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NMPEAHCIIOBHE

Pykosoncreo cocrtasieno k rxase CHnlIl 11-6-74 <«Harpysxu m
BO3feicTBHS. HOpMH NPOGKTUPOBARKS».

B PykoBoacTBe npHBefeHH OCHOBHLIC MOJOKeHHS N0 ONPeXeNeHHIO
BCTPOBOM HATrPY3KH Ha 3JaHHS H COODYXKEHH#, a TaKXe YKa3aHHA IO
DHHAMHYECKOMY pacyeTy BHICOKHMX COOpyxeunii Gawennoro Tuma (Gaim-
HH, JbIMOBHE TPYOH K T.M.), BBICOKHX 3TaHHH, aHTeHHO-MAYTOBHIX
CHCTEM, TPaJHPeH H Ap.

PaceMoTpeHn BONPOCH a3pOAHHAMHYECKOTO BO36GYXKIEHNA BLICOKHX
COOPYXeHUH U THOKHX NPH3MATHUECKHX KOHCTPYKLLHI.

B npui. 1 npuseaens aspoanHaMuueckie k03(QHUHEHTH AJs 348a-
HHH, COOPYKeHH H KOHCTDPYKILHL

[lpun. 2 colep®uT 06OCHOBAHHE OCHOBHHX MOJOKCHHE [0 Onpexe-
JIGHHIO CTaTHYECKOH COCTaBJsiolled BeTPOBOH HArpy3KH H MeTOAa AHHA-
MHYeCKOro pacyeTa BHICOKHX 3XaHHA H COOpyxeHHil Ha AeAcTBHE
TypOYJEHTHOrO BeTpa.

B gpua. 3 naun npHMepH pacyera BBICOKHX 3AaHHil H COOPYXeHHH
Ha Je#cTBHe BeTpa.

B PyxoBoacTse eAnnnub (H3NYECKNX BEJTHYHH NPHHATH B CHCTEME
CH. Tabuuua cOOTHOMIEHHH MEXAY €AWHHUAMH 3TON CHCTEMEl H TeXHHA-
yecko#t cucremul MKI'CC nana B npny. 4.

PykoBoacTBo pas3paBoTaHo B OTAeNeHHH JHHAMHKH COOpYXeHu#
Llenrpannnoro Hagqno-nccnenoaarenbcxoro HHCTHTYTa CTPOHTENbHEX
koHeTpyKuut M. B. A. Kyuepenko Kana. texs. nayk M. ®. Bapmrefinon,



1. OBLIHE NOJOXEHHSA

1.1. Hacroawee PykoBoAcTBO cocraBjeHo K riaBe CHull ]1-6-74
«Harpysku n Bo3jeiictBua. HopMBl NMPOEKTHPOBAaHHA®» H pacIpOCTPAHSA-
eTcsl Ha MPOEKTHPOBAHHE MPOMLILLJIHHEIX, FPAXMAAHCKHX H CEJIBCKOXO-
3AACTBEHHBIX 3JaHHH H COOPYXEHHH.

1.2. 3xauus o COOpYKeHHs, NPOEKTHpVEMBlE ¢ YYeTOM HACTOAIREro
PyxkoBoacTna, AOKHbI YAOBJETBOPHTH  Tpe6oBaHMAM  [JaBhl
CHull 11-6-74 «Harpy3kn H BO3LeHCTBHS», 3 TaKke TpPeGOBAHHAM,
NIPeABABAACMBHM JAEHCTBYIOUIHMH HOPMAaTHBHHIMH AOKYMEHTaMH K aHa-
AOTHYHBIM 31aHHAM H COODYXKECHHAM.

1.3. Berpopasa narpyska Ha 3RaHHA It COODYXKEHHSl QOJIKHA onpe-
AeNATbCA KK cCyMMa CTaTHYeCKOll M XHHAMHYECKOH COCTaBJISIIOLIHX.

CraTHueckasi COCTaB/IAIOIIARA, COOTBETCTBYIOLIAS YCTaHOBHBUIEMYCR
CKOPOCTHOMY HAmopy, JOMKHa YYHTBIBaTbCA BO BceX cayuasax. Jiuua-
MHYECKAasd COCTABJAIOIUIAA, BbI3bIBAEMAas NYJAbCAUHAMH CKOPOCTHOTO
H&NOpa, XO/MIKHA YYMTHIBarbCSl NPH pacyere: COOPYXeHHil ¢ NMePHOAOM
cobcTBennnX Koaebauuit Gonee 0,25 ¢ (Maur, 6aweH, ALIMOBHX TpYG,
onop JIHHHA 3JeKTporepejady, annapaToB KOJOHHOIO THIA, TPAaHCIOP-
TePHBIX rajepeil, OTKPLITBIX 3TAXepOK H T.I.); MHOTO3TaXKHHIX 3AaHHI
BBICOTO G0nee 40 M; noNmepeyHsIX PaM OIHOITAMHBIX ORXHONPOJETHHX
NPOM3BOACTBEHHBIX 34aHHIT BHICOTON GoJsiee 36 M NMPH OTHOLICHHH BHICO-
Tul K mpoJeTy Gosee 1,5.

1.4, JIns BHCOKHX COOPY:KeHlii KPYropoil UHJHEAPHYECKOH GOPMH
(AbiMOBBX TPYO, MauT H T.N.) HeOOXOAHMO TaKXe NPOH3BOAHTHL HOBE-
poulbli  pacder Ha Ppe3OHANC, BO3HHKAIOWHHA NPH TaKHX CKOPOCTAN
BEeTPa, KOr'la uacTOTa CPbiBa BHXPel COBNAJaeT ¢ COGCTBEHHON 4aCTOTOM
xoae6arui coopyKeHuil nonepex noToxa.

Mpunveuwanne. B rubkux npHsMaTHYECKHX KOHCTPYKUHAX NpH
olipe/leNIeHHbIX CKOPOCTAX BeTP3 MOIYT BO3HHKHYTH KOJeGaHus nonepex
NOTOK2, CBH3aHHBIE C SBJEHHEM Aas3pOAMHAMNYECKON HeyCTOAYHBOCTH
TaKHX Ted. ¥Ka3aHHs MO pacyeTy H MepONpPHATHS 110 yMEeHbUIEHMIO KoJe-
6aHHii TaKHX KOHCTPYKUMIT YCTaHABJAHBAWTCA HA OCHOBAHHH AAHHMX
a3pOAHNAMHYECKHX HCIILITAHUA,

2. HOPMATHBHOE 3HAYEHME
CTATHYECKOR COCTABJIAIOWIE BETPOBOH HATPY3KH.
KO3 HUHEHTH NEPEITPY3KH

2.1. HopmaTtuBHOe 3HaucHHe CTATHYECKOH COCTaBJfIOIEll BETPOBO
Narpy3xu qf, (2) AomxHo onpeAnAThesA Mo dopriy.ie

(]f, (@ =¢qy (@ c, Tla, )
ot (2) = qo k¢ (2);

qo=pv§ /2 ~ nopMaTHBHLII CKOPOCTHOIl Hanop BeTpa Ha pHcore 10 M
HaJi NMOBEPXHOCTHIO 3eMJH, NpHHHMaeMuA no n. 3.1; P ~— NJOTHOCTL BO3-
AyXa, Kr/M3; vo— CKOpocTb BeTpa Ha BeicoTe 10 M Hajx MOBEPXHOCTBIO
3eMaH, M/c; K:(2) — Ko3adHUHERT, YYHTHBAOLHA H3MeHeHHe CKOPOCT-
HOTO Hamopa Mo BHICOTe, NPINHHMAaeMblii B COOTBETCTBHH C YKa3aHHAMH,
HaNOXKerHpiMn B nn. 4.1—4.4; ¢ — aspoanHaMudecKHil KoadPHUHEHT,
npHHEMaeMuift o Ta6a. 1, npua. 1.
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2.2, KospduukenT neperpy3ki aJfi BeTPOBOA HArPyskH Ha 31aHHA
Ny NOMKEH NpPHHHMATHCA PaBHHM 1,2; HA BBICOKHE COODYKEHHSN, re
BeTPOBAas HATPY3Ka HMeeT pelualoliiee 3HaveHHe, ngp==1,3, ecan B HOpMax
MPOEKTHPOBAHHA 3THX COOPYHeHHA He NPHBOAHTCA ApYyroe 3Hauekie
storo Ko3douunenta. KoapoHuHeHT neperpyskn fig ANS IUBIMOBBIX
Tpy6 BuicoTofi or 150 n0 300 M peKoMeHAYeTCS NPHHHMATL PaBHLM 1.4,
suiuie 300 M — 1,5,

3. HOPMATHBHbBIE CKOPOCTHBIE HATIOPHI

3.1. HopmatuBHHi{l ckopocTHOft Hamop BerTpa (Go) AJMA AaHHOro
reorpadrueckoro paiioHa ycTaHABJHBaeTCs Ha OCHOBe CTaTHCTHYECKOIO
aHa/M3a KJIHMATOJOTHYECKHX JAHHBX 10 CKOPOCTAM BeTPa B 3TOM
paiione (pailonst CCCP npuHHMAIOTCR MO KapTe, NpHBeldeHHONl B IJla-
Be CHull I1-6-74 «Harpy3aku 1 BosgefictBus. Hopmul npoekTipo-
BaHHA»).

CxopocTHEIe HANOPs! (o B 3aBHCHMOCTH OT pafiona CCCP moasuu
NpHAKMATLCA O Taba. 1,

Tabaunma |

Paitonsr CCCP I 11 1 v \' VI | VII

Cxopoctroil narop, [Ta { 270 | 350 | 450 550 | 700 | 850 | 1000

Jasn o6o3naueHHBIX Ha KapTe ropHHIX H MajJ0 H3yYeHHHIX paioHoR
CKOPOCTHOIl Hamop BeTpa IOMyCKaeTcd YTOYHATL No JanHmm Iuiapo-
MeTeoposorHdeckoli CIy#6b, a Takxe 110 pesyabTaTaMm obcjacAoBanNs
PailoHOB CTPOHTE/JHCTBA C yYeTOM ONBTa 3KCMAIyaTaunH. TIpH KOppex-
THPOBKe HOPMATHBHBII CKOPOCTHOR Hamop AOMycKaeTCA onpeienstbh wo
dopmyae

gy = 0.613 (aer)?, Tla, 2)

rae vs — CKOPOCTb BeTpa (npi ABYXMHIIYTHOM HHTepBaje ocpeaHeHiin),
npeswacMan B cpeaHeM OAHH pas B NATh JIET, €CJH TEXHHYECKHMH ycC-
JORHAMH, YTBEDPKAEHHBIMH B YCTAHOBJAEHHOM MOPAAKe. He perJlaMeHTH-
poOBaHBl JApYriHe MepHOAb MOBTOPAEMOCTH CKOpOCTH BeTpa; a=0,75

-{-—]—-—- KO3(pHUHEHT K CKOPOCTAM BeTpa, rnoJydesnbiM u3 o6paborku
Uo
Ha6.uoaenniit no ¢aiorepy, npHHHMaeMuii He 6ofee eNHHUNM; TPH HC-
roJb30Baniii MaJOHHCPHHONHBLIX aHeMoMeTpoBn Kod(dImHenT o Nphuu-
MaeTCR paBHBIM €AHHILe.
Ykasanua no onpemcseHH:0 CKOPOCTH BeTpa 3a1auuofl obecneuei-
HocTH (C 3agauHbLIM NEpHOAOM MOBTOPAEMOCTH) AaHW B . 3, npua. 2.
J3.2. B cayyasax Koraa mpH pacyeTe 31aHusf (COOpyiKellHS) HMEIOT
3HayeHHA BeTPH OHXHOro-I1BYX PyMOOB, AONYCKAaeTCH IIPH HAJIHYHE 10-
CTOBEPHHIX NAHHHMX O CKOPOCTHX BeTPA NO Pas/HUHLIM HANPABJAECHHAM
YUHTHBA!L Hanpaplelife perpa H ONpeNeAsTb €I0 CKOPOCTb 3adaHNoi
olGecrtedeHHOCTI! 0 YKAa3aHuaM 0. 3, npua. 2,



4, B'3MEHEHHE CKOPOCTHBIX HANOPOB BETPA 1O BbICOTE

4.1. Ins onpefellcHHA CKOPOCTHOrQ Hamopa BeTpa ¢ot(2) Mo Bh-
COTe COOpYXEHHS HCIOJb3yercss CTENEHHOH 3aKOH H3MeHeHHA HoOpMa-
THBHOIi CKOPOCTH BeTpa C BHICOTOH B HHXHeM ci0e atMoctepw. Iloxa-
3aTesb CTeleHH B 3TOM 38KOHe 3aBHCHT OT IUePOXOBATOCTH NOACTHJAIO-
niell MOBEPXHOCTH H OT camofi cKOPOCTH BeTpa (cM. m. 4, npua. 2).

B 3aBHCHMOCTH OT WePOXOBAaTOCTH MOACTHJAAIOWE! NOBEPXHOCTH
3eMJIH paaaudalor MectHoctH tHna A, B m B. K thny A ornocarca
OTKPHITHIE MECTHOCTH (CTelH, JECOCTENH, MYCTHHH, OTKPHTHE nobe-
pexbs Mopeil, o03ep, BofdoxpaHwanml). K tuny DB orHocstcs ropona,
JicCHble MACCHBHI H TOMY NOAOGHHE MECTHOCTH, PABHOMEPHO HOKpHITHIE
npensaTCTBHAMH BHCOTOH Gonee 10 M. K TthHny B orHocsitca paiioHu
KPYIIHHIX TOpOZOB, HMelolUlue He MeHee 509 31aHHMiA BOCLMH H Gosce
STaxed.

B raape CHull 11-6-74 npuusthi asa npoduis Ans HOPMATHBHHIX
CKOPOCTHBIX HaNOpOB: OZHMH JJf OTKPHITON MecTHOCTH (THMm A), Apyro#
AJ8 TOPOAOB H JiecHbIX MaccHBoB (Tun B).

Kunne paifioHH B KPYNHBIX FOPOAaX CO 3AaHHAMH NOBHIIEHHON
9TAXHOCTH M BRHICOKMMH 3XaRHamH (25—30 srawxedt) npu HajpexauicMm
060CHOBAHHMK MOTyT ObLITH OTHECEHH K MecTHOCTH THna B.

BepTuxa/bhble NPOGHIH CKOPOCTHHX HAlOPOB AJsi MeCTHOCTH THNa
B u B npumenaloTcA B TEX CAYYAAX, KOrja 3TH MEeCTHOCTH B HANPABJNCHUH
JeHCTBHSL BeTP2 HMEIOT NPOTSKEHHOCTL He MeHee 1,5—2 KM, npH 3ToM
B 32BHCHMOCTH OT IEPOXOBATOCTH 3TH NPODHAH MOTYT MEHATLCA AAS
PaSHBIX HanpaBJeHHH.

Has  coopyxeHHA, BO3BOAHMHX B OTKDHTOM MODe, CKOPOCTHOM
Halop onpeAeiseTcsa N0 CKOPOCTH, 3alHCaHHOHX B pafioHe PacHoOXeHHs
COODYXKeHHA.

%ﬂaqemm koadduunentos ky(z) (f=A, B, B), yaurusarowux
H3MeHeHHe CKODOCTHOrO Hamopa B 3aBHCHMOCTH OT BEICOTH M THuA
MECTHOCTH, OMNpeAeJfIOTCA no Taba 2.

Tabanrua 2

Kosbdprunent k4 (2) NpH BHICOTE HAR, NOREPXHOCTHIO
3eMJIH, M
Tin
MECTHOCTH
Ro 10 | 20 30 40 6 | 100 | 200 |X0=
A 1 1,25 | 1,4 1,556 11,75} 2,1 | 2,6 3,1
b 0,651 0,9 1,05 1 1,2 1,45 1,8 |1 2,45 3,1
B 0,3 {0o,5 (0,6 |0,7511 1,4 | 2,2 3,1
OrxpuToe Mope 1 1,156 1,25 | 1,3 1,4 1,5 —_ —_—

NDpumeyvanne JJIs NPOMEXYTOYHBIX BHCOT 3HaueHHe K(2)
JONYCKAETCA ONPEAeATh JHHEHHOH HHTepnonsuHedl AaHuwX Tabn, 2.
B npemesiax OTAEAbHBIX 30H 3X3HHA W COOPYXeHuli MPH BHICOTE KaXAON
308N He Gonee 10 M BenHuHHy KoaddruHeHTOB k¢(2) Jonyckaercsl
NPHHHMATh MOCTOSHHOM.

4.2. BeprHka/bHHEe npoduAM HOPMATHBHLIX CKOPOCTHHIX Hanopos
H4 rpaHplue ABYX NOACTHAAIOIHX NOBEPXHOCTE!N C PA3JKUHON CTENEHDLIO
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Puc. 1. YcaoBsbie YPOBHH Z,, OT KOTOPHX OTCUHTLIBAETCH BHICOTA COOPYMKEHHS

21
a—s Touke A: 2,=z; Ha Yysactke BC 2z,=z+ —2i 3a ToukoR D
’

z,=2z; Ha yuactkax AB n CD z, onpemensercs auHefinoft muTepnoaauued; 6 —

Ha yuacTkax AB H BC: Z,=2;; 338 TOYKOH Dz, ,=2,

samuutenHocty (cM. n. 4, npua. 2) onpexeasorca 1o GopMynams
mpH 2> 0 gy (2) = qo #y (2);
mpH 2 < 8 o1 (2) = qo by (B) (2/8)** (3)

rne ky (2) = &y (10) (2/10)%*,

[Mapamerp %1(10) OTHOCHTCA K MEeCTHOCTH, PaclOJIOXEHHOR BHE
[0 NMOTOKY, MpHHHMaetcs no Ta6a. 2. IlokasaTeNH CTeNeHH G4 H Q3 OT-
HOCATCA K MECTHOCTAM, DAacHOJIOKEHHKWM COOTBETCTBEHHO Bbillle H HHUXE
10 MOTOKY.

Tny6uHa BHYTpPeHHero mnorpaHuuHoro cjos 0, sasucsmas or pac-
CTOSAHHA X OT I'PaHHUBl 0 TOYKH, AJNA KOTOPOl CTPOHTCH MePeXOAHOH
npoduib, TPHEEMaeTCs no taba, 3.

Ta6bnuuma 3

I'paumua TnyGuna ;:gg:{;gxﬂq&o? ;:‘Jrox 6 npn
MeCTHO- ay ®y
¢red TAMNa

50 200 500 2000
Aub 0,16 0,22 11 35 70 215
buB 0,22 0,33 19 55 110 340
BuA 0,22 0,16 9 22 55 165
Bub 0,33 0,22 13 42 90 260

4.3. s 37aHHA BHICOTOH J0 5 M, PACMOJOMKEHHBIX Ha MeCTHOCTH
THHa A, CKOPOCTHOH Hamop, onpenensiemuifi no 71aba. 1, xonyckaercs
ChHIKATh Ha 25%.

4.4. Jlns 3pannil BHcoToRr A0 40 M, pacmosoKeHHBIX B MECTHOCTH
THna B, CKOpPOCTHOR Hamop NpPHHHMAaeTCA KaK AJs MeCTHOCTH THna bB.

4.5. Ecan moBepXHOCTb 3eMJIH BOKPYT 3JaHHAl He TOPH3OHTAaNbHa,
TO npH ykJoHe i< 0,3 BHicOTAa COOpy:KeHHs H onpelensercs OT ero
OCHOBAHHA.

[Tpu ykaoHax 0,3<Ci<<2 H i>>2 yCJAOBHHH YPOBEHb Z¢, OT KOTO-
POro OTCYHTHIBAETCA BHICOTa COOPYXKEHHSH, ONpeAensieTcs no puc. 1,



5. BETPOBASI HAIPY3KA HA 3AAHHA, COOPY)XEHHUA
H KOHCTPYKULHH.
A3PONHHAMUYECKHE KO3PPHUILLHEHTDI

OBIUHE YKASAHHA

5.1. Berposass Harpyska Ha 34aHHA (COODYKeHHA) 3aBHCHT OT WX
¢opMbl, NONOMEHHA B NPOCTPAHCTBE H NPOHHLAEMOCTH OrpaXKachui,

Pa3anualoT MHOrOyroJbHele (KBafpaTHble, NPAMOYro/bHuE H T. 1)
¥ KDYIJHe B IINaHe 3XaHHS H COOPYXeHWs, HaBeCH, pellieTyaThie COOpy-
2KeHHS, KOHCTPYKIHH CHeUHaNbHBIX QopM.

ITo cBOeMy NOJIOXKEHHIO B NPOCTPAHCTBE KOHCTPYKUHH MOTYT OHITh
YCT2HOBJEHHM Ha MOBEPXHOCTH 3eMJH HJH NPHMBIKATD K IJIOCKOCTAM
GoNbIIX Pa3MepoB; Aa3PO/AIHAMHYECKH H30JHPOBAHH B MNPOCTPAHCTBE,
€CJIH pacCcTosnHe A0 3eMJH HJH RO cocefHeH CTeHbl GoJee HX pa3Mepa
N0 BEPTHKAJH HJH MO HOPMAaJNH K CTEHe; 3aKJIO4eHH MeXJy ABYMA na-
PAMNEABHEIMI NOCKOCTAME GOJNLUIMX pa3MepoB.

KOHCTpYKHUH, PAacOJIOXKEHHble Ha NOBEPXHOCTH 3eMJH H NPHMHKAI0-
WHe K IJIOCKOCTH OOJbUIMX pasMepoB (Apyroe 3XaHHe HJH CTeHa),
¢ a3POAHHAMHYECKOH TOUKH 3PEHHA MOAOGHH KOHCTPYKUMHM BLICcoTOll 2H
(prc. 2,a) wan maunon 2B (puc. 2,6). KorcTpykuum pactionoxenune
Ha NOBEPXHOCTH 3eMJIM 1 3aKJIOUeHHHEe MeXAY ABYMS NapafelbHHMH
NJIOCKOCTSMH GOJIbLINX PasMePoB, MOROOHH KOHCTPYKUHH ¢ GECKOHEYHOH
JAHHOIT (pHC. 2, 8).

ITporHIaeMOCTbIO OTPaKACHHA W, %, HA3WBAETCA OTHOMIEHUE CyM-
MapHOH N/oWafH NPOEMOB OrPAKACHHA OTAENbHON rpaHy 3JaHuA K ee
o61el niowaaH.

Pa3nuyalor 34aHHA 3aKpbiTHe, HMeollie He(oJAblIlie PaBHOMEPHO
pacnpejelieHHbIe NPOEMBl CO CpefiHefl TUPOHHUAEMOCTHIO OrparKAeHMR
p<<5%. Ilpn pu=0 3nanue repmeTHyecKn 3akpuito. )Kuabe u rpaxnas-
CKHe 3JaHHA HNDAKTHYECKH SIBJAIOICA 3aKPHITBIMH 3AsHHAMH; YacTHYHO
OTKDHITHE C OrpamAcHHAMIN, HMelOWHMH CpPeJHIOI0 INPOHHL2EeMOCTh
5% <<p.<<30%; OTKPHTHE €O CpeAHER MPOHHLAEMOCTBIO OrpaXKAeHHUA
#>30%. YacTHuHO OTKPHITHE H OTKPHITHE 3JaHUS HMEOT OAHY HAH
HECKOJIbKO CTeH, OTKPHITHX HacTHYHO HJH [OJHOCTBIO.

Ilpumeqanne Ilpn NpoeKTHPOBaHHN 31aHHI] HeOGXOAHMO Y4M-
THBaTh, YTO B pfAje CAyuaeB AaBleHHe BeTpa Ha 3XaHHe B Ipouecce
MOHTaXa (NmPH OTCYTCTBHH HapyXHHIX CTeli) MOXeT OWTL 0oJjblic, yem
B 332KOHUEHRHOM 3laHHH,

5.2. CxeMbl pacnpezesleHHss BeTPOBOfl HarpyskH M 3HayeHHS a’po-
AMHAMHYECKHX KO3 HUHEHTOB ¢ AOMKHEL MPUHHMATbCA B COOTBETCTBHH
¢ yKasauusMu Ta6n. 1, npua 1, npd 3TOM NPOMEXKYTOUHHE 3HAYCHHSA
xX03ddHUHEHTOB RONYCKaeTCH ONpededsiTh JHHeHOI HHTeprnoasnuen.

AspoasHamnyeckite k03bGHUNEHTH NPHHIMAIOTCA!

a) 2ad OTAeNbHHX MNOBepXHOCTEH HJH TOYEK 3AaHI U coopyxe-
HHll — KaK KO3 HUMCHTH QaBJEHHN, KOTOPhie CjefyeT YIHTHIBATL NPH
onpejeseHHR BeTPOBOII HArpyskl, HOPMaabHOfi K paccMaTpHBaeMoit
NOBEPXHOCTII I OTHOCAULleics XK eAHHHUE NJOILAAN 3ITOil NMOBEPXHOCTH.

NonoxureapuiM 3HaYCHUAM Ko3D@HIHEHTAa RABJCHHA COOTBETCT-
ByeT HamnpasJieHHe AaBJEHHR K MOBCPXHOCTH COOPYXEHHSA, a OTPHua-
TelpbHHM 3HaYeHHAM — HanpapjeHHe OT NOBEPXHOCTH COOPYKEHHA.

TloBepxHOCTH, NOABepIKeHHHWE HENOCPEACTBEHHOMY BO3AEIICTBINO
NOTOKA BCTPA, HA3WBAIOTIC HABETPEHHLIMH, 3aBeTPeHHHWe NOBEPXHOCTH
BOCIIPHHIMAIOT BO3AclicTBUA oTcoca (OTpHUATENBHOrO Aasaenns), Ko-



Puc. 2. NMonoxeHHe KOHCTPYKUHH B MPOCTPaHCTRE

a, 6—KOHCprKLlHﬁ pacnoJoxera Ha [OBEPXHOCTH 3eMJH IAH APHMBIKACT K
NJOCKOCTH GOJBIINX Pa3MepoB; 6 — KOHCTPYKLAA Sak/JioueHa MEXAY ABYMA Ma-
paniefibHbIMH MIOCKOCTAMH GONbWIKX DPa3MepoB

s(POHUNEHTH  JaBJelNns H3MEHAIOTCA OT TOYKH K TOUKe MOBEPXHOCTH.
JAaf npocToTHl NPH olipeAeJieHiiH BeTPOBOfl HArpy3KH NPUHIMAKWTCA HX
3HaueHHA, OCPeLHEHHBIE 1O OTHE/]bHBIM TPaHAM HJIH 30HaM MOBCPX-
HOCTH;

6) ANA OTACAbHHX 3JACMEHTOB M KOHCTPYKUHMII — Kak KoathHuHeH-
Thl JIOGOBOI'O CONMPOTHBJIEHHA Cx H NONEpPevyHOil CHJN Cy, KOTOpHE Cleayer
YUYUTHIBATL NP ONPEACJTeRHH COCTABJAIOILHX oOWero COUPOTHBJIEHHS
1eJ2a, AelfiCTBYIOIMX IO HanpaBJEHHIO CKOPOCTH NOTOKA i lePHEHIHKY-
JISSPHO CMy H OTHOCSILUHMXCA K IVIOWAJN MPOEKUHH Tela HA NJIOCKOCTb,
NepNeH HKYJAAPHYIO MOTOKY, H Kak Ko3QQUUHEHT NOAbeMHOH CHIbI C;
NpH onpejejieHHH BePTHKAJbHONl cocTasasiolleii oOOLICro COMPOTIBAE-
uns teaa. [lochienHssi OTHOCHTCA K NUIOWIAAI DPOEKUHH Tesla HAa TOPH-
30HTAJbHYIO MJIOCKOCTD;

B) Npi HampaBJenHH BeTpa MOJ YIJIOM & K HaBeTPCHHOH CTOPOHe
KOHCTPYKHHH — KaK KO3QQHUHEHTH Cn M Ct, KOTOPHle AOJKHB YYHTLI-
BaTbCA NPH ONpefeJeHHI COCTABJSIOUIEX OOLIero CONPOTHBJEHHA TeJa,
NellcTBYIOIHX B HanpaBJeHHH ero ocelf H OTHOCAWHXCA K TIUIOLLaXH
HaBeTpeHHON TrpaHim.

B cnyyasx, e npeaycmorpensnx Ta6s. 1, npua. | (¥nne Qopmi
3faHHll H COOpYXeHHH, ydYeT NpH HajjexalleM 0OOCHOBAaHNH APYIruX
HampapJ/leHH! BETPOBOrO HOTOKA HJAM COCTABJASIIOULHX OOGUIEro CONPOTHB-
JeHlis TeJla No JAPYrHM HaNpaBJCHHAM H T.IL.), a3pOAHHaMHyecKie
K03 PHUHEHTE HEOGXOAHMO NMPHHHMATH [0 CIIPAaBOYHBLIM H IKCHCPHMEH-
TaJbHBIM JaHHBIM,

BEPTHKAJIBHbBIE NMOBEPXHOCTH

5.3. Kosdpduuuentsl AabaeHis NPHHHMAITCA: AJS 1aBeTPellbX
BEPTHKaNbHBIX nosepxHocreli ¢c=+0,8, 111 3aBerpedHnx ¢=—0,6.

Jns BepTHKaJbHHX H OTKJIOHAIOLIMXCA OT BePTHKaJbHLIX He Gonee
ueM Ha 15° moBepxHocTeil B 31aHHAX ¢ MHOTOPAIHBIM PacnoJOXKEHHEM
doHapelt H APYyrHM CJOXHBIM npoduieM (ecan B Taba. 1, npuar. 1 Her
COOTBETCTBYIOLINX cXeM) KO3DGHIUHEHTH MNaBJEHHA NPHHIMAIOTCH AJA
KpafiHHX H BO3BLIIAIOLLHXCA NPOMENXYTOUHLIX MNOBEDPXHOCTEl: HaBeTpeH-
HeX c¢=-40,7, 3apeTpeHHHX c¢=—0,6; AJA HNPOMEKYTOUHLIX NOBEPX-
lfocTell (HaBeTpeHHBIX M 3aBeTpenHux) ¢=—0,5,

BeTpoBas marpyska Ha BepTHKaJbHYIO CTEHy paBHa pa3HOCTH Ha-
IPY30K Ha HaPeTPEeHHYI0 M 3aBETPEHRYIO IVIOCKOCTH CTeHH. Koaddgimui-
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eHTH AaBJeHUA JJIA STHX MJOCKOCTeHA YYHTHIBAIOTCH CO CBOHMM 3HAKAMH.
ITpunuMaercs, 9T0 IJIOCKHHA XapakTep CTEH He NapyllaeTcss BHICTYIAMH,
GaJxKoHaMH, JIOAKHAMH.

3AKOHBbI N1OOBHS.
COCTABJIAIOUIHE BETPOBOH HATPY3KH

5.4. Berposas Harpyska Ha Teno 3ajaHHoii Qopmu, o6Texaemoe
YCTaHOBHBIIHMCA NOTOKOM, onpejesercs no Gpopmyne

Q =%pvaso (p:“:":a,d)i (4)

rae S H d — xapaKTepHCTHYeCKHe IVIOWaAb H pasMep Teja; U ~- CKO-

POCTb HEBO3MYILIEHHOTO MOTOKA; P — NMJIOTHOCTb BO3AYXa; Y — €ro BH3-

KOCTb, O — YTOJ, KOTOpHIHi onpefenser HanpasJjieHHe cKopocTH; @ —

HEKOTOPHIl Ge3pasMepHbHIl napaMerp. I[locaennuit sBasercss ¢GyHKUHeR
A

v
a H Re, rae Re=——, slecb v=pu/p — KHHeMaTHYeCKasA BA3KOCTb BO3-
v

Ayxa., Benwyuwna Re nasmiBaercs uucnoMm Pefinonbaca. Oxa xapaKTepH-
3yeT 3aBHCHMOCTb CONPOTHBJIEHHA OT BA3KOCTH BO3AYXa.

1
Hs pupaxenus Q=?pv“’s<b (o, Re) MOMKHO YCTaHOBHTb, YTO Te-

YeHHst OAMHAKOBOIrO THIA C OZHHAKOBHIM uHcJOM PefiHonbiaca AvHaMH-
9ecKH NOoAOGHH.

L HeyCTaHOBHBIIErOCA ABHXKCHHS BO3AYyXa HOJb3YIOTCH KpHTe-
puex nono6us Crpyxana Sh==ndfv, rxe n —uacTora cpuisa BHXpel.

3aKonn TOROGHS HrpalOT BaXKHYI0 DPONb B SKCIEDHMEHTaJAbHOM
aspoauHamuke, UTOOW JMOGHTLCS COOTBETCTBHS MEXAY MOIE/bHLIM
HMCOHTAHHEM H HaTYPHHIMH YCJIOBHAMY, MOACALHMH NOTOK NO HHTCH-
CHBHOCTH TypOY/IEHTHOCTH H IO HPOQHIIO CKOPOCTH LOJMKEH COOTBET-
CTBOBAaTb [IOTOKY BeTpa.

Y e o
By &
a, a°
A
Hanuaw' 13 -
@
e 8 eg,

Pre. 3. Cocrasagomee pasmRoAeAcTeypulelt BeTPOBOro AZBACHAS 3 NARPABACHRN
sevpa Q; & OCPNCHAUKYRSIPRO K HEMY QZ W 8 HAEDABVICHUE Ocell KONCTPYyEmmx
Q° n Qg

(]
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5.5. HopmaTnsioe 3nauenne paBHOAeiicTByloweR BETPOBOro AaBne-
HHA Ha OTReJbHLle JIEMEHTH K KOHCTDYKUHH onpefeaseics no popmyne

QS (2) = cgy, (2) S (5)

Ilns cocraBasomsx QF (2) B HanmpaBJeHHM CKOpOCTH Betpa (J0Go-
poro compotusienns) Q$,(2) H B NepnenAMKYJAPHOM K Hell Hanpasie-
HHH (rIOmepeyHoli CHJBI) Q;H (2) aspopumamuveckuit xosdduunesr ¢

COOTBETCTBYeT Ko3(pdHUHEHTaM ¢z H ¢y, Aas coctasasomux Qf (2)

B HanpaBJeHHA ocefl KOHCTPYKUHH — KospdHUHEHTaM ¢a H ¢: (pHC. 3).
AsponunamuyeckHe KO3(QQHUHERTH ¢, H ¢: COBMNARAKT C Cx H ¢y
DPH BeTpe, HOPMaJbHOM K HaBETPEHHOH rpaHH,

OJIHO3TA)KHBIE 3JMAHHA

5.6. Insa 3naumit (nn. 1—7, taba. 1, npua. 1) ¢ oTkpblBalOMHMUCH
npoeMaMy (OKHa, BOpOTa, [BEepPH), PaBHOMEPHO pacnpegeseHHHIMH MNO
IEPHMETPY 3RaHHA, HAH NDOHHUAEMBIMH CTeHaMH H3 acOeCTOLEMEHTHHIX
WJIH APYrHX JHcToB (He3aBHCHMO OT HaJMMYHA NPOEMOB) NIPH pacueTe
OrpaifieHHii HapyXHBIX CTeH, CTOeK H pHreseit ¢axsepka, HMIIOCTOB
OCTEKJIeHHsl 3HAUeHWS a3DOAHHAMHMUECKHX KO3DOHIUHEHTOB RIS Orpawk-
LKeHU JIODKHBL NPHHHMATbCH DaBHHMH: ¢=-}1—npH pacyere Ha no-
JIOXHTeNbHOe JHaBJeHHe; ¢=—0,8 —npn pacyete Ha OTpHUATENBHOE
RaBJieHHE,

5.7. TIpu pacueTe monepeuHmX paM 3JaHKHK ¢ npoAonbHHIMU (oHa-
PAMH HJH C 3eHUTHHIMH (npH a>>4h) donapamu (um. 4, 5, 7, Taba. 1,
npua. 1) yanThHiBaeTCH BeTPOBAast Harpyska, AefCTBYOUlas Ha HaBeTpeH-
HHe ¥ 3aBeTPeHHble CTOMKH PaMH, H TOPH3OHTaJbHadA COCTABJAIOLIANA
BETPOBOM HArpy3kH, AeficTBYIOILas Ha GOHapH.

PacnpeneneHte BeTPoBOH HArpy3KH Ha SAAHHA C NPOAOJBHHME (o-
HapAMH, NpHBeleHHOe B 1. 4, 5, Taba. 1, npra. 1, NpHHHEMaeTcA npH
a<<4h; npu a>>4h cxeMa BerpPOBOR HAarpy3ku NpHHHMaerca no mn. 7
YKa3saHHOM TabJIHUbI.

Jns 30aHHA ¢ WIEAOBHIMH NOKPHTHAMH (m. 6 TOH Xe Ta6auuH) HAR
€ 3¢HHTHHIMH (OHapAMH NpH a@<<4h BMECTO rOPH30HTAJLHHIX COCTaB-
JIAIOIIHX, AeHCTBYIOUIUX HA BTOPOit (OT HaBeTPEHHON CTOPOHH 312HKEA)
H nNocreayioumtie GoHapH, AosKHa OHTh yuTeHa cuiaa Tpenus Fr, ompe-
ReasieMasi no ¢opmyae

Fy = (0,001a -+ 0,02) g &¢ (2) Stin,s ©)

FAle 0 — YroJl HaK/JOHa HaBeTPeHHOA rpaHu (oHAp# K FOPH3OHTY, rpax;
ki(z) —Ko3pduunenr, npunamaemsd no Ttaba. 2, mpua. 1; S — mao-
AL FOPH3OHTAJbHON NPOEKIHH NMOKPWTHA 3AaHHR (6€3 nJollajB nep-
Boro ¢oHapa); ng — KoadpduunenT neperpysku (m. 2.2).

BHYTPEHHEE JABJEHHE B 3[JAHHAX

5.8. BHyTpenHee faBJieHHe B TOMCIIEHHAX OAHOATAXKHWX H MHOTO-
9TAXHLIX 3JaHHA PpaBHO JKAaBJEHHIO Ha BHEIUIHIOW NOBePXHOCTb pac-
CMaTpHBAEMOrO NOMellleHHA. B Tex caygasx Korla Ha OJHOM HJIH He-
CKOJbKAX (acazaXx HMEIOTCS YYaCTKH pPa3sJHYHOA NPOHHUAEMOCTH,
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BUYTPeHHee NaBJeHHe IS Kam/JAOro NoMelleHHA YCTaHABIUBACTCH
(OOTBETCTBEHHO €r0 IIPOHHIaeMOCTH K HaNPaBJIeHHIO BeTpa.

B 3akpHTBIX 3A2HMAX C NPOHHIAEMOCTbIO OrpaXKieHmit p<<5 kKo-
spPHIHEHT BHYTPEHHEro AABJEHHA C3 BO BCeX NOMEUIEHHAX NPHHIMA-
ercs papubM 0,2 (m. 11a, Taba, 1, npua. 1).

B 3pauHax ¢ omHoit OTKPHTON creHoii, umeiowefi u>30 (apyrie
CTeHb! MMEIOT NpPOHHUAEMOCTh [1<T5), KOYpPHUHeHTH s MPHHHMAWTCA,
eCJIH OTKPHITA CTOPOHA 3JaHHA:

HapeTpeHHas — mo 1. 1106;
3aseTpeHHas —no n. lls;
napaJjnenbHas serpy — mo n. 11r.

B 3naHuAX ¢ ABYMs OTKDBITEIMH CTeHaMit, HMeloWHMH u>30 (npy-
rHe CTEeHH HMelOT DPOHHLAEMOCTb |t<C5), KOIDPUUHEHTB ¢ NPHHUMA-
IOTCAl, €CJIH OTKPHITH CTOPOHK! 3] aHHS!

HaBeTpeHHAs H 3aBeTpennas — fo n. 114;
napaJulenbHble BeTpy — no 0. lle.

Ecnu 31aHmHe MMeeT CTCHB C NMpoHHLAeMocTbio 30> u>5, 10 KO-
3pOHUHEeHTH s ONpPCAEAAIOTCA JIHEAHON HATepHnOJAAUHEeH MEXAYy ux
3HaYeHUAMH AJA 3aKPHITOTO H OTKPHITOrO C OJHON CTODOHH 3ZaHHSN
Tax, ecm HaBeTpeHHast CTeHa 31anHA HMeeT w=15, a apyrie crenu
R<5, To AAR HABETPEHHOH rpand c,=-—0,3, ANA APYrux creu

15—5
— = 0,55
30—-5

BeTpoBast Harpy3ka Ha KOHCTPYKTHBHLIC 3JeMEHTH OTpaKaeHHs
ofpefe/IsicTCA NYTeM CYMMHPOBaHHSA JAEHCTBYIOULHX HAa HHX BHEINHCTO M
BHYTDEHHCTO AaBJEHHS.

5.9. B 3aKpHiTHIX OANHOSTaXKHHX NPOMBIINEHHNX 3ZaHusx (no. 1—7,
taba. I, npua. 1) H B MHOrOTAXHEIX 34aHHAX BbICOTOH f0 30 M pac-
YyeTHasl BeTPOBAA Harpy3Kka na BHYTPEHHHE CTeHbl NOJIKHA MPHHHMATHCA
pasuoii 0,4qo, Ha Nerkne neperopoakn (secom ue Gonee 100 gaH/m?) —
0,29y, Ho ne mexee 100 ITa.

Ipu sbicoTe 3aaHuil Gosee 30 M pacueTHas BeTPOBAsi Harpyska Ha
BHYTPeHHIIC CTeHbl H MEPEropojAKH onpelensieTcst ¢ ydeToM Koagpduiu-
enta R, (z), npuEnMaeMoro no raba, 2 A1A MeCTHOCTH THna bB.

PacueTHas BeTpoBas Harpy3ka Ha BHYTPEHHHe CTCHH H INeperopos-
KH MHOTO3TaXKHOrO 3ZaHHM, MOHTHpPYyeMble ONHOBDEMEHHO C ero KapKa-
COM NPl OTCYTCTBHH HapPYXKHOTO CTEHOBOIO Orpa’XieHHs, NPHHHMAETCA
IO FKCIIYaTalHOHHOMY CJy4alo ¢ YUeTOM TOro, YTO B MePHOM MONTaKa
31aHHA OHIl MOT'YT GBITH JOMOJHNTEALHO PaCKpenJeHbl.

BbICOKHE 3QAHHSA

5.10. [das npAMOYFOJbBHLIX H KBAAPaTHuIX B MJaHe 3AaHHIl MOBH-
HICHHOM 1 GoJbLION 3TAXKHOCTH KO3GGHUHEHTH .J1060BOTO CONPOTHBJIE-
H

Hii onpegensiorcs no 1abn 4 B 3aBUCHMOCTH 0T H 5 rae H —

BLICOTA 3AaHHA, [ — ero mmpnna (pasvep B HANpaBieHHH NOTOKa), B —
AAHA HaBeTPeHHO! rpaHi 3xanns.

TlpomexyTounsie 31184CHHA ro3¢dpHHEeHTOB AONYCKAETCH
oupeAeSATb JNHHEHON HHTepnoMilliedl MeXKAYy yKasaHHbiMp 8 Tal.auuc
3HANCHHAMH.
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B TakoM 3panun npn l/B=0,2—0,5 narjeHdue BeTpa NO ero Ha-
BeTPEHHONl M 3aBeTPeHHOHl TrpansM pacnpeleNsieTCst HepaBHOMEpHO.
OKCUeHTPHCHTET paBHOAeficTBYIOmell 3TOro JABJEHHS OTHOCHTEJLHO
LeHTPA HaBETPEHHON IPaHH, BO3HHKAIOIHA NPH YIJe MeXAy Hanpaslie-
HHAMH 1OTOKa BeTpa H HOpMaJbio K 9Toff rpaddH nopaaka 40—50°,
MOKeT OHTL NPHHAT paBHbiv 0,15 B.

AspoanHaMudeckiue KospGHUBEHTH €n AJIA 3THX YIJIOB aTaku BeT-
pa, onpejenseMble KaK pa3HoCcTb KO-

3¢dHUHEHTOB JOaBneBHs Ha HaBeT- Ta6auuna 4

PeHHYIO H 3aBeTPeHHYIO TPaiH, Mo-

ryT ObITb MPHHATH paBHbIMU 1,1 npu H/B

I/B=0,5 u 1,3—npn {/B=0,2; ko- /B

s duuent ¢4=0,5, 1 7
5.11. JIas 3nasus ¢ JOZKHIMA

B NpPOJIONIBHRIX CTEHaX NpH BeTpe, 0,2 1,2 1,35

ROpMaJbHOM K TOPIY, KpOMe BeTpo- 0,5 1,25 1,4

BOIl HarpyskH, onpejensemoit s co- 1--1,5 1,3 1,4

orseTcTBMH ¢ mm, 2.1 u 2.2, aas 2 12 1.3

KaX IO CTEHS! C OMKUAMH J0MKHA 3 11 118

6LiTh yuTeHa CHIA TpeHHs F.= ! !

=0,1gok: (2)Sn;, rpe S=HB—
I10WAaAb NTPOKOALHON CTEHBI.

COOPY)XEHHS UHJAHHAPHYECKOH
H CPEPHYECKOH ®OPMbl

5.12. Brcoxne coopyxeHHs umansapuueckofi GopMul  (ALIMOBHE
TpyOH, MauTol, CPAAHPHH U T.N.) H 3JeMEHTH CKBO3HBIX COOPYIKEHHN
(1py6uaThie HJH H3 MPOKATHHIX Npodmied) OTHOCATCA K KJaaccy nJOXO
o6TekaeMHX Ted.

BceneacTBHe HaJMYUA TpeHHa B BO3AYXe, OKOMO Takoro Tteaa (ma-
npiuMep, GeCKOHEYHOro UHAHHAPA), O6GTEKaeMOro BO3AYLIHHIM [IOTOKOM,
ofpa3yeTci Tak Ha3biBaeMnlil NOrpaHHYHBI CJOH, B KOTOPOM CKOPOCTh
noToKa OHICTPO najlaeT A0 HyJds Yy NoBepXHOCTH Tena. ToauniHa 3Toro
€J108 33BHCHT OT BA3KOCTH CPenHl.

B Hayane aBIDKeHHS, KOTAa CKOPOCTh MaJja, NMOTOK BOKPYr Tela
NpHOAIKACTCH K NOTeHuHanbHoMy. [TorpannyHbifi CJAOA CJAYKHT CBOEro
PoJa NpOCNONKON MeXIy NMOTOKOM H LHAHHAPOM, M eCJiH B KPHUTHUECKHX
TOYKaX HMeeTCA [OBHILeHHOe AAaBJCHHe, TO OHO Meperaercs Teay 4epea
NOrpaHHuHbIA CJ0H. DTHM JaBJEHNHEM NOTPANHYHBIK CJI0fi Kak OBl BH-
TecHsieTcss K ToukaM B u I, BCaeacTBHe Yero BO3HHKAIOT TeueHHs oT A
kK BuJnorCxkBu/l,;c¢apyroit cTOpOHH, NOTPaHHYHYIO 30HY 00Te-
KaeT MOoTeHUHa bHbil moToK., OT 3THX NPOTHBOMOJOMKHHX TOKOB 3a TOU-
kamMi B n I| o6pasyioTca cuMMETpHYHHE NMapHbEe BHXPH, KOTOPHE CMH-
BAIOTCA TIOTOKOM. Takoe pacmoJioxeHie BHXpell, ofHaKo, He SABJsETCA
YCTORYHBLIM, NOITOMY MNpH JAanbHeiilleM YBeJqHYEHI CKOPOCTH I Co-
OTBETCTBeHHO uicia Pelinoabaca pacnosioxeHie BHXpell CTaHOBHTCS
aCHMMeTPHUHBM. BHXpH OTPHBAIOTCA TONMepeMeHHo ¢ ofenx CTOPOH
UHAMHADE, NPABHJILHO YcpeAyfchb UYepe3 ONpeAesieHHule NMPOMEKYTKH
BpeMeHH H 00pasys BHXPeBYIO JOPOXKY, KOTOpas HasHBaTCs AOPOXKKOA
Benapa — Kapmana (puc. 4). JTOT THR ABHIKEHHSl COXPaHseTCs B UIH-
poKoM nHanasone uuceld PefinosbAca. Hakoreu, npn Re==103—2.10%
TIOTPAHBYHKI CJI0i1 CTAHOBHTCA TypOYyJeHTHHIM H CphiBaeTca € no-
BEPXHOCTH UHJHHAPA,
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Puc. 4. Xapaktep OOTEKRHHR UHAMNAPA NOTOKOM MHAKOCTH

Q4 — H8YaNO ABHKEHHA UHAHHADA, 6 — 3apOXKAEHHe BHXDell 32 UHAKHAPOM, 8 —
HOYCTOAYHBOE COCTORHHE NapHHX BHXpeA; 2 — NepHoAHYEeCKHH CDWB BHXpefl 3a
UHAHHADOM

Typ6yansauua NOTrpaHHYHOTO CJOA TPHBOAHT K 3aMETHOMY CMe-
LICHHIO JIKHAM OTpHBa BHXPefl Mo HANpaBJEeHHIO K KOHLY TeJa, TaK 4TO
06/1aCTh BHXPe0Gpa3oBaHHil — TypOy/IeHTHBI CJeA 3a TeNOM CYKaercs,
YTO TPHBOJIHT K yMeHBIUeHHIO CHJM conporusienus. Koabduunenr no-
60BOrO CONPOTHBJIEHHS NMAafaeT B HCCKOJbKO Pa3 B CPAaBHHTEJNBHO Y3KOM
HHTepBasle yYHcend PefiHoabAca. ITO fABJeHHe HA3BIBAeTCA KDPH3UCOM
CONPOTHBJICHHS.

Ha saBieHne KpH3HCa BJHseT cTeleHp TypOyJIEHTHOCTH Halerawollero
Ha Teso nMoToKa. Yem oHa GoJnlue, TeM paHee (npn MeHbwWHX Re) ma-
crynaeT TypOyJH3aliA NMOrPAHHYHOTO CJOS.

Pasmmyaior ciaeayomue o67acTH H3MeHeHust Ko3ddHuUHEHTA Cx HpPH
yBeanuennn Re: nokpurnueckas npu Re<<1,5-10° xpHTHYecKass mnpH
1,8.103<<Re<C8-105, 3akputHyeckan npH 8-10°<Re<C107 u TpaHc-
KpHTH4eckas npH Re>107.

ITepuonnyeckuit oTpuiB BuXpeft Hala0zaercs NpH OOTeKaRHH He
TOJbKO LHIHHADPOB, HO TakXe H Apyriux Tea. OaHaxo A5 npH3MaTidec-
KOro Teja JIMHAHM OTPLIBA BHXPeRl COBMAJAOT C YIrJOBbIMH TOUKAMH
MONePeyHOro  ceyeHHs; KO3POHUHEHT (x AJAA TakuxX TeJa OT YHCAA
PefiHonbca NpaKTHUECKH HEe 3aBHCHT.

B nn. 12—20, ta6a. 1, npun | npuHBeieHH! CXeMH! pacnpelefeHHA
BEeTPOBOIl HArpyskH H as’poanHaMuueck#e Kodddiuuents (xo3dpuun-
eHTH JAaBJeHHA M JO0GOBOr0 CONMPOTHBJEHHS) M cdepH, CoopyMeHuft
C KPYroBOil UMJHHAPHYECKSH MOBEPXHOCTLIO (pe3epByapH, OallHH, Jbi-
MoBHe TpyOH), 3JJINGTHYECKOro LHJHHAPA, UHJIMHADHUECKHX NaHejef
KDPYroBOro H SJJHLGTHUECKOIO TOMEPeYHHX ceveHHHA, annapaToB KOJNOH-
HOro THDA H KOHCTPYKuHii, ofpasyemulx H3 cdep., Tam XKe xaHbl koad-
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GHuNeHTH ¢ AAA UHJAHHAPOB ¢ pe6paMu (BbiCTYnamz), AJ NPOBOJOB
H TPOCOB.

5.13. KoapuunenTsl napieHRs AJAR OGOMOUKH TPALHPHH, HAPYKHag
TUOBEPXHOCTL KOTOPOM He HMMeeT MEPHIAHOHAALHHIX peGep (yMepeHHO
il epOX0BATas NOBEPXHOCTH), NpHHHMaOTcs nmo 0. 12, ta6n. 1, npua. |1
aa Hid=1, Kosdpduuuentsl gaBjieHus Aas 060NOYKH TPAAHWDHH C Me-
PHAHOHAJIbHHIMY DeOpaMy, PACHONOKENHBIMH Ha DAacCTOsiHHM He Godce
1/50 anMHE OKPYHOCTH, M OTHOMICHHEM BHICOTH pelpa K CpenHeMmy
nuaMeTpy o6onoukn 8/d=3,5-10~4 (c wepoxosaToil HapyxHOH NOBepX-
HOCTBIO) NpHHHMaiOTes no n. 14, 1aba. I, mpua. 1. Tam Xe npusesenst
xo2pOHLIHEeHTH Da3ioXeHRns B psaa Pypbe >MOpH AABJEHHS BeTpa MO
NOBEPXHOCTH OGOJNOYKH AN YMEPeHHO LUePOXOBATHX H IIEPOXOBATHIX
NOBEPXHOCTEH.

Kpome BHemHero JgaBjeHHs Ha OGOJOYKY AOMKHO ydUTbBATHCA
TaxXe pacnpefeleHHOE TO ee NOBEPXHOCTH BHYTPeHHee JaBlienue
¢ Koadduunentom cx=—~0,5.

6.14. HopMmasbsoe K XOpAe BaHTH HJIH HAKJOHHOIO TPyGuaToro
f;reuema HOpDMAaTHBHOE 3HAUCHHE BETPOBOM HATPY3KHM onpepensieTcs no

opMyJie

QS (2) =g,k () ¢ S, )

Tae Cg==C,g sinB-c,g cosB; O—yron mexay BavTOR H HampaBie-
HHeM BeTpa; cos B=cos @ cos ¢; @ — yron HakJAOHa BAHTH K TOPH3OH-

TY; @ — Yros MeXZAy NJOCKOCTAMH ACHCTBHA BeTpa H BaHTH (cM. .21,
T7a6a. 1, npua. 1).

Ina snementor ¢ Re<<1,5:10% asponunaMuueckue Koad@HiiHeHTH
€9 M C,g NpHHHAMAOTCA O Taba. 5

Tabauna 5

T T[]

€0 0,05{0,1 [{0,2 {0,35|0,6 (0,8 {1,03]1,16] 1,2
0 0,0410,15(0,27} 0,3 } 0,45 ]| 0,43} 0,33 | 0,18} ©

@° 10 20 90

Ecan miockocTn AefiCTBHA BeTpa B BaHTW coBnagawr (p==0), TO
a="90.

TIpn6aneyHnie 3HAYCHHA Cg M Cy MOryT OMITb BHYHCHeHH MO dop-
MYJAaM, TpUBeleHHLIM B YIOMAHRYTOM n. 21,

PEUIETYATHIE KOHCTPYKILHH

5.15. AsponunamuueckHe KOIQORIHEHTHM Cn H € AMA KOHCTPYK-
THBHHX 3JI€MCHTOB pPEWETYaThiX KOHCTPYKUHA H3 NPOCTHIX H COCTAB-
HLX npoduneil npusenenn B Ta6a. 2, npua, 1. Ouu 3aBucat oT yraa
a)aKl @ H OT OTHOWIEHHS A BHICOTH 3JEMEHT2 K €ro XapakTepPHCTHYec-
KoMy pasmepy.

HopmaTuBHOe 3HAUeHHe BeTDPOBOH HAarpy3KH Ha TakHe 3JeMeHTH
onpeaennerca no popmynam

Qfm (2) = k‘ cnoo qo' (2) S H Q?u (Z) = k[ ctoc qot (Z) S'
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TAe Cnoo H Cfoo — 83pOJAHHAMIYECKHE KOIDGDHUHEHTH AR 9veMeHTa Gec-
KOHEYHO!l AJHHH; ki — KO3(QOHUHEHT Nepexofa OT afleMeHTa GecKoHey-
HOMt AJIMHB K 3/JCMEHTY C OTHOUICHHEM A,

B raase CHull 11-6-74 xo3dduunent no6ororo conpoTHBIEHUS
ANA 37EMEHTOB pelleTyaThiX KOHCTPYKIUHII NPHHAT paBHuM 1,4 He3aBu-
CHMO OT OTHOUIEHHs A N HanpasJeHHA Berpa, PeKoMeHAYEMHH K03(-
¢HuHeHT ¢ (1. 22, 1aba. 1, npna. 1) coorsercrByer A==1I/h,=10—15
H ky=0,65—0,70.

Vkazauna no onpeleneHHio Ko3d¢PHuUeHTOB J0GOBOr0 CONPOTHB-
JIeHHst 15 NJAOCKHX H NPOCTPAHCTBEeHHHMX pelIeTyaThiX KOHCTPYKUMIt
JAaHel B nin, 2225, ta6a. 1, npua. 1.

BETPOBASA HATPY3KA HA PA3JIHYHBIE KOHCTPYKLUHH

5.16. JlaBJeHHe BeTpa Ha YypOBHE NeEPEKPHTHA OTKPHTOR STaxepKH
onpeneiseTcA NyTeM CYMMHPOBaHHS [aBJieHHA Ha ee HecylllHe KOHCT-
PYKuHH (CTORKH, pHrelNH, BTOPOCTeNeHHHe 6GaNKH H pebpa HacTHI2) H
H8 TeXHOJOrHuecKoe oGopynoBaHne (anmapaThl H CBfi3aHHble C HHMH
TPYGONpPOBOAL), YCTAaHOBJCHHOE Ha NepeKpwTHe STaxepkH. Jlasienue
BeTPa Ha TPYGONPOBOIW YUHTHIBAETCA YMHOXEHHeM JAaBJeHHS Berpa
Ha o6opynoBaHue Ha Koadduuuerr 1,1.

Jasieline BeTpa Ha Orpa)jeHHe WIOWAAOK H JeCTHHI annaparTos
KOJIQHHOTO THINA olipelelifeTCH B COOTBETCTBHU € n. 23, Taba. 1, mpua. 1,
NPH 3TOM K03((HUHEHT 3anoJHEeHHA (p NpHHHMAeTcs paBHuM 0,3.

5.17. Berpopasi Harpy3ka Ha KOHYC C OCHOBAHHeM B BHIE Kpyra
HJH Ha NOHpaMHAY ¢ KBaApaTHWM ocHoBanueM (npu |,5d<CH <254
v 1,5a<H<25a; d ¥ a— anHaMeTp H CTOpOHA oOclOBauiii KOHyca M
nupamuibl) onpeneaserca no popmynam

Q;:qucps H Qg::czqcpsz, (8)

rae ko>bQuuieHTH (¢ W C. OpHuHMaloTes no n. 32, taéa. 1, npua. I;
Gcp — CPCAHIT CKOPOCTHO/ Hamop BeTpa MO BLICOTe COOpYXKeHHs; S —
nJiQlianb MPOeKUHH COOPYXXKeHHRA Ha [JIOCKOCTb, NepreHIHKyNAPRYIO
HanpasseHHio BeTpa; S; — nJoWaib OCHOBAHHS KOHYCa HJH NHPaMH-
ibl; KOSppHUHEHTH AaBJEeHHA ¢ Ha YYacTKax, OMH3KHX K BepiliHe KO-
Hyca, nMelolicro YkJaoH 45°, Moryr npuHiaMarth 3nadenns ot —1,5 no

'y

5.18. KoaddiuneHT A06OBOro CONpoTHBIeHUs Aas ¢aaros =14
Has uatsuyroro ¢aara yuntnBaeTcf BCA ero NJouwagb, NMOABepXeHHas
AeficTBINO BETpa; A8 CBOGOAHO BHCRWEro daara — !/, ero naomanu,

MECTHOE AABJEHHE BETPA

5.19. Ilpu pacuere kpefieHnii 3/J1eMEHTOB OrparkaeHns K HeCylinM
KOHCTPYKUHSM B YyrJax 34aHH#l H NO BHelUHEMY KOHTYpY MOKpPHITHH
ROMKIO YYHTHIBATLCA MECTHOE OTpiilaTedbHOe AaBJenie BeTpa, pacupe-
Je/leHHoe BJ10.1b pefep Ha IIUpHHe, PaBHOil OXHOIl AecATOR OT coOOT-
BETCTBYIOILCrO JilHeflHOro pa3Mepa (IJHHA, WHPHHA, BLICOTZ) 31aHHA,
HO He Gosee 1,5 M (3alUTPHXOBaHHBle yuacTKu na puc. 5). 3HaueHuwe
Ko3¢pduuHeHTa AaBJeHHA NPHHHMAeTCs PaBHBIM = -—2,

Ipu yrnax HaiaoHa ckata kposan a>>40° mecruoe Aasacnue He
yuuTbiBaeTcr. s CBOAYATOrO MOKPHITHA VUHTHBAETCH Yroa a, obpa-
308annLIil KacaTeAbHON B Havaje CBONA C rOPH3ONTOM.
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Puc. 5. Yvacriu ¢ NOBLIIUEHHBIM OTDHUATEALHHIM RABACHHEM ANR PAacueTa Kpeds
AeHnk 3aementTos

6. AMHAMHYECKHH PACYET BbICOKMX COOPY)XEHUH
H 3JAHHHA HA JIEACTBHE BETPA

COOPY)XEHHA BAWEHHOIO THIIA

6.1. K coopyxenusM GallleHHOro THNa OTHOCATCHA: ALIMOBBIC TPYOul,
Galii, omopn JiHHMIL 3JEKTpONepeRauH, aminapaTthi KOJAOHHOTO THOA
TOMy noxobublie coopyxenis. B kawectBe pacyerHoli CXeMbl TaKHX CO-
OPYXKeCHUI DNPUHEMAeTCR 3aUleMJCHHHII B  OCHOBAHHE KOHCOJMbHBIfA
CTEpPXKCHb TIOCTOSIHHOTO HJH NEPEeMEeHHOro 10 BHICOTE CEYEHHS.

6.2. HopmaTHBHOe 3HaueHHe JHHAMHYECKOR COCTaBAAIOILEl BeTpo-
ROIl HArpy3KH JOJIKHO ONPeNeNsTbCA AN KaXKaofi ¢opmm KonseGanHA
COOPYIKCHHSI B BHJe CHCTeMbl HHePLUHOHHBIX CHJ, OPHJ/IOMKEHHHX K Ce-
pellHe y4acTKOB, Ha KOTOPLI€ YCJOBHO Pa3GHBAeTCs COOpyiKeHMe,

Huepunonnas cuia, KH, npuaoxeHHass B cepefliie y4acTKa C HOMes
poMm j npH koJeGaHHAX cOOpYMXerHa no i-of cobcTBeHHOU dopve AonK-
Ha onpefleNATbCH 1o hopmyJe

Q:'f/ﬁ =M, gi TAS &

rie M; — Macca j-ro y4acTKa, T, COCpPeJOTOYEHHAR B eI0 CepelHHe;
§, — koaddieHT AHHAMHYHOCTH, NPHHAMaeMuii B COOTBETCTBHH C
n. 6.3; ni, — npuBefeHHOE yCKOpeHHe, M/c?, cepeAHHH j-fO Y4acTka,
lpHHHMaeMOe B COOTBETCTBHH ¢ M. 6.4; v — Kospduumuenr, yuHrhBsao-
UM NPOCTPAHCTBEHHYIO KOPPENSNHIO NYJAbCAUNH CKOPOCTH BeTpa 1o
BHICOTC COOPYKEGHHS H NPHHHMAeMHi B COOTBeTCTBHH C 1. 6.5

6.3, Kosp@puuHeHT ARHAMHYHOCTH &t AONMYCKaeTcs oNpefears 0o
rpadukam pHc. 6 B 3asHcumocTH or napamerpa &,=T,v/1200 n or

Tab6auna 6

E
£ 6=0,05 6=0,15 6=0,3
0.25 4,96 2,93 2,13
0,3 5,17 3,04 2,2
0,4 5,44 3,18 2,28
0,45 5,52 3,21 2,3
0.5 5,57 3,23 2,3
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Puc. 6. Kosdhdunuenr annamuusHoctw

1— pnm xenesoGerouHhix H KAMEHHBIX COODPY)KEHHH, a TaKKe a1 3JaHul co
CTaJbHWM KapkKacoM NpH HAJHYHH OrpaXAaloUIHX KOHCTPYKuuMd (6=0,30); 2—
JAS CTARLHHIX GaueH, MayT, PYTEPOBAHHBLIX ABIMOBMIX TPY6, aNNapaToB KOJOHHOTO
THRA, B TOM YHC/e Ha )XeJe306eTOHHHX nocramentax (6=0,15); 3 — nas cTans-
HBIX COOpYKEHHR H xoﬂcrpyKuHﬂ THpPH COBMECTHOM YueTe pe3OHaHCHBIX KoaeGannf
H ZMMaMHYecKOR cocTaBasolleil BETPOBOR HArpy3KH B fIOCKOCTH notoka (6=0,05)

Jorapupmuueckoro AekpemeHTa Koaebannii 6 (T; — mepuon -k ¢opmul

€O6CTBeNHHX KoJeGanuil, ¢ U= l,QSVn,, Qo — PpacueTHam CKOPOCThb
BeTpa, M/C; nm — KO3QQHUHEHT NeperpyskH, NpUHHMaeMulil mo n. 2.2,
Kostduunentt §; fjis 3nauennsi ¢,>0,2 npusefesd s 1aba. 6.
6.4. IlpuBeneHHoe ycKopenwe 1:j; M/c?, HONycKaeTcs ONPeAeAsATb
8o ¢opmyae

r
%5 El &, Qo My
0= , (10)

< 2
2 M,
=

TAe Mi—wMacca k-ro y4acTXa; @ij, @in — OTHOCHTENbHLIC OPANHATH,
COOTBETCTBYIOIHE CEepefHHe j-TO M R-rO YYacTKOB NpPH KoJeGaHHAX Co-

opyxeHHa To [-ofi ¢opMe; Q,‘jk ~— PaBHOREACTBYIOUIaA HOPMAaTHBHOM
BETPOBOH Harpysku ‘7:1 Ha k-t yuacTOK, onpenenseMas B COOTBETCT-

Bun ¢ m. 2.1, 1 5.5; r — YHCJIO Y4acTKOB, Ha KOTOpHe Pa3GHTO COOPY-
HeHne; My — Ko3pdHUHEHT NYAbCAaUHH CKOPOCTHOro Hamopa AJA Ce-
peAHHH k-r0 yuacTka.

3nayenns KOIOOUUNEHTOR My AAS PA3NHYHHIX THNOB MOJACTHAAIO-
et noeepxHoctn (A, B, B) u an%  OTKPHITOrO MOpA NPHBEJECHH
B Taba. 7.

6.5. KospduuuenT npoCTPaHCTBEHHON KOPPeIfUHH vV AONYCKAETCH
NpHHMMATh MO AAHHEIM TAa0A. 8; OH YUMTBLIBAETCH TOJbBKO IJA MNepBoa
q)opluu cOGCTBEeHRBX KoaeGanuit, Tlpn yuere Bhicurnx ¢opm KoseGanHi
v=I,
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Tabauuna 7

mk np" BRICOTE HaR NIOBePXHOCTHIO 3€MJIH, M
M C
eeTiocTy THIE mo10] 20 0 | 60 | 100 | 200 | 350
A 0,6 0,65 0,48 | 0,46 | 0,42 l 0,380,35
b 0,8810,75)] 0,65 ] 0,6 0,54 | 0,46 | 0,4
B 1,75 ] 1,4 1,1 0,97 10,8 | 0,65 | 0,54
Orxphitoe Mope 0,4 |0,37170,34(0,33]|0,32| — —_

Tabaunua 8

V¥ NpH BHCOTE COOPYKEHHS, M

& 0 | 4 l 60 ] 120 | 150 | 300|450 mnme
0,01 0,7 0,65 10,6 0,551]0,55 ] 0,45 0,4
0,05 0,75 { 0,7 0,651} 0,6 0,55 | 0,45 0,4
0,1 0,8 10,8 0,7510,65} 0,6 0,5 0,4
0,2 0,9 0,8 )0,8510,751 0,7 0,6 0,5

6.6. Ilpu onpeaeneHHn BeTPOBOH HArPysKH Ha JALIMOBHIE TPy6H,
GaluHH, annapaTH KOMOHHOIO THAA H OTKPHIThle 3Ta)KePKH AONYCKaeTcs
VUHTHIBAaTb TOJbKO NepBylo ¢GopMy cobcTBerHbix KoJeGanuil. Heo6xo-
LHMOCTb yueTa BHICWIHX ¢opM KoseGaHuiT RNsi BHICOKHX COODYXKEHHH
KOHCOJIBHOTO THNA YCTaH2BJHBAeTCA B KaXJAOM CJydyae B 3aBHCHMOCTH
OT NPHHATOH pacueTHOH CXeMHl H OT PaCHpesiesieHHA Macc H XeCTKocTe#
MO BHCOTE COOPYIKEHHS.

6.7. HopMaTusHOe 3HaueHHe AWHaMH4YeCKofi cocTaBjsaolleil Berpo-
BOIl Harpysks Q’;, KH, nns coopyxeHu# ¢ Maccoii H BRTPOBOR Ha-

rpy3Koil, MPHBEACHHHMH K ero BepiiHHe (BOJOHANOPHbIe GallHH, TPaHC-
NMOpTepHNeE rajieper H T. 1), AOMYCKaeTcs ONpelesATh 1o (opmyae

R __ Nt
Q2 = QS+E, m, (i1)
rie QF — npuBefeHHAR K BepuIHHEe CTaTHYeCKas COCTaBJAIOMAf BeTPO-
BOHl Harpysku; &, v—1To ke, uyto B nn. 6.3 u 6.5, m — koabduunent
Ny/abCauHH CKOPOCTHOIO HAMOPa RAJAA BepXa COOPYKEHHs, NPHHHMAaeMblfl
no pau#uM Taba, 7.

JAna TpancnoprepHnx raJjepeft Ko3QQHUHEHT V ONpPeAeNseTcss No
taba. 15.

6.8. HopmaTnBHOe 3HaueHHe AMHAMHYECKOH COCTaBJAIOILEH BeTpo-
BOit HarpyskH g , ITa, Ans cOOpYXenwit ¢ PaBHOMEPHO pacmpeleNeHHOH
Macco#t M NOCTOSIHHOI! 10 BHCOTE JKEeCTKOCTBIO NMPH YUeTe TOAbKO NepBO#H
¢$OpMH COGCTBEHHHX KOJNeGaHH AONYyCKAeTCs onpelensath no dopmyse

c
qi == qq (H) wvE, m, (12)
rAe q;' (H)— nopMaTHBHOe 3Ha4YeHHe CTATHYECKOH COCTaBJAAIOIEH BeT-

poBoit HarpysKH Ha YPOBHe BepXa COOPYXKEHHS, ONpeAeNsieMOi no
n 2.1; &, v, m—T0 Xe, uro K B 0. 6.7; x — KoapdHHEeHT, yuHTH-

2+ 19



Balouuii gopMy coGcTBeHHHX KoneGaHmit coopywxenus (mapaGona)
Xapakrep H3MeHeHus Ko3dHUHEATA NyJbCAaUHKE N0 BhICOTe H NPHHH-
MaemBit 0 Tabn. 9 (H — BHCOTAa COOPYXEHHA, 2 — PACCTOSIHE OT Io-
BEPXHOCTH 3€MJIH 10 PaCCMAaTPHBAGMOTO CedyeHns).

Ta6auma 9

z/H'O,l 0,2 10,3

0,4 |0,5 (06 |07 |08 IO.Q l 1

% (0,04]0,12,0,23/0,86|0,52| 0,69 | 0,88 | 1,09

1,32 ‘ 1,56

6.9. Pacuetnbie AHHaMHYecKHe NepeMellleHHs! BHICOKOIQ COOPYMeHHA
onpeaenalorcs no Gpopmyse

s 1/2
i = (3 hgviet) s a3)
i=l1

Tae 1.4, &, v — npHHnMaloTca mo nm. 6.3—6.5; w; — i-as ¥pyroeas ya-
CTOTa COGCTBEHHRX KOJeOaHHA COOpPYKeHIs.

6.10. Ycuausa H nepeMellleHHs COODVIKEHHA NPH IeiiCTBHH BeTPOBOIl
HarpyskH HOJKHBI ONpPeReNsiTbCA Pa3LeJbHO OT CTAaTHUECKON COCTaBJAIO-
Weit ¥ OT AHHAMHYECKOR COCTaBiagiollell, COOTBETCTBYIOWEH KaKAOH
i-it bopme xoneGanui.

N CyMMapHuie YCHNHS ¥ NepeMeilleHis AONYCKaeTCH ONpefesaTh no
opMyJe

s 1/2
x=x+[3 (7 | o
=1
rae X — naruGaromnuft (x;ymumﬁ MOMEHT), TNonmepeuyHass HJAH NPOAOAb-
Haf cHJa, nepeMmelleHHe; X©-—To ke, OT CTaTHYECKOA COCTaBJSKIOWLE(
BETPOBOIi Harpyskm; X,“-—'ro e, OT JAHHAMHUECKOH COCTaBAAMOLLef
BeTPOBOR HArpy3KH npH KojeGanusix no i-# dopme; § — 4HCJIO YYHTH-
BaeMulX B pacuete hopM koaeGanwuii.

6.11. TIpH pacueTe Kese306eTOHHON ALIMOBOH TPYOH Ha BeTpPOBYIO
Harpy3Ky YCHJHSl B ee CEYeHHAX H TiepeMelUeHHs ONPERENAIOTCH MeTo-
AOM MOCJeIOBATEAbHBIX NPUGAHKEHHT.

B kayecTBe nepBoro npHOMIDKeHNSA NPHHUMAIOTCA H3ruGarolime Mo-
MEHTHl B ceyeHHAX TPYOHI, BHIUHCJeHHEIe 6e3 yyeTa HODMaJbHBIX CHJL

PacyeTHble 3HAueHHS CTaTHYeCKOil cocTaBJsiouleil BeTpoBoii Ha-
IPY3KH ANA Y4acTKoB TPYy6Hl onpemensiorcs mo nm. 2.1, 2.2 u 5.5.
JuHamityecKoe BO3AefiCTBIIE NYJbCaUH CKOPOCTHOrO Hanopa Y4YHTHIBA-
€TCsi NyTeM YMHOMXKEeHHS CTaTHYecKofi COCTaBJAAKIIed Ha Ko3pHUHEHT,
npHHuMaeMult paBHBIM 1,3 4718 HHXKHHX yYacTKoB 0 1,5 A/ BepxXHux
YYacTKOB TpyOH.

