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GUNCEL NUKLEER UYGULAMALARA YONELIK YENIi NESIiL EPOKSI
TABANLI NOTRON ZIRHLARININ GELISTIRMESI

OZET

Giliniimiizde teknolojinin gelismesi ile birlikte canlilarin radyasyona maruziyeti
her gecen gilin artmaktadir. Bu artis ile birlikte zirhlama yontemlerine yonelik yapilan
arastirma ve gelistirme calismalart da hiz kazanmistir. Epoksi niikleer zirh olarak
oldukca popiiler bir malzemedir. Bol, ucuz, hafif ve dayanikli olmasi epoksiyi
radyasyon zirhlama teknolojisi i¢in miikemmel bir segenek haline getirmistir. Bu
nedenle bu calismada epoksi tabanli kompozit zirh malzemelerinin radyasyon zirhi
olarak gelistirilmesi konusu ¢alisilmistir. Demir (Fe), tantal (Ta), toryum (Th), tungsten
karbiir (WC) ve bizmut (Bi) tozlarinin %10’luk artan oranlarda epoksi reginesine
karistirildig1 simiile eldilerek elde edilen hedef numunelerin 4,5 MeV enerjili nétronlar
ile bombardimana tutulmasi sonucu tesir kesitleri hesaplanmis ve radyasyon zirhlama
acisindan degerlendirilmistir. Ayrica reaksiyon sonucunda ortaya ¢ikan diger triinler de
enerji araliklari ile birlikte tahmin edilmistir. Bu hesaplamalar GEANT4 Monte Carlo
Hesaplama Kodu kullanililarak yapilmistir. Hesaplama sonucunda %40 epoksi ve %60

tantal igeren kompozit en iyi nétron zirhi olarak belirlenmistir.

Anahtar Kelimeler: Notron, GEANT4, tesir kesiti, radyasyon zirhlama, epoksi



DEVELOPMENT OF NEW GENERATION EPOXY BASED NEUTRON
SHIELDS FOR CURRENT NUCLEAR APPLICATIONS

ABSTRACT

Today, with the development of technology, radiation exposure level is
increasing day by day. Along with this increase, research and development studies on
shielding methods have been also accelerated. Epoxy is a quite rather popular material
as a nuclear shield. Due to abundance, cheapness, ligtness and durability, epoxy is an
excellent option for shielding technology. Therefore designing concept of epoxy based
composite materials as radiation shields were studied in this study. Samples by
simulating of at a increasing rate of ten percent of iron (Fe), tantalium (Ta), thorium
(Th), tungsten carbide (WC) ve bismuth (Bi) powder mixed with epoxy, were irradiated
by 4,5 MeV energetic neutron irradiation and cross section were calculated and
evaluated in terms of shielding. In addition, other product nuclei and particles and their
energy ranges that occur as a result of the reaction have been estimated. Calculations
were made by GEANT4 Monte Carlo simulation code. As a result of calculations, the
composite containing 40% epoxy and 60% tantalium has obtained as the best neutron-
shield.

Key words: Neutron, GEANTA4, Cross section, radiation shielding, epoxy



TESEKKUR

Bu calismay1 gerceklestirmemde, tez hazirlama siireci boyunca biiyiik bir sabirla
bilgi ve deneyimlerini benimle paylasan, ne zaman yardim istesem degerli zamanini
bana ayiran, giiler yiiziinii ve samimiyetini benden esirgemeyen, her konuda bana
yardimci olan sayin damismanim Yrd. Do¢. Dr. Hatun KORKUT hocama sonsuz

tesekkiirlerimi sunarim.

Geant4 programini 6grenmem de bana yardimci olan ve tez ¢alismam boyunca
her konuda bilgisini benimle paylasan saygideger hocam Dog¢. Dr. Turgay
KORKUT ’a tesekkiir ederim.

Tezimi hazirlarken beni yalniz birakmayan sevgili esime, maddi ve manevi

destekleri ile beni bugiine getiren aileme tesekkiirii bor¢ bilirim.



ICINDEKILER

Sayfa No
OZET ..ottt i
ABSTRACT e I
TESEKKUR ....oooviviiiiiecceee ettt eete ettt ss s n sttt en e an e iii
SEMBOLLER ve KISALTMALAR LISTESI......cccccooiiiiniinininiceceseeene, vii
SEKILLER ve CIZELGELER LISTESI .....cccoviiictcececeececeeeeeteee e iX
1 GIRIS ottt ettt ettt ettt ettt 1
2. GENEL BILGILER ......cooiiiiiiiiiiriciriscies s 3
N I 10 V72 TS) Yo o OSSOSO 3
2.1.1. Tyonlastirict RAAYASYON .....cccvvececveverieieeceeieiesssesese s en e, 3
2.1.1.1. Parcacik Tipi Radyasyon ........cccoooviiiiiiiiiiiiiie e 4
2.1.1.2. Dalga Tipi RAOYASYON ....ccviiviiviiiiiiieiieieieesee st 5
2.1.2. Iyonlastirici (iyonize etmeyen) Olmayan Radyasyon...............cccevevrnnnene, 5)
2.2. Radyasyonun Madde ile EtKile$imi .........ccocoeriiiiniiiiiiiiiciice e 6
2.2.1. Agir YUKIG PargactKIar..........coooviiiiiiiiiieicieeeee e 6
2.2.2. EIBKEIONIAT ... 7
2.2.3. Elektromanyetik RAdYaSYON .........ccccviiiiiiiniiiiisieeee e 7
2.2.3. 1. FOONIA ...ttt 7
2.2.3.1.1. Compton Olayl.......c.ccoiiiiiiiiiiiiiiieiicie e 8
2.2.3.1.2. FotoeleKtrik Olayl.......cciiieiiiiiiiiiiiiciiei e 8
2.2.3.1.3. Cift OIUSUIM ...ovviiiiiic e e e 9
2.3. Radyasyon Dozu ve BirimIeri ........cccccoviiieiiiiiic e 10
2.3.1. SoZrulmus DOZ .....oouviiiiiiiiiiicie e 10
2.3.2. ESAEGET DIOZ......oiiiiiiiiiiiieic e 10
2.3.3. EtKIN DOZ ...t 11
2.3.4. AKEIVIEE BITTMI..coiiiiiiiiiiii s 11



2.3.5. ISINIAMA BT 1oouviiiiiiiiiiiii et 11

2.4. Radyasyonun Biyolojik EKIIer ..., 12
2.5. Radyasyonun Yararli Etkileri (Tibbi Tedavi).......c.ccocoviiiiiiiiiiiniiiiniee, 12
2.6. Rady0aKtif BOZUNMA .......oiviiiiieiieie et 15
2.6.1. BOZUNMA CESILIETT ...uveeviiiiiieiiiiiiiesiie ettt 15
2.6.1.1. Alfa BOZUNUMU ..o 15
2.6.1.2. Beta BOZUNUMU © .....ooiiiiiiiii 16
2.6.1.3. Gama BOZUNUMU : ....cooiiiiiiiiiiici 17
2.7 NOTONIAT ...t e e e snee s 18
2.7.1. Notronlarin Sogurulmasi ve Yavaglatilmast........ccocevvviiiiicniiiincnnnn, 19
2.7.2. NOron Tesit KESIth ...uveiuveiiieiiiiiiie st 19
2.7.3. NOtron DedeKtOTIeri.......civveriiiiiiiiiiieiiere s 20
2.7.4. Notronlarin Madde ile EtKileSimi .....oooveeieeiiieiieiiie e 20
2.7.5. NOtron KaynaKIart ..........cccceiiiiiiiiniiiie e 22
2.7.5.1. Alfa-Berilyum KaynaKIar .........cccccooeririniiiniiiiieeiesc e, 22
2.7.5.2. Fotondtron Kaynaklart............ccociviiiiiiiiiciieee e 22
2.7.5.3. Kendiliginden FiSyon..........cccooeiiiiiiiiiiiiciieeseee e 23
2.7.5.4. Niikleer Reaksiyonlar ...........ccooiiiiiiiiiiiciieisee e 23
2.7.5.5. Niikleer GUG Santralleri .......cccccvveeiiiiiiiiii e 23
2.8. Polimerler Hakkinda Genel Bilgiler ..........ccoceiiiiiiiiiciiiiccc, 24
2.8.1. POIMETIE .o 24
2.8.2. Polimerizasyon MeKanizZmas ...........covveiriieiiieiiniisiesesee e 26
2.9. Epoksi Reginesi ve Epoksinin OzelliKIeri ............coocevrireveriererericreisierennns 27
2.9.1. Epoksi igeren Kompozitlerin Notron Zirhi Olarak Kullanilmast .............. 28
3. MATERYAL ve YONTEM ....ccooouiiiiiiiiiiniieiisc s 30
3.1. Kullanilan Numuneler .........ccoocviiiiiiiniii e 30
3.2. MOAEHBME ... 33



3.3. GEANT4 Hesaplamalart...........ccoovveiiiiiiiciiiiciicecseee e 35

4. ARASTIRMA BULGULARI......ccoiiiiiiiiiiicie s 37
4.1. Uriin Parcaciklar icin Sayim-Enerji Tablolart.........cccccvcvervieevereceeiriererennns 40
5. SONUGCLAR ..ottt 136
KAYNAKLAR L. 139
OZGECMIS ..ot 143

Vi



SEMBOLLER ve KISALTMALAR LISTESI

e Elektron

p Proton

n Notron

Y Gama Radyasyonu

o Alfa Pargacigi

He Helyum Cekirdegi

T Manyetik Alan Birim Sembolii

Elektronun Durgun Kiitlesi

m Elektron Kiitlesi

M Notronun Carptigi Cekirdegin Kiitlesi
MeV Mega Elektron Volt

Rad Sogurulmus Doz Ozel Birimi

Gy Gray, Absorblanmis Doz Birimi
Rem Esdeger Doz Ozel Birimi

Sv Sievert, Esdeger Doz Birimi

S Uluslar Arasi Birim Sistemi

Ci Cruie, Aktivite Ozel Birimi

Bq Bequerel, Radyoaktivite Birimi

R Rontgen, Radyasyon Siddet Birimi
B Beta Parcacig1

BNCT Bor Notron Yakalama Tedavisi

I Siddet

vii



Gt

Fe

Bi

Ta

Th

wC

Sogurma Katsayisi
Toplam Tesir Kesiti
Notronun Hizi

Enerji (keV, MeV, GeV)
Momentum

Demir Elementi

Bizmut Elementi

Tantal Elementi

Toryum Elementi
Tungsten Karbiir Bilesigi

Ddéteryum

viii



SEKILLER ve CIZELGELER LISTESI
SEKILLER

Sekil 2.1. Radyasyonun @IriCiliZl.......cccvveiiiiiiiiiieiiiieiiie e 6

Sekil 2.2. Yiiksek enerjili X-1sinlarinin fotonu ile karbon atomunun serbest

elektronunun CarPISHIIIIMAST .....eeiviiiiiiiieiie e 8

Sekil 2.3. Bir kaynaktan yayilan 151k veya daha yiiksek enerjili elektromanyetik

dalganin yiizeyine diismesi sonucu maddeden elektron yayilmasi.............cc........ 9
Sekil 2.4. Isik maddeye dONUSUT .......covveieeiiieiie e 9

Sekil 2.5. Bor ndtron yakalama tedavisinin (BNCT) beyin tiimoriinde

UYZUIANIMAST 1. 14
Sekil 2.6. BNCT 6ncesi ve sonrasi timor tedavisi ......cveevveeeiveesiieeiiieesieeeesee 14
Sekil 2.7. Serviks kanseri i¢in uygulanan Birakiterapi Tedavi yontemi.............. 15
Sekil 2.8. Alfa BOZUNUMU .......cooiiiiiiiiiiiiciiic s 16
Sekil 2.9. Beta DOZUNUMU ......oouieiiiiiiieiie e 17
Sekil 2.10. GamMa BOZUNUMU ......ooiiiiiiieiie et 17
SEKil 2. 11, 2C ALOMU. ..o, 19
Sekil 2.12. Polimerizasyon tepkimesi sonucu olusan Polimer Molekiilleri ........ 24
Sekil 2.13. Polimerizasyonda ¢ogalma............ccocvviiiiiiiniiiiiicncc 26
Sekil 2.14. EPOKST REGINEST ....coiuviiiiiiiiiiiie it 27
Sekil 2.15. Epoksi Fonksiyonel Grubu..........cccccvviiiiiiiiiiiiiiice 28
Sekil 2.16. Niikleer ReaKtOTIer .........cccvviiiiiiiiii e 29
Sekil 3.1. Demir cevherinin gOrintimil..........cecvviiiiiiiiiiiiieeee e 30
Sekil 3.2. Bizmut cevherinin gOriintiimil..........cccovcveiieriiiiiereeeesee e 31
Sekil 3.3. Tantal cevherinin GOTTUNTMIT..........ccovveviiieiiiieiiie e 32
Sekil 3.4. Toryum cevherinin gorintimil..........ccccoevvrriieiiiiennie e 32
Sekil 3.5. Tungsten Karblir t0ZU.........cocvviiiiiiiiiieiiiee s 33



Sekil 3.6. Calismada en iyi sonucu veren simiilasyon.........ccocceeveereriieenneeninnne 34

Sekil 4.1. %10 epoksi ve %90 demir i¢in simiilasyon ekran goriintiisii.............. 42
Sekil 4.2. %20 epoksi ve %80 demir i¢in simiilasyon ekran goriintiisii.............. 44
Sekil 4.3. %30 epoksi ve %70 demir i¢in simiilasyon ekran goriintiisii.............. 46
Sekil 4.4. %40 epoksi ve %60 demir i¢in simiilasyon ekran goriintiisii.............. 48
Sekil 4.5. %50 epoksi ve %50 demir i¢in simiilasyon ekran goriintiisii.............. 50
Sekil 4.6. %60 epoksi ve %40 demir i¢in simiilasyon ekran goriintiisii.............. 52
Sekil 4.7. %70 epoksi ve %30 demir i¢in simiilasyon ekran goriintiisii.............. 54
Sekil 4.8. %80 epoksi ve %20 demir i¢in simiilasyon ekran goriintiisii.............. 56
Sekil 4.9. %90 epoksi ve %10 demir i¢in simiilasyon ekran goriintiisii.............. 58
Sekil 4.10. %100 epoksi i¢in simiilasyon ekran gortintlisii ...........oevvreeeriinnnne, 59

Sekil 4.11. %10 epoksi ve %90 tungsten karbiir i¢in simiilasyon ekran goriintiisii



Sekil 4.20. %100 epoksi i¢in simiilasyon ekran gorintlisii .........co.ovevvvrivervenene. 78

Sekil 4.21. %10 epoksi ve %90 bizmut i¢in simiilasyon ekran goriintiisii........... 80
Sekil 4.22. %20 epoksi ve %80 bizmut i¢in simiilasyon ekran gorlintiisii .......... 82
Sekil 4.23. %30 epoksi ve %70 bizmut i¢in simiilasyon ekran gorlintiisii .......... 84
Sekil 4.24. %40 epoksi ve %60 bizmut i¢gin simiilasyon ekran goriintiisii.......... 86
Sekil 4.25. %50 epoksi ve %50 bizmut i¢in simiilasyon ekran goriintiisii........... 88
Sekil 4.26. %60 epoksi ve %40 bizmut i¢in simiilasyon ekran gorlintiisii.......... 90
Sekil 4.27. %70 epoksi ve %30 bizmut i¢in simiilasyon ekran gorlintiisii .......... 92
Sekil 4.28. %80 epoksi ve %20 bizmut i¢in simiilasyon ekran gorlintiisii .......... 94
Sekil 4.29. %90 epoksi ve %10 bizmut i¢in simiilasyon ekran gorlintiisii .......... 96
Sekil 4.30.%100 epoksi i¢in simiilasyon ekran gorintliisii .........ccccovevviiveiinnennen 97
Sekil 4.31. %10 epoksi ve %90 tantal i¢in simiilasyon ekran goriintiisii ............ 99
Sekil 4.32. %20 epoksi ve %80 tantal i¢in simiilasyon ekran goriintiisii .......... 101
Sekil 4.33. %30 epoksi ve %70 tantal i¢in simiilasyon ekran goriintiisii .......... 103
Sekil 4.34. %40 epoksi ve %60 tantal i¢in simiilasyon ekran goriintiisii .......... 105
Sekil 4.35. %50 epoksi ve %50 tantal i¢in simiilasyon ekran goriintiisii .......... 107
Sekil 4.36. %60 epoksi ve %40 tantal i¢in simiilasyon ekran goriintiisii .......... 109
Sekil 4.37. %70 epoksi ve %30 tantal i¢in simiilasyon ekran goriintiisii .......... 111
Sekil 4.38. %80 epoksi ve %20 tantal i¢in simiilasyon ekran goriintiisii .......... 113
Sekil 4.39. %90 epoksi ve %10 tantal i¢in simiilasyon ekran gorlintiisii .......... 115
Sekil 4.40. %100 epoksi icin simiilasyon ekran gortintlisii ..........cocevveiviriennnnn 116

Sekil 4.41. %10 epoksi ve %90 toryum i¢in simiilasyon ekran goriintiisii........ 118
Sekil 4.42. %20 epoksi ve %80 toryum i¢in simiilasyon ekran goriintiisii........ 120
Sekil 4.43. %30 epoksi ve %70 toryum i¢in simiilasyon ekran goriintiisii........ 122
Sekil 4.44. %40 epoksi ve %60 toryum i¢in simiilasyon ekran goriintiisii........ 124
Sekil 4.45. %50 epoksi ve %50 toryum i¢in simiilasyon ekran goriintiisii........ 126

Sekil 4.46. %60 epoksi ve %40 toryum i¢in simiilasyon ekran goriintiisii........ 128

Xi



Sekil 4.47. %70 epoksi ve %30 toryum i¢in simiilasyon ekran goriintiisii........ 130
Sekil 4.48. %80 epoksi ve %20 toryum i¢in simiilasyon ekran goriintiisii........ 132
Sekil 4.49. %90 epoksi ve %10 toryum i¢in simiilasyon ekran goriintiisii........ 134

Sekil 4.50. %100 epoksi i¢in simiilasyon ekran gortintlisii ..........cocervveivvreennnns 135

xii



Cizelge 2.1.
Cizelge 2.2.
Cizelge 2.3.
Cizelge 3.1.
Cizelge 3.2.
Cizelge 3.3.
Cizelge 3.4.
Cizelge 3.5.
Cizelge 4.1.
Cizelge 4.2.
Cizelge 4.3.
Cizelge 4.4.
Cizelge 4.5.
Cizelge 4.6.
Cizelge 4.7.
Cizelge 4.8.

Cizelge 4.9.

CIZELGELER

Radyasyon CeSitleri........ocouuiiiiiiiiiiiiciicieee e 3
Radyasyon Birimleri.........ccocviiiiiiiiiiiniciccceee e 12
N6tronlarin OZeIKIETT «..c.vvvevececveierireeeeete e, 18
Demir metalinin 0zelliKIeri.........coooiiiiiiiiiiiiiice e 30
Bizmut metalinin 6zelliKIeri .........oooveiiiiiiiiiiiie e 31
Tantal metalinin 0zelliKIeri........cccooueiiiiiiiiiieiie e 31
Toryum metalinin 0ZelliKIeTi.........coocvieiiiiiiiiiiieec e 32
Tungsten karblir'tin 6zelliKIeri ..........cveivvriiiiiiiiec e 33
Demir (Fe) icin notron tesir KESItl ....vuivvvveiiviiiiiieniiee e sniee e 38
Tungsten karbiir (WC) i¢in nétron tesir Kesiti.........ccvvververineeninnns 38
Bizmut (Bi) i¢in notron teSir KESiti.........ccceveveiieiveiisie s, 39
Tantal (Ta) 1¢in NOtron teSir KESItl ......eevvvrrieeiieiiieiie e 39
Toryum (Th) i¢in nOtron tesir KeSiti .......cuevvvverieiiieiieiiiieiieeieesinns 40
%10 epoksi ve %90 demir i¢in ¢ikan parcgacik sayisi-enerji iliskisi 41

%20 epoksi ve %80 demir i¢in ¢ikan pargacik sayisi-enerji iligkisi 43
%30 epoksi ve %70 demir i¢in ¢ikan pargacik sayisi-enerji iligkisi 45

%40 epoksi ve %60 demir i¢in ¢ikan parcacik sayisi-enerji iligkisi 47

Cizelge 4.10. %50 epoksi ve %50 demir i¢in ¢ikan parcgacik sayisi-enerji iliskisi



Cizelge 4.15. %100 epoksi icin ¢ikan pargacik sayisi-enerji iligkisi................... 59

Cizelge 4.16. %10 epoksi ve %90 tungsten karbir i¢in ¢ikan pargacik sayisi-
ENETJT IIISKIST. oot 60

Cizelge 4.17. %20 epoksi ve %80 tungsten karbir i¢in ¢ikan pargacik sayisi-
ENETJT IIISKIST.veviiiiee e 62

Cizelge 4.18. %30 epoksi ve %70 tungsten karblir i¢in ¢ikan pargacik sayisi-
ENETJT IIISKIST. oot 64

Cizelge 4.19. %40 epoksi ve %60 tungsten karbiir i¢in ¢ikan pargacik sayisi-
ENETJT TIISKIST oo 66

Cizelge 4.20. %50 epoksi ve %50 tungsten karbiir i¢in ¢ikan pargacik sayisi-
ENETJT TIISKIST.oeiiuiieie e 68

Cizelge 4.21. %60 epoksi ve %40 tungsten karblir i¢in ¢ikan pargacik sayisi-
BNEITT THSKIST. ottt ettt 70

Cizelge 4.22. %70 epoksi ve %30 tungsten karbiir i¢in ¢ikan parcgacik sayisi-
ENEIJT TISKIST...oiiiiiiii s 72

Cizelge 4.23. %80 epoksi ve %20 tungsten karbiir i¢in ¢ikan pargacik sayisi-
ENETJT 1IISKIST..oiviiiiiiii i 74

Cizelge 4.24. %90 epoksi ve %10 tungsten karbiir i¢in ¢ikan pargacik sayisi-
ENEIJT TISKIST..oeiieiiii s 76

Cizelge 4.25. %100 epoksi i¢in ¢ikan pargacik sayisi-enerji iligkisi..........co...... 78

Cizelge 4.26. %10 epoksi ve %90 Bizmut i¢in ¢ikan parcacik sayisi-enerji iligkisi

Xiv



Cizelge 4.31. %60 epoksi ve %40 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Cizelge 4.35. %100 epoksi icin ¢ikan parcacik sayisi-enerji iligkisi................... 97

Cizelge 4.36. %10 epoksi ve %90 Tantal i¢in ¢ikan pargacik sayisi-enerji iligkisi

........................................................................................................................... 114
Cizelge 4.45. %100 epoksi i¢in ¢ikan pargacik sayisi-enerji iligkisi................. 116
Cizelge 4.46. %10 epoksi ve %90 Toryum i¢in ¢gikan parcacik sayisi-enerji
11 ET] TS OO PR UPROTRRPP 117

XV



Cizelge 4.47. %20 epoksi ve %80 Toryum igin ¢ikan pargacik sayisi-enerji
1TSS USRS 119

Cizelge 4.48. %30 epoksi ve %70 Toryum igin ¢ikan pargacik sayisi-enerji
1T ST OSSR 121

Cizelge 4.49. %40 epoksi ve %60 Toryum i¢in ¢gikan parcacik sayisi-enerji
11T TS PRSP RO P TR 123

Cizelge 4.50. %50 epoksi ve %50 Toryum igin ¢ikan pargacik sayisi-enerji
1TSS 3 SRR S 125

Cizelge 4.51. %60 epoksi ve %40 Toryum igin ¢ikan pargacik sayisi-enerji
1T ST SO S ST 127

Cizelge 4.52. %70 epoksi ve %30 Toryum i¢in gikan parcacik sayisi-enerji
11 S5 1 USRS 129

Cizelge 4.53. %80 epoksi ve %20 Toryum igin ¢ikan pargacik sayisi-enerji
11 TS5 3 SRS URRSPPRR 131

Cizelge 4.54. %90 epoksi ve %10 Toryum igin ¢ikan pargacik sayisi-enerji
THSKIST .1ttt bbbttt bbbt 133

Cizelge 4.55. %100 epoksi i¢in ¢ikan pargacik sayisi-enerji iligkisi................. 135

Cizelge 4.56. Arastirmalar sonucunda kullanilan malzemelerden elde edilen en

TY1 SONUGIAT ...t 137

XVi



1. GIRIS

Giliniimiiz teknolojisinin gelisimiyle birlikte evrendeki canlilarin radyasyona
maruz kalma siiresi de her gecen gilin artmaktadir. Kararsiz bazi elementlerin
kendiliginden pargalanip c¢evreye partikiiller yayarak kararli hale ge¢mesi radyosyon
olarak tanimlanmaktadir. Radyasyon yayabilen bu maddeler yani radyoaktif elementler
kanser hastaliginin tedavisinde kullanilmaktadir. BNCT (Bor Notron Yakalama) tedavi
ve Brakiterapi bir ¢esit kanser tedavi yontemleridir. Saglam hiicrelere zarar vermeden
kanserli hiicreye gonderilen radyoaktif maddeler hastaligin tedavisinde kullanilir. Buna

ayn1 zamanda Radyoniiklid tedavi adida verilmektedir.

Radyoaktif kaynaklar bir ¢ok alanda kullanildigi gibi Niikleer sistemlerde de
kullanilmaktadir. Bu kaynaklara 6nlem alinmadig: takdirde canlilar ve gevre iizerinde
onemli hasarlara yol acabilmektedir. Bu nedenle zirhlama teknolojisinin gelistirilmesi
ile ilgili ¢alismalar 6nem ve hiz kazanmistir. Zirhlamada kullanilacak malzeminin
secilmesi biiyiik nem arz etmektedir. Malzemenin hidrojen igerigi zengin olan parafin,
epoksi, polietilen, akrilik reginelerden hazirlanan kompozit malzemelerden seg¢ilmesi

daha uygundur.

Amac¢ radyasyonun tiirline bagli olarak, verdigi zarara en uygun zirh
malzemesini gelistirmektir. Polimer katkili olan epoksi reginesi uygun bir zirhlama
malzemesi olarak diigiiniilmektedir. Termosetler grubundan olan epoksi yapistirici
0zelligi olan kimyasal bir recinedir. Epoksi malzemesinin alkaliye, suya ve aside kars1
direnci 1yidir ve bu 06zelligini kaybetmez. Polimerin tercih edilme nedenleri arasinda
hafif (diisik yogunluklu), maliyeti diisiik, kolay sekillendirilebilir ve kimyasallara
oldukca dayanikli olmasidir. Bu 6zelliklerinden dolay: arastirmalarda polimer tabanli
mazlemelerin kullanilmasi yogunluk kazanmistir. Epoksi reginesine sertlestirici
karistirilarak elde edilen malzeme beton yiizeyde partikiiler bir kaplama diizlemi
olusturarak miikemmel bir zirh malzemesi olarak kullanilir. Clinkii epoksi sertlestirici
ile birlestirildiginde, siirtiinmeye ve asinmaya karsi olduk¢a dayanikli, mekanik
dayanimi yiiksek bir malzeme ortaya ¢ikar. Bu yiizden niikleer reaktdrlerde zirhlama

malzemesi olarak da ¢ok kullanisli olabilecegi 6ngoriilmektedir (Okuno, 2005).

Bu tezde polimer katkili zirh malzemelerinin gelistirilmesi ile ilgili ¢aligmalar
yapilmistir. Polimer katkili olan epoksi ile Demir (Fe), Bizmut (Bi), Tantal (Ta),
Tungsten karbiir (WC) ve Toryum (Th) malzemeleri uygun yiizdelik oranlarda
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karigtirllarak zirhlamaya yonelik en dogru malzemenin bulunmasi amaglanmistir.
Zirhlamada 6nemli olan, malzemenin notron zirhlama kapasitesidir. Malzeme nekadar
cok ndtron yakalarsa ve nétron yavaslatirsa malzeme bir okadar zirhlama i¢in uygun

olacaktir.

Bu c¢alismay1 yaparken Monte Carlo tabanli Geant4 Simiilasyon Kodu
kullanilmistir. Geant4 madde igindeki parcaciklarin simiilasyonunu yapabilen bir arag
kitidir. Ayn1 zamanda; sistemin geometrisi, ilgili parametreler, ilgi alanindaki temel
pargaciklar, olaylarin birincil parcaciklarinin olusturulmasi, partikiillerin izlenmesi,
elektromanyetik alanlar, pargacik etkilesimlerini yoneten fiziksel siiregler, hassas
dedektdr bilesenlerinin  tepkisi, olay verisinin olusturulmasi ve saklanmasi,
simiilasyonunun yani modellemenin yapilmasinda yardimci olmustur (Agostinelli ve

ark.). Simiilasyonlar 4,5 MeV enerjili notronlar disiiniilerek yapilmistir.



2. GENEL BILGILER
2.1. Radyasyon

Radyasyon, atom tarafindan enerjinin yayilmasi ve bu enerjinin bosluk iginde
iletilmesi islemidir. Kararsiz halde bulunan bazi elementler dis etkenler olmadan
kendiliginden pargalanir, ¢evrelerine partikiiller ve elektromanyetik dalgalar yayarak
kararli hale gegerler kararli duruma gecen bu elementler radyoaktif element olarak
adlandirilir. Bu elementlerin kararli hale gegerken 1s1n yada pargacik yayinlamasina da
radyoaktivite denir. Toryum (Th), Uranyum (U), Neptiinyum (Np) ve Aktinyum (Ac)
radyoaktif elementlere en giizel 6rneklerdir. Radyasyon, iyonlastirici radyasyon ve

iyonlastirict olmayan radyasyon olmak iizere iki temel baslikla incelenir.

Cizelge 2.1. Radyasyon Cesitleri

RADYASYON CESITLERI '
IYONLASTIRICI
IYONLASTIRICI RADYASYON OLMAYAN
RADYASYON

-PARCACIK TiPi -DALGA TIPI -DALGA TIPI
-Hizli elektronlar -X-11nlart -Radyo dalgalar
Beta pargaciklari Gama 1sinlar1 Mikrodalgalar
Alfa parcaciklar Kizilotesi dalgalar
-Dolayli iyonlastirici Goriilebilir 151k
ndtron pargaciklari

2.1.1. iyonlastiric1 Radyasyon

Iyonlastirici radyasyon, yiiklii ve yiiksiiz radyasyon olarak smiflandirilir. Yiiklii
parcacik radyasyonu, elektron, proton ve iyonlar1 olustururken, yiiksiiz pargacik
radyasyonunu gama, X-isinlart ve nétronlar olusturur. Yiklii pargaciklarin madde ile
etkilesimini tanimlarken parcaciklar kiitlelerine gore siniflandirilir. Bu yiikli parcaciklar
madde igerisinden gecerken iyonlagma, uyarma, sacilma, niikleer reaksiyonlar gibi ¢cok
sayida etkilesme olustururlar. Yiiksliz radyasyonun tam tersine, yiiklii parcaciklar
madde icerisinden gegerken coulomb kuvvetine maruz kalirlar. Yiiklii bir pargacik

madde icerisinden gecerken kinetik enerjisini kaybeder ve yavaslar. Bu parcaciklar
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arasinda elastik ¢arpigma miimkiindiir fakat, uyarma ve iyonlagmaya sebep olan lastik
carpismalar daha sik goriilmektedir. Uyarma elektronun daha yiiksek elektronlu bir
kabuga taginmasi iken, iyonizasyon elektronun tamamen atomdan koparilmasidir. Biri
serbest elektron, digeride elektronu kopmus pozitif yiiklii bir atom bunlar bir iyon g¢ifti
olusturur. Iyonlasan elektronun kinetik enerjisi, enerjisi atomik elektronun iyonizasyon
enerjisi kadar azalmis olarak gelen parcacik tarafindan transfer edilen enerjiye esittir.
Atomdan kopan elektronlar ikincil iyonizasyon olusturacak kadar yeterli enerjiye sahip
olabilir. Ikincil iyonizasyon, birinci iyonizasyondan daha ¢ok elektron koparilmasina
sebep olabilir ancak ikincil elektronlarin enerjileri ilk iyonizasyon elektronlarinin
enerjilerinden daha diisiiktiir. Iyon ¢ifti olusturmak igin gerekli enerji radyasyona maruz

kalan malzemenin 6zelliklerine baglidir (Y1lmaz ve ark., 2015).

2.1.1.1. Parc¢acik Tipi Radyasyon

Pargacik tipi radyasyonunu hizli elektronlar, alfa ve beta isinlarini olusturur.
Belli bir kiitlesi ve enerjisi olan ¢ok hizli hareket edebilen pargaciklardir. Gozle
goriilemeyecek kadar kiigiiktiirler. Atomun ¢ekirdeginde meydana gelirler ve bir
kiitleye sahiptirler. He (Helyum) ¢ekirdegi olarak adlandirilan alfa pargaciklar yiikii ve
kiitlesinden dolay1 madde i¢indeki giriciligi ¢ok kiiciiktiir. Alfa pargacigini kagit pargasi
ile bile durdurmak miimkiindiir. Beta pargacigi hem arti hemde eksi yiiklere sahiptir.
Beta parcaciklarida belli bir yiike ve kiitleye sahiptir. Bu yiizden madde igerisinden
gecerken i1yonlagsmaya neden olurlar. Bu iyonlasma, alfa parcaciklarinin yarattigi
iyonlagsmadan daha azdir. Ciinkii beta parcaciklar1 alfa pargaciklarina gore daha hafif ve

daha giricidirler. Beta parcaciklari ise metal bir levha tarafindan durdurulabilir.

Cekirdek reaksiyonlarinin hemen hemen birgogunu serbest notron etkilesimleri
olusturur. Bunlarin i¢inde ¢ekirdek boliinmeside (fisyon) bulunur. Bu yiizden niikleer
reaktorler ve parcacik hizlandiricilar nétron kaynagi olarak kabul edilirler. Yiiksiiz
olduklart i¢cin madde icinde kolayca ilerleyebilirler. Ancak kiigiikk ¢ekirdekler ile
carpisma olursa yavaglayabilirler. Notrondan korunmanin yolu beton gibi kalin nétron

zirhlayict materyallerin veya alternatif malzemelerin kullanilmasidir.



2.1.1.2. Dalga Tipi Radyasyon:

Elektromagnetik spektrumda gama ve X-iginlart bolgesine karsilik gelen
radyasyon tipi dalga tipi radyasyon olarak isimlendirilir. Gama ve X-isinlarmin dalga
boylarmin kii¢iik olmasina karsin enerjileri oldukca yiiksek oldugu bilinmektedir. X-
1sinlart  stirekli  spektrumu, kinetik enerjiye sahip yiiklii parcaciklarin aniden
durdurulmast ya da yavaslatilmasi ile elde edilir. Karekteristik X-iginlart ise
elektronlarin verilen bir atomun seviyeler arast gegisi sirasinda yayinlanan radyasyon

tipidir. Elektronlarin sahip oldugu kinetik enerji 1s1ma seklinde yayimlanir.

2.1.2. Tyonlastiricr (iyonize etmeyen) Olmayan Radyasyon

Enerjisi bir atom veya bir molekiilden elektron koparacak kadar yiiksek
olmayan radyasyon ¢esididir. Kisaca iyonlagmaya neden olmayan radyasyon tiirii olarak
da nitelendirilebilir. Iyonize olmayan radyasyonlar radyo dalgalari, mikro dalgalar, cep
telefonlar, radyo ve tv alicilari, radarlar, trafolar, bilgisayarlar, kisacasi giinliik
yasamimizda kullandigimiz elektronik esyalarin c¢alismasi i¢in kullanilan radyasyon
tipleridir. Bu tiir radyasyon tipleri atomik yoriingelerden elektron koparmaya kinetik
enerjileri bakimimdan giic yetiremezler.Yalnizca elektronik seviyeler arasi gegise

yetecek kinetik enerjilere sahiptirler.

Gorilebilir 151k, mikrodalgalar, kizildtesi, radyo dalgalar1 v.s. bunlar dalga tipi
radyasyonlardir. Dalga tipi radyasyon genellikle kiitlesi olmayan ancak enerjisi yoluyla
etkisi hissedilen enerji kuantalaridir.Bu radyasyon etkileri giiniimiiz teknolojisinin
temelini olusturan pekgok aygit tasariminda faydalanilan radyasyon tiirleridir. Bazen bu
tiir radyasyonlarin etkilerini minimize ederek bazi cihazlarin tasarimlari igin {ist
modeller de gelistirilebilmektedir.Aslinda bu tiir radyasyonlarin dogasint bilmek
radyasyondan faydalanmaya ya da zararhi etkilerinden kurtulmaya direkt olarak etki

etmektedir.
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Sekil 2.1. Radyasyonun giriciligi

2.2. Radyasyonun Madde ile Etkilesimi

2.2.1. Agir Yiiklii Parcaciklar

Yiikli parcacigin dedektor materyali iginde ugradigi Coulomb sagilmast

olayinda enerji kaybi c¢ok kiicliktiir. Dedektor materyallerinin c¢ekirdekleri, atom

hacimlerinin sadece yaklasik 10™*"ini isgal ettikleri igin pargacigin gekirdeklerden ¢ok

elektronlarla carpisma olasiligi 10" kez daha fazladir. Boylece yiikli pargacigin

enerjisini kaybetmesi i¢in baskin olan mekanizma, dedektoriin atom elektronlariyla

yaptig1 Coulomb sagilmasidir. M kiitleleli agir pargacik ile m kiitleleli elektron (durgun

halde) arasindaki merkezi ¢arpismada enerji ve momentum korunumundan pargacigin

kinetik enerjisindeki kayip icin;
a4m
AT = T(V)

seklinde bulunur (Sarer, 2001).



2.2.2. Elektronlar

Pozitif ve negatif yiikli elektronlar tipki agir yiiklii parcaciklar gibi, atomik
elektronlarla Coulomb sagilmasiyla etkilesirler. Ancak bazi o6nemli farkliliklar

bulunmaktadir;

* [ bozunumlarinda yayinlanan elektronlar goreceli hizlarla hareket ederler.

= Elektronlar ¢arpismalar1 sonucunda biiylik sapmalar olusturur ve diizensiz
yoriingeler ¢izerler.

» Elektronun bir diger elektronla yiizyiize ¢arpismasinda ilk enerjisinin biiyiik bir
kismi diger elektrona aktarilabilir.

» Elektron hizinin dogrultusu ve biiyiikliigiinde ¢ok hizl1 bir degisiklik
olabileceginden, ¢ok biiyiik bir ivmeye maruz kalabilir. Bu ivmeli yiiklii

parcacik elektromanyetik enerji yayinlar (Sarer, 2001).

2.2.3. Elektromanyetik Radyasyon

2.2.3.1. Fotonlar

Fotonlar dendiginde X-1sinlar1 ve gama 1sinlar1 diisiiniilebilir. Elektriksel yiikleri
olmadiklarindan dolayr Coulomb kuvvetine maruz kalmazlar. Maruz kalmamalari
madde igerisine atomlari iyonlagtirmadigi anlamima gelmemektedir. Elektromanyetik
Radyasyon ¢ok diisiik frekanslarla baslar ve X-iginlarina kadar uzanir. Bu radyasyonun
birim elemani fotonlardir. Fotonlar elektromanyetik dalgalarin bir noktadan diger bir
noktaya taginmasina yardimci olurlar. Isik hiz1 ile ilerlerler. Fotonlar maddenin i¢inden
gecer, atomlarla rastgele etkilesim yaparak ortama enerji birakirlar. Madde ile

etkilesimleri ii¢ temel olay ile olmaktadir. Bunlar ;

= Compton sagilmasi
= Fotoelektrik olay1
= (ift olusumdur.



2.2.3.1.1. Compton Olay1

Is1gin quantum teorisine gore fotonlar durgunluk kiitlesi bulunmamasi diginda
parcaciklar gibi davranirlar. Foton Compton sacilmasinda enerjisinin tiimiinii elektrona
aktarmaz. Fotoelektron atomdan sagilarak firlarken fotonun kendisi kalan enerjisiyle

baska yone saparak sagilir.

Tepen elektron

Hareketsiz

Hedef elektron

Gelen foton
Sacilan foton
A A S
A =1
M= =AA = — (1 —cosB) (2.2)

Sekil 2.2. Yiiksek enerjili X-1ginlarinin fotonu ile karbon atomunun serbest

elektronunun ¢arpistirilmasi

2.2.3.1.2. Fotoelektrik Olay1

Fotoelektrik olay gelen fotonun enerjisi baglanma enerjisinden biiyiik veya esit
olmas1 durumunda fotoelektrik olay gerceklesir. Isigin siddetinden bagimsizdir frekansi

yani enerjisiyle ilgilidir.

