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nuklon-nuklonuri drekadi gabnevis Tema, romelic nawilobriv 
SemuSavebuli da SeTavazebuli iyo Tbilisis jgufis mier, Sesrulda 
saerTaSoriso ANKE TanamSromlobis farglebSi iulixis COSY 

sinqrotronze ANKE magnituri speqtrometris saSualebiT. E 
nuklon-nuklonuri (NN) urTierTqmedebis xasiaTis dadgena 

TavisTavad warmoadgens fundamenturi kvlevis sagans. nebismieri 
kvleviTi centri, romelsac amis SesaZleblobas aZlevs materialur-
teqnikuri baza amaCqareblis CaTvliT, cdilobs Tavisi wvlili Seitanos 
SAID monacemTa msoflio bazis [1] gamdidrebaSi. Aam mxriv iulixis COSY 
amaCqarebeli aRmoCnda unikaluri danadgari: EDDAA[2]Akolaboraciis mier 
miRebul Sedegebma mniSvnelovnad gaamdidra SAID baza, xolo ANKE [3] 
eqsperimentis mier axlaxans miRebulma Sedegebma mniSvnelovanad 
Secvales 1 gev energiis zemoT parcialur-talRuri (Phaze Shift Analysis - 

PSA) analizis winaswarmetyvelebebi, romelic 3 gev energiamde 
dReisaTvis waromoadgens modelze damoukidebel erTaderT analizs, 
romelic saSualebas iZleva aRvadginoT gabnevis amplitudebi da fazebi 
gabnevis fiqsirebul kuTxeze. Ees analizi moiTxovs zust gazomvebs, 
romlebic qmnian swored monacemTa msoflio bazas (SAID).  

ANKE-ze NN-kvlevebi sami mimarTulebiT mimdinereobda: pp drekadi 
gabnevis eqsperimentebSi Ay analizirebis unarisa da diferencialuri 
kvlevis gazomva 1.0-2.8 gev energiebis intervalSi masaTa centris 
sistemaSi 10°<θcm<30° kuTxeebisaTvis. kuTxis am itervalSi swrafi 
protoni, romelic gamodis wyalbadis samiznidan, SesaZlebelia kargad 
daregistrirdes ANKE magnituri speqtrometris mier, xolo did (90°-is 
maxlobel) kuTxeebze gabneuli ukucemuli protoni ki SesaZlebelia 
damoukideblad daregistrirdes silikonuri kvaluri teleskopebis (STT) 
mier. rac Seexeba measme mimarTulebiT kvlevebs - np-kvazidrekad gabnevas 
sxvadaxva energiebze, is realurad xorcieldeba deitronisa da 
protonis gabnevis eqsperimentebSi, rodesac xdeba deitronis gaxleCa. 
radgan deitronSi protonisa da neitronis bmis energia  sustia, 
SeiZleba CaiTvalos, rom realurad protonis gabneva xdeba 
kvaziTavisufal neitronze.  Mmonacemebi diferencialur kveTasa da 
analizirebis unarze mcire kuTxeebze (θcm<30°) 1 gev energiis zemoT aq 
kidev ufro mwirea, vidre  drekadi gabnevis SemTxvevaSi. speqtrometrze 
neitronis deteqtireba ar xdeba, magram deitronis gaxleCis reaqciis 
identificireba SesaZlebelia 2 deteqtirebuli protonis saSualebiT, 
Tu 2 protonis sistemis nakluli masa neitronis masis maxlobeli iqneba. 



2013 wlis mart/aprilis TveSi iulixis COSY amaCqarebelze ANKE 
magnituri speqtrometris gamoyenebiT Catarda pp drekadi gabnevis 
eqperimentebebi  polarizebuli protonuli nakadis Semdeg energiebze: Tp 

= 0.796, 1.6, 1.8, 1.965, 2.157  da 2.368 gev (eqsperimenti #212.0). drekadi 
procesis identifikacia xdeboda erTi an orive protonis deteqtirebiT 
ANKE speqtrometris wina (FD) an wveros (STT) sistemebis mier. nax.1-ze 
moyvanilia ANKE speqtrometris sqematuri suraTi. 

