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lar e r es ereused na act r at n
ur results rt e P act r at n , Lc are su ar ed

n , erelnnu er cyclest date s 1 tted a anst lnnu er
relat nst date durn t ec urse t ec utat n P ntsc rres ndn t
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te er d en e ert antencycles erea ala leare tted elne st e
least s uares tt t e data tssl e s statte r t s aster
t an uadratc, ut t s erycleart ata erla sn ta da r at n
t te ea ur



e serat ntatcycle r t ea urdeends ntety e relat ns
a earn ncycles ccurrn as ade n utt eaut rs t are
aut rs t s aer ddnt ullya recatet ec nse uences As art t s
nest at n ec aracter edt ecycles re ullyand erea let eta etter
t u arr c lete understand n t estuat n

As already stated, nly relat ns are used n cycles, t e cycle r t
ea urs ellunderst dands s erynearly uadratc r ¢ ur dea
ast re etecycles t s r ¢ mnecessar ly ¢ ns st nly t

relat nseac andt ea nete ea ur tere ander yclesc nsstn
nly eter ed cycles rsnle r e an adet sdstnct n,
t ere s an usc aracter at n t ere ann cycles t se ¢ d and
t se ¢ d ntc ntanatleast ne e r er ecalled cycles tr le
r e andt elatter cycles dule r e rcnenence, ecalt e
t talnu er cycles ands, t te us n tat n,

t ast u ttatt t er uanttes t e use ul n understand n

t e anner n ¢ cycles ere r edasrelat ns ere added ese are t e
nu er useul r es, ,de nedast enu er dstnct r esa earn n

t serelat ns ¢ r cycles,andt enu er runn  asses, , needed
t re esnletn r esr te ra
urn tecurse tec utat n e calculated and a
r atelydaly e eret usa let ea net e arat n t ese uanttes
asa unct n tettalnu er relat ns ns edetal e ea ur
eac t ese uvuanttesasa unct n s descr ed n su se uent su sec
t ns neac case erel art saretaen, erestrctt edata ntst
t se t alues s ast n en see ectsarsn r nsu cent
data
n e ltln a anst In e rt day arad analyss uld
su estt att e 1ts uld elnearand t asl e erycl set S s,
n act, at e nd e least s uares ttedsl e s t ac rrelat n
c e cent s uared Atteend te actr at n e ad
cycles, r t et tal
n t as ser edt at re rera dlyt an a uadratc unct n
, t s esu est nt ata uartc t ea ettera r at n e
aren ta are any t er analyss t s uantty n es In
1 tted a anstIn t et er t t eleasts uaresstra tlne ttedt r u
t e nts elar e a et een In crres ndst a er d
encunts r end n nt , ,and eren t ta en eedes te

ssn data a c rres ndt and Prrt t s er d,
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as er r ne te rst cycle aseaerlya ated and t as ss let

calculate r t e alues and ¢ ererec rded
e ntslere ar a lycl sely nastra tlne c assl e ,
t u tere sa ntt att erelat ns rea sd nat erys all alues
t ste tn t su estt att esl es uld ee actly , ut e ae

t eretcaljust cat n rt scla
Byt eend teactr at n e ad cycles, r t et tal
en s and arec ared t , t scleart at any aj rn n
lnearty nt el 1 lts ustarse r t e cycles s s ndeed at
e nd n e ttedstra tlme, t asl e , snta ar
t cularly d tt t edataandt ecur e et een In s s
r n unced cur ature sre ncrres ndsa r ately t
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Ascan eseen r ,tental r ¢ cycles s utes t e
rt n telt rln r lescl sely nastra tlne
t sl e crres ndn t a erla t t se mnent Bey ndt s

nt,t e 1ts san ntallyrsn radent,reac n a a u ar und



,and t en taln aant a ut near As e ats lar
e ect as ser ed nanearly ult lelar e r e act r at n ere
t asdescr edase 1ls e r t

