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"Pexomenpanyy no yro9HEHHOMY OMHAMHYECKOMY pPacueTy 3JaHUi M COOPY>XEHHH Ha
NEUCTBHE TYIbCAUMOHHOM COCTABJISIOLICH BETPOBOM HAIrPy3KH' pas3paboOTaHbl B PA3BUTHE
rnaBbl CHulI 2.01.07-85* "Harpy3ku ¥ BO3A€HCTBUA" C YY4ETOM COBPEMEHHEIX METOIOB YHC-
JICHHOI'O aHanu3a IUHAMHYECKOTO TIOBEAECHUS CTPOUTEIBHBIX KOHCTPYKIIMH ¥ BO3MOXHOCTEH

UX NIPOrPaMMHOM peATH3alHHU.

B "Pexomenpanusx..."
- npugedendbl pe3yabmambsl AHAAU3A CYWeCm8YIoWUx Memooos8 pacyema 30aHuu U
COOPYHCEHUU HA 0CUCMEUU NYTbCAYUOHHOU COCMABAAIOUWEU 6eMPOEOU HASDY3KU,
- ONUCAH ANZOPUMM MOYHO20 PEUIEHUS 3MOU 3a0aiu U paccmompensl COOMHoule-

HUS, NO3GONANOWUE DPEanu30eams 3mMom AN20pumm 6 HYUCIEHHbIX NPOZPAMMHbBIX

KOMNJIEKCAX,

- 0N Yemblpex Muno8 COOPYHCEHUU NPOBEOEHO CONOCMABLEHUE PE3YIbmAamos pac-

yema Ha 3mo 8030eucmeue, NONYYEHHbIX NO PA3AUYHBIM MEMOOUKAM.

"Pexomenoayuu...”" paspabomaner ¢ JHUHUCK um. Kyuepeuxo npu yuwacmuu OQOO
EBPOCO®DT. Hx ocHo8HblEe NONOHCEHUA PEANU308AHbL 8 npozpammHom komnaekce STARK ES

cemeucmea npozpamm MicroFe (OO0 EBPOCO®DT).

Paspabomrxa «Pexomenoayuu...» u memoouku paciema 8blNOAHEHbl K.M.H., 6E0YUjUM
nayynoim compyonuxom L[HHHUCK [lonoseim H. A.; npocpammuposanue - Ilonoe H.A. npu
yuacmuu Jlebeoesa B.JI. (OO0 EBPOCODT).



S

[IPEMCJIOBUE

[Ipy B3aMMOJEHCTBUHM BETPa CO CTPOUTEIIbHBIMH KOHCTPYKLHUAMHU B HUX BO30YXKAAI0TCH
KOoJIeOaHUA, KOTOpHBIE 110 CBOCH IPHUPO/IC MOXKHO pa3IeIMThL Ha [ABa TUIlA:

- BbIHYXHCOEHHble KOoNebaHus, 00YCNOBNEHHbIE HENnOCPEOCMEEHHbIM OeUCmBUeM HA CO-
OpydICeHUe NYAbCAYUU CKOPOCMU OOCMAMOYHO CULbHbBIX, YPA2AHHBIX 6€HIDOE (8 O0aNlb-
Heuwem 3mu 6030eucmeus obosnavaromces xak [IB—rnazpysxku),

- UHMEHCUBHbIE A3DOVNPY2UE U HEYCMOUYUBble KONEOAHUA, Komopble, KaK Npaesuio, npo-
UCX00AM 8 HaNpABneHUU, NePReHOUKYIAPHOM CpedHeU CKOPOCMU 8empd (nonepeutvle
KonebaHus).

K xonebaHusIM BTOPOTO THUIIA OTHOCATCS PAa3IMYHbIE QOPMBI a3POAUHAMUYECKOH HEYC-
TOHYMBOCTH COOPYXEHUH (TaJIoOIUpOBaHUE, (JIaTTEp, NapaMETPUUECKUAN PE30HAHC), a TAKXKe
KouebaHus CBA3aHHBIE CO CPHIBOM BHXPEH C BHEIIHEH MTOBEPXHOCTH COOPYXEBHUH, B TOM YHC-
JIE U T€, KOTOPhIE CONPOBOXKAAIOTCA 00pa30BaHMEM BUXPEBOU HOPOXKKUA KapMeHa U NpUBOIAT
K PE30HAHCHOMY BHUXPEBOMY BO30YXICHHUEM COOPYKEHHUsA HAa ONHOMW M3 €ro COOCTBEHHBIX
4acToT. B Hactosmux "PekoMeHpgauusx..." KojgeDaHMsg 3TOrO THIIA HE pacCMaTpUBAIOTCH, a
OCHOBHOE€ BHHMAHHE YIEICHO ONPEACICHUIO U aHAIN3Y PEAKUHUH COOPYXECHHM Ha HEHCTBHE
II1B-Harpy3ku. Kpome toro, 34€Ch

- npusedeHbl pe3ynbmambl AHAIU3A CYWECMEYIOWUX Memodo8 paciema 30aHuu U Co-
OPYIHCEHUU HA JeUucCmeue nyabCayuOHHOU COCMABNAIOWEU 8eMpPOBOU HACPY3IKU,

- ONUCAH AN2OPpUMM peuleHUs 3a0a4U O 8bIHYHCOEHHbIX CIYYAUHBIX KONEDAHUAX COODY-
orceHun npu oeucmeuu IIB-nazpy3ok u paccmomperbl COOMHOUEHUS, NO380NAIOUUE
peanuzoeams 3mMom ai20PUmm 8 YHUCIEHHbIX NPO2PAMMHBIX KOMNAEKCAX,

- npoeedeH CpasHUMENbHbIU AHANU3 Pe3YAbmamos pacuema no pPasiudHblM MemoOUKam
Yemulpex munog COOPYHCeHUU.

PazpaboTka «PexoMeHmauui...» MNPEONPUHATA € LEIbI0 PACIUMPCHHUA HOPMAaTHBHO-
METOJHYECKOHN 0a3pl, HEOOXOAMMOH IS YUCICHHOI O PacyeTa COOPYXEHHUH Ha ITHHAMHYECKOE
nercreue Berpa. IIpy 3TOM UMENoCh B BUAY, YTO UX OCHOBHBIE IIOJIOXKEHUSA, B TIEPBYIO O4Ye-
pelb, OYAYT UCIONB30BAHEL IPH OATOTOBKE COOTBETCTBYIOIIUX NPOrPAMMHBIX KOMIIJIEKCOB.

B cBA3M € 3TUM HEOOXOAHMMO OTMETUTE YTO, TEOPETUYECKHUE U IKCIIEPUMEHTAIBHBIE OC-
HOBBI COBPEMEHHBIX IIpencTaBieHHH O [IB-Barpyskax ¥ ux B3aUMOJEHCTBHH CO 3JaHHAMH H
COOPYKEHUSAMHU pa3dpaboTaHbl B KoHLE 5S0-X — Hayasie 60-X ro0B U C TEX IOp NMPUHIMIIHATD-

HO HE HU3MEHHUJIHUCH. B TO xe BpeMsI METOAUKH pacyeTa COOPYKEHHUM Ha 3TH JUHAMHYECKHE H

CIY4aHHBIE 110 CBOEH NPUPOJIE BO3AECUCTBUA TpeboBaiu (M TpedyroT) DONBIIOro 00bEMa YHC-

JJEHHBIX BBLIYHCIIEHHUH, a BO3MOXHOCTH DOBM nokonenns 60-x — 80-X rooB He MMO3BOJIHIIM B
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[10JJHOM 00BbEMe YHCICHHO PEUTH30BaATh OTU METOAUKHK. CHTyallHst KOPEHHBIM 00pa3oM H3Me-
Huiack B 90-e romel ¢ nosiiaeHueM LIK, nponeccopoB cemencrBa Pentium u pa3BHTBIX
Windows-nnoJoOHEIX onepaidoHHBIX chcTteM (0OS/2, Microsoft Windows). Hcnons3oBanue
YTUX TE€XHOJIOTUH IIO3BOJIAET AOCTATOYHO IIPOCTO CO3JaBaTh aJIcKBAaTHHIE PACYETHLIE CXEMBEI
CIIOXKHBIX CTPOMTEJIBHBIX KOHCTPYKIUH U MPAKTUYECKU pealln30BaTh METOAbI CTPYKTYPHOIO
aHaJIM3a X paboThl ¥ MOBEAECHHUS NIPU Pa3IUYHBIX BO3JEHCTBUAX, B TOM UHCIIE U QUHAMUYE-
ckux. (IlogoOHEI MOAX0A, B YACTHOCTH, PEUTH30BaH B IPOTPAMMHBIX KOMIIJIEKCAX CEMEUCT-
Ba MicroFe, pazpadoranneix "mb Software AG" u "EBPOCODT".)

OnHaKo, U DTO TOXKE HEOOXOMUMO OTMETHTH, B HACTOSANIEC BPEMS OTCYTCTBYIOT KaK
HOpMAaTHBHaA 0a3a, MO3BOJISIOIIAA UCIIOIL30BATh TOYHBIE METOAUKHU pacyeTa COOPYXEHHUM Ha
JNEUCTBUE TyNbCaluil BETPOBOU HArpy3KU, TaK U MYONUKAIMKU B OTEUYECTBEHHOHW HAYJHO-
TEXHUYECKOH JTUTEPAType, B KOTOPBIX 3TH BONIPOCHI paCCMAaTPUBATIUCH ObI B [IOJIHOM, 3aMKHY-
TOM 00BeMe. CymecTBYIOMME Ha PYCCKOM SI3BIKE JBE MUHOT‘pa@HH* HAIlIMCAaHbl B CEPEIVHE
70-x — gagayne 80-X romoB H, 4TO Dosee BaXXHO, 00€ OHU OPHEHTHPOBAHHLI Ha METOABI H
CpPeCTBAa pacueTra, pa3BUTbie B TO BpeMsA. llpennaraemele "Pexomenpmauuu..." — 310 1-pIM
3Tall padoOThl IO COBEPIIEHCTBOBAHHIO HOPMATHBHOM H METOIHMYECKOHM 0a3bl, CBA3aHHOM C
pPacYeTOM COOPYKECHUM HA IUHAMHYECKOE NEUCTBUE BETPA.

"PexoMergamuu..." noarororiaensl HHCTUTYTOM LIHMMCK umMm. Kyuepenko no npen-
JIOXKEHHUIO U IIpH HemocpeAcTBEHHOM y4dacTuu GupMbl « EBPOCO®DT»; uxX 0CHOBHBIE IOJO-

)KEHHUA peajiM30BaHbl B porpaMMHOM komruiekce proFEI&STARK ES cemerncTa nporpamm

MicroFe

"B Hacmosujee 8pems Cywecmeayom dee MoHOozpa@uu Ha PYyCCKOM A3blKe, 8 KOMOPbIX
Haubosnee NOHO paccCMOmMpeHvl 8CE BONPOCHI, C8A3AHHBIE C 8030eucmeuem [IB - Hazpy30K Ha
30aHnus u coopyxcerus. Imo — "Pykoeodcmeo no pacuemy 30aHuu U COOPYHCEHUU HA Oetucm-
gue eempa’ (M., Cmpouuzoam, 1978), noocomoenenroe bapuimeurnom M.D., u nepesooHas
xknuza 3. Cumuy u P. Ckannana "Bozodeucmeue sempa ua 30anus u coopyxceHus (M.,
Cmpouuzoam, 1984). Obe smu pabomsl, 6a3upyromca Ha 8noJHe COBPEMEHHBIX NPEOCmas/ie-
HusAx o npupoode IIB - Hazpy30K u 00CMamo4yHo HAOQEIHCHBIX OAHHBIX HAMYPHBIX U MOOENbHbIX
IKCnepumeHmanbHuix uccanedosanuu. QOHAKo npednazaemvle 8 HUX PACYEMHble COOMHOULE-

HUs, 8 OCHOBHOM, NPEeO0CmMABNEeHbl 8 MOU WU UHOU CMENEHU 8 YNPDOWEHHOM 8UOE.
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1. O01mue MoJ10KeHHS

1.1. Hactossumme "Pexomenmaumy..." pazpaboransl B pasButHe riaBel CHull 2.01.07-
35* "Harpy3ku u BO3AEHCTBHUA" W JOIIOJHAOT IIOJIOXKEHUS 3TOI0 HOPMAaTUBHOIO JJOKYMEHTA.
[Ipu noaroroske "PexoMeHaauuu. .. IIPHHATO BO BHUMAaHUE:

a. HMznooicennas 6 CHull 2.01.07-85* «Haepy3zku u 6030eucmeus» memoouka on-
pedenenus nYabCayuoHHOU COCmasaaweu eempogou Hazpysku (lIB-nazpysku) ne s6ns-
emcsa YHUBEPCANbHOU U MOdicem Dbimb UCNOAb308AHA NPU pACYEME U NPOEKmupo8aHuu
00CMamoyHO Y3K020 Kiacca 30aHUl U cOopycerHul, nepevuciennblx 6 n. 0.7 CHull;

b. B nHacmoswee spemsa omcymcmgyem HOPMAMUBHO-Memoouyeckas 6asa no
pacuemy Ha Oeucmeue [IB-nazpy3ok npou3eOonbHbIX COOPDYIAHCEHUU CO CAOJICHOU NpO-
CMPAHCMBEHHOU PACYemHOU cxemou, mpebyowue yuema COBMECMHbIX KOAeOaHuu no

PA3IUYHbIM COOCMBEHHbBIM (BOPMAM U UX 83AUMHOU KOPDeTAYUU.

IIpumeuanue. B darvHeuwem nynbCayuoOHHas COCMABAAIOWAS BEMPOBOU HAZPY3-

Ku obosnaqaemcs xax IIB-nazpy3ka. J

1.2. B "PexoMenpanusx..." npeacTaBliesa YTOUHEHHAs (10 OTHOUWIEHHUIO K TTI0JIOXKEHHIM

nmn. 6.7-6.10 ykazasnoro CHull) MeTtoguka pacdera 30aHUHM M COOPYXKEHUU Ha ACHCTBUE

It

NyJIbCAHOHHON COCTAaBJIIIOUIEHM BETPOBOM HArpy3ku. 'PexkoMeHIanud..." MOryT OBITH HC-

[10JIb30BAHBI [IPH pacdeTe Ha BO3HeicTBUE [IB-HArpy30K 30aHUE U COOPYXEHUN NPOU3BOIb-

HOr'0 THUIIA C YYETOM OrPAHUYCHUH, IIEPEYUCIIEHHBIX B I1. ].3

1.3. B "PexoMengaumsax..." HCIIOAb30BaHbI NpUHATEIE IpHU pa3dpadorke CHull nogxonsr
U COOTHONIECHHS, OIHCBIBAIONINE CTATHCTHUYECKHE XApPaKTEPHUCTHKM CKOpPOCTU BeTpa M IIB-
Harpy3ox. B CBsA3M C 3TUM, MNOJIOKEHHs HACTOAIIMX PEKOMEHIALMUU..." He MOIYT IIpUMe-
HATHCH
- Ona onpedenenHus peaxyuu COOpYICeHUU, 0OyCro81eHHOU UX DEe30HAHCHBIM BUXDEBbIM
8030YVJICOEHUEM,
- 014 onpeoeneHus peakyu NOKPbulMul 8 ePMUKANbHOM HANDABNIEHUL,
- 80 8CeX Mex CIYy4asx, Ko20a OCHOBHOU 6KNA0 8 OUHAMUYECKYIO DeaKyur) COODYICeHUA
grnocum gosoeucmeaue [IB-nazpy30x 8 30HAX ¢ OMPUYAMENbHbIM CPEOHUM 0A8IEHUEM
gempa (8 3oHax "omcoca’”).

