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1. Metoanyeckne yKa3zaHUsl K BBIIOJIHEHUIO KOHTPOJIBHBIX paOOT COCTABICHBI B COOTBETCTBUU C
denepanbHBIM TOCYAAPCTBEHHBIM 00pa30BaTEIbHBIM CTaHIAPTOM BBICIIEro 0Opa30BaHUs IO HArpaB-
nenuto noarotoBku (cnemmansHoctr) 21.03.01 HedrerasoBoe aeno (ypoBeHb «OakamaBpy»), YTBEp-
KJIEHHBIM TpUKa3oM Munuctpa oopazoBanus u Hayku PD Ne 226 ot 12.03.2015 r., yueOHBIM MII1aHOM,
onobpenHsiM YueHbiM coBeroM PI'BOY BO «MI'TY» (mpotokon Ne 8 ot 27.04.2018 1.) u yrBep-
KJICHHBIM PEKTOPOM.

B cootBercTBHM ¢ yueOHBIM TUTaHOM TOAroToBKM OakamaBpa 21.03.01 Hedrerasosoe meno,
yTBepkAcHHBIM Y4eHbIM coBeToM PI'BOY BO «MITVY», npu u3ydeHUU OUCHUIIIMHBI «XUMUS
He(TH ¥ Ta3a» CTYJICHTHI JOJKHBI BHITIOJHUTH | KOHTPOJILHYIO padoTy.

Henbto aucuumnanabl «XuMus HeQTH U ra3a» SBJISETCS MOAr0TOBKA 0akanaBpa B COOTBETCTBUHU C
KBJIN(UKAIIMOHHOM XapaKTepUCTHKOI OakanaBpa M pabodyuM y4eOHBIM IJIAHOM JUCHUIUIMHBL IS
cnernmansHocT 21.03.01 Hedrerazosoe neno.

3anauy U3J0KEHUS U U3YyYEHUs] JUCLUIUIMHBI «XUMUs He(THU U Ta3a» — JaTh HEOOXOIUMBIE
TEOPETUYECKUE 3HAHMSI, PAKTUUECKUE YMEHHUS U HaBBIKM 10 OCHOBAM XMMHU HE(PTH U rasa, 1o3BO-
JISIOUIME YCIEIIHO UCIOIb30BaTh UX B IPO(ECCHOHATBHON A TENbHOCTH.

[Ipouecc n3ydyeHust IUCHUIUIMHBI « XUMUS He()TU U raza» HalpaBiIeH Ha GOPMUPOBAHHE AIIEMEHTOB Clle-
nytorux kommereHiwii B cootBeTcTBur ¢ ®I'OC BO cnienmansroctu 21.03.01 Hedrerazosoe neno:

No Kon

i P — ConeprxaHre KOMIETSHITIN

1. CIOCOOHOCTBIO UCIOJIH30BAaTh OCHOBHBIC 3aKOHBI €CTECTBEHHOHAYYHBIX TUCITH-

OIIK-2 IJTMH B TIPO(PECCHOHAIBHOMN JESITEIbHOCTH, TPUMEHSITh METOJIbI MaTeMaTH4e-

CKOTO aHalM3a M MOJEIIMPOBAHUS, TEOPETUUYECKOTO U HKCHEPUMEHTAJIbHOTO
HCCIIeIOBAaHUS

2. K-24 CIOCOOHOCTBIO TUTAHUPOBATH M MPOBOJIUTH HEOOXOIUMBIC IKCIIEPUMEHTHI, 00-
pabaTbiBaTh, B TOM YKCJE C UCIOIb30BAaHUEM MPUKIIAJHBIX IPOTPAMMHBIX MPO-
JYKTOB, MHTEPIIPETUPOBATH PE3YJIbTAThl U AEJIaTh BHIBOIbI

3. ITK-26 CIOCOOHOCTBIO BEIOMPATh M IPUMEHSATH COOTBETCTBYIOIIUE METO I MOCIUPO-
BaHUs (PU3MYECKUX, XMMHUUYECKHUX U TEXHOJOTHUYECKHUX MPOLIECCOB

B pesynbraTe nzydyenus aucuuiuinHbel  6akanasp 21.03.01 HedrerasoBoe neno 10mKeH:
3HaTh!
- XUMUYECKHI coCcTaB HETH U rasa;
- OCHOBHBIE (PU3UKO-XHUMHUYECKHUE METO/Ibl UCCIIeI0BAaHUSI XUMUYECKOTO COCTaBa HEPTH U rasza;
- YTII€BOAOPO bl HE(THU: aJIKaHbl, HAQTEHBI, apeHbI, TE€TEPOATOMHbBIE COCTMHEHHUS,
- He)Th KaK JAUCIIEPCHBIEC CHCTEMBI;
- TUTIOTE3BI IPOUCXOXKICHUS HEDTH.
YMeTs:
- HCTIOJIb30BaTh (PU3NUECKHE, XMMHUECKHE U SKCILTyaTallMOHHbIE CBOMCTBA HE(DTH;
- TPUMEHATHh TOJYyYEHHbIE 3HAHUS Il OSKCHEPTU3bl IPOEKTOB, TEXHOJOTHA M MPOU3BOJICTB,
cepTu(UKAMU TPOAYKIHUU C LEIbI0 JOCTIKEHUS MAaKCHMAlbHOM HKOJOTHYECKON Oe30macHoCTH
X035MCTBEHHOM JIEATEIbHOCTH YEJIOBEKA;
Brazers: HaBBIKAMU OCHOBHBIX METOJOB pa3feNieHus, OUUCTKU U UACHTH(PHUKALUYA KOMIOHEHTOB HEPTH.



IlepeyeHb KOHTPOJILHBIX padoT
1. YrneBomopoasl HedTH U raza

KonTtpoabHnas padora Ne 1
Yraesoaopoasl HedTH U raza

Bapuanr 1
1. HazoBute coenunenue no cucremarnyeckoi (CH) u parmonansuoit (PH) HomenknaTypam:
CH3—CH; — H—FH — CHs

CH,=CH CHs

. [lepeuncieHHbIX KJIACChl YIIIEBOIOPOAOB, BXOSAIINE B COCTaB HEPTH.
. HazoBrTE OCHOBHOM MPOIYKT XJIOPUPOBAHUS NPU OCBELIEHUH 2-MeTUIOyTaHa:
. HazoBuTe mpoayKThl KpeKUHra OEH3MHOBOM (paKIIUU.
. [lepeuncnure nerkue ppakuuu HePTH.
. HazoBuTE IpOAYKT MCUepnbIBAIOIIET0 OKUCIEHUS TPONMIOeH30Ia.
. Kakoit Tun peaxiuii Haubosee xapakrepen it apenos? [IpuBenure npumep.
. Kakue xucnopoaconepxaiine BeuiecTsa coaepxxarcsa B Heptu?
Bapuant 2
1. HazoBute coenunenue no cucremarnuecko (CH) u panmonansraoit (PH) HomeHkmaTypam:
CHngEI —gH— 2

CH3 CH3 C%Hz

CH; — CH3

. Kaxue HacpleHHbIe yr1eBOIOPOAbI COJepKaTcs B HepTu?
. Kakoli Tun peakuuii xapakrepeH it ankanoB? [IpuBeaure npumep.
. Kakue nukmnoankansl comepxkarcs B HehTr?
. Kakue ¢pakmum HedTH HA3BIBAIOTCS TSKEITBIMU?
. Hannmure peakunto 6poMupoBaHus TOJIyoJ1a B IPUCYTCTBUU KaTaln3aTopa, Ha30BUTE MPOIYKTHI.
. Kakum metoom onpenensiercst GppakimoOHHbIN cocTaB HePTH?
. Kakue rereponukinnyeckne COeIMHEHUS coiepKaTcs B HepTu?
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Bapuanr 3
1. HazoBute coemunenue no cucremarndeckoid (CH) u parmonansroii (PH) HoMenknaTypam:
|CH3
CH3-CH,—CH,— C — CH3
CH;-'CH — CHs
2. Kakwue kinacchl OpraHiuecKUX COSIMHEHUH BXOIAT B cocTaB HedTh?
3. Ha xakue (pakiiuu pa3roHSOT Ma3yT IS MOJTYYSHHUS TOTUIUB?
4. Kakoii Tum peakuuii HanboJiee XapakTepeH s 1ukiorekcana? Ipuseaure npumep.
5. Hanumure peaknuio OpoMHpOBaHUS H30MPONHIOCH30J1a (KyMOja) B MPUCYTCTBUU KaTalU3aTopa.
HazoBute npoayKThl.
6. HazoBrTE OCHOBHOM MPOIYKT XJIOPUPOBAHUS MPU OCBELICHUH 3-METHIINIEHTaHA.
7. Ilo xakoMy IpU3HAKY 110 TEXHOJOTUYECKON Ki1acCu(UKAIUU MOIpa3AeNsatoT He()TH Ha KIacChl?
8. Kakwue raspl conepxat 10 98 % merana?

Bapuant 4

1. HazoBure coequnenue mo cucremarnueckoit (CH) u panronansHoit (PH) Homenkmatypam.
(CH3-CH2-CHy), C (C2Hs) — CH (CHs),

2. K xakoMy KJIacCy OTHOCATCSI YTJIEBOJOPO/IbI, UMEIOIINE HE3aMKHYTBINM yIJIepOJHBIN ckeneT u oOpa-

30BaHHBIE POCTHIMHU G-CBSA3SIMU?

3. Ha xakue pakuuu pa3roHstoT Ma3yT AJis MOJTydeHus Macen?

4. Tlo xakoMy MIPHU3HAKY IO TEXHOJOTHUYECKOH KIacCU(UKALIUU TOAPA3ACISAIOT HE(PTH HA TUIIBI:

5. Kakue rasbl Ha3bIBarOTCS MOMTYTHBIMU?

6. Kakue BemecTBa Ha3pIBatoTCst n3omepamu? [IpuBenute npumepsl.



7. Hanummute peakuuio HCUEPIBIBAIONIETO OKUCIIEeH s OyTrinoen3ona. HazoBure npoayKr.
8. Kakoii Tun peakuuii Hanbosee XapakTepeH AJsl [MUKIOATKAaHOB, COJCpXKALINX B IMKJIE OoJblie 5
aTomoB yriiepoaa? [IpuBenure npumep.

Bapuanr 5
1. HazoBute coenunenue no cucremarnyeckoit (CH) u parmonansnoit (PH) HomenkinaTypam.
CHs
(CH3)3C — bH —(CHy)2 — CHs
2. Kakue cepocoaeprkarine BeniecTBa coaepxarcst B Hetu?
3. [lo kakoOMy MPU3HAKY MO TEXHOJOTUYECKOH KiIacCU(UKAIIUH TTOAPA3ACISIIOT He()TH Ha TPYIIIIHI?
4. Yto Ha3BIBAETCS TPYMIIOBBIM COCTaBOM HeTH?
5. HazoBuTe OCHOBHOU MPOJAYKT OPOMHUPOBAHUS MPU OCBEIICHUH 2-MeTWITeKcaHa. Hamummre 3Ty pe-
aKIHIO.
6. Hanmmure peakuuio 6poMUpoBaHus U30IPONMIOEH30J1a IpU HarpeBaHuu 0e3 kaTtaiusaropa. Haso-
BUTE MTPOIYKT.
7. KakoBa o61mast popMylia IUKIOATKAHOB C OJHUM ITUKIIOM?
8. Uto Ha3bIBaeTCs HAPTEHOBBIM MAcTIOPTOM?

Bapuant 6

1. HazoBute coenunenue no cucremarndeckoit (CH) u pammonansnoit (PH) Homenkmatypam.
Hs Hs H; — CH3

CH3;—CH-CH>—(¢ —CH>—CH;

CHs;
2. [To xakoMy IpHU3HAKY 1O TEXHOJOTHYECKOM KITACCH(PUKAITUH TIOpa3IeISIOT HeTH Ha BUIBI?
3. Kakue coenHeHns He(hTH OTHOCSTCS K CepOCOAepIKaIM ?
4. Kakue alKWIbHBIC paJuKaibl Han0o0JIee YCTOUUNBBI?
5. Kakue yrieBo10poabl Ha3bIBAIOTCS U30TTPEHOUAHBIMU?
6. Kakoii Tun peakiuii HanboJsiee xapakrepeH yist ankeHoB? [IpuBeauTe mpuMepsl.
7. HanummTe peakiuio OpoMUpOBaHHUS STHUIOCH30JIa B MPHUCYTCTBUM KaTanu3aropa. HazoBute mpo-

TYKT.
8. Kakue apomarrueckue yriieBo0pOIbl COAepKaTcs B HeTH?