Hanee pia Bcex y4acTKOB TPYGhl BLIYHCIAIOTCA HOPMaJjbHBE CHJM
N; or coferBeHHoro Beca cTBOJIa, ¢yTepoBkH, miowanox ¥ T.0. [lo
yCHAUAM Mf.” u N; BHUHCAKIOTCH ¢ yuerom 06pasoBaBusl TPEUHH KpH-

BI3HH H NPOrH6GH OCH TPy6H Ha ypOBHe CepefiMHH yuacTtkoB [25] *,

"B KBaApaTHHIX CKOGKaX A2€TCA CCHJIKA HA JIHTEPaTYPY.
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3ateM BHIUHCARIOTCA HAONONHHTeJNbHHE MOMEHTH OT HOPMAa/JbHHX CHA
MA'O’,,, npH 3TOM KpoMe mporu6os y‘,” YYHTHIBANOTCA TaKKe NPOrHGH

Ykpes. §, BbI3BaHHHlE KpeHoM dynnamenta. Bo BTOpOM npHOIHXKeHHH
OnpefeasioTca Nporu6n TpySul no CyMMapHbIM H3rHOAOUIHM MOMEHTaM
nepsoro NpuGAHXKEHHA

1 1) 1
Mg:y)m( =M T M(no)u

H BHUHCAAIOTCA HOBGle AOMOMRUTESbUHE U3rHOAOmMUC MOMEHTH M%’n,
cyMMHpyemble ¢ MoMeHTaMi M), TTpouece MpaKTHYECKH CXOAHTCH NoOC/e
ABYX-TpPex npuOAMKenHii.

Ilpu pacdere Tpy6u nHO NepBOMY INpefeNbHAOMY COCTOAHUIO (Mo Ue-
cymefi cnocoGHOCTH) nporH6H TpyGul, Bhi3BaHHBe COJHEYHOH padHal-
e, H¢ YUYHTHBAIOTCH.

IIpn pacyere mo BTOPOMY NpeleNbHOMY COCTOSIHHIO NPOTHG CTBOJa
TpyOsl onpefensercs oOT CYMMapHOro JefiCTBHf HODMAJNbHBIX CHJ,
HODMATHBHOI BeTPOBOI HArpy3kd, KpeHa ¢yHaaMeHTa H COJHEYHO#
pagHauun. PekomeHnyerca nporn6é Bepxa TPYGnl Ys OT AEHCTBHA COA-
HOUHOA paguauud npunumath pasduiM 0,005H, rge H — suicota TPyGHL.

B xauectse nepBoro NPHOAMMKeHHs AJs  YOPYroH JIKHHH TPYGul
MOXKeT GHTh NpHHATA napalona Buaa

y=yp 2%/ H%

Ilo cyMMapHBIM H3rHGAlOIHNM MOMEHTAaM i-ro NpHOMIKeHHS BHYIC-
NAOTCR MECTKOCTH cedeHud TPySw u ee nporubo. [Ipunrmas aunwio
PporH6OB OT pacueTHOI! BETPOBONi HArpy3KH B KadecTBe MEPBOro MpH-
GjAHMEHH METOXOM MOCTeIOBATEJLHNX NpHOMMxeHnH (cM, m. 7,
npuI. 2), onpereJsilOTCA OCHOBHOft nepHod 1 nepsas ¢opma colCTBen-
ILIX KonebaHuit TpyOH.

JlHHaMHyecKas COCTaBAAOUlash BETPOBOIl HAarpysKH onpeaensiercs
no nm. 6.2—6.5.

OTKPHITHIE 3TA)KEPKH
H OQHOS3TA)XHBIE NPOH3BOACTBEHIBIE 30AHHA

6.12. [lns OTKPHITBHIX 3TAXEPOK B KayecTBe PACYETHOH CXeMul MpH-
HHUMAeTCsl NJIOCKAs CTepXHeBasi clicTeMa (paMuas, pelleryaras, KOMOii-
HIIPOBaHHAsN), MECTKOCTb KOTOPOA PaBHa CYMMapHO#l MKeCTKOCTH ILIOC-
KHX CHCTeM, COCTaBJSIONX 3raxepky. Macca AM;, cocpefoTodeHHas
B y3jax j-ro ApyCa CHCTeMbl, PaBHa MacCe j-ro MepeKpHTHR, BKJlodas
B Hee Macch BCEro pPachoJIOXKeHHOro Ha IlepeKpHiTHH 0860pyAOBaHKs,
a TaxXe NOJYCYMMY Mate CTOeK j-To H R-TO 3TaxXa.

BerpoBas HArPY3Ka Ha OTKPHITHE H NOAYOTKPMTHE (¢ 33KPHITHIMI
HIBKHEME 3TaXaMH) 3TaXePKH C PACNOJNOMKEeHHBIM Ha HHX TEXHOJOrHye-
cKHM O60pyJXOBaHHEM onpeleJasercs mo nm. 6.2—6.6 ans AByx Hanpas-
NeHUH BETPa, MEePNeHAHKYJARPHOro MPONOJbHON OCH 3TaKEPKH H COB-
nagaiouero ¢ ee mpoioasHOR ocblo. Kospduuuent npocTpaHcTBEHHON
KOppeJsuuy v NpHHHMaetcs mo taga. 10.

$.13. Ecan Macchl 3Taxell M KECTKOCTH CTOEK OT/aHYawTca ue Go-
Jee 4eM Ha 20%, TO HRONYCKAercss BETPOBYIO HArpy3Ky Ha 3TaXepky
onpeseasts fo ¢opmyae (I1), npu 31om v npuuumaerca no raba. 10,
a x — no taba. 13.
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Ta6bauna 10

V I'DH BHICOTE 3[4aHHA, M

B/H €
30 40 50 90 120
1 0,01 0,53 0,49 0,47 0,4 0,36
0,05 u Gonee| 0,47 0,42 0,4 0,33 0,3
2 0,01 0,47 0,43 0,41 0,33 0,3
0,05 u Gonee | 0,4 0,36 0,34 0,27 0,24
3 0,01 0,43 0,39 0,37 0,29 0,26
0,06 u Goatee| 0,36 0,32 0,3 0,2 0,21

6.14, BerpoBas Harpy3ka Ha OTKPHTYIO 3Ta)epKy, NPHMLIKAKIILYI0
X SAAHHIO, HO He CBA3AHHYN C HHM, ONpeleNifeTcd KaK AJAS OTAC/bHO
CTOAlIEH 9TaXKEepKH.

Jas cBsa3aHHOl CO 3RaHHEM 3TaXKepPKH, BLICOTa KOTOPOH MeHbule
HJM PaBHa BHICOTE 3XaHUA, BETPOBas Harpyska onpeneasercss no n. 6.2,
npn 3ToM Ko3dpduuHeHT AMHaMHYHOCTH §; B dopMyne (9) npuHHMaeTcs
PaBHbIM elHHHUe, a JJS BHYHCJEHHS NPHBEIEHHOIO YCKOpeHHs cobct-
BeHHan ¢opma KoseGaHHi MOMeT ObiTh NPHHATA B BHAE NMPAMOA JHHHH.

PacueTHasi cxemMa JJA 3TaXepKH, BBHICOTA KOTOPOf OGoJbille BHCO-
TH SJaHH#, YCTaHaB/HBaeTC B 3aBHCHMOCTH OT BHICOTH H KOHCTPyK-
THBHOH cXeMbl 3faHHs, Ecan Hyr» Hapaw, TO BeTPOBaA Harpyaka onpe-
RendeTcs Tak XKe, KaK JJIs OTAENbHO CTOAUIEH 5TaMepKH.

6.15. 117 OAHO3TAXKHBIX NPOM3BOACTBEHHHX 3IaHHH B KayecTse
PacyeTHOH cCXeMH MOKeT OWThb NPHHAT 3allleMJieHHbLI# B OCHOBaHHE KOH-
COJIbHRIE CTepKeHb ¢ Maccoil MOKpHTHA M, cocpeOTOYeHHOR B erc Bep-
wHHe (LeHTpe TAXKECTH NOKPHTHS) W pacnpefle/leHHOA NO BHCOTe
3MaHHA MacCOi CTOeX, OTpa)clleHHi, MOAKPaHOBHX O0afoK, MOCTOBOrO
KpaHa H IJIOIANOK, CBA3aHHMX CO CTOAKAMH, W.

CocpefoToueHRHE HAa YpOBHE NOAKPAHOBOrO NYTH MacCH MOAKpa-
HOBHX 0ajIoOK M MOCTOBOTO KPaHAa, a TaK¥Xe COCPeNOTOUeHHHEe MaccHl
IVIOIAJA0K, CBSI3aHHBIX €O CTOHKAMH 3[aHHfl, ODHBOAATCA K 9IKBHBA-
JNEHTHOR Macce, paclpefe/ieHHOR MO BHICOTEe CTOHKH (cM, m. 7, mpun. 2).

B sTom ciyuae Ha maccy NMOKpHTHRS M HeACTBYeT COCpeROTOMEHHas
AHHaMHYeCKas COCTaBJfIOUlas BETPOBOH Harpys3KH, onpefenseMas mo
dopmyne

o 0,45 MHqy (H) vE m 15)

" M+ pH/3 ! (

a no BHCOTe CTEPIKHs — paclpefle/leHas TO TPeYroJbHHKY HHTEHCHB-

HOCTb IHHAMHYECKON COCTaBAfAIOUlefi BeTPOBOH HArpy3KH, opAHHaTa KXo-

TOpOR Ha YpOBHEe DAacHoJOXKeHH Macch M moxer OHTb oOnpeleneHa

no ¢opmyse (15) myrem 3ameHW B 4HCAHTeNe MaccH M Ha MacCy W,

3aecs go(H) M m— COOTBETCTBEHHO HOPMATHBHOE 3HaueHHe CTATH-

yecKOH COCTABJAIOIIeR BETPOBOM HArpy3KH H KO3bQHUHEHT MyAbCAUHU

CKODOCTHOTO HaNopa Ha yDORHe BepXxa 3JaHHs, ofpeleiseMue no n. 2.1
H no Ta6a. 7. Kosdduunent v npunumaerca no tada. 10.
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BBICOKHE 30AHHA

6.16, JlunamHyecKas COCTaBJISIOUas BETPOBOH HArpy3KH ONpeaedd-
€TCR AJA TpeX THIOB 3JaHHH BhicoTOH Gosee 40 m:

1. IlpamoyronbHble H KBajpaTHHe B fJaHe 3/laHHA GALICHHOrO TH-
1a C UEHTPOM IMKEeCTKOCTH, COBNARAIOMHM ¢ LEeHTpoM Macc. [las Ttaxoro
3/1aHHSl AONMYCKAeTC YYHTHBATb TOJbBKO lepBhe (OPMH COOCTBEHHHX
K0se6aHHA, COOTBETCTBYIOILHE €r0 NOCTYNATe/NbHHM KBHXEHHIM B ABYX
B32HMHO NePHNEHAHKYNAPHHX HANPaBJEHHAX.

2. HecimMMeTpHuHble B NuaHe 3AaHHA C LEHTPOM JKECTKOCTH, HE
COBNAJZAOINEM C LEHTPOM Macc. Jlas Takoro 34aHHs YYHMTHIBAIOTCH ero
TPH HH3IUMe COOCTBEHHHE YacTOTH, COOTBETCTBYIONIHE NOCTYNATEbHHM
IBHXKEHHAM SA8HHA B JBYX B32HMHO IcpHeHAHKYJIAPHHX HanpaBleHHAX
H BpallaTeJbHHIM KOJeGaHHAM OTHOCHTEAbHO BEPTHKAJbHO! OCH, NPO-
XOAseH Yepe3 LEeHTP TAMECTH 3AaHHA.

3. CHMMeTpHYUHHE NPOTAKEHHBIC B MNJaHe 3QaHHA THOA IJaCTHH.
Jas Takoro sfaHus YUYHTHBAIOTCs €ro noNepeuHsble NMOCTyNaTenbHule H
BpallaTe/lbHele KOJe6aHHs, BO3HHKAIOLlHe BCJAEACTBHE HePaBHOMEDPHOro
pacnpenesieHHs NaBJEHHs BeTPa IO HAaBETPEHHHM H 3aBETPEHHLEIM rpa-
HAM 3JaHAS,

6.17. Jlna 3maHpii NMepBOro THNAa HOPMATHBHOE 3HAUEHHe NHHAMH-
YecKO# COCTABARIONICH BETPOBOW HATPY3KM ONpefedseTcs no n, 6.2, xo-
3G PHUHEHT v, YIHTHBAIOUHII TPOCTPAHCTBEHHYIO KOPPEJIALHIO MyJAbca-
ILHH CKOPOCTH BeTpa MO BHICOTE H (POHTY 38AaHHsA, NPHHAMAETCA MO
taba. 11,

Tabauuma 11

OrRrowenne v DPH BLICOTE IMAHHUA, M
ANHHBL HaBeT-
pernoft rpauw [N
spaunst B K ero| 30 40 50 90 120
BHcoTe H
0,01 0,57 0,51 0,48
0,2 0,05 — — 0,53 0,44 0,4
0,1 0,59 0,48 0,42
0,01 0,57 0,54 0,52 0,46 0,42
0,5 0,05 0,53 0,48 0,46 0,38 0,35
0,1 0,59 0,53 0,5 0,39 0,35

Tpu otnomennn B/H<C0,2 YUHTHIBACTCA TOJbLKO KOppenauus Nysb-
CauHH CKOPOCTH MO BHCOTe. B 3ToMm cayyae KO3 uUHEHT v NpHHHMA-
ercs no taba. 12

Jas 3navenHi 0,2<<B/H <<0,5 xo3ddHINEHTH v ONpeAeNsIOTCR 1O

Taba. 11,
Ta6nuua 12

V OpH BbicOTe 3AaHHA, M
L 50 | 90 120
o'os 0'68 0,63 0)6
01 0,75 0,7 0,65
0'2 = -~ 0,75
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Hopmartuslioe 3nauenne JARHaMHYCCKON coCTaBafiomlesi BETPOBOI
HATPY3KH "H* Ila, aas 37aHRi nMepBOro THNa ¢ PaBHOMEPHO pacmpese
JeHHONl Maccoil I TOCTOSHHOA MO BHICOTE XKECTKOCTbIO HOHYCKaeTcs
onpefensts no ¢opmyre (12). Kospdruuent » npuHumaercs no

ta6a. 13.
Tabauuna 13

2/H ‘0,1 ‘0,2 ‘0,3 0,4 10,5 lO,G ‘0,7 0,8 | 0,9 1

» |[0,34{0,52{0,66/0,79{0,9 1 ,111,19]1,28]1,36

6.18. lna HeCHMMeTPHYHLIX 3JMaHHA (THRN 2) pacyeTHOe 3HaueHHe
nepeMeLIeHHA HA YPOBHe 2 B HanpaBienuu 2 (ocH y) ompenensercs no

¢opmyac
3 3 1/2

@ Cz S )| A A v“kukz, (16)
Yp2) = —/— —e sy .

0\ s o ] M; M,

=l =1
3necy C=0,8165 HBmgg (H),
A = byg ki -+ koi + Ry eq,

TAe kl., ks, k3i — OpAHHATH COCTABJAIOMIX NPOCTPAHCTBEHHOH COBCT-
LEHHO (pop\m KoseOaHHA 3XaHHA Ha YPOBHE ero Bepxa, COOTBETCTBYIO-
mell i-oit co6cTBeHHON uacrore; bi2=Ci/Ca; €a — a5pOAHHAMHYECKHUI

IKCHEHTPHCHTET; Vii — Koatptbuuueur TIPOCTPAHCTBEHHOR KOppeasAnun,
onpenensemulit no Tabia. 14.

O606wennan Macca 3jpaHHus M;_. [p(k +k2l)+lk ;Ji Macca
r

C€AHHHLH BLCOTH 31aHHA u= (2 Mk)/”; MOMEHT [HepUHH MacChl eaM-
k=1

s 2 ..
HHUB BLICOTH! 3AaHHA J= éz{h)/ﬁ; ®; — KBaApat i-fi KpPyroeoHh coG-

CTBCHHOI YaCTOTH 3AaHHA,
) Ilpumeuanue [Ipn on-
pejesieHHH NepeMelleHHR M YCH-
JHiI B 3XaHHAX THNA 2 H 3 OCb
-3 x (I) uanpaBssena BXOJIb HaBerT-
peHHofi rpaul, och y (2) Hop-
I ManpHa K Hell, a BepTHKaJbHas
ocb 2 (3) NPOXOANT Yepe3 LEHTP

L~
it il TAXKECTH 3nanusa (puc. 7).
A
/78”“ !

o/

l‘-’mpa Tl —J'- Puc. 7. Hanpanaenne oceft 3panua
[4 l COCTABARIOIIHX BeTPOBOA HATDY3IKNM
NPH HepPaBHOMEPHOM PAcMPEACICHHN
AABJEHHA 1O HapeTpeHHOR Trpann
g;‘ 3ARHUR
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Ta6anua 14

\'“- npu BHICOTE 3RauHA, M

uy; B/ €,
li H : 30 40 50 o0 | 12
0,01 0,44 { 0,42 10,41 | 0,36 | 0,33
0,5 0,05 [0.52{0.48 {045 | 038 | 0.34
0.1 0,66 | 0,6 |0,56| 044|039
0,01 0,41 0,39 | 0,37 | 0,31 | 0,29
1 0,06 [0.46104210.4 [033{029
0.1 0,57 | 0,50 | 0,47 | 0)37 | 0’33

1

0,01 0,37 | 0,34 | 0,32 | 0,26 | 0,24
2 0,05 | 0,4 | 0,36 ]0,34]02702
0.1 0,48 | 0,43]0.39(03 |02
0,01 0,34 | 0,31 | 0,29 ] 0,23 | 0,21
3 0,06 |0.,36]0,33|03 |024]0.2
0.1 0,42 | 0,38 [ 0,34 | 0'26 | 0.23
0.01 0,44 10,42 [ 0,41 ) 0,36 | 0,33
0,5 0,056 |0,48]0,45}0,43]0,37 0,34
0.1 0.55 | 0,51 0,48 | 0,4 0,3
0,01 0,410,391 0,37 | 0,31 | 0,29
I 0,06 |0,44]0,41]0,38]0,32]0,2
0,9 0,1 0,49 | 0,45 | 0,42 | 0,3¢ | 0,31
0,01 0,37 | 0,34 | 0,32 { 0,26 | 0,24
2 0,06 {0,38[0,350,33]0,27|0,24
0,1 0,42 ] 0,39 | 0,36 | 0,28 | 0,25
3 ]0,00—0,1 [0,36]0,32]03 |0,94]0,2
0,5 |0,00—0,1 | 0,46 | 0,44 | 0,42 | 0,36 | 0,33
1 0,01—0,1 | 0,43 0,41 | 0,38 | 0,32 | 0,29
0,708 | , 0,00—0,1 |0,38|0,35{0,33 | 0,27 | 0,24
3 0,01—0,1 | 0,35 0,32 | 0,29 | 0,24 | 0,21
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6.19. HopmaTHpHOE 3HaYeHHe NHHAMAYECKOR cocTaBasioulefi Berpo-
BOil Harpy3KH (HHTEHCHBHOCTH MHEPLHOHHOH cuan), kxH/M, Ha yposse 2
B HampaBJeHHH 2 onpeleasercs no Gopmyne

Cuz
R @) = Z D, (17)

19:(
3 3 1/2

A Ak kv
Dit, = ElE:——’—’#—’— . (18)

=1 (=1

Ko3¢pduuneHTH NPOCTPAHCTBEHHOH KOPPENAUHH Vii B 3aBHCHMOCTH

OT COOTHOINEHHs Wis=gi/€,, €, A=B/H n H npusepeast B Tabn 14

HopmaTtupHOe 3HayeHHe BO3MYILAIOLIETO KPYTAUIEro MOMEHT3,
kHwM/M, npuaoxKeHHOro Ha ypoBHe 2

CJz
MH.KP = T D1, (19)

Ilnn Dy cnenyer B Dy, 3ameHuTh BHACKC 2 Ha 3.
6.20. B NpoTAXKEHHWX BHICOKHX 3MaHHSX THNa maactur (tum 3)
pacyeTHOe NepeMelleHHe Kpafineii AMadpparMul Ha ypoBHE Z B Halpas-

JAenuu 2 c
3Cz
yxp (Z) = —2___2 [‘ng + Bea v§2 x
RH™ @

©. 1
X M .__’_) +
2% 15900 5lg I\ o
]
] 42 az(u’(ws)‘w
-——v — —
a4 j' I N 4 a3 ea J o §
| »
TR i
1T N HopMaThBHOE 3HaueHHE HHTEH-
x IS N CHBHOCTH HHEDUHOHHOM CHAW (M-
§”J I N \'/ HAMHYECKOl COCTABASIOMEA BeTPO-
% I S BOMl Harpysku), JAeRCTByoOIleA Ha
$ §L g Kpaiuiow guadparmy
8 N 2
® | L ] §L D _@(\z x 3Cz 2 28‘1 V32+
IWMEEHEIN Wi 9@ =—73" | Va2 +
=02 -H AN — H B
28] S /A
S s T 1 2,2 \1/2
Y IS s N ®a V33 9
N )
L s, ) -
) $ Ao Ecau 3 dopmynax (20) u (21)
a! S § <@\“\&Z npHHATL €,=0, TO NOJY4HM nepe-
N 1o Memenne yp(2) ¥ AMHAMHYECKYIO
,' “&‘3 COCTABASIOULYIO BETPOBOHA HATPY3KH
I,
LT caborumi
ﬂ] | | Puc. 8. Xap:rrep:cunl sosxelcr-
RIOACL HRI|
rededsrauie B ouveckux xoxcGamnd | |



npy paBHOMEPHOM pacHpefeqeHHH AaBJeHHA BeTpa NO HABETPEHHOH M
3aBeTPEHHOM FPAHAM 3IAAHUA.

HopmaTiBHOe 3HaueHMe BO3MYINAIOUIEr0 KPYTALIETO  MOMEHTa,
kHm/M, npHAOXKEHHOrO Ha ypOBHe 2
3C€’a Vg3 2
H?
8.21. TlpenenpHble YCKOpeHHA KONeGAHHR H XapaKTeDHCTHKH X
BO3/ICACTBHS Ha JMOAell npuBefeHsl Ha rpadukax puc, 8, [lymxTHpras

JMHAS COOTBeTCTBYeT yckopeHuo 1%g=100 mm/c?, KoTOpOe DPeKOMeH-
AYeTCss B KayecTBe NpejesbHO AONYCTHMOrO AJAA BLICOKMX 3AaHHA,

Mﬂ.xp = ] (22)

AHTEHHO-MAYTOBBIE COOPYXEHHA

6.22. Pacuer aMTeHHO-MaYTOBOrO COOPYXKEHHI Ha AeHCTBHe BeTpa
BAOJL H NONepeK CHCTEMb COCTOHT H3 ABYX Yacreil: pacyeT aHTEHHOro
NOJIOTHA; PacueT LLeNOYKH MauyT.

6.23. HopmaTtHsHOe 3HaueHHe MHTEHCHBHOCTH HAarpy3KH Ha TOpH-
30HTAJBHBIN 3JIeMEHT NOJOTHA M HAa TFOPH3OHTAJbHHE BAaHTH MauyT MpH
BETPE, HOPMaJIbHOM K IUIOCKOCTH MOJOTHA, onpeiensercs Mo dopmyne

gu (21) = qg bt (21) ¢y npus 98 [1+m(z)v (L)], (23)

rae  ki(z4) — KoapdHuHeHT, npHHHMaeMBlii 0o Taba. 2; Cxppus=
= (2¢x:S,)/S — npuBeseHHslt  KO3(QPHUNEHT JOGOBOrO CONPOTHBAEHHS
TOPH3OHTAJBHOTO SJIEMEHTA; Cxi — K03h@HIUHEHT J1060BOrO COMPOTHBJIC-
HHs i-TO y4acTKa 3JeMeHTa; S; — XapaKTePHCTHYeCcKas RJOIafb y4a-
cTRa; S=Ld, — xapakTepHCTHuecKas IJIOLaAb 3jeMeHta; L —ero aau-
Ha; dp— AHaMeTP BAHTH; 2y — OTMETK3a pACNOJOXEHHd T'OPH3OHTaNb-
HOro 3JieMeHTa; M(2y) — Ko3POHUHEHT MNyJbCALHH ¢KOPOCTHOrO Hamo-
pa, IpuuHMaeMuit no taba 7; v(L) — xo3pduIHEHT NPOCTPaHCTBEHHOI
KOPPeasilHE nNyJbCAUHOHHOM COCTaB/AOlell HHTEHCHBHOCTH BeTPOBOH
Harpy3KH, NpHHEHMaeMulil no Taba. 15.

Ta6anna 15

L 40 ! 60 ' 80 | 100 120' 140 | 160 l 200 | 300 | 400

vL) | 0,7 [0,65(0,61[0,58{0,55

0,53 { 0,51 0,48'0,42 0,38

6.24. HopmatipHOe 3HaYeHHe BeTpPoBOil Harpysku, I[la, pacmpene-
JIEHHOH 1O aHTEHHOMY MOJIOTHY, IPH BeTpe, HOPMAJbHOM IIOCKOCTH HO-
JIOTHA, onpejeasetca no ¢opmylne

Gu = gy (H) (0,757 +- m (H) vy, (24)

rae qg(H)=qc(H)Crapns — HOpMATHBHOE [aBJI€HHe BETPa Ha YpoORBIe

i Cenpun= (ZCxrFrL+2¢xuFu)[S; cxr, €xn, FrL, Fu— coOTBETCTBeHHO
K03 (QHUHEHTH JOGOBOr0 CONPOTHBJEHHS H AAPAaKTEPHCTHUECKHE TJIO-
11a7H TOPH3OHTAJBHHIX H BEPTHKANbHHIX 3JEMEHTOB NOJOTHa; S=HL —
ToIaab MoJoTHa; L — ero ropu3oHTasbHbll paamep; f — BepTHKa L
Huil; m(H) — xoapdHUNEHT NyAbCallMH CKOPOCTHOrO Hanopa Ha ypos-
He H; vy — k03¢ dHUHEHT NPOCTPAHCTBEHHON KOPPEAALHH INYyJNbCAUHOH-

HOll cOCTaBasiollell BETPOBOH HArpy3KH Ha MOJOTHO, onpeleisieMui o
Ta6a. 16.
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Ta6anuua 16

4, Npu pHcOTE 3nauUT H, M
t 40 80 | 12 160
40 0,56 0,52 0,5 0,47
80 0,49 0,46 0,43 0,4
120 0,44 0,42 0,4 0,39
160 0,41 0,39 0,37 0,36

6.25. HopmaTuBHOe 3HaUYeHHe UHTEHCHBHOCTH BeTPOBOA HAarpy3kd,
kH/M, na pepTHKaJbHpe 97eMEHTH NOJOTHA NPH AefiCTBHH BETPa B NAO-
CKOCTH nOJIOTHA onpegeasiercs no opmyae

G = gu (H) dy [o, 757 4 ﬂf’ﬂ] @)

rAe § — YHCNO BepTHKAJBHBIX 3/1eMeHTOB,
3uauenus koadpHUHEHTA TPOCTPAHCTBEHHOA KOPPeJsUHH HHTEHCHB-
HOCTH BEeTPOBOi HAIPY3KK V2 npuselednl B 1a6a. 17,

Tabauwa 17

N, NPIf YHCJAE DEPTHK ANBKKNX 37EMCHTOB
§=2 ] s=4 l $=6

L Bricota noJsotHa H, M

40 | 80 [120 160 | a0 [ 50 [ 120 | 60| 40 | 80 | 120 | 160
40 (1,33(123|1,16]1,11]26 |241] 2,28{2,17|3,88]3,61]3,4 1324
80 [127]118] 112 o6 | 2143 [ 2.27| 215]2.05|3.61|3.38 (3.2 |3,05
120 }1,23)1,1411,08}11,03]2,31]2,17| 2,05]1,96]3,42|3,21}3,04|291
160 {12 |1,12{105]1 2221208] 1,9741,89{3,2713,07({2,9212,79

6.26. HopMaTtnBHOe 3nayeHile HHTCHCHBHOCTH BETPOBON HArpy3xH,
kH/M, Ha BepTHKAJNbHDE H ropH30HTaJbHHe 3JEMEHTH Onpejesercs
no hopmyse

u.uut. = Qu dn, (26)

rae gu npurumaercs mo ¢opmyae (24). Ha sty Harpysku paccyurnisa-
eTcsl KOHTYDHBIA Jleep ¥ AJA HHX ONPeleNAOTCH pacyeriioe TAXeHHe B
no4BeCcKax peil H HArpy3KH Ha MavTy.

Peakuua nosnorxa, NpHAcAKeHHas K BEPXy MauTh, CYMMHPYETCH cO
CTATHYECKOH BETPOBOIl HArpyswofi, NMPHIOKEHHOH Ha JaHHOM YpOBHe,
H B QHHAMHYECKOM paclyeTe MAuUThl He YYHTHIBAETCH.

6.27. Tlpn neRCTBHH BeTPa, HOPMANBLHOM K IVIOCKOCTH MOJOTHA, pac-
CMaTpHBAETCs OJHA MAUTa UeMOYKH.

ITepemelteRHs B yCHJAHA B CTBOJC MauyTul H HaTAXelHe B ee BaHTax
ApH CTATHUECKOM DpacyeTe OIlpenenstorcd METOAaAMH CTPOHTE.ﬂbHOﬁ Me-
XKaHHKI ¢ y4eTOM TNpPOCTPaHCTBeHNOl PabOTLl MAdThl H [COMETPHUeCKOof
HeNHHEHHOCTH BaHT,
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ANrOpH1M CTATHYECKOTO pacuera MauTH, NOCTPOeHHHiHd Ha OCHOBe
MeToza NepeMellleHHH, pUBeAeH B I. 5, npHJ, 2,

6.28. HopmaTtneroe 3HAdeHHe CTATHUCCKOR COCTABAZIOuICH BETPOROH
HarpyskH Ha CTBOJ MayTH onpejedsercs 1o m, 2.1.

HopmaTnpHoe 3Hauen#e CyMMapHOil HHTEHCHBHOCTH CTaTHUECKOH
HarpyakH, HOpMaJbHOil K j-ot BaHTe R-ro sapyca, Onpexensercas no
dopmyne

95 (@) = (Vg,",’ + 2 (2.0)+ 28, 4, (2,0) cos [g,, ¢, (= 8)] ),-k, @n

IAe gn» — ROpMAJbHAaR COCTaBJAAOUIAs BeCa, rojojefa HJAH IKBHBANEHT-
1O HarpysKH Ha eXHHHUY AJHHB! BaHTH;

in o cos
Qa (2,0)== qq k¢ (2) dcy sin20; cos[gn~4n(z.9)]=s smes ’

CxopocTHOH HAanop ¢o H KO3GdHUHEHT A¢(2) NPUHHMAIOTCH TO
1a6a. 1 u 2.

6.29. das nnHaMA4YeCKOTO pacuera MayT DEKOMEHAYIOTCS JABe MpH-
6JHKeHHble pacyeTHhe MOJeaH: A — auHefiHas NPOCTPaHCTBeHHAas CH-
cTeMa; B — ynpyruit crepmeHp Ha JNHHEHHO-NOAATIMBHIX ONOpax.

Jna Maur c Tpy6uaThiM H pelleTYaTHIM CTBOJIOM, Macca KOTOPOro
HAMHOrO NpeBHIIaeT MacCy BaHT, KONYCTHMO HCHOJb3OBahHe Mojean b.

Jas Mayr ¢ pelieTHaTHIM CTBOJIOM H C THAXeJBIMH BAHTAMH HJAH
CONbUIHM YHCJIOM BAHT B fApyce NpHMeHeHHe MojaeaH DB npunBOgHT K H3-
JHIIHIM 3anacaM NPOYHOCTH B COOPYXKEHHH.

MeToanka onpejefeHiss COGCTBEHHBIX YacToT H Gopm KoJe6aHH)
AN YKa3aHUMX MOJAene#t mpuBefeHa B m. 7, npwi 2.

6.30. IIpn pacuere Mojean B gponyckaerca yYHTHBaTbh TOJIBKO ee
neppyio opMy coGCTBeHHBIX KoseGanmit. Macca BaHT He y3HTHBaeTcs.

JlMHaMuuecKas COCTaBASOIIaA BETPOBOIT HATPY3KH OlpeAenseTeCH
110 yKasauusam 1. 6.2,

CocpeaoToyYeHHHE B Y3/7aX MayThl FOPH3OHTAJMbHHIE PeAaKUUH BAHT
(npu AelicTBHH Ha HHX NyJbCAUHMH CKOPOCTHOro Hamopa) MONYCKAaeTca
VUUTHBATh ¢ KO3P(PHIHEHTOM NPOCTPAHCTBEHHON HOPPENAURH TyJbCa-
IHH CKOPOCTH, PaBHBIM: NPH Tpex BaHTax B Muane — 0,5; npu uernpex
BaHTax B I1aHe — 0,4; NpH WecTH K Gosee BaHTax B mJaHe — 0,35.

6.31. AnropitM pacdera Mofeselt A H B ¢ yuetoM B3aHMHO#H KOp-
peasuHd Mexay ¢GOpMaMH H NPOCTPAHCTBEHHOR KOPPeNAUHH NPOAO.]Ib-
NOf KOMNOHeHTH TNYJAbCAUHH CKOPOCTH BeTPa TMPHBEACH B m. 5, npua 2.

Yueao co6CTBeHHBIX ¢GopM KoJeGaHHA, yJHTHIBaeMblx NMPH onpeae-
ACHHH AMHAMHYECKHX YCHJHI M NepeMelleHHH, 3aBHCHT AJA MOAean A
OT KEeCTKOCTH CTBOJIa H OT COOTHOIUEHHs MacC cTBOJIa H BAHT H yCTa-
HapJIHBaeTCH B KaXKAOM CJyuyae IPH peaNH3auHH aJrOPHTMa pacyera
na IBM, zaa moneau B moxer OHTL NpHHATO He GOJee NATH.

6.32. PacyeTHrle YCHJHA B CEYEHHAX CTBOJA Ma4YTH DABHH CyMMe
AHHAMHYECKHX YCUAHR M aGCOMOTHHX 3HaYeHHfi YCHIMAI IPH AeRCTBHM
CTAaTHYECKOH COCTABJIRIOILERi BeTPOBOH Harpys3kH.

PacueTHbie HaTfKeHHs B BaHTax A4 Molead B onpenensiores na
OCHOBE CTAaTHYECKOrQ pacyeTa MadThl KaK HEJHHEAHOH CHCTeMBl NPH
HefCTBHH Ha Hee CTaTHYECKOA M JAHHAMHYECKOil COCTaBJASIOIHX BETPO-
BOM HATPY3KH.

6.33. B kauecrBe pacueTHOH CXeMB I/ UENOYKH MauT NPHHHMAaeT-
CA CHCTEMa YNpPYCHX cTepikHefi, CBA3BHHLIX Mexnuy coboit ropxontain-
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HLMH BaHTaMH, YKa3aHHA 1O JAHHaMHYeCKOMY pacyeTy TaKOH CHCTEMh
npHBedeHH B 1. 5, n1pHA. 2.

6.34. BeTpoByl0o HAarpysky Ha CHCTeMy OT BaHT PpeKOMEHAYeTCH
onpefeNsiTh B MNPEANONOKEHHU CTATHYECKOro ACHCTBHA NYJbCalHK CKO-
POCTHOro Hamopa Ha BaHTHL.

6.35. HopMaTiBHOe 3HayeHHe NY/IbCALHOHHOK COCTAaBJsIOIled BeT-
poOBOX HAarpy3KH Ha CHCTEMY OT BaHT ONpejesseTcs 0O QopMmyse

R’ =gy (Hy) m (Hy) vc, (28)

rie gx(Hi) — HOpMATHBHOe 3HayeHHe MHTEHCHBHOCTH NYJbCallHOMHON
coCTaBJaAOWeli BeTPOBONl HAarpy3kH Ha BaHTy Ha ypOBHE NepBOro mpyca
mayrel; m(H3) «— Ko3dpdHUHEHT NyJbCAaUMH CKOPOCTHOTO Hamopa Ha
TOM XK€ YpOBHE; V¢ — KO(DQHIHEHT NpOCTPaHCTBEHHON KOPpPeAALHH
IyJLCALHOHHON COCTaBJAIOLIEH BETPOBOH Harpyski Ha cucremy. dop-
MyJa AJs Onpe/iesieHHst Ve NPHBEAeHA B 1. 5, mpuu. 2.

HopMaTiBHOe 3HaYeHHe NyJbcallHOHHOH COCTaBJAAKUlell BETPOBOM
HArpyskH, AeficTByIOWeH B KaXAOM y3Je BaHT

R;.aam = R;/km'

rAe R — 9HCJAO MadT LEMOYKH; M — YHC/IAO0 SPYCOB MAadTHL
Ata Harpy3ka CyMMHPYeETCH CO CTAaTHYUGCKOH COCTaBasiolleHi BeTpo-
BOH HarpyskH, AeHCTBYIOLlelt HA y3eJ BAHT MauyTh,

TPAAHPHH

6.36. CraTHuecKasi COCTaBMAAIOINAA BETPOBOH HAarpy3KH Ha 06004-
Ky rpalHpHH onpeaeasercs mo m. 2.1,

KosdduuuenTH naBieHys # KOIDDHUHEHTH pa3OKeHHA B PHAK
Q@ypbe BeTPOBOAi HArPY3KH, pacnpene/eHHOH 10 NMOBEPXHOCTH 060JIOUKH,
HPHHHMAIOTCA 1O 1. 12 M 14, Ta6a, 1, npua. 1.

6.37. Ilepemeltennus u ycuans B 060J04Ke IPazxupHi NPH AeHACTBHH
CTaTHYECKOHl COCTaBJAIOWEell BEeTPOBOH HarpyskH OMNpeldensioTCH MeTOo-
AAMH TEOPHH TOHKHX 000J0YeK.

AnropaT™ RHHAMHYECKOro pacueTa rpajgHper Ha JedcTBHe Berpa
mpuBefeH B 0. 5, npuJa. 2.

7. A3POJJHHAMHYECKASI HEYCTORYUBOCTDL
BbICOKHX COOPY)XEHUN M I'MBKUX KOHCTPYKUHA

PaszanuaoT 1OBa sIBIEHHA a3pOIHHAMHYECKOH HeyCTOHYHBOCTH BB~
COKHX COOpYXKEHHH, BO3HHKAIOLIHX MPH HX B3aHMOJEHCTBHH C NOTOKOM
BeTpa: BHXPeBOe BO3OYXAeHHE COOPYXEeHHH UMIHHADHUeCKON GOpMbI
It FaNMONUPOBAHHe THOKMX HPH3MAaTHUECKHX KOHCTPYKUHL,

BHXPEBOE BO3BY)XIEHHE COOPY)XEHHHA
LUHJAHHAPHYECKOH ®OPMbI
7.1. Tlpn o6TeKaHHH COODYKeHHA UHAMHAPHUECKON (OPMBI MJIOCKO-
napajjejbHHM DOTOKOM BeTpa B O6AacTH 33 COOpyKeHuem ofBpasyercs

BHXpCBas LOPONKKA C WIaXMaTHHM pacrnojoxceHuem Buxpel. Koraa npu
onpenenieHHbIX CKOPOCTSX BeTPa YacTora CPHBA BHXpeli coBRajaer
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¢ COGCTBERHON YacTOTOH COOPYXKEHHR, BOSHHKAKT pPe3OHAHCHHE ROJQ-
Ganus.

IToatoMy kKpoMe AHHAMHYECKOTO pacyera TakKoro COOpYXeHHS Ha
AeficTBHe TYDPOYJEHTHOro BeTPa HeOGXOAHM TaKXkKe pacyeT Ha pe3OHaHC.

7.2. IIpoBepka Ha Pe30HAHC COOPYKeHuHA KPYropofi UMAHHAPHIECKOK
$OopMEl ZONKHZ NPOU3BOAMTBCA B TeX CJydasiX, KorAa KPHTHUECKas
CKOPOCTb BETPA U.p, HAXOAHTCH B npenenax 0,64V qoSuxp.1<25 M/c.

Ipn va_;<0,64Vq0 YCHJHS B COOPDYXEHHH NMPH Pe30HAaHCE BCer-
Jla MeHblle YCHJHii IIPH pacueTe B HaNpaBJieHHH NeHCTBHS BETPa; CKO-
pocTh 25 M/C NpHHSATA B KauyecTBe BePXHeH IPAHHUMN KPHTHYECKOH CKO-
POCTH AJsi Bcex reorpadudecknx panonos CCCP.

7.3. KpHTHYeCKYIO CKODOCTb BETP4, BLI3BIBAIOILYIO PE3OHAHCHHE KO-
ne6aHus COOPYIKEHHS B HANpaBJeHHH, NepleHAHKYNAPHOM BETPOBOMY
NOTOKY, AONYyCKaeTcs OnpelessTh no ¢Gopmyne

d
Ukpi= m 1 (29)

rae Ti— nepHop coGCcTBeHHBIX Kone6aHui coopyxerusi no l-ofi Qopwme,
¢; Sh —uncno Crpyxans nomepeynoro ceyeHrs (maa kpyra Sh=02,
AN CeueHHS ¢ yrnoBuMu Toukamum Sh=0,15); d — guamerp coopyxe-
HHS, M, JJIf COOPYKEHHH ¢ MaJiofl KOHHYHOCTHIO {C YKJOHOM He Gohee
0,01) — puaMeTp ero cedeHHs Ha ypoBHe 2/3 BHICOTHL.

7.4. [Ipx npoBepke Ha DPe3OHAHC AMIVIHTYAY HHTEHCHBHOCTH HHHA-
MHueckoit cainl £,(2), H/M, Ha ypopHe 2z npu xoneGaHHAX COOpYyXeHus
no i-of QopMe gomyckaercA OlpexefTs na ¢opuyie

Fi (@)= Fo 2 (2), (30)

Ike a((2) — OTHOCHTENbHas OpAHHATA i-Off (HOPMB COGCTBEHHEIX KOJe-
6agnli; Foi=cyquped — aMNIHTYN3 HHTEHCHBHOCTH Ha ypoBHe CBOGoA-
HOYO KOHLA COOPYKEHHS KOHCOJbHOrO THIIA HJAH B CePeflMHe NpoJieTa

Tpy64aToOH MayTH Ha BAaHTaX; qxpt=0,6130ipi—cxopoc'moﬁ Hanop,

Ila, COOTBETCTBYIOUIMH KPUTHYECKOH CKOPOCTH Uxpi; Cy — KO03ddHIH-
eHT IoNepedHOM CHJH, npuHHMaeMbifi paBHpiM 0,25 — AN coopyKeHHi
KPyroBoM LHJIHHAPHYECKOH GOPMH H 0,5 — a1 UHIHHAPHIECKHX COOpPY-
WEHUA C NONMEPEUHHIMH CEUeHHUAMH, HMEIOWIWMH YIAOBHIE TOUKK.

JJ1s COOpYXKeHHS KOHCOJIBHOrO Tiifla AOMYCKAeTCH YYHTHBATL TOJb-
X0 Nepaylo GOPMY COGCTBEHHBIX KOJeGaHKA,

7.5. PeaOHaHCHDIE YCHAKA M FepeMeUlCHHA COOPYKEHHA B CeYeHHM
€ KOODAMHATON 2 AONYCKAETCA ONPLAeNsiTh N0 HOopMyne

XPe3 (2) = —g— X< (2), 31)

rae X¢(z) — npora6, H3ruGalolHi MOMEHT HJH MONepesHas CHJIA OT
CTaTHYeCKH NPHJAOKeHHON Harpy3ku F.(2Z); Ans MauT Ha BaHTax B Ka-
yecTBe pacyeTHOoro 3HaueHus F,(z) npHHuMaercs HanboMbllee H3 3Ha-
YeHHil, BHIUHCACHHHX AJS KPHTHUYECKHX CKOpOCTedl Uxpi, MPH 3TOM THC-
A0 YIHTHIBaeMHX ¢OpM KoJeGaHHit NpHHHMaercs He Oosiee ueThipex;
0 — norapudMuueckuit HekpeMeHT KoAeGaHHH, NPHHHMAeMHH pPABHLIM:
a) 0,30 — ana xene306eTOHHBIX H KaMeHHBIX coopyxKeHuft; 6) 0,15 —
RJS CTaNbHHX annapaToB Ha Kelne306eTOHHBIX MocraMeHTax; B) 0,10 —
RJAS MauT H CTaJbHHX (yTePOBAaHHBHIX AMMOBHX Tpy6; r) 0,05 — ann
CTaJILHBIX COOPYXeHHil H KOHCTPYKUHii.
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7.6. PacueTHyi0 CTATHUECKYIO COCTABJAIOM[YIO BETPOBOA HArpysku
FO HanpapieHHIO AEHCTBHA BeTpa qfq,, Tla, cooTBeTCTBYIOILYIO KpPHTI-

YECKOMY CKOPOCTHOMY HANOPY {§yp.i, AONMYCKACTCA (IPHHHMATD MOCTOSH-
HOH N0 BLICOTE COOPYXKEHHA U PaBHOH

qf(p = xp.t Cx» (32)

rae ¢x—ho3(GHUHEHT 1060BOr0 CONPOTHBAEHHS, NpHRHMaeMbili no 0. 13,
ta6a. 1, npna. 1.

Huuamirieckas cocTaBAsloulas BETPOBOH Harpy3kH gy,, COOTBCT-

CTBYIOULAR (xp.i, ONPENENNLTCH B COOTBETCTBHM C YyKa3anusMH, UpHse-
JAesnbiMi B mn. 6.2—6.5, npy 31OM KOQpUNHeHT AMHAMHYHOCTH A
COOPYMeHHH, YyKA3aHHHX B TOANVHKTAX «6» # «B» n. 7.5, NMpHHHMA-
ercs mo rpaduxy 2 puc. 6.

7.7. TIpu pacuete Ha Pe20HAKC APYrHe KPATKOBPEMEHHLIC HArpysiil
He YUHTHBAOTCH.

7.8. PacueTnpie ycnass ¥ nepeMellleHHsi COOPYMEHHS NpPH pe3oHan-
ce JONYCKaeTcs onpenesinTh no Qopmyne

X @ =V [Xpes ()2 4 (X< (o) - X2 ()2, 33)

rac XPe3(2) — nepeMellleHHe HSTHGAIOLUHIT MOMEHT WAl monepeyHas
cHaa, onpefensiemas no gopmyne (31); X¢(z), X2(2) —ro xe, oT na«
TPY3OK Cip M Ggp , ONpencAsembix 1o f. 7.6,

7.9. II1a ccueHnii KOHHYECKOH jKene306eToHHON ARulMoBOil TPYGH,
PacnoJOKEHHBIX HHXKe %3 ee BBICOTH, PacyeTHHIMH GYRAYT YCUJHA, BO3-
HIKaIOWKHe B HaNpapJennH feicTBUsi BeTpa. [lns sepxHedl HacTH TPyOH
PacCYeTHEIMH MOTYT CTaTh YCHJHS NPH BUXPeBOM BO3GYMHAEHHN, COOTe
BETCTBYIOILHEe BTOPOH @OpMe COOCTBEHAHX KojgeGanui.

KpHTHYeCKAn CKOPOCTb Be1Pa ONpeAesercs AN CeYeHHA TPYOH
AsiameTpom d, AJS KOTOPOrG BeJHYHHA Og(Zxp)dé MakcuMadbya, 3Xech
az{2kp) — opAHHATa 2-# cobcTBeHHOA (hOPpMH KOSeGaHHA TPYO, Zxp
BBICOTA, AM14 KOTOPO]':I onpeAendaeTca KPHTHUECKAs CROPOCTDL

_d
LI T

rae Ta — nepHod, cootaercTBylowni 2-ii cobeTBeHHON hopMe Koscda-
#ait, Sh=0,22 — wucno Crpyxans.

7.10. Pacuetdnie nepeMelleHHs W YCHANA B CedeHHAX TPy6ul ompe-
ReasoTc] no dopmynam:

(34)

Xp (2) = ax (2) Py 35)

rae Gx(2) — KoadpduuneuTyl pacnpefefeHH] AMMANTYA TNepeMelleHuil,
H3rHGAIOHX MOMCHTOB 1t TONEPeUHHX CHJA; pacyeTHoe 3HayeHie 0600.
wenHoit KOOpANHATH, cootseTcTyoutelt 2-f cobcraeutoiil popMe Kose-

Gamuit
—_— .
ppzlfga(w)=o,5laﬁz_;'gfm, (36)
vB \ 8nSh*M, 1 B M,

H
rae ofobiennas macca Mz= '\‘ u(z)uf, (2)dz; L=2— macwtad Typ-
0
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Tasawnua 18

CooTowenus MexAy Pacuernuill Pacyerias
Crema annapata o wh doudq |Ananerpd BaiCOTa h
1 2 1
-Q‘"r‘ [] di Ry oha Jho6oe dy hy-{-fy
& T
NF_ db
<
. ’l_)_ hl » dz hl‘{“’l!
* c—
d1 hl."{'hz
hl B ’12 dl <d2
éTl__ - d’ d:! hg
<& dz hi~-hy>hy | Mo6oe dy hy=-het-hy
4R
| N dy g =-hy-hy
}ll‘}’hs X hz d1<d2
dy Iy-hy

)
6yqenTHOCTH (B ANAMETPAX TPyOu); y=720,l; B=0azkp/d+1; A a=

=0,16; ! -—naknou obpasywooumeii TPpyOW K BEPTHKABLRON OCH;, Q=
=1,29-10-3 t/M® — nnoTHocTs BO3aVXa; ¢y=025 — Koadduinert 10-
HepPeHHoH CHIbL.

7.1. lnn annapaToB KOJNOHHOrO THIA IMEPEMEHIIOT0 CeYeHHS pac-
YeTHeIt AHaMeTp I BHICOTA NPHHHMaKTCA no Taba. 18.

7.12. I'pynnosble annaparthi, CBsI3aHHbIEe MeXAy cO60il 8 ropu3oH-
TA/IbHOM HANPAaBJIEHHH, H aNNapaThl, NPUMBIKAOUME K 3AaHHIO HJIH OT-
KpPLITOK 3TaxcepKke H NMelOlINe C HHMI OLHIAKOBYI) BHICOTY, Ha pe3o-
HAHC HE TPOBEPHIOTCH.

Ecan annapatel Bbllle 3f2dHA HAI OTKPHITOl 3TaMepKH, TO OpH
mposepke Ha pPe30HAHC a3POAHHAMHUECKHE CHJAB CACAYET MPHHHMATH
AEHCTBYIOWHMH TOJMBKO KO OTMETKH RepXa 3MaHHA I ITAZKEPKH.

TAJOMNHPOBARHE 'HEKHX TPH3MATHYECKIIX
KOHCTPYKUH I

7.13. HuTtencusrocte aspojunamilucckoit ¢ F(2), sm3siBatouied
nottepeutisle KONMeGaHUA NPH3MATHYECKO KOHCTPYKUHH THAA ranonipo-
BaUHA, OUPCICARCTCA ee JoBOBLIM CONPOTIBJACHHCM H TNOMNCPEUHOR CH-
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noit (prc. 9). Cocrapansiomas HHTEHCHBROCTH CHAbL F(2) B Hanpasnenun
ABHHEHHS

1 2
FU (2) = T c[-‘y pbuo-n; (Z), (37)
rae
L ]
Uory = Usec of; @ = arctg _yv_- .
He 7
AR
/
[l ) /
v
—f— —+ - o Puc. 9. Cocrasasoume aspopnnaMn-
' YecKolt cHam
Yo, ! I — nonepeynas C¢usaa; 2— ao6osoe
B conporusneHue; F (2) — cocTanndio=
t ulas B HANpPapAeHHH MHUBHMXEHHS

U H Uosg — CKOPOCTb H OTHOCHTE/NbHAN CKOPOCTh BETPA; Y — CKOPOCTH
nonepeqHuX KoJsebaHHil KONCTPYKUHH; & — WHPHHA ee BaBeTpEHHOH Ipa-
HH; p — TJOTHOCTb BO3AYXa; KO3DOHIIERT

r, == (¢, + ¢, e )
F, cy—}— c g sec o, (38)
3nrecs ¢x M ¢y — HO3pHIHEHTH NOBGOBOrO CONPOTHBJEHHN H HONEpCY-

MOt CHJIB! KOHCTDYKIIHH.
7.14. 3asucuMocTh KodbdHUKEHTa TONEpeYHOH CHJAW OT yraa ara-
KH JAOMYCKaeTCsl MNPHOMHIKEHHO anmpOKCHKMHPOBATh CTCNeHHBIM PAAOM

B4
m .
[ 4
= 2 Al Y 39

=1

rae A; — i-Hit Ko3bduuHenT pasnoxkenus, UHCIO YUHTHIBAEMBIX YJNEHOB
PAAa 3aBHCAT OT HOPMH MONEPEYHOro CedeHUst KOHCTpyxunu. Has npus-
MB KBajapaTHoro ceuenwns i=1, 3, 5, 7. Ecan dyskussa C[.‘y acHMMeT-

pPHYHA, TO HCIOJb3YIOTCH M YeTHHE 110Ka3aTesaH CTeNeHH.
7.15. Jlas KBa3HCTAUHOHAPHOH MOJAeNH fABJEHIA raJJONMHPOBAHHA

(npuBeleHHas CKOPOCTb BETPa Ur== > 10) kpuTHYecKas CKOPOCTb

®y
BCTPA, COOTBETCTBYIOWlas Hauany KoneGauuft, onpeaeisercs uo ¢op-
Myae
2V 0y B (40)
PbAL 1

Ukpur =
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rae va=8/% — xoaQpruAeHT AmCcHnanMM B3Hepr¥m KoneGaHHA KOHCT-
PYKUHH;, ®3 — ee nepsas COGCTBeHHAs KpyroBas 9acToTa; [ -— Macca
CAHHHIUB JVIMHB KOHCTPYKUHH

de¢
A= Fy — nepBHH KO3QQHIUHEHT Da3NOMEHHA Cp B CTENeH-
do [o.0 Y
HOH pAX
H
ky (2) ey (2)" dz
o= . @)
j a; (z) dz
b

FARCY
rne k:(z):(l—o) — KO3pPHBIHEHT, YYHTHLIBAIOIIHI H3MeHeHHe Cpelds

He#l CKODOCTH 1O BBICOTe KOHCTPYKIHH; a,(2) — ee nepBas coGCTBeHHASA
dopma xoneGaHHii.

3Hadenusi ko3ppHuHERTa ¢; AJAA uYeThlpex coOCTBeHHHX (opM KO-
neGaHui KOHCTPYKUHA M ABYX 3HaueHH# NOKa3aTess CTENCHH O, NpHBE-
Heuw B Ta6a, 13, n. 6, npua. 2.

Pacuer KOHCTPYKUH#H, AJs KOTOPHIX KBa3HCTaHOHApHAsg MOIeJb
He MOXeT ObiTb HCHNOJB30BaHZ, AOJKeH MPOBOAHTLCH HA OCHOBe AaH-
HHX HCMBLITaHH MoJenefi B a3POAHHAMIYecKOil TpyOe.

7.16. Eciu KpuTHYecKkass CKOpPOCTb BeTpa OoJiblle, 4YeM CKOPOCTh
B AaHHOM reorpaduuecKkoM paifione ¢ BEPOATHOCTHIO NPEBLIMIEHHS OJHH
pa3 B 0AThb JET, TO PacueT KOHCTPYKUHH Ha a’jpoAHHaMUyeckue CHIH,
BO3HHKAIOLIHE MPH TaJONHPOBaHHH, MOWXKET He INpPOH3BOIHTHCH.

7.17. CTauuoHapHHe aMIAHTYAH JJs OIHOYAaCTOTHOTO PEXHMA KO-
JNeGanHi KOHCTPYKLIH, OOTeKaeMOH YCTaHOBHBLIHMCH IIOTOKOM, Ofpe-
AEJNAIOTCA H3BeCTHHIMH METOAAMH pelLIeHHs HeJHHelHblX 3ajad JRH-
HaMUKH.

Inga npsaMoyrosnpHubix NpH3M Oe3pasmepHble CTAUHOHAPHBIE aMMAH-

TYRW KoJeGaHuR a=a/b onpenensioTcs H3 anareGpaiyeckoro ypaBHEHUA

35 —6-6 5 —4 -4 3
T R A Ay

— A1 =0, (42)

2 -9 P&
As U, a + 2"}1 v -
r

rie napamerp Macchl huzpb2/4u, Ko3pduuneHTH A;C; AJNA HEKOTOPHIX

co6CcTBeHHRX (opM Kone6aHHI KBAAPATHHX NPH3M TPHHUMAIOTCA MO
Ta6a. 14, n, 6, npua. 2.

8. BOJILIWIEPASMEPHDIE CTEKJIA BUTPHUH

8.1. HopmaTuBHOe 3HaueHHe CTAaTHYECKOH COCTaBAAOWe# BeTPOBOR
Harpysku, NEfCTBYOllel Ha BHTPHHY, onpelensercs no m. 2.1, Kosd-
¢uument k((2) npuiumaercs no Ta6n. 3 Aas MecTHocTH THma B. Aspo-
JIHHaMHYecKui Ko3pduuuent ¢ npuHumaerca paBhum 1. Ilpn pacuere
3/IeMEHTOB BHTPHH, NPHMBIKAIOMINX K YIJIaM 3/1aHHs, CAeAYeT yUHTHBaTh
MeCTHOE OTpuiaTensHoe Aapiesye ¢ xosbdunuentToM c=—2, pacnpe-
aAenentoe Ha wupuue 1,5 M.,
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t‘ Puc. 10. KodpPRuuEHT ANBAMNYNG-

’ CTH
4
J
e
213
!
[}
ws a1 an a2g
Ta6banuna J9
BucoTa nal nosepxsoctsio | Mo 10 30 60 100
3eMaH, M
Kosgpuunenr m 0,7 0,56 0,48 | 0,43

8.2. PacyeTHOe 3HayeHIle BeTPOBOiH HArpy3kil Ha BHTPHRY C yYeTOM
ANHaMHYeCKOro AeHCTBHA MNYJbCAllif CKOPOCTHOTO Hamopa oOnpeaesiser-
¢a no ¢popmyae

3o =95 (1 + &m), *3)

rae m — ko3pPHHUSHT nNyabCauH CKOPOCTHOrO Hamopa AJs cepean-
ye CTexJa, NPHHHMaeMHi no Taba. 19; E-— ko3pPuuleHT AHHAMIYHO-
CTH, TMpHHLMaeMuili mo rpaduky Ha puc. 7 B 3aBHCHMOCTH oT Oespas-

1Y -

] ;v=1,28 qu; T; — nepHOx OCHOBHO-

FO TOHA COGCTBEHHEIX KOJeGaHHUN CTeKJASHHOM IJIACTHHBIL,
Mpumeuanne Ilepuox T, gonmyckaeTrcs onpeaenarn no ¢op-

MyJe

MEPHOTO MNapaMerpag; =

12p (1 + v?)

0 1), h(d—1) ]
gER’ ["2(a2+bz)+ Ebh? ]

rie a n b — paaMeprl MIHHHON H KOPOTKOA (COOTBETCTBEHHO) CTOPOH
cTexkaa; p —pec 1| M2 crekna, xH/M2, h— ToMHHA CTekaa, M; Y=
=25 kH/M?® —ero o6nemunii pec; £=6,5:-10¢ MIIa — monyan ynpyro-
cty; v=0,25 — koadpuunent Ilyaccona; g — yCKOpeHHE CHAH TAXKECTH.

8.3. Pacyer crTekaa Ha JeficTBHe PpacyeTHOH BerpoBO#i HAarpyskn
NPOH3BOANTCA C YYeTOM MeMOPAaHHHX HanpsMeHHA B NJIacTHHE B npel-
NOJOKEHHH, YTO e¢ KPOMKH IUAPHHDHO 3aKPelVIeHH B HeMOABHXKHOI
pame OTHOCHTEIbHO MONEPedHHX CMelleHHA H MOTYT CBOGOAHO mnepeme-
IMAaThCH B MAOCKOCTH NJAACTHHH.

8.4. TTporn6 cepeaunn MJIACTHHH Wo ONpelessieTcss N0  ¢opmyae

0,1065.10—3 5710 m ! : P
M+ 0,6085h £ 1 © T T92(1—v9) ["’a(k’ +l) +x}C—P.
(45)

T,=2 44)

- b \¢ N
e b=wy/h; A=alty P=1 (—). r==——08, N—
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CKHMAOMAS CHIAa B CPENHHHOH MJIOCKOCTH OT COGCTBEHHOTO Beca CTek-
na, D — {nAMHIPHUECKas KECTKOCTh NJACTHHDI, gp — PAcyeTHast BETpPO-
Ban Harpy3ka, onpenensemas no n. 8.2.

8.5. PacyeTtHble HanpfXeHHA B NJaC1HHe ONpeldenfllOTCA CYyMMipo-
BalieM MaKCHMAEbHBIN H3rHOHBIX H MeMOpanubIX HanpsiKeHH# OAHOro
HanpaB.leHs

__ ymax max _ pp
o'cymu — %n + Oy I RY, (46)

ric RP — pacyeTHOE CONPOTUBJEHHE CTEKNA MPH PACTRKEHHII
MaxkcumanbHHe HanpsXKeHHs B  HaNpPaBJeHHH AJHBHOH CTOPOHH
TIACTHHBI OMPEAENAIOTC N0 PopMyJIaM:

__Exthw, 1 . g wg 0,028212
= (= vy b (M 'H)‘ O = T £ 0,6045A7 4 1
47
a B HanpasJeHUH KOPOTKOH CTOPOHH —TO (HOPMYyAaM:
En?huw, v w) 0,02824°
Ou = 2([-—-v'-’)b“’( +F); Ou= L T 060t T
49)

8.6. [IpeneapHrle 3HayeHHA CKOPOCTHOro Hamopa serpa, [la, mas
Pa3AMUALIX THNOPA3MEPOB BUTPHHHHX CTEKOJ, PAaCNONOKEHHHX Ha Bui-
cote Ao 10 M, npuBeneHw B Tabn. 20, OHH BBINHCAEHM AR PacyeTHOro
COMPOTHBJICIUNA CTeKJa NPH pacTaxKenuu Rp=10 MIlla.

Ta6anumwa 20

3HaueHHs! CKOPOCTHOTO Haliopa BeTpa, [la, npm ToMLwHE CTEKJIa, MW

10los| o [as]s [725]7 [es| 6 |55

Pa3mepbi
cTeKaa, M

> [os

4,5X3,5 126312501238|226]215{205{195| — —_
4X3 299123072621246 [ 231{2161203{190| — | —
3,5X3 3281308 | 290|274 1 259 1 245232 {220| — | —

3,5X2,5 140013713431318{294}273|953]235{219} — | —
3,6X2 563 | 5121465 | 421 | 380 | 343309 278|251 | — | —
3X3 — |323]13031287(271 257|244 | 232 222| — | —

P

3X2,5 | — | —1362{336|312]290|270]253|236]222] —
3X2 - — | — 1437}3971360|326(295)|268)243{ — | —
2,5X2,6 | — | — | — | — |331{307 | 286 | 268 | 251 | 237

2,56X2 — | —=]—|1—|—1382]348316] 289} 265|243
2,2X2 — | — 1363]331]302}277 [ 255
2X2 — 1 — ] —1341}311}285]262

1

21

3
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NPHJIO)KEHHE 1

Asponunamnveckne xoshduunenty nas sxannf,
COOPYMKEHHil U KOHCTPYKUHMA

Tabauna 1

CxeMb! BeTPOBOM HAarpy3K¥ M yKa3aHus Mo Onpejie’eHHio
aspojuHaMHuecknXx Koadduumuenros

flpoduns ”“""éefﬁ’fé’gamﬁﬂ'r‘;;aiﬂe"w" Hoexensl YKa32WHA NO OMPENeNeHHI0 ad3DOAHHAMMUECKHX KOIQPRUHEHTOB
CxeMB NIPUMEHAIOTCH AJH ABYCKATHBIX NOKPHITHA
3uayenns ci, €2
Ht
Kosddunuenr [/%d 5 l o8 I ) I >2
¢ 0 0 —0,6 | —0,7 | —0,8
20 +0,2 —0,4 —0,7 —0,8
1 40 +0|4 +0v3 —012 —_074
60 --0,8 +0,8 -+0,8 -+0,8
= s 2 | —0,4 | 04 | —05 | —0.8
08 [ [ 3Havennus c;
= : Q
- - HJ!
[ B/l
AET! <05 | ! | >2
L
* <1 —0,4 0.5 0,6
>2 —0,5 —0,6 —0,6




6¢

l l

Cxema npHMeHSIETCA A8 CBOAYATHX H OJH3KHX K HHM MO OYep-
TAHHIO TIOKPBHITHI (HANpUMep, [O CErMEHTHHM (epmam)
3HayeHHs ¢y, Cq

fri
Kosgon -
HIt
unext / o1 | o2 | 03 | o4 | o3
c 0 40,1 40,2 -+0,4 +-0,6 -+0,7
02| —02 | —0,1 | 402 | 405 | 40,7
>1| —08 | —0,7 | —0.3 | 0.3 | +0.7
Ca —0,8 —0,9 —1 —1,1 —-1,2

3BaueHHe ¢; NPHHHMACTCA B COOTBETCTBHH CO cXeMoft m. 1

CXeMH MPHMEHSIOTCS AJS 3MAHUR ¢ TPOAOILHHMH (OHApSME
3HaueRHA €, H €3 IPHHHMAIOTCA B COOTBETCTBHH CO cXeMaMH 1. }

3navenne Ko3ddHUHEHTa AaBJeHHA AAA TOpuOB (oHapeR APHHH-
Maercs paBRuHM MEuyc 0,6

3nagenne Ko9pPHUHEeRTa AapeHns ¢=—0,8 114 HaBeTPEHHOro
ydacrka ¢oHaps NpHHEMAaeTcA NPH yraax HakaoHa ao 20°



M podorxenue rabr. 1

IMpodunb 3panns, COOPYKEHHS, 34eMEHTA H CXEMH

BCTPOBOR HArPY3KH

YKa3zasus NO ONPERENECHHI0 23POXNHIMHUECKHX KO3IDDUOHEHTOB

ers . Els

4

MNIpumeuanne TlpH pacyete nonepeyHwx pam 3mawuf ¢ do-
HapeM B COOTBETCTBHH CO CXeMOH M. 3 H BeTPOGOAHBIMH I{HTaMH
3HaueHHe CYMMapHOro a3poAUHAMHYECKOro xosddHiHerTa Ha Cu-
cTeMY «(OHAPb — LIHTHI® NPHHHMAETCH PABHLIM |4,

CxeMH MPUMEHSIOTCH 1/ 3[aHUM C IWEeIOBHMH NOKPHTHAMHU (1. 6)
H ¢ 3eHHTHHMH doHapsamu (1. 7)
3HaqeHHs €, ¢3 IPHHHMAIOTCA B COOTBETCTBHH CO CXeMaMH m. |



Cuna Tpedus Fr yuHThiBaeTCA Kak NPH HANPARJERHH BETPa, YKa-

33HHOM Ha CXeMaX, TAK H NPH HANPaBJCHHH, NePHEHAHKYARAPHOM
TJIOCKOCTH 4epTeK2

114

&,
i/ u[ 1| L 08 }
m/ m};‘ CxeMbl NpHMEHAKTCH IS 3XaHHU, MOCTOAHHO OTKPHITHIX C KaKOH-

—t au60 ONHOH CTOPOHBI: NOJHOCTbIO (NPH OTCYTCTBHH CTEHH Ha

mar Nnay 3TOH CTOpPOHE); YaCTHYHO (NPH HAAHYHH TNOCTOAHHO OTKPHITHIX
s Ly npoemoB IJIOMANbI0 He MeHee 30% IVIOIMANAH CTEHH)

t’% o 3Hauenus ¢y, C2 ¥ ¢3 NPUHAMAIOTCH N0 CXeMe 1. 1

3
EER
S
<o

08, x| 6
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ITpodorwenue rabar. 1

TIpodHab spanms. cOOpYKEHHR, SMeMEHTa H CXeMM

BETDOBOA HATPY3KH VYKa3aHWA 1O ONPEeReJeHHIO 23DOAHHaMHYECKHX Ko3dPHIKEHTOB

Cr
TTTIT.
'”'7£}d S
g7l e ¢ CxeMHl NPHMEHSIOTCA ANS YCTYNOB 3RaHnA
& 8 _e?.,,i’__,t Il ropH3OHTaAbHHX ¥ HAKAOHHHX yuactkos (a<C15°) mokpH-
08 asnt FATHA, THsl 3HaueHHss KO3(OHUHEHRTOB RaBJEHHS Ha AJMHe hy ° Ay rli{m-
I b Ak HHMAIOTCH TAKHMH Ke, Kax H Ha BepTHKaJbHWe yyacTkH. Ilpu
8 pe élf,r/f DL 1577 l;>h, onuHa NEpexXOAHOr0 YYacTKa K OTPHUATEJbHOMY AaBJIEHHIO
7 TpHEAMAaeTcss paBHol hy/2. 3HaueHust ko3(QQHLUMEHTOB AaBAEHUS
o> /Ialfo Ha CTOpOHe BXOAMILErO yrsia 3MaHHs (Ha LJMHe a), Napaljienb-
8| ~0.8 HOW BeTPpOBOMY IIOTOKY, IPHHHEMAIOTCH TaKHMH Xe, Kak H Ha
\_fg,_g_y”',;f& HaBeTpEeHHYIO CTOPOHY
~45 35 g 9 P Tlpu b>>a AnnHa NEPeXOAHOrO yyacTKa NPHHUMAeTcs PaBHOK a/2
L) ki

L—-&gﬁ? 05

CxeMH NPHMEHSAIOTCS AJIS HABECOB

M cxemw a’ ey A g [

I 10 0,5 —1,3 —I1,1 0

2 1,1 0 0 —0,4




194

¢

30 2,1 0,9 0,6 0
IO 0 -_ljl ——lls
i1 20 1,58 0,5 0
30 2 0,8 0,4 0,4
10 1,4 0,4
I 20 1,8 0,5
30 2,2 0,6
10 1,3 0,2
v 20 1,4 0,3
30 1,6 0,4

3nauenus KOIOHHIHEHTOB €1, Ca, €3, €4 OTHOCATCS K CyMMe ZnaB-
JeHuH Ha BEPXHIOI M MNWXKHIOW NOBEPXHOCTH HaBecos. i oTpH-
HATEJAbHBIX 3Ha4eHkll ¢y, Co, C3, C4 HaNpaBjeHHe LaBJACHHA Ha cXxe-

Max H3MEHAETCA HA NPOTHBOIMMOJJOKHOC

Jnst BOAHKRCTHIX NMOKPHITHA NPH HanpaBJeHHH BeTpa BRO.L HaBeca
HeOOXOZHMO YYecTb CHJY TpeHHs Fy=0,04n1g,S, rae S — nno-
iafb TOPH3OHTAAbHON NPOEKUHH MOKPHTHS
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Ipodoaxenue taba. 1

p—

Mpobiab 3aaiHA. COOPYKEHHR, 3MEMEHTA H cXeMnl

eTPOBOR HaTpy3Ki YKa3aHNA N0 ofipedefeHHIo adPOAHHaVHUECKHX KO3DbHIINEHTOB
B k

a) 6)
MES MeS

ues L3708

wap [[g=202] wmp OB AUES

e MIQT3,,, |

——

A5 s
8] 7 s 2}_ 03
4 (3 03 30 Q3 - CxeMp MPHMEHSIOTCA JJIS ONPEAE/IEHURN BHYTDEHHErO NaBACHHS B
3NaHH{AX 32KPHITHIX H [IOCTOAHHO OTKPBITHX MOJHOCTbIO HJAH 4a-
m |3 myp (05 MES CTHYHO C OLHOM M ABYX CTOPOH
M=5 c ‘”3| aesl o G 3HaueHHs C3; MPHHHMAETCA B COOTBETCTBHH €O CXeMOf m. !
, »
LS MeS
() &
) uss Irﬂ'Jl ,
S b =2
o3l [cpz:05
) e ((g=O5 | MES

ﬂ’.wl l MeES5 i

-
MES M0




b4 4

o
XN
3
o
o
L W)
¥

CUIEmpU L

CxeMBl MPUMeHAIOTCA AAR chep (a) m AnR coopyxkenu#i ¢ Kpyro-
BOH UHJAHHADHYECKOH# GOKOBO# NOBepXHOCThIO (pe3epByapH, rpa-
m{p}{(u,) 6allHH, ALIMOBBE TPYGH) ¢ MOKPHITHAMH HAKH 6e3 NMOKPH-
THit (6

CxeMm HCIIONB3YIOTCH NpPH pacyeTe 0GOJIOYKH COOPYKEHHN, a TaK-
Ae BO BCex C/aydasix, KOrla CyllleCTBeHHOe 3HayeHHe HMEET yder
MECTHOro BO3JeHCTBHSA BeTpa

3HaueHns ¢
ae o | 15 30 | 4 | 60 | ®
e | +1 | 40,8 | +0.5 | —0,1 | —0,7 | —1.1

Hpodoswenue

a | 90 | 105 | 120 | 135 | 150 | 165 | 180

¢ |_1,2| ~1 |06 | 0,2 [+o,1 40,3 | 40,4

3HaueHus Cy

aﬂ
Hla
0 15 30 45 60 7 90
1/6 |+40,8 | +0,7 | +0,4 0 —0,4 | —0,6 | —0,7
1/3 -+0,9 t 40,7 | +0,4 { —0,1 [ —0,6 { —0,9 | —1
1 +1 40,8 | 40,1 | ~0,7 | —1,2 | —1,6 | —1,7
7 ~+1 -+0,8 | +0,1 | —0,8 | —1,7 | —2,2 | —2,2
=225 | +1 -+0,8 | +0,1 | —-0,9 { —1,9 | —2,5 | —2,6




oy

lTpodo.ancenue taba. 1

IMpoduap 31auun, COOPYXKEHHSA, SMEMEHTa M CXEMH
BETPOBOH Halpy3KK

YKa3aHHA N0 ONPefeseHHIO aIPONHHAMHYECKHX KO3(PHUHEHTOB

ao
H/d
105 120 135 150 165 180

1/6 —0,5 —0,5 —0,4 —0,3 —0,2 —0,1
1/3 —0,9 —0,6 —0,5 —0,4 —0,3 —0.3

1 —1,2 —0,7 —0,5 —0,4 —0,4 —0,4
7 —1,7 —0,8 —0,6 —0,5 -—0,5 —0,5
>251 —1,9 —0,9 —0,7 —0,6 —0,6 —0,6

JlaHHHe 1a5 ¢y, ¢; npEMeHuMul npH Re>4.10%
3Hauenus s

l H/d
IokpRTHE

1/6 1/3 >1
I[Inockoe H KOHHYeCKOe NpH B 1) —0,5 —0,6 | —1
<5°
C(pepuqecxoe f/d< 1/10 —0,5 —0,6 —1

> d=1/4 —0,4 —0.5 | —0,8

Koatb(bmmem €4 YYHTHLIBAETCH NPH OTCYTCTBHH NOKPHTHA HJAH NPH
ONYIIEeHHOM NMOKPHITHH («MJIaBaloLiasi KpOBJS»)

Hid | 1/6 | 1/3 ‘ >1

ce I —0,6 I —0,6 l —0,8



VA4

I[lpumeuanue Re= — yucac Pefinoabaca, rae

1,284V nng
v

d — ZHaMeTp COOPYXEeHHS, M;

g — KO3 OHUUHEHT Neperpy3Kd, MPHHHMAEMEIR Mo m. 2 2;

¢ — yIuThiBaeMHll B pacuere cKOpOCTHOH Hamop, Ila;

v — KHHeMaTHuecKkasl BA3SKOCcTb Bo3AyXa (npu {=-+15°C u aTmo-
chepnom nasnennu 760 MM pT. CT.

v=0,145-10—¢ Mm2/c)

-I]

rinar
Oy o,
for
3
Cx
12 i
osh 607
04t ]
.7

Lz
154 8 12 16 20 24 28 3236 10°

CxeMa NpUMeHSeTCR AJR COOPYIKEHHH ¢ KPYroBOd IHJIHHApHUe-
ckoli 60KOBO#i TOBepXHOCTbIO (pe3epByapH, rpaAHpHH, 6alllHH, AH-
MOBBle TPYOHI), a TaKxe MJIA KPYIJHX TPYOUATHIX H CINIOWHHX
3JIEMEHTOB B CKBO3HHIX COOpPY2KeHHAX, MPOBOJOB, TPOCOB.

