Bcepoccuiickas omuMmnuaga MKoOJALHUKOB 2025-2026 yyeOHbIil 1o
MyHuuunajdbHbIN 3TAN
Xumusa
7,8 Kaace
Teoperuueckui Typ

Ilpooonyncumenvnocmo — 180 munym
Maxcumansuotii 6ann — 100

CaMOMy 3aMedaTCJIbHOMY " HCOGLI‘IHOMy BEIICCTBY MOCBAILIIACTCH...

3agaua 1

Camoe 3ameuarenbHOE€ M HEOOBIYHOE BELIECTBO, OJHO U3 CaMbIX
pacpOCTPAHEHHBIX HA 3€MJIE XHMHUYECKHUX COCIMHEHHM — BOJIa, IPOCTEHUIIEE
YCTOWUYMBOE COEIMHEHHE BOJIOPOJA C KACIO0poAoM. OHa TPMXKABI MOCITYKUJIA HAYKE
ATAJIOHOM: 3MANOHOM OJisl 8blOOpa edurHuysbl memnepamypsi — rpaayca Lenscus (°C),
nepeviM S3MANoHOM Ol 8blOOpa eOuHuysvl maccvl — Tpamma (T), IMaAnIoOHOM OJisl
8vlO0pa eouHuybl meniomel — Kanopuu (kai). Boga OTHOCHUTCS K CpaBHUTEIBHO
HEOOJIBIIOMY YHUCIY BEIIECTB, JIEFTKO NEPEXOASANIMX BCE COCTOSHUSA: JEA Taer
(v peBpaiaeTcs B KUIAKOCTh), BOJA KUMUT (U MpeBpaliaeTcss B BoAsHOM map) [1],
MO3TOMY €€ TeMIlepaTypa KpHUCTAIM3allud W Temmeparypa kumenus [2] Obun
BBIOpaHbI MIBEACKUM acTpoHOMOM AHziepcoM Llenbcuem (1742 r.) 3a onopHbie TOYKU
CTOTPayCHOM TEMIIEpATyPHOM IIKaJIbl, KOTOpas 3HAYUTEIbHO MO3XKe, ¢ 1948 r. cTana
odumanbHO Ha3biBaThCs WKanoil Lenscus. B 1795 r. 3a 1 rpamm Ob11 ipuHAT Bec 1
CM® «4HCTO BOZBI MPH TEMIIEPATYPE TAIOLIETO JbJaY», T.¢. INIOTHOCTh YACTON BOJIBI
MPH HOPMATbHBIX YCIOBHSIX Oblia NpHHSTA paBHOH | r/cM. OfHAKO MO3KE
0OHapy>KUJIOCh, UTO YKMCTasl BOJA UMEET MaKCUMaJIbHYIO IIOTHOCTH He nipu 0 °C, a
npu 3,98 °C (3Ty mWI0THOCT M mpuHsid pasHoit 1,0000 r/em’) [3]. Cran usBecteH
NOpa3UTENbHBIA (AaKT: B OTIMYUE OT OOJBIIMHCTBA KUAKOCTEH, MOCTOSIHHO
pacIIMpSAIONINXCS IPU HArpEBaHUH, )KuJIKas Boja rmpu HarpeBanuu ot 0 °C go 3,98 °C
YMEHBITIAET O0BEM, M TOJBKO TPH JaJbHEUINEM MOBBINICHUA TEMIIEpaTyphl BOJA
yBenuuuBaeT cBoil 00béM [4]. HeoObruHOM, MM Jaxe aHOMaJIbHOM, CTIOCOOHOCTHIO

BOJIbI SIBJIIETCSI €€ CIIOCOOHOCTh PACIIUPATHCS MpU 3aMmep3anuu. Hampumep, mpu



aTMOC(EPHOM JaBJICHUU KPUCTALIU3AIMS BOJBI COMPOBOXKIACTCS YBEIWYECHUEM
o0véMa Ha 9% [5], mockoabKy N€ MMEeT MEHBIIYIO TJIOTHOCTh, YEM KHUJKAs BOJA
[6]. )Kuakas Boma o0iagacT OYCHb BBICOKOW YJIENBHOM TEIUIOEMKOCThIO — 4 184
JIx/(xr-K) mpu 20 °C [7]. A KOIMYECTBO TEIUIOTHI, HEOOXOAMMOE ISl HarpeBaHus |
rpamma Boabl Ha 1 °C mpu crangaptHoM atMmocdepHoMm naasinenun 101 325 Ila,
UCIIOJIB3YIOT KaK BHECHUCTEMHYIO €JIMHUIlY KOJWYECTBA TEIUIOTHI MOJ| Ha3BaHUEM
«KATOPHUSD».

