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In the last decade, Russia’s strategic arsenal has pivoted towards a reliance on exotic nuclear-weapon delivery systems. One
such system, the Burevestnik (NATO: 9M730) is claimed to be a nuclear-powered, nuclear-armed cruise missile capable of nearly
indefinite flight. The air-breathing nuclear propulsion system used in this missile is unique, and its attributes are generally unfamiliar
to both the aerospace and nuclear-security communities. To better understand the Burevestnik, and the potential of air-breathing
nuclear propulsion systems generally, we have developed a nuclear-aircraft modeling toolkit capable of constraining the missile's
performance characteristics. Using this framework, we conclude that the Burevestnik is a subsonic cruise missile system measuring
9.540.32 m in length, with a 5.6 +0.18 m wingspan, likely powered by a direct-cycle nuclear turbojet (our calculations almost
entirely exclude the possibility of a nuclear ramjet). Under these assumptions, our models predict a reactor thermal power of
4.3+ 1.3 MWth at cruise, with peak power demand during climb and terminal maneuvering exceeding 15 MW?th, which may be
met with a supplemental chemical interburner. Monte Carlo simulations show that escaping neutrons will generate in excess of
5 TBq of gaseous radionuclides per MW-hr of flight, including isotopes such as *!Ar, 85Ky, 83K and 14C, some of which may
be detectable using existing monitoring networks.

Keywords: Burevestnik, air-breathing nuclear propulsion, nuclear thermal propulsion, OpenMC

1 Introduction

Nuclear power for the propulsion of aerospace systems is an old concept, first envisioned by Fermi in the mid-1940s. Between
the 1950s and the 1970s, the United States and Soviet Union carried out testing of airborne non-propulsion reactors and
ground testing of nuclear turbojets to evaluate the feasibility of nuclear aircraft. Concepts explored during this era included
crewed unlimited-range bombers', supersonic low-altitude intercontinental cruise missiles®, unlimited-range submarine
hunting aircraft, ultra-heavy ground effect vehicles?*, and spacecraft propelled by means of nuclear detonations®. None
of these programs resulted in an airborne nuclear-propelled craft,! and most programs were abandoned by the mid-1970s.
Publicly-disclosed research on nuclear-powered aircraft was sparse following the initial wave of interest 2, with occasional
paper studies such as the Northrup Grumman-Sandia UP3S program® and the Phantom Works-Sandia “Extremely Long
Endurance Covert UAV” concept’. This ebb in research ended in 2018 when Russia announced the development of a nuclear-
powered cruise missile called the Burevestnik. This return to aircraft nuclear propulsion merits a re-examination of the
potential capabilities and challenges of aerospace reactors.

Burevestnik is not the first nuclear-powered cruise missile concept. In 1961, the U.S. Air Force sought to develop a

nuclear ramjet-based supersonic land-attack cruise missile under the moniker Project Pluto. Pluto’s concept of operation was

ISeveral aircraft have been operated with MW-scale reactors aboard for shielding testing purposes, though they provided no motive power.
2Allegations of the use of nuclear propulsion in the Quartz / AARS have been made, though with little firm primary-source backing.
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UP XZBUUSFFUPQ MFWFM BU .BDI BOEEJTQFOTFOVDMFBS XFBQPOTBMPOH
TUSJLJOH HFPHSBQIJDBMMZ TFQBSBUF UBSHFUTIPVSTPSEBZT BQBSU #PUI
JOUIF *EBIP EFTFSU QSPWJOH UIFL\SJBS JWJUM VPGP U BFNDPPSOF-DIFRQQUT FSWB U JWF F
QFSGPSNBEFTJHO TUVEZGPSBEJSFDUDZDMF OVDMFBS QSPQVMTJPO TZTUF
DPOWFOUJPOBMMZ QPXFSFEHVJTF UIF40BSL XBTB LHUVSCPKFU QPXFSFE
XBT UP CF SFUSPWRFE XJUIUIFOVDMFBS" FOHJOFUP QSPWJEFVQUP ISPG |
GSPNUIF#VSFWFTUOJL UIJTTZTUFNTIBSFTUIFTBNFHFOFSBMDPODFQU PG PQF
DSVIJTFTQFFE _F" 40BSLTUVEZJTUIFPONMY QVEWDN MZE QPXNMSFEDSNIIHONB
QSJPS UP #VSFWFTUOJL #PUIUIF1MVUP QSPHSBN BOE UIF OVDMFBS 40BSL QSP!|
CFDBVTFUIF6 4 $POHSFTTGFMU OVDMFBS QSPQVMTJPO MBDLFE B XFMM EFWO
5PEBZ UIFCVMLPGUIFMJUFSBUVSFPOVODSFXFE OVDMRBHDPXFGHE BPSESHR
JOUFSFTUJOUIFDPODFQU 0G UIFQBQFSTQVCMJTIFE CFUXFFO BOE BMM
QVCMJD SFGFSFODFTUP FYQFSJNFOUT _FTFQBQFSTIBWFFYQMPSFEBQQMJDI
HBUIFSJOH BJSDSBO UP UIF QSPQVMTJPO PG IJHI BMUJUVEF TVQFSTPOJD BJSD:
5P CFRFS VOEFSTUBOE #VSFWFTUOJL JUTDBQBCJMJUJFT BOE UIF QSPTQFL
DPVQMFT ESBH FTUJNBUJPO FOHJOFDZDMF NPEFMJOH BOE OFVUSPOJDT _F
BJSDSBO QFSGPSNBODF QBSBNFUFST QSPWJEJOH JOTJHIUJOUP UIF FOHJOFFS
XFMM BT UIF MINJUBUJPOT PG UIFJS XJHIUFOWFMPQFTBOE VUJMJUZ GPS WBS.
EPFTOPUSFMZPOBOZOPO QVCMJD NBUFSJBMT PS NFUIPEPMPHJFT