[Tpu yMepeHHO HIepOXOBaTOW NoBepxHOCTH (6GeTOH, MeTasn, jepe-
BO U T. NI.) 3HaueHHe KodpHUMEeHTA Cx oNpeneseTcd no npHbe-
Jennomy rpacuky. Ilpn Gosbulfefl WEPOXOBATOCTH 3HAYEHHS KO-
abdHuunenTos ¢ npn Rez=4-10° onpelensiorca no TabJaHie

H/d
Cegeiine
25 7 1
Kpyr ¢ 6=0,024d 0,9 0,8 0,7
» 206=0,08d 1,2 1 0.8

B aususx snekTponepehauu 3uayenns kosdounuentos ¢ aony-
ckaerca NIPHHUMATH:

1,1 — a1 npoBoaos ¥ Tpocos d 2=20 MM, cBOGOJHLIX OT roJIoNeAa;
1,2 — nas1 nposonos ¥ Tpocos d << 20 mM, cBOGOIHREIX OT roJioJesa,
w AAfl NPOBOJOB H TPOCOB JIOGOro AMaMeTpa, MOKPHITHX roJo-
JEeAOM
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ITpodosxcenue 1aba. 1

MMpods.1b 3ZaHHA, COOPYXEHHR, SJIeMEHTa H cxembl
BeTpOROR H3rpy3KH

YKazanus no onpeseteHnio a3poOAHHAMHYECKHX KOy(HHIlHENTOB

74

CxeMa npuMeHsieTcsl A/ IPajfMpeH, HMEIWHX GOPMY rHnep6oIoH-

Jla BpalleHHA

Koadpdunnentn Rapsjenus Aas HiepoXoBaThiX 06os0ueK

| o 15|3o 45

60 | 75 | 90 105|120—180

3HaYeHHe YIVIOB
Qo=236°, ¢, =72°, @,=100°

¢c| 1 ]o08l02]—0,5—1,2]—1,3]—0,9]—0,4] —0,4

KostduunenTtsi passioxeHHs MOPH AaBJeHHA BETpa

Homepa rapmonuk

ITorepxHOCTL rPasHPHU

0 1 l 2 3

YMepeHHO IIepoXOBaTast
NIOBEPXHOCTD

-—-0,600' 0,298 l 0,918 | 0,397

LllepoxoBaTas nosepxHoCcTh

—0,302 | 0,260 | 0,602 | 0,505

ITpodorxcenue

tlomepa rapmonnk

TlopepxRocTh rPafAPHH

4 | 5 | 6 7

YMepeHHO lIepoxXoBaTas
NOBEPXHOCTh

—o,osgl 0,0131 | 0,061 | —0,018

Mepoxoaaraxnoaepxxoc-rb‘ 0,106 |—0,095 l —0,019 | 0,047
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6¥

75

N

! 23 4 5 6 1a/f

Cxema npiMensiercss AJA 3AAHATHYECKOro LUHJIMHAPA C IPOAOJE-
HOJ Ocblo, MeprneHAHKYIApHOM notoky. [Ipn — >25 n Re<C1,5X
a

X10% (noxpuruueckas 06.1acTb)
Koathpunuenr c; onpepeasercs no tabiuuue

ap)] 8 | 4 | 2 | 1 | o5 | .00

ez ] 02 | o3 | o6 | 1,2 | 1,6 | 2

IIpn Re>1,5-10% (3akpuTHueckas 06s1acTb)

Kosdonuuenr ¢ onpeneaserca no gopmye

Cx anaunc =%Cx unanrgpa,

rle %X — onpefenserca no rpadpuky.;

Cx qaaungpa — N0 TPpaduKy, npuseseHomy B n 13

JuaMerp 3KBHBAJIEHTHOTO KPYrOBOro UHJIHHAPA NPHHHMAETCH DAB-
HHIM a, 4acjio PeitHonsaca Re=a2V/bv

-»)E[

%

CXeMH NPUMeHSIOTCS AAS TA2AKHX LHJIMHADHYECKHX Nanejed Kpy-
rOBOrO MONEPEUHOro CeYeHHS:

4) YCTaHOBJIEHHBIX Ha TOBEPXHOCTH 3EMJIH’

Aas 0,5-108<Re< 10¢

A=2 H/d

>50 14 2
2,3 1,95 1,6
1,2 1 0.8
1,15 1 0,8
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NIpodorxcerue rabr. 1

Ipoduas 3naHHA, cOOPYKEHHS, SJeMEHTA H CXEMBbl
BCTPOBOR HAarpy3ku

VYKa3zaHUR no ONpefeNeHHI0 AIPOAHHAMHEECKHUX Ko3bduUUEHTOR

6) pacmoJIOXEHHbIX Ha BHCOTe a>H OT NOBEPXHOCTH 3eMJH

(H — pBicoTa nanesnn)

>50

| 2

— e D

1,6
0,8
0,8

77

CxeMBl [PHMEHSIOTCH ANA IMaAKHX LUHJAHHADPHYECKHX NMaHeNei 3J-

JMNTHYECKOr O HONEePEYHOro CeHeHHs
KosppuuueHTH cx

A
ab
>50 14 2
oo 2 1,3 1,2
8:1 2’1 1’4 1’3
4:1 2,2 1,45 1,35
2:1
I:1 2,3 L5 1.4
A
a.b
>50 it { 2
o 2 1,3
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1
1

’
’

'—‘50.5(!)
—— s
N e

) o

CxeMB IPEMEHAIOTCS U1 BePTHKAJbHHX IVIAAKHX UHAHHADHYECKHX
naHejel KPYroBOro NONEPeYHOro CeYeHHs:

a) €O CBOGOXHBIMH rOPH3OHTaNLHHMH KpPasMH;

6) PacnoJIOMKEeHHHX MeXAy ABYMS CTEHAMH

Kosdpouunentn cq

i:b

j‘ Y,

o® TIpn csong;x;;x; rrx';llacu;:manbnux A y
t:20] 1:10 123 | 11 |3 | 1001 | 2ot >1:3
0—-10{1,6 1,5 |1,3 [1,35{1,3 |1,4 |1,55 1,9
10-20y1,6 y1,6 {1,35{1,4 |1,3511,35(1,5 1,9
36—39/1,2 11,3 |2 1,4 (1,1 11,3 |1,45 1,75
48--50{ 0,95 1 1,7 (1,8 1,1 |1,25]1,7 2,05
52-~5410,9 10,8 11,6 11,7 §1,1 11,2 {2,1 2,4
68--7010,6 {0,45(1,05(1,2 (1,35{1,4 [I,6 1,7

Kosdduunerr c¢

[pr a=0-—35° ct=4-0,1 cn; e=0,1 b (x=35°)
[Tpn @a=35—90° ¢t=+4-0,25 ¢cp; =02 b (@=70°)
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IIpodoaxcenue rabar. |

3NeMEHTa W C(XeMh
odbuib 3INAHKA, COOPYKCHHT,
Mpod BeTPOBOA HATPY3KH

YKa3zaHun no ONpPeAc/eHHI0 a>3POAHHAaMHYECKEX Ko3dduuuenton

J)

58 6@

a ’az Qy. a“[a,._l

CxeMB NpPUMEHNIOTC AJA TEXHOJOTHYECKOro OOGOPYAOBAaHHA KO-
JIOHHOTO THMA:

a) npHM HanpaBJeHHH BETPa, HOPMAJbLHOM K TOPIY UHNHHAPA, Cx=1;
6) upu HanpasJeHuH BETPA BROML PHAA aNNapaToB.

Kosdduuuenr 10608B0ro cONPOTUBAEHHS Cx ANl NEPBOro LMAHHA-
pa npHHHMaeTcs no I. 13, ANS BTOPOro H NOC/AeAYWILHX — 1o Gop-
MYJIe Cxy=Cx1.

Kosdduuuent 1, onpenensiercs no rabnune

3p—1 n—1/9n—1
4, 1,2 2 4 | >6
<0,5 - 1 1 1
0,75 — 0,8 0,95 !
> 10 0,5 0,7 0,9 1

Has caydas korfa dn—1<dn<dn-y, M ANSK N-r0 WHAHHAPA NpH-
HHM2eTCA KaX MeHbillee JHAYEHHE H3 ABYX, BHUHCAEHHHX B 3aBH-
%n—1  COn—e +ap—

n—1 dn—a

CHMOCTH OT

Jlnsi IPOMEIKYTOUHHX 3HaueHAH dp—1/dy H Nt

dn—y
onpejensercs auuefinofi unTepnonsiuues
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8) Ilpu HanpaBs/eHHH BeTpa, NEPNEHAHKYAAPHOM pPARY aNNapaTos,
KO3¢pHIHEHT 1060BOr0 CONPOTHBJICHHS AJA KaXAOTO U3 LHIHHA-
POB Cxp=CzNsg, TAE Cxr— NpHHMMAEETCH 0o N. 13 n ne onpepensercs
no tabauue

aldep 1,2

N
\%
'S

dep — CPeRHT ANaMeTp ABYX COCEIHHX UHAMHAPOB [lns cayuast

Ap—y dpn
Koraa * , Mg AJf M-TO WHMIHAPA NpHHHMaeTCH Kak
dep dep
Goabllee 3HaYeHMe 5k ) AB¥X, BHIUHCIEHHLIX B 33BHCHMOCTH
or —n=t . On
.
dep dep

r) das 0<<a<<30° xoahpuuHEHTH C. ompepensiotcs mo n «6»,
aas 75°<<a<<90° Ko3dpHUUUEHTH Cx ONPEAeNsIOTCA Mo M. B,
aan 30°<a<<75° KO3QOUUHEHTH ¢, ONpefensorcs Kak Al
OAHMHOYHHX UHIHHAPOB



ITpodorscenue taba. 1

Mpodnns 3zanus, COOPYIKEHHS, 3JIeMEHTa H CXeMmn
BeTPOSOl HATPY3KH

YKa3aHHA NO ONpelNeNeHUI0 a’POAHHAMHUYECKAX K03 dHIHEHTOB

20

\
O &

[Tonas noanychepa, ofpamensas soruytoff cTopoHoit K Berpy,
Cn=1,4; cocTaBJjfloLIas BETPOBOH HArpDy3KH, HOPMaslbHasl OCHO-
BaHUIO HOJchd)epr. HMEeT MAaKCHMaJIbHYIO BeNHYHHY, KOTZa yroi
&, cOCcTaBJeHHbIH Ha[pAaBJEHHEM BE€Tpa C HOPMaAJbKO K NOBEpPXHO-
cry, pasex 30—60°

[Tonast uau cnaoirHas nonayccdepa, obpalleHHas BHIYKAOH cTOpO-
HOIl X BeTpy, c=0,4

Cnaownas nonycdepa u KPyrianiit AHCK, cp=1,4

Coepa

Mpn Re<<1,5-10%; c2x=0,50; npu 1,5-10°<Re<4-10%, ¢x=0,65—

0,075 vd V nug; npn Re>4-105; cx=0,2



5]

CxeMH TIPHMEHSIOTCS NS BaHT M HAKJAGHHBIX 37€MEHTOB.
a) BaHTa H HampaBJ/eHue BeTpa 06pa3yloT yroa 0; cg =cx sin?b,

rie ¢x onpeleasieTcd 0 AAHHHM . 13;

6) BaHTH PaCHMOJIOKEHH B NJIOCKOCTH ACHCTBHA BeTpa
€ =C,Sin’a



99

I podorxenue rabar. 1

Tipoduar anauus, coopyxkeuus, anreMcRTa H CXEMH
BeTPOBOA HAYPYIKH

VKa3auif 0O ONpPeASNeHHIO a3POABHAMHYECKRX Ko3dduluenTos

22

+ L
X C
)

@IT

CxeMa NMpHMeHSIETCH AN Pa3iHYHHX npodunedl pelleTIATHX KOH-
CTpYKUHH NpH HamnPaB/JeHHH BeTpa, NEPNEHAHKY/JAADHOM OCH 3Jje-
MeHTa, Cx=1,4

.W‘:r

23
90°

/.90

KosdpHuuent 1060BOro CONPOTHBJEHHS (¢ LJAA IVIOCKOHK ¢epMb
onpexeasercs no dbopmynae

> .
cp= c;tft'

rae fi — naowaib NMPOEKUHH 3jeMeHTa (DEPMBl Ha e€ IIOCKOCTD;
Cxi — K03 PHUHEHT JOGOBOrO CONPOTHBIEHHS 3JeMeHTa (epMl,
NpHHHMaeMH B COOTBETCTBHH ¢ AaHHHMH nn. 13, 22;

S — naomans ¢depMmpl, BHUHCAEHHA® NO HapyHOMY rabapurty
Ecnu ana Bcex 3meMeHTOB GepMBl Cxi=Cx, TO Cp==C(zP, TAE Q=

Zf:
= Sf — K03 PHIHEHT 3an0/IHEHHS epMbl




L8

Has psifa njocKRX MapalierbRO PACHONOKEHHHX thepM Koaddu-
LIHEHT C¢ IS NepBOH (epMH NMPHHHMAeTCH NO AAHHHWM M. 23, ana
BTOpOH H NocienyioltHx ¢epm H3 Tpy6 npH Re<4.10%, a takxke
1popuaet — no popmyJte

Co =Co "
rre Y} — ko3 hHUHEHT, OnpefeaAeMEil B 3aBHCHMOCTH OT @ H bjh

Kosdppuuuent a

)

b/h
0.1 0,2 0,3 0,4 0,5 0,6 u Brnre

1/2 0,93 0,75 0,56 0,38 0,19 0

1 0,99 0,81 0,65 0,48 0,32 0,15
0,87 0,73 0,59 0,44 0,3
1 0,9 0,78 0,65 0,52 0,4
0,93 0,83 0,72 0,61 0,5

o
—

D
—

Ias depw ®3 TpY6 npr Re>4.105 =0,95



I1podorxenue 1aba. 1

TMpodRne 3RaHHH, COOPYMEHHA, 3JIEMEHTZ R CXEME

BETPOBOR Harpysku

YKa3a#HA N0 OnpeleeHHic &3pGARHEMAYECKEX x03ddHUHEHTOB

RENESE
NN
NN

.Y

I

25 / 90 )

Iins npocTpaHcTsenHoft depMs (a) m pemretsaTHx Gawed (6)
KO3(PHIHEHT 1060BOr0O CONPOTHBIEHHKS Cnp ONPeRensercs no ¢op-
MyJsie

cup=cg (1+m),

TAe Cp — KO3P(MHUUHKEHT, onpeRetsemblii MO AaHHLM M. 23;

1N — Ko3dduuHeHT, onpeAeasieMblil 10 JaHHBIM 1. 24.

Jna Tpexrpanuoit Gaminm npu @©>>0,1 Ko3QdHUHEHT Cnp YMHO-
XKaerca Ha 0,9.

{Ipu ompefeseHHH Cnp 3HAYCHHUS Cy BHUHCIASIOTCH BO BceX CAydasx
B NPEANOJOKERUH, UTO HaMpaBieHHe BeTpa NepHeHAUKYAAPHO Oa0-
CKOCTH HaBeTpeHHOI rpaHn ¢epmu (6aliHH).

Ilpu Hanpas/ieHHn BeTpa MO AHArOHAJH deThipeXIpaHHOH KBaapar-
HOM GalIHH as3polMHaMAYecKHil KOapdHLHEeHT onpenensieTcs NyTeM
YMHOXEHHS BeMHYHHH Cpp Ha KOIPQHUHEHT, PABHHI:

1,1 — aas ctaabHHX 6aUieH H3 OXHHOYHHIX 3JIEeMEHTOB;

1,2 — gns KesnesoGeToHHHX OauleH, AMS CTaJbHuX GallieH H3 CO-
CTaBHBIX 3/IEMEHTOB;

1,3 — ans nepeBAHHHX OaldeH H3 COCTABHHX 3JIEMEHTOB




6S

Jas coopymenuft KBafpPaTHHIX H MHOrOYTOJLHHX B NJjaxe Ko3d-
¢HIHEHRT J0O0BOrO CONMPOTHBJEHHA Cx NPHHHMAETCA mo Tabauue

Hla
CeyeHnue Hanpasnesne BeTpa
5|7 |1

[lepnesapxynspuo rpasu| 2 1,4} 1,3
Ksagpar

Ilo auaronann 1,511,111
[TpaBuabubit  6—8-yroas-{ Jlo6oe 1,411,211 1
HHK npH Re>>4-10°5
INpaBunbHbI 10—12 | JIwboe 1,21 10,8
yroibHHK upH Rez>4-10°

ITpumewanune Jas coopymenuit MHOrOYroALHHX B IJIaHe
(npn Jo6oM HanpaBJEGHHH BeTPa), a TakxKe KBaJpaTHLEIX B NJaHe
(npn HanpaBleHHH BeTpa 1O AHAroHalH) @ — AHAroHaJb CEYEHHS

Cxema nmpHMeHSAeTCH JJISi OTKPHITHIX 3Tamepok. Kosdduuuent Jo-
60BOro CONpOTHBJEHHS AJf KaJAON CTOHKH 3TaXepKd NpH Jio-
oM HampasieHH# BeTpa mpuumMaercs passbiM 1,4, Kosdpdnunent
€, IJA GAJIOK MePeKPLITHS MPHHHMAeTcH B 3aBHCHMOCTH OT OTHO-
wleHns afh nas neppoil 6aJKR cx=1,4; AN BTOPOH M MOCJICAYIO-
LHX Cxy=Cx1), IAC 1] OupeReneTcs no tabJjnue

ah | <4 | s 8 | >0

n | o4 | o5 0,8 | 1

Ecnu BHCOTa BHepedH pacnoJyoxKeHHO#H 6aslxku MeHblle BBICOTH
crenywoouefi 3a Be OaJKH, TO CHHKeHHe KO3ddHUHeHTa Cx AJR
3AMUUEHHOK 6anKy pPacApOCTPauALTCH JHIUL HA YacTb BEICOTHI ee,

paBHOH nepelBeil GaJkH; ANA BhICTynawouwelt yacTd GanakH cy=1,4
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Mpodoaxenue taba. 1

[Tpoduas 3Zarus, COOPYKEHHS, 9JEMEHTA H CXEMbl

ReTPOBORl HArpy3ky

¥Ka33aRHA NO onNpeaeSeHHI0 a3POAHBAMHYECKHX KOIPdnuuentos

28

al
B/H - 0o /7/ 0

l-———J bt Bﬁj{t

a\! %arm e%arm
d=0 am; a4 d
g/

5/H- X Bff I kil

L——,HL_—J

eadas, ea af,,,
= ¢ & a
“fia”

Cxevibl NMpHVEHAIOTCA AAR OTAETbHO CTOSIUMHX CTCH W HaHesed

a) CTeHa Haj 3eMJeil

B/H
o
o 10 1
a=0 2 1,3 1,15
(ea=0)
o—=40° —_ 1 vG -
(eq=0,2B)
a=50° — — 1,8
(e,=0,1B)
6) cTeHa Ha 3eMmJe
B/H
3
oo l 10 1
a=0 ] s 2 1 ,2 1 ’ 1
(eq=0)
a=40° — 1,5 —
(eaZO,QB)
a=50° - — 1’5
(ea=0,18B)




Cxema NpUMeEHsETCH AN 3aKPHTHIX ranepef
Kospduunentsl nasiennst C mpH BeTpe, HOPMaJbHOM HaBeTpeH-
110# TpaHH

Kosdduunenr

c l 0,8 —1,2 \ —1,4 I —1,5

Cxema npHMeHsdeTcs AJS TMOKPLTHA aHrapop, CKAaAOB H T. I
3HaueHHHA €y, €2 ¥ C3

|

QO

O7f

19

B/D o cy c2 C3
0 -+0,7 —0,9 —0,4
1/2 30 -+0,7 —1 —0.8
60 —0,8 —0,7 —0,7
90 —0,8 —-0,7 —0,8
0 -+0,6 —0,9 —0,5
1 30 +0,7 —0,9 —0,8
60 —0,8 —0,9 —0,8
90 —1,1 —0,9 —I1,1
0 -+0,5 -—1,1 —0,8
) 30 --0.7 —1,9 —1,1
60 —1,1 —0,9 —1,1
90 —1 —1,1 —0,8
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M podoaxcenue raba. 1

Tpoduas 30aHHA, COOPYIKEHHS, INEeMEHTa H CXeMhl
BEeTpoBOR Harpy3KH

YKa3aHEA 1O ONpene/eHHI0 a3POAHHAMHUECKHX KOBQ)(bHU.HeHTOB

©

B/D 27 Cy Cy €3
4 0 +0,5 —1i,1 —0,6
30 40,7 —2 —1,2
60 —1 —1,1 —0,8
90 —1 —0,8 —1
KosdpduuneHTH ¢y, ¢t ¥ C;
ao
Kosthdpaunentn
0 30 60 90
Cn— 016 0;8 0,5 0
AJiIa Hanpas-
JIeHHus, nep-
NeHAHKYAAD-
HOTO OCH
UHJIHHADA
B
cf— 0 0,75 1,1 1,2 npu— =0,5
AN Hanpas- D
JIeHHA, napa- B
JIeJILHOI'O OCH 1 » —=15
LiHJIHHADA D
1,1 B=4
» —
’ D
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cz

—0,3 mpn
— =0,5—1;
—0,4 npu

= =154

—0,3 npr

B
D=0.5.

—0,55 npu

B
— =],5—4
D

Horpabre-3 {

nue:fempzwg_ \

CxeMBI PHMEHSIOTCA AN Noaycdepr!, CONPKEHHON ¢ NHIHHAPOM,
Ha cxemax noxaszanu JuHMR OAHHAKOBOTO AABJEHAHR BETP2 HA
noaycepy H COOTBETCTBYIOIHe HM KO3GhGHIMEHTH JaBJEHHA:
a) H/d=0,05: II — sbicoTa wuannipa, d — ero AHamerp;
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ITpodoamerue raba.

[Mpoduib 31211HA, COUPYKEHHA, IneMeHTa M CXevnl
BETPOBOIl HAarpy ikH

VKa3laHHA MO ORpPelefNenRtio aspoaHHaMHYecKuX KoIhdHuKenTon

4/

H
6) P -0,25;

H
B)—=0,75;
d



FisS—s§

32

CxeMbl TPpUMEHSAIOTCA!

a) AJA KOHyca W MHPaMHAB C KB2APaTHHM OCHOBAHHEM, Pacnosio-
2KEHHhIX Ha NMOBEDXHOCTH 3EMJIH:

1A% KoHyca ¢x=0,7; c.=—0,3;
AN DHPAMHAM Cx=1,2; ¢.=—0,3;

6) AR KOHYCOB, a3pOJRHAMMIECKH H3OJHPOBAHHMIX B IPOCTPaH-
CTBe:

KOHYC Ge3 AHHWMA npH a=230° cx=0,35;
KOHYC Ge3 AHHWE NpH a=060°; ¢x=0,5;

KOHYC Ge3 AHHWMA (x=1,4 )| 9TH 3HAUEHHHA Cx MOTYT
KOHYC ¢ AHHILeM Cx==1,2 | OKTb HCOOJAL30BAHH NpH Re>10°



Ta6nuna 2

Aspoaunamuueckne Ko3dhOHUHEHTH ANA OTAEALHBIX 3JEMEHTOB
U3 npoduseR NIOCKUX M NMPOCTPAHCTBEHHBIX tepm

1. Kosgppuyuentor cn 1 €¢ 048 0TOeAbHBIX IACMENTOB U3 npoguaed

p% A% {4
g1 | | I
a
a3 I \0,, ”o,m
a ' ¢neo l Ctoo (777 l Cfx LF 7% l Ctoo
45° +1,8 | 40,8 +2,1 41,8 | 40,85 | 40,85
9% +2 +1,7 |} —1,9 | —1 +0,1 | +1,75
135° —-1,8 | —0,1 -2 +0,3 | —0,75 | -}-0,75
180° —2 +0,1 —1,4 —1,4 | —1,75 | —0,1
Hpodoanenue
‘Qe *06 *9{.
§1 P
TRl | Jp-e | 13
1_15"_5" 114 as,
a neo Ctoo Choo Ctoo Creo | Cfoo
0° 41,6 0 +9 0 +2,05 0
45° +1,5 —0,1 +1,2 | 0,9 +1,85 { -+0,6
90° —0,95 { 40,7 —1,6 42,15 0 -+0,6
135° —0,5 +1,05 | —1,1 +2,4 —1,6 +0,4
180° —1,5 0 ~1,7 | 42,1 | —1,8 0

66




N podosnernue tabar. 2

)

X B
o' _I= 2/3% __0; < I _q:_, I " —.-
d et
Joren ) 6.5
a I ‘hoo l Cfoo oo l Cfoo Crnoo ’ ‘oo
0° +1,4 0 2,05 0 41,6 0
45° -+1,2 -+1,6 +1,95 4-0,6 -+1,5 +1.,5
90° 0 +2,2 40,5 +4-0,9 0 +1,9
I1podoaxcenue
’0& * ot * ac
7 0a
.« | Igs |12~
I {7 ,
e el
@ €rioo ' Ctoo Cnoo | Cfoo Croo l €{oa
0° -2 0 +2,1 0 42 0
45° -+1.8 +0,1 +1,4 40,7 1,55 | 1,58
90° 0 -+0,1 0 +0,75 0 42
ki — KO3QGHUNEHT Nepexoga OT 3JeMEHTa GeCKOHEWHOH AAHHE
K 9JIeMEHTY C OTHOWeRHeM A=I/h
y:)
X z Ih,15]10 20| 35 50| 10| =
| |=3&>s
< £
! 4 I a k; 10,6]0,65/0,75|0,8510,9(0,95] 1

2. Kospgpuyuenr 2106068020 conpotusnedus 041 naockux $epm

u3 npogunred

DA
e

[4

SESZ1 4
1

5‘

67



ITpodoaxenie taba, 2

k; npx @

" 0,25 05 |09 |09 | 1

Q.=kic,. qS;
5 096 | 091 [087]0,77(0,6 L
20 0,98 0,97 0,940,810, ky=cp1,¢, ..
50 0.99 0,08 109709509
o 1 1 1 1 1
P 0 0,1 0,15 | 0,2 10,3-0,8 0,95‘ 1
Coe 2 1,9 1,8 ‘l,?' 1,6 |1,8 l 2

3. llpocrpancreennan pepma ¢ Kospguyuenton aanosnenun ¢=0,3:
RJS1 3/1eMeHTOB HaBeTPEeHHOA rpaHu Q,IB,--zkl,-cNBqS,- cosf;
» » 3aBeTPeHHO  » Qupi=ky€ .. pqSim cos B
rae Si=h! nax dl;
RJIST 3N1eMEHTOB H3 NPOKATHHX npodHlelt ¢ B=kty:”°u i kﬂc:w ,
TA€ ¢, HAH €4, MPHHIMaeTCR N0 M. | HacTosuwlel TaGAHIMH,

& s
o | | TIORGOS e
ky | ky | n | =B | k| n |ewp | "

e |1 s.]2 e ‘§_ z 5 lo6 (4

o |ooes| 52(8 |16 5F|E |oss|3

30° 1093) 85| |1,04] 58 |5 |083| [095

4° (0,88 —8 | X~ |08 |ZF |87 10,42 59

69° 0,8 Fog | £ 8 0,6 ::5 £5 (0,28 oo
25|28 EE |28 sl




TTPHIOXEHHE 2

OBOCHOBAHHE OCHOBHbBIX NOJIOXEHURA
H METOJA HTHHAMMUUYECKOTO PACYETA 3[IAHUA
H COOPY)XEHHR HA NERCTBHE BETPA

1. CTPYKTYPA TYPBYJEHTHOIO INIOTOKA BETPA

Betep, Bo3Hukalouwl# B atMocdepe, npencrasiser cobod Typly-
JeHTHOe ABHXKeHHe cpedbl,  KOTOPOe XapaKTepH3yeTCa Ype3pbi-
YaiiHo HeperyasipHbHM H OecTIOpANOYHBIM H3MeHeHHeM CKOPOCTH BO ppe-
MEHH B KaXXIOH TOMKe NMpocTpaHCTpa. Tak e HepervisapHo HIMeHReTca
OT TOUKH K TOUKE CKOPOCTh MOTOKa, paccMaTpHBaeMast B 3a71afrHuii
MOMEHT BPEeMeHH.

MrHoBeHHOe 3HaueHHe CKOPOCTH B TYPOYJAEHTHOM MOTOKE MOXKIO
NPCACTaBHTh KaK Pe3ysbTaT HalOKEHHS NYy.IbCalMOHHON COCTaBARIOLICH
CKOPOCTH Ha ee cpefHee 3HaueHHe. Ecu nyspcauHoHHasA COCTaBJAOLIAA
paBHa HYJIO, ABHIKEHMe ABNACTCHA JAMHHADHBIM.

JlamunapHoe JBHKeHUe CTaHOBHTCH TYPOYJMeHTULIM, KOrAa UHC/IO
Pelionbaca MNpeBOCXOANT HEKOTOPOE KPHTHYECKOE 3HaveHue, T, e,
b

—— >Rexp, TRE U ~— XapPaKTepHas CKOPOCTb NOTOKa, L — ero Xapax-
v

tepublit paamep, Regp COOTBETCTBYET YCJOBHAM, KOFAa CHIB HHEPHIM,
ReHCTBYIOLINE MeXAY YAAJeHHBIMH APYr OT Apyra oGbeMaMu BO3Ayxa,
0o0/MaflaloWHMH Pa3HON CKOPOCTbIO ABHXXEHHA, CTAHOBATCH HACTOJABLKO
OOMBUIHMM TIO CPABHEHHIO C CHJAAMH BM3KOCTH, UTo (GOPMUPYETCA yc-
TONUHBLIL TYpPOYJEHTHRII NOTOK. 3JCMEHT 3TOrQ IOTOKAa € HEKOTOPHM
XapaKTepHbHIM pa3mepovw (macwraboM) Ha3dusaeTcs TypOYAedTHLIM
Buxpem [19, 32].

Mo A. H. Konmoroposy {29], TypGyienTHoe ABuiieie B aTMocde-
pe npeactaBnafier coGoH npoliecc MOC/]eN0BaTeNLHOro pacfaja Kpymuo-
MaclITabHLIX Buxpeil (BHXpeii NepBOro MOPAAKa), BO3HHKAOWILX B He-
yCTONYHBOM OCpe[HEHHOM NoTOKe NpH GoJblunx uHciax Pefironbaca, na
BUXPH C MeHbUINMH MaciwiTabGaMu (BHXPH BLICOKOro NOPs.Ika). JtoT
nupouecc NPOROJAKAeTCs A0 TeX NOp, NOKa BJHSAHIE BA3KOCTI HA MEJIKO-
MacIuTabHLie BHXPH C KOCTATOYHO MaJibiM uHcaoM Pefiroabaca yKe outy-
THMO H npenaTcTByer o0pa3oBaHiIO Bixpeft Gojlee BLICOKOro NOpsiaka.

Kuneryueckas .3ueprus TypPOYJICHTHOrO ABIDKEHNA NePeXOAUT OT
Buxpell Goswiuoro MacuTaGa, yepraloIHX CBOIO 3HCPTHIO OT OCHOBHOIO
NOTOKa, K BHXPAM C MEHbLIHMH MacliTabaMHu, NpaKTHYECKH He AHCCHIH-
pysack. JiuccHuauis sHCpPrim mMOoToka (Mepexof KHHEeTHYCCKON 3Hepritit B
Tens0) HPOHCXOAHT B CAMBIX MEAKOMACHITAGHLX BHXPSX.

Cpeauss BenuuHHa TYPOYJNEHTHOI 3HePrHH, OTHECEHHOI K eluHNue
MacChl, paBHa MOAYCyMMe CPeTHHX KBaapaTOB IYJAbCaullil npoAO/bHOI,
FOMepeuHoli H BepTHKaNbHOII COCTABJASIOULIX CKOPOCTH BeTpa. Pacnpe-
JeJleHHe SHEPIHH TO BHICOTE 33BUCHT OT HEOZHOPORHOCTH [OACTHJIAIO-
el MOBepXHOCTH H TeMnepaTypHoli cTpaTudukaunit atMocdeput Ilpu
GOMLIIHX CKOPOCTAX BeTPa TeMnepaTypHas cTpaTHdiikailis Oanska x
Ge3apas/iyHoll, NO3TOMY B AaJjbHeillleM RNVJbCAlla COCTABAAIOWIX (KO-
POCTH PAaCCMATPHBAETCA TOTbKO HPH ITOM COCTOSKUU aTMochepul.

Hanovuum, 4To crpatudHKauHs BRasbiBaeTcsl 6eapa3.THunol, ecu
TCMIepaTtypa BO BCeM CJ10e€, Haulias oT NOBCPXHOCTH 3CMAH, najaer,
llnlr;r(i)c(-)u TPANHCHT Ho BCeMYy CJ0K0 OLIHIAROB H cOcTaBaseT ile Gonee

M.
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Tipu HayueHHH DOBeReHHs BHCOKHX COODYXeHHA # 31apH¥l B noToxe
BeTpa pelugiolilee 3HaueHHe HMeeT NPOLOJBHAS KOMIOHEHTa CKOPOCTH
v(¢) =v+v'(l). B oTimuue or nonepeyHoit H BepTHKaJbLHOM COCTaBJIAIO-
I{HX CKODOCTH U(!) HMeeT ROCTATOYHO GOJILIIYIO MOCTOSHHYIO COCTaBJsi-

= . 2
JOUYIO U, CDEAHHH KBAjApaT NMyJbCalHK O,, ONpeLeNseTCH rOPH3OHTab-
HBIMH BHXDSIMH, Pa3MepH KOTOPHIX He OFpaHH4YeHhl PacCTOSHHEM J0 NOA-
ctuyaomeit nopepxnocty OTciopa caenyer, YTo Ha JOMO TNPOAOJLHOMH
KOMNOHEHTH CKOPOCTH DPHXOAHTCS MaKCHMaJdbHCE KOJAHYECTBO KHHCTH-
YeCKOH dHepriH TypOYJIEHTHOrO ABHIKEHHS,

2. TAPAMETPEI TYPBYJIEHTHOCTH
(HHTEHCHBHOCTbH, MACUITABB!).
SHEPTETHYECKHE CIIEKTPHI, ®YHKUHA KOTEPEHTHOCTH

HHTEHCHBHOCTD TYpPOYJIEHTHOCTH Yr Ha YPOBHe 2 PaBHa OTHOWIEHHIO
0, {2)/v (2), rae o,r(2) —cTaHmapT nyAbCaUHH NPORONBLHON KOMIONeN-

TH CKOPOCTH, U(2) — ee CpelHee 3HaueHHe HAa TOM XKe YpOBHe.

TIpn Gespasnnunoit crpaTHdHKauup CTaHAPAT NPONOALHOR Nyabca-
LHI TPOMOPUHOHANEH CKOPOCTH HA HEKOTOPOM (DHKCHPOBAHNOM YpOBHE,
npH4yeM OT BbICOOThI Uur c1ab0 3aBHCHT. HOCKOJ'ley CKOpOCThb BeTpa B

NOTPAHHYHOM C€JIOe BO3JyXa pacTeT ¢ BLICOTOIf, HHTeHCHBHOCTb TypOy-
JEHTHOCTH Y T C YBeAHYEHHEM BLICOTH yGbIBaeT.

CraniapT NPOJOJLHBLIX MYJbCaliHii MOXKeT OGLITb NPHONHKEMHO BH-
uncien 1o  QopMmyne Gp==cUt, rie Up— CKOPOCTb MOBEPXHOCTHOIQ

TPEHHS, PABHAR KOPHIO KBAAPATHOMY H3 KAacaTelbHOTO HanPAxeHHA Ha
eqHHHLY Macchl. KosdpduuuedT ¢ He 3aBHCHT OT BHICOTH, HO, HO-BHAH-
MOMY, Pa3siHyeH AJs pa3JHUHHX maclutaboB. B xauecTBe NpHMepOB YHc-
JIEHHBIX 3HAaYeHMil 3TOIl NOCTOSHHON MOXHO yKa3saTb: 2,45 {cpeanee 3na-
YeHHe 8 DPA3MHUHLIX THOOB MOACTILIAIOWIEH NOBepxHocTH, nRo Jlase-
nopty), 2,5 (Ascrpaans), 2,1 (Bpyxxesew). Ecan npuuats ¢=25 10
6, =v(2)/1In(2,/10), rae 2z, — napamerp wepoxosatocrr [30].

Ha ochoBe anann3a aaHHbIX M3MepeHHI MOXHO 3aK/IOYHTDh, YTO XO-
TA CTAHAADT NYJIbCAUHI HA PA3HLIX YPOBHAX NPHOAH3HTENbHO OQHHAKOB,
ee CHEeKTPAJbHBIL COCTAB MEHSETCH OT BBLICOKOUACTOTHHIX FAPMOHHK Y
HOACTHJAIOLIE MMOBEPXHOCTH [0 MeAJeHHLIX KoJeGaHHfi CKOpoCcTH Ha
GOJBIIHX BLICOTAX.

Macmtabot typbGyaenrsoctu. IlpocTpaHCTBeHHOe INpefCTaB/eHHE O
TYPOYACHTHOCTH NMOTOKA MOKHO MOJYy4HTb, 3HAA €e MHTErpaibibie Mac-
mTabpl AJdHHH (NPOROJLHBI, MonepeuHulii H BEPTHKAJBHHI), onperens-
IOllKe XapaKTepHble pa3Mepbl S3HEProcoiepKaluHx BHXpeM.

Huterpansiniii mpoao.bHelit  MacwTab L‘f Ajs §-Oft COoCTaBAsAIOMIEH

CKOPOCTH BeTpa B HANpaBJeHHH CPeAHEro NMOTOKAa ONpelelsieTcs No
dopmyae

Lx = L’T:di,

[4
(24
rae Ty, =J‘R"-’ (v) dv — nHTerpaibHniil Bpemennoft macwra6; RY (v)—
0

HOPMMNPOBaHNAA KOPPENANHMOHHAT (YHKUMA NyJbCAUBR  COCTaBARIOINEN
CKOPOCTH; U — CPeHSAs CKOPOCTb BeTpa.
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3mech HCNONb3YeTCs THIOTE3a «3aMOPOAKEHHON TYpOYJNCHTHOCTH®
Tefnopa, cornacHo KOTOPOI MO NyJbcauHsM CKOPOCTH B (DMKCHPOBaHHOR
TOYKE MOXHO NPUOGTIIKENHO CYIHTb O CTPYKTYpe MPOCTPaHCTBEHHOrO
pacupenejieHHss 9TOH BeJHYHHBI BJOJb OPAMOil, NPOXOAdlNeli 4epe3 naH-
HYK TOYKY MapasyieSibHO HanpaBieHimo noTtoxa. Ilyabcauuio B KaHHoll
TOYKe MOXHO NPHOAHXKEHHO HHTEePNpPETHPOBATb KaK pe3ysbTaT HepeHoca
Yyepes 9TY TOYKY CO CpeiHell CKOPOCTbIO M 6e3 HCKakeHHH COBOKYMHOCTH
TYpPOY/MeRTHHX BHXDell, DacnoJOXeHHHX BJOJb MNpPAMOil BBepX MO
TEUCHHUIO.

Hurerpanpusth BepTHKAJbHHE MaciiTal Lf nepneHAHKy ApeH Ha-
ApasjeHuio NOTOKa

L= | R (A2)dz,
0

rae R:',, (Az) — HOpMHDOBaHHA® NPOCTPAHCTBEHHAS KOPPENAUHOHHAR
$yHRUHA NyJAbCalMH i-0Off COCTaBJAsIOUled CKOPOCTH BeTpa; A2z — pac-
CTORHHE MEXAY ABYMSl TOYKaMH MO BepTHKaJH.

ITockonbKy NOTOK BeTpa HeCHMMETPHUEH OTHOCHTE/BHO MOBEPXHOC-
TH 3eMJIH, TO AJS KaXI0ro ypPopHfl CyILECTBYIOT ABa BePTHKAJbHBIX

macurraba: L7 + — npu orcueTe nuTepBanos Koppensmuwun BBepX M Lj
npu OTCUETe BHHS.

Hsrerpanbhuifi nonepeuHslii Macital KoppenslHH L“’ TaKKKe mnep-
NeRAMKYAAPeH HANpPaBIEHHIO NOTOKa,

L= § R, (Ay) dy,

rie Ay— paccTofiHHe MeXAY ABYMsl TOYKaMH MO TOPH3OHTAJH.

Kax nokaswsaloT 3KcnepuMeHTtH [59], MaciiTabnl TypGyACHTHOCTH
PacTYT C yBeJHUYEHHEM BHICOTH HaJ YPOBHEM 3eMJIH.

JAast COCTaBAAOIMEX CKOPOCTH B IPOJIONILHOM H NONEPeYHOM Hampas-
JeHHAX NPOROJbHNHE MacCluTabhl OTIHYAIOTCH IPHMEPHO B 2 pa3a.

1
JlAs npono/bHOit cocTaBasoLel ckopoetn LI, = '5~ L wll ~

1
~ _3— Lzu

SHepreTHYECKHE CNEKTPHI MYJbCALMH KOMIOHEHT CKOPOCTH BeTpa.
Ilpn pacdere BHICOKHX COOPY>KEeHMH, WYBCTBHTENbHLIX K JAHHAMHYECKOMY
BO3JEHCTBHIO BeTPa, HeOOGXOAMMO 3HATb pacnpeiesieHHe 3HepruH Typoy-
JIEHTHOTO TOTOKa IO 4acToTaM. JTO pacnpejelieHHe Ha3LBAIOT JHepre-
THYECKHM CIIEKTPOM (CHEKTPaJbHOM IJIOTHOCTBIO) NYJIbCAUHH KOMITOHEHT
CKOPOCTH BeTpa.

Mpubl paccCMOTPHM TOALKO 3HEPreTHYECKHE CIEKTPH NYJbCaUMH MpO-
JOJLHON H BePTHKANbHONA KOMIIOHEHT CKOPOCTH.

DHepreTHYeCKHA CHEKTP NPOAOJBHHIX NYJAbCAUHA MOXKHO YCJOBHO
pa3buTh Ha YeTHpe HMHTeppana: |) HHTepBas CBepPXHH3KHX 4YacTOT, OMN-
pepensieMul HauOoslee KPYMHWMH BHXPSIMHM C Da3MePaMH, CPABHHMHLIMH
C XapaKTepHHM MacliTaboM MOTOK2; 2) o6sacTb HM3KHX YacTOT, Hecy-
U{KX OCHOBHYIO TYPOYJEHTHYIO 3Hepr#io (B 3Toft o6nacTH 3HepreTHYeC-
Kuit CHEKTP MMeeT HAaHGOJBUIMA MaKCHMYyM); 3) MHepUHOHHHA HuTepman.
B sToM HHTepBaje BHXDH TePRIOT HeNOCPEACTBEHHYIO CBA3b C BHXDPAMH
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Gosbllore Macmitaba, a ux CNEKTDP onpelensercs JHlWIL NapaMerpamy
TYpOYNEeHTHOTO ABHXeHHS; 4) BA3KHH HHTepBaJ — o0aacTh HaunOoJee
BHCOKAX Y&CTOT, B KOTOPOIl MAPOHCXOAHT OCHOBHAA AHCCHDAuUUA TYpOy-
JEHTHOW dHEPTHY.

B unepunonHoM HutepBasie TYpOYJNeHTHOCTH NPHIHCHIBAE€TCA CBOR-
CTBO H30TPOMHOCTH, T. €. HE3aBHCHMOCTH CBOHCTB TYpPOYJeHTHOro ABH-
JKeHUs oT BHOpPaHHOro HanpasJjeHus. PaspaGorannass KoaMoropoBwM
TEOpHA JOKaJbHOH H30TpomHOfi TypGyaentHocTH (29] mnossoaser no-
JYYHTb UEHHLle Pe3yaLTATH O JIOKAJbHBIX CBOHCTBAaX TYPOYJIEHTHOCTH
HENOCPEACTBEHHO H3 coobpaxeHnnit pasaMepROCTH.

B wacTosuiee BpeMst MMEIOTCH MHOrOMHCJIEHHHE H3MePeHHs CRex-
TPOB NYJbCALlKH NPOROJbHON KOMIOHEHTH CKopocTH. JlocraTouyHo fcHo
TIOBEJEHHE 3THX CIEKTPOB HA BHICOKHX YacTOTaX. LIS 4acToT n, Npesu-
masomnx 0,2 v/z, cnextp Koamoroposa yaoBIeTBOPHTENBHO COrAacyet-
cfl ¢ H3MePeHHLIMH CNIeKTPaMH,

Ilpu Gespasnuuxofi crpatidukauun cnextp Koamoroposa Afa mysn-
cauMH BCEX KOMNOHEHT BEKTOPa CKODOCTH B NHEPLIOHHOM HHTeppane
BMeeT BHA

Sin=a (9_0)2"3 w53,
ri€ @ — YHHBEpPCAJbHaa NOCTOAHHAN, PaBHAA I/MA NPOAOJbHON KOMHoO-

nentol — 0,147; ana sepTHKaabHo — 0,196; n —vacrora, T'u; & —
chpOCTb ARCCHIIAIIHH BHQPI‘I{H.

a
}ﬂf,,:ﬁ/n’/c’
" ﬂa‘xpag&%%ﬂozuwmﬂ Hy{m%%{‘azw -
5 7 = —
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2 / 1\ /
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Prc. 1. CnekTpw NyAbCauliH NPOAONBHOA KOMNOHEHTHW CKOPOCTH
a — cacktp Ban aep Xosena; 6 — cnextp Jaseunopra
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Ha puc. 1, a npuseaen sncpreTHyecKkuil clekTp NyJAbCaUHH NPOXOAb-
110il KOMIIOHeHTH CKOPOCTH B HHTepBaJe mepHojoB oT § ¢ fo 102 u, no-
ayvennnlii Ban 1ep Xosenom [80]. Kak BHAHO, IIMeeTca ABa ydacTKa
CeKTpa: TYpOyJeHTHhIi ¢ MaKCHMYMOM JHEepriH, NPHXOAAIMHMCH Ha
nepuoa T~ 1 MuH, N CHHONTHYECKH C MAKCHMYMOM JHEPrHH Ha NEpHOR
T~ 4 cyT H yacTHBRIM MakcnMyvoM Ha T=10 u.

Mexay aTuMH JIByMS MaKCHMyMaMif CYILECTBYeT IIHPOKHII MHHH-
MYM CIeKTPa B IIHTCPBAJe NEPHOIOB OT HECKOJBKIIX MHHYT 4O HeCKOJMb-
KHX 43acoB. DTO NO3BOJMAET Pa3GHTh CHNEKTP NMYJbCauHii CKOPOCTH Ha ABa
y4acTKa: MHKDPOMCTEOPOJIOrHyecKifi  (BHICOKOYACTOTHHIH) C NepHOZAMK
B CeKYHAM H MIHYTH H MaKPOMeTCOPOJOrHYecKHii (HH3KOYacTOTHHI) C
fepHOAaMH B AeCATKH H COTHH YacoB.

Haanyse MHHUMYMa MO3BOJIsIET NPeACTaBHTb BETPOBYIO HArpy3Ky lia
COOpYXeHite B BHIAe JABYX CJaraeMbiX, H3 KOTOPHIX OXHO COOTBETCTBYeET
B CpeJHEM YCTalOBHBIUEliC CKOPOCTH BeTpa H JAeficTByeT CTaTHYeCKl
(cTaTHYeCKas COCTABJAIOUIAA BETPOBON HArpy3aku), APyroe 3aBHCHT OT
NyJbCauHOHHON YacTH RPOJOJbHON KOMIIOHEHTH CKOPOCTH H OKa3biBaeT
Ha COOpYXeHHe MIIaMHYeCKoe BO3fefcTBHEe (AHHAMHUECKad COCTaBJAIO-
Hasg BETPOBOIf HAarpysku)., YkasaHuelii MHUHHMYM JaeT TaKie BO3MOX-
HOCTb HAfTH TaKON HHTEDPBAaJ OCPeAHEHHS NPOAOJBHOR CKOPOCTH BeTPa,
KOTOPHIl 3HAYHTEJBHO NPEBOCXOJHT [ePHOA TYPOYJeHTHHX nyJabcanuf,
HO B TO XXe BPeMs He CJHIUKOM BeJHK, YTOGH AJMHHHONEePHOIHBE KoJeba-
PHSL BJHAJH Ha CpelHHe 3HAUeHHA CKODOCTH, MOJYUeHHble NO 3TOMY
niTepBany.

B raase CHull 11-6-74 ncnosb3oBan aMnHpHuyeckHi chiekTp [labeH-
nopra [56], nonysendeii Ha OCHOBe aHAa/JH3a CHEKTPOB INPOROJLHOIN
NyAbCAUHH CKOPOCTH MPH CHJABHBIX BeTpaX. JTOT CNEKTP HMeeT BHA

s 2k0 u% u?

n) = —————— 1
0’() n(l+u2)4.-3 § ‘)
TAE Vo — CPelHsisi 4acoBaf CKOPOCTh BeTPa Ha CTAHAAPTHOH BHCOTE
aneMometpa (10 M); ko — Ko3bdHUHEHT MOGOBOrO CONPOTHBIEHHS

NOACTHAAIOWeN IOBEPXHOCTH, TpPHHHMaeMbifi B MepBOM NPHOIHMKEHHH
pasuniM 0,005 aas orkpuitofi MectHoctn; 0,01 — ansm secHHX MacCHBOB
W KHJNX okpaun ropoaos; 0,04 — AJ1 UEHTPOB ropoaoB; IJs OTKPH-
Toro Mops ko=0,002; u=nl/v-— npuBegednas uacrora, rae L=
= 1200 M — Macwtal AMHHBL.

Cunextp [JapeHnopra Ha puc. 1,6 npeacrasied B Ge3pa3Mmephoii
dopme nS . (n) ,’03., rae S, (n) — aHepreTHUECKHil CNEKTP NPOIOALHOI

KOMIIOHEHTH CKOPocTH. ITo OCH aGeuiice OT/NOMXKEHBI BOJHOBHE uyHCta nfv
(1acTOoTa, OTHeCEHHAsw K cpefHedl CKOpocTH Ha JanHoM yposHe). Kak
BHIHO, HMEGTCH MAKCHMYM CHEKTpa Ha AJHHAX BOJH nopsaxa 600—
700 m. [To ranuuim H. ®. Masypuna [23), na yposue 8 M MakcuMyM
CNeKTpa COOTBETCTBYeT JitHaM BOJH nopsiaka 500—600 M, wa Gonee
BHCOKHX ypoBHAX — 600—700 M. Takum o6pa3oM, B NOTPaHHUHOM ClOe
arMocepnl MAKCHMYM CMEKTPAa HECKOJbKO CMEILAeTcs B CTOpoHy GoJee
MH3KHX YaCTOT MO CPaBHCHHIO C MPH3EMHBIM CJI0eM, YTO CBHIETCIbCTBY-
eT 06 yBeJHYEHHH BKJA3Jd HH3KOUAaCTOTHHX TapMOHHK B 00wy
3HEPTHIO.
Ans NpHHATOrO cnekTpa HHTEHCHBHOCTHL TYPOYJICHTHOCTH

-
Y, () = 2,45k(','2(-%) @
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8aBHCHT OT BHICOTH H OT MapaMerpa MICPOXOBATOCTH HOACTHAAIOULCH

LIOBEPXHOCTH.
CpeaHuit KBaApaT MyJbCALMHH CKOPOCTH

02, = 6k, 1. 3)

HopmupopanHuit 3HepreTsueckuii CrnekTp NyAbCaliufA CKOPOCTH HMe-
eT BHAX

R uz
Sv, = m . @)

Buipaxenue (1) He yuyHThBaer H3MEHUHBOCTb CIeK1Ppa C BLICOTOM.
Hamepenns [59], shinoauenntie 8 60-MeTpOBOM NpH3eMHOM CJiOe, NOKA-
SHBAIOT, YTO SHEPrHa nyJabcauud npH 10 M Goamule, Yem npu 60 M,
ocofenno B uHTepBane yactor or 0,1 go 1 Iu (puc. 2). Jlyauwee co-
IJIAacOBAHHE C SKCHEPHMEHTANLHHWMK CHEeKTPaMi (pHC. 3) MOXHO noay-
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Puc. 2. 3HepreTHHECKMe CREXTDH Puc. 3. CpasHenue sKcNepuMeHTAAD-

NyabsCcauMH CKOPOCTH BeTpa BMX CHCKTPOB CO CHEKTpoM JlaBene
nopta
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YATh, ecan B (1) BMecTo cpefHed CKOPOCTH Ha CTaHAApTHOM ypoOBle

nlL,
BPHEATH a5 6€3pasMepHOIi YaCTOTH BhIPaXKeHHe U == ~—==—

v ’

wTab L,=V3 v (2)/ngax; v(2) — cpeAHsAR CKOPOCTL Ha YpOBHe 2;
Naux — YacroTa, [, coOTBETCTBYIOUlAS MHKY 3HEPIeTHYECKOrO CIEKTpa.

rae Mac-

O1mernM, 4T0o crnexTp [l2seHnopra xOpoulo COriacyeTcs ¢ npeicka-
3aHHEM TEOpDHH B HHEPIOHHOM HHTepBaje, T. € INpH GOJbLIHX 3Haye-
Husix 4. B o6nactu Hi3skux yacror ulpaxchse (1) npomopunonanbio n
H npu n==0 OHO DPABHO HYJIO, B TO BPEMS KAaK COIVIACHO TEODHUH 3Hep-
T€THUECKHN CTEKTP CTPEMUTCH K KOHCTARTE,

JeRCTBHTEABHO
0
S, (n)
L =92 | R} (1) cos2mndr,
o,
0
o0
Tak xax wHTerpanbHHi MacuTal ppeMenu Ty = fRE, (r) dv, To npu
0

n=>0 S, (0)/0;‘:,:2“. TakuM o6pasoM, Aas crnektpa J[apennopra
HHTErpaJbHbIf MacuiTaG BpeMeHH TeOpeTHYECKH paBeH HYJIO.

eCMOTPH Ha yKasaHHHe 3aMeuanus, cnextp JlaBennopra 3KcCne-
PHMEHTaJLHO HajJeXXHO OGOCHOBAaH M B HacTosllee BpeMs HauGojee
Y3CTO HCNOJB3YETCH B HHIKEHEPHRIX NPHACKEHHAX.

[)l(éappnc [65] » Xuno [65] npeptoxuan cnektp THna Kapma-
ra {19]

kxu
uz)s 6

S, (n) = o " ; ®)

rae u=L(2)nfu(2); k,=04751.
Ilns L(z) pexoMeHayeTcs cllenyioliee BHpPaXeHHE:

L@@ =

363,693 (10 —
?()(2)130‘:, ©)

3
o 10

TAC Q¢ — TIOKa3aTesb CTENEHH B 3aKONe, ONMCHIBAIOIIEM li3MeHelne CKO-
pocTH BeTpa 0 BHICOTe; Yr(10) — HHTEHCHBHOCTh TYPGY/EHTHOCTH Ha
yposue 10 M, npunnMaeMas no dopmyre (2). Ilpeanoxennslii cnexrp
NOKa3blBaeT He3HAYHTEJbHOe H3MeHeHHe ero QOPMB ¢  yBeaHUYeHHEM
PaCCTOAHHUA OT NMOBEPXHOCTH 3EMJM.

BaxHoe 3HayeHHE HMEET YAaCTOTA /inux TAPMOHHKH TYpPOYJEHTHOroO
JBHJKEHHs, COAepaKaell MaKCHMaJbHyio 3Hepruo. B cmextpe [lamennop-
Ta fyux He 3aBHCHT OT BLICOTHI, LIEPOXOBATOCTH MOACTHAAIOUIEH NMOBEpX-
HOCTH M OT CKOPOCTH BeTpa, TOrKa KaK NaHHele B paGote [50] moxa-
3LIBAKOT, YTO YAaCTOTa MNuaux CHCKTPA CABHraeTcsd B CTOPOHY HH3KHX 4a-
CTOT NPH yBeJHYCHHH PAcCTOSHHR OT 3eMJH,
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Monyuennas B pabote [65] Qopmysa aAnsm onpesedeHts YaCTOTH
NHKOBOTO 3HAYEHHs CNeKTPa iMCeT BHA

C O [ g
Npgg = 0,00336———-(-— 7)
v o' 10

B nocsaeaHHe roasl BHABHHYIO HCMAJ0 NpPeRJOACHHA AJAS CIIEKTPOB
HY/JAbCAlHH CKOPOCTH CHJbLHBIX BeTpoB [67]. Obluee nas 3ITIX CNEKTPOB
TO, 9TO Ha BBLICOKHX 4aCTOTax OHit 6JH3KH K 3akoHy Koavoroposa MH-
HYC 5/3, OAHAKO O HH3KOYaCTOTHOW 06/acTi CHEKTPa BHLICKA3WBAWTCH
Pa3UYHLIE TOYKH 3PEHHS,

OHepreTHYECKHH CHEKTP NYALCABUH  BePIHKAJALHON  KOMIOHCHTH
cxopocTy, npesaoxennurtii Kefimanom [67], umeer sug

2f
S . (n.2) =k v} —————m (8
v U 0 53
“ 079 1..5,3f
nz
3A9Cb f = 'L"‘ ~ — OTHOLIeHHEe BLICOTHI K ANHHC BOJIT,

®yHKuKS KOrepeHTHOCTH, IIpocTpaHCTBEHHOC pacnpeiefeHiie MOPHI-
BOB ONHCHIBAET (JYHKUHS KOrepeHTHOCTH, KOTOPas XapaKTepH3yeT Kop-
penAutio NOPHIBOB MEXKAY ABYMs TOUKAMH B NPOCTPAHCTBEe AJA AAHHOM
YacTOTH 7.

[ 0poRO.bHONH KROMIOHEH1b CKOPOCTH B3aHMHAA KOPPEIALHOHHAN
GYyHKUHA MeXAY OYJbCALUAMH B ABYX TOUKAX 2; H Z; N0 BBLICOTE HMe-
et BHJ

Ry 2,, )y =10" (2, OV (3. 1 +-7),

dry GVHKLNI0 MOXKHO pPa36iuTh Ha YCTHYI0O M HeYeTHYI0 COCTaB-
Jasouiie

1
Rl" (Zl, 22~ T) = _2— [R{,-’ (zl' 22. T} 51- R!" (zl' 32,__ t)] —X<

1
-+ Y [Ru (21s 20 T) — R (2 2, — O] = B (24 2,0 - Oy (2.2,.0).

O6patubim npeo6pasopaniie Pypue MOJYHHM BIAUMHYIO CHEKTPATbHYIO
NAOTHOCT
o9 o0
Sy (2,-2,,0) = f Ey (2,.2,.T) cos 0T dT — i i o, (2,-2,.7)sin ordr=
- oC —_—

= CO (21,22, 0)— i K (21,22.0),

rie CO(2,. 23, ©) — KOCMEKTp HAM B3auMuult cuextp; K(z, 25, 0©) —
KB8aZparyphuii cnexTp.
Beaunuuua

- 1
¢ @) ¢ @) = Ry (2,2,.0) = Eir (2.2,.0) =—— 1 X

>;C0(zl,zz.o)) dw.
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Ma3ulBaeTCs KobapHauHeH, B3aanMuHA CNeKkTp YapakTepHayer BKaaj pas-
JHYHHIX YaCTOT B KOBaPHauHio, KBaApaTypHWH CMeKTP PaBeH HYMO NpH
yerHoh ¢yHKUHH R ., (21, 23, 7). HederHocTp nocaeaHero o6HUHO CBs-
3aHa ¢ HAJHIHeM MaKCHMAJbHOA KOPpedAUMH MexAy U'(2, 25, 1)
H U'(2,, 25, !+7) npH HyseBOM CABHTE NO BPEMEHH.

Korepenthas ¢yHKIHA (KOrepeHTHOCTb) 3alHCHIBaeTCA B BHAE

[So (zl,z,,u,m)|2 _
Sye (2, ©) Sye (25, @)

_ 002Gy, 2, 0)+ K2 (21, 23, 0)
- S, (2,,0) Sy (25,0) '

TlockosbKY B3aHMHasi CNEKTPaJibHAg NJIOTHOCTb CHrHaJIOp Ha BXO-
ne M BHIXOJAE JHHEfiHOM JHHAMHYECKOA CHCTEMH paBHa CHEKTPaJIbBOK
AJOTHOCTH CHFHAJNA Ha BXOJe, YMHOXEHHOR Ha NepeAaToyHYl (YHKIHIO
CHCTeMBbl, MOXKHO 3aNHCaTh

Sye (2102,,8) = S0 (25,4) Ry (2,2,,4) 9)

1ze R, (21, 22, #) —ko3pHIUHEHT BIAHMHOR KOpPPeasuHH TaPMOHHK

cxopocTefi (C Ge3pa3meprofi vyacToTON ) Ha YPOBHAX 21 H 22
o+ (20, 4) — cHeKTpanbHaf NNOTHOCTh MYJbCAUHH CKOPOCTH HA CTaH-
NapTHOM ypoBHe 2o (10 M).

3nechb NPHHATO, YTO CPENHHA KBAAPAT NYyJAbCAllHH NPOLOJbHOH KOM-
TIOHeHTH CKODOCTH H €e HODMHDOBAHHaAs CHEKTPAIbHAR NMAOTHOCTL He
38BHCAT OT BHICOTHL.

3unrep n Jasennopr [54] no uaMepenusM Ha MauTax BeicoToii 120
u 150 M B JecHoii H OTKPHTOR MECTHOCTAX YCTaHOBHJIH, YTO MHHMOM
yacTbio K03(pdHUHeHTa B3aHMHOfi KOppeasilHH, & CNeJA0BATEbHO, H
KBaJpaTYPHbIM CIIEKTPOM MOXHO mpeHebpedb.

B sTom c¢nydae kosdpHIMEHT B3aHMHOf KODPpEeNAUHMH MOXHO Npi-
HATh PaBEHM KOPHIO KBaAPaTHOMY H3 (YHKLUIH KOTePeHTHOCTH

Sy (24,25, 1)
Sy (70 4)

Koa¢pdpHukeHT B3aNMHON KOPPENALKH 3aBHCHT OT PACCTOAHHA MeX-

AY YPOBHAMH A2=2;—2;, OTHECEHHOT0 K JJHHe BOJHH u/f. YCTaHOB-
JIeHO, UTO eCAH Az H3MEpHTb B eAHHHULAX AAHH BOJH (OCh abculce

Az==njv), TO KOPPeNALUHA YMEHBIIAETCA C OAHHAKOBOA CKOPOCTHIO AJA
BCeX IJIHH BOJH H MO)XeT OHTb aMMNPOKCHMHPOBAHA BHIpajkKeHiieM THRA

naz

" (Azn)=e © 5 v (10)

coherence (2, 2, ©) =

Ry (2,2,.u) = = Vcoherence .

rae c=v/nL(o/n). VkTerpaisupil BepTHKAMBHMHA MAacuiTa6

L (_E_) = 5 R, (Az, -%) d (A2), (11)

Koadduuiterty ¢ B Bupamenun (10) MOXHO AaTh TaKoe TOJKOBa-
HHe, KaK H3BeCTHO, IVIOIaAb NOA KPHBOI R:j, (A2, n) uncnenHo pasna
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nonyMaciiraBy npoaonsHol myJdbcauuu v’ B HAADABJEHHH KODPPENSIHH.
Tag Kak 3Ta noulagb paBHa 1/c, TO maciital v’ B BepTHKAaJbHOM Ha-
NPABJNCHHH, H3MepseMbii B AJHHaX BouH, pasen 2/c. Takum obpasom,
B aimMochepe pa3Mep BHXPS DO BEPTHKaJ¥ COCTapiser OKosio !/, ero
LSIHHB BOIHRL,

Hast ycToiuHBBIX aTMOChepHHX ycaoBHil B Tabal | NpHBEAEHb! 3Ha-
uenHss KO3pQHUMEHTA ¢ AN PasjHYHHX HaNpaBJeHHHl H KOMMOHEHT
nyJascallHH CKOPOCTH Berpa, noaydenHble Kpamepom u /laseHnop-
ToM [53].

Tabnuua 1

Hanpasaeyne cxsura KomnoneqTsl MybCcauHH BETPa [4

Ipononsuoe Iponossras 8 (8)
Tlonepeunan 6

Tlonepeunoe I[Npogoasbuas 40 (20)
IMonepeynan 25

BepTukaasuoe lpononsuan 7(8)
Monepeunasn 7

B cko6xax yxasaHm 3H&UeHHR ¢, NPHHATHE B pa3gene «Berpesue
Harpysku» raasw CHull 11-6-74.

3. HOPMATHBHBIE H PACYETHHIE
CKOPOCTHHIE HAITOPHI BETPA

ITpu ompeReneHHH CTaTHYeCKOA COCTABJSAIOWEH BeTPOBOA HAarpy3xH
Ha COOpYXeHHE OCHOBHOH XapakTePUCTHKOK BETPOBOI0 PEKHMA MecT-
HOCTH fIBASIeTCA HODMATHBHHU CKOPOCTHO!H Hanop petpa. Ero Benyuuna
AJA JaHHOro reorpaduueckoro padoHa YCTaHaBAMBAGTCH Ha OCHOBE
CTAaTHCTHUECKOrO aHaJH3a KJIHMATONOIHYECKHX AaHHBHX 110 CKOPOCTAM
BeTpa B 3TOM pafoHe.

I'naenoit reodnsuueckoft oGeepparopueil uM. Boeiikosa paspabora-
HH KapThl CKOPOCTeH BeTpa pa3nuuHOi oGecnedueHHOCTH. Bes TepprTo-
pus CCCP no 3TiM kKaptaM pa3buta Ha cemb pafionos. IlpuBenenunie
Jas KaXA0ro paitoHa CKOPOCTH OTHOCATCH K Bhcote 10 M (ypomenb
aHEMOMETP3), COOTBETCTBYIOT 2-MHHYTHOMY OCPeRXHEHHIO H YCJOBHAM
OTKPBITOTO He3alLUHILEHHOTO MecTa.

JAag yCTaHOBJeHHs HODMATHBHLIX 3HaueHHH CKOpOCTefi AsiA pas3-
JauyHex paitonos CCCP nenosnb3osada ¢yHkuus pacnpenetenua Beit-
6yana, nOCTPOEHHAs HAa OCHOBE MHOPOJIETHHX COBOKYMHOCTEH «CPOYHLIX»®
Habmogenni 6e3 yyera nanpasJieHHs

b}
F)=PV >v)=e P/ (12)

rae F(v) — BepOSTHOCTL TOrO, 4TO CKOPOCTH BeTpa V HPeBOCXOAHT Be-
AVYEHY ©; B H y — NapaMeTphi, 3aBHCAIIHE OT BETPOBOrO PeXHMa HaH-
Hnoro paiona.

Jaa onpenerenus cxopocreil Berpa 3ajlaHHOf 06eCnedyeHHOCTH HC-
NoABL3YyeTCA METOA CTaTHCTHUeckOR Ssxcrpanoasuud [1].
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HoMmorpamma aas craaxusauns KPHBOR pacnpeiesieHniisi CKOPOcTed
perpa npuBeneHa Ha puc. 4. Ilo ocit abcurcce ornoikena B GHJOrapHd-
MuyeckoM Macwutabe ¢yHruua F, %, a mo ocn opauuaT — B JOTapHp-
MHYecKoM Maclutafe CKOpOCTH BeTpa, M/c. Kpome roro, Ha ocit abcumce
OTJI0XKeHa BeJHYNHA 71, NMOKAa3HBaOUlasg, BO CKOABKO JeT Habjwoxaercs
OANH CAydyaii 3agaHHoft ckopoctH. CBsi3p n n F(U) BHpamaeTca COOT-
HowenmeM

1
T NF (0)]

rae N — uHcao HaGMoAeHHl B TeqeHHe roaa.

Ipu nomours HOMOrpaMMH CKOPOCTH BeTpa 3ajlaHHod obecmeven-
HOCTH ONpPeReAfIOTCA CACAYIOIHM 06pa3oM.

B Cnpapoukrke 1Mo KJHMATy C(E.CP, uactp II1 [28], 1abn. 5 npu-
BelleHs! BEPOATHOCTH CKOPOCTH BeTpa no rpajauuaM (B % or obuiero
tnena Habmogennit 3a xaxau# roa), HHrerpanbhnie BEPOATHOCTH Bhi-
YHC/AIOTCA NyTeM CYMMHDOBaHHs YHCJA CaydYaep OT HaHGOJBLIUHMX 3Ha-
YeHHA CKOPOCTH K HAHMeHbWIHM, ODTH NOBTOPSEMOCTH HAHOCATCH Ha
HOMOrpaMMy, MO TOYKaM MPOBOAHTCH NPsAMas JUHHA OT 2 Mfc N0 Ham-
60JbINX Hab6aOA2eMLIX CKOPOCTell H Jajee TNPOAOJXAETCH A0 Nepece-
YeuHs C BEePTHKAJBHON JllHuel, COOTBeTCTBYIOWeH 3alaHHON TOBTOpse-
MOCTH.

n

Ta6anua 2

[epHon CropocTh BeTpa AnA Paftona
rlonTopReNoCTH 1 i 11 w v | vi| vn
loa 17 20 23,5 | 27 30 33,1 36
5 Jer 20,8 23,8 27,3 31,3 | 34 37,7 | 40,4
10 » 22 25,8 29 32,8 136,21 39,5] 44,5
20 » 23,5 27 31 34,2 | 38 41,2 | 45
30 » 24 27,4 31,6 135 38,6 | 41,8 ) 45,8
50 » 25 29,2 32,8 ] 36,5 | 40 43,2 | 48

Cropocil Betpa Pa3jHYHOi OGecrneueHHOCTH XA CeMH PanoHOB
CCCP, M/c, npuseaeHs B Tabn 2 [27].

Yder HanpaB/eHHA BeTPa MOXeT AaTb CYyllecTBelHoe CHIKeHHe
BETPOBOIl Harpy3kKd AJs COOPYXeHHH NpH pacyere KOTOPHIX HMeIOT
3nayeHHe BETPH OJHOro AByx pymGos [26].

TIpu onpeaeneHud nepuOAOB NOBTOPAEMOCTH CKOPOCTH BeTpa AN
paccmaTplBaeMoro pym6a cieayeT yd4eCTb, WTO npn 0G6GpaGoTke BCeh
COBOKYNHOCTH CPOUHBX Ha0MONeHHI nepioiaM NOBTOPAEMOCTH n=1,

23060 (TP
4 cpounblX HAGMIOAEHHAX B CYTKH), a HMEHHO 0,0684%: 0,0137%;
0,00684%: 0.00457%; 0,00342%. Ilpu ob6paboTke AaHHHX MO OTAENb-
nuM pymbaMm @ cooTsercTByloule 3HaveHns F{x/e) noakub ObiTh
ofipefiesieHs! N0 Gopmye

5, 10, 15, 20 ner cooTBeTCTBYIOT 3Hayenns F(x)=

F (x)
P '

F(x/a) = (13)



1ae P(a) — NOBTOPAEMOCTL BETPOB PaccMaTpiBaeMoro pyM0a.
11!"! OTMHCAHHA PaCNpeleTCHHR FOAMYHBIX H MECAYHHX Maxcuuymoa
CKOpOCTeH BeTpa MOXeT Guilb HCMOJAb3OBauo pacnpegencitiie [ymGens

’

Fi(v) =P (V -_v) =exp [-—- exp (— L—.—'—g:g-)], (14).

—oe Cv<Coo; a=>0, B O,

riae V, v-—caydafiHag BenHuHHa H ee TeKyllee 3ilaueHHe; o — Napa-
MeTp [ONOXKeHHSA; By — MaclITabHHA nNapaMeTp (NPOMOpUHOHAJEH CpeA-
HeMy KBaApaTHYHOMY OTK.IOHEHHIO).

Ta6bauuna 3

CKopoCTh BeTpa, M'C
TMoaTtopne- - ™ w ~ o «
MOCTb - © 1 ~ o n n T 1 “" “l'
LA T[T ]e]d)=z]|d]=2]4
Hudde- [22,2(31,5 {26,3 (12,3 {4,9 |1,4 (0,8 |0,3 (0,2 10,1 {0,01
penu Hasab-
Hast
Furer- | 100177,81146,31}20,0117,71)2,81]1,4110,61]) 31)0,11] 0,01
paabHas

Cnoco6 NOCTPOEHHA IIKAJAH Ha BEPOATHOCTIOR Oymare ajis pac-
CMaTpHBAeMOro pacnpejlesierns onucad B paGore [20].

PacuerHHe CKOPOCTHHle HAaNOPH YCTAHAB/UBAIOTCH C Y4CTOM clle-
UHGHKH H OCOGeHHOCTE paboTH 3A4HHA HJU COOPYKeHIs,

IMepHoa OAHOKPAaTHOrO NpeBbIUIEHHA PaCYETHbIX CKOPOCTHHIX HalO-
pOB MPHHSAT CJAENYIOUIHH: A/ XKHABX, OOLIEeCTBEHHHX H TPOMHIlAeH-
HHX 8AaHmit 10—15 Jer (Ko3pouuHeHT neperpy3kd n.=12); aas
BHICOKHX COOPYXEHHH (6aluHi, MauTh H T.1.) —20—50 ger (Ba=
=1! )

Hpumep 1. Tlo naumpiv HaOMIOAeHIi METEOPONOTHYECKON CTAHUHH
(Mockea, Cenbckoxo3siicTeliHasi aKaieMHs) ONpPeNeaHTs CKOPOCTh
BeTpa, NpesbllaeMylo B cpeflHeM OJHH pa3 B 5 Jer.

