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M° vzunun aRadiadsiey . mae npaaritet! istigagpin, a |
kristallik strukturdaf o r ma tadiasigaefektibrinin © yomilmpsi, m¢, ®lit n ° v
hisocikloripd a k &inedikrenerjininkristalq u r u9 tu K m@sg énanjinin struktunn
hocmi boyu paylanmak i n e téirkdqicg ernyekun prosetori ¢ mu mi bibrad
fonundaanalizo | u n masas&am élké Radiasiyaproseorinin tomol prinsiplori
hadiplorin zbncirvaria r d & ¢ & Ind & 9 lI Reosedorim &yni zamandd a K D/ e
e ht ivmad e mwsem xarici osirlor vasiosi ilb yeni mexaniznp k e -bsintphlil
olunur. Y¢, kols enerijili hiseciklorin kristalik qurul u K d exon yatemlaklag a r K € |
tosiri, kinetik enerjinin kristallik gfosind ¢, y rimdb yerlokon atomlara® t ¢psi, itk
tosiomor uz qal mkkmshkhayahammas é, kristall
koordinatvpistiganotyerdby i Bsinv a k a n s i y a | aarr a&sné, oricagf yauim | a
defektbrinf or ma |l @ atomdasa@ avs € pyaa@nnivzaml ekimne] é
m ¢,0kkpb bir mexanizinbb a Kk bnypreseshink i net i kd®@m®dan as

Bork cisimlor f i 2 nfundasnéntal todqgigat istiganotiorindon  biri,
radi asi yay,a ¢ Bkeeatr@pmyhya malikyeni birlok morin vb k r i st al
al é&nnmesspiti f I 0 nvb aqredsivr lenge i mgothdayanéql
° yomilmpsim¢ h pnoblemiordonbirikimiar akdéer é| mMggxiadleo g i
Dhm¢ a soviyyodbi nki kaf etdi yi b i radiagiyaywchanvdaml
material a rbelox miorin y ¢ Bk $omizlik doroeosi ilba | € n malmwi@snaésnl a r
hazér lvamgteds @loblorindbn o |- @anx i udbkisx ivprim Birdeziro
¢ Sty pwerdmpsidir. Sonillordbr adi asi ya matfieokx af w@ R ¢
materiallar kimi istifadd olunan bor ps a skbri@diorin, silikatlae ,n nitridiorin,
oksidorinvbo n | a rléanpillpeomorinin m¢, ol ti f Ksdlrar éean vié n
kimyovi xas®lorinin © ypmilmpsi vb radiasiyadefektibrinin todgigindbn a | & rola n
effektiv noticolor homin birlok miorob © y ¢ k ma r a qTothicasahesinorg &oxw d
Asi r | ilaromaa cebailubadlok mior | on | ak dtesriércié yagkgkad r
effektli detektor xassorino malikdir. Bu materiallar p or e a k t o wol herbi € n

sbnayedmy¢, ®lti f gor uyucé&hayadihdag evapbiqtr &8pnm.é K C



Son on illikdb y ¢ Bk sanalitik dbgigliyp mal i k t er mo f Dsasi k
torkib hislorini tok k i oh elesndntr boros a K+ B s t a | bk naolelalopolynerk s
n ¢ moorib pmblp gotirdiyi  kompozilor s as é nd a hazéNgwan
reakt onéwntr ©€odaudaupctuil ldarrguslitjeneljilaneytron ar ¢ -
det ek tharzléarl &dm ma s éoolirar. Bpréu hirlok mor s t¢, salisdadan
b¢txdos uodor ypyy a xiBomdp - ap o todgigadineihdon a | & almin
noticolDrb bsaslanaraglissertasiya kiinn m° d 2 wshamikro B4C, BN, BgSi
Kr i s wvobmdnbBasler i g rimdb@u r ul mukdur

Tod g i g adg eink ikn da rbar kadb&El(B.£)kmé ke & § b kimygvi, é
fizkivbme x ani kiolbk g sas ugyohgasnior ormg Htisignd gaernéi n
imkanlary a r a t.mérmafizikir xasslorin doy | esimb g °orbor karbidy ¢ Bks
temper at ur | amataidlarddnéoynon @gqipe r at uru 2350
t emper at uhesaboRifuOUNiRaCkyistalik quul @& malik bor karbid( k i - i
séx|l éqgda3y2,.8s2 mgxami ki ndmayeaakigddlyamgac
mat er i &lilnaertéd rké&esbd n & u i &igit gaer nistifiadd olunur. B,C
m¢ Blti f aqgqr exsibsyi¢ukkmyokdiia k |ée ypana d a y mhorla ephayged v
goruyucubbpogplor i N hazéitol Ainqmas@puoh@akdeéer .

BN vbD BeSi kr i streytrbnaw & a mma K ¢ Bgeyd reteod € n
X ¢ S updprinp ypy ¢ Bk ®ksidibk mtemperaturua maliko | d u jnoaomp alaraq
geni K t e mper detektar kimi istifadsriv abl °éyn¢gdka ma r .@8gr d
nitrid k r i s tS&C| Z&By) AIMk r | s t momdipguotirdiyi Korhpozit birlbk miorin
ternofiziki parametinrinin (i st i | i k tut umu, I st bmsiad €
effektividamo | u n oma 8 ©tbigpsalms i ni  d a lodirirdMosagoe qu rkd |
strukt ur un boomtmi& Ir & 1 dban ka&id& m | s o cenblpegotirdiyi
ma t e r ioksidilk amme@ 1 a oti tommiz bor karbidk r i 8otme;, | q &ogb bndofp
-oxduB¢gt grkribg hhiak rac £tnr u knt wp xasstpnr nu¢) tmdis u
toloblor 1 ¢ - ¢ M v ¢ edu Qdmimak ¢ a heksagenadbor nitrid strukturunda
kubik BN k r i s tfaz&i#onrennf o r ma | a kKristal gj@in arx hibridiok m
f or neadpg ineym vD Yy ¢ BKs temperaturlarda m ¢ bkkon termodinamik



mexanizmimn b a K verngdommii kid Bor silikate nkristal quul u k d-
v a k an s, splmdt bor @ silisium atoml a r gendgyn BSmM - ¢n he
aktiviok mvp Gibbs enerjisi, entolpiyabventropiya én¢bkkbb ganunauy]
doy imesi homin kristallare ng e n i K t emper at urosinD Zomire r \
yard me &r

Todgigatobyektbrindon olantrigonal foza quul u K&anaBOs k r i & o |
texnol ogi¢cowa e@amnkgna § i ol yelekieox @ nm § aivbakustika
optik cihazlardanotbiq salwlbri m°vcuddur. Bor oksidk r i s ty g lkesptilexas®lori
vDb a z a mhkimi 8i0, ¥oebisil@pmol b gotirdiyi m ¢, bkkpb kompozitbirlok miorin
optik parametinbrindD vbD s i g n a | D effektiyliyinep y ¢ Bksnoticolor pldb
olunmukdur .

Elektron selinirfokuslanmagrosesdpbor oksidi nandristal hissociklprindobn
VDY ¢ bBks © Dx.rsm stibrippymalik optik liflor i N h a z € g le agtifach s &
ol unmad®Danda@mno Kkr i lsotdlikal karriésntéenin ¢, ®ifr ndolyar |
konsentr asi y stukiurladyas kysafrakthaiddekb@p a k aj € d a
X ¢, S updpring mpalik optik linzalaé N h a z &r-1¢ann ngaesp@diknokdpdirt i f
Optik parametmbrindb, ypig, iktensivlikli neytronseli ilb kK ¢ a | apraitimab ber
oksid kri stalvear énfdismk si onal pDumatuvyebnabir s émaa
ar akdaer noag kis temperaturun os i r i tetmbdinandka xagsorin
doy i esimin © yomilmbpsinb b ° y ¢ kK ¢ la tr ia y an@ °keditdn raspektbri vD
gar K éya ¢ o hrin hothedilmpsri o bflotkey kmstallardatemperaturdan és é
olaragb a Kk pnVfaga k e -piinch Itoc r ¢tiddiginin yerinb yetiriimosi, m¢xtolif
K¢ allaaman roi tetmofeiki detiektlorin - mexanizminin © yomilmosi
dissertasiya K ipsastonkib hisosinitok ki | edi r .

Dissertasiyai kin onr j i nsael -1i &iistllac ¢ arindo for g | | K ¢ &
(mepxitf i ntensi v ipdoy iokerseegbrdp) tosirlsrindBncgdniagr eénni d
temperatur nt e r v tefmbfiaiki>@seldre m¢ q elytbhdi yerinoyetiril mvbpk

fosillor ¢, Dk ¢ a | toswloniaa | t medeltec r gobn qurulma s & nbdraidir.
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Dissertasiya i K b ngd® s § | noc k plpb Azorbaycan Milli - Elmbr
Akademyasé RadriiasKriyat pRalgiiPuketinB a y B skémi Ki
N¢ovTod gi gat | ar éokidgfam €lnbr t Atk a,d e ¥np lyiazmsiék aNs¢év
vwoKst anbul T e xndbiyeeimby &thi vel mi kditr .

Di ssertasbpggodi i $¢mtilnii nnenytokenkajoi ll iy ¢ &
ionlar, elektron selvbga mma kn¢etsl iarrié a bstaésnldéa kbroirson a |
struktuoor 4 esvnillirk f wynikes mexaniznd, n termodindmik
funksiyalar oksidiok mk i n e tvb riyaaisnédelbk d i mnin fbdgiq edilnpsindbn
ibarotdir.

Todgi gatp gi°eii n dmpgepdiorp na i | ol maaq & - 6
mosolDiorinhol | i garkéya qoyul mukdur :

1 Y ¢ bkstomizlik dorbecosinomalik tbd g1 gat  ma blde edilndi | &
(US Research Nanomaterial, Inc., TX, USA 8ky Spring Nanomaterials, USA
Sigmd Aldrich);

9 Todgigatk r i s t astruktaranélinbdnayerinp yetirilmosi;

1  EnerjisiE<l MeV olans g&th neytronlarlak r i s dtagltempera@runda
4.00 10 n/(sm] sar), 80 102 n/(sm]sar), 1.371 108 n/(sm]sar), 4.0l 10
n/(smJ san) vb1.00 10" n/(sm] san)s e | s ékx¢l aél jrmaonddear

 25MeVenerjilixat t i el mlbndiricidod.1651¢%sm?, 1.20 10
sm?vp 1.03 10'8sm? elektron seliibk ¢ a | mag d é r

167 MeV enerjili*®Xe®**a | idntada 5.0l 10%ion/sm?, 5.01 10" ion/sm?
vD3.83 10"%ion/sm?s e | s ékx¢) aél jra@onddéar

1 1.173 MeV vb 1.332 MeV eneriji xttino malik ®°Co nonboyi ilp 9.7 kQr, 48.5
kQr, 97kQr, 145.5kQrvb194kQrudul ma dozal magé nda Kk
1T k¢al anédéer akagaél kuakr édamnimyerinyetirilmosi;

1 B4C, BN, BSi w B,O; kr i st &Rhnhaavwp &nQapetroskopik
metodlala® ybmilmosi;

1 Todgigatk r i st sslptrbr eapar i onl aat amiwga
mikroskopuibsot h mor f ol ogi yasénén anali zi;
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1 167 MeV enerjilit®?Xe?®*i onlpa g &l a h ds€, BN BB B,0:B
kri st alSIRkkodenamal i zi

1 167 MeV enerjili 1¥2Xe*®* i onl mk g aliand ¢r vmIBME K
kri st anoll eerkéur & r nrbzorinosa ans;lk as & n é

1 B4C,BN,BSiwB,Osk r i st aglal nanraé rkdyagrbnesroinj € r
ion vD elektron selinirtos i r i al t é mpataenetitbren toohyiglif | z i Kk i

Todgigat obyektlori;

9 Tomizlik dorpcpsi 99.9 %, % s u sth salsi 28 n¥/q, hisociklprin
°|l - ¢-3mkm,1 t oz hal égisdtalangommkdedriffoza 1
qumul u KriB4C) bpr karbid mikra&k r i st al | ar é

9 Tomizlik dorocos i@ 9 9 . 8 %th salsi76-128ni?/q, hissciklprin
°] - 38mkm, t oz h a?lDg/shholasheksdgénpfiza
qumul u KhtBWN) b@rnitrid mikrok r i st al | ar é

9 Tomizlikk dorpcps i 99. 5 Oh, samgi §8 /e hisecklprin
o] - ¢smkm,4 0t oz hal &ndaolas Beksagoijaleta 2 .
qumul u K IBSI) ljohsilikat mikrok r i st al | ar é

9 Tomizlik dorbeosi 9999 %, x;, s u Bhi samsi 32 m?/q, hissciklprin
°| -g0eng, t o0z h aZ6g/smoantefrégeniafezd griul u K |
(t-B2Os) boroksidnanok r i s istdaddod rué mu k dur .

Kkin el mii yaeknajlé& dkad ktdér:l Taqdich alumanidissartasiya
I K Dilk diofp:

1 S ¢pthi neytronsellinin siri ilD nano bor oksidristal tobbgpsi ¢, arindb
atmosferazna b s or bsi y anod lekkrurpdaka Frsauh @m ma mee&)sd ra
veri l,mi kdir

T S ¢pthi neytronsellinin osirial t € nd aOsknrainsot aB | ar é1
O] - ¢synwsm ooy ol unmukdur

1 NanoBxOsk r i st abrdlia ptEnmeyraenseliibk ¢ al anmad a
b a k onteemofiziki ke- i bdnlmexanizmiby i n ol unmukdur ;

f Bor nitrid miXxamOTkQO1li3sOtOal K atr € mp e
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s otrl i neyos r on |VagheEamearjidimngiympti mpyyon ol un mu K c

1 Elektronselininbs i r i barlkarbeddrod @ar s i | i k adofpsk r
parametirnbrinin vbohocminindoy | sslimk kar ol unmukdur

f 1000T3D0 0K t emper a telektron iseliningsiri\a & It @icd a
VD BgSi kr i st ail 4 tair 1&inlgh asix terrodiffuziyan @ n odor y noyyoy
ol unmukdur ;

1 167 MeV otiaj$dHe®i oslprpga@al anhkei €1 mk
sot h mor f olgagiay anpadamds®nom i | mi kdi r ;

f 1000T3DOKt emper at ur pdgigatke ri \sa latmndiakie n
parametinbr vb termodinamik funksiyalar doy i Bsm pyyop Ol un muk d ut

T Seprl i ajJ erposiiroin| apdqiad k dta s tta stiukdur € |
defektbrin riyazi bsaslarla molekulyar dinamikale a z ér | anmékd ér ;

1 167 MeV einleir P28 rosmndoxrg @ | ialn d€,1BH,] m
BeSi WBOs kri st a3000adi08 0@ a K temperatur int
f unksigyadlbatyeinn ol unmuxkdur

T B kri st gagmmaaldwaa nt Ipsairréin &bt éna toagk a
morkozlorinin tobiti vbe ner j i s i hesabl anmékdeéer

T Qamma Ké¢almnmanéealCt mnBES k Bi st al |
t emper at wksidx m mexanzrie oksid pbogosinindor i n | ibyypn 1
ol unmukdur ;

T Qamma K¢almnmaneéean t euwndhano ef lxamiesm &
atomlar aas & psafb vD gofps parametimrinin giymotiori mpyyon ol u nymu K d |

Kki n pohnayydi:iDk is s er t a s i ypabmiyygtiiborun keramik a |
vDoksidps a s | € kdam ¢skiif @nerjiiaoddy ks e | s ékx¢l aél qaetandaa
sonra termofiziki parametimri, sot h  mo r f o | qougri| ystamktud npéoptik
parametinbrinin m¢, g adly iibkdinklp todgiq edilmbsindon  ibamtdir. Todgig olunan
kristallar ¢ @indo my¢ ®lti f K ¢ al esin nla |yarinpé yetiriioh model
toc r gQpolbn (Quul y ®Kkaman vb K Qspektroskpik analizbr At oot (
Mikr oskopu (AFM) \p Skanedici Elektron Mikroskagianay d én o ku it sk ia
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K¢al amfmddoas €1 &€ okifayphgodorrraagd i as iy a p praktka v
olaragprespektivlidir.

Di ssert ams gaxkiay ai Kg acyssoldioann hol 1in i Z a oygom €
ol unmukdur ki g ét eonrpaplraagt wigrttddindoB@,8N w0 BeSi
kri st adothirgdr cabaéna mexanizmi zoif xarakterlidit G e n iemperatur
i nterval énda pbwoorindmoksidiexrmk minle t boiksid isoaypsinin
gal énl &fmefizik orgpnm Hyyon o | u n muTeyd unr o |teunmofiziki K
parametibrp sasn kr i st @l dlariekh t e mpaa ambwdbiliyntin t
faydahssabmoder ni zasi ya °dribdenrtoyim enoyp imkan i x
y a r aAd éérnpcolor osaslanarae ¢ovg u r ] u | eym Bamahdageyd olunan
K¢ al eomiomedb- al €é Kk an a vksidiba mmexaniznanin wbati, detektor
vouducu materi al diha@qeédusadth aammearr!| amyard

M¢ d ayp4 € x a pséal sa noalard d

f Todgigatk r i s t astruktar defektigiran tobioti vb defekbmblbgblmp

mexanizmim ¢, lit metodlarla® yom i | mi Kk di r
T Megxti f K ¢ abrtlarindma ot & q temperatul
temperaturlarda termofiziki parametihdoy i eEgra nunauyj unl uqgl a
T Kristalli k ©°dsiFbg n¢ alpkigmiii a ndha t
1  Vigner enerjisininbbioti vbtemperaturdand@s é 1 €] ki net i k
T Se¢prl i aj ér i onl asptlha nxo¢rafloa rgpagarmaraas

mexanizmn i n pnitnypst;

1 Qammak v antos ar €& nfaot rt neanbdgarpekmzlorinin tobiotinin
° yomilmpsi;

1 Qammakvantlar wy ¢ ik $emperaturdaksidibk mmexanizmi w oksid
tobogps i nin ;gal énl é] é

T Seprl i ajcéarl anoamman&n &l ténda amorf

doy i esiibk r i st al | i ktitddlg-i gin erdidimpmdi r .
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KkKkin aprobasiyaseé:

Di ssert amd gita materialiar ¢ Dr beymlxalg vb ° Ipdaxili

konfranslarda mruzo vb m¢, z akeidri | mAIK&n moicelor beyrplxalg vb

° |pdaxili elmi seminar sk onf r ans!| ar da a kpajoer agoklindp e

togdi m ol unmukdur

T

Radiation Processes and Their Applications;868 Novemberl3-15, 2018
Baku, Azerbaijan

18th International Conference on Radiation Physics and Chemistry
Condensed Matter, EFRE2018,528, 2018,September 122, Tomsk, Russia
Modern Trends in Condensed Matter Physics, MTCMPR018, 118, 2018,
September 226, Baku, Azerbaijan

The Ninth International Conference "Modern Problems of Nuclear Physics al
Nuclear Technologies262/, 2019,September 227, Tashkent, Uzbekistan

7th International Conference on Energy Fluxes and Radiation Effects, EFRE
2020,459/, 2020 September4-25, Tomsk, Russia

tOH d Oy d & dedz®@ By tc H B8jcdr@13-315?, 2021, 051 0 dv &
4J o OMmiststh iy v .

1 Natural disasters and human life safety, 2@aku, Azerbaijan

3rd International Regional Development and The Role of Universitie
SymposiumNovember 2122, 2019B a n d gBranhag,Hweksy r

1 Journal of Physics: Conference Series 1492 (1), 012054, 2020.

1 Second International Scientific Conference of Young Scientists o

NDK

AMul ti disciplinary approaches i n s
applied science®3i 06 March 2020, Baku, Azerbaijan.
Nok ori Di s s e r t abpsasmpzanuniuck ¢ myt ann € relminugnéllarzdé u

e dl1b mmgalbkvp 8 beyrlxalg konfransdatezis, lbom- i n i odaxili® |

jurnallardanok r e dbimbgad vb 3 konfransdateziskimi © zok s i n i t aj

Di s s er t apsasnptiabpri 24 mogalp b 12 tezis olmaqglaz, mu mipl33 eknd

psordodorco |l un muk dur
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Di ssertasiya DbDhocm.iDn sger tdigkivia,osil, ke
noticovbbdbb i y y at s i ypoalih Ebgdénmolthank 333bhidpr145 kokil vb42
codvbldonvb4 1 3 5 1deonibaiad i r .Do K & th madbigydts i y arhpifs €
mpqgaldlori dp daxili olmagla 88 saydale.

Gi r hisss i di sser tbpmasd lyan di®kaditinueasbdigayy €
materi all ar @éneén stloxtexmolojndlagqpralik chmiyyoy, ¥ou s
m¢ dypblunacagm® v z ubs a s D@ d @ddnaébaptdir.

Birinci f psildp borun keramilkvp oksidibrindp kristallik quul urnkfuo r ma | a
me x ani z oifitorkiblimsyroktut a b€ e n mEoswim@tvom konsentr
ast ¢ ofbrgifommodi f i kageyp al adogoiye®ahma KV, ixhf .
enerjivbs e | skésxal | égonl rép Ublagpra & ox Ir gloiwp, hom- i foiglhion
selininborlu birlbk wiorin atomlagé n°at d;, ¢ Kigetik enerjininstrukturda paylanma
ganunauyguoml bl adir

Fosildp radiasiya sirindon yaranarxarakterik hadislorin tobiotini ©  ypmmbk
¢, - ¢oob dunan bilikbr, g a r kK @dir engxangzminiinos a s | a n dradiagiyla me
tosirindbn sonrakristallardaqumul u kaunmo r f Mmmheloioa vo prosetordon a | € |
noticolbrp g °pr giymotlpndirilmp g °s i | mi Sadd imodelbrdon bakl a\
temperaturvp tpozyiglordp kristalik struktuida enerjik e -pii, @t o ml au @ rR d
yeraby i BSIN i 0 n IKka;kad amiriGoregonlag kristallik hocmadb horpkotinin
pdobiyyat i ¢ ma Inpozon & a | é n. nKéstabiké qurul u kK d a nnin & nael rajnir
selindbn agd € |s@ukt@a®t ¢ obn kimetik enerjinin effektivgiymoti, q a r K @siting |
eht ivmkkogmomor uz qal mék aforgimderdlordsd yerinisday yo& n €
at oml ara®lan nisbinnéopin edilmosimb a x é | e ad @an nodkieli b
kristallardadefektbrin bmblpgplmbpsininzaman, preesvbme x a ni z mpozordog t ¢
anal i zi apar él mekdérd. & kogladraangna k rziasytaa
at o mlyariyeinesinspontan rekombinasiy, klastenh formalax ma slafekt
reaksbyasmi v mi gqr akkob yprasesk a ma K dng mAadmiaré K
kaska@ n &erdoy i esinstabil Frenkel v klaster defektrinin rekombinasiya

tut uivoma §& as ionyialsmi Kdyirr .
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Fosilin sonundaB,0s, B,C, BsSivDBN k r 1 s t afbrdli teem@eratdriarda
termofiziki parametimbr, birlok mior i n | o n | a edb &tbig@ wperadiaspoh | t
defekbmplpgbimpninpdob | y y a bsi, X gh a &€ € | msiyp déi sns¢éeqr at yai ssi
psasl andemréll.maxair

Kki msddotodfgi gat ¢ -kirni sstemidohbamkrekma | da s «
tomi zIl i k dbprbcbsi, hi ssbcistyaln Bilr-l¢msk
nNi s bbt ivpbuxarlanmentemperaturkk i my b vi vbsng it Kig gl an
metod alm @ggé ndad wmati K v e@uirlunmiukkd baa algiuz iup
toyini, kristal gpfposcb atomlar aas € psabnin doy i BSIMQDfDs parametidyi, sbth
mor f ol (&GM),gothdd e hocmdb defektbrintobiot i , K ¢ al a mthda d a
f or malgakwanm mad ameé nf | paogeswan °yronilmopsi npbgsodi ilD
i nf r a,gRamamé&Eeldroskopikp a t o m bptgmikvaskopu (AFM) anatlori
haqgqqéouchayv et i |.mi kdir

Qammakvantlarlak ¢ a | a mrbagcanAMalli EImbr A k a d ®Radiasyya s
Problembr i KnuntYi;toks t uenx nol o gi y aHoreKr2 5P amif @ n d
gamma izotop nonboyindon istifadb olunaraq yerilio y et i r i | miik d
modelbk d ipdbm al énodonbs g6 g mda gamma K¢ al anma
met odol ogi yde rawradetriéyg d laanme g, &iflorm sinddD Elektron
buluduruns € xdbyé jesimbg °©cg a mma K ¢ al ar énnégymatlorl, ma n
m¢ q alytbhBli a p ar é .11méMe¥ &rn.33 MeV enerji pttinb malik, gamma
kvantlar buraxaf°Co izotopu ibn ¢ mmipn(d 0 z a ¢ ¢ cQ/saP E7TKQr248.6
kQr, 97.2kQr, 145.8kQr vbD 194.4kQru d ul ma d omtaq tenapera@&uruwhda

Ke¢alandér él mekdeéer .

Sem | aj ér iDlornilna r k g a | nagnnyaérireded snia s & s
D u b rolaorindo yerlokon Beyrol x a | q bthr® &k rfamexkémi kK b T, gvi g a t
KnstitutouReaaksNywl ar é | obaratori yaseé@

implantasiya w r adi asi y a mat er i ayekom dGL0® jioa o
s otiondiricidb yerinoy e t i r i Ibcnrigebdoroy a n Btk 2 nokA olan32Xe**
i o n | pyari yetirilmi  k .dTbcrr piobn mpgsodindon a® € o*PAd*r(carmyan
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K i off &2 mkA), *°Fe!® (corpy a n Dk 0@ ankA), 12122* (coroy a n - bk 3025
mkA), ¥32Xe*** (coroy a n bk »0db dnkA) b 18ANV32* (corpy a n Dk »2dntkA)
ionlaré dan istifadetnrbk m¢ mk.;, nd ¢ r

Tocr ¢btial»ar én ar adogwmd il g ¢ Bkénagnit sa@wsision
selinin fokusl an noacst® mamgnit isamsikd m° W @wtdadl ear
azal derpopgdboi N me g a € B mams@isiigobosInu mMmmu kK °t ¢
sel i yar@dsgibnkm@amd é d.aothismgipkma bi Kk mat er i
ifonl arl a «k¢ppataadda&elavw cmh ¢ & kidobd  yok kezlikli
generatdar vasibsi ilD selin xasssini doy i Bkmparametimrin idam o | u n ma
-éxéekda opti mal spesabit elekifik ooy a hEnémal go g
sax!| ammradudur Tod gi qat ¢ - ¢¢nmbEreotaq femperaturunda
5. 0% losn?, 1 .20idnsn®, 5 .%0idnn® vb 3 . 8 34T idnBn? sel
s é x| éde7Me\eendtjiit®®>Xe*®'i onlpag @l abdByralamke: i r
k¢al anma z admia retnperatgrumaksimum giymoti 50 ACot r af & |
doy i K1B67rMeV enerjili®Xe®*i o n| a DPAiB SRIM kod analizbri yerinp

yetiril mikdir.
RusiyaF e d e r a sD uybarsaeinueyerlokon Beyrol x a | g Dth® & r¢é ane
Birlok mé k D Npdwgi gat | ar é Knstitutunun Fr

labor at o r iyerlxengimptigrejimindb- al @goarne a k t ooliftelmimrg x t
praktiki tod g i q a toyl aatr & n loshg 4 Jgne Inistifedd olunan, kompakt aktiv
zonaya malikvp h a | hazeéer da dannagirdodgagatmébweakiorthrdan
biri hesab olunurM¢, »dif rejimlordoi eybn tbodg g atbpre gkt or | ar é
selinin orqli s € x Ipérgimlondd a |l € n nog a € a h lokelodir. Kir | st a |
neytrodarlak ¢ a | a n dirapfu€ rejimiand, ¢ - m°imr ¢f ¢q¢ kana
selinin differ emgsainania redngeambighen dazek éolemotah é
enerjisil MeV, maksimum neytrors & x 40&ngémsabdp 108 n/(snfl s B @3 m
mosabdp 4 . OV ril($h?l s pborabtor ol an kan alyen d a i Qaswnak d
K¢al anma hes ab én apsaidd100MOn(108Gky)0.3 M Opsafodm v
40 MQr ekvivalentdir.Toc r gnib oioblorinbu y | u n kostabar18 opgk ¢ btorl
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koklindbh a z é r |palmim@rgablarayeok di r,ot mgkKt emper at
m¢ tthdo 4. O a0(smj 1 sahn/, (s8n]aiskad)n,/ ( dm317
4 . 0Fnm/0( s mypoils & ®/0( s mp Itk reeytrdn seliibk ¢ anhasa dyata

ke-1iril mMi¢gkadiarnmnaonrbo nt d d K dghmmg aktiviokmp analizi
apar el,mapnn radiasiyaa kt 1 v I i yi nor mati v oneyd
onlarg, mindbomy, Bliftoc r gobdgi gatl ar i1 cra ol unmuxkd

Tod gi g@+t & ® Kii klistallarelektron seliibk ¢ al a n d é pkisthnma
Respubl i kas énAéknad&Emimym & zé k a sNeg v K mkent |
AEIl ekt rOd0rBpitkeat eYk t otlmmdiricidbyerinoy e t i r iKristallakothg r
temperaturunda.5 MeV enerjili4.16 10°sn?, 1.2d 101" sm?, 1.03 10'¥sm? elektron
seliiibk ¢ al andéer el mékder .

AK a ] D& ¢ wkdemperaturlarda termofiziki xassr, I stil ik s
i stiliKk t ut umu, termodiffuziylnié kgiymitieri; termodinanhiki y
funksi pyiaila e @ | Temaokizikieparamettr n Per ki n  EIl mer
DSC3 STAR Systems METTLER TOLEDOv D NETSCHE DSC 20
chadZas nda vyerinbp yet LO0OTIIOKK dit er mKK - i Kb
T/ mi n, Pol yScience analizatoru VD f
sistem DAPYTris Manger O progr am t termofigila t €
parameti rvimbory ink mobsyii @i edi | mi kdi r .

I - ¢ nfosikp B4C, BsSi, BNvDB,Osz k r i s timgluslrggimdg E<1 MeV
enerjili, 4 . OPm/0( sm|] T s&n}j) (s 8} D$ a®n)/,( sim| 3 7s1din0)
n/ (sm] 1 s&nj (s inp ®Erie@rdnselindk ¢ a | a nsonaatbdgigat
kri st altloamdennfgina K bpnv e mk giknvD geyraelat i Kk i gal
tosirin  tobioti, defekt pmplbgolmb mexanizni, neytron selinin gfos i n d¢
n ° mptindo yerlokon at o ml ar bsa r g aerhetaitngah &é ot kingtik ¢ |
enerjinin giynotindp yaranarmphdudiyyotiorh a q g € n d a ugneanti kv enm i |

Neytron mkéimml|l ahmal t é nda orin ¢odqioiag aarkkaénl
tosiro mor U z gal an antéonml| fao r nRaalsselRgahdad@seer, ] I ni n

kosiyi, mDlumk ¢ot |  at omdan bsagthlnaryjt & oopiinmeuegna jlsa
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e ht i popd rék eslrdeall &n tat o onlemerjiran qiyrnticps & $ é nda
prosesh a g q éoh diana mn v eNeytronmelimndkristal strukturda yoluwatom

n ¢psi ilp sopilmponin pvvol vb sonra éboratorrejimindby a x é nl a Kk mal a.r é
Neytronun atom i geyri elastiki spilmpsiz a mdma & onwv eow e a k s,iygnia |

i zot opl asreeywonanbidéimaneburaxmaprosesind itiril on kinetik enerjj
vbat o mosinirgimyoc a n | ailo mic™paon prosesbrar déc é1 | €éj.é n e

Qeyri el asti ki t auqg g 4bwDimfsndbnz ualuimasnégeni n e
hoypc a n | aotiamsndb neytron wga mma K¢ al ar é my & ki vam X
prosetor, a& d éc é | reaksiyal ar da pagnant ak &okirg g
prosesni n ki sagttlitkase@&ytr onl apddigatk Ki¢satl adavda&
gammausirlorinnobzorba | é n mas é€ v a ¢ n b oibr a kstéaorals adigkmb aan
ne¢ov- evosiBaiomuibbak verir) h.elredqidi k roil sutnamul|
st r ukt wnndd geglogog atbmlarla neytron selinin elastikibwgeyri elastiki
gar K eslrraegdnizmigt®s 1 | mi kdi r

Otaqg temperaturunda nane@k r i s t asbthin@p zoé king/ov i gar K
tosir noticosindba b s or b s i ysau amod renkuwetli Ineytroe seldon akd £r
ol araqg par - ali axf maa ypiRama igpekirometrik analxlvasipsi
ipgenodigi g e dRamanivkd dhif r .a gpekiroskopiléndgiqatlar kristal
struktut a r &sp? ovmasp® karbon bitok mior i (- ¢xmhmielakisdly al
ol maqgl a) , @ oksdibkf h me&>xman ivz mi n i o8 a kkil@doeizah k
ethrbk m¢ mk ¢ndgér .

Todgigat nmpgsodindon ast € ol ar aq se-i |l mi k bl a
enerjisinmdoy i Bsm K ¢ ad ilamimaaltt énda annd@ higotiyank m
kristalllk © | s §# a q q € bludhat verin. Ge n emsperdtun nt er v@ak ap @ &
y ¢ Bkstemperaturlard) termofiziki xasslor tod qi g e di | mi ®mistiliki s
tutumunun ekspemental qgiynotlor i gar K ed léeuyn, eftekiiorm ssdio vb
Vigner anerjisinin giynotlori toyin o | u n m.Uresloh sonunda temperatubweytron
selininbs i r i alténda ( k@ a&l aon naarpefipaykat ookr s uf ntda:
Ki ne© iokileig d.1 r
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D° r d ¢ pbsiidgg °fosilbn tbdgiqatlardaistifadp olunankristallar 2.5 MeV
enerjili 4.16 10 sn?, 1.2d 10 sm? vb 1.03 10'® sm? elektron seli b otaq
temper atur unda Elekgoa Isaimnkée r sl tad madoanrsemk i¢, In
elastki vwgeyr i e | a s psirinknbzori ymtoc K b &gl @ar &€ aor a
kristalik hocrp® t ¢pm ¢éner j i ni n mexXan Kk Ztirikaydkernoit |
edbn vacib parametiorin elastiki ®pilmbz a ma n é nualorekit t tad ay e t «
enerji y i esimohlil olunmu Kk dY¥ g ks ener j i | | eleeiktt ir ¢
segnaoelektirik, nazik bbogol | mat er i a lpdiranedarazmiosaarskeanldéa
vemn hadislorlp mugayi®li tohlili apardcd o i qat mat er i ¢
xas®lorindon s €& x |Ip@ohdesnparanmetikindon ak |@ek | n e tqiuk ard an
nazik bbogplor  f i z i k aks éenndear jyi¢lkioDeol ek it m eynd laa t€d
tosirlorin ehtimal aanadize d i | ki ¢kadl@ arre & mié K tgaul rl valruékn st r
b a k pnwagliasiya effektkinin analzi Raman spektrometrikodgigatlarla yerip
yetiriBlmktdrian K¢ akar 6 hsaukte mpaEaketiorin itosiri
rentgend i f r aksi yaapamaiigmalamantmd um o |.MNarmal ur
koraitdo vb otaq temperaturunda (B CBC kr i s tn&i3m fyza qugluu K
romboedri k S i mmedtiryiipygpjng o luy il bm@éakoycolorp
psaslanaraq 4.16 10'%-1.03 10'® sm? i nt e r veekt®m sebnin tosiri ilp
K¢ al and ékadid kmréiks tbagunll aundaifin @ na  yaren-medrik ¢ al ¢
seli ar t d éfgsc mramgtorinin giymotlorindo a z a | ma pnogl Kuanhm.udk
Elektron selinin wsiri ilp kristal daxilindki defektbrin rekombinasiya & , Dlorira b i
yerdby i esimpoticosindb rabitolor | N ombimisib a k .Raman s pdedk t
(B12)CBC qumul uk | u strukturda I nt ensi v ktronp
sel | as# @p motl mh laigl i apar el mekpovzou |l Rlama nr e
meydana mgmlyypmwmsi ol unmukdur .

