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Martemartnyecknm n ctepeorpadunyecknim aHanms MHTEHCUBHOCTU
COSTHEYHOW paguauum n 3aTteHeHna ceetTonpoemMoB Ansa pacyeta CKB
30aHUA

A.m.H., npogh. A.I'. ComHukos,
HIM «ABOK Cesepo-3anad»

CoBpeMeHHble aaMUHUCTPATUBHO-OOLLECTBEHHBIE 34aHUST MMEKT MOBLILEHHY, @ WHOTgA M Ype3MEpPHYI0
nnowanb OCTEKNeHus. Butpaxu 4acto 3aHMMaloT BbICOTY OT Mofla A0 NEpPEKPbITUSA, a B YIIOBbIX MOMELLEHUAX
nnowanb okoH MoxeT gocturate 30—40% oT o6Luler nnowaan orpaxaeHU Kak HapyXHbIX, TaKk U BHYTPeHHUX. He
obcyxaasi BHELLUHIOW NpMBrieKaTenbHOCTb TakMx pacagos, 06paTvM BHUMAHME Ha 3aluTy OT NOTEPb TEMOThbl 3MMOW
W MOCTYNEHMsA TENMOTbl NeToM. MI3BeCTHO, YTO kK03 MULMEHT Tennonepeaayn okHa B 4—5 pa3s Gornblue, YeM CTEHbI,
a paguaunoHHasi TennoTta MmeeT MHTEeHeuBHOCTb 4o 700-800 B1/m>. [ns Taknx nomMeLweHnin u 3gaHui gormkHa bbiTb
YTOYHEHa pacyeTHasi TemnepaTtypa Ansg oToMfieHnst 3MMOW. TpaauMUMOHHO MpuHATast B Poccum «naTugHeBOYHAA»
TeMnepaTtypa MOXET MPMBECTU K OTKMOHEHUAM Temnepatypbl B MNOMELLEHUM, MNPEBLILIAOLWMM LONYCTUMBbIE.
MeproanyHoCcTb BO3OencTBUSA pagvaumm TpebyeT NpMMEHUTb Npu ee onMcaHuM rapMoHudeckuii aHanua. B Gonee
obLem cnyyae ¢ y4eToMm 3aTEHEHUS LaHHbIM UM COCEOHUMU 30aHNAMN HEOBXOOUM rapMOHUYECKUIA aHanu3 B bonee
obwem Buge. HakoHeu, Bpemsi Hayana u KoHUa OOMy4YeHWss MOXKHO OnpedenuTb TOMbKO Ha OCHOBe
cTtepeorpaduyeckux Tpaektopun ConHua. Bce 3To BMecTe B3sTOoe MO3BONMUT MHa4Ye U Gonee TOYHO MOAOWTM K
pacyeTy pagvMaunoHHbIX TENJTONPUTOKOB B MOMELLEHME N ONPeAENEeHNI0 BPEMEHN €0 MHCOMALNN.

3aKOHOMEPHOCTUN MNOCTYNMEHNS TENNOTbI B MOMELLEHUE U €€ BblYMCEHME NO CBOEMY (PM3NYECKOMY MEXaHN3MY
NPUHLMNMANBHO OTNMYalTCA ANS CBETOMNPOEMOB WM HAaPYXXHbIX HEMPO3paudHbIX OrpaxxaeHun (cTeH, kpoenwu). Ons
OCTEKIEHHbIX MOBEPXHOCTEN (puc. 1) nepepava TennoTbl 3a CYET PA3HOCTM TeMnepaTyp M CONHEYHOW paauauunu
nponcxoauT 6e3 3amMeTHOM akKyMynaunm 1 TENTOBOW MHEPLMM Npu Ntobon TekyLen pasHocTn temnepatyp At=t,(1)-ts.

lMoTok nagarowen CoNHEYHoON pagmaumm NNOTHOCTbIO q(T), BT/M?, BKItOYas NPSMYIO N PacCesiHHY, HEMHOTO
OTpaXkaeTca WM NornowiaeTca CTEKNOM, a ocTanbHasi, 6onbluas, 4YacTb NOCTynaeT B MOMELLEHME, a TOYHee, B
NPOCTPaHCTBO MeXxay CTEKINOM U CONHUe3alWnTHbIM yCTpOVICTBOM, HYaCTUYHO OTpaxaeTcd, a YHaCTU4YHO nornowaeTca n
B Buae KOHBEKTUBHOW TENMNOTbl nogHMMaeTCAa BBepX. COJ‘IHLI,e3aLL|,I/ITHbIe yCTp0I7ICTBa nornowarT 1 oTpaxakT
nagatrollee M3nyyeHve, a npyv KX OTCYTCTBUM MOTOK TENNOTbl NagaeT Ha CTeHbl M obopygoBaHue (mebernb)
nomelleHus. B oTonneHMM COOTBETCTBYHWOLUME Tennornotepu uYepes OKHa HasblBalT ObiICMpbIMU B CUMY
6e3nHepUNOHHON nepedayn TennoTbl TAKOW KOHCTPYKUUEWN, B OTNINYNE OT MEO/IeHHbIX - YePE3 MACCUBHbBIE CTEHbI U
KpoBnt. Yem Gonblie [ONS OCTEKNEHHbIX MOBEPXHOCTEW B 34aHWW, TEM OHO CWUMbHEE MOABEPXKEHO BHELIHUM
TemnepaTypHbiM, BETPOBbIM M pPaguauMOHHBIM BO3OEWCTBUAM W TEM CIIOXHEEe Cco3[4aTb YErnoBeKy B TaKoM
NMOMeLLEeHNM TENOBOM KOMAGOPT. YuuTbiBasi 9T0, HAMMK NpPeaiokeHa MeToaMKa pacyeTa, CBSA3bIBAIOLLEr0 pacyeTHYHo
OTOMUTENBHYIO TEMMNEPATYPy HapY>KHOro BO3Zyxa C OTHOCUTENbHON Niowaapto ocTeknenuns [1, 2].

