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Mporpammy ovcumnnuHbl paspabotan(a)(vn) AoueHT, K.H. (aoueHT) Kytbipesa M.IM. Kadbenpa
HeopraHM4yeckom xumMmnmn Xnmumyecknin MHCTUTYT nM. A.M. Bytneposa , Marianna.Kutyreva@kpfu.ru ;
npodoeccop, A.H. (npogoeccop) Ynaxosund H.A. Kadpenpa HeopraHn4eckom XumMmm XuMn4eckuia
nHcTUTYT UM. A.M. ByTtneposa , Nikolay.Ulakhovich@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

MOAroToBKa K HAay4YHO-UCCNEenoBaTENbCKOM 1 Neaarormyeckon AesiTenbHOCTU, CBS3aHHOM C
N3y4YeHNeM reoXMMMYeCKmnx NPOLLECCOB, MPONCXOaAWMNX B Bruocdhepe Npu y4acTum XNBOro BELLECTBA.
B pe3ynbTate 0CBOEHUSI JaHHOW ANCLMNINHBI LOMXHbI ObITb CROPMUPOBAHBI NPEACTaBNEHNS O
pacnpeneneHny n opMax HaxoXAeHUs XUMUYECKMX 3NIEMEHTOB B 3EMHOI KOpe, a TakXe O
6VoreHHoM MUrpaunmn x aToMOB U COEAMNHEHWUIA, PONIN PACCESIHHBIX 9NEMEHTOB B (PYHKLIMOHMPOBAHWU
6riomacchl 1 6ONOrMYECKOM KPYroBOPOTE BaXHENWMNX aNeMEHTOB. [Mpn 0CBOGHUM ANCUUMAVHDI
nonyyarT 0630pHbIE 3HaHMS 0 6a30BbIX KOHLENUUSIX BMOreoXnMnK, CoOCTaBe NMTOCHEPBI U XNBOTO
BELLECTBA, FEOXMMMNYECKUX Knaccudmkaumsx aneMeHToB, O NepcrneKkTnBax passmTns
B61OreoXMMMYeCKNX ccnenoBaHuia.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pa3oBaHus

HaHHas yyebHasa aucumnnvHa sknoyveHa B pasgen " 51.B.0B.3 OucumnavHel (Mogynm)" OCHOBHOW
obpasosaTtenbHol nporpammbl 04.03.01 Xumursa n OTHOCUTCS K AUCLMMNIMHAM MO BbiIOOpy.
OcBauBaetcs Ha 3 kypce, 5 cemecTp.

OucumnnuHa 'broreoxumus' sBnsieTcst Kypcom no Bblbopy y4ebHoro umkna b 1. Qucumnnnmna
6asvpyeTcs Ha 3HAHNSX N YMEHWSX, BbIpaboTaHHbIX NPy OCBOEHUN 0BLMX NPOGIECCMOHANbHbBIX
KypcoB B 6a30Boii YacTtu y4ebHoro umkna b 3 'HeopraHuyeckas XuMns' (XumMmnsi 9n1eMeHTOB,
PM3NKO-XMMUYECKUNIA aHaNN3, OKNCINTENbHO-BOCCTAHOBUTENbHbIE peakunn) u '‘OpraHmyeckas Xummns'
(knaccbl opraHn4eckux coeanHeHnin). [Nporpamma gucuunanHbl 4OMOMHAET HEKOTOpPbIe pasaenbl
Kypca 'HeopraHnyeckas xvuMus' nocKonbKy COOEPXUT CBEOEHNS O popMax HaXOXOEHNS MHOTMX
XUMUYECKNX SNIEMEHTOB B 3EMHOI KOpE, KOTOPbIE HA NEPBOHAYaNbHOM 3Tane 0by4YeHns He
paccmatpuanucb. Mony4yeHHble NPy OCBOEHUN AUCLMMINHBI 3HAHWUS 1 YMEHNst 0bneryatoT OCBOEHME
avcumnnuHbl 'OcHoBbI BMOHEOPraHN4Yeckol XumMmn', 'brokoopanHaunoHHas XuMms' n Opyrux Kypcos
no BblBOpy BapmaTUBHOM YacTy NPOOUNs NOAroTOoBKY 'HeopraHnyeckas 1 KoopaMHaLMOHHAS XUMUS'.

3. KomneteHuuu obyyarowerocs, hopMmpyemblie B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pes3ynbTarte 0CBOEHUSA OUCLUMINHBI POPMUPYIOTCS crneaylowme KOMNeTeHUnn:

PacwmcpoBka

Lincpp komnereHuyu npuobpeTaeMor KoMneTeHLUN
OK-6 CrnocobHOCTbIO paboTaTtb B KONNEKTMBE, TONEPAHTHO
(0bLweKynbTypHbIE BOCMNPWHMMATb CcoLManbHble, 3THNYECKNE, KOHDECCUOHANbHbIE
KOMMEeTeHLMN) N KyNbTypHbIE pasnnyms
OK-7
(0blWeKyNbTypHbIE CMOCOBHOCTBIO K caMoopraHmnsaumm n camoobpasoBaHumto
KOMreTeHuun)
OlK-1 CMOCOBHOCTBIO MCMOJb30BaThb NMONMYyYEHHbIE 3HAHMWSA
(npodbeccuoHanbHble TEOPETNYECKMX OCHOB (PyHOAMEHTANbHbIX Pa3aenoB XMMUU Npu
KOMMEeTEHLMN) peLeHn NpodeccrmoHanbHbIX 3anad
OrK-3 CMOCOBHOCTBIO MCMOMIb30BaTb OCHOBHbIE 3aKOHbI
(npodbeccuoHanbHble €CTECTBEHHOHAY4HbIX AUCUUMINH B MPOdECCMOHANbHO
KOMMEeTEHLMN) 0EesiTeNIbHOCTU
MnK-3
(npodbeccuoHanbHble BNafEeHNEM CUCTEMOI (DyHAAMEHTaNbHbIX XMMUYECKMX MOHSTUI
KOMMeTeHuunn)
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B pesynbtate 0CBOEHUS ONCUMMNUHBI CTYAEHT:
1. QONXeH 3HaThb:
6a30Bble KOHLENUMN Broreoxmummn 1 Npupoay 6uoreoxXmMmMYeckmx LNKIoB.

2. OONIXEH yMeTb:

CaMoCToATENbHO onpeaensaTb PopMbl HAXOXAEHNSA XMMNYECKMX SNIEMEHTOB B 3E€MHOW KOPE N XNBOM
BellecTse.

3. DONXEH BnaneThb:

HaBblKaMW OLUEHKN XN3HeneAaTenbHOCTN OpraHn3mMoB B Ka4eCTBe NPUOPUTETHOIO cpaKTopa
Murpaumm n pacnpeneneHmnsa XmuMn4ecknx afieMeHToB Ha 3emne.

Brnapetb ocHoBaMu Teopumn oyHOaMeHTaNnbHbIX pasaenos XMMnn (npexae BCero HeopraHn4eckom
XUMUN)

CnocobHOCTb NPUMEHSATb OCHOBHbIE 3aKOHbI XMMUW MPU 06CYXAEHUN NONYYEHHbIX PE3YNbTaTOB, B
TOM YMCne C NPUBNEYEHNEM MHAPOPMALMOHHBIX 623 faHHbIX

4. CTpyKTypa U cogepxaHve AUCLUNMUHBI MOAyNs
Obwas Tpya0eMKOCTb AUCLMIMIIMHBI COCTaBNSET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yaca(os).
dopMa NPOMEXYTOYHOr0 KOHTPONS AMCUUNANHBI 3a4€eT B 5 cemecTpe.

CyMMapHo No AMcumMnanHe MoxHo nony4ntb 100 6anno., U3 HKx Tekylwas paboTta oueHmBaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANst AOMNycKa K 3a4eTy
28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepxaHue ayauTopHomn paboTbl No AucUMnIMHe/ MOAyNto
Tematuyeckuin nnaH AUCUUNNUHBI/MOAYNS

Buabl n yachbl
Pasne ayauTopHoOM paborThbl,
aen
Hepens MX TPYA0EMKOCTb Tekywue coopmbl
N .D.MI(\)nL;I/JIJ‘I'IylLV’IleI/ CemecTp cemecTpa (B uacax) KOHTpONS
n eKUMMI1paKmqecKuenaﬁopaToprle
3aHATUSA pab6ortbl

Tema 1. BeegeHue.

NcTopuyeckue n

MeTomonornyeckme

npeanocbinkn

BO3HMKHOBEHWNA
1. 1 2

broreoxnmmnn Kak S 0 0

Haykn. CBs3b

6roreoxuMun ¢ opyrumm

Haykamu. 3agaym

Broreoxnmmi.
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Buabl n yachbl

ayoMTopHOM paborThbl,
Paspen ¥ P p

Hepens MX TOYA0EeMKOCTb Tekywiue coopMbl
N 'D'"Kn"(")v;lr%v;”b'/ CemecTpl: e mectpa (B yacax) ‘{(ompﬁmp
Nekumm MpakTnyecknellaboparopHbie
3aHATUA paboTbi

Tema 2. ba3osble

KoHuenuumn

6uoreoxnummnn.
2. [KoHuenumsa Xnesoro 5 2 2 0 0

BewecTBa. KoHuenums
6uocepbl. BuokocHbie
CUCTEMDI.

Tema 3. ['eoxumnyeckue
acnekTbl y4eHNs 0
bruocdepe, ponb
XUVBOrO BELECTBA B

3. [reonornyeckom nctopumn| 5 3 2 0 0
3emnu. ['paHnbl
6rocgepbl. CTpykTypa
6rocgepbl.

Tema 4. OBontoLMOHHas
b6uoreoxnmums.
YcTon4mBoCcTb 1

4. |camoperynauusa B 5 4 2 0 0
npouecce pas3BnTnS
6rocgepbl. [MoHsATHE O
6uoreoLeHo3e.

Tema 5.
PacnpeneneHve
XUMNYECKMX SNEMEHTOB
B 3eMHol kope. CocTas
nutocgoepsbl. Knapku n
KNnapky KOHLEeHTpauunw.
lNoyBa n passutne
6rocgoepbl.

Tema 6. Popmbl
HaxoxXxgeHus
XUMWNYECKMX SNEMEHTOB.

MuHepansi. TecTMpoBaHue
6. PaccesiHHble aneMeHTbI. 5 6 2 0 0
3omMopdpuam.
AKueCcCopHble
MUHeparnbl.

Tema 7. CocTaB XnBOro
BelecTBa.
Brnoreoxmumnyeckune
JOYHKLIUM XWBOTrO
BewecTBa. [[a3oBble.
KOHUEeHTpaLUNOHHbIE.
OxmncnnuTenbHO-BOCCTaHQBUTENbHIbIE.
Brnoxnmmnyeckue.
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Buabl n yachbl
ayauTopHOM paboThbl,

Paspen
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")v;lr;m;“b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
Nekumm MpakTnyecknellaboparopHbie
3aHATUSA pabotbi

Tema 8. Konnoksnym
?BnusHne
reoXuMmn4eckom cpebl KONNOKBUYM
8. Ha pas3BuTne un 5 8 2 0 0
XUMNYECKNI COCTaB
pacTeHunin?.

Tema 9. Murpauus
BELECTB.
MexaHunyeckas
Murpaums.

9. |Pun3sMKo-xmmMmnyeckas 5 9 2 0 0
mMurpaums. buoreHHas
mMurpaums. TexHoreHHas
Murpaums.

Tema 10.

["eoxnmmyeckmne
Knaccugomkaumm

10. 9/1IEMEHTOB. 5 10 2 0 0

Knaccugomkaums

B.M.lonbowmumaTa.

Tema 11. YyeHue

B.N.BepHanckoro o
bruocdepe Kak o

1. CTPYKTYpPHOW 06onoyke S 1 2 0 0

nnaHeTbl 3emng

(kpyrnblin cTon)

Tema 12.
["eoxnmmyeckas
MUrpaumnoHHas
Knaccugomkaums.
12.|Bo3aylHble MUrpaHTbl. 5 12 2 0 0
BogHble noaBuXHble
MUrPaHThbl.
ManononsuxHble
BOJHblE MUrPaHThI.

Tema 13.
Brnonornyeckuin
KPYroBOpOT XMMUYECKNX
9NEMEHTOB.
MNHTEHCMBHOCTb
13.|6uonornyeckoro 5 13 2 0 0
nornoweHuns. dakTopsl,
BNNSIOWME HA
KOHLIEHTpauuIo
MUKPO3NEMEHTOB B
pacTeHunsX.

Tema 14.
Buoreoxumnyeckue

14. LMKNbI BAXXHENLWUX 5 14 2 0 0

XUMUNYECKNX SNIEMEHTOB.

TecTmpoBaHune

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerncTtpaunoHHbii HoMep AE
HH
wlninin

3
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Bugbl n yachbl
Pasgen ayauTopHOM paboThbl,
Henensa MUX TPYAOEeMKOCTb Tekywume cpopMbl
N .D.Vllt\:nL(l.)Vll'Ir,I.IV;I'HbI/ CemecTp cemecTpa (B yacax) ‘{( ompﬁl ﬂp
ay Nek ImI'IpaKTW-lecm/leJ1a60pa1'op|-||>|e
u 3aHATUA pa60TbI

Tema 15.

Buoreoxnmnyeckne
15.|umknbl yrnepona, 5 15 2 0 0

P

Kucnopoda v sogopona.

Tema 16.

brnoreoxmmnyeckmne
16. LUMKNbl a30Ta, oocghopa S 16 2 0 0

n cepbl.

Tema 17.

3aKoOHOMEepPHOCTH

BNOreoxmMmn4eckoro

KpyrosopoTa

XUMUYECKNX BELLECTB
17. Buoreoxnmnyeckune S 17 2 0 0

LMKl TSXENbIX

mMeTannos (pTyTb,

CBWHEL, UWHK, Melb,

KaoMui).

KOHTpONbHas

Tema 18. KoHTponbHas
18. paGora 5 18 2 0 0 paboTta

Tema . toroeas 5 0 0 0 3a4et

doopMma KOHTpons

NToro 36 0 0

4.2 CopepxaHvue oUCLUMNMUHbI

Tema 1. BBepeHue. UcTopnueckue n Mmetoaonoruyeckme npennocbiiku BO3HUKHOBEHUSA
6moreoxmumum Kak Hayku. CBsizab 6Moreoxmmmm ¢ opyrumm Haykamu. 3agaum 6Moreoxmummn.

NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

MeTtognonornyeckas ocHoBa buoreoxumun. MpuHumnel B.N.BepHanckoro. Onpenenexune
broreoxumun no BepHanckomy. MexancumnnmHapHblil xapaktep 6uoreoxun. buoreoxmmms
paccmatpuaeT buocepy kak eanHyto CUCTEMY XMBOMO BEWECTBA U MUHEPAbHbBIX COeAUHEHNIA.
N3yyaeT xmummyeckuini 0OMEH B CUCTEME YENOBEK-OPraHM3Mbl-OKpyXatolas cpeaa, XMM1M4ecKuia
COCTaB XMBbIX OPraHnMa3moB. B 3agayn gucumnnmnHbl BXOOUT TakXe pacCMOTpeHne
O61OreOXMMNYECKNX LUKNOB MAMPALIMN XUMUYECKNX 3NeEMeHTOB. Ba3oBble KOHLeNUMm GMoreoxXnmMmni:
KOHLENUUS XMNBOro BELECTBA, KOHLenuns buocdepsbl (onpenenexHve tepmmnHa ?6mnoccepa?
3.3tocca n B.M.BepHanckoro), BMoKOCHblE CUCTEMbI, BMOreoxmmMmyeckme Lukbl. HenonHas
06paTMmMocTb BMOreOXMMNYECKMX LIMKNOB XUMUYECKNX SNIEMEHTOB 1 MX HE3AMKHYTOCTb. [Mpeaensi
aganTauum XnBbIX OPraHN3MOB K M3MEHEHUIO COAEPXaHNS SNeMEHTOB. Tpodrnyeckne Lenw.
B3anMooTHOWeEHNA MexXay opraHn3mMamu, Yepes KOTopble B 9KOCUCTEME MPOUCXOANT
TpaHcgopMaLms BEWeCTBa N SHEPrnn.

Tema 2. BasoBble KoHUenuuu 6uoreoxummun. KoHuenumns xusoro sewiectsa. KoHuenuus
6uocdepbl. BUOKOCHbIE CUCTEMDI.

JNIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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MponoonxeHne paccCMOTPEHUSI 3TANoB Pas3BUTUS BrioreoxuMun. MeoxmMmyeckne nccnenoBaHus B
CLWIA. Pabotbl ®.Knapka, koTopblit onpeaenun coaepxaHns 10 OCHOBHbIX XMMUYECKNX SNEMEHTOB B
reonorm4yeckmnx nopoaax u NnpupoaHbix sogax. CpenHee cogepxaHme XMMMYEeCKnx aNeMeHTOB B
3eMHoi kope. TepMuH ?knapk? (A.E.depcmaH). ViccnenosaHue rnobanbHOro pacnpeneneHus u
MUrpaumm XMMmn4eckmx anemMeHToB B yHusepcutete r.Ocno (Hopeerng). CospaHne reoXmMm4eckom
knaccudgpukaumm (B.M."'onbaowmunar). MNepBbii 3aKOH KPUCTaNNIOXMMUK 1 MPasuio nsomopcuama
(B.M.INonbawmmar). Munepanorunyeckue uccnenosanus B..BepHanckoro B MockoBckoM
yHMBEpCUTETE. ?7OMNMprYeckne n3oMopHble psaabl BepHaackoro?. f'eHeTnyeckuin nogxon B
MuHepanorum. OcHoBHble paboTel B.M.BepHaackoro: ?buocdepa? (1926 r.), 204epkn reoxmmmmn?
(1927 r.), ?buoreoxmmmyeckue o4epkn? (1940 r.). NprmMeHeHne NpUHLMNOB BOreoxuMmn B
MUkKpobuonorum n reonormun. ?baktepuanbHas bruoreoxmmma?. PaspaboTka 6MOreoxmMmyeckmx
METOA0B NMouckKa nonesHblx nckonaemblx. brioreoxnmmnyeckne aHomanun. Cesisb GOreoxmmMmm ¢
LPYyruMun Haykamn. brioreoxmmmst ? npmoputeTHas Hay4Hasi AMCUMNInHA, 06beanHsowas
61onoruo, reonornio N XMMUIO Mo ONPELENEHNIo, a MaTeMaThky 1 OU3UKY MO NCMONb3YEMbIM
MeToAaM. OBOMOLMOHHAsS BroreoxnuMmnsi. AHanM3 NPoOUCXOXAEHMS 1 3BONOLUN BUOreoXMMMUYECKUX
LIMKNOB B TEYEHME reonormyeckomn nctopmm 3emnu. lNMepsble NpuaHaKku XnsHn Ha nnaHete (3.5 ? 3.8
MUNNNApPLoB neT Hasan). BnusHve XuBbix opraHn3mMoB Ha M3MEHEHME XMMUYEeCKOro coctasa
npotobroTnyeckoi 3emnun. ObpaszoBaHne NpoToaTMocdepbl 1 NPOTOrNAPOCHEPDI.

Tema 3. Feoxummnueckmue acnekTbl yyeHusi o buoccpepe, posnb XMBOro BelecTsa B
reonornyeckon ucropum 3emnu. MpaHuubl 6uocdepbl. CTpykTypa 6uoccepsbl.

NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

CtpoeHne 3emnun. CoBpeMeHHas Moaenb CTPOEHNS 3eMNUN: 3eMHas Kopa, BEPXHAS MaHTUS,
TPaH3UTHasA 30HA, HUXHAS MaHTUS, XNOKOEe BHYTPEHHEe S4p0, BTOpas TpaH3MTHas 30Ha, TBepaoe
BHyTpeHHee a4po. JlnHma Moxoposuynya (Moxo). NosepxHocTb KoHpana. 3emMHas kopa v BEpXHAS
YyacTb BEPXHEe MaHTMK npencTaBnstoT coboit nutocdepy. Cnoii Huxe nutocgpepsbl (80-100 kM)
Ha3blBaeTcs acteHocdeporn. Coctas nutocpepbl. Bonee 90 % 3eMHOM KOpbl CIOXEHO U3
CUNMKATOB antOMUHUSA, Xenesa, Kanbuns, MarHns, Kanus, Hatpus, a Takxe okcuaa KpeMHUS.
XUMU4eckue anemMeHTbl OeNnaT Ha ABe rpynnbl B 3aBUCUMOCTU OT BEIMYUHBI KNapka: rasHble
(kncnopon, KPEMHUIA, antOMUHUIA, XeNneso, Kanun, KanbLnii, HaTpWi, MarHui, TUTaH, BO4Opoa) 1
paccesiHHble (knapk MeHble 0.1 %). XMMrnyeckme anemMeHTbl BTOPO rpynmnbl He 06pasytoT
CamMOoCTOATENbHbIX MUHepanoB. OnHaKo cnocobHbI 06Pa30BbIBATL B 3EMHOW KOPE CKOMIEHUS
(MecTopoxaeHns). Knapku koHueHTpauun (B.V.BepHanckuin). ['eoxmuMmyeckme aHomanuu.
"eoxmmmnyecknin oH. MNMoasemMHble BOAbI ((PU3MKO-XMMUYECKasi CUCTEMA, HAXOAAWAACSH B
paBHOBECWM C BMEWAoWUMN nopoaamm). 2 % noa3eMHbIX Bo4 ? npecHble. [[adbl rnybnHHOro
NPOUCXOXOEHNS (QUoKecKa yrnepona, renvmin, MetTaH 1 ap.). 9K30reHHble N 9HA0reHHble pakTopbl
BO3LENCTBUNS HA 3EMHYI0 Kopy. ['MnepreHes ropHbix NopoL. B TeyeHne reonorn4eckoro BpemMeHu
By/IKaHM4YeCKM1e nopoLbl (XXeneso-marHesnasnbHble CUMKaThl) 1 NOMeBble WnaTtbl paspyLwanmchb 1
npespalanncb B runepreHHble cunukaTbl (KaoMHUT, MOHTMOPWIOHUT, TMOPOCNI0ab).
MurpaumnoHHbIe NPouecchl C y4aCTUEM XMBbIX OPraHn3MoB. BroreoxmMmyeckunin Hacoc
(B.M.NonbawmunaT). Ero ponb B 06pazoBaHmm reoxmmMmnyecknx aHomanuin. Mukpobuonormyeckoe
BbllenaymsaHue. Ero ckopoctb B psage cnyvaes B 1000 pa3 npesblwaeT CKOPOCTb XMMUYECKOro
paspyLlweHns MAHEPANOB B FOPHbIX MOpoaax . TMOHOBbIe BakTepun OKUCASIOT CynbgUAHbIE
MUHepanbl (MMPUT, XanbKoNMpUT, cdanepuT, Xanbko3uH, koeenvH). pyrne 6aktepun cnocobHbI
BOCCTaHaBNMBaTb MOHbI METANNOB, Hanpumep, xenes3o(lW) oo xenesa ().

Tema 4. DBONIOLMOHHAsA 6MOreoXummsi. YCTOMYMBOCTb U caMoperynsiuusi B npouecce
pa3BuTtUs 6uocepbl. MoHATHE 0 6UoreoLeHo3e.

JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
CtpaHnua 8 ns 32. il YHI:I
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

Moysa. MNMpodomnb NoYBEHHOrO NoKpoBa. ['OPM30HTLI NOYB. VX reHeTu4yeckas CBS3b.
MwuHepanornyeckumin coctas noYBbl. BONbWNHCTBO XMMUYECKUX 3NIEMEHTOB B OKUCIEHHOM
COCTOSIHMMW. 'yMyC: r'yMUHOBbIE U (PYNIbBOKMCNOTHI 1 MX KOMMeKChbl ¢ MeTannamu. ObpasytoTcs npu
MUKPOBMONOrMYECKOM Pa3NIoXEHUN PaCTUTENbHbBIX OCTAaTKOB. CTPYKTYPHbIE SHENKN ryMyCOBbIX
COEVHEHUN OTANYATCS NS pasnnyHbIX NOYB (HAaNnpUMep, AEPHOBO-MNOA30MUCTbIX M YEPHO3EMA).
Sueiikn coynbBOKUCNOT pannyaroTcst B MeHbluel cteneHn. Vix monekynbl cogepxat 6onbliee 4ucno
MMAPOGOUIbHbBIX FPYMM, YEM FYMUHOBbLIE, U MO3TOMY OHU Nyyle pacTBOPSAIOTCS B BOAE. ITO
CnocobCTByET MUTPaLIMN XMMUYECKUX SNEMEHTOB B Brocgoepe. MNoyea ? cocTaBHas 4acTb
buoreoueHosa. Haxoantcs B AMHaMUYECKOM PaBHOBECUM C APYrMK ero KoMnoHeHTamu. MNoysa
urpaet bydgoepHyto ponb B buoreoueHose. Ocnabnsiet BO3OENCTBME Ha HErO BHEWHUX (0akTOPOB.
BuoreHHoe HakonneHne XMMMYeCcKnx aNeMeHToB B BEPXHEM croe. Ponb pacTteHuin B 9TOM npouecce
(BroreoxmMmyecknii Hacoc). broreHHas akkyMynaums u MUrpaumns XMMUYECKMX 3NIEMEHTOB B MOYBE.
PacnpegneneHune xuMn4eckmx aneMeHTOB B NOYBEHHOM Npodhune onpenenseTcs COOTHOWEHNEM ITUX
[BYX MPOLLECCOB.

Tema 5. PacnpeneneHne Xumm4yeckux afnemMeHToB B 3eMHOM Kope. CocTtaB nutocdpepbl.
Knapku n knapkm KoHueHTpauuu. NMousa u passutue buocdepbl.

NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

DOopMbl HAXOXAEHNS XUMUYECKMX SNTEMEHTOB B 3EMHO Kope. MuHepanbl: nonesble wnaTbl,
CNOWCTbIE CUAMKATbI, KBAPL, ONIMBWHbI, rpaHathbl, kKapboHaTtbl. buoreHHble MUHepanbl. Tunbl
61oreHHbIX MMHEpanoB. BnvsHne cunnkaTHOro coctaea 1 KpUCTaniMyeckoro CTPOEHMS 3eMHO
KOpbl Ha pacnpeneneHne paccesHHblx anemeHToB. KoHuenumsa Monbawmuara (?>xectkue copepbl?):
Kapkac aHWOHOB K1CNOpo4a UrpaeT posb CBOeobpasHOro omnbTpa, CnocobCTByOWEro
anpgoepeHLmaumm XMMmMYeCckmx aNEMEHTOB NO BENNYUHE UX MOHOB. Kpuctannoxmmuyeckas
WHOMBUAYANbHOCTb MUHEPANOB (COYETaHME XMMUYECKOr0 COCTaBa U KPUCTaNINYECKON CTPYKTYpPbl).
BewecTBa 04HOro 1 TOro Xe cocTasa, HO Pa3HOW CTPYKTYPbl ABASAIOTCSA NONNUMOPCHbLIMA.
3omMopdonam: B3aMHOE 3aMelleHre MOHOB B KPUCTaNNMYeckoin cTpykType bnaronaps 6nm3octu nx
pannycoB. PaccesiHHbIe 9NeMEHTbI 3aKOHOMEPHO KOHLIEHTPUPYIOTCSA B ONPedeneHHbIX MUHepanax.
M3omophunam He eaUHCTBEHHAs OopMa pPacCcesHUS SNEMEHTOB

Tema 6. PoOpMbl HAXOXAEHUA XMMUYECKUX 3aneMeHTOB. MuHepanbl. PaccesiHHble 3/IEMEHTDI.
N3omopchuam. AKueccopHblie MUHeparnbl.

JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

Macca HaseMHbIX XMBOTHbIX cocTaBnsiet okono 1% ot outomaccsl. [loaToMy coctas
pPacTUTENbHOCTU CylI ONpeaensieT cocTas BCero Xxmeoro Ha 3emne. Coctas bromacchl cywmn: 60%
BOAbl, 38% OpraHn4eckoro BewecTBa N 2% 30MbHbIX aneMeHToB. CpaBHUTENbHOE CcodepXaHmne
XMMUYECKMX SNEMEHTOB B PACTEHUSX U XMBOTHbIX. CocTaB buomacchl okeaHa: MeHee 1% OT mMacchl
AkueccopHble MUHepanbl ? Hanbonee rpyboaucnepcHas oopma pacCcesHUs XMMUYECKmX
anemeHTOB. /X pa3amep 0.01-0.02 mm B grnametpe. O6pasytoT MEXaHNYECKUE BKIIOYEHNS B
nopoaoobpasywmnx MuHepanax. B kpuctannnyecknx noponax B ka4ecTBe akLLeCCopreB
NPUCYTCTBYIOT LUMPKOH, PYTWUA, anaTtuTbl, MarHETUT, UIbMEHNT, MOHAUWUT, XPOMUT. CTPYKTYpbI
pacnaga TBepaoro pacTtsopa (aMyfnbCUOHHAs BKpanneHHOCTb). MuHepanormyeckune v
HeMMHepanornyeckme goopMbl HAXOXAEHNS PACCESHHbIX 3NIEMEHTOB B KPUCTaNIMYECKOM BELLECTBE.
PacnpeneneHne aneMeHTOB C BbICOKMMU Knapkamuy nog4ynHSAETCS HOpManbHOMY 3akoHy. Bbicokas
BapnabenbHOCb HM3KOKNAPKOBbLIX 3NIEMEHTOB ( MakCuMarnbHas CTeNeHb KOHLEHTPUPOBAHUS MMaBHbIX
anemeHToB 10-20 pa3 No OTHOWEHMIO K KNnapky, a paccesHHbix 100-1000. Coctas XMBOro BewecTsa:
goutobuomacca, 3oobuomacca, mmkpobromacca. OcobeHHOCTM onpeneneHns KNnapkoB XnBoro
pacTutenbHocTu cywmn. OcobeHHOCTM CTPYKTYpPbl XMBOr0O BELWECTBA OKeaHa: Macca
KOHCYMEHTOB(OPraHn3MoB-noTpebunTenein opraHNYecKoro BeLWecTBa) NPeBbIaeT Maccy
NpoOyUeHTOB (POTOCMHTE3UPYIOWMX OpraHn3mMoB). PUTONNaHKTOH (Mpeobnagatowas 4acTb Macchbl
NnpoayueHTOB OKeaHa). B pacTeHuax okeaHa no CpaBHEHMUIO C CYLLEN 3HAYUTENBbHO Bblille
KOHUEHTpauuns no4YTn BCeX 30/bHbIX 3N1EMEHTOB. Ponib pacCesHHbIX XMMUYECKUX SNEMEHTOB B
PyHKLIMOHMPOBaHNK BriomMacch..

Tema 7. CoctaB XuBoro sellecrsa. Buoreoxummyeckme oyHKLMM XMBOro BeLL,ecTBa.
a3oBble. KOHUEeHTpauuoHHble. OKNCNUTENbHO-BOCCTaHOBUTENbHbIe. BUoOXuMuyeckue.

JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

Murpaums XuMn4yeckunx aM1eMeHToB. Turbl MUrpaunn: MexaHmyeckas, ousnko-xmMmyeckas,
bvoreHHas, TexHoreHHas. MexaHuyeckas murpaumnsi obycnoeneHa paboToi pek, BeTpa, NeaHNKOB,
BY/IKQHOB, TEKTOHMYECKUX CUN. 3aBUCUT OT TBEPOOCTU NPUPOJHOro Matepuana. lNokasarenb
MexaHuyeckom murpaumun. imeet makcumanbHoe 3Ha4yeHne ons apuaHbiX ropHbIX Nopoa, a
MUHUManbHoe ? Ons ryMUOHbIX NECHbIX PaBHUH. PU3NKO-XMmyeckas murpauuns. BHyTpeHHne
goakTopbl MUrpaumnu. lNokasartenb SNeKTPOCTaTUYECKNUX CBONCTB MOHOB CNYXXMUT WOHHbIV NOTeHuunarn
(mnoteHuuwan Kaptnenxa) n sHepretmyeckme KoaduumneHTbl. B 3aBUCMMOCTM OT BENNYUHDI
noteHumnana Kaptnenxa XxmMnyeckume aneMeHTbl MOXHO pasgenuTb Ha 3 rpynmnbl. dHepreTnyeckme
KoagogomumeHTbl (9K) paccumTbiBatoT no oopmynam A.E.depcmaHa. 3TN KOIPULMEHTI
oTpaxatoT NocnenoBaTeNlbHOCTb KPUCTanIM3aunm MMHepanoB 3 pacTeopos. oHbl ¢ 60bwnMm
pagvycamu BbinanarT U3 pacTBOPOB paHble. BHewHre doakTopbl MUrpaummn: TemnepaTtypHbIia
pexuMm, nasneHne, KNCNOTHO-OCHOBHbIE YCNOBUS, OKUCIINTENbHO-BOCCTAHOBUTESbHbIE YCoBus. B
6onbwunHCTBE crnyyaeB obpasoBaHNe KOMMNEKCHbIX MOHOB MOBbIWwaeT pH ocaxaeHust rmapoKCuaoB 1
pPacTBOPUMOCTb, 4YTO YCUMBAET MUTPALIMOHHBbIE NPOLECCHl B rmapocdepe.
OKMCANTENBHO-BOCCTAHOBUTENbHBIA PEXUM 3HAYUTENBHO BANSIET HA MUTPALLMIO.
BoccTtaHoBuTenbHble yCNoBMS COMPOBOXAATCA NHTEHCUBHOW MUTrpaunen coeiMHeH Xeneaa,
MapraHua, kobanbTa, Mmeau. B neproabl aspaunn HadmHaeTcs nepexon B 6onee BbicoKne
COCTOSIHWSI OKUCNEHWS, COMPOBOX AAIOWNIACS MHTEHCKBHBIM 06pa3oBaHMeM ocaakos. Murpaums B
KONNonagHom oopMe xapaktepHa ons rymyca, COeQUHEeHUn KPEMHUS, antoMUHUS, Xenesa, MapraHua,
0f10Ba, TUTaHa, LMPKOHWNS, BaHAAMS, XpOMa N HEKOTOPBIX APYrnx aneMeHToB. broreHHas murpauns
obycnoBneHa COBOKYMHOW XN3HEAESTENbHOCTHIO XMBbIX OPraHn3MOB. DNIEMEHTbI C BbICOKOWA
6roreHHoOCTbIO (dbocdrop, KanbLUuii, Kanuid, cepa, yrnepom, a3oT) MeHbLIE MUTPUPYIOT, YEM
3/IEMEHTbI HEe rparoLmne CyleCTBEHHYIO PO/b B COCTaBE XUBOro BelecTa (Xnop, HaTpuin, MarHui).
TexHoreHHas murpaums. TexHoPUNbHOCh, OECTPYKTUBHAS aKTUBHOCTb 3IEMEHTa, TEXHOreHHOoe
reoxuMmmnyeckoe gasneHve, Mooynb TEXHOreHHOro reoOXMMMYeckoro gasneHuns. TeXHOreHHble
aHomanuu.

Tema 8. Konnokeuym ?BnusiHue reoxummyeckomn cpenbl Ha pasButue 1 XMMU4YeCKUmn cocrtas
pacTteHun?.

NeKLuMoHHOe 3aHsiThe (2 yaca(os)):

"eoxmMmmnyeckas murpaumoHHas knaccudpukaums (Mepenbmax A.W.). Bo3oywHbIK MAUrPaHTbI
(kncnopoa, Bogopoa, cepa, yrnepoa, asor). .['eoxummyeckme npasuna. lNpasuno
I0.N.Menpeneesa.llpasuno B. NapkuHca. lNMpa sunol.Oppo. Bee wenoyHble anemMeHTol
nMTOgOUNbHLI. Hanbonee n3BecTHble MUHEPANbI WENOYHbIX METANNOB: CUNLBUHUT, MUPabonuT,
HaTPOH, kapHannuT. WenoyHble MeTannbl ABASOTCA TUMMYHBIMU IUTOPUNAMK. DTO 0O BACHSAETCS NX
CpOAOCTBOM K Kucnopody. [ranoreHbl OTHOCATCS K TUMUYHbIM aHWOHOMEHHHbIM 3ieMeHTaM. BoaHble
NOOBUXHblIE MUrpaHTbl. K 3TOM rpynne OTHOCAT BCE LWeNOYHbIE U WeNOYHO3EME bHbIE MeTan b, a
Takxe ranoreHbl. K ManonogsuXHbiM BOOHBIM MUTPaHTaM OTHOCSATCS BCE XanbKOgublv 1 YacTb
NNTOOUNOB. ¥ HNX B MEHbLLEN CTEMEHN BblpaXXeHa MOHOMEHHOCTb, YEM Y 3/IEMEHTOB rpynmnbl
NOOBUXHbIX BOLHbIX MUrPaHTOB. ManonoaBuXxHble BOAHbIE MUTPaHTbl AeNsT Ha 6 KNaccos :
NutocpnnbHbIE aHWOHOTEHHbBIE ANEMEHTBI (KPEMHMIA, doocdpop, 60p). JTnToprnbHbIE 3NEMEHTLI C
MOCTOSIHHOW CTEMEHbIO OKUCNEHNS (BEPUNINiA, antOMUHWIA, LMPKOHWIA, radoHWUIA, CKaHAWIA, TOPUIA,
naHtaHugpl). JInTogounbHble U CUOEPOdUNbHBIE SNEMEHTbLI C NEPEMEHHO CTENEHbIO OKUCNEHNS
(TvTaH, BAHAAWA, HNOBWIA, TaHTan, ypaH, BONbMpam, peHunin, MonmbaeH, TexHeunid). Metannoi
rpynnbl Xenesa (XXeneso, MapraHeL, XpoM, H1KeNb, KobanbT). NnatnHa n nnatmHomabl (MnatuHa,
PYTEHWIA, poauiA, Nnanaanin, oCMuiA, npuanin). XanbkogounbHble MeTannbl (pTyTb, KaaMuia, cepebpo,
Melb, CBMHEL, UHONA, BACMYT, LMHK, 30110TO).

Tema 9. Murpauus sewiects. MexaHuyeckass Murpaums. Pusnko-xuMmyeckasi MUrpaums.
BuoreHHas murpauus. TexHoreHHas Murpawms.

JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep < ;’;?{
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Ynaxosuy H.A.

