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PaccmoTpeHb! pe3ynbraThl IKCIIEPUMEHTANBHOTO U3YYeHHUsI M METOJIbl TEOPETHYECKOTO OMHUCAHUS
omuOOK M3MEepeHHs yIva MecTa UM a3uMyTa M3Jydareiel pajuoBOJIH MMUJUIMMETPOBOIO JUara3oHa
(8 MM 1 4 MM) Ha pealbHBIX Ha3eMHBIX Tpaccax MPOTSHKEHHOCTBIO 5+6 KM IPU BBICOTAxX M3Tydarenei
MOBEPXHOCTHIO TPYHTA JI0 AECITKOB MeTpOB. IIpuBeeHs! MpuMephl IPOCTPAHCTBEHHBIX 3aBUCUMOCTEH
omuOOK Ha Tpaccax pa3HbIX THIOB. [IpoaHann3npoBaHbl 0COOEHHOCTU MHOTOJIy4€BOT0 paclpoCTpaHe-
HUS PaAMOBOJH HaJ| PEaTbHOM MOBEPXHOCTHIO CYIIH, UX JU(PPaKIUK HA JeTalsX pelbeda MEeCTHOCTH
U OTJENBbHBIX MPEMATCTBUAX PA3IUYHON NPUPOIBI. YCTAHOBIEHO CYIECTBOBaHUE pPsijia KOJINYECTBEH-
HBIX ¥ Ka4€CTBEHHBIX OTIIMYHMH MPOCTPAHCTBEHHOH CTPYKTYPBI aMILTUTYIbI OISl M OLIMOOK TIeJICHrOBa-
HUS M3JTydaTeliell B MIJIJTUMETPOBOM JHana3oHe OT 0osiee JUIMHHOBOIHOBBIX.

PosmisinyTo pe3ynbTaTH eKCIepUMEHTAIbHOIO BHBYEHHSI Ta METOIU TEOPETUYHOTO OMHKCY MOMHIIOK
BUMIPIOBaHHS a3UMyTa Ta KyTa MICIls BUIIPOMiHIOBaYiB PajiioOXBUIIb MITIMETPOBOTO JTiana3ony (8 MM Ta 4
MM) Ha pealbHUX Ha3eMHHX Tpacax JOBKHHOI0 5+6 KM MpH BHCOTax BUIPOMIHIOBAdiB Haj MOBEPXHEIO
TPYHTY 0 JIecATKIB MeTpiB. HaBeeHo mpHKiia u MpoCTOPOBHX 3aJICKHOCTEH MMOMUIIOK Ha TpacaxX pisHUX
turiB. [[poanarnizoBaHo 0co6IMBOCTI OaraTonpOMEHEBOT0 MOLIMPEHHS PaioOXBIIIb HaJl TOBEPXHEIO CYII, X
mudpakiii Ha AeTasx penbedy MiCLeBOCTI Ta MEPeIIKoax pizHOTo MOXOKeHHsL. BCTaHOBIIEHO iCHYBaHHS
CYTTEBUX KUIbKICHUX Ta SIKICHAX BIIMIHHOCTEH IPOCTOPOBOI CTPYKTYPH aMILTITYIH [TOJIs Ta TOMHUJIOK TICJICH-
T'YBaHHSI BUIIPOMIHIOBa4iB y MUJTIMETPOBOMY Jlialia30Hi paiioXBUIIb MOPIBHSIHO 3 OLIBII TOBTOXBUIILOBHMH.

STHUE TPUHLIUITHATIBHOU 0COOCHHOCTH pacipoc-
TpaHEHHUsI PaJMOBOJIH BOJIW3U MOBEPXHOCTHU

BBenenune

B 50-e roxpr XX Beka pe3ko BO3pOC MHTE-
pec k mpobieme pacnpocTpaHeHHUsI MUJLITUMET-
poBBIX BOJNH Haja cymeid. K Tomy BpemeHu B
pe3ylbrare NpeuMyUIeCTBEHHO 3KCIIEPUMEH-
TaJbHBIX UCCIIEOBAHUN OB CeNaH BBIBOJ O
HETPUTOIHOCTH CAHTUMETPOBOTO 1 OoJiee JJINH-
HOBOJIHOBBIX JIMAINIa30HOB JJIs pELICHUs 3a]a4
PaIMONIOKAIIMOHHOTO 00OHAPYKEHHSI I COTIPOBOXK-
JICHUSI HAa3€MHBIX LI€JIeH, a TakKe JJIsl yIpas-
JIeHUsI HOBBIMHM CUCTEMaMH MPOTHBOTAHKOBOTO
opyxus. [I[pyunHON 3TOrO ABUIOCH HE TEXHHU-
YECKOE€ HECOBEPUICHCTBO COOTBETCTBYIOIIUX
PaJMOTEXHUYECKUX CUCTEM, & HETATUBHOE BJIU-
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paszena cpex (B paccMaTpuBaeMOM HaMH CIy-
Yae — MOBEPXHOCTH CYIIIH ), IIOJTYYUBIICH BITOCIICT-
CTBHMM B HAyYHOUM M TEXHUYECKOU JINTEpaType Ha-
3BaHHE MHOTOJYYEBOTO pacrpocTpaneHus [1-6].
Hcxonst u3 0OMIEH3BECTHOTO TIOJIOKEHUS O TOM,
YTO YeM KOpPOUE JIUTMHA 3JICKTPOMAarHUTHOMN BOJI-
HBI, TEM TOYHEE IS Hee COOIOMAIOTCS 3aKOHBI
reOMETPUYECKOHN ONTHKH, pa3padOTYMKHU PaJuo-
cUCTeM O0paTHIMCh K HauOojee KOPOTKUM W3
BOJIH paJiiojrana3oHa — MHUJUJIMMETPOBBIM pa-
nuoBoTHaM. Hay4Hblil KOJJIEKTUB, Ha 0a3e KO-
toporo B 1955 1. 6611 co3nan MHCcTUTYT paauo-
(U3MKH 1 IIEKTPOHKKH (B HacTosiee Bpemst PO
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um. A. 5. Yeuxosa HAH Ykpaunsl), umen 00Jib-
10 OMBIT B M3YYCHUU PACHPOCTPAHEHUS pa-
JIMOBOJIH HaJ MOPEM M JOCTHXKEHHUS B CO3/a-
HUH JIEMEHTHOHN 0a3bl MUJIJIUMETPOBOTO JHA-
na3oHa. B 1957 1. moctanoBnenuem CoBera
MunuctpoB CCCP HHCTUTYTY OBLIO MOPYYECHO
BHIMOIHEHUE KoMmIuiekcHoit HUP, ocHOBHOII 3a-
Jlaueil KoTopoi OBLIO MCCIIeOBAaHUE BIUSHUS
npolecca pacnpoCTpaHEHHUs] MUJTUMETPOBBIX
pazuoBOJH Ha pabOTy pa3IMYHBIX KJIAaCCOB
Ha3E€MHBIX PaJIMOJIOKAIIMOHHEBIX cUCTEM. B pam-
kax 3toit HUP 3anaun dopmynupoBanucs npu
aktuBHOM yuactuu C. SI. Bpayzae; oH ke ObLI
Ha3HaueH 3aMECTUTENIeM HayYHOTO PYyKOBOIU-
Tejs, a PYKOBOJAUTEIEM SABISIICS TUPEKTOP
uHctutyTa A. SI. Ycuxos.

B umncno kiroueBbIx mpobdieM BXOIUIO H3Y-
YeHHUEe BIMSHHUSA MpoIllecca paclpoCcTpaHEHUS
MUJUTUMETPOBBIX PaJIMOBOJIH BOJIM3H MOBEPX-
HOCTH CyIIU Ha TOYHOCTH U3MEPCHUS YIIIOBBIX
KOOPAWHAT UCTOYHUKOB U3IYyUCHHUS U Paauo-
JOKallMOHHBIX I[eJIeH, a TakKe pa3paboTka me-
TOJIOB U3MEPEHUS, OMU3KUX IO TOUYHOCTHU K OII-
THYECKUM. JTa 3ajada Oblla HOBOW ISl MH-
CTUTYTa; HE CYIIECTBOBAJO OMNbITAa €€ pellle-
HHUS U B JIPYTUX HAyYHBIX KOJUICKTHUBaX, HE
tonbko B CCCP, HO, KaK CTaJIO SICHO IIO3KE, U
3a pyoexom. MccnenoBanus u pa3paboTKu 1o
3TON mpobieMe cTajdud OCHOBHBIM HalpaBlie-
HHUEM JIeSTeIbHOCTH HECKOJIbKUX oTaenoB PO
HAH VYkpaunsl, a nosxe u PagmoactpoHno-
muueckoro nHcTutyTa HAH YKpauusl, npogos-
JKaIOTCS OHHM M B HACTOAIIEE BpeMs.

He ocTanaBimBasiCh Ha OMMCAHUH SIBICHUMH,
MPUBOIAIINX K 3aMETHOMY, IMOJYac KaTacTpo-
(huueckoMy yXyAIICHUID TOYHOCTH HM3MEPEHUS
YIJIOBBIX KOOPAMHAT UCTOUHUKOB U3TYUCHUS HITH
PaINOIOKAIIMOHHBIX IIeJICH TPH BIUSHUHU IOBEP-
XHOCTH pasfiena, KoTopble JOCTaTOYHO Mopo0-
HO PaccMOTpPEHbI B psije paboT, B YacCTHOCTH,
B[1, 3, 4], oOpaTumcs kK aHATU3Y OCOOCHHOCTEH
MUJITTUMETPOBBIX BOJIH.

IlepBbIM OYEBUIHBIM MPEUMYIIECTBOM MHJI-
JMMETPOBOTO JIMara3oHa Mo CpaBHEHHIO ¢ Ooiee
JUTMHHOBOJTHOBBIMH SIBJISICTCSI BO3MOKHOCTD CO3/1a-
HUS Y3KUX TUarpaMM HaIpaBI€HHOCTH MIPH JKECT-
KHX OTPAaHUYCHISIX HA Pa3Mephl aepTyp aHTCHH.
DTO MO3BOJSCT Cy3UTh I'PAHMIBI O0JACTH YIVIOB
MecTa (YIVIOB BO3BBIIICHHUS ), B TIpEieax KOTOPOn
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HanboJee CUIBHO TPOSBISETCS BIUSHUE OIS,
MEePEen3TyIeHHOT0 TIOBEPXHOCTHIO pa3zena.

BTopbiM mpenMyIIecTBOM MHIUTMMETPOBOTO
JIMarna3zoHa, Kak 0XKHJIAI0Ch, TOJDKHO OBIIIO CTaTh
peskoe ocnallieHue OTPaKEHHOTO MOJS BCIe-
CTBHE BJIUSHUS HEPOBHOCTEN 36MHOM TTOBEPXHO-
ct. Kak M3BECTHO M3 TEOPHU paccesHUs BOJH
[1, 2, 7], ammuTyaa mossi, 3epKajgbHO OTPaXKEH-
HOT'0 HEPOBHOH MMOBEPXHOCTHIO, 3aBUCHT OT 3Ha-
YeHUs TaK HaszplBaeMoro mnapamerpa Penes
o, A'siny, rie 0, — cpenHexBajgparTHueckas
BBICOTA HEPOBHOCTEH, A — JUIMHA PaJHOBOJIHBI,
Y — yroia ckonbxkeHus. COINMacHO pacyeTHBIM U
9KCTIIEPUMEHTAIBHBIM pe3yJibTaraM, MpH 3Haue-
Huu napametrpa Penes Oonee 0.15 3epkanbHoe
OTpaKeHUE MPAKTHYECKH TIOTHOCTBHIO OTCYTCTBY-
eT. OTO JOJKHO OBLIO OOYCIIOBUTH CYyIECTBEH-
HOE YMEHBIIICHHE OIMOOK U3MEPEHUs KOOPIUHAT
IPH yIJIaX BO3BBIIICHUS, MEHBIINX IMUPHHBI AHAT-
paMMBbl HampaBIeHHOCTH aHTeHHBI. Ciemyer 3a-
METUTb, YTO B HACTOSIIEE BPEMs B MUJLTUMETPO-
BOM JIMarnia3oHe AJIsl U3MEPCHUS YITIOBBIX KOOP/IH-
HaT MPUMEHSIOTCS TOJIbKO MOJU(UKAINU “KIac-
CHYECKUX~ METOJIOB, B OCHOBHOM, MOHOUMITYJIbC-
Horo [8]. st 3THX METO0B XapaKTEPHO UCIIOIb-
30BaHHE Pa3HBIX 3aKOHOB OOJNyUYCHHs aHTEHH CO
CIUIOILIHOM anepTypoil.

IIposenennoe B PO HAHY skcnepumen-
TaNbHOE M3YYCHUE CTPYKTYPHI MOJST MUIITUMET-
POBBIX BOJTH BOJM3M TTOBEPXHOCTH CYIIIHM Ha Tpac-
cax Pa3NUYHON MPOTSHKEHHOCTH B MECTHOCTSIX
C pa3iIuyHBIM penbeoM U PaCTUTEIBHBIM I10-
KPOBOM, OCHOBHBIE Pe3yJIbTaThl KOTOPOTO H3JI0-
JKEHBI B [5, 9], mokazano cienyromiee.