B 3Tnx pac4eTHBIX Cly4yasX HEOOXOAUMO UCHONB30BATH CTATUCTHYECKH 0OOCHOBAHHEIE

PEIVYILTATHI HATYPHBIX HJIM COOTBCTCTBYHOIIIHNM O6pEiSOM OPI'dHHU30BAHHLIX MOACJILHBIX d3PO0O-

IUHAMHYECKHX HCIBITaHUN COOpykeHHus (11. 1.4).



1.4. llpu npoBeA€HUU MOJACIbLHDBIX d2POAMHAMHYECKUX UCHbITAHMH COOPYIKCHUH HEOO-
XOJMMO MOACIUPOBATL TYPOYJIEHTHYK CTPYKTYPY IIOTPAHCI0s aTMOC(EpPHI, BKIIIOYAA BEPTH-
KanbHBIA IPAAHEHT CPEIHEN CKOPOCTH BETPA U DHEPreTHYECKUH CIIEKTP €ro NnyJbCallHOHHOU
cocTaBaswonei. Kax npasuno, no0obHvie IKCNEPUMEHMANbHbIE UCCAE008AHUSL NPOBOOAMCA 6
aspoouHamuyecKux mpyboax memeoponio2udecKko20 muna ¢ OAUHHOU paboyeu 4acmuio, 8 Ko-
mopuvlXx CmpyKkmypd nomoxka coomeemcmeyem, max Hasvieaemou, "'npucmeHovrou” mypby-
JIEHMHOCMU U (DOPMUDYEMCA 3 CUEM MEX JHCEe MEXAHUIMO8, YMO U 8 HAMYPHBIX YCI0GUSX.

Mcnons3oBaHue Ipu pacyeTe 3MaHUU U COOpYXeHUHU Ha nercTsue l1B-uarpysox sxche-
PUMEHTAIBHBIX Pe3yJbTATOB, MOJIYYEHHBIX [IPH UCIBITAHHAX B IVIAJKHX [TOTOKAX HIIM B HOTO-

KaX ¢ APYTHMH THIAMH TYpOYJIEHTHOCTHU (B YaCTHOCTH, B IMOTOKaX € ''pemierdaToin” TypOy-

JICHTHOCTBIO) JIOJKHO OBITH JOIOJHUTENBHO 0OOCHOBAHO.

1.5. Pe3ynpTaThl pacuera 3JaHUH M COOPY>KEHHUH Ha JieHcTBUE l1B-Harpy3ok, nomnyyae-
MbI€ [1PpY UCIIONB30BAHNUM YUCACHHBIX NIPOrPAMMHBIX KOMIUIEKCOR, JO/DKHBI BKIKOUYAThL B ce04
- yCcunus u nepemenjerus (CymmapHsle u no opmam Konebanuu), onpeodeniemvie ¢ yye-
mom nonosceruu Hacmoawux "Pexomenoayuu...",
KpoMe Toro, B CTPYKTYpPY YMCIACHHBIX IPOrPaMMHBIX KOMILJIEKCOB II€IE€CO00PA3HO
BKJIIOYATh:
- onpedeneHue Cull UHepyuUu no Qopmam Korebanuu,

- onpeodeneHue npedenbHuliX Yacmom Konebanuu,

- OYEHKY yCmAaaoCmMHOU NPOYHOCMU U 8bIHOCIIUBOCMU 3NEMEHMOE COOPYHCEHUA.

I Ilpumeuanue. Ilpusedennvie 8 n. 6.8 CHull 2.01.07-85* sHauenus npe-
OenbHblXx yacmom [, noay4eHsvl npu Haubonee obujux npeonoioiCenusx OmHOCU-
MenbHO 2e0MEMPUYECKUX, KOHCMPYKMUBHBIX U OUHAMUYECKUX CBOUCME COODY-
HCEHUU U, 8 C8A3U C I3MUM, onpedenensl ¢ 3anacom. Kaxk npasuno, peanvHsie 3HA-

YeHUA [| 3HauumenvHo meHvule mex, komopole ykaszarnbl ¢ CHull 2.01.07-85*.

e i o YT T el —

1.6. Pacuetnsle 3HayeHUsd YCUIIHH (J, U MEpEMEIIEHNH U,, BO3HUKAIIIUX B dJIEMEHTaX

3MAHUH ¥ COOPYXEHNH npu aercTBUY [IB-narpy30K, onpeaensaoTes 0o GopMyam:

O, = Op 7Y, (la)
U, = Oy Y, (1b)



rae
Op U O, - cmanoapm YCUAUU U nepemeuwjeHuu, COOmeemcCcmeeHHo,
Y - K0opDuyuenm obecneweHHoCmu nylbCAYUOHHOU COCMABNIAIOWEU 6eMPOBOU HA-
2DY3KU.

1.7. KoaddunueHT 00eCeUeHHOCTH Y, NYNbCALMOHHOU COCTaBIAIOIECH BETPOBOUN Ha-

IPYy3KM IIpUHUMaercsd paBHBIM 3.0 (¥, = 3.0), ecii g COOpPYKEHHUH pacCMaTpHBAaeMOIO

KJIacca (TUIIa) HE OrOBOPEHBI IPYrue 3HAYCHUS 7, .

1.8. CTangapTt repeMeniesui o, , KaK IPaBuIIO, ONPENENISETCSA B PE3YIbTATE YHCIACHHO-
ro JUHAMHYECKOI'0 pacdyeTa COOPYXXEHHUA Ha NEUCTBHE NMYJILCALHMOHHON COCTABIIAIOMIEH BET-
POBOM HArpPy3KH, CTaTUCTUYECKHE XAPAKTEPUCTUKH (aBTO- M B3aUMHBIE CIIEKTPAIbHEIE U KOP-
PENAIIMOHHEIE DYHKIIUM) KOTOPOX NMPUBEAEHEI B II.II. 2 U 3 HACTOAIIMX 'PeKOMEHJallUM..." .
Hcnonp3zoBanne mid 3TUX GYHKIIMA HHBIX AlIIPOKCHMHPYIOIIMX COOTHOIIEHMH JOMIyCKaeTCH

[10CJI€ UX COOTBETCTBYIOIIETr0 00OOCHOBAHHUA.

2. OCHOBHbBIE paCcyeTHLIE COOTHOIIEHH S

2.1. PacgeTHrie COOTHOIIEHMS, MPEACTABICHHEIE B L. 2 ¥ 3 "Pexomenmanui...", COOT-
BETCTBYIOT PEIIECHHIO JHHEHMHOW MUHAMHYECKOH 3a7Ja4H O BRIHYXKIEHHBIX KONeOaHHAX CO-
OPY>XKEHUHU NpH AcHCTBUM 11B-Harpy30k METOAOM pa3iIoXKECHUA YCHUINHK U IEPEMEILCHUN B Psi-

[BI [I0 OPTOHOPMHUPOBAHHBIM COOCTBEHHBIM (QOpPMaM COOPYKEHHUA.

IIpumeyanue. Cobcmeennvie gpopmur O, (x) (k=1,...,) A61910mCca OPMOHOPMUPOBAH-

HbIMU, €CIU BbINONIHAIOMCA CAEOYIOUJUE YCNOBUA:

| m(0)®, (x)F, (x)dx = 0 kzn (3a)

Jm(0F; (x)dx =1 (3b)

20e X — obracmbv onpedeneHus nepemeHHouU X;

m(x) — Macca COOpyHCeHuUs 8 MoO4Ke X.

B 3TOM ciiydae pacyeTHEIE IEPEMEIIEHUS Uy(X) OIIPEAESIOTCA CIIEAYIOMHM 00pa3oM:
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Klllﬂl\i
ul(x)=Y u,, (x) (2a)
k=|
g?- K inax 1
i ()= ) G, 2b
up,k (.)C) 47rsz2 ; k? q)‘k(x)qo‘kl (x) kk, ( )

rae
X= (X1,X2,X3) — KOOPOUHAMbL, ONUCLIBAIOUUE 2EOMEMPUIO COODYHCEHUA,

Kooy - YUCO yuumeigaemvix cobcmeennuvlx hopm,

g0 - pacyemHuvie 3HaYeHUus K03 puyuenma nopwvieucmocmu (mabn. 1),

@, (x)- sexkmop k-ou cobcmeernnHou opmvl 8 MOUKe X,

fi Ty) — k-aa cobecmeennan wacmoma,

Gy, - 0606wyennoe sozoeucnigue, yuumel8aoujue COBMECMHble KOAEOAHUsL COOPYHCEHUS

no k-ou u kj-ou gopmanm.

2.2. Ecnu ycunme (uny arobasd apyras pacyeTHas BeIW4YMHA) R CBA3aHA C IepeMelle-

HHEM U JIMHEHHOM 3aBUCHMOCTBIO THIIA
R = L(i) (4)
20e L(U) — nuneunas QYHKYUA, MaAmpuya uiu onepamop (UHmezpanvHuli, Oudgepen-

YUANBHBLU, CMEUUAHHBIUL),

TO pac4YeTHOE 3Ha4eHue K, YCHIMH Oonpeneiserca no Gopmyie:

KITIEII'E
R, =3 R, (x) (5a)
k=]
2 K. __.
g ¥l
R;,k — A2 fkg ;EL(@: (x))L(qgkl (X)) (3b)

2.3. O0o0uIeHHOe THHAMHUYECKOe BO3eHcTBIe G, ONpeenseTcs CIexyomuM oopa-

30M.

Gy, = | [0 (™)l (x)es (¢, x@)dxVelx® (6a)
A A
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g () =@, (x)-W(x) 5(2) (60)

28, (f5x", X))
ka (1): (2)y — P,0 : d 6
oia, (1,00 J NGING (0)
K== 1) +7.(f1 1) (6d)
S (f;x,x) =08, =0,"S, (Hr,(f;x",x) (6e)

31ech
W (x) - 6ekmop cpedrneu cocmasiioujeu 8empo8oU Ha2py3Ku 8 MO4Ke X,

A — nosepxnocmuv coopyacenus, Ha komopyro deucmeyem IIB-nazpy3ka,
((z) - koaghpuyuenm nynvcayui ckopocmu eempa (n.2.4);
Z - 8bICOMA HAO NOBEPXHOCMbIO 3eMIU 8 MOUKE C KOOPOUHAMAMU X,

Svo(f) - HOpMupoBarHbIU IHEP2EMUYUECKUU CNeKmp NPOOOIbHOU KOMNOHEHMblI CKOpOoCmu

gexmopa (n.2.5);
rofxt) 1) K03hpuyuenm Kopperayuu nyibcayuu oasieHus (n.2.6) 8 moykax

(1) _ I 1) l (2) _ 2 2) L(2)y.
X —-(xl(),xé ,xg)) U Xx )—(xl( ),x?(_ X3 )5

f(ly) — wacmoma,

O, — CmMaHoapm CneKkmpa CKOpoCcmu 6empa,

S - KOIPPUYUEHM OUHAMUUHOCTIU, YUUMBLEAIOUUE COEMECTIHYIO DEAKYUIO COOPYICEHUA

no k-ou u kj;-ou popmanm.

2.4. KosdduumenT nynpcandd ((z) CKOPOCTH BETPa Ha BBICOTE Z OIPENENAeTrcs II0

dopmyiie:

Lz) = (7/10)7 (7)

rIe 3HaYeHU [1oKaszaTesd CTENeHHW [3 mpuBefeHsl B Taba. 1.1 B 3aBHCHMOCTH OT THIIA

MeCTHOCTH (cM. 1. 6.5 CHull).
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Tabnuya 1. 3naqenus kosgpduyuenmos gy u 3.

I1a- T un mecmuocmu (cm. maon.7 CHull 2.01.07-85) j
paMeTp A B C
20 0.76 1.06 1.78
i 0.15 0.20 0.25

Ilpumeuanue. B CHull 2.01.07-85™ npunamaul credyrowue munsvt MECMHOCMU. |

A — omkpbimbie nobepesicos Mopeu, 03ep U 6000XPAHUNAUW, NYCMBIHU, CMENU, 1ecocme-
nu, myHopa,

B — 2opoockue meppumopuu, 1ecHvle MacCugvl u opyaue MecmHoCmu, pagHOMEPHO No-

Kpbimble npenimcmeusimu evlcomou bonee 10 m;

C — 2opoocKue patioHsl ¢ 3aCMpPOUKOU 30AHUAMU, 8blCOMOU bonee 25 m.

Coopyodicenue cuumaemcs PACHOJONCEHHbIM 8 MECMHOCMU OAHHO20 Muna, eciu 5ma

MECMHOCMb COXPAHAEMCA C HABEMPEHHOU CMOPOHbL COOpYicenus Ha paccmosHuu 30h — npu

gvicome coopyxcenusi h 0o 60 m u 2 km — npu bonvweu gvicome.

2.5. HopMHpOBaHHBIN HEPIE€TUYECKMNA CIEKTP ITYIbCAUMOHHON COCTABIIAIONIEN CKOPO-

CTH BETpa I, ,(f) ONMCHIBAETCI COOTHOILICHUEM:

4 AN
3 (14 A

S,,(f)= (8a)

TIe
A - bespazmepuas vacmoma,
f-uacmoma e l'y;

L, = 1200 m - unmezpanvnsit npo0oabHbIL MaACUmMad mypOyieHmHocmu.

Vo - 6azosas ckopocmb gempa Ha svicome 10m.