CyTouyHasi NepMoanyYHOCTb pagauaummn no3BonsieT NpUGNWXKEHHO onucatb ee U3MeHeHne q(7) rapMOHUYECKUM
pAOoM, T.e. CpeHeCcyTOYHON BENUYNHON (HYNeBOW rapMOHUKON) qc,, NEPBOW (OCHOBHOWM) rapMOHMKOW C amMnnuTyaown

y , . A y y
% nepuodoM =24 4, BTOPOW FApMOHUKOM C amnnuTygon % un nepmogom 7=12 4, TpeTben, YeTBEPTOM U
BbICLUMMMW rapMoHukamu [3, 4, 5]:

q()=q,, + 4, cos| 2z (r—7,)/ 24|+ 4, cos|27(z —7,)/ 12|+ ..+ 4, cos[2zk(z —7,)/24]. (1)

Cneundmyeckas konokornoobpasHas dopma KpuBoW M3MeHeHWst g(z) B TeveHue CyTOK M npubnvmxkeHHas
CUMMETPUS 3TOW KPMBOW OTHOCUTENBbHO MAKCUMYMa Qrax (B MOMEHT 74) MO3BONSIET ONMCaTb €€ CyTOYHOEe U3MEHEeHne
NPUBNMKEHHOW 3aBUCUMOCTbIO:

Qoo exp[—(r—rl)z/Zarz] npu 0<|r —17,|<20,,

q(r)= ()

0 npu Tn/2>|T—T1|>2O'T,,

dopmanbHO coBrnagatoLLeil ¢ HopMarnbHbIM 3aKOHOM pacrnpefeneHust (XoTs K CTaTUCTUKE 3TO OTHOLUEHUSI He
nmeeT). O6 3TOM e CBUAETENbCTBYET M rpaduk Ha puc. 2,a, rae Nno ropusoHTanbHOM ocK B creunanbHoM MacliTabe
OTNOXEHbl 3HAYEHWUS] HaKOMIEHHOW OT Hayana CYTOK [0 MPOM3BOMbHOMO Yaca 7 WHTEHCUBHOCTM CyMMapHOM
nagatowein pagunaumm, OTHECEHHO K ee CYyTOYHOW CyMMe.

CoraukoB A.I'. Maremarnyeckuii U crTepeorpadUuecKuil aHAIW3 WHTCHCHUBHOCTH COJHEYHOW paauallid W 3aTCHCHUS
cBeTonpoeMoB ans pacueta CKB 3panuit
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PucyHok 1. XapaktepHble cny4yan u npumepbl BO3AENCTBUA CONMHEYHON paAvauum Ha npo3payHble U
Henpo3payHble orpaxparolme KOHCTPYKLUMN 34aHUA:

a — cXeMa noctynneHuda TennoTbl COJIHeYHOM pagnauuun 4yepes ABOMHOE (o.quxamepHoe) OCTeKneHue B
nomMeLweHnn ¢ 4HaCTU4YHbIM nornoweHnemMm n oTpaxKeHmem (CpeACTBa COJTHUEe3alWnTbl He yKa3aHbl);

6 — cxema BO34eNCTBUA nepunogunyeckoro rTemnepatypHoro mnm pagnaugmMoHHOro notoka Ha HenpospaiHoe
orpaxageHue un 3atyxaHue TemMmnepaTtypHbIX Koneb6aHui B HewMm;

8 — pacyeTHasa cXxeMa noctynneHus ny‘-IVICTOVI TennoTbl Yepel3 Nnpo3pavHoe NOKpbITe aTpuyma;

2 — cxeMa CcTeHbl NUI0o6pa3Hon (hopMbl C HapYXKHbIM OCTEKINEHUEM NpU ero YaCTUYHOM 3aTeHeHUNn
(kombuHaT neyatm B r. Tounucwm);

0 — cxema BO34eACTBUS CONTHEYHOMN paagunaum npu Hanuyinm 3aTeHsdawoLWwero yrna Aans ocTteKkneHus;

e — cxeMma BO3eNCTBUA CONTHEYHOW paauaLmMm Ha OCTeKNeHue Kpyrnon B nnaHe dopmbl (pectopaH
roctuHuubl «CoBeTckas», C-MeTepObypr); B 3TOM cny4yae nnowaab KPUBOSIMHENHON NOBEPXHOCTU
MOJTYOKPYXXHOCTU 3aMEHSIOT ee NpoeKuuen Ha Hopmarnb K niydyam ConHua, T.e. yMeHbLUaKT ee B 712 pa3a;

JK — CNOXHasi TPeXCroMHasa KOHCTPYKLMA OCTEKINEHUA BepxHen YacTu 3gaHusa Kopnyca Benya 'PM (C-
MeTepOypr) c pacnonoxeHnem B HeM KOHAWLIMOHEPOB U BO34yXOBOAOB.

