Yupexaenue 00pazoBaHus 5
«BEJIOPYCKHWU I'OCY JAPCTBEHHbBIN
TEXHOJIOTMYECKNU YHUBEPCUTET»

E. M. 'pywoBa, A. . FOceBuy, 0. B. Kyuc

XUMUA U TEXHOJI0ITNsA
OCHOBHOIO OPrAHU4YECKOI'O
N HEOTEXUMUNYHECKOIO CMHTE3A

NABOPATOPHbIV MPAKTUKYM

Jonyweno
Munucmepcmeom obpazosarnus Pecnyonuxu berapyco

8 Kauecmee y4ueOH020 nocoous OJisi CMyOeHmo8
VUpedcoeHull 8blcuieco 0opazoeans
no cneyuanbHocmu « Xumuyeckas mexHoaoeust
OP2AHUYECKUX 8EUeCE, MAMEPUALO8 U U30eTULLY

Munck 2011



VJIK 661.7-047.87+665.65](075.6)
BBK 35.61+35.514]173

91
PeuneHn3eHTH:
Kadenpa BBICOKOMOJIEKYJISIPHBIX COSTUHEHUIN
Benopycckoro rocy1apcTBEeHHOTO YHUBEpPCUTETA (IOKTOP
XUMHUYECKHUX HayK, nmpodeccop, 3apenyromuii J1. 1. Kpynv);
JIOKTOP XUMHYECKUX HAYK, 3aBEAYIOIIHM JJabopaTopuei
MOBEPXHOCTHO-aKTUBHBIX BEIIECTB I'OCYJaPCTBEHHOIO
HAyYHOTO yupexeHus « THCTUTYT XM HOBBIX MaTepPUAIIOB
HAH benapycu» B. A. Tapacesuu

Bce npasa na dannoe uzoanue 3awuuensvt. Bocnpouseedenue 6ceii knueu uiu ee
yacmu He modcem OblMb OCYUWeCMBIeHo 0e3 paspeuieHus yupextcoenus 0opa308anisl
«benopyccxuti 2ocyoapcmeennbiii mexHoi02udeckuil yHusepcumenty.

91

I'pymiosa, E. H.

XUMHUST W TEXHOJIOTHS OCHOBHOT'O OpPraHWYECKOro W HePTeXH-
MUYECKOT0o cuHTe3a. JIabopaTopHbIi MPAKTUKYM : y4el. mocobue asis
CTYJCHTOB MO CHEUUATBbHOCTH «XHUMHUYECKas TEXHOJOTWsS OpraHuye-
CKHX BeIlecTB, MatepuasioB u m3aenuin» / E. W. I'pymosa, A. W. FOce-
Buy, O. B. Kyuc. — Munck : BI'TY, 2011. — 141 c.

ISBN 978-985-530-078-7.

JlaGopaTopHBblii MPAaKTUKYM BKJIIOYAET TEOPETUUECKUN MaTepual u jabopa-
TOpHBIE PabOTHI [0 AUCHUILINHE «XHUMUS U TEXHOJIOTHS OCHOBHOT'O OpraHuye-
CKOT0 U He(TEeXMMHUYECKOTO CHHTE3a». B TeopeTHueckoil 4acTH KakJoro pas-
Jienia IPEZCTaBICHBl CBEICHUS O MEXaHU3MaX M OOLIMX 3aKOHOMEPHOCTSX pe-
aKIWH, TeKAIMX B OCHOBE CHHTE3a OPraHUYeCKUX coeAnHeHnid. B maboparop-
HBIX paboTax, MOJEIUPYIOMIUX Ps/I MIPOMBIIIJICHHBIX MPOILIECCOB, OMUCAHBI OC-
HOBHBIE IPHOOPHI U 000PYIOBAHUE, TEXHUKA SKCIIEPUMEHTA, METO/IbI KOHTPOJIS
U HUCCIIEJOBaHMS IMPOLIECCOB CUHTE3a OPraHUYECKUX BEILECTB U IMOJIyYaeMBbIX
npoaykToB. I1o BceM pa3zaenaM MpakTUKyMa JAr0TCs KOHTPOJIBHBIE BOIIPOCHI.

JlaGopaTopHblii MPAKTUKYM MOXKET ObITh MCIIOJB30BaH B y4€OHOM Ipolecce
CTyJeHTaMH, oOyyaromuMucs no crenuaibHocTsM 1-43 01 06 «3Heprocbepe-
rarouife TEXHOJOTUU U YHEpreTuYecKuil MeHeKkMeHT», 1-25 01 07 «OkoHOMUKa
U ynpaBlieHHe Ha npeanpustuny, 1-26 02 03 «Mapketunr». Marepuansl j1a60-
pPaToOpPHOTO MPAKTUKyMa MPEJCTABIISIOT MHTEPEC JJISl aCHMPAHTOB U paOOTHHKOB
HAy4HO-HCCIIE0BATEIILCKUX JTa00PATOPHI XUMHKO-TEXHOIOTHIECKOTO MTPOQHIISL.

VIIK 661.7-047.87+665.65](075.6)
BBK 35.61+35.514]173

ISBN 978-985-530-078-7 © E. U. I'pymogsa, A. U. FOceBuu,

0. B. Kyuc, 2011

© YO «benopycckuil rocy1apcTBEHHBIM
TEXHOJOTUYECKUI yHUBEpcUTET», 2011



OrN1ABJIEHME

MPEOUCTIOBMUE. ... 7
I. MPOLUECCHI U'SBOMEPU3ALIUN................cceeeiee, 8
JlaGopartopHas pabota. M3oMepuzaius HIUKIOTEKCaHa ........... 10
Jlabopatopnas paborta. [lomydyenne e-kanponakrama.............. 11
BOITPOCHI K 3AIIIMTE JABOPATOPHBIX PABOT .......coevvvviviiieeeeeeeeeeeennnns 13
II. MPOLECCbBI OKUCJIEHUAL...............cce e, 14
JlabopatopHas pabora. CHHTE3 OPraHMYECKUX KUCIHOT........... 18
JlaGopartopnas pabota. [lomyueHue aneranpaeruaa................ 22
JlaGoparopHass pabora. DMOKCHAMPOBAHUE PACTUTEIIBHBIX
MACEIT -.teeenetteeeiteeeetteeestteeeaabeeeeaueeeesbbeeesabteeesabaeesaabteesaneeeesaneees 25
BOITPOCKI K 3AIIUTE JIABOPATOPHBIX PABOT .....ccvvveeereennieeenreeenenenne 27
III. NPOLECCbBI ANIKUWINPOBAHUA ..., 28
Jlabopartopnas pabota. [lonyyenue napa-tper-oytundenona 34
Jlabopatopnas paborta. [lomydyenne TpuMeTUIAMUHA.............. 35
BOITPOCHI K 3AIUTE JIABOPATOPHBIX PABOT .....ccovveeereeeireeereeenennne 37
IV. MPOLECCBbI HUTPOBAHUA ...............c e, 38
Jlabopatopnas paborta. [lomydyenre HUTpOOEH30A................. 43
BOITPOCHI K 3AIMTE TJABOPATOPHBIX PABOT .......ccevvvvvviieeeeeeeeeeeennnns 44
V. MPOLECCbI TAJIOTEHAPOBAHMA ........................... 45
Jlabopatopnas paborta. [lomydenne iiogodopma..................... 50
JlabopaTtopHas paborta. [lomydyenue o, yY-TUXJIOPTUAPHHA TIIU-
1005701 1 ¢ N0UU U PSPPSR 51
BOITPOCHI K 3AIUTE JIABOPATOPHBIX PABOT .....ccovveeereeeireeereeenenenne 53
VI. MPOLLECCbHI CYJIb®OUPOBAHUA ..............c..cceeenee. 54
JlaGopatopunas pabora. Ilonydyenuwe n-Tomyoscynbdo-
KHICTIOTBL ettt et et et etie et e e e e et e et e et e et e et e eaneenneenneenneenns 57
BOITPOCKI K 3AIIUTE JIABOPATOPHBIX PABOT .....ecvvveeeveeenieenneeeenenenne 58



VII. MPOLIECCbI TMAPOJIN3A, TMAPATALIUN,

BETNAOPATALIAN. ...
JIaboparopHas pabota. ITonydenue strmoBoro agupa -Had-
TOJIA (HEPOIIHH, OPOMEITHIN)....vveeeeereeeeerreeesireeeenereeeevneeesnseeeeenens
JlaboparopHasi padota. [TonydeHrue HEHACHIIIEHHBIX COEU-

VII. MPOLIECCbI S TEPUOUKALIUN

N AMUANPOBAHMUA ......cocomvmremmnmssesssnsssessssassassasasnasss
JlaGopartopnas pabora. [lonyyenue qubytuidranara ............
Jlabopatopnas paborta. [lomydeHue aneTaMua ......................

BOITPOCBI K BAILMTE JIABOPATOPHBIX PABOT ...c.cvviiiiiiiiiiiinicerennenenns

IX. MTPOLECCbI KOHAEHCALIUN

MO KAPBOHWUJIBHOM FPYIIME ..o,
JlabopatopHasi pabora. CuHTE3 OKUCH Me3uTuiaa (METHII-
U300V TCHUITKETOHA) ..eeeuvveeeerreeesarreeeiereeessseeesssseeesssseesssesessssens
JlaGopatopHas paboTa. [lonydenue nUKIOreKCaHOHOKCHMA
JlabopatopHas paborta. [lomydeHne MeHTadpUTPUTA. ...............

BOITPOCKI K 3AIUTE JIABOPATOPHBIX PABOT .....ccovveeereeeireeeereeenneenne

X. TIPON3BOACTBO NOBEPXHOCTHO-AKTUBHbIX

BELLLECTB ... s
JlabopatopHas pabora. OnpeneneHue TemiepaTypbl IOMYT-
HEHUSI HEMOHOTEHHBIX [TAB ...,
JlaGopatopHass pabora. OmnpeaelieHHE H30JICKTPUUECKON
TOYKH PACTBOPA TMOTUAMDOITHTA ..vvveeerieenrieenieeeiieerireenieeeeaeeans
JlaGoparopHast pabota. CHHTE3 CYJIbPOHOIA.......c.vveeenrreennnen.
JlaGoparopHass pabora. [lomydeHHMe MBUI CHHTETHYCCKHUX
WKUPHBIX KUCTOT U KAHUPOII U ..c..evveeeerreeeerreeeereeeeeneeenneeesnneas
JlaGopatopHass pab6ora. Oumctka HenoHoreHHbIX ITAB
(oS (011071630720 (211170400 (<) 2 SNSRI
JlabopatopHasi padota. Ouuctka Texnudeckux I[IAB, co-

b1 (S0 0201107 0: Q711 11 10) 1074 111 ) /0SS
JlabopatopHast pabota. @pakIMOHUPOBAHHE HEMOHOTEHHOTO



JlaboparopHasi pabora. CriekTpodOTOMETPUIECKOE OTMpeie-
JIEHHE CPEIHEN MOJIEKYJISIPHOM MACChl U CTEIIEHU OKCHITH-
JUPOBAHUS HEMOHOTEHHOTO TTAB ...,
Jlabopatopnasi paborta. Komopumerpuueckoe ompeseneHue
HEHMOHOTeHHBIX [IAB B BOAHBIX PACTBOPAX ..eevvvnevvveeeeririreennns
JlaGopartopHas padora. OnpeaesieHue OCHOBHOTO BEIIECTBA
B 00pa3LaX [TAB......ooiiiii e
Jlabopatopnas paborta. Onpenenenue kinacca [IAB................
Jlabopartopnas padota. Cunte3 amdonutHoro IIAB Ha-
TPUEBBIX COJIEH aJKUJIaMUHOAWMETHIeHaAaMUHO-N-(2,3-11-
TUJPOKCUTIPOITHI )-N-YKCYCHON KUCTOTBI ....evvveenereeenrreeanenen
Jlabopatopnas pabora. Onpenenenre neHooOpa3oBaHus, yc-
TOWYMBOCTH IIEHEI 1 cMauuBaroniero aeicreus IIAB .............
BOITPOCBI K BAILUTE JIABOPATOPHBIX PABOT ....ccvvniiiiiiiiiiiiiiiiiiiinenens

XI. MIPON3BOACTBO BbICOKOMOJIEKYJIAPHbIX
COEAUHEHWNA HA OCHOBE HE®TEXMMUYECKOIO
CBhIPBS ...
JlaGopatopHasi padota. [lonmumepusanusi cTUposa Mpu pas-
JUYHBIX KOHIEHTPALIUSIX MOHOMEPA. ..c..veeureenrreirenireenreenieenneenn.
JlaGopartopnas padorta. [lonmumepusanus MeTUIMETaKpuiIaTa
B PA3JIUYHBIX PACTBOPHUTEIIIX ..venvvenrrennrennreereeseenseenseesnesneennes
Jlabopartopnas pabota. CuHTe3 KanpoHa (HaiJoHa-o6)............
Jlabopatopnasi pabora. [lomyuenue monudUPHBIX OJIUTO-
MEPOB TI0 PEAKITUHU TTOTHUKOHICHCAITHH .....enveenveeneeeeeeanreeneeennes
JlaGoparopHas pabota. CuHTe3 HaiioHa-6,6 (MoIMamMuIa) us3
reKCaMETHIICHNAMIHA U aJJUITHHOBOM KUCIIOTHI B PAaCIlIaBe
Jlabopatopnasi paborta. CunTe3 kKapbamuaodopmaibaeru-
HOM CMOJIBL ..ceeinuiiiiieeeaiiiteeeeeiiteeeeseiiteeeeeeinaeeeesemreeeeesanreneeeanns
Jlabopatopnasi padota. CuHTe3 HOBOJA4HOrO (heHomodop-
MAJTBJICTHTHOTO OJTTOMEPA.....eeenveeererrreanreeseeseesseesneesnseeseeses
BOITPOCBI K BAILIUTE JIABOPATOPHBIX PABOT ....ccvvniiiiiiiiiiiiiiiiiiinenens

XII. METOAUKU NMPOBEAEHNA AHAJIN3OB ...............
12.1. Beiaenenre nojimMepa B UHCTOM BUIC.........uveeeeeruveeeeennns
12.2. Onpenenenne MOJEKYISIPHOM MaccChl MOJIMMEpPA BUC-
KOBUMETPUUCCKUM METOIOM ...cevvvreenereeennereeenereeessnneesnseessssnes

101

102

103

105

106

109
109

111

120

121
122

123

126

127

128
128

130
130



12.3. OnpeneneHue MoJICKYJISIPHOM Macchl mojimddupa me-
TOJIOM KOHLIEBBIX TPYIIIL «..eeuvreenereenieeenireennreenreesnseeenmeeenseeensneens
12.4. Onipenenenue conepkaHuss TUAPOKCHIBHBIX TPYNI
U TUJIPOKCHIIBHOTO YHCIIA c...eenereeenrreeireeereensreenieeennreesareesneennne
12.5. OnpeaeneHne KUCIOTHOTO YUCTIA ...uuvvveeerrnvrreeeesnnreneeeanns
12.6. OnpeaencHue YQUPHOTO UHCTIA.....c..vveeeerreeeeerreeennreeeenenens
12.7. OnpeaeneHne MOTHOTO UHCIA ....cceerurrreeeeernrrreeeennreneeeanns
12.8. KauecTBeHHOE ONpEICICHUE PACTBOPUMOCTH ................
12.9. Konn4ecTBEHHOE OMNPEICICHUE PACTBOPUMOCTH ............
12.10. Onpenenenue TemMnepaTypbl KarienaJeHusl 0 METO-
TIY YOOCITIOME ..ccuvvveeeueieeeerieeesiieeeesereeesereeessseeeessseeesssneesnnseeesssens
12.11. Onpenenenrie TeMnepaTypsl IJIaBICHUS B KATAIUISIPE

JINTEPATYPA ...



NPEANCIIOBUE

B nmanHOM mpakTUKyMmMe NpEICTaBICHBI J1abOopaTOpHBIE pPabOTHI
U KOHTPOJIbHBIE BOMPOCHI IO BaXKHEUIIMM pa3jenaM JIEKIIMOHHOTO
Kypca «XUMHUS U TEXHOJOTUS OCHOBHOTO OPTaHWYECKOTO W HePTEXH-
MUYECKOI'O CUHTE3a».

JIJ1s1 0CO3HAHHOTO BBIMOJIHEHUSI SKCIIEPUMEHTAIbHON pabOThI B IO-
MOILb CTYJEHTY Mepe] KaXIbIM pa3iesioM JabopaTOpHOro MPaKTHUKyMa
JaeTcsl KpaTKoe TeopeThuyeckoe BBeAeHHE. KOHKpeTHast TOMOIHUTENb-
Hasi MHPOpMAIMS TAKXKE COIEPKUTCA B HAyajie ONMUCaHUs JlabopaTop-
HBIX paboT. Bomnpockl, npeayiaraemble B KOHIIE pa3zesia, JOHKHBI CIIO-
coOcTBOBaTh 0oJiee IIyOOKOMY YCBOCHHUIO TEOPETHYECKOIro Kypca, Io-
MOTaTh TPAMOTHO BBITIOJIHATH U 00pabaThIBaTh SKCIIEPUMEHT.

[lepen Hadamom Kaxkao0il 1abopaTopHO pabOTHI MPOBEPSIETCS TO-
TOBHOCTb CTYZ€HTa K €€ BBIIOJHEHHUIO: [IOHUMAaHHE CYTH IPOLECCOB,
IPOTEKAIOIINX B PEAKTOPE; BIAJICHUE METOAUKON TPOBENECHUS pabOTHI;
3HAHHE TOKCHKOJIOTMYECKMX M OrHEONACHBIX CBOMICTB BELIECTB, MpPH-
MEHSIEMBIX B paboTe; BiajeHUE Oe30MacHbIMM IpUeMaMu padOThl Ha
yctaHoBke. [IpoBepsieTcss npaBUiIbHOCTE 0(OpMIIEHHS 1a00OPaTOPHOro
KypHaja, B KOTOpOM (PUKCHPYETCs JAOMYCK CTyAEHTa K padoTe.

[Ipu odopmienun nabopaTopHOro >KypHana MpUBOAATCA: 1) HO-
Mep, Ha3BaHUE U 1eJIb pabOThl; 2) CBEJIEHUS O MEXAHM3ME PEaKIUU;
3) xpaTkas uHbopMaIs O MOJCTUPYEMOM TEXHOJIOTHUYECKOM IMPOILiec-
ce; 4) KkpaTkue cBeIeHUs 0 PUBUKO-XUMUYECKHUX, TOKCUYECKUX U OTHe-
OMAaCHBIX CBOMCTBaX HCXOJIHBIX BEILECTB, PEAreHTOB U MPOAYKTOB,
IIPE/ICTaBIICHHBIE B BUJIE TaOIHI] U CHaOXXEHHBIE CChUTKAMH Ha JIUTEpa-
Typy; 5) cXxeMa yCTaHOBKH, ONMHCAaHUE METOJUKU DPaOOTHI, aHAIN3a;
6) IPOTOKOJ 3KCIEPUMEHTA, COAEPKALIUN CBEACHUA O (PAKTUUECKOM
X0JIe paboThI, pe3ybTaTaX U HEOOXOIUMBIX pacueTax; 7) 00Cyx)acHHUE
pE3yNbTATOB SKCIEPUMEHTA U BHIBOJIBI.

Brmmonnenune nabopaTOpHOro MpakTUKyMa 3aBepIIaeTCs chaaden
3ayeTa ¢ 00s3aTeNIbHbIM MPEACTABICHUEM JJA0OPATOPHOIO KypHaa.



I. NTPOLECCbl USBOMEPU3ALIUN

HN3omepu3anus — 5TO XUMUYECKHAE MPEBPALLECHNUS] U30MEPOB APYT
B JIpyra, T. €. IepepacupeaciieHue CBA3EH WUIU TPYII BHYTPU MOJIEKY-
Jbl. Pa3nuyaroT HECKOJIBKO TUIIOB PEAKIMU U30MEPU3ALMH: O3ULIHOH-
Hasl, FEOMETPUYECKASI U CKEJICTHAS.

Ilo3uyuonnaa wu3omepusayusn 3aKIOYACTCI B IEPEMEILICHUU
KpPaTHBIX CBSA3€H B MOJIEKYJIaX HEHACBIIIEHHBIX COEAMHEHUI 0e3 n3me-
HEHUs YTIEPOJHOTO CKEJIeTa:

CH,—=CH—CH,—CH; —> CH;—CH=CH—CHj

Peakiuym mo3unnoHHON N30MEpU3alUK MPOTEKAIOT B MPUCYTCTBUU
KaTamu3aTopoB. B WX KauecTBe MCHONB3YIOT KapOOHUIIBI M THAPOKAP-
oonmibl MetaioB [Co,(CO)s, HCo(CO),], KOMIUIEKCHI METAIOB
¢ pochunoBpiMu nuranaamu [RhCO(PPh;);], m-amnmibHbIe KOMILUICK-
Chl TIEPEXOJIHBIX METAIJIOB, KaTanu3atopsl [{urnepa — Harra. OnHako
OOJIBIIMHCTBO TE€TEPOTCHHBIX KaTaIN3aTOPOB MO3UIIMOHHON H30MEpHU-
3auu TpeOyeT MPUMEHEHHUs BBICOKHX TeMIEepaTyp, MpH KOTOPHIX He-
U30€KEH MUPOJIU3 YIIIEBOJOPOIOB.

CKOpOCTh M30MEpHU3AIUHN ATKEHOB 3aBUCHT OT UX CTPYKTYpHI. Peak-
U TIPOTEKACT HECEJIEKTHBHO, TaK KaK W3 JIFOOOTO M30MEPHOTO aJKeHa
o0pazyercsi CMECh 1 YCTaHABJIMBACTCS TEPMOANHAMUYECKOE PABHOBECHE.

B pesynbrare ceomempuueckoii uzomepusayuu NpoucxoauT mpe-
BpallleHue YuUC-aTKeHOB B MpaHC-aIKeHbl 1 HA000POT.

Luc-mpanc-nzomepusanus aTKeHOB U Pa3IHMYHBIX HEMpPeIeTbHBIX
coeMHEHUN mpoTekaeT B mpucyTcTBuM KomiuiekcoB Pd(II), Cu(l),
Co(I) u npyrux MEeTaJNIOKOMILICKCOB.

Peakiuu yuc-mpanc-uzomMepusaiu MOTYT CONPOBOXKAATHCS Iie-
pPErpynmnupoBKoil GyHKIIMOHAIBHBIX TPYTII:

1
Cl\ H C

Y
c=c” PO o=
/ AN \Cl
H Cl

Ckenemuylo uzomepuzayur) JUHEUHBIX HACHIIIEHHBIX YTJIEBO-
noponoB U 1UKIOB Cs—Cg OpOBOAST B MPUCYTCTBHUU KHUCIOTHBIX



(H,SO,, HCI, AICl;, Al,O3) unu 6udyskunonansubix (Pt/ Al,Os) ka-
TaU3aTOPOB:

CH3_CH2_CH2_CH3 S

O:

MexaHn3M H30MEpHU3allii HACBIIICHHBIX YTJIEBOJOPOIOB TOIHO-
CTBIO ellle He u3y4deH. [Ipeamnonarator, 4To B €r0 OCHOBE JIEKUT TEOPHUSI
[EMHOTO MEXaHW3Ma C MPOMEXYTOYHBIM OOpa30oBaHUEM HOHA KapOo-
nus. Hanpumep, B npucyrcteuu AlCl; kapOoHuEBbIE HOHBI 00pa3yIOT-
Csl IO CXeMe

CH3—(|3H—CH3
CH,

HCl + AICl; — HAIC],

[Ipy yacTUYHON JECTPYKIMHU HACHIIIEHHBIX YIJIEBOJIOPOJIOB B HUX
B BUJIE IPUMECEI COAEPKATCS AJIKEHbI, KOTOPBIE IPH B3aUMOJIEHCTBUH
¢ HAICl, o6pasyior non kap6ouus (R"), HOH HHUIUMpYET HEMHYIO pe-
akuuto. Hanpumep:

+
CH;— CH,—CH,— CH; + R"—» CH;— CH—CH,—CH; + RH

+ + +
CH3_CH_CH2_CH3 = CH3_C|:H_CH2 D CH3_(|:_CH3
CH; CH;,

+
CH3_(|3_CH3 + CH3_CH2_CH2_CH3 S
CH,

+

CH3_(|3H_CH3 + CH3_CH_CH2_CH3 nT. O.
CH;

PeaKHI/IH H30MepH3aHHH HACBIIICHHBIX yFJIeBOILOpOILOB HpOBOI[HT

B MPUCYTCTBUHU BOJIOPOAA, KOTOPBIM BBOJAT IS MOJIABJICHUS PEAKIUU
JTACTPONOPLIMOHUPOBAHUS AJIKEHOB.



JlabopaTtopHasa pab6orTa
N3OMEPU3ALINA LUMKINTOTEKCAHA

Ilens padbompr: IpOBECTU PEAKIUIO CKEJIETHON M30MEPHU3ALIUH.

N3omepuzanus HUKIOAIKAHOB MOXET MPOUCXOJUTh C MpEBpallle-
HUEM B JIKEHbl U MU3MEHEHHEM YHCIIA YIVIEPOAHBIX aTOMOB B LIMKJIE.
Peakiiuu mepBoro Tuma BO3MOXHBI MpU Temreparypax Beiie 540°C.
Peakuun wu3zoMepuzanuy LHUKIOT€KCAHA B METWJIUKIONECHTaH HaJ
YBIIQXKHEHHBIM XJIOPHUJIOM AJIFOMUHHUS MO3BOJSIOT NMOIy4YuTh npu 25°C
PaBHOBECHYIO CMECh, B KOTOpoil Haxoautcs 12,5% (Moi.) METHIIIHK-
nonmnenTtana, npu 70°C — 22,8%. Takum oOpa3om, npu 0ojee HUZKUX
TEMIEpaTypax paBHOBECUE CABHHYTO B CTOPOHY OOpa30BaHHUS LIUKIIO-
rexkcana. B oOpaTHO peakuuu mpu HarpeBaHUU C YBIAKHEHHBIM XJIO-
PUIOM aMMOHHMSI YHCTOTO METWJIUKIONEHTaHa ObUIO JOCTUTHYTO TO
€ COCTOSIHUE PaBHOBECHSI.

Obopyooeanue, peakmugvl u mamepuanpl: TpPEXropias Koida
BMECTUMOCTBIO 250 MiI; OOpaTHBIN XOJOMWIBHUK; JETUTENbHAs BO-
POHKA; BOJIsiHAsA OaHs; IIUKJIOTE€KCaH; XJIOPUCTHIA aTlOMUHUIA; AUCTUII-
JYMpPOBaHHAA BoAa; coisiHas kuciaoTa; Na,COs; MpOKaTeHHBIN KAIbIWN
XJIOPUCTBIN.

Memoouka evinonnenus padomsl. B KonOy, yKperuIeHHYIO Ha
BOJisiHOM Oane, BHOCAT 84 1 (1 Monb) 1mukiorekcana (fg; = 80,8°C,
p*® = 778,6 xr/v’, n' =1,4262), 25 r AlCl; u 2 mx Bogsl. CMech Ha-
TPEBaOT Ha KUIISIICH BOASHON OaHe B TeueHue 4—6 4 MpH HEMpephIB-
HOM [E€PEMEIIMBAHUM M WHTEHCUBHOM OXJQXICHUU XOJIOJUJIbHUKA.
K oxnaxxneHHOMY COAEpKUMOMY KOJIOBI TPUOABIISIIOT MpU B30aIThIBa-
HUU XOJIOJHYIO BOJY C KYCOUYKaMHU JIibJa U CMECh MOAKUCISIOT COISTHOM
KUCJIOTOM.

BepxHuli yrieBogOpPOJHBIN CIOW OTICISAKOT B JIEIUTEIBHOM BO-
POHKE, IPOMBIBAIOT BOJOM, COAOM, CHOBA BOJIOW, CyIIAT IPOKAJIEHHBIM
XJIOPUCTHIM KaJIbIIUEM U TIEPETOHSIIOT Ha KOJIOHKE 3(PPEeKTUBHOCTHIO
okoJio 30 TeOopeTHUECKUX TapesoK. BhIIensioT HauanbHYIO0 (Dpakuuio
¢ xonroMm kuneHus 65°C (ecam oHa oOpa3yeTcs) U OCHOBHYIO (ppak-
IIUIO0 — OCTAaTOK KaTanu3aTta. COCTaBIsAIOT MaTEepHANIbHBIN OanaHC nepe-
TOHKHU U ONPENENSIOT nflo bpakuuii. OCHOBHYIO (paKLUIO aHATU3ZUPY-
10T METOJIOM Ta30KUIKOCTHON Xpomatorpaduu, MPUMEHSSI B Ka4eCTBE
HETIOABIKHOW (ha3wl, Hartpumep, B, B -OKCHAUTTPONTUOHUTPIII, alue30-
HOBYIO CMa3Ky WJIH MOJHUAITHICHIOKCAHOBYIO KUIKOCTb, KOTOPbIE Ha-
HOCSIT Ha UHEPTHBIA HOCUTEIIb.
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3adanue: Ha OCHOBE JAaHHBIX aHAIN3a BBIYUCIUTH MOJISIPHYIO KOH-
BEPCHIO LIUKJIOTEKCaHa (II0 pa3HUIE MEKIY KOJIMYECTBOM LIMKJIOTeKCa-
Ha (B MOJISX), B3SATHIM B PEAKIIMIO, U ONPEJCICHHBIM B KaTalHu3aTe),
ONpeAeauTh (PaKkTOp CENEKTUBHOCTH (OTHOLIEHHME BBIXOAA METHIILIMK-
JIONIEHTaHa K KOJMYECTBY IIPEBPALICHHOI'O IIUKJIOTEKCAHA).

JlabopaTopHasa paborTa
MOJTYYEHME ¢-KAIMPOJIAKTAMA

Ilenv pabomer: poBECTH pEaKIUI0 OEKMAaHOBCKOW IMeperpyIu-
POBKH.

[Tpu o6pabdoTke okcuma I MPOTOHHBIMU KHUCIOTAMH WU KUCIOTa-
Mmu JIbtonca (cepHasi KUcioTa, ojeyM, neHTaxyuopua ¢ochopa) B Kaye-
CTBE KOHEYHOTO IMPOJIyKTa oOpa3yercs amu] KapOOHOBOW KHCIOTHI
(nepecpynnuposka bexmana):

+HT +  —-H,0 +
R,C=NOH =—= R,C=NOH, === R,C=N
I I
+
OH, OH 0)
+ + H20 | - H+ | ||
RC=NR RC=NR RC=NR RCNHR
I

Karuon Il He mosBisercss kak cBOOOJHAs YacTUIA: OTIICIIJICHUE
MPOTOHUPOBAHHOW THUAPOKCUIBLHOM TPYIIIBI U MEPErpyninupoBKa OcC-
tatka R npoucxomar onnoBpeMeHHo. [Ipomexxyrounoe coenunenue 11
CYILIECTBYET B BUJIC MOHHOM IAPBHI.

[leperpynnupoBka bekmana umeeT Oo0JbIIOE MPaKTUUYECKOE 3HA-
YEHUE JUIS TTOJIyYEHHUsI E-KAIIPOJIAKTaMa U3 HUKJIOT€KCaHOHOKCHMA!

NOH

N
\

H

[Ipn TpPOMBINIICHHOW peanu3anuu Mpolecca CIeAyeT YUYUTHI-
BaTh, YTO MOJICKYJIBl OKCMMa MOTYT y49acTBOBaTh B MOOOYHBIX peak-
UIX ¢ 00pa3zoBaHWEM, HampuMmep, AeKaruapodeHasHa U OKTaru/i-
podenazuna:
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|
N N
=
+ e —
(:/I/ /I/‘ij — 2H20 (I Ij _HZ
I|\I N

OH

N
N

= L
_H2 -
N

[Ipu 3aBBIIIIEHHBIX TEMIIEpaTypax oopasyercs 3(pup okcuma:
NOH N—OSO,0OH

+ st()4—> (:/I/ + HzO

MoskeT Takxe 00pa30BbIBaTHCS T€KCEHHUTPUIIL:

N—O0S0,0H

CH,—CH—CH,—CH,—CH,—C=N
1,50, 2 2 2 2

VYka3zaHHble BelIeCTBAa KaK MPUMECH YXYJIIAIT KauyeCTBO TOBAp-
HOTO KarmpoJjakTama, Mo3TOMY €ro Mocje U3BJICUEHUS U3 PEaKIMOHHOMN
Macchl MOABEPraloT MHOTOCTYIEHYATON OUHCTKE.

[TormmMepuzanuen KamposiakTaMma MOJIYYaroT IOJIMAMUIHBIE BO-
JIOKHA (KampoH) U CUHTETUYECKUE MaTepUabl.

Obopyoosanue, peakmugvl u mamepuanvl: Tpexropias kojida Ha
500 mut; kanenbHas BOPOHKA; MEIIajika MexaHuueckas; Tepmomerp 0—
50°C; 25eKTpOIIUTKA; IeIUTENbHAsE BOPOHKA; cTtakaH Ha 1000 mu; arm-
napar i aTMocepHON MEepPEeroHKH; ammapar JJis BaKyyMHOW Tepe-
TOHKHU TUKIOTeKCAaHOHOKCUM; H)SOyomy; KOHr); Xmopodopm; Gen-
3011; JIef.

Memoouka évtnoinenus padomel. B TUTPOBBIA CTakaH MoMenia-
10T nopunto B 10 r okcuma m 20 mu 85%-HON CEpHOMl KHUCIIOTHI
(p = 1,783 r/em’). CTakaH OCTOPOKHO HArPEBAIOT Ha HIEKTPOILTHTKE
U COJIEPKUMOE €ro MepeMENINBaloT, coo0Ias cTakaHy BpallaTeIbHOEe
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nerkeHue. C MOSIBICHUEM ITy3bIPbKOB CTaKaH HEMEIJIEHHO CHUMAIOT
U JAI0T MPONTH OYpHOH peakuuu, KOTOpasl MPOJ0JIKAETCS HECKOJIBKO
cekyH]l (paboTy clienyeT BBINOJHITH MOJ TATOM C OMYIIEHHBIM CTEK-
aom). Kucnblii pacTBop €-KampoiakTama MEepeHOCAT B MOJIYJIUTPOBYIO
KPYTJIOJOHHYIO KOJIOY, CHAaOKEHHYI0O MEXaHMYECKOW MEIIaJIKoW U Ka-
IIEJIbHOM BOPOHKOM, IOMEUIEHHYIO B OXJIAAUTENbHYI cMeCh. PacTBop
oxytaxaaroT 10 0°C 1 OCTOPOKHO MOAIIECIAYMBAKOT HA JIAKMYC XOJOJ-
HbIM 24%-HBIM PacTBOPOM THAPOKCHIA KaJHsl, KOTOPBIM J00aBISAIOT
o4eHb MemIeHHO. OOBIUHO pacxoayeTcs: okoyo 150—170 mut mienoyHo-
ro pactBopa. UtoObl M30eXaTh TUAPOJIU3 HAa 3TOM CTaauu padoTHI,
TeMIeparypy noauepxkusaror Huxke 10°C.

BrimaBmuii B 0caJiok CEPHOKUCIBIA Kalaui OT(HUILTPOBBIBAIOT
U MPOMBIBAIOT JiBa pa3a xjopodopmom nopuusmu mno 10 mi. Cnabo-
HICJIOYHOW PaAcTBOP HKCTPArMpyroT OKOJIO MATH pa3 XJopodopmom
nopuusMu 1o 20 MJI U CO€MHEHHBIE XJIOPO(POPMHBIE PACTBOPHI IPO-
MBIBAIOT OJIMH pa3 5 MJI BOJBI AJIs yAAJIEHUS LIeI0UU. XI0podopM OT-
TOHSIIOT U OCTaTOK IMEPErOHSAIOT B BakyyMme. BbIXoj €-kamposjakrama
C tam = 127-133°C /7 mm (139-140°C/12 mm) u t,,; = 65-68°C co-
craBisetr 7,0-7,8 T (59-65% ot Teopetudeckoro). [lomydenusit mpo-
TYKT UCHOB3YIOT JUIsl MPUTOTOBIEHUS 1%-HOro 6€H30IbHOT0 pacTBO-
pa, KOTOPBIM aHATM3UPYIOT XPOMATOTpadUIECKH.

3adanue: ONPENECIUTh BBIXO/ U TEMIIEPATYPY IUIABIEHUS E-KaIpo-
JaKTama.

BOMPOCDHI K SALLUMTE NIABOPATOPHbIX PABOT

1. Yto Takoe nuzomepuszanus?

2. Kakue Tumnsl peakiuii "30MepUu3aluy pa3indaroT?

3. YcnoBus M30Mepr3alnM HUKIOTEKCAHA.

4. Kakne mapaMmeTpbl HCIONB3YIOT ISl ONEHKH 3((HEKTUBHOCTH
M30MEpU3ALNH LIUKJIOreKcana?

5. MexaHn3M U30MepU3aIMy OKCUMA B aMU.

6. Kakue moOouHble MPOAYKTHl 00pa3yloTcs B Mpoliecce mepe-
IPYIIIUPOBKU OKcHMa?




II. NMPOLECCbI OKUCJIEHUSA

Oxmuciienne — HanOoJiee PacpOCTPAHEHHBIM METOJ MOJYyUYEHUS
KHCJIOPOACOAEPKAIIUX COECIUHEHUNW U3 YIIIEBOAOPOJHOIO CHIPhA
U HEKOTOPBIX (PYHKIIMOHAJIbHBIX MPOU3BOJHBIX YIJIEBOJOPOJOB pa3-
JUYHBIX KiaccoB. [lyTeM HEmoJHOro OKUCIEHUS YrieBOJI0OPOAOB MO-
Jy4aroT THAPONEPOKCUIbI, CITUPTHI, KAPOOHUIIbHBIE COCTUHEHUS, KH-
CJIOTBI, CIIOKHBIE 3UPBI, KOTOPhIE HAXOJAT caMO€ IIMPOKOE IpUMe-
HEHHE B KaueCTBE MOHOMEPOB, PACTBOPUTENECH, MPOMEKYTOUHBIX
IPOAYKTOB H T. II.

[Ipotiecchl OKHCIIEHUS TPOBOJAT B KUAKOW WU ra3oBOM (azax
C MCIOJIb30BaHUEM HHUIUMATOPOB (yIbTpaduOIETOBBIN CBET, OpraHu-
YECKHE THAPONEPOKCHUIIBI U Jp.) WM KaTaau3aTopoB: METALIOB (Ag,
Cu), okcuaoB MetayioB u ux cMmeceir (CuO, V,0), comeit MeTaaioB
nepeMenHoit BaneHTHOCTH (Co, Mn, Cu, Pd).

B nmpoMBIIUIEHHOCTH 4Yallle BCEro NMPUMEHSAIOT Oojiee JOCTYIHbIE
OKHUCJIHUTENN — 3TO KUCIOPOJ U BO3yX; B HEKOTOPBIX CIAYyYasix UCIONb-
3YIOT a30THYIO KHCIOTY, NO;, U JIpyrue oOKCUbl a30Ta, 030H, BOASHOM
nap. Eciiu npuMeHeHne nepevyrcieHHbIX OKUCIUTENEeH HEe MPEeACTaBIIS-
€TCsl BO3MOKHBIM, MCIOJIB3YIOT MEPOKCUAHBIC COCIMHEHHUS, TIEpMaHTra-
HaT Kayus, coenuHenus xxeneza(lll) u T. 1.

Crioco0 BbIIENIEHUS TPOIYKTOB PEAKIMU OKUCIEHUS OIpeessieT-
Cs MX arperaTHbIM COCTOSIHHEM: JKHJKHE BEIECTBA SKCTPArupyroT U3
PEaKIMOHHON MAacChl MOJIXOASIINM PACTBOPUTEIEM, TBEPIbIE — BbIJIE-
as10T unbTpoBaHueM. KuCI0ThI, MoTydyaeMble OKHCICHUEM B IEJI0Y-
HOM cpefie, BBIIEAOT TOAKUCIEHUEM PEAKIIMOHHOTO pacTBOpa.

Oxucrnenue B )XUIKON (paze (Mo cpaBHEHHIO ¢ ra30(pa3HbIM) UMEET
CJIeIyIOIME IPEUMYILECTBA:

1) BrICOKass CKOPOCTh OKHUCIUTEIBHBIX MPEBpaIlleHUl MpU OT-
HOCUTENBHO HU3KUX Temnepatypax (100-250°C) u Oonbiias cenex-
TUBHOCTb;

2) nerue (Mpolie) NoAAepKUBaTh TEMIIEPATYPHBINA PEXKUM MTPOLIECCA;

3) BO3MOKHOCTh MCIOJIb30BaHUSI KOHLIEHTPUPOBAHHBIX YTIIEBOAO-
POJIHBIX CMECEH, YTO CHMKAET B3PHIBOOIIACHOCTh MPOIIECCa;

4) MeHbIlIe KanuTalbHbIE U SHEPreTHUYECKUE 3aTpaThl HA MPOU3-
BOJICTBO €JIMHUIIBI TPOTYKIUU.

IIpu ocy1iecTBIEHHH MPOLIECCOB OKHUCIEHUS YTIEBOAOPOIOB KOH-
LHEHTpalusl KUCIOpOoAa B CMECH C OpPraHUYECKUMHU COEIMHEHUSIMU
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JIOJKHA OBITh BHE MPEICJIOB B3PHIBOONACHOCTU. B yacTHOCTU, KOHIIEH-
Tpalus KUCJIOPOJa B OTXOSAIINX ra3ax MpH KUJIKO(Pa3HOM OKHUCICHUU
OpraHUYECKUX COCAMHEHUN HE JTobKHA mpeBbImaTh 4-5% (00.).
[Ipotiecchl OKUCIEHUS SIBISIOTCS BEChbMa CIIOKHBIMHU, HOCSIT aBTO-
YCKOPEHHBIN XapaKTep, CBA3aHHBIN C pacnajoM MPOMEXKYTOUYHBIX MPO-
JTYKTOB (TUIPOIIEPOKCUIIOB, IIEPOKCUJIOB) HA CBOOOIHBIEC PAAUKAIBI.
B3aumnbie npeBpaiieHrs MOJEKYJISIPHBIX MPOYKTOB U CBOOOTHBIX
paauKaioB 00yCIOBIMBAIOT CIENIU(PHUKY OKUCIUTEIHLHOTO MpoIiiecca.
CornacHo nepekucHoi Teopuun okucieHnus baxa — DHriepa u Teo-
pHUU LETHBIX PEAKIUid C BBIPOXKJIECHHBIM Pa3BETBICHHEM, pa3paboTaH-
Hoil H. H. CemeHOBBIM, IIpoLI€ECC OKUCIEHUSI TPOTEKAET MO PaJUKalb-
HO-1ICTHOMY MEXaHU3MYy, BKIIIOUAIOIIEMY DS CTaauil.
AKTHUBAIMsI MOJIEKYJbl KHACIOPOJa MPOUCXOIUT 3a CUYET pa3phiBa
B HEW OJIHOM CBSI3U:

0=0 —> ‘0—0°
3aporKJIeHUE 1ETH MPOUCXOIUT B PE3YJIbTATE CIIECTYIOMINX PEAKIIHIA:
RH + 0—0"— R® + HO3
JRH + *0—0°* —— 2R* + H,;0,
Peakuuu nponoikeHus Lemneu:
R + *0—0®* —> ROO*
ROO®+ RH —> ROOH + R*

ROO*——— R'CHO + R"O*

-

Se=c

o N MOJIEKYJIIPHBIN o

ROO™ + 5 — > )
R,COR,

~

Peakunn «BBIpOKIEHHOTO» PA3BETBICHUS LICTIEN:

ROOH — RO* + OH
ROOH + RH (R'COOH, R,COR,, ROH) —> RO* + R*+ H,0
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ROOH + ROOH —> RO® + ROO* + H,0

Peakuust MOJIEKYISIPHOTO pacnaja ruIponepoOKCUaa:
ROOH —> MOJIEKYJISIpHBINA POAYKT
Peakiuu oOpbiBa 11emei:
R+R*— RR
ROO® + R®* —>ROOR

ROO® + ROO*— ROOR + O,

JI1st HenmpeneNbHbBIX YIIEBOA0POI0OB 00pa3oBaHUE PAAUKAIOB OCY-
HIECTBIISIETCS 110 PeaKuu

CHs—CH=CH, + °0-0®* —— CH—CH—CH,00"

DHeprusi aKTUBAlUK peakiuu oOpazoBanms ruapornepokcuaa (F)
cocraBisier 17-50 kJlx/mMonb. Mexay BeIMUMHON £ U SHEpruen cBsi3u
R-H (ERr_p) cyliecTByeT JMHEHAs 3aBUCUMOCTb:

E=-113+0,45E, .

CornacHo ypaBHEHHIO, UeM npoyHee cBA3b R—H, Tem Meanennee
UJeT peakius oOpa3oBaHMs THIPOINEPOKCHAA, KOHCTAHTA CKOPOCTH
KOTOpPOM Ha HECKOJIbKO TOPSJKOB MEHBIIE KOHCTAaHTHl CKOPOCTH
B3aumoJeiictBus R ¢ kucimopogom. TT03TOMY KOHIIEHTpAIUs paju-
kaioB ROO® B okucsiomeil cpese B NIPUCYTCTBHM KUCIOpPOJA 3HA-
YHUTENLHO TPEBBINIAET KOHIEHTPAIMIO paauKaioB R® U ckopocTs pe-
aKIMU MPOJOJIKEHUS 1ENEel ONpeAesieTcss CKOPOCThIO peakuu Iie-
POKCWJIBHOTO pajuKana ¢ yrJIeBOAOpoJoM. PeaknnonHas crocoo-
HOoCcTh C—H-cBsI3M mpu aTake MEpOKCUIBHBIMU paJIuKaliaMU BO3pac-
TaeT B CIAEAYIOLIEM PAaY:

AN N\ CH,—H
—CH,—H < /CH—H < —/C—H < @ 2 <

CHR—H ~ AN /
< </C=CH—CHR—H </C=CH—(|3H—CH=C\

R

16



AKTUBHOCTh NMEPOKCUJIBHBIX PAJMKAJIOB BhIpaXk€Ha cj1abo, HO 3a-
BHUCHUT OT CTPYKTYpPHBI OcTaTka R:

e \ \
—CH,00° ~ CHOO®*> —CO00°*
% /

Conu ¥ KOMIUIEKCHI MEPEXOJHBIX METAJJIOB C NMEPEMEHHOW Ba-
JICHTHOCTBIO KaTAJIM3UPYIOT aBTOOKHUCJIEHHUE YIJIEBOJOPOJOB U pasio-
YKEHUE COOTBETCTBYIOLIMX TUAPONIEPOKCUIOB.

OCHOBHYIO POJIb B 3apOKJICHUU LIEMU OKHUCICHUS B MPUCYTCTBUU
KaTajau3aTopa UrpaeT, Mo-BUANMOMY, aKTUBALMs KACIOPOAA:

.....

HekoTopsie coeTMHEHHUS TTEPEXOHBIX METAUIOB SABJISIOTCS OYCHBb
CUJIBHBIMU OKHUCJIUTEJISIMHA M TOT/Ia OHU MOTYT pearupoBaTh C YIJIEBO-
JOPOJIaMU TI0 CIEAYIOLIEN CXeMe:

CH; + Co3t —> CH3 + Co2+
pa +
CH; —— CH, + H

C pocTtoM Temmeparypbl pa3iMuue B CKOPOCTAX KaTaIU3UPYyEMOIo
Y HEKaTAJIM3UPYEMOI0 OKHUCIIEHUs1 yMeHbInaeTcs. [Ipu BbICOKUX TemIie-
parypax HENHON IPOLECC PAa3BUBAETCS U B OTCYTCTBHE KaTalM3aTOPOB.

OxucrneHue yrieBoJOpOAOB B ra3oBoi (ha3ze MOJNEKYJISPHBIM Ku-
CJIOPOJIOM MPOUCXOAMT MO PAAUKAIBHO-LIEMTHOMY MEXaHU3MY C BBIPO-
XKICHHBIM Pa3BETBICHUEM.

[Ipu razodazHomM OKHCIEHUH YTIE€BOAOPOAOB BBIACIAIOT JIBE TEM-
neparypHbie 00JIaCTH, pa3IWyarouuMecs MO0 MEXaHU3My NpPOTEKaHUS
nporeccoB. B o6mactu Temmneparyp 250—400°C okuciaeHue npoTeKkaeT
KaK aBTOKATAJIMTUYECKOE ¢ 0Opa30BaHUEM TUIPOINEPOKCUIIOB, CIUPTOB
KapOOHWIIbHBIX coequHEeHU. OKUCIeHHEe YIJIEBOJOPOIOB MPU TEMIIe-
patype Bbie 450°C xapakTepu3yercs ropsSsuyuM BOCIUIAMEHEHUEM YT-

JIEBOIOPOJIOB (PEKUM TOPEHHUS) U OCHOBHBIMH MPOAYKTAMH SIBISIOTCS
CO,, H,0, CO.
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JlabopaTtopHasa pab6orTa
CUHTE3 OPTAHNYECKUX KUCNOT

Ilenv padbomei: 03HAKOMHUTBHCS C METOJAMH IOJyYEHUS Kap-
OOKCHUJIBHBIX COCJMHEHUN OKHUCJICHUEM YIJIEeBOJIOPOJOB U UX MPO-
U3BOJHBIX.

CuHTEe3 6e€H30MHOMN KMCNOTbI

dopmyna:
COOH
OcCHOBHBIE PEAKIIUU CUHTE3A!
CH; COOK
+ 2KMnOy, —> @ + 2MnO, + KOH + H,O
COOK COOH

+ HCl] —> @ + KCI

KOH + HCI — K(Cl + H)O

beH3oitHasg KHCIIOTa — KPUCTAIUIMYECKOE BEIIECTBO, TPYIHOpPAC-
TBOPUMOE B XOJOJHOH BOJIE, XOpOIIO PacTBOPUMOE B XJIOpodopme,
alieToHe, OEH30J1€, YETHIPEXXJIOPUCTOM YTIEPOE, METUIIOBOM CIHPTE;
tan = 122,3°C, tyun = 250°C.

[Ipumensiercss OeH30iHAas KUCJIOTa B MPOU3BOACTBE KpacHUTENEH,
B MHUIIEBON MPOMBIIIUIEHHOCTH (KOHCEPBUPYIOIIEE CPEACTBO), mapdro-
MEpHUHU U JIp.

Oébopyooeanue, peakmuevl u Mamepuanpl: KpyriogoHHas Kouda
obvemMoMm 150 mur; oOpaTHBIM XONOMWIHHUK, BOJASHAs OaHs; dalika
dapdoposas; Boponka broxHepa; TONyoIr; IEpMaHTaHAT KaJWs;, COJIS-
Has KUCJIOTA; STUJIOBBIN CIIUPT WM LIABEJIeBasi KUCIOTA; BOAA; PUIbT-
poBalibHasi Oymara; MHANKaTopHas Oymara.
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Memoouka evitnonnenus padomsl. B xpyrnoJoHHyo Konly oObe-
MoMm 150 mi, cHaGXeHHYI0 OOpaTHBIM XOJIOAWIHHUKOM, TOMEIIAIOT
2,5 M Tonyona, 3,2 T TOHKOM3MEIbYEHHOTO MIEpMaHraHaTa Kajiusi U 75 mMr
BO/JIbI ¥ HATPEBAIOT HA KUIIAIIEH BOJSIHOM OaHe (WJM MecOYHOM OaHe) B Te-
yeHue 3 4 10 oOeciBeuMBaHUs pacTBopa. JlJii paBHOMEPHOTO KHUIICHUS
B KOJIOy OpOCarOT HECKOJIBKO «KUTENOK». Ecim peakiimoHHasi cMechb OCTa-
€TCsl OKpAIIeHHOM, OOeCIBeUMBaHUs JOCTUraroT mnpudasieHueM 0,5 M
ATUIO0BOrO crupta win 0,25 r maBeneBoil KUCIOThI PY HarpEBAaHUH.

[To oxKOHYaHWH PEAKIIMHA W OXJKICHUS OT(HIBTPOBHIBAIOT BBI-
MaBIIMKM ABYOKCH]I MapraHila Ha MaJICHbKOM BOpOHKE broxHepa m nBa
pa3a TPOMBIBAIOT HEOOJBIIUM KOJIMYECTBOM Topsideil Bombl. Coemnu-
HEHHBIN (UIbTPAT BHINAPUBAIOT HAa BOJSHON OaHe (WM B YalllKe Ha
necoyHoi 0ane) 10 oobema 15-20 mu. CHOBa OTQUIBTPOBBIBAIOT JIBY-
OKCHJT MapraHia 1 IMPOMBIBAIOT OAUH pa3 5 MII ropsuer BoAbl. OuibT-
paT — pacTtBOp OCH30MHOKHCIIOrO Kayus — JEHCTBHEM pa30aBlIEHHOM
(1 : 1) consaHOM KUCTOTHI A0 KUCION peakiuu M0 UHIUKATOPHOU Oyma-
re TIEPEeBOAAT B CBOOOIHYIO OSH30MHYIO KHCIIOTY.

Brinapiryto O€H30MHYI0 KHUCIOTY OTCACBIBAIOT HA MaJ€HbKOW BO-
ponke bBroxHepa, MpOMBIBaIOT HEOOJBITUM KOJWYECTBOM XOJIOJIHOMN
BOJBI U CcymiaT. Berxo 6€H30MHOM KUCIOTHI ~2 T.

3adanue: onpenenuTh BBIXOJ, TEMIIEPATYPHI IUIABICHUS U KHIIE-
HUST OCH30HWHOM KHUCIIOTHI.

CuHTE3 aAUNNHOBOW KNUC/NOTbI

dopmyia:
HOOC—(CH,),—COOH

AMNUHOBAs KUCJIOTa — O€JIbIA KPUCTALTNYECKUN MOPOIIOK, XO-
POIIIO PACTBOPUMBIH B CIIUPTE, ropsiuend BOAE; ty, = 151°C; tun = 265°C
npu aasiueHnu 100 mm pr. CT.

[IpuMeHsieTCs aquMUHOBAsT KUCIOTA JJIs MOJTYyYCHHS TulacTU(dHKA-
TOPOB M CUHTETUYECKUX BOJIOKOH.

Metoa A
OCHOBHBIC peaKI_II/II/I CHUHTC3Aa.
OH
COOK
+ 8KMnO,—> 3 + +2KOH + 5H,0O
3 4 COOK 8MnO, 2
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KOOC—(CH,),—COOK + H,S0, —>»

— > HOOC—(CH,),—COOH + K,SO,

Obopyooeanue, peakmuevt U mamepuanpl: Tpexropias Koioda,
Menlaika; TepMOMETp; BoAsHas OaHs; BOpoHKa broxHepa; 1ukiorekca-
HOJI; IepMaHTraHaT Kajaus; KapOOHAT HATPUs; cepHasi KUCI0Ta; BOJA.

Memoouka evinonnenus paéomol. B Tpexropnoi kosde, cHab-
KEHHON MENIAKON M TepMoMeTpoM, pacTBopsitoT 10 r kapboHara Ha-
Tpus B 50 M BoAbl. B mosrydeHHBIN pacTBOP BIMBAIOT 5,3 MII LUKIIO-
reKCaHoJIa U 3aTeM (MpU MEePEeMENIMBAHUM) HEOOJIbUIUMHU MOPLHUIMU
BHOCAT 22,5 T mepMaHraHara kanus. TemmepaTypy peakiiMOHHON mac-
cel mojaepxuBatoT okosio 30°C, miast yero kosnly Bpemsi OT BPEMEHHU
OXJIAXKJAIOT Ha BoAsiHOM Oane. Ilocie 3aBepiieHUs] peakiuu AUOKCHU]T
Maprasiia oTGUIbTPOBBIBAIOT U AIUITMHOBYIO KUCIOTY OCAXAAI0T MPH-
OaByienreM 10 MJI KOHIICHTPUPOBAHHOUW cepHOM KUCTOTHL. OcasoK OT-
JEJSIFOT, CYIIAT U NEPEKPUCTAIUIM30BBIBAIOT U3 BOJIBI.

Breixon amunuHOBOM KUCIOTHI ~5 T.

