Jlexuig Neb

Teopis ci1adko HeileaTbHUX KBAHTOBHUX ra3iB.

Posnopinm boze-Eiinmreiina ta ®epmi-/lipaka.

Bikinenis larsenapanar Bosé (Satyendra Nath Bosé ciuns 1892 — 4mororo 1974) —
IHIIHCHKUHN (I3HK, OMH 3 TBOPI[IB KBAHTOBOI CTATUCTHKHU CHCTEM YaCTUHOK 13 IILTUM CITIHOM,
npodecop yHiBepcuTeTy B KanbkyTTi. Po3risimaroun BUTpOMIHIOBaHHS SIK 1/1eaIbHUN Ta3
¢doToHiB, BIIEpIiIIe aHAIITUYHO BUBIB 3aKOH BUIPOMiHIOBaHHS [l1aHka, BUCYHYBIIHN TiIOTE3Y,
3TiJTHO 3 SIKOIO TIepecTaHoBKa ()OTOHIB OJIHAKOBOI €HEpPrii Ta moJisgpu3ariii y GpazoBomy npocTtopi
CHCTEMH HE 3MIHIOE CTaHy CHCTEMH.

IcTopis BiAKpuUTTSH
BigkpuTTa NpUHIMITY HEPO3PI3HIOBAHOCTI YACTUHOK MOYAJIOCS 3 MOMMJIIKH, Ky bo3e 3po0us,

YUTAIOYH JICKI[IO CTyAeHTaM. BiH MOMHIIIKOBO cKa3aB, IO JJISl CHCTEMH JBOX YaCTHHOK, KOXKHA 3
SKHX MOXe repe0yBaTH B IBOX MOXIIMBUX CTaHAaX, ICHYE TPH MOXKJIMBI KOMOiHallii, a came:

00M/IBI YaCTWHKY B MEPIIOMY cTaHi (YMOBHO Ha3BeMO HOTr0O HIXKHIM, | | );

00uIBi YaCTUHKHU y APyroMy (BepxHbOMY) cTaHi ();

OJIHA YaCTUHKA Y BEpXHBOMY CTaHi, a Ipyra — y HUKHbOMY 1 |

Bynp-skuit MaTemMaTHK oApa3y K MOMITUB OM TOMIJIKY, 00 OCTaHHIH cTaH (popMaIbHO
CKJIAIAa€ThCA 3 IBOX.

+  Tepllla YaCTUHKA B HIDKHBOMY CTaHi, JApyra — y BepxHbomy (| 1)

+  HaBIIAKW: TepIlla YaCTHHKA Y BEpXHbOMY CTaHi, Ipyra — y HwkHbOMY (1 1 ).

OpHak momnpH 110 NOMUJIKY, bo3e oTpumaB npaBuiIbHUH pe3yabTaT po3paxyHkKiB. [loTiM BiH
HOMITHB OMIJIKY i 3aMHCIIMBCS HaJl MTUTAHHSIM: YOMY PE3yJIbTaT BUIIIOB IPABIIIEHIM?
Bpemti-pemnT BiH IiHII0B BUCHOBKY, 10 YAaCTHHKH HEMOXJINBO PO3PI3HUTH, 1 110 HACIIPAB/Ii
ICHYIOTh TpH KOMOiHaI1ii, K1 rpadiqHO MO3HAYal0Th GOPMYyIaMHU



VYeci 1i komMOiHaI{ XapaKTepU3YIOTHCS CHMETPIEI0 MO0 MEPECTAHOBKU YaCTUHOK.

OCKUTBKH HOTO CTATTIO HE MPUIMAaIN B HAYKOBUX XKypHajiax, bo3e nanucas EitHmeiiny, skuit
3yMIB OLIIHHUTH 1/I€10, 1 BOHH Pa30M JOOIPAIIOBAIH TEOPIIO.

