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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.

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.

4. nONXeH OJEMOHCTpUMpoOBaTb CNOCOBHOCTb 1 FOTOBHOCTb:

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.
MwuHepanbl.
6. PaccesHHble anemMeHTbl. 5 6 2 0 0
3omMopdpuam.
AKueccopHble
MUHeparnbl.

Tema 7. CocTaB XnBOro
BelecTBa.
Brnoreoxmumnyeckune
JOYHKLIUM XWBOTrO
BewecTBa. [[a3oBble.
KOHUEeHTpaLUNOHHbIE.
OxmncnnuTenbHO-BOCCTaHQBUTENbHIbIE.
Brnoxnmmnyeckue.
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTOpHOM p

abortbl,

MX TPYAO0EMKOCTb
(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

paborbl

NabopaTopHbie

Tema 8. BnusiHne
reoxvMmyeckon cpembl
Ha passuTtue u
XUMNYECKUA COCTaB
pacTeHNn N XNBOTHbIX.

. |Pn3nkKo-xummnyeckas

Tema 9. Murpauus
BELLECTB.
MexaHn4yeckas
Murpaums.

mMurpaums. buoreHHas
mMurpaums. TexHoreHHas
Murpaums.

10.

Tema 10.
["eoxmmMunyeckune
Knaccugomkaumm
3N1EMEHTOB.
Knaccugomkaums
B.M.MonbowmnaTa.

10

11

‘(MUrpaHThI.

Tema 11.
["eoxumnyeckas
MUrpaLnoHHas
Knaccugomkaums.
BoaoywHble MUrpaHTbl.
BogHble nooBuXHble

ManononoBuXHble
BOOHbIE
MUrpaHTbl.bronornyecky
KPYroBOpPOT XUMUYECKUX
3NEMEHTOB.

n

11

12.

Tema 12.
Bunoreoxmmmnyeckmne
LIMKbl BAXHENLWNX
XUMUYECKNX 3NEMEHTOB.

12

13.

Tema 13.
Buoreoxumunyeckunin
UMKn yrnepona.

13

14.

Tema 14.
Buoreoxmmnyeckme
UMKNbl Kucnopoaa n
BOLOPOAA.

14

15.

Tema 15.
Buoreoxumuyeckune
LVKbl a30Ta u

dpocdpopa.

15

16.

Tema 16.
Buoreoxumunyeckue
LUUKNbl Cepbl, HATPUA 1

xnopa.

16
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Buabl 1 yacbl
Pasgen ayauTopHOM paboThbl,
Henens UX TpyA0eMKOCTb Tekyime coopMbl
N ‘D'"Kn":‘)""mv;”b'/ CeMecTpl.oyectpa (B yacax) ‘{(ompﬁmp
Ry Nekumu MpakTnueckuelabopartopHbie
3aHATUSA paborTbl

Tema 17.

3aKOHOMEepPHOCTH

61OreoXMNYecKoro

KpyrosopoTta

XNMUYECKNX BELEeCTB
17. Buoreoxummnyeckne 5 17 2 0 0

LMKl TAXENbIX

mMeTannos (pTyTb,

CBWHeU, UMHK, Melb,

KaoMui).

KoHTponbHas

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

Tema . Itorosas 3avet

5 0 0 0
doopma KOHTpOns
Wtoro 36 0 0

4.2 CopepxaHvue oUCLUMNUHDI

Tema 1. BBepeHue. UcTopuueckue n metoaonoruyeckme npennocbiiku BO3HUKHOBEHUS
6Moreoxummm Kak Hayku. CBsizab 6Moreoxmmmm ¢ opyrumm Haykamu. 3agaum 6Moreoxummn.

NeKuMoHHoe 3aHsiThe (2 yaca(os)):

MeTtognonornyeckas ocHoBa buoreoxumun. MpuHumnel B..BepHaanckoro. Onpenenexune
6roreoxumun no BepHanckomy. MexancumnnmHapHblil xapaktep 6uoreoxun. buoreoxmmms
paccmatpuaeT buocepy kak eanHyto CUCTEMY XMBOMO BEWECTBA U MUHEPAbHbBIX COeAUHEHNIA.
N3yyaeT xmummyeckuini 0GMeH B CUCTEME YENOBEK-OPraHM3Mbl-OKpyXatowas cpeaa, XMM1M4ecKuia
COCTaB XMBbIX OPraHnM3moB. B 3agayn gucumnnmnHbl BXOOUT TakXe pacCMOTpeHme
O61OreOXUMNYECKNX LUKNOB MAMPALIMN XUMUYECKNX 3NeMeHTOB. Ba3oBble KOHLEeNUMm GMoreoxXnmMmni:
KOHLENUUS XMNBOro BELECTBA, KOHLeNuns buocdepsbl (onpenenexHve tepmmnHa ?6mnoccepa?
3.3tocca n B.M.BepHanckoro), BMOKOCHblE CUCTEMbI, BMoreoxmmMmyeckme Lukbl. HenonHas
06paTMMoCcTb BMOreOXMMNYECKMX LIMKNOB XUMUYECKNX SNIEMEHTOB 1 MX HE3AMKHYTOCTb. [peaensi
aganTauum XnBbIX OPraHN3MOB K M3MEHEHUIO COAEPXaHNS SNeMEHTOB. Tpodryeckne Lenw.
B3anmooTHOWeEHNA Mexay opraHn3mMamu, Yepes KOTopble B 9KOCMCTEME NMPOUCXOANT
TpaHcgopMaLms BEWeCTBa N SHEPruun.

Tema 2. BasoBble KOHUenuuu 6uoreoxummun. KoHuenuuns xusoro sewecrtsa. KoHuenuus
6uocdepbl. BUOKOCHbIE CUCTEMBI.

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

PernctpaumoHHbIn Homep
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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
paspyLweHns MUHEPANIOB B FOPHbIX MOpoaax. TMOHOBbIE BaKTEPUN OKUCASAIOT CyNnbgUAHbIE
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
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Ynaxosuy H.A.

OBONIOUMOHHASA BUOreoxXMms NMeEeT LEeN0 C aHaNN30M NMPOVNCXOXAEHUS U 3BONIOLMM
61OreoXMMNYECKNX LUKNOB B TEYEHWNE reonormyeckor nctopumn 3emnu. MNMoaobHbI aHana B
KOHEYHOM UTOre [ONXeH ObiTb HaNpaBneH Ha PACCMOTPEHNE NMPOUCXOXAEHNS XMBbIX OPraHn3MOB,
aKTMBHOCTb KOTOPbIX ONpPeLensieTcs KpyroBopoToM 60MbWNHCTBA XMMUYECKMX 3/IEMEHTOB.
PesynbTatbl uccnenoBaHuim nocneaHnx neT nokasbiBatoT, YTO NepBble MPU3HAKU XU3HU OTMEYEHDI
6onee 3.5-3.8 munnnapaos net Hasan. C Tex Nop NOCTOSIHHO BO3pacTaeT posib 6MONOrniyeckmx
npoLeccoB B nepepacnpeneneHnn XMMNY4eCcKnx aNeMeHToB 1 Ux coegmHeHnin. XusHb Ha nnaHeTe
60MbLWO BEPOATHOCTbIO MOr/ia BO3HVKHYTb B MOCNEA0BATENbHOCTI FEOXMMUYECKUX U
OOTOXUMNYECKUNX peakumit. BO3HUKHYB, XMBble OpraHn3mbl CTanu BANATb HA U3MEHEHNE
XUMUYECKOro cocTaBa npoTobroTmyeckoi 3emnun. 7o ObiNo CBS3aHO U C USMEHEHMEM MeTabonnama
XMBbIX OPraHW3MOB, 1 C UX aganTtauueit K pa3HoobpasHo okpyxatowei cpene. B HacTosiwee
BPEeMsi U3BECTHO, 4TO ConHeyHas cuctema passmBanach U3 Bpallaloweincs AMCKOBUAHON Heby bl
Temreparypa v fasfieHne BO BHYTPEeHHen YacTu Kotopor coctasnanu okono 1400K n 10Ma. Ha
NnepBbIX CTAAMAX KOHOEHCaLUmMm NMPOUCXoanno (OOPMUPOBaHME OKCULOB KanbLys, antoMUHUS, TUTaHa
N CUNNKATOB, METANNOB NNATUHOBOW rPynnbl, Xenesa u HUKens. 9ta KoOHAeHcauusa Hadanacb npu
TemnepaTtype okono 1360 K. NMpu cHuxeHnn Temnepatypbl o 1200K nponcxoamn CUHTE3
cunukatoB MarHus. O6beM NpoTo-3emnn 0bpasoBasncs B TEHEHNE PAHHUX CTAANUIA KOHOEHCALNN
CONHeYHo Hebynbl. B pesynbtate Npon3owno BblaeneHne 13 npoTo-3emMnm 0THOCUTENBHO
3aTBepaeBlLNX CNOEB Xernesa, pacronoXeHHbIX Had CNOsSMU MaHTUKM U3 CUNNKATOB MarHus. bonee
No34HME CTaann KOHOEeHCaLUMn NPpoNCcXoamnm, Koraa Hebyna ocTbina 4O OTHOCUTENbHO HU3KOA
Temnepartypbl, nopsaka 400K. Obpa3oBaBWUiCS paBHOBECHLI KOHAEHCAT coaepXan Xeneso,
cynbhn bl Xenesa, rmapaTtupoBaHHble CUAMKAaTbl MarH1S U HeKOTopble neTyyme BeuecTsa. CMecb
3TUX BEWeCTB C KOHAeHcaTamu, obpasoBaslmMmcs npu 6onee BbLICOKMX TeMMepaTtypax, Kak
nonararoT, CylecTBOBana Ha 3emne B Te4eHne LONroro BpeMeHn 00 06pasoBaHns CUCTEMD
BEPXHAS MaHTUS ? Kopa. YeTbipe Munnvapa net Hasag 3emns ucnoltana gerasauunio, 4To npmBeno
K 06pasoBaHmMio MpoTo-aTMocdepbl 1 NPoTo-rnapocdepsl. MNocnenyowas asontoumns 3emnu bbina
CBsi3aHa C TeMnepaTypHbIMU N3MEHEHMAMU. PaccesiHHbIA MaTepuan Kopbl 1 oboratweHHble Xene3om
FWHBI aKKyMyNMpOBaNnnCchb B 9¢peMepHO Kope okeaHa, koTopasi cocTtosina U3 obeaHeHHbIX
weno4yamm 6a3anbToB 1 rabbpo. PaHee yeTbipex MUNAMAPA0B NeT Ha3an NHTEHCUBHDIA BYNIKAHU3M 1
OrPOMHbIE TEKTOHMYECKMNE LaBNeHNs MPensTCTBOBAIN NOSIBNEHNIO KOHTUHEHTHO-NMOLOOHbIX
obpazoBaHuii kopbl. B To BpeMsi MOrnv BO3HMKATb NnLWb Hebonblumne ?nyXankn? Ao HECKONbKUX
COTEH KUIOMETPOB B NMOMNEPEYHMKEe Kak NPOTO-KOHTUHEHTLI. Hanbonee ctapble coxpaHUBLINECS
nopoabl MMEKT BO3PaCT OKOMo 3.8 MUNIMapoos ner.

