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Ipenncnosue

Ponsb CeKTopa PaguoCBA3U  3aKIIIOYacTCd B obecneueHr palMOHAJILHOT'O, CHOPaBCIJIUBOIO, S(b(beKTI/IBHOFO n
OKOHOMHYHOI'O HUCHOJIb30BAHUA PAANOYACTOTHOI'O CIEKTpa BCEMHU CJ'Iy)K6aMI/I paauocCBA3U, BKIOYAad CIYTHUKOBBIC
CJ'Iy)K6LI, n TIMpOBEACHUM B HCOIPAHMYCHHOM YaCTOTHOM JUAIIa30HC HCCHGZLOBaHHﬁ, Ha OCHOBAaHUH KOTOPBIX
NMPUHUMAIOTCA Pexomenpamuu.

BcemupHBIe 1 peTHOHATBHBIE KOHPEPEHIIMH PaIHOCBSI3U U accaMOIIen paJIfoCBsI3H IPH HOJIEPIKKE HCCIIET0BATENBCKIX
KOMHMCCHIH BBITOJIHSIOT PErIaMEHTapHYyI0 U HONMUTHYECKyI0 GyHKnnu CeKTopa paanocBsI3u.
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PEKOMEHJALUA MC3-R P.2040-2

Biusinue cTpouTEIbHBIX MATEPHAJIOB U CTPYKTYP HAa pacnpocTpaHeHue paguoBOJIH
HA YacToTax Bhllle npudan3uTeasHo 100 MI'y

(Bommpoc MCD-R 211/3)
(2013-2015-2021)

Cdepa npumenenust

B nannoii PekoMeHaanum npecTaBaeHo PyKOBOACTBO O BIUSHUM CTPOUTEILHBIX MATEPHUAIIOB U CTPYKTYP Ha
pacnpocTpaHeHHe paJIiOBOJIH.

Accambires paguoceszun MCD,

yuumouleas,

a) YTO 3JIEKTPUYECKUE CBOMCTBA MATEPUATIOB U UX CTPYKTYP OKa3bIBAIOT 3HAUUTEIIBHOE BIIUSHUE HA
pacnpocTpaHeHHE PaJUOBOJIH;

b) YTO HEOOXOAWMO HMMETh IPEIACTABICHUE O IOTEPSIX PaIUOBOJIH, BBI3BAHHBIX CTPOHUTEIbHBIMU
MaTepualaMy U CTPYKTYpaMu;

c) YTO CYyIECTBYEeT HEOOXOAUMOCTh B MPEAOCTABICHUN WHKEHEpaM PYKOBOZCTBA C IIETbIO M30EKAThH
MOMeX TIPH IepeAaye CUTHANOB OT CHCTEMBI CBSI3H CHApy’KU 34aHUS Ha BHYTPEHHIOIO CHCTEMY U M3HYTPHU
30aHMS Ha HAPY>KHYIO CHCTEMY;

d) YTO CYIIECTBYET HEOOXOIMMOCTh B MPEIOCTABJICHUM IOJIb30BATEIISIM €IMHOTO HCTOYHUKA JIJIS
pacdera BIHSHUS CTPOUTEIBHBIX MATEPUAIOB U CTPYKTYD,

ommedast,

a) yT0 B Pexomenmarmmun MCO-R P.526 conepkutcs pyKOBOJICTBO O BIUSHUH AU(PPAKIINHN, B TOM YHCIIE
00yCIIOBJICHHOW CTPOUTEIBHBIMU MaTepHAJIaMHU M CTPYKTYpaMHu;

b) yro B Pekomenmaumu MCDO-R P.527 cogepkutcst mHpOpManuss 00 SJIEKTPUUECKUX CBOWCTBAX
MOBEPXHOCTH 3eMJIH;

c) yto B Pexomenmaumu MCD-R  P.679 conepxutcs pyKOBOJACTBO IO IJIAHUPOBAHUIO
paaAroOBeNIaTeNbHBIX CITyTHUKOBBIX CHCTEM;

d) yto B Pexomennanmu MCO-R P.1238 comepxutcst pyKOBOACTBO MO PACIpPOCTPAHEHHUIO PaIHOBOIH
BHYTpH noMeuieHui B auanazone yactoT oT 900 MI'n no 100 I'T';

e yro B Pexomennmanmum MCD-R P.1406 conmepxurcs wuHpopManus IO pPa3IHYHBIM acCIeKTaM
pacnpocTpaHeHHs PaJUOBOJIH, KAacaloMIAscs HA3€MHBIX CYXOIYTHBIX MOJBHXHBIX M PaJUOBELIATENIbHBIX
ciyx0 B quanazonax OBY u YBUY;

f yto B Pekomenmarmu MCD3-R P.1407 coxmepxkurcss uH(OpMALMSA IO Pa3IUMYHBIM acCIeKTam
MHOTOJTyY€BOTO PAaCTIPOCTPAHECHUS BOJIH;

g yto B Pexkomenmanmu MCDO-R P.1411 npuBoastcs MeTOApl pacnpOCTpaHEHUS DPATUOBOIH IS
KOPOTKHX TPAacc B YCJIOBHSX BHE ITOMEIICHUH B [UanazoHe 4actoT oT npuonusutensHo 300 MI'n o 100 I'T;

h) gto B Pexomenmanmu MCD-R P.1812 paccmarpuBaeTcss METO I TPOTrHO3UPOBAHUS PACTIPOCTPAHCHISI
CUTHaJIa [ Ha3eMHBIX CIYX0 "U3 MyHKTa B 30HY" B tuamazoHe yactot oT 30 MI'm no 3 [T,

pexomenoyem,

9T00Bl MH(pOPMALIUS U METOAbI, conepxamuecs B [lpwiokennn 1 u [punoxxeHnn 2, UCTIONB30BATUCH KaK
PYKOBOJCTBO IIpU OLIEHKE BIJIUSIHHUS CBOWCTB CTPOUTENBHBIX MAaTEpUAJIOB U CTPYKTYpP Ha PacIpOCTpaHEHUE
pazuoBOJIH U IpU pa3pabOTKe AETEPMUHMPOBAHHBIX MOJEJIEH PACHPOCTPAHEHMS, BKIIOYAIOUIUX CpPEdy
3aCTPOUKH.
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B INpunoxxennn 1 paccMaTpuBarOTCsl OCHOBHBIE IPUHIHUIBI U IPUBOASTCS POPMYJIIBI AJISl pacyeTa OTpaXKeHHUs
CUTHAJIOB OT CTPOUTEJIBbHBIX MAaTEPHATIOB M CTPYKTYP, & TAKXKe MPOXOXKACHUS CUTHAJIOB CKBO3b HUX. B Hem
TaKXe COIACPKUTCSI MOJEIIb 3aBUCUMOCTH JIEKTPUYECKUX CBOWCTB OT 4aCTOTHI M TaOIHIA TapaMeTpoB IS
COOTBETCTBYIOLINX MaTepHaJIOB.

B Ilpunoxkennn 2 TpUBOASATCS OIpPENENeHUs I Pa3lNUYHBIX THIIOB TIOTEPb IPH PaCHpOCTPaHEHHH,
CBSI3aHHBIX CO 3[aHUSAMH, a TAK)Ke MPEACTaBIEHO PYKOBOJCTBO MO0 U3MEPEHHIO IMTOTEPH Ha BXOJIE B 3[aHHE.

[Ipumeps! pe3yabTaToOB U3MEPEHUS MOTEPH HA BXOJE B 34aHue npuBeneHsl B Otuere MCDO-R P.2346.

Hpuiaoxenue 1

1 BBenenune

Hacrosimuee IlpunioxkeHne coaepKUT PYKOBOJACTBO O BIHMSHUM JJIEKTPUYECKUX CBOMCTB CTPOUTEIBHBIX
MaTepHUaloB U CTPYKTYpP HA paCIpOCTPaHEHHUE PaJUOBOJIH.

B paznmene 2 onuceIBaroTCS OCHOBHBIE TPHHITUTIBI B3aUMOISHCTBYSI PAIMOBOIH U CTPOUTENbHBIX MaTEPHAJIOB,
OTIPEMIETISIIOTCS. Pa3NIUYHbIE MapaMeTphl MPH HCMONB30BAHUM ISl DTUX IIEeNel W TPUBOIATCS OCHOBHBIE
(hopMyJIBI Il pacueTa OTPAKEHUS W MPOXOXKIACHUS PaJIMOCHTHAJIOB CKBO3b IPAHHUIIBI pa3zieia OTACIbHBIX
MaTEepUAJIOB, a TaKXE€ OJHOCIONHBIX W MHOTOCIONWHBIX IUIMT, HIUPOKO MPUMEHIEMBIX B CTPOUTEIHCTBE
3JaHMIA.

B pasmene 3 omuchIBalOTCS MOJENb JJIEKTPHYECKHX CBOMCTB M TaONHIA MapaMeTpoB YIS Pa3UYHBIX
CTPOHUTENHHBIX MaTEPHAJIOB.

2 ba3oBble NPpUHUIMIIBI U TEOPUS

[Tpu B3anMoIeHCTBUM PaIUOBOIIH U 3[aHUN BO3HUKAIOT IMIOTEPH, KOTOPBIE 3aBUCAT OT IIEKTPHUIECKUX CBOWCTB
CTPOUTEIHHBIX MATEPHUAJIOB M CTPYKTYpPHI MaTtepuajioB. B manHoM pazgene oOCyXKTar0TCs TEOPETHUCCKUE
ACTIEKTHI BIIMSIHUS DIIEKTPUUECKHUX CBOHCTB M CTPYKTYPHI MATEPUAIOB Ha PaCIPOCTPAHEHHE PaTUOBOIIH.

2.1 Teopus 31eKTPHYECKUX CBOMCTB MaTepUAJIOB

2.1.1 BBenenne

B nanHOM pazniene ommchiBaeTCs pa3zpa0dOTKa MPOCTHIX YaCTOTHO-3aBHCUMBIX (OPMYI MPOHUIIAEMOCTH U
MPOBOJIIMOCTH OOBIYHBIX CTPOMTENLHBIX MaTepraioB. DopMyIibl OCHOBaHbBI Ha KPUBOM, COOTBETCTBYIOIICH
psiny omyOJIMKOBAaHHBIX PE3yIbTaTOB M3MEPEHUH, B OCHOBHOM B auana3oHe 4acToT 1-100 ['Tu. Lens cocrout
B TOM, YTOOBI HAWTH MPOCTYIO MapaMeTPH3ALMUIO JJis MPUMEHEHHS B MOJCIMPOBAHMM XOJa JIyded mpu
pacipoCTpaHeHUH PATUOBONH U3HYTPH 3AaHUAS HAPYKY.

B JIUTCPATYypC NPCACTABJICHBI PA3JIUYHBIC CIIOCOOBI OMHCAHHUS XapPaKTCPUCTUK DBIICKTPHUUCCKUX CBOICTB
MaTcpuaioB. Onn paccMaTpuBarOTCA B IIYHKTC 2128 neJsiX NpruBCACHUA U3MCPCHHBIX TAHHBIX K O6H_ICMy

dhopmary.
2.1.2 Meton

2.1.21 OmnpenesneHust 31eKTPAIECKHX MOCTOSTHHBIX

JlaHHBIN METOJ MPUMEHHM TOJBKO K HEMOHU3UPOBAHHBIM, HEMAarHUTHBIM MaTepraliaM ¥ II03TOMY Jlajiee MbI
3aJjaeM 3Ha4YeHUE MIIOTHOCTU CBOOOJIHOTO 3apsijia Py, PABHOE HYJIIO, a MPOHHUIIAEMOCTh MaTepHaia L, paBHYIO
MPOHHUIIAEMOCTH CBOOOHOTO MPOCTPAHCTBA L.
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OCHOBHBIMM ~ HHTEPECYIONIMMHU HAC KOJMYCCTBEHHBIMH TapaMeTpaMH  SBJISIIOTCA  DJICKTPHYECKAas
NPOHUIIAEMOCTh € W TPOBOJUMOCTh C. B JmTeparype paccMaTpuBaeTCs MHOXKECTBO CIOCOOOB
KOJIMYECTBEHHOTO BRIPAKEHHS 3THX MAPaMETPOB, MOITOMY BHAYAJIE CJCIYET YETKO MOSICHUTD 3TH Pa3IHYHBIC
MPECTABICHUS U B3AUMOCBSI3H MEXK]Ty HUMH.

2.1.2.2 BeiBoa popmyn

HcxomHolt TOUYKOM sIBISIETCS BOJHOBOE ypaBHEHHE, BBIBEIACHHOE W3 ypaBHeHuil Maxkcsemna. C ygerom
BBIIIEYKa3aHHBIX JOMYIIEHNI BOJHOBOE YpaBHEHHE AJIS DJIEKTPUUECKOTO Mo E :

VZE_?'HO&Z_? :Ho%v (1)
ot ot
re:
E : (BekTOpHAs) HAMIPSDKEHHOCTH AIIEKTpHUecKoro mous (B/m);
Jy 1 IUIOTHOCTB TOKA CBOGOMHBIX 3apsaoB (A/m?);

€: JMARJEKTpUYecKas MpoHUIaeMocThb (D/m);

Wo: MPOHMIIAEMOCTH cBoOomHoro mnpocrpanctea (H/A?), pashas 4nx 107  no
OIIPE/IENIEHHIO.

