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TecTupoBaHue MOJUTaPMOHUYECKOr0 ajropurma MI'YA

B nannO# paboTe paccMarpuBaeTcs 3ajada CTPYKTYPHOU HIEHTU(UKAIMKA KOJIeOATEIbHBIX TPOIECCOB
Ha OCHOBE mojurapmonuyeckoro anroputma MIYA. IlpuBenensl pe3ylnbTaThl TECTUPOBAHUS
MPOrpaMMHOM peanu3anuu anroputma (361K C++) MOJIUTrapMOHUYECKOTO aHAu3a BPEMEHHBIX PSAZIOB C
MPUMEHEHHEM TECTOBBIX U pealbHBbIX JaHHbIX. llpencraBieH Habop TeCTOB, KOTOPBIA MOXHO
HCIIOJIb30BATh JIA OLICHKH Ka4C€CTBA aHAJIOTUYHBIX MIPOrpaMMHBIX CPCICTB.

Anamuz gurteparypsl mo MI'YA [www.gmdh.net] roBopuT o TOM, YTO B TOCIEIHEE IECATUIECTHE

rapmonudeckuii anroputm MI'Y A He3acnmyxeHHO 3a0bIT. 1 3T0 HECMOTpPS Ha TO, YTO B CBOE BPEMsI 3TO
OBLJIO OJIHO W3 Jy4YIIMX TeopeThdeckux noctmwxkeHudn MI'VA [1], a cam anropuT™ m mporpamma
nokaszanu ce0st 3(h(HEeKTUBHBIMU B MPAKTUUECKUX MPUIIOKEHUAX [2,3,4] .
B naHHOl cTaTbe CONEP/KUTCS KpaTKas XapaKTepUCTUKa nojaurapMmonuueckoro anroputma (I1A)
U PacCMaTpHUBACTCA €ro COBPEMEHHAas peanu3anus Ha s3bike C++ Ui IepCOHaNbHBIX KOMIIBIOTEPOB.
[TocTpoenne anroputma u paboTa MporpamMmbl OCHOBBIBaIOTCS Ha mpuHImnax MI'YA, npu stom
UCTIOJNB3YIOTCS: Pa3/IelIeHHe HCXOJHOrO psifa JaHHBIX Ha OOYYarollyl0 M INPOBEPOUYHYIO BHIOOPKH,
OLIEHKAa Ka4eCTBa MO/IEIH Ha IIPOBEPOYHON BBIOOPKE 110 NTyOMHE MMHUMYMa BHEIIHETO KPUTEPUS.
AJNTOPUTM HUIET B UCXOJHBIX JAHHBIX 3aBUCUMOCTH BUa [5,6]:
m
f(a,b,w,1)=a, + Z [al. cos(w,]) + b, sin(a)l.l)] (1)
i=1
rzie COS®,,CoS®,,...,COS @, OINPENENAI0TCA KaK KOPHU alre0pandeckoro ypaBHeHUs
cos(mw) —a, cos((m-1w)—...—a, ,coso—-(1/2)a, =0 ()

K03()(UIIMEHTB KOTOPOrO ¢, AOJIKHBI yJOBIETBOPSATH CUCTEMY JIMHEHHBIX Pa3HOCTHBIX YPaBHEHUI
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TIe o, - qactora konebanuil (0<w, <7, i=L2,.,m);
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I — Bpemsi, CBSI3aHHOE ¢ HAYaJIOM OTCYeTa HaOII0IeHU;

a,;,b, - KO3QPULIUEHTBI, HA OCHOBE KOTOPBIX BBIUYUCIIAETCS aMIUIUTYAR;

a, - cBOOOJIHBIN YJIeH (CpefiHee BBIOOPKH);

M - KOJUYECTBO YACTOT.
OOBbsicHUM 3HAYEHUS JICBOUM YacTu ypaBHeHUS (3):
m m m
D@ lfi+ fi =21 22 (@, cos(@,)) | @
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Jly1st TOro, 4TOOBI BRITIOIHSIIOCH PAaBEHCTBO (3), TOCTATOYHO YTOOBI

2) (e, cos(w;))=1, i=12,.,m. )
j=1



Cucrema ypaBHeHHi (5) Bcera uMeeT eMHCTBEHHOE perieHne. Torna cymecTBYIOT TaKiue KOHCTaHThI
a,,0,,...,a, , Koropble 1 pynkuuu (1) npu modom / BeinonHsAeTcsa paBeHCTBO (3). B Hamem ciaydae

OLICHKaMH KOHCTaHT «,,Q,,...,Q, SBISAIOTCA OLEHKM OPTOrOHAJIbHOW perpeccuu i Habopa

m

nepemMeHHsx ¢,,, i =0,l,..,m,rae t,, = \/E-f,, Ly =f,+j +fH , j=L2,..,m.