Elektronlarin hemen hemen aninda yayimlanmasinin sebebi 1s18in bir tanecik
gibi davranarak enerjisini direkt olarak elektrona vermesindendir. Buda 1s18in tanecikli

yapisini aciklar.
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katot

Havasi anot

bosaltilmis tip

Sekil 2.3. Bir kaynaktan yayilan 151k veya daha yiiksek enerjili elektromanyetik

dalganin yiizeyine diismesi sonucu maddeden elektron yayilmasi

2.2.3.1.3. Cift Olusum

Cift olusum boslukta gerceklesmez. Foton c¢ekirdege c¢arparak enerjisinin bir
kismini ¢ekirdege aktarir momentum ve enerji korunarak bir pozitron ve bir elektron

olusur yani foton (151k) maddeye doniisiir.

Bir pozitron yada elektronun durgunluk enerjisi 0,51 MeV dir. Dolayisiyla ¢ift
olusum sart1 en az 1,02 MeV’lik gelen enerjisidir. Buda 1,2 pm dalga boylu gama

1sinlamasina denk gelir.

A Elektron

0,51MeV
foton

—

. Pozitron

v 0,51 MeV

cekirdek

Sekil 2.4. Isik maddeye doniisiir



2.3. Radyasyon Dozu ve Birimleri

2.3.1. Sogrulmus Doz

Hertlirli radyasyon i¢in kullanililabilir. Radyasyonun madde tarafindan

sogrulmasi (absorblanma) islemidir.
Ozel birimi= Rad
S1 Birimi= Gray

Rad : isinlanan maddenin 1 kg’ma 10 joule’lik enerji veren radyasyon

miktaridir. Sogrulan enerji pargacik yada foton olabilir.

Gray : Isinlanan maddenin 1 kg’mna 1 joule’liik enerji veren radyasyon

miktaridir.

1Rad=001Gy =  1Gy=100Raddur.

2.3.2. Esdeger Doz

Canlida meydana gelen biyolojik hasar olarak nitendirilebilir. Farkli tipteki

radyasyonlardan sogurulan enerjiler esit bile olsa biyolojik etkileri farkli olabilir.
Ozel Birim= Rem
S1 Birimi= Sievert (Sv)
Rem : Sogrulan Doz x Faktorler

Formiilden de anlagilacag: gibi esdeger doz sogrulmus doz ve kendisine ait olan

radyasyon agirlik faktoriiniin ¢arpimi sonucunda olusur.

Sievert : 1 Gray’lik X veya gama 1511 ile ayn1 biyolojik etkiyi meydana getiren

radyasyon miktaridir.
1Rem =107 Sv

1Sv=100Rem =1 j/kg
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2.3.3. Etkin Doz

Etkin doz viicudumuzun tamaminin doku veya organlarin aldigi dozu ifade
etmektedir. Etkin doz esdeger dozlarinin doku agirlik faktorleri ile ¢arpilmasindan elde

edilir.

2.3.4. Aktivite Birimi
Radyasyon kaynaginin giiciidiir.
Ozel Birim = Cruie (Ci)

S1 Birimi= Bequerel (Bq)

Curie : Saniyede 3,7x10'° parcalanma veya bozunma gosteren maddenin

aktivitesidir.
Bequerel : Saniyede 1 parcalanma yapan ¢ekirdegin aktivitesidir.

1Ci=3,7x10"Bq = 1Bq =2,7x10™ Ci

2.3.5. Isitnlama Birimi

Kaynaktan ¢ikan radyasyonun siddetidir.
Ozel Birim = Rontgen (R)

S1 Birimi = Coulomb/kg (C/kg)

Rontgen : Normal hava sartlarinda havanin 1 kg’inda 2,58x10™ C*luk elektrik

yiikii degerinde pozitif ve negatif iyonlar olusturan X ve gama 111 miktaridir.

1R = 2,58x10" C/kg = 1 C/kg = 3,88x10°
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Cizelge 2.2. Radyasyon Birimleri

Birim Eski Birim Yeni Birim Donilistim
Aktivite Curie, Ci Becquerel, Bq 1 Ci=3,7x10™Bq
Isinlama Dozu | Réntgen, R | Coulomb/kilogram, C/kg | 1 R=2,58x10"C/kg
Sogurulmus Doz | Rad Gray, Gy 1 rad=0,01 Gy
Doz Esdegeri Rem Sievert, Sv 1 rem=0,01 Sv

2.4. Radyasyonun Biyolojik Etkileri

Radyasyonun biyolojik etkisi radyasyon yolu ile bir organizmada depolanan
enerji ile dogru orantili olsaydi yapilacak islemleri tasarlamak daha kolay olurdu. Bu
durumda sogurulan doz gelen radyasyonun dogasindan ve enerjisinden bagimsiz olarak
biyolojik hasara uygun bir 6lgiit olabilirdi. Belirlenen organ veya dokunun dogasi
meydana gelen biyolojik etkinin miktar1 i¢in ayr1 bir 8lgiittiir. Ornegin ayn1 miktarda ve
ayni tip radyasyon dozu beyinde farkli etkilere neden olabilirken kas ve kemikte ya da
sinir hiicresinde bulundugu organa bagl olarak ¢ok daha degisik biyolojik etkilere

neden olabilir.

Biyolojik etki yalnizca gr veya cm® bagina depolanan toplam enerjiye bagl
olmayip ayni zamanda enerjinin radyasyon yolu boyunca ne sekilde aktarildigina
baglhidir. Biyolojik etkiyi en 1yi sekilde lineer enerji transferi ile agiklamak miimkiindiir.

a Ve notronlarin lineer enerjileri yiiksekken P ve y 1smlarinin ki kiictiktiir.

2.5. Radyasyonun Yararh Etkileri (Tibbi Tedavi)

Radyasyonun tibbi tedavide kullanimi, hastalara yilda verilen milyonlarca tedavi
ile bliylik ol¢iide artmistir. Kullanilan radyasyon; kaynagin hedeften belirli uzaklikta
tutuldugu teleterapi {iinitelerinden, viicuda gomiilmiis (implantlanmig) kapali

sistemlerdeki izotoplardan veya yutulmus radyoniiklit ¢ozeltilerden gelmektedir.

Radyasyon etkisinin mekanizmasi, niteliksel olarak bilinmektedir. Hizl1 bdliinen
ve ¢ogalan anormal hiicreler normal hiicrelere kiyasla radyasyona daha duyarhdir. Her
iki tiirde radyasyon ile tahrip olmasina ragmen, anormal hiicreler daha fazla zarar goriir.
Radyasyon dozu parga parga verildiginde daha etkili olmaktadir. Cilinkii radyasyonun
parcalara boliinmiis ve farkli zamanlarda uygulanmasi normal dokunun toparlanma

surecine izin vermektedir.
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Radyasyon , kemoterapi ve cerrahi segenekleri zarar gormiis belirli bir organa
veya sisteme uygulanir. Radyasyon dozlarinin kanser tedavisinde etkili oldugu
bulunmustur. {lk zamanlarda kanser tedavisi i¢in X-isinlar1 kullanilmis fakat kobalt-
60’1n gama 1smlariin daha etkili oldugu goriilmiistiir. Ciinkii yliksek enerjili fotonlar
dokuya daha iiyi niifiiz etmis ve radyasyon dozlarini minimum cilt reaksiyonlar1 olacak
sekilde viicudun derinliklerine iletebilmistir. Modern niikleer tipta kanser tedavisi igin

4MeV-35 MeV araliginda radyasyon iireten hizlandiricilarin kullanimi artmastir.

Radyoniiklidin gegici ve kalici implantasyonu yolu ile hastaligin tedavisine,
doku arasina uygulanan brakiterapi denir. Kiiciik radyoaktif kapsiil, organ icine
yerlestirilir ve bolgesel gama isinlamasi olusturulur. En sik kullanilan malzemeler
iridyum-192, iyot-125, paladyum-103’diir. Bu metodun basarili oldugu tiimor bolgeleri

bas ve boyun, meme, akciger, prostat bezi 6rnek verilebilir.

Anormal hipofiz bezlerinin tedavisindeki basari, hizlandiricidan ¢ikan yiikli
pargaciklarla saglanmaktadir. Bor ¢ozeltisi enjekte edilmis tiimdrlerin yavas nodtron

bombardimanindan faydali sonuglar elde edilmektedir.

Eklem iltihabi tedavisi beta pargaciklarinin isinlanmasi yolu ile elde edilir.
(Y1lmaz ve ark., 2015)

BNCT (bor nétron yakalama tedavisi), beyin tiimorlerinin ve melanomanin
tedavisinde kullanilan radyasyon tedavi yontemidir. Bu tedavi yonteminin iki bileseni
vardir. Birinci bilesen, tiimdr hiicrelerinde toplanan kararli bor izotopudur. Ikinci
bilesen, diisiik enerjili nétron kaynagidir. Tiimor hiicrelerinin igindeki 198, nétron
kaynagindan gelen nétronlar1 yakaladiktan sonra pargalanmakta ve agiga ¢ikan yliksek
enerji yiikli parcaciklar (‘Li ve “He) sadece tiimor hiicrelerine zarar vermektedir.
Genellikle tedavi siirecinde 0.4 keV-10 veya 20 keV epitermal nétron araligindaki
notronlar  kullanilmaktadir. Giintimiizde BNCT denemeleri niikleer reaktorlerde

yapilmaktadir (Kahraman, 2004).
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(Reactor
Core)

Sekil 2.5. Bor nétron yakalama tedavisinin (BNCT) beyin tiimoriinde uygulanmasi
(http://www.thenewstribe.com/2013/04/05/modern-anti-cancer-bnc-therapy-promises-

no-side-effects/)

After BNCT

ancer grew aggressively, The tumor disappeared
rupturing the skin and almost entirely. High quality
emerging outside. of life (QOL) was achieved.

Fig. 3. MR studied before BNCT (left), 1 year after BNCT (right).

Sekil 2.6. BNCT oncesi ve sonrasi tiimor tedavisi (http://www.tsukuba-
sogotokku.jp/en/project/projectl/)(http://institute.tarla.org.tr/thm/uphuk/4/s-pdf/bayram-

demir-bor-notron-yakalama.pdf)

Brakiterapi kisa mesafeden uygulanan radyoterapi anlamindadir. Radyasyonun
normal dokulara minumum zarar verecek sekilde viicuda verilmesi yontemi olan
brakiterapi giiniimiizde ¢okca kullanilan bir tedavi yontemidir. Ozellikle jinekolojik
kanser tedavilerinde kullanilan bir yontemdir. Bu tedavi tek basina da uygulanabilir
yada es zamanli1 kemoterapi ile birlikte de uygulanabilir. Radyasyon kaynaginin timor
icine veya yakinlarina biryere yerlestirilmesiyle uygulanmaktadir. Brakiterapi rahim,
meme, prostat kanserleri, bas-boyun tlimérleri, goz tiimorlerinde sikg¢a kullanilan bir

tedavi yontemidir (Dénmez Yilmaz ve Unsal, 2013).
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Aygittaki basingl hava, kGgUk izotop kdre-

ciklerini i¢i bog tapler boyunca ileriye dogru
iter; topler onceden onkolog tarafindan
dogru yere yerlegtirmigtir. y

Bilgisayaria
kontrol
edilen aygit

Kursunla
kapl saklama
kasasi

Sekil 2.7. Serviks kanseri i¢in uygulanan Birakiterapi Tedavi yontemi

(http://www.saglikpark.com/haber/radyoterapi.htm)
2.6. Radyoaktif Bozunma

Dogada bulunan kararsiz elementlerin dis etkiler olmadan kendiliginden
parcalanmasi sonucu g¢evrelerine partikiiller ya da elektromanyetik radyasyon vererek
daha kararli hale gecmelerine radyoaktivite, kararli hale gecen bu elementlere de

radyoaktif element denir.

Bir ¢ekirdek kendiliginden alfa pargacigi (o), bir elektron (B) veya bir foton
yayinlayarak uyarilmis bir enerji diizeyinden kurtularak daha kararli duruma geger ve

yeni bir ¢ekirdegin olugsmasini saglar bu olay radyoaktif bozunma olarak tanimlanir.

2.6.1. Bozunma Cesitleri

2.6.1.1. Alfa Bozunumu :

Alfa bozunumu sonucunda bir iiriin ¢gekirdek bir de He ¢ekirdegi meydana gelir.
Alfa bozunumuna ugrayan ana cekirdek iki proton ve iki ndtron kaybederek kiitlesini

dort birim azaltmis olur. Yani;
gXy m— 073V Z, + 3Hes (2.3)

seklinde olur.
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Dogal radyoaktif atomlar ve atom numarasi biiyiik izotoplarda alfa bozunmasi
goriilmektedir. Alfa bozunmas itici bir Coulomb kuvveti olayidir. Coulomb kuvveti
niikleer baglanma kuvvetinden daha hizli artar. Elektrik yiikleri biiyiik olan alfa
parcaciklar1 madde iizerinden gecerken ¢ok yogun bir iyonlasmaya neden olur. Cok
fazla enerji harcarlar ve ¢ok yol katedemezler. Bu yiizden bu parcaciklari bir kagit

parcasi ile durdurmak miimkiindiir.

- £5 @

222 4
22°Ra geR1 2a

Sekil 2.8. Alfa Bozunumu
2.6.1.2. Beta Bozunumu :

Beta pargacigida bir kiitle ve yiike sahiptir. Bu pargacikta alfa parcacigi kadar
olmasa da madde igerisinden gegerken iyonlasmaya neden olur alfa pargacigindan daha

hafif ve daha giricidir ki alimiinyum bir levha beta pargacigini durdurabilir.

Cekirdekteki noétron fazlaligi beta bozunumuna neden olur. Fazla olan bu
notronlar protona doniigiirek negatif beta parcacigr yaymlanir ve ¢ok yiiksek hizlarla

atom ¢ekirdeginden firlatilirlar.

7X w— 47 + Je(B) (2.4)
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Sekil 2.9. Beta bozunumu

2.6.1.3. Gama Bozunumu :

Alfa ve beta yaymlamasindan sonra kararli kalamayan radyoaktif bir ¢ekirdek
daha sonra bir veya birka¢ gama 1511 yayinlayarak iizerindeki fazla enerjiyi atar ve
kararli hale geger. Bu enerjiyi elektromanyetik radyasyon seklinde yayinlar. Cekirdegin
tizerindeki enerji ne kadar yiiksekse ¢ikacak olan gama 1511 o kadar yiiksek enerjili

olacaktir.

 —

Foton (gama isini)

Sekil 2.10. Gama Bozunumu
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2.7. Notronlar

Noétronun varligini ilk olarak 1920 yilinda E.Rutherford bulmustur. Rutherford
cekirdekte yiiksiiz taneciklerin de olabilecegini ortaya koymustur. Daha sonra deneysel
caligmalar yapan James Chadwich 1932 yilinda berilyum cekirdegini alfa parcacig ile
bombardiman ederek ¢ekirdekte yiiksiiz parcaciklar oldugunu tespit etmistir. Bu
pargaciklara yiiksiiz olduklari i¢in “’nétron’” adini1 vermistir. Bu nétronlar protonun
kiitlesine esit denecek kadar yakin yiiksiiz pargaciklardir. Dogada hidrojen disinda tim

elementlerin notronu bulunmaktadir.

Cizelge 2.3. Notronlarm Ozellikleri

Kiitle(MeV) 939,5656
Yiik 0

Spin 1/2
Yasam Siiresi (s) 887 s
Cap(cm) 1,45x10™

¢ 29

Notron “'n’” simgesi ile gosterilir. Serbest bir ndtron kararsiz iken atomun
¢ekirdeginde bagli olan bir nétron ise kararlidir. Notronlar hidrojen atomu hari¢ tiim
elementlerin atom c¢ekirdeklerine girerler. Cekirdege giren bu ndétronlar karsilikli
aralarinda itme kuvveti olan protonlar1 ayirir ve ¢ekirdekte biiyiik bir ¢ekim kuvveti
olusur. Noétron 1sinlar1 fazlasi ile giricidir. Yiiksiiz olduklar i¢in madde igine rahatca
niifuz edebilirler. Ancak kiigiik c¢ekirdeklerle karsilasip carpisirlarsa yavaslayabilirler
(Korkut, 2010).
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noétron

yoriingeler \

elektron

cekirdek proton

Sekil 2.11. 2C Atomu
2.7.1. Notronlarin Sogurulmasi ve Yavaslatilmasi

Kat1 madde i¢inden ndtron demeti gecerken, ndtron akim siddeti, nétronlarin
niikleer reaksiyonlar araciligi ile demetten ayrilisiyla zayiflar. Hizli nétronlar igin
(n,2n), (n,a) veya (n, p) gibi bir¢cok reaksiyon miimkiin olmaktadir. Ancak termal veya
yavas notronlarin ortamdan kaybolmasmin nedeni (n, y) yakalama reaksiyonudur.
Genellikle bu yakalama reaksiyonunun tesir kesiti, ¢ok biiyiik tesir kesitine sahip olan
bir veya daha fazla sayidaki rezonanslar tarafindan belirlenir. Rezonanslar disinda hiz
arttikca sogurulma tesir kesiti v™* ile orantili olarak azalir; bdylece elastik ve inelastik
sacilma olaylar1 nedeni ile nétronlar yavasladik¢ca sogurulma ihtimalleri de artar.
Baslangigtaki enerjileri 1 MeV olan nétronlarin enerjileri eV seviyesine azalana kadar
bircok sagilma islemine maruz kalir. Bu diisiik enerji seviyesindeki nétronlarin
rezonanslarda veya rezonanslar disinda sogurulma olasiligi oldukga yiiksektir (Sarer,

2002).

2.7.2. Notron Tesir Kesiti

Notron sogurma tesir kesiti, bombardimana sokulan ndtronun enerjisine ve

izotopa baglhdir.
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m%:u (2.5)

Yani gelen parcacik sayisinin ¢ikan parcacik sayisina orani sonucunda sogurma
katsayis1 (u) elde edilir. Bu da nétronlar igin aranan tesir Kesiti olarak ifade edilir.

Birimi cm™ dir.

Notronlar madde iginde dx kalinliginda bir mesafe kattettikleri zaman demetin
veya maddenin birim yiizeyi basina n dx atomla ¢arpisirlar, burada n maddenin birim
hacmindeki atom sayisidir. Eger nétronlar1 demetten saptirmaya calisan sagilma

reaksiyonlarida dahil olmak tizere o; toplam tesir kesiti ise | siddetindeki kayip;
dl = -7 gyn dx (2.6)

seklinde ifade edilir (Sarer, 2002).

2.7.3. Notron Dedektorleri

Notronlarin kendileri iyonlagsma olaylar1 meydana getiremedikleri igin, ndtron
dedektorleri (n,p), (n,a), (n,y) veya (n,fisyon) gibi veya yiiklii hafif parcaciklarin niikleer
sa¢ilmalar1 gibi niikleer reaksiyonlar tarafindan olusturulan ikincil olaylarin dl¢iilmesine

dayanir.

Yavas ve termal notronlar durumunda, (n,p) (n,a) reaksiyonlarina dayanan
dedektorler, reaksiyon sonucunda agiga ¢ikan yiiksek enerjili p veya a’nin neden oldugu
sinyaller yardimi ile ndtronlarin gozlenmesi igin direk bir yol saglarlar. Termal
nétronlar i¢in tesir kesiti cok yliksektir. Bu nedenle tesir kesitinin ndtronlarin enerjisine

bagliliginin 6zel bir sekli yoktur ve 6nceden belirlenebilir (Sarer, 2002).

2.7.4. Notronlarin Madde ile Etkilesimi

Notronlar yiiksiiz olduklar1 icin madde ile kolayca etkilesime girerler. Bagl bir
durumda ¢ekirdekte bulunan nétronlar kararli, serbest halde bulunanlar ise kararsizdir.
Serbest halde bulunan bu nétronlar birlesme (flizyon) ve ayrilma(fisyon ) reaksiyonlari
sonucunda olusurlar. Arastirma reaktorleri, 6zel notron kaynaklari ndtron sagilma
deneylerinde kullanilmak iizere serbest nétron tiretirler. Bir A atomunun nétron ile olan

etkilesimi su sekilde olur.
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A + In ——> ¥t (2.7)

Notronlar hizlandirilamaz ancak farkli enerjilerdeki madde atomlar1 ile

carpigmalar1 sonucunda enerjileri azaltilabilir.
Notronlar ;

= Ultra soguk nétronlar (E~10° eV)

= Soguk nétronlar (E~10° eV)

» Termal yada yavas nétronlar (E=KT ~ 0,025 eV)

= Epitermal nétronlar (0,1 eV < E < 100 keV)

*  Hizli nétronlar (100 — 200 keV < E < 10-20 MeV)
* Yiiksek enerjili nétronlar (E > 100 MeV)

olmak tizere enerjilerine gore siniflandirabiliriz (Kolbasi, 2014).

Hizli nétronlar bir kinetik enerjiye (MeV) sahiptirler. Kinetik enerjileri
kiitlelerinden daha az olduklar1 i¢in non relativistik parcacik olarak kabul goriirler.
Yapilan laboratuar ¢alismalarinda ilk nétron ¢ekirdeginin elastik carpisma yonii ile

cekirdekten geri tepme hiz1 arasindaki ac1 farkli olacaktir.

Kiitle merkezinde toplam moment sifir olurken elastik carpisma sonucunda

toplam kinetik enerji korunacaktir. (V; ve v; ilk hizlar, M ve m kiitleleri)

- m17+MI7
Vem = as (28)
= mv;+MV;
Vom = = (29)

Gibi hiz doniisiimleri iceren Galileo doniisiimleri kullanilabilir.

Elastik ¢arpisma sonucunda da toplam kinetik enerjiler korunur.

*2

*2

2M 2m

Kiitle merkezinde toplam moment sifirdir (Korkut, 2010).

pr+P*=0 (2.11)
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2.7.5. Notron Kaynaklari

Notron demetleri cesitli tiirde niikleer reaksiyonlar yardimi il elde edilebilir.
Notronlar, yiiklii parcaciklar gibi hizlandirilamazlar. Fakat yiiksek enerjili nétronlarin
enerjileri farkli maddelerin atomlariyla carpigmalar1 sonucunda azaltilabilir. Buna
“’yavaglatma’’ islemi denir. Sonug olarak nétronlar ¢ok diisiik enerjilere ulasabilirler

(Sarer, 2002).

2.7.5.1. Alfa-Berilyum Kaynaklar:

Radyoaktif bozunma sonucu olusan 5-6 MeV’lik enerjiye sahip bir alfa

pargaciginin Berilyum ¢ekirdegine ¢arpmasi sonucu bir nétron olusur.
*He +°Be — *C +n (2.12)

Boyle bir tepkimede daha uzun Omiirli bir alfa pargacigi yayimlayicisi
kullanilirsa *®Pu, **Am ve #°Po gibi daha yiiksek enerjiye sahip nétronlar elde edilir.
Bu reaksiyon igin Q degeri 5,7 MeV ‘tur. ?°Ra gibi uzun 6miirlii bir o yaymlayict
maddeyi °Be ile kanstirirsak, diizgiin bir nétron iiretimi saglanmis olur. “°Ra ve
radyoaktif riinleri yaklagik 5-8 MeV enerjili o yaymlar ve boylece 13 MeV’a kadar
uzanan enerji spektrumuna sahip nétronlar elde edilebilir. Bu ndétronlar tek enerjili
degildir, ¢linkii bir ¢ok farkli a gruplarinin varligi, katt madde i¢indeki carpismalar
sonucu alfalarin yavaslamasi, alfalara gore nétronlarinda yaymlanma dogrultularinin

¢ok cesitli olusu ve notron liretimine izin vermez (Sarer, 2002).

2.7.5.2. Fotondtron Kaynaklari

Gama kaynaklarimida noétron elde etmek i¢in kullanabiliriz. Fakat kaynagin
veriminin yiiksek olmasina ragmen yar1 6mrii ¢ok kisadir. Foton kaynag: tekenerjili ise
notronlarin da tekenerjili olmas1 fotondtron eldesinin bir avantajidir. *Na izotopu
tarafindan yaymlanan 2,76 MeV ‘lik y i1sinlarinin absorpsiyonu, Be*daki baglanma

enerjisini sokmek i¢in yeterlidir.

y +°Be — ®Be +n (2.13)
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2.7.5.3. Kendiliginden Fisyon

Notronlar c¢ekirdeklerin parcalanmast sonucu elde edilirler. Kendiliginden
fisyonla nétron iireten bir kaynak olarak **’Cf izotopu drnek verilebilir. Bu izotop ¢ok
yaygin sekilde kullanilmaktadir. Notronlar direk olarak fisyon reaksiyonlar1 sonucunda

iretilirler. Her parcalanma basina dort nétron elde edilir.

2.7.5.4. Niikleer Reaksiyonlar

Notron eldesi icin birgok niikleer reaksiyon vardir. Notronu ¢esitli
hizlandiricilarla temin ettigimiz yiiklii pargaciklar1 kullanarak da elde edebiliriz. Yiikli
parcacik enerjisinin ve gozlenen nétron yaymlama agisinin dikkatli se¢imi ile hemen

hemen istenilen her enerjide nétron demeti eldesi miimkiindiir.

Be + *He — *C +n Q=+5,7 MeV (2.14)
Li+p—'Be+n Q=—1,6MeV (2.15)
*H+d—*He+n Q=+ 17,6 MeV (2.16)
2H+d —*He +n Q=+ 3,3MeV (2.17)

2.7.5.5. Niikleer Gii¢ Santralleri

Niikleer gii¢ santralleri reaktorde iiretilen 1s1y1 elektrige doniistiiriir. Bir n6tron
zincir reaksiyonun gercgeklesmesi igin tek sart yeterli miktarda boliinebilir ¢ekirdek
olmasidir. Buna ragmen islevsel bir niikleer reaktér kurmak i¢in malzeme ve
diizenlemelerin pek¢ok kombinasyonlar1 kullanilabilir. 1942°de ilk reaktor kullanima
baslandigindan bu yana birka¢ farkli tipte veya diisiincede reaktor tasarlanmis ve test

edilmistir (Y1lmaz ve ark., 2015).

Hizli reaktorler, notronlarin ¢ogunun 0,1-1 MeV enerji araliginda yer aldigi
reaktordiir. Bu enerjinin altinda ama yakin degerlerdeki nétronlar fisyon sonucu serbest
kalirlar. Notronlarin yavaglamasini  saglayan malzeme goreceli olarak daha az

oldugundan nétronlar yiiksek enerjide kalir (Yilmaz ve ark., 2015).
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Niikleer gii¢ santrallerinde yakitin kontrolii ¢cok Onemlidir. Bu nedenle yakit
cubuklar1 ismi verilen ndtron tutucularin belli araliklarla reaktoriin koru ile temas
ederek ortamdaki fazla nétronlart tutmasi ve dolayisi ile zincir reaksiyonlarin kontrol
altinda tutulmasi niikleer giivenlik acisindan ¢ok 6nemlidir. Baslangigta kullanilan eski
tip reaktorlerde cikan niikleer kazalarin bircogu yakit ¢ubuklarinin kontroliindeki
mekanik hatalardan meydana gelir. Bu nedenle reaktorlerin kontroli ve

cihazlandirilmasi ¢ok biiyiik 6nem arzetmektedir.

2.8. Polimerler Hakkinda Genel Bilgiler
2.8.1. Polimerler

Polimerlerlerin yap1 taslarini olusturan herbir kiiclik molekiil monomer olarak
adlandirilmaktadir. Monomer molekiiller kovalent baglarla birbirine baglanarak polimer

molekillerini olusturur.

Kovalent Bag

. . Polimerizasyon Tepkimesi
QO ==
O

Monomer Molekdlleri Polimer Moleklleri

Sekil 2.12. Polimerizasyon tepkimesi sonucu olusan Polimer Molekiilleri

Polimer yunanca kokenli olan Poli(cok) ve meros(pargall) kelimelerinin
birlesmesi ile olusmustur. Kauguk gilinlimiizde ¢ok kullanilan polimerik bir {irlindiir.
Kauguk, kauguk agacina atilan ¢iziklerden elde edilir. Bu ¢iziklerden akan siit halinde
aga¢ Ozsuyu (lateks) kuruyup sertlesir ve endiistride kullanilmak tiizere hazir hale
getirilir. Kaugugun en belirgin 6zelligi elastik bir yapiya sahip olmasidir. Yani eski
haline donebilen ve uzayabilen bir yapida olmasidir. Bu 6zellik sebebi ile hemen hemen
her sektorde kullanilmaktadir. Glinlimiizde kullanilan diger bir polimerik {iriin ise
plastiktir. 1860’1 yillarda Alexander Parkes tarafindan bulunmustur. Plastik bulunana

kadar gegen donemde kalipla sekil vermek i¢in kauguk kullaniliyordu. Plastigin
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bulunusu ile birlikte maliyeti fazla olan kauguk geri plana atilarak plastik sik¢a
kullanilmaya baslandi (Khanghah, 2014).

Ihtiyaca bagl olarak iki veya daha fazla polimerin karistirilmasi ile kristal, yar

kristal ve amorf yapida cesitli polimerler iiretilebilmektedir. Uretilen polimerler,

poliester, poliamid, stirenik v.s. olarak adlandirilan molekiiler yapilarda olabilirler.

Uretim asamalarinda kazandirilan tiim fiziksel veya yapisal ozellikler polimerin

islenebilirlik ve mekanik 6zelliklerini belirleyen en 6nemli etkenlerdir (Besergil 2014).

Polimerlerin kullanim alanlar1 her gecen giin artmaktadir. Bunun nedeni

polimerin yapisal 6zellikleridir. Bu 6zellikler;

Ek bir islem gerektirmeden karmasik sekillerin bile kolaylikla kaplanabilir
olmasidir.

Yogunluklarinin diisiik olmasi hafif malzemeler {iretilebilmesine olanak
saglamaktadir.

Kimyasal etkiye kars1 dayaniklidir.

Korozyona yani aginmaya kars1 direnglidir.

Genellikle polimerler 1s1ya kars1 dayaniklidir ve bazilar elektrigi iletmezler.
Polimer olan kau¢ugun esnekligi bir ¢ok uygulamada art1 yarar saglamaktadir.
Polimerlerin dayaniklik degerleri diisiik olsa da birim agirlik basina uygun
olmaktadir bu ylizden uzay ve havacilik sanayilerinde de kullaniimaktadir.
Lastiklerin(kauguklarin) elastik 6zelligi sayesinde yaylanma ve enerji depolama

gerektiren uygulamalarda da kullanilabilmektedir (Khanghah, 2014).

Polimerlerin amacina uygun siniflandirilmasi asagidaki gibidir;

Molekiil agirliklarina gére (oligomer, makromolekiil)

Dogada bulunup, bulunmamasina gore (dogal, yapay)

Organik ya da anorganik olmalarina gore

Isiya kars1 gosterdikleri davraniga gore

Zincirin kimyasal ve fiziksel yapisina gore (diiz, dallanmis ¢apraz bagl, kristal,
amorf polimerler)

Zincir yapisina gore (homopolimer, kopolimer)

Sentezleme sekillerine gore (Kazanci, 2010)
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2.8.2. Polimerizasyon Mekanizmasi

Monomerden baslayarak polimer molekiillerinin elde edilmesine kadar olan

(34

reaksiyonlara “’polimerizasyon reaksiyonlari’ denir. Polimerizasyonun olusumu

baslama, ¢ogalma ve sonlama olmak iizere ii¢ kistmdan olusmaktadir (San, 2012).

Monomerin kimyasal yapisin1 baglaticilar etkilemektedir. Monomer ig¢indeki
atomlar baska atomlarla bag kuracak hale gelirken, monomerler uygun kimyasallarla

polimerlesebilecek hale getirilir (Demircioglu, 2012).

Meydana gelen bu aktif monomer, iki veya daha fazla monomer ile birleserek

monomer zinciri olustururlar.

M* + M* 1 Monomer
MM*
MM* + M* 1 Dimer
MMM*

MMM* + M* Trimer
L MMMM*

Tetramer

(CHy — CHz)n

Polimer

Monomer(M) I Aktif Monomer(M")

Sekil 2.13. Polimerizasyonda ¢ogalma

Monomer zincirinde bulunan aktif uglar pasiflesir, yap1 daha kararli hale gelerek

polimerlesme sonuglanir (Khanghah, 2014).

Polimerlerin sentezi genel isleyis bakimindan basamakli polimerizasyon ve

katilma polimerizasyonu olmak {izere iki yontemle agiklanir.
-Basamakli Polimerizasyon

Biiytikliikleri birbirinden farkli olan iki molekiil arasinda meydana gelen

reaksiyonlardir. Bu tiir reaksiyona verilebilecek en carpici O0rnek kondensazyon
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reaksiyonudur. Kondensazyon reaksiyonunda kiigik molekiiller, kondensazyon
reaksiyonlar ile baglanarak polimer molekiillerini meydana getirirler. Bu sirada bazi

kiiglik molekiillerde olusur (Kazanci, 2010).
-Katilma Polimerizasyonu

Cok sayida doymamis molekiil birleserek monomer birimleri tek baglar ile
baglanmis biiylik bir molekiil olusturur. Birlesen birimler bire bir birbirlerinin aynisi
olabilecegi gibi iki veya c¢ok cesitli molekiillerde olabilir. Bu polimerizasyon ile
polimerlesen monomerler vinil ve dien monomerleridir. Vinil ve dien, etil ve biitadienin

tiirevleri olarak incelenir (Kazanci, 2010).

2.9. Epoksi Recinesi ve Epoksinin Ozellikleri

Epoksi recinesi 1930 yilinda ilk defa sentezlenmis ve birgok endiistri alaninda
kullanilmaya baglanmistir. Yapi malzemeleri, kaplamalar, havacilik, laminant,

yapistiricilar, kompozit malzemelerde kullanilmistir (Vaia ve ark., 1995).

Sekil 2.14.Epoksi Reginesi (http://tpi.com.tr/epoxy-resin)

Epoksi regineleri, diger polimer matrislerden pahalidir. Buna ragmen,

kompozitler i¢in en ¢ok tercih edilen polimer matristir (Seker, 2010).
Epoksilerin ¢ok kullanilmasinin nedenlerini su sekilde siralayabiliriz;

=  Asimmalara kars1 ¢ok dayaniklidir.
27



» (Qda sicakliginda katilasabilir.

* Sicakliklar ytliksek oldugunda iyi mekanik ve fiziksel performans gosterir.
» Diisiik viskozite ve diisiik akis hizina sahiptir.

= Elektriksel ve kimyasal direnci olduk¢a ytiksektir.

» (Cekme ve darbeye kars1 olduk¢a dayaniklidir.

» Hangi diizgiinliik ve dokuda olursa olsun hertiirlii yiizeye yapisabilir.

» Kiirlesme siirecinde uguculugunun diisiik olmas1 (Kaw 1997).

Epoksi recinesinin yapisindaki zincirleri diiz hale getirmek ya da capraz
baglamak sureti ile ¢ok kompleks yapida bir regine elde edebilmek i¢in recginenin
pisirilmesi gerekmektedir. Re¢inenin pisirilmesi, sertlestirme islemi katilan sertlestirici
ve sicakligin etkisine baglidir. Regineye elastik polimer (elastomer) katilmasi re¢inenin
yumusakligini, darbe direncini, pigmentlerin maliyetinin diisiiriilmesine neden olurken
1s1 transfer Ozelliklerini ayarlar ve kimyasallara karsi direncini arttirir. Dolgu
malzemeleri, recginenin sertligini ve dayamikliligim1 arttirarak kullanilacak yilizeye

istenen goriiniimiin verilmesini saglar (Oz, 2016).

Sekil 2.15. Epoksi Fonksiyonel Grubu

2.9.1. Epoksi Iceren Kompozitlerin Notron Zirhi Olarak Kullanilmasi

Zirhlama malzemesinin notron absortlama 6zelligini artitrmak i¢in bir ndtron

yavaglaticisi olarak hidrojence zengin malzemeler kullanilmaktadir.
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Diisiik atom numarali materyaller arasinda epoksi gibi yiiksek hidrojen iceren
polimerler yararhidir ¢iinkii hafiftirler ve metal matrix kompozitlerden daha kolay iist
tiste gelebilirler. Bunun yaninda epoksi reginesi igerisine bir takim baska inorganik
malzemeler katilarak bu malzemenin zirhlama 6zellikleri artirilabilir. Epoksi reginesinin
ana Ozellikleri diisiik daralma ve buna bagli olarak iyi boyutsal diizgiinliik, bir ¢ok
takviyeye miikemmel adhezyon destek 6zellikleri ve yiiksek 1s1 direnci, yiiksek mekanik
giic ve kimyasal kararlilik olarak sayilabilir. Bundan bagka gama 1sinina ve nétron
1s1nlamasina gosterdigi Uistliin saglamlik yiiziinden epoksi reginesi niikleer radyasyon

kullaniminin gerektigi alanlarda tercih edilir (Adeli and ark. , 2017).

Sekil 2.16. Niikleer Reaktorler

(http://www.tesisat.org/nukleer-enerji-ve-fizyon-reaktorleri.html)
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3. MATERYAL ve YONTEM
3.1. Kullanilan Numuneler

Notronlarin madde ile etkilesim gosterdiklerinde hedef malzemenin atomlari
tarafindan yavaglatilirlar ya da yakalanirlar. Malzemenin nétron yavaslatict olmasi

icerdigi hidrojen miktarina, ndtron yakalayici olmasi ise i¢indeki bor miktarina baglidir
(Korkut, 2010).

Cizelge 3.1. Demir metalinin 6zellikleri

Demir’in (Fe) Fiziksel Ozellikleri
Kimyasal Formiil Fe
Molekiiler Agirlik 55.85 gm
Renk Siyah, Koyu gri, Celik gri
Yogunlugu(ortalama) 7.87 g/cm®
Erime Sicaklig1 1.538 °C

Sekil 3.1. Demir cevherinin goriinimii

(http://webmineral.com/specimens/picshow.php?id=557#.WicHhxvhBPY)
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Cizelge 3.2. Bizmut metalinin 6zellikleri

Bizmut’un (Bi) Fiziksel Ozellikleri

Kimyasal Formiil
Molekiiler Agirlik
Renk
Yogunlugu(ortalama)

Erime Sicakligt

Bi

208.98 gm
Glimiis beyaz,
Kirmizi

9.75 g/cm®

271.4°C

Pembemsi

beyaz,

Sekil 3.2. Bizmut cevherinin goriinimii

(http://cevapbizden.com/wp-content/uploads/2015/10/bizmut.jpg)

Cizelge 3.3. Tantal metalinin 6zellikleri

Tantal’n (Ta) Fiziksel Ozellikleri

Kimyasal Formiil
Molekiiler Agirlik
Renk
Yogunlugu(ortalama)

Erime Sicaklig

Ta

180.95 gm
Gilimiis
16.65 glcm®
3.020 °C
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Sekil 3.3. Tantal cevherinin Gortintimii

(https://commons.wikimedia.org/wiki/File:Tantalum.jpg)

Cizelge 3.4. Toryum metalinin 6zellikleri

Toryum’un (Th) Fiziksel Ozellikleri
Kimyasal Formiil Th
Molekiiler Agirlik 232 g/m
Renk Glimiis beyazi renkli, metalik
Yogunlugu(ortalama) 11.7 glem®
Erime Sicaklig1 1.755°C

Sekil 3.4. Toryum cevherinin goriiniimii

(http://www.kimyakulubu.com/toryum-th/)
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Cizelge 3.5. Tungsten karbiir’iin 6zellikleri

Tungsten karbiir’iin (WC) Fiziksel Ozellikleri
Kimyasal Formiil wWC
Molekiiler Agirlik 195,86 g/mol
Renk Parlak gri, siyah
Yogunlugu(ortalama) 15,63 g/cm?
Erime Sicakligt 2.870 °C

Sekil 3.5. Tungsten karbiir tozu

(http://www.tungsten-powder.com/turkish/Tungsten-Carbide-Powder.html)

3.2. Modelleme

Modelleme yani simiilasyon, fiziksel gergek bir sistemin ya da teorik bilgilerin
bilgisayar ortaminda modellenerek sistemin davranigini kavrayabilmek veya degisik

yollar1 degerlendirebilmek i¢in bilgisayar yardimi ile yiiriitiilen bir tekniktir.
Simiilasyon,

»  Sonuglarin ve gidisatlarin tahmin edilmesinde

» Gozlenen sonuglarin nedenlerinin belirlenmesinde

*  Yatirim yapilmadan 6nce problemlerin ne oldugunu belirlemede
» Degisikliklerin ne gibi etkilere yol agacagini ortaya ¢ikarmada

» Sistem degiskenlerinin hepsinin bulunmalarini saglamada

» Fikirleri degerlendirme ve verimli olmayan yanlar1 bulmada
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* Yeni fikirler gelistirmede

* Plan biitiinligii ve fizibiliteyi test etmede
kullanilir.

