Xummuyeckada KapTuHa
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YYEEHBIE BOIIPOCHI;

1. KPATKAS HCTOPHSA PA3BUTHA HAVKH XUMHUHH.
2. YYEHUE O COCTABE BEIIJECTBA.

3. CTPYKTYPHAS XUMHAL.

4. YYEHUE O XUMHYECKHUX ITPOLIECCAX.

5. DBOJTIOIIHMOHHAS XUMUA.




XUMUS — OTO HAYKA O BEIIECTBAX U
MX MPEBPALIEHUAX, WIN, (KAK
BAPUAHT) HAYKA O
XUMHWYECKUX AJIEMEHTAX U

X COEAUHEHMSX




TOUKA 3PEHMS HA TIPOMCXOXJIEHUE CJIOBA
«XHUMMUN S»

1. XEMU (ETHUIIET) —
YEPHAS (3EMJIA).
2. KEME (ETMIIET) —

YEPHAS (HAVKA).

METAJIJIOB»

4. KuM (Ip.-KUT.) —  «30JI0 R ANVIES




B npEBHOCTM ETMIET HA3BIBAJIM CTPAHOU KEMU
— YepPHON 3EMIIEM.

JKPELBI JIPEBHETO ETUIITA BhLIN
BBIJAIOILMMUCST MACTEPAMU

XUMHWYECKHX PEMECEII,

A XUMMUIO TIOCTEIEHHO CTAJIA HA3BIBATH
«ETUTIIETCKOU HAYKOID.
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Apabckasi umnepusi

Anxumus (al — kimija)

Dxabup noxH XanaH (M'ebep)
(721r. H.3. - 815 T. H.3.)
cBOMCTBA HalWwaTbIPHOro cnupTta
neperoHkKa ykcyca

nony4yeHue A30THOWM KUCNOThbI

NPUroTOBMNEHUE CBUHLOBLIX 6enun
«KHura cemupecatu», «KHura o agax»

AOGy-ap-Pa3u (Pasec)

(865 r. H.3. - 925 . H.3.)

onepauumn pacTBOPEHUA,
hUNbLTPOBAHUA, PAa3MArYEHUA,
NNaBneHus, BO3roHKM.

«KHura tanH», «CekpeTbl CEeKpPeToB»

{57 MyShared
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B CPEHUE BEKA VUEHBIE 3HAJIM VKE JIECATH
XUMWUYECKUX JIEMEHTOB —

CEMb METAJLJIOB (30/10TO, CEPEEPO, ME[Db,
JKEJIE30, OJIOBO, CBUHEL], PTYTh) 1

TP HEMETAJLIA (CEPA, VIVIEPOX, CYPEMY).

O06o03HaUeHe XUMUYECKUX 3/IEMEHTOB a/IXUMHUKAaMU

2 2 D

CBUHEI] MEZIb CEPEBPO

@ 2(

PTYTh 30JI0TO OJIOBO




OUNOCOBCKIN KaMeHb

dunocod ckuii kameHb (pe6uc) — B oNMUCaHNSAX CPeHEBEKOBbIX a/XMMUKOB
HEKOTOpbIiA XMMUYECKWI peakTuB, HE06X0AMMBbIIi /19 YCMELHOro 0CYLIECTB/IEHNS

npeBpaLLeHns (Tak Ha3biBaeMoii TpaHCMyTal|u1) MeTasi/1I0B B 30/10T0.

g

PacTBop ero, Tak HasblBaemblii
30/10TOM HanMTOK (aurum potabile),
MPUHATBIA BHYTPb B MasibIX [03ax,
[0/KeH 6bl1 NcLUenAaTb Bce
60/1e3HU, MO/I0AUTL CTapoe Teso n
Jenartb Xu3Hb bonee
NPOO/PKUTESIBHOA.

Jlpyroe TanHCcTBEHHOE CPe/ICTBO,

HOCKBLLEE Ha3BaHWe 6eMoro NibBa U
iz 6e/10ii TUHKTYPbI, OFPaHNYNBarioch
cnoco6HOCTBLIO NpeBpaLlarb B cepe6po
BCce He6/1aropo/Hble MeTasvibl.




[lapame/ibc — «oTery ATPOXUMHUA —
HAyKH O JIeKapCTBax

v TTAPAIIEJIBC
(HacTosimee uMst Duwmr
Aypeon Teodpact

bombacT o ['orenreiim,
von Hohenheim) (1493-

1541), Bpau u
eCTeCTBOUCIILITATE b,
O/IMH 13 OCHOBaTe/iel
SITPOXMHHU.
CriocobcTBOBaI
BHE/IDEHUI0 XUMUYECKUX
TnpernapaToB B MeJUI[MHY .




AaxuMHuAg. AJIXUMUA - UCKYCCTBO
COBEPIICHCTBOBAHUA BEIlleCTBA
yepes [peBpallleHue MeTaJlJIOB B
30JI0TO U COBEPIIEHCTBOBAHUA
yeJIOBeKa MyTeM CO3/IaHuA
BJNKCUpa KU3HU. CTpeMACh K
JTOCTHKEHU IO CAMOU
[pUBJIEKATEIBHOM JIJIA HUX IEJH -
COBJAHUIO HEUCUUCTIUMBIX
OOraTCTB, - AJIXUMHUKHU paspelinn
MHOTHUE MpaKTUYeCKue 3a1a4u,
OTKPbLJIA MHOKECTBO HOBBIX

[ POLEeCCOB, HAOJI AN
pasHOOOpa3HbIE peaKInH,
CIOCOOCTBYA CTAHOBJIEHH IO HOBOM
HAaVKU - XUMUU.
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meTannos B bnaropogHble!
Ba3vpoBanack Ha NpPeacTas
dmnococm 0 TOM, YTO Ma TepUabHE
‘U3 0HOTO NN HECKONBKWUX «NEpBO3Ne
KOTOpbIE NMpw onpe‘qeneHHblx"?‘bnoavuﬂx Mory
nepexoanTb ApYr B Apyr
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a TaKke yceaepLueHCTsosaHme cnoco6os .

I'lO.l'Iy\IeHMFl LeHHbIX COGAVIHEHVIM n
cuecem TakKnx, Kak:

*  MUHepasnbHble U pacTUTeNbHble
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+  cTekna
«  3Manu
«  conm
*  KUCNOTHI
«  wWwenouu J
«  cnna.bl ’

¢  JNeKapCTBEHHbIE NpenapaTbl.

AnxXummnkmn M306pe n

BO3rOHKa,
cbvmprOBa ne.

neuun A4na AnuTensl
neperoHHbIe Kyobl.

