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I TJ IAB A

IIOJIHMepH KaO H MHOFH KOMHO3HXHH MaxepHJaJIH H CMeUIC caHHH>CHH

cy op; MOJiexyjia pasjiHrarrax Maca H npeflcxaBJtajy xexeporene CHCTCMC.
36or Tora pacnoflejia Maca SHXHO ojxpe^yje FOXOBO CBC (J^HSHMKC
KapaKxepiicxHKe osaKBHX cxpyKTypa.

npeflMCT aHajiHse osor pa#a je pacnojjejia Maca Ha BHCOKHM H
HHCKHM TeMnepaxypaMa. Y pa^oBHMa / 1,2,31 flax je MORCJI pacno^ejie
Maca KOJH je Ha saflOBOJbaBajyhH HanHH onucuBao nonamaifce
nojiHMepHHX Maxepujajia Ha BHCOKHM TeMnepaxypaMa. Osaj Mop;eji
6nhe HCKOpnuiheH #a ce o^peflH cpe^aa Bpe^nocT Mace xeTeporennx
CHCTCMa y 3aBHCHQCTH OA xeMnepaxype.

MO^CJI aa oflpe^HBaHbe pacno^ejie Mace na HHCKHM xeMnepaxypaMa
6nhe (J)opMyjiHcaH y OBOM pa3y. Kao Mojjeji nocMaTpanor cncxeMa 6nhe
ysex JiHHeapHH ocii,HJiaTop, npn HeMy he SHTH ycBojeno cxBaxaHbe p;a cy
na anconyTHoj nyjin ejroHraii,HJe jejniaKe nyjin, na ce Moxe cMaxpaxn fla
je y SJIHSHHH ancojiyxne Hyjie KHuexn^Ka eneprnja ^OMHHaHXHa. Hspas
sa cpe^Bby Bpe^HOCx Mace y OBOM Mo^exty 6nhe o^pe^eH
anpoKCHMaxHBHO ys KopHHiheH>e xpanesnor npaBHJia H CHMHCOHOBOF
npaBHJia. H y cjiyqajy HHCKHX xeMnepaxypa xpa>KnheMo saBHcnocx
cpeflHbHX Maca 03; xeMnepaxypa.

Pafl ce cacxoJH HS nex ^ejiosa.
IIpBH p;eo je ysop;, ROK he y ppyroM ^eny 6nxn flax KpaxaK OHHC

xexeporeHHX cncxeMa.
Tpehn flee oSyxsaxa pacno^ejiy Maca na BHCOKHM xeMnepaxypaMa H

xyMaHH noHauiaH>a Maca y saBHcnocxH ofl xeMnepaxype.
HexspxH fleo ce O^HOCH Ha pacnoflejiy Maca Ha HHCKHM

xeMnepaxypaMa H noKasyje KaKo ce Maca Men>a ca nopacxoM
xeMnepaxypa.

y saKJtyHKy he 6nxH flaxe KOHanne Bpe^nocxH Maca H
pesyjixaxa sa oncer HHCKHX H BHCOKHX xeMnepaxypa.
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II TJ IAB A

XETEPOFEHH CHCTEMH

XexeporeHe CHCXCMC HHHC cxpyKxype cacxaBJbeHe 03 MOJieKyjia
Maca.To cy paajiHHHxe CMeme, Kao H nnxas HHS nojiHMepHHx H

MaxepHJajia.
MaxepHJaJiH / 3 / cna^ajy y rpyny cxpyKxypa KOJC ce Mory

cacTojaTH o,n pasjiHHHXHx nojiHMepa, a OBH 03 BejiHKor 6poja
MojieKyjiH Mory GHXH pasjiHHHTHX Maca, na je sa Kbuxosy
noTpe6HO noceGno (jjopiviyjiHcaTH Mexofl anajinse.