Mony4eHHble IMHUM N3MEHEHWNST HAKOMIEHHOW paanaumm B OCHOBHOWN (CpedHeln) YacTu npsiMble, YTO NO3BonseT
BBOANTL Ans q(7) 3aBucMMoOCTb (2). BenuuuHa o, HasblBaeMas 30eCb BpeMeHeM cpefHeKBaapaTU4ecKoro
OTKIMOHeHWs, onpegensetrca w3 rpadumka (puc. 2,a) Kak cpedHee W3 pasHOCTEN MOMEHTOB BpPEMEHMU,
COOTBETCTBYIOLUMX  HaKonneHHon cymme  paguaumm  ¢(7)=0,50, ¢(r)=0,16 M COOTBETCTBYHOLLMX

q(r)=0,84, ¢(r)=0,50. 3HayeHus o; N 71 (MPN QGmax) NPEOCTABMNEHbI B TAbN. 1, @ BEMUYUHBI Qmax ONS pa3HOW

LIMPOThI 1 OpueHTauum (418 Nonsa) npueeneHsl Ha rpaduke (puc. 2,6).
CoraukoB A.I'. Maremarnyeckuii U crTepeorpadUuecKuil aHAIW3 WHTCHCHUBHOCTH COJHEYHOW paauallid W 3aTCHCHUS

cBeTonpoeMoB ans pacueta CKB 3panuit
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PucyHok 2. KomnneKkcHble 3aBUCUMOCTM ANA aHanm3a U pacyeta MHTEHCMBHOCTM CyMMapHOW naparoLllen
COJIHeYHOM paauauum:

a — rpadyMk NOo4acoBOro U3MeHeHUs1 HaKOMJIeHHOM OT Hayana CyTOK [0 NPOU3BONLHOrO Yaca 7
MHTEHCMBHOCTM CyMMapHOW nagalowen paguauumn, oTHECEeHHOM K ee CyTOYHOM CyMMe Arns OCTeKneHus
pa3HoW opueHTauum u reorpadmyecKon WKpPOThI;

6 — 3aBUCUMOCTb MaKCMMaribHOW MHTEHCUBHOCTHU cymmapHoﬁ nagarouwen CorilHeYHOMn paguauunm ot
reorpaqmqem(oﬁ LWNPOTbI N OPpUEeHTaUunn OCTeKrneHnsa no CtpaHam cBeTa,;

e — rpa(tle AnaA onpeperneHuA cpep,HecyTquoﬁ pagvauum n amnnuTtya nepBbiX TpPpeX rAapMOHUK pa3noXXeHus
UWHTEHCUBHOCTU paagunaunm B I'apMOHM‘leCKVIﬁ pAaA N OTHECEeHHbIX K MaKCUMaribHOW NNIOTHOCTU Qmax;

2 — npuMep nNpeAcTaBNeHNst OTHOCUTENbHOW MHTEHCMBHOCTM conHeuHow paguaummn ¢(7) =q(7)/q,, .

nagarouwen Ha ropu3oHTaNnbHY NOBEPXHOCTb KaKk CyMMbI HYJleBOW (CpeaHero), nepBon u BTOPON rapMOHMUK
ee pasnoxeHus B psag Pypbe.
CoraukoB A.I'. Maremarnyeckuii U crTepeorpadUuecKuil aHAIW3 WHTCHCHUBHOCTH COJHEYHOW paauallid W 3aTCHCHUS
cBeTonpoeMoB ans pacueta CKB 3panuit
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Tabnuya 1. 3HayeHusi 6; U 4Yaca MakcumMyma 7T; CyMmapHol nadarouwell paduayuu Ons pasHol
opueHmMauuu oCmeKJIeHUs1 U pa3Hou eeozpaghuyeckoll wupomsl

BenuuuHa [eorpadpmyeckas OpueHTaumnsa BepT1KarnbHON NOBEPXHOCTU MO CTpaHaM CBeTa opusoHTanbHas
LwmpoTa, ° C.u. CB B IOB* 10* 103* 3 c3 NoBepXHOCTb
WHTepBan o7, 4 40 3,0 2,6 2,5 2,7 2,5 2,6 3,0 3,4
60 25 25 27 2,7 27 25 25 4,0
Yac makcumyma | 40 8 8,5 9,5 12 14,5 15,5 16 12
o, M 60 7 8,5 9,5 12 14,5 15,5 17 12

* [na orpaxgeHun 3TUX OpueHTauui MOMEHT 7; MakCuMyMma pagmauun nNpumMepHO COOTBETCTBYET HOpMaribHOMY Yriy
NpoeKUnn Ha ropu3oHTarNbHYO OCb MeXxay Nny4Yom mn BepTMKaJ'IbHOIZ NOBEPXHOCTbIO.

VMcxoga m3 cBOWCTB nepuoamyeckon yHKUuM (2), BpemsA 06nyveHWs BepTMKamnbHbIX OrpaXaeHWnh MOXHO
OrpaHUYnNTL NEPUOAOM Ty5,=40,=10—12 4. He yunTbiBaemasi 3Tum MHTEPBANom pagvaums He npesbicnt 5% CyTOYHON
BennuuHbl. CpegHIoto 3a nepuog, 7;,=24 4 UHTEHCUBHOCTb paanauumn (HyneBy rapMOHMKY) MOXHO 3anvcaTb Kak:

7,/2 2

2 20, X 2 +00
4, =— I q(r)dr =— _[ Do exp[—(r -7) /203]072’ ~— j Do exp[—(r -7) /20‘3}d1’. 3)
Tn 0 z-n 0 Z-n 0
*8ameHa npegena c 20; Ha +oo B popmynax (2) u (3) nponsBeneHa Ans BO3MOXHOCTUM HENOCPEACTBEHHOIO
BbIYMCIIEHUS 3TOrO UHTErpana.