B TaGn. 3 3anicaHn BepPOATHOCTH CKOPOCTH BETPa MO rpajgauisam
yepes 2 M/c OT ofumero uxcina HabaodeHHfi 3a roi, NpHBEAEHHbIC
B 1a6a. 5. Cropasousnka no kauMaty CCCP, uacts I, n HRrTerpaJpHbe
BCPOSITHOCTH, BHIYHCJEHHBIE NyTeM CYMMIHPOBAHIA 4YHC/Aa CJayyaes oOf
HauGOMbIIHX 3HaYeHH{i CKOPOCTH K HaHMeHbIINM. JTH NOBTOPAEMOCTH
HaHOCHTCH Ha HOMoOrpammy (puc. 4), Mo TOYKaM NPOBOIAT MPAMYIO OT
2 M/c RO BEPTHKAJH, COOTBETCTBYIOIEH NEpHO]Y NOBTOPREMOCTH 5 Jer,
N onpefensloT TpeGyeMywo CKOpOCTb BeTpa vs=20 Mm/c.

pumep 2. Iaa Mereopodornueckoit cranuun (Mocksa, Cedabcko-
X03SIMCTBEHHAA aKajeMHs) YCTaHOBHTb CKOPOCTb BeTpa, OTBedalollle
NEPHOAY NOBTOPSEMOCTH 5 JeT AMA CeBePHOTO It CeBepo-BOCTOYHOrO
pymMO60B.

[To ta6n. 7 CnpaBoynuna no kanmaty CCCP, vacts IH Bbumncas-
10TCS CKOpPOCTH BeTpa no rpajanusM (%) aas 8 pymGoB nyteMm ocpen-
HeHHs TpHBeJeHHWX B TabaHlUe BepoATHOCTeH 3a Mecsau. Onpenensorcs
HHTETPa/bHBIE MOBTOPRAEMOCTH QMR KAaMw10ro pyMba, KOTOpHC HAHOCAT-
CA H& HOMOrpaMMmy.

BeposiTHOCTH CKOPOCTH BeTpa N0 HanpasjeHHAMy %, NpHBEACHH
B 1abn. 4, [Ina Kaxnoro pymG6a B MHCAHTEJe JAeBOro croabua rabGauiud
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Tabnuuna 4
é BeposTHOCTH CKOPOCTH BeTpa
8 = = = = = = . = 0
& o L= . q ¢ L& , S : = v ® A ) oL . ® -] - o & < o LK . N
< < - L] o L x [ ¥ e I = 'S o T ] ) = o o
© |§FE| B |33 BE |SZ3| EZ |85%| BE |2E3| 8i |gES| Bi |8EE| £3 |33 B2
£ Hes) =& | 284 28 | ZRF) £4 | ga5| E8 | &S| E& | E¥s| =8 | %83 E5 | g23| #&
% o [0 HANPABJCHUNM
&% CB B | IOB [ %) [ 103 3 c3
0—1 36,311,361 32,657,411 25,8} 7,20 30,311,964} 28,8 113,89 41.8 16,60} 41,6 15,53} 41,4} 16,05
3,0251 100 {2,7081 100 | 2,15 100 (2,525 100 2,4 100 13,483 100 (3,467 100 | 3,45 100
o5 72,9 8,34} 48,6 | 4,70 51,6 | 5,05 81,6 9,45 97,8 [11,49{ 12,5 |13,12{116,0{12,06}105,8{ 12,60
6,07 | 73,38} 4,05 (63,44 4,3 {70,15| 6,8 |78,32] 8,15 |82,73(10,792| 79,029,667 (77,678,817 78,51
6.9 21,9{2,261| 6,8 {0,65| 83 (0,75(27,4)12,65]35,0(3,3¢4{25,7/2,32]|95,41}2,3]36,9) 3,78
1,82 119,930,567 8,76 | 0,692 10,44 (2,283|22,16}2,917)24,06{2,142[ 14,0 |2,117|15,41|3,075| 23,58
10—13 3,6 10,44 ] 0,620,082 0,69 ) 0,06 | 3,66 0,37 | 4,0 0,43 1,63 ]0,182| 2,730,281} 6,3 | 0,71
0,3 | 3,87 10,052} 1,11 10,0575 0,83 10,305| 3,10 | 0,333} 3,67 |0,136(1,096|0,227{ 1,78 | 0,525 4,42
14—17 1,191 0,14} 0,26 | 0,03 } 0,03 }0,0025{ 0,66 |0,066| 1,06 |0,093| 0,55 j0,046{ 0,59 [0,049| 1,83 | 0,185
0,0991 1,23 }0,022( 0,41 {0,0025 0,03 {0,055} 0,55 {0,088}0,676}0,046{ 0,28 10,049} 0,32 }10,153] 1,15
18—20 0,49 0,04 { 0,1 10,008 0,13 10,011} 0,06 {0,005 0,39 | 0,033
0,041 0,36 {0,008( 0,11 0,011 0,09 0,005{0,04 — 0 T T 7 lo,033] 0,2
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Puc. 6. HomorpaMma 2is ONPeAeNeHHH CxopocTelt meTpa pasnuunof BeposTsocTn. Cesepuoe Ba-
npaBaeHne Betrpa (MockBa, CeabcKOXO3RHCTBEMHAR aKaaeMHs)
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ZaHBl BEPOATHOCTH CKOPOCTH 0O TpajauuaMm, %, sa Mecal, B 3HameHa-
Tese — 3a TOA. B uicqHTese npaBoro cCroabla JaHH HHTErpaabMbie
HOBTOPAEMOCTH, B 3HaMeHaTeJe — HX OTHOCHTeJbHble 3HaveHns. Ilo-
cJeHHe HaHOCATCA HA HOMOTDaMMY.

VYenosuue seposatHocTit F(x/a) onpeneasiorcs no ¢opmyare (13).
Jns cesepHOrO N CeBepo-BOCTONHOro pym6os mnpu Pc{a)=11,36%
n Pc.a(a) =7,41% (cM. 1a6a. 4) mepHoay MOBTOPSEMOCTH 5 Jet coor-
BETCTBYIOT YCJIOBHbie BepoRTHOCTR Fey(x/a)=0,12%; Fec-s5(¥/a)=
=0,185%.

Ha puc. 5 npuseieHa noMorpaMma Aas ONpeAe/eHHS CKOPOCTeH
BeTpa Pa3NHYHON BEPOATHOCTH AN CeBepHoro pym6a. Kak 3to Buano,
HOPMATHBHAs CKOPOCTb Ucy==18 m/c.

Vi3 pacCMOTpeHHst CKOpOCTeil, COOTBETCTBYIOUIHX HOPMATHBHOH no-
pTOPAEMOCTH (§ JneT), creayer, 4TO 3HAUEHHA Us(0), YCTaHOBJEHHMLe
AN OTAEJIBHLIX PYMOOB, NONYYAOTCH Meubllle MOAYJA CKOPOCTH BeTpa
Us N0 BCeM HanpaBJeHHAM.

4. BEPTHKAJIbHBIE NPO®HJIH HOPMATHBHBIX CKOPOCTEH
H CKOPOCTHbIX HAIIOPOB AJA PA3JHYHbIX YCJIOBHH
NoACTHJIAIOUEH TOBEPXHOCTH 3EMJIH

B HacTosllee BpeMs [AA ONHCaNHs BEPTHKAAbLHBIX Npodniei
CPeAHHX cKOpPocTed BETPA HCMOJB3YIOTCS:
CTeNeKROU 3aKoR

v (2) =* Uagen (7-3;:‘ )a; (15)

rAe U(Z) ¥ Uapen — CKOPOCTH BETpa Ha YypOBHE Z # Ha CTAHAAPTHOM
ypoBHe pacnosoxenusi aneMomerpa (10 m). ITokasaTenr crenmeHn sapu-
CHT OT TeMIepaTypHOH CTPaTHQHKAUKH, IIePOXOBATOCTH NOACTHJIAM0O-
nieii NOBepXHOCTH H OT CaMOfi CKOPOCTH BETPa;
Aozapughmuneckuil 3akon
In Z
2y

' (16)

v (2) = Vanen
ZaHeM

%

In

TAe Zo — JlapaMeTp MepPOXOBATOCTIL

TouHOCTL aNNPOKCUMAUHH NpodHAER BeTPa B NPHIEMHOM (lce
aTMoChepH CTeNMeHHLIM INTH JOTAapHPMHYECKHM 3aKOHAMH PACCMaTpH-
BaJlacb BO MHOTrHX pafboTax.

B pa6otax [18, 22] Taxoe cpaBHeHHe NPOBeXeHO N0 AaHHHM JO-
CTATOYHO HAReXHHX M3MepeHili, NPOBOAHBWIHXCA A0 BHCOTH 300 M na
Maute B OOnuucke, Kpome TOro, 6HAH 06pabOTaHH pe3yibTaTH Ha-
GaofeH il HAa TeseBH3HOHHOA Maute B KHese I Ha HECKOJbKHX MayTax
3a pyGexom. Tlpoduin Berpa OCPpeAHANHCL NO CKOPOCTH BETPA Kak
y NOBEPXHOCTH 3€M.IH, TaK i Ha BHICOTAaX, a TaKxke [0 THNY TeMnepa-
TYpHOIl cTpatHdukauun arMocdepnl. DBHJIO ycTaloBIeHO, UTO CpeAHiie
CKOPOCTH BeTpa B CJOc atMocdeps A0 BHcOTH 300 M annpoKCHMHPY-
10TCA CTemeHHBIM 33KOHOM HECKOJIbKO TOWHee, YeM JOrapHMIYecKnM™.
Hpu ciabHHX BeTpax Ha Boicote 200—300 m ¥ ycroifiunso#t crparudu-
Kauuu atmocdepn npodiuml ckopocreir B caoe 200—300 M 3HaAuMTEHR-
n0 TOuHee ONNCHBAIOTCH CTENEHHHM 3aKONOM, YeM JIOrapHOMHYECKNM.
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Yuuteipag 5710, B 14aBe CHull I1-6-74 «Harpysku u Bo3aehcTBuA.
HopMbl 11pOeKTHPOBAHHA» MPHHAT CTENeHHOH 38KOR H3MEHEHHA CKO-
POCTHLIX HaNMOPOB 1O BHCOTE.

Bausanue Temnepatyphoit cTpatndmxkaumn. C Bo3pacTaHneM CKo-
POCTH BeTPA YBENHYHBAIOTCA €€ BCPTHKaJbHRle TPajHEHTB Y CaMoi
NOXCTHAIOWEHl NOBEPXHOCTH H NPOHCXOAHT YCU/eHie BePTHKAJLHOTO
MEePEMELIMBAKKA MeXAY CMEXKHbIMM CNOSMH BO3AyXa, DTO NPHBOAMT K
pOCTY IpajHEHTOB CKOPOCTH He TOJAbKO BHH3Y, HO H BO BCeM NpH3eM-
HOM cJjoe. BiusiHne CTpaTHHKAUHH nNposBaseTcs B YCHAEHHH uHAH
ocJa0eHHH BePTHKaJLHOrO o6MeHa MeXAy CJAOAMH BO3AyXa, Ycroitui-
BOCTb BO3AYUIHBIX CN0€p 3aTPyAHAET BepPTHKAJbHHI oOMeH, T.e, Ifpe-
MATCTBYET BHPABHHUBAHHIO CKOpocTeil nmo Bmcore, [l1osTOMY BepTHKaJIb-
lille TPajHEHTL CKOPOCTH BeTpa HPH YCTORUHBOH CTpaTHQHKAUMH OKa-
36iBaloTCs GOMbUINMY, ueM MPH HeycTofiumBoil. Onuako € yBesnHueHHeM
CKOPOCTH BeTpa pas/jHyHe MEXAY HHMH YMEHbIIAeTCs 1i NPH HEKOTOPOM
UOCT3TOUHO OOJBIIOM 3HaYeHHH CKOPOCTH, BepOATHO, KCUe3aeT COBCeM.

OTMeueHHBIl (akT CBHIAETEALCTBYeT 06 yMeHbUleHHH pOMiH CTpa-
TH(HKALHE DPH BO3PACTAHHH CKOPOCTH BeTpa.

llepoxopatocT, NOACTHAAIOWEH MOBEPXHOCTH SBASETCA OJLHHM 1
OCHOBHHIX (AKTOPOB, BIHSIOLHX Ha (opMHEPOBaliHe NpodHJeHr CKOPOCTH
BeTPa B TMOTPaHHUHOM cioe aTMochepnl. Ee pausunue na npoduan serue
BCETO OLEHUTb Npu Ge3pa3auusoi cTpaTHMKauud arsocdepnl, Koraa
3TH NpodHaH HAHGO/ee TOYHO ANNPOKCHMHPYIOTCA CTENEHHBLIM HJH JOTa-
pHdMHuecKkHM 3aKoHaMH. CpaBHHB MeXAY coBoil 3HaueHHs o npu Oes-
pPa3aHYHOl cTpaTHHKALHH B MyHKTax ¢ PasHOMl CTeneHbi0 WIEPOXOBATOCTH
MOACTH/AAIOUIEH NOBEPXHOCTH, MOXHO IOJIYYHTL KOJAHUECTBCHHDIC OLEI-
KH DJHSHHA 3TON LIeDOXOBATOCTH Ha BepTHKAJbHHe fPODUIH BETpa.

B 7abn. 5 npuseaens 3H3YEHUs «, BHUMCJAeHHHe UpH Geapasamy-
Hoii cTpaTHOHMKauux atmocdepyl Mo AaHHBIM H3MepcHHi Ha 14 maurax,
PACIIOJOKEHHEIX B MECTHOCTAX ¢ pasnofi nojacrunaiouleii mnopepx-
nocTeio [22].

H3 rabanupl BHANO, 4TO 3HAUEHHR « MEHAIOTCH B WIHPOKIX mpeae-
Jlax; Hal DOBHOA MeCTHOCTbIO OHHM CYILeCTBEHHO MeHbule, YeM Hajg ne-
peceueHHOH M HeoxanopoaHoi. HanGosbuwiee BaiissHHE Ha BEMIUHHY W
OKa3blBAET HENOCPEACTBEHHOE OKPYXEHHe MauTh. KpynHble 3aeMeHTI
IUEPOXOBATOCTH, He Iaxoaslunecs BOJH3N MauThl, 3aMETHOTO BJHAHHH
Ha npoduab npd 6e3pasaHuHoll CTPATHGHKAUUM He OKA3LIBAIOT.

s BbIfiCHCHHs BJIHAHHA ILEPOXOBATOCTH NOACTHJAIOWIEH MOBEPX-
HOCTH Ha mpodu/b BeTpa NPH GOJBLWIHX CKOPOCTAX y NNOBEPXHOCTH 3eM-
Ji GBIIH BBHIYHCJAEHH 34aBHCHMOCTH @ OT CKOPOCTH Ha HIlZKHeM YypoBHe
200-MeTPOBOrO C€JI0s1 aTMOC(eps NO AaHHBIM H3Mepedult Ha Madiax
B Kuese, Hosocn6upcke, Jlennurpage u OOuuncke BuicoTa HHXKHEro
ypoBHA H3MepeHuit 6ulna oT 24 g0 32 M.

Kak noxasan aHajdH3 /laHHHWX H3MepeHHH, npi OAHOH H TO# ke
CKOPOCTH 3HAYEHHS ¢ B PASHBIX MyHKTax HEOAUNaKoBW. Tak, NMpH CKo-
poctu 10 m/c BeauunHa « Aas Kuesa, rae 3alHU(eHHOCTh MAUTH Hail-
Gosbuias (OHAa OKpyXKeHa 7—8-3Ta:KHbIMH [OMaMIi), COCTaB/fieT OKOJIO
0.3 HaumeHpuiee 3HaueHHe a noaydugoch aas O6uuucka (okosao 0,1).
HAans Jlennurpasza n Hosocu6ipcka, rae napaMeTp iuepoNOBaTOCTH €O-
ctasager 1—2 M, a cocrasaser okoao 0,2.

Bausnue cxopoctw Berpa. B palore [19] npiseaenn naHHule Iic-
C/IeR0BaHHIT Npoduaedi, BHINOJHEHHBX 110 MaTepHajnaM HIMepeHNH we-
CTH TeNeBM3HOHHBIX H OAHO{  BHCOTHON  METEOPOAOTHUECKON  Maur,
pacronoxenubix Ha treppuropun CCCP,
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Ta6auua b

nN; Haabanse NyHKTa a H, MecTononomenne MyHKTA
1 | Keux6opu (®PT) 0,2 2—70 | Jlyr. wusropomu H3 Ky-
CT4apHHKA

2 | Hugeppeiin (®PT) 0,3 3—103 | Ma1osTaxusle 34aHus

3 | Kensn (®PT) 0,34112,5—90 | I'opox

4 | Byucropgp (®PT) 0,51}11,5~79 »

5 | Haysn {Fepmanus),] 0,12 22581 PosHast MeCTHOCTb

1912—1916 rr.

0,39

6 | Kuen (CCCP) ~—| 32—180{ Llentp ropoma, MHOTO-
0,32 sTaXKHbIe 30aHUA

7 | Kasaryun (Slnowns) |0,26f 10—312| Pucossie noas, Mmecrams
COCHOBblE DPOUH
8 | Yenap-Xumn (CIUA)) 0,14 9—137| Papuuna, tpassisas pac-

THTEALHOCTD

9 | TannMsLK, Oraiiol 0,2 11—49 { Popnast MeCTHOCTD
(CILA)

10 | Xandopa, Bawmnrron|0,12| 15—122| Topuas mecTHOCTH
(CLLIA)

11 | Afraxo-®oac (CIIA)10,18 6—61 | IlycThius

12 | Bpykxesen (CHIA) 0,29] 11—125| B6su3su geca

13 | Xapysaan (Auraus) 0,08 927 | Aspoapom

14 | O6nugck (CCCP) 0,15 82891 B 400 M sec n B 800 M
MHOTO3TaXKHHE 3AaHHA

AHanus pe3yabTaTOB MHCCAEZOBaHMA IOKa3mBaeT, YTO MOKa3aTelb
CTeNEHH @, KaK MpaBHJO, YMEHBIUIAETCA ¢ YCHJeHHeM BeTpa y 3emJn.
S710T NPOHECC, KOTOPHIK MNPOUCXOAMT BO BCeM AHANA30HE 3AMUCAHHBIX
CKOpOCTel BeTpa, 3aMeAnsieTcsl NPH GOMBLUIMX CKOPOCTAX.

Ilo panunimM H3MepeHuil, NPOBeAeHHHX Ha 150-MeTpoBoit MauTe
B Cane (ABcTpajusi), YCTRHOBJAEHO, YTO MOKa3aTedb CTENeHHW O VMEHh-
maetcs or 0,19 npa cxopoety merpa 10—11 wm/c Ha seicote 12 M Jo
0,10 npn cxopocty 22 wmfc, B Ob6unacke o ymeHbwaercs or 0,5 Zo
0,10—0,12 npn nsMedenuu cKopocTs Ha Bucote 8 M or 1 ;o 10 Mfc,
ITpy ouenp CHJABHOM BeTpe y MNOBePXHOCTH 3eMJH @ GJH3KO K HYJIO,
T. €. CKOPOCTb BeTPa BLIPABHHBAeTCs MO BHICOTe BO BCeM cJioe.

BepTuxkaasnpe npodnin CKOPOCTER n CKOPOCTHHX HAnNOPOB BETPA,
Jlast nocrpoeRHss Takux npodHiIed BBOAATCA CaeAylOliHe THAB MOJACTH-
Aaolleil MOBEPXHOCTH 3€MJH B 3aBHCHMOCTH OT CTENEHH ee 3allHIjeH-
HOCTH:

THIl A (MECTHOCTL €O C/aGof 3aUIMINEHHOCTHIO) — OTKPHTAs MeCT-
HOCTb (CTemnmu, JecocTeny, NMYCTHIHH, OTKPHITHe Nobepexbss Mopei, o3ep,
BOAOXPaHRJINIM);

TN B (MecTHOCTH € yMepeHHOi 3aIUHIIEeHHOCTbIO) ~— JIeCHBIE Mac-
CHBBI, OKDaHHBl rOpoJOB H T0MY n0XOOHHE MECTHOCTH, papHOMepHO
NOKPHTHE NPEeNATCTBHAMA BHCOTOH Gosice 10 M;

T B (MecTHOCTb C CHMABHOH 3aLHUIEHHOCTHIO) — PafiOHH KpyM-
HEIX TOPQAOB, HMelomHe He MeHee 50% 3xauuit BOCbMH H Gosee 3Taxseil,

HAnn onpepenenss npoduns cpeAHeir cKOpocTH Berpa /[laBeHnopt
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ApeasiaracT HCROb30BAaTh KapTy CKOPOCTeH IpafiMeHTHOTO Berpa. Ta-
Kan KapTa GHlJla IOCTPOeHA C y4eToM HIEDOXOBATOCTH MNOACTHAAlOmeR
fI0BEPXHOCTH B paiilOHe METEOCTaHUHM H C HCNOJb30OBaHHEM COOTBET-
cTByoulero npoduias cpepHeit ckopoctH Betpa. CpefHas CKOpOCTh Ha
yPOBHe Z OnpeReaseTCs B 9TOM c/lydae N0 GopMye

v (@) = vg (2/zg)*, (17
TRe 2¢ — rpajHeHTHAass BHICOTA; Ug — CPeHAS] IPajHEHTHAS CKOPOCTb.
Ha ocHope ananu3a jAaHHbx Ta6a. 6—8 Jlasernopr B paGore [56]

peKOMeHAYeT TPH BEDTHKAJbHBHX NPOPHAA C MOKA3aTeNIeM CTEMeHH
o, =0,16, a5=0,28, ag = 0,40 n c rpaaueHTHOR BHCOTOH 26, paBHOH
cootBercTBeHHO 270 M, 390 M u 510 m. [To 3THM 3akoHam onpejessioT-
Cfl CKOPOCTH B€TPa 10 OTMETKH 2g; Bbillle 3TOH OTMETKH CKOPOCTb NpH-
HHMAeTCsi MOCTOSIHHOH.

B CCCP cxopocTu BeTpa AJs Pasii4HBLIX reorpapuyeckux pafio-
HOB YCTQHOBJEHH Ha OCHOBAaHHH JaHHHX HabJloeHul, 3andCaHHBIX
H2 OTKPHTO PacClOJJOXKeHHHX MeTEOCTaHUHAX, XAPAKTePH3YIOLIUX BeT-
POBO#l peXKBM BHE BIHAHHS HaceNeHHOro NMYHKTA,

Ec.1H OpHHATb, YTO TaKHe CTAHUHH PacloOJIOXKEHH B MECTHOCTH TH-
na A u npunath g, =0,16, 10, HCMOAL3Ys AaHHHe 1a61. 5—8, MOXHO

TIOCTPONTL BepPTHKAJbHBIE NPOPHIM CpeiHHX CKODOCTHHIX HaNopos JNAR
TPeX THNOOB MNOACTHJAAIOLEH NOBEPXHOCTH 3E€MJH.

Ha puc. 6 npuBeledn BepTHKaJbHBE NPOPHAH CPEAHHX CKOPOCT-
HWX HaNopoB, BHYHCJEHHHE IO GopMyJie

9o1(2) = qo k1 (2), {18)

z 2oy
rnekt(z)=k¢(10)(—-l?)—) , (=A,B,B);

Go — HOPMATHBHHII CKODOCTHOH Hanop Ha yposie 10 M; @y =0,16;
ag =0,22; ag =0,33; k, (10)=1; kg (10)=0,65; £y (10) =0,30.

k, (10) onpeaensercss H3 YCJOBHS DaBEHCTBA Ha rpaAHEHTHOH BHCO-
Te (rfie TpeHHe BO3JyXa O MOBEPXHOCTh He CKA3LBAETCA HA ero MABH-
KEHHH) CKOPOCTHOrO Hanopa ¢oe¢ AJsi BCeX PacCMATPHBAGMHX THOOB
noacTHaawulell nopepxHocTH. IIps rpaAienTHON BHcOTe 26=350 M
CKOPOCTHbie HAMOPH §gp, Jop, Ggp OTHOCHATCA Kak 1:0,66:0,3, a cko-

pOCTH UIOA’ UIOB' leB KakK 1 .'0,81 H 0,55.

[TpakTHKa NPOEKTHPOBAHHA XMMJLIX DaiiOHOB CO 3AaHHAMH [OBH-
menHol 3raxuoctn (2630 staxelt) B kpymumx ropoaax CCCP mno-
TpeGoBala OTBETa HAa BONPOC O BEPTHKAJLHOM MpodHJIe CKOPOCTHOTO
Hanopa AJs 3[AaH¥i B TAKHX paiiOHaxX, BO3BOJAHMBIX, KaK NPaBHJO, HA
OKpaHHaX rOpojOB.

B nepuo/ CTPOHTELCTBA OTAENbHBHIE KOMIJEKChl PaifiOHA3, He 3aLuH-
LUeHHble COCENHHMH 3JaHIAMH, MOTYT pacCMaTpHBATbCA KaK 31aHHA,
pacnosioMceHHbe B OTKPHTON (c1ab0 3au(ulIeHHON) MeCTHOCTH (MOKa-
3aTe/ab CTeeHM B 3TOM CJIyYae Ro/uKeH 6niTh npuHaT pasHum (,16).

Tlo OKOHYAHHH CTPOHTENLCTBA 3KaHHR OGYAYT HAXOIHTHCA B YCJIO-
BHAX CHJIbHOIT 3alUHiNeHHOCTH. B aToM c/lyude MOXKHO AONYCTHTb CHHIKe-
HHe HODMATHBHOA CKODOCTH 1O CPaBHEHHIO CO CKOPOCTbIO B OTKPHTOR
MeCTHOCTH Ha 40—50%. Takoe cHHIKeHHe COOTBeTCTBYeT TNOKa3are-
Jo crenewn a=0,33, HOpMaTHBHLII CKOPOCTHOM wnanop Ha CTauXApT-
HOM ypoBHe ¢gp ==0,30¢gs, TAe oo — HODMATHBHLA CKOPOCTHOA Ha-

nop AAst OTKPHTOA MECTHOCTH,
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Ta6auua 7

Moxa3arenn cTetieHn & AJI% ropojos

Fopon H:;;':aﬁf::m § §§ E an Tipumesauun
Aqn 8o &
mmm CeE
Ilapux Shdens 300 [ 0,45 |[lo samucam Tpex
yparaHos
Jlenunrpan Apneas u Kmou- | 147 | 0,41 | Usmepeunn una
HHKOBA Galwme, HEHTP ro-
pona
Hbsio-Plopxk Pat6an 375 | 0,39 | Usvepenus na BH-
COKOM 3J2HHH
Konewrareu HUencen 72 | 0,38 | Msmepenun Ha
Gaune
Jlongon (Benu- | lleanapx 180 | 0,36 | To ke
KOBpuTaHN)
Jlonaon (Ka- | Haseunopr 41 0,36 | To xe, oxpauna
Haza) ropoaa
Kues Apuess u Katou- 177 1 0,35 | To xe, ueutp ro-
HHKOBA poaa
Tokuo IllnoTauu 1 60 | 0,34 | B6ausn Kopones-
fimMaMoTo CKOrO XBOPHA
» ComMa 246 | 0,33 | U3mepeuns Bo spe-
MA TaiipyHa, ropox
Monpeans — 295 | 0,28 _—
Cenr-Jlyuc —_ 136 10,25 —

TaGauua 8

Ckopoctp BeTpa 2% -Hoii 0GecneueHHOCTH B TOPOAAX
H ajponoprax

Fopoga Asponopim
CKOPOCTDb, CKOpocTs,
npuBeaeH- TIPUBEAEH -
T'opoR BHICOTA CKO- Had K BHICOTA CKO* Haf K
aHeMo- | pocTs, | cTangapr-| anemo- pocTs, | ¢Tranpapr-
MeTpa, M M/c HOMY MeTpa, M M/C HOMY
YPOBHIO, Yposuio
M/C M/c
bBocrou 66 32,? 18,2 19 46 41
Hswo-Xesen 46 26,81 16,25 13 33 32,2
Yukaro — 25,6 — 11 31,3 —
Kansac-Curu 54 28,21 16,3 22 42,5 37,4
gg 29 5 19 20 40.'; 36,4
25, 17,2 21 39, 35,4
Ouaxa 57 | 32.6| 18.4 13 |384| 3
33 22,8 15,4 9 34,9 34,9




YunTHBas CKRa3aHHOe, B PykoBoACTBE paHOHH KpYMHHX Tropoaos
OTHECEHB K MEeCTHOCTH THna B (a==0,33).

B Ta6s. 2 npusefedn KosbduuuentH k;(2) RJA TPeX THINOB MecT-
HOCTEH R AJA COOPYXKeHHH, PACNOJONMEHHBIX B OTKPHITOM Mope (a==
=0(,09). B nocaexneM ciaydae CKOPOCTHOH HANoOp ¢o OUpeleiserca 0o
CKOPOCTH, 3aniCAHHOH B paHOHe pPaCmoJIOYKeHHs1 COOPYXKeHMHs.

IlpoBenennne B I'naBHOH reodusnyeckoh obcepsaTopun HM. Boei-
KoBa HceaenoBanus [18] mokasanm, 4TO OCpenHEHUble 3HAUeHHA NOKa-
3aTeqf Crenedy « LJAR MeCTHOCTel THua A, b, B paBHbl COOTBETCTBCHHN
0,1,02 u 0,3.

Joo —

Puc. 6. Bepruxaashme napoduax YA
CPEANHX CKOPOCTHHN HANopos aas
YerMpex THNOB NOACTHAAOMEN no- 200 ‘52

BEPXHOCTH 2 /.
A ~—~ OTKDBITHIE MECTHOCTH (cTCnH, ne- /
€OCTENH, NYCTHHHM, OTKPHTHE noGe- /
peXus mMopefi, o3ep, BOXOXPAHHUAKINL); 100 7
B — ropoaa, AecHbie MACCHBLL K TOMY 4 A
noaoGHLIe MECTHOCTH BHICOTONH Goaee

10 Mm; A
1A

B — pafonnwt XpynmmxX roponos, ¥Me- 0" 0'”, 7 Txf2]
wuise He MeHee 50°% 3aaHHR BOCALMH o Yeaobuwe OOPINGYERUR,

n Oonree stamedt — —— OTNpBO 11OPE

OTHowenne HAHOOJbeA 32 NATH JET CKOPOCTH B YMEPEHHO 3aIlllH-
LIeHROK MecTHOCTH (THN D) K ee 3HaueHHIO B YCAOBHAX OTKPHITOH
MEeCTHOCTH Ha BumicoTe 10 M Haj NOBEDPXHOCTBIO 3eMJAH COCTaBjAseT
0,81—0,85.

OTHolleHHe MAaKCHMAJILHOH CKOPOCTH B paiHOHax ropoioB €O 3paa-
HUAAMH TOBHIUEHHOH 3Ta)KHOCTH (MeCTHOCTb THHa B) K MagcHMyMmy
CKOPOCTH B OTKPHLITOH MECTHOCTH oka3adoch pasHuiM 0,55. Kaxk BmAHo,
3TH OTHOWIEHHS BeCbMa OJIH3KH K OTHOIUEHHAM HOPDMATHBHHX CKOpO-
crelt B MeCTHOCTH THNa b n A n Tuna B n A, npnseldenHpiMH BLlne.

Ha ocHoBaHHH 3THX HCC/IeOBaHHIl MOMKHO CUHTATh, YTO DEKOMeEH-
AYyeMbl¢ NOKa3aTeNH CTeNeHH A8 MeCTHOCTed ¢ yMepeHHOH H CHAbHOM
samumentocTH (tHnet B u B) goctatouno HagexkHBl RJAA NOCTPOEHHS
BEPTHKANBHBIX NpodHIeli HOPMaTHBHBIX CKOPOCTHHIX HANOPOB.

BepTHragabHbie NPOGNUIN CKOPOCTHHX HANOPOB Ha TpPaHHUE ABYX
HOACTHAAIHX NOBEPXHOCTEA C PA3NHYHOH CTENEHbIO 3AIMHUIEHHOCTH.
Ilpu nepexole OT OTKPHITOH MECTHOCTH K OKpaHHe TroOpoOAa HJAH OT
OKpaHHbl K UEHTPY ropoja i Hao6opoT HPodH/Ib CKOPOCTH AJA MECTHO-
CTH, PACNONOXKEHHON BHIE MO TEYCHHIO, NOCTENEHHO npHucrocabiusaer-
€4 K NPOPHMO JANA MECTHOCTH, pPaCNOJOKCHHOH HHXE 10 TeYeHno.
B 3tom cayyae Ha rpaHhue aByx nopepxHocreit (puc. 7) passHBaercs
DHYTPEHHHH TOrPaHNYHBI C/10/, OTAENAIOUIMIT PeXilM NOTOK3, MPoduAb
KOTOPOro NPHCIIOCOGUJICH K MOBEPXHOCTH, PACMOJIOXCHHOA HHXKe No Te-
YeHHIO, OT BHEWHero NOTOKa, KOTOPHA AOQ 3TOR FPAHHUMN HE HCOMTHBA-
€T BANSAHHE HOBOIl NOBEPXHOCTH.

9}



Caenys [79). 3aBucnMOcTb MexAy rayGuHON BHYTpeHilero norpa-
HHYHOrOo CJI0si & K PacCTOsHNEM x MOXHO 3aIHCATb B TaKOM BHAE

b ©x \0.8

— = c(— , (19
202 202 ‘

rae C — MeaseHHo MEHAOWAACA (PYHKUHS OTUOWEHH NapaMeTpos

202 .
uiepoxoBatocTH ——, C=0,75—0,03 In (255 '2g;) . (20)
z°l
3davenus rayOnubl BHYTPEHHEro NOrpaHHYHOro cios 6 Kak ¢yini-
Ui PAaCcCTOSAHHA X TNpHBeAeHHW B Taba. 3 PykoBojacrsa.
podHIM CKODPOCTH BHIlIEe [ HHKE BHYTPeHHero MOFPaHAYHOro
C10fl OnpefeqsioTcs No (popMyaam:

— U z

mp 2z 8 vE)=—1In——;
o 21
— Ura 2
mptz <8 ov(2) = In—, @n
ko 202

rae ko — KO3()QUUKEHT CONPOTHBJEHISE MOBEPXHOCTH, 3aBUCAULM OT
CPL'llHel"l CKODOCTH Ha CTaHAAPTHOM YpOBHE; Ury, Ur2 — CKOPOCTIl TPpC-
HNA; 20y, Zo2 — NMapaMeTpPhl ICPOXOBATOCTH.

Ha rpannue pasgena z=

8
In
[ST Urg ¥4 Zo1
—In— =—%In , OTKYAA Urg = Ugp — 1 (22)
k 2y k 2y, In 5
2oz

rae Uri= ) koUjg, TAE Ujci — CPEAHAA CKOPOCTh Ha  CTAaHIAPTUOM
ypOBHe

3HaueHHs KO3(HUMEHTOB CONPOTHB/ICHIIA R, I NapaMeTpos ILue-
POXOBATOCTIl 2o NPHBeleHb B Tabu. 9.

B cayyae CTENEHHOro0 3aKOHAa BBHIPAXKeHHUs /11 BEPTHKAJAbHBIX APO-
$uaell HOPMATHBHLIX CKOPOCTHHX HANOpPOB NpHBeAeHsl B 1. 4.2,

Brymoermei nocpamay- | 4"
-HOlL N0 =
/
) /
., @ //
7 e A
aparems weooroba: Py |o X 2y

mocmit

Pxc, 7. BepTuKkaasHue NPOPHAM CKOPOCTER BETPA Ha FPANHMUC RBYX HOACTNAAD-
JILHX NOBEPXHOCTER ¢ Pa3nuIHOA IEPOXOBATOCTLIO
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Ta6auua 9

INokasa- | KosddBunenr
Tens conpotusae- TMapaverp
Tun MecTHOCTH crenexi wims rlopepx- | LePoXoBaToc-
« HOCTH Ry TH, 2y ¥

OTkphwTas MeCTHOCTs (THRN A) 0,16 0,005 0,01—0,1
JlecucTas MeECTHOCTb, OKPaHHH 0,22 0,015 0,2—1
ropoaos (thn B)
JeHTpt H pafioHH KpynuWX ro- 0,33 0,05 1—-5
pooB CO 3JaHHAMH NOBHIWEHNON
3ITAXKHOCTH

5. BO3BAEACTBHE BETPA HA BbICOKIIE COOPY)XEHHA
H 3NAHHA

BrinyxpeHNrie KOAe6aHHUA COOPYXKEHHR npr pelicTBun TYpOynent-
woro Berpa [2—13, 15, 16, 54—58, 81]. B paccwmarpusaeMoii 3amaue
caefyer pas3nnuarts ABa 9rtana. Ilepebifi 3Tan 3akoyaercs B npeoGpa-
30BaHHH NOTOKA BeTpa, XapaKTepH3yeMOro CKOPOCTbIO U(2, !), B jei-
CTBYIOIlHE Ha COOpYxeHHe BO3MYylalllHe CHAW, DTO NpeoGpazoBanue
OCYHIeCTBARETCA NPH MOMOUIH MEPEeRATOUHON (YHKUHH, 3aBHCAIMEd OT
OTHOCHTE/ILI[LIX Pa3MePOB COOPYKEeHHA If OT JJIHH BOJH — FapPMOHHK
11yAIbCaUHH CKOPOCTH.

Tlpon3speneHne sHepreTHYECKOrO CNEKTPa CKOPOCTH M KBaapaTa Mo-
AyJs a3pOJAHHAMHYECKON IePefaTouHoil QYHKWINS HaeT CIEKTP BO3MY-
majsouteit cuibl, AefcTByIONEH Ha COOPYXeHHe.

Bropoit atan 3akaioqyaercs B npeofpasoBaHHil BO30yAKAeHUs B ABH-
JKEHHE COOPYXKEHHA, OCYLLECTBAACMOM NDH IOMOULI BTOPOli NepeRaTou-
HOR  QYHKIIH, 3aBICsUleil OT COOCTBEHHHX 4aCTOT KOJeGaHHA Coopy-
MEHIA H OT CyMMapHoro Ko3agdHuienta ANCCHOAUHE 3HEPTHH Ko.e-
Ganuih.

TpyaHOCTH, BO3HIIKalOlle NPH pelieHHn 334aiH, CBs3aHH B OCHOR-
JIOM C OUEHKOfl JAeilCTBYIOUHX Ha Hee MNePeMEHHLIX BETPOBHX Ha-
I'PY30K.

B To BpeMs Kak CKOPOCTb HEBO3MYLICHHOTO MOTOKA Il MrHOBeHILe
AaBJIeHHA B Da3aMYNHX TOYKAX MOBEPXHOCTH MNJOXO OOTEKaeMLIX Tel
MOTYT OHTb JETKO H3MEDEHH, MeXaHH3M B3aHMOUEfiCTBHA BeTpa C cO-
OpYyKeHHeM H TeopeTHUecKie 3aBHCUMOCTH CKOPOCTH H BO3MYWAIOUINX
Narpy3oK H3y4yeHHl ewle HeAOCTaToOHHO.

Ilo xapaxkTepy 3TOr0 B3aHMOAEHCTBHA COOPYHKeNNA 1l 3JaHHA MO-
ryr ObiTh pa3GHTH Ha ABa Kaacca. K 1nepBOoMy OTHOCATCH JIHHefiNo-
NPOTHKEHHHE COOPYyXeHust Thna Gauled, ALMOBHX TpyD, aHTeHHO-Mau-
TOBHIX CHCTEM, ONOP JHIHHH 3JeKTpoliepefiay, TeXHOJNOTH4YeCKoro o06o-
PYA0BaHUA KOJOHHOrO THNA, HAA3CMHEIX TPYGONPOBOAOB U TOMY NnO-
noGHble COOPYKEHHS,

B TakHX CcOOpYXeHHfIX XapaKTepHCTHYECKHe pasMepul MaJul no
CPaBHeHHIO C AJUHON BOJIHEI HJIHI NONEPEYHHMH pasMepaMi  BHXped,
NI0O3TOMY KapTHHY OOTeKaniii NOTOKOM 3THX 3JCMCHTOB MOXNIO pac-
CMATPIBATb KaK KBA3NCTAUHOHAPHYIO,
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B 3toM caydae aspoanHaMHyecKas mnepefatoinas QyHKUHA 4K
3JeMEeHTOB COOpyXenus Oymer Oan3Ka K eAHHHUE, & CIOEKTP CKOPOCTH
JIETKO 11pe06Pa30OBLIBAETCA B CNEKTP a3PORMHAMHYCCKOH CHJAB, TNpH
3TOM HCIIOJIB3YIOTCSI a3DOAMHAMHYECKHe XAapDaKTCPHCTHKH  3JIEMEHTOB
COOPY2KeHHSI B YCTaHOBHBLIEMCS NMOTOKe.

Ko BTOpPOMYy Kaaccy OTHOCATCR NPOTAXKEHHBle 3]1aHHA, TIpajHpHH,
pesepByapH H TOMY MNOAOGHHE IIPOCTPAHCTBEHHHE COOpPyXeHHs. Ilpu-
Gav)KeHHble a3poAHHaMHYECKHe NepeAaToyHble (GYHKIHH AJR ITHX COO-
pyXeRHHA MOryT ObITb IOCTPOEHHl Ha OCHOBE MOJAENbHBLIX HJIH HATYPHHX
H3MepeHHil NyJAbcalnii JaBjeHHsl DO NOBEPXHOCTH COOPYXKeHus JHGO
NyTeM HCNOJMb30BaHHSI YNPOLIEHHBLIX MOJeNdedl KAPTHHH  OOTeKaHHs
COOPYIKEeHHsl TYPOYJECHTHLIM TOTOKOM.

HauGosee o6ocuoBanHoe pelleHHe 3ajayd AJg 3TOr0 Kjacca CooO-
pyXeHHA MOXHO NOJYYHTb, eC/IH 33XaHbl IPOCTPAHCTBEHHO-BPEMEHHHIE
CTATHCTHYECKHE XaPaKTePHCTHKH NyJbCallMH JAaBJEHHS BeTpa, BHYHC-
JieHHHle MO JaHHBIM HATYPHHIX HJAH MOJEJbHBIX HCTUBITAHHA aHAJOrny-
HHIX COOPYZKEHHH.

PaccMoTpHM  JIHHEHHO-NIPOTSXKEHHOE COOpYXKeHHe, JUIA  KOTOPOro
M3BECTHBHl COGCTBEHHHE HACTOTH ®; M COBCTBeHHBE (OPMbI KOoJeGaHHi
ai(2) (i=1, 2, .., s).

JlaBneHHe BeTpa, NeACTByIOlllee HAa COOpyXKelHe HA YpOBHe 2,
MOZKHO 3allHCaTh B TaKOM BHAE:

gt =45 +q @1, (23)

1
rae ¢ (2) =7pvz (2)¢x(2) — HOpMaTHBHOE 3HAUEHHE CTAaTHYECKOMN

COCTaBJsAloINEll 1aBleHHs BeTpa; Ugm(Z) — HOPMATHBHAA CKOPOCTh Ha
yposre 2; q'(z, t)=2q5(2)[v'(2, t)/va(z)] — naBaeHue Betpa, cOOT-
BETCTBYKOIEE IYJbCALHOHHOM YacTH CKopocTH v’(2, f); p — NMIOTHOCTB
BO3RYXa; Cx(2) — K03QPHUKEHT J060BOTO CONPOTHBIEHHT COOPYKEHHs
Ha ypoBHe 2.

I[lepeMelllenst W YCHAUA B CHCTeMe, BbI3BajHble JaBjeHneM g (2),

JIETKO ONPEAeNSIOTCS H3BeCTHHMH MeTOJaMH TEOPHU COOpPYMKEeHHM.

Tlpu paccMOTpPeHHH AHHAMHYECKHX PeaKuHA (rnepeMelleHHA H YCH-
JIHi) CHCTeMB Liesecoo6pa3sHo BBeCTH OGO6UIeHHHE KOOpAHHATH Ps(f),
COOTBETCTBYIOIHEe TIONHOMY pa3jieiecHHI0 HEH3BeCTHHX B YPaBHEHHAX
KoJleGaHHA JIHHeAHOA CHCTEMM,

IlpencraBnss nepeMelleHus B BHAE PAfa

y(2.0) =D pi () o (2), (29)
i=1
HONydHM MOC/AEA0BaTeNbHOCTL YPaBHEHHH
pi () 0; pi (1) + 02 o ()=Q: )/ My (25)

H
3aeck o6o6meRnasn cuna Qi(f) = j‘ q’(2, l)ai(2)dz; o6o6mennas Mac-
0

;]
ca M= _f p,(z)a"" (2)dz; n(2) — macca eRMHHMUW BHICOTH COOPyMe-

0
HHR Ha yposHe z; y=0/n; 8 — norapudpmuvecknit AexpemenT KoOJe-
Gauuit,
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Cpexnnit KBafpaT NepeMeiieHnii CHCTEMH MOXHO 3aNHCATHL TaK:

s s
Pe=) u@u@nd) . (26)

=1 I=1

Anajornunnie BHPaXKeHHS MOMHO NOMYUHTH AJs CPEAHHX KBajpa-
TOB YcHJHA (H3rubaroliux MOMEHTOB H IONEPEYHHX CHJM), eclH B ¢op-
Myne (26) a¢(2) H «;(2) 3aMCHHTb KOIbPHIHEHTaMll paclipefeleHHs
AMIUIHTYA H3rHOAIOLHX MOMEHTOB Uam((2) H Cai(2) H NONepedHbixX
cal agi(2) 1 aq:(z).

Kosapuauus o6o0uienuuX KOODAHHAT HMEET BHJ

_ 1 T U
PO = 4 | @, 0) 0 (0) Sae, @) do, @n
0

1 .
rae @; (iv) = i @ (i) = @, (— iv)~— nepe-

LT 2
M (—o +zymia)+co,.)
Aatounble (GYHKUMH, COOTBETCTBYMOIIHe yacToTaM i H I; SQin (o) —
B3aHMHaf CNeKTpa/bHasA MJOTHOCTE 060OMIEHHBIX CHJI,
Yo

1
Beenem Gespasmepuniii NepHox &= v To00m ° Toraa wnopMupo-

BAHHHWMA 3SHePreTHYeCKH# CHeKTP Ny/AbCalHH NPOROAbHOH KOMIIOHEHTH!
cKopocTH (4) 6yaeT uMeTb BHA

Sy (e) =

1200e53
30, (1 -+ €34
ITpouapesenne nepexarounnix ¢yrkuui cHereMn @, (i) 1 @i(—io)

HMeeT BHI
@; (i0) O (— iv) =
4[4 2, 2 3, 2.2
) [e — (s£+e,—ye, e,) ) +eie,]
PO
2 274 Yo 2, 4114 2 2 2, 4
o; o [s —2(1-—— 5 )e‘s 4- eJ[a —2 (1—y /2) g€ +e,]
(29)
BuolpaxeHne AaA B3auMHOH CHEKTPaJbHOH NJIOTHOCTH OGO6LIEHHBIX
TR MOMeET ORTb 3anNNCano B TAKOM BHAER:

S
So0, ® = [[q,@)q, ) @), () Sy (.x) dS, dS,, (30)

rie S — NOBEPXHOCTH COOPYMEHHS; ) -~ PACCTOSIHHE MEXAY 3JieMeH-
tami dS; H dS, mnosepxHoCTH; @u(2)=2¢y (2)y:(2) — HOpMaTHBHOE
snauenue naBiaenus ¢'(z2, {) Ha OTMeTKe 2; 23 W 2z — BHICOTH, COOTBeT-
CTBYIOLUHE 3JeMeHTaM dS H dS».

HopMupOBaHHAan B3aHMHas CHEKTPaJbHasg [IOTHOCTb NyJbcauni
NPOAOJLHON KOMIOHEHTH CKODOCTH

Sy (1, &) = S5 (e,25) Ry (X.€), 3n

(28)

MM,

rae S5 (8, 20) — HOPMHDOBAHHLIT 3HEPreTHYECKHN CTEKTP Ha CTaH-

AapTHOM YDOBHe, npusuMaemsll no popmyne (28).
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Kosdpduuuent saauMHOll Koppensuun rapMoOHHK ckopocrell (c Gei-
pa3MepHbiM NMepHOAOM €)

R 1 Ax Yy Kz
= OX. — —

Rer (1.0) = ¢ p[ e ( 0 T150 T 150 )]' (32)
Tie %v, Ay, Yz — NPOEKUHH PACCTOSHHA MeXAYy PacCMaTPHBACMBIMH TOY-
KaMHl Ha OCH KOOpAHHAT, OPHEHTHPOBaHHHE TAKHM O6Da30M, YTO OCb ¥

COBIAAAET C HanpapJJeHHEM BETPa, 2 OCh Z C BePTHKAJbIO,
Hcnonssyn dopmyan (29)—(32) anas xosapuauHd 0606UIEHHBIX KO-

OPANHAT, MONYIHM Clefylolllee BuPaXKeHe:

—_ 2 0
piy () =—————"~ (33
O M M ete? W )
2 Rad et §
TAC
o J(e)e''3 [84 — (e?—f— e';’—-\'ei el) e+ s"}eﬂ de
V= - —
¢ (1 + ) [84-—2(1—?2/2) 8352—5-8?-] [e‘—-—?x
0

- y (34

Y (1 —9°/2) e‘;’ e L eﬂ

el 1 ——
J(e) = S \ G (21) gu (22) 9 (21) cut (22) exp [‘T(_:;—+ le:’ -

) £
4 ds, ds,.
- L )] S, ds,

BaikHoe 3nauellle AAs PACCMATPHBAEMbIX COOPYZAKEHHII HMeeT BONPOC
06 ydeTe BhICIIHX GHopM COGCTBEHHBIX KOJEGaHHT H B3aHMHON KOPpeNsuis
MeXAY HHMIL

ByaeM pasinyaTh B 3TOM KJjacce COOpyxeHHs OallleHHOrQ THma, 06-
najaloiie paspexenHbiM CHEKTPOM YacToT, H COOPYXEHHS € TyCTHIM
CeKTPOM YMAaCTOT COOCTBEHHBX KonebanHii.

B nepBom cayyae B3aHMHOIi Koppensigucit MexAy COGCTBEHHbIMIL
dopmaMn MOXKHO mpeHebpeur [15, 16]. Bo MHorux cayuasx (n. 6.6
PykoBOACTBa) ANR 3THX COOPYXewuii AONYCKAETICH YYHTHBATL TONLKO
nepsyio ¢opmy coGeTBeHHHX Kosie6aunii. Cama AHHaMHYecKas 3aada o
BO31eiiCTBHI TYpOYJICHTHOrO BETPA HA COOpYHieHile GAIUEHHOrO Tina CBO-
JANICS K KBa3HCTATMMECKOM, T. €. K ONPEeNeHHiO BeTPOBOH HATPy3KH, KO-
TOpas ABJIAETCS CTATHYECKHM 3KBHBAJEHTOM AHHaMH4YecKoro sgdexra,
BbI3LIBAEMOro NmyJbcaulgMi cKopocTHoro Hanopa. Ona Moxer GbiTh Mpen-
(TaBJeHa KBa3HCTAaTHYECKOH YacTblo, 3KBUBA.IeHTHOH 3 dekTy, BH3BaH-
HOMY TapMOHHKAMH NyJAbCaRHH CKOPOCTHOTO HAROPa, HacTOTH KOTOPMX
ROCTAaTOYNO yAaJeHb OT %acTOTh COGcTBenHLIX KOJIEGaHHiI COOPYKeHHus,
M «Pe30HAHCHOI YacTbIO», COOTBETCTBYIONIE! YacTOTAaV TaPMOHHK NY.16Ca-
ukit, 6J13KM cobcTBennol YacTore.

Ctporo roBOps, AUIAMHYECKYIO COCTABAAIOMLYI0O BCTPOBOI Harpy3ku
ClenyeT YYHTBHIBATBL IPIl pacueTe BCEX 3JaHHii H COOPYXKCHHI],

Oanako npu nocrpoeniin npuseaennoii 8 rnase CHull 11-6-74 meto-
AHKH ONPCACACHHA BETPOBOH HarpyskH Ha 34ailiHsi 1l COOPY)KeHust Oblio
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NPHHUATO, YTO AIA COOPYHeHH(i ¢ MePHOAOM COBCTBEHHWX Ko.1ebakHit Me-
Hee 0,25 ¢ u ans 3aanuii suicotoll fo 40 M, T. €. A8 NOCTATOUHO JKECTKHX
31alHit H COOpYXKelHil, HHHaAMHYECKYIO COCTABJAIOILYIO BCTPOBOil HATPY3-
KN MOXHO He YYHTHIBATb,

A YKa3aHHLIX 3AaHHI H COOPY)KeHHl npi couyeTauuIl BeTpoBOit ua-
TPY3KI C APYTHMH KPaTKOBPEMeHHBIMH HarpyaxkaMi (CHerosoil, KpaHoBo#
W AP.) I yyeTe BEPOATHOCTH OAHOBPEMEHHOIC BO3HHKHOBEHHA PACUETHHIX
BHAUEHHH NYyJAbCAllNH CKOPOCTHOrO HaNopa 1O MOBEPXHOCTH COOPYIKEHHH
{npocTpaHcTBelHOli KOppeNAnHH) BKAAL AHHaMHYeCKOH cOCTaBAsOUIei
BeTPOBOH HArpy3Ki Ma.J [0 CPABHEHIIO ¢ CyMMapHoil pacueTnoil Harpys-
hOit Ha COOPYXCHIe.

Jag coopyxenHil, NMeOWHx FYCTOl CHEKTP COBCTBEHHBIX YaCTOT KO-
Jse6aHul, MOMMHBI YUNTHIBATHCH KaK BKJAABl CaMIIX coOCTBeHHHIX (opMm
Kosnebanuil, 1aK M BKAalbl B3aHMHBIX Koppeasuuii Mekay ¢opMamil
B KauecTBe NpIiMepa pacCMOTPHM BblHYXKAeHHble KoJeGaHHA TOpH30H-
TA/LHOTG HAX3EMHOro TPYGONPOBOAA, PACHETHAR MOAeNdb KOTOPOro aped-
cTaBnsieT coGof DATUNPOMETHYIO Hepaspe3nyio 6ajKy fOCTOSHHOrO ceve-
HUA Ha JKeCTKHX onopax. [IpHHHMAaeTcsi, YTO BJAHSHIE LPOJETOB, pacno-
JIOXKEHHBIX AaJNeKo OT PaccMaTPHBACMOTO, He3HAYUTENbLHO BJANAET Ha €To
rxonebanus. IlapaMeTpH pacueTHOll MOAeaH npoJer Gaaku L=50 M; nmno-
waib nomnepeysoro ceveHns — 0,0771 M2 xmecTKOCTb Ha 1:3rub EJ=3,98X
X10® MIlam%; pacnpegenennast macca p=2,14 1/M, cTaTHdeckas CHKIi-
maromaa cuaa — 400 xH.

HopmarusHoe 3HaueHne AaBNEHIS 5 HHTeHCHBHOCTB TypGYaeHTHOCTI
Ha YDOBHE PacCIOJOXKeHHS 6aaK g« (x1) =q°(x2) =4°; V:(x1) =y1 (X3} =V..
HopmaTtHBHOE 3HAUEHHE HHTEHCHBHOCTH WYJAbCAUKU JAaBJeHHSA Guur=
=2qy:d=0,6 xH/™, rae d — guamerp TpyGonporosa.

HasecTHo, uTo B Hepa3pesnbix Gankax cOOGCTEeHHBE MacTOTH 06pasy-
10T 30HM CryLIEHHS C YHCJAOM 4acTOT B 30He, PAaBHOM uHCAy TPOJeTOB
6anxu. IlockosbKy neppasi U BTOpas 30HH CryUleHHs YacTOT B TakHX 6an-
haX HOCTAaTOYHO YJA&JeHBl APYyr oT Apyra, AHHaAMHYECKHe NepeMellleHHs
H YCHJIHA MOTYT ONpeAeNsiThCH C VUeTOM BKJaZa YacTOT TOJBKO NepBOil
3011bi CIYUIEHHS.

Co6cTBeHHBIE YACTOTHl 61k, 06pa3ywlHe 1ePBYIO 30HY CrylieHis,
nprHsegeHsl B Ta6a. 10.

Ta6auua 10
Homepa nponeros 1 2 3 4 5 6
©;, paa/c 5,3 5,89 17,399,431 11,2 21,4

Kopapuaunu 060061eHsbIX KOOPAHHAT, BHuHC/IenHble no ¢opvy.am
L

(33) n (31), rae J(e) = (gunr)? Ha.(x,)a;(x;)exp(—-—%}dx,dxm

,

0
u vaeanuennnie B 1000 pa3, npusesenst p ta6a 11.

Kax Buauno u3 taba. 11, npn onpexeneHnn nepemeteHiil 1 YCHIAHNA B
cHeTeMe HeoGXOAHMO YUHTHIBaThb BKJ2Ahl BCeX NMATH cOBCTBenuumX Gopu,
COOTBETCTBYIOUIHX MNepBOil 30He cryuleiis coBCTBEHHHIX 4acTOT Hepas-
pe3noit Oaskit. B To ke BpeMsi BKJAAbl B3aHMHBIX KOppe/suuit Mekay
cobeTpennbiMit (hopMamMi Mann, JT0 OOBACHAETCA, NO-BHAHMOMY, TEM,
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TaG6auua 11}

i

|
1 2 | s 4 5

] 0,8367 0,0302 0,0209 —0,0076 0,0169
92 -— 0,5033 0,018 —0,0142 0,0069
3 — -— 0,1922 —0,0087 0,014
4 — —_ — 0,0738 —0,0053
5 — — — — 0,0513

w10 coGeTBennbie HOPMB Hepaspeswolt 6anKH, PACNOOMEHHEE B NOPAA-
e BO3pacTaliis HOMEpPOB, NONapHO YepeAysCh, CAMMETPHUHLI H KOCO*
C€AMMETPHYHK OTHOCHTENbHO CepeAHHb 6aMKH.

Huxe ofillee pellenne 3aRayn HCHOJb3yeTCA ANMa ONpeleieHus AH-
MAMHUECKOH COCTaBAsIOWel BETPOBONI HAarpy3KkH, HepeMelleHHd B ycuuit
B YHOMAHYTHX ABYX KJacCaX COODYeHHA H 3JaHHA, WMEIOIHX paspe-
MEeHHHA H I'YCTOH CNEeKTp 4aCTOT COOCTBeHHMX KosebaHHuil,

Coopyxenna G6amennoro Tna. B KauecTe pacdeTHOR CXeMbl COOpY-
MeHNs NPHHHMaeTCs 3alleMJeHAN B OCHOBAHHH KOHCOJBHBIA CTepiKeHb
nepeMEeHHOTO CedeHHs1 MO BLICOTE.

Coopyxenne pa3bHBaeTCs Ha r yJaCTKOB C TeKYUIHM HOMepoM j=1,
2, .., kR .., m, .., r, Macca YJaCTKOB H AEACTBYIOUlaqg Ha HETO BO3MY-
MAolias CHIa COCPENIOTOYNBAIOTCH B MEHTPE YJacTKa.

FlpeneGperas Koppensureii Mexpy OOGOGIICHHHMH KOODAHHATaAMH,
MOXHO CPEIHMA KBaapaT CMEHICHHH TOUKH j CRCTeMH 3alHCaTh TaK:

PR |
v () = ‘2:,1 I AOK (35)
Fie cpepHnil kBaapaT oGobmenHOA KOOPAHHATH
P () =[ | ®, (i0) 2 So, (@) dx; (%)
b
1
19; (o)) = (37

M"; [m‘ -2 (l —-72/2) cof w? 4 mﬂ
— KBaApAaT MOAYAS NepeAaTOYHOR GYHKUHH CHCTEMH)
r
‘ 2
Q=2 Qo M=3 Moy,
k=] k=1
CrhekTpanbias nAOTHOCTL 0606MEHHOA CHIH

’ r
Se, = 2 DS @, e, (38)
k=1l m=1
rAe B3aHMBAR CHEKTPaAbHAs DJOTHOCTL BO3MYINZ)OmMHX CBA Q; (/) un
Qs (0
shm @) = 4ch’¢ ch"l Tra Ve S:,’. (zh’zm'w) * 9



14 L4
Bosmymaiomas cuna Q, (f)=gq; (1)Sx, Sx — nnomwagp npoexuun
COOPYEHHs Ha YPOBHe Kk Ha NJIOCKOCTb, NMEPNEHARKYAAPHYIO K Hanpas-
AEeHHIO BeTpa.
HopMmH#poBaHHag B3aHMHAA CHEKTPAJbHAS IIOTHOCT: NPOAOJBLHHX
nyAbcauuil CKOPOCTH B TOYKaX 2 H m Kak (QYHKUHS & GYAST HMETb BHA

1200e%3 2 — zm |
St (2,2 ¢ -——-*———"——exp(—-——“—“). (40)
v (h m ) 43 (1 e}t 150e

Oxoudatenbioe BHpaxenHe I CPefHEro KBaApaTta nepeMeuleHHf coo-
PYIKeHHd 3anMHIUEM Tak:

v ———E ,,M2 4; (1)

=]
J (e) 13 de _
(1+e9)¥3 et —2(1 —v%2) e2e? -+ Gﬂ ’

(42)

o)
=
o
"C
-t
it
°L_——) 8

r r
|2p — 2
JEe)=4 > Qu om Vop Yrm &; (2) @, (zm)exp(,__&cso ml)‘
=1 m=1 e )

3ajfaya CYUECTBEHHO YIPOILALTCH, €CIH NIPeANONIOMNKATh, Y1) CKOPOCTh
BeTpa MOJHOCTBIO KOPpeNHpOBaHA MO BBHICOTE COOPYXKeHHH, T. €. NpeA-
crasisier co6oil npou3BeleHHe Cay4yaHHOH (YHKLIMH BpeMeHH Ha ¢yuk-
LHI0 KOOpAHHAT,

B stoMm cayyae vk(t)-—f(t)o ¢ 3 () =0; 0‘; =],
rae G"k ~— CTAaHA4pT NyJbcaulH NPOAOJbHOR KOMMIOHEHTH CKOPOCTH

1a yposue 4.
o3Mywanouas cuja, REHCTBYOUIAA HA 3TOM YDPOBHE,

Q, (1) = 2Q5, Ve () (“4)
CTAHAAPT Bo3myulawued CHIB! O'Q; ==2Q,°,,, Y.

PacueTnoe 3navenue BO3Mymiatomied cuam Q ;(Zu) =Qg,m(2x), rae
Ko3phHUNEHT nyabCcaunn m(2x) =20cyrr, @c— KO3(dHuuedT obecme-
YEHHOCTH,

B raase CHull 11-6-74 wuHTeHCHBHOCTD TYpOYJEHTHOCTH TNpHHSTA
no ¢opmyae (2). Torma xoabdHuHeHTH NYJbCAUHK AJA HeTHlpeX TH-
NOoB MOACTHJAAIOLIEH IOBEPXHOCTH MOryT ObITh BHYHCAEHH 10 ¢op-

MyJiaM: 0.16 0.22
Zk -0, Zk ~0, i

10 0,33
7 \—0
=2,4 H
Mgy 5( 10)

2 )‘°‘°°. (45)

Morxp.nope & = 0 55( 10
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Kag Bnano, KoshuuHeHTH Myf NpPuMepHO B npa pasa Goabwe
ko3HUIIeHTOB nyJabcauud, npuseledtnix B CHnoll I1-A.11-62, uro
MOKHO OODLACHUTL NPHUATHIMH I[IPH awanide NyJbCaldl CKOPOCTH MHH-
TepBaJaMil OcpeAHenrus (OZUH Yac H OAHA-ABE MHHYTH),

Ha puc. 8 npuBeieHn NOCTPOEHHble 110 3KCIEPHMEHTANbHLIM AaH-
uelM [23] rpaduxe, xapaxTepH3yloluMe 3aBHCHMOCTb JAHCHEPCHH NyJb-
cauHd MOAYJ/s FOPH3OHTaAbHON NPOEKIHH BeKTOPa CKOPOCTH OT IHTep-
paja OCpeiHeHHH. YunThiBas 3TH JaHHble, KO3(dUUHeHTH nyJbcauxl,
BhIUNC/AeHHbIe 0 opmynam (45), yMeHwuienn B 1,4 pa3za:

25 \=0,16 25 \—0.22
mAk=O’6(—L) i mp,=0,88 (_‘k") i

10 10
2z —0,33
mpg = 1,75 (_16_) H
2 —~0,09
Hlorkp.Mope &k = 0,40 _I? (46)

3nauenns Kosgduunentos mp npuBedeHsl B Ta6a. 7 Pykosoacrtsa.
Ilpu T2kOM nOAXOJe CpeAHHii KBaApaT CMelUeHlH j-0ii TOYKH COOpY-
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Puc, 8. 3aBHCHMOCTS AHCNEPCHH MyALCANMW NPOEKUHH MOAYIR BEK10DA CXOPOCTH
BeTpa Ha FOPH3OHTAALHYIO MJIOCKOCTH OT BpeMens ycpeanenns T
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KBaJpatr KodddHUieHTa JHHAMHYHOCTH
p
'3 de

s 2
) . (8
" j‘(l+82)4/3[64_2(1—‘\’2/2)8?82—*-8?] “
0

KospouuueHt AHHaMHYHOCTH §; oOnpeneisierca no rpapuHkam Ha
pic. 6 PykoBoiacTBa B 3aBHCHMOCTH OT €; 1 OT JOrapHgMHYecKoro
JieKpeMeHTa KoJebanui 8.

Takoil noaxo/, npuusATEii B H3MeHeHHH 1 k raase CHrlT I[-A.11-62,
CBOINT paccMaTpiHBaeMylo ARHAMHYECKYI0 33aAady K KBa3HCTATHYECKOH
H NO03BOJIAET NOCTPOMTL Y/AOGHbIe (POPMYJIH AJNA ONpeAeNCHHS AMHAMII-
4ecKON cOCTaBJsIOILel BerpoBoil Harpyskiw, Ou HCMOAB30BAH H B raa-
Be CHull 11-6-74. Koppeasuis Ny/abCaiHH TPOROJLHOH KOMIOHEHTH
CKOPOCTH YHYHTHIBA€TCs CNEAYIOUIHM 06pasoM.

PaccmoTpHM coopy)KeHHe ¢ PABHOMEPHO pacrpegeJieHHONI Maccoi
I OCTOSHHOH XKeCTKocTbio no Bhicote, IlpuMem Aas ero nepsoit ¢op-
MbB COGCTBeHHEIX KojeGaHmHii napabojy H HanmHIUeM BBHIPaKeHHe ANA
OTHOUIEHHSI CPeAHHX KBaApatroB OGOOUWIEHHBIX KOOPAMHAT CHCTEMH

C y4eTOM KOPPeAAlHH NyJabCalll CKOPOCTH N0 BHICOTE (pf(t)) R

B NPEANOJOKEHHH, YTO INYJAbCalHs CKOPOCTH IO BLICOTE IOJHOCTBIO
L

LOppeTHpOBaHa (p12(f)), NONYYHM

=1 0)in ), (49)
TAe
9 J (e) €1 de
2 t == « o .(50)
pil) 3M? o} (14 [e* —2(1 — 1/2) e7 6 +- e]] '
¢ 11 A
3= 4a} ) 3 ) 1 {12 exp (— g — ) det
5o
_Z o0
B TRRET

Yro6ul NOAYYHTH pfi’((), caecayer 8 Gdopmyae (50) npuuate J(e) =1
i pasfenuTh CTOAWHE mNepel uHTerpajoM MHOXuTeas Ha (a-+43)% Ko-
peHb KBaApPaTHH# H3 oTHOWeRAHs (49) mnpexcrassger coGoit mapa-
MeTp Vv, 3aBHCALIHI OT BHICOTW COOpyXeHus FH, Ge3pasMepHOro mnapa-
merpa g, it JorapudMuyeckoro Rekpemenra §. Cpeanne 3HaueHHs napa-
metpa (ans 6=0,15 n §=0.30) npusesensl B Tabs. 8 PykosoxcTsa.

Tenepb MOKHO pacueT BHCOKOro COOPyXeHHsi GalleHHOro THNa Be-
CTH NPHOJIHXKEHHO B NpPeANOJOXKEHHH, YTO DNyJbCanHf CKOPOCTH NOJ-
HOCTBIO KOppenipoBana no BucoTe. Koppeasuma npolo/blioit nyjbca-
LUH CKOPOCTH YYHTBIBAeTCS B 3TOM CJAyyae nyTeM BBedcHis B Gopmy-
Jy A0S HHePUHOHHON chuibl, AeiicTpYiOLleH nHa j-yio maccy npH KoneGa-
HHUAX COOPYXXeHHS NO mepBoii popMe, KOIGpPHUHEHTA V.

AuuaMuyecKas CocTapssoulas BeTpoBofi Harpy3kii Onpeaeanercs
no ¢opmyne (9) Pyxosoactsa, OTMeTHM, 4TO YKaszanwhay ¢opMmyna

101



MOXeT OMTb HCNOJB3OBAHA TOJBKO AMsl COODPY:KeHHA O6aluleHHOro THAA
npy yvere nepsod (OCHOBHOH) coGcTBeHHONH GOpMH KoaeGaruit.

B Tex caydasx Korja AJSl COOpy:XKeHHA GalleHHOro THNZ HeoGXo-
UM ydeT BHICIUHX COGCTBEeHHLIX GOpM KoneGanui, KoIQPUUUEHT v MO-
XeT GHTL NPHUHAT PaBHHIM elHHMIUE, TaK KAaK BKJAA BLICWHX COBCTBEH-
HHX (GOPM B TAKHX COODYMEHHSX MaJ 1O CPABHEHMIO ¢ BKJAAOM OC-
HOBHOH COOCTBEHHON ¢HOPMBbI,

Jlas coopyxeHnii ¢ maccon M W BerpOBOfi Harpysko#, upHBeaen-

HHIMH K ero Bepiunde, 1==Qp m/M. Hcnoassys ¢opmyay (10) Pyko-
BOACTBA, MNOJYYHM JIJA JAHHAMHuecKOfl COCTapjsloUlel BETPOBOA Ha-
FPY3kn dopmyay (11).

Jns coopyXeHus ¢ paBHOMepHO pacnpezneneHHOft maccod H no-
CTOSIHHOM N0 BLICOTE JKECTKOCThIO onpeje/eHHe AHHAMHYECKOH COCTaB-
JAAI0WeH BETPOBOA HAarpy3KH DPH yueTe TOAbKO Nepeofi ¢opMH C0G-
CTBEHHBIX KOJIe6aHUHi MOXKHO YIPOCTHTE.

[pumem B KavecTBe mepBOit co6CTBEHHON GopMLI KoNeGanui mapa-
G6oay BHaa (2/H)Z Toraa HOpMaTHBHOe 3HayeHHe IHHAMHYECKOR CO-
CTaBaIgIOlell BeTPOBON Harpysku, AeHCTBYIOllefi HA ypoBHe z-—q;‘(z)=

=pvn(2) &
IlpuBesesHoe yckopeHre onpefensiercss no ¢opmyie
H
2/HY? [ @/H)? ¢S () m(2) dz
H): [ @l g ) m (2 g5 (H) m (2] H)?

2) = == ,
e T hGFa
— 1 d.
"57 (H) ¢
0
rie qfl(H)——c'ramqecKan COCTaBJAIOAs BETPOBOA HarpyskH Ha

yPOBHe BepXa COOPYXEHHS; M — KO3QOHIHEHT NyApCAUHH CKOPOCTHO-
FO Hamopa Ha TOM e YPOBHe .

Hcnonpays Bupaxenune (51), moayunm g (2) =gz (H)xvEim, rae

(1)

ko3 pnuienT x= (2/H)2 3nauenue ¥ KN4 NoKasaTejis CTeNeHH

5
34+ o
a:=0,2 npuBejcHo B Ta6a. 9 PykopojacTBa.

OnaHO3TRKHbBEe NPOM3ROACTBeHuble 3aanns (mpu H>36 m n H|l>
>1,5). [aa npuusToil pacyeTHo# cXeMH o6o0lleHHas Macca

H
3 2 H

M1=M+p.j (—Z—) dz =M %—; (52)
0

3fect nJs Nepsoit Co6CTBeHHOM GOPMH KOJMcOanWA 31aHHA NPHHATA
npsAMas JHHHA.

anBQAeHHOQ YCKOpeHue Ha YypoBHe pacnoqoXeHHs MacCH no-
KPHITHs

H
1
Tl (zq; (2) m (2) dz
o b 0,4 Hal, (H) m (H) “
'h( )"‘ }lH - }lH s (
Mt M+
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Hcnoab3ys ¢dopmyar (9) r (53) Pyxosoacrpa, mnoayunm ¢opmy-
ay (15) PykoBoacTsa Aaf AHHaMHYECKOH COCTaBJfloliel BeTPOBOA Ha-
rpy3kd, RefdcTBylonlell Ha Maccy HOKPHTHA,

Bucokne spamms [8], [57], [81]. Kak yxe oTmeyanocs, aasa pe-
1eTYATHX KOHCTPYKUMiI BCIEACTBHE MAJIOCTH HX 3J€MEHTOB 06Texalo-
Ui KOHCTPYKUHIO NOTOK MOXeET DacCMaTPHBAThCA KAK KBA3HCTAILHO-
Hapuwii. B 3TOM caydae cTaHAapT J0GOBOrO CONPOTHBJACHHA MOXeY
GHTb BHYHCJIEH B 33aBHCHMOCTH OT €r0 CPeAHEro 3HaueHHs Cx OT HHTeH-
CHBHOCTH TYpOYJEHTHOCTH Yr M OT Kospduuneura mnonepeunoit koppe-
JAAUHHE NPOAOALRON KOMIOHEHTH CKOPOCTH

RU’ (xin x‘L' n) = e—tmxl_le/v' (54)

rae |x1—x2] — paccrosinye MexAy ToukaMH 1 W 2 1O TrOpH3OHTAJH.
Toraa mas cnekTpanpHO® MJIOTHOCTH Ny/AbCAUKK JOGOBOFO COMPO-
THBJICHHS HMeeM

- 2

Ser () =4[] s 7 (), (55)

rae
s 8§, .(n)dS,dS,
s =g [ - (56)
S, S,(n)

rhe
Sv, o (n) — Kocniektp (AeficTBHTEeJNBHAss YacTb B3aHMHOM CHeKTpain-

2
HOfl TMJOTHOCTH) NyJbCauHH HPOXOJbHON KOMNOHEHTH CKOPOCTH B TO4-
kax 1 1 2; S~ njowaxp NPOEKUHH KOHCTPYKUHH HA IJIOCKOCTDb, Mep-
NCHAHKYASAPHYIO NOTOKY.