Tema 5. PacnpeneneHne Xumm4yeckux afnemMeHToB B 3eMHOM Kope. CocTtaB nutocdpepbl.
Knapku n knapkm KoHueHTpauuu. NMousa u passutue 6uocdepbl.

NeKLuMoHHOoe 3aHsiThe (2 yaca(os)):

KETPOHHBH
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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.

3eMHo wap noapasfenstoT Ha Kopy, MaHTUIO U 94p0. Ha 0CHOBaHUN COBPEMEHHbIX FEOXUMUYECKNX
LaHHbIX NpeanioXeHa cneayowas Moaenb cTpoeHns 3emnun: kopa rinyéuHoi ot 10 Ao 70 K,
BEPXHAS MaHTuUs rnybuHoi no 400 kM, TpaH3nTHast 3oHa rnybuHoi o1 400 Ao 1000 KM, HUXHSIA
MaHTMs rnybuHoin ot 1000 oo 2900 KM, XunaKoe BHyTpeHHee sapo rnybuHol 0o 4600 kM, BTopas
TpaH3nTHas 3oHa rnybuHol ot 4600 oo 5150 kM, TBepOOe BHYTpeHHee sapo rnybuHoi ot 5150 no
6371 kM. Kopa cocTonT nu3 aByx CUnMKaTHbIX CNOEB: CUannyeckoro, oboraweHHoro antoMMHUEM, 1
cvmaTnyeckoro, oboraleHHOro MarHnem n xene3omM. KOHTUHEHTbI B OCHOBHOM CNOXEHbI
cvanuyecknMmn matepuanamm, NoACTUNAEMbIMU CUMATUYECKM cyBcTpaToM. 3eMHyo Kopy 1
BEPXHIOK YaCTb NOACTMNAIOWEN ee BEPXHEN MaHTUM Ha3biBatoT MnTocpepor. Cnom Huxe
nutocdoepsbl (80-100 kM) NpeacTtaBnsieT cobol Tak HasblBaeMyto acTeHOCHEPY, KOTOPYO reodonamnku
onpenensioT Kak Cnon NOHMXEHHOR TBEPOOCTN, MPOYHOCTU U BA3KOCTU B BEPXHEN MAHTUN 3eMN.
BelecTBo acTeHoCHepbl CYMTAETCA YAaCTUYHO pPacnnaBieHHbIM U NpeacTaBnsieT cobon ?cMasky?,
Mo KOTOPOW NepeMeLlaroTcs reonornyeckmne nnaTtgpopmbol. HUXHAS MaHTUS COCTOUT U3
Xenes3o-MarHMeBblX CUIMKATOB, TOrga Kak s4apo CYMTAETCs COCTOSAWMM 13 Xenesa n Hukens. bonee
nerkmne anemeHTbl (Cepa 1 KPEMHUIN) Takxe BXOOAT B acTeHocdpepy. B nanbHenwen asonoumm
3eMHOW nuTocdoepbl MOXHO BblAENUTb TPY uukna mexay 4.0 v 2.5 munanapaamm net Hasaa.
Hanbonee ppeBHMe reonornyeckme nopoabl (rHecol 3anagHoi MpeHnaHamMmn) coaepxar BKIYEeHNS
MeTabas3anbTOBbIX U METACEAVMEHTAUMOHHBIX MOPOA, KOTOPbIE MMEIOT BO3pacT 0Kono 4.0
Munnmapnos net. [nobanbHas ctabunmaauns KOHTUHEHTANbHOM KOPbI (KpaToHM3auus) nponsowna
npumepHo 3 Munnuapaa net Hasag. loysa. [Npodpunb NoYBEHHOrO NOKPoBa. [[OPU30HTbLI NoYB. Nx
reHeTnyeckas cBs3b. MuHepanorn4yeckuin coctas no4sbl. BONbWNHCTBO XMMUYECKMX SNIEMEHTOB B
OKMCNIEHHOM COCTOSIHUW. ['YMyC: T'YMUHOBbIE U (PYNbBOKMCOTHI Y MX KOMIMNEKChI C MeTannamu.
ObpasytoTcs Npu MUKPOBUONOrMYECKOM PasnoXeHUN pacTUTENbHbIX OCTaTKOB. CTPYKTYypHbIE
AYENKN ryMyCOBbIX COEANHEHUI OTNNYAKOTCA A1 Pa3NNYHbIX NOYB (Hanpumep,
[EePHOBO-MOA30MUCTLIX U YHepHO3eMA). AYernkn oynbBOKNCNOT pann4yaroTCcs B MeHbLUeRn cteneHn. Vx
MONEKyNbl conepxaTt 60onbliee YNCN0 MMAPOGUIbHBIX FPYMM, YEM N'YMUHOBBIE, 1 MO3TOMY OHM Nyylle
pPacTBOPSIOTCS B BOAE. DTO CNOCOOCTBYET MUrpaLMm XMMNYECKMX 3aNeMEHTOB B buocdepe. Moysa ?
cocTaBHas YacTb broreoueHo3a. HaxoanTtcs B AMHAMUYECKOM paBHOBECUU C APYrMK ero
KoMnoHeHTamu. NoyBa urpaet 6ydpepHyto ponb B broreoueHose. OcnabnsieT BO3neincTere Ha Hero
BHEWHWX (pakTopoB. buoreHHoe HakonneHne XMMN4YeCcKnx 31EMEHTOB B BepxHeM cnoe. Porb
pacTeHunin B aTOM npouecce (broreoxmMmyecknii Hacoc). bruoreHHas akkymMynaums u Murpaums
XVIMUYECKMX 3/IEMEHTOB B No4se. PacnpeneneHne XmMnyeckmnx afieMeHToB B MOYBEHHOM rpodhusne
onpepnenseTca COOTHOWEHWEM 3TUX OBYX MPOLECCOB.

Tema 6. PopMbl HAXOXOEHNA XMMUYECKUNX aneMmeHToB. MuHepanbl. PaccesiHHble 3N1eMeHTbI.
N3omopdou3m. AKL,eccopHblie MUHeparbl.

NeKLuMoHHOoe 3aHsiThe (2 yaca(os)):

DOopMbl HAXOXAEHNS XMMUYECKMX SNTEMEHTOB B 3EMHO Kope. MuHepanbl: nonesble wnaTbl,
CNOWCTbIE CUAMKATbI, KBAPL, ONIMBWHbI, rpaHathbl, kapboHaTtbl. buoreHHble MUHepanbl. Tunbl
61oreHHbIX MMHEpPanoB. BnvsHne cunnkaTHOro coctaea 1 KpUCTaniMyeckoro CTPOEHMS 3eMHOA
KOpbl Ha pacnpeneneHne paccesHHblx anemeHToB. KoHuenumsa Monbawmmuara (?>xectkue copepbl?):
Kapkac aHWOHOB K1CNOpoaa UrpaeT posb CBOeobpasHOro omnbTpa, CnocobCTByOWEro
anpgoepeHLmaumm XMMmMYeCckmx aNEMEHTOB NO BENNYUHE UX MOHOB. Kpuctannoxmmuyeckas
WHOMBUAYANbHOCTb MUHEPANOB (COYETaHME XMMUYECKOro COCTaBa U KPUCTaNINYECKON CTPYKTYpPbl).
BewecTBa 04HOro 1 TOro Xe cocTasa, HO Pa3HO CTPYKTYPbl ABASAIOTCSA MNOANMOPCHbLIMA.
3oMopdonam: B3aMHOE 3aMelleHre NMOHOB B KPUCTaNNMYeckoi cTpykType bnaronaps 6nm3octu mx
pannycoB. PaccesiHHbIe 9NeMEHTbl 3aKOHOMEPHO KOHLIEHTPUPYIOTCS B ONpedeneHHbIX MUHepanax.
M3omophunam He eaUHCTBEHHAs OOopMa pPacCcesHUS SNEMEHTOB

Tema 7. CoctaB XuBoro sewecrsa. buoreoxummueckume PYHKL UM XUBOro BellecTBa.
Ma3oBble. KOHLEHTPaLUOHHbIE. OkucnutenbHo-BoCCTaHOBUTENbHbIe. BuoxuMmnyeckue.