CpeaHee 3Ha4YeHWE MHTEHCUBHOCTU CONHEYHOWN paanauum onpegensercs no opmyne:
qcp =N 2’7rqmaxo-r /Tn ~ O’lo-rqmax' (4)

Amnnutyaa k- rapMOHUKM Pa3noXXeHUA HTEHCMBHOCTU pagnauum onpeaensieTcs no 3aBMcUMOCTU:

7,/2 20,
4, _4 J g(r)cos(2knr /7, )t _ M J. exp[—(r -7) /20f}cos(2k7n /7,)dr~
: T

T
B o ®

z—4qm""‘ J exp[—(r -7, )2 /ZUf]cos(ka' /t, )dr ZZM(O'T /rn)qmax exp(—2kz7r20'T2 /z’f).
[

YunTtbiBas, 4to 2+/27 ~ 5 u n°=10, nonyyaem:
4, = Sexp(—ZOkzof / rf)qmaxo; /t,.(6)

M3 aton chopmynbl criegyeT, 4TO aMmnnutyaa k- rapMOHUKM Aqk pasnoXeHns NHTEHCMBHOCTU COJSTHEYHOWN

pagnauunmn B rapMOHI/ILIeCKI/IIZ pan, oTHeECEeHHaAdA K MaKCUManbHOW UHTEHCUBHOCTHU {'max, 3aBUCUT NALLb OT NOPAOKOBOro

HOMepa rapMOHWUKM Kk U WHTepBana BpemeHu o,. [locrnegHuii 3aBMCUT B OCHOBHOM OT TOrO, Kakasi MOBEpPXHOCTb
(ropusoHTanbHas wnuM BepTuKanbHasl) paccmatpuBaetcs. OT oOpueHTauuuM >Xe BepTUKaSibHOW MOBEPXHOCTW W

reorpacunyeckon LWNMPOTLI BENNYUHA 0, MEHSETCS CpaBHUTENbHO Mano (cm. Tabn. 1).

AmMnnutyaa nepBon (OCHOBHOM) rapMOHMKM Pa3foXeHUsl UHTEHCMBHOCTW CONMHEYHON paauaummn (npyn k=1)
Bblpa)KaeTCcs 3aBUCUMOCTbIO:

A4, =5exp (—200;2 /rf)qmaxar lt,. (7)

AmMnnutyaa BTOPOM rapMOHMKU PA3NOXEHUSs MHTEHCUBHOCTU COMHEYHON paguauuun (npu k=2) BblpaxaeTcs
3aBVCUMOCTbIO:

2 2

4, = Sexp(—SOGr /', )qmaXO'T /t,.(8)
[Ons onpefeneHnsi OTHOCWUTENbHON BENWYMHBLI CPEOHECYTOYHON paguauui Gep/gmax W OTHOCWTENbHBIX

aMnnuTyg nepsou (OCHOBHON), BTOPOWN U TPETbEN rapMOHUK Pa3roXeHus Aqk /q,,,. NOCTPOeH rpaduk (puc. 2,8).

Bo3pgencTeue npepbIBUCTOM COSNTHEYHOW paguauum Ha OoCTeKsIeHue Npu Npou3BOSIbHOM Havarne u KOHue
obnyyeHus siBnsieTcs Haumbonee o6GWMM M (PU3NYECKU NpaBUIbHLIM criyd4aeM pacyeta. PaccmoTpum 3Ty
OBYMEPHYIO 3aJadyy B NIIOCKOM BapuaHTe, T.e. Ha nnaHe fnoMelleHus, 3TOT chydan onucaH B kHure astopa [3].
MpepbIBUCTOCTb pagnauum OOBbACHSAETCA 3aTEHEHMEM OCTEKIIEHUS GNM3KOPACMONOXEHHLIMU CTPOEHUSIMU OaHHOro

CoraukoB A.I'. Maremarnyeckuii U crTepeorpadUuecKuil aHAIW3 WHTCHCHUBHOCTH COJHEYHOW paauallid W 3aTCHCHUS
cBeTonpoeMoB ans pacueta CKB 3panuit
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Unn cocegHux 3gaHumn (pI/IC. 1,6). an/I TakOM 3aTEHEHNN MOXHO onpefennTb cpeaHne MOMEHTbI Havana 7.q, U KOHLa
T3.cp O6J'Iy‘-IeHl/IFI. B ©Oonee cnoxHom Cny4yae npepbiBUCTOCTb paguaunn 00BbSACHAETCA WM3MEHEHMEM COCTOSIHUS
aTMOC(*)epr (OGJ’Ia‘-IHOCTVI), ABIAETCA HeynopﬂnoquHon N aHalIMTU4EeCKOMY pacyeTy He NoOJIEXUT.