Y xexeporene cxpyKxype cna^ajy H KOMnosHXHH MaxepHJaJiH KOJH cy
flo6njeHH KOM6HHOBaH>eM flea MaxepHJana y nspcxoM cxaity. KOMDOSHXEH
MaxepHJaJiH Mory GHXH:

- Mexaji- Mexaji
- Mexaji- KepaMHKa
- Mexaji- nojiHMep
- KepaMHKa- KepaMHKa
- nojiHMep- nojiHMep
- nojiHMep- KepaMHKa,

sasHCHO OA MexaHHHKHX, xeMnepaxypcKHX H flpyrnx oco6HHa.
JacHO je fla xexeporene cxpyKxype nncy xpancjiaxopHo HHBapHJaHXHe. Kao

IIITO je no3Haxo, naJBehn 6poj nojiHMepa HHJe TpaHCJiaxopno
HHBapHjaHxaH H HMa cneii;H4)HHHy pacnojjejiy Maca. KaKO je
OBor pa^a xexeporeHH CHCXCM y nspcxoM cxaity, SHJIO GH
HCKOpncxHXH cxaHAap^He H Ao6po pasBHJeHe Mexofle aHajinse (J)H3HHKHX
KapaKxepncxHKa H3 xeopHJe Kpncxajia (KOJH noceflyjy xpaHCJiaxopny
HHBapHJaHXHOCx). YnpaBO osa HHHbeHHi^a ^a xexeporeira CHCXCMH HeMajy
xpancjiaxopny HHBapnjaHXHOCx, ftOBOflH 30 noxpeSe yBol)eH>a HeKor HOBOF
Mexo^a TeopiijcKe anajinse. HoxpeGHO je Hahn xaKas Mexo^ anajiHse KOJH
MO>Ke ^a npy>i<n Maxap KBaJiHxaxHBHy cjiHKy noHamaita (^HSHMKHX
KapaKxepncxHKa osaKBHx cxpyKxypa. Y xy cepxy HHKbeH je HHS noKyuiaja
/ 4,5,67.

anajiHsa oBaKBHX cxpyKxypa Moryha je aKO ce 4>opMyjiHiiie
Mexofl, KOJH 3a ^axc ycnoBe flaje naJBepoBaxHHJy pacno^ejiy

Maca.
Ta^a ce sa cse (^HSHHKe KapaKxepncxHKe y saBHCHOCxn OA Mace Mory

cpe^ite BPCAHOCXH. Ha ocnosy no3HasaH>a CKyna OBHX
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Mo>Ke ce fl,o6HTH saflOBOJbaBajyhH OIIHC (JmsHHKor noHauiaiia xeTeporeHHX
CTpyxxypa.

YOBOM npucryny xexeporeHH CHCTCM npe^cTaBJta cMeiny OR N
. YxynHa Maca cMeme je \i . Mace MoneKyjia cy Me^ycoSno

ajiii cecBcteca. 03; H>HX MO>KC npe^cTaBHTH Kao uejioSpojan
HCKC ejieMenxapHe Mace- m0. O^rarjie^HO je fla je m0 6JIHCKO

axoMCKOj jeftHHHUH Mace H H3HOCH m0= 1,67 x 10"27kg.

Ha ocHOBy oBora MOJiexyjicKe Mace Mv ce Mory npeAcxaBHTH Kao:

M v = v m 0 v= 1,2,3, ...vmax (2.1)
Fopaa rpaHHii,a HHfteKca v ( vmax ) o^pe^yje ce na ocHosy rpaHHHHe

npeiriocTaBKe p;a ii,ejia nocMaxpana cxpyKTypa npeftcTaBJLa je^an
jeflHHH orpoMHH MOJieKyji Mace \JL.

O^aB^e cjie^H fla je :

y- >N (2.2)
m0

Bpoj MOJieKyjia ca MacoM Mv 6nhe osHanen ca Nv.
C oSsupoM na OBO, Moryhe je nanncaTH j

Z Nv • Mv= |i (2.3)
V=l

Koja npep,cxaBJLa ycnoB OAp>KasaH>a Mace.
je oHHrJie^HO fla ce MOJKC nanncaTH H penauHJa:

(2.4)
V=l

Koja npeflCTaBJta ycjios Oflpx<aBan>a yKynnor 6poja MOJieKyjia.
IIpn OBOMC ce noflpasyMCBa fla ce yKynna ocu,HJiaTopHa eneprnja

xeTeporenor cncTCMa op;p>KaBa.
IloflecHO je yBecTH H xaKBy Macy M0, Koja ce N nyxa ca#p>KH y yKynnoj

MacH xexeporeHe crpyKType:

