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05WAR XAPAKTEPlllCTVIKA PA50Tbl 

B Hacmoirn.1.eu pa6ome npe.llcmasAeHbl 3KcnepuMeHmaAbHbie 
pe3yAbmambl no uccAe.lloBaHwo npe.llcKa3aHHoro B KsaHmosou 
XpoMO.LIUHaMUKe (QCD) 51BA0HU51 Usemosou npo3pa4Hocmu (Un) Ha 
51.llpe .llellmpoHa B peaKuuu d(e,e'p)n npu Ha4aAbHou 3Hepruu 
31\eKmpOHOB 5.76 r3B U B KUHeMamU4eCKOU o6Aacmu nepe.llaBaeMoro 
1.1emb1pexMepHoro uMnyAbca Q

2 = 1.E _,_ 6.0 (r3B/c)
2

• 

.LlaHHblU 3KcnepuMeHm 6bIA npose.lleH Ha .L1emeKmope CLAS s 
3KcnepuMeHmaAbHOM 3aAe B JLab-a. 
lllcxo.L15I U3 cpaKma, 4mo .llemeKmop CLAS perucmpupyem npomoHbl c 
UMnyAbCOM BbIWe 0.3 r3B/c, a B 3KCnepUMeHme perucmpupoBaAUCb 
pacce51Hble 3AeKmpoHbl B cosna.LleHuu c npomoHaMu, 6b1/\a Bb16paHa 
HeumpoHHa51 KUHeMamuKa, Kor .Lia no Q -my u KUHeMamu1.1ecKUM 
napaMempaM HeumpoHa om.lla4u Bbl4UC/\51tomc51 see napaMempbI 
31\eKmpoHOB u npomoHoB. 

3mom aHaAU3 .llaA B03MOlKHOCffib snepBble noAy4Uffib B wupoKUX 
KUHeMamu4eCKUX o6Aacm51X, a UM0HHO npu nepe.llaBaeMOM 
40ffiblpexMepHOM UMny/\bCe - Q2 = 1.5 ..,.. 6.0 (r3B/c)

2 
u UMnyAbCe 

HeumpoHa om.L1a1.1u p,, ~ 2.0 r3B/c, a6coA10mHoe ce4eHue 

B3aUMOtJ.el'.JcmBU51 B BU.lle UMnyAbCHblX LI yrAOBblX pacnpeael\eHUU 
HeumpoHa om.LJ.a1.1u (1,2,6). 

CpasHeHue noAy1.1eHHbIX pe3yAbmamos c meopueu noKa3aAo, 1.1mo 
MexaHU3M peaKuuu noHuMaemc51 .L1ocmamo1.1Ho xopowo, u 3mo no3BOl\U/\O 
UCnOAb30Baffib noAy4eHHbl0 C040HWI .ll/\51 UCCl\e.LlOBaHWI Un 51.llpa 
.LJ.eumpoHa B UCCAe.llyeMOU 3KCKl\I03UBHOU peaKUUU u cpasHeHU51 c 
meopemu1.1ecKUMU npe.LLCKa3aHUS1MU [12-14). 

AKmyaAbHOCffib pa6ombl: 601\ee 25 Aem Ha3a.ll Un 6bll\a 
npe.LLcKa3aHa He3asucuMo Apyr om .LLpyra C. 5poACKUM u A. MtoMepoM 
[10, 11]. 3mo 51BAeHue B QCD 51BA51emcf! aKmyaAbHou 3aAa4eu 
UCC/\0.LlOBaHUfl u .Ll/\fl meopemUKOB u .Lll\fl 3KCnepUMeHmamopos. 
Ony6AUKOBaHO MHOro pa6om KaCalO!llUXCfl 3ffiOU npo61\eMbl (12-14, 17]. 

0.LlHaKo .llO cux nop OKOH4ameAbHO He llCHbl HU MexaHU3M llB/\eHUll, HU 
npU4UHbl, HU KUHeMamu4eCKall o6Aacmb .Lll\ll .LlaHHOU peaKUUU B KOmopou 
MOlKHO Ha6AIO.Llamb Un. 

B ll.Llpe HYKAOHbl Morym HaXO.llUmbcll Au6o B O.LlUH04HOM cocmosiHuu, 
/\U6o B .LLBOUHOU UAU 601\ee cmeneHU KOppeAllUUU (15]. T04HOe onucaHue 
u csoucmsa HYKAOHOB B 3mux cocmosiHusix Heu3secmHo. 

npu lK0CffiKUX peaKUUllX, KOr .lla .llOCmam04HO Be/\UK nepe.llaBaeMblU 
40ffiblpexMepHblU UMnyl\bC, HYK/\OH, B3aUMO.Llel'.lcmsysi c BUpmyaAbHblM 
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cpomoHOM, MOJKem nepeumu B np0Me)f(ymo1..1Hoe cocmoHHUe, 
06Aa.L1a1muee MaJ\blMU pa3MepaMu. TaKoe cocmoHaHue Ha3btsaemcs:t 
To1..1e1..1Ho-06pa3HbIM CocmoHHUeM (TOC), UAU maK Ha3blBaeMblM 'MUHU 
a.llpOHOM', Komopo0 UM0em KopomK00 Bp6Mff JKU3HU UAU .llAUHY npo60ra 
(Kor0peHmHaff .llAUHa npo60ra, cM. cpopMyAy (1)), nocA0 1..1ero onffmb 
npespamaemcs:t B HOpMaJ\bHblU a.llpOH [4,5, 7, 13, 14]. 

H006xo.llUMblMU ycAOBUflMU .LlMI Ha6Ato.L16HUff L.ln ffBJ\fftomcs:t: 
a) 06pa3osaHu0 TOC s CUJ\bHblX s3auM0110ucmsw1x npu 6oAbWUX 

3Ha1..10Hus:tx n0p0.L1.asaeMoro 1..1emb1pexM0pHoro UMnyAbca, 
6) CuAbHO ocAa6AeHHoe B3aUMO.L1eucmsu0 TOC c ocmaAbHblMU 

HYKJ\OHaMU fl.Lipa U3-3a U.s0mosou HeumpaAbHOCffiU UAU U.aemoBOMY 
3KpaHUpOBaHUIO, limo B KOH0l..IHOM c1..1eme BbrnBJ\ff0ffiCfl KaK LJ.n B QCD, 

s) Bb1A0m TOC U3 fl.LI.pa, He ycnesw0ro npespamumbcff B o6blllHblU 
a.apott. 