1) YkopoueHue IIUHBI BOJTHBI, KaK PAaBUIIO,
OPHUBOJINT K OCIA0JICHNI0 HHTEHCUBHOCTH TIepe-
U3ITy4eHUS] MOBEPXHOCTHIO CYIIM M, KaK Cle-
CTBHUE, K YMCHBIICHUIO UCKa)KEHUH 10 cpaBHe-
HUIO C MoJieM cBOOOAHOTO mpocTpancTBa. Wi-
JIOCTpalell K CKa3aHHOMY SIBJISIFOTCSI TIPUBE-
JIEHHBIC Ha pHUC. 1, 2 CBOAHBIC JaHHBIE MHOTHX
9KCIIEPUMEHTANBHBIX paboT 00 3 PEeKTUBHBIX KO-
sbduunenTax OTpaxeHus P,y PaAMOBOIH Yac-
toroi 10+ 150 I'T'u or yyacTkoB cylmu c pas-
JUYHBIMH CBOWHCTBAMHM MPH YIIaX CKOJbXKCHUS
oxouto 1°. B otninume ot koappunmenTta orpaxe-
HUS P TeopeTryeckux pador [1, 2, 7] addhexrus-
HBIA KOO(QYUUMEHT OTpaXKeHUs P,, HE SBIAETCS
CTpOro ompe/esieMon BeauuuHoi. OObIUHO B IK-
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Puc. 1. Dpgexmusnvie koaghpuyuernmor ompasicenus
P, OM YHacmkos nogepxHocmu cyuiu (1emom) 6 gyn-
Kyuu uacmomsi f:

1 — epynm be3 pacmumenbHo2o NOKpo8a (8vicoma He-
posnocmeit { =3 cm); 2 — nawns; 3 — 6cx00bl mpaewl
svicomoti 3+ 15 cm; 4—epynmosas dopoea; 5 —epynm
¢ MpasaHbLIM NOKPOBOM (8blcoma HeposHOCmel
{=0.2+0.6 cm); 6— Kkouxosamwiii nye; 7 — kapmogenn-
Hoe noine ¢ 3acoxuumu cmedasimu. LlImpuxoguvie npsi-
Mble — pacuemmbvle 3HaYeHus: Kodphuyuenmos ompa-
dlcenus 011 8blcomol HeposHocmetl { = 2; 4: 8 cm. Mac-
wimab no ocu opounam nuHeapuzyem gynxyuro I aycca
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Puc. 2. Dppexmusnvie kosppuyuenmol ompasicerus
P,y OM yHacmKos nogepxHocmu (3umott) 6 pynkyuu
yacmomol f:

1 —nye noo cneeom; 2 — nawrsi noo cHezom; 3 — poeHas
NIOWAOKa noo CHe2oM, 4 — mep3/blil necok, 5 — cHee ¢
Hacmom,; 6 — poguwlii cnee. LLImpuxoeguvle npsmvie —pac-
yemmuvle 3HAUeHUs. KOIPDUYueHmos ompadicenus Ois
sbicomul Heposnocmell { = 2;4; 8 cm. Macwmab no
ocu opounam nuneapuzyem Qynxyuio Iaycca
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CHIEPHUMCHTAJIbHBIX pa60Tax OH BBIYHCJIACTCA KaK

— Emax - Emin
Py == = (1)
* E_+E
max min
ne E_ .. E., — OUCHKH 3HAYECHUH aMILTUTY]]

noJ1s B UHTEpPEePeHIMOHHBIX MAKCUMYMaX U MU-
HUMYMax, Yallle BCETO MoJIy4aeMble yCpeTHEHH-
€M 3HaYEeHUH JIJIs1 HECKOJIbKUX IKcTpeMyMoB. Kak
BujHO u3 (1), P,, XapakTepu3yer pasmMax HHTEp-
(hepeHIIMOHHBIX N3MEHEHHUH MOJS.

2) M3MeHAI0TCSA CTaTHCTUYECKHE CBOMCTBA
MEePEU3NTy4eHHOTO TOJs: MPOUCXOAUT OTHOCH-
TEJIbHOE BO3pacTaHue Clly4allHOM, Ha3bIBaEMOU
B siuteparype AudGy3HOU, COCTABJISIONICH MO
CPaBHEHUIO C 3epKalbHOU (HA3BIBAEMOU TaKXKe
KOTE€PEHTHOM).

3) CtpykTypa 1oJist BOJIM3K I'PAHUIIBI TCHH OT
neraned peibeda MECTHOCTH, MPEMSATCTBHIMA,
BEPILUH JIEPEBLEB COOTBETCTBYET HE MHTEpde-
pEHIMHU MPSIMOH U OTPaKEHHOH BOJIH, a Mo100Ha
MOJII0 TIPY T PaKIMK Ha HENPO3payHOn MoJy-
TJIOCKOCTH.

OmHOM M3 BaXHBIX 0COOCHHOCTEH pacmpocT-
paHeHHsT MIJITUMETPOBBIX PaJIMOBOJIH HaJ CyIIen
ABIISIETCS CYIIECTBEHHAsl 3aBUCHMOCTh XapakKTe-
PUCTHK CTPYKTYPBI MOJII OT KOOPAMHAT KOppec-
MOHAMPYIOIIUX ITYHKTOB: H3MEHEHNE BBICOTHI MJIH
CMelleHne JIo00T0 U3 HUX MEepPHeHAMKYISIPHO
Tpacce Ha eJUHUIBI WIN Ja)xke J0JIU METpPOB,
BCJIEICTBUE CMEHBI NEPEN3TydaloNUX YYaCTKOB
MOBEPXHOCTH, MOXKET MPHUBOJUTH K CYIIECTBEH-
HOMY U3MEHEHUIO [TapaMeTPOB BTOPUYHOT'O MOJIH,
HarpuMep, K03 PUIHEeHTa OTpaskeHHs, TIN00 Jaxe
K CMEHEe MexaHu3Ma nepeusnydenus. 13 cka-
3aHHOTO CTAHOBHTCA MOHSATHO, YTO TE€OpETHYEC-
KM€ METO/Ibl OTTMCAHUS KaK CTPYKTYpPHI MOJIS HaJl
Cyllel, TaKk M CBSA3aHHBIX ¢ HEHl OCOOCHHOCTEH
U3MEpEeHUsl yIIIOBBIX KOOPAWHAT, NMPU3BAHBI HE
npezcKas3aTh, a JIMIIb OOBSCHUTh TE€ MM HHBIC
SKCTIEPUMEHTAJbHO TOJYYEHHBIE PEe3yNbTaThl.
NmenHo Takoil moaX0/1 UCTIONIB3YETCS MPaKTHYeC-
KM BO BCEX M3BECTHBIX HaM padoTax; MpUMEpOM
UX MOTYT CcIyXHuTh [3, 4, 10].

Kak mokazan aHanu3 sKclepUMeHTaJIbHbIX
PE3YIBTAaTOB, IO 0COOEHHOCTSIM MPOCTPAHCTBEH-
HOM, TJIaBHBIM 00pa3oM, BBICOTHOH, CTPYKTYpBI
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AMILTUTYBI OISl M OLTMOOK M3MEPEHUS YTIIOBBIX
KOOpAMHAT BCE TPAacChl MOKHO YCIIOBHO pasfe-
JIUTH Ha CIETYIONINE TPYIIIbI:

1) paBHUHHBIE (YYACTKH CTENH, JIYT U T. 1.);

2) CO CIIOKHBIM PENbe(h)OM (XOIMHUCThIC, CUITBHO
nepecevyeHHble U T. [1.);

3) Tpaccel, 3HauUMTENbHAs YaCTh KOTOPBIX
MOKPBITA JIECOM;

4) Tpacchl C CHIIBHBIM BIUSTHUEM NPENSATCTBUIH
OPUPOJHOTO (OJMHOYHBIE JEPEeBbsI MM POIIH,
BBIJICJISIIOIIMECS AeTalnu penbeda) WiIu UCKyC-
CTBEHHOT'O (3€MIISIHBIE COOPYIKEHHSI, CTPOCHHUS
U T. I.) IPOUCXOKIACHHUS.

PaccmoTpuM KpaTKo METOAMKY KCTIEpUMEH-
TaJIBbHOTO M3YyYEHHUs OMIMOOK U3MEPEHHS YINO-
BBIX KOOPJMHAT Ha Tpaccax MepeyUcIeHHBIX
BBIIIIE TPYIIIL.

OcHOBHOI1 00beM HCcie0BaHUH ObLT BBITION-
HEH Ha JUTMHAaX BOJH okoyo 8 u 4 MM. B mporecce
OITBITOB MPOU3BO/IMIIOCH TIEJICHTOBAHHE HCTOUHUKOB
M3IIy4YeHHs B 9THX JUAala30HaX, BICOTA HCTOYHU-
KOB M3MEHsUIach AUCKpeTHO (¢ maroM 0.5 M) oT
0.5 m Hax ypoHem rpynra a0 20 m. BeicoTta aH-
TEHHBI TIeJIeHTaTopa Oblia okoso 2 M. Kak menen-
raTopel, Tak W INepearomias ycTaHOBKa pa3Me-

IIaJIMCh Ha aBTOMalIMHaX, 4TO IO3BOJISIJIO MCHATH
TpaccChbl, U3y4das SIBJICHUA B YCIIOBUAX PA3JIMYHOTO
penbeda u pacTUTENILHOTO IIOKPOBA; SKCIIEPUMEH-
TBI TIPOBOJMJIMCH B pa3zHoe Bpems roxaa. Ha na-
YaJIbHOM JTalle UCCIIEA0BAaHUI C LENbI0 OLIEHKU
BJIMSIHUA METOAA MEJICHIOBAHUS ITapaUICJIbHO UC-
M0JIb30BAIMCH PABHOCUTHAJIBHBIN U Pa3HOCTHO(A-
30BBIN MEJICHTaTOPbI C OIMHAKOBBIMU JUarpamma-
MU HanpaBiieHHOCTH. [1ocKonbKy ObL1a ycTaHOB-
JICHA TOXK/IECTBEHHOCTH IMOJYYaeMbIX Pe3yJbTa-
TOB, B OOJBIICH YacTH HKCIIEPUMEHTOB TpPHMeE-
HAJICA TOJIBKO paBHOCHFHaJ’IBHBIfI IeJCeHraTop.
CBenieHus: 00 M3JIyYArOIIUX U TEJICHTAIIMOHHBIX
aHTEeHHaX MpHUBeJeHbI B Ta0M. 1.

Ommbka meneHroBaHusl Ompenersiach ¢ I1o-
MOMIBIO ONITHYECKOTO BU3MPA KaK OTKJIOHEHHUE OT
HalpaBJICHUA HA UICTOYHUK U3JTYUCHUA ITPU PABCH-
CTBE HYIIIO CHTHajla pa30aliaHca Ha BBIXOJE PaB-
HOCUTHAJIbHOTO eseHraropa. Ilpu pasnoctHoda-
30BOM METOJIe MEpOi OIMOKH sBIsLICS (Ha30BbIH
CABUT CUTHAJIOB B IPUCMHBIX aHTCHHAX IIPU OpU-
CHTAallMM OCH aHTCHHBI Ha UCTOUYHUK U3ITYUCHUA.
Ilepen kakbIM OIBITOM B YCIOBHSIX, UCKIIFOUAIO-
LUX BIIUSHUE ITOBEPXHOCTH pas3jielia, KOHTPOIUPO-
BAJIOCH COBMEIIEHHE 0CEH ONTUYECKUX TIPHOOPOB,

Tabauua 1. Xapaxmepucmuxu anmeHnu usmepumenbHo20 KOMIIeKca

JmHa MIupuna JH
Ha3HaueHue aHTeHHBI | BOJHBI, Tun
MM AsumyTt | Yron mecra

[lepenaroniass aHTeHHA 8 ITupamuganbHbIi pynop 6° 8°

4 6° 5°
AHTeHHa paBHOCUTHAJIb- 8 Kpyrbtit mapabonon 1°20’ 1°20’
HOTO IIEJIEHraTopa 4 1°20 1°20’
(cumMmeTpuuHas)
AHTEHHa paBHOCHUTHAJIb- 8 YcedueHHbIH apabonous 1°20' 6°
HOTO IeJeHraTopa 4 1°20' 6°
(HecummeTpuyHas,
MIEJICHTOBaHUE TOJIBKO
M0 a3UMYTY)
AHTEeHHa pa3HOCTHO- 8 Pynopno-nun3oBas 1°40' 6°
(dazoBoro mneneHraropa 4 1°40' 6°
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OCH PaBHOCUTHAJIILHOM 30HBI i Pa3HOCTHO(A30BOT0
niesieHratopa. C y4eToM BCeX MOrpeliHoCcTel CyM-
MapHasd MOTPEIIHOCTh U3MCPCHHUA MPHU HAJIUIUKN
ONTHUYECKON BUAUMOCTH UCTOYHUKA U3JTYyYCHHUA HE
npeBsimana 15", PaccrosHue mexny mepenaro-
LM U IIPUEMHBIM ITyHKTaMU BapbUPOBAIOCH IIPU-
mepHo oT 0.7 1o 5 kM. OO1iee mpeacTaBieHUE O
XapaKTEPUCTUKAX HMCCIICIOBAHHBIX TPacc JacT
puc. 3. Tpaccel Ha puc. 3, a, 0 OTHOCHIJIUCH K paB-
HUHHBIM, Ha PHUC. 3, B — K XOJIMUCTBIM, a Ha
puc. 3, I, 1 — K XOJIMUCTBIM C JICCHBIMH MaCCHUBa-
MU, KOTOPBIC OTMECUCHLI BCpTHKaJ’[bHOﬁ HITPHUXOB-
ko, Ha puc. 3, a, 6 Toukamu ¢ Homepamu 1-8
0003HaYEHBI MTO3UIMU MTOJILEMHHKA C TIepelaTIH-
KOM; Ha puC. 3, B-J NEpearouid MyHKT BCEraa
Haxogwics B Touke 0, a Toukamu 1-7 0003HAYEHEI
TIO3UITUH TIEJICHraTopa.

L 1
20 m .

[\
(=]
T
2

0 1 2 3 4 5 r,xMm

Puc. 3. IIpoghunu sxcnepumenmanvhvix mpacc:

a, 6 — pasHuHHbIE MPACCHL; 8 — XOIMUCIASL MPACccd;
2, 0 — XOIMUCMbIE C TeCHBIMU MACCUBAMIL NOTOICE-
HUe U 8bICOMA JECHbIX MACCUBOE YCIOBHO NOKA3AHDL
8ePMUKANLHOU Wmpuxoexou. Toukamu ¢ Homepamu
ommeuensl no3uyuU nepedaioujeo NyRkma (a, 6) uiu
nenexneamopa (8-0)
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OmmoOKHU nejIeHroBaHus 1Mo yIily MecTa

OwmnbOKK MeJIeHroBaHus MO yIITy MEcTa, B 3a-
najHOW JUTEpaType UMEHYeMbIe Yalle omnoKa-
MH COIPOBOXKJIEHUS MO Yy MEcCTa, SBISAITCS
OCHOBHOM IIPUYMHON YXy/IIIEHUsI TOUHOCTU U3MeE-
peHus KOOpAWHAT UCTOYHHUKOB M3ITyUeHUs U Iie-
Jell, HaxXoASIIUXCs HAa MaJbIX BBICOTAX HaJl MO-
BEPXHOCTSIMHU CYIIU WU MOps. IMEHHO B BEpTH-
KaJIbHOM TJIOCKOCTH HalpaBiIeHUs MPUXOa BCEX
BOJIH, IEPEU3TYUEHHBIX AIeMEHTaMH1 TOBEPXHOC-
TH, 00pa3yloT HauOOJBIIUI YTOJI C HANPaBJICHHU-
€M IIPHUX0/1a HEBO3MYIIIEHHOW BOIHbI OT HCTOUHH-
Ka W3JyuyeHus Wwin 1enud. B To ke BpeMms npu
MIPUEMJIEMBIX pa3Mepax aHTEHHBIX allepTyp Jaxe
B MIJJTUMETPOBOM JHANa30HE 3TOT yroJl MEHb-
111€ WM CPAaBHUM C HIMPUHON TUarpaMMbl Halpas-
JICHHOCTH IEJICHIallMOHHOM aHTeHHBI. B paccmar-
pUBaeMOM Ciy4yae MajblX BBICOT CUTHAJBI, IIe-
peusiyyeHHble TTOBEPXHOCThIO pasfiena, Mayo
OTJINYAIOTCA OT HEBO3MYILEHHOI'O CHUTHaJla MO
qacToTe, MOJISAPU3ALNN UIIH 3aIla3/[bIBaHHIO, YTO
JleJlaeT HEBO3MOKHBIM BbIJI€JIEHHE HEBO3MYIIIEH-
HOT'O CHT'Halla Ha UX (oHe. Pe3ynbraThl meneHro-
BaHUS B TaKUX YCJIOBHUSX HE COBIAJAIOT C Ha-
MIPaBJICHNEM Ha UCTOUHUK U3ITyYEHHMs, XyKe TOTO,
B JIEIUMETPOBOM U CAHTUMETPOBOM JIHATIA30HAX,
cornacHo [1], MOXeT OIHOBPEMEHHO CYIIECTBO-
BaTh HECKOJIbKO IejeHroB. Kak mokazamu mep-
BbI€ ONBITHI, B MUJUINMETPOBOM JIHalla30He HaJl
CylIeill Bcerga CyllecTBYeT eIMHCTBEHHBIN Iie-
JICHT, T. €. TIPH JII000H BBICOTE HCTOUHHKA U3ITyye-
HUS WIN OTpa)kaTelsl Haj MOBEPXHOCTHIO TPYHTA
CYIIECTBYET €TMHCTBEHHAS! OPHEHTAIINsI aHTEHHBI,
TIPU KOTOPOH! peasn3yeTcs ycIoBUE PaBHOCHTHAIIb-
HOCTH WJIM HYJIEBOU pa3HOCTHU (pa3.