Bapuanr 7
1. HazoBute coequHeHue:
CHs-CH —CHj3

CH>—CH3

. Kakue BemiectBa HasbiBaroTcs romojioramu? [IpuBeaute npumepsl.

. I[lo kakoMy IpU3HAKY 10 TEXHOJIOTUYECKOH Kilaccu(PUKauU MoApa3AestoT HehTH Ha BUIBI?

. HazoBuTe poiyKT B3aMMOACHCTBHSI 2-METHUIINIEHTEHA-2 U XJIOPOBOIopoia. HanmumuTe peakuuto.
. Kakue BemiecTBa BXOJIAT B COCTaB MIPUPOIHBIX Ta30B?

. KakoBa o6mas hopmyna napadpunos?

. Kakue Hadrensl BXosT B coctaB HeTH?

. HazoBuTe npoaykT B3auMOACHCTBHsI OpOM3ITaHa U HATPHsI IIPU HArpeBaHuu. Hanmuimre peakiuro.

03N Ok~ LI

Bapuanr 8
1. HazoBure coenunenue mo cucremarnueckoit (CH) u panmonansHoit (PH) Homenkmatypam.

CH3 — (CHz)z —CH=C (CHg)z

2. HazoBuTe npoayKT OpoMupoBaHUs 3TUI0EH30J1a IpU HarpeBaHuu 0e3 katanuszaropa. Hanummure pe-
aKIHIO.

3. Kaxosa obmiast hopmyina ankeHoB?

4. Kakue MeToabl UCTIONB3YIOTCS 1J1s1 TepepaboTKu HeTu?



5. Ha3zoBuTe OCHOBHOM NMPOyKT HUTPOBaHMs 2-MeTUiNeHTaHa. Hanummre peaknuto.
6. Kakue coennnennst He)TH OTHOCSTCS K KUCIOPOJICOIEpKAIUM?

7. Kakue HenpeenbHbIe yriieBOA0POIbI 00pa3yloTcs mpu nepepadboTke HedhTu?

8. Kakue apensl conepxarcsi B HepTH?

BapuanTt 9
1. HazoBure coenunenue no cucremarnueckoit (CH) u panuonansaoit (PH) HomenknaTypam:
CH;3 — CH(CH3) — CH(C3H5)
ICH, - CH(CH3),
2. Kaxoii Tun peakuuii Hanbosee xapakrepeH Ui ankaHoB? [IpuBeante npuMepsl.
3. HazoBuTe mpoayKT HUTPOBAHUS MPONIIOCH30JIa B MPUCYTCTBHH KOHIIEHTPUPOBAHHON CEPHOW KH-
cnotel. Hanuimmre peakuuro.
4. Kakue MeTo bl UCHIOJIB3YIOTCS IS pa3/ielieHHus] KOMIIOHEHTOB HedTH U raza?
5. Kakue cepoconepxaiiye cOequHEHHs cofiepxarcs B HepTu?
6. HazoBute npoaykT B3aumozeiictsus OyreHa-1 u HBr. Hanmmure peakuuro.
7. Kakue ¢pakunn HeTH Ha3bIBAIOTCS CBETJIBIMU (JIETKUMHU)?
8. Kakue meToibl pa3ieneHnst KOMIIOHEHTOB He()TH M Ta3a SBISIOTCS MTPOCTHIMU?

Bapuant 10
1. HazoBute coenunenue mo cucremarndeckoit (CH) u parmmonansnoit (PH) HOMeHKIaTYypam.

(CH3)3C — CH = C (C3Hs)2

2. Kakwue mpo11ecchol sIBISIOTCS TEPMUYECKUMHE MPEBPAIIEHUSMH YTIIEBOIOPOIOB HepTH?

3. Kakue ankansl copepxarcs B HepTu?

4. Kakue cmonucTo-acgaibTeHOBBIE BELIECTBA coAepKaTcs B HehTu?

5. HazoBuTEe OCHOBHOM MPOAYKT XJIOPUPOBAHKS 2-MeTuirenTana. Hanummure peakuuio.

6. HazoBuTe mpoAyKT MCUEpIIBIBAIONIETO OKUCIICHUS napa-TudTuioen3ona. Hanummre peakuuio.
7. Kakue coequHEHUST OTHOCATCS K Q30 TOPraHUYECKUM COeAMHEHUSIM HeTH?

8. Ha uem ocHOBaH xpomatorpaguiecKkuii MeTo 1 pa3/iejieHUs U aHaau3a?

Kpurepun u mkaJjia oneHuBaHUs

Ouenka Kpumepuu ouenxu

Omauyno KonTtponbHas paboTa BBINIOJHEHA MOJHOCTHIO, B PELICHUH HET OLUIUOOK
(BO3MO’KHA 0/IHa HETOYHOCTb, OMUCKA, HE SBIISIOLIASCS CIEICTBUEM He-
NOHMMAaHMsI MaTepHaa).

Xopomo KOHTpOJ'IBHaSI pa60Ta BBITIOJIHEHA ITOJIHOCTBIO, HO 000CHOBAHHUS I11ar0B
peHIiCHUsT HEAOCTATOYHBI, JOIIYIIICHA OJHA HGFPY63H OIINOKA WIH JBa-
TPHU HCAOUYCTA B BBIKJIAJIKaAX HWJIN I‘pa(bI/IKaX, C€CJIM OTHU BUbI pa6OTbI HC
SABJIAJIIMCH CIICHHAJIbHBIM 00BEKTOM ITPOBCPKU.

Yooenemeopumenwvno B xonTposbHO# paboTe nomymieHo Oojiee OHOM rpyOool OmHMOKH MU
Oosee OBYX-TpeX HeaoueTa B BBIKIAJAKaX WK rpadukax, HO oOydaro-
HIMiics BIazeeT 00s3aTeIbHBIMU YMEHUSIMH 110 TIPOBEPSIEMON TEME.

Heyoosnemeopumenvno | B KOHTpOIbHON paboTe MOKa3aHO IMOJIHOE OTCYTCTBUE 00S3aTENbHBIX
3HAHUN U YMEHHH 110 IPOBEPSIEMON TEME.

3aBucuMocth 6amioB B BPC yHuBepcuTeTa 3a KOHTPOJIbHYIO pabOTy OT OLIEHKH B TPAJAUIIMOHHON HIKa-
JI€ «OTJINYHO-XOPOUIO-yJOBJIETBOPUTEIBHO-HEYIOBIETBOPUTEIIBHOY
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Ouenka OMIUYHO xXopouio Y00671emeopumenvHo | Heyoo61emeopUmMeIbHO

Bamner B BPC 20 15 10 0

CIIMCOK PEKOMEHIYEMOM JINTEPATYPBI

Ocnoenas numepamypa

1. bepecrosa I'.U., KonoBanosa M.H. Xumus nedtu u raza: Yue6. mocobue mis By3oB. U.1. CBoiicTaa,
coctas u Kiaccudukanus Hereit u razo: Mypmanck: M3a-so MI'TY, — 2013. - 120 ¢. (100 3x3.)

2. bepecrosa I'.1., KonoBaoBa M.H. Xumus vedtu u raza: Yue6. nmocobue st By3oB. U.2. Merojsl
nepepaboTKu U uccnenoBanus Heptu u raza: Mypmanck: U3n-Bo MI'TY, — 2014. — 144 c. (100
9K3.)

Hononnumenvuasn numepamypa

1. Jlyromxwusn, I'. C. Coop u noaroroka HeTH, ra3a U BoJsl : yueOHuk juist By30B / I'. C. Jlyromi-
kuH. - U3n. 3-e, crep. - [lepenedatka co 2-ro u3a. 1979 r. - Mocksa : AnbsaC, 2005. - 318, [1]
c. (39 7k3.)

2. Bmamumupos, A. . OcHOBHBIE MPOIIeCCHl U anmapaTsl HedrerazomnepepaboTky : yued. mocodue
st By30B / A. W. Bnagumupos, B. A. lllenkynos, C. A. Kpyrnos. - Mocksa : Henpa, 2002. -
227 c. (3 7x3.)

3. TexHomorus, 5KOHOMUKa U aBTOMATH3AIMS MTPOIIECCOB MEepepadOTKN HePTH U Ta3a : yd4ed. Tmo-
cooue / C. A. AxmertoB [u ap.] ; mox pea. C. A. AxmeroBa. - Mocksa : Xumus, 2005. - 735 ¢. (2
9K3.)

4. Tlarun, C. A. HedTsHbIe pa3nuBbl U UX BO3JIEHCTBUE HA MOPCKYIO cpeay u omopecypcenl / C. A.
[Tatun; @enep. arentcTBo 10 pHIOOTOBCTBY, DI'YII "Beepoc. Hayu.-uccnen. uH-T peid. X03-Ba U
okea”orpadpuu" (BHHUPO). - Mocksa : 3a-8o BHUPO, 2008. - 507 c. (2 3k3.)

COJEP KAHUE U METOJAUYECKHUE YKA3AHUSA
K BBIIIOJIHEHUIO KOHTPOJIBHBIX PABOT
1. Ponw HedT ¥ raza B COBpeMEHHOM MHUpPE
HedTps 1 npoayKThl ee BbIXOJa Ha 3€MHYIO IOBEPXHOCTD - acGasIbThl U OUTYMBI - JaBHO U3BECTHHI Ye-
noBedecTBy. X ucnonbp3oBanu B BaBmiione n Buzantuu kak 3axurarenbHyto cMeck. B npesnem Erun-
Te 1 PuMe uxX nIpUMEHsUTM B KauecTBE CTPOUTEIbHBIX MaTepuanoB. C koHIa 18 Beka mpoayKT mepepa-
00TKM He()TH KEPOCHH CTall UCIIOJIb30BAaThCs sl OCBELIEHUS, a ¢ 19 Beka, ¢ u300peTeHneM aBurarenei
BHYTPEHHETO CcropaHusi He(TENPOAYKTHI CTAIM OCHOBHBIM BHJIOM TOIUIMBA JJISl Pa3IMYHBIX TPAHCIOPT-
HBIX cpeacTB. [IpeumyiecTBa HeTH U raza mepen IPYrMMHU UCTOYHUKAMU SHEPTUU 3aKIIOYAIOTCA B
BBICOKOM TEIUIOTE CTOPAHUs U B IPOCTOTE UCIIOJIH30BAHUSI C TEXHOJIOTMUYECKON TOUKU 3PEHHUSL.

B oTnmuume oT Apyrux BUIOB FOPIOYUX UCKOMAEMBIX, HE()Th OTHOCUTEIHHO JIETKO TOOBIBAETCH,
TpaHcmopTupyercs (mo TpyOoompoBoJaM) U JOBOJIBHO MPOCTO MepepabaThIiBaeTCs B UIMPOKYID raMMy
MPOJIYKTOB Pa3IMYHOro HazHadyeHus. [losTomy B GONBIIMHCTBE CTpaH MHUpa HA HE(PTH MpUxoaUTCs 60-
Jiee TOJIOBUHBI TOIUITMBHO-YHEPreTUUECKOTO KOMIUIEKCa. DKOHOMHKA TOCYIApCTB 3aBHCUT OT He(dTH
00JIbIIIe, YEM OT JIF0OOTO IPYTrOro MPOIyKTa.

Bonbiias yacte noOsiBaemoii B Mmupe HedTH (80—90%) nepepabaTbiBaeTCsl B pa3inyHbIE BUBI TOILIH-
Ba U CMa30YHBIX MAaTE€pPHAJIOB; HE MEHEEe BaXKHO HCIIOJIb30BaHHE HE(TU KaK ChIPbs ISl OPTaHUYECKOTO
cuHTe3a. OCHOBHYIO MaccCy MOJIMMEPHBIX MaTEPUATIOB, KaydyKa, CHHTETUYECKUX BOJIOKOH, MOBEPXHO-
CTHO-aKTUBHBIX U MOIOIIUX CPENICTB, YIOOpEHUH, IeKapCTBEHHBIX MPEmapaToB U SAOXHUMHKATOB MPO-
W3BOJISAT HAa OCHOBE HE(DTSIHOTO CHIPHSI.

