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- 6011 3JIEMEHT B
Tabnulie MeHaeneesa.
OH pacnosaraeTcs B
[JIAaBHOU ITOATPYIIIIe
YeTBEepPTOU I'PYIIIILI,
BTOPOM MepHoOJe.
Yriepoa-TUNUYHBIN
HeMeTasll.



axoxgeHue B npupoae

® B HacTos11Iee BpeMst U3BECTHO Oojiee MUJTHOHA
COeUHEHUU YIIepoJa C APYTUMHU d/ieMeHTaMu. KMx

N3y4Y€HHE COCTAB/ISIET HEJIYIO HAYKY — OPI'dHHUYECKYHO
xumMuio. B Toxxe BpeEMs 3a U3YyHUCHHE CBOMCTB YHCTOTO
yrsiiepoda ydeHbl€ B3sI/INCb CPAaBHUTE/IbBHO HEAABHO - OKOJIO

20 JIeT Ha3a/.



® Yrnepopn 3aHUMaeT 17-€ MeCTO MO
PACIIPOCTPAaHEHHOCTH B 3eMHOM Kope — 0,048%.
Ho HecMOTps Ha 3TO, OH UT'PpaeT OIPOMHYIO POJIb B
XUBOU U HEXXUBOU MIPUPOJE.



axoXgeHue B Npmpoae

® Yrnepog BXOOWUT B COCTaB
OpPraHUYeCKHX BelleCTB B
PACTUTEIbHBIX U YKUBBIX
OpraHu3Max, B COCTaB
OHK. Copepxxurcs B
MBIIIEYHON TKaHU — 67%,
KOCTHOM TKaHU — 36% u
KPOBH 4YejioBeKa (B
YyeJ10Be4eCKOM OpTraHHU3Me
MacCCOH 70 KI' B CpeJHEM
COLEPXXUTCH 16 KT
CBSI3AHHOTO YI/IEPO/IA).
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CB0OOOOHBbIV yrNepon,

©® B cBOOOZHOM BH/IE YI/IepOA, BCTpevaeTCsl B
HECKOTbKHX a/JIOTPOTHBIX MOAUPUKAIIMIX — a/IMa3,
rpaduT, KapOWH, KpaiiHe peako ¢yiepeHsl. B
71ab0paTopUsIX TakKe ObUTM CHHTE3UPOBAHbI MHOTHE
apyrvue MoaupuKaiuu: HoBble Ppy/iiepeHsl,
HAHOTPYOKH, HAaHOYACTHIIBI U1 ZIP.









Mogene cynnepeHa C,,
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CTpyKTypa anvasa

® Anmas - 6eclBeTHOE,

MPO3pavHOe, CUJIbHO
MpeaoMJIsTIolIee CBeT
BelleCTBO. AJIMa3 TBepXKe
BCeX HaUJIeHHbIX B
MPUPOJie BelleCTB, HO MPU
5TOM JJOBOJIbHO XPYTOK.
OH HACTOMBKO TBEP/I, YTO
OCTaBJ/IsieT LIapallUHbI HA
OOJIBIITUHCTBE
MaTepHaaoB.



JIMa3

® IDroTHOCTB a/iMasa - 3,5

r/ cM?, t —373°C

—4830 YC. ATMa3 MOXKHO
HOJIY‘{I/ITI) 13 rpa(])I/ITa npu
p > 50 TBIC. aTM. U t°
1200°C B anmasze K&)K,Z[blfl
4-X BaJIGHTHBIM aTOM
yIrepoja CBSA3aH C APYTUM
aTOMOM yI/Iepoa
KOBAaJIEHTHOM CBSI3bI0 U
KOJIMYEeCTBO TaKUX
CBSI3aHHBIX B KapKac
aTOMOB YPEe3BbIYaliHO
BEJINKO.



