I Y ANS T U A BRI

AINIMAMDYOTCR CORDEMEHHGE COCTOAHKE TEXHUKY BONHOBEAYNUX CTPYH-
Typ A cownEvA yerpollers Ha KBY (xpaliresHcokue yacToTH), PaccMmar-—
PUBARTCN DARIMYENG TUNH TAKUX CTDYKTYP: C HAND3BIRKOUMU MeTalIu3u-
PODNINIMMA TIOUATXHOCTHMY, HE OCHOBE TPAAUEHTA NOKA39TeNA NMDeJOMIeHUs
noAUHAMCT PUKA W KBA3KOTITUUECKUE,

{cioRKNA BHUMAHME YIZSHSeTCA ONUCAHUD NOCHEeASNX NOCTURSHMA B
ol ndnacte 8 CCCP u 38 pyGexos, OLEHKe NPEUMYNECTB ¥ HeJOCTaT-
won prINYINK CTPYKTYD ¢ QYHEUMOHAJBHO-TIapaMeTpuueckoil u xoHCTDYH-
TOPCO-TEXHONNTUUECKO! TOYAK 3DEeHUA,

Hounp APecOBA CHEUXaAUCTaN, BelymuM paspaCoTHY paZMo3NeKTDOH-
max yerpoliers CBY w KBY puanasoHoB,

VenoanaoBaio 255 DTeveCTBEHHHX ¥ 38DyCeXHHX UCTOYHUKOS,

Hayunwt pegsxrop

KAHAMIAT TOXH.HAYE B.1.Bopotxos

L e pnon® nayuno-uccreansarensckmuilt MHECTUTYT "OnexTpounra”,1986
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BreZeHnze

Kar noxaswsaeT passuTye Texmvky KBY (xpaftmesucoxue yacTorTH)
smamasoHa (30-300 ITH) 32 NOcJeXHVe NBaXlath JeT , B 9Tof obaacTm
PALHOBJEKTPOHMKHA McClelyeTcsd OOJbIOe KOJMYEeCTBO KAK TPAIMIHMOHHHX
O CTPYKTYpe, TaK ¥ BHOBL pa3paloTaWHHX JMHwii nepelawt (JII). HHOoTO-
OCpa3sue JII, BU3BaHHOS HMCHOJH30BAHEEM OmHTa CBY TeXHMKM W ONTUEH,
IPUBOTAT ¥ KOHKYDEHINM ¥ NpPOTUBOPEUUAM B OLCHKAX UEPCISKTHBHOCTH
pasEux Tmnos JII, JUTO co3maeT TPYIOHOCTH KOHCTPYKTODAM KOMIOHEHTOB
¥ cxem KBY muanasona npu sHCope JII, HamGoJee ymonNlerBopaAnieil Tpedo-
BaHUAM KOHKDeTHO:! pa3palOoTHHU.

Creryer 3areTrTh, UTO CAOXMBHICMYCHA pasHoolpaswmo JII cnocolCcTsy-
€T aKTHUBHAS, BO MHOTOM HE3gBUCHMAS NO CBOMM HIPEeLTOXKEHIAM,leATesb—
HOCTEL B DTOM HAOpaBJIeHMM K8K 38pYyGeRHHX, TaK M COBeTCKUX CIelMasiic—
T0B. Ilpm 5TOM HeJEll pAl IpelioxeHmii, cuesaunHx I5-20 u Goisee Jer
H83%a1, BHOBHh BH3HBANT LOBHIEHHHI! MHTEpeC.

llorHTXY Das30CpaTHCA B CUTYauuM, cJjoxupielicad B oTHomeHym JOII KU
IaNasoHa, TeJaiich HEONHOKDATHO 3a NocJenHue TOIH [I—IS]. OTH UH-
fopMaLMOHHHEe WCCJeNoBAaHWA pa3vidauich USHEBHMU yCTAHOBKAaMM M COOT-
BETCTBYOMUMA HM MeTOOAM¥ aHaJM3a, 4TO OTpasmjoch, B YACTHOCTH, Ha
MOIXOIC K IPYIMApOBKE M Kaccudmraumy IpoaHamsuposaHiny Jl. Tax,

B [2] JII rpymupoBa/MCh IO THIY pachpocTpaHsoueiica soam (T,me-T,
kBasu-T), B [17] JII me/Miich HA 3SaKPHTHE M OTKDHTHE, 8 TAKXE HA
MHOTOMOZIOBHE MeTaJUIEIeCKie, IMSJSKTPUIECKNE U MeTa Ulo-II3JeKT pyiec—
KMe, B [IS] TaKKe MCIOJH30BAMMCE (U3NYECKNE M KOHCTDYKTURHLE Da3mi-
9MA BAKPHTHX I OTKPHTHX JII, B [I3] paccmarpusaimchk LJaHapHHe 3aKDH-
THe u OTKpHTHe (He-T, KBa3u-T), IMAJEKTPUUSCEMC M NOJYOTKpHTHe JOI.

3 naHHOM 0030pe 0TOOpaHHHE NJA ONMCAHMA JuHUMM uepenravu KBY
IMaNMas30HA DasieselH HA TPY IPYINH: OTKDHTHE, B4KPHTHE I NOJYUTKpH-
THe (cM. cxeMy). OmnycaHmsg 2TUX TDPYNN NPUBOAATCHA B YETHpeX TI4BaX,
TOCKONBXY Tpymna OTKPNTHX JI paszenena Ha XBe CANMOCTORTENBHNE MOX-
Tpymm JII - BOJHOBOZHOTO M JY4eBOIHOTO (KBA3HONTHYECKOTO) THIA,
SaKpHTHE ¥ NoJyoTKpHTHe JII, OyIyw! CTPYKTYypamu BOJHOBOLHOTO TulIA,
CYLECTBEHHO DasMuanTcd [0 KOHCTPYKIGOI 1 XapaKkTepHCTHKaM. [[OMOCHoe
JesleHye He ApiAeTcd aCCOJMTIO CTPOTWM, HO IDEICTaBIAASTCH LOUYCTU-
MHM, T.K. OHGC HADPAMY C BOJHOBHMM YUMTHRAET TAKKe W KOHCTDYKTUBHO-
TEXHOJOTUYECKMe OCOCCHHOCT kammoll rpymnx JII. COBOKVIIHOCTE OTUX
0CO0eHHOCTE! HMCNOML3YeTcd B SaKM0YEHMM [OJIA OLEHKM CJAOKUBMO:ICA K HA-
CTOEMY MOMEHTY CHTYalymi.

B oCsope yneJeHO BIMiiGHMe KaK 3apyOexHHNM, TaK U OTeYeCTBCHHHM
MyOJMKaLIMAM [OCJeNHNX JeT ¥ HeKOTODHM HayloJee BHAUMMHM pe3yJbTaTa,

-3-
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ONYOAMKOBAHHHM B OOJEe DSHEMEe TOXH. UTCTYNJEHME OT yCTHHOBACHHOTO
ofpema 0GBACHASTCA CTpeMIenved ¢ eXuHo#t Touk® 3peHUA OMECaTh, XOTH

¥ KpaTKO, BCe OCHOBHHE WUCCNeRyeude B Hacrosmee BpeMa KBU munwu ne-
pemauy., B To ®e BpeMs, YUMTHBaS NDPURIAJHYHR HAanpasAeHHOCTH 0030pa,

B HeM, 33 HeGOJNBUUM WCKIANYEHMEM, HE PACCMATDABANICA TEODPETHYSCKUE
ponipocH, He orpamems Taxue crpykryps Jl,xax ceazadnxe NN, JI Hs mao-
TOCTORHNX, 2HWM3OTPOMHWX, TUPOTDONHHX MOANOXKAX.

Besze, rae 30 BO3MOXHO crenarTs Ge3 cepbe3HOr0 H&DYEEHHA CNO-
EMBUMXCH NOHATHH, MCMOAB3YETCH TEPMMAOAOTHA, NPSAYCMOTDPSHHAA B [I9].
B HekoTOpHX ciayuasx B CKOOK&X YKA3aHH AHrAMMCRAE SKBUBANEHTH NCNONB=
3yeMHX TEePMHUHOB.

Asropd BupamapT OnarozxapsocTs [lonaxkosy A.B, 38 moMoxs B NOATO~
TOBKE MaTepHana IJA THEBH 4,

0G3op nmpezRasHayeH LN CNENMANWCTOB, MMEDNMWX OMHT Da3paCOTRE
AyCTpOﬁCTB KBY mmanasoHa.



CoMCcOR TPUHATHX COKpalieHmi

BUC - BOJHOBOXL C MMneZaHCHHMI
CTEeHKaMN

HI1I ~ BosHOBOXEO-NOJOCKROBaA JII

BIUE -~ BoJHOBOIHO-TOJOCKOBAA JII
(moJyocroBas JiI B F-mioc—
KOCTH )

EIJH -~ BosmosomEG-IoJockoBasg JII
(momocronas JII B H-miaoc-
KOCTI)

HIC - BOJHOBOL C II8DaJLIeJILHHMEA
CTEHKaMH

HBEI - mosmoBozHO-esenad J
IB - mM3MerTpUYecKyil BOJHOBOL

IBI ~ ]IB Ge3 mMeTauYeCKHX sJie-
MeHTOB TpaKTa

IBM - IIB ¢ MeTa/UmuecKuMH BJe-
MEHTaMH TDaKTa

IBO ~ IB o6wmemHOTO $opMooGpaso-
. BaHKA

JHI ~ IB naanaproro QopMoodpsso-
BaHUL

VI - mEyxcTopoHRsst BT

WIC - mxoJerTpudecKas HHTETpaJb-
Hag cXeMa

IK ~ "mragexrpuyeckuit xanas”
Il - miadpaTmeHHHil JydeBox

JTI - maJewTprdeckuil TpyOUaTHiA
Jy4eBOJ

JUB - msaexTpmuecKmit meJxenol
BOJIHOBOT

iB - %eJoCKOBH# BOJHOBOT
SIB - seprasbmuit JIBM
31 - aepraJbHHE JydeBon
3JIl - 3axpHras JI
I - seprassHag W
B - "mHTerpaJbHHE BOJHOBOXL"
HSIRM - us3omposguuHit 3JEM
IO - meBepTEpOBaHHaas MILL
WILIBY - umaseprupopanxuit ILIBHM
Kl ~ rounarapuasa JI
KT ~ xpasmonruveckas JiI

KCPB - KpyTumii cBepXpa3MepHHI
BOJHOBOT

I -
JI -
MB -
MHB -~
ML -

HB -
HBIT -
HIEM -
HIX -
I -
OBILL -
oJIt -
1mBL -
IR -
I -
ML -
Iomt -
IICB -

[ICPB -
TIE

CIBL -
CMILY ~

JMH30BHE JYyUYeBOXT
JYHEAA Depeladm
"BMCPOBO,H"
MormdumEpoRanHkE HB

MUKDPOIIGJIOCKOBaH
Pviizyisze

"H_BOJI"
HecmMmverpuaHas BRI
HensJy<qawnpd: B
Hecmvmerpiranas LI
Hecumverprarasg I
onHocTOpoHHA HIUI
oTkpHTas I

10JI0 CKOBHIE JBI
noJockopuit JBRM
TloJiocropag JiI
Imoxsemennasg MILI
IoJyoTEpHTas JII

NIPAMOYTOJMBEHI cTaH=-
JapTHH} BOJHOBOX

IPAMOYTOJNBHHE CcBepX-
Pa3MEepHHI BOJHOBOL

noJyoTKpHTas I
crepzHeBoit 1B
cBepxpasmMepHas M
cuvMerpranaa NI
mumERpEecras LI
wesxepas JII



Txasa I
OTKPHTHE JVEHIM NEPEJIATM BOJHOBOMHOTO THIA

B rpymoy otkphrax JII (OJII) BOJHOBOJHOTO THIS ERJIOYEHH IOJOCKO-
sie JI (I0) ¥ mEoJeKTpUdecKHe BoJHOBOIH (JB). OHM DpefcTaBialdT GO~
ot BOJHOBEIYmEE OTDYKTYDH, paspaloTatEHe B DaMKEX IBYX KOHKYDRpYD~
mrx B KBY mranasoHe TexHMYECKMX HampabJenmil., Hotoxom ILI apigerca
CBY rexmmka, a B - onrEra. Jya srmx JII xapaxTepHO CYmeCTBEHHOE
pasimEa¥e B QESHUSCKUX NPYHIMIEX PAGOTH M COOTBETCTEYNMAX MeToIAX
TecpeTHEIeCKOTC gHANI34, B HAKOILIEHHOM OIHTE WCCJeJoBaHkd B paspado-
TOK, & TaKke B IPARTWYECKOM OCBOSHHE 3TOTO OIHTS B KOHKDETHHX yCT=-
poorsax (cM., Hampmep, o III B [20-24] m o IB B [24~27]).

Tem me MeHee 1B (aKTOp2 LEWT OCHOBAaHMe DaccmaTpupars [LI n 1B
B OnHo#t Ipynme. Bo-liepmux, oGe 3TM DA3HOBHNHOCTH ABJANTCHA OTKPHTHMH
JIT, pacnpoCTpaHeR¥e BOJH B KOTODHX HCCJELYETCHA C MOMOWBN ypaBHedmi
MaKcBeJIa, M,BO~-BTOPHX, ONM CasupynTCH Ha THCPANHO-EHTeTIpaJbHOR
TeXHOJOTHN HSTOTOBJICHA. '

Pa3mrguuM pasHOBMIEOCTAM OJII BOJHOBOZHOTO THIIS, HCIOAL3YEMHM B
KBY maamasoHe, NOCBANEHO COJBNOE KOJMUECTBO OCB0DHHX ITyCJ KAl
{2, 9, 10, I3, I5, 18, 28, 29]. Ux sHaM3 NOKA3HBAET, UTO DeaJbHAA
KOHKYDeHIES nponcxomar Mexwy 1M m IB MeTa wo-TusAeKTpHYECKO! KOHCT-
DYRIDH.

I.I. HoJsocKoBHe JMHEE Nepelawy ()
I.I.1. HecmMmMeTpuyHie HOJOCKORHe JMHME Iepemaw: (HIIM

llonepedHoe CcedeHuwe OCHOBHOIO Bapmanra HIJ noxazaHo Ha pmc.l.l.
Paszmep ceuenus afderrmsHolt ofxacTH pacupocTPaHEHHS padodell BOJHH ¥
ee THI, oNpelesdaiMe OCHOBHHE XSPAKTePMCTHEN KOHEpEeTHOHl CTDYKTYDH
(ImcrmepcED, HOTEPH, BOJHOBOE CONDOTHBJICHWE), 38BMCAT NpEMMYNSCTBeH-
HO OT COOTHONEHHT D&3MEpOB: IMPWHH IOJOCKE W , TOJIMHKE IIOTJOKKA
h , IMSAERTDHYECKOH MPOHMUAEMOCTH MONIORKN 61 , 8 TaKEe NJUHH
BOJHH Bo30yRIemua R, . Ecom B CBY imsmasone Teopus KBasu-T-pexuma

Puc.I.I HecummeTpuuHas IOJIOCKOBAA
JEHUA (0TPYKTYpa IOIeDETHOTO
ceverus) [ 13]




vabor HIII ¥ ee peaiusam@e HA NPEKTHRE B BENE MEKPONOJIOCROBoE JII
(ML) cnocodcTEOBaMM DemeHER ofmel Samaui MMHMATHDEIAONM DapMoelma-
parym, To B KB JmamasoHe coxpanenwe Kpasz-T-pexuma B Tarux JII
CBABEHO C CYMeCTBEHHHM BOSPACTIHEEM NOTEDh W' TEXHOJOIWIeCKIME NpOC-
JEMaME ESTOTOBJNECHEA, OCYyCXOBMCHHHMHM cBEDXMANEATDpE3arpmeRt. 310 06—
CTOATENECTRO COSJEET HPeNNOCHJKYE IJIA MCCJeNOBAHEA pPaGoTH OTKDHTHX
HII EHCOMX TENAX BOXH XaK opHo#t m3 BO3MOXHOCTel cHERXeHMA 3aTyXa-
HE B NPEONONSHER KOHCTPYRTODCKO-TEXHOJOTUYSCKEX TDyIHocTelt. Ipyrum
HEanpanicH7eM, oCeclevMBmEM npoxsmserve HILL B oGmacTh GoJdee KODOTKHX
BoJH KBY jmanmasoRa, ABMICS DepexoX K 3akpHTHM HILI, rxe mmagprad
HILI pasmemaercs B E~ AAE H- IJOCKOCTHE IPAMOYTOJBHHOIC BOJHOBOIA.

I.1.1.I. Mumponoaocrosag JI

Murponosockosag JI (MILI) - sTo oZHa m3 HamGodee m3ydeHEHX OJII
{20, 30]. Y MII pasveps W Z h cocTaBIMDT HeCATHE TOJM JVMHH BOJEH
IDE JoCTaTogHe GobmoM 3HavemmHE &y ( E,L; I0). 9rmM odecnewmBaeTcAd
ONHOBOJHOBHE peXiM PaCIPOCTDAHECHMA KBASE~T-BOJHH, KOTODHI pesim3y-
eTcs TeM JeTde, UeM HEXe padoduad qacToTa. C NOBHIEHAEM YACTOTH
COSKTP PaCHPOCTDARANWEXCHA BOJH YCJOEHASTCH 33 CYeT IOABJICHAA BHCIWX
TANOB TOBEPXHOCTHHX H OOHeMHHX (BOJHOBOIHHX) HBJyUaDIEX BOJH, YCHM-
BAETCA EACOEPCHA OCHOBHOZ BOJHH, Yro CHMUXAET 3HAYMMOCTE TAKUMX XapaK-
vepHHX A CEY IZuana30HA NPEEMYWECTB,KEK IPOCTOTa M3TOTOBISHHEA, MA-
HEATODHOCTH, DJBHADHOCTE, BOSMOXHOCTE NONKMDYCHMA SKTYBHHX IOJYIpPO-
BOIHEKORHX SJeMCHTOB, HMBKas cedecrommocts [7, 9, I6, 20, 29, 3I,
2]

Keas#cTaTEdeckasg TeopEA peryasprofl M HeperyJspmofi MILI pasmuTa
Iocrarouro xopomo [I3, 20, 22, 23, 31-33] = nmosmoxgeT ¢ HeoOxommmok
IiA OPaXTHKE TOYHOCTHD DACCYRTHBAT: 3Hawewui W , h, &, mo sajan-
mM 2, ® &,. B, HaoGopor (pEc.l.2), OmpemesAT: BeJMYMHY IOLYCKOB,
YJUNTHBATH BIUAHAE ‘t,ouem: YpoBeHb IOTEph. OFHEKO LA pacdeToB
nopeferna MILI B xopoTkoBoJHOBO% uacTw KBY mmanasons {rie pasmeps JII
CTOHOBATCA COEBMEPEMH ¢ ImHOZ BoJIm) TpelyeTCA YUeT ycJOBuii BOBHEK-
HOBGHMS BHOIMX THIOB BOJH, OCYmMECTBIEHHHI B BJEKTPONEHAMIIECKoR Teo-
pem MIJ, pasamymie MeToXd koTopol npmeemems B [20,32] . Jror yuer
B YACTHOCTH, CBONETCA XK BREJICHNO NRCUHEPCHOHHOR 38BHCHMOCTH OCHOBHHX
napamerpos ML, paccmaTpmsaemoft B kBasE-T-mpuimxemm [32]. Oty za-
BHCHMOCTS JNeMoHcTpmpyeT pumec.l.3.

B pacTosmpl momeRT gacrora 100 ITH cumraeTcd YAacTOTEHM Hpezesiom
DO HPHEeMZeMOMY YDOBHD NOTepd LI MHPOKOIO MCIOoALS0BaHES MII B KBY
zeemazone §8, 13, 24, 34, 35). B npEEnpme, yBeJMYeHHe YACTOTH HOJKHO
CONPOBOXZATECH YMOHBEBCHEEM 54 % h , 9TO TOZABIAET IMCHEPCHN H BO3~
HURHOBCHEe HHOWEX MOX [36]. IosfoMy B RauecTpe MATEDEANE TONJOXKE C
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1ot BesmraEHOM E,'L { é 2-4) narGoJbEEe IPPEMEHCHES MNOJYYEIR Xe-
LieBHE MEAHEKTDHEEE HA ocaose froponmacros rmma Duroid ., Cu-Flon
1 IpyT#e, KPOME 3TOTO,CymecTBEeHHO CoJice NOpPOTHE mnoxpncramecm
A LYABEeHAHE KBapu, pyouH, cami¥p, mMenmMe CoJiee HMSEMe NOTEDH
f3, 8, I6, 35-38], a raxme goctunx mams [39]). B wacTHOCTE, MCHOXESO-
BOHMEe KBAPUEBO# NCANOFKE C CPHEHTalMel moJT BROJE OCH 2 DO3PROJRED
yBeMMamTS wacToTHHE mpemex pacoH MIX mo 140 ITn [24, 40). B mmsmo-
4acToTHO# oOmacrm KBY Imana3cHa HAXONAT DPAMeHCHWE IONMOZEN HA OCHO-
Be OKCHNA QJIOMAHMS ¥ IJaBJEHHOTO Ksapma [5, I8, 41 ]. 9ro xacaercA
S¢JAGMEE R , TO JIA KBapug IpHE { £ 50 TTo memoamaynT h = 250 wem,
e § > 50 TTn ~ h = I25 mxut [I5, 36, 421 = zaxe 100 wem (ma
140 ITo) ["24]. B xagecTBe MaTepHaN| MOJOCKH 9aCTO MCIOJBSYDT SOJOTO
(1 =5 mxm) ¢ momesoen mmxpoma 142).

HexoTopHe TeopeTUYECKME M DKCIOCDEMEHTAJbHHE IAaHHAHE 0 HOTepsax
B MIT 5a KBY mpuBemesn B Taci. I.I. B cpeXHeM IpM HSMEHEHEM 4aCTOTH
or 20 mo I00 ITn maMepeHHHe NOTEDPH MSMEHANTCA B Ipejetax (maHEHE O
KOTOPHX B HCTOUHUKAX Pa3JMYADTCH, XOTH ¥ HAXOLATCH B ONHOM INODANKE)
0,1-0,5 xB/om [40], 0,06-0,3 nB/3 [28), 0,24-0,83 nB/cu [43], wro
IpeRHmaeT pacveTHHe BEJUYMHH B 2-3 pasa.

I.I.1.2. llompemweHRas ¥ EEBepTEpoBaHHAS MII

NozsemerHaa (suspended) (IMIX)  mipepTEpOBamHas (iuverted)
(ML) JoHMM nepenad® - 9TO JBA BapmaHTa MII (pme.I.4), oraruamme-
¢ HaJMaueM BOOOYNHOIO 3830Da MEXIy 393eMICHHOR MeTaUMYECKROft IEoC-
KOCTED ¥ IOJJIORKOA ¢ NOJOCKOR, KOTODHE B TEXHOJOTHYECKAX HEAIX MO—
EeT OHTH SaNCJHEH IAIJEKTPEKOM C '51_ , MeHpmeft, wem Ez HOIJIORKE .

Orrpurte IMII » MMIJN Onm ®mcclXeloBaEH B CCHOBHOM TEOpe-
THYeCKM. Pe3ylBTaTH MX MCCJICIOBSHER WUIOCTPHAPYRT, B YACTHOCTH,
puc.I.5, I.6 [44]. Bospacramme noTeph IpE MafHX BeJTIHHAX W/h, cRa-
3ag0 C yTewKofl JHepIWHM ¢ KpaeB IOIJIOEKE 32 ¢ueT BOSCYENEHHMA IOBEpX-
AocTHRX BoJH {I3). Bojee mOXpOGHOE TEOpeTHYSCKOE HCCJEAOBAHEE Zyx
V nn1 IMILI, YMIOJX » papmanTa IMII Trma "cSHIBEI" (C JMONOJHMTEJHHHM
cnoeu IMAJEeKTDUKE TOBEPX NOJOCKA) NOKa3aJo, 4To BeJuwaa W/h, B
2—3 pasa GoJyeme, 4eM y OCHUHHX MIJ OpE CONOCTABEMHX 3HAYSHEAX Z, . ¢

&y {45, 46). BammmyTHe mEHpamenwa ;g pacwera 2 H V , KOHCTDYK-
TEBHHX NapaMeTpoB ¥ norepd 1 IIMIJ mRa ksapuenoit no.u.uome opEBeeHH
B [4’7],- Te OTMedYeHa IpeBaJMpyRuas poJb NOTEeph HPOBOIEMOCTH. bBovyee
noxpoCise Tammie 0 %, m Vp momuo majirk B [48]. Amaums msmemerma

83? [49) moxrasax, wro man IMLI & E[‘! &,] ., a mmMIX
£ 6[4 0,5(€,+1)].
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IMIT v WO OH mpefJoXeHH IVIA HACHOJNB30B8HEA Ha KBY ¢ reaen
CHISUTH HOTEpH, XapaxTepHNe A MII, ypes/mrauTh pasMepH M JOTYCKH
(mpu coxpaHeHuM XBa3W~T-DRXMMa), YOPOCTHTE MOHTSR GRTEBHEX SJCMEH-
70B, NOBHCHTH BeJWMHHY BOMHOBOIO conpoTusierma (2, I3, IS, 20, 28,
3I, 50). OmHAKO TDYNHOCTH XKPEIJIGHMA NOLJIOKKM W COXDAHEHHE BOIMOBHO-
CTE BO3CYXIEGHHA BHCHVX THIOB BOJH OCYCJORMM HHTEpeC XK UDAaKTHIECKO-—
My MCHOJELB0BAHMO 9THX Mommduraumit ML mmr B 33KpHTOM nume (ci.
pasuex 2.2.2).

I.I.1.3. Cpepxpasmepaue MIJ

K cmepxpaavepruy MHA (CMIX) crezyer orHecTr ML ¢ pasmivBHME
coyeTeRuANM 3HavweHuh m,n= 0,1,2,..., 32 MCKIADYGHMEM CIyuaf CTaHAAD-
tHoR MIN ¢ m = n = O. 3780k, cornacHo xiaccupreaumu [20) , m -
yeno Bapuaumd moAR mo W, N - uEcAc Bapraunit moxs mo h, . Uiraye ro-
BopA, peudb umeT o MI ¢ mmpoxoit momockol ( we)f/z.) 1 TOJNCTO AMAAGK~
rpuueckolt moxmemxctt ( ¥ MR).

Taxme JII MOIYT OCJRCRTE TEXHOJOTMYECKHE TPYIHOCTH H3TOTOBJICHU'
UL B cpennenosmoBoil yacTr KBY m@amasoHa. [Ipw 9TOM TSKKEe BO3HMKAET
BOBMORHOCTH CHEHEGHHEA IOTEDE: IPH HCHOJB3ODAHNKM B KOUECTEE DaCouuX
BOJIHOBOIHHX THIIOB BOJH.

Teopuss CMILX [12, 20] YTBepRIAET MEePCIEKTEBHOCTE NCUOJb30BSHKIA
raxux JII B Kl}‘{ Imanasone. ONHAKO HEKOTOpHe NPMHIDNIMAJBHHE ITOJIOEEHUS
aroit Teopmm [20, 5I, 52], Kacsmmpecd HM3JydeHMa (BUTEKAHNA) pacupo-
crTpaHAomecs BoJH B CMILI Ha CpaBHUTEJHHO TOJCTC NOIJIOKKE, IIPOTABO-
PeuMEH, YTO CHUE3ET BO3MOKHOCTH IPaKTHEYECKOT'O MCIOJBE30BAHUA HOJY-
UEHHHX K HACTOSOeMY BpeMell TeOpeTHYECKMX pPe3yJbTaToB. T1eM He Me-
Hee NOYUTH IHOJHOE OTCYTCTRHE IPAKTI¥ecKux paspadoror no CLILL (ermun-
CTBEHHOe gcoollieHne o0 skchepuMeHte ¢ CMILI ma 6 ITu OHyo 3 I972 1.
[53]) 00bACHAETCA, IO-BHMMMOMY, He CTOJBKO KaYeCTBOM TEODPMH, CHOMb-
KO TPaIUIMOHHHM NPUCTPACTHEM K XUCIOJB30BZHMI BOJH OCHOBHOTO THIA.

Mmpopog (microguide ), HMmmposor (MB), mogywusumit B [20, 5I]
HECOOTBETCTBYNELEE OP/TUHAIY [53] u [I9] masBarue "MukpoBoRHNBOA,
oTHocuTCA K raaccy MUl ¢ Mv= I, M= 0. Kaprunua moJseit & n H padouci
BoymH Hpg I MB mokasaHa Ha puc.I.7 ¥ McC/e0BaHE &HAMTUYECHM i
[5I, 54]. Yumripas Bo3MOKHOCTH DaCHpPOCTpaHEHUA B LB KBasu=T—noJmi,
I ee TIOEABJNEHWA OpelJioxeHo [53] Mesars B MOJOCKE TNOMEpevHHe LiC/Iy
Ha paccrosmm I1/4 omH xpasy-T-poumd. 3 [22, 53) paccmaTpusawTes
TaKkEe MBa BuJia nepexomos oT MIN 1 [B, ocHoBaHHHe Ha OPTOTOHAJBHOCTU
HIO u IJCBa3H—T—BOJIH. lepcHexTHBRHOCTs MB mmm KBY momreepXuena B [ 2,
5I, 53].
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| floneE Puc.I.7 Crpyrrype noie#t E m H

Boams Hyg B MB [22]

Al

Tone H

CMILIL ¢ *T0JIcTOf Mo IIoXKOi ( h,/}.o = 0,I-0,6) paccMaTpEBaETCA
B [52] KaK TeXHOJOTHMUECKE 3aMaHuABaf MoImdmKals HJaHapHoTro B
( planar dielectric strip waveguide ), KoTopad MOXeT CHTH C ycue-
XOM NPYMEHEHS BIJIOTH IO ONTAYECKOI'O MHsNa30Ha. OCHOBHOE BHEMAHHE
yIeJieHo IMOCTOAHHHM DSCIPOCTDAHEHMA XaDSKTeDHHX TAS 1B MoK E(y ) u
H'Y/ u yposmw moTeps Ha M3AYUEHME IPE pA3JIMIHHEX COOTHOUEHEAX w/h
i h/)o . B wacTHoCTH, CIOEZ2H BHBOJX, YTO C POCTOM h Ao YMEeHBIE-~
HUE U3JydYeHMsS XapaKTEepHO IJIT THIOB BOJH CoJiee BHCOKOTO IODPSLKA.
Iipmvep pacuera B (521 ma 60 T mpr W/ =2, hfpe =0,31
&y = 11,8 nna mMera/msamum 3 MeIX Jaj SHAUSHNe OMEYECKMX INOTEpP:
0,09 1B/cm 1 moTeps Ha usayuerme 0,43 mb/cMm. IIpeiJoReHHHH BapUaHT
CMIJI, xak yTBepmuaerca B [52), NPHHIIOMAJBHO OTJMTYAETCA BOJHOBHM
DEFUMOM DRCOTH OT MUKpOBONA. KadecTBeHHHE XapaKTeDHCTURE SToTo Ba-
DUSHTa [OJIOKMTEJBHO OLEHEHH B [55] ,» THe OH paccMaTpEBAETCA Kak IIpo-
rorn JIB nasHapHoTo QopMoospasosanua (cM.pasmex 1.3). Ompaxo. B
[20, 5I] amapar pacuera, ACNOJBBOBAHHHI B [52], ouemen xax ommGou-

o

HHit.
1.1.2. llesepaa jomma (slot-line ) (WD)
}.1.2.1. Cmvmerprunaa I

Cwaverpuynad mesesad Juwrua (CIYI) (pmec.I.8), IpelIOXeHHAA B
1968 1, [2], NpUBIEKJA BHUMAHWE Da3paCOTIEKOB CBOE! KOHCTDYKTUBHOR
mpocToToll, JEeTKOCTEY TApaLIeJBHOTO MOHTAXS AKTHBHHX DJEMEHTOB, BHCO-
KM 3HIYEHHUEM Zo 7 HaJMY¥eM y9acTKOB ¢ KpYIoBojl HoJApmsanueil mar-
HUTHOTO TOJIA, HEOOXOMUMHX LJA NOCTPOEHHSA HEB3aMMHHX YcTpolicTn [13,
20, 32, 56]. Koufurypams 3JeKTDHUYECKCTO ¥ MATHMTHOTO mosefl CILI mo-
KkasaHa Ha puc.l.O.
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Teopma BOJHOBHX mpoueccos B CUL axTurHO paspadaTHBalack B Oep-
Bo? noxnosuEe 70-x rogop [0, 32, 56). PacueTH IO3BOMMM ONpENe-
JUTH SQBHECEMOCTH BOJHOBOLHORX BOJHM }.' n Z,0T d,//\ IJII PasHHX 3HA-
el W/d, (pmc.1.109), ompene/uTh: NOCTOAHHHE PACHPOCTDAREHNSI BOJ-
uy B paiione uesu ¥ Bmsmme L (pwe.I.I0G). B wacrHocTH, GHIO _ycTaHOB-
JIeH0 OTCYTCTEe HEXHeH WacTOTH OTCEeYKM, XOTA OCHOBHAA BOJHA He CO~
OTBeTCTEYET T~THIY, 8 SBJIACTCHA CJOXHO! KoMOnEalweil T'UCPUTHHX BOJH.
PacuyerTH TaKEe NOKA38JM, UTO BJNAHAE | CNeAyeT yWATHBATH IDH t/w>
c,02 [32], a mmenmepcns 2,y CUJI orHocHTesBHO Hepesmmka (mewee +I0 %
B TOJOGe YacToT B 2 oxramu) [I3].

CliJ xapaxrepusyercs CPABHUTENBHO COJBIMMYE HOTEDPAMY 38 CUET H3-—
JyYemis, 4To JesaeT ofupe IIOTEDPXM CPIBHIMEME IO BeJHYFHE C IOTeDSMA
MIX [56], IpudeM Np# yMeHBmeHMM W mOTepHm BO3DAcTanT, WTO SABIACTCH
HEIOCTATAOM, IPHHAMAA BO BHUMAHMe ucnoJmi3osamMe CIUI 5 KBY rzanasone.
Upensoxenusa YMeHBINTE W3JydeHHe 38 CUET yBeJMYeHMA ézm IprMeHe—
HIUE BTCPOTO CJIOA JUIDJEKTPHKA B BUIE HEKJIAJKE IIOBEPX MEeTaJUIV3aId
{mime “commsne") [I5, 57) wm B kKavecTBe IPOCJOHKM MEXIY MeTam-
TOCKEMIT TOJYIIOCKOCTAMI ¥ OCHOBHOH HOTJIORKOR [5'7, 58] oxazsmch
H2HOCTATAYMHO BOOSKTUBHEMI, YTOCH CIOCOGCTBOBATE NPOJBMREHAR OTKDH—
rorn zavuaHTz CLJl B KBY muanason [16]. TlosToMy TJEBHEYD DOJNb B STOM
manasone ota JII urpseT JGHE B 3aKPHTOM BapuaHTe (cM. pasmed 2.2.1).

