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B mpouecce uzyuenust kypca «TexHOmOruss ¥ MPOAYKTHl HEpPepadOTKU
He(TU U Tra3a» CTYJACHT-3a0YHUK JIOJDKEH BBHITIOJHUTH KOHTPOJIBHYIO palboTy Ha
TeMy U3 TMEepeuHs, npenacraBieHHoro B tadnuie. K padore Hag temoil pedepara
MOXXHO TPHUCTYIUTh TOJBKO IIOCJIE€ YCBOSHHUS TEOPETHUYECKOM 4YacTH Kypca.
Kaoicowuii obyuarowutics evinonnsiem 6apuanm 3a0aHuii, COOmeemcmeayouull 08ym
nocieOHumM yugpam Homepa cmyoenueckozo oOunema (tabmuna). Hampumep,
HOMEp cryleHueckoro Owiera 98546, naBe mnocinennue 1udpsl 46, um
COOTBETCTBYET BapHAHT KOHTPOJBHOTO 3aJaHus MOJ HomepoM 7 (CoriacHo
OOBSICHCHUSIM, TPUBEICHHBIM HIDKEe TaOnuIel). B koHIe pedepara ciiegayer
MPUBECTH CIHUCOK HCIOJIb30BAaHHON JuTepaTyphl. CCBHUIKM Ha HCIOJIb3yEeMYIO

mutepatypy odhopminsitor B cootBeTcTBun ¢ ['OCT P 7.0.5-2008.



KonTposabHble 3a1aHus
Taoauua — Be16op BapuanTa

[Tocnennue
1 gpbI No Homep Tembl
HOMepa
sauerHon | CopHaHTa
KHIDKKH 1 2 3 4 5 6
X0 1 1 1 1 1 21 1 1
X1 2 2 2 2 2 22 2 2
X2 3 3 3 3 3 23 3 3
X3 4 4 4 4 4 24 4 4
X4 ) ) ) 5 ) 25 5 5
X5 6 6 6 6 6 26 6 6
X6 7 7 7 7 7 27 7 7
X7 8 8 8 8 8 28 8 8
X8 9 9 9 9 9 29 9 9
X9 10 10 10 10 10 30 1 10
YO 11 11 11 11 11 1 2 11
Y1 12 12 12 12 12 2 3 1
Y2 13 13 13 13 13 3 4 2
Y3 14 14 14 14 14 4 5 3
Y4 15 15 15 15 15 5 6 4
Y5 16 16 16 16 16 6 7 5
Y6 17 17 17 17 17 I 8 6
Y7 18 18 1 18 18 8 9 7
Y8 19 19 2 1 19 9 1 8
Y9 20 20 3 2 20 10 2 9

*- 20e X — smo nobas yuppa om 0 0o 4; a Y — smo nobas yuppa om 5 0o 9
Koumponsnaa paboma, ebinojiHeHHbIH He NO_C60eMY 8apUAHMY, HPEenodasamenem He
PeueH3upyemcs U He_3aciumoleaemcs .




1 AJIKAHBI, COAEP KAIIUECS B HE®TAX U I'A3AX

Auakanbl — yrineBogopoabl psiga CnHaonvo. [To iMeHM nepBoro ujgeHa 3Toro psiga-MeTaHa
(CH4) ankanbl 4acTO HA3bIBAIOT METAHOBBIMU yrieBojopoaamu. [IpucyTcTBYIOT BO Bcex
He(TSIX W ABISAIOTCS OJHOW M3 COCTaBHBIX ee HacTeil. Pactpenenstorcss oHU 10 (pakimsiM
HEpPaBHOMEPHO, KOHLIEHTPUPYSCh [JIaBHBIM OOpa3oM B He(TSIHbIX razax U OEH3UHO -
KepOCUHOBBIX (pakimsiX, B MACISHBIX MX COJAEpXKaHWEe Pe3KO MajaeT. AJKaHbl OOBIYHO
Mpe/cTaBlIeHbl B He)TU BO BCeX TPEX arperaTHhIX COCTOSHUSAX: ra3000pa3HOM, JKUJIKOM U
TBEPJIOM.

I'azoo0pa3ubie (Ci-C,: MeTaH, otaH, mpomnaH, OyTaH, HW300yTaH, a Takxe 2,2-
JUMETUIIIPONaH — HEOMEeHTaH) 00pa3yloT OCHOBHYIO Maccy MPUPOJIHOTO U MOMYTHOIO rasa,
COMPOBOXKAIOIIETr0 HeTh, HAXOJATCSA B HE(PTU B paCTBOPEHHOM COCTOSTHUU.

Kunkue ankansl (Cs - Ci5) COCTaBIAIOT OCHOBHYIO Maccy O€H3MHOBOW M KEPOCHHOBOM
bpakumii HedTH, MpeACTaBICHB B HEPTAX YTIEBOAOPOJAMH HOPMAIBHOTO CTPOCHUS H
M30MepaMu C Pa3BETBIECHHOM 1IETIbIO.

Trepawblie ankanbl (Cig U BBIIIE) BXOIAT B cOCTaB HeTSIHOrO mapaduHa U 1epe3nHa.
Conepxanre ux B HedTsx Kojebnmercs oT jgecaThix pgojeit no 5%. Haxonsrcs B
PAaCTBOPEHHOM JIMOO BO B3BEIIEHHOM KPHUCTAIJIMYECKOM COCTOSIHMM. IIpu HU3KHX
TeMIlepaTypax pacTBOPUMOCTb UX B He()TU U He(PTSIHBIX (PpaKUUIX HEBENUKa, TOATOMY MpHU
MoJbeMe Ha TMOBEPXHOCTh MapaduHbl CKAIUIMBAIOTCS B CKBa)XWHAX, IPOMBICIOBBIX U
He(dTecOOpHBIX TPYyOOIIPOBOIAX, 3aTPYIHSS SKCIUTyaTAIlUIO U TPAHCTIOPT He(TH.

Hedrsauble napagursvr - cMech MperMYIIECTBEHHO allKaHOB Pa3HOW MOJIEKYJISIPHON
Macchbl, a OCHOBHOM KOMIIOHEHT yepe3uHog - HaQTeHOBbIe YrieBOAOPObI, COAepKallue B
MOJIEKyJlax OOKOBbIe I[eMM KaK HOPMalbHOTO, Tak U uzoctpoeHus. [Ipu ommHakoBoit
TeMIepaTtype  IUIaBJieHUs  Lepe3rHbl  OTJIMYalTCs  OT  mnapauHOB  OOJBIIMMHU
MOJIEKYJIIPHBIMU MaccaMy, MJIOTHOCTBIO U BSI3KOCTHIO. [lapaduHbl 1erko KpucTamin3yroTcs
B BU/JIE [IJIACTUHOK, LIEpe3UHbI - B BUJIE MEJIKUX UTJL.

MertaHoBbIE yI€BOAOPOAbI IPAKTUYECKH HEPACTBOPUMEBI B BOJIE, XOPOLIO PaCTBOPUMBI
B 3upe, apoMaTUUeCcKUX yrieBoaopoaax (6eH3osne, Toiayosie U T.I1.), INIOTHOCTh UX MEHbIIIe
IJIOTHOCTU BOABL. TeMmepaTrypbl KUMEHUS U IJIaBJIEHUs 3aBUCST OT pa3MepoB MOJEKYI U
BO3pAacTalOT B TOMOJIOTMUYECKOM psily € yBelMYeHHEeM MoJeKylsipHo wmacchl. Cpeau
M30MEPOB YIIIEBOJIOPOIbI HOPMAJILHOTO CTPOSHHUSI UMEIOT HanOoJiee BHICOKHE TeMIepaTyphl
KUIIeHUS U TNIOTHOCTH. AJIKaHbl 00J1a1at0T 60JIbI1I0H TerI0TBOPHOM criocoOHOCTBIO (AH rop,
Mx/kr st CHg — 56, C4Hi0 — 50, CgHig — 48).

AnKaHbl OTHOCSITCSI K HAUMEHEee PeaKIIMOHHOCIIOCOOHBIM OPraHUYeCKUM COCTUHEHUSIM,
OJIHAKO OHU He SBJISIFOTCS XUMHUYECKH HUHEepPTHhIMU. [Ipu ompeneneHHBIX YCIOBUSIX OHHU
BCTYNAIOT B PeaKNMH OKHMCJEHUs, TAJIOTeHUPOBAHUS, HUTPOBAHMUS, CYJIbPOXIOPUPOBAHUS,
JeTUIPUPOBAHMSL.

XuMudecKkue MpeBpalieHus MeTaHOBBIX YTIJIEBOJOPOJIOB MOTYT MPOUCXOUTh MO0 3a
CYEeT OTphIBA aTOMOB BOJIOPOJia C MOCJEAYIOIIUM 3aMelleHUeM UX JPYTMMHU aTOMaMHu WU
rpynnamMu (peakinuu 3amelleHus), Jubo 3a cueT pa3pblBa IEMU YIVIEPOJHBIX aTOMOB
(pacuierieHus).



3anauu

1. Hanmummre CcTpyKTypHBIE (GOPMYJIBI H30MEPHBIX IIpeAelIbHBIX YTIIEBOJIOPOJIOB
coctaBa C7Hje, I1aBHas 1ieNb KOTOPBIX COCTOMUT W3 ISITH YIVIEPOJHBIX aTOMOB, U Ha30BUTE
UX TI0 CHUCTeMaTH4YeCKOW HOMEHKJaType. YKaXWUTe 4YHCJIO TEepPBUYHBIX, BTOPUYHBIX,
TPETUYHBIX U YeTBEPTUUYHBIX aTOMOB yTliepoja B KaKJI0M U30MEpE.

2. IlpuBennTe ypaBHeHUE peaKkLIMM KPEKUHIa IeKcaJeKaHa.

3. Hanummre cTpyKTypHBIE (GOPMYJBI BCeX MpeleIbHBIX YIJIEBOIOPOIOB C ISTHIO
aToOMaMM yrJjiepoJia B IJIaBHOW LieNH, MJIOTHOCTh MapoB KOTOPBIX MO Boaopoay paBHa S0.
HazoBute nx 1o cucreMaTuyeckoil HOMEHKJIIAType.

4. Tlpu rumponuse kapOuwga aarOMHHHUS oOpa3zoBaics MeTaH oobemoMm 2,24 1 (H.Y.).
Brraucnure maccy o6pa3oBaBIerocsi THAPOKCHUIA allFOMUAHUS.

5. Hanummre ypaBHeHHMs peaklud, @pd TOMOIIM KOTOPbIX M3 MeETaHa H
HEOpPraHMYEeCKUX PeareHTOB MOXHO TOJIYYUTh OyTaH.

6. Hanuture Bce nzomepsl coennHenuii coctaBa CgHig, C4H7Br.

7. Tlpu nerugpupoBanuu OyTtana obvemom 10 1 Beimenmimoch 20 1 Bomopoza.
YcTaHoBUTE MOJIEKYJISIpHYIO  (GopMyiy oOpaszoBaBiierocss mpoaykra. OO0bembl Ta30B
W3MEepeHbBI IPU OJIMHAKOBBIX YCIOBHUSIX.

8. Hanumute cTpykTypHBIE (hOPMYJIBI BCEX BO3MOXKHBIX N30MepHBIX paankainoB: CoHs—
, CsH7—, C4Hg— m HazoBuTE UX.

9. HanumuTe mocienoBaTelbHOCTh PeaKIMii, ¢ MOMOIIBIO KOTOPBIX U3 MeTaHa MOKHO
MOJIYy4uTh 2,2,3,3 — TeTpamMeTusI0yTaH.

10. Harumute cTpyKTypHBIE POPMYJIBI COSTUHEHUH TI0 MX HA3BaHUSIM: 2-METHJITICHTA,
2,5,6-TpuMeTriioKTaH, 3,3-IMATHITEKCAH, 2-MeTHI-4-U30MpONMIHOHAH. Nzobpasute
CTpyKTypHbIe popmyibl u3omepoB ankaHa CeHi4 1 Ha30BUTE UX.

