Jleknus 7
O0beKTHI HKOCAYIPUYECKOH

CUMMETPHUH U UX POJIb B
COBPEMEHHOM MHUpe

$



yanZBMJZbelX MHOCOCPAHHUKO6
6C€ 6EPULUHDL U cDAHU 0O0UHAKOBDI

6Ce cpdHU — NpaAeUulbHble MHOcOY2O/IbHUKU

Jlecko ebleecmu 6ce 603MOIHCHblLE npdaeujlbHble
MHOCOCPAHHUKU, yHUMDblL6AA, YN0 CQbOpMMpO@CZWlb 6CPUUHY

Mo2ym He MeHblule mpex 2epaHeu, a cymma )2lo8 npu
sepuiune menvute 360°:

- 3 pABHOCTOPOHHUX TpeyrojbHuka ¢ yriiom 60°. 60° x 3 =180° mempaszop
- 4 paBHOCTOPOHHUX TpeyrojbHuka ¢ yriom 60°. 60° x 4 = 240° oxmasop

- 5 pABHOCTOPOHHHUX TPEYroJbHUKOB ¢ yriioM 60°. 60° x 5 = 300° urocazop
- 6 TaKuX TPEYroJabHUKOB Aar0T yxke 60° x 6 = 360° - Hep3s!

- 3 kBaapara (90° x 3 = 270°) zexcarop

- 3 npaBWIBbHBIX NATHYroJbHUKA (108° X 3 = 324°) dodexarop

- 3 mpaBWIBHBIX MmecTryrojbamKa (120° x 3 = 360°) — Henb3s1!



5 NNAaTOHOBbLIX TeJN —
npaBUJIbHbIX
MHOrorpaHHuUKOB

ITnaron
(428 — 348 rT. 10.H.3)




N3 5 nnaToOHOBbLIX Ten
B KpUctasiax
BCTPE4YalroTCA TOJIbKO 3:
rekcasap, rerpa’gp um
OKTas’ap

IImaron
(428 — 348 rT. 10.H.3)

B «uzeouy nonanu npasuibHbli
NEeHMA20H-000eKa’0p U UKOCAI0p,
Ymo CeA3aHO C HAauyuem 6 ux
KILACCAxX CUMMEMPUU OCell NAMOo2o

nopsioKa, Komopwvle 00 HEOABHUX

nop CUUMAIUCL 3aNPeUjeHHbIMU 8
00beKmax ¢ OANbHUM NOPAOKOM.




- JBCHAAIATUTPAHHUK, BBITYKJIbIHI
O0bEM KOTOPOIO OIpPaHHMYEH B MOPOCTPAHCTBE
ABEHAAIAThI0 PABHOCTOPOHHUMHM M  pPABHBIMHU
MSATUYTOJIbHUKAMH. B KaXK 101 BEPIIIMHE
COCIIMHSIIOTCS TPU HAMUY20/IbHUKA.

- IBAJIAQTUTPAHHUK,  BBIITYKJas
IIOBEPXHOCTH KOTOPOTO, COCTaBJIE€HA IBAJAATHIO
PABHOCTOPOHHUMU W PaBHBIMH TPEYTOJbHUKAMU.
Ilpy  BepumIMHAX  COCAUHAKOTCA 1O  NAHLD
TPEYTOJILHUKOB.



Mazus JTAGMOHOBIX MeEA

[Toctpoenne HU. Kenaepa:. mectb chep, COOTBETCTBYIOIIUX
opouram 6 miaaner — Carypny, FOnourepy, Mapcy, 3emie,
Benepe u Mepkyputo, pa3lieicHHbIE KyOOM, TETPAIPOM, |
000€KalIOpom, OKTAAPOM H ukocaopom. B Hamuuue
CKPBITOM MaTreMaTU4eCKou rapMoHuu BceneHHoun Kermep
BEPUJI JIO KOHIIA )KU3HU



http://upload.wikimedia.org/wikipedia/commons/d/d4/Johannes_Kepler_1610.jpg

Teopema Dusiepa o IIepeceYCHU M OCEU BHICIINX MOPSIKOB

Cymma y2nos mpey2oibHUKa 8 «chepudeckomy mupe.

180° <A+ B+ C< 540°

180° < 2a,+ 2a, +2a; < 540°.

o

3
YuuTtbiBada, 4to n =
x

360° 360° 360°

2nl T 2n2 T 2n3

180° <
540°

1 1 1
1<n—1+n—2+g<3




Bozmooicnwvie KOM6UHGZ4MM ocell 015 6cex MHOCOCPUAHHUKO6

Kom6uHauma | HepaBeHcTBO dinepa Mprmepbl MHOrOrpaHHUKOB
Ocem

Mapannenenvneasl,
POMGUYECKME TETPA3ApHI,
6Mnupamuapl, NpU3Mbl

N =
+
N =
+
N =
I
l—\
(€3]
vV
=

TpuroHasibHble NpU3Mbl,
Tpanewuo34pbl, 6MnMpamuabl,
CKaneHo34pbl, pOM6034p

[V
+
N | =
+
N | =
Il
‘!_\
(%]
(%]
V
=

TeTparoHa/ibHble MpM3Mbl,
TeTpasapbl, GUNUpaMupbl,
Tpanewosapbl

=
+
N | =
+
N | =
Il
=
]
o
V
=

lMeHTaroHanbHbIE MPU3MbI,
6unupammabl, Tpaneuo3apbl

ul| =
+
[
+
N =
Il
=
o
V
[y

1,1 FeKcaroHa/ibHble NPU3Mbl,
o 6MnNMpammAapl, TpaneLos3apbi

N-roHasibHbl€ MpU3Mbl,
6unupammabl, Tpaneyo3apbl




Bozmoocnuvie KOM6MHC!Z4MM ocell 015 6cex MHOCOCPAHHUKO6

KombuHauma | HepaBeHcTBO Jiinepa MprMmepbl MHOrOrPaHHUKOB
ocel
1 1 1 -
332 S+ -+-=1,17 >1 TeTpasgpbl, NeHTaroH
3 3 2 AoaeKkasgpbl (Kybuueckue),

TPUTOH-TPU-TETPA3APbI,
TETParoH-TPW TeTPasapbl,
NeHTaroH-Tpu TeETPas3Apsl

Tetpaanp

lFexcaagp (ky6)

Okraagp

1 1 1
432 T + Z + > = 1,46 >1 Ky6bl, oKTasgpel, n Ap
1 1 1
532 S+ -4-=1,03 >1 MeHTaroHA0AeKasapb
5 3 2 (nnaToHOBbI), MKOCA3ApPbLI U

Ap




Ienmazpauvma—3mo, NoAHCAVu, CaMbli U MUCMUYECKUU U
NPOMuUBOpe4UBHIL CUMEBON

\

-

nugazopetiyes

%g‘( | 0







Bapuaum L; - L - L, pazpewwaem cywecmeosanue
MHO202PAHHUKOB, npuyem vlcokocummempuynoix! lasatime
nonpoobyem pazoodpamsvcst 8 IMomM CO4emaHul 0cell.

