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Ckynow naatuT ABaxAbl
N
He BCE, YTO BNEeCTUT, ABNAETCA OTPAXAIOLLEN U30NALMEN.
(Ponbra nam METaNIM3NPOBAHHAA MIEHKa?)

K.T.H. A.H. batpakog, M.A. AMnneeBa

B nocneaHee Bpema Bce 60/bLLIE BO3HMKAET BOMPOCOB, YTO MPUMEHATL B OTPaXArOLLLEN
U301ALMM NMONNPOBAHHYIO GONBTY MAN METANIM3NPOBAHHYIO MAEHKY. B 3TOM CTaTbe Mbl
NOAPOOHO PACCMOTPUM Pa3NNYUMF, Ka3anoch Obl, TaKMX MOXOXMX Ha BMA, MaTEPUaNoB.

OCHOBHbIM PasanuneM ABNAETCA TONLLMHA aNFOMUHMEBOTO COA.

TonwpmHa Gonbr 13 NOAMPOBAHHOTO ANFOMUHMA Y PA3NINYHBIX MPOM3BOAMTENEN KONebaeTcA
o1 10 MkM 40 100 MKM. B 3TOM Anana3oHe TOAWMH pasHuLbl B 3PGEKTMBHOCTM TEMNOOTPaXEHMA
He HabatosaeTca.

[na MeTanM3npoBaHHbIX MIEHOK CKIAABIBAETCA HE CTONb OAHO3HAUYHAA CUTyaLumA, Tak Kak
TONLLMHA HANbIIEHHOTO C/IOS AIFOMUHMA Ha MAEHKY KOnebneTca oT JONer MUKPOMETPa A0
HECKONbKMX MUKPOMETPOB.

Matepuanbl C TONWMHON HanblneHnd < 0,3 MKM COBCEM HE ABAKOTCA OTPaXatoLLEeN
nsonaument. [laHHoe yTBepXAeHue CBA3aHO C MOHATUEM CKUH-C0A (PUCYHOK 1) - paccTtoAaHMA OT
MOBEPXHOCTM MPOBOAHMKA, Ha KOTOPOM MIOTHOCTb M3/1ydeHmd yYObIBAET B € pa3 (T.e. uMmeet
3HayeHne 37% OT MakCMManbHOM) Tak CKMH-CNOWN B aIFOMUHMM AN TEMAOBOTO U3/1yYeHW
cocrasnsiet npumepHo 500 A. 1 yTo6bl 3hdEKTUBHO OTPa3WTL TEMIOBOK NOTOK TOAWMHAE HONLIM
JOKHa ObITb HE MeHee 3 TONLLMH CKMH-CNoA. ECn xe TONWMHE OKaXeTCa HeOCTaTOYHOM, TO
M31yYeHe NPOCTO NPOMAET CKBO3b 3TO NpenatcTeme. JaHHbin 3PPekT MOXHO HabaroaaTb Ha
MPOCBET, eC/IN CKBO3b MIEHKY MPOXOAUT BUAMMBIN CBET, TO MPOXOANT 1 TEMNIOBOE N3NYYEHME
(MHbpPakpacHoe 13nyyeHme nMeeT B0bLIYHO MPOBUBHYHO CMOCOBHOCTD).

CRMH-GNORA

3 TOnumBL CKMH-CNOS
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Puc. 1 I3MeHeHne MHTEHCMBHOCTW TEMIOBOrO MNOTOKA BI'/'Iy6b MNPOBOAHMKA.

[1py TONLWMHE HaMbINEHNA antoMUHWA > 0,3 MKM METAIM3UPOBAHHYHO MAEHKY HEMb3A C
YBEPEHHOCTBFO Ha3BaTb OTPAXatOLLEN M3ONALMEN: MPW TAKOW TONLLMHE HaMbINEHNS TeMI0BOW
MOTOK HE MOXET MPOWTM HACKBO3b, @ MOXET WK OTPA3UTLCA MM MOTNOTUTECA. B 3TOM Ciyyae
MaTepuabl CPaBHMBAKOTCA MO SMUCCUOHHOCTU (CTEMEHN YEPHOTBI).