2.6. Koo durment xoppewmmn r,(f;x'”,x¥) mynpcaumit ckopoctu Betpa B Toukax x'”

= (xP, %", 2" mx =(x®, x?, x1¥) onpenensercs mo popmye:

r(fx0,x?) = expi- /T, (x",x)] (9a)
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: Al () L (2)
ﬂ,(x('),x‘“)):~— r(xV:x ) (9b)
0
3
ALl =3 blAx] 5 Ax, =|x!” = x? (9¢)

rae
Tv(xm,x(zj) — Nepuoo Koppensyuu nopul8o8 8 Mmoykax x My 51
Vs - bazosas ckopocmv eempa Ha gvicome 10Mm.
(1) (2)

Ax; (i=1,2,3) - npoexyuu paccmosnus medxncoy moukamu X' u X' HA 0CU Npasol no-
MOYHOU cUucmemvl KoopouHam, 8 Komopou oce OX; OpueHmupo8aHa no HanpasleHuro
cpedneu ckopocmu eempa, a ocb Ox3 HanpaeleHa 6ePMUKAILHO 8BeEPX.

b; (1=1,2,3) - amnupuueckue koncmaumul;, b; =20 ; b; = b3=§

a. I11ockas pacyernas cxemMa COOpPYKeHM. %,

B cinyuae, ecinu pacuerHas cxeMa COOpy-

)KEHUA (30aHIsA, IIOCKHE (DepMbl, IUIHTHI), pac-

IIOJIOKEHA B IINIOCKOCTH (Oxpx3, IEPIEHIUKYIIP- _
— a4, '
HOM BEKTOPY CpeAHEH CKOpOCTH BeTpa V , TO

paccTosHue Ax; JONYCKAe€TCS IIPUHHMAThL PaB-

HBEIM IIMPHHE a; COopYyxeuus (puc. 1a), T.e. e T e
6. BajiouyHast pacyeTHas cxemMa coopyxenust - S
Ecnn mpu npoBeNeHMHM pacdeTroB coopy- o o
)KEHHE PacCMAaTPHUBAETCSA KakK MNMPAMONMHEMHBIA .. -~
crepkeHb (OalIHW, MauTsl, rajieped U T.II. CO- Piic. | K onpenenenuio Ax, 1 Ax, UL
IUTOCKUX (a) M JIMHEWHBIX (D)
OpYXKEHUs), OCh KOTOpPOro ImapajiesibHa KOOp- PAaCYETHBIX CXEM.

OIUHATHOM ocH Ox3, TO

7 ) { 7 9
Ax, = al\/?)az“—i-a]“ /3p, Ax, =a,~3ai +a,” [3p

zoe
aj; u a; — pasMepvl NONEPEYHO20 CeHeHUs COOPYICLUS 8 HANPABLECHUAX NAPANNENbHOM U
nepneHOUKYIIPHOM NOMOKy éempa (puc.1b),

D - hepumemp nonepeyHo20 Ce4eHusl.
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3. IIpuban:xkenHbIC COOTHOICHHUS

3.1. dopMabHO, COOTHOWEHHUS, IIPUBEAEHHBIC B I1.2 IOMHOCTBIO ONPELEIAIOT (CTATU-
CTHYECKH) PAaCYETHYIO JMHAMHYECKYIO PEAKLHIO COOPYKEHUH IIPU NEYCTBUM ITYIbCALUH BET-
pa U MOT'YT OBITh MCIIOJIB30BAHBI [IPH X PACUYETE, a TAKXKe IpHU pa3paboTke alTOPUTMOB YHC-
JIECHHOI'O pelIeHUs MoHoOHbIX 3aj1a4. Ilpy npakTh4eCKor YHCIEHHON pealu3aluy 3THX COOT-
HOIIEHHUH JONOJHHUTEILHO JO/DKHO OBITh YYTEHO CHEHYIOIIEE:

a. Heobxooumo onpedenums eepxnuu npeden K., cymmuposanusi no k 6 (2a) u (5a) maxum
obpazom, umobvl OblLIU PACCMOMPEHBI 6CE 2APMOHUKU, KOMOPbBIE BHOCAM 3AMEMHbLIU
8K1A0 8 OUHAMUYECKYIO peakyuro coopyxcenus. 1lo cywecmsy, sma 3a0a4a c600uUmcsa K
HAXOMCOEHUIO MAKOU NPeoeIbHOU 4acmombl fim, 4MO peakyueu (8 mom Hucie u peso-

HAHCHOU) HA yacmomax, npesvluaromux fim,, MOA*CHO ObLIO Obl npeHebpeus.

b. [na xaoicoou cobcmeenHol popmul yenecoobpasno ymounums Yucio Kjmax < Kpnax KOp-
Penupyempix ¢ Hel OCMANbHbIX QopM Konebanuu (m.e., N0 603MONCHOCMU, YMEHbUIUMD
gepxXHUU npeoden cymmuposanus ¢ (2b) u (5b)).

c. M3 coomnowenuu (6) 6u0HO, umo 015 onpeodeneHusi 0O60OUWEHH020 OUHAMUYECKO20 B03-

Oeucmeus G, HeOOXOOUMO 6bIUUCIUMb HECOOCMBEHHbIE (C DECKOHEUHBIM BEPXHUM Npe-

OenoM) unmezpanvt OAs KAXCOOU napvl Y3106 (Unu a1emeHmos). ns coopyxceHuu co
CONCHOU PACYEMHOU CXEMOU, BKIIOYAOWet 8 cebsa mulCAYU V308 U INEMEHMOE, PEAlU-
3ayus N000OHO20 An2opuUmMa Moxcem nompebo8ams MHOSUX YACO8 PACHYEMHO20 8peMe-

HU, Ymo, OYEeBUOHO, Henpuemiemo Npu apUAHMHOM DeuleHuU Npakmuveckux 3aday. B

C8A3U C IMUM IHCENAMENbHO YRIPOCMUMb NpPOYeoypy BblYUCIEHUS KOIPDuyuenma le,

OCMABasCh NPU SMOM 8 PAMKAX NPUEMIIEMOU MOYHOCMU PEUEHUS NOCMABNIEHHOU 3A0aYU.

3.2. IIpu peamu3anuu 00LIEH METOOUKA AUHAMUYECKOIO pacyeTa COOPYKEHUH Ha JeH-
CTBHE NYNbCALIMOHHON COCTaBISAIOLIEH BETPOBON HAIPY3KH, U3TOKEHHOH B 1.2, IOMIYCKAETCS
UCIIONIB30BATh €AUHBIN (OCPEAHEHHBIN) U1 BCEro COOPYXEHUA epuon 7, , Koppeminuu. B

3TOM Cily4dae i TIOOBIX ABYX COOCTBEHHBIX GOpM kK U k; MOXeT OBITh BBEOEH OOUIMH OJLA

BCEr0 COOPYXEHUA KOIQQUUHMEHT JUHAMUYHOCTH &, , @ 000OIIEHHbIE THHAMHYECKHE CHIIEI

Gy, (M.2.3) onpenendroTcd CIeayromuM 00pa3om:

Gu, =G G064 (11a)
G = | g (x)dx (11b)
, 7S, (0

ke, — |~ j m a 1
2 Jak(fmkl(mr e ()
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rm(f) = r(f, Tym) (11d)

Ipumeuarnus. l

l. Kax npasuno, memoouka onpeoenenus 1,,, o0ondcua bvims 0OocHo8ana pe3ynv- |

mamamu CpasHUMENbHO20 PAcHema COOPYIHCEHUU NO MOYHLIM U NPUOIUNCEHHBIM COOM:-

HOWEHUSIM. |

2. Kosgppuyuenm ounamuunocmu & =E.°, nonyuaemwiti uz (1lc) npu k; = k

BKAIOUAIOM 8 CEOSl KOPPEAAYUIO NOpPbiB08 6empa U, 8 C8A3U C 3MUM, €20 3HAYEHUA OMAUYA-

jomes om mex, umo npugedenvt 8 CHull [1] u Pyxosodcmese [6].

3.3. JInsi HEKOTOPBHIX pac- A4S
A P P d(f) Koppensuus nuHaMU4ecKOH

YeTHBIX CiIy49aeB (B YaCTHOCTH, nggg‘g& \  Deakiuu Ha OIM3KMX
 Berpa 1 4 COOCTBEHHBIX 4acTOTaX

pU  OIPEACICHUH NpEaC/IbHOU

4aCTOTHl [, (11. 3.4), IIpH OLIEHKE /TN

JduHaMuyeckas

BBIHOCJIYMBOCTH U, BO3MOXHO, B AEee N

HEKOTOPBIX APYTHX ClIydagx) 00-

IIYI0 PEAKUHIO COOPYKEHHS Ile- B oo

necooOpa3Ho pa3genuTh Ha KBa- T :
N  KpasuMcTaTHuecKan @ Wiy
3UCTAaTUYECKYIO Up(X,) W IUHa- | HacTh peakumM

MHYECKYIO ity (X,) COCTABJIAIOIINE - £
£ f,
Puc. 2. DHEpPreTUYeCKUM CeKTp JUHAMUYECKOW peaKIUH

KEHUSA ONA Up(X) U Uy (X) MOTYT COOPY>KEHUH NIPHU OEHCTBUHU BETPA.

(puc.2). AHUIMTHYECKHE BBIPa-

OBITH NIOJIY4EHBI U3 COOTHOIIEHU

(2), (6) u (11), B KOTOpBIX KOI(MPULIMEHTHl TUHAMUYHOCTH IIPEACTABIEHE KaK CyMMa IBYX

CJI1draCMbIX.

€, =Vo +8i., ' (12)

Jt npuOMKEHHBIX COOTHOMIECHHH (11):

Vi =S (Nf (13a)
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]
A,(NA, ()

|df (13b)

Eaa = | S0 (N ()

YacTe peakuuu, COOTBETCTBYIONIAS WICHY Uy OOBIYHO HA3bIBACTCA KBA3UCTATHYECKOH.
OHa He 3aBHCHUT OT JUHAMHUYECKHX CBOMCTB COOPYKEHHA, ONPEIAEIAECTCS TOJBKO TYpOyIeHT-
HOH CTPYKTYpOH "cBOOOIHOr0" IOTOKA BETPA U KOpPPEISILHEN JaBJICHUS 10 HOBEPXHOCTH CO-

OpYKEHHA.

3.4. [Ipu npoBeleHMH KaK TOYHBIX (HI. 2), TaK ¥ OPUOIMIKEHHBIX PACcYETOB IPEIEIIh-
HYIO YaCTOTY KoJieOaHUH [, U COOTBETCTBYIOMICE YUCIO K,py YYHUTBIBAEMBIX QOPM Kojeba-

HUH JONYCKAETCA ONPEREIATH U3 YCIIOBHUSL:

£ <(1+&) vg ' (14)

X

rac

&, - moocem Goimob nonyuero usz (11c) npu k =k; = Ko

L1 Ry

Vo — 3a0aemcs pageHcmeom (13a),

€y S 0.01 — mounocmy dunamuueckozo paciema.

Ilo cymectBy, HepaBeHCTBO (14) ¢ HEKOTOpPBIM 3aI1acOM 3KBHBAJICHTHO YTBEPKICHHIO, 9TO

KO3GPUIUEHT TUHAMHAYIHOCTH U1 QOPMEI K,np ¢ TOUHOCTBIO IO BEJIHMYHMHBI £ PAaBEH €IH-

HALIC.

3.5. Ilpu pacdgere 3HaHHi M COOPYKCHHH Ha NEHUCTBHUE BETpa KOPPEISUHIO PeaKHUU

MEXIy K-OM U kj;-or GOpMaMH JIONYCKAETCSI HE YYUTHIBATh, €CIIH

gkk, S 8cor§kk (15)

rIe

ékkl U ékk 3A0aHblL COOMHOUEHUAMU (]]a),

Ecor £ 0.0] — mounocmsv onpedenenus Kopperiyuu peakyuu no CobcmeerHHblM opman.

Ecimu ycnoBue (15) BeinionHeHo Ijit £ 1 kj-oM GOpM, TO KOPPEIILHMIO PEAKIIUH MOXXHO

HE YIUTBIBATE U JULT BCEX COOCTBEHHBIX OPM C YacTOTaMH fx U f, 2 f, .
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HPUJIOXEHUE 1.

OBIIUE ITPUHLIUIIEI HOPMUPOBAHUS
[TYJIbCAIIMOHHOU COCTABJISIOLLEU BETPOBOU HAT'PY3KHU

I11.1. Onpenenenune pacHeTHbIX YCHJIHH U NepeMeLieHU N

NpU CJIYYaHHBIX BO3JXEHCTBHAX

I3BecTHO (cM., HanpuMep, [6]), 4TO BeTep npeacTasiaseT cobO0 HEeperyaapHoe, TypOy-

JCHTHOC JIBHXXCHHC BO3YXd K, B CBA3HU C OTHUM, I1PpHU DCUICHUHA OOJIBILIMHCTBA NOPHKIJIAOHBIX 34d-

Ja4, B TOM YHCIE K MpOoOJIEM CTPOUTENLHOW AHMHAMHKH, CKOPOCTH BETPA PACCMATPUBAETCS
KaK CJIy4YalHLIM BEKTOPHBIM NPOLIECC, KOTOPBIM, KaK OOBIYHO, OIHUCHLIBAETCA CBOUMH IPO-
CTPAHCTBEHHBIMHA U BpPEMEHHBIMH CTAaTUCTUYECKHMHU XaAPAKTEPUCTUKAMU: CpEIHEU BEIUYH-

HOH, JUCIEPCUEHN, aBTO- U B3aMMHBIMU CIEKTPAILHBIMH H KOPPEISLHOHHBIMHA ) YHKIUAMHU.

[Ipu TakoM 1101X0J€ BO3JICUCTBUE BETPa w(f,x) HA 3[aHUA U COOPYXEHUA TAKKE MOXKET pac-

CMAaTPUBATLCA KaK CIydyaHHas QYHKUHUA BPEMEHH ! U IPOCTPaHCTBEHHOM KOOPAMHATHI X

(x;,x2,x3). IIpn aTOM W(f,x) 1OCTATOYHO €CTECTBEHHO Ioapasaensercs (2, 4, 6] Ha cpeaHIO0

(W) ¥ MYJIBCALIMOHHYIO (W,) COCTaBIAIOLIHNE, T.€.

w(t,x) = wn (X)+ w, (1,x) (I11.1)

[Ipy npOEKTUPOBAHUU 3[1TaHUU U COOPYKEHHUH CpeaHs COCTABIAIOMIAaA w(t,x) paccMar-
PDHBAETCS KaK IETCpMHUHUPOBaHHAasA (HEC/Iy4danHasi) BO BpEMEHH Harpy3ka, JeMCTBYIOINAsA CTa-
THUYECKU. BO3HUKAIOIIUE IIPH OTOM B 3JIEMEHTAX COOPYKEHUA YCUITHUA U IIEPEMENIEHHUSA OIIpe-
NENA0TCA, UCIIOJIB3YA OOBIYHBIE METOABI CTPOHUTENIBHOH MEXAHUKH. ClIeayeT OTMETUTD, YTO
oripedenieHue w(t,x) 0asupyeTcs Ha pe3yabpTaTax CTATUCTUYECKOro aHAIM3a MAKCUMYMOB
(MECAYHBIX WK I'ONOBBIX) CPEOHEN CKOPOCTH BETPA 33 JOCTATOYHO OOJBIION (225 N1eT) Ipo-

MEXYTOK BPEMEHHU.

llynscauuoHHas cocTaBisomas BeTpoBou Harpyskn (I1B-narpys3ka) paccMaTpuBaeTCs
KaK c.TyqgaWHas QYHKUHMS BPEMEHHU ¢ H KOOPAMHATHI X C H3BECTHBIMHU 3HEPreTHYECKHUM
CIIEKTPOM U KOpPENALMOHHON IIPOCTPAHCTBEHHOH PYHKUMEH. CliegoBaTeNbHO, 3a4aya O BhI-
HY>KIEHHBIX KOJIEOaHUAX COOPYXKEHUH NPH 3TOM BO3ACHCTBHMH MOXKET OBITH pelI€Ha TOJBKO

CTaTUCTHYECKHU. [Ipy >TOM pacyeTHad (MakCHMaJLHAS) JHiHAMHYECKas pEaKlysa COOPYKEHHUS

ONPEACNIACTCA KAK aMIUNITUTYAHOEC 3HAUCHHE [ICPEMEILCHU A Uy, QUPEACHACHHOC C AOCTATOHHO
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O0NIbIION cTeneHblo obecnedennocTH. [lpu nmoarotoske CHull "Harpy3ku u Bo3aencTBuA

| 1] npuBsATO, 4YTO:
U, = Oy ¥, (I111.2)

TIe
O, - CmaHoapm nepemeujeHul,

Y, - KOaghuyuenm obecneyeHHOCMU NYLbCAYUOHHOU COCMABAAIOU/EU 8eMPOBOLU HAZDY3KU.