Akaj é t e mplenr iad tudeinteesatdréam ds & @ listlik aseli
f unk s i yyaisesimsélik tutdmunungiymt i , t er modi n aoyn Kk
edilmpsinin - analizbr i aparMpygod K doélruun mukdur ikin

s épeina ané acsl may alodaxje EsMuni st ioy i Ekmtnue tuin
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istilik selinin doy i esimip eyni mexanizrm malikd i r . Kstilik tut
ast €1 é] éoyyphano lmgn muk d urelindon ag & ¢ al ana pnalor a g
- 6N X¢ésusi I s otiil iar ttaunt ugreumywinxaiugyi.jyum | u
ke¢al anBlrkéduw st BOOKedndat i |0k k e - oti rOI0247 | |
Vt/ s mil.B3 10 s? elektron selind 0.02401Vt / s m,I3G0K giymbtindbn B,C
istilik selinin giynotindbdoy i Bmy, K aplolunchu K dB4Sik r i s t120:3@0rKd a

temperatur i nterval endmi 0.01850.036 iVl s rkiek
i nt er valdadtd.ed 10'® sn? elektron selininar al é(.0a50®385
Vt/ smiofin ol unmuk sk ener j il i el eRs€ vpaBsSI a |

kri st atermiladiffeaziy@&giymoti 1003 00K t emper atawrajiem
kimi doy i kKK gal an B k&K s¢t-aclné -@80& Srsan, 4.14 10,
1.20° 10", 1.09 108 s elektronselind 0.8080.794 srisan, 0.798.716 sri/san,
0.7670.690 sn¥sanvDBeSik r i gt @Iné t duzmi yky admtefh576@.69% m
sn¥/san,4.16 10, 1.2d 10Y, 1.03 10 sn? elektron selind 0.5770.579 srd/san,
0.540.559 sn¥san, 0.440.566 srsano | ma sy§onanl, u n mu kK d u r .

B e k i msildoimy¢, felifnanowmi k r oorotalik kgjdtallars otr | i aj
K ¢ al an mbbndog -fogmalar koklindbo h a z énré Ivm st h mo r frod o
cilalanmas gerinoy e t i r167IMeN exerjilis ptr |l i °24ef%'@ o n Ipang @lif i |
5.00 101 ion/sn?, 5.0 10" ion/sn?, 1.00 10*® ion/sn? vp 3.83 10 ion/snt sel
s € x | e optacatenperaduaunda ¢, kks v a kovaitindp BkC, BsSi, BN wb B,0;
kri skahl andé&r él mé K

Kon K¢sadamarma mi krostrukturda ykni
mor f ol o g idyeas érdéams sothida $ @ Kk pbnvumikal prosetorp digaot
yetirikl¢malkadmmakm é s t athindoaradiésiya psirlorinin yaranmas ,é
radiasiyaeroziys & 1 ® m nmaal sadadiasiyaeroziyss Bak v er i rotninEr
ionlar ¢ - ¢3opilmp bms a | bé sbthabn buraxél an a mt ooml
xarakters t i k as &€ n a Erbzyxpmb enE & d &nt nm gurkobiru torkibeadon,
gar K adirdo@ltnd oin | ar éndbn, panametdrindnivbge omet r i y .
ast edeér . Koopsilvmernéenr joirstia pgks¢gtldth.es OO ® i n-
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doy imes i D iylr miSepidinip proses Z a mtadonés pwi ionl a rtosinmbD
mDr u z gal méck at o,ng aarr ke@nkirdogalag atzndaramenearjimin
0 t¢ghosivbat oml ar € n doy € gkmary etedl dgia g/ @orl .Honmmu knd L
I onl ar & gindbnwoterenssdonag ié  onl ¢anmiang mikrostrukturda yeni
gabar nfaolramaél na ssmasd eamé&yexilmog e mas el mi kdi r .
Y¢ kbsenerjilitos i r si z gqaodbakmnn «rgad laanrma niéln
real olparreegk taglVi a@aé& h ar é nimt & Qplw akvialerdliyi
s a x | aopniailp labor at waitdb hoy at a Kk e - Todgigat ki ktda Ir I.
sbthindbaj ér ing, rf lu aprdoeamiyimin riyazi modelbk d | msiialpma r @d m
sot h mor f ol ogi yas é&n éant o st ptquakubsiopu ibmet x arf i
arakdeérél méekdeér. 1000TO®MO idhisitdikrsel@in a t
funksi yaseé, I sti |l pketmodimuamink kf mmk $

al énméexk t er moihagiymbtibr it @ a reaphehigrdly iaspar é |

Kstilik seBNvbB:k f uUuBs kalkiwad @ nvom graiitk
sels é x| kg arn char Haflardabhihée Kk unme ki | i k sel i nir
analiz edimi ¥upi sti |l i k funksiyadenonldadsdgd o
intervaldatohlili a p a r € IHon&ikpdgegatk r i s tistlik €lmic @iynoti -2 mvt
iipmaksimum2 iwtar as éynidkai rd. Kst i | ipson qyentlor, istilikn &

S oiri (ongmumr go ng énz me t g pmsdvikkaglibilok mf a kt or |
nozorb almaglai st i | i k Ki neaeni k da&@moEemochate X & @ iIr |
M¢yyon ol un muBK gpBsO; kKkrii, st am¢lpifrs@m € rs € xrhaékq |
s othi ¥2Xe*®*a] ér ipxnglad raén dieIr ®@SCopgribom reg®m hissipp
bol ¢nme¢gkdegr

ke al anmBMiméiks tnarkbd nd ai ki Dlarve f K ek yt joumny
ol unmuwyfjaem ke-i di nin trer noxfgisauiskii ipsa
C/ql K, aktivibk menerjisi 0.23CImolwe nt ol pi y@@teyin6 1 0 8 .G K
k ¢ al amsoara akpzi piki 217 K olan effelkh termofiziki parametorinin
gar kel gbséd ogekesstyth as] ér io®int iar @ Intokned-ai db ac
olunmur. BN kr i st igtilike selthim © t ¢ s§ bonselinin dy | BSINB,O;3
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kri st dorge olatagri00 OT O3 00K t emper amgl fagalardan t
doy i Ki r .

1000TO300 K t e mp%0ildiian/isnt, 5.6 10€ iprysafivee n
3.83 10 ion/snt s e | s éxd @lgaBMnEBsOs k r i st axl ¢l saurséin é
tutumunun temperatur ésé Itodgig®@ | un mMUuAk @é u rrlato nad laa noaval d a
kristxaddwmsiéeni st i | ipk 0.0053€C L onlgddou n a A MK v
bakl ayarag 300 K ol an t etap &6 a0t?iornvsntivon t
5.00 10" ion/sn? seld istilik tutumunun giynotinin doy i Bsinb a Kk vwe geyd
ol unmuk temperatur i nt e 100127 G nqdvak0.0453s u
C/ gl Kt er v aBeé B d%hod/dntkt¢éarl .selintstilik tutumunun giynoti
0.01650.0515C/ ga Kal égyé md a . d

Ancagokyg g ks s ékx¢g algamniéerdd n & snuw 3 | I stil
artmeshée mor fol ogi Kgaé razdaame iy@mk damolraf ol o
qurul u koub aij Il @egldeetnok | a z € nmooh éaor nitkdb hom db bor oksid
kri st a | istil&k tu@muduegiymot i ni n  ar t nsalidod ¢a] bdagbdir. o n
kstilik tutumunun bor oksick r i st-aIB@OT O300 K temper a
doy i Blmi net i kod siyazi tonkbortp ifados i byyop o | u n. rfAnsiknd u
sonundatodgigat k r i s tneg| vl [ sred séxkeggl anmadisilik s
ke-iriciliyinin, bt g momddindmiku fmnksyyalar éym [
ol un mulROBAOK temperatua r a | &j¢ean daan m@kréikg tBgIné i s
k e - i rningiymbtii0.92060 . 0 6 7 4 3.0 L0¥ iori/sK?, 5.0 10 %ion/snt vb
3.83 10ion/snts e | s é xil sétqil lairké nkdea0i. 06 &9 Vy i s bnl
0.0645 \b0.0I18¥I. W6V 9 Vit / s oyliK i@k .raisBtngltaé ids
ke- i r 120 iK-doh $G0 K-p godor ol an temperat 00261 r
Vit / s BI8K10“ion/sn? intensivliyp godor 0.01120 . 02 2 V't / odonrib K
mal i k ol mukdur . swWBSilknmad aihsltai ol & nkd akBe -
i stili k sel i nlanmadahason@ kamamsegéi nldias | Kusmh raat f oérm
yaranan radi kBt igob grkdiit rkaik, eadk aJ.@3 @ Gk
I stiliKk kpe teimodiffuziyd istyukturdav yemkon at o miofesr e
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dinami kaséndan asélBOvwB,CkAKSI{ @terhhckaikg re:
xasolor o 4 n aj eosiri alotné rmad & rotkoitic doyki KTermpdmamik
funksiyal ar éehn2kd nktti kmaper RBMUEKS vbo BIN eg e/re
arakder®dpmeéekdayeéer i onlamrridra sk gdmadinamika
davranékeé,piiss$it il li ketahizenenyémvhé veri |l mi K

Al t éosildpB,OFf B4sC, BsSivDBNk r i s 1.256IMEVaenedi xttinb malik,
doz a g ¢ c Qrsan®dbganiaizotopmpnboyiilp9.7 kQr, 48.6kQr, 97.2 KQr,
1458 IQrvb 1944 IQrud ul ma d &z all arngyednanamékdgpdul a
birlok morlp g a r K édirig |tD@oti, SOt h mor f ol oygiieginaetemene n
xpritblbonmb, rong norkozlori, oksidiok mmexanizmivb DSC metodu b termofiziki
xas®Iior  Bnyirl miQaeima . K¢ al annmmad @azal a? amgind a
ol dujok mdodbdefektbor i N yar anma me x aktlorirzemergetiky ¢
soviyyplor g forrq | i mi epsasiukasé da meorcsomadam n
yaranan defekttlpq a r k @sliri@ngriyagi modelbk m spbviyypsind nbzori bsaslaé
Oyomi | mi kdir.

Y ¢ Ikstomizlik dorocosinomalik k r i s tsatlhl ammoérnf @doratgriyay a
koraitindp nazik karbontobogolor  panp 1-3 mkm g al € n | ésjpaytamnh®a € b
tomi n e ¢ i¢ IBkmakum sviyypsi koraitindb SEM mikraskopundaksperimental
SE2 detektoru vassi ilDtod g i g o | .uBgCrkur ki dsus@ mkma méa er v a
K¢al anma ddoe ackéra dsatgetHiabsa me m f ¢ erikbmast glniz. |
BeSik r i st soth mafol@gin @ B4AE Kk r i st &oigleohacha@48.5 Rr gamma
udul ma dozaséndane.rixS-dolgaymma ag comimar é mad
amor f | ak maB,Gbelck avsindom frgliolaragn f f a z a dsha Khkaa|
ol unmBRrduyrd ¢ | g, K s € a h diordpakp anr®éqlty m n 9 drirgid s
BeSi kr i st ahiso@akioré ndgnbo l°ra yw &b i m¢ppdal sthe boyu
payl amimérko kr i s#8@nkinair @ nhe oy a KB& idoa mwsothd
sot h mor f BA{CwBsbilg a 58 & tloeeynilikaok & i b, kristala r ®Ins ¢ n ¢ r
52061@kn i nterval émgyen ccldmd 8@k ldmgr s tsahl é
mor fol ogiyasé gammaédr¢, oll amma &dD=@EEM
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ol unmuwdo 9.748.MIQrudulmad oz a i nt er v a lpimdol rabzork r |
-arpaoyadgi ldvekmir, BAakr udul ma dozaseéed¥#a@ b
maksi mum udul ohan dedjredasaya mexahami atomawigyodo | a y |
pozul muwnstf rou kstadlgréasira ma

Birlok miordp a p a r eéeemennxritoibnmb a n a | |1 zkbnsehtrasiyaldeda
gat éekego @l emarntiu B, migl sa  k r i180tmkm | saer -éinl
salbdp kimyovi elementbrin p ay | a n maositélbompv analizi hisD- i Dknl
p ay !l anmémhereogen struktura y a X € n ol maséna bax ma
n ¢ moiordd elementbrin xoritblonmosi for g 1 1 di r . k¢al anmada
xpritolonmpsindd C, Si, Ca w O elementrinin mobillok mwsi bir hisD ¢, 2 wvp yaxud
m¢, plit hissDiordbt o pl an mas é& a Kkristallardad a1 anlmai rksoraed a
kristal dgor akas kmiasfos pasampetidiitartlo ml a rosalavw a s
kri stoani @am € hBy€ Kk kr i st alR3ngfoza ugtupiikromboedrik
simmetriyaya mwraillinkiBgSodtimia sitg ®lltgéf s tud ma d
al énmeck stonwkytdiern o0 exkm kridtallik strbkiuma | malikdir.
k¢al anmangk ¢ nins mamametdrinin gqiymotlori,a=14. 06 0 b€ 5)
18. 027 9(czP.2692(7N ,Pnnmfoz a qgr upuna, ortoro
simmetriyaséna mal i kdir.

Y ¢ kols udul ma d oz al aud éarxdmnrondvnorkezioriaih | i
formal akmaninghe roch ki £ mi a pl&S kor| Ok t48.5 IQr vb
1941Qrudul ma dazal awCde d ss B aihdbp wdulngaspektrbri 200
nm-don 800 nmb qodor dal j a u z u n bng jnorkozibmin &dulm@a i p
zol aq,l 460 @mwv M rong norkozlor i ni n 7 0 0 D olamm urk, kK uar
Defektorin hoc mi konsentr agayas k a kSstdadieaiokp n
hesabl aQamenad é&rg &dnia-nima vbD y¢ksbk @& @&uloing
ter modi nami k pénergekkseviyyoiol iam € ar vma s a@ ukkrdia
amorfl akxmdyaqé&aema kv &ristaldayg a € an e gkazme i ic
radi kal l ar @&n h e sra bné nkai nysstaisdnesneagirad |érkas
Todgi gatl ar da k er amiok temperaterlardaa |oksikrme n
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mexani zmi ni n otoimoseit,i kxaissamsmin, DRizjik dorocobsi vb

mi kro Kkristabnlag le!| ®lg- dozkd lod d ma kkd enr .
Temperaturunosiri a | t @amehakvantlarlak ¢ al a n d&irve B,Gé K

mi kr o k r iokstdlex|ml naer xéanndi az mi Iz a@ha manla u nknyuakl

yar at d ék milpg k skideinperaturlarda yaranan okskllm mexanizminin

comibk mi K pDthraaldelgé gt ol uRSMMikKiduao . k Bi 808 ISIOa r |

reaksiyamh s ul | ar € n & mc iayl i énn nbads;ese, stk Jsalmss sabitkimi

gete¢er ¢ lQagwae rk.e al anmadan sonra ter mod

sel funksiyasé VD X¢Susi I stili k tut.u
Yeddinci fosildb k ¢aan ma o ak, @ d o Iodmigaalgqr itst al @
defekbmplpgbilmp mexanizmin riyazios as | ar &, mol ekul yar

yerinby et i r i Htemsiwkdon wD. enerjisindn a® € ol ar aq Kroi
at oml apyd re mexanizichbri, vakansiya wdefektor i n t er modo n
rekombing i ya ki nprosesipg h pmki netoi kay é aKristelak d &
é - ¢én al eénmeécx t eor maf iqgzairkki & bsp @ ttegmodmanakal y
psasl andeéerrg bk tna s eHomeikydrmoyetiriibpntoc rgob i n | gela @ |
m¢, q abpwnald, istilik selinin termofiziki kinetikas ,&¢, ot | i ajér 1 oml
digor K¢al anmas 8° wd md mmi kmaon ok rvi st al st
yerdby i esimopfps parametiori, gofpsin locmi vb m¢, ®vil or araseée de
mexanizimbri © yom i | dmi K

Aj éer I psnilra r aahtg @ty é @ olptdbstermonziki parametimrin
istilik tutumu, entropiya, entalpiyapvsorbbst enerjiningeni K t emper at
° yomi | miBidog mr kpTRdeqvi gat | ar & L o lbkenr aitQoOWiKD@gRa
S uper k aobgosind®m vD y ¢ Bk snformasiya email etmqabiliyyotinb malik
avadan! éqglpadmokdBsC voBNtni¢ fmalmh i .-¢n mol eku
analizbr i a p aoth éffekiménidegredasiymodel mol ekul yar di
modelbk d i osii | mpes @rIimé ka] és i 1 o nidt bht ewwd § od o
b akbnv ax h ¢ sesbrpppmexanizmv er i |.mi kdir

Molekulyard i nami kanén r i y a zoorilsg anwux @diaesq |
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olan m¢, ®lti f yp¢énkykrad hissciklon n ki neti k peimeagam
gur ul nBotkhd umor f o | by g BEMperasiZmhisaikimilpd a K € n a n
enerjinin yar sclsineeb akk avt eerrikre.if of Mdak damhelas
Molecular Dynamic8d progqram paketips as éyedna y et i r i Rigazik d
si mul y afigiki pysaansélnar € kwaeenh marani khaée, a
horokot t er ay eokissoiklor v a s @ asirkileh € g & 8.1 aAtéd ralr a
gar K éb e logignivn p o toelynsdbga |hergkot ht s ayelt o
makroskopikilkin kortlor daxilindodir. Strukturunp ot ensi all mol ek u
doj r u puna idmsihil tmol prinsiplorindondir. 167 MeV enerijilit32Xe?*s gl
aj éer | @0 spmped i z d rha n é nQdhadofik ry, kaidtah strukiEurun déh
mor f ol ogi yas 8n &5 A8 0b ujc a’ql -a¢gd €& ad dektrone | ¢
fonon ¢ aosino@d ayjll @ndig=8 g il ¥MWEm’ K) pbyypg ol un mu
B4C hodofinin kristal struktrununmt h - mor f ol ogi yosisré ndamara
salbsinin for mal ak mas é ,8 éz aonaardaaq iastocmi ibgyu n
payl amlekionfen on o amikoms gl én & nosii s tei-d¢ irk54 sie
Vt/(snfl K) vD enerji paylanma parametrini8 nm o | aals @r ol ur
3.81 3. 81 2 16A MeV srehili 1%Xe?®* s otr | i ajér ionl
Ot¢rdegye kineti k enmmii bobaglu] gmaéymeam ima
° | -pgtrdktur dgredasiyamexanizmj3 0 n mbé@rd e rgjdbk i°rmnt e tr@&mk a s
y ¢ Bksoviyypdbo | d wyjino tun mukdur

Sem | aj ér osio mimadae IBN rkiistal gt u K unun
temperaturda trpokpt d i n astruktiran demperatutosiri a | t ®lawvm regsiori
molk ul yar di nambkanan p epinmth datipatbsé@ m ty ar
Mol ekul yar dinami kanén BN kr p28psad7 Blevd a
enerjili X e aj ér bpikgmal am@éé Kobirgg Zamandan cgb €@ o | ¢
n°mptindb ener j i sosi il® hogpidog, Kristalda kratedr 1 n yar an
di nami kaséné mwil ma Kbohwsedibd p, 81 agmek BN kri
struktrunst h mor f ol ogi ysisre ndamaragiknéidngil leo kK m

zamandand@s € ol araq i smriilnilyiym dDtorywktparyd man
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mexanizmj elektronfon on g aosikolb g1 € n & nosii S t¢i-3A¢ink34sie
Vt/(sm®l K ) D ewerji paylanma parametrinin 1.50 nryti n edi | mi K
dinamikes € n € n k orkezindo r1006 Ko r af énda ol massrié ,
noticosindbiynodoliklor i n f or mEnlza ma s Bk lkametit engrippkmalik
hisociyin struktura verilmmsi ps as énda | zosihoe n@pho Dv e Iy ia X

uyj yggPomi mi Kdi
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| FcSKL
M! XTcLM¥WIALARI N TcSKRK ALTI NDA B
BKRLckMcLcRDc BARROSSEIRCRKN cDCcBKYYAT |

Bor elementininC, N, O, Si, Y, ZIW, F, Cl, BrvD S kimybvi elementbrip
pmplD gotirdiyi nano w mi kr o ° 1 4 ako& kfruinstdssionnmd ®r
tod g i q atbrofin€ldn @ € mair ka kndh & rd @Midr® wo.binartorkibli bork r i st a
digor keramik tipli kristallardan fiziki vb kimybvi xas®lDrinD g °D rohobmiyyntli
dorocodp forglonir. Vol kristallik foza quul u kour mfa | alkodrélr ua olor ¢
bor elementininat om Kkonsent & &s io/lobgéaatdmin doggs
m Hyybnlok dmiole olur. Borun karbid, nitrid vp silikat kristallik s t r u k t \Br |
atomununk onsentr asi yas én é moiavzradiasiygadéa vnaenu eé
a r t. BEogdenrolunarnfosildp bor karbid, nitrid, silikat vooksidk r i s t &iistalekr €
qurul u koustrukturund ay am®qgImal ak ma me x & riazbhmat hry
v er i | moinkl daikrd.étroréociggifadongiunan borunkermaik birbk miprindb
strukt uoor i-,e va mddehekt bmokognlenp, migrasiya v rekombinasiya
mexanizmj at o ml mabavp qDOsE parametdrinin doy i BSmM gtehlit i
edi | mimdiyryat | cmal é&n énoticglbe k n n gaa d A £osia@ i
a- eéq stodaglilgaadle aij d ie bsiédjsd manddisse € t mma $ § a DI K
praktikimbgsod i g @ $ tmi kdi r .

1.1Bor D s a,didrat, kboimpaorz i t rimiad I mukn@s le bkv D
strukturu haggénda ¢ mumi

Kepbnpsrin50ciillobdbon b ak|l ay amayedbmag reg dlaldfar
n ° hokorat vo gomiricilordon qortnma g € ¢ N Dokirtam boraeleémentinimibiotdp
tapeéel dn fme¢exztv i,mégaas ieérkpadi] vag amdischu r | oldnma ¢p\e
texnol ogi pyg&anéhagi y abgsdior istdadps id | pozogdon |
tutulang u r ] upbaa el@memtindp, radiasiyad e t e k thoarzl éarrl éagppdona s
I nk iyatukfe - mp gke nmikq y tatlsig samlori yaramé k B3R, 135, 145,
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150,157, 168177,179,18]]. Tobitdbvbm¢, a s i r anal i ti &bors i
elementinin oksid, metalovgeyrrme t a | Ki mi -Di0 morini (B.©-&oy d &
monoksid; BOs-bor trioksid; BO-bor sulksid; BxC-bor karbid; BSi-bor silikat; BF
bor monoflorid; BNbor nitrid; B,Ss-bor sulfid; BBg-bor triboromid; BCi-bor
trixlorid; BFs-bor triflorid; ZrB,-sirkonium diborid; BCNnano boru; BP@bor fosfat
vbs) s adal ama (6, M:mR458].dEyni zamandadorlu birlok miprin
I ki | ip- ox- Is @, ywksek entrapyydaénalikk e r ami k q(B4€-¥& €
B4C-TiC; B4C-CrsCy; B4C-WC-Co; B4sC-Al,O5 BN-C; BN-CuNi; BN-FeB; BN-W;
BeSi-SiC; BsSi-ZrB, vbs.)geyd etrbk m¢ mk [4% 5 ,:58,54,80, 94 111, 162,.
Knplus rejiminadi Bybn NMRS ( N @ Magnit Rezonans Spektroskopiya)
A ma gbnui c a q onetadpndanistifadd etmoklbb i r s ér a kumizotop a |
konsent pheigtas éni nBrvm Bl iztoptinua spekitinin ay d é |
kokildD toyin olunmase nofi tbbqg i g at lyaern i ¢oF ¢cfmagewd[55, 269.
Mplumdur ki, bor elementi kristalovyaxud amorf quil u K | a izadopun (1°Bk vio
11B) comi pklimkdbom®© v ¢ u[@7@]uKristofervbb a k g tarbfiadons i nt ez o
s uper omm#B Kirlok msindd b o r i z & h(*8Bp VpalB) paylanma
ganunauy] upbnhod inogsoduilp @ ypema q ni t rezonans
(NMRS) metodundan istifade t mWR4 k r i s t 8Bl spektdnin tam magqnit
hos s a 618®] & Hz i nt er wralnd an ndd g rdioritlhkires goapbli €
d°r d b mniticf aogr | néanl 88 izakopunun spekiri 142 kHzi nt er aa k a |
ol un muz269.uBO; vb BO, oksid birbk miorindd izotop nislmtinin  dbgiq
vahidbr i n i ay é kristal gp K ¢pirg miber birlbk miorindo B vb 1B
izotopunun spekiri NMRS metodu ibg e nottlk, fasilos i z d aulmetadunga u |
istifadp olunarag® yom i | m{3¥.dB-tH di pl oy anpsi qamk éalréaq
mpgsodi ilp tobii hidratlarda proton dopavp spin spekioskopiya metodu i bor-bor
vD bor-hidrogend i p o | goaimr k26 | lelgz éi nt er wal &mdna K
Sadal anan okbogrtbgbor kimyowi lelemet | ni n k on somnt
grupl ardéén damlnaraasq kubi k, m dooedrik D ortoronkbik |
g ur ladaurast gimok m¢ mk [55]. €olvol 1.1-dp borlu birlbk mior § n = b & |
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komponentbrindd 1B izotopununn¢, B magnit rezonansspektroskopiyametodu ib
konsentrasibyraadd idyaycqpd &€ mdchal | z

Codvol 1.1. 1B izotopununn¢, ® magnit rezonansspektroskopiyametoduil b

veri |l mi K

m ¢, ®lit torkibli birlok miorindbk onsentr asi yaseé

Birlpk mlor BRo(ppm) | } o(MHZ) C dpbiyyat
B(OH)s 18.8 2.55 [55,269
Na.B,O,A0H,O 19.0w2.0| 2.4w0.3 [55,269
PbB,0,A8H,0 19.2w0.9 2.55 [55,269
MgB3O3(OH)sAH,0 18.1w1.0| 2.4w0.2 [269
CaB;03(OH)sA4H,0 174w15| 2.3w0.2 [269
NaB,Og(OH).8H,0 18.5w0.9| 2.4w0.2 [269
CaB;04(OH):Ad,0 174wl1l.4| 2.4w0.3 [269]
NaBSiOs 1.9 - [269]
CaB;Si,Osg 0.7 - [269]
CaB(SiQ)(OH) 1.0 - [269]
Mg3B70.:Cl 16.0w1.0| 2.6 w0.3 [269]
LiB 0Oy 179w1.7| 25w0.2 [269]
SrBsOy; 1.0 - [269]
CaB,0Oq4 - 2.57 [55, 269]
BPQO, 3.3 - [55, 269]
B1:Cs 4.6 w130 5.58 [55, 269]
BN 1.6 [55, 269]
SisB3N7 30.2 [55, 269]
SiBN3;C 29.8 1.55 [55, 269]

c dobiyyatlardasrbos t b or el e me nt NgHi katalizatomnm a
I Kt i vlk68 B,OdJ vbD 23% Mg k ¢btnistotlorindo b a kK bn\steoxiometrik
kimyovi reaksiya énmhsulu kimipldbo | u n m {181 Sxematik olaraq kini

reaksi yané tswatiDeaka k & K i mi
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o0 Q 60 m ¢c6 oL Q0 (1.1
Kimyov i r e a k s isybastegenisi-&lb /mal, entolpiya 532 kC/mol
vor eak si ytamp&atwun6 30 K g°t Eynichbmmypkl dr gpmofindon
y ¢ Bkstomizlik doroepsi ibnano  ° 1 -pBGkrBNstal ¢ amege
aka] edaké arolevceerli reaksiyalaén | grfhoiatl m¢ mk [2R3d ¢ |
242].

6600606 O GO (1.2)
66 00860 0 0O (1.3)
063 006 G O aio (1.4)
00U OO0l 00O (1.5)
60 OUAGOHR 1"0160 0b (1.6)
60 OUA@®OR pc"0odd (Yo (1.7)

50 00 AO® 60 00 RoHa (L8)

00 NWG O0°00NWOaG ¢cONwa (1.9)

kokil 1.1-dbbo r un ¢ - | gvikonapoza birbk¢gmiinin B-C-N al € n n
HRTEM ©ky ¢akysé gabigybtino malik elektron mikoskop) ib1 0 nm |
mpsabdosot h  mor f ol o g yeyirey € tn ié miala m izpwmiy Baksagonal
strukturr §f ® odvné@ b a kolif Bzixybtiordovbn a n o pvinip kbhar
hisolorindbn g ° t ¢ r ¢oimd¢34 nnbdrakoigol | ma s €1 & ik k@ R9d.wr
kokil 1.1(ayd a wk¢ kesner j i | i psie hoecksind eoidod o & ma k &
degr edasi ya mor f oo 0§ miAimnd &€ mokilyid-doma | § €Edb U c a
karbonitrid kristaé 8 t r u k t uokildo me; ycde@EbluindkNa n o somlgr  yog K S
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dogigliklibay d énl awdofos e sméexw kwvur urfdaz albair e tveelr
aydén o2thukdur

kokil 1.1.B-C-N nanovinsgisni n bsabsindmy 4 Bks ia y @r d e |
gabiliyotino malik elektron mikos k o p| a a nsatlhi zmoerdfi.ol | noi gki
Al énmék oRiRolinddwl narom¢ svilor i n | a vy Ioti¢ zolaglars u
ar asabOoOm34 nm, ( O0O0d&g, stkikturasatderilvb(d) &t g ks & r
mpsabi deal st r ukt ubpsdigedifKg nvozgyotrkipdobogiplerim 2if t
formadag at | a pbobandorépy is| romadkaré .21 nm a voa(108) fozan d
grupundmm¢ o obleng & Kk d291.

1.1.1Bs«Ckr i st lstadlikguaul ukun f or mal ak ma
kbnl akdéer ece K »ail a g, e gohf cpmrky, olstimmdoni b m
y ar & mkkeistallardang € n i k D dlusur [8, 28a 28, 3381, 86, 89, 114219,
249 . Det ekt or Kiexinlo | myg hsameéExnami K i day
VD neytronk ¢ a | ceyd édilnos | - dehos s a smabkjBaC k r i ot a l
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perspektivlii materiallardan hesab ol 14, 31, 61, 11P Dieletiriklor sinfinb daxil
olanB,Ckr i sthmg lpidh am al argé ytae i ctiqaotibrindd totbig

i mkanl aréna mali kdir [ 32, 1 3olan borkathid,
kri &t al & si@6dg&kcid)a nall.i8k ol mas é n artliypp§49 ma
GP a) , ok glastiklik moduluna (450 GPajyimp temperaturuna (2620 Kyp
zoboypdavaml @ materiall ardand&e&in segnalédgiggda 2
totbiginb g °org e n i kK Dyp realiki nhagerthllardan biridif{169-170, 172] Horbi
sbnayeay ¢ n gpoalf év orziinr,e hal ek®snidceir éodeek imc ih aazlée r |
tot bi g ol u[@&n20§.Ekldri& rzolyator mat er i @e¢ldktapmkada ,
m¢ Blti f debolail 1 iak é oy yaalvii kn a v a d aldilinosigdb \ar &
y ¢ Bksermoelektirik xasdorbo ma |l i k ol mge@enapo@lSunmmadgd
[82,184 . bdk¢ kksexnol ogi gurjul ar danptodggato aov e
reaktorl arénda palysomohendtet m&ktt @eril alrlear
istifadd olunur [42, 57, 93, 103, 2110 n  d®ovborlu birlbk wior vboo n | ar
psasénda al énmécx koabgiiop pve zointl a mn@okkdorbmaaalg | &
doj usremmsagsbob i r adi asi yaya (asded23dpsde3®@ml
N¢e¢or eakt oohllaghkéanldiay it n pgeodi tlo@84Césl ansaésnéd am 3 D
vbultran a z i k P Kbdlsoyq, stdolsaptr |l 1 | neyt r o mdi reogs®Eli
iipdet ekt or | ar én odingzelenridd g n on@i $e@nD yetrilir [67 83m
103, 179, 180,181]. £ kr i stdaalyeannéengl € st ruktur gL
y ¢ Bksozyiglordoistifadoypma | i k o lodhis€ tmegxn ol om imypa s
b°yg¢k maraqg Vyaratmekder [ 4 2, 14B¢4t ¢1n
m ¢, Bonmol fiziki v b kimyovi xas®lorin tomplindb komponenti, bibk  wni vb strukturu
tok Ki bh ed oml ar éxdpy iy auymaadcp rbiidaml €l €] a n
dayanmaqgdaddarkri BoBIlviktaddat oml ar & ya@atd & Jbé
kombi nasi yal ar é& noif gpafgzéa oglr dmpd oado € @ glx tq u
strukturl ar yart mddd.a&d@&8rvo ¢ atdnfunun & o0& | .
konsentrasiyal arénda ikfkon ma lad K d dr iddéuril
[143]. Borwwk ar bon nat o ml-leoedsy voziyyptdo g u r u IDMR v C v «
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atomlar aes épsabnindy | Bsm bg? Emi kdi r .

kokil 1.1.1 Rombeedrik B1xC (3-C,6-B) ( 0 . 1 O kim0 mwsddp qurul u K
strukturu

M¢yyon ol un mukirtidoz ak gy oB-C g oml apsab ar
0.1801 nm, &C atomlar a&s épsab 0.1759 nmB-B at o rad @psad 0.1416
nm;ikincifoza qr o@Q gtzo ml acsab0 al 43 & mmoza qrypu ¢ I
¢, DB-B atomlar ass € psab 0.1805 nm, BC at o m|l asab 178 s v m
dor de¢pmna ¢ qif opQatogniarass € psain 0.1606 nm b ma xlgigathar ib
mayyon e di [143]. @an rombcedrikformalarbirs grtboyuncaa r di@ a jéll
é - C urdan abamt foza formas éneydana girir. Uz a n mé Kk ¢ bncirart o
vasisilbrombecedrikformalar¢, - ¢ n do¢p yauxn - a .fBorvbkea bak é at C
v er i strokturdam©® v ¢ u ood gofpsin torkib hisos | ol anB wWCr u
konsentmams i gaddaa@|ldébrar | mumi y abpngikalaa d «
struktuda (B,C) 20 % hoddindbn, bor ilb zbngin bir vbziyyptdd isb toxminbn 9 %
konsentrasiyaddB,0C) f o r ma[R0d.k edypn o | un mu Kk dmukarbok i
atomlaré kondgeénot as stgkugaunraual aunk d Eiyyodd L
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d°rd ekvival ent dozapanypaany | keokiidd fl-dolalt @ gl a
m ¢, Blit vbziyyptdp doyorlpndirilmpsini a k a ] ekirdi gijnotiondirmok  mlg ¢nn d ¢

UB ( 1-B(2),34,6-B(3)

UB(1) ekvatorial bz a D¢l2 izoedralbor atomura 6 ekvivalent karbon
atonmununu y | wlmbsig

AB(2) ekvatorial bz a D¢Szizoedral bor atomura 6 ekvivalent karbon
atorrununu y ] wimpsig

3-C tokrarlanan €Bi1 C zonciri;

B(3) tokrarlanan BB zbnciri

Geni k fazdkei b ofezlakmdr Barkppz wb o r at oml
gar K €| oy q BB, 8rCJdB,C.fii ¢ 0s ashéendérna omp mk gv | |
ayr é eBaB, @B-C, GC-C mncirlor ar déacehtliemahbPesirt € r
K c os adaeBdG w C-B-C zoncirlor i ni n  gCl stnuktsirébrkitBho daha
uyjJ und omagnit dgomans spektroskopy@ m n  a IDléunmant Ioma ki, ¢
UB ( 1 )}B(2), AC samlorindd yerikon kar bon  atogonl ae dinlé
xptflor i nin ni sbi i nten $i314% vyl7%mbprakardiri2§7. o |
Digor torpfdpn kar bon atomlar énén kooBaG krigtdl r ¢
strukturundaC-B-C zncirlori B;;C icosahedra strukturunu saxlayarBeB zoncirlori
iiIbovoz olunur[226 . wopkon ar a - ®zoroaal | éanr m-d@wE Izpacirlgginin
B13C, torkib strukturu ib pvbzlonmolorinb, bbzi hallarda is B11C icosahedrada 1B
pvbz o | u navestigph r Bokik1.1.22k15-dom¢ vliti f modi f pboma s
karbidin st rmekyicdesigdo hd mii lkals & .
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kokil 1.1.2. -BU -B wp B1sC; kristall a r strokéum: o-B strukturubs a s & n ¢
se-i |l mi kK e ledrikstruktur226]. r o mb o

a-B

kokil 1.1.3. -BU -BwBisCokristal ar srok&um:Bi r | ayl & ku
Dsas énda bookarmd2P& Kk a n



38

kokil 1.14 . -B , -Bwp BysCo kristal a r strokéum: Bi r  forgliygifog

parametinbri il D kubik strukturbs a s €é nd a

hbookarmai2P&4 Kk a n
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kok i | 1B ,1B @ B1:Coliristal a r &rok&um: Bi r  forgliy | é
bucaglarda wkubik strukturbs a s € n d a bookarmd2R& k a n
Funksi onal m alif feziki kagsbldr a r @m | mg em Kbi S
bajolladuj] ubmjmmgnh er i al | au @ R | kog & § Bnéiripsd vaqaibr
faktorlardan hesab olunuvibhz buaspektdn son zamanlamoiyig vbo temperatur kimi
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xarici amillorin tosiri ilo di el ekt i ri k, y ar e mhkeksofernt i ¢
ferromagnit ws. xassiobbma | i k ol an f unksi on abr i magtee
todqiq edilir[4, 9, 98, 105, 129, 13058,267-268 301.M¢pyypn e d i | noeyk d i
vwtemperaturda ol duj ups ki imi l@rigkanipmadkaistal ¢ a
gur ul ukdy akkkéebonviba malr f | a k ma  ksesbmi  nf¢i gzaiuman d
[142,196, 199214. cvvoki todgigqatlardanm umdur ki, bor kar
kimi m¢g asiot exghvol o g bsipca § @ n gokg edlih[252, 255] B,C-D
gamma K ¢oal air € nu zotdin todowy, edlinb K ¢ al a n dmgigatl
kri st ant¢lnbtfizé&kink@seolorindp ciddi doy | K ok | & & @umur [d86].
Qamma kvantlarla ¢ a | a n dogkarbidkmé ks tteamo@dnaraiknparamettinin
toyin edilnps i zamgmé emdd | nkristalikistrukttkk ¢, a |l mémau d u
dozaséppkliobhildbkaes él édér [ 1o@rih Jtod q iOpit | koamaan
ol mu k djammaulluimadozas IBor karbidkristallardan © myitdefektbr yaradlé ro v
defektbr i n hesng makozéor ir f or[i92]l @K e ¢ n &kimiy BsC

kK r i s tqaul réunl eunk wlit fiziki xassplori gammak ¢ a | @sirinebn & s € |
Qa mma K psiililmboré&arbidtbb a Kk pnv emglifxdby i K ik | g dodigig K
edilsd dp, onl ar a el eokit kifayoh gpder ¢ athyermmé k& BB MeV 2
ener jil. e lpanigtprtioh wdal ma edozal ar énda
birlok mwsinin cpfos parametmri, amorfizasiyavu d ul ma do& as 6 hdaa
ganuna uyidagnlgad ankk ényda bpsas yosolblondonkoiri hesab
olunur[127,227]. Katensiv elektrorselik ¢ a Ip&a i, @ | iaIn dofos € hogrgrmrin
vD (pfps parametdrinin doy i B minamikag vb fi s od ti @t e amor f

mexanizmid i s s er t masriaykad érké lnndé Kk d € r .