—

B npoBonuuke J  cootHocutest ¢ E 1o 3akony Oma ¢ momomupto popmysbl:

J, = oL, 2)
rue:
G : npoBoguMocTb (Cm/M).
O6benunuB ypaBaenus (1) u (2), momrydaem:
- OE OE
V2E —gpy—s =0 —. 3
Ko o Mo o (3)

3amuceiBacM E B BUJIC OKCIIOHCHIHNAJIIBHOT'O IPCACTABJICHUA:

F=Eyellor k) @

rac:

snavenne E mit= 7 =0 (B/m);

(=}

bl

BeMuKHa (BEKTOPHOI0) BOJIHOBOTO yncia (M '), paBHast 27/A, e A — IJIMHA BOJIHBI
(m);

®: yriuosas yactora (¢ '), paBHas 27f, rae f— uactora (¢ ');

=y

(BEKTOpHOE) TTPOCTPAHCTBEHHOE PACCTOSIHHE (M),
Y 3aMeHsIeM B ypaBHEeHUHU (3), 4TO JaeT:

kz—spowz + jouyo=0, Q)

rie k — BenuuuHa £k .

VYpaBHeHue (5) MOKa3bIBae€T, YTO HAMNPSHKCHHOCTh JIICKTPHUYECKOTO TIOJII PACIpPOCTpaHSACTCS B BHJE
3aTyXarouiel CHHYCOUJaIbHON BOJIHBI.
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2.1.2.3  Hemnposoasimmii IM3JIEKTPUK

B HempoBogsimem amdnekTpuke (G =0) mone sSBISETCS HE3aTyXawoluM, a W3 ypaBHEHUs (5) CKOpOCThH
pactpocTpaHeHus v (= w/k) COCTaBIISICT:

S (6)

VEHg

VYCIIOBHO 3amuChiBaeM € B BHJAE OTHOCHUTEIBHOW MPOHHMIIAEMOCTH U TMPOHHIAEMOCTH CBOOOIHOIO
MPOCTPAHCTBA!

€= Mg (7
rae:
T : OTHOCHUTEIbHAs JUAIEKTPUYECKas IPOHULATEILHOCTh PACCMAaTPUBAEMON CpEbL;

€0 - JUIJICKTPUYICCKAasA IMPOHNIIAaCMOCTDb CBO6OI[HOFO MIpOCTPAaHCTBA, paBHaA
8,854 x 1072 (®/wm).

CrnenoBarenbHO, CKOPOCTb PACHpPOCTPAHEHHs BOJIH B CPelie C OTHOCUTEIbHONW HMPOHUIAEMOCTBIO 1| MOMKET
OBITh BBIpaKEHA KaK:

Nk ®)

IJie ¢ — CKOPOCTh CBeTa B cBOOOAHOM mpocTpancTse (paBHas 1/4/€gLl ). pyrumu croBamu, \/ﬁ SIBIISIETCS

IoKas3aTejIeM IMPEIIOMIICHUA IIHSHGKTqueCKOﬁ Cpeabl.

2.1.24 IIpoBoasimuii AUIIEKTPUK

Korna o#0, BomHa 3aryxaer HO Mepe pacnpocTpaHeHus. B maHHOM ciydae yZOOHO ONpenesuTb
KOMILIEKCHYIO OTHOCHUTEIILHYIO JHAJIEKTPUUECKYI0 MPOHUIIAEMOCTh clenyromumM oopazoM. [Ipeobpasyem

ypaBHenue (5), 3aMeHss ¢ =1/(gou ), ¥ HOMyHaEM:

C (¢
S =n-j——- (9a)
v 80(,0

[Tockonpky w3 ypaBHeHHS (8) TmoTydaeMm %:n, KOMIUIEKCHAsi OTHOCUTEJIbHAs JIU3JIEKTpUYecKas
v

MPOHUIIAEMOCTb MOKET 6I>ITI> BbIpa’XCHa KakK:
. O
n=n-j—- (9b)
oW

JTO MOKA3BIBAET, YTO OTHOCUTENIbHAS TPOHUIIAEMOCTH, OTIpEIeIsieMast ISt YUCTOTO TUIICKTPHUKA, CTAHOBUTCS
JEHCTBUTEIHHON YacThIO 7' OoJiee 00IIel, KOMIUIEKCHON OTHOCUTENBHOM MPOHUIIAEMOCTH 1|, ONIPEIEIIIEMOM
JUTS TIPOBOJISIIIIETO TUAJIEKTPHKA.

I[J'Iﬂ 0003HAYCHHUS ITUX TCPMHUHOB HC CYHICCTBYCT O6]J.[el'[pHH5[TBIX CHMBOJIOB. B HaCTOHH.[CfI PeKOMeHI[aI_[I/II/I
OTHOCHUTCJIbHAA AUIJICKTPUICCKAA IIPOHUIACMOCTD 3allMChIBACTCA B CIICAYIOIICM BUJC!

n=n'-m’", (10)
rae n' u n" — aeiicTBuTenbHas 1 MHUMas yacTh. M3 ypaBHeHus (9b) momyyaeM MHUMYIO YacThb:

p=S (11)
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Crenyer OTMETHTh, YTO 3HAK MHUMOW YacCTH 1) SIBJISICTCS MPOU3BOJILHBIM M OTPa)kaeT MPaBUJIO 3HAKOB B
ypaBaeHnu (4). B mpaktruecknx equaunax ypasaenue (11) obecieunBaeT npeobpazoBanue u3 1" B G:

o= 0,05563 n"frr . (12)
o

Hpyras ¢popMynupoBKa MHUMOI 4aCTH 1) BBIPAXKAETCS B BULE MAH2EHCA Y2ia NOmepb, ONPEAEISIEMOro Kak:

n

tan§ = ﬂ_/ ) (13)
n
¥ TaKHM 00pa3oM:
tand=— (14)
0]
VYpasuenue (10) maer:
n=n'(l-,jtand), (15)
a B MPAKTUYECKUX CAUHUIIAX:
6 =0,055631'tand firy, - (16)

JpyruM WHOTJa BCTpeyaeMbIM KOMIIOHEHTOM fABJSETCS TMokazaTenb () cpeapl. OTOT IOKa3aTelsb
oIpejenseTcs Kak:

0="2 (17)

€W
(¢}
¥ SBISETCS OTHOIIEHMEM IUIOTHOCTH TOKa CMelleHuss OD/Ot K IIOTHOCTH TOKa NPOBOAMMOCTH Jy.
s nenpoBotHUKOB O — . U3 ypaBHeHus (14):
O=1/tand. (18)
Eme onmHum BcTpedaromMcss KOMIIOHEHTOM SIBJSIETCA KOMIUIEKCHBIM IMOKa3aTelb NPEIOMIICHUS 7,

ONpEeIeIsIeMbIii KaK /1] . 3alHChIBAEM 7 B BUJIE €T0 ICHCTBUTEIBHOM 1 MHUMOU YacTH:

n=n'—jn"=n. (19)
3nauenus n', N" 1 6 nonyyarorcs u3 ypaBuenuit (10) u (12) cnexyrommm o6pazom:
2 2
=) ("
" =2n'n" . (20)
c=0,1113n"n" fip,

2.1.25 Koy puuueHT ociadiaenus

[IpoBogsmuii AMANEKTPUK OCIA0NISIET 3JIEKTPOMAarHUTHBIE BOJIHBI 10 Mepe WX pacrnpocTpaHeHus. s
KOJIMYECTBEHHOTO BBIPAYKEHHUS 3TOTO ABJIEHUS HEOOXOIMMO TOACTAaBUTH ypaBHeHHE (5) B ypaBHeHue (4) u
YIPOCTHUTH NTpUMeHeHue ypaBHeHus (14):

E=E, exp {jlot—n'(I—jtand)k, -7 )}, 21
rac:

k,: (BexTOpHOE) BOJHOBOE YKCIO (M) B CBOGOHOM IIPOCTPAHCTBE.
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MHuMas 4acTh 1101 3HaKOM KBaApaTHOTO KOPHA BCACT K OKCIIOHCHIIUAJIIBHOMY 0CJ1a0JIEHHIO DJICKTPUYICCKOI'O
T10JIA 110 MEPE YBCINMYCHUA PACCTOSIHUA:

EaxEgexp(-||/A). (22)

B mpakTtuueckux pacueTax ¢ MCHOIb30BaHHEM KOMIUIEKCHBIX MEPEMEHHBIX PACCTOSHUE 3aTyXaHHUs CHUTHANa
A, Ha KOTOPOM aMIUTUTY/ia MOJIsl YMEHBIIAETCsI Ha 1/e, BBIYUCISIETCS CIETYIOIIM 00pa3oM:

S (23a)
Im(ko \/ﬁ )
rae ¢yHKIus Im Bo3BparaeT MHIMYIO 9acTh ee apryMeHTa. MoXHO J0Ka3aTh aHATUTHIECKH, YTO:
1 2¢osd (23b)

k\/7 l 0058

DTOT IOKa3aTeJb MOXHO OLCHUTDH IYTEM BBIYUCIICHUA tand us T]' 1 O, a TAaK)XKXC IIYTEM MHBCPTUPOBAHUA I

nosrydeHust cos o. OnHako BO3MOXKHA 0oJiee HEMOCPEJACTBCHHAs OLIEHKA B IBYX mpezenax — o — 0 (mpeaen
UL TUDJIEKTpUKA) M G —> oo (Tpenen JUis XOpoulero NpoBojaHUKA). [Ipu BEIOOpe COOTBETCTBYIOIICH
ANMpPOKCUMAIIMH BBIPAXEHHUS IO/ 3HAKOM KBaJIpaTHOTO KOpHS B ypaBHeHHH (21) Takumu mpenenaMu
SIBIISTFOTCSL:

1 2
L (24)
Ousnexmpur kO \/? tan o

A N S (25)

NPOBOOHUK — ko \/? tand

Tounocts ypaBHeHuit (24) u (25) cocraBnser okono 3% mig tan 6 <0,5 (mudnekTpuk) u tan &> 15
(mpoBonHUK). [TapameTp Ayposoonux, KaK IPaBHUIIO, HA3bIBaETCs "TITyOMHA MPOHUKHOBEHHS".

I[J'IH MPAKTHYCCKUX ueneﬁ K03(1)(1)I/II_[I/ICHT ociallieHust sBIsieTCS 0OoJiee IOJIE3HBIM KOJIMYECTBECHHBIM
napameTpom, 4e€M pacCTOAHUC OCJ'Ia6J'IeHI/IH, U CBA3aH C HUM INPOCTBIM COOTHOLICHUCM:

20log,, e
A

A= =8,686 /A, (26)

rue:
A:  ko3pdunueHt ocnadienus (1b/m) (npu 0603HaYeHUH A B METpax).

IloncraBuB ypasaenus (24) u (25) B ypasaenue (26) u npeoOpa3oBaB B IPAKTHUIECKHE €TUHHLIBI, TIOTYYaeM:

A()u;wek‘mpux: 1636 ia (273)
'
AnpoeoOHuK = 5457 8 Y fFFu . (27b)
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2.1.3 YacroTHasi 3aBHCMMOCTb CBOMCTB MaTepHaJia

B JINTCPATypC BCCraa NpUBOAUTCA JeHCTBUTEIIbHAS YaCTh I[HZ)J'ICKTpH'—IeCKOfI MOCTOSSHHOM n ', OJHaKO 4aCToTa,
KakK MIpaBUJIO, HE YKa3bIBACTCH. Ha MPaKTUKE IJI1 MHOTUX MAaTE€pHUaIOB 3HAUYCHUEC N ' IBJISIETCS TTIOCTOSTHHBIM B
npeaciax oT DC a0 HpI/I6JII/131/ITeJ'II)HO 5-10 FFII, IIOCJIC Y€TO OHO HAYMHACT CHUXKATHCA B 3aBUCUMOCTHU OT
JaCTOTHI.

3HaueHue G, KaK MPaBUJIO, CUJILHO 3aBUCUT OT YacTOTHI B pacCMaTPUBAEMOI! MTOJIOCE YaCTOT U yBEINIUBAETCS
€ 4yacToToil. OTO MOXeT ObITh OJHOM U3 IPUYMH YacTOro YKa3aHUs B JIMTEpaType MHHUMOH 4acTu
JM3JIEKTPUUYECKON MOCTOSIHHOM MM TaHTeHCa yriia noTeps — ypaBHeHus (12) u (16) moka3pIBaoT, 4TO AaHHBIE
KOMIIOHEHTHI YCTPAHSIOT JIMHEHHYIO YaCTOTHYIO 3aBUCMMOCTD B OTJINYME OT YACTOTHOW 3aBUCHMOCTH G.

Jia xaxmoro mMarepuaiga MOKET OBITH TOJy4YeHa MPOCTas MOJETh PErpecCHy YaCTOTHOW 3aBUCUMOCTH G
ITyTeM TOJICTPanBaHUs TI0J] U3MEPEHHbBIE 3HAUEHUS G HA HECKOJIBKUX YacTOTAX.

2.1.4 Mopen 4aCTOTHOM 3aBUCUMOCTH CBOMCTB MaTepUAJIOB

UroOBbl BBIBECTH YAaCTOTHYIO 3aBHCUMOCTb CBOMCTB MaTEpHaliOB, 3HAYCHUS HIIEKTPUYECKUX KOHCTAHT
MaTepraIoB MOKHO OMKCATh C MTOMOIIBIO YaCTOThl U3MEPEHUH, AecTBUTENbHOM yacTh (N') ¥ MHUMOM yacTu
(n") oTHOCHUTENBHON TUAIIEKTPUIECKON IPOHUIIAEMOCTH, TAHTEHCA YTila OTeph (tan &) U MPOBOAUMOCTH (G).
Bripaxkenus, mpuBeieHHbIE B TyHKTE 2.1.2.4, MO3BOISIOT BBITIOIHATH MPEe0OPa30BaHUs STUX KOJTHMYECTBEHHBIX
BEIMYUH.