Teoperuyecku, KO3QPUUUEHT ¥, MOXET OBITH HAMLEH U3 YCIIOBHUA, YTO peaKkUUsd U
3aIaHHOM BEPOATHOCTRIO P, HE IpeBBhIAaeT pacyEeTHOrO 3HaYeHus u,. Ha npakTuke 3Haue
HUE 3TOT0 KO3 dHuIeHTa BHIOUPAETCA Ha OCHOBE 3KCIEPTHRIX OLEHOK M ONBITA DKCIUIYaTa
UM 3JaHUHA U COOPY)XE€HHMH. B HOPMaTUBHBIX NOKYMEHTAX Pa3JIUYHBIX CTpPaH, Peryiupyro
[UMX BETPOBBIE BO3AEHCTBUA, ¥, HU3MeHseTcs oT 2.5 no 4.0; pacyeTHrle cooTHomenus CHul
[1] nosrydensr g vy, = 3.0.

CTaH[aapT peakiiid O, COOPYXEHMs ONPENEIAETCA B PE3YIbTATE PEIIEHUI COOTBETCT

BYIOIIEH MUHAMHYECKOHW KpaeBOU 3ajaud. Kak mpaBuiio, 3TOT pacyeT HPOBOTUTCA YUCIIEHH(

1 B TUHEHWHOH IIOCTAaHOBKE.

111.2. KadecTBeHHOE OnIMCAHUE

NyJAbCAUHOHHOU COCTABJIAIOINEA BETPOBOH HAIPY3KH.

CymecTtByrouie MeTOaUKHY (4, 6] HopMupo- A S (D)

BaHHUA BETPOBBLIX HATPY30K OCHOBAHBI Ha IPEIIIO- ¢

JOXXEHUU O TOM, 4YTO DSHEPreTUYECKUH CIEKTP .'fff:ff'f

Sw(f) TYIBCAlMOHHOM COCTABIIAIOILIEH BETPOBOH

Harpy3kd, KOTOPBIM XapakKTEpH3yeT HHTECHCHUB-

=

R
L -
R - . " -
III.*. L} - - .- . - - - -
. - . L} - .. . . P .
- - Lo : .- o O
e A lakas ki e —_

HOCTh BO3JEHCTBHA Ha d9acToTe [ , 'TIOJOOEH"

CIeKTpy S,(f) NPOAOILHOM KOMIIOHEHTEI CKOpPO- Puc. I[11.1. HepreTyeckHi CMEKTP CKOPOCTH
BETpa H M1y/1bCaLlHOHHON COCTABJIA-

cTH Betpa (puc. I11.1), T.e. IOLLEH BETPOBOH Harpy3KH;

6bI0CTeHO 2TCMEHIAPHOE 6030€ lIcnéue na uacmone f,

SWCf) o Sv(f)

KpoMme Toro, B 3THX METOAUKAX NPUHMUMAETCS BO BHUMAHHE, YTO B OJIMH U TOT XE MO

(1) (2)

MCHT BPE€MEHH HHTEHCUBHOCTH [IB - Harpy3oKk pa3jauyHa B TOUKAX X’ U X' IOBEPXHOCTI



19

COOpYXeHUs. DTOT 3hdhexkT OOBIYHO OMUCHLIBACTCS 3a CUET BBEAECHMSA KOIP(OUUMEHTA KOppe-

y y ]
waqun r(f | X - X)) < 1, koTopsIit 3aBUCHT OT YacTOTHI f BO3aeicTBHA U paccTostuus [ x'/ -

(1) oy %

2
| MEXY TOYKAMMU X
Taxum o6pasom, NynbCaliMOHHas COCTABJIAIOINAs BETPOBOH HArPY3KH w, , JEHCTBYIO-
Iasi B KaXJ0M TOYKE X Ha NOBEPXHOCTHU 34AHUU U COOPYKEHUH, NPONOPLUHOHAIILHA CYMME

5JEMEHTAPHBIX BO3HEUCTBUNA Aw,(f; x), ONIpEAEIEHHBIX HA BCEM YaCTOTHOM JIHAlla30HE, T.€.

we(x) = D Aw, (f %) = k(x) ZS(F) (| agmarx ) 4 (TI1.3)

fi€ 4, i=1,2,...
rae
Qo max —MOYKA HA NOBEPXHOCMU COOPYHCCHUSA, 8 KOMOPOU NYNbCAYUL 8030EUCMEUL 6eMPA
NDUHAMbL MAKCUMAIbHBIMU,
k(x) - (DyHKYyul npocmpaHcmeeHHOU NEePEMEHHOU X = (X,X2,X3), KOmopas 3a8ucum om

cpeOHeu COCmasIAIOUICU 8eMPOBOU HA2PY3KU.

[Iockoneky MakcuMyM 1IB - Harpy3ok MOXET JOCTHUTaTHCA B JIHOOOM TOYKE Agmaxr CO-
OpyXeHus, TO U3 cooTHomenus (111.3) Buano, 4To B 00meM cinydae Harpyska Aw,; = Aw,(f;
X) pacnpedellcHa HEPABHOMEPHO IO IMOBEPXHOCTH COOPYXKEHHM JaXe OIS CHMMETPHYHBIX
PACUYETHEIX CXEM. OTOT 3Q(DEKT IPUBOAUT K BO3OYXKIECHHUIO 'IIOMOIHUTEILHBIX" KOJIECOaHHH
COOpPY>XEHHUA MO0 COOTBETCTBYIOILUM (KaK MPABUIIO, KPYTAIUUM) COOCTBEHHBIM Popmam. Cre-

JIOBATEIILHO, TIPH pacyeTe COOpYyXeHHUA Ha AerncTBue IIB - Harpy3ox HE0OXOZHMMO paccMOT-

PETh pa3smuyHbIE BADHAHTEIL ITOJIOKEHUA TOYKH g mey M B KAaUECTBE pacyETHOro BHIOpATh TO,

[IPY KOTOPOM peanu3yercsa Haudouee HebnaronpusaTHEIA BapuaHT [IB-Harpyxenus.

B 1ITHHEMHOHW MOCTAaHOBKE OIpECICHHUE

PEAKIIHH COOPYKEHHUH IIpH JEUCTBUMU ITYyNIHCa-
JliHaMuuecKas

[IMOHHOH COCTaBISIOUIEH BETPOBOM HArpy3KH N~ peakumx
!..-"

i}
"
v
s w'm
I A
R _..r""."l
- ‘
el
Y
R
S
-..l\:l--'.l\.*'l\.-\..
.. . .'| L) '\.. -
' ' o
] [
o
"~
"
L L}
-
'
-

CBOJMUTCA K PEIUCHUIO 3aaYH O BBEIHYXKIEHHBIX

CHCKTp CKOPOCTH BCTPA H
HCPC30HAHCHAsA 4acTh

.~ peaxkumu

cBOOOIBI IIPH BO3NEHCTBUAX Aw,; H CYIIEPIIO-

KOJIEDAHUAX KOHTHHYANBbHBIX JHHAMHYECKHX

CUCTCM HJIK CHCTEM CO MHOI'MM CTCIICHAMH

f t
=12 .. |

Puc. [1 1.2 Ddepretuyeckuil CNEKTP AHHAMHUECKOL
KonebaHus NOJOOHBIX AMHAMHYECKHX PEAKLIH COOPY/KEHHH DI ASHCTBHH BETPA;

Botderend pesonanchas peakyiist Ha coocmeennott yacmome f,

3UIIUU  TIONMYYEHHBIX PEWEHUH [Jis BCEX |
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CHUCTEM JIaBHO W MOAPOOHO UCCIEAOBAHLI U ONMUCaHbI B JIUTeparype. MMes B BUaYy npuioxe-
HHUE 3TUX PE3YJbTATOB K PELICHUIO ITOCTABJICHHOH 3aJa4yd, MOXHO OTMETHUTL JBa U3BECTHBIX

ABJICHUS, KOTOpPBLIE BO MHOIOM ONpPEAESIOT PEaKUHI0 COOPYXEHUM Ipd acHcTtBuu [IB —

Harpy3oK: l

A
Sd(f) __________ JIHHAMHUCCKAS PCARLILS I g
A 4 KOPPCIALII PCAKIIHH HA OIM3KH3 - HOABJICHHC PC30HAHCHBIX KoJIeOaHHH
5 A cOOCTBCHHBIX HacrToTax i f,
il / Ha COOCTBEHHBIX yacToTax f; (k=1,2,..) co- ’
N 7 opyxenus (puc. I11.2) u
NG A CIICKTp CKOPOCTH BCTpa | -
{1 HCPCIOHAHCHAS YaCTS - - 3@ QeKT OMEHUA U HAIOXKEHUA KOJIe-
: - PCAKLIMH l
/ OaHuH, 111 ONU3KUX COOCTBEHHBIX YaCTOT f; U
_— fr1 , T- €. UpH fi = fry (puc. 111.3). B npakrTuke
— —> HopmupoBanusa [IB - Harpy3ok 3To sABIEHHE,
- Puc. II 1.3 DHepreTHYeCKHH CMIEKTP JHHAMHUYECKOH
pEAKIHH COOPYKEHHUH NPH AEHCTBHUU BETDA; 06BI‘IHO, HA3bIBACTCA ”KOpp@IHHHGﬁ PCAKIIHH
Boideaena pe3oHancHan peariflist Ha COOCMBEHHBIX NUCMOMAX jj; i /'_1

10 COOCTBEHHBLIM (popMamM'.

II1.3. OcobennocTu MmeToauku pacdera, npuusaTon B CHull

CymecTByromas METOIUKa pacyeTa 3JaHHH U COOPY>KEHHH Ha JIEHMCTBHE BETPAa, A0CTa-
TOYHO IToApoOHO onucanHas B [6], pa3paborana B Havasre 70-x roxoB B THUHCK um. Kyue-
PEHKO U CKOppeKTHUpoBaHa B cepeauHe 30-x roaoB npu noaroroBke penakuuu CHull 2.-
01.07-85 "Harpy3ku u Bo3gerdcTBug'. [IpH npoBeieHuH 3TUX pabOT YYUTHIBAIOCH, YTO B CO-
OTBETCTBHH ¢ oOmUMH TpeboBaHuAM, npeabaBiaieMbiM K CHull, 3ta mMerommka momkHa

BKJIIOYATh B ce0s TOCTATOYHO MPOCTHIE pacuyeTHhIE (QOPMYIBI ¥ JODKHA OBITH OPHEHTHUPOBA-

Ha, B IEPBYIO OYEpeOb, Ha pacyeT Haubomee paclpOCTPAaHEHHBIX THIIOB 3JIaHHH U COOpPYXKe-
HUH, YYBCTBUTEJIBHBIX K JMHAMHYECCKOMY BO3/IEHCTBHIO BETpa (OAlIHH, MAaUTEI, BLICOKHE KHU-

JIbIE ¥ aIMUHUCTpPaTUBHBIC 34aHUs). B CBA3M C 3TUM, TOYHBIE COOTHOMIEHUS (CM., HallpuMep,

[4]), onuchIBaroOUINe AUHAMHYECKYIO PEAKIUI0 COOPYKEHUH IIpH AEUCTBUH BETpa, OBLIH CO-
OTBETCTBYIOIIMM 00pazoM ajpantupoBansl K TpeboBanusM CHull u onpenenennsiM 00pazom

YIPOWEHBI. B 4aCTHOCTH,

a. [{eucmeue nynbCAyuOHHOU COCMABIANOWEU 8eMPOBOU HA2PY3KU CBEOEHO K CUCMmeEME
CMAmMUYecKux Cuil, ONpeoensiemslx Ona Kaxcoou cobCcmeeHHou opmul.

b. [Ins xaxcoou cobcmeenHou 4acmomul COOPYIHCEHUS 88€0€eH KO3 uyuenm OuHamuu- {
Hocmu, Komopwvlidl onpedensemca be3 yuema Koppersyuu nynbcayuti 0a8nreHus no no8epxHo-

CMU COOPYHCEHUA.

c. Koppenayusa peaxyuu no cobcmeenHblM QOpMAaMm HE YHUmbvbl8aemcs.
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F

d. [L13 HUzuieu coocmeeHinon Yacmombl 6600UMCH OCPCOHECHHbIU N0 8CEU NOBEPXHOCMU
COOPYACEHUS KOIDDuyuenm Koppeasiyuu. i golcidux coHcmeeHHblX opm Koppenayus no-
DblBOG GEMPA HE YUUMbIEAEMCAL

e. Pexomerndyenble 3HA4EeHUA KO DUuyuenma Kxopperayuu onpedenetsl 8 npeononodice-
HUU, YmMO HU3UWUE COOCMEeHHbIEe (DOPMblL ONUCHIEAIOMCA

- K8AOpamHOU napabonol — 015 COOPYICEHUU bauleHHo20 muna,

- NPAMOU TUHUCU — OJIA CUMMEMPUUHbBIX 8 N1aHe 30AHUU.

f. Pacnpedenerue nyibCayuoOHHOU COCMABNAIOWEU 8eMPOBOU HAZPY3KU NPUHAMO NO-
OOOHBIM, KOHZDYIHMHBIM DACRPEOENCHUIO €€ CPEOHEU COCMABAANUEU, M.€. HE DACCMAMPU-
8ANOMCS BAPUAHMbBL, COOMBEMCMBYIOUUE PASTIUYHBIM NONOACEHUAM TMOYKU Qg max 6 (111.2).

g. [lpu paspabomke nocneoneu pedaxyuu CHull "Haepysxu u eo3zdeucmsus’”, xpome
moeo, OblaU NpoeedeHbl OalbHetuue YnpoOWeHUs MemoOUuKU paciemd CoOOpyAICEeHUL HA Oel-
cmeue [IB - Hazpy30K:

- obnacms NPUMeHeHUs NPUHAMOU 30€Cb MeEMOOUKU 02PAHUYEHA 30AHUAMU U COOPYIICE-
HUSAMU, Y KOMOPbIX 8mopas coOCmEeHHAsA 4acmoma f; He MeHbuie HeKOmopoUu hpedelbHOU
yacmomol  [rim, ONPEOEnsiemMou 6 3a6UCUMOCTU OM OeMUDUDYIOUUX CBOUCME COODVIICEHUS U
8EMPOBO20 PAUOHA, 8 KOMOPOM OHO PACHOLOANCEHO.