1.1.2Bor nitrid k r i s t laidtadikns&ukturu m¢, xolif t pdqgigat
metodlaré n d a
Yar @émke- i ri ci bDmaxsus rh&samdnal sor nitsid (RBN) n
n ¢ mosic.5eVgadga n ol un mu K noanalik @njesynaérné nekne - i r |

detektof ar enén hawk&r | a haptkkassiod a nonifmgsindbge n i K
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istifadd olunanpn prespektivlikristallardanhesabetnok olar [5, 11, 12 25, 66, 84
216, 218. Sirli matersl ki mi pdbaiyyatsadafl 6l X176, 178221 mpolum olan
heksagonal bor nitrickristale n guul uk f or mal a k pki 1.liB4-dba n
veri | [2B]kdir

kokil 1.121.Lay |l @ ugumu heksaq-8Maristalbroé& n h
strukturu.

Laylww ugar BEK i ik BEubilavb leksaqonal formaya malik kristalik
gofos strukturu f or mal akdeér er . fi kHoeskisyamsbedrhd. Bdomo ¢
g°r ¢ndg¢ N &ti onml aabOald5a9,@8B mat o ml asabO0®52a s
nmwl ay | a rpsahisd®.83enm bntibindodir [134, 183, 213263264]. Eyni vD
for gl ioppmabVi k at oml-c&ir p calr acoean [Xd€,| Béetgmentinin
si mmet i r bkubiksfizangaul g X u na maok imskncb BBNizotogumumh
mi gdar & dmagné sapsipim2.6MHz tezlkdbmy¢ K aplktimd m¢ mk ¢ n
(kokil 1.1.2.2. Seqgqfl €n k s Dzyrigyssieos ans énda apar él me«k
APAWO pot ensi ablenmagka bor nitrgdtbiokf msimin elektron strukturu
[138], spinwqgeyris pi n p ol i y a bdiqgziags i oyl ausnémugkednui rk. t
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A MAS C SATRAS

Cubic BN

Hexagonal BN

observed

S

B

Hexagonal BN
observed

simulated JIN V\M“\*vvv-w’—
Ny 1
T

I}
T

8 0 80 100 sp 0 50  -100
kokil 1.1.2.2 Kubik (A) vb heksagonal (B) banitriddp !B izotopunun NMR
spektri.

BN Kkr i stpalllyarr & reddsgii yga s é¢n-é¢gnn tat oml ar
yerbk mws i , at oml ar énpo@tod ralnar AN cAyIDE MiGiNAUE ¥
nbzobal énmagl a hesabs$iaalmé e teyrHellméngFeynman 1 (
geésusvior bir at oW ji¢pbgh 6 dAE®miekk 8l.1.2.3dD nozori
hesablamalarla 3Dovi D bir | ayl éi¢b@gm @it to mgurcar ski nyi
g°si | mh-BNgwzBN vbzb-BN kr i st al shhajulké ueoyin@m

olunmaseée ¢(-¢n aka]jokdakKe ediiyanzikdy axénl

O %" . 006 00 (1.10)

E[BN]-BN strukturda br bir BN ¢ ¢t ¢ ¢ -DEIN] soridest B o N v
atomlaré ¢-¢n g togwBNMg gt gng+ § n oiidHed g |
eV byi n ol umos warametori opt i malsitawrké@wr da
cla=2.66gbul ol unmukduroN[ 21 Dm| a@ @éabau=4dB &b d
(layl & strukoamordiar [alodd]e . bg GFygibsablamalar
toc rgplmon al é noilonlp ugyijyumok k g | todépd r ppbnwot as € ~
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ot r af Byn kakif t1.1.2.8dp elektron rabi strukturu wDOS ( hal én

struktur ¢-¢n gadajan oywoonmUknmakdjeér

wz-BN zb-BN
D 1’1‘3& é

—
=

h

N
Vi
M\

Y
/}
Vi

y =

—
th <

. Ene.zrgy (eV)

[
=]

r K M r A LM TA HK T L r X K r

o —TOTALTDOS| ! —TOTAL PDOS T T TOTALID0S

L= Bp — Nop . 2 . 1 I=Br=1>yp . E

)

o . . s .

= 15} | 5 ] |

7 [ 1B

2| : 1} : I

72} . .

C s 1 0.5 |

= | I

0 0 L= 0
-20 10 0 -10 =20 -10 0 10 20 -10 0 -10

Energy (eV)

kokil 1.1.2.3.3Dw1 D bi r-BN akyrl ies tha | ¢, - Bsna sDeFnTd
atomlaén konfugrasiyaseé

Bor ni tosiid ¢ngamusteEb dfa ( sbpgps)i & t- g ml dre
zolag strukturuk r i it dathaéeksaqonabda quul uk f or mad amrd<et
Digor torofdon kristal ¢ - ¢ n Dkyvglén8ik qrupu Np, B-p, x ar akt er i |k
m BHyybn ol un floa1d7y rHom- innbii r pdoeiywad MmOl u mat | a
opti mal | aBkNd ésrtéerl urkétku rhu ¢ - ¢ oti 16.GdjeV, BN e gtr
- énovilp,star assabndd=al . B0 7§ gadajan ol ur
eV, yveék ke-iriociogyyony io lOu ngiuB2,dk3 4€) k tcobl@ag, m,
B-N ar as éomidhlionik iiomibgiot | i , # h oblesyruktorkmkbiol Ipi, o
yerinby et i tpoc t gabalkz mticolori ilbmy¢ q adlytohsl 1 | 1 n ayk@rurg |
heksaqgqonaéts dolgmaed[&ji Kk Lakun bir scdadeinbar
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g° mborunperiodik @dvolin Il vb IV qrup elementyi il o omblp gotiridiyi strukturlar
Apok 0 st r ukoiglonriundaSt rfukt ur un of oy aBai M K 1
at oml ar aoBsgwN-gphorbitibabint n bajl anma km mb
olur [119,15]]. Noticp olaraq,pn ideal ptok modei gqr af i ki n str uk"
kovalent rabibdbn forgli olaraq, bor nitridba t o ml ar ar asnéneytana i
gotirir vb potok strukturundandrglonir. Bor nitridin strukturunun analiadb n © wtib
phdbgi g analitik metodlardan sayél anbRa
ol unmuwkl dad.24(adp h-BN st r ukt ur und aonoridhonc u
gar K éeslrleg g Iné mte xani zmil0,438 a k d&rTé |f noaaktabaray a|
bor nitridk r i st al énda m°vcnold) vo bpiks(ZQ, KO, p ZA ,
mo d | eopil@os i spbg ? § tddkorpbay r €l mék hi bri d foun
gardelr samm f a k tobfrqiymotionndom istifatb olunaraq dnon-fonon
sopilmbs i pyyop o | u n kouilkLd.P.4 (b}do forgli ronglorlp g © osildiyi Kimi

fononfon o n gamxierlieqglag&t dan gar K ®laa k aénibrida

funksi yyme@heameéeEg¢- ¢n X pgweri i by digrl my
(a) (b) (c)
1400£ ——— 1370 ; ; ~ . . . r
t Exp A
200/
1200} 1365} A -
- 1000} ~
< 800 S, 13601 HSE06 4
9 =
5 g
3% 2 1355}
400} £
t 1350 F & .
200 - PBE
ey | A 1 " | A I
9 M2 B8 0.1 02 03 04
(lt'.\
T () 2, y ;
i L .
| l.S:F' 1
t 1
| A | =
| z i 4
~[=1370 I © sk ‘%
AEYCe & 8 e I £ '
a1 & [ 0 e o |
> = 1360r W - . - | a L —
z| 2 I £ 05+ 1
3| g 1350 ! K] |
£ e L 2 —
& 1340 : & g L ]
(R J T L -1.5¢ 1
Layer: t ) |
| 2
|
—— —— | | |, T 2.5 1 T |
1230 1260 1290 1320 1350 1380 r M K

Raman Shift (cm")

kokil 1.1.24. DFT f upskassilyaansa&dmmag BN kri st a
(ZA, TAvDLA) vDoptik (ZO, TO,wL O) mo ddilnaosi.é n s
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kokil 1.1.24(c)-dbB N s i st e hiu nk s 4 1y &iaragd&aezlikiais
¢-¢n hesabl synmémkil Rakeha n | ani Kk di r .

FWHM = 8.0 cm™!

_

I

= L 1 n 1 n 1 n 1 1 =
1100 1200 1300 1400 1500 1600
: -1
Raman Shift (cm )

Intensity (arb. units)

kokil1.1.25. Qrafit strukturlu BN bik msinin Raman spektri

Hom- i n i mlif toeyiglotdp yerind yetiriilbn Ramantd q i q a 4y bpakr €
mo d | adbyeinemsini vD grafit strukturlubor nitridino | ma s & tbcirr¢ bc
tosdigo | u n mkekit 1ulr2.5). 30 kBartopzyiqdp bor nitridin struktrunun Raman
analizoriy ar é m dal | aldar 1867Icrdtpzliyindm & mapbblindn pgs
mo d In @Bayéonon pgsiorinbu y J u ntdyin ¢ luu n m{L&4d u r

1.13Si-B qar wsrihdbq U & ubmologimpf or mal ar é

Mplumdur ki, boridbr sinfinompbxsus wk r i st al i k struktt
kimyovi elementi ib zbngin birlbk miordon praktik olaraqg bn  prespektivli
materiallardan biri(BgSi) b o r si[il5, KIa138,€189 244. Det ekt o
hazér | anbnaaksl éartydaatma @ | onyei Bt dstiganmmotiorindd g e n pthvg ¢
olunanbor silikaty ¢ n g ¢0, k k5Lt r emilg éksipoteénkid termik stabillpy
malik kristalk i mi  mbéyrsatmginp malikdir [174, 185 240 293. BeSik r i st
b° yohrkiyyoooma l i k o | ynjaBkseimpe reumip e r at ur u n-metal vy
vD yaxud metalvb t e mper at ur wnSeelseckbmmsaas & m @ektirik v
ke-1riciliyi nodin[188.fEtl m&d & n ka rk eibmnaliyi onurl i
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t er mi k ke -pekvivalentliyi kopmhinma Inu n mkiudoe kKt | va ed:i
hallarda BSik r i § ¢ BkKimypv i akKélpaemay & g toalbmydvil i
erroziya zonal arénda ter moeotuak[ROgr i k r

Sadal anan ¢ potfonundaxBgi& u ¢ 5 yomolp@ohod a m¢ mK ¢
kristalik strukturun vacib amilbrdon biridir, Si-Bq a r k @silingng, Imé& t;, ns StBs, B
SiBs, SiBs vD SiB, f or mmaal entkmdl a v @ r d18F. Hom- i ni n m ¢
struktur lpomordi Uj k®dsiv al kr émcémdlkag ng e § a d
kristallarvp modifikasiyalardaron pers p e k t-SiByvib BeSihirlok mior i n d a h
° yomi | miokqivg e di |, 2@4 x-SiBJbirlod msiBIDSIFNIN5-1 0 % K ¢
nisbotindo orimb temperaturuna mjor, argo n mpdbh gézdeér él manq
o | u n muLaekd yaranan kristal strukturdaniizlik dorocosi dahay ¢ Bks o I-a n
SiBzal € n mant godork i mkgtyprossedir vb blavb olaraghocmd BeSi kristal
morkozlor i f orBgRilristae @ hr ukt ur a nzhdng [297]ot r &ad «
mbl u ma t kubik Babik r i sf arémaé akma mexani zmi
ol un mulkadkuirn  spagigatlaxr KB8i birtbk msinin digor kristal strukturu
hagqgéohdaam vreadpyypn K o v u n muoknpleks kriskal strukturda 43
Si atomu v 238 B atomu ortorombik vahioddd avaml € Ai cosahed:!
rabibloros a s € nombd uinzmulk  at otndliar o a-@BsstikedrdalB/Si U
6/1 nislot iokilimdpo | ma q | a-B sistermiaimdp SiBg 7 SiBs 1 vDdDy IDIKB WD Si
atomlar ar d®cdilolil&flB.Y).dSéBrior k ib @ lr | oknmidrin 4 )
sintezi Aper i t eticosindc ¢ nrke, ankdsgir y. -adrul alyke n+
gar ékKéegnl 22%®3=K StieBmper at ur da pysiinrtielzmirke
mphsulu kimi  SiB4 birlok mws i al enmeéekdeé st @ihsloatruldum
formal akmasé NACASTEPDSsS &xlmij¢ t fepmpriyKswdshyu an
istifadD olunaraqyerinoy et i r i Ipymivdk aor.r eDl yasi ya f-un
Burke-Ernzerhof (GGAPBE) orofindbn A p a okadmeeritorglmu oxi d i r i |
gradi yent 0 by avngink daikrma[s2e7 4i]l.
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kokil 1.1.3.1Si-Bkr i st al é

S psi 2&8.G8%® wnaksigem

h addalkerdir ¢Kristahstruktargek-ssaeyf déapdmmp3a t

at omumbsun 1ll0g t811
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éneéen
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at oml
eV

b ¢ t pelastiklila z

epenerijisi daxil olmagla SB sistemindm¢, mk ¢ n
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sabiti (G) hes ab(Cadvhd.81Déer
CodvDl 1.1.3.1.SB f azasénda hesaml(@Gnmék el

Faza| S.G. | f F F F F F F F | F
SiB; | 'Yoa |326.0 349.3] 144.0 86.3 |92.1 |-2.4
SiBs | 'Yo& |259.0 373.5/51.7 125.8 104.3| -37
SiBs | 'Y doa | 402.6 -4.13 19.3

Oc 7a | 373.6/351.6/432.5/127.2[176.4| 174.8/ 101 | 101

29.5 16.0 5.8 237 -20

SiBssi| Yo& |187.8 196.1] 117.3 74 933 |75
SiBss | Yoa |419.3 431.5/146.8 729 |75.6 |37
b-SiBs | "O& & ( 288.8] 369.6| 357.4 123.3| 134.6| 130.8/51.5 | 64.3

Hissocik vD bor k hal da bpoxl ag- nriRaussHIY (VRH)
y aXx & nl ak ma soél nudnammlkastidikrmddaud E) andPuassomiskot | ¢ -
( sgiymptlor (1.1.3.1w1.1.3.2) ifadiorindbn hes abl anméxkdeéer .

o — 1.1.31

b — 1.1.3.2

Universal elastiklik aniatropiya bms a | § Vo{gtAvb Reuss (B v G)
tonliklorindon toyin olunur. Si-B sistemind mexaniki stabillkt ar az |1 € qd a
fazal arén yox| ddu@alnma skér i & €4 m gluBeagla byia n
ol un mumotx mdvol 1.1.3.2dboBorrHu ang kr i toeSkB yfaaszéanla:
elastiklik sabitbri vb mexaniki stabillyi h e s a b | aXancetesidfékrt .o rB§Sha r
kri ssothhem®dr f ol ogi yas én atermk gasstinm damneau r
K¢ al anosianmépeh g it g ior ng °ksdBe3i k ki itdall éna dah o zass st
olaraggamma kvattarla k ¢ a | magadi&@rv a ml &  fl87]. eakin, aghnuma r
K ¢ al absiréilp l&ristaldagisron  a mo r,kil-aikkmad oz al ar dat a
godor yok k 0l masa da, maksi mal K¢al andeé
m¢, K aplolundr. Bundan thakKkeanpey gk sir | aon fiokb| a
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kimypvi prossekorp vbtermodinamik parametsin giymotlorinin doy i Esimb gamma

K ¢ a tosa ed@[109].

1.14M¢ xiffoza qurBskki st al | aroumdaiagqgén

Todgigat kr i st al dlaar Bn dcadm qumul u K u hagqgér
pdob i yyat | gifnblau mg txltar [27°40,849,849,2%5 261, 288).
Bor oksidk r i s tya¢l Beson@zhk dorpcpsi ilD sintez edilnosi ¢ - ¢ n mie t «
turkusunun 940 K t e mp e ryartnuyetdilandlidp §25]. a |
kokil 1.1.4.1-da bor oksidk r i s tikh bséarsB.@Y( a k azjyéi qtl i -BsDa z
(y okkiozyigli faza) wg-B.Osa mor f aza Kkr i st aumdon@® 99f i
228. Lokal voziyyotlordp g-B.Osk r i st al -B,®; modifikasiya ib pHab

ol unmuxkdur .

kokil 1.1.4.1 UB,Os( a }ByOs; (b) vD2-BoOs( ¢, Dky ¢skésx | €] a mal
kristal st oaikogbuly pua; ofQ@ ratqos nBeabyi@nose
Qofps parametiori a=0.43358 nm » ¢=0.83397 nm » P31 fbza qrupuna
malikdir [146]. Y ¢ bkss & x | & ] aB,Opraodifik&siyab ép Cme fbza qrupuna,
a=0.4613 nm, b=0.7803 nnpe=0.4129 nm ofbs parametdrind malikdir [234-235].
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mo d i féidKraksiyia gpakiba. r € n

okl rair sat qhfrakiiya moazorosi dng=3.5 W 0.2

modifikas i y a s € n & mzyiqdp. 10201G400
modi f ki kasi yagyoaedn!| KaS&.dotliqi gt dirakr, B,Q:° s

K r i s tsoetliyi €Dximénon

( kil 1.14.3).

1.
y ¢ Bkdpzyiglordp sortliklo WC-1 0 %

5

t K

oksiodi hay
t emper atBOg

GKmyiglorgnd la 2 aortligi (L6 GPa), daha

Co pbsilpmy g apethmk

m¢ mKk ¢ n



H . GPa

v-B,O 30 GPa
2 16(5) GPa

PO TR R
™ ] [ ]

]

_ 1.5(5) GPa

e Ao A
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kokil 1.1.4.3. B,Os (1) vb b-B,Os (2) n ¢, molorinin m ¢, ®lif t ozyiglordo

BzOgtDr ki bi

t ap :? bklik giymotininb o r

m?© forkliyi.

.-¢¢dn b fazaséneén

gur ul uk

( I 1 1 )sorhodigigniotdoi | ngandéétijmal

etmpk olar. Hbm- i n ipan bpdobiyyatlarda BOs; i1¢ n quul undal 29-B,Os

modi f i k a skiizpteogkés éyeg kas mal i k

GPa)g ° osirt

ol nyakcordieyi (3D a r

1.2 Todgi gat kri st al | apoEmddyai eiqeammamfaiuz ij kuin

Mplumdur ki, bor brkibli keramik materiallare | mi texnol ogi

y¢iks temperaturl u

pooluhan ent perap €@ ktdiav liisty

mat eri al |l ao bkigmio |l g @midx 604 € 298]Bor w borun
m¢, Blit binar vb digor ¢ - |bigok miorinin termofizik xas®lor i n i omilmosiy r
fundamental maragqk k i Iokdodit[28, 94, 110, 118]Todgigatn ¢ mmibnndon® n
y ker i ¢ tetnefrikidavametdkinanrtdmpedaturdan
as? é olpair mipi nde tm¢khasgmaktik phomiyyoto md i k d ioiyyat c

séral arénda

i cmal & n e n psatermdfizike parandetd] ilfTm by ¢ Bk kemperaturlarda

giymotlorinin tohlili © zohobmiyyot i n i

sax!| £mang d aad &ar .t eB
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materiall ar k i mplif saheloxindmidtifadgsi | y agmzégma | négnxn a
ki -1k termmil| Kke-0o0Fmaséigar zu otiowon besab x
ol unmal@ld&2d ér

B1.xCx (0.1<x<0.2) brkibli birlok m2400Ktemperaturda400 Atm bzyiqdb 2
saat isti press formada diametsrh s i | Dkiddh a ZKé rkk & n sn€ ddrnhika r
k e- i r vocistiliki tytumu 1.51 00K t emper at u-8 soyuducue r
sisteminan istifacbolunaragby i n e d 248 nTockrddbdrg i [q a bgiglgyiniré n
analizi nogsodi ilp y ¢ Bk gpmizlik dorpecpsinb malik ki st a |l dBininnisgliiu n
tutumul.51 520 K t emper aTfqan u ma wey pvdeyliheesijoym i
ol un mCrBIWIoASC/gK i st i |l i k t ut ubthu29ad@l/sne r i
atomu, ¢sa@&B20sitvboDe b ayti 10igl0®s m/ s an  obyyohu j
olunmukdur . (3<T<1l5 Kn-iteimpekait sofrit adnit
y a x éticolorni pygog e t mistdik tvumunun ~P ganunauyjbun
C,=5.8 108 T® C/ q Aiyooti al é nmé kKerdirst al bsiik ¢Bogm ¢ r
giymotlorp psaslanaragBsC, BisC; vbD BoC kr i ste¢a-l¢gnar Bsti | i Kk
giymptlor i ni n pngpdileiy ia@@e | meg ;k @ h ndur.kHomM- i n iCn
kri gt glné 6 0 < To<B308T<1000 Kvemperatur intervalad & napar
todgigatlar ovwolki tod gi g aritilpi & in u y jow kil lu PLGSd i niwypn
ol unmukd4Crk r k Bét-aciftdik tutumu C=5 . ZAX1QY q Dkbay
temperaturu 1470 Knk r i st al st r uk tL37A@34/sné-b borahdrdar.r &
Hom- i n4Cik r B s ttad rémmidka k giynotirm¢écelt] f y is @vD Forglg |
pdobiyyat roticolorindon a | agalidarlmg a r ktehl[éiglliée a p BkiF1&l)mé K
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kokil 1.2.1 B,C birlok ms i ni m inf; x3é x| éql arda ter mi
a/sn? olan wisti pressoh a z € r | a nopbe:k  sné& gkmdj éc :2 .sb5é x |
a/snt, d: neytron uduohuwu ztéa d taino@mky nf ¢Jimugni
séx| éeqgsa’, 2e 48 sasrr|fé] és éxgsar] eg 2. 4 @znr.ej é
Npzori hesablamlag © msirtki, BACk r i g t @tignals éx2.52g/sm-b
boralordir. Toc r xob ia | @ rs& ivinidka amd¢tgmeenozbroa | d @ § mhilén
pdobiyyat roticolpr i araseéentdap mayg mohn2blgh @@ r eC t e
i nt er \wa higidhldrai s tterrhofzikiexasslor i I st i | bk ¢otflu
ki nenmn & tdabigyat moticolori, normal atmosfer ozyigindd yerinb yetirilbn
toc r oo h-BN ¢ - ¢tarmik kinetika forglidir [113, 150, 27 M¢byypn
ol unmukdur ki, odid©BN-dekC ptepekinmm xamaktemedan TG
pyril ori stabildir kil 1.2.2).
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temperatur

f unksnbpkyeatlsliéenet i kaséen&el eEgmper at

kokil 1.2.3-dpy ¢, Bk semperatdard a
kri st aldboidbeyniegmandaoksiok mr e a k si y aflE]. b ack

kokil 1.2.3. h-BN liflorindbvbn a n o
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olmayaraq sadalanakristalardaoksidbk mr eak si yasé ¢-¢n b
eynidir. B ¢ t tponr ¢tdmgigatlarda istilik selininbyrisi 100061300e C t e mp e
i nterval éndwndsy maywh»@ak<E sk salwssin tam oksidk mwsi
ilb tamamlanarproseslir. Bor nitridk r i s t a | osiminkoksidipg meivok r i st ¢
sbthindb B,Os k r i s tfaolremmaélfna g m® & h d n ybiir.nMexamzin solaraq
borun aimosferaki oksigenb reaksiyaya daxil olaraq reaksiyabnsulu kimi BOs
-eviosivbsabost hbgaz énén ayr éBinra sdb@yybtarda (NG r |
gazeéneans éa le@monm @ islt mMR1R|.dProses N ¢ mu mvi reaksiyany

mexanizmmia Kk aj] édakeé oki mig mkgynd et m

¢c60 -0 60 0 V¥ 1.2.1
Oksidibk m prosesin fdoyma faktoounun tam bitnps | 1 2000
t amamipk gpyr ivsi nin stabil o bbosut[l®8, k68]- d

Ap ar edhigatharddanm um ol mukdur ki ,pdodk2r 9 Os¢tgad nétr
k ¢pbidin 30 % oksidk | aksidlok m dorpepsi bor nitridk r i s t a bthinia A/8 n ¢
hissini B,Osoksidiilb® r t ¢ | d ¢ oyirg iger togfélps 1 b ipd g is ceoaintdD it |
BN kristalok mmgag aininmnkhszi dnl ghanhunn X gthssalisiiilp s
bajl él ejé gembRyghsalbsszkh - e ddi h@minw ¢ bkmy |
dorocosinb sbbob olmu k dAY 7. DSC pyrilor | bi r slémymwi prosesarin K i
mexanizmini (oksidik mvop ar - all @aaknai yasémnéni j acaahk
funksi yas éné&néltég negnedrag tBgN0e0aDsd® (istlik selinin
maksimum qiyroti 15 mW)phomiyyot | | bir loedinondi kropkidra2di
vD Kokil 1.2.3) . Lakin sé-rayéxkl| epifi20d miWapdoa a st
Ekzotermik xarakterli 10000 2 00 e C t emp er at u rpolunanpresess a
bir baka ol ar amghind® BbOskksid mhagmsihid tamf @m éna | | K
g © osirt

BeSi k r i stbmazlik @onocosi 98%, hisec i y i n tmkm ofas txigigat
ne¢e mosin tgrP ¢ | mda3]dTger r piptwby ¢, Bk $omizlik dorpepsinb malik Al,Os
ponlordon istifacdbe d i | mi k ,onmb & Htrh® KKmin vk a v a n € noti .5 & |
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mli/doq g°t ¢ r ¢ [IDumglur dicsilikat tikibli k e r a mi kolorin ¢Si@wm
SisNg)y ¢ Bks t e mp e r a tolu irpftlca eaxiliacb okgidioxt ws | haqgqgeén
pdobiyyatmat er mav ¢ a[di@l67, 241, 265, 284, 298, 306]

YQ® -0 4O Yo 60[ 1.2.2

YO @ o) R oOoYRw cb A v 123

Qeyd ol unpeosetrtoy t; gkkemperaturlarda oksiok m mphsulu
kimi SiO,, B,Osoksidbbogps i# ni n f o r mmbhsalk anragsyeg @ (Gaaps €
N2) vbr e a k s i ptimdbokmggndldn  a r t ma lgoéermbl aksidw mkeranmik.
bor silikat mikro hisociklorindb y ¢ Bkdemperaturdtod g i g e di738 883.k d
Kristallardaotaq temperaturunda860 K temperaturunangor o gpéektrina 0.5%
azalmam¢ Kk adbl dnur ki, bu da absorbssbgal éct
K¢ bninartma olésidibk mprosesilpeyni zamanda a k. ¥2&3rKip gpdor 25 saat
m¢ btthdo at mos fomitind KWézdér él nbe m, m¢ @ &nlrni i |
giympotlondirmok ¢ - ¢ondoy K xtiokkd p &l &0 Bgbékr i s t 643 Kdond a
bakl|l ayar adp 1kg/mM3ti nka sgépor ananflik3H u r

YRO —0 ROYRO o060 oW 1.2.4

kokil 1.24-do BeSi kr i 8504 L 8@ 0K t e mp e r a pksidibk m n t
mexanizmini kalorimetrik spektrbrindo f o r ma | kzateamk pik w k ¢ot |
kKi neti kas &pdn TG gpeldrikiti pear ri aokildolt akna m| arb%@ K
ot r af & pamaédgeygtall € n mBuradmdzor materiallardada SiBg+Al2O3)

n ¢ mosinin oksidbk mk i net i kiaxizn® | ¥ a vwal& spektrind 50 %D
godor ar t € mo myg r enb k dokitemperatug)acd®iO, vb yaxud BOs oksid
tobogosinin izlor i n i onilmds y r ¢okrgy struktur analizki a p a r &d toklg K
olunan mexanizrdu y j unl| ugoomgmanuikad ur . Ey ximnirg a

zamandan @& € odbyir eekgi n e taidkireoddl@yyat mat er P goh il lamie
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[173] vb zaman brginin psas texniki paramdbrdon o | d wyjyom m§ u n mu
( okil 1.25).

T T T 1 T
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kokil 1.24.8501 273 K temperatur i nobratindd al
BeSik r i s tobsldEknming q antii m
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kokil 1.2.5.BeSik r i s t880I11278 Kitamperatur nt er val én
oksidibk mdbn sonradifraksiyaspektrivozamandan @& gk ieénet i kas
B-Os k r i s ttexrho@zikievm k ¢ptdby i BSm n i omilmssiympqsodi ilp
m¢ Blif tod qi g at me t o d-tlifeerendial dcaonmetrly Balysis, TGA
thermogram analysi;DTGA-differential thermogram analysis) istiiad | u n mu K
[26, 99, 25] .DkilR.26-dDBOsk r i s 2@l 25nEenC t emper at ur
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TGA vD DTGA spektrbr i ver il midodiiedm ayShéerk t o ladas
hadi® proses ¢ mu mahiyyotinitok k i | A ean ivg deechiidr at at a
noticosindb k ¢ ptitdisi, brimp prossesvbDB,Oz;b u x a r | @b ana mne dagdisil

ilD xarakterio olunur[117].

DTGA, % /min

TGA, % i DSC, mV/mg
87 e k2t
1004~ . texo I
L\ -\--ﬂ‘.,.,.\-....L.‘.'ﬁ.hww,,.DTGA.\g&w;m.‘#_, L)
LN o6 . My -2
804 1N | : DSC | [
' . TOA i ﬁ“}-_(; L4
60 - I} _10] 5
I 2 | )|
‘40 1 v T g 1 o T ¥ T ¥ L o T . T lh_l;ﬁl .
200 600 1000 14007' ocs

kokil 1.2.6. Argoni n e r itindoml0 K/dbq

olunan DSCoyrilori ilb TGA spektri ibuy J u nok k i |

adsorbsiya xasgp malko | ma s é

VD temperatururtps i r |

B,Osbuxarlanma
kokil 1.2.6-dp birinci hisssind iki morholpli endotermik pikbrlp xarakterik

alteénda

mat er i gl°sdriémadsdi r |

‘060

gO& © 6§

Ke¢tilt gi si nin
nozori toc r piptpisp43.7 %D borakor

0 0§

0§ ¥

0§ ¥

1.2.5

1.2.6

tedir.

g € zomidpBOgKkrr i st a

¢, - OBC, TGA\WDTGA spektrbri; 1-borikt ur K usunun sw2uzl

O n u n pragtiddb b cart ntows If KDBIS WK

aopaB30¢-0l la & Bspanayyat N |

X arpadkda parn &lt a rk aoxliEezs Bo®,réiq
o | u n mwgorbomgolmokB®lar ki, ilkin

Bor
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B.Osk r i stiahlsssnenn book ki U roezadal d atv a g D7 AaKTERM]
suyun s us ummicmirdd£trréed kmtawsré x a myaikk iek Ilii k hbe
DSC spektridbn istifado edorok pldp edilbn signatt e mp e r at nda bowrks é
t ur muodseuhi dr asi yas épkéeSTAnok u ma tobtha 1 ebgpahak

akajé temperadirurl ara dojru y®°n

DSC, mV/mg
0 Texo

AT e R

-11 139°C \ | ¥
(=603 4/

o\

-3 162°c Y

S Bl | 176°C

100 200 300 400 500 T,°C

~4 1

kokil 1.2.6.B,03k r i s tAmil neenrétnoxot¢thii t gdo@@mDSE p
spektri.