Docmutenua aAUMUK06 Kumas i
oCmaAuch Heuséecmtol 6 ‘Egpone. B

. @occuu arxumua He bvira
PaACHpocmpanena snaomb do nempoé
pedhopM, Ho nOUmU 6Ce PYCCKUE AAXUA
(cambill 3HAMeHUMbIH U3 HUX . Bproc
UHOCIPAHHO20 HPOUCXOAQEHUA.




3axam arxus

XUMuUs 1 anxumnsa cocyuiectsoBanm /10
cepeinHbl 12 Beka. CBoOero pacLBerta axummns
aocturna B Hauanels Beka. OgHako no mepe
TOro, Kak Hakan/mBaancb 3HaHUs 0 peasibHbIX
xummuecmx npespaLLeHnsx BeLLecTB, poc/io

HeraTMBHOE OTHOLLIEHUE K a/IXuMUYecKum
TeopusM, nepeaBaeMsIiv 13 MOKO/IeHNs K
MOKO/IEHMNIO B TEYEHNN MHOTUX CTONNETNI
EcTecTBOMCNbITATE/IN CTaUIN CTaBUTHL BOJIE
OMbITOB, HAYUNINChL NPOBOANTL boslee
N3MepeHusi  NbiTauchb 06 BSCH
Habmofaemble ABMEHNSA C nowlom,blo
npaxkTMyecknx sHaHuii. iccnegol
NnocTeneHHo CcTaHOBUUCL Gonee
YNopsA0YEHHbIMU U HayuHO 060CHOBaHHbLIMKI,
Toraa e NosiBUNCb NeYaTHble KHUTK, KOTOpble
nomorasin yueHbiM 06mMeHnBaTLCA naesmm u
AOCTMIKEHNAMN .

O0num u3 ocnoBonosorcHuKoB Hayunoll XML
cuumarom bpumarncKoeo yuenozo Pobepma
boins(1627-1691), Komopeiii 8 1661 200y

onybauKoBar Kuuey (Xumuk- cKenmukp. Imo
130an1Le HOMOAO OMOEAUNE XUMUIO O AAXUMIUL
1L noAoHCUNO Hawalo pasBumuro Xumiie Kax_
CaMOoCTosimeNbH 0l HAYKIL.




XVI1I B. — YUYEHHME O COCTABE BEIIECTBA;
XIX B.— CTPYKTYPHASI XUMUSI;
XX B.— YYEHHME O XUMHYECKHUX MPOLECCAX;

CEPEJIAHA XX B. — DBOJIIOIIAOHHAS XUMMSI.




Butanuctuueckuii )’ i 2

e YCTAaHOBUNI NPUUYUHY
pa3ininsg B CBOUCTBAX
MUHEepasibHbIX BELWEeCTB
N NPOAYKTaxX >XUBOWU

npupoabl;

e (Cpenan BbIBOA4 O
COCTaBe OpraHM4YyecKmnx AHTyaH JlopaH
BELLecCTB; JlaBya3sbe

(1743+17943red




Yyenue o
cocmaee seuiecmaea.

[ IEPBBIN JIEMCTBEHHBIA CIIOCOB
PEILIEHUS TTPOBJIEMBI
[TPOUCXOXIEHNS CBOMCTB BEIIECTBA ITOSIBUJICH B

XVII B.

B PABOTAX AHIJIMMCKOro YYEHOTO P. boitis.




KOHHEHHI/IH XUMHNYECKOI'O JIEMEHTA

MOSIBWJIACH B XMIMUU B PE3VJIBTATE CTPEMJIEHMSI YEJIOBEK
OBHAPYXXUTb ITEPBODJIEMEHT ITPUPOALI. P. Boiiib
TTOJIOXKUJT HAYAJIO COBPEMEHHOMY
TIPEJICTABJIEHUIO O XMMHWYECKOM
SJIEMEHTE KAK O ITPOCTOM TEJIE, IIPEJIEJIE XUMUYECKOI'O
PA3JIOXKEHMS BEILECTBA, ITEPEXO/USILLIEM BE3 U3MEHEHUS
13 COCTABA OJHOI'O CJIOXXHOTO TEJIA B JIPYTOE.




ATOM — JIEKTPOHENUTPAJIbHASI CUCTEMA B3AUMOJIENCTBYIOIMX SJIEMEHTA
YACTHLI. COCTABHBIE YACTU ATOMA — AAPO U DJIEKTPOHEI.

XUMMNYECKUM AJIEMEHT — 2TO OIIPEJIEJIEHHBIN BUJl ATOMOB,
XAPAKTEPU3YIOIINNUCS OJJMHAKOBBIM 3APSIJIOM SIJIPA.

— 3TO XMMUYECKUE JIEMEHTbBI, ATOMBI KOTOPBIX OTJIMYAIOTCS
YUCJIOM HEATPOHOB (ITOSTOMY V HUX PABHASI ATOMHASI MACCA ), HO COJIEF
OJIMHAKOBOE YMCJIO ITPOTOHOB U ITOSTOMY 3AHUMAIOT OJIHO U TO XXE MEC
[MEPUOJIMYECKON CUCTEME DJIEMEHTOB.
TEPMUH «M30TOID» bblJI BBEJIEH

B 1910 r. AHIIMICKUM PAJIMOXVMUKOM
®d. Conu.



HA. H. Menoenees

D .

AT N BTN 2

B 1869 r. oTKpbLJ 0CHOBOMNOJIATAIOMIHH 32aKOH
xumuH — IlepHoanyeckuii 3aK0H, HA OCHOBAHHH
KOTOPOTI0 CO3/1aJ1 CTPOHHYIO HAYYHYIO
KJIACCH(PHKALIHIO XHMHY€CKHX 3J1eMeHTOB —
IepHoanvecKyio cHCTEMY, HA3BAHHYIO B €r0 4€CTh.

NEPUOAVWHECKAA CUCTEMA
XUMUYECKUX SNIEMEHTOB
AVNMEHAENEEBA

i

TRTRpTROPD 5 r:’

i,

Vil ViIn IX

i

‘s
§ < X

is
iR i

13

s
in

R

is
is

r|. s
-
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OMIIINAN0 CMPEeMNCHUE K NO3HAHWIO HeeedoMo20. IMo cmpemneHue,
a maxxe anyGovatwue u obwupHelwue 3HaHUR € CoNemaHuu ¢
GesowubovHoOU HaywHOU uHmyuyued noseonunu .U. Mendeneeey
cdenamb Maccy HaywHbIX OmKpbimud.
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«CBOWCTBA IPOCTbBIX BELIECTB, TAKXXE ®OPMbI U CBOMCTBA COEJUHEHUN
SJIEMEHTOB HAXOJTCS B IEPUOJANYECKON 3ABUCUMOCTU OT BEJIMYUHBI
3APSJIA SIZIPA ATOMAY.

