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IlaTta BBegeHusi. C MOMEHTA YyTBepPXOEHUS.

4.3. METOAbl KOHTPONA. ®USNHECKUNE DAKTOPHI.

ONPEOEJNIEHUE YPOBHEMW
HANMPSA)XEHUU, HABEOEHHDbIX
ANEKTPOMATHUTHBIMU NMNOJNTAMM
HA NMPOBOASALUUE SJIEMEHTbI 30AHUN
N COOPY)XEHUU B 3OHE AENCTBUS
MOLLUHbIX ICTOYHUKOB
PAOAVOUINYYEHUN

MeToauuyeckue ykasaHua

1. OBJIACTb NPUMEHEHUA

MeTognieckme ykasanmsa COCTaBneHbl B MOMOLLb UHXEHEepaM OPraHoB W
y4pexXaeHN CaHUTAPHO-3MNAEMNONONNYECKOU CNYXObi, UHXEHEPHO-TEXHU-
yecknmMm paboTHVikaM, NPOEKTHbIM Opradv3aunsaM CcpedcTs CBA3U C Uenbio
obecneveHus npeaynpeguTensHOro CaHUMTapHOro Haa3opa 3a UCTOYHUKaAMN

N3paHne odpunuymansHoe. HacToauwue MeToanyeckme ykalaHus
HE MOTYT H6biTb NONHOCTLIO NN YAaCTUHHO
BOCNpPOM3BeaeHbl, TUPaXKUPOBAaHbI K
pacnpocTpaHeHb! He3 paspeuleHns
denaprameHTa roccaHanngHan3opa
MuHaapasa Poccun.
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nany4yeHna kuno- (HY), rekro- (CH) v pekametpooro (BY) ananasoHoB Tex-
HNYECKKUX CPeacCTB PaguoseulaHins v paanoCBR3K, a Takke ANna MporH03npo-
BAHUA YPOBHEWN HANPAXEHNN, HABEAEHHbIX INEKTPOMArHUTHbIMK NOSIAMU HA
NPOBOARLLMNE 3NEMEHTLI 30aHNN U COOPYXEHUN B 30HE AEUCTBMA MOLLHbIX
NCTOYHWUKOB paguousny4eHnn aTux Amana3oHOB.

2. CYWHOCTb METOA

Pac4yeTHbliA METOH, OCHOBAH Ha NpeasapuTensHOM pacyerte pacnpegene-
HUR TOKa, HABEOEHHOro Ha NPoBoAALLMNE BNEMEHTHI (MEeTANNOKOHCTPYKUUN)
obbekTa (3gaHns NN UHOTO COOPYXEHWUSA) NONEM U3NYHEHUA aHTEHH Paano-
cTaxumm.

3apava 0 HaxoXaeHny HaBeQEeHHOro TOKA pelaeTCa Kak BHEWHASA 31eK-
TpoaAnHaAMMYEeCKas 3aaa4a MeToA0M MHTEerpasibHOro ypaBHeHUa B TOHKONPO-
BONOYHOM npubnumxeHun. Mccnegyembiin 06bLEKT npeacrasnaeTcs B Buae
CUCTEMDBI UUNUHAPUYECKUX NPOBOAHUKOB. B COOTBETCTBUU C TOHKOMPOBO-
NOYHbIM NpUbdNUXeHmneM, BO-NEePBbIX, CYNTACTCH, YTO TOK TEHYET 10 OCY Npo-
BOOHWKA (T.€e. NOBEPXHOCTHA" MNNOTHOCTb TOKA KaK BeKTopHaa dyHKUUA
NPOCTPAHCTBEHHbLIX KOOPANHAT 3aMEeHAeTCa TMHENHbIM OCEeBbIM TOKOM - CKa-
NAPHOWN PYHKLUMEN KPUBOMNMHENHOWN KOOPAONHATBLI, OTCHUTLIBAEMOW BOOJ1b OCH
NPOBOAHUKA), @ BO-BTOPbLIX, HA MOBEPXHOCTU NPOBOAHMKA YYUTHLIBAETCSH TOJILKO
TaHreHUunanbHaa COCTaBNALWAA INEKTPUYECKOro Nongd, napannenbHaa ero
OCMWU.