(2.5)
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#o6HJeHor nspasa ce BH^H #a M0 na HSBecxaH
cpeflHHy HSBecHHX Maca Koje cy sacxynibeHe y

xexeporeHoj CMCIIIH. To snaHH fla aico 6n ce npo6jieM pacno^ejie Maca
pasMaxpao HHCTO cTOxacTHHKH, a TO 3Ha*ffl 6es yso^eHba 6HJio KaKBHX
KapaKTepHCTHKa CHCTeMa y panyn, on^a 6n HaJBepoBaTHHJa Maca
ynpaso 6njia je^HaKa Macn M0, Koja npeACTaBJba KOJIHHHHK yKynne
Mace CHCTeMa H 6poja MOJiexyna y cncTCMy. OBaj cTOxacTHMKH

oflroBapa OHOMC UITO cpeheMo y npnpo^H, a TO je, ^a je
6poj npnpoflHHX CHCTeMa o6pa3OBaH 03; MOJiexyjia je^naKHX

Maca. YBO^eae ^HHaMHHKHX napaMCTapa y CHCTCM p,o6HJa ce cacBHM
cjiHKa.

npncTyn, nocjiy^nhe Kao MOflen sa (})opMyjiaij,HJy
MeTO^a KOJH he fl;aTH BepoBaraohy pacnoAejie Maca KaKO

Ha BHCOKHM TaKo H Ha HHCKHM TeMnepaTypaMa.
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I I I TJIABA

PACHOJJEJIA MACA HA BHCOKHM
TEMHEPATYPAMA

Xexeporena cxpyKxypa npeftcxaBJLa HBpcxy cyncxaHijy Koja He
nocep;yje oco6HHy xpancjiaxopne HHBapnjaHXHOcxH. CBaKH 03 MOJiexyjia
HBpcxe cyncxanue HMa CBOJ paBHoxemm nono^caj KOJH je #06110 Ha
panyn HCKC yjioxeee eHeprnje:

ft = k T
"c ^B A C

r#e je Tc -xeMnepaxypa o^rapuihaBaEba, a kn-Bojnj,MaHOBa KOHcxaHTa.
Osa eHeprnja ra je yspcTHJia y TOM nojio>Kajy. MoJieKyji ocu,HJiyje OKO
cBor paBHoxex<Hor noJio^Kaja, H Kao xai-cas npe^cxaBJLa JiHHeapHH
ocu,HJiaTop.

KaKO ce, Kao inxo je Beh narjiameHo cacxeM neMoxe anajiH3HpaxH
Mexoji;aMa xpancjiaxopHe HHBapnjaHXHHX cxpyKxypa, os^e he GHXH
yseflena cxaxHCTHHKa aHajinaa OBOF cncxeMa.

npe Hero uixo ce npe^e na cxaxncxHHKy anajinsy noxpe6no je
fled[)HHHcaxH MO^ejiny eneprHJy xor MOJiexyjia. IIouixo MOJieKyn
ocij,njiyje KberoBa ocuHJiaxopna eneprHJa je:

9 " 7 9
Uy + i 2y Uv

je uv -MOJieKyjicicn noMepaj, a Q -cJ)peKBeHD,HJa v-xor ocu,HJiaxopa.
OKBHpy npefljiojKenor MOflejia noxpe6Ho je

uv2 + Qv2 uv2

ca KBa^paxoM 6p3HHe cxBapaita cyncxaHU,e, Koja ce ca
xa^Ke rJie^Hiuxa MO>KC npep;cxaBHXH Kao oflHOC yKynne

eHeprHJe yxpomene 3a cxBapaae HBpcxe cyncxaHii,e:

Qc-NGe (3.2)
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H yKyrme Mace cyncxanue:

|d=NMs (3.3)

To 3HaHH fla je:

uv2 + Qv2uv2 . Qc _ 9C

2

CMaxpajyhH #a MOJieKyji Mace Mv MO>KC #a 3ay3Me Ha pa3JiniiHXHM
xeMnepaxypaMa xaxse HHBoe eneprnje KOJH npe^cxaBibajy u,ejio6poJHH

: (Mv / MS)9C, 3a MOp;ejiHy eneprHJy ocu,HJiaxopa

Eosc -> Evk=Mv - (0C/MS) • k k= 0,1,2,3,-.. (3.5)

Bpoj MOJieKyjia KOJH noce^yjy eneprHJy Evk 6nhe osna^ieH ca nvk.
IIouixo 6poj MOJiexyjia Mace Mv HSHOCH Nv, oHnrjie^HO je ^a

oflp>Kan>a yKynnor 6poja MOJieKyjia:

(3.6)