KonuyecTBeHHBIN cOcTaB BOJbI ObLUT YCTAHOBJEH Kak IMOJy4eHHEM, TaK M
pasnoxxkenuem €€. B 3Tom 3acmyra npuHamiexuT, npexzae Bcero A.JIL JlaByasbe,
KOTOPBIM MOKa3aji, 4To BoJla o0pa3yeTcs He TOJIBKO MPU CKUTAHUM BOAOpPOAA, HO U
IpY HAKaJIMBAHUM OKCHJOB METAUIOB B CTpye Bojoponaa [8]. A M3SIIHBINA OMBIT 1O
aHanm3y Bojabl A.JI. JlaBya3be onucan Tak: «Ipy NPOIYCKAaHUU BOJSTHOTO Iapa 4epes
pacKan€HHbIN JOKpacHa py>KEHHBIN CTBOJ, BOAbI pa3jaracTcsl HaIEIo...; KUCIOPO/,
COCIMHSACH C JKENE30M, IPEBPAIIAET €r0 B OKAaJWHY, B TO BpPEMS KaK BOIHOE
roproyee Hayajno (T.e. BOAOPOA) MEPEXOAUT B BO3AyX000OpasHOE cocTosiHuEe» [9].
B3BemmnBaHue BCEX  BEIIECTB-YYACTHUKOB  ONKMCAHHOTO  OMbBITA, ITO3BOJIMIIO
A.JI. JlaBya3be JOBOJIBHO TOYHO OMPEAEIUTH COCTAB BOJBI.

Boma  —  peakimoHHOCIIOCOOHOE COEJIMHEHUE, OHa crocoOHa
B3aMMOJICUCTBOBATh C MeTa/UlaMU (aKTUBHBIMH M CpeJHEH aKTUBHOCTH) U
HeKoTopbIMU HemeTauiamu [10], ¢ OCHOBHBIMM W KUCIOTHBIMU okcuaamu [11], c
cojistmu [12].

1. Kaxumu yughpamu obo3nauensvt pusuueckue ceoticmea?

2. Kakumu yugppamu obo3nauenvl gouzuueckue asnenus?

3. Kaxumu yugpamu o603nauensvt xumuieckue ceoucmaa?

4. Kaxumu yugppamu 0603Hauensvl u xumuyeckue sA61eHus?
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Bona sBnsercs nanbosiee pacpoCTpaHEHHBIM PacTBOpUTENEM Ha 3emiie, e&

HA3bIBAIOT YHHUBEPCAIBLHBIM PACTBOPUTENIEM, TOTOMY 4YTO B HEW pacTBOpseTCs

Oonplie TBEPABIX, KUAKAX W Tra3000pa3Hbl BEUIECTB, YEM B JIOOOM ApyroMm
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BelecTBe. BoaHbIe pacTBOPHI 00pa3yrOTCs BCIEACTBUE B3aUMOJICHCTBUN MOJEKYII
BOJIbI C YaCTUIIAMHU PAaCTBOPEHHBIX B HEll BeilecTB. Kak mpaBuio, rupaTalliOHHbBIE
B3aUMOJICHCTBUA HE OUYE€HBb MPOYHBI, U PA3PYILIAIOTCS MPU BBIJICICHUNA PACTBOPEHHBIX
BEILIECTB U3 pacTBOpA MyTEM BbIITAPUBAHUSA, KPUCTAIM3AIMN U IPYTUMHU METOIaMHU.
OpmHako MHOT/Ia TaKKE B3aUMOJICUCTBUS MOTYT OBITh HACTOJIBKO CHUJIBHBIMH, UTO MPHU
BBIJICJICHUW PACTBOPEHHOI'O BEIIECTBA U3 PACTBOPA BOJA BXOJUT B COCTaB PACTYIIETO
KpUCTaJJla B XHUMHYECKH CBA3aHHOM BHUJE. Takue KpPUCTAIIbI Ha3bIBAIOTCS
KpUCTaJUIOTHApaTaMHi, a BOJAA, BXOJMIAasi B HMX COCTaB — KPUCTAIIM3AIMOHHOM.
Hanpumep, cBexenepeKpuCTAIIIM30BAHHBI XMMHYECKA YHCTBIM IEHTaruapar
cyabdara menu (II) CuSO,-5H,0 umeer cTexuoMeTpuyecKuii COCTaB U COIEPKUT B 1
MOJIb Kpuctaioruapara 1 mons 6e3Boanoi comu CuSOy u 5 mons Boasl H,O.

