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BBenenue

PazButue xummu Kap6a3ona HCJIb3s4 OLICHUTDL B I[OCTEITO‘IHOIZ MCpPEC, €CIIM HEC
YUUTBIBATh 3HAYCHUA 3TOIO0 COCAHMHCHUA KaK BAXKHOI'O ITPOMBIINIIICHHOIO CBIPbA,
OCHOBBIBAJIOCH IIOYTH LCJINKOM Ha KaAMCHHOYI'OJIbBHOM AaHTPALCHC (CI)IpBG JJIA
MMOJY4YCHUA aHTanI/IHOHa), TO BO3MOXXHOCTb HCIIOJB30BaHUA Kap6a3ona KakK B
IIPOMBIIIIICHHOCTH KpaCHTeﬂeﬁ, TaK H B K&MGHHOYFOHBHOI;'I HHAYCTPHUH

npcacTaBJsia 3HAYUTEIILHBIN HHTCEPCC.

EctectBeHHO IIO3TOMY, YTO OCHOBHBIC HCCJICAOBAHHUA B XHMMHH Kap6a30na

ObLIM TpoBenieHbI B EBporie.

bnaronapst mocnenytomum paboram Ilepkuna, Ilmanta, Takepa u ux
YYCHUKOB XUMHUS KapOa3oja K HACTOSIIEMY BPEMEHHU MPEICTaBIISIET COOOM yxKe
BECbMa XOpOIIO M3YyYECHHYIO 0051acTh. bbUIM BbI3BaHBI TOSBICHUEM HOBBIX
CBEJICHUN O NPUMEHEHUM COEJMHEHMM KapOa3ona, W3 KOTOPBIX HauOOJbIlIee

3HAa4YCHUEC UMCIIN JaHHBIC OTHOCHUTCIIBHO BI/IHI/IJ'IKap6a3OJ'Ia " €ro MOJIMMCPHU3al1H.

Kapba3zon - azorocomepkamme  TeTepOIMKIMYECKOE  COEAMHEHUE,
BBIICTIIEMOE W3 aHTPALCHOBOM (pakiuu KaMEHHOYTOJIbHOW CMOJIbI, BIEpPBbIC
NOJIY4YHJI TEXHUYECKoe npuMeHeHre B 1910 roay, koraa u3 HEro cTaiu BbITyCKaTh
B ['epMaHnyu BBICOKOIIPOYHBIC THAPOHOBBIE KpacuTenu. BrmocnencTsuu obiactu
TEXHUYECKOTO TMPUMEHEHHS Kapba3oyia ObLTM HECKOIBKO pactiupeHsl. Hambomee
BaXHBIMU dTallaMd B Pa3BUTHUW MPOMBIIIICHHBIX CHHTE30B Ha OCHOBE KapbOa3zoia
HAJ0 CUMUTATh MPOU3BOJACTBO A30TOJIOB MJIsi JIEASHOTO KpAalEHUs, HEKOTOPBIX
WHCEKTHIHUIOB (HUTpoKapOa3oJioB), HakoHel. [lommmepoB u comoimmepoB 9 -

BI/IHI/IJ'IKap68,30JIa.



[IpoMbllIIeHHBI OpraHMYECKUd CHUHTE3 Ha 0Oa3e KapOa3oja BHavase
pa3BuBasicsl Toiabko B I'epmanuu. B mocnenyromue roast ( ¢ 1942 r.) BeIMycK
MOJINMEPOB U COMOIMMEPOB 9 - BUHMIIKapOa3oia ocymiectBisaercs Takke B CHIA.
Mex 1ty TeM MOTeHIMaIbHbIE pecypchl Kapba3oiia B MPOAYKTaX KOKCOXUMHUECKON
MPOMBIIIUIEHHOCTH JIOCTATOYHO BEJIMKH, ISl TOTO, YTOOBI Ha €ro OCHOBE MOKHO

OBLIIO Pa3BUBATDH prnHOTOHHa}KHLIﬁ HpOMLIIHJICHHBIﬁ OpFaHI/I‘ICCKHﬁ CHHTC3.

B Hacrosiiee Bpemsi kap0azoi BBLACIAETCS M NPOU3BOAUTCSA TOJBKO B
JloHelke, 1 TO B HEOOJIBILIOM KOJMYECTBE B KAUeCTBE peakTuBa. XoTA B I 'epManun
€ro MCHOJB3YIOT ISl MOJYyYEHHUS TEPMOCTOMKHX MOJHMMEPOB M CONOJHMMEPOB,
o0najarolmMX HEOObYailHO HM3KOH AJIEKTPONPOBOAUMOCTBIO, a TakKXke s

ITOJTYYEHHUSI KPACUTEIIEH.

B 1957 rony BnepBble 3a1aTEHTOBAHO U ONIMCAHO MPUMEHEHHE ITOJIMMEPOB U
conoaumepoB Ha ocHoBe 9-BK B snekrpodoTorpagum B KauecTBE ONTHYECKH

YyBCTBUTEJILHOMU TIJICHKU, COJIEPKAIICH CEHCUOUTU3AaTOPhl Pa3IN4HbIX THIOB. [1].

WNuTepec  k  KkapOa3onwicoAepXallluM  MOJMMEpPaM  MO-TIPEXKHEMY
COXpPaHSETCS MO MPUYMHE YHUKAIBbHOCTH M MPAKTHYECKOW LIEHHOCTU UX CBOWCTB:

JAUDJICKTPUICCKHUMU, Q)OTOQYBCTBHTCJ]BHBIMI/I, MCXaHHNYCCKUMHU U aAI'C3MOHHBIMU.

HemHorue m3 u3BECTHBIX IMOJIMMCPOB COBMCIIAIOT B cebe PTH CBOICTBa

OJTHOBPEMEHHO.

Te wHemHOrne HampaBiIeHHs TEXHUYECKOr0 TpUMEHEHHUs Kapba3zoia,
KOTOpbIE TMEPEYMCIICHbl BBIIIE, HE CMOTYT OOECHeuYuTh NOTPEOJICHUS BCEX
pecypcoB Kapba3zoia, ClieJOBaTebHO, HEOOXOIUMO paCIIMPUTh HCCIEAOBAHUS
nyTel  palnuoOHAJIBHOTO  UCIIOJIb30BaHUSI Kapba3ona B MPOMBIIUIEHHOCTU

OpPraHUYCCKOro CMHTC3a.



1. TexHnko0-3KOHOMHYECKOE 000CHOBAHHE

[TonyuyeHnue ankui- MPOU3BOJIHBIX KapOa3oJia SABJISIETCS XOPOIIO U3YYEHHBIM
npolieccoM. B kauecTBe aIKWIMPYIOUIUX areHTOB UCTIONb3YIOTCS TaJIOr€HAJIKHIIBI,
METUJI- TUMETU-CYNIb(aThl. B MpuCyTCTBUU pacTBOPOB €AKOTO Kajlusl WM HATPUS
C KOJIMYECTBEHHBIM BBIXOJIOM 3a yac o0paszyercst 9-metuikap0a3o.

AJKUIMPOBAaHUEM Ha3bIBAIOTCS MPOIIECCHI 3aMEILEHUS] aTOMa BOAOPOAa WU
MeTalljia B MoJieKyJie cyocTpaTa Ha ankui. Paznuyator C-, N- u O-ankunupoBanue,
KOTOpBIE€ HECKOJIbKO OTJIMYAIOTCS MO YCIOBUSIM MpoBelaeHus. Eciu B Moliekyny
BBOJIMTCS apUJI, PEAKIUsl Ha3bIBACTCS APUIIMPOBAHHUEM.

B kadecTBe anKWIMPYIOIIMX AareHTOB HCIOJIL3YIOT TJIABHBIM 00pa3oM,
raJIOTeHIPOU3BO/IHBIC, HEMPEAeIbHbIE COCAUHEHUS, CIUPThI, MPOCThie IPUPHI U
3(UpBI CEPHOM U CYTb(POKUCIIOT.

AJKATMPOBaHUE HCIOIB3YIOT JJII TOCTPOEHUS YIJIEPOJHOTO CKEJeTa
MOJIEKYJIbI, a TaKK€ BPEMEHHOM 3aIuThl (DYHKIIMOHAJIBHBIX TPy (Yaile BCEro
TUAPOKCUIBHON WJIM aMUHOTPYIINbl B CUHTE3€ MENTUAOB, AHTHUOMOTHKOB,
MoAM(UKALMK caxapoB). B cBsA3M ¢ 3TUM OHO HMeeT OOJbIIOE 3HAYEHHE B
XUMHUYECKOM CHHTE3€ JIEKapCTBEHHBIX BEUIECTB W BUTAMUHOB. llomyueHue
MPOU3BOAHBIX KapOa3oja CIYyKUT OCHOBOW /I PACIIMPEHUSI aCCOPTUMEHTA

BCUICCTB, UCITIOJBb3YCMBbIX KaK IMOJYIIPOAYKTHI B OPraHNUYCCKOM CHUHTC3C.



