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ABSTRACT 

Estimation and computation of scouring around structures such as piers has a significant importance. In this 

study, scour depth in the vicinity of twin and three piers was simulated using Group Method of Data Handling 

(GMDH). First, effective parameters on scour depth were identified and then four different GMDH models 

were defined. To verify the simulation results, some experimental measurements were applied and 70% of these 

data were utilized to train the GMDH models, whereas 30% of the data were employed to test the models. 

Subsequently, the best GMDH model and the most influencing input parameters were introduced by conducting 

a sensitivity analysis. The sensitivity analysis showed that the GMDH models estimated the scour depth with 

acceptable accuracy. For instance, the correlation coefficient (R), scatter index (SI), and variance accounted for 

(VAF) for the best GMDH model were respectively calculated to be 0.949, 0.212, and 90.129. In addition, the 

Froude number was detected as the most important input variable to estimate the scour depth through GMDH 

model. Moreover, the mean discrepancy ratio (DRave) for the superior GMDH model was computed to be 1.228. 

For different GMDH models, four equations were presented and lastly a computer code was provided to 

simulate scour depth by means of the GMDH model. 

Keywords: Twin and Three Piers, Scouring, Group Method Of Data Handling, Sensitivity Analysis, 

Simulation. 
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1 General Regression Neural Network (GRNN) 
2 Feedforward Neural Network 
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í¾£Ċ{Ĉ ÝĀþÎù ÇĀăĈ ¹wêùĉ¾ ò¤ÆÊzj ā¾æ³ èúÝĈ  ½¹ v½
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 ÛĀú¬ù-,+ wù¿jĉÈ $ ôîÉ ½¹ )ºý¹Āúý v¾«v ¹Ā· ĂÞõwÖù ½¹, #
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 ø¤ÆĊÅ Ăz{ }N321ixx iqip ,...,,,),,( =  xĀöÖù Ĉ«ÿ¾·

{ }N21iyi ,...,,,)( = $ ¹¹¾ñ ½v¾é¾zAtashkari et al., 2007 )#

 Ăz Üzw£ ¾Õw· üĊúăG z wÖ· ¡wÞz¾ù üĉ¾¤úí āºÝwé ÃwÅv ¾

Ăĉw~Ĉù ćÀĉ½¹¹¾ñ (Azimi et al. 2018)) 
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 ĈÞz¾ù ¾Ċá Äĉ¾£wù ÃĀîÞù Ăí ¢Åv ÷¿đ Ăõ¹wÞù ô³ ćv¾z

A )¹¹¾ñ Ă{Åw´ù 

ò¤ÆÊzjĈ w~ ¡½ÿw¬ù ½¹ĉĂ ô~ 

ò¤ÆÊzj èúÝĈ w~ āÿ¾ñ ¡½ÿw¬ù ½¹ĉĂwăć $ ô~sdÞzw£ #Ĉ  ¿v50dI 

mI DI dI nSI hI U  ÿeU Ăz Ăí£¾£Ċy ¾zv¾z èúÝ ò¤ÆÊzjĈI é¾Ö 

ÔÅĀ¤ù ¡v½» IxĀÅ½ ¹vºÞ£ w~ĉĂwăć ¿vĀù ô~ć ¾« ¢Ą« wzĉIûw 

¾Öé w~ĉĂwăć w~ Àí¾ù Ăz Àí¾ù ĂöÍwå Iô~ĉĂwăć ¿vĀù ¢Ą« ½¹ ô~ć 

¾« wzĉIûw ĂöÍwå Àí¾ù Ăz Àí¾ù w~ĉĂwăć  ¾z ¹ĀúÝ ¢Ą« ½¹ ô~

¾«ĉIûw èúÝ ¾«ĉIûw ¢Ý¾Å ÔÅĀ¤ù ¾«ĉûw ÿ ¢Ý¾Å ýv¾´zĈ Ăz 

¢öÝ ¢í¾³ õÿvĊĂ ¾z ÿ½ć ¡wzĀÅ½ ¢Åv $Ataie-Ashtiani et al. 