Korep0HmHas:t .Ll.AUHa TOC onpe.a0AS1emcfl no cpopMyA0: 
2v 

Lcoh = •J 1 (1) 
M - -]vfN 

r .ll.6 v - pa3HUUa M6lK.Ll.Y Hal..laAbHOU u KOH04HOU 3H6prUffMU 3AeKmpoHa, 
M* - Macca npoM0JKymollHoro cocmoHHUff B3aUMO.L1.eucmsy10Ulero 

HYKAotta, MN - Macca noKoff HYKAOHa . .Ll.Aff ff.Lipa .LtellmpoHa B ycAosus:tx 

Haw0ro 3KcnepuMeHma 3ma .llAUHa cpaBHUMa c pa3MepaMu ff.LI.pa u, B 
ycAOBUHX paccMampusaeMou peaKuuu, cocmasM1em om 1 .LIO 2 cpM . .LlMI 
3KCnepuMeHma Bbl6paHa UMeHHO ,lle(JmpoHHaff MUW0Hb, maK KaK 
cpasHum0AbHO MaAbIU pa3Mep fl.Lipa no3BOJ\f!em npu omHocumeAbHO 
HU3KUX Q2 UM6ITTb H6HYA0BYIO sepOS'IITTHOCffib Ha6AIOLl0HUff UCKOMOrO Un 
ffBA0HUff . 
.Ll.onoAHUmeAbHblMU u HeMaAOBalKHblMU .Ll.OBO.LlaMU 8 noAb3Y Bbt6opa 
.L10UITTpOHHOU MUWeHU 6blAU: 

1. xapaKmep .Ll.BYXHYKAOHHblX KoppeAffUUU B .lleumpoHe maKOU )((0, 
KaK s L1pyrux H.Llpax; 

2. BOAHOBaff cpyHKUUff L1eump0Ha pacl!UITTblBaemcfl c 6oAbWOU 
mol..IHOCffiblO, L!ffiO .Ltaem B03MO)l(HOCmb 6oAee peaJ\UCffiU40CKOro 
cpasHeHWI pac1..1emHoro 3Hal!eHUfl c 3KcnepuMeHmaAbHblMU 
LlaHHblMU. 

0KOHllameAbHOrO omsema Ha sonpOCbl 0 cyw,eCITTBOBaHUU Un U 
KUH6Mamu1..1ecKUX YCAOBUU .llAff Ha6AIOLl0HUff 3moro flBA0HUff noKa Hem. 
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npe.llA0)1(0HUe UCCAe.aosamb 3ffi0 flBAettue QCD B CEBAF-e 6blAO 
C.Ll6AaHO ew.0 B cepe,llUHe 90-x, a 3KcnepuMeHm 6blA BblnOAH0H B 2002 
ro.ay. napaMempbl U xapaKmepucmUKU YCKOpumeAbHOro KOMnA6KCa 
CEBAF u .aemeKmopa CLAS, UMetow,ero 6oAbWOU reoMempu1..1ecKUU 
aKc0nmaHC, no.aXO.Llffffi .Ll.Aff UCCJ\6.Ll.OBaHUfl 3moro fl8A0HUfl. 
HaUAYL!WUU cnoco6 U3Yll0HUH Un - 3ITTO KBa3Uynpyroe pacceHHUe 
3AeKmpOHOB. 

CneuuaAbHO 6b1A U3yl!eH MexaHU3M 3mou peaKuuu, u 6b1Ao 
npose.LteHo cpasHeHue pe3yAbmamos c meopemulleCKUMU pac1..1emaMu. 
6blAO ycmattosAeHo, limo meopufl L1ocmamo1..1Ho xopowo onucblsaem 
noAylleHHble 3KcnepuMeHmaAbHb1e .aaHHb1e, u cAe.L1.osameAbHO 3mom 
npouecc MO)l(HO UCnOAb30Bamb .llAfl UCCA0.llOBaHUfl flBJ\0HUfl Un. 

UeAb pa6ombl. L.leAblO .LlaHttou pa6omb1 HBAffemcff BblflCHeHue u 
.Ll.OKa3ame/\bCmBO B03MOlKHOCffiU cyw,ecmBOBaHUfl flBA0HUfl Un B fl.Lipe 
.LteumpoHa nocp0.LtcmsoM peaKuuu d(e,e'p)n s sb1weyKa3aHHblX 
KUHeMamu4ecKux o6Aacms:tx. 

no HaKOnAeHHblM B 3KcnepUM0Hme .LlaHHblM Bbll..IUCJ\Uffib C040HUfl 
UHKAI03UBHoro KBa3u-ynpyroro pacces:tHUff s onpe.aeAeHHblX o6Aacms:tx 
uMnyAbca HeumpoHa om.aallu. 

Onpe.LteAUmb omttowettus:t cellettuu B mex o6Aacmflx uMnyAbcos, r .Lle 
cywecmsyem B3auMo.aeucmsue B KOHellHOM cocmof!HUU, K cel!eHuto, r.ae 
omcymcmsy10m maKUe B3aUMO.L10UCmBUfl, Limo BbrnBAHem Un. 

KAaCCUll0CKafl cpopMyAa .lll\fl pac1..1ema Un B HL!pax UMeem BU.ll: 

d~ [( eA)quasi - elastic] 
T = --'d=-t _______ _ 

A du 
A-- [( ep )elastic] 

dt 

(2) 

lt1CC/\0.llOBaHUfl noKa3aAU, Limo MOlKHO C4Umamb, llITTO B 

o6Aacmu uMnyAbCOB H0ump0Ha om.Lta1..1u p 11 ~ 0.1 r3B/c, 

B3aUMO.Lleucmsue npoucxo.llum KaK Ha cso60.L1HOM npomotte, 6e3 
.LtaAbHeuw0ro s3aUMO.Llel.'.lcmsufl c HeumpottoM, mo ecmb ocmaAbHb1e 
KaHaAbl cuAbHO no.L1asAeHbl. 3mo ce1..1eHue 6b1Ao ucnoAb30BaHo .LIAR 
paCL!ema Un B 3HaMeHaffi6/\0 cpOpMyAbl (2) BM0Cffi0 BblpalKeHUfl 

du [( ep )elastic]. 
dt 

lt1CXO.ll.ff U3 Bb1WeyKa3aHHOro, 3KCnepUMeHmaAbHafl Un 6bl/\a paCL!Urnatta 
no cpopMyAe: 
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T = a'(Q2, p,, PWJA+r~w) 
e/e 

O"'(Q 2 ,Pn :SO.l) 
(3) 

r .LIB e/e o3Ha4aem omHoUJeHue 3KcnepuMeHmaAbHblX cel..feHuu, PWIA -
omcymcmsue Me)KHYK/\OHHblX B3aUMO.Lleucmsuu B KOHeLfHOM cocmo51HUU 
(Plane Wave Impulse Approximation, ynpyroe pacce.51Hue Ha npomoHe 
6e3 .Lla/\bHeuwero B3aUMO.Lleucmsu51 npomoHa c HeumpoHoM B 51.llpe), FSI 

npucymcmsue Me)KHYK/\OHHblX 83aUMO.ll9UCmBUU B KOHe4HOM 
cocmo51HUU, (Final State Interaction, B3aUMO.lleucmsue npomoHa c 
HeumpOHOM B KOHe4HOM cocmo51HUU). 