KBAHTOBO-MEXAHUYECKOE OBOCHOBAHUME TTEPUOAUMYECKOIO 3AKOHA JI.H.
MEHJIEJIEEBA
ITPy ABMOKEHMU BOKPYT SIJIPA Z-3JIEKTPOHBI PACIIOJIATAIOTCS B
COOTBETCTBUU C KBAHTOBO-MEXAHUYECKHUM 3AKOHOM, KOTOPBIN

HA3BIBAETCS (1925 r.):
1. B JIIOFOM ATOME HE MOXXET BbITh JJBYX OQUHAKOBBIX SJIEKTPOHOB,
OIPEJEJIAEMbIX HABOPOM YETBIPEX KBAHTOBbBIX YHCEJIL: N
L M U M

S}

2. B cocroqnmiax ¢ OIIPE/JEJIEHHBIM 3HAYEHUEM MOI'Y HAXOIHUTHCAH
ATOME HE BOJIEE DJIEKTPOHOB.




— COBOKYITHOCTbB DJIEKTPOHOB
B MHOT'OJIEKTPOHHOM ATOME, UMEIOIIMX OJHO 1 O JXXE TJIABHOE
KBAHTOBOE YMCJIO
J1.1. MEEHAEJIEEB OTKPBIJI ITEPUOAAYECKUIT 3AKOH
M3MEHEHUS XUMHUYECKHUX U ®U3NYECKHUX CBOMCTB DJIEMEHTOB B
3ABICUMOCTH OT X ATOMHBIX MACC.
DU3NMYECKUI CMBICIT ITOPSIJIKOBOI'O HOMEPA Z-2JIEMEHTA
B IIEPUOJJMYECKOIM CUCTEME BbIJT YCTAHOBJIEH B SIJJEPHOI MOJEJIN
ATOMA PE3EP®OPIA: Z. COBIIAJIAET C YUCJIOM ITOJOXUTEJIBHBIX
SJIEMEHTAPHBIX 3APSIZIOB B SIJIPE (IIPOTOHOB) U, COOTBETCTBEHHO, C
YIICJIOM DJIEKTPOHOB B OBOJIOUKAX ATOMOB.




AToM Z=1 (HA OBOJIOYKE 1 DJIEKTPOH), HAXOJUTCS HA TIEPBOI OBOJIOUKE — K B
coctosuun 18, 1.E. N=1, L=0 (s-cocTosHUE), M=0, M;~=+/- L/2 (OPUEHTALIMS ETO
CITMHA TTPOU3BOJIbHA )

ATOM Z=2 (HA OBOJIOYKE 2 3JIEKTPOHA), HAXOJIITCS HA ITEPBOI OBOJIOUKE — K B
COCTOSIHUM 1S, C AHTMIIAPAJUIEJIbHOM OPUEHTALIMEN CIIMHOB.I'EJIMEM 3AKAHUMBAETCS |
TIEPUO/I.

ATOM 7Z=3, HA OBOJIOYKAX 3 DJIEKTPOHA: 2 — HA IEPBOI OBOJIOUKE (K-OBOJIOUKE)
B coCTostHUA 1S 1 1 — HA BTOPOI (L- OBOJNIOUKE) B cOCTOSIHUA 2S. JIMTUEM
HAYMHAETCS 11 TIEPUOJT TABJIULIBI.

ATOM Z=4, HA OBOJIOYKAX 4 DJIEKTPOHA: 2 - HA ITEPBOI OBOJIOUKE (K-OBOJIOUKE)
B COCTOSIHUA 1S 1 2 — HA BTOPOI (L- OBOJIOUKE) B cOCTOSIHUA 2S. JIMTUEM
HAYMHAETCS 11 TIEPUOJT TABJIULIBI.

VY CHEAYIOIMX IECTU SJIEMEHTOB — OT 15 (Z=5) 110 (Z=10) — UJET 3ATIOJIHEHUE
BTOPOI1 OBOJIOUKH, TP DTOM DJIEKTPOHBI HAXOJISITCSI KAK B COCTOSIHUM 2S, TAK U B
coctosiHuu 2P,

Y ATOMA Z=11. Y HEIO IEPBASl U BTOPASI OBOJIOYKA TTOJTHOCTBIO 3ATIOJHEHBI (2
SJIEKTPOHA HA TEPBOM U 8 DJIEKTPOHOB HA BTOPOM OBOJIOYKAX). 11 2JIEKTPOH
PACTIOJIATAETCSI HA TPETBEN OBOJIOUKE (M-OBOJIOUKE), 3AHUMA Sl HAMHU3ILIEE COCTOSIHUE
3S. HatPueEM OTKPLIBAETCS 111 TIEPMOJT IEPUOJIMUECKOI CUCTEMBI.



I'Iepuop,wqecxaﬂ CUctemMma J3JieMeHTOB
onpepgefndeTt Ansa Kaxnoro arfieMeHTa.

-TUI U 3apsj 3aps>KEHHOM YaCTHIIbI (MOHA),

-TUTIBI XUMUYECKNUX COCIMHEH M, B KOTOPBIE
MOTYT BCTYHNAaTb arOMbl JAHHOI'O BJIEMEHTA, T.C.,
10 CYTH, XUMHUYECKHE (POPMYJIbI MOJIEKYII,

-TUTILI XUMUYECKUX CBA3€1, KOTOPBIE MOI'YT
peaIM30BaThbCS B TUIIAX MOJIEKYII,

-TUTILl XVMMUWYECKUX peakiini, B KOTOPHIE
MOKET BCTYIIaTh JTAHHBIN JICMEHT.




— HAMMEHBIIIAS YACTHUYKA BEIIECTBA, CIIOCOBHASA
OITPEJIEJISATH ETO CBOMCTBA 1 CYIHIECTBOBATH CAMOCTOSITEJILHO.

- BUJ] B3AUMOJIEMCTBUS MEXIY ATOMAMU U
ATOMHO-MOJIEKYJISIPHBIMU YACTULIAMU, OBYCJIOBJIEHHBII COBMECTHbBIM
HMCIOJIB30BAHUEM HX DJIEKTPOHOB.
CVYLLECTBYIOT KOBAJIEHTHBIE, OJISIPHBIE, MOHHBIE 1 MOHHO-KOBAJIEHTHBIE

XUMUHNYECKUE CBA3U.
XUMHWYECKAA CBA3b ITPEJICTABJIIET COBOM OJHO U3 ®YHJAMEHTAJIBHBIX
OU3NYECKNX B3AMMOJENCTBUN — DJIEKTPOMATHUTHOE.