20105# 

 #,, ĂÖzv½$  

Wang et al. (2016a) ÿ Wang et al. (2016b) ò¤ÆÊzjĈ 

w~ ¡½ÿw¬ù ½¹ v½ĉĂ ĂöÍwå Ăz Ăí wăd ā¿vºýv ºý½v¹ ½v¾é øă ¿vñĊ¾ć 

ºý¹Āúý )½¹ ĂÞõwÖù wĄýj ¹wêùĉ¾ 50dI mI nI dI nS  ÿeU ¾ê£ĉw{  ¢zw§

āÿ¾ñ ü¤å¾ñ ¾Úý ½¹ wz )ºþ¤Æăwăć  Ăõ¹wÞù ĂÖzv½ ºÞz ûÿºz,,  Ăz

¿ ¡½ĀÍĉ¾ Āý¿wzĉÆĈ ùĈ5¹ĀÉ 

  #,- ĂÖzv½$ 

v ½¹ĉw¬þ Fr U gh= ù ¹ÿ¾å ¹ºÝĈv¾zwþz )ºÉwzĉü 

( )
cn

UUhSdDnmdfds ,,,,,,,,
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( )FrhdhDfhds ,/,// =



 ĈúöÝ$ï #ĈÊăÿÂ~ ĂĊ{É 5ûv½wîúă ÿ ć¹v¾ùĂĉw~ ãv¾Õv ½¹ Ĉò¤ÆÊzj èúÝ ć¿wÅô~ ćwă ))) ,244 

wă¾¤ùv½w~ć  Ăõ¹wÞù,- wă¾¤ùv½w~ ûvĀþÝ Ăzć ¹ÿ½ÿć óºùwăć 

¹ºÝć v ½¹ĉü ĂÞõwÖù ½¹ ¾Úý Ă¤å¾ñ ùĈ$ ôîÉ ½¹ )ºýĀÉ. # āĀ´ý

í¾£Ċy wă¾¤ùv½w~ć ¹ÿ½ÿć v¾zć óºùwăć  āºÉ ā¹v¹ ûwÊý äö¤¸ù

þ°úă )¢ÅvĊIü ¹wêù ā¹ÿº´ùĉ¾ wù¿jĉăwòÊĈ v ½¹ ā¹wæ¤Åv ¹½Āùĉü 

ÿº« ½¹ ĂÞõwÖù$ ó,)¢Åv āºăwÊù ôzwé # 

 

 óÿº«,( ¹wêù ā¹ÿº´ùĉ¾ wù¿jĉăwòÊĈ ¹½Āù ā¹wæ¤Åv ½¹ vĉü ĂÞõwÖù 

¾¤ùv½w~ ¾¨ívº³ ôévº³ ùĊòýwĊü Þù ãv¾´ývĊ½w ½vÿĉÄýw 

ds/h 1-0*+ ++3*+ --2*+ ,0-*+ +-.*+ 

D/h 0++*+ -0+*+ .04*+ ,+2*+ +,,*+ 

d/h 0+*2 -0+*+ 033*- 40/*, 3,2*. 

Fr -03*+ ,,1*+ ,31*+ +/+*+ ++-*+ 
 
 

 
 ôîÉ.( í¾£ āĀ´ýĊy wă¾¤ùv½w~ć ¹ÿ½ÿć v¾zć óºù ĂÞÅĀ£wăć GMDH 

 