PaccmoTpum ocTekneHue nomelleHns AnuHon Lg-lh, 3aTeHseMoe BbICTYNOM LUMPUHOWN by, yAaneHHbIM OT
OanbHero Kpasi OCTEKIIEHNS Ha paccTosHue Lo (puc. 3,a).
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PucyHok 3. Komnnekc Homorpamm Ans pacyeta NnpepbIBUCTON CONTHEYHOM paguaLmm, nocTynaroLlen Ha
OoCTeKNneHue nomelleHus (B nnaHe):

a— cxemMa HpepblBMCTOﬁ COJIHEYHOM pagunaumn npun 3ateHeHNN OCTeKrneHns BbICTYNOM 30aHUA;

6 — Homorpamma gns onpegerieHUsi cpegHero MOMeHTa Havyarna unm KoHua npepbIBUCTOro o6nyyYeHus
ocTeKkneHus, onpeaensaemoro no copmynam (8) — (11);

6 — HoOMorpamMmma Ansa onpegeneHunsa cpep,l-leﬁ 3a CYTKM HpepblBMCTOﬁ pagnauuu B gonsAax ot MaKCUManbHOWM
YyacoBoM npu NPOnN3BOJIbHbLIX MOMEHTAaX Ha4dyana 72 U KOHUa 73 oGnyquml OCTEeKNneHus;

2 — rpacvk gnsa onpepeneHusi 3Ha4eHu nHterpanoB (13) u (14) npy onpegeneHnn amnNnNUTya NepBOU
(oCHOBHOW) N BTOPOM rapMOHUK Pa3rnoXeHUs NpepbLIBUCTON CONHEYHOWN paguauum B pag Pypbe.

UeM MeHblle LWMpuHa BbICTyna by U Yem Gonblue gnvHa okHa Lg-ly, TeM gonblle OBWMXKETCH rpaHuua TeHu
BOOJIb MOBEPXHOCTUN OCTEKIEHUSA. DTO BpEMS B Npegerie MoXeT gocturatb Az=6 4. [1osToMy NpuHUMN onpegeneHus
cpeAHero MOMeHTa Havana unu KoHua obrnydeHus OCTEKNEHNss UMEET BO MHOrMX cnyyasax 6onbluoe 3HadeHue. MNpu
pasHbix cnocobax ycpeoHeHUsa nonyyaem pasHble TONKOBaAHUA CPeAHero BpeMeHu Havana v KoHua obnyyeHus. [Ang
YyNpOLWEeHNa 3aJayM nepBOHayanbHO MNPeAnonoXuUM, YTO 3a BpeMs ABWXKEHUS rpaHulbl TEHWM MO OCTEKMEHUHO
WHTEHCMBHOCTb NagatoLlen pagmaunumn He MeHaeTCs.

i
Pacuer BpeMeHn Ha4darna n KOHua oGnyquMﬂ 6YD,GM npoBoANTb OT MOMEHTa Tl’ Korga HanpaBsreHue

COJTHEeYHOoro ny4ya B nrfiaHe HopmMasibHO K MOBEPXHOCTU OCTEKIEHUA. B cooTtBeTCcTBUM C 3amedaHneM K Tabn. 1, MOMeHT
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! o o o o
Tl coBnagaet ¢ MOMEHTOM 74y MakCMMyMa nagawuwien pagnaunum ona lXXHOoW, kro-sanagHou U Hro-BoCToYHOU
opueHTaumn OCTEKITEHUA. Yron, 06pa3OBaHHbIl7I COJIHEYHbIM J1Yy4OM U HOpMaliblo K MOBEPXHOCTU OCTEKIeHUA,

0603Haunm f. PaccMOoTpuM crieytole MNpUHUMNLI YCPEAHEHWS MOMEHTA Hayana WM KoHUa NpepbiBUCTON
paguauuu.

1. 3a MOMEHT Havana WM KoHua paguaumMy Ha OCTEKNEeHHOW NMOBEPXHOCTM MPUHMMALOT TaKoW, NMPU KOTOPOM
o ! n o
yron B ABNsieTcsl Cpe/HUM MeXy ero KpaiHUMKU 3Ha4YeHUSIMU ,B " ,B Ha oGny4yaeMoli MoOBEePXHOCTHU:

T =Ty, =05, —0 =248, 1 21n =24(B"+ B") | 4n = 24(arctgl, | b, + arctgL, / b,) / 4x. (8)

2. 3a MOMEHT Hayana unu KoHUa paavaumMyM Ha OCTEKIEHHOW MOBEPXHOCTWM MPUHUMAIOT TaKOW, KOTOPbIN
COOTBETCTBYET MOMEHTY CpeAHeMHTerpanbLHoro yrna g

1 In cos [
ﬂl’_ﬂ! COSﬁ”

3. 3a MOMEHT Havana unu KoHua pagnaunm Ha OCTEKINEHHOWN NOBEPXHOCTU NPUHUMAKOT Takon, Korga
o6nyqaeTc;| nosioBMHa AJNMUHbI pacCcMaTpnBaemMoro OCTeKINeHnA:

T —1,, =Ty, —7 =248, /2% =24arctg [(LO +1,)/ 2b0]/27z. (10)

7. (9)

7 — Toep = Taap — 7 = 248, m | 27 =24arctg

4. 3a MOMEHT Hayana WnM KoHua paguauMum Ha OCTEKINEHHOW MOBEpPXHOCTU MNPUHUMAalOT TakoW, Koraa
ob6ny4yaeTcs cpeaHeuHTerpanbHas ANMHA paccMaTpUBAEMOro OCTEKIEHUS:

Ly

z-1' - z.2.cp = z.3.cp - Tl, = 24ﬂcp.unm.l [2m = % ﬁ j arCtg(l / bO)dZ =
0 ‘0
24 b " o
" T larctg(l/bo)—?()ln(lwtlz/b(f)

ly

MosicHUM MeToaMKYy CPaBHUTENIBHOTO OMnpeferieHus CpedHero MoMeHTa Hadvana o6SlyYeHUst OCTEeKNeHHOM
NOBEPXHOCTU MO pPasHbIM METOAMKAM XapakTepHbIM NMPUMEPOM.

