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PEKOMEHJIALISI MCD-R P.2040-1

Biusinue CTpOUTENbHBIX MATEPHAJIOB U CTPYKTYP Ha pacnipocTpaHeHue paguoBOJIH
Ha 4acTOTax Bbile npudausuTeabsHo 100 MI'y

(Bommpoc MC3-R 211/3)
(2013-2015)

Cdepa npumenenust

B nanHoit PexoMeHmaIuu mpeacTaBieHO PYKOBOJCTBO O BIMSHHHM CTPOHUTEIBHBIX MAaTEPHATIOB U CTPYKTYP
Ha paclpoCTPaHEHUE PaTUOBOIH.

Accambmes pangrocsszn MCD,

yuumeoledas,

a) YTO 3JIEKTPUYECKUE CBOMCTBA MATEPUATIOB U UX CTPYKTYP OKa3bIBAIOT 3HAYUTEIILHOE BIIMSHUE HA
pacnpocTpaHeHHE PaIUOBOJIH;

b) YTO HEOOXOAWMO HMETh IPEICTABICHUE O IOTEPSIX PaIUOBOJIH, BBI3BAHHBIX CTPOHUTEIbHBIMU
MaTepualaMy U CTPYKTYpaMu;

C) YTO CyIIECTBYeT HeOOXOAUMOCTh B MPEJIOCTABICHNN WHKEHEpaM PYKOBOJACTBA C IIETIbI0 M30EeKaTh
MOMeX TIPH IMepeAade CUTHAIOB OT CHCTEMbI CBSI3M CHAapy>KH 3AaHUSl Ha BHYTPEHHIOIO CHCTEMY M H3HYTPH
30aHMA Ha HApy>KHYIO CHCTEMY;

d) YTO CYIIECTBYET HEOOXOAMMOCTh B IPENOCTABICHHMU II0JIb30BATENSIM €IMHOTO HMCTOYHUKA IS
pacdera BIHSHUS CTPOUTEIBHBIX MATEPUAIOB U CTPYKTYP,

ommeda:t,

a) yto B Pexomenmarun MC3-R P.526 comepKuTcsi pyKOBOJACTBO O BIUSHHUM AU(PAKIUU, B TOM
Yuclie 00YCIOBICHHON CTPOUTEIBHBIMH MaTepUaIaMH U CTPYKTYPaMU;

b) yro B Pekomenpmaumu MCD-R P.527 copepkutcst nHQopManus o0 DIEKTPUYECKUX CBOWCTBAax
MTOBEPXHOCTH 3EMIIH;

c) yto B Pexomenmanmu MCD-R  P.679 comepxutrcs pyKOBOJACTBO IO IJIAHMPOBAHUIO
paaAMoOBeIIaTeNbHBIX CTYTHUKOBBIX CHCTEM;

d) uyTto B Pexomennanmun MCO-R P.1238 conmepkutcst pyKOBOACTBO MO pacpOCTPAHEHHUIO PaIHOBOIH
BHYTpPHU noMenieHuil B auanazone yactot ot 900 MI'ny no 100 I'T';

e) yro B Pexomennmanmmum MCD-R P.1406 conmepxurcs wuHpopManus MO pPa3IHYHBIM aCTEKTaM
pacnpocTpaHeHus] PagUOBOJH, KAcaloIlascsi HA3eMHBIX CYXONYTHBIX IOJABMKHBIX U PaJHOBEIATEIbHBIX
ciyx0 B quanazoHax OBY u YBUY;

f) yro B Pexomenmanmmum MCD-R P.1407 conmepxurcs wuHpoOpManus MO pPa3IHYHBIM aCIeKTaM
MHOTOJTy4€BOTO PacCpOCTPAHEHHUS BOJIH;

Q) yto B Pekomenmanmu MCDO-R P.1411 npuBoastcs MeTOABl pacnpOCTpaHEHUS PATUOBOIH IS
KOPOTKHX Tpacc B YCJOBHSAX BHE NOMEIIEHHH B JHUana3oHe 4acToT oT npubimsurensHo 300 Ml no
100 I'T'm;

h) yto B Pekomenmanmm MCDO-R  P.1812 paccmarpuBaercs MeTOA  NPOTHO3UPOBAHUS
pacrpocTpaHeHus] CUTHaja Ul Ha3eMHBIX clyk0 "W3 myHKTa B 30HY" B Auana3zone yactoT oT 30 MI'u go
31T,
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pekomenoyem,

9T00BI WHOpPMAIH 1 METObI, conepkarmecs B [Ipumoxxennn 1 u [lpunmoxxeHnn 2, WCIIONIB30BAINCH KaK
PYKOBOZCTBO TIPH OIEHKE BIHSHHUS CBOWCTB CTPOHUTENHHBIX MAaTEPHUAIOB M CTPYKTYp Ha PaclpoCTpaHEHHUE
PaaMoOBOJIH M TpU pa3pabOTKe JACTCPMUHHPOBAHHBIX MOJEICH pPacIpOCTPaHCHUS, BKIIOYAIOIIUX CPEIy
3aCTPOMKH.

B HpI/IJ'IO)KeHI/II/I 1 paccMaTpuBaArOTCA OCHOBHBLIC TMPUHIOUIBLI W MNPUBOAATCA (I)OpMYHI)I AJid  pacydeTa
OTPAXCHUA CUTHAJIOB OT CTPOUTCIIBHBIX MAaTECPUATIOB U CTPYKTYP, a4 TAKKE IMPOXOXKACHUSA CUTHAJIOB CKBO3b
Hux. B HeM Takxke COACPIKUTCA MOACIb 3aBUCHUMOCTH JBJICKTPUYCCKUX CBOMCTB OT YacCTOTHI U T36J'II/IHa
napaMeTpoOB 1A COOTBECTCTBYIOIINX MAaTCPHAJIOB.

B IlpunoxxeHnnn 2 TpUBOAATCS OIpPENENeHUs Ui Pa3IU4YHBIX THIIOB TIOTEPh INPH PACHPOCTPAHEHHH,
CBSI3aHHBIX CO 3JaHUAMH, a TAK)Ke MPEACTABIEHO PYKOBOJCTBO MO N3MEPEHHIO MTOTEPh Ha BXOJIE B 3aHHE.

[Tpumeps! pe3ynbTaToB H3MEPEHUS MOTEPh HA BXOJIe B 34aHue npuBeneHsl B Otuete MCO-R P.2346.

Ipuiaoxenue 1

1 Beenenne

Hacrosimuee IlpunnoxkeHne cOOEpKUT PYKOBOACTBO O BIMSHUU 3JIEKTPUYECKUX CBOMCTB CTPOUTEIBHBIX
MaTepHUaloB U CTPYKTYpP HA paCIpOCTPaHEHHUE PaJUOBOJIH.

B pasmene 2 onuchIBalOTCS OCHOBHBIE NPUHIMIBI B3aUMOJEWCTBUSL PAIUMOBOJIH M CTPOUTEIBHBIX
MaTepuasoB, ONPENEISIIOTCS pa3iIMyHble MapaMeTphbl NMPH HCIIOIBb30BAHUHU JJIS 3TUX LEled U MpPUBOAATCA
OCHOBHBIE ()OPMYIIBI Uil pacueTa OTPaKEHHs M MPOXOXKIACHUS PaJMOCHUTHAIOB CKBO3b TPAHUIIBI paszesa
OTACTBHBIX MaTepHalioB, a TaKKe OJHOCIOWHBIX W MHOTOCIOHHBIX IUINT, IIUPOKO NPHUMEHSEMBIX B
CTPOUTENBCTBE 3JaHUH.

B pasmene 3 omuchIBalOTCS MOJENb 3JEKTPUUECKHX CBOWCTB M TaONUIA MapaMeTpoB JUIS Pa3IMYHBIX
CTPOUTENBHBIX MaTEpPHUAJIOB.

2 ba3oBble NpMHUMIBI H TeOpUst

IIpyn B3auMOIEWCTBUM PATMOBOJIH M 3JaHUI BO3HHUKAIOT IIOTEPH, KOTOPBIE 3aBUCAT OT AIEKTPHUECKHUX
CBOWCTB CTPOWTEIBbHBIX MaTepHalioB W CTPYKTypbl MaTepuajioB. B jaHHOM paszzgene o00CyxmaroTcs
TEOPETUYECKHE aCTIEKTHI BIMSHUS 3JIEKTPHUECKUX CBOMCTB M CTPYKTYpPHI MATEPHAIIOB HA PAaCIpPOCTPAaHEHHE
PaavoOBOJIH.

21 Teopusi d1eKTPHYECKHX CBOIICTB MATEPHATIOB

1.2.1.1 Bgenenue

B nanHoM pazzene ommchiBaeTcsl pa3padoOTKa MPOCTHIX YAaCTOTHO-3aBHCUMBIX (DOPMyYJ MPOHULIAEMOCTH U
MPOBOJMMOCTH OOBIYHBIX CTPOMTENILHBIX MaTepraioB. PopMyIlbl OCHOBaHBI Ha KPUBOM, COOTBETCTBYIOLICH
psily OIMyOJIMKOBAaHHBIX PE3yNbTATOB W3MepeHHi, B OCHOBHOM B juamna3zone vacror 1-100 ITu. Lems
COCTOWT B TOM, YTOOBI HaWTH MPOCTYIO MapaMETPU3AIMIO I MPUMEHEHHS B MOJECTUPOBAHUH XOJa JTydei
MIPY PaclpOCTPAHEHNH PAJHOBOJIH U3HYTPU 3/1aHUS HAPYKY.

B nureparype mpencTaBieHbl pa3iWYHBIE CHOCOOBI ONMHUCAHUS XapaKTEPUCTUK D3JIEKTPUYECKUX CBOWCTB
MatepuaioB. OHE paccMaTpHUBarOTCS B MyHKTE 2.1.2 B MeNAX MPUBENECHUS M3MEPEHHBIX JAHHBIX K 00IeMy

¢dopmary.
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2.1.2 Meton

2121  Onpenejenusi 31eKTPUYECKUX MOCTOSIHHBIX

JIaHHBIN METOJ MPUMEHHUM TOJBKO K HEHOHHU3UPOBAHHBIM, HEMAIrHUTHBIM MaTepHaiaM M MO3TOMY Jajiee MbI
3aj1aeM 3Ha4YCHHE TNIOTHOCTH CBOOOIHOTO 3apsiia Pr, PABHOE HYIIIO, a MPOHUIIAEMOCTh MaTepuaia |, PaBHYO
MPOHHUIIAEMOCTH CBOOOHOTO MPOCTPAHCTRA L.

OCHOBHBIMU HUHTCPECYIOIMMHU  HAC  KOJIMYCCTBCHHBIMH  MapaMCTpaMUu  ABJIAIOTCA  SJICKTPUYCCKAA
MNpOHUIAEMOCTL € H©W NPOBOJUMOCTL O. B JIMTepaType pacCMaTpuBacTCd MHOKCECTBO CII0CO00B
KOJMYCCTBCHHOI'O BBIPAXKCHHUA I3THUX IMMapaMETpOB, IMO3TOMY BHadal€ CJICAYCT 4YCTKO IMOjACHUTHL 3TU
Ppas3IMYHbIC TPECACTABICHUA U B3aUMOCBA3U MCKAY HUMU.

2122 BsiBoa gopmya

HcxomgHolt TOUKO# sIBIsEeTCS BOJHOBOE ypaBHEHHE, BBIBEIACHHOE W3 ypaBHeHuil Maxkcsemna. C ygerom

BBIIIICYKAa3aHHbBIX I[OHyHICHI/II‘/'I BOJIHOBOC€ YPAaBHCHUC JIA SJICKTPUICCKOT'O IMOJIA E

VZE*SHan_E :Hoa]_f: 1)
ot ot
rje
E : (BexTOpHAs) HAMIPSDKEHHOCTH IEKTpHUYecKOro mois (B/m);
Jf ©  IJIOTHOCTH TOKA CBOOOHBIX 3apanoB (A/Mm?);

€. JUIJIEeKTpHuecKas mpoHunaeMoctb (D/m);

Wo: TIPOHMIAEMOCTH cBOOomHOro mpoctpanctea (H/A?), pasmas 4nx 107 mo
OIpPE/IETIEHHIO.

— —

B npoBoanuke J; coorHocurcs ¢ E no 3akony Oma ¢ momorisro GpopmyJisl

J, =oE, )
rue
c— mpoBoauMocTh (Cm/m).
O6wenunuB ypaBHenus (1) u (2), monydaem
VZE—suoa;t—E =u06%5. (3)
3anuchiBaeM E B BHIE YKCTIOHGHIMATBHOTO NpEeACTaBICHUS:
E—Eeilotkr) (4)
rne
Eo © smauenne E mmt=T =0 (B/m);
K : penmamma (BEKTOPHOI0) BOMHOBOTO 4ncia (M '), paBHas 27/A, re A — AJIMHA BOJIHBI

(m);

®: yruosas yactora (¢ '), pasnas 2xif, rue f — wacrora (¢Y);

=y

(BEKTOpHOE) MPOCTPAHCTBEHHOE PACCTOSTHHE (M);
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W 3aMEHsIeM B ypaBHEHUH (3), 4TO 1aet

k? —ep,0® + jop,c=0, (5)

—

rae k — Benmuuna K .

VYpaBHeHue (5) MOKa3bIBaeT, YTO HAIMPSHKEHHOCTh AJIEKTPUYECKOTO TMOJsl PACHpOCTpaHseTcs B BHUIE
3aTyXaroueld CUHYCOUAAIbHON BOJIHBI.