- OIIPEJEJEHHOE BEHIECTBO, COCTOAIIEE
N3 OJHOI'O NJIM HECKOJIbKUX XUMHNYECKUX
9JIEMEHTOB, ATOMBI KOTOPBIX 3A CUET B3AUMOJEMCTBUSA JIPYT C JIPYTOM
OFBEJIMHEHBI B YACTHUILY, OBJIAJAIOIIYIO YCTOMYNBON CTPYKTYPOM:.
MOJIEKYJTY, KOMITJIEKC, MOHOKPUCTAJIJT WJI1 MHOW ATPETAT.




KoHUENIMS XUMUYECKUX COEJIUHEHUIA.




MOJIEKYIbI MOT'YT COAEPXATDb ATOMBI TOJIBKO OJHOI'O JJIEMEHTA, B
OTOM CIIVUHAE TAKHE BEIIECTBA HA3BIBAIOTCA

BEH_[ECTBA, MOJIEKVJIbI KOTOPBIX COCTOAT N3 ATOMOB PA3HbIX
OJIEMEHTOB, HA3BIBAIOTCA NJIN
, HAITPUMEP: COEJUHEHN A PA3HbBIX DJIEMEHTOB
COEJIMHEHUI C KUCJIOPOJOM HA3BIBAIOTCS OKCUJIAMU, C ®TOPOM —
OTOPUJAMU, C XJIOPOM — XJIOPUJAMU.

BCE XUMWYECKUE COEIMHEHMA OBBEINMHEHLBI B KJIACCBI, 1 HA3BAHUA
COEJIMHEHUI PA3HBIX KJIACCOB OITPEJIEJISIETCS COITTACHO

MEXJITYHAPOIHBIM CTAHJIAPTAM HOMEHKJIATYPBI XUMWYECKUX
coegmHEnnit MHOITAK.




TPAIMILIMOHHO XVMUYECKUE COEJVHEHUS TOJPA3IEJISIIOT HA
— COEJIMHEHMS BCEX DJIEMEHTOB
[TEPMOIMYECKON CUCTEMBI - U — COEJIMHEHUS
VIJIEPOJA Y HEKOTOPBIX JIPYTHX DJIEMEHTOB, B KOTOPBIX
ATOMBI YIJIEPOJA COEJIMHEHBI MEXY COBOI B LIEITU
(COOTBETCTBEHHO O®OPMMINCH ®YHIAMEHTAJILHBIE
HATIPABJIEHUST XUMWYECKOI HAYKHU — HEOPTAHUYECKASI U
OPTAHUYECKASI XUMUS).

BCEro XMuMMUECKNX COEQUHEHUN HA HACTOSILI MOMEHT
WM3BECTHO HECKOJIbKO MWJIJIMOHOB, W UX KOJIMYECTBO
TTOCTOSIHHO PACTET 3A CYET CUHTE3A HOBBIX OPTAHUYECKIX
COEJIVTHEHUI.

B HACTOSIIEE BPEMS U3BECTHO 114 SJEMEHTOB,

A YHMCJIO OBPA3YEMBIX MU ITPOCTBIX BEILIECTB
okoJj10 400.




XUMHUUYECKAS PEAKIIMA, EE CKOPOCTb, KHHETUKA U KATAJIAU3,
BUOKATAJIN3ATOPBI

JIJIs1 YCTAHOBJIEHUSI COCTABA XUMWYECKHX COEJIMHEHWIA OYEHB
BAXEH
TEOPETUYECKM 3AKOH ITOCTOSSHCTBA COCTABA OBOCHOBAJI
AHITIMACKUI ECTECTBOUCHBITATENL J1.JIAJTBTOH B CBOEM
3HAMEHUTOM 3AKOHE KPATHBIX OTHOIIEHUIA:

B Ero 4ECTh BCE XUMWYECKUE COEJIMHEHMS TIOCTOSSHHOIO
COCTABA (A MX TIOJABJISIOIIEE BOJILIIMHCTBO CPEIU BELIECTB)
HA3BIBAIOT JAJILTOHUJAMMU.




— PA3JIEJI XUMNH, B KOTOPOM
PACCMATPUBAIOTCA MACCOBDLIE NJIM OBbEMHDBIE
OTHOIIEHWA MEXIY PEATMPYIOIIMMU BEIHIECTBAMMN.

3AKOHBI CTEXVOMETPUM TAKXKE HEIPEJIOXKHBI, KAK U
JIIOBBIE JIPYTUE ECTECTBEHHOHAYYHBIE 3AKOHbBI, KPOME
TOT'O, UX 3HAHUE OYEHbD ITOJIE3HO JJISI TIPUKJIA JHOM
XUMUH, TIOTOMY UTO I103BOJISIET KOJIMYECTBEHHO
PACCUUTATD BBLIXOJI XMMWUYECKOU PEAKIIUU U
HEOBXOJIMMOE KOJUYECTBO UCXOJHBIX BEIECTB.




HPOLIECC [TOJIVYEHUS HOBBIX XUMUYECKUX COEIUHEHUU C
YYETOM CTEXMOMETPUYECKUX COOTHOIIEHNN OBBIYHO
3AIINCHIBAETCSI B BUJIE YPABHEHHMSI XUMHNYECKOM PEAKINNA,
HAITPUMEP.

oHCL + 2HNO3 = 8CL2 + 2 NO + 3H20
['JIE

-XUMUYECKUE ®OPMVJIbI CJIEBA OT 3HAKA PABEHCTBA
OBO3HAUYAIOT MCXOJIHBIE BEIECTBA,

-XUMUYECKUE ®OPMVYJIBI CITPABA OT 3HAKA PABEHCTBA
OBO3HAUAIOT MMPOAYKTHI PEAKIINH,

-ITU®PEI TIEPEJ] ®OPMYJIIAMU XUMWYECKNUX COEJMHEHUN
SIBJISIIOTCS T.H. CTEXUOMETPUUECKUMU KODOOULIMEHTAMU, OHU
PACKPBIBAIOT MACCOBBIE (MJTM1 OBbEMHBIE) COOTHOIIEHUS
BELLIECTB.