Yo xacaercs IMpOBOJAUMOCTH, TO O6I)I‘-IHO HUMCIOTCA CTaTUCTHYCCKH 3HAYUMBbIC JaHHBIC 06 €€ YBCIIMUCHUU B
3aBUCHMOCTH OT 4acCTOThL. B 3TOM cilydae cOOTBETCTBYIOIIAs TEHACHIMS OblIa CMOJEIMPOBaHA C IOMOIIBIO
crexyromei GopMyIIbL:

d
G:Cfl—*l—*u, (28)

rzie ¢ U d — KOHCTAHTBI, ONPEEIISIONINE XapaKTEPUCTHKN MaTepruana. To OTOOpakaeTcs MPSAMON JIMHUEH Ha
rpaduke log(c) — log(f). JIunus Tpenaa HaMITydIIMM 00Pa30M COOTBETCTBYET BCEM MMEIOIIMMCS JaHHBIM.

i OTHOCUTENBHON AUIIEKTPUYECKOW MPOHUIIAEMOCTH MOXKHO IMPUHATh aHAJIOTUYHYIO YaCTOTHYIO
3aBUCUMOCTb:

W=a Py (29)

IIe @ U b — KOHCTaHTHI, ONPEIEIAIONINE XaPaKTEPUCTHKN MaTepuaia. OIHAKO TMOYTH BO BCEX CIydasix
OTCYTCTBYIOT JIaHHbIE O TCHJCHIIMH YAaCTOTHOW 3aBUCHMOCTH OTHOCHTEIBHOW JAHMAJICKTPUICCKOM
MPOHUIIAEMOCTH. B 3THX cCllydasx IOCTOSHHOE 3HAYEHHWE MOXHO MCIONb30BaTh HAa BCEX YacTOTaX.
[MocTosiHHOE 3HaUEHUE ABJISICTCS CPEAHUM M3 BCEX HAHECEHHBIX Ha rpaduk 3HaueHuil. HekoTopkie mapameTpsl
aHbl B Tabimie 3.

2.2 Bansinue cTpyKTypbl MATEPHAJIOB HA pacpocTPaHeHUe PAHOBOJIH

2.2.1 OrtpaxeHue U nepeaaya MJIOCKUX BOJH HA OJUHOYHOH IUIOCKOIl rpaHMIe pa3jesa cpej

B naHHOM paszgene paccMmarpuBaeTcs TaJieHHE IUIOCKOW BOJHBI HAa IUIOCKYIO TPaHHUIYy pasjenia JBYX
OJTHOPOJIHBIX U30TPOIHBIX CPEJ] C Pa3HBIMH JIEKTPUYECKUMH CBOMCTBaMU. [IpOTSHKEHHOCTH CpeJl OT TPaHHIIBI
paszzerna JOCTaTOYHO BEJIHMKA M MIO3TOMY MOXKHO IPEHEOpEeYb BIUSHUEM JIPYTHX TPAHUIL pa3zieia. ITO MOKET
ObITh HE XapaKTEPHO JJIsi THUIIOBOH TIE€OMETPHUYCSCKOW CTPYKTYpHI 37aHus. Harmpumep, Ha moTepu npu
pacnpoCTpaHeHUH CUTHAJIA Yepe3 CTeHY MOTYT BIHUSITh MHOTOKPATHBIE BHYTPEHHHUE OTpPaKeHHS. MeToJbl
pacdera KO3(Q(QUIMEHTOB OTPAKEHUS U TEepeAayd CUTHAIOB Yepe3 OAHOCIONHBIE U MHOTOCIOWHBIC TIIHTHI
MIPUBEICHBI B IyHKTE 2.2.2.

[Tnockas BojaHa ynoOHa I NPOBEACHHS aHajiM3a, HO 3Ta KOHICIIUSA SBISCTCS B OONbIIEH CTEMEHH
TeopeTudeckoii. Ha mpakTrke BoHA SIBIIICTCS TUIOCKOH JIUIITh TPUOJIM3UTENBHO. B TaHHOM ciTydae 3To BajKHO,
MTOCKOJIbKY HJICATbHO TUIOCKAsl BOJHA HE IMOJBEPIKEHA MOTEPSM B CBOOOJHOM MPOCTPAHCTBE (IIOTEPSM Ha
pacxoIMMOCTh). B HIKECIeqyronux METO/aX HE YUYHUTHIBAIOTCS IMOTEPU B CBOOOAHOM IIPOCTPAHCTBE, a
paccMaTpUBaECTCs JIMILIb BIUSHUE TPAHULBI pasziesna cpe.
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2.2.1.1 Haxyi0HHOE majieHre BOJIHBI HA IVIOCKYI0 TPAHUILY pa3jesia cpel

Ha pucynke | m3o0pakeHa CHHYCOMIAIbHAS TUIOCKAs BOJIHA, HAKIIOHHO TAJaromas Ha TUIOCKYIO TPaHHILY
paszerna IByX OAHOPOIHBIX HEMAarHUTHBIX JUAJIEKTPUUSCKUX CPEJl C OTHOCUTEIBHON MPOHUIIAEMOCTHIO 11 U
T2. 3HAYEHUS 1| MOTYT OBITh PACCUMTAHBI U3 JCHCTBUTEIBHON YaCTH MPOHUIIAEMOCTH 1’ U IPOBOAUMOCTH G
mipu oMot ypasHeHwit (10) u (11). B Tabnwie 3 mpuBeneHs mapaMeTphl U pacdeTa JaHHBIX BETMIHH KaK
(YHKITHI 9aCTOTHI.

I/ICXOI[SI N3 TCOMCTPHUUCCKUX COO6pa)KCHI/II>'I JJIg 3TOro Ciiyvas CymeCTBYIOT TPU BaXXHBIC TCOPEMEIL.

1) BekTopHble BOJHOBBIE UYHCIA OTPAKEHHBIX M TIEPENAaHHBIX (TPEJIOMIICHHBIX) BOIH JIEXKaT
B IUIOCKOCTH MaJICHUS, TO €CTh TNIOCKOCTH, OTIPEACIIEMON BOJIHOBBIM YUCIIOM k; TIQAFOIIEH BOJIHBI
U HOpPMaJIbI0 K TUIOCKOCTH pa3zfena. B kauecTBe mocieiHel NpPUHUMAETCS IUIOCKOCTh X—Z Ha

pucyHke 1.
2) VYrubl mafieHnst ¥ OTpaskeHUs paBHEI (00a yriia 0, Ha pucyHke 1).
3) Yron npenomiteHust 62 COOTHOCHUTCS C YIIIOM TMaICHHUS COTIIACHO 3akoHy CHeumyca:
1 . I .
—sin 6y =— sin 0,, (30)
G €2

TI€e ¢;=c//n; ¥ ¢, =c/,/n, — COOTBETCTBYIOUINE 3HAYECHHUS CKOPOCTH PACIIPOCTPAHEHHS BOJIH B JIBYX Cpe/Iax,

a M1 4 12 MPEACTABISIOT KOMIUIEKCHYIO OTHOCHTEIBHYIO UAICKTPUUCCKYIO TIPOHUIIAEMOCTD IBYX CPEI.

DTH  TeopeMbl  O0ECTCYMBAIOT  HICHTUYHOCTh  OKCIMOHEHIHMAIBHBIX  IPOCTPAHCTBEHHO-BPEMEHHBIX
!

K03( HUIHCHTOB exp{ J ((Dt—k-r)} 1 3THX Tpex BonH (k —k;, k; , k, COOTBETCTBEHHO) BO BCEX TOUKAX

rpaHuIbl pa3aecia Cpea.

PUCYHOK 1
OTpaikeHue u MpeIoMJIeHHe MJIOCKUX BOJIH HA MJIOCKO# IpaHuIle pa3aeia
Tlonsapusawusa TE Honspuzams TM
X 4 A
X
Cpena 1 n Cpena 2 Cpena 1 n | Cpena 2
S, H S,
k, k, H
O
E k, O) E, k,
r E
y O S E, 0 S,
H
o V0. bz o 1% " g
91\ 0, \
k.
i E, k
S, S,
E@ O
[—[’.
H,
P2040-0 1
Ha pucynke 1 mokazansl ABa BUa TMOISPU3AIIAN TTAAAFOIICH BOJTHBL.
a) CreBa — BCKTOPp Maaaromero 3JCKTPUUICCKOIO IMOJIA E[ NCPpHNCHAUKYJIAPCH IUIOCKOCTU MaJICHUA. 9T0

Ha3bIBaCTCS TMOIEpPedHOl aekTpudeckoi nosspusanueid (TE). CHHOHUMBI — TEepIICHIUKYISIpHAS
MOJISIPHU3AIIHSL, S-TIONSIPU3ANNS U G-TIOJSIPU3AIIHAL.
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b) CrnpaBa — BEKTOp MAJAOIIET0 JJICKTPUYECKOTO TOJds F; TapalielieH IUIOCKOCTH TaJlCHUs.
DTOo Ha3pIBaeTcs TMOIepeYHor MarHuTHoW momnsgpu3arueii (TM). CHHOHMMBI — TapaliebHas
MOJIIPU3ALIHSL, P-TIOJIIPU3AIIMS U TT-TIOJISIPU3aITUS.

B mocneayronx onrcaHUsAX THI MOJISIpU3aiy o6o3Havyaercs cokpamenusmu TE u TM.

[Ipu mpoBeneHnN pacyeToOB BOJIHA C POU3BOJILHON MM KPYTOBOW MONIApH3aLneil MOXKeT ObITh pa3ioKeHa Ha
ee cocraistouire TE u TM, xoTopsie 3aTeM MOTYT OBITh BHOBb O0BETUHEHBI.

KoaddummenTts! oTpaxkeHns u epeadun dJIeKTPUIECKOT0 OIS OMPEAEIISIOTCS KaK OTHOIICHHS OTPAKEHHOTO
U TIepenaHHoro (IPEIOMIEHHOTO) BEKTOPOB COOTBETCTBEHHO K COOTBETCTBYIOIIEMY BEKTOPY IaJaloMIeH
BOJIHBI, KOTOPBIE MMEIOT MECTO Ha rpaHulie pasziena cpeld. Kak mpaBuio, 3T K03()(UIHEHTH! SBISIOTCS
KOMIUIEKCHBIMH BelTMYMHAMU. B mpuBeneHHBIX namee ¢opMynax HE YUHUTHIBAIOTCS MOTEPH B CBOOOIHOM
MPOCTPAHCTBE U APYTHE OTEPH, BO3HUKAIOIIHE JI0 WX TIOCTIe B3aNMOJICHCTBHS BOJHBI C TPAHUIICH pa3iena.

Hwxecnenytomue ¢popmynst 11t K03(GGUIUEHTOB SIIEKTPUIECKOTO OIS JCHCTBUTENBHBI IPH YCJIOBHH, YTO
BEKTOPHl JJIEKTPUYECKOIO W MAarHUTHOTO TOJiell HempepblBHBI B IUIOCKOCTH TpaHMIBl  pasjeia.
Koaddummentsr orpakeHuss W mepenadn oOo3HadaroTcss Kak R W 1 COOTBETCTBEHHO. TWI BEKTOpa H
nosisipu3anuu (TE niu TM) o603HadaeTcs moacTpoyHbIM uHIeKcoM. Kaxnoe u3 ypaBaenutii ¢ (31a) mo (32b)
COCTOMWT U3 /IBYX 4acTeil B 3aBUCUMOCTH OT HaJIMUUS MOJHOTO BHYTPEHHETO oTpaxkeHus. [loaHoe BHyTpeHHee
OTpaKCHHE BO3MOXKHO JIMIIb B TEX CJIydyasX, KOT/Ja BOJHA MajaeT Ha cpeny ¢ Ooiee HU3KUM HHAECKCOM
MPEIOMIICHHS.

KoaddunmeHt orpaskeHus 3JeKTPHUUSCKOrO MOJIs AJis nojspusanuu TE:

\/ECOSGI — /M, cosb,

M|
—|sin0, <1;
R = E, |, cosb, +4mn, cosO, n, : (313)
eTE — 5~
E,
1 lging, > 1.
M2

Koadduiuent orpaxkeHus 31€KTPUUECKOro MoJist s nossipusanun TM:

\/Ecosel —\/ﬁcose2

LT
—-[sin0, <1;
R _E _ \/ECOSGI + \/nTcost M, : (31b)
€TM Ei M
1 —Lisin@, >1.
N2
Koaddumuent nepenadn 3meKTprUIecKOro mous st noiaspuzanuu TE:
ZHCOSO] ml .
—|sinB, <1;
T :EZ \/Ecos()l +4/1, cosb, U (32a)
eTE E,- 1
0 —LIsin0, >1.
N2
Koaddumment nepenadu 3meKTPHUUECKOTO OIS s ospru3anuu TM:
1 )
o, :ﬂz \/Ecosel +\/1”T]cos62 uPs s (32b)
e El
0 i sin g, > 1.
N2

TJIC 11 U 1|2 — COOTBETCTBYIOINE 3HAUCHHSI KOMITJICKCHOW OTHOCUTEIBHOM JUAIEKTPUIECKOM IPOHUIIAEMOCTH
cpen 1 1 2 COOTBETCTBEHHO. DTHU BEJIIMYMHBI MOT'YT OBITh MOJIYYCHBI TIPY TIOMOINX ypaBHeHUS (9b), mpu 3TOM
3HAYCHHUA 1)’ ¥ G YKa3aHbI B MyHKTE 3 1 TabmuIe 3.
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3nadenus cos 0, B ypaBaeHusax ¢ (31a) mo (32b) moryTt ObITH BeIpakeHBI Yepe3 01 Mpu MOMOIIN YPaBHEHHUS
(30) cnenyromum o0pazom:

cos0y = (33)

I[Ipu 6, =0 mnjockocTh MafeHUs OAHO3HAYHO HE omnpeaensercs. B 3Tom ciiyuae Bce HampaBiIeHUS
pacnpocTpaHeHus] PaJroBOIH MEPICHANKYIAPHBI TPaHUIE pasenia Cpel, a aMIUIUTY A6l Ko3QQULIUeHTOB 13
JaHHOW (OpMyNbl I KaKAOH MOJSApU3ALMM OJUHAKOBBL. [IpM OTpaKeHHMH BOJIH 3HAK, OYEBHIHO,
U3MeHsieTcsl. DTO CBSI3aHO HMCKIIOUUTENBFHO C METOJAOM OIpeleSieHHs MONSpU3aluy; (PU3NYEecCKd Toje He
MIpephIBacTCS.

