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1. rloqcunTeJrbHafl 3arrr{cKa

llporpauua Bcr\/rrr4TeJrbHoro LrcrrbrraHr4_f, [ro
04.04.0I Xuwus pa":pa6orana Anfl rrocrynarcilIuX,

IrpofpaMMe Mar?rcrparypbr

r{Meroqzx .[paBo cAaBaTb
sK3aMeHbI B TpaAl4lluouuofi Qopue, na 6ase Bbrcrrrero o6pa^:onaHz.r (6ara-uanpraar).

Ile.nrro BcryrII4TeJIbHoro rrpoQeccuoH€urbHoro rzcrrbrrar{rr{f, trBJrf,ercfl
onpeAeneHl'Ie ypoBH.fl sHaHHft vr yuenzfi, neo6xo4lrMbrx a6urypueHTaM l,nfl
oBnaAeHI'I{ LrMvr rlporpaMM Marzcrpa rro coorBercrnyrorqefi cneqr4anbHocrr4 kr

lpoxo)KAeHprfl. Kypca.

3a4avu BcryrruTeJrbHoro [c[brraHus:

- rrpoBepr4Tb ypoBeHr suaHzfi v ynaenrafi [pereHAeHTa; ..,,j

- orlpeAeJllrrb cKJIOHHocltr K HayqHo-rlccJreAoBarelrcrcofi Ae_rrreJrbrrocrr4; i,j:

- oflp eAeJrr,rrr, o 6l acrb H ayqHbrx rrFrrep e c oB.

llpz no4roroBKe K BcryrII4TeJrrHbrM gK3aMeHaM rrocryrrarorqnft n rr,rarIacrparypy'r

AOJIXeH B TIOJIHoM oeirerrae I43yqI4Tb Bce reMbr vr Borrpocbr, npeAycMotp.""iiSti

[porpaMMoft, nocnoJlb3oBaBllrt4cb peKoMeHAyeMbrM cfrrzcKoM Jrr4TeparypEr.

llo crynaroIqraft s tvrarr4 crp arypy A o Jrx(eH 3 H arb :

- ocHoBHbre 3aKoHbr r,r rroH_{Trrr conpeMeHHoft xuuun;

- ocHoBHbIe csoficrea xvMl4qecKIrx 3JreMeHToB t4 r{x coeArrHenzft;

- XI4MI4qCCKI4E O CH OBbI TEXHO JIOTI4I]IE CKI4X TIP OUEC COB TIP OII3B OACTB A

s axHefi rrl4x He op laHr4qecKr4x t4 opf aHrzrre cKr4x B eilIecrB ;

- Te op err4qecKr4 e o cHoB br coBp eM eHuoft op ranFre crco ft xkrMr4v;

- crpoeHl4e z csoficrBa ocHoBHbIX lc.tlaccoB opraHr4r{ecKr4x coe4raneunfi,

,,IJ



2. CONEP}ITAHI4E IIPO|PAMMbI
n"'^':';;HT":TM^n

Pasnzrze [peAcraBJlenzfi o crpoeHl,rr4 aroMa. llpuuqranrr orvca:rrkrs. KBilHToBbrx cr4creM.'

Bomrosa.f, (fyurcqnx. Vpanueuue [Ipe4raurepa. llonalr4e o KBaHroBbrx qrzcJraK. Paltuatrcnan u

op6zralrnat cocraBJlflrotqrte sorHosofi (fyHrquu; s, p, d, f-op6nranra. 3HepreraqecKr,re ypoBHr{.

flopr4or 3arIoJIHeHI{t eneK:rpoHaMr4 aroMHrx op6ura-neft. llpunqun flaytn. J[Ipanuno Xyn4a.

3Heprerr,ruecKlre Ar{afpaMMbr MHofogJreKTpo[tHbrx aroMoB.

Xr.rpruqecrcaq cBrr3b

OuroeHrre flonoxeHlla MeroAa BuurerrrHrrx cessefi (MBC). llonsrxe o ru6pr,r4r.r3a\krv

op6uranefi. OcnosHrIe rI4tIbI rrz6pu4vsaqr{r.r, [pocrpaHcrBeHHar ron(furypaqrrr Moner(yJr r4

rIoHoB. HanpauenHocrb LI HacblrllaeMocrb KoBaJreHTHr,x cnssefi. O4zuapurre r4 r(parHbre csssii:'

Ocnonnr,re noJIo)KeHI{{ MeroAa MoneKyJrrpHbrx op6urateft (MO IKAO):

Cnx:rruarorqrze, pa3pblxr-qrcrque kr HecB.rr3brBarolur4e op6uralrz. .n,nlxuenrponue

AByxsneKTpoHHbIe MO. 3ueprerzuecKlze AzarpaMMbr MO AByxaroMHbrx roMosAepHbrx

MoJIeKyn, o6pa:onauurrx sJIeMeHTaMLI llepBoro v BToporo rrspr4oAoB. 3nepreruuecKr{e

AprafpaMMbr npocrefiruvx fereporAepHbrx Mo.rreKyn (CO, NO).

I4ossas, cBt3r,. HenanpanneHHocrb rr HeHacrrrrlaeMocrb raouuofi cBfl3vr. llonsrrze tj

[onspl,I3auuu IroHoB. 3asucl,Ilaocrb rloJrrpu3yeMocrr,r r{ noJurprl3yrorqero aeftcrnux KaruonoB i{

aHI4oHoB or pa3MepoB, BeJIrtqrrHbI 3apflAa nona kr crpoeHlrf, ero gneKTponnofi o6o:ro.rx[. ''

llpupo4a crar Ban-4,ep-Baanca. Bo4opo4nalr cBr3b.

flepno4uuecxufi 3aKoH n IlepuoguqecKas crrcreMa [.1I. MengeJreeBa

ConpeuenHar (popuynl{poBKa fleprao4rzuecKoro 3axoHa. llepzo4zuHocrb rlslaeHeHun

srexrpoHnofi xonsurypaquu aroMoB. florumre v HerroJrHbre gJreKTpc)HHbre aszurord]

Koporr<onepl{oAHas LI AJIrIHHotIep[oAHas Soprrau lleprao4rzvecrofi cr4creMbr.
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llepuo4uvecru u3MeHsloluuec{ csoficrea oJreMeHToB, vx cB.rr3b

oneKTpoHHbrx o6onoqex aroMoB (eHeprua krorv3ar\Lrn, cpoAcrBo

3neKTpoorpraqaremuocrr) 3aKoHOMepHoorlr vrx [BMeHeHr4r. BnyrpeHH.r.a

nepr4oAr,rqHocTb.

Crpoenue rBepAoro reJra

3neprux kr cl,IMlderpl{s Kpl.rcriurnu.recxofi crpyKTypbr. 3nelren raplafl sqefiKdi

llpe4craueHu.f, o nonzruop$I,I3Me I,I rasonaop$n:ue. XurvrraqesKa.f, eBr3b B Kpr4c'r'aJrJrax (arounai,

MoneKynf,pnas., rrota.mafl. Kplrcrannr4qecKa.r{ crpyrrypa). MorexynxpHbre Kpucra:rJrbr c kroHHbrM rr

KoBaJIeHTHbIM TrrloM BHyrpllMoneryrxpuoft cBg3LI. r' I j :!:iij
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llousrr'Ie o soHHofi Teopuu KpllcrannrrqecKoro cocrorHrls. 3olra [poBoAr.rMOcrrz;

BiuIeHTHa.s 3oHa, 3arlperlerlHafl goua. 3onnatl crpyKTypa AVgneKTpr{KoB (alua:i, xnopuA uarpwt,
oKcl{n uarHzx), rIoJIyrIpoBoAHI4KoB (repuauHfi), ne4ecrn c MeraJrJrprqecrofi lpoBoAlrMocrbro.

Haqana xrrMr{qecKoft replrogrrHaMrrKr{

OcuonHrre rloH.f,Tlzfl xI{MI4rIecKoft repuo4rzHaMr.rKt4: ct4creMa, napaMerpb, corro"*rr",
pa6 ora, 3Hepfi,r.f, , TenJrora.

Bnyrpenuxt gHepfn{ u ee l43MeHerrr4e npv )erMr4qecKr,rx u fasonm( lpeBparqeHr..rflxi

flepnoe HaqaJIo TepMoAI,IHaMI{KI4. 3nranrnus o6pasonanux xr,rMurrecKr4x coeAzneHzfi.

Cran4aprnoe cocro.sHI4e. Cran4aprnrre sHTaJrbrrr4r,r o6pasonanrzx. Ten.uo,srre et!$ex,r*r

XI'IMI4qeCKI,IX peaxqzft. Tepuoxzlvtr4rlecKr4e pacrrerbr, ocHoBaHHbIe Ha 3aKOHe fecc;a. ii-

B:ropofi 3aKoH TepMoALIHaMuIcu. 3n'rpolr4s. 3as[cr.rNaocrb gHTporrr4v o"r: TeMneparypbr.

Ctaugaprnar oHTporru.f,. I,IgIvreHeHne gHTporrrr[ [pu $znonrrx lepexoAax rd xr4Mr,rqecKr]x

peaKllkIf,x' 3Heprux ln66ca Lr 3Hepri,It fenrrvrrolrqa. Kpurepuft car{o11por43"on"rrorij

rlporeKaHl4s npo{eccoe. XuNa[.recruft [ore.HIII{an, 3aBltcl{Mocrb xI4MI,IrIecKofo rIoreHIIVana or
KOHII9HTpaIII{I,I, AaBneHIrj[ peareHToB. Ycros[e xr,rMrrqecKoro paBHoBec[{. Irlsorepurr

xuMr4qecKoft pearqzu. .T

Koncranra xlzMllqecKoro paBuoBecrz{ KaK nrepa rny6r,rHr,I [poreKaHzt npoqeccoili

tr{cuorlgoeaHze gHaqenzii craH4aprnofi gHTaJrbrrr4r4 kr 3HTponvu rng. pi}cqera KoHcraHT

paBHoBecl{t xI4MI{rIecKI4x peaKIII4fi. @ar<ropu, BJrr{rrotque Ha Berr4rryrHy KoHcragTbr paBHoBecr,rs:

CAnur xr4Mr{rrecKoro paBnoBecux. llpanqun JIe Lflarenre. ,,i

Kranerzxa rr MexaHrr3M xnMurrecrcux pearcqufi

Cxopocm xurr4lr'reoxofi peaKIII,Irr, ee 3aBr,rcrrMocrb or [prrpoAsl rn KoHrleHTpaurr[

peareHToB, TeMrleparypu. llopx4oK I,I MoneKyJr{pHocrb peaKrlr4r,r. Koncranra cKopocrn. eA

3aBI'IcI'rMocrb or reMrleparypri. Ypaenenue AppeHr4yca. 3neprua aKTr4BaL(ua. llonsrne ;
TeopLIH aKTI4BHbD( coyAapeHl4fi, alcrrznrapoBar{HoM KoMrrneKce B Teoprru a6conr,lrnrx cxojlocreii

peaKrII4I4. Mexanusra I4 KI{IIerI,IKa pearquft B roMoreHHbrx r.r rerepofeHHbrx ctrcreMax. I]ennrre'fr

xorre6arerrbHbIepeaKIII4I4peaKIIrau.forr,rorerrrrrrfinreTepofeurrrrfiKaTz}JII43'AeToKaranzs..

Pacreopu ,'

Pacrnoprr x{I{AKI4er (no4Hue v neno4nrre), TBepABre u raloo6pznnrre. Cnoco6rr

BblpaxeHl4s KoHIIeHTpaIIIaI{ pacTBopoB: MaccoBiul 4ors., Mor_flpHocrb, HopMaJrr,Hocrb,

MoJlf,nbHocrb, MoJIbHa.t{ Ao.[{. Bnrzsnze Ha pacrBopr4Mocrb oHeprrrr{ Kpr.Icrannr{-recxoft:perubrr<'rd

v 3HeprI4I'I coJlbBarallr{rl. Pacrnoprr HacbrrrleHHbre, HeHacbIIrIeHHr,re u uepecuqeuHud]

KoHUeHTpI{poBaHHbIe Ia pas6aueHHble. 3aB,ucuNaocrb pacrBop}rMocrr{ or reMnep€trypbr. I ''t'li

:.!
'a



Pacrnop KaK $rua [epeMeHHoro cocraBa. llonsrue o Qaronux ArrafpaMMax,

KoMrIoHeHrax, Sa:ax, crereH.ax cno6o4rr. llpanuno Sar fu66ca. Oagosbre Ar,rarpaMMbr

oAHoKoM[oHeHTHbIxcIIcTeMHa[pI{MepeAI4a|paMMbIcocTo'HI1f,BoAbI.

Kollurarunurre ceoftcrBa pacrBopoB HegrreKTponr4ToB 14 3JreKTpoJrrrroB,, l{annenrae,naph

6vnaputx pacrBopoB. 3arourr Paytx. Kpuocxonu x u s6ytuocKorrr4f, KaK MeroJI", onp.4.n"rrrli

MoJI{pHbIX Macc. Ocuoc u ocMorl4qecKoe AaBneHr,re B HeopfaHlrrrecKrrx ra 6uolorztaarari

cl4creMax. 3aroutr Paytl n Banr-fo$Sa Arl-r pacrBopoB HeoneKTpoJrr,rroB r4 DneKrponrroul

Zg oronraqecrcufi xoe(f $rzqueHr.

3ner<rpornrlIqecKafl AI,IccorIr4arIHr. Clrrsnrre rr cla6rre gJreKTpoJrr,r'r'br. Crenenr h

KoHcraHTa Arrccoqfiaqr.rra. Crarcropbl, BJrr{flrorque Ha crerreHb gneKTpoJrr{rr{ecxofi Ar{ccoqprarlrrrl.

Kaxyrqaxcx creleHb Al,Iccorllra.qlrr4 craJrbHbrx oneKTpoJrrrroB. [raccoquaqrar cla6u1
gneKTponuroe. 3aroH pa:6anueHzx Ocea-nr4a. ' ;' ' il{i

Bo4a KaK eaxtHefirur,Ifi pacrBopr.rrenb. KoncraHra Alrccorlr{arlrrr4 Bo.ubr. IaoiriiJ€

npor43BeAenr{e BoAbr. Bo4opro4nsrfi uorcagarem. t'l

fLr4ponus 14 coJIbBoJILIs corefi. Koncraura paBHoBecu-r{ peaKrlrm fr.rAponpr3it. Oalcropsr,

BnrrrrcrUr{e Ha p aBHoBecr4 e peaKrlr{fi na4ponus a.

llponsne4eHlle pacrBopl4Mocrr,r rrJroxo pacrBoprrMbrx crrJrr,Hbrx 3neKTponrrros. Ycronusl

ocaxAeHr.rs u pacTBopeHpr{ ()caAKoB.

OcnosHrre [olo)Kenr,Lu lporonrarra.recrofi Teoprrrr Epencre4a-Jloypra. Conpxxeuurrd

KIICJIOTLI I4 OCHOBaHras. KOnCraHTa llpoToJrr4TrlrrecKoro paBHoBecr,r{ KaK xapaKTepr{cTr4Ka cr4nbl

,' , ,ii
KI,ICJIOTbI I,I O CHOBAHI,I,'{.

SlercrpoxuMr{qecrr.re cnoficrna pacrBopoB 
,

3nerrpo4urrfi norenquan. Cran4aprurrft oJreKrpoAHrrfi uoreuquwt. PnA uanp.aNeuufi.

Oupe4enenue HalpaBneHrrt, oKl,Icnr4TeJrbHo-BoccranoBr.rreJrbHbrx pearcqufi. Yparlneuue Hepncra.

3lexrporn3, 3rIeKTpoxIrMI{qecKIze IzcrorIHkIKV 3HeprI4Ir, Koppo3ufl. KaK 3neKTpoxplNau.IecKzfi

rpoqecc.

KoopguHarrr{oHHr,re coeAuHeur,rs rii

Ocuonnrre rIoJIolKerII4{ KoopAr4Haqraounofi Teopr{r,r: rleuTpzrnr,Hsrfi ar:onr ra nrranArlj
-' rl

BHerxH-s-f, vr. BHyrpeHHtt cQepa, KoopltrrHarlr4oHHoe qucJro. ,{eHrarnocrr JrHrdH[oB;

HolreHxrarypa 14 rr3oMeprar KoopAr{Haur,roHHbrx coe4rzneunfi .

llpzpo4a xr4MrrrrecK:ofi csssv e KC. CoqeraHue sneKTpocrarr.rqecKoro r.r KoBaJreHTrroro

n:ararr,ro4eftcrBufl. ueHTpanbHoro aroMa (raoua) c nuraHAaMr,r. llonsrue o KrrcJrorax. pr ocHoBanusk

Jlsrcuca.



Crpoenrze KC c uosuquft MBC. Hfisrocur4uoBbre r4 BbrcoKocrrr{Hor}b]e KoMrrJreKcbr.

fu6puguzagun op6nraneii IleHTpanbHoro aroMa rrpr,t o6pa:onaHr,ru oKTaeApuqecr<ux,

TeTp asApuqecKr4x r.r KB aApaif Hbrx KoMnJreKcoB.

OurosHrre rIoJIoxeHLIs reopuu Kprrcrann[qecKoro rrorlf, (TKII). Par:rqenrteHrae di

noAypoBHfl IIeHTpanbHOI'O aTOMa B Kpr4cTiurn[qecKoM rroJre oKTasAprrqecKofq,

TerpaSAplrrlecKoro 14 KBaAparHoro KoMrrJreKca. HusKocrrr4HoBbre lr EbrcoKocnnHoBbre

KoMrIJIeKcbI. flaparvrerp pacrqenneHl,r{ r,r gHeprnx o6palonaur{.fl gJreKTpounoft flapbr. Irlguenenrze

sHepD.II{ cra6uttusarynu r:pl4cran.m,IqecKldM rroJreM B prAy nepexoAHbrx oJreMeHToB nrrl

oKTaoApuqecKl4x I{ Terpa3npl{qec.Kl4x KoMrrJreKcon, o6pasonaHnbrx Jrr4raHnaMn4 culruoro fi
cla6oro IIoJIt. Ce-f,sl rapaMerpa pacllerneHr4r c oxpacxofi KC. ZcnonrsosaHrae TI{II'anb

o6rscHenus MarHrzrHrrx cnoftcrn K.C.

flpe4crauenue o reopuu rroJrr nr{faHAoB. 3HeprernuecKze 4uarparruri

reKcaaMMpruro6anrr(III)-xanrona rz rerca$roporo6anlrar(Ill)-anproHa.