B YPABHEHUM XUMMWYECKOI PEAKLIMU HALIEJI CBOE OTPAXEHUE
EILIE OJNH BAXXHBI ®YHIAMEHTAJIBHBINM 3AKOH
ECTECTBO3HAHUS — 3AKOH COXPAHEHUS BEILIECTBA, OTKPBITbIN
BEJIMKUM PYCCKMM YYEHBIM M.B,JIOMOHOCOBEIM 1
HE3ABUCHUMO OT HEIO BEJIMKUM ®PAHIIY30M A.JI.JIABYA3LE.
MMEHHO B COOTBETCTBUU C TUM 3AKOHOM U TIOJIYYAETCS
MATEMATHUYECKOE BBIPAXXKEHUE — YPABHEHUE, T.E. MACCA
JIAHHOI'O DJIEMEHTA CJIEBA OT 3HAKA PABEHCTBA JIOJDKHA BbITh
PABHA MACCE 3TOI'O KE DJIEMEHTA CIIPABA OT 3HAKA
PABEHCTBA, A CTEXUOMETPUUYECKUE KOSOOULTUEHTHI
VPABHUBAIOT (XUMHWUYECKUI, A HE TOJIBKO MATEMATUYECKUIA
TEPMUH!) TAHHYIO PEAKLIMIO.




[TPOHUKHOBEHUE MATEMATHUYECKUX TTOHSITHIA,
BLIPAYKEHUI, TEPMUHOB (YPABHEHISI, KOD®OUIIMEHTLI) B
HAYKY XMMUIO, CMEILEHUE TEPMUHOJIOTUII O3HAYAET, UT
HA BAYXXHOM MCTOPMYECKOM DTAIE ®OPMUPOBAHUS XUMU
KAK HAVKHN (XVIII-XIX BEKA) OHA PA3BUBAJIACH B
COOTBETCTBUU C HAYYHO TTAPAUTMOI TOI'O BPEMEHU —
KJIACCUYECKOUM MEXAHUKOI. IIPUMEHUTEJBHO K XUMUU
OTA TIAPAZJUTMA MOTJIA Bbl BbITh BBIPAXXEHA CJIEAYIOIIM
OBPA3OM: JIIOBOI 3AKOH MPUPOMABI MOXKHO TPEJICTABUTH B
BUJIE MATEMATUYECKOTO COOTHOILEHUS,
3ATIMCBIBAEMOT'O C YUYACTHUEM
XUMUYECKUX ®OPMVIL.




ElE OMH MHTEPECHBIN CJIYYAN ITPOHUKHOBEHNS
KJIACCUYECKOI'O HbIOTOHOBCKOI'O MOJXOJIA B XVMUIO —
. N g
BBIUNCJIEHUS CKOPOCTU XUMMWYECKUX PEAKLIMI BbUIO
HCIIOJIb30BAHO HbIOTOHOBCKOE IIPEJICTABJIEHUE O BPEMEHU
KAK HE 3ABHCSLIEN OT CBOMCTB BELLECTBA U ITPOCTPAHCTBA
[IPOCTON JUIMTEJIbHOCTHU.
IIPOLIECC XUMUYECKOI PEAKIIMM MOXHO PACCMATPUBATbH KAK




COBPEMEHHBIE KBAHTOBBIE [TPEJCTABJIEHMA O XUMHWYECKUX
I[TPOHECCAX PACCMATPUBAIOT XUMHNYECKYIO PEAKIINIO KAK

B paMKAX
STUX MPEJCTABJIEHUN KIIACCUYECKAS CKOPOCTb PEAKLIUI HE
MMEET CMBICJIA, T.K. KAXIOE HOBOE DHEPIETUYECKOE
COCTOSIHUE PACCMATPUMBAETCS B PAMKAX ITPOCTPAHCTBEHHO-
BPEMEHHOI'O KOHTUHYYMA, U IIEPEBOP SHEPIETUYECKUX
COCTOSIHUY TTPOJIOJDKAETCS 10 JOCTWXXEHUS HAUBOJIEE
SHEPTETUYECKU BBITOIHOIO.




3AKOHOMEPHBIM DTAIIOM ITPUMEHEHMS 3HAHUI OB
YCIOBUAX TTPOTEKAHUA XUMHWYECKHUX TTPOLHECCOB CTAJIO
PASBBUTUE HAYKHU O TOM, KAK MOXHO HA HMUX OKA3LIBATDH
BJIVSIHUE U UMU VIIPABJISITb. TAKASI HAYKA TTOJIYUYWIIA
HA3BAHUE B KOTOPOM TAKXE
HANIIJIA OTPAJKEHUE KIIACCUYECKAA TTAPAJIMTMA — BEJ/Ib
KNUHETUKA 3TO HAYKA O ABM)XXEHUMN.




BEIIECTBA, KOTOPBIE IIPU JIOBABJIEHMH
K PEAKLIMOHHOM CMECHU CITOCOBHBI
VBEJIMYUTH CKOPOCTb PEAKILIVH,
TP DTOM CAMHU OHU OCTAIOTCSI HEU3MEHHBIMU (HE
MEHSIOT CBOW COCTAB)

HA3BIBAIOTCSI : T.E.
VCKOPUTEJIN , A UX IIPUMEHEHUE — KATAJIU3
BEIECTBA, 3AMEJUISIFOLIIVME HEKOTOPBIE
HEXEJIATEJIbHBIE XUMWUYECKHUE ITPOLIECCHI (HAIIPUMEP,
TOT XKE ITPOLIECC KOPPO3UM METAJUIMYECKOI'O XKEJIE3A)
HA3BIBAIOTCSI , T.E. 3AMEJUIMTEJIN.




CTPYKTYPHAS XUMHUS
TEPMUH «CTPYKTYPHAS XMW YCJIOBEH.

B HEM ITIOJPASYMEBAETCA TAKOU YPOBEHb XUMUNUECKUX
3HAHI/H7I, [IPU KOTOPOM, KOMBHUHUNPYI ATOMBI
PA3JIMYHbBIX XUMUWYECKUX 2JIEMEHTOB, MOXHO CO3JATbH
CTPYKTYPHLBIE ®OPMVIJIBI JIOBOI'O XNUMHWNYECKOI'O
COEJIMHEHMNM . BO3HUKHOBEHUE CTPYKTYPHOU XUMUU
O3HAYAJIO, YTO ITOABUIIACH BO3MOXHOCTD JJIA
LHHEJIEHAITPABJIEHHOI'O KAUECTBEHHOI' O TIPEOBPA3SOBAHIA
BEILIECTB, JJId CO3JAHUA CXEMBbI
CHUHTE3A JIFOBbIX
XNMHNYECKHUX COEI[I/IHEHI/IPI,

B TOM YUUCJIE U PAHEE HEMU3BECTHBIX.




OCHOBBI CTPYKTYPHOM XHMMWHU BbIJIA 3AJIOXKEHBI XK.
JIAJTBTOHOM, KOTOPBII [TOKA3AJI, YTO JIFOBOE
XUMUWYECKOE BEIIECTBO IPEJICTABJISIET COBOIA
COBOKYITHOCTb MOJIEKYJI, COCTOSIIMX U3 OIPEJEJEHHOIO
KOJIMYECTBA ATOMOB OJIHOI'O, JIBYX WJIM TPEX
XUMUYECKUX AJIEMEHTOB.