Meton B

Ooopyooeanue, peakmugvlt U mamepuaipl: CTCKISIHHBbIA CTaKaH;
BOJIsIHAs OaHs; BOpoHKa broxHepa, nukinorekcanon; 50%-Hast a30THas Ku-
CJIOTa; BaHAJAAaT AMMOHMSI; KOHIEHTPUPOBAHHAS a30THASI KUCJIOTA; BOJA.

Memoouka evinonnenus pabomoi. PaboTy BBHINOJHATH MO TH-
roii! B manenpkoM crakane cmemuBaioT 0,032 moab 50%-HoM a30THOM
kucnotel (p;' =1,32 r/em’) u 0,1 T BaHajgaTa aMMOHHS M HATrPEBAIOT
npumepno 10 90°C. [Ipu nepememmuBanuu no6asmsitor 0,01 Moib 1UK-
JIOT€KCaHoJa CIepBa HECKOJIBKO Karellb Il Hayaja peakiyu, a 3aTeM
ocTaTtok npu oxjaxaeHuu (mpumepHo 10 60°C). Cnyctsa 30 MuH oxna-
xpaaroT 10 0°C, oTcackIBalOT, IPOMBIBAIOT JIEJSTHON BOIOM U CyIIAT.

I OYMCTKY MOITYYEHHOW KUCIIOTHI €€ MEePEeKPUCTATUIN30BbIBAIOT
U3 KOHIEHTPUPOBAHHOW a30THOM KHUCIOTHI U 3aTEM U3 BOJIBI.

3adanue: onpeAenuTh BBIXOAbl HEOYMILEHHOTO W OYULIEHHOIO
NPOAYKTA (TEOPETUUECKUN U IPAKTHUYECKUN ), TEMIIEpaTypPy IUIaBJICHUS.

CuHTEe3 a3e/1auHOBOW KUCJIOTbI

[Ipouecc monydeHus a3eauHOBOW KHCJIOTBI IPOBOAST B JBE CTa-
nvn. Ha nepBoi cTaauu TUAPOIU3YIOT KACTOPOBOE MACHO C MOJyUYEHHU-
€M CBOOOTHOM PUIIMHOJIEBOM KUCIIOTHI:
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+2H,0
KacTOpOBOE MacJjo —2H> CH3(CH2)5(|3HCH2CH:CH(CH2)7COOH

KO
OH

pHUIUHOJICBAadg KHUCJIOTa

Ha BTOpOi#1 cTagnm OKUCTISAIOT PUITMHOJIEBYIO KUCIOTY ¢ 00pa3oBa-
HHUEM a3€JIauHOBOM M YHAHTOBOM KUCJOT:

+9[0
CH3(CH2)5(|3HCH2CH=CH(CH2)7COOH 4

OH

— > HOOC(CH,),COOH + CH;(CH,);COOH + 2CO, + 2H,0

a3CjlanHoBas KHCJIOTa OHaHTOBas KHUCJIO0Ta

Oébopyooeanue, peakmuevl u Mamepuanvl: XOJIOJUIBHUK 00pat-
HBIN; ctakad Ha 250 mu; BopoHka aenurtensHas Ha 100 mur; amektpo-
IUTUTKA; Kojiba Tpexropias Ha 500 mi; MexaHWyeckas Mellaika; Tep-
Mometp 0—150°C; BoasiHast OaHs; kojiba KpyriaogaoHHas Ha 200 mut; Ka-
CTOPOBOE MAacJO; TUIPOKCU]T KaJIHsl (TB); STUJIOBBIM COUPT; EPMaHra-
Hat Kaus (Kpuct); HoSO4suomm)-

Memoouka evinoanenua padomel. IIporiecc mojydyeHus: azeyiau-
HOBOW KHCJIOTBI COCTOUT U3 JIByX CTaJUMU.

Ombinenue kacmopogozo macia. B KpyrinogoHHO#N konbOe eMKo-
cteio 200 M pactBopsitor 4 1 KOH B 40 M1 3TU0BOrO cnupra, mpu-
O0aBysitoT 20 T KaCTOPOBOTO Macjia M CMECh KHUISITAT B T€UEHHE 2 U
C 00paTHBIM XOJIOAUIBLHUKOM. [1oyUeHHbIN pacTBOP BHUIMBAIOT B CTa-
kadH ¢ 120 M BOABI M 3aTe€M MOJKHUCISIOT CEpHOM KUCIOTOM (4 M
H,SO4xomy B 13 M1 H,O). BepxHuii xKenTelii ¢JI0i PULIMHOJIEBOU KU-
CJIOTBHI OTAEIISIIOT U IPOMBIBAIOT B JEIUTEIBHON BOPOHKE BOJIOM 2 pasa.

[TonydyeHHOE BEHIECTBO HEMENJIEHHO MCHOJIB3YIOT B CIEAYIOIIEM
OTBITE JIJIs MOJTYYEHUS a3€JIaMHOBOUM KHUCIIOTHI.

Okucnenue 6 asenaunogyio Kuciomy. B KpyrJoJOHHYIO Tpexrop-
ayto kosnOy Ha 500 mul, CHaOXKEHHYI0 MEIIAIKON U TePMOMETPOM, TO-
Mmeniatot pacteop 7,5 r KMnOy4 B 95 mut Bogsl, Harperoit 1o 35—40°C,
U nepeMemuBaroT 15 MuH. 3ateM (Ipu NepeMenIMBaHrU) MPUIUBAIOT
pacTtBOp 3 T pULIMHONEBOU KUCTOTHI B 20 MIT BOJbI, coaepxkaieit 0,8 T
KOH. Peakuuonnyto cmech HarpeBatoT 10 70—80°C u mpu 3TOM TeM-
neparype nepememinBaroT 30—40 muH. [IoTOM B peakiMOHHYIO Cpeny
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MeIIeHHO npuiauBaroT pactBop 5 Mil HySOuiomyy B 15 M H,O (BeIzE-
JIEHUE YTJIEKHUCIIOro ra3a, CWIbHOE BCIeHUBaHUe!), HarpeBaroT 15 MuH,
MOCJI€ YEro ropsuyr0 Maccy OT(GUIBTPOBLIBAIOT OT BBIMABIIETO JIHOK-
CHJa MapraHua.

@uibTpaT BBUIMBAIOT B YHUCTBIM cTakaH. OcaloK AMOKCUIA Map-
radia BMecte ¢ GUIbTPOM MEPEHOCAT B APYTrON CTaKaH M KUISTAT He-
POJIOJDKUTENHHOE BpeMs ¢ 25 M1 BOJIbI U CHOBA GUIbTPYIOT. DUIBT-
paThl 00BEIMHAIOT U ynapuBatoT B papdopoBoit yamke g0 50 M, oc-
TaTOK NEPENMBAIOT B CTAKaH W OXJAXJAOT JibIoM. Kpucramisl aze-
JJAMHOBOM KHCIIOTHI OT(HUIBTPOBHIBAIOT U MPOMBIBAIOT HEOOIBIIUMHU
MOPLUSIMHU JICJITHON BO/IBI.

IlepekpHuCTaIUNIN30BBIBAIOT MOJYYEHHBIM NPOAYKT W3 BOAbL. Pac-
TBOP B ropsiueM Buje QUIABTPYIOT U (QUIBTPAT OXJIAXKIAIOT BO JIBIY.
tin= 104—106°C; BbIXOT 35% B pacuere Ha PULIMHOJIEBYIO KUCIIOTY.

3adanue: ONPENECIUTh BBIXOJ U TEMIIEpATypy IUIABICHUS a3ellau-
HOBOW KHCJIOTHI.

JlabopaTtopHasa pab6ora
NONMTYYEHME ALETANTbOAErNAQA

Ilenvy pabomsi: 03HAKOMHUTBHCS C METOJOM TMOJy4YeHUs KapOo-
HWIBHBIX COCIMHEHUN OKUCJIIEHUEM CIIUPTOB.

OkucieHue MEepBUYHBIX U BTOPUYHBIX CIHUPTOB JI0 aJbJETUIOB
Y KETOHOB MOHO OCYLIECTBUTh XPOMOBOM U a30THOM KUCIOTOHU, XPO-
MOBOM CMECBIO, JTUOKCHJIOM Maprasiia Win JHOKCUIOM ceneHa. B mpo-
MBIIUIEHHOMN MPAKTUKE B KAYECTBE OKUCIIUTEIS UCIIOIB3YIOT KUCIOPO
BO3/yXa.

[Ipu okucIeHUN XPOMOBON KUCIOTOM CIUPT K HEeW HYKICO(DUIBLHO
PUCOEIUHAETCA, PU 3TOM OTLIEIUISIETCSl Boja U oOpazyercs >pup
XpPOMOBOM KHCJIOTBHI. Ha BTOpOM cTamuu, UAyIIEH 4epe3 UUKINYECKOE
IIEPEXOTHOE COCTOSHUE, Ol-BOJOPOJL CIIUPTA NEPEXOIUT K OCTATKY XPO-
Mara, IPUYEM METAUI M3 ILIECTUBAJICHTHOTO COCTOSHHS IEPEXOAUT
B YETHIPEXBAJIEHTHOE:!
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YeTplpeXBAJICHTHBIM XPOM Jajie€ BOCCTAHABIMBACTCS CIUPTOM J10
TPEXBAJIEHTHOI'O COCTOSIHUsL, TaK YTO OKOHYATEJIbHBIN PE3yJIbTAT MOXK-
HO 3aIIMCaTh C TIOMOULIBIO CIEAYIOIIETO YPAaBHEHHUS:

3RR'CHOH + Na,Cr,0, + 4H,SO, —>

—> 3RR'CO + Cry(S0Oy4); + Na,SO4 + 7H,0O

[Ipy OKHCIEHMM NEpPBUYHBIX CIUPTOB OOPA3YIOLIUICS abAETHL
JIOJKEH OBITH 3aIlMIIEH OT JAIbHEHIIEro OKUCICHUS B KapOOHOBYIO KH-
cnoTy. MOXHO, HallpuMeEp, MOCTOSHHO OTTOHSTH AJIBJIETH]T U3 PEAKIIUOH-
HOW CMECH, TaK Kak TeMmIepaTypa KUIEHHs albAeruaa OObIYHO HUKE,
YeM TEMIIEPATypa KUIIEHUSI COOTBETCTBYIOLIEIO cnvpra. Bee ke BhIXon
aJIbJICTU/IOB TIPY OKUCIICHUH OMXpOMAaTOM OOBIYHO He TpeBbIiaeT 60%.

[Ipu oKUCIEeHUH STUIIOBOTO CIUPTa 00pa3yeTcs aueTaabIeru/l:

0
Y7,
CHy—CH;—OH + 2[0] —> CHy;—C_  + 2H,0
OH

Auetanpieru/i — IEHHBbIA MPOMEKYTOUHBIH MPOIAYKT OpraHuye-
CKOro cuHTe3a. Ero OKHCIIEHHEM MOJIy4YarT YKCYCHYIO KUCIOTY, YK-
CYCHBIA aHTUIPH], a TaKKe MEPOKCHYKCYCHYIO KUCIOTY (TOCIIETHSA
UCIIOJIb3YETCSl B KAYeCTBE OKHUCIHTENsA). Uepe3 CTaauio aibA0JdbHOU
KOHJICHCAIIUU M3 alleTalbJeruaa CUHTE3UPYIOT NMEHTadPUTPUT, OyTaH-
nuoni-1,3, KpOTOHOBBIN anbaeru, H-OyTuinoBbli ciupT. Crnegyer oTMme-
TUTh, YTO B MPOMBIIUICHHOCTH alleTalIbJIETU1 MOJIy4at0T B OCHOBHOM
oKkucieHueM 3TuiieHa B npucyrcrsuu PACl,.

Oobopyoosanue, peakmugbl u mamepuanst: Kojida Tpexropias Ha
500 mu; kamenbHasi BOPOHKA C BhIpAaBHUBAHUEM JABJICHUS; OOpaTHBIN
XOJIOMUIBHUK; CKJISTHKM (2 IIT.); yJAbTpaTepMOCTaT; SJEKTPOIUINTKA;
NMapoBUK; XUMUYeCKHil crakan Ha 500 mi; OropeTka Juisi TUTPOBAHUS,
TUIIOBBINA ciUpT 95%-Hbiit; Ouxpomat kamus; HySOyomy; @30T (U3 Oan-
JIOHA); TUAPOKCUIAMUHA TUAPOXJopu; | H. BOJIHBIA pacTBOpP TUIAPO-
KCHJIa HATPHSL.
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Memoouka evtnonnenus padomel. B Tpexropiayo Koyi0y BIMBAIOT
30 ma stunosoro coupta, 10 M HySOykomy), 20 MII BOIBI M TIOMELIAIOT
HECKOJIbKO LIEHTPOB KumeHus. Jlanee coOuparoT yCTaHOBKY JIsSi OKUCIIE-
HUs 3TaHona (puc. 1). B mornoturenbHyo CKISHKY HaimuBaroT 70 mil BO-
nbl. B 0OpaTHBIN XOMOAWIBHUK ITyCKAIOT BOAY, [UPKYJIUPYIOIIYIO Yepe3
TEPMOCTAT, B KOTOPOM MojJiepkuBaercs temneparypa 35°C (npu Takou
TEMIIEpaType B 0OpaTHOM XOJOJWIbHUKE KOHJEHCUPYETCS CIUPT, HO HE
KOHJICHCUPYETCS] 00pa3yIOUIUIiCs aabAeruI).

Puc. 1. YcranoBKa /17151 OKUCIIEHUS 3TaHOJA B alleTalbIeT Ul
1 — Tpexropunas konba; 2 — TpyOKa 1Js BBOJA a30Ta;
3 — KarnenbHas BOPOHKA C BBIPABHUBAHUEM JIaBJICHUS;
4 — oOpaTHBI XOJIOAUIBHHK; J — IIEKTPOIUIUTKA;
6 — 0y(epHas eMKOCTh; 7 — IOTJIOTUTEIbHAS CKIISTHKA

3aTeM B XMMHYECKOM CTaKaHe T'OTOBIAT cMechb U3 90 My BOJIBI
1 25 vt HySOy(kom), PACTBOPAIOT B 3T0OH cMecH 49 T Ouxpomara Kajus
IIPY HarpEeBaHUM U TOPSYUNA paCTBOP BJIMBAIOT B Kalle€JIbHYI0 BOPOHKY.
Conepkumoe KOJIOBI HarpeBaroT 0 KUIICHHS M MOCTETICHHO MPUIIN-
BAaIOT XPOMOBYIO CMECh K KHUIISIILIEMY CIIUPTY, OJTHOBPEMEHHO MPOMYcC-
Kasi yepe3 KUJKOCTh CTPYIO a30Ta (C TAaKOW CKOPOCTHIO, YTOOBI MOYKHO
OBLIO CUMTATh MPOXOJSIINE MYy3bIPhKH raza). Tak Kak peakuus UaeT
C BBIJICJICHUEM TE€IlIa, TO peaKIIMOHHAs Macca MPOJI0KAET KUMETh 0e3
MOJIOTpEeBaHKs U3BHE. [l mpenoTBpalieHus KpUCTALIM3ALMU Ou-
XpomaTa Kajaus U3 XpOMOBON CMECH KaleJbHYI BOPOHKY IMOCTOSIHHO
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00yBalOT BOASIHBIM TMapoM, TeHEpUpyeMbIM B mapoBuke. [IpumepHo
yepe3 20 MUH NpUIMBAaHHE XPOMOBOW CMeECH 3aKkaHuMBaroT. llocne
3TOTO, MOJAEPKHUBas cl1adoe KUMEHUE PEAKUHMOHHONW CMECH, MPOa0J-
KaIOT MPOMYCKATh a30T elle OKojo 10 MUH AJig MOJHOTO yAaJeHUs
anbJernia u3 KoJobl.

Copep:xaHue aneraibAeriujia B BOIHOM pacTBOpe, 00pa30BaBIIEMCS
B MOTJIOTUTEIBHOM CKIISIHKE, ONPEAEISIOT TUTpoMeTpudecku. /s atoro
5 MJ1 aHaTU3UPYEMOTO PacTBOpa MOMEILAIOT B KOHUUYECKYIO KOJIOY, TyAa
xe 100aBisroT 18 Mt 1 H. pacTBOpa CONSTHOKUCIIOTO TUAPOKCUTIAMUHA U
36 mu Boabl. KonbOy 3akpeiBatoT mpoOkoii u octaBistoT Ha 30 mMuH, 3a-
TEM TUTPYIOT | H. pacCTBOPOM THAPOKCHIA HATpUsl B MPUCYTCTBUU Me-
TUJIOBOTO OPAaH>XEBOr'0 JI0 COJIOMEHHO-KENTOW okpacku. [lapamiensHo
B TE€X K€ YCJIOBHUAX MPOBOJAT XOJIOCTOM OTBIT.

Monspayto koHIeHTpauuto aneranpieruna (C,) B BOAHOM pac-
TBOPE PaCCYUTHIBAIOT MO (popMyIie

C\ = ("1 =V0)Cnaon

Vip

b

rae V; — o0beM BOJHOTO pacTBOpa TMAPOKCHA HATPUs, MOIIEIIINNA Ha
TUTPOBaHUE MPOOBI aHATU3UPYEMOTO pacTBopa, Mi; Vy — 00beM BOJ-
HOI'O PacTBOpa THUAPOKCHUIA HATPHUs, MOWEAIIAN HAa XOJOCTOW OIIBIT,
MI1; Cnaon — HOPMaJIbHASI KOHLIEHTpALUsL BOJAHOIO PACTBOpPA T'MIPOKCH-
na HaTpus; Vy, — 00beM MpoObl aHATU3UPYEMOIO PACTBOPA, MJI.

[lonydeHHBI BOJIHBIA PACTBOP ALETANBACTHIA HEMEMNJICHHO HC-
MOJIB3YIOT JIJISL CHHTE3a IEHTa3PUTPHUTA.

3adanue: ONpPENEeNnUTh CONEPKAHUE ALETAIBAETHAA B BOJHOM
pacTBope.

JlabopaTopHasa paborTa
AMNOKCNANPOBAHUE PACTUTEJIbHbIX MACEN

Ilenvs pabomwi: WM3yduThb PEAKLUIO DSIOKCHIMPOBAHUS HEHACHI-
LICHHBIX YIJIEBOJOPOJIOB U UX POU3BOIHBIX.

Kucnopon npucoeaussiercs Mo JBOMHBIM CBS35IM HEHACBIIIEHHBIX
OpPraHMYECKUX COEIMHEHUH, JaBas JSIMOKCUIbl. B KauecTBe 3J€KTpo-
(UIBHOTO areHTa MOKET CITY>KUTh MOJICKYJISIPHBIN MM XUMUYECKH CBSI-
3aHHBIN KUCJIOPOJ B IIEPOKCUIE BOAOPOJA, TUAPONIEPOKCUAAX, TIEPOKCH-
KHACJO0Tax (HampuMep, B HAIMypPaBbHUHOM, HATyKCYCHOM KUCIIOTaxX):
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PacturenpHble Macia, Oorarble MIULEPUAAMU KUPHBIX HEHACHIIIICH-
HBIX KHCIJIOT, IOCTATOYHO JIETKO MOAJAIOTCS SMOKCHIUPOBAHUIO. DIOK-
CHIIUPOBAHHBIE PaCTUTEIbHBIE Macja UCIOIb3YIOTCS B KAUeCTBE IJIACTH-
($UKaTOpOB, CTAOUIN3ATOPOB U MOAU(DUKATOPOB, & TAKKE OTBEPIUTEICH
B IPOM3BOJICTBE LIEJIOTO psijia IMJIEHKOOOpa3yromMx BemecTs. Macna no-
CJI€ SMOKCUIUPOBAHUSA MPAKTUYECKU HE COAEPKAT TBOMHBIX CBSI3EH.

JIJis STOKCUIMPOBAaHUS B OCHOBHOM MPUMEHSIOT COEBOE, JHHIHOE
U JIETUAPATUPOBAHHOE KACTOPOBOE MAciO. DNOKCUIUPYIOIIUM areH-
TOM CIIy’)KUT MEPOKCHU] BOAOPOJA WINM HaaMypaBbuHas (HaayKCycHasl)
kuciaora. IlocnenHne MOXXKHO MOJyYHUTh HENOCPEACTBEHHO NEpe] HUC-
[I0JIb30BAaHUEM IyTEM B3aUMOJAECUCTBHUS MYpPaBbUHOHN (YKCYCHOM) KH-
CJIOTHI C IEPOKCUIOM BOJIOPOJA:

@)
4
HCOOH + H202 —_—> HC\ + H2O
OOH

Peakuysi snOKCUANPOBAHUS K30TE€PMHUYHA, TTO3TOMY OKHUCIUTEIU
CleAyeT BBOAUTH MOCTENEHHO, HE JIOMYCKasl MOBBIIICHUSI TEMIIepaTy-
pbL. 3aT€M 3MOKCUAMPOBAHHOE MACJIO0 OTMBIBAIOT TEIUIOW BOJOM OT Ka-
TaJIU3aToOpa U KHUCIOT U CylaT a3eoTponHbIM cniocobom. Coaepxkanue
BMOKCUJIHOTO KUCIOPO/Ia B TOTOBOM MPOAYKTE COCTABIIAET OKOJO 7%.

Oobopyoosanue, peakmugbl U mamepuanst: Kojida Tpexropias Ha
250 wmu; xanmenpHas BopoHka; Ttepmomerp 0-100°C; Mexanumyeckas
Mellayika; 3JEKTPOIUIUTKA; MPUOOp ISl MEPEroHKH MOJ BaKyyMOM,
PACTUTENBHOE MAaclo; TOJIYOJ; MEPOKCU BOJAOPO/AA; YKCyCHasi KUCIO-
Ta; XpoMOBbII aHTUIPHUIL; HoSO4om).-

Memoouka evinonnenusn pavomel. B xon0y nomerniator 33  mac-
na, 7,4 r tonyona u 11 r nepokcuaa BOAOPOJa, BKIOYAOT MEMIAIKY
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u HarpeBatoT cmech 10 70°C. Ilpu 3TOM Temmeparype U3 KamnelabHOU
BOPOHKH IIOCTENEHHO BBOAAT 8,7 T YKCYCHOW KHUCJIOTBI. 3aT€EM IIPH
temmneparype 70—-80°C peakimOHHYIO0 MacCy BBIACPKUBAIOT MpU pado-
TaIIe Memanke B TeueHue 2,5 4. Jlanee peakmoHHYI Maccy OXJia-
*kaarT 10 40—45°C, nepeHocAT B ICIUTENbHYIO BOPOHKY, OTCTauBaloT,
HVDKHUM BOJHBIN CJIOM CIMBAKOT, & B MACJIO JJISl PACTBOPEHHUSI BBOJST
42 1 Tomyona. TolyonbHBI PacTBOP SMOKCUAUPOBAHHOIO Macia 6—
8 pa3 nmpomsbiBatoT Termioi Boaou (40-45°C) 1o oTCyTCTBUS B IPOMBIB-
HbIX BOJIaX MEPOKCHA BOAOPOAA U KUCIOT. O HAIMYHMKU KUCIOT CYAST
no pH ¢ momo1ki0 HHAUKATOPHON OyMaru.

[Ipo6a Ha H,O,: 3 mu mpombIBHOM BOJBI TOMEMIAOT B (hapdopo-
BYIO YaIIKy ¥ JOOABJISIOT HECKOJIBKO Kareab pacTBOpa XpOMOBOTO aH-
TUApUaa B KOHIICHTPUPOBAHHOM cepHOM KucnoTe; B npucytctuu H,O,
npo0a OKpaIIUBAETCS B 3€JICHBIN I[BET.

W3 mpoMBITOrO 3MOKCUIMPOBAHHOTO Maciia MPU OCTATOYHOM J1aB-
aenuu 660—700 mm pt. cT. 1 100—110°C OTroHSIOT BOIHO-TOTYOIbHBII
muctiutat. Ilocne storo mpoaykrt cymar B TedeHue 2 4 npu 100°C
1 octatouHoM gasieHun 720—740 mMm pr. ct. Kak Tonbko macno cra-
HOBUTCSI IPO3PAYHBIM, CYIIKY 3aKaHUUBAIOT.

3adanue: onpeneuTh HOTHOE YUCIIO MOMYYEHHOTO MPOAYKTA.

BOMPOCDHI K 3ALLMTE JTIABOPATOPHbIX PABOT

Kakue coeMHEeHHs MOTYyYaroT M0 PeaKUsIM OKUCIEHUS?
Knaccudukaius OKUCIUTETbHBIX areHTOB.

OCHOBHBIE IPYNIIbI PEAKIIUN OKUCIICHHUS.

[Tob6ouHBIE peakLuy Mporecca OKUCICHHUS.

CenleKTUBHOCTh Ipolecca OKUCIEeHUsA. PaKTOphl, BIMUSIOIINE
Ha CEJIEKTUBHOCTD.

6. Kakue peakiuu npoTeKaroT MpU CUHTE3e OEH30MHON KHUCIOThI
13 ToJIyoJa?

7. Kak oCymecTBISIOT OYUCTKY OCH30MHOMN KUCIOTHI?

8. B yeM cOCTOUT OTIMYME CUHTE3a AAUIMMUHOBOW KHUCJIOTHI IO
Metony A ot metona B?

9. Peakuuu, nexaiiye B OCHOBE CUHTE3a a3€JIaMHOBOM KHCIIOTBHI.
10. MexaHu3M OKHUCIIEHUSI CHUPTOB B KapOOHWIbHBIE COEAMHEHUS.
11. Kak ompenenstoT cojepkaHue KapOOHWJIBHOTO COCAMHCHUS
B BOJIHOM pactBope?

12. MexaHn3M peakuuy dMOKCUAUPOBAHUS HEHACHIIIEHHBIX yTJie-
BOJOPOJIOB.

SNhRED -

27



II1. NPOLECCbl AIKUJIUPOBAHUSA

AJIKHUTHPOBAHNE — DTO BBEJCHUE AIKWIHHBIX WIH apUIAKHIIC-
HOBBIX TPYII B MOJICKYJIBI OPraHMYECKUX BemiecTB. [Iporecc ankuim-
pOBaHUS MOXXET MPOTEKaTh Kak Mo aromy yriepoaa (C-amkuimpoBa-
HUe), atoMy a3oTa (N-aJKWIMpoBaHUE), TaK U MO APYTUM Te€TepoaTo-
Mmam (S, O, Si, Al, Pb).

B MHOroTOHHaXKHBIX TMpoleccax HEPTEXUMHUUECKOTO U OpraHrye-
CKOT'0 CHMHTE3a aJKUJIMPOBAHUIO MOABEPraoT nu3onapaduHOBBIE U apo-
MaTUYECKUE YTIIEBOJAOPO/IbI PA3INYHBIMU AIKWIMPYIOUIUMU areHTaMu:
XJIOPIIPOU3BOIHBIMH, aJTKEHAMH, CIUPTAMH, OKCUAMH aJIKEHOB U JpY-
TUMH coeuHeHusIMU. [Ipu 3TOM momy4aroT pa3BeTBiIeHHbIE TapaduHO-
BbI€ YIJIEBOAOPOJbI — KOMIIOHEHTHI KOMIMAYHIUPOBAHHBIX MOTOPHBIX
TOTUTUB, ATHJIOCH30J1, H30TPONIIIOSH30J1, BBICIIINE ATKHIIOCH30JIbI U JIPY-
THe OPTaHUYECKHE COSTMHEHUS, COIePKAIINE AKIIBHYIO TPYIIITY.

AJIKUIUPOBaHUE akeHamuy B OOIBIINHCTBE CIIy4aeB MPOTEKAET IO
MOHHOMY MEXaHH3MY 4epe3 MPOMEKYTOUHOE 00pa3oBaHNE HOHOB Kap-
OOHUS W KaTAIM3UPYETCS MPOTOHHBIMH M alpPOTOHHBIMH KHCJIOTaMHU.
PeakiinoHnHasi cnocOOHOCTh OMpPEAENSIETC UX CKIOHHOCThIO K 00pa3o-
BaHUIO HOHOB KapOOHMUSI:

+
J’_
RCH=CH, + H' =—= RCH—CH;
Y,Z[J]I/IHGHI/IG N Pa3BCTBJICHUC LCIIN YITICPOJIHBIX aTOMOB B OJIC(bI/IHe
3HAYUTCJIBHO ITOBBIIAKOT €TI0 CHOCO6HOCTB K aJIKWJINPOBAHHIO!

CH,=CH, < CH;—CH=CH, <
< CH;—CH,—CH=CH, < (CH;),—C=CH,

[IpuMeHeHUE B KaueCTBE AIKWIUPYIOIIUX ar€HTOB XJI0PNPOU3B00-
HbIX 11€JIECO00Pa3HO B CIIydasX, KOT/Ia MX HEJIb3s 3aMEHUTh aJIKEHAMH
WJIY KOTJ1a OHM JOCTYITHEE AJIKCHOB.

AJKunupyroniee ASiMCTBUE XJIOPIPOU3BOAHBIX MPOSBIIAECTCS B TPEX
TUIIaX B3aUMOJICHCTBUS:

1) snexTpoduiibHBIE peAKITUU:

5+ 5~ N ]
RCI + AIC R---Cl---AlCk R+ AICY,
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PeakimonHasi cniocOOHOCTh XJOPUCTBHIX AJTKUJIOB 3aBUCHUT OT TIO-
aspuzauuu cBsizu C—Cl wnu cTaOUIIBHOCTH MOHOB KapOOHUS U MOBBI-
HIaeTcs Npy yAJIMHEHUN U Pa3BETBICHUH AJIKUJIbHOW TPYIIIIBIL:

CH3_CH2C1 < (CH3)2CHC1 < (CH3)3CC1

2) peakuuu HyKJI€0(pUILHOrO 3aMELIEHUs aToMa XJIopa:

RNH, + HCI

RCl+ :NH; — RNH;" + CI

PeaknroHHasi cltocoOOHOCTH XJIOPIPOU3BOAHBIX B TAKKMX IIpOIeccax
HU3MEHSETCS CIICAYIOIIM 00pa3oMm:

ArCH,C1 > CH,=CH—CH,Cl > ALCl > ArCl;
neps.-AlkCl > Brop.-AlkCl > Tper.-AlkCl

3) peakuuu o cBOOOAHOPAIUKATBLHOMY MEXaHU3MY, IIPU CHUHTE-
3€, HallpuMep, IEMEHTO- U METAJUIOOPTaHUYECKUX COeTMHEHUHA:

4PbNa + 4CoH{Cl — 4Pb + 4NaCl + 4CH5 —>
— 3Pb + 4NaCl + Pb(C,Hs)4

Cnupmui, oxcuodvl aikeHog cnocoOHbl K peakiusam C-, O-, N-
U S-ankunupoBaHus. {15 pa3pbiBa UX alKUI-KUCIOPOJAHOM CBSI3H Tpe-
OyIOTCSI KaTaIu3aTOPbl KUCIOTHOTO THIIA:

+
R-OH + H- === R-OH, =—= R"+ H,0

B 3aBHCHMMOCTH OT aJKWIMPYIOMIETO areHTa W THIIA pa3phIBArOIICH
CBSI3M B QIKWJIUPYEMOM BEIICCTBE IMPOIECCH ATKWINPOBAHUS HMEIOT
CHJILHO Pa3JIMYAIONTNECS YHEPTETHUECKUE XapaKTEPUCTHKH. AHAITU3 TETI-
J0BbIX 3 (HEKTOB UIsl Ta3000pa3HOTO COCTOSHUS BEIECTB B Haubosee
pacIpoCTPaHCHHBIX MPOIIECCaX AKUIMPOBAHUS MTOKA3bIBACT CIICAYIOIIICE:
JUISL OJTHOTO W TOTO K€ AJKMJIUPYIOIIECTO areHTa TEIUI0Ta PEeaKIuy aJlKv-
JMPOBAHUS 110 pa3HBIM aTOMaM YMEHBIIIACTCS B CISAYIOIIEM TOPSIKE:

CapOM. > Caﬂmp. > N > Oa

a Ui pa3HbIX AJIKWJIMPYIOINUX aIrCHTOB U3MCHACTCA TaK:

CH=CH > H,C—CH; > RCH=CH, > ROH > RCI
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AnKunMpoBaHue M30MapaUHOB aIKEHAMU MPOTEKAET MO0 MOHHO-
My MEXaHW3My B MPUCYTCTBUM KATAJIM3aTOpPA — CHJIBHOW NPOTOHHOM

KHCJIOTHI U BKITIOUAET CIICAYIONINE CTaIuN:
1. 3apoxaenue nenu (oOpasoBaHue KapOKaTHOHOB):

+
CH;—CH—CH,—CH;

CH;—CH=CH—CH; + H'

+ +
(CH3)3CH + CH3_CH_CH2_CH3 (CH3)3C+ C4H10

2. IlponoikeHue nenu:

CH;
(CH3);C" + CH;—CH=CH—CH; =—= CH3—(|:—C|:H—(+:H—CH3
CH;CH;,
CH,4
CH3—C—CH—5H—CH3 —
CH; CH;
CH;
— CH3—(|1—(|+1—CH2—CH3 )
CH; CH;4 M
1LCH3
CH3—C|+:—C|:—CH2—CH3
CH;CHj, a0

r + (CH3);CH =—
+

> CHy ¢ CH—CH—CH,

CH;CH; CH
3 CHy 3 (am

CHj
+
CH; CHy  (qv) |

n3onapapuHoBbIii yriaesogopon + (CHz);C*
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3. OOp&IB 1EMNHU:

RA

kapOxkaruoH (I, IT, III, IV) + A

B ycrnoBusix ankuinupoBaHHUs MPOTEKAIOT pa3IUyYHble MOOOYHBIE
peakuuu: IeCTPyKTUBHOE AJIKWIMPOBaHHE, MepepacrpeesieHue BOAo-
pona, monumepuzanus v aenonumepusanus. [Ipumenenue 4—6-kpart-
HOT'O M30BITKA MapauHOBOTO YTIIEBOJOPO/Ia MOAABISAET MOOOYHBIE pe-
aKIUU U TOJIOKUTEIHHO BIUSAET Ha BBIXOJ] aJIKUJIATA.

Tepmonunamuyeckasi BEpOSTHOCTh AJIKWJIMPOBAHHUS H300yTaHa
pa3HBIMH aJTKEHAMU TaIaeT B Py

CH,=CH, > CH,=CH—CH; > CH,=CH—CH,—CHj; >
> CH3_CH:CH_CH3 > CHZZC(CH3)2’

a peaxklIHOHHAas CIMOCOOHOCTHh AaJKEHOB H3MEHSETCS B OOpaTHOM
MOpsiJIKE.

Hcnonb3oBanue cynepkucior (Hampumep, HF) mo3Bomsier mpo-
BECTH AQJIKWIMPOBAHWE HOPMAJbHBIX Mapa(UHOBBIX YTIIEBOIOPOIOB
ankeHamu. [Ipu 3TOM B pe3ynbTaTe peakiuu dTUJICHA C ’TAHOM B Kade-
CTBE €IMHCTBEHHOTO MPOIyKTa oOpa3yercs: H-OyTaH 1Mo cxeme

e +  +CHy;—CH,
CH2:CH2 > CH3_CH2 —_—
R .
-H
CH3_C|\\ +/,C_CH3 — > CH3_CH2_CH2_CH3
H HH

ATKATMpOBaHUE aPOMATHYECKUX COSAMHEHUN HIIET M0 MEXaHU3-
My 3JEKTPO(PIIHPHOTO 3aMENICHHs] B YCIOBHUSIX KHCIOTHOTO KaTajiu3a.
B kadyecTBe amKWIMPYIOMIMX areéHTOB MOTYT BBICTYIATh aJKHJITAIOTE-
HUJIBI, AJTKEHBI M CITUPTHI.

ATKAITAIOTCHUIBI TTOJSIPU3YIOTCS KUciIoTaMu JIprouca (XJmopu-
JaMU aJTlOMHUHUS, ITMHKA, TpUudTOopuaIoM O0pa) U CTAHOBSTCS CIOCOO-
HBIMHU K 3aMEIIEHUIO TPOTOHA B aPOMATHIECKOM SIIPE:

5+ 5—
=== R----Cl--AICk

R" + AICI,

R—Cl+ AlCk
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R
+ RN —— ©/ + H

[Ipu aJKuIUpOBaHWU CIIUPTAMU WJIM AJIKEHAMHU B KAueCTBE KarTa-
JIU3aTOPOB MPUMEHSIOT poTOHHBIE KucaoThl (H,SO,4, HF, H;PO,):

R—OH + H—X R" + HO + X

+ — .
R_CH:CH2 + HzSO4 — R_CH_CH3 + HSO4

Peakiusi ¢ ankeHamMHM MPOTEKAaET B COOTBETCTBUU C IPABHIIOM
MapKkOBHHKOBA.

s cuHTe3a ankuieHoNoB B HEQTIHOW MPOMBIIUIEHHOCTH HC-
MOJIb3YIOT HEHACHIIIEHHBIE Ta3000pa3HbIe YTIEBOIOPOILI (PpaKIUU
C4—Cs kpekuHra.

B naGoparopHoii mpakThke Hambojee ym0OHO aTKWJINPOBAHUE
¢dbenona n300yTUIOBBIM CHUPTOM B TPUCYTCTBUU CEPHON KHUCIIOTHI,
IPOTEKAIOIIEEe 10 CXEME

CH;
CHy—CH—CH,0H + 1,50, —> CHy—(—0—SO0,0H + H;0
CH;3 CH;
CH; CH,
CHy—(—0—S0,0H + CHOH—> CHy—(—CH,OH + >S50y
CH; CH;

OmgHuM W3 TyTeW CHUHTE3a aJKUJIAMUHOB SIBIISIETCS BOCCTAaHOBU-
TEIbHOE AJKUJIMPOBAHUE aMMHaKa (aMHUHOB) allbJETHIaMH U KETOHa-
MU. B pesyibTaTe mosyqarTcs B OCHOBHOM TPETUYHBIE aMUHBI. MeTo
0COOEHHO y/00€eH /JJI CHUHTE3a TPUMETHIaMUHA, TaK KaK peaKIMOHHO-
CrocoOHBIN (hOpMaNBACTH MOKET B3aUMOJICHCTBOBATh JaXKe C XJIOPH-
JIOM aMMOHHSI:

9CH,0 + 2NH,Cl —> 2(CH;);N-HCI + 3CO, + 3H,0
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Peaxiiust HaunHaeTCss OOBIYHBIM 00PaA30OM:

LT N
AN
R—NH, + H,C=0 =— R—ITI*—C—O == /N—(|3—OH
R
(R=H, CHy) H H H
I I
H H
H | TN | N M _H0 +
/N—(|3—OH /N—(|3—O\ R—NH—CH,
R H R H H
I 111 IV

A3oMeTnHOBBIN KaTuOH IV nanee BoccTaHaBIMBAETCS MO THUITY pe-
akuuu Jlelikapra — Bamnaxa yepe3 HMKINYECKUE MEPEXOIHBIE COCTOS-
HUA 10 aMUHA:

H 0
H \/’H\ //
~C C—
. _ ] L
R—NH—CH, + 2H,C=O0 N0 —
/| ~C”
H /\
H H
vV
\%
H o)
H 1 4
(|3 (|3\H HyC N H
= N_ o0t — N—CH+ (=0
C’ R HO
/\
H H
VI VII
N H. o
H;C . H He b NP
N—CH, + C=O0 alll | —
HC™ 1™ H
Vil R v
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JlabopaTopHana pab6ora
NMNOJIYMEHUE napa-TPET-BYTUJI®EHOJIA

Ilens pabdomwi: 03HAKOMUTHCA C PEAKUUIMU AIKWJIUPOBAHUS
(b eHoJIoB.

AnkunupoBaHHbIE (DEHOJBI MIUPOKO MPUMEHSIOT B KAYECTBE ChI-
pbsl 1151 TIOJYUYEHUS] aHTUKOPPO3UOHHBIX JIAKOBBIX MOKPBITUA U MHO-
ro(pyHKIIMOHABHBIX MPUCAJ0K K CMa304HbIM MaciiaM. OcoOeHHO IIeH-
HBIMH CBOMCTBaAMHU 00JIaal0T adKUI(EHONbI, Y KOTOPHIX ATKUILHBIN
paJuKall, HaxoAsCh B MAaparojl0KEeHUHU, COJIEPHKUT YETBEPTUUHBIN YT-
JIEPOAHBIN aTOM.

Oobopyoosanue, peakmuesvt u Mamepuapl: KOjada YeThIpEeXropas
Ha 500 mu1; KaneynbHasi BOPOHKA; OOPAaTHBIN XOJOJUIBHUK; TEPMOMETP
0-150°C; mexaHnnueckasi MeIIajika ¢ THAPO3aTBOPOM; AJIEKTPOIUIUTKA;
JenuTeNbHasT BOPOHKA; (enon; m300ytuwnosbiil cnupt; H,SO4 (p =
= 1,83-1,84 r/cM’); IUrpouH (He COMEPIKALLHIT APSHOB).

Memoouka evinonnenus padomol. B peakunoHHYIO KOJIOY BHOCST
47 v ¢enona u 45 T U300yTUIIOBOTO CIIUPTA; CHAOXKAIOT KOJIOY Merai-
KOH, 0OpaTHBIM BOJSIHBIM XOJOJUJIBHUKOM, TEPMOMETPOM U KameJlbHOM
BOpPOHKOM. [Ipr HENpepbIBHOM M CUJIBHOM NEPEMENIMBAHUU CMECh HC-
XOJIHBIX BEIIECTB HarpeBaroT a0 85°C u mpu ATOM TeMmreparype U3 Ka-
NEIbHOW BOPOHKHU MO KaruiaiM npuiuBaroT 30 T cepHOM KUCTOTHL. Tem-
neparypy peakiuu (84—86°C) peryaupyroT CKOPOCThIO MOJa4H B KOJIOY
cepHoit kucnothl. [locne nobaBneHus: CEpHON KUCIOTHI CMECh MOI0TPeE-
BaIOT MpHU HempepbiBHOM nepemerinBanuu A0 130-140°C u sty Temrie-
paTypy HNOJJEPKUBAIOT B TEUEHUE 2 Y TAK¥KE MPU HENPEPHIBHOM IEpe-
MEIIMBaHUK. 3aTeM, MPEKpaTHuB HArpeBaHUE, CMECh MEPEMELINBAIOT
eme 2 4 U ocTaBisAOT CTosATh Ha 10—12 4. Ilocne 3TOro 3acThIBILYIO
KPUCTAJUIMYECKYIO MAacCy CMBIBAIOT M3 KOJObI ropsiueil BOJON B J€u-
TEJbHYI0 BOPOHKY U TIPOMBIBAIOT €¢ 3—4 pa3a Teruion BoJo# (Temmepa-
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Typa Boabl 60°C) 10 UCUE3HOBEHUS KUCIION peakiuu Ha KOHTro. [Ipombl-
THIM TPOAYKT TMPEJCTABISIET COOOW TEXHUYECKUH TpeT-OyTUiI(eHOT
C MPUMECHI0 NOJUANKWI(PEHONOB U cMod. bonee uncThiil TpeT-0yTui-
dbeHon MOXeT OBbITh BBIJIETCH M3 Hero npu oxyaxaenuu jao 0°C. U3 3a-
CTBIBILIEH Macchl TPeT-OyTHII(PEHON OTCACHIBAIOT B BUIE HIOJbYATHIX
KPUCTAJLJIOB, CJIETKa OKPAILICHHBIX U UMEIOIIUX f;; = 80—85°C.

OTtcocaHHblid Ha BaKyyM-(QUIbTpe TpeT-OyTUi(heHon Bce elle co-
JEPKUT TPUMECh MONMHAIKIIPEHOIOB U OyTHioBoro sdupa Qenona,
yeM U OOBSACHAETCS HHU3Kas Temmeparypa ero rasnenus. [locne kpu-
crajum3anuu ero u3 gurpouHa (1 : 1 mo macce) moiy4yaroT NpPOAYKT,
uMmeronmi t,; = 98-100°C, ¢ Beixogom 75-80% OT TeopeTHUECKOro.
CoBepiieHHO YUCTHIN n-TpeT-0yTuiihenon miasurcs npu 100°C.

3adanue: ONPENEIUTh BBIXOJ W TEMIIEPATYPY IUUIABICHUS MOIY-
YEHHOr0 MPOJYKTa.

JlabopaTopHasa paborTa
NONYYEHVUE TPUMETUNNAMMNHA

Ilenv pabomwi: 03HAKOMHUTBCSI C PEAKIUEN BOCCTAHOBUTEIBHOIO
AIKWIMPOBAHUSA aMUHOB KapOOHUIbHBIMU COEAMHEHUSIMU.

MeTun- u 3TUIaMUHBI ABJISIOTCS KPYMHOTOHHAKHBIMU MPOYKTaAMU
OCHOBHOI'O OpPraHM4YecKoro cuHre3a. OHU NPUMEHSIOTCS B KAUECTBE TOII-
JMBa JUIS JKUJIKOCTHBIX PAKETHBIX JBUTATENIE M KaK MPOMEKYTOUYHbBIC
NPOAYKTHI JUIsl IPOU3BOJICTBA JAPYTMX aMHUHOB, aHUOHOOOMEHHBIX CMOII,
kaTuOHHBIX [TAB, sn0XMMHKAaTOB TUNAa CMMa3HHA, a TaKKe KapOaMmaToB
u nukapbamatoB. [lomydaroT aJKUIaMHUHBI B MTPOMBIIUIEHHOCTH U3 aM-
MHaKa ¥ COOTBETCTBYIOIMX CIIMPTOB aJKWJIMPOBAaHUEM B ra3oBoil ¢ase
B MPUCYTCTBUU T'€TEPOr€HHOI0 KaTajJu3aTopa KUCIOTHOIrO TUMa (aKTHB-
HBIA OKCHJ aTIOMHHHA) JUOO KaTaJUTUYECKMM aMUHHPOBAHHUEM IO
JABJIEHUEM BOAOPO/Ia HA METANINYECKOM KOHTAKTe (HUKEIIb, IIJIATHHA).

Oébopyooeanue, peakmugvt U mamepuaipl: Kouda KpyrioIoHHas
Ha 100 mi; oOpaTHBIN XOJOAWIBLHUK; MacisHas (mecyaHasi) OaHs; Ka-
nenbHas BOPOHKA; HACAJIKa; HUCXOIAIIMN XOJIOAWIBHUK; Kojiba Brop-
11a; NIpOMBIBaJIKa; BoAsiHas OaHs; (apdopoBas yaiika; OI0KC ¢ mpuTep-
TON KPBIIIKOW; TEXHUYECKUI XJIOPUA aMMOHMS; napadopMalibIerui;
ruapokcu HaTpust; HCl xopy).

Memoouka eévinoinenus paoompl. Padorty ciaenyer npoBoauTh
noa tsaroii! 10 r (0,19 Moap) TEXHUYECKOTO XJIOPHUCTOTO aMMOHUS
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u 27 r (0,3 moisp) nmapadopManpaeruia TUATENbHO CMEIIUBAIOT U TO-
MeniatoT B 100 M1 KpyriIoAOHHYIO KOJIOY, COEAMHEHHYIO ¢ OOpaTHBIM
XOJIOMIBHUKOM (JUTMHA — OKOJI0 50 cM, TuaMeTp BHYTpPEHHEN TPyOKU —
OKOJIO 2 cM; mpuMedaHue). PeakImoHHyl0 cMech MOCTENEHHO Harpe-
BalOT Ha MacisHo# Oane. [Ipu Temmneparype ot 85 g0 105°C macca Ha
JTHE KOJIObl HAYMHAET IJIABUTHCA M OJIHOBPEMEHHO HAYMHAETCS OYEHb
OypHOeE BbIIETICHHE YIJIEKHCIOro ra3a. HarpeBanue HeMeII€HHO Ipe-
KpalllaloT U, €CJIM peaklus UJIET CIAUILIKOM OypHO, YJAISIOT MacIsHYO
Oanro. Peakiuu 1ar0T BO3MOXKHOCTH MPOJOJKATHCA 0€3 JalbHENIIero
HarpeBaHusl 70 Te€X IOp, MOKa BBIJIEJIEHHUE ra3a HE 3aMEIJIUTCS, YTO
IPOUCXOANUT MpUOIM3UTENbHO epe3 1 4. [locne 3Toro BO30OHOBIAIOT
HarpeBaHUe, MOCTETIEHHO IMOBBIIIAs TEeMIepaTypy MaciasHOW OaHM 10
160°C; TemnepaTypy NOJAEPKUBAIOT HA 3TOM YPOBHE JI0 TE€X IMOP, IO-
Ka BBIJICJICHUE YTJIIEKUCIIOr0 ra3a NPaKTUYECKU HE MPEKPATUTCS, HA YTO
Tpedyercs 2,5-3,5 u.

Jlnst monydeHus COJISHOKUCIOrO TPUMETUIIAMUHA PEAKIMOHHYIO
Maccy HY>XKHO 00paboTaTh T'MIPOKCHAA HATPUSI U OTOTHATh CBOOOIHBIM
aMUH B COJISIHYIO KUCJOTY. J[JIs1 3TOro mpekpaiiairoT HarpeBaHue, ynaa-
JSIFOT 0OpATHBIN XONOIUIBHUK U CHA0XKAIOT KOOy KaneabHON BOPOH-
KON M HUCXOJSAUIMM XOJIOAUIBHUKOM. K HIDKHEMY KOHILy MOCIIEIHEro
B KayeCcTBE NMPUEMHHUKA T'€PMETHUECKHU MPHUCOEAUHIIOT Kou0y Bropua
WINH CKIIIHKY JUIsl oTcachiBaHusa. OTBOJIHYIO TpyOKy MpHEMHMKa NpU
MTOMOIIM PE3UHOBOM TPYOKH COCAMHSIOT C JOXOAIIEH /10 JHA TPYOKOI
IPOMBIBAJIKH, B KOTOPYIO HallUTa cojsiHas kuciora. HeoOxoaumo Tira-
TEIBHO CJIEIUTH 3a TeM, YTOOBI BCE COSAMHEHUS MPUOOpa ObUIH JT0CTa-
TOYHO TEPMETUYHBI, TaK KakK TPUMETUIaAMHH odeHb JeTyd. Komba
Bropua win CKISIHKA JUIsl OTCAChIBAHUS CIY>KUT ISl YJIABJIMBAHMS BO-
JIbl, KOTOpasi OTTOHSIETCS BMECTE C TPUMETUIIAMUHOM IpU 00paboTKe
HIeJI0YbI0. JTa BOJA YACTO OKpAallleHa B JKEIThIA LBET; IPU HEMOCPE-
CTBEHHOM TIOMAJIaHUU B COJISIHYIO KHCJIOTY OHA MOKET 3arpsi3HUTH CO-
JISTHOKUCIIBIA TPUMETHUIIAMHUH.

K HeckonbKo OCThIBIIEH BO BpeMsi COOpKH MPUOOpa peakIMOHHON
Macce MEIJICHHO, MO KaIuliM, MPWINBAIOT Yepe3 KaleabHYl0 BOPOHKY
pacTBop 22 T THAPOKCUA HATPUA (I3TO KOJIMUYECTBO MPEBHIIIAET B 2,5—
3,0 paza TeopeThyecKH HEOOXOAMMOE IS BBIACICHUS CBOOOIHOTO
amuHa) B 40 ma Bonbl. [Ipy 3TOM aMUH OTrOHSIETCS, TPOXOJIUT YEPE3
XOJIOMWIBHUK U K010y Bropua u mormomaeTcsi consiHo# KucioToit (Oe-
pyT 20 M kucnotel P = 1,19 r/cm’, T. €. HeCKONBKO GOINbIIE, YeM 3TO
HEOOXOAMMO Ui HEUTpalM3alMi TEOPETHUYECKOrO0 BbIXOJIa aMHUHA).
JI71s1 yBEpEHHOCTH, YTO B PEAKIIMOHHOW KOJOE HE OCTaloCh aMUHA, IO
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pUOABJICHUH BCETO KOJIMYECTBA THIPOKCHUIA HATPUS CMECh HarpeBaroT
B TeueHue 10—15 muH.

Jlmst BBIAENIEHUS COJISTHOKHUCIIOTO TPUMETHJIAMHHA TIOTYYCHHBIN
KHUCIIBIM pacTBOp yMapuBalOT CHavajia Ha 3JIEKTPOIUIMTKE, a 3aTeM, IIPH
BBINIAJICHUM KPUCTAJUIOB — Ha BOJsHOMN OaHne. [lo mMepe Toro xak pac-
TBOP KOHIICHTPUPYETCS, BBINIAJAET BCe OOJbIlE U OOJbIIE KPUCTAIIIIOB
COJISHOKHCIIOTO TPUMETUJIAMUHA; UX MEPUOJIMYECKH OTCACHIBAIOT, CY-
miaT B TEYCHHE HECKOJIBKUX MHUHYT B CymmibHOM Ikady mpu 100—
110°C, mocnie 4ero moMmemniaroT B IJIOTHO 3aKPbIBAIOIIYIOCA CKJISIHKY.
@OubTpaT CHOBA YNApHUBAIOT, BHINIABIINE KPUCTAILIBI OTCACHIBAIOT, CY-
mart u T. . CpenHuid BBIXOI COJISTHOKUCIIOTO TPUMETHUIIaMUHA COCTaB-
aseT 89% TEeopeTHYEecKOro KOJIMYECTBA B IEpPECUETe Ha MCXOIHBIN
XJIOPUCTBIA aMMOHUU.

Ipumeuanue. Peakius COMpOBOXKIAETCS BBIACICHUEM OOJIBIIIOTO
KOJIMYECTBA TEIJIa, IO3TOMY BO M30€KaHUE MOTEePbh HEOOXOIUMO B3SITh
MOIITHBIA XOJOIMWIBLHUK YKa3aHHBIX pa3MepoB. lllupokas BHyTpeHHsS
TpyOKa HYy>XHa JJI1 TOro, 4ToObl CyOIUMUPYIOIIHics napadopMabie-
THJl HE MOT €€ 3aKyTOPHUTb.

3aoanue: onpenenuTh BbIXOJ TPUMETUIIAMUHA.

BOMPOCDHI K SALLUTE JIABOPATOPHbIX PABOT

1. Yrto Takoe npoiiecc ankuwiupoBaHus? Kiaccudukanus mnporec-
COB QJIKWJIMPOBAHUS.

2. Karanu3zatopsl npouecca alKuInpOBaHUs.

3. ANKunupyrolue areHThl Impolecca alKuwinpoBaHus. B kakux
Clly4asix Kakue MpUMEHSIOTCS ?

Kakue coenvHeHus MoMyyaroT Mo peakiusM aaTKUIupOBAHUS?
[ToOouHbIe peakiuu Npolecca aaIKuIupOBaHUS.

MexaHu3M anKWINpOBaHUS apEHOB.

MexaHu3M anKuIupoBaHus n3onapadrHoOB.

8. Kakue peakuuu npoTeKaroT NMpPU CUHTE3E napa-TpeT-OyTui-
dbenomna?

9. Kak OCylIeCTBIISIFOT BBIACIIEHUE U OYHMCTKY Napa-TpeT-OyTHil-
denoma?

10. Peakuum, nexaiye B OCHOBE CUHTE3a TPUMETUIIAMHUHA.
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IV. NMPOUECCbI HUTPOBAHUA

HurtpoBaHuem Ha3bIBACTCSI XMMHUYECKHM MTPOLECC BBEACHUS HUT-
pPOTPYNIIBI B MOJIEKYJTY OPraHUYECKOTO BEIIECTBA C MTOMOIIbIO a30THOM
KHUCIIOTHI WJIM HEKOTOPBIX €€ TIPOU3BOIHBIX. B MPOMBITTUIECHHOCTH HUT-
POCOEIMHEHHS TTOTYUYalOT IJIaBHBIM 00pa30M Ha OCHOBE MapaUHOBBIX
Y apOMaTUYECKUX YIIIEBOJIOPO/IOB.

HutponpousBoiHbie napad)iHOB MOTYT MCHOJIB30BATHCS KAaK PacTBO-
putenu Jyis 3(pUpoB LEIIT0NI03bI, BUHWIBLHBIX MOJIMMEPOB, Kak J00aBKH,
CHIDKAIOIINUE TEMIIEPATypy CAMOBOCIUIAMEHEHUS! TU3ENbHBIX TOIUIUMB, KaK
MPOMEXYTOYHBIE MTPOAYKTHI B CHHTE3aX PsiJia OPraHUIECKUX COSAUHEHUH.