ÞùĊwă½wć ¿½vĉzwĈ ¢é¹ óºùwăć GMDH 

Ăz ¾Ñw³ ĂÞõwÖù ½¹¿½v ½ĀÚþùĉzwĈ ¢é¹ óºùwăć ¹ºÝć å¾ÞùĈ 

Ì·wÉ ¿v āºÉwăć ½wùjć ¾Ñĉy ò¤Æ{úăĈ (R) I Ì·wÉ

¹¾îöúÝ (VAF) IwÖ·ć ù ¡wÞz¾ùĊòýwĊü ½ĉĂÊ (RMSE) Ì·wÉ I

ñºþív¾~Ĉ (SI)wÖ· Ić ù èöÖùĊòýwĊü (MAE)¾Ñ ÿĉy ½ÿ ā¾Ązć 

öî£wÅ ÈýĊä (NSC) Ăz¿ ¡½ĀÍĉ¾ ā¹wæ¤Åv ùĈ5¹¹¾ñ 
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v ½¹ĉw¬þ iO ¹wêùĉ¾ £vºăwÊùĈI iF ¹wêùĉ¾ ~ ¿v¾£ĊÈzĊþĈ 

āºÉ ĂzÅÿĊĂö óºùwăć ¹ºÝćI O ùĊòýwĊü ¹wêùĉ¾ £vºăwÊùĈ  ÿ

n ¹wêù ¹vºÞ£ ¾zv¾zĉ¾ £vºăwÊùĈ Å½¾z Ăz Ăùv¹v ½¹ )¢ÅvĈ  ¢é¹

óºùwăć GMDH ¾Þ£ĉä āºÉ ½¹ ÞÑÿĊ¢wăć  ûĀù¿jÿ Ç¿Āùj

ù Ă¤·v¹¾~Ĉ Ăí ¢Åv ¾í» Ăz ÷¿đ )¹ĀÉ2+ ¹wêù ºÍ½¹ĉ¾ 

£vºăwÊùĈ v¾zć Ç¿Āùj óºùwăć ÿ¾ý( ¿wåć  ôzwêù ½¹ ÿ ā¹wæ¤Åv

.+ éwz ºÍ½¹Ċāºýwú ¹wêùĉ¾ wù¿jĉăwòÊĈ ¢Ą« ûĀù¿j vĉü óºù wă

Ăzù Ă¤å¾ñ ½wíĈ wz IĂùv¹v ½¹ )ºýĀÉÀ¬£ĉĂ ÿ ö´£Ċô w¤ýĉª É{ĊĂ-

¿wÅćIwă ¾£¾§Āù ÿ ¾£¾z óºùĉü wă¾¤ùv½w~ć ¹½Āùć wÅwþÉĈĉ 

)ºÉ ºþăvĀ· 

w¤ýĉª ÿ ¦´z 

ö´£Ċô ÅwÆ³Ċ¢ 

$ ôîÉ Ăz Ă«Ā£ wz.wă¾¤ùv½w~ ¿v ā¹wæ¤Åv wz I#ć ¾Þ£ ºÞz ûÿºzĉä 

$ Ăõ¹wÞù ½¹ āºÉ,- óºù ½wĄ¯ I#GMDH wú¤ùĉÀ  v¾zć v¾«vć 

ö´£Ċô ÅwÆ³Ċ¢ vĉü óºù ā½wúÉ óºù )ºÉ ā¹v¹ ĂÞÅĀ£ wăĉì ĉw 

 ûwúăGMDH 1 ¹wêùĉ¾ ò¤ÆÊzjĈöí yÆ³ ¾z v½ wăĊĂ ă¾¤ùv½w~wć 

¹ÿ½ÿć ĉw $D/h, d/h, Fr{É #ĊĂ¿wÅć w¤ý ÃwÅv ¾z )¹¾íĉª {ÉĊĂ-

¿wÅć¹wêù Iwăĉ¾ Ì·wÉwăć ½wùjć SI IR  ÿVAF v¾zć ÞÑÿĊ¢ 

 óºù ûĀù¿jGMDH 1 Ăz£¾£Ċy  wz ¾zv¾z-,-*+ I4/4*+  ÿ

,-4*4+ ú¸£Ċü  )ºýºÉ ā¹¿½¹ ¹wêù ôzwêùĉ¾ MAE  ÿRMSE 

v¾zć ÞÑÿĊ¢  óºù Ç¿ĀùjGMDH 1 Ăz£¾£Ċy ¾zv¾z wz +.2*+ ÿ 

+/3*+ ºý¹Āz) 