TakuM o6pa3oM, ecad paccMarpHBaTh 3J1aHHe KAk pelleTyaToe
COOPYyXKEeHHe, TO CHEKTPajsbHAH MIOTHOCTH BO3MYWAIOLIEH CHALL MOJY-
YaeTCsi IIyTeM YMHOXEHHS CHeKTPaJbHONl MNJIOTHOCTH [lyJbCallHH npo-
ROAbHOM KOMIOHEHTH CKopocTH S,(n) ua dyukuuio J(n), xoTopas

npeacrasaser coBoii KBajAPAT MOAYJA a3POMiHaMHYeCKOH# Nepeaarou-
HOH (PYHKUHH 3L3HHS.

3pOAHHAMUYECKHEe HCHHITAHHS IJOXO OOGTEKaeMblX BepIHKaJbHAIX
KOHCTPYKuuil [8]1] NOKa3ajy, YTO HCNOJbL3OBaHHE DPEIIETYATOA MOAENH
MONYyCTHMO JJISi NPHOJIHMKEHHOA OUEHKH NYJbCAUHH JOGOBOrG CONPOTHB-
JNeHNA 30aHNR MaJIOT0 YAMMERNs B TyPOYALHTAOM NOT0ke, STOT NoOA-
xof, npeanoxenuni Bukepu w JHdaseunmoprom [58], skBuBaneuten RKo-
NYIUeHHIO, YTO MTHOBEHHafl CHJa, XeificTBylomas Ha n.noxg obTeKaeMoe

Teno, OPONOPUHOHANLHA KOJHUECTBY ABHIKEHHs BO3JAyXa rpvzdS, npo-
Texkawuero Yepe3 maeiagb S. ITo aHasoruu ¢ peumerkoit Ko3dbHUHEHT
K

NpPONOPLHOHAJILHOCTH NPHHHMAETCA PaBHHIM Q/fpv’ds, T.e. Kax AJif
yCTaHOBHBHIEroca NOTOKa, B AaabHefiiieM 3TOT NOXAXON HMCHOJB3IOBAR
HaM{ TpH ONpejeJieHHH DeakUHH BLICOKOIO 3AaHHs Ha AcACTBlie BeTpa.

PaccmoTpnM TpH THRa 3aanuii: 1) npaMoyroapHnle H KBajiparHbie
B MJaHC 3JaHHA C LUEHTPOM HECTKOCTH, COBIAJAIOWHM ¢ UEHTPUM Mace;
2) HecHMMeTpilyHHe B IJIaHe 3A3HHA C UCHTPOM XECTKOCTH, He COBINa-
RaoWBM € HEHTPOM Macc; 3) CHMMeTpHYHWe, MPOTAXKEHHHE B IJIaHS
SAAaHHA THOA MJIACTHH.
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OucBHAHO, 4TO AJR 34aHHA MEPBOr0 THNA NPOCTPAHCTBEHHAs KOp-
pensiuysl NPOIOJbHHX NyJbCawiii AOMMKHA YYHTHIBATLCA HE TOJBKO 1O
BHICOTE 33aHnA, HO 1 BAOJb dacaza.

Kak H a/ns coopyxeHHa GalieHHOrO THNA HHEPUHOHHAs CHJA, NPH-
JNOXKeHHaa B CepeAliHe yuacTKa NPH KoNeGaHBAX 3jaHHg no i-off ¢op-
Me, onpejenasercs no gopmye

X
Q[,' = Mf W],’,‘ §v

rae M;— macca j-ro ysacTka, cOCPEIOTOYEHHAS B ero CepenmHe; &¢—
K02GdHUIEHT ANHAMHYHOCTH; vV — KO9QQHUHEHT, yUNTHBAOIHA KOp-
pelanuio myabCalHH CKOPOCTH BeTpa NO BhICOTe H (POHTY 3AaHRSA,
Jlna onpejieneHHs v? HCHOJb3yeTcsi BHpaKeHHe (50); pjy(t) MOXHO
NOAYYHTb, €CJIN B YKAa3aHHOM BbIpaxennun npuuath J(e)=1 u paspe-
JHTh CTOSIM{I Neped HHTErpPajoM MHOXKHTeab Ha (a+2)2, Bupaienue
aas J(€) nMeer B NaHHOM Cayyae BHJ

J (€)= 4 [HBS (H) v, (11)]? mﬂj £ g o (— 6=l X
0

2,5 A =
X exp (— 2 (| g . o7

3nech Koapduunent ¢ B Bolpamennu (54) npunar paBunM 20; A=
=BJ/H; y=x/L
Kos¢pdnunenr v onpejeaserca no taba. 11 B 3aBHCHMOCTH OT BhI-

1v -
COTHI 3aHHS ¥ NAPaMeIpoB g = TOO 1 A Jlorapubmuyeckusi pexpe-

MeHT Ko.ebauni §=0,3.

Oas 3paudii ¢ paBHOMepHO pacmpefefleHHoid Maccofi ¥ NOCTOSHHOM
NO BBICOTE KECTKOCTbIO KO3poduilleHr x olpefediieTCs TOYHO TaK e,
KaK H 148 COOpyKeHuit Takoro Tena. M,1a nepsoil coGCTBeHHOR (OPMBI
KoJeGannii npuusra npsaMas Jurig, KoaQPHUUEHTH % NpUBEACHH
B Ta6a. 13 Pykosoacrsa.

PaccMoTpuM Tenepb HECHMMETpHYHOE B MNJaHe 3J1aHHe PaMHO-CBA-
seBoli cucremul (Tup 2), B KOTOPOM LEHTP MECTKOCTH He COBNAJAET
¢ ueHTpoM Macc. B Takom 3aamun npu JAeficTBHH BeTpa BO3HHKAIOT
CBsi3aHHBe NOCTYNaTeJbHEle H Bpallaresnblble KOJeSaHHS.

VpaBHeHHs BLIHYMAEHHHX KoaecGauBit j-ro 3Taxa 3KaHud, pac-
CMaTPHBAaEeMOro Kaxk CHCTeMa C s CTENEHAMH cBOOOAM, MOXKHO MOJYYHTL
H3 ypaBHeHHH CBOGOAHBIX KoJeGanuil agaHus (n. 7, Opun. 2), ecan
B Npashié 9acTH CHCTEMBI YPaBHeHHN BMECTO HyJjeH HamHCaTh BO3MY-
IMAIIHe CHJBl H BHEWIHHH KPYTALHI MOMeHT, AeficTBylollue Ha ypos-
ue j-ro 3Taxia B HampamJeHuu 1, 2 n 3,

ITepeMemeniis ToYeK OCH 3JaHHA MOTryT OHITh BHIPAXEHLY Yepes
ero cobctennle GopMul Koaebanui

5O =220 0y @) 4,0 =2 (O 2y, G
91 @) =g1 P, (9) g, (zj). (58)
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3aech p.{f) — obobumennan KOOPIMHATA; Gri(2)), Oy:(2;), wg; (25) —
OpJIHHATHl COCTaBJAIILHX IPOCTPAHCTBeHHON ¢opMH KkoJebauuli 3aa-
HHA B TOYKE Z,, COOTBETCTBYIOLIEH {-0if COGCTBEHHOIl HacToTe.

O6o3naynM HanpapjeHHe ABIUKEHHS BAOJAb oCeit ¥ H § i HOBOPOT
BOKPYF BePTHKAJbHON OCH 2 COOTBETCTBEHHO vepes 1, 2 um 3

Ocb x HanpaBjeHa BjOJb HABETPEHHOH rpaHH, OCb Y COBNAjaeT
C HanpaBreHHeM BeTpa. Torla, Hcnmoab3ys BbipaxeHus (58), nosayunm
A1A paccMaTpiBaeMoH JHHeHHOH CHCTeMBbl MOCJCAOBATENBHOCT: YpPaB-
HeHnit Biga (25). 3aech o6o6uiennas cuia

r 14

Qi) = X ax Que () + ) aie Qut (1) + ) ok Qate (0);
k=1 k=1 k=1

r r r
2 2 2
=¥ RN L
oGoGmennas macca M, = oy My A %M, -| > & 3 g
k=] k=1 k=1
rae My 8 Jy — cooTBercTBeHHO Macca k-ro 3Ta:ka 3jaHHs  (llepekpu-

THA 1T creu) H MOMEHT HHepuIH 3Toll Macchl OTHOCHTEAbHO BepTHKaJ b=
HeCH ocCH, npoxonﬂuleﬁ uepes3 UEeHTp TAMECTH 3AaHHA.

ITycts p-—-(Z/}ln)/H—Macca C€AHHHUB  BLICOTH 3aannsn, J=
A=

’
=(21];,)/H—-M0Mem HHePHHH MAacCh eIHHHDBI BucOTH 3Aanya, [lpn-
k=

MeM JAJf cOCTaBJAIOLIHX i-Of co6cTBeRHON (OpMbl KoJeGaHn# 3xaHHA
NPAMYIQ JUHHIQ H 0603HAUHM OPAMHATEL COCTABJIAWILHX Ha YPOBHE €ro
Bepxa 4epe3d Ky, Ros, ka;. IIycTb bjp— OTHOUleHNe a3pOAKHAMHUECKHX
KO3POHNHEHTOB € H Cn AIA 33J2HHOTO HANpPaBJACHHSA BETPA, €q — IMC-
HEHTPHCHTET paBHOIefcTBYIowell JaBjJeHHA BETPA OTHOCHTEJbHO HEHTPA
HaBeTPeHHON rpaHH, Toraa

. 9 (H)
Qi (t) = 2HB o (H)

1
AtijHﬂv'@sbfﬂﬁdx» (59)
1]

rae
Ay = bug Ry ~+ kot - ksiea;
M;=H [p (k4 #3;) + 783, 13:

B Tex cIyuasx Korja MOXKHO NpeHeOpeub CBA3LIO MEXAY mOCTyna-
TeALHHMH W BpamiaTeabHpiMH KosneGaHHAMH 313HHA, ero COOCTBEHHBIE
(OpMBLI CTAHOBSTCA IVIOCKHMH C OPJHHATaMH A/f Bepxa 34anus, pas-
HbiMH eanHune. Kopapnauns o600LieHNbBX KOODAHHAT

(| 8 [HBg; (H) v ()]° 4, 4, V),
rie vf, onpenensierca no $opmyae (34); J(e) npuamMaerca no dop-
myae (57).

Cpenuuil KBanpatT nepemelleHHii 3aating Ha ypoBHe 2; B Hanpas-
NeHun 2 onpeieaseTcs no $popmyse

3 3
°§1 = 2 E m %19 Fa1pt e
=1 i=l 105
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CpefHre KBajpaThl NepeMelleHHA 3JaHHA Ha 3TOM YyposHe B Ha-
npasienyn 1 ¥ 3 nosyyaloTca nyTeM 3aMeHH B Ko3hdHUHeHTAX pace
DpenesieHnsi aMIIHTYA COgij ¥ Og; HHAeKca 2 Ha 1| ¥ 3.

®opmyna (61) yunThBaeT NepBHE TPH HH3IHE COGCTBEHHHE 4acCTO-
TH 31aHHs, COOTBETCTBYIOLLIHE €ro NOCTYNATeNbHhiM H BpallaTesbHBM
KoaeOaHHAM.

HHTeHCHBHOCT MHEPUHOHHOA CHIM (AMHaMHYecKas COCTasAsiollast
BETPOBON HArpy3KkH) B HaBpaBJeHuH 2 W BO3MYWIAICUIHA KPYTALEHA MO-
MeHT Ha eIHHHLY BHICOTH 3JaHus, ReficTByIOIlHe HA YPOBHe 2z, GYAyT

MMETb BHA,
s
IR Y TARC:

=1

s
Jz
My (2, 1) ="~ 2 @? ky 2, ().

=1

Cpeanufi KBaApPaT HHTEHCHBHOCTH HHEPUHOHHOH CHJIH

2”__51
GZH

Cpenuni Ksajapat noamymammero KPYTHIero MOMeHTA

o ky; ko, 7, ), e (62)

0 ldm

.Izzz _—

2

o= 5 D 2 kg kP, 0P D, 69
=1 =l

Hcnonsays dopmyant (62) u (63),, 65LTH nonyyeHsl NpHBEjEHHLIE B
PyxosonctBe ¢opmyna (16) ans pacyeTHOro 3HauyeHus NepemelleHUs Ha
yposie 2 u dopmyam (17) # (19) Ans HOPMATHBHBIX 3HAYEHUH AMHAa-
MHYECKOli COCTaBJANILEH BETPOBOII HATPY3KHl H BO3MYILAIOINEro Kpy-
TALIErO MOMEHTA.

JAs NPOTAKEHUBIX BHICOKHX 3AaHUA THNA IJACTHH (THO 3) C UeHT-
pOM 3KeCTKOCTH, COBNaJaIOHM ¢ IIeHTPOM MacC, YUHTHIBAIOTCH TOJBKO
ase coGerBeHHble GOPMH KONMeGaHHA 31aHHs, COOTBETCTBYIOMHE ero
nonepeyHniM NOCTYNaTe/bHHIM H BpallaTesbHHIM KoJeOaHHAM (Hanpas-
Jenun 2 ¥ 3),

B rakux spanuax A=k, =1; Ag=ky=1; As=~kssea. Ecan nan
3[aHHS onpejeleHa KOCOCHMMeTpHYHasi GopMa KoJebaHufi, To kyz=
==1/B, rie-B — paccTosnne Mexay KpafHHMH ZuadparMaMi (IauHa
HaBETPEHHON I'paHn 3MaHH#A).

ITepemelnetine Kpatfinend AuadparMul B T2KOM SKaHHH BAOAb OCH 2
(ianpapsieHite 2) Ha ypoBHe 2

B0 t
be (e )=y (2, )+ 2 64)

3nech y(z, f) — mepeMelieHHe NEHTPA THAMECTH 3XaHHA HA 3TOM YPOB-
He; 0(2, f) —yron nosopoTa MacCh 3RaHHA BOKPYr BEPTHKAJbHO
OCH 2,
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Tipr yuere TOALKO ORHOH COGCTBENHON GOopMH KoneGaHHR B Hanpap-
aexvn y 4 O (2 ¥ 3) mojyanm
Bhss ps (’)] .
i

e, )= ke (0 + 22

CTaHAAPT NepeMeen s

2.9 3. |12
k33 p5(t) (65)

Z 162 02en T
o(2)= F kop P5 (1) + Bk” k33 Py (t) Pg )+ 4

dopMyJH AAd PacyeTHOrO0 3HAYCHHA NepeMelleHHs KpaiHefl auadpar-
Mbl 3AaHHA Ha YPOBHE Z H feilcTByOWed Ha 3Ty AHAPparMy HOpMaTHB-
HOTO 3HAYEHHA HHTEHCHBHOCTH KHEPUMOHHOR CHIN MpHBedeHd B m. 6.20
PykosoacTba. Tam e fana QopMyna Ajs OnpefeneHus HOPMATHBHOIO
3HaueHHs BO3MYLIAIOUEr0 XPyTALIEro MOMeHTa Ha ypOBHE 2.

KoncTpykuuonuoe Aemnduposanne. lasecTHo, uro mnpabuibHOe
onpefeiesne Kko3(QHUHEHT2 AHCCHOAUHH 3HEPTHH KOACOGaHHA Yeymm
BHCOKOTO COOpYKeHHs HMeeT CylieCcTBEHHOe 3HaYeHHE NPH OleHKe pac-
YeTHbIX AMMNJHTYA H YCHJHH B COOPYXCHHH.

KosdpduuueHT yeyuw OOGYCHOBJIEH BHYTPEHHHM TPeHHEM B COeAliHe-
HHAX ¥ B MartepHaJe CODPYKeHHs (KOHCTPYKUHOHHHM AeMidHpoBanu-
€M) H a3pONAHHAMHYECKHM JAeMIpHPOBAHHEM, BHI3BBAHHHM JABUKEHHEM
COOpYXKEHHS B NOTOKE CHJABHOIO BETPa,

Peyum = Vi + Ya.

Kospdunuedr anccHnallid NpH AeACTBUH CHJ BHYTPEHHErO TpPEHHR
ya=0/n (rae & norapudMuyeckHii HeKpeMeHT KOJeGaHHA) 3aBHCHT
OT BHJA HANPHIKEHHOTO COCTOSMHHA DNPH KoaebanHAX, OT aAMIIHTYAH
MHHaMHYECKOIO HANDSIKEHHS, OT CTATHUCCKOrO HAMPAXEHHs, OT 4acTo-
TH KOA€GaHHA H OT YHC/IA LUHKJIOB KOJMebaHHi.

Ipunsiteie B rnase CHull 11-6-74 aorapndMuyeckHe HeKpeMeHTH
KoneGanui AJ8 CTaJbHBIX MauT, GalleH ¢ ABMOBHX TPYG yCTaHOBACUM
Ha OCHOBAHMH 3KCHEPHMEHTANLHHIX HAHHHX (Taba. 12.)

TaGnuua 12

Coopyenne, ero 9acToTa 7, HalanbHas
aMNIHTYAa 4, CKODOCTH BeTtpa v,

JAnmoBan
L) 8 Bawsga Mavura Bamwnsn
RS (no flasen- | (mo [danen- |(no Cuicoesy TB‘;‘,’,‘Z‘},S,}'_’
nopTy) nopry) B. U)

n=08rn,|n=03ru | n=08ru, | )

o=16mc{ o,=9m/c | a=220 Mn|{ 4 _ 990 ym

Cymmapnui  norapupmn- | 0,110,141 0,12— —_ —
YeCKHil ACKPeMEHT Ko.le- 0,145
6annit (npu Berpe)
Jlorapupmuvecknt nexpe- |0,06—0,1 ]0,03—0,05] 0,12 0,125
MeHT Koae6aHuil 8, coor-
BETCTBYOUWIHA  KOHCTPYK-
nuoHHOMY  aemngHpoba-
Huio (Oe3 serpa)
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Kak BHAHO, IKCepUMEHTANIbHOES

§‘ 3HayeHHe JIOrapHPMHYECKOro  Ac-

¥ % KpeMeHTa KoJeGanul AN CTajdbHhX

§ N COOpDYXEHHE  npH  aMIVIHTYAAX,

é&& GAH3KHX K pACUETHBIM, COCTaBJsCT

d . npumepuo 0,12, a ¢ yueToM aspoaH-
I‘_ 4 HaMugeckoro nemndupoBanus =0,15,
I T. €. COOTBETCTBYyeT NPHHATOMY JiO-
rapHGMHUIecKOMy HEeKpPeMeHTy Ko-

JAnsg  oTaAeNbHbIX  3JEMEHTOB
CTaJIbHBIX COOPYXelHil, a TaKxKe ANf
F— " TROKMX CBapHuX KOMCTIpyxumii »

}
)
}

' Je6aHuil 415 CTaIbHBIX COOPYKEeHHH.

cy4ae pe3oHaHCa NPR pacueTe B Ha-
npasJeHHH AeficTBHA BeTpa & npu-
nato paBHeiM 0,05, n 3TO 3HayeHne
COOTBETCTBYeT 3HaueHHIO0 JIOrapHo-
MHUUECKOTO JEKPEeMEHTa TaKHX KO-
CTPYKUHIl, YCTAHOBJIEHIIOMY 3KcHe-
PHMEHTANbHO.

Iana xenezobetornblX coopyxe-
nuit § npuuat pasuwM 0,3. 310
3HAYEHHE COOTBETCTBYET PAaCUETHHIM
AMIOJUTYRAM COOPYIKEHHS.

OTMeTHM, 4TO peKOMeHAyeMble
B 3apy6exHoil HTepaType JorapHd-
MHYECKHE JeKPeMeHTH Koaebanuii
COOTBETCTBYIOT, KaK TMpaBHJO, Ma-
Puc. 9. fipupamenmus yraa araxn » JbM amnuntyaam. [pusepenntie &

OTHOCHTEALHOA CKOPOCTH BETPa raase CHall 11-6-74 pacueTduie

3aHavYeHHsi COOTBETCTBYIOT CyMMmap-

HOMY KO3GbHIUHeHTY AHCCHIALHH

3HEPTHIl Yeymm H TOJbKO MJsi CTaJAbHBIX COOPYXEHHH WHJHHAPHUECKOI

dopMbl B Cyyae BeTPOBOIO PE3OHAHCA, CBA3AHHOrO C a3pOAHHAMHue-

ckoil (20J10BOfi) HEyCTOHYHBOCTBIO, KOTOPAf BO3HHKAaer UPH KPHTRuC-

CKOHl CKOPOCTH BeTpa, KOTAA a3pPOfuHAMNYECKOe NeMmndHpOBaHHe Cilli-

JKAeT Ycywm, €70 pacueTsoe 3Havenne BMecTo 0,15 npuHATO pasubiM
0,05—0,1.

Aspoaunamuyeckoe aeMnpHPOBAHHE 8 HANPABJACHHH ACHCTBMA BeT-
pa [55]. Koraa coopyxeHiie KoaeGaeTca B NMOTOKe BeTpa, €ro OTHOCH-
TeALRAY CKOPOCTb M3IMEUAETCH KAK N[O Beadyuie, TaK W 0O Hanpasse-
uimo. flyctes 8a u Su npupautenns yraa aTakd H  OTHOCHTEAbHOM

r——f——

ckopocti; F(a, v) = Y pvicp(o)d — asponnnamugeckas cusna, Toraa

npupaueniye
dF dF 1 - de
8F = —ba 4- — bv=——pv¥d | 2c, E_U——F —Lba), (60)
do do 2 v da
. . | N .
rae 8u = — xsina —ycos &; da = — = (xcosa — ysin a) (puc. 9),
4]

X u gf — CKOPOCTH KOJMeGallil COOPYIKEHUA B HaNpaB/aCHHH OCEH X H ¢,
d —XapaKTePHCTHYCCKHI] pa3Mep COOPYKEeHis,
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INpoexuuu 8F na ocu x u y

&F __L i { 2 { iﬁc X
2=y P — g, sina—— T cos af = +

dep y
+ | —2f cosa + Zsina | =, (67)
x da v
de
- Fy . Y
GF,=—2—puﬁd([—2c,,ycosa+7;~sma]—a—-[-

dc,_.
x
-+ [——2cpy sin a—T:cos a] -6—).

Cual B QHTYPHREIX CKOGKax C NPOTHBOMOJNOXHBIMH 3HaKaMH — ClI-
JLl a3pORHHAMHUECKOro AeMIGQHPOBAHHA; CHAB B KBaAPAaTHRIX CKOG-
KaX — CUAK B3aHMOAEHCTBHA MeXAY KONeGaHHAMH B HanpaBjIeHiK
XHY.

Ecan cofcTBeHHHle YacTOTH KoOJAcGaHH{T B OCOHX HampaBJeHHAX
BOCTAaTOYHO YAANECHH ADYr OT APYyra, TO CHIAMK B3aHMOXeHCTBHA MOMK-
HO npeHeGpeus, B atom ciayyae 060GEHHYIO CHJIY a3POAHHAMHYECKOTO
AeMIN(HPOBaHNIA MOMHO 3aNHCATh TaK:

1

Ca= [ @@, (e= 1) (©8)
0

rae aaa 8F. (L) yunrtoiBaercs B ¢opMyne (67) TONBKO BhIpaxkeHHe B
éurypHnx cxobxax.

Hcnoab3ys HM3BECTHOE COOTHOUICHHE MEXAY JOrapHMHYECKHM je-
KPEMEHTOM KOgeGannil 8, 1 KputHieckHM 3aTyxaHHeM Cg xp, MOAYUHM:

_ 2nCay Pa Yy D (v);
ax = =— B
Caxp 4 Pcoopyx Mid
(69)
8ay = 2nCay = Pa o D (y),
' G kp 4 ‘_)coopymnl d
! dc
v (D) . Fye 9
= | = 2 de:
D (x) j " (20,.-x sin ¢ 4 . cos a) a? () 4g;
(70)

! de
D (y) 25.%%_) <2c,_-ycos a—7:—‘ysin oc) a? (L) dt,
0

v(l) 1 vp — HOPMATHBHHE CKOPOCTH Ha yPOBHsAX { M CTanaapTnoM.
M3 ykasaHnHOro cjejyer, YTO CIJIBI a3pPOAHHAMHYECKOro Aemndiipo-
PANMA NpPONOPLHOHAJLHLL OTHOLIEHHIO IVIOTHOCTH BO3AYXa Pa K CpexR-

Hefl NJOTHOCTH COOPYMeHHs p I NPHBeAEHHON YacTOTe nd)v,,
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Hurterpannt D(x) u D(y) — nocrosnnble HAPAMETPH, 3aBHCALME
OT cOGCTBeHHONR (GOPMH KojAeGaHHH COOPYXKEHHS M OT a’POAUHAMHYE-
ckuX KO3bPHIHEHTOB, OfpefeNifeMblXx NO H3MEPeHHAM B YCTaHOBHB-
wieMcs® noToke. Ilpu xonebGaHuRX B HaNpaBjicHHX BETPa 3TH CWJIn mpe-
OATCTBYIOT ABHXKeHHIO. fIBNeHHs a3pOIHHAMHYECKOH HeYCTOHWUHBOCTH,
CBS3aHRKE C KOJeGaHUSMH COODYKeHHS MOoNepeK NOTOKA, PacCMOTPEHH
B 1. 6 JaHHOTO NMPUHIOKERUS.

JdonycTHMble YCKOpeHHst KoaeGaHHA 3nanufR. B BHICOKHX 3XAHHAX
NpH AefiCTBHH BEeTpa MOTYT BO3HHKHYTb KO/MeGauHus, BHI3LIBAOUIHE JHC-
KOMGOPT KHBYWIMX B HHX Juofell. Peaklins yemoseka Ha 3T KoaeGa-
HHA ONpefeNifeTCA TaKUMH dQaKTopaMil, Kak HOJOMKEHHe TeNa, HanpasJe-
HHe H NPOROKHTENLbHOCTh KOJcOaHHH, XapakTep uelIOBeKa, OKPYKEHIe
uT. A

B nocaepnue gsa aecatHneTHa Gblio POBEAEHO MHOrQ HCCleAoBa-
HUil, LeJbl0 KOTOPHIX 6bIIO BHISICHUTb, KaKHEe KHHEMATHUECKHE 3.1eMEeHTH
IBiKeHHsi  (nepeMelleHlle, CKOPOCTb, YCKOpEHHe, CKOpPOCThb  H3-
MeHeHHs1 YCKOPeHHn) OKa3hBalOT pelllaiolllee BJHSHHE Ha BOCHDHATHE
YeJIOBEKOM KoJIeGaHUil H HX NpelesibHbe 3HayeHHs,

Bu1o ycraHoBaeno, 4To ApH HH3KOYACTOTHHX KOJIeGaHHAX B Kade-
CTBE KPHTEPHS OUEHKH AeACTBHs Ko.JebaHuit Ha JloXed MoxeT OHTb
NpHHATO ycKopeHne. HexoTopwe HccleaoBaTesnH CUHTAIOT, 4TO NpH 4a-
crotax ot ! a0 6 I'm cKopocTs H3MeHEHHS YCKopeHHs B GoJiblieli  CTe-
NeHH SBJASETCA DNPHUMHOH AHCKOMdOpPTa, HeXeaH CaMO YCKOpEHHe.

H3pecTHO, 4TO BCe MOJYYEHHHE A0 HaCTOAUIErO BPeMeHH SKCHepH-
MeHTAa/JbHble JaHHbe OTHOCATCA K Ko.leGaHHsaM ¢ yacrotofl Go.ee | T'u
M ¢ aMnanTyRamn ne Gosee 1 MMm. JIns BHICOKHX 31aHMi ¢ NEePHOAOM
kone6anuit nopaaka 1—8 ¢ sror sonpoc Gua paccmorped Yanrom [61],
KOTODHfl 3KCTPANOJHPOBA. 3KCNEPHMEHTAIbHBE XAHHBIC, INOJYueHHble
AJs BHICOKHX uacToT B o6gactu Gosee nu3kux yactor (1—0,1 I'u), u
YCTAHOBHJ INPeReSbHHE YCKOPDEHHA KoJIeGaHMH H XaPaKTePHCTHKH HX
BO3lleficTBHA Ha Jawoaei (puc. 8 PykoBoacTsa).

AHntenHo-mauropne coopyxenns [9, 11, 12, 13]. Takne coopyxe-
HHS ABJAIOTCA NPOCTPAHCTBEHHHIMH CHCTEMaMH, COCTOALIMMH H3 pAAa
MAuYT, CBA3aHHbLIX TOPH3OHTANLHBIMH BAHTAMH H 2HTEHHBIMI HNOJOTHAMH
(puc. 10). AHTeHHOe NOJOTHO NpescTaBlsier cO60H MTOCKYyIO CeTh, CO-
CTOSILIYI0 H3 KOHTYPHOIO Jicepa H FOPH30HTA.IbHHIX H BePTHKAJBHHIX 3Je-
MEHTOB, KOTOPHIe KpenaTcs K ero GOKOBbLIM CTOPOHAM. KoHTypHBHIE Jeep
noxBeUIHBACTCA K pee, KoTopas depe3 THOKHe NOABECKH KpENHTCA K
Bepxy MauTh. KaXXjasi MauTa NOAJep:KHBAETCA HECKOJbKHMH SIpPYCaMH
BaHT.

Berep neficTByeT HOPMalBLHO K IVIOCKOCTH 3HTEHHOTO MNOAOTHA. B
3TOM C1yyYae aHTeHHO-MauTOBOE COOPYXeHHe pa3fHBAeTCH Ha INEMEHTH
CPABHHTE/ILHO NPOCTON TeOMETPHYECKO! CTPYKTYPH (OTHAJbEbie MAYTH,
auTeHHsle TOJOTHA, BauTh). [IpocTpancTBennas KOppeIsiKs NYAbCALUH
ﬂpO:lO.‘leOﬂ KOMIIOHCHTH CKOPOCTH BeTP2 YYHTHIBAETCA TOJIbBKO NpH Bbi-
YHCACHUH HATPY3KH Ha OTACbHuHA 3aeMeRT cHcTeMmu. [IpocTpancTBennas
KOppeJIfuMs NYALCAUHH CKOPOCTH MEXAY OTAe]bHLIMH 3/IeMEHTaMH He
YUHTHIBACTCH.

BerpoBas Rarpy3ka Ha aHTeHHOe [OJOTHO ONpele’sAerca B KBa3u-
CTAaTHYECKOH NMOCTaHOBKe. ITO 3HAUHT, UTO NPH pacyeTe MOJNOTHA KpoMme
CTATHYECKOH COCTaBAAKIICH BeTPOBOA HArPY3KH YUHTHBAaeTCa TakKke
AeHCTBYIOIIAA CTAaTHYECKH COCTaBJAAIOILAA BeTPOBOH Harpy3KH, COOTBeT-
CTBYIOUlasi NYJbCallBH NPOAOJABHON KOMIOHEHTH CKOPOCTH. DTy COCTaB-
JAOLYI0 BETPOBOH HArpyakH 6yAeM B Aa/bHeflileM Ha3wBaTh MyJ/bCailH-
OHHOR,
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BeTpoBas Harpyaka Ha rOPH3OHTa/bHbiil 3feMeHT Noaorha. Huren-
CHBIIOCTb BETPOBOM HATPY3KH Ha 3/EMEHT MOXHo 3anHCaTh B TaKOM
BHIe;

c [ -
Bar (y» %5 1) = Qe (1) 7 Funr %1 9)s Y
e gy, (21) — HHTENCHBHOCTb CTATHYECKON COCTaBAAIOUIEH BETPOBOH
p c v (2, x, 1)
HArPY3KH;  Quur (2,0 X%, 1) = 29,4 (2)) o) (2) — HHTEHCHBHOCTb

NYNhCAIMOHHON COCTABJAIONIEH BETPOBOR HarpysKi.
[TynbcanHOHHast COCTaBAsAIOWass BETDOBOM HArpy3KH Ha 3JEMEHT

g Uen 1)

Q (1) = | G (2. 5. 1) s = ey ﬂ o (o, %, D de. (72)
o 1 .
0 0

Cpeaunee 3Hauense Q' (z) = 0; Cpeauuit kBaipar NY.IbCALUHOHHOA CO-

CTaB.14101llel BETPOBOR HarpyskH

c 2 L

q HHT (Zl

L—‘—-——)L H‘v‘ (20, x, ) v’ (21, %", )dxdx’, (73)
Uz (zl) e

0

Q’ : (7)=4

KoBapHauus nyabcauHOHHOA COCTaBJAAOUIei CKOPOCTH B TOYKe X H X’

<o

U2, X, DU (2, %, ) =2 SSU. (x, x",n)dn =
0

(-]

=2 j S, (n) exp (— M) dx, (74)
0

Yo

3gech S, (1) — 3HEPreTHYECKAH COEKTP MNY/AbCAUMK NPOAGALHON KOMMAO-
HEHTHl CKOPOCTH;
20n jx — x|

—

R, (n,x,x")=exp (_-

— K03 dHUHEHT NPOCTPAHCTBEHHOH KOPPeNAlHH MYJbCaUHH CKOPOCTA.

c 2 o« L gy exp(—— el iu) dudxdx’
—,'2— 8 [qmn (21)] 9 60
OTKyaa Q (21) =TT O ’
3 () JJ. (1 4+ u?y'P
000
(76
ABOHHOA HUTerpaa
. l | 2 1
"3 x — x; u \
Xp | — ————|dxdx’ =L ~e—¢— 1)xL?
H e\p( 60 ) vdet =Ly ebet =) (1%-6/2)'

re ¢ = ul/60; u= 1200 n/uv,;
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CTaHAAPT OYJALCALHOHHOA COCTABJAKILEH BeTPoBOR HArPy3KH

’ qu'r (21) L L
O (') =— "= ) o Lv (L), (76)
o d 172
rae v(L) = —2—) = — KO03hdHUHEHT APOCT-
3 p (14-u9*3 (1 - uL/120)

pancTBeHHON KOppensmuH NYJAbCalHOHHOH COCTABJIAIOILCH HHTEHCHBHO-
CTH BETPOBOR HArpY3KH, NpHHHMaeMufi mo Taba. 15 Pykomoxcrsa.

HopMaTiBHOe 3HaueHHe NyJBCALHOHHOA COCTABAAIOWieA HHTEHNCHB-
HOCTH BeTPOBOM HArpys3kH, paclpefie]eHHOR No IOPH3OHTA/NLHOMY 3Je-
MeHTY NONI0THA,

q;m-r.u (21) =a, oq' = qﬁur.n (21) m (21) v (L), (77)
UHT

Hop™maTuBHOe 3HaycHHe HHTEHCHBHOCTH BeTPOBON HarpyskH Ha ro-
PH3OHTA/JbHHI 9JEMEHT NOJOTHA H Ha TOPH3OHTaNbHEIE BAHTH ONpefe-
anetrca no dopmyae (22) n. 6.23 PykoBoacTsa.

BerpoBas Harpyska Ha aHTEHHOE NOAOTHO, [TYJBCAUKOHHAR COCTaB-
AAOlas BeTPOBOH HArpy3KH Ha MOJOTHO MOXHO S8allHCaTb B TAKOM
BIAE:

LH
Qx'wnorua (&%, 0)= j‘jq "2, x,1)dxd2=
00

90 (10 LH @,
= (19 j(%) v’ (2, %, )dxdz (78)
0

U
0

e mi_ AlE QO (T O\ A2\
- et f ) (5
[ ]

o2 10

Xv' (2, x, ) v’ (2"yx', t)dxdx’ dz2dz’, (79)

rhe ®.=0,16 —nokasatenr cremeHd, XxapaKTepH3ywomHR H3MeHeHHe
CKOPOCTHOr0 HANopa 1o BHCOTE NOJIOTHA,

Mo ananoruu ¢ (74) KoBapHaIMIO NYJNLCAUHOHHOA COCTaB.AAMULCH
CKOPOCTH X it X', 2 H 2’ 3anHileM B TaKOM BHJE:

vV (2, x, ) (2') %'y t)=258‘,. (n) X
0

20 - ’ —— ’
« exp(__ _l"_i_"’_) exp (_ El_z_.z_l_") dn, (80)
00 Uo

Mpamem z={H, x=yL, Torna

Quanorua =4 (45 (H))* v3 (H) 8* ¥y (S=HL), (81)
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3aech KO3GPHUHEHT NPOCTPANCTBEHHOR KOPPEARURH OYRLCANBOWRON
coCTaBJiflolLeH BETPOBOA HArpy3KH

1 loo

e (3]t

600 (l+u’)4/3(l +l;—;6)

—U{’| Hu
% exp (— k=t Ha )ag dg’ du)‘/?. (82)
150
3nauenns vy nphBefeHn B Ta6a. 16 Pykosoacraa. Hopuatumnoe
SHaYeHHe NyAbCaHHOHHON COCTaBAslledl BeTPOBO# HArpyskH, pacnpe-
AenesHOfl N0 NONOTHY,

9y =gy (H)m(H) v, (83)

HopmaTusroe SHauenme BeTpoBOfl Barpyskm, pacnpejefensoffi no
BonoTHY, Onpefeaserca no popmyne (24) Pykosoxcraa.

Berep aeficTByer B NJAOCKOCTH auTeHHOro mojorsa, B atou cayuae
AHTEHHO-MAYTOBOE COOpYXenHe DasGHBaeTCs Ha UENOYKY CBA3AHHHX
MeXKAY cO60f MauT ¥ Ha aHTeHHOE NOAOTHO.

BerpoBylo Harpy3ky Ha BepTHKaAbHHe SNEMEHTH fICAOTHA H HA
€HCTEMY OT BAHT MAuT UeNOYKH PEKOMEHJIyeTCsi onpeRe/iaTh B Kpasu-
CTaTHIECKOR NOCTaHOBKE, rlpoc'rpaﬂcraeﬂﬂax KoppensagHs MyJabCauHn
DPOAONBHON KOMIOHERTH CKOPOCTH JJIA 3THX S/IEMEHTOB YUHTHIBAaeTCH
NO BHCOTE CHCTEMH ¥ MO HANPABJEHMIO H TNONePex NOTOKA BeTpa.

Berposas narpy3ka Ha BCPTHKAAbHbIE EMEHTh AHTCHHOrO NOAOT-
na. Ecau B autenHOM noOJOTHE S BEPTHKAJLHHX 3/€MeHTOB, TO UYJ/bCa-
LHOHHYIO COCTABJAIQWLYI0 BETPOBOR HArpy3KH Ha MOJOTHO MQKHO 3a-
HHCAaTb B TAKOM BHAE:

s H

Qx.lonoma (&)= 2 j‘ g (x 2, t)dz =
i=l ¢

s

H @
2. . (10 A
- Yuur.n (10) VJ'(L) v’ (2, %, ) ds, (84)

Y 10
I X
TRe Giprp (10) =qoCeupmads; Go— HHTEHCHBHOCTb BETPOBOR Barpysxs

Ha BEPTHKAJLHIN SJeMeHT Ha yposhe 10 M.
Cpepnuft XBagpar

0= rn (10)1-225?(1_)% (-’—'—)aA X
"-—;.g—‘—‘ A 10 10

=1 =1

X U’ (2' Xty t) v’ (Z', x[' t) dZdZ'. (85)

.
KopapHanms nyascansy npoaoabHON: HOMIORERTH B TOYKax 2 M 2,
X{ H Xj HMECT BHA

8fz — 2’} n) %
Y

v (2, x, NV (2, X 8) = 2J S,e (n) exp (—
0
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X exp (— M‘) dn, {86)

Vo

Q% = 4 [g D2V (D) HP VS, (87)

HopmaTHBROE SHaYeHHe HHTEHCHBHOCTE DY/bCalkBOHHOA COCTaBAAID-
well BerpoBOf HAarpyskH, aefcraywuled 8 MJIOCKOCTH UOJIOTHA,

q:mr.a = Quur.a (H) m (H) vy, (88)

i =
_ _2_ 8 % Za _C"C’IH“
v”_[sﬂoj(wuw” o (- B )

1/2
lx,—x,(Lu)
— Y atd’ d .
x;;w( - Ly du

3naueHHe KO3(QGHNHEHTOB NPOCTPAHCTBEHHOA KODPENAUHH vy NpH-
BefeHn B Taba, 17 PykoBOACTBa.

HopmaTHBHOe 3HayeHHe HHTEHCHBHOCTH BeTpPOBOA HArpy3kn Ha
BepTHKaJLHHE SJeMEeHTH ompeaensiercs no gopmyie (25) Pykosoacrsa.

Berposas narpy3ka Ha CHCTeMy OT BAHT uenouks Maur. [lyascanu-
OHHAasA COCTaBJadIOLIagR BeTpOBOﬂ HArpysKd Ha CHCTeMY QT BaHT UCNOYKH
mayr

rAe

ko
Rt=3 X Ry (89)
=t m=l
rae R, (f) — nynpcanuonHas cOCTaBAAIOILAA pPeaKuHn BaHT spyca

m i-offi MauTH; /M — HOMEP ApyCa MAauTH; 7 — YHCAO APycOB; R — unc-
10 MAYT UeHOYKH,

Cpennee 3HaueHHe R;nt (¢) =0; cpeauufi KBajpaT nyabCauHOHHOR
cocTapsioilefi BeTpOBOA HarpysKH HA CUCTEMY OT BaHT UeNOYKH
— k& r 7 e
R*=33 X D RuOR; (). (90)
(=1 j=1 m=1{=|
Kosapnaunusa peakuun BaRT Mayt
Bk

e 2 G : . ;
R, (R, (O = m” [lram @ %0 00D Gt @2 55 0720
00

+q;m.nm (z’ X1 Y t) ‘I;ur,m (z’, X !/’v t)] 22 d2dz . 9

3aech Gunram (2 X4, U, 1) B Guuey (& X3 ¥\ 1) — wATENHCHBHOCTD
nyAbCALlHOHHOA COCTaBAAIOWeA BeTPOBOA HATPY3KH Ha nesyio H npa-
Byl0 BaHTH m-ro u l-ro spycoB i{-od H j-0f MauT; Am U At — BHCOTH
m-ro 1 I-10 fApycoB,
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KoBapHanun unTeRCHBHOCTH MYAbCAUHOHNOH cocTaBisouwieli BeTpo-
Boft Harpy3KH

q:m-r..nm @ xp Y !) Gyur.ou (3 T Yy, l)y=
4 [‘ﬁl{n.ﬂ (}0)]2 2 %A 2’ %A < . . .
== 2 () () e D T,
’ (92)
ql'm'r.nm (¢ xp 9 Yuuru e Xpy't) =
4[4:,,“(10)]2 2 \%a (2 \*A— _
Kosapuauuu nyabcallyd OPOROJAbHONH KOMIOHEHTH CKOPOCTH B TOY-
Kax %1, g, 2 H X3, 4, 2'

7 7 - ° 8lz—2'|n
Unm (2 %30 U5 vy (20 % 9" () = 25 Sy (n) exv(-¢-{;——-
0
— —_ 8lx, —xJn
_W—hmtz—z(n 35 —* )dn; ©9)
Y )
7 e T 8lz2—=2'|n
vn'n (zl xi! y’ t) vﬁ[ (Z :xji y” t)=2j‘sv' (ﬂ) exp (—JT‘I_—
0
0

Witm+ b —z—~21n B =x")
U 0, *

Ecan npuusts hy==Ih;; hm=mh,, rae hi— pricoTa nepsoro Apyca,
Z=§mh1; Z/=€,lh1; xi=X(L; x,==x,L; y=m/l|(l—§); !/’=1hx(‘-'§');
Le= (k—1)/y — BIHHA CHCTEMHN, ly-—— PacCTOAHKE MEXKAY MayTaMH H
yaecth nauune dopmya (91)—(93), 1o Bupaxkenne (90) MOXHO 3anH-
caTh B TaKOM BHJAE:

o0
- 16 uC (u) D (u)
,3_ 20 2 | ZL VU
R"™= 3 [qgﬂr-a (hy) ¥y (hl) hl] J‘ (1 4 u2)¥® du, (64)

0
k

rae - ] 4o, ! jmf — 1’| by u
o . —
T 5) || ETE MRS

m=1 |=l
H—m-4-mb— %'\ hyu Img — 1’1 hyu
60 ) +exp (— 160

_Imti— ”:si — 1) hxu)] g% ¢ g dpe
k

k
—x.JJL u
D(u) = E 2 exp(___b(; l’;;)l c )l (“A=°'16)~ (95)
i=l =
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HopMmaTthBHOe 3nauenne nyabCalHOHHOM cOCTaBIAWEN BETPOBOA
Harpy3KkH Ha CHCTEMY OT BaHT LEMOYKH Maur ompeiesferca no ¢opmy.ie
(28) PyxosoactBa, rae XKo3pdHUHEHT NPOCTPauCTBEHHOH KOPpeIsLHH
AN CHCTEMBI
o

/_4_°°'uC (¢) D (u) du
30 ()t

CratHyeckHii pacder Maurnl. Bonpocsl craTHyeckoro pacuera Maut
HCCIEAOBaHE B HACTOSlee BPeMs JOCraTouHo nogpob:o [36, 38, 41, 42].
Paspabotana nporpaMma, IO3BOJAIOMIAN PacCCYHTLIBATL MHOTOSPYCHLIE
MauThl ¢ YYE€TOM IeOMeTPHYECKOH HEJHHEeHHOCTH BAHT H IOPMAMBHBIX CitJl
B CTBOJIE.

OTa nporpaMMa peasiH3yeT aJrOPHTM, COT.1aCHO KOTOpOMY HeTHHeili-
Haf CHCTeMa, MOKEJHpPYIOWash MAauTy, PACCUHTHIBAETCA METOAOM IOCie-
JloBaTesIbHBIX NpHOMMKeunit. JluHeHnas cHcTeMa, ROJyvaollasic® 1a
ha¥JAOM 3Tale MNocjeA0BaTeNbHbIX NPROMHIKEHHIl, HCCAGAVETCH METOAOM
CHJL

B 5TOM NyHKTe A1 CTATHYECKOrO PacyeTa MauyT HCNOJb3YeTcs Me-
TOJ, NepeMeLleHHH.

Ilpu nocTpoeHHM aJaropHrma pacyeta NPHHATO, YTO HANMPAB/IEHHA
peaKlnuid ¥ CMellleHH#i y3nOB MayThl cOBNajaloT. B 3TOM cayysae mno-
CKOCTH NedOpPMHPOBaHHA CTBOJ2 H BauT OYAYT cOBMAaAaTh ¢ IJOCKO-
CTbI0 Harpys3KH.

YunteiBaeTcs H3rub CTBOJIA B NJIOCKOCTH, liepHeHAHKYAAPHOH mJjoc-
KOCTH HeHCTBHA BeTpa. B COOTBETCTBHH C 3THM B OCHOBHOA CHCTCMe
NOMHMO CBR3el, NPEeNATCTBYIOMIMX JHHelHLIM rOPH3OHTAABHHM CMente-
HUAM H NOBOPOTAM Y3/I0B B MJOCKOCTH JEfCTBHA BeTpa, BBOAATCA ama-
JIOrHYHBIE CBA3H B MIOCKoCTH 20X,

Ilpi onpenesieHHH HarpyskH Ha BaHTY YUHTHLIBAeTCA TOJIbKO ee COoc-
TaBNAAOWas, REepNeHAHKyJApHas XopAe. IlycTb NJOCKOCT AEHCTBUS
BeTpa M j-off BaHTHl k-ro spyca 06pa3yioT Yyroa (s, yroi HakJIoua
BaHTH K TOPH3OHTY @j, @; — yros, o6pa3oBaHHMil HanpaBieHHeM BeTpa
H BaHTOH, TOTJa COCTABJARIOIAN CYMMAPHON HHTEHCHBHOCTH CTATHUECKOIl
Harpy3xH, HOpMaJbHas K BauTe, onpeaensercs 1o cdopmyae (27) Py-
KOBOJACTBA.

Hopmasabuas coOcTaBJsfiouwias Beca, roqoJefa H/H 3SKBHBAMEHTHOI
HArpysKH HA €RUHHLY HJHHbI BAHTH g, J€XHT B IVIOCKOCTH BaHTHI.
HutescuBHOCTh  CTATHYECKOH cocTamAsiomell BeTpoBoil HArPY3Ku

Ve = (96)

Z

“ut (4 :

§n f 1) -
Puc. 11, Hopmaabubie K BaHTE v \d

cocraBafiol{He €€ Beca M ro- 8

Aonexa g, H AHTENCHBHOCTH

crathyeckol  cocTasasoiei y

seTposofi Harpyskm g, (2, 0)
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qn (2, 0), HOpMaNLHOR X BauTe, NEHKHT B NAOCKOCTH, 06pa3oBanHOR BaH-
Tofi W HanpapienneMm Berpa (pHc. 11). cos[ga, ¢ga(2, 6] ompeneasercs
5o dopmyJe, npsBeReHHON B 1. 6.28.

Kak #3pectHo [41], HaTAXKEHHe B BaHTE C YUETOM [eOMETPHYECKON
HeJIEeHOCTR ONpeReINeTCA H3 YPABHEHHS COCTOHHHSA, KOTOPOE B NPHHS-
THIX 0603HaYEHHAX HMEET BHA

X, sing, T Y, cos 9,

TS+ T3k< cosai-—éj) EF,=A,, (97)

LJ
A.

= — Ly

Tae 6,—- EF, T, ; TM OTHOCHTEAbHOe YAMHHeHHE j-0fi BaHTH
gL
NpH MOHTaXHOM HaTsKeHHu Toy; Al =—LLEF costa, ua, =
p 041 i~ o4 J f A
&Ly

=5 EF} -~ napaMeTpnl HArpy3kH; Xa M Yi — FOPH30HTAJbHLEE

CMeIleHNs Y3JI0B B Hanpapjenun ocefi X i y.

B ypasuenun (97) npeneGperaem BAHSHHEM Ha HaTAXeHHe B BaHTe
HepeMelleHEH Y3Ja B IIOCKOCTH, NepneHAHKYSIpHOA Xopae BaHTH. FopH-
30HTaJIbHbie MPOCKUMH HAa OCH X H Y peakuuil k-ro spyca BaHT:

n
Pyk (%, ¥,) = g T, COS 0, COS @ ;
=1 (98)

n
Pan O 93) = 1_21 T ju cos @;5in @y

KpoMe TOro, 3TH peaKuys AalyT NpHpaileHxe HODMaAbHOB CHAM,
aefcTpylomeht 8 k—| npoJete cTBoAa

n
AN,_, =2‘ T, sina,, (99)
1=

OG603naunM peakuuH B HAJIOXKeHHHX CBA3AX R-ro y31a OT CTaTHye-
CKOR cocTaBJisionieli BeTPOBON Harpy3kH, LeACTBYIOUlEH HA CTBOJI H BaH-
THl B HanpaBJeHusix x ¥ y, Yepea R, M, u Ra coorBercrseno, toraa
CHCTeMa YpaBHEHHH PaBHOBECHSl Y3.J0B MauThl B MaTpHuuOR ¢dopme mon
AEHCTBHEM CTATHYECKOil COCTapJslolieli BeTPOBOH HAarpysks 0yaer HMeTb
BHA

AE O3, + AP0y =M;
AE (0) 7, + AV (0) X =0;

AL () v, + ATV (0) y — Py(x, y) =Ry

A (0) ¥+ AEY (03 =Pr (x,y) =R,



- o > =

rAe Y, X, Yy, Y= — P-MeDHHEC BEeKTOPH 0GOGiIeHHLIX NepeMel{eHHN y3-
s08; Py(x, y), Pz(x, y) —p-MepHble BeKTOPW ¢ KoMmoHeHTaMH (98);

M,, R, R.:— p-MepHhle BeKTOPH peakuHil B HaMOXKeHHLX CBHIAX OT
CTaTHYeCKOR cocTapasiomel Betpopoli uarpyskw; A*'¥)(0), A9 (0),

Ag"'-"’ 0), A{"'”’ (0)— sneMeATH MATPHUL PEaKUHH CTBOJA B OCHOBHOM
CHCTeMe, BHYHCJEHHHE B COOTBETCTBHH C Tal/. 20 AaHHOTO IPHIOXKEHHA
npn 3uavennax ©=0 u Ny=N{°0¢° L AN, npruem snauenne AN Bu-

yucagercs no ¢popmyae (99) or HaTAxKeHH B BaHTaX, BH3BAHHHX CMe-
LIEHHAME Xa, Y k-TO y3na.

Cosoxynuocte ypasuewnit (100) mpexcraBaster coGoff cHcTeMy He-
JAMHeAHHX anre6paHyecKHX ypaBHEHHA OTHOCHTEJbHO OGOGIIEHHHX Nepe-
MelleHHA y3J10B MaqThl.

JAnnamuueckHi pacyer Maurbl. B xayecTBe pacueTHOH MojeJaH, OT-
paxaioumleft ¢ AOCTATOYHOR A5 NPAKTHKH TOYHOCTLIO HaNPANEHHO Je-
($OopMEpOBaHHOE COCTOfHHE MAauyTH NPH AefCTBHH TYpGYJeHTHOro serpa,
MOXeT OHTh NPHHATA IPOCTPAHCTBeHHAs CHCTeMa, 00pas3oBaHHasi CTBO-
JIOM MAYTH H NPHCOEAMHEHHHIME K HeMY THOKMMM HHTHMH, MOAEIHPYIO-
WHMH BaHTH.

IIpu uccnefoBanuM xKoNeGaHuUA TaKOA CUCTEMBI MOXKHO He YIUThHI-
BaTb CHJbl HHEPUHH B HaNpaBJIcHHH XOpA BAHT H CUHTATb, YTO KpoMe
HHTeH B y3/1aX UPHCOEJHHEHB YIPYIQNOAATJHBHE ONOPH, MOREIHPYIO-
uHe zedopMallii BaHT B IPOROJBLHOM BAOJb XOPA HallpaBieHHH. Mox-
HO CYHTaTb TaKXe, YTO AePOPMALHH 3JeMEHTOB MAUT IPOHCXOAAT B MJIO-
CKocTH, 06pa3cBaHHOR HalpaBjeHHeM BeTpa H OChI0 31€MEHTA.

B kauecTBe Harpy3kH Ha CHCTeMY NDHHHMAIOTCH NYJbCAaUHOHHAA C€O-
CTaBJsOLlas flaBJeHHA BeTpa, paccMaTpHBaeMasi KaK IIpOCTpaHCTBEeHHO-
BpeMEHHOIl CTaUMOHapHRH rayccoBHiA cayyafinuii nponecc. YuHTRBaeTcs
NpPOCTPAaHCTBEHHAA KOPPEJSUHA HPOAOJbHOH KOMIOHEHTH CKOPOCTH
BeTpa.

BelHy)XXAeHHWe KoneGaHWs MauTHl Ha BaHTax Kak HeJHHellHo# mpo-
CTPAHCTBEHHOW CUCTEMH paccMOTpeHH B pabote {13].

IlepeMellleHHst H YCHJIHS B 3J€MEHTAX MauTH IIpeICTABJSIOTCH B BH-
Jle KOHeuHhIX OFPEe3KOB PAJ0B II0 HEKOTOPOH CHCTeME€ KOODAHHATHHWX
PYHKIHH, YTO NO3BOJAET CBECTH 33J]ayy K CHCTeMe CBA3AHHMIX ypaBHe-
HHH# CO CAyMaHHHMH (QYHKUHAMH B DpaBOH 4acTH. 3aTeM MeTOAOM CTa.
THCTHYECKOR JHHEeaDH3allHH H3 3TEX YPaBHeHHH [M0Jy4YaloTcst CpefHHe
KBaApaTH nepeMelleHHH H YCHAHH B CTBOJE H BaHTaXx.

[Ipu npakTHUeCKOH peanH3aUHH aAropHTMa pacyeTa MayT MO YyKa-
32AHOH pacuyeTHOM Cxeme BO3HHKaeT pAJ TPYAHOCTeldl, CBN3aHHHIX C pa-
HHOHAJbHHIM BHOGODOM KOOPAMHATHHX (YHKLUHMA H pellleHHeM BOIPOCOB,
OTHOCALIUXCA X y4YeTy NPOCTPAHCTBEHHOH KOPPEASIHM NYy.IbCalik CKo-
POCTH BeTpa.

HccaeaoBanse STHX BoNpocos yAoGHee NPOH3BOAHTb Ha 6o.ee fpo-
CTHX MOAEANX MayT, NOJYYALUXCH H3 DAcCMATPHBAEMON pPaCueTHOH
MOJIeJIH, eCJH NpeHeOpeub TeMH WX HHHIMHE (akropamu. Tax, npeHeGpe-
rasi FeOMETPHYECKON} HeJHHeHHOCTHI0 BAHT, MW MOJYYHM JIHHEAHYIO Mpo-
CTPAaHCTBEHHYIO CHCTeMY, B KOTOpOil THOKHe HHTH 3aMeHeHH CTPYHaMH,
2 ynpyronojaTAHBHE ONOPHI, MOJEJAHPYIOUIHe RedOpMALHH BAaHT B Npo-
JONBHOM HaNpaBJeHHH, CTaHOBATCA JAHHEHHHIMH. 3Ty JHHcitnylo npocr-
PaHCTBEHHYIO MOAe.1b GyAeM Ha3HBaTh MOZeJbIO A.

YpaBHeHHs BBHXEHHA MOACAHK A MOryT GbTh 3aMHCAHBl CIEAYIOLLHM
o6pa3oM:
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a) AJ9 CTBOJA KAk CICPXKIS, CKATOrO OCEBHMH CTATHYECKHMH CH-
A3MK,
21 l’ 02
2y e L2 "I'E-Ika e
otd ot ozt 022
k=1,2,,..,05n he_ <2< hk,

rae O(z, 1) — [POCTPaHCTBEHHO-BPEMeHHOI HOPMANBHBEIA  CaTyvaiilbiil
npouece, CTaLlHOHaprIH O BpeMeHH, OHlleJBaK)HIHH nyJinCailHo Jas.jc-
111 BeTPa Ha CTBOJL;

6) 274 BaHTH-CTPYHBI

=z 1) (101)

02w . ow . 9 ow .
Jh ik ___2 ir | _
Pix "ar --, pn % lTojh (x)—-ax,} D, (. 8), (102)
E=1,2,....5 =12 ..,n

rae @ (¢, ) — npoCTpaHCTBEHHO-BPEMEKHGH Cayualinmif npouece, Omit-
Lb‘BaK)mHH NyJAbCaliio JaBJEHHA BeTpa Ha BaHTY; YPc¢ H Ps — KO3DDU-
IHeNTH, XapaKTEePH3yUlHe IHCCHNALIIO 3HePrHu KoJjeGaHHA B CTBO.JE
Il BaHTE MaYThl

Ycuana B CTBOe onpee aioTca Ho GopMy.TaM:

Py @)
g2’

Py (2, 1)
e TNy @0

ﬂynbcauuouﬂax COCTaB.14101laA HATAKEHHA B BAHTE

nsrnGaromuit Moment M (2, 1) = —EJp

nonepeunas cuna Q (2, 1) = — EJp

EFJ'h
{) == ,
T ®=—"u, ), (103)
JR
rie EF — XecTKOCTh BaHTHl HAa pacTamxeHHe; L — JjiHHa BaHTL;
#(t) — nporoJibHOE CMeleHHe MOIBHKHOTO KOHUA BAHTHI.

K ypasnensan (101) u (102) nHeoGxoanvo a06aBuTh rpaHNYHblE YC-
JIOBHA, BhIpaxamowne cofoil OTCYTCTBHe YCH.IHI Ha BepxHeM CBOGOAHOM
KOHIE CTBO.13, OTCYTCTBHE MOMEHTOB B OHOpe CTBO.1a (B CJyHae ero luap-
HHPHOTO ONHDaHNsA) M OTCYTCTBHE NepeMellleHHH B oloOpax CTBOJIa-1
BaHT

YO H=w, 0, 0=0 M, ()=Q(,H=0 (104
M(0, 1) =0,
Kpose toro, B Ka10M y3.e ZOJMHH BHINOHATHCA EOMETpPHUECKIE

H CHIOBHE YCJIOBHA COBMECTHOCTH mepeMellleHHH OTAeabHbIX 3J1€MEHTOB
MayTH.

K reoMeTpHYeCKHM OTHOCATCH YCJIOBHSA HENPEPHBHOCTH JHHHH NPO-
ru6oB H (PYHKUHH YIJ0B HOBOPOTA CTBOJA, @ TaKXKe YC/OBHS DaBEHCTBA
TOPH3OHTAJbHHX [epeMellleHHII CTBOJA H TODH3OHTaJbLHBIX IPOEKIL
NPOAOILELIX H NONEPeYHHX CMelleHHil BaHT B KaXJA0M yaJje

Yhe—0,0=yr+0,8); y' (he—0,0)=y’ (e +0,1); (105)
W (L, 1) =y (h,,?)sin le; uy (L,?) =y (h,, 1) cos 9”‘
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3 K CHJOBBIM — YCJIOBHA PABIOBCCHS MOMENTOB H CHJI, NPHJIOKEHNLIX

K y3ay: ‘
’ My --0, 8y — M (ht—0,1) =0; (106)

Qhe+0,0)—Q(he—0,1) —Rp () =0,

Yroa 0,, cBA3AH ¢ yraaMu Qjx I P;x COOTHOLIEHHeM coS 0, =
= COS @ jACOS @ .

Peakuus k-ro sapyca sauT Ra(f) Ha TOPH3OHTaJbHOE NepeMellieHite
k-ro y3aa nveer BHA

n ,
R, ()= Zl[sm 0, Toje (1) wig (L, 1) — T (¢) cos 0,]. (07
I;
CoBokynHnocTs ypasuenuit (101) u (102) u ycnosuii (105) u (106) onu-
CpiBaeT BEIHYAKJeHHble KoJeGaHH MauThl NpH ACHCTBHM BETpa.

Ecan B Momenn A npeHefpedb CHIAMH HHEPUHH He TOJBKO BAUAL
XOPA, HO H B NePIeHIHKYJAPHOM K XOPAaM HaNpaBJeHHH, TO BMECTO
BAHT K CTBOJIY MAauThl OKAXYTCsl NMPHCOCAHHEHHEIMH JHHEHHBIE YNpyro-
1105ATJHBLIE OLIOpPH, MOJeCJHpYOLIHe YIpyrue cBoficTBa BaHT. B 3rom
caydae nepBoe ciaraeMoe B Bhpaxennn (107) o6pamaercs B Hy.ib. ITy
Mojenb (CTepxeHb Ha yNPYromoJlaTJHWBbIX oliopax) OyaeM B Aaabheii-
1IeM Ha3biBaTh MoJebio b,

IMpeacraBHM NepemellcHHst k-TO Apyca CTBOJA M €ro j-off BaHTE B
BIiie PAAOB NO COBCTBEHHBIM dopMaM

s S
@) = D@ o) wix', )= Bice &) i (), (108)
i=1 i=1
rle @ri{2) U Pik: (%) — cOOTBETCTBEHHO COOCTBEHHbIe (GOpMBI Ko.je6a-
HMHA CTBOJA H BaHThH p,({) 060OUIEHHbBie KOOPAHHATHL CHCTeMBI,
H3 dopmy.a (102) u (104) BuaHO, YTO COGCTBCHHLIE YACTOTH H ¢hop-
MB KOJe6aHiit MauTbl 3aBHCAT OT BEJHUHHBI HATskeHHA To;x B BaHTaXx,
MO3TOMY AHHAMHYECKOMY pacueTy MauThl AO0JOKeH NpeIllecTBOBATb CTa-
THYECKHIl pacdeT, H3 KOTOPOTo ONpejelseTCsi HaTs)KeHHe B BaHTaX B No-
JIOKEHHH CTaTHYECKOro PABHOBECHS, COOTBETCTBYIOLIEro pacyeTHOMY
3HAYEHHIO CTATHYECKON COCTaBA0Ulel BeTPOBOK HArPy3KH.
Cpennre KBajpaThl NlepemelieHHll £-Ffo mposeTa cTBoJa M -0t BaH-
T k-ro sipyca ompeje.Isiorcsa mo GpopMmy.aan:

S S
AR z}:‘la"i @ @, @p, O, ) (109)
= =
9 S S —_—_—
0y ()= 2B, () B )2, O 0, (),
(=1 [=]
Jas Toro 4To6n NO.JIYYHTb CPeRHHe KBajpaThl H3rHGAIOIIHX MOMEH-
TOB H NONEPeYHLIX CH.1 B CTBOJIE, cjieayeT B supaxennd (109) aas 03 )

3aMeHHTb COGCTBeHHLIEe GOPMBI CTBOJA COOTBETCTBYIOWIHMH Ko3dpHIIHEH-
TaMH pacupeje/eBHs H3TNOaIOUIHX MOMEHTOB H IONEPEYHLIX CHI.
CpenHRil KPaapaT HaTsKeHHA Ha BeDXHeM KoHle j-0it BaHTH &-To
spyca
5

S
EF g cos 8jp \2 O -
oy = (=) S ZI“”‘ () @ (h) LD B @7 (110)
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Puc. 12, Co6cTmeHHble “acTOTHL M BXJagB B CTAHAADT NEPEMEMIERHR BEpXHETO
y3na no Mopmeasm A uw B

1 — cof6CcTPeHRBe YacTOTH MOAear A; 2 — cOGCTBeHHble UAacCTOThI MOAedx B; § —
BKJIAA N0 MOZean A; 4— Brjaz no moaeaun b

Boipaxenne a/1s KopapHanuH ofo0uieHHHX KOOPIHHAT NpPHBEAEHO HHXKe,

[To paspuboTanHo# nporpaMMe OHJH BBIYHCJIEHHW IO ¢opmyaam
(109) nepeMelleHHs H YCHJHA B CTBOJIE AJH TPeX THNOB Mayt: I — ue-
THIPEXBAPYCHOH MauTHl C KOHCOALK BbicOTOH 342 M co cTBOJIOM TPYG-
4aToOro cedeHHs, NpejcTaBasfiollefl coboit onopy Aas nepejpamowed Tene-
BH3HOHHOW aHTeHHH; Il — ueTHpexbAPYCHOH MAUYTH ¢ KOHCO/IBIO BHCOTOH
232 M ¢ peweT4aTHIM CTBOJIOM, CayKalleHd ONOpoHA RJS PAXHOAHTEHHH;
III — naTuapycrofi mautw BuicoTof 363,7 M c pellleTHaTHIM CTBOJIOM.
OTaAKunTeAbHOM 0COGEHHOCTBIO NOCJeJHe!! MayTh ABJAfAETCA TO, 4TO KpO-
Meé HHXHHX YeTHpeXx sApYCOB, COCTOAUMX KaXKIbnfi H3 TPeX BaHT, OHA
MMeeT MNATHA BepXHHH fApPYyC H3 JABeHAaAUATH BaHT. JTOT APYC NOMHMO
OGLIYHOr0 KOHCTPYKTHBHOTO Ha3HauyeHHsA BHINOJHAET PO.b PajHOAHTECHH.
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Puc. 13. 3mopu cCTAHAAPTOB NEpeme-
menkit, MOMEHTOR H TOREPEUHHX CHA

]l  wopmenp A; 2— Moaenr B, 33—
MOAEJb B ¢ COCPeROTOYEHHBIME Mace
camMp B y3Jax
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Pacyer 3THX MauT NPOH3ROAHICH B NPEANOJI0KEHHH, UTO NMY.1bCALUS
BaBjelids BeTPa NOJHOCTHIO KOPPenHpoBaHa NO mpocTpaHcTBy. B Kaue-
CTBE PacueTHOH CXeMBl paccMaTpHBaJHCh Mogend A, B u mozenp B ¢
CoCpelOYeHHbIMH B y3/J1a\ MacCaMH, PaBHBIMH MO BeJqHYHHE MOJYCyMMe
Macc BaHT COOTBETSTBYIOULIEIO Apyca.

Ha puc. 12, 13, ans KaXAo# H3 yKa3auHbIX MauT NPHBEAEHbl SMIOPH
CTan4apToB nepeMeLieHHH, MOMEHTOB H HONepeYHbiX CHN B CTBOJE, BO3-
HHKAIOWIHX NPH BHHYXAEHHHX KoJjeGanuax MmoAenet A, b u moaenu b
C COCPeROTOYEHHbBIMH B Y3J]aX MaccaMH; CIeKTPB COGCTBEHHHX 4acTOT
mofieneit A u B; BKnaAbnl B cTaHAapaT NepemewleHHii BepXHero yana, co-
OTBETCTBYIOLHEe KaX Aol cobcTBennol dopme moneneit A b (Ha Bepx-
HeM 10 OTHOIWEHHI K KaXAOMy Yy3jay rpaduke) H COOTBETCTBYIOU{HE
B3aUMHBIM KOPpeNiLHAM MeXAY i-0ii co6cTBeHHOH GOpMOH H COOCTBE:-
nHMH (OpMaMH, HOMepa KOTOPbIX MeHblue { (Ha HHMXKHeM 110 OTHOWEHHIO
K KaXAOMY yaJy rpadHke).

[Tonyuennsie peaynbTaThi NOKA3LIBAIOT, YTO HIHOPHPOBalHE Mace
BAaHT NOPH HCCJIEJAOBZHHH BbIHYKAEHHBIX KONeGaHHA MauyThl NMPHBOAHT K
3aBbIlUEHHIO MOJYUYAIOUIHXCA B pe3yJabTaTe pacyeTa BEJHUKH NepeMellleHH
o yeHauit B cToste. TIpH 3TOM HaHMeHblIas pa3HHUA B pe3yabTaTax MpH
pacyeTe no moaenaM A u B nosyvaerca Ans Mauth 1 ¢ XKECTKHM CTBOJIOM
Tpy6YaTOro ceyeHHs, Macca KOTOPOroO HaMHOrO NpPEeBBLIlI3aeT Maccy BaHT.
Maytel I1 1 T1I HMeT OTHOCHTEIbHO IHOKHIl pelleTdaThI CTBOJ, Macca
KOT10pOr0 3HAUHTENbHO MeHblle OTAMYACTCA OT MACCHl BaHT, YyeM B Mau-
te 1. JIAA 3THX MauT pasHHLUA B PacUeTHHIX nepeMelleHHsiX H YCHJAHAX
CTBOJIA 3HaYHTeAbHO (osiblle H nocTHraet 60%.

Iipubankennmi yuer mace BanT B Moaean b nyrtem BBejenus co-
CPeAOTOUCHHBIX MacC B y3JaxX CTepXKHs Ha JIHHEHHO-NOZAT/IHBHIX ONOPax
TONLKO YXyAllaeT Jeno. B 3ToM ciyuae nmepemelllerdst H YCHJHA B CTBOJIE
MOIYT B HECKOJIbKO pa3 INpeRblllaTb Te, KOTOPHle MOJMYYAOTCH NPH HC-
TI0AL30BAHHN MOAEH A,

[o-BuaANMOMY, B TAKHX MauyTaX BaHThl SABJAIOTCA He TO/JLKO Mpome-
WKYTOUHBIMH OMOpaMM AJSA CTBOJA, HO H OKa3blBaOT aMOPTH3HPYIOllee
BJHAHHE Ha CHCTeMy, npudeM 3(dexT rauienns KoJje(GaHHA BoO3pacraet
C YBeJHYEeHHeM OTHOWIEHHA Macc BAHT H CTBOJA H C yMeHblUeHHeM H3rHG6-
HOW JKeCTKOCTH CTBOJA.

ITpucoenHHeHHe K CTBOJY COCPEAOTOYEHHHX Macc B Yy31aX HPOCTO
yYMeHbllIaeT cOOCTBEHHbIE YacTOTHl M TeM CaMbiM YBeJAHYHBACT NOIVHAI0-
necs CTaHAApThl nepeMelleHHit H YCHIIHH B CTBOJTE.

BbiBOAB, KOTOPbiC MOXHO CIeNaTh HZ OCHOBE BLINO.MIEHHLIX pacye-
TOB, CBOAATCA K CJAAVIOUWEMY:

1. IIpubiuxenHuIi y4eT MaCC BaHT INpH HCNOJb30BaHHH MOAean b
nyTeM JKeCcTKOro NMPHCOeJHHEHHA B y3/aX MayThl COCPEAOTOUEHHBIX Macc
lle OTpakaeT AEHCTBUTEMbHOTO BAHAHHA HHEPUHOHHBIX CH1 B BAaHTAX ua
KoJebaHHe CTBOJA.

2. Hcnonbaosaune Moaenn b npu paccMoTpeHHH BBHIHYXKAEHHWX KO-
qebaniii MayThl MO CPaBHEHMIO C MOAe]bI0 A WieT B 3anac NPOYHOCTH.

Mo-BuaHMOMY, 061acTbio MpHUMeHenHA modeau B ABIAIOTCA MauTuLl
€ BecbMa XeCTKHM H TsXKe/blM CTBOJOM, pa3Mepbl CCUEHHH KOTOPHIX Ha-
3HAYalOTCA IJIABHBM 06pa3oM He 13 MPOYHOCTHBIX, @ H3 KOHCTPYKTHBHBIX
H TeXHOJOrHYecKHX coobpaxenuil. Tak, B Mayte I cTBOA mpeacTaBaser
co6oit Tpy6y, pasMephl CeueHHA H MACCH KOTODOM ONpelensliOTCS [ 1aBlibiv
06pa3oM 11coOX0AHMOCTLIO pa3Mellennss B 1eit AHGTa u auteHuuix ¢u-
nepoe,
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Jas Takux mMauT Mofeab B aBaseTcs nanGoaee mpueMaeMoil H3 Bcex
JHHEHHBIX MOJeJel, TaK Kak TpebyeT CpaBHHTENbHO He6O.bILOro 06bCMa
BHYHCJEHHA H AaeT pe3y.,bTaThl, GJIH3KHe K TeM, KOTODHe MOJy4aioTcs
APH HCHONb30BAHHH MOAEH A.

3. Ilpn pacueTe MauT CO CPaBHHTEIbHO THOKHM H JETKHM CTBOJIOM
HAR ¢ GOJBIIHM 4HCIOM BaHT B KaKOM-JHGO sapyce no mojead B moryt
0Ka3aTbhCA HEYYTEHHBIMH 3HAUMTENbHble 33NAaCH NPOYHOCTH B KOHCTP) K-
LHAX MayTHI,

Puc. 12 ¥ 13 mamoCTPHPYIOT pAl 0COGEHHOCTeN pelleHHsA 32Ja4yH A,
npHCYWHX Maurtam I, 11, III:

1. CrexTpsl COOGCTBEHHEX YacTOT MauyT OTJHYAOTCA GOJBMION rycTo-
Toll. PacnosoxeHHe HX Ha YacCTOTHOM OCH B MOpsAKe BO3PaCTaHHA nhe
OTJIHYAeTCH KaKOii-1H60 3aKOHOMEPHOCTBIO. YYAaCTKH CLYILIEHHS Heylo-
PAROYEHHO cMeRAoTCH 60.1ee paspexeCHHBIMH YYacTKaMH.

