHCKUMH HHXKEHEDAMH CKOHCTPpyUpOBaHa (YHKIHO-
HaJibHAsl 3JEXTPOHHAS MOJeNb CeTYyaTKH IJasa JATYWKH. ITa
Monenb OyZeT HCNONb30BaHA MJis ONO3HABaHUA H300parkeHHIl
nyTeM BBISIBJIEHHS UX XapaKTepHBIX NPHU3HAKOB M MapaJsJebHOH
06paboTKu MONYUYeHHOH HH(pOpMalUH.

Mogenp ceTyaTKu IJ1a3a JATYIWIKH BHIIOJHSET OMepanud HO
KiaaccuuKaluH TPH3HAXOB H300paKeHHs, NPOEKTHPYEMOro Ha
MaTpuLy (OTOCONMPOTHBJEHHI, naBasg MHGOPMALHUIO:

1) 06 oOuux ouepTaHusiXx OGBEKTOB;

2) 0 ABMXKYLIUXCH BBINYKJAbIX TPaHULAX NPEIMETOB;

3) 006 M3MEHEHHX KOHTpacTa;
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4) 0 3aTeMHEHHM 3HAYHTEbHOrO YYyacTKa noJis 3peHus.

Bbigesenne KakKaoro NpH3HaKa OCYHIECTB/ISAETCS C NOMOLLEIO
COOTBETCTBYIOLIHX JIOTHYECKHX CXeM «[eTEKTOPOB».

@ yHKUMOHANbHAS MOJE/Nb COAEPIKHT CeMb CJOEB 3/EMEHTOB
(odpopmaennbix B Buie mMaTpul pasmepom 0,9X0,9 #?), xamabtil
M3 KOTOPBIX BBINOJHAET OMpeje/jeHHbie JIOTHYECKHE ONepalnH.
IMepBbie 1eCTh CJ10eB BeayT 00paboTKy undopmaunn. Ceabmon
€J10i1 COMEPIKHT BHIXOJHbIe CHTHAMbHbIE JJAMIOYKH H CHCTEMY pac-
npezesieHHst 9HepTHH B MojeaH. CBA3b MeXAY NEPBLIMH YeTbIPb-
MA CJAOSIMH OCYLIECTBJSIeTCS NMyTeM NPONYyCKaHHA cBeTa OT CHUT-
HaJbHBIX JaMIIOU€K, pAacloJIOKeHHbIX Ha 3ajHell HOBepXHOCTH
cnos1, K OTOCOMPOTHBJIEHHAM, YCTAHOBJEHHbBIM Ha NepeiHed no-
BEPXHOCTH CJIe1yIOLIero CJos.
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Puc. 4. Yacts pelenTopHOi MaTPHIUBI

Droit nenn cayxat Gosee 2000 map curHasbHasi JaMnoyka -—
¢doroconporuBnenre. CUrHanbHble JaMMOUYKH H (OTOCONPOTHBIIE-
HHSI HCMOJIb3YIOTCS TaKXkKe B 3J1eMEHTapPHBEIX JIOTHYECKHX CXeMaX.
B uenoM, B Monesu cetyaTkH, Hcnoabdyoomein 32 000 otaenbubix
9JIEMEHTOB 3JIEKTPHYECKON cXeMbl, BkjioueHbl 3793 doroconpo-
THBJIeHUs] U 2652 CUTHAJBHBIX JaMIOYKH, ocyuiecTBasiercs 4530
Joruyeckux omepauuil. Ha puc. 4 pas npuMepa noxasaHna 4acTb
peLenTopHOil MaTpHLBL.

Jlornueckast 06paboTKa CUI'HAJIOB OCYIIECTBJISETCH B MOMOILBIO
soruveckux cxem «H», «MJIW» u nuddepenuupyowux uenei.
Cama no ceGe MOzxeJb MPHTOAHA TOJBKO JJISl OTPAHHUEHHOTO NPH-
MeHeHHsl, OIHAKO OHAa MOXEeT CHIrpaTh BayKHYI0 pOJb B KauecThe
NepBOTO Liara B CO3JlaHHM HOBOT'O KJaacca MallMH, TpepHasHa-
UEHHBIX [JIfl pellleHus CJIO0KHBIX 3afay OOHAPYXKEHHS, CJIeXKEHHS
n HaBellenns. Takoe yCTPOHCTBO MOXKHO HCNOJIb30BaTh 4JA MTHO-
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BEHHOTO pacrno3HaBaHud QO'beKTOB, UTO MO3BOAHT 3KOHOMHTH Jpa-
TOlLIGHHOE BpeMsi, 3aTpaulBaeMoe B HacTosillee BpeMms Ha Gannu-
CTUYECKHE BbIUHCJIEHHS.