T

X
ﬂ]l}l IMO20 603bMeEM 34 OCHOBY u3zeecmuslit Ham Kaacc T




AxmnnecoBa nsaTa

MaTb Axuneca
deTnaa, xenas
coenaTthb CblHa

HEeYySA3BUMbIM,
OKYHy/Na MaJjib4UKa B

BO,bl CBSALLLEHHOW
peku Ctmkc. Ho,
OKYHas, OHa
nepxana ero 3a
NATKY (naTa), 7
NATKA oCTanach
He3auluLIeHHOWN.

Toe rce Axunnecoea
nama e Ymom Kiaacce?




Bgeoem ewie 00ny ocv mpemuvezo nopsaoka 6 cmpozo
onpeoeyieHnom mecme!



TeopemMa KOCHHYCOB B «C(hEpUYSCKOM» MHUPE BBIIJISAUT TaK
cos A = cosB cosC + sinB sinC cosa

I1o3BoJIIET HAUTH CTOPOHY MO TPEM U3BECTHBIM

yIjiaM NPH €ro BepIlinHaXx.

ws cosA—cosB cosC
cosSd — ; ]
SsinB sinC
a~37°22" 29"

=)

» c~20°54" 19"




X

1) Pazmnosrcum ee oceio 2,, nonyuum euie 00HY 0Cb 3

2) Ilooeiicmeyem 3enenoii |, na L,, u ¢ yousnenuem
OOHaPYICUM, UMO PA3ZMHONCEHHBIE OCU 8MOPO20 NOPAOKA
PAGHOYOaeHbl OMm «4ePHOU» U «3elleHoul ocu L,



X

Pazmnoorcaem ¢ nomowyvio zenenvix u uepuwvix L; ocu L,
nosayyum ecezo 12 noewvix oceit 6mopozo nopsaoka,
NOKA3AHHBLIX HA PUCYHKE KPACHBIM UBEHIOM



»

Jopazmuodcaem ¢ nomowypio ocei L, ocu L; nonyuum ewie 4!
(3Haukoe 6, HO HeKOmopble HA IKEAMOPE U OMMeUarOmca 00a 6vixX00a)
HOBBIX OCU MPEemMbe20 NOPAOKA, NOKA3AHHBIX HA PUCYHKE KPACHBLIM
ueemom. Hmozo ecezo na uepmesice 10,



Oonapyscusaem, umo cghepa npoexuyuit pazoeauaco Ha 12 cexmopos,
OKOHmYypeHHbIX uepedyrouumuca ocamu L; u L,. Ecnu coeounumas
861X0001 oceil L5 npambvimu ompeskamu (pedpamu) noayuum
npaeuibHblil 000eKaIop!



a=37°22"29"

c=20°54"19"

B uenmpe cexmopa éo3nuxknym ocu . (¢ koiuuecmee 6)
JlanvHeitumue pazmmnorxcenus He nPUGOOAmM
K NOABNIEHUIO HOBBIX 0CEll CUMMEMPUL.
Jlasaiime noocuumaem cKonbKo UX y Hac 6cezo.



I'pynna Y- 10L;15L, ¢ nopsaoxkom epynnet 60 (5*3%2%2)

(camvlil 8b1COKOCUMMEMPUUHBIY U3 32 KIACCO8 CUMMEMPUU
KPUCMATIUYECKUX MHO202PAHHUKO8 001a0aem pazmMHOoICarouiell
CnocobHoCmbIO 8ce2o auuib 48).



Imy epynny 4acmo pucyrom, 8bloupas HanpasieHue IK8AMOPUAIbHOU
niockocmu nepneHouxynapHo e L,, a Ly uau L.
Kpacuso 6o ecex sapuanmax, ne max au?



A 4T0 ¢ IpocTbIMU (popmamu?

Ycnoenwtit nezasucumotit cghepuueckuit mpeyzo1bHuUK
okonmypen ocamu L,, L u L, cnedoeamenvno uucno
npocmuix hopm 0yoem pasHo 7



7 A

\
Al A ® 57|1
'
\ . A \ 2 \
|
\ A
No |  Ywucno oM CCr HazBanue HaszBanue yueOHOE
1 30 4acTH L2 | pomOuyeckuii TpuakonTasap
TPHUAKOHTASIP
2 20 YacTH L3 | mkocasap Hxocasap
3 12 YacTH Ls | IIpasunvhuiii PaBUJILHBIN
MEHTAarOH0/ICKaIP MIEHTArOH0/ICK
asnp
4 60 YacTH 1 Tpuakcuc-ukocasap Terparon-Tpu-
UKOCA3P
3) 60 YacTH 1 [TupamuianbHbIN Tpuron-neHra-
TOJIEKAdIP JOJIEKAdIP
6 60 YacTH 1 [TpuamuianbHbIN Tpuron-Tpu-
UKOCadIP UKOCadp
7 60 00111 1 [TeHTaroHaabHbBIMI [lenTaroH-neHTa-
MIEHTArOH-U303/1p TOJIeKasIp




Ha ocnoeanuu oceeozo knacca Y MoicHoO ebleecmu euie OO0UH uxocaadpuuecrcuﬁ
MOYeUHbLU KIACC nymem 66€0CHUSA NIIOCKOCHU 8 COUHCHBCHHO B03MOMNCHOE
nojioricenue, npu Komopom ne npoucxodum PA3MHOICEHUE 0CE6020 KOMNJIIEKCA.

Beeoenue koopounamnou M (uru C) ne npusooum x
BO3HUKHOBEHUIO 3aNPEUeHHO20 COYeManusl Y2io8
chepuueckoco mpeyeonbHUKa



X

Ilopaook knacca cummempuu Y, - 6L:10L ;151 ,15PC
120 (5*3*2*2*2)



Hezasucumbtit chepuueckuit mpeyzoioHuUK onamov OKOHMYPEH 0CAMU
L,, Ly u L, cnedoeamenvrno uucno npocmoix popm 6yoem paseno 7 Kak
u 6 knacce Y. Bce wacmnwie hopmot nexcam na M u e ne

PA3MHONHCAIOMCA, cne@oaameﬂbno, COXPpAaHAm C60U HA36AHUAL.