Jlns ompenesieHns MacChl KPUCTALTA3AIMOHHON BOJBI B KPUCTAJIOTHUIpATAX
X BBICYIIMBAIOT WM MPOKAIMBAIOT JO IOCTOSHHOW Macchl (T.. JO IIOJIHOTO
yIaJICHUS KPUCTALIM3AUOHHON BOJIbI). C STOU LEIbIO
CBEKETEPEKPUCTATUIM30BAHHBIM XMUMHUYECKH YUCTBHIA KPUCTAJUIOTHUApAT XJIOpHUAa
6apus BaCl,-nH,0 maccoit 2,0000 r. mpocymwum npu temneparype 120-125 °C B
CYIUMJIBHOM MIKady A0 MOCTOSHHON Macchl. IIpu 3TOM moTepss Macchl COCTaBHIIA
0,2950 r.

Onpeoenume opmyny kpucmannocuopama (Bce pacuéTbl BEAUTE C TOYHOCTHIO
JIO AECATUTBHICSIYHBIX ).
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3agaua 3

Kak u3BecTHO, MOJIeKyJia BOJIbI COCTOUT U3 JIByX aTOMOB BOJOPOJa U OJHOTO
aToma kuciopona. Omaako (GopMyIa BOIbI, KOTOPYIO MOXKHO 3ammcats kak 'H,'°0,
i 'H'H '°0O (06a aToma Bogopoma comepkar B spe Mo | mpoToHy, a sapo aTroma
KHCIIOpoJa — 8§ IPOTOHOB M 8 HEUTPOHOB), COOTBETCTBYET TOJILKO CaMOM JIETKOM €¢
Pa3HOBUIHOCTH, MOJIbHASI JIOJIs1 KOTOPOH B MPUPOJHOMN Boje cocTaBisieT 99,73-99,76
MOl1.%. Ocranbubie 0,24-0,27 wmon. % B TOpuUpogHOM BOAE — JIpyrue €€
Pa3HOBUIHOCTH, WX MOJEKYJbl pPAa3IUYyaloTCsi H30TOMHBIM COCTAaBOM aTOMOB

BOJIOPO/Ia M KKCIIOPO/Ia.



B Hacrosmee Bpemss M3BECTHBI 7/ HM30TONOB BOAOPOJA — PAa3HOBHUIHOCTEU
XUMHUUYECKOTO 3JIEMEHTAa BOJAOPOJA C MACCOBBIMHU yuciaaMu oT 1 g0 7 (B aTOMHOM
A]Ipe KOJMYECTBO MPOTOHOB 1, HeltpoHoB ot 0 nmo 6). Tpu uzortoma Bomopoaa
npupoxubie (cTabmwibabie 'H u “H u paauoakTHeHEIA “H), a 4eThIpe CHHTETHYECKHE
(‘H, °H, °H u 7H). B mnacrosimee Bpemsi mM3BeCTHBI 18 HM30TONOB KuciIopoaa -
Pa3HOBUIHOCTEN XMMHUYECKOrO 3JIEMEHTAa KUCJIOpOAa C MAacCOBbIMM yuciaaMu oT 11
10 28 (B aTOMHOM #JIp€ KOJIMYECTBO MPOTOHOB §, HEUTPOHOB OT 3 10 20). Tompko
Tpu m3otoma kuciaopoga (°0, 'O, '*O) mpupoamusie u crabuibHbe. KoMOHHAIMH
pa3IMyYHBIX aTOMOB-M30TONOB BOJOPOAAa M KHUCJIOpPOJA JAl0T HAOOp MOJIEKYI-
M30TOIOJIOTOB BOJIbI (KaK MPUPOAHBIX, TAK U CUHTETUYECKUX, KaK CTAOMIIBHBIX, TaK U
HECTAaOUJIBbHBIX ).

