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, QYHVWLIJDWLRQ RI SUHVVXUH UH
SRZHU SURGXFWLRQ

Nikolaos 7 D R XV D QD RoBstantinos*DY UR V

OHFKDQLFDO (QJLQHHULQJ ,QGXVWULD G OQHWIHI/ LW RHYS\SOU!
6FLHQFHVR]RQR@DLR]DQ *UHHFH
(OHFWULFDO' $@J L:GIVRUHL® 0DAHGIRIYIOWH B 16FSSH QFHYV .RLOD .R]L
.R]DQL *UHHFH

$SEVWUDPWMRU VRXUFH RI HQHUJ\ H[LVWV ZKHUH WKHUH
DTXHRXV VROXWLRQVQRWGHMHOKIQWSDQUWWIFXGEUBM L
FRQFHQWUDWHG ZKHUH IUHVK ZDWHUSBEMHUV IORZ RQ
UHSUHVHQWHG E\ WHKH GRYPRRIMIGF IS BHHWZXHHQ IUHVK ZDW
VDOW ZDWHU PD\ EH FDOOHG VDO VOHAVS UG XHEBW SRZt
UHWDUGHG RVPRVH{WUDFRR® QRRI WR BIQHUN\ IVDGLHQW
LQYHVWLIJDWHG PGLRQLFXRRAHKYDBHIGSRLQOMHEBKRIX W D Q
ZKROH VXEMHREWWR H[SHUWLPHXBNDO UHVXOWYV

 QWURGXFWLRQ

$IWHU GHFDGHV RI DQWLFLSDWLRQ XZHVRDM[@RDEM FRRWV
DPRXQWV RI HQHUJ\ IURP WKH VHD \GHHWHRX® ARRYWWLBE Y
3JUHH" HQHUJ\ RIRWNG VX LR B F HO DIDWKIN WD Q & VXIDLVOLAD JW U R P
JUDGLHQWYV (YHQ WKRXJK D VPDOXX[SRW\GLR 8 FRNON K3H SR €
VHD WKH WRWDO HQHUJ\ EXGJHW RDQKH RFHEWY 6R FOD B
LQFLGHQW VRODU HQHUJ\ HVWDEOLWH V: DVDKEU PIDVL QW D 5@
FRQGHQVHG DQG SUIHRRLPSQLWDWH 8 VONRERCGH\UKHOFE MB O L QLW

7KLV HQHUJ\ VRXH A WHWM ¥ HD & HWIKZ i BIQQ 2 DADIOW P LRV LGL
SDUWLFXODUO\ FRQFHQWUDWHG ZKHKH REHDIQ ZDK\HH$RE
UHSUHVHQWHG E\ WKH RVPRWLF SUM\MWUXDB G5 VIDBWHREW H
FDOOHG VDOLQLWDOUQGWHN QW ZSHRIDKDWVEW K DA LRD NHD WW D \
D VRXUFH RI HQHUJ\ ,W LV ODUJH X0aMG KOMHDG ISW & O PV N QHy
LPSDFW &RPSDUHG ZLWK RWKHU VRXIUW KV JKI RW HDWQ UHHTH
GXH WR ZDWHU HYDSRUDWLRQ E\ WKH VXQ DQG VXEVHTXF

([ISHULPHQWY LQGLFDWH WKDW WKH HARXODDOWHQDZ BW H &
IUHVK ZDWHU LV DBRKXWVXDWPV7KIYLYDWHYWK WIRGD 2 QH
FRQFHSWXDOL]H LW LV D P ZDW HU IDDWL BXYV WKHF R @ X TWK-
H[WUDFWLRQ RI WKLV IRUP RI HQHU®B KQVWKHNQVEXRS RAF
ZLWK WKH SUHVVXUH UMMBKGHTXRVPRVLY 352

"&RUUHVSRQGWDBRXDVONIURMHLZP JU
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BULQFLSOH RI SUHVVXUH UHWDUGHG RVPRVLYV