Xenarsr. llpanvno rIr4KnoB rlyraena.

llu-rorvrnneKcbr Ha npvMepe $eppoqeua.

P asr e.n II. HE O Pf AHI,ILIE CKAfl XVIN{VIfl

': ri ljj
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flepnaa rpyrra flepuoguuecrcoft crrcreMr,r A.II. MenleJreeBa. Ille.nounue meran.tiil?i

O6rqas xapaKTepl4c:fllKa rllenovHbrx NteraJrJroB. HaxoN4eru4e 3JreMeHron uepeofi rpymrbr

B rlpllpoAe. Baxnefiruue MHHepanbI. llolyvenue [(enorrHbrx MeraJrJroB B MeraJrJrrr.recxoil

cocrotHl,Irl I,I3 rlpnpo4Hofo cblp6s. I4slaeueHr{e xr,rM\rqecrofi aKTr{BHocrr,r B MeraJrluqecrov

cocro{Hrrr{ B ptrAy tutnfi. qesufi (orHomenrae K BoAe, Kr{cnopoly, a:ory).

CoeAIlneuu.f, ilIenor{Hl'rx MeTaJIJIoB c HeMeraJIJIaMI4 [onyrreHl,Ier crprgg1114g, cnofictna

frrApI4AoB, fanoreHl4Aon, c;ym$!rAoB, HrrrprdAoB. I4sNaeueHrae repMr{qecr<oft ycroi]qlunoctu u

cocraBa 6uuapHsrx KI4crIopoAHbIX coeAprHeuraft. fu4poNcr,r4br rrlenoqHbrx MeraJrJroB. llolyvenne!,

crpoeHlre, cnoftcrna, [pr4MeHeHrle rr4ApoKct4Aalu.arpufl rr rr4ApoKcr{Aa Kanr{{.
:1;
,I'

CrpoeHze, cnoficrna, [onyqeHrre v rrpr4MeHeHr4e corefi qeJroqnbrx ruerarroe]

floryuenue co4rr (arruna.rHrrfi u cynrSarnrrfi rrnero4) u noraura. Kaycru(ruraqur coAbr:

Kalufiurre y4o6penux. ManopacrBopl{Mr,re corrr4 rrn"rvfl., :narptfl, 14 KaJrufl,, 'rI

flpulleneHze uenor{Hbrx MeraJrJroB. BraororrzqecKa.s ponb coeAuHenraft qenoqHrrrx

MeraJrJroB (narprafi-xanuenrrfi Hacoc, [peflaparbr lrkrrrrn, Karu.f, r{ ue3rr.rr n ueAzrtane).

):t^
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Eepu.ruuft , Marnufi , ueJrorrHo3 eMeJrbHbre MeraJrJrbr

(rcarr,qufi , crp ouqv fi , 6npuir)

O6uas xapaKTepr{cruKa oJreMeHToB eropofi rpyrrrrbr. PacnpocrpaHeHHocrb 5eputntun,

ugoronnrrfi cocraB. llepepa6orxa 6epz.nra (qero.rnoft, rproplr4nrrft v cepHoKr,rcJrornuft

cnoco6rr). Torccv.rHocrr 6epnrru.fl r{ ero coe4rrHeHr4fi. flonyreHue u cr,oircrBa MeTaJIJII{qecKofo



t

6epntttux, [pvMeHeHI'Ie B TexHLIxe 6epannrr.f, n efo crrJraBoB. fra4por<cu,4 6epnrnzr, ero

aru0orepuocrr. Colu 6eputrtux rz 6epurnarbr, r{x fr{Aponr,r3. oqrosHrre rar KoMrrJreKcHbre

xap6oHaTbr 6epunttux, rnx osofictsa. faroreuz4rr 6eprarlzx, oco6eHHocrrr r4x c,{roeHr,r.rr.

Muuepanrr MafHlrf,. llony'reHue MafHrafl r.r3 Mr.rHepanbHoro cT-rp6f,. Orag[.recxue z
xI4MI'IqecK[e csoficrea MerarIJILIqecKoro MarHI,Is. Culanrr Marnyrs., r,rx 3HarreHI,Ie Ann

conpeuennofi TeXHLIKI'I. Oxcu4 rr rllApoKcrrA MafHr.rr. Kap6ouaru Marrrr,rfl, fr,r4ponrar

pacrBopl4Mrrx coleft MarHI{t. Marnesaanrrmrfi rIeMeHT. flolyuenue 6esno4rrtrx ranoreHr4AoB

MarHlr.r{. llpzueneurre Mafr{nrr 14 er.o coeAuuettuit.

MuHepalrr KaJIrIII], crpoHIII,Is v 6apnx. floryrenue MerarrJrraqecKoro xanrqu.a]

crpoHIII'u, 6apnx, rax SrzsuvecKlze H xI{MI,IqecKr.re cnoficrea. Oxcv4rr r,r rrdApoKcu4rr, ru4pra4Bi

u{enoqHo3eMeJIbHbIX oJIeMeHToB. farrrerta-q kr HerarrreHaq r,I3Becrb. .pacreopvurte Lr

HepacTBopr{Mble COJr}r. ,r

Xecrrocrr BoAbI (rlpeueunar, rocrof,HHax). Vuenr,rreur,re xecrKocrrl BoAbI c nol,roqriij
KoMrIJIeKconoe. lenruHepanlr3oBarruas. no4a (rzcnoJrb3oBaHrre r,ronoo6rvrenHbx Mareprzanon 4rlii
otIlIcrKI'I no4rr). llepepa6orKa I{ [c[oJIb3oI]aHLIe [pI4poAHbD( coeAr4HeHr.rfi xanrqux (rasnecriJ]

MpaMop' ruel). fuuc, ero cnoficrea. llpora:no4crno rIeMeHTa, npoqeccbr cxBarbrBaHprfl. u

TBepAeHI4fl IIeMeHTa. feox.rarvru'recKat z 6uonoruqecKas ponb rUeJrorlHo3eMe.rrbHbrx MeTaJrJroBi

Tor<crruocrb coeAl.IHe:rrufi6apun OnacHocrb paAr4oaKTr{BHofo 3apaxeHprs crproHqgsNa-9g ;'l

Crcangnfi, urr:plrfi, JraHTaH u JraHTaHr{Ar,r

3neuenrrr [orrpymlbl cKaHAus: HaxoxAeHr.re B rrprrpo4e, QrEsu.recKlle H xvMr,rqecrlre

cnofictna, ocHoBHbIe coeALIHeHI{s.O6qas xapaKTepr,r crkrKa peAKo3eMeJrbtFrErx ,rr"rantodJ

CrpoeHue gneKTpoHHrx o6oroqeK aroMoB, xapaKTepHbre BaJreHTHbre cocroflErktfl,, ycrorlvr,rnri8'

creIIeHI4 oKIrcJIeHLIs. I-{epueeax rr vrrpkreBas rroArpyflnrr. fa4olun[esrrfi ]r3JroM. Jlanranz4ucif

cxarrre. PacnpocrpaHeHHocrb P33, naxox4eHr.re B rrprrpoAe. ,

flolyueHrae, $usnvecrve kr xtrMvtrtecKlre csoficrna P33 s MeraJrJrr,rqecr:oM cocr oflHpril)

npI'IMeHeHI,Ie P33 B MeranJlypf[I,I B KarlecrBe pacKrrcn]rrenefi.u nerr{pyroqux Ao6asoK. Or<cu4rr,

rI'IApoKcI'IAbI, coJILI P33. {noftnue coJII,I. Kounnercnrre coeAr4ueHr4-f," Korvrnnexcnrre

coeApIHeHI4.fl C TIOnUAeHTaIHIIMI{ n[faHAaMr4 KaK OCHOBa COBpeMeHHbrx MeroAoa pa:4enenl.rr ll.i

oqI,IcrKIr P33 uonoo6ueunofi xpoMarorpaSuuusKcrpaKrlr4ra. Pas4eleHr4e cMeoefi P33 apo6Hoi?

Kpl4crrulnvsalluefi lrx consfi u SpaxquoHHbrM ocaxAeHr.reM rrJroxo pacrBopr4Mr,rx coe4ranend#

(rz4porccu4oB, oKc€uraron, 4nofinlx cynrifaron). Jlery.rue coeAr4HeHrds P33, nepcnbrlusrr dx

I4crloJrb3oB alvrs. /tnfl, pa3Ae:neHl{s P33. flpuuenenue coeArrHenzfi P33 (uarepuanrr lasepnofi

orITI{Kl4, MarHI,ITHbIe MarepI,IaJIbI, I(araJII,I3aropbl, nrouuuo$opsr, cocraBHilfl qacrb BTCIT

MaTepr4anoB).



Turan, quprconufi, rarfnnfi 'i'

O6uas xapaKTepvcrllKa sJIeMerIToB uerneproft rpyrrnbr. Mnnepanrr rvrrala,rlrrpKoHr4fl r4l

raQnu-a. B alenrrrrre co cror.rrr4.s gJreMelrroB rrerB eprofi rpynnrr.

MeranlzqecKl{e rI{TaH, qrapronzft, ra$Hrzft. (DIagu.recrc{e H xr.rMr{rroctflze cnoftcrnd;

cnoco6rr [olyueHufl, or{HcrKa MeroAoM fioAuAnoro paQunuponalkrfl. flpuueneunq

MerarruqecKr,rx rrrraHa, rlrrpKoHux,ra$uux ra crIJraBoB Fra rdx ocHoBe. 
I

Coe4I,rneHI,It oJIeMerIToB rrerBeproft rpyunu co crerreHbro oKr4cJreHrax (IV): oKcr{Abr r,r

rI,I.4poKcI,I.4rr. MarepraaJlbl Ha ocHoBe oKcr,rAoB (IV). Tur:aHonrre 6elrata.Tutanarr;r, rlr{pKoHarbr,

ra(fuaur, rIbe3ogJreKTpI4Kr.I Ha ocHoBe rr4TaHaroB u rllrpKoHaroB. Eesno4ur,re pi

rIrAparI{poBaHHbIe conlz r{elblpexBaJlerrrHbrx rHTaHa, urrpKoHr,rr{, ra$nur. falorenra4brrr4Tala:h

ero aHzuloroB, I{x rIoJIyrIeHI4e, crpoeHl{e, cnoficrra, npuMeHeHr{e. ,{pyrlre 6znapHrio

coeAI,IHeHIlx rap6ra4tr, HI,ITpI,IAII, cyls$ra4r,r r{ Marepr.ranbr Ha lrx ocHoBe. Ilepoxcocoeluuend}i

rzrana(IV). KounneKcHbre coeAlzHeHr,lf, trerbrpexBaJreHTHbrx rkrrala, rlllpKoHnf,, ra$nvxi

llpuueHeHr4e coeAr,rHenufi ru:rana, qrrpKoHrra, raQnra.a.

Banagufi , nuo6ufi, TaHTaJr

O6rqas xapaKTepl4cll{Ka gJIeN{eHToB nsrofi rpyflru,r. Haxox4enr,re B rrpr4po4e. Mrauepalu

luuo6us.vralTura. BareHrrnre cocrosHr.rs sreMeHTos nsrofi rpylrrbr. Merannu.recKr4e nana4u*f

uuo6uit, TaHTiur, Irx $usnvecrue u xr4l{[qecKr.re cnoficrna, rroJryqeHrre, npnrr,renenndi

Baua4uenr,re crilrlll. Coe4unenufl grleMeHToe n.f,rofi rpynlbr co crerreHbro oKrdcJrennx ffJ:
OxcraArr BaHaprrx, nuo6un, ranrana(V), uonyuenue, cnoficrna. Bana4r,rfi(V), nuo6zfi(V) #

ranran(V) B BoAHbrx pacrBopax. Bmasnae pH cpe4u Ha cocro.rrHrle rdoHoB 3JreMeHToB nsrofi

rpynnbr B BoAHbrx pacrnopax. Bana4arrr, uuo6alu, TaHTaJrarbr [oryrreHr,re, csofictsa.

BesnoAHrre ranofeHzAr,r. I-lleporccrrAHbre ooeAr.rHeHr.rs. Bauaqtrtr(V). KounrleKcl{bte coeAuHeHI,I-f,

Bar:ailkrfl, uuo6ux, TaHTaJra. I4gvrenenue ycrofiuuBocrr4 coeAr4HeHrrfi c errcmlrlr,nl,I I{ nprsrrruNa?i

aTerreH.flMl4 oKr{cJreHlrfl B pfl,4y BAHAI.IiII.d -TaHTaJI.

Xpou, uo.nu6Aen, no.nrSparu

O6rqa{ xapaKTepr,rcrr{Ka 3JIe},teHToB ruecrofi rpytlrlbl. Mnnepalst

nolr Qpaua. B anenrur,re co oro-rlHl4fl 3JIeMeHTon lrecroft rpyrlrlbl.

Meraril,t-{ecKr,re xpoM, uoma64en, nonr(fpau. @ugu.{ecrue pr xI,IMI4r]ecKI,Ie cnoficrnaj

cnoco6rr flonyrreHrlf,. Kzcnopo4Hbre coeAr4HeHr,rs xpoMa, uonu6Aena, nolr(fpava co creneurib

oKtrcJreHlrfl (VI). Oxcu4 xprorr,ra(Vl), nonyreuue, cnoficrsa. KlacrorHo-ocnoBHoe paBHoBecI,Ie B

BoAHbrx pacrBopax xpoMaroB. OrcuArr nrorz64ena u nonrsparvra (VI), [on).r{eHl4e, cnoficrnal
q"

Monu6AenoBas r4 nons$palrroBar Kr4cJrorrr. flonr,rveptnarlvrs. tuoma64enoeofi ta nonrtpparvronofi

Kr4cJror B rroAKlrcneHHbrx pacrBopax r,rx co:refi. fereponorucoeAl{HeHkrs. Ha oaHoBe 
i,

,iii

.'1
!i.

- , '\''
xpoMa, MoniloneHa;

-l



-'i .

MonLI6AeHoBofi LI BoJlb$parMoBofi Klicnor> rroflyqeHrre, crpoeHr4e, cBoficrBa r{ rrp[r\4eHeHrre:

CoeAusesu{, coAepxalqI4e xpoM, Monr{6Aer{. Bonb(bpaM B Hr43rrrux crerreH.f,x oKprcJreHr,rr.

llporzsno4Hble xpoMa(II) orcua, rr4ApoKcr44. llonyuenne colefi xpoua(Il) xnopr4Aa;

cylr(para, allerara. Boccrarroel{Tenbnble ceoficrna coeAprHeHlrff 4nyxnaneHTHoro xpoMa.

Coerunenras xpoMa (III) oncua, il,rApoKcrrA. Coru rpexBaJreHTHoro Xp,oua r4 xpoMr4rbli

fI,I4paruax Ir3oMepl{t cone.fi xpoMa (III). KounJreKcHbre coeAr4HeHr4r ra 4noftnbre conr4 xpoM.?

(rrD.

Kraclopo4Hble coeAnIHeHIls Moru6Aena u nonr,(pparr,ra B Hr,r3rrrr{x crerreHrfix oKrrcneHrrJi;

oKcIrAbI, ruolIa6AenoBble rI nom$pauonrre "cu*r4", noltspauonrre 6pousrsr. faloreuu4nt

xpoMa, rvronu64eHa, nolrQpanaa. lrlgueHerrr{fl cocraBa Bbrcrlero faJroreHr4Aa B pflIy xporvr :

nonrtpparvr. Or<coranoreHLIAbI (xnopucrrrfi xporraun). lleporccr,r4nrre coeAr.rr{eHrra xpomdl

HaAXpOMOBa.s Kr4ClOTa, HaAXpOMaTbr.

Mapraneq, rexnequfi, penufi

O6rqas xapaKTeprrcrllKa gneMeHToB ce4srvrofi rplrrnbr. Mrauepa"nu nrapranijbil

Baneurur're cocro.uHllf, MapraHua, TexHerlr{r{, pentrs. flolyreuue Merarrr,rqecKr4x MapraHr{a;

TexHeIII,Ifl, peHI4S. cSOftCrSar r,r npr4MeHeHr4e MeTauruqecKoro MapfaHrla rr efo crtritBoB. rl l

CoeAuuenut, coAep:xalqrle gJreMeHTu ce4rrraofi rpynnbr B Bbrcrrrux crereHsx onr,rcreHr,r-si

Maprauqonas.LrMaptanlloBl4crat Kr{cJrorBI, nepMaHraHarbru MaHfaHarr,r: rroJlyleHr{e, ceoficrna,

npI4MeHeHLIe. OruclvrreJlbHo-BoccraHoBrrreJrbHbre pearUr{r{ coeApruenrafi uapraLuqa(Vll) ra (VI)i

BnusHue Ha oKI{cJII{TeJIbHo-BoccraHoBI4TeJmHrrfi [poqecc KoHrleHTparlupr r4oHOB BoAopoAa B

BoAHbx pacrBopax. lleprexnarbl I4 rleppeuarr,r, cocraB u csoficrsa. CoeAraueur4J{ MapraHrra(V).'''

Coe4zueuux uaprauqa(IV). Otccu,4 laaprarrqa(IV), crpoeHrre, csoficrBa. Cori,i

rvrapranqa(IV) v MaHraHI,ITbI lonyqeHue, cnoficrna. OrncnzrelbHo-Bocclanonurenrnrib

peaKrlr4r4 c f{acrr,reM nrapranqa(IV).

Coe4raneHr,rfl, coAepxaurre 3JreMeHTsr ce4rrroft rpyrrnbl B Hr43rrrux crerrelr.flx oKr4cJreHr4-n.'

Mapraneq(Il) u (III). OrcLr4sr, il.IApoKcl.rAbr, lax rronfreur4e, cnoficrea.

Xenero, r<o6arsr, Hr{KeJrb

O6lras xapaKTepr{orr.rKa xeJre3a, ro6amra, HrzKers. Mltrepamr xeJre3a, ro6alrta,

HI4KeJUr. llonyreuue )KeJre3a BoccraHoBneHr{eM xeJre3Hbrx pyA BoAopoAorvr r{nrl oxcaA'orur

yrnepo4a(Il). ,{ouennrrft npoqecc [oryqeHr{jf, rryryHa. BrrnnasKa crurLr H crrJraBoB. 'N1

' L:'"

@r,rsu.{ecrue 14 xr4Mr4qecKr,re ceoficlna MeraJrJrr.rqecKoro meJre3a. llonyueuue ro6anrra }.i

HrrKeJrr raa cylr(fuAubrx py4. CnoficrBa r4 rrpr,rMeHeHr,re MerirJrJrrrrrecrr.rx ro6anbra, HI4Kers.

