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Y [ociOHWKY BHWKJIQJICHO OCHOBHI IOJOXCHHS Teopii yTBOpPEHHS  KapOamino-
dhopmaipieriTHUX 1 MeTaMiHO()OPMAaNbAETITHUX OJIrOMEPIB (CMOJT), TEXHOJIOTIT OAepyKaHHS CMOJT 1
BUTOTOBJICHHSI MaTepialliB Ha iX OCHOBI, MepepoOKa Ta 3aCTOCYBaHHS KapOaminopopMabaeriTHuX
cmon (KOC) i menaminohopmanbaerigaux cmosr (M®PC) B mpoOMHUCIIOBOCTI Ta OOYTI.

Po3rnsiHyTo TeopeTHyHi acmeKTH peakiliii kapOamigy, MelamiHy Ta IHIIMX CIIONYK, IO
MICTATh TPYIH aMiJHOTO TUIY 3 (hOpPMaIbAETIIOM, XapaKTepHI 3aKOHOMIPHOCTI iX MPOXOKEHHS,
MEXaHI3MU 1 KIHCTHKA HAWBOKJIMBINIMX PEaKIid MPOIECy CMOJIOYTBOPCHHS, HacaMIlepe.
MOJIIKOHJICHCAIIIT MMiJ] BIUIMBOM KHCJIOTHO—OCHOBHHUX KaTalli3aTOpiB Ta 3aTBEPKEHHS aMiHOCMOI.
3HayHa yBara NpUAUICHA BIUIMBY PI3HUX YWHHHMKIB Ha Tepedir OCHOBHHX pEakIliii mporecy
YTBOPEHHS CMOJI, 30KpeMa DPEryJIIOBaHHS BMICTy METWJION- 1 METUJICHHOXIJHHX Ta JOCATHEHHS
MOTPIOHOTO CTYIEHs IX IMONIKOHJEHCAIil, (OPMYBaHHSI METHJICHOBHX, IMUMCTHICHETCPHUX Ta
IHITUX 3B’s3KIB Ha CTa/Iil OJIep KaHH:, IEPEpOOKH Ta 3aTBEpKEHHs cMoJ1. HaBeaeHo BiIOMOCTI Ipo
ciocob6u crabumizamii Ta TuracTudikamnii amiHOCMOJ. BHCBITIIEHO HAWMOMMPEHINI TPOMHUCIOBI
METOJIM OJEeP>KaHHA CHUPOBHMHHUX peareHTiB misi cuHTey KOC 1 MOC, ix ¢i3uuni 1 XimiuHi
BrnactuBocTi. [IIUpOKO pO3MISHYTO TEXHOJOTIT ojep»)aHHS KapOamimoopMalbIeriTHuX CMOJI,
KJICiB Ha iX OCHOBI, BUTOTOBIICHHS [IpecMaTepialiB, MIapyBaTUX MIIACTHKIB 1 IAKOBUX aMiHOCMOIL, iX
nepepoOKa i 0COOTMBOCTI BUKOPUCTAHHS B HAWOUIBII MEPCIIEKTUBHIUX cepax 3aCTOCYyBaHHSI.

HaByanbHuii mociOHMK peKOMEHIOBAHUN ISl CTYACHTIB BUIIMX HAaBYANBHUX 3aKIaIiB, SKi
BUBYAIOTh XIMIIO Ta TEXHOJIOTII0O aMIHOBMICHHMX TIOJIMEpIB, a TaKOX A MPAKTUYHOI poOOTH
CHeIialiCTIB-TEXHOIOTB.

Khoma M.I., Fedorchenko S.V. Urea- and melamine-formaldehyde oligomers. The educational textbook.
— Ivano-Frankivsk: VDV CIT Prycarpathian National University named after V.Stefanyk, 2008. — 156 p.

The educational textbook is recommended for students of High Shools studing chemistry and
technology of polymers. There are stated main principles of forming urea- and melamineformaldehyde
oligomers (resins, UFR and MFR) theory in this text-book, technology of their gelting and making the
materials on their base, the processing and using of aminoplastics in industry and everyday life.

It is looked at the theoretical aspects of carbamide reactions, melamine and other compounds, that
contain, the amides type groups with formaldehyde, the typical conformity of their origin mechanism and
cinetics of the process reactions of resinforming, first of all, polycondensation under the influence of
catalysts of the aminoresins confirmation. The considerable attention is granted to the influence of different
factors on the course of the main of aminiresins forming process, among their number, the regulation of
methylolderivatives accommodation of necessary degree of their polycondensation, formulation of methylen
and dimethylenethered and other contacts on the stage of getting, processing and confirmation of resins. It is
given the information about the methods of aminoresins stabilization and plasticization. It is lighted up the
widest industrial methods of raw materials reagents getting for UFR and MFR synthesis, their physical and
chemical properties. It widly looked at the technology of urea-formaldehyde-resins grtting,the glues on their
base, making the press-materials laminated plastics and enamel aminoresins,their processing and long-term
spheres of aminoresins getting on the non-formaldegide polymers base from carbamide and its derivatives.

HpykyeTbest BIAMOBITHO A0 pimieHHs BdyeHoi pamu [HCTUTYTY NpPUPONHMYMX HAYK
[Tpukapnarchbkoro HalioHaJdbHOTO yHiBepcuTeTy iMeHi B.Ctedanuka, npotokos Ne6 Bix 6 TpaBHs
2008 poky.
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Beryn

Aminonnacmamu Ha3UBAaIOTh BCl CMOJIM 1 IJIACTMACH, sIKI OTPUMYIOTh Ha iX
OCHOBI, SIKIIIO CMOJIM € MTPOAYKTaMH PeakKilii CIoIyK, 10 MicTATh amiHorpynu R-NHy,
3 ampaerimamu  R’-CHO, maifuactime 3  dopmanbaerinoMm. OCHOBHUMU
aMIHOCKJIaTHUKaMHU CMOJI € KapOamiz 1 MenamiH. [HIlll aMiHOCTIONYKH, SIK HalpUKIIa],
OcH30ryaHaMiH, aH1JIiH, BXKUBAIOTHCS B 0OMEKEHOMY 00CS31.

3aBasKUM HMU3bKIA BapTOCTi, OaraTiii CUpOBHHHIN 0a3l Ta BHUKJIIOYHO IIHHUM
TEXHIYHUM 1  (PI3UKO-XIMIYHUM  BJACTHUBOCTSIM, BHUPOOHUUTBO  KapOamino-
bopMaNbACTIAHUX  OJIITOMEPiB  (CMOJI) Ma€ BakKJIMBE NPAKTUYHE 3HAYCHHS.
OcHoBHMMHU nepeBaraMu kap0aminodopmaibIeriTHUX CMOJI €: HU3bKa B A3KICTh IIPH
BHUCOKII KOHIIEHTpAIlli 1 TeMreparypi, cCTaOUIbHICTh MpHU 30epiraHHi, mo 3ade3nevye
MOXJIUBICTh PETYJIIOBaHHS B’A3KOCTI, 3HAYHAa aJre3iiiHa 3[aTHICTb, BEJIMKA
IIBUJIKICTh 3aTBEP/KCHHS, BUCOKA MIIHICTh KJIEWOBOro I1Ba, 0O€30apBHICTD,
CBITJIOCTIMKICTh, TBEPAICTh, BUCOKHH JYTOBUM OIIIP.

[TomikoHaeHcaliitH1 NoJIIMEpHU Oymnu nepImMu POMUCIOBUMU
BHCOKOMOJICKYJISIDPHUMHU ~ criojiykamu. [IpomucioBe BHPOOHUILITBO aMIHOILIACTIB
posnovaiock B 1920 pori, 1 Mmojsrajso TOJOBHUM YHHOM B OTPHMAaHHI JIMTHX
kapOamigopopMalbAETIIHUX CMOJI — OpraHiyHoro ckja. B 1935 poii MoXIHUBICTB
OTpUMaHHs  JEIIEBOr0  MejaMmiHy 3a0e3meumsna  pPO3BUTOK  IPOMUCIOBOTO
BHPOOHHMIITBA MaTepiajiB Ha OCHOBI MeslaMiHO(OPMaIbICTiIHUX OJIIroMepiB (CMOJI).
3roZ0M, 3 OCBOEHHSM MOJIMEPU3ALINHUX METO/IB OJEP>KaHHS MOJIMEPIB, Ha MepIIe
Miclle BWHMIIIM came 111 mnomimepu. OJHAK MPOMUCIOBICTH BUPOOHHUIITBA
MOJIIKOH/ICHCALIITHUX TMOJIMEpIB MPOJOBXKYBajda YCHIIIHO PO3BUBATHUCS, NPO MO
MOKHa CBIIYMTH 32 TUM (HaKTOM, IO 32 OOCATOM BHITYCKY TUIbKM aMiHOIIACTIB
3pOCTaHHS IOJIBOIOBAJIOCH KOXHI JACCATH POKiB. ChOTOAHI aMIHOCMOJIN BXOJSATH JI0
JECSATKA HAUTTOIMPEHIIINUX TOJIMEpIB.

Ha manwmii yac monoBrMHA BCHOTO CBITOBOI'O BUPOOHUIITBA TEPMOPEAKTUBHUX
cmout nipuniagae Ha KOC 1 MOC. V 2010 pomi B CIIA, Kanani, Mekcimi, 3aximHii
€pormi, Anonii 1 iHmMMX kpaiHax As3ii Oyj0 BuUpoOJieHO 1 croxuTo Onu3bko 9,5

M1JIbIOHIB TOHH amiHOCcMOJI. [IpupicT cBITOBOro BUPOOHHUIITBA aMIHOCMOJI B OCTaHHI



pOKHM ckiagae mnpubnu3HO 3,6 % Ha piKk B 3aJEKHOCTI BiJ 3arajibHOrO CTaHy
€KOHOMIKM  perioHy. HaiibGinpme B CBITI 3  amMiHOCMOJN  BUPOOJISAIOTH
kKapOamigopopManbaeriTHUX, MeJlaMiHOGOpMaIbACTIIHUX CMOJI Ta KapOamijio-
MenaMiHOQOPMAaNbACTITHUX CMOJI, SIKI € 1X CyMilmio a0 CHiBHOJIMEPOM.
OcHoBHuMu BUpoOHMKamu amiHocmon € CIIA, Snonis, Himeuunna i Pocis. B
JepeBOOOPOOHIN MPOMUCIIOBOCTI, sIKa € HaWBAXXJIMBIIIOW OO0JACTIO 3aCTOCYBaHHS
aMIHOCMOJI, BUKOPHCTOBYEThCS mpuOam3Ho 85 % Bumycky kapbamigodopmais-
JerigHux cMoi, 1 Tutbku 15 % — dbenonodpopmansaerinaux. Kiei na ocnoi KOC B
Ty’Ke€ BEITUKHX KUIBKOCTSIX BHKOPHUCTOBYIOTBCSA Y BHPOOHHWIITBI JIEPEBUHHO-
CTPYXKOBHX 1 JJ€pE€BUHHOBOJIOKHUCTUX TUIUT, (haHepu 1 MebuiB. Tomy nonut Ha KOC
3aJIeKUTh B OCHOBHOMY BiJI MPOIAYKTUBHOCTI JepeBOOOpoOHOI 1 OyaiBenbHOT
IIPOMHMCIIOBOCTI.

Binomumu €BPONEHCHKUMHU BUPOOHUKAMU SAKICHUX KapOamio-
dbopMabaerigHux cmon € kommanii ,,Bison” (Himeuuuna), ,,Chimar Hellas S.A.” i
,,oapemus” (I'peuis), ,,British Industrial Plastics” (Bemukoopuranis), ,,Krona Pol.”
(TTonp1a), ,,Achema” (JIutsa) Ta psin iHmux kommanii. Kapbaminohopmainsaeriani
CMOJIM PI3HUX MAapOK MpOMNOHYITh Iinuil psag mianpuemcts CHJI. Benuky
noTy>kHicTh BupoOHunTBa Mawth PI'VII ,3aBox um. A.M.Ceepmiosa” (350 Tuc.
toHH/pik), 3AT ,Tomckuit HebTexummueckuit 3aBon” (moryxHicTh 200 THC.
ToHH/pIK), “TonbsaTTu-Azor”, AT “Akpon”, ,,Kapnarnadroxim™ (40 THC. TOHH/pIK,

Kasnymr), mianpuemtsa B ['opiisii, Pyoisxknomy, HoBroposi.



PO3JILI 1
OCHOBHI PEATEHTH JIUISI CHHTE3Y AMIHOILJIACTIB

1.1. Kap6amin
Memoou odeporrcanns
Kapbamio NH,CONH, — mepma opraHigyHa crojiyka, oJep)KaHa MIUIIXOM
CHUHTE3y 3 HeopraniyHux pedoBuH. KapOamin OyB Binkputuii B 1775 p. Pynemnom, y
1828 p. Bemiep onepkaB Horo izoMepu3alli€ro miaHaTy aMOHII0 ITPU HarpiBaHHi:
NH;CNO — H,NCONH, (L.T)
BupobuuntBo kapbamigy B MPOMHCIOBOMY MaciiTabi Oyio HalaroJKEHO B
1920-1925 pp. Lls nemeBa cnoayka 3HAWIIUIA MHPOKE 3aCTOCYBAHHS B PSJIi TaTy3el
MIPOMHUCIIOBOCTI — MEPEAYCIM SIK IOOPUBO JIJISl CLITILCHKOTO TOCIIOAAPCTBA, Mi3HIIIE — Y
BUPOOHMIITBI TJIaCTMAC.
€IuHUI TPOMUCTIOBUI METOJ OJEPKaHHS KapOamioy TOJATaE B CUHTE31 13
amiaky 1 JIOKCUIY BYTJEIl0. BUpOOHUIITBO MPOBOAUTHCS OE3MEPEPBHUM CIIOCOOOM.
3pimKeHi aMmiak 1 JIOKCH] BYTJICHIO B3a€EMOJIIIOTh BIIPOJIOBXK 2 T'OJl B aBTOKJIABI IMiJl
tickoM 110-400 krc/cm®. CrouaTKy YTBOPIOETBCS Kapbamam aMOHii0, TPAYOMY
TeMIiepaTypa peakiiiaoi cymiri 3pocrae g0 135-150 °C:
2NH; + CO, - NH,COONH, + 38 kkan (1.2)
[Ipm wiii TemmepaTypi BIIOYBAa€eThCS PpO3KIaJaHHS KapOaMaTy aMOHII0 13
BUJIIJICHHSIM BOJIU 1 yTBOPEHHSIM KapOaMify:
NH,COONH,; - NH,CONH, + H,0 + 8 kkan 1.3)
OOuaBi1 peakuii 3BOpOTHI. Buxia mpoaykry 301IbLIYETHCS 13 MiABUIICHHSIM
trcky. [IIBUAKICT peakiiii 3pocTae 13 TeMIepaTyporo, OJTHaK TeMIepaTypa peakilii He
noBuHHa mniepeBuuryBatd 210 °C. Ile cnpuunmHeHO HEOOXIIHICTIO 30epiraHHs
peakiiifHoi Macu B PIOAKOMY CTaHl, a TaKOXX MPArHEHHAM YHUKHYTH MIiABUIICHHS
TUCKY. 3a OAMH LUKI BUKOpUcTOBYeThcs 40—60 % BuxigHOi cupoBuHHU. Peakiiiina
CyMIII MICHS POCETIOBAHHS HAIXOJUTh B JUCTUJIALINHY KOJIOHY, Jie BIIOYBA€ThCS
po3kian kapbaMaTy aMOHII0, SIKMi He mpopearyBaB. HempopearoBani ra3u, a Takox

rasy, 110 yTBOPWJIMCS BHACIIJOK PO3KiIaay KapOamary amOHII0, MICHs JUCTHIISILIL



MOBEPTAIOTHCA y BHPOOHWYMIA Tmporiec. Pimka maca, 1o 3amumiuiacs, MICTHTH
6mu3bko 80 % kapbaminy. KapOamin BUKPUCTANTI30BYIOTh, IICHTPUDYTYIOTh 1 CYIIaTh.
OTpumaHuil TOTOBUH MPOAYKT € mexHiuHumM Kapoamioom. JIns BUpPOOHUIITBA
IJIACTMAC BHUKOPUCTOBYETBCS KPUCMANIYHUL Kapbamio, OTPUMAHUN TepeKpucTa-
J3aI11€10 TEXHIYHOTO MPOIYKTY 13 BOAU.

OcCHOBHI TpYJIHOIII B TMpolleci CHUHTE3y KapOaMiqy TOB’si3aHI 3 CHJIBHOIO
KOPO3i€I0 amapaTypu Mia i€l peakmiiaoi cywim. [TosBa HOBUX KOHCTPYKIIIHHUX
MatepiaiiB Jajia 3MOTY YCIIITHO MOO0JIATH 111 TPOOJIEMH.

Kap6amig nepeBaxxHO BUPOOJSETHCA B KPUCTATIYHOMY a00 IpaHyJbOBAHOMY
Buji. [Ipu nepepoOui Ha Micll OTpUMaHHs KapOamiJ MOK€ BUKOPHUCTOBYBATHCH 1y
BUTJISAI KOHIICHTPOBAHOTO BOJAHOTO po3unHy (Hanpukiaz, 70 %-soro).

Di3uuni enacmugeocmi

3aranbHONPUMHITOIO POPMYIIOI0 KapOamioy BBAKAETHCS HACTYITHA!

H,N-CO-NH,

Kap6amin icaye 1 B mousspusoBaHiii ¢opmi, B AKiid oOWIBa aTOMH a30Ty

PIBHOIIIHHI:
H2N\ H2N§ ] H2N+\ ]
C=0 « /C—O — /C—O
H.N/ H,N* H.N7

Pe3onancna ionHa opma kapbamigy iCHye pa3oM 3 HEUTpaabHUMHU (HopMamMu
y kubkocTi 20-30 % sk B po3uMHI, Tak 1 B KpucTaidiuHoMy cTaHl. Kapbamiz
KPHUCTAJI3YEThCS B CUCTEMI TETparoHa, yTBOPIOIOYHM OE3KOIIpHI KpucTamu y dopmi
JOBTHX, TOHKUX, IIOPOYKHUCTUX TIPU3M.

Ximiuni 1acmugocmi

Kapbamio — ne cmabka oJHOBaJICHTHA OCHOBAa 13 KOHCTaHTOIO JHCOITiaIlii
ke=1,5-10"* (mpu Temmepatypi 21 °C). Comi kapGamixy cTifiki g0 Aii Gimbirocti
KHUCIIOT, MPUYOMY HITPATH 1 OKCANAaTHU MOTaHO PO3UYMHHI y BOAL. Y PO3YMHI KUCIOT 1
OoCHOB KapOamin eioponizyemwvcs 10 NHsz 1 CO,. Kapbamia yTBoproe 6arato Cromyk,
13 SKUX TpaKTUYHE 3HAYCHHS MalwTh NepeAyciM anaykTh 13 amidaTuuHUMHU

napadiHaMu — Krampamu, 1O BUKOPUCTOBYIOTHCA [UISl PO3IAUICHHA JIHIAHUX 1

10



po3raigyxeHux anaiaTUYHUX BYTJIEBOJHIB. Ami(aTuyHi JaHLIOTy napadiny B Takux
CTOJIyKaX 3allOBHIOIOTh KaHAJIM, YTBOPEHI MOJIEKyJIaMH KapOamiay B KPUCTAJIL.

Kapbamin, skuii BUKOPUCTOBYETHCS ISl BUPOOHHIITBA CMOJI, TIOBUHEH OyTH
JOCUTh YWCTUM, 00 B TMpoliecl KOHJEHCAIii He BigOyBaaucs MOOIYHI peakilii.
KapbGamin, mio 30epiraerbcsi B HEBIANOBIIHMX YMOBaX (BOTKICTh, ITiIBUIIEHA
TeMmreparypa), MOXe IIiJiJlaBaTUCs 3MIHaM, MNPH I[bOMY YTBOPIOIOTHCS IIKIIJIUBI
OPOAYKTH pO3Maay, HampuKIaJ I[iaHaT aMmoHIil0 (i3oMepH3allisi), KapOoHAT aMOHIIO
(rimpararisi), O1ypeT, iaHypoBa KUCIO0Ta (TEPMIYHHM PO3KIIaN) 1 T.II.

Harpituii Bullle TemMnepatypH IIaBiIeHHs KapOaMiJl 130mepuzyemscs B yianam
AMOHil0, TICIASL YOro PpO3KIAAAEThCA HA amiak 1 i30YiaHO8y KUCIOTY, SKa,

B3a€EMOJIIIOYM 13 KapOaMiioM, YTBOPIOE Oiypem ab0O 130MEpPUBYETHCS B YIiaHypoOsy

KUCIIOTY:
H,N-CO-NH, <> HNCO + NH; (L4)
H,NCONH, + HNCO <> H,NCONH;* + NCO™ <> H,NCONHCONH,  (.5)
3HNCO — (HNCO), (L6)

[3oyianoea kucioma, MO YTBOPIOETHCS, € NY)KE PEAKIIITHO3IaTHOIO CIIOIYKOIO
(mBa MOJBINHI 3B’513KkK), 1 MOXKke pearyBaTH in statu nascendi i3 mpOTOHOAOHOPHUMHU
CIOJIyKaMHM 3a THIOBOIO JUIsl 130111aHATIB CXEMOIO, 3 TMPHUEIHAHHSIM TMPOTOHY 1

YTBOPEHHSIM aM1HOTO MOX1AHOTO:

HNCO
ROH + HNCO—>ROCONH, — ROCONHCONH, (L7)
RNH, + HNCO — RNHCONH, (L8)
RCOOH + HNCO —» RCOOCONH, —» RCONH, +CO, (L.9)

[Ipu Haepieanni xapOamimy 13 TJIKOJSAMHM 1 CHUPTAMHU, MOYMHAIOYM BIJ
OyTWJIOBOTO 1 BHILE, OTPUMYIOTh ypeTaHW 1 JiypeTaHu, SKi MOXYTb CIyKUTU
BUXIJTHOIO CUPOBHUHOIO JUIsI CUHTE3y KapOaMiTHUX CMOJ. TakuM K CrlocoOOM MOXKHa
orpuMmatd anodaHatu. Peakuil0o MPHUCKOPIOIOTH JIOJIaBaHHSIM COJIEH METaliB,
HAIPUKIIAJ, alleTaTy ajJloMIHII0, XJIOPUIY HMHKY 1 IHIIKX, & TAKOXK 10HIB BOJIHIO.

[IpencraBisioTh 1HTEpEC peakilii aMiHiB 13 KapOamigoMm, IO J03BOJSIOTh

oJIepKaTH amifH1 moxiaHi, B Tomy uncii BMC.
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Iloxioni kapéamioy. Binomo 6arato moxigHUX Kapbamioy, B SKUX 3aMiIlEH]

onuH abo aBa atomu BojHIO. Lli cromyku HaigacTiiie BHKOPHUCTOBYIOTHCS ISt

BUPOOHUIITBA CMOJI, allPeTiB JJI1 TKAHWH, 1 PiAIIe — Y BUPOOHUIITBI JIJAKOBUX CMOIJIL.

JIo HHUX BIAHOCATBHCS: emuieHkapbOamio, SKUM ONEPXKYIOTh 13 eTWISHAIaMiHy 1

kap6aminy abo COy:
CO
NH,CONH, + NH,CH,CH\NH, —>  HN/ \i\IH
NH,;CH,CH,;NH, 4 CO, TH,0 H,C CH,

OioKciemuneHkapoamio, IKUi OJIep>KyIOTh 3 KapOamiay 1 TJI1OKCaIIo:

NH—CO—NH
NH,CONH; 4+ CHO—-CHO -—— | )
HO—CH——-HC—OH

ayemuieHouKapoamio.
- . HN—CO—NH
9NH,CONH, 4+ CHO--CHO—~——> Hé‘, ‘CH + 21,0

| HII\I—COHILIH

Memuimpua3oH 1 HII1 aIKiAmpuazonu

NH,CONH, - CH,NH; + 2CH,0 —> ?IH‘CO—I\;IH + 2H,0
‘ CH,—N-—CH,
Hs

OUMemuaIKapoamio.

o
r

NH,CONH,; 4 2CH;3;NH; - HCl > CH3;NHCONHCH,; -+ 2NH,Ct

Geninkapbamio:

t,°C

(1.10)

(L11)

(1.12)

(113)

(1.14)

NH,CONH, 4 C¢HsNH, ——> CgH;NHCONH: + NH;  (1.15)

3aMileHHs IBOX TMEPIIUX aTOMIB BOJHIO B KapOaMiJil 3aro0irae po3KiagaHHIO

1 TO’KOBTIHHIO MPOIYKTIB HOro B3aeMofii 13 (opManmpAeriqoMm, a Takoxk 30UIbIIye

CTa01IbHICTh BUTOTOBJICHUX Ha X OCHOBI ampeTiB MpH MPaHHI 1 BUOTIOBaHHI.
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1.2. Tiokapoamin

Memoou ooeporicanns

Tiokapoamio OyB otpumanuit Kmayzom B 1873 p. [lua oxepkaHHs
TioKapOaMiy B OCHOBHOMY BUKOPHCTOBYIOTBCS /1B CIIOCOOM:

1. [3omepu3aitist pojiaHily aMOHIO, SKUH OTPUMYIOTh IIPH OYHUIIICHHI KOKCOBHUX
ra3iB. [lpu HarpiBaHHiI pojaHimy BHPOAOBXK JekiIbkoX roaun npu 140-170 °C
JOCATAETHCS pIBHOBAra MpH BMICTI B peakuiiHii cymimii 25 % TiokapOaminy:

NH4CNS < CS(NH,), (1.16)
Tuck He BrumMBae Ha xi7 peakuii. [loxpiiiHa ciib TiokapOamigy 1 poJaHILY
EKCTParyeThCsl BOJOI0, & OUUIIICHHS 3/IIHCHIOETHCS IEPEKPUCTATIZAIIIETO.

2. Bzaemomist miaHamimy i3 CipkoBOAHEM. Y BOJHY CYCIEH3iI0 IliaHAMITy
kanblio BBOAATE CO, a6o H,SO, npu 1boMy BUIUISETHCS BUTBHUHN IllaHAMI, KU
miciist GUIbTpallii 0CaJKeHO1 coJil 0OpOOJISIIOTh MpH CIaOKOMY HarpiBaHHi CyJib(110M
aMOH110 200 CIpKOBOJIHEM:

H,S + NH,CN — CS(NH,), (1.17)
Ha mpakTuiii 3acToCOBYIOTh 4HCIAEHHI Mojudikarii 1iporo mporecy. TiokapOamin
MOYKHa OYMCTUTH CyOIIMAIlI€l0 Y BaKyyMi.

Di3uuni i XiMiuHi enacmugocmi

Tiokapbamio — Oina KpUCTalllyHA CIIOJyKa 13 CTPYKTYpO, MOJIOHOI 10
CTPYKTYpH KapOamingy. BiH piako BUKOPUCTOBYETbCS IJisi BUPOOHMIITBA ILIacTMac,
TOMY II[0 XapaKTEePHU3YEThCS BHUCOKOI KOPO3iiHOIO akTuBHICTIO (cmigun H,S) i
B1JIHOCHO BHCOKOIO BapTicTiO. [{aHi Mpo po3YMHHICTH TIOKapOamigy y BOJA1 MPUBEICHI
HIKYE:

Temneparypa °C.....cceevvevveennnnnn 0 20 40 60 80
Po3uunnicte, 1/100 T BOAM..... 5,4 144 33,0 71,0 1420

TiokapOamia po3uunsemvscs B PO3UUHI POJAHITY aMOHIIO Ta CHOUPTI 1 HE
po3uMHAETHCS B eTepi. Bin yTBOproe agykTu 13 mapadinamu, OJHaK, Ha BIIMIHY Bij
KapOaMiay, TOJIOBHMM YHHOM 13 pO3rady>KeHUMHU ajipaTUYHUMU abo0 IUKJIO-
amdaTHYHIMHU CIIOTyKaMH. 3 KHCIIOTaMHU TioKapOamiJ yTBOPIOE COJIi, ajie HE Tak

JIETKO, K KapOamiza. XimiuHa OyaoBa TiokapOaminy moii0Ha 10 Oy10BU KapOaMimy.
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1.3. Juniangiamin
Juyiandiamio (muMep miaHamigy) € CHPOBHUHOIO JJIS BHPOOHWIITBA JHITiaH-
niaMioopManbIeTiIHUX CMOJI, SIKI MalOTh OOMEKeHe 3acTocyBaHHsA. HaiiOinbliie
3HaYeHHS JULIaH/laMi] Ma€ K CHPOBHMHA JJI CHHTE3y MeJaMiHy.
Memoou odeporrcanns
Y nOpoMHCIIOBOCTI OJuyiandiamio OTPUMYIOTH 13 IiaHaMiay KaubIlito. Ha
CYCIIeH3110 IMaHamigy Kaibiiio y Bofi aitote CO, abo H,SO,, ocamkenunii kapOoHAT

a6o cynbdat KaibIlito BiAPIIBTPOBYIOTh, 1 OTPUMYIOTh PO3YHH I[IaHAMITY

2CaCN, + H,0 —> Ca(HCNS,), + Ca(OH), (118)
Ca(OH)Q + CO, —» CaCO; + H,0 (119)
Ca(HCN2)2 + CO,+ H,0 — 2H,CN, + CaCO;, (120)

Di3uuni i XiMiuHi enacmugocmi

Lianamio (1. mn. 43—44 °C) Boyioflie BUCOKOIO PEAKIIMHOI 37aTHICTIO, JIETKO
MOJIMEPU3YEThCS 1 TiApomizyeTbes. Hampsim peaxuii 3anexuTsh Bif BenuuuHu pH.
Jlumepusaiiis 13 yTBOPEHHSAM JIUIIaH/I1aM1Ty BiIOyBA€THCS TIEPIIl 32 BCE B JTY>KHOMY
cepenosuii, HaimBume npu pH 9,6-9,8:

H+

N=C—NH - N=C—NH, —» N=C—N=C(NH,)NH —> N=C-—N=C(NH,),

(1.21)
IIpu 100 °C peakiis npoTikae BOpoJoBXk 25 XB. [IpoayKT 3ryulyroTh y BakyyMmi,
KPUCTaJI3YyI0Th, IEHTPUDYTYIOTh 1 CYIIaTh.
Knacuuna ctpykrypHa popmyna ouyiandiamioy -

/NH

N=C—NH—C
\NH,

PeHTreHiBCbKl JOCHIIKEHHSI MIATBEPAWIIM ICHYBAHHS TPbOX PE30HAHCHUX

CTPYKTYD:
+
H,N HaNy_ i H,N i
NCoN_CmN > NCN=C—N <« +>C—N=C==N
H,N H,N H,NZ
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Humianniaming Mae ampoTepHuit xapakrep. KoncranTa HOro KucCIOTHOT
mucomianii ke=6-10"°, a ocHoBHOI mucomiamii — 3-10™°. Ile HerirpockomiuHi
Oe3KkoJIipHI  MOHOKIIHHI KkpucTanu. Cyxuil auiiangiamig CcTaOUIbHUNA aX 10
temriepatypu miaBieHHs (207209 °C). Y BogHOMY po3uuHi PU TEMIIEpaTypi BUIIE

80 °C BiH 4aCTKOBO 2i0po1i3yembcs 13 YTBOPEHHIM JUIIaHAIaMIIUHY 1 TYaHIAUHY :

HQN\ | H+; HoC HzN\ HyO
/C—NH—-—CEN — /C—-—NH—CO——NH;; _NH;. —COz%
7 HN 1

(1.22)

HN

NH
Hy0; NaOH: 160 °C

—NH,4

H,0
—_— HQN_'lé'_'_NI-'Iz > HzN"‘CO—Nﬂz B 2NH3+C02

Kucinotu mnpuCKOpIOIOTH MpOIEC PO3KIAJAAHHS JAMIaHgiamigy. Y JIy>KHOMY
CepeZOBUII YTBOPIOETHCS IIaHKapOamia;

OH™; Hz0
HyN—C—NH—CN + H;0 ————> H;N-—~CO—NH—CN (1.23)

|
NH

1.4. Meaamin

Memoou ooeportcanns

VYuepiie meramin 6yB orpumanuii Jlioixom B 1834 p. npu HarpiBaHH1 XJIOPUIY
aMOHII0 3 poJaHiIoM Kamito. [lpakTWyHUM 1HTEpec 0 HBOrO 3pic JIMIIE MICHs
1940 p., xomu OyB pPO3POOJICHHUI MPOMHUCIOBHM METOJ WOr0 BHPOOHHIITBA 13
[iaHaMiay KaJblliF0 Yepe3 JAuIliaHiaMig, 1 BIH 3HAWIIOB 3aCTOCYBaHHS Yy
BUPOOHMIITBI TUTACTMAC.