I1.1.2.2. Hecmmerpmunad I

OTrpuras HecmMMerpuunad wesepsd Jumuma (M) (pwe.I.1I), xovo-
pag paHes NPUBNEKA3 BHIMAHMe KaX COCTaBHAA 4YACTh OfHOH M3 pasHOBUA~
HeCTeH & IHOBOTMHO-beJieBofl Juive mepenauy (pasmen 2.2.1), B nocusirue
TOMH 0TAME NTPATh BAXHYH POTH B KOHURHIME CO3TARMA OChEMHHX MHTE~
I'peJBHEX C39 cXeM {57, 5¢]. U9re O6yCJOBIEHO BOBMOKHOCTEHO HIPONOTO H3—
mMeHemyi raparTepucTik HLJ B 3aBNCEMOCTY OT 3HAKA ¥ BEJYMHN LapameT-
D2 25, DM eIC NOJOXMTeJbHOI pesurduue y HUJI BospacTaeT oXOICTBO ©
ik, 1ot orpuugrasmHOll ~ ¢ CLJL. B HUJL, uwro cymectsenno maa KBY mwa-
Hasciaa, HeT FeOoOXOMAMOCTY peasmM30nUBaTh y3Ke NMPOBOIMHVKA M Lied. JT0
3HCILITILHO PACIHpAeT JMAal&a30H RO 3MORHHX ZD , OT'palryizas ero cBepxy
NS NCHLICM, 2 CHUBY - TIOABJICHIIEM TapasuTiEX OCheMiHX (L1OJHOBONHHX) I
NCHEPXLCCTIHX LOJH. (BDpAIy ¢ HiIpOKONIONIOCHOCTIM, I mpemymectsam L)

Puc.I1.II. HecumMeTpuuHaR EmeJNS-
Bafg mMHEuA (CTPYKTYDa
MONe peuHoOro CEYeHKA)




9

Puc.I.I2. Crpyrrypa mone# E (—) # B (- --) » HOX [57)
a) B JAMHMA C MODPEKDHTHOM;
6) B nnEMR Oe3 nepEKDHTHA

Ex
=
T2 2a
7
LT
A )/ ]
4 46
1/—-
A 31
i s L~ 22
- i
i
-4 0 4 20Md ’

Puc.1.I3. 3asucumoctd sddexrusHOd nW3IFEXR-
Tpuyeckolt npoHunaemocrm & P
or Z,a,/d, ans HEA [20]

OTHOCAT BO3MONHOCTD KOMOMEMPOBSHHA €€ ¢ IPYyITMH IISHADHMME CTPYRTY-
paM# B MHOTOCJOIHHX AHTEIpaJsHHX cxemax CBY Oe3 crnemusJBbHHX Nepexo-
TOB, CBA3GHHHX ¢ HeoOXOMMOCTED CBEDJCHMA OTBEDCTHI B IOLIOEKAX,
naiKoli TPOBOTHAKOB I T.I. Kompurypauda noJgeil B Hul noxasans Hs

pitc. I.I2, samucmMocTh 8,1, y W oT coorHomenna 28/d, -~ Ha pHc.I.I3.

- 17 ~



1.1.2.3. lwmmppryeckas 1 3epraxeHas Il

[wmappiqecran medesas JuEzs (LI (puc.I.Id) seagerca O,
mpensoxerHofl 1 padorH B KBI m ITBY maanasorax [60]. 3aexrpommuamm-
YecR®e DOJA B He#l HOCAT KBasHCTAIMOHADHEH{ Xapakrep. OCHOBHOR T
BOJHH ~ meJerad BoJHA H,. Jror @axT 00yCJaBJMBAET IMPOKONOJOCHOCTE

L, HoJoca padoumx 9YACTOT B OJHOBOJHOBOM DEXMMEe HOCTHTAST IBYX
OKTaB MpH DACKPHBE mMeJu 84200, lpm yBeMMUeHHN MUDAHH EENM MeleBas

BONHA MEPEXOIUT B OXHY 3 BOAH IW3NEKTPUYECKOTO BOJHOBOZA. Ipu dur-
cnpoBarEOM & C YBENMUGHMEM YTNa PACKDWBA: BO3MOXHO M3NAYQeHHe BMEKTDO-
warawrro! BONEK B cBoGOZHOEe mpocrpaHctso [61].

I

eyt
(AR
Z
/|

"",' /7 "
'/ =] ‘2amm -

431 A % 2%

Prc.I.I5. JopMH TONEPEYHOIO CEYEHMA 3&PKAJLHOM
wesepoft Jrmm  [62)

.................

v,
%2
0
%,
7.

’

B peareEux IJUI saTyxaHue cocTapiaeT nosm KB/M. Tax, Ha uacTo-
rax I50-230 TTy saryxsmme cocrasmno 0,I-I xzB/m [181.

Pacmeperns moJioCH IPONYCEKAHUA B YMeHbIEHWS moTepsh 3 LI MoXxo
ZOCTHYb, €CJZ YacTh MOTaJLIMYecKOTO BKpaHa, DACIOJORSHHOTO BOXPYT
CTEepXHA, BHOOJHMTE B BEAE Hpopofamefl mMIOCKOCTH, 8 MpodMIBHYD LieJk
00pa30paTh CBOCONHHM KpaeM ocTapmefiCA 4acTH 2KPAHA M 3T0H IIOCKOCTH.
Ianras wommbmramua LUl moJywmms HassaHme "sepraubHOll Uedesoll JmmvL"
(W) [60, 62], KOHCTDYKTHBHME BADUAHTH KOTODOH NOKA3aHM Ha prc. 1.I5.
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“nJOBME 28 = B oCeCIedEBAGT MAKCEMAJNLHYD NIOJOCY padodmx 4acTof.
loamoxHa mofoca 1m0 2-3 oxras (2a = B = I mw, &,= 2,25).

SV MHRMSTODHA, TOCTATOYHO IOJHO 3KpaEEpyeT node (3pPexTHREHE
ra0apUTH MaJo OTJITIAKTCA OT TEOMETPUYECKRX), HO BMecre ¢ TeM I —
orkpeTasa JII, gro ofecmeumsaeT cBOCOMHH{T JOCTYHN XK NOJD melepoff BOJHH.

OKCHePEMEHTaAbHOE 3HAUCHHE 3aTYXaHEA B LJIAHHOBOJEHCBOR dwacTH
K54 mzamasoHa coctasader 2-3 IB/M m oxoso I0 1B/M B KOPOTKOBOJHO RO,
. e, noTepr LI OKASHBADNTCA TOTO Xe HOpSAIKA, 4TO I y MILI (npE oms—
naxomsx &y ).

BeJniumHa BOJHOBOTO CONPOTHBICEEA ALl ~ neCATKA OMOB, TTO 00—
sergaeT prupverue B AU mmonoB. [Ipu Tpallenewnasb-EOM HONEPEYHOM Ce—
verdd ¥ JUWI OpmMeHVMa ILUIAHADHAA TEXHOJOIHWSI, KOTOpPAsA XOpOmMO Da3BATa
1 HPOHMSBOXCTBE MUKDONOJOCKOBHX CXEM.

Ha 341 7 IQUI mocTyTaeTcA NOBHIIEHHAR 1O CPABHOHPD C JPYTHEMA JH-
UNAME Tlepeliaudl NUPOKONOJOCHOCTH B BepxHei dacTa KBY m B I'BY Imanaso-
jlax. 9TO IPEeMMynecTBO, NO-BAIEMOMY, ONpeleJiieT 06JAacT: HPAMEHEHHA
UTYX THMIOB JUHEG IPHA COSTAHEY IMPOKOOOJOCHHX yCTPORCTB B YRAS&HHOM
Tana3oHe.,

I.1.3. KomwmHapHad JuHEA ( coplanar waveguide )

KomnuapHas JWHEA Nepefadn (xomJmeapeuft soimoson)(KI)(pzc.I.I6)
ABJASTCA IBEyXmeJeBHM sapuanToM I (c 3a3eM/EHHHME COKOBHMH MeTaJH-
YECKIMM HOJYIMIOCKOCTAME), NPSIOXCHHHM B 1969 I. ¢ NeJED YUpOucHAA
MOHTARA @KTHBHHX dJemeHros B MC CBY [I0, I3, I5, 32, 56]. MomyrmmM
nofesHEM SPdexroMm ABMIACH MEHBMAA "OTKPHTOCTL" 1O cpaBHem®D c I &
M1, compoBOXIaeMas BO3MOEHOCTEW IOCTATOYHO HANGXHOHN OUEHKH padodumx
apaMeTpoB Ha OCHOBE KBasH-T-IpHOJMReHAS, HECMOTDA HA TO YTO C pOC—
TOM 9YACTOTH THCPHIMHY XapakTep noJe#t 3 KI ycwmeaercsa. Komfmrypamma
JJIEKTPHYECKOIO ¥ MarHuTHOTO noJeft K mokasana He pac.Il.l7. Marmam-
HOe TOoJie HA TOBEeDXHOCTH KI mMeeT SJUUMNITHYECKE HNOJNADE30BAHHHE YIBCT-
¥, C IOHMEEHHEM YacTOTH KBasE-T-OpHC/MECHEE CTAROBHTCA Bce GoJee
TOTHHM, TTO TOBODAT OO OTCYyTCTBENM HAXHell uacToTH oTcewrn. Kl xopomo
craxyerca ¢ RUI m il {13, 28].

PacueTH 38BHCMMOCTHM BOJHOBOIC COIPOTHEJISHHA Zo or W/.s b1
Da3HHX 3HAYeHHH f,,,' r T (puc.Il.I8) MORASHBADT SHATATCJBHOS BIAAHAE
Ha Zo Ka8K mapaMerpas é'z , Tax ¥ [ . BmidmMe Xe TOJIMHH IIOJJOXKN
d ua 2, crasHBseTCA B CTODOHY YBeJMUEHUI JHIG B CJyYae, KOTHE

d € 4/3 (w+$§) [63, 64] (ocoGerno mpm mamx €, [13]) a cymecr-
BeHHAsd aCEMMETDWS DasMepoB lieJeil BelleT X yMeHBUeHM® £, 7 yBeJmde-
o & , 9TO CJelyeT yUMTHBATH IDE npomsponcrse [64]. Kpome To~
TO, B CBASHK C ycJoxHenMem JIC CBY B nccaeznMe TomH OWIO yaexzeno
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Puc. 1.I6. KonXxeHapHan auHuA
(cTpyrTypa nonepey-
HOTO OEYeHHuf)

Bl W B

: G255

heZmplemtts

Puc. 1.17. Crpyrrypa noneh E u o K1 [57]
a) xna yeTHOR BONEH;
6) AnA HeyeTHO! BONHH

Zo L 200
1000
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100 & Er={
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t/(wes)s)

100

10 —

1
i

=]
~n
K
[* ]
s
L]
-
~
(7]}
O

04 06
a,/b, w/s

a) . 6)

Puc., 1,18, 3asucumocTs BOJNHOBOTO CONPOTHB-
nemua X, raA KA or a.,/&, (a) [13]
wor wiS (d/wes=0,4; E=2,7) (6)

[63]
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3HEMAHWE pacdeTy TAKXe Z ACHMMOTDHYHNX, MHOTOMEJEBHX CTPYRTYD,
6EsKEX To xapakremmcrmxaM ¢ KI [65, 66].

OcHOBHYD poJib B oCmeM ypoeRe moTreps B K 8 CBY mamasome ®rpa-
0T DOTEPE B MEeTadNle, KOTOpHEe HA NOPSTOK IPeBHMANT NOTEDE B JEDACKT-
paxe [13]. Tpm srom moTepu » JMeeRTpERe Maio samEcar or W/§ , a
IOTEPE B MeTaslle EMeNT MEHUMYM IpH W/s > (0,5 ¥ yMCHEIEDTCA C YBEMRE—
JeHHEM ‘L'/ W+ S . JaHmEHe o6 ofme# BeJwymHe nOTeph NpHBENEHH HA
pro. I.IS. CHumenud noTepd B MeTaale B 4 pasa, 8 NOTeps B JUBMCKTDHE—
ke BEpoe ¥ KI ymarochs IQCATECA NYyTeM HEKOTOPOTO Iepepacl ciedeHER
TOXOB B IOJOOKAX 38 cYeT QOPMEDOBSHWSI XeJOOKOB B NOIJOXKE HAE HC—
[OJB30BSHEA MOJOJOS K3 NESJEKTPERA ¢ Masof ‘Et .[67].

oy
I3 OJL'
v
i
Y — e B S L5
. ce,
l; gg 30}
orf e e
3'@ 0} ) m" =4
[~ )
2e o ——TRVEATED MICNGSTIE 3
A PUNEEED U W U U ST W 1 A 2 il O 10 20 30 40 S0 €0
02 03 05 ! 2 3 s FREQUENCY (GH2)
wis
Puc.I.I9. Morepr B KI [63]. Prc.1.20. Noreps ¥ moXocKko-
ol - ZOTEpE 5 We- sux 1N (48],
i = Om.
o4 ~ TmoTepE B IE- I Z"H'Sg —
SJCKTDHKE - K#; 2 - MTA;
€, = 2,7; thus=0,017; 3 - WNMD; 4 - 38~
ti&= 0,002 ma 6,55 I'Tn xpuTan WMIA
- == -, pacyer }
O ®3Meperun dfwss = 1,3 -

pacuer
®  usMepenun }d’/w*s =0,3
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C pocTOM 9YaCTOTH BOSHMRANT TEXHOJOTHIEeCKHe sanymIem,nocRoJrs—
Ky HeoOxoJEMOCTE COXPAHeHWA BOJHOBOTO pexuMa pacdoTH KII TpedyeT
yMeHbIeHNA (L[GB] . Oro TpedopaHme OCJaCAfeTCHA NPM KCHOJL30BAHAK
K B 3aKpHTOM BapEaHTE B COYETAHWHA ¢ JNPYI'VMA IJIBHADHHMU CTPYKTY-
pam#.

HarasagHoe IpefoTapiierde O COOTHOWEHMH YpPOBHS nIoTeph 3 K,
MILJI, MII maer puc,I.20. B nesoM Xe NDHBEICHHHE BHIIE XADAKTEDMCTH~
kxu pasHomrugHocTe# HIA, UYL u KJ, paccuuTasune, B OCHOBHOM, i CBY
JranasoHa, lalT HEOCXOIMMyH EHDODMAIEW JJIA OIeHKM BO3MOERHOCTEH
srax JUO B KBY pwanazone. JJOnoJHATEJBHHE CBeIeHMA © cuoficTmax
MeTOZaxX, HCHOJB3yeMHX I3 pacyeTa HILI, UM » KI, mMoxHO Hafttk B
[22, 28, 57, 60] .

I.2. JwsJjexTpHUecKMe BOJHOBOMH (o0bemHOTO HopMooGpa30BaHUA)

K rmmesexrpmaeckiM BoJHOBOZaM (JB) OTHOCATCA JIMHME Lependdu,
pasieJanufecsa [0 KOHCTDPYKTHBHOMY UPH3HASKY Ha HeMETaJLIMBHpPOBIHHHE
ImsJeKTprdeckrne BosHOBOIH (IBI) M meTasumsrposaumse (JBM), B CTpyR-
TYDy KOTODHX BXOIAT B/AANME Ha [OBEISHME BOJH BJSMEHTH M3 MeTaJlA.
Bosmopenymre cpoffcrsa misaexTpryeckeX OJII ompefesAnTCA TPaIMBHTOM
noxasareJd OpeJomieruf. HMocaemoparesy Texwx JII mas KBY Izmanasohs
yIOeJmiy HamGOJbliee BHUMAHWE CTPYKTYypam kimcca IBM ¢ o0neMHHM, 8 B
HocleIHee BpeMs I JgHapHEM (opMOOCDaSOBAHHEM, Tak KaK B 9TOM Bapd-
aHTe 00eCHeunBAlTCH JOUOJHUTEJEHHE KOHCTDYKTHBHNE IDEerMMylecTsa.
Jurmy nepedawi kJacca LBL mmuenr B KBY Zuana3oHe OTpaHEYeHHOE IIpUME-—
HEHEE,0CO08HHO NPH MCHOJE30BAHAY MaTeprmaJop O Malolf musiexTpraeckoit
[IPOHUIAEMOCTEI IJA 06DPA30BAHVA BOJHOBeNyue# CTPYXTYDH. HexoTopue
ryvmH JBI HaXO0IAT NPaKTAYECKOe IPUMEHEeHMe B KOPOTKOBOJHOBOH 4acTH
KBY,

Teopus IBL x JBM mamomesa B [I, 26, 69-72) . Boaee mompoGmie
IgHHHE O COEDEeMEeHHHX M NPe[JOXCHHHX DaHee, HO MCHOJBBYEMHX IO CHX
Iop Merozax pacuera nojgodmex JII gasg KBY moxno Hafity B [32, 73—78_]

I.2.1. JIu3JeKTpAYecKEe BOJHOBOIH TpymmH IBL
I.2.1.1I. Crepzueroit JBL

CTepRHEBHE IUBJeKTpYYecKyue BOJHOBOIH (CIBI) NpaMoyrolsHOTO
ceverua (puc.l.2I) mpercTaBiAnT coloit yHTaMeHTAJBHHI OGLEKT HCCJe-
Iopanmi B KBY mmanasone, Ha 0a3e KOTOPOIO BHABJMOTCH OCHOBHHE 0OCO-
O8HHOCTH KX NPSKTHIECKM KCIIOJB3YEMHX MOIprKali.
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Y

Pro.1.21. CIBX IPAMOYTOJBHOTO
oegeHus

61 X
-

a

Emccmfmraimd ¥ 00Q3HaYEHAA HANPABIAAEMHX THNOB BOJH B IPAMO—
yroumroM CHBL MoXeT IPOBOIMTECH CJASIYOIMM OOpaSOM:

I. HEQ®, HESC, HEQC, HEPS-mepmuft MEZeKC *0' WU 'e' OIMCHBAOT
CEIMMETPEN KOMICHEHTH Hi OTHOCHTEJHHO oCE X, BTOPo# — OTHOCHTEJLHO
ock Y. VMHIeKC n YRa3HBEST HO HOMED NSHHOTO THNS BOJHH B eI0 KJac-
ce [79] .

2. BX - BepXmmit WHIEKC YXKASHBAET NDEUMYMECTBEHHOE Ko~
npannenneptcao #_cocranamme E, maxmme mHpmexcH pE c}. yRasHBaWT
TmoM0 sKoTpeMyMos E mo ocam X 2 ¥ [73] .

3. ~ THEN BOJHH @0 CTPYRType CmEe ¥ E rmiy, HEp ~ THI
BOJEH IO CTPYRTYDe e k H Tmmy [80) (mamexcH p = ¢ miebr TOT Xe
cmucd, gro B [73] ).

Imcrepcmornke xpunie CHIBH mpencrapierH Ba puc.l.22, T©me cpas- -
HUBADTOH DESYILTATH, TOJYUYeHHHE METOXOM KOHeUHHX pasHooTelt (0603-
ragerme FD), meroxom cumsamma moielt {80} , meromom Meprarmwmt [73] .
C ysesmuermem dopmara R TouHOCTH MeTous Maprarmim ( wrpHXOBHe
JMHYY Ba prc.I.22) ysemnmuusaeTcs , Jmcmepoma CJIBI Taxxe HOXpPOoGHO
uceilelopaXach B [74, 8I, 82] .

Torepn B AuavexTpmke CIBJl mpencTaniawr B Efe cyws [26] :

°<‘ ZOL ch. )

me oK =xYE V—tgé‘a /} -  KOB(PEHUEEHT 3aTYXAHAA ONHODOMHON ILIO-
cxoft BOJIHH B OesrpaHwusoft cpeme; K¢ - crpymypm roaffumenT 33—
TYXAHES, ornocAmmitcs K sHyTDenmef#t opeme (i = I) wm BmemHe#l cpeme
(L= 2) BOMHOBONA ¥ ompeHesToupli OTHONEHES 3ATYXAHAT NAHHOTO THIA |
BOJHH K 3aTYXQHMD ILIOCKO# BOJHH B OesTpaHudHo# cpgge. 24

3aBECEMOCTE K oT mpmBeXerHoro pasmepa CIBI d, 41 V£ =&,
IupefcrTaBieHa Ha puc.I.23.

Pazuaunonfbe IOTEPE HA HSTHCOe NOXPOGHO PACCMOTPEHH B [26 83,
84]. Lmt pacuera 3TUX DoTephb B SABECEMOCTE OT RosbfumEenra samene-
ma U B odmere U<1,25 noxno ECHNOJB30BATH ampnqecm 38BECHMOCTE,
crpasesamEyD mpE o, > 1073 xB/pan [26]

- 23-
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81 K;=12,0 K=10
Q8k R=10
Q6f
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ar
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__________ 8y
8t
6
4t
3 2r
I“ A Py A N i i A " 0
) 2 4 & 8 10 12 14 16 48 20

, 02 4 6 & 1012 15 16 16 20
6) B) Y
Puc. 1.22. ImcnepcuomHHe xapaxrepucriks CIBI [79],

B - QasoBuit mapamerp, B = —-—%::K‘:i- ( - nocronE-
HafA PACTIPOCTPAHEHEA; K, = ); K] = OTHOCHTENS-
Haf AMINOKTPUYECKAA MPOHALAEGMOCTH OTEDEHA; K = OT-
HOCHTENEHAA AMINGKTPHYACKET NPOHHLEEMOCTE OKPYXAD—
mefl cpemu; V - HODMANMBOBAHHEA HACTOTE,
VEKOQVK,"Kz ; 8 - UApMHA CTODXHA; B - BHCOTA
creprBfi; R = 8/B; N u M - KOZMUECTBO WATOB COTKR
MeTOA8 KOHEWHHX pasmocrel

a) xp = 12,0; x, = I,0; R=1,0

METOZ KOHEUHHX pa3HocTel $M= 2; M= 8;
-~—-= MeToJs KoHOWHHX pasnocreft (A= I5; M =5
—s~e¢— MOTOZ YACTHYHHX OOnaCTEl; '
6) eBazparmuft CIBI
kp =2,I; &) = I,Q;R: 1,0
MeTCH KOHEeWHHX pasHocTel EM: I0: M = 7;;
~ ~ - -MeTOX KoHewynHx pasmocrelt (N= I0; M = 4);

—s—e—METOA NpUCHUXenni# Mapxarniu;
seesssss KPYTIHE CTEpXeRs ¢ OZUHAKOBOK NiOMAZED
TCNepavHoro CevoHud;

