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Abstract. 7KH DUWLFOH UHAHFWVY UHVXOWYV RI WKH H[SHULPHQWDO VWXG
DIIHFW WKH QDWXUH RI LWV GLVWULEXWLRQ LQ WKH WRWDO YROXPH R
WKH VWUHQJWK DQG ¢OWUDWLRQ SURSHUWLHV RI WKH FHPHQW VWRQH

7KH HIITHFW RI D FKDUDFWHU Rl WKH PRGLI\LQJ DGGLWLYH GLVWULEX
FHPHQW VWRQH ZDV LQYHVWLIJDWHG DV D UHVXOW LW ZDV FODUL¢HG \
ORDG GRHV QRW GHSHQG RQ WKH KHWHURJHQRIL®M IRIUW B W LIROX LI QXK A
FHPHQW VWRQH GHSHQG RQ WKH GLVSHUVLRQ WKH QDWXUH RI WKH G
FHPHQW VWRQH WKH SHULRG RI WKH PRGLI\LQJ DJHQW DFWLYDWLRQ

7KH G\QDPLF ORDGV ZKLFK PRVW VWURQJO\ SURYRNH WKH GHVWUXF
RI KLJK VWUHVVHV DUH FRQVLGHUHG 8VLQJ WKH ¢QLWH HOHPHQW PH\
HYDOXDWHG VWUHVVHV LQ D FHPHQWHG FROXPQ GHVFULEHV WKH SURTF
DFFRXQW WKH KHWHURJHQHLW\ RI LWV VWUXFWXUH

%DVHG RQ WKH YDULDELOLW\ RI WKH DGGLWLYH ORFDWLRQ FKDQQH
WKH PRGLI\LQJ DGGLWLYH KDYH EHHQ GHWHUPLQHG DV RSHQ WKURXJK

7KH DSSOLFDWLRQ RI WKH PDWKHPDWLFDO PRGHO ZKLFK ZDV HODE
PD[LPXP UHGXFWLRQ RI WKH ZDWHU FRQGXFWLYLW\ LI WKH RSWLPDO G
PDWUL[ RI WKH FHPHQW VWRQH SURYLGHG

Keywords: PRGLI\LQJ DGGLWLYH FUDFN 3VHOI KHDOLQJ FHPHQW G\QD]
VWRQH EHQGLQJ VWUHQJIWK

DOl KWWS GRL RUJ Juv

Forcitaton ,VPDJLORYD (5 $J]DPRY )$ $EEDV $ - 2SWLPL]DWLRQ RI VHO
L Q FHBéb@isy = Georesources 9 1R 3S '2, KWWS GRL RUJ J

‘HOO FHPHQWLQJ LV D ILQDCcRWREMDWHVWIRQP WIKHVRH® W KH FDVLC(
FRPSOHWLRQ SURFHGXUH DLPHG DW DURGSRYIDWR@RGD KADM HRVQ R WK
LVRODWLRQ RI WKH ZHOO FRQVWUXFWILRHHWOHPHBQ WMYI EV WVHDIOQQ®J IR U
WKHP ZLWK FHPHQW &RQVHTXHQWIDQ BEWKHWKH PWRVROQYWRHIWKBEOH GL
ZHOO FHPHQW FDVLQJ KDQJLQJ R® KWK H H\HIO/OMY ZFDHO @V DVABPHQWLQJ
WKH VSDFH EHWZHHQ WKH ZDOO DQGDEEQRYQBKVWULGQUIUDXKRKXPD Q HW
HQVXULQJ WKH FDVLQJ SURWHFW HR® QR PGHYWHUEBR® HG AXHQFPADMWUL]
2YFKLQQLNRY HW DO GLUHFWLRQ ¢(¢EHU UHLQIRUFLQJ DJF