Bikinenis. Anb6épr Eiinmréiin (takox Aasepr Aiimmraiin™® uim. Albert Einstein
[‘albet 'anftan], amrn. Albert Einstein [albt ‘wnstun]™; 14 Gepesus 1879, Vb,
KopouiBcTBO Broprem6Oepr, Himenrska immepis — 18 xBitHs 1955, [Ipuncron, mrar Hpto-
Jxepci, CIIIA) — amepHuKaHCHKHM, HIMEIBKHI Ta MBEHIAPCHKUI (i3UK-TCOPETHK €BPEHCHKOTO
noxo/pkeHHs, naypear HoGeniBebkoi npemii 3 ¢izuku 1921 poky. OnuH 13 HaliBU3HAYHIIINX
¢b13ukiB Ta HAYKOBHIB XX cromTTs. Jltomuaa XX CTOMITTS 3rigHO 3 BEpCieto KypHamy Taim.
Bimommii 3aBIsSKM  3arambHa Teopis BimHocHocti, ChemianbHa Teopis  BiJHOCHOCTI,
BpoyniBcbkuii pyx, @otoenekrpuunuii eexr, Eitnmreitna - [Toqonscekoro - Po3ena mapasokc,
ExgiBanentHicth mMacu 1 eneprii, Cratuctuka boze — Einmreiina, Konnencamiss boze —
Elinmreitna.

CyTb nmapagokcy

VYV mapanokci Eitnmrena — Ilogonsckoro — Po3eHa po3risigaeThesi 3B'A3aHa CHCTEMa JBOX
YaCTUHOK Ta JIOBOJAUTHCS, 110 BUKOHAHHSA BUMIPIOBAHHS HaJ| OJIHIEIO 3 IPOCTOPOBO PO3HECEHUX
YAaCTUHOK MPU3BOJIUTH IO MUTTEBOTO BIUTMBY Ha CTaH IHIIIOI.

B opurinanehiii po6oti Eitamrena, Ilomonbckoro Ta Po3eHa po3risimaroThCsi MPOCTOPOBO
po3HecenHi cuctemu | Ta Il, ski 0 moyatKy crmocTepekeHHS Oyau y B3aEMOAIl MPOTATOM
MEBHOTO Yacy. 3HAIOYM CTaHW 000X CHUCTEM JI0 TOYaTKy B3a€EMOIi, 3a JOIMOMOTOI0 PIBHSHHS
Ipeninrepa MoxHA BU3HAYMTU CTaH (TOOTO 3HAWTH XBUJIBOBY (PYHKIIiFO) 00'€THAHOI CUCTEMHU
[+1l y Oynp-skuii HacTymHUN MOMeHT 4vacy. Ctanu x okpemux cucteM | Tta |l Moxe Oyrm
BM3HAUEHO BHUMIPIOBAHHSAM HaJ OJHICI0 3 CHUCTEM IUISIXOM, TaK 3BAaHOrO, MPOIECY PEayKIIil
XBHJILOBO1 (DYHKIIII.

Po3B'si3aHHA mapaaokcy

Hapasi gominye gymka mpo ITICHICTP KBAaHTOBOI MEXaHIKH K (Pi3MUHOI Teopii, a TPUIMHOIO
NapaJiokCy € HENpPaBOMIPHICTh NPSIMOr0 BHKOPHCTAHHS KJIACUYHHMX YSBICHb ISl OIUCY
KBaHTOBUX 00'€KTIB.



ABTOpH TapagoKCy B)KHMBAIOTh TOHATTS «CTaH 00'€kTa» B KIACHYHOMY 3HA4€HHi, TOOTO SK
YOTOCh TOBHICTIO O0'€KTHBHOTO Ta HE3AJIEKHOTO BiJ OYyIb-SKHX JaHUX IMPO HBOTO. AJle B
KBAaHTOBIM MeXaHilll MiJl MOHATTAM CTaHy CIiJl PO3YMITH «BHAHHA PO CMAH>, IKE OTPUMYIOTh Y
pe3yabTaTi 3A1MCHEHHST BUMIpIOBaHb Haj 00'ekToM. Came Ha Takiil 3MiHI B TIiyMadeHH1 Hi3udHOT
peansHOCcTi HamonaraB Hinee bop y Horo BiamoBiai Ha crartio Eifnmena, Ilogonbekoro Ta
Pozena. YV knacuuHiit MexaHiIll BUMipIOBaHHSIM HaJl CHCTEMOIO MOYKHA BU3HAYUTH ITOBHUM HAO1p
BCIX MEXaHIYHUX BEJIMYHH, IO ii XapaKTepu3yloTh. TOMy MOXKHa BECTH MOBY PO CTaH 00'€KTa
HE 3a3Hayaloud, NUITXOM SKOrO0 camMe BHUMIPIOBaHHsS OYyJ0 OTPMMAaHO BIAMOBIAHI 3HAYCHHS.
[Hakmie BimOyBa€eThCs MPOIIEC BUMIPIOBAHHS B KBAHTOBIN MeXaHiIli. 3T1IHO 3 CIiBBiIHOIICHHSIMHU
["ait3enOepra MokHa 3pOOWMTH BUCHOBOK, IO JCSKI BUMIPIOBAHHS MOXYTh <GaBakKaTH» OJIHE
OJIHOMY, HAMPUKIAJ, BUMIPIOBAHHS KOOPIWHATH Ta IIBHIKOCTI. BiamoBimHo, i moOymoBu
OMHUCYy CTaHy 00'ekTa, HEOOXiTHO OyAe 3MIMNCHUTH KiJbKa BUMIPIOBaHb, KOKXHOMY PE3YJIbTaTy
SIKUX 31CTaBIISIETHCS BiNOBITHA XBUJIbOBA (DYHKITiS.