JlutodomnbHble aHNOHEreHHble aneMeHTbl. [1poABNA0T NOCTOSAHHYIO CTEeNEeHb OKMUcneHns. KpemHuin B
MUHepanax npucyTcTByeT B Buae TeTpasnpo. CnocobeH 3amewatb antoMmHuin. docdop B
COEeOUHEHUSX, HaXoOAWmMXCa B 3EMHON KOpe, NPOSBASET CTENEHb OKUCNEHUS S+
(TPyZHOpPacTBOPMMbIE COMN OPTOGOCHOPHONM KUCNOTbI). Poccpop ? BMOUNbHBIN 3NIEMEHT.
BrodmnbHbIMKU cBOVicTBaMM obnapaeT n 60op. MN'ymnaHble naHawadgTbl 6eaHbl 60pPOM, apuaHbie
HaobopoT oborauweHbl. JIMTOPUIbHbIE 3NEMEHTbI C MOCTOSIHHOM CTENEHbIO OKUCNEHUS 0OpasytoT
KOMMNEKCHble aHNOHbI U KaTUOHbI. Murpauuns 3aBnUCUT OT OKUCNNTENbHO-BOCCTAHOBUTENbHBIX
ycnosuii. B 6ronormyeckom KpyroBopoTe y4acTBytoT cnabo. [ns HMX BbINOMHAOTCS Npasuna
MeHpeneea n MapkumHca. MuHepanbl LMPKOHUS LMPKOH 1 6aaaenvt, B KOTOPbIX MPUCYTCTBYET A0 2
% radpHusi. Topuii BXoAUT B cOcTaB MoHaumTa. bepunnuin obpasyet mmHepan 6epunn. CkaHoni B
3EeMHOII KOpe pacnblfieH 1 CaMOCTOATENbHbIX MUHEePanoB NpakTnieckn He obpasyeT. JInTounbHble
N cnaepodubHbIe 3NIEMEHTbI C MEPEMEHHON CTENEHbIO OKUCNEHNS. TUTaH OTHOCUTCS K rMaBHbIM
anemeHTaMm (K = 0.6%). B BOOHbIX pacTBopax rmaponumayeTcs oo tTutaHuna. B cunbHokucnom cpege
NPUCYTCTBYET B BUAE TETPA3APUYECKMX aumaokomnnekcoB. Obpasyet MUHepanbl pyTUn, UIbMEHNT,
neposckut. Cobnogaetcs npasuno MapkuHca. BaHaonii B 3eMHOI KOpe A0CTaTO4HO
pacnpocTtpaHeH (K = 0.02 %).Hnobwuit n TaHTan sensoTtcsa peakummn anemeHtamm (K = 10-5 %).
BaHanwnii He obpa3syeT cOBCTBEHHbIX MECTOPOXAEHUIA NOCKOMbKY ero paamepbl 6n13ku K pasmepam
pacrnpocTpaHeHHbIX 3NEMEHTOB (Xkenesa, TuTaHa, MmapraHua). Pasamepbl BaHanat- n goocpaTnoHos
Takxe 6nm3ku. B pesynbTtaTte BaHaaUii BKIOYAETCS B KPUCTANNMYECKYO CTPYKTYpy bonee
pacnpoCTpaHeHHbIX 3N1eMeHTOB . Hnobwuii n TaHTan conyTtcTeyoT P33 1 npucyTcTayioT B
ypaHcoLepXalmx MuHepanax kak n TexHeumi (NpoaykKT CNOHTaHHOro geneHus aaep ypaHa). PeHun
SBNSIeTCS peaknM paccesiHHbIM anemeHToM (K=10-7). YeTHble anemMeHTbl MONnbaeH 1 Bonbgpam
[0CTaTo4YHO pacnpocTpaHeHbl B 3eMHoM kope ( K = 10-3%).

Tema 10. N'eoxummnyeckune knaccucpukauum anemeHtoB. Knaccucumkaums B.M.Nonbawumuara.
NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

MeTtannbl rpynnbl Xxenesa. 9T SNeMeHTbl TUMYHble cngepodunbl. OgHAKO Xeneso, HUKeNb U1
KobanbT NPOSIBASIOT TaKXe M XanbKO(UIbHbIE CBOMCTBA. XPOM 1 MapraHey, ? nuTogoubHbIE.
MapraHeL npeacraBngeT UCKNOYeHne N3 npasuna fapkmHca: oH 4ocTaTo4HO pacnpocTpaHeH (K =
10-1%), HO nMeeT HeYveTHbIn HoMep. MapraHew, SBNAeTCA?XeCTKOM KUCNOoTon No MNnpcoHy n
MO3TOMY NPUCYTCTBYET B 3EMHOI KOPE B BUIE KMCNOPOLHbIX COEAUHEHWI (MMPONO3NT, BpayHuT,
POLOHWT). XXeneso BXOANT B COCTAB 04eHb HOMbLIOro Y1CIa NEPBUYHBIX U BTOPUYHBIX MUHEPANOB,
FOPHbIX N 0CaA04YHbIX NOPOA. 3aHNMaET YEeTBEPTOE MECTO Cpeau 9NEMEHTOB Mo
pacnpocTpaHeHHoCTU. MuHepanbl Xenesa: MarHeTuT, KPacHbIA XeNe3HsK, NMpUT, CUOEepuT,
ONUBUH, BypbIil XenesHsK. Aapo 3emnu npeacTaBnseT cBOeobpasHyo cnaepocaepy, Tak kak
COCTOMT B OCHOBHOM 13 Xene3a. Xeneso 1 HUKEeNb SBNAIOTCS YETHbIMU 3fIEMEHTaMK, NO3TOMY
0bpasyoT MHOro n3oTtonos. KobanbT ? 3T0 9NeMeHT oanHoyka. Ero knapk MeHblue Ha NopsaoK, Yem
y Hukens. KobanbT npucyTCTBYET B MUHEpanax H1UKens B cootHoweHmn 1:10. CywecTBytoT v
cobcTBEHHbIe MMHepanbl KobanbTta: KobanbTuT (kobanbToBbI 6neck) n cManbTuT. MNnatnHa n
nnaTUHOWAbl Mano pacrnpocTpaHeHbl. HeTHbIe aneMeHTbl (pyTEHWIA, Nannagnin, OCMUIA 1 NnatmHa) ? B
6onblel CTENEHW, HEYETHbIE (POANIA 1 pnaniA) ? B MeHblLen. BcneacTerne HU3KOM akTUBHOCTY
BCTPEYaloTCa 1 B CAMOPOOHOM COCTOSIHUM (B BUOE BKPanIeHnin B CynbduaHble pyabl Mean u
HUKens). XanbkounbHble MeTannbl BCTPeYatTCs B NpUpoae B BULE CynbuO0B Un NpuMecen K
HUM. Hanbonee pacnpocTpaHeHHble MUHEPanbl: KNHOBAPb, CPANEPUT, XanbKONUpPUT, CBUHLIOBbIN
6neck. PacnpocTtpaHeHHOCT nogunpseTcs npasuny [FapkuHca.

Tema 11. YueHne B.U.BepHanckoro o 6uocdpepe Kak 0 CTpyKTypHOM 060/104Ke nnaHeTbl
3emns (Kpyrnbin cTon)

JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerncTtpaunoHHbii HoMep AE
HH
SETAALIME

3
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

NHTeHcuBHOCTL Bronorudeckoro nornoueHns. KoadodouumneHT 6ronornoueHns (4acTHoe oT
LOeneHns CollepXaHusi B 30/Me Ha ColiepXaHue B ropHbix nopoaax). Bce aneMeHTbl B 3aBMCMMOCTH
OT 3TOro nokasartensi MOXHO pasnenvTb Ha ase rpynnbl. K nepBoii OTHOCAT Te, cooepXaHue
KOTOPbIX B 301€e 6onblue, 4eM B 3eMHOI Kope (6op, noa, 6pom, umHk, cepebpo, Meab, MONMbaeH,
MapraHeL, kobanbT, HUKeNb). BTopas rpynna cocTouT N3 3NeMeHTOB, codepXaHne KOTOpbIX B
pacTeHusIX (30ne) MeHblue, YeM B 3eMHOI Kope. IHTEHCMBHOCTb 6MOMOrNowWeHns paccesiHHbIX
3NEMEHTOB He 3aBUCUT OT UX COOdepPXaHNs B 3eMHOI kope. dusnonorndecknii Gapbep NornowueHms.
H6apbepHbIi 1 6e3bapbepHbIi TUMbI NornoueHns. PakTopbl, BIUSIIOWME HA KOHLEHTPpaLUIo
MUKPOSNEMEHTOB B pacTeHusx. PacteHns ? koHueHTpaTopbl. MeTannodunbHas gonopa
(KOHUEHTpUpyoLWas cpasdy HeCKONbKO 31eMEHTOB). PacTeHUsi ¢ y3Kol reoXMMn4ecKon
cneumnanuasauvei. HepaBHOMEPHOCTb pacnpeneneHunsi B 3eMHOM KOpe pacCcesiHHbIX 3NEMEHTOB.
Y4acTKu 3eMHO KOPbl C BbICOKOV KOHLIEHTPaLMER XMMUYECKIX 3NIEMEHTOB Urpanv BaXHY Ponb B
BUOo0Opa3oBaHUMN pacTeHuii. MoBbilEeHHOE CooepXaHe XMMUYECKOro aNieMeHTa CONpoBOX OaeTCs
yBE/TMYEHNEM ero KOHLEHTpaLUun B 0OTOCUHTE3NPYIOLWNX OpraHuaMax. Pasnnyne Mexy rnasHbIMU
N paccesiHHbIMU aneMeHTaMn. [NaBHble 3NeMeHTbl BXOOST B COCTaB PaCcTEHW B TaKOM OONbLIOM
KONMYECTBE, YTO YBENIMYEHNE KOHLIEHTPALIMN MaKpoaieMeHTa B HECKO/bKO pas noBneyeT 3a cobol
NepecTpoiiKy OpraHnaMa, a MHoraa v nosiHoe HapyweHne ero doyHkuuii. KoHueHTpaums
MUKPOSNEMEHTOB (paccesiHHbIX) CTONb HE3HaYMTeNbHA, YTO ee YBeNMYeHne naxe B 1ecaTky pas
MOXET He MMEeTb r'yOUTENbHbIX MOCNeaCTBUIA.

Tema 12. N'eoxummnyeckasi MurpauoHHas Knaccucpukauusi. BosayuiHble MurpaHTbl. BogHbie
noaBuXHble MUrpaHTbl. ManonoaBnXHbie BOAHbIE MATPAHTI.

NeKLuMoOHHOe 3aHsiThe (2 yaca(os)):

MnobanbHble buoreoxmMmyeckme LUnknbl anemeHToB. CoBpeMeHHbIe B1OreoxXMMmnyeckmne LnKibl
3axBaTblBAKOT atMocqepy 1 rmgpocdepy. B nutocdepe MurpaunoHHble NOTOKN OrpaHnynBatoTCs
CaMoii ee BEpPXHEN YacTblo ? 30HON runepreHesa. B Guoreoxnmmnyeckme LMKIbl BOBNEKAKOTCS HE
TONbKO aTOMbl BUOGWIBHBIX 3IEMEHTOB, HO MPAKTUYECKM BCE 9/1IEMEHTbI 3€MHO KOopbl. [1aTb XoTs
Obl KpaTKOE ONMCaHNE BCEX XMMUYECKMX 3IEMEHTOB, LIMPKYINPYIOWMNX B reorpadouyeckor obonoyke
3emnn He NpeacTaBnseTcsl BO3MOXHbIM. [oaToMy ByyT pacCMOTPEHbI 3BOMIOLMOHHO CNOXMBLUNECS
LMKNbl TONbKO BMOUNbHBIX 3NEMEHTOB 1 HEKOTOPbIX TSXKENbIX METANNOB. BUoreoxuMmyeckmnii LnKn
yrnepona. Pesepsyapsbl yrnepoga (nmtocdepa, rugpocgepa, negocgepa n atmocqgepa).
MpakTuyeckn Becb yrnepon atMocdepbl HaxoauTcsa B Buae gnokcuaa yrnepona. OcHoBHas ero
4acTb COCpPenoTOoYEHA B Tponocgpepe. Hanbonblwmne KonuyecTsa yrnepoaa 1 amokcuaa yrnepona
(yrnekmcnoro rasa) cocpenoTtoyeHbl B rnybuHax 3emnu. [ocTtynneHune yrnekmcnoro rasa u3 Heap B
aTMocgepy NPOMCXoanT MeanieHHo. TnobanbHbIf LUKN yrnepoaa MOXHO pa3fennTb Ha ABa uukna
HW3Wwero paHra. Mep.blii cBS3aH C NOTPebNeHNeM yrneknucnoro rasa npu poTocnHTese. 910
noTpebneHne KOMNEHCMPYETCS AeATENbHOCTLIO NMOYBEHHBLIX MUKPOOPraHM3mMoB. He Becb yrnepogs,
BOBNEKaeMbln B OOTOCUHTES, BO3BpaLLaeTcs B atMocpepy. HacTb coxpaHsieTcs B negocgepe B
BUIe rymyca n topga. 9ToT UMK He NONHOCTbIO 3aMKHYT. BTOpon Lmkn goopMmnpyeTcs 3a cyHet
razoobmeHa Mexay atMocopepoit n okeaHocdepoii. MapokapboHaT-kapboHaTHas cuctema
OKeaHOB Haxo4MTCs B MNOABUXHOM PaBHOBECC C YrNEKUC/bIM ra3oM atMocepsbl. Yrnekncnblin rad
aKTUBHO PacTBOPSETCS B XONOAHOM MOPCKOW BOAE B BbICOKMX WNPOTax. B HU3KMX wunpoTax
NPOMCX0AUT HarpeeaHve BO4bl 1 BblaeneHve amokcuaa yrnepona B atmocpepy. PasoeneHve
LMKNoB ycnoBHo. OHM CBS3aHbl B1IONOrMYECKNMIN NpoLeccamMn: 3axBa4eHHbIN
rmppokapboHaT-kapboHaATHOW CUCTEMOI OKEAHOB aTMOCHEPHbI ANOKCU yrinepona 4acTU4HO
noTpebnsetcs oMTONNaHKTOHOM. BTOpOW LUMKN TakXe He MOMHOCTbI0 3aMKHYT, T.K. MOCTOSHHO
NPONCXOANT 3aXOPOHEHNE YrNepoaa B AOHHbIX OTNIOXEHUSX B BUAE kKapboHaTOB.

Tema 13. Buonornyeckum KpyroBopot XuMM4eckux anemeHToB. MHTEHCMBHOCTb
6uonornyeckoro nornow,eHusi. PakTopbl, BMIUSAIOLWNE HAa KOHLLEHTPALMIO MUKPO3J/IEMEHTOB B
pacTeHusix.

JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):

"nobanbHble buoreoxuMmyeckme LUnknbl 3nemMeHToB. CoBpeMEHHbIE BMOreoXMMNYecKne LNKIbl
3axBaTbiBAOT atMocdoepy 1 rmgpocdepy. B nutocdepe MurpaunoHHble NMOTOKM OrpaHnynBatoTCs
CaMoii ee BEpXHEeN YacTblo ? 30HON runepreHesa. B Guoreoxnmmyeckme Lmkbl BOBNEKAKOTCS HE
TONBbKO aToMbl 6UOGWNBHBIX 3IEMEHTOB, HO MPAKTUYECKM BCE 9NIEMEHTbI 3€MHO KOopbl. 1atb XoTs
Obl KpaTKoOe ONMUCAHNE BCEX XMMUYECKMX 3NIEMEHTOB, LIMPKYMPYIOWMX B reorpadomyeckoin obonoyke
3emnn He NpeacTaBnNaeTcs BO3MOXHbIM. [oaTomy ByoyT pacCMOTPEHbI 3BOMIOLMOHHO CNOXMBLUNECS
LMKNbl TONBbKO BMOUNBHBIX 9N1EMEHTOB 1 HEKOTOPbIX TSAXENbIX METASIOB.

PeructpaumnoHHbIin HoMep BAEKTPOHHELIH
Crpanunua 12 n3 32. il yLH,lf[;F EPCHTET

AHATTAMECKAR CrCTEMA KPY



Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

Tema 14. BuoreoxmMmuyeckue LUKIbl BaXHENLNX XUMUYECKUX 3/IEMEHTOB.
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

Buoreoxumnyecknin umkn asoTa. ['naBHbili pe3epByap a3oTta Ha 3emne ?atmocepa (okono 4.106
'T). B 3emHoM kope copepxutca nopsaaka 1.106 ' asota. B BepxHeit yactn maHtum ? 13.106 I'T.
BepxHsisi MaHTMS ? OCHOBHOW UCTOYHUK a30Ta A1 reorpagouyeckoit obonoykn 3emnu. Bolgenexve
asora npoucxoauT 3a cyet BynkaHnama. Macca pactBOpeHHOro B okeaHe asorta coctasnget 0.5 %
OT aTtMocpepHoro. B oTnmyme ot kucnopona MONekynspHblil a30T B CUNY XMMUYECKON MHEPTHOCTM
HeOoCTyneH ANns yCBOeHNs 6ONbIUMHCTBOM OpraHn3MoB. B npupone TeM He MeHee 0bpasyroTcs
TepMOONHAMNYECKN MEHEE YCTONYMBbIE MO CPABHEHWUIO C MONEKYNSPHBIM 230TOM OKCUAbI 23073,
HUTPWUT- N HATPAT-NOHbI, @ TakXe KaTuoHbl aMMOHMSA. KpoMe Toro, MpucyTcTBytOT aMUHOKUCNOTBI 1
6enkn. Abrnotmyeckas cukcaumnsi atTMocepHOro azota NpPonCXoanT B Mpupoae B pesynbtarte
ghoToKaTanuTUYecknx peakuuii. B rnobanbHoMm 6MoreoxnMmnyeckom LMKne asota OCHOBHas Posb
npuHaanexuT maccoobmeHy mexay negocdepoii 1 atMoccpepoit. Mpoueccol B noyse
obecneynBaloT 06pa3oBaHNE OCHOBHbIX KONMYECTB AOCTYMHbIX A4S pacTeHuin oopM asoTa.
CB#s3blBaHME MONEKYNSPHOr0 a3oTa OCYIECTBASETCSA MUKPOOpraHmaMamm. MukpoopraHnambl
exeronHo doukcmpytoT okono 140.106 T azota. OTO NpeBbIWAET NOTOK M3 atMocdepbl Ha
NOACTUNAIOLLYIO MOBEPXHOCTb 06pa3ytoWmnXCs Npu rpo30BbIX Pa3psiaax OKUCNEHHbIX COeaNHEHWA
asoTa. B noyBax 1 BoOHbIX 3KOCUCTEMAX NPOUCXOANT BbICTPas HATPUUKALMS ? OKUCNEHNE NOHOB
aMMOHUs ¢ obpasoBaHneM bonee OOCTYMHbIX PACTEHMAM HUTPUTHBIX M HUTPATHbLIX MOHOB, KOTOPbIE
He HakannmeakTCS B NOYBaAX, HECMOTPS HA MNOCTOSIHHYIO OesATeNIbHOCTb a30TPUKCUPYHOLNX
MMUKPOOPraHU3MOB. 3TO NPOMCXOAUT MOTOMY, HTO BOAOPACTBOPUMbIE COEONHEHMS a30Ta Nerko
BbIMbIBAlOTCS M3 N0oYB. BooHas murpaums coctaenset exerogHo no 25 ? 80 Mt azorta. B npupoae
NPOUCX0AMT a30TdoMKcaUms C NOCNeyoWnM BKITOYEHMEM aTOMOB a3oTta B 6uomonekynbl. Mocne
rmbenun pacTeHUn N X1BOTHbIX a30TCOoAEPXalLNe XUMUYECKME COeNMHEHUS NOABEPratoTCs
MUKPOBMONOrMYECKOMyY Pa3noxeHnto 1 amMoHudvkaummn. Mpouecc AeHNTpUMKaLMnM NPonNcxoanT
B HEBO3MyLLEHHOW YenoekoM brocgepe. ObpasoBaHne MONEKYNSIPHOrO a30Ta U3 OPraHNYeckmx
COEAVNHEHWNIA, HATPATOB N HATPUTOB NPOMUCXOONT B NMOYBAX MU B BOAHbIX 3KOCMCTEMAX B a3POOHbIX 1
aHaspobHbIx ycnosusx. JeHnTpudprkaumns MoXeT NPUBOANTbL U K 06pa3oBaHMi0 OKCMAO0B a3oTa.
Buota nogaoepxusaet cogepxaHue B atmocepe 3eMnm He TONbKO Kucnopoaa, u
?6€e3>XMN3HEHHOro? asoTa.