3ATEM U.-A. BEPHEANYC BBIABUHYII UJEIO,
YTO MOJIEKYJIA TIPEJICTABJISIET COBOU

HE IIPOCTOE HAI'POMOXJEHUE ATOMOB, A
OIPEJIEJIEHHYIO YIIOPSIZIOYEHHYIO
CTPYKTYPY ATOMOB, CBSI3AHHBIX

MEXIY COBOU

IEKTPOCTATUYECKUMU CUJIAMM.






— YCTONYUBAS COBOKYITHOCTbD
SAIPA 1 OKPYXXAFOIIUX ET'O DJIEKTPOHOB, HAXOIAIINXCSA
B DJIEKTPOMATHUTHOM B3ANMOJIECTBUU
JIPYT C JPYITOM

— COYETAHUA
OI'PAHMYEHHOI'O YUCJIA ATOMOB, UMEIOHINX
3AKOHOMEPHOE PACITOJIOXKEHUE B ITPOCTPAHCTBE U
CBSA3AHHBIX JIPYT C JIPYTOM XMMHMYECKOHN CBS3BIO C
I[TOMOILIBIO BAJIEHTHBIX 2JIEKTPOHOB.




VYEHUE O XUMWYECKHUX IIPOLECCAX.

TPETHIT YPOBEHb XUMHUYECKOI'O 3HAHUSL.

HOI[ BJIMSTHUEM HOBBIX TPEBOBAHUM ITPOM3BOJCTBA
BO3HHUKIJIO YUEHUE O
XUMHNYECKHUX TTPOLHECCAX,

B KOTOPOM YUUTBIBAETCAH
M3MEHEHUME CBOMCTB BEIIIECTBA [TO/1
BJIMAHUEM TEMIIEPATYPbBI, JJTABJIEHIM A, PACTBOPUTEJIEN
N JIPYTUX ®AKTOPOB.




OBJIACTb HAVKH,

B KOTOPOI OCYIIECTBJIEHA

HAWBOJIEE IJTYBOKAS MHTEIPALIMS

OU3NKU, XUMUU 1 BUOJIOT U,

B OCHOBE ATOro VUEHHS HAXOIITCS XUMUYECKA S
TEPMOJIMHAMUMKA U KUHETUKA,

Y OHO B PABHOU CTEIIEHU
[TPUHAJJIEXKUT ®M3UKE U XUMUU.

OaHMM 13 OCHOBOIIOJIOXKHUKOB

STOI'O HAYYHOI'O HAITPABJIEHMSI

CTAJI pycckuil xumMuk H.H. CEMEHOB,

OCHOBATEJIb XUMHWYECKON ®U3NKU.

YUYEHUE O XUMUYECKUX [POLIECCAX BA3UPYETCS

HA UJIEE, UTO CIIOCOBHOCTbH K B3AMMOJIEMCTBUIO PA3JIMYHBIX
XUMHNYECKNX PEATEHTOB OITPEJEJISIETCSI KPOME BCEI'O IIPOYEIO U
YCJIOBUSIMM ITPOTEKAHUSA XUMUWYECKUX PEAKIII, KOTOPBIE MOI'VT
OKABBIBATH BO3JIEUICTBUE HA XAPAKTEP U PE3VIIBTATHI
9TUX PEAKIINH.




dran1y3ckuii XxuMuk A. JIE HIATENRE B KOHIE XX B.
COOPMYJIMPOBAJT ITPUHIIUII TTOJIBUKHOI'O PABHOBECHSI, OBECITEUNB
XUMHUKOB METOJIAMU CMEILEHUSI PABHOBECUSI B CTOPOHY
OBPA3OBAHUS LIEJIEBBIX ITPOJIYKTOB. DTU METO/Ibl YIIPABJIEHUS U
MOJIYUYWIN HA3ZBAHUE TEPMOAUHAMUYECKUX.

KAXIAST XUMUUECKAS PEAKIMS B [TPUHLIUIIE OBPATUMA, HO HA
MTPAKTUKE PABHOBECUE CMEILIAETCS B TV WIX UHYIO CTOPOHY.
DTO 3ABUCHUT KAK OT IIPUPOJIbI PEATEHTOB, TAK U OT YCJIOBUII
MPOLIECCA. ITPU BBLICOKOM JABJIEHUN CWJIBHO MEHSIOTCS
®U3NYECKUE U XUMUUYECKUE CBOMCTBA BEIIECTBA. HATIPUMEP,
1PU JABJIEHUN 20 000 ATM. METAJUI CTAHOBUTCSI DJIACTUYHbBIM,
KAK KAVUVYK.




MNpuHuun Jle-lWarensbe

Ecam Ha cucTemy, HaxoAALLYIOCA B
COCTOAIHMM PaBHOBECUA, OKa3aTb
 BHElWHee BO3AencTBMe, TO
cucTema nepenaer B apyroe
COCTOAHME TaK, 4TOObl YMEHbLWUTL
appeKT BHELWHero Bo3AencTBus.,

- AHPU NYW NE WATENLE.

8 oktabpn 1850 r.— 17 centabpn 1936 . |

MONOXKEHNE XMMHYECKOro
PaBHOBECHA 3aBUCHT OT CAGAYIOLMX
NapameTpos peakumm:
Jremnepartyps,

Jaasnenus

JkoHueHTpauum. @ MyShared




JNlanHyc Kapn MosinHr — ame pyukaHCcKum

XUMUK

[lepBbIN YYEHbLIN, KOTOPbIN
CMOTr yCrneLwHo npeackasarb
BTOPUYHYIO CTPYKTYpY GESIKOB.

B 1954 roay «3a
nccnenoBaHus npupoabl
XUMWNYECKON CBSA3N U ee
NPUMeHeHUa ons
onpeaesieHUsa CTPYKTypbl
coeIMHEHN» Bbl/1 YOOCTOEH
HobeneBCcKon Nnpemun.

28 theBpand 1901 r. —
19 aBrycta 1994 r.



HoGeneBckas mpeMus M0 XUMHH €KETOAHO MPHUCYKIACTCS
maunHasg ¢ 1901 rogna.

[IepBbiMm staypeatom B 1901 rogy crai rojajga”aCcKAM
YUYEHbIN

C 1901 roga o HacTosiiiee Bpems BpydueHo 168
HoOeneBckux npeMuii 1o XuMHuu.