») npmeoyronsHuit CHBJ

kp = I3; %, = 1,0; R=1; 2; 3
MeToX KOHEYHHX pasHocTel;
~~~ -MeTOZ TpuOaAmmenut MapxaTunn

- 24 -
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oLy = 82 R(u-1)op[- 1R (1) 2],

e R' / (npuBenenMul pammyc Z3rméa). JaHAHE DaIMAIMOHHHX IO~
T0ph LA BOJHOBOZA U3 Marepmesa ¢ &, = 2,08, 2dx28 = 0,85x0,45
117 T'DaEREIe ONHOBOJHOBOE 00JRCTH npnnomcs B 7a01. 1.2 (a' a/}.

1 =.B/A ).

Tadaroa I.2
R' = Rl 2,5 5 9 12
u (xBfpen) | 1 0,2 102 10-3

Ing onmperneneHms I@ana3ons pafoumx =acToT JB meolxommMa mHPOD-
MOIES O JACIEDCHOHHHX XAPAKTEDHCTHKAX ¥ CTPYKTYDe IIOJA BHCIMX THIIOR
BOJH,

Pe3ysibTaTH W3MEpeHHS YKASSHHHX XADAKTEPHOTEE I {OpPMATOB
¢=1,0; 1,2; 1,5; 2,0; 3,0 (2 = a/B) mpusefieRH B [85) . JaHHaA MH-
fopManms MO3BOJET IPHE OlpelesJeHrm: Bepxmefi I'paHMIH IWANA30H2 EBHOM~
paTh KPATHYESCKYD 4A0TOTY TOTO BHCNETO THIA BOJH, KOTODHE BO3CyXIa-
eTcAd HA HEOTHOPOFHOOTHX, MONOJBSYEMHX B KOHKDeTHOR Cxeme ("omaceufi™
BHCHE# MO BOJH). B KauecTBe IOK@3aTe s IEPUHH padodero JIMana3oHa
UCIOab3yeTCH Koofbmment muanasorsocty: D , ONMpenenfeMuii OTHOWGHUSM

/\mo.x IMANAS0HA, ODE KOTODO# padoumit THI BOJHH MMeeT OmpeAcJeHHOS
3HaYenwe KosfdmzeHTa 3aMelTeRMS u,m-n,x /1,,.,;,,, IusanasoHa, pasHoR
EDPHTHYeOKo! IUMHe BOJHH HepBOTO "ONACHOTO" BHOMEIO THNIA BOJH. IloRa-
sago, uro D mwm padoueRl BOJHH, MONAPE30BAHEOY NMapasUIelbHO GOJBmOH
CTOpORe IollepeqHOTO CeYeHWA, BCeTda BHmME, deM JIT BOJHH, IOJAPH30~
BaHHOH meprHeRMEKYJAApHO. Pasiume yBeJwa#mpgerci 0 pocroM dopmara
(86, 87] . Ipm guxcmpoBarromM dopmare samucmoors D or &, crepmas
MOXET IMeTh MAKCEMyM, KaK IOKA38HO Ha pmc.l.24.

BosmHOBOE conpo\'/rfeime CIBL uoimo ouem;ms mo dopmyre [88] :

ZC: 0 } Cff 3;? "'GH
e Hggp - KosdfmmenT samefenEi. Ha pue.I.25 mIg ReagpaTHOTO
CTepEHA IIOKA39HA 38BUOMMOCTE BOJHOBOTO CONPOTHBJICHEA OT HNPABEXEHHOTO
pasmepa [89] .

[ipaxrrgeckuit muTepeC IPEXCTABIAST OLEHKA BIMAHWA OTKJIOHEHHA
KOHCTDYKTHBHHX TIapaMeTpOB Ha CBoficTea BOJHOBOXa. Tak, IpE pacdere

BAHEA WaMeHeHEE &; Ha JECIEDCHOHHYe XADAKTODMCTHKA MOXHO IOJB30-
BATHCA BHPaXCHEEM [84_] . = —zﬁ . WIZ B OGXACTH OITEMAJEHHX
9

napameTpoB (cu.pme.I.23) gc%: = '\E‘./Z'V- Chemars ONEHRY BIMASHHES
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TPUBETESHHOTO pas3Mepa Ha HOPMAJM3OBSHHYD UYBCTBHTEJLHOCTE NHC
¥ eT0 H3MEHEHMD MOXHO IO pHc.l.26.

1 T T T I . —1
s e
i Pl o
iqs _lDlp(zllee pd
mo / /V
Y 17E- TM-
a2 i l/ imode //'(modc
01 ]
I
1N
1]
05 i
I
002 1
Q%,Z 04 0,|6 08 1,0 1,2 14
’ = 2d /3o ’

Puc.I.27. 3uaveHns KoSHIMIMEHTOB B3aTYXQHHA B
ImanexTprKe xpyraoro CIBL [I)

TeopeTVdecKH, IOMAMO TIDAMOYTOJLHOTO CLBL,IpelcTaBiaeT HH
u3ygeHme M wxpyriaoro CFBL [I] . Ero ocHOBHOH THI BOJHH HEII (
Haa" moza) MMeeT HYJeBYD UACTOTY OTCEYKN M ABJIAETCA eIEHCTBe
BHTIOJHEHHY Y CJOBUA

%‘—(é,-ﬂ’/’w 2,408,

Tme O - pPamWyc CTEDEHA; A,— I/MHA BOJHH B CBOGOIHOM IPOCT

£f = OTHOCHTEJbHAA OHBJCKTPHICOKAA IPOHKIAEMOCTE MATepHa
CTeDXHA,

3aTyxamme H3-33 TMOTEPE B JAJJEKTDHKe WA xpyryoro CHBI

Jsierca fopmyJoft ,
ol =(8,697/po)E Ryl nb/u,

rme R - oTpyrTypmft KosdfmmmenT 3aTyxammd; tgé‘ - TORa3aTed
JeKTPUYECKEX NOTeDPh. BeMUMHy R. MOXHO OIDENeJHTh mo rpafmxa
pro.1.27 ( [1]).
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I.2.1.2. llomcxopuit JBI

B ROHCTDYRIZE NOJOCKOBOTO IMIJEKTDHYECKOTO BoJHOmona ([IIBID
TIPS BIARIME BOJHY 3JEMEHT CTDPYKTYDH mmeeT fopmy moJockn (pme.I.28).
lcopeTAYeCKrEe M SKCIeDUMOHTAJBLHHE IMCIEPCHOHHHE XapaxTepucTury ILIBJL
upnBeleHH Ha puc.l.<9.

Tadimme 1.3
. ) OnTuManbBHE paaMep| BHocuMHE norepH ¥
%I‘%ﬁom’ € ' BHCOTA, | IMDH
coTa, Ha,
35 I3 0,I9 0,14 0,034 0,011
35 16 0,177 0,127 0,034 0,0II
94 I3 0,088 0,055 0,I5 0,019
94 16 0,077 0,050 0,145 0,018

*IMB.HGKTPHQGGI(&H IOJI0CKa K3 TyTaHaTa MarnHuA, IONJIOKKA

cé = 2,5.
Tadmua .4
Ceuenne TloronHHe SameIJeHune Jymra
|ToxaszaTel® NpeJomie- | IHOJOCKM, noTenu Ky 4)(21 1) BOJDH
WMA TOJOCKK A [oJ- : z - -
TOTRH i AB/cm g (“Z n St
M= 1,3 (gropmow) 1 634 0,15 0,44 1,67
n,= 1,24 (¢ropnon)
= L,83 (vepammma) | o4 | 0,3 0,27 1,67
My= 1,77 (xepavuma)
n= 1,44 {$ropo- 0,06 (E4p) 0,56 (Ed+)
' Srmbr o-4)| I,9%3,5 n%I EI 2,27
= 1,28 (dTopIoR) 0,08 ('II) 0,45 (LII)
fl= 3,61 (apceims
TAJLDLA ) I,4x2,2| 0,35 - 2,27
= 3,41 (xpensori)
= 3,78 (deppwr) |1 4y2 2| 0,90 - 2,27
= 3,41 (wpemmtit)
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B padore [90] , rme meccaemomamcs pacmpenefieHEe MHTEHCEBHOCTE
ot o B} u BY; B nomepewrnow cevemm IJBI, ycraHOREeRO, uTO
pRorpeneIeHES NOJT B HaOpabieHEAX, He NepeceRaMX I'PaHKNyY HOJOCKE,
NIMAISDT C DACYCTHMMHE, 4 B EANPABMEHEAX, IePeCeRAKEMX BTy TPaHELY,
HAJBHO OTIIMNADTCH OT pacveTa, BHIIONHOHHOTO B [73] .

Jamite Mo HoTepsM ¥ ONTEMAaJEEEM pasMepam IJBI, o Takxe pexo-
MOIIEIME 10 ¥X NPUMEHOHED NpUBORATeS B padorax (90, 9I, 92)
(va0n.1.3 » I.4) m XpyTux, MHOTHe U3 KOTODHX DacCMOTpeRH B o0sopax
{7, 9, 10, I7, 18, 32].

Mo nanusm [65] , MBI, B KOTODHX HCICJLSYOTCA MATEDEAH C

&~ 1073-107%, woryr Ours mimomsems c morepmm 0,I-0,2 xB/cM B
¥ WMPOKOM IMaNa30He u80TOT BILIOTH o VK mmanmasona. OxEmaeTes COSHA-—
Mo B CyIyheM BHCOROKSYECTHEHHHX IEJEeKTDIYECRHEX MATeDHAJOB (C fg <
1076), wro mosmomir crmsETs morepz B IUBI ma I-2 mopamka [I8] .

1.2.1.3. Tpeduesoit JBJI

Mipn onupaxoBodt AM3NEKTPHUECKO# NPOHULEEMOCTH MaTOpPUAN8 CTODERRA
N nomroxrz IIJIBYl RasusseTcs IpeCEensM JBI (B omTMYeCKOM IEANASOHE =
1pederuaTuit BosHOBOA) (puc.I.288). TakHe BOJHOBOIH MOTYT CHTBH OXHO—
MOJOOBHMY NDE SHAYXTEJHHC NPEBHNAKIMX IJMHY BOJHH UOHEpevHHX cede-
HwIx. B cayuae, Korlla pasMep HONEPEUHOTO CeUeHHA CPARHEM ¢ IJIHHOH
WoJIH,, A BToft JII XapaKTepHa MaKCHMAJbHAd MO CPaBHEeHMD € ITYTIHMA
woorponukMu IIIBI pasHOCTE: IOCTOSHHHX DAacOPOCTPAHEHMS NBYX OCHOBHEX
THNOB BOJH OPTOTOHAJEBHOH MOJApM3alMA. BO3MOEEH TarZe DeXHM paloTH
0 COXDaHeHMeM JIIN OXHOTO W3 STEX THmOB Boum [93] .

I.2.1.4. ImosexTpudeckuii XKaEaJ

AHaMTHYeCKOE DACCMOTpeHre DACIpOCTpAHEHHA SJAEKTPOMATHITHHX
WU B IOJHX CTDYKTYpaX Xiscca "IudierTpmueckiil xaman” (IK-BoJHOBOTL)
(puc.I,30) npw 3axamu¥ HA T'DAHKLAX HMMIEAGHCHHX I'PAHAYHNX ycaoBm# mo-
WHOJWIO IIOJy9IMTH pemeHus IJMA KOMIJIEeXCHOl NOCTOsHHKO} pacipoCTpaHeRREd
[\M, 95] . B ravecTsBe VMIIeIAHCHHX IPAQHAYHNX CTDYKTYP pacCMaTpHBA-
JMiHeL Taxue, SHAYeHUA IPMBENEHHOTO IIOBEPXHOCTHOYO MMIENHC3a KOTODHX
®IDCCTHH: TPAHMNA pasfeJa IBYX IUOJEKTPEKOB, cJofi IHSJIeKTPEKS Ha
MrTaJUle ¥ HAN MEeTaJUIOM, OIMHOUHHI ImsJekTpEdeckwl cJoil, MEorocJofi-
Hail CTPYKTYDA.

Ana/ms mHuMOll cocTamapuell nocToaHHol pacHpoCTpaHeHNd IOKASH-
wioT, 4TO 3aryxamme B JK-posHOBOIRX (33 mCcr/MYSHNEM LE~BOJH B BOJ-
NonoIaX ¢ YeTHPHMA MMIISTAHCHHMH CTEHKSMA) IIPOIODIMOHAJNBHO (B OTCYT-
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Puc.1.30. OTHpuTHe NONNe BOJHOBOAN KJA4CCA "AMBICKT DU~
veckuit xaman" [9%, 95]:
- pamEyc; d, - TOMMHA IHAJIEKTPEYECKOTO
cma; D - paocrosmEe MeRIy HEAJSKTDAYSCHIMY
CIOAMH

CTBAE IMCNEDCHH) KBaIpaTY IMHH BOJHH.

JK~pOJHOBOXH 00JRIANT NOBHmEHHCOR caMmo@mbTparmel, Taxk Kak 3a-
TYXenWe BHCINX THHOB BOJH TeM Bulle, JeM BHNE COOTBETCTHBYLUME HOMED
COGCTBEHHOIO WHCJR BOJHOBOJA. JiA TPYyG4YaToOI®0 BOJHOBOAA IPH pPe2OHEZHC-
HHX YCJOBMAX B CTEHKAX TPyOH, T.e. DpH xaLVé 1 —4p (p = 0,1,2..)
CTpYKTyDA Nonelt MeHAeTCH, @ WX BATYXSEWe YBEMMUMBAGTCH,

llpaxTEqeCKuM CNOCOGOM YCTDAHEHASR H3JAYUEHHS M9 TPYOUaTOrO BOJHO-
BOJla ABAAETCA NpEMeHeHMe MHoTocJoftroit IpaHmiH. A oCecHeYeHVA MHI-
MAJBHHX NOTEDh HA M3JyYeHHe TOJIVHH IUIJEKTDHYECKMX cJoes d ¥ pac-
crogaza ) MeXNy MMM BHOMpaDTCH TAKAMM, 9TOCH BEJMUMHA KOXDIMIMeH-
Ta OTDaXeHMA OT MEOTOcJOfiHO# CTCHKM OHJIA MaKCHMAJBHOR.

Qi nosoporos JH~-BOJEHOBOKOB MOXeT CHTH #CIOJB30BAH “BOJHOBOMHHI
yTOJOK' (KBa3HONTHYECKEN MSJOM BOJHCBCILA C SePKaJIoM).

Tlorepn B IK=-BOJHOBOJAX NOCTUTENT DPEKOPHHO MAJHX BeJmiuH. Tax,
ToJHE prmuﬁ BOJHOBOX IMamerpoM I2 mM m3 nomuormiena (€ = 2,

& =210 ), sanoJHeHHHl OyTaHOM, Ha wacrore 375 ITy wMex norepa
0,2 xb/m [I8] . ,

BospoBojH IpymnH JBJ mvMepT MaJme NOTOHHHE nomepu 38 cYeT HCKJIO-
YeHUA IOTEDPHh B MeTAJIe.

CIORHOCTH Np¥ HMenmoJb3oBaHmy [Bl] I NPOEKTHPORAHASA MHOIOGY HE—
UWOHAJBHHX y3J0B CBASAEY B OCHOBHOM C HB3JYYEHMEM H2 HEOTHODOIHOCTAX. .
B nmocJenree BpeMa MOABJMANTCA PAGOTH, B KOTODHX HAHHHE TPYIHOCTM IO-
CTATOYHO YCHelHo NpeomoJNeBalTcA. TeM He MeHee YNOBJIETBOPHTeJBHHE
pelieH®d HA CeTONHAmHMi TeHh HafimeHH He JJf BCeX TPARMMOHHHX (yHR—
IMOHIJIBHHX 2JEeMEeHTOB.,
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1.2.2. Jipsmexrpudeckue BOJHOBOJH Kiacca JBM
I.2.2.1. 3epramcEui JBM

3epraJbEEA BOAROBOX ( image guide ) (3IBM) npencramiadeT co-
doft CIBL, saxpenJeHHH# HAa MeTaJmmgeckofl miIockocTH. OH JOCTATOYHO
NMPOKO HMCCHSIYyeTCHA B padoraX, NOCBAMEHHHX NpmMeHeHmn IIB B TeXHMEe
Kii{. Harumproe HpelcTAaBieHMEe O TSODETHAYECKOM DacupeXeseHmm MNoJeit
ORIOBHEX TENOB BosEH By x Ef; » 30BM maor puc.I.3I n I.32, Pesyin-
tnTH #3Mepenmd nmoJs BHe 3JBM moxasaEH HA pHc.l.33. JonoJHMTEJBHHE
Junikle O pacHpefesesmn Nodeft SIBEM moxao mafirm B [96] .

JmcnepcyorRHe 3aBAcEMOtTH SIBM s 51 = 2,0; 3,8; I2 moxasamu
nn puc.I.34a, I.346, I.35. Ha ocHome aHa/mM3a 9THX JAHHHX B |_’74] Ie-
ANOTCA CACIYRUME BHBOIH.

I. C ypesraenmeM QopmaTa "paceToAmme" MeXIDy ImcIlePCHOHHHMA
KPABHMIE BOJIH E%I ¥ E%I YMeHbUIAeTCA I, CJeKOBA TeJILHO , yMEHBII2eT CH
0jUICBOJHOBHE padounit auanason 3IBH.

2. MakcmMaJmHO mupormi pacoumit Iuana30H 0CECIeUMBASTCH IIPH
opmare a/B = L.

3. YpeJamucHMe E,‘ SKBHBAJERTHO yBEJIIeHM0 fopMara.

4. Npusezenuuit paswep B, coorBercTmybumil yacrore orceuxn,
yhCIMURBAETCA C pocToM &, (B = -g— &-1).

Bpellenre MeTALMYECKOf NJIOCKOCTH HeJaeT CoJdee DETKUM CHEKTP
Gl no cpasHeEm ¢ CIIBL, ¥ BHCHME THMIH BOJH BOSHMEANT HIpPNA OCOJLIEX
pruMepax CTeDEHS X IpH GOMBIIX 3aMEIISHERX OCHOBHOTO pagod¥ero THIA
/e, 3TO JAaeT BOSMOXHOCTL JMOO FOIyCTHTH MEeHbImMe paiumycH usrmdos,
Gy PACIMPATE paCoumii MUalaz30H ONHOBOJHOBOE paloTH 110 CPaBHEHHY C
B (86), laumde mo anenasonHsM cmoficTsam NBJ [86,87] , npusezeH-
nue paHee, NPUTOZHH Takxke U nns 3IBM.

Cyvmaprte moTepn B 3IBM BRDoUaT, INOMEMO IOTEPL B HABJICKTDUKE
w g #3JAyYeHHME, TAK®e ¥ JECCHUIIATAEHHE IOTEDPY B MeTaJiAdeCKOi IJIoc~
ocrn. loTepH B HHAJCKTPUKS ONpele/IA0TCHA Tak %e, Kak ¥ g CUBI
[84, 97) . Pacuer TOTEps: B METaJLle MOKHO IDOBECTH, HaIpuMep, Io dop-
My.JIe [98]:

R
dM = 3,68#;'(,”_ HS/GZI-HJI-,

rie  Rg - MOBEPXHOCTHOE CONDOTHBIGHWE MeTaJUia IVIOCKOCTH;
Ry = 10,88x10™3 (107/6/\0 172 ou, one 6 - NPOBOIEMOOTE B Cu/M,
W - BOJHOBOE CONPOTMBICHHE CPeNH,OKpyXanueil IMoMexTPIIecKuH

CTCPEEHD; ]\o- IMH2 BOJHH.B CBOCOIHOM IpocTpaHcTse. HKosddmimeHT
I, S@BUCHT OT pasMepoB }o . E’t 1 CTPYRTYPH moas 3IBM (pmc.I.36).
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6)
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cos kxx
cosk ue-"xo(x a)

N -

E = 28.9GHz
\ Z
! . coskyb-e¥yo (y-b) g
=== --- A cosky Y a
4= _ \ oy
= — Ey’Hx gl
a) g1
E..H a DISTANCE x {mm)
X8y 0 \w‘\ \\‘\ -
cos k'yx NS 10
, N AR -
. «_ coskya-¢Kxo (x-0) %
- X I" \)
1 [l y . \% Ly
_ \\sink',b-o"‘ro ty-b) X
""" i T sinkyy 0
5 Ex Hy
d)

Puc, I.32. Pacnpemenenue nons B Pyuc. I.33. Pe3aynrTaTH M3Mepe-—
3IBM (nomepeurne pas- Hu#t HanpaxeHHOCTH
vepu axb) [99] ANEKTPUYECKOr0 NORA
a - Moza Eh; BHe crepmHA 30BM
) & ¢ ( Moty = 1,12)

woza &y Eaccoorner- 2W - mApMHA CTepRHA]
CTBYyeT MOZe Ly, AUINCK- h - BHCOTa ¢TepRHA
TPUUECKOT'0 BOJAHOBOZA B [96]

CBOGOZHOM MPOCTPAHCTBE)
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/ Pac, I.34. Iucmepcuox-

HHe XaparTepmerwrn 37IBM!

ll a) 5 = 2,0; a/Z =1,
/ 6) &,= 3,8 aff = 0,25;
95 1 2 3 4 5 8= 99]
; #Lv -1 [
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/
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— . B 3 1 Puc. I.35. IncmepcuoHEHE
xaoaxrepncrnxn 3IBM:
€,= 12; Wh=1,00;
\ 6%u-—7°° h,—"°°

2w - WYpUHA CTEDRHA;
h - BucOTa CcTepRHA;
d.~ paccrosinme Mexay
3epransHolft NAOCKO~
CTLD ¥ DEDAHOM;
- DACCTOAHME MeXAy
CTEDXHEM U BJEeKTDU-
yeckolf mi® MarTHUT-

o g5 10 45 20 25 30 Hoft crenxawn  [80]

B=f4WVET [Co —™

B/,
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.a pumc.I.37 npexncraBieH XOI KDEBHX NOTeps B MeTalIe IJA IPAMOY TCHIb=
goro SIBM [97). CheZyeT oOpaTuTh BHEMAHWE KA DABJAUME XOZ@ KDPUBHX

#a pucyrkax 1.36 u I,37. TloZesrwe OLeHK: TOTEPs B MeTanle ZiA moly-
kpyraorg, 3IBM MoTyT OHTH CHSJEHH IO KaHHEM [I] . B radm 1.5 (mag
o= 2, dy = 0,64, G=58.10" I/0mm, &= 10, tedy= 107%) npasene~
HH ngHHHE IO 32BHCHMOCTE TeNJOBHX IoTeps 3IBM OT 4acToTH BOJIEH |
E’h; TaM Ee IAHEH OTNTIMAJLHHE DA3MepH CTepEHA. DBeJmJIdHa B = 0,64 }
onpezeaseT Kpurudeckn® paswep O3IBM ana  BosCyzAeHusA BORHH E¥2,i
orpanmuusapmut IuanasoH OZHOBOAAOBOR padoTH. JlAHHHE MO 3aBACHMOCTA |
oOmuX noTeps OT yacTOTH NpUBEHEHHW Ha puc. [.38. i

Tadmima 1.5
§, Iy N 80 110 170
2B, MM 1,6 0,8 0,58 0,38
noreps » AUSACKTDURE
10% - ckg , AB/p 0,86 0,86 0,86 0,86
noz'repw B MeTane
10% o, ab/p 1,38 1,58 2,38 3,056
CyuMapHHE NOTepH
10% - {ol g +9by), A3 2,24 2,44 3,24 3,91
ISE)]
Jomyer ¥a UBTOTORIEHNE
(no 10 7 OTRACKEHMO
RONFEUMICHTE 3AMOIVICHILT) 0,3 0,17 0,13 0,08
L. j

YsnoEL BJeIyvEMe SIOCoCE SIMDREHNA NOTePh B MeTauie [98:} s _

- spyMedciEe BOJHOBGIS CO CTeDAHeM OUTEMANEHOY QOPMH IONepoy- ‘
HOTO NeYeHER;

-~ BRCIEMEE OHAJCKTPUYECHOTO CJO7 HeXRy CTEeDEHEeM @ MEeTalsoM;

. UOUHOTHBOBAMHIE B XAUECTBe DAacdovuere THNE BOJHN OJHOTO H3 BHU-
MEY TELROL ROJH, ¥ KOTOPOIC Ha [OBEDPXHOCTH NOLIOKRR OTCYTCTEYRT LO-
nepeyle COCTARANIME MAIHETHOTO NOJA.

B pacore {991 nowazano, wro 3[R, pacorenumii Ha BHCHEM TUNE

v

BoH Y7 (HO OTHOUEHUD X E%I), ¥MEeT CVUECTBEHHO MeHEBImie TOTepy Ha |
GpOCISIHHOM YUaCTEe BOJHOBONA. BoJma Efp ABIAETCH Hysmel CPemH
I0AW ¢ HATPABNEHUEM TWoJAA K, TMpeUMymeCTBeHHO OpPMEHRTUDOBAHNHM napan-
feasHe MaTaanvueckoli mMAOCKOCTH. ITo NOATBEDEAANT AdHHWe puc.l.39.

DgenpenefieHUs MOAA BOJHH E}I{I anm 3IBM noxasawo ue pme, I.316,1.326,
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Puc.1.36. 3asucurocTd HONMMUDOBAHHOTO
xoagppuuuenta K, OT npuBeeHHOTO pasme-

pa 3IBM
F%§7 &t

~

d2£

23

Puc, I.37. lorTenu B Me—
TaNNe 36DKAJLHOTO AU-
3NEHTPAYECHOTO BCOAHOBO-
na wom Ej ; &= 9,

o - nncTORAEAN 3aTYXA-
Hra (ula/w); O - nooBo-
amrocth Meranna (L/Om.w);
&= Y9l TONYD oty -
cioa (m); B:}:VE‘[“

a - TOMMMHE CToDRHA (M)$

§ - mucora crenxun [97)

Puc, I.38. TennosHe Ro-

07
106
s
114 4

g

- Tepn 373N B aanHCHMOCT®
OT Y3CTOTH. Paamepmﬁﬁnﬁ—
Hosoma 0, 7x0,35 un",
1= 9,8 L= 1077,
NPOBOAUMOCTE 3€DKANBHOH
NAOCKOCTH

~—3 6= 24,7, 10° I/0v

{roneTas 30J0788 WICH-

ka) [I01]

I - oomye norens;
2 - AVIAOKTONUBTHNE

130
ITy

- U7 -

AoTeD;
5 = OOTETH ADOBONU-
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JlanHHe o N¥CCETATHBHHX xapakrepucTEkax SIOBM B JIuamasoHe
M54 TTX Aa pasHHX THIAX PadOwWMX BOJH HpMBeNeHH B Tadk. 1.6 (mm

sr=1, §=2,0, tgd =1,5.10", 6= 6,17.10° I/0u.x).

Tadmmm 1.6 [99]

3aTyxaH#e BY; EfI
JMoaexTpIaecKHe NoTepH, IB/M 0,87 0,63
llorepr B mMeTawIe, IB/M 1,39 0,36
(yMMapEHE TeILIOBHe TIOTepH, Xb/M 2,26 0,99

PaanannoHnNe nOTEpH BOJHH EJI(I Ha n3ruGe 3IBM 3naunTeABHO BHUEE,

y&M TOTepH BOJHH E{I (pne, I.40). 38 cueT NMpABMALHOTO BHOOpPA MO-
110PeYHOTO OedeHMA BOJHOBOJA M Damuyca ¥3IHCa DajfMallOHHHE IOTepH
MOTYT OHTS COKpAISHH L0 OpeHeODeXEMo MEJHX Beiwamy [100) . B [I0I)
yxasusaeTcd, YTO IR SHEM ¢ BHCOKAM SHaUEHHEM E,,L np¥ padoTe BLANH
0T OTCEYKE FOCTATOYHC BHOWpaTH pafMyc H3THOa DAaBHHM ydeTBEDEHHOR
IMpYHe CTepERA, YTOCH DaIMAIEOHHHE NOTEPH OKa3aJMCh NpeHeCDeXAMO
wasu, Bollee nmoapoOHO BONPOCH OMTMMANBHOIO BHGOpa mapamerpoR 3IBM
paccwoTper B [102]). :

I.2.2.2. UsciwpopannH# 3epranpsnft JBM

Usoswpopanuiit sepraspidt MBI ( insulated imege guide)

(U3IRM) orsmuaerca or SIAM Ha/ormeM MeXLY MeTAJLIMYECKOE MJIOCKOOTEHD
¥ CTepXHeM ZONOAHUTENBHOTO AWNBACKTPAYECKOTO CAON. ITO HO3BOAAET
CORDATHTH MOTEDH B MeTanlNe, COXpaHuNB npemMymecTsa 3/BM (BosMOXHOCTB
oZHOBOJNHOBOY paloTH, muporut ZManasoH padoumx u&CTOT, HUAKME paAXUa-
UMOHHH® TOTepM Ha u3rubax).

Bur noJas VBJBM npemcrasied Ha puc.l.4I, a JuCIepCHOHHHE XapaK-—
repucTrE Ha puc.I.42, I1.43. Im sasmcmmocT® Imcmepews MSIBM or Toa-
i waoumpyluero caof N (puo.I.44) xapaxTepHo HAJuHe ollieit TOURM
llepeceyeHEs IMCIeDCHOHHHX KDHBHX. B sTof "0COGOR" TOuXe MMEeT MecTo
DAaBHOMEDHOE pacUpejeJeH¥e IoJA B HS0JEPYHIEM cJoe, NPE Iepexoxe oT
SHCIOHEHIMAJBHOTO 34KOHS USMEHOHMA IOJA K KOCHHYOOMIAJIbHOMY. I
aroft Towkm crpasemmso: U=V ® ‘,‘—U],L’N' =0 ( V- xoopdumpenT 3a-

MeIIeHa). JMBMeHss OTHOMESHHEE ¢ { K ¢ 2 » 9Ty TOUKY MOXHO CJIBAHYTE B
06JECTh ONTHMAJEBHHX NapameTpos M3IRM.
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: i, Jucnepcuonnne

wih= 7,°5;
&= %,8; &=
X,~ BOJHNBOE

XapakremicTikn V3BV
d’./h': OvS; g/h': R‘D;

r b
Lyh .
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Puc. .43, [lucnepcuoHHHe
xapaxtepucTurn 3EBU n U3IBM,

CHPOEKTUDOBAHHNY HA OIUHAKO~
Bull aunanasod padoumx uyac-
eor ( ~ 90 I'Tu):
~ - ~— 3EDKANLHN} BOM-
wosox; (0,7%0,35 MMZ); 5,= 2,8 3
tgé;-f I:107 3
G = 24,7.10° I/0u.m
(ToncTan 3070TaA NIACHKD);
——— U30NVDOBAHHEH
32pHANBHN BOMHOBOIL,
(0,55x9,55 msY €= 9,8;
O, = I-Ig‘ i £2= 2,25;
) = 24,7107 I/Dn.M;
TOMIMAA WIOJIUPYOUETO CINA -~

100 ©oBorry 107 BeicoTH cTepxHf [I0I]

70
301
U
61=10
£1=4
55:{
].
30 {——- i
i
! i
e \ }
| |
| |
|
10— | i \ CZ/Z@ N

0% 06 08 70

Puc, i.44, TucnepcuoHHse xavakTepmeTukyu 378N npu
oaznolt romuuke msoaxpyouero cmoa N s
V- koobhnmuonr zamennenud; nTHOCH-
TeJNBHAA AUINCKTDYUECKAA HPOHULUAEMOCTES
5,-— CTEDXHA; 52_— M3OMApYRUET) CIOH;
83— otpyKawueh coenu; ~25=%—V£,‘1 [84]
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Kos(furmenr saMenJeHws Kak yHROEA OTHONGHMS TOJMHH HES0JEDYH
MeTo CJIOA K BHCOTe CTEDXHA NOKAa3aH HA p®c.L.45. ‘

Temnosue noTepx NSIBM apngwTcs cymMoi# moTeP: B LHSJIEKTDERE
CTEDEHA I HSOJEPYWIETO ¢J0g. PesyapTaTH pacyerTs STEX IOTeph yAoOH]

g, gl
IpefCTaBUTh B BULE 3aBHCHMOCTH %:@_. %{&f OT UPHBeREHH(

TO pasmepa (puc.I.46) (qucm'K“ (226) ~ cM.puc.I1.23). B mpar
THYeCKH BAXHOH# OCGJIACTE IapaMeTpOB BOJMHOBONA (BOJH3YE KPATHYECKHX
NPHBEeIEHHNX pasMepoB) Kle ~ I. B 2ToM CNyuae KDUBAA uMeeT MAKCHMYN
BeJMuuHA KOTODOTO pacTeT no Mepe ysedmuenma N . OxHako yBeauuemue
TENNOBOTO 3QTYXQHMA B M30JUDYOLEM CI0e MOXET KOMIIEHCHDOBATBHCA YMER
WeHMeM TOTeph B weTanme [102] .

* CHuEeHMe LUOoTeph B MeTgJlie EMeeT MEcTO He IIpX JWOHX, & TOJBKO
IpE onpereJeHHHX IapaMeTpax BOJHOBOJOB, KaK BEIHO uS pmc.I.47.
llorasaro, B WaCTHOCTH, YTO IPE YeTBeDPTHBOJHOBOM I/MHe N30JEpPyLLEIO
CJOH TIPOBOIMMOCTE MaTephala MeTaJMrdecKol MmIOCKOCTH IPaKTHUeCKV HE
BIASET HA IMCCYNATUBHHE XADSKTEDHCTUKE BOJHOBOJS [104_'], YTO COBNA-
maer ¢ Koxmemmme# pador [94, 95].

SeBHCHMOCTE TENJOBHX HOTeph MBIBM oT 4acTOTH IpUBENEHa Ha
puc. 1,48, Omz cymecTBeHHO MeHbue, uyeM ¥ SIBM (oM.puc. 1.38). Hannue
IO TeNJOBHM NOTeDSM IPEBOIATCA Taxze B radmme 1.7 [105].

Tadmua I.7
f, ﬂj ] 2a, t, L Q
ITu c oM oM 1B/cm 5, /&7
30 0,476 | 0,268 | 0,027 0,0224 0, 0107 2551
60 0,237 | 0,134 | 0,013 0,0554 0,0I31 2072
20 0,I58 { 0,090 | 0,009 0, 0955 0,0I51 1802

OOt monmycTmMH# pammyc umsrméa WSIBM cocrasiger 2-5 mmH
BOJMH B poMHOBOZe [L05). Bosee nompoOHie IamMiHe NDEACTARICHH Ha
puo.I.49. B padore [IOG] VKA3HBAETCH, YTO HEKOTOPHe THIH BoJH M3IH
MOTYT "BHTEKATH" Yepes W30JMDYRIER cJoit. '

Padora USIBY ra EJIII BMECTO E%I ofecmeanBaeT MeHbImMe (IOYTH HE
TNOPANIOK) HOTEPH B MeTaJule, CYNECTBEKHO GCABIY® ZOMYCTHMYD MOLHOCTH
Z BEBoe COJBNYKX BeJMYMHY NapaMeTDs 29, UTO CHEXAET XEeCTKOCTH TOIYC:
KOB [IO'?] . PammycH momycTMMHX HSTEGOB IJA EJI‘I n E‘ﬁ TIPEMEDHO OIMHA-
xoB# [I07], wro pacxomrres ¢ Kammm [99].

luTepecHas BOSMORHOCTH OTKDHRAeTCH IPE YBEJNYEHHR TOJMMHH H30:
JUPYDIeTo CJOS OTHOCHTEJBHO BHCOTH CTeDXRHA (IOJIOCKM) ¥ MCHONBE30BaK
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Pnc, 1.45, Kosfbuumenr
sameanenua N3IBM rax
QyHKUMA OTHOWNEHHA TON=~
BUHH H30JMPYDHETO CJof

£y K BHCOTe CTepsHa; - moa-

11 mlﬂ!ﬂ N30J¥PYOEET0 CJIOAS
Zi Ver 75 48;

0,5; &= 9,8;
= 2,25 [105]
i 0:1 ol,z zis 04
/o
g5
| Q3,198 X
3,962 f
q5 - q):z E'=10
wlb LTN &=4
/ €3=
/' )05 '\\
a1 // \
Q07: :
qos N=002
- .
003 I/’/ L28
02 - 04 06 08 1,0 1,2 14
Paec, Y.46.

xauus 13BN B S8BHCHMOCTH OT
NpUBEIeHHOTD pasuep )