AHa/\OfU4HblM o6pa30M 6bl/\a pacLfumaHa meopemu4eCKa51 un - I; It ' 

Hay4Ha51 HOBU3Ha pa6omb1. npe.llcmas/\eH u onucaH nepsblU 
3KCnepuMeHm, B KOmopOM 0.LIHUM U3MepeHUeM, B O.L!UHaKOBblX 
KUHeMamULfeCKUX yc/\OBU51X, noAy4eHO a6co/\10ffiHOe ce4eHue 
B3aUMOL1eucmsw1 31\BKmpoHOB c .L!BUmpoHOM B BU.Lle UMny/\bCHblX u 
yrAOBblX pacnpe.lle/\eHuu HeumpoHa om.lla4u a wupoKoM 
KUHeMamu4ecKoM uHmepsa/\e, a UMeHHO .ll/\51 KBa.llpama nepe.llasaeMoro 
UMny/\bCa 1.5 + 6.0 (r38/c)2 U UMnyAbCa HeumpoHa Om.Lla4U LIO 2.0 r38/c 

CpasHeHue pe3y/\bmamos c meopemu4ecKUM npe.llcKa3aHueM 
n03BO/\U/\O UCC/\e.ll.OBamb 518/\eHUe Un B pa3HblX UMny/\bCHblX 
uHmepsaAax. Teopemu4ecKue pacLfembt noKa3blBaJOm, Lfmo 0JKU.L1aemc11 
no51s/\eHue a 3mou peaKuuu TOG c .ll8AbHeuwuM npoxmK.lleHUeM ero 
4epe3 11.ll.PO .L1.eump0Ha 6e3 s3auMo.L1eucm8u5I c HeumpoHoM, mo ecmb 
B03MO)KH0 Ha6/\JO.lleHUe 118/\eHWI Un. .Ll./\11 3mOU U0/\U 8 pacLfemax 
3Ha40HU51 Un 6bl/\O UCnO/\b30BaHO Ce4eHUe npouecca B 06/\acmu 

UMny/\bCa HeumpoHa Offi.ll.84U Pn :S 0.1 r38/c KaK ce4eHue pacce51HUH Ha 

c8060.L1HOM npomoHe. 
.ll.aAee C.lle/\aHbl cpasHeHU11 pacLfemHblX 3H84eHUU Un c 

pe3y/\bmamaMU aHa/\U30B 3KCnepuMeHma/\bHblX .llaHHblX 8 pa3HblX 
uMnyAbCHbtX uHmep8a/\ax HeumpoHa om.llaLfu, r .lle 0JKUL1aemc51 3cpcpeKm. 
3mu 3KcnepuMeHma/\bHbte .L1.aHHb1e noAy4eHbt snepsb1e. 

npaKmU40CK851 ueHHOCmb pa6ombl. Pa3pa6omaHbl u om/\a)KBHbl 
npoue.L1ypb1 om..L1e/\eHu11 K8a3uynpyroro 3KCK/\J03UBHoro KaHaAa om 
ocma/\bHblX KaHa/\OB .Ll/\11 Bbl4UC/\9HU11 4UC/\a cosna.LleHUU N(e,p) 
3/\eKmpOHOB u npomoHOB B .LlaHHOM peaKUUU. 8bl4UmaHue cjJU3U4eCKUX u 
.ll.pyrux cjJOHOB U3 3moro 4UC/\a .ll.8/\0 803MOlKHOCmb c 60/\bWOU 
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mo4HocmbJO onpe.L1e/\Umb .LlUcpcpepeHuua/\bHOe cel..feHue npouecca. 
TaK)Ke 6bl/\U pa3pa6omaHbl Memo.llbl onpe.Lle/\eHU51 cucmeMamu4ecKux 
owu6oK pacl..fumaHHblX 3Ha4eHuu napaMempos. 

Asmop BblHocum Ha 3awumy cAeL1y10wue pe3yAbmambl u BblBO.llbl 
pa6omb1. 

1. c .l!OCmamo4HO 60/\blllOU mo4H0Cffibl0 onpe.lle/\eHbl CB49HWI 
3KCK/\I03UBHOU peaKUUU d(e,e'p)n 8 06/\acmu Q2 = 1.5 + 6.0 

2. 

{r38/c)2 U p
11 

S 2.0 r38/c B BU.ll.9 UMny/\bCHblX U yr/\08blX 

pacnpe.lle/\eHuu HeumpoHa om.lla4u. Pe3y/\bmamb1 co9naL1a10m c 
meopemul..fecKuMu pac4emaMu a 3mux wupoKux 06Aacm.51x 
KUHeMamu4ecKux napaMempos c mo4Hocmbl0 -20%, Kor .lla 
cucmeMamu4ecKue owu6Ku 3KcnepuMeHma u meopemul..fecKux 
pac4emos cocmaB/\5110m coomsemcmseHHO -10% u -18%; 
VIMe51 omHocumeAbHO xopowee cosna.LleHue noAyLfeHHblX 
pe3yAbmamo8 c meopemuLfecKUMU pac4emaMu, MO)KHO 
ymsepJK.llamb, 4mo MexaHU3M npouecca noHuMaemc51 a 
L1ocmamo4Hou cmeneHu mo4HocmbJO .ll/\51 .ll.8/\bHeuwero aHa/\u3a 
.llaHHbtX no npe.L!CKa3aHUIO QCD, a uMeHHO no51B/\eHU51 TOC u 
51B/\BHU51 Un B 51.llpe .lleUmpoHa B 3KCK/\I03UBHOM npouecce 
d(e,e'p)n. 

3. C 60/\bWOU .l!OcmosepHocmbto onpe.lle/\eH xapaKmep 

4. 

93auMo.L1eucmsu51 a uMnyAbCHOM .L1Uana3oHe HeumpoHa om.lla4u 

Pn :S 0.1 r3B/c. npouecc B 3mux YC/\08U51X npoUCXO.ll.Um KaK Ha 

c8060.L1.HOM npomoHe, 51.llpo .L1.eump0Ha pacna.L1.aemcH u npomoHbl 
Bbl/\emalOm 6e3 83aUMO.ll.9UCm8U51 8 KOHBLfHOM cocmo11HUU. 
6bt/\a Bnep8blB paCC4UmaHa Un .ll/\51 ll.llpa .L1.eump0Ha B 
KOHKpemHO omo6paHHblX UHmep8a/\aX UMny/\bCa HeumpoHa 
om.lla4u 8 .ll.8HHou peaKuuu. B 3mux pac4emax ceL!eHue a 

uMnyAbCHOM uHmepsa/\e HeumpoHa om.Lla4u p,, :S 0. 1 r3B/c, 

ucnoAb308aHo KaK cel..feHue pacce51HU51 Ha cso60.L1.HOM npomoHe. 