- UHEPYUOHHbBIE CUIbL CBEOEHbI K HEKOMOPOU CIamu4eCKou Hazpy3Ke.

OTH YIIPOLIEHHUS, C OJHOM CTOPOHBI, BIIOJIHE COOTBETCTBYIOT Ayxy M ueiaam CHull, a ¢

IPYToH - BHOCAT OIIPEACICHHBIC MTOrPeIHOCTH (CM., Hanpumep, [4,7]) B pacyeTusie HOpMy-

nel. 110 HamiUM JaHHBLIM, CUCTEMATHUYECKiX HCCIEIOBAHUU [0 OLEHKE BIUIHUI JTUX I10-

IPELIHOCTEN Ha JMHAMHYECKYIO PEAKIIHIO COOPYXEHHH HE NPOBOAUNIOCH. B NpHIOXEHUH 2

VI HEKOTOPBIX THIIOB COOPY>KCHUH IPHUBOMATCS PE3YALTATHI CPABHUTEIBHOIO aHATNU3a IIPHU-

ONMM)KEHHBIX DPEIICHHWM TNOCTaBNEHHOHM 34Ja4d (I10Iy4aeMBIX NPH HCIONb30BAHHU IIOJXO0A,

npuasaToro 8 CHull [1]) ¢ TounsIM, peanu30BaHHEM B pac4eTHOM KoMIuiekce MicrobE.

Heo0xoauMo OTMETUTH €1e OJHO OOCTOATENLCTBO, CBA3aHHOE ¢ pPa3pabOTKON H Pa3BH-
THEM METOJIOB JIMHAMUYECKOIr0 pacdera COOPYXEHHH, B T.4. K Ha AeicTBUE BeTpa. CyIiecT-
Byromue B 60-80 rogsl pacueTHBIE KOMILIEKCH], B OCHOBHOM, IIO3BOSIH JOCTATOYHO TOYHO H
B IIpUEMIIEMbIE CPOKH IIPOBOAUTH pacueT CTPOUTEIbHBIX KOHCTPYKUMHM HA AEHCTBHUE CTaTUYe-

CKUX HArpy3ok. /IMHaMHU4YeCKHM pacdeT COOPYKEHUM, UMEKINUX MHOIHE COTHU H THICIYH

crerieHed cBOOOABI, Ha IBM Toro moxoleHust TpedoBan OO0JBLIOrO BPEMECHH CYETA, a TOY-

HOCTh 3THUX PaCcdye€TOB HE BCErAa COOTBETCTBOBAIA HEOOXOAHMBIM TpeDOBAaHHIM. B cBA3M C

3THM YMUCJIEHHbIE JUHAMHYECKHE pacyeThl PEAKO BKIIOYAIHCHL B IT0J00HBIE NPOTrpPaMMHLIE
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KOMIIJIEKCHI T€X JeT.

B nacTosmee Bpems cuTyalldsi KOPEHHBIM 00pa3zom usMeHmiach. CoBpemeHHble 11K
001a1ar0T JOCTATOYHOM NaMATHIO U OBICTPOAECHUCTBHEM IS IPOBEAECHUS B 'Pa3yMHBIE" CPOKH
JUHAMHUYECKOr0 aHAJIH3a COOPYXXEHUH CO CIOKHOHW pacyeTHOU CXEMOH. B 4acTHOCTH, B paM-
Kax NOporpaMMmHoro xommiexca MicroFe cyumectByer pa3paboTraHHBIM Ha COBPEMEHHOM

YPOBHE OJIOK I10 onpenelIeHHI0 COOCTBEHHBIX XapaKTEPUCTHK (COOCTBEHHBIX YACTOT U (OpM)

JUHAMHYCCKHX CHCTEM C, IPAKTUYECKH, IIPOU3BOIBLHBIM YUCIIOM CTENEHEeH CBOOOIBI. DTO MO-
3BOJIUJIO PEAJIN30BATh B paMKaX 3TOr0 XK€ pacYeTHOr0 KOMILIEKCa aITOPUTM TOYHOTO pacyeTa

30aHHU U COOPYKEHHUH Ha ACHCTBUE MYJILCAIIMOHHOM COCTABIAIOIIEH BETPOBOU HAIPY3KH.
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HPUIOXEHHUE 2.

[I[PUMEPELI PACUETA U
CPABHUTEJILHBIN AHAJIU3 PE3VJIBTATOR

IIpencrasnennas B "PexoMeHpanusax..." METOOUKA pacyeTa 3JaHUU U COOPYXEHUH Ha
JEUCTBUE NYIBCALMOHHOM COCTABIAIOIIEA BETPOBOHN HAIPY3KH PEATU30BAHA B [IPOrPaMMHOM
komniekce STARK ES cemernicra nporpamm Microbe. [l ouleHKM ee TOYHOCTH H 3D DEK-

THUBHOCTH IIPOBEMIEH pacyeT Ha AeUcTBUH |IB-Harpy3ok HEKOTOPBIX TUIOB COOPYXXEHUU U

BBITOJIHCH CpaBHHTGHBHBIfI AHAIIU3 ITOJNIYUYCHHBLIX PC3YJIbTATOB C HdHHBIMH, COOTBCTCTBYIHO-

mUMH r1oaxoay, npuaaromy 8 CHull [1]. Ilpn BeimorHEeHUH 3THX YUCHEHHBBIX UCCIIEOOBAHUH
PaCCMOTPEHBI:

[. Kenezobemornasn 6awns (Kb) seicomou 415 m;

2. [Inockas pama (P2), pacnonoiCerHas 6 N10CKOCMU, napailenbHou CKOpOCMuU 6empa,

3. Ilpocmpancmeennas mpexmepuas pacuemuas cxema (Pb-3) pewemuamou Oawnu
gvicomou 180 m;

4. Pewuemuamasn 6awna (Pb-1), 6 kauecmee pacuemnou cxembl KOMOPOU NPUHAM KOH-

CO/IbHbIU CMEPIHCEHD.

Pacyer mnpoBOAMICS TII0 TOYHOH W NPHOIMDKEHHOM MeTomukaM (mm2 #u o 3
"PexoMenpalyu..."'), a TaKKe HCIoNb3yd cooTHoweHusa npuHatele B CHull. Onucanne

PACYETHBIX CXEM COOPYKEHUH M NMONYUYEHHBIE Pe3YAbTAThI HpuBeaeHsl B . 112.1-112.4.

112.1. Bo3ayxoorBoasiias xkejxezodeTonnan damus (7Kb)

PaccMmaTpuBaeMas BO3QyX0OTBOAALIAA XKele300eToHHas OalmHa uMeeT BrICOTY 415 M u
PacIiOJOXKEHa B 5-OM BETPOBOM PAMOHE, Ha MECTHOCTH THHNA A. B KaueCcTBE pacyeTHOM CXEMBI
3TOI'0 COOPYKEHUS NMPHHAT KOHCOJBHBIM CTEPXKEHb C IMIE€PEMEHHBIM NONEPEYHBIM CEYECHHUEM
(puc. 112.1). bamag pazduta Ha 10 koHeyHBIX 351eMeHTOB (K3J). OCHOBHBIE TTapaMeTphl pac-
YETHOM CXEMBI: IOJOXKEHHUE Y3JIOB, pa3MEPhl CEUEHUS U CPEeAHssA COCTaBJIAIOIIAS BETPOBOM
Harpy3Ky IIpHBeeHs! B Tadbmnune x puc. 112.1, rae

n-HoMED V3.1A UL 3/1EMEHMA:



L1020 100 1556499

d; u dr — coomsemcmeeintiio

. . - 1
gHEWHUY U EBHYMPDEHHUU 45 10.5 | 10.0

ouamentp cevenisa,

45 111.85/11.35

W (kH) - cpeonss cocmasgnsio-

Was y3nosou gempogou na- 7 45 | 1946.511430 14.55 14.0

_'""_"“"“"”'"l"—-
NN
N

XKectxoctes KO onpeaeneHa 19'95,]9'07

[IO IF'COMCTPHYCCKHM pPasMEpaM CC-

45 23.55/22.51
| ‘j : et e o n o

YEHHSA; UHEPUMOHHBIE MAaCChl CO- \1

28.05{26.35

CPCAOTOYUCHDBI B y3JIdX 3JICMCHTOB H ,f - 3 43 7108 .5 i 1 944§

COOTBETCTBYET MJNOTHOCTH MAaTe- SRR N | 45 1330 131.64

pHalld p =3.0 1/ M3 : 3 - | - l‘\*

55 200 13718
HPH HCHOJIB30BAHHN  METO- ’H 5 ]. ‘39 O 37

JUKH  HactoAumx '"PexoMeHna-

423
Puc. I12.1. CxeMa xene300eTOHBON OallHH.

NUH..." TIOJYYEHO, YTO /I pac-

CMaTpPUBAEMOTO »KEJ€300€TOHHOIrO

COOPYXKEHHS, PACIIOJIOXKEHHOIO B 5-OM BETPOBOM PalOHE, NpeAaelIbHEIE YaCTOTEHI

fim=0.43 1'1;

B COOTBETCTBUH ¢ TpeOoBanusamu CHull

ﬁ:’rn (CHull) = 1.6 Fu,

Tabauya 112. 1. Maxcumanvuvie nepemeujerus (Mm) gicene306emonHol DauiHu.

DopmMma Hacrora, MeTton pacyera

- .

KOJIeDaHHI 1’1 "PeKOJeHa-auHﬁ. L CHull

To4gHBIN

| HpH6HHX(e;IHBIﬁ
1 0.20 517 534 471
) 0.62 731 220 29.1

w— - - i, — _ el a— —— M g - i F

3 1.27 4.5 1.9 2.8

[Ipu onpeacneHuu pecakuuy OQmIHI HA ACHCTBHC MYIALCALHMOHHOH COCTABJISMIOWCH BCT-
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POBOM HAaIrpy3KHM YUYHUTBIBAUIUCH €€ KOJeOaHMs M0 TPEM HHU3IWHM COOCTBEHHBIM 4aCTOTaM. Pe-

3yIbTATHI pacyeTra nokaszaHsl B Tadua. [12.1.

[12.2. Ilnockast pama (11P-2)

PaccmarpuBaeMas IUIOCKasg METAIMYECKas paMa paclio- W =3)
JIOXKEHA B IIJIOCKOCTH, NMApaJUIEIbHON BEKTOPY CPEIHEH CKOPOCTH
BeTpa J , ¥ COCTABIIEHA M3 BIEMEHTOR C IPSAMOYTONBHEIM IIOTIE- : | 30
peuHbIM cederreM pazmepoM 0.6 x 0.4 M. ITo BbIcOTe pama pas-
Outa Ha 7 paBHBIX y4acTKOB. CpelHss COCTaB/IAKOIIAA BETPOBOU .. | |28
Harpy3kd w IPHJIOXKEHA B OZHOM M3 Y3JIOB KaXXJIOI'0 y4acCTKa.
l'eoMeTpryecKe pa3sMEPEl COOPYKEHUS U BEIIMYHUHEI CPEIHEU 26
COCTABIIAIOIIEH BETPOBOM HArPY3KH, NpuUBEACHBI Ha puc 112.2. §
JInda paccMaTpUBaEMOH METAIUIUYECKON PAMBbI, PACIIOIOXKEHHOU B é 24
6-OM BETPOBOM PavOHE
22
ﬁfm =222 FH,
20
YTO IMO3BOJIACT YYUTEIBATH PEAKIUIO TOJBKO II0 IIEPBOM HHUIIICH
dopMe konebaHuu. g cpaBHEHUA
V. ; /A
Puc. 112.2. Cxema pamel
frim (cap = 95.6 I'1 (W - B kH).

Tabauya 112.2. Maxcumanorvie nepemenenus (Mm) nio0CKOU MemMAaiiudeckou pa-

moul 1IP-2.
Dopma YacrtoTa, Meton pacaera
KOJIeOaHUH I "Peﬁo&eﬂﬁaﬁ CHnull
| | Tounblit _ﬁpﬁ6ﬂHKeHHLIﬁH
1 0.82 515 327 560
2 | 37 | 126 ] 12.2 125

[Ipy onpeneneHMy IMHAMUYECKOU pEakUUY paMbl Ha JCHCTBHE BETPa YUUTHIBAIHCH €€ KOJIe-

0aHHs 110 ABYM HU3WHUM (opMaM. [lonyyeHHbIe pe3yabTaTsl pacdera rnokasasel B Tads1. [12.2.



[12.3. Pemieruaras oamns (Pb-3); tpexmepHas pacyernas cxema.

OO0wwui BUJ paccMmar- nl 2 Ah d:S m { I
PUBAEMOMH pEILETYaTON 19-20/0.875[15.0 &' 168:20|| 10.5: 0.029
GALINM, COCTABNEHHON U3 17-18(0.875/10.0 |2 168:20|] 10.5! 0.029

15-1611.093|12.0 . & 168:20|| 11.4 1 0.045
TPpyOUaThIX 3JIEMEHTOB, IIO- -
casan ma puc. T2.3, te > 13-1411.63 |17.012245:20 | 17.9 0.15
n - HOMep yyacmka, >: 11-12 2.3 180 /627520 249 0.4
=
Ah (M) — ezo evicoma; S 9-10 3.0 118.0,@325:24|| 32.1/ 0.83
a (M) — 20pU30HMAnbHbIU |
T 7-8 |3.875/22.5 5 325:31 || 44.41 1.8
pazmep ceyeHust OAULHU, ; '
d ¥ 0 - coomsemcn- 5-6 5.5 127.012425:14| 78.9| 4.9
BEHHO ouamemp u moaWuHa
Inpyo4amolx 31emMeHmos. 3-4 7.6 127.0,5425:14|| 914 9.5
Macca u KeCcTKOCTH |
. <\ | 12 9414135 & 425:14|] 90.4| 17.33
KOHEYHBIX - _- ‘ |
SIEMEREOR T I 3D-Monens I D-Mmopens

peleIeHbl 10 (PaKTHYECKUM

Puc. I112.3. Cxema pemreryaron Oamrnuy; 3D- 1 1 D-Mozeny.
pasMepaM CeYdeHHsA KOHCT-

PYKTUBHBIX 31eMeHTOB OamtHu. CpefHsas COCTABJAIOUIAA BETPOBOU HATPY3KH, ACHCTBYIOIIEH

Ha KaKIbIM €€ 3JIEMEHT, ONPEICHsINCh B COOTEETCTBUH ¢ yKazaHuamu CHull [1].

s 6amsn (Pbh-3), pacnonoxesHou B 1-0M BETPOBOM panoHe

fim=0.60 '

U, CJIENOBAaTENLHO, IPH €€ JHHAMHUYECKOM pacdeTe Ha JACHCTBHE BETPa NOCTATOYHO YUHUTHI-
BATh KOJNeDaHUg 10 TPEM HHU3IINM COOCTBEHHBIM (popMaM. 11 CpaBHEHUA MOKHO OTMETHUTE,

4TO B COOTBETCTBHH C ykazaHHUSAMH CHHII [ 1]

Jiim ccrumy = 2.9 111,

yTO TpedyeT yuera xonedaHuit mo 14-tv cobCTBEHHEIM (OpMaM H YHCIEHHOTO OIpeaelIeHus

COOTBETCTBYIOMIErO YMCIa COOCTBCHHBIX YAaCTOT U (DOPM.