k" +F;"QmM/

kKXRBbiQ'VQ7 mbbB M B '+  7iLm+H2 " S°'QTmHbBQM
3VTTIJBO JOUFSFTUJOBJS CSFBUIJOHOVDBBGEXBBSBY¥MFEPCYERBABNP BISDSHQ
DPODFSOTUIBUESPWFDPOUFNQPSBSZ6 4 FVPSUT _F6443EFWFMPQFEBQS
EFTJHO CVSFBVT PG .ZBTJTDIFW ,V[OFUTPW -ZVMLB BOE5VQPMFW CFHJOOJO
PGB XZJOHUFTUCFE SFBDUPS EVCCFEUIF5V -"- -FUBZVTIDIBZB"UPNOBZB
UP FWBMVBUF WABFMEQDKBPS B5V CBTFE OVDMFEBS QPXFSFE CPNCFS EVCC|
TIJEMEJOH NFBTVSEFNFOUT QFSGPSNFEPOUIF5V -"-QMBUGPSN )PXFWFS U
TUBHF %JTDMPTVSFTUPUIF *"&"JOEJDBUF UIFFYJTUFODFPGUXPPUIFSFYQFSJ
773- DPOTUSVDUFE CZ /**1 -ZULBSJOP BOEBQQBSFOUMZ QBRFSDFEPO B DMF
BDIJFWFE WSTUDSJUJDBMJUZ JO -JRMEFMTFJTLOPXOBCPVUUIFTF QMBI
EFDPNNJTTJPOFE CFUXFFO BOE *"g"EFDMBSBUJPOT TUBUF CPUIBSF au
XJUIBOPVUQVUPG L8UI
_F#VSFWFJUBBISPVOE CBTFE OVDMFBS QPXFSFE OVDMFBS BSNFE TUSBUF¢
GPMMPXFECZBTFSJFT PG QSR BOBO®EFWDEPPRTOFOUBMDSVITENIJTTIMFE *$:
TJODF UIF6 4 40BSL NJTTJMF PG UIF MBUF TBOE XJUI OP QSFDFEFOU JO U
"MM 3VTTJBO 4DJFOUJWD 3FTFBSDI*OTUJUVUF PG &YQFSJNFOUBM 11ZTJDT 7/**&

_FSFFYJTUQVCMJTIFEDMBINT PG QSPHSBNTTFFLIJOHUP EFWFMPQ TVCNBSJOF IVOUJOHBJSDS
"/ #V/IP $$%1 XBTBMMFHFEMZ FRVJQQFE XJUIBOFVUSPO TPVSDF BOE MBUFSB L8 SFTFBSDI S
FYUFOEJOHUIF SBOHF BOE QPXFS CVEHFU PG "48BJSDSBO )PXFWFS UIFTFDMBJIJNTBSFUIJOMZ TV/!

EFDMBSJOHUIFFYJTUFODFPGUIJT QSPKFDU OPOFDJUFQSJNBSZ TPVSDFT
#VSFWFTUOJLJTBUZQFPGBCJSE LOPXOBTB4UPSN1FUSFMJO &OHMJTI _F3VTTJBO OBNF U

TZNCPMJD NFBOJOH GSPN B GBNPVRRPFONHCEZG BY BN (REINRITFOPAMANOIEXBAUIF QPFN UIF CVSFWFT!
QPSUSBZFEBTBGFBSMFTTDSFBUVSF XJMMJOH UP XZ XIFOBMMPUIFS CJSETIJEF *UCFDBNF B TZNC
SFWPMVUJPOBSZVQIFBWBM
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OVDMFBS XFBQPO EFTJHO 3VTTJBONFEJB SFQPSUT DMBJNBWB WU WBIB 8 FRVERDERBNF
DBOUSBDFJUTUFDIOJDBM MJOFBHFAWSFIW XPUBQ PG T QPXWISBFE CZ B DPNQBDU OVLE
EFTIHOFECZ UIF ,# HSPVQ TQFDJBMUPQUDPEUSBTIUPWP RINIOBM*&VFM DS\
#VSFWFTUOJLOVDMFBS QMBOU HIWFTJUUIFBCIJMJUZUP XZGPS EBZTUP XFFL
BOEBRBDLWJBVOFYQFDUFE SPVUFT VTJOHUFSSBJOUP FTDBQF SBEBS EFUFI
CZNIJMIJUBSZQSPYJFTTFFNUPJOEJDBUFUIBUUIFTZTUFENNBZVTFTPNF MFWF
SFTQPOTFUPDPVOUFSNFBTVSFT (FOFSBMMZ JUJTDPOTJEFSFEUIBUUIFTZTLU
CFFOBOPYDJBMDPOWSNBUJPOPGUIJTEFTIJHODIPJDF
_F#VSFWFTUOJLIBTCFFODIBSBDUFSJ[FEJO3VTTJBO QVCMJDBUJPOTBTB SF
TUBUFNFOUT CZ 3VTTJBO NJMJUBSZ QSPYJFT IBWF ONMFSHBBDTURSOHFE TRDBPTO B a3
YPXFWFS JUTIPVME CFOPUFEUIBUUIFTZTUFNYTBCJMJUZUP MPJUFS JO SBEB
EPFTOPUSVMFPVUUIFQPTTIJCIMIJUZPGBWSTU TUSJLF SPMF _PVHIOPDMFBST
NIMIJUBSZ CMPHHFSTBOE GPSNFSPYDJBMTDMBJN JU XPVME CF BNVMUJQMF NI
BFQPSUT GSPNUIF/VDMFBS _SFBU *OJUJBUJWF IBWF TUBUFE UIBU NPSF UIB
up XJUIBUMFBTUUXP EFTDSJCFEBT QBSUJBM TVDB® TT F B OZBWDIFJIEF DWUB
/ZPOPLTBNJIJMJUBSZUFTU TJUFCSPVHIUUIFTZTUFNUP JOUFSOBUJPOBM BRFOUJ
QMBDFEVSJOHUIF SFDPWFSZPG B #VSFWFTUOJLUFTUBSUJDMF LIJMMJOH BU MF
EFUFDUFE JO tPIXBAZPVST GPMMPXJOHUIFFYQMPTJPO 3PTIZESPNFU UIF3VTTJE
BOE &OWJSPONFOUBM .POJUPSJOH SFMFBTFEB TUBUFNFOU XI1JDI XBT MBUFS E
QSPEVDUTJOUIF SFTVMUJOH OAMSVANNFHIBG OFSVBESP ETWIWPTQF NFBTVSFEFNFOUT XFSF T
JOEJDBUJOH®B'® BQSCPS®BIFEBZT GPMMPXJOH UIFBDDJEFOU CVU XJUIPVU BE
$5#50 *. 4 EFUFDUPST XFSFTUSBUFHIJDBMMZ EFBDUJWBUFE BMPOH % PPDB®$JDIIWM E
DPOUBDU XJUIUIFJOKVSFE 3PTBUPN FNQMPZFFT SFQPSUFE UBPCsIF BRBJB UIB
JOEJDBUJWF PGB SFBDUPSBDDJEFOU _FQSFTFODFPGWTTJPO QSPEVDUTJO Ul
XJuile 4 JOUFMMJHFODF DPINNBSWAODIHIMZI TBQEGREOUVUIFBTTFSUJPO UIBU UIFTZTUFN
BCPBSE BOEUIBUBDSJUJDBMJUZBDDJEFOU UPPLQMBDFEVSJOH SFDPWFSZ SF
GBIJMVSFPGUIF#VSFWFTUOJL TPNFIBWF MJOLFEUIF SFMFBTF PG 3V JO UIF
*OODUPCFS _F3VTTIJBO .JOJTUSZPG FGFOTF .P% DMBJIJNFEUIBUUIFZIBE
QPXFS UIPVHI XJUIPVU QSFTFOUJOH GVSUIFS GPPUBHF PS UFDIOJDBM TQFDJ)\
TVDDFTTGVM #VSFWFTUOJL XJHIUUFTU UIJTUJIJNFTQFDJGZJOHUIBUUIF XJHI
/IPSXFHIJBO OBUJPOBM TFDVSJUZPYDJBMT MBUFS DPOWSNFE UIBUBUFTUUPPL C
UIFTZTUFN XFXaTJHOJWDBOUWMIZMRDXIAS RPYRICDOBGOGHF¥Y¥BDU SBOHF PS EVSBUJF
UFTUEBUFTBMTP DPSSFTQPOE XJUIQVCMJID "%4# EBUB TIPXJOHNPWFNFOU PG 6