MOHO- U TUHUTPOCOETUHEHUSI APOMATUUYECKOTO psifa MCIOJb3Y-
I0TCS B TIPOM3BOJICTBE KPACUTENICH, MIACTUYECKUX MACC U CHHTETHYe-
CKMX BOJIOKOH, IYIIHMCTHIX BEIIECTB, JIEKAPCTBEHHBIX COCIMHECHH,
CPEIICTB 3aIUTHI pacTeHHl. MHOTHE MOJTUHUTPOCOSAMHEHHS apOMAaTH-
YECKOTO psifia (TPUHHUTPOTONYOJ, TPUHUTPOKCHIION W Jp.) SBISIOTCS
OpY3aHTHBIMU B3PHIBUATHIMHU BEIIECTBAMMU.

Peakiium HUTpOBaHMSI HACHIIIEHHBIX YTJIEBOJAOPOJIOB MPOTEKAIOT
M0 PaIMKATLHOMY U PaAUKAIbHO-LIIEITHOMY MEXaHU3MaM.

HutpoBanue napagunosvix yenes000po0os MOXKHO TPOBOAUTH
B CJIEYIOLIUX YCIOBUSIX:

1) B razoBoii paze mpu 350-500°C ¢ nomompro 40—70%-Ho# a30T-
HOM KMCJIOTHI;

2) B xuakou ¢aze npu 100-200°C nopn nerictBuem 50—70%-HoM
a30THOM KUCJIOTHI;

3) B xxuaKo# K razoBoit daze N,O,.

[Ipn HUTpOBaHMM B MapoBOM (ha3e MPOUCXOIUT pacmaj a30THOU
KHUCIIOTBHI:

—>HO + NO,
HNO; —|

> HO + O-N=0
Hanee

RH + HO' —— R’ + H,0

R® + NO,—> RNO,

R*+ HNO; —> RNO, + HO®
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[Ipn HuTpoBaHuM AuOKcUAOM azora NO, peakuuum 00pa3oBaHUS
napaduHOB HEe OyAyT LEMHBIMU, TOCKOIBKY 00pa3yroluecs paauKaibl
HE pEreHepUpPYyIOTCS:

2N02—> Nz()4—> 2NO;
RH +NO; —> R* + HNO,
R® + NO; — RNO,

[Tpu nmapoda3zHOM HUTPOBAHHMU MOTYT MPOTEKATh PEAKIUH Oecm-
PYKMUBHO20 HUMPOBAHUS, MEXAHU3M KOTOPBIX 3aKJIIOYAeTCs B Clle-
nyromieM. Hutputheiii pagukan *O-N=0 B3auMOJEHCTBYET C yrie-
BOJIOPOJHBIM PaUKaIoOM, 00pa3ys alKUIHUTPUT:

CH;—CHj + 0-N=0 —> CH;—CH,~0-N=0,
KOTOPBIN J1ajiee pa3ylaracTcs U 1aeT aIKOKCHpaIUuKal:
CH;—CH,—O-N=0 —> CH3;—CH,—0°® + NO*
B cBoro oUuCpCAb AJIKOKCHPpAAUKAI IIOABCPIracTCAa paciiaay:
CH;—CH,—0®* —— CH3 + HCHO,

a TIOSIBJISIFOLMIACS METWIIbHBIN parkai BeTynaeT B peakiuu ¢ NO, u HNO;:

—> CH;NO,

+ HNO;4 o
—>> CH3N02 + HO

OOpa3zoBaHue HUTPOMETaHA MPU HUTPOBAHUU TOMOJIOTOB METaHa
UMeeT OOJNbIIOe 3HAUCHHE, TaK KaK caM METaH HHUTPYETCS TpyAHEe
BCEX MapapuHOBBIX YIIIEBOJAOPOIOB.

B ycnoBusix orcuoxoghasnoeo nutpoBaHus napapuHOBBIX YTIeBO-
JOpOAOB pa30aBIE€HHON a30THOM KHUCIOTOW HamOoJiee JIETKO 3aMela-
eTCsl aTOM BOJIOpOJia MPU TPETUUHOM YIJIEPOJHOM aToMe U oOpasyercs
cTabUIbHOE TPETUYHOE HUTPOCOCTUHEHHE:

1 T
R—(|JH + HONO, —> R— |—N02 + H,0
b b
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C noBbIlIEHUEM KOHIEHTPALMHU KUCIOTHI U TEMIIEPATYPhl PEAKLH-
OHHOW CMECH YBEIMYMBAETCS KOJIMYECTBO OOPa3yIOIIMXCS BTOPUYHBIX
Y TIEPBUYHBIX HUTPOCOETUHEHHIA.

ITpu xxuaxodazHoOM mpolecce B 3HAUUTEIBHON CTENEHU ITPOTEKAET
OKHCJIEHUE YTJIEBOJOPOJOB ¢ 0Opa30BaHUEM aNbJIETHIOB U KETOHOB,
KOTOpBIE Jajiee MPEBPAIIAIOTCS B KApOOHOBBIE KUCIIOTHI.

[Ipu HUTpOBaHUM YTIIEBOIOPOJIOB B KHUIKOM (haze oOpazyercst 00Jb-
10€ KOJIMYECTBO MOJIMHUTPOCOEANHEHNNA. CUUTArOT, YTO UCXOHBIE yIJIE-
BoJ0pobl 1 HNO; B3auMHO HEpacTBOPUMBI U MIPEACTABIISIIOT COOOH rere-
POTrE€HHYIO CHUCTEMY, a 00pa3yroILecss HUTPOCOESAUHEHNUS JIyYllle pacTBO-
PSIFOTCS B @30THOM KMCIIOTE U ITOJIBEPTaOTCs NANBbHENIIEMY HUTPOBAHUIO.

Jlnst autpoBanus yrieBonopogaoB Ce—Cy, €ciii OHU ITPU HUTPOBA-
HUM B MapoBoil (aze 0OpazyloT MHOIO MPOAYKTOB KPEKHMHTA, MOXKHO
MCIOJIb30BaTh KUJAKUNA N,O4, KOTOPBIN, B OTIAYUE OT a30THOM KHUCIIO-
Thl, CIIOCOOEH pacTBOpATCS B yriieBojgopoaax. IIpouecc mpoBoasat npu
170-180°C, nossimienHoMm nasiennu (0,2—1,0 MIIa) u BpemeHu KoH-
TaKTa, U3MEPSIEMOM HECKOJIBKUMU MUHYTaMHU.

HutpoBanue ankenog 1e1ecoo0pa3HO OCYLIECTBIATh YEThIPEX-
OoKkuChl0 a3oTa N;O4, KOTOpas OKa3bIBAET MEHBLIEE OKHCIUTEIBHOE
neicteue, yeM HNO;. Hutporpynma Bcerga npucoeanHseTCss K Hau-
0osiee THAPUPOBAHHOMY aTOMYy YIJIEpOJa, MPUYEM PEAKIUS MPOTEKAET
10 pPaJUKaJIbHOMY MEXaHU3MY:

N204 E— 21:102

RCH=CH, + NO, —> RCH—CH,NO,
NO,

. + %0, = RCH—CH,NO,
RCH_CH2N02 -

ONO

[Ipy1 0OAHOBPEMEHHOM BBEJIEHUH BO3/1yXa KHCIOPOJ OKUCISET HAT-
POHUTPUT B COOTBETCTBYIOIIMM HUTPOHUTPAT, MPEMATCTBYS BO3MOK-
HOMY HaKOIUICHHUIO HU3IIMX OKCUIOB a30Ta:

RCH—CH,NO, 292 RCH—CH,NO,
ONO ONO,
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[Ipy HUTpPOBAHUM a30THOM KUCIOTOH apomamuyeckoz2o yeneeo0o-
poOa BBEIEHHE KaXI0M HUTPOTPYIIIIBI COMPOBOXKIAETCA 00pa30BaHUEM
MOJIEKYJIbI BOJIbI. DTO MPUBOAUT K YMEHBIIEHUIO KOHLIEHTPALMU a30T-
HOM KHUCJIOTBI U NOHMYKAET €€ HUTPYIOIIYIO0 CIIOCOOHOCTh, a 00pa3yro-
masics ciadast a30THAsE KUCJIOTa YBEJIMYMBAET CTEIIEHb OKUCIEHMS Y-
neBojiopooB. IlosToMy HUTpoBaHME HEOOXOAMMO MPOBOJIUTH C H3-
OBITKOM a30THOM KHCJIOThI U MPU HU3KUX TEMIIEpaTypax Jjs ociadiie-
HUS IPOTEKaHUS HEXKEJIATEIbHbBIX OKUCIUTENBHBIX IIPOLIECCOB.

JUs cBSA3BIBaHUS BOJbI, BBIIEISIOIIECIHCS B IIPOLECCE HUTPOBAHMUSA,
OPUMEHSIOT BOJOOTHUMaoIMe BemiecTBa. Hanbonee nocTymHbIM ISt
ITHX IeJiel sBiseTcs cepHas kuciora. Kpome Ttoro, eme B 1889 .
B. B. MapkoBHHKOBBIM OBbLIO YCTaHOBIIEHO, YTO HAJIMYHE B PEAKIMOH-
HOM CpeJie CEpHOU KUCIOThI YCKOpSET peakunto HuTpoBanus. CrienoBa-
TEJbHO, CEPHYIO KUCIIOTY MOXHO pacCMaTpUBAaTh KaK KaTajau3aTop 3TOM
peakuuu. Hutpyromnas cnmocoOHOCTh CMECH a30THOW M CEPHOM KHUCIIOT
xapakrepusyercs ¢paxkropom HuTpymomei aktusHoct (O. H. A)):

®.HA=5,—2_
140 - N,

rae S. — conepxkanue H,SO,4 B kucnotHo#t cmecu, % mac.; N, — coaep-
»kaune HNO; B xuciotHou cmecu, % Mmac.

B artoii popmyne npobsr xapakrtepuszyeT pa3OaBIICHHE KHCIOTHI
BBIJICIIAIONIEHCS BOIOW. BenmnunHa 3Ta paBHa

140 100 100

140— N_ IOO—NC+£NC 100—0,714N,

rae 18 u 63 — MOJeKyIsIpHbIE MACCHI BOABI U A30THOM KUCJIOTHI.

CnenoBarenbHo @. H. A. yucieHHO paBeH KOHIIEHTpaLUKU OTpado-
TaHHOW CEPHOM KHCIJIOTHI IPHU YCJIOBUU ITOJTHOTO UCITOJNB30BAHUS A30T-
HOH KkucaoTsl (N, — 0).

Jns xaxnporo mpouecca HUTpoBanust umeercs npeaen @. H. A.,
HUYKE KOTOPOTO HUTPOBAHHE MPAKTUYECKHU HE UIET.

KonunuectBo BBOmuMON H,SO, onpenensiercs @. H. A., koTopsrit
YCTAaHABIIMBAETCS Ul KAXKI0TO ITporecca Ha ocHoBaHuu onbita. O. H. A.
YBEIIMYUBACTCSI C POCTOM KOJIMYECTBA BBOJIUMBIX HUTPOTPYMI B MOJIE-
KyJIy apOMaTHYE€CKOTO YIJIEBOJAOPO/A.

[IpOMBINLIEHHOCTh MPOU3BOAUT CMECh KOHIEHTPUPOBAHHBIX CEP-
HOM W a30THOM KUCIOT (MenaHX) C cojaepkaHveM He Oosiee 5% BOJIbI
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n He MeHee 7% HNO;. XpaHAT 1 nepeBo3sIT MENaHK B €MKOCTSX W3
YTJIEPOAUCTOMN CTAJIH.

HutpoBanue apoMaTH4eCKUX YTJIEBOJOPOJIOB CMECSMH a30THOMN
U CEpHOU KHUCIIOT IPOTEKAET IO UOHHOMY MEXAHUZMY:

HNO3 + HQSO4 S HOSOQ_ONOZ + HQO
HUTPOCEpHAst
KHUCJIOTAa

B BOJIHOU
cpene

_l’_ —
N02 + HSO4
HUTPOHUU

KaTUOH

HOSO,—ONO,

WJINn

2HNO; === NO;zH," + NO;
KOHLICHTPUPOBAaHHAA
(6e3BoHAN)

NO 3H2+ NO 2+ + Hzo

[Ipu noGaBneHuu BOABI K a30THOM kucioTe auccormanus HNO;
o +
¢ oOpa3zoBanueM HuUTpoHuM-kaToHa NO, MOJaBIsSETCS MOYTH MOJIHO-
CTBIO M KOHIICHTPAIIHMS dTUX HOHOB CTAHOBUTCS HUYTOXKHO MaJIOM:

H,0" + HSO4
HOH oucynbhaTHbIHI
THIPOKCOHUS AHWOH

H2804+ Hzo D

Takum 06pa30M, BCCh IIPOLCCC BSaHMOHeﬁCTBHH a30THOM U Ccep-
HOM KHMCJIOT MOKHO BBIPA3HUTh CICAYIOIINM YPABHCHUCM:

HNO; + H,80, NO; + H;0"+ 2HSO4

HuTtpoBanue apoMaTuyecKuxX COEIUHEHUN MPOTEKAET HEOOPATUMO
C BbIIeTICHUEM O0JIbIIOro KoudecTBa TerioThl (150—160 xIx/Moib):

+ NO 2+ NO 2+
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1/3+ 1/3+ N
- = H —— NO, + H

13+ NO,
H'+ HSO, —> H,SO,

OO6pazoBaHNe G-KOMIUIEKCOB 3aBUCUT KaK OT PEAKIIMOHHOM CIIOCO0-
HOCTH apOMaTHUYECKUX COCAUHEHUH, TaK U OT COJIbBATAIIMOHHBIX A eK-
TOB cpefibl. Bo3HMKarOMuMi Mpy HUTPOBAHUM O€H30J1a G-KOMILIEKC — 3TO
CWJIbHAS KUCIIOTa, KOTOpasi ObICTPO OTJAET CBOM MPOTOH OCHOBAHHUIO.

[Ipn HUTpOBaHMM B OE3BOJHOM cpejlie, HE cojepiKalield cepHOM
KHCJIOTBI, IPOTOH B3aUMOJICUCTBYET C aHHOHOM NOj .

IIponiecc nutrpoBanus cmecbto HNO;3; u H,SO,4 mpoTekaeT B rete-
POTEHHOM cpejie, TaKk Kak oOpaszyeTcsi oprannueckas (yrieBogopoIHas)
¥ KuCIOoTHAs (a3bl. 3a CYeT YaCTUYHOW B3aMMHON PaCTBOPUMOCTH pea-
TUPYIOIINE KOMIIOHCHTHI PacpeIeIOTCS MEX Ty AByMs (pazamu u pe-
aKIMs MIPOTEKAEeT Kak B 3TUX (pa3zax, Tak U Ha MOBEPXHOCTH UX pazjiena.

HutpoBanue ankunbGeH3010B B ykcycHoM aHruapuae npu 0°C
MPEUMYIIECTBEHHO MPOTEKAET B opmo- U Mema-nonoxenus. OHaKo,
C YBEJIMUCHHUEM 00beMa aKUIILHOM TPYMIbl OOJIbIIE CTAHOBUTCS napa-
U Mema-u30MepPOB.

JlabopaTtopHas pa6oTa
NOJTYYEHUE HUTPOBEH3O0J1A

Ilenv pabomel: 03HAKOMUTHCSI C PEAKUUSIMU HUTPOBAHUS apoMa-
THUYECKUX COCTMHEHHM.

HutpoOeH3011 — )KUIKOCTh 5KENITOrO IBETA € 3aaXOM FOPbKOT0 MHUH-
A, tam = 210,9°C; t,, = 5,7°C, oTHOCUTEIBHAS IUIOTHOCTH p420 =1,2.
Cnabo pactBopsieTcsi B Boje. B kujkoM Buje He 00siajlaeT B3pbIBUa-
TaMU CBOMCTBaMU; Mapbl €ro MPU HarpeBaHUU B 3aKPHITOM COCYIE MO-
I'yT pa3jiararbcsi ¢ 00JIbIION CKOPOCTHIO.

HuTtpoOeH301 ucmoap3yeTcs: Kak MONyMpOIyKT B aHHJIMHOKPACOY-
HOM, (papmaiieBTHUYECKOM, Map(roOMEpHON MPOMBIIIICHHOCTH, PACTBO-
pS€T MHOTHE OPTAaHUYECKHUE COCTUHEHUSI.

Oobopyoosanue, peakmugvl u mamepuanvl: Koiada Tpexropias Ha
250 mu; kamenbHas BOPOHKA; OOpPaTHBIN XOJIOAWIBHUK;, MeIIaiKa C THI-
po3atBopom; TepmomMeTp 0—-100°C; BoasiHast OaHsi; Koj0a TMIOCKO/IOH-
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Has Ha | ;; menuTenbHAs BOPOHKA; AJEKTPOIUIUTKA; OEH301; a30THAs
kuciora (p = 1,4 r/em’); H>SO4xomm); KapOOHAT HATPHSA; XJIOPH], Kajlb-
1M1, OCH30II.

Memoouka évinonnenusn padomol. B Tpexropiioit Koj10e eMKOCTHIO
250 M1 OCTOPOXKHO, TP OXJIAXKACHUH, cMeuBatoT 20 M1 a30THOW KHU-
CJIOTHI € 25 Ml cepHOil. CMech OXJIaKIAr0T 10 KOMHATHOM TEMIIEpaTyphbl.
Konby cHaGxkaroT Memankoil 1 oOpaTHbIM XonoauwinbHuKoM. K oxmax-
JICHHOW CMECH TIpU MepeMelInBaHuy NMpuoaBisatoT 18 M 6eH3ona uepes
KaleJabHYI0 BOPOHKY, HaOMrOAas 3a TeM, 4TOObI TeMIleparypa CMecH He
npesbimana 50-60°C. B ciyuae HeoOX0AMMOCTH KOJIOY OXJIaXkIat0T BO-
noi. [Tocne npubasnenus Bcero 0eH301a K00y NOMENaroT Ha BOASHYIO
Oanro, Harperyto 10 60°C, U BeayT peakiuio MPU ATOM TeMmreparype
B TE€UEHHUE NOTy4yaca, SHEPrUYHO NEepeMEeTnBast 5KUIKOCTb.

3areM peakIMOHHYIO CMECh IEpeSMBAIOT B JIMTPOBYIO KOJIOY, CO-
nepskantyro 300 M1 BoJIbl, IEPEMEIINBAIOT KUJIKOCTh, OXJIKIAIOT U TpU
MIOMOIIX AETUTEIBHON BOPOHKH OTIEIISIOT HAXOAALIUICS B HUXKHEM CIIOE
HUTPOOEH30JI. Ero mpoMbIBaIOT B JEMUTENHFHOM BOPOHKE CHaudana pas-
OaBJICHHBIM PACTBOPOM YTJIEKHUCIIOTO HATPHSI, @ 3aT€M YUCTOU BOJIOM.

[TpombITHIN HUTPOOEH30JT TIEPENIHUBAIOT B HEOONIBIIYIO KOJIOY U MpH-
OaBISAIOT MPOKAJICHHBIN XJIOpUCTHIM Kaibluil. Komby cHabxkaroT 00-
paTHBIM BO3YIIHBIM XOJOJMUIBHUKOM M HArpeBarOT Ha BOJISIHOW OaHe.
[Tocne TOro, Kak »KUJIKOCTh CTAHET MPO3PAYHOU, NMEPEMBAIOT HUTPO-
O€H301 B MEPErOHHYIO KOJIOY U MEPETOHSIOT C BO3AYIIHBIM XOJOANIb-
HUKOM. [lo OKOHYaHMM OTrOHKM HEOOJBIIOrO0 KOJWYEeCTBa Hempopea-
THMpOBaBIlIero O€H30Ja MEepPEeroHsieTcs HUTPOOEH30J MPU TeMIepaType
204-207°C. OTroHats NpoAyKT AOCYyXa HE ClIeIyeT BO N30eKaHUE pa3-
JIO’KEHHUS OCTAIOLIErocs B Kojioe AIMHUTpoOeH301a. Boixo okono 22 r.

3adanue: HanucaTh peaklUy MOJyYSHUS] HUTPOOEH30y1a U T000Y-
HBIX IPOAYKTOB. OnpeenuTh BbIX01 HUTPOOEH3011a.

BOMPOCHI K SALLUTE JIABOPATOPHbIX PABOT

1. Mexanusm razoda3zHoro HUTpoBaHUs TapadUHOBBIX YTJIEBO-
JPOPOJIOB.

2. MexaHu3Mm XuaKko(pazHOro HUTPOBAHUS MapadUHOBBIX YIJIEBO-
JIOPOJOB.

3. MexaHu3M HUTPOBaHUS OJIe(PHUHOB.

4. MexaHu3M HUTPOBaHUS OEH3011a.

5. CriocoOb1 HUTPOBaHMS MapaUHOBBIX YTIEBOJIOPOIOB.

6. Uto Takoe «pakTop HUTPYIOIEH AaKTUBHOCTU»?
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V. MPOLIECCbI TAJIOTEHUPOBAHMUA

I'anorennpoBanue (rajJouJIUpOBAaHUE) OPraHUYECKUX COEIHHE-
HUIl — 3TO BBEJCHHE TaJIOT€HAa B MOJIEKYIY, OCYIIECTBISIEMOE MyTeM
3aMelICHHs] U TPUCOEINHEHUSI.

B kauecTBe rajoreHupyroIMux aréHTOB B MHOTOTOHHAXHOM Opra-
HUYECKOM CHHTE3€ MPUMEHSIOT TJIABHBIM 00pa3oM MOJEKYJISIPHBINA
XJIOP U XJIOPOBOJOPO/I.

HMoHHO-KaTaTUTHYECKOE TAJIOTeHUPOBAHUE, B YaCTHOCTU XJIOPHU-
poBaHuUE, YIVIEBOJOPOJAOB MPOBOASIT B MIPHUCYTCTBUM AIPOTOHHBIX
kuciaoT — kuciot JIstouca (AlBr;, AlCl;, FeCls, SbCls, ZrCly u ap.).
Bce atu karanuzaTopel HEOOXOAUMBI Ui HOJYUYEHUS U3 TajOreHOB
3NIEKTPOPUIIbHBIX YaCTHUL, KOTOPbIE, BO3MOKHO, 00pa3yroTCs 10 CXEMeE

5+ 5— N )
Cl, + FeCl; === Cl - Cl - FeCl; === CI[FeCly]

OnHako HET MPSIMBIX JI0KA3aTENILCTB TOTO, YTO MPH 3TOW PeaKIuK 00-
pa3yercss B BUAEC KMHETUYECKH HE3aBUCUMOM YAaCTUIIbI KaTUOH TaJIOreHa.
bonee BepoATHO, YTO ACUCTBUE KAaTAIN3ATOPOB CBOJUTCS JIMIIb K MOJISIPH-
3allU1 MOJIEKYJIbI TAJIOTE€HA ¢ 00Pa30BaHUEM 3JIEKTPODUITBHON YACTULIBL.

B kauecTBe OpraHMYeCKUX PEareHTOB IMPU TaJOT€HUPOBAHUMU HC-
HOJIB3YIOT OJIe(h)MHBI, alIETHIIEH, ApOMaTUYECKHUE COETMHEHUSI.

[Tpu KMCTOTHOM KaTallu3e XJIOPUPOBAHMS 0JIE(PUHOB YIIIEBOJOPO-
J0B 00pa3yloTCsl AMXJIOPCOAEpKAIIUe MPOU3BOAHBIE COOTBETCTBYIO-
IIUX YTJIEBOJOPOIOB:

F€C13

Haunbonee MHOTOTOHHa)XHBIM MPOIYKTOM siBIsieTcs 1,2-auxiop-
3TaH, KOTOPBIM IMHUPOKO KCIOIB3YETCs AJI MPOU3BOJICTBA MOHOMEPOB
(BUHWJIXJIOPU), pacTBOpUTENed (TpU- U TETPAXJOPITUIICH), ITHIICH-
JTMaMUHA, TIOJIUCYIb(PUIHOTO KayuyKa.

Cunres 1,2-1uxjopaTaHa OCYLIECTBISIOT MyTeM 0apOOTHpOBaHUS
razooopasubix peareHtoB (C,Hy; um Cly) depe3 >Xuakuii TPOAYKT
(CH,CI-CH,Cl). Peakuuto mpoBoasar npu 70-100°C B mpucytcTBUU
katanu3aropoB FeCls:

CH,=CH, + Cl, —> CH,CI—CH,CI
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MexaHu3M Mpoliecca COCTOUT B 3JIEKTPOPUILHOM NPUCOEAMHEHUU
AKTUBMPOBAHHON MOJIEKYJIbI XJOpa K 3TUJIEHY C MPOMEKYTOUYHBIM 00-
pa3oBaHUEM Tl- U G-KOMIIJIEKCOB:

CH2 _[FeC -
|| +C12, FGC13 | Cl - ) FeC13 [ c ]4]
CH,
EH2 +[FeCl]  CHCI
CH,Cl ~Teb  CHCI

—

PeakiimonHasi cnocoOHOCTh 0JIGUHOB 3aBHUCHUT OT CTaOMIIBHOCTH
MIPOMEKYTOYHOTO KaTHOHA ¥ U3MEHSIETCS B CJICTYIONIEM TTOPSIJIKE:

R_CH:CH2 > CH2:CH2 > CHzZCHC1

XJI0pUpOBaHUEM MPOMUJIEHA MTOTYYaroT 1,2-1uxnoprnponaH:

FeCl
CH,—CH—CH; + Cl, ——> CH,Cl—CHCI—CHj;

[TpoayKT NpPUMEHSIOT MPH CHUHTE3€ MOJUCYIb(PHUIHOTO KaydyKa
U KaKk (hyMUTaHT.

Auerunen B npucytctBuu FeCl; BecbMa J€rko MpUCOETUHSIET MO-
JEKYJISPHBINA XJIOP C BBIJCICHUEM OOJBIIOr0 KOJIMYECTBA TETIIIOTHI:

1
CH=CH— 2> cHCI=CHC] 2> CHCL—CHC],

1, 1, 2, 2-TeTpaxyop3TaH UCHOJIB3YIOT IS POU3BOJICTBA PACTBO-
pUTENS — TPUXIIOPITUIICHA.

B npoMbIlIIEHHOCTH XJIOpUPOBaHUEM OJIEUHOB B BOJHOU cpefe
IOJIY4arOT XJIOPTUIPHHBIL:

R—CH=CH, + CbL + H,O —>R—(|JH—CH2C1 + HCI
OH
BeposiTHO, 4TO B 3TOM ciy4ae 3J€KTpPOQHUIbHBIM areHTOM, ara-

KYIOIIAM JIBOMHYIO CBSI3b, SIBJIISIETCS AKTUBUPOBAHHAS MOJAPHON MOJIE-
KYJIOW BOJIbI MOJIEKYJIa XJIOpa:
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R R

| | ol -
(”:H +Ch, +H0 (|J}H_> ?:T_&_... o Cl,— H,0
CH, CH,
R
e ovlm PO R cH—cngl
(|3H2C1 - o

B dactHOCTH, MpU XJIIOPTUAPUHUPOBAHUH TIPOMUIICHA 00pa3yercs
nponwienxygopruapun CH;CH(OH)CH,CI, u3 kotoporo nanee mpu
00paboTKe IMIeT0YBI0 MOTyYatoT MPOMUICHOKCH/T!

CH3—(|3H—CH2C1 + OH™
OH

CH3—HC\—/CH2 + H0 + CI”
O

['unporanorenupoBaHue oJe(PUHOBBIX YTIJIEBOJOPOJIOB U allETH-
JeHa uMeeT OOoJIbIIOe MpaKTUYecKoe 3HaueHue. Tak, TuApOXIOpUpo-
BaHMeM dTuieHa npu temrepatype Hike 40°C B mpucyrcrBun AlCl;
HOJTy4aeTCsl ATUIXIIOPUA:

AlCL
CHzZCH2 + HCl ——> CH3_CH2C1

MexaHu3M peakuuu 31eKTOPO(UIBHBIN U MOXET ObITh MPE/ICTaB-
JIEH CIEAYIOIIUMU CTAIUSMMU:

+
CH -
|| 2 FHCL +AICK ﬁH2 HTAICL] ?Hz[AlCL;]
2 CH2 CH3

—>CH3_CH2C1 + A1C13

PeaknunoHHass crnocoOHOCTH TajlOr€HBOJOPOJOB YMEHBIIAETCS
B pany

HI > HBr > HCl > HBr

B npOMBIIIIEHHOCTH MUPOKO UCIIONIB3YETCA XJIOPUPOBAHUE ApOMa-
TAYECKUX coennHeHur. KaranuzaropamMu XJIOpUpPOBAHUS apoMaThye-
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CKHX YTJIEBOAOPOJNOB B SAJIPO SABIIIFOTCS AIPOTOHHBIE KUCIOTHL. Mexa-
HU3M PEAKIUH 3JIEKTOPOPUIbHBINA U MOXKET OBITh IIPEJICTABIEH CXEMOU

H Cl
5+ 5— 1/3+ 1/3+ _
+ Cl- Cl- FeCl; ==—= [FeCly]
1/3+
Cl
— + HCl + FeCl

DNEKTPOIOHOPHBIE 3aMECTUTENN AKTUBUPYIOT apOMaTHYECKOE
KOJIBLIO M HAIPABJIAIOT 3aMECTUTEIN IIPEUMYIIECTBEHHO B Opmo- U na-
Pa-ToJIoKeHUs. DieKTpoHoakuenTopHsle rpymnibl (—NO,, -C=N u 1. 1.)
JE€3aKTUBUPYIOT SAPO W HANPABIAIOT 3aMECTUTEIN IPEANOYTUTEIBHO
B Mema-1noJiokKeHue. XJIIOPUPOBAHUE OYEHb YyBCTBUTEIBHO K BIIMSHUIO
3aMecTuTeNer. Tak, TOJIyOosn XJIOPHUPYETCS 3HAYMTENBHO JIET4e, 4eM
OeH30J1, a (peHOJT BCTyNaeT B PEaKLMIO B OTCYTCTBUH KaTaau3aTopa.

Hadranun xmopupyercsi 3Ha4UTENbHO Jerde, yem OeHzon. Peak-
uuto npoBoAaT npu 110-120°C B cpeae pactBoputens (MOJUXIOPUIOB
OeH3011a) WK *ke 0e3 pacTBOPUTENS MPOITYCKAaHUEM XJIOpa B pacIliaB-
JeHHbIH HaTaluH B npucyrcTBuu katanuzaropa FeCl; B uyryHHOM

anmnapare, CHa0>KeHHOM MEIIIaIKOH.
Cl
“
Cl
“

['MaBHBIM TPOAYKTOM MOHOXJIOPHUPOBAHMS sBISETCS |-XiopHad-
TalnuH (BeIXo 10 90%).

[IpakTHyecknii MHTEPEC MPEICTABIICT CMECh MOIMXJIOpHA]TAIIN-
HOB, 00pa3yroIIMXCs pH OoJiee TITyOOKOM XitopupoBanuu. OHa UMeeT
BOCKOITOIO0HYI0 KOHCUCTCHITUIO W NIPHUMEHSCTCS B KayeCTBE IUAJICK-

+ Cl —
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TPUKa B AJIEKTPOTEXHUYECKON MPOMBIIUICHHOCTH (ranoBakc). Kpome
TOT0, €€ UCIIOJIB3YIOT JIJIsl MPONUTKY TKaHEH W OyMaru c IeNbIo Ipua-
HUS UM OTHECTOMKOCTH.

KapOonunbHble coenuHeHus, oOaajarolue JOBOJBHO CHUIIBHOU
C—H-KHCIIOTHOCTBIO (aNIbAETUIBI, KETOHBI, Ol-TUKAPOOHUIBHBIE COEIH-
HEHUs1), OYEHb JIETKO MOJA0TCs rajoreHupoBanuio. Peakuus karamu-
3UpyeTcs Kak KUCIOTaMH (TajJoreHOBOJOPOJOM), TaK U OCHOBAHUSIMU
(amreTaToOM WJIM TUAPOKCUAOM HaTpus). MexaHU3M peakiui O4eHb OJH-
30K K MEXaHH3My aJbJOJBHOTO MPUCOCTUHEHH: B IIEJIOYHOU cpene
OHa mpoTeKkaeT yepe3 aHnoH C—H-KHUCI0THOTO COeTMHEHUS:

- 2
O:T_T , + 0==C==CH + HB
— 2

O=—C=—CH + X —> OZC—C|3H—X

a B KHCJIOW cpejie Yepe3 CHOIL:

&)
o:(|:—c|:H2 2 Ho—(|::c|:H
® X
HO—TZTH + X —> HO:T—TH—X — OZT—TH—X
-H

OnuH u3 HanboJiee MPOCTHIX METOJ0B 00pa30BaHUs aJKUITaIore-
HUJIOB 3aKJIFOUAETCS BO B3aMMOJICHCTBUHM CIIMPTOB C TaJlOT€HOBOJIO-
POIHBIMH KHCIIOTaMH. BBUay TOro, 9T0 HYKJI€O(MUIHHOE 3aMEIICHHE
THIPOKCHIIBHOM TPYMIBI BO3MOKHO TOJBKO TOCIE TPEIBAPUTEIHHOM
NPOTOHU3AINH, YKa3aHHAsl PEaKLIUs KaTaIN3UPYETCsl KUCIOTaMU:

R—OH + H'

R—OH,

R—OH, + X R—X + H;O (Sn-; mma Sn-2),
rae HX — ramoreHoBogopoaHast KUCIoTa.
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PeakiinonHasi cnmocoOHOCTh TajJOT€HOBOJIOPOAHBIX KHUCIOT TOHU-
xaercsa B psaay HI > HBr > HCl > HF (ymensiarorcst cusia KUCIOTHI
U HYKJI1€O(PHIBHOCTh aHUOHOB).

Peakiiuu ¢ mMoAMCTOBOJAOPOAHON U OPOMHUCTOBOJOPOJAHOM KHUCIIO-
TaMU OCYIIECTBIISIIOTCS B OOJIBIIMHCTBE CJIY4YaeB JIETKO, TOT/a Kak
XJOPUCTOBOJOPOJIHAS KHUCIIOTa YK€ HACTOJIbKO MaJIOAKTHMBHA, YTO
B MPUCYTCTBUU €€ BOJHBIX PAaCTBOPOB 0€3 TpyAa ITepUPULIUPYIOTCS
TOJIbKO HanboJiee peaKIIMOHHOCIIOCOOHBIE CIUPTHI (TPETUUYHbIE U OEH-
3WI0BbIe). B ocTanmbHBIX Ciydasx HEOOXOJIMMO co3daTh Oojiee BBICO-
KYI0 KOHIICHTPAIMIO XJIOPUCTOIO BOAOPOa IMyTEM HACBIIICHUSI CIIUPTa
razoo6pa3ubiM HCl u noBeicuTh Temneparypy. [lpubaBnenue 6e3B0/1-
HOTO XJIOPHCTOTO IIMHKA IMOBBIIIAET PEAKIIMOHHYIO CIOCOOHOCTH Kak
CIIUPTA, TaK U COJITHOU KUCIIOTHI.

Peakimonnasi cnocoOHOCTh CIUPTOB MOHMKAETCS C YBEITUYECHUEM
JUTMHBL yTaepoaHoil 1enu. CKopocTh 3TepuduKauy BO3pacTaeT MpH
Nepexo/ie OT MEePBUYHBIX CIIUPTOB K TPETUUYHBIM. [lepBUUHBIE CTUPTHI
pearupyroT € rajJoreHOBOJOPOJHBIMM KHCIOTaMH, KaK IMPAaBHIIO, IO
OMMOJIEKYISIPHOMY MEXaHHU3MY, TPETHYHbIE — MO MOHOMOJIEKYJISIPHO-
MY, BTOPUYHBIEC — TIO IOTPAHUYHOMY .

PaBHOBecHe peaklMM CMEIIAETCS BOPABO IMPU YBEJIWYEHHH KOH-
[EHTPAIMKU OJTHOTO M3 PEAareHTOB U / WK yJaJIeHUH mpoaykToB. OOpa-
3YIOIIYIOCS MpU 3TepudUKAMU BOAY, HANPUMEP, MOXKHO YAAIAThH
a3e0TPOIHON OTTOHKOM. B ciiyyae 00pa3oBaHMs HU3LIMX ATKUJITaIOTe-
HUJIOB UX MOXHO OTTOHSITh U3 PEAKIIMOHHON CMECH, TaK Kak OHH OoJiee
JIETY4H, YEM UCXOHBIE CITUPTHI.

na60pa'rop|:|,as| paboTa
NONMYYEHVUE NOAODPOPMA

Ilenv pabompl: O3HAKOMUTBHCA C PEAKIUSIMU TaJIOTC€HUPOBAHUS
KapOOHUJIbHBIX COCTMHEHUH.

ﬁogoq)opM (TpuiogMeTaH) — 3TO TBEPAOE KPHUCTATUYECKOE
BEIIECTBO JKEJITOTO LBETA CO CIEIU(PUUESCKUM 3amaxom, ¢, = 119°C,
PacTBopsieTcst B 3TUIIOBOM CIUPTE, TUATHIOBOM 3dupe, Xiopodop-
Me. B Boje mpakTuuecku HE pacTBOPUM, HE MEPETOHSIETCS C BOJS-
HbIM mapoM. [log nelicTBueM cBeTa OBICTPO THAPOJIM3YETCS PacTBO-
pOM IIEJIOUM, TTOATOMY CJEAyeT M30eraTh CUJILHOIIEIOUYHON Cpejibl
B MPOIeCcCE CUHTE3A.
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HNonodopm monydaroT B pe3yiabTaTe MPSIMOro TrajoreHUpOBaHUS
aleToHA:

H3C_CO_CH3 + 312 —_—> H3C_CO_CI3 + 3HI
H;C—CO—Cl; + NaOH — CH3;COONa + CHI;

Oobopyoosanue, peakmugvl u mMamepuaibl: XUMUIECKUN CTaKaH
Ha 150 mi; kanenbHas BOPOHKA; alleTOH; MOJA; MOAWUI KaJMs; THAPO-
KCHJI HATPHSL.

Memoouxa eévitnonnenus padomsl. B ctakan nomemart 4 T Ho-
JIAJ Kanus, MPWIMBAOT 7,5 MJI IUCTUWUIMPOBAHHOW BOJIBI ¥ TIOCJIE pac-
TBOPEHUS COJM J00aBIAOT 2 T Hona. K momyueHHOMy pacTBopy Ipu-
auBatoT 17,5 Mi1 BOJIbI. 3aTeéM B pEaKIIMOHHYIO Maccy BBOJAT 5 Mil (4 1)
alleTOHA W MPHU MEPEMEIIMBAHUH 110 KATUIIM J00aBIISIOT U3 KamleIbHON
BopoHKU 10%-HBII pacTBOp THAPOKCHAA HATPUS O HCUEC3HOBEHMS
KPAcHOBATOH OKpackm pacTsopa (~4,5 mu). MomohopM, KOTOpHIil IIpH
STOM BBINAJACT B BHUJIE KEJITOIO KPUCTAIIMYECKOTO OCaJKa, 4depe3
30 MMH OTQUIBTPOBBIBAIOT Ha BOpPOHKE broxHepa, mMpoOMBIBaIOT He-
OOJIBIIMM KOJIMYECTBOM BOJIbl M BBICYIIMBAIOT Ha BO31yxe. Brixom —
90% oT TeopeTnuecKoro.

3aoanue: onpenenuTh BbIX0 ogodopMma.

JlabopaTtopHasa pab6ora
NMOJIYMEHME a, y-ANXJTIOPTMAPUHA
FNMAUUEPUHA

Ilenv pabompr: N3y4nTh PEAKIMIO 3aMECTUTEIBLHOTO TAJIOT€HUPO-
BaHUS rajOreHOBOIOPOIAMHU.
JluxsiopruipuH riaiepuHa oopasyercs 1o peakuuu

CH,—CH—CH, + 2HCl —> CHZ—CH—(|?H2 + 2H,0
OH OH OH Cl OH Cl

Oobopyoosanue, peakmugvl u mamepuauvl: KPyrioJoHHAs Kojaba
Ha 100 mu; cemaparop; koyba byH3eHa; kaneabHasi BOPOHKA; MacisiHas
OaHsi; MPOMBIBHAs CKIISIHKA; cTakaH Ha 500 mut; ctakan Ha 50 mut; Aenu-
TeJbHAsl BOPOHKA; MPUOOp AJIsl IEPETOHKU B BaKyyMe; TJIMIIEPUH; Jie-
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nsHas ykcycHas kuciaota; HCl o HaSOuony; XIOpUA HATpHS; Kap-
OOHaT HaTpHSL.

Memoouxka evtnonnenusn padomel. Padory cieayer npoBoauTh
noj tsroi! 45 r (0,49 Moib) rauiepuHa BeICIIEro copta u 1 T ykcyc-
HOM KHUCJIOTHI MOMENIAlOT BO B3BELIEHHYIO K00y, Ha 100 mu morpy-
JKEHHYI0 B MaciisiHylo OaHo? nocieaHior HarpesatoT jo 100-110°C.
Konby 3akpbiBaloT mpoOKOW ¢ ABYMS OTBEPCTUSMHU: ISl JITTUHHOM
TPYOKH, TOXOAIICH A0 JHA KOJOBI, U JJII KOPOTKOH OTBOJHOW TPYO-
ku. [lepBas TpyOka mpeaHa3zHayeHa ISl MPOMYCKaHUSI ra3000pa3HOro
XJIOPUCTOTO BOJOPOJA M COEIMHEHA Yepe3 cemaparop C COOTBETCT-
BYIOIIMM TE€HEpPaTopoM (CM. MpUMeydaHue), BTopas TpyOKa COeqUMHEHA
C CHUCTEMOU JJI MOTJIONICHUST N30bITKAa XJIOPUCTOTO Bogopoaa. Cxema
COOpaHHOM peaKIMOHHOW YCTAaHOBKH MpEACTaBlIE€Ha HA puC. 2.

Puc. 2. YcranoBka [uisl oJy4eHHs JUXJIOPTUIPUHA IIMLIEPUHA:
1 — xonba byH3ena; 2 — kamneabHasi BOPOHKA;
3 — peakiMoHHas Konba; 4 — cenaparop; 5 — nosyiuka juig HCI
(3arotHEHa TBEPIOH IIENI0YbI0); 6 — MacisiHas OaHs

Yepe3 cMech MPOIYCKAOT CTPYH) CYXOro XJIOPHCTOrO BOAOPOJA.
[Tornoienre raza NPOUCXOIUT BHaYaIe OYeHb OBICTPO, HO MOCTENEHHO K
KOHILy peaKkIH 3aMeUIeTCs; COOTBETCTBEHHO C 3TUM HYXXHO PETyJIHpPO-
BaThb CKOPOCTh MPOITyCKaHUsS ra3a. Bpemst oT BpemeHu Koiby oTcoemnu-
HSIOT ¥ B3BelMBalOT. K KOHILy MOTJIONIEHHS ra3a yBEJIHMYCHHE B Macce
JOJKHO COCTaBIIATH ~34 T (M30BITOK B 25% MPOTUB TEOPETUIECKOTO).
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[lociie okOHYaHUS PeaKUUU PEAKIMOHHYIO KUAKOCTh OXJIAXKIAIOT,
NEPENIMBAIOT B MOJUIMTPOBBIN CTakaH U 00padaThIBAIOT TBEPIOH COI0M
710 TIOSIBJIEHUS IIEIOYHOM peakiuu Ha jlakmyc. Bo BpeMs no0OaBiieHus
COJIbl IPWJIMBAIOT TOHEMHOTY BOJY, YTOOBI OOJIETYUTh PEAKIIUIO C CO-
JOM ¥ IpenynpeuTh BhIIEIEHUE COJTH (XJIOPUCTOTO HATpHs); TpeOyeT-
cs1 okoJio 30 M1 BOAbI. 3aT€EM CMECh BBUIMBAIOT B JICJIUTEIIBHYIO BOPOH-
Ky W yJJAIOT BOJHBIN cliod. ChIpOi TUXJIOPTUAPUH MEPErOHSIOT B Ba-
kyyme. [lepBas ¢paxuus, kumnsmas Hiwke 68°C/14 MM pT. CT., COCTOUT
U3 BOJIBI U HEOOJBIIOTO KOJIMYECTBA AUXJIOPrUuApuHa. Jluxmopruapus
neperounsiercss npu temmeparype 68—75°C/14 mm pt. ct. OT nepBoit
Gpakuy OTAEISIOT BOAY, a MAaclO TAaKXXe IMEPEeroHsIOT B BaKyyMe,
B PE3YJIbTATE YEro MOJY4aroT JOMOIHUTEIBHOE KOJUYECTBO IUXJIOP-
rugpuHa. [(uxiaoprufpuH, MEpEeroHsIOMMICcS B Mpeaeaax yKa3aHHbIX
CEMHU TPaJlyCoB, JOCTATOYHO YUCT JJis OOJIbIIMHCTBA 1ieseil. OH mo4YTu
HE COJIEPKUT U30MEPHOr0 AUXJIOPruApuHa. BrIXoa mpoayKTa cocTaB-
nsiet 70% TeopeTUIeCcKoro.

Ipumeuanne. Hanbonee ynoOHBIM NpECTABISAETCS CIETYIOUTUI
reHEPATOP XJIOPUCTOrO BOJOPOJA: KOHIIEHTPUPOBAHHAs CEPHAsl KUCIIO-
Ta IPUWINBAETCS B KOHUEHTPUPOBAHHYIO COJISIHYIO KUCJIOTY, HACBIILIEH-
HYI0 XJIOPUIOM HaTpHsl, C TOMOIIBIO KareJlbHONH BOPOHKH 2 (CM. pHC. 2)
U KanWUIAPHON TPYOKH, KOHEI] KOTOPO JOXOJHUT JI0 THA COCYyIa C CO-
nssHoM kuciorod /. Iloaxonasimum cocyoM IJisl 3TOW LENTU SIBJISETCS
auTpoBas kosnba bynszena. Jlyist mojacymmBaHus ra3 MOXKHO MTPOITYCKATh
yepe3 NMPOMBIBHYIO CKIIIHKY C KOHIIEHTPUPOBAHHOM CEPHOM KHUCIIOTOM
(Ha cxeme He TMoKa3aHa). Mexy TeHEpaToOpoOM U MOTJIOMIAOIIEeH KO-
0ol Bo m30ekaHMEe 3acachIBaHUs TJIMIIEPUHA B HAaYaje PEaKIUu HE0O-
XOJIUMO BKJIIOUUTH Oy(depHyro eMmKocTh (cemapatop 4). [ns omgHoro
cuHTe3a Tpedyercs okoyio 300 © KOHIIEHTPUPOBAHHOM COISTHOM U OKO-
710 500 T KOHIIEHTPUPOBAHHOM CEPHOM KUCIIOTHI. ['eHepaTopHas CKIsiH-
Ka JIOJbKHA OBITh HA OJHY TPETh 3alOHEHa COJISTHOW KUCIOTOU. Anma-
paT He TpeOyeT HUKAKOro yXo/a.

3adanue: onpeaeaUTb BBIXO OL,Y-IUXJIOPTUAPUHA TIUIIEpUHA.

BOMPOCHI K SALLUTE JIABOPATOPHbIX PABOT

MexaHn3M HOHHO-KATAIUTHYECKOTO raJOr€HUPOBAHUSL.
["amorenupytonme areHThl ¥ X peakiiuoOHHasE CIIOCOOHOCTD.
KaranusaTopsl peakiiui rajJioreHupOBaHUsl.

Peakiuu, nexaririe B OCHOBE CHUHTE3a HO10(popMa.
Oco0eHHOCTH CUHTE3a TUXJIOPTUIPUHA TIUIIEPUHA.

Nk
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VI. MPOLIECCbI CYJIbOUPOBAHUA

CyJabdupoBaHHe — 3T0 XUMHUYECKHI MPOLIECC BBEACHUS CYyJb(]o-
IPYIIBbI B OPraHUYECKOE COCIUHEHUE IIyTEM PEAKLIHUH IPUCOCINHEHMS

WJIM 3aMCIHICHUA aTOMa BOAOPOaa:

C6H6 + SO3 —_—> C6HSSOZOH

C6H6 + HQSO4° SO3 —_—> C6H5802OH + stO4
~——= CHSO0,0H + H0

C6H6 + H2SO4

st ocymiectBieHust cyibhupoBanusi npuMeHstoT 70—100%-nyto
CEpHYIO KHUCIIOTY, OJIEYM C pa3iauyHbIM cojiepkaHuem SQOs;, a Takxke

CBOOOIHBIN TPUOKCHJL CEPBHI.
HenocpencTBeHHO Cynb(UPYIOIIUM areHTOM SBJSIETCS CEpPHBIN

AHTUJPUL

- //o - 13+ g SO,0OH
O g xean— T

O 1/3+

O -KOMILJIICKC

+ o
a taroke katuoH SO,OH, KOTOpbIil MOXKET 00Pa30BLIBATHCS B PE3YJIb-

TaTe MPOTEKAHMS CIIEMYIOIMX PEAKIIHIA
H" +,0
st O 4 + HO—S N

H,S,04

HzSO4 + SO3 0

WJINn

— +
2H,S0, , === HSO4 + H,0 + SO,0H

<—= HSO, + H;SO; =——=

0]
//O + S{/—O
+ 's= =L N
AN OH

OH
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CynbdupoBaHue cepHOM KHUCIOTOM MpeICTaBiIsieT co00i oOpaTu-
MYIO PEaKIIHIo.

OOpa3zoBaHue NOOOYHBIX MPOAYKTOB MPH CYyIb(OUPOBAHUU CEPHOMN
KHUCIIOTOW HE3HAUYUTETBHO.

CynbbhupoBaHue TPUOKCUIIOM CEPBI SBIISIETCSI HEOOPATUMON peak-
uer, KoTopasi OTHOCUTCS K YMCIy HamboJiee K30TEPMHUUYECKUX IMPO-
nieccoB. Ee temtoBoii addext moxeT coctaBiarh ~217 kJx/moinb. Ec-
T I CyIb(OUPOBAHUSA TPUMEHSIOT OJIEYM, TO TEIUIOBOU 3 deKT
YMEHBIIIAETCS B CBA3U C 3aTpPaToOi SHEPTUM Ha Pa3pbiB M30BITOYHOTO
TPUOKCHUIA CEPBI ¢ CepHOM Kucnoroil. [Ipu cynbpupoBanuu oreymom
U TPUOKCHJIOM CEpbl MPOTEKAET 3HAYUTEIILHOE YUCIIO MOOOYHBIX PeaK-
muii: oOpa3oBaHuEe AUCYIb(OKHUCIOT, CYIb()OHATOB U AHTHUAPHUIOB
CyJb(POKUCIIOT:

2ArH + 2S0; === ArSOAr + H,SO,

ZAI'SOzOH + SO3 (AI'SOz)z + HzSO4

Bimstaue 3amecturtene mpu Ccyiab(OHPOBAHUU AHAJIOTUYHO TaKO-
BOMY TPHU JPYTHUX PEAKIUSAX 3JIEKTPOQPIIHHOTO 3aMENICHHs] B apoMa-
TUYECKOE KOJIBIIO, TIPUUYEM IS CYIb(UPOBAHUS XapaKTepHA CPEITHSS
CEJICKTUBHOCTh B OTHOIIICEHUU OPUEHTAIMU CYIh(OTPYIIBI U OTHOCH-
TEIHHOW PEaKIIMOHHON CITIOCOOHOCTH.

B oTHOMIEHNYN cocTaBa H30MEPOB CYIb(QUPOBAHUE HUMEET HEKOTOPBIC
0COOCHHOCTH, 3aBUCHIINE OT 0OpaTHMOCTH Tportiecca. [Ipu «MArkux» yc-
JIOBUSIX COCTaB W30MEPOB OIPEIENSICTCS OTHOCHTEIBHON PEaKIIMOHHOMN
CHOCOOHOCTBIO PA3IMYHBIX TOJOKECHUH KOJblA (KHUHETHYCCKHA KOH-
TPOJIb PEAKIIVMH ), IIPH TIOBBIIIIEHHON TEMIIepaType U OOJBIION MTPOI0IKH-
TEJIBHOCTH PEAKIIUM COCTaB M30MEPOB OMNPEACIACTCS MX TEPMOIAMHAMU-
YECKOM CTaOMIIBHOCTBIO (TEPMOIMHAMUYECKUN KOHTPOJIb PEAKITUH ):

SO,0H
5 (MsTKHE
yCIIOBUS)

H,SO4 ﬁ

SO,OH (>xecTKuHe
P a— yCIIOBUS)
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['maponu3 cynb(HOKUCTOT B 3aBHCUMOCTH OT MX YCTOWYHMBOCTH
MOXET MPOUCXOJUTH TMOJ TESUCTBUEM CEPHOW KHCIOTHI Pa3IUIHBIX
KOHIICHTPAIlMA WJIM Ja)Xe BOJBI, OCOOCHHO TPH IOBBIMICHHON TEM-
neparype.

B xoxe cynbdupoBaHHsS CKOPOCTH pEaKIIMH yMEHBIIACTCS B pe-
3yJbTaTe pa30aBlIeHUs CEPHOM KUCIIOTHI BOJOM, 00Opa3yroIIeics 1mo pe-
aKIMW, U PEaKIUsl 3aMEIICHHs] B KOHEYHOM CU€Te OCTaHABIMBAETCH.
UToOBl cMeCTUTh paBHOBECHE CYJIh(OUPOBAHUS B TPABYH) CTOPOHY,
clieyeT MPUMEHATh U30BITOK CEPHOM KUCIOTHI (OHAKO ATO 3aTpyaHS-
€T BBIACIICHUE CYJIb(OKUCIOTHI) JTUOO YIalATh O0O0pa3yIOIIyIOCs BOIY
(HampuMep, a3€0TPOITHON OTTOHKOM C XJI0pOPOPMOM, JIMTPOUHOM JTHOO
U30BITKOM CYITb(OUPYEMOTO COSTUHEHHMS ).

CH;
HOO,S
+ H2804 TO—“—
-2
SO,0H
~——= H0O0,8 CH,

[Ipy MOBBIIEHHBIX TEMIIEpaTypax MOJYYaOT 3HAYUTEIHHOE Pa3-
BUTHE TIOOOYHBIE PEaKIMH, HAIpUMEp 0Opa3oBaHHUE CyJb(poHA, KOTAa
y>ke 00pa3oBaBIIascs CyIb()OKHUCIOTa IEUCTBYET KaK CyIb(UPYIOIIHIA
arenT. Kpome Toro, cepHas KUCIOTa MOXKET OKUCISATH OPraHUYECKUE
COCIMHEHWSI, PUBOIS K OOYTIIMBAHUIO.

Cynb(hOKUCIOTH XOPOIIO PAaCTBOPUMBI B BOJIE M TPEICTABISIOT
co00# CHIIBHBIE KUCIIOTHI, TIOSTOMY, HAaIpPUMEp, 1-TOMYOICYIb(POKHUC-
JI0Ta YCHENIHO HCIOJIb3yeTCs] KaK TOMOTEHHBIN KaTaau3aTop HEKOTO-
pPBIX MOHHBIX peakmnuii. HamOombinee ke MpakTHYECKOe MPUMEHEHHUE
UMEIOT MPOLIECCHI CYIh(UPOBAHUS, TPOBOANMBIE C LIETbI0 JaTbHEUIIIe-
ro TMpEeBpalleHUsT apOMaTHUYECKUX CYIb(POKHUCIOT B (DEHOIBI, a TaKXKe
CyIb(GUpOBaHNE ATKWUIOCH30J0B JJIsl MOJYyYEHHUs BAKHBIX MOBEPXHO-
CTHO-aKTHUBHBIX BEIIECTB — aAIKUIAPUIICYTH(OHATOB.
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JlabopaTtopHasa pab6orTa
MOJTYMEHUE n-TONYOJNICYJIbOOKUCNOThI

Ilenv pabomupr: 03HAKOMUTBHCS C pEAKIUSAMU CYyIb(UPOBAHUS aApO-
MaTHYECKUX COEIUHEHUMN.

Oébopyooeanue, peakmugvt U mamepuaipl: Koida KpyrioJIoHHas
Ha 200 mu; noBymika Jluna — Ctapka; XOJOAUIbHUK IIAPUKOBBIN; HUC-
XOASAIIMNA XOJIOJWIBHUK; CTakaH Ha 250 MiI; TOJyOJI; CepHast KUCIOTa
(p = 1,84 r/cM’); GUKApPOOHAT HATPHUS; XJIOPH/L HATPUSL.