Bilgisayar simiilasyonlar1 giinlimiizde ¢okca kullanilan bir tekniktir. Miithendis
ve planlamacilara sistem hakkinda yardimer olur. Tek basina problem ¢6zemez fakat
problemi ¢ok net bir sekilde tanimlar ve alternatif ¢oziimleri degerlendirir. Onerilen bir
¢Ozlim i¢in analiz ve sayisal Ol¢iim yapabilir. Kisa bir siirede ekstra bir ¢oziimiin
bulunmasinda yardimci olur. Yeni bir sistemi kurmadan oOnce bu teknik ile
modelleyerek sistem calistiginda karsilagilabilecek birgok yanilgiyr dncede gérmemizi

saglar.

Simiilasyonun fazla sayida ve fazla oOzellikli degiskeni tek bir modelde
toplayabilme 6zelligi, bugiinkii kompleks sistemlerin dizayn edilmesinde vazgecilmez

bir teknik olmasini saglamaktadir (Korkut, 2010).

aysegul@aysegul-VPCF24M1E: ~/Hadr03 = = @) 132 B
eutron + CL35 --> N ganma + Cl36:
s

neutron + €
n

neutron + > N gamma + neutron + Ta18
eutron + 12186 --> neutron + Tais

ne
neutron +

)
»
=]
L)
B
w
]
#
5
&)
=
B

1257654638, 2017068121

Sekil 3.6. Calismada en iyi sonucu veren simiilasyon

(%40 epoksi ile %60 Tantal karigtirilarak bulunan simiilasyon)
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3.3. GEANT4 Hesaplamalari

Modern pargacik fizigi ve niikleer fizik deneyleri saglam yazilim uygulamalari
gerektirmektedir. Bu deneylerde kullanilan pargacik dedektorlerinin, kapsamli
simiilasyonlar1 i¢in talep her gecen giin artmaktadir. Dedektorlerin hassasiyeti, diisiik
maliyetli olusu ve karmasik simiilasyonlarin ¢oziimiiniin daha kolay olmasi nedeniyle
daha cok ilgi ¢cekmektedir. Radyasyon fizigi, uzay bilimi, niikleer tip ve aslinda madde
icindeki pargacik etkilesimlerinin rol aldigi herhangi bir alanda da bu uygulamalar ¢ok

kullaniglidir.

Buna ¢6ziim olarak, nesne yonelimli yeni bir simiilasyon hesaplama kodu olan
Geant4 gelistirilmistir. Hesaplama kodu, c¢esitli ortamlarda kullanilabilen genis
kapsamli, bibirine bagli yazilim bilesenlerinin bir setini olusturmaktadir. Bunlar temel
olaylar ve geometriler g6z Oniine alinarak yapilan aragtirmalar biiyilk Hadron
Carpistiricis1  deneyi ve diger bazi deneyler igin ufuk agict olmustur. Yazilim
bilesenlerini tanimlarken ve uygularken, simiilasyon siireci basamaklart su sekilde

olmaktadir;
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Sistemin geometrisi

ilgili parametreler

|9 ilgi alanindaki temel parcaciklar

|9 Olaylarin birincil pargaciklarinin

L

olusturulmasi

Partikillerin izlenmesi

L

Elektromanyetik alanlar

<

Pargacik etkilesimlerini yoneten

4

fizik stirecleri

Hassas dedektor bilesenlerinin

]

tepkisi

Olay verisinin olusturulmasi ve

]

saklanmasi

Dedektor ve pargacik
yoriungelerinin
gorsellestirilmesidir

Hesaplama kodunun tiim pargalarinin biitiin halinde ¢alismasina izin veren,
sorun hazirlama, ¢alistirma, olay, parcacik tagsima, gorsellestirme ve analiz seviyelerinde

calisan yerlesik basamaklar1 ve komut yorumlayicilarini igerir.

Bu yazilim sisteminin merkezinde, ¢ok genis bir enerji araliginda madde ile
parcaciklarin etkilesimlerinin yorumlanabilecegi bir dizi fizik modeli bulunur.
Programda kullanilan temel veriler ve uzmanlik deneyimleri diinyadaki birgok
kaynaklardan elde edilmistir ve bu bakimdan Geant4, parcacik etkilesimleri hakkinda
bildiklerimizin biiyiik bir bolimiinii i¢eren bir depo gorevi goriir ; bunlara ek olarak
program her gecen giin genisletilmekte ve giincellestirilmektedir. Onceki birgok
simiilasyon sisteminin bazi mekanizmalarindaki ciddi kisitliliklar, yeni veya degisken

fizik modellerini eklemenin zorlugu ; boyut bazindaki sinirliliklar, karmasikliklar bu
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programlarin giincellestirilmesi ve gelistirilmesini zorlastirmistir. Bunun aksine, nesne
yonelimli yontemler, tiim fizik modelleri igin ortak orgiitsel ilkeler ve ortak bir arayiiz

tanimlayarak karmagikligin ve bagimliliklarin etkili bir sekilde yonetimini saglamistir.

Geant4, birgok isbirligi enstitiileri, HEP deneyleri ve {iniversitelerden gelen
pekcok uzman tarafindan uluslararasi bir isbirligi ile olusturulmus tasarlanmis ve
gelistirilmistir. Ayn1 zamanda fizik dedektorleri ve fiziksel siireglerin Monte Carlo
simiilasyonu alanmna katkida bulunan birgok profesyonelin deneyimlerinden
yararlanilmaktadir. Cografi olarak dagitilan yazilim gelistirme ve biiylik nesne odakli
sistemler artik bir yenilik degilken, Geant4 isbirliginin, bu tiir projeler arasinda kodun
boyutu, kapsami ve katkida bulunanlarin sayisi agisindan, en biiyilk ve en iddial
alanlardan birini temsil ettigi diisiniilmektedir. Fizik biliminin ortaya koymus oldugu
hizli degisen ve acik uglu gereksinimler, titiz yazilim miithendisligi uygulamalarinin ve
nesne yonelimli yontemlerinin tutarli ve siirdiirilebilir bir yazilim riiniiniin
tiretilmesine katki sagladigi bu program vasitasi ile ortaya konmustur (Agostinelli ve
ark. 2003).

4. ARASTIRMA BULGULARI

Bu ¢alismada epoksi reginesi icerisine %10’dan baglayarak 10’ar artan yiizdelik
oranlarda bes farkli metal karistirildi. Zirhlama malzemesinin eldesinde karigtirilmasi
uygun goriilen malzemeler; demir (Fe), bizmut (Bi), tantal (Ta), tungsten karbiir (WC)
ve toryum (Th) olarak belirlendi. Bu malzemelerin segilme nedeni yiiksek yogunluklu
ve nodtron tutma kapasiteleri yliksek olmalarindan dolayidir. Ayrica malzemenin
dayanikliligin1 arttirmasi i¢in verilen malzemelerin igeriklerinin uygun oldugu

distiniilmektedir.
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Cizelge 4.1. Demir (Fe) i¢in nétron tesir kesiti

Demir (Fe yogunluk:7.87 g/cm®, epoksi yogunluk: 1.18 g/cm®)

Kanisima katilan epoksi

Karisimin Yogunlugu

Notron icin tesir kesiti

miktar1 (%) (g/cm?) (cm™)
10 7.08 0.353
20 6.53 0.389
30 5.86 0.407
40 5.19 0.409
50 4.52 0.400
60 3.86 0.379
70 3.19 0.343
80 2.52 0.296
90 1.85 0.235
100 1.18 0.160

Cizelge 4.2. Tungsten karbiir (WC) igin ndtron tesir kesiti

Tungsten karbiir (WC yogunluk:15.63 g/cm’, epoksi yogunluk: 1.18 g/cm®)

Karisima katilan epoksi

Karisimin Yogunlugu

Notron icin tesir kesiti

miktari (%) (g/cm®) (cm™)
10 14.18 0.499
20 12.74 0.591
30 11.29 0.652
40 9.85 0.679
50 8.40 0.674
60 6.96 0.637
70 5.51 0.567
80 4.07 0.464
90 2.62 0.328
100 118 0.160
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Cizelge 4.3. Bizmut (Bi) igin notron tesir kesiti

Bizmut (Bi yogunluk:9.75 g/cm”, epoksi yogunluk: 1.18 g/cm®)

Kanisima katilan epoksi

Karisimin Yogunlugu

Notron icin tesir kesiti

miktar1 (%) (g/cm?) (cm™)
10 8.89 0.297
20 8.04 0.362
30 7.18 0.406
40 6.32 0.428
50 5.46 0.432
60 4.61 0.419
70 3.75 0.384
80 2.89 0.329
90 2.04 0.256
100 1.18 0.160

Cizelge 4.4. Tantal (Ta) i¢in nétron tesir kesiti

Tantal (Ta yogunluk:16.65 g/cm°, epoksi yogunluk: 1.18 g/cm®)

Karisima katilan epoksi

Karisimin Yogunlugu

Notron icin tesir kesiti

miktart (%) (g/em?®) (cm™)
10 15.10 0.492
20 13.56 0.597
30 12.01 0.668
40 10.46 0.703
50 8.91 0.702
60 7.37 0.667
70 5.82 0.594
80 4.27 0.484
90 2.73 0.341
100 1.18 0.160
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Cizelge 4.5. Toryum (Th) igin nGtron tesir kesiti

Toryum (Th yogunluk:11.7 g/cm®, epoksi yogunluk: 1.18 g/cm®)

Karisima katilan epoksi Karisimin Yogunlugu Notron icin tesir Kesiti
miktariy(%) (g/cm®) (cm™)
10 10.65 0.338
20 9.60 0.416
30 8.54 0.470
40 7.49 0.500
50 6.44 0.506
60 5.39 0.485
70 4.34 0.441
80 3.28 0.371
90 2.23 0.279
100 1.18 0.160

4.1. Uriin Parcaciklar I¢in Sayim-Enerji Tablolari

Geant4 Hesaplama Kodu kullanilarak kaynaga bir milyon pargacik gonderilerek
kaynaktan ¢ikan 4,5 MeV enerjili notronlar ile simiilasyonlar yapildi. Yapilan bu
simiilasyonlar sonucunda iiretilen izotop parcaciklarin neler oldugu goriildii ve bu

parcaciklarin sayimi sonucunda enerji aralig1 bulunarak ortalama enerjileri hesaplandi.
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Demir (Fe) malzemesi i¢in sonuglar;

Cizelge 4.6. %10 epoksi ve %90 demir i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arah@:
Sayisi Ortalama Enerjisi
’c 31562 422.65 keV 8.2333 eV -->1.2901 MeV
Bc 523 544.29 keV 1.8611 keV --> 1.3395 MeV
Cl 1911 109.68 keV 5.0972 eV -->491.01 keV
*Cl 2 142.15 keV 137.48 keV --> 146.82 keV
Tl 711 112.53 keV 42.592 eV -->465.76 keV
>Icr 4 492.64 keV 270.92 keV --> 694.28 keV
>*Cr 11 393.02 keV 115.27 keV --> 666.96 keV
>Cr 6 499.05 keV 265.1 keV --> 899.72 keV
*'Fe 11664 70.678 keV 11.1eV -->325.18 keV
>Fe 3 84.595 keV 80.591 keV --> 89.546 keV
*°Fe 198694 71.356 keV 0.84662 eV --> 314.06 keV
>"Fe 4526 71.304 keV 1.0015 eV -->307.05 keV
>*Fe 607 65.504 keV 156.02 eV --> 298.83 keV
>Mn 1109 162.02 keV 203.23 eV --> 354.06 keV
*®Mn 6 113.69 keV 15.925 keV --> 211.15 keV
>"Mn 3 149.82 keV 81.06 keV --> 209.49 keV
0 6002 366.92 keV 28.348 eV -->1.005 MeV
0 4 344.68 keV 273.78 keV --> 54847 keV
%o 7 388.18 keV 156.63 keV --> 690.3 keV
p 81 652.87 keV 180.72 keV --> 1.2086 MeV
g 137 257.29 keV 2.6799 keV --> 524.6 keV
Alfa (o) 270 2.6666 MeV 984.31 keV --> 6.7435 MeV)
Déteron (D) 6 1.8068 MeV 242.59 keV --> 3.8524 MeV
Gama (y) 183242 1.1352 MeV 34.959 eV -->13.526 MeV
Nétron (n) 76993 1.7184 MeV 690.93 eV --> 4.6439 MeV
Proton (p) 41304 2.3115 MeV 26.128 eV -->5.1243 MeV

Ortalama momentum: 47.177 keV

(16258 eV > 205.6 keV)
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aysequl@aysequl-VPCF24MIE: ~/Hadr03
neutron + FeS6 --> N ganma + alpha + Crs3: 331,99 keV
neutron + Fe56 «-> N gamma + neutron + Fe56: 498.69 eV
neutron + Fe56 --> N ganma + proton + Mn56: i 81
neutron + FeS6 --> alpha + 294.61
neutron + Fes6 --> neutron + 12.692 eV
neutron + Fe56 --> proton + 2 2.9114 Mev
neutron + FeS? --> N ganma + alpha + Cr5d 2.6713 Mev
neutron + Fes7 N gamma + neutron + : 109.55 kev
neutron + Fe57 --> N gamma + proton + Mn57: 2 = -1,6142 MeV
neutron + FeS7 «-> alpha + Cr54: 2.3493 MeV
neutron + Fes7 --> neutron + FeS7: 1 12,598 eV
neutron + FeS7 «+> proton + Mn57: 1.9222 Mev
neutron + Fe58 --> N gamma + neutron + Fes8: 36 keV
neutron + FeS8 --> neutron + Fes8: 12,052 eV
neutron + H1 neutron + proton: 1.2258 keV
neutron + H2 «+> neutron + deutero b 491.61 eV
neutron + 016 --> N ganma + 01 8.4285 MeV
neutron + 016 «+> N gamma + alpha + (13: 300.03 keV
neutron + 016 --> neutron + 016: 6 160.65 eV
neutron + 017 ««> N gamma + neutron + 01 067829 eV
neutron + 017 --> neutron + 017: = 141,52 eV
neutron + 018 «=«> N gamma + neutron + 018: 9.5169 kev
neutron + 018 --> neutron + 018: b -19,786 kev

Nunber of ganma:

List of generated particles:
(1 31562 Emean = v (8.2333 > 1,2901 MeV)
(13 523 Emean 29 kev (1,86 -> 1,3395 MeV)
cl3s: 1911 Emean = 109. (5. > 491,01 keV)
2 Emean i -=> 146.82 keV)
711 Emean = 112, (42, > 465,76 kev)
4 Enean ( 92 kev --> 694,
11 Emean = 393.02 keV 27 ki 666.
6 Emean = 499,05 kev ( 265.1 ke > 899,72 keV)
11664 Emean = 70.678 kev ( 11.1 3 )
3 Emean = 84,595 kev (80, 89,546 kev)
198694 Emean = 71,356 keV V > 314.06 keV)
4526 Emean = 71,364 kev --> 307,05 kev)
607 Emean = 65.504 keV 298.83 keV)
1109 Emean = 162,62 kev ( 2 - kev)
6 Emean = 113.69 keV > 211,15 keV)
3 Emean = 149.82 kev (81, eV --> 209.49 kev)
6002 Emean = 366.92 k 348 eV <> 1,005 MeV)
4 Emean = 344,68 kev J8 K 548,47 kev)
7 Emean = 38 ( 156,63 keV --> 69
81 Enean 180,72 kev --> 1,2086 MeV)
137 Emean = 9 k 2.6799 keV -> 524.6 keV)
270 Enean = 2,6666 Mev  ( 984,31 keV --> 6,7435 HeV)
6 Emean = 1.8068 MeV  ( 242.59 keV --> 3. MeV)
183242 Emean = 1,1352 MeV ( 34.959 eV --> 13,526 MeV)
1.7
2.3

J
4
B
]
B
i
B
fi
B
[

76993 Emean = 1.7184 MeV  ( 690.93 eV --> 4,6439 MeV)
41304 Enean 23115 Mev 26,128 -+ 5,1243 Mev)

Homentun balance: Pmean = 47,177 keV ( 162,58 eV -~> 205.6 kev)

Ranecu engine status
= Inttial seed (index) = 0
Current couple of seeds = 580972696, 57211480

C1C |

Sekil 4.1. %10 epoksi ve %90 demir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.7. %20 epoksi ve %80 demir i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
°c 57683 423.83 keV 8.2333 eV -->1.2901 MeV
Bc 954 514.89 keV 504.45 eV -->1.3332 MeV
e 1 2.4971 MeV 2.4971 MeV --> 2.4971 MeV
C 1 189.13 keV 189.13 keV --> 189.13 keV
>Cl 3521 107.56 keV 14.329 eV -->491.67 keV
Tl 1325 110.17 keV 45.027 eV --> 466.57 keV
>lcr 1 468.53 keV 468.53 keV --> 468.53 keV
>Cr 4 282.38 keV 124.19 keV --> 462.52 keV
>Cr 5 456.92 keV 182.78 keV --> 765.84 keV
>Fe 9491 71.855 keV 6.1279 eV -->325.03 keV
>Fe 1 75.933 keV 75.933 keV --> 75.933 keV
PFe 160312 71.429 keV 0.46966 eV --> 314.07 keV
>Fe 3770 70.291 keV 14.185 eV --> 307.05 keV
Fe 455 62.642 keV 103.48 eV --> 293.78 keV
>Mn 891 160.19 keV 203.23 eV --> 352.45 keV
**Mn 10 117.57 keV 30.808 keV --> 211.15 keV
>"Mn 2 154.41 keV 123.07 keV --> 185.76 keV
0 10931 371.7 keV 11.126 eV -->1.0057 MeV
0 4 173.45 keV 63.278 keV --> 264.54 keV
o 26 351.08 keV 12.629 keV --> 823.86 keV
p 123 716.86 keV 119.83 keV --> 1.2177 MeV
g 304 235.88 keV 753.53 eV -->522.28 keV
Alfa (o) 440 2.432 MeV 50.313 keV --> 6.4221 MeV
Déteron (D) 11 2.3604 MeV 58.689 keV --> 3.9473 MeV
Gama (y) 149582 1.1325 MeV 8.3974 eV -->13.473 MeV
Nétron (n) 62445 1.7149 MeV 690.93 eV -->4.6422 MeV
Proton (p) 73637 2.2948 MeV 9.7014 eV -->5.1243 MeV

Ortalama momentum: 39.902 keV

(14151 eV > 172.99 keV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03

neutron + 016 --> N ganma

neutron + 016 «-> N gamma + alpha
neutron + 016 --> neutron

neutron + 017 «+> N gamma + alpha
neutron + 017 --> neutron

neutron + 018 «-> N gamma + alpha
neutron + 018 --> N gamma + neutron
neutron + 018 --> neutron

Nunber of

List of generated particles:
57683 Emean = 423.83 keV
954 Emean = 514,89 keV
1 Emean = 2,4971 Mev
1 Emean = 189.13 keV
3521 Emean = 107,56 keV
1325 Emean = 110.17 keV
1 Emean = 468,53 kev
4 Emean = 282.38 keV
5 Emean = 456.92 kev
9491 Emean = 71.855 keV
1 Emean = 75,933 kev
160312 Emean = 71.429 keV
3776 Eme: 70.291 kev
455 Emean = 62.642 keV
891 Emean = 166.19 keV
10 Emean = 117,57 keV
2 Emean = 154.41 kev
10931 Emean 371.7 keV
4 Emean = 173.45 kev
26 Emean keV
123 Emean 6 kev
304 Emean = 235.88 keV
440 Enean 2,432 MeV
deuteron 11 Emean 13604 HeV
ganma; 149582 Emean 11325 MeV
neutron: 62445 Emean L7149 Hev
proton: 73637 Emean 948 MeV

8
e
B
B
B
)
B
%
A
B
A

Momentun balance: Pmean = 39,902 keV

Ranecu engine status
Initial seed (index) =
Current couple of seeds = 834840045, 886396378

1dtes |

Sekil 4.2. %20 epoksi ve %80 demir i¢in simiilasyon ekran goriintiisii

neutron + Fes6 --> alpha + Crs3
neutron + Fes6 --> neutron + Fest
neutron + Fe56 --> proton + Mn56:
neutron + Fe57 -+> N gamma + Fe58:
neutron + FeS7 --> N ganma + alpha + Cr5:
neutron + Fe57 -+> N gamma + neutron + FeS7:
neutron + Fes7 --> N ganma + proton + MnS7:
neutron + FeS7 --> alpha + Cr54:
neutron + Fe57 --> neutron + FesS7:
neutron + FeS7 «-> proton + Mn57:
neutron + Fe58 --> anna + neutron + Fes8: 178
neutron + Fe58 --> neutron + FeS8: 216
neutron + H1 --> neutron + proton: 72436
neutron + H2 -+> neutron + deuteron: 1

1

305
+ 016:
+ 014
401

+ 018
+ 018:

ganna:

( 103.48 eV
(203,23 eV
( 30.808
123,07 kev
(11,126 eV
63.278 kev

( 753.53 eV
( 50,313 kev

367.9 kev
12.665 ev
-2.9119 MeV
5.6407 MeV
2.4652 MeV
123.6 kev
-1.9096 eV
2,3551 MeV
eV

Hev

kev

6 eV
Mev
eV
Mev

-=> 765.84 kev)
> 325.03 kev)
-3 75,933 keV)
314.07 kev)

-+ 36705 kev)
> 293.78 keV)
=3 352,45 kev)
L))

> 185,76 keV)

> 1,057 MeV)

( 58,689 kev -

(8.3974 v
( 690,93 eV
( 9.7014 eV

(141,51 v

» 13,473 MeV)
««> 4,6422 MeV)
-> 5,1243 Hev)

> 172,99 kev)
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Cizelge 4.8. %30 epoksi ve %70 demir i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi | Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg
Sayisi Enerjisi
’c 77267 424.62 keV 8.2333 eV -->1.2904 MeV
Bc 1241 527.31 keV 948.42 eV -->1.3409 MeV
e 6 189.07 keV 189.02 keV --> 189.15 keV
Cl 4766 111.6 keV 27.747 eV --> 491.67 keV
%Cl 1 110.95 keV 110.95 keV --> 110.95 keV
¥l 1728 110.37 keV 15.609 eV --> 464.24 keV
>Icr 1 323.14 keV 323.14 keV --> 323.14 keV
>3Cr 10 412.46 keV 171.45 keV --> 583.41 keV
>Cr 3 461.58 keV 265.1 keV --> 686.42 keV
>'Fe 7259 70.411 keV 0.019783 eV -->325.24 keV
>Fe 3 81.885 keV 75.308 keV --> 90.462 keV
*°Fe 125662 71.107 keV 0.70708 eV -->313.96 keV
>"Fe 2873 73.713 keV 16.065 eV --> 307.22 keV
>°Fe 386 62.331 keV 114.31 eV -->301.22 keV
>Mn 697 158.93 keV 203.23 eV --> 363.69 keV
**Mn 2 175.69 keV 160.56 keV --> 190.83 keV
>"Mn 1 98.112 keV 98.112 keV --> 98.112 keV
0 14523 374.67 keV 14.25eV -->1.0065 MeV
0 7 569.3 keV 125.4 keV --> 890.67 keV
R0 27 274.4 keV 5.8049 keV --> 803.1 keV
p 195 661.76 keV 202.28 keV --> 1.1628 MeV
g 377 234.78 keV 4.3124 keV --> 524.45 keV
Alfa (o) 619 2.5217 MeV 50.283 keV --> 6.4641 MeV
Déteron (D) 14 2.0439 MeV 86.069 keV --> 3.8977 MeV
Gama (y) 118659 1.137 MeV 22.467 eV --> 13.441 MeV
Notron (n) | 49400 1.7052 MeV 10.106 keV --> 4.6156 MeV
Proton (p) 98197 2.2851 MeV 6.3194 eV -->5.1243 MeV

Ortalama momentum: 34.622 keV

(107.02 eV > 185.92 keV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03 L ® d4) 15
neutron + Fe56 --> N ganma + proton + Mn56: . MeV
neutron + FeS6 --> alpha + Cr53:
neutron + Fe56 --> neutron + Fes
neutron + Fe57 --> N gamma + Fes8:
neutron + Fes7 --> N gamma + alpha + Cr54:
neutron + FeS7 -=> N ganma + neutron + FeS
neutron + FeS7 --> alpha + Cr4:
neutron + Fe57 neutron + Fes7:
neutron + FeS7 --> proton + Mn57:
neutron + Fe58 --> N gamma + neutron + FeS
neutron + Fes --> neutron + Fes
neutron + H1 N gamma + deuterol
neutron + H1 --> neutron + protol
neutron + H2 --> neutron + deuteron
neutron + 016 --> N ganma + 017:
neutron + 016 «-> N gamma + alpha + (13:
neutron + 016 --> neutron + 016:
neutron + 017 neutron + 017:
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 --> N gamma + neutron + 018: Q = 0.04431
neutron + 018 --> alpha + C1 Q = -4.2607 Mev
neutron + 018 --> neutron + 018: 2 128 kev

Number of gamma: N

List of generated particles:
77267 Emean = 424.62 keV
Emean = 527.31 keV
Emean = 189,67 kev
Emean =  111.6 keV
Emean = 110,95 kev
Emean = 110.37 keV  (
Emean = 323.14 kev  ( 323,14 kev --
Emean = 412.46 keV 171.45 keV
Emean = 461,58 kev  ( 265.1 keV
Emean = 70.411 kev  (
Emean = 81,885 kev 75.308 kev --> 90.462 kev)
Emean = 71,107 keV  ( 0.70768 eV > 313.96 keV)
Emean = 73.713 keV  ( 16,065 eV --> 307.22 keV)
Emean = 62,331 keV 114,31 eV <> 301,22 keV)
Emean = 156,93 kev (203,23 eV --> 363.69 keV)
Emean = 175.69 keV  ( 160.56 keV --> 190.83 keV)
Emean = 98,112 kev  ( 98. -+> 98,112 kev)
Emean = 374.67 kel 4 <+> 1.0065 MeV)
Emean 569.3 ki 4 -> 890,67 kev)
Emean = 274.4 (5. > 803.1 keV)
Emean 661.76 ke ( 3 -+ 1,1628 MeV)
Emean = 234.78 ki .3 > 524.45 keV)
Emean § ( 56, keV --> 6,4641 MeV)
Emean = 2.0439 Me ( 86, ==> 3.8977 MeV)
13,441 MeV)
106 keV -<> 4.6156 MeV)
/3194 eV --> 5,1243 Mev)

@
"
B
B
)
*
B
f
i)
[ |
[

Momentum balance: Pmean = 34,622 keV (107.62 eV --> 185.92 keV)

. - Ranecu engine status --
Initial seed (index) = 6
= Current couple of seeds = 1026572761, 856975798

1dtes |

Sekil 4.3. %30 epoksi ve %70 demir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.9. %40 epoksi ve %60 demir icin ¢ikan pargacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Ortalama | Parcaci@in Enerji Arahgi
Sayisi Enerjisi
’c 91502 421.54 keV 1.8749 eV -->1.2901 MeV
Bc 1491 542.18 keV 229.76 eV -->1.3351 MeV
e 4 189.07 keV 188.86 keV --> 189.17 keV
Cl 5521 108.9 keV 2.1612 eV -->491.3 keV
%cl 1 109.67 keV 109.67 keV --> 109.67 keV
Tl 2098 114.7 keV 15.609 eV --> 465.62 keV
>Icr 1 407.71 keV 407.71 keV --> 407.71 keV
>3Cr 2 524.12 keV 479.34 keV --> 568.9 keV
>Cr 3 492.59 keV 244.22 keV --> 651.7 keV
>'Fe 5440 71.632 keV 45714 eV -->324.37 keV
>Fe 2 76.693 keV 64.742 keV --> 88.644 keV
*°Fe 94966 71.563 keV 0.69859 eV -->313.97 keV
>"Fe 2193 71.42 keV 1.0015 eV --> 308.73 keV
>°Fe 303 69.226 keV 25.522 eV -->302.34 keV
>Mn 483 166.52 keV 911.47 eV -->357.01 keV
**Mn 4 125.05 keV 58.151 keV --> 209 keV
>"Mn 2 109.41 keV 81.06 keV --> 137.76 keV
0 17058 375.67 keV 13.869 eV -->1.0047 MeV
0 7 448.19 keV 27.848 keV --> 948.22 keV
R0 38 288.97 keV 1.9995 keV --> 756.16 keV
p 196 682.07 keV 141.85 keV --> 1.2062 MeV
g 426 227.02 keV 5.1105 keV --> 523.79 keV
Alfa (o) 682 2.3612 MeV 50.245 keV --> 6.3092 MeV
Déteron (D) 15 1.8968 MeV 46.836 keV --> 3.9188 MeV
Gama (y) 92417 1.1334 MeV 16.093 eV -->13.118 MeV
Nétron (n) 38137 1.7047 MeV 8.9511 keV --> 4.635 MeV
Proton (p) 114913 2.2735 MeV 283.26 eV -->5.1246 MeV

Ortalama momentum: 30.594 keV

(196.65 eV > 182.75 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadro3
neutron + Fe56 --> N ganma + alpha A 331,99 keV
neutron + FeS6 «-> N gamma + neutron 3 3 499.73 eV
neutron + Fes6 --> N ganma + proton + MnS6: 4 2.6186 MeV
neutron + Fes6 alpha + Cr53: 4,83 kev
neutron + Fes6 --> neutron + Fesé:
neutron + Fe57 «+> N gamma + F
neutron + FeS7 --> N gamma + alpha
neutron + Fe57 «-> N gamma + neutron + Fes7:
neutron + Fe57 --> N ganma + proton + Mn57:
neutron + Fe57 «-> neutron + Fes7:
neutron + Fe58 --> N gamma + neutron + FeS
neutron + Fe58 --> neutron + FeS
neutron > N ganma + deuteron:
neutron + H1 --> neutron + proton: 113998
neutron + 2 --> neutron + deuteron: 5
neutron + 016 «-> N gamma + alpha + (13: 7 482.81 kev
neutron + 016 --> neutron + 016: 17656 103,05 ev
neutron + 017 ««> N gamma + neutron + 017: = 0.10592 eV
neutron + 017 --> neutron + 017: 6 11,7 eV
neutron + 018 --> N ganma + alpha + C15: 4.2583 MeV
neutron + 018 --> N gamma + neutron + 01 Q = -1.0649 keV
neutron + 018 -+> neutron + 018: Q= +17.234 keV

Nunber of gamma: N =1

of generated particles:
C12: 91562 Emean = 421,54 keV 1.8749 ev
1491 Emean = 542.18 kev  ( 229.76 eV
4 Enean 188,86 kev
5521 Emean 108.9 kev 2.1612 eV
1 Enean = 109.67 kev (109,67 keV --
2098 Emean 114.7 kev 15.609 eV
1 Emean = 407,71 kev 407,71 kev --
2 Emean = 524.12 k 479.34 keV
3 Emean 92 ¢ ( 244 .
5440 Emean keV  ( 4.5714 eV
2 Emean 693 (64,742 keV -
94966 Emean ¥ ke ( 0.69859 eV
2193 Emean v v ( 1.0015 eV
303 Emean = 6 kel 25, )
483 Enmean .52 ke ( 911,47 eV --> 357,01 keV)
4 Emean = 125.05 k (58 > 209 keV)
2 Emean = 169.41 (81, > 13 kev)
17058 Emean = 375.67 ( 1.0047 Mev)
7 Emean = 448.19 kev 848 48,22 kev)
38 Emean = 288.97 kev ( «+> 756.16 keV)
196 Emean ' -3 1,2062 MeV)
426 Enmean = 02 k ( 5.1105 keV --> 523.79 keV)
682 Enean 50,245 keV --> 6,3092 Mev)
15 Emean = 8 (46,836 keV --> 3,9188 MeV)
92417 Emean ' eV (16,093 eV --> 13,118 MeV)
38137 Emean = 1.764 ( 8.9511 keV -<> 4,635 MeV)
114913 Emean Mev (283,26 eV --> 5,1246 MeV)

8
"
B
B
B
i
B
f

Momentun balance: Pmean = 30.594 kev 196,65 ¢

. -+« Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1917726884, 1441667191

1dtes |

Sekil 4.4. %40 epoksi ve %60 demir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.10. %50 epoksi ve %50 demir i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 99232 422.09 keV 4765eV -->1.2903 MeV
Bc 1585 542.11 keV 6.5763 eV -->1.3413 MeV
e 2 189.08 keV 189.08 keV --> 189.08 keV
Cl 6046 108.64 keV 1.3892 eV -->491.21 keV
%cl 2 140.73 keV 134.43 keV --> 147.03 keV
Tl 2307 111.03 keV 15.609 eV -->466.03 keV
>3Cr 3 247.6 keV 70.157 keV --> 435.76 keV
>iCr 2 651.14 keV 417.71 keV --> 884.58 keV
'Fe 4117 72.083 keV 17.679 eV --> 325.01 keV
>Fe 1 98.446 keV 98.446 keV --> 98.446 keV
>°Fe 69130 71.458 keV 0.33035 eV -->313.97 keV
>"Fe 1565 71.224 keV 35.337 eV -->307.24 keV
>°Fe 217 70.87 keV 884.37 eV -->295.94 keV
>Mn 382 166.66 keV 133.44 eV --> 354.85 keV
*®Mn 1 65.398 keV 65.398 keV --> 65.398 keV
>"Mn 1 81.06 keV 81.06 keV --> 81.06 keV
0 18767 374.02 keV 3.2197 eV -->1.0053 MeV
0 10 325.82 keV 52.469 keV --> 745.44 keV
o 45 340.26 keV 7.8501 keV --> 892.88 keV
p 257 685.9 keV 114.61 keV --> 1.2065 MeV
g 515 235.56 keV 1.6518 keV --> 523.73 keV
Alfa () 782 2.4976 MeV 50.298 keV --> 6.4361 MeV
Déteron (D) 19 1.902 MeV 54.238 keV --> 3.9667 MeV
Gama (y) 70103 1.1256 MeV 22.467 eV -->9.8221 MeV
Nétron (n) 28425 1.6889 MeV 9.9851 keV --> 4.6393 MeV
Proton (p) 126386 2.2684 MeV 67.948 eV -->5.1142 MeV

Ortalama momentum: 27.455 keV

(127.73 eV —> 183.76 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03

neutron + Fes6 --> N gamma +

neutron + 016 -->

neutron + 016 «-> N ganma
neutron + 016 -->

neutron + 017 ««> N gamma +
neutron + 017 -->

neutron + 018 «-> N gamma
neutron + 018 --> N ganna +

neutron + 018
neutron + 018 -->

List of generated particles:
99232 Emean = 4
1585 Emean = 5

230

an

217 Enmean 70
382 Eme
1 Emean
1 Eme
18767 Emean = 374
10 Ene;

d
)
B
5
-
A
B
7
5
a
-}
[

45 Emean = 340.
257 Emean 685
.56 keV

515 Emean = 235

22,
42,
2 Emean = 189,
6046 Enmean = 108,
2 Emean = 140,
7 Emean = 111,

neutron + Fes6 --> N ganma + alpha + Crs3:
neutron + Fes6 N gamma + neutron + FeS6:

proton + Mns6

neutron + Fe56 --> neutron + Fes6:
neutron + Fe57 --> N ganma + neutron + Fes7:

neutron + Fe57 --> neutron + FeS7:
neutron + Fes8 --> N ganma + neutron + Fes8:
neutron + FeS8 «-> neutron + Fess:

neutron + H1 --> N ganma + deuteron
neutron + H1 --> neutron + proton:

neutron + H2 --> neutron + deutero
neutron ¢ H2 -«> proton + 2 neutron:

N ganma + 017:
+ alpha + (13:
neutron + 016
neutron + 017:
neutron + 017:
+ alpha + C15:
neutron + 018:
> alpha + (1

neutron + 018

Nunber of gamma:

09 kev (
11 kev (
08 kev
64 kev
73 keV
03 kev

3 Emean = 247.6 keV
2 Emean = 651,

7 Emean = 72,083 keV
1 Emean = 98,446 keV
69130 Emean = 71.458 keV
1565 Emean = T71.2
.87 ke

14 kev

24 ki

(133.44 ev
( 65.398 kev
( 81,06 kev
02 kev  ( 3.2197 eV
82
26 ki

782 Emean = 2,4976 MeV
deuteron 19 Emean = 1,902 MeV

ganma; 70103 Emean
neutron: 28425 Emean =
proton: 126386 Emean

Homentun balance: Pmean =

Ranecu engine status
Inttial seed (index) = 0

Sekil 4.5. %50 epoksi ve %50 demir i¢in simiilasyon ekran goriintiisii

Hev

121.73 ev

331.99 kev
507.46 eV
-2,7263 MeV
12,826 eV
106,04 keV
1.9096 Mev
3623 Mev
12,173 &V
160,21
14.714 eV
-35.388 keV
1.2246 kev
474,98 eV
2.2364 Mev
= 362,37 keV
489.81 kev
162.59 ev
0.061719 eV
79.813 ev
4.2595 MeV
% -539.84 eV
4.2606 MeV
-20.437 kev

> 1.2903 MeV)

1,3413 MeV)
> 189.08 kev)
491,21 kev)
147.03 kev)
466,03 kev)
435,76 keV)
884,58 kev)
325,01 kev)
98,446 kev)
313,97 keV)

-+> 307,24 keV)

> 295.94 kev)

-+ 354,85 keV)

> 65,398 kev)

> 81,06 kev)

> 183,76 kev)
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Cizelge 4.11. %60 epoksi ve %40 demir i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi | Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg
Sayisi Enerjisi
’c 102970 420.97 keV 1.1573 eV -->1.2901 MeV
Bc 1614 539.01 keV 646.18 eV --> 1.3437 MeV
e 2 1.1304 MeV 317.17 keV --> 1.9437 MeV
e 3 189.02 keV 188.93 keV --> 189.06 keV
*Cl 6467 108.77 keV 3.4746 eV --> 491.4 keV
¥l 2 130.54 keV 114.05 keV --> 147.03 keV
Tl 2367 116.2 keV 26.057 eV --> 466.44 keV
*Cl 1 117.02 keV 117.02 keV --> 117.02 keV
>3Cr 2 255.9 keV 70.157 keV --> 441.64 keV
>Cr 1 456.27 keV 456.27 keV --> 456.27 keV
>'Fe 2819 73.657 keV 7.2623 eV -->324.81 keV
>Fe 1 91.086 keV 91.086 keV --> 91.086 keV
*°Fe 47846 71.126 keV 0.39505 eV --> 314.14 keV
>"Fe 1081 72.473 keV 21.323 eV --> 308.06 keV
>°Fe 162 61.433 keV 181.49 eV -->282.29 keV
>Mn 282 162.09 keV 1.8612 keV --> 334 keV
**Mn 2 90.952 keV 52.073 keV --> 129.83 keV
0 19501 372.94 keV 8.6767 eV -->1.0061 MeV
0 6 401.53 keV 52.469 keV --> 739.95 keV
R0 27 301.19 keV 26.098 keV --> 745.42 keV
p 256 654.5 keV 175.18 keV --> 1.1934 MeV
g 533 236.48 keV 1.4091 keV --> 524.52 keV
Alfa (a) 780 2.5026 MeV 50.263 keV --> 6.5564 MeV
Déteron (D) 18 1.7755 MeV 4.5826 keV --> 3.935 MeV
Gama (y) 51453 1.1171 MeV 17.437 eV -->10.247 MeV
Nétron (n) 20555 1.6954 MeV 10.276 keV --> 4.6336 MeV
Proton (p) | 130502 2.2623 MeV 16.925 eV -->5.1146 MeV

Ortalama momentum: 24.964 keV

(113.96 eV -->191.6 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadro3

neutron + Fe56 --> N ganma
neutron + Fes6
neutron + Fesé --

neutron + Fes6
neutron + FeS7 --> N gamm
neutron + Fe57 «+> N gamma
neutron + FeS7 --

neutron + Fe58 «-> N gamma
neutron + Fe58 --

neutron + HI «=> N
neutron + Hi -->

+ proton

> alpha
> neutron
> proton
3 + alpha
+ neutron
> neutron
+ neutron
> neutron

nevtron +

+ CrS
+ Fes6:
+ Mns6

+ Cr5
+ Fes
+ Fes.
+ Fesl

+ Fess:
ganma + deuteron:
proton:
neutron + H2 «=> N gamma + proton + 2 neutron:
neutron + H2 --> neutron + deutero