B.Osk r i s torambsespe&trh e - ppi ki Kl i k ol mambra n
tobiotinoma |l i k od°rmj eopoedoay dén bir eDohg kDR Y I
olunmur. clavp olaraq bor oksidinoimb ki net ik a @& dn@msI y r¢ -
toc r ob DSC 409 HP (Netzs¢chDSQ kalorimetrind, g a p abhlpedon pstifadb
ol unarlameEedyar @ar - al an ma s aisodi@DNMDIND WY jau n
gobbon signal én pend?»5 e @i kawh &haraq qgeyd
iID310e Chisgxciklorinspthindba par €1 an mordohibomooij m Rawrk | v
m¢ K apbtmpkdpolarvbte mp e r a Dimosi ilDyhiggiciklorin mayebk mwsi proses
b ak .kokilr1li2r7-do maye bbbgpnin artanmexaniki horokot i mot, eluaoy; i
priyon damlalar 60@ Cdp koffaf homaogentobogoyp- e v rabl®iyre kv s f er i

koklindbf or mal akeér .
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kokil 1.27. B,Osk r i s ttempeFatucian ds €  onhagemblbmgpnin artan
mexaniki lorokptivbs f e r i k oifliadml et ma |. &Kk mas e

kokildbn ay d & npolmaikkg ird oksi di ni n phaosic é
(orimpsi) vbD a g | 0 me rpo@oplgalmps s v i r e d289. Mriokr dmarl a |
mayeninhprokotinin spboblori hom amorf bor oksidinirorimps i Zamaneée
( gk = 1.850/SMP VD } maye= 2.460¢/sn?), hom db artan temperaturla birlikgor i d i |
bor oksidin sthi gorginlik bms al € n € n a nooeagadndir@ok dlama s & i |

600 e @ qgodor g € z d eme fard v goffad olur, 400 e €bn yuxare
susuzl akdeéer m&rt skhaashleade @oelogdbyai Byon VDistiiDk m
zamané buxarl|l anmaj a othlaok1l 4 § addgkspdnenkotarad &
y ¢ #oe saf bir bor oksidin - e v r B,®s birlok s i n i D itgiki miskbtinin
pyrilorini 2 vb 10 K/dbq g € z arécoibma d 4 5 0 U @a gidoe mpearx &tl u
( okil 1.2.8).
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kokil 1.2.8.B,0Osk r i st &idl1@K/dBgn égné z dreenlpmikp DTG
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Kr i st lgloginabmh®myynotli itkinin s ptr(nbgodor yavak ol
k ¢ptolgpdor ki -biukkdairrl )a n ma n éothin saleski nv enr dabzgakl | t an

vDk ¢otitkisinin dorocosi Langmur bnliyinbu y | dmvd)-fba z a | ér .

— [ Y— 1.2.7

Burada o tmsxd parfMaamadshi n mol e ksiyd vy ¢
buxarlanma =hi, p buxarlanmanozyiqi, T temperatur ¥ R universal gaz sabitidir.
cdobiyyat mat er i albotum rtitahn &i38], oksigei [229 birlok miorindd
ekzot er mi lsirlmirmameydanad@mibsé t,- ¢n oksi di d &
sothin faktiviok mwsinind idamedici rolu geydolunur. Bor oksidinin buxarlanma
prosesmin bhpmiyyotindbn asél é wombmywarta@, onun b
ent al pbh ¥ jauatierd25 kKC/mol, [99] 336 kC/mol, 390 IC/mol [116], 392
kC/mol [40] v e r iBlorrmoksidinll, 2, 5910 K/dbg dorbepsi ilD 0,1 Mpa bzyiqdp
gézdeér él madpéedilm aTA mBEl u ma t |psasladarag buxarlanma
ent al pLangnausbaligitog °ch e s a b | a209%n 8ikod d rolor pparmagla

Klasius-Klapeyronbnliyiilbph e s ab | amal ar aparél éer

9

Yy

aE—IY & 1.2.8
11201520e € e mper at ur i nterval é@&nda buxa

3kC/ mol oyidwjal anmukdur .

1.3 Kri st asltlraurk@rur qur oifinPww ad asrirgix tta |l t
radiasiya defektbmblpgplmb, migrasiya v rekombinasiya mexanizmbri
Konl ak d étlordbcré® myitndefektbrin - omplpgplmosi vb m ¢, Blit

n ¢ moordod i f f u zstalar@as/eamdrfrbirbkmplordo forgli mexanizimbripb a K
verir [1, 2, 7,38, 46, 50, 59, 1Q0161]. Xarakterik olaraq dektlori vakansiya v
d¢eyxnlar asog O0),ed € kt I( 1ol (2D) vorhpesnt (3D, gabarmalar
defekt paketir vptetraqonal defekik paketiqruplagab © bkm m¢ mk 5% ©0g,r
304). Bork cisimlor fi1 zi kdusidunkiim palmanmadan speas’r :
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n ° myitdefektbr f or ma | ak éses mrmhisosini atanl ar ar as é, p
d¢yy malr as @& vovakénsiyalarik k i 1[298]. &t o ml ar a morkrstal d
gofosdbr equl yar ol may aod ¢ & t; onhotdo/aegiok a rrousidivinkid a
defekt omblpgblmp mexanizmi bilavasit fboza qrupundan @& é d é r .orard £y
defektbor pn sad kubik gofbs quul U ka daéaktoedrik v tetraedral quul u K
f or mal[28k,304.r ér

Kubik gofos quul u kK u n orimdb yeriokonlatom skkiz elementar ofbs ilb
g ag |k elapddoelir. Hor - b i pvidoki gtent iki gpfps i n pwispndodir. Qofosdoki
at oml ar éondp yerpnékkiz iatorh skkiz gofos iIb g a r kK édirdedyr.| €
Qofbs i n dripdoyerokon at o ml a mrdkeknstalalt bt agj s| &adiicubik
quuluk da at oml aovidD gerlbeDs € atmg @it ar én  dziyyotdo o
f or mal @lardan birknorkbzlok mi Kk e | Bfosquult uakr u ngarbornisp d i
tinlordo f o r ma[R78,4. & r Mkkob mexanizimb b a K phwypmsesn ak aj € d
kokildbpyanitosbv v ¢ r Deid i mMgnmk ¢ nd ¢ r .

Quul uk modi fi kasi yasén atar a fasti detchktopty a |
ph  sadd modelndo tosvir edilmos 1 -¢ @ yeyeniril mick
modelbk d i olorindong © oeilir ki, vakansiyaot r af é nda gt oml ar
bir-bir ovbz etnbklb g u r u | u KD horokokdb élur [2¢b, 308 D¢y rnlar a
atomlarén formal akma emeanij iBsaik aD?2 or@ene
mi qr asi ya by Q éks$rkokotli raxaktep malikdr [152]. Struktur vos & x | ¢
parametrindnagt € ol ar aqg Vv a-ikenerflobrdg@l .a8& ed\a hfao rkm
b°y¢ k r e bcaikosmalik iolyrg0.20.50) , Dk grierfibrdb migrasiya w
atoml ar aonpadaha kiik bpykptidir. B¢t ¢ n bunl ar én t
qguul ukda vakansi yabohr ®h uy@anélemas ¢ | gimd N
y a r a n ma gob olupan gnerjidh daha kiik enerjilordb (0.1 eMbak ver it

Gossetmbakqgal ar e dmaMeiVk eqmen § livapdr&aub)d |
kri st al0'Bon/g€-don 40A0%ion/s?-dok s ej ésé&ax |ogp®0L d
don 8 dpa i ntomrakali @nudm i @Inandaotagieenpetaturansia
K¢al andérpglema s ¢Uognaéod. i € r 1 o nolyeinloh dgigae r
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I K ipsas mgndi bor karbidk r i s taamoérnfd aa Kk ma me slifamalitik mi

metodlarlaby a n i orilgosigirt

10 1/nm

kokil 1.3.1.4MeV q é zA&)li o ( |pdQ®@en/sin’lintensivliikdbk ¢ al and ér é
karbidin TEMvD SAED(g °© r ¢pi &: Porinlik ~10 nm. b: Drinlik ~50 nm. c:
Dorinlik ~100 nm.

kokil 1.3.1-dbg °msilbn T E M  gofindpgln t0¥AKh/8m? intensivlikdd
K¢ al an dé&0nmbOomen ko100 nmdorinliypg °ca | € n mé kordon© ra gy rdt
ol ur kolif modifikgskdlarda radiasiya defektinin tosirlor | aydém |
olunur.Lakin TEMtbd gi qat | ar é nd a n “iansPeqodordBICU r i Is it
i mpl ant as i ythindborhdiasiyyan ski nocpsindd yaranan defekbrin

diffuziyasalms i ni npss e -aiyldma nokilglB.2)e n¢r (K
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.(104)

. .qloz'.

kokil 1.3.2.Qé z é | ( Amb5). OfAoimem?antesivlikdb4 MeV enerjid, 50
nm coxinlikdok ¢ al a@ad ébéfl mk ar b ipginin FEMYDSIAEDU z i y

gor cpmt ¢ |
TEM m¢ooahi kl¢ a staukiumiem € cha s isogpla s@Iincéduj un
edir vb kristallik strukturda radiasiyapsirlori noticosindp iki satpl i amor f

g ° r ¢¥ngatodp (sothdbon toxminon 70 nmb godor dorinlikd b) ki- ik intensivliklordb
amor f | ciger krestelik satblordb nanometrik bkolor kimi spppolbon mi & ya v
meydana gmi dislokasiya kimidefektbr g © r gkdpdir. K k i salp (toxminon 70
nm-don 100 nmpgodor olan dorinlik)  ybgiktensiviiklii mp | ant a s anglia ¢
edildi, ilkin amorfizasiyaprosesin izlori © n bnth Izogolonmosin 1 ogir® ’EM
todgiga t | a psédniégni Dlawwa gpar él mé Kk DREMR spektkoskSpik v
todqgi gat | ar prasesir tObiotenik vo 812, B11Ci, B12Cy, BsO vbD BeSi

f or ma&lglakimoyypg e di INpmkeda k't or | ar é noasalukimia r -
Dh - o x DimbraHeti ognd édtag temperaturunda enerjisi 180 kelan Hé

i on | mX0% ionisnh? intensivlikli k ¢ al a n dd& rkaadidk@ K s t defel@ n «
pmolpgompk i net i kas é& alfth 180 keV endrjiliHerii akrdli a G n €
kri stmgd fenzdaenlyinfRIM (Transport lons in Matter) kodu bl Ziegler
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formulundan istifadedilobbk h e s a bl abghywe ked®irl mi “d dinrl ak |
B12Cs k r i s t arthlaama dngplantasiya odnliyi 0.6 mkm-b boralordir. Helium

ionl ar épldkhomgenmtnr asi yas®®d 2DPAIR D2 ¢ 0%pa 0
ekvivalentdir. Ramamtd gi qat |l ar éndan-nagwdami8shdm® e k
527sm!* Ra ma norirklom®tvic ud orliann ipnitkeln sbmr i niy n- &
dan sonra 155 sitezlikdbg e ni Kk y ay @& miealri y enikit d3p3) k ( K

_ |
| \

0 DPA and 293 K

= 7 T
) o ,/ \J e W L
= 2 DPA and 293 K
S — /’
f\

2DPA and 773 K

| /\,Um\/\,

!

S | | |
’ * Raman siloioft (cm'l) e e
kokil 1.3.3. K1 ki k¢ alp@ddsé K  wvoe mmiQskBriikdt al €
Raman spektoki.

Temperaturdan @ & o | abrinavgziyyp ii knli omilmosiympgsodi il
hom m glifl or 773 K temperaturda 3®gorzindbt e r mpmkdbnisandabkrar Raman
analizbr i a ptaer rrmébmiodon ovvol vb sonra Raman spekrin i - mgiq a
spektrbri g °os i | mi[le3dLb4i PN ol unmukdur bpnkiiK,
kristallardak ¢, a lam@kn nodpmb ol ujJ u okin yenicon poi & & 0 | buankm
verirHel i um atoml ar énén kk ¢ g ltdahfefautm@ky ab ou .
nmot r af exd.dg € n ol u mmurk mpdi pumofindon gJdugea ki ik
ol duj u & - ¢én hel i updok iat opnalyd Enézomeaestnm@mnmag m
m¢ mk ¢ nfd g mibpkmiki odkin n ¢ moibnn Raman spektt | araseéend
for gi n hel i uknstatdayoanyl ea oigeamsigdn €i lo|l ma e hikdir. ma
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Tok r aroky glesnper at umi mirkd ab dke riksatrkamitl datd&Edn d
smipi ki n y oo®853sm! vn&23 eém' piklorinin ispyenidcbn intensivbk mwsinD
sbbobolur. A7 ér 1 onl ar |l a par aldklr i rsdyedl rréaotrddag ¢, ¢
pmpblpgbimpb mexanizminintobioti m¢okkbb g a n u n a u pyji Wiy 104, 248,
283. Mplumdur ki, orgli enerjiwoi nt ensi v I i k1l i n e yparala n
gamma w elektron tosirlori do m©° v ¢ u d7d 047, 18% Simeone w digor
hom m gllifl orin - yerinb yetirdiklori tod qi gat | ar da 600 Bkt
i nt ensi viionk)i Sy tOrAd®2 B ¢(BréssurizédVater Reactqr
PWR) tod g i q ao reakiofgumda daiv i formada 1Cakeirs taa
¢, @windok ¢ anhaaeffektbri vb lokal yerbrdby a r a n mmidefektPrig yaranma
di nambpdkgd g€ etd283]. mmu ohbtlp, geltron selinirkristal il p elastiki b
geyrite | ast i ki t 0 qu K noplosbtn éor iknpressem ond u rolgkmb 1,
geyrre | ast i ki t 0 bk mdeti2zZ nviofongdur ki, neytronun
kristaldanelastiki pilmps i Zzamaneé neyt r omyyk bimhsasinik
itimpsi iibyekunl|l akeéer . Lakin geyri el asti
yar anpzanscél rmviawrreéa k s i y al a20.&pokible3.4 vowolal 4.8.5dDp |

O DAP-danb ak | ayar aq bpdx0 derAiyvka i r I n @&V a
kri st aRarhaa spékievp 373 K, 573 K, 673 Ko 773 K temperaturlarda 30
dogigp t e mi Bnmpbdork $onra tkrar Raman spekot i ver i |ogybnk d
ol unmuk d ok teknperaturiargdk & r mbnkp bor kdrbidin xarakterz edbn
piklor yenicbn borpa olunur.
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kokil 1.3.4.K | konry, glift DPA-d a K ¢ a h@k mié & tmB Igedy é rs
Raman spekioki.
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kokil 1.3.5.M¢ »lif t e r momkdbnisonidak ¢ a | BpGalerki st al é
Ramanreffektlori; a) 2 DPAda neytron selibk ¢ a | &mstalédx373 K
temperaturda 30ogp t e romi k knstak ¢) 573 K temperaturda 3@altermik
I enli | knstak d) 673 K temperaturda 3@gl t e romi k knstak ¢) 773 K
temperaturda 30odg t e romi k knstak |
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108 izotopudenok olar ki,b &tn mr¢éeva kt o r | Bk efietivecheytroy ¢
uducul ar én haz Bolunu R5flaNe@randrd®B ilpg ta ir fk adrié g
codvDl 1.3. 1 g ¢ $ mi K dk kinetik eviggjik He w L i lonl ar ém é |
noticolbnbnn ¢pv e a k s i y aK kbexatzinlieealkisiyadaofqli enerjilordp blavp
alfa,gammawp r ot o n |lockioridpy &1 a 8 ma s eolumg36la h i d

Codvol. 1.3.1. Neytronud®B izotopu ibg a r Kk éslr @exdnigmi t

B B0 4 n’2a(1.47 MeV) + L (0.84MeV) + 3840
7(0.48 MeV)2 a(1.78 MeV) + Li’ (1.01 MeV)

oLi n+ Li®-H*(2.72 MeV) + «(2.05 MeV) 940

*He n+ He®—H®*(191 keV) + p(573 keV) 5330

Hom- i ni n neyt rooaguén celnaerrg gosyanfubdeykrdanuiny
s el senyli @agmekm@e3vdr i | mi kdi r .

106 — 1015
10° :
’ 1013
. 102 ?n
) <
o
— | 1011 pa
< 10 s
© =3
a2 =
© 102 100
3?\)
104 =
_ 107
0—6 " ' v . -
103 10t 10! 103 10° 107

neutron energy (eV)
kokil 1.36.1B i zotopu ¢-¢n neyt meiyn udu
Aydén ol okr eknie,r jyid ks mépqtarrokngd aérgél néz a
sopilmpbnin effektiv en ksiyi enerjilptor s pbnagilvdir termalvb s ot neytronlar
é-é¢mmanunauyjunl udadlvcvadndu k. al anmal a
K¢al anmane da bk ¢ 9 wzle nyd By eherjile komn elektron
s otiondiricilordobor karbid ibbg | é  mhf¢gixldiqatliara rastminir [127, 193, 227T.
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1. 2 MeV enerjild] ed ke k b o o klkaars Itbaa Rlidmaa é
spektrbr i ni mifDRPAkar da amor f | ak mao me rn maokid mi
1.3.7)
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kokil 1.3.7.K| koln 2 MeV enerjili eCiektr

k ri st aRarhaa spekmié n

1.4 cdobi yy ambsindog | alsé n a noticolgrhas-né gn s elmilvd a r «
praktiki giym otlondirimpsivbd i s ser t amssiayd aindiemien
Son on illikeb bor birlbk miori ¢ mindb m¢, Bl ti fot Isig r ag gal ar
mbnbolori il D yerinD yetirilbn analitik bd g i q a t orirdir krisgtedliks yarimkristal,
kompozit birbk miorindbvb- o x | a yblorBdbAr¢gKmupbiX e | o mlb0Ob80é
KEv enerji iPonion/e‘rsved | ésnédxal é~gll Oa r épthdb dprqlik ¢,
°l - ¢l ¢ gabapbpsceé elfdredkas,Opialk a8, 227, Pl/iHon- 1 n i
todgi gat - ¢hnh se-dili mi K ok r oristaidi @dirldnavo apity x t
mor f ol ogiyaséneql if odimad raik enaldnag. Krhd ks d hail
sothindp lokal yerbrdbm¢ ®lti f  ©° 1 - ¢ 1 ¢ Dihpdiobiar a € g ¢ a apg d «
olunur w s ¢ al anma da& £a scélpakalengarakberlidir. A] ér I C

texnol ogi yaisendanagnxibbbdudanagsgabarc
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ki neti kasofinkeos@ sl ianal2ir ey @280é veril mi K

Ay déndér pskoimpruz gadmayardmizlik dorocbs i1 K faiklisolan
kK r i s tsathindbagraédbrar ¢ € glihnedkdod i @ st L@ ki nsomab & ly & Ik
°l - ¢l ¢ qa-llkapeengé aP | &¢gll¢ar ga baadrs o r bpgiq Yy ¢
zodolbn mi K c@ @ b @ r pbnkola gotkiakdi bu dna; molonk sothiredy |
gabar céqlogEnogotni rbi°by ¢-mé x arok mordo g x| d mmad & a
sot hin kinet i k atsddnag ¢;ca | od napiced grh¢2d. 2 oexly dogstrb €
golinir [11, 242.

Ter mobprreigak t or | ar éohsuiéer ér ekaikmtl ey Hi amm | ¢
par - al amankaos\é aoikkib prossekor, heliumi onl ar én enikr |
olmagla paralel 100 nnodnliyinon ¢ f u pgalliyypino malikdirlor . molarag
gabar céqlpa pein -bdékysialaedgoh € yéa xexkht | mal obsa s b
n ¢ moiordp dofolorlp - o x .cdBwi okikdp bor orkibli kristallardad a ha b ° vy ¢ k
n ¢ monin othindb b a Kk bpnveemik prosselkrlbb a g lkéid, érJon yaxé
istifadd olunaraq buprosselr i N ki net indash & @ gnélaipsma & il |
m¢ mk ¢ n[dQ.r cos agabacé q | ar én k | rodpdiyyakda stegmik e
prosetordon yarananpikk ki mi adl andér el é&r .orsikndinkma
hondps i formawwaayakbeér st i kmxarékterdpmionurpJanr a
yaxeéenl awmsas &k ldia f Ke¢al akma d a sothinsm yasman
gabar nfall -ag s£¢n  J o n pdpdiagryraotme bhonalorn i1 onl s uphf elmi M ¢,
pdobi yyatl ar da « goatl eaxnndi ekr anda@ n rdedbregd ridacgglartia
K¢ al an dblorie quuéwkoiss gpar amet r i n Dparalel by ienit
Kon K¢ al an pitedsgea bzaar mgad éaa ££ma s € n dosrlorgorabyrié
mi kr ost r uko disloHasiyadlblb & ] v @it ésimiordo ¢ al a nosia n
alténda di sl ok as bpsgsaDpgin  yka budd@mplus réjimiadn |
vDkosilmpz rejimbk ¢ a | a nobéar] rhae dielr .

A p ar edgigatnotidbiorindon a y d & nimptus rajimindkki ¢, a | a n m:
sonra dislokasiyan b ° y ¢pknpomalikylar.M¢, »if enerjilordom ¢, glitionlarla

implus rejimind K ¢ al a n dkastalaldang &r an an di sl okas



71

arakder étpyyoe kK d lé u m kiskedisi 40 keV olan 10 ion/snf vbp 10'®
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funksi yosigpg sy a ¢ ii dotlorxi¢ saursa ky @yokir 1841 1)miepx rdpgiky
noticolori g © oedt ki, bor nitridb blavb o | u n gatrang a b € menin mexaniki

X ¢ s upBnivprw Dlek mk e - i d t e nypéeidgaK iu-+ iukh uk o nBNe n t
ninolavbo | u n nb&ER-@n radibsiyad a y a n ey, | géalnt 6ij e &Bott néridin
0.05 % ko Hhistosindd f o r ma kompoaitbrodp, nisbi mexaniki g ¢ € ¢ 5
azaltmag ¢ - ¢ n  ddaznédnl ki gador uadr ut ldob olengr. t
Radi as i y atinim¢ qa vdeomianse®anizmn XPS w EPR todgigatlar
torofindon  a r arkod € mpElb oksigen bsiri ilp Dlagplondirilir. Bor  at o ml
neytron udma gabiliygtindbn f ay dal an ar a5%% hBR Bavmedilmosia n
got r anén neytr.6%azkldabinird.ciiBlui yailargi® ok, BiNa
ipgar ekdygw anénén r adi as ibynavw aeytrdnaekrantarinas
xas®s | ni arStaarad ra n[alndbgeitgoamdorei len d @ n ool ur a
i onlomr éen mdigatk nd a ¢ @ihdotermdiziixas®lor i N ar akdé

ehtiyac yaranméxkdeér .
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I 1 FcSKL
TCDQKQRRKSTAL IARUKTURANALKZRK! ALANMA
Ve REOFKZKKK XASSYRCMKINWET ODKKALARI

[l fosilin birinci bondindb k r |1 s t fexiki,lkieny D& ras®lori, t Dkl mdp K
hog i q i ®n@zkkl dergcolor, 1 ,t  othiis salssii , s at o omiskotr, @imp  k
vDbuxarlanmatempeat ur | ar & hbhgmandeaegehmke2bi r
ipgeyd ol akimekgstabar @wmul u K a oeadup |z a r,ogimi, &ristal t
gofpsdb atomlaraas € psabnin doy i BsSinWD qofDs parametdy | n ipbnilmsy r ¢ -
struktur analh zmoreft wldd gkiagsiee s, Enmegau, st b
hocmdb defektbrin  tobiptinin anal z i K¢ al annotaod i or nsad re
gabar nvad mo réefnl a Kk ma m@dX ia myromlmosi mogadi ilb Raman
spektroskopik w a t o0 m bptgrgkkoskopunun (AFM) anat me t ohdai gkgaésnx
mbl umat verk}¢ anli asdinrain éanl tt @ rkarai satpelintba ppoéng :
etmodorinliyi, b a k pn¥iz&irvbkimyovi prosetorin nozorios a s | a rkédaralRil M
kor h e di PCmgammaizotop nonboyi, 167 MeV enerjilis oth 32Xe***aj ér
ionlaré intensivliyi 1010 n/sm] 1T s a n apy iasnéytrahseli vo 2.5 MeV
enerjili elektron seliibk ¢ al and ér é | km@aa | mephlooyydhi akqagséén d a
mol u mat v eTermofinki xagblorin © yomilmpsi ¢, - ¢ n 0 ofunanahadizd

met odi kal @aél panargetmri v @ x inli kit k di r .

2.1 Todgigatk r i s thaal g gaérnéd a blgmat mi m
Tpdqgi gatda t 6.21.80g,sie ntdm mis £ x i 984 (dbordpvcl
211), hi sspbci3pkhn Xligsasd I b t-28intg, kes@lthak g t |
ni sboti B:77.5 vbp C: 242 bukarlanma temperatutueS50¢
AC vbp kimybvi s br bokkargidk r @400 | Mp.d Siopia a i
Aldrich Products, Germany
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Codvol 2.1.1. B,C kr i st trkikendoeé kimyovi elementbrin  faizlp

payl anmaseé

B | C N O Ca Al Fe Mo Na Mg
4k | 3k | <0.00k | <0.0(4 | <0.0@ | <0.001| <0.001| <0.001| <0.001| <0.001
% | % % k % k % k % k % k % k % k %

Kk i odgiqatk t i s bal @ al e2d3igsn',s étxo raif 21 i k drc
( Cp daag)l, hi sspdlnmkinn ¥®Jsusic s Dbt6eb150m?%g a h
kristalda k ¢ t | D rB69.7svboBi:B02, Bor i mp tl&@npACat bwuwx
temperaturu 30 0 AC wvobp ki m320 Wpa olarp bossilikat yir i Ot
geteé¢reéel megkdegr (US Research Nanomater i
Codvol 2.1.2.BgSik r i s tkemyp@ elemantbr i n ppm payl an
B Si Co Fe Mo O Digor
elementbr
66.9 % | 30.2% | 15 ppm| 200 ppm | 50 ppm | 50 ppm 200 ppm

I - ¢nogiqatk r i s bal ésad elrk@gese?, 2t opmi zI|1 i &
% ( Cp2d@p,] hi ssp88mknn REsudyusi sbDt3B6EMI/g s a
kristadak ¢ t | D rb0. s7Tb WB@®I3, Bor i mp t287BWM@,r abux ar
temperaturu 8 0 AC vb ki m300 Wpa olanp woknitrid K ir i Ot
gt ¢r ¢ | SgmaAttrgch Prqducts, Germany

CodvDl 2.1.3. BN Kk r i s tkeniype hirtb mlorin faizibpay | anmas é
BN FeOs CaOo MgO B-Os
99.8% | <0.03% <0.002 % <0.04 % <0.1 %

Sonuncu idgigatk r i sttcad émal e2ddgsm’s é x bénj & | i k
9999% % ( Cop2dM.D)l, hi ssdesmkpmj nx @$udgis¢gsbpt hir
m?/g, kristatlak ¢ t | b ni sOpBD.B; 69r 7 4sDACe mpbex al
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temperaturul850 AC o | eoksid B4 (tetrahedral modification)k r i s t
gt ¢r ¢ (SamadAttrgch Products, Germany
Codvol 2.14. B,.Os k r i s tkenlypéi hirtbra morin faizbp ay | an ma s é
B2Os Cl PO, SiO;, SO Ag
99.9995 % O5 pp/O5 p O1 ppO5 pO0.020Q

2.2Kristallarda struktur analizl or i ¢, - ¢ Dolunasm metddlard

M¢ x t Hristal v pa mo r f h a Inénmiuan pfbdzma nt pr ki k

ol unmasiées t¢-féand BSA (Renigera &truktur Anal)zu ni k a | t
met odl| ar & pla818a9, 21i] r iHDirr bi r faza Kkri st
m¢stovilobor a rarms b ymyomsna f dil sokra (tid l/obsdiyxparr la
olunur. Tod qi q kesthlladdeony, st pvi | Dr arasé mbpsaf
gopfbsini xarakteri amguulet imoryw tvoy ima de D]
[303]. Struktur analizz D c r ¢ARD I(XBRay Diffraction D8 Advance c i ha z
enerji si 100 V 0 30 keV interval énda
22.1).

kokil 2.2.1.M¢ st bpvi |l pbr gafasepmpaamebr | pri,
pmsall arénén tRoayi n Ddtfmiorkace-i¢gom XO8
Kristal quul uka mal i k maddpl brin faza t
mbpsafobpmpoypbn edi | mbpsi DN geni Kolupaay é

mbsbl bl brindbon hesab ol unmagdadér vbpD
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asélé ol mayatad , i it mairnhandidmpr ¢ olina bilk.i b
Hom- i ni ol ini¢ xftaamglsamvdd o ar as é mpdiarf atl
vakansiyalah a g g éo dianamn| ar oxmlswmwmat vieaz &l aor.én
Todqig olunan parametl acbton codvollordb dh/n doyorlor i N az al abm @
s ér ar tamaynotiorlp (1, 2, 3...) gob u | ol unan s dawadynd é
doyorlori (hkl) indeksbr i f o r nmyasstéonvdi ahogablor kami goksuléedib bilor.
HKL mgisrni n m¢ovi@driningbk ¢ °© et un mabsega yad sdigp® n
boralor ol an b indegkdta xokkhdodir (H=nh, K=nk \o L=nl). Vulf-Breq
tonliyinbg °or( 2. 2. 1) , & dalja uindmmaygvin uar a
mpsabnin hor bir giymot | pyypppdb ucaq al t € n ddan Shilon rentgean |
K¢al ar éneéntinmuiyfj riink sgi y a x

A AT 1c3ET (221

Rentgerk ¢ a | &rrstaldadifraksiya>otior i ni n mely e a qoyira r ¢
etmokipvbk ¢ al ar én dal J ckipmgzsaulorl ug rosagnn diymotim
d/n (2.2.1) ifadosi ilp toyin ethnbk  m¢ mk JToddggrg. ol unan dmat
giymotini toyin empkilpm ¢, ®litbirlok mior¢, - gl u ma t  tnegzqaasp@iner |
voveril mi k materu akandaaadyydnuefneka an¢é ogng re, n
Mat er i apbk doqiqlikhp kirkysvi torkioi mbl u md ur s a  folemiyotlia x
dorocodp a r t pekeyfiywot fazehdé@néan -tox  awdu dbabedmh € r
ar a kK dkérri éskinagol/i Borkibinin ilkin todqiqi dogiq analitik metodlarla aparmaq
| a z &€ Rahtgen analiz metodwimaddnin faza analizindm¢, h ¢ mrholmolan
m¢ svilor  a rosabl@&in dog | g pyyoryedilnosidir. Bu problenm hol | ol un
zamaneée b otinlikl orlsri@ rmeydara gmp e ht i mal é WrRaNz c u
m¢ dtthdor e nt g @ n &€ ms@famolunur,on parlag xtlor K s er igy a ¢
K g2vD K _p ) aiddir, digor xotlor akKaj & b malikde yogeantgen ifogu
gar & K mé KIodhgai | qdaat d ézrenmstfatb® | fuinimtary @ b s aori k¥ g,z a

WK pK ¢al anmaséndan ayérmaq | azéemdeéer .
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K gvDK sk ¢ al ar & n euwdonekysn i o Imugtisosencd & | @an &gt
xot tin sinus buc amel vaarféingé nd anlajsab ey rastoimb u ¢
borabor ol duj undaom, noyyogedinosingBhy geoinr a Rent g
di f r ak s ipsyned difraksiyeumaksimumn a rorébir Xottin s i -n dgiymotlori
t apeéldéarl ja uzu®d e qishaino &urvdun c gor rentgen
di fr aksbsyhaokrs¢ mmwrcaql ar €

OF1 OFI— (2.2.2)

plagpsinbp tabe olan w birinci xottin intensivliyi ikincidon zoi f o | axott b i
varsa onda birinci stir K s Kk ¢ a |l @k £ n@ In uoticosand Bldp edilir. Bundan
plavp, hesablamalarda gk ¢ al a n ma pabroabl | neat g nlia zné md é r .
K g1vD K_g2xotlori birlok 1 d/n, doyorlorini toyin ecorkbon & ) diyiotindbn

istifadbolunurwa K a] & d a k épyyrgediltrur | a mg¢

e — (2.23)

2ducaj é aortadaomgia alplindr o piklorin maksimumu o
godoray d é n pojpmuesdoki sd ol un ma b odora jbé@qiydyae malik r
olur. Bu zaman dubletipiklorinb © | gsnim Rec hi mbpogat @ s kke ghi r
vDK gxotlor i ni n ey nyixottimn imegral éntenkivliyinin KgX ¢ al a n me
uyj un optonlirdensiviiyindn ikidofb- o x ol ma s @&s aeshltfeXmaan &
piklor i ni n ¢ nmams i g& nh w¢ aj ccartad mterblet® mosabsmin i |
funksiyaseéeder.

) — (2.2.4)

A nsigdb Kk oor dipmoa tkiexptitli n i ntensi vi iyl
borator dioki ( k 2. 2psi@dn. bdafdpyedpton B psirftbdt g xottinin
i nt ensi v brabydir vboh & ft &ma i mgtKegris § & | & honbahs] d & ic
¢— ¢ kordinabslie ¢G ¢m° dotnvo ©n eoinivokliknde olacaq.
£ n ° mihd intensivliyin £ don ki dofob © y ¢ k0 |pzrD @shogoiue
edirik:
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kokil 2.2.2.Dubletin pikbrinb © | gsmimsxematikdsviri.

Struktur bpsaneyog porhdoiorci n ar deé oeéyetitilrapgi | a
zorurot i v abudré@ses ivr p moreblodon ibaotdir. N ¢ moomh az ér | an
sonraadbtbn pvvblki emal (oksidbk m dekarburizasiya) vy a marg sbthinin
kpsilmbsi, ¢, Baeyrié, ¥ vV ik morlo- 11 onikosivbh az ér | an ma sné
doy i K ipKsbtihkiln  me x a n i k ioticosiach struktoren by iy esismEs)th n
tobpgpsini todgigi Dibb olunur. Mexanik hamarlamadan sontar | rssbita bné a z
01:0. 2 mm qgqal é@boip@if @ n d & x & kilypvmp sya& elektrblitik
akéndermmaz aqgan ér . AK én ma  artbi mbsooa,t aadt |
t ur K uBXWaholinl o karbon wa kK adf €nt i | i p ol aridtipa vbp ¢
konsentratl|l akdeéer el oagokedilnosi do kogresne np e raa K
Xl ori d oyuirtiksu $ @ hii il i pog b & d | okbitor. Elekpdiitik h
cilalama w y a efkelr opol i sihoy@ad a r &jei- miywdei rs.t
komponenttr i ni n pRaké&mderkd!l mas € n &€ nobogoiin Kahid € r
gal énl é] é n dbya ther stauktuz kom@oseatti i zonginlok d i msinbl m
sbbob olan rejimaradag al dér él mal eédeéer .