BimoMi 1Ba OCHOBHI METOJIM MPOMUCIIOBOTO ojiepkaHHs Menaminy. CuHTe3 Ha
OCHOBI JWIIaHAIaMIly BUKOPUCTOBYEThCA N0 LuX mip. OJHAK OCTaHHIM Yacom
Habupae MOMMUPEHHS €KOHOMIUHIIUN METOJT OJICpKAHHS MeJIaMiHy 13 KapOaMiy.

1. Metoau onep>kaHHs MeJlaMiHy 3 JWIIaHAlaMITy MOKHA PO3ILIMTHA Ha MBI
rpynu:

- MeToAM 0e3 BUKOPUCTAHHA THCKY, MPOCTIIII 3a anapaTypHUM O(OPMIICHHSIM,

ajyie BAKOPUCTOBYIOTHCS PIJIKO, 00 HUMU OTPUMYIOTh CHIIBHO 3a0pyTHEHUN MPOIYKT;
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- METO/IH 3 BUKOPUCTAHHSM THUCKY, SKUMU OTPUMYIOTh JOCUTH YUCTI TPOTYKTH
3 BEJINKUM BHUXOJIOM.
[Ipy wHarpiBaHHi AMIiaHAlaMiay 10 TeMIepaTypu IUIaBJICHHS BIH MHTTEBO

NONIMePU3yEMbCs 3 YTBOPEHHSIM METaMiHYy:

1

/C\

NH, N7 NN
3NEC—N2C/ —> 2 | [ (1.24)

\NH, C. .C

i Vi

Peakiiisi moniMepu3saiiii CyrpoBOIUTHCS BUAUICHHIM BEJIMKOI KIJIbKOCTI TEILIa.
Temneparypa peakiiiHoi cymiin miaBuinyeTbes 1HKOIUM a0 400 °C, npu upomy
YTBOPIOETHCSI BEJUKA KIIBKICTh MOOIYHUX TMPOJYKTIB, Cepell SKUX MPOAYKTH
ne3aminyBaHds Menaminy tuny meaamy (CgHoNyp), menemy (CeHgNiyg) 1 menony
(Ce¢HsNg), aTakox amiaky. 30UTBIICHHS BHXOJAY 1 YHUCTOTH MEJIAMIHY JIOCSTAlOTh,
MPOBOJIAYM  PEAKII0 TPU MIJBUIIEHOMY THUCKY. JIOIIJIbHO BUKOPUCTOBYBATH
PO3YMHHUKU. HAMPUKIAA, B METAaHOJI, HACHYCHOMY aMiakoM, pEakIlilo MO)XHa
nposoautu mpu 150 °C i tucky 30 xre/em®. ITpr BUKOPHCTAHHI PIAKOrO amiaky sk
PO3YMHHHUKA [ulliaHaiaminy, mpoiec npoBoauthes mpu 160-200 °C 1 tucky 85—
100 krc/cm®. Buxin Memaminy mpu mpomy mocsrae 100 %. Menamin (GimsTpyroTs,
MIPOMMBAIOTH 1 IEPEKPUCTATIZOBYIOTh 3 Tapsiy0i BOJIH.

2. Metoa BUpOOHUIITBA MelaMiHy 3 KapOaminy po3poosenuit B 1943 p., fioro

MOKHA IPEACTABUTH CXEMOIO:

6CO(NH;), —> C3HgNg 4 3CO; -+ 6NH; 4+ 100 kxaa/moas (1.25)

Ha mnepmriit cranmii, micias po3IUIaBiICHHS, BIAOYBA€ThCS 130MEpHU3allis

KapOaminy B yiaHam amoHilo 3 HACTYIIHUM PO3KJIaIOM 32 CXEMOIO!

NH,CONH, == NH,CNO > HNCO -+ NH, (1.26)
[3oyianoea xucnoTa B3aeMOJII€ 13 KapOamiioM, yTBOPIOIOUH Oiypent:
NH;CONH, + HNCO = NH,CONHCONH, (1.27)
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[ls peakuis, sika IPOTIKae B OJAHOMY HampsiMi MPH HU3BKUX TEMIEpaTypax, CTae€
3BopoTHOIO Tipu Temmeparypi Buiie 200 °C. [3omiaHOBa KUCTIOTa TPUMEPU3YETHCS B
[[IaHypOBY KHUCJIOTY:

(')H

 \a

3HNCO — | (1'28)
HO/C\N/C\OH

[MianypoBa kucnora npu 250-400 °C mig BIJIMBOM amiaky (BUAUISIETHCS MiJ Yac

peaxiiii abo BBOJIUTHCS JI0JIATKOBO) MEPETBOPIOETHCA MOCIIIOBHO B aMelliJl, aMelliH 1

MeEJIaMIH
NH, NHj3 NHg,
(CN)(OH)s —— o> (CN)(OHRNH; ——5> (CN)(OH) (NHa)y ——5>

Buxia menamMiHy 3MEHIIYEThCS 13 301IBIIIEHHSAM TPUBAJIOCTI PeakKiii 1 3pocTac 3
MIJIBUINICHHSAM THCKY, gocsratoun 97 %. OnrumanbHa Temmeparypa peakiii 300—
400 °C mpu trCcKy 200-300 Kre/cv’,

Po3pobnenuit Oe3nepepBHUI METOA CHHTE3y MelaMiHy 3 KapOaminy O0e3
BUKOpUCTaHHA TUCKYy. Ha mepmriii craxaii peakii (mpu 350 °C) B peakTop BBOISTH
kapOamifg 1 amiak. Peakuist mpoTikae B KUIUISYOMY IIapl, NPU IbOMY YTBOPIOETHCS
13omiaHoBa  kuciota. Ha mpyriil crtaaii 1301iaHOBY KHCJIOTY MpPOMYCKalOTh Haj

KaranizaTopom npu temiepatypi 450—470 °C, 1 BoHa IEPETBOPIOETHCS] HA MEJIaMiH:
6HNCO —> C3N3(NH,;); 4 3CO, (1.30)

[Ticist oxonoKEeHHsI BUXOJUTH BOJHA CYCHEH3Is MeJIaMiHy, 3 SKOI HUIIXOM
HeHTpU(yryBaHHs, IPOMUBAHHS 1 BUCYIIYBaHHS BUIUISETHCS MPOAYKT 3 YHCTOTOIO
99,9 %. MoyxHa TPOBECTH MOro MEepeKpUCTaTi3allil0 3 Tapsdyoi BOAU Yy BUIIISIIIL
0e30apBHUX MOHOKIIIHHHUX KpHUCTaliB a00 MpH MOTpedl OUYUCTUTH CyOJIMalli€lo B

1HEpTHOMY CEPEIOBHIIII.
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Dizuuni i Ximiuni e1acmueocmi
Menamin € 2,4,6-tpuamino-1,3,5-tpuazunom. Bcei 38’ s3ku C—N B MenamiHi €

PIBHO3HAYHHMHM, 1110 CBITYUTH MPO HASIBHICTH PE30HAHCY MK BCiMa CTPYKTYpaMH:

NE N ﬁhz
|
C C _C
NZ \N NS Xy NT NN
SN OIS
HN. N \NH, HN NG \WH, HN7 N NH,

CtpykTypa MejamMiHy Yy BOJHOMY pO3YMHI 3MIHIOEThCS 13 3MmiHOIO pH
cepefoBuiia. B Kuciomy cepemoBuIlll MeJaMiH 3HAXOJUTHCS B JIIaMiHOIMIHHIN
bopmi.

Menamin — 1ue cnabka aBoBajieHTHa ocHoBa. Ilpu 25 °C KOHCTaHTH HOTO
mucortianii pismi 1,1-10° i 1-10™. TIpu B3aemoxii i3 KucTOTaMM BiH yTBOPIOE COII,
AK1 JIETKO TIIPOJI3YIOThCS Yy MPUCYTHOCTI BoAu. Ciiabopo3uMHHUMU € Cyibdar,
dopwmiat, mikpat 1 mianypat Mmenaminy. dopwmiaT 1 1iaHypaT MOKHA 3aCTOCOBYBATH
JUTSI KIJTbKICHOTO BU3HAYEHHS MEJIaMiHy .

Jlnst BUpOOHMIITBA CMOJ CYTTEBO, HI00 MelaMiH MICTHB MO MOKJIMBOCTI
MIHIMaJIbHY KUIBKICTh JOMIIIOK, 1 0COOJIMBO MPOAYKTIB TAPOII3Y 1 Ie3aMIHyBaHHS.

IIpoodykmu 2ioponizy i 0e3aminy8anHsa meaaminy

[Tig wac nyscnozo cidponizy MenamiHy, HalpUKiad, MPU KUI STIHHI HOro y
BogHOMY po3urHi NaOH, aMiHOrpymu 3aMIIIyIOThCS TIAPOKCUIILHUMH, 1 BUALISIETHCS

amiak. [Ipu 11bOMy yTBOPIOIOTBCS amenin 1 HEBETUKI KITBKOCTI amenioy.

NH, OH ?H
| |
C C C
N7 NN N7 \N N7 \N
g g g
m N, N e TN o
Menamid Amenin Amenin
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OH

l
C

NP \f;
l
o/ "N o
[ianypoBa KucioTa

Amenin MOXHAa TaKOXX OTpPUMATH pPO3IJIABIICHHSAM CyMill Kapbaminy 3
auriargiamigom (2:1) Bmpomorxk 1 rom mpu Temmeparypi He Bumie 3a 170 °C i
HACTyMHUM pO34YMHEHHSIM po3iuiaBy B 10 %-Bomy poszumni NaOH; ocax mics
neirpamizanii 10 %-soro  HCl ¢inetpyrors. Menamin, o0 BHIIaB B 0Ca,
B1JIOKPEMJIIOIOTh, a MPU NOTPEO1 OUMIIYIOTh IEPEKPUCTANIZALIEIO 13 TAPAYOI BOJIH.

Amenio MOXKHA OTPUMATH IIIAXOM Timponizy Menaminy (1 Bar. 4.) B
koH1eHTpoBaHiit H,SO, (2 Bar. 4.) Bnpogosx 6 rox mpu 150 °C.

Lianyposa kucroma yTBOPIOETHCS TPU OOCPEKHOMY OKUCHEHHI MEJaMiHy,
HAIpPUKIIAJ, a30THOIO KHUCIOTOIO.

Bci 111 mpoayKTH TiAposizy MelaMiny € OUTMMHU KPUCTaTIYHUMH PEUYOBUHAMU,
HEPO3YMHHUMH Yy BOJI. AMEIIH 1 4YacTKOBO aMemiJ] BUKOPUCTOBYIOTBHCS IS
OTpUMaHHSA CMOJI KOHJICHcalli€o 13 (opManpIeriioM, OJHAK BOHHU BOJIOJIIOThH
TIPIIMMHA  BJIACTHBOCTSIMH, HIK MEJaMIHOBI CMOJIM, 4YE€pe3 MEHIIY peakuiiHy
3JIaTHICTbH 1 HASIBHICTh T1APOKCUIIBHUX TPYII.

[lpu Hacpieanni MenamiHy BHINE TeMIEpaTypy IUIABICHHS BilOyBaeThCs
Je3aMiHyBaHHS 1 KOHJAEHcalllsd TpuasuHOBUX Kulelb. CTymiHb Je3aMiHyBaHHS
3aJIKUTh BIJ] TPUBAJIOCTI 1 IHTEHCHUBHOCTI HarpiBaHHs. [lpu ne3amiHyBaHHI
YTBOPIOIOTBCS MeaM, MelieM i MeloH:

N NH N .
LN o7 N\ N\ NN

| |
N

!
N

NN N
(IJ C
|

NH,; NH,
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NH,

NZ N
do
NN
|

C

b
HQN/ \N/ ~.

\NH,
Menem

Menam yTBOPIOETBCS 3a PaXyHOK B3a€MOJIl JBOX MOJIEKYJ MeJaMiHy MpH
HarpiBaHH1 BrpojoBx 1 rox go 360 °C. Lle O011mii HEpO3UMHHUI Yy BOJIlI MOPOUIOK,
cnabka ocHoBa. Ilpu kum’sTiHHI 3 JyramMu abo po30aBICHUMHU KHCIOTaMHU BiH
TAPOTI3y€EThCS, YTBOPIOIOUM aMeNiH ado0 LiaHypoBY KUCIOTY. Po3knan moynHaeTbes
npu 342 °C. Harpituit 1o 400 °C Menam NnpoIoBKye A€3aMIHYBATHUCS, YTBOPIOKOYH
MelleM — OUIMi HEepPO3YMHHUM IOPOIIOK 3 JBOMA 1 TPhOMa KUIBISAMH B JIAHITIO31
(mianypoBe kuiblie). Ilpu Kum’sATiHHI 3 PO30aBICHOI0 Aa30THOIO KHUCJIOTOK BIH
KUTBKICHO MEPEXOIUTH B IIaHYPOBY KUCIIOTY.

[Ipu 500 °C yTBOPIOETBCS Mel0H — TIOPOIIOK SICKPaBO-KOBTOTO KOJILOPY,
HEpPO3UMHHHUI Yy BOJl, PO30aBIEHUX KHCJIOTax 1 Jyrax. MeNoH BUTPUMYE, HE
PO3KJIaIal0uMCh, HATPIBAHHS 10 BUCOKUX TEMIIEPaTyp.

[Ipu 650 °C menamin Oenonimepuzyemovcs 3 YTBOPEHHSIM IllaHAMITy, SIKUH
BCTYIIA€ B PEAKIIi0, YTBOPIOIOYH MEJIaM.

KoHnnencariis mpoAykTiB ne3amMiHyBaHHSA 13 (OpManbAeriioM WHae TMOoraHo,

TOJIOBHUM YMHOM 4Y€pe3 HEPO3UUHHICTD iX y (popMalliHi.

1.5. I'yanaminu
I'yanaminu — 1€ aMiHO-CUM-TPHA3WHU, aHAJIOTH MeJaMiHy, B SKHX OJHA
aMiHOTpyTa 3aMiiieHa amidaTHIHIM a00 apOMATUYHUM PAJTUKATIOM.
VYhepiie CHooiyky Takoro Tuny — auemoeyanamin (1,3-auamin-5-merni-
2,4,6,5-Tpuazun) — orpuMaB B 1874 p. HeHukuil HUIAXOM pO3IUIABICHHS aleTaTy

ryaH1JUHY.
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Haii6inp1e 3Ha4eHHs cepell IMX CHOJYK B AaHui yac Mae 1,3-miamin-5-¢eHin-
2,4,6-Tpua3uH, SKWM HA3WBAIOTh TEPEBAXHO Oenzozcyanaminom. lle Kpuctamidna
CTIOJyKa 13 TeMIepaTyporo miaBieHHs 227 °C, mpakTHIHO HEPO3UMHHA B XOJOIHIH 1
cnaboposunnna (0,6 %) B rapsiii Bogi. Y eranoni npu 30 °C posunnsetses ~0,9 %
OcH30ryaHaMiHY, Kpallle BiH pPO3YMHSAETHCS B JlOKcaHl, auMeTuiadopmamial 1
TeTpariapodypati.

Ha#iripoctimmM METOIOM OTpHMaHHS TyaHaMiHYy € B3a€MOJIS BIATIOBIIHHX
HITPWIIB 3 JMIIaHAIaMiZIOM Y MPUCYTHOCTI KaTamizaTtopiB. Tak, OeH3oryaHamif
YTBOPIOETHCS TPHU peakili OeH30HITpwiIy 3 auuianaiamizioMm B po3unHi KOH B
neno30ibBi mpu 90-110 °C (Buxin 75-85 %) abo B pigkoMy amiaky B aBTOKJIAB1 MPH

60-100 °C y npucytnocti NaOH:

_NH,
HN N
NC_NH—C=N 4+ GHCON —> CiHec? Ny (131)
HN \N=C"
\NH,

benzoryanaMiHOBI CMOJIM BOJIOAIIOTH KpaIlMMH TEIJIOCTIMKICTIO, OJUCKOM 1
BOJIOCTIMKICTIO, HIK MenaMmiHOBl. KOHKYpeHTOCTIpPOMOXKHICTh O€H30TyaHaMIHY
3QJIEKUTH B1Jl JOCTYIHOCTI OEH3O0HITPUILY, SIKHM, Hanpukiaa, B SNoHIT B JaHU Yac
OJIEP)KYIOTh KaTATITUYHUM OKUCHEHHSIM TOJIYEHY Y IPUCYTHOCTI aMiaKy.

3 IHIMX TyaHaMIHIB BIIOM1 mempamemuieHOUu2yanamin, SSIKiid OJepXKyTh 3
Buxo70M 90 % 13 quHITPUITY aiMIHOBOI KUCIOTH 1 Aultianaiaminy (5 roa npu 135 °C
y mpucytHocti NH;z 1 mumianmiamigy HaTpio), gopmocyanamin, SKHNA MOXKHA

oTpumaTu 3 popmamiay 1 AUIIaHIIaMITy, creapo2yanamin 1 1H.

1.6. LianypoBa KkucJjiora
Lianyposa xucnoma C3H303N3 — 6e30apBHa, KpucTaliyHa, HEMJIaBKa CIIOIyKa
3 TemmepaTypolo poskaaxy 320-360°C. Ii oTpuMyroTh TepMiuHHUM pO3KIaAOM
KapOaMigy mnepioguuyHuM abo Oe3nepepBHUM CHOCOOOM Yy MPHUCYTHOCTI KHCIMX

cnonyk (H,SO4, ZnCl,, NH,4CI):
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(I)I-I

C
£, °C N/ \N
3NH,CONH; — I ” -+ 3NH; (1.32)
NN
HO N OH
[{ianypoBa KHCJIOTa B TBEpJOMY CTaHi 1 B HEHTpaJbHOMY PO3YHMHI ICHYE B JIBOX

TayTOMEepHUX dopmax:

NH N
O O HO OH
~e” N\ N N\
| = bl
HN\ /NH N\ /N
C’l C
b b
[3011anypoBa kucjaora IlianypoBa KucjaoTa

VY Kucnux po3uMHaX I[laHypoBa KHCIOTa mepeOyBae TOJOBHMM YHWHOM B
KETOIMIHHIN (OopMi, a B OCHOBHUX pPO3YMHAX — Yy BHUIJISAl coiii abo ioHa. Eneprig
ctabimizali KeToIMIHHOI (POpPMU 130111aHypOBOT KHca0TH piBHA 30 KKaJI/MOJb, TOOTO
Olnbllle, HIXK €HEepris pPe30HAHCHOI cTaOumi3allii apoMaTUYHOIO KUIbLS TpUA3UHY.

[{ianypoBa KuCJI0Ta HETOKCUYHA.

1.7. 'yanigun

I'yvanioun - Bigkputuii B 1861 p. LlTpexkepoMm - € CHUIBHOI OPraHIYHOIO
oaHoBajeHTHOIO ocHOBoO (tunmy KOH ab6o NaOH), yTBopioe rirpockorivi
KPUCTAJIH, SIK1 JIETKO MOorMHaTh Bosiory 1 CO, 13 moBiTps. BiH po3uunsemscsa y Boj1
1 crupTi. Y BOJHOMY PO3YMHI YaCTKOBO 2i0poJli3yembCsi 13 YTBOPEHHSIM KapOaMiny.
3BUYANHO TYyaHIIUH 3aCMOCco8yloms Yy BUTIISAL cojiel (HIiTpaT, KapOoHaT, XJIOpHUn),
AK1 J10Ope PO3UMHSAIOTHCS Yy BOJI 1 JIOCUTh CTaOlIbHI HABITH MiJl Yac KHUIT SITIHHS.
['yanigua y BHIVISIII COJMI OJEPXKYIOTh CIUIABJICHHSIM I[laHaMiay Kajblio abo
JUIIaHI1aM1Ty 3 COJISIMUA aMOHIO:

NH

/NH2

|
H,;NC—NH—CN + 9NH,Cl —> 2HN=C . HCJ (1.33)
\NH,

’
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Haiimenmn po3unnanM € mikpat ryaniguay (0,07 r B8 100 4. Bogu mpu 12 °C),
SKUW YacTO BHUKOPHCTOBYETHCA ISl imeHTU(IKaIi 1 KITbKICHOTO BH3HAYCHHS
rya"iguny. [lo ckmamy coii TyaHiIMH BXOIWTH y (opmi 10Ha TyaHIIUHY 3
CUMETPUYHOIO CTPYKTYPOIO |, JTHIlIe HEBEIMKE YUCIIO MOJIEKYN 3HaXOAUThCS y hopmi

NH, NH,
HN—E HgN—C< ,
\NHz NNH,
I II

[Ipu naepisannui Tyaniguny abo HOro cojeill yTBOPIOETHCS Oucyauio:

NH NH
!
7NN

3acToCcyBaHHsS TyaHIJUHY /s BUPOOHMIITBA IUIACTMac OOMEXKEHE uepes
BUCOKY TiAPOGUIBHICT OTpUMYyBaHuUX 13 Hboro cmoi. Com TryaHIIuHY
3aCTOCOBYIOThCS SIK KaTalli3aTOpU 1 3MallyBallbHI PEYOBUHM (HANpPUKIAA, cTeapar
T'YaHIIUHY).

1.8. Yperanu i amigu

n-Tonyencynvhamio HSCfQ_SO?NH? € CHPOBHUHOK JUISi BUPOOHHUIITBA
TOJIyeHCYJb(pamMiTHUX CMOJ, $KI 3aCTOCOBYIOTh B SIKOCTI miactudikaropi. lle
MOOIYHUIM TPOAYKT, SKUUA YTBOPIOETbCS TIPU BUPOOHUUTBI caxapuHy (s

BUPOOHMIITBA CaXapyuHy BUKOPUCTOBYETHCS OPTO-130Mep).

CH, CH,
=~ I NH; o~ 1

1SO3H 1.34.
Z .LSHAO_ S0,CI SO,NH, (1:34)
—1l2
N = NHj,
= (e, — ]
. """'CH;; SN CH3
SO,Cl SO,NH,
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n-Tomyencynbdamin kpuctamizyeTbess y (opmi O0e30apBHUX IIaCTUHYATHX
KpHUCTAJIB 13 Temnepatyporo miasneHHs 137,5 °C. Bin moraHo po34nHSETbCS Y BOI 1
no0pe B CIUpPTax, CKIaAHUX eTepax Ta aleToHl.
bymunypeman C,HgOCONH, € KpuCTamigHOIO CHOJYKOI 3 TEMIIEPaTypOro
wiaBineHHss 53-54 °C 1 temneparyporo kuminHs 203-204 °C. Bin mnorano
PO3YMHSAETH-CA Y BOJI, i 100pe — B OPTaHiYHMX PO3YMHHMKAX. MIOro OTPHMYIOTH,
HarpiBaioun OyTaHON 13 KapOamiZioM Tpu TeMmmeparypi KHUIHHS (13 3BOPOTHHUM
XOJIOJUIIBHUKOM):
C4HyOH + H,NCONH; — C,;HsOCONH, + NH3; (1.35)
bymunenoiypeman H,NCOO(CH;);,OCONH, € 06e30apBHOI0 KPHCTaIiYHOO
CIIOJIYKOIO 13 Temmeparyporo mmiaBieHHs 189 °C. YTBoproeTbcs Tpu HarpiBaHH1
OYTHJICHTJIIKOJIA 13 KapOamiToM:
HO(CH,)OH + 2H,NCONH; — H,NCOO(CH;)OCONH; + 2NH; (1.36)
Bin morano po34MHSIETBCS Yy BOJI Ta CHOUPTI MpU KIMHATHIN Temmeparypi, i
noOpe — TpH HarpiBaHHI, HE PO3YMHSAETHCA B aApOMATUYHUX 1 aimiaTUYHUX

BYTJICBOIHAX.

1.9. ®opmagbaeria i popmaJtin

Dopmanvoezio, Biakputuii B 1859 p. byTiepoBuM, € 0gHUM 3 HAWBaKIUBIIIUX
HaIIBOPOAYKTIB OPraHIYHOTO CHHTE3Yy; HAWOUIbII IIUPOKE 3aCTOCYBAaHHSA BiH
3HAXOAUTh Y BUPOOHMIITBI TUTACTUYHUX Mac.

Memoou ooeporcanns

Dopmanvoezio IEPEBAKHO OTPUMYIOTh KaTaTiTHYHUM OKHCHEHHSM METaHOIY.
Peakiist BinOyBa€eThCs 32 CXEMOIO!

CH3;0H + 50, — CH,0 + H,0 + 38 kkan (1.37)

HacrmipaBni mst peaxitis cknagdima. [Ipu mpomyckanHi Cyminn Tapud METaHONY 1
MOBITPs HaJ KaTaiizatropoM (Mijib, Cpi0Ji0) mpu aTMOochEepHOMY THUCKY 1 TEMIIEpaTypi
~600 °C, BimOyBa€ThbCsl AETIAPOTEHI3aIlisi METaHONY, 1 BOJEHBb, IO BIIMICTIUBCS,
3ropsie:

CHyOH <> CH,0 + H, —20kkan (1.38)
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H, + 14,0, - H,0 + 58 kkan (1.39)
[Ipn 3acTrocyBaHHI SIK KaTali3aTOpiB OKCHIIB MeETajiB MO)KHA IPOBOIUTH
Oe3rmocepelHE OKHCHEHHS METAaHOJy KHCHEM TOBITps. Bimomuii TakoX MeETO.X
OTpUMaHHS (opMajbAerily HUITXOM Oe3MoCcepeAHhOr0 KaTaTITUHYHOIO OKUCHEHHS
npupoHoro raszy npu 110 °C:
CH4 + 02 - CHZO + HZO (140)
Peakriiini rasu abcopOyIOThCS B CKpyOepi BO/IOI0 a00 pO3UYMHOM (hopmaiHy.
[Ipotikae 6arato MoOGIYHUX peakilii, HAaWBAKIUBIMIOK 13 siKUX € okucHeHHs: CH,0 13
YTBOPEHHSM MYPAIINHOI KUCIOTH:
CH,0 + »0, > HCOOH (1.41)
OCKUJIbKY HasiBHICTh MYpPAIIMHOI KUCJIOTH 3yYMOBIIOE 3aCTOCYBaHHsaNapaTypu
13 KHUCJIOTOCTIMKOI cTayji abo amoMiHil0 (IpH HOPMallbHIM TemIeparypi), TO
dbopmMalliH MOXe MICTUTH HE3HAYH1 KUIBKOCT1 BIAMOBIAHUX (opMiaTiB.
Di3uuni i XiMiuHi enacmugocmi
Dopmanvoezio € OJHIEI0 3 HAUOUIBII PEAKI[IHHO3JATHUX OPTaHIYHUX CIIOTYK.
Yuctuil monomepruii (popmanbaeriy Ipy KIMHATHIA TeMIiepaTypi — 6e30apBHUI ra3
13 HENpUEMHUM 3amaxoM. BiH moJpa3HIOe CcIu30BI  OOOJOHKM BXE MpHU
koHneHtparisax Bume 0,001 wmr/nm. Yuctuit rasomoniOHuit dopMaapaeria mayxke
HECTIMKMI 1 HENPUAATHUM NJIs 3aCTOCYBaHHSA, OCKUIBKM JIETKO MOJIMEPU3YETHCS.
Tomy #Oro 3acTOCOBYIOTH MEPEBAKHO y BHUIIIAII 600H020 (popmanin) abo 600HO-
CRUPMOB020 PO3UMHY, PIIIIE y BUTIISII meepd020 TOIIMEpY napaghopmanvoeioy.
dopManbAeril Yy 600HOMY PO3YMHI 3HAXOAMTHCS B TiApaTroBaHiil dopmi y
BUTJISII  PIBHOBAXKHOI  CYMIINIl  MOHO2IOpamy  —  MemujeHenikoaw  abo
noniokcumemunenenikonie. HerigparoBanuii ¢GopMalbleriy TPUCYTHIM B JyXe
He3HayHuX KuibkocTsax — wmeHme 0,1 %. V BogHOMy po3urHiI BCTaHOBIIOIOTHCS
HACTYIIHI PIBHOBAru:
CH,0 + H,0 <> HOCH,0OH + 15 kkan (1.42)
n HOCH,0OH < HO(CH,0),H + (n-1)H,0 (1.43)
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PiBHOBara peakiii rigparauii NpakTUYHO He 3alexuTh Big pH po3unny B
nianaszoni pH 2—10, mBuakicTs 000X peakiliii focarae MiHiMyMy B miana3oni pH 5-7.
[Tinkucnenns BoaHoro po3unHy CH,O BinOyBaeThcst BHacHiAoK peakinii Kannimapo:

2CH,0 + H,0 <> CH30OH + HCOOH (1.44)

[{ro peakiifo MOPHUCKOPIOIOTH  KaTiOHH Na’, A|3+, Fed*. Po3uum,
HENTpaIi30BaHU JIyraMu, OCTYTIOBO 3HOBY NIEPETBOPIOETHCS HA KUCIUH.