450
618
55
107

1
129684

ev
kev

474,13 eV

) ) 1539 {8

neutron + 016 --> N gamma + alpha + (1 7 504.35 kev
neutron + 016 --> neutron + 016; = 102,3 eV

neutron + 017 «-> N gamma + alpha + (1. 1.8177 MeV
neutron + 017 --> N ganma + neutron + 01 13.972 &V
neutron + 017 «+> neutron + 01 109.73 eV

neutron + > N ganma + alpha + C1 -4,2593 MeV
neutron + 018 --> N gamma + neutron + 018: 430.73 eV
neutron + 018 --> alpha + C1 2607 MeV

neutron + 018 -+> neutron + 018: 16.671 kev

Nunber of gamma: N = 1

List of generated particles:

162970
1614
2

3
6467
2
2367
1

8
)
B
]
)
i
a
%
a

I L

18

51453

20555

proton: 136562

Momentun balance: Pmean

Ranecu engine st

Initial seed (index) = 0

= Current couple of seeds =

Idle> |

Sekil 4.6. %60 epoksi ve %40 demir i¢in simiilasyon ekran goriintiisii

Enean
Enean =
Enean
Enean =
Enean
Enean =
Enean
Enean =
Enean
Enean =
Emean
Enean =

Enean =
Enean
Emean =
Enean
Enean =
Emean
Enean =

Enean
Enean
Emean =
Enean
Enean =
Enean

420,97 kev
§39.01 keV

116.2 kev
117.02 keV
255.9 kev
456.27 keV
73,657 kev
91.086 keV
71,126 kev
T2.473 keV
61,433 kev

90.952 kev
372.94 kev

,5026 Mev
1.7755 MeV
1,1171 Mev
1.6954 MeV
2,2623 Mev

= 24,964 kev

atus

( 646,18 eV
( 317,17 kev
188,93 kev
( 3.4746 eV
( 114,05 kev
( 26,057 eV

(17

( 70,157 keV --

456.27 keV
( 7.2623 eV

466,44 kev)

441,64 kev)
> 456,27 keV)
-+> 324,81 keV)

V «<> 91,086 keV)

( 8.6767 eV
( 52,469 kev

== 314,14 keV)
> 308.06 kev)
-+> 282,29 kev)
334 kev)
129,83 kev)
.0061 MeV)

( 50, eV
4.5826 keV -+

(17

1

113.96 eV

4,636 Mev)
-3 5,146 HeV)

- 191.6 kev)
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Cizelge 4.12. %70 epoksi ve %30 demir igin ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi | Parcacik Parc¢acigin Ortalama Parcacigin Enerji Arahig:
Sayisi Enerjisi

C12 100942 423.39 keV 2.1574 eV -->1.2905 MeV
C13 1597 552.69 keV 598.68 eV -->1.3387 MeV
C15 4 189.16 keV 189.04 keV -->189.21 keV

CI35 6183 109.16 keV 18.757 eV -->491.4 keV
CI36 1 120.24 keV 120.24 keV -->120.24 keV
CI37 2380 111.76 keV 66.347 eV -->464.84 keV
Cr5l 1 500.97 keV 500.97 keV -->500.97 keV
Cr53 1 503.74 keV 503.74 keV -->503.74 keV
Cr54 1 492.07 keV 492.07 keV -->492.07 keV
Fe54 1723 71.606 keV 19.985 eV -->324.64 keV

Fe56 30053 71.875 keV 2.2747 eV --> 314 keV
Fe57 727 68.566 keV 106.84 eV -->302.13 keV
Fe58 97 66.977 keV 181.49 eV -->302.46 keV
Mn54 163 159.44 keV 1.2824 keV --> 345.84 keV
Mn56 1 184.07 keV 184.07 keV -->184.07 keV
016 19108 373.84 keV 10.947 eV -->1.0063 MeV
017 9 314.39 keV 3.2979 keV -->728.43 keV
018 38 349.48 keV 26.098 keV --> 886.93 keV
P32 218 700.6 keV 175.18 keV --> 1.2104 MeV
S35 517 231.43 keV 3.9122 keV -->524.52 keV
Alfa (o) 751 2.3712 MeV 50.29 keV --> 5.7 MeV

Déteron (D) 18 2.7381 MeV 429.63 keV --> 3.9427 MeV
Gama (y) 34377 1.12 MeV 131.35eV -->10.726 MeV
Notron (n) 13619 1.6892 MeV 5.1887 keV --> 45977 MeV
Proton (p) 127392 2.2689 MeV 10.826 eV -->5.1226 MeV

Ortalama momentum: 22.916 keV

(51.231 eV -->180.55 keV)
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aysequl@aysequl-VPCF24MIE: ~/Hadr03 S ™) e
neutron + Fe54 --> N ganma + proton + 149 = 544,58 kev
neutron + Fe54 --> neutron + 1166 14,335 eV
neutron + FeS4 --> proton + Mn " 099 ke
neutron + Fe56 ++> N gamma + FeS7: 5 = 5.1664 MeV
neutron + FeS6 --> N ganma + neutron + FeS6: 10644 8.82 eV
neutron + FeS6 +-> N gamma + proton + MnS6: 1 2,718 MeV
neutron + FeS6 --> alpha + Cr53: 1 263.65 kev
neutron + Fes6 --> neutron + Fe 19409 12.911 v
neutron + Fes7 --> N ganma + alpha + Cr 1 = 2,4653 MeV
neutron + Fe57 ««> N gamma + neutron + Fe 280 94.793 kev
neutron + Fes7 neutron + Fe! i 11,726 eV
neutron + FeS8 «-> N gamma + neutron + FeS8: 35 104.61 kev
neutron + Fes8 --> neutron + Fes8: 62 13,34 eV
neutron + H1 -«> N ganma + deuteron: 3 2.4086 kev
neutron + H1 --> neutron + prot 126711 1.2268 keV
neutron + H2 neutron + deuteron: 15 68 ev
neutron + 016 --> N ganma + 017: 5 = 561,34 kev
neutron + 016 «+> N gamna + alpha + C 526 581,19 keV
neutron + 016 --> neutron + 0 = 102,55 eV
neutron + 017 «+> neutron + 0 96,507 eV
neutron + 018 --> N gamna + alpha + C -4,2583 MeV
neutron + 018 -+> N gamma + neutron + 018: 3 e
neutron + 018 --> alpha + C15: ) = -4.2607 MeV
neutron + 018 -+> neutron + 018: 19.979 kev

Nunber of ganma:

List of generated particles:
C12: 100942 Emean = 423.39 keV (
(13: 1597 Emean = 552.69 kev (
a5 4 fnean = 189.16 kev (
C135: 6183 Emean = 109.16 kev ( 18.757 eV
13 1 Enean = 126,24 kev 20,24 kev

2.1574 eV

§

1

1

3 (1
Cl37: 2380 Emean = 111.76 keV  ( 66.347 eV
(5

(5

4

1

98,68 eV
89,04 keV -->

0
B
B
]
B
i
3
%

Cr51: 1 Emean = 560,97 kev 00,97 keV -->
Crs3: 1 Emean = 503.74 keV 03.74 keV
Emean = 492.67 kev 92,07
1723 Emean = 71,606 ke! 9.985
30053 Enmean = 71,875 (12,2747 eV
Enean = 68.566 ke 106.84 eV
Emean ke (181,49 ev
Emean = 159.44 k 12824 keV <> 345.84 keV)
Emean = 184,67 kel 184,07 keV --> 184,07 kev)
Emean = 373.84 kel 10.947 eV 1.0063 M
Enean = 314,39 ke  ( 3.2979 keV --> 728.43 ki
Emean = 349.48 (126,098 keV --> 886.93 keV)
Enean eV (175.18 1,2104 Hev)
5t Emean K ( 3.9122 keV --> 524.52 keV)
alpha: Enean
deuteron: 8 Emean = 2.7381
Enean 112 MV (131,35 eV
Emean = 1.6892 MeV 5.1887 <> 4,5977 MeV)
proton: 127392 Emean = 2,2689 MeV ( 10,826 eV --> 5,1226 MeV)

Homentun balance: Pmean = 22,916 kev 51,231 eV -+> 186,55 keV)
Ranecu engine status

= Initial seed (index) = 0
Current couple of seeds = 1446264590, 1961657399

Idles |

Sekil 4.7. %70 epoksi ve %30 demir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.13. %80 epoksi ve %20 demir igin ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parc¢acigin Ortalama Parc¢acigin Enerji Arah@
Sayisi Enerjisi

’c 93298 421.92 keV 6.6458 eV -->1.2903 MeV
Bc 1511 549.94 keV 210.68 eV -->1.3411 MeV
e 1 189.15 keV 189.15 keV --> 189.15 keV
>Cl 5630 108.48 keV 2.1612 eV -->491.12 keV

%Cl 2 136.12 keV 117.59 keV --> 154.64 keV
Tl 2075 108.44 keV 76.232 eV --> 466.53 keV

>Fe 957 72.148 keV 15.426 eV --> 324.52 keV

>Fe 1 91.086 keV 91.086 keV --> 91.086 keV
PFe 16152 70.847 keV 2.1152 eV -->313.98 keV

>Fe 375 81.068 keV 284.66 eV -->304.84 keV

Fe 61 61.198 keV 149.31 eV --> 302.25 keV

>*Mn 91 144.25 keV 1.9264 keV --> 308.7 keV

*0 17846 375.13 keV 23.152 eV -->1.0045 MeV
0 7 230.29 keV 7.8721 keV --> 339.56 keV
o) 38 423.8 keV 41.187 keV --> 804.52 keV
p 202 688.59 keV 177.5 keV --> 1.2025 MeV
&S 507 232.58 keV 873.81 eV -->524.52 keV

Alfa (o) 723 2.3228 MeV 50.318 keV --> 5.234 MeV
Déteron (D) 14 1.8033 MeV 44.993 keV --> 3.6687 MeV
Gama (y) 21392 1.1044 MeV 84.198 eV -->9.8697 MeV
Nétron (n) 7998 1.6425 MeV 11.478 keV --> 4.5893 MeV
Proton (p) 118403 2.274 MeV 7.4538 eV -->5.115 MeV

Ortalama momentum: 21.167 keV (53.373 eV -->179.24 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03 & 1546 {%
nevtron + C135 --> alpha + P32: 4 Q= 939.08 keV
neutron + CL35 --> neutron + C135: 4233 Q= 23,758 eV
neutron + C135 --> proton + 5§35 26 (= 615.87 kev
neutron + CL37 ««> N gamma + neutron + CL37: 476 (= 16
neutron + C137 --> neutron + C137: 0= 23.93 e
neutron + Fes4 «-+> N ganma + Fe (] 8892 MeV
neutron + Fe54 --> N ganma + neutron + FeSd; (= -180.54 eV
neutron + Fe54 «+> N ganma + proton + Mn54: Q= 391.21 kev
neutron + Fe5d --> neutron + Fedd: Q= 14175
neutron + Fe54 «-> proton + Nn54: Q= 83.414 kev

neutron + Fes6

neutron + Fes7
neutron

neutron + Fess
neutron

neutron + Fes6

-=> N gamma +
> N ganma + neutron +

neutron + Fes6 --> neutron +

> N ganma + neutron +
+ FeS7 --> neutron +
> N ganma + neutron +
+ Fes8 --> neutron +

Fest:
Fes6:
Fes6:

neutron + Hi -«> neutron + proton:
neutron + H2 --> neutron + deuteron:
neutron + 016 ++> N gamma + 01

neutron + 016 --> N ganna + alpha
neutron + 016 «+> neutron

neutron + 017 -+> N ganna + neutron
neutron + 017 «+> neutron

neutron + 018 --> N gamma + alpha

neutron + 018

> N ganna + neutron

List of generated particles:

( 93298 Enean
(13: 1511 Enean
y Enean
Emean

Enean

Enean

Emean

Enean

Emean

Enean

neutron + 018 --> neutron

Number of

421,92 keV

136.12 keV
108.44 kev
72,148 keV
91,086 kev
70.847 keV
61,068 kev

+(
+ 016:
+ 017
L0
+ (15:
+ 018:
+ 018:

Q= 7.594 Mev
Q = +495.05 eV
0= 12,108 eV
Q= 103.45 ke
15,561 eV
53.718 ke
2,181 &V
12298 kev
49058 &V
10021 Mev

102.9 oV
-4,1344 eV
31,695 eV

12586 MeV

gamma: N =1 -

> 1,2903 NeV)
1,341 MeV)

5 )
Vo> 189,15 kev)
)

J
4]
)
)
i
i
B
i
A
A

S35¢
alpha:
deuteron:
qanna;
neutron
prot

61 Enean
91 Enean
17846 Emean
7 Enean
38 Emean =
202 Emean
507 Enmean
723 Enean
14 Emean
21392 Enean
1998 Enmean
118463  Enean

61,198 keV
144,25 kev
375.13 keV
230,29 kev
423.8 kev

8.59 kev
232,58 keV
2,3228 MeV
1.8033 Hev
1,104 Mev
1.6425 Hev
2,274 MeV

( 84,198 eV
478 kev
7.4538 &V

-5 491,12 keV)
> 154,64 keV)

> 313,98 keV)
> 304,84 keV)
> 302,25 kev)
> 308,7 keV)
+> 1,0045 MeV)

,56 kev)

> 36687 MeV)
> 9,8697 MeV)
> 4,5893 Mev)
> 5,115 Mev)

Homentun balance: Pmean = 21,167 kev 53,373 &V -+> 179,24 keV)

«eseeeeee Ranecu engine status
Initial seed (index) = 0
<

Idles |

Sekil 4.8. %80 epoksi ve %20 demir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.14. %90 epoksi ve %10 demir i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parc¢acigin Enerji Arah@
Sayisi Ortalama Enerjisi
°c 79254 422.61 keV 0.97906 eV -->1.29 MeV
Bc 1316 530.92 keV 210.68 eV -->1.3393 MeV
BC 3 189.05 keV 189.02 keV --> 189.11 keV
>Cl 4863 106.09 keV 2.1612 eV -->491.58 keV
*Cl 1 139.85 keV 139.85 keV --> 139.85 keV
Tl 1817 110.09 keV 23.587 eV --> 466.53 keV
>Fe 352 73.795 keV 36.386 eV -->311.38 keV
>°Fe 6088 73.363 keV 0.69859 eV -->313.98 keV
>Fe 153 74.563 keV 900.28 eV -->291.88 keV
Fe 20 40.211 keV 3.1529 keV --> 231.27 keV
>Mn 33 163.54 keV 15.495 keV --> 320.25 keV
0 15199 371.31 keV 28.115 eV -->1.0061 MeV
0 12 368.74 keV 25.235 keV --> 912.35 keV
o 34 367.14 keV 7.6794 keV --> 872.46 keV
p 165 718.96 keV 131.33 keV --> 1.2021 MeV
g 411 233.12 keV 1.6398 keV --> 524.44 keV
Alfa (o) 589 2.3358 MeV 50.284 keV --> 5.1819 MeV
Déteron (D) 12 1.8271 MeV 292.8 keV --> 2.9844 MeV
Gama (y) 11214 1.0942 MeV 126.94 eV -->10.045 MeV
Nétron (n) 3934 1.603 MeV 10.638 keV --> 4.6433 MeV
Proton (p) 100485 2.2669 MeV 28.851 eV -->5.1142 MeV
Ortalama momentum: 19.679 keV (53.373 eV -->183.14 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03
neutron + C135 --> alpha + P32 939,05 ki
neutron + CL35 --> neutron + C13 2.2
neutron + C135 --> proton + 535: 615.87 k
neutron + C137 «-> N gamma + neutron + C137: 5 7.4364
neutron + C137 --> neutron + C137:
neutron + Fe54 --> N gamma + neutron + Fe54:
neutron + Fe54 --> N gamma + proton + Mn54:
neutron + Fes4 neutron + Fe5
neutron + FeS4 --> proton + MnS
neutron + Fe56 gamma + Fes
neutron + Fe56 --> N gamma + neutron + FeS6:
neutron + Fe56 --> neutron + FeS6:
neutron + Fe57 --> N gamma + FeS8:
neutron + Fes7 N gamma + neutron + FeS7: 3 34.884
neutron + Fe57 --> neutron + FeS7: 13,102
neutron + FeS8 gamma + neutron + FeS8: 2485
neutron + Fes8 --> neutron + Fess: 15 = 8.0412
neutron + Hi N gamma + deuteron: = +45.594
neutron + H1 --> neutron + proton: 106041 = 1,2265 ki
neutron + H2 --> neutron + deuteron: 418.95
neutron + 016 --> N ganma + 017: 2 = 889,97 ki
neutron + 016 --> N ganma + alpha + C13: 421 Q= -41.72
neutron + 016 --> neutron + 016: 15199 101.85
neutron + 017 ««> N gamma + neutron + 017: Q = 0.077981
neutron + 017 --> neutron + 017: 6
neutron + 018 N gamma + alpha + C15:
neutron + 018 --> N gamma + neutron + 018:
neutron + 018 -+> neutron + 018:

Nunber of ganma:

List of generated particles:
C12: 79254 Emean (0. 6 ==> 1,29 MeV)
C13: 1316 Emean = 530.92 k

C15: 3 Emean = 189.05 ke

C135: 4863 Emean = 166.09 ki

136: 1 Emean = 139.85 ke\

asn 1817 Emean = 110.09 kev ( 23. > 466.53 keV)

Fe54: 352 Emean = 73,795 ke ( 36, > 311,38 kev)

Fe56: 6088 Emean = 73.363 ke A > 313,98 kev)
Emean = 74,563 k ( 960,28 ~» 291,88 keV)
Emean = 46.211 % > 231.27 keV)
Emean = 163.54 ke  ( > 326,25 kev)
Emean = 371.31 keV 8. > 1,0061 MeV)
Emean = 368.74 ( 25.23 =3 912,35 keV)
Emean = 367.14 ke  ( 7.6794 ki > 872,46 keV)
Emean = 718,96 ke (131, > 1,2021 Mev)
Emean = 233.12 ke (1 > 524.44 keV)
Emean = 2,3358 Mev ( , > 5 )

Emean = 1.8271 Me ( A > 2.9844 MeV)

Emean = 1,0942 ( i » 10,045 MeV)

Emean =  1.603 ( 4,6433 Mev)

Emean = 2,2669 (28, -+> 5,1142 MeV)

o
7
B
B
B
W
a
]
A
a
B
i

Momentun balance: Pmean = 19,679 kev JA73 eV --> 183,14 keV)

<<eeeeeee Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1251854778, 956106154

Idles |

Sekil 4.9. %90 epoksi ve %10 demir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.15. %100 epoksi i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi

’c 58028 426.44 keV 7.5371 eV -->1.2902 MeV
Bc 892 537.31 keV 85.793 eV -->1.3375 MeV
e 2 189 keV 188.9 keV --> 189.11 keV
Cl 3583 108.1 keV 70.383 eV -->491.19 keV
¥Cl 1308 116.26 keV 15.438 eV --> 466.06 keV
0 10669 371.42 keV 16.132 eV -->1.0061 MeV
0 10 511.97 keV 125.01 keV --> 940.13 keV
o 18 402.52 keV 12.122 keV --> 849.8 keV
p 130 696.7 keV 169.84 keV --> 1.2048 MeV

g 308 240 keV 4.604 keV -->524.65 keV
Alfa (o) 440 2.3958 MeV 50.255 keV --> 5.2278 MeV
Déteron (D) 10 1.4241 MeV 202.99 keV --> 2.9954 MeV
Gama (y) 4151 1.0531 MeV 340.41 eV --> 4.9463 MeV
Nétron (n) 1176 1.4644 MeV 10.618 keV --> 3.2692 MeV
Proton (p) 73229 2.27 MeV 12.026 eV -->5.1112 MeV

Ortalama momentum: 18.4 keV

(191.73 eV > 130.91 keV)

5
=
6 Lis
B
)
B
e
B
7
i
=
=

Sekil 4.10. %100 epoksi i¢in simiilasyon ekran goriintiisii
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Tungsten karbiir (WC) malzemesi i¢in sonuglar;

Cizelge 4.16. %10 epoksi ve %90 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg:
Sayisi Ortalama Enerjisi
’c 110339 424.42 keV 0.97966 eV --> 1.2905 MeV
c 1450 484.98 keV 375.29 eV -->1.3437 MeV
e 1 188.94 keV 188.94 keV --> 188.94 keV
Cl 3736 108.29 keV 18.757 eV -->491.58 keV
¥l 1341 110.39 keV 15.609 eV --> 465.66 keV
0 11309 378.88 keV 32.791 eV -->1.0047 MeV
0 6 247.03 keV 153.31 keV -->529.13 keV
0 18 299.17 keV 24.182 keV --> 802.66 keV
2p 132 642.38 keV 114.54 keV --> 1.2046 MeV
g 268 244.84 keV 2.6799 keV --> 520.73 keV
80w 230 19.001 keV 23.715eV -->86.176 keV
%W 48613 19.128 keV 0.052823 eV -->98.923 keV
Bw 26982 19.447 keV 0.20608 eV --> 98.295 keV
B 58757 19.041 keV 0.20085 eV -->97.981 keV
W 38 25.065 keV 18.749 keV --> 30.64 keV
8w 54398 18.726 keV 0.028987 eV --> 96.965 keV
Bhw 29 24.328 keV 20.239 keV --> 28.409 keV
Alfa (o) 443 2.4096 MeV 50.264 keV --> 5.242 MeV
Déteron (D) 9 1.7773 MeV 400.96 keV --> 3.7163 MeV
Gama (y) 376142 761.12 keV 8.5268 eV -->10.414 MeV
Nétron (n) 93086 1.4269 MeV 12.721 eV --> 4.453 MeV
Proton (p) 75562 2.2644 MeV 44.962 eV -->5.1131 MeV

Ortalama momentum:; 61.232 keV

(175.56 eV —> 330.12 keV)
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aysequl®aysequl-VPCF24M1E: ~/Hadr03
neutron + C137 --> N ganma + neutron
neutron + CL37 --> neutron + C13
neutron + H1 --> N gamma + deuteron:
neutron + H: > neutron + proton:
neutron + H2 --> neutron + deuteron:
neutron + 016 N gamma + 017
neutron + 016 --> N gamnma + alpha + C13:
neutron + 016 --> neutron + 016:
neutron + 017 --> N gamma + neutron + 017:
neutron + 017 --> neutron
neutron + 018 --> N gamma + alpha
neutron + 018 --> N gamma + neutron
neutron + 018 --> neutron
neutron + W180 --> N gamma + neutron
neutron + Wi80 --> neutron
neutron + WiB2 --> N gamma
nevtron + Wi82 --> N ganma + neutron
neutron + Wi82 -+> neutron
neutron + W183 --> N gamma
neutron + W183 --> N gamma + neutron + Wi83:
neutron + W183 --> neutron + W183:
neutron + WiB4 --> N gamma + W185:
neutron + Wi84 --> N ganma + neutron + W18
neutron + Wi84 --> neutron + W18
neutron + W186 --> N gamma + W187:
neutron + Wi86 «-> N ganma + neutron + Wig
neutron + W186 --> neutron + W186:

Nunber of gamma: N

List of generated particles:
C12: 110377 Emean = 424.45 keV
1453 Emean 483.12 keV

1 Emean = 188.94 keV

3732 Enmean 108,67 kev

1340 Emean = 116.11 keV

11307 Emean 8.82 kev

Emean = 247.03 keV

Emean = 299.17 keV

Emean = 638.25 keV

Emean = 244.37 keV

19.114 keV

19.133 kev

26999 N keV

58749 Emean kev

W185: 38 kev
W186: 54401 18.702 kev
{ 328 kev

2,415 Mev

= 1.7773 Mev

376243 760.88 kev

neutrof 93088 = 1.427 MeV
proton: 75568 Emean 2.2649 Mev

8
ﬁ
B
B
B
v
3|
f
A
[

Momentum balance: Pmean = 61.228 kev

- Ranecu engine status -

Initial seed (index) = @
B () ent couple of seeds = 2130218799, 2147267183

1dles |

Sekil 4.11. %10 epoksi ve %90 tungsten karbiir i¢in simiilasyon ekran goriintiisii

7529

3609
11307

13162
13714

38
28519
30202

29
25736
28665

g

97966 eV
75.29 eV
8.94 keV

16.191 kev
24.994

17.368 kev
1.2262

443.42 eV
294.57 kev
427,57 kev

0.265 eV
67.461 eV
589 MeV
0.039416 eV
-18.148 kev
489.62
77,153 eV
Q= 5.6876 Mev
Q= -448,93
Q= 1.9074 eV
Q= 9.29
Q = -509.65
Q= 1.8493
Q= 5.1615 Mev
Q = -478.27 eV
Q= 1.7365 eV
Q= 7.8108 Mev
Q = -459.77 eV
Q= 1.9567 eV

16

2905 Mev)

-> 491 ev)

> 465.66 keV)

-=> 1,0047 MeV)

> 529,13 keV)

> 98.295 keV)

--> 97,981 kevV)
«+> 30.64 keV)

96.965 keV)
1409 kev)
2 MeV)
JT163 MeV)
0,414 Mev)
453 Mev)

-+> 5,1131 MeV)

-> 330,12 kev)
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Cizelge 4.17. %20 epoksi ve %80 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg:
Sayisi Ortalama Enerjisi
’c 141856 422.52 keV 3.6854 eV -->1.2902 MeV
c 2075 501.62 keV 339.13 eV -->1.3438 MeV
e 1 189.18 keV 189.18 keV --> 189.18 keV
>Cl 6351 108.9 keV 20.351 eV -->491.57 keV
¥l 2317 110.85 keV 20.959 eV --> 466.66 keV
0 19396 374.4 keV 5.5259 eV -->1.0059 MeV
0 9 325.53 keV 36.981 keV --> 671.88 keV
%0 39 303.1 keV 13.208 keV --> 859.25 keV
p 232 685.09 keV 179.21 keV --> 1.2018 MeV
g 581 226.94 keV 1.0843 keV -->525.28 keV
80w 138 20.962 keV 3.4653 eV -->92.436 keV
B2w 36980 19.478 keV 0.16045 eV --> 98.783 keV
Bw 20574 19.528 keV 0.26368 eV --> 98.335 keV
B 44517 19.044 keV 0.20111 eV -->97.817 keV
Bw 38 25.135 keV 20.018 keV --> 29.022 keV
8w 41759 18.625 keV 0.29546 eV --> 96.844 keV
B\ 19 25.427 keV 22.107 keV -->29.776 keV
Alfa (o) 760 2.4263 MeV 50.325 keV --> 5.2472 MeV
Déteron (D) 13 1.5151 MeV 162.57 keV --> 3.7924 MeV
Gama (y) 290900 764.54 keV 47382 eV -->10.711 MeV
Nétron (n) 71851 1.4183 MeV 77.607 eV --> 4.453 MeV
Proton (p) 129879 2.2672 MeV 44.962 eV -->5.1148 MeV

Ortalama momentum:; 47.193 keV

(113.34 eV --> 374.46 keV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C137 --> N gamma + neutron + C137:
neutron + C137 --> neutron + C137:
neutron + H1 --> N gamma + deuteron:

neutron + H2 --> neutron + deuteron:

neutron + 016 --> N gamma + 01

neutron + 016 --> N ganma + alpha + C1
neutron + 016 --> neutron + 016:
neutron + 017 --> N gamma + neutron + 017:
neutron + 017 «-> neutron + 017:

neutron + 018 --> N gamma + alpha +

neutron + 018 -+> N gamma + neutron + 018:
neutron + 018 --> neutron + 018;
neutron + W80 > N gamma + neutron + W180:
neutron + W80 --> neutron + W180:
neutron + Wi82 -+> N gamma + W183:
neutron + W182 --> N gamma + neutron + W182:
neutron + W182 neutron + W182:
neutron + W183 --> N gamma + W184:
neutron + Wi83 --> N gamma ¢ neutron + W183:
neutron + W183 --> neutron + W183:
neutron + W14 --> N gamma + W1B5:
neutron + Wi84 --> N gamma + neutron + W184:
neutron + W84 --> neutron + W184:
neutron + W186 --> N ganma + W187:
neutron + W86 «-> N gamma + neutron + WiB6:
neutron + W186 --> neutron + W186:

Nunber of gamma: N

List of s
141856 Emean = 422,52 keV
C13: 2075 Emean = 561,62 keV
H Emean = 189.18 keV
168.9 kev
110.85 keV
374.4 kev
325.53 kev
303.1 kev
232 Emean = 685.09 keV
581 E 226.94 kev

@
ﬁ
B
]
B
A
B
f
E
.}
[

38 Emean = 25.135 keV

41759 Emean 18.625 keV

19 Emean = 25.427 keV

760 Emean 2,4263 MeV

13 Emean = 1.5151 MeV

ganma; 290900 Emean = 764.54 kev
neutron: 71851 Emean = 1,4183 MeV
proton: 129879 Emean 2.2672 MeV

569
1748
4

eutron + H1 --> neutron + proton: 129298

18613
18367

18
10045
16441

8
21422

23877

138 Emean = 20 kev  ( 3.4653
36980 Emean = 19,478 keV .16045 eV
20574 Emean = 19.528 keV  ( 0.26368 eV
44517 Emean 19,044 kev .20111 eV

Momentum balance: Pmean = 47,193 keV (113,34 ev

Ranecu engine status
Initial seed (index) =
= Current couple of seeds = 1992087344, 2079373391

' 1dtes |

12902 MeV)
1,3438 MeV)
189.18 keV)
491,57 kev)
466.66 keV)
1,6059 Mev)
671.88 keV)
859,25 kev)

> 97.817 keV)

29,022 kev)
96.844 kev)
29.776 keV)
5.2472 MeV)
3.7924 Mev)
10.711 Mev)
4,453 Mev)

-> 5,1148 HeV)

74.46 kev)

a
-

= = 4) 142

Sekil 4.12. %20 epoksi ve %80 tungsten karbiir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.18. %30 epoksi ve %70 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg:
Sayisi Enerjisi
’c 163422 423.04 keV 2.9249 eV -->1.2903 MeV
c 2446 507.24 keV 256.58 eV -->1.3422 MeV
e 4 189.11 keV 189.06 keV --> 189.22 keV
>Cl 8103 107.49 keV 1.5325 eV -->491.65 keV
*Cl 1 144.77 keV 144.77 keV --> 144.77 keV
Tl 2937 114.19 keV 6.8197 eV -->466.5 keV
0 25109 376.53 keV 6.1319 eV -->1.006 MeV
o 15 451.36 keV 9.8732 keV --> 887.84 keV
o) 47 271.51 keV 1.791 keV --> 833.6 keV
p 287 703.44 keV 169.72 keV --> 1.2155 MeV
>3 625 232.97 keV 4.9493 keV --> 522.03 keV
80w 127 17.384 keV 22.231 eV -->72.986 keV
Bow 28305 19.186 keV 0.17189 eV -->98.927 keV
BSw 15419 19.765 keV 0.44025 eV --> 98.359 keV
B 33580 18.934 keV 0.13976 eV --> 97.817 keV
Bw 26 24.729 keV 21.632 keV --> 29.737 keV
oW 31498 18.513 keV 0.29546 eV --> 96.85 keV
Brw 24 24.465 keV 21.34 keV --> 27.281 keV
Alfa (a) 963 2.3757 MeV 50.295 keV --> 5.2472 MeV
Déteron (D) 21 1.3817 MeV 96.73 keV --> 3.9785 MeV
Gama (y) 224658 765.19 keV 2.1606 eV -->9.2502 MeV
Nétron (n) 55397 1.4221 MeV 78.697 eV --> 4.4531 MeV
Proton (p) 167739 2.265 MeV 6.8472 eV -->5.1108 MeV
Ortalama momentum: 38.735 keV (104.59 eV -->340.97 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03 s = 4) 1416 ff
neutron + C137 --> N ganma + neutron + C137: 764 = 16.959 ki
neutron + CL37 --> neutron + C137: 2233 26.055
neutron + H1 --> N gamma + deuteron: 3 8.464 ki
neutron + > neutron + proton: 167114
neutron + H2 --> neutron + deuteron: 18
neutron + 016 --> N gamma + 017:
neutron + 016 --> N gamma + alpha + C13:
neutron + 016 --> neutron + 016:
neutron + 017 --> neutron + 017:
neutron + 018 «-> N gamma + alpha + C
neutron + 018 --> N ganma + neutron +
neutron + 018 --> neutron +
neutron + W180 --> N gamma + neutron +
neutron + W180 --> neutron + W18
neutron + WI82 --> N gamma + W183:
neutron + Wi82 -+> N gamma + neutron + W182:
neutron + Wi82 --> neutron + W182:
neutron + Wi83 -+> N gamma + W184: = 6. MeV
neutron + W183 --> N gamma + neutron + W183: -506.27 eV
neutron + W83 --> neutron + Wi83:
neutron + Wi84 --> N ganma + W185:
neutron + WiB4 -«> N gamma + neutron + Wi84:
neutron + W184 --> neutron + W184: 0= 1.7393
neutron + Wi86 --> N gamma + W187: = 4.8036
neutron + W186 --> N ganma + neutron + W186: = -457.19
neutron + W186 --> neutron + WiB6: 16734 1.9306 eV

Nunber of gamma: N = 1

List of generated particles:
C12: 163422 Emean = 423,064 kev 19249 eV
2446 Emean = 507.24 ke
4 Emean = 189.11 keV
8103 Emean = 107.49 keV 1,5325 ev
1 Enean = 144,77 keV
2937 Emean = 114.19 keV  ( 6.8197 eV )
25169 Eme. 376.53 kev  ( 6.1319 eV --> 1,006 MeV)
15 Emean = 451.36 keV  ( 9.8732 keV --> 887.84 keV)
47 Emean = 271.51 ke ( 1.791 keV --> 833,6 kev)
287 Emean = 763.44 keV 169.72 keV «+> 1,2155 MeV)
625 Emean = 232.97 kev  ( 4.9493 keV --> 522,03 kev)
127 Emean = 17.384 keV ( 22,231 eV --> 72.986 keV)
28305 Eme, 19.186 kev  ( 0,17189 98,927 kev)
15419 Emean = 19,765 keV 44025 eV --> 98,359 keV)
33580 Eme 8.934 ke ( 6 > 97.817 keV)
6 Enean = 21.632 > 29.737 keV)
31498 Enean 6

8
)
B
B
B
&
B
f
0
|
[

( 96.73 kev
65.19 kev  ( 2.1606 ==> 9,2502 MeV)
4221 MeV (78,697 eV --> 4.4531 MeV)
proton: 16 2,265 MeV 6.8472 eV --> 5,1108 MeV)

Momentum balance: Pmean = 38,735 keV ( 104,59 eV --> 340,97 kev)
Ranecu engine status

- Initial seed (index) = 0
Current couple of seeds = 1751914564, 1159572036

' 1dtes |

Sekil 4.13. %30 epoksi ve %70 tungsten karbiir i¢in simiilasyon ekran goriintiisi
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Cizelge 4.19. %40 epoksi ve %60 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi

Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg:
Sayisi Enerjisi

’c 174487 423.2 keV 4.1003 eV -->1.2903 MeV
c 2629 520.1 keV 590.49 eV -->1.3393 MeV
c 2 1.1802 MeV 877.36 keV --> 1.4831 MeV
e 3 189.11 keV 189.09 keV --> 189.14 keV
Cl 9353 109.26 keV 2.2701 eV -->491.74 keV
Tl 3460 113.61 keV 11.336 eV --> 464.32 keV
*Cl 1 109.58 keV 109.58 keV --> 109.58 keV
0 28683 373.88 keV 17.288 eV -->1.006 MeV
0 12 340 keV 61.65 keV --> 850.44 keV
o) 63 349.35 keV 5.9333 keV --> 869.22 keV
p 327 698.9 keV 104.51 keV --> 1.2059 MeV
®3 785 221.51 keV 585.97 eV -->520.77 keV
80w 88 21.689 keV 3.6505 eV --> 85.927 keV
Blw 1 24.986 keV 24.986 keV --> 24.986 keV
Bow 20894 19.103 keV 0.66994 eV --> 98.688 keV
Bw 11461 19.499 keV 2.1525 eV -->98.199 keV
Bhw 24802 18.917 keV 0.2587 eV -->97.784 keV
Bw 9 25.143 keV 23.646 keV --> 27.379 keV
8w 23119 18.548 keV 0.54392 eV --> 96.79 keV
B 17 25.687 keV 22.329 keV --> 32.28 keV
Alfa (o) 1103 2.3782 MeV 50.302 keV --> 5.4414 MeV
Déteron (D) 19 1.9461 MeV 443.18 keV --> 3.8911 MeV
Gama (y) 167990 776.35 keV 8.6144 eV -->10.259 MeV
Nétron (n) 41993 1.4298 MeV 90.13 eV -->4.4531 MeV
Proton (p) 19679 2.2665 MeV 6.2296 eV -->5.1152 MeV
Ortalama momentum: 32.934 keV (163.52 eV -->328.32 keV)
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= 4) 1420 %

aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + 016 --> N ganma + 017 936 MeV
neutron + 016 --> N ganma + alpha + C1
neutron + 016 --> neutron + 016:
neutron + 017 --> N gamma + neutron + 017:
neutron + 017 --> alpha + C14
neutron + 017 neutron + 017:
neutron + 018 --> N ganma + alpha + C15:
neutron + 018 -+> N ganma + neutron + 01
neutron + 018 --> neutron +
neutron + Wi8e ganma +
neutron + W180 --> N ganma + neutron +
neutron + W18 --> neutron +
neutron + W82 --> N gamma +
neutron + Wi82 --> N gamma + neutron + 448.12
neutron + Wi82 --> neutron + 3 6 1.9242
neutron + Wi83 --> N gamma + W184: 4.91717
neutron + W183 --> N ganma + neutron +
neutron + Wi83 --> neutron +
neutron + W84 N ganma +
neutron + Wi84 --> N ganma + neutron +
neutron + Wi84 --> neutron + W184:
neutron + W186 --> N gamma + W18
neutron + W186 --> N ganma + neutron + W186
neutron + WiB6 --> neutron + W186: 12317

Nusber of ganma:

List of generated particles
C12: 174487 Enean ke 4,1003 eV --> 1,2903 MeV)
€13: 2629 Emean 520.1 keV 590.49 eV 1.3393 MeV)
C14: 2 Emean ¥ ( 877.36 keV --> 1,4831 Mev
C15: 3 Emean ki 189.09 kev --> 189.14 keV)
C135: 9353 Emean = 109.26 kev ( 2.2701 eV --> 491.74 keV)
€137 3460 Emean = 113.61 k 11.336 eV keV)
C138 1 Enean = 109.58 ki ( 8 keV --> 169,58 keV)
016: 28683 Emean = 373.88 k ( 17.288 eV --> 1,006 MeV)
017: 12 Enean 340 ke 61.65 kev 5
018 63 Emean = 349.35 ( 5.9333 kev

327 Enean 698.9 kev  ( 104.51 kev
785 Emean = 221.51 k 585.97 eV
88 Emean = 21.689 kev ( 3.6505 eV
1 Emean = 24,986
26894 Emean = 19.103
11461 Emean = 19.499 2.152 > 98.199 keV)
24802 Emean = 18,917 ( 6.258 > 97,784 kev
9 Emean = 25.143 ( 23.646 keV --> 27.379 keV)
23119 Emean 18.548 ( 6.5439 .- 79 kev)
17 Enean = 25.687 2
1163 Emean = 2.3782 Mev  ( 56. --> 54414 MeV)
deuteron 19 Emean = 1. 3.8911 MeV)
ganma: 167996 Emean i | 8.6144 eV
neutron: 41993 Emean = 1. Vo (90.13 eV
proton: 193679 Emean 665 6.2296 eV

WAEE BTN ST T

Momentum balance: Pmean = 32,934 kev 163

- - Ranecu engine status
Initial seed (index) = 0
Current couple of seeds = 462536561, 115187613