2. XapaKTepUCTHKA NPOU3BOAUMOI NPOTYKIIUH

XapaKTepI/ICTI/IKa HCXOJHOT'O ChIPbA

2.1 ®u3uveckue cBoiicTBa 9-MeTWIIKApOa30J1a

9-meTmiiKap6a30J1 ABIAETCS KPUCTAIINYECKUM TBEPBIM BEIIECTBOM, B BUJIE

Oenbix urii. OH MIOXO pAacTBOPUM B TE€KCaHE, IENTaHE, OKTaHE, M300KTaHE W

JeTKOM O€H3MHE, HO PacTBOPUM B CIEIYIOIIUX PACTBOPUTENSAX: apOMaTUYECKUX

YTJIEBOAOPOAAX, ALlETOHE, METHIATUIKETOHE, METUJIOBOM M 3TUJIOBOM CHUPTAX,
JMOKCaHe, TUITHUIOBOM 3(PUpe U HUTPOOEH30JIE.

Temnepamypa niaenemnus
B nureparype ykaszansl Temneparypsl miasienns (T.mwr.) 9-MK ot 81°C 1o ot go
83,5°C. [2]
Temnepamypa kunenus
Onpenenuts uctuHHyto Temmeparypy kunenus (T.kwmm.) 9-MK ouenb
TPYAHO, TaK Kak IMpexae YeM JocTuraercs T.KuIl., Ha4YMHAETCA €ro

cyomumupoBanue. B pabore MeuibHukoBa B.C.ObuM TONYYEHBI CIIETYIOIINE

BEJIMYUHBIL:
T.xum., °C yIPYyrocTh mapa,Mm pr.cT. [2]
110 1
150-155 2

IInomnocms 9-Memunxapbaszona
3aBucuMocTh miotHocTH 9-MK (py) U ero nonaumepa (py) OT TeMIEpaTyphl

3a1al0TCA BbIPAXKCHUAMU, r/ CMS:

pn=1,168-6,9*10"*T;
pn=1,290-3,0%104*T,
rae T-remneparypa, °C.

Bsasxkocms 9-memunkapbazona
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IIpu temneparype 70°C Bsazkocts paBHa 4,47,c113

2.2 DU3NKO-XMMHYECKHE CBOHCTBA NMPUMEHSAEMBIX B IIPOU3BOACTBE

BCIIECTB

Ta6J'II/IHa 1-du3nko-XMMHUIKCKHE CBOMCTBA IMPUMCHSCMBIX B IIPOHU3BOJACTBC

BCIIIECTB
Haunwme- Buemnuii [TnoT- Temnepa- | Temnep | PacTBOpUMOCTH M HEKOTOpBIC
HOBaHHE Bun HOCTb, Typa a-Typa JpyTHE CBOMCTBA
Bemects Kr/M° TJ1aBJie- KHIIE-
Hus, °C Hust, °C
1 2 3 4 5
1.Kap6a3omn, | becuBeTHsI 254-2479 354- Jlerxko Bo3rossercsa. B Boue
(Inbenzonup | € TUCTOUKH. 355° HE PAcTBOPHUM, PacTBOPUM B
po, cnupre. OueHb  CTOEK K
nedeHWICHN KHCIIOTaM U IIIeJIouam.
MUH). Bcmpeuaemcs B BBICHIHX
(dpakumsIX KaMEHHOYTOJIbHOU
CMOJTBI BMECTE c
aHTpaueHoM. [lpumensemcs
B CHHTE3€ MPOMEKYTOUHBIX
MPOJIYKTOB, MOHOMEPOB U
KpacHUTeIIeH.
Ilonyuaemcs u3
aHTpaIeHOBON bpaxuu
KaMEHHOYT'OJIbHOM CMOJIBI.
2.Aneron Becuser- 789-791 -95,35 56,5 PactBopuMocts B BOJE
(JumeTmiikeo | Hast, TPO3- HEOTpaHWYCHHAs; PACTBOPUM
H, IPOTIAHOH) | payHas B JTaHole, »¢upe, OeH3oIe,
KHUTKOCTh xnopodopme. Koadpdumment

pactBopenus mapos mipu 38°,
B3peiBoonacHbie
KOHIEHTpAallud B CMECH C
BO3JIyXOM 2,55-12,8%.
Tpynno OKUCIIAETCS;
KaTaJTUTHYECKH
BOCCTAHABIIMBAETCS B
H30MPONUIIOBBIN CITUPT.
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MaccoBas nmois aneroHa, %, He

3.Bona Becupernas | 789-791 meHee 99,5; MaccoBas H0JA
TEXHUYECKA | MpOo3padvHast BOJIbI, %, He Oouee 0,5;
Pl JKUJIKOCTb,
0e3 3amaxa
u BKYCa,
pH-7,25;
0°C
99,974 °
C
4, oeioe 1,829 323 1403 CHIIBHO TMI'POCKOIIMYEH, Ha
I'uapookcun | TBEpIOE BO3JIyXe
HATpHs BEIIIECTBO «pacIlIbIBACTCs», XOPOIIIO
(kaycmuueck pacTBOpSIETCS B BOJIC, IIPH 3TOM
as BBIJICIISICTCS OoJbIIOE
cooa, kaycmu KOJINYECTBO TEILIOTHI.
K, eOKull [IpumeHnsieTcss BO MHOXECTBE
Hamp, eoKas oTpacjeil TPOMBIIUICHHOCTH H
wénoun) IS OBITOBBIX HYX]I.
[IpousBoacTBO Oymaru u

KkapToHa. JIJisi OMBUICHUS KHUPOB
MIPO3BOJICTBE MbLIA, IAMITYHS U
T.n. HeWTpanuzauuu KUCIOT W

KUCJIOTHBIX  OKCHUAoB.  Jlis
M3TOTOBJIEHUS OHMOAU3EILHOIO
TOILTHBA.

[Tonyuarot

B IIPOMBITTUICHHOCTH
XUMHUYCCKUMHN 58
AJEKTPOXUMHUECKIUMHU
METO/IaMH.

2.3 ®U3UKO-XHUMUYECKHE OCHOBBI TEXHOJIOTHYECKOI0 Mpoiecca

B ocHOBe TEXHOIOrMYECKOIO mponcecca IOJIYydYCHUS

9-metunkap6azona

JCKAT CICAYIOINEC IMPOHCCChI: MEPEMCIINBAHUEC B KU IKOMU cpeac, paCTBOPCHUC,

ANKUIMPOBAHUE, IEHTPUPYTUPOBAHUE, OXJIAK/ICHUE, CYIIKA.

HepemewueaHue - CO3daHHC HCO6XOI[I/IMOFO I1OJIA CKOpOCTeﬁ IIOTOKOB

YKUJIKOCTEH MyTeM COOOIIEHHUS OTNpeIesIeHHON YHeprun. [lepeMeninBanye mmupoKo

MPUMCHACTCA  IOJIA ITOJTYYCHUA CYCHGHSHﬁ, BMYJ'IBCI/Iﬁ U cMecen TBCPABIX YAaCTHIT A

TaKKe JJIs1 UHTeHCU(PUKAITIH TTPOLIECCOB MacCOOOMEHa U TEeII000MeHa.
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https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B3%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF%D0%B8%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C

HaubGonee pactpocTpaHEeHHBIM CIIOCOOOM MEPEMENTUBAHUS B JKUJKUX Cpeaax
SBJIICTCSI MEXAHUYECKOE TEPEMEIIMBAHUE TIPU TTOMOIIM MEIIAIOK, CHA0XEHHBIX
JIOTIACTSIMH TOW WJIM UHOU (POPMBEL.

Pacmeopenue — dusmdeckuii mporecc, XapaKTEPHU3YIOIIUICS MEePEeX00M
TBEpJIOM (ha3bl B KUJKYI0. PacTBOPUMOCTh — CBOMCTBO BEIIECTBA PACTBOPSITCS B
Pa3HbIX PaCTBOPUTEIISIX.