SMUCCKA (g) XapakTepU3yeTCa KOIMYECTBOM MOTIOLLEHHOW TYYNCTOM SHEPTUM OT MasatoLLero
NOTOKa, MOXET NpUHMMaThL 3HaueHmda OT 0 A0 1. ObblUHbIE CTPOUTENBHbBIE MATEPWAbl ABAAFOTCH
BbICOKO3IMUCCUMOHHbIMYK (€ = 0.9) Tak kak oHKM nornowatot 40 90% nyyeBomr sHeprmm.
BbicokoumcTaa 99.9% nonmpoBaHHasa antoM1H1eBaa GObra MMeeT H1M3KUM GakTop SMUCCUK € =
0.03 = 0.05, Tak kak ee NoBepPXHOCTb MOXET MOM0LWaTh 1 NepesaBatb TONLKO 3 = 5 % Ny4ncTon
3Heprmn. HU3KOIMMUCCUMOHHBIMM MaTepuanaMy SBAAKOTCA 30/10TO, Cepebpo, antOMUHNIA.

Y METaNNM3NPOBAHHBIX MJIEHOK SMUCCUOHHOCTb BbILE YEeM Y MOANPOBAHHOTO aNtOMUHMA U
COCTaBNAET MO PasAnyUHbIM UCTOUHKMKaM €=0.18 + 0.36, UTO He YAMBUTEBHO, TaK KakK M3/y4eHune
B MEPBYHO OYepe/b NMonajaeT He Ha caMy GOJibry, a Ha MOAUMEPHbIN CI0M (Kak Npasuio,
NoAn3TUNEHTepedTanar) KoTopbin nornowaet K nsnyuerume.

BbITyeT MHeHWe, UTO HanbINeHHbIE MAEHKM BOoee YCTOMUMBBI K OKUCIEHNIO, Tak KaK COW
ANFOMUHMA C ABYX CTOPOH 3aKPbIT 3aWWMTHBIM MaTepuanom. Ho He cTouT 3abbiBaThb TOrO, UTO
NOAMMEPHBIE MAEHKM MapO- M BO3AYXOMPOHMLIGEMbI, @ HaMbINAMble CIOM BoNee NOABEPXKEHDI
OKMCNEHWNIO MO CPaBHEHMIO C MPOKATHOM GObIoN.

BbicokoumcTad NoanpoBaHHas antoMmnHmeBad Go/bra O4eHb YCTONYMBA K OKMCneHWto. Kak
rnokasan onbIT NpuMeHeHna Matepuana Menodon® Bbinyckaemoro 3asogom "JIAT!, T.
[NepecnaBab-3anecckmnii, B MOMELLEHMAX C OYEHb BbICOKOM BAAXHOCTLIO (bonee 85%)
bonrMpoBaHHasa NOBEPXHOCTb HE MPETEPNENa HMUKaKMX M3MEHEHWNIA Ha NPOTAXEHNN 4-X NeT.

[axe ecnm B3ATb OKUCAEHHbIN aNFOMUHIKK, TO MOKa3aTeNm ero SMUMCCMOHHOCTY OYeHb BIM3KM
K METaNIM3MPOBAHHBIM MIEHKAM.

Ha pucyHke 2 npeacTaBieHa 3aBUCUMOCTb CTEMEHM YePHOTbI OT AJMHbI BOHbI A4
MONMPOBAHHOTO W OKMCNEHHOTO aNtOMUHNA.
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Puc. 2 3aBUCMMOCTb CTEMEeHM YEPHOTLI OT AJIMHbI BOJIHbI 414 NMOJAMPOBAHHOIO M OKMC/IEHHOIO
aJIIOMUNHNA.

[onoaHUTENBHBIM AOBOAOM B NOb3Y GONBIM FTOBOPUT TO, YTO M1aBHbIM "O1MYyomM"
OTpaxaroLLen M30NALMN ABNAETCA OTHIOLL HE OKMCIEHME aNtOMUHMA, a 3arblieHve 3epkana. Bot
3/€Cb U BbIABNAKOTCA NMPenmMyLLectBa Gobrn. Tak kak Gosbra ABNAETCA TOKONPOBOAALLMM
MaTepPK1asoM, TO Ha HeWN NMPaKTUYECKM HE CKarIMBAETCA CTaTMHECKOE INEKTPUHECTBO,
NPUTATMBAKOLLEE MebYalLLME YacTULbl Mbn. MeTanan3mpoBaHHbIEe NAEHKKW, HANPOTKMB, MO
CTPYKTYPE HaNOMMHAKOT KOHAEHCATOP, TeEM CaMblM, HaKaMaMBaKOT CTaTUYECKOe 3N1eKTPUYECTBO CO
BCEMM BbITEKAFOLLMMM OTCHOAA MOCNEACTBUAMM.