n urc utat n,t e cycle r t s edstrnlysuer lyn al

r t ras rt le, utt e ter e ls n see st strn r ur
e erence and e reer ase transt n as en rea r rate e
t  cases, n and P nt s aer, uld ee ectedt s
d erentcycle ea wur nte r er r ,relat ns ad urlare r es
t aleracandt rat nal elare r es ay nly ec ned t

ters tesa ety e cl tsteetentt ¢ relat ns ay ecr ss
Ined n P ,alt u tereare e er r es errelat n,any t e
tree r esa earn na relat n ayc ne t any te r esn

t er relat ns ere re, t s erasntt surrsn t at eseea ase
transt nt ardst eend t ese n ase

Att eend te actr at n e ad cycles, c s

t et talnu er cycles

en justy urc ce t e rase ase transt n t descr et e su
er lyn al r t n cycles enrelat nsareaddedt t e ra ey nd
a certan nt r ettn ra le t e reas n y e ¢ nstruct a ra

lar e r erelat ns and see cycles t n t, ec ncentrate nas le

yscal del rt ere eatedaddt n relat nst t e ra t ascn
enent encuntn cyclest er r an ulat ns nte ra n c
n des re resented lar e r es and t ree arcs re resented arelat n As le
relat ns Ids et eent enu er jects nt s ra ,andt enu er

cyclesa n t erelat nst e seles n urs le del e cturerela
t nsas ans e ter ertes at s nce stry n artcular, S
arere resented asun alentat s, sasd alentand sastr alentat s
eslcn y ensyste s Ss e te en ena eareatte tn t
del, t u <care ust etaenntt wus teanal yt ar
Att e e nnn t ec utat nt erearen relat ns,ands t e del
cnssts a acuu cntann n at s Asrelat nsareadded st lln t
s are any r es t relat ns already resent n ur del, t ese r a
nat ¢ as A e llsarea r e t ant errelat n t et at s
I r ace cal nd t ne +t er alences ntallyatleast, nly ars
relat ns 11 aeallt ree r es atc ed a relat n r n a
cycle t antercntann t esa elare r e scrres nds n ur
delt adat ¢ lecule r ed t un alentat s t er atced
relat ns dat ¢ lecules ¢ ntanun atc ed r es unsats ed alences
andre anaalale rteaddt n urt er relat ns are ery react e n
t e resence t ecat sand lecules
As relat ns are addedt t ec llect n,t enu er ¢ atced r es
ncreases u alently, as at s are addedt t e as t e densty rses and
re leculesare r ed entually,t e densty r ses enu t atlar e



and ¢ lcated leculesare r duced,s e r n rnsandc ans ac
d alent at added t a lecule s1 elyt nd nly t mne ree alency,

terey r n ac an ntally, at least, eac tr alent at 1l add an e tra
ree alencyt te r n lecule
en as at st ecnnect n et eent ec e cal del and t e
cyclec untn al rt eans ers uld eclear eac ass t esn let n
re n al rt re est se r es ¢ ccur nly nceatt at nt
nt ece cal del, t scrres ndst rea n te ndst t seat s
¢ c ntan a ree alency ensn let nre al asrun ts c urse, nly
cycles re an enall ndst react estes ae een r en, nly sta le

lecules re an
Ast edensty c ntnuest ncrease,nt nly llrns at s t na
lecule uld u , adjacent lecules 1l c nnectt eac te aad r

tr alent at nrealc e calsyste s,suc ast eaddt n slcnand vy

enat st ac ntaner,at rstt eat sarelar ely s lated en sta le 4
and react e and 5 leculesare r ed,andt en sta le 2 lecules
t eter t a lerat lyreact eslcn yen lecules t ree

alences Allt ese at s and leculesarestll nt e as ase entually
t edensty ec ess tatt e leculescr ssln n r us nandt e
syste as a le ec esal ud, lass rsld de endn nte erature
and ressure ne ul ru t a a ur A asetranst n asta en lace