JIMa3

® HemnpepsiBHas TpexmepHas
CeTKAa KOBaJIEeHTHBIX CBsI3el,
KOTOPAst XapaKTepHU3yeTCs
OOJIBIIION TTPOYHOCTHIO,
ompeie/isieT MHOTHE CBOMCTBA (5%
a/IMa3a, TaK TO [UIOXAsI TETLIO- U Ey it
3/7IEKTPOIPOBOSUMOCTb, A TAKOKe HAIs/ |
XUMHYeCKast THEPTHOCTb. o
AJIMa3bl O4eHb PEIKU U LIEHHDI, s
HX BeC U3MePSIeTCS B KapaTax (1 e

KapaT=200Mr). OrpaHeHHbI

3HaMeHUTbIN BpunnnaHT
«KoxnHop»



CTpykTypa rpacuta

® I'padur - ycroirunBas mpu
HOPMAaJ/IbHBIX YCIOBUSIX
aJIOTPOITHAS
MoaupUKaIIMS YIIepoa,
MMeeT CepO-YePHBIN [IBET
Y MeTa/UTU4YeCKUM O/1eckK,

KAOKETCS )KUPHBIM Ha
OLllYIIb, OY€Hb MST'OK U
OCTaBJ/IAC€T Y€PHbIC CJ/ICIbI

Ha Oymare.



® Atowmbl yriepona B
rpaduTe PACIIOIOKEHBI
OTAEeTbHBIMU CJIOSIMH,
00pa30BaHHBIMU U3
TJTOCKUX
IIIeCTUYTOJTbHUKOB.
Kaxzapi1 aToMm yrineposa Ha
TJIOCKOCTH OKPY)KeH
TpeMs COCeTHUMU,
PaCHOI0KEeHHBIMU BOKPYT
Hero B BH/Ie IPaBUJILHOTO
TPeyroJbHUKA.




papuT

® I'padur xapakrepusyercs
MEeHbIIEU TIJIOTHOCTBIO U
TBEPAOCTHIO, A TAKXKe IPpaPUT
MOXXEeT PaCIIeT/ISThCS Ha
TOHKME YelTyUKU. emynku
JIETKO MPYJIATIAIOT K Oymare —
BOT ITo4YeMy U3 rpaduTa Jie/1atoT
rpudenu KapaHjairei. B
npejesax MeCcTUyrobHUKOB
BO3HHUKAET CKJIOHHOCTH K
MeTaJUTU3AIUH, YTO OO bSICHSIET
XOPOIIYIO TETJIO- U
3IEKTPOIPOBOTHOCTH TPAPUTA,
a TAaK)Ke ero MeTa/lVIMYeCKUU
O/eck.

[padomTOoBLIN
anekTpoa



apOunH
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NOANMH
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® KapO6uH ObLI MOTyYeH B

=C=C=C=C=
NONUKYMYNEeH

CTpoeHune kapbuHa

Hadasie 60-x rogos B.B.
Kopurakom, A.M.
CrnagkossiM, B.N.
Kacarouxkunbim, FO.IT.
KyapsiBuieBsim. Kapoun
MMeeT KPUCTA/UTUYECKYIO
CTPYKTYPY, B KOTOPOU
aTOMBI yT/Iepoaa
coeJUHEHBI
YyepeayrLUMHUCS
OLVUHApPHBIMU U TPOUHBIMU
CBSI3SIMMU.



apOunH

® OH umeeT BUJ, YePHOTO
MeJIKOKPUCTA/L/TUYECKOTO
MOPOIIKA, OTHAKO MOXeT
CYyllleCTBOBAaTh B BHUE
OeJIoro BellecTBa C
IIPOMEXYTOYHOM
IIOTHOCTHIO0. KapOuH
oOsazaer
MTOJTYTIPOBOJHUKOBBIMU
CBOMCTBAMH, MO/
eMCTBHEM CBeTa ero
MIPOBOAVMOCTD PE3KO
yBe/IMUMBAEeTCS.

WL ST A ] T



apOunH

® 3acyer cyleCcTBOBaHUSA
PA3/IMYHBIX TUIIOB CBA3U U
Pa3HBIX CITOCOOOB YKIAAKU
Liernein U3 yriiepoJHbIX aTOMOB B
KPHUCTA/UIMYECKOU pelleTKe,
dusnvIecKre CBOMCTBA KapOUHA
MOTYT MEHSTHCSI B LINPOKUX
npeznenax. [lo3gHee KapOUH ObLT
HalJeH B IIpUpoze B BUe
BKPAIUIEHUU B IPUPOSHOM
rpaduTe, Comep KAIIEMCS B
MHHEpPAJie YaOUT, A TAKXKE B
MEeTeOPUTHOM BelleCTBe.

MeTteoput
cogepxawnm
BKpanneHmsa kapbuHa



pyrne dpopmel yrnepoaa

® M3BecTHBI ¥ Apyrye GOPMBI YI/IEPOIA, TAKHE KaK
yTOJIb, KOKC U cayka. Ho Bce aTu popmbl IBASIOTCS
KOMIIO3UTaMH, TO €CTh CMECHIO MaJIbIX
dparmeHTOB rpaduTa U asiMasa.