Paccmotpum pesynbrathl onbIToB. Kak u oxxu-
JIaI0Ch Ha OCHOBAHUY TPE/IIECTBYIOIIETO aHaAIN-
3a BBICOTHOM CTPYKTYpPBI aMITUTYbI TIONS B pa3-
JIMYHBIX YCIOBHSAX, OIIMOKH H3MEPEHNS yTiIa MeC-
Ta OblIM Haubosee 3HAYMTENFHBIMU HA PaBHHH-
HBIX Tpaccax (puc. 3, a, 6). [IpruMepbl BEICOTHBIX
3aBHCHMOCTEH OIIMOOK MPHY pa3MeIIeHUH IiepeiaT-
YyHMKa B TOYKax 2 U 8 mpuBezieHsl Ha puc. 4. Kax
3TO MPUHATO JUI BEICOTHBIX Pa3pe30B, 10 BEPTH-
KaJbHOM OCH OTJIOXKEHbI 3HAuU€HHs BBICOT Tepe-
JlaT4YMKa, IPHU KOTOPBIX MPOU3BOAMUIHNCE 3aMEpHI, a
10 TOPU3OHTAIBHOW OCH — €ro “U3MepeHHas BbI-
cora A, onpeiensiemMas MO M3MEPCHHOMY Iie-

u3M?
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hpM
Y

6)

Puc. 4. 3asucumocmu medicoy evicomoti hy ucmouHuUKa usLy4eHus Ha0 NOBEPXHOCIbIO 2PYHMA U PACCHUMAHHOU

no y2loMecmHoMy nenenzy eblcomoti h,,,

Ha mpaccax puc. 3, a, 6.

a— onbim 6 mouxe 2 Ha 80JIHE 8MM,' 6 — mam dice Ha 8onHE 4MM,' 6 — onwvlm 6 mouke 8§ Ha B0JIHe 8./\/1.M,' 2 —mam ance

Ha eonre 4 um

JIEHraTopoM yImy MecTa 0, M3 COOTHONIECHHS

M

h|43M = h? + rRTel’BM’ (2)

L€ ¥'p7 — TOPU30HTAJIBHOE PACCTOSIHUE OT IIEJIEH-
raropa Jio nepegaTyuka, s, — BbICOTa aHTEHHBI
neseHraropa. /JIocTOMHCTBOM TakKMX KOOpIWHAT
SBIISIETCS TIOCTOSTHCTBO MaciuTaba mpu BceX Ju-
CTaHIMX, B TO BpeMsl KaK IPU MUCIOJIb30BaHUU
YIJIOBBIX €IMHUI] OH MEHsIICS ObI ¢ JaIbHOCTHIO,
3aTpy/AHss COMOCTaBleHHEe JaHHbIX. Ha rpadu-
Kax TOYKaMH, COEJMHEHHBIMHU OTpPE3KaMM Mpsi-
MBIX, TOKa3aHbl pe3yJIbTaThl ONBITOB, HAKIIOHHBIE
MITPUX-TYHKTUPHBIE TPSIMbIe COOTBETCTBYIOT
TOYHBIM TeJeHraM HCTOYHMKA H3JIydeHU,
a IITPUXOBBIE M IITPUX-MYHKTUPHBIC KPUBBIC HA
puc. 4, a, 6 MOKa3bIBAIOT PAacUCTHBIC TPAHUIIBI
9KCTPEMYMOB OIMOOK Npu K03 uimenrax or-
paxkeHwust, paBHbIX P = 0.2 (IUTPUXOBBIE KPHUBHIE)
u P = 0.4 (WTpUX-yHKTUPHBIC KPUBBIE).

CpaBHEHHE BBICOTHBIX 3aBHCHMOCTEH OMIMOOK
Ha PaBHUHHBIX TPACCAX C COOTBETCTBYIOIIUMHU MM
BBICOTHBIMHU 3aBHCUMOCTSIMA MHOXKUTENS Ocad-
JICHUS MTOKa3bIBALT, UTO, KaK U CIEIYeT U3 TCOPUU
SIBIICHUSL, TTIOJIOKEHHSI SKCTPEMYMOB TIOJISI U OIIHOO0K
COBIMAAAIOT, IpHYeM HHTEep(EpEHIIIOHHBIM MUHH-
MyMaM MHOXHTENSI OCHaONeHUsI COOTBETCTBYIOT
OCTpBIE MOJIOKUTENbHbBIE TUKU OIITHOOK N3MEPEHUSI
yIila MecTa, a MaKCUMyMaM Monsi — “Tymble” OT-
pHULaTeNbHbIE KCTpeMyMbl omunOok. Ha BoiHe
8.2 MM B 001acTH MaKCUMYMOB 3HaYEHHUS N3MEPEH-
HOM BBICOTBI MOTYT OoJ1ee ueM B 4 paza OTIIMYaThCs
OT MCTUHHOM BBICOTBI W3ITyYaTesisi HaJl IIOBEPXHOC-
TBIO, KaK 9TO UMEET MECTO B TOUKE 8 Ha puc. 3, a.
Ha stom rpaduke BuaHa elie ojHa 4acTo BCTpe-
YaloMIascsl Ha pealbHBbIX Tpaccax OCOOEHHOCTB:
Oonbiast omMOKa M3MEPEHUsI yIvia MecTa Mpy Hy-
JICBOW BBICOTE MEpelaTunKa, KOTOpast MOKET ObITh
00BsICHEHA BIMSTHUEM OTPAKEHHs PaJMOBOJH OT Ha-
KJIOHHOM IIOLIAKK BOJIM3H MEJICHraTopa.
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ITockonpKy BIUSHHE CKIOHOB MPH U3MEpE-
HUU yIJla MECTa UMEET HEKOTOPbIe 0COOCHHOC-
TH, PACCMOTPHUM 3TOT BOIpoc nojapodOHee. [€o-
METpHs 33Jlaud ¥ 0003HAYCHU S BEJIMYHUH MTOHSIT-
HBI U3 puc. 5. BenencTsue HakjaoHA KacaTemb-
HOHM MIOCKOCTH B TOYKE 3€PKATBHOTO OTpaxe-
HUSI CUTHAaJIa OT CKJIOHA U3MEHSETCS IUPUHA U
MOJIOKEHUE MHTEeP(PEPESHIMOHHBIX JICIECTKOB
MOJIsl, YTO MOJXKET OBITh YYTCHO IPH pPacuere
BBEJICHUEM JICUCTBYIOIINX BEICOT KOPPECIIOHIU-
pytomux myHKTOB. COOTBETCTBEHHO U3MEHSICT-
Cs YTOJI CKOJIBKCHUS Y U pazMep 30HbI DpeHens
Ha OTpakalollel MIoNagKe, a TaK¥KEe BO3pacTa-
€T Yroll £, MEeXJ1y HalpaBJIEeHUSIMHU Ha UCTOU-
HUK U3JIYyUYCHHS U Ha €TO 3epKabHOE n300paxe-
Hue. B wacTHOCTH, OIlEHKA 1O MEPUOAY UHTEP-
(hepeHIIMOHHOI KapTHUHBI B TOUKE 8 J1a€T HAKJIOH
OKOJIO 5 MpaJ IIpU PacCTOSHUU JI0 TOUYKU OTpa-
skenust okosio 250 m. [lpu aToM neicTByromas
BBICOTA TEpeaaloleli aHTEHHBI OKa3bIBACTCS
OpUMEpHO Ha 22 M 0OoJIblle, YeM ee BHICOTa Hajl
TPYHTOM; B TO K€ BPEMS yTOJ HE MPEBOCXOIUT
8 Mpaj, T. €. OTpaKEHHBIN JTyd MPAKTUUECKU HE
ociabiseTcs MpUEMHON aHTeHHOW. B Takux
YCJIOBUSAX MaKCHUMajbHas ONIMOKA HM3MEPCHUS
BBICOTHI Oh,, MOXET JOCTHraTh BEJIMYUHBI

dh,,, = 2h, P 3)

rie hp; — NEACTBYIONIAs BBICOTA aHTEHHBI, P —
k03¢ dunmeHT orpaxenus. [Ipn HafiieHHOM ISt

Puc. 5. Cxema nyuetl npu ompasicenuu om cxiona
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toukn 8 3nauennn My =h. +22 v u onenenno-
My MO ONbITaM B Touke 1 3Hauenuio P,, =0,4
JIeiCTByIOMas BHICOTA aHTEHHBI MOXET J0CTH-
rate 30+ 40 M, 4TO U UMEET MECTO B IKCIIEpH-
MeHTe. Ha Tpaccax co CIOXHBIM peibedom
MECTHOCTH (puc.3, B-1) KpyTU3HA CKIOHOB, KaK
npasuio, npesbimana 0.01. 3to o3HavaeT, 4yTo
€ = 2arctgAH /AD > 80, T. e. npeBbIAET Mo-
JYIIAPUHY THarpaMMbl HATIPaBJICHHOCTH aHTEHHBI,
Y TIOOTOMY TIPHEM OTPAKEHHH OT TAKHX CKJIOHOB
OyJer 3HauuTeabHO ociabieH. [lpu ombiTax B oc-
TaJbHBIX TOYKaX PABHUHHBIX TPACC HYJIEBAs BBI-
coTa IepeaTyuKa JU00 MPaKTUIEeCKH COBIaaaa
C TPaHUIICH ONTHUYCCKOM BUAMMOCTH (TOouka 1,
puc. 3, a), 11060 ObLIa HIKE MOCISAHEH, U TIPU
NoJbeMe NepeaTuiK, TOJILKO HaunHasl C HEeKO-
TOPOW BBICOTHI, HAXOAMJICS BBIIIE TEOMETPHUEC-
KOW I'paHuUIbl TEHU (HarpuMep, Touku 2, 3, 7 Ha
puc. 3, 6). B aTux cnyvasx B ocBemieHHON 00na-
CTH HaOIIIOIAIOCH YAOBIETBOPUTEIBHOE COBIIA IE-
HHE PAaCUYCTHBIX U IKCIIEPUMEHTAIBHBIX OICHOK.
CkazaHHOe BUIIHO, B YaCTHOCTH, U3 pHc. 4, a, 0, Ha
KOTOPBIX MMOKa3aHbl pacueTHbIC MOJOKEHUS Tpa-
HUI[ OMIMOOK M3MepeHus: BbicOThl st P =0.4
(IUTpHX-IyHKTHpPHBIE KpuBble) 1 P = 0.2 (ITpHXO-
BbIe KpHBbIe). [IpaBble TpaHUUHbBIE KPHBBIE CO-
OTBETCTBYIOT dKCTpEMyMaM YTiia MECTa U BBbI-
COTBI, U3BMEPECHHBIX B UHTEP(HEPCHIIMOHHBIX MH-
HUMyMax TIOJis, a JIeBble KpUBbIC — MHTEepde-
PEHIIMOHHBIM MakcUMyMmaMm Toiisi. U3 cpaBHe-
HUS pe3yJIbTaToB ONBITOB Ha BOJHAX § U 4 MM
(puc. 4, a, B u 4, 0, T COOTBETCTBEHHO) XOPOIIO
BHUJIHO YMEHBIIIEHUE OMMOOK C YKOPOUCHHEM
JUIMHBI BOJIHBI, YTO COTJIACYeTCs C paHee OTMe-
4YeHHbIM (puc. 1) cCHW)KEHWEM 3HadyeHUil Kod(-
¢unmenTa otpaxkenus ot cymu. OTMETHM TaKxe,
YTO B IIPOBEJICHHBIX M3MEPEHHSX YIJIOB MECTa Be-
JIMYHMHA OIHOOK MPAKTUIECKH HE 3aBHCENa OT U~
PHHBI IarpaMM HarpaBlIeHHOCTH aHTCHH B Bep-
TUKAJLHOH TIJIOCKOCTH U OT METOZa M3MEpECHUSI.
OO0 5TOM HaIISITHO CBUJIETEIBCTBYET CPAaBHEHHUE
pEe3yJITaTOB TEJEHTOBAHUSI PABHOCUTHAIBHBIM U
Pa3HOCTHO(A30BBIM IEJIEHraTOPaMH; ITUPUHA 1~
arpaMMbl HaNpaBJICHHOCTH TEPBOTO COCTABIISLIA
1°20', a BTOporo — 6°. B TO e BpeMs, Kak BHIHO
U3 cpaBHCHHUsS TpadukoB puc. 4, a, 0 (paBHOCHT-
HaJBHBIM METOM) U pHUC. 6, a, 0 (pasHOCTHODA30-
BBIN METOJI), OTHOCSIIUXCS K ONBITAM B OJHOU U
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Puc. 6. Dxcnepumenmanvhvle pe3yiomamol UsMepeHUst GbLCOMbL U3TYUAMENS PAZHOCIHODAZ06bIM NeNeHAMOPOM
Ha paguunHou mpacce (puc. 3, 6, mouxa 2): a— 015 onHbL 8 MM, 6 — 015 60JIHbL 4 MM

TOH K€ TOUKe 2 TPacChl, IPUBEJCHHON Ha pHc. 3, 0,
OCHOBHBIE 0COOCHHOCTH BBICOTHBIX 3aBHCHUMOC-
Tel ommnboK coxpanstorcesi. Hekotopbie oTinuymst
MOTYT OBITh CBSI3aHBI C HE3HAYUTEILHOW pa3HU-
1[ell B BBICOTaX aHTEHH IeJIEHraTOpoOB M X B3a-
UMHBIM CMEIeHHEM MEPIICHIUKYIAPHO Tpacce Ha
HECKOJIbKO METpPOB.