Boonuii pozuun hopmanpaeriny crabuIbHUN TPU KIMHATHIN TeMIepaTypi JIUIIe
npu BMicTi CH,O g0 30 %. V Takomy po34uHi pa3oM 3 MemuieH2ikoaeM MICTIThCS
TaKOXK NOJiOKCUMemuieH2nikoal 13 CTylnmeHeMm nomimepusanii 2—3. Yum Outbli
KOHIICHTPOBAaHUM € pO3YMH ab0 UMM HHUX4Ya TeMmIeparypa, TUM OuIbIe
MOJIIOKCUMETHIICHIJIIKOJIEH nepe0yBae B pO3YMHI B PIBHOBA3l 13 METUIIEHIJIIKOJIEM.
[Ipu xonunentpamii CH,O Bume 30 % abo HaBiTH Mpu KOHIEHTpaIlii, OJU3bKINA 10
30 %, ane ipu TemriepaTypi HIk4Ye 25 °C yTBOPIOIOTHCS NOMIOKCUMEMUIEH2TIKO 13
CTYINEHEM ModiMepu3alii N>3; 11 CIOJyKH BK€ MaJOPO3YHHHI Y BOJI1 1 BUIUISIOTHCS
y Burisial ocany. [Ipu xonnentpanii CH,O y BogHoMy po3unHi 34 % mpu KiMHATHIN
TEeMIIepaTypl B CTaHl pIBHOBAru cepenHiid cryninb nonimepusauii CH,O piBawmii 1,8.

[IIo6 oTpumaTH cTabinbHI pO3UyMHU (HOPMATBIETIAY 13 KOHIEHTPAIIEIO BHUIIE
30 %, cmig 30epiraTé iX NMpu MiABUIIEHINH Temmeparypi abo 3B’si3yBaTH HAJJIUIIOK
CH,0O. 3BuyailHO 3aCTOCOBYIOTH JPyTHiMl CHOCIO, 3ajMIlIal0Yd B  PO3UHUHI
dhopmanpaeriay 4yacTuHy MeTaHoTy. To/1i yTBOPIOIOTHCS HalliBaIleTali:

[li cmomykm HecTabuIbHI 1 JIeTKO po3kiafaroTbes y Mipy Buganenas CH,O i3
PO3UHHY.

@Dopmanin Butryckaethes nBox BumiB: 30 %-suii (30 Bar. %, a6o 33 06’emH. %
CH,0) i 40 %-Buii (36-37 Bar. %, a6o 40 06’emu. % CH,0). ®opmanin 30 %-pwuii
MicTuTh 1-5 % memanony a 40 %-Buii — 3ajeXHO BiJ MOPU POKY: BIITKY 68,
B3UMKY ~12 %. 3aCTOCOBYIOTHCSI TaKOXK OUIBII KOHIIEHTPOBAHI pO3YUHH (hopMainy,
Hanpukian, 50 %-Buili 6GezmemanonvHulti PO3UUH, SKUW TIOBUHEH TOCTIHHO
30epiratucsi Mpu MiJBUIIEHIN TeMIeparypi, 1 cnupmogi po3unHu (opMaibleriay,

HaINpukiaz, B OyraHoisi abo METaHOJI.
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Bce Oinbln mmpoke 3aCTOCyBaHHS 3HAXOISATh Oe3MemaHoNbHI KOHYeHmpamu
dbopmanprieriny, crabimizoBaHi KapOamigoM a00 IHIIMMH — aMIiHOCIIOJYKaMH,
HaIpUKIIAJA, TaKk 3BaHMM koxyenmpam UF-85 — B’s3ka piguHa, 1o Mictuth 59 %
dbopmanpneriny, 26 % kapbamizy i1 15 % H,O 3 pH 6,5-7,5. Kapbamin 3B’s3ye
HajuMoK  dopmanpaeriay (monan 30 %). 3acTocyBaHHS TakuX KOHIIEHTPATIB
3aMICTh 3BHYaliHOTO (opMaliHy Aae 3HAYHy BUTOAy, 00 ekoHoMuThcs 10 10 %
METaHOJY, 3MEHIIYIOThCS BUTPATH Ha TPAHCIOPTYBaHHS 1 30epiranHs Qopmaliny,
3pocTaE MPOAYKTUBHICTH anapaTypu. KoHneHTpaTu ctabuibHI pu Temneparypi 20—
40 °C, mpoTe MarOTh OOMEXEHY KUTTE3MATHICTD (10 6 MicsIIiB).

[IpucytHi y ¢opmanini noOIYyHI MPOAYKTH, TaKl SIK METAHOJ 1 MypalluHa
KHCJIOTa, a TaKOX JTOMIMIKK (HampHKIaa, COJl alroMiHil0) HebaxaHi. HasBHICTh iX
MPU3BOJIUTh J0 30UIbIIEHHS BUTpPAT CHUPOBUMHHU, 3MIHM LIBHUJKOCTI IPOLECIB
KOHJIEHCAIlli, a TaKOXX He3piJKa JO0 TOTIPIICHHS SKOCTI OJCpP)KYyBaHUX IMPOAYKTIB,
0COOJIMBO MPHU BUTOTOBJICHHI MPECMaTepiaiB.

HasiBHICTP MypammHOi KHCIOTH Yy (opMaiiHi 3yMOBIIIOE HOro KOpO3IMHY
aKTUBHICTh. SIK KOHCTPYKIIMHI MaTepiaiu s pe3epByapiB 1 XiIMIYHOI amaparypu,
AK1 KOHTAKTYIOTh 13 (POpMaIiHOM, peKOMEHAYIOThCSI KUCIOTOCTIMKA CTajlb, aJlOMIHIN
(mpu KIMHATHIN TemMmiepaTypi), CKJI0, KepaMika Ta JIesKi MoJIiMepH.

[Ipu obezso0nenni adbo o0xono0xucenni po3ununy GopMaibAeTiay BiIOyBaeThCS
MOJIIKOHJICHCALIISl TJIKOMIB 3 YTBOPEHHSIM JIiHItiIHUX nonimepie (popMmanbaeriay, siki
BUJIIJISIIOTHCS Y BUTJISIII OCaTy:

AaHOCH,0H == HO(CH,0),H + (n — 1)H,0 (1.46)

Ilonivepu € O€3KOMIPHUMH PEUYOBUHAMH 13 XapaKTEPHUM  3aIMaxom
dbopmanpaeriny. Huxdi noniokcumemunenenikoni (13 CTyleHeM MOJIKOHICHCAIT 10
nN=8) maroTh Temrepatypy 1iaBieHas 80—120 °C, npu HarpiBaHHi JIETKO MiTaIOTHCS
JIenoJIiMepH3aIlii, mepexossuu 3HOBY B po3urH. [Ipu moBromy 30epiranHi, 0COOIMBO
B CyXOMY CTaHi, BOHU MOXYTb MIEPEXOANUTH JI0 BUIIMX CTYIEHIB MOJIKOHIEHCAITI].

CyMilll TOJIIOKCHMETHIICHTIIIKOJIEH PI3HOT0 CTYNeHs MoJiKoHAeHcaii (N=8—
100) HOCUTh HaA3By napaghopmanvoecio. Ilpu HarpiBaHH1 B 3aKpUTOMY 00’€Mi BiH

mnaButhess npu 120-170 °C, moBiIIBHO  PO3YMHSETHCS HABITH B rapsyiid BOJI.
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Po3unHeHHsT MOXXHAa TNPUCKOPHUTH, JOOABISAIOYM HEBEIMKI KIUIBKOCTI  JIYTiB.
[Tapadgopmanbaerin iHKOTU BUKOPHCTOBYETHCA Yy BUPOOHUIITBI aMiHOIUIACTIB SIK
JoKepeno 6e3BoHoro dhopmanpaeriay. Bumi nomimepu Gopmansaeriay (13 n =5000 1
O1JIbIIIE) MaIOTh BOJIOKHHUCTY CTPYKTYPY 1 MOXKYTh BUKOPHCTOBYBATHCS SIK CAMOCTIHHI1

Matepiay.

1.10. I'ekcameTHJIEeHTETPaAMiH
I'excamemunenmempamin CgH1oN4, (ypomponin) - 1ne kpucramiuna, mo0pe
pPO3YMHHA y BOJl PEYOBHHA 13 COJIOAKYBATUM MPHUCMAKOM, IO CYOIIMY€TbCS IpPH
HarpiBaHHl. BiH yTBOpPIOETbCA TMpU  EK30TEpPMIYHIM  peakuii amiaky 13
dhopmaIpaeriaom:
4NH; + 6CH,0 — CgH1oN,4 + 6H,0 + 81lkkan (1.47)

Peaxiiist npoxoauTh B JEKiIbKa CTaIii:

3NH,+ 3CH,0 === 3CH,=NH

H
+3H20 /C 2
3CH,=NH —"‘—*4_3__0.. SHOCH,NH, mmr lexH
~3H,
CH, Hzc\ /CHz
N N —SCHZON+30H20
\CH CH/ HOCH, CH, CH,OH
L \2/ \2/ 2
N NH,3 N - N
| <0 L
CH, CH, CH, 2 HoC  CH,
N7 N
N I
CH,OH

Ypomponin € cnabkuM TPETHUHHUM aMiHOM, 1 3aCTOCOBYEThCA K CTabLII3aTop
a00 KOMIOHEHT CTalLIi3aTopiB Il aMIHOIUIACTIB. Y MPHUCYTHOCTI KHCJIOT a0o
aknenTopiB (opMmaneaeriny BiH pearye 3 BuauieHHsM CH,O. Ilpu 3actocyBanHi
coJIel aMOHII0 K 3aTBep/ukyBadiB y npucyTHocTi CH,O yTBOPIOIOTHCS MPOMIXKHI

MPOYKTH 1 METUJIAMIH.
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PO3JILI 2
OCHOBHI ITOJIOKEHHS TEOPIi YTBOPEHHS
AMIHOOJITOMEPIB (AMIHOCMO.T)

Peakmiii B3aemosii 3 GopMasibIeriioM TakuX CIOJYK, sIK KapOamia, MellamiH,
TUIllaHaiaMl Ta 1HIIMX, B MOJEKYJIl SKMX € Tpyod aMiJHOTO  THITY,
XapaKTepPU3yIOThCSl TEBHUMH 3aKOHOMIPHOCTSIMH. Taki peakiii NpOTIKAlOTh B
JEKUIbKa CTajid, HampsM SKUX 3aJeXUTh B TeMmIepaTypu, 3HaueHHs pH,
KOHIIEHTpallii peareHTiB 1 T.A. llepmioro cragiero peakiii € OpUETHAHHS
dbopmanpaeriyy A0 amigHOi Tpynud 3 YTBOPEHHAM METHIOIBHUX MOXIJTHHUX.
MeTunosbHI MOX1/IHI Y BIJMIOBITHUX YMOBaxX B3a€MOJIIIOTh MK CO0O0I0, YTBOPIOIOUU
JMIHIAHI TOJIMEPU BHUCOKOTO CTyINeHd noidikoHaeHcamii. Ilpu migBumieHH1
TemriepaTypu ado 3miHi pH, abo omHOoYacHi# 3MiHI 1TUX (aKTOPiB, MOXKE BIIOYBATHCS
MojJabllia TMONIKOHACHCAIS, IO MPU3BOAUTH JO BHUHHKHEHHS MPOCTOPOBUX

CTPYKTYp, TOOTO J10 3IIMBaHHS, KeJAaTHHI3allli Ta 3aTBEPIHCHHSI.

2.1. loikoHaeHcaniss kKapoaminy 3 popmasbaeriiom

Peakmiss mnpuenHanHs dopmanipleriyy 10 Kapbamigy 1 CHHTE3 CMOJ
PO3TISAAIOTCS TOJOBHUM YMHOM y BOJHHMX PO3YMHAX, OCKUIBKM BOHH TEPII 32 BCE
MalTh MpakTU4YHEe 3HavyeHHs. KapbOamim mgo0pe pO3UMHSETBCS B PO3UHMHI
(dbopmaiiblierily HaBiTh IPHU KIMHATHIN TeMmneparypi, 1 Ay>Ke IBUIKO MPU HarpiBaHHi.
[Ipouiec po3unHenHs eHpotepMiuHuid. [licnst po3zumHeHHs kapOaminy pH po3uuny
3MIHIOETBCS B HE3HAUHIM Mipi, 3BHYAHO TPOXH 3pocTac. B geskux Bumaakax
B11I0yBa€ThCS 3HIKEHHS pH po3urHy, 10 MOACHIOETHCS 3a0pyJHEHHSM KapOamiry
MPOyKTaMU HOTO TiApoJi3y (Hampukian, kapOboHaToM ado IiaHATOM aMOHIIO), SIKi
BiJ[pazy K B3aEMOIIOTH 13 (OPMAaNBIETiIOM, YTBOPIOIOUM YPOTPOMIH 1 BIIBHY
kucioty. Ilicas mepexony kapbamiay B pO34YMH peakiiisi MPOTIKAE B TOMOTEHHOMY

CEPEIOBUIIT.
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2.1.1. Peakuis npuenHanus ¢gpopmMaibaeriay a0 kapéoaminy
He3anmexxno Bijg yMOB HpOTiKaHHS peakilii kapOamimy 3 ¢GopMaibIerijioMm Ha
nepirii i craaii yTBOPIOIOThCS oKkcimMemuieHosi (Memunonivbii) Tpynu. Kapbamin mae
YOTUPHU PEAKIIHHO3IATHUX aTOMH BOJHIO, 1 TECOPETUYHO MOXKE TMPUETHATH YOTHUPH
mosiekynu CH,0O, yrtBOproroun mempamemunorkapbamio. Peaxiiro yTBOpEHHS

METHUJIOJKapOaMily MOXKHA MPEICTABUTH PIBHSIHHSIMMU:

H,NCONH; + CH,0 <> H,NCONHCH,OH (1.1)
MOHOMETHJIONKapOamiz
H,NCONHCH,0OH + CH,0 <> HOCH,NHCONHCH,OH (1.2)
JTUMETHIIONIKapOami
HOCH,;NHCONHCH,0OH + CH,0 <> HOCH,NHCON(CH,0H), (11.3)
TPUMETUIIOIKApOamig

HOCH,NHCON(CH,0OH), + CH,0 <> (HOCH,),NCON(CH,0H), (11.4)
TeTpaMeTHIIOIKapOami

1 peakuii y BOAHOMY pO34KHI 3BOPOTHI 1 TPOTIKAIOTh JJO BCTAHOBJIEHHS PIBHOBATU.

[Tpu pH>7 1 npu KiMHATHIN TeMIiepaTypl MOHO- 1 OUMEeMUNOAKAPOAMIO MOKHA
BUJITUTH Y BUIJIS1 YUCTUX KPUCTATIYHUX CIIONYK. [HII mox1aH1 kapbaminy 13 JBoMa
METWJIONbHUMHU  TpylmamMM  0OpU  OJHOMY  aToMi  a30Ty,  HalpuKiaza
MpUMemuionKapoamio, BUIIIUTA HEe MOXHA. Lle MOosSCHIOEThCS TUM, III0 BOJIHI JIBOX
METUJIOJIBHUX TPyN B JUMETUIIONKapOaMiil cTallIi30BaHI 3a PaXyHOK YTBOPEHHS
BHYTPIITHHOMOJIEKYJISIPHUX BOJHEBUX 3B’SI3KIB 3 pI3HUMHU aToMaMu (KHCEHb, a30T). B
TPUMETHIIONIKApOamil cTaluIi3alisi aTOMIB KHCHIO METWIOIBHUX TpyH 3HAYHO
cimalia, OCKITBKMA JIB1 13 HUX TOBUHHI CTaOUII3yBaTUCS BOJAHEBUMHU 3B’SI3KaMU 3

OJAHHUM aTOMOM KHCHIO:
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BBeaeHHsT KOXKHOT 4YeproBoi METWJIOJNIBHOI TPYNMH 3MEHIIYE pPeaKiiiHy
3/1aTHICTh aTOMIB BOAHIO aMiHHO1 (IMIHHO1) TpyIy, IO 3aJHILAINCS, SIK IPH peakmii
NpPUENHAHHS, TaK 1 NOpH peakdii KoHjeHcauli. KoHCTaHTM piBHOBarum peakuii
YTBOPEHHS MOHO-, AH- 1 TpUMeTHIoNKapoamiay npu temrepatypi 50 °C cTaHOBISTH
BianoBigHo 0,045, 0,27 1 1,8. KoHCTaHTM MIBHUJIKOCTI YEProBUX CTaIld peakiii
METHUJIONYBAaHHSA CTalOTh BCE MEHIIKMMHU, CIIBBIAHOIIEHHS KOHCTaHT IIBUIAKOCTEH
peaxiiiii oTpuMaHHs MOHO-, M- 1 TPUMETWIONIKapOamiay ckianae mpubausno 9: 3: 1.

OCHOBHHX

PiBHOBaXkHI YTBOPEHHI

KOHLEHTpalii CIIOIyK  IIpHU
TpUMETHIIONIKapOamiay B cepenoBui 13 pH=7 Ta miamna3oHi MOJBHUX CIIBBIIHOIIECHb
kapOaminy 1 popmanpaeriny K:d=1:1-4 npusezaeni B Tadum. 2.1.

Tabnuug 2.1. PiBHOBaXXKH1 KOHIIEHTpALlli METHIIONKapOamiiB

IlouyarkoBa pH | Temnepa- PiBHOBa:KHa KOHIEHTpPallisl, MOJIb/J1
KOHIEHTPaIlisi, MOJIb/J Typa, °C
Kapbamin | ®opmainb- Kapba- | ®opmaiib- Mowuo- 1u- Tpu-
JeTif Mif JeTi METHUJION- | METUJIOJ- | METUJIIOII-
KapOamin |kapOamin | kapOamis
1 2 3 4 5 5 7 8 9
2 2 _ 35 0,49 0,09 1,11 0,40 0,03
2 4 _ 35 0,05 0,38 0,60 1,03 0,33
1 2 3 4 5 6 7 8 9
2 6 10 50 — 1,40 0,20 1,00 0,80
2 8 10 50 — 2,90 0,07 0,75 1,18
2 8 6,5 35 — 2,73 0,06 0,60 1,34

[Ipy MonpHOMY CHiBBiTHOIIEHHI (opManpaeriay 1 kapbaminy Ounbmie 2:1

YTBOPIOETHCS JAOCUThH BEJIHMKAa KIIBKICTh TpUMeTuioiakapbaminy. [Ipore HaBiTh mpu
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20-xpatnomy Hammumky CH,O mpopearye Tinbku 2,8 monsr CH,O nHa 1 Mmoub
kapOaminy. BmicT TerpameTunonkapbamiay, o yTBOPIOETHCA B HE3HAYHIN KITHKOCTI
HaBITh TMPU BEIUKOMY HAUIMINKY (OopMableriy, 3pOCTa€ 3HAYHOK MIpOK 13
nigsumieHHsaM pH 1 remnepatypu peaxiiii. L{e Mo)kHa MOSCHUTH pO3PHUBOM BOAHEBOTO
3B’s13Ky OH---N nepen npueHaHHAM Y€TBEPTOI MOJICKYJIH (pOpMaJIbJICTI Y.

Peakiiii yTBOpeHHS MeETWIOIKApOaMiliB € OIMOJEKYJISIPHUMH, a peakiii
aucorianii — MoHOMOJeKyIIpHUMU. [IIBUAKICTD TX MPOTIKaHHSA 3pOCTAE Mi]] BILTABOM
ionie HsO", OH a TakoX KHCIOT, OCHOB i iX cosiei. Pi3Hi iOHM KHCIOT i OCHOB
BUSIBJISIIOTDH PI3HY KaTalliTUYHY aKTUBHICTb.

dopMalblIETiT Y 600HOM) PO3UMHI ICHYE€ TOJOBHMM YHWHOM Yy BUIJISAL
Memunenenikoner abo nonimemunenenikoneu. Ilpore B peakuiio 3 KapOamiioM
dbopmaibieri] BCTynae TUIbKU B 0€3BOJIHIN alibJeriaHiil a0 B 11 pe3oHaHCHIHN dhopmi.
Ile MOACHIOETBCS THUM, IO MIBUIAKOCTI pPEaKIid JenoyiMepu3alii MOJIIIIKOIEH 1
Jerigpararii METHUJICHIJIIKOJeH Takl BEJIWKi, [0 HE BIUIMBAIOTh Ha IIBUIKICTH
B3aeMo/Iii popMabAeriay 13 KapOaMiIoMm.

MexaHi3M  kucromuoco kamanizy ~Ha TPUKIAAl  peakuli YTBOPEHHS

MOHOMETHJIONKapOaMiay MOKHA MPEJCTABUTH TAKUM YHHOM:

CH,(OH), <> CH,0 + H,0 (11.5)
CH,=0 + HA <> *CH,~OH + A’ (11.6)
H,NCONH, + *CH,~OH <> H,N-CO-NH,"—CH,OH (1.7)
H,N—-CO-NH,"—CH,0H + A" <> H,N-CO-NH-CH,OH + HA (11.8)

ne HA = CH3COOH, H2C03 1T. I

Eneprisi mucomiariii MOHO- 1 JUMETHJIOJIKapOaMiay ckiagae 19 kkaia/MoJb.
Kinmesa cramis peakuii (11.8), sk HalOinblmI MOBiIbHA, BH3HAYAE MIBUIKICTH BCi€l
peaxIii.

MexaHi3M ocHO8HO20 Kamanaizy peakiii TpUETHAHHS (QopManbaeTiTy €
HACTyITHUM:

H,NCONH, + B <> H;NCONH™ + BH" (1.9)
H,NCONH + CH,=0 <> H,NCONHCH,O (11.10)
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H,NCONHCH,0O™ + BH" <> H,NCONHCH,OH + B (11.11)

Jucomiaris MeTuionkapOamiay MpOTIKaE aHAJIOTIYHO, alle Yy 3BOPOTHOMY
HAMpsIMi: Yyepe3 BIAIIEIIICHHs MPOTOHA 1 YTBOPEHHS aHIOHAa METHIIOIKapOaMiy.

3HalOuYM MIBUAKOCTI YTBOPEHHS METWIONKapOamily B KHCIOMY 1 Jy>KHOMY
CepeOBHINAaX, MOXKHA OOYMCIMTH 3arajbHy KOHCTAHTY IIBUAKOCTI YTBOPEHHS
MeTHIoIKap6aminy (y Mo -cek ), Hanpukiazx mpu 35 °C:

- + -
by =0,56-107" + 0,14 [H,0*] + 1,7 [0H"] (11.12)

. . c e -1 -1 .o .
1 KOHCTaHTY MIBUAKOCTI peakiiii Aucorriaiii (y MOJb *CeK ~) MpH L1l Temreparypi:

k2= 0,18+ 10" 4 0,004 [H,0*] + 0,05 [OH"] ( (11.13)
KoHcraHTa piBHOBaru piBHa:
_fe
Tk (11.14)

3aJIe’)KHICTh KOHCTAHTH IIBUAKOCTI MPUETHAHHS (POpMabAETiy 3 YTBOPEHHIM

MoHOMeTHIIONKapoaminy Bin pH cepenoBuia npuseaena Ha puc. 2.1. (kpuna 1).

2

Puc. 2.1. 3anexxHicTh KOHCTAHT MIBUAKOCTI peakiiil npueananns (1) 1 koHaeHcarii
(2) Big pH mipu 35 °C.

3 puc. 2.1. BuAgHO, 10 pI3KE 3pPOCTaHHS MIBUAKOCTI MPOLECY YTBOPEHHS
METHUJIONMOXITHUX criocTepiraeTbest npu pH>7. IIBUAKOCTI peakiiii MpueIHAHHS 1

kougencauii npu 35 °C pisui, skmo pH=4,5. [Ipu Oinpmmx 3HaveHHsx pH mBumme
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MPOTIKA€E TPOIIeC MPUETHAHHS, a PU MEHINUX — Tporec konnaeHcamii. [Ipu pH>7,5
YTBOPEHHS METHJICHOBHX 3B’A3KIB B3araji He Bi1OyBa€eThCA.

Buxonsun 3 eHeprii akTtuBalii YTBOPEHHS 1 JucoIlialii MOHOMETHIION-
Kapbaminy, TerioTa peakuii cranoBuTume: 13—-19=— 6 kkan/moab, TOMy piBHOBara
nporecy npueaHaHHA GopMalbAeriay J0 KapOaMily 3MIIIYETbCs BIIBO IIPHU

M1IBUIICHH] TeMIiepatypH (puc. 2.2.).

10
2}
x
Zher
i 6
18F
20 ; ! 1
350 330 310 280
(1/7) 1073
Puc.2.2. 3aJIeKHICTD KOHCTaHTH piBHOBaru peaxiii YTBOPEHHS

MOHOMETWJIONKapOaMily BiJl Temneparypu rpu pH=7.

MeTunonpHl Tpynu 3yMOBIIOIOTH PO3YMHHICTH KapOamigHOI CMOJU Yy BOJI.
BoHu yTBOpIOIOTH BOJHEBI 3B S3KM, SKI BHUKIMKAIOTh aCOLAllll0  MOJEKYI
KapOaMiHOT CMOJIM, YSIBHUU PICT 1i MOJIEKYJISIPHOI Macu 1 3pOCTaHHSI B’ S3KOCTI.
KonnenTpartlis METHJIONBHUX TPYI BU3HAYAE MOAAIBII MPOIECH CMOJIOYTBOPEHHS,
3JIaTHICTH 1X 70 MOAM(IKYBaHHS 1 IHIIMX MIEPETBOPECHb.

3B’SI3KM METWJIOJNIBHUX TPYyN 3 KapOaMimoM HauimeHu: cmabiibHi Cepel BCIX
XIMIYHHX 3B’sI3KiB B KapOamigHii cmoui. Lle 3yMoBIItO€ BITHOCHO HEBUCOKY (h13UKO—
XIMIYHy  CTIWKICT,  KapOamigodopmanpaerimiuux cmoi. Ha  cTabuIbHICTH
METUJIOJIBHUX TpyN 1 iX peakuidHy 3JaTHICTh BEJIWKHM BIUIMB crpasisge pH
cepenoBuiia. Haticmabinouiwui  METWUJIONBHI TIpynu B  HEWTpadbHOMY  abo
C1aboyKHOMY CEpENIOBHUIIl, OCOOJMBO TIPHU HASBHOCTI HAIWIIKY BUIBHOTO
dbopmanpaeriay. [Ipu pH<7 BinOyBaeThcsi KOHJEGH ALl 3 YTBOPEHHSAM METHICHOBUX

3B’s13kiB [peakitis (11. 16)].
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SIKII0 mpH MPOBENEHHI Peakiliii B JIy’)KHOMY CEpEeNOBHUII BUAAIATH BUIbHHIM
dbopManbaeriy (HampukiIaa, OUISIXOM OKHUCHEHHS abo 3B’sI3yBaHHS 13 CYJIb(DITOM,
IiaHiIOM 1 T. 1.), TO MOXHA HIBHJIKO JOCSTTH IOBHOTO PO3IIETUICHHS METUIIOIBHUX
rpyn. Ha 1pboMy 0pHUHLHUII TPYHTYIOTBCS AaHAJNITUYHI METOAU KUIBKICHOTO
BU3HAYEHHS METUJIOJBHUX IPYI B CMOJIaX.

MeTunonapH1 TPy MOXKYTh OyTH TaKOX BIJIICIUICHI Bl KapOaMiIHMX CMOJI 3a
JIOTIOMOTOI0 aMiaKy, 10HIB aMOHII0, IEPBUHHUX aMmiHiB, kapOamigy, Tiokapoaminy i
(heHoJ11B, HAPHUKJIAT;

3CO(NHCH,0H), 4 4NH; == 3CO(NH;); -+ (CH;)eN, + 6H,0 (IL.15)

L5 peakiiisi B KOHIIEHTPOBAaHOMY PO34MHI 1 Tpu pH>7 cuiibHO 3MillleHa BIIpaBo,

TOJIi SIK IPY BUKOPUCTAHHI aMOHieBUX colieit (pH<7) abo mpu cuiibHOMY po30aBIieHHI

peaxiiisi Ma€ pIBHOBAKHUN XapaKTep.

2.1.2. Peakuii koHAeHcallii METHJIOJIbHUX TPy
Peakiiii METUIONBHUX TPYN € OCHOBHUMH PEAKIISIMU TPOIIECIB KOHICHCAITI].
MoHa BUAUIUTH IE€KITIbKA OCHOBHUX MUNi6 peakyii KOHOeHcayii:

— BUHHUKHCHHS MCTHUJICHOBHX 3B’$I3KiB:
—NHCH,OH 4+ H;N— =% —NH—CH,—NH— + H,0 (I1.16)

— BUHUKHEHHS TUMETHIICHETEPHUX 3B’ S3KIB
~NHCH,0H + HOCH,NH- < -NH-CH,—O—CH,—NH- + H,0 (I1.17)
— BUHUKHEHHS JIKIJIETEPHUX 3B’ SI3KIB!

—NHCH,0H 4+ ROH == —NH—CH,OR -+ H;0 (11.18)

— BHYTPILUIHbOMOJIEKYJISIPHA KOHJIEHCALlis 3 YTBOPEHHSM YPOHOBHX Kijelb abo
KIHIIEBUX LUKIIYHUX YIPYIyBaHb'
HOCH;—N—CO—N—CH,0H =* HOCH;—N-—CO—~N—CH,0H (I1.19)

1 I ! y
CH,OH CH,OH H2C\ /CH2
o)
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—CO—NH—CH;—NH-—-CO—NH—CH;OH ==

== —CO--N—CH;—NH + H:0

l
CIIHz—NH—CO

(I1.20)

Jiis oTpuMaHHs KapOaMiIHUX cMoJT BakiuBi nepeaycim peakii (11. 16) 1 (11. 17).