Cpa8HeHue pe3yAbmamos 3moro aHaAU3a c meopemuL!ecKuMu 
pac4emaMu .Ll/\51 .ll.Byx nomeHuua/\oB (Paris u Argonn V18) 80AH080U 
cpyHKuuu .L1eump0Ha noKa3a/\u, Lfmo: 

o c .L1.ocmamoL1Ho 60/\bwou mo4Hocmbl0 pe3yAbmamb1 
npoBe.LleHHbtX aHa/\U308 cosnaL1a10m c meopemuL!ecKUMU 
npe.ll.CK838HU51MU; 
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0 B. wupOKOM UHmepsaAe 0 2 B paMKaX ,Ll,UarpaMMHblX 
npe.L1.cmasAeHut'.i, meopemul.lecKux u 3KcnepuMeHmaAbHblX 
owu6oK, Hem OKOHl.lameAbHOU SICHocmu B HanpasAeHUU 
o6HapyJKeHusi TOC u SIBAeHusi u.n s npouecce 3KCKAI03UBHou 
d(e,e'p)n peaKuuu; 

o .LI.Ml nposepKu 3moro 3cj::>cpeKma no.L1.06Hble uccAe.L1.osaHU5! 
.Ll.OMKHbl npoBO.Ll.UffibCSI npu 6oAbWUX 0 2

. 

J\U4HOe y4acmue asmopa B BblnOAHeHuu pa6omb1. Y4acmue B 
no.L1.romosKe ycmaHOBKU CLAS K 3KcnepuMeHmy, B Ha6ope .Ll.aHHblX, B 
KaAu6posKe annapamypbl u "on-line" KoHmpoAe 3a cocmosrnueM 
annapamypbl u Kal.lecmsoM .L1.aHHblX, maKlKe s "on-line" u "off-line" 
o6pa6omKe .Ll.aHHblX. npe.LJ.BapumeAbHaH l.laCmb aHaAU3a npOBO.llUAaCb B 
JLab-e, r .LJ.e 06pa6omb1BaAucb .LJ.aHHble 3KcnepuMeHma B BU.lle "BOS" 
cpopMama, .LJ.aAee no xo.LJ.y o6pa6omKu nepese.LJ.eHHble B cpopMam 
"Ntuple", A.AS! .LJ.aAbHeuwero aHaAu3a c ucnoAb30BaHueM naKema PAW++. 
3asepwaiow.asi l.lacmb aHaAU3a npOBO.Ll.UAOCb B Ep4>VI. nposeA Monte­
Carlo MO.LJ.eAuposaHue u pacl.lembl .LlAH pa3HblX npoueccos 
3KcnepuMeHma, a maK)l(e: 

o om6op cpauAoB u co6b1muu, HYlKHblX .LI.AH .LJ.aAbHeuwero aHaAU3a; 
o MO.LJ.eAuposaHue u pac4em aKcenmaHca .LlAH 3AeKmpoHos u 

npomoHos B .LJ.aHHOM npouecce c y4emoM oco6eHHocmeu 
AemeKmopa CLAS; 

o MO.LleAuposaHue u onpe.LleAeHue 3asucuMocmu 3Hepremu4ecKux 
nomepb npomoHOB u 3AeKmpoHOB om ux Hal.laAbHou 3Hepruu, 
A.AS! npose.L1.eHw1 .aaAbHeuweu KoppeKuuu; 

o C03.LlaHue naKema nporpaMM A.AS! onpe.L1.eAeHUS1 LlUCAa 
cosna.aeHuu 3AeKmpoHos u npomoHos - N(e,p) U3 o6wero LlUCAa; 

o onpe.LJ.eAeHue re0Mempu10 o6Aacmu a3uMymaAbHoro yrAa .LlAH 
npomoHoB u 3AeKmpoHOB, r .ae .aemeKmop perucmpupyem 3mu 
LlacmUUbl c nocmOSIHHOU 3cj::>cj::>eKmUBHOCmblO (Fiducial 
Acceptance); 

CmpyKmypa u o6beM .LJ.Uccepmauuu . .Ll.uccepmauusi cocmoum U3 
BBe.LleHWI, nHmU rAaB u U3AOlKeHa Ha 155 cmpaHuuax, BKAIOLlaSI 88 
pucyHKOB, 4 ma6AUUbl u 98 HaUMeHoBaHUU uumupyeMOU /\Umepamypbl. 

ny6AUKaUUU. 0CHOBHOe co.aepJKaHUe .LlUCCepmaUUU dmpalKeHO B 
cmambax [1 - 6], 
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noAylleHHble pe3yAbmambl 6bl/\U npeJJ.cmaBAeHbl Ha e.lKefO.LJ.HOU 
KOHcj::>epeHuuu Accouuauuu AMepuKaHcKoro 4>u3u1.1ecKoro 06wecmsa u 
koAAa6opauuu CLAS. 

Co.LJ.epJKaHue pa6omb1 

Bo BBe.LJ.eHUU U3AOJKeHa cymb SIBAeHUSI L.J.semOBOU npo3pallHOCmU 
U/\U L.J,semosou 3KpaHUpOBKU, npu CUAbHblX B3aUMO.Ll.eUcmBU51X u BblCOKUX 
3Ha4eHUHX nepe.LJ.asaeMblX 4ernb1pexMepHblX UMnyAbcos, Kor .Lla 
cyw.ecmsyern 6oAbWa51 seposimHocmb 3cpcj::>eKma no51BAeHU51 a.LlpOHHoro 
cocmoSIHUSI B BU,LJ,e TOG u SIBAeHUSI un. 

r AaBa 1 - .Ll.aHa o6w,as:i xapaKmepUCffiUKa ffBAeHUSI L.J.n. r Aasa 
cocmoum U3 .asyx pa3.LJ.e/\oB. 

B nepBOM pa3,LJ,eAe B o6w.ux 4epmax U3AOJKeHa npo6AeMa SIBAeHWI un 
B .aaHHOU peaKUUU u ,LJ,aHHOU KUHeMamul.leCKOU o6Aacmu UCC/\e.llOBaHUSI, 
a maKlKe meopemu4ecKoe npe.LJ.cmasAeHue .auarpaMMHoro no.axo.LJ.a K 
peaKUUU u onpe,Ll,e/\eHWI ce40HUU [7, 13, 14]. 