+RZHYHU WKH KLVWRU\ RIORQIEBBYHQ MQA\HEGE UHHF & ODR/Q WKXV SUH
H[SORLWDWLRQ GHPRQVWUDWHYV @HDMO REKHHBRMP RQ WUDWRYYD H Q W MH F R
PRVW YXOQHUDEOH OLQN DQG FDQ EKHHBPWHO F IG HRM WDU R HPG G '@ GHKUH D W K
WKH LQAXHQFH RI KLJK G\QDPLF ORI VY ORRP ERWHELOUWV\RX UFHHWPHQW V
DV ZHOO DV IURP WKH LPSDFW RI D/AJXHWWV LRUHP RAUIPW MRR QRZ DWAHDW L QJ K1
VHHSDJH $J]DPRY HW DO WHFKQRORJ\ WR PLQLQJ DQG JHRORJ

7KH VWUHVVHYV DULVLQJ LQ WEKGVRHP HEWXUWRQ HWIKKWARDIRA LPSDFV
YDULRXV RSHUDWLRQV ZHUH WKEFRHYBRISPH@VWRE AHDOCRSHUD
$J]DPRY HW DO ZKLFK VKRZHGIWBEPRWY L$@ @ RQUKHUV OLFU]
FDVHV WKH\ H[FHHG WKH FHPHQRRYWRBRBW BHPW QRD WWMRWH GVADV. QJ V
VWUHQJWK $W WKH VDPH WLPHDDW WDHGXUW RQ BPHP RF KWDHMH DD FW L |
PHWHUV IURP WKH SHUIRUDWLRERREGHKR O & HFHHPHH@DLVY JV KHID WAKLOH G
GHIRUPDWLRQ PDNHV XS WR VKRH RKWKK BONHM KW VWULQJ SUHV!
K\GUDXOLF IUDFWXULQJ RU RWKHU W
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DJJUHVVLYH FRUURVLYH HQYLURQPRUHY ED® YFIDW D BON KR UKPD/UIGH FWP H
GHVWUXFWLRQ RI D FHPHQW VWR QHKX® & HH] AMKIHG V QMK H QAHHM RDWKH
VKHDU VWUHVVHV UHVXOWLQJ IURE RWVFBEWILF Q QLR B QDL B IDRDBHN VK |
WKH VDPH WLPH VWDWLVWLFV G H\SKHF W W \LQORMR\DW ¥WVRIQH WHKKH. \Q R Q\
DGGLWLYH IRUPXODWLRQ RI RLO ZHH® & FQIPGI Q W AKRI\F ID\R WPIS B V. WILQ\
WKH FHPHQW VKHDWK LQWHJULW\WHB HFMHPBHYWWREAIVWUL[ LV QRW ZDWH
7KH XVH Rl PRGHUQ ZDWHU LQA XY KFHR@QFHURIDTWHEKQ ROAYLPRGL ¢ FDW
FDQ OHDG WR DQ LQFUHDVH LQ RLO,S LRRIGHHW WRQF XWX R 1D QVXX IR IFWEK G ©
UHTXLUH VLIJQL¢{¢FDQW FRVWV IRUW WRIQ/G®FAWH QY DAD WHR) VEWWRUD W H
ZRUNV DQG DUH RIWHQ WHPSRUDWN\GHQVLW\ ZKLFK ZLOO EH DSSUF
2QH RI WKH SURVSHFWLYH ZD\VGWR WLR\WO YRI WKHVFSEBRB®HPO XU U\ D
FRXOG EH WKH XVDJH RI 3VHOI| KHDIOW® B FOLPGINNV J YEKLDQW DWK XV S U
HW DO )8785 6HOI +HDOL QB PHHIPHQWHG6RY WKPR DGGLWLYH 1 W
‘H KDYH VXEVWDQWLDWHG WK IRHPHKOW WIORQ R\ 2ZLRK® EH GLI
FHPHQWY ZKLFK GLVSOD\V DELOLWK MW R ROOOWR@RRP RXY EHDFKQHYHG
E\ PRGLI\LQJ DGGLWLYHV LQWHJUBWHIBOLQWR WKH FHPHQW VOXUU\
VXEVHTXHQWO\ DFWLYDWHG DIWHU: WKB \DHRARQGD W\H IGQ WIHQ\WD W IDRFQA
ZLWK ZDWHU WKXV EORFNLQJ HPHRGIG\EQD PN\G LMKIHY FRU$! RKRXOG |
WKH PRGLI\LQJ DGGLWLYH LV UHS UHMHMQW BGVE]H EW B U D/RZMBR 0 IRE OMHH Q \