1dtes |l

Sekil 4.14. %40 epoksi ve %60 tungsten karbiir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.20. %50 epoksi ve %50 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg:
Sayisi Ortalama Enerjisi
’c 178414 423.44 keV 0.067615 eV -->1.2902 MeV
c 2682 542.77 keV 77.677 eV -->1.3454 MeV
c 1 1.2247 MeV 1.2247 MeV --> 1.2247 MeV
e 5 189.03 keV 188.92 keV --> 189.17 keV
Cl 9920 107.12 keV 12.44 eV --> 491.74 keV
Tl 3766 108.92 keV 20.959 eV --> 466.09 keV
0 30972 373.25 keV 1.3578 eV --> 1.0062 MeV
o 9 312.49 keV 83.492 keV --> 850.44 keV
o) 70 356.04 keV 327.41 eV -->869.22 keV
p 372 693.96 keV 111.27 keV --> 1.2117 MeV
>3 816 231.36 keV 1.0446 keV --> 522.92 keV
80w 60 21.162 keV 3.6505 eV -->92.436 keV
Bow 14774 19.389 keV 0.42716 eV --> 98.866 keV
BSw 8144 19.501 keV 2.2765 eV -->98.481 keV
B 17629 18.978 keV 0.26019 eV --> 97.801 keV
Bw 10 24.864 keV 21.632 keV --> 26.98 keV
oW 16465 18.531 keV 1.5932 eV -->96.79 keV
Brw 13 24.967 keV 20.937 keV --> 29.01 keV
Alfa (a) 1243 2.3844 MeV 50.26 keV --> 5.2303 MeV
Déteron (D) 24 1.4773 MeV 105.62 keV --> 3.4284 MeV
Gama (y) 124380 783.42 keV 1.9897 eV -->8.304 MeV
Nétron (n) 31016 1.4164 MeV 82.448 eV --> 4.4531 MeV
Proton (p) 206884 2.2654 MeV 6.2296 eV -->5.1149 MeV

Ortalama momentum:; 28.787 keV

(57.548 eV --> 335.11 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03

List of

@
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:
§
B
i
0
G
i
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A

Homen

Initial
Current

1dte> |

Sekil 4.15. %50 epoksi ve %50 tungsten karbiir i¢in simiilasyon ekran goriintiisii

neutron + Hi --> N ganma + deuterol
neutron + neutron + proto
neutron + H2 --> neutron + deuteron:
neutron + 016 N gamma + 017:
neutron + 016 --> N ganma + alpha + C13:
neutron + 016 --> neutron + 01
neutron + 017 --> N gamma + neutron + 01
neutron + 017 «-> alpha + C1
neutron + 017 --> neutron + 01
neutron + 018 --> N gamma + alpha + C1
neutron + 018 --> N ganma + neutron + 018:
neutron + 018 --> neutron + 018:
neutron + W18 --> N ganma + neutron + W18l
neutron + W80 --> neutron + W180:
neutron + WI82 --> N gamma + W18.
neutron + Wi82 --> N gamma + neutron + W18, 7354
neutron + Wi82 --> neutron + W182: 1420
neutron + Wi83 -+> N gamma + W184: 7
neutron + Wi83 --> N gamma + neutron + W183: 4166
neutron + Wi83 --> neutron + Wig: 4005
neutron + Wi84 --> N gamma + W185: 10
neutron + WiB4 --> N gamma + neutron + W18 8465
neutron + W184 --> neutron + W184: 9157
neutron + W86 --> N gamma + W187: 13
neutron + W186 --> N gamma + neutron + W18 7708
neutron + WiB6 --> neutron + W186: 8757

Number of gamma: N = 1

generated particles:

44 kev
7 ke
247 Mev

89.03 keV

9920 Emean 107.12 keV (12,44 eV
13 3766 Emean = 108.92 keV  ( 20.959 eV
016: 30972 Emean 373.25 kev 3578 eV
9 Emean 9 keV 1492 ke
70 Emean 356,04 keV
372 Emean = 693.96 keV
816 Emean 231,36 keV
60 Emean = 21.162 keV
8 14774 Emean = 19.389 keV
Wi83: 8144 Emean = 19.501 keV
WiB4: 17629 Emean = 18,978 kev
10 Emean = 24.864 keV
16465 Emean
13 Emean
1243 Emean
24 Emean ( .62 kev
124380 Emean 783.42 kev  ( 1.9897 eV
31016 Emean 4164 MeV
proton: 206884 Emean = 2.2654 MeV

tun balance: Pmean = 28,787 keV

- Ranecu engine status
seed (index) = 0
couple of seeds = 661891148, 1616292336

23,069 keV
1.2262 ke!
A3 eV

47 kev

4.28 keV

38

= 0.040321 ev
1.8186 Mev

= -504.67 eV
1.7155 eV
3.8232 MeV
474.74 oV
1.7436 eV
5.4926 Mev
-461.63 eV
1.9094 eV

-+> 491,74 keV)

466.09 keV)

--> 1,0062 MeV)

850.44 keV)
69,22 keV)

92 kev)

36 keV)

8,866 kev)
98.481 keV)

> 97.861 keV)
> 26.98 keV)

-3 96,79 keV)

> 29,01 keV)
5.2303 MeV)
284 MeV)
04 Hev)

-+> 335,11 kev)
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Cizelge 4.21. %60 epoksi ve %40 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahig:
Sayisi Ortalama Enerjisi
’c 174501 422.83 keV 7.0783 eV -->1.2902 MeV
c 2691 550.22 keV 51.493 eV -->1.3333 MeV
c 2 1.395 MeV 733.94 keV --> 2.056 MeV
e 3 189.16 keV 189.1 keV --> 189.2 keV
Cl 9930 108.28 keV 1.5325 eV -->491.46 keV
*Cl 1 103.83 keV 103.83 keV --> 103.83 keV
Tl 3686 110 keV 11.336 eV --> 464.88 keV
0 31316 372.36 keV 1.3578 eV -->1.0062 MeV
0 7 413.46 keV 17.257 keV --> 850.94 keV
0 69 373.82 keV 12.717 keV --> 860.17 keV
p 371 684.89 keV 120.78 keV --> 1.2124 MeV
g 815 230.33 keV 1.6562 keV -->525.52 keV
80w 45 17.486 keV 234.95 eV --> 76.962 keV
B2w 10108 19.129 keV 0.28213 eV -->98.762 keV
Bw 5686 19.12 keV 2.2765 eV -->98.083 keV
Bw 12018 18.769 keV 0.54864 eV --> 97.331 keV
Bw 6 25 keV 23.406 keV --> 26.969 keV
oW 11077 18.888 keV 3.4517 eV -->96.713 keV
B 8 25.114 keV 23.546 keV --> 29.01 keV
Alfa (o) 1232 2.3875 MeV 50.304 keV --> 5.5849 MeV
Déteron (D) 28 1.991 MeV 105.62 keV --> 3.9803 MeV
Gama (y) 88129 794.4 keV 7.7662 eV -->7.1005 MeV
Nétron (n) 22153 1.4283 MeV 160.87 eV --> 4.4525 MeV
Proton (p) 209855 2.264 MeV 32.431eV -->5.1142 MeV

Ortalama momentum: 25.732 keV

(172.76 eV > 332.67 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadro3

neutron + 016

neutrof

neutron + 017
neutron + 017

neut

neutrof

nevtron + H2 --> neutron + deuteron:
neutron + 016

> N ganma + 017:
--> N ganma + alpha
N + 016 ++> neutron
> N ganma + alpha
N gamna + neutron
ron + 017 --> alpha
N ¢+ 017 «+> neutron

525,68 eV

102.14 &V
1,8174 eV
0.019441 eV

Mev

neutron + 018 --> N gamma + alpha + C15: MHev
neutron + 018 --> N gamma + neutron + 018: 10 728.78 eV
neutron + 018 --> neutron + 018: 59 22,44 kev
neutron + W180 --> N gamma + neutron + W180: 2
neutron + W180 --> neutron + W186: 23
neutron + W > N gamma + W183: 27
neutron + W182 --> N gamma + neutron + 5030
neutron + W182 --> neutron + 5078 1.92717 &V
neutron + W83 --> N gamma 1 82.539 kev
neutron + W183 ««> N gamma + neutron + Wi83: 2787 509.72 eV
neutron + Wi83 --> neutron + 1.7618 eV
neutron + Wi84 --> N gamma + 4.3505 MeV
neutron + Wi84 --> N gamma + neutron + W18 -478,21 eV
neutron + Wig4 neutron + Wig4: 1.7073 eV
neutron + W186 5. 7117 Mev
neutron + W186 «-> N gamma + neutron + 470.37 eV
neutron + W186 --> neutron + Wi86: 2,0126 eV

Number of gamma: N

List of generated particles:
174501 Emean = 422.83 keV L0783 eV 1.2902 MeV)
2691 Emean = 550.22 kev ( 3 eV \
2 Emean = 1,395 MeV .94 kev
3 Emean = 189.16 kev 5 189.2 keV)
9930 Emean = 108.28 keV > 491,46 kev)
1 Enean = 103.83 kev -+> 103,83
3686 Emean = 110 keV > 464.88
31316 Emean = 372,36 kev 1.0062 Mev)
7 Emean = 413.46 keV <> 850,94 keV)
69 Emean = 373,82 kel
371 Emean = 684.89 keV 18
815 Emean = 230.33 kev (1. . kev)
45 Enean = 6 keV 2 kev)
10108 Emean = 19,129 keV > 2 kev)
5686 Emean =  19.12 ke! > 98,083 keV)
12018 Enean = 18.769 kev
6 Emean = 25 keV
11077 Emean = 18,888 kev ( 3.4517 eV
8 Emean =
1232 Enmean
28 Emean =

8
”
E
B
B
A
B
f
A
A

25, 29.01 kev)
2,3875 Mev > 5,5849 Mev)
1,991 MeV (105,62 keV --> 3.9803 MeV)
794.4 kev  ( 7.7662 eV --> 7,1005 MeV)
1,4283 MeV  ( 160.87 eV --> 4,4525 MeV)
(%

J 881
neutron: 22153 Emean =
2098 2,264 Mev A3 e -> 5,1142 MeV)

proton: 55 Enean
-> 332,67 kev)

Momentun balance: Pmean = 25.732 keV

. -+« Ranecu engine status
= Inttial seed (index) = 0
Current couple of seeds = 717662867, 1955377529

C1C |

Sekil 4.16. %60 epoksi ve %40 tungsten karbiir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.22. %70 epoksi ve %30 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahig:
Sayisi Ortalama Enerjisi

’c 163812 422.02 keV 6.4994 eV -->1.2904 MeV
c 2513 517.72 keV 77.677 eV -->1.3413 MeV
e 7 189.04 keV 188.91 keV --> 189.21 keV
>Cl 9553 108.39 keV 3.1181 eV -->491.97 keV
*Cl 1 123.97 keV 123.97 keV --> 123.97 keV
Tl 3616 114.71 keV 21.352 eV --> 465.83 keV
0 29621 375.29 keV 1.2228 eV --> 1.0063 MeV
o 9 396.18 keV 35.67 keV --> 808.48 keV
o) 73 384.47 keV 2.707 keV --> 894.74 keV
p 348 682.49 keV 159.1 keV --> 1.2132 MeV

>3 811 227.73 keV 671.23 eV -->525.34 keV

80w 26 20.063 keV 401.5eV -->62.109 keV
Bow 6241 19.528 keV 3.0588 eV -->98.943 keV
SSw 3349 19.346 keV 7.3944 eV -->97.985 keV
B 7299 18.884 keV 0.26019 eV --> 97.598 keV
Bw 3 25.393 keV 23.344 keV --> 28.103 keV
oW 6716 18.659 keV 1.8557 eV --> 96.731 keV
Brw 4 25.595 keV 24.214 keV --> 27.105 keV
Alfa (a) 1129 2.4191 MeV 50.257 keV --> 5.2467 MeV
Déteron (D) 32 1.7521 MeV 181.03 keV --> 3.805 MeV
Gama (y) 57475 819.67 keV 12.122 eV -->8.1808 MeV
Nétron (n) 14704 1.4216 MeV 159.53 eV --> 4.4527 MeV
Proton (p) 199436 2.2699 MeV 78.317 eV -->5.1152 MeV

Ortalama momentum:; 23.307 keV

(167.56 eV --> 299.1 keV)
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aysegul@aysegul-VPCF24M1E: ~/Hadr03
neutron + C135 --> proton + 535:
neutron + C137 N gamma + neutron + C37:
neutron + C137 --> neutron + C137
neutron + H1 --> N gamma + deuteron:
neutron + H1 --> neutron + proton:
neutron + H2 --> neutron + deuteron:
nevtron + 016 --> N gamma + 017
neutron + 016 --> N gamma + alpha + C13:
nevtron + 016 --> neutron + 01
neutron + 017 --> neutron + 017:
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 --> N gamma + neutron + 018:
neutron + 018 --> neutron + 0
neutron + Wi8O --> N gamma + neutron + W18
neutron + Wi80 --> neutron + W18
neutron + K182 --> N ganma + W18
neutron + W182 --> N gamma + neutron + W182:
neutron + W12 --> neutron + W182:
neutron + Wi83 --> N gamma + neutron + W183:
neutron + Wi83 --> neutron + Wi8.
neutron + Wi84 --> N gamma + W18!
neutron + WiB4 --> N gamma + neutron + WiB4:
neutron + Wi84 --> neutron + W18
neutron + W86 --> N gamma + W187:
neutron + Wi86 --> N ganma + neutron + W18l
neutron + Wi86 --> neutron + W18

Nunber of gamna: N

List of generated particles:
C12: 163812 Emean
2513 Emean =
7 Emean
9553 Emean =
1 Emean
3616 Emean =
29621 Emean
9 Enmean =
73 Emean
348 Emean = 682.49 keV
Emean
26 Emean = 20.063 keV
Wi82: 6241 Emean = 19.528 keV
Wi83: 3349 Emean = 19,346 keV
7299 Emean = 18,884 keV
3 Emean = 25.393
6716 Emean = 18,
Emean = 25.595 ke
4191
deuteron: Emean = 1.7521
ganma; 57475 Emea 819.67 kev
neutron: 14764 Emean = 1.4216 MeV
proton: 199436 Emean = 2.2699 MeV

8
9]
B
B
B
&
3|
f
A
A

Momentum balance: Pmean = 23,367 keV

- - Ranecu engine status --
Initial seed (index)
Current couple of seeds 24139, 245971746

1dles I

in
936
2680

3098
3143
1632
1701

3
3470
3829

4
3185
3531

1

Q= -457.42
Q= 1.805
Q= 5.10%
Q = -460.53
Q= 1.9145

413 MeV)
-+ 189.21 keV)
91,97 kev)

-+> 123.97 kev)
5.83 keV)

63 HeV)

> 808.48 keV)
> 894,74 kev)
> 1,2132 MeV)
25,34 keV)
109 keV)

-=> 299.1 kev)

[ = 4) 104 %

Sekil 4.17. %70 epoksi ve %30 tungsten karbiir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.23. %80 epoksi ve %20 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg:
Sayisi Ortalama Enerjisi
’c 142303 423,51 keV 1.141 eV -->1.2902 MeV
c 2243 528.24 keV 51.493 eV -->1.3455 MeV
c 1 670.24 keV 670.24 keV --> 670.24 keV
e 5 189.06 keV 188.9 keV --> 189.3 keV
Cl 8561 107.61 keV 5.4407 eV -->491.58 keV
Tl 3172 113.64 keV 51.151 eV -->466.54 keV
0 26141 372.33 keV 4.4719 eV -->1.0065 MeV
o 9 43455 keV 226.79 keV --> 808.48 keV
o) 52 367.56 keV 12.899 keV --> 791.54 keV
p 315 702.78 keV 184.73 keV --> 1.197 MeV
>3 748 244.32 keV 3.9748 keV --> 523.43 keV
80w 14 19.084 keV 953.49 eV --> 68.909 keV
Bow 3338 19.816 keV 2.7313 eV -->98.751 keV
BSw 1768 19.264 keV 0.57547 eV -->98.132 keV
B 3846 19.236 keV 1.5839 eV --> 97.453 keV
Bw 2 23.857 keV 21.71 keV --> 26.004 keV
oW 3491 18.333 keV 3.1538 eV --> 96.708 keV
Brw 5 26.053 keV 23.743 keV --> 29.292 keV
Alfa (o) 1021 2.4081 MeV 50.253 keV --> 5.6486 MeV
Déteron (D) 29 1.7601 MeV 76.551 keV --> 3.8483 MeV
Gama (y) 34705 830.25 keV 35.55 eV -->10.156 MeV
Nétron (n) 8892 1.4505 MeV 7.3322 eV --> 4.4475 MeV
Proton (p) 175960 2.2682 MeV 9.3594 eV -->5.1082 MeV

Ortalama momentum:; 21.452 keV

(159.93 eV --> 295.93 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03
neutron + H2 --> neutron + deuteron:
neutron + H2 -+> proton + 2 neutron:
neutron + 016 --> N ganma + 017
neutron + 016 --> N gamma + alpha + (13
neutron + 016 --> neutron + 016: 162.13 eV
neutron + 017 -+> N gamma + neutron + 017: 0.046206 eV
neutron + 017 --> alpha + C14: 1.8188
neutron + 017 =+> neutron + 017: 133.79
neutron + 018 --> N gamma + alpha + C15: -4.2581
neutron + 018 -+> N gamma + neutron + 018: = +455.99
neutron + 018 --> alpha + C15: 4.2606
neutron + 018 --> neutron + 018: 21.922
neutron + W18 --> N gamma + neutron + W186: 0 -511
neutron + Wi80 --> neutron + W180: 0 180.11
neutron + W182 --> N gamma + W183: = 11,846
neutron + Wi82 -+> N gamma + neutron + W182: 440.34
neutron + Wi82 --> neutron + W1B2: 6 = 1.9652 ¢

tron + Wi83

neutron + W183
neutron + W84

neutron + W184
neutron + W186

neutron + W86

> N gamna + W184:

neutron + W183 --> N ganma + neutron + W183:

> neutron + W183:

--> N gamma + W185:
neutron + WiB4 > N gamma + neutron + W84
--> neutron + W184:

> N ganma + W187:

neutron + W186 --> N ganma + neutron + W186

+> neutron + W186:

1.0456

Number of gamma: N = 1

List of

8
A
B
)
B
i
B
%
al
B
[}

generated particles:

C12: 142303 Emean
(13: 2243 Enean =
Enean
Enean
8561 Enmean
nn =

26141

52 Emean
Emean
Enean
Emean =
Emean
Enean =
Enean
Enean =
Enean
Enean
Enean

423,51 kev
528.24 keV
676,24 keV
189,06 keV
167.61 kev
113.64 keV
372.33 kev
434,55 keV
367.56 kev
702.78 keV
244,32 kev
19.084 keV
19.816 kev
19.264 keV
19,236 kev
23.857 keV
18.333 kev
26.053 keV
2,4081 Mev

141 eV
1,493 eV
70,24 keV -
88.9 keV --> 189.3 keV)
-+> 491,58 kev)
> 466.54 keV)
=+> 1,0065 Hev)

1899 kev
4.73 ke

1969 keV)

-> 98.132 keV)
» 97,453 keV)

> 26.004 keV)
-+> 96,768 keV)
9.292 keV)

Emean = 11,7601 MeV
34705 Emean = 836.25 kev ( 55 e -> 10,156 MeV)
neutron: 8892 Emean = 1.4505 MeV ( 2 <> 4.4475 MeV)
proton: 175960 Emean = 2,2682 MeV 8 eV --> 5,1082 MeV)

Momentun balance: Pmean = 21,452 kev 9.9 -+> 295,93 kev)

- Ranecu engine status
= Initial seed (index) = @
Current couple of seeds = 1862093166, 2029220839

1dtes |

a

- B ) 1446 £

Sekil 4.18. %80 epoksi ve %20 tungsten karbiir i¢in simiilasyon ekran goriintiisi
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Cizelge 4.24. %90 epoksi ve %10 tungsten karbiir i¢in ¢ikan pargacik sayisi-enerji

iliskisi
Uriin Tipi Parcacik Parcacigin Ortalama | Parcacigin Enerji Arahgi
Sayisi Enerjisi
’c 108620 423.06 keV 6.9128 eV -->1.2903 MeV
c 1704 534.23 keV 51.493 eV -->1.3396 MeV
c 2 1.2857 MeV 1.2848 MeV --> 1.2867 MeV
e 1 189.07 keV 189.07 keV --> 189.07 keV
Cl 6536 107.97 keV 1.1051 eV -->491.97 keV
*Cl 1 130.84 keV 130.84 keV --> 130.84 keV
Tl 2454 110.61 keV 21.352 eV -->466.35 keV
0 20089 372.69 keV 18.504 eV -->1.0058 MeV
0 3 421.7 keV 113.79 keV --> 900.69 keV
0 34 345.69 keV 9.295 keV --> 834.46 keV
p 230 711.49 keV 134.71 keV --> 1.1963 MeV
¥p 1 513.87 keV 513.87 keV --> 513.87 keV
g 526 225.86 keV 2.5408 keV --> 524.34 keV
80w 5 14.804 keV 922.22 eV -->37.81 keV
B2w 1088 19.464 keV 6.2418 eV -->98.418 keV
Bw 597 20.165 keV 24.031 eV -->92.736 keV
B 1345 19.664 keV 9.1689 eV --> 96.739 keV
Bw 1 22.881 keV 22.881 keV --> 22.881 keV
8w 1200 17.784 keV 27.673 eV --> 96.492 keV
Bhw 1 23.942 keV 23.942 keV -->23.942 keV
Alfa (o) 779 2.3822 MeV 50.297 keV --> 5.2403 MeV
Déteron (D) 23 1.8322 MeV 18.5 keV --> 3.9473 MeV
Gama (y) 16272 897.82 keV 247.46 eV --> 6.7215 MeV
Nétron (n) 4332 1.4412 MeV 1.6452 keV --> 4.4461 MeV
Proton (p) 135968 2.2743 MeV 70.61 eV -->5.1134 MeV

Ortalama momentum: 19.788 keV

(136.85 eV —> 289 keV)
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aysequl@aysequl-VPCF24MIE: ~/Hadr03
neutron + Hi -->

neutron + 016
neutron + 016

neutron + 017
neutron + 018 «=> N g

neutron + 018

neutron + W18 --> N gamn:
neutron + WiBo
neutron + W182

neutron + W182 «+> N gamma

neutron + Wi83
neutron + W183 --> N ganma
neutron + Wi83
neutron + Wig4 -
neutron + Wi84 «-> N gamma
neutron + W84 -
neutron + W86
neutron + W186 --> N gamma
neutron + W86

List of generated particles
(12: 108620 Enean
(13: 1704 Emean =
(14; 2 Emean
Emean =
Enean
Emean =
Emean
Enean =
Enean
Enean =
Emean
Emean =
Enean
Enean =
1088 Emean
597 Emean =
1345 Enean

8
4]
B
]
A
i
B
%
a
B
A

Emean

Enean
neutron: 4332 Emean =
proton:

Homentun balance: Pmean = 19,78l

.. «« Ranecu engine status ---
Initial seed (index) = 0

= Current couple of seeds = 13854443

Idles |

neutron + W182 --

neutron + proton: 135442

neutron + H2 -+> neutron + deuter U

> N ganna + 017: 1

neutron + 016 «+> N gana + alpha + (13: 545

--> neutron + 016: 20089

neutron + 017 «-> alpha + (14:

> neutron + 017:
+ alpha + C15:

neutron + 018 --> N gamma + neutron + 018:

neutron +
> neutron + W180:
N ganma +
+ neutron +
> neutron +
> N ganma +
+ neutron + W183:
> neutron +
-> N ganma +
+ neutron + W1
-> neutron + Wi
N gamma +
+ neutron +
> neutron + Wil

Nunber of gamma: N = 1

423.66 keV

§34.23 kev

12857 Mev

189,07 kev

107.97 kev

130.84 kev

116,61 kev 3

372,69 ke! 504 eV

41,7 kev (113,79 kev

345.69 kev  ( 9.295 kev -

711,49 keV 4,71 kev

513.87 kev  ( 513.87 kev
86 kev /

14,804 keV

19,464 kev

20,165 ke 031 eV

19.664 kev  ( 9.1689 eV

0=

Q=

-+> 900,

> 834.4

1.2312 keV
487.84 eV

5,35 MeV
523.99 kev
162,23 eV
1.8186 Mev
130.87 eV
4,2596 MeV
393.84 eV
20,277 keV
643,36 eV
18,651 eV
3,952 Mev
439.55 eV

1,99 eV
20,368 MeV
331,12 eV
2.1033 eV
3,8004 MeV
525.37 eV
1,5349 eV
4.0704 MeV

1,14 &V
1,598 eV

6 kel

- 1,1963 M

> 513,

22.881 keV 22.881 ke -

17.784 kev (27,673 eV
keV  ( 23.942 kev
MeV

897.82

1.4412 MeV 1.6452

2,2743 eV ( 70,61 eV

8 kev 136,85 eV

61, 317095847

87 keV)

6.7215 Mev)
+> 4,461 MeV)
> 5,1134 Nev)

> 289

V)

& 4 1456 £

Sekil 4.19. %90 epoksi ve %10 tungsten karbiir i¢in simiilasyon ekran goriintiisii
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Cizelge 4.25. %100 epoksi i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 57819 423.65 keV 0.070395 eV -->1.2901 MeV
Bc 858 559.32 keV 493.84 eV -->1.3374 MeV
Cl 3426 106.21 keV 39.57 eV -->491.5 keV
Tl 1309 106.77 keV 51.151 eV -->465.53 keV
o) 10989 378.35 keV 6.8299 eV -->1.0061 MeV
o 4 466.36 keV 244.6 keV --> 832.34 keV
0 25 418.5 keV 25.208 keV --> 847.18 keV
p 148 668.46 keV 185.36 keV --> 1.2154 MeV
>3 262 237.15 keV 3.2792 keV --> 525.46 keV
Alfa (a) 401 2.5873 MeV 983.38 keV --> 5.2147 MeV
Déteron (D) 14 1.5501 MeV 149.68 keV --> 3.4806 MeV
Gama () 3911 1.0299 MeV 215.34 eV -->4.9465 MeV
Nétron (n) 1127 1.4718 MeV 17.329 keV --> 3.2775 MeV
Proton (p) 73883 2.2735 MeV 27.057 eV -->5.1127 MeV
Ortalama momentum: 18.349 keV (38.589 eV -->131.67 keV)

aysegul@aysegul-VPCF24M1E: ~/Hadr03

Sekil 4.20. %100 epoksi i¢in simiilasyon ekran goriintiisii

78



Bizmut(Bi) malzemesi icin sonugclar;

Cizelge 4.26. %10 epoksi ve %90 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahgi
Sayisi Ortalama Enerjisi
i 152929 16.544 keV 0.033033 eV -->86.37 keV
210 17 21.648 keV 19.815 keV --> 23.914 keV
’c 40663 423.99 keV 43,757 eV -->1.29 MeV
Bc 652 530.08 keV 1.6576 keV --> 1.3298 MeV
e 2 189.11 keV 188.97 keV --> 189.25 keV
Cl 2494 109.01 keV 44.709 eV -->491.55 keV
*Cl 2 155.08 keV 135.01 keV --> 175.16 keV
Tl 949 116.06 keV 72.97 eV -->466.03 keV
*Cl 1 110.85 keV 110.85 keV --> 110.85 keV
0 7821 375.19 keV 33.219 eV -->1.0057 MeV
0 1 224.77 keV 224.77 keV --> 224.77 keV
%0 16 342.69 keV 20.576 keV --> 828.61 keV
p 101 714.75 keV 171.12 keV --> 1.2019 MeV
g 195 218.12 keV 2.5886 keV --> 515.59 keV
Alfa () 298 2.5089 MeV 50.271 keV --> 5.2492 MeV
Déteron (D) 6 920.57 keV 64.769 keV --> 2.3004 MeV
Gama (y) 114868 1.2179 MeV 1.8785 eV -->9.4687 MeV
Nétron (n) 45246 1.3933 MeV 2.1655 keV --> 3.6038 MeV
Proton (p) 51589 2.2574 MeV 13.723 eV -->5.1093 MeV

Ortalama momentum: 74.093 keV

(110.17 eV > 379.09 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03

neutronInelastic= 661,16 un2/mg
total= 3.3569 nm2/q

List of nuclear reactions:

neutron + 81209 --> N gamma + Bl216:
neutron + Bi269 --> N gamma + neutron + Bi209
neutron + B1269 --> neutron + B{20:
neutron + C12 --> N gamma + (13:
neutron + C12 «-> neutron + (12:
neutron + C13 --> neutron + C13;
neutron + C135 --> N gamma + CL36:
neutron + C135 --> N gamma + alpha + P32:
neutron + CL35 «-> N gamma + neutron + C135
neutron + C135 --> N gamma + proton + 535:
neutron + C135 «-> alpha + P32:
neutron + C135 --> neutron + C135
neutron + C135 ««> proton + $35
neutron + C137 --> N gamma + C13I
neutron + CL37 «-> N gamma + neutron + C13
neutron + C137 --> neutron + C137:
neutron + H1 N ganma + deuteron:
neutron + H1 --> neutron + protol
neutron + H2 -«> neutron + deuterol
neutron + 016 --> N gamma + alpha + C1
neutron + 016 --> neutron + 016:
neutron + 017 --> neutron + 017:
neutron + 018 --> N gamma + alpha + (15
neutron + 018 --> N gamma + neutron + 01
neutron + 018 --> neutron + 018:

{ List of generated particles:

Bi210: 17 Emean = 21.648 keV

Nunber of gamma: N = 1

B1209: 152929 Emean = 16.544 kev ( 0.033033 eV

40663
(173

2

2494

949

Emean
Enean
Eme:
Enean
Enean
Emean =
Enean
Emean

423.99 kev
530.08 kev
189.11 kev
109.01 keV
155.68 kev
116.06 kev
110.85 kev
375.19 kev

b
B
B
)
A
B
B
B
-}

Eme,

Emean = 342

Enean = 714,75 ke!

Emean = 218.12 ki

Enean

Emean = 920,57 ki

Emean = 1.2179
neutron: 45246 Emean = 1.3933
proton: 51589 Emean = 2,2574

Momentun balance: Pmean = 74.093 kev
- ++ Ranecu engine status
= Initial seed (index)
Current couple of seeds = 276258428, 56199634

1dtes |

Sekil 4.21. %10 epoksi ve %90 bizmut i¢in simiilasyon ekran goriintiisii

Hev
eV
eV
Hev

> 86.37 kev)
> 23.914 keV)
129 MeV)

0057 MeV)
7 kev)
28.61 keV)
019 MeV)
5.59 keV)
2 HeV)

79.09 kev)
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Cizelge 4.27. %20 epoksi ve %80 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
i 120037 16.413 keV 0.07858 eV --> 86.385 keV
210 15 22.164 keV 19.054 keV --> 25.445 keV
c 71986 423.04 keV 1.1573 eV -->1.2904 MeV
Bc 1212 523.54 keV 6.5763 eV -->1.3345 MeV
1c 1 909.87 keV 909.87 keV --> 909.87 keV
BC 2 189.05 keV 189.04 keV --> 189.07 keV
Cl 4334 107.22 keV 33.872 eV -->491.28 keV
*Cl 1 138.88 keV 138.88 keV --> 138.88 keV
Cl 1626 117.44 keV 255.12 eV --> 463.95 keV
0 13716 373.91 keV 1.3829 eV --> 1.0053 MeV
0 6 424.36 keV 141.28 keV --> 843.05 keV
o) 19 378.32 keV 7.2821 keV --> 894.94 keV
p 176 651.77 keV 85.512 keV --> 1.2126 MeV
“Bpp 1 78.976 keV 78.976 keV --> 78.976 keV
g 376 231.45 keV 602.79 eV -->521.3 keV
Alfa () 539 2.5017 MeV 50.289 keV --> 5.4089 MeV
Déteron (D) 13 1.8308 MeV 86.069 keV --> 3.8447 MeV
Gama () 92117 1.2158 MeV 0.34714 eV -->9.0999 MeV
Nétron (n) 36077 1.3971 MeV 14.366 keV --> 3.6037 MeV
Proton (p) 90936 2.2652 MeV 39.465 eV -->5.1152 MeV

Ortalama momentum:; 55.382 keV

(215.91 eV --> 372.47 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadro3 ® ¢) 140 2

neutron + 81209 --> N ganma + BL210: 15 4.0268 MeV
neutron + B1209 --> N ganma + neutron + B269: 34564 = -496.41 eV
neutron + B2 > neutron + BL26: 2.5173 eV
neutron + Bi269 --> proton + Pb26
neutron + C12 -+> N gamma + (1
neutron + C12 --> neutron + C12; 71986 154,63 eV
neutron + C13 -+> neutron + (13: 850 33,385 kev
neutron + C135 --> N gamma + C13 1 19,951 MeV
neutron + C135 «-> N ganma + alpha + P3 175 940.71 kev
neutron + C135 --> N gamma + neutron + C135: 1116 58,281 eV
neutron + C135 ««> N gamma + proton + S3! 205 616.6 kev
neutron + €135 --> alpha + P3. 1 939,06 keV
neutron + CL35 -+> neutron + C13 218 23.276 eV
nevtron + CL35 --> proton + 535: 1 615.86 keV
neutron + CL37 «<> N gamma + neutron + C137: 394 26.061 kev
neutron + C137 --> neutron + C13 1232 2,113 eV
neutron + Hi N ganma + deuteron: 1 41,108 keV
neutron + H1 --> neutron + proton: 96559 51,2258 kev
neutron + H2 utron + deuteron: 487.13 eV
neutron + 016 --> N gamma + 0 1 -69.959 ke
neutron + 016 «+> N ganma + alpha 360 Q= +446.56 keV
neutron + 016 --> neutron ¢ 13716 162,56 eV
neutron + 017 <> N gamma + neutron : 1.5606 ki
neutron + 017 --> alpha = 1.8187 Mev
neutron + 017 «-> neutron 120.19 eV
neutron + 018 --> N gamna + alpha + C
neutron + 018 -+> N gamma + neutron
neutron + 018 --> neutron

Nunber of

ed particles:
120037 Emean = 16.413 keV  ( 0.0785 > B6.385 keV)
15 Emean 2 keV (19, kev --> 25,445 keV)
71986 Emean 04 ki 3 > 904 MeV)
1 45 MeV,
keV)
kev)
4334 Enmean 1 1 v 128 kev)
1 Emean = 138.88 kev ( - 88 kev)
1626 Emean = 117.44 keV 12 eV 63.95 keV)
6 373.91 kev  ( -+> 1,6053 MeV)
6 Emean = 424. (14 843,05 keV)
19 Enean B ( ke 894,94 kev)
176 Emean =
1 Enean
376 Emean
539 Emean
13 Emean 18308 MeV
92117 Emean 2158 Mev
36077 Emean 3971 MeV 3,6037 MeV)
90936 Emean 2652 MV ( 39,465 eV --> 5,1152 MeV)

8
"
B
B
B
i
B
%
A
|

Momentum balance: Pmean = 55,382 kev (215,91 ¢ A7 kev)

Ranecu engine status
Initial seed (index) = 0
couple of seeds = 1082728522, 1125061829

Sekil 4.22. %20 epoksi ve %80 bizmut i¢in simiilasyon ekran goriintiisii
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Cizelge 4.28. %30 epoksi ve %70 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Pargacigin Ortalama Parcacigin Enerji Araligi
Sayisi Enerjisi
i 92166 16.523 keV 0.033266 eV -->86.339 keV
210 9 21.818 keV 19.059 keV --> 24.375 keV
c 94645 422.12 keV 4.6842 eV -->1.2904 MeV
c 1535 533.01 keV 6.5763 eV -->1.3442 MeV
c 7 189.05 keV 188.97 keV --> 189.11 keV
Cl 5594 107.78 keV 10.139 eV -->491.55 keV
*Cl 1 123.1 keV 123.1 keV --> 123.1 keV
¥Cl 2107 113.27 keV 73.657 eV --> 465.96 keV
0 17894 374.06 keV 3.6495 eV -->1.0065 MeV
0 4 296.96 keV 98.768 keV --> 625.4 keV
0 33 376.58 keV 50.493 keV --> 831.9 keV
p 196 699.37 keV 191.19 keV --> 1.2058 MeV
“Bpp 1 9.0956 keV 9.0956 keV --> 9.0956 keV
g 465 221.32 keV 1.5087 keV -->525.09 keV
Alfa (o) 672 2.3327 MeV 50.273 keV --> 5.2311 MeV
Déteron (D) 22 1.5945 MeV 24.164 keV --> 3.9428 MeV
Gama (y) 74266 1.2077 MeV 2.09 eV -->7.5172 MeV
Nétron (n) 28872 1.4085 MeV 8.232 keV --> 3.6038 MeV
Proton (p) 119820 2.2663 MeV 10.826 eV -->5.1144 MeV
Ortalama momentum: 44.271 keV (149.4 eV -->347.72 keV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03 & ) i) 1404 8
hadElastic= 5.1417 mm2/g
nCaptur . 24471 um2[/mg
neutronInelastic= 566.7 um2/ng
total= 5.6487 nm2/q

L |

List of nuclear reactions:

neutron + BL209 --> N gamma + B1210: 9
neutron + Bi269 --> N gamma + neutron + Bi20! 26932
neutron + 81209 --> neutron + B120 65234
neutron + Bi209 --> proton + Pb26! 1

neutron + C12 --> neutron + C12: 94645

neutron + C13 --> neutron + C13: 1666

neutron + C135 --> N gamma + CL36: 1

neutron + C135 --> N gamma + alpha + P32: 196
neutron + C135 N gamma + neutron + C13! 1433
neutron + C135 --> N ganma + proton + $35: 261
eutron + C135 --> neutron + C135: 4161

neutron + C135 --> proton + 535: 204

neutron + CL37 --> N gamma + neutron + C137: 506
neutron + C137 --> neutron + C137: 1661

neutron + H1 N ganma + deuteron: 3
neutron + H1 --> neutron + proton: 119354

neutron + H2 -+> neutron + deuteron: 19
neutron + 016 --> N gamma + alpha + C13: 469
neutron + 016 --> neutron + 016: 17894

neutron + 017 --> neutron + 017: 4

neutron + 018 --> N gamma + alpha + C15: 7
neutron + 018 --> N gamma + neutron + 018: 1
neutron + 018 neutron + 018: R

Nunber of gamma: N = 1

List of generated particles:
92166 Emean 6.523 keV ( -=> 86,339 kev)
9 Emean 818 kev  ( 375 keV)
94645  Emean A2 kev ¥
1535 Enmean .01 kev
7 Enean 89.05 kev
5594 Enmean .78 keV
kev
kev
: ( . 065 Mev)
017: e\ 4 keV)
018: 33 Emean
p32: 196 Emean
Pb209: 1 Enean
$35 465 Enmean '
672 Emean 33 ( se. 1 Mev)
22 Emean . 3 (24, =+> 3.9428 MeV)
5172 MeV)
i . +> 3,6038 MeV)
Emean = 2,2663 MeV ( 10,826 eV --> 5,1144 MeV)

4
¥
B
)
i
a
B
A
a
B
i

Homentun balance: Pmean = 44,271 kev ( 149.4 eV --> 347.72 keV)

- Ranecu engine status
Initial seed (index)
L Current couple of se 43462 1577842670

' 1dtes |

Sekil 4.23. %30 epoksi ve %70 bizmut i¢in simiilasyon ekran gorilintiisii
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Cizelge 4.29. %40 epoksi ve %60 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
i 68459 16.472 keV 0.066153 eV --> 86.365 keV
210 6 21.565 keV 20.532 keV --> 22.6 keV
c 109190 421.92 keV 3.996 eV -->1.2902 MeV
c 1727 516.26 keV 6.5763 eV -->1.3426 MeV
c 1 1.1103 MeV 1.1103 MeV --> 1.1103 MeV
e 2 189.02 keV 188.94 keV --> 189.1 keV
>Cl 6754 110.3 keV 4.8054 eV -->491.39 keV
Tl 2457 112.51 keV 6.9622 eV -->466.17 keV
0 20808 370.64 keV 6.0315 eV -->1.0058 MeV
0 16 327.91 keV 25.646 keV --> 907.74 keV
0 41 307.76 keV 1.9752 keV --> 813.44 keV
p 233 704.07 keV 161.43 keV --> 1.2094 MeV
g 562 234.52 keV 3.2147 keV --> 524.81 keV
Alfa (o) 771 2.42 MeV 50.264 keV --> 5.2477 MeV
Déteron (D) 22 1.6257 MeV 24.164 keV --> 3.9473 MeV
Gama (y) 57862 1.2008 MeV 2.9904 eV -->7.4985 MeV
Nétron (n) 22144 1.3952 MeV 2.0686 keV --> 3.6037 MeV
Proton (p) 138343 2.2649 MeV 85.701 eV -->5.1119 MeV