 

 
nax.1 ANKE speqtrometrisa da deteqtorebis sqema [3]. 

 
speqtrometri Seicavs sam dipolur magnits (D1,D2,D3), romelTa 

meSveobiTac xdeba: nakadis gamoyvana amaCqareblis orbitidan da misi 
mimarTva speqtrometris samiznisaken (D1), reaqciis produqtebis gamoyofa 
nakadis nawilakebisagan (D2) da nakadis dabruneba amaCqareblis orbitaze 
(D3). speqtrometris deteqtirebis wina sistema (FD), romelic Sedgeba 
teleskopebisagan, scintilaciuri mTvlelebisa da mravalmavTuliani 
proporciuli kamerebisagan iZleva dadebiTad da uaryofiTad damuxtuli 
nawilakebis erTdroulad daregistrirebis da maTi impulsebis gazomvis 
saSualebas. mcire energiis mqone nawilakebis deteqtireba SesaZlebelia 
silikonuri kvaluri deteqtorebis (STT) gamoyenebiT, romlebic 
warmoadgenen 3 silikonuri Srisagan Semdgar teleskops da 
ganlagebulia samiznis marjvena da marcxena mxares simetriulad. 
silikonuri Sreebis sisqeebi aris Sesabamisad 70, 300 da 5000 mkm.  

protonebis deteqtireba xdeboda an FD (Cqari protoni) an  STT 
(neli protoni) sistemebis mier. rac Seexeba kuTxur intervalebs 
(laparakia polarul kuTxeze), romlebsac es deteqtorebi faraven, 
Catarebul eqsperimentebSi is Seadgenda wina deteqtorebisaTvis 
10°<θcm<30°, xolo wveros deteqtorebis SemTxvevaSi 75°<θlab<140°.   



wveros deteqtorSi moxvedrili protonebis trekis aRdgena xdeba I 
da II silikonur SreSi hitebis saSualebiT, magram am gziT aRdgenili 
polaruli kuTxis sizuste araa damakmayofilebeli  I SreSi 
mravaljeradi kulonuri gabnevis gamo. magram aq SeiZleba gamoyenebuli 
iqnas drekadi procesis unikaluri Tviseba -  protonis energiasa da 
kuTxes Soris calsaxa kavSiri. 30 mevamde protonebi Cerdeba STT-s III 
silikonur SreSi da maTi identificireba praqtikulad calsaxadaa 
SesaZlebeli.Erac Seexeba ufro energiul protonebs, neironul qselebze 
dafuZnebulma modelirebam  aCvena, rom 90 mevamde protonebisaTvis aseve 
SesaZlebelia polaruli kuTxis kargi sizustiT aRdgena.  

eqsperimentebSi gamoyenebuli iyo vertikalurad polarizebuli 
protonebis nakadi. polarizebuli iunuri wyarodan gamosuli wyalbadis 
ionebi Tavdapirvelad Cqardeba wrfiv amaCqarebelSi 45 mev energiamde da 
Semdeg is xvdrba COSY damagrovebel rgolSi, sadac xdeba misi sasurvel 
energiamde aCqareba. sistematikuri Secdomebis Sesamcireblad gazomvebi 
tardeboda polarizaciis orive modaze, nakadis spiniT “zemoT” da 
“qvemoT”. Aam ori modis polarizaciebis sxvaoba ar aRemateboda 1%-s. 
nakadis polarizaciis gansazRvrisaTvis eqperimentebSi gamoiyeneboda 
EDDA deteqtori. Nnakadis polarizacia energiis mixedviT mcirediT 
icvleboda da TiTeeul energiaze misi mniSvneloba moyvanilia qvemoTa 
cxrilSi. 

