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Lenbto aanHbIx NabOpaTOpHBIX padOT ABASETCS OCBOCHUE METOAWK CHHTE3A
OJIMCOMEPOB U TIOJIMMEPOB, a TAKIKE AHANU3 MOJTYHaEMBIX NPOAYKTOB Ha MPHUMEPAx
peakLuii UeNHOH NOTUMEPH3ALIMK, TUAPOAUTUYECKON CTYNEHUATOM NOAMMEPU3aLIUK,
NOJIMKOHACHCALIMH.

OCHOBHBIE IMMOHATHA

Peaxkuuu cuHTE3a NONHMEPOB MO CBOEMY MEXAHU3MY MOAPA3ALNAOTCA Ha
LIEMHBIE W CTYNIEHYATBIE.

IIpouecc uenHoi noAMMeEpU3aLKu OPOTEKAET 3a CYET PACKPHITHA KPATHbIX
CBA3CH WJIHM LIMKJIOB MOJEKYJ MOHOMEPOB, C NOCITEAYIOLLUM COSAMHEHUEM APYT C
APYroM OONbLIOrQ YKHCAA MOJIEKYJI, C 00PA30BAHNEM JIMHEHHBIX, PA3BETBICHHBIX WU
CETUATBIX CTPYKTYD; MPH 3TOM 3JIEMEHTAPHbIA COCTAB UCXOAHBIX MOHOMEPOB U
00pa3zoBaBILIMXCA MOJUMEPOB OAWHAKOB. B pe3dybTaTte peakuuii LenHOH
NOJMMEPU3aLIUMY HE NPOUCXOAUT BbIACACHUA NOOOYHBIX NPOAYKTOB.

LlenHble peakUMH UMEIOT TPU XapaKTEPHbIE CTaAUU: UHULIMUPOBAHUE, POCT
LIeTIM, OrpaHWYeHUe pocTa uend. Ha craauu nHUUMUPOBaHUS 00pa3yoTCs aKTUBHbIE
LICHTPbI PA3JIMYHOW XUMUUYECKOH NPUPOALI; B 3aBUCUMOCTH OT XapaKTepa aKTUBHBIX
LEHTPOB PA3NMYaAKOT PAAVKAIBHY IO (AKTUBHBIN LIEHTP -PafMKaj) 1 HOHHYIO
(AKTUBHbIHA LEHTP - HOH) NOJUMEPH3ALIULO.

PaaukanbHaa nonumepwsanus 0poTekaeT NoA BAMSHUEM CBOOOAHbIX
pasuKanoB, KOTopble 00pa3yloTca B HavYaJle Npouecca (Ha CTaAui MHULMUPOBAHU) 3a
cueT PU3NYECKUX WITM XHMHUECKAX BO3ACHCTBUI Ha MOHOMEPHY!O cpeay. K
(pM3NUECKAM BO3AEHCTBUAM OTHOCATCA: MOBBILIEHHAA TEMNEPATYPa (TEPMHUUECKOE
WHULMMPOBAHUE), CBETOBOM NOTOK ((POTOMHULIMMPOBAHUE), PEHTTEHOBCKOE U AP.
BH/BI M3YYEHWI (paAHaLMOHHOE UHULIMUPOBAHUE ), XUMUUECKOE UHULIMUPOBAHUE
OCYLLECTBAAETCA C TOMOLIBIO PA3HUHbIX HHULUATOPOB (MEPOKCHU I,
a30COCANHEHHNA, OKUCITUTENBHO-BOCCTAHOBUTEBHBIE CHCTEMBI ).

Honnas nonumepusaums, B 3aBHCHMOCTH OT XapaKTePpa akKTUBHOTO LIEHTPA,
NOAPAa3ACAACTCA Ha KATUOHHYIO U aHUOHHYHKO. [1pu KaTMOHHO nonumMepu3auuu
PEaKLIUOHHOCNOCOOHBIA KOHELL PACTYLUECH LeNU UMEET NOJIOKUTENAbHbIN 3apsa, a npu
AHUOHHOM - OTPHLIATEJIbHBIN.

KaranusaTopamu KaTHOHHOIN NMONUMEPH3ALMU CILyKAT
3NEKTPOHOAKLIENTOPHBIE COCAMHEHUA (MPOTOHHBIE KUCITOTHI, aMMPOTOHHBIE KUCIOThI U
ApPYTU€ COCAMHEHHA); NPU UCNOJIb30BAHUM ANPOTOHHbIX KWUCHOT (KUCAOT JIbtouca)
00bIYHO HEOOXOAMMO MPHUCYTCTBHUE COKATAIN3aTOPOB (BOAA, MPOTOHHBIE KUCOTHI,
CTMIUPTHI, FAIOFEHUAbI U AP. ) - COEAMHEHUH, KOTOpbie 00Pa3yrOT KOMIIEKCHI C
KaTanu3aTopom.

B kauecTse kaTanu3atopoB aHKOHHOH NMOJUMMEPH3ALMNA UCTIONB3YFOT
3JIEKTPOHOAOHOPHbBIC COCAMHEHUS (aMUbI LETOUHbIX METAJUIOB, LUEIOUHBIC



METaJUIbl U UX PACTBOPBI B CONIbBATHPY FOLMX PACTBOPUTENAX, METAJIIOOPTaHHYECKHE
COEIUHEHUA LUETOYHbIX METAJIOB U AP. ).

OO0OpazoBaHUe aKTUBHOMO LEHTPA B LICTIHLIX PEAKLMAX MTPOTEKAET M0 CXEME:

M1—MI1*

B xone Bropo#i craauu npouecca UEMHOM MoJMMEpU3aliy POCT
MOJIEKYJIAPHOM LIeNU NPOMCXOANT B PE3YJbTATE MOCIEAOBATEILHOIO NPACOSANHEH U
MOJIEKYJl MOHOMEpPA K AKTUBHOMY LIEHTPY, HAXOAALIEMYCA Ha KOHLIE ITOW PacTyLUEH
LIETH.

[Ipu paaukaibHON MoNUMEpU3aLUU:

~MnMe+M — ~Mn+1MO.
[Ip1 KaTHOHHOW MONUMEPU3ALNU:
~MnM++M— ~Mn+1M+.
[1py aHUOHHOM NOTUMEPH3ALNHN:
~MnM-+M— ~Mn+1M-,

rae Mn - uens, coaep:kamas n 3B€HbEB;

Me. M+, M- - aKTUBHbIE LEHTPB!,

M - monekya MoHOMEpa.

OrpaHWyYeHHe poCcTa Lenu (KUHETHYECKONW U MaTEpHalIbHOM) B peakLUAX
LIETMHOi MOJMMEPU3aLUU MOIKET MPOUCXOAUTb MyTEM 00pblBa LENU WU NEpeaayu
uenu. OOpbIB LIENK NPUBOAUT K MCUE3HOBEHHUIO B CUCTEME AKTUBHBIX LEHTPOB.
HcTraABIA KNHETHYECKHH OOpbIB LICTIH XapaKTEPEH AN PEAKUMIA paanKaibHOH
NOJIMMEPHU3aLIMU, 1€ OH OCYLIECTBIIACTCA, B OCHOBHOM, 3a CUET peaKLMi
MaKpOPaAMKaIOB - peKOMOUHALIMK U AUCTIPONIOPLIMOHUPOBAHUA.

[1pu KaTHOHHOW NOJMMEpPU3aLHMU OOPbIB LETH - ABJCHUE PEAKOE.
OrpaHHYeHHE pOCTa LENM MPOMCXOIUT B pe3yJibTaTe NEPEHOCa MPOTOHA K
NPOTUBOMOHY WJIM NEPEAAYM LENW HA MOHOMED, MO0 Ha pacTBopUTENb. [pu
AHWOHHOW MOJIMMEPU3ALMN OrPAHUUYEHHME POCTA LIENH TAKKE MPOMCXOANT 3a CHET
nepeaayuy Lenu.