2.1.2.3 HenpoBoasiuuii 1n31eKTPUK

B uemnpoBomsiiem auonexTpuke (¢ =0) mosie SBISETCS HE3aTyXarolmMM, a M3 ypaBHEHHs (5) CKOPOCTh
pacmpoctparenus V (= o/k) cocraBmser

(6)

YcoBHO 3ammcblBaeM € B BHIE OTHOCUTEIHHONW TIPOHUIIAEMOCTH W IMPOHHUIIAEMOCTH CBOOOIHOTO
MIPOCTPAHCTBA:

E=NEg, )
rue
N : OTHOCUTENbHAs AM3NEKTPUUYECKas NPOHULATEIBHOCTh PACCMAaTPUBAEMOIl Cpebl;
€. AUAIIEKTpUYECcKas MIPOHULIAEMOCTb CBOOOJHOTO MIPOCTPAHCTBA, paBHas

8,854 x 10712 (®d/m).

CrenoBarenbHO, CKOPOCTh PACHpPOCTPAHEHHs BOJIH B CpPelie C OTHOCUTEIbHOW HMPOHUIAEMOCTBIO 1| MOMKET
OBITh BRIpJKEHA KaK

= (8)

r7e C — CKOpOCTh CBETa B CBOOOIHOM MpocTpaHcTBe (paBHas 1/./€ . THMH CJIOBaMH, SIBIIAETCS
p pocTp oo Py n

MMOKAa3aTeJICM IIPEIIOMIICHUA HHSH@KTpH‘ICCKOﬁ Cpcabl.

2.1.2.4  TlpoBoasiuii TUIJIEKTPUK

Korna o#0, BomHa 3aTyxaeT IO Mepe pacmpoCcTpaHeHHsA. B maHHOM cilydae ymoOHO OIpPEneTuTh
KOMIUICKCHYI0 OTHOCHUTEIIbHYIO JTUAJICKTPUUCCKYI0 MPOHUIIAEMOCTh ClenyromM obpaszoM. IIpeodpasyem

ypasHenue (5), 3ameHss ¢ =1/ (go1p ), ¥ HIOMydaEM

2

c . ©
—Z =n-J— (%2)
Vv €,0
2
[Tockonpky w3 ypaBHeHHS (8) MOIyIaeM ~> =1, KOMIUICKCHAsl OTHOCHTEJbHAS JHIIEKTPHIECKas
v
MPOHUIIAEMOCTh MOYKET OBITh BhIpa)KEHA KaK
, . ©
ner - (9b)
€00

OTO TMOKa3bIBa€T, YTO OTHOCHTEIBHAS TPOHUIIAEMOCTb, OIpeaeseMas JUIsi YHCTOTO JIHUIJIEKTPHKA,
CTAaHOBUTCS NTEUCTBUTEIHLHOW YacThio M' Oosee 00IIel, KOMIUIEKCHOW OTHOCUTEIIEHON MPOHUIIAEMOCTH 1),
onpeaensieMon s MPOBOASILIETO JUAIEKTPUKA.

I[J'Iﬂ 0003HAYCHHUS PTUX TCPMHUHOB HC CYHICCTBYCT 061L[€HpI/IHSITBIX CHMBOJIOB. B HaCTOﬂIl[efI PeKOMeHI[aI_[I/II/I
OTHOCHUTCJIbHAA TUIJICKTPUYCCKaA IMPOHNIACMOCTD 3allMChIBACTCA B CIICAYIOUIEM BUJIC!

n=n-jn’, (10)
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rae ' un" — nelcTBUTENbHAS M MHUMAs YacTu. U3 ypaBHeHus (9b) moaydaemM MHUMYIO 4acTh:

= (11)

Crnenyer OTMETUTh, YTO 3HAK MHHUMOM YacTW 1| SABJISACTCS NMPOU3BOJIEHBIM U OTPAaXKaeT MPABHJIO 3HAKOB B
ypaBHeHUU (4). B mpakTruecknx equaunax ypasaenue (11) obecieunBaeT npeobpazoBanue u3 1" B G:

6=0,055631"f . (12)

i

Hpyras hopMymupoBka MHUMON 9acTH 1) BEIPAXKAETCS B BUJE MAH2eHCA Y2ild HOMePsb, OTIPENETIeMOT0 KakK

"

tand="\; (13)
n
1 TaKUM 00pazoM
tand = . (14)
EW
VYpasuenue (10) maer
n=n'(1- jtand); (15)
a B [IPAKTUYCCKUX CANHUILIaX
o =0,05563n'tand f,.. (16)

JpyruM WHOTAAa BCTpEYaeMbIM KOMIIOHEHTOM SBIIsieTcA MokasaTenb Q cpeapl. DTOT MOKa3aTellb
oIpejesieTcs Kak

Q=% (17)

W
o

¥ SABJIAETCS OTHONIEHWEM ILIOTHOCTH TOKa cMemieHus OD/Ot k mnumoTHocTM Toka TpoBoaMMOCTH Jr.
Jlns HermpoBogHUKOB Q — o0, 3 ypaBHeHus (14)

Q=1/tans. (18)

EIIIC OIHHUM BCTPCYAIOMIMMCA KOMIIOHCHTOM ABJIACTCA KOMILUIGKCHBIN IOKa3aTellb IIPEIIOMIICHUSA n,

OTIpe/IeTIIEMBIN KaK 4/ 1] . 3amuchiBaeM N B BUJIE €T0 JE€HCTBUTEIHHON M MHUMOM YacTH:

n=n'-jn"=/n. (19)
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3navenws n', N" ¥ ¢ momy4daroTcs u3 ypaBaenuii (10) u (12) cinemyronum oOpa3om:
=) -
n" =2nn" (20)
c= 0,1113 n'n" f..

2.1.25 Koxpduuuenr ociadaenus

[TpoBOASAIINI JUAIEKTPUK OCNAOIAET DIEKTPOMArHUTHBIE BOJIHBI 110 MepEe MX pacnpocrpaHeHws. Jlis
KOJIMYECTBECHHOTO BBIPAKEHUS 3TOTO SIBJICHUS HEOOXOIMMO IMOJCTaBUTh ypaBHeHHe (5) B ypaBHeHHE (4) U
YIPOCTUTH PUMEHEeHHE ypaBHeHus (14):

E=E, o {j(ot—n' @ jtand)k, -, (21)
rae

K, —  (BekTOpHOE) BOJHOBOE YHCIO (M*) B CBOGOIHOM MPOCTPAHCTBE.

MHuuMas 9acTh 101 3HAKOM KBaJApaTHOI'0 KOPHA BEACT K OKCIIOHCHIIUAJIBHOMY 0CJIa0JICHUIO SJIEKTPUIECKOI'O
I10JIA 110 MEPE YBECINYCHUSA PACCTOAHUA:

E o Egexp(-|F|/A). (22)

B npakTuueckux pacueTax ¢ HCHOJIb30BAHHMEM KOMIUIEKCHBIX IEPEMEHHBIX PACCTOSHHUE 3aTyXaHHs CHTHaja
A, Ha KOTOPOM aMIUTUTY/Ia TIOJIsl yMEHBIIAETCsI Ha 1/€, BBIYHUCISIETCS CIEeTyIOIIM 00pa3oM:

-1t (23a)
Im(k, /1)
rae ¢yHKIus Im Bo3BpamaeT MHUMYIO 9acTh €€ apryMeHTa. MOoXKHO I0Ka3aTh aHATUTHYECKH, 9TO
1 2C0s o (23b)

"k \(—cosd)

DTOT IoKa3aTeab MOXKHO OLICHUTDH ITYTEM BBIYHCIICHUA tand u3 T] 1 O, a TAK)XKEC IIYTEM MHBCPTUPOBAHUA JJId

nostyueHus cos d. OHaKO BO3MOXKHA 00Jiee HEMOCPECTBEHHAs OLIEHKA B JIByX mpenenax — o — 0 (mpemnen
Uil TURJIEKTPUKA) M G —> oo (Tpenen uis XOpoulero mnpoBoaHuKa). IIpu BeIOOpe COOTBETCTBYIOIIEH
anMpOKCUMAIIMM BBIPaXXEHHUS 0]l 3HAKOM KBaJApaTHOTO KOpHS B ypaBHeHHMH (21) TakuMu mpeaenaMu
SIBIISIFOTCAL

1 2
Ay =t L (24)
Ouanekmpux ko (n, tan 8

1 | 2 (25)

A =
npoeooHuK ko \/? tan 6

Tounocte ypaBHenuit (24) u (25) cocraBnser okono 3% musa tan 6 < 0,5 (mudnmektpuk) u tan &> 15
(mpoBoHUK). [TapaMeTp Auposoonux, KK TPaBUIIO, HA3BIBAETCS "TITyOMHA MPOHUKHOBEHUS .

I[J'Iﬂ MPAKTHYCCKUX ueneﬁ K03(1)(1)I/I]_[I/IGHT ocnallleHusT SBISETCA O0Jiee TMOJIE3HBIM KOIMYECTBECHHBIM
nmapaMeTpoM, 4€M pacCTOSIHUC OCHa6.HeHI/I$I, " CBsA3aH C HUM IPOCTBIM COOTHOMICHUEM!
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A

=% —8.686/A, (26)

rae
A—  koaddumment ocnabnenus (1b/m) (mpu 0603HaUCHUN A B METpax).

[MoncraBuB ypaBuenwus (24) u (25) B ypasaenue (26) u npeobpa3oBaB B MIPAKTHYECKHUE €TUHHLIBL, TIOTYYaeM:

(¢}
Adua.aexmpux =1636 W ; (278.)
A’lpoeot)mm: 54518 G f1"]"1_1 . (27b)

2.1.3  YacroTHasi 3aBHCUMOCTD CBOICTB MaTepHuajia

B nmrepartype Bcerma TpHUBOAWTCS JEUCTBUTENbHAS YacCTh UAJIEKTPUYECKON ITOCTOSHHOW 1|, OJHAKO
4JaCToTa, KakK IIpaBUJIO, HE YKa3bIBACTCA. Ha MPAKTHUKE 1A MHOIMX MAaT€puaioB 3HAYCHUC T]' ABJISICTCA
moctossHHBIM B Tipenenax or DC go mpubmusutensHo 5—10 ', mocne dero oHO HaYMHAET CHIKATHCS B
3aBHUCUMOCTH OT 4aCTOTHI.

3HaueHHe ©, KaKk MpPaBWIO, CWIBHO 3aBUCHT OT YacTOTBl B PAacCMaTPUBAEMOIl IIOJIOCE YacTOT H
YBEIIMUUBACTCS C YACTOTOW. DTO MOXKET OBITh OJHON M3 MPUYMH YaCTOTO YKa3aHUsS B JUTEpaType MHUMOUN
YacTH JUAIIEKTPHUECKON IMOCTOSHHOW WM TaHTEeHCa yria moTepb — ypaBHeHus (12) u (16) moka3beIBarOT, 4TO
JTaHHBIE KOMIIOHEHTBHI YCTPAHSIOT JHMHEHHYI0 YacTOTHYIO 3aBHCHUMOCTh B OTJIMYHE OT YacTOTHOM
3aBUCHMOCTH ©.

IIJI)I KaXXaoro marcpuajia MOXKET OBITH IMoJIiyd4€Ha mnpocTtasa MOJC/IbL pPEerpeCCuun YaCTOTHON 3aBUCHUMOCTH G
IMyTEM NIOACTpAarBaHWA MO U3MCPCHHBIC 3HAUCHNA G Ha HECKOJIBKUX YaCTOTax.

2.1.4  Moaejau 4aCTOTHOW 3aBHCHMOCTH CBOMCTB MAaTEePHAJIOB

UroObl BBIBECTH YacTOTHYIO 3aBHCUMOCTH CBOHCTB MAaTEpUANIOB, 3HAYCHHUS JIIEKTPUYECKUX KOHCTAHT
MaTepuajoB MOXHO OMHCATh C TIOMOIIBI0 YaCTOTHl M3MEpPEHUH, AeWCTBUTENbHOM 4YacTH (N') U MHUMOHU
gactd (N") OTHOCHTEJBHOW IHMAIEKTPHUYECKOHW NPOHMLAEMOCTH, TaHIeHca yria noreps (tand) u
npoBoAUMOCTH (C). BeipaskeHust, npuBeneHHbIe B MyHKTE 2.1.2.4, IO3BOJIAIOT BBIOJIHATH NPe0Opa30BaHUs
3THX KOJMYECTBEHHBIX BEJTMYUH.

Yo xacaercsa IMpOBOJAUMOCTH, TO O6BI‘IHO UMCHOTCA CTaTUCTHYCCKHU 3HAYUMBbIC JaHHBIC 06 €€ YBCJIIMYCHUU B
3aBUCHMOCTH OT YaCTOThI. B 3TOM cilyuae COOTBETCTBYIOIIAs TCHICHIHS Oblila CMOJICTMPOBAHA C TIOMOIIBIO
cienyromei GopMyIibL:

o=cfd,, (28)

rae C ¥ d — KOHCTaHTbI, ONPEAEIISIONINE XapaKTEPUCTUKH MaTepralia. ITo 0TOOpa)xaeTcs IPsAMOil THHUEH Ha
rpaduke log(c) — log(f). JTunust Tpernaa Hanay UM 06pa30M COOTBETCTBYET BCEM MMEIOIIIUMCS JTAHHBIM.