 

 
cxrili 1. Nnakadis polarizaciis mniSvneloba energiebis 
moxedviT. niSnis cvlileba polarizaciaSi miuTiTebs, rom 
nakadis aCqarebis dros rezonansis maxlobel energiaze 
moxda nakadis spinis amotrialeba.   

   
drekadi gabnevis procesis gamosayofad, roca erT-erTi protonis 

deteqtireba xdeba deteqtorda wina (FD) an wveros (STT)) sistemis mier, 
gamoiyeneboda e.w nakluli masis meTodi (nakluli masa unda iyos 
protonis masasTan axlos). TvalsaCinoebisaTvis nax.2-ze moyvanilia 
protonis nakluli masis ganawileba 1.6 gev energiaze. rogorc naxazidan 
Cans nakluli masis speqtrSi protonis sakmaod sufTa signalia da foni 
pikis qveS aris minimaluri (gansakuTrebiT wveros deteqtorisaTvis). 

Aanalizirebis unaris gansazRvrisaTvis gamoyenebuli iqna 
marjvena/marcxena asimetriis gazomva. radgan wveros deteqtori nakadis 
simetrulad marjvniv da marcxnivaa ganlagebuli, gvaqvs ra 
eqpserimentebi nakadis polarizaciiT spiniT “zemoT” da spiniT “qvemoT” 
SesaZlebelia e.w. ormagi fardobis meTodis gamoyeneba. vTqvaT marcxena 
deteqtorSi mocemuli spinis orientaciisaTvis dafiqsirda L↑ (L↓) 
SemTxveva, sadac isari pirobiTad miuTiTebs nakadSi spinis orientacias. 



Sesabamisad marjvena deteqtorisaTvis SemTxvevaTa ricxvi iyos R↑ (R↓). 

Ggeometriuli mosazrebidan SemoviRoT aRniSvnebi R R L
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nax.2 protonis nakluli masis MX(pppX)  ganawileba 1.6 gev 
energiaze.  
marcxena paneli – protoni deteqtirebulia wveros (STT)  
deteqtorSi,  
marjvena paneli - protoni deteqtirebulia wina (FD)  
deteqtorSi. 

 

sadac ( )yA   aris analizirebis unari mocemul polarul kuTxeze,  

cosp    aris nakadis efeqturi polarizacia, romelic mxedvelobaSi 

iRebs aqseptanss   azimutaluri kuTxis mixedviT da STT SemTxvevaSi 

cos ≈0.966. (1) formuliT asimetriis gamoTvlis SemTxvevaSi 
SesaZlebelia e.w. pirveli rigis sistematiuri cdomilebebis Tavidan 
acileba, romlebic dakavSirebulia deteqtorebis araswor 
urTierTganlagebasTan, aseve nakadis “zemoT” da “qvemoT” 

polarizaciebis sidideSi gansxvabasTan. YZiriTadi wvlili ( )yA  -Si, 

romelic modis asimetriis gansazRvridan,  Seaqvs sxvadasxva 
arastabulurobebs, maT Soris marjvena da marcxena teleskopebis 
efeqturobaTa fardobis arastabulurobas. EarastabilurobaTa koreqcia 
gakeTebuli iqna TiToeul energiaze, is 0.3% rigisaa garda 1.8 gev 
energiisa, sadac es faqtori 1.3%-s aRwevs.  

formula (1)-iT sargebloba araa SesaZlebeli, roca protoni 
detetirdeba wina  deteqtorebis saSualebiT, radgan iq araa marjvena da 



marcxena deteqtori. Mmagram SesaZlebelia asimetriis gamoTvla 
mocemulk kuTxeze anaTvlebSi nakadis spiniT “zeviT” da “qveviT”.  

ZiriTadi sistematikuri Secdoma ( )yA  -s gansazRvraSi Seaqvs EDDA 

[4] deteqtors da is aris 3% rigis.  
Nnax.3-ze moyvanilia pp drekadi ganbnevisaTis sxvadasxva energiebze 

gazomili Ay analizirebis unaris damokidebuleba masaTa centris 
sistemaSi polarul kuTxeze. rogorc naxazidan Cans ori damoukidebeli 
(FD) da (STT) deteqtorTa sistemis mier gazomili Sedegebi karg 
TanxvedraSia erTmaneTTan. kerZod im kuTxur areSi, romelsac faravs 
orive deteqtori  

( ) / ( ) 1.00 0.01y yA FD A STT   . 