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

KTPOHHEBH
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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 paccesiHmus XMMUYECKNX
anemeHToB. /x pasmep 0.01-0.02 mm B anametpe. O6pasytoT MEXAHNYECKME BKIOYEHUS B
noponoobpasyolwmx MMHepanax. B kpuctannmyecknx nopoaax B ka4ectse akLeccopmes
NPUCYTCTBYIOT LMPKOH, PYTU, anaTuTbl, MarHETUT, UTbMEHUT, MOHALMT, XpOMUT. CTPYKTYypbl
pacrnaga TBepLoro pactsopa (aMynbCUOHHAs BKpanieHHoCcTb). MuHepanornyeckue mn
HeMuHepanornyeckme goopMbl HAXOXOEHNS PACCESHHbIX 3NIEMEHTOB B KPUCTaIMYECKOM BELLECTBE.
PacnpeneneHune aneMeHTOB C BbICOKMMU Knapkamu nog4ynHSAETCS HOpManbHOMY 3akoHy. Bbicokas
BapnabenbHOCh HN3KOKNAPKOBbIX 9N1EMEHTOB ( MakCMMasibHas CTEMNEHb KOHLEHTPUPOBAHUS rNaBHbIX
anemeHToB 10-20 pas3 no OTHOWEHWIO K Knapky, a paccesHHbix 100-1000. CocTaBs XMBOro BewecTsa:
goutobromacca, 3oobromacca, Mukpobromacca. OcobeHHOCTM onpeaeneHnst KNapkoB XUBOro
pactutenbHocTh cywmn. OcobeHHOCTM CTPYKTYPbl XUBOr0O BEWECTBA OKeaHa: Macca
KOHCYMEHTOB(OpraHM3MoB-noTpebutenein opraHM4ecKoro BeWeCcTsa) NPeBbIaeT Macey
NPOAYyLEHTOB (0OTOCUHTE3UPYIOLNX OPraHn3MoB). PUTONNAHKTOH (NpeocbnagatoLas 4acTb Macchbl
NpoayLIeHTOB OKeaHa). B pacTteHusax okeaHa no CpaBHEHWIO C CyWwen 3HaYNTENbHO Bbllue
KOHUEHTpauuns no4YTn BCeX 30/bHbIX 3N1EMEHTOB. Posnib pacCesHHbIX XMMUYECKUX SNEMEHTOB B
PYHKLLIMOHMPOBaHNK BriomMacch!.

Tema 8. BnusiHue reoxummyeckown cpenbl Ha pa3BUTUE N XUMUYECKUI COCTaB pacTeHU n
)XXVBOTHBbIX.

NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

NntodpunbHble aHMOHEreHHbIe anemMeHTbl. [posaBASAIT NOCTOSHHYIO CTeneHb okncneHms. KpemHui B
MUHepanax nNpucyTCcTByeT B BuAe TeTpasnpo. CnocobeH 3amewatb antoMmHuii. doccop B
COeMHEHUSAX, HAXOAAWMXCS B 3EMHOWN KOpe, NPOSBASET CTENEeHb OKUCNEeHNs 5+
(TPyZHOpPaCTBOPMMbIE CONMN OPTOGOCHOPHONM KUCNOTbI). Pocchop ? BMOUNbHBIN 3NEMEHT.
BrodpmnbHbIMKU cBOVicTBaMM obnanaeT un 6op. MN'ymnaHble naHawad bl 6eaHbl 60POM, apuaHbie
HaobopoT oborauwieHbl. JIMToOUIbHbIE 3NEMEHTbI C MOCTOSHHOM CTENEHBIO OKUCNEHUS 0OpasytoT
KOMMNMEKCHblEe aHWOHbI U KaTWOHbI. Murpauns 3aBUCUT OT OKUCINTENbHO-BOCCTAHOBUTENbHbIX
ycnosuii. B 61nonormyeckom KpyroBopoTe y4acTBytoT cnabo. [Ins H1X BbINOMHAOTCS Npasuna
MeHpeneesa n MapkuHca. MuHepanbl LMPKOHUS LMPKOH 1 6anaenvt, B KOTOPbIX MPUCYTCTBYET A0 2
% racpHus. Topuid BXoauT B cOCTaB MoHaumTa. bepunnuin 0bpasyet muHepan 6epunn. CkaHonii B
3EMHOIN KOpe pacrbiNeH 1 CaMOCTOATENbHbIX MUHEPANoB NpakTnieckn He obpasyeT. JInTounbHble
N CUOEPOUIIbHBIE 3NIEMEHTbI C NEPEMEHHON CTENEHBIO OKUCNEHUS. TUTaH OTHOCUTCS K rNaBHbIM
anemeHTaM (K = 0.6%). B BogHbIX pacTBopax rugponusyertcs no tutaHuna. B cunbHokucnon cpene
NPUCYTCTBYET B BUAE TETPAdAPUYECKMX aumaokomnnekcoB. Obpasyet MUHepanbl pyTUn, UIbMEHNT,
neposcknT. Cobntopgaetcs npaeuno apkuHca. BaHaauii B 3eMHOI Kope 00CTaTO4HO
pacnpocTpaHeH (K = 0.02 %).Hnobuin n TaHTan asnsaotca peakumu anemeHtamm (K = 10-5 %).
BaHanwnii He obpa3yeT COBCTBEHHbIX MECTOPOXAEHWNIA NOCKOMNbKY €ro pasmepbl 6n13ku kK pasmepam
pacrnpoCTpaHEeHHbIX 3NEMEHTOB (XXenesa, TutaHa, Mmapradua). Paamepbl BaHagat- n goocpaTnoHoB
Takxe 6nm3ku. B pesynbraTte BaHaoWii BKNOYAETCS B KPUCTANNMYECKYIO CTPYKTYpy bonee
pacnpoCTpaHeHHbIX 3neMeHToB . Hnobwuid 1 TaHTan conyTcTBytoT P33 1 NpucyTCTBYIOT B
ypaHcoaepXalmx MuHepanax Kak n TexHeuni (NpoaykT CMOHTAHHOro AeneHns aaep ypaHa). PeHui
SABNSETCS PeOKUM paccesiHHbIM 3nieMeHToM (K=10-7). YeTHble anemeHTbl MOnnbAeH 1 Bonbdpam
[OCTaTO4HO pacnpocTpaHeHbl B 3eMHoml kope ( K = 10-3%). ["'eoxuMuyeckas MmrpaumoHHas
knaccugoukaums (MNepenbmaH A.I.). Bos3gywHbik MUrpaHTbl (Kucnopon, BOAOPOL, cepa, yrnepoa,
asorT). .I'eoxnmuyeckne npasuna. Npasuno O..MeHneneesa.llpasuno B. "apkuHca. Npa
Bunol.Onno. Bee wenoyHble anemMeHTbl NMTogUnbHbl. Hanbonee n3sectHble MUHEpasbl WENOYHbIX
METaNNoB: CUNbBUHNT, MUPABONNT, HATPOH, KapHannuT. LenoyHble MeTannbl SBASIOTCSA TUMNYHBIMU
nuTogounamu. 9To 06 BACHAETCS MX CPOLCTBOM K KMCNopoay. ManoreHbl 0THOCATCS K TUMWYHbBIM
AHWOHOr€HHHbIM 3fIEMEHTaM AU, TOPUIA, NaHTaHWabl).

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

JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):
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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 10. N'eoxummnyeckune knaccudpukauum anemeHtoB. Knaccucpumkaumsa B.M.Nonbawumuara.
NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep < ;’;i{
+OFEALIME

Crpanunua 12 n3 25. — o

A



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

BoanywHble MurpaHTbl. BogHble noaBuxHbIe MUrpaHThl. K 3TOM rpynne OTHOCAT BCE LWeNoYHbIe U
LWeNoYHO3EMENbHbIE MeTal/bl, @ TakXe ranoreHsl. K ManonoaBuXXHbIM BOOHBIM MArPaHTaMm
OTHOCATCS BCE XanbKOOUNbIK N YaCTb MUTOGUNOB. Y HUX B MEHbLUEN CTEMNEHW BbipaxeHa
MOHOrE€HHOCTb, YEM Y 3/IEMEHTOB IPyrMbl NOABMXHbIX BOAHbIX MUTPaHTOB. ManonoaBuxHbie BOAHbIE
MUrPaHTbl OENAT Ha 6 KNnaccos : JINTOUNbHbIE aHNOHOrEHHbIE 3NEMEHTbI (KPEMHWIA, dhocdoop, 6op).
NnTocpnnbHbIE 3NEMEHTBI C MOCTOSIHHOM CTENEHBIO OKUCNEHUS (Bepunnii, antoMUHWUIA, LMPKOHWIA,
ragoHuM, CKaHaWn, TOPUA, naHTaHngbl). JintogounbHble 1 cuaepoduibHbie 3N1IEMEHTbI C MEePEMEHHOA
CTENEeHbO OKNCNEHMS (TUTaH, BaHaaui, HKOOWIA, TaHTan, ypaH, BoNbdopam, peHunii, MonnbaeH,
TexHeuwuin). MeTannbl rpynmbl Xenesa (XXeneso, MapraHel, XpoM, HUKenb, kobanbT). MnatnHa un
nnaTuHouabl (NnatnHa, pyTeHui, poaun, nanagunin, OCMUN, pUONR). XanbkoguibHblie MeTan bl
(pTYTb, KaaMuiA, cepebpo, Meab, CBMHEL,, UHAWIA, BUCMYT, UMHK, 30110T0). IHTEHCUBHOCTD
6ronornyeckoro nornoweHns. KoadpdomumeHT 61UonornoweHunst (H4actHoe OT AeNeHns coaepXaHus B
30Me Ha cofepxaHue B ropHbix nopogax). Bce anemeHTbl B 3aBUCMMOCTM OT 3TOr0 rnokasarens
MOXHO pas3aennTb Ha aBe rpynnbl. K nepBoi 0THOCAT Te, coaepXaHue KoTopbix B 3051e bonblue, Yem
B 3eMHoW kope (bop, nod, 6poM, UMHK, cepebpo, Meab, MonnbAeH, MapraHe, kobanbT, HUKEND).
BTopas rpynna cocTonT U3 aNeMeHTOoB, CoAepXaHne KOTOPbIX B pacTEHUSX (3011€) MEHbLLE, YEM B
3eMHol kope. IHTEHCMBHOCTbL BMOMOrNOWEeHNS PacCEeSHHbIX 3IEMEHTOB HE 3aBUCUT OT MX
coaepXaHus B 3eMHO kope. Puanonorndecknii bapbep nornoweHns. 6apbepHblii 1 6e3bapbepHblii
TUNbI NornoweHns. akTopbl, BINSAOWME HA KOHLEHTPaUMIO MUKPO3NIEMEHTOB B PACTEHUSX.
PacteHusa ? koHueHTpaTopbl. MeTannodgunbHas pnopa (KOHLEHTpUpYyowWwas cpasy HECKONbKO
9N1eMeHTOoB). PacTeHuns ¢ y3KoM reoxmMmnyeckon cneunanmsaunein. HepasBHoMepHOCTb
pacrpeneneHuns B 3eMHON KOpPe PacCesiHHbIX 3MIEMEHTOB. Y4YacTKy 3eéMHOWM KOPbl C BbICOKOWA
KOHUEHTpaumnein XMMn4eckmx afieMEHTOB Urpanu BaxHyo pofb B BUA00OPa30BaHMMN PACTEHWIA.
MoBbllWeHHOE cogepXaHne XMMNUYEeCKOro a1ieMeHTa COrMpPoBOXAAETCS YBENNYEHVNEM €ro
KOHUEHTpauun B oOTOCUHTE3UPYIOWNX OpraHm3Max. Pasnnyve mexay rnasHbIMU 1 pacCesiHHbIMU
anemeHTamu. (NaBHbIe 3NEMEHTLI BXOAAT B COCTaB PacTeHWiA B TakoM BONbLLOM KONIMYECTBE, YTO
yBEMYEHNE KOHLIEHTPALMM MaKpOaNeMeHTa B HECKONIbKO pa3 NoBneyeT 3a coboi nepecTporiky
opraHM3ma, a Horga v nosiHoe HapyleHue ero yHkumnin. KoHueHTpaunsa MUKpO3neMeHToB
(paccesiHHbIX) CTONb HE3HAYUTENbHA, YTO €€ YBEeNnYeHne Jaxe B AeCATKN pa3 MOXET He UMETb
rybuTenbHbIX NOCNEeACTBUA.