Ang peleHna MHTerpanbHOro ypasHeHns NCNonb3yeTcs pa3sHOBUOHOCTL
MEeToaa MOMEHTOB -~ MeTo CLUIMBAHUA B OUCKPETHbLIX TOYKAX NPU KYCOYHO-
CUHYCOMOANBHOM 6a3nce pasnoxXeHus ckomMmom Tokoson dyHkuun. NHTer-
panbHOE ypasHEeHNE NMEEeT CMbICH MPaHUYHOO YCAOBUA Ha NOBEPXHOCTY NPO-
BOAHWMKA, KOTOPOE BbiPKAETCH paBeHCTBOM HYNIO TAHMEHLUMaNbHON COCTaB-
AAWEN NONHONrO 3neKTPUHEeCKoro noasa - Cynepno3snynm nonag nanyvyeHus
aHTEHH PaanNOCTaHLIMIA L NOMA, CO30aBaeMOro n3nydyeHnem HaseaAeHHbIX TO-
koB. B pamMkax AaHHOro mMetoaa rpaHnyHoe yCaoBue HaknaabiBaetca B AUC-
KPETHbIX TOYKAX - TOYKax cwusaHua. iHTerpanbHoe ypaBHEeHUe CBOLAUTCH K
cucTeMe NUHENHbIX anredbpanyeckux ypasHenun (C/IAY), pelnaeMoOn OTHO-
CUTENbHO KOAIPPUUMNEHTOB PA3NOXEHUR TOKOBOU PYHKLIMK NO KYCOYHO-CU-
HycongasibHOMY Basuncy. HYncno ypasHeHmnit (HenssecTHbix) CMAY, a Ttaioke
yncno 6a3ncCHbIX PYHKUKMA PABHO YUCY TOYEK CLUMBAHWUA, Pa3MELLEeHHbIX
BNOMb NPOBOOHUKOB OObeKkTa.

[Tone nany4yeHusa pagnoctaHunin paccMmaTpmBaeTca Kak CTOpoHHee (He
3aBucaulee OT napameTpoB 0bbekTa) n paccynThiBaeTCAa (B TOYKax CLUUBA-
HUR) C Y4ETOM INEKTPODUINYECKUX NapamMeTpPOB peasibHOU NOYBbLE, 3KPaHK-
PYIOLLEro n NOornowatoLero 4enNCcTema CTeH 34aHUKN, a Taioke NOACTUNAIO-
LWEen NoBEepPxXHOCTU (HUXKXHEro nepexkpbitus). HaseneHHble HanpaXXeHusa pac-
CUYMTBIBAIOTCA KakK pe3ynbTar AeUCTBUG nNonein nanydyeHns aHTeHH pagnocTaH-
U1 N HAaBEAEHHbIX TOKOB.
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3. OCHOBHbIE NOJTOXXEHNA METOAUKW
PACHETA HABEAEHHDbIX HANPHXEHUA

Pac4yeT BbinONHAETCA B cnenyloulen nocneaoBarTeNbHOCTM:

- PacCyYUTLIBAKDTCH reomMeTpudeckne napamMeTpbl NPOBOJIOYHON MOaenm
ncenenyemMmoro obbekra {NpPoCcTpPaHCTBEHHbIE KOOPAMHATL! TOYEeK CLUUBAHUA
N CErMEeHTOB - KOPOTKUX OTPE3KOB NPOBOAHWKOB, HA KOTOPLIX ONpenensior-
Ca cooTBetcTBylowmne 6asncHblie pyHKUNK);

- B TOYKAX CLUMBAHWNA PACCHUTLIBAKOTCA TaHreHUunanibHbie COCTaBAAlWmne
CTOPOHHEro Nong - NOAA U3NYyYEeHUA aHTEHH PaanOCTaHLUMA C Y4ETOM 3I/1EKT-
POPUIUYECKX NapaMeTPoOB peanbHON NoYBbl, BIUSHUA CTEH 34aHna n noa-
CTUNawLLEeN NOBEPXHOCTY;

- coctaBnseTcs U petwwaetcs C/IAY - aHanor nurerpanbHOro ypaBHeHus;
HanAeHHbIE KOIPPUUNEHTHLI PAa3NIOXEHUA COBMECTHO C HA3NCHBIMU PYHKLUN-
AMW BOCCTAHABNAUBAIOT TOKOBYIO DYHKLMIO, annpOKCUMUPYIOLWYO UCTUHHOE
pacrnpeneneHme 70Ka;

- N0 HANOEHHOMY pacnpenesieHnio Toka C Y4eTOM NoNa U3NYYEeHUA aH-
TEeHH PaaNOCTaHUNN PacCYUTBLIBAIOTCH HaBeAeHHble HanpsaxeHud .

3. 1. PACHET NPOBOJIOYHOW MOAENN OBBEKTA

3apaeTca OCHOBHAA fAeKkapToBa cucTemMa NpOCTPAHCTBEHHbIX KoopauHar.
OTHOCUTENbHO nccnenyemMoro ob6bekTa BBeIeHHYIO CUCTeMY uenecoobpas-
HO OPUVEHTUPOBATb TakUM 06palom, YTOoOBI ocKn abcumnuce n opguHaT nexanu
B MJIOCKOCTUN 3eMHOM NOBEPXHOCTU, OCb annnukaT Hbina HanpasneHa sepTu-
KaJIbHO BBEPX.