Bmopou pa3.LleA 3ffi0U rAaBbl Ha3BaH 'Usemosasi np03pa4H0Cffib', u 
cocmoum U3 cAeJJ.y10mux 4emb1pex 4acmeu: 

1. npe.L1.cKa3aHusi, r .L1.e npe.LJ.cmasAeHbl HeKomopb1e meopemu4ecKue 
nO.Ll.XO.llbl, omHOC51W.U0C51 K B03HUKHOBeHUIO u.n; 

2. UCCAe.llOBaHue, r .Ll.0 U3/\0)1(0Hbl Memo.LI.bl onpe,lleAeHue SIBAeHUH 
u.n. a maKJKe HeKomopb1e meopemu4ecKue pa6omb1 u KpUBble 
(Puc. 1); 

3. 3KCnepUMeHmaAbHble UCCAe.Ll.OBaHU51 51BA0HU51 L.J.n. npuBe.lleHbl 
pe3y/\bmambl HeKomopblX ony6AUKOBaHHblX 3KCnepuMeHmaAbHblX 
pa6om no Un (Puc. 2); 

4. 4>U3U4ecKa51 Momusauus:i, r .lie o6ocHoBaHa Heo6xo.llUMocmb 
npoBe.lleHUSI HOBoro 3KcnepuMeHma no UCCAe.LlOBaHUIO 51BAeHU51 
TOG, a maKJKe U3AOJKeHa cymb npe.llcmasAeHuu, Kaca10w.uxcsi 
.L1.aHHoro npouecca. .Ll.aHo meopemu4ecKoe .Ll.UarpaMMHoe 
npe.LicmasAeHue peaKuuu (Puc. 3). 
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Puc. 1. TeopemU40CKUe pac4embl un B ll.LJ.pe .LJ.eumpoHa ..ili\ll pa3HblX 
3Ha4eHUU UMnyAbCa (I - 0.0, II - 0.1, Ill - 0.2, IV - 0.3 u v - 0.4 r3B/c) 
HeumpoHa om.LJ.a4U. CnAOWHble KpUBble - npe.ll.CKa3aHUe MO.LJ.eAU 
r Aay6epa, nyHKmUpHbl0 AUHUU - y4em llBAeHUll Un. 
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u1 ' I 
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Puc. 2. Pe3yAbmambl HeKomopblX sKcnepuMeHmaAbHblX .LJ.aHHblX no 
38BUCUMOCmU Un om Q2 .LI.All pa3HblX 51.LJ.ep, noAy4eHHblX Ha YCKOpumeAllX 
SLAG (60AbWUe nycmble CUMBOAbl), Bates (MaAble nycmble CUMBOAbl) u B 
JLab-e Hall-C (3anoAHeHHbte CUMBOAbl). 
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Puc. 3. LI. uarpaMMbt Ksa3uynpyrou peaKuuu d(e,e'p )n 

B rAaBe 2: 
•!• npuse.LJ.eHbl onucaHue u ocHOBHble napaMempbl ycmaHosKu CLAS 

[16], Ha Komopou npOBO.Ll.UACll ,llaHHblU SKcnepUMeHm. 
•!• npuse.LJ.eHa cxeMa u napaMempbl ycKopumeAll CEBAF (Continuous 

Electron Beam Accelerator Fasility), .Ltel'.icmsyiow.ero s T JNAF 
(Thomas Jefferson National Accelerator Fasility, Bup.ll)l(UHUll, CWA), 
r .LJ.e npoBO.llUACll 3KcnepuMeHm. 

·:· npe.llcmasAeHbl OCHOBHble xapaKmepucmuKU ycmaHOBKU CLAS, 
HaXO.LJ.llW.el.'.lcll s Hall-B. .LlemeKmop CLAS cocmoum U3 6 
UH.llUBU.llyaAbHUX cneKmpoMempos, pacnoAo)l(eHHblX s 6-mu 
ceKmopax. B cyMMe cneKmpoMempb1 no4mu noAHocmbio noKpbrsatom 
aKcenmaHc meAecHoro yrAa s 4tr. Ka)l(.LJ.blU cneKmpoMemp ocHosaH 
Ha csepxnpoBO.llllWeM mopou.llaAbHOM Marnume. Bee cneKmpoMempbl 
UMeiom o6w.yio MUWeHb, mpurrep u cucmeMy Ha6opa .LtaHHblX. 
CneKmpoMempbl .LtemeKmopa CLAS cocmollm u3: 

• MHoronposoAo4HblX Ll.peucbOBblX KaMep, .ll.All onpe.LJ.eAeHUR 
mpaeKmopuu u UMnyAbca 3apll)l(eHHblX 4acmuu, oxsamb1saiow.ux 
no a3uMymy 80%, noMrpHoMy yrAy om 8° .llO 140°, c noporoM 0.2 
r3B/c u scj:>cj:>eKmUBHOCmblO soccmaHOBAeHWI mpeKOB ~98%; 

• ra30BblX LlepeHKOBCKUX CLtemLtuKoB .LI.Ml yAy4weHUll 
U.lleHmucj:>uKauuu 3AeKmpoHOB u nUOHOB, c U0Abl0 ux 
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pa3.lleAeHUff, oxsamb1sa10mux no a3uMymy ::::; 27£ u no noAHPHOMY 
yrAy om 8° .ll.O 45°; 

• TOF cuuHmUMHUUOHHblX c4em4UKOB .ll/\ff U3MepeHU51 speMeHu 
npoAema u U.lleHmucpuKauuu a.llpOHOB no U3MepeHHOMY uMnyAbcy 
u oxsamblBaem om 8° .ll.O 142°, c noporoM 0.2 r3B/c u speMeHHblM 
pa3peLUeHUeM T - 120- 250 rx:eK; 

• AUBHesoro 3AeKmpoMarnumHoro KaAopuMempa .ll/\51 
perucmpauuu AUBHeu om 3/\eKmpoHos u cpomoHoB, a maK)l(e 
HeumpoHos, oxsamb1saiomero no a3uMymy ::::; 50% u no 
nOJ\ffPHOMY yrAy om 8° ,ll.O 45°, c ::::;2 CM u :::::: 1 hCeK 
KoOp.llUHamHblM u speMeHHblM pa3peweHUffMU coomsemcmseHHO. 
(Perucmpupyem 3/\eKmpOHbl BblWe 0.5, cpomoHbl - 0.2 r3B/c. 
3HepremU49CKOe pa3peUJeHU9 ,ll/\51 3/\eKmpOHOB B 3aBUCUMOCmu 

om Ha4a/\bHOu 3Hepruu onpe.ll.SA51emcff no cpopMyAe: er = _QJ_ ); 
E FE 

•!• OnUCblBaemcff KaAu6posKa Ka)K.LJ.Oro Y3/\a .llemeKmopa CLAS. c 3mou 
ueAblO 6b1Au om.lle/\bHO npose.ll.SHbl cneuua/\bHble U3MepeHU51. 3mo 
oLteHb Ba)KHO .ll/\51 onpe.lle/\eHUff pa3peUJeHUff .llemeKmopa u .ll/\ff 
.llal\bHeutueu mo'-lHOU U.lleHmucpuKauuu '-lacmuu. 

•!• CAe.llyioymaH Ltacmb nocs51w,eHa om6opy HaKonAeHHblX noAe3HblX 
cpaul\os u co6b1muu s 3KcnepuMeHme. 
Onucb1saiomcff MemO.llbl o6pe3aHUff no KUHeMamu4ecKUM 
napaMempaM u reoMempuu .llemeKmopa, s moM '-IUCl\e MUWeHu, u 
cpu.llycual\bHblU aKcenmaHc .llemeKmopa CLAS. TaK)Ke no.L1po6Ho 
onucaHa U.lleHmucpuKaUUll 31\eKmpoHOB u npomoHOB, onpe.lleAeHue 
3cpcpeKmusHocmu ux perucmpauuu. 