vĉü õw³ ½¹Ĉ  óºù ĂÅ Ăí ¢ÅvGMDH 2  w£GMDH 4 

¹wêùĉ¾ ò¤ÆÊzj ā¾æ³ èúÝ$ ãºă Üzw£Ĉí¾£ yÆ³ ¾z v½ #Ċ{Ĉ  ¿v

ú¸£ ºÞz ûÿºz ¾¤ùv½w~ ÿ¹Ċü v ĂÞÅĀ£ ¿v ãºă )ºý¹¿ĉü  óºù ĂÅ

GMDH wÅwþÉĈĉ §w£Ċ¾£½v¼ñ¾ĉü wă¾¤ùv½w~ć ¹ÿ½ÿć §w£ ÿĊ¾½v¼ñ 

ÿ½ ¾zć wývĀ£Ĉĉ  óºùGMDH v¾zć {ÉĊĂ¿wÅć  ā¾æ³ èúÝ

ò¤ÆÊzjĈ )¢Åv 

 óºùGMDH 2 Þzw£Ĉ wă¾¤ùv½w~ ¿vć  ºÞz ûÿºzD/h  ÿd/h 

z Ăz )¹ĀzĊûw ¹ĉ¾ò v¾zć ~ĊÈzĊþĈ Üzw£ ãºă §w£Ċ¾ ¹ºÝ å¹ÿ¾ ¹wýĉāº 



,3++ ûv¾ĉv ëw· ÿ xj ¡wêĊê´£ ā½ÿ¹ I0- ā½wúÉ I2 I¾Ąù ,/++  ĈúöÝ$ï #ĈÊăÿÂ~ 

Ă¤å¾ñ ºÉ )¹wêùĉ¾ Ì·wÉwăć SI IR  ÿVAF v¾zć  óºùGMDH 

2 v¾É ½¹ĉÔ Ăz ûĀù¿j£¾£Ċy  wz ¾zv¾z03+*+ I0,0*+  ÿ/23*-1( 

ÞÑÿ ½¹ )ºýºùj ¢ÅºzĊ¢  óºù Ç¿ĀùjGMDH 2 ýĊÀ ¹wêùĉ¾ 

RMSE  ÿMAE Ăz£¾£Ċy ÿwÆùć wz ,-0*+ ÿ ,+-*+ Ă{Åw´ù 

ºýºÉ) 