OneHkn napaMeTpoB @, @, ,..., ®, WAIIYTCSA KaK KOPHU ypaBHCHUS
m
2) (a;cos(w;)) =1, (6)
j=1

U3  TMPOMEKYTKa [0,7[]. Hus  pemenus ypaBHeHus (7) ero ¢ mOMOIIBIO  QOpMYIIBI
cosaj =2cosw(j—1)-cosw—cosw(j—2) NpuBOIAT K BUIY
P (cosw) =0, (7)
rae P, - HeKOTOPbI MHOTOUIEH CTEIIEHH 7M.
VYpapHenue (7) peraroT OTHOCHTEIBHO cOS®@. OmeHKH KOA(PQOUIMEHTOB a, b UIIyT U3 TpeboBaHUs

MUHHMHU3aUA (PyHKITHOHAIA

N 2
Z[ai cos(w,k) + b, sin(wk)—x,| . i=1n, (8)

=1
rae x, - k-u 4jaeH BRIOOPKH JaHHBIX.

OpnHa uTepanus ajaropuTMa BBITJSIIUT CIEAYIOMMM 00pa3oM: Ha OCHOBE oOydaroliell BRIOOPKH U3
T216J'II/ILU>I HCXOAHBIX HAHHBIX, COCTABJIACTCA CUCTCMaAa PA3HOCTHBIX ypaBHeHI/Iﬁ (3), BBIYUCIAIOTCA HUX
KOA(pPUIIMEHTHI METOJO0M KBaJpaTHOTO KOpPHA M KOopHHM MHorowieHa (7) mo Meroxny HeroToHa,
OLIEHUBAIOTCSI YaCTOTHI M aMILTUTYbI TapMOHHUK. Ha mpoBepovHOil BHIOOpKE MOIENb psijia HaOIk0 ICHUH

Buja (1) oneHuBaeTcs 1Mo riryOMHe MUHMMYMa BHEIIHEr0 KpUTEpHs, HaIpUMep BHUJA!
1/2

NB NB
KR = Z (x) —x")* Z(xip_x)z , 9)
i=N,+1 N,

rac xip, xiM - ICXOJHBIC 3HAUCHUA paaa U INOJTYUCHHBIC ITYTEM MOACIUPOBAaHNA COOTBETCTBCHHO,

X - cpe/iHee psifia Ha IPOBEPOYHON BBIOOPKE;
N ,, N, - KOTU4ecTBO 3HaYCHUH psifa B yueOHOM U IPOBEPOUHON BEIOOPKAX COOTBETCTBEHHO.

KonuuecTBo MTepauuii paBHO m M 3aBUCUT OT XapaKTepa IOBEICHUS BHEIIHEIO KpUTEpUsA Ha
MIPOBEPOYHON BBIOOPKE JAHHBIX, TO €CTh OCTAHABIMBACTCS MPH JOCTHKEHUU MUHUMYMa BHEIIHETO
KpUTEpHs.

B cBsa3u ¢ mpobiemMaMu TOYHOCTH BBIYMCICHMH pasHBIX pealu3aliil aaropuTma, MpOBOIUTCS
TECTUPOBAaHUE MPOTrPaMMBbl MOJIUrapMOHUYecKoro anroputMa MI'Y A Ha crienuanbHO MOJA00paHHbIX 110
CJIOKHOCTH TECTaX.