Ankunuposanue — peakius BBEACHUS B MOJIEKYJIY OPraHUYECKOro
COCJIMHEHUS AJTKUILHOM TPYIIIHIL.

Llenmpugpyeuposanue (¢hycosanue) Hambosiee pacpOCTPaHEHHBINH CIIOCOO
paszieeHus XKUIKUX HEOTHOPOIHBIX CHCTEM IO ICUCTBUEM IICHTPOOCSKHBIX CHIL.

Paznuuarot cneayroniye nporeccsl pas/ieJieHus: CyCeH3ui B IeHTpudyrax:

- 1eHTpoOeKHOEe (PHIBTPOBAHMUE;

- LEHTPOOEKHOE OTCTAaNBAHMUE;

- LIEHTPOOEKHOE OCBETIICHHE.

[lentpudyrupoBanre MpeACTaBISIET COOOM MO CYIIECTBY MPOLECCHI
OoTCcTauBaHUs ¥ GUIBTPOBAHUS B TOJIE IIEHTPOOSKHBIX CHIL.

Oxnasxcoenue — 3TO MPOLECC, OOpPaTHBIA HArpeBaHUIO M 3aKJIIOYAETCS OH B
OTBOJIE TEIUIA OT TOPSYETO TETIOHOCHUTEIIS.

nsa oxnaxaenus 1o 10-30°C, maubonee MUPOKO MCHONB3YIOTCA JOCTYITHBIE
W JICTIEBhIE OXJIAXKIAIONINE areHThl — BOAY W Bo3Ayx. s moctkenmst Ooiiee
HU3KUX TEMIIepaTyp, MPUMEHSIIOT XOJIOAWIbHBIC AareHTHI: pPaccoi, Jeld, Mapbl
KUIKOCTEH, KUTIAIIUX MPU HU3KUX TeMIIepaTypax.

Cywka — TIpollecC yJaJ€HUs BJard U3 TBEPAbIX WU MacTOOOPA3HBIX
MaTepHaJIOB IyTEM €€ UCTIApPESHUsI ¥ IPOBOIUTCS 3TO IBYMSI CTIOCOOAMMU:

- IyT€M HEMOCPEACTBEHHOTO CONPUKOCHOBEHHUS CYIIMJILHOTO  arcHra
(HarpeToro BO3/yXa, TOMOYHBIX T'a30B) C BBICYIIIMBAEMBIM MaTEpUATIOM —
KOHBEKTHBHAS CYIIIKA;

- IyTEeM HarpeBaHWs BBICYIIMBAEMOrO0 MaTepuaja TeM WM HHBIM

TCINNIOHOCHUTCIICM YCPC3 CTCHKY, ITPOBOJAANIYTO TCIIJIO — KOHTAKTHAsA CYIIKaA.
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Taxke cynika IIPOBOAMUTCS IYTEM HArpeBAaHUS BBICYIIMBAEMBIX MATEPHAJIOB
TOKaMHU BBICOKON YacCTOThI — AMDJIEKTPHUUECKAsl CyIIKa WU HHPPaKpaCHBIMU

JydaMHU — paaraliliOHHAasA CYyIIKa.

2.4 CxeMa XHMHUY€eCKOH peakuuu npou3BoacTea 9- MeTI/IJIKapﬁa3OJIa

/ \
/J +CHgJ+NaOH —> ‘\ +NaJ+H,0

N

|
CHs

Cunre3 9-merunkap0a3on OCYIIECTBISIETCA peakUuend alKUIUPOBAHMS

Kap6a30na ﬁOI[PICTI)IM MCTHUJIOM U B IIPHUCYTCTBUHU I'MAPOKCHAA HATPHU:.

3. Teoperuueckasi 4acTh

3.1 Xumuyeckue cBoiicTBa kap6a3oJa

Cpeayn MHOTHMX COTEH HEHUCIOJb3YyeMbIX WM IUIOXO HCIOIb3YEMBIX
BEIIECTB, COJEPXKAIINXCA B KAMEHHOYTOJBbHOM KOKCOBOW CMOJE, HMEIOTCS
BEII[ECTBA, MOTEHIIMATIBLHBIE PECYPChI KOTOPBIX JTOCTUTAIOT JIECATKOB THICSIY TOHH B
rojl. DKOHOMHKA KOKCOXMMHYECKOW MPOMBIIINICHHOCTH CYIIECTBEHHO BBIMTpasia
OBI, €CJTH 9TH BEIIECTBA U3BJICKATUCH U UCIIOJIb30BAMCH B HAPOAHOM X03s1cTBe. K
HUM OTHOCSITCS M Kap0a3oi, pecypchl KOTOPOTO B KOKCOBBIX CMOJIaX CTOSIT Ha
TPEThEM MecTe Tociie HaTamHa U (PEeHAHTPEHAa W JOCTHTAIOT JIECSATKOB THICSY
TOHH B TojA. Hekoropas He3HauuTeNbHas YacTh PECYpcOB KapOa3ona Haruia
MIPOMBITIUICHHOE TTPUMEHEHUE.

Kap6azon (mubenzonupposn, audEeHWICHUMUH) - a30TOCOJEpIKalllee
reTepPOLUKINYECKOE COCIMHEHUE, MMEIOIIee LUKINYECKYI0 CHUCTEMY U3 OJIHOTO

IUPOJILHOTO U JIBYX KOHJICHCHPOBAHHBIX C HUM OEH30JIbHBIX KoJIell. [3]
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H

Kapbazon — azorocoaepskaniee OpraHMYECKOE COEJAMHEHHE Kiacca
reTepoukiioB. COCTOUT U3 IBYX O€H30JIbHBIX U OJHOTO MUPPOJILHOTO KOJIEl.

I'erepoapoMarnyeckoe COEIMHEHHE, apoOMaTUYHOCTh KOTOPOTO

oOycnoBiieHa HaMU4YueM 14 TMINEKTPOHHOW CHCTEMBI C y4acTHEM HEMOJEICHHOM

ITaphbI 3JICKTPOHOB aTOMaA N.

;-’ ‘. .
> <
® o 2 o ~
S e ®
® o .
Pucynok 1
N
H
Pucynok 2

Ta6nuna 2 duznueckue xapakTeprucTuKa kapoaszosa

Buemnnit Bua becuseTHbie KpuCTAILIBI

PactBopumocTh HepactBopumble B BOAE,  pacTBOPUMBIE B

OpraHUYeCcKUX pacTBOpax

Temneparypa kunenwus, | 354 — 355
°C

Temneparypa nnaBienus, | 238 — 247
°C
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Nmest nudeHnnbHYIO CBSI3b, Kap0a30Jl MOKET MPOSIBISIETh  «IU(DEHUITBHYION

OpPHEHTAIIIO TP BCTYIUICHUU 3aMECTUTENICH B apOMATHUECKHE KOJIbIIA, HO MMEs
onHoBpeMeHHO U NH-rpynny audenniaMuHHOBOTO THIIA,
- OPUEHTAIIUHU TI0 THITYy MOJEKYJbl Audennnamuta. [IoCKonbKy 3TH HampaBIICHUS
OpUEHTAllMM HEPABHO3HAYHBI U AK€ MPOTUBOIOIOXKHBI, OHU KOHKYPUPYIOT U B
OTIPEJICTICHHBIX YCIOBHUSX MOXET Ipeoliafarh OAHO M3 HHUX. Yamie Bcero
poSIBIsIETCs TU(heHImTaMIUHOBAsi OpreHTanus. Bo Bcex ciydasix MOXHO TOBOPHTH
JUIIb O MPEUMYIIECTBEHHOW OPUEHTAIIMH, HO HE 00 MCKIIOYUTEIHHOM, & TOTOMY
MOXET OBITh Bcerma oOpa3oBaHHWE HE HCKIIOYHUTEIRHO OJHOTO H30Mepa, a
MPEUMYIIECTBEHHO OJHOTO H30Mepa TPH PpEaKIusAx 3aMmemeHus. lIpakTuka
HUTPOBAHMUS, AIIMJIUPOBAHUS U TATIOTEHUPOBAHUS 3TO MOJATBEPKIAOT.