7 A

A Y

v @

A
aars '\,
Al A O @

. 4- *6
' .

Y A 1 2 3 4 5 6
No |  Ywucno oM CCr HazBanue HaszBanue yueOHOE
1 30 gacTH | L22P | pomOuueckuii (TprakoHTa’IP)

TPHUAKOHTASIP
2 20 gyactH | L33P | ukocasmp MKOCadIp
3 12 yactTH | L55P | Ilpasunvnuiii PaBUJILHBIN
MEHTArOHI0ICKaIP MEHTAarOH0/IeK
asap
4 60 YacTH P Tpuakcuc-ukocasap Terparon-Tpu-
UKOCA3IP
3) 60 YacTH P [TupamuanbHbIN Tpuron-nenra-
JOJIeKaIp TOJIEKaIp
6 60 YacTH P [TpuamuianbHbIN Tpuron-Tpu-
HKOCadIp UKOCadIP
I 120 00111 1 ['ekcakcuc-ukocasap Tpuron-aexa-
TOJIeKasIp




Pombuyeckuia

MupamupansHbIn

MupammnaanbHbIA
nopekasap

9

Tpwakcuc-ukocasnp
(TeTparoH-Tpu-mkocasap

6
)

€A

MeHTaroHanbHLIA
NeHTaroH-1303ap

MpaBnnbHbIR r I3 lekcakcuc-mkocas
neHTarongoAekasap TprakoHTaaap vEAE (Tpmrox-ﬁ%ﬁaﬂgcaanp) (TEZL%T<§$F58- (Te;ggre%g?;;)m- (neH‘rz(:\J:c?:.b#gF]Tr]aeggglglzaa,up) (Tpmrguﬁeiann%ﬂ.ekeia’?up)
12 rpaHen 30 rpaHen 20 rpaHen 60 rpaHen 60 rpaHen 60 rpaHen 60 rpaHen 120 rpaHen
CCIr-Ly () CCr-L,(h CCr-L,( CCr-1( CCr-1(h CCr-1( obLwas cdopma obuwas cdopma

CCr -L,5P (1,) CCr -L,2P (1) CCr-L3P (1) CCr-~P(l,) CCr-~Pi(l,) CCr-~P(l,) knacca / knacca I,

http://cryst.geol.msu.ru/appliances/pics/i

0s_ad.jpg
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Xopomo. Taxkue rpynnbl ecTh. [ pynnbl «HEKPUCTANIOrPAGUUHLD.
Mo:keT ObITH HEHHTEPECHBI?

I'me BcTpevaloTean?



1. KpazukpucTamibl

B mnosope 1984 cooa ummepnayuonanvnas epynna
yuenvlx, [ Illexmman, . bnex (Hszpaunv), []
[ pamuac (©panyus), [owc. Kan (CLLA), cooowunu o
HogOM chnaase amomunus u mapeanya Alg:Mng, C
YpPe38bIYAUHO UHMEPECHBIMU CBOUCTBAMU.

Omkpvimue K8a3UKpUCmaiios A8Uil0Csb pesoaioyueu
8  meopuu CUMMEMPUU BblCOKOOP2AHUZ0BAHHOU
HENCUBOU Mamepuu, mak KAK IKCNEePUMEHMAIbHO
00KA3aJ10 cyuiecmeosaniue 3AKOHOMEDPHO
NOCMPOEHHBIX, HO HE NePUOOUUECKUX CIMPYKMYD.



KBazukpHuCcTaNJIbI

Kea3ukpucmann — oona u3z opm opeanuzayuu
Mmeepobvix mejl, Hapsioy ¢ KPUCMAIIaMu U amophuvimu
menamu (CMExKIamu), XapaKxmepus3yroulasicsi ¢ 0OHOU
CIMOpPOHDL 3anpeuseHHoU 8 K1ACCU4ecKou

KpUucmaniozpauu cummempueu, ¢ 0py2ou CmopoHbl
- HAaU4UUuem OajibHe20 NopAOKd.




llepsvie keazuxpucmanivt ObLIU NOTYYEHbl HANbLIeHUEeM HA ObICMPO
spawarouiemcst Oucke ¢ noHudiceHuem memnepamypot okono 1000 000
000 epadycos 6 ceKyHOoy .

Taxum oopazom smo eecoma HepasHosecHble ycaosus. Ceuuac
cyuwiecmayem 00bULoe KONU4eCmeo PABHOBECHBIX KBAZUKPUCTATILOS,
NOJIYYEHHBIX 8 pe3yibmame MeOIeHHO20 OXAANCOEHUSL.

T
5 e

a) Al,CuLi,;-TprakoHTasqprudecKas
OrpaHKa MOHOKPHCTAJUTMYECKOTO 3epHa

0) AlCuFe nmomexasmpudeckas orpaHka
OnexTpoHorpaMma kBazukpucramia AlgMn. MOHOKPHCTAJUTMIECKOTO 3¢pHA



Nobelprize.org
IlyTh K IpU3HAHUIO ¥ KBA3UKPUCTAIIOB

ObLI HE OBICTP U TepHUCT. Toabko B 2011 pus
roAy 3a ATO OTKPBITHE ObLIa IMPUCYXKICHA
HoOejieBckas npemusi.

The Nobel Prize in
Chemistry 2011 was
awarded to Dan
Shechtman "for the
discovery of
quasicrystals™.




T'ocmu u3 opy2020 usmepenus.
B nacmoswee spems na ocnoge Hogbix docmudiceHul
aneebpauieckoll 2eomMempuu Memoo ONUCAHUSL
KOHOEHCUPOBAHHBIX CPeO UCHONb3Y5
MHO20MepHble NPOCMPAHCMBA
(E6, ES).



Kak sce ycmpoenwt keazukpucmaiiot?

s 00bSICHEHUS CIMPYKMypbl K8A3UKPUCIAJLIO8
HeoOX00UMO OMKA3aMbCsl om MpexmepHozo
nepuoouyecKko2co Kpucmaiia 6 e20 o00blyHoU ¢hopme.