2VPRVLV LV VSRQWDQHRXV WUDQVSFOMXW RIVRREAWHLERYW WK
FRQFHQWUDWHG VRIOSHWLFRHD DG H RAHP BAMKIHH \ [ RHE SURSR
SUHVVXUH UHWDUGHG RVPRVLV 3520 0PV PH BDRYBQHNSS @L F
SULFHVY DW WKDW WLPH ZHWHUOGHAHDRSPHW W H
WHFKQRORJ\ ZDV ORZ +RZHYHU LQ SURKRBWH@RI®® KR
1RUZHJLDQ FRPSDQ® 6DUDGV WK B | WRY OR YW S DD\DW 35E DSUW H G

352 XWLOL]JHV WKH RVPRWLF SUHVVXURI GLU Il HHUWHH@AMH \EDH
WR SHUIRUP ZRUN DQG WKXV SURG XFHQHBRHYHIUVRAK2HV PRI
52 3UHVVXUH 5HWDUGHG 2VPRVLV 3\ 2 OMXE WIUDHAF MG 21\

IRU DQ LGHDO VHPLSHUPHDEOH PHPEUDWHY \WZR WRIOK
XQHTXDO FRQFHQWUDWLRQ W\SLFDOG\IDRDRNV YRWKWLF
ZDWHU VLGH LQWR) WWOHN WD CBV DWRIOBEWAHH WR W W PR@®LLIFHSU
EHWZHHQ WKH WZR VROXWLRQV ,| DMQRLWRHHDNVQQYJI VRIDK
PDJQLWXGH RI WKH ZDWHU IORZ ZL@RH®HWKHDNS$SOQWGE CS
HTXDOV WKH RVPRWLF SUHVVXUH G LUIKJILHPGIF HQD E K RF/K/ \WKK
IORZ RlI ZDWHU LQWR D SUHVVXUL]WGU W DWHW DR G X¥\E LIR\DP R\

ZDWHU YROXPHWULF SHUPHDWLRAY UDWIGLWKGRBJE\ WKIHP B
DUHD ZH KDY i HWKH W WRHQKIID IHODWLRQ EHWZHHQ ZDWF
DQG DSSOLHG IRDBHADMH) WKHLYGIQ E\ > @

Jw=A Uz - AP)

ZKHUH $ LV WKH  PWPABUDHH PIH B MWH@®RWY PR® WKHURIVVXUH GL
DFURVV WKH PHPEUDQH DQG 0 LV WHH RURYRVWION BH R

)LJ &ODVVLILFDWLRQV RI RVPRWLF SEH\2WIUHVF DSPRVIRRWLF HT.
DQG G B520@E > @

,W LV FOHDU IURP HTXDWLRQ WKIYW 'R (IR U ZHK LKAXY F
$ 0E +RZHYHU LI 03 0E ZH KDYH 3UHVVXUR GHWRUGH
EHFDXVH WKH GLWHROQLRIX R L\6 WUGLHEIDUW R W RIVPR \DLW LE X W
GHFUHDVHG DV WKH K\GUDXOLF S HNWWXWHHRVPRUHDVHBY L
GHYHORSHG WHFKQROPIDGIRQ ZKLFK D® AC@FUHDVH LQ a3
352 ZDWHU SHUPHDWHY DJDLQVW WHKH W KGU DO LIFV S XIS K \/
VXEVHTXHQW GHSUHVVXUL]DWLRQ RILQK K HMHUPHD R/ WAHKY
SURGXFH SRZHM EHZEKBW BLEHG DV DQ RVPRWLF ZDWHUIL

7KH PD[LPXP SRZHU SHU XQLW I0OX[ LVRREBEAMDIVMLGHSU B W\
XQGHU ZKLFK 352 WDNHV SODFH LQFHWREH RRNPRYWHUF FHH
LV FORVH WR 0GE WKH WUDQVPHPBDUDHH DDWHU PIIOXE UDA



MATEC Web of Conference$12, 10004 (2017) DOI: 10.1051matecconf/201711210004
IManE&E 2017

ZRXOG EH UHTXLUHG UHVXOWLQJ LQUDEKIH KW SRINHLD V
VIVWHPV XQGHU PD[LPXP SRZHU SHU XQLW PHPEUDQH DUF

7KH SRZHU SHU XQLW PHPEUDQH DUHDLY WKMHWSRIORG X F
WKH ZDWHU 10X DFURVV WKH PHPERD QWK B Y® QWK i/ KO WR.