CpaBHUTENBHBIE PE3YIbTATEl JUHAMUYECKOT O pACYETa COOPYKEHH S, YIUTBHIBAIOIIHUE €TI0
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PEAKIIMIO TIO TIEPBBLIM JABYM, OCHOBHBIM, opMam KosieOanuit, mokaszansl B Tadin. 112.3. B tabn.

[12.4 npuBOATCS Pe3ynbTaThl pacyera OAalIHM, BBINOJHEHHOrO B COOTBETCTBHU C TpeOOBa-

gusmu CHull.

Tabauya 112.3. Maxcumanvuvie nepemewieHusa (Mm) pewemuamou bawnu Pb-3.

Popma YHacrora, Metoj pacuera
KOJI€OaHUuH [ "PexoMenIaIHy. .."
| TouHbIH | HF;H6JIH}1{6HHLIﬁ |
I 026 | 339 34.7
2 0.26 37.4 | 38.3

CHull

62.9
63.1

Pe3ynbpTaTel pacyeTa pacCMaTpUBAEMON PEILIETYATON DAUIHU MOKa3alH, YTO KOJeOaHUs

110 IIEPBBIM TPEM HH3IIUM COOCTBEHHBIM (POpMaM KOPPEIHPOBaHHEI MEXAY co00M. [Ipu aTOM

peakuus 110 TpeThe GOpMe, COOTBECTCTBYIOLIEU KPYUCHUIO COOPYKEHHUS BOKPYI BEPTHUKAIIL-

HOH OCH, OKa3aylaCch MaJIOX U B Ta0i. 112.3 He npuBOoauTCA.

Tabnuya 112.4. Pezynomamul pacuema bawnu Ph-3 no memooduxe

CHull.

f(y) - cobcmeernnas yvacmoma kK ou (popmul,

Upnax ~ MAKCUMANbHOE nepemeujeHue (Mm).

Dopma | 2 3 4 S 6 7
£Tu |026| 026 | 027 ]041]076] 1.09 ] 1.38
i 1 63 | 63 | 06 | 0100 00| 49
Gopma | 8 | 9 | 10 | 11 | 12 | 13 | 14
£Tu | 138] 1.53 | 1.81 ] 1.87 | 2.16 | 2.99 | 2.29
e | 49 | 00 | 00 ] 00 ] 00 ] 08 | 0.8

[12.4. Pemieruaras 0amna Pb-1; 6amoynan pacuernas cxema.

PaccmarpuBaeMas pemeryarast OaliHs paclojiokKeHa BO BTOPOM BETPOBOM paHoOHE, B
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MECTHOCTH THNa A. B kauyecTBe pacyeTHOW CXEMBbI 3TOI0 COOPYXEHUS NPUHAT KOHCOJbLHEBIN

CTEPXEHb, KOTOPHIM pa3bUT Ha 20 KOHEYHBIX JJIEMEHTOB pa3IUYHOU IJIMHBI M XKECTKOCTH.

OcHOBHbIE TapaMeTPbl NPHHATOH paCueTHOM CXEMBI MoKa3aHbl B Tabiauue k puc. [12.3. Cpen-

HSA COCTaBIIAIONIAS BETPOBOM HArPY3KH, JICUCTBYIOIIEH HAa KAXIOBIM YYACTOK COOPYKEHHI,

onpeaensanacek Tak xe, kak u mis Pb-1 (n.112.3).

IlpenensHrie YacTOTEL [, COOPY)XEHHS 0Ka3aluCh PABHBIMU:

fim=0.64 I'

flfm (CHull) = 2.9 FH

Ilpu onpenenenun peakiuy COOPY>KEHHUS HA ACHCTBUE NYIbCAUMOHHON COCTaBIIIOIICH

BETPOBOM HArpy3KH YYHTLIBAJIUChH €ro KoJIeOaHusg 1o TpeM COOCTBEHHBIM dopmaM. Pesynbra-

ThI pacuyeTa npHBeaeHsl B Tadm. 112.5.

Tabruya I12.5. Maxcumanvhvie nepemewyernus (Mm) bawinu PBE-1.

|

L e

dopma LIaCTofa, _rMeTo,n pacyeTa
KoJe0auuu [11 B ”PexomeHELauH;..” - CHull
 TouHsif anP;éHH}K-gHHBI‘I;L
1 0.49 S 145 154 199 |
2 | 134 | w0 | 84 1 227 |
3 287 | 14 14 23 }

IT12.5. CpaBHUTEJIBLHBIN aHAIHN3

B 1abn. 112.6 ana coopyxenui, paccMorpeHsrix B nn.l12.1-112.4 npusenens! (B npo-

[IEHTaX) OTHOCHTEABHBIE NOTPEIIHOCTH Ay MaKCUMAILHBIX NEPEMENICHUH, IT0TYYEHHBIX B

Pe3yAbTATE UCIIOAB30BAHMS PA3IMUYHBIX METOAUK paACUETa:

rae

{ mrersniee )
Max

U max —U

Au =

(mrovuoc)
max
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(mounoe)

Umax - MOYHOE 3HAYEHUEC MAKCUMAIBbHOZO NEPEMEUJCHUA,

Umax — MAKCUMANbHBIE nepemeujerus, NONVYEHHble NpU UCHONb308AHUU NPUOAUNCEHHOU

memoouxku unu nooxooa, npuramozo ¢ CHull.

Tabnuya 112.6. Cpasnumenviivle pe3yibmamsl paciema Yemulpex COOPYICEHUL.

MeTton pacyera
COOpyKeHUE ”PeKOMeHI_{aﬁHH. .. 'T_F"PGKOMGHI_LHIIHH. i "CHull
- (MIpuOIM>KEHHBIN ) (TOYHBIN)
Kb +3.3% 0 -8.9%
P2 | +2.3% 0 +8.7%
PB-3 +2.4% | 0 +76.5%
PB-1  +62% 0  4+37.2%

[lony4eHnpie pe3ynsTaThl IOKA3bIBAIOT:

1. Ilpednazaeman memoouka nozgonsiem 00 50% novlCumb MOYHOCMb PACUEMA COOPYIHCE-
HUU Ha Jeucmeaue nyrbcayuu gempoeou Hazpysxku. Ilpu smom ycunusa u nepemewerus, no-
nyyaemvle 8 pesyrbmame ucnonvioearus nonoxceruu CHull, moeym xax npegvliuiamsy,
max u Obims MeHbUuie UX YMOYHEHHbIX 3HayeHuu. M ecnu 6 nepgom ciyuae ucnonb308anue
memoouxku CHull nosvliiuaem 3anac npouHoCmMu COOPYAHCEHUS (XOmMS MOHCEM NPUBOOUMD
K HeOnpagoaHHOMY 3ABbIULEHUIO PASMEPOS CEYEHUA HECYUWUX IIEMEHMOB), MO 80 GMOPOM
CIyHae CHUNCAEMCA CIMENneHb HAOEHCHOCMU COODYHCEHUS, A NPUHAMbBIE NO DE3YyTbmamam

paciema KOHCMPYKMUBHblE peuleHus Moz2ym He obecnedugamv e20 HOPMANbHOU IKC-

niryamayuu.

2. Ilpubnuxcennas memoouxka pacuema COODPYICEeHUU Ha Oeucmeue gempa obecneuusaem
docmamouno evicoxkyio (nopsaoxka 90-95%) mounocme nonyuaemvix pe3yibmamos, Komo-

PaA 6NOJTHE NPUEMAEMA NPU npoee@enuu UHNCEHEPDHDBIX PACHEMOE.

3. CobcmeeHnHnbie wacmomsl, KONeDAHUS HQA KOMOPbLIX 6HOCAM OCHOBHOU 6KI1A0 8 PEeaAKYUIO
COODYICEHUU, 3HAYUMeNnbHo Hudce (cm. mabn. 112.7) npedenvHbix yacmom [iim crumn, Pexo-
menoyembvix CHull

CHudoicenue npedenbhulx yacmom [, , KOmopoe nOAYYeHO NpU UCNOIb308AHUL NPeona-



4.

5()
2AeMOU MeMOJUKU, NO380Asiem Oe3 Nomepu MoYHOCIMU NOAYYAEMbIX PE3YNbMAmo8 ynpo-

CIMUMb AI20PUIMM OUHAMUYECKO20 PAcYema COOPYICEHUU HA Oeucmeue eempa U CHU-

3UMb PECYpChbl, HCOOX0OUMBLE OIS peUleHUs NoJ0OHbBIX 2a0au.

Tabnuya [12.7. Ilpedenvhuvle vacmomvpl fii,, U 4ucio yuumoigaemvix Gopm Kax

Hapanerp MeTtop pacuera | CoopyKeHHE
KB-1] P2 P5-3 | PB-1
i (f 1) | "PexoMmennanuu..." | 0.43 | 220 0.60 0.64
- CHull [ 16| 56 | 29 | 29
K i ﬁ"PeKomeHnauHH...” | 1- , 1 4 1
CHnull 3 2 14 3

Pexomenoyemcs cnedyrowui nopsaook paciema COOPYHCeHU Ha 0eUcmeue eempa.

v 0Nl OYeHKU HANPIHCEHHO-0epOpMUPOBAHHO20 COCMOAHUS HA HAYAbHLIX 3MANax
NPOEeKMUPOBAHUA U NPU NPOBEOEHUU BAPUAHMHBIX PACYEIMOE COOPYHCEHUA, CBA3AHHBIX
C NOUCKOM ONMUMANLHBLIX KOHCMPYKMUBHBIX DEUEHUU UCNONLb3YEMCA NPUOIUNCEHRHAA
MemoOuKa.

v\ pacuent no moyHou Memoouxke nposoouUmcs Ha NOC1e0Hel cmaoull NPOEKMUpPOEaAHUSL.,
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ITPHJIOXEHKWE 115.

JIMHAMUNYECKAS PEAKI{MSI COOPYKEHUU
[TPU JIEUCTBIU BETPA

I13.1. O6mee peurtenne 3a1a4y 0 BLIHYKIEHHBIX KOJIe0AHUSIX COOPYKEHHNH

B KayecTBe UCXOMHBIX COOTHOIUIEHHUH, UCHOJIB3YEMBIX I PECUIEHUS 3a{ayHd O BBIHYX-
ICHHBIX KOJIEOAHUAX COOPYXKEHHH NPH HEUCTBUH NYIbCALMOHHOM COCTABJLAIOUIEH BETPOBOU

Harpy3KH, IIPHHUMAIOTCS !
- TMHEUHBIE YPAGHEHUA 08UNCEHUA COOPYKEHUA, KOTOPBIE B 00ILIEM Clly4ae MOTYT ObITh

3allCaHbl B BHJIE:
m(x)i(x,t) +TGr(x,0))+ L (i (x,0)) =W (x,1), (113.1a)

- M COOTBCTCTBYIOUWME cDAHUYHbIE YCTOEUL.

B(u,u)=0 (I13.15)

B (I13.1)

u(x,t) - 060bwenHbll 86eKMOP OUHAMUYECKUX NepeEMEeUJeHU’ 8 MO4Ke C KOOpOuHamamu

x = (X}, X3, X3),
t - gpers,
m(x) - macca;
I() u Ly )-nuneunsie ough@epenyuaibhsle Onepamopbl, ONUCHIBAIOUUE COOMBEMCM-

8EHHO OUCCUNAMUBHbBIE U YNPY2UE CBOUCMBA COOPYICEHUS,
W (x,1) - 0000WeHHbIL 8EKMOP 8eMP OGO HAZPY3KU,

B( ) - runeinviu onepamop (wiu ynkyus), coomeemcmayrowie yCrosusIm Ha 2paruye
COOPYIAHCCHUA U YCIOBUA CONPAIICEHUA €20 OMOENbHbIX N1EMEHMO8,

MOYKOU 0003HA4YeHa onepayus Ou@PepeHyupo8aHus 1o 8peMeHiL, n.e.

z'i'(x,t):—a%i"f(x,t)

OOBIYHO NpPH pEIICHHH OUHAMUYCCKHX 3aJa4 CTPOMTEIBHON MEXAHMKH /IS ONHUCAaHHS
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OTUCCHITATUBHBIX CBOMCTB COOPYXKEHUS Hcrnonb3yeTca runoresa Pouxra. Toraa
[(u(x,t)) =Y u(x,t?) (I13.1¢)

ruoe ¥ - koagguyuenm, xapakmepusyowut OUCCURAYUIO SHEPSUU.

BennunHa 3TOoro ko3@dumyenTa 3aBUCAT OT CBOMCTB MarTepHalia, H3 KOTOPOro H3ro-
TOBJIEHEI 3JIEMEHTHI COOPYKCHHUS, €0 KOHCTPYKTHBHBIX OCOOEHHOCTEH, IIOTEPU SHEPTHU B
y37ax KpeIUIeHUd W COEAMHEHHS OTHENBLHBIX 3JIEMEHTOB, a TaKXkKe OT a3pOAUHAMMHYECKOTO
NeMIIQUPOBAHUSA 1 HHTCHCUBHOCTH KOJIEOaHUH.

B oOmeM cayyae BexTop u(x,f) BKIXOYAET B €0 mepeMenIeHus U YIbl IIOBOPOTA, a

BeKTOp W (x,t) - REHCTBYIOIIHME CHIIBI K MOMEHTEL.