2. BKaaasl coGcTBeHHBIX (OPM B CpeiHHe KBafpaTH mepeMelleniii
H 0COGEeHHO YCHJHIH B CTBOJE JJf HECKOJBKHX NECATKOB MepBhIX COGCT-
BEHHHIX (POPM He YMEHBIIAIOTCR MOIIOTOHHO C YBeJuueHHeM Homepa ¢op-
MBI, KaK 3TO HMeeT MECTO, HampHMep, AJf KOHCOJbHOrO CTEDXHH, a KO-
Je6MoTCA NO BejnYHHe, IPHYEM BKJAAA MepBoil co6cTBeHHO HOpMBI OKa-
3pIBaeTCH MeHbllle, 4eM BKJaj NMOCACAYIOUIHX.

3. Ilpy BHunCJAEHHH CPelHHX KBaApaTOB IepeMellleRHil H YCHAHN B
CTBOJIE HEOGXOAHMO YUMTHIBATh B3aHMHbIE KOPPeAAlHH MexRy oGobmen-
HBHIMU KOODAHHATaMH, TaK Kak MOUTH a8 BceX (QopM, HayuHas CO BTO-
pofi, BKIaA B3aHMHHIX KOppeasinuil paccMatpHsaemMoll dopmbl ¢ dpopmamu
Gosee HH3KHX HOMepOB GO.blle, 4eM BKAajd 9TOil coGcTBenHOH (GOPMBL

4, Psaan, onpejeasouyie cpeiHHe KBaJpaThl NepeMeIeHHd H yCHuil
B CTBOJE, CXOAATCA oyens MeAdeHno, Heo6XoaHMO yYHTHIBaTh HECKOJBKO
JAECATKOB CO6CTBEHHBIX (OpM NMPH onpele’eHHH NepeMelleHHft H cooT-
BETCTBEHHO ellle GOJbllle — NPH ONpeJe/eHHH YCHJHI B CTBOJE.

M3 cxasannoro ciaenyer, uto cobeTBeHnble GOpMb Mofenu A He MO-
FYT OWTh HCIONbL30BaHLI B KayecTBe KOODPAHHATHHIX (DYHKUHA npu pac-
CMOTPEHHH HeaHHeliHOf NPOCTPaHCTBEHHON CHCTeMbl, TaK KaK H3-3a HJIo-
XOHA CXOJHMOCTH COOTBETCTBYIOUIHX PSAAOB TpeGoBaHHdA, NpelbsBJsgeMhe
aJropHTMOM pacyeTa K BBIYHCJHTEAbHBIM CDEACTBaM, MPEBBILIAIOT BO3-
MOXKHOCTH coBpemernnx DBM. INostomy npH paccmoTpesns 3Toit moae-
an [13] B xavecTBe KoopaMHATHLIX QYBKUHT B MeToie By6uosa-Ianep-
KMHA HCIOJb30BaHbl COGCTBeHHble GOPMbl HEKOTOPOIl OCHOBHOH CHCTEMBl
cMellanHoro Meroxa. OcnoBHas cucreMa ofpasyercsi H3 paccMaTpHBae-
MOff TakuM 06pa3oM, YToGHl CTBOJ H BaHTHl OKa3ajHCh H30.JHPOBAHHbLIMI
ILPYT OT APYra, a CHeKTp COOCTBEHHBIX YaCTOT KaXKAOro H30JHPOBaHHOTO
971eMEeHTa OCHOBHOM CHCTEMbl — AOCTATOYHO pa3pexkeHHbIM. Takoil mpHeM
Nno3poJser yJY4IHTb CXOAHMOCTh pSI0B, ONpeAeJA0INHX MepeMelleHHs
H YCHJHSA B CTBOJE H BaHTax, H AejaeT pa3paloTaHHBI aJAropHTM pac-
yeTa HeJHHefiHOl H JHHEAHON NPOCTPAHCTBEHHOH CHCTEMB NIPHrOAHLIM
A0 peasHsauuy Ha OBM.

PaccmorpuM Tenepp, 4TO Laer B NpHMeHeHHH K MoAensM A n B
ydyeT MPOCTPAHCTBEHHON KODPPEJSAIHH NYJbCallHH CKODOCTH BeTpa.

O6o061eHHEe CHIB MauThl MOJXHO 3alHcaTh B BHAE

hy

=2 | ¢ CDup@dz+}
k=lhk_‘
m n "_k
+ 2 ) | ¢ (" sin o, 1) Bras (¢) dx’, (111)
h=1j=10
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WHTencHBHOCTb MYJABLCANHE JaBJICHHS BeTpa HA R-Hit ApYC CTBOJA
2 \o;
rae B, @ =c,, a‘k (—I(T) ,» (112)

rie ¢o, Vo — COOTBETCTBEHHO HODMATHBHLIE CKOPOCTHOA Hamop H CKO-
pocTh BeTpa Ha yposHe 10 M; v(z, {) — myabcauns TNPOAONBLHOA KOM-
ITOHEHTH CHODOCTH Ha YPOBHe 2; @ — NOKa3aTesb CTel€HH B 3aKOHe,
XOpaKTepH3yIOLleM H3MeHeMHe HODMATHBHOM CKOPOCTH BeTpa N0 BHICO-
TC COOPYXEHHS; Cxx — K03)DHUHEHT J060BOrO CONPOTHBAEHHS K-ro
npoJsera CTBOJA; di—— XapaKTePHCTHYECKH pasMep ero IoNepeyHoro
CedeHHsI.
HuTescUBHOCTD NyJIbCAlHH A3B/IEHHA BETP3 HA BAHTY

iz, )= 2::

ql,l(x sma )_2 . jk(x', 0) v’ (¢ sin ah.t), (113)

sin2f,, d

x'sinop \& .
Cxin * i

10
Cxjr — KO3DPHUHEHT N06OBOrO CONPOTHBACHUN AJs BEePTHKAJALHOA BaH-

¥oi; d,x — ee auaMerp.
IloacTaraasa pupaxkennsa (112) n (113) B (111), noayynm

Iie ¢, (x',0) =(

roo by
Q=23 [ B@ oy v, (2, 1) dz -+

k=thy_

3

n
-+ Z f Cip (") Bip (x") v’ (x' sin &g, 1) dx’,

]=

X
I

Bsanmnas cnekTpajpHas NMOTHOCTh obobweHHbIX cHl Qi (f) m Q, (i)
So,q, ® =4 (90 7:)" Sy (@ I, (x, ©), (114)

r r hk e

rae Jy ()= X [ [ By (2)Bu (2) % (2) P (2) X

=\ k' =1 hpy hpr g

m n

XR (1, ¢) dz, dz, ~LV DY B, () X
k~1 k=l j=l hy_4

Ly
X1, (z) ae \ Crpe (") Byjpr (x7) dx” -
Lk’

o () @ [ Cp (1) Bigae (57) de ] R (%, € dz,+

m
Q)

1=

n Lk Ly , ) ,
21 Qpr ak'iéf O.f Cin (%1) Coaer (25) Bugw (1) %

’

+

NE
]M:

—

X By (%2) R (X, €) dx; dxy, (115)
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»®
RO, e)=exp(——e—)-—- K03HUKEHT B3aHMBOA KOPPEIANEN UYMHCAUNN
CKOPOCTR ANA rapMOHHK C 3acTOTOR n (puc. 14);

%= é [Jo1 sin @, — 2, sin a,| + [(L2 — xz) cos a, cos P, —
—(L; —x,) cos @, cos @ ]+ é |(Ly— %3) cos @, sin ¢, —

— (Ly—x;) cos @, sin @, |- (116)

Ecan 2, nau z; 03HaYalOT KOOPAHHATH TOYKH CTBOJA, TO ¢ H (3 BPHHH-
MalOTCH PaBHHMH R/2;

1
arri={ 9 ark’ (hy.) w’m Mo:xe.vm 15\
1

Ras monean B npuuumaercs By (x;)=l.
Kopapransi 06061mesHHX KOOPAHHAT
——  8(g¥:)?

i) pi(t) = 55 Vi (17

3M; M, of o
rae viy ¥ Ji(e) onpemensiorcs no dopmynam (34) m (115).
Jf PACYETHHIX AMHAMHYECKHX MepeMellleRHA 1 HOPMaTHBHBIX YCH-
il B CTBOJE M BaHTaX MsKeT OHTh HANHCaHO CAeAyiOllee BhpaXeHue:

Yp (2} = ag 0y (2) = 0,8165megyDys (2), (18
s s 172
tae Dy (2) = %yt @) %yt (@) Vi ;z) : 21 .
MM o) o
Z

3nece go H My — COOTBETCTBEH-
HO HOPMATHBHWI  CKOPOCTHOM
Hanop # Ko03pQAUHEHT nyabca-
HuH Ba yposae 10 m,

fnawng 1-7

Puc. 14. TeoMCTPHNECKAN ¢XCMA MAYTH € BANTANA K4S OOPCACACHES BRPAMETPS X
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HopMaTHBible 3HaYeHHs M3THGAIOUGIX MOMEHTOB H MONepeyitX CHJ
noayuaoTc® H3 Bhpaxen#s (118) nyrem samenwi Dyir(2) na Dy (2)
i Dy (2)

Eij cos 6,'k
Li

Yro6sl noayuntb Da.1{2) B Dqir(2), caeayer B BulpaxeHud A
Dy (2) saMenntb ay,(2) 1 am(2) Ha ani(2), axi(2) 1 Ha @Q:(?) H
oo (2).

Jas onpenerexns ANHAMBYECKOH COCTaB/siolleli BETPOBOH HAIPY3KH
(#HepHHOHHOM CHALI) Guu(2, I) TMPEACTaBHM YNPYIYIO CHIY HA eAHHHLY
BBICOTBI K-T0 SIPYCA CTBOJIA MayThl B TAKOM BHAE

S
Hy(z, 1) diayy (2)
&mmo=ﬂr7;—=wk§}7§_mm:

Tpix (hg) = 0,8165m, q, Dyi1 (2), (119)

i=1

§ S

=pk2m‘? o, (2) p; ()= pkE o} y,(z,)=gq,1 b, (120)

=1 =1

Cpexuuii KBaApaT WHEPHHOKHOA CHIbI

Gon (2, 1) = g O} B 02 0] @, (2) & () p, (1) P
1

i=ll=

HopMmaTusHOe 3HaueHHe AHHAMHYECKON COCTABJRIOUIEH BETPOBOY Ha-
rpy3KH

Guun = 0,8165myqotte Ejt, (121)

Tae
v12

S S
o ; (2) o (2) vir
= | 2w -

=1 I=t

BuipaXeHnne Aaa B3aHMHOH CHEKTPAaJbHO MAJOTHOCTH HyAbCaLHH
nasjenns BETpa MOKasbiBaeT, 4TO TPOIiHOII HHTerpan 8 ¢Qopmyne Ajs
KoBapHauill oGOOLIEHHHX KOOPAMHAT (34) MOXKHO ONpeAe/iTb TONBKO
yCJAeHHHM nyTeM. OnHako NONKTKAa MNOBTOPHOrO MpHMeHEHUA KBaj-
paTypHEIX OPMYJa mIpi BHYHCJAEHHH Bbpaxenus (34) npHBOAuT K
ype3MepHO GOJLIIOMY YHCAY BBIYHC/AEHHI, IPAKTIYECKH HE BHINOJHHMAIX
Raxe ¢ noMouwplo IBM. O6bscHieTcs 3TO TeM, 4TO B IIpolecce Tpoii-
HOTO HHTETPHPOBAHHA NPHXOAHTCA MHOTOKPARTHO BBIYNCAATL HeCo6er-
Bellblil HHTErpa

<«

o

g!l/3 [a* — (e:" -} s,g—\’?ei e,\) e - .
(1+e?)"3[e4—2(1 - "2 )e}’e'*’ + e ] X

+ ¢ e}] R (x, e)de (122

X le'—2(l—12-)ef’e?+e;]

1(p)=
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B paspaGorauuoit nporpamme aas IBM 220, ocymccrsasiomeh
BHYHCIEHHE KOBAapHALHii o6o6LIeHHHX KOOPAHHAT A/ MoZeau b, mau-
Ta pa3buBaeTcs Ha KOHEYHOe YHCJAO YYACTKOB, AJHHA KaKAOFO H3 KO-
TOPHX BHIOHPAETCH H3CTONBKO Manoil, YTOOW MOxHO Obljo npeHeGpeub
HPOCTPAHCTBEHHON  KoppeJaudell NyJAbCAallHH CKOPOCTHOIO Hamopa B
Pa3NHYHBIX TOYKAaX OJHOro y4acTKa H CYHTaTbh, YTO MNDPH.IOXKeHHble Ha
MeM CHIN TOJHOCTHIO KOPPENHPOBAWH MeXAy coboit. B sTom cayvae
topmyna (33) npHHHMaeT BHA

N N
piOypi(t) =2, Zl‘lrik Wil (e, (123)
k=] ;=
rae N — 4uca0 y4acTKoOB,
{ b,
| @im (2) By (2) dz — 2 k-ro ydacTka CTBOJA, JeXKalUero
a, B /m-OM Mpo.JeTe
¥ip =

b n

m (M) | Cont (x') dx” — a9 k-ro yuactka f-oit
"‘k BAHTBHl /M-I0 fIPYCa

a; ¥ by — KoopaHHaTH HAYa’la I KOHUA R-ro Y4aCTKa; ykj — BBIUHC/A-
etcst no dopMyse (116) npuuem B KauecTBe Z H X' NPHHUMAIOTCH KOOP-
AMRATH KaKHX-THOO TOYeK (Hanpumep, CePelHH) k-0 H j-ro Y4acTKOB.

IMockonsky ¢yukuds [(X) IKcrnoHeHHHaJbHO yOLIBae1 ¢ PocTOM X,
70 NPH 3adauHoM k CyMMHpOBaHHe BO BTOPOIi cymMe Bupamenns (123)
NpPOU3BOAHTCA TOJNBKO JAf YYACTKOB, G/H3KO PACNOIOMEHHBIX K K-0My.
Tlps 3ToM CUHTAETCH, YTO CHJIA, MPHJIOKEHHA K Y4aCilhaMm, Aalexko jc-
KaIHM APYr OT APYra, CTATHCTHYECKIH HC3ABHCHMDL

Ilnst TOro 4ToOB H36GexkaTb MHOTOKPATHOTO BBHIUICJCHHA HHICFPaia
{122), paspaboraHa npoueaypa, KOTOPas NO 3aiaHHLIM 3HAYCHHAM E¢
W e Ha 3aganHoM HurepBaje [0, Xmax] BHIUHCAAET Tabuauuy 3Hade-
nui 1(x). [Ipy 3TOM TOYKH %, B KCTOPBIX BLIYHCJSIOTCA 3iayeuus /(x.),
pacnonaraioTcs na unrtepsade {0, Ymax]
7akHM 00pa3oM, YTOOGH MHHHMH3LpO- gy nkn o ar#
BaThb NpHpaillenns  BTOPOA  MpPOH3-
BOAHOK WNOABIHTErpanpuofl  Qyuxuud
B (122).

3uavenus I(jr;) B (123) BblunCasn-
foTc N0 Tab/aHle NyTeM KBaAPATHIHOrO
HUTEPIOJIHDOBAHHA, YTO JAaeT MpHMep-
HO TAKYI0 e MOTpellnocTh, KaK IO0B-
TopHoe npumetenne ¢opmyas CHMnCo-
Ha C YHCJIOM pa3OHeHHH HHTepBasta HH-
TerpHPOBaHHsl, DPAaBHHM pPa3MepHOCTH
Tabauyn, [To cocraBiernoit nporpayue
6bina paccynitana Maura .

Puc. 15. Imopsl CTAHZAPTOB MEPEMcC- T k
weHHfh ¥ yeuauRt B cTsone Mautw

1 == ¢ y9eToM OPOCTPAHCTBEHHON KOp. a0

FeAAUHH CKOPOCTH BeTpa. 2 — npw i

NOANGCTBIO  KOPPEAHRPOBHIIOM  BO3-
ReRCTBRU
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Ha puc, 15 n306pakeHH SMIOPH CTAaHAAPTOB NepeMemieHHd H YCH-
Ak B CTBOJie, NNOJIYUeHHNe B pe3ysbTare pacyera, Ha aToMm e pHCyHKe
NOK33aHBl Pe3yJabTaTH pacuera B cjaydae, ecau ¢yHRuna [ () =1(0)
OT { He 3aBHCHT.

DT10T Caydadl CcOOTBETCTBYET NPEANOJONKEHHIO O TOM, 4YTO NyJbCa-
LHH NABJEHHA BeTpPpa MOJHOCTbIO KOPPeAHPOBaHHl O MPOCTPAHCTBY.
CpaBHeHHe DE3YJbTAaTOB pacieTa NOKa3blBaeT, 4TO YYeT NMPOCTPAHCTBEH-
HOl KOPPeJAIHH MOXeT CHH3HTh NoJydyaeMble nepeMellieHs H YCHJIHA B
cTBoae Ha 50—60%,

AnHamuyeckuli pacuer uenouks Mmaur. CobcrBenHble 4YacTOTH H
¢opMB KoneGaHHil TAKOH CHCTEMB ONpele/sAIOTCA H3BECTHBIMH METOKa-
MH AHHAMHKH COOpPYyXeHHIl.

Tlepemeutesns m-ro apyca cTBOJa MOXKHO NPEACTaBHTL B BHAE PA-
Zia 1m0 cOGCTBEHHBIM GOPMAM Xym (2). .

OGOGIeH Y0 CIUIY CHCTeMbl, COOTBETCTBYIOULYIO j-Off cOOCTBEHHOH
$opMme, 3anuuieM B TAKOM BHAE:

& r hm
2q0 ’
Qi) = o B, (2) v, (z, X, t) Oy (2) dz. (124)
o A
i=1 m=I hm 1

31echb Go, Vo ~— COOTBETCTBEHHO HOPMATHBHBIE CKODOCTHOH Hamop H CKO-
poctb BeTpa Ha ypoBHe 10 M; v/(2, !} — nyabcauus NPoAOAbHOM KOM-
NOHENTH CKOPOCTH Ha YPOBHE 2; Cxm — KO3(@PHUHEHT J06OBOro €OMpo-
THRJICHHSI M — sipyca CcTBOMNA; dm — XaPAKTePUCTHUECKHH pa3Mep ero
NONEPEYHOro CeweHus; i, M, j — COOTBETCTBEHHO HOMepa MadTh, sApyca
H cobcTBeHHONl ¢dopMM KoneGauuil; Kk, r, §— COOTBETCTBEHHO YHCIO
MavuT, ApyCOB H YYHTHIBaeMbIX coBcTBenHbIX hOPM

2 \%
By (2) = cxm @m v
10
B3aHMHam  cnekTpajbHas  IIOTHOCT  OG06GUiEHHHX cHn Q,(f)

u Qi ()

Soj0, (6) =14 (907:)° S% (0) 7 (2), (125)
rie yr onpelelsercs Mo popmyae (2); Sy — HOPMHDOBAHHHI CHEXTP,
NpHHHMacMBi no ¢opmy.e (4);

k k r r h!n h?_ﬂ'
J@=X3 2> | | B @B, X
i=l i*=l m=1 m’'=1 hm_l e 1

’

e [ 2L
X Qrpegr (2°) €Xp < 1508

‘—!xi — xz'[

) dxdz’ , (126)

Bulpaxkenns Ams cpeAHHX KBaIipaToB IepeMeINeHHit m-ro spyca
CTBOJ& H AN KoBapHaumuu oGOOUleHHBIX KOooOpAHHAT uMeior Bua (109)
v (117), rae v, u J(e) onpeaensorca no ¢dopmyaam (34) u (126).

Pacuetnbie pHHaMHYeCKHe [cpeMelleHHS H HOPMarTHBHHE YCHJINA
B CTBOJIe onpejeasioTcs no ¢opmyae (118).

I'paaupun. Bawnsa rpaaupHi nmpeacraBaseT co6oil TOHKYIO JKese30-
Getonnyio 060J0uKy, HMelOlWYyl ¢oOpMy rumep6o.10oHAa Bpaluedns. Me-
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PHAHAHN H TNapaJjJsesd TNOBEDPXHOCTA BpAlleHHS ABAAIOTCA €¢ AHHUAMH
IAABHONW KPHBH3HLI
ThapHWe pagHycH KPHBH3HB IIOBEPXHOCTH 060J0YKH

asin? e cos o R

R= = o0 R =g

(127)

3necs Ry — pagHyc KpPHBH3HB MOBEDXHOCTH B HaMpaBJeHHH MepHaHa-
Ha; Rp — pajuyc KpHBH3HH NOBePXHOCTH B HAaNpaBJeHHH IIapaJlielH;
R — panuyc OKPyXHOCTH napajjend; O —yroa, obpa3oBaHHHH HOp-

MAaJibio K NOBEPXHOCTH H OCbO Bpaleuus; tg a=——; b u a — nonayock
a

rumepdonnt (puc. 16).

IloBepXHOCT, 060/0YKH OrpaHHuYeHa INJIOCKOCTSAMH, HepleHAMKYJIsp-
HIIMM OCH €¢ BpalleHHsi (OCH 2); BepXHsAii TPaHHUA OrpaHHYeHa MJOC-
KOCTBbI0 2=2;; HHXHsSA — [LIOCKOCTbIO 2= |2p].

I'pagupia Kax 060J04Ka NOJHOCTHIO OfipefleNfeTCsi TPeMsl OTHOLe-
HuAMH a/b, a/R:, a/Ry, rie Ry 1 Ry — COOTBETCTBEHHO paAHyCH BepX-
Hell 1 HHXKHel mapanseneil.

YpasueHie paccMaTpuBaeMoii IOBePXHOCTH HMEET BIL

b e
x=Rcosp; y=Rsing; 2=+ '-a—VRz—az.

Yyer cTaTHYecKOA COCTaBJAIOLIER BeTPOBOHM Harpy3ku. Hanpsoxen-
HO HAe(OPMHDOBAHHOe COCTOSIHHe OOGOJOYKH MOZKeT ObITb ONpEeJesaeHO
H3BECTHBIMH METOLAaMH TEOPHH TOHKHX
o6oJiouex [34], ecan 3a7aHo
pacnpejesieHHe JaBJeHHA BETpPa 1O ee
HOBEPXHOCTH.

Kax u3BecTHO, 3TO pacnpeje/eHHe
8aBUCHT OT yHcaa PeiiHojbAcC2 H KO3®-
dnuueRTa HEPOBHOCTH  NOBEPXHOCTH
0/d, rne & — BennHYMHA HEPOBHOCTH,
d — cpenuuii AHamerp o6GojouxkH. s
HOCTPOEHHST  KPHBOH  DPAacIpejeieHHs
AaBJAeHHA BETPa KaK QYHKUHMs yraa ¢

HEOOXOAUMO 3HaTh CJeAyiOllHe ee Mna-
paMeTpn: MaKCHMaJ/bHOE AaBJeHHEe Mmax
c(P) p=0» YIO1 Go, NpH KOTOPOM JIO-
Ka/ibloe AaBJeHHE PaBHO CTATHYECKOMY
NaBJIEHHIO  HEBO3MYUIEHHOrO IMOTOKA
c(go) =0, MaKCHMAaJbHH A OTCOC
min ¢(¢) =M ¥ cooTBercTByIOWLHIHE emy
yroa @;, yrol s, NpDH KOTOPOM AaB-
JIEeHHEe CTaHOBHTCS NOCIOAHHBIM H ero
BeJIHYHH2 € (@g) =7,

[Tockoabky max ¢(@;)=1, TO 4uc-
JI0 MapaMeTpoB, ONpelessiOInX KPH-
BYIO pacnpeie/ieHHsl 1aBJeHHsA, paBHO b,
SKCIepHMEHTANbHO YCTaHOBJIEHO

[68], YTO InapaMeTpH @, ¢ H P2 Puc. 16. Teomerpuueckan cxema
060A0NKH rpagKpHK
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Puc. 17. Tpahnnn paR onpeaeaeHHs NapaMeTpOB KPUBOH pacHpelee U NABREHHR

vl aBastorcs pyuxuuamMn M u r. [la-
d pameTp 7 aas Jmoboro koapdrueH-
Ta ICPOBHOCTH MOBEPXHOCTH H YHCEN
Peiitoabaca, O0AbUIHX KPHTHYECKOI O,
6 OCTaeTCst MOCTOAHALIM K pasunim 0,4,
Orciona caeayer, 4To pachpegeJie~
nue JaBJIeHHA ONpENelNsieTcs eNHH-

) —— i CTBEHHLIM MNapaMeTPoM — MaKCHs
60" 30° 120" 150" 10 Ma.1bHEIM O0TcocoM M.

[ ITpagupHu uMeloT yHcaa Pei-

vl HOAbACA, COOTBETCTBYIOLHE TPaH-

CKPHTHYECKHM. ¥YCTaHOBJSHO, Y4TO
Aas TPaHCKPHTHYECKOTrQ COCTOANIHSA
NQTOKA 3HAaveliHe MaKCHMaJbHOIro OT-
coca NPH H3MeHeHHH uHcaa Pen-
HOJbACA TPAaKTHYECKH HE MEHACTCH
H MaKCHMaJbHHI OTCOC ompexeser-
cs1 KO3(OPHUHEHTOM HEPOBHOCTH NO-

7 -

Puc. 18. Fpaduk pacnpenesetus nas-

AEHHS NO NOBEPXBOCTH IPARHPHHM BEPXHOCTH. Sror K03 HUHEHT W
onpeaesiseT KPHBYIO pacnpexenenns
AaBJleHHs,

YunTteiBas CXa3aHyoe, MOAKG KPHBYIQ paclpejeieHis AaBledHd 0O-
CTPOHTh N0 rpadHKam, NpHBeAeRuLIM Ha PHC. 17,8 caeaylouwel noche-
AOBATEeALHOCTH: M0 3aJaHHOMY KosdduuHeuty HeposHocTH 6/d ompene-
JARIOT  MAKCHMAJbHBEIT OTCOC 13 rpaduka «a», npuHumaa r=04,
onpelensoT ¢ 13 rpadmxka «r», ¢, 43 rpadlika «B» ¥ (¢ 43 rpa-
duxa «0».

Ilo no.ayuennbM nmapameTpaM CTpOHTCA I.13JKas KpiiBag pachmpeae«
Jenus RapJacuiig, NOKa3aHuas Ha puc, 18.

Pacnpeaesenne nanjeHds BeTpa no MOBEPXHOCTH TPaNlpHH MOXKHO
NOJAYYHTb HAQ OCHOB3GHHH JaHHHX HCMBITAaHHA IPajHPeH B HaTypHLX
YCAOBUAX ILIH MoJediell 8 a’poAuHaMiideckoii TpyGe. OAHaKo, KaK Noka-
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3LIBAIOT SKCMEPHMEHTH, B HAaTYPHHIX VCJIOBIAX INOAYYAIOTCA MeHbluue
MAKCHMAa/bHBE OTCOCH, YeM Ha MoJeJsAX TpailpeH, 4To oObACHAETCH,
no-BHINMOMY, 3HaUNTeJbHOH pas3HHuell B yHcaax PeiiHosbAca.

¥Yra3zaHua no onpeReseHHI0 Ko3Q(lUIEHTOB pacrpeaeleHus Aape-
g BeTpa MJa TpPajHped ¢ YMepPeHHo LIEPOXOBaTOH 1 WePOX0oBaTOR
HapyXHOii MOBEPXHOCTHIO AaHLl B 1. 5.1 11 B paBote [76].

BuinyKAcHHbIE KOneGaHusi TpaaupHn npu aedctsun serpa. CoGer-
BeHHbIe 4acToThl H (opmul kKoseOanuii 060/M0ueK BpalEHHs LICCACAOBAHK
B HacToslliee BpeMs AOCTAaTOYHO NOAPoGHO [17, 35, 45, 48, 51, 63].

TMpu auajn3e BHIHYXKAEHHBIX KOJeGaHHH NMPHHHMAETCH, YTO YKa3aH-
HbIC ZHHAMIYECKHe XapaKTePHCTHKH rPafHPHH 3aalbl,

Tycts u(s, ¢, 1), v(s, @, t) un w(s, ¢, {) — COOTBETCTBEHHO MepH-
JAHOHAJBHEIE, BAOJb TapaelH II HOPMajbHLle MepeMellcHHA TOUCK
cpeIHHHOH NMOBEPXHOCTH 0OOJIOUKH.

[Mpeacrasum 3TH nNepeMelicHHs B BHTe XBOIHLIX Psiaos Mo coOcT-
BeHitM opMaM KoaeBaHuil.

uls, @, ) =2 N [p,; () cos jo + py; () sin o] a,; (s);
i

v(s, 9. 7)) = 2 2 [p” (f) sin j@ -—p;i (¢) cos jtp] % (8) (128)
i

wis, 9, )= [pi/ (9 cos j +p£i (¢) sin qu] @y (5)
- o

i
3aech uii(S), @vj(S) B Cwii(s) — popMu COBCTBCHHBIX KOJNeGaHHA
B1OJb MEPHAMAHA, Mapassenn W NO HaNPaBJeHHIO HOPMAaJH K CPeANHHOA
NoBepXHOCTH; { — HoMep ¢opMHl MO BEPTHKAJIH; j— HOMep rapMOHHKH
B OKDPYXKHOM HamnpaBleHuu; p;,(f) np, (f) — cHMMeTpHYHKE H KOCO-
cuMMeTpruHble 0606IeHIBe KOOPAHHATH,

3ajaya O BHHYXKJAGHHHX Xonebanusix B TYpOYJeHTIOM NOTOKe
BRéTpa OOOJIOYKH rpajHpHH, npeacTapiasiouleli coGOH KOHTHHYAJIbHYIO
ynpyryio CHCTeMy, NOACTaHOBKOH mepeMewenuii B Bilne pajgos (128)
B COOTBETCTBYIOIWIHE YpaBHeHHst KoneGaHH{I TOHKO# OGOJOYKH CBOIHTCS
K peHleHHIO AJs KaxkAoH ¢opMhu coOGcTBeHHLIX konebGanuft, onpenense-
Moli nmapo# HHAeKCOB (f, j), clexyiomelt napnl VpaBHEHH{l OTHOCHTEMbHO
oSoGwennux koopannar pii(f) u p,,(H:

: ’ : O Qui (1)

p”(g) - Yo, P, )+ Wy Pij ) = ;\4(] ! ‘ 129)
we 1 . 2 ’ Q;’. (1) (

Piy (1) =yo;; py; (1) + @3 py; (1) = M

31'1ec5 ®,j — Kpyrosas 4acToTa coGCTBeHHBIX KoaeBammi; Q. (¢),
Q,, (t) — o6obwennne cuan; Mi; — 0606WcHHas Macca.

L4 . -
O6o6wennsie cuas Q., () u Q; (f), coorsercTBytoULHe ij-0it Pop-
Me COOCTBeHHBIX KOJeGaHunii, MOKHO 3aMicaTh B TAKOM 8ilfe:
27 s,

Qi) = l { 4905, @, 1) @, (s) cos igR (s) dods;

s, (130)

Q;; (1) :bf {495, @, 1) &y, () sin igR (s) dds.
0
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3neck gg (S, @, f) — HOpMajbHas K TOBEPXHOCTH OBOMOUKH MyaAbCAURR
papnenuss Berpa; R(S) — paanyc napaasend. B  BupaeHusx mid
0GOOLEHHBIX CHJ YYHTHBAIOTCS TOJNBbKO HM3rHOHble KONe6aHHdA, T. e. ne-
peMellielns, HOpMaJbHble K CPeIHHHON NOBepXHOCTH oGosoukH. IIpn on-
penesieHMH OGOOGIEHHOA MacCH YYHTHBAIOTCA BCe COCTABJAIONIHe BeEK-
TOPa NepeMellleHHH

21 s,

M, = (! é (aﬁ,,. + agu. + al;) phR (s) dsde, (131)

riae p — INIOTHOCTL MaTepHalla 0GoJI0uKH; h — ee ToMIHHA; So — MONHAA
AanHA MepHAHaHa, CpeanHil XBaApaT NepeMelueHuit w (s, @, {) HMeeT
BHA

o5 () = X N XX 7,0, () cos jp cos mp +
i i 1 m

Py (1) Pl (1) Sin @ Sinm@ - p; (£) Py (1) cOs j@ i m +-

+ p;i 0 Pym () sin j@ cos mtp] %w1j ) Fwim (). (132

IMpu cymmupoBaHnH B BhHpaxeHHH (132) o06GBYHO oOrpaHHYHBAEIOTCA
HeGoMBIIMM YHCIOM 4YJEHOB psifa. MHHHMa/lbHOe 4YHCAO YJEHOB PANa,
TO3BOJISIOUIEE [OMYYHTL HAfEKHYI0 B NMPAKTHUECKOM OTHOIUEHHH OLEHKY
peakuHnH, coctasaner i=l=1; j=m or 4 no 6; i=I1=2; j=m ot 1
no 3. TpeTblM u yeTBeDTHIM WieHaMH Boipaxenus {132) moXno npeue-
6peun.

KoBapHauusa 06o61IeHHbIX KOODAHHAT HMeeT BHA

00

_ 1 '
pij(t) Py, () = _n_S(D” (o) O, (iv) SQ.’/Q1m (0) do, (133)
0

Kopapuanusa p;j (f) pim (¢) nonywaercs u3 ssipaxenns (133) nyrem 3a-

Ha So’. o
MeHbl SQiiQIm (o) Q; Um (@) [Tpoussenenne mnepenaToYRbIX

Gyuxnuii cucrembl @.; (io)Om(io) onpenensercs mo dopmyne (29).
IMycTe H3BeCTHA B3aMMHAf  CHEKTPaJjbHasg NJOTHOCTH NYJBCAIHH
JAaBJieHls BeTpa S"r') (s, ¢, s, 9’, &), Toraa B3aHMHBle CHEKTpaJbHHE

NAOTHOCTH CHMMETPHYHBIX H KOCOCHMMETDHUYHBX KOMIIQHEHT oGobmeH-
HbIX KOODAHHAT MOZKHO 3aNHCATb B TAKOM BIH.1€:

2n 21 S, S,
So, i © = £ or J of Sy (6957, 9, €, 5 (5) Sy (s) X
X cos j cos mp’R (s) R (s’) dydp’dsds’; (134)
2:1! 2n Sy S\
Se,, @ = [ 8 ms’ 000 @509ty (9%
X sin jgsin mp’R (s) R (s”) dpde’dsds’ ,

3nech e=1/u=v0/1200n; n — vacrora, Tu.
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AHanu3 CHeKTPOB M B3aHMHHX CHEKTPAJbHHX NAOTHOCTER Nyab-
calHM JaBJEHHS BeTpa, BHIOJHEHHHIH Ha OCHOBAHHH MOAEJbLHLIK
HaMepeHHl! B aspoAHHaMHuecKoil TpyGe, MO3BOJNsAET CAeNATh CleAyiollue
ynpolaiouite npeanosoxenns [64]:

1. TloBepXxHOCTb I'PaAHPHH MOXHO Pa3bGHTL Ha JABe o6nacTH, orpa-
HH4eHHble MePHAHAHaMH, TMNPOXOAfLIHE Yepe3 TOYKH OTPhIBA BHXPpefl.
Kaxnas o6aacTe XxapakTepH3yercs CBOHM CIEKTPOM.

2. B3aaumuble CNeKTPLl B HaBeTPeHHOM O6GAAcTH 3aBHCAT OT pacno-
JIoXKeHNa Tovyek Ha napaanend, OcTaibHble B3aUMHBIE CNCKTPH He 3a-
BHCAT OT PACMOJIOMKEHHS TOYEK MO TOPH3OHTANH H BEPTHKAJH.

3. KeaapaTypHule CneKTpHl Majbl M HMH MOXHO npeHedpeys.
Moxto Taxkke npeseGpeun Koppeasuuefi MeXAy HaBcTpenHoll o6nacTmio
H 30HOIl caena.

BuipakeRls AAsi COEKTPOB JaBJeHMs H (GYHKUMH KOTepeHTHOCTH
npusenentl B pabore {64].

Bosee rpyfylo OueHky IJs peakilHd IpajupHH HA JefCTBHE MY.b-
CallHH JAAaBJCHHS MOXHO TIOJyYHTb, €CJH HCOOJIb30BaTh AJIA 3TOro
COOpYKeHHUs pelIeT4aTy0 MOJeJsb H NOAXOT, anHﬂ’I‘hIlul BblUJe npH ata-
JIH3e NPOTAKEHHLIX B I1JlaHe BHaHHfL

ITynucaUHOBHYIO COCTaBJSIOIYIO AABJEHHS BETPa MOXKHO 3anucaTsh
TaK:

’ , 1
g' (5.9, 1) = 2¢°(z, w)% , (135)
2 Qat
rae g (2, ¢) = qor (fp)(—lo‘) .

B3anMHYI0 CNEKTPAaAbHYIO NJOTHOCTh [ABJIEHHS B TOYKAX 2, @ H
2’, @’ MOXKHO 3a[IHCATh B TAKOM BHJE:

S, 0.2, 9, ) =1 )¢, 9')7,@) 1:(e)S% (2. 7', ). (136)

3iech B3aHMHas CHeKTPaJbHasg IJIOTHOCTL NYJAbCALHH MPOAOILHON
KOMIOHEHTH CKOPOCTH B ABYX MPOH3BOJLHLIX TOYKAaX MOKeT OblTb mpei-
CTaBJieHa B Bljle [POHU3BEJeHHs CIEKTPAJbHON NJOTHOCTH B TOYKe
(ze, Po) Ha ypoBHe 10 M Ha Koa}pHUUCHTH B3aHMHON KOPpeNsIUHH Kak
10 BHICOTE, TaK M BJAOJb HapalesH 0G0JOuKH

Sz, 2, 9. 9" u) =S (2, 9,, ) Ry (2, 2", ) Rp (@, @', 1) (137)

Ko3dduunenT B3aHMHON KOPpeNSUHH NPOIONLHBIX NyJbCaniil cko-
POCTH IO BLICOTE MEXNIY YPOBHAMH 2 U 2°

Ry (2,2, &) = exp [-— E;—_Oze—'} ' (138)

KosdduuuesT Koppenauun BIOTh Napadieny 0OGOJOYKH TPagRUpPHH

(139)

r(z) e’ —CPI]
60e ’

Rv' (q’)! ‘p’v 6) = exp [_

vr(2) ¥ ys(2') — HHTEHCHBHOCTL TYPOYJEHTHOCTH HA YPOBHAX Z H 2.
Tpunumas BO BHHMAaHHe, YTO AJIf THNEPGONHYECKHX IpafHpPeH H3-
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MeHeHHe CcpeAHero pajudyca napayjead B 33aBHCHMOCTH OT BHCOTH
OTHOCHTEJIbHQ HeBeJIHKO, NPIIMEM B JIOCNIelHEM BblparKeHHH

,(2,21@_2&&=,c,

rae 7(0) — paauyc napamesH y ropiosunbl Tpagupui (2=0); r(z) —
Ppaanyc napajnesH y OCHOBaHHA.
B 3ToM caydae BHpaxeHHe (139) 6yneT uMeTh BHA

M]
60¢e !

Ucnonb3ys suipaxenus (137), (138) n (140), MOKHO HOPMUPOBAMHYIO
CNEeKTPaAbHYIO INIOTHOCTb NPOAOJLHLIX NyJbcaluil CKOPOCTH 3anHcaTth
B TAKOM BHAE!

Ry (@', 0, 8) = exp [— (140)

, , 1200653
S,j,(z,z sy P, @ ,e)=~——~——4-/;-)
3v, (1 -+ €2)
le—2'| re|®’ — gl
X — — e
exp [ 150e ]exp [ 0 ‘ (141)
Toraa ang xosapnaunn oGOGLIEHHEIX KOODAMHAT NOJYYHM BHpaXeHHe
8ve.
—_— !
Pii () ptm () = ———’———-; ‘ (142)
3” /MIm i) Bim

TAe V?Nm onpefensercs no gopmyie (34)
2:n 2ntn W

ijim (€) fof . 9° (21, @) 4° (a1 » ¢) ve (zl) Yr (Zl) Py (’l) S

x %oim (zl) €0s j@ cos m(p' R (2,) R (zl') x
s — 2| re 19— 9’| . '
Xexp | ———— _——1d d
Aep[ 150 ]exp{ 08 2, dz  dp dy
21 =2z |z, (143)
TRe KOODANHATA 2; OTCYUNTHIBACTCA OT OCHOBAHNA I'PajHPHH, a KOOPAM-
HATa £ — OT IropJOBHHDLI Hampn

7(2) = % V o — )+ b (144)

AnanornynbiM 06pas’oM BuMHCAseTcA KOBapHaulia 0GOOGIIeHHHX KOop-
AUNAT

7 . .

p‘j (l) p][" (t)'
3Han pacueTHLle 3HaUeHHs TEPEMEILEHHIT, MO H3BECTHHWM B TEOPIH
oGonouek [34] ypaBHeHnsm, cBasbBAOIUM AedopMaunuil ¢ nepemelle-

HHAMHE H YOI ¢ AedopMmaunaMn, OnpeReNsloTCH PacueTHHeE sHaudeHHA
yeH I,
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6. ASPOAHHAMHYECKAAA HEYCTOHYHBOCTbH
BbICOKHX COOPY)XEHHH H THEKHX KOHCTPYKLHH

B npakTike 3KCMIyaTauHH BBICOKIX COOPYHeEHHNI H riubKHX KOHCT-
PYKILIIT XOpOWO H3BeCTHBl Cayyal, KOTAa TaKHe CHCTEMEl, JOCTATOYHO
najexnple nNPpH ACHCTBHI HA HHX YCTAaHOBHBIUHACA BETPOBHIX HATPY3oOK,
06HapyKNBAIOT B YCJIOBHSIX €CTECTBEHHOTO BETPa CKJOHHOCTH K pacKa-
YHBaHHIO, T.C€. CTAHOBATCA a3pOJIHHAMHYCCKH HeyCTOH4YHBHIMU. Takoro
POla HeyCTOIYHBOCTL OTPakaer B3alMOIeiiCIBHe MeXK1y COOpyKeHileM
H II0TOKOM BeTpa.

PaccMoTpuM  THOHYHBlE A/ BLICOKIX COODYAeHHil JBa saBJelns
a3pOANHaMHUECKOI HeYCTOHYHBOCTIL,

[lepsoe — BixpeBoe BO30yxAeHHe Habmo1aercss OpH KoJdeGamuax
ABIMOBRIX TPY6, PpaIHOMauT H TOMY [IOAOOHHX THOKIX COOpYy:KeHHil
unaHRIpudecKoll dopmul H o6bsAcCHAeTCa BIXpeo6pa3oBaHiieM B caele
3a CoOpYy:KeHlUeM NpH o6TeKaHHH ero NOTOKOM BeTpa.

Bropoe siBJeHHe OGUIENpHHATO HA3LIBATh rajJomHpoBahueM, Iano-
I'IPOBAHHIO TOABEpAKEHb [10X0 obTeKaeMble THOKHe KOHCTPYKUMIM
€ Q3pOMHAMHUCCKH  HCYCTOIIYHBHIMH MONCPEUHBLIMH CedeHHAMH (KBaj-
paTHLIM, 1IPSIMOYTOJBIBIM [ POMGOBHAHBIM), NOKPHITHIE JbAOM MDOBOjA
AHTEIIHO-MAUTOBBIX CHCTEM H JIHHHII 3JIeKTpolepeAayl, a TaKAKe KOHCT-
PYKTHBHBIE 3J€MEHTBl H3 YrOoJKOB H IIBe/AJepoB BbICOKHXx onop JIDIT
Koaebanns Takoro THna onpelensiiorca ¢GopMmoii H pacnonoieHieM
TeJa OTHOCHTENLIO NOTOKA, ero H3rHGHON I KPYTHJABHOH MXKCCTKOCTAMH,
H, HAKOHel, BEeJHYHHOH KOHCTPYKLUHOHUOrQ JAeMI(HpPOBaHHA.

Buxpesoe B036y:kAeHHe COOpPYMeEHHH LUNAHHAPHYECKOH (opMbl.

Xapakrtep koneGaHuii UHIMHAPA B MOTOKEe Berpa. PaccMOTpHM Xa-
paKrepHbie uyepTH Ko.JIe6aHHH, B036YyXJlaeMblX BHXPAMH, Ha NpHMepe
KPYroBoro LJHHIpA.

[naByas TpyAHOCTH 0PN HCCAEAOBAHHH 3TOT0 fIBJAEHHSA COCTOMT
B TOM, YTO HeCTalOHApHBble a3poAHHAMHUYECKHE CHJAM, XeiicTBylOlIHE
KaK Ha UCMOJNBHIKHBIN, TaK # HA KOJcOMIOUMACA UHAHHAP, CHJBHO 3a-
BieaT or uscea Pefinoapaca Re u TeopeTiideckH He MOryr GuiTh onpe-
JLeJIeHBL.

Xopowo H3yuera kapTiHa OGTEKaHHA HEMHOABIKHOIO LUHNHHAPA HO-
TOKOM BO3ayxa [33, 43, 52, 60]. Ilpn Re<C10 namunapuuil norok eiue
NAOTHO MPHJEracT K IHJIWHADY; C YyBeJHYeHHeM uncaa PeiiHoabica
nosaan unanHapa oOpasyloTess 1838 CTaUMOHAPHHIX BHXPSA, KOTOpbie
PacTyT 11, HAKOHel, OTPLIBAIOTCH OT OCHOBHOTQ MOTOKa npH Re==40.
ITpn Re>50 naumHaercs moncpeMeHHH OTPBIB BHXpPeil 11 o6pa3syercs
BHXpcBas opoxka. O6aacts 3Toro naMnBapHoro OTpbiBa pacnpocrpa-
nsieres 4o 150.

O6aactb Mexay Re=150 1 Re=300 seasercs nepexoanoii, no1ox
B BHXPEBOI AOPOA(KE CTAHOBHITCA TYpOYJAEHTHHIM, a OTPHB BHXpEH He-
peryaapuuM. Haumnas ¢ Re=300 B oTpuise Buxpeii Habmoaaercs
NepHOANYIIOCTh, HPHYEM Ha Koaxedanug woToka ¢ npcobaapaioueii
yacTo10ii wHanaralotca TYpOyaeHTHne IAyKTyaumuu. ITOT npomecc
OCTaeTCsl HeH3McHnbM 10-Re=2.10% Bauue sToro 3xayenus Re norpa-
HHYHbIA C10f1 HAa HUIHHIPE CTAHEBHTCA TYPOY.IEHTHHIM, OTPhIB BHXpef
NpoOHCXOANT Ge3 mnpeol.1anamolielf YacToTbl, COBEPIIEHHO HePETY IAPHO.
310 cocTofiHite NoToKa coXpausertcs 10 Re==5-10% Flamepennsa Yuu-
korTa M apyrux [52] B Tak Ha3sbiBaeMofl TPaHCKPHTHYeCKoOll obnracTi
upcen  Peimoabaca Re>b-108 nokasaay, 4yTo B 3TOM Caydae cHOBa
YCTaHaBANBACTCA NCPHOTHYECKI ¢lel € [OUTH MOCTOAHHLIM KO-

137



Cy Sh g al J/ 8}
T Amnggm— flr]H II]
06406 é* -
05405 S N -,
% Ix Sh S sh LN 54
03103 2 ™\ ‘\\\\_ Sh

Q -
0’2_0’2 J— \\\\% /Cy

Orrar v
0L 0
w ot o wt w w0 re
Puc. 19. 3asucHMocTh unces Crpyxana Sh m xo3dpduunenta nonepeunod cuam ¢y
ANS XPYroporo NRAMAAPA ©OT uucen PefHoanmca

a — JaMuHapuynfl mnorpanHuHbIft cjoft, XokpuTuueckas o6;1acTs, TYpOyJNeHTHaR

BHXpeBas AOPOKKa, O — TypPOYJNCHTHHA MNOTPaHHYHLIA chofl, 3akpHTHYecKas o6-

AacTh, mpouecc caydafumil; 8 — TpaHCKpHUTHYecKas o6aacTb, HPOLECC COAEPXKAT
NepHOAKYECKYI0 COCTaBAAOULYIO
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A 1 Puc. 20. Mimenenne amnantyn xoaebannh
L uManHApa 4=0,8 M Ha YnpPyrax onopax B
2 /4 3aBHCHMOCTH OT cKopocTed mnotoka. Cobet-
BeHHAs 4acToTa Koaeb6auui onsp
0 {—n=38—4 Ty 2—n=55 Ty 3—n=
4 8 12 16 20 24 VML =5.4 I'n

UREeHTOM JG60BOro CONPOTHBJIEHHs H NMpeobaajanliell YacTOTOH OTPHBA
Buxpeit (puc. 19).

Jns HemoABHMKHOTO UMJAHHApDZ 4YacTOTAa OTPLIBE BUXpell onpejens-
ercs yucaom Crpysans

s=22
=" (145)

rAe 7 — 4aCTOTa OTPLIBA BHXPeEil, 3aBHCHMOCTb uHciaa Crpyxanas or uH-
cea Peiinonbaca noka3ana Ha puc. 19.

Baxnol 0co6eHHOCTBIO BHXPEBOrO BO3OYKIAEHHN THOKHX LHAHHAPOB
SIBAIfCTCH BO3HHKHOBeHHE HHTEHCHBHBIX KoJieGaHHH nonepek NOTOKa
B OnNpcResJeHHHIX HHTepBajJaXx CKopocTed. B 9Tux uuTeppasax nabmopa-
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IOTCA  CKOpOCTH (HMeHyeMHe KDHTHUECKHMH), AJs KOTOPHIX 4acTOTH
puxpeir DBenapa — Kapmana, onpezeasemble yucaom Crpyxans (145),
OJIH3KH K COOCTBEHHLIM YACTOTaM KoJeGaHHA NHJIHHADA.

Hatypubie U MOZeNbHble MCNBITaHHS KPYTOBBIX UHAHHApOB [2, 14,
46, 71, 74, 78] noka3nBaKT, YTO KOoJAeGaHHg TAaKHX Tesd BAOAb H NOnepex
HOTOK2 TNPOUCXORAT CO cayuaitHo aMnaHTyaoll u $asoil # ¢ wacrorof,
6s3Kk0il K co6cTBenHOfl uactore KosebaHuii B AaHHOM HampaBJEHHH.
CJoxenHe 3THX ABYX B3aHMHO NepNeHIHKYJAPHBIX KoaeGaHHH paer
TPAeKTOPHIO, OJH3KYI0 K 3JIHNCY, 60Jbllias OCb KOTOPOro NepHeHAHKY-
NSAPHA HANPABNCHHIO TIOTOKA.

Tako#t xapakTep KoJeGanHuil UHJAHHApPA YKa3blBaeT Ha CJYy4YaHHYIO
NPHPOAY NeHCTBYIONIHMX HA HEr0 a3POAHHAMHYECKHX CHJL

W3 rpadukos Ha puc. 20 BHAHO, YTO KoJeOAHHA LWIHHAPA NOJ-
JCDPKHBAIOTCA JHepruedl NOTOKA Aaie Mpu Maawblx ckopoctax. C yse-
JHYCHHEM CKOPOCTH NMOTOKa pacTyT H aMILIHTYAH KoJebauuit MHAHHAPA.
Oro nabmoraercs Kak HPH JAMHHapHOM, Tak H [1pH TypOyJeHTHOM
obtekaruu (Re>>Rexprauca). B 06nacTu nafeHus J06OBOro COMPOTHB-
JieHHst (KPH3HCAa COMpPOTHBJEHHA) Habuojaercs 3HaUHTeJbHOE YMeEHb-
HieHne aMIJIHTYA HoNepeyHniX KoJdeGaHHA WHIHADA.

[Ipn onpefesieHHBIX CKOPOCTAX MOTOKAa NPOHCXOAHT 3aXBaT 4acTo-
Th Buxpeii Denapa — Kapmana co6c¢tBennoii yacroroil KoneGaHui
UHAHBAPA H aMIUIMTYAHR €ro HaYHHAIOT pacTH. 3TO sBJEHHC, Ha3biBae-
MOE MHOFAa BETPOBBIM DE30HAHCOM, HOCHT aBTOKOJeOaTesbHHl Xapax-
tep [2, 14, 74] u BbI3BaHO a’pojuHaMiueckoil (30710BOM) HeyCTOHYH-
BCCTHIO LMJAHHApPA, KOTOpasd BO3HHKAET NPH KPHTHYECKCH CKOPOCTH
BCTPA, KOrjga OTPHUATeNbHOe a3POAiHaMHYecKoe JAeMnlpOBaHHe mpe-
ofnafaer Hajl TONOXKHTEJIbHHIM JAcMndupoBanveM, 0GYCI0BICHHBM
BHYTDEHHHM TPEITHCM B LHANHAPE.

AspoanHamuueckoe aemnduposanue. Cuay aspoJHIIaMHYECKOTO
Aemnduposarng [78] oObiyHO NPeACTAaBAAIOT B BHAe JABYX CJ1araeMmblx,
13 KOTOPHIX NepBoe AciicTByeT B ¢a3e C JBHKEeHHEM H NPONOPUHOHAJb-
10 NepeMellelHi0 CHCTCMH, BTOPOe CABHHYTO OTHOCHTEJBHO ABHXKEHHS
Ha 7t/2 ¥ NPONOPILHOHAJPHO CKOPOCTH KoJebaHHii

Fa) =Hay+Kay; y= 1. (146)
BeapasMepuble BeanuHHBl ot Y, Ho v Ks 3aNHCHBAIOTCH B TAKOM BHJE:
Y H, K,

=——; hg= Hkyg=—1"—,
=T pd*n? pdzn
Jlng BHISICHEHHs NOBEIeHHA COOPYKEHHS B NaType MOTyT HCNOJb-
30BaThCA 3UaUeHHA Hqa H Rq, 10/yYeHHblE B MOJEbHBIX HCIBITAHUAX NPH
COOTBETCTBYIOIHX NPHBEAEHHON CKOPOCTH M Oe3pa3MepHOH aMINVIHTYAe.
Jlas cucTeMbl ¢ O/LHOH CTeneHblo CBOGOALI

4 [ g\ L _ 28

a — pdz ——nz ’ a — pd_, .

(147)

3aech L — Macca eIHHHLA! BHICOTHI COOPYJKEHIsl; N M Mg — 4acTOTa KO-
NeGaBHil B NOTOKE BeTPa H B BaKyyMe; p — IUIOTHOCTh BO3Ayxa; §q —
JNorapuMHUCCKHIT JeKpPeMeHT, COOTBeTCTBYIOUHIT aPOAHHAMHYECKOMY
B0o36yXAeHHI0; d -— XapaKTepHCTHUECKHH pa3Mep COOpYMeHHS.

Jna 60nblIMHCTBA COOPYXXeHHIT BeTep OKasmBaeT cjaboe Bansuue
Ha 4acTory KoJeGaHuil. B 3tom cayvyae nARfly, H MepBLIM ClaraeMbBIM
5 (146) MoxHO mnpeHeGpeus. IlapamMeTp Ra nNpH BTOPOM cCJaraeMoM
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v Puc. 21. Juarpamma

T VCTOHYHBOCTH ANH  MecT-
10 873 KOre UHAHHAPA KPYraoro
g l ’ 1ONEPEYHOro CEYeHKA npH
8 konebDaHHAX, MEPREHAHKY-
RN g./ AAPHBIX MOTOKY
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sasiicut oT (QOPMBI NOMEPCYHOTO Ceyeltist, OT MPHBLICH A0l CKOPOCTH,
OT AMILIHTYALI KoJebanuit H ot uncaa Pelinoabaca.

Ecan  napaverp ko nodoxnATeded, ro woaddiniiedr ANCCHHAUMM
SHeprMH MpH  JAefACTBUH CHJH a3POALHAMHUCCKOTO JAeMiIpLpuBaHHA
Ya CHHMaeT aMnJHTYAv KoneGaumit. B Tex cayyasax Koraa sHauellle ya
OTPHHATENHHO, TAK YTO Ycinu CTAHOBHTCH OTPHIIATEIbHWM, B COOpPYHKe-
il na6a0nanTcs Hapacramuiue Kodedadns. OTpluuareasiioe aspoam-
LHAMHYECKOC NeMHGHPOBRAHHE PacCMATPHBACTCS B JallloM CJydae K4K
aspoaHnaMiyecKoe BO30OYIXKIeHIte,

HAdunarpaMma ycTONYHBOCTH AJA  JKECTROrO UMJHHApPA KpPYrJaoro
HONCPEYHOro CcedeHHsa Npn KojdebauWsX, NCPNCHAHKYAAPHbIX BeTPUBOMY
NoTOKY, npeacTtasieda na puc 21, M3 juarpamMmb BuAHO, 4TO Makcm-
MaJbUbLIC  AMIINTYAL  BO3HHKAIOT INpH UPUBeIeHHON CKOPOCTH U, ==

tl

nd

3anicHMOCTh napaMeTpa Rq OT U, Nowasaia ua puc. 22. Maxkcn-
MaJbloe 3Hadenlic Rq COOTBETCTBVET U, =35, no H npu 4<<ev, <95
po30yXacliie CTAHOBHTCS OTpHUAaTenAbHbM. B yka3zaudaelx npeaenax v,
napamerp k. 3aBHCHT OT aMIUIHTVAH Mo. I1pil odens MaBIx amnaInTyRax
k. BO3pacraer.

Ckpytou [78] noxasaa, uto npu v,==5 3aBUCHMOCTL Ka OT 1y CO-
oTseTCTBYeT FHIEePOONIICCKOMY CODTHONIEHHIO

ka T == 0,55, (148)

S A9 MOGKX 3HAUCHINL KOHCTPVKILIIOHHOrO Xemnduponauns,
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Cpa3b MeXAy BeaHuMHOR keMo B KO3QduuUHeHTOM nOnepeyHoli CHIH

Anka My
2

Y

Cy nmeer Bup Cy=—~ =0,27. 310 3HayeHHe COOTBETCTBYET

Re~ 10%,

CucTeMaTHueCKHE CBEACHHA O NapaMerpe Kq, BK/AIOYaA BJAHAHHE
aMIUINTYZB, NIpHBeJEeHHON CKOPOCTH M uHcen PefiHoabaca, MOTryT 6HTh
NOaYyYeHbl HENMOCPEACTBeHHHM H3MepeHHeM BO36y:KIeHHH npu cBo6oa-
HBIX H BBIHYKAEHHBIX KOJe0aHHAX KOHCTpykuud. Ecan ussectun aasa
HCKOTOPHX CKOpOCTeli MaKCHMaJbHEle aMIIHTYAH, TO HCMOJb3Ys Bhipa-
XKeHHe (Yo+vYr)m, =0 H AHATPAMMY YCTOilYHBOCTH, MOXHO Taxkke MO-
AYUHTb JaHHBE 0 napaMeTpe Ka.

Bauaune ¢opMbl NONEPEYHOrO CeYEHHS, NAPAMETPOB KOHCTPYKIIHH
H mnoroka Berpa [74]. Bce nomepeuHble ceuyeHHs HMEIOT XaPaxTeplcTH-
yeckue ynena CTpyxans, uU3MEHAIOULHECs B 3aBHCHMOCTH OT MOJOXKEHHA
cedeHHs MO OTHOIIEHHIO K HanPaB/eHHIO MOTOKa H OT uicna Peiinoabaca.

Jaa ceueHult ¢ yrioseiMu TOYKamHu uHcto CTpyxans cnafo 3aBHCHT
oT unces PeiiHoabaca, TOYKY OTPHIBA NOTOKA (HKCHPOBAHLI M COBHaja-
10T ¢ yrJoBbiMH, BuxpeoGpa3oBanue 6yaer Xopollo KOppe/HpOBaHO 10
npoJieTy, TaK 4TO BO36yxKAeHHe OylerT CHJALHBIM H 00Jiee COr/iacoBan-
HHM, UeM B CJyYae KpYyIJoro CedeHHs, B KOTOPOM OTPHIB NOTOKa GyJer
onpejensTbCa yucaIoM Peiinonbaca.

BaxubiM mapaMerpoy (OPME NONEPEYHOro CeueHHs sBAsieTcs MJIH-
Ha Tela B HaNpaBJelull MOTOK3, @ TakkKe GopMa YacTH cedyeHus, pac-
MOJIOJKEHHOA HINKEe ToueK OTPHIB3, I[OCKOJbKY 3Ta KOpMOBas 4acrTh
SIBJASETCA YaCTbl0 KOHCTPYKIHH, HeOCPeICTBEHHO MNoaBepramoiedcs
BHXpeBOMY BO03GyXaexnio. IaMHnas KopMmoBas dYacTh JHOO Memiaer
BHXPeoGpasoBaHHIO B cjele, NHG0 CIOCOGCTBYeT MPHCOCXHHEHHIO OTHE-
AHBUIETOCS NOTOKa K MOBEPXHOCTH, a 3aTeM HOBOMY OTPHIBY BHH3 1O
NOTOKY.

B moGoM cayuae 3TOT napaMeTp oOKa3biBaeT HenocpelcTBeHHOE
BMAHUe Ha yucao CTpyxans.

Yucno PeiiHosbaca sBJIAETCA BAaXHOH XapaKTePHUCTHKON KPYrJamX
ceyenuit, e Kak yncno Crpyxans, Tak H pasMep KOPMOBOM 4YacTH Onpe-
Zensercs ABHZKEHHEM TOueK OTPHIBA B 3aBHCHMOCTH OT Re.

YcranosaeHo [74], uTO B TexX cJayyasx KOTAAa KOHCTPYKLHOHHOE
AeMnQHPOBAHHE MAJIO H HMEIOT MecTO KoaeGaHusi GOMBbLION aMMOJHTYAH,
wyucano Crpyxang 0,2 HabmogaeTca npu Beex unciax Re.

TypOyJiieHTHRI ITOTOK M H3MeHeHHe CKOPOCTH C BHICOTON CyuUieCTBeH-
30 BIMAIOT Ha KoicOGaHHs NPl BHXpPeBOM BO30ymWIenuH: 1) adpdexrts-
H34 4acToTa BlIXpel"l H3MeHsAeTC] MO0 BLICOTe HHJAHHAPA B 3aBHCHMOCTH
OT rpajHeHTa cpefHeil CKOpPOCTH; 2) TYpOYJeHTHHII MOTOK Hapyutaer
PeryJIsipHOCTL pacupocTpaHeHHs BHXpeli; 3) KoppeasuMs B10Jb UIJIHHL-
pa HapyllaeTcs IDaJMEHTOM CKOPOCTH M TypOyJeHTHoCTH. Beacacthite
TOr0 APOAHHAMHYECKHE CHJIW CTAaHOBATCA CJAVYANHBIMII H MeHee
3 PeKTiHBHBIMIL

B nacroslllee BpeMg B JyulleM clydae MOAeT OblThb KaueCTReHNo
GNHCaHa B3alIMO3aBHCHMOCTb TYPOYJIEHTHOCTH M BHXpeBoro BO36yxKnae-
Hng. KoanyecTBenHas oueHxa 31oro spdexkta Moxer OuTh CAGJIaHA Ha
OCHOBAaHHI 3KCMCPHMEHTAMLHBX XaHHBIX.

TeopeTHueCcKHA aHanau3 BUXPEBOro Bo3OympeHHA. DToit 3alave No-
cBsillleHO MHoro Nccraezosannilt [2, 14, 21, 31, 33, 60, 82]. B Hacrosiee
BpeMf Mbl elle He pacnojaraeM JOCTaTOYRO OGOCHOBAHHON TeOpeTH-
YeCKOl MOJEJBIO 3TOr0 ABJICHHA.
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AHaJH3 OTIeAuBLIEroCs IIOTOKA BOKPYr KOJeOJIOILHXCSE Tesl Bce
ele OCTAeTCR MOJNYIMMHPHUCCKHM. IDTQ OOYCTOBJIEHO HENPHIOAHOCTLIO
CXeMaTHYeCKHX MojeJefl Mg ONICaHHA XapakTepHCTHK CJeja, onpeac-
NAEMOTO TEAOM i ero JBHIKeHUEeM,

Hmelomancsa aspoansaMuyeckas HHQOpMAuus O BO3HHKAIOWIHX fpH
JAGRCTBHM BeTpa KoaeGaunax NJ0X0 ofTeKaeMhiX TeJl SBJIACTCA B OCHOB-
HOM B3MNHPHYECKOA, TaK YTO OCHOBHBIM HHCTPYMEHTOM HCCJIEAOBAaTENs
ABJISETCS HCOLITANHE a3poynpyrHx Mojeldedf, a anajns Konxebanmii
BKJIOYaeT YCTAHOBJICHHOE 3MIIHPDHYCCKHM NYTEM Boa6yxmemle AHHAMHU-
9CCKOM CHCTeMHL.

Haa oupeacnenns npiupoisl H BeJHYHHH BOIMYIIAOWed CHAB, Aeit-
cTByOllell npu OTphiBe BHXpell, BHIIONHEeHH OOLIMPHLIE 3KCHepHMel-
TajbHBle HCCMCAOBaHHS, KOTOPHEe B HacTosillee BpeMs elle He 3aBep-
WeHB, H OUEHKH BeJHYHHB B3TOA CHJAB NPHXOAHTCA JAeJaTb 00
OPHOAHAKCHHBIM 33BHCHMOCTAM,

OG6luenpyHsTO BEIUYHHY HHTEHCHBHOCTH IMONEPedHOH CHJBL OpPHHU-
MaTb PaBHoii

pv?
F=cy(Re, Sh, ) '—2—d. (149)

IlpuBenesHnle B JHTEPaType 3HAUYCHHs KO3(pGHUHEHTAa nONepedHoll
CHILl €, AN KPYrOBOro LUHJHHAPAa B OOJbIIHHCTBE CJY4acp MOJYYeHbI
He HA OCHOBE HENPOCPEJACTBEHHOTO H3MEPEHHS IONCPEYHOH CHJLI
B I'MalKOM MOTOKe.

B raase CHHrIT 11-6-74 xos¢duuieRT nomepeuyHoft CHJB ¢y 4Jjg 3a-
KpH3HCHOM obnacTh yucen Peifivoabica npuusrt pasiuM 0,25, Ox coor-
BETCTBYET MOJYYEHHOMY B SKCIEPHMEHTAaX 3HAUEHHIO €y, YMHOXEHHOMY
Ha ko3dduunent 0,8, YYUTHBAKIWHA BepOATHOCTH BO3HHKHOBEHHS
NJIOCKONAPaNIeABHOrQ OTOKa BeTpa MO BhIcOTe coopyxeHus, [Tlo Puiny
[62], crasaapt ¢y =0,14, Ckpyton [78] noayuna anas ¢, 3nadeune 0,27
npu Re=10% no Hakarage, c¢,=0,25—0,27.

3nauenns yncen Sh M nonepeynolt cuanl ¢, AJA NPH3MH C MPAMO-
YTOJILHLIM TOfIEPEeYHHIM CeueHHEM, PEKOMeHAyeMbie NPOEKTOM CTaHAapTa
no BeTpoBhiM Harpyskam MICO, nprBeieHn na puc. 23.

Nonepeunvie Konebauusa UMAHHAPA B noToKe Berpa [2]. Bume yxe
yKa3blBaJIOCh, UTO sBJEHHE De30HaHCa, HabaionaeMoe NpH KojseGaHHAX
HHNHHADA B NOTOKe BETPa, MOXeT OLITb 0GbsICHEHO MPH PacCMOTPEHHH
QHJAHHAPA KaK aBTOKoJeOaTeNbHOH CHCTeMb. B cucTemMe uHIHHAp —
BeTPOBOHA NMOTOK CJelyeT Pa3jIHYaTh: OCHOBHYIO KOJeOaTeNbHYIO CHCTe-
My — UHJHHAD; YCHJHTeJNb KoNeGaHHIl — BHXDH, BO3HHKAaIOLiue NPH
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Q6TeKanHd LWJIHHAPA TIOTOKOM; OrPaHHUHTeNb HapacTaHHa Koaela-
HHA — XapaKTepHCTHKA 3aTyXaHHsd B CHCTEMe.

Kone6.aomufics WHAHHID — 3TO 3JeMEHT CHCTEMBbI, 32/1al0LIHA YacTe-
Ty aBTOKOJeOanuii. IIpH orcyrcTBHH BeTpa UMJIHHAP cmocobeH cOBep-
IIaTh TOJMbKO 3aTyXaloLle COOCTBEHHbIe KO.1e6aHHs.

BHXpPH CBA3LIBAIOT OCHOBHYIO KO.1€6aT€.TbHYI0 CHCTEMY C HCTOYHHKOM
SHeprHH — BeTPOBbLIM NoTokoM. [Ipn 3ToM koae6anHs UWIHHAPA BAHMAWT
Ha o6pa3oBauHe BHXpeil, HaBsi3LIBasi CBOIN [epHOX mpoueccy B 0OTe-
Kaloulem notoke. Takoro pona o6paTHoe BO3AeiiCTBHe, XapakTepHoe A4
BCAKOH aBTOKOJIe6aTeNbHON CHCTeMbl, HOCHT Ha3BaHHe 00paTHON CBA3N.

Takum o6pascM, VCTZHOBHBIUHACH peXHM B CHCTeMe UHJIHHAD —
FOTOK NpenonpelenseTCss CKOPOCTBIO NOTOKA # XapaKTePHCTHKOH 3aTy-
XalHs KoJeGarHil LUNHHApPA.

JKecTKnii KOHCOJbHBIA UHWIRHAP Ha ynpyron omnope, YpaBHeHHe
ABHIKERHs TaKofi CHCTEMBI ¢ OfiHOH CTeneHbio cBOGOAB HMeeT BHJ

Fol?
J<P+ﬁ<p+c¢=—‘;~f(f)=M, (150)

rae @ — yroJ MOBOPOTA ONOPHl UMJIHHAPA; [} — XapaKTepHCTHKA 3aTy-
xanust; J=p(b2+4r2) — MOMEHT HHEPUHH MAacChl UHJIHHAPA OTHOCHTEJb-
110 onopsl (b — paccrosiune OT IEHTPa TAMKECTH UHJAHHAPA AC ONOPLI);
r — pajHyC HHepPUMH Macch WHJHHAPA OTHOCHTEJIBHO OCH, NMPOXOASLLCH
yepe3 HeHTp TAXKeCTH; Fo— ammauryaa cunsl F(x, {) y cBoGoaHOrO
KOHIla LUMJAHHAPA; TpaduK 3Toil CHALI npciacTaBjaeH Ha puc. 24; M —
MOMEHT B CeYeHHH Y OCHOBAHHS LIHJHHAPA a3POAHHAMHYECKHX CH.J, pac-
npelieeHHbBIX N0 BHICOTE UHJHHAPA 1O 3aKOHY TpPEYroJbHHKa. 3Aech
NPHHATO, YTO paclnpedeseHHe 3THX CHA C TOYHOCTBIO IO NOCTOSHHOrO
MHOXHTEJIS COBNAJTAaeT € ero nepsoit cobGerBeHHOr GopMoi KoneGanuil.

OrmeTHM, 4TO B 3TOH 3ajaue MOMeHT M ABHO He 3aBHCHT OT Bpe-
MEHH H fIBJIfeTCs (QYHKUHEH NMOJOXKCeHHS H CKOPOCTH KoJeGaHHI CaMoro

unansapa M=M(¢, ¢). 3HaK MOMeHTa 3aBHCHT OT 3HadyenHs ¢ (M>0
mpu >0 u M<<0 nprn ¢<<0). IIpocTpaHCcTBEHHOe TpaduyecKoe H30-
6paxenHe GyHKuHH M(¢, @) npuBeneso Ha puc. 24. flcHo, yro dyHKiHs

M(¢, @) Henuueiina, ciaenoBaTesbho, ypasHedne (150) sBasercs He-
JuHeliHM aubdepeHIHaALHbIM YPpaBHCHHEM,

Ias npu6MHAKeHHOro pelleHHs 327a4d HCMOJb30BAH MeTOA, pasfa-
Gotanusift B [44].

Mycts ¢ = — g cos 0f, (161)

rie aMIJIMTYAa Qo AJNS YCTAHOBIBLIErOCS aBTOKOJe6aTeNbHOrO DEXi-
Ma NOCTOSIHHA, & YacTOTa aBTOKOJeGaHHll @ Momer GBITh OTJHYHOA OT
YacTOTH W, COOTBETCTBYIONLEl KOHCEPBATHBHOI CHCTEME,

Paznoxum momeHT M B pax ®ypoe

M, sin3wf  sin 5wt
M=—{sinot - + cee
n 3 5
rae M, = Fyl3/3.
OrpaHnyuMcst B BulpaskeHiK (152) mepBbIM usieHOM pa3iIoKeHHs.
IlepBast rapmonnka MomeHTa M coBnajaer mo ¢ase co CKOPOCTbIO
@, T. €. 3ana3JAbIBAeT OTHOCHTCJBHO YIJa NOBOPOTA UHJAHHAPA ¢ Ha 7/2,
TIpH 3TOM yCJOBIII MOMEHT COBeplIdeT HanGOJbIIYIO paGoTy, H OTCYTCT-
ByeT BJHsiHHe OOpaTHON CBSA3H Ha NepHOR KoJebanuil uuansapa. Ilpu-

MepHble rpadukn Fo, ¢ 0 @ npuBefleHH Ha pHc. 24,

(152)
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M3 ckazaunoro csaeayerT, uto Ko.ae6uolumiics B BETPOBOM MNOTOKE
UHJIMHAP MOKHO PaCCMATPHBATL Kak CHCTEMY. B KOTOpoil B CHAY Ofpe-
AefieHHHX (IE3HYECKHX NPHRUNH HaPAay ¢ OOWYHHIME ynPYFHMI CHAAMI
AeficTByeT kBasnynpyrue ciaw F{x, {), 3anasasiBawutic OTHOCHTENHHO
H3MeHelHHs ¢ Ha n/2.

OkoHuateaphioe Bblpaxennce 114 ypasHenus (150) Gyaer umeTs suj

. " 4AM .

(p-}~o)?cp= (0),_,_ u)g) (p—,'—lm:—(; — ym]gp =

= P (¢, ®) cos & - Q (¢, ©) sin ot, (153)
rae @ = Qwsinwf,

Jlna ycrauoBHBulerocs pexiiMa HONYydaeM CUCTeMY ypaBHeHHii:
P(gy, ©) =0; Q(9. ©)=0,

OTKYAa CJeRyeT ((.)2-—0)%) ¢p=0, WIH ®=p, T. e P NEPBOM npH-

GAHMKeHI! uacToTa aBToKosebaHuit COBNajaeT ¢ YacToroill cO6CTBEHHIIX
KoMeGaHHii CHCTCMD!

p=o; o Jor (15

Yapyrui usauHapHyeckni cr1epXeHb. YUlTbIBAS O CTEPKHA TOJb-
KO NepBYI cO6CTReHHYW GopMy Koaebamuit ai{2), moHO ero mnepe-
MellleHHA 3aNICATh B TAKOM Biile:

y(z, 1) =0 (2) py (8), (185)
rae pi(!) — 0606wentias KOOPpAHHA-

Ta.
ﬂﬁ[ 1 r:C —7 2'7‘ ¢ Torna ypaBuenue HBHMKEHHA B
06O0LIEHANX KOOpAWHaTax Oyper

(‘l‘—cbgv—t IMCTL BHA
Pt p e p 0 Feln O =

N
e 9) _ a0 156
- (156)
/4 3aeck @y — nepBas  cOGCTBeHHan
P::- Kpyrosast uactora Kosebanuft
- C1CPIKHA;
L3 H
e ogoGuiennas cuna Q, ()= f F@ X
0
- Xoy (2) dz; (157)
H

oBoBweHHan Macca M1= pj m‘f (2) dz,
Pac. 24. Tpadux @yurunu AM(®. '] !
1



IlpuveM, Kak n 18 ¥eCrkoro UMAMHAPA Ha ynpyrolt onope,
4
F ) =— Fgoy (2) sin o,
k11

rae o — 4acToTa Koviebauuit casl F(z, {); Fo— opAHHaTa 3MOPH a3p0-
JHHAMHYECKOHA CHJIBI y CBOGOJHOro KOHI[a KOHCOJH.