YKynna yHyxpamita eHeprnja no^CHcxeMa KOJH ca*fflH>aBajy
Mace Mv 6nhe osnaHeHa ca:

Uv=EEv knv k (3.7)
k

Pacnojjejiy Maca sa onncaHH CHCXCM xexeporene cxpyxxype
xpaacHheMO MeToptaMa cxaxHcxHHKe cJrasHKe, aHajiorno Bojiu,MaHOBoj
cxaxHcxHD,H, a xo 3HaHH %a xpe6a dpopMynHcaxH cxaxncxH^Ky
BeposaxHohy / 7,8 / cncxeMa Monexyjia KOJH npe^cxaBjba 6poj
MHKpocxaita KOJHMa ca peajxnsyje onncano MaKpocxaH>e.

KopncxehH CxnpJiHHroBy dpopMyjiy cxaxHcxHHKa BepoBaxHoha
MOJieKyjia Mace Mv ce MO>i<e Hanncaxn Kao:
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Nv ! NvNv

P v= — - » — jr- (3.8)
E[ nvk ! n nvk vk

k k

C o6snpoM na ycjioBe oflpxaHba (3.6) H (3.7) Tpe6a (J)opMiipaTH

= In Pv- aNv- yuv= Nvln Nv- X (nvkln nvk+ anvk+ yEvknvk) (3.9)
k

cy a H y neoflpe^eHH JlanrpaaceoBH MHox<HTejLH.
HaJBepoBaTHHJy pacno^ejiy MOJieKyjia ^oS

(J)yHKU,HOHaJia.
3>yHKU,noHaji ce Bapupa no nv H BapHJau,nja ce Hsje^HaMaBa ca

Taico ce floSnja jj,a je:

(3.10)

AKO ce (3.10) yspcTH y (3.6) ^o6nja ce Hspas 3a BepoBaTHohy:

Wvk= v = = 1 _ e - y e c M v / M s e - r e c (M v / M s ) k

JN y

JIanrpa>KeoB MHoacHTejb y npe^cTaBJba peu,HnpoHHy
TeMnepaxype:

•*• •*•

~ e kBT

AKO ce (3.12) yBpcTH y (3.11) p;o6nja ce nspas KOJH KapaKTepume
BepoBaTHohy ^a MOJieKyn Mace Mv na xeMnepaxypH 0 HMa eHeprnjy EVK:

-(e c /0)(M v /M s)- -(Gc /0)(Mv /M s)k

INV

= r 1 _ e - c v s - j e

AKO ce ynoTpeSn KOHTHHyaima anpOKCHMaij,HJa, TJ. H3BpuiH npejiasaK
na KOHTHHyajine BapHJa6jie no LUCMH:
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Mv M
MT-»l t f r s y ' -y^0'*)
K -> x, . . . x e [ 0 , o c ) (3.14)

Wvk -> W(y,x)

ce cjie,n,ehH H3pas sa BepoBaTHohy y KOHTHHyaJinoj
anpOKCHMau,HJH:

W(yX>Hl-e - ( 0 < / e ) y !>e- ( 0 < / 0 ) x y (3.15)

KaKO je npeflMCT OBOF pajja pacno^ejia Maca na BHCOKHM TeMnepaxy-
paMa HCKOpncTHheMo BHcoKOTeMnepaxypcKy anpoKCHMati;HJy:

0C (3.16)e

Hapas aa BepoBaTHohy (3.15) y BHcoKOTeMiiepaxypcKoj
anpoKCHMau,HJH ftoSnja

W(y,x)= - y e - x y (3.17)
U

IlpOMeHJbHBa X MO2K6 CC OflpCflHTH H3 yCJIOBa:

Jw(x,2, y )dy= l (3.18)
o

H H3HOCH:

/ —x = V ec

(3.19) y nspas sa BeposaTHohy (3.17) p;o6HJa ce
o6iTHK pacnoflejia Maca Ha BHCOKHM TeMneparypaMa:

(3.20)
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Hspasa 3a sepoBaxHohy BHftH ce #a sepoBaxHoha pacnoflejia Maca
ca nopacxoM xeMnepaxype y flOMeny BHCOKHX xeMnepaxypa.

Hai)eHa BepoBaxHoha pacnojjejia Maca xexeporenor cncxeMa
nocjiyjKuhe 3a HspanyHaBafte cpe^Hbe BpeflHocxn Mace osor cncxeMa.