Kpowme cucrematnyeckux u3MepeHnii Ha BoJI-
Hax 8 MM U 4 MM, IPOBOJIMBIIUXCS BO BCEX TOY-
Kax paBHHHHBIX Tpacc (puc. 3, a, 0), B Touke |
OBLTH IOTIOJTHUTEIBHO MPOBEICHBI OMBITHI Ha BOJI-
He 2.3 MM, KOTOpBI€ MOJITBEPIMIN OTMEUEHHOE
BBIIIIE CHIDKCHUE OMIMOOK MENICHTOBAHUS C YKOPO-
YeHHEeM JJIUHBI BOJNHBI. Pe3ynpTarhl OMBITOB B
9TOM TOYKE B OINHAKOBBIX YCIOBHSIX Ha BCEX TPEX
JUTMHAX BOJH (8 MM, 4 MM H 2.3 MM) TIpHBEIEHBI
Ha puc. 7. [loBepXHOCTH Tpacchl BO BpeMs IpO-
BEJICHHUS ONBITOB ObLIA MOKPBITA HU3KOW JHKOpa-
cTylieH TpaBoi. M3 rpadukoB puc. 7 BUIHO, 4TO
OIIMOKM Ha BojHe 2.3 MM, 0COOEHHO B 001aCTH
MaJIbIX BBICOT, B 2+ 3 pa3a MeHbIIe OIIMOOK Ha
BOJIHE 8 MM; KaK ()YHKIUS BEICOTHI OHU MEHSIOT-
cs xaoruyecku. Ha puc. 4, a, 6 u puc. 6, a, 0
BHJIHA €llle OJHa XapaKTepHas 0COOEHHOCTH
BBICOTHOM 3aBICHMOCTH OLIMOOK: TIPH yMEHbIIIe-
HUU BBICOTHI UICTOYHHKA M3JIy4YEHUS U €ro INpH-
ONVM>KEHUH K TPaHUIle TeHU (OHa OTMEYEeHA TOpH-
30HTAJIBLHOM IITPUXOBOH INHUEH) U3MEHEHHE H3-
MEpPEeHHOI BBICOTHI 3aMejyIfgercs, a Mmocie Io-

Pannodusuka u pamgunoactponomus, 2001, T. 6, Nel

TpYKEHHs TIepe/laTunKa B TeHb COBCEM IpeKpa-
maetcs. Pesynbrar neneHroBaHus B TAKKX YCIJIO-
BUSIX COOTBETCTBYET HAIIPABICHUIO Ha TPAHUILY
3aTEHSIONIETO MPETSTCTBHSL.

['padukn n3MeHeHHs OMIMOOK Kak (YHKIUH
BBICOTHI Ha BCEX PAaCCMOTPEHHBIX BOJHAX MHJI-
JMMETPOBOI'0 JUAla30Ha yKa3bIBAIOT Ha eIlE OJTHY
Ba)KHYIO JUIs1 pabOTHI PaJHOCHCTEM OCOOCHHOCTB!
JUIs1 QUKCUPOBAHHOTO MOJIOKEHHUS MTEJICHTAI[OH-
HOU aHTEHHBI PABHOCUTHAIILHOCTH MOYKET HA0IIO-
JIaThCs TIPU HECKOJIBKHUX BBICOTaX MCTOYHHKA M3~
nyyenus. Cka3aHHOE MOSICHSIETCs puc. 8, Ha KO-
TopoM B KoopauHartax 6 = f(6,,,), rae 6, —
yroJl MecTa UCTOYHMKA U3ITyYeHH s, TIoKa3aH (par-
MEHT rpaduka BEICOTHOH 3aBUCUMOCTH OIINOOK
u3MepeHus yria Mecta. [Ipu HekoTopoii BIOpaH-
HOM OpUEHTAIINU MEeJICHTAlIMIOHHON aHTEHHBI, CO-
OTBETCTBYIOIEH yr1y MecTta 6,, paBHOCHTIHAIIb-
HOCTh OyleT cyllecTBOBaTh NMPHU yIiax MecTa
nepelaTyika, paBHblX O, ...,0;5. 010 03Haua-
€T, 4To N0 (DaKTy PaBEeHCTBA HYIIO CUTHAIA OLITHO-
KU Ha BBIXOZE IEJICHraTopa Helb3sl OJHO3HAYHO
OLICHHTH YTIOBYIO BBICOTY HCTOYHUKA M3ITyUCHUSI.
[Tpu u3MeHeHHn BBICOTHI MEpeaTInKa U (UKCH-
POBaHHOM IT0JIO)KEHNH aHTEHHBI CUTHAN OIIMOKH
Ha BBIXOZIC TeNieHraTopa OyleT U3MEHSTHCS Tak,
KakK Moka3aHo Ha puc. 9. Takue ocobeHHOCTH U3-
MEHEHHS OITMOOK M3MEPCHUS yIiia MECTa U CUT-
HaJla OMIMOKH KaK (YHKIMH BEICOTHI OTPUIIATEIb-
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H3M?

Puc. 7. Pesynomamsi pagnocuenaivbiozo neieHeo8a-
HUsL no yeny mecma Ha éonxnax 8 mm (a), 4 mm (6) u
2.3 mm (8)

HO BJINAKOT HaA pa60Ty CHUCTCM HaBCACHU 110 paB-
HOCHUTHAJIBHOM 30HE, co3/1aBast 00J1acTu ¢ 00part-

H3M

Puc. 8. Kapmuna 6031uxHo8eHUs HECKONLKUX 00HOBPE-
MEHHO CYUIeCMEYIOUUX PABHOCUCHATLHBIX 301

UCO

071 O Pr3 Or5

Puc. 9. 3asucumocmo cuenana owubxu om yena mec-
ma usyHamensi NPU Cyuecmeo8aHuu HeCKOIbKUX pas-
HOCUSHATILHBIX 301

HBIM, J€CTa0MIM3UPYIONINM, 3HAKOM CUTHAaia
ommnoku (Touku Op,, 05).

Kak moxazan aHaiu3 BBICOTHBIX pa3pe3oB U
pacyeTsl ¢ UCIOIb30BAHMEM peajbHBIX 3Hade-
HUH K09 (PUIIMEHTOB OTpaKeHHS, IPU JHArpaM-
Max HanpaBJIeHHOCTH IPUMEHSBIINXCS aHTEHH U
TeOMETPHUH HCCIIEeI0BABIINXCA Tpacc yKa3aHHas
0COOCGHHOCTB COXpaHSETCsS C YKOPOUCHUEM BOJI-
HBI BILIOTH JI0 2 MM, XOTS ITPH 3TOM MPOUCXOJUT
CyXeHUE 00IacTH HEONpPEIeNeHHOCTH. DTO XO-
poIIO BUAHO Kak U3 puc. 4 u puc. 6, Tak u u3
pe3yJbTaToB dKCIEpUMEHTANBbHON padoTsl [11],
B KOTOPOW BBICOTHBIE pa3pes3bl MOJs Ha 4acToTe
140 I'T'y mpou3BOAMINCH TIEPEMEIIICHIEM TIPUEM-
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HOU aHTEHHBI 110 BBICOTE MIPH JIBYX HAKJIOHAX Ie-
penatonieli aHTeHHBI, OTIMYABIINXCS HA ITUPUHY
JuarpaMMbl HarpaBieHHOCTH (okoio 2°). Eme
pa3 3aMeTUM, YTO MPH ITOM COXPAHIETCS OJHO-
3HAUHOCTh TEJNICHTA, T. €. KAKJIOMY TOJIOKEHHIO
nepenaTiuKa COOTBETCTBYET €IMHCTBEHHOE 3Ha-
YEeHHE ero IMeJieHra Mo yriy Mecra.

OmnOKy M3MepeHHst yria MecTa Ha Tpaccax
CO CJIOXHBIM penbedoM CyIIeCTBEHHO OTJINYa-
JUCh OT PaCCMOTPEHHBIX BhIIE. Bo-niepBoIX, HA
BCEX BOJHAX OTCYTCTBOBaJa YHOPSAOYEHHas
CTPYKTypa U3MEHEHHS OLITMOOK C BHICOTOW B OC-
BELICHHOH 00JIaCcTH MpocTpaHcTBa. Bo-BTOPHIX,
BEJIUYHMHA OIINOOK ObLTa 3HAYUTEIbHO MEHbIIIEH,

hpM

16

a)

=
3
Lt z

YeM Ha PaBHUHHBIX TPaccax: BO MHOTHX OIBITaxX
OIIMOKY HE NPEBBIIIAIN HHCTPYMEHTAIBHBIX. DTH
0COOEHHOCTH XOPOIIO BUIHBI U3 TIPHBEICHHBIX Ha
puc. 10 mpuMepoB BHICOTHBIX 3aBUCUMOCTEH OIIIH-
0ok Ha OTKpbITOW Tpacce (a, 0) U Ha Tpacce ¢
JU(QPAKIMOHHBIM MEXaHU3MOM (OPMHPOBAHUS
nons (B, r). I'paduku Ha puc. 10, a, B, r cooTBeT-
CTBYIOT BOJIHE 8 MM, a rpaduk Ha puc. 10, 6 —
BonHEe 4 MM. BuniHo, 4TO Ha BOJHE § MM pa3zMax
OCUMJLIALIMN U3MEPEHHOW BBICOTHI HE MPEBHIIA-
eT 4 M, IpuYeM Takue OCHMULIIIMM HaOmrofa-
I0TCSl B HeOONBIIMX MHTEpBalax BbeicOoT. Ha
BOJIHE 4 MM pa3Max OCIHWIISALUNA PEAKO MPEeBbI-
mraetT 1 M, a BO MHOTHX OIIBITaX ONMOKHA MEHBIIIE

=

hy,

.
>

16 t

Puc. 10. Dxcnepumenmanvhoie pe3ynomamsi usmeperus 8biCOMbL UCOYHUKA NO YeIoOMeCmHOMY neneney. Tpaccuol

CO CNOJHCHBIM peibedhom

Pannodusuka u pamgunoactponomus, 2001, T. 6, Nel

59



B. b. Pa3cka3oBckuii

MHCTPYMEHTAIBHBIX. DTO CONIACYETCS C PE3yiib-
TaTaMU aHaJINM3a BBICOTHBIX pa3pe3oB aMILIMTYI
TOJIsI, YKa3bIBAIOIIMMHU HAa HE3HAUUTEJIbHYIO POJIb
3epKalbHOH KOMIIOHEHTHI B (DOPMHPOBAHHH BTO-
PHUYHOTO TOJIS HA Tpaccax AAHHOTO THUIIA.

Hns rpadukoB Ha puc. 10, B, T BONMM3H TpaHu-
(bl TEHU U HUKE €€ XapaKTepHO CYIIeCTBOBaHUE
TaKHUX K€ BBICOTHBIX 3aBUCMOCTEH OIMMOOK, KaK
U Ha paBHUHHBIX Tpaccax.

HecmoTps Ha Manyio 1Mo CpaBHEHHUIO C PaB-
HUHHBIMU TPAaCCaMH BEJIMYMHY OITHMOOK H3Mepe-
HUS yIJIa MECTa, Ha MHOTHX BBICOTHBIX pa3pe3ax
HaOIlfoJaeTcsl pacCMOTPEHHAsi paHee MHOXe-
CTBEHHOCTb PaBHOCHUTHAJILHBIX 30H, XOTS IIUPHUHA
3aHMMaeMOro UMH BBICOTHOTO KOPHJIOpa 3HAYH-
TEJIBHO YK€ M KOJIMYECTBO 30H, Kak MPaBmio, He
BBIIIE TpeX.

B psiie o1bITOB OCHOBHO# JTNOO CYIIIECTBEHHOM
COCTaBIISIONICH OMMOOK SIBISIMCH (IYKTyalluu
U3MepeHHOoro yria Mecta. Kak npaBuio, oHH BO3-
HUKAITA [IPY HAJTMYUH Ha JTMHAY BU3UPOBAHUS MU B
HEMOCPEeICTBEHHOM OJIM30CTH OT Hee (B mpeenax
nepBoi 30HbI @penens) MO0 CHIBHO U3PE3aHHOM
KPOMKH Jieca, TU00 “TONympo3pavHon’ s MUII-
JIMMETPOBBIX BOJIH Jieconoockl. ITocnennuii ciry-
yaii OblT Hanbosee HeOIArONPHUSTHBIM: OMIMOKK
JOCTHTAII JICCATKOB YIJIOBBIX MHUHYT, OO pe-
3yJIBTaT [1EJIEHTOBAHUS CTAHOBUJICS] HEOTIPE/IeJIeH-
HBIM, KOIJIa MHTEHCHBHOCTb INPOUIEIIET0 Yepes
KPOHBI CUTHAaJa OblIa OCTaTOYHO BBICOKOM.

Oumndxku n3mMepeHust a3MMyTa

B omnnume ot ommboK M3MepeHus yria Mec-
T4, NIABHOW NPUYUHON KOTOPBIX SIBISIETCS 3€p-
KaJbHasi KOMIIOHEHTa BTOPHYHOTO TOJISI, OIIUOKH
U3MEpEeHHUs a3uMyTa OOYCJIOBIEHBI BIHUSHHEM
nu(y3HONW KOMIOHEHTHI. JlJisi OHOPOJHBIX, B
CpeJlHeM IUIOCKHX TPacc pachpejielieHue MOII-
HOCTHU U PY3HOI KOMIIOHSHTBI 10 yIJIaM IPUX0-
Ja B TOPU3OHTAIBLHON MJIOCKOCTH JIOJDKHO OBITH
CUMMETPHYHBIM OTHOCHTEIBHO HAIIPABICHHS Ha
nepeaaTyrK 1, CIeJOBATENbHO, OUIMOKN TaKKe C
paBHOH BEPOSTHOCTHIO JIOJIKHBI IPUHUMATh KaK
OTpHILIATeIbHBIE, TAK M TOJOKUTEIbHbIC 3HAYe-
Hus. Mcxons U3 MpenmonoXeHus, 4To OIUOKH
U3MEPEHUS M yTroJl MeCTa HCTOUHUKA H3JTyUeHHS
MaJbl 10 CPAaBHEHHWIO C LIIMPUHOW AMAarpaMMBI
HAIPaBJICHHOCTH aHTCHHBI, B padore [§] moiy4yeHo

CIIEeyIOIIee BEIPAKECHUE JUIS CPETHEKBAIpaTHIEC-
KOI'O 3HAY€HUs OIIUOOK O, U3MEPEHHs a3uMyTa:

- eTo-r]pd

O 26 “)

rie 6, — yrom mMecra MCTOYHMKA M3IIy4EHHUS,
O, — CPE/IHEKBAPATHIECKOE 3HAYCHNE HAKIIOHOB
HEPOBHOCTEH MOBEPXHOCTH; P, — KOIDPUIIHEHT
U PY3HOTO paACCESTHUSI; 72 — KOJIMYESCTBO HE3aBH-
CHMBIX OTCYETOB, 110 KOTOPHIM MPOU3BOJUTCS U3-
MepeHue (TIpenonaraeTcsi, Yto b0 BCIEACTBHIE
u3MeHeHHs1 HOPMBI TTOBEPXHOCTH, KaK 3TO NMEET
MECTO MpH paboTe HaJ MOpeM, THOO BCIICACTBHE
JBIDKCHUS MTepelaTiuKa 3HaUCHUs OIIMOOK MEHS-
1o1cst Bo Bpemenn). [lapamerp G, sBnsercs or-
HOIICHHEM YCUJICHHS aHTEHHBI 10 MOIIHOCTH B
HaNpaBJICHUH HA UCTOYHUK M3ITYYEeHUs K CpeiHe-
MY YCHJICHHIO I10 00JIACTH YIJIOB, U3 KOTOPOU MpH-
XOIUT AU PY3HO pacCesTHHBINA CUTHAL.