Takue peakLMyu MOLYT OCYLUECTBIATLCA MYTEM OTPbIBA AKTUBHBIM LICHTPOM
NPOTOHA OT MOHOMEpPA UJIA PaACTBOPUTEIA, IMOO My TEM NMEPEHOCA MMAPUA-UOHA C
KOHLA pacTYIUEH LeNK HA NPOTUBOMOH U MOHOMED.

B kauecTBe nprMepa NpyUBEACHA CXEMA PEAKLUUH MEPEAAYH LIENH HA MOHOMED
[IpY KATHOHHOMW MOJIUMEPU3ALIHH:

~A+[B]-+M—  +~M+[B]-,

rae ~A+ - pactywas uenb C akTUBHBIM LIEHTPOM,

M - MOneKkyna MOHOMEDA,;

~A - HEAKTUBHAA LIEMb,

~M+[B]- - HOBas pacTyias 1ernb C AKTUBHBIM LEHTPOM.



B psae ciiydaes Ipyu aHUOHHOW MOJMMMEPU3ALIMK HE TPOUCXOANT PEAKLIANA
OTrPaHUYCHHA POCTA LIETH U PEAKLUA UIET 10 UCUEPTIAHUA MOHOMEDPOB. B
PEAKIIMOHHOM Macce COXPAHAIOTCSA AKTHUBHBIE MAKPOKAPOOHUOHBI, CIOCOOHBIE K
JATbHEHIIEH peakiu. Takue moauMepsl IOy YU Ha3BaHUE «GKUBBIE LIETTN) WIN

(GKHUBBLIC ITIOJIMMCPED).

~MnM+[B]-+ M — Mn+1M+(B]-,
rie ~MnM+|[B]- - pactyimas uenb ¢ akKTUBHBIM LIECHTPOM;
M - MOJIeKy 1a MOHOMEPA,

Mn+1M+[B]- - «kuBas nenby.

Ocoboe MeCTO 3aHUMAr0T PEAKLIMA MOHHO-KOOP IMHALIMOHHOM

MOJIMMEPU3ALIMN, KOTOPBIE IPOTEKAIOT MO/ ICHCTBUEM CHECLIMATIBHBIX KaTAJIN3aTOPOB;
Haubosee >(PPEKTUBHBIMU ABJIAIOTCA METAJUIOOPraHUYECKUE KaTanu3aTopsl Llurnepa

- Hartra. Beicokasi ctepeocnelinpuuHOCTb ASHCTBUA KaTalu3aTopa 00ecneunBacTCs
KOOPIMHALMEH MOHOMEPA KOMIIOHEHTAMH KAaTAIUTUYECKOTO KOMITIEKCA. Peakims
OCYLLECTBJISIETCS 3 CUET MEPECTPONKHA KATAIIMTUYECKOTO KOMILIEKCA, B PE3YyJIbTATE
KOTOpOH 00pa3yroIascs MOJIEKYJia MOJIMMEPa MOCTENEHHO BBITECHAETCA U3
CTPYKTYPBI KOMILJIEKCHOTO KaTaJIM3aTopa.

c c CaHs

\1“!" "‘Al/ R

a” "cn,/ \c,m
CH,

cu\ Y /C,H5
T Al
A Y -
Cls' CHy “CyHs

CFIX=CH, CH,

g7 S
e N

CI' “CH: °“CiHs
CHX-CzHs

Karanutuueckuii KoMIjekc

KOOpI[I/IHaL[I/Iﬂ MOJICKY JIbI
MoHOMepa y atroma Ti ¢
oOpa3oBaHUEM M-KOMITJIEKCA U
MOJIIPU3ALEN 3TOU MOJIEKYJIbI

IlepecTpoiika nukia ¢
oOpa3oBaHHEM HOBOTO
YeThIPEXYWIEHHOTO LIUKJIA,
KOTOPBIN COIEPKUT B CBOEH
CTPYKTYp€ OJIMH U3 aTOMOB
yIJIepOoAa MOJIEKYJIbI
MOHOMEDPA, a UCXO/HAs
STUJIbHAS FPyIIa
BBIJIEJISIETCS U3 3TOTO LIUKJIA
BMECTE C IPYTMM aTOMOM
yIJIepOoAa MOJIEKYJIbI
BHHUJIOBOIO MOHOMEDA

Hcnomb30BaHNE pa3IMUHbIX KaTaau3aToOpoB odecneunBaeT JOpMHUPOBAHHE
MOJIMMEPOB C PA3JIMYHOMN CTPYKTYPOH, HO BCE OHM UMEIOT MPOCTPAHCTBEHO-
PEryJIIPHOE CTPOEHUE, YTO NPUAAET TAKUM MOJIMMEPAM YTy YIIEHHbIE (PUZUKO-
MEXaHUYECKUE CBOWCTBA U MOBBIIIEHHY F0 XUMHAYECKYIO CTA0OMIBHOCTb.

CryneHyaTble POLIECCH CHHTE3a OCYLIECTBIIIIOTCA 32 CUET B3aUMOJACHCTBHA
(YHKIMOHANBHBIX TPy MOHOMEPHBIX WA OJUTOMEPHBIX MOJIEKYJI ¢ 0Opa30BaHUEM
JMHEWHBIX, PA3BETBJICHHBIX WM CETUATHIX CTPYKTYP. [Ipu 3TOM pactyias uernb




MOCJIE KAYKIOTO aKTa NPUCOECTUHEHUS OCTAETCA yCTONUMBBIM coequHeneM. K
CTYTIEHYATBHIM MPOLIECCAM OTHOCATCS TOJMUKOHAEHCALAA U CTyIIeHYaTast
MOJIUMEPHU3ALIUSL.

B nporuecce noaMKOHaEHCAMu POCT MOJMMEPHBIX LENEN ITPOUCXOIUT Ty TEM
XUMHUUYECKOTO B3aUMOICHCTBUA (DY HKIIMOHAIBHBIX TPYII UCXOIHBIX MOJIEKY JI
MOHOMEPA, a TAKKE MOJIEKYJI, MOJyYAOIIHUXCA B XOAE PEAKLIUA; MPOLIECC
COIMPOBOKIAETCS, KAK PABUJIO, BBIICICHUEM MMOOOYHBIX MTPOJAYKTOB:

a(Mp)a + b(M,,)b — a(M,+;,)b + ab
a(M,)b + a(My,)b — a(My+1n)b + ab,

rae My My, My COOTBETCTBEHHO N, m, N+m — MEPBI

a, b - MoJsiekyApHbIC (PPArMEHTHI, OTIIEIUIAIOIINECS B XOIE PEAKIIH,

ab - HU3KOMOJIEKY JITPHBII TPOMYKT.

CryneH4aTyro NoJIMMEPU3ALUIO HAa3bIBAOT TAKKE MUTPALIMOHHON
MOJIUMEPHU3ALMEN WK NOJMIIPUCOEeAMHEHUEM. [Iporiecc cTynenyaroi
MOJIUMEPHU3ALIUH OCYLIECTBJIAETCS 3a CUET MEPErPYNIUPOBKUA aTOMOB WU
(YHKIMOHANBHBIX TPYII:

X=-R=X+Y~R'-Y 3 X-R-X~Y-=R'.Y

[Iponecc pocra Lemnu, yaie BCero, He COMPOBOKAAECTCA BBIACICHUEM
HU3KOMOJIEKY JIIPHBIX MPOAYKTOB.

VYka3aHHbIE CIOCOOBI CUHTE3a BBICOKOMOJIEKY JIIPHBIX COSAMHEHUI OCHOBAHBI
Ha NPEBPALLECHUH B TTOJIMMEPBI HENPEAETbHBIX YIIeBOA0poa0B, Hanpumep: CH,=CH,,
BEUIECTB, UMEIOIINX PEAKIIMOHHBIC ()Y HKIIMOHAIIbHBIC TPY I, HATPUMED:

H—(IJI - COOH
H-C —-COOH ,

A Takxe MUKIIMYCCKUC COCAMHCHUA, HAIIPUMCP .