Memoouka eévinonnenusn padomel. B xpyrinonoHHoit konbe cme-
muBaroT 76 mut Tosyosna u 19 mi cepHoit kucinotsl. Kondy coeauHs0T
yepes noBymKy Juna — Crapka ¢ 0OpaTHBIM XOJOAUILHIUKOM U Harpe-
BaIOT CMECh JI0 CJIa00TO KUIICHHUS.

[Tocne 5-uacoBoro KumnsueHus (B JIOBYIIKE COOEpETCsl OKOJIO
3,5 MJ1 BOABI) PEAKLIUIO MOKHO CUMTATh 3aKOHUeHHOW. OOpa3oBaBIIasi-
csl CyJNb(OKUCIOTa MOXKET OBITh BBIJIEJIEHA MM B CBOOOJHOM COCTOSI-
HUU, WU B BUJIC HATPUEBOMN COJIU.

Jlns BeIEneHus: Cyab()OKUCIOTH B CBOOOTHOM COCTOSIHHM K CO-
JNEP)KUMOMY KOJIOBI MpUOABISIIOT 2,5 M BOJBI; CYJIb(OKHUCIOTA TPU
3TOM 3aKpHCTaUIU30BbIBaeTCs. [I1sl yaaneHus B3sSTOro B U30bITKE TO-
Jqyosa ¥ MOOOYHOTO MPOIYKTa — 0-TOIYOJICYIb(POKUCIOTHI KPUCTAILIBI
OTCachIBAlOT U OTKMMAIOT Ha BOPOHKE C MOPHUCTHIM CTEKJISHHBIM
¢unpTpom. OcraBmmiics Ha QUIbTPE KPUCTALIMYECKUN THUApAT
N-TOTYOJICYTh()OKHUCIOTH PACTBOPSIOT B HEOOJIBIIIOM 00BhEME TOpSTICH
BOJIbI U MIPHUOABISIOT K PACTBOPY TPONMHON 00BEM KOHILIEHTPUPOBAH-
HOW COJIIHOM KHUCJIOTHI. PacTBOp OXJIaXIalOT B JIEASHOM BOJIE, BbI-
NaBIIME KPUCTAUIBI OTCACHIBAIOT HA (PUIBTPE U3 MOPHUCTOrO CTEKIIA
U MPOMBIBAIOT UX HEOOJBIIMM KOJUYECTBOM XOJOMAHOM COJISTHOM KH-
cinotbl. CHOBA pacTBOPUB KPUCTAIUIBI B TOpsYEl BOJE, MPOBOAAT BTO-
PUYHYIO KPUCTAILIU3ALHUIO.

[IpoMBIB KpUCTAJJIBI COJITHOM KUCIOTOM, UX CylIaT B SKCHUKATO-
pe€ Haja TBEPIbIM TMIPOKCHAOM KaJIMs O T€X MOp, MOKa OHU He Oy-
IyT OOJIBIIIE MaBaTh PEAKIMIO HA COJITHYIO KUCIOTy (mpoba ¢ pac-
TBOPOM a30THOKHCIJIOro cepebpa). Breixon mpoaykra okosio 8-9 T,
ton = 104-105°C.

JIist monydeHusi HaTPUEBOU COMM /1-TOJIYOJICYIb(OKUCIOTHI yIa-
JSIOT 10 OKOHYAHWU PEeakUUU JIOBYIIKY, 3aMEHSIIOT OOpaTHBIM XOJIo-
JTUIBHUK HUCXOJSIIUM U OTTOHSIIOT B3SATHIA B M30BITKE TOJIYOJ], M30e-
rasi U3JUIIHEro MeperpeBanusl )KuaKocTh. Enne Tembii npoayKT peak-
MM BBUIMBAIOT B cTakaH ¢ 80 MJ BOJIbI, KOJOY CHOJACKUBAIOT He-
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OOJIBIIMM KOJIMYECTBOM BOJIbI. KHCTBINM pacTBOp YaCTHYHO HEWUTpaiu-
3YIOT, PUOABIISIsl MaJIBIMU MOPIUAMH 7 T OMKapOOHATa HATpUs. 3aTemM
npubasistoT 30-35 T XJIOPUCTOr0 HATPHUS, HATPEBAIOT CMECh J0 KHUIIe-
HUS, TIOJUINBAsl, €CJIU HY>KHO, HEMHOT'O BOJIbI, UTOObI MOJHOCTBIO pac-
TBOPUTH COJIb. PacTBOp QPUIBTPYIOT, OXJIaXIAIOT €ro BOJOM CO JIbJOM
U OTCAChIBAIOT BBIMABIINE KPUCTAILIBI TOIYOJICYIb(OKUCIOrO HATPHS,
CMbIBast mopuuel (puiabTpaTa KpUCTaIIbl, OCTAIOLIUECS HA CTEHKAX CO-
cyna. Ocaziok OTKUMAlOT Ha (PUIbTpe U MPOMBIBAIOT 20 MJI HACHIIIECH-
HOT'O pacTBOpa XJIOPUCTOrO Hatpusa. Beixox 15 .

3aoanue: onpeneanTh BBIXOA CYyIb(OKUCIOTH U HATPUEBOU COJIU
N-TOYOJICYIb(OKUCIOTHI, TEMIIEPATYPY IIABICHUS.

BOMPOCDHI K 3ALLMTE JTIABOPATOPHbIX PABOT

Kakne xuMudeckue nporecchl OTHOCITCS K CYyTb(OUPOBAHHIO?
Cynbdupyromine areHTsl.

Mexanusm cynbdupoBanus Oenzona SOs.

Kakue moOouHbIe MPOAYKTH 00pa3yrOTCs MPH CYIbPUPOBAHIH?
YcnoBust CHHTE3a 1-TOJTYO0JICYIb()OKUCIOTHI.

Kak BbIIENSIOT U OYHUIIAIOT /-TOYOJICYIb(POKUCIOTY?

SR e e




VII. MPOLECCHI TMOQPOJIN3A,
T’MAOPATAUUN, DETUOPATALNA

Peakuusimyu ruapoJim3a Ha3bIBalOT IPOLIECCHI 3aMEUIEHUS WU
JBOMHOr0 OOMEHa, MPOTEKAIOIINe MO JeUCTBUEM BOJIbI JTMOO WIENO-
yeil. X kimaccuuuupyroT Ha peakiuy THAPOJIU3a, UAYIIUE C paciien-
nenuem cBsizeit C—Cl, C-O, C—N, u ap.

Hanpumep:
> C5H110H + Cl_
C.H,,Cl + OH —
— C5H10 + Cl + HzO
+ 398 CH,—COOH + 3CI + H,0
CH;—CCl— | _
L8, cH,=cCl, + CI + H0

> HOCHz_CHon + Cl
CICH,—CH,OH + OH —

> H,C—CH, + CI" + H,0
\_/

0
(CH3)2C<OH 29, (CH3)2C<OH © NH;
CN COOH
COOH COOH
O, eI - 2
0—¢ OH HOOC

['maponn3 anKuiIraJoreHuJ0B MOXKHO YCKOPUTH J100aBIEHUEM
mienoun. HykneoduiibHasi cuia uiam OCHOBHOCTh MOHA THAPOKCUIIA TO-
pa3no BhILIE, 4eM Y BOABL. Kpome TOTO, OMHOBPEMEHHO CMEIAETCS 110-
JIO’)KEHUE PaBHOBECUSI B CTOPOHY MPOAYKTOB OMBUIEHHUS, TaK KaK 00-
paTHas peakuus B IEJI0YHOM cpelie HEBO3MOXKHA.
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AJIKUIITaI0TeHUIbI HEPACTBOPUMBI B BOJIE, TIO3TOMY THIIPOJIA3 MOYKET
TIPOHMCXONTH TOJBKO HA IMMOBEPXHOCTH pazzena (a3. UToOBI MOIydYHTh TO-
MOTEHHYO CMECh, YaCTO B KAUECTBE PACTBOPUTEIS TOOABIISIOT CITHPT.

Crupt, 00pa3yrOIUICs MPU THAPOIIN3E, a TAKKE PUOABIISEMBIN JIJIs
TOMOTCHH3AIINH, JIeJaeT BO3MOXKHBIM TPOTEKaHUE TMOOOYHBIX PEaKIIUH.
OH HaxOJWTCS B PABHOBECHH, KOTOPOE CHJILHO CIABHHYTO BJIEBO, C THJIPO-
KCHUJI-MOHAMHM, TaK 4TO 00pa3yroTcsi HEOOJBIITNE KOJUIECTBA aJIKOTOJIATa,
KOTOPBIC PEarupyroT ¢ AKWITAIOTeHUIOM, 00pa3ys IpOCToi dup:

R—O—H + OH

RO + Hzo
RO + RClI —> ROR + CI'

Kpome ob6pazoBanus mpocThix 3(UPOB Kak MOOOYHOM peakiiuu,
CUWJIbHBIE OCHOBAHMS YaCTO MPHUBOIAT K DIMMUHUPOBAHUIO TAIOTCHH-
JIOB (peakIys IMEeTOYHOTr0 JETHIPOXIOPUPOBAHUS), B PE3yJIbTaTE YEro
00pa3yroTcss HEHACHIIICHHBIC COSAMHEHUS U O-OKCHIBI:

RCHCI—CH; + HO —> RCH=CH, + CI"+ H,0

RCHOH—CH,CI + HO ——> RHC\—/CH2 + CI + H,0
O

I'uaponusz mo C—O- u C—N-cBsi3aM Haubosee XapaKTepeH IS
CJIOHBIX 3()UPOB ¥ aMUI0B COOTBETCTBEHHO.

BiaumoneiictBue 3pupoB 1 aMUI0B ¢ BOAOW MPOTEKAET MEJICHHO
JlaKe MPU HarpeBaHUU, MOCKOJIbKY 3TH BELIECTBA MPOSIBISIOT HE3HAUU-
TEJNbHYI0 KapOOHMIIBHYIO aKTUBHOCTH, a BOJIa 00J1a/1aeT MaJIOl HYKJI€O-
GbuIbHOCTHIO. B mpucyTCTBHM K€ CHITBHBIX KUCIOT WIIH €IKHX IIeI0UeH
CJIOHBIC A(PUPHI K AMUTIBI JIETKO THIPOIUIYIOTCS MPY HArPEBaHUH.

KuCHOTHBIM THIPOIN30M MOJB3YIOTCA B CIy4YasiX HEYCTOMUYMBOCTH
oOpa3yrolencs KUCIOTHI K 11eo4aM (HanpuMep, B ciydae rajioreHsa-
MEILIEHHBIX JKUPHBIX KHUCJIOT). B OCHOBHOM NPUMEHSIIOT THAPOJIU3
B IPUCYTCTBUU IIEJIOYEH, MOCKOJIBKY OH MPOTEKAET OBICTpPEE BBUIY
00JIbIION HYKICOPUIBHOCTU U MAJIOTO 00beMa MOHA TUAPOKCUIA!

o)
o) | 0 ‘
R—C7 +OH=—= R—C—OH—> R—C<_ [~ + R'OH
. l 9]
OR O—R’
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[locnenusast cragusi HeoOpaTUMa, MOSTOMY PaBHOBECHE B IIIEJIOU-
HOU cpefie MOCTOSIHHO CJIIBUTaeTcsi BIPABO, B CTOPOHY THMIPOJIM3A.
B sT0i1 peakuuu KaTaiu3aTop NPUHUMAET HEMOCPEACTBEHHOE y4acTHE
B HEOOPAaTUMOMN pEeaKIIMH, MOSTOMY BBIPAXKEHUE «KaTaau3upyemasi oc-
HOBaHUEM PEaKIKs» HE COBCEM BEPHO.

CKOpOCTh peakuu OMbLIEHUs (THUAPOIJIN3a) CIOKHBIX 3UPOB 3a-
BUCUT OT DJEKTOPO(PHUIBHONW aKTUBHOCTU KapOOHWIBHOW TPYIIIIBI
U TPOCTPAHCTBEHHBIX (PakTopoB. Tak, CKOPOCTb THMAPOJIH3A OBICTPO
NajaeT B pAly

CH;—COOR > CH;—CH,—COOR >

CH
CH3\ | 3
> /CH—COOR > CH3—(|Z—COOR,
CHj3 Sh,
a TaKxke
CH3 CH3
R—COOCH; > R—COOC;H; >R—COO(|3H > R—COO(lj—CH3
CH; CH;

Y cTaHOBIICHO, YTO THAPOIU3 d(PUPOB TPETUUYHBIX CITHUPTOB JIETKO
MPOTEKAET MPHU KaTaau3e KUCIoTamMu. B 3TOM ciydae BHawane mpore-
KaeT MPOTOHU3AITUS CIOXKHOTO 3HUpa C MOCIEAYIOMNUM OTIICTUICHHEM
TPETHUYHOTO aJKWI-KaTtuoHa. IlocieHni B 3aBUCHUMOCTH OT YCJIOBHUM
pEaKIMM MPEBPAILACTCS B aJKEH PA3BETBICHHOIO CTPOCHUS WJIU Tpe-
TAYHBIN CITHAPT:

| CH, " 0, CH
R—C—0—C—CH; ——> R—C—0—C—CH; —>
CH; ILI éH3
A T
— rC( ¢ +(|:—CH3
OH CH,
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CH; CH;
CH;—C+ + H),0 —>CH3—(|3—OH + H

B ortnuume ot ruaponnza peakiuy ruApaTalMu CBOJASTCS K MpU-
COE€IUHEHUIO BOJIbI O HEHACKIIIIEHHBIM C—C-CBA3AM:

RCH=CH, + H,0

RCHOH—CH;,
CH=CH + H,0 —> CH;—CHO.

TpoitHO1 C—N-CBSI31 HUTPUWIIOB U T. [

R—C=N + H,0 === RCONH,

[Iporecc ruaparanu TPUMEHSETCS TJIaBHBIM 00pa3oM MpHU TMOTY-
yeHur Hu3mux cnuptoB C,—C,. CHUpTH UCHOJB3YIOTCS B KauecTBe
pacTBOpUTENEH, IKCTPAreHTOB MPOMBIIUICHHBIX MPOAYKTOB OpraHuye-
CKOI'0O CHHTE3a B MPOU3BOJICTBE MOJIUMEPOB U T. [I.

['uapaTanuio aqKkeHOB MPOBOJAT B MPUCYTCTBUU TOMOTEHHBIX KH-
CJIOTHBIX KaTallu3aTopoB (TJIaBHBIM 00pa3om, B npucyTcTBuu H,SO,)
U TETePOTCHHBIX KHUCIOTHBIX KaTanmuzatopoB (H;PO, Ha Hocutemsx,
CyJb(POKATUOHUTHI, OKCHJ BOJIb(PpaMa Ha HOCUTEIISIX).

[Ipomecc mpeBpaleHus aaTkKeHOB B CHUPT M MPOTEKAHHWE MO00U-
HBbIX pEaKIMi Ha MOBEPXHOCTH KaTaiau3aropa (Hampumep, B TOHKOM
wieHKke (GochOpHON KHUCIOTHI Ha TOBEPXHOCTH HOCUTENS) MOXKHO
MPEJCTABUTH CIEAYIOIIECH CXEMOM:

+

+H +H20
R—CH=CH, =—=

+
R—CHTCH2 <—= R—CH—CH;

H*

+

R—(|:H—CH3 R—(liH—CHs
+OH, OH

+
R—CH—CH; + R—(|:H—CH3 —
OH
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R\ ~H R\

CH{ CHy’
2

- -
R—CH—CH; + R—CH=CH,—> R—(|ZH—CH2—CH—R—>

CH,
+ R—CH=CHj
> OJIMT'OMCPHI B — +
S— + R_CH_CH3
H+

- - R—(|:H—CH=CH—R—
CH,

DneKTpoPWIBbHBIN MEXaHU3M THUJIpaTaAllUM AJIKEHOB OMpPEaeIIseT
U3MEHEHHE PEaKIMOHHON CITOCOOHOCTH QJIKEHOB B CIICTYIOIIUM PSIJI:

(CH3)2C:CH2 > CH3CH2_CH:CH2 > CH3_CH:CH2 > CHZZCHz

['mppartanus ankeHOB oOpaTUMa U MPOTEKAET C BBIACICHUEM Te-
wi0Thl. TennoBoit 3(heKT 3aBUCUT OT CTPOCHUS alKeHa, ero MoJie-
KyJSpHOM MacChl U COCTaBIISIET JUISl STUJIOBOTO CIHMPTa MPH Hapo-
dbaznom nporecce — 45,6 kJ[/Moib, AJ1s1 U30IPONUIIOBOTO CIUPTA —
51,4 xJIx/monb. [1oBbIIEHHIO PAaBHOBECHOTO BBIXOJA CIIUPTOB OJ1aro-
NPUATCTBYIOT TOHIDKEHUE TEeMIepaTypbl W TOBBIIICHUE aBJICHUS
(ruzmpaTanus IpOTEeKaeT ¢ yMEHbIIIEHHEM 00beMa).

[Ipouiecc, 0OpaTHBIN peakluu ruapaTaiu, T. €. MPOIECC OTIIE-
JIeHUs BOJbI, HA3bIBAIOT Jeruwjaparanmei, KOTopas MOXET ObIThb He
TOJILKO BHYTPH-, HO U MEXMOJIEKYJIIPHOM:

RCH(OH)—CH; === RCH=CH, + H,0

2ROH ROR + H,0

B coOTBETCTBUM € 3TUM CEJIEKTUBHOCTH IPOLIECCA 10 HEHACHIIICH-
HOMY BELLECTBY U 3(PUPY 3aBUCUT OT CTENEHU NPEBPALIEHUS CIIUPTA, IPU-
POJIbI KaTalnu3aTopa, TEMIIEpATyphl U naBieHus. [IoBblieHne TeMmepary-
PBI CIOCOOCTBYET 0OPAa30BaHMIO AIKEHA 10 PUYMHE CMEILEHNS PAaBHOBE-
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cust 1 0osiee BBICOKOM SHEPrUY aKTHBAIIUK PEAKIMU. DTOMY K€ HaIpaB-
JICHHIO TIPOLEcCa CIOCOOCTBYET CHW)KEHUE MapLMAIbHOIO JIABJICHUS
(KOHILIEHTpAllMK) CIUPTA, TaK KaK €ro BHYTPUMOJICKYJISIpHAS JIErupara-
1Y IPOTEKAET € YBEJIIMYEHUEM UYMCIIa MOJIeH BenlecTBa. Kpome toro, 1mo-
CKOJIbKY aJIKEH 00pa3yeTcsl Py MOHOMOJIEKYJISIPHOM Pacliajie MOHa Kap-
OoHUs, a 3PP — MPU B3aUMOJECHCTBUH STOTO MOHA C MOJIEKYJION CIIUpPTA

k
1
—— > amgken + H'

RT—
+ROH™

—_ > ROR + H"
2

OTHOIIIEHHE CKOPOCTEH MX MapajyieIbHOrO 00pa30BaHUs OKa3bIBaeTCA
00paTHO MPONMOPLUOHATBHBIM MapUUATbHOMY JaBJICHUIO (KOHLEHTpa-
L[MH1) COUpPTA:

d[ankeH] k,

d[>¢up] k,[ROH]

[Ipu xuaxoda3HON AeruapaTaliyd CIUPTOB MPOIECC OCYLIECTBUM
B IIPAKTHYECKU HEOOPATUMBIX YCIIOBUAX OJiarofapsi HENpepbIBHOM OTIOH-
Ke 0oJiee JeTyunx ajJKeHOB WK MPOCTOro 3¢gupa. Jlerkocts 3mumMuHNIpO-
BaHUs BO3PACTAET MPH MEPEXOJIE OT MEPBUYHOIO CIUPTA K TPETUUHOMY.
C noBBILLICHUEM TEMIIEPATypPbl U CHIPKEHHEM KOHLIEHTPALUU CBOOOHOTO
CHMPTA B JKUAKOCTH MOIy4aeTCs NPEUMYIIECTBEHHO HEHACBIILIEHHOE Be-
IIECTBO, a MPU 0OPATHOM U3MEHEHUHU apaMeTPOB — MPOCTOU IPHUP.

[Ipn neruppaTanuy MEPBUYHBIX CHUPTOB HANO MPUMEHATH BBICO-
ke temnepatypsl (180-200°C), a ansg 10CTaTOYHOW CKOPOCTH peak-
IUU — BBICOKHE KOHLIEHTPALIMHA CHJIbHBIX KUCJIOT. BTOpUYHbBIE CIUPTHI —
IPEXKJIE BCEr0O CUMMETPUYHBIE LIUKINYECKUE COCIUHEHUs, TaKue, Kak
LUKJIOTEKCAHOJ WIM LMKJIONEHTAHOJ], pearupyroT HpU TeMIEeparype
okoisio 140°C B mpucytctBum pocdopHoil KUCIOThL. B ciyuyae TpeTtny-
HBIX CIIMPTOB pEaKUUs AErHjpaTaliy OCYLIECTBISETCS YK€ IpHU I0-
MOIIY 1-TOJIyOJICYJIb(OKUCIOTHI, 1aBENeBON UM (GOCHPOPHON KHUCIOT
npu temneparype okoio 100°C.

B npouecce aernapartanuu CMPTOB UMEIOT MECTO PEAKLIUU IEpPE-
IPYNIHUPOBKU MPOMEKYTOYHOIO KapOOHMEBOTO MOHA, KOTOPHIE MOTYT
IPUBOJUTH K 0OpPa30BAHMIO SHEPreTHUECKH 0oJiee BBITOJHOrO KapOo-
HUEBOro MoHa. B pe3ynbTaTe 00pa3yroTcsi H30MEpHbBIE AJIKEHBI C pa3-
JUYHBIM TIOJIO’)KEHUEM JBOMHOM cBsI3U. boree jkecTkue yCciaoBHsI MOTYT
BBI3bIBATH MEPErPYNIUPOBKHU YIIEPOJHOTO CKEJIETA.
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JlabopaTtopHasa pab6orTa
NMOJIYMEHUE 3TUJTIOBOIO 3®UPA B-HADTOJIA
(HEPOJINH, BPOMEJINA)

Ilenv pabomobr: W3ydnuTh PEAKIMIO JETHAPATAIIAN, TTPUBOISIIIYIO
K ITOJTYYSHUIO 3(DHUPOB.

Heponun npexacraBiaser co0oil IJIACTUHKU O€JI0ro IBeTa, fy, =
= 37,5°C, tam = 282°C. HeponuH pacTBOpUM B OOJBIIMHCTBE OpraHu-
YECKUX COCTMHCHUNA U TPUMEHSIETCS JISl OTTYIIKH MbIJIA.

[Tosry4aroT HEPOJIMH 1O PEAKLUU

OH OCH,CH;
CH;CH,OH + TH,504 + 00

HEpOJIMH

Oobopyoosanue, peakmusvl u mMamepuaivl: KPyrioJoHHas Kojba
oowemoMm 100 Mir; BonsiHas OaHs; KoHHYecKas Koynba oobemMoM 250 mut;
Melanka; BopoHka broxuepa; B-HadTon; 3TUIIOBAN CIMPT; cepHAs Ku-
ciora (p = 1,84 r/cM’); 5%-Hblii pacTBOP I'HAPOKCUIA HATPHS HMHIMKA-
TOpHas Oymara.

Memoouka evinonnenus paoomot. B XpyriogoHHYHO KOJI0y 00b-
emom 100 M momemaroT 25 r B-uadrona, BiuBaoT 38 M1 aOCOIFOTHO-
T0 ATUJIOBOT'O COUPTA U OCTOPOMKHO BCTPSAXUBAIOT KOJOY A0 pacTBOpe-
Hust OoJibIeit yacTu [3-Hadrosa, 3aTeM A00aBISIOT 5,5 MJT KOHIICHTPH-
POBaHHOM CepHOW KHUCIOTHl (HAOMIOAAETCS CHIIBHOE pa3orpeBaHHe
cmecn). KonOy momerniaroT Ha BOAsSHYIO OaHIO U HArpeBaloOT MpPU KHUIIe-
HuM B TeueHue 3—4 4. [locne okoHYaHMs HAarpeBaHUs TEIUIbI PacTBOP
BBUIMBAIOT B KOHUYECKYIO KOJIOY 00bemMoM 250 M1, B KOTOpPO#l coaep-
wutea 90 ma 5%-noro pactBopa NaOH, narperoro go 50°C. Ilpu stom
STHIOBBIA >Gup P-Hadrona (HEPOJIMH HOBBIH, OpOMEIHs) OCETAET
B BUJI€ TEMHOI'O Maclia, KOTOpOe MEUIAJIKOW MepeMEIINBAIOT C pacTBO-
pOM WIENIour A0 TeX MOp, MOKa HEPOJIMH MOJHOCTHIO HE 3aTBEpEeT.
Jlia m30exaHus MOMEHTAJIbHOTO 3aTBEPAEBAHMS CHIPOTO HEPOJIMHA
B MOMEHT BJIMBaHMSI PEAKIMOHHON CMECH B PacTBOp IIENTOYU HYKHO
MOCTIEAHUNA XOPOIIO HarpeTh, IPUYEM HAarpeBaHHE KOHUYECKOW KOJIOBI
CJIeTyeT BECTH OCTOPOKHO Ha BOJSHOM OaHe.

Ocanok rps3HO-MIECOYHOTO IBETa OT(UIBTPOBBIBAIOT HA BOPOHKE
broxHepa u cHOBa 00pa0aThIBAIOT, KaK U B MEPBBIN pa3, TAKUM Ke KO-
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nnuectBoM pactBopa NaOH. HeponmH oTcaceiBaroT, MpOMBIBAIOT BO-
JOM 10 MCYE3HOBEHUs LIEIOYHOM peakiMu Ha JIAKMYC W CYIIaT IpH
temrneparype He Bbime S0°C.

BriCylieHHBIA NPOAYKT NEPEroHsIOT ¢ neperperbiM 10 150°C Bo-
JSHBIM 1apoM. B cinydae HE0OX0IUMOCTH MPOIAYKT MOMXHO OYHCTHUTH
NEePeKPUCTALIU3AIMEN U3 CIIUPTa WM MEPEroHKOM B BaKyyMe (fm =
= 140°C opu 12 MM pT. CT.).

Beixon satusoBoro adupa B-Hadrona ~24 r.

3aoanue: cocTaBUTh MaTepUalbHBIA OanaHC OIbITA, ONPEACIIUTH
BBIXOJ] M TEMIIEPATypPy IUIaBICHUS NPOAYKTa.

JlabopaTtopHana pab6orTa .
NMONMYYEHUNE HEHACBILWWEHHbBIX COEAUHEHUN

Ilenv padbomer: ©3yyeHue peakiiuy JeryuipaTaiiud CHMMETPHUY-
HBIX [IUKJIMYECKHUX CIIUPTOB.

Adernapatauma UUMK/IorekcaHosa

OH
H+
7

Oobopyoosanue, peakmugsvt u mamepuaipl: Koiada KpyriiogOHHAS
Ha 50 My1; oOpaTHBIN XOJOAMIBHUK; HUCXOSIIUA BOJSTHOM XOJIOUIb-
HUK; COCJIMHUTENIbHAS CWJIMKOHOBas TpyOKa; ajuIOHX; KOJIOa-IpHeM-
HUK IUIOCKOJIOHHAsA; YJIbTPATEPMOCTAT; SJIEKTPOIUIUTKA; TEPMOMETP;
anmapaT A atMoc(epHoOW neperoHkd; HUKIorekcanol; HSOuxomm;
XJIOPUJ HATPUSL; XJIOPUJT KAJIbIUS; JIET.

Memoouka evinonnenusn padomel. TeXHAYECKUN THUKIOTEKCAHOI
NEPEroHsI0T, 0TOMpas A AajbHenero cuatesa (ppaxmuro 158—-163°C.

B kpyrnmoponnyio konlOy emkocteio 50 M momemaror 40 r
(0,4 Momb) MeperHaHHOroO IMKIJIOreKcaHoia u 1,2 MJI KOHIIEHTPUPOBaH-
HOU cepHOil KUCIoThl. Konmby mprcoenuHsoT K 00paTHOMY XOJIOIUIbHU-
Ky, TEMIIEpaTypy B KOTOpOM mnozjep:kuBatoT npu 75°C ¢ MOMOIIBIO
ylIbTparepMocTara. BepxHior 4acTh 00paTHOTO XOJOAMIBHUKA C ITOMO-
b0 CHJIMKOHOBOW TPYOKU MPUCOCIUHSIIOT K HUCXOJSIIEMY BOISTHOMY
XOJIOIWILHUKY. BOASIHON XOIOAUIBHUK — K IPUEMHUKY, TTOTPYKEHHOMY
B 0aHIo CO JbJI0M. PeaklimoHHy10 CMECh HArpeBaroT 10 KUIEHHUS Ha JJIEK-
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TporuTke. [leperonky mpomonkarT 10 TeX mop, Moka B KOJI0e He ocTa-
HETCsl HeOOJIBITION OCTAaTOK M HE TIOSIBUTCS 3alax cepHHCTOro rasza. [lpu-
€MHHK CJIe/TyeT HEMPEPHIBHO OXJIAXKAATh B TCUCHUE BCEH MEPETOHKH.

[TomydeHHBI TUCTHIUISAT HACBHIAIOT COJIBIO, TIOCIE YEro IUKIIO-
TeKCeH OTJEJISIOT OT BOJHOTO CJIOS, CyIIaT HaJ XJIOPHUCTHIM KaJIbIIHEM
U nieperoustor ¢ nedaermaropom. [lpu neperonke codbuparot Gppakxiuio
C tm = 80-82°C.

3aoanue: onpenenuTh MOKa3aTeNb MPEIOMICHUS MTPOIYKTA.

Odernapartauua TpeTuyHoro 6yTunoBoro cnupra

OH
J’_
CH3—c|:—CH3 ., CH3—(|2=CH2 + H,0
CH, CH,

Oobopyoosanue, peakmugvl u mamepuansl: Koiada Tpexropias Ha
200 mut; 0OpaTHBIN XOJIOMWIBHUK;, KaneldbHasi BOPOHKA; TepMomMeTp 0—
150°C; razoMeTp; 3IEKTPOIUINTKA; TPETOYTHIIOBBIM CIIUPT; CEpPHAS KH-
ciota 29%-Hasi; XJ0pua KaJbIus.

Memoouka evinonnenus padomsl. B KpyrioJgOHHYIO KOJIOy,
CHAOXXEHHYIO OOpaTHBIM MIAPUKOBBIM XOJOJIUIEHUKOM, TEPMOMETPOM
Y KaleJapbHOW BOPOHKOM, momemaroT 16 r 29%-Hoi CEepHOUM KHUCIOTHI;
HarpeBarT KUCaoTy A0 135°C W moCTeneHHO, MO KaruisiM, BBOAST
B K0JIOy B TeueHue 4 4 84 T TEXHMYECKOTO TPETHYHOTO OyTHIOBOTO
cnupTta (YTO COOTBETCTBYET 74 T aOCOJIIOTHOTO TPET-OyTHUIIOBOTO
criupra). OOpa3yromuicss N300yTHIICH, MPOHIsS OOpaTHBIM XOJIOIUIb-
HuK, naBe U-oOpa3Hbie TpyOKH, 3amOJIHEHHBIE OE3BOJHBIM XJIOPHUIOM
Kanblus (1151 OCBOOOXKACHHS OT MapoOB BOJIbI), U CUETYUK ITY3bIPHKOB
rasa, mocrymnaet B razomerp. OOpa3zytomuecs o peakiuy napbl BOIbI,
KOHJICHCUPYSCHh B OOPaTHOM XOJIOIUILHUKE, BO3BPAIIAIOTCS B PEaKIIH-
OHHYIO K0JIOy. BbIxos razoo0pa3noro mzoOyTuiieHa coctasisieT 21,0—
21,5 1 (96-99% ot Teopernyeckoro). M300yTusieH MOKeT COJEPKaTh B
Buje ipumeceit 10 2% (06.) moctoporHux razoB (CO,, N,, CO).

[dervapatauma KacCTopoBOro Macsa

KaCTOpOBOG MacCJIO — paCTUTCIIBHOC MACJIo, I[O6BIBa€MO€ N3 CEMSH
KIICHICBUHBI IIYTCM IMPCCCOBAHUA HIIM SKCTPArHPOBAHUA PACTBOPUTC-
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assmu. OCHOBOM B cocTaBe KacTopoBoro mMacia (80—85% wmac.) sBIIsItoT-
Csl TIUUEPUAbl PULIMHOIEBOM KHCIIOThl — HEHACBHIIIEHHOW OKCUKUCIIO-
ThI, uMmeronieit opyrro-popmyny CigHs340;. B macime mpucyrctByroT
TaKKe€ TIIMLEPUABI CTEAPUHOBOM, OJIEMHOBOM, JIMHOJIEBOM, JUOKCH-
CTEapUHOBOW KHUCIIOT.

Macno kiemnieBuHbl 00J1aJaeT YHUKAJIbHBIMUA CBOMCTBAMU: HUMEET
BBICOKYIO IJIOTHOCTh M BA3KOCTh, CJIa00 pacTBOpsieTCs B OEH3MHE
U JIpyTHX OPraHUYECKUX PACTBOPHUTENSIX, HE 3aCThIBAET IPH OTpHIA-
TEIbHBIX TEMIIEpATypax, YTO JIEJIA€T €ro KaueCTBEHHBIM CMa304YHBIM
MaTepuanoM, 0OCOOEHHO JJIsi MOTOPOB, pabOTAIOIIUX B CIOXKHBIX YCIIO-
Busix Kpaitnero Cesepa.

KacTopoBoe Macio siBIS€TCS BHICOKOKAYECTBEHHBIM M IIUPOKO-
JIMAMa30HHBIM CBIPBEM JJII OpraHUYecKoro cuHTe3a. OHO UCIOJb3Y-
€TCA TpPHU TMPOU3BOJICTBE HUTPOJIAKOB, THAPOTOPMO3HOMN >KUJIKOCTH,
obOyianaronieid aHTUKOPPO3UOHHBIMU cBoMcTBaMu. [lpu okucieHuu
Maciia oJIy4yaroT ce0alMHOBYIO M a3€JauHOBYIO KUCIIOTHI, KOTOpPbHIE
IPUMEHSIOT IIPU MPOU3BOJCTBE MOJHAMUIHBIX BOJIOKOH, IJIACTMAcC
u miactupukatopoB. Kpome TOro, macio mHUPOKO HCHOJIB3YETCS
B nonurpaduu, nappoMepun U MeAUIMHE AJIs MPOU3BOACTBA pa3-
JUYHBIX JIEKapCTB.

Macno KiemeBuHbl OTHOCUTCS K HEBBICHIXAIOIIMM, HO IOCIIE JIe-
ruapaTallid MEHSET CBOM CBOMCTBAa M CTAHOBUTCS OBICTPOBBICHIXAIO-
MM, YTO TO3BOJISIET €r0 UCIOJIB30BAaTh AJI MPOU3BOJCTBA KACTOPOBOM
rudTaneBoid onudsl, oOecrneunBanie B Tpyu pa3a OOJIbIIYIO CTOM-
KOCTb MOKPBITUI, YeM OOBbIUHBIE OJU(BI U HE BBI3BIBAIOLIEH MOTEMHE-
HUE OKPAILIEHHBIX MTOBEPXHOCTEH.

OTuienyieHne MOJIEKYJIbl BOJbI B )KUPHOKHCIOTHOM OCTATKE PUIHU-
HOJIEBOM KHUCIIOTBI IPOMCXOJUT B MPOLIECCE KaTaTUTUYECKON 00padoT-
ku macia npu 270-290°C. B pesynbraTe 00pa3yroTcs JaBa uzoMepa Ju-
HOJIEBOM KHCJOTBI: C HW30JUPOBAHHOW M CONPSDKEHHOM CHCTEMOM
JIBOMHBIX CBI3EH:

—CH=CH—CH,—CH=CH—

~CHy~CH—CHy~CH=CH—

OH 2"l> —CH,—CH=CH—CH=CH-—
HenachlieHHOCTh Maciia Bo3pacTaet npu 3tom B 1,5-2,0 pa3a.

B Ka4CCTBC KaTAJIMU3aTOPOB JACTHApATAINHN HCIIOJIb3YIOT MHMHC-

panbHBIE KHUCIOTHI (cepHyto, docdopnyto), kucibie comu (NaHSOs;,
KHSO;) u okcuasl HekoTopsix MeTallioB (Al,Os, ZnO, MnO,, PbO).

68



s yMeHbIIIEHUSI 10U OKUCIUTENbHBIX U JECTPYKTUBHBIX IPO-
LECCOB JICTUPATALIMIO JIyUIlle POBOANTH B CPEJIE MHEPTHOIO ra3a.

Oobopyoosanue, peakmuevl u mamepuast: GHapHopoBbIi CTakaH;
MEeXaHU4ecKasi Mellajka; peppakTOMETp; KaCTOPOBOE MAacio; KaTalH-
3aTop (cM. Tabm. 1).

Tabmuia 1
CocTaBbl peakKIIUOHHOM cCMecH
KommoHeHTBI Cocras, % wmac.
1 2 3 4
KacropoBoe macio 98,0 99,5 97,0 98,0
Karanuzarop:
oucynpdut Na nimmn K 2,0 — — —
HZSO4(K0HL[) - 0:5 - -
(dbTaneBblii aHTUIPU]T — — 3,0 -
OKCH/JI aJIIOMUHUSI — — — 2,0

Memoouka evinonnenus padomst. B bapdopoBbiii cTakaH 3a-
rpyXaroT KacCTOPOBOE MAcCIo, MEUIEHHO HarpeBaroT ero 10 130-140°C
IpU HENPEePHIBHO pabOTAIONICH MEIIaKe W BBIIECPKUBAIOT MPU ITOU
TeMIlepaType J10 MOJTHOro 00e3BOKMBAHUS Maciia (MOKa HE MPEKpaTUT-
Csl BCIIEHUMBAHKE). 3aTeM BBOJAT PAacUuE€THOE KOJIMYECTBO KaTalau3aTopa
(cM. Tabu. 1) B Buje macThl ¢ KaCTOPoBbIM MacioM. [locie aToro Tem-
neparypy nocreneHno nognumarot o 270-280°C. KonTpoas 3a mnpo-
LECCOM JEerupaTaluy OCYIIECTBISIIOT MO HW3MEHEHUIO IOKa3aTels
npesioMmieHus: (K KOHILy MpPOLEcca OH JIOJKEH JOCTUTHYTh BEJIMYUHBI
1,489-1,491). Ilo nocTm’eHUH yKa3aHHOTO MMOKAa3aTelsi MacyIo OXJIaX-
JAI0T U OMPEJENSIOT HOAHOE YHUCIIO.

3aoanue: onpenenuTh WOJHOE YUCIO AETUIAPATUPOBAHHOTO Kac-
TOPOBOI'O MacJa.

BOMPOCDHI K SALLUTE JIABOPATOPHbIX PABOT

Kakue xumMudeckue npoueccbl OTHOCATCS K TUAPOIU3Y ?
OcCHOBHBIE U TOOOYHBIE PEAKIIMH LIEJIOYHOTO THIPOIIN3a.
MexaHnu3M ruapoan3a Npy KaTaanu3e KUCI0TaMu.

MexaHn3M peakiui ruapaTaum.

YcnoBus NpoTeKaHus peakui JETUAPATALH.

Kak ocyniecTBisIOT BBIAEIEHHE U OUUCTKY HEPOIUHA?
OCHOBHBIE OTJINYUS B YCIOBUSX JETUAPATALNN LIUKIOT€KCAHO-
Ja, TPETUYHOrO OyTHUIIOBOIO CIIUPTA U KACTOPOBOIO MacIa.

N AE LD =
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VII. MPOLECCbHI STEPUOUKALINA
n AMUANPOBAHUA

Otepudukanysi KapOOHOBBIX KHCIOT CHUPTAMH SIBISETCA BaXK-
HEWITMM MHOTOTOHHAa)KHBIM HPOMBIIIICHHBIM MPOLIECCOM OTYYESHHUS
CIOXKHBIX 3(hupoB. CioxKHBIE 2PUPHl UMEIOT OOJIBIIOE MPAKTHIECKOE
3HaYeHHE B KayeCTBE PACTBOPUTENEH, TMAPABIMYECKUX JKHUJIKOCTEH,
CMa304YHbIX Macell, I1acTU(UKaATOPOB U MOHOMEPOB.

Peakuust B3anMo1eCTBUS KApOOHOBBIX KUCIIOT CO CIIUPTAMH B KU1~
KOH (a3ze ¢ oOpa3oBaHHEM CIOKHBIX F(PUPOB MPOTEKAET MPAKTHUECKU
0e3 TeroBoro 3¢ dekra mo 0OpaTUMON peaKIuu:

RCOOR® + H,0

RCOOH + R'OH

B kadecTBe KaTtamm3aToOpOB MpH 3TEPUPHUKAIMU B KUIKOU Qaze
TJIaBHBIM 00pa3oM MPUMEHSIOT CHIbHBIE KHCIOTHI (CEPHYIO KUCIOTY,
TOJIYOJICYIb(OKUCIIOTHI, OE3BOJHBIN XJIOPUCTHIM BOJOPOM), TaK Kak
B UX TNPUCYTCTBUU CO3AAETCSA BBICOKAs KOHIIEHTPALMs BOJOPOJHBIX
MOHOB, KaTAIM3UPYIOLIUX PEAKLMI0. B MpUCYyTCTBUM KUCIIBIX KaTaau3a-
TOpoB 3Tepudukanus nporekaet npu 70—150°C no cnenyrouieit cxeme:

40 +
RI_OH + Rz_C\ + H
OH
R H
l\—i(_)/ _H+, 7H20 40
= | 2N
R2—(|J—OH OR,
OH

CkopocThb 3TepuduKaly KapOOHOBBIX KUCIIOT BO3PACTAET C YBEIH-
YeHUEM MOJI0KUTENTLHOTO 3apsiyia X KapOOHUIBHOTO aToMa yIiiepoa, T. €.
C pOCTOM CWJIbl KMCHOTHL. Hampumep, MypaBbuHas, 11aBeneBasi, TUPOBU-
HOTPa/IHAst KUCJIOTHI IOCTATOYHO OBICTPO pearupyroT 1 0e3 Karaiamus3aropa.

PaBHOBecHe XOpOILIO OINHUCHIBAETCS KOHIICHTPAIMOHHBIMU KOH-
CTaHTaMHU:

« - [R,COORJ[H,0]
[R,COOH][R,OH]
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KoncTanta paBHOBecHsI 3aBUCUT OT CTPOCHUS KUCIOTHI U OCOOEH-
HO OT cTpoeHus cnupta. C pocToM 00beMa AJIKUIBHBIX OCTATKOB, CBS-
3aHHBIX C KapOOKCHUIIbHOM IPYIIION, U YBETUYEHHEM 00beMa paiuKaa
B ATEPUPHUIUPYIOIIEM CIHUPTE CKOPOCTh ITepUPHUKAIMN MOHMKAETCS.
[To 3701 MpruYMHE 3aMEIIEHHbIE B ((-MIOJOXKEHUH aln(aTuyecKue Win
3aMEUICHHBIE B OpmO-TIOJI0KEHUU apOMaTHUYECKHE KUCIOTHI 3TepUPH-
UPYIOTCS MENJICHHO M C IUIOXMMHU BBIXOJAaMHU. TpyaHOCTH 3TepUdpH-
Kalliyi BO3pacTaloT U MO Mepe Mepexojia OT NEPBUYHBIX K TPETUYHBIM
cnuptaM. Kpome Toro, B ycnmoBusix 3TepupuKanuu (CUIbHOKHUCIAS
cpela) OJHOBPEMEHHO BO3PACTaeT CKJIOHHOCTH K OOPa30BaHMIO TPO-
CTBIX 2(UPOB WM AIKEHOB M3 cUpTOB. [loaTomy 3upsl TpeTHUHBIX
CIIUPTOB MOTYT OBITh MOJYYEHBI IPSIMOM ATepuduKanuern KapOOHOBBIX
KHUCIIOT JIMILIb C TUIOXUM BbIXOJOM. Henb3s 3TuM crocoGoM moJiydarhb
U CJIOHBIE d(PUpHI (HEHOJIOB.

B cBsi3u ¢ BBIIEU3I0KEHHBIM SICHO, UYTO MOJIOKEHUE PaBHOBECHUS
peakiuu 3TepuduKauu He 0CoOeHHO OnarompusaTHO. Ero MoxHO
CABUHYTH BIIPaBO, IPUMEHSS OJHO U3 UCXOAHBIX BEIIECTB (OOBIYHO 3TO
Oonee paemeBblii cnupt) B 5—10-KpaTHOM H30BITKE WM MOCTOSHHO
yaajasisi U3 PEaKIMOHHOW CMECH MPOIYKThl PEAKIHH — BOAY JHOO
CIIOXHBIH 3up.

B mpocreiitem ciiydae Bofa CBSI3bIBACTCS JOOABICHHBIM KaTallH-
3atropom (H,SO,4, HCI). Yacto, 0coOEHHO B Cily4yasix HECTOMKHX CO-
€MHEHMI, JTydlle yJIaiasiTh BOAY a3€0TPOMHON OTTOHKOW. BeIOOp pac-
TBOPUTEJSI, C KOTOPBIM OTTOHSETCS BOJA, MPOU3BOIAT C yU4ETOM TEM-
nepaTrypbl KUIMEHUS CaMOr0 HU3KOKHUIIAIIETO KOMIIOHEHTAa PEaKIMOH-
HOU cMecu. Briciiue cnupThl, HaUMHasA ¢ OyTHIIOBOTO, caMi 00pa3yloT
a3e0TPOITHbIE CMECH C BOJIOM, TaK UYTO HET HEOOXOJAUMOCTHU JT00aBIAThH
YHOCSLIMI BOJy pacTBOopuTelb. B Tex ciydasx, Korja OCyUIECTBHUTH
a3e0TPOIHYI0 JITepUPUKAIMIO CIOKHO (HAampuUMep, MPU TMOJyUYEeHUU
METHUJIOBBIX 3()MPOB METUJIOBBIA CIIUPT OTTOHSETCS B TaKUX OOJBIITUX
KOJIMYECTBAX C MPUMEHSEMBbIM PACTBOPUTEJIEM, UTO B BOJOOTCTOMHUKE
HE MPOUCXOTUT paszieneHus ¢a3z), 1enecoo0pa3HO MPUMEHATH JKC-
TPAKTUBHYIO 3TepuUKALNIO: (U yAaIsIeTCs U3 PEaKIIMOHHON CMECH
C NOMOIIBIO PACTBOPUTEISA, KOTOPBIM XOPOIIO PACTBOPSIET CIIOMKHBIN
3¢up, HO OYEHD MJIIOXO PACTBOPSIET BOY.

B otnnune ot peakiuu B xuakou ¢aze, razodaznas stepuduka-
Usi KapOOHOBBIX KHCIOT CHUPTAMU MPOTEKAET C IK30TEPMHUYECKUM
s dexToM u 0osiee BHICOKUMU 3HAUEHHUSIMU KOHCTAHT paBHOBecusi. Pe-
aKIMIO TIPOBOAT HaJ TBepAbIMU KaTanu3aropamu (ThO,, TiO,, Al,O;
u J1p.) npu Temmeparype okoisio 300°C.
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CnoxHble 3Qpupbl MOTYT 00pPa30BBIBATLCA U MPU B3aUMOJEHCTBUU
CIIUPTOB C XJIOPAHTUAPUIAMU U aHTUAPUIIAMHU, KOTOPBIE MO ATepUdu-
HUPYIOIIEH CIOCOOHOCTH MPEBOCXOAAT KAPOOHOBBIE KUCIOTHI.

K paccmaTpuBaeMomy Kiaccy peakuuid 3TepU(pUKALMU OTHOCSITCS
TaK)Ke aJIKOr0JIM3, allUI0IN3 U MepedTepuPpuKaius CIOKHBIX 3(DUPOB,
KOTOPbIE KaTaTU3UPYIOTCS TPOTOHHBIMU KUCIOTAMM:

P O
R—C7 + R'OH =—=R—C] + R'OH
OR' OR™

A\

O
+ R"COOH =—= R'C + RCOOH
OR’ OR’

N\
\O
N\

R—C

/
/

O O
+ R7COOR™ R—C + R7COOR®
OR' OR™

R—C

/N
/N

[TomoskeHre paBHOBECHS TPU AJTKOTOJIM3E, AIUOIN3E U IEepPedTe-
pudUKaK ONpenessieTcss PaBHOBECHEM COOTBETCTBYIOIIMX IPOIIEC-
COB ATepU(HUKAIIH.

[Ipu srepudukanuu B mapoBoit ¢aze (250—400°C) B xauecTBe Ka-
TaJIN3aTOPOB UCTIONB3YIOT OKCUIBI PA3IMYHBIX METAJIIOB.

[Tox nelicTBreM amMMuaKa, MEPBUYHBIX WJIM BTOPUYHBIX aMHUHOB Ha
KapOOHOBBIE KUCIIOTHI MOTYYaIOT aMUIbI KUCIIOT:

RCONH, + H,0

RCOOH + NH;

RCOOH + R'NH, === RCONHR" + H,0

RCONR‘Z + HZO

RCOOH + R»)NH

Peakiust oOpaTuma, HO 1O CPAaBHEHHIO C 3TepudUKaIUEH, ee paB-
HOBECHUE CHJIbHEE CMEIICHO BIIpaBo. Pa3BeTBieHne U yIJIMHEHUE YTJIe-
POJIHOM 1T KHUCJIOT TMOBBINIAET KOHCTAHTY PaBHOBECHS, HO CHUKACT
CKOPOCTH Tporiecca. Peakiimm MOryT mpoTeKkaTh B OTCYTCTBUE KaTasH-
3atopoB npu Temmeparype 120-200°C B xunkoit daze. Y maneHue Bo-
IbI TIPU MPUMEHEHWHM M30BITKA aMMHaka (WM aMWHA) CIOCOOCTBYET
JTOCTH>KEHHUIO BHICOKOW KOHBEPCHH.
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[Ipy B3anMOAEHCTBMM KapOOHOBOW KHUCIOTHI C aMMHAakoM (WIv
aMHUHOM) 00pa3yeTcs COjlb, HO 3Ta peakiys o0paTuMa U B IEUCTBUTENb-
HOCTHU IPOLIECC MPOTEKAET MEXKAY CBOOOAHON KUCIOTON U aMUHOM:

_l’_
R'NH, R'NH
e | |
RC” + R'NH, RC—O" RC-O0 | =—
Non | N
OH OH,

0
Rcf + H0
NHR'

AMHIUPOBAaHUE MOKHO NMPOBECTH, KaK U 3TepU(UKAINIO, B M-
KHMX YCIOBUSAX JEUCTBUEM XJIOPAHTUAPUIOB KUCIIOT:

0 //O
+ R'NH, —> RCT_ + HCI
Cl NHR'

RC

/ N\

Crnoxuble 3¢upbl ObICTpee, YeM KapOOHOBBIE KHCIOTHI, pearupyroT
C aMMHMAKOM M aMHUHaMH 10 OOpaTUMOM peaklyu, paBHOBECHE KOTOPO
CIABUHYTO BMPaBO 0€3 KaTaau3aTopos, npu temmeparype 50-100°C:

o)
RC + R“NH,
OR’

RCONHR"™ + R'OH

/N

Peakuuy amMuaupoBaHusl UCIIOIB3YIOTCS B MPOLIECCE CUHTE3a pac-
TBOPUTEIIEH, TIAaCTU(PUKATOPOB, MECTUIINIOB, TTOJIUAMHJIOB U T. II.

JlabopaTtopHasa paborTa
NMONTYYEHUE AUBYTUNIOTAJIATA

Ilens pabomer: 03HAKOMHUTHCS C PEAKIUSIMH 3TEPUPUKALIUY.

JubyTtundranar — 3TO U3BECTHBIN MIACTU(PUKATOP MOIUMEPHBIX
MaTepuaioB, KOTOPbIM MOTYYaloT MPH B3aUMOAECUCTBUN (PTaIEeBOrO aH-
TUApUAA ¢ H-OyTUIOBBIM ciiupToM. CHHTE3 UIET B JIBE CTaJAUU C TPO-
MEKYTOUYHBIM 00pa30BaHUEM HEMOJIHOI0 dpupa GpraaeBoi KUCIOTHI:
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0 O
OC4H
O + C4H90H —_—> 49
OH
O 0
OCH OC4H
o + C4H90H 49 20
OCHo

[lepBas cragus MPOTEKAET OTHOCUTEIBHO OBICTPO M HEOOPATHMO,
a s CMEUIEHUSI PAaBHOBECHUSI BTOPOW CTauu B CTOPOHY OOpa3oBaHUs
MOJTHOTO A(upa 700aBIISIIOT U30BITOK CIUPTa U 00PA30BABIIYIOCS BOTY
OTTOHSIIOT B BUJIE a3€0TPOIHON CMECH € H-OyTaHOJIOM.

Oobopyoosanue, peakmuevt u mamepuaipl: Koia0a KpyriiogOHHAS
Ha 500 mur; noBymika Jluna — Crapka; oOpaTHbI XOJOAUIBHUK; DJIEK-
TPOILTUTKA; JaOOpPaTOPHBIN aBTOTpaHC(OpMATOp; AeIUTENbHAs BOPOH-
ka Ha 400 mi; mpubop g aTMochepHOi TeperoHku; (ranaeBwlii aH-
ruapuy; H-0yTuinoBbld ciuptT; HySOygwonn); 0€H301; kKapOOHAT HATPUS,
XJIOPUJI KaJIbLIMSL.

Memoouka évinonnenusn pabomoi. B xonly 3arpyxatot 37 r ¢ra-
aeBoro anruapuaa, 111 r #-6yrunosoro crupta, 0,5 M KOHIIECHTPUPO-
BaHHOM CEPHOM KHUCIIOTHI U ONTyCKAIOT KEPAMHUECKHUE [IEHTPHI KUTICHHUS.
KonOy cnabxarotr noBymikoit /luna — Crapka, K KOTOpO#H MOJCOeTH-
HSIOT OOpaTHBINA XOJIOAWIBHUK. B XONOIMIBHUK MOAAIOT BOLY M BKIIIO-
4aloT 00OrpeB pEaKIMOHHOW Macchl. TemrepaTypy HarpeBa peryJsu-
pYIOT aBTOTpaHC(HOPMATOPOM TaKUM O0pa3oM, YTOOBI peaKIMOHHAS
Macca Kurejla YMEPEHHO M KOJUYECTBO KOHJIEHCATa, CTEKAIOIIEro U3
00paTHOr0 XOJIOAWJIBHUKA B CEMaparop, COCTaBIsIO 1-2 karum B ce-
KyHay. Boaa, oOpa3zyromiasicst B mporecce 3TepupuKaium, OTTOHIETCS
B BHJIE a3€OTPOIHOM CMECH C H-OyTHIJIOBBIM CITIUPTOM M HaKaIlJIMBaeTCA
B HWDKHEUW YaCTHU CEIaparTopa.

Konen peakiuy onpeAesnsioT N0 MPEKPaICHNIO BbIACICHHS BOABI U3
KOHJIEHCATa, CTEKAIOIIEro M3 OOpaTHOro XOJOJIWJIbHHKA B CemapaTop.
B nponecce srepudukaiyii JOIKHO BBIIETUTHCA HE MeHee 4,5 MIT BOJIBL.
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[1o oxkOHYaHUM OIbITa BBIKJIIOYAIOT 00OTPEB pEeaKTOpa, PEaKIMOH-
HYI0 Maccy OXJIaXJAlT IO KOMHATHOM TeMIeparyphbl, MEpeIuBaOT
B JICJIUTEIbHYIO BOPOHKY, n00aBisaoT 100 mn GeH3ona m mocienoBa-
TenbHO mpombiBatoT 100 mu 5%-Horo pactBopa kapOoHaTa HaTpus
u 100 ma Boasl. [locne kakaoil MPOMBIBKM PeaklMOHHON Macce JaroT
XOpOILIO OTCTOAThCA. OpraHu4ecKuil CiI0i OTAENSIOT OT BOJIbI, CJIUBa-
IOT B CyXyH0 KOHUYECKYIO KOJOy U cymar Haja 0e3BOJIHBIM XJIOPUCTHIM
KanpieM. OUIBTPYIOT COACPKUMOE KOJIOBI B MPEIBAPUTEIHHO B3BE-
HICHHYI0 Ha TEXHMYECKUX Becax KOJOY AJisi MEePEeroHKH, ONpEeAesioT
Maccy GUIbTpaTa, OMyCKalT B KOJOY LIEHTPHI KUTIEHUS U OTTOHSIIOT U3
pEeaKkIMOHHOM Macchl Bce BellecTBa, Brikumnaroue a0 150°C.