 796 mev energiis maxloblad arsebobs ( )yA  -is gazomvis sxva 

eqsperimentuli monacemebic, romlebic aseve karg TanxvedraSia ANKE 

monacemebTan. am energiaze SAID SP07 winaswarmetyvelebebi, romlebic 
uwyveti Savi mrudiTaa datanili nazazze, aseve kargad Tanxvdeba 
eqsperimentul monacemebs, magram ufro maRal energiebze gansxvaveba 
TvalSi sacemia, gansakuTrebiT mcire kuTxeebis areSi. amitom moxda 
parcialur-talRuri analizis Tavidan fitireba. axali fitis erT-erTi 
parametris – normalizaciis faqtoris mniSvnelobebi moyvanilia 
cxrilSi 1. axali SAID Teoriuli gaTvlebi ukve karg TanxvedraSia 
eqsperimentebTan. Kvlevis Sedegebi gamoqveynebulia [13]-Si. 

 

 



 
nax.3 pp drekadi gabnevis Ay  analizirebis unaris  gazomvis 
Sedegebi 6 sxvadasxva energiaze. UwiTeli wertilebi Seesabameba 
STT, xolo lurji wertilebi FD gazomvebs. Savi jvrebi 
Seesabameba EDDA gamomvebs. uwyveti mrudebi Seesabameba SAID 

SP07 winaswarmetyvelebebs, xolo  wyvetili – gadaTvlil 
amoxsnebs [1]. 789 mev energiaze Savi Ria simboloebiT 
moyvanilia LAMPF [5,6]  da SATURNE [7] monacemebi. 

 
    rac Seexeba protonis protonze drekadi gabnevis process, 

winaswari monacemebi diferencialur kveTaze ukve arsebobda damcemi 
protonis energiiis 8 mniSvnelobaze. eqsperimentebi, romlebSiac 
gamoyenebuli iyo wyalbadis Wavluri samizne, Catarda iulixis COSY 
amaCqarebelze 2010 wlis ivlisSi (eqsperimenti #200.0) arapolarizebuli 
protonuli nakadis Semdeg energiebze: Tp = 1.0, 1.6, 1.8, 2.0, 2.2, 2.4, 2.6 da 2.8 

gev. pp drekadi procesis identifikacia xdeboda erTi an orive protonis 

deteqtirebiT ANKE speqtrometris wina (FD) deteqtoris mier (nax.1). am 
eqsperimentebis analizis gamocdileba gamoyenebuli iqna 212.0 
eqsperimentis monacemTa analizis dros. 

 imisaTvis, rom gaizomos raime fizikuri procesis kveTa, pirvel 
rigSi unda Sefasdes eqsperimentis e.w. naTeba L, romelic procesis 
kveTasa (σ) da SemTxvevaTa ricxvTan (R) dakavSirebulia TanafardobiT:  
R = L ∙ σ. ANKE–ze diferencialuri kveTis absoluturi mniSvnelobis 
gansazRvris procedurasTan dakavSirebuli sakiTxebi detalurad 
aRwerilia naSromSi [8]. 

eqsperimentis naTeba aris fizikuri procesisagan damoukidebeli 
sidide da sruliad ganisazRvreba nakadisa (nB) da samiznis (nT) 
nawilakTa ricxviT: L = nB∙ nT.  

nakadis intensivobis gazomva sakmaod rutinuli proceduraa da 
xdeba sakmaod zusti e.w BCT (Baem Curent Transformer) mowyobilobis 
saSualebiT. mocemuli eqsperimentis dros am mowyobilobis signalebis 
Cawera xdeboda deteqtorebidan miRebuli signalebis Caweris 
paralelurad. rac Seexeba samiznis simkvrives nT, misi Sefasebaa xdeboda 
amaCqareblis cikluri sixSiris (revolution frequency) cvlilebis gazomvis 
gziT, romlis mizezicaa nakadisa da samiznis nawilakebis 
eleqtromagnituri urTierTqmedeba. SevniSnavT, rom es meTodi muSaobs 
mxolod gauciebeli nakadisaTvis da is sruladaa mocemuli [8]-Si, sadac 
moyvanilia firmula 