N - rommusa wsompyvmero ciof, P = %.

Ly
ng'g;'r VTKM

¢~ TNoTepx B CTeDRHE, °£3Z noTepy B U30-

Orxomesnme ¢ v%qmypm KO3(PHOAGHTOR 38TY-

nupyomew cnoe; (g8, - manrenc mmsaexTpEve~
CKUX MOTeph B uaTepmane crepman; lof - Tan-
TOHC AUIJGKTPUYECKAX TIOTOPH B MATe puaie
cron  [84]
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"L ey fVESE) €,=100
{z = 2’3,
65=1

125

qoz\
010 005

02 04 0

Puc. I.47. 3aBUCHMOOTH HOPMUpPOBEHHOTO KoabduuueHTa
noreps B MeTamle K, OT MPUBAZEHHOrO Das-
mepa U3MBM npu pasHHX TONmMMHAX cMoA [B4)

b .
qos 220 A . ,
[‘z
-
3
0 . , . - . =
70 100 130 Ty

Puc, I.48, Norepu U3ABM B 33BUCHMOCTH OT UaCTOTH:
(0,55%0,55 w®) &y =9,8; tof = 1.107%
€ =2,25 @ =24,7.10°

I - noTepy 3a cYeT KOHEUHoi
NIPOBOAUMOCTH §

= IU3JEeKTDUYECKNEe NOTepU,

2
3 - oGuue motepu [B4)
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10"

Prc.1.49. Pampamponnie NOTepPE
Ha msrmbax M3IRM [IOS] .

R - papmyo_msrmda;
B= #sz“f
t - ToJmMHA WSOJEPYDmEIo CJOH;
o/f = 0,5 £=9,8;
£, = 2,25; Hb = 0,1

W

105

L )
225 2,350

§ONHH, DACHPOCTDPAHADMENOR BHYTPM 3TOrO CJOR, B KauecThe palouero
runa, Ilpr 5ToM AMaMAeKTpWIecKEd CTeDXeHD (UOJOCKS) BHOMpPAeTCA TAKMM
ofpasoM, 4YTOCH oGecnednTd BOJHOBeIyuMe c¢BoOilcTBA IilaHapHOf CTPYHTY-
pu. Tarof HOIXOX NigeT BOSMOXHOCTD LA MSTOTOBNEHUA CTeDEHA HCIOJE~
pOBATH MATEDEAJH C GOJLIMME 3HAYEHMAMA IHIJERTDAUECKOR NMPOHMUBEMOC-
™ (£z= 38-500) npeE nmoBHmeHHO# BeJWdEHe IWRJEKTPHYeCKEX NOTeph

( 5;= IO -10'3) %, KaR CcJAeNCTBHe, NPMMEHHTDH MeTOIH TOHKONJIEHOY-
1o’ TEXHONOTHK IS MSTOTOBJESHHS TAKMX BOJHOBEIYUEX CTPYKTYD. CHARA-
Prca TaK®e TPOCOBSHMA K TOYHOCTH E3TOTOBJEHHA IIOJIOCKM [108] . Hore~
p¥ 3JeKTPOMATHETHO! BOJHH IIpit PacUpoCTPaHeHME B ONMCAHHOM BOJHOBOIE,
HA3BAHHOM 8BTOPAME "ILTEHOYEHM IE3JAeKTPHYeCKMM BOJHOBOIOM", HMEHT
T0T Xe NOPANOK BeJWYMHH, YTO M B M3BeCTHHX JIB, M3TOTOBJCHHHX H3 Ma-
TEPUAJIOB ¢ TAKVMY Xe 3HAUCHWAMM %5}_ , HO MaJeM suaveruem &, .

I.2.2.3. TpeGuesoft IBM

IIp paBeHCTBe JMBJAeKTDUYeCKUX OPOHEIAEMOCTejl CTepXHA X M30JI-
pywimere cJos o6pasyerca JII, KOTOpy® HaSHBanT I'peHenkm JBM ( ridge
¢ulde ) mo amajorma ¢ TpeGHesuM JBI (cM.pasmex I.2.1.3).

IMcHepcHOERHe X3PAKTEDVCTHKY CBABAHHHX ¥ OJMHOYHHX TPeCHEeBHX
JIM noxkasamx Ha puc.I.50. B [IIO] JMCIEePCHOHHEHE XADaKTe PUSTHURE
rpedueBHx JBM @ MSHBM paccwiTaHH METOXOM 4acTWYHHX obJactell ¢ yde-
TO0M 0COCEHHOCTH UOBeXeHMA BJEKTDPOMATHUTHOIO IOJL BOJMSE IU3JEKTDU~
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Puc. I.50. IucnepcuoHHNE XapaKTEDUCTMEYN CBA33HHHX
M OXMHOYHOTO TpelHeswx IBM [T09]:2
—¢ —o¢— YOTHEA MOZa
— — —HeyeTHad  MOZ8;
Ef‘- ¥OXa ONMHOUHOI'C BONHOBOZA (S—»
d=h=0,1678 ; Ww=0,3338;
$=0,1676
3HaueHyA 81 s a) 2,563 6) 3,83 B) 9,6,
r) - nonepeyHoe CeUeHM® UCCIeRY-
ewolt cTPYRTYDH




Yuinnx poedep.

Yroyke SHePIME B INOBEDXHOCTHYD BOJHY B IpeCmesBoM JBM Moxer
¥ S HEROTOPHX THIIOB BOJH BechMa SHAURTeJBHHOR ¥ NOCTHIrATh
4 .l[li//( (puc.I1.5I).

!
Puc.I.5I. IocTosHHAA SaTyXaHmA

_ HAsmef# rBa3u~-TE-MOXH IpeGHeBOIO
IBM #s3-8a cBASE o' TM-TIoBe pXHOCT-
Ho#t Boamo#t [I06)

W03

W/As

B [IO'?} OINMCHBAETCA BAPHAHT pa3padoTaHHOf YIDOWEHHOR TeXHOJOo-
PRM U3TOTOBJEHUA TpeGHeBoro IBM, npu KOTOpoM B OZHOM TEXHOIOIHUSCKOM
fipoliecce OCLeIMAANTCA TPM OTARNEM: NOJYYeHNe IWBJIeKTPUYECKOTO MATe—
puaJa BoJHOBenRyue# cTPYKRTYDH, QopMEpOBaHWe BoJHOBemymelt oliacTy
toCIVHEHNe ee ¢ MeTaJUmdecKoff IMOCKOCTEN Oe3 KJeeBOTC B3 I 3JEMeH-
©0B KDeNJeHHs. 32 OCHOEY MATepHaja BOJHOBOJA BSAT NOJMCTHDONI B erc
00MOJEMED o, ~ METHJICTHPOJ, HANOJHATEJSAME CJIYXAT OKCHL aJIMUHWT H
OKCHY, THT3HA B OLpPENeJIeHHOM NPONEHTHOM OTHOMEHMH IxS oCecHeveHMd
looOxofmmoft BeJOTIMHH IHESJEKTpHYecKolt IpommmaeMocTy. XapaxTepHHe
1tnpaMeTpH TIOJYYeHHNX MaTepraJos B KBI muanasoHe: £,L= 4-10, tg&é:'
'/.10‘44 Jpyrre BOSMOXHHE TEXHOJOTHYECKVE BADHAHTH DACCMOTDEHH B
[1II]. Tak, B uacTHOCTE, BeXyTCS PAGOTH MO TOJACTONJSHOYHOR TeXHOJO-
v E3reroBieHma 3JIBM, yTO NO3BOJMT CHESHTE 38TPATH HA USTOTOBJECHEE.
(JHaKo MPOGJeMH MNOJYYEHWA IIACT C BHCOKEM IIPOLIEHTOM 38IOJHEHHS MeJEOo-
JMCTIEDOHHM KODYHIOBHM ITODOIKOM, DeXEMOB HAHECEHIT ¥ OGRMTAa OYeHb
roxctax (0,I-0,6 MM) IIeHOK, CTACWIBHOCTE DA3MEpOB ¥ UHCTOTH HOBEDX-
nocTe# eme TpedyoT pemeHMA., K TOMy ®e TPelyDT KOPDEKTHPOBKE METONH
pacueTa C yYeTOM HeIPAMOYTOJBHOCTH CedYeHus Bonxomoma [III,II2] .
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Henosp30BaHAE KeDaMWYeCKEX MSTePHAJOB NO3BOJSET DE3KO yuens-4
IMTH HoTep® (IOYTZ Ha NODPANIOK B CPABHEHWE C HAHNOJHeHHHMA nomnmepa-
MIt) ¥ DESKO IOBHCHTEH SRCIVyATAIMOHHHE XAPAKTEPHCTURE. FopMOOGDas0-
BOHEE KEePaMAYeoKEX DJEMEHTOB CXeMH X0 OKOHUYATeJHHOTO OCXKUTS IIpEMe-
HieT upma “Epsilon & Lambda Corp." [I05].

o Mpermn asropos [III], ZAd MACCOBOrO IDOESBOACTBA NDOIE rexy
HOJIOTHA TODAYSETO JMTHA KeDaMMKM, NOSPOJANNAS HOJYYETE 3JeMEHTH |
caoxHOfl JOPMH ¢ HOCTATOYHO MAJHME XAPAKTeDHHME pasmepamu (mo 0,2 w
Joa mocTEReHmA cTaGUIBHOCTH NapaMeTpoB Takux JUIC HeoOxommMo De-
IMTE NPOGJeMd yMeHBNEeHHS IOPHCTOCTE KeDaMuKe, CTACHIRBQINM ee ycamy
K¥ I ycTpaHeHHH KODOCJeHEA peraJell caoxHoft fopMH.

B [IOI,III]x zpyr#x paGorax ykasHBAMTCA TNPHMEDM BHOCKOMDONSBO=
AurTensHo! nmasepHo#t u wexamugeckoft oGpaGOTKM XepaMAYSCKEX M KBapHeBH
IIACTEH RJI ESTOTOBJIGHHA BOJHOBeIYUMX CJOXHOKOHTYDHHX merased IMC.'

BoJpiMe reXHONOTHYECKHUE BOSMOXHOCTH A MSTOTOBJeHEE JJIC oT- j
KDHBADTCA OPE MCNONBS0BAHME BHCOKOOMHHX II0JyNPOBOIHEKOBHX MOHOKDHC
Ta o (manpuMep, apcemmn rammus x xpemmmit) ( &,~ I2-I4, J" ~ o
5xI0™ ) B 3ToM cJayuae mneiecoolpasHo NPEMe HUTE ueTon JoRa nom pe
MIYEeCKOTO TpaBJEHUA IS O0ecHeveHMA BHCOKO# BOCIPOESBONMMOCTH De-
syaeTaToB. JanHH mMeTOX NOSBOJAET TAKEKS NOJYYHTE HeOCXOEMHE IJyOHE
HH TpaBTeHW 57 (OpMEPOBAHRS BOJHOBEAYWNX CTDYRTYD [113].

I.2.2.4. TlosocroBrE mm3neKTpHdecKEd BOJHOBOEK ¢ METaJIMYecROl
RJOCKOCTED

KoHCTpYRmUA NOJoCKOBOTO JIB ¢ MeTalmmdecEolt miocrocTem (IIIEM)
( strip dielectric waveguide) [II4) noxasaza ma puc.I.52.

1
; {84) “1,‘ 18 T T T T T T
zltl) 17}
Y 3E) 16} 3
. y.
Puc.I,52. NIBM (§>€,,&) [II5), 15} En
I - Au3NeKTpUYECKAR NOJNOCKA} ok Ey
2 = BOJNHOBeXymKR cuoit; 3 -
NOAJNONKA; 4 - 385eMIGHHAN 13}
MI0CKOCTH
121
Puc, I.53. IMcmepcmoHHHe XapsK- ¢4}
-vepucruxy TIBM [II4)

Kofem™)



twor €, Gomeme, wem £, w &;. Tamas KORCTDYRIMA OGecHETEBAET KOH~
|wn~rpamm 3MeKTPOMATHETHOR SHEDIME B cJioe ¢ 62_ HeloCpeIc TBERHO HOX
Homokoft. fyHRmEe! TOJNOCKM ABIASTCA OrpaHMYeHME SPPEKTHBHOTO Home-
peuiioro pasmepa moxm [I7].

Pesynsrars pacuera Zucnepcus IIBM (puc.I.53) moxrTsepxzamrcs
WKONS PUMeHTANBHO,

I.2.2.5. HuBeprrpopannult mosockopd® JBM

VapeprapoBanmilt mozockopsft JEM (MINEM) (inverted strip
dlelectric guide) (puc.I.54) ABAAGTCHA SCTOCTBOHHNM DASBHTHEM HEON
HCNONB30BAKNA  AUSAGKTPHuSCKON NMCJIOCKH ZAA OTpPSHWYSHMA OOXGCTH P8c-
NPOCTPAHEHNA DAEKRTPOMATHUTHOR BCNHN BHYTDM NNAHADHOTC AMSIACKTPHISC=
xorc cmos [II5) . Ha puc.I.55 moxasams mmmuM noxn B WIJBM. YGupa-
R¥e MONR B NONMEPOYHOM HAIPABAGHMM CT KPAA NMONCOKM COCTABAAST
{0 nB/]\

IwcoepcrorAHe xpusHe WM mccaeROBaJMCH MHOTEMM 3BTODAMR
(103, 106, 109, II5). lipmMepH TAaXWX XBPAKTEDHCTHK OPEXCTABIEHH
na prc,.I1.56. Kosfimmerr saMel/eHMA DPeSKO HM3MEHAETCHA HPE MAJHX
OTHOMEHWUAX TOJIEHK TOJOCKE ¥ BOJHOBEXymEIO CJoS. C DOCTOM STOTO
OTHOWeHNS BIMARAE MET3JUK4YecKo# NNOCKOCTH yMeHBIgeTCd, ¥ KOSGDHIAEHT
BAMEILTCHES CTPEMATCH K HEKOTOPOMY Ipeliesy. QA oGeclieusHMA MaJjOTO
yxola KosffMImeHTa SamenfleHus IPH TeMIEDATYPHHX BapEAIEAX DeKOMeH-
AyeTca BHOHpATH 3TO OTHOmeHWe Goipme 0,8 (upm Toypawe caod =~ I,5 ww)

Ovgecrye noTepr WIIBM mau 1o cpaBHeHED ¢ M.

Ilo cpapsenmm ¢ 3B 1 USHBM B mammom Tane JII CHEXANTCA IOTEDPH
18 E3AYYeHEe K3-38 HepOBHOCTell NMOBEPXHOCTH MOJOCKE, ONHAKO DaIMAIH-
OHHHe TOTepH Ha EsTWGeX Goubme [II6]. -

Io Mepe yMEHBIEHEA TOJIHHH NOJOCKE B MILIBM M cTepEHA B Hanm
BOSMOXHO BOSHEKHOBEHWE YTEUKH SHepraE B JOpMe IOBEpXHOCTHOR BOJHM,
pacopocTparanmefica M0 IARHADHOMY JMBSJCKTPHISCKOMY CHOD [106]. Jreu-
Ke #3 "HeHTDPAJbHO#" o0naorn B "GOKOEyD" MOXET HNDOMSOLTH HS-33 Iepe-
oTpaxcHER Ha I'DAHENS 9THEX o0JaacTefl, ecsm padoumd THI BOXHH BE3EMO-
ReflcTByeT ¢ OPTOTOHAJGLHHM THIIOM, HMEXIEM Cobmafl xooddmEeHT Samen-
JeHEA., JTO ABNeHMe, HaCJNUaeMoe HpE paSJHYHOf mMpANe momockm WIINEM,
WUICTpApYeT pnc.I.57. BesmuMHA SaTyXaHHA 3-38 NOXOCHON yTewxM
npeHeOpexXmMO Mana,

InmssexTprdeckde BOJHOPOIH Raacca JBM ¢ o0neMHHM HOPMOOGDa SOBE—
HAeM HAXOHAT HamGoJiee NMEPOKOE NPAKTHYECKOE NDHUMEHEHHe U5 BCeX THIOB
IB. Onpemenenmuit MHTepec npexcTasideT VSIBM, B xoropoM coveraprcd
MaJHe NOTOHEHe NOTepM, XApaKTepHHe I JBIL, ¥ OpemMymecTsa, HpECY-
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Puec.1.57. MocronAnnan saryxanus Rusmedt XBasu-TE-MOXH
UMIBM m3-3a cBasu c TM-mosepxHocrro# Bommod {I06]

nze 3IBM, — BOSMOXHOCTH OIHOMOIOBOIC pexyMmg padoTH, IMpOKRE! XHANasSoR
paouMX Ja0TOT, HEHSKHE Daf#amdoHHHe NOTEDM HAa ASTHOaX.

B [104] IOKa3aHa BOSMOXHOOTH DeaJusSaly KOHCTpyRmmm HSJEM, mpx
KeTOPO# MOTEPE B METAJUle YMEHBISNTCHA ¢ POCTOM YACTOTH.
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1.3. mamexTpEueCKHe BOJHOBOMH (mimEaprOroe QopmoodpasoBaHm)

CrpemieHMe HCIOJNESOBATH NPEEMyNCCTBA JHSJCKTPHISCKHAX BOJHOBO—
FOB B COYOTaHMHM C OpAMEHEHMEeM XOPOmO OTPAaCOTaHHHX METOJIOB TOHKOLJIE-
HOYHOf TEXHOJOITE, HpocJeXuparmeecd B padorax Io BepRAJEEEM B
{108, 114) ® momockomam JB [52, 92}, monmrmmocs B [55, II7-120]

B KOHISMIEN IJARAPEHX JABJEKTDHUecKHX soJHomojioB ([IHI) ¢ Rarpyxen—
HHME TDOHAUAME.

B rarmx JII ¢ rpaHENaME, HATDyZeHHHMK OyTeM HAHeCEHMS Ha IO~
BePXHOCTH JHBJERTPHUOCKOR HONJOXRY KSOTPOIHHX MMITEJRHCHHX ILIGHOR,
SJIERTPOMATHATHASA DHEPI'HA MOXeT KOHOSHTPMPOBATHCHA IPH OOpeleJseHHHX
YCHOBRAX MeXIy EMICKAHCEHMHE T'PAaHUIAME, C oxHoft CTOPOEHH, M B ODPTO-
TOHAJBHOM HANDABICHNY MEXNY I'DaHELAMN NOLJIOXKY - ¢ Ipyrolf, Kax B
oOHYHHX [[B.

Taxm oOpasoM, BOJHOBENYmAA CTPYKTYDA € BOJIHOH, OI'DaHWYeHHOi
B OCOMX NonepevHHX HAUPaBIGHMAX, (OPMMDYETCS MeTOIAME TOHKOILICHOT-
HO® TEXHOJOTIHH, IIDEYEM B CHJY TOTO, WTO OCHOBHaf JOJA SHEPIHMH HaXo-—
KETCS B 30He, CBOGONHOR OT MeTa/ul, yZaeTc COXpAHATH OCHOBHHE IPER—
MymOCTB2 IMSJEeKTDHYECKAY BOJHOBOJOB — MaJHe TEIUIOBHE IOTEPH B Me—
TAJIE .

BceposmozHHe BapEaRTH JBI, He TpeCywume TPHMEHEHNA TEXHOJIOTUM
o6seMHOTO PopMOOGpPasSOBaHMA, COCTOAT US Tpex obimerTeit: NeHTpaJBHO
BoJEOBeAyme# ® HBYyXx OOKOBHX, B KOTOPDHX BOJHA He PaclpOOTpaHAETCA
[118]. Ocodemmocr® azerTpommHaMkE Taxmx JII ommcams B [55, II7 J.

KpEreprem Hamuas BOJHOBeHRyimx cpoficTs y JHI ¢ cummeTpmuHoit
OTROCHTEJEHO MPOJIOJBHOE OCH BOAHCBOAA CTPYRTYpo# ABAAETCA BHIONHEHNE
HepapeHCTBA Mexny afPeKTHBHLMEA IHSJCKTPHYECKUMA OPOHMUAEMOCTSME 00— |
Jacreft: 8 ) 5“ ,
mme & = VP, &, U, U - Roobfmment same/remus. ITexcast
00608SHAYEHO: B ~ BOJHOBENyAA o6JacTh; O — GoKOBWe 06JacTH,

OcHOBHHMY HORA3ATEJAMN KavecTBa npy¥ BHGope JHI ¢ HaTpyXeHHHMA
rpammaMe asamwrea: €, /E m oy — 3aryxamMe BOJEH paboueil
HOAAPE3aIAA B Bomone,mueﬁ od.nac'm. JIna oMy samam °(8 xenaTensHC
AMeTH CBOCOMHYD OT HATDPYSOK ILIMCTHHY. OTO YCJOBHE ONpelesseT BHOOD
H-noasapusammt cpoGOMHOTO TEIA BOJHH, TAK KK IJA CYLECTBOBaHUA
ocHOBHOR xaasn-El—Bom ReoOXOIMMO HaJmIMe B BOJHOBemyuek oOascrtu
HHIYKTEBHOR INJACGHKH.

B [55, I17, 119] BupameHO MHeHWe, UTO HamboJee NEeDCIEKTHBHHM
JHI s KBY rwanasoHa gBAAETCS CTPYKTYpa, Npencrasismuasg coboift mMe-
TASEPOBARKYD IR3NEKTPHISCKYD NOJJIONKY C ABYCTODOHHe! WeJER,-
JRaxexTpavecrmt mesieBost BoaHOBOA (IB), ¥y KOTODOTO pasmep wmeJM
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poJmbite, geM y I (pue.I1.58). B sBuAercA uacTHHM cayuzem JRI, xor-
i MHOYKTHBEHA MMueZaHc OOKOBHX CTEHOK paBeH Hyym. JTa JII o6xanaer
MOKCYMAJEBHO BO3MOXHHM OTHOLEHHEM 835 /835 , HOCROJBKY CINIOUHAA
MuTaJUM3aImA COKOBHX olJsmcTeft nmoaBoJiieT 33 cueT BHOOpS ompeneeHHOR
TOJUMEH TIOJLJOEKY CHeJAT: BCe H-BOJHH GOKOBHX oO0JacTell 3anpereJbHHME.

Puc.1.58. JUB [I19):
- NMpUHA Uem; o - TOM'mHA
NOJLJORKY; A — pacCToAHIe IO

9KpaHa
Ex(y:x=0)
A
{
4 a)
1 g 5
3 gs
£<€, KE;
d2 g 9 y
=398 /
y )
%4 =05
10
25
7 ?
2 d'
01 q1s
Puc.I1.5S. jJycHepcHOHHAS XapuKTEPHCTIKA (&) I CTOYRTYDA

2JeXTpHUecKoil cocrapaaoell moad () 3 cepeTivie
tiesnt JILB npm PS3JDTYHHX BSHIUEISX LMPHHH 0.7
V' - KOSQ{mImieHT BaMelleHil; a' - IDIBOICHERS
ToMmHa MoLTomar d - afp; € 5= S8
-~ UHPMHA D05 o = TOSTIING. MOSIeRKN

SERH
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PacueTHNe ¥ BRCTIepAMEHTANbHHE AMCNEPCMOEHHe Kpuehe (puc.I.59%a)
JOATBEPXAGHH DKCNEDAMEETOM, C DOCTOM WHPMHN WeJM MAKCHMYM COCTEBIA-
vmelt noan Ey cMemaeTCA K NeHTpY BOAHoBOAA. [lepepacnpezederme CTPYK-
TYPH TNONA M yBEANUEHHe AMCNEPCMH TOBOPAT O mepexoxe K pexmdy [B,
KOTODHYE XapaKTepHDYeTCA CYMeCTBEHHO MEHBUMM 3aTYXaHMEM MO CDSBHEHHND
C pexuMOM mejeBHX BOAH (pme.I.590).

JIiB ms mosmxopa Ha dacrorax 40-50 ITIy mMeeT IIOT'OHHOE 3aTyXaHHe
8-I0 xb/m. Ysayuenwe z3 JIB MoxeT HPOHCXOIMTE TOJBEKO B NPOCTDAHCTBO -
sue noxnoxeu, dexTunHHit cnocol yCTDAHEHME MIAYYEHWA - PACHOIONEHWS:
ABYX TUIOCKMX SKpPaHOB Mo 006 CTODOHH MCANOXKM Ha paccToAmmu A < M2 o
TOXMOXEE. [IPE 3TOM MERNY Mera/UlideCREME IVIOCKOCTAMZ 2kpaHoB m B
ofpasyeTca KaHaJ, 3anpefeJbHHR IJIA BCeX THNOB BOJH, Kpome T-BOJMH.

KoRcTpyrTEsHHe mapamerph JUB ompezesawres HCXONA M3 BHOPAHHO- -
To paGovero IMANasoHa UACTOT. BEpXHAA IPAHANIA BTOIO IHANA30HA Oupe-
NeJAeTCA W3 YCJAOBRS SaNpeieJBHOCTH AT BOJH IOIJIOEKM:

A c/Zd,VZ:,

THe C ~ CKOPOCTH cBeTa B Baxyyme. Humusan paCovad 4acToTa Jtnu’ru yera-
HABMABIETCA MUHEVMAJEHO NONYCTEMHM KOSQJUIMMEHTOM SaMEIVIeHEA ...,
KOTODHft ompefedfer ycrokumsocTd ocHopHo# soamH JIUB Ha warzdax.

ByGop MEPEEH meJW OTDaHEYEH, C ONHOX CTODOHH, HMOABJEHWEM BHC-
OMX THHOB BOJH, 8 C HPYrofi - NOBHNEHHHM LNOTOHEHM SaTyxamueM. [Ipa BH-
ope f , MCXONA H3S YCJOBHES MSKCEMAJBHOH NHPOKOIOJIOCHOCTH, BEJIIYUHY
l HeoGXOXEMo BHOMpaTh Tako#, ITOCH NephHil BHCmME THI NOABWJICA HA
gacrore f . Ecou meamasomHHE cBOHCTBA HE ARIFINTCA ONIpPEXeJiInIm—
Mg, TO Z m"%npam HS YCJORMA MEMMMyMa SaTyxaHug. B aToM cJydae

PaBHO XDETHYECKOf JacTQIe MepROTO HEeMSNy4abmero THIA BOJHH.

PaccrosmEe JO 5KpaHa A = 2d. ‘fb .

Taxmm o6pasom, JMIB coueraer B CeGe CPABHETEJNLHO M8JOe SaryXa-—
mye, cpoficTBeARoe JIB, JOOYCKAeT EKJDUYEHHE DadHHX HeperyJaprocTed m
MOXeT GHTH ESTOTORJESE H3BeCTHHMH METOEAME MEKDOSJIEKTDOHHOA TeXHOoJo-
THH.



TnaBa 2
SAKPHTHE JVHI IEPEFAYH

OCmzM, g9To 0CBemuHAeT 3akpHTHe JII (3MI), BRIDUCHHHE B HAHHYD
riany, AeadeTcd $AKT IMPaKTHIECKOTO OTCYTOTBHA HOAA PACHpOCTpAHAD-
mefica BOJHH 84 IPENEJNAME TDAHMI IonepewHoro cedemma JiI, o6pasoBaH-
HOTO CILTOMHHM KM DASPEsHMM DKPAHUPYDIMM KOPIYyCOM. Cpely DacCMarpd-
naeMix DM HeXOTOPHe MX THIH MMENT NABHUN HOTODHO IpuMeHeHEs B CBY
iManas0He,” Bech HaromIeHEHY# B CBY omHT MCNONBSYeTCA ANA NOJHOTO
ueperpiTEs KBY, Ipyrme Ty 3MI ABJANTCA DESYJIBTATOM CTDEMICHWA #C-
MoAbL30Bar: B TexHmKe KBY NONOXUTENBHHE KAYeCTBA CTEHIADTHHX BOXHO-
BONOB B nosocroBHx JII. HexoropHe n3 HMX OTDEEADT IOHHTKY HKCCRENOBa-
reneff BHEINDHTDH WHTEI'PANLEYD TEXHOJOTHD B mdroromuexEe 3MI. Haxowemn,
B 3Ty Trpymy sxmwieHH B/, B KOTOPHX Wi PAsPemeHds NPOTHBCPeYHH
Mex]y UDHeMISMHME TaCapITaMy CeYeHHs ¥ MHOT'OBOJHOBOCTED HCIIOXBSyeT-
ca ofdexr OurpTpanmyM BOJE NDKM XX B3amMcReHCTBRE ¢ METSANUYECKNAM
OKDaHOM dYepe3 cJioff TA3NEeKTPUKA.

2.1. Meraumgeckue JI
2.1.1. OpAMOyTOXbEH{ cTAHAEpTHHE (0IHOBONHOBHY) BONHOBOX

AGcoymoTHHE DASMEDH CevYeHA NPAMOYTONBHOTO CTAHASDTHOTO BOJHO-
soza (IICB) (puc.2.I,oTHomeHme cTOPOH B/a = 0,5) 3aBHCAT OT IMAaNAso-
74 4aCTOT. JapylexHHe CTaHNAPTH OpeXyCMATpUBanT A IePeXKPHTHA KBY
mmanasora 11 TmiopasMepos IICB (racn,2,.I). 13 HAX MpakTEYECKM KSIO-
TEBJIBANTCA ¥ WCHOJLSYDTCH B BHCOROKAYECTBEHHO! HSMepHTEJNbHOE, CBA-
seBoll ¥ pamoXoxarmonsoft ammaparype 6-7 rmmos IICB [14] , COOTBETCT-
UYRIMX OKHAaM IPO3PAYHOCTH X Hempo3padHoCTH aTMochepd B KBY manaso-
He, _

Bucoxas crouMocTh IICB (ocoGeHHO mia dacToT BHme 150 TTm)
[I6,I2I] , OOYCHIOBNEGHHSA TEXHOJOTAYECKUMN TPYAHOCTAMM U3TOTOBJIEHWHA,
OUDEHTIABAET KX IPUMEHEHWe JMIh B BHCOKORAYECTBEHRHX (WNEDHHX I
KOMIOHeHTHHX ycrpofterBax KBY nmmanasoHa. B ¢BASK ¢ TMONHTRAME Iaib-
Heliiero CHMRXEHES NOTOHHOTO 38TYXAHWA MHOTO BHUMAHMA CHJIO YAEIEHO

Pze., 2.1. IpaMoyrosmHHA CTAHRADT
HHZ BoyHOBOZX (CTPYRTYpa DOMeped-
HOTO CEYeHHA)

57
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Tadmma 2,1

Tnamason TIpeEATHEe OGO3HAYEHEA PasMepH
qaf%gr, JY— A cegzm,
26,5-40,0 w522 WR.28 7,1x3,6
33,0-50,0 w§23 WR22 5,7x2,9
40,0-60,0 We24 WRI9 4,8x2,4
50,0-75,0 Wr25 WRIS 3,8xI,9
60,0-90,0 w626 WRI2 3,IxI,6
75,0-110,0 w627 WRIO 2,4xI,3
90,0-140,0 wG28 WA 8 2,0xI,0
110,0-I70,0 | WG29 WR"7 I1,7x0,82
140,0-220,0 WG30 WR5 1,3x0,65
170,0-260,0 w631 WR4 1,Ix0,55
220,0-325,0 WG32 WR3 0,87x0,44

=

Rak msmepemwy notepp B [ICB 1 pas/MYHHX HPOBONANAX MATEDPHANOB, TAK :
¥ DACXORICHVD NaHHHX HaMepenwit @ pacweroB L16] (Tadm.2.2). .
B Tadn.?2.2 OpHBeNeHH NAHHHE I KAYeCTBEHHO M3TOTOBJICHHHX IICB, wem
H OOBACHAETCA CPaBHHTEJBHO HEOONBIOE DACXORIEHME DPEIYABTATOB N3Me-
peHEft ¥ PaCcUETOB, ROTOPOE HAXOMUTCA OCHYHO B ZONYCTHMHX Tpexenax.
0o "acTOoTH 200 ITxo [4] Ina cepuiimux [ICB peanbHOE 3ATyXaHMe MOKET
B O ¥ CoJee pa3 HpeBHWATEL pacueTHOe, KOTOpOe, B DDPWHIMIE, BOZDACT
eT ¢ 4acToTOoll MPONOPIMOHANBHO }3 2 (m nB/m) u fI 2 (mna le/}i
Hccremopatua IPHYMH DACXORNEHMS JMlaHHHX UaMepenull ¥ pacueros
IAapT BO3SMORHOCTD 3aK/OWITH, UTO JEJO HE TOJNEKO B NEPOXOBATOCTH HO-
BEDXHOCTY BYYTDAHHUX CTSHOE BORHNBOLOB, HO U BO BIAUAHNU KODDN3UU.
CymecTBeHHOE COAMESHAE NAHHHX TEODMU U BHCNEPUMEHTa NOCTHIANNCh B
CAYYae XUMMYECKOTO HUAM BNSKTPONUTAYECKOTO MONMPOBAHUR BHYTDEHHUX
CTeHOK. DBHJ3 Takxe OOHADYHEHa 334eTHAA QHOMANNA CHUH-3(HeRTa ¥ MeZ~
HHX BOJNHOBOLOB, NMPYBIZANAA TDA XOMHATHON TEMIADATYDS K MPeBHTEHUN
LOBSDXHOCTHATO CGONTHTABACHYH HA 20-307 Mo CPaBsEeHA® C DPACURTOM [IG]
TexHONMOrY49eCKe TPYIHOCTA HITOTOBICIMA TAHYTHX BOJHOBONOB XO- 3
pomero xavecTBa (IOIYCK HA Da3MEDH IIONEDEUHOTO CEYeHNA - SRuMuUUH i
ZeCATKZ UKM) [ID2OINISBANTCA C MOMOLBY IAXLBAHUYACKOTD 0NCSXAEHYIA r.seze1
HA AMOMHESEYD ONPABRY. [I0CNe XMMUIECKOT'O NOJMPOBAHHA M3TOTOBNEHHOA
Ha cranxe ¢ LY ompaBKM Ha Hee ocazianT cioit Memy ToxmiAo# 1,5 mu >
W TOCJEe IpUCOSIMHEHAR [JIAHLEB AJKMAHNE BHTDABIMBANT DACTBODOM KAyCTI
¥a [34]. AHaIOIHYHYH TEXHOJOTHD ACHONBRYIT LA ¥3TOTOBISHUA IPYTHX,
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Sozee CIOXRNX BONHOBOZHHX Y3JOB C BHCOREM Ka9e8CTBOM BHYTPeHHed Tro
pepxsocTE [122,123].
2.1.2, OpaMoyroxsEs#l CBepIpasMepHHH BOJHOBOJ

YerHpe JarTOpa ONpPENENMIA IPHMEHEHEe IDPAMOYTOJBHHX CBEDXDAZME
Hx BoxEoBOXoB (IICPB) (pmc.2.2) B ONHOBOJHOBOM pexiMe Ha KBU: cHm-
XeHMe NOTeDh, pacmEpeHEe padolel manocH, OGIACNSHHE TEXHONOTHTECKH
TpyREocTell H3TOTOBISHMS KOMIOHEHTOB, IOBHIIEHME IIepeNaBaeMoll MOLHO-
err (1,123, I25]. pm paspadoTxe KOMIOHEHTOB Ha IICPB HcIOMBIYWT Boj
HOBOIH CTaHEAPTHOTO KBampaTHoro (&/B = I), mapororo (a/B » 0,5) u
BHCOKOrO ( tall guide ) (a/B « 0,5) ceueHms (Bo BCex BapHaHTax
BORTOD SJEKTPHYSCROTO NOJA OCHOBHOTO THHmA padoye#l Bommm Hyq napai-

neseH cremke "B"). XapakrepucTxm 3arTyXauua B IICPB npumseleHH Ha
pe. 2.3,

Pac.2.2. lpavoyrossHuit cBepxpas—
MepHE# BOJHOBOX (CTDYKTYpa noIe-
] DETHOTO Ceverns) '

a

¥ eucorux [ICPB mia rampoll BefMUMEH &/B CYHECTBYST OUTIMATLNO
3HaYeHNE }\ m » HDE KOTODOM 3aTyXaHHe MAHUMAJELAO. OTO 3HauYeHwe ONIpe
DOJADT C DOMOMBY BHPAXSHAN

o/n - Bl2a/hm)* -2 .
(2apm)*[(2a/pm)*-3]
W3 3Tcro BHPSXCHUA BUAHO, YTO C YMEHLENGHWEM IJMHE BOJMHH ONTHMANEHHH]
PONHOBOX cTaHoBATCH "Bume" [I). Ysemuuewse orHomeHun B/& ¢ 0,5 10
yueHbmaer norepz B 10 pas (ma ommolt m ToK ®e wacTore). IloTerm mocTE
TanT MUHAMYMA TpE B/a -~ oo [123] B radmue 2.0 IUDABENEHH IaHHHE K3+
MepeH#il 3aTyxamda B [ICPB (BomHa HIO)

OcHOBHAA DpoCsieMa DRpY KOHCTDYAPOB&IUWM OIHOBOJMHOBHX HOMIONEHTOR
Ha [ICPB - IonaBieRve MemammEX BHCIKIX TRIGB BOJH, KOTOPHE BO3HMIKAKT
Ha pa’AYHHX ONHODPORHOCTAX TpakTa. CymecTBYeT DAL CHOCOCOB DEmeHUs
arofl gpodnem B 3aBHCUMOCTA OT THIA NONABIAEMHX BOJH {17]. Tax,
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Tadmamg 2.3

lﬁacggep ! JHa BOTHH, Ba:ryxme,

e} bt 129" J
10x23 4 0,25

T0x23 2 0,5 } 1)