kKXKmM/ K2Mi Hb Q7 Lm+H2 * S'QTmHbBQM
"JS CSFBUIJOH OVDMFBS QSPQVMTJPO TZTUFNTHFOFSBUF UISVTU VTJOH UIF BU
SFBDUPSBTUIF TPVSDF PG FOUIBMQZ _FTFTZTUFNTBSFEJTUJODU GSPNPUIFS
UIFSNBM SPDLFUT JO UIBU UIFZ EP OPU SFMZ PO JOUFSOBM TUPSFT PG QSPQF
UVSCPKFUT UVSCPGBOT UVSCPQSPQT SBNKFUT TDSBNKFUTBOE QVMTF KFUT
CFFOCVJMUBOE UFTUFE BSFOVDMFBS UVSCPKFUT BOE SBNKFUT

5VSCJOF FOHJOFT HFOFSBUF QPXFS VTJOH UIF #SBZUPO DZDMF _F JEFBMJ[FE
PGB XPSLJOHHBT JTPCBSJD IFBUBEEJUJPO JTFOUSPQJD FYQBOTJPO GPMM
FYQBOTJPO TUFQJTVTFEUPESJWF UIFDPNQSFTTJPO TUFQ BOE PSBO FYUFSO
UIF XPSLJOH XVJE JT BUNPTQIFSJD BJS XIJDIJT FYQFMMFE UP DSFBUF UISVTL
QFSGPSNFE CZDPNCVTUJOHBIZESPDBSCPO UIFIFBUDBO CFBEEFECZBOZF
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.PEFSOUVSCPNBDIJOFTUZQJDBMMZPQFSBUF BUPWFSBMMQSFTTVSF SBUJPT ¢
UIFQSFTTVSFBUUIFDPNQSFTTPSJOMFU UFSNFE a0134 JOUIF SBOHF PG x
TZTUFNT DBO SBOHF CFUXFFO X , PSTNBMMFS UVSCPKFUBOEUVSCPGB
013 TUFOEUPCF VOEFS BOEUVSCJOFJOMFUUFNQFSBUVSFT VOEFS ,

'PSOVDMFBS QSPQVMTJPO UIFNFBOTPGIFBUUSBOTGFS UPUIF SFBDUJPO!I
AaJOEJSFDUDZDMF &4 %JSFDU DZDMFTZTUFNT VTFBUNPTQIFSID BJS BT UIF QSJN
BOEIFBUJOHJUCZEJSFDUDPOUBDU XJUIGVFM FMFNFOUT _JTBQQSPBDIPVFST
CVUJSSBEJBUFTUIFBJS HFOFSBUJOHBOJSSFEVDJCMF SBEJPMPHIJDBM TJHOBU'
*OEJSFDU DZDMFTZTUEFENT WTTJPO QSPEVDUT NBZEJVVTFJOUP UIFHBT TUSFI
FNJTTJPOPG GVSUIFS SBEJPBDUJWF CZQSPEVDUT -JLFEXJTF TUSVDUVSBM NBL
PSUVSCJOFCMBEFT NBZCFDPNFBDUJWBUFE BOE TIFE SBEJPBDUJWF XFBS Q
WVMOFSBCMFUP OFVUSPOJD EJTUVSCBODFTJOUSPEVDFECZNPJTUVSF BJS EF
_F6 4 "JSDSBO/VDMFBS 1SPQVMTIJPO QSPHSBN UFTUFE CPUIUVSCPKFUT )53¢
EJSFDU DZDMF MBZPVU XJUINJYFETVDDFTTJONBJOUBJOJOHFYIBVTU HBT DM

*OEJSFDU DZDMFTZTUFNTVTFBDJSDVMBUJOH JOUFSNFEJBUF IFBU USBOT(
NPMUFO TBMU PS QSFTTVSJ[FEHBTUPUSBOTNJUIFBUUP UIFUVSCPNBDIJOFSZ
JOTVDIEFTJHOT BOE UIF SFTVMUJOHJTPMBUJPO PG UIF DPSF PVFST JNQSP\
GPSIJHIFS NBYJNVNGVFMUFNQFSBUVSFTBOE QPUFOUJBMMZ IJHIFS QPXFS E
QVNQJOHTZTUFN QSFTTVSF DPNQFOTBUJPO TZTUFN IFBUFYDIBOHFST BOE QS
PWFSBMM NBTT BEJTBEWBOUBHF JO DPNQBSJTPO XJUIEJSFDU DZDMF TZTUFENT
JODMVEJOHHBT UVSCJOFBXIWPEG BDVDWHETEZBOFNT BOE IZESNME FWVEIDBWHID MBY
GPDVTFE QSIJNBSIJMZ PO TZTUFNT XJUITPMJEGVFM DPPMFECZNPMUFO NFUBMT
NPMUFO TBMUT %FTJHO XPSLQFSGPSNFECZ/"4"IBT TVHHFTUFE UIBU NFHBXBF
SFBDUPS BOE QVNQJOHFRVIJQNFOUOIBFDFOBSIFBGE HBOHDPPMFE TZTUFNT IBWHF
6 4BOE $I1JOFTF BEBWQMTQSPQVMTJIPO

.PTUBJS CSFBUIJOHOVDMFBS QSPQVMTJPO DPODFQUT SFUBJO TIJHOJWDBOU
VTFEJOBJSDSBO QSPQVMTIJPOBOE QPXFS HFOFSBUJPO )PXFWFS UIFSFBSFTF
QPXFSFETZTUFNT OVDMFBS TZTUFNTUFOEUPTFFIJHIQSFTTVSFMPTTFTJO UIF
TPMJE HBTJOUFSGBDFT "EEJUJPOBMMZ UIFNBUFSJBMTPGUIFIFBUFYDIBOHF!
UIBODPNCVTUJPOTZTUFNT XIJDIMPXFSTBDIJFWBCMF UVSCJOF JOMFU UFNQT
TMPXMZ XIJDIMFBETUP TMPXUSBOTJFOUSFTQPOTF UPBMMFWJIBUF UIJTJTTVF
VTFEDIFNJDBM GVFM 4JOUFSCVSOFSTAQPTJUJPOFECFIJOEUIF SFBDUPS UP B/