 
aq Tp da f aris nakadis energiisa da sixSiris sawyisi mniSvnelobebi,  γ = 
(1-β2)-1/2  lorenc faqtoria. es samive parametri SesaZlebelia sakmaod 
zustad gaizomos COSY amaCqarebelze mimdinare yoveli 



eqsperimentisaTvis. samiznis atomebis masa m da damuxriWebis unari dE/dx 

aseve kargi sizustiTaa cnobili NIST-monacemTa bazidan [9]. rac Seexeba 
cikluri sixSiris cvlilebasa (df/dt) da e.w. sixSiris sasazRvro η 
parametrs (frequency-slip parameter), maTi gansazRvra xdeboda uSualod 
monacemTa aRebis dros.  

Nnax.4-ze 2 energiaze moyvanilia 212.0 eqsperimentSi e.w. “Sotki” 
speqtrebi 300 wamian ciklebSi, romlebic iwereboda yovel 10 wamSi da 
romelTaA saSualebiTac xdeboda cikluri sixSiris t droze 
damokidebulebis gansazRvra. aRmoCnda, rom maRal da dabal energiebze 
sixSiris cvlilebis mimarTuleba sxvadasxvanairia da is damokidebulia 
amaCqareblis meserze. amis gamo, radgan naTeba aris df/dt proporciuli, 
energiis garkveul SualedSi am meTodis gamoyeneba azrs kargavs meTodis 
didi cdomelebis gamo. sworedAamiT aixsneba iq faqti, rom 1.0-1.6 gev 
energiis intervalSi diferencialur kveTaze monacemebi ar gvaqvs.   

  η parametris gansazRvra xdeboda Semdegi formulis gamoyenebiT: 
η=1/ γ

2
 – α, sadac α aris impulsis kompaqt-faqtori (momentum compaction-

factor) da misi Sefaseba xdeboda cikluri sixSiris cvlilebis gazomviT 
COSY mimmarTveli magnitebis magnitur velSi. mcire cvlilebebis dros 
sixSirisa da magnituri velis cvlilebebs Soris kavSiri aseTia da misi  

 

 
gazomva yoveli calkeuli energiisaTvis xdeboda calke eqspoziciebSi, 
roca samizne gamorTuli iyo.    

rac Seexeba samiznis simkvrives saboloo gansazRvras, is moxda im 
daSvebiT, rom sixSiris cvlileba gamowveulia aramarto nakadisa da 
samiznis urTierTqmedebiT, aramed COSY rgolSi arsebuli narCeni gaziT, 
da aucilebelia am ukanasknelis gamokleba. amisaTvis Catarebuli iqna 
gazomvebi specialuri ciklebisaTvis, roca klasteruli samizne 
CarTuli iyo, magram nakadi mas ar kveTda. es saSualebas iZleva 
Sefasdes narCen gazTan urTierTqmedebiT gamowveuli sixSiris 
cvlileba, amasTan gazomvis pirobebi aris iseTive, rogoric normaluri 
monacemTa aRebis dros. 

calke iqna Sefasebuli sistematiuri cdomilebebi, romlebic modis 
FD sistemidan [10]. aRmoCnda, rom masaTa centris sitemaSi kuTxis 
aRdgenaSi 0.15° sistematikas diferencialur kveTaSi Seaqvs 0.5% 
cvlileba.  



 
nax. 4 “Sotki” speqtrebi, romlebic miRebulia 300 wamian 
ciklebSi 1.0 (marcxena) da 2.0 (marjvena) gev energiebze. 
suraTebi moyvanilia 60 wamiani intervalebiT zemodan qvemoT. 
wiTeli vertikaluri xazebi Seesabameba sixSiris saSualo 
mniSvnelobas. 