 āÿĒÝv ¾zĉIü v¾zć  óºùGMDH 3 §w£Ċ¾  ¾¤ùv½w~d/h ¹wýĉāº 

z Ăz )¢Åv āºÉ Ă¤å¾ñĊûw ¹ĉ¾ò ¹wêù ½Āí¼ù óºùĉ¾ ½ ãºă Üzw£ v

wă¾¤ùv½w~ yÆ³ ¾zć  ûÿºzD/h ÿ Fr {ÉĊĂ¿wÅć v )¹¾íĉü  ½¹

õw³Ĉ v¾z Ăí ¢Åvć v¾ÉĉÔ  óºù ûĀù¿jGMDH 3 ¹wêùĉ¾ SI IR 

 ÿVAF Ăz£¾£Ċy ÿwÆùć -14*+ I4,2*+  ÿ,-+*3/  Ă{Åw´ù

¹wêù Ăí ¢Åv ¾í» Ăz ÷¿đ )ºýºÉĉ¾ MAE  ÿRMSE  óºù

GMDH 3 v¾É ½¹ĉÔ Ăz Ç¿Āùj£¾£Ċy ÿwÆùć  wz+/0*+  ÿ+1+*+ 

)ºýºùj ¢Åºz 

§w£ Ăí ¢Åv ¾í» Ăz ÷¿đĊ¾  ¾¤ùv½w~D/h v¾zć {ÉĊĂ¿wÅć 

ò¤ÆÊzj ā¾æ³ èúÝĈ  óºù ÔÅĀ£GMDH 4 ¹¾ñ ã¼³ĉº v ÿĉü 

¹wêù óºùĉ¾ £ yÆ³ ¾z v½ ãºă Üzwd/h  ÿFr ~ĊÈzĊþĈ  āÿĒÝ )¹¾í

v ¾zĉIü ¹wêùĉ¾ SI IR  ÿVAF v¾zć v¾ÉĉÔ  óºù ûĀù¿jGMDH 

4 Ăz£¾£Ċy  wz ¾zv¾z.20*+ I3.,*+  ÿ402*13 ÞÑÿ ½¹ )ºý¹ĀzĊ¢ 

 óºù Ç¿ĀùjGMDH 4I ¹wêùĉ¾ Ì·wÉwăć MAE  ÿRMSE 

Ăz£¾£Ċy ¾zv¾z wz +01*+ ÿ +2/*+ ºý¹Āz) 

w¤ýĉª Ì·wÉwăć ½wùjć v¾z āºÉ Ă{Åw´ùć óºùwăć 

GMDH v¾zć ÞÑÿ ÿ¹ ¾ăĊ¢ $ ôîÉ ½¹ ûĀù¿j ÿ Ç¿Āùj/ ôzwé #

v ¾z āÿĒÝ )¢Åv āºăwÊùĉIü wêùĉĂÆ ¹wêùĉ¾ ò¤ÆÊzjĈwăć {ÉĊĂ-

¿wÅć óºù ÔÅĀ£ āºÉwăć GMDH ¹wêù wzĉ¾ wù¿jĉăwòÊĈ  ½¹

v¾ÉĉÔ $ ôîÉ ½¹ ûĀù¿j ÿ Ç¿Āùj0)¢Åv āºÉ ā¹v¹ ûwÊý # 

 

 

 

 

 
 ôîÉ/( Ì·wÉwăć ½wùjć v¾z āºÉ Ă{Åw´ùć óºùwăć GMDH v¾É ÿ¹ ¾ă ½¹ĉÔ ûĀù¿j ÿ Ç¿Āùj 

 

 



 ĈúöÝ$ï #ĈÊăÿÂ~ ĂĊ{É 5ûv½wîúă ÿ ć¹v¾ùĂĉw~ ãv¾Õv ½¹ Ĉò¤ÆÊzj èúÝ ć¿wÅô~ ćwă ))) ,3+, 

 

 
 

 

 
 

 
 ôîÉ0( wêùĉĂÆ ¹wêùĉ¾ ò¤ÆÊzjĈ {ÉĊĂ¿wÅć óºù ÔÅĀ£ āºÉwăć GMDH ¹wêù wzĉ¾ wù¿jĉăwòÊĈ v¾É ½¹ĉÔ ûĀù¿j ÿ Ç¿Āùj 

 

½¹ $ ôîÉ1wă½v¹Āúý #ć ñºþív¾~Ĉ v¾zć óºùwăć GMDH 

v¾É ½¹ äö¤¸ùĉÔ Ăz ûĀù¿j ÿ Ç¿ĀùjĀÎ£ĉ¾ ÊíĊāº z )¢Åv āºÉ w

w¤ý Ăz Ă«Ā£ĉª ö´£Ċô ÅwÆ³Ċ¢  óºù IāºÉ v¾«vGMDH 1 v½v¹ć 

zĊ¾¤Êĉü ¾¤úí ÿ ¢é¹ĉü Ăz )¢Åv wÖ· ½vºêù¡½w{Ý ¹ĉI¾ò ù óº

GMDH 1 ĂzûvĀþÝ óºù ¾£¾z wÅwþÉĈĉ ¹¾ñĉº Ăí ¹wêùĉ¾ ¾æ³ā 

ò¤ÆÊzjĈ v½ ¾z yÆ³ öíĊĂ wă¾¤ùv½w~ć ¹ÿ½ÿć {ÉĊĂ¿wÅć ý¹Āú )