Tema 15. BuoreoxmMmnyeckue LUKbI yrnepona, Kucnopona u sogopoaa.
JNleKLMoHHoe 3aHsiTne (2 4yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

Bbuoreoxumnyeckuin uukn yrnepoga. Pesepsyapbl yrnepoga (nutocgepa, rugpociepa, negocoepa
n atmocpepa). lNpakTnyeckm Becb yrnepon atMocepbl HAXOANTCS B BUAE AMOoKCuaa yrnepona.
OcHoBHas ero 4acTb cocpefoTodeHa B Tponocdepe. Hanbonblume KonuyecTsa yrnepona u
omokcuaa yrnepoa (yrnekucnoro rasa) cocpenoTtodeHbl B rnybuHax 3emnu. MoctynneHne
YrNEeKNCNoro rasa n3 Hegp B aTMocdoepy NPoOUCXoanT MeaneHHo. MnobanbHblid LMKN yrnepona
MOXHO pas3aennTb Ha ABa LUMKna HU3wWero paHra. MNep.biii CBS3aH ¢ NOTpebneHnem yrnekncnoro
rasa npv oTocuHTE3€E. ATO NOTPEONEHNE KOMNEHCMPYETCS AEATENbHOCTLIO NMOYBEHHbIX
MUKPOOpPraHn3MoB. He BeCb yrnepos, BoBnekaemblini B 0OTOCUHTE3, BO3BpaALLAETCs B atMocepy.
YacTb coxpaHsieTcs B negocepe B Buae rymyca v topga. 910T LKA He MNOMHOCTbIO 3aMKHYT.
BTopoii umkn doopmMmpyeTcs 3a cHeT ra3o0bMeHa Mexay atMocHepoit 1 okeaHocdepor.
'mopokapboHaT-kapboHaTHas cMCTEMA OKEAHOB HAXOAUTCS B MOABMXHOM PAaBHOBECC C YrNEKUCIbIM
rasom atmocpepsbl. Yrnekncnbivi ra3 akTMBHO pacTBOpPSETCS B XONO0OHON MOPCKOW BOAE B BbICOKUX
wupoTax. B HU3kmnx wmportax nponcxoouT HarpesaHve BoAbl U BbleneHne auokcuaa yrnepona B
atmocgoepy. PasneneHne umknoB ycnoBHo. OHM cBsSi3aHbl BMONOrMYeckMMm NpoLeccamu:
3axBayeHHbI rmapokapboHaT-kapboHATHON CUCTEMO OKEaHOB aTMOCEpPHbIV AMOKCUA yriepoaa
4aCTMYHO NoTpebnseTcs UTONNAHKTOHOM. BTOpPOI LUMKN TakXe He MOMHOCTbIO 3aMKHYT, T.K.
MOCTOSIHHO MPOUCXOAMT 3aXOPOHEHME YrNepoaa B AOHHbIX OTNIOXEHUSIX B BUAE kapboHaTOB.
Broreoxummnyeckne umkibl KUCNOPOAA M BOAOPOAA. DTN LMKIbl CBS3aHbl Mexay coboii. KpyroBopoT
BOAbl NpencTaBnsieT coboi popMy Murpaumm obomx anemeHToB. Knucnopon npucytcTeyeT B 6ONbLNX
KonnyecTBax BO BCex reocqgoepax. Limkn kucnopona paccmarpmsatoT Kak codeTaHne HECKOSTbKMX
B3aVMOLEeNCTBYOWmMX Mex oy coboit LumknoB 6onee HU3KOro paHra (reoxXMMny4ecknii, GoTn4ecKuii,
on3nKo-XxnMmyeckuin). B nutocgoepe kncnopom npucyTCcTByeT B OCHOBHOM B COCTaBe CUIMKATOB U
anioMocunukaTos. B xone BbiBeTprBaHUS 06bIYHO 3TV aHMOHA OCTAlOTCA B HEM3MEHHOM Buae. B
npouecce runepreHesa Kpuctanimyeckas CTpyktypa 4actv antoMOCUInKaTHbIM MUHEPanoB
nepecTtpaveaeTcs. ATMOCHEpPHbI KACNOPOL y4acTByeT BO MHOMMX reoXuMmnyeckmnx npoueccax. Mpwm
3TOM MPOUNCXOANT U3MEHEHUNE NOABUXHOCTM CBA3bIBAKOLWMXCS C HAM aTOMOB (0bpasoBaHue
HepacTBOPMMbIX OKCMIOB B Clly4ae MapraHua v xenesa, nepexom cynbnnos a pacTBopuMble
cynbpaTthl). BroTnyeckas yacTtb rnobanbHOro UMkna KMcnopoaa: BblaeneHve npu oTocnHTE3e U
notebneHne npu 0ecTpykuMm opraHnyeckoro Bewectsa. OCHOBHOE KONMYECTBO KMCNI0poaa,
NPOV3BOANMOro 3eMEeHbIMU PacTEHNAMIN, NocTynaeTt B atMocdepy. [Nodtn 30% aToro notoka
obecneynBaeTcs PUTONNAHKTOHOM MOPEN 1 okeaHoB. HenonHas 3aMKHyTOCTb FnobanbHOro Lukna
yrnepoga cnocobcTByeT HakomnneHno cBo6OAHOro Kucnopoaa B atmocoepe 1 obpasoBaHuio
030HOCHepbl. B CBA3SHHOM COCTOSIHUM KMCNOPOL MUTPUPYeET B cOCcTase BoAbl. Bona npucyTtcreyet
BO BCeM 0b6beMe Tponocapepbl U cTpaTocdepbl. ConepxaHune Boabl B BEPTUKANBHOM U
MEepVONOHA/IbHOM HarnpaeneHnax 04eHb HEOOHOPOAHO. bonblne KonmyecTsa MONEKYNSPHOro
BOLOPOAA NOCTYyNaeT B aTMOCHEPY B COCTABE BYNKAHUYECKMX ra30oB. 3HAYNTENbHbIE KONMYecTBa
Bo4opoAa 06pasytoTcs Mpu MUKPOBMONOrMY4ECKOM paspyLleHn MEPTBOr0 OPraHNYeckoro BeLecTsa.
OTOT BOOOPOA HEe MOCTynaeT B aTMOCepy, a nepexesatbiBaeTCs ApYrmMyM MUKPOOPraHU3Mamu,
yyacTeylowmmm B obpas3oBaHny MeTaHa. B atMocdpepe Bonopon paccemBaetcst (B aTMocapepe ero
KonunyecTtso He npesbiwaeT 0.2 1. BoiBeoeHne sBogopoaa ns KpyrosopoTa npu ero CBA3biBaHUN B
rMNepreHHble CUNVKaThbl UrpaeT posb B (OOPMUPOBAHMMN OKMCNIUTENBHON 06CTaHOBKM Ha 3emne.

Tema 16. BuoreoxmMmuyeckue LUKnbl a3oTa, doccopa u cepbl.
NeKLuMoOHHOe 3aHsiThe (2 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep < ;’;?{
+OFEALIME

Ctpanunua 14 n3 32. — o

A



Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

PacnpeneneHve cepbl B reorpacgouyeckoit 060104ke no3BonsieT CHMTaThb, YTO NOCTYNIEHNE €€ BO
BHELHWE reocdpepbl NPONCXOAUT B pe3ynbTarte gerasauuun sepxHen MmaHtum. Cepa BoBnekaeTcs He
TONbKO B BOAHYIO MUrPaLIMIO, HO U B aTMOCHPeEpPHbI nepeHoc. ObpasoBaHune razaoobpasHbix
COEOVHEHWIA Ccepbl CBS3aHO C AeSTENbHOCTBIO MUKPOOPraHM3MOB, 0BUTAIOLWMX B MOYBaX 1 MOPCKOE
cpene. B nouBeHHbIX BblAoeNeHUsix 06HapyXXeHbl pasnnyHble NeTy4ne CoeanHeHUs cepbl
(kapboHuncynbuna, Cepoyrnepoa, MeTunMepkanTaH, aumetuncynbgoua). Obpasyrowmincs npu
MUKPOBMONOrM4eCcKoM paciuenneHmmn 6enkoB CepoBOAOPOA NPaAKTUYECKN MONHOCTBLIO 3aTpaynBaeTCs
Ha obpa3oBaHue cynbgnaoB MeTanioB. 13 Mopckol BoAbl cepa BbloensieTcsl B atMocdoepy rnaBHbIM
o0bpazom B hopMe ManopacTBOPUMOro AMMETUICYNbgIUAA, KOTOPbIA NErko OKUCISIETCS N He
HakannneaeTcs B atMocapepe. bonblume konnyecTBa cepoBonopona obpasytoTcs B BEPXHMX CNOSIX
MOPCKMX OOHHbIX OTIOXEHWI U B MPUAOHHbBIX BOLAX MOPEW, OTNINYAIOWMNXCS BbICOKOW BUONOrM4ecKom
NPOAYKTMBHOCTbIO U cnaboit umpkynsumeid. MpopbiBa cepoBoaopoaa B atMocdepy He NponcxXoanT
n3-3a ?MMKPOBMONOrnYeckoro ounbtpa?, PyHKUMM KOTOPOro BbIMONSHSAOT (OOTOTPOMHbIE
TNOHOBbIE BakTepun. B okeaHax NPOVMCXOANT HE TONbKO HAKOMNEHME CEPbl B COCTaBe PacTBOPEHHbIX
CynbdpaToB, HO U BbiBELEHVE ee U3 UMKNa Npu 3aXOpOHEHNN B [OHHbIX 0cafkax. buoreoxummnyeckumx
LMK cepbl TakXe 0ka3blBaeTCs He MOMHOCTbIO 3aMKHYTbIM.

Tema 17. 3aKOHOMEPHOCTN 6MOre0OXMMNYECKOro KPyroBopota XuMMYeCcKux BeLLLecTB
Buoreoxmmmyeckmue LUKbI TAXENbIX METANNOB (PTYTb, CBUHEL,, LLUHK, MeOb, KaaMui).

NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

Buoreoxmmnyeckuin umkn gpocgopa. OH oTAnyaeTcs OT APYruxX LMKIOB 3/1IEMEHTOB MEHbLIEN
CTENEHbIO 3aMKHYTOCTW. Takol xapakTep rnobanbHOro unkna oTanyaeT He TONbKO dhocdop, HO 1
Jpyrve anemeHTbl, MOCTynarlLe BO BHELHWE reocpepbl He B pe3ynbTraTte aerasauny 3eMHbIX Heap,
a npw BblWEeNa4YNBaHUN rPAHNTHOrO CNOS 3eMHOW KOPbI (KPEMHUIA, KanbLmWi, Kanui, HaTpun).
OcHoBHas Murpaumst Ux NPOUCXOLUT He B aTtMocdoepe, a B cucteme cyla ? okeaHbl. docgrop
BXOAMUT B cocTaB okono 200 MmmHepanos (anatut, pocdpoput, doocdatbl xenesa v anoMuHus). B
MUHepanax gpoccpopa conepxarcs LOCTaTO4HO BonbluMe KONMYECTBa TAXENbIX METANNOB (XpPOMa,
Kagmus, pTyTu, CBUHLA, ypaHa) B pe3ynbTaTe N30MOPOHOro 3aMeLleHns NnpupoaHbIX MMHepanos
goocgpopa. OcHoBHbIE 3anachl hocopa cocpenoTOYEHbI B 0CaA04HbIX nopoaax. Bropon no
3HaumMmocTu pesepsyap ? MunpoBoii okeaH. B murpaumm 60nbluyto ponb Urpaet KOHTUHEHTANbHbIA
cToK. B Bomax pek pocchop conepXnTcsa B COCTaBe MUHEPasbHbIX B3BECEN U KOMMIEKCHbIX
aHNOHOB. POoCHOp COOEPXKUTCS B XUBbIX OPraHM3Max B COCTaBe NepeHOCHNKOB SHEPTX B
BroxnmMmnyeckmx npoueccax (afLeHo3MH(POCHOPHbLIE KNCNOThI), a TAaKXe BXOAMT B COCTaB
HYKNenHoBbIX Kncnot. B MupoBom okeaHe copepxutcs 6onblioe KonnyecTso gooccpopa. bonblue
BCEro B rNyObUHHbIX CNosix Boabl. Poccop 3axBaTblBAETCS XUBbIMU OpraHn3Mamy 1 3aepXnBaeTcs
nmmn. OCHOBHas 4acTb NOCTYNaKWeEro KOHTUHEHTaIbHbIM CTOKOM ¢pocgpopa akkyMynmpyeTcs B
ocagnkax. [loteps ero cywen n Bogamy KOMNEHCUPYeTCs NMPOa0NXaWUMCS BbiIBETPUBAHNEM
0Cafo4HbIX MOPOL B 30HE runepreHesa. broreoxmmmyeckme UUKbl TAXENbIX METANN0B.
3HauuTenbHbIE MacChbl METANNOB BOBNEYEHbI B BMOTMYECKUIA KPYroBOPOT. BbIHOC aTOMOB METaNNoB C
KOHTMHEHTOB B OKEaH OCYLECTBNSAETCS C PeYHbIM NOTOKOM. OH He KOMNeHcMpyeTcs 0bpaTHbIM
nepeHocoM. CnenosartefibHO OKeaHbl, a TOYHee UX OOHHbIE OTNIOXEHWUS, NPOLAONXAIOT HakannmeaTb
3TU aneMeHTbl. Takum 0bpasom, rnobanbHble HOreOXMMUYECKNE LKLl TAXENbIX METANOB, Kak U
UuKn goocdpopa, XxapakTepusytoTcs Manon cTeneHbio 3aMKHYTOCTH.

Tema 18. KoHTponbHas paborta
JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):
KoHTponbHas paboTta

4.3 CTpyKTypa M copgepxaHue caMOCTOATENIbHOM paboTbl AUCLUNNIUHBI (MOAYNS)

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep < ;’;?{
+OFEALIME
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Paspen
AucumnnnHbl

CemecTp

Hepnens
cemecTpa

Buabi
caMoCTOsITe/IbHOM
paboTbl
CTYAEHTOB

TpynoeMKOCTb
(B yacax)

dDopMbl KOHTPONSA
CaMOCTOATENIbHOMN
pabortbl

Tema 1. BeegeHue.
NcTopuyeckume un
METOL0MN0rn4eckune
npeanocbInku
BO3HWKHOBEHUS

" |buoreoxnMmm Kak
Hayku. CBasb
6roreoxnMun ¢ Apyrumm
Haykamu. 3agadu
broreoxnmuu.

noarotToBka
JomMallHero
3a4aHns

JomMallHee
3anaHne

Tema 2. basosble
KOHLLenumm
OMOreoxXnuMmni.

. |[KoHuenums xXuneoro
BelecTa. KoHuenuus
6uocoepbl. BUOKOCHbIE
CUCTEMBL.

noarotToBka
JomalliHero
3a0aHns

JomallHee
3a0aHne

Tema 3. ['eoxummnyeckue
acnekTbl y4eHNs 0O
buocdepe, ponb
XUBOro BELWeCTBA B

. [reonormnyeckon nctopum
3emnu. [paHnubl
6rnocgepbl. CTpykTypa
6rocgepbl.

noaroToBka
JomMallHero
3a4aHns

JomMaliHee
3agaHune

Tema 4. SBontoynoHHas
bmoreoxnmms.
YCTOWNYMBOCTb U

. |camoperynsiums B
npouecce pa3BnUTUS
6rocgoepsl. MoHsITUE O
buoreoLeHose.

noarotToBka
JomalliHero
3a0aHnsA

JomMallHee
3an0aHne

Tema 5.
Pacnpenenenue
XUMUYECKMX SNEMEHTOB
B 3eMHoW kope. CocTas
" |InuTocdpepbl. Knapku un
KNnapKuy KOHUEHTpaUnK.
lNoysa n passutne
6rocgepbl.

noarotToeka
JomMallHero
3a4aHns

JomMallHee
3agaHune

Tema 6. PopmbI
HaxoxXxaeHus
XVIMUYECKMX 3/IEMEHTOB.
MwuHepanbi.

" |PaccesiHHble aNneMeHTHI.
3omopdpuam.
AKLeccopHble
MUHepansbl.

MOAroToBKa K
TECTUPOBAHWIO

TEeCTUpPOBaHNE

PernctpaumoHHbIn Homep
Ctpanunua 16 n3 32.
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Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 7. CocTtaB XunBOro
BellecTsa.
Buoreoxummnyeckne
NoAroToBK
v PYHKLMM XUBOrO 5 v ngﬂa(zUSerc? 2 JomauiHee
" |BewecTBa. 'a3oBble. sanaHns 3apaHue
KoHueHTpaunoHHbIE.
OKncNUTENbHO-BOCCTAHQBUTENbHbIE.
Buoxmmmyeckue.
Tema 8. Konnoksnym
?BnusiHne
reoxXnMmnyeckon cpeabl noaroToBka K
8. Ha pa3BnUTME U 0 8 KONNOKBUYMY 2 KONOKBUYM
XUMUYECKUI COCTaB
pacTeHuin?.
Tema 9. Murpauuns
BELLECTB.
MexaHunyeckas
Murpauus. noaroToska
9. |Pn3nKo-xmmMmyeckas 5 9 |oomalwHero 2 ggx::JmHee ©
murpauus. buoreHHas 3anaHus
Murpaums. TexHoreHHas
Murpauus.
Tema 10.
["'eoxnmnyeckne
NnoaroToBk
10 Knaccudpumkaumm 5 10 ,ugﬂa?ugerg 2 JomallHee
‘lanemeHTOB. 3a0aHms 3agaHue
Knaccundomkaums
B.M.N'onbawmnara.
Tema 11. YueHune
B./.BepHaackoro o
NoaAroToBK
11 buocdepe Kak o 5 11 ngﬁacajgerg 5 LomallHee
"lcTPYKTYpHOI 0bonouke 3anaHns 3agaHue
nnaHeTbl 3emMns
(Kpyrnbii cTon)
Tema 12.
["'eoxnmmnyeckas
MUrpaLnoHHas
Knaccudpmkaums.
12.|Bo3aywHble MUrpaHTbl. 5 12 :ggTrﬁTg:;ﬁ; o 2 TecTnpoBaHune
BogHble noaBuxHble P
MUMPaHTbI.
ManononBuxHble
BOLHbIE MATPAHTbI.
PermctpaumnoHHbIiii HomMep BAEKTPOHHBIH
Bl VHHBEPCHTET

Crpanunua 17 n3 32.
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Buabi
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYL,EHTOB P
Tema 13.
Buonornyeckuni
KPYroBOpOT XMMNYECKMX
3N1EMEHTOB.
NHTEeHCMBHOCTb noaroToBka
MaLH
13.|6uonoruyeckoro 5 13 |momauwHero 2 ggn:Hm:e
nornoweHuns. dakTopsl, 3agaHus
BNUSOWME Ha
KOHLeHTpauuio
MUKPO3/IEMEHTOB B
pacTeHnsx.
Tema 14.
14 Buoreoxumunyeckue 5 14 Egﬂ;ﬂg:r'(g 5 JoMaluHee
lumknbl BAXXHENWnX 3anaHvs 3a0aHune
XUMUNYECKUNX SNTIEMEHTOB.
Tema 15.
Brnoreoxmumnyeckue MnoaroToBka
MaLH
15.|umknbl yrnepoaa, 5 15 |nomawHero 2 ggﬂ:m:e
Kucnopona v sogopona. 3agaHus
Tema 16.
16 Buoreoxumunyeckue 5 16 Egﬂ;ﬂgeBrKg 5 JomaluHee
‘lUMKnbl a3oTa, ghoccopa 3anaHus 3apaHue
n cepbl.
Tema 17.
3aKoHOMepPHOCTHU
OMOreoXnMmn4ecKoro
KpyrosopoTa
noaroToBK
17 XUMUNYECKUX BELWECTB 5 17 ngﬂacljjgerg 5 JomauliHee
‘(Buoreoxmmmnyeckmne 3anaHms 3agaHue
LUUKNbI TSXEnNbIX
MeTannos (pTyThb,
CBUHeEL, UMHK, Menb,
KaoMuia).
Tema 18. KoHTponbHas rioaroroska K KOHTpOnbHas
18. pabora 5 18 |[KOHTpONbHOM 2 pa6ota
pabote
NToro 36

5. O6bpa3oBarenbHble TEXHONOMMU, BK/IOYAs MHTEPaKTUBHblEe hopMbl 06yUYeHUs

- KOMMbKOTEPHbIE NPEe3eHTaUnn nekumi;

- NHTEpPAaKTMBHbIN ONpoc no pasgenam 1-5
- KOHTpONbHas paboTa 1;
- KOHTpONbHas paboTa 2;
- NHTEpPaKTMBHbIM OMNPOC Mo pasgenam 6-12;

- Kpyrnbla cton no pasgeny 11 "Yuerne B.N.BepHanckoro o 6uocgepe kak 0 CTPYKTYPHOM
obonouke nnaHeTbl 3emns"

- KPYrnbliA CTON C NPUBNEYEHNEM BeAyLWMX CNEeLnanicToB B 061acTv reoxmMmmn, GUOXuMmn m
akonoruv no pasaeny 18 " 3akoHOMepPHOCTU BMOreoXMNYECKOro KpyroBopoTa BeLecTB".