Cywecmeyem 06e MoOeiu nNpeocmasieHusi  CMpOeHUs
KB8A3UKPUCMAILILOB:



Keazuxpucmannwr
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peuwemxy

HA3blediom

UOCAJIbHOUY
Kkeazuxpucmania yueuvie. Cneea nokazam CHUMOK OOHO20 U3

«Hesozmoorcrno
HAUOECHHBIX

nomoulbro

C

Nojly4eHHblU

3€PeH,

MPAHCMUCCUOHHO2CO IJIE€EKMPOHHOCO MUKPDOCKONA 6blCOKOCO

paspeuwienuss (HRTEM). Cnpasa: mozauxa Ileupoyza. He

npasoa u noxodce? (gpomo Science/AAAS)



B mpexmeprom eapuanme pombwol mozauxu Ileupoysa
npespawiaromcs 8 pomoo3opel Kosanesckoeo,

2paHu komopuix - pomost Ilenpoysa.

Cmpykmypy K8a3UKpUcmaiios MONXCHO NpeoCcmasumas

KAK COBOKYNHOCHb MAKUX pOMOO8.

Amombl MO2ym 3aHUMAMb NO3UYUU 8 BEPUIUHAX, HA
pebpax unu BHympu maxkux pomooe.



Mozauxa ITenpoyvsa
COCHIOUM

U3 porboe devy munoe: &

MOHKO20 U MOICIN020




9. <tn & ool ot s T0s o
st bned nine® nstoBinetng 05
SEAAT EABEAASEAS
AT A IR
0_‘ ‘0 *0 "0... 0‘0‘0 ._’0 i..‘.l. 0.‘ 0‘0‘.‘
N R SV Y,
a0 ede S8 U st ele $ %%
/3 l“’ll’lll‘ll ‘.‘*IQI"
S e RSP s BN
A e ar et ha *asns  ante Sa

LI LN-LN-

B2 Rl S ets 0% et s %% o

S & ¢ ool ¢ FoeNIgeN ¢ §
A ATIA A TEA LA S
R W (RIS
I*‘.’l‘.‘.‘ A 0‘."‘.'.‘0 i “.’ 0‘."“1
neng¥ns Vnsdusn e’ ns %o nns®ns
%5 70°8 < 0570 5%0%0 <0 50
.__oi.__.c..__._..__.;___.. A LADTALIAS
2 aa S ot hs e ta b gt
00 0y o0 58 « %5 10%0 S 0%
CATIATASTATATATS




[
A ‘u.l_.__.ro ary = b
‘-l..l - L1} -‘.-. '..
AT el TROTIACLIY
Rt L L BB
hs geblm Sanl s il Teal
Lt b LRy -. H
‘e nag w Taa e
el T o ek T ngn i W TRk
Pargyselo e n s g ity
-y Y el ]
4raske g BTl e U2
e e gt
A Yl T R A P Tl Yl £
to2 Sees a i e T reA et |
o g B M, N, B M B Pl
LGt tette et gt
LU S l.i sy a W Csalle |
SIS Thedl Delihoatr T
o St s i B e
1 e P ... [
-'.'. “ .'.' --l....' -‘-
Ui B bt 0s i 6t S 02 8 Do et
paf g RN gy Ph oS Sl
% AT
] [ ] L P,
I e
Rl m Teal
s TWESS s 2he O 00 e ey
'.' [ '.‘."
o i_vi-_.-_-..i-l-_tl.
= i..l T T
St A T |
S DR
= S aile sk 0l

Ll r s

L

gl

ELE

-

al o B s
as o Lo g T a
e o e 1 i 0

W
M O o o o el .

Ilopran meuetu B Upane

ATIEPUOIMYECKUE TIIIOCKHUE
y30PbI YaCTO MCIOJIb30BAJIUCH
B POCIHUCH JPEBHUX apaOCKHUX

XpPaMoOB, TaK KaK CO3Al0T
3P PEKT
«pazderaroiierocs
IIPOCTPAHCTBA



Cywecmeyem 08¢ MoOOeIU NpeoCcmasietuss  CMpPOeHUs
KB8A3UKPUCANILOE:

1. Annpoxcumayus CIMPYKMypbl K8A3UKPUCAJLIO8
anepuooudecKuMu  mpexmepHulMu Mo3auKamu,

NOCIMPOECHHBIMU NO NPUHYUNY OBYMEPHOU MO3AUKU
llenpoysa.

2. Ilpedocmaenenue cmpykmypol K8A3UKDUCMANLO8 8 BUOE
MPAHCAAYUOHHOU WUECTNMUMEPHOU PeUlemKU



K 60NpPoOCy 0 RORUMAHUU HAMU

MHOCOMEPHDBIX npocmpaHcme

Keasuxkpucmaniol ’ o

NepuooOUdHbl 8
uecmumepHom
npoCcmpancmee....




[IpumeHenue

CBoiicTBa

KK cmiaBbl

JlncnepcHo-
YIIPOYHSIONIUE YACTUIIBI B
AJIFIOMUHUEBBIX CIJIaBaxX U
CTaJISIX

Tepmuueckue 0apbepsl B
TypOMHAX U JBUTATEISAX
BHYTPEHHETO CTrOpPaHUs

AKKyMyJIUpOBaHUE
BOZOpPOAA

Henpuroparoiue
IOKPBITUSA IS TIOCYIbI U
3alUTHBIEC TTIOKPBITHUSA B
XAMHUYECKHA aKTUBHBIX
cpenax

TBEpAOCTH U BHICOKHE
MEXaHNYCCKHUE CBOMCTBA
TIIPU TTIOBBIIIICHHBIX
TeMIneparypax

Huzkas
TEILIONPOBOAHOCTh

Bricokas
azcopoupyromas
CIIOCOOHOCTB K BOJAOPOIY

ConportusiieHue
KOPpPO3HUHU, BBICOKAS
TBEPIOCTh, HU3KAS
MMOBEPXHOCTHAS YHEPI U

Cucrembl Ha ocHOBe Al—
Fe—Cr, MapTeHCUTHO-
CTapeIOIINE CTaIn

Al—Co—Cr—Fe,
Al—Cu—Fe

KK nHa ocHose Ti

Al—Cu—Fe—=Cr



B 2009 200y enepevie yoaiocw
00HapyHcUMy
K@A3UKPUCMANIUYECKUe MUHEPATbl 8
npupooe. OHU COCMOAM U3 AMOMO8
JHcenes3a, Meou u AMOMUHUA U ObLIU
Hatioenwl vy Hac, € Poccuu.