NH
CHz~ CHy; (CHa)s

c-o

Peakiuu ¢ pacKpbITHEM IIMKJIOB UMEIOT CBOM OCOOCHHOCTH, B YACTHOCTH:
BO3MOXKHOCTh MPEBPAIICHUS] MOHOMEPOB B JIMHEHHbBIE TTOJIMMEPHI 0€3 BO3HUKHOBEHUS
HOBBIX TUTIOB XUMHUECKHUX CBA3EH (M3MEHAETCA TOJBKO MX PACIOJIOKEHHE) 1 0€3
M3MEHEHUS OOIEro unchia cBsazeit. Peakimm monuMeprsaiyu [MUKJIMUeCKIX
MOHOMEPOB MOTYT MPOTEKATH MO PAa3IMUHBIM MEXaHU3MaM.

B peakumsax, mpoTekaromux Mo BIUAHUEM aKTUBAaTOPa, Ha TIEPBOM CTaauu
MIPOUCXOANT 0OPATUMOE PACHICTIIEHNE HCXOJHOTO LIUKJIMYECKOTO MOHOMEPA:



IJIE @ - MOJIEKYJ1a aKTUBATOPA,;

X 1 Y- QyHKIMOHATIbHBIE TPYIIIbI, 00pa3yIOMIMECs MPU PACKPBITHUH LIUKJIIA.

Bropas ctaaus peakuum MOXKET MPOTEKaTh IO MEXaHU3MY CTYNEHYATON
MOJIMMEPU3ALIMA WIIH TTOJIMKOHACHCAMK. B KauecTBe nmpuMepa peakiiyy,
MPOTEKAIOLIEH MO CTyNIEHUYaTOMY MEXAHU3MY, PUBOIUTCS CXEMa Mpolecca
MOJIMMEPU3ALIMA €-KaIlpojiaKTaMa B MIPUCYTCTBUM aKTUBATOpPa - Bobl. Ha nepBoit
CTaJIM¥ MPOUCXOIUT PACKPBITHE LIUKJIA MO ACHCTBUEM aKTHBATOPA; AAJIEe
MOHOMEPHBIH [UKJI B3aUMOACHCTBYET C MPOAYKTOM PaCUIEIICHUS IUKJIA, a 3aTEM C
JUMEPOM, TPUMEPOM, N - MEPOM; B PE3yJIbTaTe PEAKN 00pas3yeTca JTMHEHHbII
MOJIUMED:

NH;
(CH) | + HOH © HOOC—(CHz)s-NH;
co
NH;
(CHa), | G-(CHals-NH; € HOOC—(CH)s-NHCO-(CHy)s - NH;
CO OH
NH, 0
(CH2) +  (~(CHz)s—~NHCO—(CHz)s- NH;
.CO OH

© HO-[-CO—(CHgz)s—NH-]s-H .,

Peakuusa nosmMepusanuy HUKIIOB MOXKET MPOTEKATH 10 KIOHHOMY MEXAHU3MY
B PUCYTCTBUM KATAIU3aTOPOB. CHJIbHBIE KUCJIOTHI, KUCIOTHI JIbtOUCa, EI0uHbIE
METAJIJIBL, TUAPOOKUCH IICJIOUYHBIX METAJUIOB U JP. AKTUBHON YaCTULIEH TIpU
KaTHOHHOM MOJUMEpH3aliiY (HApUMeEpP, IUKIUIECKUAX YPUPOB) SBJISETCA TPETUUHBIH
HWOH OKCOHUSA, B3AUMOJAECUCTBHE ATOr0 KOHA CO CIEAYIOIIENA MOJIEKYJION MOHOMEpPa
o0pa3zyeTcsi TPETUUYHBIN MOH OKCOHMS, 3@ CUET KOTOPOI'O MPOTEKAET AajbHEHIIas
MOJIUMEPU3 AL



OR + HA - H'O R
-’

A
H'OGR + O R » HO R@
- N—r
A- A
..OR-ORE" R + &R -....- OR-ORO- R@R
A A
AHHMOHHAA MMOJMMEPU3aLUs IPOTEKAET YePE3 CTaUI0 00Pa30BaHMs
AJIKOKCHAaHHNOHA, pOCT oenu OcyL[IeCTBJIﬂeTCﬂ B pGSyJIbTaTe CTyHquaTOFO
HYKJIEO()HIILHOTO NPHCOEIMHEHHs PACTYIIEH YaCTHIIBI K MOHOMEPY ¢ PEreHeparueit
AKTUBHOI'O LIEHTPA.
B KauecTBe MpUMepa MPUBOIUTCS PEAKIMA aHHOHHOM HOIMMEPU3aIHH O
OKHCH (STIOKCH/IA).

R-CH-CHz; + MeX — X-CH-CH-O'Me”’
R

rae MeX — npou3BOAHOE LIETIOYHOTO METAIUIA.

A
X-CH-CH-O'Me* + CQ~C Hz — X-CH-—CH:—O—?H-CHz-O’Me'
R

X—(;H—CH:—O—CH-CH:—O'MG' + nHC-(;Hz -

R R o
—» X~[-CH-CHz2-0-}ne1-CH-CH,-O" Me*
R R

[Tpy MOHHOH (KaTHOHHOW MOJIMMEPU3ALIMH) B IIPUCY TCTBUM KUCIOT JIbtonca
OOBIYHO TPEOYIOTCSI COKAaTaIN3aTOPhl (BOJA, CIIUPTHI, raJOr€HITPOU3BOIHBIC KHUCIOTHI
u 11p.). Peakums nporekaer uepes oOpa3oBaHue 00ee aKTUBHOIO KOMILIEKCA,
KOTOPBIA HHULIMHAPY €T MMOJMMEPHU3ALIMIO; IIPA B3aUMOAEUCTBUHA CO BTOPOU MOJIEKY IO
LUKJIMYECKOTO MOHOMEpa 00pa3yeTcsi TPETUIHBIA OKCOHUEBBIA UOH:



BF; + HyO — H'[{BFsOHJ"
O R +H'[BFOH} — H'O R

[BF:OHJ
H'O R +OR - HORG'
[BFOHJ [BFyOHJ

B peakuusx HOHHOM MOJIMMEPU3aAIIAN ITUKIIOB OTPaHUUYCHHUE POCTa LIETH
BEPOSITHEE BCETO MPOUCXOUT B PE3YJIbTATE MEPEAAUN LICTIH; YACTO PEAKIIMA HOHHOM
MOJIMMEPHU3ALIMH LIUKJIOB MPOTEKAIOT O€3 00phIBa IIEMH C 00Pa30BAHUEM (OGKHUBBIX)»
LICTICH.

Takum 00pa3oM, CHHTE3 TTOJIUMEPOB MOYKET OCYILECTBIIATHCA C MTOMOIIBIO
Pa3IWYHBIX PEaKIMii, KOTOPHIE TIO CBOEMY MEXaHU3MY TIOIPA3ACIIAIOTCS Ha [ICHBIC U
cryneHuyatbie. K [emHbIM OTHOCATCA: paauKaibHas U HOHHAS TOJUMEPHU3alliK, B
KOTOPBIE BCTYMAIOT HEMPEASIbHBIC YTIEBOAOPOIbI; K CTyTIEHUAThIM ITpoIieccam
OTHOCATCS PEAKIIMK CTYTICHUaTO! MOJMMEpHU3aliii U TIOJIMKOHICHCAIIMH, B KOTOPBIX
y4acCTBYIOT MOHOMEPHI, UMEIOIINE PEAKIIMOHHOCTOCOOHBIE ()Y HKIIMOHAIbHBIC
TPYTIbI, a TAKXKE MUKIAYECKUE COSTUHEHMS.