SRO\PHU FRDWHG ZLWK D ZDWHU VRIOXE OH VKHORISUHS PUN® XD QH D
D VSHFLDO WHFKQRORJ\ ,VPDJLORYD BW®OW D VL]H RI P LW PX
,Q WKH ODERUDWRU\ RI WKHVZODYHQY IGWMUWRHH6DOIRUG
8. XVLQJ D VFDQQLQJ HTXLSPHQW KAD B 9BGXOWERMORIHWKH VZHOOL
FRPSXWHU WRPRJUDSK ZKLFK DWRR D% WRHPRYAREW GDARQLQFUHD\
GHVWUXFWLYH WHVWLQJ RI D FHPHQ WV KD WSKRD AH V QWKHY IVE LJ O MW\GR |
D GLVWULEXWLRQ RI WKH PRGLIDIBQW G\RLWORHAN OKH PD[LPXP S
WRWDO YROXPH RI WKH FHPHQW FWWRRNY DQG TXDQWL¢HG WKHLU
FKDUDFWHULVWLFV +HUHZLWK VDP@HW RV KOHF BQIVY R DLXFADICR QKB IS W/ K |
ZHUH PDGH XVLQJ D VROXWLRQ RV ZH QDM UVRHRHQW RWIDN WRZR G D\V
ZKHUH 3RUWODQG FHPHQW SRZG HW FRQW NVIOXH® \ K\GUDWKHRQ ,VPDJ
PRGLI\LQJ DJHQW LV QR QHJDWLYH HIIHFW RI WKH L
7KH UHVXOWYV RI WKH ¢UVW H[SHUHPGIRIL ¥ DROQSW R B HRHWPIHQMR | W K H
VWRQH VFDQQLQJ VKRZHG WKH QONRVERWYV WRW B JIXEDAWHKW KHR O X
DGGLWLYH GLVSHUVLRQ DV ZHOOVIHWWER QP DURY HVIKGI LRHP HIQDAF W MRR)
EHWZHHQ WKH 0$ JUDQXOHV DQG MJK HORMPDHVQRIG VEOXW K H HAT XXIDWVL W\ F
EHHQ VKRZQ WKDW WKH FRDUVH 8DUWKHFDG®LRVLWHKH © B GILUDL@WN RI |
DGGLWLYH DUH OHVV HIIHFWLYH WKID QHVXRWN RIKWDKH DQBIHW : FHPOINQ
GLVSHUVHG ZKLFK DUH EHWWHU VPOASHIQHGEH B XD ZVKAHK VAR K B I QRVGH JEUVD \
D UHVXOW WKH VHGLPHQWDW LR Q GHWPIREDNOL WD VRH GV KAHK M ROXIWR R © LZAD\
LQFUHDVHG WKH VWUDWL¢FDW L RZK LLRKNGRHSK BARH Y QHYRLXAQLFHD W K B W WK
KRPRJHQHLW\ RI WKH VWUXFWXUHUWPSURYBGG GHQVLW\ RI WKH DGG
W LV NQRZQ WKDW WKH VL]H RWZRDNWHHBE FKDH) R 8 G VWLLVY B E-RXWK V S H ¢
PLFURQV DFFRUGLQJ WR 6FKOXHPWEHYJHU %HOODEDUED
HW DO VR WKH VL]H RI WKH V,R Q/&HQQSDWWY WDHW \ZKR PO G H V V
H[FHHG WKHVH YDOXHYV PRGLI\LQJ DGGLWLYH GLVWULEXWL
6LQFH WKH SUHGRPLQDQW 3RUW ORGG \F\WM B HQW VB URN L WAEHHT \F M PTHHQ W
LV P DQG WKHLU K\GUDWLRQHIOWH PR PRWP PHQLKREGE\)PRQ RI WKH D
LQFUHDVH LQ YROXPH RI RFFX$UBQ6 GWKHVRWIKHLEOHBDRAGW WUHVV |
JHODWLRQ LW LV SRVVLEOH WR H{\$WE WDWHKIG S R/DH\L. QR ULFCDMR. R FLROX
WKH KDUGHQLQJ FHPHQW VWRQHstZi®twr& K KDYH VXEVWDQWLDOO\
VPDOOHU VL]HV WKDW DUH QRW FDS$DE ®E DRW SPPY \RLIQV KHITX L\GNV UHY® F
JDVHV WKURXJK WKHPVHOYHV +RYKRBAHGWKKDWAL WWIHV L & I DIWHYRW V W
W\V\SLFDO IRU FHPHQWLQJ VOXUUWMWKH DSLFKL RG LG L@DRAG\ KRDYGH D Q G
DQ HOHYDWHG LQLWLDO ZDWHU BRQWSKHW\ :BHIJDUGOHVV WKH KHW!