2.2.1.2 IIpumepsl pacueToB

Ha pucynke 2 npuBeieHbI IPUMEPHI pacueTa aMILIUTy 1 K03 (GUIHUEHTOB OTPaXEHUS U MIepeaydn i BOJTHBI
gactotoir 1 I'Tm B Bo3myxe, mamatomeii Ha OETOH B OMpPENEICHHOM HAINa30HE YTJIOB MaJeHHs IS 000HX
BHJIOB MOJIsIpU3aiiui. PacueT mpoBeneH mpu momorw ypasaeruit ¢ (31a) mo (32b), a cBoiicTBa 6eTOHA B3ATHI
13 TaOIUIEL 3.

PUCVYHOK 2

Ko3ppuuuents! oTpaxeHus: U nepeaayu Ha rpaHuIe pasjena Bo3ayx/0eToH Ha yactoTe 1 I'T'n

1
0,9
0,8
0,7
0,6
0,5 e

04 e
03 ,
02 ,
0,1

0
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90

0,9 _,-’/' I'I
0.8 e

0.7
0,6 gl
0.5 I

0.4 ==

03
0.2

0

AMmmtyna kKodQQUIHeHTa OTpaKEHHsI
/ |
\
\
AMmmTyna koo UIueHTa oTpaKeH s
rd
—
s
L
/// H
/ <

Yron orpaxeHus (rpaaycel) VYron orpaxeHus (rpaaycsl)

P.2040-02

2.2.1.3 IloacTanoBKa nMepeMeHHBIX IS 3HAYECHHI K03 PUIHEHTOB

LenecooOpa3HO OTMETUTH CJEOYIOUIME IOJCTAHOBKH IEPEMEHHbIX s K03()(UIMEHTOB BeKTOpa
3MEKTPUIECKOTO TOJIS, T/Ie MMOACTPOYHBIE MHAEKCH 0003HaudatoT cpedy (1 uimu 2), B KOTOpoil BOTHA HaaeT Ha
TPaHUIly pasjena:

a) JUIsL K&KI0T0 THIIA IIOJSpU3auul R, = —R, U COOTBETCTBEHHO R = R; ;

b) JUISl KQKI0TO TUIA NOJApU3auuu 7,7, =1— R*, TA€ B 3aBUCHMOCTH OT a) 3Ha4eHHe R MOXET OBbITh
paBHO 100 R|, 160 R».

2.2.14 KosdduumenTs! Aj1s1 3HAYEHUH MJIOTHOCTH MOTOKA MOIHOCTH

KO3(1)(1)I/ILII/I€HTBI JJIsL 3HAUYCHUI IIOTHOCTH ITOTOKA MOITHOCTH MOTYT OBITH NOJIY4YCHBI U3 KOS(l)(I)I/I]_[I/IGHTOB
BEKTOpa 3JICKTPUICCKOT'O ITOJIA:

RTE :%;: R,TE% (34a)

RsTM:%::ReTMZQ (34b)
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T :i:TeTEZ n72; (35a)
S; n

T =S-r, 2 M2, (35b)
S, m

Takum 06pa30M HN3MCHCHUC YPOBHA CUTHAJla B I[eun6eﬂax, BbI3BBAHHOC OTPAXKXCHHUEM HJIN r[epe,uaqeﬁ BOJIH,

oTIpeIeNsIeTCs KaK IOIOgQRS‘) W lOlogQTS ), rae Rs u Ts 0603Ha9ar0T 1100 K0((UIMEHT OTpakeHusl, THO0

KO3(pHIIMEHT TIepeaun S-BeKTopa B ypaBHeHUsX ¢ (34a) mo (35b).

Jlia coxpaHeHUs! SJHEPTUU Ha TPaHUIIEe pas3zeria cpel HeoOXOAUMO, YTOOBI PH 33/JaHHOW TUIOMaau (PppoHTa
MajaroIei BOJHBI CyMMa MMOTOKOB MOIITHOCTH OTPaKEHHOTO W MEePeIaHHOT0 CHUTHAIOB ObLIa paBHA IOTOKY
MOIITHOCTH MAaAAI0UICH BOJIHBL. DTO MOKHO NPOHUIUTIOCTPUPOBATH, €CITH yUeCTh U3MEHEHNE MIUPHHBI PPOHTA
BOJIHBI TIPH MpeNoMIIEHUH. [J1 Ka)XA0ro TUIa MOJSpU3aLINu:

cos0
R+T,—2=1, (36)
cosb,
cos0,
rae —6 HaCTpanuBa€TCAd B 3aBUCUMOCTHU OT U3MECHECHU S IIUPHUHBL (1)pOHTa BOJIHHI.
cos
1

2.2.1.5  YnpoueHHble BHIPayKeHHUs /151 AJa01Ieii BOJIHBI B BO3/IyXe
Ecmu cpenotii 1 saBnsieTcst BO3ayx, To ypaBHeHus ¢ (31a) mo (32b) MoryT OBITH YTIPOIIEHBI J10:

J— J— 1 2
_cose Jn—sin”0 : (37a)

~cosO +\/n—sinze

cos0 —,/n—sin’0
Ry =1 : (37b)
Ncos + ,/n—sin’ O

¢TE

200
T, = cos : (38a)
cos0 + \/n—sin2 0
2 /ncosd
T Jneos (38b)

_nCOSG +\/n—si1126 ’

rie 6 — 3To yroj majeHus, a 1 — OTHOCHTENbHAS TUDJIEKTPUYECKAs MPOHUIIAEMOCTh CPEJbl, B KOTOPOH
pacmpocTpaHsieTcs Ma aronas BoJHa.

B ypaBaenusx ¢ (37a) no (38b) rmosiHOe BHYTpeHHEE OTPAKCHHE HA TPaHUIIE Pa3ieiia HEBO3MOXXHO, TOCKOIBKY
MpeAnoaaraeTcs, YTo Majarollas BOJIHA PacIpOCTPAHSIETCS B Cpee, UHIEKC MPEIOMIICHUSI KOTOPOH BBIIIE,
YeM y BO3IyXa.

2.2.2  OrtpaxeHue M mepeaavya IJIOCKHX BOJIH NPH NMAJCHUH HA OJHOCJIONHYI0O MJIH MHOTOCJIOHHYIO
IUIMTY

2.2.2.1 OO0muii MeToa pacyera AJsi MHOTOCJIOMHBIX MJIUT

Ha pucynke 3 m3o0pakeHa IUIOCKas BOJIHA, MAJArONIas HA TUIATY, COCTOSINYIO M3 N CIOEB C TIaJKUMH,
IUIOCKUMH ¥ TIapaJUIeTbHBIMU TOBEPXHOCTSIMH, TAE 3Ha4YeHHe N MOXeT OBITh OoJbIle WM paBHO 1.
OTHOCUTENbHAS TUAJIEKTPUUYECKasl MPOHUIIAEMOCTh CJOS 7 PaBHA T),, a IIUPHHA COCTABIIACT d, METPOB.
[Ipenmonaraercs, 4TO TUINTa HAXOAUTCA B BO3/AyXe, M IPHU IPOBEACHUN PAacYeTOB 3T0 0003HavaeTcs cinosamu 0
u N+ 1, mpu 5TOM OTHOCUTENbHAS TUAJIEKTPUUYECKas MPOHUILIAEMOCTh paBHa 1, a mupuHa paBHa 0.
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PHUCVYHOK 3

ITaneHue NI0CKUX BOJIH HA OIHOC/IOHHYIO HJIM MHOTOCJIONHYIO INIUTY

Bosnyx {InuTa Bosznyx
Craom: 0 1 2 n N N+1
OTHOCHTENBHAS AUIITEKTP U ECKasT utt n, n, Ny [Ny =1
MIPOHUIAEMOCTE: M, = |
d, d, e 4, =] dy |dy.,=0
Iupuna cnoes, MeTpsl dy =0
S
SY
Oy 11-0o
0, 6,
8o
S7|

P.2040-0:

VYrael najieHusl U OTPayKEHUsI PaBHbI 00, a BoJIHA BBEIXOOMUT U3 ciaost N 1moj YIJIOM On+1 = 0o. Hanpasnenue
pacnpocTpaHeHHs BOJHBI B clloe n ompeaenserca yriom 0, Tpacca myda, mpoxopsmias depes CJIOM, Ha
pUCYHKE 3 TIOJHOCTBIO HE MOKa3aHa. [Ipy omMHOYHOM majarolieM Jyde S; BBIXOOAIIUE Jy4dd S, U S
pacnpenenstoTcs B IPOCTPAHCTBE W3-32 MHOTOKPATHBIX OTPaKEHUH BHYTPH CIIOEB.

Koadduimentsl oTpaskeHus U mepegadd Al UIMTBl MOTYT OBITh PAaCCUUTAHBI MPH TTOMOIIN CIEAYIOHIETO
PEKYPPEHTHOTO METO/1A.

CHauana 3agaeM:

Ay, =1 B

N+l

=0; F.,=1L Gy, =0. (392)—(39d)

N+1

Haneempun=N,N-1lurt a....0:

4,=05exp(j k, d, c0s0,)[4,., (1+%,.)+B,.,(1-7,,)} (40a)
B,=05exp(~ jk,d,cos6, )[4, (1=Y,.,)+ B, (1+7,,,)} (40b)
F,=05exp(jk, d, cos8, )[F,., (1+1,.,)+ G, (1-W,., )} (40¢)
G, =0,5exp(~ jk,d, cos 0, )[F,., (1=W,,)+G,..(1+1,.,)]. (40d)
rze:

_cos0,, [, (41a)

" cos, mJ
_C080,, My, (41b)

"™ cosB, | m,
Sin 0, = j’%; (41¢)
k, %ﬁ : (41d)

anr— JJIMHa BOJIHBI B CBO60,I[HOM MMPpOCTPAHCTBC B MCTpPaAX.
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[Tpu ycnoBHo# mupune do = 0 3KCIOHEHIMAIbHbIE YIeHHI B ypaBHeHHX ¢ (40a) no (40d) mpu n = 0 paBHbI 1.
3HaueHHs OTHOCUTENIFHOM MpoHHIIaeMocTH Ipu N + 1 yKa3aHbI Ha pHCYHKE 3 TOJNBKO B IIEJISIX COTIOCTABIICHNS,
a B pacueTax OHH HE HCIIONb3YIOTCS.

Hcnonb3yst o mopsaky BeluUcieHHble ypaBHeHUs ¢ (40a) mo (40d) ans 3HaveHwid #n, paBHbIX oT N 10 O,
KO3 PULIMEHTHI OTPaXXEHUS U EPEAAYH HIEKTPUIECKOr0 MO ONPENENIAIOTCS KaK

B, G 1 1 g
Ryp = AZ’ Rpy = Fj; Ty = Z; Ty = Fo, (422)—(42d)

TJIe MoACTpOYHbIe UHIEKCHl TE u TM 0003HaYar0T MONIEPEYHYO MOJIIPU3AIUIO JJIEKTPUUSCKOTO U MAarHUTHOTO
1oJist (COOTBETCTBEHHO) MAIAIOIICH BOJIHEI.

B Ilpumaraemom noxymeHTe 1 mpuBeneHa anbTepHAaTHBHAsS QopMyia W3 METOIWUKH pacdera s
MHOTOCJIOMHBIX ILTUT.

2.2.2.2 YupouieHHblii MeTo pacyera JJsi OTHOCJOMHBIX ITHT

st IUTHI, COCTOSIIEN U3 OAHOIO CIOs, TO €CTh NMpu N = 1, ONMCaHHBIA BBIIIE METOJ MOXHO YHIPOCTUTH
CJICYIOIUM 00pa3oM:

R= R'(1-exp(=)29)) (k0> PUIMEHT OTpaXKeHHUS); (43a)

1- R exp(-,29)

r_d= R; )eXp(—/9)  (kodpduumeHT nepenaun), (43b)
1= R exp(—j2q)
rJe:
q=¥ n—sin’6; (44)

!
d — TOJIMHA CTPOMTENBHOTO Matepuana, a K npencrasisier Rers MM Rerm, BEIPaXKEHHBIC YPAaBHEHHSM
(37a) nnu (37b) COOTBETCTBEHHO, B 3aBUCUMOCTH OT TOJISIPU3AIIIH TTJJAIOIIETO AIEKTPUIESCKOTO TTOJISL.

2.2.2.3 IIpumepsl pacueToB

Ha pucynkax ¢ 4 mo 7 moka3aHbl MPUMEPHI PE3YJIBTATOB, MONYYCHHBIX W3 ypaBHeHui (42a)—(42d) mis
OJIMHOYHOW OeTOHHOW 1uThl Ha yactore | I'T'm mpu deTsipex yriax majeHus. AHAJIOTHYHBIC PE3yJbTaThl
MOTYT OBITh TIOJTy4eHbI U3 ypaBHeHUH (43a) u (43b). DnekTpuuecKre CBOWCTBa OETOHA B3SATHI U3 TAOIUIIHI 3.