Btopasi ocoOeHHOCTh MOJIEKY/Bbl KapOa3oja COCTOMT B TOM, YTO 3TO T-
U30BITOYHBIN TETEPOIMKII, T.e. apoMaTHYecKas cHCTeMa Yy HEro IMoao0Ha,
HalpuMep, aHWINHY. B 3TOT T-3J€KTPOHHON TUIOTHOCTH BHOCHUT CBOM BKJIAJ P-
AJIEKTPOHOB a30Ta. Takum oOpa3om, pu Bceil cBoer ampoTepHOCTH (Kak 000
amMuH) Kap0Oa3on BeicTynaeT B peakmnusx mo NH-rpymme ckopee kak KucioTa,
HEXeNMn Kak ocHoBaHME. OTCIO/Ia BBITEKAET BO3MOXKHOCTH IMOTYYEHUS OOJIBIIETO
pazHoo0Opasusi MPOU3BOAHBIX B TeX peakiusax NH-rpyribl, rie oHa BBICTYMAET KakK
kucnora. Cmabple ke oOcHOBHBIE cBoiictBa NH-rpymmbel vacto He maer
BO3MOYKHOCTH HAOJIFOIaTh 3aMETHOE KOMILIEKCOOOpa30BaHUE C YYaCTHEM p-
AJIEKTPOHHOM Iaphl a30Ta.

BxmroueHue p-3JIeKTPOHOB a30Ta B OOIIYI0 CUCTEMY COTPSDKCHHS TTPUBOIHAT
K COCPEIOTOYCHHIO N30BITKOB TT-AJICKTPOHHBIX INIOTHOCTEH Y (DEHMIICHOBBIX KOJICIT
B II-U O-TIOJIOKEHUSX K  a30Ty, 4YTO TakuM 00pa3oM  yCHUJIMBaeT
«I(hEHUIIAMHUHOBYIO» OPUCHTAIMIO TIPU 3aMEIIECHUSAX W YBEIMYUBAET OONIYIO T-
AJIEKTPOHHYIO TJIOTHOCTH B (DEHUJIEHOBBIX KOJIBIIAX TI0 CPABHEHUIO C OEH30JI0M.
[ToaTOMY BBITEKAET Psii BAXKHBIX MPAKTUUYECKUX CIICJCTBUM:

1. Insa xkapba3zona Kak g T-U30BITOYHOTO TeTepolrKiIa Haubojee

XapaKTCPHbBI TIPpU 3aMCIICHUAX aTOMBI BJICKTPO(l)I/IJIBHOFIHO TAIIa, MOI'yT
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UMETh 3HAYEHUSI W CBOOOJHOpPAIWKAIBHBIE MPOIECChl 3aMEIIEHUs, HO

HyKJIeO(UIHHOE 3aMeIIeHUE I HEro HabI0JaThCsl HE MOXKET;

2. 3MeHeHne KUCIOTHOCTH CPEeJlbl BbI3bIBAECT U3MEHEHHE JICJIOKATU3ANN  p-
AJIEKTPOHOB a30Ta, YTO MOKET MPUBECTH K WU3MEHCHUIO OPHEHTAllMU U
BO3MOXXHOCTH TIOJIY4EHHMS] HOBBIX M30MEPOB, pEIKUX TMpU OOBIUHOMN
«audenniaMuHOBOM» opueHTauuu. Crenyer a00aBUTh, YTO M3MEHEHHE
KHCJIOTHOCTH OyZI€T BIUATh U HA TEPMOJMHAMUKY pa3peiBa cBs3u N-H.

Orcroga BHAHO, KakK BaXHO 3HATh KHUCIOTHO-OCHOBHBIE CBOMCTBa
Kap0a3ol0B M Cpel, B KOTOPBIX OCYILECTBIAECTCS HX B3aMMOJICUCTBHE C
pearentamu.[4]

Tpetrbst 0COOEHHOCTH MOJIEKYJBI KapOa3oja COCTOMT B OTHOCHUTEIBHOU
HE3aBUCUMOCTH €ro ()MHWICHOBBIX KOJICI, YTO BBI3BAHO, C OJHOW CTOPOHHI,
CUMMETPUYHOCTBIO OINPENAEIECHHON CTPYKTYPBI U, C APYTOM CTOPOHBI-JOCTATOYHO
BBICOKOM cCTerneHblo ee cradunbHOoCcTH. OjHAKo, MpOBEpKa OTOTO MpaBuiia
METOJaMU KBAaHTOBOM XUMHU W IKCIEPUMEHTAMU TOBOPUT 3HAYUTEIHHOU €ro
OTPAaHUYECHHOCTH U YCIOBHOCTH.

OOnanass M3BECTHBIM T-3JEKTPOHHOW IUIOTHOCTH U3-3a y4YacTHUs p-
AJIEKTPOHOB TETepoaToMa B CONPSIKEHUM U UMeS TEeTepoaroM C Mapou p-
AJIEKTPOHOB, Kap0a30Jl SBISETCS JABAXKAbl OCHOBAHHEM U TIOITOMY JOJDKEH
MOABEPraThCsi B MEPBYIO OYEPEab IEKTPOPUIBLHBIM aTakaM U IO a30Ty U IO
dbennnenoBsiM KosbiaM. C apyroit ctoponsl, umes: C-H u N-H cBs3u, ciocobnbie
MOHU3UPOBATh MO TUITY KUCJIOT, Kap0a3oJ1 sSBIsgeTcs aBaxabl kucioron- C-H u N-
H xucnoroit. OgHako, BCIENCTBUE COCPENOTOUEHUS Ha Bcex aToMax C M30BITKOB
T-2JIEKTPOHHOW TUIOTHOCTH KHUCIOTHOCTH C-H cBszelr upe3BplyaiiHO Mana u
MpaKkTUYEeCKU He TposiBisieTcs. [IposBisiercs Toapko kucaoTHocTh N-H cBsi3u, npu
WOHU3allMd KOTOPOW KapOa3ojl TpeBpalmiaeTcs B HOHHYIO Mapy, COACpKaluit
NOTEHIUAJIbHBIA aHHMOH. HO W 3TO mposiBisieTcss Jajdeko He Bcerja, a JHIb B
MPUCYTCTBUM JOCTAaTOYHO CUJIBHBIX OCHOBaHMH, T.€.  kKak N-H xucnora xap6azon

SIBJIAETCS CJIA00M KHUCJIOTOM.
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B pesynbraTe 3Toro amdotepHas MoisieKyna KapOa3oia SIBISETCS OYEHb
cl1abbIM OCHOBAaHUEM U OUYEHB CIA00N KUCIOTONH. DTO B CBOIO Ouepeib OOBSICHSIET
ee 3HAUYUTENbHYIO CTOWKOCTh K JIEHCTBHIO KUCJIOT M OCHOBAaHH M OIpeeseT
OOIIHME YCIOBUA, B KOTOPBIX JIOJDKHBI OCYIIECTBISTHCS KHUCIOTHO-OCHOBHBIE

B3aI/IMOI[CI‘/’ICTBI/I$I C Y4aCTHuCM Kap6a30ﬂa.

3.2.1 N-ankuanpoBaHue

B  kauectBe  ankuaupyrowux — azenmog  WCHOJB3YIOT  AIKWI- U
apWIraJoreHu/Ibl, HEIpe/ieNIbHbIE COEIMHEHHS, CIUPTBHI, 3upsl,
ATMOKCUCOEANHEHHUS, AUATKUICYIb(daThl, 3pupbl apeHcyiabhokuciaor. IlosTomy
yamie Bcero peakiuu — N-aJKWJIUMpOBAaHHMS  MOXXHO  paccMaTpuBaTh  Kak

HyKJIeopuabHOE 3amereHue.[S]

AJKUIMpPOBAHMEM HA3bIBAIOTCS MPOIIECCH 3aMEIICHHsI aTOMa BOAOPO/Ia WIIH
MeTajuia B MoJieKyJie cyocTpara Ha ankui. Pasnuuator C-, N- u O-ankunupoBaHue,
KOTOPBIE HECKOJHKO OTJIMYAIOTCS 10 YCJIOBHUSAM MpoBeAcHUs. Ecim B Monekymy

BBOAUTCA apunlJl, pCaKUA HA3bIBACTCS apUIUPOBAHHUCM.

B kadecTBe aJIKMIMPYIOLIMX AareHTOB MCMOJB3YIOT TJIaBHBIM 00pa3oM,
rajJlOreHIIPOU3BOIHbIC, HEIMpeNeIbHbIE COCAUHEHUS, CIUPTHI, MPOCThIE IPUPHI U

3(UpPBI CEPHOU U CYITHPOKUCIIOT.