Banenrnrre cocrof,Hus gJreMeHToE Tpr,raAbr xeJre3a. ?Isr4eHeH[e ycrofiul,IBocrl{

coeAIrHeHI,Ifi c nr,rgruraMr4 Ir rBrIcI[I,IMI,I orerreHrrMl4 oKI{cJIeHI4.t{ B psAy )I(eJre3o - Hx,IK:eJIb. 
,

i'1.



Coe4r'rnenua xeJle3a B pa3rlrqHbrx crerreHrx oKr{cJreHlrfl. llpo6.nenaa [onyqeHr.rt

xtenesa(Vlll). @epparbr KaK npol{3BoAHrre x(erre3a(Vl). lloryqeHr4e u cBoficrBa Sepparop.
Coe4rauenur xenesa(Il!. Or<cuabl, coAepxarrlrae lroHbr Fe3*: oxcu4 Nenesa(III), cuenaunrre

oKcI'IAbI. Colu Nelesa(IIJ.), pr" rllAponr{3. fu4poxcrn4 Nenesa(III). llolyueuue r,r cnoficrng

fieppnron, Lrx [pI{MeHerI[e. Coe4rzuenur Nenesa(Il). Oxcu4, rronyqeHile n cnoftcrna..

fr,r4poxur4 Nenesa(Il). co.nrz Nenesa(Il). co.ns Mopa. Kap6oHarrr Nenesa(Il).

Konanlerurble coeAllHeHrrfl )KeJre:a(II) u (III) c HeopraHr,rqecKr.rMlr [r opraHr.rqecKr4Mrl

nI4raHAaMI4. Blzsnue KoMrIJIexcoo6pa:oBaHvIs. Ha oKrzcJrr,rreJrbHo-BoocraHoBr,ITeJrr,Hr,re

Ilpoqeccbl B pacrBopax, ooAepxarlklx Neneao(Il) Ir Nereso(III). KounJreKcHt,re coe.rrr.rHeHr,r{

xene3a c oKcPIAoM yuepo4a(Il) (rcap6onzm,r) u qrzKJrorreHraAr,reHoM ((peppoqerr). Ponr xenejh

s 6 LrororuqecKrrx flpoqeccax (renaorno 6nH, rrr.rr€rrrr{e p acreuufi ).
tX

Coe4zneHug xo6alr,ra (II) u (IIf. OrczAbr, r'r,rApoKcr,rA6r. Cpe4nrae pr ocHoBHbre conti

ro6anrra(Il). Qropu4 ro6a-nrra(Ili). CpanneHue ycrofi.rnnocrr{ KoMrrJreKcrrbrx coe4ranennfi

xo6anrra(Il) u (III). Vclonzs cra6zrnsaqnu ro6amra(Ilf B KoMrrJreKcHr,rx coe.4lrHeH1rflx,

oKcI4Aax, (fropz4ax. Kap6clnunrr xo6ansra.. ilpzrr,reHeur.re coe.4rzHeuzft ro6alrra. ;r.

Coe4Ianeurax nrzxenx(Il). OrccrE4, rrzApoKcr{A. Conz nnrcenx(Il). KouuneKcHbre

coeArIHeHI'I{ uurenx(Il), vx crpoeHl,Ie. Kap6oHral HraKers. CoeguneruEx Hraxenx(Ill):

llplalreneulle coeAI,IHeHuft nraren.s. ' ':'l'iir

fl.rrarunosbre 3JreMeHTbr

O6rlafl xapaKTeplrorllKa rIJIarI,IHoBbrx sJreMeHTon. CavropoAHafl rrJrarr{Ha. Irlsnre.reu6$

3JIeMeHToB rpyrlnbr rIJIarI,IHoBbD( MeraJrJroll trs pya. @zsu.recKr,re u xlrMr,rrlecKr{e csoficrsj

MeraJIJIoB, I'IX [pI4MeHeH.[e. 3axonolrepuocrr,r B pr3MeHeHr{r4 ycroftvunocru xapaKTepHbrx

crenenefi oKrrcJreHpr{ B coe:Ar4neHr,r.rrx IrJrarr,rHoBbx gneMeHToB. Coe4raneHr,rflpyrenrrfl 14 ocMru B

crerlenlz oKI4crIeHIrt (VIID. Conu poaru(Ill) v rzpuaux(Ilf. Coe4znenur nallaarar(Il),

nlarraHrr(Il) u (IV). fexcaxloporlJlarl{HoBa.f, Kr.rcJrora r4 ee conn. @ropra4rr rrJrarr4Hbr. 3Ha.reHlrb

KoMrIJIeKcHbrx coe4anenvrfi B xuMI,Iu rlJlaruHoBbrx gJreMeHToB. Crpoenue ra ceoficrB;

KoMrrJreKcoB rrnarr.Hbr(Iv) a (II).

Me4r, cepe6po,3oJroro
{r;
.ru

O6rqag xapaKTepI4crrlKa 3JIeMeHToB. flpz.rranrr HaxoxAeHr4{ B npvpoAe 3oJrora, cepe6pd

I4 MeAI'I B caMopoAHoM cocroflIJrrLr. Me4nsre pyAbr, rrpr4Hrllrrrbr ne-pepa6o:rxu cynr(fra,qnrrl

MeAHbrx pyA 14 paQunnponanur MeAI,r. llepepa6orra rprrpoAHbrx coe4uHeur.rfi cepe6pdl

I'Igsre'{eHl4e cepe6pa LIs orxoAoB nepepa6orr<n rroJrr4MeraJrJu4r{ecKr.rx .pyA. llpunqzurr

MerannypfHlz 3orlora. @[:lr,r-recKr4e I4 xI,IMI.drrecKI,Ie cnoficrea MeraJIJII,IqecKID( MeAI,I, cepe6pa';

3oJlora. flon.srue o npo6e. llpzueuenpre MeALr, cepe6pa r{ 3oJrora, a raKx{e r4x crrJraBoB :ri

i

i



, 

'i1

CoeAuueuux ueau(ll) u (I). OxcnAbr, fr4ApoKcr4Abr. [ucnponopqproHr{po]raHr.re rvreau(I).

Conu rvreau(Il) u (I): uonyqeHrre, cnoficrna, il.rAponr.r3. BaNneftnue KoMrrJreKu{bre coeAzr:ne:nprfr

ueau(Il) r (I), I4x cocrall I4 crpoeHlre. Ooe4unenux rvreaur(Ill): Kynparbr,; neprroAarbr kr

rennyparbl ueau(III). llpr.rvreneHue coe4zHenrafi MeALr. Mear(II,IIf - cooraBHar qacrb

MarepI4anoB co csoficrnaN,Iu BTCII. MeAr(II) - uaxnefiruufi 6provreralu. Toxcz.rHocrr

COeAIIHeHI{LI MeAIz.

CoeAIEneHnx cepe6pa(I): oxcLrg, rIrl(poKcr,rA, pacrBopr4Mbre r4 HepacrBopr{Mbre coJrr{.

falotenn4utre, aMMI{arIHbIe LI ruocyn Sarnrre KoMrrneKcHr,re coeAuHet{r4s cepe6pa(I),

nonf{eHlre, crpoeHl4e, ycrofiuznoctr, cnoftcrna. llpznqrrnbr npoqeccoB $ororpa(fupo"urr""i),
cepe6penrzs. YcrrosIas cra6unrasaquucepe6paB crerreHr4 orracneHr.rx(Il). i

OrcIa4u sonora(I) u (III), pIX rllAparrr. Ayparrr. Conu r,r KoMrrJreKcr{bre coeAuueunf

3oJlora, I{x cocraB, crpoeHlre, csoficrna. IrI:lNreHeHze xapaKTepHbrx crerrenefi onr,tcnenu-a n pl4}

Me.IIb - 3OJIOTO.

Ilunrc, raguufi, pryrb :1

O64ax xapaKTepl,IcllrKa. Oco6eHnocrrz crpoeHr4fl oneKTpoHnrrx o6oroqeK aroMoB ii'

IIr,IHKa, Kan;ukrfl, pryrrr. 'i,
:-

Munepalnr qI,IHKa, cyrs(fr,r4nrre rroJrlrMerarrlrqecrs4e pyAbr KaAMr.rs 14 pryrdl

@rasu.{ecKl,Ie ll xr{Ml4uecKue csoficrea qIrHKa, KaAMLIq, pryrl,I. llony.reuze r,r npHMeHeHI4e

MeraJIJIrrqecKI4x III,IHKa, Kap.MLrg., pryrlr lI llx crIJIaBos. AMansraNmr.

llsN{eHeH[e rI{IIa cBlr3lr B coeAr{HeHr,rrx AByxBi}neHTHbrx ur4HKa, KaAMrrr, pryru.

Au(forepnocrr qunra(Il). Kounnexcnr,re coeAr,rHer{rrr qranra(Il), ra4rraraa(Il), pryrra(Il)l

lonyrreHlle, cocraB, ycrofiuunoctr. AuraAnbre coeAr4HeHr4s pryrr.r. Coegranenur pryrra(I): oKcrrA,

rr4ApoKcr.rA, rroJrylreHr{e, orpoeHr.re, cnorZcrsa. ,{ucupouoprlr4onr,rpoBaHr{e pryru(I). Co.nLl
il

pryrn(I). Karouem. llpzur:neHrre coeAr{Hennfi qznra,Kap;v':as, pryrr.r. 
;

Ifranrco4epxtalque tfepuenrrr (ua rrpzrvrepe rcap6oanrr,rApa3br, xap6orccanenru4a:rr), ux

6uororu.recKar ponb. Torccrz.rHocm coellr4HeHr{fi r<aAnaus H pryrrr. Cnoco6rr ycrpanenud

3apa>xeHllf, rroMerrleHr4 fi uelannra.recroft pryrbro.

Eop, a.nrouurauit, rarlufi, uraguil, ranlrufi

O6rqas xapaKTeplrorrlKa 6opa. Ilpravrana upeo6ra4aHvx y 6opa E:eMeraJrJrrrrrecKllx

ceoficre. Muneparrr 6opa. IrlcuomgonaHue 6opa n r4epuofi oHeprerr4Ke. 1

llonyueuue 6opa, ero $rnsuvecxlre u xr4Mr.rqecKr.re csoficrea. CoeAuHeuur 6opa't

MeraJrJraMr4 \r HeMeraJrJraMr4. Hurpu4 6opa, reKcaroHaJrsnrrfi v xy6uuecxuft (6oparou).

falorenz4rr 6opa. HeropranuuecKr4e rronr4Mepr,r Ha ocHoBe coe4znenufi 6opa,

Terpa(fropo6opnax KkrcJrora, ee coJrr,r. Eopa:or - aHirJror 6ensora.



flolyuenrze, crpoeHlre, cnoficlna gu6opaya (rpexqeurpoBatr AByxsJreKTpoHHa.a cnx:r).

Ift'Icnopo4nble coeAl4HeuLr;r 6opa. Oxor4 6opa(III). IiopHue KrrcJrorbr, r{x coJrr.r. floryrenze,

crpoeHl'Ie 6ypsI, ee rl,IAponus. llepepa6o:rra 6ypu n 6opnyro Kr,rcnory. CnoNsrre eftuprr 6opHoft

KltcJIoTbI. 
j-,

llpraueneHr{e coeAr,rHeuufi 6opa. 
),

O6rqas xapaKrepnc;TuKa arroMr4Hr4s. Munepa-nbr aJTroMr4una. llepepaborna 6orcura e

oKcI'IA anIoMI{HI,Itr. Ponr aJIIoMocLInI4KaroB n neNzeoft rrpupoAe (rleolraru, rlunrsr).

llpoz:no4crno MeraJIJII,IqecKoro aJIIoMT4HI{g. Ozsu.recxve r,r xl4Mr,rqeoKl4e ceoficrna

alroM LIHr.rs. c nn ae tr aJIIoM I,rHIzfl , r4 X IIpIAM eI{ eHr{ e.

Orcz4 IIJIIoMI4HI{f,(III). I4cryccrBeHHbre py6nnu. fra4porcra4 aJrroMt4Hrrrr, "crapeHue,' 3:l

cqer rrpoqeccoB oJISIII4I4 pr oKcon-f,rlr4r4. fragponug coleft arloMnHr,lfl M anrouunaroHl

Korrrulercuble coe.ql{Hennir tr 4nofiurre coJra aJrroMvrHvtfl. llonyreuve rr crpoeHrae 6esno4nrr*

raJIoreHI4AoB anIoMLIHI4lL fluaroHalrnoe cxoAcrBo ceoficrn coe4raneHraft \eputtmn w

IUIIOMLIHI4'

fia4pz4 arloMraura]f, kr rt4Apl,IAoanroMr,rHarbr rqelorrnbrx greMeHTo,B. llpuueneuue

coeAr,rHeHr,rfi anroNrunlas. ,r.

O6qas xapaKTepI,IorI,IKa gJIeMeHTOB rroArpyrrnbr rarrr,r.f,. latttuit, uwgnfi., rar'luft -
paccetHHble 3JIeMeHTsr. Oragz.recKl{e I4 xI,IM[qecKI4e ceoftcrsa MeraJrJILrqecKID( FaJIJI]rg, zn.qraii_:

T',ar','rg., 
'nx 

,,onrle Hne v,,pIIMeHeHI4e. i:

Baneurnue cocrottHrls gJIeMeHToB rroArpyrrnbr faJrJrl{r. ZsNreHenue ycrofi.ilr

coeAI4HeHLIft, co4epNarqrax rannnft,ulr^4ufr.uratluit B crerreHrir oKr4crenr4.f,(Ill) n (I). Cnoco6dl

nonf{eHl4g oAHo I{ TpexBi}neHTHbx raJrlrkrfl, lrnrLrfl, t4 Turrrus' Oco6enuocrr,r oKrrcJrr{TeJrbHo-

BoccraHoBI4TeJIbHbIX cnoficrs coe4uneuzfi TaJrJrr{r. CxoAcrno coe4raneuxfi rannrax(I) u

coeAr,rHeHr,rir. py6ugux. c o.qnofi cropoHbr, z cepe6pa(I) - c apyrofi.

Av(forepnocrb oKcI,IAoB 14 rI,IApoKcr4,AoB TpexBaJreHTHbD( raJrrrtrfl., kr:r^rLrs) TaJrrrvs.. Conu

I,I KoMrIJreKcHbre coeAI4HeHrIfl taJrrrvrs.,vu4rts.,Tatrrrkrfl. llpraruenenue coeAuHe:uuit rctlnx,uuguii
TaJrIrr4s- B rlonynpoBoAHl4x:oBofi rexnl.rre. Apcenug raJrrrzrs. KaK ocHoBa HoBoro [ororeHus

lonyrrpoB oAHrzKoB. Tolccu.ltHo crb co eAI,rHe uuit t utlus.
i;l

'liYr.repo4, rcperrlnufi

O6uas xapaKTepl{crl4Ka yrnepoAa. Oco6ennocru gneKTpoHHoro crpoeHr.rr arorua

yrnepoAa, o6yclonnnBalonllle ]rrl{KanbHylo onoco6uocrb groro sJreMeHTa o6p,a36s"t"au cns:i,i

C-C pa:nuuuoft rparHocrl{ rr cBfl3r4 c aroMaMr.r Apyrt4x sJreMeHToB-HeMeraJrnon. Mnoroo6pasne

opfaHnqecKr4x kr HeopraFrlrqecKr.rx coeguneuufr. yfJrepoAa, BelJreHTHbre (b,oprtlu yrnepoAai

PacnpocrpaHeHHocrb I4 Ll3ororlHnrfi cocran. I4cnonsgoBaHr4e r.r3orola toc 
An,r onpe4eitrenzfi

BO3paCTa apxeonoMqecKr4x o6rerron. (Doprr,rrr HaxoxAeHzr yrnepoAa B rrpr4poAe. . 
il



. :+r:jL

;i

IrlcxyccrneHHbre anMirbr r4 rpa$Iai."

canKr4. ArrunzponarrHbrft )Tonb KaK

KpzcrallraqecKas crpyr(rypa anMa3a. r4 rpa$r.rra.

Kap6un. (Dynnepeurr. llpurvreHeHlre aJrrvra3on, rpaQrzra,

IrornoTr4TeJrb r€t3 oB, rrap oB r.r p acTBopeHHbrx B erIecTB.

Xuuuqecrue cBoftcrBa yrnepoAa. Coe4raueHr,rf, yrJrepo"{a c MeraJrJravrn Lr neuerarrauui

BaNnefiurne rap6u4u, I,IX Krlaccu(fzxaqux rro rrdrry xnr4r,r-recrofi cBs3r4. X.ap6ra4rr ceprr

(cepoyrnepo4), asora (4lrIruau), KpeMHrrr (rap6opyuA), Nelega, nolrQparraa, raSuvrt, ropr{fl,

llpuueuenue rap6ra4oB B TexHI{Ke I{ xr.rMrd.{ecxoft [poMbrrrrJreHHocrrr B KarrecrBe r]rolnoBKr{}i;

Napocrofinl{x, BbIcoKorBepAbIX Marepl,IanoB, cocraBJrrrotqr{x KoHcrpyKUr.roHEbrx rr,rarepualon,

crarefi rr crrJraBoB, rrpr.rMeHeHr4e B cHHTe3e (xap6u4 Kanbrllrr r.r Ap.) l.

Cu:uutt:onas. KI{cJIora, rlpocrble 14 r(oMrrJreKcHbre rluaHrl4rr, I]uanaMprllbtr tueJrorrHbrx r4

IqerotIHo3eMeJIbHbIX gJIeMerHToB. Po4anucroBonopoAHas Kr,rcnora rr ee coJrr,r.

Knclopo4nrre coeAVHeHI,Is yrnepoAa. Orcra4 ylnepoaa(Il). Crpoenue rvroner<ylAi

(naero4rr MO kr BC). llonyveuue lr csoficrna oKcr4Aa yrnepoaa(Il). Ko,opAnnarllroHHbre

coeA[HeHI,I-s oKcI,IAa yuepoaa(Il) - rap6onrElu repexoAHbrx 3JreMeHToB. @ocreu rai(

xnopaHrI,IApI{A yrolsnofi KpIcJIorI'I. llpraueneHue oKcrrAa yrnepoaa(Il) e xuNar.rqecrbH

IIpOMbIIIneHHO CTI{ I,I B Kar{eCTBe TOTIJII,IB a. ;,

OItcu4 yrnepo4a(I\/), [onf{eHr{e, crpoeHr4e MoneKynbr, SusuuecKr4e r4 xr4MrarrecKr4e

ceoficrsa. flpnuenenrle yfneKI4cJlofo ra:a. YronbHzur KlrcJrora, ee crpoentnl Lr ceoficrsa]

Kap6ouarrr, fl,IApoKap6ouarrr, I4x repMr,rqecKa{ ycrofiuunocrr,. llolyrreHr,re ta rrpr4MeHeHr,re

rap6anuga (uovenr.tmr).