I[J'Iﬂ OTHOCHUTEILHOMN ,Z[PIBJIGKTPPI"ICCKOIZ MPOHUIACMOCTH MOXHO IIPUHATH AHAJIOTMYHYH0 YaCTOTHYIO
3aBHCUMOCTbH

rae a ¥ b — KOHCTaHTBI, ONPENEIIAIOIINe XapaKTepUCTHKH Marepuana. OMHAKO TMOYTH BO BCEX CIydasx
OTCYTCTBYIOT [JaHHble O TEHACHIWM YAacCTOTHOM 3aBUCHMOCTH OTHOCHTENBHOM AMAIEKTPUIECKOU
MPOHHUIIAEMOCTH. B 3THX ciydasiX TOCTOSHHOE 3HA4Y€HHE MOXKHO HCIIOJb30BaTh HA BCEX YacTOTax.
[MocTrossHHOE 3Ha4YeHWE SIBISIETCS CPEJHHM M3 BCEX HAHECEHHBIX Ha rpaduk 3HayeHnd. Hekoropble
napameTpsl 1aHbl B Tabauie 3.
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2.2 Biinsinne cTpPYKTYpBI MaTepHAaJiOB HA pACIPOCTPaAHEeHUE PAIOBOJIH

221 Ortpaxenne W meperaya IUIOCKHX BOJH HAa  OAMHOYHOH  IUIOCKOW  rpaHMIe
pasjaeJia cpej

B nmamHOM pasnmene paccMaTpuBaeTcs TaJeHHE IUIOCKOM BOJHBI HA IUIOCKYIO TPAaHUIy pasgena JBYX
OZTHOPOJHBIX H30TPONHBIX CPEA C Pa3HBIMH DJICKTPUYECKUMHU cCBoiicTBaMu. [IpoTshkeHHOCTH cpen OT
TpaHMLBI pa3/iena AOCTaTOYHO BEJMKA M [MO3TOMY MOKHO MpeHeOpeyb BIUSHHUEM APYTHUX TpaHUIl pas3lena.
3TO MOXET OBITh HE XapaKTEPHO JAJISl TUIIOBOW FeOMETPHUYECKON CTPYKTYpHI 3aanus. Hampumep, Ha motepu
IpU PacIpOCTPAaHEHNH CHTHAla 4Yepe3 CTEHy MOTYT BIHMATh MHOTOKPAaTHBIE BHYTPEHHHE OTpPa’KCHHMS.
Mertoasl pacueTa KO3QQHUIMEHTOB OTPAXKECHUS U TIepelayl CUTHAIOB Yepe3 OAHOCIOWHBIE U MHOTOCIOWHBIE
TUTUTHI TIPUBENICHEI B TyHKTE 2.2.2.

[Inockas BomHa y#moOHa &Sl TIPOBEACHHS aHAIM3a, HO ATa KOHIEMIUS SBJISETCS B OONbBIIEH CTEeleHn
Teoperudeckoii. Ha mpakTrke BoiHa SBJIsIETCA IUIOCKOW JHING MPUOIM3UTENsHO. B maHHOM ciiydae 3To
B2)KHO, TOCKOJBbKY HJICATBHO IUIOCKAash BOJIHA HE TOJBEp)KEHA TOTEPSIM B CBOOOJHOM IPOCTPAHCTBE
(moTepssM Ha pacxoAWMOCTH). B HIKecHeAylommx MeTo/laX He YYHTHIBAIOTCS TOTEpH B CBOOOJTHOM
MIPOCTPAHCTBE, a PACCMATPUBAETCS JIUIIIHh BIUSHUE TPAHUIIBI pa3/iera Cpel.

2211 HakjaoHHOe MajeHue BOJHBI HA IVIOCKYIO TPAHUIY pa3aesia cpej

Ha pucynke 1 m3o0pakeHa CHHycOHMIajbHAs IUIOCKas BOJIHA, HAKJIOHHO TAJaloMias Ha IUIOCKYIO TPAaHHILY
paszena IByX OZHOPOIHBIX HEMATHUTHBIX JUDJICKTPUICCKUX CPell C OTHOCHTEIHHON MPOHUIIAEMOCTEIO 11 U
T2. 3HAUEHUS 1 MOTYT OBbITh PACCUMTAHBI U3 JCHCTBUTEIBHON YaCcTH MPOHUIIAEMOCTH M' U TPOBOJAUMOCTH G
mpu oMo ypasHeruit (10) u (11). B tabmuie 3 npuBeneHsl mapaMeTpsl I pacueTa JaHHBIX BETNYHH
KaK (DyHKIHH 4acTOTEHI.

Hcxons u3 reoMeTpruecKUX COOOPaKCHUM IS 3TOTO CIydas CYIIECTBYIOT TPH BaXKHBIC TEOPEMBI.

1) BekropHble BOJHOBBIE YHCIA OTPAKEHHBIX W TIEpellaHHBIX (TMPETOMIICEHHBIX) BOJH JIeKaT
B IUIOCKOCTH MaJCHHUS, TO €CTh IUIOCKOCTH, ONPEICIsIeMON BOJTHOBBIM YHCIIOM K; Iagaromiell BOJIHBI
U HOPMaJIBIO K IUIOCKOCTH pasfena. B KauecTBe MOCHENHEN MpUHUMAETCs IIOCKOCTh X—Z Ha

pucynke 1.
2) Yribl najgeHus ¥ oTpaskeHus paBHBI (00a yriia 6, Ha pucyHKe 1).
3) VYron npenomienust 2 COOTHOCHTCS € YITIOM MaJIeHUs COMIacHO 3akony CHemmyca:

- ¢, =cly\n, c,=c/\yn, _
e u COOTBETCTBYIOILINE 3HAYEHUSI CKOPOCTH PACIPOCTPAHEHMS BOJH B JIBYX

cpenax, a My M MIPEJICTABIIAIOT KOMITJIEKCHYIO OTHOCUTENBHYIO TUAJIEKTPUUYECKYIO TIPOHHUIIAEMOCTh JIBYX
cpex.

DTH  TeopeMbl  OOECNEYMBAKOT  MIEHTHYHOCTh  OKCIIOHEHIMAIBHBIX  ITPOCTPAHCTBEHHO-BPEMEHHBIX
!
K03 hHIMEHTOB exp{ J ((ot—k . I’)} ms atux tpex BonH (K —k;, K, , K, coorBeTcTBEHHO) BO BCex TouKax

rpaHuIbl pa3aeia Cpea.

PUCYHOK 1

OTpakeHue M MpeJOMJIeHHe NJIOCKUX BOJIH HA MJIOCKOIi rpaHuIe pa3iena
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Tonspuzamusa TE TMonspuzamus TM
X & 4
Cpenal | Cpena2 Cpenal Mn,(Mm, Cpena2
S, H, S
kr kr Hr
O
E, K, O E, k,
O St E, 0 f St
01 \ 0, H 7z 0, 3 0, t z
0, 91K
k; E, K,
Si S|
E@ O
Hi
H;
P.2040-01
Ha pucynke 1 nmokasansl ABa BuAa NOJSPU3ALUN NAAAOIICH BOJIHBL.
a) CrneBa — BEKTOp MAJAIOMIETO SJIEKTPHUECKOTO TONs Ej meprieHAnKyIsIpeH mIoCKOCTH HaieHus. JTo

Ha3bIBaeTcs rmonepedHoil snexrpudeckor nonspuzanued (TE). CHHOHMMBI — MepreHauKyIsIpHas
noJjiapusanud, S-moJisIpu3alusa U G-IoJIsApUu3alus.

b) CrpaBa — BEKTOp MaJaloMIero OJIIEKTPUYECKOro moisi Ej mapanneneH mIOCKOCTH TaIeHHS.
OTo Ha3pIBaeTca morepedyHor MarHuTHou mosspuzarueil (TM). CuHOHMMBI — TapalienbHas
TOJISIpU3ALIHS, P-TIONSIPU3AIUS U TT-TIOJSIPU3ALIUSL.

B mocneayronux onrcaHUsAX THI MOJISIpU3aiy 0003Havyaercs cokpamenusmu TE u TM.

[Ipu mpoBeneHNH pacueToB BOJNHA C TMPOM3BOJIBLHOW WIIM KPYTrOBOW MOJSpH3AMEH MOXKET OBITH Pa3ioKeHa
Ha ee coctapmstomue TE u TM, koTopble 3aTeM MOTYT ObITh BHOBb OObEAMHEHBI.

Koapduuuentsl oTpakeHHs H Iepedadyd dJICKTPUUECKOTO IO  ONPEHeNsSioTCS Kak OTHOLICHUS
OTPaXEHHOT'O W MEPEeJaHHOro (MPEIOMIICHHOI0) BEKTOPOB COOTBETCTBEHHO K COOTBETCTBYIOILIEMY BEKTOPY
najialonield BOJIHBI, KOTOpble HMEIOT MECTO Ha rpaHHIe paszzieina cpel. Kak mpaBuiio, 3TH KOIQQHUIUEHTHI
SBIISIIOTCS KOMIUIEKCHBIMH BeJIHMYMHAMHU. B mpuBeqeHHBIX nanee (OpMylax HE YUYHUTHIBAIOTCS MOTEPH B
CBOOOJHOM TNPOCTPAHCTBE M Jpyrue MOTEpPH, BO3ZHHUKAIOLUIME OO WIM IOCJIE B3aWMOJECHCTBHUS BOJHBI C
rpaHuLel paszaena.

Hwxecnenytomue ¢popmynbl 11t K03GGUIMEHTOB AIIEKTPUIECKOT0 TOJIsl JEHCTBUTEIBHBI IPH YCIOBUH, YTO
BEKTOPBl 3JIEKTPUYECKOr0 M MArHUTHOTO TIOJIEd HENpephiBHBI B IJIOCKOCTH TPaHUIBI pasiena.
Koadduuumentsr oTparkeHus n nepegaun odoszHavaroTcsi kak R u T coorBercTBeHHO. Tum BekTopa U
nonsipuzanyu (TE wmu TM) obGo3Havyaercss moacTpouHbIM HHAEKcoM. Kaxmoe m3 ypasuenuit ¢ (31a) mo
(32b) cocrouT M3 ABYX YacTeil B 3aBHCUMOCTH OT HaJIM4Ms IOJHOTO BHYTPEHHEro oTpaxkeHwus. [lomHoe
BHYTPEHHEE OTPa)XKCHHE BO3MOXKHO JIMILIb B TEX Cly4yasx, KOTJa BOJHA IaJaeT Ha cpeny ¢ Oojiee HU3KUM
WHAEKCOM TPEIOMIICHHUS.

KoaddunueHt orpaskeHus 3JISKTPUUECKOTO oIS )it nojsipuzanuu TE

\/TTlCOSGI - \/Ecosez

N1 | g .
—=|sinB, <1,
R _Er_)nicoso+n, cosd, Yin ' (31a)
eTE — =~
E
' 1 T sin6, >1.
N2

KoaddummenT orpaskeHus 37EKTPUIESCKOTO OIS IS osispusanuu TM
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mn, €0sH; — \/nTcosez M lcing. <1
1 5
R = Ere Jn, cos, +/n, cosd, \|n, (31b)
e
E
' 1 T ising, >1.
N2
KoaddummenT nepenaun d1eKTPHIECKOT0 OIS Iy ojsipu3anud TE
2y/n, cost, ising, <1,
1B Jm cosb, +./n, cosh, \|n, (32a)
e
E
' 0 T sin 0, >1.
M2
KoaddummenT nepegadn dMeKTPHIESCKOTO OIS IS Hospu3aun TM
2y cost, .
—={sinf, <1,
T, = E,_Jyn, cos, + Jnicoso, \|n, : (32b)
e
E
' 0 U sin 0,>1.
N2
TIE 1M1t U T2 — COOTBETCTBYIOIIME 3HAYCHHUS KOMIUIEKCHOW OTHOCHUTEJIBHOW JAUIIIEKTPUUYECKON

NPOHUIIAEMOCTH cpex | W 2 COOTBETCTBEHHO. OJTH BEIMYMHBI MOTYT OBITH IOJIy4EHBI TIPH ITOMOIIA
ypaBHeHus (9b), mpu 3TOM 3HaUEHUS 1’ U G YKa3aHHI B IyHKTe 3 U Tabmuie 3.

3navenus cos 02 B ypaBHeHMsX ¢ (31a) mo (32b) MoryT OBITH BEIpa)keHBI uepe3 01 Ipu MOMOIIY ypaBHEHUS

(30) cnemyromum oO6pazom:
cosh, = /1—%sin261. (33)

I[Ipu 0:=0 mmockocTh MageHUs OIHO3HAYHO He omperensercs. B 3ToMm ciydae Bce HampaBiIeHHUS
pacnpocTpaHeHus] PagHoOBOJIH EPIEHANKYIIIPHBI TPaHULIE pasesnia Cpel, a aMIUIMTYAbl Ko3dduuuenTos us
JaHHOW (OPMYJNIBI ISl KaKAOH MONSAPU3AIMHM OJMHAKOBBL. [IpH OTpaKCHWH BOJIH 3HAK, OYEBHHO,
U3MEHSETCS. DTO CBSI3aHO UCKIIIOUUTEIBHO C METOAOM OIpEeAENeHHs MOIIpu3aluu; (U3MYECKH I0JIe He
pepbIBaeTCs.

