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OT aBTOpPOB
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[TpuBetcTBYeM TeOs1, JOporo unrtaresb! B pykax THI IepKUIb KHUTY, B KOTOPOW pacCKasbl-
BaeTCs O TOM, U3 KaKMX XUMHUYECKHX JIEMEHTOB COCTOMT OKPYKAIOIIUI HAC MUP, 00 UX CBOMCTBAX,
0 TOM, T10 KaKOMY TIPUHITUITY OHU pacIiojioKeHbl B Tabuiie MeHzeeeBa, yAMBUTEIbHbIE HCTOPUH UX
OTKPBITUS ¥ MHOTOE Ipyroe. BMecTe Mbl orpy3umcs B TpeKpacHbIid MUP XUMUH U C/IeIaeM aKIICHTHI
Ha CaMBIX WHTEPECHBIX, CAMBIX BaXKHBIX U CAMBIX HEOOBIUHBIX SIBJICHUSIX, C KOTOPBIMU MBI MOXEM
BCTPETUTHCS TTPU U3YICHUN XUMHH.

Her, 310 He 3aHYIHBIN IIKOJBHBIA YIEOHWK — ropasno jydiie! DTa KHUATA CTaHeT JJIs TeOs
TIEPBBIM CEPhE3HBIM, HO TIPU TOM JIETKUM ITIarOM B MUP CaMOW YIUBUTEILHOUN 1 TIPEK PACHOW HAyKH —
XuMud. Bes oHa IpUCyTCTBYeT BO Beex cdepax Hallel )KU3HH, a Mbl 00 9TOM Jiaxe He 3ayMbIBa-
eMcHl.

Jla, y MHOTMIX BO3HHMKAIOT ITPOOJIeMbI C XMMHUEH, HO MBI IIOCTapaeMcs C/IeIaTh TaK, YTOObI TBOE
MyTeIeCTBUE Yyepe3 3Ty KHUTY ObLIIO MAaKCUMAJIBHO KOM(POPTHBIM U MOJIE3HBIM. [IJTs1 5TOr0 Mbl 00b-
SICHUM TeOe BCe TEPMUHBI, ¢ KOTOPHIMH ThI MOKEIIIb BCTPETUTHCS BIICPBBIE.

JlanHas KHura HanucaHa AJiekca"ipoM VBaHOBBIM, co3jaTesieM W aBTOPOM IPOEKTa
«Xumus — npocto» 1 Uropem I'opaueM — OTBETCTBEHHBIM 32 HAYYHBI KOHTEHT B COIMAJIBHBIX
CeTAX MPOeKTa «XHUMHUSI — ITPOCTO». MBI OUeHb paJibl, YTO Y HAC €CTh BOBMOKHOCTb BMECTE C TOOOM
OKYHYThCsI B 9Ty BOCXUTHTEJIbHYIO HayKy. W He 3a0yjib nopncarhcs Ha Hamn YouTube-kaHal, rpyriy
BKOHTAKT€, a TAK)KE B PYTUX COIUAIIBHBIX ceTsaX. B KoHIle KHUTY Tl HalaEmb QR-KOIbI, C TOMOIIIBIO
KOTOPBIX ThI JIETKO HAWJEIIb HAIITA aKKAYHTHI:



N. B. Topmmit, A. b. BaHOB. «XWMUYecKkue JIeMEHThI»

youtube.com/c/ChemistryEasy
vk.com/chemistryeasyru

Hy Bce, ckopee nepesucThiBail cTpaHuIly ¥ unTaii gaibine! KHura cama ceOst He rpodrer!

P.S.: a mkonpHBIA yuyeOHUK caail B Makynarypy. beperu npupony!



1. B. Topmuii, A. b. lBaHOB. «XWMHYECKUe 7IeMEHTHI»

BBenenne

«Bcsi 2opdocmv yuumens 8 yuenuxkax, 6 pocme NOCEstHHbIX UM CEMSIH».
. H. Menoenees

Koraa Mbl TOBOpMM O XMMUH, TO B IIEPBYIO OUEpe/lb Ha yM HaM MPUXOAUT TaOIUIIA XUMHUECKHUX
anemeHTOB [Imutpus iBanHoBnua Menneneesa. B 1869 rony, B nepBoM ee BapuaHTe, OHa OTJIMYAJIACh
OT HbIHE CYIIECTBYIOIIEH. B Hell ObLIO MeHbIIIE JIEMEHTOB, TaK Kak MX ObUIO OTKPHITO Beero 63, a
ceiiuac B Tabnutie cogepxkurcs 118 snemenToB. [Ipruem nocieaHui U3 HUX MOMYYHIT CBOEe Ha3BaHKE
coBceM HezaBHO B 2016 rony B uects FOpus LlonakoBuya OranecsiHa.

[ToctenenHo Hayka pa3BuBaiach, U caM MeHeneeB MOIEpHU3MPOBAI CBOe TBOpeHue. bruin
OTKPBITHI MHEPTHBIE T'a3bl, U TaOIMIA TOMOJIHUIACH HOBBIMU 37ieMeHTaMu. Takxke Imurpuii BaHo-
BUY TIOMEHSIT PACIIOIOKEHHEe JIEMEHTOB B TaOJUIle U3 CTONONOB B cTpouku. [la-/ia, B caMmoM mep-
BOM BapUaHTe XMMHUYECKHUE JIEMEHTHI PacloNaraiyuch Mo cTono1aM, a He 1o CTPOYKaM, Kak Mbl IPH-
BBIKJIY.