O6uas xapaKTepvcrl,IKa KpeMHr4r. Pom coe4u:uoauit KpeMHr4s B rrocrpoenpru sertrofi

Kopbr. OcnosHrre rpelr,tnuficoAepxalque Mlr epanbr: KBaprI, crrJrr{Karbr, aruoruroculuralilI

(nonenofi rrrrrar, cJnoAa, ac(iect, raolun). 'i.i

KpucrallraqecKa.f, crpyKTypa KpeMHrrf,. lloryuenue KpeMHr.rs. Grugraqecrpre lr

xI4MI4rIecKI4e cnoftcrna KpeMHI4.f, - rlpocroro BerqecrBa. Kpeunafi - [onylponoAHzii.

CoeAunenu.t KpeMHI,Ifl c MoruIJIJIaMr{ r4 HeMerarrJraMr4. CulurlraAsr, rrx KJraccn{lurcaqur rro rr4ny

xz\,fia-{ecrofi cBq3kI, [pI,IMeHeHI4e. cOeArAHenLrX KpeMHI4{ C falofeHaMl4.

fenca(propoKpeMHl,IeBa{ KllcJlora, ee coJrr4. Kap6u4 KpeMHr,rr r4 Marepr4anbr Ha ero ocHoBe.

CoeAunenras KpeMHu.s c BoAopoAoM. Crpoenue cr.rJraHoB. flonyueHue, cnoficrna,

rIprrMeHeHI4e. Pasllaqut B TepMllqecr<ofi ycr:ofiuznocrr4 yrneBoAopoAoB r,r cunaHoB. ji
KucnopoAHue coeAlrHeurrr KpeMHr4r. Orcu4 xpeunur(IV) - rroJrr{Mop$Hrre

Ir,ro4uQI,rxaquu. llpupo4nue pa3noBr,rAHocrrr oKclrAa rcpenrnnr(IV). Kpeuunerntre rraclorril
:'i-

Cururarenb, noryueHl{e, [p[MeHeHLIe. 3o;r, pI fenb KpeMuueeofi KLtcJrorb]r. Culurarsr, ux

fI{AponI,I3. cOnperrteuHble [peAcTaBJIeHr{f, o cTpoeHvkr ckrrrvKaton. ocuosHbre T'r,rrrbr cTpyKTyp



OI4JII4KaTOB: ocrpoBHbre, IIeIIHbIe, cJlollcrble, TpexMepHble. I4cKyccTBeHHbre ctaJlr,rKarbl: crelgra,

CIIT'LIIJIbI, IIeMeHTbI, [pI{Hn[I4nbI npOMbIIIIneHHOTO IIOnf{eHIIt CTeKJIa LI IIeMeHTa.

Orcz4 KpeMHr{-{(II), nolyueur4e r4 cBoftcrBa.

Iepruauufi , oJroBo, cBrrHerl

O6uras xapaKTept4crl4Ka oJIeMeHToB noArpynrrbr repMaHr4r. pacryrocrpaHer{Hocrp

repMaHllt, oJIoBa, OBI4HIIa. fepnraHufi - pacceflHHuft enerraenr. MuHepanbr oJroBa r.r cBr,rHrla.

llonyreuze repMan[Ls, ero SuszuecKr.re u xr{Mr,rqecrrae ceoftcrna. feptrauufi rar
e axHeft mufi uarepzan c [onynpoB oArlr4 KoBE,rMra cs oft crsaMr,r.

llolyueuue MeTiIJIJII{qecKoro oJIoBa vg Kaccl,ITepr,rra. Ozgu.recKne u xI,IMurrecKI,Ie

csoficrea onoBa. llpnueueHl4e oJIoBa Ir ero crrJraBoB. lloryuenue MeraJrJrr.,rqeoKoro cBr4HrIa, ero

pa(fzuzponauue. QusvqecKlle v xlrMl4qecr<ue cnoficrBa, rrpkrMeHeHr,re cBr4HrIa u ero crrJraBoB.

I4slueuenze oKI4cJtrlTenbHo-BoccraHoBr4TeJrbHbrx cnoficrn coe4zneurafi, coAep)Karrlux

3JreMeHrbr B crerreHr4 oKr4cJreHr.rs(IV) u (II), uo prAy fepMartuit - cBr4Heu, I

Baxnefiurae coerrlHeHrrt repMaHur(IV): oKcr,rr repMaHr,rr, repMaHarEr, Terpaxnopr,rA

repMaHllfl , rr,rAprrAbr repuauux(IV). C o e4nHeHr4.fl repnaanzx(Il).

BaNnefturrle coeAI,IHeHux onona(IV) u (II): r4x ronyqeHr4e, cocraB, crpoeHrre, cnoficrna,

Oxcu4 onona(IV), oJIoB.flHHbre KLIcJIorbr, craHHarbr. OxcuA r,r rr{ApoKcz4 orona(Il), craunurrr.

Xlopz4rr onona(IV) Lr (ID. Cynr(fr,r4r'r onona(IV) v (II), rrrocraHHarrr, Orcracnrarenrno:

BoccraHoBI4TeJIbHbIe ceoficrea coeArrHeHl4fi cllona(IV) v (II). llpuueHeHpre coeAr.rHeuIafi onona.

BaNHefilrze coe.4x.IHeHLI.a cnvnqa(Il) u (IV): oKcr4Abr cnznqa(Il) u (IV), cypnr'i

nnron6arrr, ultonr6atrr. Pacrnopl{Mbre ri HepacrBopr4Mbre coJrrr cBrzHrIa(II) u (I'V). Cnnnqonrib

6etnli'a. faloreuv4u z cylr$I4Abl cBr4HrIa. KolrnleKcHbre coeAr{HeHr4x cnranqa(Il) u (ID]
CpanHenze OKI,ICJII4TEJIbHO -B O CCTA]IOBI4TEJIbHbIX. KI4CJIOTHO-OC]F{OBHbIX M

KoMllJleKcoo6pasyroqux osoficrn cnraHu;a(Il) v (IV). llpuvreneuue coe4,rauennft cezHrld:

cnznqonrre aKKyMynsropr,L Toxcra.ruocrb cnrrHlla r4 ero coe.4 unenuit.

Aror, {ocQop
O6uas xapaKTepl,Iorl{Ka a3ora, PacnpocrpaHeHHocrb r4 HaxoxAeHr.re a3ora B rrpr4poAe.

Crpoenue MoneKynbl a3ora (rraerorlr,r MO u BC). VuzriurbHr,re Qzsuvecxzrc v xr4Muqecxzti

csoficrsa MoneKyJUIpHofo ia3ora. ConocraureHr{e gHeprerr.rqecrrrx xapaKTepricrr{K cBr3efi asorlt

a3or, yfnepoA - a3or, yfnepor - yrnepoA. llonyreHme inora n :ra6oparopr,rz vr

rrp oMbrrxneHHo crr.r. llpuuenenrre MoneKyJnrpHoro a3 ora.

Conpenaenuble Mero.4bl cBfl3blBaHr{r aruocsepFrofo a3ora tcrzHTe3 aMvrvrar(a, oKcr,rAa ';

asora(Il), rlr4aHaMrdAa KaJrbrlr,rr, HprrporeHr4Jrr,Hbrx r<orr,rulercon).

Arvrvuar. crpoeHur:, Suarzuecxue !r )erMrrrrecKrre ceoficrna. flory.renze aMMuaKa B

la6oparopuu. CxraxeHlre aMMlrarca. Or.rsr,rKo-xrrMr{rrecKrre ygnoBr4f, npoMbrrrr.IreHHoro cuHresi,



i
aMMI4aKa. Kararzsaropbl cI4HTe3a aMMrraKa. Pannosecue B3ar,rMoileitcrnus aNrMr,raKa c no4ofi,

flz4parrt aMMI4aKa. llpo6:renaa cyqecrBoBaHkrfl rr4rpoKcr4Aa aMMoHrr.f,. Coln aMMoHr4.rr, r{x

[onyqeHlle u cnoftcrsa. Crpoenue KarlroHa aMMoHr,r.rr. Tepnaz.recxax ycrofte[.rBocrb colefi

aMMoHI'lfl - [poLI3BoAHbIX saNueftml4x MldHepanbHbrx K]rcJror. fra4ponus coleft &MMoHtr.rr,.

flpraueHeulae aMMLIaKa v conefi aMMoFrr{tr. Arr,ruuararrr KaK rrpr4Mepr KoMrrJreKcHbrx

a3orcoAepxarqux coe4r,rnenuft .

HurpIa4rt c rnonnoit, KoBaJIeHTHoft cssgrrc, MeraJrJrorro4o6nrre Hr{Tpr,rAr,r. fra4pasraH rz

fIrApoKcI,InaMIrH, cocraB kr csoftcrsa. Cpannenue ocHoBHbIX v oKr{cJluTeJrbrro:

BoccraHoBllTeJlbHbrx cnoficrs aMMlIaKa, rl4lpa3r4Ha r4 rr,rApoKcr,rJraMrrHa. Agorucroso4opo4uah

Kr4cJrora r4 ee coJrr{ (a:uarr). fanoreura4br unora, rax csoftcrna. ir

Kucnopo4ubre coeAr4HeHlrr a3ora. llpzpo4a cB-r{3r.r a3or - Kr,rcJropoA.

Cocran, crpoeHlre I{ 3aKoHoMepHocrr,r B r,r3MeHeHrara csoficrs oKcr4AoB alora. flolyrenue

oKcIrAoB a3ora. Cxeua MCt Ans NO. PaguraJrbHbre peaKrlr,r[ NO (n:auuo4efiornrae c Oz, ClzI

NO2 @earu[r,r Hrrrp o Banurfl opraHr,rqecxux n erqecre).

flonyuenve, crpoelrl{e n ceoficrsa a:orucrofi vr agornofi KHcJrol: ycrofivueocrrl

KI,ICJIOTHrIe I,I OKITCJITTTeJIrEIO-BOCCTaHOBI{TeJu,uIIe cnoftcrBa BoAHbfx pacrBopoB. 3aeucr,rN{ocri

cocraBa rIpo.4yKToB nsauruo4eficrBlrq asoruofi KrrcJrorbr c MeraJrJraMr4 or Konqei{tparlfil
.ti

KIrcJIorbI I{ [pLIpoALI MeraJI.[a. Hurpr,rrrr r{ Hr{Tparbr, [oryrreHr{e, cnoficrna, r,rx polb B TexHlrKe.

O6qas xapaKreprrorl,IKa $oc(fopa. PacupocrpaHeHnocrb (foc(fopa u (poprvrsr ero

HaxoxAeHr,rf, B rrpupoAe. Baurenrnbre cocrorrHr,rr (foc(fopa. 1

Aruorponnr,te lto4a(f uKar\vIr4 $ocQopa. Ycrosus cra6zlr,uocru 6eloro r opu."o.J

Soc$opa. Crpoenue 6enoro I,I KpacHoro rfocQopa, $usu.recKrre rr xrzMr.rqecKr4e csoftcrna.

Cne.reH[e (foc$opa. Bsaral,ro4eftcrBue $ocsopa c MeraJrJraMrr r.r HeMeraJrJraMr4. flonyueuue'ia

rrpr.rMeHeHr{e Kpacuoro u 6eloro (foc$opa B rrpoMbrrrrJreHHocrrr. i'
. a.

Bo4opo4nrre coeArzHenux (foc(fopa. Cnoco6br noryrreHrax Qocrfuua. (lolu $oc0onu'{j

r,rx repMr4rrecKas rr rr4Aponurr,IqecKafl ycrofi uunocrr,.

(Doc(fr.rgu MerzurJroB, rron) {eHrre, cnoficrna. Tranrr xr,rMrrqecKoit cssrzu n (focQraaa>i

MeraJrJroB r,r HeMeraJrnoe. f anoreHr{Abr S o c(f opa, oKcoraJrof eHr4Abr.

Kucnopo4nble coeAaHenzx (foc(fopa - oKcr{Abr, Kr,rcropoAcoAep}Karqve KzcJrorbr. Orcud

$ocSopa(III), nony.reHple, crpoeHrre MoneKyru, cnoficrna. (Doc(f opucrafl, Kr{cJrora, rroJrf{eHlre,

crpoeHrre, ceoftcrna. (Doc(furu. (DocQopuoBarr4cras. Kr{cJrora, ronyr{eHrre, crpoeHr4e, ceoficrBdl

f uno$oc(f urrr. Ooc(f opuo Bara-s KtrrcJrora, ee coJrr,r.

Orcr.rA Socsopa(V), nonyqeHr4e, crpoeHue MoJreKyJrbr, csoficrna' llonyreuue ifa

B3ar{MHbre rrepexoAbr opro, ara(nupo) z nrera$oc$opnofi Kr{cJror. Crpoenne u ceoficrsa

Soc(fopurrx Kr.IcJIor r{ r{x coirefi. fi.r4ponns (foc$aros. llorraNdera(poc(famr. Cpannenze 
,



KIICJIOTHbX, OKIICJII'ITOJIbIIO-BOCCTaHOBIIT€nLHrX CBOftCTB V TepMUrIeCKOtft yCTOfiTIHBOCTT4

Kl'IcnopoAcoAepxarrll4x KLIcrIor $ocSopa(I), (IID, ff). @ocsopHbre yAo6peHrr{ r4 r\{orcrqr4e

cpeAcrBa Ha ocHoBe Qoc(paron. Pon' npon3BoAHbrx (poc$opnofi rucnorrr n 6rEoloruqecKr4x

npoqeccax

Mrrrunan, cypbMa, BHcMyr

o6rqas xapaKTepzcrlrKa gJIeMeHToB noArpylrrbr Mbr[]b.sKa. MuHerpurrr MbrrrrbrKa?

cypbMbl rr BI{cMyra. llony'renue MbllrbrrKa, cypbMr,r, Br4cMyra r,r3 npr4poAHoro cbrpbr,

Qusvqecrlre lr xvrMLrvecKl4e cnoftcrna, [pLIMeHeHLIe Mbrrrrb-f,Ka, cypbMbl, Br.roMyra. Cnltasrr

cypbMbl H Br4cMyra, crrJraB Byaa. :t.

BaneHrsrre cocroJlut4.f, MbIIIrb.rrKa, cypbMbl vr BLIcMyra. ZgueneHrae ycrofiuuBocrr,r

coeAI4HeHIrft, co4epxarrlux gJIeMeHTbI rroArpylrrbr MbrrrrbrKa B crerreHrl oKr.rcJrelnua(Ill) u (V).

Baxnefturue coeAL{HeHI4f, Mbrrrrbarca(V) n (III): oxcn4rr(V) u (III), rvrbrrrbsKoBar ,.r4

MbllrrbtKoBkrcra[ KIrcJIorbI, apceHarbr rr apceHr.rrbr. Cym(fra4br r4 TlrocoJrr4 Mbrrrrbrxa(V) a (III),

flpo-auenue arra(forepnbrx cnoficrn coe,4uneHr4.flMr,r Mbrrrrb.sKa. Cpanneuze oKr,rcJrr.rrenrn6lr

BOCCTaHOBIITeJII'HLIX LI KI{CJIOTHO-OCHOBIIbD( CnOftCre OAHOTI,IIIHrIX COeAI4HeHI,Ifi N6rnrsKa(V) 1a

(rr).

Kucnopo4nbre coeArrHeHI,ItI cypbMr,r: oKcrirArr(V) u (III), cyprMflHas. u cypbM.f,H7rerafl.

KI{cJIoTbI, aHTI'IMoHarbI I,I iIHTI{MoI{zrlr. CotocraBJleHr4e oKr,rcJrrITen6Ho-BoccTarroBI4TeJrbHr,IX u

KI'IcnorHo-ocHoBHbx ceoftorB coeAl4HeHrrfi cyprrvrcr(V) z (III). CocrosHue cyprruu(V) r.r (III) e
BOAHbIX pacrBopax. faloreHIaAbl cypbMu(V) ra (III), ux fr,rAponrr3. Cynr$ra4u r.r ruocoiill

cyprrr,ru(V) n (III). t.

BaNnefimr,Ie coermreHl,Ifl BprcNIyra(Illt) - oKcrrA r4 rr4ApoKclrA, coJrpr 14 oKcocoJrr{, cyrrc(fraf

nracuyra(Ilf. Cocro-sHlle nr,Icuyra(Il! B BoAHbrx pacrBopax. Coe4uuenal nucuyra(V) :

Br,rcMyrarbr, r.rx froJrrreHr,re rr ceorlcrsa KaK ctdJrbHefturu.x orr.rcnztenefi.

Bo4opo4nrre coeAl4HeHr4t MbIIIrb{Ka, cypbMbr rr Br4cMyra, rronyqeHlre, crpoenue!;

cn ofi crsa. Ap cenu4rr, aHTu MoHI{Abr, Bl,rcMyrrr4rr. lloryreHr4e, cn ofi crn a.

llpzuenenrae coe4lrnenr,rfi oJIer\{eHToB noArpynnbr MbrrnbrKa B [porvrbrrlreHHocrr4.,j

ToKcu.rHocrb coeAl,IHenzfi urrmrf,Ka, cypbMLI, Br{cMyra.

Kraclopog

O6uar xapaKTepr4crr.rKa Kr,rcnopoAa. Polr Kr.rcnopoAa KaK

gJreMeHTa s 6r4oror[qecKlrx r4 Mr{HepanbHbrx flpoueccax na 3eule.

Crpoenrae MoneKyJIbI KllcnopoAa c no:uqufi MeroAoB BC n MO. IlapauarHerr43M

MoneKynflpHofo KI{cJIopoAa, $r,Iszuecr<rae n xr4MLIqecKI,Ie ceoficrsa MoneKyn{pHoro K'rcnopoAa:

Crpoeune uonaO2* (nrero4 MO).

ii
.!1
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llonyreune KllcnopoAa n na6oparopzr.r v rpoMbrrrrJreHHocrr.r. Xv4nuft Kr.rcnopoAi

flputueHeulle MorleKyJltpHoro Kl,IcnopoAa. IJaxneftuu{e KucnopoAHbre coeArrneHlrr - oKcr.rrbr

SJIeMeHTOB - MeraJIJIOll kr SnelvrerrToB - FreMerilJrJIoB, rr,rApoKcI4AbI MerannoB;

KllcnopoAcoAepxarTll{e KVcJIorbI 14 r4x coJlr,r. 'Iunrr xr{MuqecKofi cs.f,sz B oKcrrAax, D,rApoKcr4Aax,

Kl{cnopoAcoAepxautlx KI{oJIorax pa3nuqHbx gJreMeHToB. OrccrE4rr sJTeMeHTOB - MeraJrJroB c

nepeueuuofr crerleHblo oKLIcJIeHI4fl. HecrexuoMerpl,rqecKl,Ie oKclrAbl. .KuMu.recKrae t
Sn:nuecrlre cnoftcrna oKcrzrAoB.