MokHO yKa3aTh Ha JIBa HEJJOCTaTKa 3aBHUCH-
MocTH (4), cTaBdiie 0] COMHEHNE €€ MPUroJI-
HOCTB JJISl OUYeHb MaJbIX YIIOB MecTa. Bo-mep-
BBIX, B €€ OCHOBY ITOJIO}KEHO TIPE/ITIONIOKEHHE, UTO
yIIIOBasi CpelHEeKBaApaTnieckas MUpuHa oda-
CTH, ieper3nyyaroniei TudQy3Hy0 KOMIIOHEHTY,
HPOMOPIMOHANIBHA YIITY CKOJIbkeHus. OHAKO 3TO
YTBEPKACHHE CIIPABEINBO, coriacHo [7, 9, 12],
TOJIBKO B 00JIACTH CPaBHUTEIILHO OOJBIINX YIIIOB
CKOJIb)KCHHUSI TIPH MOJTHOM pa3pyIIeHUH 3epKalib-
Horo otpakenusi. Kak mokazano B [13], mpu MeHb-
KX yIax cKolibxkeHus nuddy3Hoe paccesHue
yOBIBaeT MeTIeHHee, He rcuesas aaxe npu Y = 0,
U YIJIOBas NIMPUHA TIepeU3ITyvarolei 001acTi npu
9TOM Tak)Ke He oOpaimaercs B HyNb, COXpaHsIsSI
HEKOTOpOe KOHEYHOE 3HAYCHHE.

Bo-BTOpHBIX, B (4) HE YUUTHIBAETCS BIUSHUE
NOJISI 3epKaIbHONH KOMIIOHEHTBI, KOTOPOE, HHTEP-
(hepupys ¢ mosieM cBOOOIHOTO MPOCTPAHCTRA, 13-
MEHsIET OTHOIICHUE JeTEPMUHUPOBAHHOM U CITy-
YailHOM COCTABJISIIOIIMX CUTHAJIA HA BXOJE YIVIO-
MEPHOI'0 yCTPOMCTBA.

B pabore [14] momydeHbl CTaTUCTHYECKHE
3aKOHBI pacrpe/esieH s OIMOOK U3MEPEHHS YT-
JIOB IpUX0Jla B HauOosee obIIeM cirydae, Korjaa
NPUCYTCTBYIOT Kak clly4aifHas, Tak U JIeTepPMU-
HUPOBaHHAs KOMIIOHEHTHI cHTHana. Bocmons3o-
BaBUIMCh METOIMKOW M MaTeMaTHYeCKHM arlra-

60 Pannodusuka u pamgunoactponomus, 2001, T. 6, Nel



OmnOKH MeJIEHTOBaHUS MAJIOBBICOTHBIX HCTOUHHUKOB MUJIUMETPOBOI'O paUOU3IIYUYCHHU HAJT Cyﬂleﬁ

paToM 3Toi paboThl, MOXKHO TIOIYYUTh CIEAYIO-
1Iee BbIpaKeHUe ISl AUCTIEPCUU OLTHOOK U3Me-
peHus asuMmyTa O

El

o2 =2, (5)

)
N
P v)

rae napamerp m, siBisiercst 3pGexTuBHON mupu-
HOH paclpeeNeHns M0 a3suMyTaabHOMY YTy
IMPUHATOM MOIIHOCTU CIYyYalHON KOMIIOHEHTBI
0JIs1, IEPEU3ITY YEHHOM IEPOXOBATON TIOBEPXHO-
CTBIO pasjiena;, a mapaMmeTp P, — OTHOIIEHHEM
B IPUHATOM CHUTHAJE€ MOILHOCTEH KOI€pEHTHOMI
P, w cny4aiiHO# P, KOMIIOHEHT:

(6)

0
I
~U|so

OcTtaHOBHUMCS NOPOOHEE HA 3aBUCUMOCTSX
BXOIAIIMX B (5) 1 (6) BEIMYUH OT yCIOBUH Tie-
JICHTOBaHMUs.

Ilpn Manbix ymax ckoibxenust Y, Y<Op, u
HOpPMaJIbHOM 3aKOHE pacllpelielleHHs] HaKIOHOB
HEPOBHOCTEMH, UCTIONB3YS pe3yIbTaThl padoTsI [2],
MOy YHM:

2
O”T . (7
4r

rrﬁ=20r‘]‘+

rae /i, — BBICOTA W3Iydarels, r — PACCTOSHUE
MEX]y TEeJIEHraTOpOM M H3JydaresieM. 3ech
[IEpBOE CJIaraeMoe COOTBETCTBYET BKJIAjay B
nepeusiydeHue OJIMKHETO K TEJIEHraTopy ydac-
TKa MOBEPXHOCTH TPACCHI, a BTOPOE — BKJAIY
JaJIbHETO YYacTKa, KOTOPhIM HAYMHAETCS IPUMED-
HO Ha paccTosHuu hy (20, )? or nepenarunxa.
Eciiu anTeHHa nejieHraropa noaBiser IPUeM 13
OJIMKHEN 30HBI TOBEPXHOCTH, TO

2
0’1

m§ - 42 (8)

TR

o
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Y BBICOTHAsI 3aBUCUMOCTh OLIMOOK COBMajaaeT
c (4). Ilpu mupoxoit Mo ynry MecTa Juarpamme
HAINPaBJIEHHOCTH Jaxe B ciaydae hy — O mapa-
METp M, OTJIMYEH OT HyJsl U paBeH

mg = 20, ©)

T. €. OIIMOKK M3MEPEHHUsl a3uMyTa Jaxe B pam-
KaX MCIOJIb3YEeMOT0 MPUOIMKEHHS FeOMeTpUIec-
KOW ONTHKH HMEIOT HEKOTOPYIO KOHEUHYIO BEJH-
YHHY, 3aBUCSIIYI0 OT HAKJIOHOB HepoBHOCTEN. Kak
noka3aHo B [13, 15], mpu oueHb ManbIX YIJIOBBIX
BBICOTAX, KOTJ]Aa HENb3s MOIb30BaThCs MPUOIH-
JKEHUEM T€OMETPHUECKOM ONTHKH, Mpe/icTaBie-
HHUE BTOPUYHOTO MOJISI KaK MPOAYKTa JUPPaKITH
Kupxroga Ha moyyriockoCTH TakKe MPUBOIAUT K
KOHEYHOMY 3HAU€HUIO IHUPHUHBI YITIOBOTO CIEKT-
pa Mepen3TydeHHOro Mot B TOYKE MpHema.

[TpucyrcTBue B 3HaMeHaTene (5) OTHOIICHHS
MOIIHOCTEN JIETEPMUHUPOBAHHOW U CIIy4alHOU
KOMITOHEHT O3HA4aeT, 4TO 3epKajbHast KOMIIOHEH-
Ta, He SIBJIAACH IPUYUHON BOZHUKHOBEHUS a3UMY-
TaJBHBIX OIIMOOK, BCE K€ BIMSCT Ha X BEIUYH-
Hy. Kak n3BecTHO U3 TeOpeTHUeCcKUX U IKCIEepH-
MEHTaIbHBIX padoT [1-9], mpu pacmpocTpaHeHUuH
paJMOBOJIH HaJl HEPOBHOM, B CPEIHEM IJIOCKOM
MOBEPXHOCTBIO pa3/iesia MOIIHOCTh KOTEPEHTHOM
KOMITOHEHTHI IIPUHATOTO CUTHAaja P, mpornopiuo-
HaJlbHa KBa/IpaTy MHTEP(HEPEHIIMOHHOTO MHOKH-
TeJst OCiadJIeHUs

,[o,siny 2pEbh sinyJ o O4tph

BTH H A H:%)\r

VZ=1+p +¢§

(10)

rue P LG, Siny K03 UIMEHT OTpaXKEeHUs 3ep-
ia F

KaJbHOM KOMITOHEHTBI TIOJIS, SIBJISIFOLMCS (yHK-
el mapametpa Penest; ¢ — daza xkosdpdunnen-
Ta OTpakeHus (TMPU MaJIbIX yIIaX CKOJbKEHUs
00BIYHO ToJararT ¢ = TI).

MOoIIHOCTS CITy4aiiHON KOMIIOHEHTBI IIPUHSATOTO
curHaiua P, B CBOIO ouepesb, IPOIOPLUOHAIbHA
kBajpary kodddunuenta quddysHoro paccesHus

o2 (o, siny O .
a0 5 P KoTopsiil Taioke sBisercs dynxk-
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uuer napamerpa Peines. B npoTUBONOJIOKHOCTD
KO3 PUIIUCHTY OTpaKCHUS, KOTOPbIA yObIBaCT
C POCTOM 3TOTO HapameTpa, KOdPPHUIUCHT Tud-
(y3HOTO paccesHus IPU ATOM BO3PACTAET, T0CTH-
rasi HachIILeH!sI IPU 3HaYeHMAX napamerpa Penes
0.5+ 1. Takum 00pa3om, AUCTIEPCHUS a3UMYTab-
HBIX OLIMOOK MPOTIOPIMOHATIbHA OTHOIICHUTO

2
2 P4
a 2"

(e) :nﬁ\/—

(11)

OTcrona cieayer, 4To AWCIepcusi ommuboK pac-
TET B MHTEPPEPEHIMOHHBIX MHHHUMYyMaxX MHO-
KUTEISl OCalyieHus. DTO SBJICHHE XOPOUIO H3-
BECTHO M3 DKCIEPUMEHTAIBHBIX paboT Mo pac-
IPOCTPAHEHUIO PAJAHOBOIH HaJl MOPEM, T YeT-
KO HaOIIONaJoch pe3koe Bo3pacTaHue (QIIyKTy-
AIMOHHBIX OIIMOOK M3MEpPEHUsl a3uMyTa B WH-
TephepeHIIMOHHBIX MUHUMYMaXx 1o [5, 16, 17].
KonnvectBenHnoe npecraBieHue O BIUSHIH 9TO-
ro ¢aktopa jaet puc. 11, Ha KOTOPOM ITOKa3aHbI
3aBHCUMOCTH napameTrpa P OT BBICOTBI HCTOY-
HMKa M3JTy4eHUs U TUCTIEPCHH OLMOOK T4, HOP-
MHUPOBAHHON Ha MPOU3BEJICHUE Oﬁpg. Pacuer
MPOU3BEJICH [Tt MOPCKOH TIOBEPXHOCTH C HCTIOJb-
30BaHUEM SMIIUPUYECKON 3aBUCUMOCTH Py (Y),
nosTyuenHoi B padote [ 18] mpu A =107 m, hy =2 M,
frg = 2000 M u cpeﬂHeKBanpaTHHGCKoﬁ BBEICOTE
HepoBHOcTel 0, =0.2 M. 13 rpadukoB BUIHO,
YTO MPU CHUJIBHOM BIMSIHUH 3€PKaJIbHOM KOMITO-
HEHTHI B UHTEPPEPEHIIMOHHBIX MUHUMYMax JINC-
nepcusi a3uMyTalbHBIX OIIMOOK MOXET B He-
CKOJIBKO pa3 MPEBOCXOAHWTH €€ 3HaueHUus 0e3
ydeTra nHTep(epeHIINOHHBIX SIBICHUH.

Cama 3epkalibHasi KOMIIOHEHTa BTOPUYHOTO
MOJISl MOKET CTaTh MPUYUHOMN TOSBICHUS OMINO-
KM M3MEpPEHUs a3uMyTa, €CJIHM 3HaYMTeNbHas
4acTh Tpacchl MMEET HAKJIOH B HalpaBlieHUH,
NEePIEeHANKYIIPHOM JIMHUY BU3UPOBaHUS [§].

[Tpn qudpakuny Ha MPENATCTBHUM € JOCTATOY-
HO NPOTSKEHHOM, B CPEIHEM TOPHU30HTAIBHON
KPOMKOH, MEPIEeHANKYISIPHON Tpacce pacupocT-
paHeHus, 1JIsl OLEHKH OMIMOOK MOKHO BOCIIOJb-
30BaThbCs popmynoit (5). Iloacrapnsis B Hee -
(heKTHBHYIO YIIIOBYIO IIMPUHY CIIEKTpa TU(paru-
POBaHHBIX BOIH 20 ; U3 paboThl [13] u cunras
m, = 0y, HOIYYUM:

PO
A
100 - 2)
10F
1.0 1 1 1 1 >
0 5 10 15 20 hpwm
2
4(:(12“ I
Mo Pa || 1 6)
2t
I\U )
0 510 15 20 hpwm

Puc. 11. Brusanue 3epxanbHotl KOMNOHEHMbl ompasice-
HUSL HQ A3UMYMATbHbLE OUUOKU:
a — U3MeHeHue KO2epeHMHOU COCMAasisiowell CUeHana
8 PYHKYUU BbLCOMBL HAO NOBEPXHOCHIBIO OMHOCUMENb-
HO20 yposusi P); 6 — usmenenue nopmuposannoul ouc-
nepcuu a3uMymanbHbiX OWUOOK

o :L
O 21, (ry +rg) (12)