DyieMeHTHl B TaOJIMIIE pacIoNiarajvch B MOPSIIKE YBEJIMUCHUs UX Macchl. Bomopon — camblii
JIETKWIA, 3HAYUT, OH CTOMT B HayaJie, 32 HUM MIYT BCE OCTaJIbHBIC OoJiee TshKesble ieMeHThl. Eciu
B3IJISTHYTh B CTapylo TaOJMIy ¥ B HOBYIO, TO MOXHO 3aMETUTh MTPUHIIUINATBHOE OTIINYKE, KOTOPHIM
TMOJTBb3YIOTCSI COBPEMEHHBIE JKeydeHble. B crapoil Tabiuile MHEpTHBIE ra3bl CTOST B MEPBOM KOJIOHKE
(XMMMKU Ha3bIBAIOT KOJIOHKU — IPYIIIIAMK), & B HOBOH — B mocieHei. JIoruka Oblia mpocTa: 31O ke
rasbl, 3HAYUT, OHU JOJIKHBI OBITH Jierde ocTaibHbIX. Bpose Obl oruyHo, Ho HeT. [1o 3Toil oruke Bee
9JIEMEHTBI B CaMOM Hauasie TaOJUIIb JOJDKHBI OBITh F'a3aMU, TaK KaK OHM caMble Jierkue. Hanpumep,
ra3000pa3HbIMU JIOJKHBI ObITh KAK MUHUMYM JIMTH, Oepusutuid, 60p, yriepoa. Ho 3to HeBepHO:
OHU TBep/ble TIPU OOBIYHBIX YCIIOBUSIX, & BOT CJIE/YIONIHE 32 HUMH a30T, KKCJIOPO, (PTOP M HEOH —
razooOpasnele. YyBCcTByeTe, YTO UTO-TO 3/1€Ch He Tak?!

Ha camom pere, jiorvka pacrioniokeHusi 3JIeMEHTOB B Tabiuiie Oblla He COBCEM TPABHJIBHOM.
Ho nipu aToMm, Bosielo ciydasi, OHa COBIaJIa C COBPEMEHHBIM MTPUHIIUIIOM PACHOIOKEHUS JIEMEHTOB
B Tabymmiie. Tem, KTO XoueT mogpoOHO pa3odpaThCst B JAHHOM BOIIPOCE, COBETYIO OTKphITh YouTube-
kaHan «Xumus — [Ipocto» 1 mocMoTpetsh Buneo «Ypok 1» u «Kak ronb3oBarbest Tabnmiein Menjie-
JeeBa». B HUX MbI TOCKOHATBHO Pa300paiy MPUHIUIT OCTPOESHU S TaOIUIIbI.



N. B. Topmmit, A. b. BaHOB. «XWMUYecKkue JIeMEHThI»

OnHako BKpariie BCe paBHO OTBETUM Ha BO3HHMKIIIME BOIIPOCH. PaHblle 371eMEeHTHl B TaduIe
pacrionarajauch B OpsiiKe yBeandeHus ux Macchl. Ho Torna He 3Hamm, Kak ycrpoeH arom. O0parute
BHUMaHME, YTO OH COCTOUT M3 sJpa U JEKTPOHOB. SIApo B CBOIO OYepe/ib COCTOUT U3 NPOTOHOB U
HEUTPOHOB.

B coBpemeHHO# TabuIIe 3IEMEHTHI PacHONIOKEHbI B TIOPSI/IKE YBEJIMUESHHUS KOJTMIECTBA POTO-
HOB B spe atoma. [loscHuM: B siipe moOoro atomMa BOIOPOa BCEra OAMH MPOTOH. B siipe atoma
reJivs BCeraa aBa npotoHa. Bo3bmeM 1000 Apyroii aieMeHT, HalpuMep MOJIOHHH, B ero siape 84
npotoHa. [TopsakoBbIii HOMEp 7IeMEeHTa paBeH KOJIMUYECTBY MPOTOHOB B spe ITOro 1eMeHTa. Bee
npocro! [oaToMy Bce MHEpPTHBIE ra3bl OTIIPABMWIIMCH B MOC/IEIHIO KOJIOHKY, TO €CTh rpymimy. Tak
KaK OKa3aJIoch, YTO, HAIlPMMEP, Yy aproHa B siipe BOCEMHAILATh IIPOTOHOB, & y XJIOpa CeMHaILATh
MIPOTOHOB, 3HAYUT, APTOH JIOJKEH HaXOIUThCS B TAOJIHIIE MOCIIE XJI0pa.

[Mo3npasstio, BB TOJBKO YTO MPOILIM MOJITO/IA IIKOJIBHOTO Kypca 3a 8 kiacc. Moxkere co0oit
ropauTbes!

B crnengyromye monroaa mKoIbHON XMUMHUM HAM OOBIYHO PACCKA3bIBAIOT, YTO KAKKE-TO TaM Jie-
MEHTBI UMEIOT [TOXOXKHE CBOKCTBA, UTO e1le caM JImurpuil ViBaHOBUY, 3HAs1 CBOMCTBA OIHUX JIEMEH-
TOB, MPe/CKa3bIBall CBOMCTBA Apyrux. OOBYHO B TaKMe MOMEHTHI y BceX BO3HMKaeT Bompoc: «Kak
OH 370 Aenan? OH 410, 9KCTpaceHC ?»

Ha camom penie Bce mpocto! MHaue Obl He OBLIO TAKOTO MPOEKTa, Kak «Xumus — [Ipocto».
Kak MBI yke cKa3aiu BblllIe, B aTOME, KPOMeE $pa, €lle €CTh EKTPOHBI. VX KOJIMYECTBO paBHO
KOJIMYECTBY IPOTOHOB B sIJpe M MOPsIIKOBOMY HOMepY eMeHTa B Tadnmue. ['1e ke onn Haxogsatces?
Ha camom fnenie 3Tu camble JIEKTPOHBI 10 CHX MOP HUKTO HE BUJEI U 3TO IUIof OyiHON (baHTa3un
ydeHbIX. Tak cyIiecTByIOT Ji1 OHM Ha camoM jene?! [laBaiite MOCMOTpUM BOKpPYT ceds. Y Hac ecTh
MOOWIIBHBIE TeJIe(hOHBI, KOMITBIOTEPBI, MBI €3[JMM Ha MAIlIMHAX, YUCTUM BOLY (PHIIBTPAMHU, JIETAeM Ha
camoJieTax, a 0co00 yIawIMBble BOOOIE B KOCMOC JIeTaloT. IJ1s1 BCero 3To He0OOXOANMBI pa3iIMyHbIe
Marepuaibl, KOTOpble co31aIi XUMUKU. He Mori ke oHM Tak ommoarhest ¥ CO3/1aTh CTOBKO BCETO,
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YeM Mbl KaX[IbIH IeHb TIOJIb3yeMcs U Bee 3T0 padotaer?! Koneuno e mornm. [lostomy cuutaercs,
qTo BHCKTPOHLI BpaJlIaIOTCH rae-T1o BOprF ;mpa aroMa. KOH@‘IHO, Thl CaM MOXKEIIb CTAaTb y‘{eHbIM
1 BCE TEePENPOBEPUTH WU TIOCBATUTH CBOIO KU3Hb TOMY, U4TOOBI cliejath (poTorpaduio IeKTPOHA.
W HaoOopoT 10Ka3aTh, YTO BCE OMMOAHCH. DTO TOYHO OyJET BETMYAUIITNM JTOCTHIKEHUEM Yeio-
BEYECTBA, a Thl Oy/elbh ero aBTOPOM.