Caxa
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~ ®ynnepeHsl

dynnepeH C_,

DynnepeHsl — Kj1acc
XHUMUYECKUX COeJUHEHNH,
MOJIEKY/IbI KOTOPBIX
COCTOSIT TOJBKO U3

yriepojia, Y1ca0 aTOMOB
KOTOPOTI'O Y€THO, OT 32 U
0os1ee 500, OHU
IpeACTaBIISIOT IO
CTPYKTYype BBIITYKJIbIe
MHOT'OTPaHHHKH,
IIOCTPOEHHbIE U3
MPaBUJIBHBIX MATU- U
IIIeCTUYTOJIbHUKOB.



me%l

® IlpoucxoxaeHve TepMUHA
"dyiepeH’ CBSI3aHO C
MMEeHEeM aMePUKaHCKOTO
apxuteKkTopa Pu4dapza
bykmuHcTepa Pynnepa,
KOHCTPYUPOBABIIErO
nonycpeprudeckue
APXUTEKTYPHBIE
KOHCTPYKILMH, COCTOSILIHE
M3 LIeCTUYTOJIbHUKOB U
IIATHUYTO/JIBHUKOB. Kynon dynnepa




———
~ ®ynnepeHsl

B mpoTHBOMO/IO)XHOCTH MEPBBIM
IBYM, TPapUTy U aIMa3zy,
CTPYKTYpPa KOTOPBIX
NpeACTaBisieT coO0M
MEePUOINYECKYIO PELIETKY
aTOMOB, TpPeThsi GOpPMa YHUCTOTO
yI/Ieposia sIBJSIeTCS
MOJIEKY/ISIPHOM. JTO O3HAYaer,
YTO MUHUMAJIbHBIM 3JIEMEHTOM
ee CTPYKTYPBbI AB/ISIETCS HEe aTOM,
a MOJIEKY/IA YI/IeEPOAa,
peACTaBISIoNIas COO0H
3aMKHYTYIO TIOBEPXHOCTb,
KoTopast uMmeeT Gpopmy chepsl.

Mogenb dynnepera C,,
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~ HaHoTpybOKu

Hapsimy co cheponganpHbpiMU
yIIEPOAHBIMM CTPYKTYPaMH,
MOT'YT 0OPa30BbIBAThCS TAKKE U
MPOTSHKEHHbIE
WIAHIPUYECKHE CTPYKTYPHI,
TaK Ha3bIBaeMble HAHOTPYOKH,
KOTOPbIE OT/IMYAIOTCS IIIMPOKUM
pasHooOpasveM GU3HKO-
XAUMUYECKUX CBOMCTB.

N aeanpHast HAHOTPYOKa
IpeCcTaB/IsieT COO0M CBEPHYTYIO
B LIMJIMH/IP TPAaPUTOBYIO
TJIOCKOCTD, BBIJIOYKEHHYIO
MPaBUIbHBIMU
HeCTUYTroJIbHUKAMH, B CTpoeHne HaHOTPY6KM
BepIIIMHAX KOTOPBIX

PaCIIOJIOXKEHBI AaTOMBI YT/IEPOA.




aHOTPYOKK

Ha pucyHke npeacrasieHa
Hjean3upOBaHHas MOJIEeThb
OJHOCIOMHON HAaHOTPYOKH.
Takas TpyOKa 3aKaHYMBaeTCS
nonycheprudeCKUMHU
BepIIMHaMU, COZlepPXKaluluMHU
HapsIy C TPABUIbHBIMU
IIeCTUYTOTbHUKAMU, TAKXKe 10
IIeCTh TPABUTbHBIX
nATUYTOoNbHUKOB. Hanmnaue
MSATUYTOJIBHUKOB Ha KOHIIAX
TPyOOK TTO3BOJISIET
paccMaTpUBaTh UX KaK
IIpee/IbHBIN CTy4all MOJIEeKYII
dy/epeHoOB, JJTMHA
IIPOJOJIBHOMU OCU KOTOPBIX
3HAYUTE/IbHO MPEBbILIAET UX
oraMeTp.