Ymeopenna memunenosux 36’a3xie

[Tpu pH<7 mMeTunonpH1 rpynu B3a€EMOJIIIOTh 3 ATOMaMU BOAHIO aMIHHUX TPYII,

yrBOprotoun  memunenosi micmku —NH—-CH,-NH- [peakmis (Il. 16)]. Peakmii

YTBOPEHHS METUJICHOBHX 3B’SA3KIB € OCHOBHUMH PEAKIIISIMU YTBOPEHHS KapOaMiTHUX

cmoit. [Ipu pH<4 BHHMKaIOTh NPAKTUYHO TUIBKM 11 3B’s3kM, a npu pH 4-7 e 1

JTUMETUIICHETEPHI.

Peakiiisi yTBOpeHHsSI METUIICHOBUX 3B’ A3KIB € OIMOJICKYJIAPHOIO 1 KaTali3yEThCs

KMCIOTHUMY ioHamu, Harmpukian HzO'. Tlpu sumxenni pH mBuakicTs ii 3pocrae.

Peaxis koHAeHcalii 3BOPOTHA, 1 METHJICHKapOaMiJin, 1110 YTBOPIOIOTHCS, MOXKYTh 3a

MIEBHUX YMOB TiIaBaTUCS T1IPOITI3Y.

IcHye pnexinpka  BapiaHTIiB — mepeliry  mepmioi  crafli

metunonkapbamigis (pH=3,96; t=35 °C):
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NH—CO—NH, 4+ NH—-CO—NH, —» NH—CO—NHCH,0H
¢hi0H dion du,
I\IIH—CO—NHE.
h=0,85-10"* monn/(n+cex)
NH—CO—NH; + Ho;N—CO—NH; —»> | NH—CO--NH,
dion e,

I
NH—CO—NH,

k=3,3-10""4 MOJL/(T-ceK)
1\|IH——CO—NH2+NH—CO—NH - 1\|IH~--C0-NHCH.‘OH
| l
CH,OH CH,0H CH,0H CH,

|
NH--CO—NHCH;OH"

k=0,5:10""* moab/(J1-ceK)

KOHAeHcalll

(I1.21)

(I1.22)

(11.23)



NH—CO—NH -+ H,N—CO~—NH, —> NH—-CO—NHCH.OlI1 11.24)

£=2.10"" Moab/(a-cex)
NH-—CO—NHCH,0OH (I1.25)
|
— CH2
|
— CO—~NHCI{,0H
NH—CH,0H NH—CH,OH 1\‘1 CO—NHCH,
| Lo | cHoH
(|:O + | NH-—CO—NHCH,0H 11.26)
—_ H—CH,O0H l
NH—~CH,0H N 2 C!H2
S O
I
CH,

1\|IH--*CO—NHCH20H

E=3.10"% momn/(n:cek)

SIk BHUIHO 3 MOPIBHSHHSA KOHCTAaHT miBuakocted peakiiit (11.21) i (11.22), a
takox (I1.23) 1 (I1.24), peakuiitra 3naTHicTh Tpynu —NH, MmoHomMeTHIONKapOaminy B
peakiii KOHJEHcalli BIBIYl MEHIIa peakUiiHOi 3JaTHOCTI 1€l Tpynu B
HEMETHUJIOJIOBaHOMY KapOamiai. Tak camo peakiiiifHa 31aTHICTh METHJIOJIBHOI TPYTIH B
JUMETUII0NKapOamial B 3 pa3u HIKYA, HIXK B MOHOMETUIIOJIKapOaMi/ii.

B niamazoni pH3,7-5,5 mpoTikae TOJOBHUM YMHOM PEAKIlIS METUIIOJIBHUX TPy
3 IMIHHUMH 3 YTBOPEHHSM METHJICHOBHUX 3B’sI3KiB. Peakilisi KoHAEHcAIl B CHCTEMI
KapOamig—(popmanbaerii BiAOYBa€TbCA 13 OUIBIIO MIBHIAKICTIO TPU HU3BKOMY
MOJIBHOMY CHiBBIIHOIIEHH] dopmanpaeriay 1 kapbaminy (P:K). Hanpuxnan, npu
criBigHomeHHI D:K=1:1 peakiiis koHaeHcallii Big0yBaeThcs B 3 pa3u MIBUIIE, HIXK
npu cmiBBigHomeHHT @®:K=2:1. [l[o6 mpw BHIIUX MOJBHUX CIIBBIIHOIIECHHIX
dbopmanprieriay 1 kapOaMigy MOCATTH TAKOTO K CTYINEHS TMOJIKOHACHCAII, SIK TpH
HU3BKHUX CITIBBIIHOIIEHHSX, MOTPIOHO 30UIBIIMTH Yac KOHJEHcAIlli, I1JBUIIUTH

Temmeparypy adbo monuszutu pH peakuiiHoro cepeaoBuia.
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SIK110 MPOBOIUTH KOHJIEHCAIII0 B pO34MHI KapOaminy y dopmanini npu pH<7,
TO MOXXHa MOMITUTH (puc. 2.3.), 0 CHOYATKy IIBHAKICTh KOHACHcamii Oiiblia
3aBISKH B3a€EMOJIIi  MOHOMETHJIOJNKApOaMiay, IO YTBOPIOETHCS, 13 BUIBHUM
KapbamizioM, TOJI SK TICIA METUJIONYBaHHS BChOTO KapOaminy MIBHAKICTb

KOHJICHCAIIl1 3MEHITY€EThCS (peaKiiisi KOHAEH callll MeTUII0JIKapOaMiJiiB, KpuBa 2).

R Y,
Yac, xB
Puc. 2.3. llIBunkicth kouaeHcarrii ( 85 °C ):
1 — CO(NH,),+CH,O0.
2 — CO(NHCH,0H),,

Peaxiiist KOHIEH CAIllT YUCTOrO AUMETUIIONKApOaMily Y BOJJHOMY PO34HHI, 1110
MPOXOJIUTh CIOYATKY MOBUIHHO, MPUCKOPIOETHCS 3aBASKU TiIPOJII3y METHIOIBHUX
rpyn 3 yTBOpeHHsM BUIbHUX Ipyn —NH,. 3Haue€HHS KOHCTAaHTH WMIBUAKOCTI peakiiii
CBIIYUTH MPO Te€, IO HWMOBIPHICTH y4yacTi amiHorpyn B miil peakuii B 100 pasis
OunbINa, HIK IMIHHHX, 1, OT)KE, MOXKIIMBE YTBOPEHHS CMOJI 3 JIIHIHHOIO CTPYKTYpOIO.

Peaxiiist mpoTikae 3a cXeMoro:

NH—CH,0H NH, NH—CH,—NH
l é l I

(T‘O + |o —> (fo CTO + H,0 (11.27)
NH, NHCH,OH NH, NHCH,0H

IpPUYOMY BUIBHI aMiHOTpynu a00 BUTPAYarOTHCS MOBHICTIO, a00 WIyTh B OOKOBHIA

JIAHITIOT.
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Peakyii  nepeunnux - npodykmie  nojiikonoencauyii  kKapoamioy 3
¢opmanvoezioom

[IpotyKkTH KOHJIEH allli, IO YTBOPIOIOTHCS Ha MOYATKOBUX CTAIisIX, HAPUKIIA]]
METWJICHIUKapOaMisl, MOXYTh NpUEAHYBaTH (opmanbiaerii 3  yTBOPEHHSM
METUJIONBHUX TMOXIJHUX, 3JaTHUX J0 Tnojaneinoi kouaeHcarii. [lIBuakicts
npueaHanus CH,O no meruneHaukapOamigy Taka K, SK IIBHJAKICTh B3aeMOJIl
KapOaminy 3 GOpMaTbIETiIOM.

[Ipu 30°C B cnabomay>KHOMY CEpElOBUII METWUJICHANKAPOaMiJ YTBOPIOE
MOHO- JIU-, TpHU- 1 TETpaMEeTUJONbHI moxijaHi. [leHTa- 1 rekcamMeTHsI0JIbHI MOXIIHI
YTBOPIOIOTBCA TUIbKM mpu Temneparypi Bume 60°C Ta B CHIBHOJIYXHOMY
cepenoBuilll. Tak camMo JUMETWICHTpUKapOaMmiiM B CHOPUSTIMBUX YMOBax
YTBOPIOIOTh TMEHTAMETHJIONNOXIAHI, 1 JIMIIE B >KOPCTKIIIMX YMOBax BIJIOYBAa€ThCS
MO/IAJIbIIE 3aMIIIICHHS.

[IBuakocTi peaxiii B3aeMomaii (GopMalblerily 3 aMiHOTpyNaMu 1 peakiiii
KOHJIEHCallli METWJIONBHUX TPyH 3 aMiHOIPYINaMH, 110 MPOTIKAIOTh 3 YTBOPEHHAM
METUJICHOBUX 3B’S3KIB, Mail)ke HE 3ajiekaTh BiJl KUIBKOCTI 3aJUIIKIB KapOamimay B
pearyrouiil MosieKkyi. [3 301JIbIIEHHAM TIOBXUHU MAaKpPOMOJIEKYJIU 3pOCTA€E IBUIKICTD
il Tigpomi3y (30LIBIIYETHCS YHCIO MIXKMOJCKYISIPHUX 3B’SI3KIB, CXWJIBHUX [0
riaApoi3y).

Sk peakiisi npueaHaHHs (HopMabIEriay, TaKk 1 KOHJEHCAIlisl METHJIOJbHUX
TPYI € peaKkIlisiMA 3BOPOTHUMH, SIKI B 1I€aJIbHUX a00 HAOMIKEHHUX JI0 HUX YMOBaxX
(Mani KOHLIEHTpallli, BEJIMKa TPUBAIICTh PEAKIl) MPOTIKAIOTh a)X 10 JOCATHEHHS
CTaHy PiIBHOBaru.

[[IBuakOCTI peakiii MpueTHAHHS 1 KOHJGHCAIl 3alekaTh BiJ KOHIICHTpAIIii
pearentiB, pH 1 TemmepaTypu peakuiiiHoro cepenoBuima. Ilpu  Beaumkux
KOHIICHTpAIlISIX pPEarcHTIB piBHOBara 3MIIIYE€ThCS B HAMPSMKY YTBOPEHHS CMOJ,
MOXXYTh HaBiTh BiJOYBaTHCS MPOLECH MPAKTUYHO HE3BOPOTHI (BUIIAJaHHS Ocany,
smwmBaHHs ). L1 5k cami peakinii npy MEHITUX KOHIIEHTPAIIsX € 3BOPOTHUMHU.

[IIBuAKICT, TiApPOMI3y METHJIEHOBUX 3B S3KIB OOEPHEHO MPOIOpIliiiHa

IIBUJIKOCT1 1X BUHUKHEHHS, HAPUKJIA, T1IPOJIi3 METUIICHIUKapOaMiTy:
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NH,—CO-NH-CH,—~NH-CO-NH; + H,0 <> (11.28)
<> NH,—CO-NH; + NH,—CO-NH-CH,0OH
€ MOHOMOJICKYJISIPHOIO peakiliero 3 eHepriero aktuparii 19,5-20,8 kkan/Moms, 110
KaTali3y€eThCs TUIBKH 10HAMU H;0". IlBuakicts ii npu pH 3-5 mnpomnopiiiina
KOHIICHTpAIlii 10HIB H30+. Y 0,1 M po3unHi B CTaHi pIBHOBAard IUCOINAIli

MigIaeThes TpUOIN3HO 2 % MeTHIeHIuKapOaMiy.

Ymeopennsa oumemunenemepnux 36’°a3kie

Jlumemunenemepni 36 ’azku -NH-CH,-O-CH,-NH- yTBOpPIOIOTBCSI TOJIOBHUM
YMHOM B HEWTpaJlbHOMY a0o0 JIy’)KHOMY CEpEIOBHUIII, A€ MIBUIKICTb BHUHUKHEHHS
METHJICHOBUX 3B’SI3KiB MPAKTUYHO PiBHA HYNI0. BOHN yTBOPIOIOTHCS TaKOX Pa3oM 3
METUJIEHOBUMU 3B’si3kamMu B Jniama3oni pH 4—7, o0coOiMBO Mpu JOCHTH BEIUKUX
MOJILHHUX CITIBBIJTHOIIEHHSX (DOpMabJIeriay 1 KapoaMmiy.

[Ipn MonbHOMY CHIBBIOHOIIECHHI (opmanbaeriay 1 kapoaminy ®:K=4:1 npu
pH~6 1 Temneparypi KUIIHHS YTBOPIOIOTHCS JIUILE AUMETHUICHETEPHI 3B SI3KU.

Kap6amigui cmonu, oxepkani npu pH>7 1 MonbHOMY CHiBBIIHOIIECHHI
dbopmanpaeriny 1 kapOamigy K:®D=2:1, oOpoOysuincss B KHUCIOMY CEPEIOBHIII
cnupramMd 1 MepkantaHamu. JlecTpykiiss cMoJ  BigOyBajach TUIBKH  TIO
METHJIEHETEPHUX 3B’s13KaX, HE 3a4iNal04d METUICHOBUX

H;0*
— NH—CH,OCH,—NH— + 2ROH —» 2—NH—CH;OR + H.0 (IL.29)
(RSH) (SR)
VY ny>)XHOMY cepeIOBHUIIl TUMETUIICHETEPHI 3B I3KH TTOYMHAIOTH YTBOPIOBATHUCS

npu 3HadeHHAX pH BUINX, HIXK aIKOKCHIIBbHI 3B’ SI3KHU.

Ymeopenns ankinemepnux 36’°a3kie

MetunonpHl Tpynu MeETWIOIKapOamigiB abo kapOaMiTHOT CMOIH MOXKYTh
B3aEMOJISATA 13 CHOUPTaAMU 3 YTBOpPEHHSIM auxinemepuux 36°s3xie —NH-CH,—OR.
Peakiis mpoTikae B KHCIOMYy a00 CHJIBHOJNY)KHOMY CEpPEIOBHINI, a TaKOX B
HEUTpaJbHOMY B IPHUCYTHOCTI 3HEBOJHIOIOYMX 3aco0iB. Yum BuIla Temrieparypa

peakiii 1 yuM OuIbIlIa KOHIIEHTpALllsl CIUPTY B PEAKIIWHINA CyMilll, TUM BHUIIUN
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CTYIIHb eTepudikaiii. Y KUCIOMY CepeIOBHUII PEaKIlis alIKUTyBaHHS MPOTIKAE pa3oM
3 peakli€l0 YTBOPEHHS METWUJICHOBHUX 3B’s3KiB. llepiia mepeBaxkae NMpu BETHKUX
KOHIIEHTpALsIX CIUPTY, Apyra, HaBIAKHU, MPU Maaux. Y JyKHOMY CEpEIOBHILI
peaxilisi amKUTyBaHHS CYIPOBOJDKYE YTBOPEHHSI JAMMETUIICHETEPHUX 3B SI3KIB MpPH
B3a€MO/11i METUJIOIBHUX TPYII.

AJKITyBaHHS METWIOJBHHUX TPy B JIY’KHOMY CEpEIOBHILl BIJIOYBA€ThCS B
OCHOBHOMY TUIbKH Tpu KoHIeHTpalii yiyriB Buie 0,01 mons/n. JdumerunenerepHi
3B’A3KU YTBOPIOIOTHCS BKE MpU HU3bKKUX pH.

[Ipn HarpiBaHHi ab0 B KHCJIOMY CEpPEIOBHUIIl AJIKOKCUMETHJIEHOBI 3B’SI3KU
MIIAI0TECSA po3ujeniientto 1 BiIOYBA€ThCSl NOMIKOHOeHCcayisi 3 YTBOPEHHSIM 3B’SI3KIB

MDK MOJIeKyJlaMu KapOaminy. LlboMy cripusie BUfaeHHs CIUPTY, 110 BUIUISETHCS:

—NH—CH;OR + H* —> —NH—CH, + ROH (I1.30)

“AJKOKCWIIBHI” 3B’SI3KH 3 TIAPOKCHILHUMHE Tpynamu 1eitono3n —N—CH,—O—Cel (ne

Cel — 3anumIoK IEIFOI03KM) MEHII CTIHKI 0 TiApoi3y BiJ METHJIEHOBHX, a €HEprii

Ymeopennsn yponosux xineuw

Vponosi kinoys, mo yrtBOprooThes 3a peakiiero (I11.19), 3’sBusiorbes B
KapOaMiTHUX CMOJIAX TOJIOBHUM YMHOM IPU BUCOKUX MOJIbHUX CIiBBIIHOIICHHSX
dbopmanpreriny 1 kapbamimy. HeoOXimHOIO yMOBOIO iX YTBOPEHHSI € HasBHICTH
TeTpaMeTHIONKapOaMiay, sIKUM JIETKO BIAIICTUTIOIOYM BOJY, NEPEXOJIUTh B YPOHOBE
KUIbLIE, OCOOJIMBO B CIIa0OKHCIOMY cepeoBHIli. Brepine crnoiayky 3 ypOHOBHM
kinbieM BuAuMB KamgoBaki. HalOuibll MPOCTOI0 YPOHOBOKO CIIOJIYKOIO, IO JIETKO

BUJIUISIETBCS, € PIAKUN OuMemuiosull emep OUMemuioNypoHy

11.31
CH3OCH,~N—CO—~—N—CH,0CH, (IL.31)

Hzél\ /Cle
)

IIPH T1APOI31 SIKOTO Y TPUCYTHOCT1 JUMEIOHY YTBOPIOETHCS YPOH:
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CO
HIT/ \NH
|

HzC\ /C H2
o (11.32)
Temneparypa miaBneHss ypony 171 °C.
Jlig BUSIBIEHHS YPOHOBUX KUIELb B MPOIYKTaX KOHJEHCALli 3aCTOCOBYETHCS
METOJ] KCHJICHOJBHOTO PpO3IICIUIIOBAHHS, 3aCHOBAaHMM Ha HIKYIA PO3UYMHHOCTI

MPOJYKTIB MPUEAHAHHS KCUJIEHOJY JI0 YPOHOBOIO KUIBLSL, HIK 1HIIMX IPOJYKTIB

IIpUuE€IHaHHA.

2.1.3. BynoBa npoaykTiB noJiikoHaeHcamii kapoaminy 3 popmasbaerigzom
bynoBa mpoayKTiB MONIKOHACHCAIT € CKJIAJHOI0 1 3aJIeKUTh BiJl 0aratbox
(dakTopiB, B TOMY 4YHMCIl BIJ YUCTOTH 1 MOJIBHOTO CIHIBBIJIHOIIEHHSI PEareHTIB,

temmnepatypu 1 pH cepenosuia.

Kapoamioni cmonu

OcHOBHUH MeTOJ AOCTIHKEHHS Oy0BH KapOaMiHUX cMOJI OyB pO3poOIeHU
[{uroitHepoMm, — 1€ TaK 3BaHE KCUIEHOTbHe po3wennenusa. lled MeTon H03BOJIE
B1JIOKPEMJTIOBATH TPETHMHHHUM aTOM a30Ty BiJl BTOPMHHOTO B KapOaMigHIA CMOJI 1
i1eHTHdIKYBaTH ypOHOBI KuIbI. BiH Ja€e MOXIUBICTH PO3PI3HATH JHIWHY 1
pO3TaIyXeHy CTPYKTYpH B MOJICKYJII CMOJIH.

HesatBepmkeni kapOaminohopMalbIeriaHl CMOJIM HE3aJICKHO Bij] COCO0Y iX
OTPUMAHHS MAIOTh JIHIUHY CIMPYKMYypy, HAPUKIa;

—CH,-NH-CO-NH-CH,~NH-—CO-NH—CH,—NH-CO-NH- (II.33)

L1 miHIfHI MOJIEKYJIM 3aJIe)KHO BIJ] YMOB OJIEp’KaHHS HE MalOTh *OJHOI abo
MaroTh OJHY 4M 1Bl KiHUeBl rpynu —NHCH,OH, 1110 3yMOBIIOIOTH iX PO3YMHHICTD Y
Boai. [lpu BenukoMy HauMIIKY (popManbAeriay MOXKYTh OYTH METHUJIONOBAaHI TaKOX
JesK1 IMIHOTPYTIH.

B Momnekynax cMoiM, 10 MICTSTh OUIbIIe 5 3alUIIKIB KapOamigy, MOXke

BUHUKHYTH po3eanycents. lle TOSCHIOETbCS THM, IO 13 3POCTAHHSAM JIOBXUHH
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JaHIIOra 30UIBLIYEThCS YMCIO BTOPUHHHX Trpyn —NH-—, BHaciigok 4oro 3pocrae
HMOBIPHICTb YTBOPEHHS METHJICHOBOTO 3B’SI3Ky MpPH PpEaKlisX HUX TPyH, a He
KiHIIeBOi amiHOrpynu —NH,, He3Bakaloud Ha Te, 110 OCTaHHS Habarato OiIBII
peakiiifHo3aTHa BiJl IMIHHOI. Y He3aTBEpIKEHIH CMOJI IUX PO3TalyKeHb BUHHKAE
Iy>K€ HEeBEJIMKa KIJIbKICTb.

[Ticns Toro, sk B MOJIEKYJII CMOJIM OyAYTh 3aJisHI BC1 METHIJIOJBHI TPYIH, SKi
HE TUIBKM 3yMOBJIOIOTH ii PO3YMHHICTH Y BOJI, aj€ 1 3aBHUILYIOTh pE3yIbTaTh
BU3HAYCHHS MOJICKYJISIPHOI MacH 4Yepe3 acolliaiii, 3aauiiaerbes ‘“‘cxerem’” 13
3QIMINKIB ~ KapOaMiay, 3B’SI3aHMX METWICHOBUMHU ab0 JUMETHICHETEPHUMU
MicTkamu. Lleit momimep npakmuuno Hmepos3uwunHuii B OUIBIIOCTI PO3YMHHUKIB, 110
MOSICHIOETBCS JI€I0 MOJSIPHUX (PAKTOPIB aMiIOKUCIOTHUX TPpyH. Po3uunHuku Jjis
TaKMX HE3MIMTHX MOJIMEpIB KapOamigy, MO0 HE MICTATb METWIOJIbHUX TpYI, —
KOHIIGHTPOBAaH1 BOJHI PO3YMHU OpoMiny 1 HOAWAY JiTiIO0, MEPXJIOpAT MArHiroo 1
PO3YMHU HOJIUIY JIITIFO B allCTOHITPHII, METAHOJ 1 €TaHOTI.

OTtxe, KapOaMiJIHI CMOJIM MalOTh Ha KOXHINA CTaJli peakilii JiHiiHy OyJ0BY, a

iX CTymiHb NOJIKOHEHCAIlli, SIK MPaBUJIO, HE TepEBUIILYE 7-8.

Memunenkapoamiou

[Tpu B3aemomii kapbamiay 3 GopManabAETIIOM B CHIBHOKHUCIOMY CEPEIOBHUIIT
ad0 TpH JOCUTh HHM3BKOMY MOJIBHOMY CIIBBIJHOIICHHI (Hampukiaza, 1:1), xomu
KUIBKICTh (pOpMaNAETiNy HEMOoCTaTHS i 3mmBaHHsA, npu pH<7 Bci BuHHKI
METHJIONIbHI TPYNH pearyrTh 3 YTBOPEHHSM METHJICHOBHX 3B’s3KiB. [lpu 1mpomy
YTBOPIOIOTHCS HEPO3UMHHI MemuieHKapbamiou, O OCIAal0Th 3 PO3YMHY Y BUIJISII
amopdHoro ocamy.

Bci meTunenkapOaMian MarOTh JiHitiHy OyIOBY 1 HU3bKY MOJICKYJISIPHY Macy,
0 TEepEeBaXHO BIANOBIAa€E Macli Big  TeTpaMeTWICHIEHTakapOaMmimny 0
rentaMeTuiIeHOKTakapOaminy. B pesynbraTi peakiii B CHIBHOKHUCIOMY BOIHOMY
CEpEIOBUIIl YTBOPIOIOTBCS HU3LKOMOJIEKYAApHI MeTUJIeHKapOamiau, sKi uepes
HU3BKY PO3YMHHICTH OCIJAIOTh 1€ JO MOMEHTY JOCATHEHHS BEJIUKOI MOJEKYISIPHOI

MacCH.
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Metunenkapbamiam 3 dogeumu anyioeamu MOXKHA OACPKATH TITLKHA B TIEBHUX
yMOBaxX — MpU HarpiBaHHl napagopmanvoecioy 3 KapOamiioM NpU MOJIBHOMY
criBBigHomenHi ®:K=1:1 1 BuaaneHHi peakiiiHOi BOJIU. 3alie)KHO BIJ YMOB
OTpPHMaHHs METHJIEHKAapOaMiId MOKYThb OyTU Kpucmaniyvnumu abo amopuumu. Ix
MOJICKYJIH, SIK 1 MOJIEKYJIM KapOaMiTHUX CMOJ, JIHILHI.

[Ipn HarpiBaHHI HU3BKOMOJEKYJISPHUX METHUJICHKapOaMiIiB B KHUCIOMY
BOJHOMY PpO3UYMHI CIIOCTEPITa€ThCSA I[IKaBe SBUINE 3POCTaHHS CTYICHS iX
MOJIKOH/IeH calli. B 1mboMy BHUIIAIKy Mae MICIe KOMNIEKCHA peakyis 2ioponizy 3
BIIMICTUICHHSIM MOHOMETUJIONIKapOaMily, Moro KOHJEHCAIlisl 13 PEelTor KUIbKOCTI
METHJICHKapOaMily 1 yTBOPEHHSI BUCOKOMOJICKYJISIPHOTO TIOJIIMEDPY, HAPUKIAI;
H,NCONH-CH,—~NHCONH, + H,0 — H,NCONH, + H,NCONH-CH,0OH  (11.34)

H,NCONH-CH,—NHCONH, + H,NCONH-CH,0OH —

— H,NCONH-CH,—NHCONH-CH,—NHCONH, + H,0O (11.35)

Pa3om 3 BkazaHOIO BUIIE PEAKIIIEIO MPOTIKAE TAKOXK PEAKIIISI KPEeKiHey MOJEKYJI
MeTuJeHAnKapoamiay i BrmuBoM kucinoTH. 3B’si3ku —CH,—NH- B mMonekymi
METUJIEHKApOaMiiB CWJIBHO TMOJSPU30BaHI, TOMY MOXYTb OYTH JIETKO pO31pBaHi
oe3nocepenubo rpynamu —NH, iHmmx Monekyn metuneHaukapoaminy (Kpekinr) abo
rpyriamu —OH Boau (rizpoii3).

H,N-CO-NH-CH,—NH-CO-NH, + H,N-CO-NH-CH,—~NH-CO-NH; —
— H,N-CO-NH—(CH,NHCONH),H + H,NCONH, (11.36)

VY po3BeneHux po3dnHaxX HAMOUIBII BIPOTIHHM T1APOIIi3, B KOHIICHTPOBAHUX —

KPEKIHT.

3uwiumi cmonu

[Ipyn miaBumieHHi Temneparypu abo 3miHi pH miHiiHI KapOamigHi cMoiu
MOXKYTh MIJATUCSA TOAANbIIN monikoHAeHcari. [Ipu mpoTikanHi i€l peakiii B
pO3urHI KapOaMigHOT CMOJIM, IO MICTUTh HE3HAYHY KUIBKICTh METHJIOJBHUX TPYII,
CHIJ pO3PI3HATH 08a MUNU KOHOEHCAYii.

Ilepwuii mun: B pe3ydbTaTi peakili METHIOIbHUX TPYH YTBOPIOIOTHCS

MIKMOJIEKYJISIPHI 3B’ SI3KHU, CTYM1Hb METUJIOJIYBAaHHS MOJIEKYJI 3HH)KYETHCSI HACTUIBKH,
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10 CMoOJIa CTa€ TiApo(HOOHOI0 1 BUAUIAETHCS 13 PO3UMHY y BUTIISAAI OCaay BIAHOCHO

HEBEIMKOI  MoJnekymsapHoi  macu.  [lpoaykTtu, 10  BUAUIAIOTBCI, €

MEeTHUJICHKapOaMiaMH.

pyauii mun: Ipyu TOCTaTHHO BUCOKOMY MOJIBHOMY CITiBBITHOIIICHHI PEarcHTIB,

HC3BAKAI0OYM Ha IIOAAJIbITy HOJ'IiKOHI[GHC&HiI-O, CTYHiHL MCTHUJIOJIYBAHHA CMOJIA

30epiraeTbcsi JOCUTh BUCOKHM, IO 3YMOBIIOE ii pO3UMHHICTG. IlomikoHaeHcaris, 1

0COOIMBO peakIlii IMIHOTPYT, TPU3BOAATEH A0 PO3TATYKEHHS, a MOTIM JI0 3ITUBAHHS

cMouid. B’s3KICTh B KIHIIEBIM CTajil mepe >KeTaTHHIZAIIEI 3pOCTaE AykKe MIBUIKO.