] JQ/2HBM; i?2 "m 2p2biMBF

jXRBHB;?i S ° K2i2 1biBK iBQM M/ 1M;BM2 aBxBM;

SPCFRFS VOEFSTUBOE UIF #VSFWFTUOJLNJTTIMFTZTUFN XFVTFPQFOMZ BWBJ!I
JUT TJ[F NBTT UISVTU FOHJOF MBZPVU BOEMJLFMZ SBEJPMPHJDBM TJHOBUVSI
GBJUIGVMMZ SFQSFTFOU UIF TJ[F BOE TIBQF PG UIFNJTTIMFTZTUFN BOE UIB
OVDMFBS FOFSHZ _FCPEZPGPQFOMZ BWBIJMBCMF JOGPSNBUJPO PO UIF #VSFW
PG %FGFOTF .P% PYDJBMTUBUFNFOUT GPVS . P%W WJEFPDMJQT TIPXJOH NJT’
FRVIQONFOUGPMMPXJOHUIF"VHVTU DSJUJDBMJUZBDDJEFOU BOEBIBOEGVM
UFTUTJUFTEVSJOHNIJTTIMFUFTUJOHDBNQBJHOT

5P EJNFOTIJPOBOENPEFMUIFNJIJTTIMF XJUIJOUIJT MINJUFE JOGPSNBUJBO BOMIS R OMNRRBOHSS BX@ | B S
BDDJEFOU EFCSJT SFQVCMBVMFEIBD3IBEJWR DRRFEPFCBEBIJOH aDMPTF VQ MBVODIAGPPUBHF T aEJTUL
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6B;m 2-RX"EJSFDUDZDMF OVDMFBS QSPQVMTIJPO TZTUFN SFQMBDFT UIFDPNCV
SFBDUPS BOEPVFSTUIFTINQMFTU NFBOT PG BJSHIBIDJIODH B SSAMDIMEF BB MPFSPLONMM N &
DPNCVTUPS XJUIBIFBUFYDIBOHFS ESIWFO CZB SFBDUPS _JTEFTJHOIBT JNQS
UIFSFGPSFIBTB MIJLFMZJIJNQSPWFETBGFUZQSPWMF BT XFMMBTMFTT FYIBVTU S

iIXRXIBbbBH2 .BK2MbBQMb 7' QK 6B/m+B H P#D2+ib
_FWSTUTUFQJOPVSBOBMZTJT XBTUPCVIJMEBEJNFOTJPOBMMZBDDVSBUF NP
VTIJOH QIPUPHSBNNEFNBBTVSFNFOUT XFSFCBTFE POWEVDJBM PCKFDUT BNPC
WSFFYUJOHVIJTIFST BOEBNBOVBM QBMMFU USVDL 8FJEFOUJWFE UIF NBOVGE
XIIJDIXFFTUBCMJTIFEQFSTQFDUJWF HSJET _FTFHSJET XFSFUIFOVTFEUPNFBT
JO 'JHVSHF CVML PG UIF BJSGSBNF EJNFOTJPOT XFSF FYUSBDUFE GSPN UIF aG
WJIFXT PG #VSFWFTUOJL UFTU QSPUPUZQFTJOBDPOTJTUFOU TFRJOH /PUBM
WIJEFPBTUIF SFTVMU PG ESPQ DMPUIT XIJDIPCTDVSFDFSUBJO QBSUT PG UIF B.
DPOTUSBJOFE VTJOH MPX SFTPMVUJPO JNBHFSZJOUIFaXJHIUABOE aEJTUBOU
BCPVUHFPNFUSZ 'PSFYBNQMF USBOTQPSUBUJPODBOJTUFSTTIPXOJOUIFGBD
GVTFMBHF DBOOPU CF XJEFS UIBOUIFNJTTIMFDBOJTUFS XJEUI OPSDBO UIFCC
FYDFFEUIFJOUFSJPS IFJHIUPG UIFDBOJTUFS OVS FTUJNBUFTPG UIF WFIJDMF

'SPNUIFJO XJHIUGPPUBHF XFDPODMVEFUIBUUIFNJTTIMEVTFT B CPRPN NF
BJSJOBBEB UPQ NPVOUFE IPSJ[POUBM TUBCJMJ[FS 'VSUIFS JO XJHIU GPPUB
XJOH SPPU MPDBUJPO BOE XJOHTXFFQUP CPMTUFS PVS QSJPS aGBDUPSZ& NI
TVCKFDUUPCMVS BOE XBTIPVU GSPN NPWFNFOUBOECPPTUFS XBJS BOE UIFSI
BMMPXVTUPCVIJMEBDPNQMFUFBOEDPOTJTUFOU QJDUVSFPGUIFEJNFOTJP
FYUSBDUFETZTUFN NFBTVSFNFOUTBSFHJIJWFO JO

_FPWFSBMM QMBOGPSN XF SFDPOTUSVDU GSPNUIFWJEFP GPPUBHF TUSPOH

aXJHIUAGPPUBHNWH TJIJBOT.P% WDPFORFUBBOJOH aGBDUPSZa GPPUBHF T BOE1MBOFU-BCTBOE"JSCV

UIFBNFT .BSUJO $FOUFS GPS /PBQEP NI MEPHSBRTUPODEA@UYEQOEBPQFS
_FSFIJTTPNFEJTBHSFFNFOUBTUP XIFUIFSUIFJOUBLFJTPOUIFUPQPSCPRPNPGUIFGVTFMBH

TIPUTJOUIFGBDUPSZWJEFP )PXFWFS UIFJO XJHIUGPPUBHF TIPXTBCPRPN NPVOUFE JOUBLF 8FJ
SFBDUPSJTJOTUBMMFE "TUIF GBDUPSZTIPXOJTOPUTVIJUBCMF GPS OVDMFBS PQFSBUJPOT JU N\