11. Kakue u3 nepeyucieHHbIX HWKE COEJUHEHUW SBISIIOTCA H30MepaMu: a) 2-
MeTHJIreKcaH; 0) 3— MeTWirenrtaH, B) 3— STWAreKcaH; r) 2,2 — AUMETWIrenTaH; a) 2,4—
IMMETUJreKcaH; €)2— MeTuokTan? JlaTth onpeaeneHue n30MepoB.

12. Kakoli o6beM BOAOpoJa B TOJYOJI, €CIIM peakiys MpoTeKaeT ¢ BbIXoaoM 75% oT
TEOPEeTUYECKOro?

13. Omnpenenute MOJEKYISIpHYIO (OpMyNy MpeaenbHOro yrieBoaopoja, eciu
M3BECTHO, YTO MpPU MOJHOM cropanuu 8,6 r ero odpazoBanoch 13,44 n (H.y.) okcujaa
yriepoaa (IV).

14. B BemectBe A comepxurcs 83,33% yriaepoma mo mMacce W BOAOPOJ. Y CTaHOBUTE
BO3MOXXHBIE CTPYKTYPHBIE (hOpMYIIBI A.

15. Bpruamcnure sneMeHTHBIM cocTaB (% Mo Macce) TIpeAesibHBIX YITIeBOJOPOJIOB,
TJIOTHOCTh MAapOB KOTOPBIX O BOJIOPOAY paBHa 36.

16. YrieBomopos Hepa3BeTBIEHHOIO CTpOeHUsi A u30MepusyeTcsi B BellecTBO B,
KOTOpOe MpHU JAeTUIPUPOBaHUK 00pa3zyeT coenuHenne C, MpuMeHseMoe B CUHTe3¢e KaydyKa.
[Tpueaute hopmynsl BemectB A, B u C. Hanummre ypaBHeHHs peakiuid.

17. Ilpu cropanum ankaHa maccoit 3,6 r oopasyercs okcun yriepozaa (IV) oobeMomMm 5,6
1 (m.y.). Kakoit 06beM kuciiopona, MpUBeACHHBIM K HOPMAJIbHBIM YCIIOBHUSM, ITOTPEOyeTCs
TSl peaKiiii.

18. Hanummre ypaBHEHHUsI peakLUid, KOTOpPble HY)KHO NMPOBECTU I OCYILIECTBIEHUS
CIIEIYIOLINUX IIPEBPALLECHUN:

A|4C3 — CH4 — CHgBI’ — CzHe — COz — CO — CH4.



VYKaxxute ycloBUsI MPOTEKAHUS PEAKIIHIA.

19. Ilpu kpekunre yrieBojopona A oOpa3yloTcs nABa Jpyrux yrieBojaopoaa ¢
OJIMHAKOBBIM YKCIIOM YTJIEPOJHBIX aTOMOB. YTJEBOJOPOJ C MEHbIIel OTHOCUTEIbHOM
MOJIEKYJIIpHO#M Maccoi B mpu nerunpupoBannu odpasyet BerecTBO C, UCIIONB3YIOIIeecs: B
cuHTe3e Kayuyka. [ [puBeaute dopmyisl BemectB A, B, C. Hanmmmure ypaBHeHUE peakiuii.

20. Oprannueckoe BellleCTBO COJEPKUT yriepon (maccosas nois 84,21%) u Bomopon
(15,79%). [InoTHOCTH MapoB BelecTBa MO BO3AYXY cocTaiseT 3,93. Onpenenute hopmyy
ATOrO BElIeCTBa.

2 MUKJIOAJIKAHBI HE®TH

B HedTu comepxarcs HadTeHOBBIE YTIeBOAOPOAbl HUKIHWYecKoro crpoeHus CpHan.
— nukjJoajdkanbl (nukionapagunsl). B.B. MapkoBHUKOB Ha3Banl ux HadreHamu. B
nanbHeilleM nojJ HadTeHaMH Haudajdd TNMOHUMAaTh HE TOJIBKO MOHOLMKIWYECKHe, HO M
MOJUIUKINYECKHE YTIeBOAOPOIbI HEPTIHOTO MPOUCXOXKICHHUS.

ITo o6miemy conepkannio HahTeHbI BO MHOTUX HEQTIX MpeodIafatoT Hall OCTaIbHBIMU
KJIaccaMu yTJIeBOIopoioB. B paznuyubiXx HeQTAxX oT 25 no 75% umkinonapadunos. HadreHsl
BXOJISIT B COCTaB BceX HedTel M MPUCYTCTBYIOT BO BceX (pakuusx. Mx conepkaHue pacrer
1o Mepe yTshkeneHus: Qpakiui.

[Ipocreiiive HUKIOATKAHbBI - HUKIONPOIAH, HUKIOO0yTaH, U UX TOMOJIOTH - B HETIX
He oOHapykeHbl. MoHouukiandyeckue HadteHol psga CpHon. MmMpoko mpencTaBieHbl B
HEe(TAX LWKIOMEHTAHOBBIMA U IHMKJIOT€KCAHOBBIMH TpPOW3BOIHBIMH. CTpoeHue Hux
pa3Hoo0pa3Ho, TaK Kak JJisi HUX BO3MOXHO 4 BUJa U30MEPOB: U30MEPUs KOJIblia, U30MEPUs
MECTOIOJIOKEeHHUs OOKOBBIX LeNeil, n30Mepus CTpOoeHHs] OOKOBBIX LieMNeil U cTepeon3oMepust
(LMc- 1 TpaHc-).

B Hacrosiee Bpemsi B 0€H3MHOBBIX (PpakiusaX paziuyHbIX HeTell oOHapyxkeHo Oolee
50 uHAMBUAYaNbHBIX MpeAcTaBUTeNei ATOro kiacca yrieBoaoponoB. Takum oOpazoMm, B
OeH3MHAaxX M YacTUYHO B KEPOCHMHAX MPUCYTCTBYIOT, B OCHOBHOM, MOHOLIMKJIMYECKHE
HaTeHbl pPsJOB LMKJIONEHTaHA M LMKJIOreKcaHa C KOPOTKUMHM OOKOBBIMU LiemsiMu. B
CpellHeM LIMKIJIONIEHTaHOBOE KOJIbLIO MpeoliaaaeT Hall LUKIorekcaHoBbIM. OCHOBHasl Macca
NOJIMIMKINYECKUX HAaQTEHOB HMEeT KOHOeHcuposanHoe cmpoeHue. KonndecTBo
YIJIepOAHBIX aTOMOB B OOKOBBIX 1IeMsIX Ha()TEHOB MOKET ObITh pa3Ho00pa3HbIM - oT 3 110 10
B cpeanux ¢pakausx U oT 20 1o 28 B BBICOKOKHUITAIIMX (QPaKIUiX HePTH.
BricokoMosekysipHble IUKINYEeCKUE YIJIeBOIOPOIbl ¢ OONBIINM YUCIOM aTOMOB yriiepojia
B OOKOBOH 1Ieny MpaBujibHee OTHOCUTH He K HadTeHaM, a K napaduHo-IUKIonapaGuHOBBIM
yIJIEBOIOPOAaM.

[Nomuuuknuyeckre HaAQTEHBI C JUIMHHBIMHU NMapaUHOBBIMH LEMSMU MUMEIOT BBICOKYIO
TeMIlepaTypy IUIaBJIEeHHs U IOATOMY MOMNAAAl0T B COCTAB LIEPE3UHOB.

Quzuueckue  ceoticmea. TemmepaTypa  KureHuss UuUKIonapadpuHOB  OoJblie
TeMIeparypbl kKuneHus napaguuos. L{ukioankaHbl BO MHOTOM ONPENENsIIOT COCTaB HepTU U
CBOMcTBa He(TEenpoAyKTOB, OJHAKO Ha(dTeHbl HE BBIACNAIOT U3 HePTH, a MOJy4yaroT
CUHTETHYECKH, HalmpuMep 1Mo  peakuuu  Bropua, T.e.  JerajoreHupoBaHUEM
JUTaJIOreHIPOU3BOIHBIX YTIIE€BOJOPOIOB.

Xumuueckue ceoticmea. 1|AKIIONEHTaH U LUKIOIeKCaH B XWMHYECKOM OTHOILEHUU
BeJyT ceOsl aHAJIOTMYHO MeHTaHy M rexcany. L{ukionponan u uukinoOyTan 6ojiee aKTUBHBI,



OHHU JIETKO BCTYNAIOT B PEaKklUu MPUCOCTUHEHHs] C PacKphITHEeM KoJsiblia 1 00pa3oBaHUEM
auuKIn4Yeckux (JIMHEeMHbIX) NpoAyKToB. LlUkiorekcaH mnpu HarpeBaHMM Ha TeX Ke
KaTaju3aTopax, Ho 0e3 Bojopoja Jeruipupyercs B apoMaTUdecKuil yriieBoAopos - OeH30:1
(peakmusi 3elUHCKOr0). DTO oJHAa U3 Hauboyiee BaKHBIX pEaKIUd, MPOTEKAIoUUX B
MIPOMBIIIJIEHHOM TIpOIlecce apoMaTh3alud OeH3WHOBBIX (pakumii. s HuKIoamKaHOB
XapaKTepHbl TaK)Ke peakliMi CBOOOJHOpaAMKaIbHOrO 3aMelneHusi B uukie. [Ipu neiicteun
CHJIBHBIX OKHCIHTENel ukionapaduHbl 00pa3yroT IByXOCHOBHBIE KapOOHOBBIE KHCIOTHI €
TEM >Ke YuciaoM aromMoB yriepoaa (Hampumep, anumuuoBas kucinoTra oOpasyercs H3
LHUKIJIOTeKcaHa). [IpoayKThl OKMCIEHHMS HWCIOJB3YIOTCS B IPOU3BOACTBE CUHTETUYECKUX
BOJIOKOH, MJIaCTU(QHUKATOPOB IJIaCTMACC.

3agaumn

1. YrieBogopol HIUKINYECKOTO CTPOCHUS, HE UMEIOIIWIA OTBETBICHUN B LIMKIMYECKOU
enu, MMeeT IUIOTHOCTh mapoB 1o Bo3AyXy 1,931. MaccoBas monst yriepoja B 3TOM
BemecTBe coctaBisieT 85,7%. Omnpenenute dopmyny yrieBogopoia W HAMWIIATE €ro

CTPYKTYPHYIO QOpMYyITy.

2. Ilpu cropanuu nukioankaHa Maccoi 7 T oOpaszyercs OKCUJ yriepoaa maccoi 22 T.
Kakoli o6bem kuciopona, U3MEpeHHbIH MPU HOPMANbHBIX YCIOBUSX, PAaCXOIyeTcsl MpHU
aToM?

3. Jlns cxuranuss HekoToporo obObeMa HuKIomapaduHa TpeOyeTcsl IIeCTUKpPaTHBIN
o0BeM kucnopona. PaccunTaiite MakcMManbHYIO Maccy THAPOKCHIa Oapus, KOTopas MOXeT
BCTYIIUTh B PEaKLUIO C MPOAYKTOM ropeHus 11 (H.y.) 3Toro napadusa.

4. Onpenenute GopMyy LMKIOATKaHA, HA CTOpPAHUE KOTOPOIro 3aTpaduBaeTcsi 00beM
Kucaoposa B 9 pa3 GonbliMii, yeM 00beM NapoB LuKIoankaHa. Ha3oBuUTe 3TOT LUKIIOAIKaH,
€CJIM U3BECTHO, YTO €ro YIJIeBOJOPO/IHBIN CKeJleT UMeeT Hepa3BeTBICHHOE CTPOCHHE.