Ona ce ftoSuja Kao oneKHBana Bpe^nocx BapHJaSjie M no
BepoBaxHohaMa W:

- JMW(y)dy = M JMs - J M W(y) dy = M J y W(y) dy; M = (i/N (3.21)
o o

Ka#a ce Ha ocnoBy (3.20) HapanyHa nnxerpaji #o6HJa ce:

= 2M V T,

J],o6HJeHH pesyjixax noKaayje ^a cpe^ita BpeflHocx Mace pacxe ca
T \n

L

J^o6HJeHH peayjixax sa cpe#H>y Macy yxaayje na HHH>eHHU,y fla npn
BHCOKHM xeMnepaxypaMa snanajny yjiory y npou,ecHMa xpancnopxa
npeysHMajy MOJieKyjin sehnx Maca.

Ofiaj peayjixax MO>KC UMaxn BCJIHKH npaKXHHHH snaqaj.
Hspaa sa pacnop,ejiy Maca MO^KC GHXH HCKOpHinheH sa op;pe^HBaK>e

OHHX d^nsHMKHx KapaKxepHcxHKa xexeporeHHx cncxeMa Koje aaBHce ofl
MOJieKyjicKHx Maca. ITpHMepH xaKBHX KapaKxepncxHKa ^axH cy y pa^y
/ 1 / (6p3nna ssyKa, Koe(})Hi],HJeHX jpidpysHJe, KoecJ)Hi],HJeHX xonjioxne
npoBO3JbHBocxH) H noKasaHO je H.HXOBO fl,o6po ciraraBbe ca
CKcnepHMeHxaJiHHM pesyjixaxHMa / 9,10,11 /. Osa
KBajiH(|)HKyje yBefleHH cxaxHcxHHKH Mop;eji sa p;o6ap

KapaKxepncxHKa xexeporeHHx cncxeMa.
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IV T J I A B A

PACHOZJEJIA MACA HA HHCKHM
TEMHEPATYPAMA

KOJH je 6no KOpnuiheH sa oflpet)HBaifce
Mace na BHCOKHM TCMnepaxypaMa y npeftxoflHoj rjiaBH, HHJe Moryhe
KOpncTHTH y ftOMCHy HHCKHX TCMncpaxypa, jep je OBaj MOfteji npaBJteH
sa TCMnepaxype BHUIC 03 JleSajescKHX TCMnepaxypa. Kao UITO je

), OBe xeMnepaxype ce Kpehy OKO TD=150K, H one cy HHCKC y
Ha co6ne xeMnepaxype.

Mo^eJI KOJH rpe6a p;a onnuie nonauiaHbe xeTeporenor cncxeMa na
HHCKHM TeMnepaxypaMa 6nhe (|)opMyjiHcaH y o^nocy na J3,e6ajeBCKe
TCMnepaType. To sna^H ^a je HOMCH TCMneparypa OBOF Mo^ejia T « TD.

Cxora ce ysoflH Mo^ejina cjio6o,o;Ha eneprnja cHcxeMa Besannx
ocu,HJiaTopa, Koja npe^cTaBJta cpeflH>y Bpe^nocT cTBapne eneprnje no
J^e6ajeBCKOj c(|)epH.

Ta MOflenna eneprnja je:

E,nod=hvk (4.1)

je v - 6p3HHa ssyKa, a k - cpe#H>a Bpe^nocT TanacHor BeKxopa.

kD

J dk k3

r Jd-kk ° 3 ,
k= -T7= = = ^-k D (4.2)

3k kD

Jdkk 2
0

je kD - ,EJe6ajeBCKH TajiacHH BeKTop.
Kao UITO je nosnaxo 6p3HHa 3ByKa ce Moxce nspasHTH y

V = (4.3)

je a - KOHcxaHTa penieTKe, CH - XyKosa KoncxaHTa ejiacTHHHOCTH, a
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M - Maca ociiHJiaxopa.
(4.2) H (4.3) y (4.1)

kD

ce:

(4.4)

i<ai<o je kn a ~ 71,

Emod =

C

ce KOHa^an nspas sa eneprajy:

(4-5)

BHTHO je ncxahn #a osaKas Hs6op Mo^ajine eneprHJe noKasyje %a
eneprnja ona^a ca KBappaTHHM KopeHOM H3 Mace ocipuiaTopa, na heMo
s6or Tora sa CHCTCM ca xexeporenoM MacoM ysecTH Hspaa 3a eneprHJy:

(4-6)
V ;

je Mi - jeflHa op Maca Koja yjiasn y cacxas xexeporeHor
Jj^a 6n oflpe^HJiH cpe^ity BpeflHocx Mace Ha HHCKHM xeMnepaxypaMa,
noxpeSHo je Hajnpe HspanyHaTH BepoBaxHohy pacno^ejie Maca
xexeporeHor cucxeMa.