Ipynna UMAQIbAHCKUX — VYEHbIX,  UCCIe0VA  MUHepan
XamuipKum, HaloeHHbill noxa moabko Ha KopAakckoM Hazopve
Ha YyKkomxe OOHAPYHCUIA € HeM KPOXOMmHble EKIOYeHUA
opye020 MEeMAIIUYecKo20 HeMAZHUMHOo20 MuHepaia ¢
cocmaseom 63% amovmunHua, 24% meou u 13% xceneza, ¢
uxocasopudeckol cmpykmypou. E20 Hazeanu uxocasopum.
Kax eviacHumu yvuexvie, 3mu NpUpooHble Keazuxpucmalisbl —
OCKOAKU OpesHez0 Memeopuma, 803pdacm KOMopo20 Ccevllile
4,5 muniuapooe rem!

Haxoaku npupoaHbIX KBa3UKPUCTAIIIOB KpaliHE peaKu, 00JIee TOro,
MHO2UE YUeHble CHAGAN NOO COMHEHUE UX 3eMHOe RPOUCXO0IHCOCHUE.



Nkocaryipunyeckasi CAMMETPHUSA NPUCYTCTBYET

- 8 HAHOMPYOKaXx (y21epOOHbIX YUTUHOPAX MOTUSUHOU 8
OOUH amom) u

- 8 Qhynepenax (cmabuibHbIX KAPKACHBIX MOIEK)ILAX
yanepooa, COCMoAWUX U3 Y4emHO20 KOIU4ecmad

amomoe).

- 8 OMOENbHBIX MOJEKY1dX U dMOMHbBLX Kjlacmepax



HanorpyOku, 1O CyIIECTBY, SBISIOTCS TpadUTOBBIMU closiMu  (rpaden),
CBEpHYTHIMU B BHUJE MUIMHApPA. HO MIECTUYroJibHbIE aTOMHBIE T'€KCAaroHbl HE B
COCTOSIHUY 3aKPBITh KOHEI TPYOKH, JJIs1 3TOTO MOHAJ00SATCS MATUYTOJbHBIE TPaHHU.

Hanpumep, omHYy HW3 HOPOCTEUIINX «KPBIIIEK» MOXHO OpraHU30BaTh W3
pa3pe3aHHOTO IMOIOoJIaM JA0JeKadapa (IIECTh NATUYTOJIbHBIX TPAHEN).

B Hacrosiiee BpeMsi HAHOTPYOKH BCTPEUYEHBI HE TOJIBKO B MOJM(UKAIMAX YIIIEPOa,
HO M BO MHOTHX CJIOMCTBIX MaTepuainax (Hampumep, MoS,, WS,).
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YriiepoaHbie HAHOTPYOKH

. _w=d =W, = P -

FE=N G e g e = “ S

- - — l._._.__.__._‘-‘f H'i-—.'l.
& e
h"':::\u

-."-I-.‘.

n3obpaxeHne HaHOTPyOKn

HanoTpyOKu SIBJISIFOTCSI OTHOCUTEIBHO MOJIOJIBIM OTKphITHEM. Hayka
umMmeeT aeso ¢ HuMu ¢ 1991 roma. OgHako 3a 3T0 BpeMs yaalioCh UX
AOCTAaTOYHO U3YUYMUTh, UTOOBI HE YIUBIATHCS YHUKAJIBHBIM CBOMCTBAM.
M3BeCTHBIE pacIpOCTPaHEHHBIE (POPMBI yIIiepoaa: rpaduT U aaMas -
Jajii coOpaTy CBOM JIy4YIlIM€ CBOKMCTBA, HO YCUJICHHBIC B JICCATKYU U
COTHH Pa3.

C OZIHOM CTOPOHBI, 3TO NPOBOAUMOCTH IMPEBBIIIAOIIASL IPOBOAUMOCTD
MEJIH, C APYTOW — MPOYHOCTH HAMHOTO OOJIbIIasi Y€M Yy JYUIIHUX COPTOB
CTaJIH.



Hamacckas cmanys

Hanompyorxu ucnons3yriomcAa
4e/108€4eCHE0M OKO10 MbICAY U 1em

o . A 1
B pomare B. Cxomma « Tarucman» Puuapoa JTeeuxoe
Cepoye u cyiman Caiaoux pacxeaiueaiu opye nepeo opy2om
O0CMOUHCIMEBA C80e20 OPYIHCUA. Puyapo 0OHUM yOoapoM
paspyout pykoams cmaibHou oviaest, a CalaouH -
NOCMABNCHHYIO HA PeOpO ULeTKOBYI0 NOOYVIIKY. A MaK ice
paccex 6 6030vxe MAZKUU 8yanesvlil N1amox.

«Jlezsue cabnm CKONb3HYNO TaK MONHMEHOCHO M
NerKko, MTo NOAYWHKA, Ka3anocb, cama pasgenunach
Ha ABe NONOBMHLI, a He 6bina paspe3aHar.




biauoice ecex Kk packpvulimuio cekpema 0amacckou cmaJiu,
NOX04CE NOOOULTU HEMEYKUE VHEHbIe-KPUCMATI02PaA bl U3
Hpezdencrkozo mexnuveckozo ynueepcumema. Hzyuue
monexyvaapuyio cmpykmypy cabau XVII eexa nod

WIEKMP OHHBIM MUKPOCKONOM, OHU ﬂﬁ”ﬂf}_‘. MWCLUTUH 6 J1€36H U

yerepooHblie HaHompyoKu u HaHOBOJIOKHA U3 YeMeHMmUmda
(kapbuoda dcenesa).




Eme onmxe - nucarenb — gpanract JIlykbsiHeHKO (KHUTA «JIopa ¢ miaHeTsl 3eMIis))

OnHoaTOMHBIN MeY

OpHOATOMHBIN, WM aTOMAapHBIM, Med (B OOMXO/Ie OJHOATOMHUK, B TEPMHHOJIOTUHM TJIABHOTO TE€pOsS —
IJIOCKOCTHOW Me4) — HuJealbHOE X0JIOAHOE opyxue. [Ipencrapiser codoii Me4 ¢ Jie3BMeM TOJIUHON B
OJIMH aTOM. biarogaps cTonbs 0CTpoMy JIE3BHIO, Med 0€3 YCHUIIUS pacceKaeT J00ble MaTepUaIbl.

JIro0o¥t ymap U Ja)ke CUIIBHBIA B3Max B BO3IyXE 3aTyIUISET JIe3BUE, MOCJE Yer0 OHO CTAaHOBUTCS TOJIIIIE,
yeM oAuH aroM. Ha pykosiTke pa3meniaercsi KHOKa 3aTOYKH, Ha)KaTue TOW KHOIKH JIeJIaeT JIe3BHE BHOBh
oJHOaTOMHBIM. Meu BriiepxkuBaeT okosio 1500 3aTouek.