W= Jy AP = A (An- AP) AP

%\ GLIITHUHQWL D WILQIKHITEK\DSMHIRRMD W R Z0Q WKWDRD Q UEHD W KH
PD[LPXP ZKHQ O 0 6XEVWLWXWLQE WKWHGIBWXH IRU @

Whnax = A Ar?l4

$FFRUGLQJ HTXDWLRQ WKH PD[LPXIPFSRIRXHYURG DU BB
WR ZDWHU SHUPHDELOLW\ FRHIILFLHQWD U HDSJH WKXIHELJ
SURSRUWLRQDO WRWKRHW.FX®WHHY REKMHK DAL VRHHWHEHFHD XV H L
WKH RVPRWLF SUHVVXUH RI WKH WRDIORK F/ BOXWVYRQH.QWUHA
VI\VWHP RSHUDWHWKH BEDWEU |D®GWKDURX DRWWKKDMHB8HEH VYV

)L &RQFHQWUDWLW®&H BRPAEUMHHD RMIRG WKHHFWRDWEU 10X DQG WKH \
DOVR VKRZQ > @

7KH FDVH LV SDUWLFXODUO\ GLIITHUHQW UHG XHID] MHRA
HILVW 7KH\ LQFOXGH VDOW OHDND R SSERY IWHH vV QAW HE M
FRQFHQWUDWLRQ SRODUL]DWLRQ HG IDOPADWRK ISURBORE H |
UHGXFHVY WKH HIIHFWLYH RVPRWLF SQHVVXUWH GHLRHWH
&RQFHQWUDWLRQ SRODUL]IDWLRQ RHFWHKW RHMPHWE@DGOE X
DFFXPXODWLRQ RU GHSOHWLRQ RIGVROWWUH D & DN HIQQW RH
EXON\ SRURXV VXEVWUDWH LQWHRXEGG BB OHDW R|@ WLKRHQ W 2
WKH PHPEUDQH ZH F BIQ QL@ LR OHDW LH PAVY. R®R HAR HRWH LD I\
LQWHUQDO FRQF MQWQ D WLIKQ H R O/FUSHHBDANV DIDIOH UH B X O\
UHGXFLQJ HITHFWV XSRQ FRQFHQWUBMW ERIQM BDQGCGUHR/QVHT

(TXDWLRQ FDQ WKHQ EH PRGLILHG WR

JW = A (A?Teff 'AP) = A (ﬂD,m'ﬂF'm'AP)

(TXDWLRQ LV QRW D XVHIXO H[SUMVULR® 2IRRJHWEHR
EHFDXVH WKH RVPRWLF SUHVVXUHXWOQRW WERZDDVEMU HE
DFFHVVHG E\ WKH HTXDWLRQ
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J. =~ A —AP
W ( +BK j

ZKHUH % LV WKH VDOW SHUPHDWLRQ MRRHHIUHVH QW DRG-E
WUDQVSRUW LQ WKH SRURXV VXEMWDOWR ENQRWKHWY RIRIG/H
> @ PHPEUDQHY SDUDPHWHUV $ DQG Rl BRIX.OfD BHE & HRAERW
I[URP '2 PHDVXUHPHQWY ZKHUH (3 DQIGG SIXRIHWZ OV A H PLEA
L Hr& ,Q WKLV VWXG\ WKH DERYH PRGUHIOP ARQOD @ B \XINRRIGC
GHVLJQ PHPEUDQHV LQ WKH GLUHFVW.DEQHHWEeLRYWU®RR P:HPV
7R GDWH QR FRPPHWDNLDO 8 PFRHPEWDDWHG DU SRUEHBUKGRQV LW