Tema 11. N'eoxummnyeckasi MMrpauoHHas Knaccucpukauusi. BosayuHble MurpaHTbl. BogHbie
noaBuXHble MUrpaHTbl. ManonoaBuXHbie BOAHbIe MUrpaHTbl.BMonornyueckum Kpyrosopor
XUMUYECKUX 3/IeMEHTOB.

NeKuMoHHoe 3aHsiThe (2 yaca(os)):

NHTeHcunBHOCTL Bronornyeckoro nornoweHms. KoadguuneHT 61onornoweHns (YacTHoe ot
LEeneHns coaepXxaHus B 30M1e Ha CooepXaHue B ropHbIx nopoaax). Bce aneMeHTbl B 3aBUCKMMOCTM
OT 9TOro NoKasaTens MOXHO pa3fenuTb Ha ase rpynnbl. K nepBoi 0THOCAT Te, coaepXaHune
KOTOpbIX B 30/1€ 60nblue, 4eM B 3eMHOI Kope (6op, noa, 6poM, LunHkK, cepebpo, Medb, MONNOLEH,
MapraHeL, kobanbT, HUKeNb). BTopas rpynna cocTouT N3 aNeEMEHTOB, COAEPXaHME KOTOPbIX B
pacTeHunsX (301€e) MeHbLue, YeM B 3EMHOI Kope. IHTEHCMBHOCTb BMOMOrNOWEHNS PacCesHHbIX
3N1EMEHTOB HE 3aBWNCUT OT UX COAEPXAHNS B 3eMHOI Kope. Puanonorndecknii 6apbep NornoweHms.
H6apbepHbIi 1 6e3bapbepHbIf TUMbI NOrnoweHns. PakTopbl, BINSIOWME HA KOHLEHTPALMIO
MUKPO3NEMEHTOB B pacTeHusx. PacteHns ? koHueHTpaTopbl. MetannodunbHasa gpnopa
(KOHUEHTpMpytowWwas cpasdy HECKOMNbKO 9NEMEHTOB). PacTeHns ¢ y3Koi reoXmMm4eckonm
cneunannsaunen. HepaBHOMEPHOCTb pacnpeneneHns B 3eMHON KOPe pacCesHHbIX 3NEMEHTOB.
YyacTky 3eMHOIM KOpbl C BbICOKOWM KOHLEHTpaUMen XMMMYEeCKMX SNIEMEHTOB Urpany BaxHy ponb B
B1Ooo6pa3oBaHun pacteHuid. [MoBbIWEHHOE COAEPXAHNE XMMUYECKOrO 9NIEMEHTA COMPOBOXAAETCA
YBENMYEHNEM €r0 KOHLEHTPaLMKN B POTOCMHTE3MPYIOWMX OpraHuamax. Pasnnyne mexay rnaBHbIMu
N paccesiHHbIMU aneMeHTaMn. [NaBHble 3NEMEHTbI BXOOST B COCTAB PACTEHMWI B TAKOM 6ONbLIOM
KONMYeCTBE, YTO YBENNYEHNE KOHLEHTPALIMN MAKPO3NIEMEHTA B HECKONBKO pa3 NoB/eyeT 3a coboi
NepecTporiky opraHvMama, a MHoraa v nonHoe HapyweHne ero oyHkumnin. KoHueHTpaums
MUKPO3NEMEHTOB (PaCCesHHbIX) CTOMb HE3HAYNTENbHA, YTO ee YBENMYEHNE OaxXe B OeCATKM pa3
MOXET He MMETb rybUTENbHBIX MOCNEACTBUIA.

Tema 12. BnoreoxummuyeckKkme LUKIbl BaXHENLLINX XUMNUYECKUX 3/1IeMEeHTOB.
JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):
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"nobanbHble 6UOreoxmMmyeckne Lnknbl anemMeHToB. CoBpeMeHHble BUOreoXnMmnYeckme LKbl
3axBaTblBalOT aTMOCAPepy v rugpocapepy. B nutocdepe MurpaumoHHbIe NOTOKM OrpPaHNYBalOTCS
caMmoii ee BEpXHe YacTblo ? 30HON runepreHesa. B GroreoxnMmnyeckme LUMKIbl BOBMEKAOTCS He
TOMIbKO aTOMbl BOPUNBHBIX SNEMEHTOB, HO NMPAKTUYECKM BCE 3NEMEHTbI 3EMHOI Kopbl. [latb XoTs
Obl KpaTKOEe OMnMcaHne BCEX XMMUYECKMX 3TIEMEHTOB, LIMPKYINPYIOWMNX B reorpagouyeckoi obonoyke
3emnn He NpencTaBnseTcsl BO3MOXHbIM. [oaToMy ByayT pacCMOTPEHbI 3BONTIOLMOHHO CNOXMBLUNECS
LMKIbl TONbKO BMOGMNBbHBIX 31EMEHTOB 1 HEKOTOPbIX TSXENbIX METANSOB.

Tema 13. BuoreoxmMuyeckum LUKN yrnepoaa.
NeKLuMoHHOoe 3aHsiThe (2 yaca(os)):

Buoreoxumnyecknin unkn yrnepoga. Pesepsyapsbl yrnepona (nurocdoepa, rugpocdepa, negocdepa
n atmocpepa). lNpakTnyeckm Becb yrnepon atMocepbl HAXOANTCS B BUAE AMOoKCuaa yrnepoaa.
OcHoBHas ero 4acTtb cocpenoToyeHa B Tponocdepe. Hanbonbluve konuyecTsa yrnepona u
Avokcuaa yrnepona (yrnekucnoro rasa) cocpenoTodeHbl B rnybuHax 3emnu. MoctynneHne
Yrnekncnoro rasa u3 Hegp B atMocdepy NponcxoanT MeaneHHo. MobanbHblil UMKN yrnepona
MOXHO pa3aenuTb Ha [Ba LMkna H13wero paHra. MNepsblit cBA3aH ¢ NOTpebneHnem yrnekncnoro
rasa npu otocuHTese. 70 noTpebneHne KOMMNEHCUPYETCS AeATebHOCTbIO NOYBEHHbIX
MUKPOOPraHnM3MoB. He BeCb yrnepos, BoBnekaeMblin B 0OTOCUHTES, BO3BpaLLaETCs B atMocepy.
YacTb coxpaHsaeTcsa B negocgoepe B BUAE rymyca v topgpa. SToT LUK HE NONHOCTbIO 3aMKHYT.
Btopoii umkn doopmmpyeTcst 3a cHeT ra3oo0bMeHa Mexay atMocHepoit n okeaHocdepoi.
MmpapokapboHaT-kapboHaTHas CUCTEMA OKEAHOB HAX0AUTCS B MOABVMXHOM PaBHOBECC C YrNIEKUCIIbIM
rasom atMocepsbl. Yrnekncnbii ra3 akTMBHO PacTBoOpPSETCS B XONOAHON MOPCKOM BOAE B BbICOKUX
wupoTax. B HU3KmMx wmpoTtax NponcxoauT HarpesaHe BoAbl U BblAeneHne guokcumaa yrnepona B
atmocopepy. Pazgenerne unknos ycnosHo. OHM CcBSI3aHbl BUONOrMYeCcKUMN NPoLLeccamu:
3axBayeHHbll rmapokapboHaT-kapboHaTHOM CUCTEMO OKeaHOB aTMOCCEPHbIV ONOKCU yriepona
4acTUYHO noTpebnsieTcs pUTONNAHKTOHOM. BTOPOI LUMKN TakXe He NOMHOCTbIO 3aMKHYT, T.K.
MOCTOSIHHO MPOUCXOAUT 3aXOPOHEHME yrnepoaa B AOHHbIX OTNOXEHMSAX B BUae kapboHaToB.