8tk N



6B;m 2 KX TFSIJFTPG WHVSFTIJMMVTUSBUFTUIF QSPDFTTCZ XIJDIWEVDJBM PC
IBWFCFFOVTFEUPDPOTUSVDU EJNFOTIJPOBMMZ BD DSWSB ME,E OB 6 B APTG-HORDBUIN
JEFOUJWFEJOUIF aGBDUP&SH#Z adBJHFP JVDNMBBE UERFNINBOVBM QBMMFU KBDL DP N
#MVF (JBOU 'BOEOBO NVMUJQVSQPTF WHFUWYRN OFQFSFEGFDUIJWF HSJEDPOUBJO!
PCKFDUTIBTCFFO FYUFOEFE UP JODMVEFP @ I$INBVTET B MF STB/MUAPES K FTAINSPAMUEBLZVINSHB T
TIPXO XJUIVODFSUBJOUJFT EFSIWFE GSPNUIFEJTUSJCVUIJPO PCTFSWFE XIFO
EJVFSIJOH WJEFP GSBNFT BFPREH QP NTSUES B OVSF% SPEFM EFSIWFE GSPN UIF GBDUP
TIPXOTVQFSINQPTFEPOUIF XJHIUGPPUBHFUPDIFDLDPOTJTUFODZ
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IBT MPOH SFMBUJWFMZIJHIBTQFDU SBUJP XJOHTBOEBODPOUSPMTVSGBDFT
IBTBSFMBUJWFMZDPOTUBOUDSPTT TEPURBE&EBM\BSFBBISFIDPXO JOUSBEZWXJUI T
USBEJUJPOBM DSVIJTFNJTTIJMF aOBQ PG UIFFBSUIAaUSBKFDUPSZ _FQMBOGPE
TZTUFENT TVDIBT UIF I XIJDITIBSFTBCMVOUTRVBSFE PVDSPTTTFDUJPO B
BOE XJOHTIBQF #Z DPOUSBTU BOFYDJFOUTVQFSTPOJD EFTJHO XPVME IBWF B
BSFB SVMFEGVTFMBHF 8FBMTP USBDLFECPPTUFS FYIBVTUEJTUVSCBODFT JO \
XBT XZJOHBSPVOE .BDI TFFUIFBQQFOEJY GPS GVSUIFSEFUBJMT

6B;m 2 [ KNPEFMPGUIF#VSFWFTUOJL FYUSBDUFE GSPN WJEFP FWJEFODF NFBTV?E
BXJOHTQBOPGBQQSPYIJNBUFMZ N 43#T IBWF CFFO JODMVEFE IFSF GPS DMB S
ESBH XPSLVQ QSPDFEVSFT /PUFUIBUUIJT EJBHSBN BOEUIFGPMMPXJOH EFTD
NBUDIFTUIFBWBIJMBCMF FWJEFODF CFTU

#BTFE PO UIF MBVODI WJEFP FWJEFODF XF KVEHF UIBU UIF #VSFWFTUOJL T
'SBNF CZ GSBNF SFWJFX PG CPUI MBVODIDMIJQTTIPX UIBUUIFNJTTIMF MFBWFT
SPDLFU 4LJDLFS & .PTUHSPVOE MBVODIFEDSVIJTENJTTIJMFTVTFEBTINJIJMBS IFf
BIJSTQFFEGPSUIFJSUVSCPGBO FOHJOFTUPTQPPMVQBOECFHJO QSPWJEJOH U
OPXBCTFOU BOEUXJOTPMJE SPDLFUCPPTUFST 43#T BSFTIPXO BDUJWFMZ CV
TBGFEJTUBODF GSPNUIF MBVODIDPNQMFY CFGPSFUIF OVDMFBS QSPQVMTJPO T
FOHJOFTQPPM VQ "MUFSOBUJWFMZ UIF43#T TIPXOJO UIFWJEFP GPPUBHF N/
XJUIPVUB OVDMFBS QPXFSQMBOU _JTTFRVFODFJTJIJMMVTUSBUFE JO 'JHVSF
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6B;m 2 FXOPUJPOBM #VSFWFTUOJLDPODFQU PG PQFSBUJPOTDPOTJTUT PG MBV
SPDLFUCPPTUFS QPXFS _JTUIFOBMMPXTBTMPXTQPPM VQUPOVDMFBS DSV
NBZCFGPSUFTUJOH QVSQPTFTPOMZ BOEUIFOVDMFBS FOHJOF TZTUFN NBZ JC
DPOWFOUJPOBM QPXFS UP OVDMFBS QPXFS

ran JXRXK ; JQ/2HBM;

rsy 5P FTUJNBUF PG UIF BFSPEZOBNJD DIBSBDUFSJTUJDT PG UIF #VSFWFTUOJL XF V1
ek UFDIOJRVF EFWFMPQFE CZ -PDLIFFEBOE /"4" UIBU JT WBWIXEBORERS BHHB 3% E AW C
rVZC;LSref BOD-= rVZ(-;DSref;

rak *O X1JDIT UIF BJSVEBFIBLUSEQ DFESFGFSFODFBEEBIBOEFYDJFOUT PG MJO BOE ESBI

rsj _F %FMUB NFUIPE FTUIJNBUFT UIFESBHDPFYDJFOUCZBHHSFHBUJPO PG JOEJ
rses DPFYDJFOU

R38

L=

2
2 A'?
ESBHEVFUP MJO
rze Cpp JTUIFESBHEVFUPWJTDPVT TIFBS TUSFTTFTPGUVSCVMFOU XPXBDSPTT XB
rsa DCpy JTBTFUPGDPSSFDUJPOTUPBDDPVOUGPS SFBM XPSMETLJO CGJDUURPO BSJT
res TVNPGDPNQSFTTJCIMIJUZESBH PO UIF XJOH BOEDRGY N FMBHNFMBIOHRWVUESEBH SECT
rsn. TVDIBTBOUFOOBF XIJDIJTOFHMFDUFE GPS PVS @QUps QP XKBOH RS BTH M3 b BECSEBIH
rey EFQFOET BND EFWIIBUJPO GSPN EIRT JHEOWNBBUIJPOEGSPN EFTIHO MI@RPFYHOHBFPOQUT._ !
rir XJOHBTQFDU SBUJP XJUIBOOTXBME FYDIJFODZ GBDUPSBTTVNFEUP CFVOJU]
rik UFSNDBOCFFYUSBDUFEHSBQIJDBMMZ GSPN TFEFNJ FIBQJIJSHD BWVFSE MB U DB O TOHBX
rvi FBDIESBHUFSN 4JODFUIF %FMUB .FUIPENFUIPE XBTEFTJHOFE GPS NBOOFE
rve QMBOGPSNTCZBQQMZJOHJU UP #PFJOHYT -POH 3BOHF $SPOWFOUJPOBM 4USJLF
rve -BOE "RBDL .JTTIJMF 5-". "HSFFNFOU XJUIFNQJSJDBM XJHIU EBUB XFSFHPPE !
RNe "QQMJIDBUJPO PG UIF %FMUB .FUIPEUPUIF#VSFWFTUOJL SFRVJSFTBTTVNQUJ
rvde BFSPEZOBNJD QBSBNFUFST _FTFBTTVNQUJPOTJOUSPEVDFFSSPS UIBUBSFC