B¢t ¢n qgeyd poybzuifadaoni comlpkkdii rr i kild mekspeamental
ardéeceéel | ebkilébyszmwaa plad.d a k & K

1. N¢g moom i n di f f nspeékirbengarmagné n é
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2. Tolbb ol undujollori Kalvol & , xdubletbrini vb yaxud
emi ssiyalaréndan ayeéer mag,;
3.AXx ayo difraktomet pedmk K g rdabletminadatizn
etnok;
4. K yipu y ] wonzigoor ¢ -dgkrs 2 u cragignhptanin @ym etnok;
5. Vulf-Breq tonliyindbn istifacb edorok mwilort a r mablérin (@)
hesabl anmasé,;
6. Verilpnlor bazas é b ddaok, Dddpsetdii fl dmdgiymotlorinb vb
I nt eqr asiwy antedisli mil & orior ilp tesnpaddsinin g
m Hyyon edilnosi.
Raman spektroskopd todgigatlar mikro w nano® | - kI ¢ st soth | a
mor f ol ogipilemsé né&n ¢nyryaradél mék nanot e
edilir ( skl 2.2.3) [73, 88 19§. AkKka] éda ppaysd xaetlswitea ry

xarakterio olunur.

-

M
NTEGRA Spectra =

g% -——
J

= 3

kokil 22.3.Amor f Il akma ki mgbvkas@albi Kikli st
°1 - ¢n¢n t b yRamanspeakimoskik (WT-MD, NTEGRA Spectra)
ci haze.
Todgigatkristallagne ¢, °1- |z, Ramarnvbl¢minessentglréntélori;
Lazermikroskopundarmstifadp edorok ¢, ©I- I topoqgrafiya
Eynianda¢, ©°I- g soth g°r¢ntésuvp kimyovi analiz
M ¢rokkpb quruluka malik obyektbrin tohlili ;

Materiallarda defektrin vDkristal daxilibz y i gi n akkar | &

=4 =/ =/ = =
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1 cc z a - éosikdgmaddiniin torkibinin toyin edilmosi;

9 Biolojiobyektlr i n ar aakdér él masé

1 Nanotexnikla bdqgigatlarg

T Y¢bkdos sasokéagioé etkkul | arén akkarl ar

Sistemin modulopmgkmrwilskww, alrazernv g«
lazerb i ®miDk $ - én avtomat i k e - mel, vimakesigndim
somorpliliyitominetnbk ¢ - ¢ n -mp K B ki gavtorpatiklbreeimlBnmosi ilD
é - | a myd rkidosirvml Yy an pnnow, [lazer fokuslu mikroskopla eyni vaxtda
kokillor i N g u by d Bspbggékipmba t erck &1 & A | g ¢ogincedilgosi t
Ki mi ¥t snlsd kelmipmy¢ el mosololeridcholl etmoypy ar d € m- é
Raman spektr omhetarfi Degenapuéydtaukné odmekr a¢q- ¢
hazér | al8BPeAkC@ &rmper at ur i ntoe 20vAad-dd 80 % i ¢
(maksimum) w atmosfer bzyiqgi 96 kPailp 104 kPawv i br asi y aptk d
Sist e omindpyerlok i r .

Optik mexaniki vahidir (OMU) mexaniznmirini idam etnrbk ¢ - ¢ n DO p
mexani ka sekt ooclha zan obiasaumen blokendan iibast tbir
sistemdir. OMU-da mi kroskop bajl amaq, byadgr
avadan!| égl ar bajl amaifmeyodibpni - ex grl @1 00
Either Inverted v normal mikroskoplardan istifacdblunur ki, romin lazerbr fasilbsiz
vDimpulslu rejimindb- al ékér . 244, 390, 43AB3vloAa3,
nm yayél amn UwikiKQIl ( r af ba gmdomsifadeedilb bilec.z e r

ANANOFINDER 3k onf i qur a sbyyaa s¢é- bliarmsiepicaini |
v er i r . piBupzifolordgve yaxud pozisiyalarda (Scanning system, -Xjfezo

scanner, X¥galvanic scanner,-giezo scanner)pt r Qipbn yerinb yetirilmosi ¢, - ¢ n

uyjun bir sistemin hazeéerl anmaseéna i mk
c sas lazer pitino Dlavb olaraq, qaz lazemi digpr dal Jj a uzunl u
yaya bilir. Bebi Kk é opolon, qazp | az mas énda | a@ edticosindd me

yarana bibr. Bu xotlor psas lazer sttindon xeyli zif olsa da, bir spektrtohrif vb ya

plavb sbs -k ¢, yotirbgoilpepy | ¢-¢nh Ramaihmaspe&lkammaadder
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K¢ asé |oypdoymozgomovwol, | az er oxgpys €i, K @ gd a nottb i |
rodd (PLR) filtriilbs ¢ z ¢ | ¢ r . DRzimlompni tomaik @éndka | ¢ -t¢ Nt L
gurakdeéer él mékder . 4 8@8d nini |ltarzistoi in¢ -
neg mmuonl araq veril mikdir:

Morkbz i dal Ja uzdnlgsjeu 1468 S6mmiyadr i amm@d nri
nm, transmissiya>73%,bloklama OD> 5 (UV-dbn 900 nm-pgpodor), da | | abhrifi n
<L/4488nmd¢; z | ¢ k <L /patalelik8<80 srem,i | Snallar Ag, Au, Cu,
Li, Na, K, Rb, Ni, Ti, Co, Al, Pd, Pt, Rh, Cd, Ga, Ipkom- i n i nor Zo®, 8g0sl |
TiO,, NiO, FeO, vb digor birlok miorlp AgCl, AgBr, Agl, CdS, GaBF o x| anél
Titromb s pe kt r i mol ekul | ar én mumat uehtwax adir. h
Rahat | akomavaxétné teilterkt ron vaxténdan dah
molekul orofindbn  vahi d vaxtda yayél an Raman
sayéndan xeyli -oxdur . Boiniirnimumaeadireyk u |
imkan verir. Bundamlavp, tbdgig olunan molekullar fotodekompozisiyadaniyynot

-Dk mi r, pypgarkiermer i si plmedoehksamajikedeyil. k e - i d

2.3Ssthmor f ol o gindgiganseét noédnl ar €
Spth morfobacgicp@ase&®mén SEM ( Scanning
Il GMA VP) endnrjziesndalOO0 V &8 30 keV in
yerinop yetirildmikdir (kbpkil 2.3.1)
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k b RIi3.L ScardiciElektron Micro&ko punun sxemati k

1. Elektron optiks ¢, t ¢ n ; 2. N¢emunbol prin yerl b
Monitorlar; 5. EBSD detektoru; @rossesr; 7. ON/STANDBY/OFF
d¢ymbpsi; 8. M¢cghafi zp qgat é
Skanedi ci El ektron Mi kroskopunda e
daxi | e di kelememtin dvoonl firsatm f &kt kol eddre ktir
emisiyyaproses i | b gbprginli k ¢-¢n 1 K- reji
i lkrstalar asénda i K- i mpsaf b KX1iOs trmam | akri émi

hazér |l é] ei wmbgrbautsar isyea ikKoDm ai ti ndypeklap bad
V D g ¢ m¢ K yuvac é Hristallarak awmer hyp adiyreirlliprk.d
sxemati k t.3&dwi rvierkiokmilk 2 ur bo mol’&& ul
vakwm KDr ai ti Yakam&h aaypa&kmnuadél masénda

SDrbost ga-€é€kK yolunu +1 atsma &, ¢ logotui
azal del masédeéer . Bu zaman s¢rptl bndst i

atomlaré il p°igargléedeqve xtxomtsameémobki -1 |
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ale

10 ==

k D k B.2.Scanedici Elektron Microsipdavakuwm sisteminin sxematik
tDsviri

l. Tapa;®2kr i styarlkldairyéein kamer a; 3. X¢ s

clavbe d i | mium nasos; B. TurbonasossHav a kIl apan

Kamer an@mk ks é; D itlo;x Xkdanndad ela adk |
Topcrhdlsisbp i1 b bbprabbpr mi kr os kogesiar e
NDzDTr i hi ssbDsi vD ya optikasé dah-da b

proset D hiark v er mb s 283dlpamatsréafkKpekig® st br i
effektinimnwotbsamielaémémdiani dbpn bur axeé
il b i stigambptlondirilir. Potensi al S

s ¢r pitrliplkiisteli vb gaboeéelkdgl 6l ur .
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k b Ri33. Scanedici Elektron Microskopadekt r onl|l ar én opt i
tbpsviri

l.kot kosindhale mi si yya; 2. Asawd;4. 3.
Qrupl akdeér écée si st e Xuotikanal; 8. Detaktnrag;
El ektromaqgnit | inzal ar ; 10.

SE2 detektoru vasitobsiyeiflim pedygedédm a

artérelarag, hi ssbpci kl prfims prly | mmimama
olur. Kristallar SE2 detektoravp K BPoint analizatorum 15 keV enerijili elektronlar d

sot h  mor g o lsoeg-iiylansiéxip thdkib analizipd qi g e dSEMiD K

a p ar mkib amalizbr | yealhnezxasr akterl|l i ool mggqéma
effektivlidir podBkithr kn bs ea-nialk miiz#xk kalapliazade
elementbrdon Dlavb g at € K & gorineoftaequysoh t Ibygpg olunur. HbDm- i n i

b¢ten ekstperlijdmemit atthaill d ap@ink |l pri nt €t va

dboyi kmpsyybn ol unmukdur .

24Qa mma K ¢ abnagima qupée nd a
Tod gi q &t dhrakzié r krigtallang @ mma  k voknét al | aarnéd éi
Azorbaycan MiIllEImbr Ak ademi ypaksde@nolglsyackoar
K-2 5 ol Ao izotop nonboyindp yerinoy e t i r i[186hi kalebwristallar
X¢susi vakuumPapuy ij g sanibidteangd @) aht psintby Hodod
kvarsampulalarddb a ] | d @vhg it tod g i g a orofingldn bBork cigimiprdp vb
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g a r kete®gen sistemidbgammak ¢ a | a r mnry, vht terapgraturlardaudulan
dozamzerni nh e s ayerdnayeaisréi | mi K d ipk d ipdBtm yaalzéa
giymptlor bs as € g d mma Ké¢al anmasénegn ¢ hasdblaima n
metodd | ogi yas & hladzgéi rqgl eddomidmaid aksid. b digor kimypvi
birlok miorin elektron buludunda | e k't r o n DINg Xq ladyphéllmra agpP ar ¢
vD tok | | f onhetodamilbkh a z € r doanmetikn® | -sigtembrinddb gamma
K¢ al abborg ncisimd udul mas é doloa $ @ h @ n pDingohl@ M i
veril mikdir.

Yerinp yetirilpn b ¢nbzgrinhesablamh a r d a n al @iynotiorin p r
m¢, q adlym gyyoniok mdoqgigliyia p a r épl méodl nnwu k d mm iki métadlata h
apar el an hbir-binbtbkar naar | lLbdry € ma d o z abgic todgigp ¢
mpgsodi ilIbgammak ¢ al ar € mb i K tsistégnbrdo &mybvi dozimetrbrdbn
istifadb e d i | mi «k milionr kKimypws Sistdmbr psasn metan, tsikloheksan bv
ferrosulfat birbk mipor i g°t ¢ rTedbjignluashry, @ moibdbu d ul an d-
g ¢eC, -patametri giymoti vb dozimetrik sistentr i n el ektromti s
mayyon edi |Qunimmdi K ¢ albp et i reksperimemikoc r Qiptwp U
parametrinin qiyroti 0,740 B6i nt er vog | @Hond-ai thadmyovi dozimetrbr
metoduibma@pyyon ol unan uduludul dozmpahagmayd
giympti m pyyon edilir. Qa mma nrg apdgadt olunan birbk mior ¢ 1.1/ n
MeV vb 1.33 MeVenerji xottinomalik ®°Co izotopu ib(do z a g ¢ ¢ @r/san)4d0, . 2
50, 100, 150, 200 saat¢, dd bt i ndbp ot akg¢ aleamplear yagt Lunn éul
udulan doza ©09.7, 48.6, 97.2, 145.8194.4 IQrkimi ifadbetrok  m¢ m¢ kvpn d
K ¢ al an man dihaltsahiadtad temperaturundan 100 AC t eaemqpema
kalorimetrik metodu (DSC, DTA, DTG vpb TG) ilp termofiziki xasslori todqiqi
apar €l mék édr .oordbreplavm oldragg@ai nkmia xka,sa®sa ma n éanl
qurul u goptik xasslordbhom- | ni Dy g teir i irQptthixasgwbi b8 a S € n d ¢

s é r a bmrdomoogmorkoziorinnf or mal ak ma mexani z mi %
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25S¢ntlia] €ér i onl arl a kK¢ @mSRaMrkadanalmet od i |

167 MeV enetli®Xe &jcar i ool iam | & ¢ anlé ann
Birlok mi kpTedpavi gat |l ar € KRedak giuicaummtume iRipaasnée
texnologiyada ion implantasiyaovy a di asi y a masteekrtioarl uknsdnaa
ol &1 0K iopdondirigsmabyerinby et i r i Ks-In0 &k d a jr éottpndiriad n
kompleksi elmi w praktiki eksperimentalpd qi qat | a ye@riimpsyi e r 4 -n
m¢, Bmmbl g u r § u bidheshlaetmk o | ationdiriclgfikspo |l un muk e
~1.2 MeV/In'"C**b a k | a*SAd*igpdbp o | a n  intlonditilnabs & n ¢DBDEIM |
tutul mukdur . GQonmpnoopkimPK&xt i p hid odisgtifadb | i
ol unmukdur . pPbK&I si ki kosini @g@d tyin enmyD iknkah |
yaradér .

20032005¢ci illordo K51 0 O ot dirr i ci kKompl eksir
hoy at a Kk epionmmonbbym gke ke - i r yenli i EB Rotlohdeiti e k
rezonans) mbbilbovbz ol un mu Kd u ra K dESR @Eoihboraggen, kripton,
ksenons i r s i zZiDygaanzhbeeer @ ] €ér bk nil at énsyykskl
hoy at a k ec-rigobiilni rb.°pgliptensinselsm ey a n okii da2 mk
80Kr2>* vp 1¥2Xe?**i o n | mayeri@p yetifilmokdodir. Bundanplavp, eksperimental
mbgsodon ast € o*PAH'r(carmy a n Dk 32 dnkA), *°Fe'%* (corby a n bk 0.8 d
mkA), 12122* (coroy a n - bk 3025 mkA), 132Xe?** (coroy a n bk 306 dnkA) w
182032+ (corpy a N ptk>2 thidA) ionlardan da istifamlolunur.

S ¢ptondiricinin morkbzindb birodod s pirail vek ®or qur 8
el ektrodlogiyy@n fidrkmaiond alb d & meogopiiomaildor
m¢ K aodini yerimy et i rlaren Ko@axékenda ebikkdod o
fokusl anmék madnr t ISodorddidisein sxematikis v i okil i
251-do g° i | mi kK adn Ki.hissyoska%| ¢ n m¢ K k o mpmit ok s
eksperimenta hisgpa y r € | Bndis his#dipdh s gtiondiricinin codvol 2.5.1 db
veri |l mi kK t doxinpindzamtdop ibamtdim Eksperimental Isidp tpyin
ol unmuk iornit e negdossdgyenn yetirilir.
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kokil 2.5. 1 -100s @tion d i r i c i s ipaxematikpavi. mi v
clavoxot al ar én ar adegmdi ippladasi &1 maoka s in
salmsi aj ér i on selinin bDaot&magnitsabsindaxetéanl aa
azal derpbogobboi N me ¢ a t a moDESusgizomoal suén ngu-k¢, ° t ¢ |
selinin yaomadadnmmahdkéam.al da yarpdbdéglpke Ks

salmsibomal i k materi all ar én myjagdra ikenliarnl a

CodvDl 2.5. 1 -1 OKOStlendiricisi ¢, - ¢ mapordmtutulanw e Kk s per i ment
psastexniki parametoyi.
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S ¢pitondiricinin psas S¢pion di r i c S ¢ptondiricidp
texniki parametrbri nozordp tutulan eksperimentah | & n
giymotlor giymotlor
22N4+ 4OAI'7+ 56|:e10+
86Kr,15+ 127i22+ VD1
132xe23’+ 132xe’24+
S ¢pitondirilon ionlar Ar, Kr, vD Xe 183\/32+ 1841+
184vv32+’
S ¢ptondirilbpn 1 o n | A/Z=5.3-6.0 A/Z=5.55.95
diapazonu
Konl arén en 1-1.25 0.91.1
Orta magqgnit satsi, Tl 1.882.01 1.781.93
Y ¢ lbkgezlikli generatorun 20.420.9 19.820.6
tezliyi, MHz
Knjeksiya ¢ 12.5 14-15
Xptti injeksiyada vakuum, 5.0T10 1.5T 10
Torr
S¢rotlondiricidpi K - i 5.0T10 5.0F10
vakuum, Torr
Gorginlik, kV 50 4555
Ayr el madan s
kanal & boy
° t ¢ meffektiviiyi 0.8 0.50.8
Kri>*s el i ¢ -
soondi ri | mi
gond!l LMD 0205 mka) | 8. 0P@OMKA)
32Xe®*'s el i ¢
soondi ri | mi
& sant 'l 2 eR@OMKA) | 3. 0T (LDMKA)

Cobroy a n Dinin dzdn
m ¢, thl sabitliyi

N10 %

N 1-05 %

Qur akdeée pdedl nyekkk siekzil i kI i
doy i ekmparametrin idam ol un mas é,

gosi tbealinaxasessinil a

-éxékda optir
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al én noasabdt elektiik ooby an én én bt zsgxtan mia & @ing edirt
Ke- i r i | omvokekspeensentdl analizd a | éetrceon milpndiricinin
diagnostik giynotiondirilmps i n i n apar él meis & rbacinsli
Ke¢alandér él mastélnia, s aubziurn  immgtdedn si v 1 i k|
parametlorin daxil edilnbsinp, pragnoz| abwthhd vy a@ k egbmdornq |
al énmaseéna | mioaolorig easi@wsidekKrd 0 ESqRur j usund
i onl ar én6. A/ Zd=i5a p3a mtlondininmgl anpgaxdig, itb qu r ul mu k
Hom- i n i mkkobmpaemetrbrin, aj ér ol iemenky ¢, Iy g k| ¢ I
al énnmaaé hmmagntrsabsiningiynot i nin 3 Tl , tezl iyl
nozordot ut ul riviillkudm rp. a r amedtotsidircisikdSn ¢ moibndiametri

~2 5 0 Nrike, g a 18@ mKméhpnébs | form&8BeEemddz hu Pr
gurj usundéas 8x&l akaRdrgcitalanmavasipsiilpsot hi k¢ al a
- ¢nh hazéHlaa®@mé rd @ @/s Bagtoniusnmodel BP221S, USA)
torozisind NO . 0 0 § 6odigliyimilp k ¢ptori toy i ' ol u Ngmem atag

t emper at urtdiondn® 51 .6dora®® 5 .%0on/4m®vp3 . 8 34 1
ion/sm? intensivlikli 167 MeV enerjili*2Xe*'i onlpag @l ahdér él meé
z ama n & plomirg temperaturu 50A Gemperaturuk e - .mi K ¢ a | pgarateh

n ¢ moion DPA (Displacements Per Atomp®$RIM kod (Stopping and Range of lons
in Matter) nbzori analizbri yerinoy e t i r i bkin2.52@.5.5dp B,®;, B4C, BsSi

vDBN n ¢ mnionnin DPA vo SRIM kod analiznoticoloriv e r i | mi k di r .
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0,4
{—— 5.1 b%on/sn?
03— 1C 1 6on/sn?
|| 5. 1*@on/sn?
T |——3.83 1'6on/sn?
0 0,24

167 MeV enerjili ***Xe*** ionlar

dE/dx, keV/nm
|_\
T

T T T T T T T T T T T T T
0 2 4 6 8 10 12 14
d, mkm

kokil 2.5.2. B,Osn ¢ mnsincb 167 MeV enerjili 132Xe?**i o n ID®RAMmM ¢ f ¢ z

et dorinliyi .
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oad T 5.1 B%on/sny
—— 5.8 1 b%on/sn?
1— 3.831 d%on/sn?
0,3

1167 MeV enerjili **2Xe*** ionlar

DPA

dE/dx, keV/nm
(0]
1

, — ,
0 2 4 6 8 10 12 14 16 18 20 22
d, mkm

kokil 2.5.3. B,Cn ¢ mmsindb 167 MeV enerjili*2Xe**i onl ar em¢; DPA e
dorinliyi.



92

0304 [—5C1 bZon/sm?
| |l—— 1. 1'6Gon/sn?
025 |——5.C¢ 1*@on/sn?
| |——3.83 1*Gon/sn?

0,20 . .
| 167 MeV enerijili *>Xe** ionlar

0,15

DPA

0,10

0,05

] —
0,00

T T T T T T T T T T T
00 25 50 75 10,0 125 150 175 20,0
d, mkm

= = = =
N I o ©
TP P

dE/dx, keV/nm
S
1

0 2 4 6 8 10 12 14 16 18
d, mkm

kokil 2.5.4. BsSin ¢ mnsindb 167 MeV enerjili32Xe**i onl ar em¢ DPA
dorinliyi.
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0,359 —— 5.1 bon/sn?
0,304{—— 1.8 1*Gon/sn?
—— 5.6 1'6on/sn?
{——3.83 1'Gon/sn?

DPA
o
N
?

167 MeV enerijili *>Xe*** ionlar

I T I T I T I T I T I T I T I

O 2 4 6 8 10 12 14 16 18
d, mkm

kokil 2.3.5. BNn ¢ mmsindb 167 MeV enerjili 1*2Xe**i onl ar em¢; DPA &
dorinliyi.

Ko n wtalamaenerjisiom¢ vafi q el ektron daymanc
hesabl alngn®@lka@@mé k mat e rosirborl, btraktudiabombaaddnana
edn hisociklor i N n° v ¢, pa@ mdarejnis i svd @ kyti pmvgyyomedifir.a y
Materi al | mr dokinghn §plegenisthan a s é 1 € pwil amiakg &
meydané z- eftnébbuyerdy i K mi K at oogli &omwsybmb olur. vy
Radiasiyais i r i ni n oiyerdby a te arahidioigndor ( D P A) hesat

akaj éeédakeé ki mi hesabl aneér :

rlh=+ = (2.5.1)

BuradaO istrukturdaf or mal ak mék vakargnalyahdail
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hodpf n ¢sminvahid sthinod ¢pk 1 on s e vonnhodof srégdgsinddri €
at om .sDPA, Ihoe pirehodof atomun orta hesabla bimfb kristal strukturdan
yerindbhayr éd dzjppmsi It edi r . Ko n DKi¢eoimadorintla | a

payl anmas étlp rgchasiya prgfilfor | a d lpra lmrétosir profli ion
diapazonunun sonunadpr  ogypn bir dorinlikdbma k si mum n ¢ may i
maksimum doza pikmbphz DPA adlare rHDr bir | 0 nradesiyapikeée
n ° mpihcb, DPA-dadoza émadddok i 1 o n | ar @diapazanynaan (S&RIME

2008 kodu istifad etnoklp m pyypn edibbilor tam kaskad rejiminol( s € kadr akgidé
ne mmsn  246g/am®, bor kaosipi g80g/gnmurbor sipbkii k
(- 2A43g/sm’vbbor ni tosiigd 2@%gismfyerinoy et i r i | NMiifx d
i on axénl ar énda 50 0% @nt?e mpi €30idnnd, r u5 .Exl
ion/sm?vb3 . 8 3o/t bor oksid, bor karbid, bor silikabvbor nitridi SRIM kod
analizi orofindon toxmin edibn  Xe 1T onununpi Pay lax mdis €&
Konl ak ma oeiboeaksidjberkarbidtbérsillkabvo or ni t ri di 1
215 keV/nm, 13.4 keVVnm, 16.8 keV/inm » 17 keV/inm w o | mu K drubir .

¢, mndm radiasiya tosirlori forgli forgli giymotlorp malikdir, maddlorin atom
éx | égd lair & o If dnnlyiufordgalni dd r . Kmpl ant a®i vy
ner ji si I tkisi sonladé&n oyywn erpdgyrdonmuya ki a
Kk bplad veriowod Bdredkamrm on enexrkjiil ietdkiirs

> O d »w S

e- bipsi ammgraNotichkodur ki , 1 on emaksimumikin ni
yerdby i Eomi n  mP° pm evyailaiagmaksimum@or i 1 m° vqgeyi

dorinliypk e - i r .

2.6 N¢, v Reaktoru: Neytron mpnboyivomat er i al | ar én r
dayanéeqgod@ji@gméen-ttn K¢gal anma gl
Mo umdur okfimexanmigrlbi Bybn tod qi q adtr ema kv o r |
neytron selininforgli rejimlordba | € n myasstéa hlokelpdir. $addlananotgigat
n¢é¢owr eakt or | aimgus ctjanma io dyba reaktoruni Kk p roti maohililp &
ol unmuBKIckumé.k DTk ovi gqatl avéd Knahktadena
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labar a t o mda yerikenéK B-R impuls | u D neaktarum ¢, Blit elmi vb praktiki
todgigat arpg at B lompgodion il m¢ - ¢bolunarskbmpékeaktiv zonaya
malik olanh a | hd z ré y ml’vacnuadd i b reaktgrlaé dan biridir [56, 74.
Eksperimentaltod g i qat | myetgilmosiyreqendi iba k't i v @& o rad reé
daimvi 13 bd qi gat k anal ébommRanattardambogodp uykun olardyg
neytron W q a mma K phbad jaddgggati iel| g °okdedir. M ¢ o/reaktorunda
birinci amil bioloji ohlg ks i z | i y i n pgsodrilo kiga eton divarlardan
istifadb olunur vb daimvi karidorda lbomi n  di v ar | msind® m ¢ tedis xoa
tocr ¢ bi avadkadnilréi o bkii26.Dyierr |

Knt ensi v mbnesynnobnoi nn skeglail a il drdi kaddldenyesne
yetirilirvbneyt ron sel i ni mn -\¢ & B8s&d yeRdkoh envosiyz o r
20071 400 mm mali k d¢zbolmadglré | mardirb?©
biolojitph | sk z |1 i k Dyi- ¢ ko rdiad ar b oy un csasi diikipa me
neytron -éxd«i mair lémi, k ¢ inroytado ¢ltandnaeytroaselmip d
intensivliyindbn asl édeér . Se-i I mi kK a@&ae&ytorloanr mge
saatdan 11 saatadpr doy iplilor . k ¢ a |l a n ma plimtemgenr éa t nuér nuu
yuxar é ke-mir Ki, ¢ Mu mitemperatw agradiyerdi@nr
doy i Bsimb hom i bkibzamt olunur.

Eksperimentin mgsodindonast € ol arblargi nacknaujné t e mp
Kvbyuxar & t emper atoyetiriliraHod-ai mni2rb Ok Ka ly & m man
dozaneéen pgsaydm¢ienmkipkngtaglra nwd € r mma K rapsirBni déhs € |
deal | € g6Bkit2p2-dow €r k | mi kdi r .
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kokil 2.6.1. K B

1.N¢ mdon i n

sxematik bsviri;

nm, - ¢Bikmainmad i

°t ¢ mosgil

Boy¢k

mi gdar dosi;6.6ggluan mhd vihi7dsaktiv 20ma8.k a n

N ¢ moilbaktivothar a s ésah . MmR S U S |

gur j LllMerx;ani ki 12qHbomKotedicayol;
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kokil 2.6.2. KBRbpg®akt orunun ekspedoniment

n ° olirkanatlak ¢ al andér.ma qurjusu

KB-Rreakt orunun ekspemoknmgpentmPkngtat aqgéd
kanal é uyjun lal Brmmka kaljeg éncdhanlkk ¢ a | amsiRe r

Horpkpt edn Advut avr 0, 3. oMdimmsli | i k- ¢qutad
k¢al andeéer él ma ¢ mplor , h a5n etmi yalan me&lkhisoiordon
ibamtdir. k ¢ al a n @réorinma °onn ¢ mmibnn  hondds | Bril mbgstion

n ¢ moionn yerlk d i osii t¢mg  hazér | anmeékmilniOum 6@ u
° | prigdbn ki - i k Nelyma loé& dhé rs.eoknergetiknspektrinmy| i &gine
neytron aktivbk m analizi (NAA) vasibsi ilp yerinp yetirilir. | -  noP marak anr
kanal @ boyunca 3350 mmargmps&olo@o sotndok iv k e - |
neytronl ar ésni qgeeyedn eddepklénk t o IKidiaek kdd yaeitdibc €
yaréemke-irici dotbiti evix K @ B | a n asai nrégre natl kt € n
parametirin degr e d a s i yotayaradandmgandardan biridir. Digr torpfdopn
radiasiya bsirlor i yar émke-irici pmoantberaidaljllaan néon
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energetik zonada elektrik aktie\gyyplor (dorin morkoz )  y a r enohénorkozton
dakénani ny jkér moge nerraka mhaisreandiadia Berin d a
morkoziordb d a Kk € n arim deyektdeudn bcmindbon corboy an Biichddh e r t
yak a ma bDng d daztad pelra nvonéikn yeifkflekt i vI i yi (s
Sisasl @& det ekt or brairn ¢k-¢canl avnantai bz aeohahabek t
X ¢ SUSI e | e lptinin doy i kesimbp gbaoidir. m
Detektorlaé n  t e x n i ki E<OplaMe\a \mE>tL MéV enerjili neytron

selinin di f f er e n syinaempbypeimianm eer.t Eképerinsedtad |
noticolor i n aneliirzikig®snteytronn selinin di
enerji @bl)tandytilea yl dikilipykaz maq m¢mk ¢gndeér .

’ T
'"'Fr rm°® T Fe—= 9 (2.61)

BuradaU= XC,pms a|l | @dogi wPw Cooms al | ar @loigim
doy i esiopdvbDl 26.1-dbv er | | @ivixCdbms a | | a mtéa rgignmgtir8 %ox
ke-mir. Bilgrt ¢cynalgni@itnor e gt or mo d e r ashimin u
giymotindbonast é d é r .

CodvDl 26.1.Mo d er at o r mymgodor olanmyuxif mosabllordo C, vD

Ccoms al | armmien qgi ym
X, m C1 C
0.3 0.470 0.395
0.5 0.216 0.189
0.7 0.085 0.072
Rezonans oblastdafdf er ensi al energeti k seéexl

.- smrl s@xohEejoglimdbyxazmaq m¢gmkender .

I FolF °* (2.62)
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Buradab,=0.88,C,a @omsallaé n & n otloyibissbininby a x € pomé&ra | V
- ¢t axénoi iy m ke Praktihk hesabl amal ar m¢ Vv
reaktorundag, - mPung al andér ma k-aomallén dMe V Q.e5
i nterval @&nda neytron s eh 163)onliydilbfy imal me

kokildby az maqg m¢gmkender

'"'F rm ® WF'fZ "0 (2.63)
(2.63)ton | i y i n ipeindki dgdpeherjssadanE > 1 M ep negtrgmn
selinin fupokisor gaeBéads Belytton sebadini n
Comsal | ar @gicoevwl 2@lrdgvre r i | notloki mgd g mat orogoan

godor o | aohf mpsgDdorin doy | esimbg °os a x | IBR-Z r m geaktorunda
Kéal anma Z a mannéarp neydranin antensidiyonin g - mlP anfr ¢ q ¢
K¢al andéer meykamal sredanin differensial
veri |l miloki gby m smmmka¢é plaa ami@ain daad e@trosindon vb

y a x u dompgn?¢ zditchdon a®t € d é&arl .a nima g 4 MéVwesegiadnd ab °© y
maksimum neytronun intensivliyi 40 mmpsabdon eyt r on s e Fn/sm n
2l san, 6sa@bismnanytron sel i &n/ami sséaxdabjdie
Qamma K ¢ abk ab eeksnaimabdalan doza 40 mmosabdp 100MQr (10°
Jkg),uy] un ol awosabdp400MQBekvivalemdir.Tod qi g at equdin € n
uyjun ol klimdox thop 2 | ropmalgminium gablara yeok d i r i |
Hazér |l anoek ohgoqumn e mper a toindounterssialikli héytrog ¢, |
seliibk ¢ al andér &l mé k dx@iki hoftbls » a Ir @ nolorag, akloviokdmol 1 |
analiziyeriby et i r i IDmiik dnadi alsi ya r a nogntyannioma |

¢, @indbomg¢ mliteksperimentaldd gi gatl ar i1 cra ol unmukd

2.7Xottiel e kt rmlondireidgok ¢ al andér ma met oc
Bork cisimior f i or @Bdsa@asvya matae m¢ixft kg ha s
- e wnmodsl ilbm ¢, vlit eksperimentalcdgiqatlar yerim yetirilir ki, homin radiasiya
n © orihdon biri xpt t | el e kt rmoetodurwgendietanknd e grad ¢ r .
yanakmeda olosgirr i londisr¢girl mi K pciklog k h ¢ ol g 2
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trayekt o horokotadir. ¥or t 1 otlordigiailor | I K kat ekgo
me¢ mk¢ndgear @it,ix oxnal rodoRdiri@ vblmbxsus wtr t i otlorngjrici
kimiad|l andeé  rksparimentdl@irg.i gat |l ar da d a beaeratoo x
(Van de Graafaps a s Iotlondigciglon istifacbolunur. Xot t i e | mldndiricidon
a K a] esdsadeDlori holletmbk m¢ mk ¢ nd ¢ r

T Radi asi ya maétpeas proaitet prgbiermbenin @gli;e n

1 Nano materiallardanm a n o °ondotyenkeffektbr i nbpnifmgst,

T Opti k mawdgigi;i al | ar én t

T Yar émke-ir ixiword enondrhggror bi r |

1 Mineral xammd& a r éomimosiy r

9 Tibbimbh s u | bdgigi;é n t

1T Dor man preparatioasal [ ampitnose a mMgf

f Biombhsul | anfimbsi ° yr

Yuxar eda qgmdoono layrmdaéam I ur ki ,omel e

prinsipor i radi as i yng xliff mpzoliblbrins l@lindpaistifadd olunur.

Tod gi gabs d@-Kiikhngdmoion i n K¢é¢al anbkéesé&lbmasRkRées ¥
Elimor Akademi pRisZinle axs bkt intEd te &k 40 10 Goltii k-
e | e k t otlmmdiricidbyerinoy e t i dirikbkin2.7l-doii E| e k t rO0ON3iodtk ax

s gtiondiricinin sxematikbs v i r | veril mi kdir.

kokil 2.7.1.7A E|1 e k t rOdn3iok ae | &lendirrcinimidaseggnmo t a ] €
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kokil 2.7.2.7A EIl e k t rFOd0N3iok ae | Mlentdrian csgnri n eks

MIi-320 Magnetronu

Dalga apara

Selenoid generator

Injektor
Scan pancarasi

Siiratlondirici selenoid

‘

kokil 2.7.31 E | e k t r0dOn3imbkt axotloredigicinin sxematik bsviri.
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Codvol 2.7.1. AEIl ekt r-0 @ 8 @tat x Mlowliganin psas texniki

parametbri.

1 | Requlyar enerji diapazonu, MeV 4-8

2 |Kmp ubipysa rcé n éph, samyp d d (1-4) R10
3 | 1-4 mikrosanip m¢, dtothdbimpuls @by a n € 0-1

4 |Kmpsunipy a n € n & npolomarxtezhyi, sdr 300, 200, 100, 50, 10,
5/El ektron selinin maks:i 5

6 | Elektron selinin diametri, mm 5-10

7 |Yoxlamatlor i nin uzunl uj u, 4000
8|S¢piondi ri ci b4 am ains tgi¢ fca 70

O [Tibbimbh sul | ar ¢ phesnu | cdi abisalatés 2

Tod gi gat eqodém@&wy] mn o Iodindal® makgz | K nolpmu
alminium gablarayebk d i r i | mi K. Helx é ot agmé ke mp & ma
m ¢, dtohdpintensivlikli neytronselibk ¢ al andér €1 mé Kk sonraiki k ¢
hofto n ¢ muolonn aktivioko analizi yerimy e t | r i DDbimiadiadiya fonunalmalik
ol duju andan bm K ddrayna¢ it @kspergnerdahddqgigatlar icra
ol unmukdur .