OOmast mpoueaypa TECTHPOBAHHUS 3aKIOYaeTcsl B TOM, YTO IO 3aJaHHBIM YPAaBHEHUSIM C
U3BECTHBIM YHUCJIOM TapMOHHUK HAUYUCIAETCA PsJl 3HAYEHUW, a IOTOM, II0 3TOMY psAYy HaHHBIX

BOCCTAHABJIMBACTCA HCXOOHOC YPAaBHCHUC. HpI/I OTOM BaKHa HC TOJIbKO TOYHOCTH BOCHPOU3BCACHUA



CTPYKTYPbI HCXOJHOTO ypaBHEHUS, HO U TOYHOCTh C KOTOPOH 3TO BOCHpOH3BeAeHUE MpoBeaeH0. CeMb
TECTOB, KOTOpbIE BOLUIM B 3Ty paboTy, 0TOOpa)kaloT pa3zHble HAOOpHI YAaCTOT M aMIUIUTYJ, HO HAJ0
UMETh B BUJY TO, YTO OHU HE MCUEPINBIBAIOT BCIO CIOXKHOCTh €CTECTBEHHBIX MPOLIECCOB, AJIS aHAIM3a
KOTOPBIX CO3/1aBaJICS AJITOPUTM U IPOrpaMma.

B TecroBhIX mpuMepax MPUBOIATCS HUCXOJHOE YpaBHEHHE U TpaduK, KOTOPBIA CIIYKUT
BH3yaJIM3allied W OTOOpaKkeHHeM (U3MYECKOW CIIOKHOCTH YpaBHEHHWsS, a Takke Tabiuma ¢
napamMeTpamu, KOTOpbIE MOJIyu4eHbl Ha OCHOBE MOJAETHPOBAHUS MO BEIYUCIUTENbHON nporpamme T1T°A.

IIpumep 1. TectoBsiif npumep (1) mpeacraBieH 0HOM rapMOHUKON U Pa3HBIMH KO3 (QUIIEHTaMH
npu COS u SIN u cBobogubiM uieHoM paBHbiM 10. Kak mokazano B Tabiuie 3TOT NpUMeEp
Bocrnipou3sBesieH nporpammoit I1I'A na 200 Toukax oOyuarorieil BBIOOPKHU ¢ HYJIEBOW OLTHOKOM.

F=10.000000 +
+ 4.000000 * COS(0.350000 * 1) +2.000000 * SIN(0.350000 * 1) (10)

Tabmuma 1.

Pesynbrarel BoccTaHoByieHus ypaBHeHHS (10) MOIMTapMOHUYECKUM aJITOPUTMOM

CBo6oausrii wien = 10.0000 (N =200 NA =200 m=1)

: Yacrora : Ilepuon : Amrmmutyna: A[*cos] : B[*sin] : ®daza

0.350000 17.9520 4.4721 4.0000  2.0000 0.4636

Ipumep 2. TectoBblii npumep (2) mpeAcTaBieH OJHOW TapMOHHKOW M CBOOOJHBIM YJICHOM
paBapiM 1.00. DOto ypaBHenue (11) BocmpomsBemeno mporpammoir III'A Ha Mamnoit obOydwaromei
BbIOOpKE M3 10 Touek ¢ HyseBo# ommoOkoii (Tabmmia 2).

F=1.000000 +

+ 1.000000 * COS(0.795400 * i) + 0.000000 * SIN(0.795400 * 1) (11)

Tabmuma 2.
Pesynbratel BoccranoBiieHus ypaBHeHusI (11) monurapMoOHUYECKUM aITOPUTMOM

CBo6onnsrif uien = 1.000 (N=10 NA=10 m=1)

: Yacrora : Ilepuon : Ammmutyna: A[*cos] : B[*sin] : daza

0.795400 7.8994 1.0000 1.0000 0.0000  0.0000




IIpumep 3. TectoBblil mpumep (3), cocTaBlIeH U3 JBYX FAPMOHUK C OJMHAKOBBIMHM YacTOTamMH (m) U

cBoOomHBIM wieHoM paBHbIM 1.33. Kak mokazano B Tabmuie 3, ypaBHenue (12) BocmpousBeAeHO

nporpammoii [1I'A wa 100 Toukax oOGyuaromiei BbIOOpKHU (NA) ¢ HyIeBOM OITHOKOM.
F=1.330000 +
+ 1.000000 * COS(0.544000 * i) + 0.000000 * SIN(0.544000 * i) +
+ 0.000000 * COS(0.744000 * 1) + 1.000000 * SIN(0.744000 * i),

Pesynbrarel BoccTanoBieHus: ypaBHeHHs (10) MOIMTapMOHUYECKUM aJITOPUTMOM

(12)

Tabauua 3.