2.21.2  Ilpumepbl pacueToB

Ha pucynke 2 npuBesieHbI IPUMEPHI pacueTa aMILTUTY] K03((GUIHMEHTOB OTPAXKEHUS U MIEPEaayH i BOJIHbI
gacroroi 1 I'T B Bo3myxe, magaronieid Ha OETOH B ONPEIEIICHHOM JMara3oHe yIioB HaleHus Uit 000Hux
BUJIOB TOJIsipu3anui. Pacyer mpoBeieH npu nmomoinu ypaBHeHwui ¢ (31a) mo (32b), a cBoiicTBa GeTOHA B3STHI
u3 TaOIUIEI 3.
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PUCYHOK 2

Ko3¢puuuents! oTpakeHus U nepeaayu Ha rpaHuue pasjesia Bo3ayx/0eron Ha yacrore 1 I'T'p

1
0.9
08
07 —A
06
05 o

0,4 ==
03 ﬂ_\\\
o \\@/,

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

[

09
08
07
06 F————e .
05 B S
04

05 TE f\
02 h
01

AMiumTyna koG duuneHTa orpasKeHust
\
1
\

AMIumTya koodduiuenta orpaxxeHus

VYron orpaxeHus (rpamychbl) VYron orpaxeHus (rpamychbl)

P.2040-02

2.2.1.3 IHoacTaHoBKA mepeMeHHBIX 1JIs1 3HAYEHUIT KO3 (PPUIIHEHTOB

LlenecooOpa3HO OTMETUTH CIICIYIOIIME IOJCTAHOBKH IEPEMEHHBIX IS  KO3(Q(UIMEHTOB BEKTOpa
ANEKTPUIECKOTO TOJIS, Tl MOACTPOUHbIE HHIEKCH 0003HadaroT cpedy (1 wimu 2), B KOTOpO# BOJHA MajgaeT
Ha TPaHUILy pasJiena:

2.

a) JUIsL KaXKJI0ro TUIIA Honspusanuu R, = —R, U COOTBETCTBEHHO Rl2 =R;;

b) AT KKIOTO THIA MOJNApU3aluy T,T, =1— R?, TA€ B 3aBUCHMOCTH OT a) 3Ha4eHUE R MOxeT ObITh
paBHoO 1100 R1, 11100 R>.
2214  Kod(pdunueHTsl 115 3HAYEHUI MIOTHOCTH MOTOKA MOITHOCTH

Koaddumments! ans 3HadeHUH MIIOTHOCTH MOTOKA MOIIMHOCTA MOTYT OBITh MOIYYeHBI U3 KOA(PHHUIIMEHTOB
BEKTOpA JEKTPUUECKOT0 MOJIS:

RsT Ez%zReT E% (34a)
RTM=3-=ReT M (34b)
1
Tere :i:TTEZ &; (358.)
’ ST M
Tom = %ZTHM2 % (35b)
i 1

Takum o6pa30M HU3MCHCHHUC YPOBHA CHUI'HAJIa B ,Z[eL[I/I6eJ'IaX, BbI3BAHHOC OTPAXKCHUEM U nepezxaqeﬁ BOJIH,

OTPECIISACTCS KaK 1OIOQQRSD i 10 IOQQTS ), rae Rs u Ts 0003Ha4aroT 1100 K03 QUITMEHT OTpaxkeHus, 1100

ko3 duiMeHT nepenaun S-BekTopa B ypaBHeHusx ¢ (34a) no (35b).

Jlnist coxpaHeHus PHEPTUH Ha TpaHuIle pa3jieia cpea HeoOX0uMo, YTOOBI TIPH 3aJJaHHOH Tuomany GppoHTa
MajaroIell BOJHBI CyMMa MMOTOKOB MOIIIHOCTH OTPa)KEHHOTO W MEPEeJIaHHOTO CUTHAIOB OblIa paBHA IMOTOKY
MOIIHOCTH T3 AI0NIeH BOJHBI. DTO MOXKHO MPOMLIIFOCTPUPOBATH, €CIIM YYeCTh U3MEHEHUE TUPUHBI (PPOHTA
BOJIHBI TIPH TPETIOMIICHUH. J{J1s1 Ka)KI0T0 THITA TTOJIIPU3AIAH

cos6
Ry+Tg——2= =1, (36)
cos0,
cos 0,
rie ——— HaCTpaI/IBaeT CsI B 3aBUCHUMOCTHU OT USMCHCHU S IHI/IpI/IHI)I q)pOHTa BOJIHBI.

Ccos 0,
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2.2.15  YnpoiueHHble BbIpaKeHHUs 15 MAJA0NMIel BOJHBI B BO3IyXe

Ecmu cpenotii 1 apnsiercst BO3ayx, To ypaBaeHus ¢ (31a) mo (32b) MoryT OBITH yIIPOIIEHBI J10:

. cosf —,n—sin’6 (373)
" cosh +.n—sin?0

ncosh — ./ —sin’ 0

Rer = (37b)
Ncosh +,/n—sin’0
2c0s6
To= : (38a)
cos 0 + \/ﬂ —sin®0
2,/1mc0osH
— (380)

_ncose +\/n—sin2 3

rae 6 — 3To yroa mameHus, a 1| — OTHOCHTENbHAs TUAJIEKTPUUECKasl MPOHHUIIAEMOCTh CPElbl, B KOTOPOH
pacrnpocTpaHsieTcs Majaronas BojJHa.

B ypaBuenusx c¢ (37a) mo (38b) momHOe BHYTpeHHee OTpakeHHE Ha TpaHUIle pasfiesia HEeBO3MOXKHO,
MOCKOJIBKY MPEATNOaracTcs, 4To MaJaroliasi BOJHA PacIpOCTPaHIETCS B Cpele, MHAEKC MPEIOMICHUS
KOTOpOM BBIIIE, YEM Y BO3AYXa.

2.2.2  OrtpaxeHue U nepenaya IVIOCKUX BOJH NMPH NaJeHHU HA OJHOCIOMHYI0 HJIU MHOTOCIOMHYIO
IUIMTY

2221 OO0muii MeToa pacyera AJsi MHOTOCJIOMHBIX MJIUT

Ha pucynke 3 n3oOpakeHa IUIocKas BOJIHA, Mafarolias Ha IUIMTY, COCTOAIIYIO U3 N CllOeB ¢ IIagKuMH,
IUIOCKUMH M TapajuIeNbHBIMH TOBEPXHOCTSMHM, rzae 3HaueHue N MoxeT ObIThb Oosiblle Miau paBHO 1.
OTHOCHUTENbHASL JUAJIEKTPHYECKas MPOHHIAEMOCTh CJIOsi N paBHA Mn, a IIMPUHA COCTaBisieT On METPOB.
[Ipeanonaraercs, 4To IINTa HAXOAUTCS B BO3AYXE, U IPU MPOBEIECHNH PACUETOB 3TO 0003HAYAETCS CIOSIMHU
0 u N+ 1, mpu 3TOM OTHOCHTENbHAS AMAJIEKTpUYecKas IPOHUIIAeMOCTh paBHa 1, a muprHa pasHa 0.

PUCYHOK 3

IMagenue MJIOCKUX BOJIH Ha OZIHOCHOﬁHle U MHOFOCJIOi/'lHyIO IJIATY

Bosnyx I ITnura Bosnyx
Ciou: 0 1 2 n N N+1
OTHOCHTEIbHAS JUDICKTPUIECKAs n, n, - n, Ny Mys+p =1

HPOHUIIAEMOCTE. T = 1

Iupuna cinoes, Merpsi dy =0

On+1=00

P.2040-0¢

VYriuel mageHus W OTpakeHus paBHbl 0o, a BomHa BeIXoAUT U3 cios N mom yrimom O+t = Bo.
Hampasnenue pacrpocTpaHeHs BOJIHBI B ciioe N onpexaensieTcs yriioM On. Tpacca myya, mpoxoasmias yepes
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CJIOM, Ha PUCYHKE 3 TIOJTHOCTBIO HE MOKa3aHa. [Ipu oMMHOYHOM MajaromieM Jdyde Si BRIXOASIIUE JIyn Sy U St
pacHipenesnstoTcsl B IPOCTPAHCTBE W3-32 MHOTOKPATHBIX OTPaXCHUH BHYTPH CIIOEB.

Koaddummentsr orpakeHus u mepenavyu Ijs TUIHTHL MOTYT OBITH PAaCCUMUTAHBI MPH TIOMOIIHU CIIETYIOIIEro
PEKYPPEHTHOT'O METO/IA.

CHayana 3amaeM:

Ava =1L By.. =0 Foa=1 Gyt =0. (39a)—(39d)
Hameenmpun=N,N-lwurT. 1....0:
A1 :O'Sexp(j kn dn Cosen)[AHl (1+Yn+1)+ Bn+1 (1 Yn+1)] (403.)
Bn =0,5exp (_ J kn dn Cosen)[ﬂ ( n+l)+ Bn+1 (1+Yn+l)]’ (40b)
I:n :O1sexp(j kn dn Cosen )[Fm (1+Wn+1) Gn+l (1 Wn+1)]’ (400)
Gn :O,SGXD (_ J kn dn Cos en)[ n+ ( n+l)+Gn+l (1+Wn+1)] (40d)
rue
R (412)
cos en M
_ 080, Moy . (41b)
" cosh, | m,
sin@, _sind, (41c)

f
K, TT‘ - (41d)

a A — JUIMHA BOJIHBI B CBOOOJHOM IIPOCTPAHCTBE B METPAX.

ITpu ycnosHo# mupuHe 0o = 0 3KCIMOHEHIMAIBHBIE WiIeHB B ypaBHeHmsix ¢ (40a) mo (40d) mpu n=0
paBHbI 1. 3HaueHUS OTHOCUTENHHOW MpoHHUIaeMocTn npu N + 1 ykazaHbl Ha PUCYHKE 3 TOJNBKO B IENIAX
COTIOCTaBIIEHUS, @ B PACUETaX OHU HE UCIOIB3YIOTCH.

Hcnonb3ys no mopsaky BeluUcieHHble ypaBHeHus ¢ (40a) mo (40d) ans 3Havenwii N, paBHbix oT N 1o O,
KO3 PULIMEHTHI OTpaXXKEHUS U NIEPEAAYH JIEKTPUIECKOTO MOJISI ONPEACIIAIOTCS KaK

B 1
Re= 2, Ry - &2 root, Ty =L, (420)-(420)
A Fo A F

rJie TOJCTpouHble WHAEKCH TE m TM 0003Ha4arOT MOMEpPEeYHyr0 MOJSPU3ANUI0 JIEKTPHUECKOTO U
MAarHUTHOTO TOJIS (COOTBETCTBEHHO) MAAIOIIEH BOJIHEI.

B TIlpumaraemom nokymeHte 1 mpuBeneHa anbTepHATHBHAS (GOpPMYyJia M3 METOJUKH pacueTa s
MHOTOCJIOMHBIX TUINT.
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2.2.2.2  YnpolueHHbIH MeTO] pacyera JJIsl OAHOCIOHHBIX IUTHT

JUIA TITUTEI, COCTOAIIEH U3 OAHOTO CIIOs, TO ecTh Ipu N = 1, OIMCAaHHBIA BBIIIE METOJl MOKHO YIPOCTHTH
CIIETYIOIINM 00pa3oM:

r - R'(L-exp(-2q))

(ko3 uiHeHT OTpaKEHHU); (43a)
1-R?exp(-j20)
S R”®)exp(-ja) (k03¢ puMeHT TIepeaun), (43b)
1-R%exp(-j2q)
e
qzﬁ n-sin’0; (44)

!
d — ToNIIMHA CTPOUTEIBHOTO Marepuaia, a R npeacTaBisieT Rete WM Retm, BhIpaKeHHBIC YPaBHEHUSIMU
(37a) unu (37b) cCOOTBETCTBEHHO, B 3aBUCUMOCTH OT MOJISIPU3AIINH MTAJAIOIIETO AIEKTPUIESCKOTO TTOJISL.

2.2.2.3  Ilpumepbl pacueToB

Ha pucynkax ¢ 4 mo 7 moka3aHbl IPUMEpPbI PE3yJbTATOB, MOJYYEHHBIX U3 ypaBHeHH# (42a)—(42d) mms
OJMHOYHOW OeTOHHOW MuTHl Ha yacToTe 1 ' mpu weTkipex yriax mageHusl. AHATOTHYHBIC PE3YJIbTAaThI
MOTYT OBITH TIONy4YeHBI U3 ypaBHeHUH (43a) u (43b). DnekTpudeckre cBOCTBa OeTOHA B3ATHI U3 TAOIHIIH 3.

PUCVYHOK 4

Koa¢ppuuuent orpaxenus 115 d6eToHHOoit mianThl Ha yactore 1 I'T'u, monxspusauus TE

N T —

0°

Tonspuzanusl E

Ammumryna koabduunentos orpaxenns (1b)

0 01 02 0,3 04 05 0,6 0,7 08 0,9 1

Tonumaa mIuTsI (M)

P.2040-04



Pex. MC3-R P.2040-1

PUCYHOK 5

Ko3dpuuuent orpaskenus a1 6eToHHOH miInThl Ha yacToTe 1 I'T'u, monsipuzanus TM

[Monspuzauns TM

Amiututyaa kosdunuentos orpaxenus (1)

-30

0 0.1 0,2 03 0,4 0,5 0,6 0,7 08 0.9 1

TonmuHa WIHTHL (M)

P.2040-05

PHUCYHOK 6

Koa¢ppuuuent nepenaun 115 deronHoii miautel Ha yactore 1 I'T'y, monsipuzanus TE

0
. v Tonapusanmns TE
[%a)
= -5 _—
=
E \
z .
£ 10 \\
=
i=%
5 | }H\ e 0°
g8 —15 S 30°
& | A
= LU R 60°
/ | ~
g -20 lk }' h‘. F'II \ ."\ .
3 B i W \u\ A j“*—-ﬂ.\
2 25 Ao 3
8 N~ 85°
v
-30 -
i 0 01 0,2 03 04 05 0,6 0,7 0,8 09 1

Tonumua mwiuthl (M)

P.2040-06

PUCYHOK 7

Koa¢ppuuuent nepenaun a1s 6eronnoii manthl Ha yactore 1 I'T'u, monspuzamus TM

0
‘\I 60° Monspusaus TM

=) Vo

= 54 30°

: N

5 AN

2 -1s 8 —

—

£ e

= Tl

] T

Z .