[TpomertienHas go0bpYa U nepepadoTKa MPUPOIHBIX M MOMYTHBIX Ta30B MOJIOXKE JOOBIYM U Tepepa-
00Tku He(pTH, HO pa3BHBaeTcs Ooiee OBICTPHIMHU TEMITAMH. DTO TO3BOJIMIIO 3aMEHUTH Ma3yT U yroJib Ha
MHOTHX JHEPreTHYeCKUX YCTaHOBKax 0oJiee KAIOPHIHBIM M IKOJOTUYECKH YUCTBHIM TOIUIMBOM. [Ipu-
POJHBIH Ta3, Kak U HEPTh, B MEPBYIO OUYEPEb SBISETCS YHEPTEeTHUECKUM TOIIMBOM, M JIMIIL 0KoJio 10
% ero uIeT Ha HYXIbl XMMHYECKON MPOMBIIIIEHHOCTH. MeX Iy TeM 3To Hanbosiee OJHOPOTHOE U YHC-
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TO€ MPUPOJIHOE OPraHUYECKOE CHIPhE, KOTOPOE JODKHO HAWTH B OyIyIIeM MIMPOKOE UCIOJIb30BaHNE B
XUMHUYECKON TEXHOJIOTHH.

[ToBbIIeHHBINA HHTEPEC K HEPTU KaK CHIPHIO OPraHUYECKOTO CHHTE3a MOBJIEK 3a cO00# Ooee riybokoe
U3yYeHHE €€ COCTaBa U CBOWCTB, a TaK)XE€ COBEPIICHCTBOBAHHE CYLIECTBYIOIIMX M CO3JaHHWE HOBBIX
IPUEMOB NepepaboTKH HePTH. DTUMH MPOOIEMaMU 3aHUMAIINCh TaKUE BUIHBIE PYCCKHE U COBETCKUE
yuensbie, kak J[. 1. Mengenees, B. B. Mapkosaukos, M. U. KonoBanos, 1. M. I'yokun, H. /1. 3enun-
CKHH U JIp.

CoBpeMeHHBIH MepHo UCCIIEOBaHUI cOCTaBa HEPTU XapaKTepU3yeTcs MIMPOKUM HCIOJIH30BAHUEM B
ATHX LEJSIX MHCTPYMEHTAIBHBIX METOJ0B (DH3UKO-XMMHUYECKOTO aHaim3a. 3a nocienaue 20— 25 et
CTaJM W3BECTHBI BCE HHIUBUAYaJbHBIC YIJIEBOJOPOJbI, BXOJIIINE B COCTaB OCH3WHOBBIX (ppakuuit
HepTH. 3HAYUTENHHO PACIIMPEHBI CBEJCHUS O XMMUYECKOM CTPOCHUH YIIIEBOJOPOJIOB U T'€TEpPOOpra-
HUYECKUX COCTMHEHUHN B CPETHUX U TSDKEIIBIX TUCTHIUISTHBIX (DpaKIUsX.

Haubonee aktyanbHOM npobiaemoii B 00s1acTu XUMUK HE(PTH OCTaeTcs JalbHENlIee U3yuyeHHe ee XuMu-
YEeCKOr0 COCTaBa, 0COOEHHO TSDKEJION YacTH, Tak Kak 0€3 3TOTO HEBO3MOXKHO JajibHeiiee yriayOneHue
MPOLIECCOB MepepabOTKU HEPTU U NOBBILIEHHE UX () PEKTUBHOCTH.

2. O0uue cBoiicTBa u Kiaccudukamus Hepren

@DpaKIMOHHBIN 1 XUMUYECKUN COCTaB HEPTH.

HedT1p npencraBnsier coboi ClIOXHYI0 CMECh OpraHMYecKUX coequHeHuil. B ee cocrase
OOHapyKeHbI COTHHU YTJIEBOJOPOJOB Pa3IMYHOTO CTPOSHHS, MHOTOYHCICHHBIE T€TePOOpraHu-
4yeckre coequHeHHs. [10JTHOCTRIO pa3eNnuTh TaKyl0 CMECh Ha WHIMBUAYAIbHBIC COCTUHEHUS
HEBO3MOYKHO, HO U HE TpeOyeTCs HU IS TEXHUYECKON XapaKTePUCTUKH HEPTSIHOTO CHIPhs, HU
IUTSL €70 TIPOMBIIIJICHHOTO UCTIOIh30BAHHUS.

BaxxubIM nokaszaTenem kauectBa HePTH sIBIsieTCs hpakyuonmusiii cocmas. OpaKIIMOHHBIHI
COCTaB ompenessieTcs npu 1abopaTopHON NMEperoHke, B MPOIEcce KOTOPOW MPHU MOCTENEeHHO
MOBBIIIAIOUIEICS TeMIleparype U3 HepTH OTrOHSAIOT YacTu - Qpakuuu. Ppakyueri Ha3bIBAETCA
707151 HeTH, BBIKUIIAIONIAS B OINpeIeIeHHOM MHTepBasie Temneparyp. Kaxnas u3 ¢ppaxuuit xa-
pakTepu3yeTcsl TeMIiepaTypaMy Hayaia U KOHIa Kunenus. Hauanrom kunenus ¢gpaxyuu cyuta-
I0T TeMIEpaTypy NaJeHUs IMEepPBOM KaIulM CKOHJIEHCUPOBABIIMXCS NapoB. Kouyom kunenus
@pakyuy CYUTAIOT TEMIIepaTypy, IPU KOTOpOH ucnapenue ¢ppakiuu npekpamaercs. [lpu mpo-
MBIIJICHHON MepPEeroHKe He(PTH HCHOIB3YIOT CXEMbl C OJHOKPATHBIM UCHApEHUEM U JajbHEM-
et pekrudukanuent. @paxiuu, Beikunatomue 10 350 °C, oTéuparoT npu J1aBIECHUU, HECKOIb-
KO IMpEeBBINIAONIEM aTMOC(HEPHOE; OHU HOCAT Ha3BaHUE C8em.IblX (le2Kux) MUCTUILIATOB ((ppak-
ui).

OO6b1YHO TIpH aTMOC(HEPHOI MEeperoHKe MOIy4aroT Cleayromue Gppakiuu:

H.K. (Hagayo kunenus) - 140 °C — GensuHoBast pakiys
140 — 180 °C — nurpounoBas (ppakius (Tsokeaas Hadra)
180 — 240 °C — kepocuHOBas (hpaxmus

240 — 350 °C — musenbHas Gpaxius

OctaTok mocne oTO0opa CBETIBIX TUCTHILIATOB ((ppakius, Beikumnatomas soiae 350 °C)
Ha3bIBaeTCs Mazymom. Ma3yT pa3rOHSIOT MO BAKyyMOM, IPU 3TOM B 3aBUCHUMOCTH OT HANpPaB-
JeHUs IepepaboTKu HePTH MOTyHaroT cieayromue Gppakium:

JU1 ostydeHus TOTUINB: 350—500 °C — BakyyMHBI T'a30iIb (BaKyyMHBIH JUCTUILIAT)
> 500 °C — BakyyMHBII O0CTaTOK (TyIpOH)

JInst mosmydeHust Maced:

300 — 400 °C (350—420 °C) - nerkas MacisiHasi ppaxuust (TpaHcGOpPMATOPHBIN AUCTUILISAT)
400 — 450 °C (420—490 °C) - cpennsis MacisiHas Gpakius (MaIIHHHBIA JUCTHILIAT)

450 — 490 °C - msmxenast MacisiHast ppaxuust (MATHHIPOBBIN TUCTUILIST);



> 490 °C - ryapon

Ma3zyT u nojgy4eHHbIe U3 HEro PpaKIUU HA3bIBAIOT memHuiMuU (madxcenvimu). IIpoyKThI,
MoJIyyaeMble IIPU BTOPHYHBIX Mpolieccax nepepadoTku HedTH, Tak ke, KaK U MPU MEePBUUHON
MIEPEroHKe, OTHOCAT K CBETJIBIM, €CIM OHM BBHIKUTAIOT 110 350 °C, U K TEMHBIM, €CITU TIPEAEIbI
Boikunanus 350 °C u BhillIe.

HedTn pa3nu4HbIX MECTOPOKACHUN 3aMETHO PAa3IUYaIOTCs MO (PPAKIUOHHOMY COCTaBY, COJEPKAHUIO
CBETJIBIX U TEMHBIX (PpaKLIU.

OCHOBHBIE XUMHYECKHE AJIEMEHTHI, U3 KOTOPBIX COCTOUT HEe(Th,- yriepon u Bogopon. Conepkanue
yraepona B HepTu 83-87%, Bomopoxa 11,5—14%. B wedtu conmepxkarcs takxke azor (1o 1,7%), kuc-
nopox (1o 3,6%:;), cepa (1o 7%).

I'pynnosvim cocmasom Hegpmu Ha3bIBACTCS KOJIMYECTBEHHOE COOTHOIIECHHE B HEPTU OTAEIBHBIX I'PYIII
YIJIEBOAOPOJOB U COETUHEHUN. Yerne6000poodul npencTaBisitoT coO0M XMMUYECKUE COEIMHEHUs yrie-
poJia u BoJIopo/a.

VYrneBonopoaHblil cocTaB HEPTU MHOrooOpazeH. B HedTsax oOHapyKeHbI yriaeBoAOPOAbl MOYTH BCEX
TOMOJIOTHYECKUX PSJIOB, 32 UCKIIIOUYECHHEM aJIKeHOB, KOTOpBIE, KaK MPABUIIO, B HE(TAX HE COAepKATCS.
HedTn paznuyHbIX MECTOPOXKACHUH CHIIBHO PAa3JIMYalOTCs TI0 COACPIKAHHUIO YIIIEBOIOPOIOB. M3BECTHBI
He(TH C MOBHITIIEHHBIM COJIEP’)KAHUEM AJIKAHOB, IIMKJIOAIKAHOB (HAPTEHOB) M apEHOB.

I'azwl IpeAcTaBIAOT cOO0M cMecH MapauHOBBIX YIJIEBOJIOPOAOB C a30TOM, CEPOBOIOPOAOM, YIIIEKHUC-
JIBIM Ta30M H Jp. KOMIIOHEHTAMH.

[TpupoHBIE Ta3bI_ENATCS Ha TPU TPYIIIIHL:

- rasbl, I0OBIBa€MbIC W3 YHUCTO Ta30BBIX MECTOPOXKIACHUN — Hanbosee nerkue, Ha 90 % cocTosT u3
MeTaHa

- Tasbl, 100BIBAEMBIC U3 TA30KOHICHCATHBIX MECTOPOKIEHUN — conepkaT metaHa oT 80 1o 90 %

- rasbl, 100bIBaeMble BMeCTE C HE(PThIO U3 HEPTAHBIX MECTOPOXKIACHUM (MOMYTHBINA HedT -
HOM Ta3) — coaeprxkat merana ot 30 1o 70 %.

CaolicTBa HEQTH ONpEAEIAIOT HApaBJeHUE ee nepepaboTKU U BIMSIIOT HA Ka4eCTBO MO-
Jy4yaeMbIX He(DTepoayKTOB, MOATOMY pa3zpaboTaHa kiaccudukaius HedTel, KoTopast oTpaxka-
€T UX XUMHUUYECKYIO MPUPOAY U OIpeessieT BO3MOXKHbIE HamnpaBiieHus nepepadotku. Cyiect-
BYIOT pa3linyHble Kiaccupukanuu HedTel mo GpakiMOHHOMY U XMMHUYECKOMY COCTaBY U (pu-
3UKO-XUMHWYECKUM CBOWCTBAM.

Xumudeckue kiaccupukanu HeTu.

Panee onpezessromuM nokasareneM KauecTBa MPoAyKTOB OblIa INIOTHOCTb. B 3aBUCMMOCTH OT IUIOT-
HOCTU He()TH moApa3 ey Ha:

nerkue (p'°< 0,828 r/em®), yrsoxenennsie (pt°= 0,828—0,884 r/cm®) u Tsmxensie (p'°> 0,884
r/em’).

B nerkux HedTsax comepkuTcs Ooiblie OSH3MHOBBIX ()pakluid, OTHOCHUTEIBHO Mallo
CMOJI M cephl. Tskenble HEPTH XapaKTEPU3YIOTCS BBICOKMM COJIEP:KaHUEM CMOJI; YTOOBI I0-
JYyYUTh U3 HUX Macja, HE0OXOJUMO MPUMEHSTh CIIEIIMANIbHBIE METOIbI OUYUCTKU. OTHAKO TshKe-
nple HedTH - HAWIydIlee ChIpbe sl Mpou3BojacTBa OuTyMoB. Krnaccudukanus nedrelr mo
TUIOTHOCTH MPUOTU3UTEbHA, a Ha MPAKTUKE U3BECTHBI CIydad, KOTJa OMUCAaHHbIE BBIIIE 3aKO-
HOMEPHOCTH HE NOATBEPKIAAIUCH.