10x23 I I,0

10x23 0,65 - ~I,6 /-

3,4x7,2 0,8-0,9 1,4 }[126]
1,8x3,6 0,8-0,9 3-4

B YACTHOCTH, NAA IONABJNCHMS BOMK E,.. ¥ H,, (mpE ~ # 0) mcnoms-
SyDT DOSECTHBHHO LIACTHHKY, SAKDEILIAGMHE BHYTDR BOJHOBONA LOPIOHIM-
Ky/IADHO HANDABJGHED SJEKTRHYOCKOTO IONA BONER Hyn B ySUOBHX XA
BHCIMX THIOB BONH IIOCKOCTSX,., BHCIWe TEIH BOXE ¢ n= 0 Em# I
MCESRIART B MUPOROR 1IoNOCe © IOMOMED POBHCTEBHHX BAEMBHTCE H& Y9KHX
creHrax (512 B/a « 0,5), 7ro, mpaBaa, RHOCKT SATYXS8HEE E LAN OCHOB-
HCHt BONHH; JIMGO HCUONE3YDT BONHOCONOKTHBHNO HANDABNGHHHO OTBOTHETONH
HA YSKXX CTOHKAX, YTO HO BHOCHT SaMeTHHX 3&TyXaHml mui ocHoBHOR
BOJIHH, HO Cy®aeT Dadouym HoJxocy [1253. Tes Re MORE® [OKA OEYTHMHX
ycuexoB B Gopple ¢ BHOmMMME TRIaM# BOXE B [ICFB He NOCTHTHYTO [8].

2.1.3. Kpyrmi#t cpepxpasmepRHit BOMHOBOX,

ARTUBEHE padoTH 10 KPYIVHM CBEDXpASMEDEHM BoaHoBoxaM (KCPB)
(puc.2.4) mpoBomEIECE B 60-70-X I'ONAX B DAXe TEXHHISCKE DASBHTHX
CTPaH B CBASH ¢ CO3/aHEeM MATHCTDANSHHX JEHER cmasd B KBY zmamasoHe.

R

Prc.2.4. Kpyrmu?t cBepxpasmepHu? BOXHOBOX
(cTpyRTypa IONEPEYHOrC CeveHHs)

KCPB HCUONB3CBAMCE B KavecTBe RaHamnsupymmeR JII. PeSymrraTs EooXe-
ncBamEfl B 9TCM HAUDABNGHWH X SKCIyaTaIME TOCTPOGHHMX B (A, AEram=,
fnCHVY ONNTHHX YYACTKOB JEMHWE CBASK Ouiw odcomesy B ([127].
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TpancaammA curEanoB B KCPB ocymecTBIANack ¢ WCIOONBSOBAHHEM B
raYecTBe pacdouefl BOJHH BHCHEI'0 THIA HOI’ oTYapmelica MaJIHMR HOTE-
PAME, KOTO[ME K TOMY %¢ JMEHHIAWTCA C BO3DACTAHWEM JacToTH (puc.2.d
B uvacrEOCTR, KCPB ymaMeTpom 60 MM, IpEMeHeHHHE JmpMmoiiBell System”
Ina cAcTeMH cBA3E WT4 (ywacror mmuof I4 M), HMes B IMamasoHe
40-II0 ITn ma Boume Hyp morepm meee I nB/sm [5]. OmHAKO KOHCTDYKs
THRHHE CJOXHOCTE (UIBTDANNM NAPasSATHHX THIOB BOJH ¥ Pa3PAGOTKH HOM
IICHeHTOB Ipeo0pasoBaHEA CETHAJIOB, CBASAHNHE C HPEMEHEHVEM BOJHH
Hor {1'7], CymeCTBOHHO IPEBSOIUM IPOEMyMECTBO MAMHX NOTEpb. Hpeono.m]
HHO YRASAHHHX CJOXHOCTell BHSBAIO 3HAMMTONRHOE BO3DACTAHWE CTCEMCCTY
METHCTDANBHHX CHCTeM cBa3® Ha KCPB. B ycxommax Hauasmeroca B 70-x |
rofiax pasBETHA BOAOROHHO-ONTHUYECKAX JHHANE CBA3Z DPACOTH, B KOTCPHX |
KCPB npexycMaTpMBanTCR AJNE HECMONB30BAHUS B KAUECTBe MPOTAXEHHHX xa{
HanusEpyomax JIl f16,123_] , TDEKDaTUIAUCH, ,

llcaToMy B HacroAmee Bpemd KCPB mcnomesyprca B (HASPHHX Tpaxral
afArenH MomEHX PJIC, crammmft Hasemuolt pamro-pesefincit m cmyTHEKCBOR
CBASH, B IpeIATIAKAX HA THDOTDOHAX, CDABHUTENBHC HedOJNHIAT IJHA |
aHTOHHHX (MNeDPOB CIOCOGCTByeT NPEMEEEeRND B KaUeCcTBe padouero Tunma :
BOXHH He TONLKC HOI' HO ¥ OCHCBHOI'C THNA HII' 378 BONHA XOTH M BHO!
cE? G4JBLIEe TOTOPH, UeM Hyp» HO meeBONAET 3a CUET OPTOI'CHANBHHX i
JrHefHEX NONApUSalEl YABOHTE eMKOCTE CUCTeM CBA3H, CO3LATH onTman
HHO JEATDAMMH OGIYIeHWs AHTOHH B OCYMOCTBHTEL CDABHUTENBHO HPOCTHE
1epexofH K OpAMOYTOJBHHM BOJHOBOZaM. K ToMy xe IIpR D//l( 2 motepx
Ba Hy; Mennme, wem Ha Hyr {1233 (pmc.2.3a). '

2.2, Meramno-mmesexrpnyeckue JiI

2.2.I. Bomoscaro-nonocxoBas JII (moJcckoBad CTPYKTypa B
E~mrocrocta)

C HessD yCTpaHEHHS YCAMBAKIMMIXCHA ¢ HOBHmEHNMEM acTOTH HeJo-
CTATROB, IpHCYmAX noXocKoBHM OJII (BHCOKME NOTEPH, HANNIME NADPASHT-
HHX R3JAy9eHES, TPyRHOCTE E3TOTOBJIGHMI M COBMOmEHES C AXTHBHHMM
D/GMEHTAME ¥ CTAHJADTHHMZ BOJHOBOJAME), B Havane 70-X I'ONOB GHJIO
TPeIOReBC ACHoNb30BaTh B KBY JmanazsoHe BOJHOBCIHO-IIONOCKOBHe JII
(BMIE), pacnonaraf MCHOCKOBYY METalNWYeCKy® CTPYKTYDY HA IMINEKT DU«
qeckoft mozyoxke [128] nimm Ge3 Hee [129] B E-nnockocTw  CTAHAQDTHO«
IO BONHOBOZAA.

B mocyenyxmpe rofy BILIE ¢ MeTao-IHeNeKTPAYECKAME CTPYKTYDaM
OPABIOKM OOIBNOEe BHAMAHHE HaK TEODeTHKOB, Tax ¥ B OCOGEHHOCTH, PA3;
PasOTIEKOB pasywrTHHX ycrpoficrs KBY mmanasona(2,3,5,9,10,13,16,I7,
130-137).
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HamGozee NmONyAApDHHME SBIANTCA BOJHCBCHHO-memepse JO (BMN)
fin-ljne ) - BIIE ¢ I[¥,0CHOBEH® GASOEHO KOHCTPYRIEHE KOTOPHX
noxasadd pa puc.2.5, I'me Taxxe npaBenerd BIIE Ha ccEoBe MILE, KA
u |IMIUI, gcpomssyemie B KBY ycrpofictBax B xoMOEHammE ¢ BT,

) Prc.2.5. BomaopomHO-nONOcKoBas JII
\ (nmosockoBas CTPYRTypa B E-IIOCROCTH)
‘ I - merammYecrHe IJIOCKOCTHE;
l 3 E 7 2 - IEBJGKTPAISCKEA IORROEKA;
) 3 - ompocropoEEax HII (OBI);
| K y $ g 4 - ZEyxctopomwm EJI (IHJI);
5 - msomgpoBamnas BT (VEIH);

|
. ‘ 6 - HecEMMeTpEuHad BIUI (HEI);
’ E 5 E I g 7 - mEEponoJdockosas BILIE;
8 - womnanapHas BIIE;

‘ t 6 9 -~ nomsemenHas EIIE

Xorsz, B mpuHimme, B BIJl pacmpocTpaHADTCA IHCPEAHHE MOMH, HO
MIUIHE BOJHIHHH 81, 00eCTIOWBAaDT PEEMM DACHDOCTDAHOHHA KBASK—OC-
1OBHHX THIIOB BOJHH CTaHEADTHOrO BOJHOBOIA. lIpocreimas OHIL ® Goxee
caoxgan IR oGnamsmr donbmol memwaumoi £, (Gomee I00 Owm), 1o~
oTOMy IPM HeoCXONAMOCTE DPadoTH ¢ MamuMm Z, Henoassynr HEII c
oTpATATENBHOR mApuHO# mes (pHEc.2.6) JMOO OpEMeRADT "OZHOpesepHHe"
~TPYKTYPH CC MeJED, CMemeEHo# K creHRe BoxHoBoxa [138]. MBI mpE-
MOHADTCA LIA TIONBCHA HANDAWSHUA IHTAHKA K AKTEBHHM SJIEMEHTAM CXEMH,

TlepBHe TeopeTHUsCKHe EccienoBanws HiI cocpeRoTOYAIRCEH HA Ipat-
INKGHHHX PacueTax JUIMEH BOJNHOBONHON BOJHM ]\' , € B 2
[ 10,139,140]). Tax, mis j\' ¥ 2, OLIM ACHIOJESOBAHN BHDAXOHHS, &HA-
AorwYHHe TpUMeHsAeMHM LIA H-o0pasHHX BOJHOBOXOB HS METALIA !

! Ot

A= e Zx
-y Ve iy

z
é

b
rie Jo - WmHa BONEM B CBOGONFOM IpOCTpAHCTBE; A, - KPHTEIEC-
iyl JJIMHE BOJHH B SHANOTHYHOM no pasuepad H—oCpa3HOM BOJHOBOAS, 8
Z, - uMmenaHC Taroro xe H-o6pasHoro BoXHOBOXA HpH f —r o . Dop-
myia WL X, Oolee TOYHA NpH MamX 3mavemmsx ¢, [I38]. B samu-
MMOCTE OT pasMepoB m RoHeTpykmax BT €. = (0,50, &, . 2m

prcueTH, B YACTHOCTH, NONTBEDHM HAMTZS sRauenr? Z, y HBIL.
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400
Prc.2.6. 3aBECHMOCTE: BOA-
. HOBOr'C conmpoTEBieHEa BT
a // OT OTHOCHTEABHON mIpUAH
2 300 memsr [I3] .
g // 60~ 90GH: I - HBMI; 2 - OBi;
2 o 3 - mE;
3 200 : 4 - BONHOBO® CONpPOTERJIGHN®;
w I ntiposard %12 5 - IMpURA MeH
- Unitateral s
.é. -Biloterol -3 Kaptan
100
S|

°
0 0z 04 08 08 10
£.~SLOT WIOTH § (mm)

B mamsmefimey © IOMOMED CHOKTDAIEHOIrO aHAmM3a G Ooiee CTDO-
ro mposHanEsEposamy sRezemma A ® Z, [I38] (pmc.2.7), a Taxme
XADSETOPECTAKE OCHCBHCH E EHCINX THIOB BOJHH I4I] . 3xcnepumeHT
[I42] NONTBEDPIEA CHDABELINBOCTEL PACUETOB B [I38] .

B nocnempde I'ONH MeTONH pacuera, WUCHonB3YeMHe B TecpeTEdec-
KMX padoTax,CymecTBeHHO YCNONHAIACH, 8 TEMATHKA WX IPUMEHEHHA pac-
mrpEnach, Tar, B TACTHOCTH, H4 CCHOBE CIEKTDANBHOTO aHAJH38 BKBU-
pajgenTHO! CXeMH C HCIOJL30BAHMEM MeToha I'aveprwu& G paspadoTaH
amapaT pacdera £, VIS OCHOBHOTO TUNIA BOJHH H X&DAKTEPUCTHK
PaCTPOCTDAHEHUS BHCHHMX THIOB BOJH WA INPAKTUISCKE JWOHX MO CTPYKIY:
pe peryiapuux HILIE [I43] . AnarormuHHM 0Gpa3OM LA MHOTOmEJEeBOH
BIUE iy BHWMCJOHH 3aBEOEMOCTH & ap B Z, OT KCOpIMHAT X IM-
PHEH HeJHM [144] . lpennoxen oGmuft ;feTon pacuera mpou3BOXbEHX BT
HA OCHOBe THIIOBHX BJIGMEHT&DHHX CedYeHuH {145] . B ceasm c paspader-
Kot KOHIPIIEE OGBEMHHX MHTEIDANLHHY CXeM IPOBENGEH DPACTETH B&BHCH-
MOCTH 1[5" OT pasMepa meanM S , a TaxkXe onpeieNeHO BIMAHME HA AUCH
nmepcrw OCHOBYON M BHCEWX THUNOB BOAH B33uWMOZeNCTBHUA MeTaAANYECKNX
nonynaocxkocredl y HBUA [146,147].

Hapaxy ¢ pacuerom ELIE ITPOABBOABHOA CTPYRTYDPH HPONOTKAJIOCE
JTOUHEHHO DOSYIBTATOB NepBoHATANbENX pador. Tax, B [148] onm
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YTOYHOER NECHOPCECHEMO X WMIONAHCHHE B8BECAMOCTZ OXHCBOMOBOR pa-
Gors OBON or £, ¥ mMpEEM wemx, nonyvemske B [I38] . Paspadoram
METOIH pacuera KOsfiMIMeHnTa SaMeleoHEd 2 Zo IAs TEOOBHX
Bl P 3aBHCEMOCTE OT PA3MEDOB B IOJNOXOHHS %axempnqecxoﬁ TOIVIONKY
¥ Mead, a Taxie PasMepOB BOJHOBORA, NPUTONHNE JIT DeamMsamyy Ha SEM!

[149,150] . Ymoomi#t mus peamssampe Ha SEM MeToXl aHATES& COOCTBOH-
HHX BOJH, OCecHedEBamm? BOSMOXHOCTE pacuera mucnepcmy JIBHI ¢ mpo- -
H3BOMHHEM EONATOCTBOM mMeyofl, IPemIoxeH B [ISI] . OmpemeieHHO® BHM- '
MAHE® GHJIO YHOXOHC BHBOAY YHOOHHX JJIA H3MeDeHufi SMIMDIUeCKEX BHDARe-
aufl gna onpenenends 3ffeKTHBHOA MAaeRTDHIOCKOR TocTOAHHOR 59 y B2AH
BOJHH CTCEURE 7. R BONHOBOTO conporusaenna Z, y OB u JBIJ]
obecueTEBAmNMY TOUBOCTH He xyme 2% [152,I53)] , a Tamke mpocTHX
fopuya  AMA pacvera mEcmepcmd sTEX JII [I54)] .

Ha mparTEKe IpE NpAMOHEHME IJIAKAPOBAHHHX MONLD NOLJIOEEK C
t= 20-I00 s omaéra ma 5-8% ompemenerma ¢,, B mEenmasoHe 60-90 ITi
BOSHME&ST KS-32 BIRAHAA KOHEYHOH BeImrufHH 'rojzwm veraumsamm [ ,
9TO HO YUMTHBAKT UPE(IMXEHHHe METONH PaoieTa. JTO OCOCEHHO 3aMETHO
B cayiae B c mammM £, , Tme W& & § - mapma ysxoft cremxm
BOJHOBORA) . Ha BHCoOKMX vacTorax (Bume 90 ITH) ORA3HBaeT CYHECTBOH-
HOe BIFSHWE B3 BOSHEKHOBEHWe BHCEAX THOOB BOJH DA3MED TIAYCEEH Ee—
Zo0Ka B KODIyce BOJHOBONA XA KDONIGHMA DJIaHADHOX CTPYyRTYPH. lpe-
HoOpOXeHEO 2THM RIEAHAEM Takxe JaeT omulKy B OmpemeJeHu:

B 3-5%. Ho B OT/ETMe OT OWAGKH, cBazamHoft ¢ meyuerom [ , omiOka

1S-Ba MpeEeCpeRcHAA BIMAHAEM DasMepa EeJOOKA OCOOCGHHO KPHTHIHA s

Bl ¢ dompmme £, , 9T0 BAaXHO, BANDAMOD, WIA (JuIBTDOB, I'ZA8 BEIUUW
W Bermra [IS5] .

Papn TeopeTWYecKHX padoT OHX nocBameH BIJI ¢ MHorochaolmve ma-
27eKTPEIOCKAMYE NOJIORKaMZ. B [I56) armapar Bawrchemnit, asanorwsi
HCIIOMB30BAHHOMY B [42] , OHJI IpEMOHOH WA OUDeXeJCH:A JMCIOPCHE
muoromeneBolk OBV ¢ zpyxcrnofHOR moznmoxxoit ¥ ee 3aBUCUMOCTH OT CMEMNE
FEs % mepEEd memr, B (I57] MeTomom momepedHoro pesoHaHCA ONPEREJEH:
IMpEHA 1IOXOCH ONHOBOMHOBOR padord ORNI m B c¢ mmorociofizolt nmox-
Joxxoft ¢ yIeToM TOMIMHH MeTALIASAIMA # DAasMeDOB ESToCKa IIA Kpemie—
mma nognoxx® B ropuyce B, Ioxasawno, wro JIBU MeHee IyBCTBRETENBHA
K pasMepaM Eenooka, e ORI, B[I58] aHams mucUepCER TECDRMEEX
BOJNH, OpMEHOHHHE K PAsHCOCDABHHM CHNMOTDMUHHM NJaHAPHHWM CTPYHTYDay
B, moxasan yMeHHIOHE® NOCTOSHHON paclpocTpaHesmd BONHH KH, c
yBeIMUCHEReM TOJIEHH METaJUIMBAIMA ¥ YMeHBIIGEEe IIOJOCE ONHOBOJHOBOR
PaCOTH ¢ YBJMYCHEEM PAsMepOB EOJNOCKA. '

NOCKONBIY METORMKA pacueTa perynApEHx HI mocturaa XOCTATOYHO
BHCOKOI'O YDOBHA [137.I59] , BHAMAHUE TEODeTHKOB NEPeKNIUANIOCH HE.
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anams HeomuopomHocTel HIVI Tma 9KBABANOETHOIO EGMKOCTE ¥ HHNYRTHB-
HOCTE cTymemgaroro [I60,161) = miaemoro [I62)] WsMeHeHRA MApHEN
IeJ, BBONOHAR MOTALIEYOCKol mepessruxk mea: [I63] . Pacter mme-
JIeHOHRHX XapaKTepHCTHK Iepexofa oT UBII k JIBIX PHABAA €0 @MROCTHNH
X&paxTep, ITO HAX0 BOSMOXHOCTH YMOHLIEMTH KOJEIIOCTHO JHONOB B CXeM®
TepORIYATNA [164] . Pesyasrard asanHelmero msydeEAs HOOXHOPOXHO-
creft B Bl onyGumEroBams B [165-169) . '

HexoHen, B pAfle paGOT CHJI IPOBONEH SHANMS DAsSMEDOB JOIYCKOB
HA OCHOBHHO KOHCTPYRTEBHHe SnemedtH BII, Buno BHACHeHG, YTO YyBCT=
BETENEHOCT: K HBMEHOHMD DasMepoB kopmyca y OBIE z JHII ma 20%
uensme, weM y ICB (I70] . B [I7I)upuBemena meTommka aHamsa HaMe-
Hewag mecnepcmd ORI w JBIN upz OTHNOHOHWHE NONOROHEA IaHapHOX
CTPYRTYPH OT OCH CUMWeTDHM M Da3WeDOB KOpNyca OT CT8RASPTHNX. Pe-
3YNLTATH PACUOTOR HSMeHEHWR £, B SaBHCHMOCTH OT M3MEHEHNA DE83NeDOB
xopnyca, NMONORGHWA NONNOXKH, CMEMGHMA OCH WOAM ANA paSHWX BHI nora-
3anM, YTO UM yXe menb, TeM BIMAHME ZONYcKoB MeHsme [150). C amamo-
PHYHHNA peSYABTATAMM MPOBEReH anaims B [172), B npuEmMNe, TEODHA ¥
¥ ONNT NOATBEDINAX CHUXeHme TpeboBaHMM K JomycKaM H3 paswepH Kopnyoa
B B ®3-33 KOHUGHTDAOMH TOJNA M TOROB B paltoHe menH; NE®p B 0GRACTH
oTwka uscTed Kopnyca XOMYCKHM AONKHH OHTH XecTKuMm [I37) ,

K macTodmeMy BPOMEHE HAKOILTOH COIENOR ONMHT KOHCTPYMDOBGHES
romiioneRToB Ha HIIE., Exe B [’74] yTBEepXEANOCh, UTO sarpHTas Kl
MozeT CHTH IpEMemeHa xo 60 ITu. Ceftuac cumraerTca, 910 Maccomul
BHIIYCK NONEBNX KOMIOROHTOB IPH YESCTOYSHEH JOIYCKOB MORET CHTH
opraEmsoBar Xo I00 ITu [I37) , a meGomsmEx mapTuh NOBMMSHHOrO Ka-
yecTBa - Ko 140 TTn [I33,I35] , XoTa €cT: NAHHHS O PASPAGOTE® KOM—
HoHeHTOB B momoce I8~I70 ITH [I73) .

PacYeTH ¥ H3MEPOHES IIOTEDH B EIDI IIOK83HBADT, ITO OHE B 2-3
pasa MeHbme, weM Yy MII [24,135],!: BO CTONEKO Xe doxbiie, veM y HCB

[13] . Kommperso pacuer mia OB xaer {I35) (rad:.2.4):

Tadmrup 2.4
. IIore MLI 5a
f, rpasa 207 lIg:rB?pn, Iﬂ 7i o
T e, Om A prosy XB/A
33,5 1 0,1-3,0 100480 0,08-0,0I9 0,25
75 0,I-1,5 130-490 0,I12-0,024 0,3
115 0,I1-0,8 I70-470 “0,15-0,06 -
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llpakTAYeCKA ypPOBEH: MOTeph B JEaumasoHe 33-I1I5 ITn mis OHLI
cocrasmx 0,02-0,2 JIB/} [R4,28) , a y BIIE ¢ MII B mmanascHe Ko
75 ITo - 0,7 xE/p [24] . Msmepermsa moreps Bl Ha momIoRKe U3
RT/Duroid 5880 (ToumuHa MOEMOXEE 254 MyM) LA Ivanasona
26-40 ITH Ram Bexwaary membwe 0,1 ZB/A , a mia Imanasoma 60-90 ITx
(rommEna mopoxEam I27 MEM) - meusme 0,15 115//\ (B 060¥X CIyuadx
cuoff MemHCR MeTawm3aIlME EMeJ TOMMHY 1,7 MKM, IMpPWHA HeJM -
0,1-0,4 mm) [13‘7] . Jo6porHocTs Bl B cpemHeM CCCTamiAeT Q ~200-300,
HO IUIA MaJO3aTPYXReHHHX CXEM ImOJydIeHH Q Lo 700 u magxe xo 1500 [I'?4J

IpE E3TCTCBICHUME MOJICCRCBHX CTPYKTyp BILE ECHoassyeTca OCHUHOE
foromrorpafEdeckoe cOopynoBamMe., Kopoyca M3TCTABMMBART A3 AJIONMAHWA
WA MeTAMBAPOBAHHCTC AFC-ILIACTERA, UTC BIBOE YMERBOAET B&C IO
CPaBHEHED C BECOM KOplyca ns JaTyHM [I132,134,135,I74]) . 7ma BapuanTa
IpaKTHIecKAX KOHCTpyrou# Bl moxasarH Ha puc.Z.8.

Pmc.2.8. KeHCTpyRIms

Toed [] BUI [I37] .

ut—u = a) ¢ OTKpHTO! 06IACTHD

L CTHROBKM I ¢ BOJHOBOIOM:
- I - weranauyeckm? BuHT;2 -
Pl dnaren; 3- IUBAEKTPRUCCKASA
. WMUABKE; 4 - METaXMMYecKue
b NAOCKOCTH; 5 - MBONANEA

r-tJ'r——T 0) ¢ 3aKpHTO! 0GJACTED CTH=
el \ koBKM IV ¢ BoJHOBOmOM:

I - paspesHO#t BOMHCBOXHHIL
KCpOyC; 2 -~ 00nmacTh CTHKOB-
w; 3 - BONHOBOL; 4 - WI;
9 - NOBEDPXHOCTM CTHKOBKK

d

6)
B MOHCTPYKIWY Ha DHC.2.8a [JiA YCTDAHEHWA YTedKd dHELTHUHN yepes CTHK
TOIMHY CTEHEA B COJACTA CTHKE IEJanT DaBHOZ ﬁi/& ( )£~ TTMIA BOTHH.
B IAWIEKTPEXe) ¥, KPOMe TODO, HA y4acTKe MeTaLTH3ail, naxonsreMcd '
B pafioHe CTHEA, IPOTPAB/IMBANT MOMEDEUHHE LeJI: [1'75] Wil nenanT 3y0-
HATHZ. TDOEAID  kDaf MeTalM3ailm, & Takke XeJOGKI B TITIS STeHE:
B 27maciv oTeva [177] .
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B meHbmei#l no pasMepaMm KOHCTPYKIMH, NOKASAHHOA Ha puc.2.80, mo-
JIOCKOBasA CTPYKTYDPA 3EKDPEWIACTCA B NPOPE3H MeXNy IBYMA NOJOBUHAMM
Koprnyca. Hagmexuuit SjexTpHYecIAll KOHTAXT B MECTe CTHKA 9TEKX IOJIOBUH
IPE3BAH CHAZWTEH 3aTyXaHWe X YCTPAHETD NapasuTHHe DeSOlaHCH, BH3HBA-
aMHe TIOTIePeYHHEMA TOKaMi. lIpm aTom yrecrouaerTcs momyck (+I0 mmm) mHa
DasMepH IIpopesu d .

B rayecTBe MaTephaia MATKEX HOLJOREK dalme BCETC HCHOJAL3YRT He-
Joporeil, yORNeHHH CTEXJIOBOIOKHOM {TOPOIUIACT MADEM HT/Duroid 588(
<Ei= 2,22) [133,134,I37] , XOTH HAXONAT NPAMOHEHME TAKKE ILIABIGHEM
KBapIl ¥ "KOITOH" [132,136,156,176] . CXeMd Ha MATHOI NCHNOFKE BHISD-
RABAKNT MEXaHWJeCKUe Harpy3Kd Lo 20009 B Teuenze 0,5 Mc ¥ yuapd 1o
4000q , TOrga Kax ICIOJB30BAHKE WEeCTKEX NOLIOREK THNa KBapna A
upengxpaﬂeﬂnﬂ OT LOJOMOK BHBOINOB IHOLOB ¥ TDPAH3HCTODOB HOBBOJHAET
TICBHCHETE IOMYCTUMYD BUGDALWOHHYR HAUDY3KY KO 300003 B TedeHHe 2 MC.
llpasna, DpMMeHEHWE KBapa B KAYECTBE NCHAORKY YCIORRAET KOHCTDPYRIMD
(y®ecTougeT JOMYyCKY It T.I.) [136,137] . B VBT mns m3onsiMy dane
pCelro NPUMEHANT TC/MMEpHHe IIeHKu (Thna Maiiap. ksnToH) ToauumHold
50 mem {130] .

OCHOBHHMYE 3apyCexHHMA paspaloTwixamy KoMiIoHeHTOB Ha BIIE ¢
IuaJaexTpideckoll momnoxkofl aBamoTeA JUpMH "Catlex-Hammer” u 'Eaton®
(CHA), "Philips" (Tcoutanmus) #"AEG-Telefunken" (&PT).

CretpasmicTH dUOHNW NOMIE IO IYTHE CO3NAHUA KOMICHEHTOB ia HEIULE
0e3 mIaJieKTPUIeCcKOll IOIJIORKE [IS,IS?,I?S,I??J . B paspe? Merpy uwA-
DOKEMY CTEHKaMII BOJHOBOLA BCTEBJIETCA TOHKAA METAUMYECKas IIACTHHA
¢ xoufUI'ypaimmeil orTsepcrmit, onpegendemoll ux HasHaueHueM. PRNBTDH NO-
ToGHo# womerpyxim mmesm Q2 I700 [I37) , a » Y-mramasoHe

Q = 2000-2500 [I78] . HecMOTDA Ha CIORHOCTH MOJKIVICHUA AKTHBHHX
57eMeHTOB, Ha 3Tolfl JII ¢wm paspadoraHy cMecuTeab Ha I00 ITn [129] ,
Hepoporoft BHCOKOKAUeCTBEHHHE mpueMAME Ha I2 ITH m pAN IpyIux ycTpoficTs

[13,179,180] .

2.2.2. BomropomHo-mosockopad MII (mojiocKcBat CTPYyKTYDpa
B H-turccxoctu)

CrpemieHue C TEepeXxCHoM B 6ojee KOPOTKOBCJHOBYW 4ACTh KBY mi-
ama30Ha COXDAHKTDh KBasU-T-PEeRVM paClOPCCTPAHEHWA OCHOBHOR ROJHH, Ipe-
FOTBPATATEL yBEJMYUEHHE NOTEPh HA U3IJYUCHNE K3-3a BO3HUKANIMX NOBEDX-
HOCTHHX ¥ OGbEMEHX BHCIX TEOCB BOJH, OCNACHTH BIMAHNE HOMEX OT
COCEIHMX 3JIEMEHTOB CXeMH IPHUBEJNO K TOMy, 4TO OTKDHTHe JII faxTriecku
HCHMOMB3YWTCH B BEKPHTOM (3KDaHMPOBAHHOM) BHIE C pa3MeleHWeM NOMOCKO~
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ASr, o G w

FLAs 4
- . 5 L._52
"g, 6)
a5t [—6
0
it N a
| ’ Puc. 2.10. Bausnme sxpaHa (a) Ha
ocHoBHY® BoXHY 1 u KII (6) [20]
t g Pasueg &= 0,072, d = 6107
s = R = (8-81411/2,),
T e a=8 ; €= 16. '
2 7] 1 4/5, 1 - npx a/f, =0,5; W=0;
2) 2 - KN mpw Gyff, = 0,4 ;Vh=1

Boft CTPYRTYPH B ILIOCKOCTH, COOTBeTcTByDEeH! H-ILIOCKOCTH CTAHIAPTAOIO
BosHOBoma (HIUH) [2,5,8,9,13,16,32,I21].0 poxr SKpaHa MORHO CYIMATH
MO0 NeHHHM Ba puc.2.9, 2.I0. Ipaxrwdecroe mpumeHerwe BILIH Hamm B
IBYX BapumaHTax: 3axpHrasg IMII m saxpuras MILI.

2+2.2.1. 3axparas ML

KorerpyxruBHo 3axpHrTag IMIN ( shielded suspended stripline )
BrawgaeT HILN, 3akpeIIeHHYD B RENROCKAX YBKEX COKOBHX CTEHOK IDAMOY-
TOJBHOTO BOJHOBOIS NPUGAMSKTENBHO HA DABHHX DACCTOAHUAX OT BepxHed
¥ mmgHelt mEpormX cTeHOR (pmc.2.II). Hamrawe moxockosoft CTDYKTYDH
ocnadiner TpefopaHmA K TOYHOCTH Da3MEpPOB DRPAHVDYNHEr'0 KOpIOyca [2_] .

K pacuery HIMH, z B ToM qucie 3arpuroit IMILI, Mg ¥CIONB30Ba-
Hza B CBY 1manasoHe NpHBUEYSHO BHUMAHMe DAfa ncclefosarened [13 20,
23, IBI-IB3J HeroTopHe pe3yaBETATH DACYETOB OCHOBHHX XapaKTepHCeTHR
raxmx JOI mpuBexesH Ha puc.2,I2, 2.13. Crpormit pacieT BIMAHWA TOJIM-
HH MéTaUmYecKol TosocKE ¥ TiyluHH (EKCEpYyIIMX XenolROB HA IEcHep-
CHOHHHE XapaKTepmcTHRM 3axpHToll IMIN mpueBemeH B [I58] .

OCcHOBHHM THIIOM BOJHH IpY HCIOAB30BaMM 3axpurof IMILI B KBY
Imanasone (Ha murepBaye 75-II0 ITu) momeT OHTs BoyHa LSM,, wm
KBa3u-Hy,, ITO 3aBACAT OT BE/IIMHH &r mmonexTpEUecKolf mOMIORKM
¥ pasMepoB JMHUW [epenady, KOTODHE ONPONeNANT YACTOTY OTCEYKRM BHC-
HMX THIOB BOMH, A BOJHH LSM“ 9T4 YaCcTOTa ONPeNeyfeTCA BHDAKeHEEM

L€, halln-1)
fc— 20 W "2'32_‘,,, .
Ina xeHana cedemmeM I,27x0,63 mw° x h, = 0,127 uM ¢ mEanexTPUROM

Tuna Duroid BeJMYEHA fc cocrapnger II2 ITH, 49TO TapaHTHpyeT
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Pue, 2,11, Saxpuran noxeemennar MIA (crpymrrype
nonepeuroro ceuenus) [I3)
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Prc, 2,12, 38BMCHMOCT® BONHOBOZHO! ANMHEH BOJHH /\gﬂ # BOJHO=-

BOTO CONPOTEBISHUR £ OF a,M Ina saxpurol TIMII,
(&= &= &y 5 hy= hy= 0,48 5 hy= 0,28 ;w=4 ) [183]

0

{ 1000-&_‘
»
S ~ f
« S R
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s 3VE
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i e NEwYY
05— 5 10
a/w
0)

Puc, 2.13, 38BMCHMOCTH TOTODH B MeTanle (8) W JMBIOKTDHUKE
(6) =zam ssxpurToit IMMIMI, :
(&= &= Eqi hy= hy= 0,463 hy= 0,26 ;w=4) [183]
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xBagd-T-pexiM B nmEanasome 75-II0 ITh, Ocraxsaue pasMeps mOzpamca
c yuerom orsomemma h, /B = 0,25 [Is4] .

HparTrra npzueaem saxparo} IMLI morasaxa, 970 DOTepE B arTof
10 me xeapuerod mojowke HEe, ve y BT (IS AB/w ma 94 ITw) {5],
H TAReA JEHESA NEPONHAYH HARA OPAMOHeHNe B ammaparype, padoranmei
a8 200 ITo 7 BHme L5 8,9] . Mexamuvecxue XAPARTEPECTANE AHAKOTHIHR
xapaxreprorERaM BIX [8,9,16] .

2.2,2.2, BaEpavas WMII

ToXHONOTHISCKE YROCHSS KOERCTPYRIEA SaxpHrTol YMIN ( trapped
inverted microstriy ) odpasosesa HIl, xoropad D6peKpHBAET LHPAMO-
yroabEafl mas B METALMAYECKOR IMacTHHe, DpEYeM moxocka HILT odpameHa
B cropony masa (pme.2.I4),

Xora pacterH sarpHTol YMII Taxme mposogmamachk B CBY mranasoxe,
BCe X6 OHA CYHTAOTCH mepcUerTERHOR Zus KBU ymanasoma [2,I3,20] .
XaparrepmeTeky sTof JwHWW NpEBOXeERM HA prc.2.I5. Ha EepSBHOMEDHOCTH
XAPAKTEPRCTHE OKASHBAOT RIMAHNE BIAUMOXKOACTREEE IONOCKY €O CTOHNAME
nasa.

=
b
140 —— 122.F
e -
L 5120 / J21 &

! ) S Wy 5 10508 Ssoob\ Tz,a>
L‘:"Txﬁ,o AT sob N {19
hr0S08 {2 \ soly 1,8

/ \ Tm=635um U '

2 3 401 ‘,7

20 ' i L b i
0 12 3 4 5 &
wih -

Prc.2.I4. 3axpHTan EHBEDPTEDO- ch 2 I5. San:cmcu BOAROBOTO
Bamsad MO (crTpyrTypa HoNme- couporEBiIerEs L, X $ascBolt CKopoc~
peumoro cewemma) [44). ™ Vp or Wh mua saxpuroft zEBep-