Ha 3TOM MOMeHTe, KOHEUHO, HY)KHO YIIOMSIHYTh PO TEOPUI0 BEPOSITHOCTH, HO MBI XK€ He
U3BEPry, YTOOBI HAIIPATATH Balll MO3T TAKMM MaTepuajioM. Mbl 37iech COOpaMCh MOMyYaTh YI0BOIb-
CTBUE OT U3yY€HMs HAyKH B JierKoil (popme. 1o notom B BY3ax npenogasatenu Bam OyayT YuTaTh
CJIOXKHBIE JIEKIIMH, a Mbl — HE OHU. OIHAKO OTMETHUM, UYTO 3JIEKTPOH MOXKET HAXOAUTHCS T/I€ YTOIHO.
OH MOXEeT HaXOIUThCs OECKOHEUHO AAJeKO OT siipa aToMa MM, HA000pOT, OECKOHEUHO OJIM3KO K
APy, HO BEPOSATHOCTb TAKOIO HAXOXKAEHUS IEKTPOHA OECKOHEUHO Masa. To ecTh 3JIeKTPOHbI HaXo0-
ASITCS HA KAKOW-TO CTAIIMOHAPHOW «OpOUTE» HAJL SIIPOM, KaK KOCMUYECKHE CITyTHUKU. MOXHO naxke
npusecty B ipuMep JlyHy. OHa xe Toxe HaXOOUTCA Ha ONPENEIEHHOM paccTosiHuM oT 3emiu. He
yJIETaeT U He NajaeT Ha 3eMlo. Tak v JIeKTPOHBI.

IIpaBna rosops, mpupoaa cuil, KOTopble yaepkuBaloT JIyHy u 3emilio BMecTe, OTIMYATCA OT
TeX, YTO YAEPKUBAIOT JEKTPOH PsJIOM C SAPOM. B mepBoM cityyae Mbl IMeEM JIeJI0 ¢ IpaBUTaLUE
(oHa co3maercs 3a CYET Macc), BO BTOPOM CJIy4ae — C MPUTSHDKEHUEM MPOTUBOMOJIOKHBIX 3apsIoB
(JIEKTPOH 3apsikeH OTPULIATESIBHO, a IPOTOH MOJIOKHUTENIBHO).

A Tenepb naBaiiTe BO3bMEM KAaKOW-HUOY/b JIEMEHT C OOJBIIUM KOJIMYECTBOM IEKTPOHOB. B
TAKOM aTOME IEKTPOHAM CJIOKHO «JIeTaTh» Ha OJHOM U TOM ke «opOute». [ToaToMy OHM HaxoasATcs
Ha PasHbIX «OpOUTax». TOJMbKO B XMMHUM MX Ha3bIBAIOT OpOUTAIU. M Kak MOKa3hIBalOT MaTeMaTH-
YyecKue pacyeTsl, GopMbl 3TUX opouTaseit pasusle. CyiiecTByworT s, p, d, f — opOuranu. Tonbko He
CIIpalllBaiiTe moyemMy He a, O, B, T, A. Bce oHr umelor pasueie ¢hopmbl. OMsATh ke, 3TO pacCUUTAIIH
MareMaTtuky. borock, uTo B 1mikose win B BY3e Bbl yacTo roBOpMIIM UTO-TO TUIA: «3TA CUHYCHI/KOCH-
HYCBI/MHTET paJibl/ pOTOPBI/ IUBEPIEHIIUN/ . .. MHE B )KU3HU HE IIPUTOIATCS», IOITOMY Bbl HE CMOXKETE
[IPOBEPUTH BBIUMCIIEHUS] STUX CAMBIX YUEHBIX-MATEMaTUKOB U MPUAETCS NOBEPUTh UM Ha CJIOBO.

DNIEKTPOHBI PACTIONAraloTCsl Ha pa3HbIX opOuTassax. M yem Oosbliie SeKTPOHOB, TeM OOJblIe
opOutasneit oH1 3aHUMalOT. OTMETUM, YTO Yepe3 KaKoe-TO BpeMsl, 3T OpOUTAIM HAUMHAIOT MOBTO-
paTbes. Hapumep, nepBasi opoutaib — s. 3ateM ujeT BTopast OpOUTaib U OHa Toxke S. TpeTbst opou-
TaJb yxke p. YeTBepTas cHOBA s U Tak aanee. [anee nosisiores d u f opouranu. VX mopsgok MoxHO
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nocMoTpeTh B Tabnuiie Menneneesa. Ha 3aMeTky: Ha s-OpOTUTAIM MOMEIIAETCSI TOJIBKO 2 JIEKTPOHA,
Ha p-opOuTaM momernaercsi 6 3MeKTpoHoB, Ha d-opOutanm nomemaercs 10 3mekTpoHOB, a Ha f-
opbutanu 14 31eKTpOHOB.
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Kak MblI y’ke OTMETHIIH, 27eKTPOHBI 3aHUMAIOT Pa3Hble OPOMTAIM HA CTOJIBKO, Ha CKOJIBKO MX
xBataeT. [Ipu 3ToM yepe3 kakoe-To Bpemsi OpOMTaIv NOBTOpsIOTCs. W eciii y IBYX aTOMOB pa3HbIX
3JIEMEHTOB MX MOCJIEAHUE OPOUTAIIN TIOXOKH, TO €CTh OHU OIMHAKOBBI U UMEIOT OJMHAKOBOE KOJIH-
YeCTBO JIEKTPOHOB, TO M UX CBOKMCTBA MOX0xH. Hanpumep, BO3bMeM JIMTUM, HATPUM, KU, pyOu-
Iuil, ue3uit, ¢ppanuuid. Kak Bbl BUAUTE, BCE OHU PACOJAraloTcs Ipyr noj apyrom. Ilpu stom ux
CaMblid TIOCJIEIHUI JIEKTPOH HAXOAUTCS Ha S-ypoBHE. [IpnyeM Ha 3TOM caMOM S-ypOBHE HaXOOUTCS
Bcero Jiib 1 37ekTpoH. CBOWCTBA STUX JIEMEHTOB OUY€Hb CXOKU. VX ellle Ha3bIBAIOT 111EJI0YHBIMU
MeTaJUIaMHU.