PUCYHOK 4

Kod(dpunmeHTt oTpaxeHust 1ist 6eToHHO#N mauThl Ha yactote 1 I'T'u, moasipuzanus TE

-25

HonspuzanusTE

AmMiumryna koxppunnentoB otpaxennst (1b)

-30
0 0,1 0,2 0,3 04 0,5 0,6 0,7 0.8 0,9 1

TonmuHa T (M)

P.2040-04
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PUCYHOK 5

Koappunmuent orpakenus st 6eTonHoii niautebl Ha yacrore 1 I'T'u, moasipuzanus TM

Amruintyna koadduiueHToB orpaxenus (1b)

-30

Monspuzanus TM

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

TonmuHa mInTsl (M)

P.2040-05

PUCYHOK 6

Ko>¢pduuuent nepenaum 1151 6eToHHoi miauthl Ha yactote 1 'y, mospusauus TE

Ammiurtyna w3 duieHToB or paxkeHus (1b)

0
[Monspuzauus TE
_5 =
e —
—-10 \'«-\_
il e,
| ‘ HH’“H,_I 0°
-15 || IJ . ‘\"“x 30°
l f o
R S 60
-20 R/ e
VAR AN
- _ ‘.,\k\/i \ R""‘-«_
_25 (NEPCN _—
A T
-30
0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9 1

TommuHa IWIATH (M)

P.2040-06

PUCYHOK 7

Koapdunument nepenaum ajs 6eTonHoi naurel Ha yacrore 1 I'T'n, nonspuzanusa TM

Amrututyna kosG GuipeHToB orpaxkenus (1b)

-15

-20

-25

-30
0

[Monspuzanus TM

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Iupuna cnoes(m)

P.2040-07
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CrnenyeT oTMETUTB (PUCYHKH 5 1 7), 4T0 K03 dummenTs! 1yist noisgpuszanuu TM nipu yrite najeHus 85° uMeroT
aHOMAJTbHBIC 3HAYCHUS 110 CPABHECHHIO CO 3HAYCHUSIMH TIPU TPEX IPYTUX yriiaX. ITOT 3G GEKT BO3ZHUKACT MPU
MUHUMAIIbHOM 3HaueHNH KO3 (UITUEHTa OTpasKeHUs (CM. PUCYHOK 2) [t oiisipr3anny TM 1 u3BeCTeH 1o

Ha3BaHHEM YToJ nceBno-bprocrepa.
2.2.3 BosHoBogHOE pacnpocTpaHeHne PATHOBOJIH B 3TaHUSX

2.2.3.1 Teopust YaCTOTHBIX XapAKTEPHCTHK MOCTOSHHOM 3aTyXaHHUs B BOJHOBO/IE

BonmHOBOIL MOXET COCTOSATH W3 IOJOTO MPOCTPAHCTBA, OKPY’KEHHOTO IUAIEKTPHUECKUMHU MaTepHaJIaMH,
BBI3BIBAIOIIMMHU TOTEpH. B ciydae KakoW-IMOO CTPOUTENHHON KOHCTPYKLIMH — KOPHAOPA, MOI3EMHOIO
TOPTrOBOTO LIEHTPA WJIM TYHHEJS — 3TOT OOBEKT MOXKET CUMTAThCS BOJHOBOAOM. MOIIHOCTH PaJHOBOJHBL,
pacIpOCTpaHSIOMIEHCS B BOJHOBOJE, CHI)KACTCSl B 3aBUCUMOCTH OT PacCTOSHHUA. XOPOIIO M3BECTHO, YTO
BOJIHOBOZ O00JIaaeT YaCTOTHBIMH XapaKTEPUCTHUKaMM, TAaKUMH KaK KPHUTHYECKash YacTora, KOTOpas
W3MEHSIETCS] B 3aBUCUMOCTH OT QOopMBL. B 3TOM pazaene naercst popmMyiia moaydeHns IIOCTOSHHOM 3aTyXaHus

I YaCTOTHBIX XapaKTEPUCTUK B BOJTHOBOJC.

[lomepeynoe cedyeHne CTPYKTYphl MPSMOYTOJIBHOIO BOJHOBOJA MOKa3aHO Ha pHcyHke 8. B artom ciydae
COOCTBEHHBIE TMOCTOSIHHBIC AUAIICKTPUIECKUX MATepPHajioB, BHI3BIBAIONINX TTOTEPH, SBISIOTCS PA3HBIMHU IS

OOKOBEIX CTCH, a TaKXKXC JJIs ITOTOJIKA U JIA 110J1a.

PUCYHOK 8

Honepe'lﬂoe CE€YCHHE BOJIHOBO/AA U MMOCTOSAHHbLIC MATEPHUAJIOB

h,
l %) %
"""""" 77\ £\ VAN
X N AN ~ N/
T y €.

A

“‘(’"(—“{\\;“‘
)
<

P.2040-08

Ha pucynke 8 a — mmpunHa, a b — BeicoTa BOMHOBOAA (M), /1 W hy ABISIOTCS CpeIHEKBAIPATUIECKIMU
3HAYEHUSIMH ILIEPOXOBATOCTH C FayCCOBBIM paclipelesieHHEeM Ha YPOBHE MOBEPXHOCTH, a § — HAKIOHOM ISt
CPEHEKBAIPATHYECKOTO 3HaueHus (pajl.). 3HaYeHUs KOMIUIEKCHOM IPOHUI[AEMOCTH JUIS MATEPHATOB &

PaCCUUTBIBAIOTCS CIEIYIOIIUM 00pa3oM:

" O
8; =g,—jlg,+——1| i=12 (45)
we,

raAc &y — 3TO OTHOCUTCIIbHAA JUIJICKTPUUYCCKASA MOCTOAHHAsA, a G; — NPOBOAUMOCTD. Yucmo g," saBaseTcs
TAHI'CHCOM YyTIJla HNOTEPb MATCpUATIOB, O — yrHOBOﬁ LI.':lCTOTOIx/’I, a & — MMpOHHMIACMOCTBIO CBO60}1HOFO

MIPOCTPAHCTBA.
BbazoBas mocrosiHHas 3aTyXaHus GOPMYITHPYETCS CIEAYIOIUM 00pa3oM:
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o2
_ 2 €, ! _ o 1
Fuasen =Fk | Re a'\Je, -1 " b e,-1) 2m i a'le,;-1) bl 1))
- (,[[B/M) (46)
* *|?
— 2 1 € _i 1 o
Lbasicv - K")\' Re a3\/8rl* -1 i b3\/8r; -1 2n fm 34(8r;F _1)+ b4(8r; _1)

Kp 1 Ky — 3TO IOCTOSIHHBIE 3HAYCHWSI, 3aBUCAIIIE OT (DOPMBI cedeHHs. [l0CTOSIHHbIC 3HAYCHHSI, 3aBUCSIIINE OT
(hopMEbI ceueHus, 1aHbl B Ta0muIE 1.

TABJIMIA 1
IHocTosiHHBIE BeJIMYMHBI 1151 MONIEPEeYHbIX CeYeHUIl pa3JInuHoil (popMbI
®opma Kpyr SJmnce KBagpart Cron
Kn 5,09 4,45 4,34 5,13
Ky 5,09 4,40 4,34 5,09

Brrmieykazanasie (hOpMyIbl SBISIOTCS JEWCTBUTENFHBIMA Ha OCHOBE ypaBHeHHs (47), MpeCTaBISIOMErO

YCJIOBUE OTPaHUYCHMUS:
TaL/e,1—1
A< —NEPLT 7
€1 (m)

A<<mb /g, n 1.

(47)

YHukanbHble XapaKTePUCTHKHU B ciIy4ae KBaApaTHOH (popMbI

IlocTostHHas 3aTyXaHusd BCICACTBUE HICPOXOBATOCTHU, paCCMaTprUBacMasad KaK MECTHbBIC UBMCHCHUA B YPOBHC
MOBCPXHOCTU OTHOCHUTECIIbHO CPECAHCTO YPOBHS IIOBECPXHOCTU CTCHBI, OIIPCACIISICTCA 110 CpOpMy.]'IeI

AN (Y
Lroughnessh :Khnzx‘ [a_lzj +[b_§j

)

] 1 (B/m) (48)
BY (b)Y
Ly =K 70 (—] +(b_} |
a
HOCTOHHHaH 3aTyXaHI/I$I BCJICICTBHUEC HAKJIOHA CTCHBI Ol‘IpeJIeJISIeTCH 10 q)OpMyHe:
2n2
0
Ltilt,h = Kh _7» ;
262 (HB/M) (49)
T
Ltilt,v = Kv X

CrnenoBaTensHO, 001I1as TOCTOSTHHAS 3aTyXaHHUS B cllydae KBaapaTHOW (POPMBI ABISETCA CYMMON YKa3aHHBIX
BBIIIIE€ TIOTEPb:

+L

roughnessy,

+ Ltilt,h;

L=L

‘basic,,

(nb/m) (50)

Lv = Lbasigv roughness, tilt,,"
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2.2.3.2 IIpMeHNMOCTh TEOPUHU BOJHOBO/IOB

Teopuss BOJHOBOJOB XOpPOIIO COMIACYETCSI C H3MEPEHHBIMHM XapaKTCPHCTHKAMU PacpOCTPaHCHUS
B Kopuope B quarnazone 9actoT oT 200 MI'y 1o 12 I'T' B cirydae OTCYTCTBUS NBIKESHHS JTIOICH B KOPHUAOPE.

Buusinue nmemexoaHoro ABMKeHUs HA BOJTHOBO/

Ha pucynke 9 mnoka3aHo cpaBHEHHE TEOPETMUYECKOW W M3MEPEHHOW IIOCTOSHHOM 3aTyXaHus JHEM
(npy HaNMWYMK OBWOKEHHS JIIOJe) M HOYbIO (IPU IyCTOM KOpHIope). TeopeTHuecKkue 3HaueHHS
PacCUMTHIBAIOTCA HA OCHOBE MTApaMeTPOB, PUBEACHHBIX B Ta0mwIie 2.

TABJINLIA 2
IMapameTpbl, HCNIOJIb3yeMble IIPU pacyeTax JJisl yCJAOBHH pacpocTpaHeHus Noj 3eMilei
Wlupuna Buicora HaxkoH IIlepoxoBaTocTh IocrosinHas maTepuaJia
() () | (rpanyeen) |, h2 en | en | o | o
Mo 3emuteit 6,4 3,0 0,35 0,4 0,2 15 10 0,5 0,1
PUCVYHOK 9

CpaBHeHue TMOCTOAHHOM 3aTyXaHusl 1/l JHA U HOYHU

= 100
-
s 70 E'
. 3m TopusonTansHas noysp.
— o

6,4 m

100

-
(=]

N
S
I
S

Teopust

S
(=]
T
3]
(=]
1

INocrosinuras ocnadnenus (15/100 m)
S

Tlocrostanast ocnabnenus (1b/100 m)
S

7E 7E
4F 4 +
r 3mepennoe 3HaveHne ot = W3mepenHoe 3HaueHHE
) x x x J[HeBHOE BpeMs 2 * = x JlHeBHOE Bpems
= = « HouyHoe Bpems « « « Houynoe Bpems
1 21l b ke 1 2 tanl s roa it
02 04 071 2 4 710 02 04 071 2 4 710 15
Yacrora (I'T) ' Yacrora (I'T1r)

P.2040-18

PucyHnox 9 noka3sbIBaet, 4To TEOpUs BOJHOBOIa IPUMEHUMA K PEATIbHBIM XapaKTePUCTUKAM PACTIPOCTPAHEHUS
B Kopugope B amamazone gactot oT 200 Ml mo 12 I'Tr B HouHBIX ycmoBusx. OMHAKO TEOpHsI BOJTHOBOJIA
HEMIPUMEHUMA K PEAJIbHBIM XapaKTEPUCTUKAM PACIIPOCTPAHEHUS B THEBHOE BPEMsI, TIOCKOJIBKY PUHUMAEMAs
MOIIIHOCTb CUTHAJIOB CHIIKAETCS M3-3a IBHKEHUS JIFOIEH.

[losToMy Teopusi BONHOBOJA TPHUMEHHMMAa B CHTYyallUAX, KOTJa OTCYTCTBYeT BIHAHHE 3aTEHSIOLINX
MIPENATCTBUH.

23 Teopusi M pe3yabTaThl pacyeToB, Kacamolluecs 4YacTOTHO-M30UPATEJLHBIX MAaTepPHAJIOB
MOBEPXHOCTHU

2.3.1 YacToTHO-H30HpaTeJbHbIe MOBEPXHOCTH

DHeprusi pacCestHHbIX BOJH M3MEHSIETCS B 3aBUCUMOCTH OT LIEPOXOBATOCTH MOBEpXHOCTEH. B aTOM pasnene
OMHCHIBACTCSI TEOPUS pacueTa pacCesHUs MOJIeH, OTPAKEHHBIX OT MOBEPXHOCTU CO MHOXKECTBOM KPYTJIBIX
BBIMYKJIBIX 3JIEMEHTOB. Bo-TepBBIX, AN MapaMeTpUpOBaHUS MIEPOXOBATOCTH TOBEPXHOCTU OIpPENesIeTcs
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IEpPOXOoBaTasl MOBEPXHOCTh IIyTEM UCIOJB30BAHMS MHOXKECTBA KPYTJBIX BBIIYKJIBIX 3JIEMEHTOB,
00pa30BaHHBIX IEPUOINIECKH PACTIONOKEHHBIMI KPYTIIBIMU IFITHHAPAMI.

Bo-BTOpeIX, ompenensercs KOXQQUIMEHT OTPaXCHHUS PACCESIHHBIX IIOJIEH IMyTeM HWCIOJIB30BaHUS CYyMM
3HAYCHUI B TOYKAX PEUICTKH, XapaKTePU3YIOIUX [IEPUOAMYSCKOE PACIIONOKCHHUE PACCEUBAIONITNX 00BEKTOB,
n T-maTpumpl UIS MHOXKECTBAa KpPYTJBIX IIWIMHAPOB. B-TpeThuX, TpEACTaBIIEeH YHCIOBOW pe3yIbTar,
MTOKA3bIBAIOIINNA YaCTOTHO-3aBUCHMYIO XapakTEPUCTHUKY OTPAKEHHS OT TOBEPXHOCTH C KPYTJIBIMA
BBINYKJIBIMH 3JIeMeHTaMu. M HakoHell, TOKa3aH pe3ybTaT U3MEPEHHI, C TeM YTOOBI MOSCHUTh U3MCHEHUS
SHEPTUM PACCESHHBIX BOJH B 3aBUCHUMOCTU OT YaCTOTHI MaJarollei BOJHBI, KOr/la Ha MOBEPXHOCTH 3JaHUS
MMEETCS] MHOXKECTBO KPYTJIIBIX BBITTYKIIBIX JIEMEHTOB.