2.8 Termofiziki xassplorin © yonilmpme t odi kas é

Radi asi ya mabne,pdi eax xglnagil 3 £érnwdanbge
olunan a Kk a p \e ¢ Bledemperaturlardastilik selinin yini, termofiziki xasslorin
° yomilmosi, t eroombls ptindol ag® €  otermik pacametmr i n  Dith¢ X
analitik metodlarle® yomilmposinog e ni Ky e r [228,y2R262B9m& & Boekr
cisimbrdbt e r monikp s ipntdbn vbtemperaturdan @& & o | a roa g m@iba K
tip (DSC Scanning Kinetics, DSC Isothermal Kinetias MGA Decomposition
Kinetics) prossebxin kinetika s étohdn | i bu ti p materi al
metodu kimi agbul o | u n ma ¢lédsa d22,r 237, 300, 305]Y ¢ k stokmi z |
dorocbosbnol mame K empe,r at ur 2006t @ép ¢ aill B e

termi k 1 Kl bpbnmb s¢r okt gklipmey a rka npaanr atmest
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enbl piyasé, rehgksdlyakmpgroti, IFsti 1 kit
garkéya mbgsbpd. ki mi goyul mukdur
Eksperimental dcr ¢ bbbl D APer ki n [1B], m2SCD

STAR: Systems METTLER TOLED(194, 202lv b NETSCHE DSC 20
[195]ci hazénda yerinbp yetirilmixkdir. A P
251000 <C, ter mi k FCH Imb mp Porl ytSici nce a
temperature controdber d.baoRydiuieu Mang
tominat énodam| umdaridog d kiinetpiyk n pdabrya mentc
temperaturdan @s é€ ol araq artma vno azaalmaa sned hh
sistemdbpn xari c eag@roskesinsn Yyar késdprpana:
t Dbsiamgani{Ap) gazéndan i stif advberadim@nd skenivdo

gletereéel megkder .

& ' Dasiyic1 qaz
Giic cevirici
- Giiclandirici g ~ SIx1
YT
v
Kompiiter X
-malumat  [*
toplayici Das1yic1 qaz
-idara edici 1zdirici " oir
i ci Q 2 [ giris
P 1
Proqram
Ekran
Y
X
kpoki l.TeBmnalBadametr |l prin °1 -¢1 mbpsi

gurjunun sxemati k tbosviri



104

Dakéyicé qazlar ¢-¢n texni ki taqatlob
dakénmasénén qgarkéseéené al mék ol ur. A
tbpdgigatlarda N qgazéndan geni Kk i d4itkii f &
Ar mpgdaparteoamegbpl orin dogiql iyl dra h
i nter salb@amstans hi ssDsiqmxz weEoglesapD | mle g it
reaksiyaséené@Qazgear kéasx@ 3 & ioH inkars.€ e Isxematikn
olaragk D k i |-d b2 . @8°. slt okrpiklinmhidkpdni rg © r ¢tnodseiyres i kzi
sit embp verddhberdéarndiobhhomée s it aonl aarhad D Standami
olaraql7778 ngal, mi nokumi d Dsasl & pbobndbn i st
¢zbprindbp yerlpbpopkdirilmirkRkgdbaegkglrowni qiely
k¢tl psi toyin ol unur V D avtomati k
avtomatl|l akdérél mék gaydada n¢gmunpb 0|
topyin edir. Topyin olunmuk K¢t b ermik oc
spektrl prdpo yaranmnk eatlbekvtdl oreik n ¢ (paal
menyusundan istifadBburmdam maldqahiapvdhidish
62Ddbd yermmimwsiirni Itmimp armedgd mun sreikig ®d mag ing |
ol unmaskeond-iggur asi ya ol unmuxkdur . Y¢ ks
hi ssbp bizbp dbqgig mbpDl umat | BBp &éhni nwiem i b
kalorimetrik cihazlardah Sa Tur n Ao s e nsnoar ktee-xindo,| 0 g
m¢ddbpti ndp |-porxilnu atppacrrésJbnpas éna vbD tobol oD
mbpl umat!l ar én agbtdbpr iodilPreeéka marEl metermik S
ci haxenakteristikaséna DsasbDn eyni Z e
apareéeler . (kokil 2.8.2)

kpoki8l2Zd®2 g°stporilidnymunko myer | pkdir
temperatur oDprdat%Iibsmpbplvobr dbiug2 ih $adwnéd dsensora |
texnologiyaséder, hanseé ki, bu sensor
parametr | opri mipza? bN¢lmmmbshkaamdual ias anl| é
yerl okdirilo bilir vb &adarma qgydainidoaknd ierf

sensorla n¢gmunboni n &b zbiiylyiort.i Bnpbzzi a r STt A
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anda 451 dbn - o0ox n¢munbpvedr;I3-im®yhk o mmlad g, mi r
korroziyyagar Kk eéd ér vD digbDr kbpnar effektl
yer | bk d,ieynizanmnda dh&n bu hi ssDsi y ¢ ksbk

m¢ kK D mmbp ératutdebnypi K mbp | D r i 4iit ptco mibmid ®id m dnp, dc

temperatur bal anséné saxl amaqg mp gywiDd

zamanda bu sistemik® mpyi | b n¢gmunboni n t e mpéersaatlt
bilir; 57 paslanmayan polad dival ar d ér , hansé ki, (. mut
et mi Kdi rindvapx idiistielmp Xxar i ci me hi ti;®7 1 ¢

tbpcr ¢bpol br aparélan m¢ghitin bircinsl
sistemdbpn kobnaérnléankad émed ampeéygrazd caaxmy 0 o
prosses n d D n¢é munob czZbrri ndomg ylbdrasmmst g @

uzagql akd €1l maistemeEr ¢tbobnmiponr ezdaimma n & z gaz st

er
mé¢hitinin sistemdbp saxl abmagamé svset é
gat ékeql ar

én govul maséna vbD gézma n

konsentrasiyaséné idarp etmbyb i mkan

kbokB2ARe.r kin EIlI mero STA 6000 ter mi
tbpcr ¢bpo Pxematiipk tiddDviri

NETSCHE DSC 204 F1 Pho(@€lBOAL-70i0mALz € 1t

i KI omp GBQQX®200 OK/ min Tembdaanvkaprogselsdpar ddé

temperaturun art maseée I | D Si st emi t D

Mol ekul | ar éma stée zglaizy,i nmany earvib bbor k hal

dojrudur . Mol ekul |l ar én kinetik ener
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temperatur lko naenttihkasséer | i arter. Ter m
kineti k enerjiybpi mharkernil aggags vk @Ina
yaranacaqdeéer. Fraksiya psasgltiy¢gksoiknp oé
borabbr vbD yax.lAde noinudsa nt pbrPlyi¢ykidnggdaoknt kmosl te
enerjisi toyin olunur.

L e =
lme b (2.81)

281) tonikiiynymdp k eaksi-gx@onesialfaké gr p v D

Arre ni us t®fl a kyti onri uhA@faklora temperaturdan empirik olaraq
ad eder vbD ki mypbvi édersfdoruelpreean medqrtatl |

tbpyin olunur vbD sistemdbp termi k 1 KI Dn
sayéneée toyin edir. Birinci t Exréaikls i ya
aktivlipokmeunewveriji il , -&kKiled vsabiitlip wwg t Tt

Termik prossed D

= maed (2.82)

ki
V D
= mad (2.83)
ki
_ fporgini hesabl asaqg onda
= L = AL
= . = = . == 2.84
" " (284)
? (2.85)
= (2.86)
hpomprasses n akti vl bkmbp enerji si (6) ifad
MDDl umdur Ki, termodinami k sisteml |

¢-¢n il kin parametrlorin daxil edi |1
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prossse ndb tbodd@finpddbgmann k¢t-yadsbot &l0Dr.

maddbpsini nhonmmign aaeda seéf ér dér . ¢alneémmpdeal

ma d d onn iq ik dlargg prossessxematik olarag4.87)t o n | i y i I ki m
olar.
¥ | Y4 (2.87)
Burada kk i my b v i reaksiyanén sg¢rpti { ol
fiziKki ke-id ¢-¢n |l azém ol an enerji ‘
PH <0 i sbpb ekzoeffektl o bori xarakterizbo

(2.88)

+ iﬁ. a + (2.89)
»2,A-maddbps-maddp 8i np - ewnr ¢ & knot Wami@miodiir, .

=%y (2.810)
nsy a- (2.811)

_34 Lyemfy Q (2.812)

Eyni n°v faza ke-idindbp Kkineti ké &
ol araqg xbtti azal maseé, I-Dsitria ki ys tag Coirgs
bpoprabbpr payl anmamasé eksperimentann o
topyin olunmuk qgqi ymbptl| pr i@nréd oo |tae romsdemziak
mexanizmini izah edifN¢ mwmn oksidbk mr e a k s i y @irsndempenatursian r
ast é| e] éoywoham |l mg muk duot | ki t enkohoidikpkossedana
zDi f , Dky ¢BdpgdDisDs i - r ay & koD@ gpektri¢ -T &n v ( BnliyBi. 10

a K a] eklldgdokazmagq olar.
| i

B B gn

(2.813)



108

Temperaturun modul |l akdér él méx q i
amplitudunud by i Kk mpwspkirlidmzi fadop ol una Dbil.
1 4 2« v -0« (22819

Burada, Ti n ¢ mu n@mtemperaturu,dJin ¢ munbonin il bin
temper at ur un idmooyd winmbpa ksmgar patmp, d uBt U d ma na n
tezliyidir.2 . 8. 14 t bpnl i vyifenrienn sziaara ntap ngl®irypi di f

=
w, 740 g° vo « (2815

Bundan bl avb, I stil i k dowtmgmwrnywm ek
X ¢ SUSI Il stili k tutumunun VvD entropiy
X abrbégrmg by y D n edi | mi K I stiliKk axene

e
termodinami k funksiyal ar én hesabl ama
u

nlaré npbpzbprpb al saq, Istilik selini
bil bori k.
I lD—IVD
= b s ton o, (2816)

Burada U, "Y kalibrasiya faktorut e mp e r ait sutri | v axe
funksi yaséenyythgmuadal énd & st [Arirke fseerleinnsi m
i stilik s;elkdpmamn pmoryimptiist | lsh&D m e hhadihnd
referes,hbpom db k¢gtl b ol madan nmimuanseraierenam i
nNeg Munboni;menk, antulnmii; G-rlked telreanis mat eri al é
andG-pbonin x¢susHbpmstnl nkkgatamma f akt
i fadbpsi (2.8.17)Dnki muidmg a zdéobznagshed t E b n

eksperiment aldstihmtdgwd Dvil Ipbrg steni riya

I D—I vo o
= Br o4 =1%oy 50r, @819

.D_' voo U

Bundan sonra kalibrl pmp bpmsal éné v

funksiyal argé ryéno t af katkidwilkbik di r mbD enerji
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funksiyal ara ke-mbk m¢gmkegndeér .
2.9Xpt a | aéoyireedilmosi

B¢t ¢n ek snotieororinsoebostdagli g | 1 yoyyoniedilnosni, ¢ -
istifadbolunanb ¢ ttdm i gat mengigiydninenvha uéan unfowadmaglan
sistematik w tbs a d ¢of a | axrodondiglimppmni n  apaz e ndnegs €
xot anén bpddilhess albbl annmakaE®E] daysanz i yaxeéend al

ol unmal édeér .

£ B—I . B —I = (29.1)

Burada £+ hadiolorin m¢ mqlxot a ol@&p f akt or | ar & roir.o |
¥| ibon z amané ophodrtédodoain giyqoti ytnt af € n d a kvadratikr

xot anémigniymakaj] édak &€ ki mi yaza bil

ni m° v crugyyoniok mior i n ksteky éoyypniok mnin noticosidir. 4| F
komiyyoti nisbi vahidbrdbn pyypn olunana orta kvadratik bka v yaxud

variasiyaoms al € adl aneéer :
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| 11 FcSKL
S, RcTLK NEYTRONLARLA k} ALANDI RI LM
OPTKK Vc TERMOFKZKKK XASSclLct
Togdim oluran fosildp todgiga t mat er i al | arpaneyeribkst r
atomlarla neytron selinin elastikbgeyrie | a s t 1 Kk ibsin chizsscikl@lbdeagkl één

kinetik enerjinin atoma® t r oy drimgpbrinin riyazi os a s | & ko€ intensywlikli

neytron selinings i r i al t éndopi mmexamimaintéilili apar @l m
B4C, BsSi,BNvDB,Osk r i s tmauls regmmndp (200 mikro sanip), 1 MeV enetjili,
s ol neytron4 . 0P /sn| , 82nBmMJ1,0 12 n&N)1,0 4“nBM|lOv

1. 0P n/sm|seliipk ¢ al anmadan s o nooratodgigeor! nuonf m.uzki
Temperaturdan ds € @térmaodimamikunksiyalaristilikselivoi st i | i k t u
al é ntotéerke gymotlorin neytron selid éms el é o | aoi aagalia my¢
apar él|Nawhkistallik B,Os-¢, sothindd zoif kimyov i g a sk aticosiqdd é
absor bsi ysau onraulnarksugihlnaytron rsadimn intensivliyinoh agt €
ol araqg par - ali af ma yoRameask spekpskopikanalizbrilbg e n i |

kokildp tod q i e d iTémperatud © rneytron selinin ds i r i 8N t €

birlok mwsindb Vigner enerjisim ki n®dgikog scel unmukdur .

3.1 S¢ntlineytronselinintod qi gat kri st alpgar & g é |
tosirivbe n e r | iDméxangzmim

Elektrostatikn © q tnmEzoydbn neytronuny ¢ k ® ¢ zmaépzpim alarag,b a K
vemn fiziki prosesorin tosviri neytralhisociyintod gi gat mat e nigbd | ¢
iibm¢ mk ¢ giki eblgeyrielast i K | g i K € Ime& g eri@db g unri u lgma
[115]. Neytron selinirnfielastiki $pilmpsio bork cismin sthindon pilmb mexanizmi
iID eyni fazada xaraktemzolunur. Defekt bmplpgbimbp mexanimi y ¢ Bk sneytron
selinin kristaldank e - dn¢ydtdo gofos 1 n d ¢ Yimdp yerfbkont atomlarla
gar Kkesligl ée hth,ia ma Ima o kdneggik enérjinin giymtindbvbb i r s
sorhod Drdorindon asd é.d)ame | épgjrin ehtimakeffektiv pilmbonin (neytronun

bakl anj éc ener j i ogirindbnn esyotnrroarkuén egazaga |s
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sopilmpb u c aj € ) bpsBhdkiiki dat différensladil o toyin olunur.
, Olm _, OhOhm Qy (3.1.1)

Neytron selinin kristaldaelastiki ®pilmp m ¢, dtohdp fisopilmpe h't i noa |
giymoti neytron selinin ba k| anj & on e a < kigilingprdd tutulur v
neytronun selinigd- ¢foma dinabnj @ c e e h ie mokild® i
yazmaq m¢gmkender .

, O _, Ohman (3.1.2)

Radi asi ya materi al K¢ nra&ipséijrein d abtktnée
cisimbordbof or ma | ekdoanriod d & § i z a manpairb mbyagalanatoralay |
kaskadé dahaepshbedr¥t konmemnaaq j k n ibsiyi, -Odm pva z
k ¢oidtomEsbakl anj éc e n eppilmbblui c anjeéynt évmognel hak rédr
tosirdoolan atontara® t ¢pmkmétik enerjinin Tgqiympotindbna#t e d ér . He s ¢
ardeéecel e] é& ¢ Dyenerjiairt wosopilmaly wc & jt & mtEgmiob @unuy. m
Neytron selinin kristal strukturda yolwva t o mpsinl,sepilmpnin pvvol vb sonra
h albbéaratoriya sistemirmb a x € | meé kK d éorosesimik o, onopikzi sistemind
b ax élndléeuwnl ab aenérjalomngjaér ck esirdéogll &8n tn ey t r opimba r
b u c ejtema® t ¢pm endrjinin byini bs a daé nq u r roetodiadmxb a x. &l @
morkpzi sistemindq a r K esir rmegdni2miotnpzor yetirkt 0 q g U K ma doa |
hisciklor t 0qqguk makd sstiganmtbodp noakotdp olurlar. Eyni \b Dks
istiganotlordp neytronun atomidq a r K &l iérqil € als vp enerjinm gaxlanma

gnunl ar ené akpafrokd anl énklg inwhic, r i. f ad

La wb T (3.1.3)
0B oD m (3.1.4)
-40 -0w -av® -0 (3.1.5)

(3.1.3) W (3.1.4) pnliklorindD VP vD U ¢ - ¢ N adiy@otionm @nerjinin
sax| anma g an uoodihbdvez etokyeneyimn saxfammdh ganunun (3.1.6)

ifadps | Ki mi yazmaqgqg m¢gmkendgegr .
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4 — D@ -6 — -0 ¢ (3.16)

Ri y apdlir daxilindd @° @ vb 0° O kimi qgobul etk neytronla

g a r K @sirdd @an epdoftatomlar ldoratoriya sisteminolkoor d i n akil B.A¥ &

dokimidoy i K i r .
(a)

(b)

kokil 3.1.1. Laboratoriya sisteminov e k t o otlorai | n pshgkozihpg °pr
doy i ®sinfa), ikili sistema blagoli s @tiorin doy | Bsin().
Belbliklpk ¢bptmbrkozini xarakteripedn  stdpiristifacb edorok laboratoriya

sistemina k ¢ptmorkpz @ n i pinin $oydnredilnos |1 ¢ Onwy ax énl ak
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gobul etnoli vbyekun ifad®3.1.7bon | iokiindbkaz él mal édér .
L U L w (3.1.7)

Ondaw ifadps i 38.1.2 omliyindon istifacdbedorbk  lopgurkibz | nipbh S

¢-¢n akKkabnedak enéikf ad ar € q.
W — U (3.1.8)

Yuxar éoibn grisyt a zdordo-psay nngsdd m ko grbrkbzinadbn
m¢ plti T bucagl am alatr esredd @&t qdb e ohokiteegkrepeljnin
giymotinin toyiniilbb aj | édér . Qeyd oodomgagyyon wtielikitr o r
m° v c u WokilB.A.1(a)yd a milbrsskendon istifacb edbrok kosinuslar teoremini

akaj] edaké kikmindygarzzmaq m¢m
O o o co i %(3.1.9)
Sgpr ¢ - ¢ n  a lrigami maxbsinin3enetji.v&hidiri ilp ifadb etk vb

tokrar kosinuslar ganununa&pzibmpetsbk, o n da at omak °n gtrigh

aka] édak e odonsb@ayekunifemei- i @ll mék ol ar € q.

o —feo — — wa' —0d (3111

Y 0 -0 ¢ — 0od Hii ®.112)

-  — WD - — (B.1.B)
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pvDzlbomblorin yerinb yetirib (3.1.12) ifadsindbnbzobba | s aq a tbo ma
ki neti k amdkonkifadga-l gme kd ol ar éq.

Y ——0 —0 c¢- 00 “HE i %(3.1.14)

Yerinbyetirilbn  r i yazi y a X reticypegeinbla @laa ki, ndyteoih
selinin atomla el ast i lobilocbklorgi g ukkimaestéi kz
neytronun backphsonsppignobenazjraséamder . Ond
bakl anj emt oegngeurkjmasdia ni 1s o nk & krédageaiznir jaik ag
k e -pilpdifadp etnpk m¢ mk ¢(B.17) no (3.1.8) ifadlorindd m¢ mk ¢ n

pvDzlpbmplori yerinb yetirsok

b 0 — U0 U — (3.1.15)
d 0 — =1 (3.1.16)
"Y ————O0p wéi % (3.1.17)

cgorm=1wM=Agobulet®k onda ki netwbku cean eedjdia
ol acaqder . B¢t ¢n pmodglr o i r tpdarmdeiallz abkcomai | a
g°sir Ki, el ms tri kia ma a repn &ledo qria gekutt giyotigi |
akajedake kimi yazmaq ol ar.

Y —— [ — (3.1.18)

Yuxar énohd3.1M8 rfadsindn istifac edorok B4C, BsSi, BN w B,Os
birlok morindbe | ast i ki t o g gonkemiinihzeasnaabn éa nfatge rny,
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(Codvol 3.1.1)
Codvol 3.1.1.B, Si,C,NwOat oml ar éna el asti kon t

ortalama enerjisi.

Atom Neytronun enerjisi, MeV 9] ¥t ¢Dn enerji, MeV
B 0.3340 0.1670
C 0.2840 0.1420
Si 0.1332 0.0666
N 0.3840 0.1920
@) 0.2215 0.1107
B4C 1 - 0.3090
BeSi - 0.2336
BN - 0.3590
B2Os - 0.2777
Neytronun atorm ¢psi ilD geyri-elastiki ©pilmbps | y eDr ie atk § vDy a

xarakterip olunur. Yeni hissociklor i n b u r & yo8D ludukars kénetik enerji
m¢, xlit hadisolorin vb n ¢pmin hoypc a n | a kponmatispbnoni hadisiorin b a K
vernpsinD sobob olur. Qeyrie | ast i ki t 0qguKk ma torpfiadoma n
udul a ro@ngorkibigdef o r mad émikosiabn e y t r pgnal nanraé nk ¢ a
sotbos t e | e kbstbounr| aaxréélywedvuen | ialk ér . Ar déc el
enerjili ganma kvant @&nén forglir enerjéi | gamans ékwadksaénn & n
bur ax éplgma tesir@ogds € mptirdmdavam edirQeyri-elastiki opilmbpdb

- ar pmpimonirs effektiv en lbs y i ni me aEyignme, mi ¢ n r e z
komponenthr ipklindb b © bknolar [72]. Hodof pnin wezonans faktonu toyin
etmbk ¢ - ¢ n ppilmonip effektinsen ks | k  f u vbk gosion aks @lunan
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gamma enerjisiningiymotinin toyini ilb b a | | Elabktkir opilmp z a m akimekik
enerjini xarakterimedn (3.1.13) ifadsi geyri elastikigpilmbz a m&n ar a - & X
akKkar . Qdyruelastiki spilmp zama® tam enerjintn s a x| an mai é n
y Poldilmpsi tolbb  olunur.  Hddof pnin v laboratoriya  sistemino  tbrpbnmbz
yerlokmpsi vb hissoc i y i1 oyypnm¢éb a K | a ng neacl i ekn ea bymipegksag n €
bal ansl akdér él mék enebrefmkipbrezemaahanima
sisten © t ¢pm kinktik enerji v effektiv en losiyin salosini geyd etk | a z & mc
(Codvol 3.1.2)

Codvol 3.1.2. Elastiki wqgeyri-elastiki ®pilmbvbr e zonans halbl a

° t ¢pm kinetik enerji w effektiv en losiyin salosi.

i O -
Elastik Y= HED %
sppilmp q
i . , O
Elastik . OffY !
sopilmp o
e "YOR) % rlo o0 b °_p BE %p—ﬁ
elastiki o C C V' 5 'S o
sopilmp
Rezonans L » i Oho
| , i O FY h~6p
region Op 0 =5
n, 2n = -
’ 0o - 0 — -
Y — = Y ¢ — YF wéi %
o p- o p -
n, o) @)
y _
TU dw
Effektiv en 5 0 0
kpsiyi " h " 0 O O T3l p

cdobi yyat ma t(ne 2n) radddl eakgyalaigae not 1d g q e d

at o mbpsindg v a K pnviosiniorin noticbsindd n ¢pmin transmutasiyaya ouz
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gal maos a s & aor iel g[POs7@]iDigor sinif reaksiyalardas(n, o) neyt
par al el gamma K pralakariam| bruura.x éfF ontacrre 3 d
kifayot edir ki, struktur qofoscb atomlaé ik o or d i n aby il EsitheeEmadd yeni d
kaskad f or omhabl axlmms.6n@anmé | | sgeytronl ar
tod g i g a t olormg@p nolavp gamma bsirlorin nbzooba | é nmas é& v aci
biridir. Tod gi g ol ubmn s émog mdighkmd a ¢, & v Dsi Blatomu ib
bak |[be81,il194, 224]NozorD alsay ki, bu prossedbgeni K i nt er
ke-oi idl m° v(Codwil 8.1.3)

CodvDl 3.1.3.Boratomudn eyt r onwneak&gri yhme

Kz o Neytronun tutul ma rqd, mik k
198 3840

o)
5 & 4] p8YW QG b U@D Qo
b
8 P ow | pE W Qw 0 M8t Qw
oL E D PO QW | ¢8lw Qw 940
*He £ '0Q0 0 pwRQwW NUL X AVQW 5330
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Codvol 3.1. 4. M ¢ mdewielastkilopilenbvbok € z e nan s

¢ - Smtomuibneyt r onutns igra rhkaélllqga rée

Reaksiya Neytronun enerji(MeV) c lavp
n+8si Y S 0.00 Elastiki pilmb
n+8Si Y PA 4.00
n+8S i Y Bwg 2.75

n+8Si Y WNe U 12.99
n+8Si Y p*Mgp 13.90
n+8Si Y U?Na p 15.25
n+8Si Y 1C +4$0 16.70
p+8S i Y 289i + 0.00 Elastiki $pilmp
p+8S i Y 254l + 7.99
p+¥8Si Y U*Mg p 10.34
p+8Si Y p%Al p 12.00
p+8Si Y 1fC +4O 16.70
p+3Si Y WNa U 17.48
p+8Si Y m%Si p 17.80
o0 #BSi W+Al 16.97
2 #¥Si ¥+ p+2°Al 24.60
o0 #BSi ¥+ n+?’Si 30.50
0 BSi U #¥Mg 17.10
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Codvol 3.1.5. M ¢ mdewielastkilopilenbvbok € z e nan s

¢ - &atomuibneytr onumbsigrarhkaélllga réé t

Reaksiya, E5 MeV Re ak s ibtyia?]sl] Par - al chsulma
n®c, 30U) 10 He qazé
12C (n, t)1B 3 Tritium ragd
12C (n, d)'B 0.7 Deyterium
12C (n, p)*B 0.2 Hi dr ogen
C (nc U) 10 He qazeé
2C (n,¥8nA, 2. 4110 -
3.2 S¢ntlineytronselinintos i ri al t @molmh@mbd e f e k

mexanizminin optik s as | ar é

M ¢, it enerji vb intensivlikli neytron seli bk ¢ a | a n dokrcisirhiomé K
mikro vD nano kristal sistembr, karbon nanoborularovdigor birlbk miorin nano
hal énda kompl eks goDnnétedgoy b hdagéen ompt i
xas®lDrin meydana golmpsinovbo n | & modilmosinb sbbob olur [2, 4, 13, 24, 3D
Ge ni kK i rodge olwvmanlRdnaanvok)-s pe kt r o s k o p ) tedgigatlam f
kristal struktur un sphoblsg kardory Birbk miorii n aani
hibridibk mr ea ksi yal ar & @ air IiDloksidiorman qméxan)zminin
ki n et bskaasskilgimizxh etnbyp psas verir.

Eksperimentaltod g i qm@aogssdmdon ag# € ol ar aq se-i|
u z u nruru\p enerjisinn doy | esimbn as €l é K g bhradmpia al t é n
amor f | ak mawhisicnieytii nk a°lé- b a d g a mudchat idmetrék
m¢ mk ¢ 7140, Tod q i g g a blorimdpn alan 80 nm BOs k r i & Med ergrijili
s gtlineytronlarlad . 0 Pristh| 8 . O Prish] , 18nBm]1,0 4“n@ni] DOv
1 . TP n/sm] kialanmadan sonra Ramab K Gpektroskopikad g i g at Ibar
y et i r iKokihi3.Rlda)da.eksperimental o i g | i lovvDlgb fenrejiminin
5500 sm? tezliyinogpodori n f r a gpektroslopgike pe kt ri  ver i | mi |
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5
| & —— Background
o 47
O
e
G
E 34
=
(7))
C
S 2-
l—
l_
O i I i I i I i I i I
0 1000 2000 3000 4000 5000

Wavenumber, cm™

kokil 3.2.1. Fon rejiminirb500 smttezliyinogpdori n f r a gpéktrimé z é

kokil 3.2.1-don  a y d éhidb ohauk ki, 4000 smi-p godor geyd olunan
i nfraqér méz énoddgnéh latvraa @k onfoiOylar § u e ks v o n a |
g ° osirt Dkk 3.2.2dpnano bor oksik r i s tma Ixld hissiordo 4000sm tezliyp
godor BOs, BO,, BOH) vD OH gr up | Rt évb b B y yilkasiya mo d al a
ver il B9 xyghkasiyagrupunadaxiban bi ri nci f ueBOens i o
lvp700sm*B-O-B modaklomatgr B! mg @tn dn buc amyilmar
rogslorinp, ikinci grupa daxil olan tezliklr 880sm, 920sm?, 930sm?, vb 1195sm?
isDBO;,B-Od ar t @&Jsbnéok y § wlin. 1097 sm?, 1045sm?, 1057sm?, 1066
smtvb 1079 sm?isp di-boratvp tetra boratBO, qrupunun BO d a r t édsliig
xarakterio edir.

c lavbolaraq, 1253m™* vb 1470sm? BOgm B-Osm Simmetrikd a r t @rb vmé K
ortoboratgr up |l ar & n@&Inu My & H & Ktelllkiordp 2263smt, 2369sm'?,
vD 2519sm! m¢ k apllundnfunksional qruplaB-(OH) mg s mo doglsd b &,
de¢Ker . Yux ar éd afunksiendl agtuplanacbiyyab pa to er iilm | |
uyjunkkqgl [6% @37r 290 Lakin nggt r 0 n K ¢ absia monkeoin €
modal ar &n énna riémsyenir280D sm, 2980isimt, 3676 sim, vp3735 sm
! funksional gqr u p | yaa réaan mabsbéatua Negtron selininl . 3® h 0 s m]|
giymptindonb a Kk | aGQHdunkaiapalgr u prl éay cEé n  mregreka hm¢edmk ¢ n
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1004

954

98 N\
3 9 96 /)’FW
2 ol ; ) mw
8 | s
2 5 2 \
Eel 8] £
[ ) ] - =B 924
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f/ (4] o o
g 3 5; 904
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-1 [2]
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75— ; ; ‘ ‘ ‘ ‘ ‘ 86— ‘ ‘ : — :
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©
o
1

©
o
!

100

N s
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©
a
1
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%\ i

Transmittance
o]
o
Transmittance

~
o
1

N
©
8
70
o 4
g 92
= — 3735cmt
651 90 3676 cmt ~—
; ; ; ; ; 2990 cm’! ; ; ‘ ‘ ‘ ‘
2750 2800 2850 2900 2950 3000 3050 3550 3600 3650 3700 3750 3800
Wavenumber, cm* Wavenumber, cm*

kokil 3.22.K | konry, phd intensivlikibdbot agq t e mp entliat ur u
neytronl ar éanaBkkisdale i@ meé k a gpektrbm éqaralkin,
qér e D&rish] , -8g °0yWrlsth] , -¥.axTedoor a4y & Frilsh|
vDs a-fL € 0P n/sm].)
Neytron selininbs i r i a | tolerdo elastkirsogilmp, geyrielastik, (n,
2 n) , Qradiasyaiujulmss \oticosind nanokristalik B,Osqumul u K u n cold m
kimyovi vbf | z i k ipDlor- elva W Mome rreytran selinin bsiri ilbn ¢por ar a ¢
q ar K ésir@asdeB®izotopu ibb a kK onv e re olor B+t Y Plet +H3
and sB%4¢n'Y ;Het+sLi’+2.4 MeV) [64] vb elastiki $pilmb noticosindd sisemb
veribn ener j i i mi mamgdgimeé qAlratr @hitreksld qaupunun
sothost , par-al anméek f apzoddsdér gmeé py anm dtbé 1y
ayden wogmkaholdur . sddiigbabhsh @ maol ar aq yabran
udulan enerji ib paralel xittidir. Neytronselininl . 3 ®rist}fdon 1 . 0¥ risth|
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giymbtlorindp hidroksid grupu kristal qut u K d a Dlkation lalda galmagda davam
edir. Y¢, kols kimypvi aktivliyp malik nanoB,Osk r i s r aldli ars & y aOHa
hidroksid grupunu saxlaya bilir. M u md u r Dk enerjili meytxrt o nlrisafild n
elastiki opilmbs i Zzamaneé e manejxiamii rz m? tosfida ok U B
kr i o lkaildeateghk ¢psindon as# é ®®irzotopuibqg a r k ésirdengplave  t
24MeVener ji ni h94apgrae Ik red i@ | 4éytnba selain eneriji itgisi
hi dr ogosinmdosrug vmol ekul | ar é Hto palikdim Bldyteonumu |
enerjisiBOsqumul uk unda B(@H)JWwWaHOB® lariok mwiorindd hidrogen v

sumol ekul |l aréna aRdj.,e¢ gd&e- amgasamabzaikmlv e

60 OO0 wwuwy 0 6 0 0090 DBk (3.21)

600 OO0 wwwuy 0 6 U 0° D Bk 00 (3.22)

00 OO0 wiumwyt OO0 6 0 O 9600 +00 (323
Yar amméxn | ar & n Boomddnéytron sglinis twiri ilbf o r ma | a
aktiv norkozlor torofindon tutulur. Digorlori  strukturda birlokorok  molekulyar
hidrogem- e v woplairr- alAsma umki mit ranr &l @t anhka
m° v cudbyyaernan mé kK qr upl a povdrabitbairtqo, mbabiticadvola s
3.21-dog°s i | mB g td ¢ n pDsigge; kobabiti(3.24) tonliyi vasitosi ilp tbyin

ol unmuxkdur .

Q of ¢t o (3.24)
Buradas- vibrasiyatezliyi, sm?*;ci k & fti, sm/san € kimyovi rabitodpi K t i r
edn elementhr i n psilirg t |

t  — (3.2.5)
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Codvol 3.2.1.NanoB;Os k r i s t md mitmdyaon selinin bs i r | al

funksional qruplar vq ¢ wsabitbri.

Tezlik, sm? Qruplar Q ¢ \psabiti Neytron ,msmpl
N/kg
630 O-B-O 24.2 Neytron selininbg, t ¢ n
708 O-B-O 30.6 giymotlorindb
883 B-O 47.6 -
919 B-O 51.5 -
935 B-O 53.3 -
1027 B-O-H 64.3 -
1045 O-B-O 66.6 -
1050(yeni) B-O-H 67.2 Yal hoBrz/ s m|
1056 B-O 68.0 -
1066 B-O 69.3 -
1074 B-O 70.4 -
1079 O-B-O 71.0 -
1195 B-O 87.1 -
1439 B-O 126 -
2263 B-OH 303.2 -
2369 B-OH 333.6 -
2519 B-OH 376.1 -
2900(yeni) O-H 75.4 1.3110%-10%n / s m]|
2990(yeni) O-H 80.2 1. 3%108n/ s m]
3194 O-H 91.5 -
3676(yeni) O-H 121.5 1. 3%106n/ s m]
3735(yeni) O-H 125.8 1. 3%106n/ s m]

Codvol 3.2.2-dong°r ¢ndg¢,y ¢ gpdeabimin bon b °y o Ol i vy
funks o n a l gr up | &rié ikisoAO,dmr t gF m@ k a ro@n ¢
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ol unmuKk gturro.n @riNgeb dmexanizmim bs as |l anar aq yen
gr upl apsahititoy p mv ol u @oovol B.8.1dp OH funksiyonalg r u p |
- ¢¢nbDgabivt iokgymotoynad § Kk ol maveBM@Ez g & Qg 1
- N akajpte ompny ne di lYreinkidiyrar an a n ot sgbitinip | @
giymotivbombh dudl uj u neyt r o bpsinmexa@zamips ass énnbggen °nb
edi | ohiikd rvo k s i d2800B80Qsh'd re&zrid d@rk i ntoaii nalmé rk
kokil 3.2.3dbg °s i | mi kdi r .