~25 o

= e

= T
g -~ 30
z 0 01 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Ilupuna cnoes(m)

P.2040-07

15

Crnenyer oT™MeTuTh (PUCYHKH 5 u 7), uTo Koadduuuentsl ans nonspusanuu TM npu yrie nageHus: 85°
MMEIOT aHOMAJIbHbIE 3HAYEHHs MO0 CPABHEHHWIO CO 3HAYEHHSIMH MPH TPeX APYrHX yriax. IToT 3¢dekT
BO3HHMKAET PU MUHUMAJILHOM 3HaueHUU KO3 (HUIeHTa OTpakeHus (CM. pUCYHOK 2) ans nossipuzauud TM
Y U3BECTEH IOJ1 HA3BaHKEM Yrod nceso-bprocrepa.
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2.2.3 BosHoBoIHOE pacnipocTpaHeHne PaIHOBOJH B 31aHUSIX

2231  Teopusi 4aCTOTHBIX XapPAKTEPUCTHK MOCTOSIHHOI 3aTyXaHHUs B BOJHOBO/IE

BonHoBOI MOXKET COCTOATH U3 IMOJIOTO MPOCTPAHCTBA, OKPYKEHHOTO AUAIEKTPUUYCCKUMU MaTepHUallaMu,
BBI3BIBAIOIIMMHU TIOTEpH. B ciydae Kakoi-muOO CTPOUTENHHOW KOHCTPYKIMH — KOPHIOpa, MOA3EMHOTO
TOPTOBOTO IEHTPA WU TYHHENSI — 3TOT OOBEKT MOYKET CUHTATHCS BOJHOBOJIOM. MOIIHOCTH PaIuOBOJHEI,
pacIpoCTpaHsIONIEHCS B BOJIHOBOJIE, CHIDKAETCA B 3aBUCUMOCTH OT PACCTOSHUS. XOPOIIO M3BECTHO, YTO
BOJIHOBOJI O0JIaJacT 4YaCTOTHBIMH XapaKTEPUCTUKAMU, TAaKMMH KaK KpPUTHYECKas 4YacToTa, KOTOpas
W3MEHSETCS B 3aBHUCHUMOCTH OT (opMmbl. B »3TOM pasgene maercs Qopmyna IMONy4eHHS ITOCTOSHHON
3aTyXaHUs JJIs1 YaCTOTHBIX XapaKTePUCTUK B BOJHOBO/IC.

[TonepeuHoe cedyeHuwe CTPYKTYphl MPSIMOYTOJIBHOTO BOJIHOBOAA TOKa3aHO Ha pucyHke 8. B stom cmyuae
COOCTBEHHBIE TIOCTOSTHHBIE TUDJIEKTPHUECKUX MaTEPHAIOB, BHI3BIBAIOIINX MTOTEPH, SABISIOTCS PA3HBIMHU IS
OOKOBBIX CTEH, a TaK)Ke JIJIs IIOTOJKA M JUIA TT0JIa.

PHUCYHOK 8

Honepeqﬂoe CeYeHHe BOJTHOBOAA U MOCTOAHHbIC MATEPUAJIOB

l €n )

P.2040-08

Ha pucynke 8 a — mmpuna, a b — Beicota BomHOBoga (M), h1 u hy sBISIOTCS CpelHEKBaApaTHUECKUMU
3HAYEHUSIMH IIEPOXOBATOCTH C TAyCCOBBIM paclipe/ieliecHHEM Ha YPOBHE MOBEPXHOCTH, a 6 — HAKIIOHOM ISt
CPETHEKBA/IPATHYECKOTO 3HAUYeHHs (Pajl.). 3HAYEHHUsT KOMILIEKCHOM MPOHMIAEMOCTH I MATEPUANOB Er
PaCCUUTHIBAIOTCA CIEIYIOMUM 00pa3oM:

* - " 0 -
— 1 —
€i=¢;—Jles +—— | 1=12, (45)
e,
A€ &ri — OTO OTHOCUTCIIbHAA JUIJICKTPUYCCKAsA MOCTOAHHAsA, a Gj — HNPOBOAUMOCTD. Yucno &i"” saBnsercs
TAHT€HCOM yIJia TMOTEePh MAaTEpUAIOB, ® — YIJIOBOW YacTOTOW, a & — MIPOHUIAEMOCTHIO CBOOOIHOTO

IIPOCTPaHCTBA.

BbazoBas nmocrosiHHas 3aTyxaHus GOPMYIHUPYETCs CIEAYIOIUM 00pa3oM:



Lbasic,h = I<h)‘2

Lbasin = I<v}\‘2
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€ 1 A
Re — + = -——
83\/8r1 -1 b3J8r2 -1) 2=n
R 1 4 Fr _ A
813\/8rl -1 bg\/gr2 -1) 2=

17

1

*

Srz

(ILB/ M ) (46)

2

" a‘(e

*

rl

") b*(e

*

r2 _l)

Kh 1 Ky — 3T0 mocTosiHHbIe 3HaueHMs, 3aBUCcAIIe OT GopMbl ceueHHs. [1oCTOSIHHBIC 3HAYCHHUS, 3aBHCSIIINEC
oT GopMBI ceueHus, TaHbl B TabmuIe 1.

TABJINIA 1
ITocTosiHHbIE BeJIMUMHBI J1JIS1 ONEPEeYHbIX CeUeHUil pa3au4dHoii popMbl
®opma Kpyr daunc KBagpar Ceon
Kn 5,09 4,45 4,34 5,13
Ky 5,09 4,40 4,34 5,09

Brrmieykazanasie (hopMyIbl SBISIOTCS JAEWCTBUTENIFHBIMA Ha OCHOBE ypaBHEHHs (47), MpeCTaBIISIOMIEro

YCIIOBHE OTPAHUYEHHU:
na./er1—1.
<< —I’l

€r1

A<<mb,/erp—1.

() (47)

YHukanbHble XapaKTePUCTHKHU B ciIy4ae KBaApaTHOH (GopMbI

[locTosHHAs 3aTyxaHUs BCIEACTBUE MIEPOXOBATOCTH, pacCMaTpUBaeMasi Kak MECTHbIE N3MEHEHHS B YPOBHE
MMOBEPXHOCTH OTHOCUTEJILHO CPEIHET0 YPOBHS IOBEPXHOCTH CTEHBI, ONIPEILIIIETCS 110 hopMyJie

2 2
hy h, \" |.
Lroughnessh = KhTEZ?\, [? + b_g )
- - (b/m) (48)
hl 2 h 2
Lroughnesw = Kvnz}\, (?j +(b_§j
TTocTrosunas 3aTyXaHHA BCIICACTBUEC HAKJIOHA CTCHEI OIIPEACIISICTCS 110 q)OpMyJ'Ie
2n2
0
Ltilt,h = Kh T;
- (xb/m) (49)
Ltilt,v =K, N

CJ'ICI[OBaTeJ'H:HO, O6H_Iaﬂ NOCTOSAAHHAA 3aTyXaHU B ClIydac KBaZLpaTHOfI q)OpMBI SBIIACTCA CYMMOﬁ YKa3aHHbIX
BBIIIC MMOTCPhb:
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I-h = I‘basic,h + Lroughnessh + Llilt,h;
(nb/m) (50)

Lv = Lbasqu + Lroughness\, + I—[il’[,\,'

2.2.3.2  IIpuMeHMMOCTb T€OPHHU BOJHOBOIOB

Teopuss BOJHOBOZOB XOPOIIO COTNACYETCsl € H3MEPEHHBIMH XapaKTePHCTHKAMH PaclpOCTpaHEHHUS
B Kopumope B auamazoHe dactor oT 200 MI'm go 12T B cimydae OTCYTCTBHS MABIDKEHUS JIOAEH
B KOpHIODE.

Biausinue nmemexoaHoro ABHKeHHsI HA BOJTHOBO/

Ha pucynke 9 moka3aHO CpaBHCHHME TCOPETHUYCCKOW W W3MEPEHHON IOCTOSHHON 3aTyXaHUs JIHEM
(npw HaMMYMK JABIDKEHUWS JIOJe) M HOUYbl0 (MPU IycToM Kopuaope). TeopeTwmdeckue 3HAUEHUS
PACCUMTHIBAIOTCS] HA OCHOBE IMapaMETPOB, IPUBEICHHBIX B TAOIHUIIE 2.

TABJIMLIA 2
ITapamMeTpsbl, HCHOJIb3yeMble IPU pacyeTax JAJIf YCJI0BUIl pacIpoCcTPaHEeHUus Mo 3emJieil
IlepoxoBa- I
Hupuna BricoTa Haxknon TOCTH OCTOSTHHAs MaTepuaia
(m) (m) (rpaxycer)
h1 h2 en €r2 Ci o2
Iox 3emueit 6,4 3,0 0,35 0,4 0,2 15 10 0,5 0,1
PUCYHOK 9

CpaBHeHUe MOCTOSIHHOM 3aTyXaHUS 1/ THA U HOYH

100

— 70 bee
3m Topu3oHTabHas TOIp. i
— =

6,4 m

.4
38

8
8

Teopust

ny
o
T
ny
o
T

[N
o
|

T T T T

-

~
T

~
~

H3MepeHHOe 3HaUeHHE H3MepeHHOe 3HaUeHHE

= » x Jlnesnoe Bpems » = x Jluesnoe Bpems

[ocrosirHas ocabnenns (1b/100 m)
[ocrosirHas ocnabnenns (1b/100 m)
=
o

N
T
N

= = « HouHoe Bpems # + & Hounoe Bpems

1 22 el AT ERETI Iy 1 £ 11131l o2 g aaahe

02 04 071 2 4 7 10 0, 04 07 1 2 4 7 10 15
Yacrora (I'Tu) Yacrora (I'T'u)

N

P.2040-18

Pucynok 9 mokas3piBaeT, dYTO TEOpPHS BOJHOBOJA TPUMEHHMAa K PEATBHBIM  XapaKTePUCTHKAM
pacrpocTpaHeHusl B Kopuaope B auamnazone gactot oT 200 MI't mo 12 I'T'r B HounbIX ycioBusx. OmHako
TEOpHs BOJIHOBOJA HEMPHMEHHMA K PEAbHBIM XapaKTEPHUCTUKAM pACIpPOCTPAHEHUS B JTHEBHOE BpEMS,
MIOCKOJIBKY MPUHUMAaeMasi MOIITHOCTh CUTHAJIOB CHUXAETCS U3-3a ABUKCHUS JIOACH.

ITorTOMy Teopusi BONHOBOJA IIPUMEHMMA B CUTYyalMsX, KOTJa OTCYTCTBYET BIIMSIHUE 3aTEHSIOIIMX
HPENsATCTBUN.
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2.3 Teopusi M pe3yabTaThl pacyeToB, Kacamolluecs 4YacTOTHO-U30UPATEJLHBIX MaTepPHAJIOB
MOBEPXHOCTH

2.3.1 YacTroTHO-M30MpaTeIbHbIe IOBEPXHOCTH

DHeprus paccessHHBIX BOJH M3MEHSETCS B 3aBUCHMOCTH OT IIIEPOXOBATOCTH MOBEpXHOCTEH. B aTOM paznene
OTIMCHIBACTCA TEOPHS PacdeTa PacCesHHs MOJEH, OTPaKEHHBIX OT TOBEPXHOCTH CO MHOYKECTBOM KPYTIIBIX
BBIMTYKJIBIX JIEMEHTOB. Bo-mepBbIX, ISl MapaMeTPUPOBAHUS LICPOXOBATOCTU MOBEPXHOCTH OMpPEACseTCs
IEPOXOBaTasl MOBEPXHOCTh IIyTeM HCIOJIB30BAHMUS MHOXKECTBA KPYTIJBIX BBIMYKJIBIX AJIEMEHTOB,
00pa30BaHHBIX IEPUOINIECKH PACTIONOKEHHBIMI KPYTIIBIMU [HJIUHIPAMH.

Bo-BTOphIX, ompenensercs KOAQQUIMEHT OTPAXCHUS PACCESIHHBIX IOJICH ITyTeM HCIOJIb30BAaHUS CYMM
3HAYCHUI B TOYKAX PEUICTKH, XapaKTePU3YIOIUX [IEPUOAMUYECKOE PACIIONOKCHHUE PACCEUBAIONTNX 00BEKTOB,
n T-maTpumpl UIE MHOXECTBAa KpPYTJBIX IIMIMHAPOB. B-TpeThuX, TpeacTaBieH YHCIOBOH pe3yibTar,
MTOKA3bIBAIOMINNA YaCTOTHO-3aBHUCHMYIO XapaKTEPUCTHKY OTPAKEHHS OT TOBEPXHOCTH C KPYTJIBIMA
BBINYKJIBIMH 3JIeMeHTaMu. M HakoHeIl, TOKa3aH pe3yabTaT U3MEPEHHI, C TeM YTOOBI MOSCHUTh U3MCHCHUS
SHEPTUH PACCESIHHBIX BOJIH B 3aBHCHMOCTH OT YacTOTHI MAJAaoIIeii BOJTHBI, KOTJAAa Ha TOBEPXHOCTH 3IaHUS
MMEETCS] MHOXKECTBO KPYTJIIBIX BBITTYKIIBIX IIEMEHTOB.