ANKATMPOBaHUE UCHOJIB3YIOT I HOCMPOEHUSl Y2lepOOH020 CKelemd
MOJIEKYJIbI, & TAK)KE€ BPEMEHHOU 3awumsl (YHKIIMOHAIBHBIX TPYII (YaIlie BCEro
TUAPOKCUIBHON WJIM aMUHOTPYIINBl B CHHTE3€ TMENTHIOB, AaHTHOMOTHKOB,
Moau(UKaIMKA caxapoB). B cBs3u ¢ 3TUM OHO HWMeeT OOJbIIOE 3HAYCHHE B

XUMHUYCCKOM CHUHTE3C JICKAPCTBCHHLIX BCIICCTB 1 BUTAMUHOB.

1. AnknimpoBaHre aMUHOB TaJIOT€HUAAMHU
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ConpoBokJaeTcsi BbIICICHHEM TaJOT€HOBOAOPOJA, KOTOPBIA 00pasyeT
aAMMOHHEBBIE COJIM M 3aTPYJHSET pPEaKiuio, MOATOMY JOOaBISIOT BEIIECTBa,
CBSI3BIBAIONIUX KUCIOTY. MIMU MOryT OBITH CaM aMUH, KapOOHATHl HATPHs, KaJus,
Kanplusl Wiu 1menoyn. Hampumep, euodpoxkapbonam wmampus IJsl STUX UeNel

UCIOJIB3YIOT MpH mojydeHun N-OeH3unaHmiiHa (IIPOU3BOACTBO OUAZOIUHA):

PhNH, + PhCH,Cl __NaHCOs  _  pPhNHCH,Ph
NaCI,Hzo,COZ

CKOpOCTh peakuuy aJKWUJIMPOBAHUSL ONPENEISET HYKIeo@huUIbHOCMb aMUHA.
B o0IMHAaKOBBIX YCIOBHUSX € YyBelndeHueM pK, HYKICOPUIBHOCTb aMUHOB U

CKOpPOCTDb PCaKIIUU YBCINYNBACTCA:
-SO,NH;, <-CONH; <ArNH;, <CsHsN < NH3; < RNH»> < RoNH

AJZKMJZMp06ClHZ/l€ no amomy asoma cemepoyuKiIudecKux coeOuHeHull 9acTo
BCTPCUACTCA B CHHTC3C JICKAPCTBCHHBLIX BCIICCTB. AJIKI/IJIFaHOFGHI/IIIBI JCT'KO

pearupyroT ¢ TUupuIUHaMH, 00pa3ys N-anKuIMpoBaHHBIE YETBEPTUUHBIE COJIH:

CyeHaCl
N~ kun., 7,54, 75 7:% Q cf (LETHIIMUPUIMHHII XTOPHN)

I}I@
Ci6H33

AJIKUTTMPYIOIIMHI areHT TaKXe BIIMSET HAa CKOPOCTh Peakuu. beicTpee Bcero

PEarupyroT aLIuIbHble, OeH3UIbHbLE, MEMUIbHbLE U NeP8UuYHbLe TATOTeHU b [6]

YcnoBus peakiuy 3aBUCUT OT CTPOCHHSI M CBOMCTB, Kak CyOCTpara, Tak M
rajoreHuaa. Tak, TemmepaTypa B cllydyae aJKWITaJOT€HUJOB OOBIYHO OKOJIO
100°C, akTUBHpOBaHHBIE APWITAIOIEHUABl pearupyroT npumepHo npu 150°C.
[ToaTOMy B OOJBIIMHCTBE CIy4YaeB IMPOLIECC MOXHO BECTH HpU aAMMOCHepHOM
oasieHu 6 annapame ¢ 00pamHuiM Xon00urbhukom. OgHaKo Tpu padbore ¢
nuskokumsmumMu  BemectBamu  (CH3Cl, C,HsCl) ankwnupoBanue Bemyr B

asemoxnasax. PeareHTbl 00BIYHO 6epyT B CTCXHOMCTPUICCKOM COOTHOIICHHHU.
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Hanpumep, ankunvpoBaHue aHWIMHA WOJUCTBIM METHJIOM A0 JUITUIIAHWIMHA
BeyT B mpuCyTcTBUU u3BecTd npu 125°C mopn nasnenuem 1,0-1,2 MIla 12

JacCoOB.

CaCO3 -
125°C, 10arm, 129

PhNH, + EtCl PhNEt, + CaCl, + CO, + H,O

PactBopuTens cM.MexaHu3M Sy2

AJ'II(I/IJ'II/IpOBaHI/IC HCTIPCACIIBHBIMU  COCAMHCHUAMU aMHUHOB W a30THCTBIX
ICTCPOLUKIIOB uoem JecKko, U 9Ta PCaKIUA IMHUPOKO HCIIOJIB3YCTCA B CHHTC3C

JIEKAPCTBEHHBIX COCMHECHUMN.

- TaK, B CHHTC3C aHampyKcoHusA HCIIOJIBb3YIOT MEIJIO&KTI/IBI/IpOBaHHI:Jﬁ AJIKCH -

QIIUNOBBIU CRUPIN.

CH,;=CHCH,0H
NH > { N—CHy—CH,—CH,0H

- MHcnonp3oBaHMe aKTUBHOIO MCTHJIAKpHUJIaTa B CHHTC3C OUA30IUHa

IMO3BOJISICT BBCCTH B MOJICKYJIY Cpa3y ABa paarKaja:

_CH,CH,COOCH;
CHsN

CH,=CHCOOCH;
“CH,CH,COOCHs;

CH3NH,

- B cuntese HOJluGuHuﬂnLIPPOJluaOHa HCIIOJIB3YIOT ayemujieH.
N

CH=CH
—Q — > —0
| N

|
H CH=CH,

3.2.2 KaTtaau3zaTtopsl B npoueccax ajJKUWIHPOBaHUS

[IpoToHHBIE KHCIOTBI - TJIaBHBIM OOpa3oM TpU  AJIKWINPOBAHUHU
apOMaTHYECKUX COCIMHEHUM CcOupTaMu M allkeHamu. WX akmusHocmb Kak

KaTanu3atopoB nagaet B psagy HF > H,SO4 > H3PO..
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AnpotoHHble  KUCHOTBl  (KuchnoTel Jlbtonmca) - 4yamie BCEro mpH
AKWJIMPOBAHUN aJKWITATOTCHUIAMU U alkeHaMu. 1o axkmueénocmu wX MOKHO
pacnonoxuth B cneayroumii psia: AlBrs > AlCl; > FeCl; > BF; > TiCl; > ZnCl;, >
TiCl,

Oxcuapl MetaioB u 6opa (B203), obpabomannvie OOpHOW KHCIOTOM,
TpuTOopuoM Oopa u akmueuposanHvle @TOopoM. Hambonee axTUBHBIMU

okazanuch aMporepubie okcuasl (Al,O3, Cr,O3 u 1p.), MmoguduiupoBannsie BF;.

[leomuTsl, obmel popmyitbl M2,nO-Al,03xSi02yH,0, rie M — metamr;, N —
€ro BaJICHTHOCTh. Kamanumuueckue ceoticmea TICONTHTOB MOKHO MEHSTH: a)
u3MeHsast o0béM mop (0,2-1,0 HM), BBEJECHHUEM PAa3IUYHBIX KATHOHOB METOJIOM
roHHOro obMeHa (wame Becero Lit,Na*, K*, Ca?"); 6) u3sMeHss alroMOCHUIMKATHEILA
cocrtaB (SiO2:Al,O3, x = 3+6). Uem 0o0JbIlle BeaIUUYMHA X, TEM aKTHBHEE LIEOJIHUT. B)

,Z[O63BJ'IH5[ K IOcoJimTaM BCIICCTBaA, 06J1a11a101une KHCJIOTHBIMU CBOMCTBAMHM.

Katuonutel, mnpexacrapistomue coboi  moauMepbl  (damie — BCEro

MOMCTUPOJIbHBIC), coaepxkamue —SO3H, -COOH, -PO3sH; u npyrue rpynisl.

AKTUBHOCTh TAKUX KaTaJu3aTOPOB OMPEAEIISIETCS CBOMCTBAMU MOJIUMEPHON
OCHOBBI, CTEMEHBIO 3aMEIICHUS KHUCIOTHBIMU TrpynnamMu (CyiabhupoBaHUs),
pa3MepaMy Karajau3aTtopa, €ro MOPUCTOCThIO, TEPMHUYECKOW CTAOMIIBHOCTBIO U

KHMCJIIOTHOCTBIO.