CBo6onnsriii wien = 1.3300 (N =100 NA =100 m = 2)

: Yacrora : [Mepuon : Ammumryma: A[*cos] : B[*sin] . @Paza
0.544000 11.5500 1.0000  1.0000 0.0000 0.0000
0.744000 8.4451 1.0000  0.0000 1.0000 1.5708
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Puc.1. I'paduk Buzyanuzanuu TectoBoro npumepa (12)



IIpumep 4. TecroBelii npumep (4) cocTaBieH M3 TPEX TapMOHHUK C Pa3HBIMU

qaCToTaMHu H

CcBOOOMHBIM WiIeHOM paBHbIM -5. Kak moka3aHo B Tabmuie 4, ypaBHeHue (13) BocmpousBeaeHO

nporpammoit I1I'A Ha 200 Touykax oOydvaromieil BRIOOPKH C yIOBIECTBOPUTEIBHOW TOYHOCTHIO. B 3TOM

IpUMEpEe UCTIOIb30BaHbI YaCTOTHI Osin3kue K 0, 7w, m/2.
F =-5.000000 +
+ 0.000000 * COS(0.000001 * i) + 1.000000 * SIN(0.000001 * i) +
+ 0.000000 * COS(0.300000 * i) - 14.000000 * SIN(0.300000 * i) +
+ 4.000000 * COS(1.570796 * i) + 0.000000 * SIN(1.570796 * i) +
+ 0.000000 * COS(3.141590 * 1) - 7.000000 * SIN(3.141590 * 1),

Pesynbrarel BoccTanoBieHus ypaBHeHHs (10) MOIMTapMOHUYECKUM aJITOPUTMOM

(13)

Tabauua.4.

CBoOonusrif uwieHn = -4.9999 (N =200 NA =200 m=4)

: Yacrora : Ilepuon : Ammmutyna: A[*cos] : B[*sin] : daza

0.300000 20.9440 14.0000 -0.0000 -14.0000 -1.5708
1.570796  4.0000  4.0000 4.0000 -0.0000 -0.0000
3.135809  2.0037  0.0037 -0.0002 -0.0037 -1.6165
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Puc.2. I'paduk Buzyanuzanuu TectoBoro npumepa (13)



IIpumep 5. TectoBwlii mpumep (5) cocTaBieH M3 MATH TAPMOHHUK C pPa3HBIMH YacTOTAMH U
cBoOOHBIM wieHOM paBHBIM (. Kak moka3aHo B Tanuie 5 3TOT npuMep BOCIIPOU3BEICH MPOTPaMMOii
[IT"A na 200 Toukax oOydJaromieii BLIOOPKHU ¢ HYJIEBOU OIIMOKOA.

F=0.000000 +

+ 0.000000 * COS(0.300000 * 1) - 1.000000 * SIN(0.300000 * 1) +

+30.000000 * COS(0.600000 * i) + 0.000000 * SIN(0.600000 * 1) +

+ 0.000000 * COS(1.200000 * 1) -30.000000 * SIN(1.200000 * 1) +

+ 80.000000 * COS(2.700000 * i) + 0.000000 * SIN(2.700000 * i) +

+ 0.000000 * COS(3.110000 * 1) - 80.000000 * SIN(3.110000 * 1); (14)

Tabmuma.s.

Pe3ynbTarsl BoccTaHOBIIEHNS ypaBHEHUS (14) monurapMoHN4eCKUM ajrOpuTMOM

Crobomnsrnii wieH = 0.0000 (N =200 NA =200 m=15)

: Yacrora : Ilepuon : Ammumaryna : A[*cos] : B[*sin] : da3a

0.300000 20.9439  1.0000 0.0000 -1.0000 -1.5708
0.600000 10.4720 30.0000 30.0000  0.0000  0.0000
1.200000  5.2360 30.0000  0.0000 -30.0000 -1.5708
2.700000  2.3271 80.0000 80.0000  0.0000  0.0000
3.110000  2.0203 79.9999  0.0009 -79.9999 -1.5708
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Puc.3. I'paduk Buzyanuzamuu tectoBoro nmpumepa (14)



IIpumep 6. TectoBsiii pumep (6) MpeacTaBiIeH TapMOHHUKON U CBOOOJHBIM YJICHOM PaBHBIM | U
HyneBbIM Kodpduuuentom npu SIN. Kak mnokazaHo B Tabmuie S5TOT HpPUMEP BOCIPOU3BEIEH
nporpammoii [1I'A wa 200 Toukax oOydaroiiei BBIOOPKH C HYJIEBOH ONTHOKOM.