5. CocraBbTe ypaBHEHHUs peaklMil: a) TuApUpoBaHUs LUKIOOyTaHa; 0)
TUAPOTalOreHUPOBaHUs LIMKJIONPONaHa; B) raJoreHUpOBaHUsI LIMKIOINPOINaHa; I') MOJHOTO
OKHUCJICHUS IIUKJIOTIEHTaHA.

6. IIpu cropanuu 1 51 napoB uuknonapaduna noiydaercs 6 1 yriekucioro raza. Kakoit
o0beM KHuciiopoaa Mmpu 3ToM pacxonayercs? (Bce oObeMbl U3MepsIOTCS MPU OAMHAKOBBIX
YCJIOBUSIX).

7. Hanumure gopmyity uukionapadrHa, Ipu cropaHud MapoB KOTOPOro MoJydyaeTcs B
5 pa3 Oonpmuit o6beM okcuaa yriaepoxa (IV), dem o0beM wucxomHoro napaduHa,
W3MEpPEeHHbIN MIPU TeX )K€ YCIOBUSIX.

8. Hannmure gpopmyny nukionapadurHa, Ha CropaHye napoB KOTOPOro PacXoayeTcs B
6 pa3 6oubInii 00beM KUCIOPO/Ia.

9. CKonbKO pa3WYHBIX LHUKJIONapa(ruHOB COOTBETCTBYIOT MOJEKYJSpHOW (hopMmyrie
CsHio? M3o0pasute ux cTpykrypHbie GOpPMYJIIbI M HAMMUIIIATE HA3BAHUSI.

10. CocrtaBbTe ypaBHEHUS peakIUi, MPU MOMOIIU KOTOPHIX MOXKHO TMOJIYYUTh: a)
nukiodbyran w3 OyraHa; 0) Oyran w3 uukioOyrana; B) okcun yriepoaa (IV) wuz
[UKJIONPOIaHa; T') 6eH30J U3 TeKcaHa.

11. Hannimute cTpyKTypHBIE (GOPMYIIBI COSTMHEHMIA:

a) 1,1-muMeTunuKI00yTaH; 0) 1,1,2,2-TeTpaMe TUIIIMKIOOY TaH;

B) 1-OpoM-2-MeTHIIIMKIIOTEKCaH; r) 1,3-IUMEeTUIIUKIOTeKCeH;



1) U30MPONMIIIUKIIOTeKCaH; e) 1,3-quxJIopUUKIIONeHTaH.

12. YraeBonopoa A, IIOTHOCTbh KOTOPOTO MPU HOPMAaJbHBIX YCIOBUSX paBHa 2,5 /1,
He oOeclBeYMBaeT BOJHBIA pacTBOp IepMaHraHara Kajus, a NMpud B3aUMOJAEWCTBUU C
BOJZIOPOJIOM B IIPUCYTCTBUM IUIATUHBI ae€T CMeCh JIByX BellecTB. OnpenenuTe CTpyKTypy A.

13. Hanmmmute cTpyKTypHBIE (hOPMYIIBI COSIMHEHMIA:

a) IUKJIOTeNTaH; 0) STHIILMKJIOTEeKCaH;
B) 1,3-IUMeTHIIIIUKIIOTIEHTaH; r) 1,2-AUXITOpIUKIIONEHTaH;
1) 1,2-AMMeTUIUUKIONPOIIaH; e) 1,1,2-TpyuMeTUIUKIIONeHTaH.

1.2.13. Ocy1ecTBUTE MpeBpaIleHusl 0 CXeMe:
CeH14 — CsH12Clz — CeHiz — CeHe

14. Kakoit 06beM BO3yXa pacXoayeTcs AJis TOJIHOTO COKUTAHUS CMeCH IUKJIOO0yTaHa U
oyteHa oobemMoM 10 1?7 OO6beMbl Ta30B U3MEPEHbI ITPU OJAMHAKOBBIX YCIOBUSX.

15. IluknorekceH Macco 12,3 r momsepriv ruapupoBaHuro. IIpomykT
TUAPUPOBAHUS COXKIIIH, MOTY4uB okcup yriaepoaa (1V) oovemom 13,44 11 (H.y.) Onpenenute
BBIXOJI MPOAYKTa TUAPUPOBAHUS, €CITU BBIXO] MPOAYKTOB FOPEHUS — KOJIMYECTBEHHBIH.

16. T'excaxyopaH (reKcaxJOpPLUUKIOIeKCaH) SBISETCS MPOAYKTOM peaklHH
MIPUCOEIMHEeHNSI MAKCUMAJIBHOTO KOJMYecTBa XJiopa K MoliekyJie 6eHzona. OH npUMeHsIeTCs
KaK SIIOXMMHKAT 1751 OOpbObI ¢ BpeIHBIMU HAaCeKOMBIMU M C OOJIe3HSIMU pacTEeHUMU, s
YHUYTOXeHUsI cOpHSAKOB. CKONBKO T XJiopa motpelyeTcs Jyis npeBpaiieHus 39 r 6eH3ona B
reKkcaxjopaH?

17. JlBa yrneBomopoma A u b, uMerolmne UIHUKINYECKOE CTPOCHUE, SIBISIOTCA
COCEeIHUMHM YJIeHAaMH FOMOJIOTHYECKOTO psija. MaccoBas 1oJis yriiepojia B 000HUX BellecTBax
A u b cocraBisier 85,71%. OtHocutenbHas MJIOTHOCTH cMecu A u b mo Bogopony
cocraBimsier 29,4. Omnpenenute ¢opmynsl yrieBogopogqoB A u b, K kakomy
rOMOJIOTUYECKOMY psifly oHM OTHocsTcs? M3o0pasute CTpyKTypHbIe (OPMYJbl U30MEpPOB
BelecTB A u b. Paccunraiite MaccoBble 10711 ra30B B UX CMECH.

3 APOMATHYECKHE YIJIEBOAOPOAbI HE®THU

OcHoBHass Macca MOHOUMKJHYECKHX AapeHOB IpeicTaBieHa B  HedTu
noJMMeTHI3aMellleHHbIMU  OeH3ona. OOiiee coaepkaHHe MOHOLMKIMYECKHX apeHOB B
HePTIAX:

B0 ¢pakiuu 10 200 °C - 5-25%; °

Bo paknum 200-350 °C - 15-35% (Hapsay ¢ TIpOW3BOJHBIMU O€H30J1a, B
KepOCUHOTra30iiieBoi (pakuuy NPUCYTCTBYeT Ha(TaJuH U €ro TrOMOJIOTH, TO €cCTh
OMLMKIINYecKre KOHICHCUPOBAaHHbIE apOMaTUYECKHE YTIIEBOAOPOIBI);

Bo (pakumu > 350°C — HeOombIIOe KOTUYECTBO (B OCHOBHOM MOJHIHUKJIHYECKHE
apoMaTHyecKkue yrjeBoaopoabl C 3,4,5-10 KOHJEHCUPOBAaHHBIMH  OCH30JbHBIMU
KOJIbIIAMH ).

Quzuueckue ceoticmea. 11o cBoeMy arperaTHOMy COCTOSIHUIO MOHOIIMKJIMYECKHE apeHbl
- KUAKOCTM C  pa3lM4yHbIMM  Temmeparypamu  kuneHus. KoHaeHcHpoBaHHbIE
MOJINLIUKJINYECKUE apeHbl - TBep/ible BellecTBa C pa3IMYHbIMU TeMIlepaTypaMy IUIaBJIEHUS.
[I10THOCTH U MOKa3aTeNu MpeIoMJIEHUs] apEeHOB BbIIIIE, UeM Y COOTBETCTBYIOILIMX AJIKAHOB U
[IUKII0ATIKaHOB.

Xumuueckue ceoticmea. Hanbomnee xapakTepHBIMU AJI1 apOMAaTUYECKUX YIIIEBOAOPOIOB
ABJISIIOTCSL  PEaKUUU JJIeKTPOPHJIbHOro 3aMeleHuss B Kouble. [Iporekaror oHu



cpaBHHUTENIBHO Jierko. CyIIecTBYIOT OIpeleieHHbIe IpaBUia OPUEHTAIMM B peaKIMIX
9JIEKTPO(HIBHOIO 3aMellleHHs] B apoOMaTHYECKOM pSAYy: MeCTO BCTYIUIEHHMS BTOPOTO
3aMeCTUTeNIlI B O€H30JIbHOE KOJIBIIO OIpeeNseTcss MPUPOIOH yKe HMEIOIIerocs
3aMeCTUTeNId.  3aMeCTUTeJIM  OBIBAalOT  JIBYX  THIIOB:  3JIEKTPOHOJOHOPHBIE U
DJIEKTPOHOAKIIETITOPHEIE.

K snexTpoHomoHOpHBIM 3amecTuTessiM otHocsaTes: -CHz -OH,-NHa,-Cl(-F,-Br, -1). Ouun
CIIOCOOCTBYIOT 3JIEKTPO(GHILHOMY 3aMEIIeHUI0 B opmo- U napa- MOJIOKEHHUIX 0E€H30JIbHOTO
KOJTbIIa ¥ HA3bIBAOTCS 3aMecTUTelNsIMu | pona.

K snexrponoaknentopHsiM 3amectutensiM oTHocsATes: -NO», -SO3H, -COH, -
COOH. Onm cnocoOCTBYIOT 3JIEKTPOPUILHOMY 3aMEIeHUI0 B Mema- TIOJOXKeHUe
OeH30JbHOT0 KOJIbIIa M Ha3biBatoTCs 3aMectutessimu Il pona.

Peakiun mnpucoegHHeHHs] TPOTEKAIOT TPYAHO B JKECTKUX YCJIOBHUSX (/IaBlieHHe,
OCBeIlleHUE 30HBI PEaKIUH U T.I.). B peakiiuu oKHCIeHHsI JIETKO BCTYIAIOT aJKUI0EH30JIbI.
OHM OKHCISIOTCS JIETKO, IO 0-3BeHy OOKOBOW IIeNH, 00pa3ys COOTBETCTBYIOIINE
KapOOHOBBIE KHCIOTHI. HezaMmeleHHbIe OEH30JbI OKUCIISIOTCS TPYIHO B )KECTKHUX YCIOBHSIX.

MOoOHOIIMKIUYEeCKe apeHbl, a Takke Ha(TaIuH W ero NPOU3BOJHBIE - IIEHHOE
XUMHUYECKOE ChIpbe I HEPTEXMMHUUECKOTO U OPraHUYeCKOro CHHTe3a. M3 HUX IpOU3BOIST
CUHTETUYECKHE Kay4dyKH, IIACTMACCHl, CHHTETHYEeCKHe BOJIOKHA, B3phIBUATHIC, aHHWINHO-
Kpaco4Hble U (hapMalleBTUYECKHEe BelleCcTRa.

3apaum

1. CoctaBbTe CTPYKTYpHBIE (OpMYINBI H30MepoB, oTBedaronmx ¢opmyne CgHig u
coliepKallliX apoMaTUYeCcKoe KOJIbIIO.

2. CkonbKO H30MEpHBIX T'OMOJIOTOB OeH3oima MoxkeT oTBeuarb Qopmyie CoHpp?
Hanuimmre ctpyktypHbie popMyIibl ©30MEPOB U HA30BUTE UX.

3. Kakoil 00beM Bo3ayxa, U3MEpEeHHbBIA IPU HOPMAJIbHBIX YCJIOBUSIX, OTpedyeTcs s
noyiHoro cropanus 1,4-numerunoenzona maccoir 5,3 r ? OObeMHass oSl KUCIOpOJa B
Bo3ayxe coctapisieT 21%.