ccnepgyembin 0OLEKT NpeacTaBNsgeTcs B BUOE CUCTEMbI LIMITMHOPUHECKUX
npoBOAHNKOB. COBOKYNHOCTL OCEN NPOBOOAHUKOB npeacrtasnaeT coHBoMn KoH-
Typ L' (He o6Aa3arenbHO rnagkvin N HeNpPepbLiBHbIN), HA KOTOPOM onpenens-
etca TokoBas yHkuuna I{1'), rae |I' - KPUBONNHENHAA KOOPANHATA, OTCHYUTbI-
BaemMast BOOoNb L’ (Kaxoow To4ke Ha NPoOBOAHMKAX MOAEenn NOTKHO OAHO3-
Ha4YHO COOTBETCTBOBATb HEKOTOPOE 3Ha4veHue |'). [ng HanoXeHna rpaHmny-
HbIX YCNOBWIA CTPOUTCH KOHTYP L, KOTOpbI npeacrtasnaet codboin KoHTyp L,
nNepeHeceHHbii Ha NOBEPXHKOCTL NPOBOAHMKOB (L U L' Hurae He nepeceka-
I0OTCA N HE conpukacarTca). Ha kKoHType L' BbigensaioTca N KOPOTKNX OTpes-
KOB - CEFMEHTOB, KaK nokalsaHo Ha puc. 1. Kaxabin K- CerMmeHT onpenenaeTca
Tpema Toukamu: I'= a_ - Havano, I'= b,_- cpeaHasa Tovka, I'= ¢, - koHeu.
Orpesku [a, b ] u [b, C ] - cooTBETCTBEHHO 1-€ 1 2-€ nneun cermeHra (k-ro)
- MOIYT HE nexaTb Ha OOHOM NPAMON N MMeTb pa3Hylo ananHy. CocegHue
CEerMeHTbl HaCTUYHO NepeKpPLIBaKTCA: CpeaHaa Touka k-ro cermerTa b, co-
BNagaeT C KOHUoM (k-T1)-ro c . 1 Havanom (k+1)-ro a,,, CerMeHToB. Jnek-
TpudeckKue CoeanHeHns ONUCbLIBAKTCA BBeAEHNEM AONONHUTEbHbIX CerMeH-
TOB, NMAE4YN KaXO0Iro 13 KOTOPLIX /leXaT Ha pa3HbiX NPOBOAAX, KaK NOKa3aHo
Ha puc. 2.

OnnHa nneva cermMeHnTa He gonxHa npessilwate 10% anvHbl BONHbY, OT-
HOWeHWe 3TON ANNHLL K paanycy NpoBoaa A0MKHO HAXOONTLCA B Npeaenax
3...10.
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KaXxaomMy cermeHty COOTBETCTBYET OfHa TOuka CLiMBaHUA. B kadecTtse
TOYeK cluwmnBaHuga BepyTca TOYKU KOHTYpa L, HanmeHee yaaneHHble OT Cpeg-
HUX TO4YEeK COOTBETCTBYIOLLNX CErMEHTOB.

B pesynbTate pacyeTtoB Ha AaHHOM 3Tane AoMXHbl 6biTb onpenenexHsb

NPOCTPAHCTBEHHbLIE KOOPpANHATL! (B OCHOBHOW CUCTEME) CerMEeHTOB U TOYEK
CLIMBaAHUSA.

3.2. PACHET NONY USNYHEHNA AHTEHH PAOUOCTAHU UM

[lone nanyyeHus aHTeHH PaguoCTaHUM B HEKOTOPOUN ToYKe HabnioaeHus
BblyMCcnaeTcsa cnenyiowmm obpasom.

AHTEeHHbl paccMaTpusaeMblX ANana3oHOB NpencTasnsiot cobon cucre-
Mbi TMHEWHbLIX NPOBOAHMKOB (BMOPATOPOB, NPOBOOHUKOB pedpneKTopos aH-
TenH CI'[l, npoBOAHUKOB poMbBuyecknx anterH). Kaxabiit npoOBOAHUK npen-

CTABAAETCH KaK COBOKYMHOCTb 3/IEMEHTAPHbIX 3MEKTPUYECKNX BUOPATOPOB
(93B).

Tok xkaxaoro 33B NONHOCTLIO onNpeaenaeTca BXOAHLIM CONPOTUBNEHNEM,
MOLLHOCTBIO Nepeaatyunka v 3aKOHOM pacnpenenenuns Toka. B kayecrtse noc-
fnegHero cnepyer 3aaaTtbCd CUHYCOMOAIbHLIM pacnpenenesnemM 1oka no
NPOBCAOHUKAM BUOPATOPHbIX AHTEHH U PEXUMOM DeryLuein BoJIHbl TOKA B NPO-
BOAHUKAX POMOUYECcKnx aHTeHH. [lone B To4ke HabMoaEeHUA HaX0OUTCA Kak
Cynepno3vuna nonen, colgaBaembix Bcemimt 9B aHTeHHbl. 3ana4a, Takum
06pa3zom, CBOOUTCA K HAXOXAEHMIO NoNa oagHoOro S9B.