B CHIA 6blna npeyioxkeHa xumuueckas Kiaccuguxayus negmeii, B OCHOBY KOTOPOM MOJIO-
KEHa CBSI3b MEX/Y IUIOTHOCTBIO U YIIIEBOJAOPOAHBIM COCTaBOM HedTel. VccienoBanuto moiBepraor
(bpakiunio, MeperoHsoIyocs npu artMochepHoM JaBieHuu B uHTepBaie 250—275°C (xapakrepHast
¢bpakuus jerkoi yactu HeTu), U GpakLnio, MEPEroHSIOUIYIOCS MIPH 0CTaTOYHOM jaBieHuu 5,3 klla
B npenenax 275—300 °C (xapaktepHas ¢pakuus Tspkeiaod yactu HedTH). OnpenenuB MIOTHOCTb
00enx XxapakTepHbIX (pakLuil, JIETKYI0 U TSKEIyI0 YacTH He()TH OTHOCST K OJTHOMY U3 TpeX KIaccoB
COOTBETCTBEHHO I'paHMIIaM, YCTaHOBJIEHHBIM i HeTel pa3nuuHbIX TUNOB (Tabiu.l). 3atem Ha oc-
HOBE JIaHHBIX O XapaKTepHBIX (PPAKIUAX ONPEACIAIOT, K KAKOMY U3 CEMM KJIacCOB JOJKHA OBITh OT-
HeceHa HeTh. Henocratku 370l KiaccuduKaluu - B U3BECTHOM YCIOBHOCTU T'PAaHUI] IIOTHOCTEH
XapakTepHbIX (PPAKIHUA U B TOM, 4YTO 0003HAUEHUS OT/ENBHBIX KJIACCOB HE OTPAXKAIOT JACHCTBUTEN b-
HOTO cocTaBa He(TH.
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HaszBanus kinaccoB Hedrelt, npeanoxeHnbix I'opasim 6ropo CLLIA: napadunoBsii, napaduHo-
MIPOMEKYTOYHBIH, MPOMEKYTOYHO-TIapa(MHOBBINA, MPOMEKYTOUHBIH, MPOMEXYTOYHO-HA(PTEHOBBIH,
Ha(TEHO-TIPOMEKYTOYHBIH, HA()TECHOBBIN.

Tabmuua 1. Hopmbl i knaccudukanun vedreit, npeanosxkennoii I'opasim 6topo CILIA

Opaxuus [T10THOCTS, T/eMm®
napauHOBOTO MPOMEXKYTOUYHOTO | Ha(TEHOBOTO OCHOBAHMS
OCHOBaHHSI OCHOBaHHSI
250—275 °C (mipu atmo- <0,8251 0,8251—0,8597 >0,8597
chepHOM JaBJICHHUN)
275—300°C (mipm 5,3 klla) <0,8762 0,8762—0,9334 >0,9334

Knaccudukanus, oTpaxaromnias XAMUYECKUN COCTaB HEPTH, MpeIoKeHa [ po3HEHCKUM HEQTSIHBIM Ha-
y4HO-HccleoBareabckuM HHCTUTYToM (I'posHMM). B ocHOBY 3T0i#l Kiaccu@ukanuy moJiokKeHO Impe-
MMYIIECTBEHHOE COZIepKaHne B HE(DTH KAKOro-JIHO0 OJHOTO MIIH HECKOJBKUX KJIACCOB YIIICBOJIOPOIOB.
Paznuuator HedTu: mnapaduHoBble, mnapaduHO-HApTEHOBBIE, HadTEHOBBIE, NapaduHO-HAPTEHO-
apomaTtHyeckue, HaTeHO-apOMaTHIECKUe, aPOMATHUCCKHE.

B napagunoswix nedtax Bce Ppakuuu comepkar 3HaYUTEIbHOE KOJIMUYECTBO aJIKaHOB: OCH-
3uHOBble—He MeHee 50%, macnsaabie—20% u Gonee. Hanbosnee THMMYHBIMU TTapaUHOBBIMU
He(TAMU ABJISIIOTCS HEPTH TOJTyOCTpOBa MaHTBIIIIAK.

B napaguno-nagpmenosvix nedtsx comepxarcs HapsAIy C aTKaHAMHU B 3aMETHBIX KOJIUYECT-
Bax IMKJIOAJKAHBI, COJEpKaHHE apeHOB HeBeluKo. Kak u B yucTO mapaduHOBBIX, B HEDTAX
3TOM Tpynmnsl Masio cMoid U acdanbTeHoB. K rpynne napaduHo-HaQTEHOBBIX OTHOCITCS HehTH
HanOoJiee KpyIHBIX MecTopokaeHU Bomro.-Ypansckoro 6accetina u 3amnaanoit Cubupmu.

Jnis nagpmenogoix HeTeil xapakTepHo Beicokoe (10 60% u Gonee) conepxaHue UKIOAN-
KaHOB BO BceX (paKIUAX; AIKAHOB B ATUX HEPTIX Majlo, CMOJIbI M acPalbTE€Hbl UMEIOTCS TAKXKe
B orpaHnueHHOM KojmuectBe. K HadTeHOBBIM OoTHOCSTCS HedTH, JoObIBaeMble B baky n Maii-
KOII€.

B napaguno-nagpmeno-apomamuyeckux HedTAX yrieBOJOPOABI BCEX TPEX KIACCOB COIEP-
’KaTcsi MPUMEPHO B PaBHBIX KOJIUYECTBAX, TBEPAbIX MapaguHoB Maino (He 6onee 1,5 %), a konu-
YEeCTBO CMOJ | acdanbTeHoB gocturaet 10%.

Hag@meno-apomamuueckue HepTH XapaKTepU3yIOTCS MPEUMYIECTBEHHBIM COJIEpPKaHUEM
IIUKJIOAJIKAHOB U apEHOB, B OCOOCHHOCTH B TSDKENBIX (ppakuusx. AJTKaHbl UMEIOTCS TOJIBKO B
nerkux ¢paxmusx, nmpuueM B HeOombiioMm konudecTBe. Cojep:kaHue TBepAoro mapaduHa B
He(tu He npessimaet 0,3 %, a cmoin u achansreHoB— 15—20 %.

Apomamuueckue HepTH XapaKTEPHU3YIOTCS BHICOKOW MIIOTHOCTHIO; BO BCEX (PAKIUAX ITHX
HedTel comepkuTcss MHOTO apeHoB. K apoMatuueckum HedTsIM oTHOCATCS mpopBuHCKas B Ka-
3axcrane, OyrypyciaHckas B [ToBomkbe.

B nauane 60-x romoB pa3paboTaHbl HOBbIE aHATUTHUYECKUE METO/IbI, U3MEHUBIIIKE TPE/I-
CTaBJICHHE O COCTaBE U CTPOCHUM HE(PTSIHBIX yTIEBOJAOPOJIOB, M TTO3BOJIMBIINE YTOUHUTD MPUH-
IUIIBI ¥ METObI Kiaccupukanyu HedTel. B HedTsix Obut0 00HApYKEHO 0O0JBIITOE YUCIO (CBBI-
e 500) peMKTOBBIX YIIIEBOAOPOIOB (XeMO(pOCCUITHTN).

Bb110 mpeioxkeHo Bce YriaeBoI0poibl HeTH YCIOBHO pa3/ieiuTh Ha IBE OCHOBHBIC IPYIIIbL: Mpeodpa-
30BaHHBIC YTIIEBOI0OPO/IbI; PEITUKTOBBIC YTIIEBOJOPOIBI.

K peruxkmosvim yenesodopooam OTHOCATCS HOPMAaJIbHBIE W HM3OMPEHOWJHBIC aJTKaHBI,
UUKJIMYECKUE U30MPEHOUIBI - CTEPAHbI, TPUTEPIIAHBI U TIP.

Penuxmosvie yeneeooopoow: Hereit MOXKHO pa3OUTh HA YIIIEBOIOPOAbI U30MPEHOHUIHO-
r0 U HEM30MPEHOUIHOTO THUIIA.
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['pynna u300pEHOUTHBIX PEIMKTOBBIX YIIEBOJAOPOIOB B HEPTAX COCTOUT U3 3HAUUTEIb-
HO OOJIBIIET0 YKCJIa PAa3IUYHbIX COEAUMHEHUN, YeM TPy HEM3ONPEHOUIHBIX YTIEBOAOPO/IOB.
PenukroBble yrieBoAOpoJabl HEM3ONMPEHOMIHOTO THUIA MPEACTABIEHBI B OCHOBHOM allv-
(aTUYECKUMU COEIMHEHUSIMHU, a W3O0MPEHOUJHOTO THUHA—AalUu(PaTUYECKUMU U AIULIHUKIAYE-
CKUM YTJIEBOJIOPOAAMHU C YUCJIOM IIMKJIOB B MOJIEKYJIE OT OJHOTO J0 MATH. BaxkHEeHnM CBOM-
CTBOM PEJIMKTOBBIX YIJIEBOJIOPOAOB HEPTH SBIAETCA UX TOMOJIOTUYHOCTD.

T'omonozamu Ha3bIBAIOTCA COCOUHEHUS, OJIM3KHE MO XMMUYECKUM CBOMCTBaM, MpHUHA-
JeXalue K OJHOMY KJaccy, HO pa3iuyarolluecs Ha OJIHY WM HecKoiabko rpymnm -CH,- (romo-
JIOTUYECKasi pa3HOCTb).

Texnonozuueckas kraccuguxayus Hegometi nevicTByeT B Hateut ctpade ¢ 1967 r. (TOCT
912-66), oHa TO3BOJISIET ONPEACTUTH TOBAPHBIC CBOMCTBA HE()THU U TEXHOJIOTHIO €€ mepepadboT-
ku. IlocranoBnennem ['occranmapra Poccum ot 08.01.2002 r. mpuHAT M BBEIEH B JICHCTBUE
I'OCT P 51858-2002, B kOoTOpOM HpeACTaBieHbl Kiaccu(UKAIMSA U yCIOBHOE 0003HAUECHHE
He(prel. [lo PU3MKO-XMMHYECKUM CBOMCTBaM, CTENEHU MOATOTOBKH, COJIEPKAHUIO CEPOBOJIO-
poJia M JIETKUX MEepKaNTaHOB HE(PTh MOJPA3AEIAIOT Ha KJIACCHI, TUIIbI, [PYIIIbI, BU/bI.

B 3aBucuMocTu 0T MaccoBoit 10y cepbl HEPTh MOIpa3aeisaioT Ha Kiacchl 1-4 (Tabnuia

2).
Tabnuma 2. Knaccel HedTH
Krnacc vedrn HanmMenoBanue Maccosas gonst cepbl, % | MeToj uCTIbITaHus
1 Marnocepuaucras Mo 0,60 Bxmtou.
2 Cepnucras Ot 0,61 >> 1,80
[To TOCT 1437
3 Bricokocepuucras >>1 81 >> 3,50
4 Oco0060 BBICOKOCEpHHUCTAS Cs. 3,50

[To TI0THOCTH, a IPH MOCTABKE HA SKCIOPT - JOMOJHHUTEIBHO IO BBIXOAY (Ppakiuii u
MaccoBO# 1oJie mapaduHa He)Th MOAPA3ACIISAIOT HA IATh TUIIOB (Tabiuia 3):

0 - ocobo nerkas; 1 - nerkas; 2 - cpeansisi; 3 - Tsokenas; 4 - OUTYMUHO3HAS.

Tabmuma 3. Tumnsl HehTH

Hopwma ans nedTu tuna

0 1 2 3 4
HaumenoBa- | s TUISt TUISE TULST TUIs
HUE Tapa- 9KO- 9KO- 9KO- JKO- 9KO-
TUIS TUISE TUTST TUTST TUIs
MeTpa HO- HO- HO- HO- HO-
JKCIOP- JKCIOP- JKCIIOP- AKCIIOP- AKCIOP-
MUKH MUKH MUKH MUKH MUKH
Ta Ta Ta Ta Ta

cTpa- CTpa- cTpa- cTpa- cTpa-

HBI HBI HBI HBI HBI

III0THOCTB, KI/M, TIpH TeMIeparype:

20 °C He 6ouee 830,0 |830,1-850,0 850,1-870,0 870,1-895,0 bonee 895,0

15 °C He Oouee 834,5 |834,6-854,4 854,5-874,4 874,5-899,3 bonee 899,3

Beixon ¢pakuuit, %, He MeHee, 10 TeMIlepaTyphl:

200 °C - 30 - 27 - 21 - - - -

300 °C - 52 - 47 - 42 - - - -
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350 °C - 62 - 57 - 53 - - - .
3 MaccoBas

JOJIsl Iapa- i i ] ] ] ] ]
(biea, %, He 6,0 6,0 6,0

Ooiree

[To cTrenenu moaroToBKU HEMTH MOAPA3ALISAIOT Ha Tpynmbl 1-3 (Tabnuima 4).