 óºùGMDH 1 wêù ½¹ĉĂÆ wÅ wzĉ¾ óºùwăć ÇĀă ÝĀþÎùĈ 

ĂÞÅĀ£ ā¹v¹ āºÉ ½¹ ĂÞõwÖù ¾Ñw³ ½¹ ¾ă ÿ¹ ÞÑÿĊ¢ Ç¿Āùj ÿ 

ûĀù¿j ¹¾îöúÝ ¾¤Ązć ¢Év¹ óºù ¿v ºÞz )GMDH 1I  óºù

GMDH 3v½v¹ć zĊ¾¤Êĉü ò¤Æ{úăĈ ¹wêù wzĉ¾ wù¿jĉăwòÊĈ  ¹Āz

ùÿ¹$Ċü  óºù¿v ¾Úý ¢é¹ )#÷¿đ Ăz ¾í» ¢Åv Ăí óºùwăć 

GMDH 4  ÿGMDH 2 Ăz£¾£Ċy ĂzûvĀþÝ ùĀÅĊü ÿ ù½wĄ¯Ċü 

óºù  ¢é¹ ×w´õ ¿v½¹ ¾Úý Ă¤å¾ñ ºýºÉ) 

¾z w¤ý ÃwÅvĉª ö´£Ċô ÅwÆ³ĊI¢  ¹ÿ¾å ¹ºÝ û¹¾í ã¼³ wz

(Fr) óºù ¢é¹¿wÅć Ăz ôîÉ ôzwé ĂÚ³Ēù z$ĊÈ  #ºÍ½¹ ¹Āý ¿v

 Èăwíĉ¢åwv¾zwþz )ĉIü ¾« ¹ÿ¾å ¹ºÝĉûw ĂzûvĀþÝ ¾£¾§Āùĉü ~ ¾¤ùv½w

wÅwþÉ ºÞz ûÿºzĈĉ ¹¾ñĉº )ºÞz wă¾¤ùv½w~ I¹ÿ¾å ¹ºÝ ¿vć z ûÿºz ºÞ

D/h  ÿd/h Ăz£¾£Ċy ĂzûvĀþÝ ùÿ¹Ċü ÿ ùĀÅĊü ¾¤ùv½w~ ûÿºz z ¿v ºÞ

§w£ ×w´õĊ½v¼ñ¾ć )ºýºÉ Ă¤å¾ñ ¾Úý ½¹ 

                                                                                                                                                                                                 
1 Discrepancy ratio (DR) 

þ°úăĊü v¾zć À¬£ĉĂ ÿ ö´£Ċô zĊ¾¤Ê w¤ýĉª óºùwăć 

1 GMDH  w£4 GMDH ¾Ñ ¾¤ùv½w~ĉy ãĒ¤·v, )DR( Ăz¡½ĀÍ 

 ¢{Æý¹wêùĉ¾ ò¤ÆÊzjĈwăć óºù¿wÅć  ½vºêù Ăz āºÉ

wù¿jĉăwòÊĈ ( )( ) ( )( )( )Observedsimulated hdshdsDR // -= 

å¾ÞùĈ ùĈ¹ĀÉv¾zwþz )ĉü â£ āĀ´ýĊĊ¡v¾  ¾¤ùv½w~DR  ôzwêù ½¹