PaccmMmarpusaloTes apa trvna 39B - ropu3oHTanbHbie N BEPTUKANbLHDbIE.
[1pakTn4yeckn Bce MHoroobpasune KoHCcTpykuun aHteHH HY, CH n BY guana-
30HOB UCYHEPNLIBAETCH JaHHbIMKU TUNamMn ISOB. Huxe ana ykasaHus ropm-
30HTAIBHOIO U BEPTUKANBHOro I33B byayT MCnonb30BaThCH HAACTPOYHbIE

i) ] -

UHOeKCbl ¢ W B, COOTBETCTBEeHHO

TOpU30OHTaNbHbLIN 3B opueHTUpyeTca Baont ocu OX BCcnomMoratenbHon
NEeKapToBOU CHUCTEMb! (OTINYALWENCA OT OCHOBHOW TOJIBKO MOBOPOTOM HA
HEKOTOPbLIA YroNl a OTHOCUTENbHO OCU anfininkarT). Beicota 938 oTHOCUTENL-
HO nnockocTn XQY (KoTopaa coBnagaeT € NOBEpPXHOCTLIO 3eMnn) h. Kowm-
NOHEHTbI Pa3NnoXeHua No Ha3nCHbIM OpTamM BCNOMOrarefnibHOW CUCTEMbI 3/1EK-
TPUYECKOIrO NONAS B HEKOTOPOI TOYKE Habnwpexsus ¢ koopauHatamu X, Y, Z
onNpenenaioTCH BblPaKEHUAMMN:

1K IK.R Ik.R
r__Meer‘R“ r_MeyeJ“ Er_Mezej“ 3
E, = E, S z = (3.1)

1 1 1

roe M = Kk, Il 55 - AMNOABLHBIN MOMEHT,
K, = 2n/A - BONHOBOE 4YMCNO /15 BO3AYyXa,;
A - ONHA BONHbI, M;
I - amnautyna Toka 398, A;
l,3e - BVHE 3B, Mm;

R, = (x2+ v2 + (z-h)?)'2 - paccTosiHMe MeXay TOYKON HabniaeHua w
LeHTpom I3BB.
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PasmMmelwjeHne CerMeHTOB Ha KOHTYpe L

| L
|
|
(Cii)
__________________________ \
P el | (kH1)-i
K CEerMeHT
(Ck-1 =a,,,)
--------- b+ - - - - } k-1 COrMeHT - - |
L L I ) L (k-1)-3
CermeHT
I LA I j

Puc. 1
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OnucaHue 3anexTpuyeckux CoOeguHeHun B NPoOBONIOYHONU MoAaenn
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DyHkunn e, e, e, B(3.1) umeloT BNA;

e =e_ Cosp-e, Ssing;
e =e_sing + e, Cosy ; (3.2)
e =e_ COSyp,
roe
e =[1+a_-A(1+b_ +2idb) - 252A1(3) - 2QU (5) +

+ 2QU (1/6) ] coso,

e ={-[1+a_-A-Ab + 2AI(1/5)- 2QU (1/5) + (3.3)
+ 20U (3) ] } sino ,

e, =a_-Ab_+ 2i5aU (3) .

BepTukanbHblin 33B opueHTupyetcs Baonb ocu OZ BCNOMOTratefibHOW
LMNUMHAPUYECKON CUCTEMDBI U PACNONOXEH Ha BbICOTE h HaA NnockocTbio Z = 0,
KOTOpas coBnagaeT ¢ NoBepxXHOCTLIO 3eM/IN. KOMMOHEHTbl pa3noxexusa nNo
6a3nUCHbIM OpTaM LUUIUHOPUYECKON CUCTEMbI INEKTPUHECKOrO NONA B HEKO-

TOpPOW TOYKE HabnioneHns ¢ KoopanHaTtamMu p, z (B cuny CUMMETPUN 3a0a4U
a3nMyT @ MOXEeT ObiTb NPOU3BOJIbHbLIM) ONPEeaEnsiioTCA BbIPAXEHUSAMW:

ik1|:{1 jk1|:‘1
E®P=(Me e )/R,, EP=(Me,e ) /R, , (3.4)

rae oyHkuum e n e, UMeIoT BUL:

e =a_+ Ab_ - 213U (3) ,

(3.9)
e =1+a_+A(-1+Db_-2i18b )+ 2A (1 -58%)1(5).
lNapameTpsbi, sBxoasume B (3.3 - 3.5), BblHUCASIOTCS NO POpMyIiam:
a =acos’®@-bsinfe-1,
b =acos?® -bsin?e -1,
a,=-(a+Db)sin® cos O,
b.=-(a +Db)sin® cos 6,
a. =asin®-bcos?O®-1,
b, =asin’® -bcos?O -1,
a=i(1+i/kR)sin®, a =a/kr,
b =i(1+i/kR))sin® , b’ =b /kr,
b,=idcos®, d=1+i/kR,, (3.6)
Q= dA/k,r (1 -6,
A =R, exp [-ik (R, - R)] /R, ,

