OHrenbCCKUM TEXHOJIOTMYECKU UHCTUTYT ((usinan)
dhenepanbHOro rocy1apCTBEHHOT0 OIOKETHOTO 00pa30BaTEIbHOIO
YUPEKJICHUS BBICIIIETO 00pa30BaHus
«CapaToBCKHM TOCYIAPCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
uMmenu ['arapuna FO.A.»

Kadenpa «EcTecTBeHHbIC U MATEMATUYECKUE HAYKI

KPEMHUU. TEPMAHNU

Metoauyeckue yKa3aHus JJIs BBITTOJTHEHUS Ja00paTOPHBIX padoT,
IJTA CTyAEHTOB HarpasieHui: XMTH.

Hreqanc 2026 r.
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P98 ABtop-cocraBurennb: Padyxosa T.O.: Heopranmueckasi xumusi: yuyeOHoe
nocoOue i BBITIOJIHEHUS] JTA0OOpAaTOPHBIX paboT mo aucuuiuinHe «OOmas u
Heopranuveckas xumus» - OHrensc: W3p-so OTU (dbunuman) CI'TY umenu
I'arapuna FO.A., 2015 — 56 c.

Penensentni: mpodeccop kapeapst EMH OTHU (bunuan) CI'TY umenu ["arapuna
I0.A., n.x.H. I.T'. OcTpoyMOB;
npodeccop kadenpsl XT OTU (punman) CI'TY umenu "arapuna
10.A, n.1.1. H.JI. ConoBbeBa.

B yue6HOM mnocoOum mpuBeIeHBI JabopaTOpHble pabOThI, 3HAKOMSIIIUE
CTYJICHTOB C XUMUYECKHUMH CBOMCTBAMU 3JIEMEHTOB U MX coenauHeHuil. K kaxmon
paboTe JaHO HEOOJBIIOE TEOPETUUECKOE BBEJCHHUE, a TaKKe€ KOHTPOJIbHBIC
BOIIPOCHl W YOpPaKHCHHs. B TpWIOXKEHWE BKIIOUCHBI CIPABOYHBIC TaOJMIIEI,
HEOOXOAMMBbIE TMPU  BBINOJHEHUHM JA0OpaTOpHBIX pador. Pexomenmyercs
cryaentam Hanpasyienuit 04.03.01 — Xumus, 18.03.01 — Xumuueckasi TEXHOJIOTHS,
18.03.02 — Dmepro- u pecypcocOeperamoife MpoIecchl B XHUMHUYECKOU
TexHojoruu, Hedrexumun u OworexHomoruu, 20.03.01 — TexHochepHas
6e3onacHocThb, 21.03.01 — HedrerazoBoe aemno ounoit u 3a04Hoi (HopM 00yUeHUS.

V]IK 544
BBK 24-5.73

0006peno pedakyuoHHO-U30aAMeNbCKUM COBENOM
IOTH (punuan) CI'TY umenu I'acapuna FO.A.

Ilocobue uzoaemcs 6 agmopckoll pedaxyuu



Jlabopamopnasa paboma
KPEMHUIA. TEPMAHUM
Ilenv padomwt: N3y4UTh CBOMCTBA KPEMHUS U €70 COCTUHEHU.

KpemHuii u ero aHamor repMaHud B HOPMAJBHBIX YCIOBHUSAX HMEIOT

3 o
CTPYKTYpy anmasza (Sp -rubpuausanusi cBsizeil). ITO TBEpAble U XPYNKHUE
KpUCTaJIbI, OOJaJaronIMe MOJYIPOBOJHUKOBBIMU CBOWCTBaMH. B mpupoje
KPEMHHUU CYIECTBYET TOJBKO B CBSI3aHHOM COCTOSIHUM B BHJIE Pa3HOOOpPA3HBIX

cwinkaroB U kBapua SiOp . I'epmaHuil ABII€TCS PACCEIHHBIM 3JIEMEHTOM H
pacupocTpaHeH B NPHUPOJAE B BHJAE NPHUMECHBIX COCAUHEHUN B PA3IHYHBIX
MuHepanax. KpemHuil 1 repmaHuil B OOBIYHBIX YCIOBHUSAX JOBOJIBHO MHEPTHBI. C
MIPOCTBIMU BelIeCTBaMU (KpoMme (TOopa) KPEMHHUN B3aUMOJAEHUCTBYET JHIIb IPU