F=1.000000 +
+ 1.000000 * COS(0.523600 * i) + 0.000000 * SIN(0.523600 * i) (15)

Tabmuma.6.
PesynbTaTsl BoccTaHOBIIEHUs! ypaBHEHHUS (15) moaurapMoHUYECKUM aJITOPUTMOM

Croboansrii wieH = 1.0000 (N =200 NA =200 m=1)

: Yacrora : Ilepuon : Ammumaryga : A[*cos] : B[*sin] : da3a

0.523600 12.0000 1.0000  1.0000 -0.0000 -0.0000

IIpumep 7. TectoBelii npumep (7) cocTaBieH U3 AECATH T'APMOHMK C Pa3HBIMM 4YacTOTaMU M
CcBOOOMHBIM ujeHOM paBHBIM 45.16. Kak mokazano B Tabmuie (7) STOT mpumep BOCHPOU3BEICH
nporpammoii III'A nHa 200 Toukax oOydwaromeld BBIOOPKHM C YIOBJIETBOPHUTEIBHOW TOYHOCTHIO.
OCOOCHHOCTh 3TOTO MpHUMepa SBISETCS TO, YTO IPUBEACHHOE YypaBHEHHE OBbUIO MOJY4eHO Ha
(akTUYECKUX JIaHHBIX pEaJTbHOr0 IMpolecca MU TEM CaMHM BOCCO3JA€T BO3MOXKHYIO CIIOXKHOCTH
MPOIIECCOB, KOTOPBIE OyIyT MOAETUPOBaThCs ¢ momoibio [1TA.

F=45.160000 -

- 7.730000 * COS(0.110000 * 1) - 5.840000 * SIN(0.110000 * 1) +
+ 5.210000 * COS(0.150000 * i) + 0.848000 * SIN(0.150000 * 1) +
- 9.440000 * COS(0.490000 * i) + 5.302000 * SIN(0.490000 * i) +
+ 3.640000 * COS(0.510000 * i) + 4.210000 * SIN(0.510000 * 1) +
- 4.660000 * COS(0.520000 * 1) + 4.649000 * SIN(0.520000 * 1) +
+ 1.060000 * COS(0.570000 * i) + 19.700001 * SIN(0.570000 * i) +
+ 6.700000 * COS(0.590000 * 1) + 9.292000 * SIN(0.590000 * i) +
+ 11.400000 * COS(0.630000 * i) + 7.680000 * SIN(0.630000 * i) +
- 3.190000 * COS(0.670000 * i) + 10.300000 * SIN(0.670000 * i) +
- 1.710000 * COS(0.700000 * i) + 4.725000 * SIN(0.700000 * i); (16)



Pe3ynbTarel BoccTaHOBIIEHU ypaBHEHNUS (15) monurapMoHUYECKUM aJlrOPUTMOM

Tabauua 7.

CroOoansrii uieH = 45.2841 (N =200 NA =200 m = 15)

: Yacrora : Ilepuon : Ammumaryna : A[*cos] : B[*sin] : da3a
0.110059 57.0891  9.5489  -7.3856 -6.0526 -2.4551
0.150071 41.8682  5.5007 54178  0.9509 0.1737
0.490960 12.7978  9.1067  -9.1006  0.3317  3.1052
0.523455 12.0033 29702 -1.1128 -2.7539 -1.9548
0.574582 10.9352  6.0096 -3.8058 -4.6509 -2.2566
0.627346  10.0155 9.3345 6.9464 -6.2354 -0.7315
0.669377  9.3866 10.6606 -0.2386 10.6580  1.5932
0.699893  8.9774 49226 -2.0342 4.4826 1.9968
1.204492 52165 0.0592 -0.0115 0.0580 1.7668
2.772599  2.2662  0.0483 -0.0333 -0.0350 -2.3321
2.057358  3.0540 0.0279 -0.0109 -0.0257 -1.9733
3.041246  2.0660  0.0683 -0.0681 -0.0044 -3.0769
2.380885  2.6390 0.0713 -0.0629  0.0337  2.6497
1.761410  3.5671  0.0629 -0.0498 -0.0385 -2.4842
1.787922  3.5142 0.0040 0.0035 0.0021  0.5388
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Puc.4. I'paduk Buzyanuzauu TectoBoro mpumepa (16)