A Teniepb camasi XOpoIasi HOBOCTb JIs JIEHTSIEB, N3YYAIOLIUX XUMHIO: BCE JIEMEHThI TaOIUIIbI
MeHnienieeBa MOKHO pa3OMTh HA TaKUe IPYIIIbI CO CXOKUMU cBOMCTBaMU. [IoaTOMY yunTh MM 3y0-
PUTh CBOICTBA KaXJOI0 JIEMEHTa B OTAEIbHOCTHU HE HAZO!

B nanHO¥ KHUTE MBI He OyZieM pa30rpaTrh Kask bl 2JIEMEHT B OTAEILHOCTH. MBI paccKakeM Ipo
IPYIIIBI JIEMEHTOB CO CXOKMMU CBOMCTBAMH U ITPO CaAMble MHTEPECHBIE JIEMEHTHI B 9TUX IPYyIIIax.

A Tenepp, KOraa Mbl CTajId ropas3Jo yMHeEe, JaBaiTe M0JIb30BaThCs HAIIMMU MO3TaMHU U TOJTy-
YaTh OT 3TOr0 HEMMOBEPHOE yA0BOJIbCTBUE! [lepenucTbiBaii CTpaHuIly, ¥ HAUHEM NIOTPYKEHUE B 3TOT
JVBHBI MUD 3J1IEMEHTOB!
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IHlesi0ounble MeTAJLIbI

Co 1mIKOJBI MBI HE pa3 CTAIKUBAIUCH C TEPMUHOM «IIEJIOYHbIE METALIb». MHOIUM MOHATHO
TOJIKO BTOPOE CJIOBO «MeTaJlTbl». HO UTO 3HAYMT «IlesIouHbIe»? DTO KaKhe-TO 0CoOble METasLThl?
OHu 00/1aJaI0T KAKUMK-TO YHUKAJIbHBIMU CBOiicTBaMu? [laBaiite BMecTe pa3ouparbCes.

OOparumcs K HallleMy BEYHOMY CITyTHUKY ¥ COPATHUKY B M3yUeHUU Xumun — [lepruonudaeckoit
cucteMe xumMudeckux anemenToB [I.11. MenneneeBa. Haiinure B Hell riepBYI0 KOJIOHKY (XMMUKH UMe-
HYIOT ee Ipynnoit), B Hell pacrionaraiorcs H, Li, Na, K, Rb, Cs, Fr. U 3nech He3agauMBoro yueHuka
TMOZICTeperaeT OMaCHOCTh: BOAOPO] HE SIBJISIETCS METAILIIOM, B TO BPEMsI KaK BCE OCTaJIbHbIE 37IEMEHTHI
COCTaBJISIIOT TPYIIITY IIEJIOYHBIX METAJIIOB.

[Touemy >xe BoIOpo He OTHOCUTCS K IIEIOUHBIM MeTasiiaM? J171s1 BceX JIeMEHTOB STOM IPYIIITbI
XapaKTEPHO TO, YTO OHM C JIETKOCTBIO OTAAIOT CBOW IMOCJIEHMM (BAJICHTHBIN) JIEKTPOH. A BOJOPO/
He Takoi. OH OT/IaeT ero ropasao Xyxe, To ecTh ¢ OOJIBIIUMHU 3aTpaTtamMu SHeprun. Eile Hafo nocra-
parbcst, 9YTOOBI OTOOPATh Y HETO SAMHCTBEHHBIN JIEKTPOH.

Ecnu Mbl cpaBHUM (pu3MYECKHe CBOMCTBA BCEX JIEMEHTOB U3 NIEPBOM I'PYIIIbI, TO YBUAUM, YTO
BOJIOPOJI — a3 MPU HOPMAJIbHBIX YCIOBHSIX, & BCE OCTaJIbHBIE — TBEpAbIe Tena. Keratu, cpeau XMMUKOB
10 CHX TIOP CYIIECTBYET CIOP O TOM, K KaKoi rpynie oTHecTd Bogopon: K I rpymnme wnm ke VII, rae
pacnonoxeHs! pTop, XJI0p, OpoMm, Hoxa 1 actat. Ho kak Bbl 3aMeTHIIH, JIEMEHT Toj1 HomepoM | Bce-
TaK¥ ropas/io vaille OTHOCST K MepPBOM IpyIIIie.
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H 1
1,00794 +1
Hydrogen
|| @
6,941 +1
NMutiia
Lithium
Na ™
22,9898 +1
H =
Sodum
K
39,0083 +1
Kanwi
Potassium
Rb ¥
85,4678 +1
PyGuami
Rubidium
Cs ™
132,9055  +1
Lieaui
Caesium
Fr ®
[223] +1
D parHumin
Francium

U Bce :xe moyemy 3Ty rpyIiy Ha3bIBAIOT HIEJOYHBIMU MeTajuiaMu? Jlesio B TOM, UTO P COTIPU-
KOCHOBEHHH C BOJO 3T METaJUIBI 00pa3yIoT IEJI0UH, MOy THO BblAenseTcss Bonopoa. CTOUT oTMe-
THUTh, YTO 3TA PEaKIHs MPOUCXOAUT OUeHb OYpPHO, C 0Opa3oBaHUEM OOJIBIIOrO KOJIMYECTBA TErlla.
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Heb6onbmume xomruectsa JINTUA, HATPUA U KaJIud ropAT Ha IMOBEPXHOCTU BOMBI, OOJIBIIIHE XKE npo-
cTo B3phIBalOTCA. JII060€ KOIMYeCTBO pyOMaus U LIe3Hs KJAeT Takas ke ydacTs. [loaromy, eciu Bbl
BAPYT YBUJIUTE TOPSIIAINA IEJTOYHON METaslT, He TYIIUTE ero HU B KOEM CJIyvae BOJOH, MHaUe IIaMsl
oyner emie sipye. Bo Bpemena CCCP netu B IIKOJIax B3pbIBAIM TyaseThl, Opocasi B HUX MeTajiide-
CKMI KaJIui, MPaBJa, sl MHOTHX 3TO 000paurBaIoCh HE TOJIBKO CPHIBOM KOHTPOJIBHOM paboThI, HO
U TAXKEIbIMU XUMNYECKUMHU OXOI'aMU.