VY TBOPIOETHCS APArJUCTHI T€lb, B AKOMY IMOJIKOHAEHCAIlsl MOKe B1IOyBaTUCS Jaii

13 BUAUICHHSIM BOoAM 1 opmanpaeriny. OQHaK 3aBXKIU 3aJIMIIAETHCS MEBHE YHUCIIO

METUJIOJIBHUX TPYI, 10 HerpopearyBanu. Cmpykmypy 3uumoi cmMonu, OJEepKaHOI

IIpU BEJIMKOMY MOJIbBHOMY CIIBBIIHOILIEHHI PEareHTiB, MOKHA MPEACTABUTU TaKUM

YUHOM.
O j o O
f h — I
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3aTBepKEHI CMOJIH HEePO3UUHHI 1 AOCONIOMHO AMOPDHI.
[Ipn 3aTBep/KkeHHI MoHOMeTuionkapoaminy tpu 100-140 °C

I'OJIOBHMM YMHOM TaKa peaKuiﬂ:

pOTiKae

45



—NH-CH,0H + H;N—- — -NH-CH,—NH- + H,0 (11.37)
[Ipn 3aTBep/uKEHHI CyMIIIl MOHO- W JUMETHIOJNKapOaMmigy Mpu ik ke
TeMITepaTypi WIyTh TAKOXK PEAKIIIi:
—NH-CH,OH + HOCH,—NH- — —NH-CH,—NH- + H,0O + CH,0 (11.38)
—NH-CH,0H + NH-CH,0OH — —-NH-CH,—N-CH ,0H + H,0 (11.39)
[Ipu 3aTBepmkeHHI B THUX >X€ YMOBax I[I/IMCTI/IlJ'IOJ'IKap6aMi)1y, KpIM  JIBOX
OCTaHHIX MPOTIKAE TAKOXK PEaAKIIS:
—NH-CH,OH + HOCH,—NH- — -NH-CH,0OCH,—NH- + H,0 (11.40)
Sxmo monehe criBBigHOomeHHs CH,0 1 kapbaminy menmie 1:1, 31MBaHHS HE
Bi1OyBaeThcs. [lpum nanpmioMy HarpiBaHHI 3aTBEPKEHHMX KapOaMiIHMX CMOJ
PO3IICTUICHHIO MiIJIaI0ThCS CIIOYATKY BUIBHI METHIIONBHI TPYIH, MOTIM aJIKOKCHIIbHI
1 METUJIEHOBI (OCTaHHI CHPUYMHAIOTH JECTPYKIIIO CMOJH), 1, HaKiHelb, pu 200—

240 °C po3puBatotbest 38’53k C—N B MoJIeKyJ1i KapOaminy.

DizuKo-XimMiuHi 61acmMueoCcmi i CmpyKkmypa KapoamioHux cmoJi

KapOamigHi cMonu MHpeacTaBisitOTh COO00K  8’53ki  po3uuHu. PO3UMHHICTH
CMOJIaM HaJa0Th (DYHKIIIOHAJIbHI TPYIU — METUJIOJIbHI a00 amKOKCHIIbHI. Bin ymncia
X TPYN 3aJCKUATHh CTYMiHb PO3YMHEHHS CMOJIM, a BiJ iX NMPUPOIU — XapakTep
po3unHHOCTI. Tak, CTymiHb METUJIOTYBaHHS 3yMOBIIIOE PO3YMHHICTH CMOJIH Y BOJI, a
YKCJIO 1 BUJ AIKOKCUIIBHUX TPYII — 11 PO3UMHHICTH Y CIIUPTaX.

Cmona wmictuTh (Gpakiii 3 Pi3HOI PO3UMHHICTIO, CHIBBIAHOIIEHHS SKHUX
3aJIeKUTh BiJl YMOB OTpUMaHHs cMoiu. Bci 1 ¢pakiii B3aeMHO po34rHHI. bimbI
riagpodoOHi dpakiii conrobinizyromescs 61IbII T1APOPITEHUME (DPaKITiIMH, 1 HABITAKH.
VY BuUmanky 3MEHIICHHS KOHIEHTpaIil TiApodiabHuX Gpakiii (HampuKiIam, MUISTXoM
PO3BENICHHS ), PO3YMHHICTH T11pohoOHMNX (DpakIliii y BOMHOMY PO3UMHI 3MEHIITY€EThCS,
1 MOXKE CTaTUCS TX 0CAOINCEHHS.

Kapbamifni CMONM He HaleXaTh 10 KONOIMB. IX Jyke BeluKa B SA3KiCTh
MOSICHIOETBCS COb8AMAaYi€l0 MOJIEKYJT CMOJIM MOJIEKYJIaMU PO3UMHHHUKA 1 acoyiayicio
MOJIEKYJI CMOJIM Mk c00010. MosekysipHa Maca KapOaMiJJTHUX CMOJI HE MEPEBUIILYE

700 1 mume y Bumaaky OyTtwiboBaHuX cmon gocsrae 800-1500. Coavsamayisa i
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acoyiayis CMOIIM BiIOYBAa€TbCA B pE3yJibTaTi YTBOPEHHS BOJHEBHX 3B’SI3KIB.
BcranoBieHo, 1o MpakTUYHO BCl aKTHBHI aTOMH BOJHIO KapOamiTHOI CMOJH
3B’s13aH1 BOJIHEBUMHU 3B’s3KaMU a00 3 PO3UYMHHHUKOM (IIpH TMPOBEACHHI peakilii B
MOJISIPHOMY PO3YMHHHKY, HAIPUKIIAJ, Y BOJI Y CIUPTI), a00 3 (QyHKIIOHATEHUMH
rpyliaMyd CMOJIM B HeMNoJspHOMY po3unHHHKY 4u B 100 %-Biit cmoii. Bomnesi
3B’SI3KM YTBOPIOIOTH aToMU BoHIO rpynt —NH—, —-NH, i -CH,OH.

BomHeBi 3B’SI3ku CIIPaBIISIOTh BEJIMKWAN BIUIMB HA TaKi BIACTUBOCTI CMOJIH, 5K
8 ’sA3KiCmb i cmabiibHicMb.

B’askicmb cMolld 3ale€XUTh BiJ JABOX (AKTOPIB: cmyneHs NOJNIKOHOeHcayil
CMOJIH 1 émicmy B HIA MemuloibHUX TPYI, K1 YTBOPIOIOTh BOJHEBI 3B’ sI3ku. Bruims
o0MIBOX HHMX (paKTOpIB Ha B’S3KICTh CMOJIM, OCOOJIMBO HEeMOJIU(]IKOBAHUX, K1
MICTATh 0arato METWJIOJNbHHUX TpyM, piBHO3HAYHUU. BIUIMB IMIHOTPYII, SKI TaKOX
MOYTbh YTBOPIOBATH BOJHEBI 3B’ SI3KH, Ty>KE€ HE3HAUHHM.

Benukuit BIIMB Ha B’SA3KICTh PO3UYMHY CMOJIM CHPABIISIE NPUPOOA POZUUHHUKA.
BojHi 1 ciupTOB1 PO3UYMHM, B SIKUX MOJIEKYJM PO3YMHHHUKA COJIBBATYIOTh MOJEKYJIH
CMOJIM, MalOTh MEHIITY B’SI3KICTh, HXK PO3UMHU B TaK 3BaHUX MOTAaHUX PO3UYMHHUKAX,
Y1 B TAKUX, MOJIEKYJIH SIKUX YTBOPIOIOTH OUTbIIE OJTHOIO BOAHEBOTO 3B’ SI3KY.

CmabinvHicms CMOJIH, TOOTO CTIMKICTD JI0 1T 30BHINIHIX YMOB, 3QJICKUTh MEPII
3a BCE BiJI MIBUIKOCTI MOJIKOHJEHCAIlli, BIJ MPOTIKAIOYMX MapaebHO PEeaKIlii
NpUeIHAHHS QopMabaeriny, erepudikamii 1 BIAIIEIVIEHHS PeakUiiHO31aTHUX TPYII,
a TaKOX BiJ (P13UKO-XIMIYHUX MPOIIECIB, K1 BUKIMKAIOTH BUMIAJIAHHS OCaYy.

Cwmona cmabinizyemuvcsi IPOTOHOJOHOPHUMH PO3YMHHUKAMHU, 0COOJIMBO BOJIOKO 1
CIIUPTOM, TaK K YTBOPIOE 3 HUMHU BOAHEBI 3B s13kM. Lls cralimizaiis € pe3ynbraToM
OJIOKyBaHHsSI aTOMIB a30Ty 1 KHCHIO MOJIEKYJaMH PO3YMHHMKA, IO YTBOPIOIOTH 3
HUMH BOJHEB1 3B’SI3KH, 1 BIJIHOCHO cJla00 BUpa)keHa. AJie BOHa THUM O1UIbIIa, YUM
OuTbIIMK paauKai, 3B’s3aHUN 3 rpynoto —OH, SKUil TPUETHIOE aTOM KHCHIO YH
a3oTy.

Crabimizaniro aToMiB KUCHIO (T1APOKCHJIBHOTO 1 QJIKOKCHJIBHOTO) Ta a30Ty
YTBOPEHHSIM BOJIHEBOTO 3B’SI3KY 3 TIAPOKCHJIBHUMH TPYIIaMHA PO3YMHHUKA YH CMOJIH

MOKHa NpEACTaBUTH TaK:
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AHaJIOTIYHO CTaOUTI3yIOTh CMOJY TJIKOJI (30KpeMa, METHJICHTIIKOIb) 1
PO3YMHHUKH, 110 MICTATh rpyiy —NH—.

Crocrepiraerbcst TakoX camocmadinizayisi MOJEKYyld CMOJH B PE3yJbTari
YTBOPEHHS BHYTPIIIHKO- 1 MDKMOJICKYJIIPHUX BOJIHEBHUX 3B’s13KiB. CamocTaldimizalis
MPU3BOAUTH JI0 TOTO, IO JIETKO YTBOPIOIOTHCS KOHIIEHTPOBaHI PO3YMHH CMOJIA B
PO3YMHHUKAX, fAKI MMOraHO 3MIMIYIOTECA 3 HE0, a NpH MOAAIBIIOMY PO3BEICHHI
TaKUMU K PO3YMHHUKAMU BIJIOYBAa€ThCs PO3JAUIEHHA (a3 ado OcayKeHHS CMOJHU 3
PO3UHHY.

binbm edbextuBHa cmabinizayis B pe3ynbrari erepudikalii MeTUIOIbHUX TPy

CMOJIU CIIUPTaMH.

2.1.4. OTpuMaHHs KapOaMiTHUX CMOJI

IIpoyec ymeopenus kapbamionux cmosl — 1€ KOHJEHCAIlisl METUJIONBFHUX TPy, B
PE3yNbTaTi sIKO1 BIIOYBAETHCS PICT MOJIEKYI.

Leli npouec ayxe CKIAJAHUA, OCKIIBKM B CHUCTEMl MPOTIKAE JEKUIbKa
napajyielbHUX peakiliii TMpUEIHAHHs, KOHJACHCAIli 1 TIAPOI3y 3a JeKUIbKoMa
MEeXaHI3MaMH, 3 PI3HUMU KOHCTAHTAMH IIBUIKOCTI 1 PIBHOBAarw, Ta BiIOYBalOThCS
Oe3rnepepBHi NEPETBOPEHHS (PYHKIIIOHATILHUX TPYM 1 3B’ A3KIB.

CMonu OTpUMYIOTH B OCHOBHOMY IIPH 6euUKUX KOHIICHTpAIlSl PEareHTIB i
sminnux 3HadeHHsx pH. B xomi peakiii 0Oe3nepepBHO 3MIHIOETHCS MOJIbHE
criBBiAHOIIEHHS peareHTiB. HemonudikoBani kapbamiaHi CMOJIH, sIKI BUPOOISIOTHCS
B IPOMHUCIOBOMY MacmTall, OTPUMYIOTb MpPH MOJBHOMY CIIiBBIHOIICHHI

dbopmanpaeriay 1 kapoamigy 1,5:1-2,5:1 1 remneparypi 94-97 °C. KonneHncarisi, sx
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MPaBUJIO, MPOBOAUTECS 8 08I cmadii: Tieplia — B JIY’KHOMY CEPEIOBHIIl, Ipyra — B
KHCIIOMY.

Ha nepwiti cmaoii xap6amia po3uuHSIOTH B TTy)KHEHOMY 10 pH nero Bute 7
dopmaimini. [lpormec  po3umHEHHS KapOamimy — €HAOTEPMIYHWH, 1 BIH
CYNpPOBOKYEThCS He3HAuHUM TifBuiieHHssM pH. Ilpu temmneparypi kuminas pH
JY>)KHOTO pO34MHY KapOamiay B (opmaltiHi 3HIKYEThCA IyKe MBHUAKO g0 6. lle
BUKJIMKAHO TOJIOBHUM YMHOM MPOTIKaHHAM peakiii Kanuimmapo:

2 CH,0 + H,0 — CH30H + HCOOH (I1.41)
a TAaKO’X YaCTKOBO OKMCHEHHAM (pOpMaJbIErily KUCHEM MOBITPS:
2 CH,0 + O, — 2HCOOH (I1.42)

OcranHs peaxiiist He BiI0OYBa€ThCS B HEUTPATHLHOMY CEPEIOBHIIIL.

[Tepma crazgisi KOHACHCAII MPOBOIUTHCS B HEHUTpaTbHOMY a00 OJIM3BKOMY 0
HeUTpasbHOTO cepefoBuii. KoM MOYMHAETBCS KUIIHHA, MPOXOJUTHh IIBHUJIKE
3B’s13yBaHHs (OpMalIbIeriay kapOaMiioM, TPUIOMY YTBOPIOIOTHCS TOJIOBHUM YHHOM
Metwioakapoamiau. [IBUaKICT, KOHAEHCALI 3BE/IeHa A0 MIHIMYMY JJisl TOTO, 1100
METHUJIONIKapOaMiIi HE OCaKyBaJlUCh BHACHIIOK OOMEXeHOi po3uuHHOCTI. [lpu
IIBUJKIM BUTpaTi METWIOJIBHUX TPyl B pe3yjibTaTli peakuii KOHAEHcallli, sKa
MEePEBUIIYE IIBUIKICTh iX BUHMKHEHHS B PE3yJIbTAaTi peakilii mpuegHaHHs (Tpu
3aHaATO HHM3bkomy pH), BimOyaeTscs ocaodocenns TiapodoOHOTO MogiMepa,
MOBHICTIO 200 YacCTKOBO BUIBHOTO BiA TiApodinbHUX rpyn. OCaIKEHHIO CIpUsie
TaKOXX HAsSBHICTh B PO3YMHI HEMPOPEAroBAHOTO KapOamimy, aMiHOTPYIH SKOTO B
peakIii KoHaeHcallli HaOUIbII peakI[iiHO31aTHI.

Metunonkap6amian (MOHO- 1 JU-) 3HAXOASATHCS B CTaHI OUHAMIUHOI piBHOBALU.
Konu nmpopearye 6inbiiia yactTuHa kapOamigy 1 MOHOMETHIIONKapOaMiTy, piBHOBara
3MIITYETHCS BIIBO 1 BUAUISETHCSA BUTBHUN (DOpMaIIbIETIL;

NH,-CO-NHCH,0OH + CH,0 <> HOCH,NH-CO-NHCH,0OH (I1.43)

Ywuciio METUIOIBHUX TPYI MIBUIKO 3POCTAE, OJHOYACHO 30UIBIITYETHCS YHCIIO
MDKMOJIEKYJIIPHUX 3B’SI3KIB 1 MOBUIBHO POCTE B’SI3KICTh CMOJIHM. KoM yTBOPIOETHCS
HEOOXiHA KITBKICTh METHJIOJBHHUX TPYM, KOHJSHCAII0 MOTPIOHO MPUCKOPUTH, IO

JOCSTAEThCA 3HWKEHHAM pH (miakuciaeHHsM) peakiiiHoi cywiml. 3HmwkeHHs pH
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CMOJIM MIJKUCIEHHSIM Ha Opyeii cmadii peakiii 3HauyHO 30UIbIIy€ IIBUIKICTDH
koHaeHcarlii (mpubmuszno 50—-100 % na xoxHi 0,1 pH).

B kucinomy cepenoBuIlll peakilisi MOXKE MPOTIKATH 0 OaXaHOTO CTYIECHS
nosikoHAeHcanii. HampsiMm 1 mBHAKICTh peakiii 3ajekaTb BUKIIOYHO Bim pH.
Peakiiro oTpuMaHHS CMOJIM MOXKHA 3aTpUMaTH Ha MOTPIOHOMY eTaml IUIIXOM
OXOJIOJIPKCHHS peaKkIliiHoi cymini 1 JoBeaeHHs ii pH 10 Takoro 3HaueHHs (3BHYAHO
~ 7), Ipu IKOMY pEaKIlisi MPOTIKAE 3HAYHO MOBLILHIIIIE.

Momenm 3akinuenHs NOAKOHOeHcayii BU3HAYAIOTh 34 CTYIEHEM CYMIIICHHS
cMonu 3 neakuMH piaunHamu. CrodaTky cMoja 3MINIYEThCS 3 PIAMHOI0 HEOOMEXKEHO
(npu KIMHATHIN TemnepaTypi). B xozi peakiii HacTynae MOMEHT, KOJIH Jy>K€ CHIIbHE
pPO3BEACHHS MIPOOM KOHIEHCAaTa BUOPAHUM peareHTOM-0Ca)KyBauyoM IPU3BOJIUTH 10
MOSIBU NMOMYTHIHHS (OCaJ)K€HHS MEeBHUX (Ppakuiid). Jlam KiIbKICTh OcaIKyBaya, 110
Tpeba JonaBaTh [0 TEBHOr0 00’eMy CMOIM, MO0 BHUKIMKATH IOMYTHIHHS,
3MeHInyeThes. [Ipyu BU3HaU€HOMY CIIBBIAHOIIEHHI OCAKyBay : CMOJIa KOH/ICHCAIII0
MepepUBaIOTh HEUTPAIIZAIIEID CMOJIM 1 il HACTYIMHUM 0XOJ0/KeHHsAM. KoHaeHcaio
MOKHa KOHTPOJIFOBATH 1 32 TEMIIEPATypPOIO TOMYTHIHHS.

B roToBiil cMoJi 3aBXIM TPUCYTHI HEBEJMKI KUIBKOCTI HEMpPOpPEearoBaHOTo
dbopmanprieriny. SKmio B TOTOBY HEWTpai3oBaHy CMOJy BBECTH JOJAaTKOBO
KapOaMmin, TO BIH Oyne 3B’A3yBaTH BUIbHMUN (OpMaNBACTii 3 YTBOPEHHSAM
MeTusosikapoaMiiB. BmicT BUIbHOTO (popManbaeriay Oyae BUSHAYATHUCS PIBHOBATOIO
mpyu  KIMHAaTHIA  TeMIepaTypi MDK BUIbHUM  (opMambaeriiom 1 JIyxke
peaKiitHO3JaTHUMH aMIHOTpYyIaMu Kapoamiay:

NH,-CO-NH, + CH,0 <> NH,-CO-NH-CH,OH (I1.44)

OtpumaHi 3 JOAATKOBMM BBEACHHSIM KapOamimy cmosu MicTath a0 0,1 %
BUIBHOTO (hopMasibieriay. Y TBOPEHI MPU IbOMY METHIIOJKapOamiIn, CoMo0LTI30BaH1
MOJIEKYJIaMH CMOJIM, HE OCA/IKYIOThCS 3 PO3UMHY 1 CTaOLI13yI0Th CMOJY BOJAHEBUMHU
3B’s3kaMu. Lleit croci6 103BosIsiE 3SHU3UTH MOJIBHE CITIBBIIHOIICHHS (DOpMaberiay 1
KapOamMiay B CMOJI1 1 OTpUMAaTH O1IbII T1Ipod0OHY Ta OJTHOYACHO CTAOIIBLHY CMOJTY,
YOro He MOXXHa JOCSTHYTH, MPOBOSYM PEakiliio Oe3MoCcepeqHbO MPU 3MEHIICHUX

MOJIBHUX CITIBBIJTHOIIICHHSX PEarcHTiB.
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3MEHIIUTH BMICT BUIBHOTO (POpMAaNIbJEriay B CMOJI MOKHA TaK0XX BBEACHSIM
IHIIIMX aMIHHUX MOHOMEDIB.

AMIHOCMOJIM MOXHa OTPUMATH MPU BUKOPUCTAHHI KOHIEHTPOBAHUX PO3UUHIB
Gopmanvoecioy (manpuknan, 80 %-HuX), Tak 3BaHUX KOHIICHTPATIB, CTaOLII30BaHUX
kapOamigoMm. [lpu npomy 6e3 muctwmii otpumyioth 60—70 %-By cmoiny. Ilpu
PO3paxyHKy MOJIbHMX CITIBBIIHOIIICHb CJIiJT BpaxOBYBaTH HAasBHICTH KapOamimy-
ctabimizaropa B ¢popMaiini. Peakiiisi B KOHIIEHTPOBAaHUX PO3YMHAX MPOTIKAE 3HAYHO
mBuae, Hk npu Bukopuctandi 30—40 %-oro dopmaiiny, TOMy 3aCTOCOBYIOTHCS
Oounbmr Bucoki pH. KapOamigni HemonudikoBaHI CMOJM, OTPUMaHI Ha OCHOBI
KOHLIEHTpaTIB (QopManpaeriay (Kl HE MICTATh METaHONIy), MalTh IOHUKEHY
CTaOUIBHICTH 1 MOBUHHI I0JaTKOBO CTa0UTI3yBaTUCh METAHOJIOM 200 aJIKaHOJIAMIHOM.

dopMaiiH, Tpu3HAYEHUH 111 OTpUMaHHS KapOaMiJTHUX CMOJI, TOBUHEH MICTUTH
He MeH1ie 3—4 % meTaHoJIa, TaK K METAHOJ € Jy’K€ CUIBHUM CTa01113aTOPOM CMOJL.

MeraHos, TPUCYTHIM B TeXHIYHOMY (OpMalliHi, TOPMO3HUTH SIK PEAKIIio
METWJIOTYBaHHSI aMiHOTPYI, TaK 1 KOHJEHCAIII0 METHIOJBHUX TPYI. 3MEHIICHHS
HIBUAKOCTI YTBOPEHHSI METUJIOJBHUX TPYIN BUKIMKAaHE YTBOPEHHSM HalliBalleTajlei,
AK1 3MEHILYIOTh PIBHOBAKHY KOHUEHTPAILIII0 BUTLHOTO (hOpMaIbJIETIY:

CH,0 + CH30H <> HOCH,0OCHj3 (11.45)

BuHukawo4i METUIIONBHI TPYIH MOXYTh IMiIaBaTUCh METHUIIOBAHHIO [peaKiiis
(I.18)], mo mnpu3BOAUTH JO 3HMKECHHSA iX KOHIIGHTpAIii, i, BIAMNOBIIHO, 0
YIOBUIBHEHHS PeaKIlii MOTIKOHIEH CaIli.

SIkio peakilisi IpPOBOAUTHCS MPU TEMIEPATYypl KUIMIHHS PEaKIiiHOT CyMillll, TO
METaHOJI, KpIM TOro, 3MEHIIY€ IIBUAKICTb pEaKIli, 3HWKYIOUH TeMIepaTrypy

KUIIIHHS.

Texnonozii cunme3sy Kkapoamioophopmanpoezionux cmo.

Kapb6aminodopmanbaeriini CMOIM B TMPOMHCIOBUX MaciTabax Haimepie
OYaJIM OTPUMYBATH PIOKOPAZHUM MemOOOM, 3a IKUM B3a€EMOIIIOTH BOJHI PO3UHMHHU
dbopmanprieriay 1 kKapoamimy.

[Ti3nime Oynu po3poOJIeHI TEXHOJIOTIl, SKI € PI3HOBUIAMU 2emepoqhazHozo

o1



memoody otpumanHHsi K®C. CyTb HbOro METOAQY IMOJSATa€E B TOMY, L0 TapsuHid
ra3ononiOHui  MOHOMEpHHH  (opMaybleriy, CHeIialbHO OTpUMaHu, ado
dhopMapIeriIOBMICHI KOHTaKTHI Ta3u (OpMaaiHOBOIO BUPOOHHUIITBA B3aEMOJIIOTH 3
KOHIIEHTPOBAaHMUM BOJHHMM pPO3UYMHOM KapOaminmy. B rerepodasHomy meroni
00’ €IHYIOTBhCSL JIB1 cTafli: abcopOrist GopManbaeriay i3 KOHTAaKTHUX TrasiB 1 HOro
peaxIis 3 po3urHOM KapOaminy. Temo, 1o BUAUISETHCS TPH €K30TEPMIUHIM peakiii
B3aemomii Gopmanpaeriny 1 kapOamimy, Ta BHHOCHUTBCS 3 KOHTAKTHHMHU Ta3aMH,
JI03BOJISIE  TIPOBOJIUTH OJTHOYACHE BHITAPIOBAHHS KOHACHCAI[IHHOTO PpO3YUHY 1
OTPUMYBaTl Ha BHUXOJl 3 KOJOHH PO3YMH 3 BUCOKOI KOHLIEHTPALIEI0D MOHO- 1
JTUMETHIIONKapOaMmiy.

Bupo6nunreo KOC y npoMucIoBOCTI 3M1MCHIOETHCS SIK 32 nepioOUyHO, TaK 1
3a GesnepepeHoio CXeMOIO.

[lepeBaroto nepioouunux npoyecie € Te, WO PEAKTOP MEPIOTUYHOI il
nepeadavae MEHIIE KamiTalOBKIAIeHb, HK PEaKTOp, IO MpaItoe B Oe3lepepBHOMY
pexuMi. Ocobaugicmio MEPIOANYHUX MPOIECIB € T€, 10 BOHU JAl0Th MOXKIIHUBICTh
Kpallle peryjroBaTh TEXHOJIOTIYHI MapaMeTpu MPOIECIiB y TUX BUMAIKAX, KOJIH
JIOBOJAUTHLCS MPAIIOBATH 3 PI3HOIO 3a CKIIAJIoM cUpoBHHOI. Cepen Hedonikie Clijl
BI/I3HAYUTH HACTYIIHI: HEBUCOKA NPOJIYKTUBHICTh, 3HAYHA TPUBAIICTH IPOIIECIB;
BEJIMK1 €HEPTeTUYHI 3aTPaTH, OB’ A3aH1 3 BTPATOIO TEIJIOTU B MEPI1OAN 3aBAHTAKCHHSI
CUPOBHMHHM 1 BUBAHTAKEHHS MPOJYKTY; TPYIHONI 3 MEXaHI3AII€0 1 aBTOMATHU3ALIEIO,
CKJIa/IHICTh 00CITYTOBYBaHHSI.

besnepepena  cxema  BupoOHunTea KO®C  (mpm  6araToTOHHa)KHHUX
BUPOOHMIITBAX) JO3BOJISIE YCYHYTH HEJOJNIKM TEPIOJMYHUX TMPOILECIB: HEMAE
MPOCTOIOBaHHS OOJAJHAHHS, JOCATAETHCS BHUINA TPOIYKTUBHICTH, € MOXKIIUBICTh
MOBHICTIO aBTOMAaTH3yBaTH TMTpPOIEC Ta TOJETIIUTH TPaIo OOCIyrOBYIOYOTO
nepcoHany. OnHak, BIH TEX Ma€ psl CYTTEBUX HeOO.liKi@, OCHOBHUMHU 3 SIKUX €
OaraTocTafiiiHICTh BHPOOHMIITBA 1 3HAYHI EHEPreTHYHI 3aTpaTH, 3B’s3aHl 3
HEOOXIIHICTIO OXOJOJPKYBaTH pPO34YMH (QopMayiHy 0Opu HOro OTpUMaHHI 1

KOHIEHTPYBaTH KOHJEHCAIIMHUN po3unH cMmoiu. Kpim TOro, mpu CKiIagHUX
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3aKOHOMIPHOCTSIX CHMHTE3y OTPUMYBAHUX PEYOBUH, MPH Mepexoil A0 Oe3mepepBHOI
CXEMHU OTPUMYETHCS MPOAYKT 3 MOTIPIICHOIO SKICTIO.

Binomi criocobu oxaepxkanHs KOC 3 Ounbiioro, HiX JBi, KUIBKICTIO CTajid, 3
OaraToeTamHUM BBEJIEHHSAM KapOaMigy MAisi MiATPUMAHHSA TEBHOTO MOJBHOTO
CITIBBIJTHOIIIEHHS KapOaminy 1 dopMaibieriay, 3 CTaJi€r0 3aryllyBaHHs peakIiiHol
cymimii g0 60-70 %-Boi KOHIIEHTpAIlil TIepea JOKOHSHCAIIIEI0 CMOJIH 3 KapOaMiIoM.
IcHytoTh TeXHOMOTIT cCUHTE3Y KapOaMitopopMaIbIETiIHUX CMOJ M1l TACKOM.

Kap6aminodopmanbaeriiai nojiMepu B MPOMHUCIOBOCTI OACPKYIOTh Y BHUIJIISIL
KOHJIEHCAllIMHUX PO3YMHIB, PO3UMHIB MOJIMEPY 1 cyxoro nonimepy. KonneHcaiiini
SBJISIIOTH  COOOI0 CYMIII MOHO- 1 JMMETHJIOJNIOXIJHUX KapOaMiay, 3JaTHUX [0
MOJAJIBIIOT KOHJEHCAIlli 3 YTBOPEHHSM MAaKpOMOJIEKYJ CMOJH. Bukopuctanss
BHCOKOKOHIICHTPOBaHUX (POPKOHAEHCATIB J1a€ MOXKIMBICTH ojepxkyBatnu KDC 3
BHCOKOI MacOBOIO YaCTKOIO CyXOI'0 3aJIMIIKYy 0€3 10JJaTKOBUX €HEPreTUYHUX 3aTpat
Ha KOHIICHTPYBAaHHS CMOJIM, BUKIIIOYA€ YTBOPEHHS HAJICMOJIBHUX BOJ, CKOPOUYE

LMKJI CHHTE3Y TOTOBUX CMOJI 1 301JIbIITY€E TPOIYKTUBHICTH OOJIaIHAHHS.

Texnonoziuna cxema npouecy odeprycanua Huzbkomorkcuunoi KOC 3

¢opxkonoencamy nepioouuHum cnocooom

OCHOBHOIO BUXIZHOIO CHPOBHMHOIO Ui OfepKaHHA HU3bKOTOKCHYHOI KDC 3a
MEpPIOIUYHOI TEXHOJIOTIYHOK CXEMOKW € @opkoHoeHcam — HaIIBOPOIYKT,
TEXHOJIOTIYHUN PO3YMH MOHO- 1 AUMETHJIOINOXITHUX KapOamigy Ta pO3UYHHEHOTO y
BoJIl popmanpaeriny. Bmict TBepaux pedoBuH 55-65 %, MOJbHE CHiBBITHOIICHHS
®:K=1,9-2,2:1, BmicTt mertanony He Oumbmie 7 %, pH=7-8, ryctuna mpu 20 °C
cranoBuTh 1,25-1,27 r/em’.