Hmerorcst cBefieHusi, UTO HCMOJB3YIOMHI OMHCAHHblE TPHHIH-
nibl pajfHosIoKkaTop, ycTaHoBJeH B JIoHmoHCKom aspomopry. On
CIYKHUT AASl NpedynpekIeHHs CTOJKHOBEHHI CaMOJIeTOB B yCJO-
BUAX MJOXOH BHIMMOCTH,

HelipoaneKkTpoHHbIe CUCTEMbBI Y MAaIINHBI
C «YCJIOBHBIMU pedyieKcamMmu»

PaGora BriciInX MO3TOBBIX OTAEJNOB HCCIEI0BaHA B TOPa3f0 MeHb-
el CTemeHH, yeM NepH(pepHUecKUx, B YaCTHOCTH, H3-3a TPYLHO-
CTH HAOCTYNa KO MHOT'HM OTHesaM, CJAOXKHOCTH MX CTPOEHHS, MHO-
JKeCTBEHHOCTH HX CBf3eil ¢ JPYTHMH CTPYKTYpaMd H B CBA3U C
5TUM BO3HWRAIOIIMMH NPENATCTBUAMU [/l HHTepHpeTamuu HaH-
HbIX 3KCHEpPHMEeHTa.

ATo npuBeso K TOMY, UTO MHOTHE HCCJefOBaTeIH TIPEINOYAH
OTKa3aThCst B AaHHOE BpeMsl OT MOJeJHUPOBAHUA PaGOTHl CJAOK-
HBIX HeHPOHHBIX ceTefl M MOMBITATbCA HCNOJNb30BATh JKHBbIE Heii-
pOHHBIE CXeMbl HeNOCpPeACTBEHHO B 3JIEKTPOHHOU ammapartype,
T, €. ClIeJlaTh MO3T 2KHBOTHOT'O YaCThIO 3JIEKTPOHHOH CXeMBL.

Hanpuwmep, unxenepsr pupmsl Philco Corporation uccaenona-
JIH BO3MOXKHOCTb CO3JaHHS PAaKeTHOTO CHapsila BO3JyX — BO3AYX,
Hecyllero Ha cBoeM OOpTY KOLIKY, KOTOpas MOXeT KOHTPOJIHPO-
BaTh €ro MoJIeT W yNpaBiATh UM, Ilepex riazamMu KOLIKH TOMe-
1aJscs TeJMeBU3UOHHBIA SKpaH, a TeJekaMepa JOJIKHa Oblia oc-
MaTpuBaTh INpPGCTPAHCTBO BOKPYr pakeThl. Koluiky mnpepmnonara-
J0Ch TpelBapuTeJbHO OOYYHTh ONO3HABAHHIO CHpPEJeNeHHBbIX Ile-
Jieit, a BBIXOIHDbIE JEeMEeHTH €€ «CHCTeM OIO3HABAHHS M 3aBeje-
HUSI» — COEUHUTh C 3JeMEeHTaMH, YNPaBJAIOLUMH [ABHXKXEHHAMH
cHapsiga.

BoigBuraich IpefyioxKeHHsT UCMNoJb30BaTh B KOMOHHHUPOBaH-
HBIX CHCTeMax #e TOJbKO HEPBHYIO CHCTeMY JKUBOTHBIX, HO H HX
«IATUHKH® — YYBCTBHUTEJbHbIE DJI€MEHTHI.

Ouenb 60JbIIOE YHCIO PAaGOT MOCBSALLEHO UCCASNOBAHHIO U MO-
JeTUPOBAHMIO TaKuX (yHIaMeHTANbHBIX CBOHCTB HepBHOM CcHCTe-
Mbl, KaK aflantanus U o0y4aeMocTb, H NPHUMEHEHHUIO Pe3yJNbTaToB
STHX HCCIeJOBAHUN AJIs CO3MAHUS PA3JHUYHBIX CHCTeM, TVIaBHLIM
o0pa3oM CHCTeM OMO3HaBaHMS.

ITogpo6GHoe 0O0Cy¥KIeHHe OTHOCSIIUXCA CIOfAa NMPOGJEM BBIXO-
JUT 3a paMKH jganuoii Opowopul. Ilpusenem Jauiip npumep cu-
cTeMbl OHO3HaBaHUI 0GpPa3oB, CKOHCTPYHPOBAHHOH € HMCHOJB30-
BanHeM GUOJIOTHUECKHX MPHHIIHIIOB.

Coszana oOyuawoIlascs BLIYHCAHTEAbHAS MalidHa <Kou-
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(dJ1eKc», NpuroAnas AJ1a ONO3HAaBAaHHSI MPAKTHYECKH HEOrPaHHUEH-
HOTO YHCJIa KJIaCCOB CJOXHHBIX 06pa3oB, COAepPXKallHX HE TOJbKO
uepHO-GeJible 3IEMEHTHI, HO U NOJYTOHa.