[Ipu cTONKHOBEHHH ABYX MEUEH OJMH M3 HUX paccekaeT apyrou. Kakoit UMeHHO Meu «TOOEINUT), 3aBUCUT
OT yIJla CTOJIKHOBEHHMS, a TaKkKe OT TOro, Kakoil Meu octpee. [locaeaHee 06CTOATENHCTBO U ACIACT KHOMKY
3aTOYKHU CTOJIb BaXXHOW. Meu HaxoauTcCs B CIENUANBHBIX MAarHUTHBIX HOXHAX, KOTOPBIE MOIIEPKUBAIOT
M€Y, HE KacasiCh €ro



Dy/IepeHbl - MOJICKYJISIPHBIE COCIMHEHUA YIVIEpOAa
IPEICTABIISAIOMIME COOOM BBITYKJIBIC 3aMKHYTHIC
MHOTOTPaHHUKH, COCTABJIICHHBIE U3 YETHOI'O YK CJIa
TPEXKOOPAUHUPOBAHHBIX aTOMOB YIJIEPO/IA.

Onu cocrost u3 60 1 0oJiee aTOMOB.
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OyiutepeH Cq, Oyiepen Cgyy P. B. ®yunep




ITpu nN<60 mosekynsl C, CTaHOBATCS HECTAOMIBHBIMH, OJHAKO CYIIECTBYET OOJIBIIOE
guciao mosiekysn ¢ N>60. [eomerpuueckue mnpaBuia MOCTPOCHUS BBICOKOCHMMETPUYHOM
MOJIeKYJbl  (pymnepeHa TpeOyroT Haauuumss isi  Oe3gedekTHoIX — (ymnepeHoB 12
NATHYTOJbHBIX IPAaHel, TOI/Ia KaK YMCJIO0 MIECTUYTOIbHBIX TPaHEN MOXKET BapbUPOBATHCSI.
s QyiepeHOB  CyHIECTBYIOT JIBE€ IOCJEIOBATEIBHOCTH (MTEpalluM) YBEIUYCHHUS
ICCTUYTONBHBIX TpaHe. [lepBas nrepanus (1) m3menser yucno BepmuH (B), pedep (P) u
mectuyroibHbix rpaneit ([°) mo crmemyromemy 3akony: B,=4B,, P,=4P;, T°=I°+P,.

Utepanus Broporo Tuma (M2) momumHseTcs cleAyrollel mocinenoBarenbHocTu: B,=2P;,

j— 6 = 6 oj1eKa]] - =32 Y =12
P2_3P11 F 2= F 1 + B]_' Bzzﬂnbz_xo'lpzlz “@D"B 80 P=120 =42 '(Hl)" Eijl}:é) _'@_D} ‘;FJ':%:
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BepiinH, 30 pebep, 0 mectuyrompHbIXx u 12 & @
\.*,." \.*,,
e B=180 aa B=720
HHTI/IYFOJII)HI)IX FpaHeI/I. P20 3> P-1080 @D B.=4B,, P.~4P,, [*~I* +P,
"L‘\_ /"l s =
@ < (M2) B~2P, P=3P, '~ T, + B,
I/ITepaHI/IH HepBOFO THUIIA HpeBpaTI/IT cro B (bYHHepeH v v e
B=540 a_— B=2160
P=810 - Ul P=3240

r=272 - r=1082
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v
Bce atu (ymiepensl OynyT UMETbh CUMMETPHIO Y. =

r=8i12



Hxocayipuueckasi CHMMETPHSA NPUCYTCTBYET

BHYTPH KPHCTANIHYECKHX CTPYKTYP
(K1acmepvl amomos)



A Kak onpedenums uucio coceoeu’?

.Q ... Q.
*citcle
0 00

Y amoma Cl 7e — emy neobxooum 1 snexmpon, umoo0wl
nymem 0600w ecmenerus e2o 00Cmpoums C8010 000N0UKY
00 3aseputennotll — ecau coceo moodce Cl (npocmuie 6-6a)

mo coceo Hyxcen 1



@ @
©SeSeS,
o0 006 00

Y aroma S 66 — eMy HEOOXOAUMO 2 JIEKTPOHA, YTOOBI
IIyTEM 00O0OIIECTBICHUS UX JOCTPOUTH CBOK 000JI0YKY 10
3aBEPIICHHON — €CIIH cocell TOKE S (IPOCTHIE B-Ba) TO
cocenert Haso 2 — KUY 11enb MM KOJIBITO

[IpaBuio IOM-Po3epu:
(mpocThIC BEIIECTBA ¢ KOBAJICHTHOM CBSI3BIO)
Yucno OnvkalInux cocenen

KUY=8 - N



Cmpyxmypa
KPUCMANIUYUECKO20 XJ10PA

(N=7; K4=1)

Cmpykmypa cenena
(N=6; K4Y=2)



5, K4=3)

Cmpyxmypa 0en1020

gocghopa (N

=5; K4=3)

Cmpyxkmypa moludbAaKa
(N



Cmpykmypa aama3sa (a) epagpuma (6), (N= 4; K4=4)



Ecmob euie Hememaiil 6 3 cpynne

Hmakx, 5 coceoen? L:?

bop ne yuun kpucmannoepaghuio ... 8 smom e2o npoonemwi



Ecmb ewie nememann 6 3 epynne u smo B!

Hmak, 5 coceoeu? Ls?