10
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5=1/ (e + i60As + 1)/2 |

a=1+1/kR,-1/k?R?, a =1+i/kR, - 1/k°R2,
b=2(1+kR,)/KR,, b =2 (1+i/kR,) /KR, ,
cos ® =(z-h)/R,, cos® =(z-h)/R,.

roe r, R, - reomeTpuyeckme napamMeTpbl 3a4a4K, Bblpaxatowmecs GopMynami:
R,=(X*+y?+(z+h)?)72, r=(x+y)2. (3.7)

BcnomorarenoHble pyHKUMK I{d) 1 U(d) BbipaXaioTCa Yeped pyHKLUUIO OC-
nabnenuna y (z,r):

I{(6) =y (z,r), U@)=r(-1/kR,)y(zr/R,. (3.8)

Ana BblMUCREHNA DYHKUUKM ocnabneHus, B KOTOPYIO BXOOUT uvHTErpan
BEPOATHOCTU OT KOMMAEKCHOro apryMeHTa, UCNoab3yioTCa CXopawmecsa U
ACUNTOTUYECKUNE PA3NIOXEHUA:

N \4
-2S
viz,n=1+ j\/nso e - 2\/880 2 (-25) 18l < 12;
v=0 (2v+ 1)l

y (zr) =1-VS/S 5 (2v-—1)”/(2S) S| >12uIm (VS)2 0
L 20

(3.9)
y(z,r) =1+ 2j\NnS_ e - VS /S ) (2v- 1)1 /(2S), IS| 2 12uIm (VS) < 0;

v=20

roe S, =ikR382/2(r/R), S=S,[1+(z+h)/R].

Mocne BbivUCNeHUst Nona 9B kak BekTopa B COOTBETCTBYIOWEW BCMNO-
MOraTefNbHO CUCTeMe KOOPAWHAT A0NXHbI PACCHUTLIBATECSH KOMMOHEHTb! ero
pa3noxeHua No opiamMm OCHOBHOW cUCTeMmsl. [lone u3nyyexus £ . (BekTop B
OCHOBHOMN CUCTEME) HAXOONTCS KaK BEKTOPHaA CyMMa Nnonem omeanblx 99B.

3.3. PACHET PACNPELENEHNA TOKA, HABEOAEHHOIO HA
NPOBOAALLME SJIEMEHTDbI OBbEKTA

Pacnpepnenesne Toka onpenenserca Kkak Tokosas gpyHkuma I{1') nonHoc-
ThiO onpegenseman kKoadpduuneHTamu pasnoxeHna NO KYyCOYHO-CUHYCOMU-

panbHoMy 6asucy 1., L, I, ... [ (N - 4yncno cermeHToB).

KoadppuumenTsl 1, L, ... I, Haxonatca peweHuem CJIAY:

L L=E, i=1,2 ..N, (3.10)

11
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roe Z, - koahduumeHTbl, 06pasyllmMe KBaapaTHylo MaTpuuy UMNeaancos;
E, - ceoboaHble yneHsl CIAY.

HekoTopbir KO3 DUUMEHT Z BbipaXaeT CBA3b MexXay K-M CerMeHTomM n
-1 TOMKOU CclwunBaHNg (OU3ndecKnin CMbICN - TaHreHunanbHOE none 8 i-w
Touke clumsaHus Apu | = 1 A) n BbinCnaeTca no popmyne:

Zik = Z‘ik + kz Z"ik g (311)

roe 22, v 2, - coctaBnsiouwme, oBycnosneHHbie COBCTBEHHO Kk-M cer-
MEHTOM U ero 3ep|<aJ1be|M n300paxKeHnemM B NAOCKOCTU MNOACTUNAOLLEN
NOBEPXHOCTW;

k =1, ecnn 06bexT CoaepXnNT HUXHEE (HA YPOBHE 3€MHOWN NOBEPXHOC-
) Xene3obeToHHOE nepekpbiTUe, B NPOTUBHOM cnyyae k, = 0.

Benuuuuet ', n 2", paccuvTbiBaloTCA CnenyloumM obpasom.