METOAUKA DKCIIEPUMEHTA

MeTtoapl OMy4YeHrs NOJUCTUPOIIA, E-KaNpPOJaKTaMa,
(deHonpopMabICTUIHBIX MOHOMEPOB HOBOJIAYHOT O M PE30JILHOTO THITOB
0a3uPyIOTCS Ha 3aKOHOMEPHOCTSX PeaKIfii paJuKaibHON TOJTUMEPHU3alInH,
TUAPOJIMTUYECKOM CTYTIEHUYATOM MOJIMMEPHU3ALIANA U TTOJIMKOHICHCALINH,
COOTBETCTBEHHO.

[Tosmctupour:

—{-CHz-GHs=]n—

MOJTyYa€MBIH 1O CBOOOHO-PAIUKATILHOMY MEXAHU3MY, UIMEET aTaKTHUECKOE
CTpOeHHE, aMOPPHYIO CTPYKTYPY. JJIsl Oy YeHHs MOJIMCTUPOIIa BEICOKOW CTETICHU
YUCTOTHI OJUMEPHU3ALIUIO TPOBOAAT 0€3 MHUIMATOPA; ITPU 3TOM MPOLIECC
VHULIMUPYETCA TETUIOBOW DHEPIUEN U ITPOUCXOAUT pacKkpbiTue [1-cBsi3eit MOHOMEpa U
o0Opa3oBaHKe CBOOOIHBIX PAJAUKAJIOB MO CICAYIOIIEH cxeMe:



X

CkopocTh 00pa30BaHUsl CBOOOJHBIX PAJAUKAJIOB YBEIIMUUBACTCA C
MOBBILIEHUEM TEMIEPATYPHl. JlaIbHENIIUI POCT LIEMH OCY IIECTBIAETCA MO
MOHOPAIUKAILHOMY MEXaHU3MY ; ITPOLIECC MOJIMMEPU3ALUN NPOTEKAET OUYEHb
MEJUICHHO Y CWJIBHO 3aBUCHUT OT TemnepaTypbl. CKOPOCTh pOCTa LENH OMUCHIBAETCSA
YPaBHEHUEM:

Vp=Kp[R°][M],

rae Kp - koHCTaHTa CKOPOCTH NPUCOESAMHEHUS MOHOMEPA K PaJUKay.

C MOBBILICHHEM TEMITEPATYPBI CKOPOCTH POCTA LM BO3PACTAET, HO MPHU
3TOM BO3PACTaET TAK:KE CKOPOCTh OOPBIBA LICTIH:

Vo6p= ko6p[R°]2,

rae ko6p - KOHCTaHTa CKOPOCTH OOpPHIBA,

[R°] - kKOHUIEHTpALMS paAUKAJIOB;

[M] - kOHLIEHTpaL|s MOHOMEPOB.

3T0 MOXKET NPUBOJUTE K CHWKEHUIO MOJIEKYJIIPHOM MacChl MOJIMMEPa U
CPEIHEH CTENEHU MOJMMEPU3ALIAHN IOy YaEMOTO NPOIYKTA.

JanpHelmee nossilenue temneparypsl peakuuu 10 300°C npuBoauT k
JENOJIMMEPHU3ALHN MOy YEHHOTO MOJUCTUPOJIA 10 MOHOMEPA.

VYka3aHHas CyIECTBEHHAA 3aBUCUMOCTD NIPOLECCA MOJUMEPU3ALIMHA OT
TEMIIEPATY PHO-BPEMEHHOTO PEKAMA TUKTYET HEOOXOAUMOCTh TIIATEILHOTO
BBIICPYKMBAHKA 3TOTO MApaMeTpa NPy MPOBEACHUN CUHTE3a NOJMCTUPOJIA IO METOY
TEPMHUYECKON MTOJTUMEPHA3ALINU.

B 0cHOBE MeTO1a TOJTyYEeHHA MOJUKAITPOAMUIA JICKHUT PEAKLIUA
TUIPOJIUTHYECKON MOJIMMEPU3ALUH £-KaNpOoJIaKTaMa, MPEACTaBIISIOIEr0 COO0H
LIMKJIMYECKOE COEIMHEHNE CIEAYIOIIETO CTPOCHU:

- CHa2
H.C C=0
\CHz—CHz—

[Iponecc HaUMHAETCS € PeaKLMKU NOJIMAMUAIUPOBAHUSA, KOTOPYIO
OCYIIECTBJISIFOT B IMTPUCYTCTBUM aKTUBATOpa (BOAA) U cTabuir3aTropa (aauimiHoBast
KHUCJIOTa). B NpUCYTCTBUM BOJABI IIPOUCXOIUT PA3PblB CEMUWICHHOTO IIUKJIA, C
00pa30BaHUEM aMUHOKAPOHOBOM KUCJIOTHI:



NH
7’
(CHa)s +HOH — HaN (CH3)sCOOH

AMUHOKANpOHOBAasA KMCJI0TA PEarupyeT ¢ KarmpojJakraMoM, o0pa3ys JuMeED:

HaN (CH2)sCOOH + (CH2)s ‘ = HaN (CH3)sCOHN(CH,)s-COOH
C=0

Jlanee mpoucxXoauT CTyTIEHYaTOE MTPUCOCIAUHEHUE JTAKTAMHBIX LIUKJIOB C
oOpazoBaHreM TpuUMepa U T.1. B pesynbTate oOpasyercs JMHEHHBIN MoauMep
CJIEAY HOIIETO CTPOSHUSL!

~{NH-(CHz)s~CJn~
b

Peakiuysa nosmmepusaiuy paBHOBeCHa U 0OpatuMa. COCTOSTHUE PAaBHOBECHSA
3aBUCHT OT TEMIIEPATYPHOTO PEKUMa MTPOLIECca U KOJMUecTBa cTabunnszatopa. B
ITPOU3BOICTBEHHBIX YCIOBUAX MOJUAMUIMPOBAHUE KaNpOJaKkTaMa IIpOBOAUTCS NIPH
temrieparype 240-280°C, B reuenue 18,5--32 yacos. Coaep:kaHue MOJIUKAITPOaMHIa
npocturaet 90%; npu 5TOM HACTyNaeT PABHOBECHE PEAKIIMN U TTIO3TOMY B KOHEUHOM
npoaykre conepxutcsa 10% HenmpopearupoBaBIIero KampoJakTama, €ro IuMepa u
Tpumepa. [Iporecc npoBoauTcs B armocdepe a3ota, T.K. HOJUAMUIL B IPUCY TCTBUH
KHUCJIOPOAA OKUCIIAETCA U pasfaraercsa. MeTroauka npOBEICHUs MTOJIMMEPHU3ALINN €-
KarpoJlaktama npeay cMaTpUBaeT HEOOXOAUMOCTh TOYHOTO JO3UPOBAHHSA aKTHUBATOPA
(BOOBI) ¥ IOAICPIKAHKA 3aJJaHHON TEMIIEPATyPhl B TEYEHUE BCETO MPOIIeCca.

Meton nonyuenns peHosnpopMaibaAECTHAHBIX OJTUTOMEPOB OCHOBAH HA
peaKuu NOJIMKOHAEH AU (eHoJa C POPMAIbAETUIOM B IPUCY TCTBUH
KaTaJm3aropa.

[1pu SKBUMOJIEKYJISTPHOM KOJIMUYECTBE (POPMAIIBAETHA 110 OTHOIIEHUIO K
(deHony B pe3yJibTaTe PeaKuy MOJUKOHIESHCALMU 00pa3yrOTCs JIMHEHHbBIE
TEPMOIJIACTUYHBIE CMOJIOO0OPA3HbIE OJIMTOMEPHI, HA3bIBAEMbIE HOBOJTaKamMu. B
MPUCYTCTBUH KUCJIBIX KATATU3aTOPOB PEAKLUSA MTPOTEKAET O MOHHOMY MEXAHU3MY C
00pa30BaHNEM CIOKHON CMECH M30MEPOB U TIOJINMEPTOMAJIOTOB 00meH hopMyIIbl:




rjae n = 4, a ToukaMu NOKa3aHbl BO3MO)KHBIE MECTA IPUCOCTUHEHUS
METHJIOBBIX TPYIIIL

[1pu u30bITKE PopMasbAETHAA O OTHOLICHUIO K (DEHOJTY B MPUCYTCTBUN
LIETOYHBIX KATAIM3aTOPOB PEAKLIMA MPOTEKAET uepe3 00pa30BaHUE U30MEPHBIX
METHII()EHOJOB!
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[Tonmyyaembie MPOIYKTHI HA3BIBAKOTCS PE3OTAMH.