Cp= |CD,: + mDCE' DCDF + DC?+ DCDP

ESBH BU [FSP MJ
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kyy

kyR

kyk

kyj

#VSFWFTUOJLVTFTBTVQFSDSJUJDBM BIJSGPJM
riv UIF MPX NPVOUFE FOHJOFJOUBLFIBTCFFOTLIMMGVMMZ EFTJHOFE XJUIB QSF
CFFOMJTUFEJOPSEFSPGEFDSFBTJOHJIJNQBDUPOUIFESBH Q°PMEBUTPRRMBEHEBBE
VODFSUBJOUZ IBTC& BPGBRESFER®U UIF UZQJDBM EFWJIBUJPO CFUXFFO XJHIU UF
WBMVFT QSFEJDUFECZ UIF %FMUB .FUIPE 6ODFSUBJOUZ G SIBNWUIE A © WORSHPSEBNHNB

UIFIPSJ[POUBM TUBCJMJ[FS

BOESFTVMUT BSF QSBMPOWHAB ESG BEDXEBWHDVMBUIJPO PG UIF NJOJNVN ESBH

h #H2 BKCMF PG NFBTVSFNFOUT RGHY SEWHMFWPGILIF % FMUB .FUIPE ESBH CVJMEYV
EFWFMPQFE VTJOHUIFBQQSPBOOEMDY SBUFEIDSPN UIF NFBTVSFNFOUT JO UIF L
/IPUF XFBTTVNFUIBUUIFTXFFQBMMFHF HGPXIG IBWF CFFO DBMDVMBUFE OFBS EF
IPSJ[POUBM TUBCJMJ[FS NBSLFE XJUI
UIBUPG UIFWFSUJDBM TUBCJMJ[FS

$PNQPOFOU

.FBTVSFNFOU

'"VTEMBHF MFOHUI N
'"VTEFMBHF XJEUI N
'"VTFMBHF IFJHIU N
8JOHTQBO N
8JOH NFBO DIPSE N
4XFFQ BOHMF 3:8
8JOHS5 $ :015 %
7FSU TUBC MFOHUI N
7FSU TUBC NFBO DIPSH
7FSU TUBC TXFFQ 35
)PS[ TUBC TQBO N
)PS[ TUBC NFBO DIPSE N

%SBHUFSN

JTFRVBM UP

7TBMVF

CDF wing
CDF fus
Cor tail
I:DDC wing
Ix:DC int
II:DC fus
BCo
II-:Dp wing

&
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6B:m 298XBH 1PMBS FTUIJNBUF GPS UIF #VSFWFTUOJL XJUI CSENBHEBQF & WIFOFASS.
TMJHIUMZ CFRFSUIBO UIF5PNBIBXLDSVJTFNJTTJMFE CVU TPNFXIBU®IEDTUIBO Q
UIFQSFEJDUFE MJO DPFYDJFOUBUCVVFUPOTFU OVS CFODINGSI TFEZRPEUT Ul
UIJT QPJOU TFF"QQFOEJY
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ky9

ky8

kye

kyd

ky3

kyN

kRy

kRR

kRk

kRj

kR9

jXkSQr2 TH Mi _2[mB 2K2Mib

(JWFO UIF QMBOGPSN XF KVEHF UIF XJHIU FOWFMPQF PG UIF #VSFWFTUOJL JT
DSVJTFNJTTIJMFT EJVFSJOHPOMZ JO SBOHF FOEVSBODF 60EFS UIJTBTTVNQU.
MJUFSBUVSF UP FTUBCMJTI BQQSPYSIRBLFQU 8 B MWFAR VNISFWFBAUG PSB RPN 4F
BOE ,FSLBANFOUJGZ UIF MINJUJOH NBOFVWFST UIBU ESJWF XJOHBOE QPXFSQMBC
CF

$MINCIJOHB®EOWHRFBU PQUJNBM .BDI BUTFB MFWFM JOIPU EBZDPOEJUJPOT
.BJOUBJOJOH MFWFM XJHIU BU NJOIPU EBZDPOEJUJPOTUPDMFBS IJHI
1FSGPSNJOH B NSBEJVTUVSOEVSJOHUFSNJOBM QIBTFBUTFB MFWFM J

_FUISVTUOFFEFEUP QFSGPSN FBDIPGUIFBCPWFNBOFVWFSTJT DBMDVMBUF
NBTT GPMMPXJOHSHBSMMNBBSF HIWPOUBWIBHMEIF TZTUFN NBTTJT B GSFF QBSBN

6B;m 2 &VTU SFRVISFENFOUT GPS UIF MJIJNJUJOH NBOFVWFSTBTB GVODUJPO P(
UIFQMPU SFQSFTFOUT UIFNPTU MJLFMZ SBOHF PG NBTTBOE NBYJNVNUISVTU WB
1s SFHJPO XJUIUIFNFEJBOEFOPUFECZBTUBSPOPOUIFY BYJT /PUFUIBUL

LN SBEJVTUVSODPVMECFNFUVTJOHBDIFNJDBMJOUFSCVSOFSPSBOFSCV¢
OVDMFBS TZTUFN _F OVBMRNB® XNIYRAW NENFVARS DSVITFBOETVTUBJOFEDMJINC _
ESIWFOCZEFTJHO VODFSUBJOUJFTIBTCFFO QSPQBHBUFE UISPVHIJO UIJT BOB
IJHOL. WBMVFT XFEP OPURVBOUJGZUIFNJO UIF LN SBELNTWSQ PWZ3 G/FUXBFE

X S8FIBWFBMTP JOEJDBUFE UIF QSFEJDUFECGYMEU ERBTFE BG® % | FH4 FBWUBI LR

krs JXjavbi2K J bb
ke 8SF FTUIJNBUFB QMBVTIJCMFTZTUFNNBTTCBTFEPOBOFNQJSJDBM XJOH MPBE SFN

kRd

NJTTIMFT XJUITINJMBS QMBOGPSNTBOE XJOH BTQFDU SBTU BROBWIZITQH B NFWH F BP

R RKN



kks TZTUFN NBT B32® B4k GO XIIJDIUIFVODFSUBJOUZJODMVEFTCPUIXJOH BSFBFTUJ
ven FSSPBECFGPSF XFCFODINBSLFEUIJTNFUIPEVTIJOHEBUB GSPN UIF #(. .QSPH
kky 'SPNUIFTZTUFN NBTT CVEHFU POFNVTUBDDPNNPEBUF UIFBJSGSBNF QPX
wr SFRVISFTBOFTUJNBUF PG DPNQPOFOU SBEJBUJPO UPMFSBO WHIS ZBJIDQ S B YUN\NIX
wk VQQFS CPVOEPOUIFOVDMFBS QSPQVMTIJPOTZTUFN NBTTDBO CF NBEFCZBS
wi -JUFSBUVSFPOIZESPDBSCPO QPXFSFEVMAGHUSTBWBE DSV YDROONITMINFII PO UIF GV
ke JTBQQSPYINBUFMZ PGUIFUPUBMTZTUFN NBTT 60OEFS UIFBTTVNQUJPO UIB
we CVUTIIJFMEJOHJT UIJT ZJFMET B QSPQVMTJPO TZTUFN XJUI TIJFMEJOH NBTT
kke UVSCPNBDIJOFSZBOEBVYJMIJBSZTZTUFNT GSPNBO JOGPSNBMTVSWFZPGTJ
kkd GPSUIFSFBDUPSDPSFBOETIJFMEJOH