Tema 14. Buoreoxnmmnyeckue LUKIbI KACOpOoAa U Bogopoaa.
JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

Buoreoxmmmnyeckme uukibl KUCNopoaa 1 Bogopoaa. 9T LUMKNbl CBSA3aHbl Mexay coboii. KpyrosopoT
BOAbI NpencTaBnsieT cobon popmy murpaumm obomx anemeHToB. Knucnopos npucyTcTeyeT B 60NbWnx
KonuyecTteax BO BCex reocdpepax. Limkn kmcnopona paccmarpmsaloT Kak coyetaHne HecKonbKux
B3aMMOOENCTBYIOLWNX MEX DY COBOW LIMKIOB 60Niee HU3KOro paHra (reoXMMUYeckuin, bBnoTnyeckuni,
OU3NKO-XMMMYeckuin). B nutocdpoepe Kkncnopon npucyTCTBYeT B OCHOBHOM B COCTaBE CUNKATOB Y
anomocmnnkartoB. B xone BbiBeTpMBaHMS 0ObIMHO 3TN aHMOHA OCTalTCS B HEM3MEHHOM Buae. B
npoLecce runepreHesa KpucTtanimyeckas CTpykTypa 4yactv antoMOCUINKATHLIM MMHEPAsOB
nepecTtpaveaeTcs. ATMOCHEPHbIA KUCNOPOS y4acTByeT BO MHOMMX reoXuMmnyeckmnx npoueccax. Mpwm
9TOM NPOVCXOANT N3MEHEHMNE MOABMXHOCTM CBA3bIBAIOWMUXCS C HAM aTOMOB (06pa3oBaHue
HepacTBOPMMbIX OKCUMOB B Cly4ae MapraHua n xenesa, nepexon cynbuaos a pacTBOpuMble
cynbdpatbl). BriotTnyeckas yactb rnobanbHOro UMkna KMcnopona: BolaeneHme npu oTocnHTe3e n
notebneHune npu [ecTpykumMm opraHmyeckoro BewecTtsa. OCHOBHOE KOMMYECTBO KMCNOPOaa,
NPOM3BOANMOro 3€MEHbIMU PacTEHNAMN, NOCTynaeT B atMocdepy. oyt 30% aToro notoka
obecrneymBaeTcs OUTOMNIAHKTOHOM MOPEW 1 OKeaHoB. HenonHas 3aMKHYTOCTb rnobanbHOro umkna
yrnepona cnocobCcTByeT HaKoMneHNIO CBOBOAHOroO KMcnopoaa B atmocoepe n 0bpasoBaHuio
030HOCHepbl. B CBA3SHHOM COCTOSIHUM KMCNOPOL MUTPUPYeET B cOocTase BoAbl. Bona npucyTtcteyet
BO BceM obbeme Tponocapepbl 1 ctpatoctepbl. ConepxaHve Boabl B BEPTUKANbHOM 1
MEPUANOHANIbHOM HarnpasfeHUaX O4eHb HEOOHOPOAHO. bonblime KonnyecTsa MONEKYNSPHOrO
BOL4OPOOA NOCTynaeT B aTMOCHepy B COCTaBE BYNKaHNYECKMX ra3oB. 3HAYNTENbHbIE KONMYECTBa
BOAOpOAa 06pasytoTcs Npu MMKPOOMONOrM4eckoM paspyLweHn MEPTBOrO OPraHNYeCcKoro BelecTBa.
OTOT BOOOPOA HE NOCTynaeT B aTMOCepy, a nepexasatbiBaeTCs ApYrmMmM MUKPOOPraH3Mamu,
yyacTBylowmmy B 06pa3oBaHumn MetaHa. B atmocdpepe Booopo paccensaeTcs (B aTMocepe ero
Konu4yecTtBo He npesblwaeT 0.2 ['T. BoiBeaeHne Bogopona n3 Kpyrosopora npu ero Cea3biBaHum B
rMNepreHHble CUANKaTbl UrpaeT ponb B 0OPMUPOBAHNM OKUCIIUTENBHON 06CTaHOBKM Ha 3eMmne.

Tema 15. Buoreoxummnuyeckue uukbl azota u cpoccpopa.
JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):
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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.
BepxHsis MaHTMS ? OCHOBHOW MCTOYHWUK a30Ta onst reorpadpuyeckor obonodkn 3emnn. BoloeneHune
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
NpUHaLNeXxuT maccoobmeHy Mexay negocdepoii  atMoccpepoit. Mpoueccol B noyse
obecneynBaioT 06pa3oBaHNE OCHOBHbIX KONMYECTB AOCTYMHbIX A1 pacTeHuin oopM asoTa.
CB#s3blBaHME MONEKYNSPHOrO a3oTa OCYIEeCTBASETCS MUKPOOpraHmaMmamm. MukpoopraHnambl
exeronHo doukcupytoT okono 140.106 T azota. OTO NpeBbIWAET NOTOK M3 atMocdepbl Ha
NOACTUNAIOLLYIO MOBEPXHOCTb 006pa3ytoWmnXCs NPW rpo30BbIX Pa3psiaax OKUCNEHHbIX COeaMHEHWA
asoTa. B noyBax 1 BoOHbIX 3KOCUCTEMAX NPOUCXOANT ObICTPas HATPUPUKALMA ? OKUCNIEHME NOHOB
aMMOHUs ¢ obpasoBaHneM Bonee OOCTYMHbIX PACTEHMAM HUTPUTHBIX M HUTPATHbLIX MOHOB, KOTOPbLIE
He HakannMBatTCH B NoYBax, HECMOTPS Ha NOCTOSHHYIO OEATENbHOCTb a30TPUKCUPYIOWNX
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
rmbenn pacTeHuin N XMBOTHbIX a30TcoAepXalune XMMUYeckne coeanHeHns noaseprarTcs
MUKPOOMONOrM4eckoMy pasfioxXeHnio 1 aMMoHudomkauun. Npouecc aeHUTpUgMKaumm NnponcxoanT
B HEBO3MyLLEHHOW YenoBekoM brocgepe. ObpasoBaHne MONEKYNSIPHOrO a3oTa 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
?6e3XM3HEHHOro? asota. bruoreoxnmmnyeckuin umkn goocgopa. OH OTANYaAETCS OT APYrUX LMKIOB
3/1EMEHTOB MEHbILLEN CTENEHBIO 3aMKHYTOCTU. Takoi xapakTtep rnobanbHOro umkia otnmyaeT He
TONIbKO POCAPOP, HO U ApYyrue aNeMeHTbl, MOCTynarLwme BO BHEWHME reocdepbl He B pe3ynbTarte
Jerasauum 3eMHblX Heap, a Npu BbiWenaynBaHNM rpaHNTHOrO CNOS 3eMHON KOpbl (KPEMHUIA,
Kanbumi, kKanuin, HaTpuin). OCHOBHas MUrpaumns nx NPponMcxoauT He B aTMocdpepe, a B CUCTEME Cyla
? okeaHbl. Pochop BXx0ANT B cocTas okono 200 MuHepanos (anaTtut, pocdoput, pocdatsl Xeneaa
n antoMuHKs). B MuHepanax dpocdopa cogepxarcst 4OCTaTO4HO 60NblIME KONMYECTBA TSAXENbIX
MeTannos (Xpoma, Kagmus, pTyTu, CBMHUA, ypaHa) B pesynbTarte M30MOPJGOHOro 3amelleHns
NpUpPOOHbIX MMHEpanoB doocgopa. OCHoBHbIE 3anachl hocopa CoCcpenoTOHEHbI B 0CAL0YHbIX
nopogax. Bropoit no aHaummocTtu pesepsyap ? Muposoii okeaH. B Murpauun 6onbluyto ponb urpaet
KOHTUHEHTaNbHbIA CTOK. B Bogax pek pocqpop CoaepXunTcs B COCTaBe MUHEpPanbHbIX B3BECEN Y
KOMMEKCHbIX aHMOHOB. POCHOp COOEPXMUTCSH B XMBbIX OpraHM3max B COCTaBe NepeHOCYNKoB
3Heprum B GBroxmmMmnyeckmx npoueccax (aaeHo3MHEOCKHOPHbIE KACNOThI), @ TakXe BXOAUT B COCTaB
HYKNenHoBbIX Kncnot. B MupoBom okeaHe coaepxutcst 6onbluoe Konmyectso gooccpopa. bonblue
BCEro B rnybuHHbIX Cnosix Boabl. @ocohop 3axBaTbiBAETCSA XMBbIMM OpraHM3MaMn 1 3aepXnBaeTcs
nmMn. OCHOBHas YacTb MOCTynatowWwero KOHTUHEHTaNbHBLIM CTOKOM doocdpopa akkyMynmpyeTcs B
ocagzkax. [loteps ero cywein n BogaMm KOMMNEHCUPYETCA NPOOOMXKAIOWUMCS BbiIBETPMBAHUEM
0Cafo4HbIX MOPO B 30HE rnnepreHesa.

Tema 16. BuoreoxmMuyeckue LUKIbl cepbl, HATPUA U Xnopa.
NleKLuMoHHOoe 3aHsiThe (2 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep < ;’;?{
+OFEALIME
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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 ?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)):

Brnoreoxmmnyeckune LUWKNbl TAXenblX MeTannos. 3HauynTenbHble Maccbl METaNNOB BOBNEYEHbI B
6VIOTVI‘-IeCKVII7I KpyrosoporT. BbiHOC aTOMOB MeTannoB ¢ KOHTUHEHTOB B OKeaH OCyLWLECTB/IAETCA C
peyHbIM NoTokoM. OH He koMneHcupyeTcst obpaTHbIM NnepeHocoM. CnenoBaTelbHO OKeaHbl, a
TO4YHEE NX OOHHbIE OTNOXEHUA, NPOOOoXaloT HakanmBaTb 3T 3/IEMEHTDI. Takum 06pa30M,
rnobanbHble BMOreoxmMmyeckre LMKbl TSXenbix MeTannos, Kak 1 LMkn gocgopa,
XapaKTepuaytoTcst Manoi CTENEeHbI0 3aMKHYTOCTH.

Tema 18. KoHTponbHas paborta

JNIeKUMOHHOe 3aHsiTne (2 yaca(os)):

KoHTponbHas paboTta

4.3 CTpyKTypa M copgepxaHue caMOCTOATENIbHOM paboTbl AUCLUNNIUHBI (MOAYNS)

Bupbl
N Paspen Cemectp Henens camocmsﬂenbuoﬁ TPYBOeMKOCTb| g;?a%“g:'o:?:;gaga
AducumnnmHbl cemecTpa paboTbl (B yacax) pa6oTLl
CTyOEeHTOB

Tema 1. BeeneHue.
VcTopnyeckue n
METO40Nornyeckmne
npeanocbinkn

1 |BO3HNKHOBEHMS 5 1 Hgﬂ;ﬂﬁgfg 5 nomalHee
B6uoreoxmmmnn Kak 3anaHue
Hayku. Casb sanaHns
6roreoxuMun ¢ opyrumm
Haykamu. 3agayu
6uoreoxmmmnu.
Tema 2. ba3osble
KoHLenuum
buoreoxmmmni. NnoaroToBka

2. |[KoHuenuus Xneoro 5 2 JOMallHero 2 AomalliHee
BewecTtea. KoHuenuus 3anaHnsg safiaHue
6rocoepbl. BUOKOCHbIE
CUCTEMBI.