[Ipu pemieHud OpUKIAIHBIX 33a4 BETpOBAsA Harpyska W (x,f) paccMaTpuBaeTCs Kak

BEKTOPHBIM CIYYarHBIM CTAlMOHAPHBIN HPOUECC, KOTOPELIM B 3TOM CIIy4ae MOXKET OBITh pas-

J10KeH B psaa Dypee

W(x,t)=> W (x)sinwt+w " (x)cos ¢ (T13.2)

Torna pemienue xpaesout 3anayu (113.2) Taxoke uiercs B Buae pana Oypee:

U(x,0)= 7 (x)sinwt+a" (x)coswt (I13.3)

pe e

rae Gyrxkupu 7 (x) U © (x) YHAOBIETBOPSIOT ClEAYIOIEH cucTeMe NuddepeHIHaNbHbIX

YPaBHEHHH 110 IPOCTPAHCTBEHHELIM KOOPANHATAM:

—m(x)@’7” -Fou® + L (@")=w" (x)

(113.4)

RSt ) By I — )y __ —(c
—m(x)w u =You " +L () = Wf(c)(x)

[lanpHeHIee pellieHHe pacCMaTPHBAEeMOH 3aa91 CBA3aHO C pasnoxenueM # 7 (x) B

pSIBI 10 HEKOTOPOM IIOJIHOU (M, KaK IPaBUJIO, OPTOIGHAILHOM) cUcTeMe QYHKUUHA @, (x). B

Ka4yeCTBE TaKOH CHUCTEMEI Hanbdosiee YO0OHO BEIOpaTh COOCTBEHHBIE (QYHKIHM CIIEKTPaJbHOH
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3ajlayy, rnoaydaeMoil u3 ypaBHenui (113.1), B KOTOpBIX AUCCUIIATMBHBIC YIEHBI U HarpyskKa

(mpaBast YacTh) NPUHUMAKOTCS PaBHEIMU HYI0. Tornaa nepememienue u(x,f) MOXHO Ipel-

CTABUTHL B BUJIE:

u(x,t) = E 2 ﬁz(x)-ﬂ[wf“) sin(@t -0, )+ w!’ cos(w t— 9%)] (113.5a)
B, (x) = @, (x)/2nf,)° (T13.56)
Ro=R () == 1 +r(f 1 1) (I13.5¢)
180k = Y ACNf ) (113.54)
fi=w/27 (H35€)

B cootHomenusax (I13.5):

¢, (x) u fi(k=1,2,..) - coomsemcmeenrno cobcmeennvie QyHKYuu (Qpopmovi Korebaru)

u cobcmeeHHble Yucna (uacmomeol, 6 1 y) paccmampugaemou 3a0ayu,
Y, - KO3 PUYUEHM HEYNDY2020 CONPOMUBNEHUS Ons1 K -0U cOOCmMBeHHOU hopmbl, C8A3AH-

HbIU C 02apuhMuyecKkum 0eKkpemenmom Oy COOMHOUIEHUEM.
O=T Y% (I13.5/)

wil* - kosppuyuenmor paznoscenus gynkyuti wi(x) 6 padet no cobcmeennvim

dynkyuam @, (x) , m.e.:

Wi = [W1 ()@, (x)dx (T13.5)
X |

2 (s) )
we =w +wy (T13.5A)

Ilpu BriBoze (113.5) npunsATO, YTO COOCTBECHHBIC (DYHKUMH SBIIAIOTCSA OPTOrOHANLHBIMH

C BeCOM mf(x), T.€.
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[m(x)®, (), (x)dx =0 k#n (I13.6a)

| m(0)@; (x)dx =1 (T13.66)

B coorromenusax (I113.5¢) u (I13.6) nurerpupoBaHue MNPOBOLUTCS 110 BCEMY 00BEMY
(nomanau, AJUHE - B 3aBUCHMOCTH OT NPHHATOH Pac4eTHOM CXeMbl) X , 3aHATOMY COOpYXKe-

HHACM.

I13.2.CrardcTHYeCcKHEe XAPAKTEPUCTUKH PeaKI MU COOPYKEeHUS

I1I3.2.1. Onpedenenue oucnepcuu nepemeuieHuu

B ToMm cny4yae, eciu Bo3aeucTBUe W (x,t) SABIAETCA AETEPMUHUPOBAHHBIM, COOTHONIE-

Hus (113.5) nOMHOCTHIO OIMCEIBAET KoneOaHUs cOOpyKeHUA. IIpH CaydalHBIX BO3IEHCTBHIX,
K KOTOPHIM OTHOCHUTCS U BE€TPOBAA HArPy3Ka, 3TU BBIPAKEHUA CJIY>KAT OCHOBOH IJII OIIpeje-

JICHHUA CTaHAdpTd, MAKCHMAJIBHBIX PACHYCTHBIX H APYIHUX CTATHCTHYCCKHX Xd4dPAKTCPUCTHK,

YCHJIUH U TIEPEMEIICHNH, BOSHUKAIOIIUX B 3JIEMEHTaX COOPYKEHUH.

[I[pyHuMass BO BHUMAHHE [AHHHIC HATYPHBIX 3JKCIEPUMEHTAIBLHBIX HCCIEIOBAHHUM,
NyJbCAlMOHHAA COCTaBJLAIOLIAsl BETPOBOU HArpy3KM MOXKET pacCMaTpHUBaThCAd Kak CIIydau-
HBIM CTAallMOHAPHBINA K IPTOJAUYHBIM IIpollecc. B 3TOM Ciiydae nmapaMeTphl w,fk(‘” : wik(") Wi U
0 B (113.5) ABNAKOTCA CNY9aHHBIMHU BEIMUMHAMH CO CIEOYIOIIHMMH CBOHCTBAMH:

a. [naecex i u k amnaumydvl wy u @azoseie yauvl Gy - cmamucmuyecku He3asu-

CUMbL, NPUYEM Wi pacnpeoenensvl no 3axkony Penes, a 0Oy - pagHomepro Ha UH-

mepeane (0, 2r),
6. na i #i; xoagppuyuenmor wy'” u wfl? - Maxorce ALIAIOMCA CMamucCmu4eckuy He-

3a8UCUMbBIMU U ONUCBIBalOmMCca pacnpedeneruem I aycca.

Torna, onpenenas 06BIYHBIM 00pa30M JUCTIEPCHIO O (x) mepeMemeHus u(x,t):
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)
o, (x) = fhili ; u”(x,1)dt (113.7)

2
€€ CpeJHee 3HA4YCHHE (MAaTEMATUYECKOE OXUAAHME) O, (X) MOXKHO NPEACTABUTH B BU-

nie:
o ()=, 2 B(x) B, (DG, (113.84)
PR
_ TSLxO0 Y o
G, = a, (x") ’ df o, (x*)dx" dx"V (I13.8b)
j j " j ANAS)
N T r
S(fixV x®y=2 j R(t;x",x*Ycoswrdt =2 j Elw(x® 0w (x?,t+1) lcos wrd
0 0
(I13.8¢)
30ECh
S( FixD Yy uw R(f;x" ) x*) - coomeemcmeenno 3aummbLll chekmpanvHbili MeH30p U

83AUMHBIU KOPPENAYUOHHBIU MEH30pP NYAbCAYUOHHOU COCMABIAIOWEU BEMPOBOU HA-

I ] Z 2
(1) (1) ”,x3( ));

2PY3KU, ONPEOeNeHHble O/l moyeKk X~ = (x;(”,xg ,xg(“ ) u X = (x;m,xz

E[ | - onepamop ocpednenus (Mmamemamuyeckoe oxcuoanue) no MHONCECM8Y pealu3ayuil,
A - nogepxHoCmb COOPYIAHCEHUA, HA KOMOPYIO Oeucmeyem nYabCayuOHHAs COCMABNAIOWA

8EMPOBOU HAZDY3KU.

I13.2.2. Onpedenernue oucnepcuu ycunui

IlycTs ycnmue, HanpsHxeHHE UM JIF0O0H APYroH napameTp ) , XapaKTepH3YIOUIHMH Ha-
IPSOKEHHO-1EMOPMUPOBAHHOE COCTOSHUE COOPYXKEHHUS, CBA3aH C IepeMeuieHueM u(x,f)

TAHEHHBIM [IPpeoOpa30BaHUEM THIIA
0 =L,®) (113.9)

20e Lo( ) — nuHeunas QyHKyusa unu npou38ONbHblU TUHEUHbIU onepamop (UHmMezpanbHbil,

oughpepenyuanvHvll Uy CMEULAHHbLL).
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Torna u3 (I13.5a) cnenyer, 4To

O(x,t) = Z 2 ﬁi(x)~ [wf? sin(wt—-6,)+w, " cos(wt—86, )] (I13.10a)
] k ik

1
(27, )"

B: (x) = L (g, (x)) (T13.10b)

U, nmo aganoruu c (I13.8), MaTeMaTHYECKOE OXHUAAHUE o o(x) RUCIepCUHU LiapaMmeTpa

() MOXHO NPeACTaBUTDL B BULE:

oc,(x)=> > B f (x)Bf(x)Gkkl (T13.11)

k

TaxuMm oOpa3oM, JIA CTAaTHCTHUYECKOrO ONpPEACIeHUs MPOU3BOIBHOIO napamerpa (O,

CBA3AHHOIO C NepeMelleHHeM u(Xx,t) AMHEHHBIM npeobpasoBanueM L (#) OOCTATOYHO 3TO

npeoOpa3oBaBKe IPUMEHUTE K 0a3MCHBIM () YHKIIUAM ¢ (x) paccMaTpUBaeMOH 3a/ayH.

I13.2.3. Pacuemmnusie 3HaveHUn yCunui u nepemeuieHuu

N3 coornomenuit (113.2), (I13.5) u (I13.10) Buano, yTo miIfd QGUKCUPOBAHHBIX (=t* H

E———r

x=x* Harpyska w' =w(x",t"), nepememenus i =#(x",t") uycmwmus O =0 (x",t) AB-
JIAIOTCA Cy4YaMHBIMH BeMHYMHAMHU, QYHKUMOHANBHO CBA3AHHBIMH CO CIYYaWHBIMHU IIapameT-
paMH wy; H By , XapaKTEpHU3YIOIUMHY BO3ACUCTBHE NYJIbCAUMOHHON COCTABJLAIOIIEN BETPO-
BOW HArpysku. [Ipy cHemaHHBIX OPEATIONOXKEHUAX OTHOCUTENIBHO CTATUCTHIECCKOIrQ paclpe-

HeneHus napaMeTpoB wy M Oy (. II3.2.1 au b) w*,u* u Q* OyayT pacupenesiedsl o

3aKOHY Penes.

Tabnuya [13. Obecnewennocms P, (8 20), coomeemcmeyrowas pa3nuyHoelm Y, 011

pacnpedeienus Penes.

2.5 3

R T

05.6 |93.889
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Torna MOXXHO ONpeNennuTh TEOPETHUECKYIO BEPOATHOCTL F, TOTO, YTO KaXKIBIH M3 3THX
[1apaMeTPOB HE NPEBBICUT BEAUYHHY YO (cM. Tabia. 113), rae ¥y> 0 U O - cTaHAapT COOT-

BETCTBYIOLLETO IapameTrpa w* , u* unu Q* ; BeposTHOCTS P, Ha3plBaeTcs 00eCredeHHO-

CTHIO BO3JACHCTBHUSA UM PEAKLIUU COOPYIKEHUM.
B npakTHke NpOEKTHPOBAHHUS B KAYEeCTBE PacyETHOro (MAKCHMAIBHOIO) 3HAYECHUS IIC-

pEMELCHUN IPUHUMAETCH BENIUIHHA

up :%) o (H312)

T
0, - cmanoapm nepemeuweHuu;

Y, - KO3 @uyuenm obecneyeHHoCcmu NYIbCAYUOHHOU COCMABNAIOWEU 6EMPOBOU HASPY3KU.

OORIYHO, 3HAUCHUE ¥, Ha3Ha4aeTCsl Ha OCHOBE 3KCIEPTHHIX OLICHOK, U C YUETOM OIbITa
JKCIUTyaTallUH COOPYXKEHHH. B HOpMAaTUBHBIX NOKYMEHTaX Da3JIMYHEIX CTPAH 3HAYECHHE ¥,
usMmensercs ot 2.5 no 4.0; npu noproroske CHull [1] npuusaro 7y, = 3.0, 4TO COOTBETCTBYET

TEOPETHYECKOH obecrieyeHHOCTH P, =~ 0.9889 11B-Harpysox, a Taxke pac4eTHBIX YCHJIUM U
[IEPEMEINECHUM, PEATUIYEMBIX IIPU ITOM BO3IECHUCTBUNA.
MoOXHO Takke OTMETHTh, YTO U3 npeanosaoxenus o0 sproguunoctu 11B-sarpy3ox cie-

IYET, 9TO C BEPOATHOCTHIO paBHOU 1.0 pacyeTHbIe 3HAYCHUS NEPEMEIICHUH U YCHIIMA JTOCTH-

ralOTCA B HEKOTOPBIE MOMEHTEI BDEMEHH 1,(Xx) U [Ip(Xx), COOTBETCTBEHHO, KOTOPEIE, B 00IUEM
cilydae, 0Ka3bIBAIOTCS PA3MUYHBIMH /I PA3NHUYHBIX TOYEK (BJIEMEHTOB) COOPYXKEHHUS H pPa3-
JIMYHBIX NOapaMeTpoB (YCWIHM, NEePEMEUICHHN, HAOPKCHHW M T.J.) HaOpsKEHHO-

ne®OPMHUPOBAHHOIO COCTOSHUA.

I13.3. CTaTHCcTHYEeCKOE ONIMCAaHHEe BETPOBOH HATPY3KH

I13.3.1. Cnekmpaionasa njiomHoCmb 6emMpo8OU HAZPYIKU

Ilpu pacuere 34aHAH U COOPYXEHUM HA ACUCTBUE IMYIHBCAAOHHON COCTABIIAIOUICH BET-

POBOM HArpy3KH CIeKTpalbHbIi Tenzop S(f;x'",x'")), kax npaBuio, OMUCHIBAETCH (SIBHO

HIIH HESIBHO) CIIEAYIOIMMHI COOTHOIICHUSIMH:
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Sﬂ(f;x(”, x(E))
V(2 )V (z,)

L

(113.134a)

S, (330,52 = [8,(/32)8, (f32)V (320, 2)r, (f550,5) (I13.13)

TIe
] 2 S ot s —
Sp(ﬁ'x( ) X'} - e3aumHbIti npocmpancmeennblll SHepzemuyeckull cnekmp nynbcayuii dasie-

y I 2
nuti sempa Ons mowek x u x'%;

SW(f;7) - aHepeemuyeckuu cnexmp NPOOOIbLHOU KOMROHEHMblL CKOPOCMU 8empa HA 8blCome;

rolfs X X% < xoappuyuenm xoppersyuii ckopocmu sempa ons movex Xy X9,

rw(ﬁ*x” ) x?) ) ~ KO3 Quyuenm Koppenayuu nyrtbCayu 0a8reHus 014 Mmoyex PaTS

B xagecTBe 000CHOBAHHUA I HCHOJB30BaHUs cooTHouwieHMd (I113.13) npu nunamude-
CKOM pacyeTe COOPYKECHUH HAa AECHCTBUE BETpa OOBIYHO UCIHOJB3YIOTCS CIEOYIOIIME ABA IO-
JIOXKEHUAL.