Ilepoxcu4tr u HaA[epoKcI4.4bI, HX rronf{euue, cnoftcrBa r4 rrpr4MeHer]r4e. Crpoenrae

r4oHoB Oz- u Oz2'c roqKr{ 3peHr.r-f, uero4a MlO. I

Oson, ero cnoficrBa, crpoeHl,Ie, lonfreune. flpnueHeHr,Ie AJrr o3oHr.rpoBanrrr Bo4rr'!i

Bo3Ayxa, B KaqecrBe oKr.rcJrrrreJur B crrr{Te3e. Osonugrr, rax [onyr{eHrae, ceoficrBa rr npr,rMeHeHr.rg?i

3le*rerrru rroArpyrrrrbr cepbr - cepa, ceJreH, TeJrJryp, noncluufi

O6qas xapaKTeplrcrrrKa gJreMeHToB rroArpynnbr cepbr. PacnpocrpaHeHHocrb, Sopnari

Haxo)KAeHrlr B npr.rpoAe sJTeMeHTOB rroArpyrrnbr cepbr (caruopo4uar cepa, cynrsartij

xaJIbKoreHI,rAbI MeraJIJIoB, opraHl4r{ecKl4e coeAr4HeHr{x)" Buonorvrrecnafl, poJrb ceJreHa. flolonuit
- paAl4oaKTr,Innrrfi SJIeMeHT' - MerarrJl. I4srvreHeH[e xapaKTepHbrx BaJreHTHErx crlcroqnufi B pqAy

Kr,rcnopon - TeJrnyp.

AnnorpouHble v [oJll4vop(pnrre nro4v(furaqrzr] cepbr, IkrarpaMMa coc,rossnfi ..prt]l
CoeAuneuraf, cepbr c MeraJrJraMr.r r{ HeMeraJrJraMr4. llpr.rueueuue cepbr. ':^'

Bo4opo4nue coeAI4HeHIrf, cepbl, ceJreHa, TeJlnypa, x[M[r{ecKr4e n $u:ra*recKne cnoficrna,

nonyqeHr.re Lr [pIrMeHOHrire. llolncym,$ra4rr BoAopoAa, [onyqeHr,re v cnoficred

(nolucynrQanrr). Tor<cra.rHocrb BoAopoAHbrx coeArlHeHr4fi ceprr, ceJreHa, Tennypa. llparttna

TexHrrKr,r 6egonacuocrrr nprr pa6ore c Hr4Mr4..

XantrorenlrAbl MeraJlnon (cynr(fr{Ar,r, ceJreHr{Abr, Tennypra4rr), nonyq(lHue H ceoftcrn'ti.

flz4pocynrSv4u kr nomacynr$rz4rr MerilJrJroB. Cynr(fra4u MeranJroB tKaK naxtnefiruee

Ml4HepanbHoe cblpbe. I4cnonrgosaHple xaJrbKofeHr,rAoB MeraJrJroB B Kar{ecrBe nonynpoBo,4HrrKoB:

Kaclopo4Hble coeAI{HeHrI-{ cepbr, ceJreHa, Tennypa co creneHbro oKr,rcJreHrax (IV).

Cnoco6rr rronf{eHI4t, cr]poeHI4e I4 ceoficrna or<cra4on(IV) sneueHron noArp}rflrrbr cepbrj
:

Irlgueuenue repMuqecKofi ycrofiul{BocrLr a oKpr JrrrreJrbHo-BoccraHoBr,rreJrbHblx csoficrs B psA}i

oKcI,IA cepu(IV) - oKcI,IA ceneua(IV) - oKcr.rA rennypa(IV). Cepuucrafl Kr,roJrora, crpoeHlre,

nonyqeHl,Ie, cnoficrna. Cym(prarrr v rl,I4pocynb$urtr, TepMr4qecKas ycrofiuunocrr,

oKIrcJIpITeJIbHo-BoccTaHoBVTeJILHbIe CeoficrBa, rllApoJllr3 B BoAHbrx pacTBopax. Tayrovep*h

rlrApocynbQlaruona. Cpanuenue csoficrn cepuzcrofi, oeJreHr4crofi z relnypucrofi KrrcJror

corefi.

uuE



Xnopucrrrft rrzourzl - faJIoreHaHrI{Apr,rA cepnucroft KrrcJrorbr, [onr{eH]ae, crpoeHr{e,

csoficrsa.

Tuocepuuctax, Tl{ocepHat, flrApocep."vIcrafl., rIoJII,ITIroHoBbIe KI4cJrorbl: cocraB,

csofrcrsa. llolyveuze, ctpoeHl{e u cnoftcrBa rr.rocynr$ara Hmp:lrfl. fouoxpqepHbre rlerr1a R

IIOJII4TI,IOHaTaX. 
ih

Kucnopo4nlre coeALIHeHI,It cepbr, ceJreHa, TeJrJrypa co crerreHblo or(HcreH1rs (VI)l
ZsNaeHeHIae repMl'IqecKofi ycroftvlrBocrr.r llrepMoAr..rHaM[qecxr4x xapaKTepr{c:rr{K orcra4on (VI)
3JIeMeHToB B ptAy cepa - TenJIyp. OlccIa4 ceprr(Vl), efo crpoeHrae, $rasuvecKlae rr xr.rMr.rqecKr,re

cnoficrea' @rzsllro-xuMI'IqecKIre [apaMerpbr npouecca nonyqeHr4r cep]roro a-nrpr1pvrra

oKr{cJreHr.reM cepHr.rcToro f i13 a Kr.rcJropoAoM.

Cepuax KI{cJIora - eaNHefimas. u3 MrrHepanbHbrx Kl,rcJror, ee [puMeHeHve. Crpoenue ra

cnoficrsa cepHoft KI4cJrorbI. Ocnosurre nprrHrlr{rrbr rrpoMbrrlneHHrrx MeroAoB nonyueHl,ri

cepHoft KI{cJIorbI - KoHTaKTHoro kI Ht4Tpo3Hofo. HzrposzncepHar KrzcJrora. Oneyrvr. Cynsfraur ii
rl4Apocynb@aru. CpanHeuae cnoftcre cepnofi, cereuoeofi r{ TeJrnyponofi rvcnor Lr prx'cooe$,

Oco6ennocrrr cocraBa r{ crpoeHr4.rr oproreJrnyposofi xr4cromr. fj

Cpanneurae KI4cJIouHbrx, oKl4cJrl{TeJrbHo-BoccraHoBzTeJrbnsrx cnoficrB rr repMnqecrcofi

ycrofivunocrn cepuoft rr cepHlrcroft rucnor. 't

3aruerqenue n HzSO+ KoHIIeBOTo aroMa Kr4cnopoAa Ha cepy (ruocynssarnr);

rlepoKcorpynrly (MoHo lr nkrna4cepliaf, rucroru), rr4lpoKcrdnrnoft rpynrrbr na Mocruxoetrfi

Kr{cJropoA (nrapocyns$ar u nonucynrSarsr), na raJroreH (So2cl2, HSo3F). i

!1(Drop, xJrop, 6pour rroA, acrar

O6qat xapaKrepl{orvrKa faJloreHoB. Baxnefirune MrrHepanrr (propa u xnopa.'[o6rruh

rloBapeHHoft conu LIs MopoKofi nogrr. lloryreuue coeAr,rHeHr.rfi 6poua as 6yponrrx BoA, 
"orr"fi

vo4au3 MopcKlrx eo4opocreft. i

I'lsN,IeHeHIae gHepttrl cBf,3l{ fanorerr - faJroreH r,r xr{Mzqecrofi arrl.rr}Hocrlr B pf,Ay

AByxaroMHbIX MoJIeKyJI fa[oreHoe. Bru.rqnue I,I3MeHeHr4s Me)KMoreKynrpHoro B3arlMoAeitcrsux

ro p.5rAy (brop - pro[Ha arperarHoe cocro{Hr4e raJroreHoB. 
:i

Xr'rrvrrE'{ecxrle csofirtrBa raJlorenon B MoJIeKynrpHoM cocrof,HI4l4, B3iar{MoAeficrsue c

MeTaJIJIaMI,I I,I HeMeraJIJIaMIr. Coneo6paeHble faJrofeHHAbr, raJroreHaHfr4Apr4Abr. MeNraloreHHr,re
' , ,a

coeAI.'IHeHI'Is. AHarorll{ B xI,IMIrrrecKI4x csoficrnax raJrofeHoB 14 MextfaJrofeHrrbrx coelunenu#i

flomraroreHrTnbr. il

;llolyveHue faloreHoB n na6oparopuz u rpoMbrrrrJreHHocrr.r. Xzrraz.recrue u

SneKTpox[MI4qecKI,Ie Mero/XbI. Torcuquocrb raJroreHon. llpanuJra rexHrrKra 6egonacnocrrr rrptr

pa6ore c raJloreHaMu. llprzueneHlle rilJroreHoB B [poMbrrrrJreHnocrr4 r4 TexHr{Ke: n uerannypruli'



(elerrponus 6esno4ulx raJIoreHI4AoB, r{o/IrrAHoe pa(punuponauue), B HeopraHr4qecKoM H

opf aHl,rqecr(oM cr4HTe3e.

faloreuonoAopoAr,I, ux SusuuecK?re r{ xr{Mr.rqecxne cnoftcrna. IrlsraeHeurae B pflry

Qropono4opoA - I'IoAoBol{opoA [potlHo urv u rr.rla cBr3rz BoAopoA - raloreH, repnra.recrofr
ycrofr-rvnocrz v BoccraIJoBI4TeJIbHbx cnoftcre raJloreHoBoAopo4oB. Cnoco,6rr [oryqeHr.u
raJloreHoBoAopoAoB. L{enuax peaKIIIas cI4HTe3a xnopoBoAopoAa. lloryueuue
raJloreHoBoAopoAoB ns coueo6pa3Hblx ranol'eHlrAoB r4 r{3 ranoreHaHfr,rApr{AoB.

Pacrnoprr raJloreHoBoAopoAoB B BoAe, Ir3MeHeHr4e cr{Jrbr ranoreHoBoAorpoAHbrx Kt4cJIor B

pxsy HF - HI. tt

Colsnag KI'IcJrora KaK oAHa I43 naxuefiurrax Mr4HepanbHbrx Kr{cJror, ee ceoftcrna.

lonyr{eHue B rIpoMbIIIrJIeHHocrLI v [prrMeHeHrre. flnanralcona.s Kr4cJrora, oao6ennoirn dU

crpoeHl'I-[, [pI'IMeHeHI'Ie. fz4po$roplr4t;r. Tpauenue creKJra uranvxosoii xlacloroft '1.]

ra:oo6pasnrn'r $roponoAopoAoM. Texurara 6esonacuo crrr npnpa6ore c Sropono4opoAoM r,r erai

pacTBopaMr4.

Krzclopo4nble coe,qI4HeHl4s riuloreH.oB - oKcrr.4br r4 KrrcJropoAcoAep:x(arqr4e KrzcJrorbr.

L'IsN'IeueHze Iax ycroftvl{Bocrl,I B psAy 0rop - zo4. B:alruo4eftcrerae f€uroreHos c norofr:

coJIbBaraIII4t I'I KJlarparoo6pa:oe aFrLre, rereponrrrr4rrecKoe pa3JroxeHr4e. IzlsNre:HeH[e cocraBa-

rrpoAyKroB ororo nsanno4eficrBufl B prAy (frrop _ rao4.

Xlopuonarkrcral Kt.IcJIora, ee coJILr - rlrrroxnopvrr,r. XasereBas no4a. Xlop"un 
"r"aarj;iXlopucrax, xJlopHoBarat, xJlopHat KrrcJrorfbr r,r rlx conr4: xJropr,rrbr, xJroparbr, ,rep*noput"il

Cnoco6rr flonyqeHlrs. Crpoeuue u cnoftcrna, npr.rMeHeHrae saxuefiurrrx KkrcJropoAcorepxaru[x

KI{cJIor xnopa rr ux colefi. ConocrasreH}Ie repMuqecxofi ycrofiuunocrr{, czJrbr Kr{cJror r4

oKI'IcnIITenLHo-BoccTaHoBItTenbHrrx cnoiicrB B pt,4y Kl,IcnopoAcolepxarrlrD( Kr,rcJIoT XJropa.

Orcrz4u xnopa - Cl2O, CIOz, ClO3, Cl2O7, llx repMr4rrecKa.r HeycrofturaBocrb. Orccr.rAu 6poura rz

r40na.

Kucnopo4coAepxalq[e KI{cJIorbr 6trlotua, rro1Lavrrx coJrr{, cocraB, csoficr:Ba.

Bogopo4 ;;

llpo6nervra pa3Melx,eHl4rt BoAopoAeL e lleprzo4rauecxoft cucreMe. Zgoronu 
"ooonooul

3naqesue I{3orolroB BoAopoAa An{ tAepnofi rexnnxz. PacnpocrpaHeHHocrb B,oAopoAa, $oprrlri
ero HaxoxAeHvIs.B nplIpoAe. Banenu+,re coclorHr.rr BoAopoAa. Pa:ueprr aroMa 14 r4oHoB. ,.5

Monerynxpurrfi nogopo4, Qra:r.ruecKr4e r.r xr.rMr{qecKr4e ceoficrsa. Arorraapnufi no4opo4.

Ila6oparopHrre v rpoMhllrrneHHble cuocobrr nonf{eHr{r BoAopo.4a. XpaneHue no4opo4ai

TexHurca 6esouacnocrrr rrp14 pa6ore c BoAopoAorvr. flprzrraeHeHne BoAopoAa.

fu4pra4rr - coeAI{HeHIrt BoAopoAa c MeraJrJraMrr v HeMeraJrJraMz.. fu4pu4u g

KOBaIIeHTHbIM, I{OHHbIM I{ [poMex{yroqHbrukr "rvnaMkr cns:eft" Bo4opo4nafl cnfli}b, ee BJrprtrFrr{e

: liii



'- i.

i {,::

Ha crpoeHvre v cBoficrBa BoAopoAco/Iepx(aqax coenr.rHeHr4fi. fn4pra4u c rpexrleHrponoft

cBfl3blo. Pacrnopzvtocrr BoAopoAa B Me'riIJrJIax. (Dusz-{ecrcae a xI4Mr4rrecKI,Ie cnoftcrna

rt4 Apt4 AoB. llolyreuu e u npr{MeneHr.re rr4lprrAoB.

BoAa xax sarxHeftruee coeALIHeHrze BoAopo4a. Polr BoAbr n 6uocsepe u reoc(fepe.

Crpoeurae MorleKynbl BoAbI. Accoqrzaqz{ MoneKyn BoAbr 3a crrer BoAopoAHbrx osfl3eft. I{enuax

peaKIII{fl ct4HTe3a BoAbI. PasnoxeHze BoAbr rroA 4eilcrnraeu pa1irrarp4ar (pa4raolr.r:) c

o6pasonaul{eM paAI{KaJIoB rl4ApoKclrna, [epoKcr4Aa BoAopoAa, MoJreKyJrf,prroro Kr.rcnopora,

Qusu'{ecrrae 14 xI,IMI4rrecKLIe cnoficrsa o6rr.rroft r,r rsxerofi BoAbr. Teprruuecra.fl Ar4ccorlr4arlr,t

BOAbr.

rlpo6reuu oqrrcrKpr BoAbr. llonyuenne xr,rM'qecKrr qzcrofi Borbr" i

llepor<cn4 BoAopoAa. CrpoeHue, repMr4rrecKas ycrofiuunocrr, n Kr.rcJrorHat

Al{ccoquallus. OxuclllTeJlbHo-BoccraHoBr.rreJrbHbre ceoftcrsa nepoKcr,rAa BoAOpoAa. Cnoco6u

lonyrrenllt I4 rIpI{MeHeHI,Ie [epOKCI{Aa BOAOpOAa B TeXHrrKe, TeXHOJrOrUpl, MeAr4]lrzHe. :i

Ha4rrlclorbl, coJIIl HaAKI,Icnor. IrIx crpoeHr4e, ceoficrsa r4 nprzMeHe.Frr{re Ha npuuep6

HaAcepHbIX KIrcJIor. llepolcr:z4rr MeraJIrIoB KaK npor43BoAHbre rrepoKcr4Aa BoAopo2la.

]llIlneprurre (6laropo4urre) rarr,r

Oco6enuocru oneKTpoHHofo crpoeHus aroMoB r4HeprHbx ra3oB. HeycrofiuuBocr,b

AByxaroMHbIX MoneKyn IzHeprHbrx ra3oB (na npvnrepe rerrkrs., MeroA M0). Qu:u.recrr.re

cnoficrsa I,IHeprHbIX ta3oB. Haxoxleu[e r4HeprHr,IX fa3oB B rrpupoAe, cuoco6nr pa:4enenzx l#
cruecefi. [zrfropu4, rerpa$ropl4A, reKca(propra4 KceHoHa. Tpzorcra4 KceHoHaL" fleprceHau,ron.

TpexqenrpoBa.fl rlerllpex3neKTpoHHa[ cBtr3L B coeAzHeHvrx r{HeprHbrx ra3oB. C)ruclurelurr,rb

csoficrea $ropz4nux LI KlztcnopoAHbrx coe.4raHeHr4fi rccenona. @ropu4rbre coe,4r.rHeHur pa4ou[

rr KprrnToHa.

PasAer III. OPIAHIIqECK AflXUll4.Vlfl

BneAenue

Cnoco6rr r,Iao6paxenux MoneKyn opfaHuqecK[x coe4raneHufi, ]v{onexynspFrbre,

crpyKTypHbre v 3JreKTpoHHbre (f oprvrynu.

Tunr'r yrnepoAHofo cKeJlera, aurlKrtl4r{ecKl,Ie, III4KJII4TIeCK}re I,I ferepoquKJll,IvecKlle

co e.4LIHeHr,r x. tr42ottepu.rr. f oN{onorrrs.