Ewe oaHa 061aCTb NpUMEHEHNA METANIM3NPOBAHHbIX MIEHOK - Ternsble Nosbl. Ka3anocs 6bl,
OHW CMeumanbHoO AN 3TOrO CAeNaHbl - CIOM NOVMMePa HaAEXHO 3aKpbIBaeT MeTal OT
LLLE/IOYHOIO AEMCTBMA BETOHHOM CTAXKM, HO M 34eCh KpoeTca npobaema. leno B TOM, 41O
ANOMUHWM MO TEMbIMK MONaMK BbINMONHAET "Da3paBHMBAROLLYHD" GYHKLMIO, TO eCTb npw
HE3HAUUTENBHOW TONLLMHE DETOHHOWM CTSXKM HUBEAVPYET Tak Ha3blBaeMble "TenoBble MONOCh!".
Ho kak nokasanu nccneaoBaHus, 3GGEKTMBHOCTb BbIPaBHMBaHMA OOLLEro TeMI0BOrO Noas
HaMPAMYHO 3aBUCUT OT TOALLMHBI aNFOMUHNMEBOM GOALI. Tak ANA HAWAYULIErO Pa3paBHMBaHWA
NPV TONWMHE BETOHHOM CTAXKM 3 CM TONLLMHA GONbIV A0MKHA ObITb MUHUMYM 30 MKM.
KoneuHo, npu tonwmHe 100 MKM 3pGeKTMBHOCTb Pa3paBHMBaHMA YBEIMUMBAETCH, HO U
CYLLLECTBEHHO BO3PacTaeT u LieHa.

A Tenepb OT CIOB NEPENLEM K Lndpam.

HauHem ¢ Teopun. Kak n3BeCTHO 0bLLMI TEMAOBOM MOTOK B CUCTEME C OTPaxatoLLel
M30NALMeN COCTOUT M3 3 COCTaBAAROLLMX - KOHBEKLMW, TEMONEPEAAUN U U3TYUEHNS:

Qo = Qvons. + Qreﬂﬂorlep‘ + Quan

Mbl OnULLEM TONBKO M3/1yYaTeIbHYHO COCTaBAAOLLYHO TEMIOBOrO NMOTOKA, Tak Kak MMEHHO 3Ta
XapakTepucTnka onpeaenaer 3QPeKTMBHOCTb OTPaxatoLLen M30aAUMKU. Yem MeHbLUE TenI0BOM
MOTOK, TEM MEHbLLIE TEMIOMOTEPM.

Tak AN HeorpaHWYeHHbIX NapanienbHbiX MAOCKOCTEN 3aMKHYTOM CUCTEMbI ABYX CEPbIX TEN
TEMNOBOW MOTOK NMyTEM U3NYYEHNA ONPEAENArOTCA MO 3akoHy CTedpaHa-bonbLumana:

Quzn = OEWZ(TW4 - T24),
e = (/e + /e -1)7,

rae o = 5.67 - 108 Br/M?K* — noctoanHHaa boabuMaHa,

€12 — NPUBEAEHHAA U3NyYaTebHaa CNOCOOHOCTb,

T — Temnepatypa ropayen n T, — Temnepatypa XxOA0AHON NMOBEPXHOCTU.
€11 €2 U3NyYaTeNbHanA CNOCOOHOCTb TEMIOM N XONOAHOM MOBEPXHOCTM.

[MOACTaBMM B 3TV YPaBHEHWA HaLLW AaHHbIE:

Ana donbrm €1 = 0.05, ang meTanimanmpoBaHHbIX naeHok €1 = 0.20, €2 NnpuHMMaeM pasHow 0.9,
TOrZa NPV NPOYMX PaBHbIX YCIOBMAX MOAyYaeTCa, YTo GObra Kak MUHUMYM B TpW pa3a bonee
3PPEKTUBHA MO CPABHEHWMIO C METANNM3UPOBAHHbIMM MAeHKamu. [dymaro, 3Ta umdpa rosoput
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cama 3a cebd, ecm NOTpebuTtess cornaceH bpate Matepuan ¢ 3apaHee 6oaee HU3KNMK
XapaKTEPUCTUKAMM, TO B 3TOM C/IyH4ae MOXHO BCMOMHWTL MOTOBOPKY - "CKymnown naatmT ABaxAp!".
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