¹wêùĉ¾ ò¤ÆÊzjĈwăć ûÿºz ºÞz $ ôîÉ ½¹2 āºÉ ā¹v¹ ûwÊý #

 Ăz ÷¿đ )¢Åvĉ½ÿj¹wć ¹Àý Ăí ¢Åvĉì  ¾¤ùv½w~ ½vºêù û¹ĀzDR  Ăz

 ¹ºÝĉì  ¾z )¢Åv ¾Úý ¹½Āù ¹ºÝ óºù ¾¤Ąz ¹¾îöúÝ āºþă¹ ûwÊý

w¤ý ÃwÅvĉª óºù¿wÅć ¹ºÝćI  ½vºêùDR v¾z ÔÅĀ¤ùć  óºù

GMDH 1  ¾zv¾z--3++0*,  )¢Åv¹wêùĉ¾ ¾Ñĉy  ôévº³ ãĒ¤·v

v¾z ¾¨ívº³ ÿć  óºùGMDH 1 Ăz£¾£Ċy ÿwÆùć  wz.4-*+  ÿ

--3*,  )ºýºÉ Ă{Åw´ù½¹  ½vºêù ôzwêùDR v¾z ÔÅĀ¤ùć  óºù

GMDH 2  ¾zv¾z+,3*- ÿ v¾zć GMDH 3 ÿwÆùć -02*, 

¹¾ñ Ă{Åw´ùĉºv )ĉü õw³ ½¹Ĉ v ½vºêù Ăí ¢Åvĉü v¾z ¾¤ùv½w~ć ù óº

GMDH 4  ¾zv¾z./-*, v ¾z āÿĒÝ )ºùj ¢ÅºzĉIü ¾Ñ ½vºêùĉy 

v¾z ¾¨ívº³ ãĒ¤·vć óºùwăć GMDH 2I GMDH 3  ÿGMDH 

4 Ăz£¾£Ċy ¾zv¾z wz 3+,*-. I200*1 ÿ 20.*2 ú¸£Ċü ā¹¿ ºýºÉ )

v¾zwþzĉü À¬£ Ăz Ă«Ā£ wzĉĂ ö´£ ÿĊô ¾Ñ ¾¤ùv½w~ĉy ãĒ¤·v óºù I

GMDH 1 v½v¹ć ¾¤î¯Āíĉü ¾Ñ ½vºêùĉy )¹Āz ÔÅĀ¤ù ãĒ¤·v 



,3+- ûv¾ĉv ëw· ÿ xj ¡wêĊê´£ ā½ÿ¹ I0- ā½wúÉ I2 I¾Ąù ,/++  ĈúöÝ$ï #ĈÊăÿÂ~ 

 

 

 

 

 

 
 ôîÉ1( wă½v¹Āúýć ñºþív¾~Ĉ v¾zć óºùwăć GMDH 

=0.9002R 1=0.902R 

314=0.2R 265=0.2R 

84=0.2R

1 

842=0.2R 

759=0.2R 
690=0.2R 



 ĈúöÝ$ï #ĈÊăÿÂ~ ĂĊ{É 5ûv½wîúă ÿ ć¹v¾ùĂĉw~ ãv¾Õv ½¹ Ĉò¤ÆÊzj èúÝ ć¿wÅô~ ćwă ))) ,3+. 

 

 

 
 ôîÉ2( wă½v¹Āúýć v¾z ãĒ¤·v ¢{Æýć óºùwăć GMDH 

 