PervcTpaLmoHHbIit HoMep BAEKTPOHHBIH
Bl VHHBEPCHTET

CTpaHV“J.a 16 n3 25. SRR, /5 OFMALMOHHO AHATVTHHECHAS CHCTEMA Kty
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Buabl
Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 3. 'eoxnmmnyeckune
acnekTbl y4eHUs 0
buocdepe, ponb
XVBOro BelWeCTsa B noaroToska
. [reonorunyeckon uctopum| 5 3 |momalwHero 2 ggx:;”;:e
3emnu. ["paHnLbl 3agaHug
6uocepbl. CTpykTypa
buocdepbl.
Tema 4. OBontoUMOHHAS
6uoreoxmmusi.
YCTONYMBOCTb U noaroToska
MallH
. [camoperynsauus B 5 4  |oomawHero 2 3ﬂ§naaHmeee
npouecce pa3BuUTUS 3anaHus
6rnocdoepnbl. MoHsiTUE O
buoreoueHo3e.
Tema 5.
Pacnpenenenue
XUMNYECKUX BNIEMEHTOB
o NoAroToBK
B 3eMHoW kope. CocTas 5 5 ngﬂa?uSerc? 5 nomMawHee
" |InuTocdpepbl. Knapku un 3ananms 3anaHue
KNapkun KOHUEHTpaumm.
MoyBa n passuTune
brocdepbl.
Tema 6. Popmbl
HaxoXOeHuns
XUMUYECKUX SNIEMEHTOB.
noaroToBk
MwuHeparnbi. 5 6 ugﬂa?ugerg 5 JomallHee
" [PaccesiHHble 9NEeMEHTHI. 3a0aHNs 3apjaHve
N3omopdhuam.
AkueccopHble
MUHepanbl.
Tema 7. CocTtaB XuMBOro
BellecTaa.
Buoreoxnmmnyeckue
NoaAroToBK
PYHKLIMM XUBOTrO 5 v ngﬂaczugerg 2 JomauiHee
" |BewecTBa. a3oBble. 3anaHms 3apaHue
KoHueHTpaLMOoHHble.
OKUCNNTENBHO-BOCCTAHQBUTENbHIbIE.
Buoxmmmyeckue.
Tema 8. BnusaHue
reoxmmmnyeckom cpembl noaroToBeka
MallH
. |Ha passuTtue n 5 8 |momalwHero 2 ggﬂ:Hmeee
XUMUYECKUI COCTaB 3apaHus
PaCTEHU N XUBOTHBbIX.
PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Bl VHHBEPCHTET

Al 1 CEMALMOHHD AHATVTAHECOAR CATTEMA K
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Buabi
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb ;%%%::):?:;Ezg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB p
Tema 9. Murpauuns
BellecTB.
MexaHunyeckas
Murpauus. noaroToBka
9. |Pun3nkKo-xmmmyeckas 5 9 JomallHero 2 ggx:;u;eee
murpauus. buoreHHas 3agaHus
mMurpaumns. TexHoreHHas
Murpauus.
Tema 10.
[reoxumunyeckme
MoOroToBkK
10 Knaccudpumkaumm 5 10 ,ugﬂa?uﬁerg 2 JjomauiHee
‘lanemeHTOB. sanaHms 3agaHuve
Knaccugomkaums
B.M.NonbowmuaTa.
Tema 11.
[Ceoxumunyeckas
MUrpaunoHHas
Knaccudomkaums.
BoaaylwHble MUrpaHThl.
11 BogHble nooBUXHbIE 5 11 zgﬂgﬂﬁgrl(g 5 JgomaliHee
‘IMUrpaHThbI. 3ananms 3agaHue
ManononBuxHble
BOOHbIE
MurpaHTbl.bruonorunyeckyn
KPYroBOpOT XMMNYECKMX
3N1EMEHTOB.
Tema 12.
12 Buoreoxumunyeckue 5 12 Egﬂ;ﬂgeBrKg 5 JomaluHee
‘lumknbl BAXHERWNX 3anaHus 3a0aHue
XUMUNYECKUNX SNTEMEHTOB.
Tema 13. noaroToBka
13.|Buoreoxmmmydeckunia 5 13 |momauwHero 2 ggxs:JMHeee
UuKn yrnepoga. 3agaHus
Tema 14.
14 Buoreoxumunyeckue 5 14 Egﬂ;ﬂg:'r(g 5 JomaluHee
‘lumknbl KMcnopoaa u SanaHms 3amaHue
BOLOPOAA.
Tema 15.
15 Brnoreoxmumnyeckue 5 15 zgﬂ;ﬂsgr'(g 5 JgomaliHee
‘lumknbl a3oTa n 3anaHms 3agaHue
doocdpopa.
Tema 16.
16 Buoreoxumunyeckue 5 16 Egﬂ;ﬂﬁ:r'(g 5 JomaluHee
‘lumknbl cepbl, HATPUSA K SanaHmns 3amaHue
xnopa.
PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Bl VHHBEPCHTET

Al 1 CEMALMOHHD AHATVTAHECOAR CATTEMA K
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Buabl
N Paspen CemecTp Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;?ﬂg:;:?:;gﬂg;
AducumnnuHbl cemecTpa paborthbl (B yacax) pa6oTb
CTYyAOEeHTOB
Tema 17.
3aKoHOMepPHOCTHU
61OreoxXnMMYecKoro
Kpyrosoporta
17 XMM14ECKNX BElWeCTB 5 17 Egﬂgﬂﬁ:r'(g o JomallHee
Buoreoxummnyeckne 3anaHmus 3apjaHve
LUUKNbI TAXENbIX
mMeTannos (pTyThb,
CBMHeL, UMHK, Melb,
KagMuia).
18 Tema 18. KoHTponbHas 5 18 roarotoska K KOHTpONbHas
‘lbaboTa KOHTPO/bHOW 2 pabora
P paboTte
Wtoro 36

5. O6pa3oBatesnibHbie TEXHONOrMK, BK/IlOYasi MHTEPaKTUBHble hopMbl 06yueHuUst
- KOMMbKOTEPHbIE NPE3EHTaUNN HeKLI,VII7I;
- KOHTpONbHas paboTa ;

6. OLueHOYHble CpeacTBa OJisl TEKYLLLEro KOHTPONS yCrneBaeMoCTU, NPOMEXYTOUHOM
aTTecTauum No UToram OCBOeHUs1 GUCLUMNIMHBbI U y4yebHO-MeToauueckoe obecneueHne
CaMOCTOSITeNIbHOW paboTbl CTYAEHTOB

Tema 1. BBeneHue. UcTopuyeckue u Metononormdyeckme npeanocbiiku BO3HUKHOBEHUSA
6uoreoxummm Kak HayKMW. CBsi3b 6uoreoxmmmm ¢ APYruMn Haykamm. 3apaum 6uoreoxmmmm.

noMalHee 3afnaHue , NpUMepHbIe BOMPOCHI:

N3yunTb 1 3anncatb B NEKUMOHHONM TeTpaam OTBET Ha BOMPOC: Kak CBsiI3aHa b1UoreoxnMms ¢ opyrumm
Haykamn?

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

JOoMallHee 3aaHune , npuMepHblie BOMNPOChHI:

M3yunTb 1 3anncatb B NEKUMOHHOM TeTpaan OTBET HA BOMPOC: KAKOBbl OCHOBHbIE MONOXEHUS
3BOMIOLUMOHHOW BMoreoxmmmnm?

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

noMalHee 3afnaHne , NpUMeEpPHbIe BOMPOCHI:

N3yunTb 1 3anmcatb B NEKLMOHHON TETPAAM OTBET HA BOMPOC: YTO TaKoe reoxXxmMmyeckme aHoManmm?
MprBeCTN NpUMeEpHI.

Tema 4. OBoNOLMOHHAs 6Moreoxmmms. YCTOMYMBOCTb U CaMOpeErynsiLus B npouecce pa3BuTus
6uocdepnbl. MoHsATHE O OMOreoueHo3e.

[oMallHee 3ajaHve , NPUMepPHbIE BONPOCHI:

M3yuntb 1 3anncatb B NEKLMOHHON TETPaAM OTBET HA BONPOC: KAKOBbI MPOLLECCHI 9BOMIOLMM B
nepocdepe?

Tema 5. PacnpeneneHne xXumm4yecknx aneMeHToB B 3eMHoM Kope. CocTtaB nutocdpepbl. Knapku
M KNnapkKu KoHueHTpauuu. NMousa n passutue 6uoccepsl.

JOoMallHee 3ajaHne , NPUMEpPHbIE BONPOCHI:

I/|3y‘-II/ITb W 3anucatb B NEKLMOHHOW TeTpaan OTBeT Ha 3adaHune: onnwntTe OCHOBHbIE CpOprI
HaxoXOeHnsa XMMNYEeCKNX 3NEMEHTOB B Ppa3/indHbIX CJI0AX B 3eMHomn KOpbl.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
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Tema 6. PopMbl HAXOXOEHNA XMMUYeCcKnx anemeHToB. MuHepanbl. PaccesiHHble 31eMeHTbI.
N3omopcousm. AKueccopHblie MUHepansbl.

JOoMallHee 3a4aHune , npuMepHblie BOMNPOChHI:

N3yunTb 1 3anncaTb B NEKLUMOHHOM TETPaaM OTBET Ha 3aAaHve: NpuseanTe npuMepbl M3oMopguamMa
B MUHepanax, Kakum o6pa3om siBfieHne n3oMopgnamMa BINSIET Ha CBOMCTBA AaHHbIX MUHEPanoB?