s JX9S QTmMHbQ  *?2QB+2

«v FQSPQVMTPSEFTJHO SBNKFU UVSCPKFU UVSCPGBO PSQSPQGBO QSPWJEF
vy BOETZTUFN QFSGPSNBODF 3VTTJBYTDIPJDF GPS #VSWFTUOJLIBTOPUCFFON
we _PVHI GSFRVFOUMZ EJTDVTTFE B SBNKFU QSPQVMTPS JT MJLFMZ JOGFBTJ
w« TJIHOJWDBOUDPNQSFTTJPOBOE UIVT BSFNPTUFYDJFOUJO UIF.BDI x SBOHF B
i UISVTU _FQMBOGPSNPG#VSFWFTUOJL IPXFWFS MJNJUTUIFDSBO UP TVCTPOJ
o TQFFET XPVME SFRVJISF BSFBUURSYMJUIWFO UIF BWBJMBCMF TQBDF UIBU USH
ws > L8 DD@B WBMVF BDIJFWFE POMZ JO MJRVJE IZESPHFO DPPMFE OVDMFBS UIFSN|
we CZB GBDUPSPGJIMMVHYSEUFT UIJTDIBMMFOHF

wa #FUXFFO UVSCPKFUBOEUVSCPGBOPQUJPOT UIFVTFPGBGBOSFTVMUT JO
ws YPXFWFS UIF OFFE GPSB CZQBTT SFHJPO GPS UIF GBO XPX SFEVDFT UIF WPMV
ww CZB GBDUPSPGUXPPSNPSF HSFBUMZ SFEVDJOH TQBDF FYDJFODZ BOE JOD S
vy OVDMFBS GVFMIBT FYUSBPSEJOBSZ FOFSHZEFOTJUZ CVU QPXFSEFOTJUZ JT M.
wr UIBO FOFSHZ FYDJFODZ JT MJLFMZ UP CF UIF EFDJEJOH GBDUPS UIF PQQPTJI
«wk OVDMFBS QPXFSFE JUXPVME UIFSFGPSF CF NPSFTFOTJCMF UP GBWPS B UV S
«j DIPTFUP VTFBIJHI FYDJFODZ DMPTFE DZDMF TZTUFN UP SFEVDF SBEJPBDUJ
ws *O TVDI BDBTF BEVDUFE GBO ESJWFO CZBO FYUSFNFMZ DPNQBDU IJHI UFNQ
ws TPNFNBUFSJBM DIBMMFOHFT BOE BMMPX WFSDRMQBSGFE W2 BYDVE OPKF Q F S FBX
«we DPNQMFY TZTUFN IBT OPUCFFO EFNPOTUSBUFE JOHSPVOE UFTUTCZBOZDPVOU:
s VMUSB IJHI UFNQFSBUVSF TZTUFNT SFNBJO GPSNJEBCMF 8F UIFSFGPSF KVEHF
ws XIJDIJTMFTTDPNQMFY MJHIUFS BOEWUT CFRFSJOUP BOBSSPX GVTFMBHF |
v« 5BCMBZDMFT BSFEJTDVTTFE GOEWHESNO 4FDUJPO

"MUFSOBUJWFMZ BTTVNJOH XJOH MPBEJOH TINJMBS UP UIF ,I XIJDIESBXTPO TIBSFEEFTJHO Q

TZTUFN N3BHT R2kg
"TBDPNQBSJTPO QPJOU XFDBO MPPLBUUIFNVDI MBSHFS OVDMFBS QPXFSFE WBSJBOU PG UI

EJBNFWFSFO GVFMFE DFSBNJD SFBDUPS UIBU XFJHIFE LH _FDPSFXFJHIFEBQQSPYJNBUFMZ
LHZBQQSPYIJNBUFMZ x PG BIFOEZIWFINQMWFBBIBP SN XBT SBEJDBMMZ EJVFSFOU GSPN #VSFWF
WBMJEBUJOH EBUVNJT VODFSUBJO
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k8y

k8R

k8k

k8j

k89

k88

k8e

ksd

k83

k8N

6B;m 2 &XUISVTU SFRVJSFEGPSDSVJTFGPSBDPOTFSWBUJWF SBNKFUEFTJHO J
/IPUF UIBUUIFUIFSNBM PVUQVU PG UIF SBNKFU SFRVJSFEUNM TVTTUB FOE XBHTWP BU

.8Ul 6OEFSUIFTF BTTD/NNINCIBOTFB MFWFM BAPMPEGBFQVIIB¥IO FYDFTT PG .
SBNKFUQPXFSQMBOU

h #H2 [ XSPQFSUJFT PG WBSJPVT QSPQVMTPST GPS FOEPBUNPTQI

&OHJOFDZDMF $SPNQMFYJIMog .BINJUBUJPOT

3BNKFU WFSZ MPX MP X x . 7TFSZIJHINJOIJNVNTQFFE QP
5VSCPKFU NPEFSBUF NPEFSBUF X . .PEFSBUFFOFSHZFYDJF
5VSCPGBO [JHI NPEFSBUF X . 3FTUSJDUT SFBDUPS WPMVN
$MPTFE DZDMF GBO WFSZIJHI NPEFSBUF X . .BUFSJBMT DPPMBO
1SPQGBO [JHI [JHI X . 1PPSSBEBSDSPTT TFDUJPO QB

jX8 2 +iQ" .2bB:M
_JTTFDUJPO EFWFMPQT B QMBVTJCMF SFBDUPS DPODFQU GPS UIF #VSFWFTU!
DPOWHVSBUJPO GVFM DIPJDF BOE UIFSNPIZESBVMJD QFSGPSNBODF "DSPT
PVUMFU UFNQFSBUVSFT CPVOEFE CZ UIF MJLFMZ MJNJUT PG DBOEJEBUF TUSV
BMTP OPUF UIBUUIF QSPQVMTJPO TZTUFN NBZ CFIZCSJEJ[FE XJUIBEEJUJPOBM
CSJFG IJHI UISVTUNBOFVWFSTTVDIBTMBVODIPSUFSNJOBM PCTUBDMF BWPJE
CFTJ[FEGPS QFBLUSBOTJFOUUISVTU CVU SBUIFSGPSUIFDSVJTFBOE DMJN
'JHVSFDDPSEJOHMZ UIFUIFSNBM QPXFS BOE SBEJPMPHJDBM BOBMZTFT UIBU
UISVTU SFRVJSFNFOU