O cno sHrre (f yHrcqr,IoHaJIbHbIe rpyrrru,r Ir KJraccbr opf aHur{ecKr4x co eAl,rHennft .

Ocnonrr HoMeHKJrarypbr opraHuqecKrrx coeAr{nennfi

3arr,recrurelrlolr^ar HoMeHKJIarypa OftAK. OcnosHbre rrpr{Hrlt4rrbr rrocrlloenus, :nasealui4

opraHur{ecKl,Ix coegraneHnfi, poAoHarra;rbHa.s crpyKTypa, xapaKTeprrcrvuecKpre rpylrrbl

Hazsa:uns ne$1'nxqzoHaJlEHbrx 3aMecrlrre.rrefi, (fynr<quoHaJrbHbrx rpyrr[, npeAenbHr,x a



HenpeAenbHbrx yfneBoAopoAHblx 3aMecrl{Tenefi. Crapm,rHcrBo xapaKTepr4crr.rqeorfl4x rpyrrrr.

OcnouHrre npaBl{na cocraBneHlrr 3aMecrlrreJrbnbrx uaznanuit opraHr4rrecKr4x

coeAnHeHzfi, nrr6op po4ouavalruofi crpyKTypbr kr paccraHoBKa JroKaLH.roB, npaBr4no

HAI4MCHbIXI,IX JIOKAHTOB.

Ha:saHlas ocHoBHl;IX KJIaccoB opraHr4qecKl,rx coe4unenufi, cJro)r(Hbrx rroJrpr- vr

rerepo(fyuK- rlproHanbHbrx ooeArruennft .

TpInrr cnxsefi, flpoMexyrorlnble tlacri.Iubr B opraHr.IqecKI.IX peaKllI,txx. 3ler..rpoHHble

eQQexmr. Kucnorrr r{ ocHolBaHr,r.tr.

Yuepo4, oJIeKTpoIrHat xoH$nrypaqr,rx; ru6pr,r4r,r:aqux yrnepora B opraHr.rqecKr4x

coeAI,IHeHI4{x. Tvnrr xI4MI{qecKI,IX cn.ssefi B opraHr4rrecKr{x coelr{HeHz{x (o-, n-cnasr)-:

@rasrzqecrue xapaKTeptrcrLrKkr cnsgefi: grreprr{s, rrrtr:na, rrorr.rrpHocrb, rronrplr3yenaocrili

folrorrzrr,rqecKI,Ifi,IeTepoqI,IKrrraqecxr,rfipa3pI,IBcngseft.

floHsrze o [poMexyroqHblx qacrl,Iqax, crpoeHrre [poMexyroqHbrx r{acr]arl (paauxanri]

xap6oraruonsr, rap6aHraon sr).

3ler<rponnrre e$$errbl 3aMecrr.merefi (nn4yrcrnnnufi, uesonaepnr,rfi), prx BJrtrrHr.re Ha

ycrofiuranocrs paAllKanon, rap6oxarr4oHoB kr rap6aHr,roHon. Cnoco6rl raso6paxenzr

I.rHAyKrHBHofo lI Me3oMepHoro e$$er<ros. PegoHaHcHbre crpyKrypbr. llprarvleprr rpymr c *I, -I, ,

+M, -M-e(f$exrarrau. :i:

Kucnorrr ll ocHoB:lHzx (Bpencre4, Jlrrorac). Conpnr<eHHbre Kr{cJror];r 
" 

orrro"u""ii,

KuclorHo-ocHoBHLIe paBHoBecl4x (na ilpr4Mepe cfrr{proB, anr,AerrrAoB, KeroI{oB, Kr{cJror ri

arr,runon). Koncranra KI{oJIorHocrIr (pKa). BnusHr,re saN{ecrarereft Ha Kl.rcJrorHocrb yI

ocHoBHo crb opraHr4r{ecKr4x coeAr4uenufi .

Crepeoxuvrnn

Cnoco6tr zao6perxeuzx [pocrpaHcrBeHHofo crpoeHrrr MoneKyn

ru6pIa4usoBaHHbIMI4 yrnepoAoM: KJIIdHoBT4AI{bre rrpoeKqu[, "recorrrJrbHbre Kor31s1't

Hr,rouena.

3aTOpMOXe:uloAfi, ClCOUrenna9

L4,

I i:i

1c sp--

? [poeKrlr{?r
, l'

Kon$opnraqzu, ron(foprureprr. 3acloueuHax,

rcon@opuaquu.

Acr,Irrvrerpuqecrraft aroM yfJlepoAa. Onrr,rqecxax u3oMeprz{, orrrr,rqecKar aKTr4BHocrb.

3naHuaolteprr. Paqeuaru. Xrapanrnocrr, ycJroBr4r, neo6xo4rElmre rnfl Bo3HkrKHoBeHpr-f,

xrrpanbHocru. Kou $z ryp ar: Is., orrrrrrr{e or rou(f opMauprr4.

llpr,rHqun R,S-nouenKnarypbr 3HaHTrdoMepoB. Onpe4eneru4e rtopsAr(a craprxrrHcrBa

3 aMecTr{TeJrer{ y acr4 MMeTpr4qecKoro aToMa yf JrepoAa.

flpoexqxa @zruepa. Zx nocrpoeHr4e, rrpaBnna rroJrb3oBaHrrfl vrMur (4::rx coe4r.rnennil

oAHr,rM act,tMMeTpuqecKr.rM ilToMoM yrnepo4a).

!1

c
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Coe4zHeuzs c AByMs acrlMl\{erpl.iqeoKr4Mr.r aronraMlr yrnepoAa. llocrpoeuna ,rpoanqr6

Ouruepa. {r,racrepeoMepbr Meso-Sopur,l.

tr4:o6paNeHI4e MoneKyJlbr AaHHofo coeArzHeHrrr c rroMorrlbro pa3n[qHbD( rrpoeKrlt4oHHbrx

$oprrryn. llepexo4 or o4nofi rpoeKur'oHuoff (foprrrynbr MoneKynrr x 4pyrofi.
flpocrpaucrBeHHafl lr3oMepl{q aJrKeHoB. I-{uc-, mpauc- u E,Z-uoMeHKJra1typa.

Alxauul ,

Ilpzpo4a C-C u Cl-H cs.sseft n zurr<auax. lloHxrve o xousopMarlrlrx rr rou$opnepax

aJIKaHoB. flpoetcqraoHHsre $oprvrymr Hrrolrena. Kou(popuarlrr,r 3TaHa, rporraHa, 6yrana i.r

Bblclllux aJIKaHoB. 3neprerrauecKa{ AHarpaMMa noH$opuaqrroHHoro cocrorgl,rf, ruroler<),n[\

anKaHa. llpupo4Hrre pIcrotIHHKLI anKaHon. Mero4rr cr,IHTe3a: rr.rApr{poBaHr4e HerrpeAeJrbHbrx

yrneBoAopoAoB, cI4HTe3 rlepe3 tulttit-LututKllnK)mparbr, gneKTponkrs corefi xap6ononui
Kr{cJror, BoccraHoBJreHr4e xap6onulrHbD( coeAuneuufi .

XHrvrz'recxIae cnoftcrna: ranofeHr.rpoBaHrze (xnopupon al:ae, 6porr,ruponauue,

IroAllpoBaHue, Qropuponarrue). Cynr(foxnopl4poBaHr4e. CenercruBHocrb paAr{KzurbHrrx pearcqur:r

I'I orHocrrrerbHat cra6unrnocrb aJIIc4JILHT,IX paII{KiInoB. T'epnrvvecxufr. u KaraJlll,rl4qecxrafr

KpeKrrHr.

llpzpo4a 4eofiHo.fi

Honeurcnarypa).

Mero4rr cIlHTe3a: SJII,IMI,IHIrpoBaHrre fanofeHoBoAopoAa rr3 anKr4Jlranorerrr4AoB, Bonbr rr3

crll4proB. Peaxqnu foSuaua, Butlata, orepeocenerTlrBHoe BoccraHoBJreHue alxunon. Px4

cra6ulrHocrlr aJIKeHoB, IlbIBeAeHHufi Ha ocHoBe rerrJror frrApr4poBaHlr{. fereporeH"oa ,il

f oMofeHHoe rr4Apr4poBaHrre aJrKeHoB.

3nexrpo(fnJlbHoe rprcoeAlzHeHrre (AdE). O6uee npeAcraBneHve o MexaHv3Me

pearqufi, 7I- Ir o-KoMrrJre:Kcbl, oHlreBbre u.oHbr. Crepeo- u pefuoceJreKTr4lruocu. llpanuno

Mapr<onuuxona. fa;rorenltpoBaHI4e: MexaHrr3M, crepeoxrrMr4r. llpoqeccrr, corryrcrByrorque

AdE-peaKIlIr{M: Conpsx{eHHoe npucoeArrHeHr{e, rulpr,rAHbre u aJrKHJrbHr,re r".pur1"r.
fu4poranoreHl,IpoBaHze. f'ra4pararJzs.. flporrarrnneHnrrft MeroA cr.rHTe3a graHoJra u npotan-2-

OJIA.
.i

Peruo- tI crepeoceJleKTrrBuoe rrpr4coeAr4HeHr.re rrzApr4AoB 6opa. Peruocnequsvv""o"td

ua4- poOopupyloql4e pea.reHTbl flpenparqenue 6opopraHuqecKr.rx coeAzHeHr{ft n alraubr_,

crll{prbl. Orucneuue aJIKeHoB Ao oKci,rpauon (lo llprzleNaeBy) kr Ao Arro.rroB no Banrep!:

(KMnOa) Ia Kupre (OsO+). Crepeoxuuu{ rrrnpoKcr{nr.rpoBaHkrs aJrKeHos. ogoHorz: anrenorij

oKIIcJII'ITeJIbHoe I{ BoccTaHoBr,ITeJIF,Hoe pacqelneHl,re o3oHlrAon. ZcuepnblBa}otqee oxltcfreHue

i.i

A.rrceHnr ;ii

cBflsrr. feouerpuuecKafl rr3oMepr{r ft4uc-, tnpaHc- a E,Z:

anKeHoB c froMorqbro KMnO+ rzlu Na2Cr2O7 B lcnonu.ax ue>r<Sa3Horo KaraJrr43et.



Pa4IaxanrHble peaKIII'IIl: npl4coeAlrHeHrre 6pouucroro BoAopoAa no Xapaury (rrlexauu:nr)

r,r aJrJrr,rJrbHoe raJroreHrrpo B aHr4e no I]lrrnepy.

I(ap6eHlr - qacDIIIbI c AB)'DKoopAprHr4poBaHHbrM aroMoM yrn.epoAa. Mero4sr

reHepl{poBauux xap6eHoB I'I At4ri}noxap6eHos. flpzcoe4uueHr4e crzHrJrerHbrK r.r rpr4nnerHr,D(

rap6euon K aJIKeHaM. llon;rrpre o xap6euon4ax. Bsa[Nro4eftcrnue xap6enolr4or] cr ajrKeHaMr4. ii,

A.uxnHsr

llpzpo4a rpofiuofi cB-t{3ld. Mero4rt crrHTe3a aJrKr,rHoB. 3nenrpo(fuJrbHoe ilprrcoeAr4HeHfle

K anKI4HaM. CpanHeul{e peaKlll4onHoft cnoco6nocrr,r aJrK}IHoB r.r €urKeHon. f'zuroreHrrpoBaHr,re,

frdlpof aJrorenr,rpoBaHr4e, rv4putaqzx (Kfrepob).

BoccraHosJIeHI'Ie aJIKI4HoB Ao t4uc- a mpaHc-urKeHoB. fu4po6opupoEraHr4e aJrKr4HoB,

CI'IHTe3 aJIKeHOB I4 anbAelI4,{OB. ' L}ri

C-H-raclorHocrb aIIerr{JIeHa, noHrlr{e o r<ap6auuonax. AqerureHurhtlrurpnfl.u rraeard

rraaruuftopraHl4qecKl'Ie npoI,I3BoAHbIe aJIKI,THoB: r4x noJrf{eHrde vr r4cIIoJrb3oBaHI4e ,ij
opfaHl4qecKoM cI'IHTe:e. K-ou4encar\r4s, am-l-ruros c KeroHaMV Lr urb1ierr{A€rMrr ((Danopcrzfi,

Penne). ':

Aqeruuen-aflreHonas Ll3oMepLI3arrr4r. Clrerqenue rpofinofi cBfl3rr n repMr4HzrJrbgoe

IIOJIOXEHIIE.

Anrca4uensr

Tunrr Ar{eHoB. Aueurr, colpsxeHHbre Ar,reHbr. MeroAsr cr4HTe3a

AerrrlpupoBaHr,re €LrrKaHoB, AerrzApararlux L,4- guottoy.

, 
",J

1,3-4raenoE:

t,.

Eyra4IaeH-1,3, oco6enHocrr,I crpoeHrir. MoneryrxpHbre op6urasm. 1,3-azenonil

fanorenupoBaulle v r[AporanoreHr{poBaHue 1,3-4zeuoe. Allr.rl-rcarr4or{. I,2- v I,4"

llpucoe4zneHl4e, gHepferlrqecrraft npoQzm, peaKur,rr{, TepMoAr,ruaMr,r.recrufi ]t{ KlzHerr4rrecrcraft

KOHTpOnb. il

Peaxuus .{anrca-AnbAepa c aJrKeHaMu rr aJrKLrHaMvt, crepeoxrrMrrrr peaKrlr{vr pr ee

rrpr4MeHeHr.Ie B OpfaHrrqecKoM cI4HTe3e.

HynreosuJrr'Hoe 3aMerrleHrre y Hacr,rrqerrHoro aroMa yrJrepoAa 
::1l;PeaxIIur'I HyrneocpunbHofo 3aMeilIeHus y HacbrrrreHHoro aroM:a yrnepoAa 
.11

anKI4nriuofeHI,IAaX, KaK MerOA CO3AaHAT CBfl3r4 yfJrepoA-yf.rrepoA, yfJrepoA-zpor, yuepot'-

KIrcJIopo.4, yrJrepol-cepa, 'FrnepoA-Qocfrop (uonyreuze aJrKr.rJrfaJroreHuAoB, orrlrproB, TproJroB,

rlpocrblx o$rzpon, HllTpocoeAuHeuufr., aMr{HoB, Hr.rrpr4JroB, cJroxHbrx :r(frapon v Ap.)l

Klaccz(pnraqvr MexaHu3Mon pearcqufi nyrcneo(punbHoro saMerqeHrrr{. Ogrroeubre

xapaKTepr4crlrKr.r tr S52 pearcurafi . Snepreruueclcufi npo (f rnnr pearqr,rfi .

Peaxqnu Sp2-rrana. Kuuetzra, crepeoxr4Mns, BaJrbAeHoBcKoe o6parrlenue. floHs:rue o

nyrcneo(pnnbHocrl4. Bnusnue rp[poAbr papilKura r4 yxoAqrqeft rpynnsr cy6c:r1lara, ,rp"poari,
'11

;*
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HyKneo$r4nbHoro afeHTa rr pacrBopr4TeJr_rr Ha cKopocrb Sp2 pearqraft.

MeroA lteNSa:uoro ilepeHoca u ero r4crroJrb3oBaHr.re B opfaHr4qecKoM cprH.re3e. '

Peaxquu Syl-ruua, Kr,rneturca, crepeoxr4Mr4s., 3aBvrevMocrb rrpoqecca or rrpr4poAr,r

palir|Kura, yxo4rrqeft rpyrltlbl, pacrBoplrrenx. Kap6oKarr.roHbr, (faxropu, orrjpeAensrcilIpre rx
ycroftvunocrl. lleperpynnt{poBKlr xap6or<aruoHoB. Mero4sr reHepr.rpoBayux xap6oKarlroHoB.

flonsue o6 uoHnrrx flapax.

Mero4rr [onyqeHun riuIoreHaJIKaHoB I43 anKaHoB. aJrKeHoB. crrrrproB.

Cnnpru r rpoclbre:Suprr '.

OAHoarorunue cnuprtr. MeroArr nonfreHr{r: r43 r}JrKeHon, rcap6oHuJrbHbrx coe4uHenui,i.

ftrnoreHaJrKaHoB, cJro)KHbrx e(fupoe rz rcap6ononbrx KlrcJror.

Cnoftcrsa crll4proB' Cunprsr, xarc cra6rre O-H Kr4c.rrorbr. Cuuprrr, raK ocuosanud

Jlsrozca.

3arraerqenue rl4ApoKcr.urnofi rp)rlnbr B crrr{prax Ha rirJrofeH (rro4 4eficrnueu

ruuloreHoBo,4opoAoB, riulofeHl4Aon Soc(fopa, xnopzcroro rr.roHr4rra). Mexanu3M H crepeoxnMkrtr

3aMerIeHI{t, rreperpyfirlrlpoBKl4 c rt4Apr4AHbrM rrepeMerleHr.reM. Pearenrsr perr.ro- L4

crepeocIIeUn$zuecroro 3aMerqeHl4s (r<ouunerccu 'rpz$eHun(f ocQraHa c ftrJroreFraMr4 pI

qerbrpexxroprrcrbrM yrnepoAoM). l[erz4paraur{f, cnr4proB.

Orczcnenrae nepBl4qHbx crrrlproB Ao anbAernAoB r,r rap6ononrrx Kr{cJror, BTopr4rrHbrx

cnllproB Ao KeroHon. Peareurbl oKrrcJleHprfr Ha ocHoBe xpoMoBoro a1rkrilpulLa r,r 4nyoxucr.{

MapraHrla. Mexanusl{ oKr.rcJreHrrs clrrproB xpoMoBbrM aHrrrApr.rAoM.

nnla<aroruntre cnuprrr. Mero4br cr4uTe3a. Cnoftcrna. OrucnrarelbHoe pacueueHr,re 1,2-

.4lIoJIoB (Iao4uax KI{cJIora, Terpaallerar cuauqa). lftEuaxonraHoBa;r rreperpyrnrrpoBKa. n

llpocrue e(buprr. MeroArr [olyrleHrrJ{: peaKrlr{rr Bvnr-sNrcoHa, €urKoKcr{rvrepKypr{ponanrd

tuIKeHoB, MelrMoneKympnafl AervApararlnfl. crurproB. Cnoficrea rrpocrbrx esupoll: o6paaonauu'd
:,

oKcoHLIeBbIx coflefi, pacqeuneHr.re KrrcJroraMu. fn4ponepoKcr.rAbr. KpayH-e(fzpr,r. flolyuenLre m

np[MeHeHI,Ie B clrHTerra.reclcofi [paKTLIKe.