3nechb 1y, rp— PACCTOSHUS [0 NPENATCTBUS OT
UCTOYHMKA U3JTYYCHHSI U OT IIPUEMHHUKA COOTBET-
CTBEHHO; /, — IPOCTPaHCTBEHHBIN pajinyc Koppe-
JISIUY HEPOBHOCTEH Kpasi MPEeTSITCTBUS.
PaccmoTrpuM paiee pe3yabraTsl SKCIIEPUMEH-
TaJbHOI'O MU3YUYCHUS OMMOOK U3MEPECHHUS a3UMY-
ta. Ha puc. 12-15 noka3aHs! 1aHHbIe, TOJTYYEH-
HbIE B TOYKaX 2 W 8§ HAa paBHUHHBIX Tpaccax
(puc. 3, a, 6) co cHexHBIM TOKpPOBOM. Ha puc. 12,
14 mpuBeneHBl 3aBUCUMOCTU JJI1 BOJHBI § MM,
a Ha puc.13, 15 — ansa Bonusl 4 MMm. Ha xaxaom
PUCYHKE clieBa — rpa)uK U3MEHEHUS a3UMYTallb-
HBIX OIIHOOK, H3MEPEHHBIX Pa3HOCTHO-(a30BbIM
MEJICHTaTOPOM, a CIIpaBa — BEICOTHBIN pa3pes aM-
TUTMTY/BI TIOJIST BO BPEeMs MPOBEACHUS H3MEpe-
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Huid. AQ — pa3HOCTH (a3 CUTHAJIOB, MPHHATHIX
pasHeceHHBIMU aHTeHHaMu; AQ — paccyuTaHHAS
10 pa3HOCTH (a3 ourrbKa nejieHroBanus; P/P

max
MOIIIHOCTB HpI/IHHTOFO CUTHaJIa, OTHECCHHAs K MaK-

CHUMaJIbHOMY €€ 3Ha4€HHIO B MpeJieiax BhICOTHO-
ro paspesa. Ecau Ha BomHe 8 MM B TOuke 2
(puc. 12) Konmu4YecTBO IKCTPEMYMOB rpaduka
OLIMOOK MPUMEPHO COBMAAAET C KOUIECTBOM HH-
Tep(epEeHIMOHHBIX JICTIECTKOB, TO JIs OCTAIbHBIX
OTBITOB TaKOE€ COOTBETCTBHE HE HAOIIONACTCS.
DT0 0COOEHHO XOPOIIIO BUTHO U3 TAHHBIX B TOUKE
8 (puc. 14, 15), rme B BEICOTHOM pa3pese Mol Ha
BOJIHE 8 MM TIPOCJICKUBACTCS JIMIIL OJIMH UHTEP-
(hbepeHIIMOHHBIH JICTIECTOK, a Ha BOJIHE 4 MM — JBa
JIETIECTKA, B TO € BpPeMs OCUWUISIUUNA a3uMy-
TaJbHBIX OIIUOOK 3HAUYUTEIBHO OobIe. Kak mpa-
BWJIO, CPEIHUH MEPUOJ OCHHIUIALUN Ha BOJHE
4 MM MEHbIIIE, UeM Ha BOJIHE 8 MM, 4TO OCOOEH-
HO 3aMETHO Ha Tpaccax MpOTsKEHHOCThIo 1.6 u
1.8 kM. CIOXHBIN XapakTep 3aBUCUMOCTH YIJIO-
BBIX OIHI/I6OK OT BBICOTBHI Ha paBHUHHBIX Tpaccax
HE TI03BOJISIET MCTIOJIB30BaTh CTaHJApTHBIE CTa-
TUCTUYCCKUC XAPAKTCPUCTUKU JJId UX OIMMCAHMA.
OrneHka BX MaKCUMaJbHBIX 3HAUCHHH MMOKa3ala,
YTO OIMMOKHU Ha 00EUX BOJHAX B CPEHEM HE TIpe-
BBINAIOT 2+ 3, XOTh U OTMEUAIOTCS OT/CJIbHBIC
nuku, gocruraomue 5+8 . Ha Boane 8 MM B
3UMHEC BPEMs MIPpU HAJIMYHMU CHEra HE OTMEYa-

SN B,
201 < 20
%} 16
%\/- 12
A
4 \\ 4

o ey
—-10 0 10 " Ao, 0 04 0.8 PP,
2 0 2 Ao, ymL. mun

a) 6)

Puc. 12. Bvicommnule 3asucumocmu oumubKuU neieH206a-
HUSL NO A3UMYMY U MOUWJHOCIU NPUHAIMO20 CUCHATIA HA
sonne 8 um. Pasnunnas mpacca (puc. 3, 6), mouka 2

hpm hT,M‘

20

16

[+] L 1 1 1 1 .
&05 80 00 04 08 " P/P
-2 0 2 Acg, yri. Mue max
a) 6)

Puc. 13. OQwubku nenencosanus no azumymy (a) u
evicomublil paspes nois (6) na eonne 4 um. Pasnunnas
mpacca, mouxa 2

[\ »

0 04 08 PP

<_I_I_I_>
-2 0 2 Aca,ym. MuH
a) 6)

Puc. 14. Owubku neneneosanus no asumymy (a) u
evicomHblll paspes nojis (6) Ha éonne 8 mm. PasHun-
Has mpacca, mouxa 8

JIOCh 3aMETHOTO BO3pacTaHuUs OLIHMOO0K, a Ha BOJI-
He 4 mm oun Obutn B 1.3+ 1.5 paza Gosbime neT-
HUX 3HAYCHUM.

Ha tpaccax co cioxHbBIM peibedom cra-
OWJIbHBIC BO BPEMECHH ONIUOKU M3MEPCHUS a3H-

Pannodusuka u pamgunoactponomus, 2001, T. 6, Nel 63



B. b. Pa3cka3oBckuii

hpM hp M
A A
20 20 <
16 1 16
Qi)
12< 12 .
g
g 1 8
4 ? 4
<
P —
4_I_I;4I_I_I_’ o 1 1 1 1 1 =
]
9102 o 04 08 PP,
-2 0 2 Aqg, ym. MuH
a) 6)

Puc. 15. OQwubru nenencosanuss no asumymy (a) u
evicomublil paspes nois (6) na eonne 4 um. Pasnunnas
mpacca, mouxka 8

MyTa CYIIECTBOBAJU TOJIBKO IIPH YCIOBHH, YTO
B (opMUpOBaHUHU TOJIA y4acTBOBAIU ICTaIH
penbeda 6e3 BHICOKOTO PACTUTEILHOTO MOKPO-
Ba. Takue yclIOBUs peann30BbIBATNCH IPEUMY-
IIECTBEHHO Ha XOJIMHUCTOH Tpacce (puc. 3, B)
B HEKOTOPBIX TOYKAX XOJIMHCTOW TPacchl ¢ Jiec-
HeIMM MaccuBamu (puc. 3, r). Ha Tpacce, rue
BTOPUYHOE T0JI€ (POPMHUPOBAIIOCH, KAK PABHUIIO,
KPOMKOH JIECHBIX MacCUBOB (pucC. 3, 1), U B psJie
TOYCK TPacCChl, IA€ JIMHUA BUSUPOBAHUA ITPOXOAHN-
Jia HaJ[ IecoM, a ONU3KOe K 3epKajbHOMY OTpaKe-
HHE TIPOUCXOIIIO OT 3a00JI0YEHHBIX YYAaCTKOB C
KycTapHHKOM (puc. 3, T), npeobianana (iykrya-
[IMOHHAS COCTABIISIONIAS OIIMOOK IMEeICHIOBAHMS
no a3uMyty. [Ipuuem 3TO0 MOIJIO UMETH MECTO
JlaXKe B T€X TOYKAX, [JI€ B BBICOTHOH CTPYKType
1OJIS ¥ OITMOKax HU3MCEPCHUA yIlla MECTa IOMUHU-
poBayia cTa0uiIbHasE KOMIIOHEHTA.

[Tpumeps! BEICOTHBIX 3aBUCUMOCTEH CTaOMITb-
HBIX BO BpEMCHU OH_II/I6OK MCJICHIOBaHWs IIPUBC-
JIeHbl Ha puc. 16 (Tpacca, n3oOpaxkeHHas Ha
puc. 3, B, Touka 2) misi BOJHBI 8§ MM (J€BBIA
rpaduK) ¥ A7 BOJTHBI 4 MM (TIpaBblid rpauk).
CrnenyeT 3aMeTUTh, YTO HA PaccMaTPUBAEMBIX
TpacCax CyleCTBCHHLIC N3MCHCHM BCINYUHEI, d
MHOT/Ia ¥ CMEHa 3HaKa OIMOOK 4acTo Halmrona-
JUCH YK€ TPHU U3MEHEHUHU BbICOTH Ha 0.5 M.
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B cBsi3u ¢ 3TUM coequHEHHE JMHUSAMU TOYCK —
JAHHBIX OTIETHHBIX 3aMEPOB — SIBISIETCA YHCTO
YCJIOBHBIM U HE XapaKTEePU3yeT MPOCTPAHCTBEH-
HOTO CIIEKTpa omrO0oK. Bo3M0OXKHO, B 4aCTHOCTH,
0 3TOW NMPUYMHE HE yNaeTCs HaOJoIaTh Xapak-
TEPHOTO [JI1 PAaBHUHHBIX TPacC YMCHBIICHUS
CPEIHUX MEPUOOB OCIMILISAIMN ONTUOOK C YKOPO-
YCHUEM JIJTUHBI BOJIHBI.

7151 OTBITOB, TPOBEJCHHBIX B Pa3HBIX TOU-
Kax, TUCIIEPCHH ONIMOOK MEJICHIOBAHUS Ha KaXkK-

-4 -2 02 4 42 02 4
Aa, yri1. MuH 0., Y. MUH
a) 0)

Puc. 16. Boicomnoie 3asucumocmu owubok Ad ne-
JIEH20B8AHUSL NO A3UMYMY HA 8OIHe 8 MM () U Ha goHe
4 mm (6). Tpacca co cnodxchvim penvedom

JIO¥ M3 BOJH Majio OTJIHNYAINCh U MPAKTHUYCCKU
HE 3aBUCEJIHU OT BBICOTHI. 3aKOH PaCIPECIICHHUS
M0 BCEM ONBITaM OKa3ayicsi OJIM30K K HOpMasb-
HOMY CO CPEJHEKBaJPaTHUYCCKUM 3HAUCHUEM
omubku okoyo 1.9" na Bomae 8§ MM u okojo 1.7
na Boaue 4 mMm. Crnabas 3aBUCUMOCTEL OIIHOOK
OT JUIMHBI BOJIHBI HAa Tpaccax 3TOW IpyHIIbl cO-
IJ1aCyeTCsl C BBIBOJAOM O NMPAKTHUYECKHU IMOJHOM
pa3pylIeHHH 3ePKaJIbHOTO OTPaXCHHS Jaxe Ha
HaunboJiee TINHHON BOTHE.

CpaBHEHHE BBICOTHBIX pa3pe30B OMIMOOK B
IIATH IIO3UIHAX, CMCIICHHBIX z[pyr OTHOCHUTCIIBHO
npyra Ha 0.5 M IepIeHIUKYISIPHO TUHUH BU3UPO-
BaHMUsI, TPOBEJICHHOE B TOUKE 2 pABHUHHOU Tpac-
col (puc. 3, 6) (r =1700 M), mokasano OTCyT-
CTBHUE KOPPEJISIIMU BO BCEX COCEIHUX Mapax pas-
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pe3oB Ha o0enx BonHax. CpeHHe MO BCEM TISITH
napamM COCEHUX pa3pe30B 3HaueHUs Ko3Pduiim-
€HTOB B3aMHOM Koppesiuu coctasuiu 0.08 Ha
BosiHEe 8 MM 1 0.01 Ha BosmHe 4 MM TpU Makcu-
MaJIbHBIX 3HAYEHHSX STHX KO3()HUINEHTOB HA TEX
e BoiHax 0.3 u 0.2 COOTBETCTBEHHO.
OnyKkTyanmoHHbIE OMIMOKH OTIPEIeIISUTUCH ITY-
TEM MaTeMaTH4YeCKoil o0paboTku curuaia
OMMOKN M aMIUTHTYJ TPUHSATHIX CHTHAJIOB IO
3alUCSAM CBETOJIYYeBOTO ocuuiuiorpada mnpu
000uX (JIEBOM ¥ TIPABOM) MTOJIOKEHUSX JHArPaAM-
MBI HAaTIPaBJIEHHOCTH IEJICHTal[HOHHOI aHTEHHBI.
XapakTep 3aBUCUMOCTH CPEIHEKBAIPATHICCKUX
3HAUYEHUH OMIMOOK OT BBICOTHI NepeaaTyuKa
omnpenensics ocoOeHHOCTAMH Tpacchl. Tak,
KOTJIa Ha HEKOTOPOW BBICOTE JIMHUS BU3MPOBA-
HUS [lepeceKalia FpaHuIly BEpIIUH jeca, Ha0ro-
Jlanach 4eTKO BBIPaKCHHAs BBICOTHAs 3aBUCH-
MOCTb OIIMOOK, MPUMEP KOTOPOH MpUBEACH Ha
puc. 17 (tpacca, uso0OpaxeHHas Ha puc. 3, 1,
touka 3). Eciu xe nuHug BU3MPOBaHHUS JIUIIb
npuOIMKanachk K KpOMKE BEpUIMH, TO BO3pacTa-
HUE OIMOOK 0TMEYajoCh, TOJBKO KOTJa TPOCBET
CTaHOBUJICA TIOpsAJIKA pajinyca epBoii 30HbI Dpe-
HEJIS; €CIM JKe JIMHUS BUSHPOBAHUS OCTaBaIach

Actyg, yrI. MEH
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Puc. 17. Boicomnvle 3a8ucumocmu (uyKmyayuoHHbIX
OWUDOK NeNeHe08aHUSL NO ASUMYMY HA 80IHAX 8 MM
(xpusas 1) u 4 mm (kpusas I1). Tpacca, noxazannas na
puc. 3, 0, mouka 3

BCE BpeMs JIOCTATOYHO JAJIeKO OT BEpIINH, TO
M3MEHEeHHUe OMMOOK B PYHKIIMU BBICOTBI OTCYT-
cTBOBajo. B mocnennem ciyyae 3Hau€HUs OLIU-
00K Ha BOJIHaxX 8 U 4 MM MOYTH HE OTIUYAIHUCH.
[TpoTsKEHHOCTh Tpacchl MPAKTUYECKH HE BIIU-
sJ1a Ha BEJTMYUHY OMIMOOK, €CITU MTPOCBET MEXKTY
JVHUEH BU3UPOBAHUS M 3aTCHSIOIUMH 00beK-
TaMu OoJsiee ueM B 2+3 pasa mpeBbilan paanyc
nepBoi 30HbI @penens. JlaHHble, XapaKTEpU3y-
IOLIME 3aBUCUMOCTH (DIYKTYallMOHHBIX OITHOOK
MEJICHI'OBAHMS TI0 a3UMYTY OT JUIMHBI TPAcChl,
npuBeJeHbl B Ta0Md. 2.

Taémanna 2. Cpeonexsadpamuueckue 3Ha4eHUs QryKmyayuoHHbIX OuUOOK (y2i06ble MUHYMbL)

Jlucrannus,
KM
1.3 1.7 3.9 4.8 5.3 5.5 5.9
J{muHa BOJIHBI,
MM
8 2.7 2.5 1.5 1.4 1.2 1.3 1.5
4 1.5 1.5 0.8 1.1 1.1 1.8 -

Kak BuaHo 13 TaO/mMIE], ONIMOKH Ha BOJIHE 4 MM
B OCHOBHOM B 1.3+ 2 pa3a HWXKe, YeM Ha BOJIHE 8 MM.

B psine ciyyaer neieHroBaHue JOKHO OCY-
HIECTBJIATBCS B YCIIOBUSX, KOTJIa BOJU3U JIMHUU
BU3UPOBAHUS HAXOMATCS OTJCIbHBIC MECTHBIC
npeaMeThl (CTPOCHHUSI, JIEPEBbsl, TPAHCIIOPTHBIC
CPEJIICTBA U T. JI.) JINOO BBICTYIIBI 3€MHOU TIOBEp-
XHOCTH UCKYCCTBEHHOT'O MJIM €CTECTBEHHOT'O TIPO-
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MCXOXKICHNS (HACHINH, KypraHsl U T. 11.). [Ipu aTOM
OHUOKU IEIEHTOBAHUS MOT'YyT CYHICCTBCHHO
OTJIMYATHCSl OT HAOMIONAEMBIX HaJ OJHOPOIHOM
B CpPEJHEM MOBEPXHOCTHIO.