[loBropss ans ypaBHenusa (156) paccykneHus, npHsefeHHble BhilUe
npH pemlennHd ypaBHewus (150), noayynMm JUim mepeMellleHMsi KOHUA
CTEPIKIS CJIefyiollee BHPaXeHile:

U 4F, 4
yO = — "'-—r) E S y%. (158)
6 T(P.(l)i' 6
c FO
rae yo‘: —__2_ — nporu6 BEPXHCT0 KoOHIlA CTepKiHR OT CTAaTHYCCKH
()

1
TIPUAOIKCHHBIX a9POAHHAMHYECKIX CILT,

Ynpyruit crepxeHb, umetomnit Gopmy yceueHnoro xouyca. Jxcne-
peMenTtl Pomko [77], Unukorra [52] mokasanm, 4To 3a KPH3HCOM CO-
[POTHRAEHHS NpH 4YHcaax Pefivoabaca 1,4-109—3,5-10% neficraytowasn
Ha LHUJIHHAD NoNlepeyHas CHJA clydyafiia M HMeeT HeNpephiBHHII COeKTp,
npu Re or 3,5-10% xo 6-10¢ mpouecc 1nMeer Y3KONOJOCHBI CNEKTP, Bbi-
me Re=6-10% no Re=1,8.107 npouecc cayyaiinelii, Ho COAePKHT Ie-
PHONHYECKYIO COCTaBaAKLYI0 (cM. pHC. 19).

HUcnonbsysn ati akcmepuMenrn, ®uH [62] paccmaTtpusaer 3anauy
O MomepeyHeIX KOJMeGaHHAX UHAMHAPA KaK 3aRXaly O BHIHYAACHHHIX KO-
JieBaHHAX YNPYroro CTepXKHs, BO30yxkaaeMoro caydaiinoil romnepcunoi
CHJIOH,

[Tosenense ynpyroro CTepiHs, HMeloulero GopMmy yce4eHHOI0 Ko-
nyca, paccMoTpeno s paGore (82

Buisio yCTAHOBJEHO, 4YTO MaKCiMaibHas peaKuHst npH Kosmebanusx
no OcHOBHOH (opMe nosayyaercs TOrAa, KOTAa 4acTOTa cpblBa BHXped,
COOTBETCTBYIOIUHX AHAMETPY Ha YDOBHe, paBHOM 2/3 BHICOTH CTEpIKHA,
CoBMajaeT ¢ ero co6eTBeHHON yacToroil. I1pH 6GoJiee BHICOKHX CKOPOCTAX
MOIYT IPH BHXPEBOM BO3GYKIeHHH BOSHHKIYTh OJHOBDCMEHHO IepBas
¥ BTOpas Gopvel coGcTBeHHbBIX KomeGaumit. [lepeMewenne Takoro
CTepKIIs

s
Yy )= pi(t) 4 (@) (159)
=1

Toi1a ypaBHEHHe HNBHXKeHHs B oéoneHIl;blx Koopannarax 6yger HMeTh

i1 (156). O6o6wennas macca Mi=| n(2) & (2)dz Odobutennan
0

H
cuaa Q.(l)=j'q(z, fyoi(2)dz. 3aech (2, {) — HHTRUCUBHOCTHL TONEpeY-
0
Hoit cuabl; o;(2) —f{-as $opma cOOGCTBCHHBX KOMeGanull CcTepkus.
CreKTpaabHYi0 MJoTHOCTE o6oGuennofi cnant Q,(f) Mokino sanucats
B TAKOM BHAC
HH
So, ) = ,[ (! V'S, @y 1) S, (2 R (D &, (2) @, (2,) dz, dz, .
(160)
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Caenys [82], Ans sumupHuccKoro 3HEPreTHYECKOTo CIEKTPa HHTEH-
CHBHOCTH IIONEPEUHOMN CHJB NpHMeM Clelylolilee BHPaKeHHe;

o (1 —nng)?
Sqgn)= ——¥ _exp|— — | (161)
Va bsns By
u e %
3aech cpenHmit KBAAPAT KOS HUIEHTA NONEPeTHON CHIBl 0, =————3
Y 0,bpdv

o

Bg= . ¥ _ — oTHOCHTe/bHasi IIHDHHA CNeKTpa; ns— yac-

V:rr ng S, (n)

TOTa, COOTBETCTBYWOINAA INIHKY 3SHEPreTHUYECKOIO ChekTPa S4(n); n—
TeKyluas yactoTa, il
HopmupoBaHHblil K03 HUHEHT NPOCTPAHCTBEHHOA KOppeasuus

r

R = '2"— "“'2 162
(r) = cos 3 exp[—(s)]a (162)

2 zp — 2

d (2¢) + d (2,n)
TOUKax R u m,
Tloacraensg B (160) puipaxcenus (161) u (162), noryynm

o= [l [ (52 )

1

V hsensm BsV'n

_]_ I—n/ng \? 2 r\?
x{oq @ exp | —— (—-—-Bs ) J}mcos 3 exp [—— (T) ] (163)

IMpcne6Gperass B3alMHON KoppensuHeil Mexay cobcTBeHHHIME  dop-
MaMH KoJcOaHHiI KOHCOJBHOIO CTEePXKHH, Cpemmu hsaapar €ro nepe-
MEIE N MOXKHO 3aMHCATh B TAKOM BH/€:

rae r = y d(zx) u d(zm) — OHaMETPH CTepPXKHA B

o2 (2) = 277 (1) & (2), (164)
=1
C d“ t
rae p; (8) = 16 (o anizs?%‘i)') R (165)

PacyeTHoe 3HaueHKe O06OOUCHHOA KOOPAHHATH, COOTBETCTBYIOLIEE
2-ii co6cTBenHolt dopMe KoaeGauuil Tpy6nl, NpHBeAeHo B M. 7.9,

B cayuae crepxHs C Majoil KOHHUHOCTBIO MJH KPYTOBOro HHAHNApa
MOXHO npeHe6peuh H3MEHeHHCM YaCTOTHl OTPbiBA BHXPeit [0 BHICOTE
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ctepMHs H TONY4HTH Clepyiollee nNpuG/ANIKeHHOE BhIPaXXeHHE AJa
cpegHero KBaapara 0606IUeHHON KOOPAUHATH:

o, pD* 2all 1 —K—-1\3
p; () =(8::25ch2 Mm) 2By P [—( Bg )]' (166)

H
H(p(@ a?(2 dz
0

H n
rae Mspp = —5; PoA=T Ykpm = g
jaz (2) dz
0 —
v ng
=—=K,
Ukpur ny

TanonupoBanHe rHOKHX NpH3MaTHUeCKHX KOHCTpykuuit. Kak ymxe
0TMEYaJioCh BHINlE, sBJeBHe TraJIONHPOBAHHsA, XKOTOpoe BO3HHKAaeT B
'MOKHX NpPU3MaTHUECKHX KOHCTPYKUHSX TIDH OmnpeleseHHBIX CKOPOCTAX
BeTpa, CBA34HO C a3pOynpyrofi HeycToilYnBOCTLIO TaknX Tesl, Koae6aHus
TAKOrO THNA BO3HHKAIOT B NJOCKOCTH, NEPNEHAHKYJSPHOH X HarpasJe-
HHIO BeTPA, H COXPAHSIOT CBOIO HHTEHCHBHUCTh Ra)ke NPH 3HAUHTEJIbHOH
TypOyNeHTHOCTH Haberaiouiero MOTOKAa. JTO fBJEHHe a3POJXHHAMHYEC-
KOTO BO3DYXAEHMS M3y9anH Ha OCHOBE KBA3KCTaUHOHAaDHOH MOZeH
Heu-Tapror [21], Tapkuucon [73], Hosax n Jlasennopr [70, 72].

HanoMHHM, YTO B KBa3HCTAUHMOHapHOH MOMJENH SBJEHHsi MIHOBEH-
HBle a3poflHaMHYeCKHe CHJn, HAefcTBYIOlIHe Ha KoJeGalolleecs B 10~
TOKE BeTPa TeMO, NPHHHMAIOTCH TAKHMH JKe, KaK JJIs HENoIBHIKHOTO
Tena, 06TEKaeMOr0 NOTOKOM € OTHOCHTEeJbHOM CKOPOCTBIO, pPaBHOH reo-
METDHYEeCKOll CyMMe CKOPOCTH YC1aHOBHBLIETOCSl IIOTOKA H CKOPOCTH
nonepaynbX KojeGaHHi CHCTeMH.

a) 0) 6

A A

4 3 4 3 4 3
4 dy ¥ d
=D Y 1%y Y
M, *:f;d at =d B
1 2 ! 7 b4 2
] y
A=0° d=6° d=13°

Prec. 25. O6GTexanne KBAAPATHOTO CEYCHHA B YCAOBNAX NOKOR M B YCJAOBHAX NO-
nePeNHOro ABHKEHHR NPH BETPe, HEPHCHANKYREPMOM NAOCKOCTH ABHMKCHHA
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B nacrosulee BpeMs Malo SKCUEPHMEHTAJNbHHX H TeOPeTHYecKHX
HCCAONQBARMN 3TOrO fABJNEHHH, NOITOMY MB PAaCCMOTPHM 31€Ch TOJbLKO
TaKue BOMPOCH: 1) rajonHpPyOUIHE KOJAEGARHA NOPH3M B IVAAKOM MO~
10Ke Betpa [70); 2) ocofeHHOCTH DelleHHs 31Ol 3ajayu AAs TypGy-

JICHTHOrO IT0'i OKa.

OcobennocTu sABJeHNs TaxonupoBanua [74]. 310 ABAeHHEC BO3HNKA-
eT npy $opMax NONMePEYHOro CeYeHHN, IMEIOWHX DUKCHPOBAHHLIE TOYKH
orpuiBa. Kak # npn BHXPEBOM BO3OYXIEHNH, YAaCTOTH rafonupyloniix

L,

13
=y
é’igy s
Yy ]

i

w1
o

025

¢,

Y

’ g

05

0
10
Puc. 26. Kosbdnument F

AdS NPAMOYroabHOr0 CEMEenns,
WBeANEepa H ABDYTABDA
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roaebanuil 6aR3KKM K cobcrBey.
HBIM.

Ecan npu BHxpeBoM BO3BYyXK-
NeHHH MHTEHCHBHBIE KOJe6Galus
BOSHHKAIOT B ONpeleJeHHBIX WH-
TepBaiax CKopocrefi Berpa, TO
raJlonKpoBapHe NPOHCXOAHT NPu
BCEX CKOPOCTAX BHIUE KPHTHYe-
CKHX, ONpeAenfieMHX KOHCTPYK.
UHOHHBIM AcMN(HPOBAHHEM,

Ha pnec. 25 nokasano ksan-
paTHOe cedeHHe B YCJIOBHAX NO-
KOf M B YCJOBHAX RONEPEYHOro
XBIKCHHS (pH Berpe, fepueKAH-
KY/IAPHOM NJIOCKOCTH JABHIKEHUR,
Ha pue. 25,6 Teno cmemnaeTen
BHH3 Co CKopoCThIO dyld!, npu
3TOM OTHOCHTENbHAA CKOPOCTh
Uor HaNpaBiena MOA YTJAOM aTa-
Kk a==6° [ToTOK mHo-npexueMy
oTpmiBaetcs 1o yraam 1 H 4, oa-
1laK0 OTJenuBLIHecs MOrPaHHYlIRe
C/IOH acHMMeTPHUHM, CJAO0N ¢ la-



BCTPCHHON  CTOPOHLI  pacmonaraforcs 6Jxke x cropowe 1—2, a caoit
C 3aBETPEHHON CTOPOHB Kk cTOpoHe 3—4. B peayaprare cropona 1—2
HCMBThIBACT GOJBILMI OTCOC, ueM CTOpoHa 3—4, M B WANpPaBRCHKI ABH-
meHHs BO3HHKaeT cuaa F, Ha puc. 25, 6 yroa o ysennunsaercs ao 13°
a C HaBeTPEHHOH CTOPOHH INpH yrje 2 BHOBb IPONCXOAHT NpHCOedHHe-
Hie MoToKa, Fy NPH 3TOM yrie NOCTHTAeT MAKCHMAJbHOIO 3HAYCHHH.

Xapakrep o6TeKaHHs, noka3asnuii Ha pHC. 25, CBHAeTeNLCTBYET
O TOM, UTO IOBTOPHOe NplicOCAHHEHHe OTAEJNBUIEroCs NOTOKAa K 1O-
BePXHOCTHL KOPMOBOH 4YacTH sBJAETC BAXKHOIl XapaKTepHCTHKOIl sB.je-
Ml 1'3aJONHPOBAHNS.

Kak 370 BHAHO Ha puc. 26, npu MajJoM OTHOIIEHII CTOPOH MPSAMO-
yroapHoro ceuexuin h/b Re Bo3HNKaeT momepedHoil CHAB, ceyernc 6ylet-
YCTOAYHBBIM B COCTOSHHH IOKOS

Fanonuposattue mpusv B rnapkom noroke (70]. Ecan mpHsmMa Ko-

7e61eTCH CO CKOPOCTBIO y [roflepeK MOTOKAa, HMCIOLIero CKOPOCTL U,

TO OTHOCHTEJNbHAS CKOPOCTb Uor BbI3LIBAET a3POAHHAMHUYCCKYIO cHay F,

onpeaenfeMyio A0GOBbHIM  CONPOTHBJEHHEM H  nonepeynoii CHJIOH.
CoctaBaswoiast cuna F B HanpaB/ieHHH ABIKEHNA paBHa

1 2
Fy= Ty pbho (Fy, (167)

TAe Ugr=uypseca, o= arCfg (_l‘/ vi’);
cFy = — (ry e tga)seca, (168)

b — wmnpina HaBeTPeHHOI CTOPOHBI NPH3MbI: i — c€ BHICOTA; Cx H £y —
K03 GUUNERTs I060BOTO CONPOTHBJCHIA M MONCPEYHOI CHJABL KOHCT-
PMKUHH, P — NJAOTHOCTD BO3AYXa.

YpasHenne ABHXKEHHA MNpPH3MH, paccMaTpiBacMoil Kak cHCTeMa
¢ ORHOMN CTeneHbI0 cBOOOAH, MOXHO 3aIHCATh B TAKOM BH/c:

.- F { 8
dgly=—Y _ . R

y-ojy= " Yo |V - ). (169)
rie ®p — co0CTBelas KPYropas HacToTa CHCTEMb, Ya — hoddinicHr
JUHCCHMALLHH SHEPIHH KOHCTPYKUHH.

M3 Buipaxerua (169) creayer, uro ecnn c,-” >0, To npu a>0
B CHCTeMe BO36yXKIawTcs KosnebGaHns, )

[lepsas nponsponnas ko3dGuuKenTa °r, npn u=90

dep.
Ay :( y =_(ﬁ’- 6] (170)
. da [a=0 da y

Venosue Ay >0 (kputepnil Hen-TFaprora) ects HcOGXOLHUMOC V(JiO-
Blie JJs BO30yxIeHHA Kogdebanuil. OxHako 3TO yCA0Bue He ABASETCS
ROCTATOUHBIM, TAK KaK CyMMapHuil KOI(pUUHeHT ANCCHNAUNI HEPTHI
32BHCHT TaKXe OT MOJOXKITEJbHOTO KOHCTPYKUNOHHOTO JAeMngipo-
Bailitsa.

Ha puc. 26 rmnorasano naMecHeHne “Fy B 3aBICHMOCTH OT yraa

alakn aAs NPpH3M € KBaApaTHBIM H NpAMOYTO/IbHBIM NONCPCUHWM (e~
YeHHAMY, @ TaKXe AJf WBeAncpa i AByTaBspa.

AKCOEePHMEHTANBHYIO 3aBIICIMOCTL Ko3bduuteita nonepeunoii cu-
AL OT yrJa atrakd MOXHO llpll6.’lll)KEllH0 aANNpoOKCIMHAPOBATL [OILITOMOM
eiaa (39) Pyxoroacrtea.

149



0st

Kosdpdunuentn c; Ta6nrua 13

¥Ypasnenne

TRI KOHCTPYKUHH Cocci‘:ﬁ:‘:&in‘?put’l (bog;i:ﬂzone- Cu?; k(2) 1 [ l €3 Cs Cs cr
0 ” la 1 1 1 1 1 1

)Keczxau npU3Ma Ha yn- iz% 1 2 \'s 6 6
pyroi onope 2 1B = = 1 - 2 6

” ’ (10) 7 5

. n=
)Ilg:sm:;rmecxmf cTep- P P sin 4~ 4 9 i 1 8 3 5 35
» CTpyHa "Qﬁ h, H 3n 4 8 64
n=
3 1
3a 1 1 3 — 3 —
4 5 7 3
JKecTKas npHaMaTHuecKas 0 N z 2\l 18 3 18 18 18
KOHCOIb  Ha ynpyro# :}—q/ - 3B ____) Jabat = —_ = -
onope H 10 19 4 29 39 49
( 2 )‘/a 9 3 9 1 9
3¢ | (= == =1=1|=
10 10 4 14 2 22
Wl « [ elalz]e
v . 7 9 13 17
npyrasi npu3MaTHYecKas 2z Y,

KOHCOJb C pacmpe/eneH- QL_::”J p Ty 4 (_E._)[ 30 54 30 10 30
HOH Maccoit 10 31 7 53 25 97
s (_Z-)"' b5 1B 515
10 16 7 26 12 46




[oacrasnas dopmyny (171) B ypasrense (169), nonyaum

m .

- kO nm . ny QY+ Ayt

vtofyo( T — Sua) et Y ST —0
\ v

i=3
pb2H

Flle apaMeTp MacChl 1y, —:‘W

s P — IJIOTHOCTL BO3AYXa, M — mac-

Ca KOHCTPYKUHH.
3uaki 415 A1 HIMeHAWTCs HayuHag ¢ +A,, A, >0.

Ilpy a0 BIHAHHe 4YJICHOB, COXepPXKAINUX CTeNeHH y, Hcue3aeT,
H XapaxkTep HAYHHAIOWIETOCH ABHXKEHHS 3aBHCHT TOJBKO OT 3HAaKa KO-

>hdHUHeHTa ¥, T.e€. OT 3HAaueHHa CyMMapHoro KosdduuHeHTa XHCCH-
nauuy sueprun. Ecun stor KoaddHuHEHT nonoxuTeNeH, TO HyJNeBOe NO-
JIOXKEeHHe yCTOIvi‘IHBO. Ecau on OTPHLUATEJICH, TO HYJCBOE€ IOJOXKeHHe
HeycToilyuBo 1 ypasHenne (171) onncwiBaer caMoBo3GyxaamoLlHe
KoJseGalus.

Hdnsi  cucreMn ¢ pacnpejaeneHHHIMH NapaMeTpaMi Gespa3MepHue

aMmaETyanl a=a/b onpeaensloTcs 43 anare6paHyecKoro  ypaBHEHHA
(. 717).

Kos¢pduuuentht ¢, 1 Ay
npuBedenb B Taba. 13 u 14,

XapakTep nH3meHelns pe-
aKUHH 23pOAHHAMHYECKR He-
YCTOHYHBOH KOHCTPYKIHH
(mpu3Mbl) noOKas3aH Ha pHC. 3
27. Kak 3T0 BHAHO, KOHCTPYK- 0({\
1LHR OCTaeTCs NPaKTHYECKH He- ‘,‘(\“‘

HNOABUKHO, IIOKa CKOpPOCTb ‘&\&

BeTpa He JOCTHTHET KPHTHUe- |
CKOH TNpHBEAEHHOII CKOPOCTH |
Ur kpur. | “*J

JanbHeiilllee yBeaHueHHe o A
CKOPOCTH BeTPa IIEPEXOAHT B £
HHTEHCHBHHE [ONePeYHLIe KO- (]
aebauns. Kaxaoli cKopocTH
COOTBETCTBYIOT CTalHOHapHHe ¢k
KoJeGaHHs, KOTOpHE ¢ yBe- Y
JHYeHHEM CKOPOCTH NpHG.IH-

JKAI0TCA K aCHMITOTE, NPOXO-

Aslleil uepe3 HA4yajl0 KOOpAH-

HaT. ACHMOTOTa COOTBETCTBY-

eT Ko3(pdHUHEHTY IHCCHma- o

LHH 3HePrHH yx==0, |
CKOpOCTH Ur; H Usy ONIpE-

= 20wz
a’.a

™~
<
SN
=t
"
-
N
N' =
x

Puc. 27. YHHBepcaabnas kpusasi pe-

ACJAIOT rpannubl, B Ipeaenax aKUKMB MK COOTBEICTBYHWHA e Ko-
KOTOPLIX MOTYT NPOHCXOAHTDH IDOUIUHEHT NONEPEUHOA CHAM
6udypKauHns HIH KOoNebaTelb- . “\3

HBR rucrepesuc, TeopeTnue- _ Yy A (-2

ckult ananns [70] moxasuiBaer, r, = 4, v 3l + A%

4TO AJA BCEeX KOHCTPYKUHH,
HMEIOUHX OIpeJeNeHHRI BH/ y
NONepeyHOro CEYeHHN, OJH- X|— ] —A, | —
HakKOBB COOCTBeHHHE (GOpPMH, v

151



Tabauna 14

Ai Ci
Cayuaft
Ao A, ¢, l A G A; ¢
la 2,69 168 6 270 59 900
is 2,31 202 12 540 363 400
2 2,69 126 3919 32758
3a 2,69 101 2687 1997
38 2,55 104,28 2894 22 004
4a 2,69 93,33 2411 17617
4B 2,6 95,09 2508 18 526
HO NIPON3BOJBHYIO maccy Y 3aTyxaHHe, CT&HHOIlapHIﬂe
aMNJHTYAH  MOryT  OHTb  OMHCalbl YHHBePCANBLHOR  KpHBOil
- 2n
B NJOCKOCTH @ M xXv, (prtc. 28); KOUPAHHATH KPHBON ie

3aBHCAT OT adPOAHHAMHYECKHX NOCTOSNHLIX MONEPEUHBIX CEeYeHHH KOoliC-
TPYKILHH,

10T GaKT noO3BOJRET MOCTPOHTH YHHBCPCAJbHYIO KPHBYIO peaxumii
KOHCTPYKUHHN 3KCIEPHMEHTAJLHO Ha OCHOBe H3MepPeHHHX CTalHOHapHbX
aMIaHTya koaeCaHuii aspoynpyroli MOAeJH, He ONpeaesis IPH 3TOM
a3poaHHAMHYECKHE TIOCTOAHHBIE ONEPETHOro CeYeHHs.

Aapoynpyras HeycTOAYHBOCTL NPU3M B TYpOY/aeHTHOM notoke [72].
dTa 3ajava, xaK H NPHBeAEHHAs BHIIe, pPacCMaTPHBAETC B KBA3HCTa-
LHOHAPHOM pexHMe.

ITpencTaBHM NPOROJLHYIO KOMNOHEHTY CKOPOCTH BeTPa B BHAe

v=v40 (f), (172)

TOTA2 YpaBHENHE JABIDKEHHA NPAMOYroJbHOM NPH3MBHL KaK CHCTEMH
€ ORHOF CcTenenbio CBOGOAL GYyLeT HMETb BHA

Vi ©1

Mag .
, ——bi’lv+v' @l Al}y+

Y-+ c«>¥y+2{

m
2n X + Ay’ [
t Y T e = B Fa (), (173)
and (240" 1) :
(=
rae Fa(!) u Fe(f) — cayyalinble CHabl, Y4NTHBalOIUHe BO3JeiCTBIe Ha
npHaMy [MofepedHoll KOMMOHEHTh MYJbCAUHH CKOPOCTH H a3POdHHaM-
yeCknii CHJIbI, BO3HHKAIOLLell TPH BHXPeBOM BO30YXKAEHHH.

Vparnenne (173) sBagerca HeOXHOPOAHBLIM HeaHHeRHHM Judde-
petiinaJabHBEIM ypABHeHHEM C nepeMCHHHMH BO BpEMEHH KOSCp(pHLlHeH'
TaMy, MajocTh NyJabCauuH MpPOA0.IbHON KOMIOHEHTH CKopocTH v’ (f) no
CPaBHEHHIO € ee CDelHHM 3HadeHHeM U i cnydafiHulf Xapakrep ny.abca-
LHHH MO3BOJAIOT CYHITATh, YTO ABJCHHE AI{HaMquCKOfl lIC‘YCTOl.‘NHBOCTH
(napaMeTpPHYECKOro pe3oHaHca) B 3Tofl cucreMe uposBHTCA caado. [To-
TOMY DpH anaimise sBJACHIsI TaJONHPOBAHNA 3TOT BONPOC MOMKRT He
paccmMaTplBaThCA.
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Creayer OTMETHTb, YTO B TypOy/JeHTHOM MOTOKEe CPEAHEE BPCMsA
Tcp, B TeYEHHe KOTOPOro NpH3MA HeyCToliyHBa, H3MEHAETCA HeNpephLBHQ

B 33BHCIIMOCTH OT OTHOWEHHS Uyp/v. [JO3TOMY B TaxoMm MOTOKe TEHAEH-
HHA K NOABJEHHIO TONEePedYHbIX KovdeOaHHil CYUleCTBYET U NPH CPeAHHX
CKOPOCTAX, MeHbUIHX KPHTHYeCKoli ckopocTH, [lo Toi ke PpudliHe Kpu-
THYECKAasA CKOPOCTb BeTpa He MOXeET JblTh TAK YCTKO BhIPa:KeEHA, KaK B
FJIaZKOM TOTOKe, YYHTBIBag 3TO, MOKHO CUHTaTh, YTO NPAKTIYeCKoe
BJHSAHNE NyJbCaUHH CKOPOCTH Ha YCTOIUHBOCTb NPH3MEI OOHYHO MeHb-
we, YyeM BJHSIHHE CPefiHell CKOPOCTH NOTOKaA.

Orciona caenyer, 4to B JeBoil wacT ypasHedus (173) Moxmo
npeHebpeup  BJHAHIICM NyJbCallH CKOPOCTH HAa a3pOAHHAMIYECKOe
AeMNHPOBaHIE CHCTCMBI.

YnpomerHoe ypaBHeHUe ABHKeHHs NpH3Mbl Gyaer umeTh BHY (171).

OnHako MeXAYy 3THMH YyPaBHEHHAMH HMeeTCA cCYulecTBeHHOe pas-
Juyne. B raafkoM NOTOKe KoMeGaHus le BO3HHKAIOT NPH CKOPOCTH NO-
TOKa, MeHbllie KPHTHYECKOMN, eC/HI He CYHTATb KOJeOGaHHil, BOIHHKAIOUWIHX
npH BUXpeBOM BO36YXAeHHH., B TypGyseHTHOM NOTOKe monepedinle KO-
ne6aHiA BO3HHKAIOT Aa)e B yCToNunBoil o6JacTl, Tak Kak obliee 3¢-
¢exTHBHOEe AeMNdHpPOBaHHE CHCTEMhEl YMEHbLIACTCH 3a CYET OTPHUATE]db-
HOTO apPOAHHAMKHYECKOrO AeMNHpPOBaHHS B NpPH3IMax, HMEOLIHX a’po-
KAHAMHYECKHE [HeyCTOIYIBEE NONepeyHble CeYyeHHs.

Takum 06pasoM, Ais pelleHHA 3a1au¥ O KoJeGaHHAX THNA TajONH-
poBaiiss B TypOyJeHTHOM NOTOKe 11€06XOAHMO 3HATLb CHEKTpaabHble
IJIOTHOCTH H B3aHMHble CHEKTPa/bHHe MJIOTHOCTII IyJbCalHi nonepey-
HOil KOMIIOHEHTH CKOPOCTH H a3POANHAMIYECKMX CHJA IPI BHXPEBOM
Bo36yxnennn. Kosabduuuentsl pasioxenns A, RONKHH OblTh onpele-
JEeHH 1718 TypOyJeHTHOro NorToxa.

B nacTOsiiee BpeMsi elite Maj0 3KCUEPHMEHTANBHBLX AAHHHX AJR
NOCTPOEGHHA  CTATHCTHYECKHX XapaKTePHCTHK a3POAHHAMHUYCCKHX CHJ,
NefiCTBYIOUIHX 1@ KOHCTPYKUHMIO [pPH Tra/oiKPOBAMHIIH, 1O3TOMY onpene-
NeHHe 3THX CHJ ¢JeayeT MPOBOAHTb KaK AJs YCTaHOBHBLIErocs MOTOKA.

Pacuer KOHCTPYKuHMH, AJIA KOTOPHX KBa3HCTALHOHAPHAaA MOJZETs
He MOKeT Obl1b HCIO/b30BaHA, MOJNMEeH MPOBOAHTHCA HAa OCHOBE AANHBIX
HCNHTAHHIT a9pOYNPyrax Monesnei,

7. ONPEREJIEHHE HYACTOT H $OPM
COBCTBEHHbIX KOJIEBAHHH COOPYXEHHIT H 3JAHHH

AHaapTHuecKHne meToAbu. [Ilpnm onpeiejeHun 4acTor H
dopm COGCTBEHHBX KONeGalitil 3AaHuA H COOPYXEHHR [uCCMATPUBAIOT-
¢ OGHYHO KaK CHCTEMBI C KOHCURHM YHCJIOM CTelleHell cBOGOAH.

JslixeHte TAKOM CHCTEMb! QMUCHIBAETCH CHCTEMOR AuddepeHunadb-
HHIX ypaBHeHH!i, HMelouyix B GopMe MeTORA CHJ BHA

Elafkiwk'y'k(t)+y1(t>=o, G=1,2, vury by vvoy 1)
h

3aech My — cocpedorouciiibie Macch: §,, — nepeMelgenne j-ofi MaccH
OT eAHHHYHOIl CHJB, DPHJIOMKCHHON K k-0ff Macce; y; W yx — IepeMmelie-
His mMace M; n M.

Kpyrosule coScTBeHHBIE YacTOlbl CHCTEMH (), ONPENEIANTCH MO

dopuyne (o;=l/}/ @i, TAC @; — yOblBAKOLIE NQ BEJHYIHE KOPHH 'a-
CTOTHOrQ ypasHECHHA



M1611 - q) ME'G].! XY Mf 6[.’
M, 62 Mzﬁzz“qﬂ veer M, 8y

Mlérj Mgam nosld Mr Grr—'(p

(174)

PackpuiThe onpefeantens (174) npHBOAMT K YPaBHEHHIO r-Of CTe-
HeHii OTHOCHTEJNBbHO @

(pl’_'_Al(pr—-l__i_Achr—?_*_ .'.+(___ l)r Af=0-

®opMpl COOCTBEHHBLIX KOMeOaHHi CHCTeMbl ONPeNeNsloTCes ¢ TOY-
HOCTBIO /IO NOCTORHHOIO MHOMHTe/ss B pe3yJbTaTe MOJACTaHOBKHM 3HAyC-
HHH @, B KaxkHe-JHO0 r—I1 ypaBHenui cHCTEMH (HanpHmep, B NepBBe
r—!1 ypaBHeHHI1) H HX pelleHHs

Y (M8 — @) + ya M0, - vee T Y MO, =0

YiMy64, T Y M2 8y —@) 4 :.i tyr My Oy =0

(175)
Y1 M6y, + y2M10,, + oo Ty M b, — @) =0

Kosd¢suneRTnl pacnpenenenus aMNIHTYX i-0fi co6cTBeHHOR GOPMH
KoJeGanuil o,j==y;j/y:r. ECIH NONOKHTb Yir==1, TO Yi;=0ij.

YpaBHeHHs! JBHKEHHS CHCTEMH B (popMe MeTOja nepeMelleHHH HMe-
10T BHA

> fjkyk(l‘)+Mi;1(i)=0.~ (=1, 2, iiss &y ses5 1)
k=i

3nech C.j — peakuHs CHCTeMh B TOUKe, I'’ieé HAXOAHTCA Macca, NPH eXH-
IMYHOM [lepeMellleHHH j-Off MacChl H 3aKpelJeHHH BCeX OCTaJbHHIX

Macc.
KBaapartul KpyroBHX COGCTBEHHHIX YaCTOT CHCTEMMW #BJAIOTCA KOP-

HAMH YaCTOTHOTQ ypPaBHEHHA

¢y — Mo? ¢y €13 o33 Cqr
Ca1 Cag — Mo®? €23 112 Cor -
=0,
o o @ ¢ s ® o e 8 B & & ¢ 9 ¢ & o
Cr1 Cra Crg 11: Cpp —M,0?

PopmMbl COGCTBEHHBIX KOJeOaHHNI ONPEAensIOTCs aHaNOTHYHO TOMY,
KaK 3TO IIOKA32RO NPH HCNOJb30OBAaHHH MeToxa cHa. Co6CTBEHHble vac-
ToTH W (GOPMH BpallaTeJbHHIX KOJeGaHHi COODYXEHHs MOryT OuTb
onpeneneHs! N0 (opMy.aMm, NpHBEACHHBHIM BhIllle, eCH BMeCTO M; BClO-
Jly NHCaTh MOMEHTH HHepuHH Macc J¢ B3ATHE OTHOCHTEJbHO OCH, Npo-
XOAsueR uepe3 UEHTP BpallleHHA NEePNeHAHKYJISPHO MJOCKOCTH KoJeba-
Hufi, a noa O;ax M Cjz MOHEMaTb COOTBETCTBEHHO yroa IoBOpOTa COOpY-
WKEHHA B TOYKe, Tle HaXOAHTCH j-A Macca, H PeaKTHBHHII MOMEHT B
TOuKe, I'le HAXOAHTCA j-f1 Macca, MpH eAHHHKYHOM MOBOpOTe K-Ofi MaccHl
H 3aKpenJICHHA BCEX OCTaJbHLIX Macc,
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Jas pellleHHs YaCTOTHHX YPaBHEHMit H onpefesieHHs 9acToT H dopm
co6CTBEHHRIX KoJieGaHH NPHMEHSAIOTCH pa3jIHUHble aHaJHTHYECKHE Me-
TOAK H CTaHAApTHBIE NPOrpaMMBl BbIUMCJAEHHT COGCTBEHHWX dYuCesa H
coGcTBEHHHX BEKTOPOB MaTpru Ha IBM.

Hna coopyxeHuil H 3AaHHH OalIEHHOrO THMA AOMYCKaeTCH YYHTH-
BaTh TOJbKO MePBYIO 4acTOTY H (opMy cOGCTBEHHHX KojeGaHH CHCTe-
mul, B aToM caydae MOryT ObITh HCIIONIB30BaHB! NPHOJHKEHHHE METOALE
onpeliefieHHs COOCTBEHHBIX 4acTOT H (HOPM, B YACTHOCTH, METOX floc¢Je-
JOBATEJbHHEX MPHOJHKEHUA H JHEPreTHYECKHH METOA.

MeTon nocaeposarenbHhix npuGanenmi. Bec coopyxenns pasbu-
BAlOT HA PAA COCPeJOTOYERHBIX rpy3oB Py, Py ..., Py, ..., Pr. B Kaue-
CcTBe NepPBOro NpHOJHMEHWR AJA OCHOBHON ¢opMbl KoaebaHuii coopy-
JKeHHS NPHEMMAwT napabony y=f[(z/H)? rae f[— nporu6 BsepxHero
KOHLA COOPYXeHHS.

3a BTOpOe NpHOJIKeHHe NPUHHMAIOT H3OTHYTYIO OCb COOPYXXKEHHS,
HATPY>KEHHOI'O CHJaMll HHEpPIHH, BO3HHKAIOWIMMH [OPH KOJe6GaHHfX no
nepsoit ¢opme, Msoruyras och COOpyKeHHS onpenessieTcs MeTOAAMH
CTPONTENbHOI MeXaHHKH.

TlpupabHuBasi OpAKHATH KPHBHX NIEPBOrO M BTOPOro NpuGIHKenuh
ISl BePXHel TOUKH COOPYXKeHHs, MOJYYaloT nepBoe NpHOJIHAKEHHOE 3HA-
YeHHe YaCTOThl COOCTBEHHBIX KoJeGaHHR.

Ilpononxkas ykasaHHHI [pouecc, MOJYHAKOT [I0OCAEA0BATENbHOCTD
3HaYeHHH KPYroBblXx COGCTBEHHBX 4YacTOT ®;, W, ..., KOTOpBe OYAyT
CTPEMHTBCS K HCTHHHBIM 3HateHHsM uyacToThi. OGHIYHO OrpaHHYHBAIOTCA
BTOPHM NPHOJHXKEHHeM, KOTopoe HdaeT 3HaueHHe 4aCTOTH COOGCTBEHHBLIX
KoJebaHHi ¢ JOCTAaTOYHOII CTeleHbl0 TOUHOCTH.

KpHBHe Neproro H BTOPOrO NPHOMMXKEHMN I/ OCHOBHON ¢opMu
xoneGarnft COOPYXHeHHdA, 3Mopa HIrubawoImHX MOMEHTOB OT CHJ HHep-
LHH H NPHBeJeHHble 3MOPH MOMEHTOB HHEPUHHU H H3rHOAIOIHX MOMEHTOB
NOKa3aHH Ha pHC. 28.

al 8
#
Py —
P, —-
: 4
Py - [
P, —~
Py —~ 1
Py — T
Puc. 28. a—«kpuspie [ u 2 b =
npubaukenut AaRx ocHorHo® p -
dopmul  KoalGavHA coopyme- 4 8
HHR|; 6 — smopa H3ruGarommux F —
MOMEHTOR 0T CHJ HHEpPUHH; g
6 — NpHBEACHHAA 9SNIOpa H3- Frp —~ Y
ruGaicIHX MOMENTOB P

3neprernveckuii meroA. Ilepnof OCHOBHOrO TOHA COGCTBEHHBIX KO-
aebaHuil CoopykKeHHs B pacCMATPHBAExOM HaNpaB/eHHH onpelenserca

no q)OpMlee
= 2n “/—* (1 ()]
T = N 76
I !
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Puc. 29. I'paduk KnadpdpHuueHta 4actolbl )

1ae V — xuHeTHYECKast 3HEpPris COOpyXeHus npi KoacGaHHAX B HaH-
HOM HanpaBJeHHH ¢ AAHHOIl aMIMHTYROfl ¢ cAHHUYHOIl KDpYroBoidl wac-
ToToil; [] — noTeHyMAanbHasA SHePrus AedopMmauuy COOPYKCHHA MPH KO-
nebanHax B TOM JKe HanpaBJeHHH C TOH Ke aMIJIHTYNOMN.

Bennynupl NOTEHUHAJNbHON M KHHETHHECKOIl 3HEPrHUH IJIf TODHIOH-
TanbHLIX KONCGAHU{ COOPYIKEHHA BHIUMCAATCA no dopMynam:

r

r
1 2—1 9 1 E:
V=—2—g— pkyk; n=_2_ Pkyh‘

k=l

k=1

3aecb Pr— Bec Macchl k-ro yuyacTka COOpYKEHHS: Yx — FOPH3OHTaJb-
HOC NepeMelleHHe k-0ii TOUKH OCH COOPYXeHHsi B paccMaTpHBAEMOM Ha-
ppaBficiii noX AeiicTBHeM cu1 Pi..Py..Pr (r — YHCIO YU4CTKOB COOPY-
MeHin), g ~— YCKOpeHHe CHAkl TAXecTH. I'opH3OHTalbHble nepeMellenus
Y MOrYT ObiTh ONpeNesieHbl MCTOAAMI CTPOHTE/BHOIl MEeXaHHKH.

OTKPHITBIE 3TAKEPKH W annaparst Kodonuoro Tema. 1. [lepuon oc-
HOBHOTO TOlla KO.J1e6aHuil OTKPHITON 3Ta)epKn onpepeasercs no ¢pop-
myne (176), 3nech Pp — NpHJOKEHHAS K MJOCKOCTH R-TO MCPEKPHITHH
ropu3oliTaibias chJa, KH, paBHas Becy MacCHl JIeDeKPHITHS, BK/IIOYaR
BCe TI0Jle3HBlc HATPY3KH HA MEPEKPHTHE H MOAYCYMMY BECa BCEX CTOEK
k-ro u l-ro staxei.

Ecan XKeCTKOCTb €JHHNHB AJBHB PHTeNell paM STaXepKku B TPH
pa3a IPeBOCXOAHT KECTKOCTh EAHHHUH BHICOTH CTOEK, TO PHI€IH MO-
ryT CYRTATLCA HeleOPMNPYEMBLIMH 1 KECTKO CBA3AKHWMH C BePTHKANb-
ublMH cTofikaMu.

B 3TOM c/iyuae ropi3oHTa/TbHBlE MepeMelleHHA paMbl yx ONpesess-
01C 10 gopmye

1
yk—yi-f‘T(Pk'{‘Pl“{‘:l.'{‘Pr), (177)
k
12E. J,
A Vy=n T — cyMMaplias H3THOHAH IKECTKOCTb CTOCK R-ro
&
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9Tama B 3aRaHHOM MHANPABMeHHH CHMOH, NPHAOKEHHOA B IIOCKOGTH
k-ro nepexpunitusa, KH/M; n— o6lliee uyHCI0 CTOEK B OLHOM 9Taxke,
Ec — MOAYNb YNPYroCcTH MaTepuana croiikn stamepku, Mlla; Jc — mo-
MCHT HMHEPUHH NONepPeuHoro CeueHust ORHON CTOiKH Kk-ro staxa, Mi;
hy — BHCOTA k-TO 3TaXa, M.

IMepemeimenust yx, BuyucIeHHbe no ¢opumyne (177), moryr OuiTs
NPHHATH B xayecTBe OpAHHAT mepBoH opMbl COOCTBEHHBIX KoJsebatii
9Ta XK EePKH.

2. Tlepitoa OCHOBHOrO TOHa [OPH3OHTAIbHBIX KoJebaHuii annaparta
MOCTOAHHOrO CCYEHHS MO BHICOTE, YCTAHOBJIEHHOrO Ha »eae306eToHHOM
dyHnaMeHTe HJIH Ha MepeKPHITHH OTKPHITOl 3TaMepKH, onpegensercs

no ¢opmyne
2nH? p
T = , 178
s ‘/ e (178)

rAe W — Macca €XHHHILl BHICOTH annapaTta, BKJOYasi €ro I130JsLHIO,
t/mM; H — BbicoTa anmapara, OTCUHTHIBZeMas OT BepXa (yHIaMeHTHOII
maHTH, M; Ea-— MOAY/1b YNpYrocTH MaTepnaja o0GOJIOUKH amnnaparta,
MTIla; J. — MOMEHT HHepPUHH NONEPEYHOro ceueHHs ammapara 6e3 u3o0-
AAuuy, M*; A — xospoduuueHT yacToTh (A5 annapara, JeCTKO 3aje-
NanHOro B IPYHT, A=1,875).

B cryvae ynpyroit 3ajeaxH aniiapata B rPyHT Koa$G@dHUHEHT yacTo-
TH A onpegensercs no rpaduky Ha puc. 30 B 33BHCHMOCTH OT OTIHOCH-
TeJbHOro K0o3dduuienta xecTkocTH

ko= ke ——
EsJa'
rne ko= %J‘,-—-x(oa(pcpuuucu'r KECTKOCTH NP} YNPYroM NOBOpPOTE MNO-
mowisbi (YHAAMEHTA OTHOCHTENbHO ropu3onTanpuoil ocd, kH/wM; ¢ g—
K03 HUHENT YNPYTrOro HepaBHOMEPHOIO CXKATHS TIPYHTR Cy=2¢.

Ta6auuna 13

HopMmatusnoe RapJenue Ko3sbodniuuert ynpyroro pasHoMepHroro
Ha ocHopamue, MIla CHETHA C xH/m®
0,1 20 000
0,2 40 000
0,3 50 000
0,4 60 000
0,5 70 000

ITpumeuanne IlpoMexyTouHbie 31aueuns ¢; ONPEAEIAIOTCH Hi-
TepnoJsiiHen.

PacyeTnplie 3Ha4eHHs K03QOHUHEHTOB yNpYroro paBHOMEpPHOro cikKa-
THA ¢: A7A €CTeCTBEHHBX OCHOBaHN{I NPHHIMaIOTCA 1o TaGa. 15 B 3aBu-
CUMOCTHI OT BeJHYHHN HOPMATHBHOrO AaBJeHIA, BLIYHCJIEHHOro No aeii-
CTBYIOLIHM HOPMaM NPOEKTHPOBAHHA €CTECTBEHHBIX OCHOBaHIl npo-
MbILIVICHHKIX 3RAHUA I COOpPYHKEeHIH, KOTOPOe COOTBETCTBYET WUNIPHHE yC-
JMoBHOro ¢ynpamedra b=1 M u rayGuHe 3ajoxeHua ero hAp=2 M,
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Jp — MOMEHT HHEpPUHH NJOIAAX NOXOWBH (YHZXAMEHTa OTHOCHTE/LHO
€ro OCH BpaUIEHHs.

Jns cBOGOAHO CTOAUIErO AammapaTa, YCTAHOBJIEHHOrO Ha fepeKkphl-
THH, Yrol NOBOPOT4 ONMOPHOrO CedeHus annapata l/k,0T eAMHUYHOro
MOMEHTA ONpeje/IsieTCst B 3aBHCHMOCTH OT CXeMhl PACNOJNOXeHHH 6ajiok
NEPeKPHITHA B MECTaxX ONHPAHHS HAa HHUX anmaparta.

IpuBenensass Macca p ANS caydyasi, KOrAa Ha annapare HMeOTCs
WJoWaAKH, onpejeaserca no ¢opmyae

r
1 2]
P‘=P-0+Ha ks Mg,

1

rae |o — PaBHOMEPHO pacnpe/leleHHas Macca annapaTta, BKAOYAs ero
usonsuHuo; M, — cocpeRoToyeHHas Macca IUIOWAAKM; 7 — YHCJAO [JIO-
manok; ks — ko3 HUHEHT NpHBeXeHHs COCPeAOTO4YeHHON Macchl M. K
p4aBHOMEPHO pacnpefeseHHOli. 3HaueHHR R, B 3aBHCUMOCTH OT OTHGCH-
TeJLHOH aBCUHCCH ®s=X,/H npHeejern B Ta6a. 16.

3. OtHocuTenbHble OPAHHATH  (GOPMH  COOGCTBEHHHX — KOJeOaHHI
a:(x) H k03dGHUHEHTOB pacnpedesicHHs aMIANTY H3rnGaoOLHX MO-
MCHTOB H IIONEPeYHHX CHJI &(X) H 03(¥) anmapaTa NOCTOSAHHOro ce-
Yeildsl, YCTAHOBJCHHOrO Ha ¢GyRIaMEHTe HJH Ha NePeKpLITHH, ONpeless-
oress mo taba. 17—19 B 3aBHCHMOCTH OT Ko3pduuHeHTa YacToTH A.

4. [lepnoa OCHOBHOTO TOHa COOGCTBRHHHX KoaJeGaHuii Jaas psaaa
BePTHKAJbHBIX aNNaparToB NOCTORHHOTO CCYeHHS, CBA3aHHBIX IO BBHICOTE
rOPH3OHTAJBHLIMK IIOLIAAKAMH M YCTAHOBJIEHHBIX Ha oOlleM HJM Ha
OTAe/BHBX (YHIaMEHTaX, Moxer ObITb NPHHAT DaBHHIM NEPHOAY COG-
CTBEHHBIX KoJsieGaHHH HaHO6oJiee BLICOKOTO aldlapata B HalnpaBJCHHH,
nepuedfHKy/isipHoM ocH psiia. [lpn pacdere Takoro annapara IIHPHHA
ero ¢yunaMeHTa NPHHHMAETCH DPaBHOH IOJyCyMMe pacCTOAHIA MexAy
COCeAHHMH annapaTamH.

Tab6aunga 16
3Hauenus R,

CxeMa cOopYMXeHHsT o 00,05} 0,1]0,15/0,2 |90,25(0,3 {0,35]0,410,45

X
v/
P 1 k| 0} of o0 [0,0110,02]|0,04 0,08 0,13 0,21| 0,32
g A—
I1podoaxcenue raba. 16
0,5 0,55 | 0,6 065 | 0,7 0,75 [ 08] 0,8 | 0,9 |0,975 | 1
0,46 0,64 0,85 1,1 1,38 1,73 {21 2,52 2,97 | 3,47 4

dopmMa coGCTBeHHHX KoJjeGaHMil i-r0 annapata onpejesiseTck mo
KO3 PUHUIIEHTY YaCTOTH
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W ?
Ejal

rae Hi, p, Jar — COOTBETCTBEHHO BHICOTA, MAacca H MOMEHT HHepPUWM
AONEPeYHOro ceyeHHA i-ro amnmapata; 0=21/T; T — nepHoa co6CTreM-
HHX KoJeGaHHi, NPHHATHH JJ8 BCEro pAfa.

[py onpepenennn nmepuoga cOGCTBEHHHX KoacOaHMil OTAEJbHO CTO-
ALIEFO annaparta HJAY CPyNnsl annapaToB CBA3b HX C COCEAHHM o6opy-
AOBaHHeM, OCYLIECTBASEMas HPH NOMOUIH TpyOONpOBOLOB, He YUUTHI-
Baercs,

5. Tlepuon co6cTBeHHEx KoaeGaHHi IPYNNH MHOropsAHO pacnoJso-
JKEHHHX annaparoB NOCTOSHHOTO CEYeRNA, YCTAHOBJAEHHLIX Ha OfwmeM
¢yBaaMeHTe W CBA3aHHMX 1O BLICOTe B JABYX HANpaB/eHHAX TOPH3OH-
TaNLHHIMHA [JI0IaIkaMH, onpelesaeTcsi 10 GopMy.ie

¢ 2
> P
— i=
T = 3,63 g (180)
P
rae P, — BeC Macchl i-ro annmaparta; n— YHCIO anuapartos; kg =cColg
Jp — MOMEHT HHEDPIHH NJIOLIAAH MOAOWBH O6UIETO (QYyHAAMEHTa OTHO-
CHTEJILHO OCH €ro BpallleHHs.
Ecau annapaTel ycraHOBJAeBH Ha OTACMbHHX (YHAAMEHTAX, TO

A;=H¢ 3 (]79)

C
9 2
bo="3- 3% Fya,

1

LRSI

{

rae Fpi — nnomanp mopowmesl i-ro GyHAAMEHTA; @i -— PACCTOsHHE MeX-
LY annapaTaMi, PaclolOKeHHLIMH N0 i-0f OCH.

®opma coOGCTBEHHHIX KOJeOaHHH AAA PacCMAaTPHBAEMON TpymiH
annapaToB NPHHHMAaeTCA KaK I/ KeCTKOro Tefa Ha YyBPYyroM OCHOBa-
HHH, T. €, NpAMast JTHHHA,

6. Jns annapara, HMelolLlero NepeMeHHOe CeYeHUe [0 BHCOTE, B Ka-
4eCTBe NepBOH (OPMH COGCTBEHHHIX KONeOaHmil COOPYXEHHR MOXKer
GuTh NpHHATA YNpyras JIHHHS KOHCOJIbHOrO CTEPXKHS OT EeXHHHUHOH
CHJIBI, NPHJIOKEHHOI K ero Bepxy.

TlepHox coOcTBeHHHIN KoJeOaHHii TaKOro anmapara onpejensercs
no ¢opmyJe

4 2
lekyk
k=
T=2n —_— 181
&Y (181)
rae Pn— Bec Macco k-ro ywacTka anmapata, KH; yz B yo — cooTmer-
C€TBEHHO OpAHHATH (GOPMB COGCTBEHHHIX KOJeBaHHN IJ% WeHTpa [-ro
ydacTka M Bepxa annapara, M/KH; g -— yckopeRue Ciiibl THMKECTH.
B eayuae ynpyroii 3ajeJKM aunnapara B IPYHT OpAHHATH (opmH
KoJaeGaHHI
Hzp

Y=Yt °
[ 1k kq,

L4
TAC Y5 — OPAHRATA, BHYHCJCHHAS B MPEATIOJIOMEHHH JKeCTKON 3ajes-
KH COOPYXeHHsl B I'DYHT; 2a — PAcCTOsSHNe N0 BepPTHKaAH OT YDOBHSA
Bepxa PyHAaMeHTa COOPYXeHHs [0 IeHTpa k-ro ydacTka,
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OTHOCHTEAbHBIE OPAHHATH (OPMEI cobeTBeHHbIX Koaebawnii o, (x)

Tabauwnga 17

x/H
* ¢ 0.1 0.2 0.3 0.1 0.5 0.6 0,7 ’ 0,8 0.9 1
1 0 0,093 0,188 0,285 0,385 0,486 0,588 0,691 0,794 0,89 1
11 0 0,089 0,182 0,279 | 0,378 0,479 0,582 0,686 0,79 0,895 1
1,2 0 0,085 0,175 | 0,266 0,369 | 0,471 0,575 0,68 0,787 0,893 1
1.3 0 0,079 | 0,166 0,259 | 0,358 0,46 0,566 0,673 0,782 | 0,891 1
1,4 0 0,073 0,155 0,246 0,344 0,447 0,554 0,665 0,776 0,888 1
1,5 0 0,063 | 0,145 | 0,229 | 0,326 0,43 0,54 0,653 | 0,768 0,884 1
1,6 0 0,054 0,124 { 0,209 | 0,306 0,411 0,523 0,64 0,759 0,879 I
1,7 0 0,042 0,105 { 0,18 | 0,281 0,388 | 0,513 0,624 0,748 | 0,874 1
1,8 0 0,028 0,08 | 0,158 | 0,254 0,362 0,481, 0,606 0,736 0,868 1
1,875 0 0,017 0,066 0,137 0,239 0,34 0,461 0,587 0,725 0,862 1
(OKecrxas
3ajes1xa)




¥is—n

191

Ko3p@auneHT pacnpeneseHlsi AMAAHTYR H3THGRIOWHX MOMEHTOB O.r(x)

Tatawuga 18

x/H
A 0 0.1 0,2 0.3 0.4 0,5 0,6 0.7 0.8 0.9 1
1 0,329 0,28 0,232 0,186 0.143 0,103 0,069 0,04 0,019 0,005 0
1,1 0,479 0,408 0,338 0,271 0,208 0,151 0,101 0,059 0,027 0,007 0
1,2 0,719 0,573 0,476 0,382 0,294 0,213 0,142 0,083 0.038 0,01 0
1,3 0,917 0,783 0,65 0,522 0,402 0,292 0,195 0,114 0,053 0,014 0
1,4 [,218 1,04 0,865 0,696 0,537 0,391 0,261 0,153 0,071 0,018 0
1,5 1,577 1,351 1,126 0,908 0,701 0,511 0,342 0,20t 0,093 0,024 1}
1,6 2,007 1,719 1,435 1,159 0,897 0,655 0.44 0,259 0.12 0,031 0
1,7 2,499 2,145 1,795 1,402 1,128 0,826 0.586 0,328 0,153 0,04 0
1,8 3,057 2,631 2,207 1,793 1,396 1,025 0,692 0,41 0.191 0,05 0
1,875 3,516 3,032 2,551 2,078 1,622 1,194 0,808 0.48 0.225 0,059 0

(PKecrxan

3ajenka)




2ot

TaGauna 19

Koappuunentl pacnpeneneius aMniuTyA NONEPEHHbIX CHA c3(X)

x/H
A
o | 0.2 0.3 0,4 0.5 o6 | o7 | os | os i
1 0,49 0,486 0,472 0,448 0,415 0,37) 0,317 0,254 0,179 0,095 0
1,1 0,711 0,705 0,685 0,651 0,603 0,547 0,463 0,37 0,262 0,139 0
1,2 0,966 0,987 0,96 0,914 0,848 0,761 0,653 0,522 0,37 0,196 0
1,3 1,351 1,34 1,305 1,244 1,156 1,041 0,833 0,716 0,509 0,27 0
1,4 1,781 1,788 1,725 1,649 1,536 1,384 1,192 0,958 0,682 0,363 0
1,5 2,203 2,277 2,226 2,133 1,993 1,802 1,556 1,254 0,835 0,477 0
1,6 2,882 2,865 2,808 2,7 2,532 2,297 1,991 1,611 1,152 0,616 0
1,7 3,544 3,528 3,461 3,348 3,154 2,875 2,503 2,033 1,46 0,783 0
1,8 4,267 4,255 4,199 4,074 3,859 3,537 3,096 2,526 1,822 0,98 0
1,875 4,858 4,831 4,786 4,664 4,44 4,089 3,596 2,913 2,133 1,152 0
(PKectkas
3ajeJKa)

Mprmegaune Ilpomexyrounbe 3HageHHa &, (x), az(x), @s(x) ompegensoTcs AHHeAHOR HHTEpROAALBEN;



Jlns annaparta, yCTaHOBJEHHOrQ Ha JKeJle30GETOHHOM NOCTaMeHTe,
opaunara (opMbl COGCTBEHHBIX KojeGaHHR AJA UEHTpa k-ro y4acTka

Ye = Y1kt yor + Ysr + 91z

rjie Yin — NepeMelleHHe R-Off TOUKH OCH 4anNapara, BHYHC/IEHHOE B
UPCANONIONEHHH JKECTKOH 3aJleNkd annapara Ha YpOBHe Bepxa IOCTa-
MEHTa; Y2n — NepeMellleHHe #-0f TOYKH OCH, BbI3BaHHOE TIOBOPOTOM
COOPYIKEHHSI OTHOCHTE/bHO OCH BpawleHHs QYHIaMeHTHOH NJHTHI MOCTa-

Metita

y (Ha4 hn) 20

2k = ’

kq)

rae Ha B hy — COOTBETCTBEHRO BLICOTA anNapaTa M TNOCTaMeHTa; Ysy —
nepeMelleHye k-0jf TOUKH OCH COOpYMeHHS OT eAMHMYHOH CHJbI, NPHJIO-
MCHHOIT K BEpXY [OCTaAMEHTa
3
hc
12E.2J. "
rae ZJc — cymMMa MOMEHTOB HHEDUHH N.IOWlajedl cedeHHA CTOEK MOcTa-
MeuTa; He — BbICOT2 CTOHKH, OTCUHTHIBAeMasi OT Bepxa (GyHAaMeHTHOH
[VIATH A0 HH3a ILIHTH NMOCTAMEHTA; Yir — NepeMellleHHe k-0f TOYKH ocH
COOpYKEHHuH, Bbi3BaHHOe 00xaTHeM CTOEK MNOCTAMEHTa HODMAaJIbHHIMH
CHJAMH,;

Yap =

* »
H a hc (zk - hn)
Yar = ; i
N 2
E Fg Q.Y
k=1
rie Ec — MOAYJb ynDyrocTu Matepuania cToiiki; Fe — mioutane ee no-
nepeyHora cedeHHs; Yys — pacCrogHne or k-of: CTOHKM JD OCH CHMMeT-

pitH MNOCTAMEHTa; r — YHCJAO0 ero CToek; Ha — BBICOTA alfapata xo0

*
BepXa CTOEK NIOCTaMeHTa; A, — BHICOTa NMOCTAMEHTA OT HOAOWIBH QyH-

AaMeHTHOH MINTL JO BEPXa CTOEK.

Muorosraxume 3naHuf. JIas cHMMETPHYHLIX B NaaHe 34aHHHA c
LEeHTPOM ECTKOCTH, COBNAAAIOMHM C LEHTPOM Macc, KoneGarHs B Tpex
HanpaBleHHsX (fonepeuHHe H NPOXOJbHBE NOCTYnaTelbHble M Bpaula-
TeabHble) OYAYT He3aBHCHMBIMH, QPODMH H 4YacTOTH KojaeGaHui 1m0
KaxIOMYy HanpaBJIeHHIO ONPeAeJAIOTCH KAaK A CHCTEMH C 7-CTENCHAMH
cB06OAN MeTOAaMH, NPHBEACHHRIMH B HACTOSIeM RPHJIOMEHHH, 8 TaKKe
B paGote [24].

Jns HeCHMMETPHYHOro B INIaHe 3AaHHA C LEHTPOM IKECTKOCTH, He
c(oana;;z‘x)x)omnm C INEeHTPOM MAacC, YDAaBHEHHA JBHMEHHA HMEIOT BHJ

pHc.

. 4
My xi+) (et p,0,) =0
k=1

Y Migi+Y @, +0,8) %=0 (G=1,2 i, kir.ry (182
k=i

. r [ ]
-’[el+k§l(c?kak+pxc¥h+py°7kxk+cigek) =0,

il 183
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Puc. 30. Cxema He-
CHMMETPHIHOIO B Mad-
He 3aHHA

3nech nepBHe ABa yPaBHeHHS XapaKTepH3ylOT MOCTyNaTeJbHLle, a
TpeTbe BpallaTeNbHHe KOJEOaHHA CHCTEMH. Xj y; H 0; — coorBeTCT-

BEHHO CMELIGHAs H yTOA NOBOPOTA j-TO 3TaXA 3IaWMSA; Cj, =Cjy; +

X . 8
+cjk2; c”k :ci’kl —i-cfykz, Cjj — COOTBETCTBEHHO KOIQGHUHEHTHl KeCT-

KOCTH  CHCTeMH npu nocrynarenbiux (cj, B ¢%) u BpawatebHuX
(clk) KOIEBAHHAX; €y, Crpg M Chyy, gyk2 -xoacptpuuneﬂm HKeCTKO-
CTH nnep B ﬁanpamennﬂx X H Y k-—c k1 'x1+ ‘ykz r2,+ c"k y,—}—

-l—c’k ryo € ‘1-— c/,,l+clk2——>xecmocn Ha Kpy4YeHHe saep 3RaHis.
Bxcuempucmem

X
0 “'fkl Tyl —clsz 72 0 "fkl Tyt = Cip2 Ty2
x = y Py =

e Sl

rne M; — mMacca j-ro staxa; J;— MOMEHT HHepuUHH MacC f-ro 9TaKa
OTHOCHTEJNbHO BEPTHKAAbHOH OCH, NPoXOAsllUell yepe3 UEHTP TANKECTH
3MAHMS.

YacTtoTH cO6CTBEHHRX KoJe6aHHil 3MaHMA ABJAAIOTCA KOPHAMH yace
TOTHOTO YpaBHeHHS.

DopMEl COGCTBEHHHX KOJeO6AaHHA ONPENeNAOTCs aHAJOTHYHO TOMY,
KaK 3TO 0Ka3aHO BbIlUe JAJf CHCTEM C KOHEUHHIM YHCJIOM CTefleHell CBO-
Goan. Koraa meHTp Macc H MeHTP XECTKOCTH JieXXaTt Ha OAHON H3 rJaB-
HuX oceil 31aHHA, T, €. KOU/la OAHH H3 3KCUEHTPHCHTETOB PaBeH HyJIo,
TO onuo H3 ypaBHeHHH 6yaeT He3aBHCHMHIM OT JNBYX Apyrux. Tak, ecau
P==0; py+0, TO 3aanne B HanPaBJCHHH y OyAeT COBepiIATh HE3QBH-
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CHMble MOCTYNaTeblilie KOJe6alHA KaK CHCTeMB C 7 CrefmeHsiMH CBO-
6016l

CobcrBetinne 4acToTh! B POPMul Koaebadni maurs. 3a3jzaya o cob-
CTBEHHBIX KoJebaRMAX MadTi Ha BaHTaX, pacCMarpHBAEMON KaK JIHEd-
Haf NPOCTPaHCTBEHHAS ClICTEMA, MOXeT OHThb pelueila MCTOAOM TNepe-
meuteHnit (39].

Jna nocTpoeHus ee OCHOBHOM CHCTEMB B Y316 Ma4Tul BBOJASTCH J10-
MONHHUTEIbHLE CBA3M, yCTPAHAIOIIHE NMOBOPOTH N AliHeiiihie CMELeH I v 3-
nos. KaHoHndeckite ypaBHEHHA MeTOJa BBIPAXAlOT YCJIOBHA PaBeuCTBa
HYJI0 peakuufi BO BBeJeHHBIX HOMOJHHTEJbUBIX cBA3AX. Henapecruuie u
STHX YPABHEHHSAX fABJAAIOTCA aMIVIMTYAaMH QHHAMHUYECKHX IlepeMellemnHi,
a KodpPHUHEHTH NPH HEH3BECTHBIX — PeaKUHAM!!, BLI3BAHHBIMH JHHA-
MHYECKHMH MepeMeimleHHAMH (yrJaMs TOBOPOTA H CMEIUCHHAME) € aM-
NNHTYAOH, paBHOil CAHHHLe.

Peakunn onpexensgioTcs U3 peuwedusi AnGQcpeRUNanbyLIX ypaslie-
HMil TONMepeuHbIX KosneGanuit k-eo0 npoaera c160.1u

Ay ?y %y
EJ"ET—‘N;,—()“Z? T M5 =0, k=1, 2, ,,.,,1;
By 21 hh; h,—=0
R jk-0ii BaHTH (183)
Fwj, 0 [ awik]
Tk Toin (x' =0;
Wik Py ox’ ' olk (x ) ox’

k-——l'| 2, iy P f_—‘f’ 21 iy FE,

rae EJy — ecTKocThb cTBOsIA Ha W3rHG; Np — cXKHUMaOWasg cuaa, Rei-
cTByOlllas Ha YpoBHe k-ro sipyca BaHT; y(2, {) — uonepeunsie Ko.cGa-
HHg CTBONA; w(X, {) — nonepeuHnle KojebGaHHs BauT; To{x’) — uara-
WeHHe B BaHTe B IOJOMKEHHH CTaTHYECKOro paBiOBeCHs; nx — Macca
CHHHHUK AJMHHH &-TO TpoJieTa CTBOJA; Mjx — Macca enquniuusl AJMMHK
j-0it BaHTH k-ro Apyca; r-——4HCJO HPOJCTOR CTBOAA MAuTH; M — 4IiC-
Ji0 APYCOB BAaHT, N — 4UKC/I0 BAHT B Apyce; fix — BuICOTA k-ro yana.
paHHYHBLIE YCJIOBHA OCHOBHOM CHCTEMBI:

9O, h=wr 0, H=MQO, =M, )=Q(h,, )=0;
yhe—0, ) =yhe--0, H=yr(); ¥’ (he—0,0) =y (he 0,0 =
=V (); wip(L, ) =ys () sinBjp,
rae Yx(f) u ya(f) — COOTBETCTBEHHO TOPH3OHTA/bIILIE CMEUICHHA H
yrost noBopota k-ro yana; O — yroa, cocraBienubil HanpasleHieM

Berpa H BaHTOM; L — AJHHA BaHTH.

Ias KaxAoro y3na MOryr ObiTh HAMHCAHH ABA YPaBHEHHA, BHPa-
KAIOWHE YCIOBHE PABEHCTBA HYJIO B y3Jle CYMMbB MOMEHTOB B Safle/ke H

CyMMB PeaKkuHH
Mhy—0,0)—Mhe 10, )=9;

Qh,+0, )—Q(h, —0, ) — X Ty, (L) wy (L, #)sin 0, +
j=
Ly

—]-Egk ) cos? e =0, (184)

=l
185



Hepeuemeuux CTBOJIa H BAHTH MOJXMHO 3anucaTh B TAKOM BRAE}
Yz, )=y @) e wiplt', 8)=wy@x’)eo (185)

i () = yp €% Vi (€) = vi €%
Honcrasass (185) B (183), noxyuuM ypaBHeHHe, onpejensioiee ¢popmy
EBBHYXAEHHHX KOJeGaHHi BaHTH
d , dwlk
| row ) 2
wi (0) =0; Wik (L) = ypsin Bik.

TIpuMcM, YTO HaTsixKeHHe B IIOJIOKEHHH  CTATHYECKOr0  PaBHOBECHH
To(x’) onpelensercs 3HaueHHeM HATSXKeHHs Ha BepXHeM KOHUe H cof-
CTBeHHLIM BECOM BaHThl

Toik (x') = Tojr — e (L — x7),

Flle gtx — COCTABJAIOLIAA Beca eAHHHUN AJHHB BaHTH k-ro fApyca, na-
InpaBJiecHHafg BJOJIb €¢ XOpAH, Toj};—CTaTH'leCKoe HaTAXeHHe Ha BEPX-
HEM KOHIE BAHTHL

] - pix 02wjp = 0; (186)

gfk v’ (x')

Iycs Toin (x') = PP
TOrAa BMecTO ypasReHHs (186) noayunm
2w I dwp
—— = =t wp=0; 187
e + v v T Wik (187)
Wi (P 0)]=0; wjr [P (L)] =ypsinBy. (188)

Pewenue ypasucuus (187), yaoBieTBOpsAlOLlee IPAHHYHHM YCIOBHAM
(188), Butpaxaerca uepe3 ¢ynkunn Beccens mepsoro  BTOpPOro poja
HYJIEBOTO NOPAAKa

yrcos djp {Jo [P (O)] Yo [P (x')] — Yo [§ (0)] J4 [ ()1}

Wip(x') = P 2 ,
Jo 1% ©)] Y [E v,-k] — [EI wk] Y, (6 (0)]
(189)
rhe

—_— 2([) -
Vig = @ Vi Tojr s Y (*') = _—gtk V}‘-}k (Toje—Lg—x")]
ECJ"I HaTHXEHHEe NOCTOSIHHO 10 AJIHHE BAHTHI, TO

Wi (Lz) .
) = e — sin Vig &7 [ Tofgs
wik (£7) Sin vy La/Tom sinvig 2’ [Ttz (190}

Pearuns nonABHMKHOTO KOHUA BanTH NPH TONEpeYHMX KoJebannnx
€ 9acTOTON @ H eJHHHYHON aMNIHTYZ0l HMEET BHA

’fk=vjkCtg Vigp Lk/Toik3 “9])

Ypasnenne, onpefensiomee $HopMy cOGCTBEHHHX KoJeGaHHM k-ro npo-
JieTa CTBOJIA, HMeeT BHI

diye Py 20
EJ; dat 4+ Ny o — mp 0¥y = 0, (192)
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Ypapuenne (192) Heo6XOAMMO RONMOJHHTHL IPAHUYHAIMH YCJIOBHSMH
TPpeX BHAOB B 3aBHCHMOCTH OT TOTO, KaKoli HPOJIET CTBOJAA PacCMaTpH-
paerca. Tak, I OMOpHOro NpoJeTa NPH LIAaPHHPHOM OMHPAHHM CTBOJA

HmeeM
1 ©0)=0; y (L) =ys; (193)
nO =0 y ()=,
Hns cpeHero nponera cT8oNa
9, O =y, y, (1) =90 (194)
Y2 ©) =75 ve (L) = Vet
# JJIA KOHCOJIH
5,0 =y 4,()=0 (195)
Yr O =7y EJ oy (L) N,y (L) =0,

3nech ly=hg+1—hy — ANHHA k-rO mpoJera CTBOJA.
O6uiee pemenne ypasuenus (192) mmeeT BHA

a d 4
Ue @) = Cycos— 7 4 Cysin—2- 24 Cych % 2 Cysh 2 7, (196)
I N I e
rije £4—Ci -~— LPOH3BOJLNIHIE DOCTOSIHHBIE

h’k —Ll/( Nk %2 meg (1)2 .

"k"k]/ 2EJ]; 251,,) TR

l/ ‘/( Ne "s2+ wg, 0* .
2EJk %EJ, | T Els

VroJ 10BOPOTA ceyeHHs CTBOJMA ¢ KOOPAHHATON 2:

e () = fL(—clsin 2kt cos—“"—z)+
Iy Iy Ir

(197)

dp =l

d d d
-+ - _k.(c;,sh __k.z—i-c,ch-—"-z); (198)
usrabaloiui MOMEHT

£ [t eren et cangts)
M 2 a Ccos-—*z—}-C sm-—-z—
@= 2Lt Ix Ie

2 dp de \1.
“‘dk(cs ch It 24 Cysh I z)] : (199)
nofepeyHasn CHAA

EJg , . Qg ag
= aydpy |dpl — C LR Zk
Q¢ (2) 12 (17 Ia[ k( 1Sin e 2+ Cgcos I z)-—

d d
-—ak(CQSh"&'Z‘*‘C‘Ch_"Z)]Q (200)
ix Iy
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Pewetine ypapnenna (196) ya06HO UPEACTAaBHTL B BHAC
Uy, (@) = Yp1Y5y @)+ Vg Yy @)+ 9, Y5 () ¥, 9, (). (201)

Toraa u3rifaiouiue MOMEHTH I NonepedHHe CHAW B CTBOJC OyayT
ONHCHBATLCA BHIPAKCHUAMH

M, D=y M @ Ve My @) -+ 9, My () 7, My (2 (202)
Q, ()= Yot Quy @)+ Vs Qp ) F 9, Qg () + ¥, @y @), (203)

Gyurunr yai(2) (k=1 2, .., r, i=1, 2, 3, 4) npeacrasasioT co-
6oit waCTHHe pelweHna ypasuenwus (192). Orclona caenyer, 4TO BHpa-
euda zaa S™ux  dysxumii coemagaior ¢ (196), a Bupaxenns ana
Synxkuuft My (2) cosnagaor ¢ (199), a nasm oymxuui Qai(z) —
¢ (200).