OcTaTok mpeacTaBisieT co00M MOCTATOYHO YUCTHIA AUOYyTUiI(TA-
nat. Ero oxnaxparor go 40-50°C, mepenuBarOT B IpeIBapUTEIBHO
B3BELICHHYIO HA TEXHUYECKHUX Becax Koyly.

3aoanue: onpenenuTh BBIXOA MPOIyKTa MO (TaIeBOMY aHTHIPU-
Iy ¥ MOTEpH, a TAKKE MacCy, MOKa3aTelb MPEJIOMIICHUS, KUCIOTHOE
U 3pupHOE Yncio AUOyTUI(TaNaTa

JlabopaTtopHas pa6oTa
NMNOJTYHYEHUE ALETAMUIA

Ilenv padomoer: 03HAKOMUTHCS C PEAKIUSAMU AMUIUPOBAHUS Kap-
OOHOBBIX KMCIIOT ¥ UX MTPOU3BOIHBIX.
Aneramu]1 00paszyercs B pe3yibTaTe CIETYIONINX PEeaKIIiA:

@) O
74 7
OH ONH,
P P
CH3_C\ B CH3—C\ + H2O
ONH, NH,

Oobopyoosanue, peakmuewvl u mamepuaivl: Kojida KpyrioIOHHAs
Ha 100 mur; nednermatop; Hacaaka; HUCXOAAIIMNA BO3AYIIHBIA XOJIO-
nuinbHUK; TepMmoMeTp 0-250°C; MepHbId UUIMHIP; SJIEKTPOIIUTKA;
71abopaTopHBIi aBTOTpaHChOpMATOP; JeAsiHAS YKCYCHAsl KUCTI0Ta; Kap-
OoHaT aMMOHUS; OCH30JI; dTHJIAIICTAT.
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Memoouka evinonnenusa padomel. B XpyrionoHHywo konlOy Ha-
auBatoT 30 © yKCYCHOM KHCJIOTHI U TOCTENEHHO MPUOABISIOT 15 1 yr-
JIEKUCIIOr0 aMMOHUs (IIpU ATOM HaOJI0/1aeTCs BCIIEHUBAHUE OT BBbIJIE-
JIEHMsI YTIIEKUCIIOro rasa). B kondy OpocatoT HECKOJIBKO KyCOYKOB Ke-
pPaMHUKHU ¥ NPUCOECTUHSIOT K HEOONIBIIOMY AederMaropy ¢ TEpMOMET-
POM M KOPOTKHUM BO3JYLIHBIM XOJIOAWIBHUKOM.

Cwmech HarpeBaroT 40-50 MuH 10 ciraboro KureHus, HaOJroaas,
YTOOBI JKUAKOCTh HE IMEperoHsach. 3aTeM YCHIMBAIOT HAarpeBaHHE
Y, UCIIOJIb3Yysl B KaUECTBE NMPUEMHUKA MEPHBIA LWIMHIDP, PETYIUPYIOT
OTTOHKY TakuM 00pa3oM, 4ToObl 32 10 MUH OTTOHSUIOCH OKOJO 5 MII
xuakoctu. Ilpu temnepatype mapo 160°C ypansroT BO3AYLIHBIA XO-
JIOJWIBHHUK U OTBOAHYIO TPYOKY HAcaJKH BCTaBJISIOT HEMOCPEICTBEHHO
B CyXOHM NPUEMHHMK, KOTOPBIA MOTPYKAOT B YAIIKY C XOJIOJHOW BOJOW;
IIPOJIOJDKAIOT MIEPETOHKY U, MPU TOCTHKEHUH Temriepatypsl 210°C, me-
HSIOT TMPUEMHHK (B3aMEH Hero OepyT NpeIBapUTENbHO B3BELICHHYIO
KOHMYECKYIO KOJIOY) M MEPEroHs0T MOYTH YHUCThIM aleraMuj] B Ipese-
max 210-216°C. Beixox okojio 11 1, t,;, = 81-82°C; tu = 222°C.

BriosiHe 4MCThIN MPOIYKT MOXET OBbITh MOIYYEH MEPEKPUCTAIIIN3A-
e celporo aneramua u3 cmecu 10 M 6eH3omna ¢ 3 Ml 3TUIaleTara.

AneraMHJlT TUTPOCKONMYEH, MO3TOMY €ro HEJb3sl OCTaBJIATH OT-
KPBITBIM Ha BO3yXE.

3adanue: ONPEACIUTH TEMIIEPATYPY IUIABICHUS alleTaMU/A.

BOMPOCHI K SALLUTE JIABOPATOPHbIX PABOT

1. OcoGeHHOCTH peakui B3auMOJACUCTBUS KapOOHOBBIX KHCIIOT
CO CIUPTAMU B KUJIKOU cpelie.

2. MexaHu3M peakiuii aTepuduKaIim.

3. Oco0eHHOCTH peakiiuii aTepruduKaum B ra3oBoil dase.

4. Kakue peakuuu OTHOCSTCS K aJKOTOJIM3Y, alluJI0IU3Y, [epesTe-
pudukaumn?

5. YcioBus npoTeKaHusl 1 MEXaHU3M PeaKlnil aMUuupOBaHUS.

6. Peaknuu, nexamiyue B OCHOBE CHHTe3a AUOyTHiI(TaNaTa.

7. Kak BeinensiroT 1u0yTtundTanar u oOnpeaessioT ero KayecTBo?
8. YcioBHs CMHTE3a aleTaMH/IA.




IX. MPOLIECCbl KOHAEHCALN
MO KAPBOHWUJIbHOU IPYINE

Peakimonnasi cnocoOHOCTh KapOOHUIIBHOM TpyMIbl 00yCIIOBIEHA
ee MOoJspu3aluei, KOTOpas MPOUCXOJIUT 3a CUYET CMEUICHUS Maphbl
T-3JIEKTPOHOB B HAIPABICHUU 00JIe€ DJIEKTPOOTPHULIATEIIBHOTO aToMa
KHCIIOpOJa:

N0+ &— N+
C=0 =—> (C—O
/ /

Yem cunpHee momsipu3oBaHa cBsi3b C=0 u O0bIIEe TOTOXKHUTEIb-
HBIHA 3apsii HA aTOME yriepoja, TEM BbIIIEe CIOCOOHOCTh KapOOHUIIb-
HBIX COEIUHEHUN K PEAKUUSM MNPUCOCAUHEHUS. AJKUIIBHBIE TPYIIIbI
YMEHBIIAIOT MOJOXKUTEIbHBIA 3apsia M 3aTPYAHSIOT HYKICOPUIbHYIO
aTaKy Ha aToOM yriepoja KapOoHWIbHOU rpynibl. [loaToMy peakiuoH-
Hasi CHOCOOHOCTh KETOHOB BCETJia HUXKE, YEM Y aJIbJIETUAOB, U YMEHb-
IaeTCs C YJIMHEHUEM M Pa3BETBICHHEM AJIKUJIBHOTO 3aMECTHTENS
pyu KapOOHUIILHOM rpyTine:

@) @) CH;, (CH3),C_
> CH3—C< > \c:o > /C=O
H H CH3/ CH3

N\

H—C

/

[Ipouecc koHAECHCAMM IO KapOOHUIIBHOM TpyIIle MOXHO CBECTH
K IBYyM OCHOBHBIM THITaM:

1) peakuuu anbIEruiOoB U KETOHOB C OCHOBaHUSIMU — 3TO COEIU-
HEHUsl C HEMOJEJEHHBIMHU 3JIEKTPOHHBIMHM MapaMU Ha TeTepoaToOMe U
T-3JIEKTPOHHBIMHU CUCTEMaMH (AJIKEHBI U apeHbl). AKTUBUPOBAaHUE Kap-
OOHWJIBHON TpyNIbl JOCTUTAETCA MPU MOMOIIM MPOTOHHBIX KHUCIOT
¢ oOpa3oBaHHEM MOHA KapOOHUS:

+
0 O-H . OH
Re” &+ W RCZ <« RC]
AN N \H
H H

2) peakuus albJEeTUI0B U KETOHOB co cinabbiMu kucnotamu (HCN)
U TICEBJIOKHUCIIOTaMU (KapOOHWIBHBIMA U HUTPOCOCTUHEHUSIMH, aIleTH-
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JIEHOM U C JIPyTMMU BEIIECTBAMH C AaKTUBUPOBAHHBIMU aTOMaMH BOJIO-
pona). B aTom ciywyae ocyuiecTBiIsIeTCsl KaTajlu3 OCHOBAaHUSMH, Ipe-
BpalAIOIMMHU KUCJIOTHBIM PEareHT B COMPSIKEHHOE €My OCHOBAHME,
KOTOPOE€ CTAHOBUTCSI CUIIBHBIM HYKJIEO(UIIOM, CIIOCOOHBIM K HPSIMOM
aTake KapOOHWIIBHOTO yTJIepoJia:

HO + HA =—= A + H,0

A + C=0 = A-C-O

| | ~
A—(|3—O_ + HA (wm H,0) =——= A—C—OH + A (wm HO )

Bce peakiuu no kapOOHWIBHOM TPYIINE SK30TEPMHUYHBI (TETIOBOM
apdext ~100 x/x/Moap). CUIBHO 3K30TEPMHUUYECKHE M MPAKTUYECKH
HEeoOpaTUMBbIE PEAKLUU MPOTEKAIOT C COECIWHEHUSIMH, COJEp KAIIUMHU
T-3JIEKTPOHHBIE CUCTEMBI. A peaklUU albJO0JbHOW KOHJIEHCAIUHU U pe-
aKIIUU C a30TUCTHIMH OCHOBAHUSMHU SBIISIOTCS OOPAaTUMBIMU U UMEIOT
CpaBHUTENHHO HEOONbImON TemioBol 3¢dekt (~20—-60 «Jx/MOmb).
OnHaKo Mocienyronme peakiiui KOHISHCAIlUN WK JAeTUApaTaIllii MO-
T'YT BJIMATH Ha TEII0BbIE 3(h(PEKTHI U paBHOBECHE.

JlabopaTtopHas pa6oTa
CUHTE3 OKUCU ME3SUTUNIA
(METWIN3OBYTEHWU/IKETOHA)

Ienv pabomst: N3y4nTh peaklMu KOHIACHCAIIMU alleTOHA B JIH-
alleTOHOBBIN CIIUPT U JACTHApATAIUU JUALIETOHOBOTO CIIUPTA B OKKCH
ME3HUTHIIA.

Oxuce Me3uTmiIa — OeclBETHAsT MACIISTHUCTasl KUIKOCTb, PacTBO-
puMa B ciupte, 3¢upe, fyg = 131,4°C, ¢, = 59°C.

Hcnonws3yercss Kak pacTBOPUTENb, MPUMEHSETCA ISl MOTYyYECHUS
METHJIN300YTUIIKETOHA, KOTOPBIM SBISACTCS JYUYIIUM PACTBOPHUTEIEM
JUISL JTAKOB, a TaK»Ke MCIOJIB3YETCs KaK dKCTPAareHT IpH JernapapuHu-
3a1uu He(PTenpOyKTOB.

Okuch Me3UTWIA TIOJIy4YaroT M3 alleToHa B JIBE cTajguu. B Hayamne
JIBE MOJIEKYJIbI alleTOHA KOHJICHCHPYIOT B JAUAIETOHOBBIA CIUPT TPHU
HU3KOW TeMIIepaType B MPUCYTCTBUU IIEJIOYHOTO KaTaau3aTopa:
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OH

- |
O, CH,—CO—CH,—C(CHy),

2CH;—CO—CHj

KOHI[GHCEIHI/I}{ alcToHa UACT B ABC CTaJUMN:

CH3—(|JO + OH™ _CHZ—(ljo + H,0

CH; CH;
CH,CO CH
_ CH3 +H,0 3? [
| CH.” —OH |
CH; 3 CH;

[Tpu anpAOIBHON KOHJEHCALIMU KETOHOB MX KapOOHWJIbHAS TPYII-
II1a MEHEE CKJIOHHA K NPHUCOEIMHEHUIO, YEM B ClIy4yae KOHICHCALUHU
albJETU/I0B U 00Iasi CKOPOCTb ONPENENSIETCs CKOPOCThIO BTOPOIl cTa-
I, & B IEPBOU — JOCTUTAETCS PABHOBECHE.

PaBHOBecHas creneHb KOHBEpCUM O4eHb HU3Ka u mpu 20°C cocras-
nset okono 12%, a npu 0°C — 16%. 3ateM noaydeHHbId AUALETOHOBBIN
CIMPT MOABEPIaOT ACTUAPATALUY B IPUCYTCTBUA OPIraHUYECKUX KUCIIOT:

J’_
CH;—CO—CH,—C(CH;),0H > CH;—CO—CH=C(CHjy), + H,0

Herunparamuio npoogat npu 100-220°C B npucyTcTBHM, Ha-
npuMep, HIaBEJIEBOM KUCIOTHI.

Oobopyoosanue, peakmugsvl u Mamepuaibl: ABTOTpaHCHOPMATOD;
pene-peryusiTop; dJIEKTPOMOTOP MEIIAIKU;, OOpaTHBIA XOJOJWIbHUK;
TEPMOMETP; KOHTAKTHBI TEPMOMETp; KallellbHasi BOPOHKA; PEaKTOp
(KpyTJIOJJOHHAsT YETBIPEXTOpJioBasg Koi0a M3 TEPMOCTOMKOTO CTEKJIa
BMecTUMOCThI0O 500 Mun); nensHas OaHS M DJICKTPOIUIMTKA; HUCXOJS-
IIUH XOJIOJWUJIBHUK; alleTOH (4Y]a); TUIPOKCUJl Kalblvs; IaBeleBast
KHCIIOTA; N30MPONMIOCH30JT, MHIUKATOpHAs Oymara.

Memoouka eévinonnenusn padomewi. llepen HayamoM onbITa IpoBeE-
PAIOT MPABUWIBHOCTh COOPKH M T€PMETUYHOCTh BCEX COEAMHEHUM ycTa-
HOBKH. Y 0€XKIAI0TCS B HAJIEKHON paboTe MEXaHUYECKON MEIIaNIKH.

3arpysatot B peaktop 116 r anerona, oxjaaxaarT €ro Ha JIeAsSHON
o6ane o 5°C, poGansaoT 0,5 T TOHKOM3MENBLYEHHOTO THUIAPOKCHIA
KaJlbLIMA U BBIIEPKUBAIOT PEAKIIMOHHYIO MAcCy IMpHU ATOW TeMIiepary-
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pe, PHEPruyHO MepeMelnBas ee B TeueHue 1,5 4. 3aremM TuapoKcun
KaJIbIUSI HEUTPATIU3YIOT IIABEJICBOM KUCIOTOM 0 KUCION PEAKUUU IO
JakmycoBoil Oymare. JlensHyro OaHIO 3aMEHSIOT 3JEKTpOHArpeBaTe-
JeM, Ha MECTO OOpaTHOTO XOJIOJWIbHUKA YCTAHABJIMBAIOT HUCXOIS-
U XONOUIBHUK, NpHKBatoT 30 M1 H30MPONMIOEH30J1a U OTTOHSIOT
HEIMpopearnpoBaBIIni aieToH. [lociae OTroHKH aneTroHa K OCTaTKy J10-
0aBIAIOT 5,4 T TOHKOM3MEIBLUEHHON IIaBEIEeBOM KUCIOTHI U MOJHUMA-
I0T TeMmIeparypy peakuuoHHod macchl A0 110°C, BeIAEpKUBAIOT MpHU
sToit Temneparype 1 4. Ilo okOHYaHMHM peaKkIUM MacCy OXJIAXKJAIT,
GUIBTPYIOT B KyO peKTU(HUKAIIMOHHONW KOJOHHBI, OCaIOK Ha (PUIbTpE
POMBIBAIOT 20 MII M30MIPONMIIOEH30J1a U IEPETOHSIOT. BRIIENSIOT T0-
JIOBHYIO (ppakiuio, BeIKuNaromyto a0 128°C, u ¢ppakuuio okucu Me3u-
TWJA C peaenamMu kumnenus ot 122 no 131°C.

3aoanue: cocTaBUTh MaTEepUAIbHBIA OalaHC ONBITA; ONPEACIIUTH
OCHOBHBIE (DU3UKO-XMMHUYECKHE CBOMCTBA MPOAYKTa (TIOKa3aTelb Ipe-
JIOMJICHUS, TeMIEpaTypy KHUIEHHUS), MPOAHAIM3UPOBATH MPOIYKT Ha
coziepKaHue KapOOHUIILHOM TPYyNIIbl U HEMPEAEIbHBIX COSIUHEHUMN.

JlabopaTopHasa paborTa
NONTYYEHUE UWMKNTIOTEKCAHOHOKCMMA

lleJlb paﬁombz: HN3YyYUTh PCAKIUIO KOHACHCAIIUH Kap6OHI/IJ'IBHBIX
COCI[I/IHGHI/Iﬁ C a30TUCTBIMU OCHOBAHUSIMU.

B IMPOMBINIJIICHHOCTH HUKJIIOI'CKCAHOHOKCHUM II0JIY4Yar0T KOHICHCA-
HHeﬁ IMHUKJIOI'CKCAHOHA C THAPOKCUIIAMHUHOM:

0 N
+ NH,0H

~N

OH

+ H,0

N3 nMKIOreKCaHOHOKCUMMAa NEPErpYIIUPOBKON N0 bexkMaHny CHH-
TE3UPYIOT KallpoJIAKTaM — KPYITHOTOHHA)KHBIA MOHOMEpP JUIsl MPOM3-
BOJICTBA MOJUKANPOAMUA.

Oobopyoosanue, peakmugvl u mamepuaapl: MEXaHUYECKas Me-
1Iajika; BoJsHas OaHs; ANEKTPOIUIUTKA; TpUOOp IJid NEPEroHKHU B Ba-
KyyMme; Tpexropiias konba Ha 500 mi; kanenbHas BOPOHKA; TEPMOMETP
0—100°C; nuKiIoreKCaHoH; TUIPOKCUIIaMUHA THAPOXJIOPHUT; alleTaT Ha-
TpUS; AUITUIOBBIN 2Pup; cynbdaT HATPHSL.
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Memoouka evinoinenus padomepl. B OTyIUTPOBON TPEXTOPIOH
K0j10€e, CHAOKEHHOM MEIIAKOW, TEPMOMETPOM M KamnelabHOW BOPOH-
KOH, HarpeBaroT Ha BojsHOM Oane 10 60°C pactBop 35 T ruapoxopuaa
TUIPOKCUTIaMUHA U 33 T' KpUCTAJUIMYECKOro anerata Hatpus B 140 mi
BoAbl. [Ipu nepememmBanuy npuOaBisAtoT (MO KaruisaM) 32 T UKIOreK-
CaHOHAa, MPOJOJIKAIOT MepeMeninBarh emie 30 MUH, 3aTEM OXJIAKJIAIOT
10 0°C u BBIICTUBIIMKCS OKCHM OTcachiBatoT. BojHbii cioit 3 pasza
AKCTparupyrot 3pupom. TBepAbIl OKCUM CyIIAT B BAKyyM-3KCUKATOPE,
a a(pupHBI pacTBOp — cynbdaroMm HaTpus. DPUpP OTTOHSIOT, 100ABIIS-
IOT K OCTaTKy TBEPJIbI OKCUM U MEPETOHSIOT B BaKyyMe (f; = 104°C
npu 12 mm pr. cT.); t,; = 90°C; Bixon 70%.

3adanue: onpenenuTh TEMIIEPATYpy IUIABICHUS W BBIXOJ LUKIIO-
reKCaHOHOKCUMA.

JlabopaTopHasa paborTa
NMONTYYEHME NEHTASPUTPUTA

Ilenv pabomsbi: 03HAKOMUTHCS C PEAKUUSIMH THUMA aTbJ0JIBHOM
KoHAeHcanuu U KanHuIapo.

[TeHTapUTPUT TPUMEHSICTCS ISl TTOJTYUCHHUS aTKHIHBIX TOJIMME-
pOB, TIACTU(UKATOPOB, a TAKXKE B3PBIBUATOrO BEIIECTBA TMEHTPHUTA
C(CH,0ONO,);.

AJNBIETHIBI JIETKO BCTYMAIOT B PEAKIUIO albJI0JLHON KOHJICHCA-
IIUU B POJIM KapOOHUIIBHBIX KOMIIOHEHTOB. OCOOEHHO PeaKIIMOHHOCIIO-
coben gopmanpaerun. OH MOXKET 1aBaTh MPOAYKTHI, B KOTOPBIX 3aMe-
IIEHBI BCE BOJOPOIHBIE aTOMBI Y Ol-yTIEPOJTHOTO aTOMa METHIIEHOBOTO
KOMITOHEHTA, HapUMep:

. 0 0 (|:H20H

4 v V4

3H—C\ + CH3—C\ —> HOCH,—C— C\
H H | H

CH,OH

DTO METUJIONBHOE COECIMHEHUE OYEHb JIETKO BCTYIAET B MEPEKpe-
cTHYI0 peakiuto Kannuiapo, 00pasys neHTaspUTPUT:

CH,OH 5
Y7, Y7, H-O
HOCH2—(|Z—C: + H—C, 5>
H
CH,OH H
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CH,0H
0

/4
——> HOCH,—C—CH,0H + H—C

OH
CH,OH

Oobopyoosanue, peakmugbl u MamepuaIbl: MEXaHNYECKas MeIla-
ka ¢ ruaposzarBopoM; tepmomeTp 0—100°C; BoasiHasi OaHs; dIEKTPO-
IUTUTKA; Koj0a uderbipexropias Ha 500 mui; KamenbHas BOpPOHKA; 00-
paTHBIM XOJOIWUIBHUK; TapadopMaibIerua; BOJAHBIA pacTBOp aler-
aJbJACTHU/Ia; OKCUJ] KaJIbIIMS; CepHas KUCI0Ta; aKTUBUPOBAHHBIN yTOJIb.

Memoouka eévtnonnenus pabomol. B peakiimoHHy10 K00y K Cyc-
neH3uu 16 r napagopmanpaeruna B 50 M1 BoJbl 100aBiSIOT HEOONb-
IMMH TIOPIMSIMU TIPU SHEPTUYHO paboTaroiiei Memanke 3,6 T mopoii-
KOOOpa3HOr0 OKCHAA KaJbIUs, CIEIsi 3a TeM, 4TOObl TeMmIepaTrypa He
nojaauMaliach Beite 50°C. 3arem Koi0y OXJIaXIar0T MPOTOYHON BOJIOM
o 15-20°C, cuHaGxaroT oOpaTHBIM XOJIOAWJIHBHUKOM M KareabHOW BO-
POHKOM, Yepe3 KOTOopyro BBOIAT o Karuisim 60 mu 1,6 M BonHoro pac-
TBOpa aueraipaeruaa (cogepxxut 4,2 r aneranpaeruna). [logaepxua-
10T TeMiiepatypy He Bbiiie 20°C, 3aTeM B T€UEHHUE Yaca €€ MOJIHUMAIOT
10 45°C u nponoirkaroT nepemeniBanue emie 2 4. TouHo HelTpanuzy-
I0T PEaKIMOHHYIO CMeCh pa30aBICHHOM CEpHOM KHCIIOTOH (B KayecTBE
WHJUKATOpa CIYXKUT JIAKMYC), OoXJaxaaroT U GuibTpyroT. B ciyuae,
ecii GUIBTPAT UMEET JKENTYI0 OKpacKy, mo6aBistoT 0,6 T akTUBUPO-
BAHHOTO YTJIs, IEPEMEIIMBAIOT 5 MUH U PACTBOP BHOBB (DUIIBTPYIOT.

OubTpaT, KOTOPHIA JOKEH OBITh OECIIBETHBIM, YIApUBAIOT Ha
BOJSHOUM OaHe B BaKyyme [0 Hayajia BblllaJieHus KpuctamioB. [lomy-
YEHHYIO CYCHEH3UI0 TIOMEIIAI0T B XOJOMWIbHBIN mKkad Ha 1 4, mocie
4Yero OT(UIBTPOBBIBAIOT MEPBYIO MOPLUI0 KPUCTALIOB (f;; ~237°C).
MaroyHUK ynapHuBarOT JaJiee U 1O ONMCAHHOW BBIIIE€ TEXHOJIOTHUH IO-
Jy4aroT BTOPYIO MOPLHUIO MPOAYKTA (f,; = 242°C). JlanpHeHmum ymna-
pUBaHUEM MATOYHHUKA MOIYYaAIOT TPETHIO MOPLUIO C t,;, = 249°C.

CoenvHEeHHBIE TMOPIMU MPOAYKTAa MEPEKPUCTAIIU3OBBIBAIOT U3
BOJbl. IlyTeéM COOTBETCTBEHHOIO yIapuWBaHUsI MaTOYHBIX PAacTBOPOB
MOJIy4at0T BTOPYIO, TPETHIO U YETBEPTYIO MOPLUUU KpUCTaLUIoB. OOmmit
BBIXOJ] IPOAYKTA C ty; = 258-260°C coctaBnsgeT ~50% oT Teoperuue-
cKoro. YUCThIN NEHTa3pUTPUT UMEET t,;,;, = 260°C.

[IeHTa’pUTPUT, NOJYUEHHBIN 10 BBILICTIPUBEACHHON MPOIKUCH, BCE-
r71a COACPKUT 3aMETHOE KOJIMYECTBO JIUMEHTAdPUTPUTOBOTIO 3dupa
(1 = 221°C), KOTOPBIN HE yAATSIETCS PU MEPEKPUCTALTUIAINU U3 BOJIBI.
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3adanue: onpenennuTh BBIXOA M TEMIEPATYpPYy IUIABICHMS IEHTa-
DPUTPUTA.

BOMPOCDHI K 3ALLMTE JTIABOPATOPHbIX PABOT

1. Uem oOycnoBieHa peakIMOHHAS CIIOCOOHOCTh KapOOHMIBHOMN
rpynmsi?

2. OCHOBHBIEC THIBI MPOIECCOB KOHACHCAITUU MO KapOOHMILHOMN
rpyIIe.

3. Peaknumu, jnexxainiue B OCHOBE CUHTE3a ME3UTHIIA.

4. YcaoBus KOHACHCAIUU IMKIOTEKCAHOHA C THAPOKCUIAMUHOM.
5. Peakiuu, nexaine B OCHOBE CUHTE3a IIEHTA3PUTPUTA.

6. Kak BbIACHSAIOT U OUMIIAIOT IEHTAYPUTPHUT?




X. IPON3BOACTBO
NMOBEPXHOCTHO-AKTUBHbIX
BELLLECTB

IloBepxHocTHO akTuBHBIE BemecTBa (ITAB) — nuduibHbie co-
€AMHEHUs, COJepKalllie B CBOEM COCTaBe JMMOQPUILHBIN (Macaopac-
TBOPUMBII ) YIIIE€BOJAOPOAHBIA paguKad ¥ TUAPOPUIbHYIO (PYHKIIHO-
HaJbHYIO rpynny. JuduibHoe crpoenne monekya IIAB onpenenser
UX XapaKTepHbIE KOJUJIOMJIHBIE CBOMCTBA: CHOCOOHOCTH aacOpOHpO-
BaThCS HA TpaHUIle pasaena (a3, CHIKasi MOBEPXHOCTHOE (Mex(azHOe)
HaTsDKEHUE, M aCCOLMMPOBATh B )KMJIKOH (haze ¢ oOpa3oBaHUEM MUILIEII
Pa3IMYHON CTPYKTYPBHI.

I'uapodobuas yacte Mosekyinbl [IAB moxeT ObITh JIMHEHHON Win
pa3BeTBieHHOU. [lonspHas rpymnma, Kak MpaBUiIo0, HO HE BCErnaa, Npu-
COEIMHEHA K KOHIYy aJKUJIBbHOM LEeNHu, KOTOpast COAEPKUT OOBIYHO OT 8
1o 18 aromoB yraepona. CteneHb pa3BeTBICHHOCTH 1IEMH, MOJI0KEHUE
IOJIIPHOM TPyIIBl M JJIMHA LENHU — BaXXHEHUIINE MapaMeTpsl, Onpese-
asromue  puznko-xumuyeckue cBoictBa ITAB. Taxke HemossipHbie
runpodobusie Tpynmbl [IAB MoryT ObITh HACBHIIIEHHBIMH M HEHACHI-
IIEHHBIMM, BKJIFOYAIOIIMMU HEOONbIINE TOJSPHBIE TPYIIbI aaudaTH-
YECKUMH paJuKaIaMu.

Oyukumoo TuapodoOoHON oCHOBHI yraeBoaopoaubix ITAB moryt
BBINOJIHATh TAKXKE aIKUIOEH30Ibl, aJKUI(PEHOJbl, OCTATKU CTEPOU-
HBIX CIIUPTOB M KUCJIOT, OJMOKCUIIPONHIIEHOBBIE OJIOKU.

B 3aBucuMocTu OT mpupoabl (PyHKIIMOHATBHOM TPYIIBI U €€ CIO-
COOHOCTM K JHUCCOLMALMU Ha HOHBl PA3IMYalOT: HEUOHOI'ECHHBIE
(T. €. HE TUCCOLIMUPYIONINE HA MOHBI), AaHUOHHBIC, KATUOHHBIE U aM(o-
nutHbie [TAB.

ITpu nuccoumannu annonHsle [TAB 00pa3yroT B Boje MOBEPXHO-
CTHO-aKTUBHBII aHUOH W TMAPATUPOBAHHBIA KAaTUOH, HAPUMEp KaTH-
OH ILEJIOYHOT0 METalJIa NI aMMOHMS:

C12H25()SO3N21 - C12H25OSO; + Na+

V¥ karnonnsix [TAB, Ha000pOT, OTBETCTBEHHOCTh 3a MOBEPXHOCT-
HYIO0 aKTUBHOCTh HECET KaTHOH:

C,6H33N(CHj3)3Br Ci¢H33N(CH;); " + Br
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Amdorepubie (amdonutnbie) [TAB otnnuatorca Tem, 4ro obiia-
JAI0T JBYMS 3apsKEHHbIMU (hparMeHTaMu B OpPraHUYeCcKOM 4acTh Mo-
nexkynbl. Amponutasie [IAB moryT cyniecTBoBaTh B BHUJIIE TpEX pas-
JIMYHBIX CTPYKTYP B KHMCJIBIX U B OCHOBHBIX CHCTEMAax U B U302JIEKTPU-
YECKOU TOYKE:

—gtx~ o+ MTOH ™
(CoHyNHACoH,COOH)' X~ == CppHsN'H,CoH,CO0
KHucias cpeaa, pH =2 H309JICKTPHUICCKAsA TOYKaA,
pH=6,8—-7,0

=S C12H25NHC2H4COO_ M+ + H20

nienoyHas cpena, pH =11

3iech M’ — KaTHOH ILENOYHOro MeTana; X — aHHOH.

B 3aBuUCHUMOCTH OT CBIpbs, U3 KOTOpOro nomyyaror IIAB, ux mox-
HO pa3/ielnTh Ha JBa KJacca: OJICOXHUMUYECKUE U HE(PTEXMMHUUYECKHUE.
Oneoxumuyeckue [IAB mpousBoAsST M3 BO30OHOBIISIEMOTO CBIPHA,
00bIYHO U3 pacTutenbHbix Macen. s neprexumuueckux [TAB cbipb-
€M SIBIISIIOTCS IPOYKTHI iepepadbotku HedTu. Yacto ceipbem misa [IAB
OJTHOBPEMEHHO CIIyKaT pacTUTENbHbIE Macia W MPOAYKThl HeTexu-
MUHU. DTOKCUIMPOBAHHBIE )KUPHBIE KUCIOTHI — OJIMH U3 MHOTI'OYHUCIICH-
HBIX TOMY IIPUMEPOB.

Metonasl cunte3a [IAB B OOJBIIMHCTBE ClTy4aeB OCHOBAaHBI Ha IO-
CJIeIOBATE€ILHOM IPOBEACHUM OOIEU3BECTHBIX PEAKIM opraHuye-
ckoil xumuu. BeiOop MeTo10B cHTE3a 00YCIIOBJIEH HE TOJIBKO MPOCTO-
TOW NPOBEACHUS pEaKLUUu, HO M BO3MOXKHOCTBIO IOJy4YeHHUs Ooiee
YUCThIX NPOoAYKTOB. TpeboBanus k crenenu ynctorsl [IAB onpenens-
I0TCS1 00J1ACTAMHU UX IPUMEHEHMSL.

Anuonnsblie ITAB (AITAB). OTo camblil pacIpOCTpaHEHHBIN KJIacc
ITAB. I'naBHas npuynHa UX NOIMYJISIPHOCTU — IPOCTOTA U HU3KAsK CTOU-
MOCTb Mpou3BoJicTBa. [lonsipHbiME rpynnaMu B aHuoHHBIX [IAB 00b14-
HO ciyat kapookcunatHbeie (—OCH,COQ™), cynsdpatusie (—OSO3),
cynsdonatsie (—SO; ) u docdarasie (—OPO3 ) rpynmbl. B kauecTse
NPOTHBOMOHOB wame Bcero BeicTymaror mousl Na', K| NH,', Ca*
Y Pa3JIuYHbIe IPOTOHUPOBAHHBIE ANKWIAMHUHBL. VIOHBI HATpUS U Kaus
ycuiHBaroT pactBopuMocTs ITAB B Bozie, B TO BpeMsi KaK MOHBI Kajlb-
U U MarHusi CIOCOOCTBYIOT YyBeIMUYEHHIO pacTBopumoctu [IAB
B MacisiHOH ¢aze. [IpoToHupoBaHHbIE aMUHBI U aJIKAHOJIAMHHBI 00ecC-
neunBaroT pactBopuMocTh [TAB B 06enx ¢azax.
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Mpeina cocraBistoT orpoMubiil kitacc A [TAB. Onu npousBoaarcs
yTeM OMBIJICHUS MPUPOIHBIX Macen U KUpoB. OOBIYHO MBLIAMH Ha-
3BIBAIOT COJIM IIEJIOYHBIX METAIJIOB KapOOHOBBIX KHUCIIOT, MOTyYaeMbIX
U3 KUBOTHBIX KUPOB UJIM PACTUTENIbHBIX Mace. [ TaBHbII HEIOCTaTOK —
YYBCTBUTEJIBHOCTh K >KECTKOM BOJE, YTO U ONpPENeUIo HEeoOXOau-
MOCTh co3iaHus cuHTeTnueckux A ITAB.

HaubGonee pacrpocTpaHeHbl Cpeid CHUHTETHYECKHUX aHUOHHBIX
[TAB anxun6enzosncynbponarsl. OHU MIUPOKO UCIOIB3YIOTCS B MOIO-
IIUX CpeACTBaX OBITOBOTO HAa3HAYEHUs, a TAKXKE B CAMBIX pPa3HbIX 00-
JacTSIX MPOMBIIUIEHHOCTU. VX momyyaroT B mporiecce CylbpupoBaHus
anKuiI0eH30510B. B kpymHomaciiTabHOM CHHTE3€ B KauecTBE CyNb(u-
PYIOILIEro areHTa 4Yaiie BCEro HCIOIb3yeTCs TPUOKCHA Cepbl, HO BO3-
MOXHO TMPUMEHEHHE W JAPYTHX BEMIECTB, HAIPUMEDP CEPHON KHUCIIOTHI,
oJieyMa, XJI0pCyab()OHOBOM WK aMUA0CYIb()OHOBOM KUCTIOT.

[Tponecc mosyueHusi aiKuiIOEH30JCYIb(POHATOB COCTOUT U3 HE-
cKoJibkux crtamui. Ha mepBoit cramuu mporecca oOpasyercss MUpo-
cylb(OHOBasg KHUCJIOTA, KOTOpas MEJIEHHO U CaMOIPOU3BOJIBHO pea-
TUpYyeT aajee, o0pa3ys CyJlb()OHOBYIO KHCIOTY:

R
R +280; —> R S0,0S0.H —

OBICTPO MEIJIEHHO

— > 2R SOH

R — ankunpHas rpynmna, oObdHO coaepkamas 12 aToMoB yrieposa.

3aTeM cyib(HOHOBYIO KUCIOTY HEUTPATU3YIOT KayCTUYHON COJIOH,
IIPU 3TOM 00pa3zyercs cosb ankuioeH3oncyiabponaTa. Beuay Oosnbiio-
ro o0beMa aJKWIBHBIX 3aMEeCTUTeNel 00pa3yloTcs MOYTH HCKITIOYH-
TEIbHO N-CYIb()OKHUCIOTHI. ANKUIOEH30JICYIb(OHATHI C pPa3BETBIIECH-
HOW yIJIEBOJOPOJHON LIEMOYKON PacTBOPSIIOTCS B BOJE JIyUIlE, YEM ajl-
KUJI0EH30CyIb(POHATHI ¢ IPSAMOM IIEMOYKOM, HO UX MOIOIIUE CBOMCTBA
XyXke€, a CIIOCOOHOCTh K OMOXMMHUUYECKOMY Pa3iokeHHuto Huxe. [1oaro-
My B HacTOsfIIEe BpeMs NPUMEHSIOTCS MPEUMYIIECTBEHHO JIMHEHHbIE
IPOU3BOJHBIE.

[Ipu nepemernieHnn OEH30JIBHOTO KOJIbLIA K LIEHTPY AJKUIbHOU
LENH MOIOIIee NEHCTBUE YMEHBIIIAETCS, a pACTBOPUMOCTD B BOJIE yBe-
anunBaercs. Takue COeNMHEHUs IAalT XOpOUIylo meHy. Makcumywm
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MOIOILIETO JEHUCTBUS HaOIIOaeTcsl Npu  MpUCOeAMHEHUH OeH301a
K TPETbEMY aToMy YIIEPOA0ATKUIBHON ST .

Hpyrum tunom cynb@onatubix [TAB BeicTymawT cynbhoHATHI
napaduHoB U O-osiepuHoB. CynbhoHaThl napaduHOB MOTYUYaIOT, Kak
NpaBUJIO, TI0 PEAKIHAM CyIb(HOXIOPUPOBAHUS WIH CyIb(HOOKHUCICHUS
napauHOBBIX YTIEBOJOPOJOB TUOKCHIOM CEPbl M KHCIOPOAOM MIPH
o06nydeHnn ynbrpaduoneToBsiM cBeToM. Cyib(hoHAThI (-0JIe()UHOB TI0-
JYYaroT MO PEAKLUU JTUHEUHBIX Ol -OJIE(PUHOB C TPUOKCUIOM cephl. B pe-
3ynbTate obpaszyercs cmech ankeHcyiabdonatoB (60-70%), 3- u 4-run-
pokcuankuicyibonaroB (~30%) U HEKOTOPOIro KOJIMYECTBA JAUCYJIIb-
(GhOHATOB M IPYTUX BEIIECCTB.

Cynsdonarasie [TAB, momydaembie cynb(upoBaHUEM JUTHUHA,
He(TAHBIX (Ppakiui, AIKWIHAPTAIMHOB WU APYTHX JCIIEBBIX YTJe-
BOJOPOJHBIX (DpaKIuii, HAXOIAT IMUPOKOE MPOMBIIIICHHOE TPUMEHE-
HUE B KaueCTBE JUCIIEPraTOpPOB, IMYJIBraTOPOB, JI€IMYIIBIaTOPOB, Te-
HOT'aCUTEJIEN, CMauYUBaTENIeN U T. 1.

®docdarcogepxkamue annoHHble 11AB, Hanpumep ankuidocdarb
WIA 3TOKCHJIMPOBaHHbBIE alKmiIocdarsl, MOTydaroT 00pabOTKON KHp-
HBIX CIUPTOB WM 3TOKCHIIMPOBAHHBIX CIUPTOB (HOCHOPHIUPYIOLIIM
areHToM. OOBIYHO ISl ATOT0 MCHOIB3YIOT MeHTaokcua docdopa P,Oy.
B pesynbrate peakimu noiydaercs cMecb MOHO- U AMdGUpoB GpochopHOit
KUCJIOTBI, IPUYEM OTHOCUTEJIbHBIE JIOJIM ITUX BEIECTB KOHTPOIUPYIOTCS
COOTHOIIIEHHEM PEareHTOB 1 KOJTMYECTBOM BOJIbI B PEAKIIHOHHOW CMECH:

I I
6ROH + P,01p=—= 2R—O—P—OH + 2R-0—P—O—R
OH OH

B kauectBe (hochopunupyromero areHta Ais MPOU3BOJCTBA all-
kwidochatabix [TAB MOxHO wucCHonb30BaTh OKcuxjopua ¢ocdopa
POCI;, npu 3TOM Takxke oOpa3yeTrcsi cMech MOHO- U 1ud(dupoB ¢oc-
(bOpHOI KUCITOTHI.

®docharupie [TAB wucnone3yrorcs B MeTamiooOpadaThIBaIOIICH
MPOMBINIJIECHHOCTH, @ TaKXe€ B KA4eCTBE AMYJIbIaTOPOB B COCTaBax
KOMITO3ULIMN JIJIS 3AILUTHI PACTEHUM.

Katunonnsie ITAB (KITAB). boasmmucTBO KatTnoHHBIX [TAB co-
JepKaT aTOM a30Ta, HECYIIUN MOJIOKUTEIbHBIN 3aps/l, T. €. OTHOCSITCS
K aMUHAM WM YETBEPTUYHBIM aMMOHHEBBIM coenuneHusiMm (HAC).
Haubosnee BaxXHbIMU KaTUOHHBIMHU COEAMHEHUSIMU JIJISl UCTIOJIb30BaHUS
B kauecTBe [IAB gBIAIOTCS YeTBEpTUUHBIE COEIMHEHUS a30Ta, TaK KaK
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OHU HEYYBCTBUTEIBHBI K U3MeHEeHUAM pH. Tak kak aMUHBI IPOSIBIAIOT
cBorictBa [IAB TOIpKO B IPOTOHMPOBAHHOM COCTOSIHMM, TO X HEJb35
VICIIOJIB30BaTh IIPU BBICOKKUX 3Ha4eHUsAX pH.

CuHre3 yeTBepTUUHBbIX aMMOHUEBBIX [IAB npoxonut depes obOpa-
30BaHUE HUTPWIBHBIX COeAMHEHNN. JKUpHasg KUCIOTa pearupyer ¢ am-
MHAKOM TpPH TOBBIIIEHHOW TEMIIEpATYpE, N1aBas COOTBETCTBYIOIIUI
HUTpUJ. DTa CTausl NPOXOAUT Yepe3 CTaJnui0 00pa30BaHUs POMEKY-
TOYHOro amuzaa. Hutpun 3arem rugpupyercs 10 NEPBUYHOIO aAMHUHA
B IPUCYTCTBUM KaTanuzaropa (KoOaabTa Ui HUKEJIS):

-2H,0 2H
R—COOH + NH; —2» R—C=N ——» R—CH;NH,

Bropuunble aMUHBI MOTy4YalOT MO0 HETOCPEACTBEHHO U3 HUTPHU-
7a, 100 B JIBE CTAANH W3 IEPBUYHOTO aMuHa. B omHOCTaAMitHOM TIpO-
1ecce, KOTOPBIA MPOXOAWT, MO-BUAMMOMY, Yepe3 oO0pa3oBaHHE MPO-
MEXYTOYHOTO UMHUHA, aMMHUaK JJisi 00JIerdeHusi 00pa30BaHUs BTOPUY-
HOTI'0 aMHWHA MOCTOSIHHO YJIAJISIIOT U3 PEAKIIMOHHOM CMECH:

R—C=N + R_CHzNHz + 2H2 —>(R_CH2)2NH + NH3

HepBI/I‘-IHBIe dAMHWHBI C IIOMOIIBIO MUAHOSTUIIMPOBAHHSA IIPCBpaIla-
IOTCA B JJIMHHOLCIIOYCYHBIC 1,3-I[I/IaMI/IHBII

2H
R—CH,NH, + CH,=CHCN —> R—CH,NH(CH,),CN ——>

——> R—CH,NH(CH,);NH,

IlepBuuHbIE WM BTOPUYHBIE JUIMHHOLEIIOUEYHbIE AMUHBI MOYKHO
METWIMPOBATh U MPEBPAllaTh B TPETUYHBIE aMUHBI, HAIIPUMEDP IO pe-
aKuuu ¢ (OpMasibIETUIOM B BOCCTAHOBUTEILHBIX YCIOBHSIX:

(RCH2)2NH + HCHO + H2 B (RCHz)zNCH3 + H20

B kauecTBe aJIKMIUPYIOUIErO areHTa JJis MPEBPAICHUS MEePBUY-
HBIX U BTOpUYHBIX aMUHOB B TpetnuHble Tunma R—CH,N(CH,CH,0H),
u (R—CH,),NCH,CH,0OH M0XHO0 Tak»e UCT0JIb30BaTh STUJICHOKCH/I.

YAC 00bIYHO TNONYYAOT M3 TPETUYHBIX AMUHOB [0 PEaKUUU
C MOAXOJAIINM ATKWIHUPYIOIIUM areHTOM, HalpuMep C XJIOPUCTHIM
WM OpPOMHUCTBIM METHUJIOM WJIU JUMETUJICYJb(aToM, mpuyeM BBIOOD
peareHTa onpezaensieT npotuBoroH [1AB:
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(R—CH,),NCH; + CH;Cl] — (R—CH,),N"(CH;),CI'

YAC co cinoxHOdpUPHBIMU TPyHIaMu MPEICTaBISAIOT cOO0N HO-
BBII KJ1acc 3kosiornuecku 0e3omacHbix [1AB.

A30TcozepIKalllie COeIMHEHUSI COCTaBIISIIOT OCHOBHYIO MaccCy Ka-
tHoHHBIX [TAB, HO cymecTByIOT Takxke pochonueBbie, CynbHOHUEBbIE
u cynbdookconuennie [TIAB.

Karnonneie ITAB, kak npaBuio, HECOBMECTUMBI C aHHOHHBIMHU
[TAB. Onu 60see TOKCUYHBI I BOJHOM cpenbl 1o cpaBHeHUIo ¢ [IAB
JIPYruX KJIaccoB, TaK KAaK yCTOWYMBHI K ruapoausy. Karnonneie ITAB
CHJIBHO aJICOPOUPYIOTCSI Ha JTIOOBIX TTOBEPXHOCTSX, HO MX TJIABHOE HC-
M0JIb30BAaHUE CBSI3aHO CO CIIOCOOHOCTHIO aJCOPOMPOBATHCS HA OTpHIIA-
TEJbHO 3aPSPKEHHBIX MOBEPXHOCTSIX (METasibl, MUHEPAJbI, MJIACTUKH,
BOJIOKHA, KJIETOUYHbIE MEMOpaHBbI U T. 11.). OHU TPUMEHSIOTCS B KA4eCT-
BE€ AHTUKOPPO3HOHHBIX AareHTOB, AUCIIEPraTOpOB, AHTUCTATHYECKUX
areHToB, MATYUTENECH, KOHIUIIMOHEPOB, OAaKTEPUIIUIOB.

Heunonorennnie ITAB (HITAB). B kauecTBe MOJSIPHBIX TPYMI CO-
nepkat aubo nonudUpHbIe, TUOO0 MONMUTUAPOKCUIbHBIE (PparMeHTHI.
B nonasnsromem 6oibmMHCTBE HeMOHOTreHHbIX [IAB mpucyTcTByROT
OKCHATHJICHOBBIE TPYIIIIbI, MIOJIy4YaeMbI€ MOJUMEPHU3ALUEN ITUIECHOKCH-
na. Hambomee pacmpoctpanensl [IAB ¢ 4ucioM OKCHATHIEHOBBIX
3BEHBEB B MOJISIPHOU 11emr OT 5 10 10. DToKCHIupoBaHue 0OBIYHO TIPO-
BOJIAT B IIEIOYHBIX CPeaX. ITOKCHIMPOBATH MOYKHO JTF000E BEIIECTBO,
coJieprkailiee akTUBHBIM BOoAopoJ. OOBIYHO B KauecTBE HCXOJHBIX Be-
1iecTB Juist noaydyeHus: okcudTuiaeHoBbIX HITAB ciyxar anmudarnueckue
CIIUPTBHI, ATKUIGEHOJIBI, dKUPHBIE KUCJIOTHI U aTu(PaTUIECKe aMUHBI.

Haun6Gonee BaxubiM Tuniom HITAB sBAsit0TCS 3TOKCUIMPOBAHHBIE
anudarudeckue cnupThl. OHU UCTOIB3YIOTCS B COCTABE KUIKUX U TO-
POIIKOOOPA3HBIX MOIOIIUX CPEJICTB M IIUPOKO MPUMEHSIOTCS B MPO-
MBIIIJIEHHOCTH. B 4aCTHOCTH, OHU KCIIONB3YIOTCS B KaUYECTBE CTaOMIIH-
3aTOPOB AMYJIbCHM TUIIA «MACJIO B BOJIE».

TexHOonoruss Mx IMPOMBIIUICHHOIO TOJyYEHHs OCHOBAHA HA PEAKLIUU
IIPUCOCAVHEHUS] OKUCH 3TUJIEHA, KaTATM3UPYEMOM KHCIIOTON WM LIEJIOYbIO,
K PEAKLIMOHHOCTIOCOOHOMY THAPOKCHIICOJEPKAIIIEMY COSTMHEHHIO (CITUPTY):

KatT
C12H250H + mCHZ—CHZ —_— C12H250(CH2CH20)IHH
Takxke MIMPOKO WCIONB3YIOTCS MOJUITUIICHTIIMKOJIEBBIE 3(PHPBI
anmupaTHYECKUX KHUCIIOT, KOTOPBIC MOIYYar0T HEIOCPEICTBEHHON KOH-
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JE€HCAMeN KHUCIIOT, UX TIIUUEPHUIOB, METUIIOBBIX 3(DUPOB, XJIOPAHTUI-
PUIOB C MOJHUATWICHIIMKOJIEM. [Ipy1 3TOM B 3aBUCUMOCTH OT YCJIOBUU
pEaklMM U COOTHOILIEHUS PEareHTOB MOrYT MPEUMYIIECTBEHHO 00Opa-
30BBIBAaThCSl KAK MOHO-, TaK U JUI(PUPBIL:

RCOOCH; + H(OC,H)mOH ~22 RCO(OC,H,)mOH + CH;0H

NaOH
RCOOCH; + H(OC,Hy)mOH ——> RCO(OC,H)mOCOR + CH;0H

Muorue tunsl HITAB, moMuMoO TOro, 4TO MCIOJIB3YIOTCS KakK Ta-
KOBBIE, CIyXaT MPOMEXKYTOUHBIMU IPOAYKTAMHU [UJIs MPOU3BOJCTBA
ITAB npyrux kiaccos.

HITAB, kak npaBuiio, xopouo coBMecTuMsbl ¢ [TAB npyrux kiac-
COB, HEUYBCTBHUTEIBHBI K XECTKOH BOJAE, Ha WX (U3HKO-XUMHUUYECKHE
CBOWCTBA Majo BIUSIOT JIEKTPOIUTHI. DUZNKO-XUMUYECKUE CBOKMCTBA
ATOKCUJIMPOBAHHBIX COEAMHEHUIN CUIIBHO 3aBUCAT OT TEMIIEPATYPHI.

Ampoautnsie ITAB. 3apsnsl amdponutraoro [TAB usmenstorcs
B 3aBUCUMOCTH OT pH, mpu 3TOM npu nepexozie OT KUCIbIX K IIEN0Y-
HbIM pH u3mensiercs tun 1TAB ot katmoHHOTO 10 aHMOHHOTrO. M3Me-
HeHue 3apsjaa ¢ udmeHenueM pH amdomnutnoro I1AB, ectectBeHHO,
BJIUSIET HA TAKHE €ro CBOMCTBA, Kak IEHOOOpa3ytouas 1 CMayuBaroIast
CIIOCOOHOCTH, MOIOIIIEE ICHCTBUE.

IIpu HekoTOpPBIX 3HaUeHUAX pH, Ha3bIBa€MBIX M303JIEKTPUUECKOU
TOYKOM, MOJIEKYJIbI amboiuTHbIX [TAB cyiiecTByl0T Kak JUNOJSAPHBIC
cOalaHCUPOBAHHBIC HOHBI.

3nadenne pH n30351eKTpUUEKONW TOYKA MOXKET KOJeOAThCs B IIIH-
POKOM MHTEPBAJIEC B 3aBUCUMOCTH OT KOHCTAHTHI MOHHU3AITUU aM(OIuT-
Horo ITAB. B u3037€KTpUUECKON TOYKE 3aps/ibl PaBHBI U MOJIEKYJIA
ampomutHoro IIAB mnpencraBnser coOOil IBUTTEPHOH, a (PUMUKO-
XMMHWYECKUE CBOWCTBA aHAJIOTHYHBI CBOMCTBaAM HEHOHOTeHHbIX [IAB.
Hwxe u BbIIE HM303JIEKTPUYECKONW TOYKH MPOUCXOJIUT MOCTEHEHHBIN
CIOBUT K KATHOHHOMY WJIM aHHOHHOMY Xxapakrtepy [IAB cooTBercTBeH-
HO. TunuuneiMu npexacraButensmu amponutHsix [TAB sBastorcs
N-aKuInpou3BOJHbIE MPOCTHIX AMUHOKUCIOT (HAOpHUMEp, [IIUIMHA
(NH,CH,COOH), 6eranna ((CH3),NCH,COOH), aMuHOIIpOITMOHOBOM
kucnotsl (NH,CH,CH,COOH)). Takue [IAB nonyuatotr He U3 aMUHO-
KHUCJIOT, @ MO PEAaKLUU JJIMHHOLIENIOYEYHBIX AMUHOB C XJIOPALlETaTOM
HATPHS WU C TIPOU3BOJIHBIMU aKPUJIOBOW KHCJIOTHI, IPU 3TOM 00pasy-
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IOTCSI CTPYKTYPBI C OJHUM WJIM JBYMs aTOMaMH YTJepoJa COOTBETCT-
BEHHO MEXJIy a30TOM M KapOOKCHIJIATHOMN IPYyMIION.

Cxema peaklMy MOJy4YEeHHs] TPOU3BOJAHOIO OETanHA U3 AJKHUIIIU-
METWUJIaMUHA ¥ MOHOXJIOpaLneTara:

o i
R—I|\I + CICH,COO Na— R—IF*—CHZCOO'JrNaCl
CH, CH,

HpOI/ISBO,Z[HBIC aMI/I,ZIO6eTaI/IHa MOJIYYar0OT aHAJIOTUYHO HCXOOsd U3
aMHJ0aMHHa:

CH;
RCONH(CH2)3—I|\I + CICH,COO Na"—>
o
CH,
— RCONH(CH2)3—I|\I+—CH2COO' + NaCl
L,

Awmpomnutasie [TAB — 310 camblit HeOonbioi kinacc [TAB (peaxo
UCIIOJIB3YIOTCS BBHUJly BBICOKOW CTOMMOCTH), COBMECTHMBI CO BCEMH
npyrumu tunamu [1AB, HeUyBCTBUTENBHBI K KECTKON BOJE, CTaOWIIb-
HBI B KHCJIOW U LIEJIOYHOU CpEeax.

AmdonutHbeie TIAB xapakTepu3yroTcs O4€Hb XOPOUIMMH JepMa-
TOJIOTUYECKMMHU CBOMCTBAMHM, HE pa3apakaloT rja3a U MO3TOMY 4YacTo
UCIIOJB3YIOTCS B COCTAaBE IIAMITyHEH M KOCMETHYeCKuX cpencts. Ilo-
CKOJIbKY CYMMAapHBIN 3aps moiekyn Takux [IAB paseH Hymro, OHH,
KaK U HenoHoreHHbIe [IAB, He TepsoT CBOMX CBOWCTB B KOMITO3UIIUAX
C BBICOKMM COJIEpPKAHUEM IIEKTPOIUTA. TpaIullnOHHO OHU NPUMEHS-
I0TCSl B COCTAaBE IEJIOYHBIX YUCTALLUX CPEACTB.