Jlanplie MOKa)keM HCIHOJB30BaHUE NOJUTrapMoHMuUeckoro airoputMa MIVA nns TectoBoro
MOJICJIIMPOBAaHUs HEKOTOPBIX T'MAPOJIOTMYECKUX IPOLECCOB, MEPUOIUYECKAs MOBTOPSIEMOCTh KOTOPBIX
IIPOSIBJISIETCS. B CE30HHBIX M MHOTOJIETHMX KOJIEOAHUSAX YpOBHEW BOAbI. BblaeneHue rapMOHHYECKHX
COCTABIIAIOLINX B HAYAIBHOM psific HAOMIOJCHUN 32 HEKOTOPBIA MEPUOJI CIY>)KUT OCHOBOM JJIsl TOMCKa
TCHETHUYECKOM CBsI3U KojeOaHMil YpOBHEH BOJ ¢ (akTOopamMu, KOTOPbIE BOZMOKHO MX BBI3BIBAIOT M JJIS
nporHo3oB. OtMetuM, uto [1I"'A mo3BossS€T BBIAEIUTh TAPMOHUKH ¢ HEKPATHBIMU YaCTOTAMH, KOTOpPbIE
Ba)XHBI NPH aHAIN3€ KOJIEOATENbHBIX MPOLECCOB B KOTOPHIX OTCYTCTBYET TOYHAs MEPHUOJUYHOCTD,
KOTOpas XapakTepHa /Ui OOJIBIIMHCTBA €CTECTBEHHBIX IporeccoB. I[loaTomy mnpennmodrurenbHee

MCIOJIb30BaTh TAPMOHUYHBIN PsiJl ¢ HEKPATHBIMU YaCTOTAMU Mepe]l TapMOHUUYECKUM psiioM Dypbe.

IHosmrapMoHH4YecKnii  aHAJIW3  MHOTOJIETHHX  KOJe0aHMIi  Nbe30OMeTPHMYeCKOr0  YPOBHS
BOJOHOCHOI'0O TOPH30HTA.

Bbinenenne rapMOHHMYECKHX COCTaBISIOIIMX B HMCXOJHOM psifiec MHOTOJIETHUX HaONIOJEHUNA 3a
IIb€30METPUUECKUM YPOBHEM BOJIOHOCHOT'O T'OPU30HTA, SIBJISIETCS OCHOBOM JIs MOMCKA T'€HETUYECKOU
CBSI3U KoJeOaHWH YpOBHS NMOA3EMHBIX BOJ C APYrUMH (haKTOpaMH, BO3MOXKHO, X BBI3BIBAIOILUMHU, a
TaK>ke MPOTHO30B [3].

Brinenenune mo MI'VA noiaurapMoHUYeCKOro TpeHJa ¢ HEKPaTHBIMU YacTOTaMH B KOJEOaHMSIX
NMbE30METPUYECKOTO YPOBHS BOJIOHOCHOTO TOpPHU30HTA T[OKa3aHO Ha mnpuMmepe aHanmuza 240
cpeaHeMecsuHbIX HaOmoJeHui. B mporecce paboThl anropuTMa B HCXOAHOM psijie HaOIIOIEHHI
BBIJICJIEH TPEH/I, KOTOPBI COCTOUT U3 IBYX FapMOHUK ¢ niepuoaamu 119 ner u 1 rox (Tabaumna 8).

["apMOHMKY BBIIEIAIOTCS MO TOUKaM 00ydaroIiel Mocae10BaTelbHOCTH, @ BEIOOp JIyUIIero TpeHJa

OCYILECTBIISETCS 10 MUHUMYMa KpuTepus (9) Ha IpoBEpOYHON NOCIEA0BATENBHOCTH JAHHBIX.