OG603HayBM NPOH3BOJbHHE NOCTOAHHHE, BXOAfAllHe B BHpaMeHie
235 yai(2), yepea c&’—c}z?. 3pauenns NPOH3BOJALHHX NOCTORHHHYX ON-

peaensioTcs M3 rpaunynnix ycnosuii (193)—(195). dam Toro 4To6u pe-
wekne (201) yAOBIETBOPANO 5THM YCHOBHAM, QYHKUHA yxi(2) ROMKHA
YAOBJIETBOPATh YCJHOBHAM CJ€YIOUIEro BHAA:

A% onopuore mpodera crBosa Yy {2)==0; pi2(2)=0;

i no | 5O 91 (1) vi(h)
Y13 (2) 0 0 1 0 (204)
Y14 (2) 0 0 0 1

AJ8 CPeABero npoJera CTBOJIA

Vet Y ©) Y, 0) Yo (1) AL
Gy () 1 0 0 0
Yo (2) 0 i 0 0 (205)
Vi3 @) 0 Q 1 0
Y4 (2) 0 0 0 I
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AA8 KOHCOAH Y,3(2) =0; Yre==0

Ui 5,0 | 5@ | 5@ |ELy" @)+ N,y (1)

Yoy (@) 1 0 l 0 0 (206)

Ypey (2) 0 1 I 0 0

Yeaosus (204), (205) n (206) nocse noJCTAHOBKH B HHX BHpaKe-
nua (196) ans dysrunH yai(2) o6pasyior cucTeMy anre6panHdeckix
YpaBREHHi1 AJ8 onpelesieHHs IMPOH3BOIbHbIX NOCTOSHHBIX, 3anuuicM
3TH ClCTeMH B MaTpnuHofi popme:

A% ONOPHOIG NMpOJeTa CTBOJA

~ I 0 1 0 -
ag 0 —_ d% 4]
cos ap sin ag chdy shd, X
d
— 2£ in ax -a—kcosak —-lishd,e —’Lchdk
I /% Iy ly lg -
) ¢ [oo
e e | | oo
3 = (207)
e o |7 1o
ciEh el ] oL
IJif CpEeXHEro NPpoaeTa cIBO.IA
n 1 0 1 0 -
d
0 L 0 Lk,
Iy lg %
cos ap sin ag chdy shd,
d d
——%sinak LLIPYN ag ~——k—shdk -—Echdk
- Ie Ix Ig Ip -
oYl e Tl [Trooo0”
P ¢ ¢y ¢ 0100
1 ad o o o@ [T (208)
ey CfY ¢ ¢} 0010
4 ) i 4
C}u) cy G C/(u)_ 0001
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&S KOHCOMH

- 1 0 1 0
d
0 .9_"; 0 __k.
I Ip X

: 2
ajcosa, aisina, —djchd, —dishd,
_—dsina, dycosap, —agshde —apchd;,_

o o[ o
e c | |o1 o)
e c@ || oo
e e | |oo

Pemas cuctemum ypasHennit (207), (208) u (209) co cobopuuiMH
YJeHaMH, PAacNoNOXKeHUBIMH B CTOJ6LAX MaTpHl, B npaBofi YacTH 3THK
CHCTEM, [ONYYHM 3HAaYeHHs NPOH3BOJIbHLIX IOCTOSHHBIX, BXOASILIHX B
BHIpAXEHHA AN HArpGalouiX MOMeHTOB H IONEPEYHHIX CHA B CTBOJE
(199), (200). B coBokynHOCTH ¢ (OpPMaMH BEIHYXIEHHLIX HepeMeLlle-
Huit Badt (192) noayuennole pupaxerns (199) u (200) npeacrasasior
coboil 1CKOMOe pelleHHe HEORHODOAHOH KPaeBOH 3ajaiH o BHHYXAEH-
HHX KOJeGAHNAX OCHOBHOR CHCTEMH ¢ 43CTOTOll © NOL AeHCTBHEM aM-
IJIKTYAHLIX 3H3yeHHH NepeMelleHul Yr H Yr, NPHJOKEHHHX B y3jax
MauTHl.

Toacrasass (189) u (202), (203) B ypaBHenus pansosecHs (184),
MOJYYMM KAHOHMYECKYI0 CHCTEMY YDaBHeHHH MeTOAAa NepeMelleHui B
BHAE

4 (@) 7+ 4y (@) y=0; (210)
A @)Y + (4, (@) + H(@)] y=0,

-
rae y—p——mepmﬂ"{ BEKTOP YrJI0OB MOBOPOTA CTBOJIA B Yy3Jjax MauyTHl;
g

Y—p — MepHBIH BEKTOP TOPH3OHTaJbLHBEIX lepeMeweHuirt yanos; H(w) —
AHAaroHaJbHasy MaTpHua MOpsiiKa p, Ha [/IaBHOA JHaroHajJH KOTOPOH
pacrofioXennl 3Hauenusi Ha(®) peakuufi BaHT HA TOPH3OHTANBHOE fie-
pemelleHHe y3Ja ¢ 4aCTOTOH ® M eAHHHYHOH aMmautypoil; Aq(w) —
MatpHua, o6pa3obaHHas 3neMmeHTamu Taba. 20, pacnosoXeHHHMH B ce
BepxHel Jesoil uersepTH; A2(w) —TO JKe, C J7eMeHTaMH B NPaBoil
Bepxuel 4eTBePTH; As(®@) — TO XKe, ¢ 3NeMeHTaMB B JEBON HHIKHeH deT-
septH; Ai(®) — TO Ke, C sJeMeHTaMy B 1paBOi HHXKHell YeTBEPTH;
n

EF

He (o) = V {"Jicos’-e —v,, sin?@, X

7:,] Ljh Jk Jjr Jh
1o [ O1Y, (Om) Y, v O]/, V)
Jol O, [W(L) 1—J, (%O Y, [y N |

(211)
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Ta6aruua 20

A, (0) A, (w)
; S Vs Va2 Vs Ys Ys 9
1| Mg2(0)—M,5(1) M3y (0) 0 M1 (0)— My (1) Ma3(0) 0
2 —Mass (1) M39(0)—Ms(l5) M3, (0) —Maq (1) M3;(0)—Myg [) M3, (0)
3 0 —Ms, (I5) M 1p(0)—May(ly) 0 —Mgy (1) [(M1(0)—Mas(ly)
1 | Qa2 (0)—Qyq (1y) Q24 (0) 0 Qa1 (0)— Qyy (4y) Qzs (0) 0
2 —Q22 (12) Q32 (0)—Q4z (I3) Qa3 (0) —Qa (/) l Qar (0)—Qy3 (12)1 Q14 (0)
3 0 ‘ —Qs2 (Is) Qasz (0)—Q34 (1) 0 l —Qsy (/3) Qa1 (N—Q35 (Iy)

As (w)

Ay (0)

JA




Marpuua B 1261, 20 chMMerpidia B Cilily 3aKoHa B3aHVIOCTIl pe-
akiit, noatomy Az(w) =As(0»), Tabmina pocTpoena ais TpexbApycC-
ol Mautel. Taknm ke o0pasoM COCTaBAAETCA COOTBeTcTBYlouwas Tal-
A AN MAUYTH C MOGHM YIICA0M SPYCOB.

Cuctema anrefpauveckus JwHefiHnx ypasteudii (210) onpeaenner
aMAAUTYAHBe 3HAUeHUA MepeMeIUCHHt ya W yr B Y31aX MauTul MPH CBO-
BOAHBIX KOJAeGaHUAX ¢ YacToToll @. T4 CIICTEMA OJHOPOAHA il MOITOMY
uMeeT HeHyJeBHle pPEWICHHs Npu YCJAOBHII paBeHCTBA ee ONPeAeHTeNs
mymo., Takum o6pa3oM, Aaf ofpeRefeHHs cOGCTBEHHHIX 1acTOT pac-
cMmaTpiBaeMoi JHEHON CHCTEMBl AOAyd4aeM 4alTOTHOE YypaBHeHue

A (0) Az ()

=0 212
Ay () Ay (0) - H (0) 212)

Kopsin ypasnenns (212) npeacrasasior coGoit coO6CTBeHIINE 4aCTO-
Tl paccMaTpHBAEMOIl JHHENHONH CHCTEMBI.

[Moncranass HafiieHHHe 3HauYeHus COOCTBEHILIN YaCTOT B CHCTEMY
ypasuennit (210), MOKHO ¢ TOYHOCTBIO [0 TPOHIBOJNLHOTO NOCTOSIHHOTQ
onpeaeNuTy YHCAEHHble 3HAYEHHS NepeMelleHHIT Y3JNOB Yk M Ya, COOT-
BETCTBYIOIHX COOCTBEHHBLIM (opMaM paccMaTpiBAeMOli JIHEliHO clie-
1eMel, HakoHel, noacraBass 3TH 3Hayeuns B seipakenns (201), (202),
(203) u (189), noayunM cobcTBeHHble (DOPMBI, TouHEe, KOIPHUHEHTH
pacnpefeJeHHs aMIVIUTYA NCPEMEIUEeHHiT CTBONA I BAHT, a TAKMKL &M-
RANTYR H3ru6alolHA MOMEHTOB I MOMEPEUHmX Ci1 B CTBOJE, COOTBET-
crayiomux 3tuM Qopmav Beeldem oGoauavenus ana sTux wodpdimin-
eutos, ITyctb ap;(2) — ko3pdHUHEHT pacnpefesentin aMIMHIYA Uepe-
MeuleHWii k-r0 sipyca cTBOJIA, COOTBeTICTBYMOHUNT {-0i cobeTBEHHOM
dopme; Pyui(x’) — TO ke, nepeMelleHHii j-0it BAHTH k-ro spyca;
@, (2) —To Xe, HIrHOGAIOWHX MOMENTOB B A-M npoteTe CTBOAY;

a,?,- (2) — TO Xe, nONEPEUHLIX CltSt B k-OM npoJeTe CTBOAA.
Monyuvennsle Ko3QPuuteHTn pacnpesesicniss MOMKHO NPOHOMHPO-
BaTbh, yMnomxuns na kodpdnunenr 1/} M,

rie 0600ienHasn Macca

C‘ ,”k rﬁ‘ n1 L/'k
M= PN met@a+ 3N | wabiar s, @
k=1 0 k=1 7=l 0

Hanoxendblit aaropHiM BHYHCACHUS COGCTBCHHBIX 4acToT H (OpM Mo-
AeAR NO3BOJIAET NOAYYaTh COGCTBEHHBIE 4acTOTH i1 GopMbl 6oJce mpoc-
16X JHHENHHX Moeell MauTh,

Tax, ecin B BHpaxeHRH (211) orpanudHTBLCA NEpsHM cjaraeMulM
AAR peaxiti gspyca BanT

n

Hy (0) = V EF”' cos?0
k L iR’

Jh

1=

TO NOJAYYNM cobcTaetHble 4acTOrbl H GopMbl CTEPKHA HA RHHERHO-NO-
JULa1HBLIX ONOpax,
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NPUMEP

Mpumepw pacuera

HA BAUIHIO

NTPHJI0)XEHHE 3

1. ONPEJEJNIEHHE BETPOBOI1 HAIPY3KHU

CxemMa GawlHi H ee reoMETPHIECKIE XAPAKTEPHCTHKH NPHBEAEHSH

Puc. 1. @ — BORCTPYKTHDHAS CXEMB G6amnw; 6 — pacuernan tXema
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1. Onpenenense nepnona coGcTsBeHHbIX XoaeGannik Gauun

IMeproa ocHoBHOrO TOHa COGCTBEHHHX KO/MeGaHHil GawlHH ompexe-
AseM 3HepreTHYECKHM METOA0M

r
2 Pkyi —
- 528.33.10~2
T=9%n = 6,28 ‘/————: 1,84c,
&Y 9,81.6,2-10~2

rae Py —cuna Beca MacCH k-ro yyactka Gawmn, KH; yx — nepemeue-
HKA TOYEK OCH GalwHp npn AeiictBaM cHIN P=1] xH Ha BepxHuii Koney
COOPYIKEHHS

P=IxH Yo n'rﬂn. Yp M 2, yz. kH-M
m 6,2.10—2
Y 5,1-10—2 274.10—3
Yy 3,43.10—2 123.10-3
Y4 2,37-10—2 59.10—3
Ye 1,51-10—2 41-10~3
¥s 0,89-10—2 19,6-10~3
‘ y’ ys 0,505‘10_'2 8t2'10“3
L
7 Y " 0,256- 102 2,63-10—3
Puc, 2,
Con Ghimm e Ak e o | 0.98:107F 0,8-10~3
AM P=1 gH
™ 0,033.10—? 0,1.10~3
-
Yo 0,00I 102 0,00015 10-a
T —
P i 528,33- 10~
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2. Onpenesenne xoahdunuenra o60BOro CONPOTHBIEHHA AAS Yy4acTMa
GamwHu

Kosbguuuent ¢y AJNA HABETPEHHOH NJIOCKOCTH yyacTKa 6—7 Gamu-
HH onpeaenserca no m. 23, ra6a. 1, nmpaua, 1.

_ Ze ft _2.0,325. 22,5.0,46 -+ 2-0,028.27,6-1,2 + .

“="g 186
+0,168-17,78-0,46 4 0,114-15,28.0,75
- =0,06;
186
_Zh_
p="g =
2.0,325-22,5+2-0,028.27,6+0,168-17,78+0,114-15,28 011
o 186 = D
,74+2.0,3254-9,2
s=67+ 0235+ 22,5 = 186 M2,

3xech ¢; — KoadpHIHEHT S0GOBOrO CONPOTHBJEHHS 3JeMEHTOB GallHH;
Js UHAHHAPHYECKHX SJIEMeHTOB C¢ onpefeisercs no rpaduky n. 13,
ta6a. 1, upua. 1.

Jns paccMaTpHBaeMOro y4dactka OaulHy

v=1,28Vnngo k(1) = 1,28V 1,3.350.1,92 = 36 w/e.

Jnametp 3jemeHTa — 325 MM, Re = 8,4-105, ¢y = 0,46;
» — 114 mm; Re = 3.108; cx =0,75;
» — 168 mMM; Re = 4,35. 108; cy = 0,45;
» — 28 MM, Re = 0,72.108; = 1,2

Kos¢duuseHT 1060BOro CONPOTHBACHHS AAS GalUHH
tnp=c¢ (1 +n)$=10,06(1-+0,99) 1,1,

Ona ¢=0,11, =099 (u. 24, rabn. 1, npun 1); P~ ko3ppuunenr
yBeNHUEHHs Cap NPH HANPABJIEHHH BETPA No AHaroxauu OairHu, npuAH-
MaeMmuii no n. 25, Ta6a. 1.

3. OnpenenerHe BeTPOBOl Harpy3ku Ha GamHio

HopmarusHulii ckopocTHoit Hamop aas 11 paitona go==350 Ila.
Tlpunmaemasn B pacyeTe CKOPOCTb BeTpa

v=1,28V g,y = 1,281/350.1,3 = 27 m/e.

IlapameTtp

1,84.27
1200

€ = =0,04.

Hailaennomy snavennio €; coorBcrcrByer §;=1,85 Kosdduuuent
ppocTpancTaciton Koppeasixun v=0,53
Onpeaenchne pacueTHOl BCTPOBOIl Harpy3kH npupeacHo B Ttaba, 1.
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S Kosduunen T
g 3
[ Q ® :
2 = | . “ |5 E o 8z %
2 ; 8 3 6 ° 2 5 5 3
e | & | £ ol 5. | & £ a5
2 g X z 8 55 %
o < " o8 ) o o o
b ¥ N o £ Q Q. <) 9 c
t [ -] F 4 v a = o = &%
a o 2 < = ] “ w &2 o
S BN : | 2o 5 | B8 %
@ o S > | EG g = °E
a 5 - « © s = Q
Y. | 3 | g% | P | 38| g8 | 2% | &zl
) - 5N
L E @ = b3 BIE 5ot B SERY
0—1 15 28,77 10,7 2,39 0,284 | 0,301 6.835
1-2 10 19,18 10,7 2,34 0,284 0, 39 4,461
2-.3 12 28,25 10,7 2,2% ,227 0,4 5,153
J—1 17 59,58 18,35 2,238 0,193 0,403 9,006
4-5 18 87,7t 25,28 2,168 0,173 0,413 11,515
5—6 18 113,85 32,62 2,001 0,162 0,419 13,496
6—7 22,5 186,19 40,77 1,96 0,131 0,441 16, 356
7—8 27 308,52 84,61 1,89 0,131 0,466 23,907
8~-9 27 421,9 94.8 1,355 0,099 0,525 19,802
9—10 13,5 259,93 100,92 i 0.131 0,6 11,018
CratHuecknt pacyer (pacuertHas
=< -3 -5
x
= g g ] ApMartypa
= g > g |3
S| = 2 a o v
«Qq [
il - © s § 3
o @
g w § 5 5y g N Mnk ﬁ
% = | & Id 20rh | “Nr «
sl 2| 5 I B I ) = | E| &7
= £ a « g =% ¢ s £ -}
e s ik x4 =) a‘_- ! v a
21 § =8 a HE 18417 ; & z
S 3 v X a Se = o. >
al 5| &8 & | €5 (6 gl F |
al &
% z M ’ N, h. r n6 ’ c Fa}{a 4 Fa BH. Fa.
£ 8 wH M xH M " ulla ° cM cMt ) omt
1 70 37 800 10900 ] 0,25 5,12 4,26 | 0,677 — — 31,42
21325 151 680 23000 0,25 6,47 7,11 1,019 -— -~ |38 L01
3| 280 345 080 38450} 0,3 7,8 8,22 1,151 —_ — }07,34
f 2833 624 820 61 180 0,4 9,1 8.4 1,122 —-— - 172
51 19 996520 | 93370 | 0,48 10, 41 9,34 | 1,025 — — 72
6| 145 1 1463 760 |[137 510 0, 56 12,62 9,72 | 0,843 — — |72
7100 | 2030230 {197 500 0,64 14.83 10,4 0,693 —_ — [ 80,43
8 556 | 269 020 (277010 0,72 17,49 11 0,556 —_- - |80,43
9 0 | 3476680 (412810 0.90 20,7 11,08 | 0,407 - — 80 43
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Ta6anya 1|

' BeTpoBan Harpyska

0 ;
£ g R
28 . - [ &
AV < & -~ =
a3® | 3 3 - 3 g 2
°£u = o x| o= s 8 = o=
ot® [ E .= |3 5 8 = S & &

: 5 = '6' o ey - W [

© ol t (<] S E +

% ] &8 « L3 = % .
g%a E o8 | Bw | Yol | =% el |5 F
o ™ © x “ 1|~ X - = = ]

238 1§ € |g < AL R ) Y

Qs i m I =0 z B u
- Q
5&% |85l < E& 27 Rog
0,822 2,194 7,23 0,283 4.018 | 14,03
0,553 0,977 3,272 0,248 2,707 907
0,382 0,788 1,861 0,178 1,867 911
0,243 0,882 1,084 0,113 2,033 | 14 351
0,143 0,681 0,517 0,067 1.661 17°1
0.0814 0,46 0,216 0,466 0,038 1,215 191
0,0412 0,298 0,069 0,019 0,759 22,3
0,0158 0,176 0, 0021 0,0071 0,614 | 3194
0.0053 0,055 0,003 0.0023 0,232 | 2604
0,0002 0.0014 0 0. 000t 0,01 15,34

¥=6,512 | £=13,973

Tabauuwa 2

BETPOBRR HAr PyaKa, 1-e npubnnkense)

100 cM, h, cm; Aq 1 Ac NpHIHMAOTCA

12--514

Onpeaenerne Hanpsxeun#t 8 6GeToue H apMatype
OT BREIHNX Pacyelnuls iarpysoK
E * 8 n6(£‘° ﬁ .y | n ¢ n‘*f' I
T — 4u,n ﬁEE sin B 6 °sinﬁ+
1 et Sttt
o | Eg ;EE B |n—p|sinp m, o
] og |sinp|sinB| n—Bl uan A3 win A g
g'r,-‘ > n (&an ocna6-
5 2 gg (ann ocnabaes- fAICAHOI0 ceye«
EEY L HOro ceyeHus) nHs)
NpURAMaeTCcs No 6 .<V.R P
aH a ' 6’
'8 n o, B rpatbm?r2 slsnc. 32 e mSE
0,013 | 6,35 | 0,330 105 |1,8981]1,355}0,738 29,76 1,9
0,015 | 6,35 | 0,381 93 1,6251{1,621 ] 0,657 99,03 4,18
0,019 | 6,35 | 0,483 92 11,60711,537] 0,651 117,04 4,89
0,018 | 6,35 | 0,457 /4 1,607 } 1,637 | 0,651 119,38 [
0,015 | 6,35 | 0,381 93 |1,625}1,521}0,657 132,07 %, 51
0,013 | 6,35 { 0,330 97 11,706]1,460]0,685 104,35 5,19
0,013 | 6,35 | 0,330 104 1,870 }1,36810,731 75,45 4,85
0,011 6,35 | 0,279 112 {2,109 ]1,2801( 0,781 63,16 4,69
0.009 | 6,35 | 0,229 126 |2,71811,166]0,858 73,86 6,13

no rpagiikam pnc. 40—45 [25].
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8L1

Ta8arua 2a

Onpesenense KPABMAHHN | OTK/AOHEHHY OCH CTBOJIA OT BHELUHHX PACYETHH X Harpy3oK. {l-e npuSauxkenue)

;'a OpAHHATa MeHTPa THAKECTH OTKJIGHEHHE OCH CTBOJIA
S | oyt —og, durypn T
[ By s
E 0,6E,r(1 + n X a S S %
)] i B Jqomanns —— o b= <
g + sﬂiB) 3niopa KPABHIKA y;n::g;:a <& [ @..J: Y, u E-i;é E
oK (3
a Ir a+28
v ha= 1[M
0,623 | 8,256
1 {74,34.10—8 1672-10—* 30 0,547 | 6,387
2 (159,47-10—8 . 5260-.10—% 23,24 0,473 | 4,684
3 |156,11.10—8 i 7101 -10—¢ 22,58 0,405 | 3,268
4 1136,64.10—¢ 6586 - 10— 19,77 0,338 | 2,181
5 |i131,40.10—¢ 6030-10—¢ 22,65 0,270 | 1,349
6 | 92,53-10—*% 5038.10—* 23,8 0,203 | 0,777
7 | 64,45-10—¢ 3532.10—¢ 23,84 0,135 [ 0,391
8 | 46,56.10—¢ 2500- 10—¢ 22,71 0,067 | 0,142
9 | 51,43.10—~e 2695.10—¢ 27,95 0 0
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Ta6nunua 3

CraTrueckuf* pacueT (pacyeTHas seTposast HerpPyaka, 2-e NpHOJHXKERHe)
= s . E Apmatypa
o -]

z ¢ E g H ¢ N My 8

v = s 3 = ©

x 5 = ®x < 20rk Nr = &,

] g = é x e (k=1 0) o &

T - E Q oz = x SN o Z +

s 4 > % sy E & % @ =3

= b vz g o ol P > & g

Y 8 ] a g - o =X > s

e £ $ & L8 &~ g 3 2

= g

:§ § MB. KH-M N, kH h, M rn M ng MIlla < ac:a;p’ F, BH’ cM? Fu. cuM
1 370 47990 10 900 0,25 5,12 4,26 0, 860 — — 31,42
2 325 190 740 23 000 0,25 6,47 7,11 1,282 — — 38,01
3 280 427 650 38 450 0,30 7,8 8,02 1,496 _— — 57,34
4 235 761 560 61 180 0,40 9,1 8,40 1,368 — — 72,0
5 190 1197 550 93 37C 0,48 10,41 9,34 1,232 —_ — 72,0
6 145 1730 800 137 510 0,56 12,62 9,72 0,997 — — 72,0
7 100 2361 940 197 500 0,64 14,83 10,40 0,806 — — 80,43
8 55 3086610 277 010 0,72 17,49 11,00 0,637 — — 80,43
9 8 3916 250 412 810 0,90 20,70 11,08 0,458 — — 80,43



o8t

Mpodoarcenue

CraTHYecKHi pacyeT (PacueTHasi BeTPoBas HarpysKka, 2-e npubasxeuue)

OnpenenenHe HanpsaxKeHHA B 6GeroHe H apPMaTyDeé OT BHEIIHHX pacHeTHHX Harpys3ox
=
g

B n—B

§ Ea E‘l_ 5 g‘ nﬁ(co sin B - l) ﬂﬁ(co sin B + I)
¥ bh Eg dnn Eé% B B cin B an, 1+ )
E §‘6’§ sin B sin 6 “"5 HAH Aﬂn6 Han A;né
3 |
I 'q:': é 2 %‘ (ann oc.nl:tinennoro (Ans ocnabaennore
« S e & CceYeHus) CEYEHHSR)
a
[0
é ", n o, B NPHHUMAIOTCH MO gfatbﬂxy puc. 32 Ty <VaRye Mila Oy Ml
1 0,013 6,35 0,330 97 1,706 1,459 0,685 48,76 2,582
2 0,015 6,35 0,381 87 1,521 1,625 0,615 143,41 5,05
3 0,019 6,35 0,483 88 1,537 1,607 0,622 164,12 5,81
4 0,018 6,35 0,457 88 1,537 1,607 0,622 163,99 5,87
) 0,015 6,35 0,381 88 1,537 1,607 0,622 177,28 6,41
6 0,013 6,35 0,330 92 1,607 1,537 0,651 143,42 5,81
7 0,013 6,35 0,330 99 1,750 1,431 0,699 104,51 5,36
8 0,011 6,35 0,279 106 1,925 1,344 0,744 79,06 5,08
9 0,009 6,35 0,229 120 2,417 1,210 0,827 86,16 6,65

Mpumcuannre g seininn 2y: b — wHpuya nodoce =100 eM; 1, eM; Ag 0 Ac npHuIMAlOTCA 1O rpadukam 40—45 [25].



Tabarua 3a

Onpesesente KPHBHIHN OTKAOHEHHIl OCR CTRONMIa OT SHEMIRHN DacuHeTHBIX HArDPy3oxk (2-e NpHGAHmenne)

181

OPDAHHATA LEHTPAa TFHKECTH OTraoRenHe ocH CTBOAA

3T o

% —m'. 3mopa KPRAHAKN ?ﬁ‘;’;‘éiﬁ“ Y. u ::K::ﬁ u:;?::_

g “MIopH K Td

:?_: § | ,% Yd,. M [SY¥V. M

0,623 {10,046

] 10—¢ 2447.10—° 0,547 | 7,668
2 10~ 7323-10—¢ 0,473] 5,513
3 10—¢ 9496- 10—* 0,405 3,760
4 -10~-¢ 8597.10—¢ 0,338] 2,418
5| 167,90-10—¢ 7754-10—8 0,27 | 1,441
6 10—¢ 6414.10—¢ 0,203} 0,79
7 -10—¢ 4426.10—8 0.135] 0.381
& 54,80.10—¢ 3025. 108 0,067 0,136
9 10—¢ 2501.10--¢ 0 0



Macca Ha I%pornﬁu . Orgglcme.uﬁhuue
ac- | nporu6el Tpy6H,

L5 | Bwcons | SHMY | Maccs |TNGMOTESC PO Vo
af YHACTKE, | yyactkoB TpyGwm  |4€CHOH coCTap-

83 M Tpy6u, p T JstiolueR per- rpariy | uenTpos
K /M K POBO‘?"Hi:‘PYS- yuacTKos | yyacTkob
0—1 45 24,7 1112 9,423 1 0,878
1-2 45 27,4 1233 7,121 0,756 0,6455
23 45 35 1575 5,04 0,535 0,4455
34 45 51,5 2318 3,355 0,356 | 0,2885
5| 45 72,9 3281 2,08 0,221 | 0,1725
5—6 45 100 4500 1,171 0,124 0,093
6-—7 45 135,9 6116 0,587 0,062 0,044
781 45 180,1 8105 0,246 0,026 | 0,0165
8—9 55 251,7 11327 0,069 0,007 | 0,0035

82,2.10" @t
TIporn6 BepxymKH TPYOH Yge= TN I =3,74 0?

ITprpaBunBas OPAHHATH KPKBHX NEPBOrC H BTOPOro NPHOAHKEHH ANA
BepAymKH TpPYOH, NOAYYHM mepBoe NPHONHIKEHHOE 3HAYCHHe nepHoAa
cobcTBennbix Kosebanmuil, 1==3,74 w?; w=0,517 p/c; T=2n/0=12,15 ¢.
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Ta6banua 4

HHepuMoHHbIe XecTxocTe B B OTHOCHTE NI
p o ayeas : Myy —= prii e
K Yorn @ Z(HM" K B, By npHGJINKE HES
976 ©* 92.107 1 99 140 w? )
2
796 @2 66. 107 0,333 Nt 0,74
12 632 o3
702 w? 148. 107 0,149 2o 0,515
2
669 w? 390107 0,069 I igé © 0,339
2
566 2 572.107 0,038 }llggg o 0,208
9414 @?
2 7 6 551
269 o 229310 0,01 o oo 0,06
2
134 @2 4296107 0,005 5 2000, 0,026
2
40 0? | 6293.107 0,0035 2o 0,0074
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NMPUMEP 2 OMNPEAEJIEHHE BETPOBON HAIPY3KH
HA JKEJIE3OBETOHHYIO JbIMOBYIO TPYBY

CxeMa IEMOBOIi TPYOH H ee reoMeTpliycckie XapaKTEPHCTHKH fpu-
BeJeHH Ha pHC. 3.

A
el 4
*a ot

MY
415 1105

2

3701105

3251132

280] 1591 30

23511861 40

190 1213 48

145)258) 56

7001303 64

s5(557( 12

2513931 80

t

!

A
IfmrmwEmee———eee

00 1423 g0

\
N
\
N
N
Y

Puc. 3. s e Ger 1py6a H=420 m
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1. Onpeneniene nepsoi coGcTBeHHONH 4acToTH B GopmMu
Koaebauuit Tpy6h

B xavecTBe pacyeTHOil cxeMbl TpyOnl NPHHSAT 33LleMJEHHHIT B oc-
HOBaHHe KOHCOJbHHII CTepXeHb ¢ AEBATHIO COCPENOTOYEHHLIMH MO BLI-
cote maccami. CoraacHo n, 6.6, A OnpexesieHHss BETPOBOIl Harpysku
Ha TpyOy YYNMTHIBAIOTCA TOJBKO ee flepBble COGCTBCHHA® yacToTa H c0G-
cTBeHHas (opMa KkoJeGaHuuil, onpejeisieMbie METOAOM NOCJEAOBATE/b-
HBX NPHOJHXXeHHH, DMIOPH KPHBH3H H JIHHHSA 1POrHGoB ocn TPyGH npn
DIeHCTBHH PacYeTHONl BeTPOBOI HArpy3KH fOCTPOEHL! Ha OCHOBAHMH jaH-
HBIX CTaTHYCCKOrO pacuera TPYyGH BTOPOro npubiHxkenus, CraTHueckumit
pacuer AwMOBOil TpyGbhl Ha BeTpOBYIO HArpysKy B NEPBOM H BTOPOM
npuO.IHKeHNH, BLHINOJHEHHH B COOTBETCTBHH C yKa3aHusMu 1, 6.11,
SNIOPHl KPHBH3H H JIHHHH NPOrnGoB ocH TPYOH NpHBeldeHH B Ta6Ga 2 i 3.

BriyHCIenHe OCHOBHOTO MepHoAa M MepBoil GopMul COGCTBEHHHX KO-
Jgec6angii TPyO6H Aano B Taba. 4 u Ha pue, 4.

a) f g 2)
euyader Yenrp
ytﬂl‘l mayrswecmy|
NP8 g

22140 |493150| 30

28232 [501/72 26,694
- 7
27125 |894532(25.234

21485 |166035124,466

17866 1@55 24028

3192 |506610\23,728

8580 3404471235/0

5362 217170 123333

20855226614

362069}, 4557

Puc. 4

G — snjopa MArHGAIOIMKX MOMEHTOB OT CHA HHEPUER; 6 — B‘./Bh: 8 — npHBeAeHHAn

9Miopa BIru6AIBX MOMEHTOB; & — co6cTucHHME dopuum TpyGm 1 n 11 npubmi.
Keuuft
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2. Onpeneserse BeTPOBOR Harpyakm Ha TpyGy

Hopmarueuuiit cKopocTHOi Hanop go=—=700 Ila. [Tpunumaemas B
pacyeT ckOpoCTb BeTpa

v=1,28 V'1,5-700 = 41 m/c.

TTapamerp

Kospdunnent aunaMHYHOCTR €=<2,29 npuHHHMaeTcs mo Ta6n 6,
n, 6.3. KoadpduuHenT npocTPaHCTBEHHOI KoppeaiuHn v==0,5,

Onpenenende pacyeTHOH BETPOBOR HArpyskH Ha TpyOy NpHBeEeHO
B a6, 6.

PacueTHHe H3ruGaiomine MOMEHTH B CeYeHHAX TPYGul AaHH B TabJ. 5.

Tabauga 5

Homepa 1 9 t 3 4
Y4YaCTKOB
My, xH.M 0,398.10% 1,69.10% l 3,61.108 6,52-10%
I1podoaxcenue
Joweps | o | ; ,
Mp, kH.m| 10,36.108 15,18.108 21-108 27,83:10% { 35,93.10%

186



Ta6nanuua 6
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Tpodoaxenue Taba 6

188

Betporas marpyska

pn Ty A.ﬁo+ .:u.ov Y FN

seHIanded

1768
1765
1903
2049

2125

2202

2265
2184

2191

{
HY ‘a1 Iy, I = ﬁo

EBIMOBICZLLIOD BEHIIhHWEHIY

461
370
323

297

191

125

66

21

v :d N
IHHIAONIA FOHHIWIgHd]]

0,362
0,262
0,179

0,112

0,0666
0,0371
0,0179
0,0071
0,0016

l ”lm
¥ ‘
2 &
4
=y

1=y
Qt‘ J.ﬁB Q—“G W
4

0,4164

y nmll.‘u

[

22w K
4

BIIEKW KEHHIMQOO(O

841,7

489,4
291,2

169

84

35.6

30 ]
oN

(2]
]

1024,7

2=

=¥
Yo Moty N

4
BIrHY BEHHIMQOQD

218,6

177,9
146

106, 2

70,4

44,7

24,4

Z=801,5

My wim

*aWAJOOD YAHBOILON XMHHIFLIQOD
nndodp WiIBUINYdO IMHILDILHOONLD

0,87
0,63
0,43
0,27
0,16

0,089
0,043
0,017

0,0038

BHHOWACO0) wONLIEnA edowO[}

2—3

4—5
5—6
6—7

7—8
8—9



3. BuxpeBoe B03GyxaeHHe AbMOBOR TPYyGnl

B cOOTBETCTBHH C YKa3aHHAMH . 7.3 A AHMOBOIl TPyGH, Imeio-
weit GOpMY yCeueHHOTro KOHyca, KpHTHYeCKasg CKOPOCTb BeTpa ompege-
aserca no ¢gopmyne

d 516
f e Ry — e ———— 7
“xp ST, 12,15 6.7 u/e,

rae d — JBaMeTp Cevyennust TPy6u na yposHe 2/3 ee BHCOTH.

Tax Kak xpuTHueckas CKOPOCTh Berpa Melbure 0,64 V go=
=0,64 }/ 700=16,8 M/c, TO NOBCPOYHHIl PacueT Ha PE3OHAHC He NPo-
H3BOAHTCA.

OnpeneanM ycuaus B Bepxileli yacTi TpyOGW NpPH BHXDEBOM BO3-
Gy IeHHH, COOTBETCTBYIOUIHe BTOPOli ¢(opMe COGCTBEHHHX KoJAebauiii
COOPYIKEHHA.

KpuTiyeckas CKOpOCTb BeTpa BhIUNCAfETCH N0 GopMyiie

o d
“»p = T Sh

= 30,8 M/c,

rie d=28,05 M — auameTp TPyOH, Ads KOTOPOro BeJHUHHA @2 (2a)d*
MaKcHMaJbHa; dz(2) — 2-1 cobcTBennast ¢opMa xoneGaumii (pic. 5);
T:=4,13 ¢; Sh=0,22 — gucao Crpyxaas.

PacueTHoe 3HaueHle 0G6OGLIEHHOT KOOPAHHATH ONpeAEJIALTCH NO

dopmyae
P vB 8n2 Sh? M,

l/2-3,14.2 0,25-1,29-10_3-28‘-0,132)
= =0,152 M,
0,1.0,087 \  8.3,142.0,22%-1710

3mecs L=2 (8 puamerpax 1py6m); y=0, 1;

dyp 28
= ay 224t =0,16— + 0,05 = 0,087
B a,\zxp—l- 122-{-0 05 )

¢y =0,25; p=1,20-10"% 1/M3; @, (z4p) =0,13%

My =3ZM () @? (2x) = 1710 1.
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190

745

00

55

00

| |

b e — e —— - — —
.._‘ e o e e e e e — —
r

7777777777

7

-

L] )
b4 H
a763 0512
0526 0183 i
0316 0,120
0,132 0,329
0,021 0,451
Ons 0,500
0237 0463
0,303 0,390
G342 0,293
0,368 0,183
—4368 0067
10,368 0033
10342 116
{0316 0183
10269 0220
0250 024414
0224 0244
0164 02324
Hans 0,207\
o120 0183
0093 076
0,068 0,116
0047 008
0030 0056
0014 0027
0004 0007 1
Jo A2

Puc. 5. NMepnoam H colcTBennsie dopMut KoaeGanuR rpybu
a — cxema TpyOm; 6 — 1-8 ¢opma; ¢=2-3 Qopua; 2—3-7 dopua

HarnGaomue MOMEHTH B CeyeHHAX TPYyOH, BO3HHKAWOIHE NDH BHX-
peBoM BO36GYKAeHHH, NIPHBEJeHH B Ta6.1. 7.
MOMEHTH NpM BHXPEBOM BO30YXIeHHH

PacyeTHHEe
onpejengiorcs no Gopmyae
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Ta6banuuna 7

HomMepa yuacTroB 1 l 2 l 3 ‘ 4
MBS, kH.u —6652 l —19443 | —29278 I —28 807
Ipodonrsicenue
Homepa y4acTkoB 5 6 ’ 7 I 8 9
MY, kH.m | —13780 | 20783 i 69 324 l 128171 “206191

rae MPe® — yarnGarwoliHe MOMEHTH, NpHBefleHHEle B Ta6a, 7; ngp H

M,ﬁ(p — narx6aoiue MOMEHTBHI, BO3HHKAaIOlKe OT HAeHCTBHA cTaTHye-
CKOH ¥ AVWHAMHYECKON COCTABJAKIOMIHX BeTPOBOH HArpy3KH, COOTBETCTBY-
IOLIHX KPHTHYECKON CKOPOCTH BeTpa.

CKOpOCTHOR  HAamop, COOTBETCTBYIOIRHA CKOPOCTH Unp=31 w/c,
Gup=0613 v7, =413 Ma.

31aveHdn PacYeTHHX H3rHGAIOWINX MOMEHTOB NPH BHXPEBOM BO3-
Gy aeHnH NpuUBeAeHH B Taba, 8

Ta6nuna 8

yuremon 1 2 3 ‘ 5

Mp, kH.-m | 0,17.10% 0,65.108 |1,45.108 | 2,58.10%) 4,08.10%
Hpodosxente

omns o] S

My, xH.m 5,98.108 | 8,29.108 11,02.108 l 14,3.102

Kak BHAHO, 5TH MOMEHTH 3HaUHTEAbHO MeHblle MOMEHTOB, BO3HIU-
KaloWH#X OT PacueTHON BeTPOBOR HArpy3KH, ACHCTBYIOLEA B HampasJe-
RHH NOTOKA.
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NPUMEP 3. ONPEAEJNCHHE MNEPEMELLEHHUN
H AMHAMHWYECKOH COCTABJISIOMIEN BETPOBON HATPY3KH
HA BbICOKOE HECUMMETPHMYHOE B NJIAHE 30AHHE

Cxema 3MauuA, ero reoMerpHuecKHe XapaKTEPHCTHKH [pHBeACHM
na puc. 6. ®OopMu H yacToTH COGCTBEHHWX KOMNeGaHni onpegensioTcs
KaK A7f cHCTeMbl C 10-10 RHCKaMB, KaXZAbBl HI KOTODHX HMeeT TDH
creneHn ¢pobonL.

3
$8
3|8
M K0 dw s §IS 10200 72200
8 1
I
I
4 3
E N I A =l
S 1990
yx
i g
yt2) <
S
“©
T Trw T s
L2]

Puc. 6, Cxema 3paunm

Has apanufi Takoro THNa YuuThBaloTCA coberseunvie GopMu mo-
CTYN4TEeNLHO BPAULATE/ILHBIX KONeGanhil, COOTBETCTRYIOUINX uH3uNiM €O6-
CTBeliIM YBCTOTAM CHCTEMB (pHc. 7).

r
Macca eRHIIE BHCOTH 3JaHNSA [\ == (E M;.)/H~580 T/M.
k=1
MovMent HHepUHH Maccsl 31aiKA HA EAHHHUY BblCOTW OTHOCHTEb-
r

1o ocu, npoxoasuled uyepes uentp rtaxecrds J=| X Jp J/H ~244X
k=1

XI10° /M. AsposunaMuuecksii Kospduunenr co =1, 2; cr==0; aspoax-

naMHIeCKKit 3KCUeBTpnuuTeT €,=0,15 B=0,15-54=8,1 M.
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IMepemeineunst ¥ YCHIHA ONpeAeAsfoTCA AJA [EPBOr0  BETPOBOTO

pafiosia H pas AByX THNOB MecTHOCTH B u B.

Kosbduuuenr nyascauun Aas sepxa spanus my =0,56; ng =086

B/H~'5—4-—-06
=50 =08

Kpyrosuie cobcTBenHble 4acTOTH H NMepPHOAB KoJeGaHHA 34aHHs
npuseAeHn B Taba. 9

Ta6anuma 9 Kyg=-16 /(,,:-Z?!K 5
[ PERA) s
06CcTReH~ { s Al
Suec:ag:’n- fu= 13, | Fﬁ::’{
Wl u NepH- !
O 1 2 ‘ 3 | \ |
RoaeGasnuit |
|
o, ple | 1,67 2,17 | 3,87 | 1
Ty c 3,76 | 2,89 1,62 i \
} L]
Opaunater k;  COCTABJISIOWHX g “
HPOCTPAHCTBEHHONH (OpMBl  COBCT- b
BEHHHX KoJeOaHHA  3JaHHA  Ha | 1
YpoBHE €ro Bepxa B HanpabJeHHH 1
1, 2 u 3, coorBercTBylowen i-0% \
cOGCTBEHHOH 4acToTe, OPHBEHAEHH 1
B Ta6a. 10. 1
flapametpnl A; onpeaensoTCs
no  ¢opmyae  A¢==bki+kyt-
+k3,ea.
YuuthiBas,

4yToO b12= Ct/Cn =0'
nonyuum A,=~Rei-ks.e,.

Puc. 7.

MepHoan W cobcTBEeHHMO
dopmut koreGaHuA 3ganut

§ o
1

7

423,766 Vz=26% Ty=4g2

OfbobueHnbie Macch! 3naHNS BHIHCIAIOTCA MO dopMyae
H 2
M, = — [w (&, + £5;) + 963 ]
T
Suauenuns M;, py = I ,y 8 22

T; ' 7 1200
n A; npusegeuw B 1aén, 11—I3

Ky 22092

TD32
Ha—:'(rﬁ =05

i
b

|

74

HopmaTtaBuoe 3Hauenne cTaTHYeCKOX coctasadiomed BETPOBOA Ha.

IPy3k# Ha ypOsHe BepXa 3JaHHR Oonpegeasercs Mo (Gopmyaam;
g (H) =Cngoky (H) =12-270.1,72=557 Ila;

13514
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Ta6aumga 10 Ta6anuna 1]

H anpab- Homep tactom ¢ = Homep uacToTH {
JieHune &
o IO P 5
b 1 2 3
&3
(o2 |7 | 2
0 6 ] . -—7
’ ’ ’ Mi, 71} 3,15X]| 3.08X]| 3,1X
3 |[0,092| 0,32 | 0,54 X108 | X108 | X108
Tabaunma 12 Ta6auna 13
Tlapamerp Mgt Mapeser- Homep uacToTni 7
Howep Homep “acTotl { put i 2 3
yacTorH 1 l 2 |
€] 0,07 | 0,07 0,05
1 1 — — Ai, M 1,41 |14,04) 2,12
2 0,77 | 1 —
3 0,43 | 0,56 1

g, 5 (H)=cagoky (H)=12-270-1,3=421 Ia.
Mapamerpnl Cb 1 Cg BBIECASMIOTCA MO dopmyae n. 6.18:

Cp==0,8165-54-90-0,560.557 = 1244 kH;

Cp=0,8165-54-90-0,86-0,421 = 1433 xH.
3HaueHHA vI=Va=v 0,4, Vo =vy=vi2=0,3b caenyer npa-

HuMaTh no 1abn. 14 Pykosoacrsa.
PacueTnoe 3naueHne mepeMelleHHst HA YPOBHE BepXa 31aHWA B Ha-

NpaBJAEHRH OCH 2 onpelle.nnercsl no popmyJe
2.2 42
AL Vi &y

12
A At"ukz kegy
Y (H) =Cg g Zl E: i =Csn iz T
dawd o} 0] M, M, o Mj

=1

2
Ag 'V22 k22 A3 'Vaa k23 Al A2 v2l k2‘ k22
2 2
w; M% wj M2 wy 0y My M,

1/2
2,41 A3V Ry kyy ' A2A3V§2k22k23)/ _
T
o ©f M, M; wh ©F My My
_CB,B{(1,41-0,4-0,66‘-2 14,04.0.4-11,45)’ (
(1!67)2'3115 ) ( (2’17)2’3v08

: 20,66-11,45
+ 1,41.14,04 (0,35)%0 +
(1,67)2(2,17)23,15.3,08

2,92.0,4.7,29)2
_______._) +
(3.87)8.3,1
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1,41 (— 2,92) (0,35)20,66 (— 7,29)
(1,67)%(3,87)2 3,15.3, 10

+ 2

P 14,04 (— 2,92) (0,35)2 11,45 (— 7,29) Y1/2
(2,17)2(3,87)23,08.3, 1 } =
1244 .4 61
Con T = 5,73 MM 1as MmecTHocTH B
= Jor ¥01= 1433.4,61
T=6'61 MM AJi8 MecTHocTH B

Hopmarusnoe snavenne RHAaMHYECKOR cOcTaBisiolteli BETPOBOA Ha-
IPYSKH Ha yPOBHE 2 B HanpaBJacHUY 2

33 12
A= Cp pH2 2 2 A A, by, ko V3, _
’ H 1=l Mt Ml -

1=l

2.0 ,2 ? 2 ‘
Cg iz ( Alvi By Ay ng ks A; ‘%3 k'.zia
- 2 2 2
H My M, M3

A Ay vy kyy kog Ay Ay Vi koy gy Ay Ay Vi gy g 1/2—

= -~

M1M2 MlMg MQM’
—C ) H@{(l,4l-0,4-0,66 )2 14,04.0,4.11,45\¢
=Ug,B 108 3,15 ( 3,08 )

2,92.0,4.7,29 \? 1,41.14,04.0,66-11,45 (0,35)2
(g e

3!' 3,15‘3,08
1,41.2,92. . 2
22 ,92.0,66-7,29 (0, 35)
3,15.3,1
. . . 2172
+2l4,04 2,92.11,45-7,29 (0,35) } / -
3,08-3,1

{16.6 z/H, kH/m, mectHOCTb B;
19,1 2/H, xH/m, MmectHOCTL B,

HopMaTHBHOE 3HAaYeHHe BO3IMYILAIOUWlEro KpyTAILero MOMeATa Ha
@AMHHLY BLICOTH 3AAHHA, NPHIOKEHHOTO HA YPOBHE 2:

3 3 NY
Y A Ay ks Ry vy
M, o @=Cgp Jz/H( -;.ll 2 —mm ) =

(=t (=1t
2 42 2 2.2 .2 242 2
Ajky vy Ajky vy  Agkp Vi

=CB,B"2/H( 2
Mi M3 My
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Ay Agky kol Al Aghy by v Ay Ay kyg kg v\
My Ma M:. Ms MaMs -
2,14:108 1,41.0,092.0,4\2 14,04.0,32.0,42
= C H
R T {( 3,15 ) ( 3,08 ) +
(glg2~ko,54‘0,4)= 1,41-14,04.0,092.0,32 (0,35)?
3,1 3,15:3,08 +
1,41 (— 2,92) 0,092.0,54)(0, 35)2
2
+ 3,15.3,1 +
ol (20,2054 (0,35)=}1/2
3,08.3,1 =
{122 ¢/H, xHM/M, mecrroers B
1412/H, xHwm/M, MecTHOCTD B,

IMPUMEP 4. OIPEIEJIEHUE MEPEMEIIEHUN
B DIUHAMWYECKO¥ COCTABJIAIOILEN BETPOBOM HATPY3KH
HA BBICOKOE CMMMETPUUYHOE B IJIAHE 3JJAHUE
THITA TVIACTHHBI

CxeMa 3JaHHA, €r0 reOMETPHIECKHE XAPAKTEPHCTHKA B paciperere-
HHE COCDEJOTOYeHHBX Mace NepeKpPHTHA ¥ CTEH npnBejeHH Ha pHC. 8.

é) ]

=
S
S

-100
~085

—064
—045
{—0.26

—0.12
—0,033

VA A Al B A
e T2.84¢
' § ~100 T+0,89%

L —085,
1k —065

36,0011 36,00 —046
0,27

600 —07'F
—003%
> S 4

T=295¢

84,66

84.66

(40,50 | 44,50 :1:

ks

500
9,0

N

Puc. 8. Cxema 3aanus u cobcTsennue dopmm xoxeGanni
@ — cxeéMa8 3naHKA; 6 — co6cTperHbe nonepeunnie GopMil xoneGanufi SAAHER)

6 = co6CTBEHNaA NPoA0AbHAS $OpMa KOneOanuR 3xanns
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I. Onpeaenenne cobcTBentbix 4acror H GopM KoaeGaHMA 3NAHHA

Has paccMaTpHBaeMOro 3AaHuA GOPMB H 4acTOTH KOJeGaHHi no
Ka)XAOMY HaMpas/eHHIO ONpefesioTca KakK AJS CHCTEMH C 7 CTeleHIMH
¢BOGOAHL

Jna agauui takoro THna, coraacHo m. 6.16 PyxosoacTBa, Y4YHTH-
BAIOTCHA TOJIbKO cOBCTBeHHBE (POPMB NOCTYMATE/MbHLIX H BPallaTeAbHHX
KoneGannf, COOTBETCTBYIOLLHE HH3UWIMM COOCTBEHHBIM YACTOTAM CHCTEMM.
Ha puc, 8 npusenenst nepsbie coGcTBeHHBle GOPML NONEPEHHHX H NPO-
AOJbHBIX MOCTYNaTeNMbHBIX H BPALiaTe bHHX KojeGauufi 3LaHHA.

2, Onpeaenenue nepemelleHHi kpained auadpparmul 3xaHHA
H ReAcTBylouell Ha Hee JWHAMHYeCKON cocraB/siomed BeTPOBOfH
HAarpy3ky H BO3MYWIAGHIET0 KPYTHILETO MOMEHTA HA YPOBHE Z
7

Macca eAHHHIB BbICOTH 34aHHA pa( 2M,@)/H=622 T/M, MOMEHT
=l

r
HHEPUHH MACCHl SAHHHIBL BHICOTH 3AaHHR J=(§‘_, J,,)/H=4,39-1057.u.
k=1
Aspopnunamuyeckufi Kosdduurert cn==1,3, ad5poauHaMHUCCKHA OKCleH-
1pucHTeT €,=0,15 B==0,15-78=11,7 m. [lepemeutekna u BeTpOBaf Ha-
rpy3Ka OnpeaennOTCA AJS NEPBOr0 BETPOBOrO paHoHa M AJA ABYX TH-
nos MectHocTH b  B.
KospoduunenTn nyapcausy Afs sepxa 3fanas mp=0,56, mg =

=0,89. Kpyroeble cOOCTBEHXble YACTOTH 3MaHHA we==2,21 p/c; W=
=2,13 p/C: Ax-’:k“=1; A2=k22=l; A3=k3'3.ea= 11,7/39=0,3, k3s=
=1/39=10,026 /M.

HopmaTthsHOe 3HayeHHe cTaTHYECKO# COCTapjgiollefi BeTPOBOA Ha-
IPY3KH Ha ypOBHE Bepxa 3AaHHA
4% 5 (H) =cnqokg (H) =1,3:270-1,67=590 Ila;
qf, g (H) =caqokg (H) =1,3-270-1,25=440 Ia.

[Mapamerput Cg 1 Cp BuUHCASIOTCS MO opmydte n. 6.18:
Cp=08165-85-78-0,56-590=1766 xH;
Cg=0,8185-85-78.0,89-440=2102 xH.

Ko3pdrunentsl NpocTpaHCIBEHNO KOPPEASLHN
Vo5 =Vgas =Vyp = 0.36; Vypp =Vgp =Va;3 =0,33,

O606wennas Macca, COOTRETCTBYIOUIasA NOCTYNaTebHHM KOJeGauu-
aM 3faHaA M, —=pH/3=17564 T; ans BpawateabHuX KoneGanuit My=

=JHk3,/3=8150 T.

Pacuernoe nepeveulenHe Kpafinei AnadpparMH HAa YpoBHe Bepxa
3MaHHA B HanpasJeHHH 2 onpepessierca no ¢opmyne (20) PyxosoacTsa

3.1766-10 622.0,36% (2,212
210,360 78- 11, 7 e [ -
622-85.2,21% [0'36 T T s (2,13)

782 622 2 (2,21\4]1/2
- 2, g ] [ = 0,126 &;
+ n 0,362.11,7 (4,39'109) (2,13)] '

Yops (H) = 0,137 M,

yOpB (H) =
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HopmaTHBHOe 3HayeHHe AMHAMHYECKON cOCTaBAsioLlell BeTPOBON
Harpy3kH, AeffcTByloulef Ha KpafHiolo Auadparmy, onpereasercs 0o
¢dopmyne (21) Pyrosoncraa

3.17662
852

=0,362, xH/M; ¢, .5 (2 =0,392, xH/m.

2.11,7.0,362 11,72.0,362\1/2
(0,36=+ + 3 ) -

qﬂ.Hl{B (2) = 78 782

HopMaTHBHOe 3HaueHHe BO3MYIIAIOLIEro KPYTALIETO MOMEHTa HA
YpoBHe 2 onpeleasercs no ¢popmyne (22) Pykoroxcrsa

3Cpegves 2z 3-1766-11,7.0,36 2
Mu.xps(z)=*—‘—ﬂ H = o r —
=262 z/H, xHwm/wm;
3:2102-11,7.0,33 2
My B () = Py 5 = 286 </H, wtin/u.

NMPUMEP 5 OINPEJEJEHUE BETPOBON HATPY3KU
HA ATIMAPAT INEPEMEHHOTO CEYEHHS MO BLICOTE

1. Hcxopnbie paunbie

KOHCTPYKTHBHAsL CXeMa COOPYMKEHHS H €ro OCHOBHLIE reoMeTpHue-
CKHe XapaKTepHCTHKH NPHBEAEHH Ha pHC. 9

Mecto ycranosxu coopyxenus I[I] pafion CCCP no ckopocTHOMYy
HANOpY BeTpa.

Bec annapara ¢ 3anoasenneM B paboued coctofnud Q. =6980 kH.
Moayap ynpyroctn martepuaja annaparta Eq,=2,1-10° MIla. Hagaasuuiii
MOAY/b YNPYrOCTH MaTepHana nocraMenta E==2,65.10* MIla. Ilnot-
HOCTb MaTepHasa nocraMenTta p==2,5 t/mM3.

2. Pacuerras cxema COOPYXeHHS

B kavyecTBe pacieTHON CXeMbl annapaTa NPHHHMaeM KOHCOJbHBIA
CTepXeHb NMEPEMEHHOr0 CedYeHHs, JKECTKO 3aje]aNHbLl B YPOBHe Bepxa
OGBA3KH MOCTaMeHTa Ha otMerke +-7,2 M. [locramenTt npeicrasaser co-
Gofi NpOCTPAHCTBEHHYIO PaMEYIO CHCTeMy ¢ abcO/lOTHO XecTKHMH 06-
BA3KO# H QyHIaMeHTHOH nartod. PyHAaMeHTHaR NJAHTA yOpyro 3a-
memJeHa B rpyHte. PacyeTHas cXeMa COOpyxeHHS npHBeJeHa Ha
puc. 10.

CoopyKenHe pa3GuBaeM Ha OTAg/bHble YYACTKH C NMOCTOSHHOM XKeCT-
KOCTBIO, BHICOTA KOTOPHIX NpHHHMaeTcA He GoJee 10 M.

HuxunM yYacTKOM cOOpYXKeHHN SIBJASeTC MOCTaMeHT. Maccu yua-
CTKOB aNnapaTta CYHTaeM COCPeJOTOUEHHBIMH B HX IieHTpe:

Mo =857 7; M;_,=883 1; M;—3=155,5 1;
Mz (=231,8 7; M _5=133,0T; Ms_¢=18,1 7.

Macca nocrameHTa, cOCPeAOTOYEHHAast B ypPOBHE ero Bepxa, pasua

Macce OOBA3KH H MO.IYyCyMMe MacC KOJIOHH NOCTaMeHTa:

250.1-3,14 (4,22 — 2?) 250-0,4-0,4-8,2.8
4 2

Mpoer = == 40,7 T,
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199



Y

=
N

02
65,2
552

il

o
X9
NS

Puc, 10, Pacuetnas cxema co-

A

. ;@

[
L
“

M e

k)

452
35.2

252

&
fnd
~a
N

"

x|z
o
E’L:
Ny

2

Maoer, 2

72817

200

4

x N=

22910°*
Jm 107

™

180107

®

d14707t

115107
082107

050107
032107

X
L)

1lz2 1o —n—{v—n—?‘-almi_.u.. /gl
TIRASN A

‘1 102707

A

’

4

y

v

OpY KEHNg

Puc. 11, TopnionTaakAMe ne-
peMeIReHHA COOpYMenns

265107%
16310°%

a63 707
Ypo8



3. Onpenencrue nepuoaa # GopMp COGCTBEHHBIX
TOPHIOHTAJILHLIX KO0JeGaHHI coOpYyXKeHHR

Tepuon n $opMy oCHOBHOrC TOHa TODH3OHTaJbHHX KoJeGanhniA co-
OPYXeHHs, HMeIOIero MepeMeHHOe CeyeHRe N0 BHICOTE, ONpeiestioT no
dopmyaawm . 7, npui, 2.

Janune pas onpelenenHs nepuoaa H GopMH COGCTBEHHHIX KoJe6a-
HHHA CHCTEMH:

MOMEHTH HHEPUHH NJOWAAY CEYEHHS annapaTa
Ja1=7Ja3=0,1723 M%; J ,=0,9931 M4

MOMEHT HHePUMH NJAOMIaAN NOACHIBHE YHAIMEHTHOR NAHTH

3,14.84
64

XeCTKOCTH CedeHH#t annaparta
EoJay=Eolas=2,1-108.0,1723=236,2- 108 xH/m?;

Eolay=2,1.10%.0,9931 =208,6- 10¢ xH/wm2.

Ilepementennss TOYek OCH anmaparta Yix, BHYHCJIEHHHE B MPEANOJO-
JKeHHH XeCTKON 3aje/lKn annapata Ha ypoBHe Bepxa NHOCTaMeHTa, Aa-
HH Ha puc, 11,

Kosdpuunent ynpyroro paBHOMEpPHOro CIKaTHA OCHOBaHHA Mo
T1a6a. 15, npuna. 2 npHHMMaeM paBubM ,=53,5-10% xH/m?,

KosdpduuneHt ynpyroro HepaBHOMEPHOTO CKATHS OCHOBaHHS C
=2-53,5-103=107-10° xH/m%.

Ko3sd¢HuHEHT XEeCTKOCTH NpH YNPyroM NOBOPOTE NMOROWBH ¢yHAa-
ME€HTa OTHOCHTEJbHO FOPH3OHTaJJbHOH OCH ompejenaseM no ¢opMyne
kp==Cq, J$=107-10%-200,96=21,5-10% kH/m.

¥Yron poBopora ¢$yHI2MEHTHOH NAXHTH OT ENHHHYHON CHJAL, NPHAO-
KeHHOH K BepXy anmapara,

h 70,2
ko 21,5.100
Tlepemelienns TOYEK OCH COOPYMKEHHS yaxr (CM. M. 7, mpHa, 2), BHS3-
BaHHHE NOBODOTOM (YHAZMEHTHOH WJHTH, BHIYHCAEHW B rpade 6,

Ta6s. 14 1 AanH Ha puc. 1.
CyMMa MOMEHTOB KHEPUHM NAOMAACH CEYECHHN CTOCK NOCTAMEHTA

Jo = = 200,95 m¢;

P =

= 3,26.109xkH™!,

zlc =zl(ljcmln c052 a1+1)cmax 5in2 aj),

rae Jje min — MOMEHT HHEPUHH DBJOAAH CEHEHHS CTOMKH B TNOCKOCTH
HapMeHblIeR JKECTKOCTH; Jyc max — TO e, B IUIOCKOCTH HanGo.bied
JKeCTKOCTH; @j — YTOJl MeXAy OCbio, MepNeHAHKYJIAPHON HanpaB/ieHHIO
RefCTBHA BETPA, H IJIaBHOH OCbI0 MHEPUHH NONEPEYHOrO CeYeHHSH, OTHO-
CHTEJILHO KOTOPOH MOMEHT HHEPLHH HARGOMBIUHH; r — THCAO CTOEK No-
CTaMeHTa,

0,4.0,4°

"[cmln = Jicmax "_12_— ==0,00213 n%;

2Jc=4.0,00213+44(0,00213-cos? 45°4-0,00213-sin? 45°) = 0,017 M5,
flepemewiesins TOYEK OCA COOPYIKEHHA Yo OT EAUHHUHON CHAM, TPXK-
JIOKEHHON K BEpXy DOCTaMEeHNTa;
8,28

=0,102.10~3 .
12-2,65. 1000017 — O 102107 w/xH

Yap =
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Tabunna 14

o
& - .
+ b =
- =
g I {
8 T - i‘ v <
E x |3 ~ 2 —
7 D ® D @
£ S : P : sl
g » - 5 o ; R
e > = i . N - "I
g -~ - . - ™~ o - X
T = 8 By Ry 5y = N
1 3 3 4 5 6 7 8
0 — 70,2 61 15,63 2,29 1,02 6,23
0—1 85,7 65,2 56 13,83 2,13 1,02 5,72
1—-2 88,3 55,2 46 10,38 1,8 1,02 4,7
2—3 155,5 45,2 36 7,28 1,47 1,02 3,68
3—4 231,8 35,2 26 4,35 1,15 1,02 2,65
4—5 133 25,2 16 1,71 0,82 1,02 1,63
5—6 18,1 15,2 6 0,2 0,5 1,02 0,61
TNocrament 40,7 9,7 0,5 — 0,32 1,02 0,05




Mpodorsxcenue raba. 14

N:h\u-
= = .
+
S i Al
5 + ' 2
¢ ) M. N f.y
g 5 > S " J yi ;\ 2
3 - T -
A b A : ¥ 2 3
a > — hd | o &
3 " Z, ; =7 ~ I
o é,\; 3 Na,\' W &
1 9 10 1 12 13 14 15
0 25,17 1 — —
0—1 22,7 0,902 515,29 4416 ,04-10—7
1—2 17,9 0,711 320,41 9829, 92. 10~7
23 13,45 0,534 180,9 1813.10—7 491,88 X
X 10~ 0.7 4,4
34 9,17 0,364 84,09 1949, 21.10—7
4—5 5,18 0,206 926,73 355,51.10—7
5—6 2,33 0,093 5,44 9,85.10~7
TMoctament 1,39 0,085 1,93 7,86-10—°
L ¥ — 12380,69-10—7



3uageHHA 3THX nepeMelenuf Aaub Ha pre. 11,
r «
3uavenue FoZy =0,4-0,4(4-1,224-2-1,77) =1,8496 u*.

¥Yron moBopoTa O6BA3KH MOCTaMEHTa, BHI3BAHHBIA OGKaTHeM ero
CTOEeK, onpeneJsieM no ¢popmyne

abe  (6041)8,2

r
Ech;ﬁ

= =0,1021-10~% xH~!
2,65.101.1,8496 ~ ° KH™

ITepemelienda TOYEK OCH COOPYXKEHHSA
Ysp OT MOBOPOTA OOBA3KH HOCTAMEHTAa BBIUK-
cleHnl B rpade 8 Taba, 14 H Rauut ya puc. 11.

Bruuncienus Gopmul B nepuoga coberse-
HHX KOJeGaumnfi COOPYXKeHHSl NpHBeseHbt B
Taba. 14.

OTHocHTebHbBle OPAUHATHL QOpMB COGCT-
BEHHLIX KOJNeGaHUi COOPYXEHHs npHBENeHH B
rpade 10 Ta6a. 14 ¥ xaHW Ha puc. 12.

4. Onpenenenne pacueTHOR BETPOBON HArPY3IKa
HopMaTiBHBH CKODOCTHOR Hanop Ber-
pa aas_ III reorpadudeckoro pafiona gy==

=450 [Ta.
Tpuanmaemast B pacueT CKOPOCTH BeTPa

v=1,28V g n=12V4501,3 =
= 30,6 m/c,

napamerp
Puc. 12, Od:uocmenbgue
opaunarst GopMb cobcT-
TlU _ 4,4‘30’5

BeHHLX KoaeGauuit
B1= 00T azp O M2

Hafinensomy 3naueRHio e; #a rpaduke puc 6 Pykosomersa coor-
BeTCTBYeT KO3DPUUHEHT AHHAMATHOCTH §;=24.

Koapouuuent npocrpancTBentot koppensuuk mo 1aga. 8 Pykosoa-
ctBa v=0,74.

Onpexenenne pacgerHoi BeTPOBOR HarpyskH Ha anmapat mno ¢pop-
myae (9) PyxosoxcTBa mpuseneso B taba. 15

5. IlosBepounmfi pacuer Ha pe3OHAHC

Paceernnfi guamerp anmapara npPHHUMaeM paBHuM d=3,03 w.
KpHTHIECKYIO CKOPOCTb BeTpa, BLI3HBAIOLLYI0 Pe3OHaucaue koneba-
auA, ompeneaseM no ¢opmyne (34) Pykosoacrsa
5.3,03
4,4

Ugp == = 3,44 Mm/c,



Tak Kaxk KpHTHuecKas cxopocrb serpa Menbime 0,64) o=

=0.64 § 450=13,4 wm/c, 10 NOBEPOTHHA pacieT Ha PE3OHAHC HEe NPOH3-
BOAHTCH.

NPHUMEP 6. ONPEAEJEHUE BETPOBOF HAIPY3KH
HA TPYNINY ONHOPSAHO PACHOJIOJKEHHBIX AINNAPATOB,
VMIMEOWINX OBIIMF ®YHIAMEHT

1. Hcxonusle panuuie

CxeMa rpynmoBnx annapaToB, YCTaHOBJeHHWX Ha ofmeit dynaa-
MEHTHON IUIHTE H CBA3AHHHX MO BHICOTE FOPH30HTA/JbHLIMH MAOLLAAKa-
Mu, npuBefeHa Ha puc. 13. KoHCTpyxTHBHAM cxema paccMaTpHBaeMoro
annapaTa ¥ ero OCHOBHME TeOMETPHUECKHe XapakTepHCTHKH AAHM Ha
%nc. 14. CoGcTBeHHH Bec oGcayxupaiowed naowaiky Qug=20 xH.

€PHOA OCHOBHOTO TOHA CBOGOAHHIX Kojebauuit Hanbosee BLICOKOro
annapata B HanpaBJIeHHH, NEPNEHAHKYIAPHOM OcH psida, T=1,8 c.

2. PacyerHas CXeMa COOPYIKEHHS

B kagectBe pacueTHONl CXeMH COODYIKEHHS MPHHAT KOHCOJbHHA
CTepXKenb MOCTOSHHOTO CeYEeHHs, YNpyrosanenausuit 8 ypoBne sepxa
YHA2MEHTHOR MJIHTH HA OTMETKe 2,3 M.
PacueTthas cxema npHBefena Ha puc. 14.
Macen naowmanox  pasHB: Muay=Mung=Muns =Mz, =2,04 1.

<

Puc. 13. Cxema rpynnossix snna-
i patom

in
‘FHI 4 Puc. 14. Cxema annapata
25 ﬁ' v‘h é a— xonc’rpyx':x:;zgg; 6 — pace
J_ 'l? ﬁ'F' V9 6)
|
; [ i 257 257 "0
H i
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KoadbiuueHTh
3
b &
& [ o

(%] - ~ A 1o

0 "x 3 E‘! g E §. 3

g g & s & § g &

I e o >3 o -~ %

8 & z 5 > 8 w8 v

; ; » ? § © E: i <

© «© 2' ” :‘2, 8 s ':E

) s - S g o 8 3a ga

3 3 = A e 8 & og 58

B - =4 = se g g8 EZ
0—1 10 | 3,03 | 85,7 1,1 0,7 1,77 0,46
1—2 10 | 3,031 88,3 1,1 0,7 1,67 0,47
2—3 10 { 5,04 {155,5 1,1 0,7 1,57 0,48
3—4 10 | 5,04 {231,8 1,1 0,7 1,43 0,5l
4—5 10 | 3,03 | 133 1,1 0,7 1,28 0,54
5—6 10 {3,031} 18,1 1,1 0,7 1,06 0,59
IMocra- 10 (3,8 | 40,7 1 1,4 1 0,6
MEHT

3. Onpepenenue nepuona H thopMbl cOBGCTBEHHBIX
rOPU3OHTAABHBIX KOAEGAHUN COOPYKEHHA

ITepsoa ocHOBHOFO TOHA cOGCTBEHHBIX KOMe6aHHA pacCMaTPHBAEMOro
annapara, COrJIacHO T 7, NPpua. 2, NIPHHHMaeM PaBHHM MEpHOAY COG-
CTBEHHHWIX KoJebanuit HauGo/ee BHcOKOro amnapara I'=18 c.

HanHble pas onpeleseHHss coGeTBeHHHX GOpM KosueSauuit anmapas

Ta:
c0GCTBeHHAN KPYrOBask 4acTOTa COOpPYHKeHUs
2.3,14
= = 3,49 p/¢;
©=778 p/

Macca eIHHANL BHCOTH annapara
2,04 (0,02 4- 0,21 4+ 0,95-+2,35)
28

=294 =3,16 1;

K03dduumenr uactoTsl onpeaensem mo ¢opmyre (179), o 7,

npHa. 2
3,16-3,492
= —_— == ],2,
A=28 1/2,1-\08-0,0549
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Tabauuga 135

: B

% g rryn
. &5 =
= 3l I |

N L] L] -
E2 %588 | . 3 1 18 185 3
22xlst |5 & | N A O T
TR H AR IR B I BT Ll
el Sk i x - - Eom] 2~ ‘u‘u'?
S5 EEaE & )5 o [PUSRL S| 2R (RS
NI AT R NAT ! LN RSy
SEeF |58E| 8| 8- < eS| B8 |2 5
18,57 (0,90 7,67 69,7 0,128]19,49] 49,48
17,55 10,71} 5,84 44,6 0,101}15,83143,4
27,45 |0,53) 7,01 4,3 0,076 120,93162,9
25,03 {0,361 4,62 30,7 0,142 0,052 21,2760,19
13,47 10,21 1,50 5,6 0,029] 6,91)26,49
11,08 {0,09] 0,61 1,6 0,013{ 0,42114,95
14,52 10,06 0,48 1,2 0,008{ 0,56{19,61

2= 27,73{Z =195,3

OTHocHTe/IbHBlE OPRHHATH (OpME co6CT-
BEHHBIX KoJleGaHpil amnapara npHBeleHH HA
pHc. 15.

4. Onpenenenne pacyeTHOR BeTpoBOfi HarpysKH

BeTpoByi0 Harpy3ky onpefe/seM AJs Ha-
npaB/ieHHs BeTpa, MAeHCTBYOLLEro nolepex
pfARa annaparos.

Jansne aas noacyYeTa BeTPOBOH HarpyskH:

KoahduuuenT 3anolHeHHs 0O6CaYyXHBaIO-
LIHX NJ0IIAaA0K

Pnp = 14+0,5 =

Ylo n. 19, Ta6a. 1, npui. 1 npu OTHOLEHHH

9 _ 5 _
dyp 0,5(4 2,6)

1,5

HaxoauM 3Hauenne K03dPHuMenta n.=1,16;

Puc. 15. OTHOcHTeAbHAsE
opauHaTH dopMm CoGeT-
BeHHMX K0JeGaHRi
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Go=350 Ila.

[Mpunumaemast B pacyeT CKOpPOCTb BeTpa

350.1,3 =27 u/c;

fh i = 1128

v= 1,28]/
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TABJTMUIA COOTHOWEHHA MEXIY HEKOTOPbBIMU ENJUHHUIIAMU SU3UYECKUX BEJIMUMH CHCTEMBI

CU ¥ TEXHHYECKOT1 CUCTEMbI MKTCC

Enunsya
HauMeHOBaKHe BEJHUHHB CH MKrcc COOTHoWENAR eRUHAL
o6o3sua- 0603na-
BaHMEHOBaHHE yenne HaHMEHOBaHHE qenve
Macca KHJIOrpaMM Kr — krcc?/M | 1 kr~9,8 krec?/m~
~ 10 Krce?fm
Cuna, Harpyska, Bec Hoorton I H KHJIOTPaMM-CHJIa; KIc I1H~0,102 xrc~0,1 krc
TOHHA-CHJAA C 1 xH~0,102 1c~0,1 TC
JluHeidHan uarpysxa Herorox Ha{ H/m KHJIOrPaMM-CHJIA HA METp Kre/m 1 Him~ 0,1 krc/m
MeTp
TlomepxHocTHas Harpyska| HbloToH ua H/M® | knnorpamM-cana Ha kBax- | Krc/M? | 1 H/m2~0,1 krc/m?
KBaJpaTHb} paTHHIT MeTp
MeTp
Iasacuue ITackanb Ila KAJIOTPAMM-CHIAa HA KBaA- | Kre/em? | 1 ITa~0,102-10—¢ krc/cm?
paTHbIfl caHTHMETD ~ 0,1 xre/m?
Mexannueckoe Hanpaxe- | ITackaas [ Ia KHJAOTpaMM-cHJa Ha KBak- | krc/Mm2 | 1 MIla ~ 0,102 krc/MME ~
HHe PaTHBI MHJJIHMETD ~ 0,1 krc/mm?
Moayab npoponsuoft yn- | ITackaas Ila Knnorpamm-cuna Ha kBazg- | kre/cmM?2 | 1 MITa~ 10,2 krc/cmZz ~
DPYTOCTH; MOJYAb CABHTa; PaTHHHA CaHTHMETD ~ 10 xrcfem?
MOAYJb OOGbEMHOTO CXKa-
THSA
MoMeHT cHan HbioToH-MeTp H-m Kunaorpamm-cuna-merp KIC'M 1 Hwm~0,102 Krc:M~
~0,1 xrc-M
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Hip N XII—7597. 3ak. Ne 514, Tupax 40000 sx3. Llewa 65 Kon.

Crpoiiuadar
103006, Mockea, Kaarnesckasn, 23a

Baaaumupckasn tunorpacdus «Colwosnoaurpadbnpomar

npu IocypapcreeHHoM KoMrrTete CCCP

NO AeJiaM M3AATENALCTB, NOAXRTpadnn B KHHKNOA TOPTOBAN
,r. Baaanmup, OKTAGPLCKHA NPOCNEXT, a. 7
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