2.3.2 Teopusi pacnpocTpaHeHUs] BOJIH BOKPYTI NMOBEPXHOCTH CO MHOKECTBOM KPYIJIBIX BBIMYKJIbIX
3J1eMEeHTOB

Co3/1aB nepruognuuecKoe MHOXKECTBO KPYTJIBIX BBIMYKJIBIX 2JIEMEHTOB Ha IOBEPXHOCTH 3[1aHUs, KaK ITOKa3aHO
Ha pucyHke 10, MoxHO ropasno 3¢ dekTuBHEe KOHTPOIMPOBATEH BOJIHBI OTPAXKEHUsI/paccesiHUSI TI0 CPaBHEHUIO
C BOJIHAMH, OTPaXCHHBIMH OT IUIOCKOH IIOBEPXHOCTU. Teopus pacueTa BOJIH, PAacCEMBAEMBIX OT
NEPUOJUYECKUX MHOXKECTB KPYTJIbIX LMJIMHAPOB, MOXKET MPUMEHATHCS AJISl OTIPEEIICHHUS PacpOCTpaHEHUS
BOJIH BOKPYT MHOKECTBA BBIITYKJIBIX 3JIEMEHTOB Ha TOBEPXHOCTH.

PUCYHOK 10

HOBerHOCTL €O MHOK€CTBOM KPYIJIBIX BBIITYKJIBIX 3JICMEHTOB

P.2040-10

PUCYHOK 11

reOMeTpMﬂ NMePUHOANYECKOro MHOKECTBA KPYIJIbIX HUWJIHH/APOB

yA

»
>

Aedma
PODOO

P.2040-11

IIpy nepuonnvecKoM pacIOIOKEHHMHM OIMHAKOBBIX KPYIVIBIX LWIMHAPOB IO OCH X, KaK IIOKa3aHO Ha
pucynke 11, koappuuueHT OTpakeHus 0 MOIIHOCTH RV A V- pacmpocTpaHsionencss Moasl npu ky > 0
oIpenenseTcs Kak:
ky T . SC|2
Ry lpy - agl*; (51)

ko sin @
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rae ko = 2m/ho, Ao — IMHA BOJNH, Majaromumx mof ymioM ¢”. B ypasuenmu (51) pl u ai’ nomyuarorcs
CJIEYIOIUM 00pazoM:

2()" (kyy+jky)™

— (m = 0)
hky, k] (52)
Py = 2(-7)Iml Kyy-jky |m| )
(- hIE k|m‘: ) (m < 0)
vKo
af =1-T-0)*-T-a™, (53)

rne 1 — emunnmumas marpuma, ky, = —kgcos™+ 2vn/h, k, = ki-kZ, u h — mnepuommueckoe
IIPOCTPAHCTBO 3a KAKIABIM KPYIIBIM BBICTYNOM. L sBJfeTCs KBAApAaTHOH MAaTpHIEH, YbH OSIEMEHTHI
ONIPEIENAIOTCS B BUJIE CIEAYIONMX CyMM 3HAYEHHI B TOUKAX PELIETKHU:
—yo g jkolho™ m-nyoo (1) —jkolho™
Limn = X120 HpZp (kolh)e?®o™ " + (=1)™™ " Y2 o Hp (kL) e ™/ o™, (54)
2 . = . .
e H,En) — m-# opsimok pyHKmu XaHkens nepBoro poaa. T sisisiercst T-Marpuiieil Jist pacCessHHbIX MOl U

ONIPEIENISIETCS CIIEMYIOMIEH THarOHaIbHON MaTPHUIIEH COOTBETCTBEHHO JUIA MAIAFOIIETO SIEKTPUIECKOTO OIS
EX u nmaparomero MaruutHoro nosst HY™ cooTBETCTBEHHO:

TE = _ Veinkd)mtkod) - InGdmod) g s
T e i (RHSY (o) - Jin (k) HJD (Rod) T (552)
TH = I kod) Ve kdinod) s (55b)

Jin(kHSD (ko d) - vEr Jm (k) HD (Ko d)

IJe €, — OTHOCHUTEJIbHAs IMPOHHIAEMOCTh JAWDJIEKTPUUECKOTO WWIMHAPA, [, — GyHKuus beccens m-ro
MOpPsiZIKa, ITPUX O3HA4YaeT MIPOU3BOAHYIO OTHOCHUTENIFHO apryMeHTa, a O,,, 00o3HadaeT aensTy KpoHekepa.
a'™ 0003Ha4aeT BEKTOP-CTOIOCII, HIEMEHTHI KOTOPOTO MPEACTABISIOT HEN3BECTHBIC aMILTUTY/IbI A Ia0IIEeTO
OIS

ain = [()reine”|. (56)

2.3.3  Pe3yabTaThl pacueToB

Pesynprar pacyeToB KO3(QUIMEHTa OTpaKEHUS IO MOIIHOCTH IMMOKa3aH Ha pUCYHKe 12. DTOT pe3ynbTar
PACCUNTHIBACTCS C ITOMOIIBIO ypaBHeHus (51) B ciydasx mepeiadn snextpudeckoro moist EM mox yrimom
0" =90° K IUAIEKTPUYECKUM KPYIJIbIM BBIMYKIBIM dJeMeHTaM auameTpoM d = 0,34 1 ¢ TIPOHUIIAEMOCTBIO
€ = 2,0 cooTBEeTCTBEHHO. B pe3ynpTaTe nMeeTcs 1oioca 4acToT, B IpeIeIax KOTOPOH MaJarolast BOJHa OYTH
MTOJTHOCTHIO OTPaXKAETCsl OT TIOBEPXHOCTH, J1aXKe €CJIM OHA BHITIOJHEHA M3 TUAJIEKTPHUECKOr0 MaTepuana, He

BbI3bIBArOIICTO TOTCPb.
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PUCVYHOK 12

Koy dunuent orpaxenusi o MomHocTH Ko Kak (pyHKIMN HOPMATH30BAHHOM JJIMHBI BOJTHBI /i/Ao
IPH HOPMAJILHO NMA/IAIOMIEM YJIeKTPHYeCcKoM Toue E,'

P.2040-12

2.3.4  MH3mepenue

boumn mpownsBeneHsl M3MEPEHHs BOJIH, PACCEUBAEMBIX OT 3AaHHUA CO MHOXKECTBOM KPYTJBIX BBIMTYKIIBIX
anemeHToB. Ha pucyHnke 13 gaercs cpaBHeHHE pacCerBaeMBbIX OT 3/1aHHUS BOJIH MEX/1Y TUIOCKOM ITOBEPXHOCTHIO
U TIOBEPXHOCTBIO CO MHOXKECTBOM KPYIJIBIX BBIMYKJIBIX 3JIEMEHTOB. PaccemBaeMble OT 31aHUsI BOJIHBI ObUTH
M3MEpEHBI 107 Pa3HBIMU OTpaKeHHBIMU yriamu ¢ — oT 30° mo 90° — mpu nepenave MEKTPHUECKOTO OIS
1101 yryioM (. YTOJI IajIeHust U YTOJl OTPAKEHHs OIPEIENAOTCS, KaK TOKA3aHo Ha PUCyHKe 14.

PUCYHOK 13

T'eomMeTpusi mepHoOANYECKOr0 MHOKeCTBA KPYIIBIX IIHJIHHIPOB

T

T T T T
~— Kpymibsle Bbimykisie Gpopmbl (1/A, = 1,37)

— —Kpymsie Boimykisie Gopmer (A, = 0,73)
----- Tlnockas HOBEPXHOCTH

E." (nB)

—40 : ' ' .
40 60 80

¢ (rpamycs)

P.2040-13
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PUCVYHOK 14

Ilnockuii pUCYHOK KOMIO3UIIMOHHOM IMarpaMMbl
JJIs1 U3MepeHuit

P.2040-14

Pe3ynbTaThl U3MEpeHHI MOKA3BbIBAIOT, YTO MOIIHOCTS OIS, PACCEMBAEMOT0 OT MOBEPXHOCTH CO MHOXKECTBOM
KPYTUIBIX BBITYKJIBIX 3JIEMEHTOB, BO3PACTACT 110 CPABHEHUIO C PACCESIHUEM OT IJIOCKOM TTOBEPXHOCTU U MOXKET
PETyJIHPOBATHCSA TMOCPEACTBOM H3MEHEHHUS MPOMEKYTKAa MEXIY KPYIVIBIMH BBITYKJIBIMH DJIEMEHTAMH H
MOCPE/ICTBOM HW3MeHEeHUs ux nauamerpa. Crenyer OTMETHTh, YTO OTHOCUTENbHAs JUDIICKTPUYCCKas
MIPOHUIIAEMOCTh U MTPOBOJIUMOCTD CTPOUTEIHBHOTO MaTepraia ObLITN BEIUMCIICHBI, COOTBETCTBEHHO, KaK &= 6,0
no=0,1 Cm/™m.

3 O0001menne JIeKTPUYECKUX CBOHICTB MAaTepPHAJIOB

[ouck penpe3eHTaTHBHBIX JaHHBIX 00 DIEKTPUYECKUX CBOMCTBAX MAaTEpUAIOB MOXKET MPEACTaBIATh
TPYAHOCTb, IOCKOJIBKY MX XapaKTEPUCTHKH BBIPAXKAIOTCS C UCIIOJIb30BAaHUEM PAa3HBIX COUETAHUH apaMeTpoB,
a OTHOCHTEJIbHAsI AMAJIEKTPUUECKasl IIPOHUIIAEMOCTh MOXKET YKa3bIBaThCsl Ha YacTOTaX, KOTOPBIE JaEKH OT
uHTepecyrommx. [loaTomy OblTa cocTaBieHa TaOnuIa penpe3eHTATHBHBIX CBONCTB MAaTepHalioB C
WCIOJIb30BaHMEM MEeTOo/1a ToA00pa KPUBOM, OMMCAHHOTO B MMyHKTE 2.1.4.

boutn oObeanHEHB! NaHHBIE W3 BOCBMH Ha0OPOB 3JEKTPHUECKMX CBOWCTB MaTepHaloB (Bcero Ooiee
90 OTHIENBHBIX XapaKTEPUCTHK), TMPHUBEJICHHBIX B OTKPBITHIX MCTOYHUKAX; OHM OBUIM TpeoOpa3oBaHbI B
CTaHIAPTHBINA (OPMAT U CIPYIITHPOBAHBI TI0 KATETOPUSM MaTEPHAIIOB.

Jist K0 Ipymniiel ObUTH BBIBEACHBI IPOCTHIE BBIPAXKEHUSI YACTOTHOW 3aBUCUMOCTH ISl ICHCTBUTENLHON
YacTH OTHOCHUTEIHHON MPOHUIIAEMOCTH 1|’ ¥ MPOBOAMMOCTH G. A UMEHHO:

w=af’ (57)

Gchd, (58)

rjae f— gactoTa (B rurarepiax), a ¢ B CUMEHC Ha MeTp (1’ — Oe3pa3MepHas BejqnuuHa.) 3HaueHus a, b, ¢ u d
npuBosiATCs B Tabiuie 3. B ciydae eciu b U d paBHBI HyJTI0, IOXOIsIIEe 3HaYeHne 1 WM G PaBHO @ WK ¢

COOTBCTCTBCHHO U HC 3aBHUCHUT OT 4aCTOTHI.

HpI/I HCO6XO,Z[I/IMOCTI/I MHUMYIO 4YacCTb OTHOCHTCIILHOU ,Z[I/IBJ'ICKTpI/I"IeCKOf/i MMPpOHHUIACMOCTH T]" MOXHO
IMOJIY4YUTb U3 MMPOBOJAUMOCTU U YaCTOTHI:

7=17,980/ f. (59)

HapaMeTpLI BO3YyXa, MCTaJllIa U TPEX COCTOSIHHUM IpyHTa ONpUBCJACHLI B Ta6J'II/ILIC 3 JJIA TIOJTHOTHEI.
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TABJIMLIA 3
CBoiicTBa MaTepHaIoB
JeiicTBUTEeILHAS ‘-anCTb TIpoBoIMOcTH
Kuace maTepuasia OTHOCUTEJIbHOM (Cw/m) Juana3oH yacror
MPOHUIIAEMOCTH
a b c d I'Tu
Bakyy™ (= Bo31yX) 1 0 0 0 0,001-100
Beron 5,24 0 0,0462 0,7822 1-100
Kupnmu 3,91 0 0,0238 0,16 1-40
l'uncokapTon 2,73 0 0,0085 0,9395 1-100
Jepeso 1,99 0 0,0047 1,0718 0,001-100
Crekio 6,31 0 0,0036 1,3394 0,1-100
Crexiio 5,79 0 0,0004 1,658 220-450
[ToToJIOYHBINH HACTHI 1,48 0 0,0011 1,0750 1-100
IToTOoI0YHBIN HACTHI 1,52 0 0,0029 1,029 220450
JpeBecHO-CTpy>KeuHas mInTa 2,58 0 0,0217 0,7800 1-100
®danepa 2,71 0 0,33 0 1-40
Mpamop 7,074 0 0,0055 0,9262 1-60
ITonoBoii HacTHn 3,66 0 0,0044 1,3515 50-100
Mertamn 1 0 107 0 1-100
Ouenb cyxas ouBa 3 0 0,00015 2,52 Tonpko 1-10
[TouBa cpenHelt BIaXKHOCTH 15 -0,1 0,035 1,63 Toapko 1-10
Bnaxxnas mousa 30 -0,4 0,15 1,30 Tonbko 1-10

Jlnarma3oHbl 4acTOT, IpUBEACHHbIE B TaOIHIIE 3, HE SIBIISTIOTCS )KECTKAMH, a TOJIBKO YKA3hIBAIOT HA YaCTOTHBIS
MIpeAeIbl JaHHBIX B XOJI€ U3MEPECHUN, KOTOPHIE MCIIOIB30BAIUCH TSI MTOTyUeHUST MOJienei. ckimoueHnsIMu
SIBJISIFOTCSL TP THIIA TOYBBI, TJI€ HENB3s MPEBBIMATh 9acTOTHIN mpenen 1-10 ['Tn. Tunuunsie 3HaUeHUs
OTHOCHUTEIHHOW UAIIEKTPUUYECKON TPOHHUIIAEMOCTH W TPOBOAMMOCTH IS Pa3HBIX THUIOB TIOYBBHI B
3aBUCUMOCTH OT 4acToThl B quana3one ot 0,01 MI'n no 100 I'T'u npuBonsarcsa B Pekomenganuu MC3-R P.527.