PernctpaumoHHbIn Homep
Ctpanunua 18 ns3 32.
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6. OLueHOUYHble cpeacTBa OJisl TEKYLLLEro KOHTPONS yCrneBaeMoCTU, NPOMEXYTOUHOM
aTTecTauum rno UToram OCBOeHUs UCLUNIMHBbI U yuebHO-MeToauueckoe obecneueHne
CaMOCTOsITe/IbHOW paboTbl CTYAEHTOB

Tema 1. BBeneHue. MCTOpVI‘-IeCKVIe n Metoposnornyeckme npeannocbiyikKun BOSHUKHOBEHUSA
6uoreoxummum Kak HayKW. CBsizb 6uOreoxmmmm ¢ APYyrummn HaykKkammu. 3apauu 6uoreoxmmumm.

noMalHee 3anaHue , NpUMepHbIe BOMPOCHI:

Mpenmet buoreoxmmmmn. MeTtogonornyeckast ocHoa buoreoxummu. MpuHumnesl B.M.BepHaackoro.
OnpeneneHne bruoreoxmmmm no BepHanckomy. MexamcumnnvHapHbIi xapaktep 6roreoxmm.
Broreoxnmnsi paccmartpmBaeT buocepy Kak eanHyto CUCTEMY XMBOrO BELECTBA U MUHEPANbHbIX
coeaunHeHuin. M3yyaet xummyeckunii oBMeH B CUCTEME YENTOBEK-OPraHn3Mbl-OKpyXatowas cpeaa,
XVIMMYECKUI COCTaB XMBbIX OPraHn3moB. B 3agayn ancumninHbl BXOOUT TakXe pacCMOTpeHne
61OreoXMNYECKNX LIMKNOB MUTPaLMN XMMUYECKMX SNEMEHTOB. Ba3oBbie KoHLenuun 6uoreoxmMmm:
KOHLLeNUMs X1BOro BELECTBa, KOHLEeNUUs buocdepsbl (onpeneneHne TepmmHa ?6uocdgepa?
3.3tocca n B.M.BepHanckoro), BMOKOCHblE CUCTEMbI, BMoreoxmmMmyeckme uukbl. HenonHas
06paTUMOCTb BNOreOXMNYECKUX LIMKIIOB XMMNYECKNX NEMEHTOB U NX HE3aMKHYTOCTb. Mpenensl
ajanTtaumm XnBbIX OPraHN3mMOB K U3BMEHEHUIO COOEepXaHUs 9NeMeHTOoB. Tpodomyeckme Lenu.
B3anMMOOTHOWEHNS MeXay opraHn3mMamu, Yepes KOTopble B 3KOCUCTEME MPOUCXOaNT
TpaHcdopmaLums BelwecTsa 1 aHeprun. 3tansl pa3sutns buoreoxummnn. PaboTel A.JlaByasbe B
obnacTn obMeHa OKCMIO0B yrnepoaa v kucnopona B pacteHusx. Co3aan 0CHOBbl COBPEMEHHOM
reoxummm yrnepona B bmocgepe. KoHuenums KpyroBopoTa ra3oB B CUCTEME XUBbIE OPraHnambl ?
atmocdpepa (K.doma, X.ByccuHro). KpyroBopoT XMMUYECKNX 9NEMEHTOB B CUCTEME MoyBa ?
pacteHuns ? noysa (KO.Jlnbwx). M'eHeTuyeckoe noyBoseneHve (B.B.Joky4aes). PaccmoTpen
noysoobpasytowme dpaktopbl. Caenan BelBO4 O TOM, HTO NOYBa NPeAcTaBnsieT eAuHEHNe OByX
Pa3NNYHbIX KOMMOHEHTOB: XMBOro (BMOTMYECKOro) N HEXMBOro (abnoTnyeckoro), byayyn 6UOKOCHbIM
TENom.

Tema 2. Ba3oBble KOHUenuuu uoreoxummn. KoHuenuus Xxuseoro Belwiectsa. KoHuenuus
6uocdepbl. BUOKOCHbIE CUCTEMBI.

JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:

MponoonxeHne paccCMOTPEHUS 3TANOB Pas3BUTUS BroreoxuMun. MeoxmMmyeckne nccnenoBaHns B
CLIA. Pabotbl ®.Knapka, koTopblit onpeaenun coaepxaHns 10 OCHOBHbIX XMMUYECKNX SNEMEHTOB B
reonorm4eckmnx nopoaax u NnpupogHbix sogax. CpegHee cogepxaHme XMMMYEeCKnx aNeMeHTOB B
3eMHoit kope. TepMuH ?knapk? (A.E.depcmaH). ViccnenosaHue rnobanbHOro pacnpeneneHuns v
MUrpaumm XMMmn4eckmx anemMeHToB B yHusepcutete r.Ocno (Hopeerns). CosgaHme reoxXmMm4eckom
knaccudpukaumm (B.M.I"'onbaowmunar). MNepBbli 3aKOH KPUCTaNNIOXMMUK 1 MPasunio nsomopcuama
(B.M.INonbawmmar). Munepanoruyeckue nccnenosanus B.N.BepHanckoro B MockoBckoM
yHUBEpCUTETE. ?79MNMprYeckne n3oMopdHble psaabl BepHaackoro?. f'eHeTnyeckuin nogxon B
MuHepanorum. OcHoBHble paboTel B.M.BepHanckoro: ?buocdepa? (1926 r.), 204epkn reoxmmmmn?
(1927 r.), ?buoreoxmmmyeckue o4epkn? (1940 r.). NprMeHeHne NpUHLMNOB BOreoxuMmun B
Mukpoburonorumn n reonormun. ?baktepranbHas bruoreoxmmma?. PaspaboTka 6MOreoxmMmyeckmx
METOA0B NMouckKa nonesHblx nckonaembix. brioreoxnmmnyeckne aHomanun. Cesidb BIOreoxmmMmm ¢
LPYyruMun Haykamu. broreoxumust ? npmoprTeTHas HaydHas AMcuMnanHa, obbenmHsowas buonoruto,
reosiornio N XMMUIO Mo OrpeneneHunio, a MaTteMaTky n goMsnky no UCronb3yeMbiM METOOAM.
OBONIOUMOHHASA 6Uoreoxmmms. AHann3 NPOVCXOXAEHUS U 3BONOLMM BMOrEOXMMUYECKMX LIMKIOB B
TeyeHue reonorundyeckon nctopum 3emnu. lNepeble NpuaHakM Xn3Hun Ha nnaxete (3.5 7 3.8
MUNINapaoB net Hasan). BnvsaHve XuBbix opraHn3mMoB Ha N3MEHEHME XMMUYEeCKOro coctasa
npotobuoTnyeckoi 3emnun. ObpaszoBaHne NpoToaTMocdepbl 1 NPOTOrNAPOCHEPDI.

Tema 3. Feoxummnueckmne acnekTbl yyeHusi o buoccpepe, posb XMBOro BellecTsa B
reonornyeckon ucropum 3emnu. MpaHuubl 6uocdepbl. CTpykTypa 6uoccepbl.

noMalHee 3af1aHne , NpUMepPHbIe BOMPOCHI:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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CtpoeHne 3emnun. CoBpeMeHHas MoLenb CTPOEHUS 3eMNN: 3eMHas Kopa, BEPXHAS MaHTUS,
TPaH3MTHAas 30Ha, HUXHAS MaHTUS, XULOKOe BHYTPEHHee S4p0, BTOpas TpaH3nTHas 30Ha, TBepaoe
BHyTpeHHee a4p0. JInHma Moxoposuynya (Moxo). lNMoeepxHocTb KoHpana. 3eMHas Kopa 1 BepXHSAS
4acTb BEPXHE MaHTMK nNpencTaBnstoT coboit nutocdepy. Cnoli Huxe nutocgpepsl (80-100 kM)
Ha3blBaeTcsa acteHocdepon. Coctas nutocepbl. Bonee 90 % 3eMHO KOPbl CNOXEHO U3 CUNKATOB
anloMVHWE, Xenesa, KanbLms, MarHus, Kanus, HaTpus, a Takxe okcuaa KpeMHus. XmMmyeckme
9NIEMEHTbI OeNAT Ha [Be rpynrbl B 3aBUCMMOCTM OT BENIMYMHbI KNlapKa: rnaBHble (KUCNoPOoL, KPEMHUI,
anoMVHWIA, Xeneso, Kanuii, kanbLuuii, HaTpui, MarHui, TUTaH, BOAOPOd) N paccesiHHble (Knapk
MeHbLe 0.1 %). Xummyeckne 3feMeHTbl BTOPOA Fpynnbl He 06pa3yoT caMOCTOSTENbHBIX MUHEPASIOB.
OpnHako cnocobHbl 06pa3oBbIBaTb B 3eMHOW KOPE CKOMNEHUst (MecTopoxaeHust). Knapku
KoHueHTpauumn (B.N.BepHaackuin). [ eoxmmmyeckne aHomanun. ['eoxmmmyecknin qoH. lNoasemHblie
BOLbI (PU3MKO-XMMNYECKas CUcTemMa, Haxoawascs B paBHOBECUM C BMeLaowmmmn nopogamun). 2 %
NOA3EMHbIX BOA, ? NpecHble. Masbl ry6UHHOro NPOUCXOXAEHNS (OMOKCUA yrnepoaa, renunia, MeTaH u
Ip.). OK30reHHble 1 9HO0reHHble (PakTopbl BO3OENCTBUSA HA 3EMHYIO KOpY. [MnepreHes ropHbix
nopog. B TedyeHne reonorn4eckoro BpeMeHn BynKaHN4YeCckme nopoLabl (Xeneso-marHesnanbHble
CUNIKaTbl) M MOMEBbIE WNAaThl Pa3pylanicb U Npespawannch B runepreHHbie CUnnkaTtbl (KAONUHUT,
MOHTMOPWINOHUT, rmapocniogbl). MurpaunoHHble NPoLEcChl C y4acTUeM XMBbIX OPraHn3moB.
Broreoxummnyecknii Hacoc (B.M.MonbawmmnaT). Ero ponb B 06pasoBaHMmn reoXMnYeckmx aHoManui.
Mukpobuonormnyeckoe BbilenaqmeaHue. Ero ckopoctsb B psioe cnydaes B 1000 pas npesbiwaeT
CKOPOCTb XMMNYECKOr0o paspyLeHnst MMHepanoB B rOPHbIX MopoAax . TMOHOBblE HakTepUN OKUCNSIOT
cynbdnaHble MUHEpPanbl (MMPUT, XanbKoNUPWT, cpanepuT, XanbKo3nH, KoBenuH). [pyrue 6aktepun
cnocobHbl BOCCTaHaBNMBaTb MOHbI METANNOB, Hanpumep, xene3o(Ll) no xeneaa (IM).

Tema 4. OBoNOLMOHHasi 6Moreoxnmms. Y CTOMUMBOCTb U CaMOpPErynsiLus B NpoLecce pa3BUTUS
6uocdepsbl. MoHATME O BMoreoueHose.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Mouea. Npodunb NoYBeHHOro NokpoBsa. ['opn3oHTbLI NoYB. VX reHeTnyeckas cBa3b.
MwuHepanornyeckmin coctas no4yebl. BONbIWNMHCTBO XMMUYECKNX 3NIEMEHTOB B OKUC/IEHHOM COCTOSIHUW.
"'yMyC: ryMVHOBbIE U (PYNIbBOKMCNOTHI 1 MX KOMMNEKChI ¢ MeTannamu. ObpasytoTcs npu
MUKPOBMONOrMY4ECKOM Pa3NoXEHNN PACTUTENbHbBIX OCTAaTKOB. CTPYKTYPHbIE SHENKN ryMYCOBbIX
COEVHEHUN OTNNYaTCA ON15 PasnnyHbIX NOYB (HanpuMep, AePHOBO-MOA30MUCTbIX U YEPHO3EMA).
Sueiikn chynbBOKUCNOT pannyatoTCs B MeHbLuel cteneHun. Vix monekynbl cogepxat 6onbluee 4ncno
rMMAPOOUIbHbBIX FPYMM, YeM rYMUHOBbIE, U MO3TOMY OHU NyyLle pacTBOPSAIOTCSA B BOAE. ITO
CnocobCTBYET MUTPALIMN XMMUYECKUX SNEMEHTOB B Brocgoepe. Noysa ? cocTaBHas 4acTtb
buoreoueHo3a. Haxoantcs B AMHaMMYECKOM PaBHOBECUM C APYrMK €ro KoMnoHeHTamu. MNoysa
nrpaet bydoepHyto ponb B buoreoueHose. Ocnabnset BO3AENCTBME HA HEMO BHELWHMX (PakTOPOB.
BuoreHHoe HakonneHne XMMMYeCcKnx aneMeHToB B BEpxHeEM crnoe. Ponb pacTteHun B 3TOM npouecce
(Broreoxummyecknii Hacoc). broreHHas akkyMynsaums u MUrpauus XMMUYECKX 3N1EMEHTOB B MOYBE.
PacnpepneneHune xuMmnyeckmx aneMeHToB B NOYBEHHOM Npodoune onpenenseTcs COOTHOWEHNEM ITUX
JBYX MPOLLECCOB.

Tema 5. PacnpepeneHne XMMU4YeCcK1X a5IEMEHTOB B 3eMHoM kope. CocTaB nutocdoepbl. Knapku
M KNapKu KoHueHTpauuu. Mousa n passutue 6uoccpepbl.

noMalHee 3afaHne , NpUMepHbIe BOMPOCHI:

DOpPMbl HAXOX OEHUS XMMUYECKUX SNTEMEHTOB B 3€MHOM Kope. MunHeparnbl: nonesble wnatbl, CIOUCTbIE
CcUnMKaTbl, KBapL, ONMBWHbI, rpaHatbl, KapboHaTtbl. BuoreHHble MUHepanbl. Tunbl GUOreHHbIX
MUHepanos. BnnsHne cunmkaTtHOro coctaBa v KpUCTanIM4eckoro CTPOEHNS 3€MHON KOpbl Ha
pacnpeneneHune paccesHHblx anemeHToB. KoHuenumsa MnonbawmMmuara (?xxectkue cgepbl?): kapkac
aHWOHOB KMCNopoaa urpaeT ponb cBoeobpasHoro gomnbTpa, CnocobcTByoWero andpdgepeHumanmm
XUMUNYECKUX 3NIEMEHTOB MO BENNYUHE UX MOHOB. KprcTannoxmMmyeckas nHaAnBMAyanbHOCTb
MUHEPanoB (CoYeTaHMe XMMNYECKOro coCTaBa U KpUCTanIn4eckom cTpykTypsbl). BewecTsa ogHOMo 1
TOro Xe CcOoCTasa, HO Pa3HOoM CTPYKTYpbl ABNAIOTCS NOANMOPdHbIMU. I30MOpdhr3m: B3aMHoe
3aMelleHne NOHOB B KPUCTANIMYECKOW CTPYKType bnarogaps 61m3octu nx pagmycos. PaccesiHHble
9N1IEMEHTbI 3aKOHOMEPHO KOHLUEHTPUPYIOTCS B ONpenenieHHbIx MuHepanax. isomopcuam He
edMHCTBEeHHas oopMa paccesiHUS 3N1EMEHTOB.

Tema 6. PopMbl HAXOXOEHNA XMMUYECKUNX aneMeHToB. MuHepanbl. PaccesiHHble 31EMEHTbI.
N3omopdou3m. AKL,ecCopHblie MUHeparbl.

TecTMpoBaHue , MPUMepPHbIE BOMPOCHI:

PeructpaumnoHHbIin HoMep BAEKTPOHHELIH
Crpanunua 20 n3 32. il yLH,lf[;F EPCHTET

AHATTAMECKAR CrCTEMA KPY



Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

Macca HazeMHbIX XUBOTHbIX COCTaBnseT okono 1% ot goutomaccol. [loaTomy coctas
PacTUTENbHOCTM CyWN ONpenensieT cocTaB BCero XmBoro Ha 3emne. Coctas 6uomacchl cywn: 60%
BOAbl, 38% OpraHM4eckoro BelwecTsa U 2% 30MbHbIX aNeMeHTOB. CpaBHUTENbHOE CoLepXaHne
XUMUYECKNX SNIEMEHTOB B PaCTEHMSIX U XMBOTHbIX. CocTae Buomacchl okeaHa: MeHee 1% OT Macchbl
AkueccopHble MUHepanbl ? Hambonee rpyboancnepcHas doopma paccesHns XMMUYECKUX 9N1EMEHTOB.
Nx paamep 0.01-0.02 mm B ornameTpe. ObpasyoT MeEXaHMYECKMEe BKNIIOYEHNS B NOPO00Opasyowmx
MuHepanax. B kpuctannnyeckux noponax B kKa4eCcTee akLecCopueB NPUCYTCTBYIOT LIMPKOH, pyTu,
anatuTbl, MarHeTUT, UIbMEHUT, MOHaUUT, xpoMuT. CTPYKTYpbl pacnaga TBepaoro pacrsopa
(aMynbCcrOHHag BKpanneHHoCTb). MuHepanornyeckme n HeMnHepanormdeckme oopMbl HAXOX OEHNS
pacCesiHHbIX 3NEMEHTOB B KPUCTaNIMY4eCKoM BellecTee. PacnpeneneHne aneMeHToB C BbICOKVMMU
Knapkamu noo4ymHsieTCs HopManbHOMY 3akOHy. Bbicokas BaprabenbHOCh HU3KOKNapPKOBbIX
9/1IEMEHTOB ( MakCuMMasibHas CTeneHb KOHUEHTPUPOBaHUS rnasHbIx anemeHTos 10-20 pas no
OTHOLLEHWIO K KNnapkKy, a paccesiHHbix 100-1000. CocTaB XuBOro BewecTsa: putobmomacca,
3006uomacca, mmkpobuomacca. OcobeHHOCTN onpeneneHns KnapkoB XNBOrO PacTUTENbHOCTM
cywmn. OcobeHHOCTM CTPYKTYPbl XXMBOrO BelecTBa okeaHa: Macca
KOHCYMEHTOB(OpraH1M3MoB-noTpebutenein opraHM4ecKoro BeWeCTBa) NPeBbIWaeT Maccy NpoayLEeHTOB
(dpOTOCMHTE3MpPYHOWKMX OpraHM3MoB). DUTONNAHKTOH (Npeobnapatolwas 4actb Macchbl NPOAYLIEHTOB
okeaHa). B pacteHusax okeaHa no CpaBHEHMIO C CyWen 3HaYNTENbHO Bbllle KOHLEHTPaUNS noyTu
BCEX 30/IbHbIX 3/IEMEHTOB. POnb paccesiHHbIX XUMNYECKNX 3NEMEHTOB B (PYHKLIMOHMPOBAHUN
6romacch..