4. Tlpu cxxuranuu romojora 6eHzosna maccoit 0,92 r B KHUCIOpOJEe MOTYUYUIIA OKCHJL
yraepona (1V), KoTopslii NpOILyCTUIM Yepe3 U30bITOK pacTBOpa ruapokcua kanpuus. [Ipu
3TOM oOpa3oBasics ocalok maccod 7 r. Ompenenute (opMmylsy yrieBoAOpoJaa U HAa30BHUTE
ero.

5. Apomaruyeckuii yrieBOJOPO, SBISIFOIIUICS romoyioroM OeH3ona, maccod 5,3 T,
coxriu, nonyuuB okcup yriepoaa (IV) obvemom 8,96 n (H.y.). Onpenenute dhopmymny
yriaeBogopoaa. CKOJIBKO H30MEpPOB MOXET HWMETh 3TOT YIJIEBOJOPOJ CpeAr T'OMOJIOTOB
6en3zona? Hanuinre cTpyKkTypHble (GOPMYIIBI 3TUX U30MEPOB.

6. U3 amermnena o6bemoM 3,36 s (H.y.) moaydmsad OeH301 oObeMoM 2,5 ML
Omnpenenure BBIXOJ NPOAYKTA, €ClU IUIOTHOCThL OeH3o0ia paBHa 0,88 r/mi.

7. Tlpu OpomupoBaHum OeH30ja B mpucyTcTBUM Opomuna >xenesa (l11) momyuwmmm
OpOMOBOZIOPOJ, KOTOPBIN MPOMYCTHWJIM depe3 H30bITOK pacTBopa HUTpaTa cepebOpa. [lpu
3TOM o00pa3zoBajicsi Ocajok maccoil 7,52 r. Berumcnure Maccy MOJTYyYEHHOTO MPOIYKTa
OpomupoBaHus O€H30J1a U HA30BUTE STOT MPOAYKT.

8. beH30/1, mMoOMy4YeHHBIM JerwApUpPOBaHHEM IMKIOreKcaHa oobeMoM 151 Mi u
mwioTHOCTRI0 0,779 1/MJI, TIOABEpPIIM XJIOPUPOBaHWIO TIpH ocBelleHnn. OOpa30BajIoCh
xynopnpousBoaHoe Maccoit 300 r. OnpenenuTe BbIXOA MPOAYKTA PEAKIIMH.



9. [IpuBenuTe ypaBHEHHS peakIuu, HEOOXOAMMBIX AJisl MPEBPaIlCHUI:
a) rekcaH — OeH30Jl — LIMKJIOTeKCaH;
0) amerwieH — OeH30] — T'eKCaxJIOPLUKIOTeKCaH.

10. [IpuBenuTe HEe MeHee TpeX XUMHUYECKUX peakIifil, B pe3ysibTaTe KOTOPBIX MOXKET
OBITH MOJIyYeH TOIYOJ. YKaKUTe HEOOXOIUMBIE YCIOBUS MTPOTEKaHUS PEaKIINH.

11. B nabopatopuu u3 25 n aneruneHa Obuio moiaydeHo 16 r 6enzona. CKOJBKO 3TO
cocrtaBisieT (B %) OT TOM Macchl, KOTOpast JOJIKHa Obliia 00pa30oBaThCs COTJIACHO YPaBHEHHIO
peakuuu?

12. CocrtaBbTe (hopMysibl OpoM3aMellleHHBIX TOJyoJia, B KOTOPBIX MaccoBas JOJs
Opoma cocrtaBisieT 46,72%.

13. CkoibKkO MOXET CyLIeCTBOBaTh W30MEPHBIX  TPUMETUIOEH30JI0B U
teTpameTminOen3onoB? CocTaBbTe UX (OPMYINBI CTPOGHMSI U YKaKWTe, Kakhe U3 ITUX
COEeIMHEeHHI MOXHO Ha3BaTh CHMMETPUIHBIMH.

14. Yem otnmuyaeTcs Mo TUILY peakuus Opoma ¢ OEH30JI0M OT peaKLUu ero ¢ STUIECHOM?
OTBeT moATBepIUTE, TPUBEAS YPABHSHUS peaKITHil.

15. JletictBueM Opoma Ha 78 T OeH3o/ma OBUIO TMONYYEHO CTOJIBKO e TPaMMOB
OpoMOen3oma. Ckoiabko 3TO cocrtaBimseT (B %) OT TOW Maccel, KOTOpas JOJDKHA
00pazoBaThCsl, €CJIM BECh B3ATHI OSH30J1 BCTYITHUII ObI B PEakIvio?

16. K cmecu n3omepHbIX OyTeHOB-2 U OeH30J1a 100aBUIHN OPOMHOM BOMABI IO TOSIBICHUS
ci1aboit OKpackw M IMOCiie OTMBIBKH M30BITKA OpOMa pacTBOPOM INEJIOYH CMECh BBICYIIHIIN H
nepernanu. Kakoe BeriecTBo ObIJI0 MOTYyUYEHO B MPUEMHUKE?

17. Ilpu cxuranuu 1,3 r BemecTBa obpazyercs 4,4 r yriaekucnoro raza u 0,9 r Bofbl.
[InoTHOCTH MapoB 3TOr0 COENWHEHMs] MO BOJOPOAY paBHa 39. BriBeauTe MOJIEKYISIPHYIO
¢GbopMyiy 3TOro BelllecTBa.

18. Hanuiumre ypaBHeHHs peaklUii, IpU TMOMOIIMA KOTOPBIX MOXKHO OCYIIECTBUTh
clielytolue mpeBpalleHus :

a) CHy — C;H, — CgHg — CgHsCl OyTeH

6) CaC03 — CaC2 — Csz — C2H4 — C2H5C

IUKJI00yTaH

__AKIIOTeKCaH
~aCeHs — CeHsNO-

B) CH4 — C2H6 — C3H8 — C6H14

4 AJIKEHBI, AIKAJIMEHBI 1 AJIKUHbI

Panee cuurtanoch, uTo ankeHsl IUOO He coaepkarcs B HedTAX, IUOO comepxkarcs B
He3HAUUTEeJbHbIX KonnuecTBaX. B koHie 80-x rogoB ObLIO MOKa3aHO, YTO B psne HedTel
Bocrounoii Cubupu, Tarapum u apyrux paiioHoB Poccuu conepikaHue alKeHOB MOXKET
noxoauth 10 15-20 % ot macchl HeTH.

HenacepllieHnbie  yriieBoiopo/ bl (alKeHbl W JuoJIeUHBI) COAEpPIkKATCS B MPOAYKTaX
TEPMUYECKON M TepPMOKATAIUTHUECKOW TmepepaboTku HedTsHbIX (paknuii (B razax u
KUJKUX MPOAYKTaX TEPMHUUECKOIO U KaTAIMTUUECKOTO KPEKUHIa, MUPOJIn3a, KOKCOBAHUS U
T.J.).

AJIKeHBI - HEeHACBIIIEHHbIE YIIIEBOAOPOAbI, coAepxalre nBoiHyo cBsi3b C=C. PaHbiue
9TU COeAWHEHHS HaszbiBau osnegunamu. O6mas dopmyna amkeHoB CpHan. Ilpocrefinmmm
npejcTaBuTesnieM ankeHoB sBhsercss oATwieH (CoHa.  HeHacwlllleHHBIE — HUKIWYECKUE



yIJIeBOAOPOABI € OAHOM  JBOMHOM  CBA3BIO  HA3bIBAIOTCS  HHMKJAOAJKEHAMH WU
ukinoonepunamu (oo6mas dopmyia CpHznz). /IneHoBble yriieBomaopoabl (IuoaehUHBI)
UMEIOT JBe ABOMHBIE cBs3u (oOmas dopmyna CpHonp). AJKHHBI - HEHACBIIIEHHbIE
yIIIeBOAOPOABI, colepxaiiue B Molekyle TpoiHyto cBa3p C=C. Ilpocteiimum
MpeJCTaBUTeNIeM alKUHOB sBisieTcs auetwieH CpHp, Mo3ToMy HMX dYacTo Ha3bIBalOT
aleTUJIeHOBBIMHU yriaeBogopoaamu. O0mas ¢popmyna ankuHoB CnHono.

Duzuueckue ceovicmaa. Ankenbl C-C4 P HOPMAJIBHBIX YCIOBUSX - ra3bl, akeHbl Cs-
Ci7 - KUAKOCTH, a cienyrouue - TBEpble BewecTBa. [lTOTHOCTH aJlkeHOB HECKOJIBKO BBILLIE,
YeM COOTBETCTBYIOIIMX allkaHOB. AJIKEHBbI B BOJIe€ PACTBOPSIOTCS Majo, HO Jydlle, Yem
aJikaHbl. XOPOIIO pACTBOPSIOTCS B OPraHUYECKUX pPacTBOPUTENSIX. AJIcCOpOIMoHHAs
CIIOCOOHOCTh allKeHOB HU’Ke, YeM apeHOB, HO BbIlle, YeM aikaHoB. Ha »Tom ocHoBaHO
KOJIMYECTBEHHOE OIllpe/ielieHne ajJKeHOB B HePTenpoayKTaX MeTOJO0M aJcOpOLIMOHHON
xpomaTorpadumu.

Ankunbl Co-Cs - ra3sl, C4-Cie - )KUIKOCTH, BBICIIIUE - TBEP/IbIE BelllecTBa. TeMmeparypa
KUIIEHUS aJKWMHOB HECKOJBKO BBIIIE, YeM Y COOTBETCTBYIOIIMX ajJKeHOB. JTO CBSI3aHO C
MOBBILIEHHBIM MEXMOJIEKYJISIPHBIM B3aWMOJICUCTBUEM B psAy aJIKUHOB, MOCKOJIBKY OHU
o0JaafoT HEKOTOPHIM JUIOJIBHBIM MOMEHTOM. [lo 3Toi ke mpuuMHEe pacTBOPUMOCTH
HU3IIMX aJKUHOB B BOJE HECKOJIBKO BBIILIE, YeM alIKeHOB, OJHAKO OHa BCE K€ OYeHb Maja.
[InoTHOCTH U MOKa3aTeNb MPeIOMIIEHHUS ATKWHOB 3HAUUTENIbHO BhIIIE, YeM y JIKEHOB U, TEM
0oJiee, aJIKaHOB.

Xumuyeckue ceoticmea. XUMHUECKHE CBOMCTBA AJIKEHOB OIpPEAENIOTCS HalIUvueM
NBOMHOW cCBsi3u. [l ajkeHOB XapaKTepHBbl peakluu TPUCOSTUHEHUS: THUAPUpPOBAHUE,
raJloreHupoBaHue, r’UAporaJloreHupoBaHue, ruapaTanus, CyabGupoBaHue.

OcoObIM THIOM peakiuid TPUCOSAUHEHUS SIBISETCS TMOJUMEPHU3alUs ITHUICHOBBIX
yrieBoaopoaoB. HemnpenenbHble COeAMHEHUS C CONPSDKEHHBIMU JIBOMHBIMU  CBS3SIMHU
o0nafaroT psAAOM crelupuIecKux ocooeHHOCTel. B ankanuenax ¢ conpskEHHBIMU CBSI3SIMU
MPOUCXOJNUT MPUCOCNUHEHHE K KpallHUM aToMaM yYriepoja, U B cepeuHe MOJICKYJIbI
BO3HHMKAET BMECTO OJIMHAPHON J1BOWHAs CBSI3b.

XWMHUYECKHE CBOMCTBA aJIKWHOB O0YCJIOBJICHBI IPUPOION TPOMHOM CBs3U. TUNHUYHBIMU
peakuusMM alKWHOB, TaK e, KaK U JJIsl aJKeHOB, SIBJISIOTCS peakuuu npucoenuHenus. Ho
OHM JJIsl AJIKUHOB MPOTEKAIOT ME/IJIEHHEe, YeM 715l aJIKEHOB.