TaHreHCHI yIiia moTeph BCeX TUAICKTPHUUSCKUX MaTepUaioB B TabuIle 3 cocTaBiisitoT MeHee 0,5 B yKa3zaHHbBIX
nuara3oHax yactot. [loatomy muist pacdyera ociia0iieHus SIEKTPOMArHUTHOM BOJTHBI PU MTPOX0KIEHUH CKBO3b
MaTepuaibl MOXKHO WCIIOJIB30BaTh AaIMPOKCUMAIUK JIUAJIEKTPUYECKUX TPEIeNIoB i Kod(hdUIueHTa
ociabiieHust B ypaBHeHusx (24) u (27).

IIpunaraemslii 1oKymeHT 1
K [Ipuioxenuro 1

AJIbTEPHATHBHBIN METO/ NOJy4YeHHs KO3 PUIUEHTOB 0OTPAKEHUA U Nepeladu
JJIS1 CTPOUTEJIbHBIX MATEPHAJIOB, COCTOAIIMX M3 /N IMIJIEKTPUYCCKHUX ILIUT,
OCHOBAHHBIN HA MATPUYHOM npeacraBiennu ABCD

Hmwxke npuBenena anpTepHAaTHBHAS (DOPMYIHPOBKA METOJA, PACCMOTPEHHOTO B IyHKTE 2.2.2.1, B IemsIx
MoJTydeHus: KO3(PPUIMEHTOB OTpakeHHus R U niepenaun 7' i CTPOUTEIILHOTO MaTepualia, CocTosIero u3 N
TUBJICKTPHYCSCKUX TUTUT, HA OCHOBaHWM MaTpuyHoro mnpexacrasieaus ABCD, kak moka3aHo Ha PUCYHKE 5.
[Ipenanonaraercsi, 4To 00IacTH MO 00E CTOPOHBI OT CTPOUTEIBHOTO MaTepuaia IMPEJCTABISIOT COOOH
CcBOOO/IHOE MPOCTPAHCTBO. JlaHHBIN albTEPHATUBHBIA METOJ JAeT TOYHO TaKHE K€ Pe3yJbTaThl, YTO U B
myHkTe 2.2.2.1:
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__Bz,-¢Cz, (60a)
24+B/Z,+CZ,’

R S (60b)
24+ B/Z,+CZ,

rae A, B u C aBasroTcs dJIeMeHTaMU MaTpuUilbl ABCD, OMpeaACIAEMbIMU IYTEM MATPUYHOTO YMHOXKCHUSA KaK:

A B] [4 B[4y B[4y By 1
¢ ol ¢ pllc, b, 1cy Dy !
rac:

A4, =cos(B,d,); (61b)
B,=jZ,sn(B,d,); (61c)

Zm
D, =4, (6le)

sin20, |

B,=k,cos(0, )=k, {1— 0} ; (619

2n
ky :T; (61g)
k,, =koM,,. (61h)

A— JJIMHA BOJIHBI CBO6OZ[H01"0 MMpOCTpaHCTBA, k() — BOJIHOBOC YHCJIO IJIA CBOGOI{HOFO MMpOCTpaHCTBA, N, U km -
KOMIUJICKCHAasA OTHOCHUTCJIbHAA JUIJICKTPUUCCKAsA IMPOHUIACMOCTb W BOJIHOBOC YMUCIIO B m-u IIUTE, Bm —
MOCTOsAAHHAA paclpOCTPAHCHHS B HAIIPABJIICHUH, NCPICHAUKYIAPHOM IUIOCKOCTH IUIUTHI, a dm — HIMpHUHA m-i
TIJIUTHI.

3HaveHMs] BOJHOBOT'O MMITEZIaHCA Z PACCUMTHIBAIOTCS B 3aBHCHMOCTU OT TOJSPU3AINU TAJAIOIICH BOIHBI
CJIETYFOINM 00pa3oM:

120

7 =—" (nosstpuzanus TE); (62a)
" 1,, €0s6,,
Z, = 120 7cos 8, (monspuzanus TM), (62b)
A M
re:
Mo =Nn+1=1; (63a)
60 =9N+l :9; (63b)

20=ZN+1- (63¢)
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IMpuiaoxenue 2

1 Beenenne

B nacrosmem HpI/IJ'IO)KCHI/II/I COACPIKATCA OMPEACIICHUA TCPMHUHOB, OTHOCAIINUXCA K MOTEPSAM B 3JaHUAX, U
MIPUBOIATCS PYKOBOAAIIUE YKa3aHUA 110 PEKOMCHIYEMbBIM METOJUKAM I/I3MepeHI/II71.

B Otgere MC3-R P.2346 cobpansl 1 0000IIEHB pe3yabTaThl H3MEPEHUIl MOTEph Ha BXOJIE B 3[aHHE.

2 OnucaHue cueHapueB, COAep KaIMX FPAHUIY pa3/iesia CHAPY’KH — BHYTPb 3/1aHHUA

2.1 PacnpocrpaHneHune BOJIH CHApPY:KU BHYTPb 31aHUI — BONPOCHI, KACAIOLIHeECs ONMOPHOIO IOJIsI
AJI51 oIpe/ie/IcHUs IOTeph HA BXO/Je

TpyAaHOCTs B ONpeAeNeHUH OMOPHOTO MOoJIA AJIs IOTeph Ha BXOJ€ BBI3BaHA TEM, YTO HaJW4YUe 31aHUA
MPUBOAUT K U3MEHEHUIO HAIPSHKCHHOCTH OJISI CUTHAJa BHE 31aHUs. PucyHok 15 wimocTpupyeTt B HECKOIBKO
YIPOILECHHOU popMe CBsI3aHHBIE ¢ 3THM MpobOaeMbl. Ha Tpex 4acTax pucyHKa [OKa3aHO CIEdyHoIee.

a) OTHOCHUTENBHO U30JMPOBAaHHAS BHEIIHISA TOUKA IPUHUMAET NMPSAMOI U OTPaKEHHBIN OT 3€MJIH JIyY.
Ha camoMm geme B ropojackoil cpeme o0a 3THX JIyda BIOJNHE MOTYT TPUUATH OT YIAJICHHOTO
WCTOYHHKA TIOCPEJICTBOM MU PAKIMK HA 3aHUU B JICBOW YacTH pUCyHKa. [Ipu pacnpocTpaHeHUn
O]l MaJIBIMU yTJIaMH K TOPU30HTY MPOUCXOAUT JOBOJIBHO MIPOCTOE (M B OCHOBHOM B BEPTUKAJIBLHON
IUIOCKOCTH) 00pa30oBaHME JICNIECTKOB, TO €CTh MAKCMMYyMOB M MUHHUMYMOB, IIPU BEPTHUKAIHHOM
MNEPpEMEIICHNUU TOYKHU.

b) Ecnu Touka He mepemeliaeTcs, TO 3[aHUE paclojaraercs cpa3y 3a Held. B sTom ciaydae oHa
MPUHAMAET JBa JIOTIOJHHUTENBHBIX Jy4ya, OTPAXEHHBIX OT 37aHMS, OAWH M3 KOTOPBIX TaKXkKe
oTpakaeTcsi OT 3emMJid. B 3ToM ciydyae auarpamMma JIENECTKOB MMEET TOHKYIO CTPYKTypy Kak B
BEPTUKAIBHOM, TaK U B TOPU30HTAIBHOM HalpaBJICHHSIX.

c) Teneps Touka nepemenaeTcs BHyTpb 34aHus. JJis nesnei mutocTpalyy NpUHATa IOCTATOYHO BbICOKAst
4acToTa, YTOOBI 3HAYUMBIMH OBLTH TOJIBKO JIyYH, BXOMSIINE B OKHO. Ha GoJee HI3KMX YacToTax, KOrmaa
Ba)XHOE 3HAUYEHHUE NMPUOOPETaeT MPOXOXKIACHUE Yepe3 CTeHY, AruarpaMma JIyda H3MEHSETCS.

PUCYHOK 15

YrpolueHHble IHATPAMMBI JIy4eii 1151 BHEIIHUX U BHYTPEHHUX TOYeK

a)

Brenmsist Touxa N

b) e
Bremsssa Touka

Tiepes 3MaHIeM =

©)

BHyTpeHHsis Touka

P.2040-15

XOTsT MHOTOJIYYEeBOE paclpOCTpaHEHHE BBI3BIBACT OOpa30BaHUE JIETIECTKOB, CyMMapHas MOIIHOCTh
MHOXKECTBA Jy4Yeill NPUOIM3UTENBHO paBHA NPOCTPAHCTBEHHO-YCPEIHEHHOMY TOt0. ClenoBaTelbHO,
B 00IIIEM MOXKHO OXHUAATh, YTO HAIWYHE 3JaHHUA 32 MPUEMHHUKOM TIIOBBIMIACT HANPSIKEHHOCThH ITOJIS
MPUHUMAEMOTO CUTHANA. BHYTpH 3/1aHus, 0cOOEHHO BOJIM3H 00TydaeMOl HapyKHOM CTEHBI, OyIeT, BEpOSTHO,
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MPUHUMATKCS OOJIBIIIEE KOJTMUYESCTBO JIYUCH, XOTSI MHOTHE U3 HUX U OyIyT OCIA0IAThLCS MPH MepeIade 3a CUeT
oTpakeHUs1 wiu nudpakmun. Takum oOpa3oM CHUTHaNI BHYTPH 3AaHHUS MOXET OBITh Oollee CHIBHBIM, YEM
CHApYXH.

2.2 IloTepn Ha pacnipocTpaHeHHe B YCJIOBHUSAX 3aCTPOMKH

Ha pucynke 16 moka3anbpl pa3indHbIe BUABI TOTEPH B 3[aHHSIX, UMEIOIINE MECTO MPH CIEHAPUAX MepeIadn
CUTHAJIOB CHAPYXU 37JaHUSI BHYTPb U U3HYTPU Hapy:Ky. OnpeaeneHus 1ai0Tcs B CISAYIOMMNX pa3eiiax.

PUCYHOK 16

PazauvHbIe BUABI NOTEPh NMPH PACIPOCTPAHEHNH B 3AaAHUAX

Buytpu
31aHUS Buytpu
—1 o 3MaHMSI il
Totepu o B >
P R Hotepu
Ha BXOZI€ Ha BLIXOZE
Iotepu
BHYTPU
3MaHUs IoTepu B TeHEBBIX 30HAX
P2040- 16
3 Omnpenenenus
3.1 Omnpenesienne NOTEpb HA BXo/e B 31aHUeE

HOTCpI/I Ha BXOJAC B 34aHUC — OTO JAONOJHUTCIIBHBIC INMOTCPHU, BO3HUKAIOIIHUE HU3-3a TOTO, YTO TECPMHHAI
HaXOoOWUTCs BHYTPU 31aHUS.

3.2 Omnpenesienne MOTephb 3a cYeT 3aTeHEHHU 31aHUEM

[Totepu 3a cueT 3aTeHEHHs 3AaHUEM — 3TO PA3HOCTh MEXKY METMAaHHBIMU 3HAYEHUSIMA H3MEHUNBOCTH YPOBHS
CUT'HaJla B 3aBHCHMOCTH OT MECTOIIOJIOXKEHUSI CHapyxH oOiyuaeMoro ¢acajia 34aHUS U yPOBHEM CHTHAa
CHapyXH MPOTHBOIOJIOXHOIO (acana 34aHUsl Ha TOM JK€ BBICOTE HaJl 3e€MJIEHl NpH MPOCTPAHCTBEHHO-
YCpEAHEHHBIX MHOTOJIYYEBBIX 3aMHPAaHUSAX OOOMX CHTHAJOB. DTO SBJICHHE MOXET PacCMaTpHBATHCS Kak
MOTEPH Tepeadn MMPH MPOX0XKIACHUU CUTHAIA Yepe3 3aHHe.

33 Omnpenesnenne NPoOXoKIeHUS PaANOCHTHAIOB (HANIPUMep, Yepe3 CTeHYy)

BHenrHue curHanel MomnagarT B 3aKPBITOE 3/IaHHME TIIABHBIM 00pa3oM ITyTeM INPOXOXKJCHUS Yepe3 CTEHBI.
[IpoxoxeHne yepe3 CTEHbI MOKET OTHOCUTBCS TAKKE U K IPOXOKIAECHUIO YEPE3 IEPETOPOAKH BHYTPH 3/1aHUM.
[ToTtepu mpu NpoXoXKIEHNUH Yepe3 CTEHBI BHYTPH 3[JaHUH — 3TO Ppa3HOCTh MEXAY MEIUaHHBIMU 3HaYEHUSIMH
M3MEHYHUBOCTH YPOBHS CUTHAja B 3aBUCMMOCTH OT MECTOIOJIOKEHHS C OJJHOM CTOPOHBI CTEHBI U YPOBHEM
CUT'HAJIa HA POTUBOIOJIOKHON CTOPOHE Ha TOM K€ BBICOTE HaJ| 3€MJIEH ITPU NPOCTPAHCTBEHHO-YCPEIHEHHBIX
MHOT'OJTY4€BbIX 3aMUPAHUAX O0OMX CUTHAIOB. DTO SBJICHUE MOXET PacCMaTpPUBATHCS KaK MOTEPH Mepesadu
MIpY MIPOXOXKICHNHU CUTHAJIA YEPE3 CTEHY.