 
mas Semdeg, rac cnobilia naTeba, SesaZlebelia gaizomos pp 

drekadi gabnevis diferencialuri kveTa. drekadi gabnevis procesis 
gamosayofad, roca erT-erTi protonis deteqtireba xdeba deteqtorda 
wina sistemis mier, gamoiyeneboda e.w nakluli masis meTodi (nakluli 
masa unda iyos protonis masasTan axlos). Aam meTodiT agebuli speqtri 
Seicavs protonis gamikveTil signals da foni ar aRemateba (1-2)%-s, rac 
kveTaSi iZleva 0.5% cdomilebas. I cxrilSi moyvanilia energiebis 
mixedviT yvela is cdomileba, romelsac Seaqvs wvlili difereniclur 
kveTaSi. rogorc vxedavT jamuri cdomileba ar aRemateba 2.5-3.5%-s. 
 



 
cxrili 1. sxvadasxva energiaze cdomileba diferencialuri 
kveTis gansazRvraSi: I sveti Seesabameba η parametris wvils, II 
sveti – narCeni gazis wvlils, III sveti – samiznis simkvrivis 
arastabilurobas 300 wamis gamnavlobaSi, IV sveti - dE/dx sididis 
Sefasebis sizustes NIST-bazidan, V sveti – FD wvlils. Bbolo 
svetSi moyvanilia cdomilebis jamuri Sedegi. 

 
imisaTvis, rom ANKE Sedegebi SevadaroT amave energiebze 

Catarebul sxva eqspeirimnetebis Sedegebs, agebul iqna diferencialuri 
kveTis t gadacemul 4-impulsze  damokidebuleba, romelic aproqsimirdeba 
formliT  

2exp( | | | | )
d

A b t C t
dt


   . 

A, B da C koeficientebiNnapovi iqna empiriulad agebuli ganawilebebis 
minimizaciiT. Nnax.5 moyvanilia 1000 mevze ANKE eqsperimentebis Sedegebis 
Sedareba skalirebul gaCinos SedegebTan [11], romlebic Catarda 992 mev 
da 991 mev energiebze. nax.6 ki moyvanilia 2.2 da 2.8 gev-ze ANKE 

eqsperimentebis Sedegebis Sedareba aრaგonis nacionaluri laboratoriis 
[12] SedegebTan. rogorc vxedavT Sedegebi kargad Tanxvdeba (2-3% dabal 
da 1% maRal energiebze) sxva eqspeimentebis Sedegebs. 



 
nax.5 ANKE–ze gazomili pp drekadi gabnevis diferencialuri 
kveTa 1000 mev energiaze. (lurji kvadratebi). Sesadareblad 
moyvanilia maxlobel energiebze  skalirebuli gaCinos 
eqsperimentebis Sedegebi [11]. wiTeli samkuTxedebi Seesabameba 
991 mev energias, xolo mwvane wreebi – 992 mevs. frCxilebSi 
mocemulia skalirebis koeficientis mniSvneloba.  

 

 
nax.6 ANKE–ze gazomili pp drekadi gabnevis diferencialuri 
kveTa 2.2 (lurji rgoli) da 2.8 (lurji samkuTxedi) gev 
energiaze. Sesadareblad moyvanilia maxlobel energiebze ANL 

[12] Sedegebi. Oorive eqsperimerntSi cdomilebebi aris 
mxolod statistikuri. 



nax.7-ze moyvanilia ANKE–ze gazomili pp drekadi gabnevis 
diferencialuri kveTis monacemebi 1.0, 2/0 da 2.8 gev energiebze. wyvetili 
mrudebi Seesabameba SAID SP07 monacemebs, xolo uwyveti mrudebi – axal, 
modoficirebul parcialur-talRur analizs, romlis drosac ANKE 

monacemebic iyo gaTvaliswinebuli. rogorc vxedavT ANKE monacamebis 
gaTvaliswnebiT Catarebuli modificirebuli fitebi gacilebiT ukeTesad 
aRwers eqperimentul monacemebs. Kkvlevis Sedegebi gamoqveynebulia [14]-
Si. 

 
nax.7 pp drekadi gabnevis diferencialuri kveTis gazomvis 
Sedegebi 1.0, 2.0 da 2.8 gev  energiebze. mrudebi Seesabameba SAID 

winaswarmetyvelebebs: wyvetili xazebi aris SP07 [1] amoxsna, 
xolo uwyveti mrudebi – ANKE monacemebis gaTvaliswinebiT 
miRebuli modificirebuli (“axali“) amoxsna. 