JlabopaTopHasa paborTa
ONMPEAENEHUME TEMNEPATYPbI NMOMYTHEHUA
HEMOHOTIEHHbLIX NAB

Ilenv pabomer: onpenenuTb TOUYKU MOMYTHEHHS HEMOHOTEHHBIX
[TAB, u3yuuTh BIUSHHUE 3JIEKTPOJIUTA HA TEMIIEPATYPY TOMYTHEHHUS.
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[nss HenoHoreHHbIX [IAB OTIWYWTENBHBIM SIBISETCS CHUKECHUE
pPacTBOPUMOCTH TIPHU TOBBIIIEHHBIX TEMIIEpaTypax BBUIY JAeTHpara-
MU OKCUATWIBHBIX rpynm. [Ipu onpeneneHHoN TeMeparype, U3BECT-
HOM Kak Temmeparypa noMyTHEHUs (f;), TPOUCXOIUT PACCIOECHUE CHC-
TeMbl Ha opraHumdeckyio (kKoHueHTpatr [IAB ¢ He3HauuTenbHBIM CO-
Jep’)KaHUeM BObI) U BOAHYIO (Da3sy ¢ HM3KUM COJIEpPKAHUEM MOJIEKY-
asipHO pactBopeHHoro [TAB. DTot mepexoa HOCUT OOpaTUMBIN Xapak-
Tep, T. €. IpHU ¢ < f; CUCTEMA BHOBb CTAHOBUTCSI OJHOPOIJHOM U IIPO-
3pauHoi. Temrmeparypa MOMYTHEHHS 3aBUCUT OT COCTaBa YIJIEBOJO-
pOAHOro pagukaia u crerneHu okcudTrirposanus [IAB. Kak npasuio,
3HAUYEHUE f; YMEHBIIAETCSI C POCTOM JJIMHBI YTIIEBOJAOPOJHON IENu
W/WJT YMEHBIIICHUEM YMCIIa OKCUATHIIBHBIX TPYTIII.

Obopyoosanue, peakmugvl U mamepuansvl: TPOOUPKH; KOJIOBI
C KpbIIKaMH; TepMoMmeTp; Tepmoctar;, obpasen HIIAB (0,1%-nubrit
BOAHBINA pacTBOp); XJIopua HaTpus (5%-Hbli BOAHBIA PacTBOP).

Memoouxa eévinoanenusn padomst. [Ins onpeneneHus TOUYKU TO-
MYTHEHHS TOTOBSIT PACTBOPHI B COOTBETCTBUHU C Ta0I. 2.

Tabmuia 2
CocTaBbl pabounx pacTBOPOB
Cocras PactBop
1 2 3 4
O6nem pactopa [TAB, mi 1,0 1,0 1,0 1,0
O6beMm pactBopa NaCl, mi - 2,0 4,0 6,0
O0beM AUCTHITUPOBAHHOM BOJIBI, MJT 9,0 7,0 5,0 3,0

Hccnenyemplil paCTBOp B KOJIMYECTBE 5—8 MII 3aJMBAIOT B IIPO-
oupky. IIpoOupky omyckaloT B TepMocTar ¢ ropsiueil Bojgou (85—
90°C) u npu BCTpSAXMBAaHUU MEIJICHHO HArpeBarOT pacTBOp. SuelKky
NEPUOJANYECKN BBITACKMBAIOT MU PACCMATPUBAIOT HA MPOCBET IS BBI-
SBJICHUS] TIOMYTHEHHUS pacTBOpa WM paccioeHus (a3. 3amuchiBaioT
TeMIlepaTypy pacTBOpa BO BpeMs MOMYTHEHHS. 3aTeM MpOOUPKY BbI-
HUMAIOT M3 TEPMOCTaTa U OXJIAXKIAIOT Ha BO3AyX€, MEPUOIUYECKH
BCTPSAXMBAsi, 1 CHOBA OTMEUAIOT TEMIIEPATypy IO TEPMOMETPY, HPH
npo3payHoM pactBope. Mcnbitanue npoBoasT Tpu pasa. Halinmenueie
3HAUEHHUs TEMIIepaTyp HE JOJKHBI oTiIMuYaThes Oosiee yem Ha 3—-5°C.
OnpenenstoT TeMneparypy IMOMYTHEHHS Ul OCTaJbHBIX PacTBOPOB.
JlaHHBIE 3aHOCAT B Ta0I. 3.
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Tabnuma 3
Pe3yabTarsl H3MepeHnil TeMnepaTypbl NoMyTHeHHus1 pactBopoB [IAB

Konnentpanus xynopuaa Harpus, %o mac. 0,0 1,0 2,0 3,0
Temneparypa nomyTtHeHus1, °C

U [OIbEME TEMIIEPATYPHI /1

IpU CHWKCHUU TEMIIEPATYPHI £
Temnepatypa nomyTHeHus t, = 0,5(¢; + 1)

3adanue: TPOBECTH aHAIW3 IMOJYYCHHBIX JAHHBIX U OOBSCHUTH
BIIUSIHAE HEOPTaHWMYECKUX COJIeH Ha TeMIlepaTypy MOMYTHEHHs pac-
TBOPOB OKCHATWIMPOBAaHHBIX [TAB.

JlabopaTopHasa pa6ora -
ONMPEAENEHUE N3O3JIEKTPUYECKOU TOYKAN

PACTBOPA NMOJINAM®OJINTA

Ilenv pabompi: 03HAKOMHUTHCS CO CHOCOOOM OMpENEICHUS H30-
AIEKTUPUYECKOU TOUKH.

[Ipu u3menenuu pH pactBopoB moiamamponrTa MOKET U3MEHSTh-
Cs HE TOJIbKO BEJIMYMHA, HO U 3HAK 3apsAna NnojJuuoHoB. [loatomy st
HUX 3aBUCHUMOCTh CBOMCTB pacTBOpOB OoT pH mMeeT BUJI ¢ MUHUMYMOM
VI MAKCUMYMOM B M303JIEKTPUYECKON TOUYKE U €lIe C ABYMS JKCTpe-
MyMaMH1 B KHCIION U IIeT04HOM obnactsax pH.

Kenatuna npencrasiseT co00i MPOIYKT MepepadbOTKH KoJuIare-
Ha — PacHpOCTPAHEHHOr0 B MpUpOe OENKOBOro BemecTsa. B Moneky-
JaxX JKEJIATUHBI COJIEPXKATCAd KaK KHUCJIOTHbIE (KapOOKCHIIBHBIE), TaK
Y OCHOBHBbIE (aMUHO) Tpynnbl. [103TOMYy B BOJHBIX pacTBOpax >KejaaTH-
Ha MPOSIBJISIET CBOWCTBA, MPUCYLIUE aM(POIUTHBIM MOJIUIIEKTPOIUTAM,
T. €. IPOUCXOAUT MOHU3AIMUSA KUCIOTHBIX U OCHOBHBIX IPYMIIL:

—COOH —COO0 + H'

—NH;0H === —NH;" + OH

Crenenp auccolraliii HOHOTEHHBIX TPYIN KEIaTUHBI 3aBUCUT OT
pH cpensl 1 HOHHOM CHITBI pacTBOPA.

Obopyoosanue, peakmugvl u Mamepuaibl: KOHUICCKUE KOJIOBI
Ha 50 MJI; MUNETKU eMKOCThIO 10 MII; KanWJUISIPHBIA BUCKO3UMETP; Ce-
kyHnomep; pH-metp; tepmocrar; 1,5%-Hb1ii (Mac.) pacTBOp mHoJiMam-
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¢donura (xemarunbl); 0,05 M consnas kucnora; 0,01 M pactBop rua-
POKCH/Ia KaJusl.

Memoouxka evinoinenus padomel. B poHyMEpPOBAaHHBIE KOJIOBI
BHOCSIT MUMETKON 1o 10 MJI OXJIaKIEHHOTO 10 KOMHATHOM TeMIleparTy-
pBl U OTQUIBTPOBAHHOTO pacTBopa >kenaTuHbl. [locie 3Toro B k01061
N00aBIIAIOT PACTBOPHI COJISHON KHUCIIOTHI, IIEIOYH U JIEMOHU3UPOBAH-
HOM BOJIbI B 00BEMaXx, MPECTABICHHBIX B Ta0. 4.

Tabnuna 4
Cocrasbl pado4ux pacTBoOpoB
Howmep konObl 1 2 3 4 5 6 7 8 9
O6wem HCI, mi 10 6 3 1 |04 — - - —
O6nwem pactBopa KOH, M | — — — — — — 2 5 10
O0BeEM BOABI, MII - 4 7 9 19,6 | 10 8 5 -

Bnauane omnpenenstor pH n1erMoOHU3HMPOBAHHON BOJIbI, MOCJE YETO
u3MepsitoT pH Bcex MpUroToBIEHHBIX PacTBOPOB. M3Mepenust mpoBOAST
B CTaKaHYUKE, B KOTOPBIM OMYyCKalOT CTEKJISIHHBIN 3JEKTPOJ U HaJuBa-
10T 15-20 mn uccnengyemoit xuakoctu. [locne kaxaoro usmepenus pH
CTaKaHYMK U 3JIEKTPOJ TIIATEIbHO MPOMBIBAIOT BOJOW. I10 okoHUaHun
u3Mepenuit pH pacTBopbl mepeHocAT 00paTHO B KOJIOBI.

3arem ompenessioT BA3KOCTh PACTBOPUTENS U pacTBOPOB. [ 3To-
IO HUCHOJB3YIOT KAaNWUISPHBIA BUCKO3UMETpP. OTHOCHUTENBbHYIO BS3-
KOCTh PACTBOPOB JKEJATHHBI PAaCCUUTHIBAIOT MO (PopMyJie

Moy ==,
o To
TJIe M U 1Mo — BA3KOCTh PaCTBOpA U PaCTBOPUTENS; T U Tp — BPEMS UCTe-
YEeHHsI paCTBOpPA M PACTBOPUTEIIS.

OKCIepUMEHTANIbHBIE U PACUETHBIE JaHHBIE 3aMCHIBAIOT B Ta0I. 5
U TOKa3bIBaOT Mpenojasarento. [1o ero ykazaHuio mpoBOJAAT JOMOJ-
HUTeNbHbIe u3MepeHus. [1o momydYeHHbIM JaHHBIM CTPOST Tpaduk 3a-
BUCUMOCTH OTHOCUTENBHOM BsA3KoCcTU OT pH pacTBOpa u mo MUHUMYyMY
Ha KPUBOU OMPEACIISAIOT N303JIEKTPUIECKYIO TOUKY KEJIaTHHBI.

Tabmua 5
Pe3yabTaThl u3mMepennsi pH u BA3KOCTH PacTBOPOB KeJIaTHHBI
AJIs1 ompejiesIeHUs1 H303JIeKTPHUECKOH TOUYKHU

Ne OTtHOcuTenbHAs
pH pactBopa | Bpewms ncredenus T, ¢
oOpa3ua BSI3KOCTb Mo
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3adanue: noctpouth rpaduK 3aBUCUMOCTH OTHOCHUTEIBLHOW BSI3-
koctu oT pH pactBopa. Onpeaenuts U3031EKTPUUECKYI0 TOUKY amdo-
nutHoro [TAB.

JlabopaTopHasa pab6orTa
CUHTE3 CYJIb®OHOJ1A

Lenv padomwr: nosyunth annoHoakTuBHOE [TAB.

Oobopyoosanue, peakmugbl u Mmamepuavl: Tpexropias Kojda; Ka-
nejbHasi BOpOHKA; MEXaHUYecKasi Mellajika; TePMOMETD; BOsSHast OaHs;
bpakus ankundenszono 260-340°C; oneym, conepxkammii 20% SOs;
35%-Hbli1 BOIHBIA PACTBOP TUAPOKCUAA HATPHUS.

Memoouka evinonnenusa padomel. B Tpexropiyo koi0y, cHaO-
JKEHHYIO0 KalleJIbHOM BOPOHKOW, MEXaHWYECKOM MELIAJKOM U TEepMO-
MeTpoM, 3arpyxaroT 30 r aakuiI0eH30J1a U BKIIOYAOT MEIIAJIKY.

Konby momemator B neasHyro Oanto u, oxjaauB g0 7—10°C, mo-
JAI0T B HEE M3 KalleJbHOW BOPOHKU OJieyM B KojuuectBe 1,25—
1,40 mac. 4 Ha 10 mac. 4 npoaykra (~40 r ). Oneym nojaroT ¢ Takou
CKOPOCTBIO, YTOOBI TeMIlepaTypa B KOJOE HE MOJHWMAJACh BHIIIE
20°C. OxoHYMB MoAavy OJeyma, IPOIYKT JONOJHUTEIBHO MEPEMEIIN-
BatoT 1 u mpu temneparype 20°C.

{1 mpoBepKH TOJHOTHI CYJIb(PUPOBaHUSA YACTh CYJIb(HOMACCHI
MOMENIAIOT B MPOOUPKY U pacTBOPSIIOT B Bojie. Ecnu pacTBop MyTHEeT,
TO MepeMelMBanne npoaosnkarT eme 0,5 4, mocie yero cHoBa O6epyT
npoOy Ha MOJHOTY CyJibpupoBanus. Bo BpeMs omnbiTa BeayT HaOmoe-
HHUE 33 CUCTEMOMU.

[lo okoHuyaHuU CyJIb(UPOBAHUS MPUCTYMAIOT K CIEAYIOMIeH cTa-
MU CUHTE3a HEUTpaIu3aluy, peIBapuTebHO pa30aBuB cylb(omaccy
BOJIOM B TOM e KoJIOe, He MpeKpaliasi OXJIKIACHHUS U MepeMeIInBaHus.

Cynbshomaccy pa30aBIISIFOT BOJOM MPU OXJIAXKICHUU U TIEPEMEIITH-
BaHUU MOCTENEHHO, YTOOBI TeMIlepaTypa He nogHuManack Boimre 60°C.
[Tpu »TOoM cynspomacca paccrnamBaeTcsi, BHM3Y coOupaercs pa3das-
JIeHHasi cepHas Kucjiorta. (s Toro, 4yToOBI paccioeHue MPOU3O0IIIO,
pazOaBieHue BEOyT TaK, YTOOBI KOHIICHTpAllUus CEPHOM KHUCIOTHI
B HIbkHEM ciioe Obuta 70—80% (00bIyHO OTOMpArOT nuneTkon 3—4 M
HIDKHETO CJIOSI U OMPEACISIIOT COJIepKaHUE KUCIOThI). BMecTo BOJIbI
MOXHO 100aByATH Jieql. [locie pa3daBiieHnst MEIIAIKY OCTaHABIUBAIOT,
KHUCIIOTHBINA CJIOW OTIENSIOT, a cyJbpomaccy HeUTpau3yroT 35%-HbIM
BOJAHBIM pacTBopoM NaOH npu sHEPrMYHOM MEpEMENINBAHUN U OXJia-
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KICHUM, HE JOMyCKas MOBbIMIeHUs TeMiiepaTypsbl Bbie 50°C (moBbI-
HIEHHE TeMIEePaTypbl yXYALIAET UBET MaCThl CYIb(OHOIIA).

[locne ynaneHuss KUCIOTHOTO CJIOSI PEAKIIMOHHAs CMECh OXJIaX/1a-
erca ObicTpee. PeaknmoHHast cMech IPU HEUTpaIU3aluu OCTEIIEHHO
CBETJIEET U U3MEHSIET LIBET /0 CBETJIO-XKENTOro win 6enoro. B koHue
HEeUTpanu3anuu mnacra cyjib(poHoJa CTAaHOBUTCSA I'yCTOM M MEIIAJIKOW
HE nepeMmernuBaercs. Maccy BBUIMBAIOT B CTakaH Wiu (papdopoByro
Yallky M 3aKaHYMBalOT HEUTpanu3aluio MpU MEepPEeMEIINBAHUU CTEK-
JITHHOM TAJIOYKOM, JOBOJS MPOIYKT 0 HEUTpanbHOUM J11b0 crabdoie-
nounoit peakuuu (pH~7,0-7,5). Ilocne HeliTpanu3anuu nacty cyiabdo-
HOJIa CyIlIaT.

Cymky npoBoasat npu 80—90°C B BakyyMHOM CYIIMJIBHOM IIKady
npu octatounoM nasieHuu 0,026-0,052 MlIla (200400 MM prt. cT).
[lacTy KJIaZyT TOHKHM CJIO€M. BBICYIIEHHBIN NPOIYKT H3MEIbYAIOT
B CTyNKE J0 MOPOIIKOOOpa3HOro cocrosius. [Ipu oTcyTcTBUM Baky-
YMHOTO IKaga nacTy HECKOJbKO JHEH cymaT B OObIYHOM IiKady, 3a-
TEM B3BELLMBAIOT U aHAIU3UPYIOT

3aodanue: onpenenuTh BEIXOA U COCTaB CYyJb(OHOIIA.

JlabopaTtopHasa paborTa
NONTYYEHME MbiJ1 CUHTETUYECKUX
XUPHbIX KUC/NTOT N KAHUOD®OJIN

Ilenv pabdomwbi: V3yuuTh PEAKIMU OMBUICHUS CUHTETHYECKHUX
AKHUPHBIX KUCIOT U KaHU(OJIN.

Oobopyoosanue, peakmuevl u mamepuaivl: XUMUYECKUI CTaKaH;
MEXaHUYeCKasi MEIajKa; TEPMOMETDP; TEXHUUYECKUE KUPHBIE KUCIOTHI
(unmu kaHUGOJIb); TUAPOKCU] KAIHs; TUCTUIIIMPOBAaHHAs BOJA.

Memoouxka evinonnenus padomst. OMbIIICHUE TEXHUYECKUX 00-
pa3ioB cunteTndeckux KUpHbIX kucaot (CXKK) u xkanudonu npooast
HarpeBaHUEM B BOJAHOM pacTBope Ieiouu. KonnuecTBo kucior 6epyt
C TaKUM pacyeToM, 4yToObl MoayuuTh ~15%-Hb1l pacTBOp MbLIa. HyX-
HO€ KOJIMYECTBO IIEJIOYM PACCUMTHIBAIOT MO KUcAOoTHOMY uncay CKK
(kucnotHOE yncio — koaumdecTBo menouyn KOH B Mummmurpammax, He-
o0xonumoe it oMbuieHus 1 T npoaykra). [ns obecriedyeHus: HEKOTo-
poii U30BITOYHOM IIETOYHOCTH, TPEOYyEeMOi AJisi MPeAOTBPAILlEHUs TH/I-
poJyin3a MbliIa, HABECKY wenoun yBenuuuBaroT Ha 0,5—1,0% ot pacuer-
HOro KojudectBa. OMbUIEHHE TPOBOJAT HA BOJASHOW OaHe B XUMHUYe-
CKOM CTaKaHE€ BMECTHUMOCTEIO 1 JI, CHAOKE€HHOM MEIIaIKOM.
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Uro6s! noyunts 500 T 15%-Horo pactBopa mbeuia CXKK, B crakan
MOMEIIAI0T HABECKY IIEJIOUH, HE CoJIep KaIleil kapOoHaTa, HE0OXOIUMYHO
i ombuieHust 75 T CXKK (¢ 1%-ubpiM n30bITKOM). HaBecky pacTBopsitoT
B 425 M IUCTUIMPOBAHHOW BOJIBI, pacTBOp HarpeBatoT g0 60-70°C.
B ropsiuuit pacTBop 11e1041 HEOOIBIIUMHU TOPIUSIMHU BHOCSIT B3STYIO Ha-
Becky CIKK. ITocne BHecenus Bcero konmdectBa CXXK narpeBanue npo-
noipxaroT B Teuenue 1,5 4 npu 60—-70°C 1 nepeMenmBaHum.

AHanoruyHeIM 00pa3zoM OMbUISIIOT KaHudoms. [Iporecc mpoBoasT
npu temreparype 90°C B reuenue 3 u.

3aodanue: ONIPEIEANTD BbIXO/I MbLJIa U IPOAHATIU3UPOBATH €r0 COCTAB.

JlabopaTtopHasa pab6orTa
OUYNCTKA HEMOHOINEHHbLIX NAB

OT NONNBTUNEHINIUKOJIEN

Ilens pabomewr: M3yunuTh cioco0 OYMCTKU HEMOHOTEeHHBIX [TAB.

B Texuunueckux oOpasuax okcudTHinpoBaHHbIX HITAB He3aBu-
CHUMO OT CIoco0a uX MOJYYEHHs Hapsay C LEIeBBIMU COEAMHEHUSIMU
IIPUCYTCTBYIOT B KQUECTBE IPUMECEU CIEAbI KATAIN3aTOPa, HEKOTOPOE
KOJIMYECTBO MCXOJHOIO HEMPOPEArupoBABUIETO KOMIIOHEHTa WU CBO-
0oaubie noaudTUIEHrIUKoIM (I1917) — moOouHbI NPOAYKT peakuuu
OKCHATWJIMPOBAHMS, a TaK)K€ HENPOPEArupoBaBIIME HWCXOIHBIE BELIE-
CTBAa U IIPOJYKThI Pa3JIOKECHUS KaTaau3aToOpoB.

Opnun u3 crioco6oB ounctkr HITAB oT mpumeceit cocTOUT B AKCT-
parupoBaHuu u3 Hero Bonoil I19I" u apyrux BogOpacTBOPUMBIX KOMIIO-
HEHTOB IpU TEeMIIEpaType BhIlIe TeMieparypsl momyTtHenus [TAB (t,).
Meron ucnons3ytor st tex HITAB, y koropsix f, mensiie 100°C.
B cinyyae HITAB c¢ Gonee BbICOKOI #, HarpeBaHHWE BOJHBIX PACTBOPOB
ITAB oCylmIECTBIISIIOT B 3allassHHBIX aMITyJlaX WU B IPUCYTCTBUU HEOp-
TaHUYECKUX COJIEH, BBOAUMBIX JJIsl IOHW)KEHUSI TEMIIEpaTypbl IOMYyTHE-
Hus. B moOom cinydae HarpeBanue BogHoro pactsopa HITAB no temme-
paTyphl, HECKOJIBKO MPEBBIIIAIONIEH #,, MPUBOAUT K (a30BOMy pasjerne-
HUIO BeyeacTBre norepu pactsopumoctu HITAB. Huxnauit cnoit — dasa
HITAB ¢ HeOONbIIMM KOJIMYECTBOM PACTBOPEHHOM BOJIbI, BEPXHUM —
BoAHbIM pactBop [IOI' M nApyrux BOAOPACTBOPUMBIX KOMIIOHEHTOB
(B ToM uncie HITAB B MosiekyJIsipHO-TUCIIEPCUOHHOM COCTOSIHUN).

Obopyoosanue, peakmugvl u Mamepuaipl: KPyrioJoHHas KoJoa;
0oOpaTHbIN XONOAWIBHUK; 3JIEKTPOIJINTKA; CYIIMIbHBIN 1IKag; oOpazern
TEXHUYECKOro HemoHoreHHoro ITAB; nuctummpoBaHHas BoJa.
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Memoouxa evinoanenusn pabomet. I'otosst 0,5 1 15%-nHoro pac-
tBopa HITAB. PacTBOp HarpeBaroT Ha 3JEKTPOIUIUTKE B KOJOE ¢ 00-
pPaTHBIM XOJIOAWJIBHUKOM JI0 T€X IOp, MOKa HE MPOMU30HAET paccioe-
Hue. [locne 3Toro kojdy CHUMAIOT C MUIUTKU U CIMBAIOT BOJHBIN CIIOM,
MOTPY3UB B HETO PE3MHOBYIO TPYOKY /10 TPAHUIIbI pa3jiena.

B pesynbprare mepBOil OTMBIBKM JIMIIb YacTh BOJOPACTBOPHUMBIX
BEILIECTB NEPEXOAUT B BEPXHUU BOJHBIA CIIOW, IOITOMY ITPOLIECC DKC-
TpakUUU clieqyeT NOBTOPUTh. C 3TOM LENBI0 ONPEAEISIOT M0 CyXOMY
ocratrky HITAB B HmkHEM ciioe U J00aBISIOT TaKOE KOJIMYECTBO JHC-
TUJTUPOBAHHOM BOJIBI, 4TOOBI KoHIeHTparus HITAB onsate cocraBuia
~15%. KonOy BHOBb HarpeBaroT JI0 pacCIOCHHs PACTBOPA, MOCIIC YETO
CJIOM pa3zessaroT. Bero onepanuio npoBoAAT TpeTuil pas. TpexkpaTHOn
OYKMCTKU JOCTATOYHO JUIsl MPAKTUYECKU MOJIHOTO YJAJIEHUS MOIUITHU-
nenrnukoneit u3z HITAB.

[ns onpenenenus cyxoro ocrarka ~0,5 T BemecTsa NOMENIAIOT Ha
B3BEIIEHHOE YacOBOE€ CTEKJIO, CYIIAT JI0 MOCTOSIHHOW Macchl B Cy-
mibHOM 1Kady npu 100—105°C u paccUMTHIBAIOT KOHIIEHTPAIIUIO
(%) no dhopmyne

c=22.100,
a,

TJIE ) U a; — COOTBETCTBEHHO Macca BEIIECTBA JI0 M TIOCIIE BBICYIITBAHHUSL.
3aoanue: onpenenuTh CoNiepKaHNE MOJMATUIICHIJIMKOJICH B 00pasiie
HITAB; paccunrtats cogep:kanue cyxoro BemecTBa B oopasiie HITAB.

JlabopaTtopHasa pabora
OUYNUCTKA TEXHUYECKUX MNAB,
COAEPXALUUX CyJibooreynny

Henv pabomar: M3y9nTh CIOCOOBI OYUCTKN aHUOHHBIX [TAB.

Texunuueckue annonaktuBHble [IAB — conmu cynb)oHOBBIX KHUCIOT
U cynb(Po3(upoB (K-, aTKUIOCH30I- U aTKWIHAPTATUHCYIb(OHA-
ThI, AJIKWICYIb(}AThl) — COJAEPKAT OPraHUYECKHEe W HEOPraHUYeCKHe
npuUMecH (3JEKTPOJIUTHI HECYIb(PUPOBAHHHBIE COEAMHEHMS], TOOOYHBIE
IPOIYKThI PEAKIIMH).

Oobopyoosanue, peakmuevl u mamepuanst: hapdoponas yamika,
BOpoHKa broxHepa; nenurTenbHass BOpPOHKA; BOAsiHAs OaHs; 3JEKTPO-
muTka; obpasen; [IAB; 3TWNOBBIM COUPT; W3O0MPOMUIOBBIM CIHPT;
a(up; alleTOH; NeTPOJEHHBIN Aup.
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Memoouka evinonnenus paoomopi. O4UCTKA OT YIEKTPOJIUTOB.
Hagecky texuuueckoro obpasna I[TAB (~30 r) pactBopsitor B 500 M
ATHJIOBOTO criupTa. PacTBOp OTGUIBTPOBBIBAIOT OT COJICH Yepe3 CKIIa-
yaTblii QUIBTP UM BOPOHKY BroxHepa moj; MOHM>KEHHBIM J1aBJICHUEM
(c momo1bIo BOOCTpYiTHOTO Hacoca). M3 punbTpara Ha BoAssHOM OaHe
OTTOHSIOT 3TWIOBBIA cnupT (2/3 oObema), ocTaToK MepeHocsaT B dap-
¢dbopoByIO Hally U BHIIAPUBAIOT JAOCYyXa B BBITSXKHOM IKady Ha BOJIS-
HOM Oane. Cyxoi OCTaTOK MOBTOPHO AKCTPArupyloT, pacTBOPss B MH-
HHUMAaJIbBHOM KoJinuecTBe cMmecu anetoH — 3¢up (1 : 1) u puibstpyroT
pactBop. OTOrHaB OOJBIIYI0 YacTh PACTBOPUTENSI Ha BOJASHOW OaHe,
OCTaTOK BBIAPUBAIOT A0cyXa B dapdopoBoii yamike noj taroit. Heoo-
XOJIMMO TIOJIb30BAThCS TUIMTKOW C 3aKpBITON crupaibio. [loomm3octu
HE JIOJHDKHO OBITh OTKPBITOTO OTHSL.

OuncTka OT Heopraumveckux npumecei. Cyxoii npenapar pac-
TBOPSIOT B cMecu cnupT — Boa (1 : 1) ¢ TakuM pacyeTom, 4TOOBI MO-
ayaniics ~10%-Hbli pacTBOp. B A€NUTENBHON BOPOHKE IKCTPArUPYIOT
PacTBOP HECKOJIBKO pa3 MeTpoieHHbIM d3PUPOM (t; = S0—70°C). Dxc-
TparupoBaHuE MOBTOPSIOT 2—3 pasza. M3 BepXHeEro cios OTTOHSIOT Ha
BOJISTHOM OaHe pacTBOPUTEIb.

[lo oxoHYaHUM TIPOIECCA IKCTPATrMPOBAHUS OTTOHSIOT YacTh pac-
TBOPUTEIIA, OCTATOK BBIAPUBAIOT HAa BOJSHON OaHe, OKOHYATEIHHOE
BBICYIIIMBaHHUE TIpenapara OCYIIECTBISIOT B BAaKyyMHOM IIKady mTpH
temmneparype ~100°C 1 HOHMKEHHOM JaBIICHUH.

3aoanue: ounctuth obpaszen [IAB ot mpumeceii.

JlabopaTopHasa paborTa
OPAKLUMNOHUPOBAHUE

HENMOHOINEHHOI O MNAB

Ilens pabomet: 03HAKOMUTHCS CO CITOCOOOM (PpaKIIMOHUPOBAHUS
HIIAB.

[Ipu KOHAEHCAIIMN OKUCH 3THIIEHA C OPraHNYECKUMHU BEIIECTBAMM,
COJIepIKalIMMH TOJBMXHBIA aTOM BOAOPOJa, 00pa3yeTcsi CMECh MOJH-
MEProMOJIOrOB — MOJIMATHIICHTJIUKOJIEBBIX 3(DUPOB € Pa3IUYHON M-
HOM OKCHMATWIMPOBaHHOU 1enouku. CrorictBa HITAB 3ameTHO 3aBUCSAT
OT cTeneHu okcudTUIMpoBaHus. [loaTomy npencrapiser OONbIIONH HH-
Tepec noiaydenue uHauBuayanbHbix HITAB nmubo pasgenenue cmecu
MOJINMEPIOMOJIOTOB Ha (h)paKlMK C Y3KUM paclpe/ieIEHUEM IO CTere-
HU OKCUATHIIMPOBAHUSL.
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Cunte3 unauBuayanbHbix HITAB npencraBnsier 3HauuTENIbHBIE
TpyaAHOCTH. OOBIYHO MPHUOETAIOT K Pa3IMYHBIM MeToAaM (pakLUOHU-
pPOBaHUsI OKCUATUIMPOBAHHBIX COEIMHEHMI (IpoOHOE OcaxkiIeHue, aj-
COpOIIMOHHOE UJTU OKCUATHIIMPOBAHHOE (PPAKIIMOHUPOBAHUE).

Oobopyoosanue, peakmusvl u mamepuanvl: BOJsHAs OaHs; Neu-
TenbHast BopoHka; obpazer; HITAB (manpumep, OII-10); 6en3omn; met-
pouetinbiit 3Gup (tgm = 70—-100°C).

Memoouxka evinonnenusn pavomot. O6pazern; HIIAB ounimaroT ot
MOJIUTJIMKOJICH, PacIIaBIsiIOT HA BOASHOW OaHe. B genurensHyio Bo-
ponky Ha 0,5 m BHOCcsAT 100 mn xunkoro HITAB u takoit e o0bem
cMmecHu OeH3osa U merposieiiHoro 3¢upa B cootHomeHnuu 1 : 9. 3akpebl-
BalOT BOPOHKY CTEKJISHHOW MPUTEPTOM MpOOKOH, B30ANTHIBAIOT CO-
JIEpPKUMOE B TE€UEHHE 5—6 MUH, TOCJI€ YEro 3aKpeIuisiioT BOPOHKY
B IITAaTUBE W BBIJICPKUBAIOT /10 MOJHOIO PACcCIOCHUs cucTeMbl. Eciau
HwkHui cioit (HITAB ¢ conoOuian3npoBaHHBIM PAacTBOPUTENIEM) 3a-
TBEPEI, OCTOPOKHO MOAOIPEBAIOT BOPOHKY B CTaKaHE C ropsyer BO-
noit 1o pacrasienus [1AB. 3aTteM cnuBaroT HIKHUE ciioil B dapdo-
POBYIO HaIlIKy W YJAJSAIOT U3 HEro pacTBOPUTEIb BBhIAPUBAHUEM Ha
kumnsed BojasHon O0ane mon taroi. HITAB Bo3BpamaioT B aeiauTenb-
HYI0 BOPOHKY, IIPEIBAPUTEIHLHO 3aMEPHUB €r0 00BEM.

N3 BepxHero ciosi OTTOHSIOT HAa BOASHON OaHE pacTBOPUTEINb. Bhi-
NeNieHHy10 (pakiuio nepeHocat B (haphopoByro Hairy U yAISIOT U3
HEE OCTaTKU PaCTBOPUTEJIS BHIMAPUBAHUEM HA BOJSHOW OaHe MOJ TATOM.

K HITAB B nenutensHOM BOpPOHKE MPHJIMBAIOT PaBHBIM 00beM
cMmecH OeH30J1 — MeTPOJCHHBIN 3¢pup B COOTHOLIEHUH 2 : 8 U TOBTOPSI-
I0T BCE OIEpallMi, ONHUCAHHBIE BBIIIE. 3aT€M DKCTPAKLIHMIO OCYIIECTB-
JISIOT TIOCJIEIOBATEIFHO CMECSIMU O€H30J1 — METPOJICHHBINA 3PUp B CO-
OTHOIIICHUH KOMITOHEHTOB 3 :7;5:5;7:3;9: 1.

Bce BoizieneHHbIe (pakiuK MOCe BhITapUBaHUS PACTBOPUTENS Ha
BOJSTHOUM OaHe BbIAEPXKUBAIOT 3—4 4 B BAKyyMHOM IIKaQy MpU TemIie-
patype ~50°C 1 NOHUKEHHOM JaBJICHUU AJi 00Jiee MOTHOTO YaleHUs
pacTBOPUTEIIEH.

B nensix 6oee 5KOHOMHOTO pacxoj0BaHUsI PEAKTUBOB MOYKHO T10-
BTOPHO MCIOJIb30BaTh pacTBOpUTelb nociie oTronku oT ITAB. Cocras
OTOTHAHHOM CMECH ONPENETSIOT, MOJIb3YICh KaTuOpPOBOYHBIM TIpadu-
KOM 3aBHCUMOCTH IOKa3aTess MNPeIOMJIEHUS CMECHU OT KOHIICHTpAIuu
oen3zona. [Ipu 3ToM rOTOBAT ceputo pactBopoB (1o 10 mur) cMecH net-
poreitHoro 3¢upa u 6eH307a ¢ HAPACTAIOLIUM COJIEPKaHUEM IOCIIE-
nero: 0,02; 0,4; 0,6; 0,8; 1,0 00ObeMHBIE JOIH.

3aoanue: onpenenuts QppakiuronHsiii cocras HITAB.
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JlabopaTtopHasa pab6orTa
CNEKTPO®OTOMETPUYECKOE OIMNMPEAENNEHME

CPEOQHEN MOJIEKYNSIPHO MACCbI
U CTENEHU OKCU3TU/INPOBAHUA
HEMOHOIEHHOI'O NAB

Ilenv padomei: onpenenuTh MOJIEKYJSIPHYKO MAacCy U CPEIHIOO
creneHb okcudTUIUpoBanus HITAB no nmornomenuto B Y®-o6mactu.

Oobopyoosanue, peakmuevl u mamepuansvl: MEpHas Koida BMe-
ctumoctbio 100 mut; cnekrpodoromerp; obpazer; HITAB; sTumoBsrit
CIIUPT; TUCTUIIMPOBAHHAS BOJA.

Memoouxka evinonnenusa padoomsl. Ha aHamuTuyeckux Becax
B3BemmBaroT HaBecky (0,1-0,2 1) ucciaemyeMoro BemiecTBa, MpeaBapu-
TEIbHO OYMUIIEHHOTO OT MOJUATHICHIIMKOJIEH. PacTBOpPSIOT HaBecKy
B 4050 M1 AMCTHJIMPOBAHHOW BOJbBI WJIM 3THJIOBOTO crupta. Konu-
YECTBEHHO MEPEHOCAT PacTBOP B MepHYIO K00y Ha 100 mu u gonusa-
I0T 10 METKU pacTBopurtesieM. M3 3Toro pactBopa rotrosar pazdasie-
HHEM 6—8 PacTBOPOB C KOHLEHTpauueil B npejenax 0,005-0,200 kr/m’
(o 50 mu1 Ka)XX0T0 pacTBopa).

N3MepsoT ONTUYECKYIO TUIOTHOCTh NMPUTOTOBJIEHHBIX PacTBOPOB
Ha CreKTpodOTOMETpEe MpH JJIMHE BOJHBI, 0OeCreunBaronIel MaKCH-
MyM mororienust (A = 275 um). KroBery moa0uparT B 3aBUCHMOCTH
OT KOHUEHTpaluu pactBopa. g MalbIX KOHLEHTpAUUd HCIOIb3YIOT
KIOBETHI JUIMHON 5 CM, MpU YBEIWYEHUHU KOHIEHTPAIMU MEPEXOAAIT Ha
KIOBEThl MEHBIIICH JJIUHBI.

CrposT rpaduk 3aBUCUMOCTH:

B ye)
! o
rae D; — onruueckasl IIOTHOCTh pacTBOpa; / — TONIIMHA CJI0Sl pacTBOPA,
B KOTOPOM IPOUCXOUT nornomeHue; C, — BeCOBasi KOHLIEHTPALMS PACTBOPA.
OH NOMmKEH MMETh BUJ NMPSAMOW, BBIXOIAIIECH M3 Hayana KOOpIU-
HaT. B oOnactu OONBIIMX KOHIEHTPALMA MOXKET HaOII0AAThCs Hapy-
IICHWE JIMHEHHOM 3aBUCUMOCTH (OTKJIOHEHHE OT 3akoHa byrepa —
JlamGepta — bepa). HaxoasT TaHreHc yriia HakJioHa JIMHEHHOTO y4acT-
Ka KpUBOW U3 YPaBHEHHUS

_ADD &
AC, M

(O

tga

5
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r7€ €, — MOJSIPHBIM KO3(Q(PUUMEHT NorjameHus (3KCTUHUUM), €, =
= 1,47 - 10°M’; M — MOneKyIspHasi MAcCa PACTBOPEHHOTO BEIIECTBA.
MoJteKyJIIpHYI0 Maccy ONpPEAEIIIOT

M=k
tga

Cpe/HIOI0 CTENEHb OKCUITUIUPOBAHUS (71o,) HAXOAAT 110 hopMyJie
M - M,
0 44

rae My — MOJEKyJsipHas Macca yrieBoJiopoiHoro pagukana [IAB; 44 —
MOJIEKYJISIpHAsl Macca OKCUATUIILHOW TPYIIIIHI.

3aoanue: onpenenuTh MOJEKYJSIPHYIO MacCy M CPEJIHIOI0 CTENEHb
oKcuAITHIIHpOBaHus oopasia HITAB.

n

5

JlabopaTtopHasa pabora
KOJIOPUMETPUYECKOE ONPEAENEHME

HENOHOTIEHHbIX NAB B BOAHbIX PACTBOPAX

Ilenv padomwr: onpenenuth conepxkanusi HITAB B BoaHbIX pac-
TBOpAX.

Oobopyoosanue, peakmuevl u mamepuaivl: MEPHLIE KOJIOBI BMeE-
ctumoctbio 50 u 1000 mur; nuneTka; GoTOIESKTPOKOJIOPUMETP; HOIH-
CTBIM KaJluii; MO, COJsHas KucioTa; oOpaselr HemoHoreHHoro I1AB;
xJiopuj 6apusi.

Memoouka evinonnenus padoomst. MetToq 0oCHOBaH Ha o0pa3oBa-
HUU OKpAIlIEHHOT'O KOMIUIEKCa 0/1a, akTUBUPOBAHHOTO XJIOPUAOM Oa-
pus, ¢ HITAB.

IIpuroroBienne peaktusBoB. PeaktuB A. 25 r HJ nmomemaror
B XUMUYECKUN CTaKaH BMECTUMOCTBIO 2 J1 ¥ pacTBOPAIOT B S00 M1 quc-
TWIIMPOBAHHOM BOJIbI. B pacTBOp BHOCAT 12,7 T 1i0Ja U epeMeninBa-
0T JI0 TIOJTHOTO pacTBopeHus. PacTBop mepeHocsT B MEPHYIO KO0y Ha
] 1 1 1OBOAAT 1O METKH JUCTWLUIMPOBAHHOW BOAOW. [losyueHHbIH pe-
aKTUB XPaHSIT B TEMHOW CKJISTHKE WJIM B TEMHOTE.

PeaktuB B. PacTBOpsI comnsiHol kucnotel (1 : 4) u xinopunaa 6apus
(10%) cmemmBaroT B cooTHOLIeHHH 1 : 1.

Peaktur C (pabounii pacTBOp). [[OTOBSAT €ro, cMemuBasi Tpyu 4aCTH
peakTBa A W OJHY YacTh peaktuBa B. Pabouunii pacTBOp TOTOBAT He-
IIOCPEACTBEHHO IIEPE]] aHATTU30M.
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B MepHyo k0510y BMECTUMOCTBIO 50 MJI MUIETKON BHOCST 5 MII
pabouero pactopa u 0,5 MJI CTAaHIAPTHOTO PACTBOPA AHATUZUPYEMOTO
HITAB ¢ xonuentpanueit 0,1 KT/M-. JloBOZIAT pacTBOp 10 METKH JUC-
TUJUIMPOBAHHOM BOJIOHM, MEPEMEIINBAIOT, 3aKPhIBAIOT KOJOY MPOOKOI
U CTaBAT B TeMHOE MecTo. 1o ncreuenun 20 MUH cOAEp>KUMOE KOJIOBI
MOBTOPHO MEPEMEMIMBAIOT U TOTYAC ONPEIECISIOT ONTHYECKYIO IUIOT-
HOCTh Ha (POTO3JEKTPOKOJIOPUMETPE B KIOBETE C TOJIIMHON MOIJIO-
nraroriero ciost 20 MM Tpu 3eneHOM cBeToduiabTpe. B kadectBe pac-
TBOpPa CPaBHEHUS UCHOJB3YIOT «XOJIOCTYIO MPoOy» — cMech 5 Ml pado-
Yyero pactBopa u 45 MIl IUCTUIITMPOBAHHOW BO/IBI.

AHaNOTUYHBIM 00pa30M OIPENENSIOT ONTUYECKYIO MIIOTHOCTh pac-
TBOPOB, MOMeENIasi B MEPHYIO KOJIOYy rocienoBarensHo 1, 2, 3, 4, 5 mn
CTaHJApPTHOTO PacTBOpA.

CrposiT KaTMOpPOBOYHYIO KPUMBYIO B KOOPJIMHATAX ONTUYECKAs TUIOT-
HOCTh — KoHIeHTpawms [TAB. [lanee onpenenstor koHenrpanuto HITAB
B UCIIBITYeMOM MpoOe. HaxoasT onTuyeckyro mIOTHOCTh CMECH S5 MIT pa-
6ouero pactBopa (peaktu C); 5 M1 ucnbITyemoro pactsopa u 40 mi Bo-
JIbl B TE€X K€ YCJIOBUSX, YTO U MPH MOJTYUYSHUU JAHHBIX [ KaTuOpoBOU-
Horo rpaduka. Konnenrpamuio HITAB paccuutsiBatotr no gopmyse

C=10a,

rae 10 — koadduimeHT, yuuTeIBaronuii pazdaBieHne mpoobl B XOJe
OnpeaeNeHus] ONTHYECKOW IMIOTHOCTH; d — 3HAYEHUE KOHUEHTpPALWH,
HalJIEHHOE M0 KaJuOPOBOYHOU KPUBOM.

Onpenenenne HITAB 3TuM MeT010M BO3MOKHO B MHTEpPBAJIE KOH-
nerrparmii 0,0001 — 0,0100 kr/a’.

3aoanue: onpenenuts coaepkanrie HemoHoreHHoro ITAB B oOpaste.

JlabopaTtopHas pa6oTa
ONPEAENEHUE OCHOBHOI'O BELLLECTBA
B OBPA3LIAX INAB

Ilenv pabomei: ONpPENEIUTH COIACPHKAHUE OCHOBHOI'O BEIIECTBA
B KATUOHHBIX U aHMOHHBIX [TAB.

OnpepeneHne OCHOBHOIO BeLleCcTBa B KaTUOHHbIX NMAB

OueHky coaep>kaHusi OCHOBHOTO BEIIECTBA B IpernapaTax KaTUOH-
HOTO [IAB TIpOBOISAT HECKONBKMMH CITOCOOAMHU, HATIPUMEP AIIEMEH-
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TapHbIM aHAJIN30M, APTEHTOMETPUYECKUM THUTPOBAHUEM XJIOPUIOB
1 OpoMUI0B, 1BYX(a3HBIM TUTPOBAHUEM CTAHAAPTHIM PACTBOPOM aHU-
oHHOTrO [IAB nnmu HogomMeTpu4ecKuM TUTPOBAHUEM HENIPOPEArupoOBaB-
miero ¢ kaTuoHHbIM [TAB u30bITKa OMXpomaTa Kaausl.

Oobopyoosanue, peakmuevl U mMamepuanvl: CTaKaH BMECTUMO-
cThio 150 mu; Ouxpomar Kanusi; WOAUA Kajus; cepHas KUCIOTa; THO-
cynbdar HaTpus; 1%-HBI pacTBOp Kpaxmaa; UCCIeayeMblil oOpaserr
katuonHoro [1AB; memOpanubiii GuIbTp.

Memoouxa evinonnenusn pabomwt. 1 T npenapara KITAB pac-
TBOpsitOT B 0,5 11 nuctuinupoBanHor Boabsl. K 100 Mn nmomyyeHHOro
pactBopa godasusator 25 ma 0,033 M K,Cr,0O; u cnycts 2 4 0OT-
(UITBTPOBHIBAIOT BBIMIABIINN OCAJOK 4Yepe3 KPYIMHOMOPUCTHI MeEM-
OpaHHBIN (GUIBTP, MPOMBIBAsE €ro XOJOAHOW BOMOH. B mpo3paunom
dbunbpTpaTe onpeneasoT U30bITOK HEMMPOpEearupoBaBIlero ouxpomara
kanus. J{ns atoro BHocAT B pactBop S5 T KJ, 10 mut H,SOy, (1 : 3) 1 ue-
pe3 10 mun Tutpytror 0,1 M pactBopom Na,S,03; 10 COIOMEHHO-KENTO-
ro usera. [lepen okoHYaHHEM TUTPOBaHUS 100aBisA0T 2 M 1%-HOro
pacTBOpa Kpaxmasa U TUTPYIOT JO UCUE3HOBEHHS CUHEN OKPACKHU.

Copepxxanue ocHoBHoro BemiectBa B KITAB (X, %) BbruucisioT
o gopmyiie

(a—b)NA -0,333

X = 100,
n

rie a — 00beM pacTtBopa THOCYJb(]aTa, U3PACXOJOBAHHOTO HA TUTPO-
BaHHE KOHTPOJIBHOTO OIbITa, MJT; b — 00beM THOCYJb(]aTa, Mmomeamnero
Ha TUTpoBaHHue poOkl, Mi; N — MossipHOCTh pacTBopa KITAB; 4 — mo-
nekynspHas macca KITAB; 0,333 — koadduiiueHT ais pacuera Belu-
ynnabl SxkBuBasicHTa KITAB; n — HaBecka KITAB, T.

3adanue: omnpeneluTh COJEpKaHWE OCHOBHOI'O BeEIIeCTBAa B 00-
pasue KITAB.

OnpeneneHne 0OCHOBHOIO BelleCcTBa B aHMOHHbIX NMAB

Obopyoosanue, peakmuebl u mamepuaavl: KOHAYECKas KojOa
BMeCcTUMOCTHIO 100 Mi1; oOpaTHBI XOJOAWIBHUK;, BOJsHAs OaHs; 00-
pazer; AITAB; cepnas kucnota; 1 H. Bogubii pactBop menoun (NaOH);
dbeHondTaneuH.

Memoouka evinonnenus padomel. /{1 onpencieHus: OCHOBHOTO
BEIlECTBAa B Mpenaparax aHUOHHBIX [IAB wucnons3yloT B OCHOBHOM
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TUTPOMETPUYECKUN MeTOA. Tak, s OnpeneseHruss OCHOBHOTO BELIECT-
Ba B JI0JICHIUJICYJIb(aTe HATPUSI PEKOMEHYIOT CIEIYIOUTYI0 METOIUKY.

Hapecky AIIAB (5 r) B3BemMBaIOT Ha aHAJUTUYECKUX Becax
B KOHUYECKOM Koy1i0e BMecTuMOCThiO 100 Mi1. B k00y 106aBisiroT 25 M
1 M H,SO,4 u HarpeBaroT 3,5 4 Ha KUTIAIIECH BOASHON OaHe ¢ 0OpaTHBIM
xoJioguinbHUKOM. B mepBbie 5—10 MMH HEOOXOAUMO CIEAUTH, YTOOBI
IMPOAYKT HE IeperpeBajics M He Obuto BeIOpocoB. Ilocie okoHuaHMS
HarpeBa KoJIOy OXJIAKIAIOT, MPOMBIBAIOT BHYTPEHHIOIO ITOBEPXHOCTH
xosnoawibHuKa 30 MJI 3TaHOIa, 3aTEM MTPOMBIBAIOT HMXKHIOKO 4acTh XO-
JONWIbHUKA W IIA(} KoaObl 20 MJI AUCTHUIUIMPOBAHHON BOJBI M THUT-
pytor 1 M NaOH no unnukaropy ¢denondranrenny. OgHOBpeMEHHO
MPOBOJISIT KOHTPOJIBHBIN OMBIT B TE€X K€ YCIOBUSIX.

Conepxxanue ocHoBHoro BemiecTBa B AIIAB (X, %) Bbluucisitor
o ¢opmyJie

o 2884(h -V, )M

n

b

rae Vi, V> — o6bem 1 M NaOH, u3pacxo10BaHHOTO Ha TUTPOBaHUE 00-

pasla ¥ KOHTPOJIBHOTO OIbITa COOTBETCBEHHHO, MJI; M — KOHIIEHTpa-

uus ctanaaptHoro pactsopa NaOH, M; n — Macca HaBeckw, T.
3adanue: onIpeieNIUTh COIepKaHrue OCHOBHOTO BeriecTBa B AITAB.

JlabopaTopHasa paborTa
ONMPEAENEHME KJ1IACCA lNAB

Henwv padomwr: onpenenuts kiacc [1AB.

Oobopyoosanue, peakmuevt u mamepuaivl: BOpoHKa broxHepa;
npoOupKy; aratoBas ctymnka; oopaser [1AB; xinopodopM; AUITUITOBBIA
3¢up; neTposeiHbIi A3QuUp; CONIAHASI KUCIOTA; TUIPOKCU HATPHS; CMe-
IIAHHBIA WHIUKATOP (METHUJICHOBBIM TOJIyOOH W MHPOKATEXHMHOBBIM
(HOIETOBBIN).

Memoouka évinonnenusn padomsel. MeTon OCHOBAH HAa B3aUMOJECH-
ctBuM ucnbeityemoro [IAB ¢ unaukaropom ¢ oOpa3oBaHuEM OKpalleH-
HOTO MPOAYKTA, KOTOPBII pacrioyiaraeTcsi Ha TpaHUIle pasjiena BOJIHOMI
u opranumdeckor ¢a3. B kauectBe ruapodoOHOIi (a3bl, B KOTOpOH He
pacTBOpsieTCS OKpAIIEHHBINA POAYKT, UCIIOIBb3YIOT IETPOJICHHBIN AUp.

Uccnenyemsiit Boanbiii pacteop IIAB ¢dunbTtpytot, a 3aTtem ans
yIaJeHHs] U3 HEero >KUPOBBIX BEIIECTB M JPYTUX 3arpsizHeHuil oopada-
THIBAIOT MOCJIEIOBATEIbHO XJIOPO(YOPMOM, AMITUIOBBIM M METPOJICHi-
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HbIM 3¢dupom. K ouumennomy BogHomy pactBopy ITAB ocTopoxxHo
no6asisaoT 0,1 H. pactBop HCI nnu 0,1 . pactBop NaOH nosoast pH
pactBopa 110 5—6. Ilocie 3TOoro momMeniaroT S MJI UICIIBITYEMOTO PAaCTBO-
pa B poOUpKy, A00ABISIOT K HEMY S5 Kareslb CMEIIaHHOTO UHJIUKATopa
u 5 mu netposeitHoro 3dupa u cunpbHO BeTpaxuBaroT. [locne pasnene-
HUS KUAKUX Pa3 B 3aBUCUMOCTH OT HaJMuus TOro wiu apyroro [1AB
HaOII01aeTCs CIIeTyIONIee:

— BoAHas (asza — 3eneHas, gaza nerposieiHoro supa — O6eciBeT-
Hasi, TOBEPXHOCTh pa3zena (a3 — yeTkasi, YTO CBUAETEIbCTBYET 00 OT-
cyrctBun [1AB;

— BogHas ¢aza — xentas, (paza merposeiitHoro 3¢gupa — OecuBeT-
Hasi, MOBEPXHOCTh pazjaena (a3 — romydas, 4To ABISETCS MPU3HAKOM
HaJIM4Xs aHHOHOAKTUBHOTO BEIIECTBA;

— BojHasA (aza — ronyoas, (asza nerposieitHoro aupa — GecuBeT-
Has, MOBEPXHOCTh paznena (a3 — KenTas, 4To SIBISETCS MPU3HAKOM
HaJIM4Ms KATHOHOAKTUBHOT'O BEIIECTBA.

[Ipu conepkaHuu B pacTBOpEe HEMOHOTEHHOTO BEIIECTBA HA Ipa-
HUIIE pa3zesia 00pa3yercs MOJIOKOOOpa3HOE KOJIbIIO.

OTHUM METOJI0M MOKHO OOHAPY>KUTh HE3HAYUTEIHHOE KOJUYECTBE
(MUKpOTrpaMMbl) aHUOHOAKTUBHOTO BEILIECTBA.

JlJ1 IpUroTOBJIEHUS CMEIIaHHOTO MHIMKaTOopa 00a KpacuTess oc-
BOOOXK/1al0T OT BELIECTB, PACTBOPUMBIX B NETPOJIIEHHOM 3PUpPE U ITUJI-
alierare, KUMYEeHUEM C 3TUMU pacTBOPUTENIAMU. 3aTeM 00a KpacuTems
B DKBUMOJIEKYJSIPHBIX KOJIMYECTBAX PACTHPAIOT B araToOBOM CTYIIKE.
N3 sroit cmecu npuroToBisitoT 0,05%-HbIiA pacTBOp B OUIUCTUILIUPO-
BaHHOU Boze. PacTBOp MMeeT M3yMpyAHO-3E€IEHBIM [IBET. XpaHAT pac-
TBOP B CTEKJISTHHBIX OaHKaX M3 KOPUYHEBOIO CTEKJIA, OH YCTONYUB B Te-
qyeHue 2—3 HeIelb.

3aoanue: onpenenuTh, K KAKOMY KJaccy OTHOCUTCS oOpasel] mo-
BEPXHOCTHO-aKTUBHOI'O BEILIECTBA.

JlabopaTtopHas pa6oTa
CUHTE3 AM®OJIUTHOIO NAB HATPUEBBIX COJIEN
ANKUITAMUHOAMMETUIEHAMUMWHO-N-(2,3-
DMWILIPOKCVIHPOI'IVIH)-N-YKCYCHOVI KUCNOThbI

IHens pabomer: nonyuuts amdonutHoe [TAB.
HatpueBbie conu alKkumiaMHHOIUMETUIEHAMUHO-N-(2,3-1urui-
poxcurporui)-N-yKCyCHON KUCIOTHI UMEIOT O0IIyI0 PopMyIIy:
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_CH,CO0X

RCONHCH;CH;NZ_

CH,CH(OH)CH,OH,

rae R —ankun ¢ 10, 12, 14, 16 unu 18 atomamu yriepoaa; X — Kajauu,
HaTpPUU WU TPUITAHOJIAMUH.