Tabmuna 4. ['pynnst HedTH

HaumenoBauue mmokasareinsa

Hopwma g Hedtu rpymnbl

Metoa ucObITaHUS
1 2 3
MaccoBas 10J1s1 Boasl, %, He Ooee 0,5 0,5 1,0 (IToI'OCT 2477
. 3
KoHntieHTparust XJIOPUCTBIX COJICH, MI/IM”, 100 300 900 |Tlo TOCT 21534
He Ooee
IO\/IaCCOBaﬂ JI0JIsI MEXaHHYECKUX MTPUMECEH, 0.05 o TOCT 6370
%, He OoJliee
JlaBneHue HaCHIIIEHHBIX MapoB, klla (Mmm. pT.| 66,7 66,7 66,7
oT.), He Goree 500) | (500) | (s00) |MOTOCT 1756

Ecnu no ogHoMy 13 nokasatenieid HeTh OTHOCUTCS K rpynie (TUIY) C MEHbIIUM HOMeE-
poM, a Mo JApPYromy - K rpymnme (Tuiy) ¢ OOJIbIIUM HOMEpPOM, TO He(Th MPU3HAIOT COOTBETCT-

ByIOILIEH Tpymmne (TUIY) ¢ O0JIBIIMM HOMEPOM.

IIo maccoBoi gone cepoBOoaOpOaa U JICTKUX MCPKAIITAHOB He(l)TI:c nmoapasaCiiAr0T Ha BU-

apl 1-3 (Tabnuma 5).
Tabnuia 5. Buasl Hedtu

Hopwma nns vedtu
TPYIIIIBI Meton
HaunMeHoBaHue mokaszaresist 194
UCTIBITAHHSI

1 2 3
MaccoBast 07151 cepoBoopoa, MiH. - (ppm), He Gomee | 20 | 50 100 15_10081(;20 CTP
MacgloBaﬂ JOJISI METHIT- U ATUIMEPKAINTaHOB B CyMME, 20 | 60 100
MiH.” (ppm), He Gomee

YcnoBHoe o0o3HaYeHHEe HeDTH COCTOUT U3 YEThIpeX LU(dp, COOTBETCTBYIONIUX 0003HA-
YeHHSIM KJlacca, Tura, rpynnsl u Buaa Hedru. [Ipu mocraBke HedTu Ha SKCHOPT K 0003HAUeE-
HUIO TUMa fgo6asiseTcs uHaekc "3". CTpyKkTypa ycIoBHOT0O 0003HaueHUus HepTH:
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Hedrre: X ! X . X . X : rnocTt p

Konace

T

['pymima

Bun

ObBosHaueHHe HACTOATLETD CTaHIapTa

[Tpumepsr 0603HaYeHHS HEPTH:

1) Hedtr (mpu noctaBke notpedutento B Poccun) maccoBoit nonu cepsl 1,15 % (kmace
2), motHOCTBIO TipH 20 °C 860,0 (THI 2), KOHIEHTPAINA XJIOPHCTBIX comeit 120 mr/am°, mac-
coBoit gonu Boawl 0,40 % (rpymma 2), mpu OTCYTCTBUHU cepoBojopoja (Bum 1) oOo3HayaroT
"2.2.2.1 TOCT P 51858-2002".

2) HedTh (mpu mocTaBke Ha 3KCHOPT) MaccoBoil gonu cepol 1,15 % (knacc 2), minoTHo-
ctero nipu 20 °C 860,0 KF/M3, obwemuou nonu dpaxiuit 70 200 °C - 26 %, mo 300 °C - 46 %, no
350 °C - 55 %, maccoBoii o mapaduna 4,1 % (Tun 23), KOHIIEHTPAIIMU XJIOPUCTHIX coseit 90
Mr/am°, MaccoBoil gomn Bogsl 0,40 % (rpynmna 1), mpu oTCcyTCTBHHM cepoBoaopona (Bug 1) -
«2.23.1.1 TOCT P 51858-2002».

3. AnkaHbl HehTH

Anxanamu (Hapa(i)I/IHaM, HACBIIIICHHbBIMHU yFHeBOILOpOILaMI/I) HAa3bIBAIOTCA YIJICBOOAOPOIbI
C OTKpBITOﬁ LCIIbIO, COACPIKAIMEC TOJIBKO ITPOCTHIC KOBAJICHTHBIC CBA3H. CnH2n+2
4 — METAaH 3Mg — IIPOITaH 5M12 — IICHTAH 7M1 - TCIITAaH 920 - HOHAH
CH CsH CsH C/H CoH

C,Hg — aTan C4H;o — OyTan Ce¢His —rexcan  CgHig - okrtan CioHy, — nexan

3
ATOMBI yriiepojia HaXoAATCs B COCTOSIHMM SP°-rubpuan3amnuu, vMeeT MeCTo MpocTas o-
3 N
CBSI3b: S-3JIEKTPOHHOE 00JIAKO aToMa BOJOPOJA MepeKkphiBacTcs ¢ SP -TuOpuaHOi opOUTaIBIO
aToMa yriepoja.

H30M€paMu Ha3bIBAKOTCA COCIAMHCHHA C OJMHAKOBBIM KAa4YCCTBCHHBIM M KOJIMYCCTBCH-
HBIM COCTABOM, HO C Pa3JIMYHbIM CTPOCHHUCM MOJICKYJIL.

JI7is aJlKaHOB XapaKTepHa U30MEPHsl YTIIEPOJIHOTO CKelleTa, HaurHas ¢ OyTaHa.
CH; CHj;
CHs- CHZ-bH- ¢- CH; 2,2,3-TpUMETUITICHTaH (TPUMETHII-6MOpOyTUIIMETaH )

CH;

VYTrieBonopoibl, HE MUMEIOLIME OTBETBJICHUM YTJIEPOJHOTO CKEJIEeTa, Ha3bIBAIOTCS HOP-
MaJIbHBIMU (HOPMaJIbHOTO CTPOEHHMsI). B COOTBETCTBUM C YMCIIOM yTIEPOI-yIIIEPOAHBIX CBS3EH
B MOJIEKYJIaX aJIKAHOB Pa3jInuyaroT MEPBUYHbIC, BTOPUUYHbIC, TPETUYHBIE U UYETBEPTUUHbBIC ATOMBI
yrieposa.

[Tpu OTHATHHM OT MOJIEKYJIBI aJIkaHa aTOMa BOJAOPOJa 00pa3yeTcsi alKUIbHBIN yTIeBOI0-
pomnbiii paaukan (R, AlK), Ha3eiBast KoTOpbIH, cyhduke —an (VIS aIKAHOB) CIIEIYET 3aMCHHTh
Ha —U/1, HAIPUMeEp:

CH3-CH,-CH, CHa-CH,-CHy- CH. CH-

— —
IIpOIlaH IIpOII MECTAH METU1
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[Ipumep cTpoeHHs W Ha3BaHWE YTICBOJOPOTHBIX PAJAUKAIIOB, COOTBETCTBYIOMIUX MOJIe-
KyssipHoit popmyiie C4Ho-:

CH3
CH3;-CH,-CH,-CHp-  CH3-CH-CH,-  CH3-CH,-CH- CH3-C-
lCH3 EH3 CH;
H-OyTHI u300yTUI 6mop-0yTui mpem-0yTuil

HaumenoBanue 6mop-OyTuil CBS3aHO C TE€M, YTO ATOT paguKajl UMEET CBOOOAHYIO Ba-
JIEHTHOCTh Y BTOPUYHOIO YIJIEPOJHOTO aTOMa, T. €. CBS3aHHOI'O C IByMsS COCEIHHUMHU aTOMaMu
yraepona. Hazsanue mpem-0yTui NpouCXOQUT OT TOTO, YTO CBOOOHASI BaJ€HTHOCTh 3TOTO pa-
JMKania HaXOJUTCS Yy TPETUYHOI'O YIJIEPOJHOIO aToMa, T. €. CBA3aHHOTO C TPEMSI COCEIHUMHU
aTomMamu yriiepojaa. B pagukanax OyTui u #300yTuil cBOOOAHAS BAJICHTHOCTh B 00OMX CITydasx
HAXOJUTCS y MEPBUYHOTO YIIEPOAHOI0 aTroMa (T.€. CBS3aHHOIO C OJJHUM COCEIHHM aTOMOM yT-
nepona). Torna paaukan, UMEIOIIUN HEPa3BETBICHHYIO 1I€Mb, HA3bIBACTCSI HOPMAJIBHBIA OYyTHII,
a obnagaromuii pa3BeTBIECHHON LENbIO - H300yTHII. Y CIOBHO MPHUHSATO MPUCTABKY «U30-» NPHU-
COEJIMHATH K Ha3BaHUIO PAJUKAJIOB, B KOTOPBIX JIBE METUJIbHBIE IPYIIIbI HAXOIATCS Ha KOHIE
HEPA3BETBJICHHOM LIETIH.

JlJis HaMMEHOBaHUMN YTJIEBOJOPOAOB C PA3BETBIICHHOH 1LIETbIO MOJIB3YIOTCA ABYMsI HO-
MeHkJaTypamu. OnHa Ha3biBaeTcs panuoHanbHoil (PH), 32 ocHOBY nmpuHHMMaeTcs mpocTenmii
YTIEBOAOPO] — METaH: Ha3bIBAIOT B MOPSJIKE YCIOKHEHUS PaJAUKaIbl, PACTIONIOKEHHbIE OKOJIO
aToMa yriepoja, MPUHATOrO 3a OCTAaTOK METaHa, 3aTeM J00aBJSIOT CIOBO MeTaH (CM. HUXKE
MIPUMEDHI).

bonee HOBOM M COBEpIIEHHOW SABISIETCS Apyras HOMEHKJIATypa, pa3paboTaHHAs MEXKIY-
HapojHoi opranusanueii xumukos (International Union of Pure and Applied Chemistry, co-
kpamienHo IlUPAC). Ona HazweiBaeTcs MexayHapoanoit (MH) wnu nHomenknatypoir MFOITAK.
ITo 3TO1 HOMEHKJIaType 3a OCHOBY IIPUHUMAIOT Ha3BAaHHUE AJIKaHA, COOTBETCTBYIOIIETO CaMOMn
JUIMHHOW MPUCYTCTBYIOIIEH B MOJIEKYJIE LIENU YTIE€pOJHBIX aTOMOB. llenb HymepyeTcs ¢ Toro
KOHI[a, K KOTOPOMY OJIMKE PACIIONO0KEHO Pa3BETBJICHHE: YKa3bIBAIOT YUCIAMHU IOJIOKEHHUE pa-
JIUKAJIOB, 3aT€M UX HA3BAHUE M 3aKaHYMBAIOT Ha3BaHUEM YTJIEBOAOPOJA, B3SITOIO 32 OCHOBY.
3aMecTUTENU NEPEUUCIISIIOT B al(paBUTHOM MOPSIIKE:

o
CH3-C|H-CH2- CHs CH;3 - IC —CH3
CHs CH3
muMetuisTuamerad (PH); terpamerunMmerad (PH);
2-metunbOyrtan (MH) 2,2-numetnnnponad (MH)
CHs— FH — ?H — CH; — CH3
CH; CH;-CHjs

mmytrnmnszonponunMerad (PH); 2-merwn-3-stunmnentan (MH)
CH; CHs
| |
CH3-CH,-CH- C-CHj3 tpumetmit-smop-oytunmeran (PH);2,2,3-rpumerrinnentan (MH)

CH,
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CriocoObl IOMy4YeHHS aTKaHOB

0
[Mpomsiiiennsie: 1) ruapuposanue yris (kat. — Fe, P, /=450 — 500°C), B pe3ynbrare moiy-
Yar0T CMECh AJIKAHOB U IIMKJIOATKAHOB, KOTOPAsk UCIIOJIb3YETCs B KAUeCTBE MOTOPHBIX TOILIHB.