Opnepxxanus  kapOamigoopManpiaeriiHoi  cMoiau 3 (opKoHACHCATY
B1I0YBAETHCS TMEPIOUIHUM CIIOCOOOM B ofHOMY peakTopi. I[Iporec mokoHmeHcartii
CMOJIM TIPOBOJUTHCS MPHU MEpEeMIHHOMY MOKa3HUKY pH 1 BHCOKil Temmeparypi B
KOPO31MHOMY CEpeIOBHIIll, TOMY HEOOX1IHE BUKOPUCTAHHS PEaKkTopa 3 HeprKaBIFOYOi
cTaimi. [3 BpaxyBaHsSM KOpPO3IMHHX BIIACTUBOCTEH PEUYOBHH IMepeadaueHe TaKOX

BUKOPHUCTAHHS HEP)KaBIIOYOI CTail sl TpyOOIPOBOAIB KOHACHCALIIHOTO PO3YHHY
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Ha BY3Jl NPUTOTYBAaHHS 1 JO3yBaHHS PO3YMHY XJOPHAY aMOHIIO, Ta Ha BY3I1i
JTUCTHIISIIIIT PEaKIIHHOT BOM.

JHoxonneHcaiiisi popkoHAeHCaTy MPOBOAUTHCS B peakTopi 2 (BepTUKAIbHHIMA
MATIHAPUYHAN amapaT 3 eNNTHYHAMH JHUIIAMHA, 00’ eM — 25 M, niametp — 2,8 M,
BUCOTAa — 4 M, 00JaJHAHUI MIIIAIKOI pamMHOI0 (IBHIKICTH 45 00/xB) (puc.2.4). B
peakTopi nepeadadeHo:

— BHUKOPUCTaHHS  paMHOTO  MEPEMINIyI0YOro  MPHUCTPOIO 3 3aMIHOIO

MOTOPPEAYKTOPA;

— MOHTaX JBOX BHYTPIIIHIX 3MIHOBUKIB, OJJUH 3 AKX — ABO3aX1AHUII.

Taka KOHCTpyKIIiSi Mae 3a0e3MeYUTH B PEAKTOpl HEOOXIJIHY BHUCOKY
IHTEHCUBHICTh TEPEMIIIyBaHHS 1 TEIIOOOMiHY, IO BKJIOYA€ TMPOILECH SIK
HarpiBaHHs, TaK 1 OXOJIOJKEHHS.

Bci crazii TexHOMOTIYHOTO Tpoliecy 3abe3neyeHi HeOOX1THUMH KOHTPOJIbHO-
BUMIPDIOBAILHUMH TpHWJIaJaMi Ta 3aco0aMyd aBTOMaTH3allii 3 BIAMOBIIHUMU
0JIOKYBaHHSMU.

Kap6amin 3a momoMoror BakyyMy 3acMOKTYEThCS B OyHkep 1 31 ckiamy
CUPOBMHU B KUIBKOCTI, pO3paxoBaHiii Ha OJHY oreparniro gokoHaeHcaiii KOC i
KOHTPOJIbOBaHIM TEH30BaraMu, Ta IMOJAETHCS B PEAKTOp 2 TaKOX 3 JOMOMOTOIO
BakyyMmy. JlJist CTBOpEHHS BaKyyMy nependadeHe BCTaHOBIIEHHS BakyyM-Hacocy BH-
1. Tlomaua dopkroOHIEHCATY B PEAKTOp 3IMCHIOETHCS CAMOHAJIIMBOM 13 PEaKIiHOI
KOJIOHH, JIe YTBOPIOEThCS (POPKOHEH AT, a00 HacocoM 13 OydepHoi eMHOCTI 17151 30U~
panHsi (opkonaeHcary. KinbkicTb (QOpKOHIEHCATy B PEAKTOPl KOHTPOJIOETHCS
pIBHEMIpOM, 1 MOjJa4a aBTOMATHUYHO MPUIIUHSETHCS MPU JOCATHEHHI BHU3HAYEHOTO
PiBHSL.

PeakTop oOyagHanuii 1BOMa 3Mi€BUKaMH, OJIMH 3 SIKUX BUKOPHUCTOBYETHCS IS
OXOJIO/KCHHS PEAKIIHHOT Mach 3BOPOTHOIO BOJOI0, a IPYTUN — JABO3AXITHUM — JIsI
HarpiBaHHS PEaKIIHHOT Macu HacH4YeHOIO maporo. [lomaua TemIoHOCIEB B 3MIHOBUKH

PETYIIOETHCS BPYUHY.
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[Momaueto po3unny NH,Cl B peakrop pH peakmiiiHoi cymimn 3HUKYETBCS 0
4,3-4,8. Pozunan NH,Cl (20 %-Buif) roryerbcss B €MHOCTI 7 1 4Yepe3 MipHHK 6

HE0OX1/IHAa KIJIbKICTh MOJAETHCS B PEAKTOP.
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Anaparu:1-OyHkep uig 3BaxKyBaHHS KapOaMiny; 2-peakTop 3 PpPaMHOIO
MIIIAJIKOI0 1 3MIEBUKAMHM; 3-TEIIO0OMIHHUK-KOHJIEHCATOP ISl KOHJACHCAIIl mapiB
Boqu, 4-Bakyym-Hacoc BH-1; 5-emHicTh miist 300py KOHJEHcaTy;, O-MIpHUK IS
NH,CI; 7-anapar mist nmpuroryBanus pozunny NH4Cl; 8,9-nacocu ans BinkauyBaHHs
KOHJ/ICHCATy B CUCTEMY OYHIIEHHS CTIYHUX BOJ.

Moroxu: I-popxonaencar; II-kapoamin; I1I-po3urrn NaOH; IV-po3unn NH,CI;
V-NH,CI; VI-o6e3meranonena Boaa s npuroryBanus po3unny NH,Cl; VII-BogsHa
napa 3 ¢opmanpiaeriziom i meranosnoM; VIll-kongencar Ha ounctky; [X-mapa, X-

koHjeHcat; XI-rapsiua Bona, XII-xonoana Boga; XIll-sakyym; X1V-roroBa KOC.

[Ticnst 3aBaHTaKEHHSI BC1X HEOOX1THUX KOMIIOHEHTIB PEAKTOP FePMETU3YEThCS
1 HarpiBaeThes 10 Temnepatypu 95-105 °C mogadero mapy B ABO3aXigHUMN 3MIHOBHUK.
BromtowaeThest Mimmanka Juisi mepeMilllyBaHHsSI peakifiiiHoi cywimni Bopoaosxk 4-—4,5
rog. B mpomeci kucioi aokonaeHcauli (OpPKOHIEHCATy 4Yepe3 KOXKHY TOJUHY
BiIOMpaeThCsl Mpobda CMOJIM ISl BUSHAUEHHS TOYKM TMOMYTHIHHS, JOCATHEHHS SKOi
npu 42 °C o3Havae 3aKiHYEHHS Mpolecy JqokoHaeHcarii. [licis 3akiHdeHHs mporecy
nokoHaeHcamii B peaktop momaerbes 20 %-Buit pozunn NaOH mns migastrs pH
peakmiitHoi cymimni go 6,7-7,5. Pozumn NaOH mnepenbadenHo mnomaBaTH 3HU3Y
peaxTopa.

Temnepartypa, B’43KiCTh 1 TOKa3HMK pH  pekuiiiHoro cepenoBuuia
KOHTPOJIIOETHCSI aBTOMATUYHO BIPOJOBK BCHOTO TEXHOJOTIYHOIO MPOLIECY.

Jns migBuieHHs KoHIeHTpanii oxaepxkaHoi K®C B cxemi mnependaueHo
BUIAPOBYBAHHS BOJM 13 TOTOBOI CMOJIM TMPU BaKyymi, HIO 3HUXKYE HEOOXIAHY
TeMIiepatypy. BakyyMHe BUMapoByBaHHS BOJIM MPOBOAUTHCS Tipu Bakyymi 0,06 MIla
BIPOJOBXK 2—3 TOA, NpPU I1bOMY KOHIIEHTpAIlid CMOJHU (CYyXUW 3aJIUIIOK)
30uThITyeThest 3 58 % nmo 65-66 %. BoasHa mapa 3 momimkamu hopMalibIeriay i
METaHOJy KOHJICEHCYEThCA 1 OXOJIOJKYETbCS B KOHAEHCATOpl 3 po3COJIoM [0
temnepatypu 30—40 °C. Oxono1KkeHU KOHJIeHCAT 30UpPa€ThCsl B €EMHOCTI 5, 3BIAKU
HacocaMd 8 1 9 BIAKAYYETHCS B CHCTEMY OYHCTKH 1 00€3METaHOJIOBAHHS CTIYHUX

BO/JI.
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Jlst crabimi3zanii 1 migTpuMaHHs HeoOXimHoro pH cMmonu 101aTKOBO BHOCSITH
Oypy 1 Kpeiiy uepe3 3aCUITHI IPUCTPOT, IO 3HAXOASATHCS HaJ PEAKTOPOM.
[Ipoiiec 0X00/1KEHHSI TOTOBOI CMOJIM PO3IEHO HA JIBa €Talu:
— OXOJIOJKECHHSI 000pOTHOIO BOIOI0 110 45 °C B peakTopi;
— oxoJiomkeHHs po3cosioM 10 30 °C B iCHYIOUHX 32 TPOMUCIIOBOIO TEXHOJIOTIEI0
CTaHJapTU3aTOpax.
['oTOBY OXOJIOKEHY CMOJY 31 CTaHIApPTHU3aTOPIB MEPEKauyrOTh HACOCAaMHU B
€MHOCTI Ha CKJIaJl TOTOBO1 IPOJIYKIIIi, 3BIJIKA BOHA BiJIBAHTAXKYETHCS CIIOKUBAYAM.
Jns mpoMUBaHHSL PEaKTOpPIB BOJA IMOJAEThCA Ha CHELIabHI MPUCTPOI,
3MOHTOBaHI B peakTopi. 3a0pyaHeHa 3aJWIIKaMH CMOJIM TIPOMHBHA CMOJa

B1JIKQUy€ThCSl HAacocaMu 8 1 9 B EMHOCTI Ha MPUTOTYBAHHS PO3YUHY KapOaminy.

2.2. IloaikonaeHcanisi MesaamMiny 3 ¢gopmaabaeriiom
JlocnmikeHHsT TIpollecy KOHJEHcallli MejlaMiHy 13 ¢opMalbaeriioMm Oyiu
nouvati B 1935 p. B lBeiinapii («Cibay). IHTepec 10 oaep:KyBaHHX CMOJI Yepes3 ix
IIIHHI BJJACTUBOCTI 3piC Ty>Ke MBUIKO, 1 Bke B 1940 p. 3’ ABUIMCS YHCIICHHI MATSHTH 1
nyouikaiii 3 1miei mpoOiemMu. MenamiH — aMiJl [IaHYpOBOi KUCIOTH — MPHUEIHYE
dbopmaniblierii 3 YTBOPEHHSM CMOJI, MEXaHI3M OTPUMAaHHS SKUX MOMIOHUNA 0

MeXaH13My OTPUMAaHHS KapOamigHUX CMOI.

2.2.1. Peakuist npueaHaHHs popMabaeriay 10 MeJaMiHy

[IpogykTamMmu mepiioi cTaaii B3aemMoail MejdaMiHy 3 (opManbIeriiom €
KpUucmaniyni memuionvHi cnoayku. Peakiii yTBOpPEHHS METHJIOJBHUX CITOJYK
3BOPOTHI, 1X IIBUIKICTH 1 piBHOBara He 3aJie’kaTh OE3MOCEepeIHbO BiJ KOHIICHTpAIil
BOJIHEBUX 10H1B.

Memunoamenamin ~ yTBOPIOEThCS ~ TPU  PO3UMHEHHI ~ MeEJNaMiHy B
HeWTpami3zoBaHoMy JyroMm (opmanini i1 mpoBenenni peakmii mpu 60-80 °C y
cnabonyxHomy cepenouiii. OCKUIBKA MeJIaMiH € c1a000CHOBHOIO pedoBUHOIO, pH

PO3YMHY TCIsA PO3YMHEHHS Horo jaemio 3poctae (3 7 mo 8,5). Ilpu 35-40°C y
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ayxuaomy cepenosuiti (pH 10 10,6) yTBOPIOIOTECS BHKIFOUHO METHIIOIbHI CIIONYKH,
peaxiiisi KoHAeHcallli He BiIOyBa€eThCs .
Ha puc. 2.5. mokazaHo BIUIMB TeMIlepaTypu Ha IMIBUAKICTb IPUEIHAHHSA

dbopManbaeriay A0 MEIaMiHy.

5_.
4 o %
R 80°C 7p°% ot~ e
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Puc. 2.5. 3anexHICTh MIBUIKOCTI MPUEAHAHHS (OpPMANbAETIAY 10 MEJIaMiHy Bij
TEMIIepaTypHy MPU MOJIBHOMY CIIBBIJIHOIIECHHI (popMaipaeriay 1 menaminy 6 : 1, pH=
7 1 [CH,0]o = 25%.

Cnmin 3BepHYTH YyBary Ha pi3Ke 3pOCTaHHS IIBUIKOCTI TMpUETHAHHS
dbopmanpaeriny npu migsuiieHHi Temmneparypu 3 40 mo 60 °C. Ile 3ymoBieHO
c1a0KOI0 PO3YMHHICTIO Mejaminy mnpu Temmeparypi Hmwkde 40-50 °C, BHacmimok
YOro peakxilisi MPOTIKa€ B TeTEPOreHHOMY CEPEIOBHINI, 1 MIBUIAKICTH 11 0OMexeHa
IIBUJIKICTIO po3unHeHHsT menaminy. [Ipu temmnepatypi Buie 60 °C BigOyBaeThcs
IIBUJIKE PO3YMHEHHS MEJIaMiHy, 1 peakilisi MPOXOUTh B TOMOT€HHOMY CPEJIOBHIIIL.

[Ipu 0X0J01KEHH1 10 KIMHATHOI TEMIIEpaTypu METHIIOJIMEIaAMIHU OCIAAI0Th 13
PO3YMHY y BUIIISIAI OUIOro IpiOHOKPUCTAIIYHOTO OCaxy, 1 MOXKYTh OyTH BHUIIIEHI
GbinpTpaIlli€ro, MPOMUBAHHAM 1 BUCYIITYBaHHSAM Ipu TemriepaTypi 10 50 °C. 3Buuaiino
OJIEPKYIOTh CYMIII METHJIOJIMENAaMIHIB, KpIM BHUIAJIKIB, KOJU BUKOPUCTOBYETHCS
BEeIIMKUM HAUIAIIOK (popManiHy JJsi JOCSTHEHHS MaKCUMaJIbHOTO CTYIICHS
METHJIOTYBaHHS.

Tpumemunoimenamin KpUCTAIIZYETHCS 3 ABOMA MOJIeKyJlaMHi BoAu. BiH He Mae
MEBHOI TEMITepaTypH TUIABJICHHS, Y BOJI PO3UMHSETHCS TPOXU Kpallle, HI’K MeJIaMiH.
Po3unHHICTE BCIX METHJIOJIMENIAMIHIB Maike OJHAKOBa, TOMY PO3AUIMTH iX IyxkKe

BaXKKO, Uepe3 1€ TOPTOBHUM MPOIYKT, K MPABUIIO, € CYMIMIIIIO.
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BinbH1 aMiHOTpYIU MOCTYNOBO PearyroTh 13 (popManbIaerigom 1 yTBOPIOIOTHCS

MOHO-, TU- 1 TPUMETHIIOJTTOX1/THI:

]\|IH2 1\|TH2
C C
N// \N 4+ CH,0 N/ \N + CH30
c‘ I!: o é “c “TEH0 -
o, -
HN. N \NH, H,N N \NHCH,OH
L
2N
NZ °N +CH0 (11.46)

== [l <

C C — CHz0O
HOH,CHN"” \\N/ \NHCH,OH

1?IHCH20H
¢

N7 \N
|

Co C
HOH,CHN"" \\N/ \NHCH,OH

—x

[{1 peakiii — €K30TepMIYHI; BOHM MPOTIKAIOTh JOCUTh IIBUAKO, piBHOBara
CWJIBHO 3MillleHa BpaBo (koHcTaHTa piBHOBaru npu 80 °C piBnHa 0,04), Tak 1110 BOHH
MPaKTUYHO HE3BOPOTHI. 3aMillleHHsI OJTHOTO aToMa BoaHIO B rpymi -NH; Menaminy
NPUBOIUTH 1O BUHUKHEHHS BTOPMHHUX aMIHOTPYI, peakiliiHa 3AaTHICTh SIKUX
MeHmIa. HacTynmHe metusnonyBaHHS Ma€ CIAOKWN JIIHIMHUNA aKkTUBIZYIOUUH €(eKT,
TOMY HaBiThb NpU MoJbHUX chiBBigHOMmEHHAX CH,O : MenamiH meHmie 3 MOXHa
oJiepKaTH CTYIIHb METUJIOJTyBaHHs OubLIE 3.

[Ipuennanns mecTy MOJICKYJ (opManbieriny 10 MeJIamiHy MPHU3BOIUTH JI0
OTpUMaHHS eexcamemunoamenaminy. 1g peakuis cnabo eHIoTepMivHa, 11 MBUAKICTh
B 1,5 pa3 MeHIa, HIXX MIBHIAKICTh YTBOPEHHS TpuMeTuioaMenaminy. [IIBUaKiCT
peakuii npueaHaHHs (oOpManpAeriyy A0 IMIHOTPYNM y Oarato pasiB MeHIIa

IMIBUJKOCTI peakiii BiameruieHHs. Hampukian, npu MOJILHOMY  CITIBBIAHOIICHHI
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BuxigHux peareHTiB ®:K=6:1 cepennss BennuymHa KOHCTAHTU PIBHOBAarM peakuii
METHJIOTYBaHHS IMIHOTPYIIU CKIIAJAE:
Temneparypa °C 60 70 80
K 3,718 2,23 1,46

YTBOpeHHS mempa-, neHma- i 2excamemuioimeslaminié B PO3YMHAX 13
HU3BKMMHU KOHIIGHTpAIIIMH €KCIIepUMEHTaNbHO He miaTrBep/xeHo. Ilo0 mocsarrtu
BHCOKOTO CTYTICHS 3aMIIICHHS MEJIaMiHy, PEaKI[I0 CIiJ MPOBOAUTH MPH MiABUIICHIN
TeMIrepaTypi 1 y IpUCyTHOCTI HAJUTUIIKY hopMaIbAeTiay.

CxeMa kamanizy peaxuii METHJIOJYBaHHS MEJIaMIHY:

Y JIYHCHOMY CEPEJIOBHIIII

MerH 4 OH™ == Mea— 4+ H,0

Mea— 4 CH,O0 =2 Mea CH.,O" (IL.47)
Me.ﬂ CHzO-‘ + Hgo —= Men CHQOH + OH_
Y KUCIOMY CEPEIOBUIIII
MeaH 4+ H,0* == MenH] + H,0
“ (I1.48)

CH,0 + H,0* == CH,OH + H,0
Mex H + CH,0H == Mex CH,OH + H*
ne Men — pagukan MeaaMiH.

Benukuii BB Ha peakiliiHy 3JaTHICTh METWIOIMENIaMiHy MAaroTh
cTabUII3yI04l HOT0 BHYTPIIIHBOMOJIEKYJISIPHI BOAHEBI 3B’S3KU METHJIOIBHUX TPYII.
JlerkicTh yTBOPEHHS 1 CTaOUIBHICTD MOHO-, OuU- i MPUMEMULOIMENAMIHIE MOYKHA
MOSICHUTH BUHUKHEHHSAM BOJHEBHUX 3B’SI3KIB MK MPOTOHAMH T1APOKCUIBHUX TPyM 1

a30TOM KIJIBIIS:

CH,
HN N0
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elaMiH pearye 13 (opMmanpAeriioM B JiaMiHOIMIHHIN (opmi, HpuuOMy
BUHUKAIOTh METWJIOJBHI TPYNU mMpbox 6udig: HE 3B’A3aHI BOJHEBUMH 3B’ S3KaMH,
3B’A3aH1 BOAHEBUMHM 3B’A3KaMU B KUIbL, 3B’s13aHI BOJHEBUMH 3B’SI3KAMU 3 KHUCHEM
APYToi METHIIOJIBHOT TPYIIX TIPH TiH K caMiii aMiHOTPYIIL.

MeTtunonsH1 TPYIH nepuio2o muny peakiiiHo3AaTHI 1 MOXKYTh B3a€EMOJISATH 3
rpynaMu JIpyroro abo TpPEeTbOrO THUILy 3 YTBOPEHHSM JAMMETHUICHETEPHUX 3B’SI3KIB.
JlumeTuneHeTepHi 3B’S3KM 3 TpyHamMu mpembo2o muny He CTaOlIbHI; JIETKO
BIJIIICTUTIOETHCS (POpMAJIBIIETIZT 1 YTBOPIOIOTHCS METHIICHOBI 3B’s3kH. Ju-, Tpu- 1
TETPaMETUJIOIMENIaMiHA MaloTh TIABKA OJHY TpPYIy TEpHIOro THUITy, IeHTame-
TUJIOJIMENIAMIH — JIB1, @ T€KCAMETHIIOIMENAMiH, BUCTyNalOuui Bxke y (hopmi TpruamiH-
CUM-TpHUa31Ha, — TPU METUIIONbHI IPYIH MEPIIOro TUIY 1 TPU — TPETHOTO.

Metunonmenamiin € CilaOKIIMMU OCHOBAMH, HDK MeEJaMiH, 1 y Mipy

30UTBIIEHHS] BMICTY METUJIOJIBHUX TPYH X OCHOBHICTh 3MEHIIYEThCS.

2.2.2. Peakuii KOHeHCcALil METHJIOJIbHUX TPyl

KoHnnencariis METUIONBHUX TPYN MEJIaMiHy 3 YTBOPEHHSAM MIKMOJIEKYJISIPHUX

3B’SI3KIB MOKE€ BiJIOYBaTUCS B KUCJIOMY CEpPEJIOBHUII, B HEUTPAIILHOMY 1 B JTY>KHOMY.
Mo>kJIMB1 HACTYITHI PeaKlii:

2Mes—NH—CH,0OH —» Mer—NH—CH,~0—CH;—NH—Mea + H,0O  (I1.49)

Mea—NH-—CH,OH 4+ Men—NH, —» Mes—NH—CH,—NH—Mea 4+ H,0 (I1.50)

2Mes—NH—CH,OH —» Mes—NH-—CH,—N—Mea
C|H20H (I1.51)

Mes—NH—CH,—O—CH;—NH—Mesx ~—>

(I1.52)
—> Mea—NH—CH,—~NH—Mea 4 CH,0O

ne Men —3anuuiok Menaminy abo METHIIOIMENTAMIHY.

Tak camo pearyroTh COIYKH 3 1u3aMimieHuM azotoM Men-N(CH,OH),

[lin yac KOHHEHcallli TPUMETWJIOIMEJIaMIHY BHWHHUKAIOTh SIK METHJICHOBI
3B’A3KHU, TaK 1 JTUMETHJICHETEPHI, MPUUOMY iX KUIbKICHE CHIBBIJHOIIECHHS 3aJIC)KHUTh

BiJI YMOB peakIii. ¥ peakiiii Menaminy 3 (opMabIeriioMm mpHu CIiBBIAHOIIEHHT 1:2
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YTBOPIOIOTHCSI TOJIOBHUM UYHWHOM METHUJICHOBI 3B SI3KH, a TMpH KOHJEHCAIil
reKcaMeTHIIONIMEIaMiHy — MaiKe BUKITIOYHO JUMETUIICHETEPHI .
3naunuii BrumB Mae pH. ¥V HelTpanbHOMy ab0 c1aboy>KHOMY CepelOBHUII
(ocoOmBO TIpM  BHUCOKOMY CTYIIEHI METWJIOJYBAaHHS MeEJlaMiHy) TIepeBara
BUSBIISIETbCSI HAa CTOPOHI peakilii BUHUKHEHHA JUMETUJICHETEPHUX 3B s3KiB. I
HaBmaku, npu pH Hmwkde 7 NPOTIKAIOTh peakilli KOHJEHcaIlli 3 YTBOPEHHSIM
METWJICHOBUX 3B’A3KIB, MPUYOMY ICHYIOUl €TEpHI 3B’S3KHA PO3UICTUIIOIOTHCS 3
BUJIUICHHSIM (dopMaipaeriay. Benuky peakimiiiHy 30aTHICTR MeJaMiHy 1 HOro
MOX1IHUX B KHUCJIOMY PO3YHMHI MOKHA MOSICHUTH BUHUKHEHHSIM KaTiOHa MEJIaMiHy,
HATIPUKIIAT;
NH,
¢
NN
.

C C

MexaHi3M BUHUKHEHHS METHJICHOBUX 3B’SI3KIB TaKUM K, SK y BHUIAIKY 3
kap6amigom. CrioyaTKy YTBOPIOETHCS KaTIOH METUJIEHMENaMiHy, SIKUH B3a€MOJIE 3
aMIHOTPYTIOI MelaMiHy a00 METHJIONBHOIO TPynoro MeTuioamenaminy. [IIBuakicTs
peakiii BUHUKHEHHS METHJICHOBUX 3B’A3KIB B KHUCIOMY a00 HEWUTpaTIbHOMY
CEpEeIOBUILI, KOJHM PEeaKilisi METHJIOTYBAHHS MPOTIKAE Oy’K€ HIBUIKO, MPONOpLIiHA

106yTKY KoHIeHTpawiii [Men]’ [CH,O].

2.3. [lonikonaencanis Tiokapoaminy 3 ¢popmasbaerizom
Tiokapbamin B3aemoie 13 GopMalIbIETIIOM B CIa0OKHUCIOMY, HEHTPATLHOMY 1
c1a000CHOBHOMY CEPEJOBUII, YTBOPIOIOYM KPUCTAIIYHI METWJIOIBHI TMOX1IHI,
aHaJOriyHl MeTujosikapOaMiny (MexaHi3MHM peakuii Takoxk moaiOHi). Peakuis
MPUENHAHHS — JIPYroro, a po3kiaay — mepmoro mopsaky. Lli peakiii momiTHO
MPUCKOPIOIOTHCS B MPUCYTHOCTI OCHOBHHUX KaTaji3aTopiB.
Memunonmiokapbamio BaXKO BIAOKPEMHUTH BiJ MeTWiIOdKapOaminy, 060 BiH

Kpallle po34MHSAETHCS y BOJI 1 JIETKO pO3KIIagaeThes npu Temnepatypi Buiie 50 °C. Ix
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KPHUCTAJI3aII0 MOYKHA TOJIETIIUTH KOHICHCAINEI0 PEAKIIIHOI CyMITIi 1]l BAKYyMOM
1 OXOJIOJKEHHIM Tpu TemnepaTypi Hibkue 0°C.

[Ipn xoHaeHcalii MeTHIOoJTIOKapOaMiy B KHCIOMY CEpPEOBHUILI IIPU
MiBUIICHI TemmepaTypl YTBOPIOIOTbCSI METHIICHOBI 3B’SI3KH, @ B JIY)KHOMY —
JTUMETHUIICHETEPHI.

CMoim Ha OCHOBI TiOKapOamiy MaroTh JIiHIMHY Oy/10BY:

—NH-CS-NH-CH,—NH-CS-NH-CH,—NH-CS-NH-CH,—

[Ipn cunbHOMY MIJKHUCIEHHI PO3YMHY METHIIOATIOKapOamigy abo pO3YHUHY
TiokapOaminy y ¢opmMaltiHi (MpU CIiBBIIHOIIEHH] Tiokapoamia: popmansaerig = 1:1)
OCIIalOTh HEPO3YMHHI MIKPOKPHUCTANIYHI METHJICHTIOKapOaMmian 13 CTyNEeHeM
rnmosikoHaeHcarii 3-4.

HaifHmkumii 13 TPOAYKTIB KOHJEHCAIll — MemuleHOumiokapoamio —
PO3UMHSETBCA Ba)k4e, HDK aHANOTIYHUNA MeTwieHaukapOamin. Hwxde npuseneHi
JIaH1 PO PO3YUHHICT Y BOA1 ACSKUX CIOYK:

CO(NH); CHy(NHCONH,), CS(NHy), CHy(NHCSNHy),

Po3unnHICTE
npu 21 °C, 109 25 18 0,35
/100 mn

[TommeTniieHTiokapOaMiy HE PO3UYMHSETHCS B  OLIBLUIOCTI  OPraHIYHUX
PO3YMHHUKAX, KPIM AUMETHIIPOpPMaMily 1 pO3IIaBIEHOTO KallpoJaKTamy.

[Ipn HarpiBaHHI METHJIONTIOKapOaMilly B CIIa0OKMCIOMY PO3YMHI TMPOTIKAE
peakuis nojikoHAeHcalli. Cro4aTrky yTBOPIOEThCS NyKe cTallabHa TiIpodiibHa
CMOJIa, TIOTIM cMoJIa TiapodoOHa, sika BIIIISETHCS BiJ BOJHOTO MIApy HABITH MPH
TEMIlepaTypl KWITIHHS, 1 HapelTl Tellb, SKUW YTBOPIOETHCA MICHS TPUBAIOTO
HarpiBaHHsA TigpodoOHOi cmomu. TiokapOamigHI CMOJHM € BHCOKOB’SI3KUMU
pO3UYMHAMHU K JI1 HU3BKOMOJEKYISAPHUX CIONYK, IO MICTSITh B MOJEKyTi 4-5
3aJIMIIKIB TioKapOaMiy (MOJIEKYIH Il A1alli3yI0ThCSl Yepe3 HAIBIIPOHUKHI IIJTIBKH).

[Tig yac HarpiBaHHS BOAHOTO PO3YMHY TiOKapOaMily HEBEIMKA KUIbKICTh HOTO

HIIJAETCS  130Mepu3allii B poOJaHi[ aMOHII; BiH B CBOI YEpry B3aEMOJIE€ 3
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dbopManiHOM, BUAUIAIOYM BUIbHY KHCIOTYy. [lpomec, TakuM YHHOM, CTae
ABTOKATAJII THIHUM.

TiokapOamiHI CMOJIM 3aTBEP/KYIOThCS TOBUIBHIIIE, HK KapOaMigHi, a micis
3aTBEP/DKEHHS XapaKTePU3YIOThCS KPUXKICTIO 1 BHCOKOIO BOJOCTiHKicTIO. [lpwm
B3aEMOJIl emunenmioxapbamioy 3 (HOpPMaIBIETiIOM YTBOPIOETHCS CIOJIyKa 13
CTYIIEHEM TMOJiKOHJIEHCAIlii 3, HepO3UMHHA B OpPraHIYHUX PO3UYMHHUKAX, HABITH B

auMeTrihopMamiii 1 KarpoJakTami.