34 Onpenenenne NpoxoKIeHUs] PATHOCUTHATIOB Yepe3 MPOoeMbI

ITpoxosxkaeHne depe3 MPOeMbl — 3TO MPOXOXKICHUE CUTHAIOB C OJIHOM CTOPOHBI CTCHBI HAa JPYTYI0 CTOPOHY
Yyepe3 OTBEPCTHS B CTEHAX, HAIIPUMEp Yepe3 OKHA.



26 Pexk. MC3-R P.2040-2

35 Omnpenesenne NoTepb Ha BbIX0/1e U3 31aHUA

Ilo IIPUHIAITY O6paTI/IMOCTI/I YHUCJICHHOC 3HAUYCHHUEC IMOTEPh HAa BEIXOAC U3 3aHNA PAaBHO 3HAYCHUIO ITOTEPh HA
BXOJI€ B 37aHN€. B ocTaBIIeHCs 4acTH TEKCTA ATH TEPMUHBI CYUTAIOTCA B3aUMO3aMCHACMBIMH.

4 H3mepenne notepb Ha BXo/1e B 31aHHe

4.1 BBenenne

ITorepu Ha BXOjie B 3[IaHHE MOTYT OBITh H3MEPEHBI KaK Pa3HOCTH (B AennOenax) Mexay MpOCTPaHCTBEHHON
MeMaHON YPOBHS CHTHAIA CHapyXu o0nydaeMoro (acajia 3MaHus U MPOCTPAHCTBEHHON MeIHaHO#N YPOBHS
CHT'HAJIa BHYTPH 3/[aHUsI HA TOW K€ BBICOTE HaJ MOBEPXHOCTHIO 3eMiin (HAa pHCYHKe 17, HMKE, 3Ta BBICOTA
o0Oo3HaueHa kak #h). Takum oOpazom, Ilorepu = IIpocTpaHCTBEHHAsh MeaUaHA BHEIIHErO TMOJIA —
[IpocTpancTBeHHAsT Me[MaHa BHYTPEHHETO IOJS, TJAE€ Pe3yiIbTaThl M3MEPEHHUsS BBIPAKEHBI B JenuOernax.
Ilenpto MpOBEACHUS H3MEPEHHH CHAPYKH 3[JaHUS SBJISCTCS ONPEICIICHUE MPUOIH3UTEIBHOTO YPOBHS
HAMPSHKCHHOCTH TIOJIS, KOTOPBI OTMedasicst Ob BO BHYTPEHHEM PACIIOIOKEHHUH TIPH OTCYTCTBUH 31aHus1. Eciu
paccTOsHUE MKy HapyKHOW M BHYTPEHHEH TOUKAMHU U3MEPEHHS COCTABIIACT 3HAYMTEIBHYIO YacTh OOIIeH
JUTHHBI TPACCHI, CIIEAYET YIUTHIBATE JTOMOJTHUTEIbHBIC TOTEPH B CBOOOTHOM MPOCTPAHCTBE.

W3mepenne HapyKHOTO MOJS ceXyeT MPOBOAUTH KaK MOXHO OJIMKE K 3AaHHUIO, IPU 3TOM oOecreunBast
oTcyTcTBHE 3PPEKTOB OIIDKHETO IMOJIS M BIUSHHUE Ha XapaKTepUCTUKW aHTeHH. Kak mpaBuio, u3mMepeHus,
MIPOBOIMMBIE C HCTIOJIb30BAHHUEM HalpaBJICHHBIX U HEHANPABICHHBIX aHTEHH, JAIOT pa3u4Hble pe3yIbTaThl.
B nmo60oM cirydae Heo0X0IMMO TIIATEIFHOE ONMCAHUE XapaKTepPUCTHK aHTEHHBI. B cimydasx xoraa usmepenue
HaNpsDKEHHOCTH  HApy>KHOTO TOJs, OOJMy4aroIlero 3JaHue, HEBO3MOXHO, CJIEOyeT HCIOJb30BaTh
MPOTHO3MPYEMOE 3HAUCHHE, H ITO JIOJDKHO OBITH SIBHO YKa3aHO.

Kak mnpaBuno, u3MepeHHs NPOBOAATCS NpH Hamuuuu mnpsiMoil BuaumoctH (LoS) mexay HapyKHBIM
TEPMUHAJIOM U OIHOW M3 HApYKHBIX CTE€H MCCIIEAYEMOro 3/IaHHA.

PUCYHOK 17

Pacnonoxkenue 3TaJIOHHOI M H3MePUTEILHOI AHTEHH NPH H3MepPeHUH NMOTepb HAa BX0/e B 31aHUe

JoctaTtoqHo GOIIBIIIOE PACCTOSIHUE ISl MUHIMA3AINK OTKIIOHeHHH FSPL
BO BHYTPEHHEH 30HE U3MEPEHUH MPU COXPAHEHHUH MPSIMOI BUIMMOCTH
MEXIy aHTeHHOW Hapy KHOTO TePMUHAIA U (pacagoM 3IaHHs

A

v

A/ Az \
N A \
\ > h ;
) } v ;

/ ; /

/’ /' /l
BayTpennss / /
M3MCpHTENbHAS A AHTEHHA HAPYKHOTO
N
S TepMUHAIA
4HTEHHA “ Hapy»kHast 3TajloHHas p
aHTEHHA
P2040- 17

O6nacth, BBIOpaHHAS ISl IPOCTPAHCTBEHHOT'O YCPESTHEHUSI BHYTPHU 3[IaHHS, 3aBUCUT OT KOHKPETHOHN 3a1a4un
W JIOJDKHA OBITH SIBHO YKa3aHa; ObUIO YCTAHOBJICHO, YTO HAHOOJIee 1eeco00pa3HbIM U IPAKTHYHBIM CIIOCO00M
JUCKPETU3ALIUHU SBISCTCA YCPEIHECHUE TIO IOMEIICHUSIM.
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4.2 ITapameTpsl, noAsexamme GpUKCAUU
[Ipu npoBeneHNN N3MEPEHUI TOTEPh Ha BXOE B 3laHUE HEO0X0ANMO (PMKCUPOBATH CIICAYIOIINE 1apaMETPHI.

[Ipeanonaraercs, 4TO KX LUK U3MEPEHHH COCTOMT U3 Psiia 3aMEPOB, a Pe3yJbTaThl IPEACTaBICHBI B
BUZIe TaOJIMYHON MHTErpanbHON (DYHKINHU pacrpeaesieHus oTepb.

HccnenoBareny AOMKHBI IPEIOCTABISTh KaK MOXKHO OoJiee MOApOOHYIO JOMOTHUTENHHYIO HHPOPMAIIHIO, B

qacTHOCTH (poTorpaduu MHTEphepa U BHEITHETO BHU/IA.

TABJILIA 4

IMapameTpbl U3MepeHuUii

IMapamertp

Eaununa usmepenust

Ipumeyanus

YacroTa

MI'1g

IIupuna nonocel
UCTIBITATEIbHOTO CUTHANA

MI'1g

0 MTI'y npu ucnonab30BaHUU
ncroyHuka CW

Oxpy>karomias cpesia

OTKpBITOE MECTO/
HPHUTOPO/TOPOM/IUIOTHAS 3aCTPOMKa

Heo0x0a1uMo OIeHUTD CTENeHb
B3aUMO/ICHICTBUS BCIICACTBUE
9HEPruM, pacCeuBaCMON APYTUMU
3IaHUAMU

EcTp mu ipsiMast BUAUMOCTH
1o 31aHusg?

Ha/uet

JI1st MUHMUMU3a1MK TOTPEIIHOCTEN
TIPH U3MEPEHUH HEOOXOIUMO
HaJIM4He TIPSAMON BUAUMOCTH

VYcpennenue

CrexTpaibHOE/TIPOCTPaHCTBEHHOE/TIpOoUee

I[Tone mpou3BonbHOTO (hopMmara AJst
OTHCAHUA MOJI30BaTEIEM THIIA
MIPUMEHSIEMOTO YCPEIHEHUS

(Tpm HaTMYMM)

I'my6GuHa NPOHUKHOBEHHS

1 — BHYTpEHHUIT TEpMHUHAI B TOMEIICHIH/
MIPOCTPAHCTBE C BHEIIHEN CTEHOH,
o0paleHHON K Hapy)KHOMY TepMHUHAIY;

2 — BHYTPEHHUI TepMHUHAJI B IOMEIIEHUN/
MpoCTpaHcTBe Oe3 BHEITHHUX CTEH;

3 — BHYTPEHHUI1 TEpMHUHAII B TIOMEIIEHUN/
MIPOCTPAHCTBE C IPyTroi BHEIIHEW CTEHOMN

Otax, Ha KOTOPOM NPOBEACHBI
NU3MepeHus

[HokonpHBIH 3T2K — 0

30Ha, B Ipefienax KOTOpou
MIPOU3BEICHBI 3aMEPhI

KBanpaTHsle MeTpbI

KonunuecTBo 3amepoB

Jst cratuctuueckon
JIOCTOBEPHOCTH PE3YJIbTAaTOB
HEO0OX0ANMO IIPOU3BECTH
JIOCTaTOYHOE KOJIMYECTBO 3aMEPOB

DTaJOHHOE 3HAUYEHNE

1 — u3MepeHHbII MeTMaHHBIA CUTHAT;
2 — IPOTHO3UPYEMOE 3aTyXaHHUe
B CBOOOJTHOM TIPOCTPAHCTBE

IIpuopuTeTHBI BUA U3MEPEHUS
(110 BO3MOXKHOCTH)

a3UMyTa OTHOCHUTENIBHO
HOpManu K acary 3paHus

Paccrosinue ot Hapy>KHOTO Mertpsl
TE€pPMHUHAJIA 10 31aHUs

VYron mecta Tpacchl I'pamycer
MuHuMmanbHOe 3HaYeHHE I'pamycer
a3UMyTa OTHOCHTEIBHO

HOpMaJH K dacary 31aHus

MakcuManbHOE 3HAYEHHE I'panycsl
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TABJIULIA 5

I[MapameTpsl 31aHui

IMapamertp EnuHuna usmepeHust Ipumeyanus
Iuprna MeTpsl [Tpubau3uTenbHas MIomaab
Tisa Mertpst MPOEKIHUH IJIs1 HECTaHAAPTHOTO
3aHH
BeicoTa Mertpsl

OO0l11Eee KOJIMYECTBO dTAXKEN

TonmyHa BHEITHUX CTEH MerTtpsl
TouyHa BHyTPEHHUX CTEH Mertpsl
TounmyHa nepekpuITUil Mertpsl
OTHOIIEHHE ILIOIAAH %

OKOH/TIPOEMOB K IO !
(acana 3maHus

OKOHHEIE 3JIEMEHTHI 0 — HEM3BECTHO
1 — onuHapHBbIE
2 — IBOMHBIE

3 — TpoiiHble

9 — npouee

IToxpsITHE OKOH 0 — Hen3BecTHO

1 — oTcyTCcTBYET

2 — METaIIM3HPOBAHHOE CTEKIIO

3 — BHYTpEHHsISI POBOJIOYHAS CETKa
4 — MeTANIMYECKNE CTAaBHU/KAITI03U

9 — npouee
YcTaHOBIIEHA T 0 — HEen3BECTHO
MeTaJUTn4ecKas 1 —ner
TEPMOU3OJISAIUS? 2—na
9 — pouee
Marepuan nepexpbITuii 0 — HeuzBeCTHO
1 — nepeBo
2 — MeTann
3 — 6eToH
9 — npouee
OCHOBHOW MaTepral BHEITHUX 0 — HEW3BECTHO Marepuai, U3 KOTOpPOro
CTeH 1 — xamMeHb B OCHOBHOM COCTOSIT BHEIITHHE
2 — KUpIu4 CTEHBI

3 — mycTOTEeNbIN KHPIHY
4 — nerxuii 610K

5 — nepeso

6 — beToH

7 — cTexio

8 — MeTamn

9 — npouee
JomnonHurenasHbIA MaTepuai 0 — HEU3BECTHO
BHCIITHUX CTCH 1 — xameHb

2 — KUpnu4

3 — myCTOTENBIN KUPIUY
4 — nerkuii 0J1I0K

5 — nepeBo
6 — beToH

7 — CTEKIIO
8 — meTamn

9 — pouee
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TABJIMLA 5 (oxonuanue)
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IMapamertp

Eaununa usmMepeHust

Ipumeyanus

BuyTpeHHue cTeHsl

0 — BHyTpeHHHE CTEHBI OTCYTCTBYIOT
1 — kaMeHb

2 — Kupnu4

3 — ;merkuii 60K
4 — nepeBo

5 — 6eToH

6 — TUTICOKapTOH (Ha AEPEBIHHOM KapKace)

7 — rMIICOKapTOH (Ha METAJUTNYECKOM
KapKace)

8 — MeTaJUIM3UPOBaHHBIH TMIICOKAPTOH

9 — mpouee

Matepuansl Kpblil

0 — HEU3BECTHO

1 — GeToHHas YepenHIa

2 — mudepHas IUIATKa

3 — mepeBsHHas Yepenuna

4 — TUCTOBOM METaI

5 — IepeBo, MOKPBITOE PyOEepPOUIOM
9 — mpouee
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