2) meton ®umepa-Tpomina (OKCOCHHTES) nCO + (2n+1)H, —» CHjn4 + H,O

3) kpekuHT HebTH (TepMHueckuii u KatanuThueckmii) (t°=450 — 500°C, Ge3 mocTyma
BO3/IyXa)

4) pazronka HeTH
JIaGopatopsie: 1) p. Bropia (B3auMoIeiicTBIEe HATPHS C ranoreHankasamu) (mp t0)

2 R-Br + 2Na — R-R + 2 NaBr

2) mEIOYHOE TUIABJICHHUE COJIeH KapOOHOBBIX KUCIIOT (P. JIEeKapOOKCHITHPOBAHUS)

{0
CH3'€'ONa + NaOH — Na,CO; + CH,4
3) BOCCTaHOBJICHHE TaJIOT€HONPOU3BOIHBIX AeiicTBuemM HI
{0

CH3'CH2| +HI > |2 + CH3'CH3

4) BOCCTaHOBJICHUE HETIPEICIbHBIX YTICBOJOPOIOB, KaT — MJIATHHA, TTAJUTA Ui, HUKEIh
t° +H,

CH=C-CH;3 + H, » CH,=CH-CHj3; — CH3-CH,-CHs3

5) anexkTponu3 cojeil kKapOOHOBBIX KUCIOT (Ha aHojne Bwiaensercs CO, u obpazyrorcs
aJIKaHBbI)

2RCOO" -2amektpoHa — 2Re +2 CO,

6) peakuu MeTaIJIOPraHMYEeCKUX COeIMHEHUN ¢ BOJOU

Al,C; + 12H,0 — 3CH,4 + 4AI(OH);

du3nyecKue CBOMCTBA alIKaHOB.

AnkaHbpl— OECIIBETHBIE BEIIECTBA, HACHIIIEHBI BOJOPOJIOM, MO CPABHEHHUIO C YTJIEBOJIO-
pollaMu IpYTUX KJIacCOB UMEIOT MUHHMAJIbHbIE 3HAUEHUs TNIOTHOCTU U TIOKa3aTelsl mpesomiie-
Hus. Temmeparypa IUIaBIeHUs 3aBUCUT HE TOJIBKO OT MOJIEKYJISIPHON MaccChl, HO U OT CTPOEHUS
ankaHoB. Haumbosnblliee moHMXKEHHE TeMIepaTyp IUIaBlieHUs HAOMIOAaeTcs ¢ NpUOIKEeHUEM
3aMECTUTENIS K Cepe/IuHe IeMu.

duznyeckue CBOMCTBA 3aBUCAT OT cocTtaBa U cTpoeHusi: C1-C4 — raspl, BXOJAT B COCTaB
NONyTHBIX Ta30B, C5-Ci5 — KuaKocTH. C16 —TBEPIBIC.

Ob1ee copepkaHue alkaHOB B HE(PTSIX B OCHOBHOM cocTaBiigeT 25 — 30% (He cuuras
PacTBOPEHHBIX T'a30B).

C moBbIIIICHUEM CpEeIHEW MOJIEKYJISPHOW Macchl (pakiuii HehTH coaepkaHue B
HUX QJIKAHOB yMEHbINaeTca. B cpennnx dpakuusx, neperousrommxcs B npeaenax 200—
300 °C, ux comepxurcsa oObIYHO pke He b6omee 55—61 %, a k 500 °C, kak nmpaBuio, KO-
JIUYECTBO ATUX YIJIEBOJIOPOAOB CHIKaeTca 10 19—S5 % u menee. MckimtoueHue q0CTaB-
JS0T BeICOKOMapaduHUCThie HePTH moyocTpoBa Manrbiuiak. Tak, B y3eHCKOW HEPTH
C YBEIIMYECHHUEM TEMIIEPaTyphl 0TOOpa (paKIuii YeTKO MPOSIBISCTCS TCHICHIMS K yBE-
JUYCHUIO COJICP)KAHUS AJIKAaHOB, XOTA B 0oJiee TSOKEIBIX (DpaKIUIX OHO TOCTEIICHHO
CHMKAETCH.
CopnepxaHue alkaHOB B He(TAX 3aBUCUT OT MecTOpoxkaeHus. Hampumep, B IIHMPOKON (Qpakiuu H.
k.—300 °C ux cozmepkaHue B MaHTbIIIIaKCKOW HepTH nocturaet 88%, Heg1ax Cudbupu 52—71 %, ta-

Tapckux—>55 % u 6akunckux 30—40 %. B Beicmmx ¢pakuusx HeTH ajdKaHbl OPEACTaBISIIOT cOO0M
TBEp/Ibl€ BelleCTBa— Mapa(uH U YaCTUYHO LIEPE3UH.
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Ankansl HeTHU TPEACTABICHBI U30MEpPAaMU HOPMAJIBHOTO W Pa3BETBJICHHOTO CTPOCHUS,
MPUYEM MX OTHOCHUTEIIBHOE COJACpXKaHWE 3aBUCUT OT Tuna HepTu. Tak, B HEPTAX TITyOOKOro
MIpEeBpAILEHUs AJIKaHbI 4acTo cocTaBiSItOT 50 % u Gosee OT coliepKaHus BCEX U30MEPOB, 3aTEM
CJIEAYIOT U30MEPBI C METHWJIBHOM I'PYIIIION B MOJIOKEHUH 2. HECKOIBKO HUXE COAEPIKaHUE U30-
MEPOB C 3AMECTUTEIIEM B MOJOKEHUH 3.

[Ipu mepepaboTke ra3zoB Ha ra3o(PaKIIMOHUPYIONINX YCTAHOBKAX MOIYUYalOT CICAYIOIIHNE
YIJIEBOJIOPOIHBIE (hPAKIINH:

DTaHOBAas — ChIPbE I MUPOJIN3A, XIAJ0AreHTa, BBIACICHUS KCHIIONA;

[IpomanoBas - cbIpbe AJI MUPOJINA3a, TOJTYUYCHHS CKUKEHHOTO rasa, XJIal0areHTa;

N3o0yTanoBas - ChIpbe s aKUJIUPOBAHUS U TIPOU3BOICTBA CHHTETUUECKOTO KayuyKa;

H-GytanoBast — ceipbe [J1s1 TUPOJIN3a, TPOU3BOJICTBA CHHTETHYECKOTO KayuyKa, KOMIIO-
HEHTa OBITOBOI'O CKHIKEHHOT'O rasa;

N3oneHnTanoBas - ChIpbe I MPOU3BOJACTBA U30MPEHOBOr0 Kayyyka U KOMIIOHEHTA BbI-
COKOOKTAHOBBIX OCH3MHOB;

[TenTanoBas - ChIpbe AJI MPOIECCOB M30MEPU3ALMU U MUPOJIN3A, MOJIYUYEHUS] aMUTIOBBIX
CIIUPTOB.

B coctaB 6eH3nHOBBIX pakiuii BXOAAT xKuakue ankadbl 0T Cs 10 Co.

K anudatryeckum HU30TPEHOMIAM OTHOCSTCS AMU(paTHUYECKHE MOJIUTEPIICHBI, 00J1aafoMie mo-
JIMU30IMPCHOBBIM CKECJICTOM, C XapaKTCPHBIM YCPEAOBAHUEM MCTUIIBHBIX 3aMECTUTCIICU B LCIH YEPE3
TPU MCTUJICHOBBIC I'PYIIIIBLI, KOTOPBIC MOXXHO pacCMaTprUBATh KaK MIPOAYKTEI IMOJIUMMEPU3AIN U30IIPCHA.
[TpuHsITOC Ha3BaHUE «U3OIPEHOUIHBIC YIICBOIOPOAbI HE(YTH» BEChbMa YCIOBHO OTHECEHO K aJKaHaM
PA3BETBJIICHHOTO CTPOCHMUS, ABJIAIOINUMCA THAPUPOBAHHBIMU aHAJIOTaMU U30IIPEHOUIOB.

CrpoeHure U30MPEeHOUAHBIX YIIIeBoA0po10B HedTH cocTtaBa Cia — Cyo MOKET OBITh IPENICTABICHO
B CJIC/IYIOIIIEM BUJIE:

XMMHUYECKHUE CBOIICTBA aJIKAHOB
AJIKaHbl UHEPTHBI, T.K. aTOMbI COSMHEHBI MPOYHBIMU G-CBSI3SIMH.
1) Peaxyuu 3amewenusi — MPOTEKAIOT MO IETHOMY CBOOOIHO-PaJUKATLHOMY MEXaHH3-

My Sy
hv
R-H + Cl, —» R-Cl + HCI hv
1 cragus — uHUIIMUpPOBaHUE (TepMudeckoe, poroxumuueckoe) Cl, — 2Cle
2 cTaausi — pocT Ienu R-H + Cle » Re + HCI

Re + Cl, > R-Cl+Cle
3 cragusi — oOpwIB e~ 2Re— R-R

Re + Cle —» R-CI

2Cle — ClI,
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Jlerue 3amerniaercs aToM BOJOPO/A, CBA3AHHBIA C TPETUYHBIM YIJIEPOJIOM, 3aTEM — BTO-
PUYHBIM, IEPBUYHBIM.

CynbsdupoBanue. OneyMm npu HarpeBaHUU MEJJICHHO CYJIb(PUPYET U30aJIKAHBI:

S|03H
CH;-CH-CH,-CH; + H,S0, — CH3-C ~CH,-CH; + H,0
CH; ICH,

Cynbsdookucnenue. Peakius cynbhookuciaeHuss HeoopaTuMa, CUILHO 9K30TEPMUYHA U YCKO-
PSAETCS TIOJT BIUSTHAEM OCBEIICHHSI FJTH MHUITHATOPOB:
RH + SO, + 0,50, - RSO,0H.

MexaHu3Mm CyJb(POOKHUCICHHS aTKaHOB COCTOUT U3 CIEAYIOIIUX CTaHi:

R+ 502 g RSOZ'
RSOZ e+ 02 g RSOZOO °
RSO,00 * + RH —- RSO,00H + Re
RSOZOO *+ SOZ + Hzo —> RSOon + HZSO4
PeakinonHas cnocoOOHOCTh pa3IUYHBIX aTOMOB BOJOPOJIa MPH CYIb(HOOKUCICHUN U3ME-
HSETCS TaK e, Kak MpH CyJIb(POXIOPUPOBAHUU: 8MOp- > neps- > mpem-, a OKUCIeHnue, Ha000-
pOT, OBICTpEE BCEro MPOUCXOUT MPU TPETUIHOM aTOMe yTiiepoa.
2) Peakuuu OKHUCICHHS
3apodxcoenue yenu - B OTCYTCTBHUE KaTalu3U3aTopa MPOUCXOANUT MPHU aTake KUCIOPOJAOM MOJIe-
KyJIbl yraeBogopoa 1o peakuusm: RH + O, — R« + HO,e (OumosnekysisipHast peakiys)
2RH + O; — 2R+ + H,0, (TpuMomneKysspHast peaxiiysi)
DHeprus paspbiBa cBsizu C—H B 3aBUCHUMOCTH OT IPUPOAbI COEANMHEHUS n3MeHsaeTcst 0T 290 1o
420 xJ>x/Monb. 3apoxKaCHHUE IEMU TT0 TPUMOJIEKYIIPHOMY MEXaHU3MY SHEPIeTHUECKH 00JIee BHITOIHO,
4eM 10 OMMOJIEKYIIIPHOMY, €ClTi SHepTust pa3pbiBaeMoii cBsi3u C—H menbie, yem 380 kJI>k/MOIb.
CBoOoaHbIC paguKaibl (HHUIMHPOBAHUE) MOTYT 00pa30BaThCs 3a CUET BO3JACUCTBHI Ha CHC-
TeMmy 3Hepruu u3BHe (PpoToxumuueckoe MHUIMUPOBAHHUE, ICHCTBHE HOHU3UPYIOIINX M3ITyUYCHUH, IPH-
MEHEHHE (OTOCEHCHOMITN3aTOPOB).
B kauecTBe MHUIIMATOPOB B PEAKIMAX OKUCIEHUS YTIIEBOAOPOIOB MOTYT OBITh UCIIOJIB30BaHbI
COCJIMHEHHS] METAIJIOB IEPEMEHHON BaJIEHTHOCTH, HAIIPUMEDP UOHBI Mn*":

RH+ M 5 Re+Mn?" +H"

IIpooonicenue yenu. OO6pa3oBaBIINNCS B CUCTEME 3a CUET MPOIIECCOB 3aPOXKICHHUS WIH BbI-
POKJIEHHOT'O Pa3BETBIICHUS LIETTH CBOOOIHBIN paauKaa Re HaUMHAET 1eMb OKUCIUTEIbHBIX Mpe-
BpalllCHUN:

Re+0, > RO,
RO,* + RH — ROOH + Re

[IpucoeauHenue paaukaia Re kK KHCIOpOAY MPOUCXOIUT OUCHb OBICTPO M MPAKTUYSCKH
0e3 SHepruy aKTUBAIlMU. 3aTeM IMpHU B3aumojaercTBum paaukaina RO,e ¢ yriieBomopoaom obpa-
3yeTCs TUAPOTIEPOKCHUI.
CB000/1Has1 BaJICHTHOCTh MEPOKCUIHOTO pajMKajia MOYET HACBIIATHCS 3a CYET OTPhIBA aTOMA BOJOPO-
Ja OT MOJICKYJIBI WJIM OT CaMoro paaukaia. [Ipu 3TOM HpPOHMCXOIUT BHYTPUMOJIEKYJISPHAS H30MEpH-
3anusi ¢ 00pa3oBaHWEM pajMKalia, COJCPXKAIIET0 THMAPONEPOKCHIHYIO TPYIIY H CBOOOJHYIO BAJICHT-
HOCTB Yy IPYTOro aToMa yriepo/ia.