Ha puc. 3 nokKasaHbl NPON3BOMILHLIE -9 TOYKA CLUMBAHUA U K- CEerMeNT, C
KaXabiM MAe4oM KOTOPOro CBA3aHa COOTBETCTBYIOLLAA BCNOMOrartesnbHas
HANHaPUUEcKan cmcrema KoopanHat. CHavana BbIMUCNKIOTCH Z-9 N -7 KOM-
NoHeHTbl nonga (npu |, = 1 A) B TOHKE CLUMBAHWA NOOYEPEeaHO OT KaKOoro
fseya CerMeHTa. G‘JOpmynbl Onst Z-n vt p-it KOMINOHEHT NOoNs, CO3Jasaemoro &
TOYKE CLUMBAHUA OQHUM U3 NieYy CerMeHTa {B COOTBETCTBYIOWEN LUNUHOPW-
4eCKO CUcTemMe, - CM. puc. 3} MelT BuL;:

F, = +j30 | expr('jBr‘) - cos (8) =P )5 sin (B (1/pr,2) +
1 rU
+i/r,2) exp (-ipry)] . (3.12)
gp =+ 100 [ 2PN ooq (py ZRUPN) i a1y (1 - 2271, -
o, r.(z-1)" r,Z'
. -JBr)
- iB22/r) ] (3.13)

roe r, - paccrtoaHue A0 To4KKh HabnoaeHus OT Havana (KOHUA) CerMeHTa, Mm;
t, - PACCTOAHUE [0 TOYKM HADMOAEHUA OT CpegHen TOUYKM CerMeHTa, M,
B = 2n/A - BONHOBOE 4YUCAO,;
A - ANVHA BOAHLI, M;
| - AnnHA paccmMarTpusaemMoro nneda, M;

Z N p - LWINHOPUYECKme KoopanHaTtbl ToO4KKM HabnioaeHusa (COOTBETCTBEH-
HO anNnnMKaTa U NPoeKuus paauyc-BeKTopa TO4YkKM Ha NAOCKOCTb Z = 0, m).

3Hak «+» 8 (3.11, 3.12) cooTBeTCcTBYEeT 1-MYy Nnevy cerMeHTa, 3HakK «-» -
2-My.

12
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K BbiBOay hopmMmyn nna pacuera 3N1eMEHTOB MaTpMubl UMNESaHCOB

(O Z 1) (O 2 (W) - ocu annavkat BCnoMoratebHbIX UMNNHOPUYECKNX
cuctem ans 1-ro n 2-ro nney k-ro cermMenTa, COoTBeTCTBEHHO 1, , 1., 15,
1, - eduHuYHble Ba3nucHbIe BEeKTOPbl BCNIOMOraTenbHbIX LUNAWHAPUHECKNX

CUCTem

-1

Z1? pd
i"ﬂ 1#1 y 122
TOUKa CWUBaHUA
(L)
O > 2,
Z2-e
nneyo
k-1 cermeHT
1-e
nne4yo
7 (W

Puc. 3

13
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(lyCTb Z- U p-KOMMOHEHTHLI NMONA paccHuTaHbl Ana o0boux nney K-ro cer-
MEHTa, T.e. nonyyeHobt 4 yucna. ObosHaunm nx E m=1, 2, 3, 4. Kaxnon

m, k ?

M- KOMNOHEHTE B UCXOAHOW OCHOBHOW CUCTEME KOOPpAMHAT COOTBETCTBYET
eanHnyHblia Bextop 1° . C yveTtom aTux obosHavenmn dopmyna ana 27,
umeeT BuA: |

(3.14)

m, k ?

rae 1.=(c -a)/lc - al - eanHndHbIf TaHreHUMATLHBIN BEKTOP 8 i-i TOY-
Ke ClumMBaHug (C, 1 a, - pagnyCc-BeKTOPbl KOHLA U Havana i-ro cermeHTa).

Benwiunna Z°° BblMUCNAETCA aHANOTNYHLIM 0O6PA3OM AN 3epPKaibHOTo
n3obpaxeHusa k-ro cerMeHTa.

CB0oBoaHbIN Ynen i-ro ypaBHeHuss CJIAY (COOTBETCTBYIOWLErO i-i TOYKe
cwusaHuqa) E paccuntbiBaetcs no popmyne:

E=-(1,Ey)*Pg (3.15)
roe E . - none usny4yeHusa paguocTaHuMii B i- TOYKe ClunBaHus, B/wm,

BLIYUCNEHHOE METOAOM, ONUCaHHLIM B . 3.2.

P., ~ KO3pDULMEHT, y4nTbIBAIOLLMA BANSHNE CTEH 3AaHKUA (ANA Xeneso-
6eToHHbIX CTeH P, = 0,316, Bo BCex ocTanbHbIX ciyyaax P, = 1).

3.4. PACYET HABELAEHHbIX HANPS)KEHNM

HaBegeHHOe HanpsxXeHne Mexay HeKOTOPLIMU ToUKaMu C paguyc-BeKTO-
pamu v°. n v°, BbiducnaeTca no gopmyne.

u=- |1 > 201 +(10,E,.) P ]do, (3.16)

k=1
LO

roe L, - KOHTYp NHTerpupoBaHus - NPSMONNHENHbIN OTPE30K, COeANHAIO~
LIV TOHKN VO, 1 VO ;

12 - nhepemMeHHan UHTErPUpPoOBaHUS - KPUBOIUHENHAa KoopanHaTa, OTCYM-
ThiBaemas saonb LY;

v°? - paguyc-8eKkTop ToYKu I° (B OCHOBHOW CUCTEME);

10=(v,-v) /v, -v| .