Oltcupanrr. Cnoco6sr rloJlfreHrrrr. Pacrprrrue rlr4Kna B Hr,rx l-roA .qefic'reuen;

enerrpo Q uJrb - Hbrx z nyrne:o $lrJrbHbrx af er{TOB.

P e arcquu 3 JrrrMrrHrrp oB aHr.r

Pearuuu u- rl B-enuMLIHLIpoBaHns" Iftracur(punaqra.a MexaHr43Mon B-enurr,rur"po"u"r":

El, E2. HanpaueHue s.rrprMr4HrrpoBaHprs.. llpanula 3afiqeea

3nLrMr,rHr,rpo Banrrfl: cuH - 14 aHTI{-gnLrMr4HI,rpoBaHI{e. KonrypeHulrs

il
14 foQrvrana. C'repeoxurvrzi

npoqeccoB E2 z SN2, E1 ii
Syl. (Darropbr BJrr.rrrcqkre Ha ory KoHKypeHur,ro.

ZcuonrsoeaHne peaKrlzfi gnaur,trrupoBaHufl, rns. crrH'I' 3a anKeHoB, Ar{eHoB Iz aJrKr,rHoB,

Ap ouarnuHocrr,. ApouarnuecKrre yrJreBoAop oAbr



Crpoenue 6eHsora. (Doplryna Kexyne. MoreryrxpHr,re op6rtratm 6euloaa. AuHyreurr.

AnnyleHrr apoMarllqecKl4e u HeapoMarrrrrecKr.re. KoHrlenqus apoMarlrquoorr4. llpanulo
Xrorrens. Aporraarrauecrple KarrloHbr kr aHr.roHbr. Kon4eucvpoBauHbre apoMarr4trecKr4e

yrneBoAopo4rr: Ha(fraJrkr*, (feuanrpen, aHTparIeH, a3yJreH u Ap.. ferepoquxJraqecKrre rrsrr4-:r.r

rrrecrlrqJreHHbre apoMar[qecK[e coeAlrHennfl (nzppon, (bypau, ruoseu, LrHAoJr, a3onbq

Irkrptr I.IJH, x r4H o nr{H ).

Anrr,IaponrarI4trHocltb Ha rlplrNtepe qurclo6yra1r4eHa, rIr4KJIonpoleHI,IJI-itHI,IoHa, KarI4oHa

III4K JIOII EHT ATT4E}II,j. TIKT fl .,

flonyueHze apoMarl,IqecKl4x yrneBo/ropoAoB B rrpoMbrrrrJreHHocrr{ - KilrirJrrrrrr.recrufi

pu(foprvruur ne$rz, uepepa6orKa KoKcoBoro ra3a 14 KaMeHHoyronurofi cMoJrbr.

Jla6oparopHble MeloAbI cI4FIre3a: peaKrrr,rr Bropqa-@urrr4ra r4 Apyrr.re peaKrlr{u Kpoccy

coqeraHl4t, aJrKvtrvpoBaHrle 6ensora v apeHoB rro (Dpu4enro-Kpa$rcy, noccranoereHfi$

xl4pHoapoMarl{rlecKlrx KeroHoB. 'ir.

Karanrlrrl.recKoe rrlApr.rpoBaHl{e aper{oB, BoccraHoBJreHr,re apeHoB no Eepuy. Pealcqzu

3aMeqeHl{f, BoAopoAa s 6oKoeoft qeilu anKl,Ilr6ensoros Ha raJroreH. Orzcnenrae anrzn6eHsorod

Ir KoHAeHcI,IpoBaHHbrx apoMarllvecKlrx yfJreBOAopoAoB 4o rap6onoBbrx KlrcJror.

Pearcqun e.uercrp o r[uJrbHorcr 3 aMerrleHrrs B apoMarlrqecKoM pfl Ay

KlaccuQuraqrax pearcqrzfi apoMararrecKoro enerrpo$uJrr,Horo 3aMe[IeHr.rs. O6rque

lpelcraBneHus o MexaHkr3Me peaxqufi, nuuerr,r.recrufi ra:oronnrrfi e$(ferrr u p.uuq"S?

enexrpo$raJlbHoro 3aMeIIIeHI{t BoAopoAa n 6engolr,HoM KoJrr,Ue. llpe4craBJreHlre o n- " 
,ili

KoMrIJIeKcax. Crpyxrypa rrepexoAHoro cocrorHr{.f," IrIsoronHrrfi o6ruen BoAopoAa KaK

npocreftmax peaKIII{{ enexrpo$uJlbHoro 3aMerqeHrr{. ApenonueBbre rro}rbl B peaKrlr4rx

elerrpo$uJlbHoro 3aMerIIeHI{t. BilasHrae 3aMecrr.rreJlt Ha cKopocrb v uanpanneHuej

enerrpo(praJlbHofo 3aMeIrIerII{.t{. Cornacos aHnas. ri HecorJracoBaHHaf, oprr euTarlur{.

Hurponanue. Hurpyoqae areHTbr. Mexaulrgu peaKrlr.rrl Hr,rrpoBaHprr. Hrarponanue

6ensora u ero rpol43BoAHbrx. Hlrrponauue naSraluna, 6r,r(feHrana v Apyrr.rx apeuod';

faroreuupoBaHl4e. lanoreuupyroque afenrbr. Mexanprglr peaKrlrlr,r ranoreHr4poBaHr4rr apenoe *
I4X TIpOI43BOAHLTX. i

Cynr(fupoBaHr,Ie. Cyns(fupytorqze areHrbr. Mexanu:rra peaKur4r4. Kunerrz-recxufi ii
TepMoAllHaMraqecxrzfi KoHTpoJIb B peaKIILII4 cynrozpona'Hprs.Ha rrpr4Mepe Senona r,r uaQraluna:

llpenparqeuua cynr(forpynru,r. :'

AruculnpoBaHl4e apeHoB no (Dpu4emo-Kpa(prcy. Anrranuplrorrlue areHTbr. MexanzsNa

peaKIII4pI. Iloruarr<lrnl4poBaHl,Ie. llo6o-rHrre rpoueccbr - r,r3oMeplr3arlr4r anKrrnr4pyroqero afeHTa

r4 KoHerlHbrx rIpoAyKToB. Caures trvapr4n- lr"fpr4aprrnMeranoB. Tpuapunrvrerr,rJrr{:arr,routr, anrzoHi3i

r,r paAr4Kanbr. Mero4rr r4x reHep[poBaHprfl a cra6unr,uocrr,.
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AquluponaHl'Ie apeHoB rlo {Dpu4enrc-ItpaSrcy. Aqurupyrorqpre arer{ru. Mexauusr,r

peaKIII'Iu' PerraoceneKTl4Btrocrb aIIIrJrr.rpoBaHr,rf,. (DopulllnpoBaHr4e rro far-reprvraHy-Koxy ll
Apyfr.re poAcTBeHHbre peaK:rlrzr4.

Hyn"rreoQrurbHoe apoMarurrecKoe 3aMerrleur{e

O6rque np eAcraB JIeHI{t o MexaHr.r3Me nyr<neo (f unbHoro 3 aMeureHr{{.

Mexauzgrra orlrlerlJleHlrs-rlp?IcoeAuHeHr.r.f, Ha rrpr,rMepe npeBpaueH[.rr riuroren6ensoron n

(fenonu u apoMarllqecKl4e aMrIHbI. Merogrr reHepr.rpoB alvrs. vr (fzrcaquu 4errl4po6eH3ong;

CrpoeHrae Aerralpo6eH3 oJrit.

MexaHprgrra npl4coeAplHeHl{t-oruerrJreHr,rr Sy Ar, npr,rMepbr peaxqufi w arcr;uuvip;rroru#

Brrvrrrrrre gneKTpoHoaKrlelropHbx 3aMecrr4reneft .

SNl-MexasI{3M &pQ\,tfllplqecKoro uyrneo(funlHoro 3aMerleHr{{ B peaKnu,r{x rraAponrr3a

KaTr.roHa ap eHAr,ra3 oHr4s.

AnrAeruAbr rr KeroH[,r

Mero4r,r [onyqeHl4tr anbAerI,IAoB r,r KeroHoB r{3 crr4proB, rrpopr3BoAnrrx r<ap6oHonstx

KI{cJIor, aJIKeHoB (osononras), aJIKITHoB (rra4po6opuponaHrae), Ha ocHoBe MerannopraHr4r{ecKr4x

coeAr{HeHprft. AqunrapoBaHr.re ra SoprraranzpoBaHrre apeHoB. ;

llpourrlrnenHoe ttronyueHl4e Soprraartr4err.r4a, arle'ranb4err4Aa (Bar<ep-npoqbcc) #
Bbrcrxrx anbAefr4Aon (rz4pro(f opunnuponaHue).

Crpoenae xap6orrzlrnofi rpyrrrtbr, ee rronspHocrb r,r [onspr43yeryrocrb. O6rq1a€i

rlpeAcraBneHl4q o MexaHpI3Me nyxneo$v"ur,Hofo lp]rcoeAr,rHeHr,rr rro r<ap6onulsuoii rpynne

anbAerl'IAoB I{ KeroHoB. Krzclorgrut r,r ocnosHofi KaraJrrr3. llpucoe4raHeHrre noAbr, c[]rproB,

TI'IOJIOB. 3arruzra xap6oru.InrHofi rpynrrbr. flonyrenze 6racylrQzrurrx rporl3BoAHbrx Lr

III4aHrI4ApI'Inos. BsauMo4efrcrnne anbAerlrAoB r4 KeroHoB c rznr4Aarraz Soc$opa (Bzmnf); Kui',tr

MeTOn CLIHTe3a aJrKeHOB. 
. iL

Bsal'IN,IoleftcrBue :rnbAerI,IAoB rd KeroHoB c a3orldcrbrMr4 ocHoBaHlilflrr,rra. llonyveHralii

I4MHHOB I'I eHaMI'rHos. OK,OI,IN4H, rl4Ipa3ot+r, $enulrr,rApa3oHr,r. Peaxqux Klrxnepa. Pearcqlrz

a.nbAerl4AoB LI KeroHoB c Merarl[oopraHrrrrec](rzMrr coeAr.rHeHu-r{Mr4. Clrnres cnvproB. i

Kero-enonsHas rayroMeplds. Eno.nusaqur irnrAerurAoB rd KeroHoB B peaKrlr4.flx

ranoreHI4poBaEprs., I,I3oroIIHoro o6ruena BoAopoAa vr parleMrr3arlura orrrrrqecKrd aKTr.rBHbx

KeroHoB. Kucnornr,rfi rl oc]roBHofi rararue s.rux peaxqrafi. 
. i:

Kero-enonsnas rayroMeppu KeroHoB, 1,3-4trrceronon kr 1,3-rceroerlI,tpoB. Bnutui,i'd

crpyKTypHrrx (farropoB Ha rIoJIo)KeHI{e rcero-eHoJrbHoro paBHoBecr4s. v 3aBt?rczrMocrB efo orf

coorHollreHrrl{ C-H v O-H KI,IcJIorHocrz KeroHa vr erroJra. [noficrnennax peaxqzoHHdli

cnoco6nocrb eHoJrf,T- r.roHOB.

Alr4olrno-KpororloBa-f, KoHAeuca\lafl, irnbAerraroB rr KeroHoB B KrrcJro.ft u ueno-{Hofi
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cpeAe, MexaHIr3M peaK{Hfi. FJlanpauenuax aJrbAoirbHar KoHAeHcarIus pa3Hor,rMeHHbx

&nbAerI4IoB c I,IcrIoJIb3oBaHI,IeM Jrr{Tr,reBblx 6opnrrx eHoJLf,ToB r4 KpeMHLIenrrx e{rapoB eHoJIoB.

KoH4eucaqtrfl. urbrerl{AoB }I KeroHoB c MaJroHoBrrrr,r eQr.rpoM r{ ApyrrrMr{ rcooAr{H eHuflMLr c

arrrannofi Merl{JreHoBofi rpynuoft. ArruHorraerr4nr.rpoBaHr.re anbAefr.r,4oB 14 KeuoHoB (ManHux}i

Eensor.Iuosas KoHneHcalc;z'A. , t,

BoccraHosJleHI4e e[bAefI,I,4oB I,I KeroHoB Ao crlrlproB, peareHTbl Bc)ccraHoBJIeHLrfl;

BoccraHoBJlenrae C:O rpytlrlbl 4o CH2-rpyrrnbr: peaKrlr.rrr KraNnepa-Bonr(pa u KlerrluenceHa.

llon-pa4nraJlbHat AI{MepIrsaIIIzs anbAerrrAoB r.r KeroHoB. OrczcueHrae anbAeulAoB, peareHTbr

oKITcJIeHI{fl. Or<zcJIeHI{e KeroHoB rrepKr{cnoraMr{ rro Bafte:py-Bennurepyi

,{ucnponoplll4oHl,IpoBaHple anbAerllAoB no Kannuqqapo (nprrvran a lepeKpecrHar pearquu)

cf,-, B-Henpe4eJrbHr,Ie ilnbAerr,rAbr kr KeroHEr. Mero4rr rron)ftreHr,rrr: KoHAeHcauvrr4,

oKrIcJreHI{e aTIJIrIJIoBIIX cfirrproB u Ap. ConpxNenze xap6ouzlrHofi rpyuu c aeoiAHdrh

yrnepoA-yrlepo4uofi cB.f,:3bro. Peaxquz 1,2- u 1,4-npucoel;n:e:e]Hhrs. luluiiopranuqecruX

coe4znenrafi, rpnanr<ul6opaHoB, aMrrHoB, rlr4anrdcroro BoAopoAa, raJrofeHoBo4opo4oii:

ConpxxeHHoe rrpuc o eAr,ruerHue eHor.rrroB Ir eHaMr,rHon (Mzxasnr).

B occranonrreHr.re u -, B -nenpeAeJrbn brx rap6oHzmHbrx c o eAr.r ugrtuit .

Kapbouonbre KrrcJrorr,r

Mero4rr cI4HTe3a:. oKI4cJIeHI{e [epBrlrrHbrx cnrrproB lr aJrbAer,rarloB, aJrKeHoB,

alrul6engonoB; rl{Aponv3 HI,ITpunoB LI Apyltzx rrpor,I3BoAHr,x xap6onoBbrx KrrcJror; cr4HTe3 H,a

ocHoBe MeraJI- noopraHI4tIecKI,IX coe4vnenuff; cr,rHTe3br Ha ocHoBe MaJrorroBofo s$rapdl

floly.renze MypaBbr4Hofi xucnorsr u yrcycHoft Kr,rcJror. i''

i:
Crpoenue r<ap6orccalrnoft rpyrnrbr. @zguro-xnMr4qecKrre csoftersa rucriot;

accollI4arlnfl, Allccoquar\uIs\ BJIIz.r{Hr4e 3aMecr{,rrerrefi Ha Kr,IcJIorHocm. faloreHupoBaHr.re Kr,rcJror

no fenro-(Donrrap4y-3enl4HcKoMy. lhaponurIaqecKa{ KeroHrr3arlr{s, sreKTpo,Jrrd3 rro Kols6e,

4enap6oncrnu- poBaHr4e rro Xync4raxnepy.

falorenanrunpl.IArl. llonyreHl{e c rroMorubro fanoleHr.rAoB Qoc(fopa, rr4oHr4JrxJropr4ra,

6en:oulxloplrAa. Cnoficrna: nsauuo4elicrBr4e c Hyr<neo$r{JrbFrbrMr4 peareHTaMu (no4a, cnflprbrj
ri

aMMI{aK, aMIrHbI, frrApa}lIH, MerannooplaHr.rqecKlre coeAr4HeHux). Bocc'raHonneHr4e Ab

aJIbAerI4.4oB rlo Po:enrr,ryn4y vI KoMrrJreKoHbrMr4 rkrnpvila]'i1ikr MerirJrJroB. B:lauproAefi"t""*
:11

Al4a3oMeraHa c rarloreHaHrr4rplr1aMlr rap6oHonbrx Kr4cJror (pearqrax Apn4ra-3ficrepra). 1l

AnrrllprzArr. MeroArr rtonyqeHIlt: Aerfr,rApararlr4fl Klrcnor c [oMorquo I'2O5 u $ralenoro
alJfrrllpvl.a; a\prnkrpoBaHl.Ie colefi xapooHonrrx KrrcJroT xJropaHrr.rApunaMrr. Pearquz

aHrr,rApr4AoB KZcJroT.

Keren. llolyueuue Il ceoficrna.

Cnoxnrre eOzprr. Mero4sr rronyqeHrzr: erepz$raKarlra.rr lcap6ouontrx rucnotfl
i(-f

,ie
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(ruexanusu), aqunnpoBaHue cnl4proB Ir rrx aJrKoroJrrroB arlunranofeHr,rAaMr.I pr aHrtr;1pvautii;

anKl'Inl4poBaHrze r<ap6oKcplrlar-I{oHoB, peaKllrrrl Kr.rcJror c Arra3oMeraHoM. MeroAsr cr{HTe3a

uuKnr,rqecKr4x cJro)KHbrx ed vpon - JraKToHoB

Peaxquu cJlox(Hbrx. eSrlpon: ruApoJrr{3 (ruexanzslr Kr.IcJrorHofo Ia ocHoB]uoro raranusa),
aMMoHoJII43' [epe3Tepvtfzxaqzr; n:arzuo4eficrBr,re c rvrarnufi- u nurlrfiopranuqecKr4Mu

coeALIHeHLItMI{' BoccTaHOBJIeHLIe Ao cIIIIpToB 14 anbAen4.{oB KoMtIJIeKcHbrNrr{ rr4lpr4AaMr4

MCTAJIJIOB.

C no Nn o s 1p krpnafl 14 arlr{ Jro aHo B as KoHAeH c arlr{r4.

Aqeroyrcycnrrfi esup u ero [crroJrb3oBaHve B cuHTe3e.

e $up on B -reroxuclor, au6'4eurnrrfi xapaK rep eHo Jrrr-r.roHa.

Auzlrr. Mero4u [onyqeHr.r.s: arlr4nr,rpoBaHr,re aMMr4aKa

KapooKcI4naroB aMMonus.. Cu:ule3 IIIrKJrr4qecKr{x aMrrAoB - JraKTaMon. Csojftcrna: ru4polusj
BoccraHoBJIeHI'Ie Ao sLMIrHoB, !'ervI.para\Lrt aMr,rAoB. llousrze o cexcrerur#
neperpymrrpoBKax. lleperpynnr4poBKrr f oSuaHa, Kypquyca.