HarpCBaHWH, IPOABJIAA HallC BCCTO BOCCTAHOBUTCIIBHBIC CBOMCTBA.

Kpemuuii 1 repMaHuii MMEIOT Ha BHEIIHEM YpOBHEe MO 4 3ieKTpoHa. VM mpucyly CTerneHH
okucienus —4, +2, +4. gTI/I 3JIEMEHTBI MOTYT OKHCIISTh aKTUBHBIC METAJLIBI, 00pa3ys IPU 3TOM CHIMIUALI U
repManuabl. Hampumep, MgoSi — cunmunma maraus, Mg 2Ge — repmanu Maruus. B 3THX coelMHEHHSX
CTeIeHb OKUCICHHS ngMHI/I}I W repmanusi paBHa —4. JInsl KpeMHUsI U T€PMaHUs CTENEHb OKHCIICHUs 12 He
xapaktepna (SiO, GeO). [linsg HuX XapakTepHa CTENEHb OKUCIEHHSA +4 B MX COSAMHEHHAX C KUCIOPOJOM,
BOJIOPOJIOM, TaJIOTEHAMH, CEPOH U JIp.

Oxkcup kpemuus (IV) SiO o aBasieTcs KUCIOTHBIM, a okcuj repmanus (IV)

GeO2 mposBIseT aMQoTepHBIE CBOWCTBA ¢ MpeoOIagaHNeM KHCIOTHBIX. ITO
TYroIUIaBKME  BEIIECTBA, NPH  OXJAXKJCHWM  PacIUlaBOB  INEPEXOIAT B
cTeksoo0pasHoe coctostHue. IIpousBogubiMu okcupa kpemuus (IV) sBusitoTcs

MaJIOPaCTBOPUMBIE B BOJE KpeMHHEBbIE KHUCIOTHI coctaBa NHyO-mSiOy. Comu
ATHX KHUCIIOT — CHJIMKAThl — HEPACTBOPHMBI B BOJIE, KPOME CHIIMKATOB MIEITOYHBIX

MetaiioB  (NapSiO3). ['epMaHueBbIe KHUCIOTBI, COOTBETCTBYIOIIHE OKCHIY
repmanusi GeOy , KaKk W KPEMHHEBBIC, COJEP)KAT IMEPEMEHHOE KOJUYECTBO
cBs3anHoM Boabl: NHoO-mGeOo.

C  BOAOPOAOM  KpEMHMH M  TE€pPMaHHW  HEMNOCPEACTBEHHO  HE
B3aUMOJIeHCTBYIOT. COeIMHEHUS C BOJOPOJOM ATHUX BJIEMEHTOB — cuiiaHbl (SiHy,
SioHy u ap.) m repmansl (GeHyg) — momydaror AeicTBHEM Ha CHIMIUABI W
TepPMaHHUIbl CHJIBHBIX KUCJIOT. ['epMaH sBIISE€TCS BEIIECTBOM SIOBUTHIM C OYE€HBb
HEMPUATHBIM 3aMaXxoM, MIPU XPAaHEHUHW pas3jiaraeTcs Ha COCTABJISIONINE AJIEMEHTHI.