TrnymadeHHs NOPYIIEHHS TNPHHLUIY JIOKAIBHOCTI 3aJIeXKHUTh BiJl IHTepHpeTalii KBaHTOBOI
MEXaHIKH, sKa 3aCTOCOBYEThCS NIl aHamizy. Tak, y KomeHrareHchkidi iHTepmperarii mporec
penykuii XBUJIbOBOI (DYHKIIT pO3IISINAETbCA SK MaTeMaTHYHUIl ommc, a He AK (i3uuHa
peanbHicTh. Pemykiiss He € mepemadero iHdopmarii, 60 mig 4yac peaykiili He BiIOyBaeThCS
nepecuaands Gi3nYHUX 00'€KTIB 31 MBUIKOCTSIMH OUTBIIIMMH 32 IIBUIKICTh CBITIIA.

Sk Hamu OyJo 3a3HaYEHO B MONEPEIHIH JIEKIIi1, HEPIBHOBAXXHI CTAHU CUCTEM
0araThbOX 4aCTUHOK OMUCYIOTHCS PiIBHSIHHIM JI1yBLLIs

iha—pz[ﬁ,p]. (1)

3Ha04M raMuIbTOHIaH CUCTEMH, 1 BMIIOYH PO3B'A3yBaTH 1€ PIBHSIHHS, MU 3MOXEMO
B IIPUHITMTIOBOMY BiTHOIIIEHH] OTIMCATH MOBEIIHKY CHCTEMH B Yaci.

Ane 1e piBHSHHS Tpeba 3a0€3MEeUUTH «IIOYAaTKOBOIO YMOBOIO». Y I
imocTaci 3a3BUyaii BAKOPHCTOBYIOTh TaK 3BaHE €ProjJMYHE CIiBBiIHONICHHSA. BOHO
BiloOpakae MPOCTUH Ta sICHUM (akT, 1Mo Oyab-siKa 130JIbOBaHA CHCTEMA, Oyay4u
HaJaHa cama co0i, B pe3yJbTaTi €BOJIOLII MpHUHIe O CTaHy CTaTUCTUYHOI
pIBHOBaru

p(t) - w, @

CraTucTHuHe piBHOBAry OMMCyeThCs po3noaiiom ['i66ca w:

1/~ = R
W = exp Q—?(H—uP—,uN) , 3)
ne Q - BeMMKUI TepMOIMHAMIYHHUM MMOTEHIIIAN, SIKHH BUSHAYAETHCA 3 YMOBH

Spw=1, (4)
a BeMYMHU 1 (TeMmmeparypa B CHEPreTHYHUX OJWHHMINIX), U (CepemHs MBUIAKICTh
CHUCTEMH SIK IIJIOr0) 1 4 (XIMIYHMI MOTEHIIia]) MOBUHHI 3HAXOAUTHCH 13 PIBHSHb.



SpwH= W, SpwP =P, SpwN= N, (5)

ne W - noBHa enepris cuctemu, P - cepenHiil iMmyibc cucteMu sk mijgoro i N -
MOBHE YHUCJIO YaCTUHOK B cucTeMi. OnepaTtopu BIANOBIAHUX (PI3UYHUX BEITUYMUH
TaKOXX yBEJICHO HamMu B monepenHid Jekmii. PiBasaEs (3) - (5) moBHIicTIO
BU3HAYAIOTh TEPMOJANHAMIKY CUCTEMH.