I - yomnomxa; 2 — Merammriec- TEpoBamHOR MII [44],
K08 OCHOBAEMSE C RAHAJOM; Z,
3 - DPOBOLAMARS TONOCEA __-__VP

OxEr xS Papxswnros saxperofft YMTH — MIUI ¢ masosuM oRpIEHCM - OMA
UPeANONSH LA HCUONH30BAHEA B amnaparype KBY mmanasona (37) . Hore-
P He 94 ITH cecTaBuaR Gl IONTORER M3 Duroid'a 0,82 xbB/oM,

a naa mommomke w3 (u- Flon'a - 0,33 xB/ck.

B Mesiow moTepm B Sexpuroft YMLI Mensme, vewm B MU (pue,1,20),

X TOMYy Xe 5T JWHAL LOCTATOTHO MaioradapaTHa |13] .
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R.2.3, BoxHORON C AMIOEAHCHHME cTeHKam® {BHUC)

BoXEOBOX 0 NMUONAHGCHEHMM CTEHKAMH - 9TO NPAMOYTONBHHE W Rpyr-—
xal werasrmasckufl nonu# BONHOBOX, BHYTDEHHAR IOBEPXEOCTE KOTOPOTO
MOEHOCTEC MM JACTRWHO LIOKPHTS CJAOEM NEBNEKTDWKA ompeneXemoff Tox-
BpEH. THXH® BOXHOBOXH HASHEBANT "MMDOMMMY™, TaX KAK DASMEpH HX CEI6—~
KEA B HOCKOABRO PAs NPeBHNAXT AXEHy padoueil BosH. Teoperwdecxkme
¥ SRONCPAMOHTANEHHE NCCAeXORAERL [94,95,185—18’7] TIORA3ANM KX BHOO-
xyp sfdexTunEOoCTS B IEanasorne KBY m I'BY, JOCRONLKY B HAX CpPUBHETOIb-
HO Xerxo NONLEDXEBASTCA ONHOBONHOBMI PoxEM, a YPOROH: IOTEDH HMES
» 4-5 1 CoN0e pas IO CHEABHOEMD C NOTEPAMM B OCHYHMX MOTALNAIECKAX
POXMOBOAAX

Tax, B YROTHOCTE, B EDAMOYTOMLHOM EONHOBGAE C MOKPHTHMA ZA3AKT
pacoss ysxwe creaxaMmy (pEc.2.I6) mpE pacipocTpaReHEA padoved BoIHH

LM“ noTep B MESACKTDHRS mﬁm IPOUOPIHMORAKEHO }2‘ , 8 loTepH
B MOTANNG - HPONOPIMAEANEEO /\ . OTa BaBMCEMOCTh o0ecuewzBaeTCH
NpH OOCMZEHNN YCICBNA YMONLNOHAS TONMEH XESASKTDEKA o, CHHOBpe-
MJHHO € YMOELMIONEOM | TaxmM o0pasoM, YTOOH COXPEHANSCEH NOCTOMH-
not pexwmmia Kb YE,-f (K= 28/ ). Kpome moro, rommma d -
Ha OuTe: Hepesoramomoll, T.8. RXOXEHO 00ECHSWHRATHECA YOIOBHES xd;ﬂé’z- 1#3
P=1,2,3,...B srex cxyvae BOSHEREOT NOBMmONHAR (EARTPAIA BHOIMX
TENOB ROXH. B HeJOM, MAN0® 3ATYXSHKO OCHOEHOX ROJHH OOBICHAOTCA
SRPOSRDYRMEM NolloTeweM AXIZOKTPMIOCKOrO CIOH, 38 CIET KOTODOrO
FMOHRMGOEOA IDOROMBMMG TOXN B METEJUMYSOKMX CTOHRAX.

Puc.2.16. IpAMOYyI'GIBREHA BOXHOBOX C
MATeJAHCHEME CTOHKSME (CTDYRTypa HO-
HOPETROTO COTSHUA)

Tadmma 2.5

5 Pasuep Hotep, ZB/M

3 ORReHNN,
ITx Boma Hy, BouHA LMy
30 72334 0,017 0,005
60 72x34 0,02 0,001
30 x4 5 0,012 0,002
60 0x45 0,015 00,0005




B radn.2.5 DpUBONOEH RAHHHS O DECYSTERX Xowspxr HIC,IoRywes=we
w3 rpafuxos B_[186), 7ne mommerunxewa ¢ &, = 2,3; '?'s 5e
(do= }ayE-1).

lIponejoBHEe USMEDEeHAT [1‘86_] RBORHOBORR DAIMEDRS 7Ix34 ‘2 na
) = 8 v name yMemmme:nme moTeph xuA poxmy Tame LMy B IO pas mo
CpaBRGHIN ¢ BOJEOE Hyp. B BOMHOEOK® DassepoM I_0x23 e o e
NOJMOTHNCHA HA Y3KUX CTeHKaX ToammHoR (0,55 MM ITONyYesH DOTEpR -~
0.03 zB/m min eomm LMy, = 0,74 xB/M mx omm Hy;.

Virrepec x mpuMeHeHWD BAC ® ARCTOANES BPOMA SRATETEARHO BOYLOC,
A H& ¥X 0cHORe PA3DAGOTAH ECMIXENT SXNeMOHTen BOIHOBAXYMEI'C TDAKTA
[ 189,389] .

2.2.4. "VHTerpenerNd moswoBOR”

L7 ZOBWMOHMS WIOTHOCTY WHTOTDAALEHY CXOM 33 YT YCTDAHONER
HHTePLEPEHIFORHEX HaMyderult, cosxasaesux JB, upepucweno [I1%0-193]
OOMEOCTRED MET&JUMBYPORATh NOBSPXHOCTE JIB, CO3XAE ‘TeM SHMMM NATOIDAKE~
ayft MeranmisupoparHal B (VB) sexpHTOT'C TENA. H@DBOEAUSXEHO OCEOBWE~
uW STanauy TOXHONOTUE M3TOTOBAeEMA HB (INVATE) Owmu:

I. Harpes JaTveeclt IIACTHRR ¢ yoraHOBJeHNol me Eel mocxs
BHTYORE IMsioKTpRuBckofl pampapudmmel} crpyrrypeld (mpameyroamEorc ce-
“eHAA) . HArpeB DPOWBBORATCA MO AOCTHROHEA AETOSHN C MOTAXIOM M IOXY-
HEHAA 38 CUeT LIACTEIOCKOR MoHOPMAIMY HOXYCHePHIScKOro OUUOMKN M-
DJGKTPAKA. IpX 2ToM HYBONMPOBAXHCH MEPOXOBATOCTY NOBODXHOCTE HH-
SJEeKTDAKA.

2. CepolpeEme HOBODXHOCTH IMSASKTPEYecKol CTPYRTYDH (ryTew ucna-
peHEA coepedpa B BAaKyyMe) C TOCNeNyWEEM SAOKTDOTAMLBHENTOCKNM HEpE-
IIZBAHEEM MO NOBEPX cepedpa. ToumEHA MeAM - HOCROJEEO CEIA-CIO0B.

B narpHefmeM TOXHONOIMA CHEA MBMeHEEA., BMocTo Harpepa CHSLIO~
fue¢ TABASRTIURA ¢ MOTALIOM OCYMECTBELNOCH C IOMOWED KAes (IT1 IOMM-—
OTEN6HA — IMAHSRLANAT, IUiT NOXMCTNDOAS - USPXIOPSTENEH), & cepespe-
E¥e IPOBOJWIOCH ONpHCKUBANHMEM pacrsopamy coxell cepedpa.

VaMepeRAs KOMUOHEHTCB, MBI'OTOBAENERX IO 9T0f TOXROMOTEE & MC~
TONB30BARKEM B KaYeCcTBE IMBACKTDERA NOMACTAPOXA, NOKANANA, WI0 HA
wactore 30 TTu ypobes moTeps cocrasen 0,05 ¥B/A (@ = T000) [I%4-196)

B [22] mumma nmepemaww, moxoOmas HB, RoXyTuia HOIOXATANEHYD
OLEHKY RAX SJIEMOET IACCHBHHX ROMIIOHEETOB, XODOmO oTWFynaziics ¢
orkpuTuMZ JB. B [2] UB ramxe yuosmmaercs cpemx JI, UPIPOIHEX  IIA
zenonp3oBerns B KBY mpanaszoHe.
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T'rnarga 3
TIONIYOTKPHTHE JIHAAY TIEPETAYL

K moxyorepaTHM JEFRAM nepemat® (HOMI) ycxosso oTHecem I, B
O0HOBE ROTOPHX JOKET BOAHOROX C HADAMICJLHEHME METANANYOCKHME CTEHKA-
ME, oSpesoBarME me [ICB I B/&—rew (8 =donsl). DTE HBe mApALISNE-
HHO META/UMIOCENE CTOHKM OKANBANT BAEIEHO HA HACKTDONATHNTHOO IOX6,
KOTOpOe JOKANESYETCH ¥ HANDABMAOTCH MSXZY HAME KEKEM-XEACO CHOCOGOM.
Jie ocTaBmMecd CTOHKE HO CKABSHBANT BIMAHMA Ha PACHDOCTPEHAKMNESCH IO-
Jie H BHOONHADT JENME EORCTPYKTABHYD JyHRUMD JHG0 BOOGME OTCYTCTBYDT.
3ra ROHOTPYKTHBEAd OCOCGHHOCTH, OTDPARANMASCH, GOBYCHOBHO, ¥ HA TOXHO-
JOTHE M3TOTOBMSHMA, NOSBONLET OPMMYATH Tpyrmy [0 of saxpHTHX X
oTrpuTHX JII, XOTA $opMaNEHG, B cooTsercTRAM ¢ [I19] , IONI cremoBaxo
04 orHecT® X OTKpuTHM M.

K 0OII Boxex sa [I3] ormecer mpexie Beerc pPAX TEmos III, mpx
paspadoTEe KOTODHX OfTONKHBAUMCH OT MOLENH BOAHOBONA C HMADAIXOXBHH-
ME CTOoHKRSMn, KpomMe Toro, B 5Ty IDYINY BRINYEHH HEKOTODHE APYTHO
CTPYRTYH, KOHCTDYKTEBEO DONCTBOHHH® MeXXy COCOof, XOTS SIGKTPOMATHNT-
HHO yCIORMST ¥X JyHKIMOHEPOBAHUA DASIHMYADTOA.

3.1I. NI Ba OCHOBE BOMHOBOAA ¢ MAPALYQESHHME CTOHRSME

THIH BOMH, XapaKTeDHHe LS BOAHOBONR C HADANAONBHHME CTOHEBME
(BOC), - oro mpepessmHe THIH oA IICB X EX CHOKTD ABALETCH NECKDST-
HHUM B HAND&BNCHWE, NOPIOHNAKY/LIDEOM CTEHREM, ¥ CILIOMEAM — B HAUDAD-
JOHWA, BADLANGNHHOM CTOREAM. OfH2 H3 TakAX BONE, UEDOXENLEAS RAS BOX—~
M Hip ¥y ICB, oG1auaeT BJNEKTPHIOCKAM NIGNEM, ROYOPO6 HATPABNGHO UADAN-
AeKBHO crerraM ICB, Jiua sToff BOMEHM sarTyxaume o B POCTOM SAOTOTH
yMeHsmaeTea (1I0M0GHO BOMHE Hyp B KCPB) mpm mocTosMEO# REEAYHA® DAC-
CTOAHAA MOXEY CTOHERAME "a" (IpoXONBHHO TOME OYCYTCTEYNT). i3 Rocra-
TOYHO KOPOTKEX IIYE BONH }o 3Havemme ol  mpAMO HPONODIEOHANEHO

]\o “x o0parTRO IPONOPIMOHANBHO al (caygail cBOLXpASMEDHOCTH HHA
raxoro tuna JI}. OgHsKO DOCKONERY DACCTOAMAS MEXITY CTOHKAMA BOJHCRO-
s a = c)\o s TC B-pesgasrare of  IDAMO MPOITOPIEOHEASAO };‘y" R
XOTS YPOBEeHS GOTSDH BCE DABHO OCTAOTCA HRSKIM.

Tax xax Ha npaxTHke peamusamuz BlIC BOSMORHS JEWRs TPE XOHeTHOX
BeJMIAHe "B", UTO BHSHBZST NOTEDE HA W3AYIOHHE BIOXE CTEHOK, TO G
HavaTH ToucKy pememEl, yCTDaHsREMX DTOT HOHOCTATOK ¥ COXDAHANNEAX
TAKNO TpeNMyNeCTBA, KAX HU3KUEG [OTORY ¥ OOVnIMe TACapUTH [IJ . OTH
poleEMa CHJH IMPEYJIOReHH ¥ 38NMATEHTOBARH B ISS2 I'. B BANe ABYX Bap#ad-
108 — H-Boz # ZeaoOxoBu¥ BoaxoBox (I97). Inmrenthoo Bpews aru MM 3
UpEBACKa/ PHEMAHNA COOUZamMCcTOB no KBY Toxmuxe, ¥ JuWIL BO BTOpPOR
moJ0BMES 70-x I'OX05 EHTOpec CYWeCTBEHHO BOSPOC B CBMISH C IOKCKOM
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SEOHOMMIECRY sdferTEBHuEX Il F1A KODOTKOBOMHOBOZ vacre KBY manaso—
Ha [I6] .

3.I.I. H-Bogp ( He-guide )I)

H~Bop, (HB) mpemcraBiageT codoff Jpe NapalieibHHS METaLIMISCKES
IUIOCKOCTH,, MERIY KOTODHMA NEePHesNAKYAAPHO IIOCKOCTAM SAKDEIIeBa
MepeMHYKa B BUN6 OPAMOYT'OJNBHOR LIACTHHX® M3 JUSJEKTPHKA. IX5JA6KTDHE
CHAYRHT Jifi KOHIOHTDSIWE SHOPIMH pacipocrpansumedica Bomml. Ha
mc.3.] naHa pacuernHad cxema HB, a pasmommmHocr® orolt JII mpexnoras-
JeHH Ha pEc.3.2.

Orusuero [I6) , uTo B ABYX- # wmorocnodmux sapuanrax HB Zomos-
HNTENABHAR BHODPI'HA DACIpPOCTPAAASTCHA B BOSAYWNHHX 3330DaX HEeXIy CHOAMA
0e3 YBONWUSHWA AMINEKTPWUYECKUX MNCTEph, UTC ARET CHUXOHMe OOmMeTO 38—
TYXaHuA. BO3MOXeH BapHAHT ONOMCTOTO NMBJEGKTDAKA, X6 CIOH U3 OKCHAA
S8NNMUENA NOPeMORANTCHA CIOAMM M3 MOHOMOAUCTHDONA, YTO TEBKES CHUXAGT
MOTEpU MO CPBBHOEMK C OZHODOIRHHM CN0SM I#SJEKTpURA paBHOl mpomunae=—
MooTH. Buy Texme uccnenoBaR noxasaHmu®t #a puc.3.2B BapuaHT HB o0 38—
uMennAwne®t cTpykTypod W2 BePTHMKANBHO DACNONOXOBHNX MOTAANUYSCKUX NO-
JA0CcOK, 3BNeHANHEX onoft ZMoNeRTpMRA. OKCMEpUMEHT NOKasal, YT0 y TEKOTO
BapHaHTa 3aTyXaHMe CYNECTBEHHO BHIG DACUETHOTO, '

Torasano [I] , wro B HB MOIYyT DacHpOoOTPAHATHCH I'UCDHUHHE BOJHH
% BovmHa H, a BosHa E He pacmpocTpanserca. Boxna H, mmes ﬁfc =0,
ABIAAGTCA OCHOBHO#, HO Tax Kax y Heo CYMOCTEYeT COOTABIANMAA HOJA Hy,
To 5T& BOMHA CO3NEET NPOROJNLEHE TOKM, KOTOPHO BHSHBANT DOCT HOTDD
C YBOJMIGHESM YACTOTH. SaTyXamwe 9Toff BOJHH CPABHEMO C -DATYXAHEEM
B IICB.

Trépamiie BOMHH LeJATCS Ha XBa Tuma ~ Hg (Ey =0)n Eg (Hy = 0),
Es He CO3ZAeT IPONOJBHHX TOKOB, NOSTOMY nordM B MoTalle yMeHEIADT-
CZ C POCTOM 9ACTOTH., OCHOBHASA COCTABNANNAA SAGKTPHUOCROTO noad E
mapaLteNBHa CreHKam HB, mpydeM MHTEHCHBHOCTS NOAA B HANPEBJGHME Y
CIAjaeT 1O YKCHOHSHTS, K IpA XocTarowHoll HIMHO CTOHOK W3NY4YCHHA HE
mporcxomuT. Juarpamma MOJNA BOJHH Es nokasaHa Ha prc.3.3. Baryxa-
H¥O BOJHH Hs 3HEYNTENLHO BHNO K3-3a BO3CYSHEHVS OTPONOMABHHX TOKOB.

Dk COXaJIeHNR, W3-3a HECTPOr'oro mepeBoga 3a sToft JII B oTevscTBOHHOM
JATEDATYPS CTAN0 SAKDENIATHCA Hassamye "H-BosHoBOX" [9,14,18,32],
9qT0 BH3HBAOT TOPMEHOJIOTMIOCKYD IyTAaHMIy B ofmxone ¢ H-0CpasHHM
BONHOBONOM, ABJANGEMCA HEEyXTpeHeBoll momsfmramueit IICB (oM. [19]).
IIpenIaraeMoe HasBaHYe , KOTOPO® HYRHO IPOHSHOCUTB "amBoz", doase
CTPOT'O COOTBOTCTEYeT OPUTMBANY U HOSBOAAST X TOMy O OTJMYATE BTY
pasgopunrocTs HIC or .uq;mememloro‘ H-sosmoBopa (cM.pasgen 3.2.1I),
TOOPOTHYSCKY DPAOCMATDHEBROMOI'O KAR DaSHOBEMHOCTS JB.
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Puec.3.1. H-Bozi {pacueTHed structure
oxems) [I] ¢ I - meran-
NMYECKK® WIOCKOCTH; 2 =
ZNBASKTDUYECKER NAACTHHA metallic
strips
1 B)

o\ -ori-o- Puc.3.2. Pasnosuanoc™s H-Boma LI6]:
2 a- nnxxcnoﬁmm; 6 - uMHOrO

b | A aictectric cAglENR; B -~ ¢ _uBTANNHUBCw
jdiete kol sawvexnawme#t crTpykTypol

‘\J\\\ N \\4\\\\‘
j‘l \ K\ “\\ \\
ol=\e groove
L\ o
. Puc.3.3, llnars)auua nonst E n H
f~ o 4-§ 8 HB n ¥B [IG
d E
b . J\\ N /N e ﬁ'
. conducting I - NpOBOZAUME CTOHKU; 2 — AMI—
HB B nexTpHUSCKAR NIacTAHA; 3 - xenodo@

Bossw Es A HS,B CBOD 09Y6DSNE,pasyeIADTCA HA KB4 THIA -
CHUMMSTDIYHHE X AHTUCUMMOTDUOYHHE, B 3aBMCHMOCTH OT XapaKkTepa CHM-
MeTpRM uUOJel# i COOTBSTCTBSHHO OTHOCHTONBHO IWIOCKOCTH ¥ = O.
TlockoNbKy NONE3HOR AMA MCIONb3OBAHMA ABNAETCA BOAHA Eg -cuM, TO
ReJaTeNbHo OT(UILTPOBATE OCTAJIBAHO BOJHH. [I0J9BMTE BOJHH Es -acuM
n Hg -cuM MOXHO BBONSHAEM IO OCM IMBJAGKTPUKRA B ILIOCKOCTZ ¥ = O
TPOBONAEr'0 CJNOA, HO MOMABETH H's ~aCWM TAKUM CIOCOOOM HONb3SA.

XapaxTep nomegeHud BOJMH Eg —cum 7 Hg -acum MORHO HDOCIOIHTH
no pac.3.4, THe KaHa saBucmMocts mapamerpa T'=[Mpo/Ra)”t (A %\g)l
OT oL/)«o ILug pasHHX 3HAdYeHuil 57, I¥BISKTPUKA, T.8. JaKTu-
YOCKY ONPSHONAEGTCH CBA3H MOELY d u i‘g . g Ooursimx d,/}o b1
oGe#x BomH T-1 —» é,,j s ¥ BCA DHEDI'WA DAcCIPOCTDAHAETCH B JABASKTDH-
K&.
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C yMeHBUEHUEM d,/}o (mns Hy -aCuM) 2Ta BEJUMHS CTPEMATCHA
x I/2 \ &,-1 ,ar0 omperiesser KPETHIECKYD LMKy BOMHH A= Zd,({'- 4)"/2,
I Ay 2 M cHAN IOXT BRONH CTEHOK MEpecTaeT CHTH OKCHOHeHIWANb- .
HHM, ¥ BO3HUKAeT U3JydIeHUS.

Ina E.S ~CHM yMEHbUEeHHue d,/ Mo CONPOBORNEETCA POCTOM M uB
mpegenie A, —>oo . NloaToMy mif Bcex A, BoiHa E g —CHM He HNeeT
Y3JydeHnd Yepes 3a30p MEKNy CTeHKaMH,

C mpucmakenmeM fo—> A, T — (rbi‘c/za_)z', 9TQ MOBBOMAET OIpPe—
mesmrs smavemme CUff;  Zaa pasmix Bemrmr &, , & 3aTeM paccw-
Tars /\c . PacusTHHEe 38BMCHMMOCTH HOTEDh B METaJJe M B NUSJEKTPU-
Ke OT IUIMHH BOJHHM NPOTMBONOJIONHH IO CBOBMYy XaparTepy (pacueT chesaH
IUIg ITPOBOIFMOCTE METaJJa 107 Cu/m n é‘é = I0™ nuA AM3NeKTpHKA)
(cm.puc.3.5) . Odmas XapakTepUCTHRS TEOPeTHUECKOT'O YPOBHA HOTEph
Ha BOSIYWEHX ygacTkax HB no cpasnerun c IICB ¥ BIC nasa Ha puc.3.6.

1 BHCOKMX YACTOT IOKASATeNb NOTEpPh B JUOJNERTPHKE ONpPEeXesIieT-

cfl BHpaxeHHEM %
% .
oL, * 8,69 —f—ol tad;, i/,

a TOKasaTeNk HOTeph B MeTawle (miA JMKCEPOBAHHOTO pasMepa "a") -
BHDARSHUEM

Ay zg,eg/\o%, ZE/m .
&

PacueTHHe 3HaYeHMA CyMMapHHX IOTephk B HB mo kpafine#f mepe B
3 pasa meHrmle morepk B IICB [I] . C yBesmdenwem "a" moTepu B MeTai-
Jie yMeHBLNAwTCA [IPONOPUHMOHANLEO & -, ¥ HO3TOMy B cBepxpasmepHoM HB
TOTePH ONpeReNANTCA TVIEBHEM O0CpasoM NHOTepAMA B TUBJICKTDHKE.
PacdeTHHe 3HAYeHNd DOTeph ¥ CTAHIADPTHOTO ¥ cBepxpasMepHoro HB
TIOKasaHwd B TaGn.3.1.

Tadmua 3.1

loreps (uB/mM) wa somse A (mm)

Tomr HB 4 2 B 0,5
CranmapTHUi 0,75 I,7 5,5 15,5
CBepXpasMepHHi 0,I5 | 0,3 0,6 1,0

JKCIepAMEHTH C KOHCTpykrmamu HB, nmpUBemeHHHMZ Ha puc.3.7,mOKa-
3aJ@, YT0 BHOODOM COOTBEeTOTBYRmER TOMIMHE IMBJIEKTDEKa U TIAYCUHH eTo
TUPOHAKHOBEHEA B METAUMYSCKUEe CTEeHKH ( d,, i d.z Ha prc.3.7) MORHO
TpaKTHIecKy OdecneduTh ONHOBOJHOBYD pacoTy HB ¢ GospmmMm 3HAYEHMAME

a/ ]\o , IpaBHa, TIyCaHA meJoCRa BIA (mrcalyi IUIACTHHKH U3
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Pue. 3.6. CpasHenye noreps HB (B BO3-

ZymHolt oGnactu), TICB m BOC, [I6] .
Morepn:el, 3 HBj{ B MBC; oL, B BIIC;
p - moxasaTexs cnaza MHTEHCHBHOCTH
NOJA BHmE M HAKE XUBJIEHTDHKE,

P =1 zas cnazga 8 I Ho/u

2

Puc. 3.8. KomActpykoua HB, msrorTos-
aexnan amrsew [I67.
I - meranamauposarses no-
BEDXHOCTh; 2 - NK3N6KTPHUK
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Pue, 3.7. Koncrpyromm HB

[13]

Puc. 3.9. Nonosmagaruit HB [I]



FT2JEKTPAKA BeCHMA KDUTHYHA K 0CSCHEYSHED ONHOBOJHOBOTD DOFEMA
[8,13,198] .

Yrayuwenun PUABTPAnUM BHCHMX MOX M CHUREGHMO NOTEDPE CMocOOCTByeT
MEOTOCIORBOCTE IMaXeRTpHIecKoR miacTuRrE [I6] . DoxOBHe cremxy HB,
IapajUIeNBEHE JE3JICKTPAKY ¥ HAXOLANMECA oT HeT0 HA paccroamMn 2-I0A,.
IPaAKTHYECKE He OKASHBADT BIMAHUA HA DacUpeeseHue HOJAA B OGNACTH
Imanerrpura [I3) .

Omeo #3 mpemoxeHM IO TpaKTAIECKOMYy KOHCTpywpoBamup HB cocTod-
JO B OTJMBKE 3 JHBJGKTDEKA Kapkaca HB (IesMKoM WM ¥ IBYX DaBHHX
cTHKyDOExca gacredf) ¢ moclemypmedl MeTawmsamme#l COOTBETCTBYNEMX IO-
Bepxaocrelt (puc.3.8).

JlaHAHX 00 U3MEPEHAHX BEIMIMHAX HOTEDPh CPABHETENHHO MATo.

B okcnepmMenTe ¢ Ao = 5,5 MM LIT a = 4,78 mM, d = 14 mM,

8.,: I,0I mosyueHo saryxamme 0,65 xB/M. Ilpw yBemmdemmu d @0 20 MM
moTep? yBedmdwmch mo 0,87 nb/M, a mpg Q = 9,56 MM IoTeps yMeHb—
maiEch 1o 0,42 nB/M. DTH BesMuMHH NpRGIESHTENBHO B 1,3 pasa GoJbme
pPacyYeTHHX M3-3a HeyYeTa MEepOXOBATOCTH IOBEPXHOCTH MEIHHX CTEHOK.

B pKCHEpEMEHTe C HAXDOMOBHMA CTOHKAMM ODH MaMeHOHHM A, B Ipemesiax
6-I1 mu moTeps usMeHEAammchk oT I,05 mo 4 ub/m (sHawemms B I,5 pasa
OOJIENe PACIOTHHX) [I] . Ha 80 ITg mpy O = 2 ¥ 3 MM OHJIO TIOJyYGHO
saryxamme 8 xb/m[4,198].

OrmeveHHas BHIICG BOSMOEHOCTD PUABTPANMM MEIADIAX BOJNH ¢ NOMOHBD
TpOBOAAWETO CJOA B IWOCKOCTH ¥ = 0O, HamMdie KOTOPOI'C HE OTDARACTCH
H8 TIOBENEHWE BOJH Es —CHM, Hs-acma % H ¢ anTHCEAMMETDUYHHM pACIpe-
TeNcHUeM Hy, TOCHYEANO OCHOBOR KOHCTDYKIME NOJOBMHYIATOTo HB, KOTOpHIt
AMEeT KOHCTPYKTWBHHE IpeuMymecTBa Nepell craHmapTHEM HB (prc.3.9),

B JACTHOCTH, OH MEHBNE II0 pasMepaM IIPM PABHNX IOTEDAX I IepernaBac-
moft mommocTa [I] .

Bre omHa mpemcTaBiANmas XHTEPEC KOHCTPYKIMA CBEPXDPA3MEPHOTO

ONHOBOJHOBOTO HB morasasa Ha puc.3.I0 {I99] .

Pmc.3.10. Bapuanr cBepxpasmepHoro HB
(CTpYRTYpa IONEPeYHOTO CEeYeHnA) [I99]

THOIIe TYIH BOJGI BHTEVAKT dUeped OTBEepCTHEe MeEJy CTEHKaMd CBEpXy, a
HURHAA MeTaLL iecras MepeMHura, YUDOUHAIAA KOHCTPYHIM®D, yIaleHa OT
mZ3Ne¥TL#Ya, IT00H HE YBMUMBATE IOTEDH. YCIOBME OIHOBOJHOBOTO
“HEIMA. OPENeINAETCH COOTHOMEeHMeN
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n<a K- K <2r,

h - mocrosuuan DACIpPOCTDaHeHUA BOMHHM E B mEajexTpEke Tommauod d ;
K,~ mocrosHHas pachmpOCTpaHeHMA B CBOGONHOM IPOCTDAHCTBE, C yMEHEme-
mteM d  h ~ K, u BospacTaer NomycTEMOe 3HaueHwe "a", WTO UDHBOMET
K YMOHENeHED 3arTyxamus. Jna mmsnexrpura (reduon) ¢ €,= 2,08 m

& =2,04 - 104, Kd=0,Iu §= 200 ITu pacvers navr
BeJITIuHy moTepd 0,5 AB/M.

' Yemex mpumenerms HB 3aBMCHT OT BOSMOXHOCTH BRIDIGHAA B TAKYD
CTPYKTYPY AXTHBHHX 3J6MeHTOB. Cnocol BRIMYEHMA JUONOB B HB, mOKa-
sanHHil Ha puc.3.II, cuwTaercAd JOCTATOYHO NPOCTHM, UMPOKO TpPAMEHSe-
muv B IICPB [16,200] . OTcyTcTBME HPONONLHHX TOKOB IOSBAIAET JAGIKO
CTHKOBATH KOMIOHEHTH Ha HB HpyT ¢ IpyToM.

B mesoM ®me. peSyJBTATH TEOPETHUECKMX ¥ SKCISPHMEHTAIBLHHX
ucercpnopaHnit HB mamT OCHOBAHMe DACCMATDWBATDH er'0 IPesHe BCEro
. TepCOeXTHBHYD uiepHyn JuHED JII, 0Co0eHHO B ee MONA(MIMpOBAH-
HOM Bapmaure (cM.pasgera 3.I1.3).

3.1.2. BemooroBuft BosHOBOL ( groove-guide )

Hesmo6xoBHit BosmoBon (HB) Amiasgercs eme ONHUM BapuarToM HIC,
openoweHHHM CoJlee 30 JeT Halsal MOYTE OFHOBpeMeHHO B CHIA ¥ fnoHEH.
OH COCTOHT U3 EBYX HapaIENbHHX METAUMUSCKNX IJIACTHH C COOCHHMH
7 HalpaBJeHHHMH IPYT K IPYTY EeJNOCKaMU IIPAMOYTOJHHOTO HIM TPEyIOih—
gHoro ceuemma (puc.3.I2). AKTHBHHe UCCHeNOBAHRA EB BeNyTca ¢ Hagala
60-X TOoIOB [IG,ZOI,ZOZ] , OTpdyeMm IocJNemHee BpeMsa mHTepec K IB 0cO-
GeHHO BO3POC B CBABK C OCBOSHMEM KOPOTROBOJHOBOR wacTn KBU mmamaso-
Ha, KOrI2a BHABWMCEH TOXHONOTHYECKEE CJIOXKHOCTH UCHONb30BaMus H3 mis
3TOr'0 ydacTka crexrpa KBY.

HccaenoBai®a cBolicTB EB ¢ IPAMOYT'ONLHHME XEJOGKAMI IPOBOXANECH
C LOeJbY ONpEeNeJeHHs ONTUMANBLHHX BEJHYMH OCHOBHHX DaSMEpOB BOJHO-
BeIyuero KaHajia, OGeCHeuMBaIiiX MaKCHAMAJILHYR WCTOTY OCHOBHOI'O
padoTero TMma BOJHH Hyp. CTPyKTypa moJs Hy nmorasasa Ha prc.3.30.
Ilpn nonommTeNIBEHOM YCJIOBME MEHHMMANBHOCTH IOTEDh cHAaYaNa ONTIMANhb-
HHMA GHJI MpUSHAHH cooTHomemma C = 3} , A = I,5Q,1 =A, H 2 IS}[3),
3aTeM 3T 3HAYCHNA G yrowemu: C =30, A = 1,2) , A= 0.9} ,

H > IS\ |203] . Lng 100 ITx pexoMenmoBary pasMepd C = I0 MM, A = 5 m
I=23,3m, H=280m [204] .
OTcyTcTBIle MUBJEKTPUEA YMEHKUAST IOTEeDd, HO HeOOJNBNEE IPOROIE-
HHE TOKA ¥ %eJOCKOB BHOCHT BCE K& HEROTOPHE HNONOJHHATEJNBANE HOTepH
[IG] . O0miff ypoBeHBb DACYeTHHX IIOTepEh B B3aBICIAMOCTE OT /l opn
PA3HHX 3HAUEHHMAX C IprBeleH Ha Drc.3.I13. JKCIEepNMeHTH IOKASaTH,
yro Opy C = 10 MM & /\ = 3 Mv morepu cocraswm 0,7 nb/M, & OpHE
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Puc. 3.II, BrimueHwe ZnozoB B HB [}6]. Puo. 3,12, XemoOrosuft

I - 3axopouernHan cexmug HB; 2 ~ mpo-
ZOMBHAR WeNb; 3 — ZAMOZ; 4 - newarnmas

BONHOBOZX

naara; S5 - noXocka; 6 - BHXOZHOR cHr~

HAXl
1
/
imMm
! 2MMm
Smm
10
10mMm
’a-z L. L 1
H 4
Almm)

Puc., 3.13, Moreps B ®eROOKOBOM
BONHOBOZE [8].

I - paccrosHEe MOXZY MeTalIM-
QOCKANH NJIOCKOCTAMA

Prc. 3.I4, BapmaHT KOHCTOYKIMU
XeT0OKOBOr0 BomHoBoZa [I6).

I - raitga; 2 - wnMaABERA ¢ pesE~
Golt



C=4mz }=1/3 w4 pexrmma moveps Gaxa I4-20 x5/ [4,5] .
JonoxprTeXbEHe HNAHHHNE DAcYeTa OTPYKRTYIH Doxsfli OCHOBHOR ¥ BHOMMX
TEHOB BOVIH B KB C NpAMCYTONBHEHM XEMOCKOM, 4 TSKES BOMAINFH KpPATA-
JeCKEX TJACTOT, BOJHOBOr'O CONPOTHBIGHEEA ¥ RooPMIMeHTa SaryxaRHs
OpABeXeXH B [ 05] OpE 3TOM ONMpexeNeHO COOTHOUIOHES MGKEY /\ i
paamepaMit ¥B, oCecHedubanmee MWHEMANBHOe 3aryiasde. C yBeIEUYcHHGM
pasxerpa RONOOKRA SHAYEHHE ,3\,‘ YBeINYEBASTCH, HO BO BCEX CIYIAHX

{4(J+0,5 C). PesyanTaTi SHAJNOTHIHHX XCCAsHoBamME paocMoTpend
B 2’82 ,208] .

BOSMOXEOCTH YMOHHHSHHA IoTeps B HB deia odHApy®eHA UpH LEpaxo-
He OT NPAMOYI'OALHOTO K TPEFTONBHOMY EeNOJIXY [203] . Tarofi mepaxoy
cHmSEA morep® B B Ba 96 ITn ¢ 0,74 %0 -0,32 XB/M. DRcmepmMenty npo—
BogEmEch 02 C = I0 w J2 v m ]| = 2-6 i, Tpeyrcibaufl XeloGORK X0~
POWO TDORABJAST EHCEME THOH BOJH, HDEYEM ONHOBOAHOBKY DO¥EM OCYmMecT-
BAAOTOA ¥ UP¥ OpTOrOHAJNBHOM BoSOymuomex XB ¢ TarkEM xefoCRoM. Mxes
GPEMEHOHNA TPEFI'OJEOrC EeNOCKA OXASAXACH BECHEMA IDUBISRATONLHOR,®
EB ¢ TaKMM ®oXOOKOM OHI IONPOCHO ncemogosan X B X guama3cHe OpE
COOTBOTCTEYNMEM K3MEHEHAM Dasmepos [20I] .

DHne uccnemoBaHA Tawke CTPYRTYPS BB ¢ XBYMS BeNOCRaME, ROTODaZ
MoxeT padoTATh HA CHMMETpEYHOZ Fyp M aHTACMMETDIIHON HI2 TRILEX
SoqH. Hzydaimick RpUTHYIECKAT IJMHA BOJFH, (A30Bag DOCTOAHHad, CHAaX
BOJHH ¥ OTKDHTHX KOENOE XB B 3a8MCHMOCTH of Bear®eH C, lpx pas-
JETEY HA30BHY HOCTOAHHHX IPOECXOIET NSPEXoX PHEDIYE ¥3 ONHOr0 Renol-
KA B Apyrol npE OXHOBDEeMEHHOM DACHpOCTPAHEHEN NBYX MOX pasHol
aMILIATYH .

Pacyernuf ypoBeHP 3aryXamua IEyxmenolxosoro IB orasaucs IpE-
CIMBHTENBHO HA 20% MOHHIC, J6i J OHORENOGKODOro EB [207] . Lo