HoOeneBckumu naypearamu ctaiau 171 dyenoBek
(anrmuiickuit yueHsrii @penepuk CeHrep SBISICTCS
CIMHCTBEHHBIM B UCTOPHH HArPKACHUS, TOJTYUUBIIAM
nBe HobGenesckue npemun — B 1958 u 1980 rogax).
HoGeneBckas mpeMusi 10 XMMHHM HE Bpydajlach BOCEMb pa3
— B 1916, 1917, 1919, 1924, 1933, 1940, 1941 u 1942

rogax.




3a UCTOPHUIO BPYUECHHUS ITPEMHUU TTO XUMHUH CaMbIM MOJIOJIBIM
naypearoM B 1935 roay cran QppaHIly3CKUA yYCHBIN
Openepuk Konmmo-Kropu, KOTOpOMY B IOl BpyUECHHUSA
Harpajabl UCIIOJHUIOCH 35 JIET.

CaMbIM BO3pPACTHBIM JIaypeaToOM SIBJISIETCS aMEPHUKAHCKHUHI
yueHbI J>koH bennert ®enH, noayuuBmmi B 2002 rogy
Harpaay B Bo3pacte 89 JIET.




HooOeneBckue jaypears! o ¢pusuke:, Boixoausl u3 CCCP u PO

1958 rop - [TaBen YepenkoB, Mnbsa @pank u Urops Tamm, npemus 3a OTKPbITHE
u ucronkoBanue "¢ dekra Yepenkona'.

1962 ron - JleB Jlannay, mpeMus 3a OCHOBOIIOJIararoliue TeOpuu
KOHJICHCUPOBAHHOW MaTepuu, B 0COOCHHOCTHU >KUJIKOTO TeJIusl.

1964 ron - Hukomnait bacoB u Anekcanap [Ipoxopos, npemus 3a
dbyHIaMEeHTalbHBIE PA0OTHI B 00J1aCTH KBAHTOBOM 3JIEKTPOHUKH, MPUBEIINE K
CO3/IaHUIO0 TEHEPATOPOB M YCUJIMTEEH Ha OCHOBE MIPUHIIMIIA Ma3epa-jiazepa.
1978 rop - Ilerp Kanuua, npemus 3a ¢pyHaaMeHTAIbHBIE H300PETCHUS U
OTKPBITHUS B 00J1aCTH (PU3HUKU HU3KUX TEMIIEpaTyp.

2000 rox - XKopec Andepos, npemMus 3a padOThI MO MOTYUYECHUIO
MOJIYTIPOBOAHUKOBBIX CTPYKTYP, KOTOPBIE MOTYT OBITh UCITOIb30BAHBI IS
CBEPXOBICTPBIX KOMITBIOTEPOB.

2003 rox - , IpeMus 3a
MMUOHEPCKUM BKJIaJl B TEOPHIO CBEPXITPOBOJTHUKOB U CBEPXTEKYUMX KUJIKOCTEH.
2010 rogx - (Berxonrs! u3 Poccun,

paboraroiiue B BeaukoOpuranun) "3a HOBAaTOPCKHE SKCIIEPUMEHTHI 110
HCCIICOBAHUIO JIBYMEPHOIO Marepuaja rpadenHa’.




HooOeneBckue Jiaypearsl 10 XUMUM:

1956 roa - Hukomnait CeMeHOB, TpeMHUsl 3a UCCIIEA0BAaHUS B 00JIaCTH MeXaHH3Ma
XAMHAYECKUX PEAKIUM.

1977 ron - Wnws [puroxkun (Oenbruiickuii 1 aMepUKAHCKUN YYCHBIHN, BHIXOICII
u3 Poccun) npemus 3a uccieqoBaHus B 00JIaCTH HEPaBHOBECHOM
TEPMOJMHAMUKH, B YaCTHOCTH, TCOPUM JUCCUTIATUBHBIX CTPYKTYP.




DBOJTIOIIHOHHAS XHMHUA.

YETBEPTBIN YPOBEHb XMMUUYECKOI'O 3HAHUS. B 60—70-E 1T.
XX B. MOSIBUJICS YETBEPTBIN CIIOCOB PELIEHUSI OCHOBHOI TIPOBJIEMBI
XUMUU, UCIIOJIB3YIOUMIA B TTIPOU3BOJICTBE MATEPMAJIOB CAMBIE
BbICOKOOPTAHU30BAHHBIE XUMWYECKUE CUCTEMBI, KAKUE TOJIBKO
BO3MOYKHbI B HACTOSIILIEE BPEMSI.

B OCHOBE 2TOro CrtoOCOBA JIEXXWT IMTPUHLIMIT UCITOJIG30BAHUS TAKIX
VCJIOBUI, KOTOPBIE TTIPUBOJIAT K
CAMOCOBEPIIIEHCTBOBAHHIO
KATAJIN3ATOPOB XUMHUUYECKHX PEAKIIMIA, T. E. K CAMOOPTAHU3ALIMN
XUMUYECKUX CUCTEM. B cymocTn,
PEUb UJIET OB UCIIOJIb30BAHUU XUMUYECKOI'O OITBITA JXMBOI ITPUPO/IBI.
OTO CBOEOBPA3HAS BUOJIOIM3ALIS XUMUU.




HOI[ OBOIOMOHHLBIMU TTPOLHECCAMU B XMUMHNNU T[TOHUMAIOT TTPOLECCHI
CAMOITPON3BOJIBHOI'O (BE3 YUACTHUA [IEHOBEKA) CHUHTE3A HOBbLIX
XUMHWYECKNX COEJJMHEHMM, SABJISAIOIIMXCS BOJIEE CJIOXHBIMU U

BBICOKOOPTAHN30OBAHHLBIMU TTPOJJYKTAMUA 110 CPABHEHUIO C NCXO/JIHbBIMUA
BEHIECTBAMMN.

B XX BEKE B CBETE OBILIUX PBOJIOIIMOHHLIX ITPEJCTABJIEHUM
B ECTECTBO3HAHNU PA3BUBAETCA HOBAA HAYKA —
, HAYKA O CAMOOPI'AHU3AIIMNU N CAMOPA3BUTNN XUMHNYECKNX
CUCTEM.

B PAMKAX 3BOIOIMOHHON XUMUHN U3YYAIOTCS TTPOLIECCHI
CAMOITPOM3BOJIBHOT'O CUHTE3A HOBBIX XMMUWNYECKHX COEJUHEHUNA,
ABJAIOIIMXCA BOJIEE CJIIOXKHBIMU N BBICOKOOPTAHU30OBAHHBIMUA
I[TPOAYKTAMMU 110 CPABHEHHNIO C UCXOJIHbIMHA
BEHIECTBAMU.