1. Cocmasbme ¢hopmynvl 6cex npuUpoOOHbIX UZOMONHBIX PA3ZHOBUOHOCENU B0ObL.

2. Vkaorcume cmabunvHvle u HecmaOuibHble NPUPOOHLIE  U3OMONHbLE
PA3HOBUOHOCHIU BOObL.
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Boja — peakiilmoHHOCITIOCOOHOE BEUIECTBO, OHA CIIOCOOHA B3aMMOJEHCTBOBAThH
C MeTajlaMu (aKTUBHBIMH M CPEJIHEW aKTUBHOCTH) M HEKOTOPHIMH HEMETaJJIaMH, C
OCHOBHBIMU U KHCJIOTHBIMUA OKCUJAMHU, C COJISIMU U T.J.

B npuBefeHHbIX HIXKE YPaBHEHUSIX CKPBIThI UCXOJHBIC BEIIECTBA U MOKAa3aHbI
TOJIBKO MPOAYKTHI PEAKIIUA CO CTEXMOMETPUUECKUMU KOIPPUITUEHTAMHU, CTOSIIIIUMHU

nepes HUMHU.

1. ... = Ca(OH), + H,?

2. — 2NaOH + H,1

3.. = Fe;0, +4H,1 (10 570 °C)

4. . 2 CO+H, (cunresras) (800-1000°C)
5. = H,S0,

6. . = 2H,PO,

7.. = 2LiOH



8. ... = Ca(OH),

10. ... — 2225 5 2H,1 (xaton) + O,7 (aHON)

3akoHyume ypasHenus peakyuil, NOKA3A8 UCXOOHble Bewjecmsa  Co
cmexuomempudecKuMu Koaghuyuenmamu, Cmosuyumu nepeo H umu.
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3ampaua 5.

KpoccBopn conmepkuT 5 Ha3BaHM Pa3HOBUIHOCTEH BOJBI, KOTOpbIE
pa3IMYaroTCs MO0 OCOOCHHOCTSIM IPOUCXOXKIEHHUS, COCTaBa WIM MpUMeHeHus. Bcee
3amu(poBaHHbBIE B KPOCCBOP/IE CIIOBA SBJISFOTCS MIPHIIATATEIHHBIME K CIIOBY «BOJIA.

1 4
X

IHo ropu3zonTamm: 1. Ota Takasg pasHOBUAHOCTH BOJbI, MOJIEKYJIbI KOTOPOH
colepaT aToMsl M30TONa Bogopoxa “H (meiirepus). 2. DTO Takas pasHOBHIHOCT
BOJIbI, W3 KOTOPOM yHaJieHbl NPUMECH, COJU, MHKPOOPraHW3MBI U JIpyTHE
3arpsA3HUTENN B PE3yJIbTaTe Mpouecca JUCTUWUISAUUNA. 3. DTO pa3HOBUIHOCTh BOJBI C
HU3KHM COJICP’)KAaHHEM PACTBOPEHHBIX COJIEM IIEJIOYHO3EMENIbHBIX METAaJUIOB, B
OCHOBHOM, COJICH KaJbLIs XU MarHus.

ITo BepTukaau: 4. OTO Pa3HOBUIHOCTH BOJIbI C BBICOKMM COJIEPKAHUEM
PACTBOPEHHBIX COJIEH IIETOYHO3EMENIbHBIX METAJJIOB, B OCHOBHOM, COJICH KaJbLIUs 1
MarHus. 5. DOTa Takas pasHOBUIHOCTb BOJbI, MOJICKYJIbBI KOTOPOW coJepxkaT B
OCHOBHOM aTOMBI H30TOIAa Bogopoaa “H (mpotus).

Bnuwume nazeanus ecex ynomsaHymuix 61008 800bl 8 CEMK)Y KPOCCEOPOQ.
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