HOPAJTOK BBIITOJHEHUSA PABOTbDI

3AJIAHME 1

Ionyuenue nonucmupona
Hcxoanbie npoayKTel, 000pyA0BAHUE, MPUHAIJICKHOCTH:

Ctupoa (CBEKETPUTOTOBIICHHBIN )



Oprannveckuii pacTBOPUTENL (CNUPT FTUNOBBIH, aLIETOH)
ToncrocTeHHas ammnyna U3 NMPOYHOro crekna va 50 mi
[Iunerka rpagyvpoBanHas

Konba kpyraonousas va 250 mn

X0NnoaAMNbHUK 00paTHBIN

Konba korauueckas va 250 mn

Boponka

Lnnuuap mMepubiid Ha 100 mn

brokenl Ha 50 mn

CTeknsHHbIE NaNOUYKU

OKCHKaTOp

Boasnas 6ans

Becbl ananuTHueckue

Tepmotukad

YcTaHoBKa 4014 3aNIaMBaHUA aMIty

X04 padoThl

B ToncTocTeHny0 aMnyly U3 Mpo4Horo crekna Ha 50 Ma BBOAAT € MOMOLLBIO
rpaayuvpoBaHHoif nunetky 10 ma ctupona.

AMnyJly 3anmauBarOT HA YCTAHOBKE AJ14 3aMavBaHNA. AMMNyJly MOMELIAKOT B
Tepmomikad ¢ remneparypoii 170£2°C v BbIAESP)KUBAIOT B TCYEHHE 3aJaHHOIO
BPEMEHH (BpeMA NMONUMEPHU3aLlnK 3aAaeTCa npenoaasarenem). [locne 3asepeHus
MOJIMMEPU3ALIMY aMITyJly OXJIAXIAIOT Ha BO3AYX€, 3aTEM OCTOPOXKHO BCKPbIBAIOT A1
M3BJICYECHHs TOTOBOrO NpoAyKTa. [Ipu npaBUuibHOM BbIAEPKUMBAHUU BCEX Y CITOBUI
CUHTE3a NOJTYy4aeTCAa TBEPAbIH, NMPO3pavHblid, OECLIBETHBIH MOJAUCTHPOI.

AHaNM3 MoJYYEHHOrO NPOAYKTA PEAKLIMH

Onpeneauts MIOTHOCTb NOJAYYEHHOTO NOJANCTHPOIA METOI0M
rMAPOCTaTHUECKOrO B3BEIIMBaHUA. [l1s 3T0ro oOpasel, NoJBELIHBAKOT Ha TOHKYIO
MEIHYKO NPOBOJIOKY W B3BELIMBAKOT HA CMELMAILHO MPUCTIOCOONTEHHBIX
AHAIMTUYECKUX Becax ¢ TOYHOCTLIO A0 0,0002 r. 3atem oOpasen NoaHOCThIO
MOIPY>KaloT B NMOACTABIECHHbIN CTaKaH ¢ AMCTUUIMPOBAHHOW BOAON, UMEIOLIEH
Temnepatypy 20+£5°C, 1 B3BELIMBAIOT B BOAE € TOM K€ TOYHOCTBIO.

[T70THOCTb paccuMThiBaeTCA MO hopmyie:

p=mOmoO0-m1 (r/cm’),
rae m0 - macca oOpasua B BO3ayxe, I,
m1 - macca oOpasua B BoAg, I.



3a pe3yabTaT NIPUHUMAIOT CpeAHEE apH(PMETHUECKOE 3HAYEHHE N3 ABYX
ONPEAECTACHHH.

3AJIAHME 2

[loayuenue nomkanpoavioa uz E-KanpoaaKmamd
Hcxomneie npoayKThbl, 000py IOBAHUE, MPUHALIE)KHOCTH:

€-KarpoJjaKTam
AZVWNMWHOBAA KUCJIO0TA

Boaa auctunnupoBanHas
Amnyibl, eMKOCTbIO 5-15 M1
Konba kpyrnononnas na 250 mn
XonoauIbHUK OOpaTHBIH

Konba konnueckas Ha 250 ma
Bopounka

Unanaap mepueiid Ha 100 ma
brokcbl Ha 50 mn

CreknaHHbIE NAaNOUKH

Crynka (apdopoas

OuibTpbl OyMakHbIE

DKCHKaTOp

Becbl ananutnueckue

YCcTaHOBKaA 114 3amanBaHNs amny i
[lecuanas OGans

Tepmommkad

Xoa padoThl

e-Kanponakram pactupaiot B (happoposoii cTynke (H3MesbueHne
KanmpoJiaKTaMa ClieAyeT MPOBOAWTb JOCTATOUMHO ObICTPO, T.K. BEILECTBO
THIPOCKOMWYHO). B npeaBaputenbHO B3BEUICHHYIO CYXYIO aMnyJly OGepyT HaBeCKy
KanpoJjakrama ¢ TouHOCTbIO 10 0,0002 r. C moMOIIbIO MHKPONUIIETKH BBOOAT B
amIlyJly pacu4eTHOE KOJAMUYECTBO aKTUBATOpa. AMNyJly ObICTPO 3aManBatoT. 3aTeM
MOMEIIAOT aMNyJy B necyanyto 6aHio ¢ Temneparypoi 260°C a3 noJuMepH3aLnn
KanpoJiakTaMa; BpEMsi MOJMMEPH3alMK 6 4acoB.

KonnuecTBo kanponaktaMa, crabuiinzatopa 1 akTHBaTopa, Tpedyemoe s
MPOBEACHNUS NMPOLECCa MOJNMEPHU3ALMH, 3aJaETCS MPENOJABATENEM.

[locne 3aBeplueHNUS Mpouecca MOAUMEPHU3ALIAN aMNyJly ¢ MTOAUMEPOM
OXJIKIAIOT, OCTOPOXKHO BCKPLIBAIOT U BH3yaJIbHO OLCHHWBAIOT CTCNECHD
MOJIMMEPHU3ALIUK MO CNIEIYIOLMM NPU3HAKAM: MPH HEBBICOKOH CTENEHH
MIOJIMMEPU3ALIAN TTOJIMMEP UMEET BHI TBEPAOTO XPYTIKOTO MPOAYKTA, MPH BBICOKOH
CTEMCHW MOJIMMEPH3ALIMH - TIPOAYKT TBEPAbIH W YNPYTHIA.

AHaNN3 NOJVYEHHOTO MPOAVKTA PEAKLIMH




Jna onpeneneHua BbIXo4a NOJMMEPa HaBECKY, U3BJICUCHHYIO M3 aMITyJibl,
W3MENbYAIOT, B3BEMNWBAIOT C TOUHOCTBIO A0 (0,0002 r u nomemaror B kondy,
cHaOXEHHY 10 00paTHBIM X0JI0AWILHUKOM. B konby nobasnatot 100 Ma Boabl
(INCTWJIMPOBAHHOM ) M KMOATAT B TeueHue 2 yacoB. [locne ynaneHns MoHOMepa U
HU3KOMOJEKY JIAPHBIX MPUMECEH OTMbIThIH 0CaA0K OT(HIBTPOBLIBAIOT, BLICY IIIHBAIOT
10 MOCTOSAHHOH MAacchl, B3BEIIMBAIOT. Bbix0a nonrMMepa paccuuThiBalOT 10 Gopmyie:

X=miIm0Ox10%),
rae m0 - HaBeCKa NOJAUMEpa A0 KUIAYEHUs, T,
m1 - HaBecka MOAMMEpPA NOCE KHMNAYECHHUSA, CY IIKH, T.