JIro003HaTEIHLHBIM HA 3aM€ETKY:

9HepFI/I$I, Tpe6yeMaﬂ Ha OTPBIB 2JICKTPOHA OT aTOMa, Ha3bIBA€TCA «E)Heprl/leﬁ
NOHMU3AlIUN».
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A noMHI0, KaKk BCe HAYHHAJIOCh...

Jlionu 3HaKOMBI ¢ COEAMHEHUSIMU STUX METAJUIOB ellle C IaBHUX BPEMEH, UCTOPUKU HAXOIAT
YIIOMHUHAHUS COMbI B Tpyaax ApucToTes u aaxe B Berxom 3aBete! BoiienuTs B cBOOOTHOM BUJE UX
YAAJIOCH JIMIIb MOJATOPBI ThICSAYH JIET ciycTs, koraa ['emdpu [desu B 1807 romy npoBoaui1 a1eKTpo-
3 ruapokenoB kanusa (KOH) u Harpusa (NaOH) B miiatnHOBOM yamike. Yke yepes3 AecATh JIET,
nioclie OJIecTsANMX onbIToB JIeBU, TalaHTIMBHIN yueHUK beprienryca — ApdBeICcOH OTKPbLT CaMblii
Jerkuil Metayul — JuTuid. OIHaKO YKCTHIA TUTUI ObUT BhiAeieH byH3eHom u MartucceHOM 3HauM-
TEJIbHO Mo31Hee, B 1855 roay, BO BpeMs NpoBEAEHUs EKTPOIN3a PACIUIABICHHOTO XJIOPUIA JIUTHUS
(LiCl). Crycrs emre BoceMb JieT ByH3eH BbLIeIIT CBOOOIHBIN pPyOUIHIA.

Ha 3TOM nouck HOBBIX IIEIOYHBIX METAJUIOB He 3akoHuuIcs, ¥ B 1882 romy CarrepOepr noiy-
YKJT YUCTHIA TIE3UI TTPU MOMOIIH ek Tposm3a ero manuaa (CsCN). Cam onbIT ObUT KpaiiHe oraceH,
TaK Kak IpU ero NpoBECHUH JIETUT OYeHb TOKCMYHBIN ra3 — nuuual (CN),. Kpome toro, ot yueHoro
TpeboBaIach KpaHsIsi aKKypaTHOCTh, BEJlb LIE3Hi SBJISIETCS] CAMBIM aKTHBHBIM METAJJIOM U3 U3BECT-
HBIX YeJIOBEUYECTBY, U OH MOMEHTAILHO pearupyer ¢ KUCIOPOJOM BO3/1yXa, CAMOBOCIIAMEHSISIC.

U Tonpko yumb B 1939 rony ynanock OTKPHITH 3JIEMEHT, KOTOPBIi ObLT mipenckasan eme [1.1.
MeHeneeBbM U Ha3BaH MM 3Ka-le3uil. PaguoakTUBHBIN I11IEI0YHON MeTayll (paHIMil OTKpbLIa
(paniy3ckas yuenas Ilepeit, nccienys pacnan aktuHus. Tak B 1946 romy snemeHT ObLT Ha3BaH B
yecTh PoIMHBI €ro nepBOOTKphIBATEIbHUIIbIL.

Hcropust moka3eiBaeT, YTO MHOTO YUEHBIX-XMMHUKOB Ha TIPOTshKeHnH rmodtu 150 net padoranu
HaJl [IOJTy4YeHUeM 1eMeHTOB, Bxoasauwmx B [ rpynmy [TCXD 1 Ha3BaHHBIX «ILEJIOYHBIMU METAILTIAMU.

[ICX3 — mox 3T0M CcTparHOi a0OpeBUaTypoil MpsiueTcss Ha3BaHue TaOnuil MeHeneesa
pacimmgpobiBaetcs Kak [lepuoanyeckas Cucrema XuMHUUECKUX DIEMEHTOB.
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1. B. Topmuii, A. b. lBaHOB. «XWMHYECKUe 7IeMEHTHI»

IIo ogHOMY 3J1€KTPOHY, WJin YeM OHM MOXO0KU?

BeienuB aneMeHThl, yueHble HauMHAIM UCCIIeIOBAaTh UX XUMUUECKHME CBOIMCTBA. B Hayke cy1e-
CTBYET [IBa OCHOBHBIX METOJA TMO3HAHUS: HAOMOIeHne U 3KcrepuMeHT. [IpoBost SKCieprMEeHTHI ¢
IIEJIOYHBIMU METaJUIaMu, Y4eHble HaOo1aIu Moxoxue cBoiictea. Hanpumep, Bce oHu OypHO pearu-
PYIOT C BOJOH, IIPX 3TOM BBIIEJIAETCS BOAOPO.

XUMHUUYECKHE CBOMCTBA 3aBUCST OT OOJBIIIOTO KOJTMYECTBA (PaKTOPOB, OJIHUM U3 KOTOPBIX SIBJISI-
eTCsl CTpOeHUe aroMa. Bee 1es1ouHble MeTa/uIbl UMEIOT Ha BHEIIHEM 9HEPIeTHUECKOM YPOBHE 1 a71ek-
TPOH, 3aHUMAIOINI S-OpOUTAJIb. DTO MPUBOAUT K TOMY, YTO OHUA UMEIOT OJMHAKOBYIO BaJIEHTHOCTb.
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JIntun. CaMbIi JerkKum

JIutuit — 310 campblii Jerkuil Metajul Bo BeenenHoit. I1pu 3Tom nuTuril coctaBiisieT BCEro JIMIIb

3,2x107 % wmaccobl 3emHOI Kopel. Kcraty, B MeTaJUIMUECKOM BUJIE B IIPUPOAE OH HE BCTPEUAETCS
13-32 BBICOKOM XMMHYECKOI aKTUBHOCTH, BIIPOYEM, KaK U BCe IIEJOYHble MeTaslibl. BaxxHelmmmu
MUHEpaJIaMH, B COCTaB KOTOPBIX BXOIUT JIUTUH, sBJIstIoTCS criogyMeH (Li,OxAl,03x4S10;) u amonu-
roHuT (Li1AIPO4F).