Tema 7. CoctaB XuBoro sellecrsa. buoreoxummyeckme oyHKLMM XMBOro BeLL,ecTBa.
a3oBble. KoOHUEeHTpauuoHHble. OKNCNUTENbHO-BOCCTaHOBUTENbHbIe. BUoxuMuyeckue.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Murpaunst XMMn4eckmnx anemMeHToB. Tunbl MUrpaunn: MexaHnyeckas, pusnko-xmmmyeckas,
bvoreHHas, TexHoreHHas. MexaHuyeckas murpaumns obycnoeneHa paboTon pek, BeTpa, NeaHNKOB,
BY/IKQHOB, TEKTOHMYECKUX CUN. 3aBUCUT OT TBEPOOCTU NPUPOJHOro Mmatepuana. lNokasarenb
MexXaHM4Yeckon Murpaunun. MimeeT MmakcrmManbHOe 3Ha4YeHne 15 apuaHbiX ropHbIX Nopoa, a
MUHUManbHoe ? Onsg ryMUOHbIX NECHbIX PaBHUH. PU3NKO-XMMmYeckas murpauuns. BHytpeHHve
goakTopbl MUrpaumn. Nokasarenb aNeKTPOCTaTUYECKNX CBONCTB MOHOB CIYXWUT UOHHbIV NoTeHuman
(noTeHuman KapTnegnxa) n aHepretTmyeckne KoadpuumneHTsl. B 3aBUCMMOCTN OT BENNYNHDI
noteHumnana Kaprnenxa xmMnyeckme aneMeHTbl MOXHO pasgenuTb Ha 3 rpynmnbl. AHepreTnyeckme
KoagpgomumeHTbl (9K) paccuuTbiBaloT no oopmynam A.E.depcmaHa. 3TN KOIAPULMEHTbI OTpaxaroT
NocnenoBaTeNbHOCTb KPUCTAaNIN3aLumMm MUHepanoB 13 pacTBopoB. VIoHbl ¢ 6onblwmmMn paguycamm
BbINALAKOT U3 PpacTBOPOB paHblue. BHewHne gpakTopbl MUrpaLmm: TeMnepaTypHbIi PeXuM,
NaBneHne, KNCMOTHO-OCHOBHbIE YCNOBUS, OKUCNUTENbHO-BOCCTAHOBUTENbHbIE YCNOBUS. B
6onbwunHCTBE crnyyaeB 0bpa3oBaHne KOMMNEKCHbIX MOHOB MOBbIWAaeT pH ocaxaeHus rmapokCuaos 1
pPacTBOPUMOCTb, HTO YCUNMBAET MUTPaLIMOHHbIE NPOLIECCHI B rmapocaepe.
OKMCnUTENbHO-BOCCTAHOBUTESbHBIN PEXUM 3HAYUTENBHO BANSIET HA MUTPALMIO.
BoccraHoBUTENbHbIE YCNOBUSA CONPOBOXAAIOTCA UHTEHCMBHOM MUrpaunen CoeanHeHnn xenesa,
MapraHua, kobanbta, meau. B neproabl aspaunn HaumHaeTcs nepexon B 6onee BbICOKME COCTOSHMSA
OKMCNEHMS, CONPOBOXAAIOWMACA MHTEHCUBHBIM 06pa3oBaHneM ocankos. Murpauns B KONnovuaHown
doopMe xapakTepHa ons rymyca, COeAUHEHNI KPEMHUS, antoMUHNS, Xenesa, MapraHua, 0/1oBsa,
TUTaHa, UMPKOHUS, BaHAAMS, XPOMa U HEKOTOPbIX APYrnX 3f1eMeHToB. buoreHHas murpaums
obycnoBneHa COBOKYMHOW XN3HEAEATENbHOCTHIO XMBbIX OPraHN3MOB. DNIEMEHTbI C BbICOKOIA
B6roreHHOCTbIO (Ghocapop, KanbLUnii, Kanuii, cepa, yrnepol, a3oT) MEHbLIE MUTPUPYIOT, YHEM 3lIEMEHTI
He urpaoLmne CyweCcTBEHHYIO POJib B COCTaBE XMUBOro BelecTa (X1op, HaTpui, MarHni).
TexHoreHHas murpaumsl. TexHogUNIbHOCb, OECTPYKTUBHASA aKTUBHOCTb 3/IEMEHTA, TEXHOreHHOoe
reoxvmuyeckoe gasneHve, Moaynb TEXHOrEeHHOro reoXMMmMYeckoro AaBneHns. TexHoreHHble
aHomanuu.

Tema 8. KonnokBuym ?BnusiHue reoxummyeckon cpenbl Ha pa3BUTUE U XMMUYECKUIN COCTaB
pacteHun?.

KONNOKBUYM , NMPpUMEPHbIE BOMPOCHI:

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Crpanunua 21 n3 32. il yLH,lf[;F EPCHTET
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

["eoxummyeckas murpaumoHHas knaccudgovkaums (MNepenobman A.A.). BosoywHbIK MUrpaHThbl
(kmcnopon, Bogopoa, cepa, yrnepon, a3or). .[ eoxnmmnyeckme npasuna. lpasuno
O.N.MeHpeneesa.llpasuno B. NapkuHca. MNpa sunol.Oano. Bee wenoyHblie aneMeHTbl NINTOUIbHBbI.
Hanbonee n3BecTHble MUHEPaNbl WENOYHbIX METANN0B: CUNbBUHUT, MUPABONNT, HATPOH, KapHANUT.
LLlenoyHble MeTannbl ABASOTCA TUMUYHBIMK TMTOOUNAMN. DTO 0O BACHSETCS UX CPOLCTBOM K
Kucnopogy. ['anoreHbl OTHOCATCS K TUMNYHBIM aHWOHOTEHHHbIM anemMeHTaM. BoaHble noaBuXHbIe
MurpaHTbl. K aToM rpyrnne OTHOCAT BCE WeNoYHbIe U WeNoYHO3eMeNbHble MeTan bl, a Takxe
ranorexbl. K Manonogsr>XHblM BOLHbIM MUTPAHTaM OTHOCSTCS BCE XaNbKouIbin U 4acTb
nMTOOUNOB. Y HUX B MEHbLLER CTENEHN BbipaXeHa NOHOrEHHOCTb, YEM Y SNIEMEHTOB IPYnMbl
NOABMXHbIX BOOHbIX MUrpaHTOB. ManonoasmXxHble BOAHbIE MATPaHTbl 4enaT Ha 6 KNnaccos :
NnTocpmnbHblE aHMOHOTEHHbIE SNEMEHTbI (KPEMHUIA, doocdpop, 60p). JTnTodpunbHbIE 3NEMEHTLI C
MOCTOSIHHOW CTEMEHbI0 OKUCNEHNS (BEPUNINiA, antoMUHWIA, LMPKOHWIA, FadOHWUIA, CKaHAWIA, TOPUIA,
naHtaHuabl). JlIntTopunbHbie 1 cuaoepousibHbIE 3MEMEHTbI C MEPEMEHHOM CTEMNEHbBIO OKUCEHUS
(TuTaH, BAHaAWiA, HNOBWIA, TaHTan, ypaH, Bonbdpam, peHunii, MonmbaeH, TexHeunid). Metannbl rpynnebi
Xenesa (Xeneso, MapraHeL, XpoM, H1Kenb, kobanbT). MnatnHa n nnaTMHouabl (MnaTuHa, pyTeHui,
ponuii, nanaguin, OCMUiA, puamnin). XanbkogounbHble MeTannbl (pTyTb, Kaamuii, cepebpo, Menpb,
CBUWHeL, MHOWA, BUCMYT, LUNHK, 30/10TO).

Tema 9. Murpauus sewiectB. MexaHuyeckas Murpaumsi. PU3nKo-xuMmyeckasi MurpaLms.
BuoreHHas murpaumsa. TexHoreHHass MUrpauums.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

JlntodomnbHble aHNOHErEHHbIE aneMeHTbI. [1PoABNAOT NOCTOSAHHYO CTENEHb OKUCNEHNS. KpeMHMiA B
MUHepanax npucyTcTByeT B Buae Tetpasnpos. CnocobeH 3ameluatb antomMmHuin. docdop B
COEOUHEHUSX, HAX0OAWMXCA B 3EMHON KOpe, NPOSBASET CTENEHb OKUCNEHUS S+
(TPyZHOpPaCTBOPMMbIE COMN OPTOGOCHOPHON KUCNOTbI). Pocchop ? BMOUNbHBIN 3NEMEHT.
BrodpmnbHbIMKU cBOVicTBaMM obnanaeT u 60op. MN'ymnaHble naHawad bl 6eaHbl 60POM, apuaHbie
HaobopoT oboralleHbl. JIMTogunbHbIE SNEMEHTLI C MOCTOSIHHOM CTEMEHbIO OKNCNEHNs 0bpasyioT
KOMMNEKCHbIE aHNOHbI U KaTUOHbI. Myrpaumns 3aBUCUT OT OKUCIUTENbHO-BOCCTAHOBUTENbHbIX
ycnoBwuii. B 6bronorn4eckom KpyroBopoTe y4acTBytoT cnabo. [ns HUX BbINONHAOTCS npaBuna
MeHpeneea u MapknHca. MuHepanbl LMPKOHUS LMPKOH 1 6anaenunTt, B KOTOPbIX NPUCYTCTBYET A0 2
% ragoHus. Topuii BXoanT B cocTaB MoHauuTa. bepunnuii obpasyet muHepan 6epunn. CkaHouii B
3EeMHOW Kope pacrblieH 1 caMOoCTOSATENIbHbIX MMHEePanoB NpakTnieckn He obpaayert. JlutocunbHbIe 1
cnaepodUbHbIE 9NEMEHTbI C NEPEMEHHON CTEMEHbLIO OKUCNEHUS. TUTAH OTHOCUTCS K FNaBHbIM
anemeHTaM (K = 0.6%). B BoaHbIX pacTBopax ruaponuadyeTtcs 0o tutaHmna. B cunbHokucnom cpene
NPUCYTCTBYET B BUAE TETPA3ApnYecknx aunaokomnnekcor. ObpasyeT MuHepanbl pyTu, NIbMEHUT,
neposckuT. Cobntogaetcs npasuno apkuHca. BaHaouii B 3eMHOI KOpe A0CTaTOYHO pacnpocTpaHeH
(K = 0.02 %).Hnobwuin n TaHTan siensitotcs penkumm anemeHtamm (K = 10-5 %). BaHaownii He obpasyeT
COBCTBEHHbIX MECTOPOXAEHWNA MOCKONbKY €ro pa3mepbl 6n1n3ku K pasamepam pacnpocTpaHeHHbIX
9NEMEHTOB (XXenesa, TuTaHa, MapraHua). Paamepbl BaHanaT- u pocatnmoHoB Takxe 6nunsku. B
pes3ynbTate BaHaAMWN BKNOYAETCS B KPUCTANNNYECKYO CTPYKTYpy 6bonee pacnpocTpaHeHHbIX
aneMeHToB . Hnobwuit n TaHtan conytcTBytoT P33 1 npucyTCTBYIOT B ypaHcoAepXawmx MuHepanax
Kak 1 TeXHeUWn (MpoayKT CNOHTAHHOro AeneHns saep ypaHa). PeHni asnseTtcs peakum paccestHHbIM
anemeHToM (K=10-7). YeTHble anemMeHTbl MonMbaeH 1 BoNbgppam AOCTAaTOYHO pacnpoCTPaHeHb! B
3eMHoi kope ( K = 10-3%).

Tema 10. l'eoxnmmnueckme knaccucpmkaumm anemeHToB. Knaccucpukaumsa B.M.MNonbowmuara.
JoMalHee 3afaHune , NpuMepHble BOMpPOCHI:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

MeTannbl rpynnbl Xenesa. 9T 3NeMeHTbl TUNnYHble cuagepodunbl. OgHAKO Xeneso, HUKENb U
KobanbT NPOSIBASIOT TakXe M XanbKogUbHbIE CBOMCTBA. XPOM 1 MapraHey, ? nUTogubHbIE.
MapraHeu, npencraenseT NCKKOYEHME U3 npasuna lapkuHeca: oH f4ocTaTo4HO pacnpocTtpaHeH (K =
10-1%), HO NMeeT HeYeTHbI Homep. MapraHew, SBNSETCA?>XXECTKON KMCNoToin no MNMnpcoHy 1 noaTomy
NPUCYTCTBYET B 3€MHOI KOpe B BUAE KUCNOPOOHbIX COEAMHEHWNA (MMPONO3NT, BpayHWT, POAOHUT).
Xeneso BXoAnUT B COCTaB 04eHb HOMbLWOro Yncna nepBUYHbIX U BTOPUYHbLIX MUHEPANOB, FOPHbIX 1
0Cao4HbIX MOPOA. 3aHUMaET YETBEPTOE MECTO CPELM SIEMEHTOB MO PaCcnpPOCTPAHEHHOCTH.
MuHepanbl XXenesa: MarHeTuT, KpacHbI XenesHsik, NMpuT, CUOEPUT, ONNBKH, Bypblil XXeNeaHsK.
Anpo 3emnu npencrtaensieT cBoeobpasHyo cUaepocdEpPy, Tak Kak COCTOMT B OCHOBHOM M3 Xeneaa.
Xeneso 1 HYKenb SABASOTCS YETHLIMU 9NEMEHTaMM, NO3TOMy 06pasytoT MHOro nsotonos. Kobanbt ?
3TO 9NEMEHT oauHoYKa. Ero knapk MeHblie Ha NOpsiaoK, YeM y Hukenst. KobanbT npucyTcTByeT B
MUHepanax Hukens B cooTHoweHun 1:10. CywecTByoT 1 COBCTBEHHbIE MUHEpPanbl KobanbTa:
KobanbTuT (KobanbToBbI 61eck) U cManbTUT. MNMnatnHa 1 NnaTMHOMALI MaNo PAcnNpPOCTPAHEHDI.
YeTHble aneMeHTbl (PyTEHWIA, Nannagunii, OCMUA 1 NnatuHa) ? B 6onblueit CTENEHN, HEYETHbIE (POANIA
n npugun) ? B MeHblwen. Bcneoctesme HU3KOM akTUBHOCTM BCTPEYaloTCa U B CAMOPOLHOM COCTOSIHUM
(B BMOe BKpanneHunin B CynbuaHble pyabl Mean n HUkens). XanbkogunbHble MeTanibl BCTpeyarTCcs
B MpMpoLe B BUAE CyNbPUO0B UK Npumeceii K HUM. Hanbonee pacnpocTpaHeHHble MUHepanbl:
KMHOBapb, cdhanepuT, XxanbKonnpuT, CBUHLOBLIA 6neck. PacnpocTpaHeHHOCT NoAYNPSIETCS Npasuny
["apkuHca.

Tema 11. YueHne B.U.BepHanckoro o 6uocdepe Kak 0 CTpyKTypHOM 060/104Ke nnaHeTbl
3emng (Kpyrnbin cTon)

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

NHTeHcunBHOCTL Bronornyeckoro nornowexHms. KoadogounumneHT 61onornoweHns (YactTHoe oT feneHns
codepxaHus B 30/1e Ha cofepXaHue B ropHblx noponax). Bce anemMeHTbl B 3aBMCUMOCTM OT 3TOr0O
nokasaresns MOXHO pasfennTb Ha ase rpynnbl. K nepBoi OTHOCAT Te, codep>XaHune KOTOpbIX B 30Me
bonblue, 4eM B 3eMHOW kope (bop, noa, 6poMm, LMHK, cepebpo, Menb, MONMbAEH, MapraHeL, kobanbT,
HuKenb). BTopas rpynna cocTouT U3 3f1IEMEHTOB, CoAepXaHne KOTOPbIX B paCTEHUSX (3011€) MeHblue,
4eM B 3eMHOI KOpe. VIHTEHCMBHOCTb BUOMNOrNOLWEHNS PACCESHHBIX 3NIEMEHTOB HE 3aBUCUT OT UX
COLEPXaHMs B 3eMHOI kope. Puanonornyecknii 6apbep nornoweHns. 6apbepHblii 1 6e36apbepHblii
TUNbl NornoweHns. MakTopbl, BANAOWME HA KOHLEHTPALMIO MUKPOSNEMEHTOB B PACTEHUSIX.
PacteHusa ? koHueHTpatopbl. MeTannodunbHas nopa (KOHUEeHTpUpYyowWwas cpasy HeCKONbKO
9NeMeHTOoB). PacTeHuns ¢ y3Kom reoxmMmyeckon cneunanmsaunein. HepaBHoOMepPHOCTb
pacrnpeneneHns B 3eMHOM KOPe PacCesiHHbIX 3MIEMEHTOB. Y4YacTky 3€MHOIM KOPbI C BbICOKOWA
KOHUEHTpaumnein XMMNYeCKnx aNEMEHTOB Urpanu BaxXHy0 pofb B BUA00Opa30BaHMMN PACTEHWIA.
NoBblWweHHOE coaepXaHue XMMNYEeCKOro afieMeHTa ConpoBOX4aeTCs YBENNYEHNEM ero
KOHLIeHTpauumn B 0OTOCUHTE3NPYIOWNX OpraHn3Max. Pasnnyve mexay rnaBHbIMU 1N pacCesiHHbIMU
anemeHTamu. [(NaBHbIE 3NEMEHTLI BXOAAT B COCTAB PACTEHWIA B TaKOM BONbLLOM KONTMYECTBE, YTO
YBENNYEHNE KOHLIEHTPALMM MAaKPO3NIEMEHTA B HECKO/IbKO pa3 NoBneveT 3a coboi nepecTporiky
opraHuama, a uHorga v nonHoe HapyweHue ero PyHKUMi. KoHueHTpauns MUKPOSN1EMEHTOB
(paccesiHHbIX) CTOMb HE3HAYUTENbHA, YTO ee YBeNnYeHne aaxe B ECATKN pas MOXET He UMETb
rybuTenbHbIX NOCNeacTBUIA.

Tema 12. [eoxumunyeckas MurpaumoHHas kKnaccucpumkauus. BosayuiHble MUrpaHTbl. BogHble
noaBUXHble MUrpaHTbl. ManonoaBnXHbie BOAHbIE MAUTPaHTbI.

TecTnpoBaHune , npmMMepHbIe BOMpPOCHI:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Mporpamma ancumnnuHbl "Broreoxummus”; 04.03.01 Xumus; noueHT, K.H. (BoueHT) KyTtbipesa M.I1. , npodbeccop, a.H. (Mpodeccop)
Ynaxosuy H.A.

"nobasnbHble BUoreoxmMmyeckme UKol anemeHToB. CoBpeMeHHbIe B1OreoXMMNYecKmne LNKIbl
3axBaTbIBalOT atMocpepy n rmapocdoepy. B nutocdepe MurpaumoHHbie NOTOKM OrpaHnyYnBaroTCS
caMoli ee BepXHelt YacTblo ? 30HOI runepreHesa. B Groreoxmmmyeckmne LMKbl BOBNEKAKOTCSA HE
TONbKO aTOMbl BUOCWBbHBIX 3NEMEHTOB, HO MPaKTUYECKN BCE 3NEMEHTbI 3eMHOI Kopbl. [aTb X0Ts Obl
KpaTkoe OnmMcaHne BCeX XMMUYECKUX 3NIEMEHTOB, LUMPKYNMPYIOLWMNX B Freorpadonyeckoin obonoyke
3eMnu He npeacTaBnsaeTcsl BO3MOXHbIM. [1oaToMy BynyT pacCcMOTPEHbI 9BONMOLIMOHHO COXMBLIMECS
LMKNbl TONbKO BMOUNBbHBIX 3NEMEHTOB 1 HEKOTOPbIX TSAXENbIX METANNOB. BUoreoxumMmyeckunii LUK
yrnepogna. Pe3epsyapbl yrnepoga (nMrocgoepa, rmgpocdepa, negocdepa n atmocgepa).
lMpakTnyeckn Becb yrnepon atMmocgepbl HaXoanTCcs B Buae anokcmaa yrnepona. OcHoBHas ero
yacTb cOocpefoTo4YeHa B Tponocgpepe. Hanbonblwmne KkonuyecTsa yrnepoaa 1 omokcuaa yrnepona
(yrnekucnoro rasa) cocpenoTouyeHbl B rnybuHax 3emnu. MocTtynneHne yrnekMcnoro rasa u3 Hegp B
aTMocdoepy NPOMCXoanT MeasieHHo. TnobanbHbIf LUKN yrnepoaa MOXHO pa3aennTb Ha ABa uukna
HM3wWero paHra. [NepBblii cBA3aH ¢ NOTPebNeHneM yrnekncnoro rasa npu oTocuHTese. 3710
noTpebneHne KOMNeHCUpPyeTCa AesTENbHOCTLIO MOYBEHHbBIX MUKPOOPraHnM3mMoB. He Becb yrnepog,
BOBJIEKAEMbIN B DOTOCUHTES, BO3BpaLlaeTcs B atMocdepy. HacTb coxpaHseTcs B negocdepe B
BMAE rymyca n Topdpa. STOT LMK HE NOMHOCTbIO 3aMKHYT. BTOpoi umkn goopMupyeTcs 3a cyet
razoobmeHa Mexay aTMocdepoii 1 okeaHocdepoit. MmapokapboHaT-kapboHaTHas cucTtemMa okeaHoB
HaxXo4MUTCS B NOABUXHOM PaBHOBECC C YrNEKMCIbIM ra3oM atMocqoepbl. Yrnekucnbli ra3 akTMBHO
pacTBOPSETCS B XONOAHOW MOPCKOWM BOAE B BbICOKUX WMPOTaX. B HU3KMX wnpoTax NpoucxoanT
HarpesaHve BOAbl U BblOeNneHne auokcuaa yrnepona B atMocgepy. PasgeneHuve LmknoB YCNOBHO.
OHuM cBA3aHbl 6MONOrMYECKMMIM NPOLIECCAMUN: 3aXBa4Y€eHHbIR rmapokapboHaT-kapboHaTHON cUcTeMON
OKeaHOB aTMOCEpPHbIn AuoKcua yrnepona 4acTM4yHo NoTpebnseTcs gouTonnaHKToOHOM. BTopoii umkn
TakXe He NOSTHOCTbIO 3aMKHYT, T.K. MOCTOSHHO NPOUCXOANT 3aXOPOHEHWE yriepoaa B OHHbIX
OTNOXEHUSIX B BMOE KapboHaToB.