3AIAHME 3

Howywenue enoiaghopmaibOecuonpix 0AU0MePOs 1H08OAAHI00. MUNA
Hcxonnbie npoayKThl, 000py10BaHUE, NPUHAANEIKHOCTH:

deHon

dopmanun (40%-i BoaHbII pacTBOp opManbaeruia)
Consanas kucnora

Tpexropnas konba na 300 Ma
OOpaTHbIH XONOANWBHUK

TepmomeTp Ha 200°C

dapdoposas uanika

Crakan Ha 250 mn

Konba nva 300 mn ¢ nputepToii npoOKoH
BoasHasa Oans

Tepmorikad

MacnsiHag unu Bo3ayiuHas 6aHs

X0A padoThl

B Tpexropnoit kon0e cMEMMBAIOT PaCHETHOE KOJIMYECTBO UCXOAHBIX KOMIIOHEHTOB:
deHona, popmanuHa, conaHol kucnotel. Konby noMelnaroT B BOAAHY O OaHIO (1oj
TArOH), NPUCOEANHSAIOT OOPaTHBIH XONOAWIBHHUK W MEAJICHHO HArpeBarOT CMECh 10
temnepatypbl 60-70°C. [TockobKy peakups K30TEPMHUUHA W JabHEHIIEe
HarpeBaHue He TpeOyeTcs, NOCe 3aKHNaHUA PeaKUMOHHOM cMecH OaHIo yaasioT U



NpOAOJDKAIOT IKZOTEPMHUECKYIO PEaKUUIO O€3 HarpeBanwa. 3aTem Konly cHOBa
NOMELIAOT B rOPAYYHO BOAAHYIO OAHIO W BBIACPKMBAIOT CMECH A0 pa3fc/eHNns Ha 1Ba
CJIOA: BEPXHWIA CJIOH - HAACMOJIbHAs BOJA, HUKHUA CJION ABJIAETCA NpOAY KTOM
NOJUKOHAECHCAUWH (HOBOJIAK) U MPEACTABAAET cO00i BA3KYHO MAacCy CBETAO-KENTOTO
useta. [locne oxnaxaeHusa NpoayKra, COAepkKaLueroca B Koade, CIMBaroT
HAACMOJIBHYIO BOZY, a MOJYYEHHBIH OJIMTOMED MEPEINBAIOT B KOJIOY C MIOTHOM
npoOKoii U OCTaBJAIOT AN AaNBHEUIIEro aHaan3a.

AHanu3 NoJIY4EHHOIrO NpoAayKTa peakuuu

Onpenenurts BBIXOA NPOAYKTA - OJIMTOMEPA HOBOJIAYHOTO THIA U3 pacyera Ha
(peHon.

Jns 3TOro NOAy4EHHBIH OJMrOMEP NOMEWAOT B MPEABAPUTENBHO
B3BELICHHYIO (papopoBYIO HALIKy M NPOBOAAT YNAPWUBAHHE HA MACTIAHOM WK
BO34y LIHOH OaHE (MOA TATOM) Npy NOCTENEHHOM NoAbeMe Temnepatypbl oo 200°C.
[Ipu 3TOM B nepBbIid Nepuo HarpeBaHWa NPOAYKT KOHASHCALIMA MOXKET NEHUTLCA
BCJIEACTBHE MPUCYTCTBUA BOIBI. 3aTEM HALIKY OXJIAKAAFOT (B 3KCHKATOPE) U
B3BELIMBAIOT.

Pacuer Bbixoaa npoayKTa (HOBOJAKa) MPOBOAAT MO (popMyJIE:

X=m1mO0x100 (%),

rae m0 - nicxonnas macca (peHona, r,

m1 - Macca NoJy4Ye€HHOro NPOayKTa, T.

3AJIAHME 4

Toxyyenue ghenongopuaivoecuonvix oaeomepos pe3obHOTO mund
Hcexonnpie npoaykTel, 000pyA0BaHHE, NPUHALIEAKHOCTH

denon

dopmanuH (40%-i BoaHbli pacTBOp popManbacruia)
['mapokcua Hatpws

Tpexropnas kon6a Ha 300 mn

OOpaTHBIH XONOAUJIBHUK

Tepmomerpsr Ha 200°C, va 100°C

brokcbl

Kon6a na 300 ma ¢ nputeptoii npodkoi



ITukHOMETP

DKCHKaTOp
Buckosumerp

Boasanasa Oana
TepmomeTp CTEKNAHHBIN
Becel ananutrueckme
Tepmolukad
CekyHaomep

Xoa padoTel

B Tpexropnoit konbe CMELIMBAKOT paCYETHOE KOJIMYECTBO (peHoa,
(opmanuHa U rnapokcuaa Hatpus (karanuszatop). Konby nomemaior B BoAsAHY10
0aHro (MoA TAroi), MpUCOEAUHAROT OOpaTHbIA XOJIOAUNBHHUK U MEANEHHO HAPEBAKOT
cmech ao temneparypel 85-90°C. Ilpu A0CTHXKEHWN YKa3aHHOH TemnepaTypbl
HauWHaeTCsA SK30TEPMHUYECKAs pPeakKiiya, KOTopasi NpoA0JKAETCA MPH AaHHOH
Temnepatype B tedenue 1 ,0-1 .5 4. Peakuuro mpekpaiaroT B TOT MOMEHT, KOrAa
CTAaHET SICHO BUAHO Pa3ACIECHUE PEAaKIIMOHHOM Macchl B kKoNOE Ha ABa ¢oA. 3aTem
BOJAHY10 0aHIO YJAJIAIOT, @ PEAKLIMOHHY 0 CMECh B KOJIOE OxJIaykAatoT. BepxHulii crioit
B PEAKLIMOHHOM K010€ — HAaACMOJIbHAA BOAA, HUXKHHUHA CIIOH - CMOJI000Opa3HbIii
MpoAYKT NOAUKOHAEHcaUUu (pe3on). [locne oxnaxaeHns Coaep>KUMOro Konobl,
CJIMBAOT HAACMOJBHYIO BOAY, @ MOJYYEHHbIH ONIMTOMEP MEPEHOCAT B KOOy ¢
MPUTEPTOM MPOOKON U OCTaBAAIOT A4 AANbHEALLIEro aHauinsa.

AHanu3 NOJIVYEHHOT 0 NPOAVKTA PEAKLIMU

Onpeoeienue cyxo20 OCMAamKa 6 Pe3oiblolt cMoie

B npeasapuTENBHO B3BELLEHHBLIA OFOKC MOMEIIAIOT OKONO 2 I MOJAYYEHHOrO
onmromepa (B3BecutThb ¢ TOUHOCTBIO A0 0,0002 r). Brokc (¢ OTKPBITOM KpbILIKOW )
MOMEIIAT B TepMoLIKad (oA TAroi) U MPOBOAAT CYyUIKY OJIMTOMEPA A0 MOCTOsA HHOU
mMaccol. OxnaxxaeHue 0roKca (¢ 3aKpbITOH KPBILKOH ) MPOBOAAT B IKCUKATOPE Nepen
KaX<AbIM B3BelIMBaHUEM B TeueHHe 0,5 vaca. [Tpy AOCTMIKEHUI TOCTOAHHOMN MaccChl
NPOBOAAT PACYET CYyXOro OCTaTKa 1o (popmyne:

X=m1mO0x100 (%),

rae m0 - macca HCXOAHOW HaBECKH, T,

m1- Macca OCTaTKa NOCNE CYLUKH, T.