AJie po3B’SI30K LUX PIBHSAHB ISl KOHKPETHHX CHCTEM YacTO IOB'A3aHe 3
HenepeOOPHUMHU MaTeMaTHUYHUMHU TPYAHOUIAMH. YHUKHYTH 1X BAA€THCS TIIbKU B
pasi igeanbHuX rasiB. PiBHsHHsS (5) [g03BONISE 3HAWTH TEPMOJMHAMIYHHIA
noteHmian Q s ieaabHUX ras3iB B siBHOMY Bursiai. Crpasii, 3 dopmynu (4)
Ma€eMO:

Q=—InSpexp{,8( H—yN)}, (6)
ne [=1/T - obepHeHa TeMmIiiepaTypa B CHEPreTHUYHUX OJUHHUINAX. Y 4YHCIHTI

OTEepaTopiB, IO XapaKTEPU3YIOTh PIBHOBAKHUN CTaH, MU HE HAMKCAIIA ONIEPaTOPiB

iMynbcy P Ta momenty M . Ile MoxHa pobutu B TOMY BUTIAAKY, SKIIO BBAXKATH
JUTSL TIPOCTOTH, IO CHCTeMa SK Iuie mepebyBae y cradi cnokoro, U=0, i He
KpyTuTthes, ® =0, 1e @ - KyToBa MBUIKICTb.

baunmo, 1o piBHOBaXHUM CTaH CUCTEMH, ITI0 TIOKOITHCS, XapaKTEPUIYETHCS
TIJIBKA JBOMa HE3aJeKHUMHU 3MiHHMMH [ 1 4. [loBTOpHMOCS, IO PO3MOILI

['i66ca € OCHOBOIO TepMOAMHAMIKH. Y JaHIM JEKIi OOMEXHUMOCS BHUBYCHHSIM
PO3MOIINY TUIBKHA BIIBHUX YACTHHOK, 1 3'ACYEMO B paMKax Teopii 30ypeHHs, poi
B32€EMO/TIi MK YaCTUHKAMH.

Jlis  BiUTbHHX  (HEB3a€EMOJIMHMX) YACTHHOK OIEparop 1iX 4Yucia y
BTOPUHHOMY KBaHTYBaHHI Ja€ThCSI BUPA3OM:

N=37, f=q4a. )
a raM1JIbTOHIAH 3aIUIIETHCI B BUTIISIL.
H=)&f, (8)

1€ & - €Hepris YacTUHKM B 1HAMBIAyaJIbHOMY KBAaHTOBOMY CTaHi 3 HabOpoM

KBaHTOBHX 4rcen | . BiamoBimHo mo nux ¢opmyn posmonin ['i66ca mist BiTbHUX
YaCTHMHOK Ma€ BUTJIS!

W, =expy Q=B (& - 1)A 9)

3aBJlaHHs NOJISArae B OOUMUCICHHI TEPMOAMHAMIYHOIO MoTeHuiany Q, Ta cepenHix
3Ha4YeHb oreparopa f . 3ampoBagrMO 3 MIEI0 METOIO TO3HAYCHHSI

Y, = B(& - ). (10)



Bigznaunmo, mo momanmbini OOYMCIIEHHS HE TMOB'SI3aHI 3 KOHKPETHUM BHUIOM
GyHKIIA Y, 13 1l€l NPUYMHUA TOAATHCS IS TOBUIBHUX TakuX (QyHKLINA. OCKIIbKU

Spw =1, maemo

g -2 Xh
°=Spe’ .
3ragyrouu BU3HAYEHHS omeparii Sp
=y ¥
Spe' =) z< { e’ ‘ S N >
My
jge N, N ,... - YHMCIA 3aIOBHEHHS KOHKPETHHMX CTaHiB, 1 BUKOPHCTOBYIOUH Ty

00cTaBUHY, 1110

) ’">5n|”|1’

MaeMO

e‘Q°=Spe' Z el z ez —HZ en,

Je N 1 N npoOiraroTh BCl LIJIOYMCENbHI HEBIA'€MHI 3HAUYEHHS ISl CTATUCTUKU
boze-Eitamretina 1 3nauenns 0il mns cratuctukun Depwi-Jlipaka. Jna @.-J1.
OTPUMAEMO

1

dYen=1+e",

n=0
a st b.-E.