HenpenenbHble yrieBo1opoabl BCIEICTBUE BBICOKON peaKIIMOHHOM CITIOCOOHOCTH JIETKO
OKHCIIIIOTCSL  KHCIIOPOJIOM Bo3ayxa (ocobeHHO nueHbl). B pesynbrare oOKHCIeHUS
00pa3yroTcst OCaJKU U CMOJIbl, KOTOPbIe MOTYT NMPUBECTH K HApYIISCHUIO paboThl ABUraTese.
[TosToMy 115t IONTydeHUs] CTAOMIIBHBIX K OKUCIIEHUIO HEPTENPOAYKTOB X JIUOO MOBEPraroT
OUHCTKE OT HempeJelbHbIX YIJIEBOJAOPOJAOB, JMOO [0OABISIIOT AHTUOKUCIHUTENH.
ConepxaHre HEHACBHIICHHBIX COCIMHECHM B He(TH U TPOAyKTax e€ mepepaboTKu
OLIEHUBAIOT OPOMHBLIM WM HOAHBIM YHCIOM. bpomHnoe unu uoonoe uucio — 310
KOJIMYECTBO TPaMMOB COOTBETCTBEHHO Opoma wiu noaa, norioumgnHoe 100 r uccnegyemoro
MPOAYKTA.

HenpenenbHbie yrieBogopoibl SBISIOTCS BaXKHEHIIIMM ChIPbEM sl HePTeXUMUUECKOU
npoMbllIUIeHHOCTH. Ha ux ocHOBe Mpou3BOASAT OOJNBIIYI0 HacTh BceX HePTEXUMHUUECKUX
MIPOJTYKTOB: TOJMATUIICH, TTOJUTIPOIIHIICH, dTHJIOBBIH CITUPT, KaydyyKH, OCH30JI, STUIOCH301,
CTHPOJI, KyMOJ, peHOI, alleTOH, alleTalbIern]], YKCyCHYIO KHCIOTY, OKHCh STHUJICHA U T.1.



3anauu

1. IlpoMBbIIIIEHHBIM CITIOCOOOM TIOJYYEHHUs TUBUHUIIA U3 HE(TSHOTO CBHIPhS SBISCTCS
nerunpupoBanue OyTuieHa. CocTaBbTe ypaBHEHHE 3TON peakiuu.

2. B HedTexumuueckoil MPOMBIIUIEHHOCTA MOJNYYalOT CHUPTHI B3aWMOJeHCTBUEM
BOJIbI C HeEMpeAeNbHBIMU YIJIEBOAOPOJAMU. YKaXKUTe, KaKOW YIJIEBOAOPOJ MOXET AaTh
3TaHOJ U Kakoil — OyTaHoI-2.

3. Kakyro maccy OpoMHOI BOJIBI ¢ MaccoBoi noseit Opoma 1,6% MoxkeT 00ecBETUTH
nporuieH oobseMom 1,12 11 (H.y.)?

4. Cmech MeTaHa ¥ sTuieHa oosemoMm 400 M (H.y.) obOecuBeTHsia OPOMHYIO BOAIY C
MaccoBoit noseit 6poma 3,2% maccoit 40 r. Onpenenure 00beMHYIO JTOJIFO ITUIEHA B CMECH.

5. PaccumraiiTe BbIXOA TpoayKTa peakiuu (B % OT TEOPEeTUUYECKOro), ecCiH MpHU
B3aMMO/JIeicTBUU 5,6 71 3THIeHa (H.Y.) ¢ OpoMoM noaydeHo 42,3 r 1,2-qubpomaTaHa.

6. AJIKEH HOPMAJILHOT'O CTPOEHUS COJIEPKUT ABONHYIO CBSI3b IPU TIEPBOM YTJIEPOIHOM
atome. Obpazer aToro ankeHa maccoit 0,7 r npucoeauuus 6pom maccoit 1,6 . Onpenenute
dbopMyITy aTKeHa U Ha30BUTE €To.

7. Kakoii 00beM BOAOpOJa, W3MEpPEHHBI TPHU HOPMANBHBIX YCIOBHUSX, MOXET
MIPUCOEUHUTh CMeCh ra3oB Maccod 15,4 T, KOoTopasi COAEpPKUT STUJIEH (MaccoBasi IO
54,5%), npormier (27,3%) u 6ytunen (18,2%)?

8. Kakoif o0beM sTUiieHa MOXXHO OKHCJIUTh KHCIOpoAoM oObeMoM 10 1 mns
nosy4yeHus aneraipiaeruaa? O0beMbl Ta30B U3MEPEHBI MPU OJIMHAKOBBIX YCIOBHUSX.

9. UYeThlpe HEHACHIIEHHBIX YIJIEBOJIOPOJa MMEIOT OJWHAKOBBIA cOCTaB (IO macce):
85,7% yrnepona u 14,3% Bomopona. YcraHoBuTe (DOPMYJIBI ATUX YTIIEBOJOPOJIOB, €CIU
IJTIOTHOCTH MX MapoB 1o Bo3ayXy paBHbl 0,97; 1,45; 1,93; 2,41 coOTBETCTBEHHO.

10. Ilpu mpormyckaHuM CMeCH STWJIEHa C METaHOM dYepe3 CKIISIHKY ¢ OpoMoM Macca
CKJISIHKM yBeln4uuiach Ha 8 T. Beruuciaute o0bemM npopearupoBasliliero rasa.

11. Tlosichute mnpaBuio MapKOBHUKOBa Ha NpUMepe peakiMu MPUCOeIUHEHUS
XJIOPOBOJIOPOAA K 2-METUJIIIPOIICHY .

12. Tlpu rugpupoBanun OyTamuweHa-1,3 maccoir 8,1 © momyuwsnn cMmech OyTaHa u
Oyrena-1. Ilpu mnpomyckaHuum 3TOH cmecu uepe3 pacTtBop Opoma obpaszoBaics 1,2-
OopomOyTan maccoit 10,8 r. Ompenennte MaccoBble OJM YIIEBOAOPOJIOB B IMOJTYUYEHHOMN
CMECH.

13. Ckonbko OpoMa MoKeT npucoeauHuThes K 30 T Oyraguena-1,3?

14. Yem oObsicHsIeTCS BBICOKAsi XUMUYECKasi aKTUBHOCTh JUEHOBBIX yIiieBO0poaoB? B
KaKue peakiuy oHH BcTymnaroT? [IpuBeaute npumMepsl.

15. Tlpennoxkure cxemy MoJyueHUs U30MPEHA U3 MEHTAHOBOK (pakiuu HeTH.

16. VicxoHBIM ChIpbeM JUIsl TTOJIyHYeHUs! XJIOPOIPEHOBOIO KayuyKa sIBJISIETCS alleTHIICH:
aleTU/ieH — BUHWIALIETWIEH — XJOpPONpeH — TMoJuMep xJjopornpeHa. Hanwuimre
ypaBHEHHS] peaklMil MOJy4YeHUs] XJOPOMPEeHOBOro kKayuyka. Uem oTivuaeTcsi KaydyykK oOT
pe3uHbI?

17. Ilomyuute 1,5-rekcaauen mo peakuuu Bropma, mo peakiuu I punabspa-Bropiia.

18. byramuen-1,3 mo-pazHomy pearupyer c BomopojgoM. Hamwuiivre ypaBHeHUS
peakiuii ruapupoBaHus OyrtaaweHa-1,3: a) HarpueM (B cmupTte);0) BOJOPOIOM B
MIPUCYTCTBUM KaTalu3aTopa (HUKeNb, TIJIaTHHA)

19. Auetunen Maccoii 15,6 T mpucoeuHUI XI0pOoBOAO0po Maccoit 43,8 r. YcraHoBuTe
CTPYKTYpPY MPOAYKTa peaKinu.



20. Kakas macca kapOuja KalblUs BCTYyIWIA B PEaKIMIO C BOJOH, €CIU TMPHU ITOM
BBIJIEJIMIIOCH 5,6 11 anetuieHa (H.y.)?

21. PaccuuraiiTe aneMeHTHBIA cocTaB (B % MO Macce) M30OMEpPHBIX alleTHJICHOBBIX
YTJIEBOJIOPOOB, INIOTHOCTh TAPOB KOTOPBIX IO KHCIoponay paBHa 1,69. Hamumure
CTPYKTYpHBIe (POPMYIIBI BO3MOKHBIX H30MEPOB.

22. CocrtaBbTe ypaBHEHHE TIOJIHOTO CrOpPaHUs aleTWJICHOBOTO YTJeBOAOPOa,
SIBJISIFOIIETOCS. BTOPBIM UYJICHOM TOMOJIOTHYECKOTO psijia alleTUJICHOBBIX YTIIEBOJAOPOIOB, U
paccumTaiiTe, CKOJBKO JIMTPOB BO3[yXa IMOTpeOyeTcss s cropaHus 5,6 J1 3TOTO
yIlIeBOAOpOAa.

23. B Tpex 3amasHHBIX aMITyJiax HaXOASTCs TPU pa3HbIX raza: MeTaH, YIJIeKUCIIBINA Ta3,
anetusiedH. OnuIMTe, KakK, OCHOBBIBASCH HA PAa3IUYUU B XUMHUYECKUX M (PU3MUECKUX
CBOWCTBaX, MOXHO HaJIe)KHO OIpeJeNuTh, TIJe Kakoil ra3 HaxoauTcs. I[IpuBenute
HEeOOXOMMbIe YpaBHEHUS PEeaKIri.

24. 1lpu ruapupoBaHuU aleTUIeHa o0beMoM 672 mil (H.y.) TIONYyYWJIM CMeCh 3TaHa U
ATUJIeHa, KOTopasi o0ecIiBeUunBaeT pacTBOp OpoMa B TeTpaxjopuie yriepona maccoi 40 T,
MaccoBass JoJis Opoma B KOTOopoM cocTaBisieT 4%. OnpenenuTe MaccoBble JOTU
YTIIEBOJOPOOB B MOJYUYEHHON CMECH.

25. Vkazatenb ypoBHsS B IIUCTEPHAX C JKUIKUM KHCIOPOAOM OOBIYHO 3aIOJIHIETCS
TeTpaOpOMAITAaHOM, KOTOPBIM TMOJydarOT U3 areTuieHa. Hamummre cxemy peakiuu
00pazoBaHuUs 3TOTO COSTUHEHUSI.

26. AuertwieH, XpaHSIWicS B OalsioHe B BHIe pacTBOpa B alleTOHE, OYHIIAIOT,
MIPOITYCKasl €ro 4Yepe3 BOJAY U 3aTeM uepe3 KOHIICHTPUPOBAHHYIO CepHYH0 KucioTy. KakoBo
3/1eCh Ha3HA4YeHHUE BOJbI U CEPHON KUCTIOTHI?

27. CkonpKo aneTuieHa nmo odobeMy (H.y.) mnoTpeOyeTcsi, 4ToObl MonyuuTh 44,25 Kr
xJjioporpeHa?

28. CKOJbKO aJKWHOB MOTYT OBITh M30MepHbl W3ompeHy? Hamwuinurte cTpyKTypHbIE
(hopMyJIbl ATUX ATKUHOB U HA30BUTE UX.

29. Ilpu npornyckaHuM aleTusieHa B CIIMPTOBOWM pacTBOP HMOJa MOJYYEHO COEAWHEHHUE,
coaepxkaiee 90,7% #tona u 0,7% Bomopona mo Macce. Haligute dopmyity sToro BelecTsa.