Mpumep 2. Onpedenumb cpedHee 8pemsi Hayana obsly4YeHUs1 OCMEKIEHHOU MO8EePXHOCMU, OMcYUMbI8aeMOoe
om MoOMeHma, Koala COMIHEYHbIU Jyd 8 MiaHe HOPMasieH K noeepxHocmu, rnpu makux 0aHHbix: bo=3 M, Lo=12 m, =6
M.

Ecnu 3a Havano paduayuu npuHmMb MOMEHM 8peMeHuU, coomeemcemaytowuli yeny nadeHus riyded, cpedHemy
Mmexdy e20 KpalHUMU 3Ha4YeHUSMU ,B "u ,B " mo o gpopmyne (8) nosyyum:
T =T, =T, — 0 =248, 127 =243+ B") | 4x = 24(arctgl, | b, + arctgL, / b)) | 4 =

= 24[arctg(6 / 3) + arctg(lZ / 3)] /2mr =4,54.

Ecnu 3a Hayano paduayuu nNpuHSIMb MOMEHM 8peMeHU, coomeemcmeyowull cpedHeuHmeapanbHoOMy yery,
mo ro ¢ghopmyrie (9) nonyqum:

T =Ty, = T3, — 7 =248, ., | 27 =24arctg 1 In cosf /27 =

p.UHM ﬂ” _ ﬂr COSﬂ”
= 24areig|1/(76" — 64 )In(cos 64’ / cos 76" ) |/ 27 = 4,7 u.

Ecnu 3a Hayano paduayuu rnpuHsambs MOMEHM epeMeHu, Ko20a obiydyaemcs rnonoguHa OnuHbl OCMeKeHuUs,
mo o ¢popmyne (10) nonyyqum:

T —1,, =0, —7 =24p,,, /27 =24arctg [(LO +1,)/ 2b0] /27 =
= 24arcig|(12+6)/2-3]/2r = 4,8 u.

Ecnu 3a Hayano paluayuu rnpuHImMs MOMEHM 8PEeMEHU, coomeemcmeyouwul cpedHeuHmeaparsbHoUl OnuHe
meHu, mo o ¢opmyne (11) nonydyaem: z'l' — Ty = 4,7 a. Takum o6pasom, & ycriogusx 0aHHO20 fpumepa pasHble
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crnocobskl onpedernieHusi cpedHea0 8peMeHU Havarsia U KoHua paduauuu rpu e2o rpepbisucmom go3delicmeuu darom
6nusKue pesynbmameol.

Pasnuune pesynbTaToB ycpeaHeHus Gyaet sospacTarth, korga yron ' — 0, a yron " — 7 /2, yto umeet

MECTO MpU reoMeTpUYecKkMx pasmepax, COOTBETCTBYIOLIMX HepaBeHcTBam: Lo>>ly u Lo>>>bg. Ansa npaktmyeckoro

onpeaeneHns cpedHero MOMEHTa Hadana unu KoHua obnyyeHus no dopmynam (8)-(11) Ha puc. 3,6 npuBeaeHa
HOMOrpamma.

[Ona Oonee pQeTtanbHOrO aHanM3a HYXHO OMpeaennTb MNepBble TAPMOHMKMA Pa3fOXEHUs MNpPepbIBUCTOM
CornHeYHon pagunaumn. B obwem cnyyae amnnutyga k-l rapMOHMKA TaKoro pasnioXXeHUs onpeaensieTcs Kak:

A4, :\/(A;k )2 +(A;; )2. (12)

NHTepBanbl BPEMEHWN 73¢,-71 U To.cp-71, OTHECEHHBIE K CPEAHEKBAApPaTUYECKOMY OTKIIOHEHWUIO O;, 0603HaunMm

T, T,
yepes 3 u 2" lepBas cocTaBnsowas aMnnTyabl:

A :iqmaxrsjf exp[—(z'—z'l)2 /20',2}005(2/(722'/7")612' 220, TT exp(

7,0, Ty 7,0,

—x’ )COS(Zkﬂ'\/EO‘TX /t, )dx (13)

AHanornyHo BblpaXaeTCHd BTOpad CoCTaBnAowad aMnninTyabl:

A =T£qmax TTT exp[—(z‘—rl )2 /ZJf}sin(ka'/Tn)dr :MATT exp(—xz)sin(2kﬂ\/§o;x/rn)dx (14)

3HauyeHunsa wuHTterpanos (13) n (14) npu HyneBOM HWXHEM npefene, NPOM3BONIbLHOM BepxHeM npedene wu
NepemMeHHOM aprymeHTe k-0, TPUrOHOMETPUYECKUX DYHKLMA KOCUHYCA U CUMHYCa NpeaBapUTENbHO BbIMUCHEHbI Ha
OBM, a pesynbTaTbl pac4yeToB NpeacTaBneHbl Ha rpaduke (puc. 3, 2). lNosacHMM MeToanky pacyeTa NpUMepomMm.

Mpumep 3. Onpedenums amrnumyObl OCHOBHOU u emopod a) |
2apMOHUK pa3sio)eHUst UHMeHCU8HOCMU Mpepbisucmoll COTHe4YHoU
paduayuu e ycriogusix rpedbidyweao npumepa. [ns onpedeneHusi
3HavyeHuld uHmeepanos (13) u (14) no epagpuky puc. 3,2
npedsapumersnibHO ornpedenisieM Ha OCHogse OaHHbIX Mpumepa 2

7, /\/_ =-0,85, 7, /\/5 =0,53. [flo epagpuky puc. 3,2
onpederisieM 3Ha4yeHUs1 Yyembipex uHmeepanos rnpu 08yx npedesnax
uHmezpuposaHusi u ko =2,5 u u yembipex uHmeepasnoe npu 08yx

npedenax uHmezpuposaHua u ko=5,0 4. Amnnumyda OCHOBHOLU
2apPMOHUKU:

2

053 —085 053 —085

Aql = 2\/Eo-rqmax / Tn =

01 011 011

1020

TOpU30HTaNbHbIM MAcWITab, M

=232-2,5 770\/[0 47 - ( -0,62)] +[0,13-(~0,23)] /24 =
~ 260 Br/m”. 62

Awmnnumyda emopoli 2apMOHUKU:
L =22-2,5 770\/[0, 42-(-0,48)] +[0,23~(
/24 ~ 250 Bt/™m”.