UocMaTpaMo cKyn M MoneKyjia pasjiHHHTiix Maca OA KOJHX H
MOJiexyjia HMa Macy Mi .

OraxHCTHHKa BepOBaxnoha OBOF cncxeMa, Kao H y npexxojnioj
#axa je ca:

p =

N! NN

N,!N2! ...H! ...N,,!

SaKOHH 6poja necxnua H eHeprnje cy:

N = Z H = const.
i

U = ZNiSi= const.

(4.8)

(4.9)
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HaJBepoBaTHHJy pacno^ejiy Maca ftoSiiheMo axo

OflHOCHO:

IIITO

N e -p&i

(j) - In P-aN-pU = NlnN-Z (Kin K+aK+pSiK) (4. 1 0)

cy: a n (3 Heo^pe^eHH JIarpaH>KeoBH MHOXHxejBH. BapHJau,HJa
dpyHKij,HOHajia ( |)je:

5(j) = - Z (1+ln K+a+pejSK (4.1 1)
i

AKO ce (4.11) HsjeftHaHH ca HyjioM floSnja ce :

e - ( 0 + l ) e - p E | (4.12)

e ~ ( a + l ) Moryhe je oflpeflHTH H3 ycjiosa (4.8):

-^T (4.13)

je Si = C / vM, MOflejma eneprnja sa OBaxaB CHCTCM Maca.

OflaBfle je sepoBaTHoha %a MOJieKyjr Mace M, HMa eHeprnjy £> «axa ca:

H
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C oSsnpoM na floSnjeHy BpeflHocT 3a 8i ocnoBHe dpopMyjie (4.14) H
(4.15) rjiace:

w> = x. ...̂  (4-17)

heMO y flajLHM panyHHMa BepoBaTHohy KOPHCTHTH no
KOHTHHyaJIHOJ anpoKCHMaiiHJH, cMaxpaheMO #a ce Mace Meitajy 03;
MHHHMaJIHe BpeflHocTH M0 flo MaKCHMajine Bpe^HocTH MM- CyMHpaifce
no i ce npH npejiasy na KOHTHHyM csoflH na HHTerpaijHJy no Macn.

Ta«aje(4.16):

N(0)= e _
W " - (4.18)

J JA it _ -C/O^/M"dMe
M0

(4.17):

-C/Q^M;

w'(9) = ^r (4.19)
JdMe-c/oV^

M0

HnxerpaJiH y (4.18) H (4.19) cy Henoro^HH sa panyn, jep e~ ( C / 6 ) ( 1 / Mi)

npHMHTHBHy dDyHKLi;HJy, na heMO saxo KopncTHTH noroflHHJH
HspanyHaBaBba. HpopanyH ce MOX<C HSBPUIHTH H HyMepHHKHM

nyxeM, ajiH aKo ^KCJIHMO fla ^o6HJeMO anajiHTHHKH TpaKTa6HJiHe

pesyjixaxe dpyHKij,HJy l/"VMi y dpopMyjiaMa (4.18) H (4.19) xpeGa
anpoKCHMHpaTH ca JIHHeapHOM dpyHKij,HJoM ( xpanesno npaBHJio) HJIH ca
KBa^paTHOM 4>yHKij,HJOM (CHMHCOHOBO npaBHJio).