30. CKoIbKO aneTwIeHa ¥ BOAOPOJAa 10 00beMy (H.y.) MOKHO MONy4uTh u3 1042 m3
MPUPOJHOTO Ta3a, KOoTopbid comepxkutT 0,96 obbemubix monel, unu 96% (mo obbemy),
MeTaHa?

S KUCJOPOACOAEPKAINUE COEAUHEHUS HE®TU

Kucnopoaconepxaiuye coequHeHuss B He(dTsAx cocTaBisitoT He Oonee 10%. Otum
KOMIIOHEHTbI MOTYT OBITh pa3jiefieHbl Ha KJIacChl: HA()TeHOBbIE KHCJIOTHI, KHPHbIE
KHCJIOTHI, (peHOoIbI, HeHTpaJbHbIe COeJHHEHHUS .

CopmepxaHue Kuciaopoga B He(QTSHbIX (pakuMax BO3pacTaeT C MOBBIILIEHUEM UX
TeMIepaTypbl KUMeHus, mpuyeM 10 95% kuciaoposa NpuxoauTcs Ha CMOJIBI U ac(asibTeHBbI.
BosbIIMHCTBO KUCIOPOACOAEpKAIIUX COSTMHEHUH UMeeT KUCIbIA XapaKTep U MOXeT ObITh
BblIeJIeHO U3 HepTH uiau HeTsIHbIX (pakuui 1menoybto. CymMMapHOE KOJMYECTBO UX
OOBIYHO OILICHWBAIOT KHCJIOTHBIM YHCJIOM - KoimuwdectBoM Mr KOH, momexmero Ha
TUTpOBaHUE 1T HedTenpoayKTa.



Ilo @usuueckum ceoiicmeam HAPTESHOBBIE KHUCIOTHI MPEICTaBIAIOT c000i OO
KUJIKOCTH, JMOO KpucTamyeckue BelecTBa. [l1OoTHOCTH uX Onu3ka K eAUHHLIE.
BonbmmHCTBO HATEHOBBIX KUCIIOT COJEPIKUT MATHUIIEHHOEe HAQ)TEHOBOE KOJIBIIO.

U3 psina Hedreit ObuiM BBIJETEHBI KHUCJIOTHI C IIECTUWICHHBIM IUKIOM, OWU- H
TPUIUKIIMYECKAE KHUCJIOTHI, a TaK)Xe KHCIOTHI, MMEIIIHe apoMaTHYecKoe W TUOPHIHOE
CTpOeHHe, MO3TOMY KHCIIOTHI, BBIJeICHHbIe W3 He()TH, Ha3bIBAIOT B IOCJIEHEEe BpeMs He
Ha(TEeHOBBIMU, a2 HePTAHBIMH.

Ilo xumuueckum ceoticmeam HaPTEHOBBIE KUCIOTHI CXOAHBI C KUPHBIMH KapOOHOBBIMU
kuciotramu. Tak, co menoyamMu OHU 00pa3yroT coiiu. Peakiusi mo3BoOJsSET BBIICISATH KUCIOTHI
u3 HeQTsHBIX (pakuii. OOpasyromuyecs coau MIEeTOYHBIX METAIOB 3TUX KUCIIOT, XOPOIIIO
pacTBOpUMbIE B BOJE, EPEXOIAT B BOJIHBIN CJIOM, a IPU MOAKUCIEHUH 3TOTO Clios ciiaboi
CEepHOM KUCIIOTON He(dTsIHBIE KUCIOTHI pereHepupyrorcs. HedTsHble KUCIOTHI 00pasyroT
CONM TakXke W ¢ okuciamu metauioB Pb, Zn, Cu, Fe, Al, xoppomupysi Takum obpazom
METAIMYECKYI0 — anmnaparypy, TO3TOMY Bce He(TsHble KHCIOTHl yAANsSoOT U3
He(PTENPOAYKTOB B IIPOIIECCE OUHCTKH.

Co cmupramu HeTsHBIE KHUCIOTHI naroT 3¢upbl. [lomydeHbl Takxe amMuubl,
XJIOPAHTUJIPUIBI U TAJIOTEHIIPOU3BOIHBIE STUX KUCTIOT.

®enoabl. Conepxkanue uX (B mepecyere Ha KUCIbIe MPOIAYKThI) MOXET JOCTUraTh OT
20% (B cTapbix-nmasieozoiickux HePTsax) 10 70% (B MOJOIBIX - KAWHO30MCKHUX ).

®deHonbl 001a1al0T BechbMa PEaKIUOHHOCTIOCOOHBIMU THAPOKCUIIBHON TIpynmod u
apoMatndeckuM siipoM. Ilpu o0padoTke mIesI0YbI0 (EHONBI, TMOAOOHO KHCIIOTaM,
obOpasytor conu (deHonsTel). BenmencTBue sToro (GeHONMBI OTHACHSIOTCS OT HepTH WM
He(TSAHBIX PpaKuui BMecTe ¢ HaQTEeHOBBIMU KUCIOTaMHU.

l'anorenupoBanue QeHona mnojx JEHCTBUEM pPACTBOPOB TIaJIOT€HOB MPOTEKaeT IO
apoMaTtuyeckoMy KoJibily. HUTpoBaHHe KOHIIEHTPUPOBAHHON a30THOW KUCJIOTOW MPUBOIUT
K 00pa3oBaHMIO TPUHUTPOQEHOJIa - MUKPUHOBON KUCIOTHL. [Ipu cyabdpupoBanumn GpeHosoB
KOHLIGHTPUPOBAHHOW CEPHOI KUCIOTOM mojyvarorcst o— U n— (eHoncynbdokucnorsl. [Ipu
KOMHATHOM TeMIeparype mnpeobnanaer opmo-uzomep, npu 100°C — napa-usomep. B
NPUCYTCTBUM KaTajlu3aTopoB (eHOJ KOHAEeHCHUpYyeTcs ¢ ajapaerumaamu. Peakuus nmeer
00JIbIlI0e PAKTUYECKOe 3HaYeHHe, TaK KaK JIS)KUT B OCHOBE IMOJyUYeHHUs MJIACTHYECKUX MacC
(penondopmanbaeTUIHBIX CMO).

HeiiTpanbubie coeannenus. OIHUM U3 MpeAcTaBUTENENd 3TOro Kjacca COeJUHEeHUI
SBJISIFOTCS. KeTOHbI. M3 OeH3uHOBOW ¢pakiuu KanudopHuiickod HedTH BbIIEIeHO 6
WHJUBUyalIbHBIX KETOHOB: alleTOH, MEeTHJIITWJI-, METWINPONWI-, METHJIA30MpPONI-
METUJIOYTUII- U STUIM3ONPONUIKETOHBL. B cpeHUX U BBICOKOKUIIAIIMX (pakuusx HedTel
oOHapy>KeHbI IIUKINYeCKre KeTOHbI TUIa (QJIyopeHOHa.

K He#lTpaabHBIM KHUCIOPOACOACPIKALUM COSTUHCHUSIM He(TH OTHOCAT TaK)Ke CIIOKHbIE
U TPOCThIe I(PHUPBI, KOTOPbIC COJEPKATCS B BBICOKOKHUIAIINX (Dpakmusax Wik HeTSHBIX
ocratkax. I[IpocTeie 3¢upbl, oOHapykeHHble B He(TIX, HOCAT LUKIMYECKUH XapakTep.
Takxe oOHapyKeHbI TH- U TpUOEeH30QypaHbI.

[TpompbiliieHHOE 3HAYEHUE W3 BCEX KHUCIOPOJHBIX COSTUHEHUN He(PTH MMEIOT TOJbKO
HaTeHOBbIE KHUCIOThI M HX coiu - HadTeHaThl. HadTeHoBBbIe KHCIOTHI (acumon),
BEIJICJISIEeMbIe M3 KEPOCHHOBBIX M MACISHBIX (hpaKIuii, MPUMEHSIOT ISl TPOMUTKY IIIIal,
pereHepanuu Kaydyka u T.m. OTXOIbI MIENOYHOW OYUCTKH — COJIM IIEJIOYHBIX METaJlIOB
(MBUTOHA(T) WCMONB3YIOT TMPU M3TOTOBJICHUU MOIOIIUX CPEACTB ISl TEKCTHJIBHOTO



npou3BojcTBa. BonHeiil pactBop (40%) HaTpueBbIX cojield HETSHBIX KUCIOT MPUMEHSIOT
Kak  BbICOKO3((dekTuBHOe pocTtoBoe BemectBo (HPB), crumynupyromee poct
CeJIbCKOXO3SIUCTBEHHBIX KYJIBTYP.

3anauu

1. Bemummre w3 nepeuncieHHblx Gopmyn deromsr: CeHeO2, CsHeOs, CsHi20s3,
C7HgO, CgHi100, C7H140, CeHi14O. Hamumurte dopmynsl cTpoeHust il ¢GEeHOJIOB,
UMEIOIIHNXCS B TOM PSIILY.

2. Hanummre cTpyKTypHBIe OPMYJIBI KUCJIOT: a) MPOMUOHOBOM; 0) MacisHOi; B)
M30MAaCIISIHOM; r) TPUMETWIYKCYCHOW; J) BaJlepMaHOBOM; €) MaJbMUTUHOBOM; XK)
cteapuHoBoi. HazoBute no Homenknatype IUPAC.

3. YcranoBuTh cTpyKTypHyO Qopmyny coemuHerns CsHgOz, obnagaromero
CIIEIYIOLUMHU CBOWCTBAMHU:

a) pearupyeT ¢ BOJHBIM PAaCTBOPOM COJIBI C BBIJICJIEHUEM Ia3000pa3HOTO BEIIECTBA;

0) Mpu cIIaBlIeHUU ¢ TBEPOH IIeNIOYbIO aeT MpoliaH;

B) ¢ ruapokcusioM kaneius gaet coenuHeHue CgHi1404Ca, mpu nuponmnse KOTOporo
MOJTy4YaeTcsl AMU3OMPONUIKETOH.

4. PaccumTailiTe Maccy a30THOW KHCJOTHI, 3aTpadyeHHYI0 Ha HHUTpoBaHHEe ¢eHosa
Maccoii 18,8 r, cuutas, 4to oopasyetcs 2, 4, 6-TpuHUTPOGEHO.

5. Ilpu 6pomupoBanuu (enosa Maccoit 28,2 r moiydeH ocagok Maccoil 79,44 r.
Brraucnure maccoByto 100 (B %) BeIXoAa MPOIyKTa.

6. Berauciaute Maccy (eHonsiTa HaTpHs, MONYyUYEHHYIO MPU B3auMozeicTBuM (heHosa
Maccor 9,4 r ¢ Hatpuem maccoit 1,6 r. Oteet: 8,07 r

7. DeHONAT Kanus TONy4YeH B3auMojedcTBueM ¢eHona maccoil 4,7 © U pacTBopa
Maccoii 120 r ¢ maccoBoii noneit KOH, paBuoii 14%. KakoBa macca deHosita?

8. Ilpu B3aumopeiictBuu pactBopa (enona B Oenzone maccoilt 200 r© ¢ U30BITKOM
OpOMHOI BOJIbI MOJIyUHJIM OpOMIIPOU3BOHOE Maccoii 66,2 r. PaccunTaliTe MaccoByto 100
¢denona B pactBope. 9.Kakyro maccy ¢eHondTa Kaiaus MOKHO MOJYYUTh U3 THAPOKCUIA
kanus maccoit 20 r u derona maccoii 20 r?