zemeM {I8] , pacyeTHie 3HAYEEAS NOTEDPh ¥ KEYXKEXOOROBOE CTLYKTYDH
cocTaBas® Ha 75 ITm 0,05-0,I1 xB/m, ma 90 ITw - G,05-9,09 aE/M,
ra I50 I'T'r - 0,07-0,08 z5/m, ®A 230 I''t - C,07-0,08 z5/M. 3menepmisie
Aa vacrore 100 ITO ¢ ¥COOWS30BLEMEM IRYXX&MOOROBOID IB ¢ pasuepamy

C=10ms, 4 =5mm, £ =2,5mm, H= 80 My 7 paccrogaras MoKy
zexolraMz § = 5 M 414 ponm Hpp nax sHAavesMe moreps O, 5 XE/M, 9To
B I0 pas Goumile PAcYeTHOYO 3HAYUSKEA M N pUIANSETSNBHO pa.mio SKCHe- -
DHMECHTANLIHM NTOTELAM OJHCREAOGKOROrO AB.

OmpH U3 BAPHAHTOB KOHCTPYNIHA XD ¢ NPKCOOOOGIOHEAMA KU CTH-
KOBK® IpZBEeXeH Ha puc.3.I4. Opegioxen Tarxe crocol Buegenua B i3
T0MYIUPOBCEHEKOBOTO THORA, KOTOpHH SarpenagerTcs 8 CTopXHe, 8 pacnpo-
CTPAHANNESICE BOMHA B3arMOKeACTEYST ¢ IEOXOM C NOMOIGLD IEREHIPEIEC-
xoro pefaexropa [8,204] .
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B mpacroammit mMomeHT IB pacneEHBASTCH KAXK BECHME HePCOSKTHRHAA
JUI pue maanasosa 100-300 ITo. IIpocToTa KOHCTDYKIEE, 0BOGONA KO-
TYCROB OpH OTHOCHTEXBHO CONBNEAX pasMepax, MajHe OOTEpH H MIPOKO-
DOJIOCEOCTE, MaX2d MACIePCHA, NeIROCTH CTHKOBKA MERIy OTLENbHHMZ
yazams M u c [GB, yxoOHOe LOMINUEGEWE K THPOTPOHY, BOZMOKHOCTE
HOOOMBSCBAHAS B Ragvecrse muepHoft JuHw® ¥ Bis pPA3paCoTRE OTBETBE—
rTexell, arreHmaropos, KETEKTOPOB, (daszospamarTeief HOBOXBHO ENAHOXYW-
HO paceMaTpHPapTed Xar faxToDH, CTHMyJEpymuEe paneHefume mcormeXo-
Bawks EB, HECMOTDA HA HEROTODHe npodnemil NMPEKOTBPANCEEA YLOIIH
BOJHH HA H3IW0aX X HEONHOPONHOCTAX [4,5,8 9,13-16,18,24,32,124} ,

3.1.3. Orpaxpamopef Bomgﬁon ( fence~guide, modified
H- e

Orpazmammmit BoXHOBOX OHY HPENTOKEH B KadeCTRe MOMZIMIMpOBAH-
Horo Bapzanra HB (MHB) (pmc.3.I5), KOHCTPYHOER KOTOPOTC MOBBOLAST
CHESHTE CTOAMOCTH ZST'OTORJNeHEA [8,208] . OCHOBHO# THR BOAHH pacupo-
CTDEHTETCI 10 NMOBEPXHOCTH NMYNECKTDHEA MERNy EByMA paNamw mrupeft,
ROTOPHe ee OTDUmORT, B DOIYALTATE 260 WHTEHCABHOCTH HOJA 34 Hpe-
Hename wmrHped o IOPE30HTAM X BePTHEAX® yMOEbmaercH Ha 40 aB.
OrcyTCeTBEe MPONOJNBHHEX TOKOB HNO3BOVIAET COOGHDATH COXhie y3JH I3
sonyneit Ha MHB Ge= pasiemMoB ¥ {uraunes MeTONOM "IoMmHO".

Bo BTopol mouoRZHe 70-X I'OXCB B OCHOBHOM DaspaCaTHBAMECE DAS-
JHOHEe TACCHBHHEe KOMIIOACHTH Ha MHB B mmemazome 30-70 ITu, a 3aTeM -
CTAXA HCCHEROBGTECA YMH ¢ QKTABHHMA DJICMEHTAMM, B xavecrse mm-
SJIGKTPRKA HPeRIOECHO ZCUHOIB30BATH DEHOINACTH, YTO FCTPRHAST CIOK-
HOCTE, CBA3AHHHE C NHOSOMKAME IDX BHdpammw. B TexHuwe MHB yzarocs
H3TOTORNTH Hemenwl mpResnmyx KBY nwanascHa 7 DAX NPYTEX KOMIIOHEHTOB,

Pacyer MHB amanorwdes pacdery HB. DRCIePUMEHTAABHO OIpeNeJoHH
ONTAMANBHES pasmepd MADB, XoTopHe cIeXy:umM o0pasoM CBA3aHH ¢ pa-—
Goteft ymmoft Boxmy A : rommmma XmeaexTpmra [ = 0,083} , meamerp
wrupa  d.= 0,06f , paccroaEme Mexly uTHpmME S = 0, 77, odnas
Aamuaa mrHpe L = S0 . B RAYeCTBe AUMOAGKTDUKA I JHANasoHa
26-40 ITu peroMeRIyeTcHd HeHCHGCHHECTHPOIN. Pactxemoe 3amanna cocTas
azer’ 0,01 AE/} , BomsoBomHast IWIMRA BOJHH = .

UsMeperHoe aaTyxame 0,0I8 KE/A H2 35 3 3 pasa Gosrme,
geM y [ICB, B 2 paza Mexbme, 4eM y JiB, B IO paa MeEbme, dYem y MIX
H m. s

T LA VA Prc. 3.15. Koncepyruan 0B [208]
I - nmonewTp¥vacras nuacTana;
2 - pazH wrHpei

o

Rows of nul



JlGTOMUTAIEEYD BO3WOXHOCTS CPABAMTS DacUeTHHe notep B3 ANl ma

ocHoBe BIC ¢ morepswu B IICB, KCPB, WII,

I n XB aser pmc. 3.I16,

3mecs Xe OTMPYEHH BKCIepWMeHTAaXhimue ncrepd AAR HB m MHB, koromie
veHpme pacuyeTHHX moreph [ICB ® JB cooTBETOTBEHHO.
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Hsrorceprepre MHB He CBA3GHO CO COOKHHMM TOXHONOTWIOCKEME NPO-
TecCaNE H XOPORC SXANTHPYSTCH X YCAOBHAM ME8CCOBOTO NPOMTBOACTRA.

3.2. Nonyorkpuras JIBM

3.2.1."logpemernHA" H~BOMHOBOX
(suspended H-waveguide)

DRpAHHpOBAHEHR Y3IBM mpH yMCHBIOFRH DACCTOARES MOXKY SKDAHOM
B 3epraxsEOR  ILIOCKOCTEN IDeJNOXeRo B [209) pacemarpwBaTs Rar
camocTogrexsmi Tem I - "nogsemenmuf” H-sormoBox (pue.3.I7).

9z JII mpexcrasigeT coCof MONMHTIKY GOSIMEMTH LDEMMyRECTBA
B-Boza » xapaxTeprde jaa J3BM MarHe moTep: B MeTaiIe 38 CYST BBe-
Hemns croes ¢ maxot & 5 » E3CIADYNINX BOUHOBSAyNAR JEONOKTDHIOO-
xaft cTepgKeEs OT MeTAlUMYECKAX NIocKocTed.

Sanrmobedpuyn Quagenmpusecxue .
, CraepMens o :
MEMOARUHCCAUL AN qumaponocmobon
Inpor I - &mynxa :
€6 @moponnocmoBerts
BuHm

Pre. 3.I7, "lompememmuit" H-somacsox [209)

xpen ywembmee¥ foTepd HE HaAyuenue. [lo WHEHEN® aBTODPOB pPaloTH
[209]) , ornazaer HeOOXOmMMOCTH CKieRKM AMSNEKTDAXOB, XAK BT0 Tpely-
erce » W3BM, CAOM AMBAEKTPHUKOB WOXHO NPOCTO CEATH METANAHYOCKNME
nrocRocTAMM. [IPDARTHYEOKH B KAYECTBe U3ONMPYDUHX CAOEB UCTOABBYDT
KOMMeDUeOX®e ANBASKTDHYSCKME MIEHKH, NAAKUPOBAHHH® MeABY.

AHAXNS NEHHOR CTPYRTYDH DPOBOIMNCH METONOM QACTHIRHX 0GXECTOH
® MeronioM sffeRTHRBHOro mapaMeTpa (BarmadT Meropa sdferTzBHO# M-
3MeRTPEYECROE DpoHEngeMocTE). Ha puc,3.I8 HpeXCTEBNEHM NYCIEPCHOHHHE
XapaKkTepHeTHKE “momsemelnoro” H-BOJHOBOZA, 2 er'0 PA3MEDEHe IABHCH- .
MOCTE LOTEeph B MeTesie B JHOJOKTDHKE LoKAasaHd HA puc.3.I9 m 3.20
SOOTBETCTBCHHO. DBBOjISHM6 H3OJEDYROWLX CHCEB CYMECTBEHHO CHUXZET IO -
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Pnc. 3.I8a. PazCmenme aranmagpyemoR CTPYRTYDH
"nmogsemeHHoro" H-BoiHOBOZA HA 4ac-
THYEHe 06macTH  [209]
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TepZd B METaJle, HO IPUBONMT K BO3DACTAHNK IMDICKTDUISCKAX HOTEDE.
Tem He MeHes oOmue moTepwm B sToff JII (h,]d,: 0,6 u 0,8) Bce-Taxu
HMRe, 9eM B OOH9HOM H-Boxe.

3.2.2. Hemsuyuammzi [BM ( MRé-guide)

B padorax [ZIO,ZII]npemomeHo YJCTPaHATE H3JyYeHHEe #h marUoax
U HSOMIODOEHOCTAX, XaparTepHoe IS OTKPHTHX [B, IyTeM pasMeleHud
BOJHOBEIYLIEr0 JURJIEKTPAYECKOTO CTEPRHA MerRIy IByMA MeTa/LmM4eCKuMA
ILIOCKOCTAMM C TaKkuM MaJHM 3a30POM, IOpW KOTOpPOM, B oTJudde oT H-Boma
i1 smogBemeHHOr ! H-BotHOBOTA, 0OJMACTH BHE IHBJIEKTPUKA MERIY ILIOCKOCTs—
WM ABAANACH OH 3ampefeNbHON ANR OCHOBHOTO Tuna BodmH (puc.3.21).

CTpywTypa HOJA B Hensnydammem IBM (:/IBM) 6mmska x [1CB. BaBucu-
MOCTH KOZ(LVIMEHTAa 3aMmelje:lii OT 4acTOTH, HOPMIDOBaHHOH oTHOCHTENB-
HO JacTOTH OTCETHE f HJIBY 7 meTaUrI4eCKOr0 BOJHOBONA, 3alOJHEHHOTO
TAKAM Xe TUBJIKTDHKOM, OJmi3rk (prc.3.22). ONHarO LOJOCH padoTEX
1acToT oTuX IEyX JII, HecMoTpA Ha CJM3KMe HUCIepC:HH, DasJUYHH
(pme.3.23) . OmHOBOMHOEBHI peXWM LOCTATAeTCA B OOIACTAX, OUPaHMYEHHHY
KDUBHME i\o = 2a, ]\31 = 2a N BeprurambHoit ummei a/f, = 0,5
(puc.3.24). MaxcnMarbHoe OTHOmEHZEe BepXHell yacToTH padodero ruamna-
30HA j'u_ X HuxHelt jh BO3PACTaET C yBEJUUEHNEM 6.,/ ILIDJIEKT DU~
Ka.

Ilotepn B HISM noxazaHd Ha PEC.3.25. B Tadn.3.2 mpuBomATCA
PACYeTHHE YaCTOTHHE 3aBUCUMOCTY BOJHOBOXHO! IJIMHH BOJHH 1 IIOTEpPH
ona HIBM =z V3LBM.

Tadmua 3.2

IBM Yacrora,| lnpma | TomuHa Ay, ote

TTu "a vM | "B", MM| MM mb/m

Hemauyd, I5 8,99 | 3,08 |=20,68 | I,02
A5 5/ ) 30 4,5 | 1,54 | 10,34 | 2,46
Ve, 1 ¥k = 0,45 60 | 2,25 | o, 5,17 | 6,10

90 1,50 | 0,5I 3,45 | 10,53

Hersayd. 15 8,99 | 4,50 9,49 | 0,71

| - é/ 30 4,5 | 2,40 4,74 | 1,55
P VE T Ofp= 07 60 | 2,25 | 1,20 | 2,37 | 3,47
90 1,5 | 0,80 1,58 | 5,61
TG 15 5,34 | 2,68 9,55 | 0,93
P &= 9.5 30 | 2,68 | 1,34 | 4,76 | 2,
i a/B=1=,0 80 1,34 0,67 2,37 | 5,54
, 90 0,90 | 0,45 1,58 | 9,55
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Ha puc.3.26 morasan ma3rnd HIBM. OcHoBHO#I BRJIAL B IOTEDZ HA
usrude BHOCHT OTpaxeHue. CHUXEHEE NOTEDd HA M3IUCe JOCTUTAETCH
34 CYeT CYREHMA CTEDRHA B OGJACTH M3IHda, UTo YJAyuHaeT COIJacoBa-
HIe@ IPAMOPO U AIOTHYTOTO YIACTHOB JHHMM,

Ysras nosoca ONHOBOJHOBOJ PaCOTH ¥ BHCORKMIE YpOBEHD TIOTeDE: B
meTtasvre HIBM. nocuaymmmm CTUMYJOM UM BOSHUKHOBEHNA MESH U30JMPOBAH-
Horo HIBM (MHIBM)[2I2], y KOTODOTO MEEXy METANIMYECKUMN NMAOCKOCTAMA H
CTep®HEM BBENEHH MB0JMDYREFE CIOE C 57_, , TprYeM Ezf &y,
(prc.3.27) . Pasmepu VHIBM ompenesapTcd ¢ IOMONMEBD HOMOIpamM (aHaro-
rrudo HOBM) (pmc.3.28). JMCchnepCHMOHHHE XapPaKTeDMCTURH, DACCUITAHHHE
meronoM oddexTusHoR IuUsNeKTPUECKOR TPOHMUAEMOCTH, ¢ TOCTATOYHON
CTENeHBl TOYHOCTH COBMANANT ¢ NAHHHME 3KCUeprMeHTa (prc.3.29).

JKCTIepAMeHTH Ha gacroTe 50 ITH ¢ HCHONBL30BAaHNEM B KadeCcTBe
IMBJIEKTPUKA MaTepuaNa Stycast (éz = I0,5, tgéé’;: 3,8'10‘3) hiezhn' s
BeJWMHY ToTepk 69 nb/m. [Ipemmosaraerca, UTO C HUSJICKTDAKOM, MMEKNEM
( tgb" = IO‘4, MOEHO ofecleumTh yPOBeHE: NIOTeph Memee 3 nh/m.

3.3. Homyorxpurad I ( shielded slot-line)

CTPYKTYpa HOAyoTkpHToll (skpammpoBanxoit) U (IMYN) [2I3) moxasa-
na Ha puc.3.30.
W

e

he Puc.3.30. HoXyoTxkpHTas meieBad
m Za nang {213)

CamraeTcsa, 9TO TaKad BOJHOBeLymad CTPYKTypa Oojee NpPUTOXHA A
paspadorru VIC KBY, vem Bijf. Ha xapaxTep DaCHPOCTDaHEHWA BOJHH
(Bomamay &€ ) OxasHBaeT 3HAMMTENHHOE BIMAHNE HUKHAA METAJIIMISC
KA IJIOCKOCTH. BODXHAA METaMYEeCKas IJIOCKOCTH ONpejeideT dacToTy
OTCOUKN M CHUEAST 3HaueHMe & .., 3 OCOOSHHO IIA Gonmmix W
Imanazon padoTs [ onpemesseTcs CHU3Y 4acToToll oTceuxu, CBEDXY -
4acToTol BO3BHMKHOBEHWA OOKOBOIC MBJYUEHNSA. BOJNHOBOe CONPOTHRIGHHES
B momoce 0-45 ITx ( Zh= 1 w4, h,=h,= I0h) mavenserca or 0 mo
20 O, Tpoxona 4uepes MaxcmMyM Ha dacrore IS5 ITm, XoTOpHit ¢ pocToM

W/Z.h, or 0,5 10 4 ypemmwaupaeTcH ¢ 80 mo 200 OM. Posb MeT&LMIeC~
KX WIOCKocTell HesHAuMTENbHa, 6CJM PACCTOAHNA h,, u hz YIOBIETRO-
paT yenosnn © WA R VEeT & 1. lamuas padoTa TecHO CBABAHA C
uneonorredt B [55] (cm.pasmex I.3) m 3akpHTHX modockomwx JII [214];
ycTaHaRImBas Megly HuMy, HApANy C [523 9 KOHCTDYKTHBHO-TEXHOMNOTH~
YeCK0€ CXOACTBO. Kpome Toro, KOHCTTYKTHBHAEA CBA3E Meryy I u
9KPAHNDOBEHHHEM JlIlB naeT ocHoBamuie AAf srimderys IIB B Ipyilly nogy-
oTrRpHTHX JII. Tem camum sTa Ipymra KoHueHTpupyeT JII, XOTODHE DACHEHH=
BapTCA Kax NepcumekTiBHHe B {BY murana3oHe, ’
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I'mrasa 4
OTKPHTHE VY TEPETAW] JVYEBOMHOIC TVIIA

OTEDHTHE JIAHM TEePSHEYZ JYIeBOJHOI'O (KBABMONTAYECKOT'O) TUIA
HaxXolAT NpUMeHeHNe B M3MEDUTENBHO! ToYHuKe ® DaAMOACTPOHOMUE B
xadecTBe PROEPHHX 3JNEMEHTOB TpakTa, OHY VMMEenT NepHOMMYECKY®D o
HENPSPHBHYD HAUDABJIANMYD CTDYKTYTY.

JII ¢ nepromwdeckolfl crpyxTypo#t (JMH30BHe, SepHaNbHHEe, muajppar-
MeHHHE JY4eBOIH) o0nalepT HUSKAMY HOTEDAMA U MOTYT LepenaBaTh UIy-
qeHMe Gonbinoff MOMHOCTH. JTO HOBOJHO Hoporoi Bmy JiI [215,216] , T.K.
Ipy COXBIMX I'adapiTaX HeoOXOMAMO 0CeCIIeYWTh BHCOKYD TOYHOCTH U3I'0-
TOBJIGHUA, YTO B LEJOM OIDEHWYMBAET KaK AcHoxbsoBaHue stux JII,

TaR ¥ KX A3DOTOBNEHEE OTUEJBIHMA "3axasHeMu” olpasuams.

Ksasmonrngeckue JII ¢ HempepHBHO#A CTPYxTypoi# (mzssyexTpuadeckuil
TpyOIaTHit JyIeBOR) HaXOIAT, HANPOTABR, MUpOkoe IDUMEHEeHNe B W3MEepH-
TeJbHOW ampmaparype.

4.1. Jmusosyil aygeson

MeTON MCUOJB3OBAHMA ONTHYECKUX JHMH3 IJIA KAHAMISAIN SJEKTpoMar-
HETHO{l BOJHH, CIEKTD KOTOpOft JIe®XMT cymeCTBeHHO Huwe cpeToBOf oGimacrh,
BUePBHE OHX NPENIORSH B [2I'?] . HasHavemne JuIH3 -~ NeprONWYECKU
KOPDPEKTUPOBATH paclpefeseHye (a3H [0 CeYeHND Jyda, BHIIOJHAA DOJb
$a30BOr0 KOppexTopa.

Pacder nmapameTpoB Taxoil JMHUM BKImYAET oNpejnesieHme QOKYyCHOT'O
PacCTOAHMA ¥ I@ameTpa, 4 TaKke OUTUMAJIBEOI'0 PaCCTOAHEA MORNY JMll-~
3aMP PV MUHEMAJXEHOM 3aTYXAHNK [I] . Pacuer mpoBomITCH IO CXeMe,
npefcTaniernof ga puc.4.I. JME3a pacmoxomeHa B IIoCKocTH £ = (1,
uCXOmHH}Y $azoBHft HPOHT -~ B IIOCKOCTH £ = -a, 8 CKOPDEKTHpOBAHIM[
PasoBHt HPOHT - B IIocKoCT Z = B. DOKyCHoe DPACCTOAHME JMHM I
paIMyc Jyda C IrayCCOBHM DaclpejeficHUeM WHTEHCUBHOCTH OLDOLNNIARITON

no gopMmyam: 4 2.4 4 2\
- 2y K™Y L ATY
Frhefar 208) (8 225)" (1)
2 2
2 _ a4 + 2 - _L + ré 2
U ettt ety o, (2)
rme K = 2%/}, 1,7 E 7T, - PAIYCH JyYa B IWIOOKOCTIX 0 Wutjutin
Temr 2= O, -2, B, COOTBETCTEEHHO., TOJIMHA JIHSH N3MOIIATHH (10 HR|N
COJMIECKOMy 3aKOHY d, = oL %, Tunza IOMEHA UMETDH IMBMOT|), 1jmmMditindsn i

amMeTp Jyda z,'z,e no xpaitHelt mepe B 1,5 pasa.
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[loTepr B JWH38X IPE PSCHPOCTPAHEHWUE Jy4a BHIBAHH TPOMA IpE-
TUHAMY ¢

1) rmppaxmionHde HoTepE, OCYCHOBJISHHHE KOHOYHHM DPA3MEDOM
JIH3;

2) moTepm HA HOTJONENEe B MaTepsale JWMHS;

3) noTepE Ha OTpamoHEe OT TOBEPXHOCTH JNH3,

Jrfpaxusonylio noTepn MOTYT OHTH MIHAMASYPOBSHH YMEHENIOHZEM
IMaMeTpa Jyda 2@( , lanauneTo Ha JUMHSY, a MBe ApyrHe NpHdYMHu
3aTyxemMa MOTYT GHTH OCaaldieHH OOKpaljeHMeM IOI'0HHOT'O KoAMYeoTBa
JiHs. CBASH MORIY IMaMeTpoM Jyda ¥ DACCTOAHMSM MexAy JMH3IEME he-
JaeT BO3MOXHOH HOOTAHOBKY 3alaufl OTHCKAHAA HaUMeHHNETO IEaMerpa
Jyd9a B GOUETAHME ¢ HauGoJEmAM paccTosHueM (Q+8 ). Vs (2) cxemyer,
YTO MIIIMalbHOe 3HAaYeH!e 'Lé' pasHo 2 a/K, a 13 (I) - makcIMaTE-
HOE 3HAYeHWS (a*G) = 2 a IpA F = a . CucTena JmH3 XOMREA CHTD
rorforaNrHoll .

Ui OmEHRM DOT'OHHOTO 23a8TYXAHMA of MORHO BOONONBSOBATHCA
TpajvKaMi Ha DHC.4.2. [Ipm STOM IV 3aNaHHHX paiuyca JuHSH R X
LVHH BOMHH N, BaTyXamle iMeeT MIHUMAILHO® SHAUSHA® TOJNLKO IDE
OTpeneJIeHHOM DAaCCTOSHUE MexIy JuwiseMz [ . HosToMy nocjie BHGoDa
MATePHANs B DANAYCa JHHSH MOKHO OUDeNeNMTh 3Hsdemua L # of .

Budop maTepmats JwH3, 0CO0eHHMO VI IUMH BOJH Kopoue 0,5 mM,
BOCEMa 3aTDYRHATENEeH na3-2a GONBNONC IOIVIOUEHVA B IM3JIOKTDUKE
(prc.4.3) [I26,218] . Jmmusu cAOWHOTO B M3TOTOBISHEW IVIEpOOMMYEC—
KOrO UpOfuiIf MOTYT OHTH 3AMEHEMHH JUTH3AMH KOHMYecKOro Wi yoeueH-
HOT'O KOHMYECKOro mpojmas [I26,219] .

llepaHe sKCHOpiIMEHTANBHNE NAHHHE JI0 JEIH30BOMY JyYEBOLY CHIM
NPeNCTABIACHE B [220]11;:;1 somH 1,25 mxm. KoppexTopamm ¢asu Cwun!
JMH3H M3 [eHONOMUCTZpPORa. [loTepy Ha oTpakeite cocTaswim 0,02 Xb
Ha JMH3Y. JZA3H mramerpoM 20 oM Oy Da3HOCeHH Ha pacCTosHnme I M.
Torepu B JmHvm, cocrosmel m3 3 Jmu3a, cocraswmw <£,5 mb, a npx IO
IByXJMH30BHX OpeolpasoBaresax fas - 1,9 ni. Ilorepn Ha BOBCYRINEHEE
cocramts I,5 1B. , _

Heexenopayune JmusoBof JEHME B CYOMMJUIIMETDOBOM IMANAZ0HE
( N =0,9-0,7 mv) moxasano [22I] , uro JmEms, cocTomas u3
22 KOHOXANBHO PACIHONOREHHHX JMH3 creimansHoi JopMH mpI paccTOmHMHE)
MerRIy HuMa 12 oM, @mesa norepu I,5 #E, a morepr Ha BosCyRNeHWe -

1 zb, JwmH3H OWmM yCTaHOBISOHM IOXK yrioM Lpocrepa LA JITKBUKAIRIY
HOTeph Ha OTpaxeHya.
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[IpercTaBITIIM HHTEDPEC BADMARTOM JIHSOBOI'O JIyuYeBolia ABJIAETCA
Jumua Codeuia, THE POJB (asoBOT'G KOPPEKTOpA BHIOJHAET SOHMpOBAHHAA
IIaCTHHKA, COCTOAmAd U3 DPAfA IUIOCKUX KOHIGHTPAYECKHX KOJIel, momepe-
M@HHO IIPOSPAYHHX K HEIPO3PRTHHX [222] . llorepr MORHO YMEHEBIMTH,
€CJM HEMpO3PAYHHE KOJBIA S8MEHHTH BHDOSAHEHHMA B IHBJISKTpEYecEOl
IIacTUHKE KeJOGKAMM COOTBETCTBYNIMX pasMepOB. PesynbrTaTH USMepeHUA
saTyXaHdsa B Jmwm Coleina Ha dacrore 2I0 ITu mpwBefieHH Ha puc.4.4.

4.2, SepHAIBHHI Jy4eBOX

AHayoroM JHEHSCBOI'O JY9eBOINE SBIASTCA JYYSBOLN, B KOTODOM ¥CHONE-
SYDOTCHA 8epKajbHHe KODDEXTCPH C MOBEDXHOCTAME SJEICOUNA BpameHUS
(puc.4.5). JUENTHYECKNe SepKala MOTYT OHTEH 3aMeHeHH CcHepraecKuMI.
Topasno Goree ycroiuwBoli K mMepexkocaMm sSepKail ABJAETCA NePUCKOMAYec-
kasg Juuus (puc.4.6) [126] , KOppexTop KoTopoll — mapa ®ecTKo CKpeIlIeH-
HHX 3€pkai.

B cySMuUmMMETDOBOM IWANAGSOHE NJIMH BOJII 3EPHANBHHE JIyUeBOAN
AMENT MPEUMYWECTBO Nepef JAHSOBHMY yIOCKOJEKY [OTEPH Ha Iorvolenne
B BODKATAX SHAUMTEJBHO MEHBNE, 9YeM B Jmusax (puc.4.7). ¥ sepkan
norTepu Ha orpazeHwe Mayd (Ha I000 ITm -~ 0,01 ot} . ImdrarimoHHHe
HoTepd Ha OnHO OTpaxenme - Membme 0,003 nb [223] .

HccnenoBanue JyueBOLg, COCTOAMETO M3 BOCBHNM OMMHOYHHX SJUMOTH-
YOCKHX 36DKAN, UBTOTORIEHHHX K3 SIOKCANHOR CMOJH M HIOKPHTHX Cepel-
POM, OOK&3AT0, YT oflMe NOTePH HE IpeBHuayH 2 nb max BoxHH 8-I0 mM,
a moTepy Ha BosCyRmexme OwiM Mehee I nb [224] . [lorepm Ipu mepexoce
3epRaJ 0 yIVy Mecra Ha 1° mocrwram I xF.

B macrosmee Bpemd 3a pyCemoM yhesdercd CoJhiioe BHAMANWME Daspa-
G0TKe 3EDKAJBHHX Jy4eBONOB IYIA IATaHWA IBYXpeQUeKTODHHX AHTEHH Ha-
3eMHHX CTaHIM# CIyTHEKOBOR CRASK [225] . B JydeBoIax Takux aHTEHH
MCIOJNB3YWTCA 36DKATa, MMemmHe (ODMYy HECUMMETDIYHO yCEUSHMHX Yacreh
DOBEDXHOCTEH BTODOT'O HODAAKA ¢ MANHM OTHOMEHHMEM (QOKYCHOT'O DACCTOS-
HAA X IVaMeTDy DACKDHBA,B COYETAHWMM C ILIOCKHME 3epKajami. JyueBomH
(HBADT ONHO-, OBYX— I YeTHDEX36DKANBHHMA. HampumeDp, B IeTHDEX3EDKATb-
HOM JIy4eBOLE NDUMEHANTCHA BADHAHTH COYSTOHW) KDUBOJMHEHHHX 36DKAT
{puumnradeckod, runepSomusckoll ¥ mapatosmaeckoit dopvu) ¢ mBYMH
TIOCKAMA 3EDKAJAMH .

dupMoit “Marconi®  (AHTUM) paspadoraHa aHTeHHa Ha I2,7 ITn
¢ YeTHPEXSEDKANBHHEM JYdeBOLOM, UCTOJB3YKIUM IBA NapaOOJMIeCKHX 3ep-
xana. CymmapHHe moTepd B 5Toll aHTeHswe He npeswmant O,4 IB. fmpMa
*GIE Sylvania" (CHA) paspadoraia aHTeHHy Kaccerpera na 4-6 TTu ¢
YeTHDeX3ePKaJIBHNM JYUeBOAOM, WCIIONB3YOMUM BIMUNTUYSCKUE 3EDKAZA.
IByx3¢pKaNBEHAA JYYSBOXHARA cUCTENa PupMH "Bell System " [pu-
MeHeHa B aHTeHHe Haccerpena Ha uacTorax 60 u I40 I'Tu. 3eprans -
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SCHMMETPHYHO ycedeHHHe napadosoniH BPANEHHA.

B paspadaTHBAGMHX B HACTOAmMEee BpPeMd CTAHIMAX CYMECTBYyeT TeHEeH-
I¥f K OCBOSHUED HOBHX,C0J€€ BHCOKOYZCTOTEHX DATUOIUANSSOHOB, KCIONB~
30BaHAY KAHANOB CBASW, padoTamyX Ha OPTOTOHAABHHX MOJAPMIAIWAX,
COBMEIeHD B OfHON CTAHUMY HECHOJBKAX DACOYMX IMala30HOB YacToT.
o MueHMW 38pyCeEHHX CLeIIAJCTOB, JYIPBOLHHO CHCTEMH IMTaHWA
SHTEHH MMENT DN TEXHWYECKMX X SKCILIYETALMOHHHY NDEMMyMECTs uepel
TPAFALOHHHMYA BOJIHOBOIHHME TDAKTEMA, HECMOTDH HA CJIORHOCTHM W3TO—~
TOBJIOHAA U peryiInpoBKY (HAIDEMED, WCHOJH30BAHKEe BHEOCEBHX acdepn-
9eCKEX 3eDpKas JaKe Ipy HeCOMBmMX YTJIAX OTPakeHuA). Hapoxomosoc-
HOCTH JYYEBOJOB II03BOJAET CO3NABATH YEMBEDCANBHHE MHOT'OKAHAJNLHHE
36pKAJBHHE QHTEHHH, KOTOPHE MOIYT ONHOBPEMEHHO padoTaTth Ha HeCHOMb-
KX DASHECEHHHX MMalasoHax 4acToT. MoxHO cuETaTE, 4T0O OHEM U3
Hampasnernit JanpHelimero pasBATHA AHTEHH LA HASGMHHX CTAHIWi CrIyT-
HMKOBOM ¢BsiaM 7 paguoacTpoHoMun HBY auanazonNa OyneT MCIONIH30BAHME
onTUMASHpoBaHHOT mByxpedutexTopHoft reoMeTprm ¢ JyueBomHO# cucTemol
TTaHI, oCecnewBanmeit coRMemeHIIe HeCKOIBKUEX padoqu IAana30Hon
9acTor L225 226] .

4,3, Imabparmensui JIy4eBor,

B TakroM JydeBonle (a30BHME KOPPEKTODAME ABJIANTCH SKDAHH C.
OTBEPCTHAMY, DACROJIOREHHHE coocHo (pmc.4.8). [ocde OPOXORIEHMA
BOJHH 9gepes DI SKDPaHOB B JYYEBONE YCTAHABIMBAETCA BOJHA ¢ OmOpene-
JIeHEHM IPOCTPAHCTBEHHHM DACIPeJIeNeHAeM (asH. EINHCTBEHHHM NapaMer-
poM, ompelesaoIEM cBolicTsa nxamparmennoro Jy4eBona, ABIAETCHA
Iadpartmontr napamerp ( = [loroHHOEe 3aTyXaHue MOmeT CHTDH
BecEMa MaJhM, eCJM BesmumMHa C noéramoqﬁo BEJMKA [227] . XapaxTep-
Ho#t 0coCGeHHOCTED IMaPPaTrMEHHOTO JydeBOZA ABIAESTCH OTCYTCTBZE
TMOTEDPH, BHSHBAGMHX HOTVIOEHVEM B OTDaxeHmeM. JONOJHETEJBHHE HOTEpH
e HEeTYMIPHOCTAX HCCALOBAMACE B [228] .

B mrafparTMeHHOM JydeBONle, COCTOAmeM M3 I8 mmafparM mpu pac-
CTOAHME MeXHy HEME 12 cM, XoTopuit mccaemoBaicA Re BomHe 0,8-I mM

[22I]) , norommwe morepu cocraBwm 2,2 KB/M, a NOTepH Ha
Bo3dyxuerve -~ 1,3 nb.

ﬁ_J | i i Prc.4.8. Cxema ImajparTMeBHoOTo
§— — — ——  JyveBoZa [I26]

Fle v obea slea
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Odmivr [V BCEX THUNB KBASAONTEICCKUX JYUSBONOB ABIADTCA
TOTepH UpY IPOBOJLHOM # NONEpewHOM CMeNeHIH [229,230] + JormeeH
TaKre YIHTHBATLCA IOTEPH B cpele, OcyadlieHre CATHAIOB BCIeICTBAG
DE3OHSHCHOT'C NOTVIOWeN#d »MOKTPOMATHHTHHX BOJH B IapaxX BOOH Ipem-
CTapyAeTCA OMACHHM Jage JLF KODOTKEX aunni, M388BUTBECA OT BTOTO
MOKHO JIHIIL T'@PMETMIHDOBaAHMEM ¥ BAKyYMADOBAHUEM Jyd9eBOJA [I26 231]

4.4, JlosAoRTDEYECKHA TYyOUATHE JyYeBOX

InsaerTprdeckuf TpycsaTHi sayvyeson (ITJ) mpemmoxeH B I969 r,

B RauecTBe RecTKoM m mHeuadyqgawmeit JI mns uamepemwmii 8 KBY n I'BY
muanasonax [232,233) . ITI npepcrasnaer coSoft TOYOY U3 IMDISKTDUKA
¢ GONBIMME TOTODAME. Pauuyc BOSNYMHOTO KaHaya TPyoH (i :(5+6)]\ .
Ina yBoswverMa QEABTHAIMY NOCOYHHX THIOB BOJH BHYTDEHHAH MOBEpX-
HOCTH TPy(H HMEeT IDONOJEHHE pedpa TPEyTONBHOTO CEYSHAS C MAaroM
uerrre A/2. ITJN sakipueH B METALMISCKYD Tpydy WA ¥CKIMDIEHHA
U3JIY'IeRHa ¥ OCJNervYeHrmd CTHHOBKE 3JIEMERTOB W3MEDHTENBHOT'O TPAKTA.

IamepeHuie 3aTyXaAWs BOJHH FHII npoBoIEiIcch ¢ nomombio ITI n3
femomnacra ( &, = 2,54, lof= 0,065-0,1) ¢ BHyTpeHHEM mmameTpomM
20 Mv 7 To.rmnzmoﬁ crexxy 5 MM, TpeyroJbHHE pelpa uMeJm BHCOTY I MM,
mipuHy ocHoBamud 0,7 MM 7 mar 0,7 mu. [Ipu mavenemm f B Ipegesax
0,8-1,7 mm u 6,{1 or I,4 no 2,3 3aTyxaHme B CpEIHEM W3MEHAJOCH
or I,2 mo 5 nb/M. [IpuMeHeHMe (eHoONACTA, OCNANENMETO SHATATEIHHHMI