Tema 13. Buonornyeckum KpyroBopot XMMU4YeCKMX 3nemMeHToB. MHTEHCUBHOCTb
6uonornyeckoro nornow,eHusi. PakTopbl, BMIUAIOLLNE HA KOHLLEHTPALMIO MUKPO3/IEMEHTOB B
pacTeHusX.

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

"nobanbHble BUOreoXMMMYecKne LnKnbl aneMeHToB. COBpeMEHHbIE BUOreoXMNYECKMe LIMKbI
3axBatblBalOT aTMOCApepy v rugpoccpepy. B nutocoepe MurpaumnoHHbie NOTOKM OrpaHNYnBalOTCS
CaMoii ee BEpPXHEN YacTblo ? 30HON runepreHesa. B Guoreoxnmmyeckme Lmkbl BOBNEKAKOTCS HE
TONbKO aTOMbl BOPUNBHBIX 9NEMEHTOB, HO NMPAKTUYECKM BCE 3NEMEHTLI 3EMHOI Kopbl. [daTtb X0Ts 6bl
KpaTKoe OnmncaHue BCEX XMMUYECKMX 3NIEMEHTOB, LIMPKYINPYIOWMX B reorpadouyeckor obonoyke
3emnn He NpencTaBnseTcsl BO3MOXHbIM. [10aToMy ByyT pacCMOTPEHbI 3BOMIOLMOHHO CNOXMBLUNECS
LMKIIbl TONBKO BUOGUNBHBIX 3NEMEHTOB 1 HEKOTOPbIX TAXENbIX METANSOB.

Tema 14. BbnoreoxuMmmuyeckKkme LUKJbl BaXHENLLNX XMMNUYECKUX 3/1IeMEeHTOB.
JoMallHee 3agaHuve , NpuMepHble BOMPOChHI:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Buoreoxumnyecknin umkn asoTa. ['naBHbii pe3epByap a3oTta Ha 3emne ?atmocepa (okono 4.106
['T). B 3emHoI kope copepxutca nopsaaka 1.106 ' asota. B BepxHeit yactn maHtum ? 13.106 I'T.
BepxHsisi MaHTMS ? OCHOBHOW UCTOYHUK a30Ta As1s reorpagouyeckoit obonoykn 3emnu. BoloeneHve
asoTa npoucxoauT 3a cyet BynkaHnama. Macca pacTtBOpeHHOro B okeaHe asorta coctasnset 0.5 %
OT aTMocpepHoro. B oTnnyme ot kncnopona MonekynsipHbli a3oT B CUY XMUMUYECKON MHEPTHOCTH
HeOoCTyneH ANns yCBOeHNs 6ONbIMHCTBOM OpPraHn3MoB. B npupone TeM He MeHee 0b6pasyroTcs
TepMOOUHAMNYECKN MEHEE YCTONYMBbIE MO CPABHEHWUIO C MONEKYNSPHBIM 230TOM OKCUAbI 23073,
HUTPUT- N HATPAT-UOHbI, @ TaKXe KaTUOHbl aMMOHUS. KpoMe Toro, NpUcyTCTBYIOT aMUHOKUCAOThI U
6enkn. Abrnotmyeckas cukcaumst atTMocepHOro asota NpPoUCXoanT B MpUpoae B pedynbtarte
poToKaTannTUYeCcKnx peakuuii. B rnobanbHoMm 6MoreoxnMmny4eckom LMKne asota OCHOBHas posb
NpuHaLNexuT maccoobmeHy Mexay nenocdepoii n atMocapepoit. Mpouecchl B noyse obecrneymsatoT
06pa3oBaHne OCHOBHbIX KONMYECTB AOCTYMHbIX A8 pacTeHuin goopm asota. Cea3biBaHME
MONEKYNSPHOro a3ota OCYyLWeCTBNSeTCSH MuKpoopraHnamam. MnkpoopraHmambl eXXerogHo
domkempytoT okono 140.106 T a3ota. 970 NpeBbIWAET MNOTOK U3 aTMOCAEPHI HA MOACTMNAOLYIO
MOBEPXHOCTb 0O6Pa3yoWNXCS NPY FPO30BbIX pa3psiaax OKUCNEHHbIX COeAMHEHNA a3oTa. B noysax n
BOAHbIX 9KOCUCTEMAX NPOUCXOONT BbICTPas HUTPUIUKALNS ? OKUCNEHNE NOHOB aMMOHUS C
obpasoBaHuneM bonee OOCTYNHbIX PACTEHUSIM HUTPUTHBIX 1 HUTPATHbLIX MOHOB, KOTOPbIE He
HakanIMeakTCs B NOYBax, HECMOTPS Ha MOCTOSHHYIO OeSATEeNbHOCTb a30TGOUKCUPYHOLLMX
MMUKPOOPraHU3MoB. 3TO NPOMUCXOAUT MOTOMY, HTO BOAOPACTBOPUMBIE COEANHEHMS a30Ta Nerko
BbIMbIBAlOTCS M3 NOYB. BooHas murpaums coctaenset exerogHo no 25 ? 80 Mt azorta. B npupoge
NPOUCXOAMT a30TGoMKCaLMs C NMOCNEeyIOWNM BKITOYEHMEM aTOMOB a3oTta B 6uomonekynbl. Mocne
rmbenun pacTeHUin N XNBOTHbIX a30TCOAEPXalLNE XUMUYECKME COENMHEHUS NOABEPratoTCs
MUKPOOMONOrM4eckoMy pasnoXeHno U aMMoHudovkauun. MNpouecc AeHUTpUgMKaUumM NponucxoauT B
HEeBO3MyLLEHHOW YenoBekoM brocgepe. ObpasoBaHne MONEKYNSIPHOrO a30Ta U3 OPraHNYeckmx
COEOVNHEHWNIA, HATPATOB U HATPUTOB NPOUCXOONT B NMOYBAX M B BOAHbIX 3KOCMCTEMAX B a3POOHbIX 1
aHaspobHbIX ycnosusix. JeHnTpudomkaumns MoxXeT NpuBoanTb 1 K 06pa3oBaHMi0 OKCUAO0B a3oTa.
Buota nogaoepxusaet cogepxaHue B atMocepe 3eMnun He TONbKO Kucnopoaa, u
?6€e3>XMN3HEHHOro? asoTa.

Tema 15. BuoreoxuMmmnyeckue LUKbI yrnepona, Kucnopoaa u sogopoaa.
JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

KETPOHHBH
B_EPCHTET
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Bbuoreoxumnyeckuin uukn yrnepoga. Pesepsyapbl yrnepoga (nutocgepa, rugpociepa, negocoepa
n atmocpepa). lNpakTnyeckm Becb yrnepon atMocepbl HAXOANTCS B BUAE AMOoKCuaa yrnepona.
OcHoBHas ero 4acTb cocpefoTodeHa B Tponocdepe. Hanbonblume KonuyecTsa yrnepona u
omokcuaa yrnepoa (yrnekucnoro rasa) cocpenoTtodeHbl B rnybuHax 3emnu. MoctynneHne
YrNEKUCNOro rasa 13 Heap B aTMocdoepy NPOMCXoanT MeaieHHO. TnobanbHbIi LMK yriepona MOXHO
pasnennTb Ha ABa UMkna Hu3wero paHra. [epBblit cBS3aH ¢ NoTpebneHneM yrnekmcnoro rasa npw
poTOCUHTE3E. DTO NOTPEONEHME KOMNEHCMPYETCS AEATEIbHOCTBIO NOYBEHHbBIX MKPOOPTraHN3MOB.
He Becb yrnepon, BOBnekaemblii B POTOCUHTES, BO3BpaLLaeTcs B aTMocdepy. Hactb coxpaHseTcs B
nepocaoepe B BMAE rymyca u topda. 9T0T UMK HEe NONHOCTbIO 3aMKHYT. BTOpon Lmkn goopMmnpyeTcs
3a cyet razoobMeHa Mexay aTMocdpepoii n okeaHocdepoit. MapokapboHaT-kapboHaTHas cuctema
0KeaHOB HaxoaNTCS B NOLABUXHOM PaBHOBECC C YrNIEKUCNbIM ra3oM atMocdoepbl. Yrnekucnoii ras
aKTUBHO PacTBOPSETCS B XONOLHOM MOPCKOW BOLE B BbICOKMX WMNpOTax. B HU3kux wunpoTax
NPOUCXOONT HarpesaHue BOObl U BblAeNeHne guokcuaa yrnepona B atMmocpepy. PasneneHue
LMKNoB ycnoBHO. OHM cBSi3aHbl BMONOrMYEeCKMMM NpoLeccaMn: 3axBadYeHHbIN
rmapokapboHaT-kapboHaTHOWM CUCTEMOI OKEAHOB aTMOCHEPHbI ANOKCU Yriepoaa YacTU4HO
noTpebnsieTcst PUTONNAHKTOHOM. BTOPOIA LMKN TakXe He MOMHOCTbI0 3aMKHYT, T.K. MOCTOSIHHO
MNPONCXOANT 3aXOPOHEHNE YrNepoaa B AOHHbIX OTNIOXEHMUSIX B BuAe kapboHaTtoB. buoreoxmmmyeckue
LMKJbl KACNOpOAa M BOAOPOAA. DTN LUKMKIbI CBS3aHbl Mexay coboii. KpyroBopoT BoAbl NpeacTaBnseT
coboin popmy Murpaumm obonx anemeHToB. Kncnopon npucytcTeyeT B BONbLIMX KONMYECTBAX BO BCEX
reoccpepax. Linkn kncnopopna paccmarpmusaroT Kak cov4eTaHne HECKONbKUX B3aMOLENCTBYOLWMNX
Mexay coboit umknos 6onee HU3KOro paHra (reoxmMmyeckunii, GBoTUYECKUnin, OU3nNKo-xmmmndeckunii). B
nmMTocdoepe KMCnopo npucyTCTeByeT B OCHOBHOM B COCTaBe CUINKATOB 1 antomMocunukaros. B xone
BbIBETPUBAHMS 0ObIYHO 3TV aHMOHA OCTalTCS B HEM3MEHHOM Buae. B npouecce runepreHesa
Kpuctannnyeckas CTpykTypa 4actv antoMOCUINKATHBIM MUHEPANoB rnepecTpansaeTcs.
ATMOCMEpPHbBIN KMCNOpOo y4acTByeT BO MHOMMX reoXnMmnyeckumx npoueccax. [Npn aTom nponcxoomt
N3MEHEeHWe NOABUXHOCTY CBSI3bIBAIOWMUXCS C HUM aTOMOB (06pa3oBaHme HepaCcTBOPUMbIX OKCUAO0B B
cnyyae mapraHua v xenesa, nepexop Cynbuaos a pacTeopumble cynbgarbl). Brotnyeckas 4actb
rnobanbHOro LMKna KUCnopoaa: BoloeneHne npy otocnHTese 1 notebneHne npu oecTpykuum
opraHuyeckoro sewecTtsa. OCHOBHOE KONMYECTBO KNCNOPOAa, NPON3BOANMOrO 3€NeHbIMU
pacteHmsiMu, noctynaet B atmocdepy. Moyt 30% aToro notoka obecneymBaeTcs oUTONNAHKTOHOM
MOpei 1 okeaHoB. HenonHas 3aMKHYTOCTb rnobanbHOro uukna yrinepona cnocobcTByeT HaKOMIEHNIO
cB0OOOHOrO KMCnopoaa B atMocgepe 1 0bpasoBaHmio 030HOCHEPLI. B CBA3SIHHOM COCTOSIHUN
KMCNopoL MUrpupyeT B coctaee Boabl. Bona npucyTcTeyeT Bo BceM 06beMe Tponocdoepsbl 1
cTpatocgepbl. CogepxaHve BoAbl B BEPTUKANBHOM 1 MEPULAMOHANBHOM HanpaBneHNsSX O4eHb
HeoOHOpPOAHO. bonblune KonnyecTsa MONEKYNSAPHOro BOAOPOAA NOCTYrnaeT B aTMOCEPY B COCTase
BYNKAHNYECKNX ra3oB. 3Ha4YMTeNbHbIE KONMYECTBa BOLOpoAa 06pasyoTcs Npu MUKPOBONOrnieckom
paspyLweHnn MepTBOro OpraHN4eckoro BewecTsa. OT0T BOLOPOL He NOCTynaeT B atMocqepy, a
nepexsaTbiBaeTCS APYrMIN MUKPOOPraHn3aMamu, y4acTeyowmMm B obpasoBaHum metaHa. B
aTMocpepe BoOOpOa paccemnsaeTcs (B aTMocdepe ero KonmyecTso He npesblwaeT 0.2 IT.
BbiBeoeHne Booopoaa 13 KpyrosopoTa npuv ero CBA3biBAHUM B rMNEpPreHHbie CUnmnKaTbl UrpaeT posb
B OOPMMPOBaHUN OKUCNNTENbHON 06CTAaHOBKM Ha 3eMne.

Tema 16. BuoreoxuMmuyeckue LUKnbl a3oTa, doccopa u cepbl.
JoMallHee 3ajaHne , NPUMEPHbIE BONPOCHI:

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
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PacnpeneneHve cepbl B reorpacgouyeckoit 060104ke no3BonsieT CHMTaThb, YTO NOCTYNIEHNE €€ BO
BHELHWE reocdpepbl NPONCXOAUT B pe3ynbTarte gerasauuun sepxHen MmaHtum. Cepa BoBnekaeTcs He
TONbKO B BOAHYIO MUrPaLIMIO, HO U B aTMOCHPeEpPHbI nepeHoc. ObpasoBaHune razaoobpasHbix
COEOVHEHWIA Ccepbl CBS3aHO C AeSTENbHOCTBIO MUKPOOPraHM3MOB, 0BUTAIOLWMX B MOYBaX 1 MOPCKOE
cpene. B nouBeHHbIX BblAoeNeHUsix 06HapyXXeHbl pasnnyHble NeTy4ne CoeanHeHUs cepbl
(kapboHuncynbuna, Cepoyrnepoa, MeTunMepkanTaH, aumetuncynbgoua). Obpasyrowmincs npu
MUKPOBMONOrM4eCcKoM paciuenneHmmn 6enkoB CepoBOAOPOA NPaAKTUYECKN MONHOCTBLIO 3aTpaynBaeTCs
Ha obpa3oBaHue cynbgnaoB MeTanioB. 13 Mopckol BoAbl cepa BbloensieTcsl B atMocdoepy rnaBHbIM
o0bpazom B hopMe ManopacTBOPUMOro AMMETUICYNbgIUAA, KOTOPbIA NErko OKUCISIETCS N He
HakannneaeTcs B atMocapepe. bonblume konnyecTBa cepoBonopona obpasytoTcs B BEPXHMX CNOSIX
MOPCKMX OOHHbIX OTIOXEHWI U B MPUAOHHbBIX BOLAX MOPEW, OTNINYAIOWMNXCS BbICOKOW BUONOrM4ecKom
NPOAYKTMBHOCTbIO U cnaboit umpkynsumeid. MpopbiBa cepoBoaopoaa B atMocdepy He NponcxXoanT
n3-3a ?MUKPOBMONOrM4eckoro punbTpa?, PyHKLUMM KOTOPOro BbINOASIHAIOT (0OTOTPOGHbIE TUOHOBLIE
6akTepun. B okeaHax MpoONCX0AMT HE TONbKO HAKOMMEHNE Cepbl B COCTABE PACTBOPEHHbIX
CynbdpaToB, HO U BbiBELEHVE ee U3 UMKNa Npu 3aXOpOHEHNN B [OHHbIX 0cafkax. buoreoxummnyeckumx
LMK cepbl TakXe 0ka3blBaeTCs He MOMHOCTbIO 3aMKHYTbIM.

Tema 17. 3aKOHOMEPHOCTN 6MOre0OXMMNYECKOro KPyroBopota XuMMYeCcKux BeLLLecTB
Buoreoxmmmyeckmue LUKbI TAXENbIX METANNOB (PTYTb, CBUHEL,, LLUHK, MeOb, KaaMui).

noMallHee 3afaHue , NpUMepHbIe BOMPOCHI:

Buoreoxmmnyeckuin umkn gpocgopa. OH oTAnyaeTcs OT APYruxX LMKIOB 3/1IEMEHTOB MEHbLIEN
CTENEHbIO 3aMKHYTOCTW. Takol xapakTep rnobanbHOro unkna oTanyaeT He TONbKO dhocdop, HO 1
Apyrve anemMeHTbl, NoCTynarlmne Bo BHEIWHNE reocpepbl He B pe3ynbTaTe Aerasaunm 3eMHblX Heap,
a npw BblWEeNa4YNBaHUN rPAHNTHOrO CNOS 3eMHOW KOPbI (KPEMHUIA, KanbLmWi, Kanui, HaTpun).
OcHoBHas Murpaumst Ux NPOUCXOLMUT He B aTtMocqpepe, a B cucteme cylwa ? okeaHbl. docqrop BXoauT
B cocTtas okono 200 MMHepanos (anatut, goocdopuT, doocathbl Xenesa n antoMnHus). B MuHepanax
hoccpopa comepxarcs LOCTatoyHO BonbluMe KONMYECTBa TSXENbIX METANNOB (XpOMa, KaaMus,
PTYTW, CBUHLA, YpaHa) B pe3ynbTaTe M30MOPHHOro 3aMeLleHns npupoaHbIX MUHepanos gpocdopa.
OcHoBHble 3anachl pocodpa cocpenoTodeHbl B 0Caf0YHbIX nopoaax. Broporn no aHaynmmocTu
pe3epsyap ? MupoBoii okeaH. B Murpauum 6onbluyto ponb UrpaeT KOHTUHEHTaNbHbIA CTOK. B Bogax
pek oocdop COOEePXMUTCHA B COCTaBe MUHEPANbHbIX B3BECEN M KOMMNEKCHbIX aHNOHOB. dDoctop
COLEPXMNTCS B XMBbIX OPraHM3Max B COCTaBE NEPEHOCUMKOB 3HEPTMUN B BMOXMMMYECKUX NpoLieccax
(aBeHO3NHAOCOPHbBIE KUCNOTbI), a TakKXe BXOAUT B COCTaB HYKNENHOBbLIX KUCNoT. B Muposom
oKeaHe coaepXxutcs 6onbluoe KonmyecTso goocdpopa. bonblue Bcero B rnybuUHHbIX CNOsixX BOAbI.
docdop 3axBaTbiBAETCA XUBbIMU OpraHn3Mamn 1 3agepxunsaetcsa ummn. OCHOBHas 4acTb
noCTynarowero KOHTUHEHTabHbIM CTOKOM (pocdpopa akkymynupyetcs B ocagkax. [loteps ero cywen
1 BOAAMW KOMMEHCUPYETCS NPOLONXAIOWNMCS BblBETPUBAHNEM 0CALO4YHbIX MOPOL B 30HE
runepreHesa. buoreoxnMmyeckmne LUMKNbl TAXENbIX MeTannoB. 3Ha4ynTeNbHble MacCbl MeTannoB
BOBNEYEHbl B BMOTUYECKNIA KPYrOBOPOT. BbIHOC aTOMOB METanNoB C KOHTMHEHTOB B OKEaH
OCYLECTBNSETCS C PeYHbIM NOTOKOM. OH He KoMneHcupyeTcs obpaTHbiM nepeHocoM. CnenoBatenbHO
oKeaHbl, @ TO4YHEee VX JOHHbIE OTNOXEHMS, NPOLONXAIOT HaKanIMeaTtb 3TN 3NIEMEHTbI. TaknMm
06pa3zom, rnobanbHble BOreOXMMNYECKINE LMKl TAXENbIX METANNIOB, Kak U LKA doocdpopa,
XapakTepusytoTCs Masion CTeneHbio 3aMKHYTOCTH.