AKTUBHOCTH KaTalu3aTopa 3asucum Takxke u oT 1) crpoenus cydctparta; 2)
IPUPOJIBI ATKUIMPYIOIIETO areHTa; 3) yCIOBUN peakuuu (TeMIeparypa, 1aBlIeHUe
u 1.1.). Hanpumep, tpudropun Oopa sBIsETCS aKTUBHBIM KaTaJIM3aTOpPOM IpHU
ANKWIMPOBAHUU  CHOUpPTaMHU, ajdkeHaMHu, (QTOpPHpOW3BOAHBIMH, HO  TpHU

AIKWJIMPOBAHNH JAPYTUMHU AJIKWITAJIOTCHUAAMHA €0 dAKTUBHOCTH MaJia.

Karanmuzatopel Moryr ObITh  TBepAO(DA3HBIMHM M KHAKO(PA3HBIMHU.
Hcnonp3oBanue TBEpAbIX reTepodazHbIX KaTaau3aTopoB (OKCHIIOB, IICOJHTOB,

KaTI/IOHI/ITOB) MNPpCAINIOYTUTCIIbHO, TaK KaK IIPpH 3TOM YIHIPOIIACTCA TCXHOJOIUsA
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npouecca (OTAEIEHUE W pereHepanys KaTaln3aTopa); YMEHbIIAKTCS 3aTpaThl Ha
NOJATOTOBKY CBIPbSl, TPOMBIBKY PEAKIIMOHHON MAacChl U HEUTPAIM3ALUIO KUCIBIX
CTOUYHBIX BOJI; YMEHBIIIAETCSI KOPPO3Usi 000PYI0BAHUS; YIIPOILIAETCS OpraHU3aIMs
HEIPEPBIBHBIX MPOILECCOB U T.A. B cilyyae anpOoTOHHBIX KUCIOT, BEIOOP TOTO WIIU
MHOTO BUJA KaTalu3a 3aBUCUT OT PACTBOPUTEINS U CBOMCTB KUCIOTHI JIptouca. [Ipu
HAJIMYUM JIBYX SKHAKUX (a3 (KUCIOTHO-COJIEBOM M OpraHMYecKoil) peakius, B

OCHOBHOM, IMPOXOAUT B KHUCJIOTHO-COJICBOM CJIOC.

[Ipy ankuiIMpoOBaHUU C MOMOUIBIO AJKHUIITAIONEHUJOB M AJIKEHOB OOBIYHO
JOCTaTOYHO HEOOJIBIIOrO0 KOJMYECTBA KaTaJIW3aTopa, a IpH AJIKWINPOBAHUU
CHUpPTaMU HEOOXOAMMO, IO MEHBIIEH Mepe, SKBUMOJSIPHOE KOJIUYECTBO KHUCIIOTHI
JIptonca, Tak Kak BoAa, oOpasymoomascs IpU pPEAKLUUH, AE3aKTUBHPYET

KaTaJIu3aTop.

6. @UHAHCOBBII MEHEIKMEHT

[lenpt0 3KOHOMHUYECKOTO pacyéra SBIAETCS OIpEIEJICHUE pPacxo0B Ha
MPOU3BOJICTBO  9-meTuikapOaszosia, paccuuTarth ceOecToMMocTh 58 TOHH 9-

MeTuIIKapOazoa.

6.1 Pacuer npou3BOJACTBEHHOM MOIIHOCTH ¥ IPOU3BOJACTBEHHOM
MPOrpaMMbl

[TIpou3BoCTBEHHAsT MOIIHOCTh — 3TO MAKCHUMaJIbHO BO3MOXHBIN BBIMYCK
MPOIYKIIMA B OMPENCIICHHON HOMEHKJIAType W acCOPTUMEHTE Npu Hambosee
MOJTHOM MCIIOJIb30BAaHUM B TE€UEHHUE Troja OoOOpyJOBaHUS U TMPOU3BOJACTBEHHBIX
TUTOIAJEH, IIPUMEHECHUU IIPOTPECCUBHBIX TEXHUYECKUX HOPM
MIPOU3BOJAUTEIILHOCTH OOOpPYZOBaHUS W YICIBHBIX HOPM pacxoia ChIpbsi U
matepuanoB. [log Npou3BOJCTBEHHOW MOIIHOCTbIO OOOPYJIOBaHUSL CJEAYET
MOHMUMATh €r0 MaKCUMAJIbHYIO CIHOCOOHOCTh BBITYCKATh MPOAYKIIHIO 32
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ONPENENICHHbIA  KaJeHJApHbIM  IMEpPUOJ  BPEMEHM  NIPU  HAWIYYLIUX
OpPraHM3allMOHHO-TEXHUYECKUX  YCIOBUAX.  [IpoM3BOACTBEHHAass  MOIIHOCTH
BBIPAXKAETCAd KOJIMYECTBOM  BBIIYCKAEMOW MPOAYKLMM U  U3MEpsAeTcs B
HaTypaJIbHBIX €INHULIAX.

Bce arIapaTtsel ICXOB XHMHUYCCKHUX Hpezmpmm/lﬁ JACIATCA Ha HCCKOJIBKO

TPYIIIL:
1. OCHOBHOE 000PY/I0BaHUE;
2. BCIIOMOTaTeIbHOe 000pyI0BaHUE;
3. amnmaparhl, BRITOJHSIIONIAE TOATOTOBUTEIIbHBIC (DYHKITHH.

ITocKOJIBKY TPOM3BOJCTBEHHBIM IIPOLIECC SABISETCA HENPEPBHIBHBIM, Ha
OpEeINPUITUN TUTAHUPYETCs OOLIYI0 OCTAHOBKY Ha KallMTaJIbHbII PEMOHT.
JIns pacdyera IPOU3BOJCTBEHHOM MOIIHOCTH MPEANPHUATHAS NPUMEHSIIOT
cleAyouyo GopMyiy:
M=11,, " qubqb‘ n, (611)
rae [l - 9acoBas IPOU3BOIUTEIBHOCTD MO LIEJIEBOMY KOMIIOHEHTY, 8,34

Kr/4ac;
N - KOJUYECTBO OJHOTUITHOTO 000py1oBaHus, N=1.

T3¢ - 2ddexTrBHOE BpeMs padOThI 000PYIOBaHMSI 3a FOJI IO BBIITYCKY

JAHHOTO BUJA NPOAYKIUH, Yac;
OddexTuBHbIA QoHT BpeMeHU 000pyI0BaAHUS:

Taqbqb = THOM' - THHP; (612)

1€ 7oy - HOMUHAJIBHBIN (OHA paboThl 000opyAoBaHus, 8760 u;
T}np - BpEMS 3aTPauyMBaEMOE Ha KAIIUTAJIBHBIN pEMOHT, 840 u.
T,pp = 8760 — 840 = 7920 vacos

M=y Topp N =7,33-7920 - 1 =58080 kr/rox.
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6.2 Pacuer romoBoro ¢oHaa 3apadboTHOM MJIATHI NEPCOHAJIA YCTAHOBKHU

Ha MPCSANPUATHAX XUMHYECKOU IMPOMBIIIJIICHHOCTH B 3aBUCUMOCTHU OT YCJIOBI/Iﬁ

Tpyda U CTCIICHU BPCIHOCTH ITPOU3BOACTBA MJINTCIIbHOCTD pa60qer0 JAHA COCTaBJIICT

12 yacoB. [ToaTOMy BO3HMKAET MOTPEOHOCTH B OPraHU3aIlUK MOCTOSIHHOM pa0boThI. [is

3TOr0 Ha 3aBOJIC OpraHM30BaHa 2-X CMEHHas paboTa W cocTaBisiercs rpaduk

CMEHHOCTH, T.K. pabdoraer 4 Opuramsl (A, b, B, I') ¢ nonomHUTENbHBIMUA JHSIMU

OTJbIXA.

Tabnuua 13 - I'padux cMeHHOCTH pabounx

JHM BBIXOJI0B
CMmeHa Bpemst 2 4 6 819/10/11|12|13|14|15|16|17|18| 19
1 8-20 b A r B|b AIA|T|T"'|B b|b| A
5 20-8 B B|B|A|A|T|T|B|[B|B|B|A[A|r|T|B]|B
OTChINHON I B b A r B b A r
B B B
BBIXOIHOI A r B B/A|A|B|T|A|B B|A|A|TB
U3 rpadrka CMEHHOCTH MOYKHO PacCYMTATh BETMYMHY CMEHOOOOPOTA:
Teo=a- ba (621)

e

a — KOJINYECTBO OpHuraj;

T.)-o— ITUTETBLHOCTh CMEHOO00POTA;

b — KonuYecTBO JHEH, B TEUEHUE KOTOPBIX OpHraaa paboTaeT OJHY CMEHY.