C MOMeHTa OTKpPHITHS JIUTHIA CTaJl UTPaTh BaKHYIO POJIb B CAMbIX PA3JIMUYHbIX OTPacisaX Mpo-
MBIIIJIEHHOCTH, TEXHUKHM U HayKH. VI3 HEro M3roraBaMBaIOT JIEKTPOAbl XMMUYECKUX MCTOYHUKOB
TOKA C TBEPABIM JIEKTPOIUTOM. JIUTHI MCHOIB3YIOT B KaUueCTBE I'OPIOYETo BEILECTBA B COBPEMEH-
HOM TBEPAOM pakeTHOM ToruuBe. bosiee Toro, 1Tl BXOOUT B COCTaB HEMPEB30MAEHHBIX MO IPOY-
HOCTH cTekoll. Takke cMech M30TONOB! JIMTHS HAIllLIA IPUMEHEHUE B TEPMOSIIEPHON SHEpreTHKe, B
KayecTBe TOIUIMBA JJIS1 YIIPABJISIEMOrO TEPMOSIIEPHOTO CHHTE3a, HO TTOKA TOJIBKO JIMIIb B MacITabax
nabopatopri. B MPOMBIIITIEHHBIX ke MacHITadax 3TO ellle MPEACTOMT OCYIECTBUTh MHKEHEpPaM U
yUYEHBIM. BakHy10 poJib UTPAIOT COJIU U CILJIaBbl, B COCTAB KOTOPBIX BXOAUT 3TOT MeTaJUI1. TaK, CIUIaBbl
JIMTHSL C 30JI0TOM U cepeOpOM HCTIONB3YIOTCSI B KAUECTBE MPHIIO-€B — MATEPHaJIOB, UCTIONb3YEMBIX
IIpU Maiike 1)1 COeIMHEHMs YacTel B eJuHoe 1ies1oe. Takue cruiaBbl UMEIOT MOBBIIIEHHYIO IUIAaCTUY-
HOCTb Y ITPOYHOCTb.

AQ

S

Y Ka)a0ro U3 Hac B KapMaHe JIeKUT COTOBBIN TesieOH, KOTOpbIA padoTaeT 3a cYeT JIMTUNR-UOH-
HOT'O aKKyMYJIATOpa. VIOHBI TMTHSI B HEM NIEPEHOCST MEKTpUUYecKuil 3apsill. EcTecTBeHHO, B aKKyMy-
JSITOpax JIMTUN HAXOIUTCS B BUJE COEIUHEHNH, a HE B YUCTOM BH/IE.

Hutpar mutus (LiNO3) 100aBisiioT B pa3inyHble MUPOTEXHUYECKUE COCTABHI (CATIOTHI) IS

OKpaIllMBaHUsl IUIAMEHY B KPACHBIM 1IBET.

HeckobKk0 HHTEpPeCHBIX (PAKTOB:

— JInThii HaCTOJILKO MSAT KHﬁ, YTO pE3aTh €ro HECJIOKHO JaKE HOXKOM.

! M3oTonsl — aTOMBI OTHOTO U TOTO K& XMMUYECKOro 3JIeMEHTa, AAPO KOTOPBIX UMEET OAUHAKOBOE YUCIJIO IIPOTOHOB, HO Pa3HOE
KOJINYECTBO HeﬁTpOHOB.
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— B cocrase Pa3IMYHbIX XUMHWYECKHUX COGI[I/IHCHPIﬁ, a TaKXX€ B BUJIC KaTHUOHaA

Li* nutnit HaxonuTcs B opranusMe yenoBeka. Ero HeoOXomuMas CyTouHasi HopMa
cocrasiseT npuMepHO 2500 MKT AJ1 B3pOCIIbIX.

— B opranusme yenoBeka cogepxutcs B cpeqHeM 70 Mr JInTHs.

— B cpeanem merammaeckuyt utuid crout 3500 p/kr.

— Bo Bpems Bropoii MupoBoil BOWHBI TNpPUMEHSUIM TUAPUL JIUTUSA
(LiH) B kavecTBe MOPTaTMBHOIO JIETKOTO MCTOYHMKA BOXOPOAA. DTHU TaOIETKH
NOJl JISMCTBHEM BOIbl OBICTPO pa3jarajlvch, HAMOJHAS BOAOPOAOM B Cllyvae
HEOOXOIMMOCTH a9POCTAThI U CHacaTeIbHOE CHAPSIKEHNE TIPU KOpaOJIeKpyIIeHHH.

Peakmmsa: LiH + H,O — LiOH + H»
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HaTtpmuii. MeTaJjiua ’KeJITOro Orus

Co MIKOJIbI, @ HEKOTOPBIE U3 UHTEPHETA, 3HAIOT, UTO HATPUI OKPAIIUBAET IIAMsI B )KEJITHIN I[BET.
Tak Kak OH IIMPOKO PaclpOCTPaHEH Ha Halllel IUIaHeTe U COCTaBIIsIeT 2,5 % Macchl 3eMHOU KOpbI,
€ro OTHOCAT K OYEeHb PacIpOCTPAaHEHHBIM JieMeHTaM. Tak ke, Kak W JIMTHsI, CAMOPOHOTO HATPHS
HE CYyIIeCTBYET, T0OITOMY BCE 3arlachl HATPYSI HAXOISTCS B Pa3IMUHBIX €r0 COSUHEHUSIX, HAIPUMED,
B HATPUEBOM IOJIEBOM IIITIATe, Yel XMMUYEeCKUil coctaB orBeuaer ¢opmysie Na,OxAl,03x6Si10;.
Tak:xe Gomnbinioe komumaectBo noeapeHHou comu (NaCl) pacTBopeHO B MOPCKO# BOjie, Apyras ke ee
4yacTh 3ajieraer noj 3emse, nHorga miactel coiv NaCl mpeBbIaioT B TOMIUHY KUJIOMETp!

CoenuHeHus1 HATpHUsL Mbl BCTPEYaeM MHOTOKPATHO KaX[blil 1eHb. MBI )KHBEM B JIoMax, (pyH-
JAMEHT KOTOPBIX COAEPXKUT cuiauKaT HaTpus NaSiO3, MoeM pyKH MBUIOM U 3a4acTyl0 HE 3HaeM,
4yT0 OHO coctouT U3 creapara Harpust C17H35COONa. Jliobas xo3sgicTBeHHas JAeBYIIKA XOTh pa3 B
JKU3HU racuiia YKCyC cojioit, coctaBy kotopoit otBeuaeT popmysia NaHCOs3. Bynem yausieHsl, eciu
yUuuTeNb B IIKOJIE HE HAYMHAJ OJUH U3 YPOKOB, paccKasbiBasi Ipo cocTaB noBapeHHoi conu — NaCl.