Tema 7. CoctaB XuBoro sellecrsa. buoreoxummyeckme oyHKLMM XMBOro BeLL,ecTBa.
Ma3oBble. KoOHUEHTpauuoHHble. OKNCNUTENbHO-BOCCTaHOBUTENbHbIe. BuoXxuMuyeckue.

nomallHee 3aaaHuve , NpUMepHble BOMPOChI:

|/|3y‘-II/ITb M 3anucatb B NEKLMOHHOW TeTpaan OoTBeT Ha 3a4aHne Kaknm 06pa30M onpenendeTca n
N3MEHAETCHA CpaBHNUTENbHOE CoOoepPXaHNE XUMNYECKUX 3JTIEMEHTOB B PACTEHUAX N XXNBOTHbDIX.

Tema 8. BnusiHme reoxuMmyeckomn cpenbl Ha pa3BMTe U XMMNYECKUN COCTaB pacTeHUn u
)XUBOTHBbIX.

JOoMallHee 3aaHune , npnuMepHblie BOMNPOChHI:

N3yunTb 1 3anucath B NEKLMOHHON TETPaau OTBET HA 3a4aHWe:onncaTb BAMSIHE OAHOMO 13
XUMMUYECKUX 3NIEMEHTOB ( MO BbIGOPY CTyAEHTa) HA PA3BUTUE N COCTAB XMBOTHbIX U PACTEHWIA.

Tema 9. Murpauus sewectB. MexaHuyeckas Murpaumsi. PU3nKo-XxuMm4yeckasi MurpaLms.
BuoreHHas murpaumnsa. TexHoreHHas MUrpaums.

oomatllHee 3aaaHue , NPUMepHbIe BOMPOCHI:

N3yunTb 1 3anmcatb B NEKLMOHHON TETpaamn OTBET HAa 3a4aHue:onncaTb BANsSHUE OAHOMO U3
XUMUYECKUX 3NIEMEHTOB - YHaCTHMKA TEXHOrEHHON MUrpaumm (no Belbopy CTyneHTa) Ha pasBuTue u
cocTas buocdepsl.

Tema 10. N'eoxumuyeckume knaccudpukaumm anemeHToB. Knaccucpmkauua B.M.NonbawiMuara.
JoMawHee 3afaHune , NpUMepHble BOMpPOCHI:

V|3y'-II/ITb 1 3anucatb B NEKLMOHHOW TeTpaan OoTBeT Ha 3adaHune:.onncartb BliNdHME OQHOIo N3
METa/IJIOB rpynnbl Xene3a Ha pa3BnuTne n CoCTaB 6V|OCCpepbl.

Tema 11. F'eoxuMmunyeckas MurpauuuoHHas KﬂaCCVI(*)VIKaLIMFI. BOS,D,yI.IJHbIe MUrpaHThbl. BonaoHble
noaBuUXHble MUIPaHTDI. ManonoaBuXHbie BOOHbIE MVIFpaHTbI.BVIOHOFIII‘-IeCKVIﬁ Kpyroeoport
XUMU4YeCKuUx 3J1eMeHTOB.

JOoMallHee 3aaHune , npuMepHblie BONPOChHI:

|/|3y‘-IVITb M 3anucatb B NEKLMOHHOWN TeTpann oTeBeT Ha 3aAaHNEe MHTEHCUBHOCTb Buonornyeckoro
nornoweHmsa n KOS(.'pq‘JVILI,I/IeHT 6I/IOI'IOF}'IOLI.I,eHI/I9I Ona pas3nnyHbIX 3NeMeHTOB.

Tema 12. BuoreoxuMmmuyeckme LUKIbl BaXXHENLLUNX XUMUNUYECKUX 3JIeMEeHTOB.
JoMalwHee 3afaHune , NpUMepHble BOMpPOCHI:

V|3y‘-lI/ITb W 3anucatb B NEKLMOHHOW TeTpaan oTBeT Ha 3a4aHNeB3aNMOCBA3b rnobanbHblx
OMOreoXMNYECKMX LIMKNOB MMaBHbIX XMMUYECKNX 3IEMEHTOB U MUKPO3NMEMEHTOB.

Tema 13. Buoreoxmmmnyeckum LMKn yrnepoaa.
JoMallHee 3agaHue , NpuMepHbie BOMPOCHI:

|/|3y‘4I/ITb M 3anucatb B NEKLMOHHOWN TeTpann OoTBeT Ha 3a4aHne:B3anMOCBA3b LKKIa yrnepona c
UunmKknamm raBHbIX XUMUNYECKUX 3NTIEMEHTOB N MUKPO3NNEMEHTOB.

Tema 14. BuoreoxuMmuyeckme LUKIbl KUCIIOpoaa n Bogopoaa.
JoMallHee 3ajaHne , NPUMEpPHbIE BONPOCHI:

|/|3y‘-IVITb M 3anucatb B NEKLMOHHOW TeTpaan OTBeT Ha 3a4aHne:B3anMOCBA3b LKKI1a BoOOoopoda n
Knucnopona Cc unknamu rnaBHbIX XUMNYECKUX 3JIEMEHTOB N MUKPO3TIEMEHTOB.

Tema 15. Buoreoxnmmnueckme LuKnbl asota u oocdopa.
JoMallHee 3agaHue , NpuMepHbie BOMPOChHI:

N3y4nTb 1 3anncatb B NEKLUMOHHOM TeTpaam OTBET Ha 3aaHne:B3aMOCBSA3b LIMKIOB a3oTa U
doocoppa yrnepona ¢ LMkKnamm rnaBHbIX XMMUYECKUX SNEMEHTOB Y MUKPO3/IEMEHTOB.

Tema 16. BuoreoxmMuyeckue LUKIbl Cepbl, HATPUA U XNopa.
JoMallHee 3a8aHve , NPUMepHbIe BONPOCHI:

N3yunTb 1 3anncaTb B NEKLUMOHHOW TETPaaM OTBET HA 3afaHWe:0nncaTb OCHOBHbIE YEPTbI LIMKIIOB
Xnopa n HaTpus

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Tema 17. 3aK0|-|omep|-|ocw| 6MoreoxuMmnyeckKkoro Kpyroeoporta XxmMn4yeckux seLiecTtBs
Buoreoxummnuyeckue UUKNbl TAXENbIX MeTaN0B (pTyTb, CBuHeLl, LUNHK, Meab, Kﬂ,D,MI/II7I).

JOoMallHee 3a4aHune , npuMepHblie BOMNPOChHI:

|/|3y‘4I/ITb M 3anucatb B NEKLMOHHOWM TeTpann oTBeT Ha 3a4aHne:B3anMoCBA3b LKKa pTyTn,CBMUHLUA U
KagMnAaC unknamuy rmaBHbIX XUMNYECKNX SNTIEMEHTOB N MUKPO3JIEMEHTOB.

Tema 18. KoHTponbHas pabora
KOHTponbHas paboTa , NpuMepHbie BONPOCHI:
KoHTponbHas paboTa no Bcem Temam.

Tema . UToroBasi oopma KOHTpOns

[MprMepHbIe BONPOCHI K 3a4eTy:
MpuMepbl 6UNETOB K KOHTPONBbHON paboTe

Bunet 1.

1. JluTopmnbHblE aHWOHOreHHbIE aneMeHTbl. [prucyTCTBUE 3TUX 3NEMEHTOB B N'YMULHbIX U apUAHbIX
naHawadgortax.

2. [Nonesble wnatbl. XMMUYECKNIA COCTAB N PacnpOCTpaHEHME B 3EMHOM KOpe.

Bunert 2.

1. BnnsHne okMcnnTenbHO-BOCCTaHOBUTENbHbIX yCJ'IOBVII7I Ha q:)VI3VIKO-XVIMVI‘-IeCKyI'O Murpauuto
BEWeECTB.

2. MuHepanbl XMMUYECKUX 9NEMEHTOB NOArPyNMbl MapraHua.

Bunet 3
1. MuHepansl Weno4YHo3eMebHbIX METANNOB.
2. [1ns coeQUHEHNI KaKMX XMMUYECKMX 9NTEMEHTOB XapakTepHa KonnongHas goopma Murpaumm?

Bunet 4
1. B BUAe Kaknx MMHEPanoB HaXo4ATCS B 3€MHOI KOpe CMOEPOPUIbHbIE 3NEMEHTHI?
2. bunonornyeckoe nornoweHue.

Bunert 5.

1. Ha3oBUTE OCHOBHbIE NNaHETapHbIE pe3epByapbl yrnepoaa U rnaBHble XMMUYeckne qoopMbl 3TOrO
3NEMEHTA B KaX10M U3 HUX.

2. Cchopmynumpyiite npuHumn e WaTenbe B npunoxeHnn K 6UocgepHbIM npoLieccam.

BuneT 6.

1. HasoBnTe 0CHOBHbIE BUOTNYECKNE MPOLIECCHI, y4acTBYOWME B OOPMUPOBAHUM rnobanbHOro
umkna.

2. [NoyeMy orpoMHble Macchbl Tak Ha3blBaeMoro "BOAHOro rymyca" okeaHoB 0KasblBalOTCS
HEeLOCTYMNHbIMU A/11 MUKPOBOMONOrM4eckon accumMmnsaummn?

Bunet 7

1. OueHunTe cTeneHb Pa3oOMKHYTOCTM €CTECTBEHHbIX rnobanbHbIX LMKOB yriepoaa U kucnopoaa.

2. Kakune xmmmyeckme npoLecchbl cnyxart MCTOYHUKOM 3HEPTrn NPpU MUKPOBMONOrmieckoi drkcaumm
MONEKYNSPHOro a3ota U BOCCTAHOBNEHMS CynbdoaToB?

Bunet 8

1. Kak pacTntenbHOCTb y4acTByeT B 0OPMMPOBAHNN OPEONIOB PACCESHUS TAXENbIX METANNOB?

2. KakoBbl Npy4MHbI 1 BO3MOXHblE MOCNEACTBUS yMEHbLIeHNs BriopasHoobpasns?

Bonpocbl k 3a4eTy
1. KoHuenuus xuBoro seuecTtsa. CenekTMBHOE NOrnoweHne XMMMYeckmx 3f1IEMEHTOB XMBbIMU
opraHuamamu. bruoreHHas TpaHcdopMaums 3eMHbIX 060N04eK.