Tepo =4 - 2=8
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CMeHO0000pOT MO3BOJISET HAM ONPEIETUTh KOJIMYECTBO BBIXOHBIX JHEM:

rae 7Ty, — KOJIMYECTBO BBIXOHBIX 3a IO

T'an — BpEMS KaJICHIAPHOE;

N — KOJINMYECTBO BBIXOJHBIX 34 OAWH CMCHOO60pOT.

365

T =——-2=91 qusa

B8blX 8

(6.2.2)

3Hasl KOJUYECTBO BBIXOOHBIX 3a I'0d, MOHO OIIPCACIUTDb 3(1)¢)€KTI/IBHO€

BpeMs paboThI 3a TO:

Tad)([) = TKan - Teblx' Tomn -

rae  Thgg - dPPexTUBHOE BpeMs paboYero.

TH@@I

Topp = 365 - 91— 31 - 10 = 233 gus.

Paccuntaem konmuecTBo 3(hPEKTUBHOTO BPEMEHHU B Yacax:

Topp =233 - 12 = 2796 yacos.

(6.2.3)

Tabmuma 14 - bamanc BpeMeHH OJHOTO CPEIHECITMCOYHOTO paboyero Ha roj

npu 12-t1 yacoBOM pabouem JHeE U 4-x OpuragHoM rpaduke

[Tokazarenu Juen Yacos
1. Kanennapusriit pona pabodyero BpemeHu 365 4380
2. Hepabouue nuu:
BrixoagHsie 91 1092
3. HomunaneHslii pona padbodyero BpeMeHu 274 3288
4. [Inanupyemble BBIXOIHBIE:
OTtmyck 31 372
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OTITYCK B CBSI3H € yueOoi 6e3 OTpbIBa OT MPOU3BOJICTBA - -

5. DddexTuBHBIN HoHA pabouero BpeMeHH 233 2796

[Ipoussenem pacuet donna 3¢pGHeKTUBHOTO pabouero BpeMeHH! U ONPEIeIUM
3apaboTHyI0 IUIaty paboumx. Cuctema omjgatbl TpyAa OCHOBHBIX pPabOUYMX
TIOBPEMEHHO-TIpeMualibHast. [ 0/10Bo# (OHA 3apabOTHOM ILIATHI OO0 KaTeropuu

TPYIALIAXCS MOKHO PACCUUTATH 1O OpMYyIIE:
3F0ﬂ= 3oca + 3ﬂ017, (624)
rie  3ocwy - GOHMI 3apabOTHOM IJIaThl OCHOBHBIX pabouux, pyo.,
3j0m, - PoHA 3apabOTHOI MIIATHI JOTIOJIHUTENBHBIX pabodnx, pyo.
®oH OCHOBHOM 3apa0OTHOM MIIaThl ONpeaeIsieTcs 1o GopmyIie:
3oen = Bmap TP+ o opLnp. oy (6.2.5)
e 3mep — TapudHbIN GOH 3apabOTHOM TUIATHL, THIC. PYO;
1Ip— onnata mpemui, ThIC. pyo;
/,.¢p — o1u1aTa 32 pabOTy B HOYHOE BpPEMS, ThIC. PYO;
up.om— OTLIIATA 32 paOOTY B MPA3IHUYHbBIE IHU, ThIC. pyO;
Tapudnsliii pona 3apabOTHOM TIIATHI pABEH:
Bmap = 2Yen Tem ™ Toppas, (6.2.6)
rne Y., — cucoYHas YUCICHHOCTh Pab0ovrX JaHHOTO pa3psjia, Yell.;
T, — nHeBHas TapudHas CTaBKa JAaHHOTO pa3psiia, ThIC. PyO.
JlononuutenbHas 3apmiata (3hom):

3non = (Au - 3ocw)/ Tovw, (6.2.7)
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rac

(OTITyCK, yYEHUYECKHE, TOCOOS3aHHOCTH).

[IpemuanpHBIC paccUUTHIBACTCS O (hopmyre:

ﬂnpeM =0,5 3map

JonuaTa 3a paboTy B HOUHOE BpeMsl orpeiensieTcst o Gpopmye:
ﬂu.gp 20’4'Tcm 'tH.ep J

rac

t

H.6D

cocrasigeT 1092 vaca .

Jlomiata 3a paboTy B Ipa3gHUYHbBIE JHU OINpeAeseTcs 1o GopmyJe:

ﬂnp :Tnp'Tcm'Hﬂ(f’

rac

T

np

H ,, - 1BOYHAs YUCIIEHHOCTh paO0YHX.

- KOJIMYECTBO YaCOB, OTPAOOTAHHBIX B IIPA3THUK;

My — xonn4ecTBO JHEH HEeBbIXOAa Ha padOoTy MO MIAHUPYEMbIM PUYMHAM

(6.2.8)

(6.2.9)

- BpeMsi HOUHOM paboThl, KOTOPOE AJIs KaXKA0ro pabodero B roj

(6.2.10)

Jlorutata 3a paboTy B HOUHOE BpeMsl ocyliecTBiseTcss B pasmepe 40% ot

tapudHoil ctaBku. Jlomara 3a paboTy B Mpa3AHUYHBIE JHU - JBOMHOM Tapud.

[Ipemuanshbie - 50% OT TapudHOI cTaBKU

Tabnuna 15 - ®on 3apabOTHOM TUIATHl OCHOBHBIX pabounx

IIpodec- | Pa3- | Ter | Hen | Too HripEm HuB Hripa3 3ocH
3tar pyo.
cust psan | pyo/a | wem | u. pyo pyo pyo pyo
Crapmunii
955337, | 477668,6 2447795,
Omneparto 6 [8542| 4 |2796 932786,4 | 82003,2
28 4 52
p
Oneparo
1240976, | 620488,3 920879,2
p 5 |5548| 8 |2796 193869,31 | 106521,6
64 2 3
3368674,
UTOI'O
75
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®onn 3apabOTHOM TUTATBI OCHOBHBIX pabouux coctaBmin 3368674,75 pyO.

Tpyl NHKEHEPHO-TEXHUUYECKOTO MEPCOHANA OTUIAYMBAETCS M0 MECAYHBIM OKJIaJaM

B COOTBCTCTBHH C IIPpUHOUIIAMUA HOBpCMCHHOﬁ OIlIAaThI TpyAA.

6.3 Pacuer 3aTpaT Ha NPOM3BOICTBO MPOAYKIHHI

6.3.1 PacueT rogoBoii noTpeOHOCTH B ChIPbE U MaTepuajiax

Ornpenenenue 3arpar Ha ChIpbEe U MaTepUabl MPOU3BOJUM UCXOS U3

IIPUHATOTO o0beMa IIPpOU3BOACTBA, YACIIBHBIX HOPM pacxoda ChIPbA U MaTCPpHUAJIOB

U IIJIaHOBO-3aroTOBUTCJIIBHBIX IICH.

Tabnuia 16 - PacueT ronoBoit moTpeOHOCTH B ChIPhE, MaTepHajax u

AIIEKTPOIHEPTUH.
Pacxon 3arpartsl, pyo.
Hanmeno- Ha Becs
En. | Lena, Ha Bech 00beM
BaHHUE Haen. | 00beM Ipo- | Ha ex.
NsMm py6 IMPOU3BOACTBA
Coipbs ror.mpon. | U3BOIACTBA | roT.ripon.
66 1/Tox 66 T/TO
1. Kapb6a3zon T. 34000 0,241 15,9 8194 540804
2. AnertoH T. 78360 0,376 24.8 29463 1944558
3. UomucrTstit 12000
T. 0,077 5 9240 609840
METHII 0
4. T'unpoxcu
T. 45000 0,039 2,5 1755 115830
Tl HATpHs
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5. Onex- | kB1/
5,4 12,79 1266,54 103,63 6840
TPOIHEPTHS q
HUroro 48755,63 3217872

6.3.2 PacuéT cTOMMOCTH OCHOBHBIX MIPOM3BO/ICTBEHHBIX (POHIOB H
aMOPTH3ALMOHHBIX OTYUCJICHHI OT HUX

[Tpon3BoacTBEeHHBIC (DOHIBI MPEACTABISIOT COOOM COBOKYIHOCTH CPEJICTB
TpyJda, HEOOXOAMMBIX IS  OCYIIECTBICHHUS  HEMNPEPHIBHOTO  TIpoliecca
npous3BojacTBa. [IpomsBojcTBeHHBIE (OHABI OOCITY)KHBAIOT MPOW3BOACTBO B
TEUEHUE MJIUTEILHOTO BPEMEHH, OHU Y4YacTBYIOT B IMpOIlECCe MPOU3BOJICTBA
MPOIYKIIMA W TIEPEHOCIT CTOMMOCTh Ha TOTOBBIA MPOMYKT IO YaCTSIM, IO Mepe
CBOET0 U3HOCA U HE MEHSIOT CBOEH HATypajbHON (POPMBI.