Cpenu 1e0UYHBIX METAJUIOB HATPHIA — CaMblil UCTIONIB3yeMblil. Ero mprMeHsoT BO MHOXECTBE
MPOLIECCOB, HAYMHAS OT KaTayn3a (YCKOPEHHUsI XUMHUECKUX PEaKIIMil) Ha MPOM3BOJICTBAX, 3aKAHUH-
Basl ICPHBIMU PEaKTOpaMM U SHeprocoOeperaronmmMu Jammnamu. OqHako 000 BCeM MO MOPSIKY.
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Eme B 1860 rony ¢paniy3ckuii yuenstii J. JleHyap paspabotan nepBblil ABUTaTesb BHYT-
pennero cropanus (JIBC). Mbl uM nosb3yeMcs U 10 CeH I€Hb, ECTECTBEHHO, C Pa3IMYHbIMUA MOJU-
pukanpavu. B IBC nporcxogur c:xuraHue TOIUIMBA, 3TOT MPOLIECC MOKET IPOUCXOAUTD CIIALIKOM
OBICTPO, TO €CTh, CO B3pPbIBOM. UTOOBI 3TO MpPEAOTBPATUTH, UCHOIb3YIOT MHTMOUTOP — BEIIECTBO,
3aMeISIoIIee CKOPOCTh XMMUYECKON peaKivu.

K nHruéuropam cropanus Torimea oTHocutcs terpastusicBuner] Pb(C,Hs),, KoTOpBIi pons-
BOJAT C MCMOJb30BAaHUEM CIUIaBA HATPUS U CBUHLIA.

Kak ysxe Ob10 OTMEYEHO paHee, N3-3a CBOEH BHICOKON XMMUYECKOW aKTUBHOCTH HATPHIA MOKET
BBITECHSTB IPYT'ie METAILIBI (MEHEE aKTUBHBIE) U3 UX COEIMHEHNH (CosIer M OKCHIOB). Mcnonb3ys 310
CBOWCTBO, METAJLTYPrHl MOIYYaioT OOJIBIIOE KOMMYECTBO YHCTHIX METAIIOB. DTOT MPOIIECC B OOIIEM
cllydae Ha3blBaeTcsl MeTajiorepmueil. Ho Tak Kak 37ech IpUMeHseTCcsl HaTpHid, TO METaJIITypry Ha3bl-
BAIOT €r0 HATPUUTEPMHUEN.

Panblnie TUTaH, MMEOIIKI IMpoYaiiliee MpakKTUYeCKoe IPUMEHEHNE, MOTyJYalld U3 ero XJo-
puaa, 3amelias Ha HaTpUi 10 peaklnu:

TiCly + 4Na — Ti + 4NaCl

CrutaBbl HATPHS € KaJIMEM PUMEHSIIOTCS] B aTOMHOM SHepreTHke, Oosee NogpoOHO 00 TOM Mbl
paccKakeM 4yTh MO3Ke.
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HeckoJbko nHTEpPECHBIX (PAKTOB:

— Harpuii non naBnenuem B 194 rlla craHoBUTCSA MpPO3payHbIM, a TaKke
TepsieT CIOCOOHOCTh MPOBOIUTD MEKTPUIECKUN TOK, CTAHOBSICh JUIEKTPUKOM.

— Pabothl ¢ HaTpueMm cieayeT MpOU3BOAUTH B 3AIMTHBIX MMEPUaTKax, TaK Kak
OH MOET MPOpPearupoBaTh ¢ BOAOW HA MOBEPXHOCTU KOKHU C 00pa30BaHUEM eIKON
miesour NaOH. A oHa ocTaiisieT CUJIbHbIE XMMUYECKHE 03KOTH Ha KOKE.

— IMapel HaTpusi MOXHO OBUIO OBl WCHOJNB30BaTh B KAayeCTBE MAEIIEBBIX U
3(p(PeKTUBHBIX J1aMIl, HO KEJITHI CBET, U3JIy4aeMblid TAKUMU JlaMIaMU MPUAET
KOXE YeJIOBEeKa HeeCTeCTBEHHbIN 1IBET.

— Harpuii 3HauMTeNHHO JEIeBie MO CPAaBHEHUIO C JAPYTMMH IIETOYHBIMU
Metasiamu. 1 Kr Hatpus B cpenHeM ctout 1500 pyOneid, uto B 2,3 paza MeHble
CTOUMOCTH JIUTHS.

— I'pymma poccuiickoro yuyenoro A.P. OranoBa oOHapyxuia Ioj OYEHb
BBICOKMM JaBJICHUEM YAWBUTEJIbHBIE, C TOYKU 3PEHUs KJIACCUYECKOW XUMUM,
coenquHenust Hatpus u xjopa: NaCly, NaCls, NazCl,, Na,Cl u NazCl.
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Kamun. Markum MeTaJLi

Crnenyiomuii neMeHT — Kaiauii. OH HaIes cBoe IMpUMeHEHHUe B BUJIe CIUIaBa ¢ HaTpueM. Takoit
CIUTaB KaJMs U HATPUsl UCIIONB3YIOT B KAUECTBE TEIUVIOHOCUTENSI Ha aTOMHBIX cTaHiusax. Obnanas
BbICOKO#1 TeMriepaTypoil kurneHus (600-700°C), 3T0T cIij1aB OTBOAMT TEIUIO OT AaTOMHOI'O peakTopa u
riepeaeT ero napoHarpeBarestio, YToObl MPUBECTH B ABMKeHUE TypOuHy. Kanuil-HaTpueBbli CriiaB
JydIlie BO/IbI, TaK Kak UMeeT Oosiee BHICOKYIO TeMITEpaTypy KUIEHUs], He BHI3BIBAET KOPPO3HUIO TPYO,
0 KOTOpbIM TeueT. Koppo3uei Ha3bIBaloT pa3pylieHue CIUlaBa U3-3a KOHTAKTa C Pa3IMYHbIMU XUMHU-
YecKMMHU BenlecTBaMu. Harpumep, pxaBumHa — MPOAYKT KOPPO3UH KeJie3a, KOTopasi BbI3BaHA KOH-
TaKTOM C BOJIOM U KHCJIOPOJIOM.
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Kanuii mmpoko nprMeHsieTcst Kak B UUCTOM BUJIE, TaK U B BUJe coequHenuil. Hampumep, 6po-
muj kaaus (Kbr) ucnonb3ylor B MeiMIIMHE B Ka4eCcTBE YCIOKOUTENbHOrO. C ero MoMoOIIbI0 TaKke
MOXHO OOHApYKUTh Mapsl XJ10pa B armocgepe. Bymaxka, cMoyeHHast OeCIIBETHBIM PacTBOPOM Opo-
MUJA Kajus, pU B3aMMOJEUCTBUU C XJIOPOM KOpUYHEBeeT. ['0BOps HayuHBIM S3BIKOM, XJIOp 3aMe-
111aeT OpOM B €r0 COEIMHEHUH C KaJIEM.