•!• Om.llel\bHO onucaH Memo.LI onpe.lleAeHUff u Bbl'-lema .llpyrux cpoHOBblX 
co6b1muu U3 o6tuero '-IUCAa. TaK)Ke onucaHbl Memo.lib! onpe.lleAeHUll 
UMnyAbCHOU KOppeKUUU npomoHOB u 3/\eKmpoHOB, KOppeKmupyiomux 
aKcenmaHc .LJ.emeKmopa K03cpcpuuueHmos u pa.L1uauuoHHb1e 
nonpaBKU 3/\eKmpOHOB. 

r /\asa 3 - B nepBOU '-lacmu r /\aBbl npuBe.lleH pac'-lem 
meopemuLtecKoro ce'-leHUll (ucnoAb3Yll L1emb1pe pa3Hble .ll.UarpaMMbl) u 
onpe.lle/\eHue 3KcnepuMeHma/\bHoro .llUcpcpepeHuual\bHOro cel.leHUff 
npouecca. 

3KcnepuMeHmal\bHOe C949HUe Bbl'-lUCAffemcff '-IUC/\OM cosna.lleHUU 
3AeKmpoHoB u npomoHOB B KBa3uynpyroM npouecce, ucnoAb3Yll mexHLIKY 
He.llocmaiow.eu Maccbl. YL1umb1sa10mcll maK)l(e see KoppeKmupyiomue 
cpaKmopbl. 
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no.llpo6Ho onucaH Memo.LI onpe.lleAeHUff '-IUC/\a cosna.lleHuu 
3/\eKmpoHOB u npomoHoB B KBa3uynpyroM npouecce. 

OnucaHbl maK)Ke Memo.llbl onpe.lleAeHWI cmamucmu4ecKux owu6oK 
scex paccLtumaHHblX napaMempos. 

r /\aBa 4 - nocBRW,eHa U3Y40HUIO MeXaHU3Ma 3KCKAI03UBHOU peaKUUU 
d(e,e'p)n. npuBe,ll.0Hbl UMnyl\bCHbl9 U yrAOBbl6 pacnpe,lle/\eHU51 
HeumpoHOB om.LJ.allu npu pa3HblX 0 2, B cpasHeHuu c meopemu4ecKUMU 
pac'-lemaMU ,lll\ff pa3HblX ,ll.UarpaMM B38UMO,ll.0UCffiBU51 (Puc. 4,5). 
CpasHeHUff noKa3a/\u, Limo pe3yAbmambl xopowo cosna.llalOm c 
meopemuL1eCKUMU npe.ll.CKa3aHUllMU. C.lleAaHbl HeKomopble BblBO.llbl, 
Komopb1e no3BOAUAU npo.llOl\)KUmb aHaAU3 no u3y4eHUIO noHBASHWI TOC 
u ffB/\9HUll un [1,2,4,5]. 
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Pn (GeV/c) 

Puc. 4. lt1MnyAbCHble (uHmerpuposaHHbte no noAllpHoMy yrAy) 
pacnpe.lleAeHwt HeumpoHa om.lla4u B peaKuuu d(e,e'p)n .ll/\ll Q

2 = 2 u 3 
(r3B/c)2. 
TOLIKU - 3KCnepuMeHma/\bHbl9 .LJ.aHHble, KpUBble - meopemu4eCKUe 
pacL1emb1 c y'-lemoM mpex pa3HblX .LJ.uarpaMM (B KaJK.llOM cAy'-lae 
pacl.lumaHbl .lll\ll .llBYX pa3HblX nomeHUUa/\OB BO/\HOBOU cpyHKUUU 
.LJ.eumpoHa). 
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Puc. 5. YrAOBble (s pa3HblX uMnyAbCblX uHmepsaAax) pacnpe.lleAeHWI 
HeumpoHa om.llal.ILI B peaKUULI d(e,e'p)n .llMI 0 2 = 2 u 3 (rsB/c) . 
To4KU - 3KcnepLIMeHmaAbHble .llaHHble, KpUBble - meopemu1..1ecKue 
pac4embl C y1..1emoM mpex pa3HblX .llUarpaMM. noKa3aHbl B UMnyAbCHbIX 
uHmepsaAax: 
a) LI b) Pn =0.4 -:- 0.6 rsB/c, c) U d) sepXHLie Pn =0.2 -:- 0.3 rsB/c, HUlKHLie 
Pn:::;; 0.1 rsB/c 

r Aasa 5 - Vl3AOlK.8Hbl OCHOBHble pe3y/\bmambl U npUBS.LJ.SHO 
3aKAI040HUe no .llaHHOU pa6ome, ccpopMyAuposaHHble CA0.LJ.YIOlllUM 
o6pa3oM: 

0. 3KCKAI03UBHOe pacces1Hue 3AeKmpOHOB Ha .LJ.eumpoHe - O.LJ.UH U3 
HaUAY4WUX nymeu UCC/\8.LLOBaHUS1 u nposepKU npe.LJ.CKa3aHUU 
OCD - noS1BAeHLIS1 TOC u S1BJ\eHUS'I un B .A.LJ.pe aeumpoHa; 

o d(e,e'p)n peaKUU.A uccAe.LJ.osaHa s o6Aacmu 0 2 = 1.5 -:- 6.0 
(rsB/c)2, u cpasHeHue c meopemu1..1eKUMU pac1..1emaMu 
npo.LJ.eMoHcmpuposaAo xopowee noHuMaHue MexaHU3Ma peaKuuu; 
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maKOU yposeHb noHUMaHU.A peaKUUU no3BOAUA LICnOAb30Bamb 
noAy4eHHble .LJ.aHHble B .llaAbH8UW8M cpU3LI4eCKOM aHaAU3e c 
ueAblO U3Y48HU.A o6pa30BaHUS1 TOC LI S1BAeHWI un; 
.llAS1 smoro aHaAu3a ucnoAb30BaHa 0 2 3asucuMocmb 
a6coA10mHoro ce1..1eHUS1 d(8,e'p)n p8aKuuu LJ.AS1 onpe.LJ.eAeHHblX 
uHmepsaAOB uMnyAbCOB HeumpoHa om.LJ.a1..1u; 
noKa3aHO, 4mo .LIA.A MaAblX 3Ha48HUU UMnyAbCa HeumpoHa 
om.LJ.a4U (Pn ~ 0.1 rsB/c) BKAa.ll B3aUMOLJ.8UCmBU.A B KOH84HOM 
cocmosiHuu He3Ha4um8AeH; 
npu UCCJ\8.Ll.OBaHUU scpcpeKma TOC u SIB/\eHUS1 un cpaBHeHue c 
meopemu1..1ecKUMU pac4emaMU .lleAaem noAy1..1eHHbl8 
pe3yAbmambI MO.LJ.eAbHO 3aBUCUMblMU; 
UCCJ\8.llOBaHa 0 2 3aBUCUMocmb omHOW8HUS1 C848HUS1 B 
onpe.LJ.eAeHHOM UMnyAbCHOM UHmepsa/\e (r .LJ.8 BKAaLJ. 
B3aUMO.LJ.eucmsusi B KOHe4HOM cocmoSIHUU BeAUK), K Ce40HUIO B 
UHmepsAe Pn ~ 0.1 rsB/c (r.lle Hem npaKmU48CKU 
B3aUMO.LJ.eUcmBUS1 B KOHel.fHOM cocmo.AHUU). OHU u ucnOAb30BaHbl 
A.Ml UCCAS.LJ.OBaHUS1 o6pa30BaHUS1 TOC U SIBASHWl Un. 
Pe3yAbmambl smux uccAe.lloBaHuu noKa3aHbl Ha Puc (6), r .lie 
maKlK.e noKa3aHbl .LJ.aHHble U3 sKcnepuMeHmoB, npose.LJ.eHHblX B 
SLAC-e u Jlab-e, Hall-C (Ha sepxHeu naHeAu a), HUlKHble mo1..1Ku). 