CHHTE3 COCTOUT U3 JIBYX CTaJIUM:

1) nmonyudenue coneid N-mumetmineHAnaMUHO-N-(2,3-TUruapoKkcu-
nporui)-N-yKCYyCHON KHACTOTBHI:

_CH,CO0X

HNC,HN

CH,CH(OH)CH,OH

2) mojaydeHue cojiel aJKuIiaMUHOAUMETUIeHaMUHO-N-(2,3-1uru-
IPOKCUIPONUA)-N-yKCYCHOM KHUCIOTBI MyTeM MPOBEICHUS PpEeaKIIHii
MEXIy XJIOPaHTUAPUIAMUA WIH 3(UpaMu (METUIIOBBIM WU 3TUIIOBBIM)
KapOOHOBBIX KHUCIOT C COJIIMH N-AuUMeTHIeHIuaMuHO-N"-(2,3-1uru-
IpOKCUIPOnui)-N"-yKCyCHOM KHUCIOThI. XOJI CHUHTE3a MOXKET OBITh
MPOWJLTIOCTPUPOBAH CXEMaMHU PEAKIIUH:

H,NC,H,NH, + CICH,CH(OH)CH,0H 2295
CICH,COONa

_CH,COONa

CH,CH(OH)CH,0H

— H,NC,H,N + 2NaCl + 2H,0

_CH,COONa
RCOOCH3 + HzNC2H4N\ —_—>
CH,CH(OH)CH,0H

_CH,COONa
—>  RCONHCHN{ + CH;0H
CH,CH(OH)CH,0H

Oobopyoosanue, peakmugvl u mamepuanvl: KpyrioJoHHAs KOJ0a;
oOpaTHBIM XOJOIUIBHUK, BOpOHKa broxHepa; menuTenbHass BOPOHKA;

107



Menlayika; TepMouikad; 00e3BOKEHHbBIN 3TUICHIUAMUH; WU30IMPOMHIIO-
BB CHUPT; XJIOPTUJAPUH TIIMIIEPUHA; TUIPOKCHUJ HATPHUS;, STUIOBBIN
CIUPT; HATPUEBAS WJIM KAJIUEBAs COJIb XJIOPYKCYCHOM KHUCIIOTHI.

Memoouxka eévinonunenus paoomot. 72 1 (1,2 Monb) 00€3BOKEHHO-
ro stuineHauamuHa (3J]A) pactBopstor B 100 Mu1 M30IPONMMIIOBOTO
ciupra. K pacrBopy D/IA B TedueHue 1 4 1pu MHTEHCUBHOM MEpeMe-
muBanuu A03upyroT 33,1 r (0,3 Monb) XJIOprujipuHa rimuepuHa, pac-
TBOpeHHOoro B 30 M m3ompomnuioBoro crnupra. CMech KHMSTAT ¢ 00-
pPaTHBIM XOJOAWIBHUKOM 4 4. M30MpONuMiIOBhIi CIUPT B CMECHU C HU3-
obiTkoM DJIA otrousitor 10 100°C. K peakunonHo# cMecu 100aBIsSIOT
12,0 r (0,3 Mousb) ruapokcHuia HaTpusi, pactBopeHHoro B 100 miu 3tu-
JIOBOTO CIIUPTA, JUISl HEUTpaIM3aluu O0pa3yroUIeicsl COISHOM KHUCIIO-
ThI. XJIOpUA HATPHsI OTPUIHTPOBEIBAIOT. CHOBA OTTOHSIIOT CIIUPT U H3-
obiTok DJIA (mo 110°C). Beixoa stuneHauamuHa (2,3-AUTHAPOKCH-
npomnana) coctanisieT 38,2 T (95% oT TeopeTu4ecKoro).

38,2 v (0,285 moisb) sTuieHauaMuHa (2,3-IUrHApOKCUITPOIIaHa)
pactBopsitoT B 200 MJI M30MPONMIOBOTO CHUPTA U MPU MHTEHCUBHOM
nepeMeIIBaHuy K pacTBOpy Ao3upyroT 15,5 r (0,142 moinb) HaTpue-
BOH COJIU XJIOPYKCYCHOM KUCIOTHI. [0 OKOHUaHUU T03UPOBAHUS CMECH
KUTISTAT B Tedenue 3 4. OOpasyrorieecs: BEIIeCTBO, HEPACTBOPUMOE
B CIIUPTE, OTIAEISAIOT OT PACTBOPA U HEUTPAIU3YIOT PAaCTBOPOM, COJEP-
xamuM 5,7 T (0,142 moinb) ruapokcuaa Hatpus B 200 Mi1 3TUIOBOTO
cupTa. XJIOpUl HATPHUST OTPMIBTPOBBIBAIOT, (DUIBTPAT BHICYLIUBAIOT.
Brixon nenesoro npoaykra — 24,3 1 (80% OT TeOpeTUYECKOTO).

Hcnonp3yst BMECTO HATPUEBOM COJM XJIOPYKCYCHOM KHCIOTBHI Ka-
JUEBYIO COJIb, MOJYYAIOT KAJIMEBYIO COJb N-IUMETUICHIHNAMHHO-N -
(2,3-nuruapokcunponiin)-N" -yKCYyCHON KHUCTOTBHI.

[Io npyromy Bapuanty 38,2 r (0,285 Mmonb) 3TUIEHIMAMUHA
(2,3-AUruapOKCUITpOIIaHa), CUHTE3UPOBAHHOIO MO BBIIIENPUBEICHHON
MeToauKe, pacTBopstoT B 200 M1 u3onpommioBoro cnuprta. K pactsopy
MPUOABIISIFOT CMECh, cocTosIIy0 u3 26,8 T (0,285 MoIIb) XJIOpYyKCYCHOM
KucioThel, 85 1 (0,57 Monk) TpudTanoidamuna (TDA) u 200 Mt ATHIIOBO-
ro cnuprta. IIpy MHTEHCHUBHOM MEpEMENIMBAHUUA CMECh KHUIATIT 5 Y,
GUIBTPYIOT, OTAENSS TPUITAHOJAMUHTHUIPOXJIOpUI. DUIBTPAT BHICY-
IIMBAIOT W MPOMBIBAIOT XJIOPOPOPMOM, 3aT€M PACTBOPSIOT B ropsYeM
THJIOBOM CIHPTE, CHOBAa (PMIBTPYIOT M OKOHYATEIBHO BBICYIIMBAIOT.
[Tony4varot 88 r TOA-conu; N-numerunerauaMuao-N (2,3 -TuruapoKkcu-
nponu1)-N-ykcycHoi kucioTsl (90,5% OoT TeopeTnyecKkoro BbIX0/1a.)

3aodanue: onpeaeaUTh BBIXO LIETIEBOrO MPOAYKTa; IPOBECTH AHAIN3
Y OTIPENENNTh, Kakoi kitacc ITAB npencraBnser noay4eHHbIA TPOLYKT.
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JlabopaTtopHasa pab6orTa
ONMPEAENEHMNE NEHOOBPA30OBAHMUA,

YCTOWYMBOCTH MNEHDI
N CMAYUBAIOLLIErO IEMCTBUSA NAB

Ilenv pabomuwr: onpenenuth OCHOBHBIE cBoMcTBa [TAB.

Oobopyoosanue, peakmugvl U Mamepuanpl: MEPHBIA HWIHMHAP
o6bemom 1000 cm’; obpazen [IAB; nuctunnupoBaHHas Boja.

Memoouxa evinoinenus padomet.

1. B mepnbiii nummuaap Ha 1000 cM C IpUTEPTON MPOOKOM HAU-
BaroT 100 MJI TUCTUIUIMPOBAHHOM BOJIBI U JOOABIISIIOT aKTHBHOE BElIe-
CTBO B TaKOM KOJIMYECTBE, UTOOBI KOHIIEHTpalus ero osuia 0,25% mac.
BcerpsixuBasi, B30MBaIOT MEHY U OMPEIENAIOT ee 00beM V) 3aTem orpe-
NeNsitoT o0beM TieHbl Vs uepe3 5 mun. OTtHomenue Vy / Vs xapakrepu-
3YE€T YCTOUYUBOCTD IEHBI.

2. Jlyis onpeneneHus CMaunBarOIEro AEUCTBUSA TOTOBIT HECKOJIb-
KO pacTBOPOB C Pa3HOW KOHLIEHTPALIMEN aKTUBHOro BemiecTBa. Ha mx
MOBEPXHOCTH KJIAAYT KPY>KKHU nraMmeTpoM 30 MM, BbIpe3aHHBIE U3 YHUC-
TOM TUIOTHOM XJIOMYAaTOOYMa)KHOW TKaHU, U 3aMEPSIIOT BpeMs, B Teue-
HUE KOTOPOr0 OHU TOHYT B pacTBope. CMauuBarouiee 1eMcTBUE Xapak-
TEPU3YETCsl KOHIICHTPAIlMeH aKTUBHOTO BelecTBa (I/1), MpU KOTOPOW
XJIOMYaTOOyMaKHBIN JJOCKYT TOHET 3a 120 c.

3adanue: onpenenutb U CPaBHUTh TMEHOOOPA3yIOIIYIO CIIOCO0-
HOCTb HECKOJIbKUX 00pa3ioB [IAB; HaliTh Ux cMaunBaroiiee AecTBHE.

BOMPOCHI A1 NOAIro0TOBKU K 3AHATUIO

1. Kakue BemecTBa Ha3bIBAIOT TOBEPXHOCTHO-AKTUBHBIMU ?

2. Ha xakue rpymnbl JeisTCA OBEPXHOCTHO-aKTUBHBIE BEIlIeCTBA?
3. Kak BausieT Ha Moroliee JEeWCTBHE U PAaCTBOPUMOCTH B BOJIE
CTPOCHHE MOJIEKYJIbI aNKMIOEH30ICynb(oHaTa?

4. Kak mpoBepsrOT MOJHOTY CYJIb(UPOBAHUS AIKHUIOCH30JI0B?

5. B ueM cOCTOUT OTJINYKME B OMBUICHUM CUHTETUYECKHUX JKUPHBIX
KHUCJIOT U KaHUupoau?

6. OT KaKuUX COeAUHEHNN OUHIAarOT HeuoHoreuuoie [IAB?

7. Kak onpenensitor cyxoi octaTtok B oopasie [IAB?

8. OT Kakux COeIMHEHUN OYUIIAIOT MOBEPXHOCTHO-AaKTUBHBIE Be-
HIeCTBa, COJEpKallue cylborpymniy?

9. Yro co0oil mpeacTaBisOT NPOIYKThl KOHICHCALIMH OKUCH 3TH-
JIEHa C OPraHUYECKUMH BEILIECTBAMU, COAEPKAIIMMU MOABUKHBIN
aToM Bojopoja?

109



10. Kak mMoxxHO Tipu (ppakiMOHHpOBaHUU HemoHoreHHoro IIAB
palMoOHAIbHO MCIOJIb30BaTh PACTBOPUTENb IOCIAE OTTOHKH OT
I[TAB?

11. Kakue cBolicTBa pacTBOpoB HeMOHOTeHHOTO [TAB Hcnonb3yoT
pU CIEKTPO(HOTOMETPUUECKOM OMPENIEICHUN UX CPEeIHEed MoJie-
KYJIIPHOM MaccChl U CTETIEHU OKCUATUIIMPOBAHUS?

12. Ha yeM OCHOBaH KOJOPUMETPUYECKUN METOJ ONpPEICIICHHS
HenoHoreHHoro [TAB B BoaHbIX pacTBOpax?

13. KakumMu MeToaMH OIpPENENsiOT COJIEpAKAHUE OCHOBHOIO Be-
IIECTBA B KATHOHHOM U aHHOHHOM [TAB?

14. Ha yuem ocHOBaH MeTo1 onpeneneHus kiacca [IAB?

15. Kak onenuBarotr cmaunBaroniee jaeiictsue [IAB?

17. Kakoil mapaMeTp MOKHO UCITOJIb30BaTh /I OLEHKH YCTONYH-
BOCTH TI€HBI?



XI. NIPON3BOACTBO
BbICOKOMOJEKYIAAPHbIX
COEAMHEHUNA HA OCHOBE

HE®OTEXUMUYECKOIO CbIPbS

BBICOKOMOJIEKYJISIDHBIE  COEAMHEHUS (IIOJMMEPBI) COCTOST W3
OONBIINX MOJEKYJ, MOJEKYJsIpHas Macca KOTOpPBIX IPEBBIIACT HE-
CKOJIBKO TBICSY, a MHOTJIa MOKET JOCTUraTh MHOTMX MWJIJIMOHOB. Mo-
JIEKYJIbl TAKMX COEIMHEHUN COCTOSIT U3 MHOTOKPAaTHO MOBTOPSIOIINXCS
CTPYKTYPHBIX €IMHHUI (3BEHbEB), COCIMHEHHBIX MEXIYy COOOH KOBa-
JIEHTHBIMH CBSI3SIMH.

KonndectBo moBTOpstOmUXCS (MOHOMEPHBIX, 3JIEMEHTAPHBIX)
3BEHBEB (X) B MAKPOMOJIEKYJIE ONPEAEsAeT MOJEKYJSIPHYI0 Maccy Io-
aumepa. BennumHa x Ha3pIBaeTCs CTENEHBIO MONMMeEpHU3aluu. B Tom
cilyyae, KOr/la X UMEeT CPaBHUTEIbHO HEOOJBIIYIO BETMYUHY, MPOAYK-
Thl TIOJUMEPU3ALMK Ha3bIBAIOT OJMroMepamMu. Mexy HUMHU U HOJH-
MEpaM{ HeJb3sl IPOBECTU T'PAHUILY, HO BEPXHUM IpPEAEIOM I OJIH-
rOMEPOB MOKHO CUMTAaTh TaKyl0 UX MOJEKYJSPHYIO Maccy, pH KOTO-
POl HAUMHAKOT MPOSIBIATHCSA CBOWCTBA, IPUCYLIUE TOJIBKO MOJUMEPaM,
HampuMep BBICOKO3JIacTHUECKas aedopManusi.

B ocHOBe cuHTE3a MOJIMMEPOB JIEKAT PEAKIMH IOJIMMEpPU3ALUU
Y TIOJIMKOHICHCALIUU.

IMosmmMepu3anmMs — NPOLECC CUHTE3A MOJIMMEPOB, MTPOTEKAKOLIUI
IyTEM IOCJENI0BATEIbHOTO NPUCOECIUHEHUS HU3KOMOJEKYIISIPHBIX Be-
mecTB (MOHOMEPOB) K aKTUBHOMY LEHTPY MaKpOMOJIEKYJbl 33 CUET
PACKpBITHS KPAaTHBIX CBSI3€M WIIM IIUKJIOB 0O€3 BBIJIEICHUS KaKUX-JIHOO
n0OOYHBIX MPOAYKTOB. B CBSI3U C 3TUM 3JIEMEHTHBIN COCTAB MOJIUMEPA
¥ MOHOMEpA COBINAJAT. XapaKTepHBIM IS Ipolecca NOoJUMeEpH3a-
UM SBJISETCS LEMHOM MEXaHW3M PEaKIUH, BKIOYAIOIIUNA psij mocie-
JIOBATEIbHBIX CTAIUM: 3apOXKACHHUE LENH, POCT LENu U / WiIh OOpHIB
nenu. MonekynspHas Macca IOJUMEpPAa PaBHA CyMME MOJIEKYJISIPHBIX
Macc MOHOMEPOB, BCTYIIUBLIUX B PEAKIIUIO.

B 3aBUCMMOCTH OT NPUPOJbI IEPBUYHBIX AKTUBHBIX LIEHTPOB LIETI-
HBIE PEaKLUH MOAPA3IECIAIT Ha paJUKaIbHbIE U HOHHBIE. B cooTBeT-
CTBUU C 3TUM PACTYILKE MMOJIMMEPHBIE LEMHU MPEACTABIISIIOT COO0N MaK-
popaauKabl, MAKPOKaTHOHBI M1 MAaKpOaHUOHBI. PacTyliue nenu Takux
TUIIOB BO3HHMKAIOT B PE3YyJbTaTe€ NPHUCOCIMHEHHS AKTUBHOI'O areHTa
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(MHUIIMATOpa, KaTajau3aTtopa) K HEmpeAeIbHOMY MOHOMEpY ¢ 00paso-
BaHHUEM MPOJyKTa MPHUCOCIUHEHUSI — BTOPUYHOIO aKTUBHOI'O LEHTpA,
Ha KOTOPOM IPOUCXOAUT JATbHEUIIUN POCT LIECTH:

Re °
— > R—CH,CH
X
K" (R") +
X X
A (R)
——> A=CH,~CH
X

rne Rg K" (R"), A" (R") — COOTBETCTBEHHO paJNKaIbHbIH, KATHOHHKIIA
Y aHUOHHBIN MEPBUYHBIC aKTUBHBIC (PEAKIIMOHHBIE) IIEHTPHI.

Paouxanvnas nonumepuzayusi. AKTUBHBIM LIEHTPOM SIBJISIFOTCS
CBOOOJHBIE paguKaibl. {7 WHULIMUPOBAHUS peaklUUU HEOOXOIUMO,
YTOOBI B CUCTEME OCYIIECTBUIIOCH MOJTy4YeHHE CBOOOJHBIX PaaUKaIOB
B pe3yJbTaTe TEIJIOBOTO BO3JACUCTBUA (TepMOM3), cBETOBOrO ((oro-
JIU3) WM PanOaKTUBHOTO O0IydeHus (paguonu3), XUMHICCKIMU UHU-
[MaTOpaMU (XMMUYECKOE MHUIIMMPOBAHKE) U JP.

Ha mpakTuke yaiiie BCEro mMpuMEHSIOT XUMUYECKOE€ MHUIIUUPO-
BaHUE, KOTOPOE OCYLIECTBISAETCS CIEMalIbHO BBOJAUMBIMU B CHCTE-
My JIETKO pachaJarolllMMHCs Ha paJuKalbl BEIIECTBAMU — HHHUIMA-
topamu. Hanbosiee pacnpocTpaneHsl Cpeid HUX MEPOKCHUABI, TUIPO-
NEePOKCUbI, a30- W JUA30COEAMHEHMS, aunmwInepokcuasl. Pacnan
ATUX COCMHEHUN Ha paJUKalibl MOXKET ObITh OCYILECTBIICH pa3iny-
HBIMHU CIIOcOOaMu, BKJIIOUYas HarpeBaHue, (GOTOXMUMHYECKOE pasJio-
KEHHE U JIp.

[Ipouecc panukanbHOW MOJUMEPU3ALHMH MOXKET OBITH MPEICTaB-
JIEH B BUJIE CIIETYIOUIEH CXEMBbI:

1) ctagust UHUMUPOBAHHUSI 1IETIH, BKIIIOYAIOIIAsi B ceOsl pasiioxe-
HUe MoJiekyibl mHunmaropa (I) ¢ obOpa3oBaHMeM aKTUBHOTO IIEHTpA
U €ro B3ahMOJICUCTBUA C MOJEKYJol MoHOMepa (M) ¢ mepeHocoM ak-
TUBHOT'O LIEHTpa HA MOHOMED:

[—2I°

[o+ M—>IMe
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2) cragust pocTa IeMy MPOUCXOINUT B PE3yIbTaTe MPUCOCTMHCHUS
MOJIEKYJ] MOHOMEpa K aKTUBHOMY IICHTPY IO PEAKIIHSIM C OTHOCUTEIb-
HO HeOoubIIoN 3Hepruent aktuBauuu (Ep ~ 30 — 40 x/[»/mMonb) ¢ oOpa-
30BaHHMEM aKTHBHOTO IIEHTPa Ha KOHIIE IICTIH:

IMe+ M—>IMMe
IMMe + M —>MMMe

IMp® + M= M4

3) cranusa oOpsiBa Lenu ¢ 00pa30BaHUEM HEAKTHBHBIX MAKPOMO-
JIeKyJ TPOUCXOAUT BCIIEIACTBHE MCUE3HOBEHMS AKTUBHOTO LIEHTpa Ha
HUX. Takoil OOpHIB KMHETHYECKOW LENH B OTCYTCTBHE MHIHOUTOPOB
NPOTEKAeT MO0 peakUusiM peKOMOWHAIMU U / WIH JUCIPONOPIIHOHUPO-
BaHUsl MaKpOpaAUKaJIOB:

o
IMp® +IMg® —IM ]
IMp® + Mg — M, + IMq

OHeprusi akTHUBallMM pPEaKIMU PEKOMOMHAIMM MEHbIIE YeM MpHU
peaKuuu JUCIpOnOPLUOHUPOBAHUS.

OOpbIB (U3MUECKON IEMH POCTa MAKPOMOJEKYJIbI, TaKKe MpH-
BOJISIIIMN K HEAKTUBHBIM MakpopajguKajaaMm, IPOUCXOIUT 3a CUET pe-
aKIM{ nepegayv LUenud Ha MOHOMEp, NOJUMEDP, PACTBOPUTEND, MPHU-
Mecd U T. . B oOuieM Buae 3TH peakuuu MOTyT ObITh ONHUCAHBI
ypPaBHEHUEM

My + X — IM, + X*,

rae X — MOHOMED, ITOJIUMED, PACTBOPUTEIND U T. II.

B peakumsx paaukaabHON MOJMMEpPHU3AIUU CIIOCOOHO Yy4acTBO-
BaTh a0COJIOTHOE OOJIBIIMHCTBO BBIITYCKAEMbIX MPOMBIIIIEHHOCTHIO
MOHOMEPOB 3THJIIEHOBOIO psifia, a Takke OyTaJueH U €ro Nmpou3BO/I-
HbI€ (M30IpPEH, XJIOPOINPEH). AKTUBHOCTh MOHOMEPOB B ITUX peak-
LUSX CYIIECTBEHHO 3aBUCHUT OT MPUPOIbI 3aMECTUTENIEH IPU aToOMax
yriepoaa.

Honnas nonumepuzayus. ITHUUIHATOpaMu HOHHOW MOJIMMEPHU3ALIAN
MOTYT OBITb CBOOOJHBIE MOHBI, KOHTAKTHBIE WJIM COJIbBATUPOBAHHBIC
VOHHBIE Mapbl, KOMIUIEKCHl. BHEApeHre MOHOMEpPaA B PacTyILYIO I1OJIU-
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MEPHYIO II€Nb OCYIIECTBISAETCS MEXIY 3apsKEHHBIMH KOHIIAMHU pac-
TyIlIed MakpoLenu U NPOTUBOUOHOM. B 3aBuCMMOCTH OT 3Haka 3apsiaa
Ha KOHIE pacTylIel Lenu pa3inyaroT KaTUOHHYIO U aHUOHHYIO IOJIH-
MEpHU3aIHIO.

Kamuonnas nonumepuzayus. KaTMOHHYIO TOTUMEPU3ALUIO UHHU-
UUPYIOT KaTHOHAMH, OOpa3yIoIMMHUCA TpPH B3aUMOJCUCTBUHU MPO-
TOHHBIX KHUCIIOT (CEpHOM, XJOpHOW u T. A.), kucinoT Jlptouca (BFs;,
SnCly, TiCly, AlBr;) ¢ cokaranuzatopaMu — BOJIOM, CIMpTaMu, rajore-
HaJKWiIaMu U 7p. KaTHOHHbBIE KaTanu3aTopbl MPEACTaBISAIOT COOOU
yale BCEro NOJIIPU30BAHHBIE MOJIEKYJIBI WIM MOHHBIE napbl. KaTnoH-
Has MOJUMEpPHU3ALUs OYEHb YYBCTBUTEIbHA K YCIOBHUSM NPOTEKAHUS
nporecca.

[IpumepoM mponecca KaTUOHHOM ITOJIMMEPHU3ALMU MOXKET CIIy-
XKUTh MonuMepuszanust u3oOyTtuinena noj aercreuem BF;. Ha nauans-
HOM cTaguu mpolecca MPOUCXOAUT 0Opa30BaHHE KOMILIEKCHOIO CO-
€IMHEHMS KaTalu3aTopa U coKaTajlu3aTopa, 00JIaJarollero CBOMCTBA-
MU CHJIBHOW KUCJIOTBI:

BF; + H,O —> H'[BF;- OH]

Ha craguy WHATIMUPOBAHUS NIPOTOH MPHUCOCIUHSICTCS K MOJICKYJIe
MOHOMepa ¢ 00pa30BaHUEM HOHHOH MaphI:

CH, $H3
CH2:(|3 + H'[BF;+ OH] — CH3—c|:+ + [BF;- OH]
CHs CH,

OO6pa3zoBaBmiasics UOHHAs Mapa pearupyeT co Cleayroled MoJe-
KyJIOi MOHOMEPA, YTO COOTBETCTBYET CTAJIMU POCTA LEIH:

CH; CH;
CH;—C™" [BF;+- OH] + CH2=(|3 —
(|2H3 (|3H3
CH,4 CH,
— CH3—(|:—CH2—C|:+ [BF5+ OH] 1 .
b, Cng
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Takum oOpa3om, Ha KOHIIE pacTyIIeH 1eNu BCeraa HaXoIUTCs Kap-
OOKAaTHOH C IPOTUBOMOHOM.

OOpbIB LIEeNIK MTyTEM PEeKOMOWHALMA OJHOUMEHHO 3apsSKEHBIX HO-
HOB HEBO3MOXk€EH. OH OCYIIECTBISAETCSA B PE3YJIbTaTE:

1) mepexona npoToHa:

(|:H3 ?Hz
_CHz_(|:+ [BF3 OH]7—> _CHZ_(E + BF3 + HzO
CH3 CH3

2) mnepenayuv LENH HA MOHOMED:

CH; CH;
—CH,—C " [BF;-OH] + CH2=(|J —
(|2H3 CH;

ﬁ)Hz (|3H3
— > —CH,—C + CH;—C"[BF;-OH]
C|2H3 (|3H3

Anuonnas nonumepuzayus. OOpa3oBaHHE MaKPOMOJEKYJ MpPOUC-
XOOUT TMOJ AEUCTBUEM MOHA, KOTOPBIN 3apsSyKEH OTPULATEIIBHO.

B xauecTBe MHUIIMUPYIOLIMX ar€HTOB MCIOJIb3YIOT BEUIECTBA, JIET-
KO OTJAIOIIME AIEKTPOH, — IIEJOYHBIE METAJIJIbI, UX AJKWJIbI, TUAPUIBI,
aMuJpl, a TaKXKe pas3iInuHble OocHOBaHWs. [lommmepusanus crtupona
B Cpelle KUJIKOTO aMMHaKa B IPUCYTCTBUU aMHJa HATPUs IPOTEKAET
IO CIICAYIOIIEH CXEME:

1) unnIMupoBaHue:

CH=CH + Na" + NH, —> NHZ—CHZ—C?HN:J
C6H5 C6H5

2) pOCT LIETH:

—CH2—(|_3HNa++ CH=CH ——> —CH2—(FH—CH2—¢HNa+
CeHs CeHs CeHs CeHs
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3) nepenaya Uenu Ha paCTBOPUTENb:

—CHz—(l:HNa+ + NHy ——>—CH,;~CH, + NaNH,
C¢Hs (cpena) CeHs

OTpunaTenbHbIi 3apsa] KapOaHHMOHA M TOJIOKUTEIBHO 3apsiKEH-
HBI MPOTHBOMOH NEPEMEIIAIOTCS BAOJIb LIEMH, a KaXJas MOJEKYJa
MOHOMEpa BHEAPSETCA MEXKIy dTHUMHM 3apsigamu. B pesynbrare moy-
YaeTcsi MAaKpOMOJIEKYJIa C PETyJISIPHBIM YepeloBaHuEM 3BeHbeB. OOpHIB
LEeNu MpYU aHUOHHOW MOJUMEPHU3alUU MPOUCXOJUT OOBIYHO IyTEM €€
nepegayv Ha pacTBOPUTENb WIM MOHOMep. Eciii aHMOHHYIO MOJIMMe-
pU3alUI0 HEHACBIIEHHBIX YTIEBOAOPOAOB ITPOBOAUTH B YCIOBUSX, IIPU
KOTOPBIX UCKIIOYAETCSI OOPBIB LIEMH, TO €€ POCT MOXKET MPOJI0JKATHCS
MPAKTUYECKU 10 TOJIHOTO M3PACXOJOBAHUSI BCETO MOHOMEPA, IPUYEM
Ha KOHIIE MOJMMEPHBIX Ienei OyAeT COXpaHAThCS aKTUBHBIM aHUOH-
HBIN LIEHTP, CIOCOOHBIN K AalbHEHINEeH peakIuy moJInMepr3alun (Ha-
npuMep, Ipu A00aBJIECHUU B PEAKIIMOHHYIO CMECh HOBBIX MOPLHHA MO-
HoMmepa). [lpy 3TOM HpOHMCXOAUT BBIPABHUBAHHE PA3MEPOB OTAEIIb-
HBIX MAaKpOMOJIEKYJ U O0Opa30BaHHE MOHOJUCIIEPCHBIX MOJHMEPOB.
Takue ycTOWYMBBIE MAKPOAHUOHBI HA3bIBAIOT <GKUBYIIMMU» MOJIMME-
pamu. OHM 00pa3yIOTCA B pACTBOPUTEIISAX, HE CIIOCOOHBIX K PEAKIIHUIM
nepegaud uenu (TerparupodypaH, AUOKCaH, 1,2-AMMETOKCHITAH).
[Tpn momyd4eHUH «KUBYUIMX» MOJUMEPOB OOPBIB LIEMU [0 OKOHYAHHUH
peaKuuu pocTa OCYIIECTBISIETCS UCKYCCTBEHHBIM ITyTEM — BBEJICHUEM
B PEaKLMOHHYIO Maccy oOpbIBaTenel uenu (Cnupt, BoAa u Ip. ).

IMonukonaeHcanuss — MPOIECChl 00pa30BaHUs BBICOKOMOJIEKY-
JSIPHBIX COEIUHEHUH 3a CYET B3aMMOJEHUCTBUS OW- WU MOJUDYHK-
LIMOHAJIBHBIX MOHOMEPOB, COIPOBOKIAIOIIHNECS OJTHOBPEMEHHBIM BBI-
JIeJICHUEM KaKoTo-1100 HU3KOMOJIEKYJIIPHOTO MpOAyKTa (Boja, rajo-
T€HOBOJIOPOJI, aMMHAK, CIUPT U J1p.). CTpoeHUE 31EMEHTAPHOTO 3BEHA
TaKUX MOJIMMEPOB OTINYAETCA OT CTPOEHHUS HCXOJHBIX MOHOMEPOB.
HuskoMonekyIsapHbI TPOAYKT 4acTO MMEET PEAKLIHUOHHYIO CIIOCO0-
HOCTb, CPAaBHHMYIO C PEaKI[MOHHOU CIIOCOOHOCTBHIO OJHOTO M3 MOHO-
MEpOB. DTO MPUBOJUT K OOPATUMOCTH peakiuu. MoJeKyJapHasi Mac-
ca IMOJMMEpPA MEHBIIE CYMMBlI MOJEKYJSPHBIX MAacC MOHOMEpPOB,
BCTYIHBIIMX B PEAKIHUIO MOJIUKOHJEHCALMM, HA CYMMapHYI Maccy
MOOOYHBIX MPOTYKTOB.

Peakiuy noaukoHeHCAIMU OBIBAIOT CJIETYIOUIUX TUITOB:

1) rOMONONUKOHICHCAIIUM — B PEAKIMIO BCTYNAIOT COCTUHEHUS
C ABYMS OJIMHAKOBBIMU PEAKIIMOHHOCIOCOOHBIMH Tpynnamu. Hampu-
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MCp, p€aKuusd MOJIMKOHACHCAIUN aMHUHOKHUCIIOT C IMOJYUYCHUEM I10JIN-
aMHJIOB:

nH,N(CH,)(COOH == —[—NH(CH,)(CO—In— + (n=DH,0

2) TETepOIOIMKOH/ICHCAIIMN — B PEAKIIUIO BCTYMAIOT MOHOMEpPHI
JIBYX Pa3HbIX TUIIOB, KAXIbIA UX KOTOPBIX COJAEPKUT JBe (MK Ooee)
OJIMHAKOBBIE (PYHKIMOHAJIbHBIC TPYIIbI, CHOCOOHBIE pPEarupoBaTh
C PEaKIIMOHHOCIIOCOOHBIMU TPYIIIaMU JPYroro MOHOMEpA.

Hampumep, nonukoHaeHcausi TMKapOOHOBBIX KUCIOT C TJIMKOJIS-
MU C TIOTyYEHHUEM MOIUIPUPOB:

nHOOC—(CHy),—COOH + nHO—(CH,),—OH =—=
<~ H—[—0—(CH,),—0—CO—(CH,);—CO—In—OH + (2n—1)H;0

3) CONOJIMKOHJIEHCALIUU — TPOUCXOST B TOM Cllydae, Korja Kpome
MOHOMEpa WJIM MOHOMEPOB, HEOOXOJUMBIX /JIsi MPOBEJIEHUS TOMOIIO-
JUKOHACHCAIIMM WM TeTEepPONOIUKOHACHCAIIMN, B PEAKIUIO BBOAST
eIIe XOTs ObI OJITUH MOHOMED.

Ecnu Bce ucnosnb3yemMble MOHOMEPHI UMEIOT (YHKIIMOHAIBHOCTD,
paBHYIO IBYM (T. €. cofiepKar /Be (PyHKIMOHAIBHBIE PEAKIIMOHHOCTIO-
COOHBIE TPYyNIBbI), TO 00Pa3yrOTCs JIMHEHHBIE MOJUMEPHI — MPOXOJUT
JWHEWHas MoMuKoHaeHcalus. Eciau XoTs 6b1 01MH U3 MOHOMEPOB UMe-
eT (PYHKIIMOHATBHOCTH 0OJIee ABYX, TO MPOUCXOIUT TPEXMEpPHas MOJIH-
KOH/ICHCAIIMsI, IPUBOSAIIAS K MOTYUYCHHIO Pa3BETBICHHBIX WM ceTYa-
TBHIX TIOJTUMEPOB.

[Tpu monmMKOHAEHCAIIMH pACcTyIIas eTb MOJINMepa Moce Kaxa0ro
aKTa MPUCOEANHEHUS OCTAETCS YCTOMYMBBIM COEIMHEHHUEM, MPOIECcC
o0pa3oBaHMsl MOJMMEpPa MPOTEKAET CTYNEHSIMHU, MOJEKYJIsIpHas Macca
HapacTaeT MOCTEeNeHHO. Pa3zMep MoJekysbl YBEIMYMBAETCS C OTHOCH-
TEJIHHO HU3KOM CKOPOCTHIO: CHavajla U3 MOHOMepa 00pa3yeTcsi TuMmep,
3aTeM TpHUMeEp, TeTpaMep U T. A., KOTOPBbIE pearupyroT Ipyr ¢ APYyrom
no nonumepa. OOpa3oBaHHe MOJIUMEpPA MPOUCXOAUT HA CTAIUN OYECHb
BBICOKOW CTeIeHu 3aBepiieHus peakiuu (6onee 98%), BHIXOJ U MOJIe-
KyJISIpHasi Macca MOJMMEpPA 3aBUCSIT OT MPOJOKUTEILHOCTH PEaKIINH.
HcxoaHble v MOMyYeHHBIE B PE3yibTaTe MOJUKOHICHCAIIUN MOJIEKYJIbI
YCTOHYMBBI U MOTYT OBITH BBIJICTICHBI.

brnarogapss cTaiMiHOCTH pPEAKIUU TOJUKOHICHCAIUH MOJIEKY-
JspHAs Macca MPOIYyKTOB HEMPEPHIBHO YBEIUYHMBACTCS M MOHOMED
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UCYe3aeT 3aJ0T0 10 00pa30BaHMs MOJMMEpPa C MOJEKYJISIPHOW Mac-
coit 6osiee 5000—10 000. B 6onpmIMHCTBE peaklMil MOJTUMKOHAEHCALUH
octaetrcs He Oonee 1% mcxoAHOro MOHOMEpa K MOMEHTY oOpa3oBa-
HUS [IOJINMEpA.

ITpn nuHENHHON MOJMKOHJAEHCALMKU ABYX MOHOMEPOB ISl MOJIY-
YeHUs] MaKCHUMaJbHO BO3MOKHOW BBICOKON MOJEKYJSPHON Macchl
nojJuMepa HeoOXOoIuMO COoOI0AaTh PaBEHCTBO KOHIICHTPAIMH HC-
XOJIHBIX KOMIIOHEHTOB. YBEJIMYEHHE KOHLIEHTPAIlMU OJHOTO M3 HUX
PE3KO CHUYKAET CTENEeHb MOJUKOHJEHCAIMH, TaK KaK (QyHKIMOHAIb-
Hbl€ IPYNINbl U30BITOUHOIO MOHOMEpA JEUCTBYIOT KaK MHTHUOUTOPHI
¥ OCTaHABJIMBAIOT PEAKIMI0 Ha PAaHHUX CTaAMIX, T. €. 10 00pa3oBa-
HUS [OJUMEpa.

[Tpu mpoBegeHNM MOJMKOHAEHCAIIMU BaXKHO 3HATH 3aBHUCHUMOCTH
CKOPOCTH PEaKIUU OT Pa3INYHbIX (AaKTOPOB, 3aBUCUMOCTH CTETICHU
MOJIMKOH/ICHCAIIMU OT TIyOMHBI MpPEBpaIIeHUss MOHOMEpPA, COOTHOIIIe-
HUSI MOHOMEPOB B CMECH M ApPYyTHe MPUIHHBI MPEKPAIICHUs POCTa MO-
JEKYyJIIpHON MacChl OJUMEDPA.

CpenHsAs cTeneHb NOJUKOHACHCAUU 00pa3yrolerocs: nojaumepa
BbIpaXKaeTcs ypaBHEHUEM

P = o1 _ const + kc,t,
c l-x
T7ie ¢o — HadalbHasg KOHICHTpAus (pyHKIMOHAIBHBIX TPYIIL;, ¢ — Te-
Kylllasi KOHIIEHTpalus (yHKIMOHAJIbHBIX I'PYIII; X — CTEIIEHb 3aBepliIe-
HUS pEaKLINN; kK — KOHCTAHTa CKOPOCTHU PEAKLMHU; { — BPEMS.

Kak BuAHO W3 ypaBHEHMs], CTENEHb IOJMKOHICHCALUN JIMHENHO
pacTeT co BpeMEHEM peaklMH. BrICOKOMOJIEKYIIpHBIE MPOTYKTHl MO-
I'yT OBITh MOJYYEHBI PU cTeneHsaX npespaiienus x > 0,95. [Ipu meHb-
IIMX KOHBEPCUSAX 00pa3yloTcs JUILb OJIMTOMEPHBIE COETUHEHMUSL.

3aBUCUMOCTh MpENEIbHOW CTENEHU IOJIUKOHJEHCAIlUM OT KOH-
LEHTPALMU BBIJCIAIOMIEr0Cs TOOOYHOTO HU3KOMOJIEKYIISIPHOTO COEIH-
HEHHSI U KOHCTaHThl PaBHOBECHUSI XapaKTEePHU3yeTCsl ypaBHEHUEM TMOJIH-
KOH/ICHCAllMOHHOT'O PABHOBECHSL:

rae P — creneHb NOJUKOHACHCAIUU;, K — KOHCTAHTa PaBHOBECUS; 1, —
MOJIbHAS JTOJIS HU3KOMOJIEKYJISIPHOTO BELIECTBA, BBIACIISIIOLIETOCS MPU
peaKuuu.
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Ecnu ¢yHKIIMOHAIBHBIE TPYMIBI COACPKATCS B UCXOTHOM KOMIIO-
3UIIMU B DKBUMOJIIPHBIX COOTHOIICHUSAX, TO PEAKIUU UX JAPYT C APY-
roM OyayT ONpOAOSKATBCSA 1O UX MOJHOro mcuepnanus. [Ipu stom Ha
KOHI[aX 00pa3yolUXCcsi MaKpOMOJIEKYJ BCErJa MPHUCYTCTBYIOT pPEak-
LIMOHHOCIIOCOOHBIE T'PYyMIbl, KOTOPbIE MOT'YT y4acTBOBaTh B JajbHEM-
IIMX peaKklUUAX KOHJEHCALUHU IPYr ¢ APYroM WUJM C APYTMMU MOHOMeE-
pamu. Ecnu B cucteMe nMeercst U30bITOK (QyHKIIMOHATIBHBIX TPy OJ-
HOW MpUPObl, TO GYHKIIMOHATIBHBIEC IPYIIIBI IPYTOi MPUPOIBI OBICTPO
U3pacXoAyloTcsi B peakuusix. M30bITouHble KOHLIEBbIE (YHKIIMOHAb-
HbIE€ TPYIIBI OJHOW MPUPOABI HE MOTYT PEearupoBaTh APYr C APYroM,
U POCT MAKpOMOJIEKYJ NPEKPATHTCS. DTO MPOU30MAET TEM paHbIIe
U TIPU TOM MEHBLIEM 3HaYCHHUH CPETHEH MOJIEKYISIPHON Macchl KOHEU-
HOTO MPOJAYKTA, 4eM O0JIbIIe N30BITOK OJAHUX (QYHKIIMOHATIBHBIX TPYIII
[0 CpaBHEHHUIO ¢ IpyruMu. Takum oOpa3zoM, U30BITOK (PYHKIHMOHAIb-
HBIX TPYII OJHOTO U3 MOHOMEPOB MIPAaeT poJib CTOMOPA PEaKLHUH 00-
pPa30BaHUsl MMOJMMEPA U MPEPHIBAET 3Ty PEAKIMIO HA CTaJUU HU3KOMO-
JEKYJISPHBIX POYKTOB UJIU OJIUTOMEPOB.

Bonbiioe BiusiHUE Ha XOJ MPOLECCA OKA3bIBAIOT COIYTCTBYIOIINE
npoueccsl. [1o nmpuposie uX MOKHO pa3ienuTh Ha GU3NUECKUE U XUMU-
yeckue. K pusnueckum comyTCcTBYIOLUIMM NpOIieccaM OTHOCSTCS:

— UCKJIIOYeHHE (YHKIMOHAJIbHBIX I'PYIN U3 pEakLUUu BCIEACTBHE
CaMOIIPOU3BOJILHOTO BBINAJICHUS MOJIUMEpPa B 0CA/IOK;

— OJIoKMpoBaHKE (PYHKIMOHAJIBHBIX TPYII MOJIEKYJIaMH pPacTBO-
puTens;

— TOBBIIICHNE BA3KOCTH PEAKIIHOHHON CHCTEMBI.

K XuMHUYeCKUM COIMyTCTBYIOLIUM IPOLIECCAM OTHOCSTCS:

— HEe)XeNaTeNlbHbIe peaknu (PYHKIIMOHATBHBIX TPYII C MPUMECS-
MU, PaCTBOPUTENISIMH, MOHO(YHKIIMOHATLHBIMH TOOABKaMH,

— pasnoxkeHne GyHKIIMOHATIBHBIX TPYIIIL;

— BUIOM3MEHEHUE (QYHKIIMOHAIBHBIX TPYIIIL.

[ToOOUHBIMM peakLUsMHU IpoLecca MOJIMKOHIECHCAUH, ITPUBOJIS-
IIMMHU K pacnany oOpasyromuxcst 00JbIIMX MOJIEKYI, SIBISIOTCS pPeak-
UM TUAPOIIN3A, AUA0IN3a, AMUHOJIN3a, MEXKIEITHOIO0 0OMEHa.

[TpoayKTHl MOJMKOHAEHCAIMK MOTYT OBITH TEPMOILUIACTUYHBIMU
U TEPMOPEAKTUBHBIMU. TepMOIJIaCTUUHBIE MOJUMEPHI MOJIyYaloT IpU
JUHEHHON monukoHaeHcannu. OHU MPH HAarpeBEHUHU pa3MsrdaroTcs,
a IpHU OXJAXKJIECHUU 3aTBEPAEBAIOT. DTOT MPOLECC SABISETCS 00paTH-
MbIM. [lomumeps! mpu 3TOM HE MPETEepPHEeBAIOT HUKAKUX XUMUYECKUX
u3MeHeHui. CriocoOHOCTh K (DOPMOBAHUIO COXPAHSAETCS y HUX U TpHU
MOBTOPHBIX MepepaboTKax B U3JIETUS.
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TepmopeakTuBHBIE 00Pa3yIOTCSI U3 MOHOMEPOB, U3 KOTOPBIX XOTS
Obl OJIMH MMeeT (PYHKIMOHAIBHOCTh 00Jiee JIBYX, a OCTajbHble — HE
MeHee IByX. lIpym HarpeBaHUM CTPYKTYpPUPYIOTCS W IIPEBPAIIAIOTCS
B TBEPJbIC HEIUIABKUE W HEPACTBOPUMEBIC MPOMYKTHI, HE CIOCOOHBIC
K MIOBTOPHOMY (hOPMOBaHHIO. DTOT MPOIIECC SABIISIETCS HEOOPATUMBIM.

JlabopaTtopHasa pab6orTa
NMOJIMMEPU3ALUNA CTUPOJIA NPU PA3JINYHDBIX

KOHUEHTPALUAX MOHOMEPA.

Ilenv padomobr: poBeCTH PaAMKAIbHYIO MOJIMMEPU3ALUIO CTUPO-
ja Mpy Ppa3IuyHON UCXOJHON KOHIIEHTPALMM MOHOMEpPA U OLICHUTH €€
BIIUSIHUE HA MOJIEKYJIIPHYIO MaccCy Mojumepa.

Obopyoosanue, peakmuebl u mamepuanst: crakad oobemom 100 M,
KpyrioJganHelie kKonosl 00bemMoM 100 1 250 mit; 0OpaTHBIN XOIOMITBHIK;
BO/sHAsE OaHst; (hapPopoBbIe YAIlKKM; TEPMOCTAT; KaWJLUISPHBIA BHCKO-
3UMETP; CTUPOJT; MEPOKCH]] OEH30MIIa; TOIYOJ; O€H3011; OCH3UH.

Memoouxa eévtnonnenus padorpl. B ctakan nomemaroT 30 r cTu-
pona u 0,25 r nepokcuaa Oenzowuna. [lomyyeHHBI pacTBOp AENAT Ha
TPU PaBHBIC YACTH U 3arpy>Kar0T B TPU KPYIJIOJOHHBIE KOJOBI. 3aTem
n00aBIAIOT TONYod (B mepByro kondy 90 mi, Bo BTOpyro — 40 wmi,
B TpeThio — 20 mi1). CoeAMHSIOT KOJOBI ¢ OOPATHBIM XOJIOAMIBHUKOM
U HarpeBaloT ux Ha BoasHoW Oane mpu 80°C B Teuenue 6 4. Heobxo-
JUMO THIATEJIbHO CIEAUTh 3a TeM, YTOObI Bilara, KOHIAEHCUPYIOIIAAC
B XOJIOAWJIbHUKE, HE IPOCAYMBajIach B KOJOY (MIPUMEHEHNE PE3UHOBBIX
poOok HemonmycTuMo). I1o OKOHYaHMHM peaKIuy OTTOHSIOT OOJIBIIYIO
4acTh PACTBOPUTEIISL, OCTATOK KOJIMYECTBEHHO NEPEHOCAT BO B3BEILLIECH-
Hble (papdopoBbIe YaIlIKH, TOMEMIAIOT UX B MIPEABAPUTEIHLHO HArpeThI
10 80°C TepmocTaT, HAXOJAIIUKICS B BBITSHKHOM IIKady, U BBICYIIH-
BAaIOT MPOOBI JI0 MOCTOSTHHOM MaCCHI.

Omnpenenenue MOJEKYJAAPHOH MAcCChl MOJMCTHPOJIA. Buckosu-
METpUYECKHEe H3MEpEeHUs] MPOBOAAT B pacTBope Oenzona mpu 20°C
C pa3nuyHbIMU KOHIeHTpauusimu noaumepa (0,5; 0,25; 0,1875
u 0,125 r/cM’). XapaKTepUCTHYECKYIO BSI3KOCTH [1)] OMPEaESoT u3
rpajuka 3aBUCHUMOCTH T)y,/c OT ¢ IyTeM rpaMuecKoro 3KCTparoJiu-
POBaHUs 3HAYEHUH T)y,/C K HyJ€BOH KOHUEHTpalMH. MOJIEKyISIPHYIO

MacCy nmosiuMepa onpenenstor no gpopmymne [n]=KM“ . Ilpu Bucko3u-

METPHUYECKHX M3MepeHHsx B Oemsome K = 1,23 -+ 10°%; o = 0,72. Pe-
3yJAbTaThl U3MEPEHUIN BHOCST B Ta0JI. 6.
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Tabnuma 6
®opMma 3anUCH pe3yibTATOB

Konnenrpanus Mmonomepa ], em’/r M Brixon nonmumepa, %

3aoanue: HanycaTh ypaBHEHUS PEaKLMid BCEX AJIIEMEHTAPHBIX CTa-
JUH TIpoliecca MoJMMepPU3aluu CTUPOSIa, THUIUUPYEMOTO TEPOKCUIIOM
OeHzomsa; OOBACHUTH BIUSHUE KOHIEHTPAIMM MOHOMEpPAa Ha BBIXO]
MOJIUMEPA U €r0 MOJIEKYJIIPHYIO Maccy.

JlabopaTtopHas pa6oTa
NMNMOJIMMEPU3ALUNA METUWIMETAKPUJIATA
B PA3JINMHbIX PACTBOPUTENAX

Ilenv pabomer: npoBeCTH PAAUKAIBHYIO MOJIUMEPU3ALIMIO METHII-
MeTakpuiaTa B Pa3jIMYHbIX PACTBOPUTEINSX, OLEHUTh MX BIIUSHHE HA
MOJIEKYJIIPHYIO MaccCy MojJumepa.

Obopyoosanue, peakmuevl u mamepuanvl: CTCKISIHHbIE CTaKaHbI
o6bemoM 100 1 250 cM’; KPYIIOZOHHbIE KOIObI 00beMoM 100 MiT; 06-
paTHBIN XOJNOAWIBHUK; BOJsIHAS OaHst; papdhopoBbIe YAIIKK; CYIIUIBHBIN
mKad; KamuUIIPHBIA BUCKO3UMETP; METHIIMETAKpUJIaT CBEXKENeperHaH-
HBIW; TIEPOKCH]T OCH30MIIa; OCH30IT; aIlleTOH; TOYOJT; IETPOJICHHBIN 3up.

Memoouxka evinonnenus pabomel. B crakan nomenarot 30 © METHII-
merakpwiara u 0,3 r nmepokcuna 6erzomna. [lomydeHHbIi pacTBOp AT HA
3 paBHBIC YaCTU U 3arpyar0T B TPU KPYIJIOJIOHHBIE KOJObI. 3aTEM B KaxK-
Jy10 KoJIOy HanMBatoT 1o 40 r 0JJHOro U3 pacTBOPUTENEH (TETPAXIIOPH]T YT-
Jiepojia, OEH30J1, alleTOH), COEAUHSIIOT UX C OOPAaTHBIMU XOJIOMIILHUKAMU 1
NoMeIIarT Ha BojsiHyto OaHto npu 70°C. Peakiuio BemayT B TedueHue 3 d.
[To okOHUaHMM peaKIMy KOJObI OXJIAXKIAIOT U MOJMMEPBI BBICAKIAIOT B 5—
7-KpaTHbIM M30BITOK METPOJICHHOTO 3(upa B CTEKISTHHOM CTakaHe BMe-
ctumMocTbio 250 ev’. TlomydeHHbIe HOMMMEpBI IOMEIIAIOT B (haphopoBbie
YalllK| ¥ CyIIaT B CYIIWJILHOM IIKady 10 MOCTOSIHHOW Macchl. Buckosu-
METPUYECKUE U3MEPEHUSI TPOBOAAT B pacTBope Toiyosa npu 20°C ¢ pas-
JUMYHBIMA KOHIeHTparmsvu moymmepa (0,5; 0,25; 0,1875; 0,125 u 0,1%).
XapaKkTepuCTUUECKYIO BI3KOCTD 1] OnpeaessitoT u3 rpaduka 3aBUCUMOCTH
Nyz/C OT ¢ MyTeM TpadUUecKoro 3KCTPaAroMpOBAHUS 3HAYECHUH 1)y, / C
K HYJIEBOM KOHIIEHTpauuu. MOJEKYISIpHYIO MacCy MOJIUMEPA ONPEAEIISIOT

no ¢opmyre [n] =KM*“. Tlpyu BUCKO3UMETPUYCCKUX M3MEPEHHUIX B TO-

ayone K=0,71 - 10*% o= 0,73). Pe3ynbrarsl U13MepeHUit BHOCAT B Ta0II. 7.
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Tabmuma 7
Pe3yabTarsl u3mMepennii B

PacTBOpuTEns [n], em’/r | Monexynapuas Macca | Brixon monumepa, %

3adanue: HanucaTh YPABHEHUS PEAKLIMI BCEX AJIIEMEHTAPHBIX CTa-
IUH TIpoliecca, OUEHUTDh BBIXOJ MOJUMEpPa U BIMSHUE PACTBOPUTEIS HA
€ro MOJIEKYJISIPHYIO Maccy.

JlabopaTopHasn pav60Ta
CUHTE3 KAINPOHA (HAUJIOHA-6)

Ilenv pabomur: npoBeCTH MOTUMEPUZALUIO KapOIaKTaMa.

Oobopyoosanue, peakmuevl u mamepuanvl: Tpexropias kooda;
dapdopoBas yamnika; MeIlIagka, TEPMOMETpP; NecouHas (WiId BO3YyII-
Has) OaHs; KamposakTaMm; coyib A’ (aKTUBATOp peakivu); WHEPTHBIN
ra3 (0ayquioH); TUCTUILTMPOBaHHAs BOJA; CTEKJISTHHAS MAI0YKa.

Memoouka evinonnenus padotTbl. B Tpexropiyio konly mnome-
naroT 25 T €-karnposaktama u pactsop 0,5 r comu Al B 2,5 M nuctui-
JIMPOBAHHOW BOJIbI. PEaKIMOHHYIO0 CMECh IOCTEIIEHHO HAarpeBaroT B Te-
yerue 1,5 u 1o 100-120°C npu nepuoandecku padoTaroliell Melaike.
[Ipu 3TOM HaJ KUAKOCTHIO MPOITYCKAIOT MHEPTHBIA a3, BBOJUMBINA IO
TpyOKe, MpoxoAsiei yepe3 gopiurocc xonoanibHuka. HarpeBanue npo-
W3BOJIST HA NMECOYHOM MM Bo3ayliHoU 6ane. Uepes 1,5 1 otOuparot mpo-
Oy peakiMOHHON Macchl (~2 T). 3aTeM MOCTENEHHO B T€UEHHE 2 Y TOBbI-
maroT Temreparypy a0 260°C, orOupas npoOsI (~2 T) uepe3 Kak]Ible MMoJ-
yaca. B oroOpaHHbIX mpobax onpeAenstoT yAeabHYyI0 BsI3KkocTh 0,5%-Ho-
r'O pacTBOpa mojauMepa B kpesosie win aumetuindopmamue mpu 20°C.

OKOHUaHHE peaKUUH MOJUMEPHU3ALNH ONPENEISIOT BbITATMBAHU-
€M HUTH U3 PEAKIMOHHOW MacChl IPU MOMOUIM CTEKJISHHON MaJOYKH.
YianuB BPEMEHHO TEPMOMETP, CTEKJISHHOW MAJOYKOW BBITSATUBAKOT
TOHKYIO HUTb. Peakiuio mpekpamarT B TOT MOMEHT, KOIJla yAaeTcs
BBITSIHYTh JUIMHHYIO HUTh 0€3 ee oOpbiBa. B mpoTUBHOM ciyuyae Harpe-
BaHUE MPOJIOJIKAIOT €11l€ HEKOTOPOE BpeMH.

['OTOBBII MONMMEpP BBUIMBAIOT B YAIlIKy, Ha JHUCT KECTH WU Me-
TaJUIMYECKYI0 (POpMY, TJI€ OH U 3aTBEP/ICBACT.

3adanue: onpenenuTs yIeabHYIO BS3KOCTh 0,5%-HBIX pacTBOpPOB
B3STBHIX MPOO M MOCTPOUTH KPUBYIO 3aBUCHUMOCTHU BSI3KOCTHU IMOJIMMEPA
OT MPOJOKUTEIHOCTH PEAKIUU.
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JlabopaTtopHasa pab6orTa
NMONTYYMEHME NOJINDPUPHLIX OJIUTOMEPOB

Mo PEAKLUUUM NOJIMKOHAEHCALIUN

lleJlb paﬁombt: HU3YUYUTH PCAKIUU ITOJIMKOHACHCAIUN PA3JIUYIHBIX
MOHOMCDPOB.

CuvHTe3 nonuMaTuiieHaagunara

Oobopyoosanue, peakmugvl u mamepuanvl: TPEXTopias Kojda
o6bemom 250 mur; moBymika /luna — Crapka; ctakan oobemom 100 oM’;
dapdopoBas yaika; IpoOOUPKU C MPUTEPTHIMHU MTPOOKAMH; TEPMOMETD;
BOJsiHAasi OaHsl; aJUIMHOBAs KHUCIIOTA; JTHJICHIJIMKOIb, XJIOPO(QOopM;
stunoBeid cupt; 0,1 H. ciupToBoit pactBop KOH; dpenondranenn.