andt e r ertes t ecndensed ases eryd erent r t e r ertes
t eearler ase us ase? nt e P case,t ec ndensed asea earsn t
t ecrystallne ed nt nd ne ass eandal st ully nterc nnected
¢ nent , ut rat er rea nt a lass any t e relat ns are ¢ n
nectedt et er ut nanu er c nentsand t t e resence alar e
nu er lentyc ans ¢ ter nate na ree alency and, nall,r u ly
t ree uarters t erelat nsre an nte as ase t eta  rs
adly

en asec an es ccur n yscalsyste s, t susual r any yscal
r ertest c an edra atcally eras all arat n na uantty suc as

te erature, densty r a netc eld stren t e r ertes,suc ast e
dens ty ncrease n ¢ ndensat n, r scsty n ly er at n,s t e
sel es asnear ste unct ns t an ncreased radent att e asetranst n
nte asedara rt e syste uc ea ur ss lart t atseen n
t er uanttes,suc ast es ec ¢ eatca acty,s relat ely at
ea ur ella ayr te asetranst nandrset as ar ea att e
transt n tsel t snr al rte eatcaacty tet asest ed
erent ta ea yscalsyste al statrand , ye, ear and ren el
descr ea asetranst n nt e lecularc n urat n ur  derately

s ed ly ers a ter aerl ss e ats lart ur



t u ,t ust ead tted,t esl esare eryd erent en erealset at

t ere sasyste atcsl e nt eln ersus In ra rs all alues
and c ensate rt s eature ysu tractn t eleasts uares ttedlnet
t s data In In e r duce e rese lance
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a anst et areal st dentcal na earance n ure er ent,t e
runn ca acty rsessl lyr a ut t arund nte ase us ase,
r stru a ea al st att e asec an e tsel and settlesd n

ata ut nt ec ndensed ase

ec ncludet ssect n t are eat ur arnn cyclesa n relat ns
na P act r at nare S r ct lecules nac e cal ture,
andt eanal ys uldnt e us edt ar net eless,t et syste ss
re aralys lar ea urand t wulda eartatt s ay ea rutul
eld r urt er study, n t least ecause as lar en en n als see st
ccur nt e te en enn ere etterunderst d, e ay aea
e selectn se n ara eters ¢ rn 1 ardte nset te ase
transt n t utundulysl n d nt erateat ¢ relat nsare r duced
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As ent ned nt ea stract, ne ur ject esn er r n teactr a

t n , Lec t P ast c¢ are ts er r ance t t at
PP P andt testt eassert n ade n and t at P uld e
tesl eral rt Because te antude tec utat ns re ured,
t sunreas na let re eatt e act r at n a d t nteer t PP
P urely t aete er r ancec arsn Luc ly, eneedn tred
tec utat n ecauset e act r at n anu er utes lar an
tude A as en er r ed yPP P and er r ance est ates
uls ed

st atn tea unt c utat nre uredt c lete a calculat n
¢ as ensread er any ac nes radcallyd erent arc tectures

s rau t t d culty and can, at est, e nlyana r ate ans er
net eless, t suseult atte tt eest ate, nly t e udancet r
t daunt r s ect e act rers nt eearler r , aluesran n r
P yearst P yearst act ra d t nte er ere en,de end
n n ac nearc tecture An a era e alue as u tedas P years,

erea P yearc rres ndst 1 ac ne nstruct ns s t ec

lete ¢ utat nt ar und nstruct ns nan a era e ac ne

e rstaut rt art nt atearlerc utat nandstll ass erec rds
r t eals as ne te ac nes, a tat n , c cn
tr uted se eral nts r t tesen e rt etaledrecrds r t at
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ac ne ae eenlst, utane alsent n r te rstaut rt te
sec nd ¢ nta ns