Tabaunia &.

I'apMOHMKH, KOTOPBIE COCTABIISIFOT TPEH IbE30METPUUECKOI0 YPOBHS BOJJOHOCHOTO T'OPU30HTA

Yacrora Koaddurmentsr [Tepuon, ron AMIuaTya, M
a b

0,0044 -0,6839 0,2890 119 0,74

0,5231 0,1144 0,0320 1 0,12
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Puc.5. I'paduk rapmMOHHYECKOTO TPEH 1A MbE30METPHUUECKOTO YPOBHS BOJOHOCHOTO TOPU30HTA

IHosmrapmoHu4ecKuii aHAJIM3 MHOT0JICTHUX PSIIOB TeMIIepaTypbl BO31yXa U 0CaAKOB.
KonebarenbHblil XapakTep MHOTOJIETHUX DPSIOB HAOJIIOACHUI 3a TeMIlepaTypod BO3IyXa M OCAaaKaMHU
JaeT BO3MOXHOCTb UCN0JIb30BaTh [1['A 11 BBISBIEHHUS IPUYHH U OLIEHKH apaMETPOB ITUX MPOLIECCOB
[4]. IIT'A mo3BoJISIET Pa3I0KUTh UCXOHBIN psAJl HAOIIOICHUH HA COCTaBHBIE (TAPMOHHMKH), OIEHUTh UX
napameTpsl (4acTOTy M aMIUIUTYY), BRIYUCIUTH Nepuoa U (asy, a TakkKe CBS3aTh 3TU MapaMeTphl C
M3BECTHBIMU WM OKUJAEMbIMU BIMSIHUSIMH Ha aTMochepy.

PaccmarpuBaioTcss MHOTOJIETHHE psAIbl HAONIONEHHWN 3a TeMIlepaTypoi BO3AyXa M OCaJIKaMH,
KOTOpHIE MOJIy4eHHBIE Ha MeTeocTaHIuu T. Kuesa 3a 127 ner (1856-1982r.r., Puc.6 u 7).

BusyabHbIN aHATN3 MHOTOJIETHUX PSAOB HAOIIOIEHUN 32 TEMIIEpaTypoi BO3AyXa M OCaJKaMH HE
paspemraer OOHApYKUTh Kakue-HUOYIb 3aKOHOMEPHOCTH. J[JIs1 MOMCKAa CKPBITBHIX 3aKOHOMEPHOCTEH
ucnons3yercs I[II'A Ha ocHOBe mnpuBeneHHOM MeToauku. IlomyueHHBle mapaMeTpbl MoJeNen
MPUBEJICHHBIE B TaOIHIIBI 9.

AHanu3 JaHHBIX MOKa3bIBAET, YTO B M3MEHEHUM TEMIEpaTyphl BO3JyXa U OCAJKOB BBIJCIIECHA
rapMOHUKa C MEPUOJIOM 3 TO/Aa, M JOCTATOYHO BECOMOW aMmIumuTymoi. ['apmonuka ¢ HauOombluei
aMIUTATYJOM JIJIsl TEMIIEpATyphl BO3AyXa uMeeT nepuon 4.7 rona, kKotopsie Ha 1.63 mpeBbllIaeT IEepruo
FapMOHHUKM C MAKCHUMAJIbHOM aMIUIUTYIOM [UI OCAAKOB. XapakTepHO, 4YTO TapMOHMKHU psaa
TEMIEpaTyphbl Bo3nyxa ¢ dactoramu 2,2; 2,7; 2,8 (mepuoasl ot 2.3 m0 2.9 roga) Moryr oOyCIOBUTH
sBreHue 6uenus. Ha aTo ykaspIBaeT U TO, 4TO CHEKTpP TEMIIEpaTyphl BO3yXa B IPaHHIlaX 4acToT OT 2.2
1o 2.8 "pacceinaercsa" Ha Tpu Oiu3kue 4acTothl (2.2; 2.7; 2.8) ¢ paBubiMH amiuiutyaamu (0,2). Menee