Onpeoenentie 6343k0Cmu NOAYHEHHO20 OUSOMEP



OnpeneneHne BA3KOCTH OJMTOMEPOR NPOBOAMTCA CIEAYIOINM 00pa3oM:
MPEABAPUTENBHO MPOMBITBII BUCKO30METP YCTAHABINBAIOT B CTCKIAHHBIA TEPMOCTAT,
3aMOJIHEHHbIA ANCTUTHPOBAHHON BOAOMN, TAKUM 00pa3oM, 4TOOBI BEpXHsAA METKa
W3MEPUTENIBHOrO WAapHKa HaXOAWIach NPUOIU3UTENLHO Ha 20 MM HHXKE YPOBHA BOAbI
B TEPMOCTATE, a OCb TPYOKM C KanUIIIPOM HaXOAMAch B CTPOrO BEPTHKAJIbHOM
MOJIOKEHUMU.

Hccnenyemblii onuromMep 3anuBaroT B TpyOKY BHCKO3MMETpPA € IINPOKHAM
rOpJIOM, A0 YCTAaHOBJICHUS YPOBHS pacTBOpa MEXIY ABYMS METKaMH 3aMOAHEHUA B
HWKHENH 4acTU BUCKO3UMETPA U IPOU3BOAAT TEpMOCcTaTUpoBaHue npy 25+0,1°C B
TeueHue 15 mMuH. 3atem Ha TpyOKy € KanmuuIApPOM U COSAMHEHHYIO C Heil OOKOBYIO
TpyOKy HaaeBalOT pE3MHOBBIC WINAHrK. Pe3UHOBBIN Wnadr OOKOBO Tpy OkH
MEPEKMMAIOT 32KHMOM, @ YEPE3 WIAHT TPYOKH € KaMHIApOM C MOMOLLBIO [Py LIH
3aCacblBalOT PACTBOP [0 MOJOBUHBI BEPXHETO WAPHKA. 3aKpbIBAOT BbIXOAHOE
OTBEPCTHE KaNHUAIAPHON TPyOKHM Ha HECKOJIbKO CEKYH/, W, OTKPbIB OTBEPCTHUE
OOKOBOW TpyOKH, 10OMBArOTCA, UTOOBI HA HUKHEM KOHLIC KanuJUIAPHON TpyOKK He
OCTaNOCk XKUAKOCTH. OTKPBIBAIOT BBIXOAHOE OTBEPCTHE KAMUIIAPHOH TPYOKH
3aMEpAIOT BPEMA MPOXOKACHNSA YPOBHA JKUAKOCTH OT OAHOM U3MEPHTENBHON METKH
A0 apyroi. M3MepeHus npoBoaAT He MeHee 3 pa3, IPUMEM OTCUETHL IO CEKY HAOMEPY
HE N0JKHBI pacxoanTbea Oonee, ueM Ha 0.4 c.

JnHamuueckyto BazkocTb onuromepa (I1a ¢) Beluncnstor no gpopmyie:

n=iKpL

[JI€ K - KOHCTaHTa BUCKO3UMETPA,

t - BpeMs HCTCUCHUS,

p - MUIOTHOCTb OIUrOMeEpa.

[TnoTHOCTL OAMrOMEpa ONpPeAenAT MMKHOMETPHUUECKUM METO0M. J1nd
3TOro0 B3BEWIMBAIOT HA AHAJMTUUECKHX BECaX KannOpOBaHHBIH MAKHOMETP (C
TOUHOCTBIO A0 0,0002 r), 3aTeM a HEro MOMEIMAOT UCCICAYEMbI OMTOMEP (CTPOro
A0 METKM) U CHOBA B3BEWIMBAIOT (C TOM € TOYHOCTBIO). [110THOCTL onromepa
BBIUMCIIAIOT 1O (hopMyne:

p=m1-mOV (r/cm’),

rae m0 - Macca mycToro MUKHOMETDA,

m1- Macca MMKHOMETpA C HABECKOH OJMroMepa,

V - 00beM NUKHOMETDA.



TPEBOBAHUA BE3OIIACHOCTU TPY A

[Tpu BbINOIHEHWM JA00PATOPHBIX palOT UCMONBL3YIOTCA Pa3IMUHbIC
XMMUUECKHWE BEIECTBA, paboTa ¢ KOTOPbIMU TPEOYET nNpeay CMOTPEHHA
ONpeAEAeHHbIX Mep Oe30NacHOCTH.

CTHPOI - TOPIOYMI yrAeBOAOPOA, NOITOMY NPH M0 XPaHEHHH W MpH padoTe ¢
HUM JOJDKHBI COOMOAATBCA BCE MEPI PEAOCTOPOIKHOCTH, TIPEAYCMOTPEHHBIE TIPU
paboTe ¢ IETKOBOCTTaMEHAIOLUMMUCA KUAKOCTAMH; B YACTHOCTU, HEOOXOAUMO
n3beratb OTKPBITOrO OTHSA, TPEHHS, CTATHYECKOT O 3JIEKTPHUECTBA.

[Tapbl CTHpOA OTHOCATCA K YMEPEHHO TOKCHUHBIM MPH BIBIXaHUM.
OnacHeIMK KOHLIEHTPaLMAMHK NapOB CTUpOJIa B Bo3ayxe apaserca 10-12 mr/n npu
BpPEMEHW Bo3aeiicTBUA 8 4acoB, KOHUEHTpaLWsa 46 MI/n ABAAETCA ONAcHOH NpH
Bo3aciicTBuU B TeueHue 0,5-1,0 yaca. MakcumanbHO 10Ny CTUMas KOHLUEHTpaLmWA
MapoB CTUPOJA MPH JISHCTBMU Ha YEJIOBEKA B TEUSHHE 8 4acoB COCTaBJIAET 2 MI/J.

Cnenmyet u3berate nonagaHus CTUpoOJIa Ha KOXKy. [Ipw caydaitHOM nonagannu
CTUPOJIA YEPE3 POT BHYTPb OpraHn3mMa HEOOXOAUMO HEMEIICHHO TIPHHATD PBOTHOE
CPeACTBO (OHO HE AOHKHO COACPXKATh CIIMPTa); CPOYHO BbI3BATh Bpaya.

DopManu - 6€CLIBETHAA )KUAKOCTb C HEMPHATHBIM Pa3ApaXKatOLLMM 3anaxoM;
npenactaBnaseT coboit 40%-# BoAHbIH pacTBOp (hopMasibaeriaa.

Babixanue napos (popmanbACruaa BeI3bIBAET CAE3bI M PA3IPAKEHNE
ABIXATENbHbIX MYTEH, MPEACTBHO AOMYCTUMAash KOHLUEHTPALHA €ro NapoB B BO3AYXE
0,0011 mr/n. 3anax ¢popmanbaeruia 4yBCTBYETCA YxKe NpU koHUEeHTpauuu 0,0001
MI/JI.

DeHOT - OTHOCUTCA K TOKCUUHBIM BellecTBam. [Ipu nonaganuy Ha KOy
(peHON BBI3BIBACT OXKOTH W A3BbI. [103TOMY B cydae nonaaaHus (peHoa Ha KOXKY
CreayeT HEMEAJIEHHO CMbITh €T0 CHIIBHOM CTPYEH NMPOTOYHOMN BOABI, 3aTEM
MOPaXXEHHbIH y4yacTok 00padoTaTh STUJIOBbIM CTUPTOM (96% KOHLEHTpaLMK),
KOTOpbIH conepnT 3% xnopuaa kenesa (I1), a 3arem - crosa Boaoil. Eciu
HaOmonaercs Gonee cepbeszHoe nopakeHne PEeHOIOM UM ero napamu, clieayeT
CPOYHO BBI3BATH Bpaya.