0 4 %0 & 7

=20

187 0
Touka oTcueta
TUNUYHBIA NPOdUNL BAONL NUHUKM A

0,40)]" /

PucyHok 4. MeToauka ucnonb3oBaHus
AnarpamMmmbl Tpaektopumn ConHua ¢

BbiyucneHHble  amnnumyObl  ucronb3ytom  Ons  OUEHKU
konebaHuli memnepamypbl 8030yxa 8 NMoMeweHUU rnod 8/IUSHUEM
rnepuoduYecKUx mersioebiX [10MOKO8 C pasHbIMU repuodamu
(vacmomamu).

HanoXeHneM Ha Hee BbICOTbI U a3umyTa
3aTeHeHus1 1 pacnpeaeneHusi TeHU Ha
CTPOUTENbLHOW NJoLwagke:

a — nNnaH CTPOUTENbHOM NOLWaaKn ¢
BbICOTaMu (BbICOTbI AaHbl B MeTpax), O —
TOYKa oTcuyeTa

CoraukoB A.I'. Maremarnyeckuii U crTepeorpadUuecKuil aHAIW3 WHTCHCHUBHOCTH COJHEYHOW paauallid W 3aTCHCHUS

cBeTonpoeMoB ans pacueta CKB 3panuit
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PucyHOK 4. MeTogmka ucnosnb3oBaHUA AnarpamMmmbl TPpaekTopumn ConHua ¢ HanoxeHuem Ha Hee BbICOTbI U

v

asumMmyTa 3aTeHeHUsA U pacnpegernieHns TeHn Ha CTpouTesNibHOU NnoLjagke:
6 — TeHeBasi Macka ans 45° c.uu., NOCTPOEeHHana AnA TOYKM oTCcHeTa OHa CTpOMTeanOﬁ nnowagke;

8 — TeHeBasA MacCKa CTPOUTEesNIbHOU NioLwaaKku

, HANOXeHHad Ha gnarpamMmmMmy Tpaektopuu ConHua.

OnpegeneHne BpeMeHU OONyYeHUSA MOMELLEHUS U 30aHUSA MPU NPOU3BOSILHOWM MMaHMPOBKE (3aCTPOVKe)

hrYecKon LWMPOTbI MyHKTA Hauboree ynoGHO NPOU3BOAWUTL C MOMOLLBHO

yyacTka M [Ansi MpOM3BOJIbHOWN reorpa

LUMPOKO MCMofb3yeMbix 3a pybexom n pexe B Poccun. MogpobHoe

HoMorpamm Pengata vnn COSHEYHbIX KapT

T.A. Mapkyca n 3.H. Moppwuca [6]. MeToguka ncnons3oBaHus

noata MOXHO HaMTWU B KHUre

onucaHme Homorpamm Pe

aonarpamMmmbl TpaekTopum ConHua ¢ HanoxeHnem Ha Hee BbicOTbl ConHua Hapg FTOPU30OHTOM M a3nMyTa 3aTeHeHUA n

4.

pacnpeaneneHna TeHn Ha CTPoOUTeENbHOM Nnowjagke nokadaHa Ha puc.

U aHaJIu3 HWHTCHCHUBHOCTU COJIHCHHOM paJvaliiid W 3aTCHCHUS

CornukoB A.I'. Maremarudeckuii u crepeorpaduuecku

cBeTonpoeMoB ans pacueta CKB 3panuit
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OcHOBY HOMOrpamMm cocTaBnsieT ctepeorpaduyeckas NnpoeKkumus ¢ N3006paxeHHbIMU Ha HEW TPAEKTOPUSAMM
ConHua B pasHble OHM M Mecsaubl roga And W3BECTHOM reorpadnyeckon LWunpoTbl. Psa  KOHUEHTPUYECKNX
OKpYXXHOCTEN NpefcTaBnstoT cobown BbicoTbl ComnHua (h, ©), a No BHELWHeMy Kpato ykasaHbl asaumyTbl. [1o Takon ccepe
NPy HanoXeHnn Ha Hee COOTBETCTBYHLLMX MIAHLETOB MOryT ObiTb OnpegeneHbl BbicoTa M asumyT ConHua ans
nobon gatbl U NOOOro 4Yaca CyTok, a Takke yron nageHus ConHua Ha MOBEPXHOCTM C Pa3HbIMWU YriaMm HaKroHa.
Hanpwuwmep, Ha puc. 4, e ansa 45° c.w. 30 mapTa B 7 4 yTpa nonoxeHne ConHua xapakTepuayeTcs asnumyTom (Yriom
HakroHa K nuHum C-KO) 80° u Beicoton ComHua Hag ropmsoHTom h=8°. MakcumanbHasa BbicoTa ConHua Hag
rOPM3OHTOM B 3aBMCUMOCTU OT reorpacmyeckon WMpPOTbl, Mecsua 1 ymucna MoxeT ObiTb NpUONMXKEHHO onpedenexHa
no puc. 5.