7KHUHIRUH ZKHQ KDUGHQLQJ D OWDVEBH ROWRHIRDEDSLOODU\
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2Q IXUWKHU LQFUHDVH LQ VWUHVVI
DEVRUE WKH HQHUJ\ RI UXSWXUH DQ
FUDFNV VWDUWY WKH ORDG H[FHHGYV
VWUHQJWK DFKLHYLQJ LUUHYHUVLEQG
D UHVXOW WKH EHDP EUHDNYV
+RZHYHU WKH YDOXHV RI GHIRUP
VWRQH GHSHQG QRW RQO\ RQ WKH ]
WKH DSSOLHG G\QDPLF ORDG EXW L
WKH SDWWHUQ RI WKH DGGLWLYH GL
WKH FHPHQW VWRQH WKDW ZDV DOV
RI ODERUDWRU\ WHVWYV IRU GHWHUPL
XOWLPDWH VWUHQJWK IRU EHQGLQJ
GLVWULEXWLRQ RI WKH DGGLWLYH |
FHPHQW VWRQH LQ SDUWLFXODU L
VHGLPHQWDWLRQ WKH WHVWLQJ RI
: ~ VWUHQIJWK GHPRQVWUDWHG WKH OF
; 2Q WKH HGJH RI WKH VDPSOH EUH
o SRUHV DUH YLVXDOL]HG DW WKH ER)
Somiligga o e g s e DUH ¢OOHG ZLWK WKH SRO\PHU JUL
WKH VWRQH KDV D KHWHURJHQHR X\
Fig. 1. Distribution of the modifying additive in the bulk volume of GHWHFWHG )LJ
the cement stone $V VRRQ DV WKH DGGLWLYH LV XQ
WKH WRWDO YROXPH RI WKH FHPHQ\
7KH )LIXUH D GHPRQVWUDWHWWHKRUO ZRG ND\E SO HG WHRI WMKGIOH VYV W
FHPHQW VWRQH VDPSOH ZKHUH WX3HURWEBEK VW KIRU BDW \OLLQ@QIHPKIMAQHO .
DORQJ ZLWK WKH GHIRUPDWLRGHUPWMDE LVDK W \GRHI H\OXRBLFHIQ®/H Y L F +
RI PLFURFUDFNV DQG UXSWXUHWEHQWQYV $FDV¥LQJ,6RRP D DUF
OLQHDUO\ SURSRUWLRQDO UHODWHKIR QIQIGLEGY R I QKO OLDPEIDH OXDWZX L
QHDU WKH SRLQW RI WKH IDLOXUKNR7KW UNGSRROREKO H QVR KWHHYIX IRHQ O\
GHQRWHVY WKH ORFDWLRQ RI WKH WK H DRHHP\HE W WWHR/YHF R Q PMIQNY B D WHL RR
ZKHQ WKH FUDFNV FRDOHVFH DPRGOGLGWKHPWBOYRQY DWKHUEB¥KFH GRH
D FULWLFDO VL]H LQ WKLY FDVHAUKMMK VID PISSSOMHVKEYH DMEQDNER JWKIHZ D
QDWXUH RI ZKLFK LV WKH PHFKMQDKNSOW K RW HUARZYS RURIPWRIYH U O\ L G
WKH VWUHVV DW WKH LQWHUIDFH @ LRAGRV WG ZJIHVR IR MWK BI LB GUKLDASIHY R 1V H
the sample. IRU PRGHOLQJ WKH FUDFNV 3KHDOL
7KH )LJXUH E GLVSOD\V WKIRDPRWQRQRIRHPHUIKLFK PD\ EH IF
DEVRUEHG E\ WKH VDPSOH DWSWWKIHR WBIRVW IQRMQ IV WKHHFROW RI WK
KHWHURJHQHRXV VWUXFWXUH RI GWKIHPAMWAMMHUH DR/ ZAXRH WKDW
WKH UHG GRW LQ WKH ¢(JXUH LQGL+FDYWLHNM WERHHORGDW VR QRLHGKW K H
SUHFLSLWDWHG DGGLWLYH 7KLV BXMPWRAQRPRWXUBORNEBHVUIQMKULR@ LG LG
ZLWK WKH VWUHQJWK WHVW GXUEZAJVEKDHGLYKWLHSORS MKW L\HD/P RO HV |
UHVLVWY DQ LQLWLDWLRQ DQGXIS[SMDNWLIQRQL @ W R UIDAFRRX QWK W®& H L U
HODVWLFDOO\ GHIRUPHG DEVRUESQRSHKIHNVHBWY WRIN WK ) XFHWR KPRV VWRQ