3800
_
” *’
3600 e
7
7
7
< L7
£ 3400 - !
- 4
= 2
= ,
() /7
— 3200 L7
/7
/
/
/7
3000 - P
/7
*
2800 T T T T T T T T T T T T
70 80 90 100 110 120 130

F, N/kg
kokil 32.3.] OH] I funksi onabsabgir upl ar é
Yékks neytr omsiax é ryaxinBeenkodakent kimyvi rabitonin

f or mal eokomn@nsgae prosesz a mabar @atomuun bir p-elektronu oksigen
at omunlar,.° tBore at oml aosiépoksidixkor €@k s 9 mrggs €
gal é pload aredeksiyareaksiyd € nxe¢ns upor vy y ¢ s to il I¢ k e
Strukturda B-(OH) kimypvi rabitolor i n yar anmas & npEcpsinad o n
meydanagon f unksi onal [ @HUQ palosuB elektrforavemsioln
Dagpd a r d € rB,OsKNrainsot naol | éenkdual y a r  donilmosi nmbgkodi thoé n

He-Nelazerioma |l i k, d a [6B3Bamolaz Raman spektromeatdon istifac
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edi | nmkokid 8.2.4dbot agq t e mp e roiftnaytronselihimbsmagxt al
nanoB,Ozk r i s t287 se'nd®@&sm', 527 smt, 883 smt, 921 sm, vb 1165 smt
tezliklordo Raman pikibr | maoedhli ohi kdir

14000
unirradiation
4, (1912, nfcm’
12000 12 2
8.0310", n/cm
1.3 1013, nfcm®
10000 4.0810™, nicm®
v 105, n/icm®
=
‘2 8000 -
[
9
£
6000 -
4000
2000 H
T T T T T T T T T T T T T

I .
200 400 600 800 1000 1200 1400 1600 1800
Raman tezliyi, (sm™)
kokil 3.2.4. M¢, »dif intensivlikli neytron selinines i r i al B&khdias hal
Raman spektoki.

k¢al anmaB@k r ha tyeniRamad tazlikbri, 527 sm! vpD921 sm
Ldbo m¢ k aphoil di n mu kob il v y amg @ e rgi°thzlikiorkvp yaxud kimyovi
rabitlor 883 sm', 921 smtvb 1165 smtb o r  tnuup B-O sahibsini xarakterin
edir[149. Hom bor t uomkdnbsairn d@k sRineytropsglkilsk ¢ al a n
Zzam&me sshthintbd e gr edasi ya pozj unbiud®sd satrviz n ¢
1165 smt ilp geyd olunan pikk B,O:; f a z a s é&xBé n u yB pgslorininr
m° v ¢ ud | u prin Ramangspekttrindo 207 sm'-dp plavp bir qrup ipgsiorinin
ortaya - égldantessacyfd@ spektrbrinkb x ar akt er i k
ol unmame&kderh.,r ot ron radi atqud nu Kt eld mmina
kristal |Lthyinedimog,in ¢ - dDni fmegwdnak ma [48.r an?
dogig metodlardanbiri hesab edin Sc her r er yakéenbamrma?ye
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K¢al anmadyainnis omgnkgnder (3. 2.

o 2 (3.26)

1 -fisynchrotron radiatioon i n dablbhbhuju Pi RO pom2
T-pi ki n dirar @ menriebr a; ptickhi n yar &€ memii3r2¥Y) n
koklindb geyd olunur

1 1 (3.27)

Buradg Ttodqig olunank r i sptiakl iémi n T yiasrtéamednabinrt
.- ¢en Si el ement i n bnnistifd dunun, IUmumMyikebrkréstadiés n |
° | - ¢ oyip edilnos | ¢ -rcay AKi ffractiono profil
istifadd olunur. Lakin bc r gipbn noticolordon  a | € nodon ¢ 1 fakiodada a
bajl é ol duj u ¢ - ¢bna K a $pgqlikmnbticoiork  apl r éohizé rl
Asynchrotron radi ati on technico noe t
ol unmaqgdad§ganaKkkmanSTM (Scanning Tunneé
strukturdca bam wdr- ¢ d i oyaai Mosvik atspke n én¢ m¢ k Lakim ¢ o
sadal anan b¢te¢n yanakmal ardan ©°n seéer
kécal an mé wordp gptikuspektroskopikod gi gat | ar zpdmagat
kristalli k st r ukt uha dgiganumétiardexir wohd € tocar ngntticolorin
doqgiqiliyi lazerin enerjisindn bilavasib as# € &kikit 3.2.4dbv er i | mi 03 n
k ri skrail setna Inl¢iyk Bsle-l ¢ ss¢ernxd yetgréanrd ak ¢éa & a 0 e
doy i Bsimpiklorin (—ﬁ) nisbotindon vb lazerin enerjisinch a® €& d@ancado
todgi gatl ar énda komniingensalik hislok i °&drFrgasaéegmd i K
yar at M4g.dakia tazerin enerjisimh wok ¢ al anma zamanw n

enerjisinin(3.2.8)riyazi ifadsiilbs i n xr onl ak d ér é brdoabsridiesaba c

olunur.

o 1i — & (3.2.8)
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0O i Ramanpc r gpbndpistifadoolunan lazerireVilbe ner j i s i di
tocr gobdgi qatl arda | azer i nooldnarl(32®8). uzunl uj
O 11 8 T T :)=%) o8 8o
Lazerin enerji sodong.54eW 135amial j maua me
1MeVener j ibif(4. mFm/Oc m] ,*?n8 .com|1, 6 1 .43%07 & @}
10°n/ cm] Jselisey it bippywmhi ol unmukdur ki, ne

iIbnanoBOs k r i s tlard iésntdal 190 kmdoh 1138 msoy, godor boyg¢
Amor f | atenma® nkoordinal a r édoyé& resm %t Kkinegkl enerjinin

payl antmoa sgdfrsat

3500 - —B.O

3000 -

2500

intensivlik
= N
(é1] o
o o
o o
1 1

10 20 30 40 50 60 70
2q
kokil 3.2.5.NanoB;Os k r i s treentgendiféaksiya spektri

Npticodp, yolg, K &5 | séxl| & gélnia meayls tko n | arl & ré
BOsoptik osirlor i oRA mian spektr os kpapiakad£a étl enx
K¢al anma me B®sykirz mits@hindbi@ a y t r o nselingnaalsaen
ol ar aq) f unks i ookia3.2.5dpreatgeh atnuldur amalii oetodcgqr .

olun mu gkOsMBano kristal énén di foymksolyan mmpie
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difraksiya spektriCme foza grupuna, a=0.4613 nm, b=0.7803 nocv0.4129 nm
gofps parametorinoma | iF-BsOs; o di f i kas i y ay-a35] upyspekirmbd u
B(OH) frmrzal mags@éyuxar éda wmapouwy jawnrmknk iosl

edir.

3.3 Termofiziki parametirl or i n ptlisngytron selinintos i r i al t
doy i BSIM
Termofiziki xasslorin  analizi w toyin edilnps | ¢ - ¢ n anatik a ¢
todgigatlaa daxil olanDSC metodui i st i | i k g istilliki tldumd vio didors i
termofiziki parametorin toyin edilnps | ¢DA gbgiq metodlardanbiri hesab
edilmokdodir [237, 296, 30Q)T e mper at ur f un k s ol @assniérdpo |
keyfiyyot, tomizlik dorbeosi, i st i | i okori, kireyovi reaksigialay termodinamik
parametibr, enerji itgisivb o ¢ gom istilik selinin © t ¢prmexanizminn toyin
edilmbsindbgeni K palsun rmaff8 200.63.3) bd gi g a't b ai | &
neytronlarlam¢ xwlit sel s & x | & gH aa leannddB&Og, BICMBs& vbD BN
kristail ¢tairléeinkla s estilik tdtwmo kpstieyransoéd i na mi k
doy i esinodgiqo | u n fotildoy a | B,©:xp BN analiz mticolorig °s i | mi K
kokil 3.3.23.3.6da4 . 0®rL/0Oc m] , *n8/.com|1,6 1 .43%07 @& @)
vp 1. 0P n/ c mgytron selind k ¢ a | a n @DOskérlinset ka0l 0eTen8 0

t emper at u ristlik selinexarakeetip@doncspektiorv er i | mi kdi r .
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Neytron seli, n=0 exo -
0 = /

R r/

birinci pikin;

1 402.2133 mC
ikinci pik;
76.4038 mC
| birinci pikin intensivliyi,
18.58 mVvit

-10- ikinci pikin intensivliyi;
10.60 mVt

F, mVt

438,167

-15+ 300 400 500 600

'20 I T I T I T I T I T I T I T I T
100 200 300 400 500 600 700 800 900
Temperatur, K

kokil 3.3.1.k ¢ a | a nBy&xkne ik s t1 & 10 T eep@ratit

Il nterval eénda DSC spektri

F, mVt

Neytron seli 4.0¢x10" n/sn? exo-
0 -
X
1 birinci pikin;
5 604.949 mC
ikinci pik;
] 92.2635 mC
birinci pikin intensivliyi;
-10 21.49 mvt
ikinci pikin intensivliyi;
| 14.73 mvt
Y
-15-
360 4(;0 560 6(50
-20-
I T I T I T I T I T I T I T I

100 200 300 400 500 600 700 800 900
Temperatur, K

kokil 3.3.2.4 . 0 ®rilst |neytron selindk ¢ al an B.@:k & | s1& @& |
1000TOBOMp &r atur interval énda
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Neytron seli, 8.0x10" n/sn? exo-

| birinci pikin; HW
611.4198 mC 47
-5 4 ikinci pik;
94.7376 mC

g 1 birinci pikin intensivliyi;
S 21.96 mVt
w ikinci pikin intensivliyi;
116.44 mvt

-15 -+

=20

Y

| ' | ' | ' | ' | ' | ' | ' | '
100 200 300 400 500 600 700 800 900
Temperatur, K

kokil 3.3.3.8 . 0 ®rils@ Jneytron selindk ¢ al anB.@:k & | s1& @ |
1000TOBOMp &r atur interval énda

Neytron seli, 1.3x10" n/sn? exo -

\/K

0 -

1 birinci pikin;
-5 - 635.2798 mC
ikinci pik;
197.6638 mC
birinci pikin intensivliyi;
23.62 mVt

w 1 ikinci pikin intensivliyi;
16.54 mVt

AR

'20‘ 3(')0 460 5(110 6(;0

A

-25

T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900
Temperatur, K

kokil 3.3.4.1 . 3 ¥nl/Ocneptron selindk ¢ al anB@:k el :é& @ |
1000TO®R@Gratld nt er val enda DSC sp
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Neytron seli 4.0x10" n/sn? ex0 —
0+
4 birinci pikin; \ A

661.456 mC
ikinci pik;
{ 111.17 mC

- birinci pikin intensivliyi;
Z 107 2366 mvt
™ 1 ikinci pikin intensivliyi;
16.82 mVvit

-20-

T T — T
300 400 500

_

'25 I T I T I T I T I T I T I T I T

100 200 300 400 500 600 700 800 900
Temperatur, K

kokil 3.3.5.4 . 0 ¥nls@ |neytron selindk ¢ al anB0:k & | S1& @& |
1000TOBOMp &r atur interval énda

Neytron sel, 1.0x10" n/sn? exo—

1 birinci pikin;
-5 768.2798 mC
4 ikinci pik;
-10- 976638 mC
birinci pikin intensivliyi;
|2362mwt

ikinci pikin intensivliyi;
1 16.85 mVit

-20

431333

-254

T T T T
300 400 500 600

-30- A

I T I T I T I T I T I T I T I T
100 200 300 400 500 600 700 800 900
Temperatur, K

kokil 3.36.1 . 0 ®rilsth ] neytron selinirk ¢ al anB@:k & i :é& @& |
1000TO®@Pr &t ur interval énda DS
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NanoB,Osk r i gt @B €& i | i k s eliindmugkagogysatske n €
olar.
1 4220T0443FvwBOH:zn ¢ mioni ni n par-al anma r e
1 456 0TO4 apaHqr upl arénén par-alanma r e:
i TO609alkit tempemwyaatxuurd idnatyearnvéaglléé obl as
Temperaturun 443 K giyotinb godor dublet endo effekbri meydanagplir, 456
K -dbn sonra istiliks otr | d abkkebvow¢arx u d - okildodip. Yekun proses
sabt t emper at ur .acdohiyyaétjroBoplxi dk ge°-oairtr ki, bor oksid
kri stBOs2 ndl 2 B( OfHnexanizmiilbke- i d r eaksi yal a
117]. Nozorp alsaq ki,B,Osk r i s tsiatézens @ | aDritmdona® € ol ar
havada su bomodeetk @1 IRaméer imbkchjeend @ abeyd

mexanizimbr i D) kimyov i reaksi ydT.ar bak verir
60 OUO° 0 (3.31)
60 c0O0LO¢oUVO (3.32)
-00 -000°-0060 (3.33)

Temperatur faktorunun tosiri  npticosindd isb a kK a] € d adtaema p
reaksngmlBmaw ver
¢O06L © 0 couH (3.34)

o8 © 80 OfMv (3.35)
~060 ©-80 -O0v  (3.36)
08 ©-080 -O6M  (3.37)
800080 goOiM (3.38)

Yuxar e dna bvéedogiyyat roticolorini npbzor alsag,k ¢ al an ma
neytron selininds i r i al t én doksd k g, ia $ ta abnaéexapn \isaidhtaiya
vD dedidratatsiyar e ak si yal ar én meokkdni zanli dad adlan
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g ° r gkdodir. Kristalda dublet effektbr 422 K-dp 1 1 fYBOs par - al a
reaksiya & vwp&38 K-dp boric acid B(OH); Y B»Os; mexanizmi uzn b a kK bnv e
par - ateaksiym@& o%sirtcs as p ar dhadlu®i qrugpunumyb struktur

suyun aypgeebh maggbr r b a k s kokila3l3.&-3.36doar g°r ¢ n.
Kimi, nano boroksid k r i stmd rée-nalaanma r e a b ehnydaldet n
effektlorin  salori neytron selindbn ast é ol ar aq a r tkrsstalda |

formal akméxk pi kolifns eil ntseénxski éva lli @ymi é&rsmallgniatm e

m¢ q agpil.614dofpk i - | Efekiinrsalpsinin wb neytronselinina r t ma ské

proses n t amaml anmaseé ¢ -jigtohob b8 ly y Rk d vojir.ddo irr g
neytron selinn sonra srbost haladaOH qrupu o radikallara r t ér ki t
tbs i r | al t & mdsau | rl eaarkésniéphal dnahaz ada spgar - a

Neytron selinin giymptindon as# & oMWristaldadq2 2 O T O 48483 8KOT O 4 4
temperatun nt er val & ndodo pdaurb-l eelt a nenfaf erketiod klsnany a
enerjinin y i esiokil 3.37-dbver i | mi kdi r .

800 — 125
' . Y
750 I
] PR R - 115
e _ -
E 700 et [ 110E
<z [y
® 650 e - 1059
v * LT r v
Y &~ - 100k,
& 600-% - o2
- <
g {m 95 3
2 5501 Lo0 &
| LG
= ! - =
£ 500-; (85
I} g0
I
45014 '75
.* -
4004 - T - T ' T ' T ' r— 70

0,00E+000 2,00E+014 4,00E+014 6,00E+014 8,00E+014 1,00E+015
Neytron seli, N/sn?

kokil 3.37.4 2 T4 K8p4 3 §@4 K3emperatuintrvaldrdak @ganmani wo

m¢xtolif neytronseliilpk @and¥émé B,Osn a n 0k r @nayjitetiekt®in d a



134

Ay deén g° rygangefinn giymptindonast € 04 .a0 ¥aish MO

1. 3F n/8n]i nt er viad & a d B ieherjisi birbirinb yax éndeéer .

n®4 . 0¥ rilsth |neytron selinin giymtindon b a k | afyaazr aa gk enerjisidcttin i

arter. Bi r d a bkkob mexahizimbb @ k onv e keivirei ahlgns i y &
neytronselsbrbos t  h al ada nséun npoal re-kauhidimamaéds € inKEEé 1 |
S a y & maeé.r kos neytron selinds u b u x ap OHgru@aeere nv par -
reaksi yagne vbterenquannay a msm st abi | ol ouyr¢.BksB |
neytron selip malk tod gi q atb reaktggundatoc r ¢iddqgi gat | @r €
yetirilmpsinb ehtiyac duyulurkokil 3.3.8-db4 5 0 G80®& temperatui nt er v a
neytron selindn a®# € oMWridaidaaqr d epang, Iel tivf n ° v psigdmaalar € |
for gl i g mgokkoa r rar - al anmaénr ekhé&koyiabiatr

veril mi kdir.

exo-

S
S
w V —0
3] ——— 4.0x10 n/sn?
—— 8.0x10" n/sn?
— 1.3x10" n/sn?
-4 4
4,0x10"n/sn?
1.0x10" n/sn?

460 480 500 520 540 560 580
Temperatur, K
kokil 3.38.450 0T O68Mmp &r at ur i ntr vm{d @ith d a
neytron seliibk ¢ al a n B,@:k € i © &isilik sehndh affektbri.
kokil 3.3.8-db ay d é&n g°r ¢ okéneytrok iselip ayr¢-kasl a n m;
morkozlorin i n nisaaryt @45 00T O580mpkr at ur okt er v
kimyovi  aktiviyp malik nano bor okd kr i st abthtndé n :

B-OsY 13l [smex ani sbrd Kk pgwzearr d € cog le akesbmiall.rme i r



135

CO60G © o8& COGY  (3.39)
ol © 6 G O Y (3.310)

kokil 3.3.8-db neytron selinina r t ma geai endd morkopzlor f or ma
Neyt ron «kK¢al anma hes ab é nmkozlbr eempesaturancsmeé K
alténdap hidradodksv d gr upununtoc rpéadrisamtl a
k ¢ al a nknstalda@merkpzi piki 503, 515yp530 Ktemperatural y ] wlon ergpo
effektbori N s ggklanmadan sorsglimbnad € €0l akaegl al
temper at 457 Kupy k BkHb6kK giymptlorinod o ] myui BSEIMM  y U X &€
s © ppillbon fikirlori tosdig edir. Na n o kK r i s toerdpiiskilik tatgmuanun
kalorimetrik metodilp toyini vp istilik selinin ortalama giymtinin toy i n o | u |
h a q g épm ddabiyylatlarda nolumatv e r i | #g]. katin istilik[selinin bc r ¢ b
giymptinintoyino | un mas & ¢ - ¢ ndarbad ré inezgoralend femig tyim r |
o | u nistilikkseli istilik tutumunun wt er modi nami k fotonnkns i
hesabl amsmars éadi r . A wraljir efatttar istdilka seknin dnogigi h
giymptinindogigtoy i N o | sicediet na t
TKtilik sel funloxnidyp&s é ddgpamd rkularses | z
TKtilik sel funksiyasénémssakandart n

T Homtandarhbom db k¢t l b ol madan ng¢gmaduRnin

1 Standary b m¢Dyybn Kke¢itdtoillii kn¢gavadpipmiim 1y m
T Kstil iitgisi-sug | 1 ni n
B¢t ¢ n Ioaorp dlsaqgigdilik selinin giymt | - N amaj ad a
ol areq.
' ol (3.311)
6 O YO—T 5 % —F (3312

0 Y ——  (3313)
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BuradaU, Y kal i brasiya f akt or o tempsratirdan Kk
agd é;dres t an damsit mim ¢ kngntn In psk €ststhndart v tpdgig olunan
n ¢ monin istilik tutumu, Ce-ponin istilik tutumuwur. Bunula paralel istilik selinin
temperaturdan d@sé ol an f umiki giymptakblibresigariakt@u vinistilik
tutumwun toyini ilbt er modi nami k funksi yaekil 3a39ab k
3000T O6mIple rka ttter i nt eoksdlat ie & thaal K@ dpaa rb-oa |
reaksiyasé ¢-¢n x¢egsusid éebéj €1 ke toustilinim
selinin temperatur @& é 1 €] €& n dm kindtikakistilik ®tumunun temperatur
asd é|l é] énda onokdodirz K in-¢ i1 keeratardanmma istilik selinin dyini
zamanag al @Y vqplkma ozrmaél anr aq, bir s ér abt ang
d¢zgaonmint ol unmamas é, dakeéyeéece gDBIrE € T

neytr al | akpdDBlordoma sbéa kbsiivheimgoenk ¢ nd ¢ r .

1,41 —0
—— 4.0x10* n/sn?
1,2 —— 8.0x10" n/sn?
’\ —— 1.3x10% n/sn?
g 1.0 \ 4,.0x10“n/sn?
s | 1.0x10 n/sn?

C

s

e
100 200 300 400 500 600 700 800

0,2

Temperatur, K

kokil 3.39.10 0 OTO6 00 K temper at urpmigmifr v a
neytron seliibk ¢ al a n d@:k & I © &isailik Bitonaua
Kstil ik tutumuaé &nh @ 108 Kakar a rs dastéikl tatuma s
Kéal anmamé&k ¢m¢é @K mE viit 4. 0FPA0Os m| , ¥rB/. O
1. 3Fn/0s m] ,*n4 .s@d] 1 0/Fril/0Osneyjron seliibk ¢ a | rmadatsenra
uyjun ol &f KBGIOC/3KI68622C/ K,0826C/ Kp®.333C/ K g
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toyi n ol ufdempetatbum 600 K qiyoindd K ¢ a | a nknraimsistiakl &
tutumu 0.45& / K,ls @ - inkytndngeliibk ¢ al and é rool mg&-og i ins
olarag0.483C/ K,A.488C/ K,M.497C/ K,A.501C/ K¥00.513C/ Kjdodor ar t
Neytron selinin bsiri a | t @&ristdldaelastik sopilmp v radiasya tutulmas €
noticosindd nano boroksid k r i s tqanll @&k & m doaf Kimypw v fiziki eyni
zamnda- egnor| nba kK Dhze nejron.selirvh bsiri ilD n ¢Dhor ar a
g ar K édirpmpdses Bf izotopu ib b a kK bnv eerv plor kpnelastiki opilmb
noticosindb sistenp verilbn - e ner j i n yton selindmy dsh € € o ibt@atria ga
Artan enejf mi g d a r é p hidrokbid grupunun sbos t par -al anrt
yarader ki ,pbstempeaeorbstwnrduanu ptl ar én  klarr a
m¢ K aoletnok ol ur . kselig/draman ryemineadmarakterli effektbr ¢ - ¢ n
udulan enerpia r (Cévol 3.3.1).
CovDl 3.3.1k ¢ al aselmdmas®? € ol araqgq yaranan wdni

udulan enerpin giymotlori

Kristal Neytronseli Faza lkea-tiad.ig
Clq
K¢ al anmanr 118.095
4 . 0 Frilsth| 165.952
8 . 0Frist) 168.095
B20s3 1. 3Frish] 174.524
4. 0¥nist) 183.809
1. 0®rist] 201.028

Maksimum netron selind (1. 0P b 0 d m)e, a | arP osig ki, sothdb
radiasiyap d av a ml & hildasodktsriguul wk dug opakatioro maldav
galmagda davam edir Bu ooniur g Koliskimyoyi aliindiyp malik nano bor
oksidk r i sraldli as & y ay aidrdkaid/ gupunwesaxt@ya bilir. BMumdur
ki, oihegnerili neyt r onl aitd@ m ¢ nmughb elastiki opilmos | Zam
ener j i nbmexdhizmigrasr!l knesirdd gl @ u jt ubnn nmuartosingbn k ¢
a®? & d endp.Bikbtopuibq a r k éslrdenglave2 .t4 MeV ener pi n
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gar kediérql Zaymaoe swelinin enesrwsuimgl sk
¢ - ¢ N mak s otomalik daq ir y nokildp dadpretsbik neytronun enerjisi D3
qguul ukunda f or mavp aHB@;n birlpB ikt hidrogen v su

mol ekul |l aréna abRkdj,é @ & & - anpassesmalzd kml v e r

w 0 6 0 09 0 60 (3.3.1.14)

Wik 0 6 0 0% 60 00 (3.3.1.15)

wy 00 6 0 O 9600 00 (3.3.1.16)
Reaksiya mhsulu kimiya r a nHme&tko nmh gayyorémigdardehpcmab

neytron selinin bsiri ilIDf o r ma laktix morkmzIor torofindon tutulur. Digor

torofdonr a d ioklimdbH" & t o m| ekmrDE mdbekutydrhidrogerf or ma s € n a

ke-pDprarv- albAsmd umki mi ayreler.

35000

— BN

002

30000 -

25000 -

20000

intensivlik

15000
10000 H

5000 -

L L

10 20 30 | 40
29
kokil 3.3.10.B N k r i sentgendiaksgya spekiri

010

[} 011
1> 004

G

S4p012

60 70
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Al t eébucaql-BNpomi ki o difiakbiyagspektrkokil3.8.10da
g°pi | mi Ddfraksi yaasng andiikelt xE nl abk niaza
I dent i hdakistifadb ojuanmagakr i st al stor u Kk thamopumat Y e
pldp etnpk m¢, m& |, mu K Ahaliz roticolpr | pgrekg tor nitrid kristal
hisociklor i ni n  mpsot rhu Imuokd i Vi i Byai ski i ykal si ékn dnad v@6.6, d
41.6, 43.8, 50.1, 55.1ow5.8doki piklori heksagonal bor nitridi xarakteozdir vb bor
ni trid ¢ -mgmvidifrakeiyduadr agdin &klor borun altébt
(002), (100), (101), (102), (004p¥¢ 1 1 O )pvilorigps ta m  u y.]BN-im dotog
parametiri ( Ker r er d¢ sbetnmokioh d ang, v a §t 53092odn axr a
66 7 6 2 n m fopalqdipuj A8, a=2,5092; c= 6,6762F 9 B ;20 Hyypn
e d i | niNewrdnidéektoru kimi[136, 159, 182, 217, 23@76g e n i K Dolusah i f
bor nitrid birlok msinin kristal quul u K unda n epsti rra n BaN knhgorirdia
rabibn i n d a pradiba s&r adifélefektlrxitn  f or mal a[X7/8}a s
Y a r a nomar defekt energetik xarakteny °ofi st or e gpyaxuds a gy a n
enerjo adl and®&armhgn é giynotiniredoyerlongirilmpsi ¢bn¢ ¥ a X
metodlardan biri temperaturupsti r | alténda 1istil ikdons e
ibamtdir. Temperaturunos i r | al t é al duak cehagkgétk tevayyniDr q ugy z r
gr upl aonalekktltr bkgviok menerjisiro g °0om ¢, xlit energetik viyyblorp
migrasiya edimr. Bir gism deéktlorin kristal quul u k ofoaot h i | i y i gen|
i nterval énda oy tipwekktior var ki, lordakin knistalnggd u K d
mi gqrasiyasé konkretoyti &«mper aMeunos r iomt earl
yaranan dedktlor i n e Kio mb i opeoses kifagios gedor ~ ypi, k stlighr [104].
Temperatura3 0 O ki@ toyin olunantoplanan enerjiodbb i y y a t dhundred t w
degreep e a k 0 a d[#6Qp W &l Eksedperatarlardsoplanarenerjiningiymoti bir
b a kpeosem aktivibk m enerjisindbn a® & d1@9]. Vigner enerjigiin qiymoti
temperaturwsorbos t b ur a x égiyaphndod &s#f e« é ponl &#d ay, b
ener ji ni nemperamreotki¢kad ssalimmeb © y HKi rti var deér

enerjinin riyaziifads i n i  a enbkjpgadnzad olar. t
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— QO YQ (3.3.1.17)

BuradaSv er i | mi kK z a magner @narjisimnrdy ia isiEf(D)d a Vi
neytron s ¢ alAS)yekspsrimentalayoiaxnién o Ibmsalgu K
aktiviok menerjisi k Bolsmansabitinin giynoti (8 . 6 1°ke\/K), T temperatur

vwoUeksperiemtin bawtidwer diyi zaman m¢dd
o
5 o
o
] o
i
4
(ex
g 4
S 37
E_ .
W 2-
1 4
0 ! I I I ! I
400 600 800 1000 1200

Temperatur, K

F ,mVt/mq

1

400 600 800 1000 1200
Temperatur, K
kokil 3.311. k¢ al anma e k s bistlik seinfieunr ki sdi anaiz @anaé n
xpit-i st i | i k axg@mnmeé kadrmitsk Dyl @is témol xotti vb Vigner
effektinin salosi.
kokil 3.3.11-dpistliik axéné f unksi yaspgilg BDSC° | - ¢ |

pyril orinin psas xitti, DSC-né pik norkozlori,k ¢ al an ma mé&wk i sdralnrein
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40001300 K

silikon karbid mnlordp tosirsi z

t e mp epsaa tonkozlori &orb5a | e /édh < tadti flo k
Ar
400 K giympotinD godor istilik s e | |

gazeéneéeno ialk®ihegdemturuné n
f woy ksc,i bynairdaébirlikad, sorbpst
bur ax@mheaenerginink i net i k amiéohab edr WFTIO@T O1 2 2
temperatui nt e r vVvagheg emealjié toyin olunur. Bor nitridindb b a K pbnher e/
I I ki n kr i defeldmorkizlorih @ Is afio @ s raaBu epkc@or [46] vDdigor
m¢,pllifl orin noticolorindbv e r i | [d4%]. €bdvdl 8.3.2db heksagonal bor nitria aid
ol an boiicoortedégri aq ama | iéknomoderilon z | akdér é1 mé kK d
CodvDl 3.3.2.A1 t € bu c a gk réi staeg| pkh odobiyat mbticolbrindon
a | é\igmer enerjisinin qiyrmti.

N ¢ mo| Mbkpzi Baza Vigner | Vigner Vigner | c dobiyy
pik, K giymoti enerjisi | enerjisi enerjisi at
Clq kC/mol | eV/atom
623 | 3001173 K| 93.89 233.22 56 [44-46]
508 | 525584 K | 95.8&% 245.89 58.9 [44-46]
h-BN | 1002.9| 7701220 K| 94.49 239.76 57.89 | Todgigat
I K

DSC analizbrinin noticolori (oksidlbk mr e a k s iy a g ld,da ntridin
kristal stuktuund a s ipmaitindoz vb waxud digr tosirlordbn hocmdb vb yaxud
sothindb xarakterik deéktlor . T Drerhalkd K pnap m
mi qé dasaqgVygaeseffakitridon q & 6
Vigner effektinin brgli mexanzimbrlp doy i esimeksperimera Dradtdbn
Bi r i mlcii f aindlvrindikN, 0 A wpgakuim — migriob
b ¢oc ¢ @pobforgli enerjilor | Ny ar ®@bobmolus ¥akuem s
m¢ iindp yerinb yetirilbn e k dgoatlandawegmet ankerjisirin
mi n i mu pwolacad, istilik selinin ggymoti maksimum 5 m\Ab godor
k temperatuil @ Te @ nExHode pikd a

for mal axién
onl ar én temperatur
verir.
add eder .
yerinp yetirilbon
be¢t én
giympt i
unmukdur

ar tMgwyyon o |
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1002 K olank ¢ a | a nkmstald&\«gner enerjisinin giyroti 94.49 C/g-a
uyj u nodwqgiynpt pdobiyyat roticoloriilpu y J u ok kuigl [46 d i r

I~
5 2) N
] N
&
o 47 o
E .
~~
> 37
=
W 2-
1 -
O I I I I
400 600 800 1000 1200
Temperatur, K
A )
§ &
S 4
£
LL
--‘;’.
-/..
B ; L]
460 660 8(;0 10100 12l00

Temperatur, K

kokil 3.3.12(a).8 . 0 ®rilst |neytronselinbk ¢ al andér ek mésgt b

P stil ik

sel i

fundtgsisyadaéerkemxamal-if a1in;k

kalorimetrik pyril orin tomol xptti vb Vigner effektinin sabsi.
kokil 3.3.12(a}da 8 . 0% @/®¥n| neytronselinb k ¢ al andér él m

nitridin DSC pyrilpr |

(istilik

a X eynl®i, DSQoyrikosniny a s € r

bakl an]j -aigpmknorkbZBCvp baza giymtlori)tog d i m e d 440 mi k d
K temperatura popor istilik selinin giynoti sabit 0.13 rivt boratordir. Lakin

T O4 4 Gempératunnd a n layama norkozi piki 982 K olan istilik selinin
qiymoti 4.77 nVt godor

artan

yayf4 mméeRT @terEperaur d i r .
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i nt er baadf @md & ptgcasfeuin K si ya ar as éomndggnoti o r
133.106 C/q boratordir. kokil 3.3.12(b)-do 1 . 3 ¥ InBm| neytron selincd

K¢al andeékrréilsméad iEBhNEk f unksidy@als@inenv ¢ reiml

O

b) 5

D
1

F ,mVt/mq
w

I ' I ' I ' I
400 600 800 1000 1200
A Temperatur, K

- I3
< 1AL
}- 1160

=

F ,mVt/mq
~936.207

T T T T T
400 600 800 1000 1200

Temperatur, K

kokil 3.3.12(b).1 . 3 Frilst |neytronselindbk ¢ al andér ek mésgt &b
i stili k seli funotsisyaderkemxa&mal-if a1in;k
kalorimetrik pyril orin tomol xotti vb Vigner effektinin sabsi.

580 Ktemperatura opor istilik selinin giynoti 0.65 nVt-dan 0.32 nwt-a godor
azal ér. TO580 K temper at u ticadaag G0d Mi-aa y
-atSéq+ 1. | mi kselindeDBSC oyresindd morkpz i p i DKf hisegippob © | ¢ n ¢
c n intensiv pik(1125 K) kokil 3.3.12dog °s i | mi kdi r . 580 uOT
i nt er v aaf @md& s Dtgcar sfamksiydar as € nd a fonim qiyadt a K
207.98C/g-a boratordir. kokil 3.312(c)-dp4 . 0¥ rish|s e | s é eytranfari@a n c
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sel i @iédtod¥jru n k s i
edi | nM¢gyybm rol un mBXdairrl ikineytronl ar |l a
morkpzi piki 969 Kolan w4 4 0

K ¢

Zant er \

ar a sninmignati 269%0364ma | a

kokil 3.3.12(c).4 . 0 ¥ rilst |neytronselinbk ¢ al andér ékmésgt &b

i stili k sel.

funokt-sisyadéerkemxa&mal-if a1in;k

kalorimetrik pyril orin tompl xotti vb Vigner effektinin sabsi.

Maksimum dozad& ¢ al an dé rO& r/shd kor ritridk r i st al é&n
istilik selinin giynoti 467 K-pgodor stabil 0.66 vt q a | kil 3.3.02d). Lakin
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467 K-donb a k| ay ar aq i sttiiDblkagaragsle.25ivia- ra tMprkozim
piki 969 K-dbf or mal akan ef f ek taboraordimer j i si 37

8
o
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7 7 N~
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w 31
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0 ' | | ' | ' |
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T T T 1l‘l T
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kokil 3.3.12(d). 1 . O P rilsth neytronselinbk ¢ al andér ek mégt alb
i stili k seld.@ fundtgisyadaéerkemxamal-if a1in;k
kalorimetrik pyril orin tomol xptti vb Vigner effektinin sabsi.

Toc r ¢nbticolpr @isrt ki , K¢ al anotman i dho zadbst émx
nitrid Kk r i s ttad pélnadnaa n e n e r j igmer emerjish bay Kitadin &ristal r
strukturunda defekt¥ i n k o ns em dafektiin yradiegdlmpsy ilp d ¢ z
m ¢,bhasibdir v 3.3.1.15 ifadsi ilptoyin olunur.