2.3.2 Teopusi pacnpocTpaHeHHs1 BOJIH BOKPYI NMOBEPXHOCTH CO MHOKECTBOM KPYIJIbIX BBIMYKJbIX
3J1eMEeHTOB

Co3/1aB IEprUOJMUECKOE MHOXKECTBO KPYTJIBIX BBIMYKJIBIX JIEMEHTOB Ha TIOBEPXHOCTH 3[]aHMs, KaK TIOKa3aHO
Ha pucyHke 10, MoxHO Topa3no 3(QeKTHBHEE KOHTPOJIMPOBATH BOJHBI OTPAKEHUS/pACCESHUS TI0
CPaBHEHHIO C BOJIHAMH, OTPAKCHHBIMH OT IJIOCKON MOBEpXHOCTH. TeopHs pacdyera BOJH, paCCEUBAEMBIX OT
MEePHONIECKIX MHOKECTB KPYIJIBIX IIHIMHAPOB, MOXKET IIPUMEHSATHCS JUIS OTIPEICTICHUS PacIIpOCTPAaHESHUS
BOJIH BOKPYT MHOKECTBA BBIITYKJIBIX JIEMEHTOB Ha MOBEPXHOCTH.

PUCYHOK 10

HOBerHOCTb CO MHOZKE€CTBOM KPYIJIbIX BBINIYKJIBIX 3JICMEHTOB

P.2040-10

PUCYHOK 11
I'eomeTpusi NepHOANYECKOr0 MHOMKECTBA KPYIJILIX INHJIMHAPOB

y

PO

P.2040-11

[Ipu mepuoanyecKOM pPACMONOKEHUH OJWHAKOBBIX KPYTJBIX HWIMHAPOB 1O OCH X, KaK TIOKa3aHO Ha
pucynke 11, koadpunmeHT orpaxkeHus: Mo MOIIHOCTH Rv s v-ii pacnpocTtpanstomieicss Moasl pu Ky > 0
olpejenseTcs Kak
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ky
Ry, = ———1Ipy ai’l; (51)

kg sin @

e ko = 2m/Ao, Ao — JUIMHA BOIH, Majaromux nox yriom ¢”. B ypasuenun (51) plu ai® nomyuarorcs
CIIEYIOINM 00pa3oM:

iy k] 52)
Dy = NE \Iml ;
2Ll (1n < 0)
vitg
af=T-T-0)"' - T-a™, (53)

rne I — enmmmunas Matpuma, k,, = —kgcos¢™+ 2vn/h, k, = /kg—k,%v u h — TNepHOIMYECKOe

MPOCTPAHCTBO 3a KaXIBIM KPYIJIBIM BBICTYNIOM. L SBISeTCS KBaApaTHOW MATpHUIEH, YbH DSJIEMEHTHI
OTIPENIEISAIOTCS B BHJIE CIEAYIONINX CYMM 3HAYCHUI B TOUKAX PEIISTKH:

Linn = 2520 Hiy (Kolh)eTkothe™ 4 (—pym=nyie (g (g ln)eTkothe™, (54)

2 . = . .
rae Hr(n) — m-# nopspok pyHkuy XaHkens nepBoro poxa. T sensercs T-maTpurieit A paccessHHBIX Moei
U OmpeJensercs CIeAyIole TuaroHaJbHON MaTpHllei COOTBETCTBEHHO JJIS MaJAOUIero AIEKTPUUECKOTo
mois EL' wm mamarorero MarHuTHOTo moias HY* cooTBeTcTBEHHO:

TE - _ _Nerimkd))mkod) ~ Jm(kd)Jm(kod) _ (55a)
mn VE T (kD HD (ko) - Jn (k) H D (kod) T
TTIr-{n — ]m(kd)]m(kod) _\/a]m(kd)]m(kod) - (55b)

) HD (o d) - VEr Jon (k) HD (Ko d)

IJe €. — OTHOCHTENbHAS MPOHHUIAEMOCTh IWAIIEKTPUUYECKOr0 LWINHApPA, [, — (yHKIUsS beccens m-ro
MOpPs/IKa, MITPUX O3HAYAET MPOU3BOJAHYIO OTHOCHUTENILHO apryMeHTa, a O,,, 0003HadaeT aeipTy KpoHekepa.
a'™ 06o3Ha4aeT BEKTOP-CTOJOEL, HJIEMEHTBI KOTOPOTO MPEACTABIISIOT HEU3BECTHBIE aMIUTUTY/IbI 1aJat0IIero
OIS

ai = [()re " (56)

2.3.3  Pe3yabTaThbl pacueToB

Pesynprar pacderoB ko3dduIieHTa OTpaskeHHs MO MOIIHOCTH TOKa3aH Ha pUCYHKe 12. DTOT pe3yibTaT
PacCUMTHIBAETCA C TIOMONIBIO ypaBHeHHs (51) B cloydasx mepenaun >jeKTpudeckoro mons ES mon yriom
@"=90° K IUANEKTPUUECKUM KPYTIBIM BBITYKIBIM d1eMenTaM muamerpom d = 0,3h u ¢ mpoHumaeMocTsio
&r = 2,0 cooTBETCTBEHHO. B pe3ynbrare nMmeercs mosoca 4acToT, B Ipefeiax KOTOpOHM Majarolias BOJIHA
MOYTH IOJHOCTBIO OTPAXaeTCs OT IOBEPXHOCTH, JaXE €CIM OHA BBINOJHEHA M3 AUAIIEKTPUYECKOro
MaTepuraia, He BBI3BIBAIOIIETO MTOTEPh.
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PUCYHOK 12

Koy duuueHT oTpaxeHus Mo MOUIHOCTH R Kak (yHKIIMM HOPMAIM30BAHHOM JJIMHBI BOJIHBI fi/Ao

IIPH HOPMAJILHO NA/IAIOMIEM JJIeKTPHYECKOM Toie E,'

h/ko

P.2040-12

2.3.4  H3mepenmue

boutn mpounsBenieHBl M3MEPEHHsI BOJIH, PACCEMBAEMBIX OT 3JAHHUS CO MHOXKECTBOM KPYTJIBIX BBITYKIIBIX
snemeHToB. Ha pucyHke 13 pmaetrcss cpaBHEHHE pacCeUBAEMbIX OT 3[aHUSl BOJH MEXIY IUIOCKOM
MMOBCPXHOCTHIO U MOBEPXHOCTHIO CO MHOKECTBOM KPYIJIBIX BBIITYKJIBIX 3JICMCHTOB. PacceuBaemsblie oT 3JaHUA
BOJIHBI ObLTH HU3MEPCHBI nox Ppa3HbIMHU OTpa’XCHHBIMHA yriiamMu (Pr —
ot 30° 10 90° — npu mepenaye IEKTPHUECKOro IO MOA yrioM ¢". YTroi TajeHus W yrojl OTpaKeHHs
OTIPENEIISIOTCS, KaK TIOKa3aHO Ha pucyHKe 14.

PUCYHOK 13

FeoMeTpHﬂ NMEePUOIUYECKOr0 MHOKECTBA KPYIJIBIX HUJIMHIPOB

— Kpyric phimykic dopysi (¥ = 1,37)
0 — —Kpyrie poinykbic popwsi (Who=073)
<ees TlocKas HOBEpXHOCTS

E,' (uB)

o (rpanycs)

P.2040-13
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PUCYHOK 14

IInockuii pUCYHOK KOMIO3UIIMOHHOM JUATPAMMBI
JJIs1 U3MepeHuit

P.2040-14

Pesynbrarel M3MEpeHMII TOKAa3bIBAKOT, YTO MOIIHOCTh IIOJIA, pPAacCEMBAEMOr0 OT IOBEPXHOCTH
CO MHOXKECTBOM KPYTJIBIX BBIMYKIBIX 3JIEMEHTOB, BO3PACTACT IO CPABHEHHIO C PACCESHUEM OT IUTOCKOM
MOBEPXHOCTH W MOXKET PETyJIHUPOBATLCS IMOCPEICTBOM HM3MEHEHHS MPOMEXYTKAa MEXIy KPYTIbIMU
BBIITYKJIBIMHA 3JIEMCHTAMU U MMOCPCACTBOM U3MCHCHHA UX JUAMCETpA. Cne;[yeT OTMCTUTB, YTO OTHOCHUTCIbHAasA
AUBJICKTPUYCCKAad MNPOHUIAEMOCTbL W IMPOBOAMMOCTb CTPOUTCIBHOI'O Marepuaia 6I>IJ'II/I BBIYHCJICHBI
COOTBETCTBEHHO Kak &= 6,0 u 6 = 0,1 Cm/m.

3 O0001eHne 31eKTPUIECKUX CBOMCTB MATEPUAJIOB

[Touck penpe3eHTaTHBHBIX TaHHBIX 00 SIICKTPHYECKUX CBOMCTBAX MAaTEpUaJiOB MOXKET IIPEICTaBIIATH
TPYIHOCTb, IIOCKOJBKY MX XapaKTEPUCTUKU BBIPAXKAKOTCA C MCIOJIb30BAHUEM PAa3HbIX COYETAHUMN
napamMeTpoB, a OTHOCHTENbHAS IHAJNEKTPHYECKas TMPOHUIIAEMOCTh MOXET YKa3bIBaThCSl Ha YacToTax,
KOTOpBIE TaJeKW OT MHTepecyrommx. [loaToMy OblTa cocTaBieHa TaOiIHWIA PENpPE3CHTATHBHBIX CBOWMCTB
MaTepHaJoB C UCHOIb30BaHIEM METO/Ia MTOA00Pa KPUBOM, OMTMCAHHOTO B MyHKTe 2.1.4.

Boutn 0O0beAMHEHBI NaHHBIE U3 BOCBMHM HAa0OPOB 3JICKTPUYECKMX CBOKMCTB MaTepuajioB (Bcero Oolee
90 oTHenbHBIX XapaKTEPHUCTHUK), MPUBEACHHBIX B OTKPHITHIX HCTOYHWKAX; OHM OBLIM TpPeoOpa3oBaHBI B
CTaHJIAPTHBIA (OpMaT M CrPyNITHPOBAHBI [0 KATETOPUSIM MaTepHAJIOB.

Jlia kaxxao# rpynmnsl ObUTH BBIBEJEHBI MPOCTHIE BBIPAXKEHHS YaCTOTHOM 3aBHCHMOCTHU JJISl IEHCTBUTEIHHON
YacTH OTHOCHUTEIHHON MPOHUIIAEMOCTH N' ¥ IPOBOAUMOCTH G. A UIMEHHO:

n=af’ (57)

c=cfq (58)

rie f — gacrora (B rurarepiiax), a ¢ B cuMeHc Ha meTp (' — Oe3pa3MepHas BejandrHa.) 3HaueHus a, b, ¢ u d
npuBoaTcs B Tabnuie 3. B ciayuae eciu b u d paBHBI HyITI0, HOAXO/SIIEE 3HAYEHHE 1) MM G PaBHO A MM
C COOTBETCTBEHHO M HE 3aBUCHUT OT YACTOTHI.

[Ipr HEOOXOAMMOCTH MHHMYK) YacTh OTHOCHUTEIBHON JMANEKTPHUYECKOH MPOHHUIAEMOCTH T MOXKHO
HOJIYYUTh U3 IPOBOAUMOCTH U YaCTOTHI:

n'=17,98¢c/ f. (59)

[TapameTpsl Bo3Tyxa, MeTaJlIa M TPEX COCTOSHUI TPyHTA MPUBEACHBI B TA0IHIIE 3 IJIS1 TTOTHOTHI.
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TABJIMIIA 3

CBoiicTBa MaTepHaJioB

Kuace matepuasia JeiicTBUTeIbHAS YaCTh IIpoBogumocts JAuana3oH yacror
OTHOCUTEJILHOM (Cm/m)
NPOHUIIAEMOCTH
a b c d I'T

Bakyy™m (= Bo31yX) 1 0 0 0 0,001-100
Bberon 5,31 0 0,0326 0,8095 1-100
Kuprnu 3,75 0 0,038 0 1-10
T'uncokapToH 2,94 0 0,0116 0,7076 1-100
HepeBo 1,99 0 0,0047 1,0718 0,001-100
Crekiio 6,27 0 0,0043 1,1925 0,1-100
TToToI0YHBIN HACTHI 1,50 0 0,0005 1,1634 1-100
JpeBecHO-CTpyXKeUHas ITATA 2,58 0 0,0217 0,7800 1-100
ITosoBOM HACTUII 3,66 0 0,0044 1,3515 50-100
Mertamn 1 0 107 0 1-100
OueHb cyxas moyBa 3 0 0,00015 2,52 Tonsko 1-10
[TouBa cpenHeil BIaKHOCTH 15 -0,1 0,035 1,63 Toapko 1-10
Biaxxnas mousa 30 -0,4 0,15 1,30 Tonsko 1-10

Jluana3oHbl 4YacTOT, NpPUBEACHHBIE B TaOmuue 3, He SBISIOTCA JKECTKUMH, a TOJBKO YKa3blBalOT Ha
YacTOTHBIE TPEAENbl JaHHBIX B XOJE€ HM3MEPEHWH, KOTOpBIE HCIOIB30BAINCH AN MOIYYEHHS MOMEIEH.
UcknroueHHssMU SIBISIIOTCSL TPH THUMA TOYBBI, TAE HENb3sl IMpeBbIIaTh 4acToTHBIA mpeaen 1-10 I'Tm.
TunuuHele 3HaYeHUs] OTHOCUTENBHOW AMIIEKTPUYECKOW MPOHHUIIAEMOCTH U MPOBOJUMOCTH ISl Pa3HBIX
TUIIOB MOYBBl B 3aBUCUMOCTH OT 4yacToThl B auamazone oT 0,01 MI'm mo 100 ITy npuBomsTcs
B Pexomennamun MCDO-R P.527.