-no headline-

2.000 10000 {m

Ax Fig. 3. The sample breach with

an uneven distribution of the
Fig. 2. Modeling of shear stresses on a wellbore support. a) stresses at the dynamic load applicationpalgejer after the bending test
b) deformation - the pattern of the additive distribution
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GLVWULEXWLRQ WKH FRQFHSW RI D KPOW ULLW VLWW Bl P VLX/ PIHGER SWKHDGN
WKH SRO\PHU SDUWLFOHV RI ZKLDB K H WK I© RPAFOWWH & WDHAN HQUFRDGEKDVH RA K D !
WKH UHJXODU ODWWLFH WKH VWD®GILRILYKLORENVOUBEDPRHGJZEAGQ M
FHPHQW VWRQH IRUPLQJ 7KXV QHDOMFWIL@O \WWHK LM QEBRFQHRW H[FO
RI PRWLRQ LQ D YLVFRSODVWLF RRZVKEH D8 &X WH WHK D@/ \I WHWRWMK H U
LQGLFDWHG GHQVLW)\ DQG FRQFHQRDWD WIKRIQ HR IL W IQHR DG & MWWLLFM LIRW
ZLOO RFFXS\ WKH RSWLPDO SRVIRWLRIQW ZKEQ WHMPHYWRVREQRUW C
WR WKH VWRQH OLNH VWDWH VKRZQ LQ )LIJXUH ERUURZHG IUR
%DVHG RQ WKH DERYH GHVFULMEWM® GUREOHPYV DQG WKH
YDULDWLRQ LQ WKH ORFDWLRQ RI TRKHAKBIG 8 LWHKN HR SWH IR D/OD M R RZDWV
VHW WR GHWHUPLQH WKH FKDQQ PO PR ORW X URIG DK LOFKGW.KWH/ XG\LW W U L
RI *VHOI KHDOLQJ DGGLWLYHV ZRODOWGHEH RRM@WSUBWILRDEQ W KH FHP
&DSLOODU\ GHIHFWV DURXVHG LRR DB H® RZBDYWEHWIRIDHEHFRNVIROOR Z
RI WHFKQRORJLFDO RSHUDWLRQRDGOVLGH FDVLQJ VWULQJV RU
FHPHQW VWRQH FRUURVLRQ FDQ EH FREELRLIRQD OQV BILG LG/HD LBIWRR
WKH IROORZLQJ W\SHV SRUHV ZKLFK7KB YUH DXPWRNMI FHPW DRQV O X U L
FORVH WR WKH FLUFXPIHUHQFH ANDEMV ZLWK SDUDOOHO ZDOOV
LQ WKH IRUP RI D VOLW FUDFNV ZLWKKBRQJVYRPHOQHE 3DEBNVRIHYV
D FRQLF VHFWLRQ FUDFNV KDYLRU WWIKQHDUBLAREDDW WH R PFHHIPHQ W JH
)LJ ODWYLHQNR DUH QRW WDNHQ LQWR DFFRXQW
$V LW LV NQRZQ WKH IRUPDWLR RVDNG\ IFKWR (DHFGERXQW WK |
FKDUDFWHUL]HG E\ OHQJWK SRGWHU ROBHAQLIEQ B VRUQWAKKHH FHP H
GLVFRQWLQXLW\ DQG GHSWK LQGLFKWHWAXFHQFFNR I+W UPHE LW KQR W
GHDGORFN FORVHG DQG WKUR$JIEP EDWLAVNXH PDRRNE WHVXOW
GLVWLQJXLVKHG )LJ JLIXUH $HWRKHDEHOK W QMHDYEUFPWEWY  Z}