Ortalama momentum: 36.879 keV

(103.25 eV > 341.22 keV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutronInelastic= 459.47 um2/mg
total= 6.7945 nm2/q

List of nuclear reactions:

neutron + 1209 --> N ganma + BL210:
neutron + 81269 --> N gamma + neutron + Bi269:
neutron + B1209 --> neutron + B1209:
neutron + C12 --> N ganma + C13:

neutron + C12 neutron + C12:

neutron + C13 --> neutron + (13;

neutron + C135 «-> N gamma + alpha + P32:
neutron + C135 --> N gamma + neutron + C135:
neutron + CL35 --> N gamma + proton + S35:
neutron + C135 --> neutron + C135:

neutron + C135 --> proton + S3.

neutron + C137 --> N ganma + neutron + C13:
neutron + C137 -+> neutron + C137:
neutron + H1 --> N ganma + deuteron:
neutron + neutron + proton:
neutron + H2 --> neutron + deuteron:
neutron ¢+ H2 -«> proton + 2 neutron:

neutron + 016 --> N gamma + 01

neutron + 016 «-> N gamma + alpha

neutron + 016 --> neutron + 016:
neutron 4 017 «+> N gamma + neutron + 017:
neutron + 017 --> alpha + C14:
neutron + 017 -«> neutron + 017:
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 --> N gamma + neutron + 018:
neutron + 018 --> neutron + 018:

Nunber of gamma:

List of generated particle:

C12: 109190 Emean .92 kev 9
C13: 1727 Emean kev (6.5
1 Emean = 1,1103 MeV A
2 Emean = 189.62 kev 8

6754 Emean =  110.3 keV

2457 Emean = 112.51 keV

20808 Emean = 370.64 keV

16 Emean = 327.91 kev

41 Emean = 307.76 keV

233 Emean = 704.07 keV

562 Emean = 234.52 keV

771 Emean .42 Mev

MeV

B MeV

HeV

proton: 2,2649 MeV

I = -1 T - RS )

6
19861
48598

1

109190
1191
233
1684
292
5076
270
590
1867

N

Bi209: 68459 Emean = 472 kev  ( 0.066153 eV
Bi210: 6 Enean .565 kev (20,532 kev
96 eV

Momentum balance: Pmean = 36.879 keV (103.25 ev

Ranecu engine status
Initial seed (index) = 0
= Current couple of seeds = 1755411832, 1919444714

' Idles |

Sekil 4.24. %40 epoksi ve %60 bizmut i¢in simiilasyon ekran gorilintiisii

Q

3.1262 MeV
-498.45 eV
2.5373 eV
10.656 MeV
154.22 &V
32,336 keV
940.72 kev
2.2075 keV
616.65 kev
24,228 eV
kev

89.949
-4,2586

1.0312
BUNE

365 keV)
kev)
1.2902 MeV)

-> 1,3426 MeV)

103 MeV)
1 kev)

V)

> 491,39 keV)

7 kev)

5 Mev)
L6037 Mev)
L1119 Mev)

41.22 keV)
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Cizelge 4.30. %50 epoksi ve %50 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Ortalama | Parcacigin Enerji Arahgi
Sayisi Enerjisi

i 49217 16.575 keV 0.1406 eV --> 86.366 keV
210 5 21.441 keV 20.996 keV --> 21.998 keV
c 118063 421.52 keV 4.8762 eV -->1.2902 MeV
c 1928 525.05 keV 28.992 eV -->1.3348 MeV
Hc 1 556.58 keV 556.58 keV --> 556.58 keV
e 1 189.03 keV 189.03 keV --> 189.03 keV
>Cl 7108 108.64 keV 12.208 eV -->491.72 keV
¥Cl 2692 114.88 keV 20.959 eV -->466.23 keV
0 22335 370.02 keV 49.637 eV -->1.0062 MeV
0 4 219.88 keV 98.768 keV --> 272.34 keV
0 36 331.76 keV 7.9816 keV --> 886.93 keV
p 264 690.38 keV 122.19 keV --> 1.2101 MeV

g 583 227.31 keV 3.0802 keV --> 524.89 keV
Alfa () 882 2.4048 MeV 50.287 keV --> 5.7621 MeV
Déteron (D) 22 1.4875 MeV 18.603 keV --> 3.9979 MeV
Gama (y) 44474 1.1981 MeV 1.8785 eV -->5.9896 MeV
Nétron (n) 16778 1.3919 MeV 15.441 keV --> 3.6038 MeV
Proton (p) 149466 2.2689 MeV 7.4538 eV -->5.112 MeV

Ortalama momentum: 31.509 keV (127.73 eV -->348.19 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03
nCapture= 0,27337 un2/mg
neutronInelastic= 412.24 un2/mg
total= 7,9405 mm2/q

® ) 1613 1%

List of nuclear reactions:

neutron + 81209 --> N ganma + Bi216: Q= 3.7261 |
neutron + BL209 --> N gamma + neutron + B1209: Q = +498.89 ¢
neutron + B1269 --> neutron + B120! 54
neutron + C12 «+> N ganma + (1 5.7404
neutron + C12 --> neutron + (1 154,07
neutron + C13 «-> neutron + C13: 31.984 ki
neutron + C135 --> N ganma + alpha + P32: = 940,67 k
neutron + CL35 N gamma + neutron + C135: 888.6 ¢
neutron + C135 --> N ganma + proton + §35: 616,63
neutron + CL35 «-> alpha + P3 939.06
neutron + C135 --> neutron + C13 24,038 ¢
neutron + C135 ««> proton + 53 Q= 615.87 kev
nevtron + C137 --> N ganma + neutron + C137:
neutron > neutron + CL37:
neutron + H1 --> N ganma + deuteron;
neutron + H1 -«> neutron + proton:
neutron + H2 --> neutron + deuteron;
neutron + 016 -+> N gamma + 017:
neutron + 016 --> N gamma + alpha + C13:
neutron + 016 «-> neutron + 016:
neutron + 017 --> alpha + (1 = 1.8187 Me
neutron + 017 -+> neutron + 01 43.907
neutron + 018 --> N ganma + alpha + C15;
neutron + 018 N gamma + neutron + 01 801.35 e\
neutron + 018 --> neutron + 018 -21,528 kev

Nunber of gamma: N

List of generated partic
49217 Emean = 16.575 keV
5 Emean = 21.441 kev
118063 Emean = ( 1
1928 Enmean .05 kev (28, ==> 1,3348 MeV)
Enean = Vo ( > 556.58 keV)
Enean 3 keV -+> 189,03 keV)
7108 Emean = 108.64 keV
2692 Emean = 114,88 kev
22335 Emean = 370.02 keV
4 Emean = 219,88 kev
36 Emean = 331,76 keV
264 Emean = 690,38 keV
583 Emean = 227.31 keV
882 Enmean 14048 MeV
22 Emean = 1.4875 MeV ( 18. . 9979 MeV)
44474  Emean 1981 Mev  ( 1.8785 . 9896 Mev)
16778 Emean = 1.3 441 keV > 3,6038 MeV)
proton: 149466 Enmean 2 112 Mev)

d
)
B
B
B
A
B
f
s
a
[}
A

Momentun balance: Pmean = 31,569 kev T3 eV --> 348,19 kev)

. - Ranecu engine status
Inttial seed (index) = 0
Current couple of seeds = 1542457104, 1348835626

Sekil 4.25. %50 epoksi ve %50 bizmut i¢in simiilasyon ekran gorilintiisii
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Cizelge 4.31. %60 epoksi ve %40 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Ortalama | Parcacigin Enerji Arahg:
Sayisi Enerjisi

i 33860 16.476 keV 0.15582 eV -->86.313 keV
210 4 20.378 keV 18.358 keV --> 21.873 keV
c 120930 421.09 keV 3.9037 eV -->1.2901 MeV

c 1839 534.76 keV 180.27 eV --> 1.3374 MeV

c 4 188.99 keV 188.92 keV --> 189.09 keV
Cl 7270 107.38 keV 45.175 eV -->491.72 keV
Tl 2812 114.44 keV 6.9622 eV --> 466.06 keV
o) 22695 373.85 keV 17.186 eV -->1.0062 MeV

o 14 316.57 keV 11.655 keV --> 800.13 keV

o) 40 400.13 keV 51.988 keV --> 897.78 keV
p 264 644.17 keV 157.08 keV --> 1.2016 MeV

g 615 223.05 keV 1.0979 keV --> 520.19 keV
Alfa () 893 2.3982 MeV 50.26 keV --> 5.2322 MeV
Déteron (D) 22 1.4315 MeV 10.985 keV --> 3.9419 MeV
Gama () 33365 1.1805 MeV 45569 eV -->8.3619 MeV
Nétron (n) 12325 1.4136 MeV 11.751 keV --> 3.6035 MeV
Proton (p) 152798 2.2673 MeV 32.431eV -->5.1148 MeV
Ortalama momentum: 27.646 keV (143.86 eV -->335.42 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03
neutronInelastic= 365.61 um2/mg
total= 9.0862 nm2/q

List of nuclear reactions:

neutron + B269 --> N gamma + B1210:
neutron + 81209 --> N gamma + neutron + 81269:
neutron + Bi209 --> neutron + B1209:
neutron + C12 --> N gamma + (1.
neutron + C12 neutron + C1
nevtron + C13 --> neutron + (13
neutron + C135 «-> N gamma + alpha + P32:
neutron + C135 --> N gamma + neutron + C135:
neutron + CL35 --> N gamma + proton + S35
neutron + C135 --> alpha + P3i
neutron + C135 --> neutron + (135
neutron + C135 --> proton + 535
neutron + CL37 <> N gamma + neutron + C137:
neutron + C137 --> neutron + C137
neutron + H1 --> N gamma + deuterol
neutron + H1 --> neutron + proton
neutron + H2 neutron + deuteron:
neutron + H2 --> proton + 2 neutron:
neutron + 016 --> N ganma + 017
neutron + 016 --> N gamma + alpha + C1
neutron + 016 neutron + 016:
neutron + 017 --> N gamma + neutron + 017:
neutron + 017 -«> neutron + 017:
neutron + 018 --> N ganma + alpha + C1
neutron + 018 --> N ganma + neutron + 01
neutron + 018 --> alpha + C15:
neutron + 018 --> neutron ¢ 018:

Nunber of ganma:

List of generated particles:
Bi209: 33860 Emean 16.476 keV
4 Emean = 20,378
421,09 ke
Emean = 534.76
Emean 188.99 ke
Emean = 107,38 k
Emean = 114,44 ke
95 Emean = 373.85
14 Emean 316.57 keV
40 Emean = 400.13
264 Emean = 644,17 ke
615 Emean = 3.05
893 Emean 3982
Emean = 1.4315
Emean = 1,1865
Emean = 1.4136
Emean 2,2673

]
”
B
B
B
3
a
f
A
A

4
9868
23992

[]
120930
1206
261
1769
356

3

5501

Momentum balance: Pmean = 27.646 kev ( 143.86 eV

FEIS Ranecu engine status
Initial seed (index) = 0
Current couple of seeds = 1229577936, 634970276

Sekil 4.26. %60 epoksi ve %40 bizmut i¢in simiilasyon ekran goriintiisii

-32.319
940.72
2.3165
616.65
939
23.848

615.87

= 14.808

25.819

= 3.9475

2213

74 MeV)

.09 kev)

016 Mev)

619 MeV)

6035 MeV)

2
0
3
9419 MeV)
3
6
1

148 Her»
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Cizelge 4.32. %70 epoksi ve %30 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi

i 20872 16.174 keV 0.99363 eV -->86.322 keV
210 3 21.59 keV 20.836 keV --> 22.13 keV
c 116531 423.31 keV 0.1657 eV -->1.2901 MeV
c 1809 540.98 keV 482.43 eV -->1.3369 MeV
c 2 1.4312 MeV 548.26 keV --> 2.3142 MeV
e 2 189.01 keV 188.99 keV --> 189.03 keV
>Cl 7100 108.07 keV 3.4746 eV -->491.24 keV
*Cl 2 127.78 keV 120.56 keV --> 135.01 keV
¥l 2717 110.18 keV 6.9622 eV --> 466.06 keV
*Cl 1 125.13 keV 125.13 keV --> 125.13 keV
0 22000 368.97 keV 11.968 eV --> 1.0064 MeV
0 9 518.41 keV 159.06 keV --> 893.23 keV
0 50 299.1 keV 9.4665 keV --> 897.78 keV
p 270 664.32 keV 184.6 keV --> 1.2094 MeV

g 600 235.27 keV 2.6172 keV --> 525.03 keV
Alfa () 849 2.4746 MeV 50.276 keV --> 5.7704 MeV
Déteron (D) 17 931.11 keV 51.281 keV --> 3.8049 MeV
Gama () 23589 1.1571 MeV 15.672 eV -->9.6447 MeV
Nétron (n) 8399 1.4035 MeV 5.5504 keV --> 3.6037 MeV
Proton (p) 147467 2.2681 MeV 26.72 eV -->5.1133 MeV

Ortalama momentum: 24.56 keV (51.231eV -->357.73 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03 S ll™®a) ot
neutron + Bi209 --> N ganma + Bi 3 4.6262 MeV
neutron + 81209 --> N gamma + neutron + B1209: 5971 492.64 eV
neutron + 61209 --> neutron + Bi209: 14961 2,4907 eV
neutron + C12 -+> N gamma + (13: 2 809.97 kev
neutron + C12 --> neutron + C12: 116531 = 154.72 eV
neutron + C13 »+> neutron + C1 121 33,799 kev
nevtron + C135 --> N gamma + C136: 2 Q= 11.297 Mev
neutron + C135 «-> N gamma + alpha + P32 263 Q= 940.75 kev
neutron + C135 --> N gamma + neutron + C13 1757
neutron + CL35 ««> N ganma + proton + S35t 329
neutron + C135 --> alpha + P3; 7 939,07 kev
neutron + C135 neutron + C135: 5343 24,03 eV
neutron + C135 --> proton + $35; imn = 615.87 kev
neutron + CL37 --> N gamma + C138: 1 1.1113 MeV
neutron + C137 --> N ganma + neutron + C137: 665 9,7036 keV
neutron + CL37 --> neutron + C137: 2052 24.918 eV
neutron + H1 --> neutron + proton: 146866 1.2275 kev
neutron + H2 --> neutron + deuteron: 17 253.41 &V
neutron + H2 --> proton + 2 neutrol -2,0589 Mev
neutron + 016 -+> N gamma + 01 2 247.46 ki
neutron + 016 --> N ganma + alpha + C13:
neutron + 016 --> neutron + 01
neutron + 017 --> N gamna + alpha + C1: 1,81
neutron + 017 ««> N gamma + neutron ¢ 017: 1035335 eV
neu + 017 --> alpha + (1 1.8187 MeV
neutron + 017 «-> neutron + 01 b
neutron + > N ganma + alpha + C1
neutron + 01 N gamna + neutron + 01 1.2564 kev
neutron + 018 --> neutron + 018 Q = -17.802 keV

Nunber of gamma: N = 1

d particles:
20872 Emean = 16.174 keV  ( V > 86.322 keV)
3 Emean 21,59 kev (20,836 keV --> 22.13 keV)
Emean = 423.31 kev (0. 01 MeV)
Emean = 540.98 kev  ( 482, V =< 1,3369 MeV)
Emean = 1.4312 MeV  ( ' 142 MeV)
Emean = 189.61 kev  ( 188.99 kev .03 kev)
Emean = 108.67 kev ( 3. > 24 keV)
Emean = 127.78 kev  ( 6 .01 kev)
Emean = 110.18 keV
Enean
Enean
Emean = 518,41 kev
Emean 1 keV
Emean = 664,32 kev
Emean = 235.27 keV
Emean = 2,4746 Mev \276 ke L7704 MeV)
Emean = 931 > 3.8049 MeV)
Enean = 1,15 (15,672 &V --> 9,6447 MeV)
neutrof Emean = 1,4035 MeV ¥ eV <> 3,6037 MeV)
2,2681 MeV 6. +> 5,1133 MeV)

proton: 147467 Emean = 2,

Momentun balance: Pmean =  24.56 keV 231 eV -+> 357,73 kev)

pened Ranecu engine status
- Initial seed (index) = 0
Current couple of seed: 1166329747, 156366!

C1C |

Sekil 4.27. %70 epoksi ve %30 bizmut i¢in simiilasyon ekran goriintiisii
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Cizelge 4.33. %80 epoksi ve %20 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
i 10999 16.683 keV 1.3011 eV --> 86.453 keV
210 1 23.822 keV 23.822 keV --> 23.822 keV
c 104991 423.16 keV 2.1574 eV -->1.2905 MeV
c 1690 526.32 keV 246.69 eV -->1.3339 MeV
Hc 1 1.8129 MeV 1.8129 MeV --> 1.8129 MeV
e 7 189.06 keV 188.93 keV --> 189.2 keV
>Cl 6445 108.66 keV 2.1612 eV -->491.58 keV
%Cl 1 151.09 keV 151.09 keV --> 151.09 keV
¥l 2455 110.42 keV 23.587 eV -->466.17 keV
0 19933 372.97 keV 4.1382 eV -->1.0068 MeV
0 9 294.34 keV 46.776 keV --> 715.11 keV
%0 33 344.36 keV 16.457 keV --> 846.9 keV
p 227 668.29 keV 167.35 keV --> 1.2131 MeV
g 515 231.91 keV 1.9704 keV -->523.88 keV
Alfa (o) 774 2.3789 MeV 50.262 keV --> 5.2319 MeV
Déteron (D) 10 1.8846 MeV 9.8543 keV --> 3.9419 MeV
Gama (y) 15596 1.1501 MeV 2.09 eV -->11.383 MeV
Nétron (n) 5393 1.3968 MeV 29.095 keV --> 3.6028 MeV
Proton (p) 133394 2.2643 MeV 8.0676 eV -->5.1138 MeV
Ortalama momentum: 22.082 keV (169.73 eV -->313.66 keV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03 & ) ¢) 1423

@ List of nuclear reactions:
neutron + 61209 --> N ganma + Bi210: 1 Q= 4.6285 MeV

neutron + B1269 --> N ganma + neutron + 8120 3248 = 497,59 eV
neutron + B1269 --> neutron + Bi20 1751 5576 ev
neutron + C12 -+> N gamma + (1 § 568.32 kev

neutron + C12 --> neutron + C12: 104991 154,67 eV

neutron + (13 neutron + C13: 1146 31,795 kev

neutron + C135 --> N ganma + C136: 1 = 1.6534 MeV

neutron + C135 «-> N ganma + alpha + P32: 220 940.68 kev
neutron + C135 --> N ganma + neutron + C135: 51 4996 kev
neutron + C135 ««> N gamma + proton + S35: 285 624.87 keV
neutron + C135 --> alpha + P32: 7 939,05 kev

neutron + C135 -+> neutron + C135: 4872 24,043 eV

neutron + C135 proton + 535: 230 615.86 kev

neutron + C137 ««> N gamma + neutron + C137: 564 15.169 kev
neutron + C137 --> neutron + C137: 25.062 eV

neutron + H1 -+> N gamma + deutero 37.654 kev
neutron + H1 --> neutron + protol 3287 = 1,2256 kev

neutron + H2 neutron + deuteron: Q= 483.45 eV
neutron + H2 --> proton + 2 neutrol Q= -2.0572 MeV
neutron + 016 «+> N ganma + 017: 1.212 eV

neutron + 016 --> N ganma + alpha + C13: Q = 510,95 kev
neutron + 016 neutron ¢ 016: 19933 Q= 102.31 eV

neutron + 017 --> N ganma + neutron + 017: 2 (= 0.067458 eV
neutron + 017 ««> alpha + (14: Q= 1.8182 Mev

neutron + 017 --> neutron + 017: 83,702 eV

neutron + 018 gamma + alpha 7 4,2585 Mev
neutron + 018 --> N ganma + neutron 8 Q= 1.3431 kev
neutron + 018 -+> neutron : 20.119 kev

Nunber of

of generated particles:
10999 Enean = 16,683 kev (1. +> 86,453 kev)
1 Enean = 23.822 keV  ( keV ++> 23,822 keV)
104991 Emean = 423,16 keV 2 V --> 11,2905 HeV)
1690 Emean = 526.32 keV ( > 13339 Mev
1 Emean = 1,8129 HeV ( 9 Nev --> 1,8129 Hev)
7 Emean = 189.06 keV
6445 Enean = 108,66 keV
1 Emean = 151.09 keV
2455 Emean = 110,42 kev
19933 Emean = 372,97 keV  ( 4.1382 eV
Emean = 294.34 keV  ( 46.776 keV
Emean = 344,36 keV 16,457 keV -+
Emean 29 ke (
Emean = 231.91 keV 1.9704 kev
Enean L3789 MeV (50,262 keV --> 5,2319 MeV)
Emean = 1.8846 MeV  ( 9.8543 keV - 19 MeV)
Emean = 1,1561 MeV
neutron: 93 Emean = 1.3968 MeV ( 29. ««> 3,6028 MeV)
proton: Emean = 2,2643 MeV 0676 =+> §,1138 MeV)

4]
B
]
B
W
B
fi
a
i
i

Momentun balance: Pmean = 22,682 keV 169,73 eV -+> 313.66 keV)

. -+« Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1343161837, 1224176372

Idles |

Sekil 4.28. %80 epoksi ve %20 bizmut i¢in simiilasyon ekran goriintiisii
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Cizelge 4.34. %90 epoksi ve %10 Bizmut i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi

i 4113 16.361 keV 0.23656 eV --> 86.287 keV
°c 86538 423.32 keV 3.3067 eV -->1.2905 MeV
c 1402 523.17 keV 708.72 eV -->1.3379 MeV
e 2 189.12 keV 189.08 keV --> 189.15 keV

*Cl 5386 108.52 keV 1.562 eV -->491.78 keV
%Cl 3 131.43 keV 115.65 keV --> 151.09 keV
Tl 1942 109.86 keV 23.587 eV -->466.09 keV
o) 16654 373.01 keV 29.442 eV -->1.0056 MeV
o 7 445,36 keV 50.151 keV --> 811.65 keV
o) 34 323.06 keV 6.9803 keV --> 872.46 keV
p 185 680.97 keV 184.09 keV --> 1.216 MeV
*p 1 139.22 keV 139.22 keV --> 139.22 keV

g 433 230.71 keV 1.6398 keV --> 524.44 keV
Alfa (o) 636 2.3759 MeV 50.3 keV --> 5.2464 MeV
Déteron (D) 12 1.4793 MeV 246.27 keV --> 3.7706 MeV
Gama (y) 9297 1.118 MeV 5.5891 eV -->11.383 MeV
Nétron (n) 3050 1.4425 MeV 13.367 keV --> 3.5988 MeV
Proton (p) 109317 2.2715 MeV 19.75 eV -->5.1142 MeV

Ortalama momentum: 20.192 keV

(53.373 eV > 291.14 keV)
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aysequl@aysequl-VPCF24MIE: ~/Hadr03

neutroninelastic= 223.33 um2/mg

total= 12,524 mm2/q
List of nuclear reactions:

neutron + B1209 N gamma + neutron + B1209:
neutron + Bi269 --> neutron + 61209

neutron + (13 neutron + (1
neutron + C135 --> N gamma + C136;
neutron + C135 «=> N qamma + alpha + P32:
neutron + C135 --> N ganma + neutron + C135:
neutron + C135 «<> N gamma + proton + S35:
neutron + C135 --> alpha + P3
E neutron + C135 +-> neutron + C135:
neutron + C135 --> proton + $35:
neutron + CL37 «+> N ganma + alpha + P34:
neutron + C137 --> N ganma + neutron + C13
neutron + CL37 --> neutron + C13
neutron + H1
neutron + H:
neutron + H2 --> neutron + deuteron:
neutron + 016 «-> N ganma + alpha + (13:
neutron + 016 --> neutron + 016:
neutron + 017 ««> N gamma + neutron + 017:
neutron + 017 --> neutron + 017:
neutron + 018 ««> N gamna + alpha + C15:
neutron + 018 --> N ganma + neutron + 018
neutron + 018 alpha + C15:

neutron + C >
o nevtron + C12 --
(

1402 Emean = 523.17 keV (708

. Number of ganma: N
List of generated particles:

490.03 eV
2,4958 eV
822,07 kev
154,73 eV
31,795 kev
3.2094 MeV
940.78 kev
2,5364 keV
618.78 kev
939,05 keV
23.89 eV
615.87 kev
1.5631 MeV
20,799 kev
24.913 eV
110.46 kev
1,2296 kev
385.62 eV

3.94 keV
162,32 eV
0.010762 eV
111,42 eV

2593 MeV

4,87 eV
4.2606 MeV
+18.648 kev

{1

4113 Emean = 16.361 keV  ( 0.23656 eV
86538 Emean = 423,32 keV ( 3,3067 eV
ev
Emean = 189,12 kev  ( 189,08 kev -
5386 Emean = 108.52 keV  ( 1.562 eV

1942 Emean =
16654 Emean
Enean
34 Emean
185 Emean =
Enean
433 Enean =
636 Enean
12 Enean =
9297 Emean
neutron: 3050 Emean
proton: 169317 Enmean

neutron + 018 --> neutron + 018:

3 Emean = 131,43 kev (115

169.86 kev
373.61 kev
45.36 keV
323,06 keV
680.97 keV
139,22 kev

kev
W22 kev

2,3759 MeV
1.4793 MeV
1,118 Mev
4425 MeV
2715 Mev

Homentun balance: Pmean = 20,192 keV (533713 eV

5k
5

. -+« Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 907139086, 1733841212

Idles ||

Sekil 4.29. %90 epoksi ve %10 bizmut i¢in simiilasyon ekran goriintiisii

> 86.287 keV)

<=3 1,2905 HeV)

1.3379 HeV)
> 18915 kev)
78 keV)
151,09 kev)
466.09 kev)
1,0056 Mev)
-> 811,65 keV)
7246 kev)

> 1,216 MeV)
39,22 kev)
524,44 keV)

-3 3,588 heV)

> 5,142 MeV)

=+> 291,14 kev)
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Cizelge 4.35. %100 epoksi i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahig:
Sayisi Ortalama Enerjisi

’c 58034 425.63 keV 4.1494 eV -->1.2902 MeV
Bc 877 547.39 keV 85.793 eV -->1.3375 MeV
e 2 189 keV 188.9 keV --> 189.11 keV
Cl 3600 106.06 keV 70.383 eV -->491.19 keV
¥Cl 1322 117.11 keV 15.438 eV -->466.06 keV
0 10708 371.47 keV 12.251 eV -->1.0061 MeV
0 9 501.22 keV 125.01 keV --> 940.13 keV
o 21 409.24 keV 12.122 keV --> 849.8 keV
p 130 689.89 keV 169.84 keV --> 1.2048 MeV

g 308 243.94 keV 4.604 keV -->524.65 keV
Alfa (a) 434 2.3948 MeV 50.255 keV --> 5.2278 MeV
Déteron (D) 10 1.4241 MeV 202.99 keV --> 2.9954 MeV
Gama (y) 4104 1.0552 MeV 340.41 eV --> 4.9463 MeV
Nétron (n) 1171 1.462 MeV 10.618 keV --> 3.4604 MeV
Proton (p) 73263 2.2682 MeV 12.026 eV -->5.1112 MeV

Ortalama momentum: 18.421 keV

(191.73 eV > 130.91 keV)

&
-
]
-]
)
w
]
.
|
=
=

Sekil 4.30.%2100 epoksi i¢in simiilasyon ekran goriintiisii
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Tantal(Ta) malzemesi i¢in sonuglar;

Cizelge 4.36. %10 epoksi ve %90 Tantal i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arah@:
Sayisi Enerjisi
’c 63964 422.45 keV 3.996 eV -->1.2902 MeV
Bc 1043 531.4 keV 9.5406 eV -->1.3371 MeV
bc 1 189.17 keV 189.17 keV --> 189.17 keV
>Cl 3894 107.09 keV 4.8903 eV -->491.67 keV
*Cl 3 140 keV 134.98 keV --> 144.77 keV
¥l 1512 116.15 keV 72.029 eV --> 466.25 keV
0 12033 370.14 keV 7.9605 eV -->1.006 MeV
0 4 227.56 keV 197.33 keV --> 264.1 keV
%0 27 325.05 keV 6.761 keV --> 838 keV

p 148 706 keV 191.63 keV --> 1.195 MeV

g 306 228.22 keV 4.539 keV -->524.55 keV
%0Ta 31 15.483 keV 1.008 keV --> 61.973 keV
8173 224264 19.418 keV 0.080181 eV -->99.52 keV
%2Ta 199 25.045 keV 20.834 keV --> 30.306 keV
Alfa () 475 2.4314 MeV 50.322 keV --> 5.1938 MeV
Déteron (D) 12 1.2286 MeV 135.48 keV --> 3.3691 MeV
Gama (y) 452712 836.33 keV 71.829 eV -->8.5798 MeV
Nétron (n) 106492 1.2734 MeV 2.0372 keV --> 4.493 MeV
Proton (p) 81392 2.269 MeV 166.79 eV -->5.1113 MeV

Ortalama momentum: 162.35 keV

(185.91 eV --> 10.552 MeV)
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aysequl@aysequl-VPCF24M1E: ~/Hadro3 S ® ¢) 111
List of nuclear reactions:

neutron --> N ganma + C1 = 77665 kev
neutron neutron + C1 154.41 ev
neutron > neutron + C13: -32.862 keV
neutron + CL > N gamma + CL36: 5.0406 MeV
neutron + C135 - + alpha + P32: 940,71 kev
neutron + C135 N gamma + neutron + C135: 82.981 eV
neutron + €135 --> N ganma + proton + 53 636.32 keV
neutron + C135 --> alpha + P3 939.05 kev
neutron + C135 --> neutron + C135: 23.552 eV
neutron + C135 --> proton + S3. 615.87 keV
neutron + C137 --> N gamma + neutron + C13 02 ke
neutron + C137 --> neutron + C13

neutron + H1 --> N gamma + deuteron:

neutron + H1 --> neutron + proton:

neutron + H2 --> neutron + deuteron:

neutron + 016 --> N ganma + 017:

neutron + 016 --> N ganma + alpha + C13:

neutron + 016 --> neutron + 016:

neutron + 017 --> neutron + 01

neutron + 018 --> N ganma + alpha + C15:
neutron + 018 --> N ganna + neutron + 0.031874 eV
neutron + 018 --> neutron ¢ 018: = +19.958 keV
neutron + Ta186 --> N gamma + Talsl: 3.3796 Mev
neutron ¢ Ta18@ --> N gamma + neutron + Ta180: Q = -102.42 kev
neutron + Ta180 --> neutron + Ta180: 20 Q= 1.3964 eV
neutron + Ta181 --> N gamma + Ta182 Q 3374 MeV
neutron + Ta181 --> N ganma + neutron + Tals1: 105176 343,25 kev
neutron + Tai81 --> neutron + Tai8l: 119687 Q= 2.1004 eV

Nunber of ganna:

ist of generated particles:
C12: 63964 Emean = 422.45 kev  ( -+> 1,2962 MeV)
1043 Emean =  531.4 kev > 1,3371 MeV)
1 Enean 89.17 k ( 189, 189.17 kev)
3894 Enean = 9 ki ( 4.8903 > 491.67 keV)
3 Emean kev  ( 98 kev --> 144,77 kev)
Qs 1512 Emean =
016 12033 Emean
017: 4 Enean =
018 27 Emean
148 Enean =
306 Emean
31 Emean =
224264  Emean ev -
199 Emean = 25. 20, -> 30.306 keV)
475 Enean 3 ( 50.322 keV --> 5,1938 Mev)
deuteron 12 Emean = 1. ( 3.3691 MeV)
ganma; 452712 Emean
neutron: 106492 Emean = 1.2734
proton: 81392 Emean 2.269

]
n
E
B
)
W
B
%
)
A
[

Momentum balance: Pmean = 162.35 keV

eee Ranecu engine status
Initial seed (index) = 0
Current couple of seeds = 1634970562, 1369250170

1dtes I

Sekil 4.31. %10 epoksi ve %90 tantal i¢in simiilasyon ekran goriintiisii
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Cizelge 4.37. %20 epoksi ve %80 Tantal i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 109489 422.7 keV 3.3702 eV -->1.2901 MeV
Bc 1761 522.56 keV 6.5763 eV -->1.3443 MeV
e 6 189.08 keV 188.96 keV --> 189.2 keV
Cl 6778 108.65 keV 22.488 eV -->491.39 keV
¥Cl 2638 110.85 keV 73.657 eV --> 465.7 keV
0 20736 374.96 keV 66.675 eV -->1.0045 MeV
0 8 382.16 keV 56.976 keV --> 790.64 keV
o 44 312 keV 21.818 keV --> 839.27 keV
p 263 674.38 keV 132.26 keV --> 1.207 MeV
¥p 1 533.59 keV 533.59 keV --> 533.59 keV
g 572 234.09 keV 1.8836 keV -->525.15 keV
%0Ta 27 18.396 keV 463.39 eV -->65.272 keV
¥lTa 169811 19.501 keV 0.011642 eV -->99.579 keV
%2Ta 129 25.087 keV 21.98 keV --> 28.303 keV
Alfa (o) 843 2.4279 MeV 50.268 keV --> 5.25 MeV
Déteron (D) 17 1.7699 MeV 61.913 keV --> 3.9427 MeV
Gama (y) 348340 836.29 keV 126.47 eV --> 6.2502 MeV
Nétron (n) 82029 1.2738 MeV 1.2639 keV --> 4.4928 MeV
Proton (p) 137968 2.2621 MeV 38.768 eV -->5.114 MeV

Ortalama momentum: 111.53 keV

(117.21 eV —> 11.617 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03

@ total= 4.4041 mm2/g
List of nuclear reactions:

neutron + C12 --> neutron + C1 109489 4.5 eV
neutron + C13 neutron + C1 1188 .854 kev
neutron + C135 --> N gamma + alpha + P32 261 71 kev
neutron + C135 «-> N gamma + neutron + C135: 1709 s kev
neutron + C135 --> N gamma + proton + 535: 319 623.91 kev
neutron + C135 ««> alpha + P32: 2 9.06 kev
neutron + C135 --> neutron + C135: 5069 633 eV
neutron + C135 «-> proton + 535: 253 .86 kev
neutron + C137 --> N gamma + neutron + C13 656 . kev
neutron + C137 «-> alpha + P34: 1 15639 MeV
neutron + C137 --> neutron + C137: 1962 24,979 eV
neutron + H1 ««> N gamma + deuteron: 1 2 kev
neutron + H1 --> neutron + proton: 137396 = 1,2243 kev
neutron + H2 -+> neutron + deuteron: 16 .04 eV
neutron + 016 --> N ganma + alpha + C13: 513 475,98 kev
neutron + 016 --> neutron + 016: 20736 .85 eV
neutron + 017 --> N ganma + neutron + 017: = 0.038174 eV
neutron + 017 -+> neutron ¢ 017: 6 101.44 eV
neutron + 018 --> N gamma + alpha : 6 Q= -4.2586 MeV
neutron + 018 -+> N ganma + neutron ! 1.0349 kev
neutron + 018 --> neutron -18.468
neutron + Ta180 --> N gamma + neutron + 8 758.04
neutron + Ta180 --> neutron + 5 1.933
neutron + Tail --> N ganma + Ta182: 12
neutron + Ta181 --> N ganma + neutron + TalBl: 79646
neutron + Tal8l --> neutron + Ta18l: 90165

Number of gamma: N = 1

List of generated particle
109489 Emean 422.7 kev
1761 Emean = 522,56 keV 8
6 Emean = 189,68 kev b kev)
6778 Emean = 108.65 kev  ( 22.488 .39 kev)
2638 Emean = 110.85 kev  ( 73.6 -3 .7 kev)
20736 Emean = 374.96 keV 66.675 eV
8 Eme: 382.16 kev  ( 56.976 keV
Emean 312 kev 21,818 keV
Emean = 674,38 keV 132.26 kev

4“
3

1 Emean = 533.59 keV  ( 533.59 keV
o :

7

6.