£-KalpoJaKTam - MOpOLIOK Oemoro LBeTa, XOpoLLUo pacTBOpUM B Boae. Mmeer
TOpPbKWH BKYC U HEMPHATHBIN 3anax. [Tonaganue kanpogakTama Ha KOXy (Jaxe B
BHIE BOAHOTO PaCTBOPA) BbI3BIBACT TMMEPEMHIO W IENYIIEHNE. [IpU AAUTETBHOM
BO3JCHCTBUU KaposlakTama Ha YesoBeKa (IpU KOHLIEHTpauuu B Bo3ayxe 0,003-0,009
MT/JT) NOABJAKOTCA TOIIHOTA, MOTEPA anneTUTa, YTOMJICHUE U TOJ0BHAsA 00JIb.

Bce paboTbl ¢ NEPEUUCIEHHBIMY BELUECTBAMMU CJASAYET NPOBOAUTE B
BBITS/KHOM MKagy.

Mepbl NpeAOCTOPOIKHOCTH NPH BCKPLITHH CTEKISHHBIX aMMyJl C MOJIHMEPOM

[Tocre 3aBeplUEHHA CUHTE3a aMMyJly OXJIaXKAAOT. YTOOBI BCKPBITL aMny.Jy,
HeOOXOANMO HarpeTh 3anasHHbIA KOHEL B MJJaMEHHW FOPENKH; 3aTeM CIEeNaTh HAApe3




HANWIbHAKOM Ha paclIMpeHHON yacTu amnyJbl. [lociae 3Toro Heo0XoaumMo 3aBepHY Th
amImyJly B TKaHb U 00JIOMUTb HAAPE3aHHbIN KOHEILL
3areM U3 amIyJibl MOKHO M3BJI€Ub MOJyUYEHHBIA TOJTUMED.

O0padoTKAa PE3VJAbLTATOB DKCIEPDUMEHTA

Pe3ynbTarhl SKCIEPUMEHTA 3aHOCATCS B TAOJMILy HECTJIAKEHHBIX TAHHBIX.
B kauecTBe npumepa MpUBEIEH BapuaHT 00pabOTKU pe3yIbTaTOB SKCIIEPUMEHTA 110
3amannio 2 «lojiydeHne MoNMKanpoaMuIa u3 €-KanpoaaKkTaMay.

OnpeneneHre BbIX01a NOJMMEPA MIPU CUHTE3E E-KANpoJiaKTaMa.

No Macca Macca Macca HaBecKu KomuectBo Macca Macca Brixon
OTIBITA MyCTOH AMITYJIBI C €- katanusaropa. | ITKA.r go KA. r MoJIuMeEpa.,
AMITY JIBL, HABCCKOM, KanpoJiakrama., r KAITIYICHHA mocic %
r r T KAITIYICHHA
H CYIIKH

1

2
UTn

Ycnosus onbita: T°= 260°C

BpeMs - 6 4acoB.

dopMyia 11 pacyeTa BbIX0/1a MOJUMepa:
X=m1m0x100 (%),

rae m0 - HaBeCcKa MoJiMMepa 10 KUMAYCHHUA, T,

m1 - HaBeCKa MoJarMepa Mocie KUMSAYCHUS, CYIIKH, T.

Conep:xxanue 1 ohopmJieHHe OTUETA 0 padoTe

Omuem o'pabome cocmaegisemesi ¢ mempaou. Omuem O0NIHCeH BKIOUAMb:
- IaTy BBIMOJHECHUS;

- HAMMEHOBaHUE PadOTHI;

- 11eJb PadoTHI;

- IEPEYEHb UCXOIHBIX MPOAYKTOB, 000PY I0BAHUS, MPUHAIJICKHOCTEH;
- ONMCAHKE CYIIHOCTH METOJA, XUMHU3Ma MPOLECCa CUHTESA,;

- ONMCAHKE YCJIOBUI CUHTE3a; PUCYHOK Y CTAaHOBKH,

- XapaKTEPUCTHUKY BHEIIHETO BUJIA MOJYUYEHHOTO MPOAYKTA CUHTE3A,;

- pE€3yJIbTaThl AHAJIA3A MOy YEHHOTO OJIMTrOMepa, MOJUMEpa,;

- 00CYKJIEHUE PE3yIbTATOB SKCIICPUMEHTA,

- BBIBOJIBL.




[Tpu obeyxcoenuy pezyabmamos JKCHEPUMenma no KaicooMy KOURPemuomy 3a0anuio
He0OX00UMO:

- YCTAHOBUTb COOTBETCTBHUE BHELIHErO BUAA NOJYUYEHHOTO NPOAYKTa C BHELUHUM
BHAOM NOJUMEPA (OJIMromMepa), ONMCaHHOro B METOAUUECCKUX YKA3aAHUAX,

- BbISIBUTb COOTBETCTBME MOJIYYEHHbIX PE3YJIbTATOB aHAJIU3a NPOIYKTOB CUHTE3A
(MJIOTHOCTb, BBIXOA U T.T.) TEOPETHYECKNM MPEACTABJIEHUAM O JAHHOM MOJMMEPE
(onmvromepe).

Bonipochb! A91 CAMOKOHTPO.IA

1. Kakne nponecchl CMHTE3a NOJIMMEPOB MOTYT ObITh OTHECEHbL: K
MOJMMEPU3ALMOHHBIM; K MOJUKOHAEHCALUMOHHbIM? [IpUBeanTe npumepsl.

2. [lepeunicaure OCHOBHbIE CMTOCOObI MHULMWPOBAHWUSA PEAKLIMHU PaJAMKAIbHOH
NoJIMMEPU3ALINH ((PUBNIECKNE K XUMHUYECKUE).

3. Kaknm pusnko-xumrdeckuM (paktopom onpeaensaercs 3(h(HheKTUBHOCTb
HHULMATOpa?

4. Kaknmu (pU3NKO-XUMHUYECKUMH (haKTOpaMU OTJIMYAETCA NPOLECC NMOIUMEPH3aLNT
MPpU MAJIbIX KOHBEPCHAX U NMPH [TyOOKHX KOHBEPCHAX.

5. 3aBUCAT U CpEeAHAS MOJIEKYJIIPHASA MAacca W CTENEHb NOJMMEPU3ALIMN OT
TeMOEPaTypHO-BPEMEHHOr0 (hakTopa? OOBACHUTE 3aBUCUMOCTb.

6. CKOpOCTb peakLMu NOJIUMEPU3aLIMA HEKOTOPOI O NOJIMMEPA BO3PACTAET C
NOBbILUEHWEM TemnepaTypsl. [10 kakOMy MexaHU3My (MOHHOMY WJIH PaINKaJIbHOMY )
MPOTEKAET 3TA PEaKLUA?

7. Ha3oBuTe OCHOBHBIE CNOCOOBI NPOBEACHNA NPOLIECCA NOTMMEPH3ALIUA.

8. PaccuwTaiite TeOpEeTUUECKOE COACPKAHUE a30Ta B MOJUKANPOAMUIE U KUCA0POaa -
B NOJIABUHUIJIOBOM CITUPTE.

9. OcHOBHbIE 3aKOHOMEPHOCTH CTYNEHUYATOH NOJMMEPH3ALIMK HAa NPUMEpe
KanpoJlakrama.

10. O6BsIcCHNTE 3aBUCHMOCTD PABHOBECUSA B CUCTEME LIMKJIMYECKOH NOTMMEPU3ALINK
OT TEMMNEPATYPbL MPU MOJUMEPUALMH MOJIMKANMPOAMUAA U3 £-KATIPOJIAKTAMA.

['1. TToamkonaeHcamus;, 0COOEHHOCTH PEAaKLIMH NOJMKOHAESHCALWH.

[2. MexaHn3M W KHHETUKA NPOLECCOB MOJUKOHACHCALINH.

[3. CrnocoObl npoBeACHUS PEAKLVH NOJMUKOHASHCALMU NMOJUMEPOB.

[4. MeToabl OnpeaesieHrusa MONEKYJIAPHOR MacChl NOJIUMEPOB.

[5. MeTosibl OLIEHKH CTENMEHH KOHBEPCUU MOJIMMEPOB.
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