D GHDGORFN FUDFN WKDW KDV RQORR QK HR P\W G HWL R MGG WXV HD EB'
D WKURXJK FUDFN LV VKRZQ RQ W NV KHIKMP §QW K HEKIHDK KO VE\ D Q
WZR RXWOHWYV WR WKH VXUIDFH 7KH JUDGLHQW RI WKH ZDWHU
+RZHYHU XVXDOO\ FHPHQW VWRDFFEHGILFQUVWR WKH FOUMPHRIQRXV V!
FUDFNV UHVXOWLQJ IURP IDWLJXH IDI®PUH RI D FHPHQW VWRQH
SHUIRUDWLRQ H[FHVVLYH ¢OWHU ORNW RWULPROIKOHWUKTFW KRUBDXODH G
GR UHSUHVHQW D PL[WXUH RI GLIRH FHE®WQRR8WRD IR | FKMNHGI OWRP Q
WKDW DUH LQWHUFRQQHFWHG D QGWDRME D Q&IH H BERADQHFW FIEP HQW U D'
ORUHRYHU WKURXJK SRUHV DRG@\ PRSLOQQU DH\G IDULHY MWK HURP S
PRVW GDQJHURXV GHIHFWV LQ WINXFX R IVIHOXE RV 1D E\DRVOHKIW H @\ Z D W
WKHUHIRUH ZDWHU ORZHU XSSKOWUDRM R® RI MNUPDOMEREHZDWHU V
WULJJHU RI D VZHOOLQJ DGGLWIRUPYGHF KD QHVP UIREWH \* WHKH FRP SOt
KHDOLQJ  FHPHQWY DFWLYDW LB QWXKKIRXI KE WH Bl NEVHRBHEQOM X/BRFQQHD Ly
WKH FKDQQHOV DQG PD\ OHDG W R RG I D WM DRXGWILLY HW RY Z®XO R |
SURGXFWLRQ M=C=B =C + B=0.

Fig. 4. The main types of capillary defects in the cement stone: a) cylindrical pore; b) conicalffigre;5. Characteristics of cracks: a)
c) crack with parallel walls; d) crack with non-parallel walls; e) crack of an arbitrary geometrgteadlock and through cracks, side view,
b) deadlock and through cracks, top view
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No.| Polymer | Permeability
| (0,2%) -0,012
2 (0,4%) -0,024
3 (0,6%) -0,04
4 (0,8%) -0,049
5 (1%) -0,061

Table 1. Permeability of the cement stone depending on the amount
of the polymer additive

Fig. 7. Permeability change when the polymer additive is evenly
distributed

Fig. 6. Well cement support leakage types (LeNeveu et al., 7R LOOXVWUDWH WKH PRGHO ZH ¢
2006). a), b) between cement and casing; c) through thecement; JUDSKLFDO IRUP ZKLFK VKRZV WKH
d) through the casing; e) through fractures; f) between cement | Q WKH ZDWHU FRQGXFWLYLW\ RI Wt
and formation WKH HYHQO\ GLVWULEXWHG SRO\PHU