 
rac Seexeba neitronis protonze kvazidrekadi gabnevis Seswavlas, 

eqsperimentebi Catarda ramdenime etapad polarizebuli/arapolarizebuli 
protonis/deitronis nakadis gamoyenebiT sxvadasxva energiebze. samiznes 
warmoadgenda polarizebuli/arapolarizebuli protoni/deitroni. orive 
tipis eqsperimentebi iqna Catarebuli ujredovani samiznis gamoyenebiT, 
ramac uzrunvelyo eqperimentebis maRali naTeba:  

a) pirvel etapze eqsperimenetebi Catarda 726 mev energiis veqtorulad 
polarizebuli deitronis nakadis gamoyenebiT, roca ujredovani 
samizne,  Sevsebuli iyo   polarizebuli  wyalbadis gaziT. nakadis 



polarizaciis xarisxi Seadgenda 60%, xolo samiznisa 50%. 

d(pol)p{pp}sn  gadamuxtvis reaqciaSi ori Cqari protonis 
identifikacia xeboda ANKE speqtrometris wina mxaris 
deteqtorebis sistemis saSualebiT. eqsperimentebSi gazomil iqna 
veqtoruli da tenzoruli analizirebis unarebi, aseve spinuri 
korelaciis koeficientebi, romelic moyvaniliaNnax.8-ze da nax.9-ze, 
Sesabamisad. rogorc vxedavT gazomvebi karg TanxvedraSia mcire 

aRgznebis Epp energiaze impulsur miaxloebaSi Sesrulebul 
daTvlebTan, sadac dominirebs 1S

0 mdgomareoba, rac miuTiTebs, rom 
paricilur-talRuri analizidan miRebuli np amplitudebi 
koreqtulia. 
 

 
nax.8. deitronis (veqtoruli)  𝐴𝑦

𝑑 (samkuTxedebi) da protonis 

𝐴𝑦
𝑝
 (wreebi) analizirebis unari dp{pp}sn reaqciaSi 726 mev 

energiaze. a) Epp<2 mev, b) 4<Epp<6 mev  c) 8<Epp<10 mev. 
mrudebi Seesabameba impulsur miaxloebas esqprimentis 
aqseptansis gaTvaliswinebiT. wyvetili mrudebi Seesabameba 
daTvlebs, roca kuTxuri damokidebuleba diprotonSi 
fardobiT impulssa da gadacemul impuls Soris 
ugulebelyofilia. uwyveti mrudebi modelSi am 



damokidebulebas iTvaliswinebs. kvlevis Sedegebi 
gamoqveyebulia [15]-Si. 

 
 

 
 

nax.9. spinuri korelaciis Cy,y (Savi samkuTxedebi) da Cx,x 
(TeTri wreebi) koeficientebi dp{pp}sn reaqciaSi 726 mev 
energiaze. AaRniSvnebi igivea, rac nax-8-ze. 

 
b) meore etapze eqsperimenetbi Catarda 600 mev energiis 

arapolarizebuli protonebis nakadis gamoyenebiT, roca 
ujredovani samizne Sevsebuli iyo   polarizebuli  deitronebis 

gaziT. deitronze gadamuxtvis reaqciaSi pd(pol)n{pp}s miRebuli 
ori neli protonis deteqtireba xdeboda marjvena an marcxena 
silikonuri stripuli deteqtoris (STT) saSualebiT. samiznis 
sqematuri suraTi silikonur deteqtorebTan erTad mocemulia 
nax10-ze. roca orive protoni erT deteqtorSi xvdeba, deitronze 
gadacemuli impulsi q  > 160 mev/c, xolo 2 protonis aRgznebis 