SaxTesaheMO fla KpHBa (b-aM,) HMa HCTC Bpe^nocTH Kao l/vM, y
M0 H MM
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(4.20)

b-aMM =

b-aM0 =

1

MM

1

(4.21)

(4.22)

a je MM » M0

Ha (4.21) H (4.22) ce:

a

I/VMN

I/VMO
MM

M0

MM

M0

MM

M0

, 1

i _ VMM-^
1 VM,VMO[(M
i

I/VMM

IA/MO
i
i

^M0 1

M/M.H] MO

MM3/2-M03/2 1

VSVivi[(MM/M0)-1] M0
b =

KopncxehH KpajHbe xanKe HHTepBajia M0 H
anpOKCHMau,HJe:

M

1 MM3/2-M03/2 1

WMVM^CMM/MO)-!] M-

MM I / 2-M0 l / 2

MO

OopMyne (4.18) H (4.19) y xpaneaHoj anpoKCHMau,HJM rnace:

N(9) =
Ne-bC/0 eaCM/9

(4.23)

(4.24)

AC)

(4.25)

dM e -bc/0 e -aCM/0
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TJ-

XT aCM/6

N(0) = Ne
V ; MM (4.26)

JdMeaCM/e

aCM/0
W(0)= ?

v ' MM (4.27)

IdMeaCM/e

HoroflHHJe je KOPHCTHTH nspas 3a BepoBaTHohy xeTeporenor cncTCMa
y cjiefleheM o6uHKy:

Wi(9)= ^^x, (4'28)

je E0 - CHeprHJa OCHOBHOF cxaita ocu,njiaTopa Koja HSHOCH:

E = c M O =_ r— ___ MM - O

4 n H VMMVMO[(MM/MO)-I]

MM

' x e ( 1 ; - } (430)

KOHTHHyaJIHOj anpoKCHMaiJ,HJH BepoBaxHoha je:

Wi(x)= _ ̂  _
v ' MM/MO

KopucTHheMO 4>opMyjiy sa BepoBaraohy (4.31) fla
cpe^ity Bpeji,HocT Mace na HHCKHM TCMnepaxypaMa Kojy KapaKxepnuie
HH3 CJ3H3HHKHX OCo6HHa XCTepOreHOr CHCTCMa.



0

° T A T H _ W

Mn _3_
°W 0

A SOBW xooHfada ao X HJLodaA (6^'t7) °° o:>IV

0 0

30

0 0
xpj

(ee>)
0 0 9 ' e/°3 9 0

0
9 X xpj

H

90

-91 -
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anpoKCHMaiiHJH MM » M0 nspas aa cpeAH>y Macy je:

(4.37)

Kao IHTO ce BHAH H3 (4.37) na HHCKHM TeMnepaxypaMa cpeAH>a Maca
ca nopacxoM xeMnepaxype. FpaHHue Baxeita cJDopMyne (4.37)

H3 ycJIOBa:

Mf(eM) = MM (4.3 8 a)

M~(00) = M0 (4.3 8 b)

Hs npBor ycnoBa (4.38 a) CJIBAH Aa je Ha T = 0 K HajsepoBaTHHJa
Hajseha Maca, UITO je noxnyHO pasyMJtHBo, jep MOJieKyjiH Ha OBOJ
TeMnepaxypH HMajy HaJMaH>y KHHCTHHKy eneprHJy, a ona je naJMaaa

je Maca naJBeha.
J],pyrH ycjioB (4.38 b) OApe^yje rpaHHHHy xeMnepaxypy AO Koje ce

KopncTHTH HaBCAeHH MOAeji. OH ce CBOAH na:

"o — "rpaHHHHO Mo

EKcnepHMeHTajiHH pesyjixaTH / 12,13,14 / noKasyjy Aa je AOMCH
HHCKHX TCMnepaxypa xexeporeHHX cxpyKTypa KaKBe cy nonHMepne,
KOMnosHTHe H Apyre, MAC AO 100 K. Ha ocnoBy osora H penaiiiHJe (4.39)
AOJiasHMO AO saKJLy^Ka Aa napaMexap MOAejia Q Tpe6a Aa 6yAe
5 x 106 Hz, IJITO 6n sna^HJio 4)peKBeHu;HJy ocu,HJiaTopa Ha
HHCKHM TCMnepaxypaMa. Hope^eHba paAH, HanoMCHHMO Aa je 9D ~ 1013

Hz (0D- J^eGajeBCKa TeMnepaTypa),im'o oArosapa HaJBHUiHM
TeMnepaxypaMa.