/IHM, EH D YLVFRSODVWLHM, FHPHYWKNEXEHQRWYOXUUN )LJ
JHO WKDW WUDQVIRUPV LQWR D VWRQH OLNH VWDWH

M=P+001C  PB=>P+001C+ B Conclusion

[SHULPHQWYV XVLQJ D GHYLFH If
ZKHUHC LV WKH SURBRUWHBRFRLRHRAPM, ; RI WKH FHPHOW VDPSO
¢OWUDWBRQ\PHU IUDFWLRQ WKRURXJKO\ VWXG\ D GLVWULEXWLROQ

SUHYLRXVO\ ZH KDYH H[SHULPH@gVDLQ@\DV\Nﬁm&\/W%%ﬁH RI WKH F
DGGLQJ SDUWV RI'SROVPHU WRy pBGW R IWIHHR Wx oL wpow Ly H
¢OWUDWLRQ GHFUHDVHG E\ %@éﬁ&&%wgﬁB%Md’\’BB&’LWLYH GHP
ZLWKRXW WKH SRO\PHU DGGLWLRQHELgﬁaw\%wégmwﬁ%ﬁw\ W K
ZDWHU WDNHV SODFH EXW D|WHUK99§5MVC5|_R|QWR|RW ﬁwalé% Hx g
¢OWUDWLRQ LV UHGXFHG E\ D IUDFWPR®: RO WKH YDULDELOLW)\ RI \

.| ZH DVVXPH WKDW ERWK OLTXL@\RB%@ PRGEHG S OBY L kP Wkvw s U
LQ WKH WUDQVLWLRQ WR WKH VR QLG M LS G BV wW Yy B R Y M
HTXDWH WKH LQLWLDO DQG ¢QDOWERBEUW RIIWER RGNS iPrRoVWUD W

M =M, ZKLFK DUH RSHQ WKURXJK FUDFNYV

C +B=00lP+C + . B 7KH DSSOLFDWLRQ RI WKH PD

GHPRQVWUDWHG WKH SRVVLELOLW\ |

001 + B=>B P WKH FKDQQHOV ZDWHU FRQGXFWLYL

JURP WKLV LW IROORZV WK D W RRIGH VELRRESA RH UR S\W URMDLGF GV WULEX
RSWLPDOO\ GLVWULEXWHG WKH PBEOWIRGGLWLRQ ERWK LQ WKH
YLVFRSODVWLF FHPHQW VOXUU\ DQG LQ WKH FHPHQW VWRQH
FDQ JLYH D ¢OWUDWLRQ UH G XFW LRefereraes WKH PLQXV
VLIJQ VKRZV D UHGXFWLRQ E\ Eoiﬁéﬂﬂggmmwxzquvs@W%ﬁg 100 VWRQF
FKDQQHOV ,Q 7DEOH  WKH ¢(¢UVW KRERY 5 LOBANRL WH Vi Kdkoo DI W V7Lnk
RI WKH SRO\PHU FRPSRQHQW FR QWM PUOVRIMD R 10#ED EUQILRY GYADRDFOH IHFWV R

WR DGGHG WR WKH FHPHQW ¥dRU A KSR R FD PR snessael
FRQFHQWUDWLRQ RI ,Q WKH VHEROGRFROXPQUKkMGIRH ¥ BOXdULPRY 1 .k
RI WKH UHGXFWLRQ LQ SHUPH D EIEOTIDNRRYIAD W RHR & HYRSTESWIRNETERRD §4 ¢ OOHG

VvV

FRUUHVSRQGLQJ WR WKH SRO\PH UsHERWIEQ We KD@r Bty st Y R xorvD (
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ZHOO FHPHQWLQJ DQG AXVKLQJ AXLGV 6W 3HWHADBGUX tHe Adthops 3XEO S
,Q 5XVV .
$3. 5HFRPPHQGHG 3UDFWLFH % Elvira R. Ismagilova + 06 F 8. 3K'" VWX

%HOODEDUED 0 %XOWH /R\HU ( )UHODVK owH PSR WP H@W HR "$bleO QLRI RI 2LO DQG
5 =LUX & (QVXULQJ DQ HIIHFWLYH VHSDUDWLRQRD WKW DWUHD®B WIWR O WXIP FRIPERIQR. @GR J L
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