) MEZSTOM I gy

Téﬁpb 30.09.7,

=
-

PucyHok 5. 3aBUCMMOCTb MakCUManbHOM BbIiCOTbl COnHLAa Haa ropu3oHTOM (yrfia CKnoHeHus h, °) ot
reorpadmM4eckon WMpPOThI MYHKTa, MecsiLa roga u Yyicna

Kntou: Ha wmnpoTe C-MetepObypra (60° c.ww.) 22 noHA MakcumanbHas BbicoTta ConHua B NongeHb Hag
ropusoHTOM gocturaet h=53°

Kaxpas Takas HomorpaMma cocTaBrieHa Ans onpegeneHHon reorpadmyeckon WMpoThl, Takne HOMOorpammbl
ANg pasHon wupoTbl oT 33° o 65° npeacrtasneHsl B [6]. MM MOXHO NONb30BaTbCA ANS TOM Xe WUPOThl U B APYrom
nonywapuu. Ha Homorpammax Tpaektopum ConHua HaHeCeHbl 4YacoBble JIMHWW, OHWU COOTBETCTBYIOT WCTUHHOMY
COSfTHEYHOMY BpeMeHu (a He AeKkpeTHomy), korga B nongeHb ConHue HaxoauTcs TOYHO Ha tore (B CeBEepHOM
nonywapum). NonoxeHne ConHua B AHN paBHOOAEHCTBUIM Ha BCEX LUMPOTax BO BPEMsi BOCXOAa TOYHO Ha BOCTOKe, a
BO BpeMsl 3axo4a — TOYHO Ha 3anafe, T.e. B 6 u 18 4 cooTBeTCTBEHHO. Ha puc. 4,a noka3aH npumep onpegeneHus no
Homorpamme Pengarta npodormknTenbHOCTU 06ydYeHUsa TEPPUTOPUN KOHKPETHOIO 34aHUSI C YY4ETOM €ro 3aTeHeHus
npenaTcTBUAMU N TpeboBaHMI HOPM MHCONAUMM XWUMbIX U 00LWEecTBEHHbLIX nomeweHun [7, 8]. Kak cneapyet u3
NOCTPOEHUI, B OCEHHE-3UMHUI Nepuos 3Ha4YMTenNbHYI0 YacTb CYyTOK 34aHue 3aTeHeHo. B Tennbin ke nepmopg roga aTo
3aTeHeHne HeBenuko. Hanpumep, B HOSGpe— siHBape cTpouTenbHas nnowagka 6e3 yyeTa 3aTeHeHns oCBeLlaeTcs B
TevyeHue 4—7 4 B CyTKM, a NPU 3aTEHEHUN — NnLb 2 4 yTPOoM. B nioHe 06bekT 3aTeHsieTcd B TedeHre 2 4 n3 19 u.
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Takum o6pa3om, nocriefoBaTeNibHOCTbL MOCTPOEHUIM U pacyeToB 3aTeHeHus (Mnu ocBelueHusi ConHuem)
no aTol MeToAMKe crieayloLlan:

BblOpaTh 13 [6] HOMOrpaMmmMy, COOTBETCTBYIOLLYIO reorpadomyeckon LMPOTe PacnosioKEeHUS CTPOUTENBHOIO
00beKTa;

BblGpaTh Touky oTcyeTa (0) Ha NNaHMPOBKE B LIEHTPe paccMaTpMBaeMOoro MUKpopainoHa;

COCTaBUTb MnaH 3acTPOWKM BOKPYr MPOEKTUPYEMOro 30aHWusi, U3MEepUTb PacCTosiHMS 40 Gnvkanwmx
NpensaTCTBUN, yKasaTb WX AJIMHY, LWWPUHY U BbLICOTY, a AJ1sl AePEeBbEeB — ANaMETP OKPY)XHOCTU, B KOTOPYHO
BNMCbIBAETCS KPOHA AEPEBLEB;

N3MepUTb YIIOBble pasmepbl NPENsATCTBUIA cornacHo cxeme (puc. 4,a);
HaHecTn M306paxeHns NPensaTCTBUIA HA HOMorpammy (puc. 4,6), T.e. NOCTPOUTb TEHEBYIO MAcKy;

nosib3ysiCb HOMOrpamMMoW Ha puc. 4,8, Ha KOTOPOWN N300paxeHbl N ouMdpPOBaHbI CYTOYHbIE TPaAEKTOpPUU
aBmwkeHns CornHua Anst ueHTpanbHOW U NocneaHen Aathbl KaXgoro Mecsua, onpeaenuTe nepuogpl, Korga
AaHHoe orpaxaeHue bygeTt ocBeLLeHo.

Ona Toro 4toGbl onpedenutb 06My4YeHHOCTb COMHLEM KOHKPETHOTO OKHa, HYXXHO Bbipe3aTb CEKTOp Ha
HOMOrpamMme 1 onpeaenuTb COOTBETCTBYIOLLME eMY Yachl CYTOK, koraa oHo ByaeT ocselleHo. CneayeT OTMETUTD, YTO
06Mny4YeHHOCTb 34aHWUiA, Kak NpPaBWUmo, B pearnbHbIX YCNOBUSIX, OCOOEHHO B BLICOKUX LUMPOTaX, COKpallaeTcs u3-3a
obnakoB. Mo3ToMy BO3MOXHOE YNCHO YacoB 0bnyYeHus 3aaHns cneayeT YMeHbLWNUTh C y4eTOM 06naqyHoOCTy.
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