1. JlaHHBIE HATYPHBIX 3KCHEPUMEHTAIBHBIX HCCIENOBAHUM [2] MMOKA3BIBAKOT, 4TO CKO-

—

pPOCTH BETpa V MOXHO €CTECTBEHHBIM 00pa3oM paszdUTh HA JBE COCTABISIOLIHE. CPEOHIOKO

(V' ), Bend4HHa KOTOpOoH V olpeneiseTcs ¢ HEKOTOPBIM ocpeaHedneM T = (10-+90) MuH.,

IyJILCAMOHHYIO ( V'), T.€.
v=V +v (113.144a)

IIppyeM B HEKOTOPOH CUCTEME KOOPAMHAT (KOTOPas HA3hIBAETCA ITOTOYHOH):

V' =(V,0,0}, V' ={ve'\va' v, } (T13.14b)
3aeck
V — genuyuna cpeomeu cKopocmu eempa,
Ve, Vi u v, - coomgemcmeenno npodonbHas, NONEPeYHdas U 8epMmuKAbHAS KOMNOHEHMbI
nyabcayuu cxopocmu gempa.
Moxno orMeTuts, yTo B CHull { 1] uaTepBan ocpennenus v upuusaT paBHeIM 10 Mun. (7= 10

MHH. ).

—

2. IlpuHuMaeTCs, 4TO BETpOBad Harpy3ka W , JeHCTBYIOIIAs Ha COOPYXEHHS, HE 3aBU-

CUT OT IIONEpeYHON (v,") U BEPTUKANLHOH (V,") KOMIIOHEHT CKOPOCTH BETpPa M CBA3aHA C €€

CYMMAapHOU NPOAONABHON KOMIIOHEHTOH (V+V") COOTHOLLIEHUSIMHU:
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W:—z—pac(V+v’)?' =W +w (I13.15q)
— 1 o

7 == p, =1 (I13.156)
—_— ‘_vl

W u w' - coomsemcmeenHo cpeOHss U NYAbCAYUOHHAS COCMABIAIOUUE 6eMPOBOU Ha-
2DY3KU,
Dq - NIOMHOCMb 8030YX4,

C - 8EKMOp, XApakmepusyrouwuli aspoouHamudecKue ceoucmea (Kosgppuyuenmol) coopy-

HCECHUA.

Taxum 00pa3oM, IIpH IPAKTHYECKUX pacyeTax COOPYKCHUH Ha AEUCTBHE BETPA IIPHHH-
MaeTcs, 4To ’HepreTudeckuil cnekrp (113.13) storo Bo3nencTBud "110g00€H" CIEKTPY IIpO-
HONHPHOH KOMIIOHEHTHI CKOPOCTHM BETPA, 3 U3MEHEHHSA CTPYKTYPHI NOTOKA, OOYCIIOBACHHEBIC
ero B3aUMOJECHUCTBUEM C COOPYKEHHUEM, VUUTHIBAOTCSA TOJIBKO 34 CYET BBEACHUS B PACUCTHBIC
GOpMYIEI KO3PPHUIIHEHTA KOPPEAIIHUH NYyIbCAUHM HaBIEHUA (KOTOPBIA, KCTaTH, HE BBEJEH B
percteyromeM CHull [1] 1 6onee pasHUX pedakiUAX 3TOr0O HOPMATUBHOI'O JJIOKYMEHTA).

HeoO0xoauMo OTMETHTH, YTO B I€JIOM, TaKOM IOIXO] BIIOJHE OIPaBAbIBaeT ceDA H OKa-
3pIBAETCS JOCTATOYHO KOPPEKTHHIM NpH pacyeTe Ha JACHCTBUE ITyNbCAllMM BETPA BBICOKHX
OaluCHHBIX COOPYKEHUH, MAaYT, 3aHUU (B YaCTHOCTHU TEX, Y KOTOPHIX 00a pasMepa KOTOPHIX B
IUIOCKOCTH, NEPHEHIUKYIIAPHON CKOPOCTH BeTpa, He npepbimiaroT 100 M) 1 MHOTHMX ApYTHX
IOHOOHBIX CTPOUTEIBHEIX KOHCTPYKUHH.

B 10 e BpeMa cooTHoweHus (113.13) make KaueCTBEHHO HE OIMUCHIBAIOT CTATHCTHYE-
CKHE X2apaKTEPUCTUKHA BETPOBBIX HATPY30K, ACHCTBYIOIIUX HA HOKPBITUSA U HEKOTOPHIE THIILI
3aHUK. B DOZ00HBIX Ciiydasx NPUXOIUTBCS MCIONB30BAThH AAHHEBIE COOTBETCTBYIOHIUM OO~

pa30OM OPraHU30BAHHBIX MOJEIbHBIX UCILITAHUN COOPYKEHHM B A3POAHHAMHUYECKHX TpyDax.

I13.3.2. Dnepzemuueckuit cnekmp cCKopocmu eempa

B neiictyromednt rnmase CHull 2.01.07-85* "Harpysku u BO3AEHCTBHA" NPUHATO Clie-
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Ayroniee BBIpaXKeHHe AJIsI DHEPreTUYECKOro CIIEKTpa CKOPOCTH BETpa, NpeAnoXeHHoe [JaBen-

nopToM [3] B Havane 60-X romgos:

S (f) ::icr?' A (I13.164a)
v 3 0 f(1+/12)4’/3
A=fL/V, (I13.165)

roe
Ov° - ducnepcus,
f-uacmoma s ly;
A - be3paszmepras wacmoma,

L, = 1200 m - unmezpanvHbii NpOOOALHLIU MaACUimad mypoyreHmHocmu.

Vo - basosaa ckopocms éempa Ha gbicome [ 0m.

HeobxonuMo 0OTMETHTB, 9TO 3TO COOTHOIICHUE, UCIIONH3Y “MO€ B OTEUYECTBEHHOH ITpaK-
TUKE HOPMHPOBAHMA BETPOBBIX HAarpy30k ¢ Hayana 70-X roqoB, HE COBCEM TOYHO ONHUCHIBAET
CTAaTHCTUYECKHE CBOMCTBA CKOPOCTH BeTpa. B 4acTHOCTH, 3[1€Chb HE YYHUTHIBAETCS 3aBHUCH-
MOCTB CIIEKTPa OT BBICOTHI HaJl IOBEPXHOCTBIO 3€MJIM, KOTOpasd MOATBEPKAACTCSI MHOTOYMC-
JICHHBIMM 3KCIIEPHUMEHTAIPHEIMHI JTaHHBIMHU. Pe3ynbTaThl CPAaBHUTEIBHBIX YHUCICHHBIX HCCIIE-
MOBaHUM MOKA3bIBAIOT (CM., Hanlpumep, [4]), 4To ucnonp3zoBanue cootHowmenu (I113.16) npu-
BOAHT K 3aMETHOMY 3aBBIIICHHIO JHHAMHYECKOH peakuuH OOJIBIUMHCTBA COOPYXKEHHUH. Ilo-
3TOMY B HACTOAIIee BpeMs B HOpMaxX MHOTUX CTpaH JJId OIIHCAaHUA 3HEPTreTHYECKOTO CIIeKTPa

Sy HCIIOJIB3YIOTCS HHBIC ANIIPOKCUMALMU. B HacTHOCTH, B IOCHeAHEH penakuui EBpokoaa

, 681
S,(f,2) =0 ST 10247% (T13.17a)
A =fL(z)/V(z) (113.176)

20e L(z) u V(z) umerom mom odice pusunyeckuu cmuvica, yumo u 8 (113.168).
I13.3.3. Kosgpgpuyuenm xoppenayuu ckopocmu eempa

Koadduuuent xoppexaunn r, (fx,x'*) mynpcanmit ckopoctn BeTpa Wit IBYX IPOH3-

BONBHEIX Touek x'/ u x'* 06bI4HO aIlIIPOKCUMHUPYETCS CIENYIOUUM BEIpaXKeHHEM [4,6]:
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n (i3, xP) = expr fT, (", x) (I13.18a)

24l (x'V x?)

v(z,) +v(z,)

T (x'",x?) (I13.18b)

3
Al =Y blAx] 5 Ax, =[x —x? (I13.18¢)

i=]

rae
b; - aMnupuyeckue KOHCMmaHmal,

I 2 }
Ax; - npoexyuu paccmosinus mexcoy moukamu X’ u x¥ na ocu nomounoii cucmemvr Ko-

opounam (cm. (I13.14¢8))

B CHulI (1]
V=V, b =20 by=b3;=8
B Espokoge [5]
V=05[V(z;)+WV(z2)] ; ba=b3=11.5
[locTosiHHas b; B EBpOKOAE HE NPUBOAUTCS, HO IO JAHHBIM aBTOPOB 3TOI'0 HOPMATHB-

HOI'O JIOKYMEHTa b; = 30.

I13.3.4. Koagpdpuyuenm koppenayuu nynvcayuii 0agneHus

Pe3ynpTaTel HATYPHBIX M MOJAEIBHBIX 3KCIIEPUMEHTANLHBIX HCCIEIOBAaHHUH ITOKa3bIBa-
IOT, 9TO IYJbCAUMHU JaBJICHHUS Ha PA3IUYIHBIX IOBEPXHOCTAX COOPYKEHUS (HABETPEHHEBIX, 0O-
KOBBIX M ITOJIBETPEHHBIX ) HE IIOJTHOCTHH) KOPPEIUPOBAHHEI MEXY COOOH. B 9aCTHOCTH, Hail-

IICHO, 9TO KOPPEAIMA QAaBICHUA MEXAY HABETPEHHOH U MOABETPEHHOM MOBEPXHOCTAMHU JOC-

TATOYHO XOPOIIIO OMMHCHIBAETCA COOTHOIIEHUEM [4,5]:

1

oy L exn(—
r(fia) = Y 1 —exp(—221)] (I13.19a)
A 0.8/0,a (T13.19b)

" V(z,)+V(z,)

rae
a - XapaKkmepHoe pacCmosiHue Mexcoy paccmampugaemvimu (00bIYHO HABEMPEHHOU U

NOOBEMPEHHOU) NOBEPXHOCMAMU,



b, - KoHCcImauma.

B CHull nogoOnric 2P EKTHl HE YYUTHIBAIOTCA, T.C. IYNbCAUVY HABJICHUSA HA HABET-
PCHHOR M TMOABETPEHHOM CTOpPOHAX 3JaHUA CYUTAIOT MOJHOCTBIO KOPPEIUPOBAHHEIMU, UTO,
OUGBUIHO, BCAET K 3aBBILIECHUIO pacuycTHBIX 1IB-Harpy30k U COOTBETCTBYIOLIEH PEAKUHU CO-
OPYKEHMA.

B kEBpokoae a= 38.5 - pacCTOAHME MEXIY HABETPEHHOU U NOABECTPEHHOU NOBEPXHO-

CTAMMUM 3JdHHUAL.
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CITUCOK MUCIIOJIb30BAHHBIX OBO3HAYEHHNU
Jlarnnckun adadasir

A — MOBEPXHOCTL COOPYKEHUS, HA KOTOPYIO JAEUCTBYET BETPOBaAs Harpy3Ka.
f(I'u) — gacTtora.
fr (I'n) — k-ag coOCTBEHHAs 4yacToTaA.

fiim - IpEAEIBbHASA 4acTOTa KoJIeDaHUH.

£y - PAaCYETHBIE 3HAYEHHM KOYDPULIMEHTA ITIOPBIBHUCTOCTH.

G - 0000LIEHHOE BO3JAEHCTBHE, YYUTBIBAIOIIME COBMECTHBIC KONEOAHUsS COOPYKEHHUS 1O -

o U kj;-out dopmam.

K, ax - YUCIIO YUUTBEIBAEMBIX COOCTBEHHBIX QOPM.

m(x) — Macca COOpYy¥XeHus B TOUKE X.

(), — pacYETHBIE 3HAUYECHUS YCHIIHH.

ro(fx" X)) - kosdbbuLeHT KOppeIALMH MyIbcaliil CKopocTH BeTpa B Toukax x''/ u x'¥.

rn.(j}x(“,x(zj) - KO3 MULMERT KOPPENALUN NMYJILCALHHU 1aBlICHMS B TOYEK X

Svo(f) - HOPMHPOBAHHBLIM JHEPIreTHUYECKUH CIHCKTP MPOJOJIbHOH KOMIIOHEHTbI CKOPOCTH
BEKTODA.

! — BpeMA.

T (x" x%) - [IEPUOI KOPPpEILIIHUHN IIOPLIBOB B TOYKaX xMa x4,

I, — PACYECTHBIE 3HAYEHHUS [1IEPEMEILICHUH.

Vo - bazoBas cCkKOpOCTEL BeTpa Ha BeIcoTe 10 M.

W, ~ CPEJIHAA COCTaBJIAONIAs] BETPOBOU HArpy3KH.
W, - IYJIbCALIMOHHAs! COCTABJIAIONIAs BETPOBOX HATPY3KH.

x= (X7,X2,X3) — KOOPAUHATEI, ONIMCHIBAIOIINUE TEOMETPUIO COOPYKECHHUA.

Z - BBICOTA HAad [MNOBEPXHOCTBIO 3CMJIM B TOHKE C KOOPAHHATAMMU X.

I'pedecknii an@aBur

Or - NorapudMHUYECKUN TEKPEMEHT.

£, — TOYHOCTh JUHAMUYECKOI'0 PACYETA.

¢, (x)- BeKTOp k-011 COOCTBEHHOH (DOPMEI B TOUKE X.

Y, - KOOQQUUUEHT 00eCIeYeHHOCTI NYALCALUOHHON COCTABIAKOIIEHN BETPOBOU HArPY3KH.

Y - KO3GPHUUUEHT HeYTIPYroro COMpOTUBIEHUS I k-0 COOCTBEHHOH (QOPMEI.
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O, — CTAHOAPT CIICEKTPpd CKOPOCTH BCTPA.

Op - CTAHAApPT YCUJIUH.
O, - CTAHJApT IIEPEMELICHUM.

Vp — KBa3UCTATHYECKAS YaCTh PEAKIIUU.

if,_,%u - KOO(QOUIUEHT TUHAMHYIHOCTH, YYUTHIBAIOIMN COBMECTHYIO PEAKLIHKD COOPYKEHHS IO
k-OH H k-0l hopmaM.

Cr - KO3DOHUITUEHT TUHAMHAYHOCTH I k-0M cOOCTBEHHOH hopMe.

((z) - k09 DHUIIHEHT ITyIbCalHil CKOPOCTH BETPA.