a) 1.4 
1.2 l ......................... _ ..... _____ ., ___ ............_ __ _. 

1 r 
0.8 t- ------------. .. ----------------+---------.. ------+------------. 
0.6 F- Pn<0.3 

2 3 4 5 6 7 8 

Q1
• (GeV/c)2 

0.15~~~~~~~~~~~~~~~~~~~~~~~ 

b) 

0. ~~~ t ~=:::::~:::::::::::::::'.:::::::~:::::::!:::::::+.::::::!:::::::+ 
0.075 

0.15<pn<0.3 
0.051:-~~~~~~~~~~~~~~~~~~~~_, 

c) 

"" o~~:: I ~-===~:=~:::~_:'::T.:.':i'--csf 0.01 

0.005 0.4<plt<0.6 

2 2• 3 ~ 4 4• 5 ~ 6 
Q...:, (GeV/c)2 
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Puc. 6. 3KcnepuMeHmaAbHble pe3yAbmambl .llaHHoro aHaAu3a u 
meopemU40CKU0 pac4embl flBA0HUll Un om Q

2 
(cpopMyAa 3, B 

4UCAUmeAe- ce4eHUe B UMnyAbCHOM UHmepsaAe, r .ll0 B3aUMO.lleUcmsue B 
KOH04HOM cocmoRHUU cyt.UecmBeHHO, a B 3HaMeHameAe - C040HUe r .ll0 
B3aUMO.llel'.lcmsue omcymcmsyiom, mo ecmb B uHmepsaAe Pn :::; 0.1 
r3B/c), .llMI UMnyAbCHblX UHmepsaAOB: a) Pn :::; 0.3 r3B/c, b) Pn =0.15 ..;-
0.25 r3B/c, c) Pn =0.40 ..;- 0.60 raB/c. 

Ha naHeAu a) HWKHUe mo4KU coomsemcmsy10m A.aHHblM U3 
3KcnepuMeHmos B SLAC-e u Hall-C. 

nyHKmUpHbl0 KpUBbl0 - meopemU40CKU0 paC40ffibl .LI.Ml .llBYX 
nomeHuuaAOB BOAHOBOU cpyHKUUU .LteumpoHa [4,9]. 

Ha puc. (7) noKa3aHO omHoUJeHUe 3KCnepuMeHmaAbHOU un K 

meopemu4ecKou R =Tete I 7; 11 , c AUHeUHblM cpumoM. KaK BU.llHO pa3Huua 

M0)1(.llY 3KCnepuMeHmaAbHOU U meopemU40CKOU 3Ha40HUflMU Un B 
UHmepBaAe UMnyAbCa HeumpoHa om.aa4U Pn :::; 0.3 rsB/c (sepXHafl 
naHeAb) cocmaBAHem 2%, a 0 uHmepsaAe 0.15:::; p,, :::; 0.25 rsB/c 

(HUJKHflfl naHeAb) - 4%. 

:::c I I 1.3 
1.2 

" 1.: -·------·------..-----·-----·------·-----·------.-------+ 
0.9 

0.8 

0.7 ::: ! p.<0.3 . I 
I ~ 1.4 ,_ 

1.3, 
" :: -----~-'-t-J_J ___ t' 

0.9 

0.8 

0.1 l 
0.6 F- O.IS<p.<0.15 

O.& '------~---------------' u 3 u 4 u 5 u z 
Q'.(GeVlc)' 

Puc. 7. OmHOUJeHUe 3KCnepuMeHmaAbHOU un K meopemU40CKOU, 
wmpuxu - AUHeUHblU cpum. B sepxHue - B uHmepsaAe uMny11bca Pn :::; 0.3 

raB/c, BHU3Y- 0.15:::; p,, :::; 0.25. 
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TaKUM o6pa3oM: 

1. B ,llaHHOM UHmepsaAe Q2 B 0611acm5IX UMnyAbCOB HeumpoHa 
om.lla4u p,, :::; 0.3 u 0.15:::; Pn :::; 0.25 raB/c omHoweHue 

ce4eHUU 4yscmsumeAbHO K UCCA0.llY0MOMY acpcpeKmy. A B 
UHmepsaAe 0.4:::; Pn :::; 0.6 raB/c .llaHHble H01\b351 

ucnoAb30samb, maK KaK U3-3a 6oAbUJOro BKAa.a.a 
o6pa3osaHU51 A -pe3oHaHca uccAe.llyeMblU acpcpeKm ocmaemc51 
He3aMemHblM. LI.AR amoro UHmepBaAa Heo6XOA.UMbl 6oAbWUe 
3Ha4eHU51 Q2, r .a.e BKAa.a. A -pe3oHaHca uc4e3aem. 

2. B wupoKOM UHmepsaAe Q2
, B paMKaX cyLUeCmBYIOl.UUX 

meopemu4eCKUX .L!UarpaMMHblX no.llXO.llOB u s npe.lleAax 
meopemU40CKUX u 3KCnepuMeHmAbHblX 3Ha4eHUU owu6oK, 
HeB03MO)l(HO mo4HO onpe.lleAUmb uMeem AU Mecmo TOC 
aecpcpeKm, SlBA0HU0 Un B HaWeU 3KCKAI03UBHOU peaKUUU Ha 
fl.llpe .£1eump0Ha UAU Hem. 

SblBO.llbl 

1. C 6oAbWOU mo4HOCmblO snepBble onpe.lleAeHo a6coAiomHoe 
C040HUe 3KCKAI03UBHOU KB83Uynpyrou peaKUUU d(e,e'p)n B 
o6Aacmu nepe.aasaeMblX uMnyAbCOB Q2 = 1.5 ..;- 6.0 (raB/c)

2 
u 

UMnyAbCa HeumpoHa om.ll84U Pn= 0 7 2.0 raB/c B UIUpOKOM 
uHmepsaAe noARpHoro u a3uMymaAbHOro yrAOB [1-3,6]. 