([SHULPHQW

)L 6FKHPDWLF WKBAOASSDRIDWXYV DQEFHUEFXHYWKVHG IRU WKH H

7TKH EDVLF DSSDUDWXV XVHGWDR®QORMNVK HY WHFCH |
YHVVHO , W FRQWDLQV WKH PHHRE IRL QWK HDP NWPXESJDF
WKUHH UXEEHU JOQVNHWWYHDV WK RPDWH WEKG\ OKHRDOH DSURRI
WKHP PHPEUDQHV VFUHHQ DQG JDVNHWAD FEBRURQEH R/IZ HIE
FKDPEHU WKH ZKROH PRGXOH FRQVEREWUWU QJKRH XVXIH K SFSH
LV WKH vDOW ZDWHU FKDPEHU DQGWMKHFRQBEHHUF KTKRHE MD |
FKDPEHU LV SURYLGHG ZLWK D SUKWV&UBGXIWDEXG HY REEDIR L W
FKDPEHU LV SURYLGHG ZLWK D UHODMH QWXVANO 1 DrAiDHOGY HO |
GLOXWHG VROXWLRGDWR WXEHD GKXWHGH FRXOG PHDVXUE

DQG ZLWK WKH DLG RI D VLPSOH FKD\W B RPHAHUP MR RDOF
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IUHVK ZDWHU WKURXJK WKH PHPEUDQH LQWR WKH VDO
FRQQHFWHG YLD D SODVWLF WXEHWRXY OU KX IOWHVUZ D T
PRGXOH WR DFKLHYH D FRQWLQXRXV RSHUDWLRQ
&RQVLGHULQJ WK \W[\RBUQB 05 %W QKL VX B S E GFH\D R.BH |
SODVWLF EDOOV LQ WKH ORZHU 7KH IRUPHU EHFDXVH RI
ZDWHU EXR\DQF\ FRPH ERWK YHU\ FO R\GHWKR \I K B DRIHPVE X\
HFFHQWULF DLP WR D ORZ VSHHG H®KFWIKLH YHRWWRWD LKF
YLJRURXVO\ E\ WKH DUP UHVXOWLQO® DMRI B0 LPK QB W LIR\QVF
FROQFHQWUDWLRQ SE®DKLYWKWL RQD VR BIDIDE WH Y BQ G OV
7ZR +7, VKHHW &HOOXORVH 7ULDFHW PWHWRHFEBBQ® XC
DFHWDWH VDOW UHMHFWLQJ VNLQ B QSR DRX R S\HWCE V WIWADUA
LQYHVWLJIDWHGW%WRIWKHRDYY BQVRQ ®H[ RILD&O DTXHRXV VR
RSHUDWLQJ FRQGLWLRQV S+ UDQJH RSHWBRNIIQUDSAHWIY X
EDU IRU WKH +7, &7$% DQG IRU +7F L&\ L V K DI®GP IVKWI H L
ILUVW DQIG IRDWKH VHFRQG $V WKH ODWW HH SUHRWHBN R
MXVW IRU WKH +7, &7$+
7KH VIVWHP ZDV U \ZWZBWXHHRXY 1D&0O VROXWLRQ 7K
XQGHUWDNHQ DIWHU WKH PHPEUD QH E® VX PUHHG FIHUURLFQ M/
HPHUJLQJ LW LQ WKH ZDWHU IRU DERXMNLQ P LZDXYWHNUH (
UHPRYHG 7KDW LPSURYHV WKH VKRDOH WHPR HIDQRHVQR
WHV EXW FDXVHDWLRQ RN \GKMW WUEDMRUR| WKH PHPEUD
7KH PHPEUDQH KDV EHHQ XVHG IRXKUN BWHWUWRGDR IF
DERXW RQH ZHHN :LWK WKHVH WLPH H RQ\DWU DIHDW D J Al
FRQFHQWUDWLRQ SRODUL]DWLRQ LTKH HG LL/AWX B E DVMKA-H FIRP>
RI WKH ORZ VSHHG PRWRU DQG WK H H\O DWKWL B URQ & KJ GRE
ERXQGDU\ OD\HU RI GLIIHUHQW FRE@RHQ WK \WHR 8 UB IQBIQU\!
DERXW PLQXWHV WR UHDFK WK HLYWMOWG \V\D\G B/WGIH DONG J |
VWDUW WKH H[SHUNP H@W D@ & RAEHWE G KDOXWHGW \HW