6 CEPHUCTBIE U ABOTUCTBIE COEJJUHEHUS HE®TU

B cmecu npupoaHbBIX yrieBoAOpoJoB (He(pTh) NPUCYTCTBYIOT OpraHUYecKue
rerepoaroMHble coenuHeHus. Hanpumep, B HedTsix Boaro - VYpansckoro permona
cooTHoIlIeHHe cojepkanust (% macc.) cepbl, KUCJIOpPOJa U a30Ta MPUMEPHO COCTABIISIET
10:2:1 cooTBeTcTBeHHO. B mabopaTOpHBIX YCIOBUSX OpraHUYEeCKUue COeIMHEHUsI Cepbl MOTYT
OBITH BbIJIENIEHbl U3 He(PTU SKCTpaKIMeil alleTOHUTPUIOM WU APYTHMMH PacTBOPHUTENSIMH.
Kpome Toro, B HepTH MOXKET NpPHUCYTCTBOBaTh CBOOOAHAs (JeMEHTapHas) cepa H
cepoBogopoa. CymmapHoe cozuepxaHue cepbl B HedTsax Haxomutcs B mpenenax 0,1- 7,5%
(mo 0,5% - manocepHucteie, 10 1% - cepHucrtbie, Bbille 1% - BBICOKOCEPHUCTHIE).
Cepoopranuueckre COeIMHEHUs TJaBHbIM 00pa3oM IMpeAcTaBlieHbl MepKanTaHAMH
(tronel), obias popmyna CoHoniSH (n=2,3,4), cyabpuaamu (CHon1)2S, nucyabpugamu
(CiH2n41)2S; ¥ reTepoOLMKINYECKUMU COeTUHEHUSIMH, CPeIr KOTOPhIX Hanbojiee BayKHBIMHU
SBJISTFOTCS. THO(eHbI ¥ THOGAHBI (TUIPUPOBAHHBIE THO(PEHBI).

Kak mpaBuiio, cooTHomeHne Mexay cyiabduaamu, TuopeHamu u tuonamu (% macc.)
10:20:1 coorBeTcTBeHHO. B WacTHOCTH, B OeH3MHOBYIO ¢pakiuto momnagatoT THONbl Cs- Co,



cynbbuasl Ce- Cio, @ B TDKENIBIX (QPAKIUAX U OCTATOYHBIX MPOIYKTaX KOHIIEHTPUPYHOTCS
ankuibeH3oTnodensl, IUOEH30THOGEHBl W JApyrue  MOJUATKUIIONULIUKINYECKIe
COCIUHEeHMS.

MepkanTaHbl aKTHBHO pPEarupyroT ¢ THAPOKCHIAMU METalIOB U Ha 3TOM OCHOBaHa
TEXHOJIOTHSI UX yAJICHHsI CMEIIMBaHUEM ChIPOH He(TH ¢ BOAHBIMHU PACTBOPAMHU IIENIOYEH ¢
MOCIEAYIOIUM  pa3fielieHneM clioeB W ocymkod. CynbQuabl Jerko OKHCISIOTCS
HEOPraHWYECKUMH OKUCIUTEIISIMU, B YACTHOCTH MEePEKUCHI0 BOJOPO/IA, 10 CYIh(OKCHIOB U
Ccynb(OHOB. DTU MPOAYKTHI B psijie ClydyaeB MPEJCTABISIOT MHTepec Kak 3 (heKTHUBHBIC
(oTopeareHThl, KOMILIEKCOOOpa3oBaTeIu U Jp.

TuodeHnsl, 1 B NepBylo oudepeqb 0eH30TUO(MEHBI SBISIFOTCS HanOoJee YCTONYUBBIMU
CepOOPraHUYECKUMH COEIMHEHUSIMH, W TpH 00pabdoTKe IIelOYbl0 W HarpeBaHWHd WX
MOJIEKYJIBI He pa3pymatorcs. TruodeHsl u 6eH30THO(EHBI coliepkKaTcs MPEUMYIIECTBEHHO B
CpellHe- W BBICOKOKHMISAIINX (GpPaKusaX W HeDTIHBIX ocTaTkaX. KoJjuuecTBO aTOMOB
yriepoga B MOJIEKyJe OMpefenseT TeMIepaTypy KWIIeHHS ¢ COOTBETCTBYIOIINE
CepOOpraHUYecKre COEIMHEeHHs IONaNaloT B OEH3WHOBYIO, KEPOCHHOBYIO, IU3EIbHYIO
bpakiuu, MacasTHbIe TUCTUIUISATEHI.

[Ipu noGweiue HedTH cepoBofopon U Hu3lue (razoo0paszHble) MepKamnTaHbl
MPEJICTABISIFOT OCHOBHYIO YTPO3y, TMOCKOIBKY OHHM MHOTOKPATHO YCKODSIFOT KOPPO3HUIO
obopynoBanus. Illupoko npuMeHsIOT A00aBKM B OypoBble W MPOMBIBOYHBIE >KUIKOCTH,
MTOTJIOIIIAOIINE ST COCIMHEHHUS, a TaKXKe TONABIISIONINE IeITeTbHOCTh MUKPOOPTaHI3MOB,
MPOAYLMPYIOIIUX  CepoBONOPOA  (TaKk  Ha3blBaeMble  CyJIb(aTOBOCCTAHABIMBAIOIIHNE
Oaktepun). CepoopraHuuecKkue COeAMHEHUS KpailHe HEraTUBHO BIUSIOT Ha TIPOIECCHI
He(TenepepabOTKN U CBOWMCTBA B MIEPBYIO OUYEPE/lb CBETIBIX He(MTEMPOIYKTOB M Macell. JDTO
CBSI3aHO C MX OKHCIEHHEM U 00pa3oBaHMEM KHUCIOT, BbI3bIBAIOLIMX Koppo3uto. Ocobo
BpeJIHOE BO3JCHCTBUE MepKaITaHbl, CyJIb®UIbl U THO(DEHbl OKa3bIBAIOT HA I'e€TepOTreHHbIE
KaTaJu3aTopbl BAKHEHIINX TpolleccoB HedTenepepaboTKu (KPeKUHT, TUIaTGOPMHHT U 1Ip.),
NpUBOJSA K WX J€3aKTHBAIlMK M pa3pyineHuto. CepoopraHvka B TOIUTUBaX Cropaer ¢
o0pa3oBaHMEeM OKCHUJOB, TOMAJAlONIMX B OKPYXAIOMIYyIO Cpeay, 4YTO COBEpIICHHO
HegomycTuMo. JInis paspylieHuss U yJaJeHus COJCepPKAIIMXCS B AUCTAIUIATAX CEPHHUCTHIX
COCIMHEeHUI HCIIONB3YIOT UX PEaKIUIO ¢ BOJAOPOJOM Ha T'e€TePOTeHHBIX KaTaln3aTopax Ipu
temmeparype 280-380°C (npouecc rugpoodecceprBaHus).

OObpazytouuiicss cepoBOAOPOJ OKUCISIIOT KHUCJIOPOIOM BO3[yxa 0 3JeMeHTapHOU
(cBOOOIHOI) cepbl, KOTOpas HCIOJb3yeTCsl B KayeCcTBE ChIPbS B XHUMHYECKOM
MPOMBIIIIEHHOCTH. CepHHUCThIE M BBICOKOCEPHUCTBIE He(TH TpeOyroT MacmTaOHON
THJIPOOYHCTKH, U ATO OTIPEJIeisieT UX MEeHBIIYIO [IEeHHOCTh (OTeYeCTBeHHAsI CEPHUCTAs HePTh
Ha MEXIYHApOJHOM pbIHKe CTOMT Ha 8-12$/T neimmeBie, 4eM MallocepHHCTbIE He(DTH
ITepcunckoro 3anuBa, Kapubckoro 6accetina u ap.).

Psn cepooprannueckux cOeqWHEHWN HAxXOIUT INMPUMEHEHHWe B HedTenepepaboTKe U
Heprexumun. Tak, TnomoueBruHa — CS(NH,), B oTiinure oT MO4YeBHHBI, 00pa3yeT MPOYHbIE
MEXMOJICKYJIIPHbIE KOMIUIEKCHI C M30aJIKaHAMH, YTO UCIIOJIb3YeTCsl IPU UX BBIICICHUU U3
yTJIIEBOIOPOAHBIX (DpaKIIUid.

A3zoTconep)kalue COeIWHEHUsST B HeTAX TNPEJCTaBICHbl [JIABHOM 00pa3oMm
anmupaTHIeCKUMA ¥ apoOMaTHUYeCKUMH aMHHAMH, a TakXke TreTepoapoMaTuieCKUMHU
COeIMHEeHUSIMH (ITPOW3BOHBIC MAPHUANHA, MHPPOJIA U IP.).



CymmMmapHoe cojepxkaHue azora B HedTsx kosiebiercs B uHTepBasie ot 0,05 mo 0,5%.
AMUHBI ¥ TPOW3BOJAHBIC IUPHUIUHA MPOSBISIOT OCHOBHBIE CBOWCTBA, MUPPOT U €ro
MOJIUIIUKIINYECKIe MTPOU3BOJIHBIC (MOP(PUPHHBI) SBISIOTCS HEUTPATBHBIMU COCTUHEHUSIMH.
OTMeTHM, YTO TOCIeHUE CIOCOOHBI 00pPa30BBIBATh MPOYHBIE KOMIUIEKCH ¢ METalllaMH, B
MepBYIO OYepes ¢ HuKeJaeM 1 BaHaaneM. CoJepxaHue BaHaAUS B HeQTsAX mocturaeT | Kr/T,
YTO 00YCIIOBMIIO CO3/IaHKE CIIEIMAbHON TeXHOJIOTHH IeMeTaTN3alliu.

B naGopaTOpHBIX W ONBITHO-TIPOMBIIUIEHHBIX MacliTabax a30THCTbIE COEIWHEHUS
U3BIIEKAIOT U3 HedTell win HeTAHBIX (ppakuuii SKCTpaKiued CepHON KUCIOTOH. 3aTeM 3
KHCJIOTHI UX BBIJENSAIOT B CBOOOJAHOM BHJIE B pe3yJibTaTe HelTpaiu3auuu menouamu. [1noxo
pacTBOpUMbIE B KHUCJIOTaxX HeHTpaibHble a30THCTble COEIMHEHUsS CBS3bIBAIOT B INPOYHBIE
KoMIiekcbl XJopHbIM kene3oM (FeCls) u skcTtparupyloT BoZOH, 3aTeM KOMILJIEKCHI
pa3pyLIaroT MIeNOYaMHi U a30TUCThIe COeAMHEHUs (MHUPPOIbI, WHIOIBI, TTOPPUPUHBI U JIp.)
W3BJIEKAIOT B CBOOOIHOM BHJIE.

3apauu

1. Tlpu B3ammogeiictBumn 115 r GeH30JBHOIO pacTBOpa MUPPOTA C METAITUYECKHM
KayireM Bblaenuiochk 1,12 1 raza (H.y.). Beiuncnure maccoBble JOJIM BEIIECTB B UCXOTHOM
pacTBope.

2. Hanmumwre cTpyKTypHBIE (hOPMYJIBI: a) 2-TIPOMUITeKCATHAPOTTUPUANHA;, 0) 2-MEeTHII-
4,5- TUTHIPOKCUMETHII-3-TUAPOKCUTTUPUIUHA.

3.Kako#i 13 reTepolMKIOB COMEPKUT HAMOOBIIYI0O MAacCOBYIO JOJIO a30Ta: MUPUJIVH,
MypUH WX TUPUMUIUH.

4. Ilpu cxuraHuM cMecu ABYX M30MEPHBIX OpPraHWYecKUX COeIMHEHHI oOpa3oBajcs
a30T ooveMoM 5,376 1 (H.y.). MaccoBasi 10751 a30Ta B UCXOJHBIX BelllecTBax paBHa 31,1%.
Paccuunraiite mMaccy MCXOAHOW CMeCH BeIECTB, HAMMIIUTE UX CTPYKTYypHble (GopMyJbl U
JaiTe UM Ha3BaHMUSL.