HaHo4YacTuubl

B nipoiiecce o6pazoBanus $pysiepeHOB U3 rpadpuTa
00PaA3YIOTCS TAK)Ke HAHOYACTHUIIBI. ITO 3aMKHYThIe
CTPYKTYPBbI, TT0f00HbBIe Py/yiepeHaM, HO 3HAaYUTETbHO
IpeBbIIIIAIOIIME UX 0 pa3Mepy. B orinyune ot pyiepeHOB,
OHM TAaK)Ke KaK U HAHOTPYOKH MOTYT COZlepP)KaTh HECKOTBKO
CJI0€B., UMEIOT CTPYKTYPY 3aMKHYTbBIX, BIO)XeHHBIX JIPYT B
npyra rpadpuTOBBIX 000/109eK. B HaHOYacTHIIAX,
AHAJIOTUYHO I'PpadUTY, aTOMbBI BHYTPH O00/IOYKH CBSI3aHBI
XUMUYIECKHUMU CBSA3IMH, 2 MEXIY aTOMaMU COCETHUX
000/109€eK IeUCTBYeT c1aboe BaH-ep-BaaTbCOBO
B3anMozgericTere. OObIYHO 000JI0YKN HAHOYACTULL UMEIOT
¢opMy 6/11M3KyI0 K MHOTOIPaHHHUKY. B cTpyKType Kaxxg0ii
TAaKOH 000/I0YKU, KPOME IIeCTUYTOJIbHUKOB, KaK B
CTPYKTYype rpaduTa, eCTh 12 MATUYTOTHHHUKOB,
HAOJTIOJIAIOTCS JOTIOTHUTE/TbHbBIE TIaphI M3 TIATH U
CEMHUYTOIbHUKOB.



[ padpeH

I'padpéH— nBymepHast anIoTpOITHAS MOAUPHUKAIIHS
yraepoja, oo6pasoBaHHasi CJI0eM aTOMOB YIJIepofa
TOJIIIMHOW B OZWH aTOM, HaXOASIILINXCS B SP2-
ruOpHUU3aLuy U COeIMHEHHBIX IOCPeJCTBOM O- U Ti-
CBsI3€U B reKCaroHa/IbHYIO IBYMEPHYIO KPUCTA/TUYECKYIO
peléTKy. Ero MO)XHO mpeicTaBUTh KaK OJHY MJIOCKOCTh
rpauTa, OTAEIEHHYIO OT 00BEMHOrO KprcTasia. [1o
OLleHKaM, rpadeH ob1afaeT 60IbIION MeXaHUYeCKOH
YK€CTKOCTBIO U PEKOPAHO OOJIBIIION TEMIOMPOBOTHOCTHIO
Bbicokast TOABMYXHOCTD HOCHUTe el 3apsaa (MaKCHMaibHas
MOABIKHOCTH DJIEKTPOHOB CpeIr BC€X U3BECTHBIX
MaTepHaIOB) ejIaeT ero MepCreKTHBHBIM MaTepHUaIOM
IJ1s1 ICTIO/Tb30BAHMS B CAMBIX PA3/TMYHBIX IIPHUJIOKEHUSX, B
YAaCTHOCTH, KaK OyZyIIyl0 OCHOBY HAHO3/IEKTPOHUKHU U
BO3MO)XHYIO 3aME€HY KPDEMHHUS B UHTeTPaIbHbIX
MHKPOCXEMax.



[ padpeH

® OCHOBHOM U3 CYyLIECTBYIOLIUX B
HACTOSsIIIlee BpeMsi CITOCOO0B TTOTyYeHUST
rpadeHa B yC/IOBHSIX Hay4YHbIX
nabopaTopuii OCHOBaH Ha
MeXaHUY€eCKOM OTIIEeTIEHUN UITH
OTLLEe/TYIUMBAHUU CJIOEB JTOT METO[, He
npeIioaraeT UCIoIb30BaHUS
MaclITaOHOro MPOU3BOACTBA, ITOCKOIbKY
Nipyroit
M3BECTHBIN CIIOCO0 — METO/I
TePMUYECKOTO PA3IOKEHUS
MOZI/TIOKKH KapOu/1a KpeMHUSI— TOpa3zo
OJIVDKE K TIPOMBIIITIEHHOMY
npon3BoCTBY. [lockonbKy rpaden
BIlepBbIe ObLI ITOTy4YeH TOIBKO B 2004
TOZy, OH elll€ HeIOCTaTOYHO XOPOIIIO
M3y4eH U MPUBJIEKAET K cebe

3TO py4Has npouegypa.

TOBBIIIEHHBI UHTEepeC.
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