TaHreHchl yria MOTeph BCEX MUINCKTPUYECKHX MarepuajioB B Tabmuie 3 cocraBisor Menee 0,5
B YKa3aHHBIX JMala3oHaxX 4acToT. IloaToMy st pacuera OCIAOJeHHs BIEKTPOMArHHUTHOW BOJHBI TPH
MPOXOXKICHHUH CKBO3b MaTepPHaIbl MOXKHO HCIIOJIB30BaTh AlPOKCUMALIUH AUIICKTPHUECKUX TPEICIIOB JUIs
koaduimenTa ocnadiaeHus B ypaBHeHusX (24) u (27).

IIpunaraemslii fokymeHT 1 k Ilpunoxennio 1

AJIbTEPHATHBHBIN MeTO/ NOJy4eHHs KOG PUIIUEHTOB OTPAKEHU U Iepeadu
JJISl CTPOMTEJBHBIX MATEPHAJIOB, COCTOSIUX U3 N TUIJIEKTPUYECKHUX IINT,
OCHOBAHHBIN HA MATPUYHOM npeacraBiennu ABCD

Hwxe npuBenena anmbTepHaTHBHAs (QOPMYIUPOBKA METOJAA, PACCMOTPEHHOTro B myHKTe 2.2.2.1, B memix
nony4yeHus: koadduuuentos orpaxkenus R u nepenaun T AJst CTpOUTENBHOTO Marepuana, cocrosmero u3 N
TUDIIEKTPUYECKUX TUTUT, HA OCHOBAaHUM MartpudHoro npezactasieHnss ABCD, kak moka3aHo Ha pHCyHKeE 5.
IIpennonaraercs, yTto ob6j1acTu 10 00€ CTOPOHBI OT CTPOUTEIBHOIO Marepuana IMPelCTaBISIIOT COOOM
CBOOOJHOE MPOCTPAHCTBO. J[aHHBIM anbTepHATHBHBIA METOJ JAeT TOYHO TaKWe K€ pe3yibTaThl, YTO U B
nyHkre 2.2.2.1:

R BZo-CZy | (60a)
2A+B/Z,+CZ,’
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_ T | (60b)
2A+B/Z,+CZ,

rae A, B u C sBnstroTcs dieMeHTaMu MaTpuIbl ABCD, OonpeacIAEMbIMU NYTEM MATPUYHOTI'O YMHOKCHHS KaK

BRI IEE Y
c D| |c Di[Cy Dm|lCN Dn

rac
A, =cos(B,.d.); (61b)
B, =1JZ,sin(B,d,) (61c)
C. = Jsin(B,.d,) ) (61d)
Zm
Dm :An; (616)
. 9 1/2
B, =k, c0s (0,,) =k, {1—3"' ﬂ : (619
Ny
2
K, =T"; (619)
Ky =Ko/ M » (61h)

A — I7MHA BOJHBI CBOOOHOTO MPOCTPAHCTBA, Ko — BOJTHOBOE YUCIIO JUIsi CBOOOAHOTO MPOCTPAHCTBA, Mm U Km
—  KOMIUIEKCHAsl ~ OTHOCHUTENbHAas  JAWAJNIEKTpUYecKas  IPOHMIAEMOCTh W BOJHOBOE  YHCIIO
B M-I muTe, Bm — MOCTOSIHHAS PACIIPOCTPAHEHUS B HANPaBIICHUH, MEPICHAUKYIISIPHOM TUIOCKOCTH TUIHTHI,
a dm — mMpuHa M- IATHL

3HaueHUs] BOJIHOBOTO UMIENaHca Z PacCUUTHIBAIOTCS B 3aBUCHMOCTH OT TOJSPU3ANNN TTAAI0NICH BOJHBI
CIeIyIonuM 00pa3zoM:

7 - _ 120m (nonsipuzanus TE); (62a)
My, COSO,,
Z.= 1207 cos Oy, (mosstpu3arust TM), (62b)
AV Mm
rie
o =nn+1=1; (63a)
0p=0N+1=0; (63b)

Zo=ZN+1- (63c)
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IIpuaoxenne 2

1 Beenenne

B nacrosmiem HpI/IJ'IO)KCHI/II/I COACPIKATCA OMPEACIICHUA TCPMHUHOB, OTHOCAIINUXCA K MOTEPSAM B 3JaHUAX, U
MIPUBOOATCS PYKOBOAAIINE YKa3daHHs 110 pEKOMCHAYEMbIM METOJUKAM I/ISMCpeHPlﬁ.

B Otgere MC3-R P.2346 cobpanbl 1 0000IIEHBI pe3yIbTaThl H3MEPEHUIl MOTeph Ha BXO/IE B 3[aHHE.

2 OnucaHue cueHapueB, COAePKAIIMX IPAHULY pa3/iesia CHAPYKH — BHYTPb 31aHHSA

2.1 PacnipocTpanenne BOJIH CHAPY:KM BHYTPb 3JaHHIl — BONPOCHI, KACAIOIMECS OMOPHOr0 MOJIsA
AJI ompe/ieJieHHsl MOTepb Ha BXO/e

TpyAHOCTH B ONpeAENeHUH OMOPHOTO MOJIA AJA MOTEph Ha BXOJE BBI3BaHA TEM, YTO HAJM4YUe 3/aHUA
NPUBOAUT K H3MCHEHUIO HANpPsLDKEHHOCTH MOJS CUTHAa BHE 34aHusl. PucyHok A2.1 wurocTpupyer B
HECKOJIBKO YIpOIIeHHOH (opMe cBs3aHHBIE ¢ 3THM TmpoOsembl. Ha Tpex uacTsx pHCyHKa IOKa3aHo
clleAyIolLEe.

a) OTHOCUTENBHO U30JIMPOBAaHHAs BHEIIHAS TOYKAa IPUHUMAET MPAMOI M OTPaKEHHBIA OT 3€MJIH JIyH.
Ha camom gene B ropojackoil cpene o0a STHX Jyda BIIOJIHE MOTYT HPUHTH OT YyJaJeHHOTO
MCTOYHHUKA MOCPEACTBOM IU(pakiyy Ha 3JaHUHU B JIEBOW 4yacTu pucyHka. llpu pacnpoctpanenun
O[] MaJIbIMH YIJIaM{ K TOPU30HTY MPOUCXOIUT TOBOJIBHO MIPOCTOE (M B OCHOBHOM B BEPTUKAIBHOM
TUTOCKOCTH) 00pa3oBaHHE JIETIECTKOB, TO €CTh MAaKCUMyMOB W MWHHMYMOB, IIPH BEPTHUKaIbHOM
MEPEMCUICHNU TOYKH.

b) Ecnu Touka He mepeMemiaeTcs, TO 3/[aHUE pacrojaraercsi cpady 3a Heil. B arom ciyuae ona
NPUHUMAET JBa JOMOJHUTENBHBIX JIyda, OTPAKEHHBIX OT 3[aHHs, OJMH U3 KOTOPBIX TaKXKe
oTpakaeTcsi OT 3eMyid. B 3ToM ciyuae nuarpaMma JIEECTKOB MMEET TOHKYIO CTPYKTYPY Kak B
BEPTUKAIBHOM, TaK U B TOPU30HTAIBHOM HapPaBJICHHSIX.

c) Teneps TOuKa mepemelnaeTcsi BHYTpb 3faHUS. Jia menei WILTIOCTpaldd MPUHSATA JTOCTATOYHO
BBICOKAsl 4aCcTOTa, YTOOBI 3HAYMMBIMH OBUIH TOJBKO JIy4d, BXOAAIME B OKHO. Ha Oomee HM3KMX
4acToTax, KOrJa BaXHOE 3HauYeHWe MpHoOpeTaeT MPOXOXKICHHE 4Yepe3 CTEeHy, auarpamma Jyda
M3MEHSIETCSI.

PUCYHOK A2.1

anomemu,le auarpamMmmal J]y‘leﬁ AJIsl BHCITHUX U BHYTPEHHHUX TOYEK

a) BHEITHSAA TOUKA o

b) Buerwnsist rouka
Hepes 30aHHeM <A
C) Buyrpenusis =
TOYKA

P.2040-01

XOTs MHOTOJIY4€BOE paclpoCTpaHEHUE BBI3bIBAET OOpa30BaHME JIEMIECTKOB, CyMMapHas MOIIHOCTh
MHOXECTBA JIyued NpUOIM3UTENBHO paBHa NPOCTPAHCTBEHHO-YCpEeAHEHHOMY moito. CrenoBaTenbHO,
B OOIIEM MOXKHO OXXHJaTh, YTO HAJM4YHE 3JaHUS 32 IMPUEMHHKOM IIOBBIIIACT HAIMPSHKEHHOCTh OIS
MPUHUMAEMOTO CUTHana. BHyTpu 3n1aHus, oCOOCHHO BOJHM3M O0JydyaeMOW HapyXHOH CTEHBI, OyJerT,
BEPOSITHO, MPUHUMATBCSA OOJbIIEe KOIMYECTBO JIydeil, XOTS MHOTHE M3 HUX M OyAyT OCIabisAThCS NPH
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nepeaaye 3a c4eT OTpakeHHs Wiu audpakuun. Takum o0pa3oM CHTHaJl BHYTPH 3AaHUSI MOKET OBITH Oolee
CHJIBHBIM, YEM CHapYXKH.
2.2 IloTepn Ha pacnipocTpaHeHHe B YCJIOBHUSAX 3aCTPOMKH

Ha pucynke A2.2 mokasaHpl pa3indHbIC BHABI MOTEPh B 3MAHMAX, UMEIOIINE MECTO MpPH CIIEHAPHIX
Mepelaydl CUTHAJIOB CHAPYXKH 3MIaHUS BHYTPh M W3HYTPH HapyxXy. OmnpeneieHust MalOTCS B CIETYIOIINX
paznenax.

PUCYHOK A2.2

Pa3nnynble BUABI NOTEPs NPH PACHPOCTPAHEHNH B 31AHUSAX

B
H}:{Tl/l[)ﬂu BuyTtpu 3nanusy
| ——
—_— 3 »
[Torepu HA N Iorepu Ha
BBIXOII€ BBIXOIIE
Ilorepu v |
BHYTpH
3;{31,141/‘1)51 [Torepu B TEHEBBIX 30Has
P.2040-A2-®
3 Onpenenenus
3.1 OmnpenesieHue NOTEPHh HA BXO/1€ B 3[1aHUE

HOTepI/I Ha BXOJAC B 3JaHUC — 3TO AOINOJHUTCIIBHBIC IMOTCPH, BO3HUKAIOIIHUE M3-3a TOTO, YTO TCPMHHAJI
HaXOOWUTCs BHYTPU 3JaHUA.

3.2 OmnpenesieHue MOTEPH 32 CYET 3aTEHEHUS 3aHUEM

ITorepu 3a cyeT 3aTeHEHMs 3[aHUEM — 3TO Pa3HOCTb MEKIY MEIMAHHBIMU 3HAYCHUSMM H3MEHUYHUBOCTHU
YPOBHS CHTHajla B 3aBHCHMOCTH OT MECTOIIOJIOKEHHUSI CHapyxH oOiydaemoro (acazna 31aHUS U ypOBHEM
CUTHalla CHapyXM IIPOTHBONOJIOKHOIO (hacaja 3aHUMs Ha TOM JKe€ BBICOTE HaA 3eMjed Ipu
MPOCTPAHCTBEHHO-YCPETHEHHBIX MHOTONYYEBBIX 3aMHpaHHAX OOOMX CHTHAJIOB. ODTO SIBICHUE MOXET
paccMaTpuBaThCs KaK MOTEPH MEpeadt IIPU IPOXO0KICHUN CUTHAA Yepe3 3/1aHue.

3.3 OnpenesnieHne NPOXoKIeHNsT PATNOCUTHAJIOB (HAIPUMeP, Yepe3 CTeHY)

Brenrnue curHaibl MomanaloT B 3aKpHITOE 37aHHE TJIABHBIM 00pa3oM ITyTeM MPOXOXKICHHS Yepe3 CTEHBI.
[IpoxoxnaeHne uyepe3 CTEHBI MOXET OTHOCHUTBHCS TaKKe M K MPOXOKICHHUIO Yepe3 MEpEropoAkd BHYTPHU
3nanui. [loTepu npu NpPOXOXKACHUM 4YEpe3 CTEHbl BHYTPH 3I4aHUM — ATO Pa3HOCTbh MEXIY MEIMAHHBIMU
3HAYECHHUSMU U3MEHYHUBOCTH YPOBHS CHTHaJa B 3aBUCUMOCTH OT MECTOIOJIOXKEHUS C OAHONW CTOPOHBI CTEHBI
U YPOBHEM CHTHAJIa Ha MPOTHBOIOJIOXKHONW CTOPOHE Ha TOM K€ BBICOTE HaJ 3eMJIEH IPU NMPOCTPAHCTBEHHO-
YCPEIHEHHBIX MHOTOJIYYEBBIX 3aMHUPAHUAX OOOMX CHTHAJIOB. DTO SIBJICHHE MOXKET PacCcMaTpPHBATBHCS Kak
[IOTEPH MIEPEAAYN IIPU NPOXOXKICHUN CUTHAJIA YEPE3 CTEHY.