® _ 1

nzzc;e 1-e"
OCKUIBKHA

Q,=-In[]> e =->In> e"",

Ma€EMO o | n

Q, = Zln (1—e‘Yi )



g b.-E. 1

Q, = —Zln (1+ e )

st ©.-]1.
Tomy uuncna 3amoBHEHHS, TOOTO, CepeHI 3HAYCHHS YHCEI YACTUHOK Yy PI3HHX
CTaHax | BH3HAYaAIOTHCA (HOPMYyIIaMU

f, =Spwh= %, _ . (11)
N (e +1)" (0-1)
a noreHuian Q, - BUpa3oM
-In(1+f) (5-O
o [ E+1) (5-9) "
In(1-f) (@-4)

3ramyroun BBEJEHI paHime mo3HaueHHsa Y, = [ (Ei —,u) JUIS. YHACEN 3alOBHEHHS

f. =n orpumaemo nobpe Bimomi Bupasu

(e -1)" (5-0)
n = Sp\/g'\n: . , (13)
(eﬁ(&i‘ﬂ) +1) (CD _ﬂ)

ne B =1/T - obepHeHa Temieparypa.
XiMiuyHH#E noTeHIan K, mo BXoauTh 10 (13), Moxke OyTu BupakeHui yepes
T'YCTUHY YaCTHHOK V ¥ 00epHeHy Temiieparypy [

) SX(e -1 (5-0)
.,:vzniz S . (14)
i \_/Z(eﬁ(ﬂ H) +1) (@_ﬂ)

B iMmynbcHOMY npeacTaBieHH1 OcTaHHI (OPMYIIN BUTIIAJAIOTH HACTYITHUM YHHOM

1 B -1
=y (% 1) (5-9)
I/:\%an = \i P ( o )_1 ) (15)
P VZ(e(p )+1) (@_ﬂ)



p2

ne &, =% (ineanpHmii ras!). Haramaemo, mo 3a Benukux o00'emiB, V — oo,

CyMYyBaHHS 10 P MOKe OyTH 3aMIHEHO IHTETpyBaHHSIM:

V \
) —gsjd?’p..., g= (2S+ 1.
. (2711)
Je g € mapaMeTpoM BHUPOJKEHHS €HEPTreTUYHOTO CIEKTPY YacTHHOK. Hampukias,
SKIIIO MOBA ¥jie Tpo CImiH, To g =25+ 1.

Jns ra3y QepMmioHIB MICHs TPaHUYHOTO mepexony V — o B [KOCTI
HE3AJIOKHUX TEPMOJIMHAMIYHUX 3MIHHUX MOXXHA BHOpaTH Oynb-Ky Tmapy
BEJIMYMH. a00 ( U, ,8), abo (l/, ,8) Jlns ra3y & 0030HIB B 00J1aCT1 JOCUTh HU3bKUX

TEMITepaTyp HE3aJCKHUMHU TEPMOJMHAMIYHHUMH 3MIHHUMHU MOXYTh CIY)KUTH
TIIBKHA (I/, ,8) , OCKUIBKH JOBOJHUTHLCS B LIl 00JIaCcTl BBaXKaTH XIMIYHUK MOTEHIIAI

piBHuM Hy;r0. Crpasni, A7 171€aIbHOTO ra3y 0030HIB XIMIYHUN MOTEHLIan [ He
MOXe€ OyTH TO3WTUBHUM, OCKUIBKH 1HAKIIE YHCIO OO030HIB 3 IMITYJbCOM

p< (Zm,u)ll2 Oyno 6 neraruHuM. [Ipunycrtumo Tomy, mwo (< 0. Oyukuis N, npu

I[bOMY HE Ma€ 0cOOIMBOCTEH, 1 yMoBa (15) Moyke OyTH 3amucaHa y BUTJISII:

V= do dpL
(2nh'[ '[ ﬁ[ J

2m

e -1
abo
T x? 2irvih?®
gf dx———= 5 (16)
e -1 (2mT)
[Ipu <0 mpaBa yacTUHA Ii€T PIBHOCTI 3aBXKIM MEHIIIA, HIXK
o 2
g :lr[3’jz(—3j,,
s e -1 2 (2 2
ne (x),{(X) - ramma-pynkmis 1 m3era-pyHkmis Pimana BiamosigHO,