BBIPA3UTCIIBHO 3TO ABJICHUC ITPU aHAJIN3C MHOT'OJICTHCTO PAlad Ha6JIIOI[CHPII>'I 3a OCaaKaMHu, aMIIJIUTyIbl B

CIIEKTPE KOTOPOTO MEHSIOTCS B HE3HAYUTEIIbHBIX I'paHulax - ot 2.37 o 2.65.
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Ha »TOii oOCHOBE MOXEM CACIaTb BBIBOJA, 4YTO MNOJUTAapMOHHUYHOCTL MHOTOJICTHEIO pAaa

HaONIIOJIGHUH 3a OcaJkaMH B 2 pa3a MEHBIIE TEMIEepaTypHOTO, Ha 4YTO YKa3blBaeT 3HAYCHUE
kputepusa(9), pasroe 0.5. [IpubGAM3UTETHHO MO CEMb 3HAYUMBIX TAPMOHHK BBIJICJICHO B O00OMX psiax
HAOMIOZCHUH 3a TemIeparypoill Bo3AyXa M ocaikamH. JIMHHONEPHOJMYECKHE TapMOHUKH B
MHOT'OJIETHEM psiie TeMreparypsl Boznyxa 13, 7; 12, 2; 6, 9 ner, a ocaaxos: 21; 11; 9.6 net. B psaax
HaOMIOJIEHUH 3a OcCaJKaMH M TEMIIepaTypod BO31yXa BBIICIECHO TOJBKO IO OJHOW TapMOHHKE,
abCONIOTHO CcOBMAjarOIIUX Mo yacroTe (wactora 1.8, mepuon 3.4 ner). B oboux cmekTpax sTa
rapMOHHKA 3aHUMAET BTOPOE MECTO MO AMILIUTY/IE.

Tabauia 9.

ITapamMeTpsl IOTUTAPMOHUYECKUX MOJEIICH TEMIIEpaTyphl BO3yXa U OCAIKOB

Temneparypa Bo3ayxa B rpaaycax Llenscus

OcaIku B MM

CBoOoxanbrii uieH (a) = 7,17,

KP = 0,24

CBoOoxansrif uneH (a) =49,62; KP =0,50

AMIIIUTYAA TeMIIepaTyphbl

Ilepuon, rona

[Tepuon, rona

AMmiuryaa, MM

0,18 13,67 21,20 2,08
0,22 12,24 11,04 2,38

0,13 6,93 9,57 2,67
0,32 4,70 5,66 2,40
0,13 4,34 3,68 2,15
0,27 3,38 3,40 3,13
0,20 2,86 3,07 3,37
0,20 2,33

2,20 2,28

m:LTemnepa'rgpa, rpagycel C

9.55

8.55

Ll L B\ J
A A AR AR A
TR UL AL AL RN AEAR I ) (AU AW
PPNV Y N Y YWY T T
5.55 ‘ | X ' !II [ I
3 | .
‘RINIREE ]

53

451

JE EDE-'MH,FD.D.EI
N 10 20 30 40 a0 EQ 70 an 30 100 110 120 130

Puc.6. I'paduk MHOTOJIETHHX KOJEOAHHMI TEMIIEpaTyphl BO3AyXa; TOHKAs JIMHHUS — U3MEPEHHOE

3HAYCHHUC; TOJICTAsA JIMHHUA — PC3YyJIbTAT MOACIINPOBAHUA.
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Puc.7. I'paduk MHOTOJIETHHX KOJEOAHHMI 0CAIKOB; TOHKAs JIMHHUS — U3MEPEHHOE 3HAUYCHHC,

TOJICTad JMHHUA — PE3YIbTAT MOACITIUPOBAHUA.

3akiir0ueHue
[IpennoxxeHHass METOJIMKA TECTUPOBAHMS MoJUrapmMoHuueckoro amroputMa MI'YA mokazana ero
OCOGGHHOCTI/I U AOCTAaTOYHYIO TOYHOCTH IIPpHU BBIYUCICHUAX. Ha Heckompkux npuMepax IOKa3aHa
BO3MOXHOCTh TpuMeHeHus [1I'A niga MogenupoBaHusl CI0KHBIX TPUPOAHBIX mpoieccoB. [Ipencrasien

Ha6op TECTOB JIA OUCHKH Ka4€CTBa aHAJIOTMYHEBIX IIPOrpaMMHBIX CPEICTB.
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