2. no.apo6HO UCCA0.llOBaH MeXaHU3M 3KCKAI03UBHOU d(e,e'p)n 
peaKuuu u npose.aeHo cpasHeHue pe3yAbmamos c 
meopemu4eCKUMU pac4emaMU [2,3,6]. 

3. Onpe.aeAeH uHmepsaA uMnyAbca HeumpoHa om.aa4u, r .LJ.e 
npeHe6pelKUMO M81\bl B38UMO.LJ.6UCmBU51 B KOH04HOM cocmoflHUU, 
4mo MOJKHO ucnoAb3osamb .Ll/\51 uccAe.aosaHUfl o6pa3osaHU51 TOC 
U flBl\6HU51 Un B ,llaHHOU peaKUUU [4,5]. 

4. BnepBbte B wupoKOM uHmepsaAe nepe.llaHHblX UMnyAbCOB u 
pa3HblX 3Ha40HUU UMnyAbCa HeLimpoHa om.llal.IU paCCllUmaHa Un 
[4,5]. 

5. Bnepsb1e uccAe.llOBaHa KBa3uynpyra51 peaKUU51 d(e,e'p)n s 
omo6paHHblX o6AacmRx uMnYAbca HeumpoHa om.lla4U, r .lie 

OlKU.llaemcll UCCA0.llY0MblU acpcpeKm QCD. noKa3aHo, 4ffi0 B 
paMKax meopemu4ecKoro .llUarpaMMHoro npu6AuJKeHUfl u 
3Ha4eHUU B01\U4UH meopemU40CKUX u 3KcnepUMUHmaAbHblX 
owu6oK, HeA3bSl ysepeHHO ymeep)l(..llamb cyt.UecmeoeaHue 
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1. 

2. 

3. 

ffBAeHUSI Un B .ll.eUmpoHe B paccMampusaeMblX KUHeMamUL!eCKUX 
YC/\OBWIX [2,4,5]. 
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Uth.p mtrn u:i 
Uzfl.twl.llwG.emu CibpljwJwgqw6 bCi t.eu4unLqfltl d(e,e'p)n 

nbwljgflw1mu flbJtnpnCip qpw tLb4LnpnCiCibpp .e4.wqp-wnwaq.w4wCi 
gpuwG q.plllWLtrnpamU 4mtnw4Ll.w6 tnt.lJWLCibpp lizw4liwG 
wprumG.eCibp[!: Oq.mwq.np6tJ.bL t 5. 76 Q.t4/c tGbpqflwJntl n! 
pL.bnwg4,w6 tLb4mpnGwJf1Ci LflmG2, hb11.m4 n! pL.tmwg4,w6 
flbJtnpnCiwjpCi pppwfl.t: nLLimliGwuppt.J.nrt nbw4gflWJjl 
ljj1Cibuwmpljw4wG ll.jWflWUbUlpGbpp lllPl'lnLJpCibpCi bu. 
t.flnf1.twGgt.J.w6 .EW11W!Wlfl jlUUjnLLUfl' 1.5 + 6.0 (Q.t4/c)2

, 

btnhwpt.lw6p GbJLnpnGp puu.imLufl' uflG!L. 2.0 Q.t'-1./c L. LWJG 
pL.bnwJtiG m wqplimtnWL wGl.umGGbp: 

Unw2f1G wGq.wu 4f1Cibuwmf14w4wCi WJU LWJG mppnLJpmu 
uLnwgt.lbL bCi Cizt.lw6 t.eu4umqfltl nbwl.19jlwmu bmhwpt.l.w6jl 
CibJmpnGGbpp pwgwpawlj 4ll1Jlt.l.W6.EC! CipwCig tiuu.inquw1'1Ci L. 
wCi4JmCiwJtiG pw2f1.tmdubpp Ulbu.entJ.: 

Uzfl.twlllwfi.emu Gbpljw1wgt.1.w6" hblllwqnmmp1mGGb11'1 
tJ.bp2uw4wCi WJll'lJnLCi.QCibp[! Cit.l.f1pqw6 bCi Ufl2m4CibpmU UnLn 
lllwpw6mpJmGGbpjl 4.rw '24.wCiLnwJpCi '2pnun11tiGwupljwJ'1 
4wCif1.twqnLzw4muCibpp mumdCiwuflrimpJwCi[!: 

n1.ctb11. Lflnf1.twq11bgmpJmCiGbpp ctwdwCiw4 L. 0 2 

t.flnf1.twugqw6 .ewnw!wt.fl tiuu.imLufibpp pwpap w11ctb.eub11ti 
qbummu, hwqpnGCibpo hw6wf1.tw4fl 4wrn11. bG t.flnf1.tw4bJ1UltlbL 
libLnw-Stiu.i Liwquwt.J.npmuCibpp L. zwpctt.J.bL Lip2mljmu q.LnG4.nrt 
liJmu hw1111nliCibpp hbLn 111nwGg t.flntuwqflbLm, 4wu mGbGwL w4.bLl1 
t.fln.er t.flnf1.twq11bgmp1wG 4lllJ14.w6_e, npo ljwpnri. t Q.mGwJjlCi 
0wt.flwGgbLPnL?JWG bpL.mjpp UjWU16wn flWllUWL: 

uwtu ljWlllWflt.lbL bCi tlwGpwuwuG mumuuwupflnLpjmGCibp 
WJ'l nbwljgflwJfl dbtuwCijlqU[! hwu4wCiwLm mri.11mp1wup: 
Sbmu4wCi 4wGtuwq.mzwljnLUCibpp m hwzqwpljCibpjl hbLn 
ul.llwgqw6 Wfll'J.JmCi.eCibpp LWt.I. hwuwaw1CimpJmCin pmJL t lilt.I.bl 
4lllllt.lw6".eti wpctb.eCibp[] blllhwp4,w6jl GbJl.llJlnGp ptill.jnqujl nrm2w4'1 
mppmjpCibpmli oq.lllwq.n116bL hblllwqnlllt.lnr1 Q.mCiwJflCi 
rawljlwGgbLflmpJmCin mumtiCiwuppbLm Gu.iwmwLjnt.J.: 

UJu hbl.llwqnlllmpJmGCibfl[! gmJg bCi Lnt.lbL, np 
munLliGwutirt.J.nl'l. t.eu4umqfltl nbwLjgflwJti oGpwg.emu, 
f'J.'1lI1Wfl44.nri. 4'1CibUwmjlljw4wCi mjlpmJpmli, UjJlngbujl ljmpqwo.eti 
l.llbuwljwCi hwzt.J.wriljtiwG 11flwq.11wuw1tiG tibpnflp uwhtiwCiCibpmli L. 
mCibgw6 l.llbuwljwCi m t.flnpawE0WJ1 ljwCi uEb11'1 
wnljWJnLPJWUp, !Ii ljwrbLfl qulllwhnribCi iUJUflbL Li -StiUJ 
LiwqliwqnpmtiCib11p wnw2wuw1.m L. Q.n1. ~lawt.flwCig Ci 
b11L.nJp'1 11 hWJUl Q.WLnL tiwujlCi: 
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