Kapo6onarom, xnopuaom u aurparom kamus (K,CO3, KCI, KNO3 cooTBeTCTBEHHO) yI0OpSIOT
3eMJTIO, Be/Ib KaJIMi — B)KHEUIIINI OMOTEeHHBIN 3JIeMEHT. BUOreHHBIMU HAa3bIBAIOT T€ JIEMEHTHI, KOTO-
pble TIOCTOSIHHO BXOJAT B COCTAaB )KMBBIX OPraHU3MOB U BBHIIIOJHAIOT B HUX KaKYyI0-TO KOHKPETHYIO
¢ynkumo. A Botr HuTpar kamuss KNO3 ncnons3oBaiicss He TOJIBKO B MUPHBIX LIEJAX: OH SIBJISAETCS
BaXHEMILIEN COCTaBJISAOIIEN YepHOro nopoxa. [lepmanranar kanusa KMnOy4 npumensercsa i nes-
uHULMpoBaHus paH. OcoOyio pojib MOHBI KaJIMsl UI'PAIOT B OPraHU3Me YesloBeKa, IPUHUMAs! Hero-
CPEICTBEHHOE YyYacTHe B IPOBEIEHUM HEPBHOTO MMITY/IbCA, MOAJCPKAHUM KHUCIOTHO-IIEIOYHOIO
OanaHca.

Kammii cocraBnser npumepHo 2,5 % Macchl 3eMHOM Kopbl. Kak M HaTpuii, BCTpeyaercs B
COCTaBe pa3/IMUHbIX MUHEPAJIOB, Haripumep, optokiaza KoOxAl,03x6S10,, Takxke 0obloe KO-

YECTBO KaJIMA paCTBOPEHO B MOpCKOi/JI BOIE.
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Pyouuii. YChIILIAIOMIHA 1 00€3001HBaIONIHil

B ominuue ot JINTUA, HATPUA U KaJIUA, KOTOPBIC XPAHAT B KEJIC3HBIX TapaX IOA CJIOEM KEPO-
CHHA, pyOMIMI XpPaHUTCS B CTEKJISTHHBIX 3arasHHbIX aMITyJlax, BHYTPU KOTOPHIX MHEPTHAs aTMO-
chepa umm ke Bakyym. CBSI3aHO 3TO € TeM, 4TO pyOuIuil Oojiee aK THBHBIN.

Py6I/IJII/IH B 3€EMHOM KOP€ 3HAYUTEI/IbHO 6OJIBH_[6 YEM JIUTHA, OOJHAKO B Pa3bl MCHBIIIC YEM KaJIUA

wm Hatpus. Tak Rb cocraBnger 1,5x10 % macchl 3eMHOM kopbl. Kpome Toro, pyouauii, B OT/11-
Yre OT MPEABIAYIINX PACCMOTPEHHBIX HAMU METAJIJIOB, OTHOCHTCS K paccestHHbIM. Her, pyOunuii He
CTpajiaeT 4YeJI0BEUYECKUMH 3a00IeBaHUSIMU. DTO O3HAYAET, YTO PyOUAMI MPAKTHUYECKU He BCTpeva-
eTcsl B BUJIE CAMOCTOAITEJIbHBIX MMHEPAJIOB WM KOHLIEHTPUPOBAHHBIX 3aJIeKel, a sBJISAETCS BCEro
JIAIIIb TIPEMECHIO B Pa3JIMUHBIX MUHEPAJIaxX APYrux 0oJiee pacpoCcTpaHEHHBIX JIEMEHTOB (PyOuIniA —
CITyTHUK KaJIMEBbIX MUHEPAJIOB).

PyOunnii u ero coeiMHeHMsI HAIUTM TIPUMEHEHNE KaKk B MEIMIIMHE U ONTUYECKUX MPHOOpax,
Tak ¥ B Kartaymmse. Harpumep, anerar pyouanss CH3COORD ucrionb3yeTcst 11t UI3rOTOBJIEHNS MeTa-
Hona (CH3OH) u BBICIIMX COMPTOB — OPraHUYECKUX COEAMHEHUM, KOTOpBIE colepkar ot 6 no 22

aTOMOB yIJIEpOJia U OfIHY TMIpOKCUIbHYI0 rpynmy — OH.

B OprainnsMe 4€jIOBEKa pY6HHHﬁ HaxoguTCA B BUIE KaTUOHOB Rb+, KOTOPBIC BLITIOJIHAIOT POJIb
AHTUOKCUJAHTOB, YHUYTOXKAA CBO6OJ1HBIC PaduKaJbl. B xumun CBO6OI[HI>IMI/I padvKaJIaMU Ha3bIBAlOT
T€ COCOUHCHUA, KOTOPBIC MMECIOT HECIIAPECHHBIC IJICKTPOHDI. KpOMC TOro, 3TOT H_IC.HOLIHOIL/'I METaJll1
60pCTCH C OKHUCIIUTEIIAMU — COCAMHEHUAMU, CKJIIOHHBIMU OT6I/IpaTb QJICKTPOHLBI Y OPYTUX. Tunuy-
HBIMM OKHCJIIUTEIIAMU B 6LITy ABJIAIOTCA MAapraHliOBKa U IMEPEKUCh BOAOPOAA (H2
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[TpouuTaiitTe 3Ty KHUTY LIEIMKOM, KYIHB IIOJHYIO JIeraabHYI0 Bepcuio Ha JIutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,

WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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