Kpucmannuueckue cmpykmypul oopa.

a) a-B mooughuxayusa 6) y-B,g moouguxayus



Takum o00pa3oM, JOKallbHAs HKOCa’IpHUeCKas
CUMMETPUS HaOJIIOIACTCSA I/I BHYTpHU
NEPUOAUYECKUX KPUCTAIMYECKUX  CTPYKTYP
0CO0EHHO CpeIu COeTMHEHMI 00pa, KOTOPhIN, B
CHIIy CBOCH J1eKMPOHHOU KOHuzypauuu,
CTPEMUTCSI OKPY>KHUTH CEOSI MATHIO ONVKAUIIAMU
COCeIsIMU




. W MeTtannomae Merannm .
Hemeranne B Ulenounbie meTanns
4 LLlenounosemensmsie meTanns
B == IERTN
SR M Enaroponssie rass B Arcrnonau
. 12 lMepexonusie metannt
7l MocinepexopHsie meTanns
Mg
Mo
20 21 22 23 24 25 26 27 28
Ca S¢e i .V C Mn Fe Co Ni
Kamsayit Crangui Turar Banamui Hpom Mapraney Keneao Kobamr Hukene
38 39 40 41 42 43 44 45 46
Sr Y Zr Nb Mo Tc Ru Rh Pd
Crposui Mrrpaia LUapmcomiia HuoBuit Manuéaen Tescneuni Pyrenmis Poei Masnazwi
56 57-70 71 72 73 74 75 76 77 78
Ba ** Llu Hf Ta W Re Os Ir Pt
Bapu Morewss oo Towan  Bomépaw  Pewn Gowntl || Vo || Moo
88 89-102 103 104 105 106 107 108 109 110 ||2
Ra ** Lr Rf Db Sg Bh Hs Mt Ds
Pai Noypencwi  Pesepbopmen  [yfed  CeBopnes Bopw# Kacowii M Iiog
|

B sn B G4 By e B Vb
Fo G N Foam o g G 6 fm i o
¢

A nomuro
HEeMemaiudecKyio HCU3Hb

oopa! Xouy moorce srcump c
K4=5/




[IpumeHenue

CBoiicTBa

KK cmiaBbl

JlncnepcHo-
YIIPOYHSIONIUE YACTUIIBI B
AJIFIOMUHUEBBIX CIJIaBaxX U
CTaJISIX

Tepmuueckue 0apbepsl B
TypOMHAX U JBUTATEISAX
BHYTPEHHETO CTrOpPaHUs

AKKyMyJIUpOBaHUE
BOZOpPOAA

Henpuroparoiue
IOKPBITUSA IS TIOCYIbI U
3alUTHBIEC TTIOKPBITHUSA B
XAMHUYECKHA aKTUBHBIX
cpenax

TBEpAOCTH U BHICOKHE
MEXaHNYCCKHUE CBOMCTBA
TIIPU TTIOBBIIIICHHBIX
TeMIneparypax

Huzkas
TEILIONPOBOAHOCTh

Bricokas
azcopoupyromas
CIIOCOOHOCTB K BOJAOPOIY

ConportusiieHue
KOPpPO3HUHU, BBICOKAS
TBEPIOCTh, HU3KAS
MMOBEPXHOCTHAS YHEPI U

Cucrembl Ha ocHOBe Al—
Fe—Cr, MapTeHCUTHO-
CTapeIOIINE CTaIn

Al—Co—Cr—Fe,
Al—Cu—Fe

KK nHa ocHose Ti

Al—Cu—Fe—=Cr



Hxocayipuyeckas CHMMETPHUS
6 HCU6DIX OPSAHUSMAX



Mopckue 36e30bt u
Meoy3bl umerom
1 ocb 5-020 nopaoka,
IMO HE 0YEeHb
UHMepPeCHO

Huwem ukocairopul 6 rcueoii
Henepuoouueckou mamepuu 3D
noeeoenus!

BUPYCHBI!



Kamema (ot jat. capsa — SIIMK)— 3TO OelKoBasg 000JI04Ka, B KOTOPYIO yIaKOBaHa
BUPYCHas HYKJICWHOBas KucioTa. Kamcua 3amummaer BUPYCHBIH T€HOM OT

BO3JICMCTBYSI BHEITHUX (DAKTOPOB, a Y 0€3000JI04€YHBIX BUPYCOB OOECIIEYMBAET €TI0
POHUKHOBEHHE B KJIETKY.

[Ipy yBenuuyeHUM 4YHCIa OCJIKOBBIX CYOBEAWHHII, OOpa3yIoIMX KallCHJ, CBS3H
MEXIy HHMH II€PECTAIOT OBITh SKBHUBAJICHTHBIMU, W CYOBCAUHUIIBI HAUMHAIOT
TPYIIUAPOBATECA C OOpa3oBaHHEM MOP(OIOTHUECKUX CTPYKTYp - KallCOMEPOB,
XOpOIIIO PA3IMYUMBIX B 3JEKTPOHHOM MHKPOCKOIIE. B BEpIIMHAX HMKOCa’Ipa
TPYIIIUPYETCS IO 5 CTPYKTYpHBIX CcyObeauHull (II€HTOHBI), a HAa TPaHAX - IO 6
CTPYKTYPHBIX CYOBCOUHUIL (IeKCOHBI)

Hxocaynpuyeckuii Kancua

Karicun Bupyca- 6akrepuodara MS2, Monens Karcuaa Bupyca SV- Hxocasapuyeckuii Karcu, B
caTTelnTa BUpyca cocrosiuii 13 180 CTPYKTYpHBIX 40. JXXKenTbIM 1IBETOM KOTOPOM U3 CTPYKTYPHBIX
MO3auKH Ipoca CyOBbEIHHII. BBIJICJICHBI IICHTOHBI, CEPbIM — CyObenuHUL GOPMUPYIOTCS
TEKCOHBI IIEHTOHBI (BBIJECIICHBI TOIyOBIM) U

TEKCOHBI (BBIIETIEHBI CUHUM).



[louemy dtce supycam maxk Hpassamcs uKoca’opbol?

Bupyc
pomasupycHou
unpexyuu
B («xuweunvitl 2punny)

noo S1eKMpPOHHBIM

MUKPOCKONOM U €20
KOMNbIOMEPHAsL
DEKOHCMPYKYUSL

Hkocazop umeem
MUHUMATTBHYIO

I’lJlOI/l«(aOb noeepxHocmu

npu 3a0aHHOM 00beme

Kancuouwl paznuunwvix eupycos



Hy 1 HamocJjieaokK...



DymoonvHbl MAY

Bce xoms 0v1 paz eudenu ¢hymoonvuwviil may. Teicsauu arooeti
BUOAM €20 «8 Hamypey, Ha cmaouone. Bce 3narom, umo
NOKDBIUKU MAUA COCIOAM U3 OEIbIX U YUePHbIX ucypok

(KOHEUHO, eciiu 9MOo KAACCUYECKUU MY, A He OHCUMOYIAHU —

mam xyoce suoro). Ho, kax nu cmpanmo, 1uub nemHocue
(6rnrouas camux hymbonucmos) mo2ym ¢ y8epeHHOCmbIO
CcKazamow, U3 KaAKUX UMEHHO MHO20Y20/IbHUKOB OH COCHOUM.
Jlasaiime npucmompumcs Kk hymooavHoMy MAYY
NOBHUMAMeETIbHeE.