Hpn KopHHiheEby CHMHCOHOBOF npaBHJia npeAnocTasiba ce Aa je:

1 ?
<— = aM2 + pM + Y (4.40)

Koe4)HLi;HJeHTH a, P, Y OApe^yjy ce y xa^KaMa M0, MM H S =(M0+MM) /2:

2 2aM0 + (3M0 + Y = l / \  -> Y = 1 / - aM0 - pM
aS2 +pS + y = l / S
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aMM2 + pMM + y =

, 7 Mo-S
a(S2-M02) + p(S-Mo) =

M0S

/A » 2 A . 2^ , / A , * ̂a(MM-Mo2) + p(MM-Mo) =

D =
S2-M02 S-Mo

MM-Mo
= (S-Mo)(S+M0)(MM-M0)-

- (MM-M0)(MM+Mo)(S-M0) = (S-Mo)(MM-M0)(S+M0) - (MM-M0)
- - (MM-S)(MM-M0)(S-M0)

Mo-S

MO - VMM

S-Mo

MM-M0

(MM-Mo)(S-Mo) (VMM--N/Mo)(S-M0)

(S - Mo) MM-M0

a —

- (s - MO)
VMO L

MM- VMO

D
-(MM-S)(S-M0)(MM-M0)

(MM- Mo) - — - (AML -
a —

S)(MM - MO)
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Mo-S
S2-M02

MM2-M02

MMVM0

(S-Mo)(S+Mo)(VMM-VMo) | (MM-M0)(MM+M0)(S-M0)
MMVM0

(S - Mo) (S-M0)Q/MM-VM0) + MM2 - M02

MM2-M02 (S + MQ)( MM - MO)

D
M0(MM-S)(MM-M0)

-M02a - pM0 =

J_
S

VM0(MM-S)(MM-M0)

MM2-M02 (S + M0)(VMM

s " VMM

VMO(MM - s)(MM - MO)

H ce fla je :

a>0, p<0 H y>o,
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na ce MOJKC nncaTH :

KJ— « AM2-BM + C
VM

AnpoKCHMaTHBHe (JjopMyjie aa M0 « MM H S « MM / 2 cy:

9
A=

B= 3
MMVM0

1
C =

IIpeTnocTaBJLajyhH fta je M0 « MM, AOIUJIH CMO

,EI,o6HJeHa napa6ojia je HeraTHBHa y HHTepsajiy M e ( MM/2, MM) H Kao
TaKBa, Jiouie anpoKCHMnpa csy^a nosHTHBHy (JjyHKUHjy 1/VM.

36or Tora CMO ce aaflpxajiH na TpanesHoj anpOKCMMau,HJH: (4.29).
HCTHHH sa BOJty, Tpe6a HCTahn fla 6n ce MeH>aH>eM nojio>Kaja TaHKe S,
Mox<fla p;o6HJia napa6ojia Koja 6oji>e anpoKCHMHpa KpHBy 1/VNI Hero
(4.41), aiiH TaKBH noKyuiajn cy
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V T J I A B A

3AKJLYHAK

LjHib OBor pa#a je 6no ^a ce Hai)e pacnoflejia Maca y crpyKrypaMa ca
xexeporeHHM MacaMa, Koja na saflOBOJtaBajyhn Ha^HH onncyje
noHamajHbe nojiHMepHHX, KOMHOSHTHHX H jjpyrnx CJIMIHHX MaTepnjajia
Kao H CMema Ha BHCOKHM H HHCKHM xeMneparypaMa.

BeposaTHoha pacno^ene Maca na BHCOKHM TeMnepaxypaMa ona^a ca
nopacTOM TCMnepaxypa, a floGnjeHH pesyjixax sa cpe^H>y Bpe^HocT Mace

Tin
^

Ha HHCKHM TeMnepaxypaMa floSnja ce H3pas sa cpefl,H,y Bpe^HOCT
Mace KOJH noKaayje fla Maca ona^a ca nopacTOM TeMnepaxype. Ha
TCMneparypn T = 0 K HaJBepoBaTHHja je naJBeha Maca, UITO je JIOFHHHO,
jep MOJieKyjiH Ha OBOJ TeMneparypn HMajy najMaay KHHeTHHKy
eneprHJy.

Ha ocHOBy noanaBaEba cpe^KbHX Bpe^HocTH Maca Ha BHCOKHM H
HHCKHM xeMnepaxypaMa MO>KC ce plo6nTn saflOBOJtaBajyhH OHHC CBHX
CJ3H3HHKHX KapaKTepHCTHKa xeTeporeHHx cHCTCMa, KOJH saBHce OR Mace
/13,14/.

OBH TeopnjcKH pesyjiTaTH noKasyjy %o6po cnaraite ca
eKCnepHMCHTOM.
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