5. Ilpu katanuTuyecKoM ruapupoBaHuu 6,3 r nupuaruHa noriaotuiaock 1,7 1 Bogopoaa (
H.y.). C KaKuM BBIXOJIOM MPOILLIO THIPUPOBaHUE?

6. CoctaBbTe CTPYKTypHbIE (hOPMYJIbI BCEX BO3MOKHBIX N30MEPOB:

a) MmetTriidypana; 0) numetrwntuodeHa; B) MeTwinupposia. HazoBure ux.

7. Ilouemy oOpaboTka OeH3071a, MOJIYYEHHOTO U3 KaMeHHOTro yris, 92%-Ho#l cepHOt
KHUCIIOTOM MPU KOMHATHOM TeMIeparype, Mo3BoJisieT OUUCTUTh ero OT IpuMecH THodeHa?

8. Hamummre ypaBHeHusi peakuuii nupposia u dypana ¢ OpomoBomoponom. Kyma
MpUCOEIUHSAETCS] IPOTOH?

9. IlpuBenute cTpyKTypHbIe (OPMYJIbl MEpKaNTaHOB, AHAJIOTMYHBIX CIIEIYHOIIUM
CIOUPTaM: METUJIOBOMY, J3THIIOBOMY, MPONUIOBOMY, U300yTUioBoMy. HazoBute 53T
BeIlleCTBA [0 CHCTEMAaTHYeCKoW HOMeHKarype. M3o0pa3ure 3jieKTpoHHBbIE (QOpMYIIbI
cnenyromux coequnenuii: a) CH3SH; 0) CoHsSCoHs; B) HyS.

10. OT™MeThTe CXOJCTBO U pa3jinine B CTPOSHUU U CBOMCTBAX MUPHUAMHA U OeH30Ia.

11. Hanummre ¢hopMysbl BceX U30OMEPHBIX COSIMHEHHM, UMEIOIIUX B CBOEM COCTaBe
TOJIBKO MHUPPOJIbHOE KOJIBIO M TPU METWIbHBIX pajaukana. I[IpuBenute cxeMmbl peakilui,
WUTIOCTPUPYIOIINX aM(OTEePHBIN XapakTep NUppoJia.

7 CMOJIbBI 1 ACOPAJIBTEHBI HE®OTHU



CMonucro-acanbTeHOBbIE  BeIIeCTBa NPEJACTABISIIOT COOOM  CIOKHYIO  CMech
BBICOKOMOJICKYJISIPHBIX COEUHEHHI CMeIIaHHbIX CTPYKTYp, COJepKalluxX a3oT, cepy,
KHcaopos, MeTajuibl. MIx MHOTO B TsDKENBIX HedTax Kazaxcrana, Cpennedd Azun, bamkupun.
Hx nerydecth HeBesMKa, B OCH3WMHOBBIM U KEPOCHHOBBIA AUCTHIIISTHI OHU HE IMOMAJAloT.
Haubonee Goratsl cMonncTo-acanbTOBBIMU BelleCTBAME MOJIObIe He(hTH apOMaTHIECKOTO
OCHOBaHWUSI.

CMonucro-acansToBele  BeliecTBa  OOBEAMHSIOT  JBe  OONBIIKME  TPYIIIBI
BBICOKOMOJICKYJISIPHBIX cOeuHeHUuN HedTw - cMoubl U achaabTeHbl, B XUMUYECKOM
cocTaBe, CTPOGHUU M CBOMCTBaX KOTOPBIX MMeeTcsi MHOTO obiero. CooTHOILIEHHe MeXay
cMojlaMH M acdanbTeHaMHd B He(PTSIX U TSKENbIX OCTaTKaxX, IJleé B OCHOBHOM OHH
KOHUEHTPHUPYIOTCH, cocTaBisieT oT 9:1 no 7:1.

Cmonpl. CoctaB 1 cBoicTBa HE(QTAHBIX CMOJ 3aBUCAT OT XUMUYECKON MPUPOIBI HEPTH.
Hecmotpss Ha paznuyHyio npupony HedTed pa3iMyHBIX MECTOPOXICHWH, coaep)KaHue
yriepoaa W BOJOpPOAa B cCMoJiaX KojeOJeTcss B CPaBHUTENBHO y3KUX Mpefenax (B %
macc.): C — ot 79 mo 87; H — ot 9 no 11. B cMonax HedTell pa3mudHBIX MECTOPOXKICHUH
conepkaHue kuciopona konebnercs or 1 go 7% (macc.), cepbl - OT HeCAThIX AOJeH
nporieHTa 10 7-10%. B HeKoTOphIX cMoax coaepxutes a3oT (10 2 %).

Cmonwl coctaBistor oT 70 1o 90 % Bcex reTepoopraHMyYecKUX COeIWHEHU He]TH.
Onu 6orave Bomopoaom, uyeM achanbrensl, Ha 1-2%. Bombliyto 4yacTb CMOJ COCTaBIISIIOT
HeHTpabHbIe BelllecTBa. HeOombIoe KOIMYecTBO CMOJI MMEET KUCIBIN XapakTep u odpasyeT
acganemoeenosvie kuciomel. OHH TIPEACTABISIOT COOON BS3KHE, TEMHBIE CMOJIBI,
pacTBOpHUMBIE B CIIUPTE, OeH30171e, XiTopodopme.

Heiumpanbnsie cMonucTble BellecTBa MOAPA3ACISIIOT [0 OTHOLICHHUIO K Pa3uYHbIM
pactBoputensiM. Ha cxeme mnpencraBieHa KiaccUpUKauuss W pas3fesieHhe CMOJHUCTO-
ac(aJIbTEHOBBIX BEIIIECTB.

CMmoJtbl IPpECTABISAIOT COOOM OUYeHb BSI3KME MaJIONOJIBUXKHbBIE JKUJKOCTH, a UHOT/A U
TBepJiple aMOopdHbIe BelecTBa OT TEeMHO-KOPUYHEBOro 1o Oyporo 1mBera. [ImoTHocTh ux
ommska Kk 1,1 r/mi, MmonekymnspHas macca ot 600 mo 1000.

CmomnucTeie BellecTBa TEPMUUYECKH U XMMUYECKU HECTAOWIIbHBI, JIETKO OKHUCISIOTCS U
KOHJCHCHUPYIOTCS, MPeBpallasichk MPU 3TOM B acghanvmenvt. CmoJipl 1erKo CynbhUpyroTCs,
nepexo/isi B pacTBOp cepHOM KuciaoTel. Ha 3ToM 0CHOBaH CepHOKHUCIOTHBIN CIOCOO OYMCTKU
ToruB U Macesn. CMOJMCThIe BelllecTBa 00pa3yloT KOMIUIEKCHl C XJIOpUAaMH MeETalljIoB,
(dhochopHOI KHCIOTOM.

Mzyuenne cMon u acdasbTeHOB UAET MO IMyTH YIPOIIGHHsS] COCTaBa MyTEM
SKCTParupoBaHUs U KOHIIEHTPUPOBAHUS Y3KUX (hpaKlnii, UMEIOIIHUX OOIue CBOMCTBRA.

Acpanomenwt sBisitotcss 0osiee BEICOKOMOJEKYISIPHBIMU COCIMHEHUSIMU, YeM CMOJIbI.
OHM OTIUYAIOTCS OT CMOJI HECKOJIBKO MEHBIINM COJIep:KaHueM BOAOpo/a U 0oJiee BHICOKUM
cofepxaHueM retepoaroMoB. CuuTaroT, 4YTO acdanbTeHbl SBISIIOTCS MPOIYKTaMU
KOHZEeHcaluu cMoil. AcdanbTeHbl  00pa3oBaHbl  IUKIMYECKUMH, TOJHUSIEPHBIMU
KOHJIEHCUPOBAaHHBIMU CTPYKTYpPaMH, IOXOKUMU Ha TpadurT.

Achanomenvt — mnopoinkooOpaszHble BellecTBa Oyporo uiu ué€pHoro IBera. [lpum
HarpeBaHUM OHHM pa3MsArdaroTcs, HO He 1uaBarca. [lpu HarpeBanuu Bboime 300°C
achanbTeHbl MPEBpAIAlOTCI B KOKC W Ta3bl. AcdanbTeHbl XUMHUYECKH aKTHUBHBL. OHH
OKHCIISIOTCS, CYyNb(QUPYIOTCS, TalOTeHUPYIOTCS, HUTPYIOTCS, BCTYMAIOT B KOHJAEHCAIUIO C



¢opmanbaerunom. Ilpyu xpaHeHHM Ha CBeTYy M NpU JOCTYyIe BO3JyXa OHU INepexoJsT B
KapOeHbI, Tepsisi paCTBOPUMOCTb.

Accpanbmenst onBepraroOT OKUCIIEHUIO 1O KHCIOT, MPEBPAIlAalOT B KOKC U TyAPOH.
Ucnonp3yrot ans ruapododuzanny pa3muiHbX noBepxHocTeil. CMoubl U achanbTeHbl UIYT
Ha nepepaboTKy B OoJiee JErkue TpaJuLMOHHbIE HEPTENPOAYKThI MyTEM T'MIPOKPEKUHTa.
OnHako OHM caMM TOK€ HaxXOIAT MPUMEHEHHe B KauecTBE aHTHUCENTHUKOB, MHIMOMTOPOB
ounopazpyiienus (MponuTKa IIrnan) u ap.

8 HEOPTAHUYECKUE KOMIIOHEHTBI HE®THU

B HedTsax BcTpedaroTCs CONMM M KOMIUIEKCHI Ooiee 40 MeTa/lIOB M HEKOTOPBIX
HeMeTaJliIoB. MuHepalibHble KOMITIOHEHTHI IPUHSTO pa3aeisTh Ha TPU TPYIIIHIL.

1-s rpynmna: Metauisl iepeMenHoi BagentHoctd — V, Ni, Fe, Mo, Co, W, Cr, Cu, Mn,
Zn, Ti, Pb, Ag u np.

2-s TpyTIa: eJIoYHbIe U IenodHo3emenbHbie Metauiel — Na, K, Ba, Ca, Sr, Mg.

3-s rpynmna: ranorensl u npyrue snementsl — Cl, Br, I, Si, Al, Ge u ap.

HeGonpime konmudyecTBa MUHEPATBHBIX COCTABISIFOIINX CO3JAIOT TPYIAHOCTH HX
onpeneneHus. B 3aMeTHBIX KoJiMuecTBaxX OOHAPYKHMBAIOTCS BaHAAWK W HUKENb, MPUUIEM
BaHaAMsl OOJNbIlIE B CEPHUCTHIX, a HUKEIS — B a30THCTHIX 4acTax Hedtei. Yaie Bcero
MeTaJlJIbl HaxOoASITCS B BUJE TOPPUPUHOBHIX KOMILIEKCOB — PEIUKTOB OPTraHUYeCcCKOro
MIPOUCXOXKIEHUS (XJIOPODUILI, TeMOTTIOONH).

MertamioB B HedTIX HEMHOTO, HO OOJBIIMHCTBO W3 HHUX KATAIMTUYECKH AKTHUBHBI
(4acTo MHTHOUTOPBI), TIOITOMY MX COCTaB U coJiepKaHUEe HEOOXOIUMO KOHTPOJIHUPOBAThH BO
n3bexxaHue mpobiieM MpU OYMCTKE U TepepaboTke, 0COOEHHO TepMmokaTaauThyeckoit. K
TOMY JK€, BBICIIIME OKCHUJIbI HEKOTOPBHIX METaJUIOB (BaHAIuM, XpOM, BOJIbPpaMm) SIBISOTCS
OKHUCJIUTENISIMU, UMEIOT KUCJIOTHBIN XapaKTep U yCUIIUBAIOT KOPPO3UIO METAILIIOB.
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