Memoouxka evinonnenusn pabomst. Cmemvpator 14,6 r anunuHo-
BOW KHMCJIOTBI ¥ 5,2 T 3TWJICHIVIMKOJIA U MIOMEMAIOT B TPEXTOPIIYEO KOJI-
Oy, CHaOKEHHYI0 MEXaHWYECKON MEIIAJIKOH, TEPMOMETPOM U JIOBYIII-
kol /Iuna — Crapka juist ynaBiuBanus oOpasyrouerics Boabl. Peakiuto
IPOBOJISAT HA BO3YIIHOW OaHe MPHU TEMIIepaType peaKMOHHOW MacCChI
175-185°C.

[To ucteduenun 4 4 0O6pa3yOUIYIOCs BSA3KYIO KUAKOCTh BBUIUBAIOT
B ropsueM cocTosiHMM B (papdopoByro yaiiky, B KOTOPOM >KHJIKOCTb
IIPU OCTHIBAHUU MIPEBPAILAETCS B CMOJIO000PA3HYIO MaCCy.

B npouecce NOIMKOHAEHCAMU Y€pE3 OINPEICICHHbIE MPOMEKYT-
KU BPEMEHHU OTOMpAIOT MpoObl i aHalu3a (ONpeesIeHne KOJIMYeCTBa
IeJI0YH, MolIe/Iiee Ha TuTpoBanue). IlepByro nmpoOy oTOMparoT uepes
45 muH, a 3aTeM 4epe3 Kaxaple 25 MUH 10 OKOHYaHHS TPOTEKaHUs pe-
akiuu. Bo Bpemst or6opa mpob memanky ocrtaHaBiauBaioT. OToupaior
npUMepHO | cM’ PeaKIMOHHON CMeCH M GBICTPO BHLIYBAIOT €€ B IIPEJI-
BAPUTENBHO B3BEHIECHHBIN ¢ TOYHOCTHIO 10 0,001 r crakan BMeCTUMO-
creio 100 cm’. Crakan ¢ poOoi OXJIAKIAIOT HA BO3JYyXE U CHOBA B3BE-
IIMBAIOT. 3aTeM B cTakaH HanmBaioT 10 cm® ximopodopma u 10 cM® 5T-
JIOBOTO CIHUPTA, PACTBOPSIIOT mojumep u TUTpyroT 0,1 H. cIUPTOBBIM
pactBopoM KOH B npucyrctBuu enondranenna.

CrtposT rpaduk 3aBUCUMOCTH KOHIIEHTPALIMM PEarupyronmx Be-
IIECTB OT BPEMEHH ITPOBEACHUS PEAKLUY.

3adanue: HanyicaTh ypaBHEHUS PEaKMyi 00pa3oBaHUs MOMMIPUpa
U ONPEIEIUTh €r0 CTPOCHHUE, PACTBOPUMOCTD IOJIMMEPA B PA3IUYHBIX
PacTBOPUTENSAX, KUCIOTHOE U 3()UPHOE YUCIIO TIOJTUMEPA, TEMIIEPATYPY
KarlernaieHus moJuMepa mo Merony Y 06enoue.
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MonukoHpaeHcauua ¢pTanesoro aHrnapuaa
C 3TUJIEHI/INKOJIEM

Oobopyooeanue, peakmuevl u mamepuanwvt: GaphopoBsiii cra-
kaH 06beMoM 100 cM’; CTeKIsHHAs BOPOHKA; TEPMOMETP; JIEKTPO-
nuTKa; (raneBbld aHrujpu]l (BO3OTHAHHBIA WIM CIUIABJICHHBIN);
ATUJICHTIIUKOIIb.

Memoouka evinonnenus paoomsi. Padoty 00s13aTe/IbHO NPOBO-
AST B BbITsIZKHOM 1mikady! B dbapdoporsiii ctakan oTeemmBaior 32,2 T
draneBoro anruapuaa u 13,6 T stunernukons. CTakaH TIOTHO MPUKPHI-
BAIOT ONMPOKHUHYTOM CTEKJISTHHON BOPOHKOM M OCTOPOKHO HarpeBaroT.

Peakuuto nipoBogar npu 180—-185°C u mepuoamyeckom mnepeme-
muBaHUU. B Xolle peakiuu *Kujakas peakimoHHasi CMECh MOCTEIEHHO
npuodperaeT cMoJI000pa3HyI0 KOHCUCTEHIIMIO U HaKOHel yepe3 4-5 u
KUJKAs CMOJIONOA00HAs Macca MpU OXJIAXACHUHM 10 KOMHATHOM TEM-
nepaTypsl 3aCTHIBACT B MPO3PAYHYIO CTEKIO00Pa3HYIO MacCy.

st u3yueHusi KWHETUKU PEaKIuu B MPOIECce CUHTE3a MOIudpuU-
pa otOuparoT B HEOOJIbIIUE TUTENIBbKU (6 IIT.) MPOOBI PEaKIIMOHHOU
Macchl, B KOTOPBIX KOJMYECTBEHHO OIPEAENSIIOT HENpOopearupoBaB-
IIYI0 KUCJIOTY.

[lepByto npoOy nosumepa OTOUPAIOT TOTUAC K€ TMOCIE PaCIlIaB-
JeHus (TaJIeBOro aHrujApuaa, cieayromue — yepe3 30 muH, 1, 2, 3
u4u.

@dTanieBblii aHTUAPU] IPYU HATPEBAHUM BO3TOHSETCS U KPUCTAILIHU-
3yeTcsl Ha XOJIOJHBIX CTeHKaX BOpoHKH. [TorTomMy mepen oToopom mpob
KPUCTAJIJIBI CUUILAIOT B PEAKIIMOHHBIA CTaKaH M TIATEJIbHO CMEIINBa-
10T ¢ Maccoil. [lonyueHHbIe TaHHbIE BHOCAT B Ta0JI. 8.

Tabnuua 8
Pe3ysbTaThl onpeaeneHnss KHCJIOTHOTO YHCIA
Bpems Obmem 0, 15. Hagecka
Ne P pactBopa KOH, Kucnotnoe | MonekynspHas
OT Hayana noJumMepa,
poObI MTOLIEAIIErO YUCIIO0 Macca
OIIbITA, Y 3 r
Ha TUTPOBaHHE, CM

3aoanue: nanucath ypaBHeHHs] 00pa3oBaHMs MOdM3(upa; ompe-
JENUTh KUCJIOTHBIE YUCIA MPOO0; MOCTPOUTh KPUBYIO M3MEHEHUS KH-
CJIOTHBIX YHCEJl CO BPEMEHEM; OMpPeAeNuTh 3PUPHOE YUCIO KOHEYHOTO
IIPOIYKTa KOHJCHCALINH.
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CuHTe3s rnudranesoro nonnacpupa

Oobopyoosanue, peakmugvl u Mamepuanvl: TEPMOMETP; DIEKTPO-
IUINTKA; (PTajeBblil aHTUAPUA; TIULIEPUH; CTakaH 00beMoM 50 M.

Memoouxka eévinonnenus paoompl. CUHTE3 CIEIYET MPOBOJUTH
B BBITSDKHOM IIKady, TaKk Kak IpPU PEaKIUU BBIJCISAIOTCS Haphbl
aKpoJenHa.

B crakan BMectumMoOCThIO 50 M1 BHOCAT 7,4 T TOHKO PacTepTOro
¢ranesoro anruapuaa u 3,1 r rmuuepuHa. TuaTenbHO TEPEeMENINBAIOT
CMeCh M OCTOpOkHO HarpesaroT 10 150-180°C, npu 3TOM M3 peakiu-
OHHOW Macchl BBIIEISAIOTCS Mapbl BOAbL. 3aTEM MOBBIIIAIOT TEMIIEPATY-
py no 230°C u HarpeBaroT cMech IIpu 3TOM Temmeparype ~40 MUH 110
TeX Mop, MoKa He Mpou3ouaeT BeryunBaHue. [lociie okoHyaHus peak-
[[MY MAcCy BBUIMBAIOT B TUIOCKHI JKECTSIHOW COCY]l M U3MEJIbYAIOT.

3aoanue: onpenenuTh BHIXOJ, KUCIOTHOE YUCIO, 3(UpPHOE YUCIIO,
T'UJIPOKCUIIBHOE YMCIIO U MOJIEKYJSPHYIO Maccy INu(TaneBoro noju-
3¢upa, pacCTBOPUMOCTH MOJIUMEPA B PAIUYHBIX PACTBOPUTEISX.

MonukoHaeHcauns IMMOHHOW KMUCNIOTbI C 3TUIEHI/INKOJIEM

Oobopyoosanue, peakmugvl U mamepuanvl: Tpexropias Koiabda
o0beMoM 150 mi; oOpaTHBIA XOJI0IMIBHUK; JoBylIKa [luna — Crapka;
TEPMOMETP; INEKTPOIUTUTKA; IUMOHHASL KMCIIOTA; STHJICHIJIMKOJIb.

Memoouka evinonnenusa pa6omel. OTBEINBAIOT 9,5 T JUMOH-
HOM KucioTel U 4,0 T raukosss W HarpeBaroT ux mnpu 150-155°C
B TPEXTOpJioi Kojioe ¢ OOpaTHBIM XOJOJUIBHUKOM U JIOBYIIKOM JJIS
yJIaBJIMBAaHUS BOJBI U TJIMKOJSA, YBJIEKAEMOIO BOJSHBIMHU IapaMH.
OO0 OKOHYAaHMM PEAKIUU CYIAT MO0 KOHCHUCTEHIIMU CMOJIBI: €CJIH TpHU
OXJIaXXJIeHUU MpoObI oOpasyeTcsi cTekiioo0pa3Has mMacca, HarpeBaHue
CEeAyeT NPEKPaTUTh.

3adanue: IPUBECTU BO3MOXHBIE CXEMBbl PEAKIIMH JTUMOHHOW KH-
CJIOTHI C 3TUJICHIJIMKOJEM; OMNPEACNIUTh PACTBOPUMOCTH MOIMIPHUpPA
B Pa3JIMYHbIX PACTBOPUTEIISIX.

NMonukoHaeHcauusa cMecu MaJsIeMHOBOro
n chaneBoro aHrvapvaa € ANd3TUJIEHIJTIMKOJ1IEM

Oobopyoosanue, peakmugvl U mamepuanvl: Tpexropias Koiabda

obobemMoMm 150 MuT; BAEKTPOIUIMTKA; JUATHUIICHTJIMKOIb; MaJCMHOBBIN
aHTUAPUT; (PTANCBBIN aHTUIAPHUI; TUPOXUHOH; HHEPTHBIHN a3 (0ajuioH).
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Memoouka evinonnenus padomst. B Tpexropiayro Koji0y BHOCST
11,66 r quaTUneHrIUKOINs, 7,77 T MaJleMHOBOTO aHruapuaa, 4,68 r ¢ra-
nesoro anruapuaa u 0,003 r ruApOXUHOHA, BKIIFOYAOT MOCTOSIHHBINA TOK
WHEPTHOTO raza (4uepe3 GopIToce XOJIOAWILHIKA) U HArpeBaroT, COOITI0-
Jasi CIeqYIOIUN TeMIepaTypHbIA pEXKUM: B TE€UEHUE MEPBBIX 2 Y MOCTe-
MIEHHO HarpeBalOT peakMoHHYI0 cMmech A0 150°C, B TeueHue mocie-
ayrommx 2 4 — 10 190-195°C, 3areM B TeueHue 2 4 NOAJIEP>KUBAIOT TEM-
neparypy 205°C u crnenyronme 2 4 — B npegenax 220-225°C. Ilo ucre-
YeHUH 8 4 OTOMPAIOT POOY pEaKIMOHHOW CMECH U ONPEIEIISIOT €€ Ku-
CJIOTHOE Yucio. Peakiuio 3akaHUMBAIOT NP KUCTOTHOM uncie 35—40.

3adanue: HAMUCaTh CXEMY PEAKIMU U YKa3aTh, K KaKOMYy THILY
MOJIMMEPOB OTHOCHUTCS MOJTYUYEHHBIA MPOAYKT.

JlabopaTtopHasa pab6orTa
CUHTE3 HAVIHOHA-G,G (NOJIMAMUAA)
N3 reKkCCAMETUNEHAQUWAMUNHA
U AAUNMUHOBOM KUCJ1IOTbI B PACIJIABE

Ienv padomwi: NPOBECTU PEAKLMIO MOJIUIPUCOETUHEHUS.

Oobopyoosanue, peakmugpl u mamepuanvl: KOHUYECKas KojOa
ob6bemom 250 mi1; BopoHka BroxHepa; sKkcukaTop; KpyrioJAoHHAas Kojia0a
obbeMoM 250 Mi; oOpaTHBIA XOJIOIUIBHUK; JoByIIKa [luna — Crapka;
dapdopoBas yaika; TEPMOMETp; ANEKTPOIUIUTKA; T'eKCaMETHIICHIha-
MUH TIE€PETHAHHBIN; aTUMUHOBAs KHUCJIOTA NEPEKPUCTAIIIU30BaHHAS,
STWJIOBBIN CIIUPT; UHEPTHIN ra3 (6ajwioH).

Memoouxa evinoanenus paoomot. Padory cjeayer npoBOAUTH
B BBITSZKHOM mKady! I[Iponecc momydeHus mojmMmepa COCTOUT W3
IByx omepanuii. CHayana OPUTOTABIMBAIOT COJIb FE€KCAMETUJICHIUa-
MHUHA U aAUIUHOBOM KHUCIOTHI (coib Al'), 3aTeM MpoOBOAST MOIMKOH-
neHcanuio conu Al

Jnst monmydenust conmu Al B KOHMYECKYIO KOJOY BMECTUMOCTHIO
250 ma nmomemaroT 14,6 T aIUIMUHOBOM KHCJIOTHI, 120 MJI 3THJIOBOTO
cnupTa U 15 MJ1 BoJbl, ocsie 4ero 1o0aBidioT 12 r rekcaMeTusaeHana-
MUHA. [Ipy ’TOM KOMIOHEHTHI IOJIHOCThEO PACTBOPSIOTCS C BBIACICHU-
eM Teruia. PacTtBop GuibTpyloT U MeasieHHO oxJaxaatoT. O6pa3oBaB-
Iasics COJIb BBIKPUCTANIM30BLIBACTCS B BUE OCCIIBETHBIX MPHU3M, KO-
TOpBIE OTCACHIBAIOT HAa BOPOHKE BroxHepa M cyllaT B SKCHKAaTOPE HaJ
TBEpAON menousto. OnpeaensatoT Beixoa coau, pH ee 10%-Horo Boa-
HOTO pPacTBOpa U TEMIIEpATypy IJIABJICHUSI.
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[ns nonyuyenns nonumepa 26,6 r conu Al moMemarT B Kpyrio-
JIOHHYIO KOJIOY C OOpaTHBIM XOJIOJWJILHUKOM W HarpeBaloT ee IpHu
220°C B NOCTOSIHHOM TOKE MHEPTHOTO Ta3a HAJl PEaKIMOHHON CMECHIO
(ra3 He IOMKEH cojepXaTh KUCIOpOoa). Beiaenstomascs Bojja KOH/IEH-
CUPYETCS B JIOBYIIIKE.

[locne HarpeBaHust B TeueHHe | 4 TemmepaTypy MOBBIIIAIOT 10
250-270°C m momaepKMBalOT €¢ B TeueHWe | 4 mpu arMochepHOM
TABJICHUH, 3aT€M — B TeueHue |1 4 B BakyyMme (0CTaTOYHOE JIaBlieHHE 2—
3 MM pT. CT.).

[Tomy4yeHHsIil MOIUMEP BBUIMBAIOT B (papdopoByro dHaimiky U Hc-
CIEAYIOT.

3adanue: onpenenuTh TEMIEpaTypy IUIaBICHUS MOJUMEpa B Ka-
MUJIJISPE, PaCTBOPUMOCTh MOJIMMEPA, MOJICKYJISIPHYIO MaccCy MoJIuMe-
pa BUCKO3MMETPUUYECKMM M XUMHUYECKUM (10 KOHIIEBBIM TIpyIIam)
METOJIaMH.

JlabopaTtopHas pa6oTa -
CUHTE3 KAPBAMUOO®OPMAJIBAErNAQHOU
CMOJ1bl

Ilens pabompl: TPOBECTU PEAKIIUIO TOJUKOHACHCAIIUU (DOpMaib-
Jeruja ¢ KapoaMuioM.

Oobopyoosanue, peakmuevl u mamepuanpl: Tpexropias Koibda
oovemMoMm 100 mi; Memmanka; oOpaTHBINM XOJMOAMIBHUK; Koj0a Bropua;
NpeloXpaHuTeIbHasl CKJISIHKA; BOJsHAsg OaHs; BOJOCTPYWHBINM HACOC;
TepMocTar; popManuH; kapoamuy (MmoueBuHa); 10%-HbIil pacTBOp TU/I-
POKCHJIA HATPUS; YKCYCHAsI KUCJIOTA JIeISTHASL.

Memoouka evinonnenus padomsi. B Tpexropiyioo koio0y BMme-
ctumocThbio 100 My, cCHaOKEHHYIO MEIIAIKONH U 0OpaTHBIM XOJIOIUIb-
HUKOM, nomemiatror 17,6 r (16 mi) 40%-Horo BogHOTO pactBopa dop-
Manspaeruna, pH koroporo goBomsar mo 7,5 moGamnenuem 10%-HOTO
pacTBOpa ruApokcuaa HaTpus. K comepkxumMoMy mpHu mepeMeniBaHuH
n00aBIAIOT 9 T KapbamMuaa U CMeCh KUIATAT Ha BOASHOM OaHe mpH me-
pememuBannu 2 4. [lomydeHHYIO0 peaknMOHHYIO Maccy IMepeIuBarOT
B k0yIOy Biopiia, koTopyio uepe3 OTBOJAHYIO TPYOKY COEAMHSIIOT C BO-
JOCTPYHUHBIM HACOCOM, HCHOJb3Yysl MPEAOXPAHUTEIBHYIO CKIISHKY.
['opsio k0n0bI 3aKpHIBAIOT MPOOKOM, B KOTOPYIO BCTaBJIEH KaIMILISP.
[Tpu Temmneparype 70—80°C (TepmomMeTp B OaHEe) MPOU3BOJAT OTTOHKY
BOJBI IO TE€X TOp, MOKa COACPKUMOE KOJIObI HE MPHOOPETET KOHCH-
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CTEHIUIO TycToro cupona. O0pa3oBaBUIMICS pacTBOP MEPEHOCST B TH-
reyb, 100aBIAIOT YKCYyCHYIO Kkucioty Ao pH 4,6-5,0 u narpeBaroTr B
tepmocTtate rpu 100°C HECKOTBKO YacOB JI0 3aTBEPICBAHMUSL.

3aodanue: onpenenuTs TEMIIEPATypy IUIABICHUSI U PaCTBOPUMOCTD
HOJIyYEHHOTO MOJIMMEpa.

JlabopaTopHasa pabora
CUHTE3 HOBOJIAYHOIO
®OEHOJTIOOOPMANTBAErnAHOIoO OJINMFOMEPA

Ilenv pabomel: TPOBECTH pEaKUUIO MOJUKOHACHCAUU (eHoa
¢ hopMaIbaEruaOM.

HoBosaunble onuromepsl — 3TO JIMHEWHBIE, TEPMOIUIACTUYHBIE
U PACTBOPUMBIE B OPraHUYECKUX PACTBOPUTENSAX mojaumepsl. OHU 00-
pa3yroTcs IpH MoJduKoHAeHcau penosa (bepercst B u30bITKE) ¢ Pop-
MaJbAETuI0M B Kuciou cpene. Eciu ¢popmanbaerun 6epercs B U30bIT-
K€, TO 00pa3yloTcs MPOIYKThI KOHJACHCAIIMK, Ha3bIBAEMbIE PE30JIaMHu.

Oobopyoosanue, peakmusvl u mMamepuanpl: KPyrioJoHHas Kojba
o6bemom 100 Mi1; 0OpaTHBIA XOJIOAUIBHUK; (PapPopoBHIN TUTIIB; TEP-
MOMETD; BOJIsiHAas OaHs; peHom; hopMaliuH; ColsTHas KUCIOTa.

Memoouxa evinonnenus paoomoi. Pabory nmpoBoauTh B BBI-
TsokHOM 1iKkady! B kpyriogonnyro konlOy nmomeniaroT 18,8 T cBexe-
nepernanHoro (enona u mobdasmsiroT 13 T popmanmua. Comepxrumoe
KOJIOBI SHEPrUYHO BCTPSIXUBAIOT JI0 TMOJHOTO PAcTBOpPEeHHs (eHona,
n00aBisA0T 0,4 MJI KOHLIEHTPUPOBAHHOW COJISTHOM KHMCIJIOTBI, COEIUHS-
I0T ¢ OOpaTHBIM XOJIOAWJIBHUKOM M HAarpeBaroT Ha BOJSHON OaHe mpH
temrepatype 90°C no oOpa3oBaHMs JBYX CJIO€B: HWKHUUH — CMOJAa,
BEPXHUU — BOJa. BepXHHUii ClIOM MMOCae OTCTauBAHUSA CIMBAIOT, & CMOJY
HECKOJIBKO pa3 MPOMBIBAIOT TEIUIOW BOJAOW O HEUTPAIBHOW PEAKLMU
IIPOMBIBHOM BOJIbI TI0 METUJIOBOMY OpaH)X€BOMY, CylIaT, a 3aTeM Io-
CTereHHO HarpeBaloT B (apdopoBom Turie g0 200°C (TepmomeTp
B cMoJie). PacraBieHHY0 CMOJTy BBUIMBAIOT Ha JIUCT OEJION KECTH.

3adanue: ONpPENEINTh PaCTBOPUMOCTh U TEMIIEPATYpPy pa3msrde-
HUS IIPOJYKTa KOHJEHCALMU; MPOU3BECTH KAYECTBEHHBI aHAIU3 I10-
JUMETHIICHOKCU(EHOJIOB.

BOMPOCHI K SALLUTE JIABOPATOPHbIX PABOT

1. Kakue BCIICCTBA HA3bIBAIOTCA BBICOKOMOJICKYJIAPHBIMU COCOH-
HCHHAMU, IMOJIMMCPAMU, OJIUTOMCPAMU, MOHOMepaMI/I?
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2. Kakue nosumepsl OTHOCATCS K TOMOLEIHBIM U TE€TEPOLECITHBIM ?
(mpuBECTH MPUMEPBHI).

3. UeM oTiM4aroTCs JIMHEMHBIE, PA3BETBICHHBIE U CETYATHIE I10-
auMephl? (IPUBECTU MMPUMEDPHI).

4. Kakune cymecTBYHOT METObI MOTYYEHUS TOJTUMEPOB?

5. KakoBbl OCHOBHBIE 3aKOHOMEPHOCTH pPaAUKaJIbHON MNOJIUME-
puszanuu?

6. Uto oO1iero y paaukaaibHON 1 HOHHOM MOJIMMEPU3AIUU U B YeM
ux paznuyue’?

7. KakoBbl OCHOBHBIE 3aKOHOMEPHOCTH KAaTMOHHOM NOJHUME-
pu3zanun?



XII. METOANKHN
NMPOBEAEHUNA AHAJIN30B

12.1. BbigeneHme nonmMmepa B HUCTOM Buge

[lepen ucnbiTaHUEM MOJIMMEP HEOOXOAWMO OYHCTUTH OT MpPHUMeE-
cell. [TpumecsamMu yanie BCero sIBISIOTCS UCXOAHBIE BEIIECTBA, KOTOPBIE
HE BCTYNWIX B peakuuio. [lomumep ounimamT oT HUX cocobom mepe-
OCAXKICHHUSL.

Hagecky nomamepa (3—5 r) pactBopsitor B 50 M1 paCTBOPUTEIIS U BbI-
mvBaroT pactBop B 100 M ocamutens, KOTOPBIA pacTBOPSET MCXOIHBIE
KOMITOHEHTbI W TIPUMECH, HO He pacTBopsieT noimuMep. Ilocne mpoBepku
HIOJIHOTBI OCKIECHUS OTAEISAIOT OCaJI0K, IPOMBIBAIOT €r0 CMECHIO PACTBO-
PUTETSI U OCAIUTENS, B3SITBIX B TAKUX )K€ COOTHOLLEHUSIX, KaK U IIPH OCAXK-
JIEHUH, TIOCJIE YETO BBICYILMBAIOT OCAJIOK B BAKYYME JI0 TIOCTOSTHHOW MAacChl.

12.2. OnpepeneHne MONEKY/ISPHOW MaccCbl NOIMMEpa
BUCKO3MMETPUUYECKUM METOAOM

[Ipr BUCKO3UMETPUUECKOM OINPEACICHUA MOJIEKYJISIPHOU MacChl
MOJINMEpa PACTBOPUTENH U TEMIEPATYPY JUIsl ©3MEPEHUI BHIOUPAIOT HA
OCHOBAHHMHM JIAaHHBIX Ta0s. 9, B KOTOpOW NMPHUBEACHBI TAKKE KOHCTAHTHI
ypaBHeHUst Mapka — KyHna — XayBuHKa.

Tabmumna 1
3uaveHust KOHCTAHT K u a B ypaBuenun [n] = KM*
[Tonumep PactBopurenn T, °C K- 10° a

[Honuctupon benzon 20 1,23 0,72
Tomyon 25 1,70 0,69

IlonuaTHaeH Hexamua 70 6,80 0,68
Kcunon 105 1,76 0,83

[TonunponuneH Jexanma 135 1,58 0,77
[TonuBuHXIOpHUT Iluknorekcanon 20 0,14 1,00
25 0,11 1,00

[TonumeTunmerakpuiat benszon 25 0,47 0,77
Xmopohopm 20 0,60 0,79

[Tonnakpunamua Bona 25 0,63 0,80
IlonuBuHUIANETAT AnieToH 20 0,99 0,75
benszon 30 5,63 0,62

[TonMBUHUIOBBINA CIUPT Bonma 25 3,00 0,50
[Tonukanpoamu Kpezon 25 32,00 0,62
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[ns onpeneneHns MOJEKYJSPHOM MAacChl MOJUMEPA HCIIOIB3YIOT
KaNWUISIPHBIA BUCKO3UMETpP. ['O0TOBAT paboune pacTBOPHI MOJUMEpPA
paznuuHoi koHueHTpanuu (mo 20 mi). B cyxoil BUCKO3UMETpP BHOCSIT
OJIMH W3 MPUTOTOBJIEHHBIX PACTBOPOB MoJuMepa. Buckozumerp ycra-
HAaBJIMBAIOT B TEPMOCTATE€ U TEPMOCTATUPYIOT B TeueHue 10-15 mun,
3aTEM OIPENEISAIOT BPEMSI UCTEUEHUs PACTBOpA MOJIUMEPA, 3a KOTOPOE
IIPUHUMAKOT CPENHEE 3HAUYCHHUE U3 TPEX M3MepeHuil. M3mepsror Bpems
VCTEUYECHUsI PACTBOPOB IOJHMMEPA PA3IMYHOM KOHUEHTpanuu. Pesyiib-
TaThl U3MEPEHUI BHOCAT B Tabi. 10.

Tabmuma 2
Pe3yabTaThl H3MepeHNsl BpeMEHU HCTEYEeHHs M PACTBOPOB MOJIUMepa

Konuenrtpanus Bpewms ucreuenus, ¢
nojauMepa

h 1) 5]

KoHImieHTpamuio pacTBopa moamMepa pacCUnThHIBAIOT 10 (popmyiie

. pV;-100
VIn+1y)

r7e p — HaBecKa noyummepa, T; V, Vi, V, — 00beM COOTBETCTBEHHO pac-
TBOPUTEIIS, U3PACXOAOBAHHOIO JIJISI PUTOTOBIICHUS PACTBOPA IMOJIUME-
pa, UCXOJTHOTO PacTBOpPa, MOMEIIEHHOTO B BUCKO3UMETP, U PACTBOPHU-
Tes, T00ABICHHOTO B BUCKO3UMETP TP pa30aBICHUH, oM.

Ha ocHOBaHMM MOJIy4eHHBIX [AHHBIX BBIYMCIAIOT M/M, =t /t,,

n/n,
c
Pe3ynbTaThl pacueToB 3aHOCAT B Tab. 11.

Ny, = —4) /8, Ny, /c 1 ln

Tabmauua 11
Pe3ysbTaThl pacuera BI3KOCTH PACTBOPOB MOJIMMEPOB

n My

Vi+ Vs c t n/mne Ny Ny, /¢ -

Ha ocHOBaHWHM MOJYYEHHBIX JAHHBIX CTPOSAT rpaduyecKyro 3a-
n/n,
c

BHCHMOCTD M, /¢ unu In OT ¢. DKCTpanoJISIMUENd MPSAMBIX K
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HYJIEBOM KOHIIEHTPAlMU OTCEKAIOT HAa OCH OpPAMHAT OTPE30K, paB-
Hell [1]. OOe mnpsiMble JOJDKHBI TEPECceKaThbCs Ha OCU OpAUHAT
B TOYKE, COOTBETCTBYIOLIEU HYJIEBON KOHIEeHTpanuu. Ecinu npsimelie
HE IEPECEKArTCAd B 3TOM TOYKE, TO 33 XAPAKTEPUCTHUUYECKYIO BS3-
KOCTh NPUHUMAKOT 3HAYECHUE, COOTBETCTBYIOILIEE CPEIHEN TOYKE
MEXAYy MEPEeCeYCHUSIMU Kaxk0oW MpsMou ocu opauHat. Onpenenus
3HA4Y€HHs [1)], O M3BECTHBIM BeIUYMHAM K M a TO YpPaBHECHUIO
Mapxka — Kyna — XayBuHKa BBIUMCIAIOT CPEAHEBA3KOCTHYIO MOJIE-
KYJISIDHYIO Maccy MOJUMeEDpa.

OnpeneneHue MOJIEKYJISPHOM Maccbl nonnacgpupos
MEeTOoAOM aHaIn3a KOHLEBbIX rpynn

MakpomoJieKyJibl MOAUI(PUPOB UMEIOT KaPOOKCHIIBHBIE U THUJIPO-
KCHJIbHBIE KOHLIEBbIE TPYMIbl. MOJIEKYJIIPHYIO MacCy MOIU3(PUPOB Ha-
xo14t 1o kuciaotHomy (K. H) u rugpokcunbaomy (I'. H) uncnam:

M—n=56,11-1000; M_n=56,11.1000‘
K. 4 r.g

Hannune B mosmsdupe HEKOTOPOro KOJWYECTBA MAKPOMOJIEKYJ,
UMEIOIIMX Ha KOHIAX JB€ KapOOKCHUJIbHBIE WM JBE THIPOKCUIIbHBIC
IPYIIIbI, MOXET MPUBECTH K HETOYHOCTHU IIPU PacyeTe MOJEKYISIPHOI
Mmaccel. [loatoMy st mosydeHus: 0ojiee TOYHBIX 3HAYEHUI MOJIEKY-
JSIPHOM Macchl ONPENENSIIOT CoAepkKaHHEe O0EHUX KOHIIEBBIX TPy,
a MOJIEKYJISIPHYIO MaccCy pacCUMTHIBAIOT MO (opMmyie

M—_56,11-2-1000
" K.Y+TI.Y

12.4. OnpepeneHne coaep)XXaHua rMAPOKCUIIbHbIX Frpynn
M rMAPOKCUIBHOIO Yucna

MeTon OCHOBaH Ha CIIOCOOHOCTH THIPOKCHIICOJEPKAIINX COEIH-
HEHUH B3aMMOJICHCTBOBATh C YKCYCHBIM aHTHIAPUIOM ¢ 00pa30BaHHEM
CJI03KHOT0 3dupa.

Jisg aneTUIUpOBaHUs MPUMEHSIOT CMECh YKCYCHOTO aHTHAPHUAA
U nupuanHa. [TupuanH CBA3BIBaET BBIIEISIONIYIOCS YKCYCHYIO KHCIIO-
Ty ¢ 00pa3oBaHHEM COJIH, KOTOpas pa3jiaraetcs MpH 100aBIeHUH BOJIBI;
BBIJICJIMBIIYIOCS YKCYCHYIO KHCIIOTY OTTUTPOBBIBAIOT IIEJIOYBIO.
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Xo0 onpeodenenua udpokcunbno2o uucia. B xondy moMemarT
0,2-0,5 T U3MENBYEHHOTO M BBICYIIEHHOTO THAPOKCHIICOAEPKALIETO
COCIMHCHUS, B3BEIICHHOTO ¢ TOYHOCTRIO A0 0,0002 r, m00aBIAIOT MH-
neTkoit 20 cM’ ALETHIUPYIOIIEH CMECH, IPUCOCIUHSIOT KOIOy K BO3-
JOYIIHOMY XOJOJAWJIBHUKY, 3aKPBITOMY CBEPXY MPOOKOH C XJIOpKajb-
IIMEeBOM TPYOKOM, W HArpeBalOT Ha KUIAIIEH BOJSHONW OaHE B TCUCHHE
1-2 4. [Tocie oxnaxaeHUs: B KOJOy 4epe3 BepxX XOJIOJWJIbHUKA J00aB-
10T 50 M’ IUCTHIUIMPOBAHHON BOABI M CMECh BBIICPKHBAIOT IIPH
KOMHATHOW Temmeparype 2—3 4 jub0 HarpeBaloT Ha BOJASHOW OaHe
10 muH. OXJXIEHHYIO CMECh TUTPYIOT IIEJI0YbI0 B MIPUCYTCTBUU (e-
HoJIpTasenHa 10 MOSIBICHUST PO30BOM okpacku. [1o pe3ynpraram aHa-
Ju3a IBYX MpoO MPUHUMAIOT CpenHee 3HaueHue. [lapanienbHo mpoBo-
JAT KOHTPOJIBHBIN OTIBIT.

Copaepxanne TUIAPOKCHIBHBIX Tpymm X (%) pacCUMTHIBAIOT IO

dbopmyie
(" =V,)F-0,0085-100

X >
g

rae Vi, u V, — oowem 0,5 H. pactBopa NaOH, u3pacxo/ioBaHHOroO Ha
TUTPOBAHHE KOHTPOJBHOW W aHAJIM3UPYEMOU MPOO COOTBETCTBEHHO,
cM’; F — nonpaBoussiii koadduuuent 0,5 1. pactBopa NaOH; 0,0085 —
xomuaecTBo OH-rpyrm, cootercTByromee 1 cM’ Touno 0,5 H. pacTBo-
pa NaOH, r; g — HaBecka, T.

['unpoxcunbHoe yucio (I'. U) yclioBHO BBIpaxaroT YHCIOM MUJI-
aurpammoB KOH, HeoOXoauMbIM JI HEWTpaau3aluu aHTHIPHU/IA,
MIPOPEArupPOBABIIETO C THJIPOKCHIBHBIMU TPyHIIaMU, KOTOPBIE COIEP-
’Karcs B 1 T BeliecTna.

Jlnst onipeienieHus TUAPOKCHIBHOTO YUCHA MOMMI(PUP alETUIIUPY-
IOT 110 METOJIMKE, OMMMCAHHOM BbIlIe. HaBecka ruApOKCHIICOIEPKAILETO
noymMepa 00bprgHO coctaBisieT 1-2 r. HarpeBanue mposost mpu 60°C
B TEUCHHUE 2 4.

I'uapoxcunbraoe uucio (I'. U, mr KOH/T) paccuuthiBaroT 1o popmyiie

(V, - V,)F -0,028-100
g b

=

rae Vi u V, — o6wem 0,5 H. pactBopa KOH, nzpacxonoBaHHOTO Ha TUT-
pOBaHUE KOHTPOJBHOW MPOOBI W aHAIM3UPYEMOH MPOOBI COOTBETCT-
BEHHO, cM"; F — mompaBounbli ko3bdurment 0,5 H. pactBopa KOH;
0,028 — tutp 0,5 H. pactBopa KOH, F/CM3; g — HaBeCKa, T.

133



12.5. OnpepeneHne KUCNOTHOIO Yucna

Kucnotueim uncnom (K. H) Ha3bIBaeTCs YMCI0 MUJUTUTPAMMOB THI-
POKCH/Ia KaJHsl, HEOOXOAMMOE ISl HeMTpanu3aiiui CBOOOIHBIX KapOOK-
CWJIBHBIX TPYIII, COAECPKAIUXCS B 1 T aHATM3UPYEMOTO BEIIIECTRA.

Xo00 onpedenenuna Kuciomuozo uucia. B 1BE 4YUCTbIE Cyxue
IUIOCKOJIOHHBIE KOJIOBI M3 TEPMOCTOMKOro crekiaa oobemom 100 mu
nomemaT no 0,2-0,3 r aHaAIU3UPYEMOIo BelIeCcTBA (B3BELUIMBAHMUS
IIPOBOJSAT HA aHAIMTHYECKUX Becax ¢ ToyHocThio 10 0,0001 r). B kon-
OBl MPUJIMBAIOT MO 15 MJI 3TUIIOBOTO CHUPTA, A00ABISIIOT 3—4 Karuu
unaukatopa (0,1%-HbI1 COUPTOBOM pacTBOp THUMOJOBOTO CHUHETO)
u TuTpyroT 0,1 H. CIUPTOBBIM PacTBOpPOM ruapokcuja kanus. Konery
TUTPOBAHUS OMPEIEISIIOT IO U3MEHEHUIO OKPACKU PACTBOPA OT JKENTOM
B KHCJIOW cpenie A0 royy0oit B mienouyHoi. [lapamiensHO mpoOBOMIST
TUTpOBaHUE 15 M1 3TUIOBOro cnupta 0€3 HABECKHU aHAJIU3UPYEMOro
BEIECTBA (XOJI0CTOMN OTBIT).

KucnotHoe uucno (Mr/r) paccuutbiBaloT 1mno Gopmyie

K,T-I:(

V- Vo ) CKOHM KOH
g

rae V' — oobem pactBopa KOH, momenmmuii Ha TUTpOBaHHE MPOOBI
aHAJIU3UPYyEMOro BellecTBa, mit; Vy — oobeM pactBopa KOH, uzpacxo-
JIOBAHHBINA B XOJIOCTOM oO1bITe, MJI; Cxoy — HOpMaJibHasl KOHIIEHTPALIMS
pactBopa KOH, Monb-3kB./1; Myoy — ModisapHast macca KOH, r/momb;
g — HAaBECKa aHAIIM3UPYEMOr0 BEIECTBA, T.

HaiiieHHOE KMCJIOTHOE YHMCIIO CPAaBHUBAIOT C KUCIOTHBIM YHCIIOM,
BBIYMCJIEHHBIM ISl JAHHOTO BEILIECTBA.

12.6. OnpepeneHue 3chMpHOro umcna

O¢dupubM ynciaom (3. U) Ha3bpIBaeTCA YUCIO MUJUTUTPAMMOB TH/I-
pPOKCHa Kallnsi, HEOOXOIUMOE I OMBUICHHS CJIOKHOA(UPHBIX TPYTII
B | T aHANIM3KUPYEMOTO BEIIECTBA.

Xo0 onpeoenenusn 3gpupnozo uucaa. IbupHoe YUCIO ONpees-
I0T B T€X e Mpodax, 4YTo U KUCIOTHOE. B konObl nmocne onpeaeneHus
KHCIIOTHOTO YMCIia MPWIMBAIOT JONOJHUTEIRHO 1o 25 mia 0,1 H. BoA-
HOTO pacTBOpa TMAPOKCHIA Kallus, MPUCOEIUHAIOT K Kojbam oOpart-
HbI€ XOJIOJIMILHUKH, HATPEBAIOT HA KUIISIIEH BOJSHON OaHEe B TEUCHHE
1 u. [Tocne oxnaxaeHus KojiO IIeI04b, HE BCTYNHUBIIYIO B PEaKIUIO,
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tuTpytoT 0,1 H. consHOM KuCIOTOM. [lapamienbHO B TEX ke yCIOBHUAX
MPOBOJIAT XOJIOCTOM OIIBIT.
[lo naHHBIM OOpPATHOTO TUTPOBAHMS ONPEACIAIOT Y3PUPHOE YUCIO

(mr/T):

(Vo B V) CHCIMKOH
g

2.U=

rae V — obweM pactBopa HCI, nomenmuii Ha TATpoBaHue NpoObI aHa-
JU3UPYEMOro BemiecTBa, Mit; Vy — o0beM pactBopa HCI, m3pacxomo-
BaHHBIH B XOJIOCTOM ombITe, MJI; Cic — HOpMajbHash KOHIICHTPAIIHS
pactBopa HCIl, Monb-3kB./11; Moy — MomsipHas macca KOH, r/mois;
g — HaBECKa aHaJIM3UPyEeMOro BEIIEeCTBa, T.

DdupHoe yucio, HaWJEHHOE B pe3yJbTaTe aHajln3a, CPAaBHUBAIOT
¢ 3(UPHBIM YUCJIOM, BEIYMCIICHHBIM JIJIS IAHHOTO BEIIECTBA.

12.7. OnpepeneHme MogHOIro y1ucna

HMoaHeiM gucIoM (M. Y) na3pIBalOT KOJIMYECTBO I'PaMMOB Hoja,
IIPUCOEAVHUBILIETOCS IIPU ONpeneNeHHbIX ycinoBusax K 100 r umccne-
qyemoro BeniecTBa. [Ipy 3TOM cuWTaroT, 4TO BECh MOJ MAET Ha peak-
LU0 MPUCOEIUHEHHS] MO KPAaTHBIM CBA3SIM M Ha KaXAYH0 JIBOMHYIO
CBs3b pacxoayercs 1 Moib Hoza.

Xo00 onpeoenenun ioono2o uucna. HaBecky MCOBITYEMOTO TMPO-
NyKTa TOMEIAIOT Ha 3apaHee B3BEIICHHOE Ha aHAJUTHYECKUX Becax
IPEIMETHOE CTEKJIO M BHOBbH B3BEIIMBAIOT. Pa3HOCTh MEXIy IBYyMs
B3BCILIMBAHUSMH COCTABIISIET MAcCy HaBECKU MCCIEAYEMOro BEILIECTBA,
KOTOpasi JOJDKHA HaxoauThes B nipenenax 0,2—0,4 r. [IpeameTHoe cTek-
JIO C BELIECTBOM NEPEHOCAT B IJIOCKOJOHHYIO KOJOY BMECTHUMOCTBIO
500 My, B KOTOpPYIO 3apaHee HAJIMBAKOT 15 Mil 3TWiIOBOrO cnupTa. 3a-
TeM B KOJIOy u3 Oroperku npuiuBatoT 25 mi 0,2 H. CIUPTOBOTO pac-
TBOpa ¥Hona u 150 M AUCTWILTMpOBaHHOW BOABI (BOJa HEOOXoanma
JUIsl 00pa30BaHUsl TOHKOW AMYJIbCHUHA MEXAY HOJIOM M aHaJIU3HPYEMBIM
BeniecTBoM). Konly miIoTHO 3aKkpbIBalOT MPOOKOW U TIIATENbHO B30a-
THIBAIOT B T€YEHUE 5 MHH, MOCJIE YETO BBLACPKUBAIOT €Ille 5 MUH. 3a-
TE€M OMBIBAIOT MPOOKY U CTEHKHU KOJIOBI 30 MJI JUCTHUILUTMPOBAHHOM BO-
nbl, nobaBisitoT 25 Ma 0,1 H. pacTBopa Hoauaa Kajiusl U COAEPKUMOE
K0J10b1 oTTUTpOBBIBaOT 0,1 H. pacTBopoMm THOCy’b(para HaTpusi. Bua-
yajie TATPOBAHUE BEAYT JI0 COJIOMEHHO-KENTOro 1[BETa, 3aTeEM MpUOaB-
0T 1 min cBexenpurotrosiieHHOro 0,5%-Horo BOZHOTO pacTBOpa
Kpaxmayia U TUTPYIOT JI0 UCUE3HOBEHUSI CHHEBATO-(HOJIETOBOIO OKpa-

135



muBaHusA. [lapamieabHO CTaBAT XOJOCTOW OMBIT, KOTOPBIA MPOBOMST
TaKuM ke 00pa3oM, HO 0€3 HABECKHU HCTIBITYEMOTO MPOYKTA.
HNoanoe uncio (t 1,/100 r) onpenensitoT no Gpopmyre

N Y= (Vo - V)CNaZSZO3fIZMIZ
' 10g ’

rae V — o0bem pacTtBopa THOCYJb(aTa HaTpuUsl, U3PACXOJOBAHHOIO HA
TUTPOBAHUE B IIEJIEBOM OIIBITE, MIT;, V) — 00hEM pacTBOpa THOCYJIb(aTa
HATpHsl, U3PACXOJ0BAHHOTO HAa TUTPOBAHHE B XOJIOCTOM OIIBITE, MII,
Ca,s,0, — HOpPMallbHasi KOHICHTPALUs BOJHOTO PAaCcTBOPA THOCYIb(a-

Ta HATPHS, MOJb-OKB./JT; fi — (aKTOp SKBUBAICHTHOCTH MOJICKYIISD-
HOro woma; M [, — MOJIpHas Macca MOJIEKYJAPHOTO fona, T/MOIB;

g — Macca HaBECKH HCIBITYEMOI'O BELIECTBA, T.
Onpenenenue mpoBOASIT HE MEHEE ABYX pa3, 3a HOJAHOE YHUCIIO
MPUHUMAIOT CpeIHee apu(METHUECKOE U3 MOTYyUYCHHBIX 3HAUCHH.

12.8. KauecTBeHHOe onpeaesieHne pacTBOPUMOCTH

B mpoOupky ¢ mputepThiMu TpoOkamMu momemaoT 0,5 T Xoporio
U3MEJIbYCHHOTO MCCIIEyeMOro MoJIMMepa, MPUIHBAIOT 5 MII pacTBOPH-
TEJST U OCTAaBJIIOT CTOSATH B IITaTUBE B TEUYECHUE 2 U MPH KOMHATHOM
TEeMIepaType, UHOT/Ia B30aNThIBasi cMeCh B Tpobupkax. Yepe3 2 4 Ha-
OI0AI0T M3MEHEHUs, KOTOPhIE MPOU3OILIN B MpoOupkax. Bo3zmMoxHO
1100 TMOJIHOE PaCTBOpPEHHE, MO0 OrpaHUYCHHOE Ha0yXaHUE MOJIUMEpa.
B cnyuyae orpaHmueHHOTO pacTBOpEHUs WM HAaOyXaHUs MOJMMepa He-
00X0AMMO MPOBEPUTH PACTBOPUMOCTH MIPH MOBBIIIEHHOW TeMIIEpaType.
Jl1st 3T0r0 MpoOUpKy C UCCIETyEMOM CMECHIO HAarpeBarOT Ha BOASHOM
OaHe ¢ oOpaTHBIM XOJIOAMJIFHUKOM B TE€YEHHE TOTydaca, MOCIe 4Yero
BHOBB HAOJIIOAIOT H3MEHEHMSI, KOTOPBIE MMPOUCXOIAT B IPOOHPKE.

12.9. KonnyecTBeHHOE onpeaesieHne pactBOPUMOCTH

YacTto HE0OXOIMMO HE TOJBKO OIpPEAETUTh, B KAKUX BELIECTBaX
pacTBOpPSIETCS MOTYYCHHBIN MOJUMEDP, HO U OLECHUTHh PA3HHUILy PacTBO-
pSIIOIIEH CITOCOOHOCTH HECKOJIBKUX BELIECTB.

O pacTBOpsIOIIENd CIOCOOHOCTH MOXHO CYAHTh IO KOJWYECTBY
OCauTelNs, CIIOCOOHOTO BBI3BATh MOMYTHEHHE pacTBOpa MOJIUMEDA.
Uem Oombliie ocaauTesisi HEOOXOAUMO JI00aBUTh B PACTBOP JO MOSIBIIC-
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HUSL MYTH, TEM JIy4dlllel pacTBOPSIONIEH CIOCOOHOCTBIO 00NaIaeT AaH-
HBIN pacTBopuTenab. OTHOIIEHHE 00beMa OCaJAUTENS K 00BEMY PacTBO-
pUTENS KOJMYECTBEHHO XapaKTEpPHU3yeT pPacTBOPUMOCTh IOJMMEpa.
B xonnueckyro kondy nomerniarot 0,05-0,10 r xopoIo u3Menb4eHHOTO
UCCIIEYEMOTO MOJMMEPA U PACTBOPSIIOT B 3 MII UCCIIEAYEMOTO PacTBO-
putens. IlotoM w©3 OrOpeTKHM MOMJIUBAIOT K PacTBOPY OCATUTENb
(MO KarwisiM Mpu MOCTOSTHHOM IE€PEMENIMBAHNN) 10 MOSBIECHUS MYTH,
KoTOpas He ucyezaeT. KonnuecTBo 1006aBI€HHOT0 ocaguTens (M), KO-
TOPOE€ NPUXOAUTCS Ha 1 MJI B3SITOTO pPacCTBOPUTEIIS, ABJISIETCS KOJIHYE-
CTBEHHOH XapaKTEPUCTUKON paCTBOPHUMOCTH NOJMMEpA B JaHHOM pac-
TBOpHUTENE. DTO KOJIUYECTBO TEM OOJIbIIE, YeM JTyUIlIeld pacTBOPSIOLICH
CHOCOOHOCTBIO 00JafaeT MJaHHBI PacTBOPUTENb [0 OTHOIICHHUIO
K JTaHHOMY nonuMmepy. KpaTkuil nepedeHp pacTBOPUTENEH U OCaauTe-
JIeW 1 pa3uYHbIX MOJIMMEPOB NpuBeeH B Ta0a. 12. JlanHbie Tabmu-
1[bI PUMEHAIOT TaKXe NpH (PPaKIIMOHUPOBAHUH MTOJTUMEPOB.

Tabmuma 12
PexomeHayemble pacTBOPHUTEIH H 0CAAUTEH
[Tonumep PacTBopuTenn Ocanurens
[Tonuctupon benszon MeTtunoBelii  CrupT,
OeH3uH
[1onMBUHUIIOBBINA CIIUPT Bopa, dopmamuy Husmme cimptel
[Tonusdupsl AueToH Bopna, Husime cnupThl
[Tonmmamuasl Kpeson, mumernndop- | Huzmme cnupTsi
MaMH/]1
®denonodopmanbIeTuaHbIE  MO- | DTWIOBBIA cnupT, are-|Boaa
JUMEPBI TOH
MoueBuHOGOpMAIIbICTHIHBIC Bona PacTtBOp consiHOM Ku-
IOJINMEPBI CUJIOTBI

12.10. OnpepneneHuve TeMnepaTypbl KansenageHus
no meroay Y66enopne

TeMnepaTypoil KaluienaaeHuss Ha3bIBAIOT TEMIIEPATypy, IPU KO-
TOPOM Karuls MOJMMeEpa OTIAEIAETCS OT PABHOMEPHO HArpeTord MacChl
MCCIIEyEMOTO BEIECTBA MO JEHCTBUEM CUJIBI TSDKECTU. TeMiieparypy
KarwIenaeHus OTMpeIeNaIoT Ha Ipudope Yo6oenoe.

[TpubGop cocToUT K3 TEPMOMETPA, PTYTHBIM IIAPUK KOTOPOIO OIMy-
IIEH B CKJISHKY C OTBepcTHEM B JHE. CKISTHKA NPUKPETUIIETCS K TEPMO-
METPY € MOMOIIBIO METAJUIMYECKOW TMIIb3bl. T€PMOMETpP CO CKISIHKON
3aKpeIuIsAoT B IPOOUPKE Tak, YTOOBI MEXTY THOM IMPOOUPKU M CKIISH-
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KOM OCTaBaJICsl HEKOTOPBIA MPOMEKYTOK. [IpoOUpKyY 3aKperisitoT B KOJI-
0e ¢ rIMuepuHOM i1 paBHOMepHoro HarpeBa. Ilepen ompenenenuem
CKIISIHKY BBIHUMAIOT W3 THJIb3bl, CTAaBAT HA CTEKJIO W BJIMBAIOT B HEE
pacIUIaBiI€HHBIA TONUMEpP. B pacriiaBieHHBbIM MOAMMEP MOMENIAIOT
TEPMOMETP U CKJISTHKY 3aKpEIUIIioT B o0oriMe Tuiib3bl. [locre 3acThiBa-
HUS TIOJIUMEpPA COOMpPAIOT MPUOOP U HArPEeBAIOT, YBEIMYMBAs TeMIIepa-
Typy co ckopocTbto 1°C B MunyTy. TemnepaTypy, Ipu KOTOPO Karuis
PACIUIABIICHHOTO MOJIMMEPA MPOXOAUT YEPE3 OTBEPCTHUE B JHE CKIISTHKU
Y MaJIaeT Ha THO MPOOUPKH, CYUTAIOT TEMIIEPATypOr KarjienaaeHus.

DTOT METOJI NPUMEHUM Ui TOJHUMEPOB TOJBKO OTHOCHUTEIBHO
HeOoJbIIoN MoJeKyJisipHoi Macchl (70 10 000).

12.11. OnpepeneHne TeMnepaTtypbl NJ1aBJIeHUs B Kanunnsipe

CymHocTh METO/A 3aKI0YAETCs B U3BMEPEHUN TEMIIEpaTyphl, IPU
KOTOpO BU3yalbHO HAOIIOAAETCs MOMEHT mepexoja obpasia, rmome-
IIEHHOTO B MPO3PayHbId KaWJUIAP U 000TPEBAEMOTO C PEryIHupyeMoi
CKOPOCTBIO, B PaCILJIaBJIEHHOE COCTOSTHUE.

Heb6osnpiioe KOIMYECTBO TOHKO M3MEJIbYEHHOTO BEIIECTBA MOME-
HIAIOT B CYXYI0 M YHCTYIO KallWUISIPHYIO TPYOKY, 3alasiHHYIO C OJHOTO
koHia. J{nmuna tpyoku 40—60 MM, BHyTpeHHU# nuamerp 1 mMm. Bere-
CTBO B KalWJUIApEe JOJDKHO OBITh YIIOTHEHO, YTO JIOCTUTAETCS MyTEeM
OpocaHus Kauuisipa B BEPTUKAJILHO YCTAHOBJICHHYIO Ha MIPEIMETHOM
CTOJIE CTEKJIIHHYIO TPpYyOKy auameTpoMm 8—10 mm u BbicoTor 70—80 mMm.
Crnoil ynjaoTHEHHOTO BEIIECTBa B KAaMWUISAPE JOKEH ObITh 2—4 MM.
Kanumisip npukperisitoT pe3suHOBBIM KOJIBIIOM K PTYTHOMY pe3epBya-
py TepMomMeTpa. TepMOMETp ¢ KaNWJUISIPOM 3aKPEIUISIOT IPU MOMOILIU
npoOKu B IPOOHpPKE, KOTOPYIO, B CBOIO OYEpEb, 3aKPEIUISIIOT B KOJIOE,
3armoTHEHHOW Ha 2/3 6€3BOAHBIM TIIMIIEPUHOM M CITyXKaIlel TepMocTa-
toM. [Ipu HarpeBanuu co ckopoctbio 1°C B MUHYTY ONpEAENsSOT UH-
TepBaJ TEMIIEpPaTyp, MPU KOTOPOM CTOJIO MOIUMEPA HAUMHACT TJIaBUT-
csa (TemmepaTypa pa3MAryeHUs) M, HAKOHEIN, COBCEM pa3Msrdaercs.
Koneunon sBisiercst teMmneparypa, Ipd KOTOPOW CMECh B KanuJuIsipe
npUoOpeTaeT OTHOCUTENBHYIO TPO3PAYHOCTb.

[Ipu ompeneneHun TeMIEpaTyphl IUIABICHUS MOJIUMEPOB, KOTO-
pble HU3MEHSIOTCA B IPOLECCE HAarpeBaHHUs Ha OTKPBITOM BO3JyXe
(B CBSI3U C OKHCIICHHEM) WJIM MUMEIOT OYEHb BBICOKYIO TEMIIEPATypy
MJIABJICHUS, HEOOXOAMMO 3aMasiTh OTKPHITHIN KOHEIl KamuJusipa mocie
ero 3amnojHeHud. K Takum mnonummepam OTHOCATCS, HalpuMep, MOJIu-
aMUJIbl U MOJMMOYEBHUHA.
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