W3 TeopeTnueckoro aHauu3a ¢ UCIONb30BaHU-
eM pe3ynsTaToB padort [19-21] u sxcnepuMeHTab-
HBIX I/ICCJ'IC)IOBaHI/Iﬁ CJIICAYCT, YTO BJIMAHUC PCIIAT-
CTBUS KaK Ha aMIUIMTYIy IOJIsl B TOYKE HaOMrone-
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HUSL, TaK U Ha OIIMOKH MEJICHT OBaHHs1 OKa3bIBACTCS
CYILECTBEHHBIM TOJIKO TOIJA, KOIJA PACCTOSHUE
MEXK/1y JIMHUCH BU3UPOBAHMS U OJIMDKAMIel K Hel
TpaHUIeN MPEeMnATCTBUSA CTAHOBUTCS] MEHBIIIE 1By X -
TpeX pajnycoB IepBOil 30HbI DpeHelss B MecTe
pacnosioxkeHus npensaTcTBys. B ciydae, korna Jiu-
HEMHBIE pa3Mepsl IPOEKIUH IIPETISTCTBUS HA IUIOC-
KOCTb, MEPIEHIUKYJPHYIO JTMHUM BU3HPOBAHMS,
(T. e. “TeHn” MPEensTCTBUA) CYIIECTBEHHO TPEBbI-
LIAOT pa3Mepbl 1epBOil 30HbI DpeHers, ABIEHUS B
MIEPBOM HPHOMKEHUH OTIHCHIBAIOTCS PE3YIBTATOM
madpakun OpeHens Ha KpoMmKe, Onvkaiiiei K
JIMHUM BU3MPOBaHUsL. Tak, B ONbITax C MPENsSTCTBH-
€M B BUJI€ HCKYCCTBEHHOTO XOJIMa TIPH TPHOIHKe-
HUH JIMHUY BU3UPOBAHKS K OJTHOMY M3 €TI0 CKJIOHOB
OTMEYAJIMCh OCLIMJUIALUY TIEJIEHTa,  IIPU OITyCKa-
HUM Nlepe/laTyiKa HUKe TPaHULbl TEHH, TTOKa aMII-
JWUTYAa AUQParupoBaHHOTO MO HE OYEHb Maia,
IEJIEHTY COOTBETCTBOBAJIN HATIPABJIEHUIO HA TOUKY
KPOMKH CKJIOHA, OJIVDKANIIYIO K JTMHUW BH3UPOBA-
Hust. HartomHuM, 9t0 panee 1ot 3 QeKT yxe or-
MEUaJICS IIPU NEJICHTOBAHUM 110 YIIIy MECTa Ha Tpac-
cax ¢ 3aTeHEHUsIMH, 00YCIIOBIEHHBIMH pesibehoM
MECTHOCTH WJIM BEPUIMHAMHU JIECHBIX MACCUBOB.
ITpu nanpHeNIIEM OIyCKaHUU JIMHUHA BU3UPO-
BaHUs ypOBEHb TU(PPArupoOBaHHOTO Ha KPOMKE

ITenerrarop

MIPEMATCTBUSA T0JI1 OKA3bIBAETCS HUXKE, YEM YpO-
BEHb I10JI, MePEeu3TydeHHOI'0 He3aTeHEHHBIMU
y4acTKaMH MOBEPXHOCTH TpacChl WM Pacroo-
JKEHHBIMU Ha HEW MECTHBIMM Npeameramu. Ecin
Takhe BTOPUYHBIE M3Ty4yaTelH yAaJeHbl OT Iie-
JIEHraTopa Ha YIVIOBBIE PAcCTOSHUS, MEHbIINE
mmpusbl J{H ero anTeHHBI, TO BO3HUKAIOT 00JIb-
e, 0ObIYHO HECTAOWILHBIC BO BPEMEHH, OIIHO-
KU TIEJICHTOBaHUsl, CpaBHUMBIE 110 BEJIMYMHE C 110-
nymmpunoit JIH nenenraropa. [Tpu ymioBbix pac-
CTOSIHMSX, IIPEBbINIAOIINX KUpuHY JIH, oHM me-
JICHTYIOTCSl KaK CaMOCTOSITeJIbHbIE 00BEKTH. B
3TOM CIIydae II0 CyTH Jela CHUTyalus COOTBET-
CTBYeT JBYXIO3MIMOHHOW paJHOJIOKALNU.

HarnsapgHo#l mimnrocTpanueil K CKa3aHHOMY
SBIIAIOTCS Pe3y/IbTaThl OMBITA HA JIECHOM mpoce-
ke (moapoOHee cM. [22]); cxema ero mpoBeICHHUSI
roka3aHa Ha puc. 18, a OIMOKY MeJICHrOBaHUS 110
a3uMyTy — Ha puc. 19. bnaromapst manoii mpo-
TSYKEHHOCTH TPacChl, MeJICHT0OBaHNE Ha BOJIHAX
8 MM (puc. 19, a) u 4 mm (puc. 19, 6) ObUIO
BO3MO>KHBIM IIPU ONYCKAaHUU MepeiaTunKa HUkKe
IpaHULbl TEHU IpUMEpHO Ha 7 M. B BepxHen
YacTH BBICOTHOTO pa3pe3a BeIMYMHA OIIMOOK
NPaKTHYECKU HE OTIIMYAETCS OT HAONIOaBIINXCS
Ha JpYTUX Tpaccax, a Mo Mepe NpUOINKEHUS K

IlepenaTaux

>

v

™M

200 m

Puc. 18. Cxema onvima na necnou npocexe
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hp M

hp, M

40 20 0 20
Aq., yri. MUH

a)

Puc. 19. Boicomnasi 3a8ucumocns oumubOK neieH208anus no a3umMymy Ha JIeCHOU NPOCeKe Ha OJHAX 8 MM (Tesbill
epaghux) u 4 mm (npaswiii epagux). LopuzonmanrbHeIMU WMPUXOELIMU TUHUAMU NOKA3AHA 8bICOMA 2eOMEmpUYec-
KOU epaHuybl menu. 3aumpuxosanivie 001acmu 0603HaA4AIOM 30HbL TONACHBIX NEEH208, UX SPAHUYbL YCTI0GHbL

rpanuue TeHu (hy =7 M) M B OKPECTHOCTSX I10C-
nenueit onn gocturarot 10+ 15 . Huxke rpanu-
1Bl TeHH OoTMedaeTcs peskoe, no 20+ 30, Bos-
pacranue omrOKHY ONpe/eNICHNs HalpaBlIeHHs Ha
nepeaaTyuK, KpOMe TOro, MOSIBIISIIOTCS] HEYCTOM-
YUBbIE “TIIABAIOLINE” MEJEHTH B HAIpPaBICHUSIX
Ha OTPaHWYMBAIOLINE TPOCEKY JIepeBbs. DTH 00-
JIACTH JIOKHBIX NIEJICHTOB, OTMEUEHHBIE IITPHXOB-
KO, OTCTOSIT OT OCHOBHOT'O Ha YTOJI TOPSA/IKa IIH-
PHHBI THarpaMMbl HAalPaBJICHHOCTH aHTEHHBI U
HanboJiee YETKO MPOSIBISAIOTCS Ha BOJMHE 4 MM.

IpenaTcTByA ¢ TUHEHHBIMU pa3Mepamu “TeHn”,
MaJIBIMU IO CPAaBHEHUIO C PAIUYCOM IIEPBOIl 30HBI
Openens, MPaKTUYECKH HE BBI3BIBAIOT CYIIECCTBEH-
HOT'O BO3pACTaHUsl OIIMOOK MEJICHTOBAHUS 110 YTy
MecTa. B a3uMyTanpHON MIIOCKOCTH MX MPUCYT-
CTBHE MPOSIBISICTCS B BO3PACTAHUU OIIMOOK TOJb-
KO TOTJa, KOornma ILIOIaAb “TEHH COCTaBJISCT
JOCTaTOYHO OOJIBIIYIO YacTh IUIOMIAIU MEPBON
30HbI DpeHens, HO U B 3TOM Clly4yae JOMOTHUTEIb-
Hasl COCTaBJIAIONIAS OMIMOKKM MMEeT MPUMEPHO
TaKyIo JKe BETMUUHY, KaK U B OTCYTCTBHE TIPETIST-
cTBHA. B OONBIIMHCTBE CiydaeB ce TOSBICHUE
MOXKET OBITh 3a()MKCHPOBAHO TOJBKO IO Koleba-
HHSIM CHTHaJIa OLTMOKH MTPU MepeCceueHUH TPETIsT-
CTBHEM JIMHUH BU3UPOBAHHUSL.

Oco0o0 cienyeT OTMETHTH CIy4ad, KOTa Ha
JMHAW BU3MPOBAHUS WM Ha PACCTOSHUHM MEHEE
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paauyca nepBoii 30HbI OpeHes 0T Hee HaXOAHT-
cs “nonynpo3pauHas’ s paJHoBOIH KpOHa O/lU-
HOYHOTO JiepeBa, JIecoroyoca win pomia. M3-3a
IBVMOKCHUSI JTUCTHEB U BETBEU IIOJ ICHCTBUEM
BETpa IIPOUCXOAUT CMEHA yYaCTKOB IPO3PAYHO-
CTH M HETMPO3PAuHOCTU KPOH, YTO COMPOBOXKIA-
eTCsl NTyOOKMMU (DITYKTYaIMsIMUA aMIUTATYIBI ITPO-
HIEAIIeT0 CUTHaia W mejeHroB. Ilpu yrmoBsix
pasMepax Takol IMOJYNpPO3pavHON 0OJIACTH IO-
panxa mupunsl [IH nesnenratopa ormedaercs
BO3MOKHOCTH OJJHOBPEMEHHOTO CYIIECTBOBAHUS
HECKOJIBKUX TIEJICHTOB, KOTOPBIE MOTYT IepeMe-
IaThCs, MCYe3aTh U BO3HHUKATh B HOBBIX MEC-
Tax. B 3aBUCUMOCTH OT CHJIBI BETPA U COCTOSIHUS
KPOH JICPEBbECB XapaKTEPHBIC BpeMeHa (IIyKTY-
anui ¥ ““KU3HU” TICJICHTOB COCTABJISIIOT OT JECs-
TBIX JJOJIEH CEKYHIBI A0 CAUHUI] CEKYH/. JTO SIB-
JICHHE MOKET MPUBOIUTH K HAPYIICHUIO PaOOTHI
CHCTEM aBTOMATHYECKOTO COMPOBOXKICHHUS.

AHAJIU3 IKCIEPUMEHTAIbHBIX
pe3yJbTATOB

IIpoBeneHHOE SKCIIEPUMEHTAIBHOE U3YUYEHHE
omMOOK TMEJICHrOBaHus PU paboTe Ha peaybHBIX
CYXOIIyTHBIX TPaccax, KpOME IOJIyYEHHUs TPUMEHH-
MBIX K MPaKTUYECKUM CIydasM KOJIHMYECTBEHHBIX
XapaKTEPUCTHK, TI03BOJISIET YTOUHUTH MOJIEJIbHBIE
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MpEeACTaBICHNUS, HeOOXOAUMBIE IS pacueToB. Kak
Y MOKHO OBLJIO 0XKHJIaTh, MOJICJIH, PACCMOTPEHHOM
B paborax [2-4], HauOoee OJIM3KO COOTBETCTBYIOT
PaBHUHHBIC TPACCHI, IJIC B OTCYTCTBHE OJIMHOYHBIX
NPEMSTCTBUM NEPEH3TyYEHHOE TOBEPXHOCTBIO Pa3-
Jielia ToJie MOXKET OBbITh TIPEJICTABJICHO KaK CyMMa
3epkaibHOU U quddy3HON KOMIOHEHT. OIHAKO 110
TONOrpahIeCKUM JJAHHBIM HE YIaeTCsl OTPEICIUTh
C JIOCTaTOYHON HAJISKHOCTBIO IMOJI0KEHHE TOUYKH
3€PKAJILHOTO OTPaXKCHUSI, JICHCTBYIOIIME BBICOTHI
AHTCHHBI, YIJIbI CKOJIBKEHHUSI, XapaKTePUCTHKH He-
POBHOCTEH TIOBEPXHOCTH U JAPYTUE UCXOJHBIC JIaH-
HbIE, HEOOXOIUMBIC JUIS pacuyeTa BhICOTHBIX 3aBHU-
CHUMOCTEH 1MoJisl ¥ OIMOOK TeeHroBanus. boinee
TOrO, 3TH BEJIMYUHBI MOTYT CYIIECTBEHHO H3Me-
HATHCS JIAKe MPHU HE3HAYMTEIBHOM, B CIUHHIIBI
METPOB, CMEHE BBICOT JIFOOOTO U3 KOPPECTIOHIUPY-
IONIMX YHKTOB. OCOOEHHO MpoOIeMaTHYHBI BO3-
MOXKHOCTH TIPOTHO3a XapaKTePHCTHK AUPPy3HOHI
KOMITOHEHTBI, B YaCTHOCTH, PACIIPEJICIICHUS €€ HH-
TEHCUBHOCTH 110 yIJIaM MPHUX0JIa B TOUKY MpUEMa.
[puurHaMu 3TOTO SBJISIOTCS KaK BIWSHUE PACTHU-
TEJILHOTO TIOKPOBA, PACCEUBAIOIIETO U MOTJIONIA0-
HIET0 PAJMOBOJIHBI, TAK U MHOTOMACIITa0OHOCTb
HEPOBHOCTEN IOBEPXHOCTH PEAIILHOU IIOYBBI, B
YaCTHOCTH, HAJTMYUE HA TPYHTE CTPYKTYPHBIX IIIe-
pOX0BaTOCTEMN BHICOTON B MUJUIMMETPBI, & UHOT/IA U
B CAaHTUMETPHI (HAlIpUMeEp, IIPU arpOTEXHUYECKON
00paboTke). OleHKa BIUSHUS 3THX CTPYKTYPHBIX
IIePOXOBATOCTEH, BHIMIONHEHHAS B [23], OKazana,
YTO OHH BBI3BIBAIOT CYIIECTBCHHOE CHIKCHHUE TIe-
pEeH3IYyUYCHUS U3 KOHIIEBBIX YYaCTKOB TPACCHI, SIB-
JISIFOIIIUXCSl, COMIacHo [5, 6], Hauboee “spkumMu’
00J1acTsIMHU.