A ure P yearsc rres ndst L nstruct ns nt s
P ac ne
esa e ac ne, n asn le unnterru ted run P last n
days, enerated relat ns S, S, s and S n
¢ u sec nds ec lete act r at n , Lc re ured a
t tal relat ns enerate t snu er relat ns uld ae
taent en t nal P stat n at tal L' ac ne
nstruct ns us ecncludet att s
ac ne uld aeta en t esas uc c utat nt act rt e d ¢t
nte er , Lc y P ast wuld aednet actrte d t

nte er A yPP P
easy ttcrunt e all arants t e uadratcseeal rt ¢
act r an nte er s el n nt e e 1 I 1
arat nssuc ast enu er lare r esused,t e alue t e wult ler ,
t e ac nearc tectureandt ee cency t ec ler a ect nlyt e
ter erences n t e last t t ese uanttes can e ne ated y usn
dentcalen r n ents Bya a yc ncdence, asused n t actr
at ns, re n an t ers urce ara lty esec nstants er tcred le
est at n teeet te rst actr ent u te ter ra en
le entat n snet er er nrcnstant, a n teassu t ntat t s
er as een s nt ereas na le ent e arat n ns e s ute
s alland en allt at sre ured sanest ate t erelat ea unts
r taent actrt nteers t tesa e le entat n n ur case,
tes d td erence et een A and c ssu centlys allt
aet sassu t n
u sttutn t e alues A and , Lec nt terunt ee
ress na esu estst at rt esa e le entat nrunnn nt esa e
ard are, t e latter nte er s t e red cultt actrtante r
er Ast e ard are s dentcal,andt es t are le entat n as near t
dentcal as ss le, ecanc ncludet att ed erence et eent et est
atesa e sdueal stentrelyt tee ect wusn treelare r es r

t e latter act r at n and nly t rte r er Accrdn ly, e c¢ nclude
tat r nte ers nt e ne u  d Lot ! P sa r
ately t esase centasPP P tet att s act r

ncrease n er r ance sa n u alue e ay aec sent ese n
ara eters su t ally,es ecallyt es e t e act r ase,and an r ed
understand n teeets teec ces ntelcat nand e a ur

t e asetranst n ay ell r et estuat n urt er



n rtunately, alt u P a earst ean r e ent n PP

P ,tsstlln tc ett e t en act rn nte ers ar und

d ts esults rte act r at ns A and A ae een

ulsedn and n res ect ely nascale ereallc stsarenr al ed

t A P years e used P yearst actr , Lc
ereas A re ured P yearsand A t P years

e aec leted t e act r at n t elar est nte ereerslt y t e
uadratc¢ e eal rt At d ts, urac ee ent rea st e re us
rec rd y d ts e enult ate r e actr, at d ts, sals te
lar este er und y
ur r ass nt at P can ec ett e t PP P des te
tel y r n stcat ns and ndeed, r ur le entat n and
r nte ers t a ut d ts,t e et d as een easuredt eal st
t ceas astast eearleral rt e er, P sstllsl ert an
at act rn nteers t ss e Per r ance uresre rted n and
nd cate t at sa uts t es aster
ereas n y P s ree centt an PP P s ecause cycles
a nstrelat nscntann t reelare r es r uc aster t an cycles
restrctedt ¢ ntann ¢t r e ec r esand, n artcular,asuddenra d
rse nt enu er cycles ccurs enacrtcalnu er relat ns ae een
und ed n tunderstand t e c lete detals at sta n lace at
t s nt, ut e ae ense uant tat edescr t ns te en enn
and a esu ested an nter retat n nter s a asetranst n, anal us
t cndensat n r ly er at n nac e calsyste urt er r t ana
ret r u understand n tecycle r t ea wur uld e aluale,
n tleast ecauseas lar en enn as eens nt ccur n and
e ay ealet e 1yt sunderstandn ¢t r etee cency t at
al rt