= BT T 1)

Emean = 234.09 kev (1
21 Emean = 18.396 keV (
169811 Emean = 19,5601 ( 0.011642 ev
129 Emean = 087 21.98 keV --> 28,303 keV)
843 Emean 2,4279 MeV  ( 50.268 keV --> 5,25 MeV)
17 Emean = 1.7699 MeV  ( 61.913 keV --> 3,9427 MeV)
348340 Emean = 836.29 kev ( 126.47 eV --> 6.2502 MeV)
82029 Emean = 1.2738 MeV  ( 1.2639 keV --> 4,4928 MeV)
proton: 137968 Emean 2621 Mev 38.768 =+> 5,114 MeV)

Momentun balance: Pmean = 111.53 kev 117.21 eV -+> 11,617 Mev)

Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1771901477, 254561330

1dtes |

Sekil 4.32. %20 epoksi ve %80 tantal i¢in simiilasyon ekran goriintiisii
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Cizelge 4.38. %30 epoksi ve %70 Tantal i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcaci@in Ortalama | Parcacigin Enerji Arahg:
Sayisi Enerjisi
’c 140631 422.83 keV 1.6895 eV -->1.2901 MeV
Bc 2279 546.15 keV 256.25 eV --> 1.3408 MeV
e 1 1.2016 MeV 1.2016 MeV --> 1.2016 MeV
e 5 189.1 keV 188.99 keV --> 189.21 keV
*Cl 8575 107.83 keV 19.747 eV -->491.97 keV
%Cl 3 136.76 keV 131.32 keV --> 144.77 keV
Tl 3168 114.74 keV 18.103 eV --> 464.49 keV
o) 26551 371.14 keV 28.313 eV -->1.0046 MeV
o 11 206.03 keV 13.385 keV --> 582.66 keV
o) 57 381.64 keV 13.828 keV --> 884.45 keV
p 345 658.37 keV 122.28 keV --> 1.2111 MeV
g 751 230.7 keV 2.026 keV -->523.33 keV
0T 24 16.594 keV 751.44 eV -->98.287 keV
¥lTa 127626 19.454 keV 0.061613 eV -->99.516 keV
%Ta 136 25.242 keV 22.419 keV --> 29.275 keV
Alfa () 1124 2.4182 MeV 50.277 keV --> 5.2371 MeV
Déteron (D) 21 1.5741 MeV 10.985 keV --> 3.9803 MeV
Gama () 267648 839.79 keV 44.127 eV -->9.1186 MeV
Nétron (n) 63036 1.277 MeV 1.755 keV --> 4.4929 MeV
Proton (p) 178021 2.268 MeV 5.4939 eV -->5.1139 MeV

Ortalama momentum: 83.309 keV

(127.73 eV --> 11.617 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C12 --> N gamma + C13: 2.0319
neutron + (12 neutron + (12: 154,55
neutron + C13 --> neutron + C13: 1 -32.729
neutron + CL35 --> N gamma + C136: 12.425
neutron + C135 --> N gamma + alpha + P32: 940,65
neutron + C135 «-> N gamma + neutron + Cl35: 5.0692
neutron + C135 --> N ganma + proton + S35 616.6
neutron + CL35 «-> alpha + P32: 939.06
neutron + C135 --> neutron + C135: 23.253
neutron + C135 «-> proton + 53 615.87
neutron + C137 --> N gamma + neutron + C137: 15,423
neutron + C137 --> neutron + CL37: 26,412
neutron + H1 --> N ganma + deuteron: -48.232 ki
neutron + H1 -+> neutron + proton: 2 1.2214
neutron + H2 --> neutron + deuteron: = 357,19
neutron + 016 -«> N ganma + 017: 1.1893 ¥
neutron + 016 --> N gamma + alpha + C13:
neutron + 016 --> neutron + 016:
neutron + 017 --> alpha + C14:
neutron + 017 --> neutron + 017:
neutron + 018 --> N gamma + alpha + C1
neutron + 018 --> N gamma + neutron + 018:
neutron + 018 --> alpha + C15:
neutron + 018 --> neutron + 018:
on + Tal80 --> N gamma + neutron + Ta180:
neutron + Ta180 --> neutron + Ta180:
neutron + Ta181 --> N gamma + Tal82:
neutron + Tai81 --> N gamma + neutron + Ta18i:
neutron + Ta181 --> neutron + Tal81:

Number of gamma: N

List of gene partic
140631 Emean = ( v > 1,2901 MeV)
2279  Eme; 546.15 kel 2 -=> 1,3408 MeV)
1 Emean = 1.2016 MeV ( 1. ¥ 016 MeV)
5 Emean 189.1 kev 8 21 kev)
8575 Emean 107.83 kev (19, > 491,97 keV)
3 Emean = 136.76 kev ( 13 -> 144,77 kev)
168 Enean = 114,74 keV > 464,49 kev)
26551 Emean = 371,14 kev ( -> 1,6046 MeV)
11 Emean = 206.03 kev ( 13. > 582.66 keV)
57 Emean = 381.64 ( 8 884,45 kev)
345 Emean 658,37 ke\ . 111 MeV)
751 Emean 230.7 keV 026 3,33 keV)
24 Emean = 16.594 keV ( 98,287 keV)
Tal81: 127626 Emean = 19.454 kev ( 0.061613 eV - 516 kev)
Ta182 136 Emean = . kev
alpha 1124 Emean ¥ Mev  ( 5
deuteron: 21 Emean = 1,5741 MeV (10, =+> 3.9803 MeV)
gan 267648 Enean 39.79 kev -+> 9,1186 MeV)
neutron: 63036 Emean = 1.277 MeV . -> 4,4929 MeV)
proton: 178021 Emean .268 MeV  ( 5.4939 eV --> 5,1139 MeV)

g
4
¥
B
)
i
a
B
A
a
B
i

Momentum balance: Pmean = 83,309 keV ( -> 11,617 HeV)

- Ranecu engine status
Initial seed (index) = 6
= Current couple of sel 385900981

1dtes |

Sekil 4.33. %30 epoksi ve %70 tantal i¢in simiilasyon ekran goriintiisii
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Cizelge 4.39. %40 epoksi ve %60 Tantal i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg
Sayisi Enerjisi

°c 161047 423.34 keV 1.1776 eV -->1.2902 MeV
Bc 2530 533.84 keV 256.25 eV -->1.3328 MeV
Hc 1 984.98 keV 984.98 keV --> 984.98 keV
C 6 189.11 keV 188.95 keV --> 189.22 keV
>Cl 9858 109.06 keV 13.273 eV -->491.85 keV
*Cl 1 126.67 keV 126.67 keV --> 126.67 keV
Cl 3644 115.46 keV 9.3478 eV --> 465.87 keV
*cl 1 136.24 keV 136.24 keV --> 136.24 keV
0 30412 373.67 keV 5.337 eV -->1.0063 MeV
0 8 275.75 keV 69.628 keV --> 945.62 keV

o) 56 364.03 keV 306.7 eV -->884.45 keV
p 354 701.23 keV 141.85 keV --> 1.2167 MeV

g 817 228.11 keV 2.7392 keV --> 523.41 keV
0Ta 8 20.954 keV 473.38 eV -->68.674 keV
lTa 93212 19.464 keV 0.17561 eV -->99.514 keV
%°Ta 79 25.03 keV 22.213 keV --> 28.45 keV
Alfa (o) 1178 2.3807 MeV 50.267 keV --> 5.3337 MeV
Déteron (D) 35 1.779 MeV 124.37 keV --> 3.9405 MeV
Gama (y) 198096 845.78 keV 44.127 eV --> 6.5601 MeV
Nétron (n) 47065 1.2808 MeV 1.3823 keV --> 4.4935 MeV
Proton (p) 203717 2.2635 MeV 11.827 eV -->5.1131 MeV

Ortalama momentum: 64.582 keV

(118.66 eV > 13.64 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C135 --> N gamma + Cl36: 1
neutron + CL35 --> N gamma + alpha + P32: 347
neutron + C135 --> N gamma + neutron + C135: 2507 2.9585
neutron + CL35 --> N gamma + proton + S35: 428 629.29 kev

neutron + C135 --> alpha + P32: 7 939,68 k
neutron + CL35 --> neutron ¢+ C135: 7351
neutron + C135 --> proton + §3 389 615.87 k
neutron + CL37 --> N ganma + C138 1 = 1.7441 MeV
neutron + C137 --> N ganma + nevtron + C13: 893 -261.84 eV
neutron + C137 «-> neutron + C13
neutron + H1 --> N gamma + deuterol 6
neutron + Hi neutron + proton: 202960
neutron + H2 --> neutron + deuteron: 29 =
neutron + 016 --> N ganma + 017: 1
neutron + 016 --> N gamma + alpha + C13: 817
neutron + 016 --> neutron + 016: 30412
neutron + 017 --> N ganma + neutron + 017:
neutron + 017 --> alpha + C14:
neutron + 017 --> neutron + 017: 6 86.149 eV
neutron + 018 N gamma + alpha + C15: 4.2586 MeV
neutron + 018 --> N ganna + neutron
neutron + 018 --> alpha
neutron + 018 --> neutron
neutron + Ta180 --> N gamma + neutron +
neutron + Ta180 > neutron +
neutron + Tai8l --> N gamma +
neutron + Ta181 --> N gamma + neutron + Ta181
neutron + Ta181 --> neutron + Ta181: 49553

Nunber of gamma: N = 1

List of generated particles:
161047 Emean = 423.34 kev
2530 Emean = 533.84 keV
1 Emean = 984.98 kev
6 Emean = 189.11 keV
9858 Emean 169.06 ke
1 Emean = 126.67 keV  ( 126.67 keV
3644 Emean = 115.46 kev ( 9.3478
1 Emean = 136.24 ke\ 136,24 kev
30412 Emean = 373.67 keV (5. > 1.0063 MeV)
8 Emean . 62 keV)
306.7 eV
141,85 keV
§35: 817 ( 2.7392 kev -
Ta180 8 Emean
Ta181: 93212 Emean = 19.464 keV
Ta182 79 Enean = 25.03
alpha 1178 Enean 3807 MeV
deuteron: 35 Enmean 779 MeV
198096 Emean = 845, (4. - 01 MeV)
47065 Enean = ( 1.3823 ki 4935 MeV)
proton: 203717 Emean vo( 11, -+> 5,131 MeV)

WIAEE BRI T TS

Momentum balance: Pmean = 64,582 keV 118.66 eV > 13.64 MeV)

- Ranecu engine status
Initial seed (index) = 0
Current couple of seeds = 1257654638, 2017608121

1dtes |l

Sekil 4.34. %40 epoksi ve %60 tantal i¢in simiilasyon ekran goriintiisii

105



Cizelge 4.40. %50 epoksi ve %50 Tantal i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg
Sayisi Enerjisi
’c 171238 422.71 keV 0.57801 eV -->1.2905 MeV
Bc 2758 528.56 keV 4.4142 eV -->1.3443 MeV
e 2 1.6083 MeV 1.1476 MeV --> 2.069 MeV
e 4 189.06 keV 188.96 keV --> 189.11 keV
*Cl 10311 109.61 keV 16.707 eV -->491.97 keV
%Cl 3 131.2 keV 122.48 keV --> 144.89 keV
Tl 3921 113.49 keV 44.734 eV --> 466.66 keV
o) 32400 372.57 keV 2.7623 eV -->1.0064 MeV
o 12 215.46 keV 8.7074 keV --> 451.75 keV
o) 59 232.93 keV 14.357 keV --> 841.61 keV
p 404 693.79 keV 141.85 keV --> 1.2032 MeV
g 884 24151 keV 3.8321 keV --> 525.39 keV
0T 11 21.739 keV 933.64 eV --> 68.674 keV
¥lTa 66491 19.422 keV 0.032742 eV -->99.393 keV
%Ta 53 24.966 keV 22.458 keV --> 27.767 keV
Alfa () 1321 2.4202 MeV 50.27 keV -->5.2337 MeV
Déteron (D) 28 1.9696 MeV 268.59 keV --> 3.9405 MeV
Gama () 145404 852.08 keV 10.572 eV -->9.6786 MeV
Nétron (n) 34674 1.2794 MeV 4.1116 keV --> 4.4936 MeV
Proton (p) 216571 2.27 MeV 32.949 eV -->5.1119 MeV

Ortalama momentum:; 51.081 keV

(92.503 eV -->13.64 MeV)
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aysequl®aysequl-VPCF24M1E: ~/Hadr03
neutron + C135

neutron + C

neutron + C135
neutron + C137
neutron + H2

neutron + 016

neutron + 016

neutron + 017

neutron + 018

neutron + Ta180
neutron + Tal181
neutron + Ta181
neutron + Ta181 -

List of generated particles:
C12: 171238 Emean =
C13: 2758

Emean
Emean =
Emean
Emean =
Emean
Emean =
Enean
Emean =
Enean
Emean =
Emean
Enean =
Emean
deuteron: Emean =
ganma: 145464 Emean
neutron: 34674 Emean =
proton: 216571 Emean

BRI DE B O W e

Momentun balance: Pmean

hans Ranecu engine status
Initial seed (index) = 0

neutron + C135 -
neutron + C137 «-> N gamma + neutron + CL37:
--> neutron + (13
neutron + H1 «=> N gamma + deuterol
neutron + H1 --> neutron + proto
gamma + proton + 2 neutrol
neutron + 2 --> neutron + deuteron:
neutron + H2 --> proton + 2 neutrol
-+> N ganma + 01
neutron + 016 «-> N gamma + alpha + (13:
-+> neutron + 016
neutron + 017 --> N ganna + alpha + C14
neutron + 017

--> N gamna + C136:
neutron + C135 --> N ganma + alpha + P32:
neutron + C135 --> N gamma + neutron + C135:
> N gamma + proton + 535:
utron + C135

-> alpha + P32:

> neutron + C13

proton + 53

> alpha + C1.
> neutron + 01

neutron + 018 --> N gamma + alpha
neutron + 018 --> N ganma + neutron
neutron + 018 --> alpha

> neutron

neutron + Tal180 --> N gamma + neutron + T
> neutron +
> N gamma +
N ganma + neutron + Ta181:
-> neutron + Taldl:

Number of gamma:

6 kev

Hev
189.06 kev
109.61 kev
131,2 kev
113.49 kev
372,57 kev
215.46 kev
232.93 key
693.79 ke\
241.51 kev
21,739 keV
19.422 kev
24.966 kev
Mev

Mev

= Current couple of seeds = 1052940114, 114182971

' 1dte> |

Sekil 4.35. %50 epoksi ve %50 tantal i¢in simiilasyon ekran goriintiisii

400

51.081 kev 92,503 ¢

3
> 9
4
5

2,319 MeV
940.72 ke

2.0383 MeV
1.3181 MeV
490.39 kev
162,2 eV
1.8174 MeV
1.8186 MeV
43,637 eV
-4,2587 MeV
308.31 eV
-4.2606 MeV
= +13.566 keV
= 0.098585 eV

1,3443 Mev)
2,069 MeV)
189,11 keV)
491.97 keV)

-> 144,89 kev)
> 466.66 keV)

1.6064 MeV)

> 451.75 kev)

41,61 kev)
032 MeV)
5,39 kev)

8.674 keV)

> 99,393 kev)

21,767 keV)

.2337 MeV)

9405 MeV)

6786 MeV)

4936 MeV)

L1119 Hev)

> 13.64 MeV)
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Cizelge 4.41. %60 epoksi ve %40 Tantal i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Ortalama | Parcacigin Enerji Arahgi
Sayisi Enerjisi

’c 173162 422.3 keV 2.1438 eV -->1.2906 MeV
Bc 2841 529.25 keV 14.312 eV -->1.3459 MeV
e 6 188.98 keV 188.87 keV --> 189.08 keV
Cl 10685 110.71 keV 1.1051 eV -->491.58 keV
%cl 3 121.9 keV 93.783 keV --> 137.48 keV
Tl 3960 110.69 keV 44,037 eV --> 466.58 keV
0 32697 373.53 keV 1.5766 eV --> 1.0064 MeV
0 12 318.17 keV 8.8492 keV --> 733.6 keV
0 78 333.9 keV 28.997 keV --> 884.41 keV
p 394 688.83 keV 120.78 keV --> 1.2183 MeV

¥p 1 342.78 keV 342.78 keV --> 342.78 keV

g 880 232.28 keV 1.0446 keV -->525.1 keV
0T 5 26.888 keV 887.09 eV --> 68.674 keV
¥lTa 44625 19.465 keV 0.07925 eV --> 99.441 keV
%Ta 26 25.096 keV 22.912 keV --> 27.935 keV
Alfa () 1292 2.4076 MeV 50.247 keV --> 5.2495 MeV
Déteron (D) 24 1.796 MeV 74.484 keV --> 3.9207 MeV
Gama () 102846 855.53 keV 53.918 eV -->8.5798 MeV
Nétron (n) 24667 1.2899 MeV 2.4542 keV --> 4.4888 MeV
Proton (p) 218279 2.2659 MeV 50.967 eV -->5.1149 MeV

Ortalama momentum:; 41.837 keV

(149.38 eV > 9.98 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C12 --> N gamma + C13: 4 812.23 keV
neutron + C12 --> neutron + (12: 173162 154.36 eV
neutron + C13 --> neutron + C13: 1946 32,538 keV
ron + C135 --> N gamma + C136: 3 10,832 MeV
neutron + C135 --> N ganma + alpha + P32: 385 940.7
neutron + CL35 N gamma + neutron + C135: 2695 3.3358 ki
neutron + C135 --> N ganma + proton + 53 486 620,09
neutron + C135 «-> alpha + P3; 9 939.07
neutron + C135 --> nevtron + C13 799 Q= 24.323
neutron + CL35 --> proton + S35: 394 615.86
neutron + C137 --> N gamma + neutron + C137: 958 19.627 ki
neutron + C137 «-> alpha + P34: 1 1.5637 ¥
neutron + C137 --> neutron + C137: 3602 24,844
neutron + H1 N ganma + deuteron: 3 39.147
neutron + -=> neutron + proton: 217399 1.2264
neutron + H2 <> neutron + deuteron: 2 = 471.39
neutron + 016 --> N gamma + 017:
neutron + 016 --> N gamma + alpha + (13:
neutron + 016 --> neutron + 016
neutron + 017 > N ganma + neutron + 017:
neutron + 017 --> neutron + 017:
neutron + 018 --> N ganma + alpha + C15: 4,2583 MeV
neutron + 018 --> N gamma + neutron + 018: 2,7961 kev
neutron + 018 --> neutron + 018: 2 19,78 kev
neutron + Ta180 --> N gamma + neutron + Ta180; 0.036078 eV
neutron + Ta186 --> neutron + Ta18e: 6.7944 eV
neutron + Tal81 --> N gamma + Tal82: 2 1.496 MeV
neutron + Ta181 --> N gamma + neutron + Tal8l: 21006 338.8 kev
neutron + Ta18l --> neutron + Tal8l: 23619 Q= 2.1176 eV

Number of gamma: N = 1 --

List of genel particles:
173162 Emean = 3 ki (2.1438 906 MeV)
2841 Eme
6 Emean =
16685 Emean
3 Emean =
C137: 3960 Emean = 110.69 ke 3
016: 32697 Emean 373.53 k . > 1.0064 MeV)
12 Emean = 318.17 k (8 eV --> 733.6 kev)
78 Enmean 3339 (28, 41 keV)
E 688.83 ( 1.2183 MeV)
Emean = 342,78 kel . 342.78 keV)
232,26 . 525.1 kev)
5 Emean = 26.888 887.09 <> 68,674 keV)
44625 Emean = 19,465 ( 6.079 / 99,441 kev)
26 Enean = 25.096 2. «> 21,935 keV)
1292 Emean = 2.4076 ( s0. eV --> 5,2495 HeV)
24 Emean = (
102846 Eme.
24667 Emean
proton: 218279 Emean

8
)
B
B
B
A
B
f
al
i
A

Momentum balance: Pmean = 41,837 kev

Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1971924961, 133918618

1dtes |

Sekil 4.36. %60 epoksi ve %40 tantal i¢in simiilasyon ekran goriintiisii
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Cizelge 4.42. %70 epoksi ve %30 Tantal i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 165221 424.05 keV 0.57071 eV -->1.2906 MeV
Bc 2595 533.11 keV 302.36 eV -->1.3428 MeV
e 1 1.126 MeV 1.126 MeV --> 1.126 MeV
e 4 189.03 keV 189.01 keV --> 189.06 keV
*Cl 10100 108.43 keV 24519 eV -->491.97 keV
¥l 1 133.28 keV 133.28 keV --> 133.28 keV
Tl 3774 112.36 keV 25.61 eV -->466.16 keV
o) 31033 374.65 keV 0.88855 eV -->1.0068 MeV
o 18 341.28 keV 8.8492 keV --> 871.73 keV
o) 64 284.97 keV 762.21 eV -->871.32 keV
p 388 697.18 keV 126.9 keV --> 1.207 MeV
g 838 225.46 keV 2.2538 keV --> 522.88 keV
0T 2 14.455 keV 2.2009 keV --> 26.71 keV
¥lTa 27477 19.315 keV 0.21627 eV --> 99.466 keV
%Ta 24 25.441 keV 23.392 keV -->28.317 keV
Alfa () 1241 2.4507 MeV 50.283 keV --> 5.2485 MeV
Déteron (D) 30 1.9024 MeV 12.358 keV --> 3.8626 MeV
Gama () 66900 872.27 keV 10.47 eV --> 7.4425 MeV
Nétron (n) 16373 1.3133 MeV 2.6591 keV --> 4.4896 MeV
Proton (p) 207258 2.2656 MeV 54.364 eV -->5.1136 MeV

Ortalama momentum:; 33.501 keV

(117.52 eV --> 8.7776 MeV)
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B = a) 1331 8

aysequl@aysegul-VPCF24M1E: ~/Hadr03
neutron + C12 --> N gamma + C13: 12,6
eutron + (12 neutron + (12: 154.99
neutron + C13 --> neutron + C13: -32.731
neutron + CL35 --> N gamma + C136: 15.753
neutron + C135 --> N gamma + alpha + P32: 940.71
neutron + CL35 N gamma + neutron + C135: 6 1.4532
neutron + C135 --> N ganma + proton + 535: L 633.03
neutron + C135 «-> alpha + P32: 939.08
neutron + C135 --> neutron + C135:
neutron + CL35 --> proton + $35:
neutron + C137 --> N ganma + neutron + C137:
neutron + CL37 -+> neutron + CL37:
neutron + H1 --> N gamma + deuterol
neutron + Hi -«> neutron + proto
neutron + H2 --> neutron + deuteron:
neutron + 016 --> N ganma + 017:
neutron + 016 --> N gamma + alpha + C13: 848
neutron + 016 --> neutron + 016: 31033
neutron + 017 --> alpha + C14:
neutron + 017 --> neutron + 01
neutron + 018 --> N gamma + alpha
neutron + 018 N gamma + neutron + 018:
neutron + 018 --> alpha + C15:
neutron + 018 --> neutron + 018:
neutron + Tal180 --> N ganma + neutron + Ta180:
neutron + Ta180 --> neutron + Ta18e:
neutron + Ta181 --> N ganma + Ta182:
neutron + Ta181 --> N gamma + neutron ¢ Ta18l: 12888
neutron + Tal81 --> neutron + Talgl; 14589

Nunber of gamma: N = 1

List of generated particles:
C12: 165221 Emean = 424.05 kev  ( 0.570 06 MeV)
t 2595 Emean = 533.11 keV  ( 302.36 eV - 428 MeV)
1 Emean = 1,126 HeV 5 > 1,126 MeV)
4 Enean ( 0 / 189,06 kev)
10100 Emean K ( 24.5 > 491.97 keV)
1 Ene; 133.28 k ( -> 133,28 keV)
3774 Emean 112.36 keV ¥ > 466.16 keV)
31033  Eme: 374.65 kev  ( 5 1.0068 MeV)
18 Emean = 341.28 keV
64 Emean = 284,97 keV
388 Emean = 697.18 keV
535: 838 Emean 225
Ta180: 2 Emean = 14,455 ki
Tal8l: 27477 Enmean
Ta182: 24 Emean =
alpha: 1241 Emean 07 MeV
deuteron: 30 Emean = 1.9624 MeV 2,358 keV -«
gan 66900 Emean = 872,27 keV  ( eV 7.4425 MeV)
neutron 16373 Emean = 1.3133 MeV 2.6591 keV -<> 4,4896 MeV)
proton: 207258 Emean = 2,2656 MeV ( » 5,1136 Mev)

EE BRI T T

Momentun balance: Pmean = 33.561 kev ( =3 8,7776 Mev)

Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1871484087, 471203528

' 1dtes |

Sekil 4.37. %70 epoksi ve %30 tantal i¢in simiilasyon ekran gorilintiisii
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Cizelge 4.43. %80 epoksi ve %20 Tantal i¢in ¢ikan parcacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahgi
Sayisi Ortalama Enerjisi
’c 144667 420.96 keV 3.3067 eV -->1.2901 MeV
Bc 2370 532.12 keV 180.91 eV -->1.3436 MeV
e 2 1.1856 MeV 1.1662 MeV --> 1.205 MeV
e 1 189 keV 189 keV --> 189 keV
*Cl 8812 108.64 keV 13.821 eV -->491.55 keV
¥l 2 132.58 keV 114.05 keV --> 151.11 keV
Tl 3341 111.09 keV 50.227 eV --> 466.57 keV
o) 27380 372.43 keV 5.8564 eV -->1.006 MeV
o 15 326.73 keV 7.8721 keV --> 828.68 keV
o) 55 283.55 keV 2.6739 keV --> 866.1 keV
p 345 667.34 keV 131.38 keV --> 1.2059 MeV
g 750 227.84 keV 2.2538 keV --> 525.52 keV
0T 1 10.183 keV 10.183 keV --> 10.183 keV
¥lTa 14196 19.417 keV 0.4113 eV -->99.149 keV
%Ta 8 24.838 keV 23.565 keV --> 26.728 keV
Alfa () 1133 2.4131 MeV 50.28 keV --> 5.2433 MeV
Déteron (D) 30 1.6859 MeV 59.627 keV --> 3.9318 MeV
Gama () 38723 892.87 keV 45.255 eV -->8.5798 MeV
Nétron (n) 9646 1.3308 MeV 7.0077 keV --> 4.4603 MeV
Proton (p) 182595 2.2679 MeV 32.949 eV -->5.1136 MeV

Ortalama momentum:; 27.603 keV

(117.52 eV -->8.4893 MeV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03 - = 4) 133 %

neutron + C12 N gamma + (13: 4 798.34 keV
neutron + C12 --> neutron + C12: 144667 153.86 eV
neutron + C13 neutron + (1 1581 31,449 kev
neutron + C135 --> N ganma + C136: 2 MeV
neutron + C135 --> N gamma + alpha + P32: 339
neutron + C135 --> N gamma + neutron + C135: 243
neutron + C135 --> N ganma + proton + 535: 424
neutron + C135 --> alpha + P3. 6
neutron + C135 «-> neutron + C13 6569
neutron + C135 --> proton + $3 326
neutron + C137 --> N gamma + neutron + C137: 798
neutron + C137 --> neutron + C137; 2543
neutron + H1 --> N ganma + deuteron: 2
neutron + H1 --> neutron + proton: 181845
neutron + H2 neutron + deuteron: 28
neutron + 016 --> N gamma + 017: 5
neutron + 016 --> N gamma + alpha + C13: 785 507.36
neutron + 016 --> neutron + 01 27380 = 102,16
neutron + 017 --> N gamma + neutron + 017: = 734,89
neutron + 017 --> alpha + C14: 1.8186
neutron + 017 neutron + 017: Q= 94.979
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 «-> N gamma + neutron + 018:
neutron + 018 --> neutron + 018:
neutron + Ta186 --> neutron + Ta18e:
neutron + Ta181 --> N gamma + Tal182:
neutron + Tal81 --> N gamma + neutron + Ta181:
neutron + Tal8l --> neutron + Talsl:

Nunber of gamma: N

List of generated particles:
144667 Emean 420,96 keV
2376 Emean = 532,12 keV
2 Emean = 1.1856 MeV 1,205 MeV
1 Enean 189 kev -+> 189 keV)
2 Emean = 108.64 kev ( 13.82 «> 491.55 kev)
2 Emean 132.58 kev  ( eV --> 151,11 keV)
3341 Emean = 111.09 kev ( 5. > 466.57 keV)
27380 Emean = 372.43 kev  ( eV --> 1,006 MeV)
15 Emean = 326.73 keV . > 828.68 kev)
55 Emean = 283.55 kev
345 Emean = 667.34 keV
750 Emean = 227.84 keV
1 Emean = 10.183 keV
14196 Emean 19,417 keV
8 Emean = 24.838 kev
1133 Emean 2,4131 MeV
30 Emean = 1,6859 MeV
38723 Emean = 892.87 k ( 45,
9646 Emean = 1.3308 MeV § eV -->
proton: 182595 Emean 2.2679 Mev .

881

&
)
B
B
B
"
a
]
A
[

Momentum balance: Pmean = 27.603 kev 52 eV --> 8,4893 Mev)

- Ranecu engine status
Initial seed (index) = 0
Current couple of seeds = 304606699, 824538788

1dtes |

Sekil 4.38. %80 epoksi ve %20 tantal i¢in simiilasyon ekran goriintiisii
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Cizelge 4.44. %90 epoksi ve %10 Tantal i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi | Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahg
Sayisi Enerjisi
’c 110654 423.14 keV 7.8211 eV -->1.2901 MeV
Bc 1767 540.02 keV 180.27 eV -->1.3395 MeV
e 2 1.9776 MeV 1.9669 MeV --> 1.9883 MeV
e 4 189.02 keV 188.96 keV --> 189.09 keV
*Cl 6727 108.22 keV 14.048 eV -->491.58 keV
Tl 2602 112.29 keV 31.624 eV --> 466.55 keV
0 21128 374.59 keV 22.651 eV -->1.0065 MeV
0 6 389.33 keV 46.776 keV --> 811.65 keV
0 44 299.47 keV 9.1365 keV --> 866.1 keV
p 241 678.83 keV 172.8 keV --> 1.2028 MeV
g 589 234.32 keV 2.868 keV --> 523.26 keV
"¥1Ta 4845 19.379 keV 0.14974 eV -->98.639 keV
%2Ta 4 24.73 keV 23.957 keV --> 26.279 keV
Alfa () 830 2.3547 MeV 50.27 keV -->5.235 MeV
Déteron (D) 22 1.7917 MeV 217.29 keV --> 3.7717 MeV
Gama(y) | 17730 939.59 keV 42.268 eV --> 4.9465 MeV
Nétron (n) | 4619 1.3675 MeV 13.387 keV --> 4.4822 MeV
Proton (p) 141164 2.2711 MeV 8.0676 eV -->5.1077 MeV

Ortalama momentum: 22.485 keV

(169.73 eV > 7.0919 MeV)
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= 4 1337 8

aysegul@aysequl-VPCF24M1E: ~/Hadr03

@ List of nuclear reactions:

neutron + C12 -+> N gamma + C13: 6 3.0499 MeV
neutron + C12 --> neutron + C1 110654 154.66 eV
neutron + (13 neutron + C1 178 32.415 kev
neutron + C135 --> N gamma + alpha + P32 238 946.7 kev
neutron + C135 «-> N gamma + neutron + C135: 1685 481.71 eV
neutron + C135 --> N gamma + proton + $35: 3 623.78 kev
neutron + C135 ««> alpha + P32: 3 939,08 kev
neutron + C135 --> neutron + C135: 5042 .
neutron + C135 «-> proton + S35:
neutron + C137 --> N gamma + neutron + C13
neutron + C137 --> neutron + C137:
neutron + --> N gamma + deuteron:
neutron + > neutron + proton: 140575
neutron + H2 --> neutron + deuteron: 19
neutron + 016 «-> N ganma + 017: 2
neutron + 016 --> N ganma + alpha + C13: 583
neutron + 016 --> neutron + 016: 21128
neutron + 017 --> N gamma + alpha + C14:
neutron + 017 -«> N gamma ¢ neutron + 017:
neutron + 017 --> alpha + C14;
neutron + 017 --> neutron + 01
neutron + 018 --> N gamma + alpha + C15:
neutron 4 018 -«> N gamma + neutron + 018:
neutron + 018 --> alpha
neutron + 018 -+> neutron
neutron + Ta181 --> N gamma + Ta182:
neutron + Ta181 --> N gamma + neutron + Tai81:
neutron + Taigl --> neutron +

Number o

List of generated particles:
10654 Emean = 423.14 kev ( 7.82 901 MeV)
1767 Emean = 540.62 keV s . 395 Mev)
2 Emean = 1,9776 MeV
4 Emean = 189.62 kev
6727 Enmean 108.22 keV
2602 Eme 112,29 kev
21128 Emean = 374.59 keV
Emean = 389,33 keV
Emean = 299.47 keV  ( 9.13 > 866.1 keV)
Emean = 678.83 keV ( i/ ,2028 MeV)
Emean = 234.32 kev  ( 2.868 > 523.26 kev)
Emean = 19,379 kev (0. > 98,639 keV)
Emean =  24.73 keV 23.957 26,279 keV)
Emean 2,3547 Mev (50, -> 5,235 Mev)
Emean = 1.7917 MeV  ( 9 ==> 3,7717 MeV)
Emean = 939,59 kev ( 68 e > 4,9465 MeV)
Emean = 1.3675 MeV ( 13. ki > 4.4822 MeV)
2,271 Mev 0676 =+> 5,1077 Mev)

= BT T 1)

proton: 64 Emean

Momentum balance: Pmean = 22.485 keV ( 169.73 eV --> 7.0919 MeV)

Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1098896561, 1638167607

1dtes |

Sekil 4.39. %90 epoksi ve %10 tantal i¢in simiilasyon ekran goriintiisii
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Cizelge 4.45. %100 epoksi i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Ortalama | Parcacigin Enerji Arahgi
Sayisi Enerjisi
’c 58067 425.47 keV 4.1494 eV -->1.2902 MeV
Bc 876 544.64 keV 85.793 eV -->1.3375 MeV
e 2 189 keV 188.9 keV --> 189.11 keV
Cl 3591 106.57 keV 70.383 eV -->491.19 keV
¥Cl 1321 117.68 keV 15.438 eV -->466.06 keV
0 10710 371.03 keV 12.251 eV -->1.0061 MeV
0 9 501.22 keV 125.01 keV --> 940.13 keV
o 21 409.24 keV 12.122 keV --> 849.8 keV
p 130 685.96 keV 169.84 keV --> 1.2048 MeV
g 306 243.35 keV 4.604 keV -->524.65 keV
Alfa (a) 436 2.3937 MeV 50.255 keV --> 5.2278 MeV
Déteron (D) 10 1.4241 MeV 202.99 keV --> 2.9954 MeV
Gama (y) 4116 1.0588 MeV 340.41 eV --> 4.9463 MeV
Nétron (n) 1174 1.4545 MeV 10.618 keV --> 3.4604 MeV
Proton (p) 73277 2.2679 MeV 12.026 eV -->5.1112 MeV
Ortalama momentum: 18.415 keV (191.73 eV -->130.91 keV)

Sekil 4.40. %100 epoksi i¢in simiilasyon ekran goriintiisii
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Toryum(Th) malzemesi i¢in sonuglar;

Cizelge 4.46. %10 epoksi ve %90 Toryum i¢in ¢ikan pargacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Ortalama Parcacigin Enerji Arahg:
Sayisi Enerjisi
’c 47927 424.17 keV 7.7178 eV -->1.2902 MeV
Bc 752 548.46 keV 130.98 eV -->1.3395 MeV
bc 1 189.06 keV 189.06 keV --> 189.06 keV
>Cl 2963 106.97 keV 14.043 eV --> 491.24 keV
Tl 1092 116.19 keV 35.153 eV --> 465.85 keV
0 9070 372.31 keV 4.2022 eV -->1.0062 MeV
0 2 150.81 keV 100.96 keV --> 200.65 keV
o 21 326.25 keV 12.872 keV --> 747.1 keV
2p 111 671.38 keV 189.53 keV --> 1.203 MeV
g 247 226.69 keV 994.88 eV -->520.85 keV
“2Th 161166 14.359 keV 0.018685 eV --> 77.905 keV
“*Th 387 19.476 keV 16.285 keV --> 22.059 keV
Alfa (a) 360 2.4165 MeV 50.296 keV --> 5.2492 MeV
Déteron (D) 7 1.6816 MeV 287.92 keV --> 3.5047 MeV
Gama () 707173 283.33 keV 7.9907 eV -->9.164 MeV
Nétron (n) 77938 1.7744 MeV 3.0477 keV --> 17.412 MeV
Proton (p) 60423 2.2626 MeV 160.46 eV -->5.1148 MeV

Ortalama momentum: 1.4102 MeV

(211.27 eV -->425.8 MeV)
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aysequl®aysegul-VPCF24M1E: ~/Hadr03 s = 4) 1419 %
neutron + C135 --> alpha + P32: 5 = 939,07 k
neutron + C135 --> neutron + C13 2210 23.455
neutron + C135 --> proton + 535: 115 615,87
neutron + C137 «-> N gamma + neutron + CL37: 257
neutron + C137 --> neutron + C137: 835
ron + H1 --> neutron + proton: 60176
neutron + H2 --> neutron + deuteron: 7
neutron + 016 N ganma + alpha + C13: 248
neutron + 016 --> neutron + 016: 9676
neutron + 017 «-> neutron + 017:
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 --> N gamma + neutron + 018:
neutron + 018 --> neutron + 018;
neutron + Th232 --> ¢
neutron + Th232 --> 2 neutron:
neutron + Th232 --> 3 neutron:
neutron + Th232 --> 6 neutron:
neutron + Th232 «-> N gamm
neutron + Th232 --> N gamma + 16 neutrol
neutron + Th232 N ganma + 2 neutron:
neutron + Th232 --> N gamma + 3 neutron: 1 = 3,1486 MeV
neutron + Th232 N gamma + 4 neutron: 5.256 MeV
neutron + Tha32 --> N gamma + 5 neutron: ) = 7.5576 MeV
N ganma + 6 neutron: 10.375 MeV
> N ganma + 7 neutron: 10.453 Mev
N gamma + 8 neutron: Q= 13.061 Mev
neutron + Th232 --> N gamma + 9 neutron: (] 13,98 Mev
neutron + Th232 «-> N gamma + Th233: Q= 4.8059 Mev
neutron + Th232 --> N ganma + neutro 6 Q = -1,3753 MeV
neutron + Th232 -+> N gamma + neutron + Th23, 9 = 3.6465
neutron + Th232 --> neutron: 2.3604
neutron + Th232 «-> neutron + Th232: 91833 = 1.0845

Nunber of gamma: N = 1

List of generated particles:
C12: 47927 Emean = 424.17 kev  ( -+> 1,2902 HeV)
752 Emean = 548.46 kev ( 130.98 eV -- 395 MeV)
1 Emean = 189.06 kev ( 189,06 kev .06 kev)
2963 Emean = 106.97 keV 491.24 keV)
1092 Eme: 6.19 kev (3 € -3 465,85 kev)
9070 Emean 2.31 keV
2 Emean .81 kev
21 Emean 26.25 keV
111 Eme 671.38 kev
247 Emean
161166 Emean 3 ( eV --> 77,905 keV)
387 Emean = N Vv 16.285 kev 059 keV)
3606 Emean ,416 V(50,296 kev 5.2492 Mev)
7 Emean = 1.6816 Me (28 . A MeV)
707173  Emean 3.33 kev  ( 967 e -> 9,164 MeV)
77938 Emean =
proton: 60423 Eme 12626 Me\ 6 =+> 5,1148 MeV)

8
5
B
B
B
*
B
f
A
A

Momentun balance: Pmean = 1.4162 MeV eV --> 425.8 MeV)

Ranecu engine status
= Initial seed (index) = 0
Current couple of seeds = 1460361147, 965151820

1dte> |

Sekil 4.41. %10 epoksi ve %90 toryum igin simiilasyon ekran goriintiisii
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Cizelge 4.47. %20 epoksi ve %80 Toryum i¢in ¢ikan pargacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parc¢acigin Ortalama Parcacigin Enerji Arahig:
Sayisi Enerjisi

’c 83567 422.5 keV 1.1573 eV -->1.2904 MeV
Bc 1362 546.87 keV 297.43 eV -->1.3432 MeV
e 3 189.11 keV 189.01 keV --> 189.19 keV
Cl 5083 110.54 keV 16.344 eV -->491.21 keV
%Cl 4 139.4 keV 127.53 keV --> 147.01 keV
Tl 1825 110.77 keV 20.959 eV --> 466.62 keV
0 15732 370.6 keV 6.9588 eV -->1.0039 MeV
0 7 229.34 keV 29.632 keV --> 714.66 keV
0 35 317.05 keV 5.8777 keV --> 829.58 keV
p 187 717.92 keV 122.19 keV --> 1.1952 MeV

g 431 215 keV 1.408 keV --> 523.65 keV
“2Th 124664 14.292 keV 0.0367 eV --> 77.807 keV
“5Th 299 19.561 keV 17.751 keV --> 22.059 keV
Alfa () 661 2.3141 MeV 50.282 keV --> 5.2255 MeV
Déteron (D) 15 1.9105 MeV 37.938 keV --> 3.9419 MeV
Gama (y) 549644 288.38 keV 0.94586 eV --> 8.8862 MeV
Nétron (n) 61637 1.7669 MeV 353.85 eV -->14.301 MeV
Proton (p) 105366 2.2665 MeV 5.4939 eV -->5.1119 MeV

Ortalama momentum: 971.09 keV

(107.02 eV > 370.71 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C135 --> N gamma + proton + 535: 219 616.6 keV
neutron + CL35 --> neutron + CL35: 3747 23,976 eV
neutron + C135 --> proton + 535: 182 615.87 keV
neutron + C137 ganma + neutron + CL37: 463 14.721 kev
nevtron + C137 --> neutron + C137: 1362 24.716 eV
neutron + H1 -=> N gamma + deuteron: 1 37.957 kev
neutron + H1 --> neutron + proton: 104935 1,2267 keV
neutron + H2 -«> neutron + deuteron: 14 5133 eV
neutron + 016 --> N gamma + 017: 1 -86,423 keV
neutron + 016 --> N gamma + alpha + C13: 4711 = 497,77 kev
neutron + 016 --> neutron + 016
neutron + 017 --> N gamma + neutron + 01
neutron + 017 --> neutron + 01
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 --> N ganma + neutron + 018
neutron + 018 --> neutron + 018:
neutron + Th232 --> 4 neutron:
neutron + Th232 ««> N gamma:
neutron + Th232 --> N gamma + 2 neutron:
neutron + Th232 -«> N gamma + 3 neutron:
neutron + Th232 --> N ganma + 4 neutro
neutron + Th232 --> N gamma + 5 neutron:
neutron + Th232 --> N gamma + 6 neutron: 0
neutron + Th232 --> N gamma + 7 neutron: = 12.641 Mev
neutron + Th232 --> N ganma + 8 neutron: Q= 14,072 MeV
neutron + Th232 ««> N gamma + 9 neutro Q= 17.038 Mev
neutron + Th232 --> N gamma + Th233: Q= 4.7909
neutron + Th232 -«> N gamma + neutron: 456 Q= -1,5881 Mev
neutron + Th232 --> N ganma + neutron + Th232: 53477 Q= 3.2252 keV
neutron + Th232 «-> neutron: Q= 1.3
1

1 13495 MeV
neutron + Th232 --> neutron + Th232: 71187 .0818 eV

Nunber of gamma: N = 1 -->

422.5 keV 1,1573 eV --> 1.2904 MeV)
546.87 kev (297,43 eV --> 1,3432 MeV)
189.11 keV  ( 189.01 keV --> 189.19 keV)
110,54 kev  ( 16,344

139.4 ke 127.53 kev

116.77 kev  ( 20,959 eV

370.6 kev  ( 6.9588 eV

229.34 kev 29,632 kev
317,05 kev 5.8777 keV 9.58 keV)
77.92 keV (122,19 kev 11952 Mev)

215 keV 1.408 keV -- 65 kev)

Enean 14,292 kev  ( 0.0367 eV --> 77,807 keV)
Emean = 19.561 keV 17,751 kev 22,059 keV)
Emean = 2,3141 MeV  ( 50. 55 Mev)
Emean = 1.9165 MeV ( V <> 3,9419 MeV)
549644 Emean = 288.38 keV  ( 0.94586 eV --> 8,8862 MeV)
61637 Emean = 1.7669 MeV  ( 353.85 eV 301 Mev)
proton: 105366 Emean = 2.2665 MeV ( 5.4939 eV - 119 MeV)

4
A
B
B
B
A
B
7
A
[

Homentun balance: Pmean = 971,69 kev 107,02 eV --> 376.71 HeV)

sene Ranecu engine status
= Initial seed (index) = 0
' Current couple of seeds = 1838429433, 656143734

1dtes I

Sekil 4.42. %20 epoksi ve %80 toryum i¢in simiilasyon ekran goriintiisii
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Cizelge 4.48. %30 epoksi ve %70 Toryum i¢in ¢ikan pargacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi

’c 109573 423.33 keV 2.3255 eV -->1.2901 MeV
Bc 1724 532.77 keV 28.992 eV -->1.3383 MeV

e 3 189.16 keV 189.1 keV --> 189.23 keV

Cl 6590 108.87 keV 29.19 eV -->491.76 keV
%cl 1 135.01 keV 135.01 keV --> 135.01 keV
¥l 2495 112.64 keV 19.931 eV -->464.92 keV
0 20821 373.4 keV 13.177 eV --> 1.0058 MeV
0 9 211.33 keV 9.1989 keV --> 613.95 keV
0 38 343.21 keV 7.0865 keV --> 892.59 keV
p 255 672.68 keV 174.98 keV --> 1.1962 MeV

g 534 239.36 keV 2.6463 keV --> 524.8 keV
“2Th 94751 14.261 keV 0.023079 eV -->77.733 keV
“5Th 192 19.491 keV 17.691 keV --> 21.058 keV
Alfa () 813 2.4503 MeV 50.305 keV --> 5.2458 MeV
Déteron (D) 18 1.1346 MeV 13.985 keV --> 3.7181 MeV
Gama (y) 414614 293.73 keV 3.0661 eV -->8.3913 MeV
Nétron (n) 46957 1.7649 MeV 2.7538 keV --> 13.974 MeV
Proton (p) 137094 2.2721 MeV 12.026 eV -->5.1133 MeV

Ortalama momentum: 641.39 keV

(202.14 eV --> 335.62 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03 - B = 4) 1426 %
neutron + C135 --> N gamma + proton + 535: 9 616.71 keV
neutron + CL35 «-> alpha + P32: 939.07 kev
neutron + C135 --> neutron + C135: 4 23.523 eV
neutron + CL35 --> proton + 535: 23 kev
neutron + C137 --> N ganma + neutron + C137: b v kev
neutron + CL37 --> neutron + C137; T eV
neutron + H1 --> N gamma + deuterol -92.897 kev
neutron + H1 -=> neutron + proton: 5 kev
nevtron + H2 --> neutron + deuteron: 292,01 eV
neutron + 016 --> N gamma + alpha + C13: .05 kev
neutron + 016 --> neutron + 016; A3 eV
neutron + 017 -+> N gamma + neutron + 017: 9.1167 eV
neutron + 017 --> neutron + 017; ev
neutron + 018 --> N gamma + alpha + C15: = 4, Mev
neutron + 018 --> N gamma + neutron + 018: 2. ke
neutron + 018 -«> neutron + 018: 6 953 kev
neutron + Th23 > 2 neutron: = -1,6945 Mev
neutron + Th232 «-> N gamma: . Mev
neutron + Th232 --> N ganma + 2 neutron: 612.58 kev
neutron + Th232 -<> N gamma + 3 neutrol
neutron + Th232 --> N gamma + 4 neutron:
neutron + Th232 --> N gamma + 5 neutron:
neutron + Th232 --> N gamma + 6 neutron:
neutron + Th232 -«> N gamma + 7 neutron:
neutron + Th232 --> N ganma + 8 neutron:
neutron + Th232 --> N gamma + 9 neutron:
neutron + Th232 --> N gamma + Th233:
neutron + Th232 -«> N gamma + neutron:
neutron + Th232 --> N ganma + neutron + Th232:
neutron + Th232 --> neutron:
neutron + Tha32 --> neutron + Th232:

Nunber of gamma: N

List of generated particles:
109573 Emean = 423.33 keV ( 2. > 1.2901 MeV)
1724 Emean = 532,77 kev  ( 28. =3 1,3383 Mev)
189.16 kev  ( 189, 189.23 keV)
108.87 kev (29 . 491,76 kev)
135.01 kev (135, > 135,01 keV)
112,64 ke ( 19.9 -+> 464,92 kev)
Emean =  373.4 keV  ( 13.177 eV 058 MeV)
Emean = 211,33 keV 9.1989 keV 613.95 kev)
3 (1 7.0865 keV --> 892,59 keV)

8
e
B
B
B
)
B
%
A
B
A

174,98 keV -->
2.6463 keV -
Emean = 14,261 kev  ( 0.623079 eV
Emean = 19,491 keV 17,691 kev
Emean ! ( 50.305 kev
Emean = 1.1346 MeV (1
414614 Emean = 293.73 kev (3.
neutron: 46957 Emean = 1.7649 MeV 2
1

proton: 137694 Emean 2.2721 MeV 2

2,026 eV
Momentun balance: Pmean = 641.39 keV 202.14 eV --> 335,62 MeV)
Ranecu engine status

Initial seed (index) =
: Current couple of seeds = 1455447717, 2128977074

1dtes |

Sekil 4.43. %30 epoksi ve %70 toryum i¢in simiilasyon ekran goriintiisii
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Cizelge 4.49. %40 epoksi ve %60 Toryum i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 125807 420.83 keV 1.7878 eV -->1.2902 MeV
Bc 2004 528.29 keV 148.3 eV -->1.3446 MeV
e 3 189.06 keV 188.97 keV --> 189.11 keV
Cl 7631 108.62 keV 12.208 eV -->491.71 keV
%Cl 1 128.71 keV 128.71 keV --> 128.71 keV
Tl 2895 113.16 keV 2.3582 eV --> 465.62 keV
0 23692 377.56 keV 2.4093 eV -->1.0064 MeV
0 11 301.68 keV 98.768 keV --> 858.31 keV
0 54 325.39 keV 5.6574 keV --> 884.41 keV
p 281 683.74 keV 126.28 keV --> 1.209 MeV
g 596 228.43 keV 1.3285 keV --> 524.81 keV
“2Th 70452 14.205 keV 0.091037 eV -->77.78 keV
“5Th 169 19.461 keV 16.896 keV --> 21.413 keV
Alfa (o) 916 2.4112 MeV 50.273 keV --> 5.2448 MeV
Déteron (D) 24 1.5046 MeV 4.5826 keV --> 3.6643 MeV
Gama (y) 311449 302.39 keV 7.566 eV -->9.2639 MeV
Nétron (n) 35994 1.7569 MeV 10.938 keV --> 16.345 MeV
Proton (p) 159292 2.2674 MeV 34.885 eV -->5.1146 MeV

Ortalama momentum: 472.16 keV

(103.25 eV --> 325.3 MeV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03 &z ® 4) 1429 &
neutron + C135 --> N gamma + neutron + C135: 1943 1
neutron + C135 --> N gamma + proton + S35: 305 616.65
neutron + €135 --> alpha + P32: 2 939.66 keV
neutron + C135 neutron + C135: 5688 23,705 eV
neutron + C135 --> proton + §35: 291 615,87 keV
neutron + CL37 --> N gamma + neutron + C37: 765 193,56 eV
neutron + C137 --> neutron + C137: 2130 25.387 eV
neutron + H1 -+> N ganma + deuterol 2 5.0811 kev
neutron + H1 --> neutron + proto 69 1.22n
neutron + H2 --> neutron + deutero 2 390.5 eV
neutron + 016 --> N gamma + 1,5635 MeV
neutron + 016 «-> N gamma + alpha + (13: 539,09 kev
neutron + 016 --> neutron + 016:
neutron + 017 --> N gamma + neutron + 017:
neutron + 017 --> neutron + 017:
neutron + 018 --> N gamma + alpha + C15:
neutron + 018 --> N gamma + neutron + 01
neutron + 018 neutron + 018
neutron + Th232 --> N gamm
neutron + Th232 -<> N gamma + 2 neutron:
neutron + Th232 --> N gamma + 3 neutron:
neutron + Th232 --> N gamma + 4 neutron:
neutron + Th232 --> N gamma + 5 neutron:
neutron + Th232 --> N gamma + 6 neutron:
neutron + Th232 --> N gamma +
neutron + Th232 --> N gamna + 8
neutron + Th232 --> N gamma + 9
neutron + Th232 > N ganma
neutron + Th232 --> N ganma + ne 295 -1,5023 Me
neutron + Th232 --> N gamma + neutron + Th232: 29816 = 3.8984 kev
neutron + Th232 --> neutron + Th232: 40636 1.0876 eV

25

Nunber of gamma: N = 1

List of generated particles:

2: 125807 Emean = 420.83 kev ( 1.7878 eV 1.2902 MeV)
kev (1483 eV > 1,3446 Mev)
kev  ( 188.97 kev

Enean .62 kev (12,208 eV
keV 128.71 kev
kev ( 2.3582 ev
Emean = 377.56 keV 2.4093 eV
Emean = 301.68 kev 98.768 kev
325.39 kel 5.6574 kev
683.74 k 26,28 k
228.43 keV  ( 1.3285 keV
Emean 14,205 ki ( 0.091037 eV
169 Emean = 19.461 keV 16.896 kev 1.413 keV)
916 Emean 2,4112 MeV 12448 Mev)
deuteron: 24 Emean = 1,5046 MeV 4.5826 keV --> 3.6643 MeV)
ganma: 311449 Emean = 302,39 kev +5 2639 MeV)
neutron: 35994 Emean = 1.7569 MeV  ( 10.938 keV --> 16,345 MeV)
proton: 159292 Emean = 2.2674 MeV 34,885 eV --> 5,1146 Mev)

8
4]
B
B
B
*
B
f
A
A

Momentum balance: Pmean = 472,16 keV 103.25 eV --> 325.3 Mel

aene Ranecu engine status
Initial seed (index) = 6
= Current couple of seeds 745271332, 1074432845

' 1dte> |

Sekil 4.44. %40 epoksi ve %60 toryum i¢in simiilasyon ekran goriintiisii
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Cizelge 4.50. %50 epoksi ve %50 Toryum i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 135679 422.96 keV 3.5428 eV -->1.2902 MeV
Bc 2193 541.25 keV 34574 eV -->1.3419 MeV
e 2 1.5102 MeV 1.3492 MeV --> 1.6713 MeV
e 8 189 keV 188.88 keV --> 189.07 keV
*Cl 8304 110.6 keV 28.346 eV -->491.78 keV
¥l 1 140.19 keV 140.19 keV --> 140.19 keV
Tl 3045 115.43 keV 20.959 eV --> 466.53 keV
o) 25295 372.92 keV 33.084 eV -->1.0058 MeV
o 9 359.6 keV 63.88 keV --> 713.9 keV

o) 55 333.26 keV 4.7869 keV --> 894.35 keV
p 316 693.42 keV 142.27 keV --> 1.2182 MeV

g 689 219.45 keV 2.7824 keV --> 524.81 keV
“2Th 50432 14.191 keV 0.16237 eV --> 77.768 keV
“*Th 117 19.476 keV 16.896 keV --> 21.548 keV
Alfa () 1062 2.3795 MeV 50.249 keV --> 5.2448 MeV
Déteron (D) 26 1.7301 MeV 206.18 keV --> 3.7181 MeV
Gama (y) 226059 314.1 keV 2.0583 eV -->9.1807 MeV
Nétron (n) 26791 1.7485 MeV 4.8402 keV --> 14.279 MeV
Proton (p) 170778 2.2687 MeV 3.8334 eV -->5.1131 MeV

Ortalama momentum: 364.93 keV (142.92 eV -->373.4 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C135 --> alpha + P32:
neutron + C135 neutron + Cl3!
neutron + C135 --> proton + 535:
neutron + C137 --> N gamma + neutron + CL37:
neutron + C137 --> neutron + C137:
neutron + H1 --> N gamma + deuteron:
neutron + H1 --> neutron + protol
neutron + H2 --> neutron + deuteron:
neutron + 016 --> N ganma + 017:
neutron + 016 --> N ganma + alpha + C1
neutron + 016 --> neutron + 016
neutron + 017 --> alpha + C1.
neutron + 017 --> neutron + 017:
neutron + 018 --> N ganma + alpha + C15:
neutron + 018 --> N ganma + neutron + 01¢
neutron + 018 --> alpha + C15:
neutron + 018 --> neutron + 018:
neutron + Th232 --> 3 neutron:
neutron + Th232 --> N gamm
neutron + Th232 --> N gamma + 2 neutron
neutron + Th232 --> N ganma + 3 neutro
neutron + Th232 --> N gamma + 4 neutron:
neutron + Th232 --> N gamma + 5 neutron:
neutron + Th232 --> N gamma + 6 neutron:
neutron + Th232 --> N gamma + 7 neutron:
neutron + T > N ganma + 8 neutron:
neutron + Th232
neutron + Th232
neutron + Th232 -
neutron + Th232 --> neutron +

Number of

List of generated particles:
C12: 135679 Emean .96 kev
(13 2 Emean = .25 keV
14; 2 Emean = 1.5162 Mev
15 8 Enean 189 keV
35 83064 Enmean
€136 1 Emean
c137 3045 Eme
016: 25295 Emean =
9 Emean
55 Emean = 333.26 keV N
316 Emean = 693.42 kev (142
[
A

8
»
=]
B
B
W
B
]
A
A

689 Emean = 219.45 ke
50432 Emean 14,191 kev

1062 Emean 2,3795 Mev

26 Emean = 7301 MeV

gamma; 226059 Emean 314.1 kev
neutron 26791 Emean = 11,7485 MeV
proton: 170778 Emean 2.2687 MeV

Honentun balance: Pmean = 364.93 kev
- Ranecu engine status --

Initial seed (index) = 0
Current couple of seeds = 1814983591, 506258354

Sekil 4.45. %50 epoksi ve %50 toryum i¢in simiilasyon ekran goriintiisii

6237 eV
117 Emean = 19.476 keV 6.896 kev

323.95
102,29
1.8179
99.481
4.2583

4.9595 ¥
8.1394 |
10.649 »
9.8992 |
14,393
4.8059
1.5505
3.8388 kev
1.0884 eV

-+> 1,2902 MeV)

> 1,3419 MeV)
)

89.07 keV)
491.78 kev)

V <> 140.19 k

9.1807 MeV)
1279 Mev)
5,131 Hev)

> 373.4 MeV)
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Cizelge 4.51. %60 epoksi ve %40 Toryum i¢in ¢ikan pargacik sayisi-enerji iligkisi

Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahgi
Sayisi Enerjisi

’c 136236 421,53 keV 1.3763 eV -->1.2901 MeV
Bc 2235 531.17 keV 180.27 eV --> 1.3405 MeV
e 1 188.98 keV 188.98 keV --> 188.98 keV
Cl 8357 106.95 keV 5.3044 eV -->491.97 keV
%cl 3 148.92 keV 127.53 keV --> 184.21 keV
¥l 3127 110.67 keV 9.3478 eV --> 466.57 keV
0 25858 371.85 keV 11.996 eV --> 1.0061 MeV
0 14 265.54 keV 8.8492 keV --> 881.88 keV
0 57 342.24 keV 13.646 keV --> 894.35 keV
p 321 673.24 keV 130.55 keV --> 1.2158 MeV
g 699 226.2 keV 2.7824 keV --> 524.88 keV
¥’ 1 260.85 keV 260.85 keV --> 260.85 keV
“2Th 34154 14.206 keV 0.38394 eV --> 77.717 keV
“*Th 65 19.427 keV 18.09 keV --> 20.338 keV
Alfa () 1056 2.4126 MeV 50.275 keV --> 5.2448 MeV
Déteron (D) 30 1.6988 MeV 1.9129 keV --> 3.9572 MeV
Gama (y) 156940 328.05 keV 2.0583 eV -->9.5566 MeV
Nétron (n) 18805 1.7179 MeV 9.2668 keV --> 12.744 MeV
Proton (p) 173116 2.2686 MeV 26.72 eV -->5.1131 MeV

Ortalama momentum: 234.38 keV

(11752 eV > 363.02 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03

neutron + C135 --> alpha + P3
neutron + C135 --> neutron + C13

neutron + C135 --> proton + 535:

neutron + C137 --> N gamma + neutron + C137:

neutron + C137 --> N ganma + proton + $37:
neutron + CL37 --> neutron + C13'

neutron + Hl --> N gamma + deuterol 7.3786 keV

neutron + H neutron + protol Q= 1.2278 kev

nevtron + H2 --> neutron + deuteron 7 444,45 eV

neutron + 016 N ganma + 01 1.9797 Mev

neutron + 016 --> N ganna + alpha + C13: -453.47 kev
neutron + 016 neutron + 0: 102 e\

neutron + 017 --> N gamma + neutron + 01 0.015167 eV
neutron + 017 --> neutron + 01 67.868 eV

neutron + 018 --> N ganma + alpha + C1 2593 Mev
neutron + 018 --> N gamma + neutron + 018: 328.8 eV
neutron + 018 --> neutron + 018: -20.635 kev

neutron + Th232 -<> 4 neutrol 1.8704 Mev

neutron + Th232 --> N gamm -3.8038 Mev

neutron + Th232 --> N gamma + 2 neu! : 0.23 keV
neutron + Th232 --> N gamma + 3 neutron: 3.2364 MeV
neutron + Th232 gamma + 4 neutron: 5.2332 Mev

neutron + Th232 --> N ganma + 5 neutron: ) 6592 Mev

neutron + Th232 --> N gamma + 6 neutrol 12,063 MeV

neutron + Th232 - ganma + 7 neutro
neutron + Th232 ganma + 8 neutron:

neutron + Th232 --> N gamma + Th233: 65

neutron + Th232 --> N gamma + neutron 123

neutron + Th232 --> N ganma

B R R
939.67 keV
23.25 ¢
615.87 kev
24.446 kev
-2.527 eV

25.107 eV

1.2821 MeV
+ neutron + Th232: 14393 3.7745 k
neutron + Th232 --> neutron + Th32: 19761 Q= 1.0884 eV
Nunber of gamma: N = 1

List of generated particles:
Q1 136236 Emean 421,53 kev
2235 Emean = 531.17 keV
Emean 188.98 kev
166.95 keV
148,92 kev
110.67 keV B )
371.85 kev  ( 11.996 --> 1.0061 MeV)
265.54 kev  ( 8.849 > 881.88 keV)
342.24 kev kev)
673.24 keV
226.2 kev
1 Emean = 260.85 ke
34154 Emean 14,206 kev
65 Emean = 19.427 keV
1056 Emean 2,4126 Mev
deuteron: 30 Emean = 1.6988 MeV
gamma: 156940 Emean 328.65
neutron: 18805 Emean = 1.7179 MeV
proton: 173116 Emean 2.2686 MeV

]
)
(=]
]
)
n
B
)
B
A
[

> 5,1131 MeV)
Momentun balance: = 234,38 kev > 363.02 Mev)

- Ranecu engine status
Initial seed (index) = 0
Current couple of seeds = 1724868336, 1012606

1dles |

Sekil 4.46. %60 epoksi ve %40 toryum i¢in simiilasyon ekran goriintiisii
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Cizelge 4.52. %70 epoksi ve %30 Toryum i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik | Parcacigin Ortalama Parcacigin Enerji Arahgi
Sayisi Enerjisi

’c 131444 423.38 keV 3.9037 eV -->1.2902 MeV
Bc 2129 541.73 keV 148.3 eV -->1.3436 MeV
e 7 189.08 keV 188.98 keV --> 189.18 keV
Cl 8149 108.83 keV 22.066 eV -->491.72 keV
%cl 2 131.27 keV 127.53 keV --> 135.01 keV
Tl 2954 111.8 keV 18.998 eV --> 466.06 keV
0 24686 371.65 keV 0.88855 eV --> 1.0065 MeV
0 8 292.79 keV 72.878 keV --> 678.17 keV
0 49 296.93 keV 9.4665 keV --> 894.35 keV
p 300 651.4 keV 184.85 keV --> 1.2112 MeV

g 667 243.64 keV 858.88 eV -->524.72 keV
“2Th 20882 14.095 keV 0.091764 eV -->77.78 keV
“5Th 41 19.63 keV 18.557 keV --> 23.117 keV
Alfa () 1019 2.3699 MeV 50.274 keV --> 5.2415 MeV
Déteron (D) 19 2.0685 MeV 161.77 keV --> 3.9712 MeV
Gama (y) 98448 354 keV 25.289 eV -->8.5041 MeV
Nétron (n) 12574 1.706 MeV 11.303 keV --> 14.279 MeV
Proton (p) 165904 2.2673 MeV 5.091 eV -->5.1149 MeV

Ortalama momentum: 173.05 keV

(223.07 eV > 343.15 MeV)
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aysegul@aysequl-VPCF24M1E: ~/Hadr03
neutron + C135 --> N gamma + proton + 535: 351
neutron + C135 --> alpha + P32: 4
neutron + C135 --> neutron + C135:
neutron + CL35 «-> proton + S35: 316
neutron + C137 --> N ganma + neutron + C137: 48]
neutron + CL37 --> neutron + C13' 24
neutron + H1 --> N ganma + deutero 1
neutron + H1 --> neutron + proto 165237
nevtron + H2 --> neutron + deutero
neutron + 016 «=> N ganma + 017:
neutron + 016 --> N gamma + alpha + C13:
neutron + 016 --> neutron + 016
neutron + 017 --> N gamma + neutron + 0:
neutron + 017 «+> neutron + 01
neutron + 018 --> N gamma + alpha + (1
neutron + 018 --> N gamma + neutron + 018:
neutron + 018 --> alpha + C15:
neutron + 018 neutron + 018:
neutron + Th232 --> N gamma:
neutron + Th232 --> 2 neutron:
neutron + Th232 --> 3 + 3 neutrol
neutron + Th232 --> N gamma + 4 neutron:
neutron + Th232 --> N gamma + 5 neutron:
neutron + Th232 --> N gamma + 6 neutron:
neutron + Th232 --> N gamma + 7 neutron:
neutron + Th232 ««> N gamma + 8 neutron:
neutron + Th232 -
neutron + Th232 --> N ganma + Th23:
neutron + Th232 --> N ganma + neutroj
neutron + Th232 -+> N gamma + neutron + Th3,
neutron + Th232 --> neutron + Th232: 12152

Number of gamma: N = 1

List of generated particles:
2: 131444 Emean = 423.38 keV
2129 Emean = 541.73 kev
7 Enean = 189.08 kev
8149 Emean = 10 kev
2 Emean = 131.27 keV
Emean 111.8 kev
24686 Emean = 371.65 keV
8 Emean = 292.79 kev
49 Emean = 296.93 keV
300 Emean 651.4 kev
667 Emean = 243.64 keV
20882 Emean = 14,095 kev 0.691764 el
41 Emean = 19.63 keV  ( 18.557 kev
1019 Emean 2.3699 Mev  ( 50.274
19 Emean = 2,0685 MeV  ( 161.77 ke
98448 Emean 354 kev (25,289 eV
12574 Emean = 1,706 MeV  ( 11.303 kev

proton: 165904 Emean 2.2673 MeV  ( 5.091 eV

CAEE BT T T

Momentum balance: Pmean = 173.05 kev 223.07 &V

. - Ranecu engine status --
Initial seed (index) = @
Current couple of seeds = 38698417

1dles I

Sekil 4.47. %70 epoksi ve %30 toryum igin simiilasyon ekran goriintiisii

616.64
939.08
23.78
615.87
Q = -176.66
25.44
-96.618 k

11.892
11.257
17.251

1.3436 Me
-> 189.18 keV)
-+> 491,72 keV)
> 135,01 keV)
.06 kev)
> 1.0065 MeV)

7.78 keV)
23.117 keV)
-+> 5,2415 MeV)
-> 3.9712 MeV)
8.5041 Mev)
279 hev)

> 5,1149 Mev)

43.15 HeV)
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Cizelge 4.53. %80 epoksi ve %20 Toryum i¢in ¢ikan parcacik sayisi-enerji iliskisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi

’c 116360 422.13 keV 6.6398 eV -->1.2903 MeV
Bc 1807 536.71 keV 513.92 eV -->1.3392 MeV
e 1 1.803 MeV 1.803 MeV --> 1.803 MeV
e 3 188.98 keV 188.94 keV --> 189.06 keV
*Cl 7120 110.67 keV 3.4746 eV -->491.65 keV
%Cl 3 119.54 keV 100.48 keV --> 135.01 keV
Tl 2722 113.68 keV 6.9622 eV -->466.13 keV
o) 22061 372.28 keV 12.194 eV -->1.0061 MeV
o 12 254.69 keV 7.8721 keV --> 560.1 keV
o) 50 241.09 keV 9.4665 keV --> 846.9 keV
p 251 669.74 keV 142.27 keV --> 1.2099 MeV

g 617 228.23 keV 2.6704 keV --> 524.72 keV

' 1 86.978 keV 86.978 keV --> 86.978 keV
“2Th 10897 14.124 keV 0.27279 eV -->77.729 keV
“*Th 30 19.581 keV 18.426 keV --> 20.524 keV
Alfa () 880 2.374 MeV 50.265 keV --> 5.235 MeV
Déteron (D) 17 1.7817 MeV 51.281 keV --> 3.909 MeV
Gama () 54573 399.92 keV 2.9572 eV -->10.543 MeV
Nétron (n) 7523 1.6898 MeV 11.471 keV --> 11.618 MeV
Proton (p) 148634 2.2718 MeV 8.336 eV -->5.1132 MeV

Ortalama momentum; 119.17 keV

(146.37 eV --> 352.46 MeV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03
neutron + C135 --> alpha + P32:
neutron + C135 --> neutron + C3
neutron + €135 --> proton + §35:
neutron + C137 N gamma + neutron + CL3
neutron + C137 --> N ganma + proton + 537
neutron + CL37 --> neutron + C137:
neutron + H1 --> N ganna + deuteron:
neutron + H1 --> neutron + proton:
neutron + H2 --> neutron + deuteron; 475,71
neutron + H2 --> proton + 2 neutrol = +1,9043
neutron + > N ganma + 01 -1.2823
neutron + 016 «-> C 62 500.28
neutron + > neutron + 016
neutron + 017 --> N gamma + alpha + C1. 1.8177 Mev
neutron + 017 --> neutron + 01 64.679
neutron + 018 N gamma + alpha + C1
neutron + 018 - ganna + neutron + 018:
neutron + neutron + 018: 14.101 kev
neutr 232 --> N ganna: = -3.5686 MeV
neutron + Th232 --> N gamma + 2 neutron
neutron + Th232
neutron + Th232 --> N gamma + 4 neutro
neutron + Th232 --> N gamma + 5 neutron:
neutron + Th232 --> N gamma + 6 neutron:
neutron + Th232 --> N ganma + 8 neutron: eV
neutron + Th232 --> N gamma + Th23: Q .86 Mev
neutron + Th232 --> N ganma + neutro 6 = -1, Me!
neutron + Th232 N gamma + neutron + Th232: 5 kev
neutron + Th232 --> neutron + Th232:

Number of ganma: N

List of generated particles:
C12: 116360 Emean = 422.13 keV (6. Ve 1
C13: 1807 Emean 536.71 kev (5 2 > 1,3392 MeV)
1 Emean =  1.803 MeV .803 ) > 1,803 MeV)
3 Emean 188.98 kev  ( 186 e 189,06 kev)
7120 Emean = 110.67
3 Emean = 119.54 kev
2722 Emean = 113.68 keV 8
22061 Emean 372.28 kev (12,194 e -» 1,0061 MeV)
Emean = 254.69 kev (7. ki > 560.1 keV)
241,09 kev 9.46 3 46.9 kev)
= 669.74 keV 42,27 ki 099 Mev)
228.23 kev
Emean = 86.978 keV
14,124 kev
Enean = 19.581 keV
880 Emean 2,374 eV ( 50 eV --> 5,235 MeV)
deuteron: 17 Emean = 1.7817 MeV  ( 51.281 keV --> 3.909 MeV)
gamn. 54573 Emean = 399,92 kev  ( 2,9572 > 10,543 MeV)
1 1
2

&
7
B
B
)
n
a
f#
A
A
[

neutron: 7523 Emean = 1,618 MeV)
proton: 148634 Emean . \ 336 5.1132 MeV)

Momentum balance: Pmean = 119.17 kev ( 146,37 eV 352,46 Mev)

<eees-e. Ranecu engine status
- Initial seed (index) = 0
' Current couple of seeds = 1685210723, 602018708

1dte> |
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Cizelge 4.54. %90 epoksi ve %10 Toryum i¢in ¢ikan pargacik sayisi-enerji iligkisi

Uriin Tipi Parcacik Parcacigin Parcacigin Enerji Arahg
Sayisi Ortalama Enerjisi
’c 93350 422.21 keV 0.97906 eV --> 1.2902 MeV
Bc 1450 534.53 keV 180.27 eV -->1.328 MeV
e 2 189.09 keV 189.08 keV --> 189.09 keV
Cl 5846 105.69 keV 5.4149 eV -->491.78 keV
%cl 2 143.05 keV 135.01 keV --> 151.09 keV
¥l 2128 108.62 keV 15.952 eV -->466.17 keV
0 17869 374.21 keV 5.5533 eV -->1.0063 MeV
0 8 388.26 keV 10.788 keV --> 811.65 keV
0 38 281.15 keV 20.499 keV --> 866.1 keV
p 224 691.82 keV 148.08 keV --> 1.2069 MeV
g 459 228.3 keV 1.9704 keV -->524.72 keV
“2Th 3789 14.36 keV 1.9347 eV --> 77.804 keV
“5Th 7 19.483 keV 19.266 keV --> 19.828 keV
Alfa () 710 2.4082 MeV 50.3 keV --> 5.2259 MeV
Déteron (D) 17 2.0849 MeV 9.8543 keV --> 3.9419 MeV
Gama (y) 23133 505.1 keV 10.279 eV -->11.383 MeV
Nétron (n) 3776 1.6084 MeV 10.922 keV --> 11.429 MeV
Proton (p) 118587 2.2707 MeV 19.75 eV -->5.1138 MeV

Ortalama momentum: 57.558 keV

(127.73 eV > 249.86 MeV)
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aysequl@aysequl-VPCF24M1E: ~/Hadr03
neutron + C135 --> N gamna + alpha + P32:
neutron + C135 N gamma + neutron + C135: 4.9672 ke
neutron + C135 --> N gamma + proton + 535: 2 637.48 ke
neutron + C135 --> alpha + P32: = 939.06
neutron + C135 --> neutron + C135: 22.815 eV
neutron + C135 --> proton + 535! 615.87
neutron + C137 --> N gamma + neutron + C137: 9.8746 keV
neutron + CL37 --> neutron + Cl37: 6 24.201
neutron + H1 --> N gamma + deuteron: -1,0535 kev
neutron + Hi neutron + proton:
neutron + H2 neutron + deuteron:
neutron + H2 --> proton + 2 neutron:
neutron + 016 --> N gamma + alpha + C1 94,24 keV
neutron + 016 --> neutron + 016: 102.65 ev
neutron + 017 --> N ganma + neutron + 01 -630.54 eV
neutron + 017 --> neutron + 017: 6 100.1 eV
neutron + 018 --> N ganma + alpha + C15: = -4,2594 MeV
neutron + 018 N gamma + neutron + 01 0.036427 ¢
neutron + 018 --> alpha + C1 = -4.2606 MeV
neutron + 018 neutron + 01 16.503 kev
neutron + Th232 --> N gamma: = -3.7942 MeV
neutron + Th232 --> N gamma + 2 neutron: 337.68 kev
neutron + Th232 --> N gamma + 3 neutrol 3.0115 Me
neutron + Th232 --> N gamma + 4 neutron: 4.9765 Me'
neutron + Th232 --> N gamma + 5 neutron: 6.8757 MeV
neutron + Th232 N gamma + 6 neutron: 19.711
neutron + Th232 --> N gamma + 7 neutron: 10.805
neutron + Th232 N ganma + Th233: 4.8059 MeV
neutron + Th232 --> N ganma + neutro 1 -607.5 ke!
neutron + Th232 --> N gamma + neutron + Th232: 1621 4.7306 ki
neutron + Th232 --> neutron + Th232: 2168 1.0969 ev

Number of gamma: N = 1

List of generated particl
C12: 93350 Emean = 12902 MeV)
1450 Emean

28 MeV)
2 Enean = 09 kev (16 189.69 keV)
5846 Enean e L4149 eV --> 491,78 keV)
2 Emean = 143.85 kev 35.01 keV --> 151,09 kev)
2128 Emean = 168.62 kev 466.17 keV)
17869 Emean = 374.21 keV  ( 1.0063 Mev)
8 Emean 8.26 kev  ( 10.788 -=> 811
281.15 keV §
691.82 kev  ( 148,08 keV -
228.3 keV  ( 1.9704 keV
3789 Enmean 14.36 kev  ( 1.9347 eV
7 Emean = 19.483 keV 266 kev
716 Emean
17 Enean =
23133 Emean
neutron: 3776 Emean =
proton: 118587 Emean

)
"
E
B
)
n
B
]
A
A

419 MeV)

1.383 Mev)
1,429 Mev)

> 5.1138 MeV)

Momentun balance: Pmean = 57.5 (127,73 eV --> 249.86 MeV)

. - Ranecu engine status --
Initial seed (index) = 0
Current couple of seeds = 1807498434, 686410917

1dtes I
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Cizelge 4.55. %100 epoksi i¢in ¢ikan pargacik sayisi-enerji iliskisi

Uriin Tipi | Pargacik Sayis1 | Pargacigin Ortalama Parcacigin Enerji Araligi
Enerjisi

’c 58024 425.84 keV 4.1494 eV -->1.2902 MeV
Bc 878 546.14 keV 85.793 eV -->1.3375 MeV

e 2 189 keV 188.9 keV --> 189.11 keV
Cl 3589 106.72 keV 70.383 eV -->491.19 keV
¥Cl 1323 117.13 keV 15.438 eV --> 466.06 keV
0 10701 371.23 keV 12.251 eV -->1.0061 MeV

0 9 501.22 keV 125.01 keV --> 940.13 keV

o 21 409.24 keV 12.122 keV --> 849.8 keV
p 128 687 keV 169.84 keV --> 1.2048 MeV

g 307 244.14 keV 4.604 keV -->524.65 keV
Alfa (a) 435 2.3815 MeV 50.255 keV --> 5.2278 MeV
Déteron (D) 10 1.4241 MeV 202.99 keV --> 2.9954 MeV
Gama (y) 4109 1.0543 MeV 340.41 eV --> 4.9463 MeV
Nétron (n) 1171 1.4605 MeV 10.618 keV --> 3.4604 MeV
Proton (p) 73257 2.2687 MeV 12.026 eV -->5.1112 MeV

Ortalama momentum: 18.417 keV (191.73 eV -->130.91 keV)

Sekil 4.50. %100 epoksi i¢in simiilasyon ekran goriintiisii
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5. SONUCLAR ve TARTISMA

Her gegen giin gelisen teknoloji ile birlikte teknolojik aygitlarin biinyesinde
radyasyona neden olan materyallerin kullanimina bagli olarak radyasyon maruziyeti
stirekli artmaktadir. Bu durum radyasyona yol agan materyallerin aygitlar biinyesinde
neden oldugu olumsuz etkilerin yaninda bundan daha énemlisi canli dokular tizerinde
de bazen kalict bazen de gecici ¢ok onemli hasarlar birakabilmektedir. Ancak bu
hasarlarin 6nlenmesi i¢in tiimden teknolojiden vazgegmek pekgok tani ve tedavide bile
kullanilan radyasyona bagli teknikleri kullanmamak anlamina da gelir. Bu nedenle
teknolojiye devasa katkilar sunan niikleer ve radyasyona bagli etkiler zararlari igin
onlemler alinarak kullanilmaya devam edilebilecek vazgecilmez teknolojik adimlardir.
Buna bagli olarak zirhlama teknolojileri alaninda yapilan calismalar ve yeni zirhlama
materyallerinin  Onerilmesi ¢ok kiymetli bir c¢alisma alanm1 olarak karsimizda
durmaktadir. Zirhlama materyallerinin iyi zirhlama yapmasinin yaninda bol, ucuz ve
Onerilen teknoloji acgisindan kullanigli olmast bu materyallerden beklenen en onemli
Ozelliklerdir. Giiniimiizde esnek organik ve bol bulunan malzemeler kullanim alaninin
cok genis olmasina bagli olarak tercih nedenidir. Bunlardan birisi de epoksidir. Epoksi
ile ilgili pekgok arastirmayi literatiirde gorebilmekteyiz (Rezaeian ve ark., 2017).
Ancak degisik radyasyon tiplerine bagl olarak epoksinin radyasyon tutma &zelligi
degisebilmektedir. Bu nedenle degisik katki malzemeleri ile epoksinin zirhlama
ozelliklerinin giiclendirilmesinin yaninda dayaniklilifinin da arttirilmas: giindeme
gelmistir (Kim ve ark., 2011). Ozellikle agir metaller bu konuda epoksinin saglamus
oldugu avantajlar1 giiclendirerek yeni ve daha iyi zith malzemelerinin olusturulmasi
konusunda bilim adamlarinin giindemini mesgul etmektedir. Bu tezde bu 6ngoériiden
yola ¢ikilarak farkli yiizdelik oranlarda bazi agir metallerin epoksi igerisine katilarak

yeni zirh malzemelerinin {iretilmesi ongoriilmiistiir.

Niikleer ve radyasyona bagli teknolojiler igerisinde kuskusuz en ¢ok dikkat
cekeni niikleer reaktorlerdir. Niikleer reaktorler kiiresel enerji krizine en 6nemli tampon
etkisi olarak dikkat cekmektedir. Tez i¢in epoksiye katilmak iizere secilmis olan
malzemelerden bazilar1 reaktoriin yaymis oldugu radyasyonu reaktdr i¢ine hapsetmek
icin gelistirilmis olan zirhlama teknikleri igerisinde yer almistir (Nambiar ve Yeow,
2012).
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Epoksi reginesi; 1s1 ve kimyasal direncinin yiiksek olusu, diisik maliyeti,
hijyenik olusu, elektrige karsi yalitkan olusu nedeni ile bir ¢ok alanda aranan
malzemeler arasinda yer almaktadir. Epoksi uygun oranlarda sertlestiricisi ile
birlestirildiginde dayanim giicii ¢cok yiiksek bir malzeme ortaya ¢ikmaktadir. Bu tezde
polimer tabanli termoset plastik olan epoksi reginesi ile bes farklt malzeme yiizdelik
oranlarda karistirilarak en iyi zirh malzemesi eldesi amaglandi. Bu zirh malzemesini
gelistirilirken demir (Fe), bizmut (Bi), tantal (Ta), tungsten karbiir (WC) ve toryum (Th)
malzemeleri ylizde ondan baslayarak onar artan yiizdeliklerle modellemeler yapildi. Bu
modellemeler yapilirken Monte Carlo tabanli GEANT4 Hesaplama Kodu kullanildi.
GEANT4’iin merkezinde ¢ok genis enerji araliginda parcaciklarin etkilesimlerini
yorumlayabilecek bir dizi fizik modeli bulunur. Hesaplama kodunun tiim pargalarinin
biitiin halinde ¢aligmasina izin veren, sorun hazirlama, ¢alistirma, olay, pargacik tasima,
gorsellestirme ve analiz seviyelerinde calisan yerlesik basamaklari ve komut
yorumlayicilarint igerir. Bu tezde kaynaga 4,5 MeV enerjili bir milyon parcacik
gonderilerek notron bombardimanina tutulmustur ve modellemeler yapilmistir. Bu
modelleme sonucunda kaynaktan ¢ikan izotop iriinler ve bu flriinlerin sayisi, enerji
aralig1 eldesi miimkiin olmustur. Bu elde edilen verilerin neticesinde yiizde oranlarda

karistirilan ntron zirhlama kapasitesi en iyi olan yiizdelik oranlar;

Cizelge 4.56. Aragtirmalar sonucunda kullanilan malzemelerden elde edilen en iyi
sonuglar

SONUC Epoksi Karistirilan malzemenin Notron zirhlama
miktar1 (%) miktart (%) kapasitesi (cm™)
Demir (Fe) %40 %60 0.409 cm™
Tungsten karbiir %40 %60 0.679 cm™
(WC)
Bizmut (Bi) %50 %50 0.432 cm™
Tantal (Ta) %40 %60 0.703cm™
Toryum (Th) %50 %50 0.506 cm™

Tablodaki veriler sonucunda %40 epoksi ile karistirilan %60 Tantal malzemesinin

nétron zirhlama kapasitesinin diger malzemelere oranla yiiksek oldugu goriilmektedir.
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Bu nedenden dolayr Demir (Fe), Bizmut (Bi), Tantal (Ta), Tungsten karbiir (WC) ve
Toryum (Th) malzemelerinin epoksi ile yiizdelik oranlarda karistirillmasi sonucunda

nétron zirhlama kapasitesi en iyi olan malzeme Tantal (Ta) olarak belirlenmistir.
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