CuitaH O4€HBb HENIPOUYECH, HA BO3/IyXE CAMOBOCIIIIAMEHAETCS.
Bona n kucnoTsl Ha KpEMHUIN HE IEUCTBYIOT, PACTBOPSETCS JIMILb B CMECU

nByx kucioT (HNOg3 + HF) u B menouax.
B xucnorax:

3Si + 4HNO3 + 18HF = 3H5[SiFg] + 4NO +
8H->0 B mienouax — ¢ BeigeaeaneM Ho:
Si + 2KOH + H20 = K»SiO3 + 2Ho t



B psiny aktuBHocTH Ge Haxoautcs nocie H (mexay Cu u Ag). [Toatomy Ge
HE  B3aUMOJEHUCTBYeT ¢  pa30aBlIEHHBIMM  KUCIOTaMU.  TOJbKO B
KOHIICHTPUPOBAHHON KHUCJIOTE, OH MEIJIEHHO PACTBOPSIETCSA, a Jydlle — IpH
HarpeBaHuM.

Ge + 4H>S04 = Ge(S0Oy)7 + 2507 + 4H,0
C xonnentpupoBanHoii HNO3 Ge oopasyer HoGeO3 (xGeO2 - yH20),
Ge + 4HNO3 = HoGeO3 + 4NO> + H>O

I'epmanuii pacTBOpsieTCS B IIEJOYaX TOJBKO B MPUCYTCTBUU OKHUCIUTEIS,
o0pa3zys THAPOKCOTepMaHATHI:

Ge + 2KOH + 2H,0 = K,[Ge(OH)g] + Hat

KpeMHuii u ero coequHeHHs] UIMPOKO KCIOJIb3YIOTCS B IPOMBIIIIEHHOCTH
(comHeunsle OaTapeu, A0OaBKa K CTalsiM, NMPUIAHUE PA3IUYHBIM MaTepHhaiaM
OTHEYIIOPHBIX CBOMCTB U T.II.).

3KCHepI/IMeHTaJIbHaH 4acCTb

Ilpubopwr u peaxmuewvl. npodbupku, (apdoposas wyamka, dapdopoBas
CTyIKa C MECTUKOM, CTEKJISHHBbIE nanodku. Anmnapar Kumma. KBapuesbiii necok.
OunbrpoBanbHas Oymara. Maruuit (mopomiok). Kycowek tkanu. Caxa. Oxcun
repmanus (IV). Terpaxiopun repmanus. PactBopbl: cosisiHOM KUcIoThl (2M, 4M),
ykcycHou kuciotsl (0,1 M), cunukata Hatpus (2M, HaChIIL.), XJIOpUIa aMMOHUS
(0,5 M), denondraneuna, coneit kanpuus (0,1 M), xenesa (0,1 M), kobansra(0,1
M), nukens(0,1 M).

OIIBIT 1. [Nomy4yenue cBOOOTHOTO KPEMHUS U CUIIAHA.

B dapdopoBoit cTynke pacTepeTh KBaplEBBIM MECOK U CMEIIATh €ro ¢
nopomkoM Maraus (1:2). Cmech MOMECTUTh B CyXYI0 MNPOOHPKY. 3aKpenuTh
MpoOMpPKY B IUTATUBE BEPTHKAIBHO M CHAayajia MPOrpPeTh BCIO MPOOUPKY, a 3aTeM
CIWJIBHO HarpeTh (0 KpacHOro KajeHHs) Ty 4acTb MPOOMUPKHU, /1€ HAXOJIUTCS
cMechb. llocnme ATOro ropenky OTCTaBUTh, TaK KaK peakuus NPOTEKaeT ¢
BbIJIEJICHMEM OOJIBLIOr0 KOJM4ecTBa TerloThl. [lociie oxnaxkaeHuss mpoOHpKy
pa30uTh U U3BJIEYb CHEKIIYIOCS MACCY, COCTOSILYIO U3 KPEMHUS, OKCHJIa MAarHUs U
cuiiuaa marauss MgoSi. DTy cmech HEOOJIBIIMMHU TMOPLUSMU BHECTH B
(dapdopoByro HamKky ¢ COJISHOW KuCIAOTOM. OTMETHTh CaMOBOCIUIAMEHEHHE
cunana SiHg, BblAeNsIoOnIerocs NpU peaklvd, W 1BET MOPOIIKAa KPEMHUS,
OCTaBIIErocsi Ha JHE 4YalwKW. [IpomMbITh KpeMHHMM BOAOM W BBICYIIMTH HA
¢unabTpoBanbHOM Oymare. COCTaBUTh YpaBHEHUS pEAKIUH.