energiaze dadebuli iyo piroba Epp < 3 mev. specialurad iqna 
Seswavlili is SemTxveva, roca gabneva xdeboda samiznis kedlebze, 
romlebic Secdomebis SesaZlo sistematikur wyaros warmoadgenen, 
risTvisac ujredovani samizne Sevsebuli iyo arapolarizebuli 
azotis gaziT.  eqsperimentebSi gazomil iqna veqtoruli Ay da 
tenzoruli Ayy analizirebis unarebi, romelic karg TanxvedraSi 
aRmoCnda np gabnevis amplitudis gamoyenebiT impulsur miaxloebaSi  

miRebul SAID gamoTvlebTan, aseve adre gazomili d(pol)p{pp}sn 

reaqciis igive polarizaciul maxasaiaTeblebTan, romelic 
miRebuli iyo 1200 mev energiis deitronebis nakadSi. kvlevis 
Sedegebi gamoqveyebulia [16]-Si. 
 

 
 

nax.10. ujredovani samiznis sqematuri suraTi silikonur  
kvalur deteqtorebTan (STT) erTad (marjvniv da marcxniv).  

   

 
nax.11.  600 mev/nuklonze deitronebis nakadisaTvis tenzoruli 

analizirebis Axx (mwvane kvadratebi) da Ayy (lurji 

samkuTxedebi) unarebi  d(pol)p{pp}sn reaqciaSi,  roca Epp < 3 



mev. Sedegebi moyvanilia q<160 mev/c impulsebis areSi. Llurji 

rgolebi, romlebic agrZeleben Ayy monacemebs, moyvanilia 

Sebrunebuli kinematikis reaqciidan pd(pol){pp}sn, roca 
protonis energia iyo 600 mev, xolo gadacemuli impulsi    

q>160 mev/c. mrudebi Seesabameba daTvlebs impulsur 

miaxloebaSi, roca gamoyenebulia np-drekadi gabnevis 
amplitudebi (SP07 amonasxni).   

 
 
amdenad, SeiZleba iTqvas, rom iulixis COSY 

amaCqareblisEdanadgarze mimdinare nuklon-nuklonuri gabnevis 
Semswavleli eqspeimentuli programa warmatebiT iqna dasrulebuli. 
Catarebuli iyo sxvadasxva energiebze proton-protonuli (pp) da 
proton-neitronuli (np) gabnevis eqsperimentebi, roca samiznec da 
nakadic iyo rogorc polarizebuli, ise arapolari-
zebuli.Aarapolarizebuli pp drekadi gabnevis eqsperimentebSi gazomil 
iqna gabnevis diferencialuri kveTa, erTmagad polarizebul pp np 
drekadi gabnevis eqsperimentebSi gazomil iqna reaqciis analizirebis 
unari, xolo ormagad polarizebuli np drekadi gabnevis eqperimentebSi 
gazomil iqna spinuri korelaciis koeficientebi. miRebuli Sedegebi 
gamoqveynebulia 4 maRalimpaqtian JurnalSi ([13][14][15][16]) da moxsenebulia 
mraval saerTaSiroso konferenciaze (moxsenebaTa CamonaTvali ix. 
qvemoT), xolo rogorc mniSvnelovani Sedegebi, Setanilia COSY-

eqsperimentul programaze gamoqveynebul Semajamebel statiaSi [17]. 
ANKEGgazomvebma mniSvnelovani gavlena iqonia monacemTa msoflio bazis 
SAID SP07 [18] winaswarmetyvelebebze (ix. nax.11), ცვლილება გასაკუთრებით 

შეეხო  მაღალ ენერგიებზე  PSA ამონახსნებში  1S0 და 1D2 ტალღების წვლილს. Aaman 
mniSvnelovnad gaaumjobesa maRal energiebze modelis eqsperimentul 
monacemebTan Tanxvedra [20].  

 
 



 
 

nax.11 parcialur-talRur analizSi gamoyenebuli sxvadasxva 
amplitudebis Sesabamisi mrudebi, romlebic gamoiyeneba SAID 

monacemTa bazis aRsawerad. sailistraciod moyvanilia axali 
(2014 da 2015 wlis) amonaxsnebis  Sedareba 2007 wlis (SP07) 

amonaxsnebTan. Aaq δ fazis wanacvlebaa, xolo η=cos(ρ), sadac 
η შთანთქმის კოეფიცინეტია [19]. 
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