* XUMNHECKUE 3JIEMEHTBI *

B HacTosllee Bpems U3BECTHO Dosiee 114 XUMNYECKUX
3/1IEMEHTOB, HO YCTOMYMBBLIMU ABAAITCA TOSILKO 83

3/1emeHma, ocTasibHble /MO0 He CYLLEeCTBYHOT B
npupoge (NoaToMy Ux NosayvatoT NyTeEM
paanoakTUBHOIO CUHTE3a), IMBO eCTECTBEHHO
paayoakTUBHbI, TO ECTb CAMOINPOU3BOJILHO
peBpallarnTcd B Apyrue XMMUYeckmne a/IeMeHThI C
U3Iy4EHNEM SHEPTUN U 3NIEMEHTAPHbIX YacTuLl.
[laHHblE 0 XMMUYECKUX 3/1IEMEHTax cobpaHb! B
[lepuoanyeckon cucteme [./1.MeHgeneesa (1869

rof).

PPt4WEB.ru



OCHOBY JXMBBIX CUCTEM COCTABJISIIOT TOJIBKO LIECTh JIEMEHTOB, ITOJYUYMBIINX
HA3BAHUE OPTAHOI'EHOB!:
vrepof - C, Bonoron - H, xucinoron - O, a3ot - N, eocoop- P,
CEPA-S - OBILIASI BECOBAS JI0JI KOTOPBIX B OPTAHM3ME COCTABJISET BOJIEE 97
%.

3A HUMU CJIEAYIOT 11 DJIEMEHTOB, KOTOPBIE IIPUHUMAIOT YYACTUE B IIOCTPOEHUN
MHOTIUX ®U3UOJIOIMYECKU BAXKHBIX KOMIIOHEHTOB BUOCUCTEM:
HATPMIA - NA, kammit - K, kansimit - CA, MarHmit - M@, XEnE30 - FE, kPEMHAMIT - SI,
amomunuit - AL, xiop - CL, MEJB - CU, UHK - ZN, KOBAJBT- CO. VX rcopas
JIOJIS1 B OPTAHIUBME — 1,6 %.

Ectb EIIE 20 2IEMEHTOB, YYACTBYIOIIMX B HOCTPOEHUU U ®OYHKLIMOHUPOBAHUU
OTJIEJIbHBIX CHELUOUUYECKUX BUOCUCTEM, JOJIS1 KOTOPBIX COCTABIISIET 1 %. YUACTHE
BCEX OCTAJIbHBIX IEMEHTOB B IIOCTPOEHUU BUOCUCTEM IMPAKTUYECKU HE
3AOUKCHPOBAHO.

M B ABMOTMYECKOI CPEJIE ECTb CBUJIETEJILCTBA OB OTBOPE JIEMEHTOB. BOJIEE 99 %
BCEX IIPUPOJIHBIX COEJVUHEHUI COAEPXAT TE XXE 17 2JIEMEHTOB, HA JOJIO BCEX
OCTAJIbHBIX TIPUXOAUTCSI MEHEE 1 % COEJIMHEHUIA.




buoreHHble a/ieMeHThbl

® BUoreHHble 3/1eMEHTbI — XUMUYECKNE 3MTEMEHTbI
KOTOpble BXOAAT B COCTaB K/IETOK 1 BbIMOSTHAKT
éunonornyeckme dpyHkumm (H, O, N, C, P, S)

Monekyna cepoToHUHa,
CEKPETHbI KOJ, CHACTbS




0
63%

Hpyrie
".'0 ‘c 4 ( H ] l,

TEMNMNEPATYPHBI KMUINEHWMSA PA3SITMYHHDBIX BELL.lECTB nerua HOPMAﬂbHOM
ATMOCDDEPHOM OABNEHWNMWM (B A Fa | V15

Bewecreo Touyxka KxumnewHnma

Bewugecrso Touxka <mneHus

AzOoT >xuaKua 3 —196 rMMmuuepns | 290
ArMmMmumax XMoaKvie —-33.5 >Keneszo | 2450
Bernzon | 80.5 Kncnopom >XmuaxKme —183
Bpomm ! s9 na 300
Bona ! 100

Bonnopon »xmnaxme I —253 Yronexmcnora reepaan

FNennm xnaxkmea —269 BO3IroHAEeYTCs Npw = A I

XUMIVIMHECKAS PACINPOCTPAHEHHOCTDE 3NEMEHTOB

KurimvinmuecKkme INemeHThY pacnono»(enbt = nopﬂnxe y6blBaHb1ﬂ XM MIHEeCKOM

PacnpocrpaHéeHHMocTs (7

ITOMMHOT 11 s 8 IeMmHMOoOl Kope

1. O S5.00 9. K l 1.700 17. N 0.02S50 S50 Sy 0.0029
2z - Si 16,3S 10. Ti —oasz2 18. Ui 00,0160 26. Cu 0.0028
3. H i 15.52 13" 0.129 19. Cr 00,0064 Oy e 2 0.0015
a. Al 4.99 12. 'l 0.095 20. Rb ~ 0,0060 28. Co C.0012
5. Na 2.03 13. P 0.052 AN SR 00099 29. Be 0.0011
6. Ca $ 1.S0 4. MmMn | 0O.028 22Ty - 0,0040 30. B 0.0006
7. Fe ! 1.49 155 S 0.027 23. Ba 0,0034a

8. mg _1.42 165, _E 0,026 24. nNi - | 00,0032

Vl TOoro 99,99

26. OCTanuHbIe INemMeHTn: (8 cysmme) — 0,01 arome. 26




3/IEMEHTOB Ha 3em/e
Kpemuuii 26,00 % 02’ 03,
AnijHH"a 7.45%
H,0,
enezo 4,20 %
Kanbumit 3,25 % 30

Harpwit 2,40 %
Kami1 2,35 %
Marwmii 2,35 %
Bogopog 1,00 %

Ocransmbie 2% |

!(urndep, 49,13 %




«réem, U3 NoocseyHUKa»,- _
mseyaem omeuy. [Joxoa/ics OH,
Koz2da YepHas oKa/luHa Ha ,
nodcseY4YHUKe NOABU/IaCh, COCKpeO

ee u B8 Kucsiomy Bpocus-cmar
CUHUM pacmsop,; bpocusn
wenomky coobl- Bbinas
3e/1eHosambIl ocadok; dobasus
e0KyH We/104b- U COBCEM CUHUM
cmavs1 ocadoK sHympu. Bbicywusn
OH 3MmY/ CMecCb, BbIW/1a KpacKa
ousHoU Kpacomsl. Hem He
dpazoyeHHocmb?