E, . - none usny4yeHns pagnoctaHLmin B Touke v°, B/M, BblvucneHHoe me-
TO4QOM, ONUCAHHLIM B N. 3.2.

KoadduumeHtsl Z 8 (3.16) BLIMNCAAIOTCH TAKKE Kak N KO PUUMNEHTDI
MaTpuubl UMNegaHcos (N. 3.3), TONbLKO BMECTO TOYKUM clumBaHua bepeTcs
TO4Ka 1° (C paguyc-BeKTOpoM Vo).

14
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4. METOOGWKA USBMEPEHMW YPOBHEWN
HABEAEHHbIX HAMPSKEHUA

4.1. COCTAB USMEPUTENTIbHOIO KOMNJNIEKCA

B xoMnnekc n“amMeputenbHoOro obpyaoBaHng BXOOAT cneayoume KoMn-
nexTbi, NPNBOpPLI N BCNOMOraTesibHble YCTPOWUCTBA:

- CeneKTnBHbIN MUKPOBONLTMETP SMV 11;

- aHTeHHa ana naMepeHuna HanpsxeHHocTu nona «OPT» (paspaboTtaHa
Camapckum orpacnesbim HAW paano);

- MUNNMBONLTMETP B3-48A (LLMPOKONONOCHbBIM N3MepuTens cpeaHexkBa -

paTU4eCcKoOro 3HaA4YeHNA HanpPAXeHUs Npou3BoNbHON HOPMbl B AManasoHe
10Ty ... 50 MlMu);

- MeTannuyeckuit nuct MJ1 kpyroeon oopmbl guameTpom 1 M, UMUTUPY-
IOWMit TeNO 4Yenoseka Kak eMKOCTb OTHOCUTENbHO NMPOBOAALLEro nosna vuaun
peaNbHOW 3eMn;

- COSAMHUTENLHAA LWIMHA, 0becne4nBaouasa coefuHerne Kopnyca npoo-
Huka npudopa B3-48A ¢ MJ1;

- AWBNEKTPUYECKas LLTAHra, OCYLLEeCTBNAIOWAA HAAEXHYIO U30ASLMIO Tena
oneparopa 0T MeTA/INTOKOHCTPYKU MK (LUTaHra NPUKPEnNNeTca K Kopnycy npoo--
Huka npnbopa B3-48A).

4. 2. METOAUKA USMEPEHNN

JKCNEPUMEHTaNbLHOE onpeaeneHne BenuyiHbl HaBEAEHHOTO HANPAXEHUA
BbINONHAETCH B cneaylowen nocnenoBaTteibHOCTHW.

4.2.1. Komnnektom B cocrase SMV 11 1 aHTeHHbL! «OPT» (n3ameputens
HaNPSXEeHHOCTU NOMA) BbiNOAHAIOTCA U3MEPEHUS HANPSXXEHHOCTU Nona B6U-
31 META/UTOKOHCTPYKUUK (B MECTax, OOCTYNHbLIX AN NPUKOCHOBEHUN). [1pw
3TOM BO3MOXHbI ABa Cny4as:

- 861M3K nccnegyemMoro obbekra (3paHune, OTOAENbHO CToAlee MeTannm-
4eCcKOe COOpYyXEeHne) HaxognTca oaHa PagnoCTaHUuus;

- 613U nccnenyemoro o6bekTa HaxoanuTCs HECKONbKO PaanoCTaHLUNN,
HO CUrHan OgHON N3 HUX CYLLECTBEHHO NPEeBOCXOOUT NO YPOBHIO OCTaslb-
Hbl€;

- BOIN3U uccnegyemMoro 06bekra HaxXOAUTCA HECKOALKO PaaNOCTaHLMN,
npu4yemM curHanst bonee 4eM 2-x N3 HUX CON3MEePUMbI MO YPOBHIO.

B nepBOM Chy4yae namepurenem HanpaXxXeHHOCTU NONA HAXOOATCH TOJIbKO
TOYKN MAKCUMYMOB HaNPAXEeHHOCTY NoNd (T.e. MakCUMyMOB NOTEHUManNa Ha
METANNTOKOHCTPYKUMI), B KOTOPLIX 3aTEM U3MEPSIOTCH HABEAEHHbIE Hanpsi-
XEHUS.