Dra MmammHa ABASETCA MaluMHOH Kaacca «[lepuentpons,
TTpuHUHD TaKMX MallMH Gbl1 BnepBhbie mpeanoxen P. Posentia-
TOM, a NepBHIH IKCIEeDUMEHTaJbHbEII oOpaseny Obl co3xaH B
1957 r. OTJHUHTENBHOM YePTOH MAIUMH TAaKOro THIA SBJSETCSH
caydaiHbIfl XapakTep COeAHHEHUN MeXAYy MaTpHUEHR UyBCTBHTE b~
HBIX 3JIEMEHTOB (CEHCOPOB) M 3JeMeHTaMH CJAeIYIOUIHX accoldas
THBHBIX CJIOEB, IPHYEM OKOHUATENbHO HapaMETpPHI CBfi3eH onpejies
JA10TCS B nponecce oOyyeHHs.

B oranune OT mepBHIX MalIHH Kjaacca «[lepuenTpoHs» B MaliHe
ne «KoHndyekc» HCHOMB3YIOTCA HEKOTOpble 3aKOHOMEPHOCTH 06pa+
30BaHUS YCJIOBHBIX pe(IeKCOB Yy >KHBOTHHIX. Ilpu HCOHITaHHAX
MaumiHa «IKoHdJekc» MpoXeMOHCTPHPOBaJa BO3MOMXHOCTb ONO3«
nraBanus 10 100 BapuanToB HanmucaHus GYKB Pa3JHYHBLIMH LIPHP=
TaMH M NOYEPKaMH H BO3MOXHOCTb OIO3HABaHHA CJ0B U (OTO=
rpaduit (43 6 06bEKTOB),

Bo3M0OXKHO, y:Ke HenaJeko To BpeMs, KOrjna NpH OOCYXKIeHHR
npoekta J1060fi CJHO0XHOM TeXHHYECKOH CHCTeMbl Hapsny € mna=
TeHTaMH ApPYFHX H3o0peTaTtejqefl OyAyT paccMaTPUBaTbhCsd H CO-
OTBETCTBYIOLIME «MaTeHTbl» npupoasl. OnHaxo He cienyer 3a0bl-
BaTh, 4TO GMOJOTHUECKHe NMPOTATHNBI BO MHOTHX OTHOIUEHHAX HE
MOTYT YAOBJIETBOPUTb TEXHUKY (MaJsiasi TOUHOCTb, Masnas CKOPOCTh
NpPOTEeKaHHs MPCLeCcCcoB, HeCTAGHIbHOCTb H T. A.) U 4TO B OHOHH-
YeCKHX UCC/AEe[0BAaHUAX pedb JOJKHA HATH IMaBHHIM 00pa3om o6
M3BJIeYeHUH HIel M NPMHUHUIIOB pelleHHs PAa3JIHYHHIX 3ajaq XKu-
BOi1 npUpOJOi.
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HAET NOANMHCKA
* HA 1968 TOMI!

Cepusn
Hay4Ho-
nonyJAApHBIX
dpowiop

«TEXHUKO-3KOHOMHYECKHA
PAKYJLTET»

Hugexe 70058

Texuuk, paGouuii, GpHragup — 8Ce, KTO eXKea-
HCBHO CTaJKHBAeTCH C 3KOHOMHKOH CBOEro y4acTka,
uexa, 3aBoAa — HYXKJaeTCAd B KHHraX TeXHHKQ-IKO-
HOMHYecKoro ¢akysabrera. KOHKpeTHO#t 3IKOHOMHKE
NpeAnPHATHA H TEXHHYECKOMY MPOrpeccy NOCBAULEHbI
3TH KHHTH. OcoO6blii HHTepec npeacTas/iser sTa Jau-
TepaTypa B HAaCTOAWHA MOMEHT, TaK KakK OHa npo-
narauaupyer pemwenua XXII1 cvesna KIICC, nepsue
HTOTH XO3AHCTBeHHOI pedopMni, foKa3nBaer 69puly
3a BHIMOJIHEHHe HOBOrO MATHJETHEro nJaHa pa3BH-
THSl HAPOJHOro X03dAHCTBa.

B 1968 rony Boiiger 12 HOMEpOB, B TOM YHCJE:

Pedopma B peiicteuu. C6opuuk. [IpegHcaosne
akaa. AA M. PyMmaHuesa.

Fenwuanu [. M, 3am. npea. Focynapcrsen-
svoro koMHtera CM CCCP no Hayke u TexHuKe. ¥n-
PaBAATb MPEANPHATHAMH MO-COBPEMEHHOMY.

Ta6Gees H. A, nepsuft cexperapb o6KOMa
KIICC Tarapckoit ACCP. 3xonoMHKa: TBOpYecTso
Macc MJIOC OPraHH3AUHA.

NMocneaosa H. M., kaua. skoH. Hayk, Kp a s-
qeH ko O. fl. Ha nosectke — xo3pacuer.

[Tonnucrwasuena Ha rog—I1 py6. 80 kom.

Cepus nomeutena B xatajiore «ColosneyaTH» 8
pasnene cHadyuno-nonyaspusie x%puanu» non py6-
pukofi «Bpouiopu H3gareabcTsa «JHaHHE».

Hapateapctpo «3Hatne»