OIIBIT 2. CoiicTBa KpeMHHUS.

Peaxmuewr. npooupku, p-psl HCI, NaOH (koHir.).

Ha vactp mosydyeHHOTo B ombITe 1 KpeMHUsS MOJEHCTBOBaTH pa30aBlIeHHON
coystHOM kucioTou. [Ipomcxomut mm pacTBopeHue KpeMHHUsA? B Kakux KUCIOTax
MO>KHO PacTBOPUTH KpeMHHMI? [[pyryto 4acTh KpeMHUSI HarpeTh B MPOOUpPKE C



KOHIIEHTPUPOBAHHBIM PacTBOPOM Iiesioun. HaGnronaTe BeleneHue rasa,
YCTaHOBUTH €ro npupoay. Hanucate ypaBHeHHE peakiuu.

OIIBIT 3. ITonydyeHue rugporenis ¥ TUAPO30Js KPEMHUEBOU KHUCIIOTHI.

Peaxmueuvr. mpodupku, p-psl cuinkara Hatpus, HCI (pa36. u koHir.).

B nBe mpoOupku BHecTH 4-5 Kameidb HACBIIIEHHOTO PacTBOpa CHUJIMKaTa
HaTpus NapSiO3. B mepByio mpoOHpKY A00aBUTh MPUMEPHO TaKOHW e 00beM
pa30aBIIEHHOMN COJITHOM KHCIIOTHI U MEepeMeIaTh PACTBOP CTEKJISIHHOW MaIOUKOM.
UYro nabmiomaerca? HamucaTh ypaBHEHHE peakUMd U OOBSICHUTH PE3YJIbTATHI
OTIbITA.

Bo BTOpyr0 mpoOHWpKy ¢ CHIMKATOM HATpHisi BHECTH B 2 pasza OONbIIHiA
00beM KOHIICHTPUPOBAHHOMN COJITHOW KUCJIOTHI. BbIMagaeT au ocajiok THApOrens
H>SiO3? TlonydeHHBI THAPO30JIb KPEMHUEBOW KHCIOTHI HArpeTh 10 KHUIICHUS.
Yro nabmrogaercs?

OIIBIT 4. CBoiicTBa KPEMHHUEBOU KHUCIIOTHI.

Buectu B aBe mpoOupku no 5-6 kamneiab pa30aBI€HHOIO0 pacTBOpa CUJIMKATa
Hatpus NapSiO 3. B mepByro npoOupKy 1o KarisiM MPHIUBATh PACTBOP YKCYCHOM
kucnotel CH3COOH, BO BTOpyr0 — mnpomyckath auokcup yriepoga COr wu3
annapara Kunna no mossieHust ocajgka . Kakoe BemecTBo BbIIAJaeT B 0CATOK?
Hamucate ypaBHenus peakunii. CaenaTts BBIBOJ O CHIIE KPEMHUEBOU KHCIIOTHI.

OIIBIT 5. I'mnponus conert KPEMHUEBOM KUCIIOTHI.

5.1. B mpoOupky BHecTH 3-5 Kareib pacTBOpa CUJIMKATa HATpus U 1 Karuio
pactBopa ¢enondranenna. Uro nadbmoaaercs? Hanucarh ypaBHEHHS THAPOJIM3a B
MOJIEKYJIIPHON U HIOHHOM (hopmax.