Bo BTOPOM ciiy4yae namepurenem HanpaxeHHOCTU NONS HaxXoaaTCA TOUKN
MaKCMMYMOB Mons (nNoteHumana) Ha 4actoTe CTaHLMKW C NPeBaNnpyioLmMm
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Cxema namepeHvii HaBeAeHHbIX HANPSHKeHNA

MeTanninyeckasa 4actb 3g4aHuUA UK OPYroro COOPYXeHUN

L W B . W B B B

BbICOKOYACTOTHLIN LLiyN

WnHa
coeanHnTeNbHasA

[Tfpnbop B3-48A

MeTannn4yeckmm nnucrT,
UMUTUPYICLWLIVA Teno Yenoseka

/ i

TokonpuesoasLLWMIA MO
N 3eMHan NoBepxXHOCTb —

Puc. 4
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ypPOBHEM curHana. PukcupyloTca nokasaHusa npudopa B 9Tmx TOYKax, Hau-
bonbuiee 3HaveHve V_ npuHnmMaeTcs pasHbim 0 b (ocTasibHble HOPMUPYIOT-
CA MO 3TOMY YPOBHIO). 3aTeM B 3TUX Xe TOoYKax onpenendiTca OTHOCUTE b-
Hble (HOPMMPOBaAHHbIE K V ) YPOBHM CUrHana Ha 4actoTax OCTalibHbIX pa-
puoctaruuun V,, b (i- Homep PAOAUNOCTAHUNKY, | - HOMEP TOYKN N3MEPEHUA).
Bce nokazaHua npubopa pukcupyiloTcs.

B TpeTbeM Cnyvyae onpenenserca OTHOCUTENbHOE CpeaHekBagparmnyec-
KOe 3Ha4YeHune Kak GyHKUUA KPUBONIMHENHOWN KOOPOWHATbI X, OTCHUTbIBAEMO
BAONb METANIOKOHCTPYKUNA:

V_(x) =] Z 1OV /30 172 (4.1)

| =l|

roe i - Homep paaunoctaHuuu: N - obuwiee Yyncno paguocTaHunin.

Makcumymbi pyHkuunn V_ (x) ByayT ToukaMm, B KOTOPbIX HEOOXOAMMO Bbl-
NONHUTbL U3MEPEHUe HEiI'IDﬂ)KE!HMFI ITU TOYKU PUKCUPYIOTCH, PUKCUPYIOTCA
TaKkKe NnokasaxHus npubdopa B 3TUX TOYKAX V., HOPMUPOBAHHbIE K MaKCHUMaIb-
HOMY U3MEepeHHOMY YPOBHIO V.

4.2.2. B HAaNEHHbIX TO4YKAX MAKCUMYMORB HanNpsxXeHns npon3soanTCs
ero namepeHue npnoopom B3-48A cornacHo cxeme puc. 4., npenBapu-
TeNbHO yaanvB NOKPpbITUS (HANpPUMEP, Kpacky) C NOBEPXHOCTU MeTanna
B 3TuX TOo4Kax. Mpu namepenunsax Heodxoamumo wyn npundopa NnnaBHO NPU-
Gnvkartb K TOY4KE KacaHuga, KOHTponupyd nokalaHua npubopa. Ecnm mna-
MepeHHOe 3HavYeHMne okasbiBaeTca pasHbiM 300 B 10 MOMEHTa KacaHug,
n3IMepeHne B JaHHON TOoYKe npekpauiaeTcd, n aenaercs BbIBOO O npe-
BbiLieHnun B HEen ypoBHa 300 B. B npoOTUBHOM Cciy4ae oCyuleCTBNSAeTCH
KacaHue WynoM noBepxHOCTH MeTanna n pukcupyeTca nokalawme npu-
bopa - cpepHekBagpaTnyecKkoe 3Ha4YyeHue U, B (j - HOMep TOuYkM uame-
PEHUN).

4.2.3. Ecnu pagunocTtaHuusa ogHa, namMepeHus npekpawarTca. 3Have-
HME HaBeOeHHOIrO HanpsaXxXeHna 4Na j-n Touyky HabnioageHns bepetcs paB-
HbiM US, B. ECnn paamoctaHumin HECKONbKO ANt KKAOH - TOYKM U3Me-
PEeHns Bbl'—lHCJ’IFIIOTCFI 3HAYEHUA HABEAEHHbLIX HANPRXEHWNIA U B no popmy-
nam:

k-1 N
U “U“[ 2 10Mi-vky /10 4 5 10 (Vi- Vi) /10 1-1/2

i=1 i=k+ 1 (42)
U,=U, 10M-va/20 j=12 _ k-1, k+1, .. N,

roe k - HoMep paauocTaHuMK, YPOBEHb CUrHana KOTOPOW NpesbitlaeT
BCE OCTaJIbHbIE.

4.2.4. [lpyn npoeregennn namepexunin npnbopom B3-48A no cxeme, noka-
3aHHO Ha puc. 4, Heobxogmo obecnedynTb HaAOEXHbIN ANEKTPUYECKUNA KOH-
TaKT Mexay COoeanHUTENbHOW LWMHON, KOpnycoM npodHuka npubopa n me-
Tanan4ecknm nnuctom MJI1.

4.2.5. PeaynbraTtbhl UaMepeHuin n pacyeToB 3aHOCATCA B NPOTOKON.
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