O6opoTtHbIe (GOHABI B XUMHYECKON MPOMBIIIUICHHOCTH cocTaBiisiioT 20 -25%

OT OCHOBHBIX (DOH/IOB.

Ta6muna 17 - CTouMOCTh OCHOBHBIX (DOHJIOB.

Hopwmsr ['onoBbIE aMMOpPTH3ALIMOHHBIE
HaumenoBanue CroumocTs, pyo.
aMOpTHU3aLUU OTYUCIICHUS, PYO
3nanus 70000000 5 3500000
MaruHbl 1
61 000 000 15 9150000
obopynoBaHue
[Tpubopsr KUIT u A,
naboparopHoe 52 500 000 10,3 5407500
obopynoBaHue
WHuBeHTaps U
10 000 000 1,6 160000
WHCTPYMEHTHI
Hroro 193 500 000 18217500

AMOPTU3aLlMOHHBIE OTUYHUCIIEHUS OT 3JaHUIM:

A0 = 70000000 / 100 - 5 =3500000
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OT MamuH 1 000pYJOBaHMUS:

Az00 = 61000000/ 100 - 15 =915000

Ot npu6opos KUII u A u nabopatopwuii:

Az00 = 52500000/ 100 - 10,3 = 5407500

OT uHBEHTapsi U UHCTPYMEHTOB:

AZO() =

Hroro: 4.,y = 18217500

1000000 / 100 - 1,6 = 160000

Tabmuna 18 - Kanpkynsmus ce6ecTOMMOCTH Ha TIPOU3BOICTBO H

peann3aluio NpOoayKIMH MPHU 33JaHHOM 00beMe nmpou3BoAcTBa ()

CyMmma 3aTrpar Ha

Enenunnbi | Cymma Ha 1
HanmeHnoBaHue 3aTpart VML T, py6. NMPOU3BOJACTBO

’ 66 T, pyo
1. Coipne Py0. 48652 3211032,00
2. Jueprus Ha 103,63 6840,00
TEXHOJIOTUYECKHE TIeJIN
3. 3apaboTHas mjaTa OCHOBHBIX 51040 53 3368674.75
paboTaromumx
3.1 OtuncieHus Ha COlUaIbHbIC 15312.16 1010602.56
HYKJIbI OCHOBHBIX Pa0Ounx
HToro ycioBHO-nIepeMeHHBIX 115108.32 7597149 12
H3/1epiKeK ’ ’
4. OOMmEenpon3BOICTBEHHBIC
pacxosl
AMopTuzanus 289,17 19085,00
PeMoHTEI 8,68 573,00
HTOro ycJ0BHO-NOCTOSTHHBIX 297.85 19658,00
U3JIepPKeK
IlexoBast ceO€CTOMMOCTh 50033,23 3302193,00
5. YnopaBneH4YecKre pacxoabl 2501,66 165110,00
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(5% K 11eX0BOM CEOECTOUMOCTH)
3aBoackas ce0ecTOMMOCTD 52534,89 3467303,00
0

6. KOMMeptiecxne pacxonsl (1% 525,35 34673,00
K 3aBOJICKOM C€OECTOMMOCTH)
IMosnas cebecTOUMOCTH 53060,24 3501976,00
YC/10BHO - NIOCTOSIHHBIE 8232 5433100
U3J1ePKKH
Yci10BHO - nepeMeHHbIe 52162,20 34427052
U3JePKKH

6.4 Onpenesienne HeHbI TOTOBOH MPOLYKUMH

Ileny npoaykTa onpezaensiem no hopmyie:

=C-(1+P/100), (6.4.1)

rae  (C—1nosiHasg ce0eCTOMMOCTh €IMHULIBI TOTOBOM MPOAYKIIHH;

P — pentabensHocTh ipoaykiuu (%).

PeHtabenbHOCTh MPOAYKIIMU MOKHO NPUHATH OT 10% 110 25%.

I7=53060,24 - (1 + 10/ 100) = 58366,26 py6.

Bpear= 3852173,16 py6.

6.5 AHayin3 6e3y0ObITOYHOCTH

[enb ananuza - onpeneneHue TOUYKH 0€3yObITOYHOCTH, T.€. MUHUMAJIBHOTO

o0BeMa MpoJIax, HAaYWHAsI ¢ KOTOPOTO MPEANPUITHE HE HeCeT YOBITKOB. B Touke

0€3yOBITOYHOCTH BBIPYUKa OT IPOJAKU NPOAYKIMH (B,,) paBHa OOLIMM 3aTpaTam

Ha IIPOU3BOJACTBO U pCaJIN3allUIO ITPOAYKIIUHU:

Bnp: Hgﬂnocm + HBﬂnep

(6.5.1)
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Omnpenenenre TOUKU 6€3yObITOYHOCTH:

1. AHaIUTHYECKHUM CIIOCOOOM:
L2 (6.5.2)
Hr.n. - HSﬂHEP/F.H.

Qx =

rae  [[., - ueHa eIMHMIBI TOTOBOM NpoAyKIUH (1 TOHHBI);

U3/ ep/on - yII€TBHBIE IEPEMEHHBIE U3/IEPKKH (IEPEMEHHBIE U3ACPKKU Ha

€MHUITY TOTOBOM NMPOAYKIUHU — 1 TOHHY).

Qip = 04331 =8,8m/ 200
58366, 26 —52162,20

0,00

== @== NOCTOAHHBIE N3AEDHKH ++ @+ NEPEMEHHDIE U3AEPKKN

Pucynok 12. I'paduk 6e3yObITOYHOCTH TIPU TPOU3BOJCTBE 58 TOHH

9-meTmiKap6a3oa B o1

6.6 OnpenejieHHe TEXHUKO-IKOHOMHYECKHX MOKa3aTeael

Taomuna 19 - TeXHUKO-IPKOHOMHYECKHE TT0KA3ATEIN

HaumenoBanue nokazareins Exn. uzm. I1maHoOBEIN oA
O0BeM poU3BOACTBA T. 58
O06Bem npoax T. 58
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Llena 3a TOHHY pyo. 58 366,26

Bripyuka ot npopaxu pyo. 3852173,16
CyMMapHBbI€ U3JEPIKKH, pyo. 3501976,00
B T.4 IEPEMEHHBIE U3/IEPKKHU pyo. 3442705,2
B T.4. TIOCTOSTHHBIC U3JIEPIKKH pyo. 54331,00
OneparmoHHasi IpruObLTH pyo. 3501976,00
Hanor na npu6suis (20%) pyo. 700395,2
Uwucras mpuObLIH pyo. 2801580,8
CebGecTouMOCTh 1 TOHHBI IPOTYKITUI pyo. 53 060,24
CpenneroyioBass CTOMMOCTh  OCHOBHBIX

pyo. 193 500 000,0
CpeAcCTB
YKCIIEHHOCTh OCHOBHBIX Pab0YMX Yel. 12
DOHI0OBOOPYKEHHOCTh py06/4en 16 125 000,0
®onpootnaua  (00BEM  BBIMYIICHHOU
ToBapHOU mnponykiuu / CpemneromoBasi | pyo/py0 19,0
CTOUMOCTh OCHOBHBIX CPEJICTB)
®oHn0EMKOCTh  (TIOKa3aTenb OOpaTHBII
dbong00TIAYE) 0,053
PenTabenbHOCTh MIPOU3BO/ICTBA % 7,99
PentabenbHOCTh MposIaXK % 7,27
Qxp. (kpuTHYECKUH 00BEM MPOJIAK) T. 8,8
Qxkp. (kpuTHUeckuit 00beM MPOJIax) pyo. 513623,00

3akiroueHue 00 IKOHOMHYECKOU IPPEKTUBHOCTH

B pesynbrare mNpoBENEHHBIX PAacyeTOB OBUIO  yYCTAHOBJIGHO, 4TO
IPOSKTUPYEMOE  MPOU3BOJCTBO  SIBIACTCA  SKOHOMHYECKH  3((HEKTHBHBIM.
PenraGenpHOCTh Tpoaykmuu coctaBuna 7,27 %, 0e3yObITOUHBIH 00BEM

MPOM3BOJCTBA — 8,8 TOHH B TO/I.
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