(JWFO UIFUJHIU EJNFOTJPOBM BOE NBTTDPOTUSBJOUTJNQMJFE CZ UIF PCTF.
NPTUQMBVTJCMFDPOWHVSBUJPO _FSFNBJOEFSPGUIJTTFDUJPOUIFSFGPSF

jX8XeEm2H@avbi2K PTIiBQMb 7Q° .B'2+i@*v+H2 *Q" 2

8JUIJOBEJSFDU DZDMFBSDIJUFDUVSF GVFM GPSNTUSPOHMZDPOTUSBJOTCF
QFSGPSNBODON NOBEEMIEFT UIF QSJODJQBM GVFM DMBTTFTDPOTJEFSFEIFSF _FTI
SFBDUPS EJBNFUFSDPNQBUJCMF XJUIUIFPCTFSWFEGVTFMBHF XJEUIPG SPVH
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kdR

kdk

kdj

kd9

kd8

kde

kdd

kd3

kdN

k3y

k3R

k3k

k3j

k39

k38

k3e

h #H2 DSPQFSUJFT PG WBSJPVTDZDMFTDPVQMJOH SFBDUPST UP QSPQVMTPST
TBGFUZUP HSPVOE QFSTPOOFM BT XFMMBTWTTJPO QSPEVDU MFBLBHF IB[BSET
< .8Ul BOEEPFTOPUIPMEGPSWFSZMBSHF TZTUFNT

$ZDMF $PPMBOU .BTT &YIBVTU 3BE I1PXFS $POW &P $PNQWN
%JSFDUDZDMF TPMJE GVEFM MP X
*OEJSFDUDZDMF MJRVJE GVFM IJHI
*OEJSFDU NPMUFONFUBMPSTBMUDPPMBOU

*OEJSFDU IFMJVNDPPMBOU [JHI

h #H2 S8RCMF PG EJSFDUDZDMF GVFM PQUJPOTGPS UIF#VSFWFTUOJL UVSCPKFL
BTTVNJOHBTZTUFNPVUFS EJBNFUFS XI1JDIDBO WU XJUIJOUIFPCTFSWFE #VSF\
(& "/11 QSPHSBN UFTUFE $&3 .BRGE #B68SBO®EBNIDT XIIJMFUIF/&37"BOE FRVIWBMF
UIFSNBM SPDLFU QSPHSBNUFTUFEHSBQIJUFDPNQPTJUF GVFMTBOE DBSCJEFT

'VFM .BUFSJBM $PBU $MBE /PUFT

4J% NBUSJYDPNQPTJUF /POF ANBMM DSJUJDBM EIJNFOTJPOT FYDFMN
4J%$ NBUSJY QBSUJDMF /IPOF *NQSPWFE '1 SFUFOUJPO CVU MPXFS W
$&3.&5 $PBUJOH $SJUIJDBMJIUZ MINJUFEJOBTTVNFE HFPNFUSZ
#F0 6EJTQFSTJPO /POF $SJUIJDBMJUZ SFRVJIJSFTIJHI 6 GSBDUJPO DF
(SBQIJUFDPNQPTJUF $PBUJOH $SJUIJDBMJUZ MINJUFEJOBTTVNFE HF
6/ 6% FUDQFMMFU $MBE 3FRVIJSFTDMBEEJOH HFPNFUSZUIFSFGP

iX8Xk2mi'QMB+ M/ h?2°KQ?v/> mHB+ *QMbB/2" iBQMb
'"PSBEJSFDU DZDMF FOHJOF UIF EPNJOBOU HFPNFUSJD USBEFPVJTUIFDPSFPQ
BIJSXPX BOE MPXFSTQSFTTVSFESPQ CVUJUBMTP SFNPWFT GVFM CFBSJOH W
5P CPVOE UIJTUSBEFTQBDF XFNPEFMFEB SFQSFTFOUBUJWF #VSFWFTUOJL S
DPSFQPQVMBUFE CZIFYBHPOBM GVFM FMENFOUT XJUIDZMJOESJDBM BYJBM XP>
PGIJTUPSJDBM BJS CSFBUIJOHOVDMFBS QSPQVMTJPO SFBDUPST TVDIBT )53
DPODFQUVBMTUVEJFT

#PUI GBTU TQFDUSVNBOE UIFSNBM TQFDUSVN WBSJBEONNFEXSBUBPBNIOFH B
EFTJHOTFNQMPZFE B DN #F0;$ DYPRDUSPIVBEEVRIHIO PSEFS UP SFQSFTFOU BO PQ
CPVOEPOOFVUSPOJD QFSGPSNBODF $SJUJDBMJUZ XBT FWBMVBUFE XJUI BM!
FOTVSFBEFRVBUF NBSHJO GP&G¥EWM CVSOVQ XF SFRVJSF

_FEFTJHOWBSJBCMFTFYQMPSFE XFSF DPSF P¥BREQ P PQFO\GVBDRNRG TWI IR
UBCMFPS FBDI OFVUSPOJD DPOWHVSBUJPO XFVTFUIFSNP IZESBVMJD BOE FOHJ
XPXQBDISBUJP DPSFQSFTTVSFESPQ TQFDJWD UISVTU BOEPWFSBMM UIFSN
"M 7DPNQSFTTPSBOE *ODPOFM UVSCJOF XIJDIBSFDPNNPO NBUFSJBMDIPJ
BQQSPBDIJEFOUJWFTUIFTVCTFUPG SFBDUPSEFTJHOTDBQBCMF PG TBUJTGZJC

8F GPVOE UIBUGBTU TQFDUSVNDPSFTBSFHFOFSBMMZ TVQFSJPS GPS UIJT B
WPMVNF UP IFBU QSPEVDJOH GVFM SBUIFSUIBO NPEFSBUPS _F S8OE/WMIE FOMFSBGA
GBTU TQFDUSVNUSBEF TQBDFJT TVNNBSJ[FE JO 'JHVSF

8F GPVOE UIBU®B§(THEMBVBUMBRPWFWF DSJUJDBMJUZ XJUIJO U HF WP MVNFSHWBO
EFTJHO CFDPNFT GFBTJCMF JO%PR TBTW [IFT S M NNBFUFFGNIE MK BUPIS X1JDI1 3VTTJIBO TUP
MIJNJUFE #Z DPOUSB#W6/B4JSEQSQFIFIEIPO GVFM DBONBJOUBJO DSJUJDBMJUZ ¢
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