Pagukaner RO,* Mo Mepe HaKOIICHHS! TPOJAYKTOB PEAKIIMU PEarupyroT HE TOJIBKO C MCXO/I-
HBIM BEIIECTBOM, HO M C 0o0Jiee peaKIMOHHOCIOCOOHBIMU IMPOIYKTaMU €ro MpeBpalleHus—
THJIPOTIEPOKCUIAMH, CITUPTAMU, KETOHAMH, CIIOKHBIMH d(pUpamu.
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Hapsimy ¢ ocHOBHOM peaknuel MpoJODKEHUS IeH B HEKOTOPBIX CIydasx MpH JKuIKodas-
HOM OKHCJICHHH MPOTEKACT TAK)KE M30MEPU3AIUsl TICPOKCUIHBIX PAIUKAIOB C Pa3phIBOM CBSI3U
C—C u oOpazoBaHreM KapOOHUIIBHBIX COCIMHEHUHN U AIKOKCUIIbHBIX PaJUKaIOB:

RO;+ - RCHO+R"O *
BbIPOJCOEHHOE pa3eemeieHue yenell - B Pa3BUBILIEMCS MPOLIECCE OKUCICHUs 00pa30BaHue pa-
JIMKAJIOB OCYIIECTBIISETCS 10 PEAKIIUUN BBIPOKICHHOTO Pa3BETBIICHUS IETIEH ¢ yJacTUEM TH]I-
porepokcuaa. ['maponepokcua pacmnagaercs He TOIBKO M0 MOHOMOJIEKYJIISIPHOW PeaKIiu
ROOH — RO« + *OH,

HO ¥ TIpY OMMOJIEKYJISIPHOM B3aUMOJICUCTBUU THAPONIEPOKCHIA C UCXOIHBIM YTIIEBOIOPOIOM:

ROOH + RH — RO« + R+ + H,0
MexaHu3m Pa3BCTBIICHUA IIGHCI\/’I Ha FJ'Iy6OKI/IX CTaauAX pCaKIUHr CJIIOKHEC, TaK KaK IIPOJAYKTBI OKHC-
JIeHus (CTIMPTHI, KETOHBI, KUCIIOTHI) IPUHUMAIOT y4acThe B 00pa30BaHUM PAJMKAIOB Yepe3 CTaAUI0
IMPOMECIKYTOYHBIX KOMITJIICKCOB:

ROOH + nRCOOH <> [ROOH ... nRCOOH] —> RO- + *OH + nRCOOH.

Hapsiny ¢ pagukanbHbBIM pacnagoM THIPONEPOKCUIOB MOXKET IPOTEKaTh U MOJIEKYJIAP-
el pacnaa (ROOH, MonekymnsipHble MPOAYKThI OKUCICHHMS), TPUBOJS K TOPMOXKEHUIO MPO-
necca.

Obpuis yenetl 6 scuokoghasnom oxucienuu. I'nbenb cBOOOAHBIX paJUKATIOB MOXKET IIPO-
WCXOJUTh MPHU B3aWMOJCUCTBHM CBOOOJHOTO pajuKaja CO CTCHKOW peakTopa W NpH KBajpa-
TUYHOM OOpbIBe. BeencTBre BRICOKOH BSI3KOCTH cpefibl B KHUAKON (aze auddy3us paaukaioB
K CTEHKe 3aTpyJHeHa. B jxuakogasHbIX Mporieccax MPOUCXOAWT B OCHOBHOM KBaJIpaTHYIHBIN
OOpBIB TIETICH:

Re + Re -
R++RO, - MonexynsipHbie MPOTYKTHI.
ROZ' + ROZ‘ d

OKucnenue 6 npuCymcmeuy Kamaiu3amopos 3HaYUTeILHO OTIMYAETCS OT CXEM HeKaTa-
JUTHYECKOTO OKUCIICHUSI.

WuunuupoBanue 1eneil Ha HaualbHON CTa UK OKUCIICHUS B IPUCYTCTBUH COCTUHCHHIA
METaJJIOB MIEPEMEHHOM BaJICHTHOCTH (ML) MOXKET MPOTEKATh MPH B3aUMOJICHCTBUH KaTaln3a-
TOpa C YIIIEBOJIOPOIOM:

RH+ M"Y, — M™L,; +Re+HL
JlmmuTHpYIOIICH cTaauel poriecca SBIseTCs MEPEHOC AIEKTPOHa, a He pa3pbiB cBsizu C-H.
B mpucyTcTBUM KHCIOPOIa 3apOKICHHE IIETNEH MPOTEKAeT MO CXeMeE:
M™D* 4L OH + RO»
02 + Mn+|_x (—)[Mn+|_m+x. . .Ozm-]
S M"Y, 00H + Re

Baxnyro poJib B peakMy KaTaIUTUYECKOTO OKUCIICHUS UTPAKOT TUAPOINIEPOKCUIbL. B3aumo-
NEUCTBUE TUAPOIIEPOKCUIA C METAJUIOM IOCTOSHHOM WA NEPEMEHHOM BAJEHTHOCTH MOYKET
MIPUBOJUTH WUJIU K YCKOPEHUIO (Yalle BCEro), Wik K TOPMOKEHHUIO OKUCIICHUS.

B OonbIIMHCTBE CilydaeB ¢ POCTOM KOHIIGHTPAIMU THIPOTEPOKCHAA MOPSIOK PEAKIMH CTPEMHUTCS K
HYITIO, 9TO OOBSICHSETCS TPOMEKYTOYHBIM KOMITIIEKCOOOPa30BaHHEM:

NROOH + mMM™ <« nROOH  mM"™"

OO6pa3zyromuiics KOMIIEKC HEYCTOWYHB U pacnagaeTcsi HA KOHEUHbIE MPOAYKThI PEaKIIUU:

nROOH * mM™ — RO« + OH + M™Y*+(n-1)ROOH + (m-1)M"™
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Ha riryGokux cragmsx oxucieHus HakaromBatorcs crupTel R-OH, xeronsr R-CO- R,
kucnotel R-COOH. OHu B3aMMOJIEHCTBYIOT ¢ KaTaJIM3aTOPOM M SIBIISTFOTCS JIOTIOJTHUTEIbHBIM
HMCTOYHUKOM CBOOOTHBIX PaJIUKAIIOB

Oxucnenue neekux aikaHos. B TIPOMBIIIIICHHOCTH OKUCIISIOT TJIABHBIM 00pa3oM MeETaH,
nponad u Oyrad. CKOpOCTh OKHCIIEHUSI BO3PACTAET OT MeTaHa K OyTaHy. TpyJIHOCTb peryanpo-
BaHHS TPOIlECcCa CBSI3aHA C TEM, YTO MPOIYKTHI OKUCICHHS (CITUPTHI, aJIbJICTHIBI M KETOHBI)
OKHCJISTFOTCS JIETYE, YeM UCXOHOE CBIPhE.

[Iporneccrl OKUCIIEHUS Ta3000pa3HBIX YIIEBOJOPOJIOB MOXKHO PA3CIUTh HA CPABHUTEIIBHO HU3KOTEM-
nepatypubie (150—250 °C) u BoicokoTemmeparyphbie (400—600 °C). B 3Tux ycioBusix ¢ mpu-
MEHEHUEM H30bITKa YIJIEBOJOPOJia U MAJOro BPEMEHU NMpeObIBaHUS MPOJYKTOB B PEAKLIMOHHOW 30HE
yZ1aeTcsl HalIPaBUTh MIPOLIECC B HYKHYIO CTOPOHY.

JIJIs peuMyIIecCTBEHHOTO TMOJIYYCHHsI (opMaibJerua B KauyeCTBE KaTaIM3aTOPOB
MPUMCHSIOT COCIMHEHUST MapTaHIla Wik MEJIN:

KaTaju3aTop
CH4 + 0,50, > CH30H - 129,8 x/I>x/M01b,
KaTaju3aTop
CH30H + 0,50, ——— > HCHO + H,0 - 147.,4 x/I>x/mMo1b.

HpI/I OKHCJICHMH MCTaHa B IMIPUCYTCTBUM ITINIATUHBI UJIW MaJLUIagus IIOTYy4aCTCAa MPEUMYIICCTBEHHO

MYpPaBbUHAs KUCJIOTA:

KaTajau3aTop

HCHO+0,50, ———>HCOOH-275,1 kJI:x/M0b,
KaTajau3aTop

HCHO + 0,50, > CO, + Hy,O — 242 x]I>x/mMob.

Oxucnenue 6ymana u OGeH3UHOS.

Anteranperu moaydarT OKMCICHUEM MporaHa U OyTaHa.
Oxucnenue OyraHa B Halllel CTPaHE B MIPOMBIIIICHHBIX YCIOBUSX OCYIIECTBIISIOT B pACTBOPE YKCYCHOU
KHUCJIOTHI B IPUCYTCTBUU KOOAIBTOBBIX MIJIM MapranueBbix coseit (0,3 % katanuzaropa) mpu 5—200 °C
n 6—8 Mlla npu HenpepbiBHOU mogade peareHToB. M3 100 4. (Mo mMacce) OyraHa Moay4aeTrcss OKOJIO
80—100 9. ykcycHO# KUCHOTHI, 12,6 4. MmeTunanerara, 7,6 4. aTuinanerara u 6,6 4. METUJIDTHUIKETOHA.
B Menpmux xommuuecTBax oOpa3yloTcs alleTOH, alleTalbIerui], JUaleTus, OyTuianeTar, MypaBbUHas
KHUCIIOTA, METHJIOBBIH, STHIIOBBIN, OYTHIIOBBINM CIIUPTHI.

[Ipu oxkHCIIeHNH BBICIINX QJIKAHOB, BBIJICJICHHBIX U3 (paKIUK AU3EIHLHOTO TOILIMBA, IO-
JIy4aroT cnupThl. [Ipr OKHCIIEHUH TBEPABIX AJTKAHOB KHUCIOPOJOM BO3AyXa B MPUCYTCTBUM Ka-
tamuzaropos 1pu 100 — 130 °C nonyyaror KapOOHOBBIE KHCIIOTHL.

CH3-(CH,),-CH; — CP3-(CH,)y-COOH + CP3-(CH,),-COOH  (y>m; y>n)

3) P. pacwennenus Cr,03, t° =500-600°C
neruapupoBanue (p. bamanauna) ChnHon+2 — CnHop
kat, t°

apoMaTtu3anus CH3' CHZ- CHZ- CHZ' CHZ' CHg —> @ + 3H2

4) P. usomepuzayuu  AlCl3, t° CEIg
CH3- CHZ- CHZ- CH3 —> CH3- H- CH3
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OyTaH n300yTaH

BOHpOCI)I AJIA 3aIMTHI KOHTPOJbHBIX paﬁoT

1. ®pakuMOHHBINA, XMMHUYECKHH, dJIEMEHTHBIA cocTaB Hedtu. Knaccupukanmmu nedtu: XumMudeckue,
TexHosiornyeckas. Kinaccudukarmm ra3os.