5.2. B npoOupky ¢ pactBopoM cuiukara Hatpus (3-5 kamenb) q100aBUTH
Takoll e 00beM pacTBOpa XJOpUAA aMMOHMs. YKa3aTh, KakKO€ BEILIECTBO
BbIIaZaeT B 0cCaJoK. HamucaTe ypaBHEHHE TMApPOJIM3a CUJIMKATa aMMOHHS B
MOJIEKYJIAPHONM W HOHHON (opmax. OOBACHUTH, MOYEMY THAPOJIHU3 CUIIMKATA
aMMOHMUS IIPOTEKAET 10 KOHLA.

OIIBIT 6. HepacTBOpUMBIE COIM KPEMHUEBON KHCIIOTHI.

Hamute B 4yeThipe mpoOHpKU 1o 5-6 Kameiab pacTBOpa CHUJIIMKAaTa HATPHS U
100aBUTh B HUX TaKOM k€ 00BbEM pacTBOPOB COJICH: KallbIIMs, kKeje3a, KoOalbTa,
Hukens. HaGmonate mpoucxonsiue silieHus. Hamucath ypaBHEHUs peakiui
00pa30BaHUsI HEPACTBOPUMBIX CUIIUKATOB.

OIIBIT 7. OrHecToMKOCTh TKAHEM, MPONUTAHHBIX CUJIMKATOM HATpPHS.
B mpoOupky ¢ pacTBOpOM CHJIMKATa HAaTpus OMYCTUTh KYCOYEK TKaHHU.
Uepes HECKONIBKO MHUHYT TKaHb H3BJEYb M3 PACTBOPA, MOJACYLIMTH HA IUIAMEHH.

3aTeM BHECTH B IJIaMsl. I[J'If{ CpaBHCHHA BHCCTH B IIJIaMs TKAHb, HC IIPOIMUTAHHYTO
CUJIMKAaTOM HaTpH:.

OIIBIT 8. [Toy4yeHue repMaHus.



B dapdopoBoii yamke cMmeniaTe MPUMETHO OJUHAKOBBIE MAaCChI MIOPOIIKOB

okcuaa repmanus (IV) GeOs u caxxu. Cmech MOMECTUTh B IPOOUPKY M HArpeTh.
OTMeTuTh HAOTIOaeMbIC SIBJICHUS W HAIUCATh YPAaBHEHUE PEAKITUH.

OIIBIT 9. I'maponus conel repMaHusl.

B npoOupky MOMECTUTh HEMHOTO KpPUCTAUIMYECKOTO TETPaxJIOpHIa
repmanusg GeCly. Ilo kamnsim 100aBisTH BOAY 1O IMOJIHOTO PACTBOPEHHUS COJIH.
[Tocne monmHOrO pacTBOpeHus: 100aBUThH eme 3-4 Kami BoAbl. YTo Habiromaercs?
I'upponu3 mporekaer no obpaszoBanusi GeOy - nHO. Hamwmcats ypaBHeHHE
PEaKIHH.

Jlutepartypa

1. AxwmeroB H.C. Obmas u neopranndeckas xumusi / H.C. Axmeros. M.:
Bricmras mxomna, 2008. 446 c.
2. ~ I'manka H.JL O6mas xumust: yueonoe rmocodoue / H.JI. I'munaka. M.:

3. HpaKTI/IKyM no oOmel u HeopraHmyeckod xumuu: I[locoOue s
cTyneHToB By30B/ B.1. ®ponos, T.M. Kypoxtuna, 3.H. IptmoBa u n1p. M.: [Ipoda,
2002. — 304 c. ISBN 5-7107-4293-7

4.  Crenun b.Jl. Heopranuueckas xumus: yueonuk/ b.JI. Crenun, A A.
IIBeTrkoB M.: Beicir.mk., 1994 — 608 c.: m1. — ISBN 5-06-001740-0

5. Jlunun P.A. CipaBo4HHK 110 00111e# 1 Heopranudeckoi xumun/ P.A. Jlugun —
M.: [IpocBemenue: Yueb. nut., 1997. — 256 c.: uin. — ISBN 5-09-007182-9.

6. http://techn.sstu.ru/Biblioteka/