® Wit CcXyPp Agb— (3.3.1.15)
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Hom- i n ieksagon&l bor nitrid kristal strukturunda defeldiin
f or mal aknmas €& aé x pkbkih3r343)i doanr¢, telg meytronselind
K¢al annmBN lar dat #oplanand enerjisinin @& él éj € ver il
Go°r ¢ndeéMog r podmir aq kK gedid aih maksisEangudl u K d a
t opl anan eytromseinin boa wat zéort ol orimypevelastk sopilmbpvb
radiasya tutulmas énpticosindd kristal quul uk unda i fm¢ xt° v de
morkpzlor  f o r ma | yren dsé@imirg B® radio@opu ib g a r k &dirié q | &
prosesidb,He*i onunun ot boyenca(t.47iMeM, 1.78 Me\b\2.05
MeV), sLi’ionunun iki enerji ®tti (1.01 MeV 0 0.84 MeV), 0.48 MeV gamma
K ¢ al a*éomudun iki enerji (2.72 MeV v 191 keV) \b 573 keVeneriili

deyteriumun lBNquul ukunda b°y¢ k pkozlord o rod anad eafked
400

350 e

w
o
o
|
\

N
ul
o

|
\

N
o
S
| L
%

Vigner enerjisi, (C/q)

150 H;

5

» -

100 -

0 100 200 300 400 500 600 700 800 900 1000
Neytron seli, (n3 10" n/cm?)
kokil 3.313 h-BNkr i gt ghéneyomsraceenaxénsaxl| anéel a
doy i Bsin
c lavbolaraq, neytron selinifN npgjpq ar kK ésliérgil éz atman é
“C w580 keV enerjiiltHpr ot on i ;Ad témpnlaasréésihéyefiz n °

n°v doef glatHBmd & m.iytron selieina r t ma krigtal quil u K a
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veribnener jinin miqdar é ar tokmlor BPwi gk m
enerjinin topl anmas kristadlardgama deteldr i. n klzeas
yaranantoplananener j i ni n ®@igod amnug u 8 hGY &ikn| don

4 . 0¥ ris® |godor olan neytronselind toplanarenerjinin giynoti 133.106C/q don
259.364C/qqgpdor  ar t ér . L atroml . rO& kKishi|knguam aérsirts €
ki, toplananenerjinin giynot i d ath artaraq 373.60L/g-a- at ér . Bu
tocr ohiar af ¥ ¢ kadelayn,ayigner enerjisip ekvivalentdir.

35 *

30 -

25

20 H

15 H

Enerji kecidi, keV

10 -

. , . , .
0,0 0,2 0,4 0,6 0,8 1,0
Neytronun enerjisi, MeV

kokil 3.3.14.h-BNk r i s teal laésntd ak ipsirdpa m & € || @agld &l atjme
Neytron K¢ al anmér idotz¥bperaenagitindog/mod a
artmékdeéer . li ¢ xMe Yo segteomlge inosirital t énda al t
nitrido © t ¢pm @nkerjinin giynot i okil(3A3.14) dver i | mi kdi rsoth N
mor f olndga oy dey | K ik | vy & Bar dagbidk r i s tistilikésalid a
funksi yaseée xxlMd\anea eilikneywonlarla gnplus rejimino
K¢al andc&en aslt rmdeshparat@ redl @ hdanjaél € n pliepkordonn mplum
ol duj uBxOs vbomBN k r i st amheytrarr s=lmid és i r | altéend
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f or mal a kpbamenedjiarbniapk kirhi giymotipndirilmosi, temperaturun
tos i r i al t é nodrae krnimpri ajysaisyuar ag @& ypjbuarkl uvgeur i ir
Defektlor i n r e k o mdb0 KKatempgrawsacogor psas defektkin
rekombinasi yasé opdomigyyyatda matiagrpnmié i ar €
m¢e¢ mk ¢ ndyypn  dMigunmuk dur kGk,r i ksgraktbegmdana n € n
topl anan def ekt empsdr jliOssi.n5i8n AbCa kbl aaknl gagy
temperaturda t amaml an é-ox ki-ikl gymalinsiale n mé K
enerjisi57.44@f or malpyikrerol in mukul exeaj mhvaud
psas defekthlpb a | | almaz.q

Mikrovbnano ° 1| - ¢ 1lkgag i sd raal W @armésigalimeticol ori
g ° oeirtki, sothdbzoy i f f o romgaalr kkesirdeg@ana tmol ek ul | al
par - al eondmasjel adér . Laki n bopaunanaehegin ma l
mi gdar & payl amgnanotihirutoy Kk snii y aod akkol gawunamy, r
uyjunloygkkhgad anma dozasetnréwmk taurrtdnaa sféor
defektorinr e k ombi nasi yas é ptigodoyni kéinrfe¥rdishnhi n
neytronseliilbk ¢ al andeérodem&k kngmurmakl anj éc t
bakl ayaraq 280 Adntklanalimdywarcaq 360 AC
effektin daha drin energetik sviyyplordb olan defektbr i n r ek omb i nas
plagolondirmok  m¢ mk ¢pp chy mipkalbkidn f or mal akma en
mC boratordir. 8 . 0 Prils® Jneytronseli¢, - ¢ N ey ni ppnoses an b a k m

verdiyim¢, K apledilid

34Kr i st al | ar & nf urek smoyaliinegnog skknip tos @ r i al
Ksti |l i kntempetatwwnemm@ds € orm@ayom qol unmaseé 2z
istilik selinin molum giymotlorindon istifacb edorok digor parametro k e - i d
etmbkvbv er i | mi Kk f un#ifneylyoasel®indlyai nssnm¢e x4 ¢n ge
istifadbo | u n ma ¢stlilatdtiémunun10 0 O6DAMKt e mper at ur i nt

doy i Bsm K ¢ a Inanoborakeidkkr i s tistilik ®itanduaungiymoti 0.3
C/ KoFdan 0.5C/ KoFa oodor arter . Eyni zamanda |
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effektlordp bu giynot maksimum.35C/ Kgragodor ar maygoe @ | u n mu K
Kst i | i kolunscggyhuilonirip saskanarad0 0 OSDO K t emper at u
ent ol ptempeatue @ é | djesmd | amaq Lmegkrnike n8@0 OT
temp er at u ndanamdbeoksidla it ié s thaalk®mvdeaf f e Kt | norik 1 T
kihomi n i nterval da A YBoNstnvneera analzan mg z

enal pi §.382356.7951C/qi nt er dopl Rnda

200 X

180+ -7

DHC/q

160+

1404

120+

AR

T T T T T T T T T T
0,00E+000 2,00E+014 4,00E+014 6,00E+014 8,00E+014 1,00E+015

Neytron seli, N/sn’

kokil 3.4.1. 100 DCBOOK temperatuaral hdak ganmang wo forgli neytron

seliibk ¢ a | a n dagobaordksi&ristalerdaentalpyasaé dpyikmosi.

For g i s el s i W Ir eojné&knstalaa’ntay ri dipetiky enerjinin
mexanizmiy 1 g n ¢ mosinin 422 Kvb boric acid B(OH) n ¢ mosinin 438 K
temperaturda par -payekumbmnak monado hidrogeni wnsu i
mol ekul | amoké npma r°-t a;l psaial sgamsnedkoal piki 422 K w 438 K
temperaturlarda olan endo effektli n ent ol pi yas@méns éxd
ast é | he§alBlameé Kk d € pyypn Mg | un mu K @ @ @00 AKi temperatur
i nt erval éokdidk rn asn eatdl bpanrg ayniéerkm chet i kas é& k
kristal ¢, - ¢ N 1Q@/& m@ Rlibneytronseliibk ¢ al an dtée rode/dd a
8. OF t/én] |, 1 nBMj140. 0¥ /sh] p¥. OP w/dnjuyfun ol
165.952C/q, 168.0% C/qg, 174.524C/q, 183.809C/q vb 201.028C/q kimi doy i K i
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Istilik tutumunun tempetur as®? €1 €] € n d afunksiygd e&iyaza n

yaxeénl akmaoedrokampyybns ta |f tandmuentdopiya ¢, -kd n
akaj e doml &34délfy ad

Yy | QY (3.4.0)

Burada T, bakl anj éc, Tt praperadtamma reaks

tamamlanan temperatiur.

0,480

0,478

0,476+

DS, JI(K &)

0,474~

0,472

0,470 T T T T T T T T T T
0,00E+000 2,00E+014 4,00E+014 6,00E+014 8,00E+014 1,00E+015

Neytron seli, N/snt
kokil 3.4.3.1 0 0 @0DKt emper at uk ¢ alr anh Wggiad av
neytronseliilbk ¢ a | a n dadorbérloksidk Kk | s terirbpiyady n BSIN
Meyyon ol unmda® OTMRBtemper at ur i nt eaksida |
kri stentropyadopi esink ¢ a | a nkmsiahvg-k¢ @47020C/KI g, m¢ it
neytron selind k ¢ a | a n d4é. rodPehdsd |a, 82 rmshj1,0 1% n&m]1,0
4 . 0¥nis@] plv. O Prisd)sonrau y ] un @154CH(Kd q), 0.8763C/(KI q),
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0.4771 C/(KI g), 04789 C/(KI g) vD 0.4829 C/(KI g) kimi doy i kkipkil 3.4.3).
Entropiya b entolpiyadan mlum giymotindon sonraGibbs enerjisinin qiymtlorini

al maq m¢gmkegndeér .

160
150- -
140- -
1304 -

= 120-

G

110-

100-

90

80

I T I T I T I T I T I
0,00E+000 2,00E+014 4,00E+014 6,00E+014 8,00E+014 1,00E+01E
Neytron seli, N/sn'

kokil 3.4.4.100 DO BOK temperatuarak hoak glanmand ¥o forgli neytron
seliibk ¢ a | a n dagobordksid&ristalgh éGibbaenerjisinindbyikmbsi.

M ¢pyypn olunmudurki, 100 DOBOOK temperatuintervaBda nanobor oksid
kristallndaGibbseneijisinin doyikmp kinetikage alaramang kristal ¢, -n&6,243J/q,
m¢ Blif neytronseliibk ¢ al and4r ofemsdja, 82n&nm)1,0 18 3
nfsm| ,  4“n/@n] dDIv. 0 Prils Jsonrauyj unolaraql23166C/q, 125318C/q,
131763 Clg, 141065 C/q vb 156321 C/q kimi doyikir (kokil 3.4.4). B¢ t ¢ n
hesabl anmék termodinmakim funksiyal a
ifadbdon hesalal améxk ol

' I a 0 1 (3.42)

Buradamsk r i skt¢abll@-k r i sxt¢asluésnu i s, b-ii $ ti ikdti ipku t
A-1sti i k selidiinf fhuan Eksaotytahs- &, intgorr to pibd
i stil i k f un@leiitoyimdluaur. @yiem @ li vy mifondok vo cptiliky m
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tutumunun plum giymotindon istifadb olunaragnano bor oksik r i gt @ Ihé i S
itgisinintemperatuas? € | eoyysh rmd u n nkik3d.B)r (K

-100
-150
-200
< ]
g -250-
@ ] —0
9 | 2
= -300- ‘ —— 4.0¢x10" n/sn?
@ ' % —— 8.0x10" n/sm?
-350
| — 1.3x10"n/sn?
-4004 4.0x10" n/sn?
1.0x10" n/sn?
-450

100 200 300 400 500 600 700 800
Temperatur, K
kokil 3.4.5.1000TCB00K temperatuarak hoak ganmand wo forgli
neytronseliilbk ¢ a | a n dagobar dksié&ristalndaistilik itgisinin
qiymbti.

ke al amemam ¢ xlit intensivlikli neytronselininos i r i kKa¢ a leaard
bor oksidk r i st akinhyevir temzllysm h e s a b | abnbm abzpéyypyp vD
termodinamikparametr i N t a ma mbtlarinoos@Aanagaply imn o | u n n

Bunun¢, -n{3.4.3) tonliyi ndon istifadd olunmuwdur.

a8 - —QY (343

Burada R universalgaz sabiti 831 C/ mo | , , tqohiz( Kbrpponentin T
temperaturunda f,dgfaa zkee - k a- ieaurtar Mo i xlite ra |
neytronselindbk ¢ al ank e & t4a2bXk@T G404 5 6 IO T O ®0p@ratis
i nterval énda par - al ammdr kiy ardaksiyayaeddiazar &
k e -piinchlcomlbn mi Kk ent ol pi y elsiadonastfadaecodknkangovi q i
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tomizlik doroeps i hesabl anmeéekmm¢rlti K¢ dbaamamdr
kKri stkanyovitomiéanl i Kk yal néz uokardkteripelunarBe b g x
toc r @lobn yekunu kimi derok olar ki, neytron ibk ¢ a | kristallardas u b ubx a
gar kmsli & li dif rgerilt neyt r o n | aitdeem¢, mmi gmhelastiki Dpilmosi

Zamaneé enemmexanizmndld dag; & ¢ é m. B° yodk© ti gmt &l
enerjinin b°yagkulmu gqumrpmar -sadeamkdiars € ki
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| V. Fc SKL
Y' KScK ELEKTRON SELK KLc 4!/BNIBSNDI
Ve XBKRKSTALLARI NIN TERMOFKZKKK XA
¥ YRc NKL Mc SK
D° r d ¢oeildpgpdgigatk r i s 2.aNMeV anerjili4 . 1 6%sn,0 1. 201
sm?vpl . QL@8sm?elektron seli ib otaq temperaturunda ¢, a | a n d eTpcé | ¢ rhé
todgi gat IDair st &a @ikd bphokindD Yyerlbkon Ypiziskan  Elmbr
Akademi yasséehiéeni kbge Knotyeti uinldmgigatyd e
mat er i a&lulr asirédimrandayerlokom a t o mip alek&on selininm¢ mk ¢ n
elastikivbgeyrire | a s t i k ipsir mexankzrénin goepii v toctr pbas | ar é
e di | miknstalikv hocnmb © t ¢pm grlerjinin - mexanizmim Hyybn edil m
k¢al ané#édéer alogmél kuekr ésnt r u k t po radiasiyh affedtkaRentgere r
struktur \o Raman spektskopika nal ai z wmPeyoma d ImELGET<300 K
temperaturi nt er vkarliésntdaas t a f € Kk s el ipy i fesimrsklis i y

tutumunun pyini vb termofiziki parametir i nonifmgsiv e r i |.mi Kk di r

4.1Elektron selinintod gqi gqat kog a1t éodir@oni@Eios as | ar
Y ¢ kksenerjili elektron selinirbork cisimlor ,  ye-riérmkc i Deq
nazik obogol i mat er i alpsiram¢ xlif prgsesrixl g li g @t € miat e
fiziki xassdlorinin, s éirxvb raegxamikiparametmrindodoy i kor | iy la]77ag9b,e r
126, 162, 201, 227, 289Nazik obogplor  f i zi k ks é@and ar jyi¢lkis
horpkot ki neptoind eas & nvogirlarriant de& hockifayoh gpdor |1 b ° y
gal ens ekl &ga matbibka K myypmwgesorin mexanizmi brglidir.
Qa r k epsirexarbkéerintedon pn vacib parametotdon biri elektronunkristaldan
elastiki W qgeyrtelastiki opilmosidir. Elastiki ®pilmb z a ma n & e |pmkott r
t r ay ek toenerjidgya sssnipiohlil olunur.Di f r a k s ippka Dpénmpiin K
xarakterio olunan hadidor elastiki $pilmbpsinin bsas komponerdtindon biridir.
El ekt rokis| aorl apnosegdsaéh a  -ikoererji karakterli hadi®lorp aid
etmrbk  m¢ mk ¢ othigp, xarakterli nosblplorin holli z a mayn¢éeks astndr
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gabiliyyotino malik elektronselincbn g e nistifeddp olunur. ¢ lavb olarag analaitik

tod gi gat | ekredegiyp malikk geyrielastiki opilmp ilp xarakterio olunan
elektronlardanda istifadd olunur. Qeyrielastiki ®pilmbnin tosiri il b forgli tipdb
prosetori m°® vcuddur ; pfpoda mind emaéa:é, h val en
hoypc anl a Kk ma s € pypc(gpnl laazkmmaa ) h zonal ar ar a:
tobogosinin loypc a n | a K orbassté , e Ise k toypoant laa K€ma s 1@ (
elekron | a pyecna nhl a korkmsibngz spektrbrdbt o r mu z ferdlyremeé kK ¢ a
emisi y alkkin@@ fundamental hadorib m¢ Kk aoh o Idu n ma.q ldboa diée r
hoypc a n |l presesa ¢ - ¢ N konkr e toyineetmekr jm¢ mKi¢anpleg,z
pdobiyyatda enerji diapazonumyti ni met odi kasé (EIl ektrc
adl aner . Igistaddansopilmom|® arriveprosetor i n e Indgig olumdn
mat er okeli é&m kimyavi torkibindbon vbp el ekt r onl aon@a#h é é @
El ekt r opimMipaa € ak 6 er i s ipfundanzesta aspekibii r  bnaex-é
izahetnbkm¢ mk ¢ nd ¢ r . Ebiniyytcb sopdnmd ia m i€ nepikippg 2 N § |
korh etnbk m¢ mk ¢ n dzapilmonth & Wsigini a K a] € d a k eetnkki m

olar.

by o (4.1.1)

(4.1.1) ifadbsindoki N bir sm®-dab a k pnegilmphadiolor i ni m& shay é
sm-dao |l an at om@& airsmhdaslagre el ekt r onl aedién
! mu mbtlp,y - a psix bbz bir kopilmb prosesdp nozor | o | adlifdigki my¢
parametmrip (sopilmbpb u c ajpg a € Kk &sirddigl ier it | mi K D@ y@nr |
etnbk  milg ann déarr .pogpilmbnis en los 1y | b dtogwni mMmewoldunar
sopilmpblori vb nozori olaraq fiziki parametorlp toyin olunan giynotior i D pkg N d
etdirir. pilmpb uc ajpéh & r v I mi Kk p@inbelikdp tam BoIMbDGN ey m
kosiyi ilDtoyin etrbk  m¢ mk ¢ n d paz spilrpkirs en osayini mpoh d uotlor K
daxilindD toyin etr bk  m¢ mk ¢ opitmgb uc &) € ¢ - gyn nk oon koirne
itiril mi K enemjii rgi-rg nqisyenpb |y i, v labidikid @peoposial v
- ar poplmpbnirsen s i oy i adl am@mbpdp - B Ir @ & tesik kbinmci sk

el ektronl aginem ratf dm dra¢ K e pnth kwon salmssimdnmayl n
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etnosi ilD xarakterip etnrbk  m¢ mk ¢ nd ¢ r . pdibiyyatlardabur hadisi@ | n
elekto n | a r Elom pilpoei vo yaxud Rutherfordsopilmpsia d | a n @&jr é |
Retherford spilmpsind - a r p a @siyi eelyativistik effekt kimi mzorba | é p é r
daxili elektron bbogps | ni milpelg v a n | a wdbbiyyateld obmd $ € ob ur
riyaziifados i ver i | mi kdi r .

— —0O0EIl- — p 1 OEI- *“5t OE?
OEI- (4.1.2)

(4.1.2) onliyindbQmt am bucaq adl andér maq ol a

am ¢ Oghg (4.1.3)

Bundarmplavp,g ( O " ) i nt e mxenappildwbduac aygel ral ro@in d

vwodi fraksipra yBkmopbakka] edakeée ki mi bajl éd
g ¢ (4.1.4)
(4.1.2) onliyindp, Z-e | e ment i nosigEtdogma re9 ikt r on |

(keV),g ekranl | akd vermd efkd m ameaitnr iy ¢ k¢ de¢r .

A p p — (4.1.5)
(4.1.5) onliyindp 511 keV enerjiyp uy j ubyoc ehnl a K mé K el

enerjisimuyj undur bpnliyibdd (3).e2)ektronun tam bu

sopilmpnin  differ ensi al Dsairypia z a celnan d ér el dégor.

parametmbrin, sabitbrin giymotior i ma okekriita | &@d & ml asmdé@mwb n °
dépr el ekt r onlopmagéad éern. esspmbangdifedk e n s i a l -
kpsiyi sadcD(—)ilbpr opor si onalot oldmyg $ é mkittl gufado etk a K
elastiki opilmonin differ e nsi al psig rtodgagzolunamk r k s at@n &€
N° osri ni noshilBayrgtmd ra x w dklondirginingorgi nl i yi ni nbaz
bu prosesb a k Db Wilerr HDOm- i ni n g e y dob wlunam waailsoan t

mpgamlardan biri atomdamgilmpf a kt or unu i ntensiv ddif

olunmdaéja funksiyasénén hees al|apdmomaks &
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differ ensi al psiyidorpyza zen blaj | édeér .
— S (4.1.6)

¢ar peimbns n baj | éilmbp h @ mrifidon big qeyrielastiki
sopilmbn i n - a pspiayzi deichr .le nye rkjsi | i ellegkatr rk oesirié g1
zamaneé coXxl| ubnprosetma dn® vicéuadrdpogimons n b aj | &
sopilmbp n © orindbn  biri  geyrielastiki $pilmpon 1 n - ar psyinin t®yin
edilmpsidir.

Y¢ks ener jil i edlilegkatr rkoddl 1éeqrl éém atma d d -
fiziki prossekor me vcuddomr .b ¢B a Kxrosdetonn hok i b i r i é

ayr élsgglen bswyinintoy i n - ol unmas & pnligi geyralastiki .

sopilmpbnin plazmabypc anl akmasé ¢ - ¢n  dsifyfie rveeirsiilal

4.1.7)

Burada® bor radiusu(0.0529 nm)g — E-hoypc anl akmék p

enerjisi,3@  bir necb eV viyypsindn 30 keV-b godor artabilir ki, geyri-elastiki
sopilmpdpi tkakedn el ekt r obm k a I € p sdErzBeldik o, geygi°

elastiki opilmbn i n - a pspyiapilmebnu ckaj € n Bsiz abrPaynégém p | a :
hoypc a n | a wsnkaigEbDeke, K ¢ r . D a »obpdosi (gegrilelaskkt r o n  t
sopilmpbnin en losiyihoypc a n | a kK ma s € )on |¢, i-DkJimdD geyd etfiok 8 ) ¢

me mk¢endeér .

, aE@® — 10 117 f (4.1.8)

Burada'O -ionizasiya enerjisi¢  daxili elektron bbogps i ni n el ek
saywe  EUAAT 1 AN TAERO Ot iodihvded ok el ekt roown | a
el ement ar eobgk unodwdo giyktlgrindaxili elektron bbogpsinin
(K,L,M,vbs . ) mPasd ¢enddéolikl.o, g&/medlastiki opilmbn i n - a pspia z
giymot i omfi dorocodd @ vb @ giymotlorindon a® é dér . El ebdd r
y a r a bsdséfigild prosetordon biri dekt r o n u n pdonsgbmst yolunun orta

uz u nrdundyinoidir. EI e k't r o nodomorokoty, mumay ekt ori yas:
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sopilmbz a ma n & e | e k todono nkl esi- io&amakterip ohwnur \b elektronun

sothost yol un orta wuzunl uju KkKi mi adl and:é

— (4.1.9)

(4.19) tonliyi elektronunkristaldasorbos t y ol unun o+ &amapa
sopilmbninenlos iy i ar aspagodia K&k a i & chelrik olér.i(411B) i
tonliyi elektronunkristaldasorbos t y ol unun oy tna ou ziunmiu k]
kosiklptoyin edilnps i m ¢ mk lgktrahygnkristaldaxilindbd aj € | chaxénvie
prosetor, elektronunkristal daxilindbsorbos t y ol un or t apotu z kn |-
noyinki digor fiziki paramériordon a® € o | a r a gkristaElaxginddbri or o unn
dofp sopilmpsi ilb b a Kk bn\presetordp elektronunkristal daxilindd sorbost yolun
uzunlauwijtNermoyn k i - 1 kosiyiaonmalik elektronlaé d a x i | DI n
struktur daxilindbe | e k t r o nonrapsi @yaxug gpiimbDproses b ak ver

c abiyyat moticolorindbk i - ppilknDloslDb a kK bnpreseorin mexanizmi v
ki netohkiakbeéedi | mi kK okimprosseRd gyaal zé n | neéojrtiae rbohh a |
tos vi r  epdxerhatikibskiri kikil (4.11)idov e r i | noeoro alsaq ki, eleldtron
sel i niommsgennopglinmn - eéxékéndaké Kkonwodmn
el ektronl arén ippddni redke& t mownd waad duverk.t & d
kimi ifadp etnok olar.

” o0,
oo(paupng 6(?10( PP T
bvodgiymotior i ni orisfloribg € yd ol unoBu,k durb.i rA

santimetrd, gram mol b kiloelektron vola uyjundur . Asldd € r

el ektr onbnamsikm | gealli ®dol (@) dorocosi IDpr opor si C
Hbom- i ni n e | e k tonnw ndiyenoti & kristalag d gon K | stlenrd i r i |
el ektronl ar i aikn tne reg iewkit orgmiiyhdenrtioé s  Dgagilh
asd e drgrkks ener ji | el eodok r o nshielbskleipam Nz am
el ektr on s eodoinliyi elekinopuin internsivliyimen d d ¢ z bDTasibt
kokildD ast é d ér . Boeordom 6  tkdi paosaiedo n ¢ f uon ed ekt r
intensivlikcdbnagt €1 €] é noa | {oMindbgeyidtihpk t m¢ mk ¢ nd ¢ r .
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Q0 * '0QQ P

udulmaoms a Ip@ulmasms a | kkrniegst eaxl | éenj € mta— ko gotaln

pmsal € ki miKsaohisarn cgéremnli éarg.manér | anma bt e
torkibindbn a8 &€  dEdektiorlun udulmaproses ° B @ o Hit geyri-elastiki
sopilmp  prosetorini birlok d i rpoi (#.1.1) bnliyindb A mon f i O0Ds ii kpalrg, ¢
el ektronl ar gamktdrindadie @.4.11ybhliying hom intensivlik lbom dd
neg monm n gqal é@nh € goBildoydzsp (4.1.12) riyaziifadinaimé k' o | a
0 00 PP G

Ode¢pr el ektronl admméenf vuipdoediynsd vt i1 y E] e
n¢egfuoddoeitml iogyi r gR s 1 Dol uBluineaoms qil ks ggynotinb
borabordir.

4.2Y ¢ lokselektron selinintos i r al t énda yar abnnnn r
tobi i
Toc r piptob tomizlik dorocosi 999 %, kristal® | - 3 O,z  hsad x8Iné
1.8g/sm?olan borkarbidk r i s t @tifadbm d @ m m KKsthllar2.5MeV enerjli
xot t i e | elbndiricidbmtagstegnperaturunda 41860 sm?, 1.2d 10 sm? vb
1.0310%sm*s e | s éwxgd @lgeémdléar é | mékdér . kEIiesktar
struktur parametorinbtosiri Rentgen struktur analizb Ramarspektroskopiknetodla
(karbon rabmlorinin degredasiya mexanizintod i g ol Remu gaeuwmr di f
metodu ibapar €l méed qq g adidosakbéandl um ol mukdur
kDraitdb vp otaq temperaturundaor karbidk r i B )&BCK r i st alu R r |
foza grumna daxil olanr o mboedr i k s i mnmoirt Srukiuraanaiz u
noticolorinD  bsaslanaragmaksimum 1.03 10'® sm? elektron selinin tosiri ilD
K¢al andéeéekar@dnimé Kk sbat flaral keundia bak Ve
Raman spektrlborini n(BigaBg gwumomk Idu n s mi
i ntensi v vbD ¢tyhkt bktiorfireced babnalybdéint i k t bphl
Raman aktpiozludo mumxdor abi t megpyiymnf oikokid Ima
4.21-dpo mikro kristalh a | & n d 4 otaglteanpera&irunda normal haldem ¢, vlit
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elektron seli ilb K ¢ al andeésroénrmraadah én meé K rentoger
ver il mi kK drin analizifebp edk uml o | mu kK d u roraitébivp otaq o |
temperaturunda bor karbid®nfoz a qr upl u romboedri kasi
malikdir. Qofps parametdri, a=5.62922; vbc= 12 . 1®i4M ol ukn mu
bu dapvvolki todgiqatnoticolori ilbu y Jlugiok k i | [214, @47248,.

12de_) — A T T T | —
1.0310*8 1/snt

o o L

2 .

8.0x10 - 1.2010 1/sn? T

tensivlik

4.1610' 1/sn?

INn

4.0x10¢

) Y A NS —
N

0 1/snt

0.0

TN
40 60 80
2q

kokil4.2.1.BBCkr i st al @énén o, hantpl atmeshepzyiginabtviu r u

m ¢, Blif elektronseliilbpk ¢ al andér él madan sonra al
spektrbri.
ke¢al anmaimébed 1A . 2 &nf ipd . 0 3% s Celektron selind
K¢al ander stmméktagem di f praiknsiiny aspeanisiypzeiik i
g°milbnsels e x| éBICaresdal fpzar eV ooklumbak okider
421 ) . B¢t @R-3nsfpzeegkupund®r o mboedr i k si moiet r

Yal néez difraksiya maksi myyolgedor € nsé&msi v m
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intensivlikiorindoy i ssm m@pedhl chi kdi r ki, bu obia e

ilpgofps parametdrininvbat om ko or di onaby | esimpairy @ noling igs |

12,138 -

12,132 -

~—~

=12,126} ]
N >
o

\
A\
\\

5,628 a T

5,626 .

5,624L——— 1.
0 30 60 90
Elektron seli (¢ 10*)
kokil 4.2.2.Bor karbidk r i s totad temperaturundaeiitron seli ib
K ¢ al damsonaa gfps parametdrinin doy i Bsim
kokil 4.2.2-db gofps parametdrinink ¢, a | aeflindbaa s € | € Dyoil eaimoba g
g°r ¢ng¢r  kseliar k geabagofasparametdrinin giymotlorindp xotti (gara
xotlor ) funksiyayeée ®xiK@mhanuod hazagt ma bak
paramet i vQeo ,m8: PN OPT,cparamet ro w ¢ -
PAHT pp YW OPpm qgiymotlor i a | & rkngél kadnédr &selimma
giymot i ni n @gofas pasama@drininlgiymotiorindba z a | ma pwlgngr&ih i
bu da elektron selinirosiri il D kristal daxilindki defektbrin rekombinasiyazonalar
ar asé el el tolmasnoticosieds rabablorin bvbzlbnmosi kimi izah etnok

olar.
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koordinatl ar é.
k¢al anmameé 4.16 10 sm?
Atom X y z Atom X y z
B1 | 0.44190| 0.55810| 0.04921| B1 | 0.44188| 0.55797 | 0.04916
C11 | 0.44190| 0.55810| 0.04921| C11 | 0.44188| 0.55797 | 0.04916
B2 | 0.50471|0.49529| 0.19117| B2 | 0.50466 | 0.49514 | 0.19114
B3 0 0 0 B3 0 0 0
C1 0 0 0.12339| C1 0 0 0.12329
B11l 0 0 0.05628 | Bl1 0 0 0.05494
1.20 10'"s? 1.03 10" sn??
Atom X y z Atom X y z
B1 | 0.44157|0.55769| 0.04399 | B1 | 0.44134| 0.55726 | 0.04355
C11 | 0.44157| 0.55769| 0.04399 | C11 | 0.44134| 0.55726 | 0.04355
B2 | 0.50441|0.49459| 0.19085| B2 | 0.50415| 0.49395| 0.19076
B3 0 0 0 B3 0 0 0
C1 0 0 0.12322| C1 0 0 0.12312
B11l 0 0 0.05374 | Bl1 0 0 0.05315
Qa mma kvant!l arllkarwd ali an méka |l lmonrmeipos d

parametmbrinin giymotlorindo azalmab a k= wenrdyyon dozadan sonra atomlar

araseor yleirtel araq kristal gurul uka ma
[186]. Lakin, bd gi gat | arpyymnameand dm¢ ki |, el ektr
forglitosimma | i k o | oqgofbspaametririkinsgiymotiorindba z al ma b a
Bu da onunlaplagpd ar d ér Ki, el ektr onbpokdpail am
mexanizmini (pbngli xotlor ) yaradeér , kristal gqmir u
rekombi nas ipkilal.2.2db goimsuparametkkinin qeyri ot t i asé|

g ° osirtki, elektronselininm »yyon giynotindb gor a r | a kK m@abilob e ku ov e
denokdir ki, pdo® lgrti st al

rekombi y a

homi n qgurul ukda mbrv ¢

nas: olunaraq i deal kristal
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Codvol 4.2.1-dbkK ¢ aa n d &€ r evwwolmesbraanbor karbik r i s tna¢) xétn d
kristall oaogdoadribkk a tmé mig@&il én Kk coir Id miA k@ ih e
giymbtlordon molum olurki, boz i at oml ar orimdpdi adyeaanl d éngdl vag
elektronselionlara bsir edbb i | mi r . L a korkorlorindoh z oyypd epdord
S éKmg K hal da dayanmekosirialb ® ml krooe t e |
m Hyyon cpdor doy | Bri rkli bu da vy e lsabipdnavp bau moaml wayr
olaraq @fps parametdrinindby | BSINDgot | r i b At é mak é or dibrona t
Di amond 3.2 proqr asabBmtdya na teodnk laaril wans@masn
séex|l egdagléamldamqml ar € q ur wsabmirkodtaigiynotioAit o gnd
al énméek as @y ledlmk drir rd Biok parapeddrinin giymotlorinin
K¢ al anmaasséellé@lnéd] enda o betiningiiyanot ki mair ,t dké¢gac
a r a ssa@blorm giymptiorindbdpa z al ma bpmedilik a hi d

kokil 4.23-dov er i | miordon q g @ f ¢ kalammasklia r t kl & @dcBd B
CwCiC at oml asabpanrodasy&notiorindp xotti (gara »tlor) funksiyaya
oxkKar l@r ®Qganunuiba z al ma biaBk avteormlr@r éB ¢ -
Vo 8@ tpmn OPpn,BIiC atoml &r é o & o1 O
OPprmnm vwp Ci C atoml améQ ¢ - o &P O
giymotlor i al eM¢ymkdoogulruk struktur urka i mdbail ke
vD karbon atomununofgli konsentrasiyalarda raman spetrltod qi g ol un
[153]. Todgigat isbri Bi,, B1iC icosahedra, B-C vb C-B-B zpncirlorinin forgli
tezlikdbd i n a mip kofosEnélorokot | haqgqgénda pudat veair. @rapl ]
npzoriyypsinb g °pi(B12)CBC w yaxud (B2)CCC strikkt u oklindof or mal ak n
karbidk r i s tna°lvécnudda on DbRama(limpdakbagandask
(Eg) simmetriya tipinddir [154, 205, 280, 286]. Bizimptd qi gat | arok meé
elektronselinb k ¢ al and ér é limkgistal dpfmsin horkkat r bdiidn a mi K
di sorder ed topiotziotiomuao) ¢ @ qatbol unmukdur .
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12,138 -
AAMg
12,132 -
— 12,126} 1
S - -
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<
5,628} AAM( -
5,626} -
5624“*\¥%—i—utr — 1.1
0 30 60 90
Elektron seli (2 10'°)
koki |l 4. 2. 3. psabnoenl akt aoaseelmseil @1 €«

kokil 4.2.4-dp bor karbid k r i s tkagl aél naeénnm an gy @lik elektron selind
K ¢ al an Kamaredpaktd i ver i lopyypnk il uinmMgdur ki
borkarbidk r i s tlhARareamaktvs pe kt r i asdwol ¢t.az).d ur  (
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kokil 4.2.4 Bor karbidk r i s tk& lad raé mm grefifielektronselind

Ke¢al andéer él meik Raman spekt