2. OU3HKO-XUMHYECKHE CBOUCTBA HEPTH.

3. Ankansl HedTH. ['OMONOrHUecKuit psi, nzomMepus, HomeHkinarypa. Coaepkanue alkaHoB B HEPTAX U
MOTYTHBIX Tra3ax. MzonpeHouanbie yriaeBoaopoasl. [lomyueHne ankaHoB U3 HEPTH M MPUPOIHOTO Ta3a.
CuHTeTHYeCKHe CIoco0bl oydeHus: aikanoB: BocctaHoBieHueM CO u CO,, TuapupOBaHUEM HEIpe-
JIeJIbHBIX YTJIEBOJAOPOJIOB, U3 COJIel KapOOHOBBIX KHCIIOT, U3 TaJIOT€HONPOU3BOAHBIX 110 peakuuu Brop-
1a. XMMUYECKHE CBOMCTBA aJIKaHOB: PEaKIMU TaJlOreHUpPOBAHUs, HUTPOBAHUS, CYIb(OXJIOPUPOBAHUS,
OKHUCJICHUS U AETHAPUPOBAHUS.

4. Iuknoankanel HeQTH. ['oMONOrHUeckuil paa, nzomepus, HomeHkiarypa. CoaepxaHue MUKIOATKa-
HOB B HE(TAX. MOHOLMKIINYECKUE U TOJTULMKINYECKUE UKIOATKaHbl. MeTo/1bl OoTydeHus (CUHTE3 U3
JUTajJoreHONPOU3BOIHBIX U THAPUPOBAHUEM aPOMATUYECKUX YIIIEBOJOPOJOB). XUMHUUECKHUE CBOWCTBA
LUKIIOAJIKAHOB (pEeaKMy OKUCIICHHUS, 3aMEIlIeHUs, [IPEBpallleHue B apomaTrueckue). Teopus Hampsoke-
Hus baiiepa 06 oTHOcHTENbHOM IPOYHOCTH LKKIIOB. HadTeHOBBIN macnopr.

5. Apensl HedTH. ['OMoOrMUeckuit psij, uzomepus, Homenknarypa. Coaepxanue B HePTIX U HePTs-
HbIX (pakuusax. [lomydenue romonoros Oenzona peakueil ankuinpoanus Opunensa-Kpadrea. Xumu-
YECKHE CBOMCTBA: PEaKINH MIEKTPO(DUILHOTO 3aMEIICHUsT U MX MEXaHU3M, IIpaBujia 3aMeIeHUs B OCH-
301abHOM siape. [loHaTHe 00 MHAYKTUBHOM M Me30MepHOM 3(dekrtax. Peakuuu mpucoeauHeHus U
OKHUCJIeHUs. MHOrosiiepHble apOMaTHUECKHE YIIIEBOIOPO/Ibl C KOHJICHCUPOBAHHBIMHU SITJPAMHU.

6. ['erepoaToMHBIE COCAMHEHUS M MHUHEPAJIbHBIE KOMIIOHEHTHI He(TH. Kuciopoacoaepxamiye coenn-
HeHUsI HePTH: HEPTAHBIE KUCIOTHI, HEPTIHBIC (PEHOJIBI, HEUTpaTbHBIC coeanHEeHHI. KucmoTHOE Ymcio
Hetn u Hedrenpoaykra. Cepocoaepkamue COeAUHEHUS: pacupeneiaeHue no gpakmusm nHedtu, mep-
KallTaHbl, Cyab(Quabl, THO(EH U ero npou3BoJHble. Vcnoap30BaHue UX B MPOMBIIUIEHHOCTH. MeTobl
ylaneHus cepsl u3 HeTU. ['mapoouncrka.

A3zoTcoaepikale COeIUHEHUsT HE(TU: a30TUCThIE OCHOBAHMSA, TOMOJIOTY aHWJIMHA, IPOU3BOHBIC IH-
pHUMHA, TPOU3BOAHBIE TUPPOIA U aMubl KucioT. HedrsaHnbsle noppupuHsI.

CmMmouncTo-acanbTeHOBBIE BEIECTBA: CTPOEHHE, CBOMCTBA. Vcnonb30BaHNe OUTYMOB B IPOMBILUICH-
HOCTU. MuHepallbHble KOMIIOHEHThI He(TH.

7. Ankensl. ['omonoruueckuil psa, nzoMepusi, HoMeHKiIarypa. IIpombliieHHbIe cIOCOOB! MOTYyYSHUS:
JEeTUApUPOBaHNE, KPEKUHT aJIKaHOB. [loslydyeHne U3 rajnoreHonpousBoAHbIX, ciupToB. IlpaBuio 3aiie-
Ba. XMMHUYECKHE CBOWCTBA AIKEHOB: KATAJIUTUYECKOE TUAPUPOBAHHE, PEAKIIUU IEKTPOPUIBHOTO TIPHU-
COEJMHEHUs U uX MexaHu3M. [IpaBuno MapkoBHUKOBa. Peakiiuu OKUCIIEHUs aJIKEHOB.

8. AnkuHbl. ['OMONIOTHYECKUN Psifl, H30MEpHsi, HOMEHKJIAaTypa. [IpoMBbIlIeHHbIE CTIOCOOBI MOTYY CHHS.
CuHTE3 aJKMHOB M3 rajIor€HONPOU3BOIHBIX, ATKHJIMPOBAHUEM alleTUIeHa. XUMUYECKHe CBOIMCTBA all-
KUHOB: IPUCOEAMHEHUE BOJOPOJA, IaJION€HOB, raJIOr€HOBOJAOPO/IOB, ciiupToB. OOpa3oBaHue aneruie-
HUJIOB.

9. Ankanuensl. ['omonoruueckuil psn, nzomepus, HomeHkiaTypa. CriocoObl MOIyYeHHUsSI 1 XUMUYECKHUE
cBoiictBa. [losyuenue u3 HeQTsAHBIX ra30B 10 MeTtoay JleGeneBa. Peakiuu nprcoeinHeHus, NOJUMEP U-
3aluu.

10. TepMmuyeckue mpolecchl NpeBpaleHus yrieBoaopoaoB Hedgru. Tepmudeckue npeBpaleHust yrie-
BOJIOPOJIOB B Ta30BoM M xuakoil ¢aszax. [uponus. Obpa3oBanue HeTAHOrO Kokca. Buabl KpekuHra.
Kartanutnueckuil KpekuHr U puOpMHUHT. [ HIPOKPEKUHT.

11. Knaccudukanust METOA0B pa3eseHHsi KOMIOHEHTOB He()TH U HeTenpoayKTOB: XuMuieckue, Gpu-
3UYECKUE, IPOCTBIE U CIIOKHBIE METOBI.

12. Tleperonka, pexTudukanus (a3e0TpoIHasi, 3KCTpaKTUBHAs), abcopbuus, skcTpakuus. Kpucranmu-
3anus. DKCTpakTUBHas kpuctaumianus. (IIpuMeHeHne 3TuX MeToI0B B HedTenepepabpTke)

13. Onpenenenue 31eMEHTHOTO cocTaBa He(TH. JIaMIOBBIM METO, METO/ CKUTAHUS B TPYOKe, METO
cMBbIBa OOMOBI, OIpeaesieHre coaepkanus azora o merony lroma u Keenpnansa. Omnpexnenenue rpyn-
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MIOBOTO COCTaBa: IPYMIIOBOM COCTaB OEH3MHA, CTPYKTYPHO-TPYIIIOBOK COCTaB KEPOCHHOBBIX U Macis-
HBIX (ppaKIuii.

14. Xpomarorpadudeckue MeToipl aHamu3a HeTH U Ta3a. Buasl xpomaTtorpaduu. AHaIU3 MPsIMOTOH-
HBIX OCH3UHOBBIX (PPAKLIMN METOIOM Ta30’KUAKOCTHON XpoMaTorpaguu.

15. Ipoucxoxaenne HePTU. I 'MMOTE3bI MUHEPAIBLHOTO MPOUCXOXKACHUS HePTU. I 'MNOTE3BI, Tpe1o-
xenHble (.. MenneneeBbim, H.A. CokosnoBbiM. I'eonornueckne noka3aTenbCcTBa MUHEPAIbHOM TUIIO-
TE€3bl IPOUCXOXKIECHUS HEPTH.

16. IIpencraBnenus o6 opranudeckoM mpoucxoxaeHnu Heptu. Padorsr H./l. 3emunckoro, .M. I'y6-
kuHa. M3ydyeHue cocrtaBa U pacnpezeneHuss «0MoMapKepoB)» B OPraHMYECKOM BEILIECTBE OCaJ0YHBIX
HOPOJI.

17. CoBpemenHble npeacTaBieHus 00 oOpazoBannu HedTH W raza. OOpa3oBaHWE OCHOBHBIX KIJIACCOB
yriaeBo0poI0B HepTH. DaKTOPHI, BIHUIIOIINE HA COCTAB YIIIEBOJOPOIOB HEPTH.

18. HedrenpoayKkThl: METOABI OTYUEHHUSI, KIIACCU(PUKALUS.

19. Ben3unbl: cocTaB, CBOMCTBA, OKTAHOBOE YHCIIO, AaHTUIETOHATOPHI, (PPaKIIMOHHBIA COCTAaB OCH3UHOB,
WHIYKIMOHHBIN 1eproJ, TpeOoBaHus K KadecTBY. DKOJOrH4YecKre TpeOOBaHUS K OCH3MHAM.

20. JluzenpHble TOMIMBA: KIaccu(UKalMs, COCTaB, MOJIy4YEeHHE, TOKa3aTelu KayecTBa, CBOMCTBA, LieTa-
HOBOE YHCII0. DKoJlornyeckue TpedboBanus K T

21. Hedrsanbie macna. Knaccugukanus, cocraB. @u3NKo-XMMHUECKHE CBOMCTBA MOTOPHBIX Macel. Me-
TOJbI aHAJIN3a MOTOPHBIX Macell. bpakoBo4yHbIe TTOKa3aTeNu.

22. T'a3000pa3HbIe YTIeBOIOPOIHBIE TOTUTNBA. CKaThle M CXKIDKEHHBIE Ta3bl.

23. MazyTsl: cocTaB, KiIacCu(pUKAIIH, TIOKa3aTeT KauyecTBa.

24. HedtsiHble OUTYMBI.

25. OcHOBHBIE METO/bI NIEpepaboTKU HEDTH.

26. Peonornyeckue cBoiicTBa HeTEH.

PELEH3UA

Ha MCTOJUYCCKHUEC YKA3aHUA K BBINIOJTHCHHUIO KOHTPOJBbHBIX pa60T CTYACHTOB

10 JUCUUIUIAHE « XUMHSI He)TH U Ta3a»
JUTsl HAIPaBIICHUS TOATOTOBKHU
21.03.01 Hedrerazosoe aeno

Mertoanyeckue yKa3zaHHs K BBIIOJIHEHHIO KOHTPOJIHBIX paOOT COCTABIICHBI B COOTBETCTBUU C
denepanbHBIM TOCYIaPCTBEHHBIM 00pa30BaTEIbHBIM CTAHIAPTOM BBICIIEIO 0Opa30BaHUs IO HAIpaB-
nenuto moarotoBku (crenuansHoctH) 21.03.01 HedrerazoBoe neno (ypoBeHb «OakaliaBpy»), yTBep-
XKICHHBIM TpHKazoM Munuctpa obpazoBanust u Hayku PD Ne 226 12 .03.2015 r., y4eOHBIM MJIaHOM,
onobpenHsiM YueHbiM coBeroM PI'BOY BO «MI'TY» (mpotokon Ne 8 ot 27.04.2018 r.) u yrBep-
KJICHHBIM PEKTOPOM.

MeTtonudeckre ykazaHusi cojiepat oOIue opraHu3allMOHHO-METOANYECKHEe YKa3aHUsl, CIUCOK

peKOMeHHyCMOﬁ JIMTEPATypPhl, BOIIPOCHI U 3alaHUA JIS BBIIIOJIHCHU S KOHTPOJIbHBIX pa60T.
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PGKOMCHZ[YIO MCTOAMYCCKUC YKa3aHUA K MCIOJIb30BAHUIO IIPH BBINIOJTHCHUU KOHTPOJIbHBIX pa60T CTy-

JICHTOB IO AucIUIUMHE «XuMust HeTr u razay ans cnenuanbaoctu 21.03.01 Hedrerazosoe aerno.

[Ipodeccop kadeapsl Xumun [Terposa JL.A.