noTepAMy, HCKINYIHIO BIAAHHEe METANMYeCKOR TpyOH, T.K. UprW NBORHOM
npoxoxgeHuy 4epes crenxy ITJ curman ocnadiiercda Ha 40-50 rb.

B ITI otTcCyTCTBYRT X8paKkTepHHe N7 JYYEBONOB C NEPUOIIIYECEUMA
KODDEKTHPYIUMMY 3JCMEHTAMA W3MOHEHNA KDUBH3HEH ($asoBoro HpOHTA ¥
UMPEHH TY9IKA OpU DACIHPOCTDAHEHNY BOJHH OCHOBHOIO TEHa. KBasumonru-
4decKUEe BJIeMEHTH, BHIOJHEHHHE HA ocHoBe LTI, mMenT MeHBINEe TaCapuTH
I MacCy, JETKO COWICHALTCHA IDYT C IOPYToM € NOMOWBY CISIMANBHHX
QuaHes, u3JNydIeHWE M30JMPOBAHO OT OKpYmamumel CDemH.

4.5. KOMOOHEHTH JIJIEBOIOB

liparTyUecrIE XADAKTEPUCTHKA KBASMONTUISCKMX Jumvit nepemaw
B 3HAUMTONBHOR CTemeHn OHPEHNesIOTCA KauecTBOM ycTpoicrB, ocylect-
BILAOIMX 0CPadOTKY ONTWYECKAX CUTHAJIOB, TAKAX,KAK YACTOTHHE M IOJA-
DIBAIMOHHHE HeJmTeuH Jyda (IMIUIeKCepH), (UILTDH, HeperIndaTeJH

[223,234-2407 .

JumtexcepH, OCYMECTRAAKNME YaCTOTHOE PAsiesneHue Jyda, HCIONb-
3yDTOA B Ka9eCTBE KAHANBHHX U JMANA30HHHX CEJEKTOPOB B CHCTOMaX
BONOKOHHO-OMEMUeCKOR CBA3M, OHM AOJRHH OGNEXATH MANHMUM MOTEPAMU I
WU POKOMONOCHOCTB0. KAHATBHNE IUNIeKcepH OHBAXT TpPeX BHAOB:
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LoneleBoll mumiexcep (pdc.4.9), MOLIEKCep HA OCHOBE IHTepPepoMeTDa
dacpu-lepo (puc.4l0), nepmomrueckuil mumiexcep (puc.4.II). Imanason-
HHE IMIIEKCePH CHBADT NBYX BENOB: MHOTOCJOMHHI MM3MexTpHYecKui# IAT-
JNeRcep, ABrANmitcs BapranToM nepruommueckoro (pwc.4.I2), W Aunuexcep
Ha OoCHOBe mHTepdepoMeTpa Mafinesmcona (pmc.4.I3).

B cocraB mMiIeKcepoB BXONAT PYUOD, NeIMTeJNH Jyds, AHTeHHH{
neperIOYaTeNb, FEIBTPH., leumTeJpb Jyda JIOJNIPM3AIMOHHOTO THIA
(pnc,4.14) mpemcramnger codofi MPOBOKOUHYR DEMETKY, KOTODag pasieid-
€T HCXCHHYD BOJHY HA OPTOI'OHANBHHE KOMIOHEHTH B ! E“ [241_] .
AHTeRHH{ meperymdaTess (puc.4.I5) umeeT paspasry 17 B ¥ BHOCEMHE
notepu 0,1 pb. Iia Quisrpald CHIHAMOB HACIONR3YNTCH TDH THIA
funerpon: fuaRTp Pacdpu-llepo, MUBJIERTpEYEcCKNE MHOTOCHOMFHE (UIBTD
1 THCPHNEHE MHOTOCHOAEHA fuasrp (puc.4.16), PWIBTPH STHX THIOB
nMenT mojocy mpomycramma I, 25 m 5 I'Th,COOTBETCTBEHHO. 3aTyXaHMe B
nmoNtoce IpONMycKaHWs y Bcex Timos fmakrpoB nopamka 0,5 xB. IpmBenen-
BHe Ha puc.4.16 fuiapTpw padoTanT ¢ XyuaMu ZuaMeTpomM TMopRARa 20 MM,

5 BAKINKUYEHHUE

TlpoGuieMa CO3TAHNA ONTEMANBHEX JUHUE Hepenauwr mis KBY nuanasoss
BOBHEKIA BO Bropolf I0JOoBEEEe 60-X TONOB U OTpasmia BITVADH CHeIHa-
JUCTOB, BOCIHTAHHHX HA ONHTe, HAKOWJNeHHOM CEY Texmuxoll, caemyer
OTOBODETHCHA, YT0 HEKOTOpDAA YACTH NDELIOKeHMA mo peweHmw arofl mpodme-
MH Gas¥poBalach HA ODHTEe ONTHUeCKOd TexHumE, TouHee, Texuuxu IBY
IaanazoHa. ODHAKO 3T0 OOCTOATENABCTBO HE MeHAET OCNEero NOJOREHAA,

Ju#THBAA, 9TO LAETEJHHOE BpeMA OCBoeHEe KBY TEXHMKE CIepPEMBAJOCH
HE TOJBKO OTCYTCTBHEM fcHo CQopMyasnpoBaHHON MaccoBod NOTPeGHOCTH,

HO ¥ INPeXNe BCETO BHCOKO# CTOMMOCTED NDEIJATaBIUXCS 3aKA3YAKY I6D-
EBX 00pasnoB ONHTHHX H3feJHMid, 837898 CHHXeHHA CroHMocTH JII crana
OCOGEHHO BKTYaJbHO# B YCJIOBHAMX, KOTA BHACHWIOCH ABHOE OTCTABAHHE
paspadoTor JI oT paspadoTOR AKTHMBHEX MOJYNPOBOLHMKOBHX H 2JSKTDO~
BAKYYMHHX BJeMeHTOB nia KBY mmanasona (8,9, 16] .

llepen paspadorawramy JII Gaay IOCTABJIEGHH M CTABATCH JO CHEX IOP
JOBOJBHO OCIMDHHE M BechMa IPOTUBODSUMBHE TpedoBaBMi. Tak, cuMTa~
eTCAd HeOGXOIMMEM B OFHO! CTPyRType OGeCHeuHTs MAJHe NOoTepd, COJBUYD
TiepexaBaeMyn MOmHOCTH, PABHOMEDHYD YACTOTHYD M JMHEHHYD (as0Bke
XAPERTEPHRCTHRA, MAJHE TA0apuTH H BeC, TEXHOJOTMYHOCT: , YCTORYHBOCTD
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¥ BHemEEM po3mclicreEaM |I8] . K HEM JOGABIAKLTCA WHPORONOJIOCHOCTE,
JISTROCTD M2rube JII, yroGCTBO MONRINYEHES AKTUBHHX SJEMEHTOB, OTCYT-
CTBAE MBAYYeHMA, HOBOCHDHMMIMBOCTD K BHeUHNM [IOMEXaM [2:], 0TCyTCT~
Bie IPeoCpas0OBAHMA TANOB BOJH [8] , IEpoxmfi ;@aNascH BOJHOBHX CO-
NpoTEBXeHES, HoJMTHEe HRNEEHOH I TOZTPEPRZAGNON DKCIODUMOHTON TBO-
DEE ¥ pacyersolo aumapata, IpOCTad MO COTMACOBAHHOCTH CTHKOBKA CO
CTAHMAPTHEM BOJXHOBOIOM [242] % 7.5, llepewdcieHyde DTEX TpedoBa-
HEll CTEBET IOL COMHEHHE BOZMOKHOCTD DaspemeHds yrAasaHHOR Bhme TMpo-
GI6MH, 9TO M MOITBEPRNEHO MEPEHMY 33DYCeXHHME COOCHMOHEAMIU Ha BTY TEMy
B I976 1. HA MeKIyHEpOJHOM cEMmosuyme mo CBY rexnuxe B ClA
OHJO MPOBENEHO COBEMAHME DKCIEPTOB MO EHTerpaybHoR TeXHOJOTEX B
KBY puanasoge [243] . ABTODUTETHHE CUEIEAIMCTH HE OTHAJM MNpeAnodre=
suq EE ommoft m3 JII, XOTH K TOMY BpeMeHE CWIO CLeJAHO yEe JOBOJBHO
MuoTo Tpemioxerwi [2] . AmajorwuHu# DesyabTAT Iad B IpOBeNeHHu
B TOT X6 LIEpUOX OMpOC Cpeid DaspadoTHMEOB, KOTOPHA, B YACTHOCTH,
BHABRX OCTDPYD XOHKYDOHIEK Mexjy IB m MIIL [244] . XOTS apryMeHTH
CTOpDOHHMKOB JIB OTHOCHJIHCH, CKODee, K DaspANy “ogemauui”,. Ilpu aToM
caeryeT OpMBHATL eCTSCTBEHHEM, YO COMBNAA 9ACTH 3apysesHEx ¢EpM
BHOpaZa NMpPeIMeTOM CBOMX paspacorox Jil, HAECISLyDIEE ONHT CEY TexHMKH,
Tax, fupMy "Philips”  (Tomtammma), "AEG-Telephunken" (2PT),
mgeneral Electric®, "Mullard", "British Telecom®(Anrims), "Eaton”
(CIIA) BemyT HCCHeNOBAHEA K BHIYyCKSRT R3J6JHA HA OCHOBE OTKDLTHX U
saxpwThX IUI B Opexme Bcero BIl. dupMa “GEC Marconi® (AHTVIA)
paspadarupaer yerpolictea Ha ocHoBe M, fupwy "EMI Electronics"

{Aursms ) m "Hughes Aircraft" (CIIA) BemyT paCOTy H&H BOJHOBOI~
BHMM KOMTIOHeHTaM# [24, 245) , OupMs "ERA Techu." (AHIVURA)
[24] ¥ "Epsilon Lambda® (CIA), a Taxse B HeKOTOpoOH cTemeHH

"Hughes Aircraft®  npuxiezNBapT yeuhmusa Mo ocBoenuw JXB, [pasna, uc-
CHeZ0OBAHNA YHUBEDCUTETCKNX ¥ APYTVX HENPOMHINEHHHX HCCISAOBATENb=
CKUWX Opranusanui# 3HauUNTEJNBHO OoJee pA3HOOGPA3HH,

YamrHBag, 4ro " B MM~IEANazoHe OJBEKTUBHOE CPABHOHHME Da3JIIYHHX
BApUANTOB BOJHOBenymel CpemH NCKINUATEJHHO BaxHO" [16], nocaeIHNE
10 JeT HEONHOKPATHO NMPeLAATANHCH PANIMYHHE CHCTOMH KAJeCTBEHHHX U
KOJMUeCTEEHHHX NORAsaTeJeif, ¢ NOMONBD KOTOPHX B crarof radmagHo#
dopme paBajyach OIeHRa nepemeiiiM H3 CBY TeXHUKE A BHOBB paspadoTaH~
umm JII pis KBY puanasowa [2, 4, 6-8, I3, 16, 18, 22, 23, 29, 32,
247] , XOTs, TO-BAJAMOMY, IepBad TaKAd OLeHKA ChI2 cresaka eme B
{I]. Tpvmepou TAKMX CPABHUTENBHNX KAUECTBEHHHX OLOHOK OTHOCHPEIBHO
OCHOBHHX TnmoB JII moxer cayxurs Taduuua 5.1,

Yacroruuf#t ®ETeppas KBY mmanasoHa, Haucosee OCBOSHHHE TOX wm
®HOf# JOI, meMoHCTpMpyeT puc.5.I. 3meck BeDXHHME X HEXHNE TDENeJH
OIpefeeHH C yIeTOM KDHTEpES MAcCOEOTO mpoussBoncTea. B KBY muanaso-
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HE TAKAM IPOP3BONCTBOM MOKHO CUMTATH OCBeM BHIYCRA B COTHAX HSfesmwi,
IpUYEM CTOEMOCTH ABAAETCA BaxHelmmm farrTopoM. IIpE MeJIOM BHIYCKE M
neorpamdeﬂxoﬁ CTOMMOCTE  WONHO ofdeciedmTh maroroslenze JII M XKoMm-
'IOHEHTOB HA ¥X OCHOBE ¢ CONBIVM LIDEBHUWCHHEM YRASAHEHX HDENEJOB
YACTOTHEHX [RENABCHOB, DBepxHW! IpefeXn ONpeneJAeTcs , IDERje BCETO,
yXe HCUNTAHEHMY WM UDCIBAIMMHME TPYNHOCTAME USTOTOBIEHEA, KECTHEME
EOIYCKAMA, BHCOKEMZ TNOTEDAME, H3VIyICHAAME H BHCOKCE CTOHMOCTED,
NpepHBMCTHMR JYUMIMA RS puc. 5.1 oTWeweH HeZOCTATOK XOCTnBEeDEOH
wupopMaumn. Huxuuit npezen oOMYHO ONpBAEARETCA CIMUKOM GONBNMMM Ta-
Gapuramu caumx JII wam ux 3upaHORB,

¥ Tem He MeHee, colCpavHas EHQOMAIWA He BHOCHNA ACHOCTH B
paccMaTpuBaeMyD OPOGKeMy. PeHOMEENAVE OIDAHRYEBANNCH JIZNE OCHMMA
YHA3aHHAME H& TO, YTO BHGOD NI 33BRCHT OT XaDAKTEpa KOHKpEeTHOR
paspacoTry [13, 243] , /mGo B RadecTBe HAMOONEE DKCHOMUTHOTO Deme-
HAA OPU3EABAJOCH XOMOHHMDOEAHHOE MCUOJB3OBAHHE B OLHOM yCTDOACTBE
neckosrex M [57, 248].

38 mocJieEMe HeCKOJBRO JeT cEryamdsa ¢ oueHkamu JOII crana doxee
ocnpenencEHOf, a HaxomwieHHHE y®e HemocpencreerRHe B KBU ngmauasoHe
OOHT MSMEEHJ MCHXOJOTMIECKHe YCTAHOBKE B CTODOHY 0oJee MHOTOILIAHO~
BOTO, "CHCTEMHOIO" OTHONEHHS K Ipodseme onTEMmesarwd Jil. KoHERDeTHo
3TO BHDA3RIOCh B CISIYDEHEM.

I. Becyr KBY pManazoH, BHOENEHEHEA ¥3 CHERTDA BJIEKTDOMATHWTHHX
BOJIH MexfyHADOIHEM CON3CM 3JEKTPOCBA3Y TRCTO PopmasrHO, O0Jblie HE
BOCIDHHEMAETCA RKAK OCJIacTh, NXI KoTopodl, B IepBOM NPHOIMEEHME ,
XaDaKTEDHA OTHOPOIHOCTH KOHCTDYRTODCKO-TEXHONOIMUESCKMX pemeHuit n
BOJHOBO} CTDYKTYPH WUIEKTPOMATHUTHOTO HOJA B HEMHOI'OWMCJEHHHX BADH-
adrax I, a Taxxe ycuoemf pacmpocTpaHeHEA BOJH B aTMocdepe, Kag 9TO
meer mecTo B CBU pmanasoHe. V3 odmero NOHJTHA "MILIAMETDOBHE BOJHH"
BHIGIAJIOCH, HAIPHMED, NOHATHE "CHHXHEE" MRLTEMETDOBHE BOJEHH [249] ’
cxBaTHBabmee wacThy KBY m I'BY mmranascHoB (I00-I000 ITh). [osEmmcs
HOBATEA " KODOTKOBOJHOPHE" H "IIMHHOBOJHOBHE" 9aCTH MALIEMETPOBOTO
ganasona. K roMy ze JaxTdyeck® B cfepe IPAKTHUSCKEX HHTEDECOB
paspacdeTUNKOE HAXOBATCH JENbL OTHEAbYHE ydacTkE KBY clerTpa, oupeje-
nADIMe OKB2 "mpospaumocT" (35, 94, 149, 220, 280 ITn) # "mempo-
spaydocTu" (60, II8, 188 TTu) atmocdepH [16. 18, 40] (puc.5.2).

Eme onHmM OmppMepoM NOLXOIOB K pasfencHnpn KBY nEanascHa MOZeT
CHYXAT® TalN,5.2, TLe yKa3aHH OYKBEHHHE 0CO3HAYCHHWA NOINMaUA3CHOE,
IPUHATHE 38 DPYyGEeEOM HA I'OCYLADCTEBEHHOM W (EMDMEHHOM YDOBHAX.

Onur noxasaJs LejecooCpasHocTh: meseHud KBY nuamazoHa Ha TDM 94C—~
TOTHHX HMHTEDLaNa, TDAHMIH KOTODHX, OPEBJA,eHe 4YeTKO He YCTAHOBAMMCH,
Tar, B [24] ouewmsaprcs NI n1a mHTeppaa 80-300 ITm, a B (5] - i
uHTepBasa I100-I000 TTu. B [8] oneHra JiI. naeTcsi ¢ yUETOM BHISJEHHA
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YaCTOTHHX MHTCpBasoB 30-100, I00-2C0 m doxee 200 ITm. 3B orHouenmy
1o00HOR 1pajarp¥ MOryT OHTh DABSHHE MHEHEA, HO H8W KageTcd, Y10
NOpEBENEHHAA B JIaHHOM 0030pe UHPOIMALMA IONYCKAET CUYATATH HHTePRaJk
I00-200 TTU HECKOJBKO OI'DAHWYEHHEM C TOYKE 3DEHHA OOLeKTHBHCCTH H
060 CHOBAHHOCTH peloMmennmaimil mpg BwGope rex wm umsx JII.

2, TIpE3HAHKE HeOCXOIWMOCTE BHIENEHEA NONTMANA30HOB B CLEKTLe
KBY compoBOEIaeTCA BHOJHE XOEKDETHHME E BCe (oJee eIMHOIYMHHMA
B3IISNAMA SKCIePTOB HA “npuBARKy" Tex mam mHEX JII K 3TEM TNONIHANA&S0-
HAM. 9TH B3IVANY OCHOBAHH HA NApaMeTPAYECKMX, TEXHIJOTIHYECKHX H
SKOHOMUYECKHX KDATEDHAAX OLIEHOK,

Tak, HeIpUMEpP, BECOKO OLEHMBAWTCA LEHCH NDAKTMYSCKOTC IPHMOHEHVA
noxyoTkphTHx JI (HB, ¥B, MIB) B nommanasone "GIMEHRX" MEJUIEMETDOBHX
Bomm (B TOM wWACHé mit EYM) [8, 9, 14, IG, 18, IRI]. Cpem 3arpHTHX
JN ans 3T0T0 me NOXZAMANAEIOHA, NOMHUMO OUeBMIHHY fKoporocrosmux TCB u
[ICPB, Bce HacToATedBHEE DEROMEHIYETCH MCMOALRVBATH 3HEUMTENsHO Oojee
Dewepse 3axprTHE ILWILI [b I21, 2427 , He TOBOPA yXe O KBARHONTHYEC-
KMX JIy4eBOIX [8 18, I2I, 231] B TO Xe Bpemd JyiA I0LNMANH30HA
7o I00 ITy 3 pAme padoT DACLSHUBESWTCA KaK Haubolee HOAXO-
[ANAE JemeBHe OTKPETEE U 3aKPDHTHE NOJOCKOBHE CTDYRTYPH M IpeXxue

Ta6auua 5.2

= 0§ Sillw
- S : =
Tlg.gro CUA] | Cun S aor %@ % §, }é
(TTm) || |39~ IK)2
19801\ 1960-70rr \9n 197 11I975\19%9) T puwme wa uus:
88T — A 1TTKAl KA I. Mpexens zuanasoua
35'0 K n TS Y] onpezenaeT MaKCUMANBHAS
3870 ma||y " nuoora OTBEIEHHOTO yYacT-
40,0 4— 4 B 81 2%"8 70-80-¢ romu » cuA
£5'0 1T YAV AL b ] anm guanazona 40-220 T'l'u
56°0 1Y mll ! Y11 ™l.;] HaXoXAT nouMaHEeH”e 0503-
85’0 WA i HAUeHUA, AHATNOTUUHHE
260 n “VV [ =1 1L [[F] | oBo3nauervam QupmH "Hughes" .
&0 M U C L[| 3. B Empone yacTo mpm-
100°0 [7d MeHANTCA 0603HAUSHUSA,
110°0 [4 i sBesennne B CUA B 60-70-x
I40’0 i - [ s ronax,
] r v Il | I U
199 6y
260,0 D
325,0

- II3 -



Bcero MII = B [8, 9, I2I, 245, 248, 250] .

[lpEBneRaTeaEEHe BoaMoxHoCTH JB Ha KBY (ocoGenHo UBIEM) meomHo-
KPATHO OCCYRLATECH B TEUEHHAe HOCAECIHEI'? RECATHAETHS HE DAaRMUYHHX
KOHJe peHINAX ¥ coBemaHnax wak B CCCP, rax u 3a pyGexou [107, 1I7,
120, 209, 212, 251, 252] . PesyasraTu oGcysmenuft moxasanm, 4TO
3a npomejmee BpeMd YIAJOCH LOCHTRCA CYEECTBEHHOTO JIyMEEHES TEXHEKO-
SKOHOMEYECKHMX lapaMeTpoB IO lieJIoMy DAY DaCCHBHHX ycTpoiicTR [27, II2]

COBDOMEHHHE TEXHOJOTHYECKHE BO3MOEHOCTH IOBBOJANT DEAIM30BATH
HECKOJHKQ BADHAHTOB W3ITLOTORNCHAA CXeM Ha JIB oOveMHOTo dopMocdpaso-
BaHmi, ClefgyeT OTMETHTDL, UYr0 DasSpaCOTaHHHE TEXHOJOTEUECKEE IPOLECCH
IOKa He JOCTHMIVI TOTO BHCOROTO YDOBHA, HA ROTODOM HAXONAUTCA 'rOHEO-
MNEHOYHAA TEeXHOJOIHA LOJMOCKOEHX CXeM, NPOomenmas HeCOIOCTABEMO GOXb-
mEl [0 BPEMEHHM ¥ 00BeMy FauETalcnioxermli nyr: pasBHTES,

BosHmEmee B nocjHepH¥e TOLH HpenioxeHde o JB nuaHapHOTO i pMoodpa-
30BAHMAA [55, II7] 1aeT BOSMOEHOCTH NDEMEHEHEA TEXHOJOTHME NEURTHNX
cxeM. Ho Ha ceropHaAmHER IEHL OCHOBHAA Maccf padoT LPUBOIMTEA IO
IBM ofreMEOTO (opMOOCGHa3GBaHNA,

JIHo# E3 KIMUEeRHX UPOJNEM DAZBUTEA cYeMm Ha [[B ABIASTCA Da’pacuTHa
AKTHBHHX CTDYETYD, AUERBATHNX N0 2JERTPOIREAYHUYSCHEM CBOHCTEAM
STKDHTOMY XADAETepy o1Ex JI [252)

[iora ®e HaOpaBieHMe [EIJEKTDHUYSCKEX MHTEIDAJEHHX CXEM CUHTAeTCA
"MOJIONHM, H UePCHeKTHEH €T0 DAsBUTHES SABHCAT OT YCIEXOB DEmeHHsA
MHOTMX OPOGJieM KOHCTPYKTODPCKOTO, TEXHOJOTHUYECKOTO, MATEpHaNOBENYEC—
x0re, (HE3MKO-MATEMATAYECKOTC H IPOEKTHOrO XaparTepa" [252].

TommMo oreHor JII Ha OCHOBe HAJMIRA AJIM OTCYTCTBEA BIMADIEX HE
PACOPOCTDaHEHME BOJHH METAJUEYeCKEX HoBepxHocTell , sxcmepramm
TaXKe NDE3BHAHA ILEJIeCO06DasHocTh (yHKIHCHANBHOTO paspexcHua JII Ha
d¥TepHHe ¥ KOMIIOHEHTHHE, XOTH HEKOTOpHe B3 JII MOTYyT BHOOJHATE Ofe
DYHKIEA [IG, 18]. OpAEYEM KAK CpENd DEepBHX, TAK K CDEINH BTODHX Bh-—
JeNADT 60Jee JelieBHE C HEBHCOKEM YDOBHEM IapaMmeTpoB i Colee JODOIHE
BHCOKORAJECTBEHHHE CTPYKTYDPH. K TOMy Xe Bce ¢ojee OOmMEnpH3HAHHHM
ABAASTCH MHEHME 0 ABHO NPEeYBeNMUEHHOM 3JHAYEHKM YPOBHA NOTEPH NpW
oUeHKe KouncHenTHHX I,

32 mocJefHee BpeMA CTANM TaKEXe E3BECTHH (faxTu, KOrla (upMH camMo-
CTOATEJbHO IDOBOIWIM CPABHWTEJBHHE KCUHTARMA ycTpolicTB Ha Case
pasmauenx JII. Tax, Ha dmpme "TRW* (CIA) padoTa mo BHOODY ONTHEMEJE-
wok JII Besiack B TeuerHMe 3 jer. B kaueCTBe KDHTEDHEB CILISHKH ORI
JPEHATES COBMECTHMOCTh C ARTUBHHEME SJIEMEHTaMM, BO3MOXHOCTD QHAJMTH-
yecko#f OIEHKE, BeJUURHE, HUANA30H NUSMEHCHRS # NHCHePCHA BOJHOEOTO
CONpPOTHBLJEEHA, YPOBEeHh 3aTyXAaHWs, BOCIDOW3BOIHEMOCTD H CepriiHocme-
COUHOCTh, NPOCTOTE MHTErpalliM ¢ IPYTHME KOMIOHEHTAMHM ¥ Iepexoja
K CTAHUAPTHOMY BOJHOBOLY. Jua scnoxTawm# Ha wacrorax I00, T40 z
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220 TTH OiM K3TOTOBJCHH JIILTDH, OTBETRATENH, LEDKYAATODH, yMHOXE-
TGRM, CMECETeN®, TeHepaTopH He Gase nsrd Jils J0BM, MK, JOMILL, ICB
7 [CPB. Hambosnee adfexrunuof Onia mpusHana sakpurad [IMILI commecr-
HO ¢ M, mp#vyeM CHJO YCTS8HOBJAEHO, YTQ MAJHE pasMepy M BHCOKAA
cremeHs mETerpammd KBY yorpoficTs Ha EX OCHOBE BIOJHE KOMISHCEDYOT
GoJBIHME NOTCHHNE NOTepE |[242, 245). Ha fmpMe “GEC Marconi® G
OpOBERECHN MCOETAWRs NPMEMHRRKOB myanasoHe 75-110 ITo ma 3IEM m MILI,
CpaBHeHEe OKAS8A0C: B NMONB3Y (et JemeBHX WILL [36]. STE BCCARNo-
BaHVA NONTBEDENSHT -DUDMADURARLEEr 38 DYCeXON MHEHEe O BamGoJmme#
TepeneKTEBHOCTR MIE cper nonocxoiux Jil I_43} . AHATOTHUHNE CDaBHE-
TEJBPHHE HCIOETEHEA UPOFOIENMCEH COBETCHEMA BCCUSNOBATEJLAME.
B pesyanTaTe BCCHTRHEE NOLTREDELEHO, TT0 CYMMADHHE LOTEDHE MOILYJA
Ha J[B OKa3aMCE Ha NODAUOK MeHsle, 9eM B aHauoTHueoll cxeme na ML
[111).

3. C pocroM JacTOTH HeJOITEYRM Homxosna R KBU TexHEKE Ha OCHOBe
OPYEIANOE ¥ MEeTONOB, BHpadoradauwX B CBU TeXHMKE, CTaHOBATCA BCE
ojlee OUCBUIEHME ¥ BCE MeHGP OIYCTHMHMYU [253] CTpemneune coxpa-
HETH UHCTOTY ACTOXBSFerCr: B KAYECTBE PAGOUEr0 HAMHHRWETO TMIA BOJ-
HH BENEOT K HEUPABHUYEOMY ¥ HEYUOOHOMY misa CBY TEXHOJOIHH COKpamleHHD
PREMEPOB CTPYKTY[PH ¥ BHCOKOY TPEIMBMOHHOCTH, 1iOBHUEHAD TOTEDh, CyRe—
HEW DaGOTHX YACTOTHHX MUAN&30HOB, JMEEBICHYE Iepenapaemoll MONHOCTH

[60] , 9TC K TOMy X€ COIDOBOXIAETCH HEeIDUEMIeMHM DOCTOM CTOMMOCTH.
CrcTemu KBY paanazoHa emle He TPHOODEJE [OoCTORHOrC ¥X MecTa HA PHHKRE,
a yEe Cpejr paspadaTHBANIMX oTH cHcTeMy (BY cielmMammcTOB HaYaI0
CRISIHPATHCA MHEHEE O HEeOOXOTMMOCTH OCTAHOBETHCA HA NyTH paJbHelme-
0 yMeHBmEeHXA DPAsSMepoB, TeM Oolee uro radapurH M Bec KBY cucrex on-
peIeNADTCA yame BCETo pa3MepaMy aHTeHH, 4 H2 KOMIOHERTOB [16, 59,
208, 254) .

OKOHOMAYECKE DPNEeRTEEHLKE OyTH IDEeCNONeHEA TpymHOCTell MEHMATHDH-
321ME B pamrax CBY EoeoJorM¥ yRA3HBAET, HaTpuMep, YCWISHHAdA Npona-—
TaHpA NEePCIeKTABHOCTR NOJYOTKPHTHX [, Ha mpeclojeH¥e YHABAHHHX
TpymHOCTE!l HampaBleHH Taxkxe ¥ UDELJOXEHWS 10 DACIMDEHAX IPUMEHEHESA
BOJHOBOJOB ¢ MICIAHCHHMY CTCHKAME, DA3DACOTRE JMBIOKTDHYESCHAL
MeJeBHX BOJHOBOIOB ¥ JaXe OCBOEHMD CBeDXpasMepswx ML Hak cTEMyJa
K N0JIe3HOMy KCIOJL30BaHip BHCIMX THIOEB BOJH.,

He MeHee o(PeRTMBHEM AVIRETCHA HaNpaBieHMe, OGLELEHANNEE HHEH
paspadorke JII, Casupymipixod Ha MUKDOBNEKTDOHHOX TEXHOJOTWH, TAKuX,
kKax Sill, Il = mATerpabHEe BOJHOBONH, KOTODHM €mE IPEICTORT LOKa~
8aTh CBOD TEXHOJOIEYECKYyD UDHBJIEKATENbHOCTh., (JEmyeT, KOHEYHO, HMpH
9TOM yUWTHBaTh, YTC LCe 3TH ODELIOXeHWA, oCcoleHHO AiA KBY KoMIoEeH-
TOB, IEJARTCA HA (OHE aKTUBHOTO D&3BHTHEA MOHOJETHHX KHTEIDEALHHX
CBY, a B HepaneKoM Oyrmymewm ® KBY cxem.

N



HeroTopoe npoMexyTOYHOE, yuHTHBawmee Hie? CFY TEXHUKE ¥ MAKDO-
SJICKTPOHMKY, TOJORCHHE 38HUMAET KOHIENIY.A OCBEMHHY WHTeTDAJIBHHX
CXOM [57, 59], KOTODAA MOEET OIITVMAJNBLHNM OGDaB0M yAOBIEeTBODETH
TpedoBaHuA paspadoTk® WC He Tonexo B CBY, Ho E B KBU pmanasome,
"npumypus® momytho IB u HIA.

HenosrzeBanpad Jsi KIACCHJMIMDOBaHUA COGPAHHOU B 00630De HHPODMa-
e wred penenms JI HA OTKDHTHE, 3aKDHTHE E NOJYOTKDHTHE BIOJHE
yASBEMA C LOSAIMM, B YACTHOCTH, IPRHLKNA, BAJOXEHHOTO B HOHATHA
"oTKpHTAA JUHRA Ileperadu” ¥ "BoMHOBON" , comepmammecst B |I19] .
Omxaxo Ham NpPENCTABLAETCA TAKOE NeJeHNe YAOGHHM ¢ KOHCTDYRTHEBHO-
TEXHOJOIUYECKOA TOYKM 3DEHBA, KAaK,BIDOYEM;¥ [eJIAHNE HA MeTauInyec-
KWe, MeTLIO-IABICKTPHYECKEE ¥ judrexrpudeckue JII, TeM He Mehee,
VCTIONB30BAHNE TAKMX KIacCHPUxauui HOCUT IMWH BCHOMOTATeNBHHE Xapak—
Tep B pPEmNSHUY BONMPOCA, KOTODOMY NOCBAMEH 0030D.

Yuer HaromAsHHO? K HACTORmeMy BpeMeHM O0BeKTuBKO M cydwexTuBHOM
uHfopMELNY Mo paccmaTpuBaeMoll Teme Aaer OCHORAHME CUMYaTh, UTO DPe-
metue npo6nemu onTumusauuu NI ans KBY zuanasoxa He OZHO3BHAYHO U 8T0
ClemyeT MCKATh OTZENBHO B Kaxzod M3 olnacTeR J-MepHOTO UACTOTHO-
DYHEUMOHS TBHO—AKOHOMUYECKOTO NPOCTPEHCTBA,. B JNODPAROYSHHOM PTSKUM 00—
pasoM WHPOPMAUMOHHOM NPOCTPEHCTBE LeNecoofpa3Ho ycraHoBuTs 12
o0yacTell mMOMCKa, OHNDEelesAienHX DalHelieHHeM YacToTHoll 0CE Ha momod-
Jacru 30-80, 80-150, I50-300 ITn (raxoe pasueteHEe (oJice ATEKBATHC
y®e oTpasOTIHHHM KOHCTDYKTODCKO-TEXHONOTUYECKHMN DelleHusM 10 IpPyl-—
IaM OTKDLTHX, BAKDHTHX, NOJNYOTKDHTHX H KBasuonTuveckux JII), $yHrimo-

30 80 150 300 I'’'n
XOoMnoHeKTH, M nu3-~ \\g
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Pyuc, 5.3. lnarpaMma HCIoAB30BaHUA NCHOBIHX
rpynn 1M 8 KBY nmanasoHe

- 1I6 -



HAJNBHOE OCH - Ha momoGnacT "fmuepHwe® M "xomuoEeRTHHE" JII, SROHOME
4eCKOH OCE - Ha DOZOGIACTE "HHSKAA™ A "BHCOKAA" CEGECTOMMOCTE.
llpaBra, XoK BEZEO ¥3 JMATDAMMH HA DHC.5.3, Ife JOOMAMYTH HAEGOJEE
noaxopAmie A raxrof odmactm M1, 1 OPE T8KOM YIODSIOICHUH BROCD
JII B mpezeax KakEo#l OGNACTE OXA3HBAETCA NOKA ole He Be3Ne GHHO-
3HATHHM, ¥ KpOMe TOTO, HeKoTopHe JII oXBaTHRALT CoZee UeM OIHY HOJN~
obmacrs, Tem He MeHee TaKo#f mOxIXon, KOTOPHH NONTBEpENAeT M Ipar-
tuka  [231], faeT BOSMORHOCTH CAATS ¥ FUODAZOWATH HH(CDMAIEN IO
paccMaTprsaeMoll npodieMe C yd9eTOM MHTEDECOB KAR WSTOTOBATEISH,
Tax ® morpecurenel KBY ycrpoficTB, ¥ TEM caMuM IDHGTH3NTHCA K ee
DPelcHMo,

B nagane 1985 r. amepEKancRas (MpMa “Rogers Corp." ODTEHEH30BA.A
MEHMKOHPEpeHImD 0 mpoGiieMaM ECHOJB3CBAHHA MMETATHOM TEXHOJOTHR
B KBY muanasome [254] . Ha sroil BeTpede Gnza BHCKA3aHa cefseszad
03200YERHOCTE OTCYTCTBHEM JOCTATOYHC HOJHOE B nocrorepHo#l HHGODMA-
e o cpodcTBAX mEOneKTPEKOB B KBY muanasone. Bwl BupaxeH HeROTOpH
CKENTHIMSM B OTHOMEHWH [IPEMMyNMECTB I¢ HoTepsM BUJl 10 CpapHeHED
¢ I, Omeaxo, IVIABHOG®, O YEeM EFMHONYEHO BHCHKASAMMCH YIACTHEKE
DBCTPEE -~ 3TO HECCXOLEMOCTH TNIYCOKOTO ¥ BCECTODOHHETO ACCIENOBAHRA
IpoQNIEMH BHCOKOKAYECTBEHHOTO, C TOYKE 3DEHES MEHEMyMA NOTep:,CO0end-
HEHEA MeTalNA ¢ IHSJECKTDEKOM, YIATHBAA, UTC GONBUIHMHCTBO TEIOB
HI 5 KBY nmanazoHe ABAACTCA METALIO-IHOJeKTDHIECKMME, ClefyeT,
TO-BEIMMOMY, CUWTATH HpoCieMy "MeTa/UM 3aIfEB" TEeM KDUTHISCKMM 3BEHOM

[‘255], B3ABIMCH 34 KOTOPOE MOXHO BHTAHYTH ECH UENDH OCTAIbHHX
LpoGIeM [0 IPAKTHIECKOMY OCBOeHEW KBY nEanmasoHa, BKAKGAR ¥ Opodnesy,
KOTODO# INIOCBAMEH 0630D.

ABTODH CYMTAWT CBOMM IDHATHHM NOJIIOM BEDASHTD GAAIOINAPHOCTH
IOUEHTY K.T.H, Benmmr U.B., k.T.H.XneGumxoBy P.A., T'powmsmry 1.E,
33 OO0Je3HRE SaMEYAHMA, CHOCOCCTBOBABMME YIYWNERHD OKOHYATENHLHOTO
TEeKCTa 0630Da.
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