Tema 18. KoHTponbHas paborta
KOHTpOnbHas paboTa , NpUMepHble BONPOCHI:
KoHTponbHas paboTta no BCeEM TEMaM.

Tema . UToroesasi popma KoHTpons

MpvMepHble BOMPOCHI K 3a4eTy:
MpvMepbl TECTOBbIX 3a4aHWi

1. YkaxuTe, Kakme n3 nepedyncneHHblX XUMNUYEeCKNX 9NEeMEHTOB OTHOCATCS K PaCCESHHbIM:
A. TutaH

b. Hatpwuin

B. LlmpkoHui

. MarHwnia

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
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2. Mpaewuno MNapkuHca oTpaxaeT 3aBMCUMOCTb PACMPOCTPAHEHUSI XMMMYECKOrO 9N1EMEHTA B 3EMHOIA
Kope oT:

A. ATOMHOW Maccbl anemMeHTa

B. HeTHOCTM nnn HEYETHOCTN aNEMEHTA B NEPNOLMNYECKON CUCTEME
B. KpaTHOCTV aTOMHOI Macchl afieMeHTa YeTbIpeM

I". Homepa rpynnbl B nepruoamnyeckon cucteme

MpumMepbl BUNETOB K KOHTPONBLHON paboTe 1

Bunert 1.

1. JInTodomnbHble aHNOHOrEeHHbIE 3NeMeHTbI. [TpUCYTCTBNE 3TUX SNEMEHTOB B N'YMULHbIX N aPULHbIX
naHpwadrax.

2. NMonesble wnatbl. XMMUYECKWIA COCTAB 1 pacnpocTpaHeHne B 3EMHOM Kope.

Bunert 2.

1. BAnsHmne okMcnntTenbHO-BOCCTaHOBUTENBbHbIX yCnoBun Ha PU3NKO-XMMNYECKYIO MUTpaLInIO
BEWeEeCTB.

2. MvHepanbl XMUYECKUX 31IEMEHTOB NOArPYynnbl MapraHua.

Bunet 3
1. MuHepansl Weno4YyHo3eMebHbIX METANNOB.
2. 1ns coeQUHEHN Kaknx XMMUYECKIMX 9IEMEHTOB XapakTepHa KonnongHas goopma Murpaumm?

Bunet 4
1. B BUAe kaknx MMHepanoB HaxXo4ATCS B 3€MHOM KOpe CUOEpPOPUIbHbIE 3NEMEHTbI?
2. Buonornyeckoe nornoweHue.

Mpumepbl BUNETOB K KOHTPONBbHOK paboTe 2
Bunet 1.

1. Ha3oBWTe OCHOBHblE NNaHeTapHble pe3epByaphbl yrnepona u rmaeHbie XuMmnyeckme oopMbl 3TOro
aneMeHTa B KaX,A0M 13 HUX.

2. Ccpopmynmpyiite npuHumn Jle LLatenbe B npunoxeHnn Kk GrocgepHbiM NpoLeccam.

Bunert 2.

1. Ha3oBuTE OCHOBHbIE BUOTMYECKME MPOLECCHI, y4acTByoWmMe B (OOPMUPOBAHUM FnobanbHOro
LMKna.

2. [Noyemy orpoMHble Macchbl Tak Ha3blBaeMOro "BOAHOro rymyca" okeaHoB 0Ka3blBalOTCH
HEeLOCTYMNHbIMU AN151 MUKPOBOMONOrM4eckon accumMmnsaLmmn?

bunet 3

1. OueHnTe cTeneHb Pa3oMKHYTOCTM €CTECTBEHHbIX MMobanbHbIX LMKIOB yrnepoaa u Kucnopoaa.

2. Kakune xmmmyeckme npoLecchbl CnyxaTt MCTOYHUKOM 3HEPrn Npu MUKPOBMONormMieckoi dpukcaumm
MONEKYNSPHOro a3ota 1 BOCCTAHOBNEHMS CynbdaToB?

bunert 4

1. Kak pacTntenbHOCTb y4acTByeT B (OOPMMPOBAHNN OPEONIOB PACCESHUS TAXENbIX METaNNoB?

2. KakoBbl Npu4MHbI 1 BO3MOXHblE MNOCNEeACTBUS yMEHblueHNst Briopa3Hoobpasns?

KoHTponbHble BONPOCHI K KONMOKBUYMY

1.dakTOopbl, BAXSIOWNE HA XMMUYECKUA COCTaB pacTeHWUi

2. besbapbepHble 1 bapbepHble OpraHn3Mmb

3. KakoBa 3aBMCMMOCTb MEX Y COAEepPXaHNEM XMMUYECKMX NIEMEHTOB B pacTeHUN 1 rno4se?
4. lloporosble KOHUEHTPAUUN XUMUYECKNX SNEMEHTOB OJ151 CENbCKOXO3AMCTBEHHbIX PACTEHNIA
5. ®opMbl, B KOTOPbIX a30T NOrnowaeTcs pacTeHusamMum

6. PyHKUMN a30Ta B pacTeHUAX.

7. dyHKUMN hocdpopa B pacTeHUSX.

KETPOHHBH
B_EPCHTET
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8. lNpusHakn HeJoCTaTOMHOCTU Kanus B pacTeHUsX

9. Murpauus cepbl B pacteHusax. @opMbl NOrAOWEHUS CePbl U3 BOAbI U MOYBbI.
10.Kakve metannbl BINSKOT HA MOPAIONOrnyeckme popmMbl paCTEHNR?
11.Kakme xummnyeckne aneMeHTbl y4acTByOT B (POTOCUHTE3E?

12.Kakne xmmmnyeckme aneMeHThbl y4acTByloT B YrNeBoaOpoaHOM oOMeHe 1 obpa3oBaHnmn
opraHnyeckmnx KMcnot?

13.YeM oTnnyatoTcs akponeTanbHble pacTeHns o1 6asunetanbHbiX?

14.Kaknm 06pa3oM N3MeHseTcs COOTHOWEHNE KanbUniA/kanuii B Te4eHne roga B NMNCTbax?
15.dusmonornyeckue popmbl pacTeHU.

Bonpochl k 3a4ety

1. KoHuenuusa xunsoro sewectsa. CenekTMBHOE NOrnoweHne XMMNYeCKNX 9NeMEHTOB XMBbIMU
opraHuamamu. bruoreHHas TpaHcdopMaums 3eMHbIX 060N0YEK.

2. KoHuenuus 6ucoepsbl. Pabotbl 9.3tocca. OnpeneneHne noHsatus "éuocdepa” no
B.V.BepHanckomy. BuokocHble cUCTEMBI.

3. Otanbl pa3suTns bruoreoxumun. Mctokn buoreoxummmn. Pabotol A.J1aByasbe, X.dioma,
X.ByccuHro, KO.Jlnbunxa.

4. NeHeTuyeckoe noysoseaeHme. Pabotbl B.B.[oky4aesa. [NoyBa - 6uokocHoe Teno. MeHesuc.
5. Feoxmmmyeckune nccnenosarms. Pabotol ®.Knapka.

6. PacnpeneneHme XUMUNYECKUNX 3/IEMEHTOB B 3EMHON Kope 1 nx murpauuns. PaboThbl
B.M.Nonbawmnara. I'IepBaﬂ reoxuMmyeckas knaccuumkauns XMuMM4eCckux aN1eMeHTOB.

7. Knapku xumnyeckmx anemeHToB. Pabotbl A.E.®@epcmaHa. Knapky KoHUEHTpaumu.
8. lNoyBa - cTpyKTypHO-reteporeHHas cmctema. [[0OpM30HTbI NMOYBbI.

9. Ponb ryMUHOBBIX 1 dOYNIbBOKUCNOT B MAUTpaLIA METansos.

10. BuoreHHoe HakonneHve XMMNYECKNX 3NIEMEHTOB B MOYBE.

11. Knaccudpmkaumsi 6oreHHbIX MUHepanos.

12. XMunyeckunin coctas NosesbIxX WNAToB. VIX pacnpocTpaHeHve B NpUpoLe.

13. NI3oMopdoHble 3amelleHuns. MNprumepsl. [NpryYnHBbI OTKIIOHEHWIA OT CTEXMOMETPUN.
14. MprymHbl 06pa3oBaHNS aKLECCOPHbIX MUHEPANOB.

15. MukpommHepanormnyeckme oopMbl HAXOXOEHUS PACCESAHHbBIX 9IEMEHTOB B KPUCTaNINYECKOM
BellecTBe 3EMHOI Kopbil.

16. HeMuHepanormyeckre oopMbl HAXOXAEHMS 3N1IEMEHTOB B 3EMHOIA KOpE.

17. OcobeHHOCTU pacnpeneneHns B 3eMHON KOPE XUMMUYECKNX SNIEMEHTOB C BLICOKUMU 1 HU3KMMU
Knapkamu.

18. OTHOCUTENbHOE CoLEepPXaHNEe XUMUYECKNX NIEMEHTOB B XVUBOM BELLECTBE CYLUN.

19. COOTHOLWEHME MacC KOHCYMEHTOB M NPOAYLIEHTOB B MMPOBOM OKEaHe.

20. BnusiHne paccesiHHbIX XUMUYECKNX 3NIEMEHTOB Ha (PYHKLMOHUPOBaHMe Bromacch.

21. Tvinbl MUrpaLmn XMMUYECKNX SNTEMEHTOB.

22. BHyTpeHHue thakTopbl U3NKO-XUMUYECKOR MUTPaLIAN.

23. BHewHne hakTopbl OU3NKO-XMMUYECKON MUTPaLINN.

24. Kakune aneMeHTbl y4acTBYyOT B BMOreHHOon Murpaumu.

25. Cneumdonyeckme nokasarenu TexHoreHesa.

26. JlutocpunbHble 3NEMEHTbI. XapakTepuctuka Hanbonee pacnpoCTpaHEHHbIX COEANHEHWIA.
27. XanbkouibHble aneMeHThl. B Buae kaknx coeauHeHnn oHM BCTpeYarTcs B npupone?

28. CuoepodoumnbHble aneMeHThl. [NpoucxoxaeHne TepMmnHa. XapaktepucTnka MuHepanos. Ux
pacTBOPUMOCTb.

29. Kakune anemMeHTbl OTHOCSATCS K BO3AYLWHbIM MUrpaHTam?
30. B Buae kaknx MMHepanoB BOAHbIE MOABUXHbIE MUTPAHTbI MPUCYTCTBYIOT B 3EMHOI Kope?
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31. Knaccudpmkaums ManonoaBuXHbIX BOAHbIX MUrpaHToB. Kakas coopma murpaumm Hambonee
xapakTtepHa?

32. JIntogomnbHbIe 3NEMEHTbI C NOCTOSIHHON CTeneHbio okncneHns. OT Yero 3aBUCUT UX MUrpaumns?
Hanbonee pacnpocTaHeHHble MUHepanbl. VIx pacTBOpnMOCTb.

33. JlntodomnbHble 1 cOepodUNbHbIE 3NEMEHTBI C NEPEMEHHOI CTEMNEHbIO oKUcneHus. Kakmne us
HMX OTHOCATCS K FMaBHbIM 3fiIeMeHTaM? XapakTepucTtnka MnHepanos.

34. HaxoxpaeHvne B 3eMHOI KOpe MeTannos NnaTuHoBoOW rpynnbl. Vx knapku.

35. KoachcpuumeHT buonornoweHms. bapbepHbiit n 6e36apbepHblii TUMbI MOMOWEHNS.

36. MNpunynHbl 06pazoBaHms BMOreoXMMMYecKx aHoOManui.

37. buoreoxmmuyeckun umkn yrnepona. Macca yrnepona n guokcuaa yrnepona B pasninyHbix
pe3epByapax.

38. ObmMeH omokcuaoM yrnepona Mexay aTMoCepHO, MOBEPXHOCTHBIMU 1 TyOUHHBIMK BOAAMY
MwupoBoro okeaHa.

39. buoreoxmmmnyeckmnii LMK KMCNopoaa 1 ero CBsi3n ¢ bUoTMYECKOM YacTblo LMKna yrnepoaa u
cepbl.

40. XrMuyeckne CoeanHeHns, y4acTByowme B LUMKne asora.

41. PacnpepneneHue no pesepsyapam 1 MArpaLnOHHbIE MOTOKM Cepbl B reorpadonyeckon 06onovke
3emnu.

42. /I3MeHeHWe BaNeHTHOrO COCTOSIHWSA CEpPbIl, yHaCTBYOWMX B rnobanbHbIX 6UOreoXxmMmMmnyeckmnx
umKnax.

43. buoreoxmmmyeckuii LMkn gocdpopa. CteneHb 3aMkHyToCTU. KonnyecTtBo dooccpopa B Mmposom
oKeaHe.

44. bnoreoxmMmnyeckme LUNKNbl TSXENbIX METANNOB.
45. Ponb 610THI B noonep>XaHun rnobanbHbIX LINKIOB 3N1EMEHTOB.

7.1. OcHoBHas nuTeparypa:

1. Ynaxosuy H.A., Kyteipesa M.I1., BabkuHa C.C. Buoreoxmmus: yuebHo-meToamyeckoe nocobve ans
NEeKUMOHHOro Kypca. [9nekTpoHHbIM pecypc] KasaHb: M3a-80 KaszaHCKOro rocynapcTBeHHOro
yHuBepcuterta, 2008.- 44 c.

Pexwum poctyna: http://kpfu.ru//staff_files/F1771708045/biogeochem.pdf

2. KytbipeBa M.I1., Ynaxosuy H.A. Buoreoxmmmyeckue LnKbl 31EMEHTOB B CXemax 1 Tabnuuax:
3NeKTPOHHOE nocobue K Kypcy nekumin 'brioreoxnumMmns' ons CTyAeHTOB XMMUYECKOTO
doakynbTeTa[OnekTPoHHbIN pecypc], 2008

Pexwum goctyna: http://www.ksu.ru/f7/index.php?id=9

7.2. lononHuTenbHasa nureparypa:

1. 1. Haykn o 3emne : yuyeb. nocobue ons ctyn. By3os / A. I'. MycuH, W. T. laiicun, E. E. ViBaHoBa [
ap.] ; nog pea. A. I'. MycuHa .? KasaHsb : Wkona, 2008 .7 208 c.

2. Mopenos, A. A. KoHuenunn COBPEMEHHOrO eCTECTBO3HaHMS : y4eb. nocobue ans cTyn. By3os / A.
A. lopenos .? 5-e uag., nepepab. n pon. ? Mocksa : Akagemus, 2010 .? 512 c.

3.0o6posonbekuid, B. B. OcHoBbl 6uoreoxummn / B.B. [lobposonbckuii .? M. : Akagemus, 2003 .?
396 c.

4. Mocnenosa O. A. leoxmmns okpyxatowei cpeabl [SnekTpoHHbI pecypc] : y4ebHoe nocobue /
coct. O.A. lNocnenosa. - CtaBpononb: CTIAY, 2013. - 60 c. - Pexum goctyna:
http://znanium.com/bookread2.php?book=514088

7.3. UHTepHeT-pecypcChl:
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1.Buoreoxnmmna? ong ctyoeHToB xummyeckoro akynsteta / M.IM.KyTtoipesa, H.A.Ynaxosuu. -
www.ksu.ru/f7/index.php?id=9.

2.buoreoxmmusa Opnos [.C., beayrnosa O.C. - http:/
www.dasmsu.ru/infusions/booklib/book.php?book_id=51/

3.Yubucoea H.B., onraHb E.K. Skonornyeckas xmmms (broreoxmmmyeckune Umnknbl) -
www.xumuk.ru/ecochem/

4 M.A.®epaHknH ["'eoxumMmnyeckunin ronos 1 CTaHoBNeHWe LapcTB. -
http://elementy.ru/lib/25583/25585/

5.AHgpraHoBa M.HO. ®PU3NKO-XMMMYeCckme OCHOBbI MPUPOLHbLIX 1 aHTPOMOreHHbIX MPOLECCoB B
TexHocgoepe - http://rudocs.exdat.com/navigate/index-377239.html

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMNINHbI(MOAYNS)

OcBoeHune ancumnnuHbl "Broreoxmmma” npegnonaraet NCNONb30BaHNE CRenyoWero
MaTepuanbHO-TEXHNYECKOro obecneyeHms:

MynbTmMeouiiHasa ayomTopus, BMECTUMOCTbIO 6onee 60 yenosek. MynbTmeaninHas ayamtopums
COCTOUT N3 UHTErPUPOBAHHbBIX UHXEHEPHbIX CUCTEM C €ANHOWN CUCTEMOWN yNpaBneHns, OCHaWeHHas
COBPEMEHHbBIMM CPeacTBamMy BOCMPOU3BEAEHNS 1 BU3yannaaumm nobo Buaeo n ayamo
NHdbopMauuu, NOyYEeHNs 1 nepenayn SNeKTPOHHbIX JOKYMEHTOB. TUnoBasi KOMMIeKTaums
MyNbTUMEONAHON ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBaHHOIO
MPOEKLUMOHHOIr0 9KpaHa, akyCTMYECKON CUCTEMBI, a TAaKXe MHTEPAKTMBHOWM TPpMOYHbI MpenonaBaTens,
BK/IlOHaloLWen Ta4y-CKPpMH MOHUTOP C AMaroHasnblo He MeHee 22 O10IMOB, NepCoHasbHbI KOMMbIOTEP
(Cc TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHpbepeHL-MMKPOdOOH, 6ecnpoBoaHON MUKPOGOOH, BNOK ynpaBneHns 0b6opynoBaHNEM, MHTEPAIECHI
noaknoyeHms: USB,audio, HDMI. HTepakTnBHas TpmnbyHa npenofnasaTens SBnseTcs KNo4YeBbiM
9NEMEHTOM yNpaBneHns, 06 beANHAIOWMNM BCE YCTPONCTBA B €AMHYIO CUCTEMY, U CNYXUT
MONHOLEHHbIM paboynm MecToM npenoaasatens. Npenonasarenb MMeeT BO3MOXHOCTb NErko
ynpaensTb BCE CUCTEMOW, HE OTXOAS OT TPUBYHbI, HTO NO3BONSET NPOBOAMTL NEKLMKN, NPaKTUYecKne
3aHATUSA, Npe3eHTaumm, BebrnHapbl, KOHEPEHLMN 1 Opyrie BUabl ayAMTOPHON Harpy3km
obyyarowmxcs B yooOHON 1 OOCTYNHOW ONs HUX POpMeE C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTUBHbBIX CpeacTB 0Oy4yeHns, B TOM YCNE C UCMOMIb30BaHMEM B NPOLIECCe 00yHeHns BCex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHaleHa WupoKOnonoCHbIM
LLOCTYMNOM B CeTb MHTEpPHET. KoMnbioTepHoe 060pyn0BaHNEM MMEET COOTBETCTBYHOLLEE
NIMLLEH3NOHHOE NPOorpaMMHoe obecneyeHue.

1. KOMMNbIOTEPHbIV NPOEKTOP
2. CncTtema nHTepakTUBHOMO onpoca.

Mporpamma cocTtasneHa B cootBeTcTBumn ¢ TpebosaHnsmm ®rOC BIMO 1 y4ebHbIM nnaHoM no
HanpasneHno 04.03.01 "Xumunsa" n npodonnto NoAroToBkM AHaNUTUYECKast XMMns .
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