Hurpunrr. Mero4r,r [onrreHrl{: Aerr4Apara\vs. aMuroB KlrcJror (c rroMorqrro p2o5,

SoC1z, PoC13), aJIKI4nLIpoBaHrre arrr6r.r4enrHoro rlr{aHr4A-rroua. Ceofir;rsa: ru4ponn3,

aMMOHOII'I3, BOCCTaHOBJIeHI'Io KOMIInQK0HbIMI,I II4ApLIAaMI,I MeTaJIJIOB AO aU""Oiil
nsauuo4eftcrBr,re c rraarnrafi- u ]'.utuit- opfaHuqecKLIMll CoeAr.rHeHr.r.flMr4.

AsyxocHoeurle xzcrorrr. Mero4rr cr,rHTe3a: oKr{cJrr,rreJrbHoe) pacrqenneuzd

quxloone$ranon Lr qIzK.rIuqecKLIX KeroHoB, oKrrcJreHr4e rroJrr4aJrrr,rJr6eHgo.noe. frannrre
IIpeAcTaBI'ITeJIpI: IIaBeneBat KLIcJIoTa, AI4STI4JIoKcaJIaT B cJro)KHoe(frzpnoft roH4encaqzn:

Ma-nonosas KI'IcJIora: cIrIl.Te36I c MaJroHoBrna s$r,rpoM, peaKrlr,r-rr Muxagr.f,, KoHAeH car\uv 
'c

anbAerHAaMa (KneneHarerm). flutapuax KucJrora, ee aHrr,rApvrr, rrMprn, N-6porucyrqr,rHr.rMaA:

l':

Kero-enor bHa{ Tayrorraepuh

i.fi

'it,

v at\dI{HoB, nI4pOnLI3

AgunzHona-a KI4cJIora. KonAeHcaIILts ![zxrvrana. AqznozHonax KoHAeHcarlr,rfl e6upoil

AIIKAP O O HOBbD( KIICJIOT KAK MCTOA CAHTC3 A CPEAHI,,IX MAKPOIIIIKNO B,

Orarenas u repeQraneBas Klrcrolbr, rlpoMbrrrrJreHHbre MeroAbr rroJlrrerlur.

ar'rr44pvn, (pranunrrag 14 ero r4cnoJrb3oBaHr.re B cr4HTe3e.

HurpocoegrlHeHus

Hrzrpoalr<anrr. Mero4rr cLIHTe3a vrs aJrKr,rJrraJroreHr4AoB (au6r,r4enrarrfi xaparcreil

Hr4Tpr,rT-r,roHa).

Crpoenze Hrrrporpyrlrlbl. KrncnorHocrr v rayroMeprzr HrrrpoanrKaHoB. pearqult

HI{TpoaJIKaHoB c a:orzcroft xzcnoroft. Kon4eHcaqax c rcap6oHzJrbHbrMrr ao"4"na"r"*#i
BoccranonJreHr,Ie B aMr,rHbr.

ApouarzvecKr{e HI,ITpocoeApIHeHr4s. BoccralroereHr{e Hr4TpoapegolB s rzcrofi i"t

tqelouuofi cpeAe. Bensz4ztuoBail rleperpyrrru4loBKa. BoccranoBJreHrre o4uofi Hlrrporpylrrbr B

':( '

Oraneerrrl



rron[Hr{TpoapeHax.

Amnssr

Mero4rr floJlyqeHtts aMrIHoB: anKzJrr{poBaHr4e aMMr4aKa Lr aMlrHou rro fo(frr,rany,

(przururvrIa4a Kanvrfl. (fa6puenr,), Bocc'raHoBneHr.re a3orcoAepxarlux rpor,r3Bo{Hbrx

xap6onulrHbrx coeAl,Inenraff a rap6ouoBbrx Kr4cJror, Hr4TpocoeguueHrafi. lleperpynnuponxia

fo(fnraHa Lr Kypqzyca. BoccranoslrreJrr,Hoe aMr{Hr4poBaHr4e xap6oHrznrnr,x coeAr.trenrafi.

Bsaunao4eftcrBr.re anbAerr.rAoB r4 KeroHon c fropruuaroM aMMoHru (Jleftrapr).

Alrransr KaK ocHoBaHl4f,. CpanHenrae ocl{oBHbrx csoftcrs aluQ,arr,ruecrux pr

apoMarI,IqecKLIX aMI4Hoe. IlrI,IgHI{e Ha ocnoBHocrb aMI,IHoB 3aMecrr4TeJreft n apouarr,rqecKoMr

{Ape. AnrunrapoBaHl{e v aIII{nI4poBaHrle aMraHoB. 3aulrara aMrrHorpylrrhr. Tepnauuecroe

pa3noxeHze rI4ApoKcLIAoB rerpaanKrrJraMMoHr4r rro fo(pnraHy. VlgenruSuKar\vs, u pa34eneHne

rrepBIlqHbIX, BToprrqHbx Izt rper[r{Hbrx aMrrHoB c rroMorrlbro 6ensolcynt$o>rloprE4a (upo6a

Xunc6epra). Bsaunro4efic'rnue [epBuqHbrx, BTopr{rrHbrx rr rperr.rtrHbrx alurfaravecxux ''il

apoMarI,IqecKI,IX aMI,IHoB c a3orzcrofi rucuorofi. Orcracleune 14 raJroreHr,rpoBaHr.re'alaunoi:

Pearqzu enexrpo(fzJlbHoro 3aMelrleHr,rr s 6eusorsHoM {Ape apoMarr4rrecKr{x aMr4rroB. rl

[uasocoeguHeHuq

ApouarrauecKl,Ie AI,Ia3ocoeAI4HeHr.rr. Peaxquu Ar4a3orlrpoBalr4fl nepnuuurDi

apoMarurrecKl4x aMI,IHoB. Mexanngv, flpupona Hurpo3r.rpyrorlero areHTi]. Crpoenrze n

ycrofiuunocrr conefi Aua3oHu-s. Cra6unruue KoBaJreHTHbre $oprurr lr4a3ocoeAunenufi,.

Kuclorno-ocHoBHbre paBHoBecr{r c yqacrr,reM Karr{oHa apeHArra3 oHufl.. I
Pearcqun Alra3ocoeAIaneurafi c BbIAeneHr.reM a3ora: 3aMeHa Arrur3orpynrrrr r{a rra4poxcvnlJ

rzl[oreH-, rlkraH-, Hr,rTpofpylrfly r,r B oAopoA.

Pearuapr Aua3ocoeAu:g'euuit 6es BbrAeJrenr{r i*ora: BoccrirHoBJreHue Ao

apI,InrI,IApa3I4HoB, a3ocoqelaHpre. Asocorrera.Hr4e KaK peaKrlr.rs gneKTpoSunrHoro 3aMerrIeHI{.rL

A:o- ra Al,Ia3ococraB- JIflIoIn;4e, ycJIoBI{e coqe'raHr{.fi c aMraHaMr4 z $enonalrz. Aeorcpacurelrrr.

@enolu ,i

@enolrr. MeroArr [onyrleHus: ruerorrHoe [naBJreHlre apeHcym$ona.:r<ln, 3aMerqeHlre

fanofeHa Ha rlIApoKcI,In, ilaApoJII,I3 coJreft apeu4nazoHr4.fl. Kl"ruoltHrrfi uerro4 rronyqeHr4tr

SeHona B npoMbrrxJreHHocrr,r. ';

Csoficrea: Senom,r KaK OH-xacnoru, BJu4{Hr{e gal,recrprrenefi Ha xucnornocri

Senoron. Peaxqzu snel:rpo$uJlbHoro 3aMerrleHr.rf, B apoMarr4rrecKoM sApe $eHonofi

ranoreHl4poBaHlle, cynrQuponaur4e, HurpoBaHlre, HrlTpo3r4poBaHr,re v arrKr4nr4poBaHzre:

Kap6orculr{poBaHr{e $eHorxron [IerorrHbrx MerannoB no Kolr6e. @opurzlupror]aHrre (fenolon

no Pefinrepy-Tnuany, MexaHr{3M o6pasonanus. caJrkrr\krJroBolo anbAefr.rAa. (ropuznzpoBaHne

Qeuonon uo Bnnrcvrafiepy. lleperpynnr4ponKa a.rrJrr.rJroBbrx e(fzpon SeHonon (Knrfiren). 
.:

'i:
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Oxucleuue Senonon, rt roM ql{cre [pocrpaHcrBeHHo 3arpyAueHHbrx. flousrue o6

apoKcr,IJrbHbrx paAzKiurax. i'

Xranourr. flonyreuue o- kr Ia-6ensoxuHoHoB, aHTpaxr{Hona. XrEuonbr r(aK 4raeno(furu e

peaKIILIf,x .{unrca-Anbnepa. r l

A-rru qulc.rruq e cKI{ e co eAuHeHrrn. Ilurclo aJr KaHbr r.r ux rrp o rr3s oAHbr e

Knaccra(fzraqux aJII'IIIIISIoB. 3neprux Halpsxeur{-rr qr,rKJroa[KaHoB Lr ee

KoJII{qecrBeHHar oIIeHKa lra ocHoBaHrrr4 opaBHeH[s rerror o6pasonaHr4r r{ TerrJror cropaHrrs

UI,IKNOAJIKAHOB TI COOTBETCTBYIOqUX ANKAHOB. TZUIr HANPf,XCHI,I{ B ]LU'r{KNOAJIKAHAX PI

rIoApiBAeneHI4e IIITKIoB Hit M€uIbIe, cpeAHHe rlnKnbr r{ MaKporlr4xlrr. CrpoeHr.re rluKnonponaH}i
qur<no6yraHa, III'IKJIoTIeHllaHa, IILIKJIofeKcaHa. KoH(f opnaaquonnrrft aHanrr3 rlr4KnoreKcar{a.

ArcuanrHrre v 3KBaropkIanbHble cB.fl3rr e ronQopMar\w "Kpecro" 4unnorercand,i
KonQoprraaquu MoHo- v AI43aIvIerIeHHbrx rrpor.r3BoAHbrx rlr,rKJroreKca.Ha. BrusHra6

rou$opruaqrloHHoro rIoJIo:xeHLIx (fltrxquor{aJrbHbrx fpynn Ha r,rx peaKrlr{oHEryro cnoco6Hocrr)

Ha npv Mepe pe arqufi 3 aMefireHzr, OTrrIenJreH prfl, vr oK]ac Ire]FI][,e..

Mero4r,r cr{HTe3a rllrKJrolpo[aHa, rll,IKJro6yratra v vrx

XI{MI,IqECKI,IX CgOftCrE COE4I,THEHZfi C TPEXqNEHHbIM IIIIKJIOM.

rlr.,rKJrorreHTaHa v rlr.rKnoreKcaga. Cunreg coeAnnenrafi co

(aqulozH oBa.rr KoHAeHcaun.s).

[por,r3BoAH6]x. Oco6ennocru

Cznreg coe4ranenrzfi pflpld

cpeAHrrM pa:tMepoM U"nri'i

f erepoqurcluqecKue coeArrHenr.rq

d,

.il

Knaccu(f nKarlr4{ rereporIr4KJroB.

llsrl{'rreHHble apoMarl,IqecKlle rereporlr4KJrbr c oAHlrM rerepoaroMoM. q)ypaH, rzo$en;
m{ppo[. Cunreg I,4-Suxap6oHI{JIbHbx coe4raneurafi (llaa-ur-Kuopp), B3ar.rMr{bre rrepexoAbr

(peaxqux loprena). Pear<r{nra enexrporpvJlbr{oro 3aMerrleHkr.[ B rrrrr,rqJreHHbrx. apoMarr4r{ecKr4x

rcTepoql'IKnax: HI4TpoBaHI'Ie, cynr(fupon alkre, ranofeHr{poBaHr{e, ([rolrruunrapo"anze]

arlunupoB aHr.re. Opueurarllrr gJreKTpo Sulruo ro 3aMeqeHr4.f, .
i.i.,.(l

I4n.qon. Cunres npoLI3BoAHbx r.rH.4oJra r,r3 $enunru4p a3prla tr KeroHoB (Ouuep).

Peaxqzu snerrpo$uJlbnofo 3aMeqeHr,rr B rrr4pponbuoM Konbrle r.rH.4oJra: 
""tpo"urr"*,

QoprraznupoBaHrre, raJrofenlrpoBaHr,re.

L[e crzqneHHble ap oMarlzqecKlre re'rgpo rlr,rKJrbr o oAHr,rM rerepo aroMoM.

flupuguu 14 xI{HoJII,IH. CIEHreg xLIFroJrIlHa rr 3aMerqeHHbrx xr,rHoJrr{HoB r,r3 anzlanoa nd

Cxpayny u [e6nepy-Munnepy. lIupIl4IaH r4 xr4HoJrrirH KaK ocHoBalLrg. Peax4zz nvprrrula v
xr4HoJrr.rHa c anKprJrfanofeHraAaMrl. 

,l

Orvcnenrae I'I BoccraHoBJIeHI4e nkrpnnr4na I{ xr4HoJrr4ua. Peaxqzr{ oneKTposunrnord

3aMerqeHllr B II,IpI{ALIHe Ir xl4HoJrrrHe: rrulpoBaHrle, cynr(fraponalvre, ranoreHr,rpoeaHhe. Ni.-

OrpIcr nvprr4nna I,I xI4HoJILrHa:,tt nx [crroJrb3oBaHr4e B peaKrIr4LI HrrrpoBaHrrx. Hyxneo$zm,HoE,
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3aMeIrIeHrIe aroMoB BOAOpOIa B rllzpr4Ar4r{e r{ xr.rHoJrr.rHe B peaKrlr{rx c ar{uAoM Harpr{t
(9:auu6 a6uu) n SeHrurrr4rr{eM.

Axrznaqzx Merr.r,rrbHoft rpyrrrrbl

Merzlnrapprlvrnbr u xr4HoJILIHbI KaK

firrbAerr{AaMr,r.

B 2- v 4-uerulnupr{ArzHax vr xr.rHoJlr4Hax. 2,

METI,IJICHOBbIE KOMTIOHCHTI,I B KO]IACHCAIIUSX C

AnruHorclrcJrorbr, [erITuALI u denrcu 
i;

HonaeHrnarypa aMI'IHoIs.IcJIor. llprzpo4nue aMr,rHoKr4cJrorbr. Xupansuocr5

aMI4HoKI4cJIor' o6pasyroqux nporenHbl Kucnorno-ocHoBHbre anrsorepurre cnoficrna
[prlpoAHbrx aMrrHoKt4 cJroT,,

Cunresrr o[-aMI'IHoKkIcJIor tr pa3AeneHr,re parleMr,rqecKr4x Sopr. Houenxlarypa
IIerIrI4AoB. Ocuosurre IpI]HIIITTIrI cIrHTe3a. r{oJrrrlelrr4AoB; 3arrlura aMt,rHorpy]flnbr u ax7;una4ntx

rap6oxcnlruofi rpynnrr. TnepAo(fa:urrfi c?rHTe3 rrerrrrrAoB. O6rque rpr.rHrlrzrrrbr onpeAeneHr,rt

crpoeHus [erITI4AoB u 6elxon. IlepuavHax, BTopLIqHafl. 14 'rpervrrrtar crpyKTypa 6ellcop:

flonsrze o (f eprvreurax u ([reprvreurarr4BHoM KaraJrr{3e,

Yrrenoru :i)

MoHocaxapLrilr'r 14 rronzcaxapra4rr. Knaccu$uxaqLut r4 crepeoxkr.vlars. ]\,roHocaxap"aoij',

Alr4osrr (anr4orpeo3bl, aJIbAorIeHTo3br, aJrbAoreKco3r,r) kr Kero3br. Crepeoxunavfl. aJBAo3 u

Kero3 B npoeKrll{xx @uruepa. I{uxnuuecKrre nonyalleranr.r aJrbAofeKco3 - rJrrcKorrr4panogrr d

rnroxo0ypauo 3bI. ct- u [3-AnoMepbl. (Doprvrynrr Xeyopca Ans aHoMepHbrx rvroHocaxapru4oel

Tayrorvrepvr qllKruqecKln( z orl(pblTbrx $opr B pacrBopax MoHocaxapr,r4sB, Myraporauvq

rJIIoKo3bI, xon(foprr,raqrau ru.IpaHo3Horo qr.rKna. Pearquu MoHocaxapuAoB. llonyueHr.rir:

|JII4KO3I4AOB, KaK oco6ofi $oprrau IIVKnI4qecKux arleraJrefi. Cranres rpocrbrx r.r cJror{Hbrx ssupon

MoHocaxaprlAoB. Orr'Icleru,Ie anbAo3 Ao iiJrbAoHoBbrx Kr{cJror, JraKToHr,r3aUrjr al54oHoBbl}

KI'rcJIor' I'Icuepnrrnalouee oKucJreHr{e NroHocaxaprdAoB raoluofi rraclorofi. O6pa:onaHlrb

o3a3oHoB rrpr4 Bar4Mo4efrc.rnran c QenulruApa3r,rHoM. i

[zcaxapuarr (6uosu): Muulbro3a, qerro6uoga, JraKTo3a, oaxapo3a. florucaxupr4", -'
uenJrrono3a r{ KpaxMan.

@usn"recxrre MeroAbr r.rccJreAoBaHr{q B opra'rrqecxofi xuM aH

I'lH0paxpacrras cnerrpocxonvs. llpupo4a I4K cuexrpon, cnoco6br rrx uso6paNenvil;

xapaKTep[rcTr,rqecKr4e qacToTbr frorJrouleFrrlf,. J.,'i

3nerrpoHna;l cnercpocronl4q. llpnpo4a crreKTpoB, Tr4rrbr oJreKTpon:Hrrx nepexo4oi{

rloHtrple o xporvro(fopHblx ]pymlupoBl(ax, oroco6 uso6paxenras Y@ crreKTpoB. I

Cnercrprr nporounoro MarHFTHofo pe3oHaHc4. llpapo4a, ocuoBHbre xulpaKTepr4crr.rKr,r:

xuMI4r{ecKI'Iit cgvut, pIHTeIrcI4BHocrb, MyJrb'iu{tlJrerHocrb cIlrHilJIoB nporoHoB; orrr{H-cllt4HoBoq

ssar.rN4o.treftcrBVe.



Macc-cnexrpouglpus. OcHoetrrre trp]rHrlrrrrbr, MorexyrrrpHrril LroH, r43orousufi cocraB

I4oHoB,ocHoBHbIe nyru QparMeHTaIIIzI4 naNnefimvx KJracooB opraHr.rtrecrfl4x ooeAr4peuuit.
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