7KH HIITHFWV RI FRQEHDQW.RIDVR @ @SARVEUD WOHXG DQ H D DOH
7DEOMNOX[HV IRU RRWR FWVEXRXV DQG DQW FHREZXIWRDIGNS KIWWD

,17(55837(" $*,7%$7,21 &217,18286 $*,7%$7,21

7LPHl SHDGLIQUORZ PDOMX] RI fD3WHDGLQIORZ PDOX RI ‘RUN
pLg I0RZ LQ PO PLQPO PLQ| IORZ L|Q PO PLQPO PLQ|[ zDWwV|[

KHQ WKH VWLUULQJ VKDNLQJ ZDWGEWRIESHG OW KK ZWD
UHVXOW RI D KLJKHU VDOW FRQFH®WHDWLRWY VRO XM HRI
PHPEUDQH WKDQ LQ WKH EXON VROXXWWLR®@ VODGWWKRIO& WY
QHDU WKH PHPEUDQH DW WKH IUHVRJIZDWE UWWRL G HY KEHWVX
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ZDWHU IOX[ VXUSDVVLQJ WKH VWHDG \D\Q/&DWH O'HDRWHG AWK
LQ ZKLFK YLUWXDOO\ WKH HQWLUHVRQRRDMHFRIVBV\LRSR \J
WKH VDOW UHMHFWLQJ OD\HU EHFRYB GVRBDVYROGMHFRQRSQ
PHPEUDQH +RZHYHU WKH VWLUULQHFIDXQ RWVSHWHY HGW W
WKDW LV WWHRRR SRBQYR)D \EE RIY RD@Q P D

5HVXOWYV VKRZ WKDW WKHPRDFPPQXP)RUX]LD&0O FRQFHQW
DERXW PRODOLW\ LV DURXQG DQG IRU HNV& XWHH W RHR

EDU 7KXV WKMWEZRPW RARE H HUFRHIPMW G DY ERIORIRZA/X O D

u PO FPLQ EDU

.QRZLQJ WKH $ YDOXHV DQG WKH 10XJBYVWURRPOKPEOHL W
HVWLPDWHG YDOXHV RI SRZHU RXWSXW IURP WKH IROORZ

W = J, 4P = Jy JA= J2IA .

7KXV WKH PD[LPXP SRZHU RXWSXW LV DUH QR WWKW
UHSUHVHQWDWL YRIX WIS W\ H UHR B HIF WWAERSXULQALHW E X W DIGOLGHXQWAW U T
VLIQLILFDQFH DQGHSBMWOIANDLEOH RH QMKIH\ IRUPV

&RQFOXVLRQV

OHPEUDQH SURSHUWLHV XQGHU 352 FR@GPWGR QVWHEINQ
LQWR DFFRXQW F RDAHIQR/QU DEMLTRKQ USREMIDHID PSHHW IR Bl D W
FRHIILFLHQW $ VDROM I LSH.UHRHD Wel RIDQY® O WLV VQ DS RIU W
PHPEUDQH VXEVWUDWH . FDQ EH REWDLQHG IURP 52 O
&RQFHQWUDWLRQ SRODUL]DWLRQ LV DFRRMRQWSDREC
SRODUL]DWLRQ FDQ \EHURLQLP WR GMEG K F IE RXIQHG DVK\L B D QH
,QWHUQDO FRQFHQWUDWLRQ SRODRHAHBWDEQ H DG RHMD
PHPEUDQHV ZLWK DQ RSHQ VXEVWUDWB FROYRREWUGX
SRODUL]DWDRK) WLRNSIMWRHIBIRW P3BQ FHHURRUBD GF H

%HFDXVH 352 RSHUDWLQJ SUHVVXUHNVWALWKO & HDQ@ o WA
ORZHU WKDQ WKRVH W\SLFDOO\ XVHG QHYV 5@ X H RWPFS DI |
K\GURVWDWLF SUHEHWXWRHD OOMEL HQ \EFRIVOLMG WK DEVHQ
FRQFHQWUDWLRQ SRODUL]DWLRQ F®IMWEDHZRLXIKG IV X\IK Bl @
7KHUH LV D VHULRXV SURVSHFW L Q UDGH B WM WU IPFHVP E
SUREOHPV FRXOG EH UHVROYHG DWWDLQLQJ D SURGX]|
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