óºùwăć GMDH 

½¹ vĉü ¢úÆé Ôzvÿ½ ©v¾¸¤Åv āºÉ ¿v óºùwăć GMDH   Ătv½v

ùĈ¹¹¾ñ ā½wúÉ óºù )ĉì ĉw GMDH 1 Þzw£Ĉ öí ¿vĊĂ wă¾¤ùv½w~ć 

¹ÿ½ÿć ĉw  ûwúăFrI D/h  ÿd/h  óºù )ºý¹ĀzGMDH 2 Þzw£Ĉ  ¿v

D/h  ÿd/h v ¹Āzĉü õw³ ½¹Ĉ  óºù Ăí ¢ÅvGMDH 3 ¹wêùĉ¾ 

ò¤ÆÊzjĈwă  yÆ³ ¾z v½Fr  ÿD/h {ÉĊĂ¿wÅć  ¾í» Ăz ÷¿đ )¹¾í

 óºù Ăí ¢ÅvGMDH 4  ¿v ā¹wæ¤Åv wzFr  ÿd/h ¹wêùĉ¾ Üzw£ ãºă 

v½ ú¸£Ċü ¹¿ )Ăõ¹wÞùwăć  óºù ¿v āºùj ¢ÅºzGMDH 1  w£

GMDH 4  Ôzvÿ½ yõwé ½¹,4  w£-- ù Ătv½vĈ¹ĀÉ )w¤ýĉª {ÉĊĂ-

¿wÅćwă  óºù Ăí ¹v¹ ûwÊýGMDH 1 wêù ½¹ĉĂÆ wÅ wzĉ¾ óºùwăć 

GMDH ¾¤Ąz ¹¾îöúÝ ¿vć  )¹Āz ½v¹½Ā·¾zĂz zĊûw ¹ĉ¾ò vĉü ùºó 

¾¤úíĉü ½vºêù wÖ· ÿ zĊ¾¤Êĉü ò¤Æ{úăĈ v½ wz ¹wêùĉ¾ wÊù£vºăĈ 

¢Év¹) 

GMDH 1 

 ĂÖzv½$,4# 
x4 = 0.268 -6.269ῒ(Fr) -0.113ῒ(d/h) +1.214ῒ(d/h)ῒ(Fr) +46.459ῒ(Fr)2 +0.0003ῒ(d/h)2 -2.060ῒ(d/h)ῒ(Fr)2 

+0.003ῒ(d/h)2ῒ(Fr) -88.252ῒ(Fr)3 -0.0003ῒ(d/h)3 

x5=-0.644+3.933ῒ(Fr)+1.303ῒ(D/h)+23.259ῒ(D/h)ῒ(Fr)-34.704ῒ(Fr)2-5.956ῒ(D/h)2+7.846ῒ(D/h)ῒ(Fr)2-

22.846ῒ(D/h)2ῒ(Fr)+53.195ῒ(Fr)3 +5.380ῒ(D/h)3 

ds/h=0.036+0.727ῒx5-0.628ῒx4-10.223ῒx4ῒx5+4.535ῒ(x5)2+9.235ῒ(x4)2-23.756ῒx4ῒ(x5)2+36.854ῒ(x4)2ῒx5 +3.890ῒ(x5)3-

20.462ῒ(x4)3         
GMDH 2 
 ĂÖzv½$-+# 

ds/h=-0.383+0.124ῒ(d/h)+1.854ῒ(D/h)+0.035ῒ(D/h)ῒ(d/h)-0.033ῒ(d/h)2ῒ+0.082ῒ(D/h)2+0.121ῒ(D/h)ῒ(d/h)2-

0.882ῒ(D/h)2ῒ(d/h)-0.002ῒ(d/h)3-1.951ῒ(D/h)3        

GMDH 3 
 ĂÖzv½$-, # 

ds/h=-0.644+3.933ῒ(Fr)+1.303ῒ(D/h)+23.259ῒ(D/h)ῒ(Fr)-34.704ῒ(Fr)2-5.956ῒ(D/h)2+7.846ῒ(D/h)ῒ(Fr)2-

22.846ῒ(D/h)2ῒ(Fr) +53.195ῒ(Fr)3 +5.380ῒ(D/h)3        
GMDH 4 
 ĂÖzv½$--# 

ds/h=0.268-6.269ῒ(Fr)-0.113ῒ(d/h)+1.214ῒ(d/h)ῒ(Fr)+46.459ῒ(Fr)2+0.0003ῒ(d/h)2-2.060ῒ(d/h)ῒ(Fr)2+0.003ῒ(d/h)2ῒ(Fr) -