2. KoHuenuust bucdoepbl. PaboTbl 9.3tocca. OnpenenerHne noHatus "éuocgoepa” no
B.W.BepHanckomy. BrokocHble cucTemsbl.

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
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3. Otanbl passuTns broreoxumun. Nctokn buoreoxummmn. Pabotol A.J1asyasbe, X.dioma,
X.ByccuHro, K0./lnbuxa.

4. l'eHeTnyeckoe noyBoBeneHne. Pabotel B.B.oky4aesa. [oyBa - 6uokocHoe Teno. eHesuc.
5. Feoxmmmyeckune nccnenosarms. Pabotol ®.Knapka.

6. PacnpeneneHne XuMN4eCKNx 3N1EMEHTOB B 3EMHOI KOpe 1 ux murpauns. PaboTbl
B.M.Nonbowmunara. MNepBas reoxummnyeckas knaccugukaumsa XMMnM4eCcKnx an1emMeHToB.

7. Knapku xnmmnyeckux anemeHToB. Pabotbl A.E.depcmanHa. Knapku KOHLEHTpauuw.
8. lNoyBa - CTPYKTYpHO-reTeporeHHas cmcreMa. [TOpu30oHTbI MOYBbI.

9. Ponb ryMUHOBbIX 1 gOyNIbBOKMCNOT B MUrpaLny MeTannos.

10. BuoreHHoe HakonneHne XMMUYECKUX 3NIEMEHTOB B MOYBE.

11. Knaccudpmkaumns 6noreHHbIX MUHepanos.

12. XMunyeckunin coctas NonesbIX WNAToB. VIX pacnpoctpaHeHve B NpUpoLe.

13. NI3oMopdoHble 3amelleHus. MNprmMepsbl. [NpryYnHBI OTKNIOHEHWIA OT CTEXMOMETPUN.
14. MprymHbl 06pasoBaHMs akLECCOPHbIX MUHEPANOB.

15. MukpomMmHepanornyeckme qoopMbl HAXOXAEHNS PACCESHHbIX 3/1IEMEHTOB B KPUCTANIMYECKOM
BELEeCTBe 3EeMHOM KOpblI.

16. HeMuHepanornyeckme popMbl HAXOXAEHNS 3NIEMEHTOB B 3€MHON KOpeE.

17. OcobeHHoCTH pacnpeneneHnsa B 3eMHOM KOpe XMMUYECKNX 3IEMEHTOB C BbICOKVMMU N HU3KUMI
Knapkamu.

18. OTHOCUTENBHOE COLEPXAaHNE XUMUYECKMX SIEMEHTOB B XUBOM BELLECTBE CYLUN.

19. CoOoTHOLWEHMEe MacCc KOHCYMEHTOB M NPOAYLIEHTOB B MMPOBOM OKeaHe.

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

21. Tunbl MArpaunmn XMMNYECKNX 31EMEHTOB.

22. BHyTpeHHue ghakTopbl (PU3NKO-XUMUYECKOA MUrpaL K.

23. BHelwHre goakTopbl OU3MKO-XMMUYECKOW MUTpaLMN.

24. Kakune aneMeHTbl y4acTBYyOT B BMOreHHOon Murpaumu.

25. Cneuundpuyeckne nokasaTenn TexHoreHesa.

26. JlutocpunbHble 3NEMEHTbI. XapakTepuctuka Hanbonee pacnpoCcTpaHeHHbIX COeANHEHWIA.
27. XanbkounbHble aneMeHTbl. B Buae kakmx coefiMHeHnn OHM BCTpeYarTcs B npupoae?

28. CnpepodunbHble aneMeHTbl. [porcxoxaeHre TepMrHa. Xapaktepuctuka MmHepanos. Vx
PacTBOPUMOCTb.

29. Kakune aneMeHTbl OTHOCATCS K BO3AYIWHbIM MUrpaHTam?

30. B Bnae kakmx MMHepanoB BOAHbIE NOABUXHbBIE MAUTPAHTbI MPUCYTCTBYIOT B 3€MHOWM Kope?

31. Knaccudprkaums ManonoaBuxHbIX BOAHbIX MUrpaHToB. Kakas coopma murpaumm Hambonee
xapakTtepHa?

32. JlutopmnbHble 31EMEHTbI C MOCTOSIHHOW CTeMneHblo oknucneHus. OT 4ero 3aBUCUT UX MUrpaumns?
Haunbonee pacnpocTaHeHHble M1Hepansbl. Ix pacTBOPMMOCTb.

33. JlntodomnbHble 1 cnaoepodusibHbie 3NEMEHTBI C NEPEMEHHOI CTEMNEHbIO OKMcneHus. Kakne ns
HMX OTHOCATCS K rMaBHbIM 35IeMeHTaM? XapakTepucTtnka MnHepanos.

34. HaxoxaeHue B 3eMHOIM KOpe MeTanioB NnaTUHOBOM rpynnbl. VX knapku.

35. KoadhpuumeHT bronornoweHns. bapbepHblii 1 6e36apbepHbIid TUMbI MOMOWEHMS.

36. MpnynHbI 06pa3oBaHNs BUOreOXMMMYECKUX aHOMANWIA.

37. Bbuoreoxmmnyeckuin umkn yrnepoga. Macca yrnepoga v guokcuaa yrnepoga B pasnnyHbixX
pe3epByapax.

38. O6bmMeH gmokcnaom yrnepona Mexay aTMoCepHO, MOBEPXHOCTHBIMU 1 TNYyOUHHBIMK BOAAMY
MwupoBoro okeaHa.

39. broreoxmmMmn4eckuii LKA KUCNopoaa 1 ero CeBsian ¢ 6MoTMYECKOl YacTblo UMKNa yrnepoaa u
cepbl.

40. XnmMnyeckme coenHeHuns, ydacTeylolWmne B LnkKne a3oTa.
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41. PacnpegneneHne no pe3epeyapam U MUrpaunoHHbIe MOTOKM Cepbl B reorpadpuyeckor o6onovke
3emnn.

42. A3MeHeHNe BaneHTHOro COCTOSHNSA cepbl, y4acTBytouwmnx B rnobanbHbiX 6OreoXMMmMYecKmx
unknax.

43. Buoreoxmmmnyeckuin umkn pocgoopa. CteneHb 3amMmkHyTOCTU. KonnyecTso chocchopa B Muposom
okeaHe.

44. Bnoreoxmmmnyeckme Lmknbl TaXenblX MeTannos.
45. Ponb 61oThl B NnogaepXaHun rnodanbHbIX LMKIOB 9NEMEHTOB.

7.1. OcHOBHas nuTteparypa:

1. Ynaxosuy H.A., Kytbipesa M.I1., BabkuHa C.C. Buoreoxmmums: yuebHo-meTogmyeckoe nocobve ans
NEeKUMOHHOro Kypca. [9nekTpoHHbI pecypc] KasaHb: M3a-80 KasaHcKoro rocynapcTBeHHOro
yHuBepcuterta, 2008.- 44 c.

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

2. KytbipeBa M.I1., Ynaxosuy H.A. BUoreoxmmmyeckue LnKbl 3NEMEHTOB B CXemax v Tabnuuax:
3NeKTPOHHOE nocobue K Kypcy nekumin 'brioreoxnumMmns’ ons CTyieHTOB XMMUYECKOTO
goakynbTeTa[OnekTPoHHbIN pecypc], 2008

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

7.2. lononHutenbHasa nuteparypa:

1. Haykm o 3emne : yueb. nocobue ans ctya. sy3os / A. . MycuH, W. T. laiicun, E. E. ViBaHoBa [1
ap.] ; nog pea. A. I'. MycuHa .? KasaHsb : Wkona, 2008 .7 208 c.

2. Mopenos, A. A. KoHuenunn COBPEMEHHOrO eCTECTBO3HAHMS : y4eb. nocobue ansa cTyn. By3os / A.
A. lopenos .? 5-e n3n., nepepadb. n gon. ? Mockea : Akagemns, 2010 .7 512 c.

3.0o6poBonbekuid, B. B. OcHoBbl 6uoreoxummn / B.B. Loobposonbckuii .? M. : Akagemus, 2003 .?
396 c.

4. Mocnenoea O. A. N'eoxumust okpyxatowei cpenbl [DNeKTpoHHbIN pecypc] : y4ebHoe nocobue /
coct. O.A. lNocnenosa. - CtaBpononb: CTIAY, 2013. - 60 c. - Pexum gocrtyna:
http://znanium.com/bookread2.php?book=514088

7.3. UHTepHeT-pecypcChbl:

1.Buoreoxnmunsa? ons ctyneHTos xuMmuydeckoro akynbteta / M.IN.KyTtbipesa, H.A.Y naxoswnu. -
www.ksu.ru/f7/index.php?id=9.

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

3.4mbucosa H.B., Honranb E.K. Sxonornyeckas xumms (brnoreoxmmmyeckme LUnKnbl) -
www.xumuk.ru/ecochem/

4 M.A.®epaHkuH "'eoxummnyecknin rono n CTaHOBNEHWE LapCTB. -
http://elementy.ru/lib/25583/25585/

5.AngpunaHoBa M.HO. Pu3nKo-xMMmnyeckmne oCHOBbI MPUPOOHBLIX 1 aHTPOMOreHHbIX MPOLECCOB B
TexHocgoepe - http://rudocs.exdat.com/navigate/index-377239.html

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUMIUHBI(MOOYNS)

OcBoeHve gncunnnuvHbl "bruoreoxnmmns” npeanonaraeT NCNonb3oBaHUe Cnemywero
MaTepuanbHO-TEXHNYECKOro 0becneyeHuns:
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

1. KOMMNbIOTEPHbIV NPOEKTOP
2. Cuctema NHTEpakTMBHOIO onpoca.

Mporpamma cocTtasneHa B cootBeTcTBumM ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no
HanpaeneHno 04.03.01 "Xumunsa" n npodomnto Nnoarotoskn HeopraHmyeckas xmmus .
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