K coxaseHuto, UMerIuecs 3KCIePUMEHTAITb-
HBIC JIAHHBIC HE MO3BOJISIFOT IMOJIYYUTh JIOCTATOY-
HO TOYHBIC OI[CHKH KOJIMYECTBCHHBIX XapaKTEPUC-
TUK Ju(Py3HON KOMIIOHEHTHI JIAKE Ha PABHUHHBIX
Tpaccax. Bo-niepBbIX, B OTJIMUKE OT OMBITOB HaJl
MopeM [18], oTCyTCTBYIOT MpHU3HAKU, KOTOpBIE
MO3BOJISUTH ObI OTJIMYUTH €€ BKJIAJ[ B M3MCHCHUE
CTPYKTYPBI MOJISI OT BIIUSIHUS U3MEHEHHUSI ITapaMeT-
POB 3epKajbHON KOMIIOHCHTBI ITPH CMEHE TOYKH
OTPaXKCHHUS, BO-BTOPBIX, Ha PEAJIbHBIX Tpaccax
MPAKTUYECKA HEBO3MOXKHO YETKO BBIICIUTH 00-
nactu, (hopmupytoripe auddy3Hoe nepensydeHue.
3aMeTHM, YTO JJIs BBICOT KOPPECIIOHIUPYIOIIUX
MYHKTOB B OMTUCHIBAEMBIX OIBITAX BPSII JIU PHME-
HUMa U MeTojirKa padoTe [10], Tak kKak 3ama3jibl-

BaHME CHUTHaJa 3epKaJbHONW KOMIIOHEHTHI Ha paB-
HUHHBIX Tpaccax Kak MPaBHUJIO HE MPEBHIIIATIO
0.2 Hc, a ocHOBHAst SHEpPrUst MU Py3HON KOMITOHEH-
TBI, Cy/Isl 110 TIeprOiaM 00yCIOBICHHBIX €10 OCIIUII-
TSI TTOJIsT, IMEeT 3ara3abiBaHus He Ooee 1 He.

KocBeHHO O1LIeHUTh BT TUPPY3HOM KOMITO-
HEHTHI B ONIMOKY M3MEPEHUS yIlia MEeCTa Ha paB-
HUHHBIX Tpaccax MO3BOJIAIOT pe3ybTaThl pado-
ThI [24]. [IpuBeneHHBIN B HEMl aHATN3 TUCTAHIIN-
OHHBIX 3aBUCHUMOCTEH OIIMOOK MEeJICHTOBAHMUS 110
a3MMyTY MOKa3aJl, YTO MPOCTPAHCTBEHHbIE PaIU-
YCBI KOPPENALUU OINOOK MPU PaTUAIBHOM pa3-
HECEHHH TOYEK M3JIy4EeHHs B OCHOBHOM HE Ipe-
BBIIIAKOT 1+ 2 M, JUIIb B OTJCIBHBIX OIBITAX
nocrurag 3+4 M.

OTH 3HA4YEHHUsI MOKHO pacCcMaTpUBaTh Kak
OLICHKY TIPOCTPAHCTBEHHOM KOPPEISIUH OISt -
(by3HOM KOMITOHEHTBHI MPH PA3HECCHUU ITyHKTOB
BJI0JIb Jy4a. HamoMHUM, 4TO MO JAaHHBIM, MOJTY-
YEHHBIM Ha Tpaccax €O CIO0XHBIM peibedom,
CMEHa TIO3UIIUH BJI0JIb JTy4a Ha 2 M Tak’kKe MPHUBO-
Jla K U3MEHEHHSIM BHJIa XaOTHYECKOW COCTaB-
JISIOIIECH BBICOTHBIX pa3pe3oB mois (cm. [9]).

[Tpu paboTe Hax TpaccamH CO CIIOKHBIM pe-
JIbeOM U Pa3HOOOpA3UEM PACTUTEIBHOTO TIOKPO-
Ba JIMIIb B PEAKUX CiIy4yasx M, KaKk MpaBuio,
B OTPaHUYCHHOM WHTEpBaJIe BBICOT YAAETCS UACH-
TUPUIHPOBATH MEXaHNU3M (DOPMHUPOBAHUS TIOJISL:
UHTEp(EPEHIIUs ¢ 3epKalbHOH KOMIIOHEHTOM,
JU(PaKIUs Ha MPETATCTBUU. 3HAUUTEIIbHBIH PO-
I[EHT BBICOTHBIX 3aBUCUMOCTEH aMILTUTYIBI TTOJIS
¥ OIIHOOK COCTABISIIOT CTPYKTYPHI, HOPMUPYIO-
IMecs B pe3ysibTaTe OHOBPEMEHHOTO IEeHCTBUS
1100 HECKONBKUX MEXaHU3MOB, TUOO OJHOTO,
Hanpumep, TMPPakInOHHOTO, HO TIPH COU3MEPH-
MOM BKJIa/Ie HECKOJBKHUX MEepeu3IydaTesei.

[TockonbKy B pacCCMOTPEHHBIX OTBITaX 3HaYe-
HUS OIIMOOK TEJIEHTOBAaHHsI OKa3bIBAIOTCS BHIIIE,
4yeM TpeOyeTcst ISl PeIeHNs] MHOTHX MTPpaKTHYeC-
KHX 3aJ1a4, pa3paboTka METOJOB yYMEHBIICHUS
OIIMOOK SIBJISIETCS OJTHOM M3 aKTyaIbHBIX TIPOOIEM.
IlepBblil 04EBUAHBIN NyTh — MOBBILICHUE pa3pe-
mraromiei CrocoOHOCTH MO BCEM IapameTpam
CHUTHAJIa, TTO3BOJISIONIEe CHIU3UTH OTHOCUTEIHHBIIH
YPOBEHb TOMEXOBBIX CHTHajoB. UTO KacaeTcs
CY>KEHHs ITMPUHBI JAUarpaMM HaIlpaBIeHHOCTH,
SBIISIONIErocs: Hanboee d(PPEKTUBHBIM MTyTEM
penreHus 3Toi mpooseMsl [ 8], To 3mech Bee orpa-
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OmnOKH MeJIEHTOBaHUS MAJIOBBICOTHBIX HCTOUHHUKOB MUJIUMETPOBOI'O paUOU3IIYUYCHHU HAJT Cyﬂleﬁ

HUYMBACTCS JIOMYCTUMBIMU ra0apuTaMHu aHTCHH
¥ BO3MOKHOCTSIMH YKOPOYCHHS JUTMHBI BOJIHBI C
Y4ETOM TEXHHYECKHX BO3MOXKHOCTEH M BO3pac-
TaHMs BIMSHUS METEOPOJIOrHIeckux (akropos. Ha
HanOoJiee HeOMArONPHUITHBIX PABHUHHBIX TPAccax
CYILIECTBEHHOE MOBBIIICHUE TOYHOCTH U3MEPEHHS
yria Mecta OylaeT HaONoJaTbesl MPU HIMPUHE
JIMarpaMMbl HaIPaBICHHOCTH

20,5 < 2arct92—”“” ,

max

rae hy., — MUHMMaibHas Tpebyemas BbICOTa
HEeJeHIyeMoro 00beKTa; 7, — MaKCHUMalbHas
JAIBHOCTh A0 HETO.

Hanpuwmep, npu hy i, =2Mu 1, =2000 m
noay4aeM IHUPUHY 20, <7, JUIi JOCTHKEHUS
KOTOpO# naxke Ha BonHe 3.3 MM HeoOxoamma
aneprypa AnamMeTpoM okosio 1.6 M.

Hcnonb3oBaHue 04EHb KOPOTKUX UMITYJIBCOB
WK JPpYrux BUAOB IMHUPOKOIIOJIOCHBIX CUI'HAJIOB
MOXCT IMO3BOJIMTh MNOJABUTH 3€PKAJIBHYIO KOM-
MOHEHTY TIOJISI [TPH YCIIOBHH, YTO pa3peliaonas
CIoCcOOHOCTh CHT'HAJA MO AaTbHOCTH OyIeT

Ar<M.

IR

Hanpumep, npu hy =10 M, hgy=2 M n
k=200 ™ paspemaiomas cnoco6HOCTH
Ar <2 cM, WIH 110 BPEMEHH 3ara3/IbIBaHus CUT-
Hana npumepHo 0.07 ne. Ha Tpaccax co cimox-
HBIM penbe)oM U OONBIINM MEepenajoM BBICOT
MOXKHO OXuUJaThb 4aCTUYHOI'O IIOAABJICHUA CHI-
HaJIOB, NICPCU3ITYUCHHDBIX O6’I)CKT3MI/I, KOTOPLIC Ha-
XO0aATCA B6JII/I3I/I KpacB AuarpaMmbl HaIllpaBJICH-
HOCTH, YK€ IIPU JJIUTCIbHOCTAX UMITYJIbCAa OKOJIO
1 HC, 4YTO BUJAHO, B YaCTHOCTU, U3 PEC3YJILTATOB
pa6otser [10]. D10 03Ha4YaeT, 4TO HA TAKUX Tpac-
cax UCIOJIb30BaHKHE IIMPOKOTIOIOCHBIX CUTHATIOB
MOKET IPUBECTH K YMEHBIICHUIO CITyYaiHOil co-
CTaBJISIFOIIEH OIMIMOOK TEJICHTOBaHUS, 00yCIIOB-
JICHHBIX BIHAHUEM TH(PY3HONH KOMIIOHEHTBI.

B kauecTBe OCHOBHOTO WTOTa PacCMOTpPEH-
HBIX BBIIIE UCCICIOBAaHUN MOXET OBITH CIENaH
BBIBOJl O TOM, YTO YKOPOUYCHHE UIMHBI BOJHBI,
€CJIM €My HE MPEISITCTBYIOT Apyrue (hakTopsl,
SIBJISIETCS JIOCTATOYHO (P (PEKTUBHBIM CPEIICTBOM

MOBBIIICHHUST TOYHOCTH U3MEPEHHS YIJIOBBIX KO-
OpAMHAT. DTO MPOUCXOIUT BCIEACTBUE PE3KOTO
CHIKEHUS KOO UIIUESHTOB OTPAXKEHUS OT 00JTb-
IeH YaCcTH PeaibHBIX TOBEPXHOCTEH CyXOITy THBIX
Tpacc, KOTOpbIE B KOPOTKOBOJIHOBOM YaCTH MHIJI-
JUMETPOBOTO JTUAra30Ha JIUIIb B PEJIKUX CITyda-
aX mpesBblmaioT 3HadeHud 0.1+ 0.2, npudem
[JIaBHAs MPUYMHA OOJIBIIMX OIMOOK U3MEPEHUS
yTIlla MecTa — 3epKajibHas KOMIIOHEHTa — OKa3bl-
BaeTCs MMOJHOCTBIO pa3pylICHHOW BIUSHUEM He-
POBHOCTE! MOBEPXHOCTH, IaXKe MEIKOCTPYKTYP-
HBIX, ¥ PACTHTEIBHOTO TIOKpOBa. JlonoTHHUTENb-
HBIMU (pakTOpaMu, crmocoOCTBYIOLUIMMHU TPEOI0-
JICHHIO TPOOIeMbl OIIMOOK M3MEPEHHUsT KOOPAH-
HAT MaJIOBBICOTHBIX 00BEKTOB Ha MHJUTUMETPO-
BBIX BOJIHAX, SIBJISIFOTCS] BOBMOXHOCTH UX 3 (hek-
TUBHOTO YCPEIHCHHUsI CICISIIUMHU CHCTEMaMH
OJyiaroyiapsi MaJlbIM MPOCTPAHCTBEHHBIM Pajiny-
cam xoppemsiuu [23, 24] 1 UCIONb30BAHUE CUT-
HAJIOB C BBICOKHM pa3pelIeHUEeM IO BPEMEHH.

3aKiIoueHue

B pabote ocHOBHOI1 aKIIeHT c/ieTlaH Ha omuca-
HUM U aHAJIN3€ SKCIIEPUMEHTAIBHBIX Pe3yIbTaToB
M3y4YCHUS OMIMOOK MEeJICHIOBAHHS B MUJITUMETPO-
BOM JUarna3oHe Haj cymieid. Takoi BeIOOp aBTOpa
00yCIIOBIIEH CIECAYIOIUMU COOOPAKEHUSIMH.

Bo-1nepBbIX, UMEHHO pe3yNbTaThl IKCTIEPUMEH-
TOB B peaJIbHBIX YCIOBHUSAX PA0OTHI pAJAHOCHCTEM
HauMeHee OCBEIIEeHbl B OTEYECTBEHHOH M 3apy-
OCXKHOM JHUTEepaType.

Bo-BTOpBIX, HAJ CyIlIEN IPU MaJbIX BBICOTAX
KOpPECTIOHANPYIONUX TYHKTOB Hanbosee mpo-
OlieMaTH4HA MPUMEHUMOCTb MOJICIbHBIX Tpe/-
CTaBJIEHUH, Pa3BUTHIX B 3HAYUTEIHHOM YHCIIE
UCCIeI0OBaHuH 1715t 60Jiee ATMHHBIX BOJTH U 00IIb-
mux BeIcOT. [ToaToMy He MMeso cMbIca yrinyo-
JATHCA B aHANU3, 3apaHee NMOHUMas WX HelpH-
TOJHOCTh /I paccMaTpUBaeMoOro ciydas.
W nMeHHO 3KcnepuMeHTalbHbIEe JaHHbIE MOTYT
MOCTYXHUTb OTHPABHBIM ITYHKTOM JUIst pa3padoT-
KM MOJIeJIell MHOTOJIy4€BOI0 paclpoCTpaHEHHS
pazMoOBOJIH, aJeKBAaTHBIX pacCMaTpUBAEMbIM
YCJIOBUSM.

IIpuBoauMbIe B cTaThe IKCIEPUMEHTAIb-
HbIe JIaHHBIE SABISAIOTCSA PE3YJIbTATOM IPOJIOJI-
KUTEIBHOU TBOPYECKOM paOOThI O0JIBIIOTO KOJI-
JIEKTHUBA COTPYyAHUKOB MHCTUTYTA paanodusu-
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B. b. Pa3cka3oBckuii

KU ¥ 2JIEKTpoHUKU HammonanbHO! AkamemMuu
Hayx Ykpaunsl. [IpuHomnty cBoro 0iarogapHocTh
BCEM, y4acTBOBABIIUM B IMOJTOTOBKE, obecre-
YEeHUU U IPOBEIEHUH 3TUX HccnenoBanuil. Oco0o
X0uy TOAUEpKHYTh poib akagemuka C. 5. bpay-
e, SBUBILETOCS] HHUIIMATOPOM NPOBEACHHS PadoT
B 9TOM HaIIpaBJIEHNH 1 UX OPraHU3aTOPOM Ha Hau-
Oosiee OTBETCTBEHHOM HAdalbHOM JTarle.
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Errors in Bearing Low-Altitude
Millimeter-Wave Sources over Terrene

V. B. Razskazovskyy

The results of the experimental study and the
methods of the theoretical description of the er-
rors in measuring the elevation and the azimuth
bearing angle for the millimeter-wave sources
(in the Ka and V bands) over the terrene are
examined. The altitudes of the transmitter an-
tenna above the surface were up to tens meter
and the distances to the receiver were 5+6 km.
The examples of the errors versus transmitter
height are presented for the different types of
terrain. The effects of the multipath propagation
and diffraction by the details of relief and the
obstacles of the different nature were analyzed.
The essential distinction in the propagation of
the millimeter and centimeter wave over terrene
is ascertained.
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