2.4. IToaikoHaeH cauisa Aumiangaiamiay 3 popmasbaeriiom
[lepmni pocmiayM Mo KOHJEHcalli JuliaHaiaMiny 3 (GopMalibJeriioM MpoBiB B

1919 p. Baymmam. Ha nepuiid ctazii peakiii yTBOPIOIOTHCS METHIONbHI IPYIIH:

NH, l\lTHCHon I\’]HCHQOH

+CH-0 +CH20 11.53
CoN—CN T—22> C=N—CN T——> C=N—CN (IL.53)
| —CH0 | ~CH,0
NH, NH, NHCH,OH

[ peakirisi ek30TepMiuHa, TEII0Ta peakiii ~10 Kkan/Moiab. Y 4ucTOMYy BUTIISIII
BUJIJICHUN MoHoMemunonouyiandiamio (temrepatypa miasinenns 118-121°C) i
oumemunonouyiandiamio (temreparypa tuiaBieHas 112-113 °C). TeopernyHo
MOXHa OTpUMAaTH TpU- 1 TETPAMETHJIONbHI TOXigHI. Peakiii oTpuMaHHS MOHO- 1
OUMETUIONANIIIaHAIaMIly JAPYroro MOpsAKY; €HEepris akKTUBALll NepIioi peakiii
piBHa 22, a apyroi 10 kkan/monb. 3BOPOTHI peakiii € peakiisiMyi NepIIoro NopsaKy,
eHeprii ix akruparlii piBHi BianoBigHO 30 1 20 KKaJI/MOJIb.

[IBuakicTh peakxiiii 3pocTae 13 30uIbleHHSIM pH, oHaK onTUMalbHE 3HAYCHHS
pH=8-10. Ilpu pH Hmwxue 7 gumiaHgiaMi MATAETHCA TIAPOIIZY, YTBOPIOIOYU
FIrPOCKOMIYHUMN, CWIBHO OCHOBHMM juiliaHiiaMmid (TyaHiakapOamina), HasBHICTb
SAKOTO B 3aTBEPKEHUX CMOJIaX Pi3KO 3HUKYE X BOJIOCTIHKICTb.

JuiiangiamigH1 CMOJIH MaroTh KaTIOHHY CTPYKTYDY. ETepu
METWIOJAUITIaH/IIaM1iB MOKHA OJIEp>KaTh eTepu(iKalli€l0 HAJTUIITKOM METAHOIY Y
npucytHocTi HeBenmukoi kinmpkocti HCL  Jlunianmgiamigodopmanpieriqni  cMOIH

OTPUMYIOTh LIUISIXOM KOHJAEHcalli sk MiHiMmyM 2 moib CH,0 3 1 monb aumianaiamiay

65



npu pH 8-10; HalfuacTire MOJIbHE CITIBBITHOMICHHS (hOPMATTBIETiAY 1 TUIlIaH IIaMi Ty
ctaHOBUTh 3:1. [3 3MEHIIEHHSM MOJBHOTO CITIBBIJHOIICHHS 30LIBITY€ETHCS
rigpodoOHicTs cmonu. Ilporec mosikoHAEHCAIli MPUCKOPIOETHCA TPHU 301IBIICHH]
pH, 1 mpu pH 11-12 nHaBiTe nmpu KiMHATHIN TemmepaTypi yTBOPIOEThCS TipodooHa
cMora.

BonocrtiiikicTh 3aTBEpIKEHUX AMITIaH1aMITHUX CMOJI HEBUCOKA, HE JIUBIISTYNCH
HA Te, M0 III CMOJM 3HAYHOIO Mipoto riApodoOHi. Tomy HemonudikoBaHi
JUITIaHa1aM1THI CMOJIM 3aCTOCOBYIOTBCS P1JIKO, HAYACTIIIE B CyMillIax 3 MeJIaMIHOM
abo kapOamigoM (y TEKCTWIbHIM 1 MamnepoBiil mpomucioBocTi). JluiianmiamigH1
CMOJIA MOXYTh 3aTBEPPKYBATHUCS SIK B KHCIIOMY CEPEIOBHUII, TaK i B HEUTPATLHOMY 1

TYy’)KHOMY.

2.5. IlosikoHAeH CALliSI HIAHYPOBOI KMCJIOTH 3 opMasibaeriiom

Lianypoea kucnoma icHye B IBOX TayToMepHUX (opmax. 3 (opmanbaeriiom
B3a€MO/Ii€ KeToIMIHHA ¢opMma 130111aHypoBOi KUCIOTH. [Ipueqnanusa Gopmanbaeriay i
nojajibllla KOHJEHCallid BIAOYBalOThCA JOCUTh Baxkko. I[lpu pH=7 HaBiTh Yy
MPUCYTHOCTI HAIIUIIKY (opmanbaeriay (3:1) MOHOMETHUIIOII30IIaHypOBa KHUCJIOTA

3HaXOJIUThCS B PIBHOBA31 3 130111aHYPOBOIO KHUCIOTOIO:

co Co
HN- \NH HN- \N—CH,0H (IL.54)

é , + CH,O0 f
0 N /CO OC\ /CO
NH NH

[Ipu pH 2—-5 yTBOPIOIOTECA MOHO-, Ou- | MPUMEMUIONbHI NOXIOHI 1 TX CyMII,

Kl y MIpY BHWJQJICHHS BOJM 3 PEAKIIHHOTO CEpPEOBHINA TEPETBOPIOIOTHCS Ha
JUMEPU 1 TpPUMEPH, 3’€IHAHI AUMETWICHETEPHUMU 1 METUJICHOBHUMH MICTKaMH.
[IponykT koHmeHcanii € TiAPO(MUIFHOI0 CMOJOK, IO MICTUTh JOCUTh BEJIHKY
KUIbKICTh MeTuionbHuX rpym. Ilicns narpiBanns ao 100 °C cmona mocTynoBo
HaOyBa€ B’A3KOCTI 1 MEPEXOUTh B TBepAHM Hepo3umHHUU ctaH. [Ipu Temmeparypi

Buie 160 °C cMoia po3KiIaaaeThes 3 BUAUICHHSIM L1aHYPOBOI KUCIOTH.

66



BnacTuBocTi cMOMM y BeIHMKIN Mipi 3ajeKaTh BiJ TUIY KUCIOTH, BUKOPUCTAHOT
IUIA TiAKUCIEHHS peakimiiHoi cymimn. [Ipu Bukopucranui ¢ochopHoi Kucimotu
BUXOJIUTH CMOJIA 3 HAKPAIOI0 PO3UMHHICTIO, COJISTHOT — 3 BUCOKOIO TEPMOCTIHMKICTIO,
a cipyaHa KUCJIOTa CIIPUYMHSAE AECTPYKIIiI0 Ipu HarpiBanHi. L{ianypodopmanbaeriani
CMOJIM PO3UMHSIOTBCS B €Tepax 1 KeTOHaX, BOHM HE 3HAMIUIM M€ MPaKTHYHOTO
3aCTOCYBaHHS, aji€ B CIIBIIOJIIMepHU3aIlii 3 (PeHOJOM JIal0Th 4y0B1 (DEHOJIOIIaHyPOB]

npecMarepiaiu.

2.6. IlosikoHAeH caLisl TyaHIAMHY 3 (popMaJIbAEriaomM

I'yanioun € CcWIbHOIO OCHOBOIO. HasiBHICTH aMiHOTpYyN HaJa€e TyaHIIUHY
3MaTHOCTI JO0 peakiii 3 QOopMalIbAETIIOM, a HAasIBHICTh CHUJIBHONOISPHOI 1
riapodiIEHOT IMIHOTPYIHM CYTTEBO BILIMBAE HA MOBEIIHKY I'YaHIIMHY B IIUX PEAKIIISX.
['yaHinuH 3BHYaiiHO pearye y BUIIIAIL coni. [lepimia cTagis peakiii — e npueIHaHHs
(dopManbaeriay A0 IyaHIJUHY 3 YTBOPEHHSM METHIONbHUX NOXIAHUX. BusBieHo, mio
1 wmonp ryaHimuHy y Gopmi pomaHimy Moxe 3B’s3aTH  OJM3bKO 2,3 MOJIb
dbopmanpaeriay, a y gopmi kapboHaty — 0gu3bko 2,7 Moib dopMmanmpaeriay. Ak y
KHCIIOMY, TaK 1 B JY>KHOMY CEPEIOBHIII KITbKICTh 3B’sI3aHOTO (opMaibaerity
OJIHaKOBa, 1 MOXe Jocsrati 3 Mojb Ha 1 moib ryaHinuny. Ilpumnyckaerbces, 1m0 B

peakiii Oepe yyacThb iIMiHOTpYTIA:

N NCH,OH (IL55)
H,N—C—NH, + 3CH,0 <= HOCH,NH—C—NHCH,0OH

MeTuiionyBaHHsI TyaHIIMHY 3MEHIIY€ WOTO OCHOBHICTb. Memunoncyaniounu
KOHJICHCYIOThCS TOBUIBHO (HANPUKIIA, B PO3UMHI HE JKENATUHIZYIOTHCS BIPOJIOBK
80 rox HaBiTh mpu pH=2), oxepkaHi 3 HUX TyaHIIMHOBI CMOJHU MalOTh YK€
HEBEJIMKUI CTYIIHb MOJIKOHJEHCAM] 1 HU3bKY B’SI3KICTh. TOMY I'yaHIJIUH 3BHYANHO
KOHJICHCYEThCSI B CYMIIIl 13 1HIIMMHU aMIHOCHOJIYKaMu, Mg SKUX XapakTepHa
MIJIBUINICHA 3JaTHICTh A0 KOHJACHCAllli, SK, Hampukiaa, kapbamig abo MemamiH.
['yanigus Hajae MM CMOJaM 3HAYHY T1IpO(UIbHICTh HABITh IPU BUCOKOMY CTYIICHI

IOJIIKOHJIEH Al 1 OCHOBHI BiacTUBOCTI. OCHOBHICTL THMM MEHIIA, YUM O1JIbIIE
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3amimieHuil ryaninuH. Cmoiy, IO MICTUTh TyaHIJUH, MOKHa 3aTBEP/IKyBaTH B

HEUTPAIIBHOMY CEPEIOBHIIII.

2.7. AnininogopmaJsibaeriaai mojgimepu

Aninin 7eTko B3aeMoji€ 3 (OPMaIbAETIAOM, YTBOPIOIOUHM 3alieKHO BiJ iX
CITIBBIJTHOIIICHHS 1 YMOB IIPOBEACHHS pEaKiiii HU3bKOMOJCKYJISIPHI MPOAYKTH abo
OJIITOMEpH, 3 IKUX MOKHA OJIepP’KaTH MOJIMEPH MUIIXOM TPUBAIOTO HarpiBaHHSI.

B nyxHOMY 1 HEHTpaIbHOMY CEpPEIOBHUIII ITPU MOJIBHOMY CITIBBIIHOIIEHHI 1:1
YTBOPIOETBCSL  MemuleHOUpeHLIaMiH, O  TMeperpymnoByeTbcsi B N, —
niaminogudeninmeran NH2 CH; —NH2, gxuii BUKOPUCTOBYIOTH ISt
BUPOOHUIITBA TIOJIIaM1IiB, MOJIIMTIPOMEIITIMIAIB.

BBaxkatoTp, 110 B CIIa0OKHUCIOMY CEPENOBHII MPU TAKOMY CIIiBBIJIHOIICHHI
pearcHTiB, yTBOPIOETHCS MEMULCHANLIIH N=CHz ~ gkmit B uncTomy
BUTJISIAII BUJITUTU HE BAAETHhCS. B ocan 3 BOJHOrO pO3YMHY BUIIISETHCS TPUMEP —
aneiopogopmanvoe2ioaninin, SKUN TPU HArpiBaHHI B MPUCYTHOCTI KUCJIOT YTBOPIOE
JIUIIE OJIrOMEpH1 IPOIYKTH.

B cunpHOKHCTIOMY CepeloBHIIi B SKOCTI TPOMIKHOTO MPOJIYKTY YTBOPIOETHCS
AHRIOPOAMIHOOEH3UNO8ULL CRUPM NHZOCHZOH , TIIO0 JIETKO MEPETBOPIOETHCS
MIpY HarpiBaHHI B TEPMOIUJIACTUYHUM OJTIrOMEp JIiHIMHOT Oy 10BH.

Skmio 30UTBIIMTH  CIIBBIAHOMICHHS QopManpaerip:aniniae g0 2:1, T1o0
ONIEPKYEMO 0, 1 — OUMEMmUlONAHiNiH, SIKUW CHOpUs€ YTBOPEHHIO TMOJiMepa

MIPOCTOPOBOI CTPYKTYPH:
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—NHA ) CHzNH CH,—NH CHy—

CH,

CH,
H,C
—NH CH,—NH CHo—NH CH,-
\_J Q : Q 2
T

B miporieci TpuBanoro HarpiBaHHsS TaKHil MOJIMEP MOXHA MEPEBECTH B HEIUJIABKUM 1

HEPO3YMHHHM CTaH.

2.8. besgopmasabaeriani mojiiMmepu Ha OCHOBI aMijIiB

3 BUKOPHUCTAHHSM aMiJIHOI CUPOBHHH MOXJIMBE BHUPOOHHUIITBO TMOJiMEPIB Oe3
y4dacTi popManbpIeriay 1 alnbJIeriJiB B3arali.

[cHYIOTh MIMPOKI MOMIJIMBOCTI OJACpP>KaHHS BHCOKOMOJEKYJISIPHUX pPEYOBHH,
30KpemMa mojikapOaminiB 3 kapOaminy. Bixe npu 140-150 °C xapGamin moywmHae
130MepHu3yBaTUCS B IllaHAT aMOHIIO, SKUH Jajbllle 3 BHUIUJICHHAM aMiaKy
MEPETBOPIOETHCS B I[IaHOBY Ta 130111aHOBY KHCJIOTH. [IpudyomMy IiaHOBa KHCIIOTa
HOCN MOMEHTaJIbHO 130MEpHU3YETHCSA, TOMY CIIBBIJHOIICHHS MK I1CHYIOUMMH
dbopmamu cknagae HNCO : HOCN=100 : 3.

[30o11aHOBa KHCIIOTa TaKOX XIMIYHO aKTHUBHA, 1 MPH BIACYTHOCTI B PO3IUIaBi
IHIIIMX pPeareHTIB B3a€MO/II€ 3 BUTbBHUMHU MOJIEKyJIaMU KapOamiay, yTBOprooun 0iyper
1 TPUMEPHU3YETHCS JAajbllIe€ B 130L1aHYpOBY YW LIaHYPOBY KHUCJIOTY, BJIACTUBOCTI 1
BEJIMKI MOKJIMBOCTI SIKMX B TIPOIECaX CHHTE3Y CMOJI BXKE PO3TIISTHYTI.

Kpim 1poro, i3o1iaHoBa KHCIIOTa IIPH HAsIBHOCTI BIJIIOBIIHMX PEarcHTIB MOXKE
BCTYIATH B PEAKIIIi:

1. 3 NpOTOHOJOHOPHUMH CIIOJTYKaMU, YTBOPIOWOYM BIAMOBIIHI aMiJHI IOXIJHI.
Hanpuxknan, Boga rigposmisye ii 3 YTBOPEHHSIM KapOamiHOBOI KHCJIOTH, SIKYy MOXHa
BUKOPHUCTATH JJI1 HACTYITHUX CUHTE31B:
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Hnco  H22 HoNcooH (IL.56)

2. 3 croiykaMu, 110 MaroTh IMOJBIMHI 1 T. M. 3B’SI3KH, 3 BIAIICIJICHHSAM IPOTOHA

YTBOPIOE 130I[iaHaTH:

OH
N\C=0 + HNCO — N\ (IL.57)

7 7 NCO

3. [Momimepwu3ariii abo cmiBmoiMepu3ariii 3 HCHACHYEHUMH CITOJTYKaMH .

n HNCO— [—%—NH——']n (I1.58)

HNCO —>>C=X — [—(—C|3—X—)X— (—C—NH— )y —]n (11.59)
| |
B Ttakuii cnocid MOXHa BUKOPHUCTOBYBAaTH peaklii 3 albJerijaMu, KETOHaMH,
BIHIJIOBUMH €T€paMU 1 €TEHAMHU.
[Ipu B3aeMoii 3 MOHOAMIHAMM, HANIPUKJIAJ aHUTIHOM, OJEPKYEMO JTH3aMIIEHI
MOX1/1H1 KapOamiy:
2C¢HsNH, + NH,CONH; - CgHsNHCONHCHs5 + 2NH; (I1.60)
BuxopucranHs giamiHiB, 0COOJIMBO 3 OLIBIIOK JOBKHHOK JaHItora (C>8-9),
3a0e3reuye YTBOPECHHS TOMIMEPIB — noaikapbamioié 3 BIACTUBOCTIMU, MOTIOHUMU
710 TIOJTIaMiIiB:
n H,N(CH,)9NH; + H,NCONH, — H,N-[(CH3)gNHCONH-],-H + NH;  (I1.61)
OpHoyacHO 3 AlaMiHAMU B MOAIOHMX CHMHTE3aX MO>XHA BUKOPHCTOBYBATH TJIIKOIMI,
TUXJIOPTIOXIAHI YW 1HIIN MO YHKIIIOHATBHI OpraHiyHl CIOJYKH, IO CTBOPIOE

MPAKTUYHO HEOOMEKEH1 MOKIIUBOCTI Ui cuHTe3y HOBUX BMC.

PO3/11 3
3ATBEP/UKYBAYI AMIHOCMO.T
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Peakuiito monikoHaeHcallll aMiHHUX MOHOMEpIB 3 (OpMajbAETriioM MPOBOJIATH

70 OTpPUMAHHS JIHIMHUX MOJEKYJ CMOJH 3 MOAANBIIMM iX PO3Taly>KEHHSIM 1
. . . + -
s3muBaHHAM. LI mpomecu kartamisyrorbest ioHamu H3OW a6o OH. 3acTtocoByroTh

HaWJeeBI KUCIOTH 1 OCHOBH, HAPHUKIIAJ COJISIHY KHUCIOTY 1 T1APOKCH HATPIIO.
[Ipu 3aTBepaKEHHI CMOJ MPAarHyTh 3a0€3MEUYUTH BUCOKY HMIBUIKICTh MPOIIECY, OJTHAK
BXJIMBO TaKOX 30€epertd MOTpiOHYy IKUTTE3NATHICTh. TOMYy 3aCTOCOBYIOTH
CreliayIbHO TMiAi0paHi CIOJAYKM 3 KaTaJiTHYHHMM BJIACTUBOCTSAMHM, SIKI 3J/aTHI
3MmiHoBaTH pH B meBHUX Mexax. B OUIBIIOCTI BUIAAKIB 3aTBEPIXKEHHS CMOJH
BIIOYBAa€TbCA B KUCIOMY CEPEAOBHUII, TOMY BUKOPHUCTOBYIOTb  KUCIOMHI
3ameepodicysayi (KaranizaTop 3aTBepkeHHs ). [IIBUAKICTh 3aTBEPIKEHHS 3pOCTAE y
Mipy 3HMKEeHHS pH 1 3011bIIEHHS] KUCIOTHOCTI CMOJIH.

Lllsuoxicme 3ameepodicenHss € BUPIMIAILHUM (PAKTOPOM IMPU BU3HAYCHHI
€KOHOMIYHOCTI 1 JOIUIBHOCTI 3aCTOCYBaHHS CMOJIM. MakcuMalbHa KIJIbKICTb
3aTBEpKyBaua, Ky MOKHA JOJAaTH 1O CMOJIM, 3yMOBJEHa THUM, sKa NOTpiOHa
KUTTE3TATHICT, B yMOBax 30epiraHHs abo0 mepepoOKH TMpu 3BHYAKHIN abo
MIABUILIEHIA Temneparypi. He MoxHa, nparHy4d CKOPOTHTH TPHUBAIICTh
3aTBEPKEHHSI CMOJIU B KUCJIOMY CEpPEIOBUIII, 301TBIINTH KUTBKICTh 3aTBEPXKyBaya,
OCKIJTBKM JKUTTE3ATHICTH CMOJIM B HOBOCTBOPEHOMY CEPEIOBHILI MOXKE OyTH
HEJIOCTaTHHOIO. | HaBMmaku, HEOOXITHUM MIHIMYM 3aTBEp/KyBaua € BHUPIIIAJLHUM B
MUTaHHI PO PEHTAOENBHICT, a 1HOJI 1 MPO MOXKIMBICTh 3aCTOCYBaHHS. BakKInBO
3HAWTH ONITUMAJIbHE CITIBBIAHOIICHHS JJIsl KOHKPETHUX YMOB BUKOPHUCTaHHS CMOJIH.

OxpiM Kucromumocmi 3aTBepAKyBaua IE€BHE 3Ha4eHHS Mae (0cOOIUBO Jis
MpEeCyBaHHs MpH MiABUILEHIN TeMIiepaTypl) iemKicms KOMIOHEHTIB 3aTBEPKyBaya.
3aTBepKyBadl 1 MPOAYKTH iX pO3KJIaay MOBUHHI OYTH MO MOMKJIMBOCTI HEJICTKUMHU
npu Temieparypi npecyBaHHs. lle He € ICTOTHOIO MEPEeNIKOI0K J0 3aCTOCYBAHHS
KHCJIOT, OCOOJMBO TMpHU KIMHAaTHIM TeMmIeparypi, OCKUIbKA aTOMH a30Ty B
aMIHOIUTaCTaX — CJIA0OOCHOBHI, 1 JIETKO 3B’S3YIOTh MOJIEKYJIH KHUCJIOT, YTBOPIOIOYH
MaJIoJIeTK1 COJi.

3aJie’)kHO BiJ TMPU3HAYEHHS AaMIHOIUIACTIB BHUMOTHM, IO CTaBJISATBCA 10

3aTBepKyBava, pi3Hi. s npecmamepianis, nepir 3a Bce KapOamigHUX, HEOOX1THI
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HEUTpaJbHI 3aTBEP/KyBadi, MO O3BOJSIOTH JOCTATHBO JIOBrO 30epiraTH CyXHid
npecMarepian 6e3 BTpaTu HOro miacTHYHOCTI.

KUTTe3MaTHICTh CMOJH, SKY BHKOPHCTOBYIOTH [IJISi OTPUMAHHS WAPYBAMUX
naacmuxie, Moxe OyTH MEHILOI0 — JEKITbKa /10, K1 IPOXOASTh MIXK MPOCOYEHHSIM 1
BUCYIIYBAHHSIM Tanepy JUlsl IapyBaTHUX IUIACTUKIB 1 Horo mpecyBaHHsM. [Ipore B
IIbOMY BHIIQJIKy HEOOXigHA JOCTAaTHI CTaOUIBHICTH CMOJH, IO MICTUTH
3aTBEpKyBad, Mij 4yac CyIIKU Ipu miaBumieHii temmeparypi (100-120 °C).

KuTTe3naTtHiCTh PIAKKUX CyMIIIed CMOJI 3 3aTBEPXKyBadeM, MPU3HAYCHUX IS
OTPUMAaHHS KapOAMIOHUX Kleig, KOJUBAEThCS BiJl JEKUIBKOX XBUJIUH JO0 JEKIIBKOX
TOJIVH, 3aJI€KHO B1J] CIOCOOY 1X 3aTBEPIKCHHS.

Jnst onepskanHst kapOaminodopMalbIeTiIHOI cnineHoi macu, BIIACTUBOCTI
AKOI 3aJeXaTh BlJ IIBHJKOCTI eJaTHHI3alli 1 3aTBEPXKEHHS NpU KIMHATHIN
TeMIIepaTypi, 3aCTOCOBYIOTh CUJIbHI KUCIIOTH.

Jlakosi cmonu CcTaOLT3YIOTh CHOUPTaAMHU, TOMY SK 3aTBEp/KyBadl MOXKHA
BUKOPHUCTOBYBATH Ty>K€ CHJIbHI KUCJIOTH, IO JO3BOJISIIOTH 3aTBEPKYBATH JIAKH TIPH
KIMHATHIA TeMmrmeparypi MICIs BUIMAPOBYBAHHS CIHUPTY. Y MPUCYTHOCTI CIAOKUX
KHCIIOT COIUPTHI PO3UMHU TAKUX CMOJI 3aJTUINIAIOTHCS CTA0UIBHUMU AyXKe JOBIHH yac.

He icHye xknacudikamii 3aTBep/KyBayiB Il aMIHOIUIACTIB 3a  iX
MpU3HAYEHHAM (HAMIPUKIIAI, JIJIs IpecMaTepialiB, KJIEiB, JIaKiB 1 T. 1I.), OCKUIbKA OJUH
1 TOM %X 3aTBEPKyBau MOKe OyTH BUKOPHCTAHMM JJIsl pI3HUX LJIeH. 3HaYHO Jieriie
Kiacughixysamu 3aTBEpKyBadl 3a MeXaHizMoM ix Oil.

3aTBep/KyBadl 3aCTOCOBYIOTHCS TOJIOBHUM YMHOM JJIs KapOaMigHUX CMOJ 1
rpecMmaTepialiB, AKi B HEUTpaabHOMY a00 OCHOBHOMY CEpEOBHIII 3aTBEPAKYIOThCS
nyke moBoiii. IIIBUAKICTH 3aTBEp/HKEHHS MEIaMIHOBHUX CMOJI TIPH  IT1IBUIICHIM
TEeMIIepaTypi B3araji JOCTaTHs 0€3 BUKOPUCTaHHS 3aTBEPAKYBayiB, a MPU KIMHATHIN
TeMIlepaTypl HaBiTh CHJIBHI 3aTBEp/KyBaHI HE3HAYHO TMPHUCKOPIOIOTH  iX
3aTBEp/DKEHHSA. TOoMy 3aTBep/KyBaul MEPEBa)KHO 3aCTOCOBYIOTHCS ISl 3MIMIAHUX
CMOJI, HanpukiIaa MeaaMmiHokapOamigHux. CUJibHI 3aTBEPKyBadl HEOOX1HI TaKOXK

11 OEH30TyaHaMIHOBUX CMOJI, IO BIPI3HAIOTHCS HU3BKOIO PEAKIIMHOIO 3JaTHICTIO.
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Kucnomnuii kamaniz npouecy 3aTBEpIXKEHHS CMOJIM MPOTIKAE 32 HACTYITHOIO

CXEMOIO.
~NH—CH,OH + HA —» —NH-~CH,OH, - A~ (IL.1)
. . (I11.2)
+ +
—NH—CH, + —ITIH__ — —-—NH~—CH2—I\|IH—-- (I1L.3)
- - o
—NH-CHr_f('JH— + A~ —>» —NH—CH,—N— + HA (I (IL.4)
) | + .
—NH—CH; + HOCH,N— —» --.-NH—CHQ—(?—CHQ——IL— (11 (IIL5)
' H
. | )
——NH——CHQ—(?—CH;,— —+ A — —NH—CH2—~O——CH2——I|\I- -+ H (111.6)
Il : _

L1 peakuii MpUBOAATH A0 POCTY, PO3rady>KEHHS 1 3IIMBAHHS MOJIEKYJ CMOJIU.

3.1. Crabinizauisa cMoJIu
Y npHUCYTHOCTI CIHPTIB B MOJIEKYJIaX CMOJIM MPOTIKAE KOHKYpYyHOYa peakilis

eTepudikaiii METUIOIBHUX TPYII:

+
—NH—CH, + ROH —> -—-NH—CHZ—-?-——R I (w7
- H |
+ 2 '
—-NH—-—CHz—(l)-——R-{—A' —> —NH—CH,—O-R- HA (L (1)
H

AJKOKCUIIbHA Tpymna OJIOKYy€ peakLiHO3IaTHY TpyIy, TajlbMyIOUd JallblIy

noiikoHaeHcailito. [Iporec 6;10KyBaHHS METUIIONBHOI TPYIH CIIUPTOM 3BOPOTHHUIA;
—~NH—CH;—0—R+HA —> —-NH_CHz—'c?—R + A (I11.9)
H
(I11.10)

~NH—CH;~0—R —» —NH—CH, - ROH

' !
(IIL.11)

(111.12)



<+ ‘
~NH—CH, + —NH, —> —NH—CH,—NH,— (1L 11)
+ - -
—-fN'H—CHg——NHz— + A" — —NH—CH,—-NH— - HA (I11. 12)
PeakuiifHO31aTHI METHIIONBHI TPYIH, 1 0COOIUBO KuceHb rpynu —OH, Takox

MOXKYTh OyTH OJIOKOBaH1 B Pe3yJIbTaTi YTBOPEHHs BOJHEBHX 3B’S3KiB 3 PO3UYNHHUKOM

(Boma, CIIUpTH, aMiHM):

e H——O\ (1I1.13)
~NH—~CH;—O; H
| N
Take OnoKyBaHHSI crpusie CTaOLTi3aIll CMOJHU, OCKUIBKUA YTPYAHIOE JOCTYIl
MOJIEKYJIM KHUCJIOTH a00 10Ha OKCOHII A0 METWIONbHHMX TIpym. biokyBaHHS THM
e(eKTUBHIIIE, YUM OLIBIIMI pPO3MIp pajuKaia, MOB’S3aHOr0 3 aKTUBHHUM aTOMOM
BOJIHIO.

Opnak craOuti3yroua Jisi BOJAHEBOTO 3B’SI3Ky 3HAYHO cJiadIla, MOPIBHSHO 3
OJIOKYBaHHSIM  pEaKLIMHO3AaTHUX Tpyl, HANpPUKIAA, UUIIXOM eTepudikarii
cnuptamu. CriupTu € cTabinizaTopaMd CMOJIHM BIPOJOBXK ii 30epiranHs. [lepBunHi
CHOUPTH CHPABJSAIOTH OUIBII CHJIbHY CTaOLII3ylouy [it0, HIXK BTOPHHHI, a HHXKYI
CTabUTI3yIOTh Kpallle, Hi>K BHIIIL.

Cralimizyroua ais mojiOHa TiH, sIKY YAHUTH BOJA, CIIOCTEPITA€ThCS TAKOXK Yy
MPUCYTHOCTI BUIBHOTO (DOpMaNbAETiay,I METUJIEHIJIIKOM0. 3HAYHUN HaIJIMIIOK
BUTIbHOTO (hopMalibJieriay, KpiM Toro, B3aemojiie 3 rpynamu —NH—, 3meHmyroun ix
peaKkIiiiHy 3/1aTHICTh, 10 TAKOX CHPHUSIE MIJBUILIEHHIO CTA0LTHLHOCTI CMOJIH.