Y Ms4el MOKpHIIIKa COCTOMT M3 M30THYTHIX MHOTOYTOJbHHUKOB. OHa
cocraBisiercd U3 12 dyepHbIX U 20 OenbIx «Imojiei». Bokpyr Kaxaoro
YEPHOIO NATAYTOJIbHUKA  pacliojaracrTcs IECTH OeJbIX
IIIECTUYTOJIbHUKOB.

@OyTOONBHBIA MY SIBJISIETCA TE€OMETPHUYECKUM
aHainorom  (Qymiepena  Cg,  Tak  Kak
IpeCTaBIsIET CO00M MOJAKaYaHHBIM 70 cQepbl
KOMOWHALIMOHHBIM ~ 32-TpaHHUK C TpaHsIMHU
nkocasapa (20 OenpIX IIECCTHUYTONBHUKOB) H
noaekaspa (12 9epHbIX MATHYTOIBHUKOB)
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(5-6-0e mecTO)

(4-oe MecTo!)
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HoBble KOMMepuYecKHe HaeH AJIf

caeayromux YM




JHAHTHOMOPp(HLIE rpynnbi!
Bparapb, BolyYHBUIIMH
KPHCTAJJIOrpaduIo 3HAeT
HANpAaBJIEHHE BPALECHUA 3apaHee !

COBETCKMA GMAT /IOHMACT!
NOAL3VIRCA - ECKMM OPYMMEM"

rmmmumm

Teneph MOHMMAaeM, YTO TOIAA VBE /IMUMABAIOTCSY
ﬂp(mimm.ﬂo B MatT4e C Il JIf npyrnx BU/I0B cnopTa \”/

HCnaHUaMHu & TOXKe YTO-HHOYAL MpHAyMaeM



Kpucrannorpagus nomoraer Besae! N

HMTOINo actadeTta [natpynu |Mockaneqlpebna |®ectueans Oera|cymma
1 Kpuctannorpadua 4 4 11 9 n 39,0
2 MHMeHepHan reon 2 0,333 13 ] 9 30,3
3 loprouKMe ucKonaembie 5 3 2 8 10,4 28,4
4 MmaporeonorUa 0,5 0,5 14 8,5 23,5
5 lNoneaHbie HCKONaeMble 1 1 10 1 6 19,0
6 reo@wmamka 12 3 3 18,0
7 CeaMMeHTONOMNMA 9 7 1,2 17,2
8 PaspaboTHa 2 0,667 6 4 1 13,7
9 MuHepanorva 5 7,2 12,2
10 NeTponorma 7 3 10,0 L \/ an B S
11 PervoHanbHan ren/1orva 3 5 0,8 8,8 s ‘. A ﬁ;d
12 AdrHamuyecHana recNorMAa 8 8,0 RQC‘“W
13 FeoxMmHA 0,5 0,5 4 2 0,2 7.2 ®
14 lManeoHTONOMMA 1 0,6 1,6
15 leoKpWoNoruAa 0,0




Kpucrannorpagus nomoraer Besae! N

WMEMAVHAPOLH

FEONOTUYECK m—
HEMMAOHAT S

= FEOBbLI3OB o g !
va

O L M Ll

e B nepuon ¢ 7 mo 17 ceHrta0ps 2025 roga B Yde B TpeTuil pa3 mnpoxoauia MexxayHapOaHBIH
reoyiornueckuii yeMnuoHat "[ecoBBI30B« (TSI yHamuXxcst TeOJIOTMUECKUX By30B HE cTapiiie 2-0ro Kypca).

e B uyeMnuoHare NpuHsUIM yyactue 38 KoMaHa U3 22-X pa3HbIX peruoHoB Poccun, a Takxe u3 16 apyrux
CTPaH ¢ TPeX KOHTUHEHTOB.

e [lo uroram copeBHOBaHuMM KoMaHaa MI'Y 3aHsna mepBoe MeCTO B JMCIHUINIMHAX. NMAJEOHTOJIOTHUA,
THAPOTreoJIorusi U Kpuctajiorpadgusi, BTOpoe MECTO B T€OXUMHH, IIJIMXOBOM aHAJIW3€, TECTUPOBAHUH,
T€OJIOTMYECKOM MapIIPyTe U TPEThE MECTO - B MUHEPAJIOTHH U METporpadumu.

* B cocraBe komanapl npuHuManu ydactue. Haropnas Mapus, KorensHukoB Bceesonon, Lllesenésa
Enuzasera, M6parumosa Hemnu, MuxaiinoB Aprem, 'anuymiiHa Amanus.

B copeBHOBaHMSIX MPUHUMAIN ydYacTHE CHJIBHBIC, XOPOIIO MOJATOTOBJICHHBIE KOMaHbl. BIuioTe 10
MOCJICTHETO JIHS COXpPaHsJIaCh WHTPUTA, KaKUM OO0pa3oM pacIpenesaTcs MecTa IMepBod Tpoiku. B
pe3ylnbTare ynopHoi 60pb0bl «MOCKOBCKUH SIPYC» - YEMITHOHBI!



Ymo euie nouumamesn.

* D.9.Jlopo, A.JI.Maxkxeu, C.Paneanaman I/

Hosas ceomempus ons nosvix mamepuanos,2010

* I1L.H {vauxos [l Yenepoonvie wnarnompyoku.
Mamepuanvr 0nsa komnvtomepos XXl eexa

IIpupooa. 2000. Nell

M. Tapouep Il Om mozauxu Ilenpoysa «
HAOENCHBbIM WUppam

Tuxonosa M.C. Mazuueckoe uucio "5 6
Hcueou u Hexcueou npupooe. Kypcosasn
paooma 20122,  http://cryst.geol.msu.ru/
literature/kurs/2012_01_tikhonova.pdf




I[a.ﬂee (1-oe anpeJist!)
CUMBOJIBI TPAHEN U PEEEP RPH C TAJYJY OB

be3 ooxymenma oaorce Omoatime Hawu ecparu!
CPAHSIM HCUMDb HEYOOOHO h, k, 1ul-e6om mou doxymenmor!!

Ecnu ycneem, oaoice
HEeMHO20 nouzpaem




AH Hy a morom.... (8-oe anpeJisi)
OH C CUMMETPUSA MUKPOMMUPA

. (UACTH MTEPBAS)

Ilpueem,
Hac 306ym ******
Kpacuevie umena, npagoa’?

THoznakomumcesn?

(Mol He mamepuanbHble cyuiecmea

U JCUBEM 8 OeCKOHEeUHOM

MUKpomupe)
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