3.4 Onpenenenue NpoXoKIeHUs PaTUOCHTHATIOB Yepe3 MPoeMbl

IIpoxoxieHrne uepe3 NpoeMbl — 3TO MPOXOKIEHUE CUTHAJIIOB C OJTHON CTOPOHBI CTEHBI HA JPYIYyI0 CTOPOHY
4yepe3 OTBEPCTHS B CTEHAX, HAIlpUMeEp Yepe3 OKHA.

35 Omnpenenenue NoTepb Ha BbIX0/1€ U3 31aHUA

Ilo IIPUHIUITY 06paTI/IMOCTI/I YHCJIICHHOC 3HAYCHUC ITOTEPh HA BBIXOAC U3 3JaHUA PaBHO 3HAYCHHIO IMOTEPh HA
BXO0J€ B 3JaHHUC. B ocraBieiics yacTu TeKCTa 3TU TCPMUHBI CYUTAOTCA B3aUMO3aMCHIAMBIMU.
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4 H3mepenne noteph Ha BXoj1e B 31aHHE

41 BBenenue

[Totepu Ha BxoJie B 37JaHKE MOTYT OBITh U3MEPEHBI KaK Pa3HOCTh (B JeHMOeNIaxX) MEXIy MPOCTPAHCTBCHHON
MeJIMaHOW YpOBHSI CUTHANIA CHapyKu oOiydaemoro (acasa 30aHus U MPOCTPAHCTBEHHON MEUAHO YpOBHS
CUTHaJa BHYTPH 3/IaHUS Ha TOW K€ BBICOTE HaJI MIOBEPXHOCTHIO 3eMin (Ha pucyHke A2.3, HIKe, 3Ta BBHICOTA
obosnayena kak h). Takum o6pazom [lorepu = IIpocTpaHCTBEHHAs MeaWaHAa BHEIIHETO IO —
[IpocTpaHcTBeHHas MeauaHa BHYTPEHHETO MOJISA, TAC Pe3yJbTaThl M3MEPEHUS BBIPAKCHBI B JCHUOCNAX.
Lenpto TpoBeNeHHUS W3MEPEHHN CHAPYXH 3J@aHHS SBISCTCS ONpeAelCHUE NPHOIM3UTENLHOTO YPOBHS
HaIpPSOKEHHOCTH TI0JISL, KOTOPBIN OTMeUayics Obl BO BHYTPCHHEM PACIOJIOKEHUM MPH OTCYTCTBUU 3IaHMS.
Ecnu paccrosiHue Mexay Hapy»KHOW W BHYTPEHHEW TOYKAMU W3MEPCHHS COCTABISET 3HAYUTEIBHYIO 4acTh
0OIIIel JUTMHBI TPACChI, CIIEAYET YIUTHIBATH TOTONHUTEIBHBIC TIOTEPH B CBOOOTHOM MPOCTPAHCTBE.

W3mepenne HapyXHOTO IMOJS CJelyeT NMPOBOIUTH KaK MOXHO OJIM)KE K 3[aHHUIO, IPU 3TOM obecriednBast
oTcyTCTBHE dPPEKTOB OJIIKHETO IMOJISl M BIMSIHUAE HAa XapaKTepUCTUKW aHTeHH. Kak mpaBuio, u3MepeHus,
MIPOBOJMMBIE C UCIOJIB30BAaHUEM HalpaBJICHHBIX U HEHANPaBJICHHBIX AHTEHH, AIOT Pa3INYHbIC PE3YIbTaThI.
B mo6oM ciaydyae HeEoOXOIMMO THIATENBHOE ONMCAHHE XapaKTePUCTHK aHTEHHbl. B cioydasx korna
W3MepeHNe HaNpsDKEHHOCTH HAPYKHOTO TOJIsA, 00Ty4aloniero 31aHue, HEBO3MOXKHO, CIIEAYET HCIOIb30BaTh
MPOTHO3UPYEMOE 3HaUCHHE, H 3TO JJOJKHO OBITH SIBHO YKa3aHO.

Kak mpaBwumo, w3mepeHUs TPOBOMATCSA MpH Hamuumu mpsmort BuamMoctu (LoS) Mexny HapyXHBIM
TEPMUHAJIOM U OIHOW M3 HApY>KHBIX CTE€H HCCIIEAYEMOT0 3aHHA.

PUCYHOK A2.3

Pacnosioxkenne 3TaIOHHOMH 1 I(I3MepI/ITeJIl)H0ﬁ AHTCHH IIPU U3BMEPEHUMU NOTEPb HA BX0A€ B 3/JTaHUE

JloctaTouHO GOIBIIOE PACCTOSHHE 1JTIsI MUHUMHU3ALMK OTKIOHeHHHFSPL
BO BHYTPEHHEI 30He M3MepEHNUii P COX PAHEHHH TIPSIMON BUIUMOCTH
MEXJ1y aHTEHHOW Hapy)KHOTO TepMUHala ¥ (pacaoM 3MaHus

/
BuyTpeHHss !
H3MEepUTETbHAT %
AHTEHHA “Hapyxnas stanonHas
aHTEeHHA

AHTEHHa Hapy)KHOTO
TepMHHANA

P.2040-A2-0

Ob6nacte, BeIOpaHHAs AJ151 IPOCTPAHCTBEHHOI'O YCPEIHEHUSI BHYTPHU 3[aHUs, 3aBUCUT OT KOHKPETHOH 3a1a4u
W JI0JDKHA OBITh SIBHO YKa3zaHa, OBUIO YCTaHOBJIEHO, 4YTO Hauboliee IeNnecooOpa3HbIM M MPaKTHYHBIM
CII0co0OM JTMCKPETU3AINH SBISICTCS YCPETHEHUE 11O TIOMEIICHHSIM.

4.2 ITapameTpsl, noasekamme pUKCAUU

[Ipyn mnpoBeneHHHM W3MEpeHHH MOTEPh Ha BXOJE B 34aHME HEOOXOAUMO (UKCHUPOBATH CIICAYIOIIUE
napameTpel.

[Ipeanonaraercs, 4TO KaXKAbId UK U3MEPEHUN COCTOUT U3 pslia 3aMEpOB, a PE3yJIbTaThl IPEACTABICHBI B
BUJIe TAOJIMYHON MHTETPaNbHOW (QYHKIIMU pacrpeelieHus IOTepb.

HccnenoBarenu TOIHKHBI PEIOCTABIATE KaK MOXHO OoJiee MoapoOHYIO TOMOIHUTENbHYI0 HHPOPMAIIHIO, B
gacTHOCTH (oTorpadmu HHTEphEpa U BHELITHETO BUJIA.



28

Pex. MC3-R P.2040-1

TABJIULIA A2.1

IMapameTpbl U3MepeHuUii

IMapamerp

Enununa usmepeHust

IIpumeyanus

Yacrora

MI'1g

ITupuna nonocsl
HCIBITATEIbHOIO CUTHAIIA

MI'1g

0 MI'y mpu UCTIONB30BaHUH
ucrounuka CW

Oxpykaromas cpefa

OTKpBITOE MECcTO/
MIPUTOPO/TOPOI/TUIOTHAS 3aCTPOHKa

Heo6xoanmo oLeHnTh CTeneHb
B3aUMOJCHCTBUS BCIECACTBHE
SHEPruy, paccEMBAEMON JPYTUMHU
3aHUSIMHA

Ectb 51 psimast BUIUMOCTD
10 3maHus?

Ha/ner

JU1 MUHMMU3a1[U1 MOTPEIIHOCTEN
IIPY U3MEPEHUN HEO0OXO0IMMO
HaJIMYUe NPSIMOI BUANMOCTH

VYcpennenue

CrexTpaiabHOE/IPOCTPaHCTBEHHOE/IpoUee

[Mose npou3BoaLHOTO hopMaTa Ast
OIUCAHHUS MOJIb30BATEIIEM THUITA
MIPUMEHSEMOTO YCPEIHEHHS

(py HANTHYIIH)

I'my6GuHa NpOHUKHOBEHHUS

1 — BHYTpEeHHHH TepMUHAI B TOMEICHHN/
IIPOCTPAHCTBE C BHEIIHEH CTCHOH,
oOpalleHHOH K HapY)KHOMY TepMHHAIY;
2 — BHYTPEHHUI TEpMHHAI

B IIOMELICHUH/TIPOCTPAHCTBE

0e3 BHEIIIHUX CTEH;

3 — BHYTPEHHUI TEpMHHAI

B IIOMEUICHUH/TIPOCTPAHCTBE C APYron
BHEIIHEH CTEHOHI

aTa)K, Ha KOTOPOM IIPOBCJICHBL
HN3MEPCHUA

IlokonpHbIH 3Tax — 0

30Ha, B npeesiax KoTopor
MIPOU3BE/ICHBI 3aMEPHI

KBaznparHbie MeTpbI

KonmuecTtBo 3amepoB

Jls cratuctTudeckoin
JIOCTOBEPHOCTH PE3yJIbTAaTOB
HE00XOIUMO TIPOHM3BECTH
JIOCTAaTOYHOE KOJIMIECTBO 3aMEPOB

DTajJOHHOE 3HAYCHHE

1 — u3MepeHHBIH MeTMaHHBIN CUTHAI;
2 — IPOTHO3UPYEMOE 3aTyXaHHe
B CBOOOJTHOM MPOCTPAHCTBE

IIpuoputeTHblil BUA U3MEpPEHUs
(110 BO3MOXKHOCTH)

Paccrosinue oT Hapy’>KHOTO Mertpsl
TEPMHUHAJIA 10 3]aHHs

VYron mecra Tpacchl I'panycer
MuHMManbHOE 3HaYEeHUE I'panycer
a3UMyTa OTHOCUTEIHHO

HOpMaJH K Qacary 31aHus

MakcuManbHOE 3Ha4eHHe I'panycel

a3UMyTa OTHOCUTEIBHO
HOpMau K (acay 3paHus
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TABJIULIA A2.2

IMapameTpsl 31aHMi

29

IMapamerp EnuHuna usmepeHust IIpumeyanus
IMupuna Mertpsl [Tpubnu3urenpHas miIomanb
Tnsa Mertpsi MIPOEKIUH Il HECTaHAAPTHOTO
3aHUs
Bricota MerTpsl
OO0111E€ KOIMYECTBO dTAXKEN
TosnmyHa BHENTHUX CTCH Mertpsl
TonumHa BHYTPEHHUX CTEH MerTpsl
TonumHa nepekpbITUil MerTpsl
OTHOIIEHUE MO’ %

OKOH/TIPOEMOB K IO !
¢acana 3maHUA

OKOHHBIC JIEMCHTBI

0 — Hen3BECTHO
1 — onuHapHEBIE
2 — IBOIHBIE

3 — TpoliHbIe

9 — mpouee

[TokpeITHE OKOH

0 — HEM3BECTHO

1 — otcyrcTBYeT

2 — METAIUTU3UPOBAHHOE CTEKIIO

3 — BHYTpEHHSS IPOBOJIOYHAS CETKA
4 — MeTaJUINYECKHE CTAaBHHU/’KAJIO3U
9 — mpouee

VYcraHoBIIEHA U
MeTaJuIn4ecKas
TEPMOU3OIISIIHS?

0 — HEU3BECTHO

Martepuan nepekprITuit

OCHOBHOM MaTepHaj BHEUTHUX
CTeH

1 - Her

2—na

9 — mpouee

0 — HEM3BECTHO
1 — nepeBo

2 — MeTamt

3 — beron

9 — mpouee

0 — HEu3BECTHO
1 — xameHb

2 — xkupnu4

3 — mycToTeNblil KUpIuy
4 — nerxuii 0JI0K

Marepuai, U3 KOTOPOro
B OCHOBHOM COCTOSIT BHEIIIHUE
CTEHBI

JlonoiaHuTensHbIA MaTepual
BHEIIIHUX CTECH

5 — nepeBo

6 — 6etoH

7 — CcTeKIo

8 — meTamn

9 — mpouee

0 — Hen3BeCTHO
1 — xameHn

2 — xkupnu4

3 — myCTOTeNbIi KUpIUY
4 — nerkwmit 610K

5 — nepeBo
6 — 6eron

7 — CTeKIo
8 — meTamn

9 — npouee
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TABJIMLA A2.2 (oxonuanue)

Mapamerp

EnuHuna usmMepeHust

IIpumeyanus

BnyTpenHue cTeHsl

0 — BHYTpEHHHUE CTEHBI OTCYTCTBYIOT
1 — kaMeHb

2 — kupnu4

3 — nerkuii 00K
4 — nepeBo

5 — 6etoH

6 — runcokapToH (Ha IepeBsHHOM KapKace)

7 — TUIICOKApTOH (Ha METAJUTHIECKOM
KapKace)

8 — MeTaIM3NPOBAHHBIH THIICOKAPTOH

9 — mpouee

Matepuansl Kpblll

0 — Heu3BeCTHO

1 — GeroHHas Yepenua

2 — nmdepHasi IWINTKa

3 — nmepeBsiHHAS Yepenuia

4 — MUCTOBOM MeTasl

5 — mepeBo, MOKPBITOE pydeponIoM
9 — mpouee
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