M(3/2)= Jri2i {(3/2)= 2,612 I3 miei npuyrHM BUKOHAHHS ITi€T PIBHOCTI TpH
M <0 MOXJIMBE TUTBKH 32 YMOBH, IO



2/3

Ar'n®
r(3/2)¢(3/2g

Sgxmo T =T,, To #=0; axmo x T <T,, To i3 ymoBu (15) He MoxHa 3HalTH

T2T, T,=(2m)" (17)

XIMIYHUMA TOTEeHIal. Y 1iil 06yiacTi TeMIiepaTyp MU IMOBHUHHI BBaKATH XIMIYHUUN
MOTEHII1aJ 1/1ea]IbHOr0 ra3y 6030HIB PIBHUM HYIIIO.

Posrnsnemo nokiajaHimie yMOBY ISl 3HAXOKEHHS XIMIOTEHIUANy Mpu
HM=01T <T,. ®ynkuis po3noainy i npu L =0 BU3HAYAETHCA HOPMYIIOIO

3rajlaHa yMoOBa MO)ke OyTHu mepenucaHa B BUTIISIL

—Zn —Zn =V, Wi —Zn ian,
Vp>5

Vig & Vs Vs

ne O NesKUd Malluil IMITYJIbC, o He 3anexuth Bin V . [lepexomsun B 1ikk popmyi
1o rpaauill V — oo, 3m100y1eMo

Ligl Zn —v—U[r!o\ian.

Vi
VY miii hopmyni MOXkHA Tenep nepeiitu A0 rpanuii O — 0, micist 4oro MaeMo

. 1
Imim g S =V =1 | P (19

3BiZICM BHJIHO, IO B CTaHi 3 iMiynbcoM P =0 uuciao 6030HIB B OAUHUII 00'eMy
MaKpPOCKOITIYHO BEJIUKE. Y BOISIYN TIO3HAUCHHS

V, =limlim = Zn

[ OVaooV

Ta 3IACHIOIOUN IHTErpyBaHHsS B mpaBiii yactuHi Gopmynu (18) 3 ypaxyBaHHIM
BU3HAuUeHHS T, 3100y1emMo

Vo =V 1—(1] : (29)



Bugno, mo nmpu T <« T, y crani 3 p=0 3HaXOAUTbCA MaKPOCKONIYHE YHUCIIO

06030HiB. Lle siBUIIIEe HOCUTH Ha3BY 003e-EHHIIITEHHIBCHKOT KOHJICHCAITIi.
['yctuny uncna 6030HIB V, 3 IMITyJIbCOM P,

szdsp/p,

MO’XHa, TAKUM YHUHOM, 3allMCATHU Y BI/IFJ'IHI[i

Ha BigmiHy Big 0030HIB, XIMIYHUN TOTEHIIa] razy (EepMioHIB MOXxe OyTH SK
MO3UTHUBHUM, TaK 1 HETaTUBHUM, 1 MOXe OyTH 3aBXIu OOpaHMl Yy SIKOCTI
HE3aJIe)KHOT TEPMOJIMHAMIYHOI XapaKTepUCTUKH. SIKIo Temmneparypa hepMioHaMu
rasy 3Ha4HO MEHIIIa 3a TeMIepaTypy BUPOIKEHHS T,

1 3/ 2/3
T<T,, T,=m (vh g) :
TO XIMIYHMM mOTeHIian OyJe TOB'SI3aHUl 3 TYCTHHOIO YHCJIA YacTHHOK

CHIBBIIHOIIEHHIM

2/3

p=(2m) " (6rPvn® 1 g)

ne g, SK 1 BHINE, € MTApaMeTPOM BUPOHKCHHS €HEPTETUYHOTO CIIEKTPY YaCTUHOK.
Hanpuxnan, skio MoBa ije mpo cmid, To g =25+ 1.
3ayBaxumo, o npu T < T, GyHKIiis posnoainy dpepmioHis N, Oyne mayxe

MaJio BIJIPI3HATHUCS BiJ CTYyMiHYACTO1 (DYHKIII,

np:z9(,u—£p).



f(E)

~kT
_‘}
1 __:I
T, = 0K
| TZ }Ti
0.5 fmmmmm - ~kT
|