CrpustoTh cTabimizaili BHYTPIIIHBOMOJICKYJISIPHI BOJHEBI 3B’SI3KH, TEpII 3a
BCE YTBOPEHI METHJIOJIbHUMU TPYIaMH, YUM TOSICHIOETCS caMOCTa01Ti3allisi CMOJIH,

sIKa BUSIBJIIETHCS B 3MiHI i1 KOHIIeHTpallii (puc. 3.1.).
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Puc. 3.1. BB koHneHTpanii po3unHy cuibHO- (1) Ta ciaboerepudikoBanoi (2)
oyranosnom B CCly kapbaminHOI cMOJIM Ha IBUIKICTH 11 xkenarunizarii mpu 20 °C B

NpUCYTHOCTI 2 % n —TOMyeHCYIb()OHOBOI KUCIIOTH.

Y wmipy po30aBicHHS CMOJM HEHUTpPaIbHUM PO3YMHHUKOM 1i CTaOUIBHICTH
CIOYATKy HIBUAKO 3pPOCTA€ (3MEHIIYETHCS] KOHILIEHTpALis PeakliMHO3IaTHUX Tpyn),

MIOTIM 3HOBY Tafa€.

3.2. BiibHi KHCI0TH

Kucnomui 3ameepooicysaui 1 aMiHOIUIACTIB MOXKHA PO3AUINTH Ha 08I
OCHOBHI 2pynu. CHOJIYKH, IO HE 3MIHIOIOTh CBO€EI KHUCJIOTHOCTI, 1 CIIOJYKH,
KHUCJIOTHICTh SKUX 30UIBIIYETHCS Tl BIUTMBOM pI3HUX (akTopiB. CHOIYyKH IpYyroi
Tpymnu B OUTBIIIOCTI BUTIAIKIB €(hEKTUBHIIIII.

Karanituuna 1is ginbHux xuciom B peaxilii MOJIKOHJEHCAIlll MPAKTUYHO HE
3MIHIOEThCA B Yaci. [IpoTe 3a1exHo BiJl CKIIaqy pO3UYMHY CMOJM MOKHA BUIUTATH JIBA
BHITAIKH:

1) y BOZHMX poO3YMHAX KaTaliTHYHA i KHUCJAOTH MPAKTUYHO TMOCTiHHA 1
MOCUJTIOETHCS TUIBKM B pe3yibTaTi 30UIBIICHHS KOHLIEHTpAlli CMONHU TpH

BUIIAPOBYBaHH1 PO3UMHHMKA a00 B pe3yibTaTi MiABUIIECHHS TEMIIEPATYPH;
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2) ionu kap6onito —~N—CH,", 110 BMHUKAIOTh B CHMPTOBMX a060 BOJHO-CHHPTOBHX
pO34YMHAX, 3B SI3YIOTHCS MOJIEKYJIAMH CIHPTY, IO 1 € MPUINHOIO cTa01Ii3aIii cCMOIN
Ta YIOBUIBHEHHS TMPOIECY MOJIIKOHSHCAIlll; KaTaIITHYHA /151 KUCJIOTH BUSBIISIETHCS
MOBHOIO MIpPOIO TUIBKH MiCIIsl BUIAPOBYBAHHS CIHPTY.

BilbHI  KHCJIOTH  BUKOPHUCTOBYIOTBHCS ~ BUKIIOYHO JUISL  3aTBEPJKEHHS
aMIHOCMOJI, TepeayciM KapOaMigHUX, SKI BUKOPHUCTOBYIOTHCS Y BHUIJISII PO3UYHHIB
npu KIMHATHIN Temneparypi. JKummezoamuicms CyMilli CMOIIU 3 3aTBEpKyBadeM
HEBEJIMKA — B1Jl AEKUIBKOX CeKYHJ (IJIs1 BOJHUX PO3YMHIB) 0 ACKUIBKOX TOJUH (IS
CIOUPTOBHUX PO3YMHIB).

JIJ1st BOMHUX PO3YMHIB CMOJI 3BHYAMHO 3aCTOCOBYIOTh MYPAWUHY, WaA61e8) abo
gocopny  xucnoty. CuHibHIIIT  KUCIOTH HE  3a0€3MedyloTh  JOCTaTHBOI
AKUTTEZNATHOCTI CYMIIIl CMOJIM 3 3aTBEPKYyBadyeM, a KaTalliTUYHA i CIAOKIIIUX
KHUCJIOT MPU KIMHATHIN TeMIiepaTypl HEAOCTAaTHA JIsl TOBHOTO 3aTBEPIHKEHHS CMOJIH.

Kucnotun cepeonvoi cunu 3acTOCOBYIOTHCS, HANpPUKIAN, MPU BUPOOHUIITBI
MOPUCTUX MaTepiaiB ab0 10HOOOMIHHHKIB, a TaKOX KJ€iB, MPU3HAYEHUX I
HaHECCHHs Ha OOMJIB1 CKJICIOBaHI IMoBepxHI. JIJIs 3aTBEp/KCHHS MPH ITiABUINCHIN
TeMIrepaTypi BUKOPUCTOBYIOThCS MANONEMKI Op2aHiuHi | HeopeaHiuHi KUCJIOTH,
HaTnpukiag ocgopra, bensolna, uasiesa Ta HII B KUTBKOCTSIX, MEHIINX, HIK TIPH
XOJIOJTHOMY 3aTBEP/XKEHHI, 1110 30UIBIIIYE KUTTE3TATHICTH CMOJIH 3 3aTBEP/IKYBayEM.
Sx mpukiIag MOXKHA HA3BaTH CMOJH, SKi BUKOPHUCTOBYIOTHCS JUIsl BHPOOHHIITBA
nuBapHUX GOpM 1 CTEP)KHIB, MIBUAKOTBEPAHYYl KapOamimHi kiei 3 HEBEIUKUM
BMICTOM BUIBHOTO (hopMabAeriay 1 T.1.

l'anozcenosoonesi xucnomu (HCI, HBr) niloTh HaJI3BHYAaWHO CHIIBHO, 1
KUTTE3NATHICTH MIJIKUCICHUX HUMH BOJHHUX PO3YMHIB CMOJI Ty’K€ Maja. 3MEHIIIEHHS
KUTBKOCTI TaKOTO KaTajizaTopa JJisi JOCATHEHHsI HEOOX1IHOI KUTTE3AATHOCTI CMOJIU
Ty’K€ YHOBUIHHIOE 3aTBEPKEHHS. BiIHOIIEHHS >KUTTE3AATHOCTI BOJHOTO PO3YUHY
CMOJIM, III0 MICTUTh TaJOT€HOBOJHEBY KHUCJIOTY, IO TPHUBAIOCTI ii Mepexoay B
TBEpAUH CTaH B IIbOMY BHIMAJAKy 3HAYHO MCHII CIPHUATIUBE, IOPIBHIHO 3
BUKOPUCTAHHAM CJIA0KMX KHUCJIOT, Hampukian ¢ocdoproi. [IpuumHoo 16010,

HalIMOBIpHIIIIE, € TOCTYIOBE 3B’ SI3yBaHHS 1 TaK BXKE€ HE3HAYHUX KUJIBKOCTEH BUIHHOTO
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TAIOTCHOBOJHIO B PE3YNbTATl PEaKIlii 3 aMIHOTpyNaMu 3ajHIIKiB KapOamimgy, M0
3HAXOASATHCS B CMOJTI:

HCI 4 9NRCONH —» —NH:HCI + —NHCONCONH- (IL14)
L5 peaxiiisi Mae Habarato MEHIIE 3HAYEHHS TOJ, KOJIM MOKHA 3aCTOCOBYBATH BIJIbHY
raJlOreHOBOJIHEBY KHCJOTY B JOCHTh BEJIHMKHUX KUIBKOCTAX (JIakuW) abo y BHUIVISII
aMoHieBUX coieil (kiei). ['ajoreHoBoaeHb, moBosi pyiHyoud 3B’si3kM —NH-CO-
KapOaMiy, YaCTKOBO 3aJIMILAETHCA B JAKOBOMY MOKPHUTTI Y BUIVISL COJII [peaKiis
(111. 14)].

CuiibH1 1 cepelHl KHUCJIOTH, HaWyacTillle co/isiHa, cipyana 1 ¢hocghopna,
BUKOPHUCTOBYIOTBCSl U1l 3aTBEPXKACHHS CMOJI Y BUIJISAI CIUPTOBUX a0O BOJHO-
COUPTOBUX PO34HMHIB. KUTBKICTh KMUCIOTH 1 CHUPTY MiOUPAETHCA TaK, 1100 OJepKaTh
1 HEeoOXigHY WIBUIKICTh 3aTBEP/UKEHHS, 1 HEOOXIAHY >KUTTE3AATHICTH cymimm. Lli
KaTajgi3aTOpu 3HAaXOJATh 3aCTOCYBAaHHsS TOJIOBHMM YHHOM JUJIsl JIaKiB, SIKi
3aTBEPKYIOTHCS MIPU TeMIeparypax OJIM3bKUX 0 KIMHATHOT.

Bci kucnoTtu, 1mo BIJHOCSTHCS A0 NEPIIOl IPYMH, MOXHA 3aCTOCOBYBATH 1y

BUIJISAI1 COJIEH.

3.3. 3aTBepakyBaui, 0 AKTUBI3YIOTHCSI B YMOBaX NepepooKu

[HkoMM B SKOCTI  3aTBEpP/KYyBadyiB  BUKOPUCTOBYIOTH  CIIOYKH,  SKI
PO3KJIAAI0ThCS TUIBKM Y BIAMOBIIHUX YMOBAaxX NEPEpOOKH 3 BUILIEHHSM KUCIOT, —
TaK 3BaH1 Jlamenmui Kuciomui xamanizamopu. 111 KaTamizaTtopu OpH ITiIBUIICHIN
TeMIiepaTypi abo y NpUCYTHOCTI ACSKUX CIONYK (HAapuKiIad, BoAH, GopMallbIeriay,
KHCHIO) PO3KJIAJAI0ThCS 13 BUJIUICHHSIM BUIBHUX KHCJIOT, SIKi 1 KaTali3ylOTh peakilii
3aTBepKEHHS. PO3KIIa JJaTeHTHUX KaTaai3aTopiB MOXKE MPOTIKATH PI3HUM YHMHOM 1
B PI3HUX YMOBAaX, 3aJI€XKHO BiJ iX OynoBu. Lli katanizaTopu IUIATHCS HA mpu epynu.

Jlo nepwoi epynu BITHOCSATHCA KaTami3aTOpH, IO PEAryiTh 3 BUIBHUM
dhopManIpaeriioM 3 BHAUICHHSAM BLIbHOI KucIOTH. Lle mepin 3a Bce amowicsi coni
cunbHux i cepeoHix Kuciaor. OCKiIbKY BUIBHUN (OpMasberig NpUcyTHIN Maibke y

BCIX aMmiHOcModax, a peakuisa i3 CH,O mpotikae Bxke nmpu KIMHATHIN TeMneparypi, i
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CIIOJIYKA 3 MOMEHTY iX BBEIEHHS IOCTYMOBO 30UIBIIYIOTh KHUCIOTHICTH CMOJIH.
[TepeBaroro iX € MOCTYyNoOBE, a HE MOMEHTAIbHE TOCSTHEHHS KHCIOTHOCTI, TIPH SKIH
B1IOYBA€ThCS 3aTBEPKCHHS, IO TMOJOBXKYE JKUTTE3MATHICTH cymimmi. Yacrime 3a

THIITMX BUKOPUCTOBYETHCS X10puU0, piamie — gpocham amoniio.

—jﬁz—o'* CH,=NH(HCI) CH20; H20
NH,C1 4+ CH,0
I . D- 5
+ HOCH,NH, - HCI CH0 {Boan. p-H)
—> CH;NH,- HCI 4- HCOOH (I1.15)

AHAJIOTIYHUM CHOCOOOM MOXKE TMPOTIKATH peakiis 3 YTBOPEHHSAM JAu- 1
TPUMETHUIIAMIHY.

CriBBITHOIIIEHHS] aMOHI€BOT COJMI 1 BUIBHOTO (DOpMaibAeriny MOBUHHE OyTH
exgimonsaprnum. ToMy 11l KaTamizaTopyd BUKOPHUCTOBYIOTHCS TMEPII 32 BCE B CMOJIaX 3
JIOCTaTHIM BMICTOM BiJIbHOTO (hOpMasIbJerify. X B3araji He MOKHA 3aCTOCOBYBATH B
0€3BOJHUX pPO3YMHAX, OCKUIBKM BOHHM CIA00PO3YHMHHI B OPraHIYHUX PO3UMHHHKAX.
OxpiM aMOHIEBHX COJIEW 3aCTOCOBYIOTh TAKOK COJII aMiHIB, aMiHOCIIUPTIB, I'yaHIJUHY
3 CHJIBHUMH KHCJIOTaMH. 3aCTOCOBYIOTh iX TUIBKM B OCOOJIMBUX BUTAJKAX, KOJH JI0
3aTBEpKyBadya Mpe] SBISIOTHCS CIEliaibHI BHUMOTH: HalpUKIAA, UIKOBUTA
HEUTPaIbHICTh, MaJla JIETKICTh HOTO KOMITOHEHTIB 1 T.].

i xaTamizaTopu MO>KHA 3aCTOCOBYBATH JIJIsl 3aTBEPPKCHHS K MPU KIMHATHIMN,
TaK i NpU MiBUIIEHiH TeMmepaTypi. IX BMKOPHMCTOBYIOTH I'OJOBHHUM UHHOM JUIS
3aTBEP/DKEHHS KJIEIB 1 BOJHHUX PO3YHMHIB KapOamimHux cmoi. s 301IbIIeHHS
KUTTE3AATHOCTI CYMIIIl KJICKO 3 3aTBEPKyBauye€M 4YacTO 3aCTOCOBYIOTH OygepHi
peuosuHu, IO 3B’SI3yI0Th BUIIIEHY KHUCIOTY, 30KpeMa ¢hocgham kanvyito, abo
PEYOBHUHHM, 5K, 3B’SA3YIOUM BUIBHUM (DOpPMaNbAETi, CIOBUIBHIOIOTH PO3KJIAJaHHs
aMOHI€BOI COJI1, HANIPUKIIA, amiak abo kapbamio.

Jlo opyeoi epynu naTEHTHUX KaTalli3aTOPIB BIAHOCITHCS COJII CUNbHUX | CIAOKUX
KHCJIOT, I[I0 MPAaKTUYHO HE pearyroTbh 3 (OpMaJbIETiIOM, OpPraHIYHUX OCHOB,
HaIPUKIAA gopmiam ypomponiny 1 ¢hoccham mpuemanonaminy, X10pucmo8ooHesi

coni mpemunnux aminie 1 1H. i coml HeWTpanbHI MpU KIMHATHIA TeMIEpartypi,
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OCKIJTbKM 3BHUYAMHO MICTATh TEBHUW HAIJIUIIOK OCHOBH. [lpw migBuIeHin
TEeMIepaTypl BOHM MIANAIOTbCA TEPMIUHIN Jucomianii 3 YTBOPEHHSM CHIIBHOI
KHCJIOTH, IO YMHUTH KaTATITUYHY JI110, 1 CJTA0KOTr0 MajIoAUCOIII0I0Y0ro aMiHy. BoHu
3HAaXOJIATh 3aCTOCYBaHHSA B KapOaMiTHUX IMpecMmarepianax abo IHIIUX cMoJiaxX 1
aMIHOILIacTax, SKI 3aTBEP/IBAIOTh IPHU MIJABUINCHIA TemmepaTypi. [lepesazor 1ux
3aTBEPKYBAYIB € T€, IO MICJIA 3aKIHUYEHHS LUKy MPECYBaHHS BOHU 3HOBY CTalOTh
HEUTPAIBHAMH, 1 HE BHUKIMKAIOTh MPUCKOPEHOTO CTApiHHS 3aTBEPIKIACHOTO
Marepiany.

Tpemto epyny MaTeHTHUX KaTali3aTOPiB CKIAMAIOTh HeUmpanbHi CIIONYKH, IO
PO3KJIaIAt0OThCs MiJ J1€I0 BOJAW 3 BUJUICHHSM BUIbHOI KHUCJIOTU. KartamitTuuHa mis
TaKMX 3aTBEPKYyBauiB 3aJeKHUTh BIJl MIBUAKOCTI iX riApomi3y. [lpu kiMmHaTHIM
TEeMIepaTypi Il CHOJYKA BHKOPHUCTOBYIOTHCS BHHITKOBO sIK j00aBka g0 ZNnCl, ms
CyXOro, TaK 3BaHOTO CaMOTBEPAHYYOro KapOamigopopMaabAeriIHOIO KIIEH.
3BUYAIHO X 3aCTOCOBYIOTH JIJIi BUCOKOTEMIIEPATYPHOTO 3aTBEPIXKEHHS.

Buxoasun 3 OyJ1I0BY 1 XIMIYHOTO CKJIaAy JIATEHTHUX KUCJIOTHHUX KaTajai3aTopiB
I1€1 TPYIH, IX MOXHA PO3IITUTH Ha IEKUIbKA nio2pyn.

1. TToxigH1 KUCIIOT, B SIKUX 3a0JI0KOBaHAa KapOOKCHUIIbHA TpyIla aKTUBI3YEThCS Yepes
CYCIIHIM 3aCTYIHHK, HAPUKIA CKIaoni emepu (METWI- 1 OeH3uabopmiaTh), ypeiou

@pmanesoi kucromu, OKCAHIMIHU 1 T. J1.
(COOCH,CeHs); + 2H,0 —> (COOH), + 2C;HsCH,0H (IIL.16)

2. TloximHl cipxu, HaNPUKIAA CKIAOHI emepu CYyibhOHOBUX KUCIOM, OPSAHIYHI |

HeopeaHniuHi cyab@imu:

ZnSO; 4+ H,O — H;S80,; 4 Zn0O (I11.17)
/SO
a \O + 2H,0 —> H,S0O; 4 (CH,0H), (T.18)
H,C——CH,
C¢H;SO,CH; 4+ H,0 —» C¢HzSO;H 4 CH;OH (IT1.19)

3. Hoxiani ocopnoi xucnoTn, Hanpukinag amiou GochopHOi KUCIOTH 1 1 Kucaux

CKIIAOHUX emepis .
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CH-0O
(NH,),P(0)OCsH; + 2H,0 —> (NH,0),P(0)OCH; —>

—> (HO),P(0)OC¢H; (I11. 20)

4. Cnomykd, IO MICTITh aTOM 2alo2eHy, SIKAW BIAIICIUTIOETbCS Y BHUIJISAIL
raJIOr€HOBOJIHIO, HATIPUKIIAT] XI0P2IOPUH, XIOPMPUAZUH 1 1H.
CH,C1—CH,OH + H,0 —» CH,0H—CH,OH + HCI (I1.21)

Y opra"iyHMX CHOOJIyKax BIAIICTUICHHS TallOTEHOBOAHIO, MHMOBIPHO,
CYNPOBOKYE TUMYACOBA IIUKJTI3a111s] MOJIEKYITH.

[Ipy BUKOpPHUCTaHHI LMX KaTalI3aTOPiB JUIsl 3aTBEPIKCHHS, HAMPUKIIAT
mpecMaTepiaiiB, peaKilis 3aTBEP/KEHHSI MPOTIKAE MMEBHOIO MIPOIO aBTOKATATITUYHO.
KoHnpnencariiina Boja, 10 BUIUISETHCS MPHU MIJBUILIEHIA TeMmepaTrypi pa3oMm 3
TIFPOCKOMIYHOK BOJIOTOIO, IO MICTUTHCS B Matepiani (abo B cMmoJil), TiApOIizye
KarajaizaTop, 10, Y CBOIO 4Yepry, MPUCKOPIOE MOJIKOHACHCAIlI0, SKa IMPOTIKAE 3
BUAUICHHSAM HOBUX KUIBKOCTEH BOIU.

3acToCyBaHHS TaKUX CIHOJYK THM €(EeKTHBHILIE, YUM OUIbIIA IIBHUJIKICThH iX
pPO3KJIaJIaHHsl TIPU TeMIlepaTypi MepepoOKH, 1 YUM MEHIIa MpU TeMmIeparypi
30epiraHHs. 3aleXHICTh IIBUAKOCTI PO3KJIaAy JESKHX KaTali3aTopiB  Bij
TeMIiepaTypy, BH3HAUY€HA HA OCHOBI BIJIHOCHOI HIBHJIKOCTI >KEIaTHHI3AIlli CMOJIH,

MoKa3zaHa Ha puc. 3.2.
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Puc. 3.2. 3anexHicTh TPUBAJIOCTI >KeNaTUHIZAIll KapOaMigHOT cMoyiud (MOJIbHE
CHiBBIAHOWIEHHsI peareHTiB 1:2) 3 goOaBkoto 1 % pi3HMX 3aTBepIKyBadiB BiJ
Temrneparypu: 1 — cynabding muHKyY; 2 — eTrieHCyabdia; 3 — OeH3UI0KcaaT;

4 — 0-Kpe3UJIOBUIl eTep XJIOPriIpuHy IIIEpHUHY; 5 — TpueTaHogaMindocdar;

6 — cynbdaminar ypotpomniny; 7 — nipuauHgpocdart.

EdekTuBHICTh JIATEHTHOTO Kartajizaropa TUM Oulblia, 4YuUM OuIbLIe
BIJIHOIICHHS JKUTTE3aTHOCTI cMoiu (200 mpecMarepiany) 3 KaTaai3aTopoM MpH
TeMmrepaTrypi 30epiraHHs 10 TPHUBAJIOCTI 3aTBEP/DKCHHS TIpU  MIJABHUIICHIN

TeMIIepaTypi NepepoOKH.
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PO3JILI 4
MJIACTUDIKALIISI AMIHOCMOJT

Marepiasii Ha OCHOBI aMiHO(OPMANIBACTIAHUX CMOJI TEPEBAXKHO KPUXKI I
HeelacmuyHti, Mo TOSICHIOETHCS, TO-TIePIIe, HEBEIMKOK THYYKICTIO MOJIEKYJ, a IO-
Jpyre, HasBHICTIO 3HAYHOI KIJILKOCTI BOJHEBHUX 3B’ s3KiB. CMoJla TUM €JIaCTUYHIIIIA,
YuM JOBII JIIHIMHI TOTIEpeYHi 3B’SI3KU. Y 3aTBEPJKEHIM CMOJI1 3aJUIIAThCS
HElpopearoBaHl  METWJIOJbHI ~ TPYNH, AKI 3yMOBIIIOIOTH IE€BHUM  CTYIIHb
rirpockomiyHocTi. Y atrMocdepi 13 3MIHHOIO BOJIOTICTIO cMoJia abcopOye 1 mecopoye
BOJIOTY 3 TOBITPS, IO pPa3oM 13 3MiHAMU Koe(illi€HTa TEPMIYHOrO JIIHIHHOTO
PO3IIMPEHHS BUKIIMKAE 3MIHA 00’ €My CMOJIH, BAHUKHECHHS 3aJIMIIIKOBUX HAMPYKCHb 1
BPEHITI-pEIIT PO3TPICKYBAHHA KPUXKOI CMOJU. Jl0o BHUHUKHEHHS HaNpyXeHb 1
PO3TPICKYBaHHS JOAAIOTHCS TAaKOXX 3POCTAHHS CTYMNEHS 3IIMBAaHHS 1 TIOCTYIOBE
VIIUTBHEHHSI CMOJIA B PE3yJIbTaTi MOAAJIBIIOT MOBUILHOT KOHJEHCAIlll 3aIUIIKOBUX
METUJIONIBHUX Tpym. TeHAEHIlss 10 PO3TPICKYBaHHS 3MEHIIYEThCS B CMOJax 3
BHCOKHM CTYTICHEM IOMIKOHACHCAIIl, OJCPKYyBaHUX MPH ONTHUMAIBHUX MOJBHUX
CHIBBIAHOIIEHHAX QopManpAerily 1 kapOamigy Ta JIOTPUMaHHI pPerjJaMeHTHUX
TEXHOJIOTIYHUX MapaMeTpiB MPOLECY CUHTE3Y.

Jlnst 3MeHmieHHs a00  YCYHEHHS  KPUXKOCTI ~ aMiHOCMOJHM  4YacTo
naacmughikyroms. 3aJ€KHO Bl BUAY CMOJIH 1 11 MPU3HAUCHHS 3aCTOCOBYIOTHCS PI3HI
niacmugikamopu.

[le#i 3axim mepecnigye o06i Mmemu: TAacTU(IKAIIIO 3aTBEPIKEHOI CMOJHU
(emactudikamisi) 1 MOJIMIIEHHS TEKY4YOCTI CMOJIM YW TpecMmarepially B IMpolieci

nepepooKu.

4.1. Enacrudgikanisi aMiHOCMOJI
Enacmudpixayiro aMiHO(OPMAJIBJICTITHUX  CMOJ  MOXXHA  IIPOBOJUTH
OeKilbKomMa CTIOCOOaMHU.
Ilepwuti cnoci6. nonaBaHHS B CMOJIy HEUTpalbHUX IUIaCTU(DIKATOPIB, IO

FOMOT€HHO  3MIIIYIOThCSI 3  Hew. Takud  mactudikatop HE  MICTHTH
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PEaKIifHO3IaTHUX TPYM, 1 TOMY HE B3a€EMOJIIE 13 cMOJIO0. BiH yTBOpIOE cTabipHUI
pPO3YMH B 3aTBEP/UKEHIA CMOJII, CIOPUAIOYM 3MEHIICHHIO MIIJIBHOCTI BOJHEBUX
3B’s13KIB. HalOuIbll momupeHuM ImiacTugIKaTOpoM IILOTO TUIY € 600a. Kpuxka
IUTIBKA 3aTBEP/PKEHOT HEIUIacTU(IKOBAHOT CMOJIM TICIS 3MOUYYBaHHS BOJOIO CTa€
€JaCTUYHIINION 1 THYUYKIIIOW. MOXIUBICTh BUKOPUCTAHHS BOJU SK IUIacTU(dIKaTopa
HE3Ha4yHa TepIl 3a BCe 13-3a 1i JICTKOCTI, MPOTE€ HEBEIUKI KIIBKOCTI BOJM, IO
3HAaXOJIMTHCS B PIBHOBA31 3 BOJIOTOIO TOBITPS, MPUCYTHI Maiike y BCIX aMiHOILIACTaxX
1 JABUIIYIOTH 1X €JIACTUYHICTb.

pyeuti cnoci6: BUKOPUCTAHHSI HEIETKUX HeumpanibHux TAacTU(]IKATOPIB,
HaTIpUKIAN, Oubymungpmanamy abo mpurpesungocgamy. Ix 3acTOCOBYIOTH s
mactTudikaiii  TiApopoOHUX  JIaKiB HA  OCHOBI  aMiHOCMOJ.  3arajiom,
HU3BKOMOJICKYJISIPHI TIACTU(IKATOPH 3aCTOCOBYBAaTH HE PEKOMEHAYETHCS, OCKUIBKU
BOHU MOXYTh BUIIAPOBYBATHCS, MITPYBaTH, MOTIPUIYIOYH TUM CaMUM BJIACTUBOCTI
MmatepianiB. [HOAl iX BHUKOPUCTOBYIOTh B IO€JHAHHI 3 BHUCOKOMOJEKYJISIPHUMHU
miactugikatopamu. Jlo miei  rpynu  miacTU(IKaTOpiB  MOXXKHA  BIJAHECTH
BUCOKOMOJIEKYNAPHI CIIONYKH, IO JIETKO 3MINIYIOTBCS 13 CMOJIOK0 1 HE MICTITh
aKTUBHUX aTOMIB BOJHIO, 3JaTHUX JO peakmii 3 Qopmanbaeriiom abo
METUJIOJIbBHUMH TpyINaMu, HANpUKIala, noaigininosi emepu. Ilnactudikatopu 1€l
IpyNu OJTHOYACHO MOKPAIIYIOTh TEKYUiCTh CMOJIHU B TIPOLIECI TEPEPOOKH.

Tpemiii cnoci6: BBeNEHHA MDK JIaHKaMu KapOamiqy Yd MeJaMiHy B
MaKpOMOJIEKYJII CMOJIM MOJIEKYJT 3 0082UMU SHYYKUMU JTAHYIOHNCKAMYU B 3HAYHIN Mipi
30UIbIIye — enacTU4HICTh  Marepiany. lle  waubinew  egpexmuenuii  cmnocid
mactudikaiii. HaBiTh CHHTE3 cMOJM y Takuil cmociO, Npu SKOMY METHJIEHOBI
3B’A3KM  3aMIHIOIOTBCS  JUMETHJICHETEPHUMH, 30UIbIIye i  €JaCTUYHICTb.
[Inactudikyroya pedyoBHMHA MOBHHHA MICTUTH HE MEHIIE JIBOX PEaKIIHO3IaTHUX
rpym, PO3AUTICHUX IUIACTU(DIKYIOUUM JIAHILIOKKOM. TakuMu rpynaMu MOXYTb OyTH -
OH 1 -NH-. Enactugikyroua 31aTHICTH CHOJIYK TUM Ouibllla, YUM JOBIIMN 1
rHyuyKimmid ix jadumior. Ilnactudikaropu noBuHHI OyTH TiApodOOHMMH, ane He
HACTUIbKH, MIO0 II€ MOTIPIIyBajO iX CYMICHICTh 13 CMOJOK0. [1apodiapHICTD

macTudikaropa nmoripirye BOAOCTIHKICTb CMOJIH TICTIs 3aTBEPIIHHS.
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Cepen HM3BKOMOJEKYJISAPHUX MOMI(PYHKIIOHATBFHUX MIACTU(DIKATOPIB Yb020 MUNY
CI Ha3BaTH 21iKkoai, Oiaminu, OiypemaHu, 2niyepud, yykpu 1 iHII. IcHye Osa
cnocobu moougixayii cMOJ TIACTUDIKYIOUUMH MO YHKITIOHATPHUMHU CIOJYKaMHU.
[lepmnii — e moaudikaiiss cMOIX B Tpolect ii oTpuMaHHSA. TUIOBUM TMPHUKIAIOM

BUKOPHUCTAHHS JIJIs 111€1 METH TutacTudikaTopa € OyTHUIeH I1ypeTaH:

—

|
9NH, + 2CH;0 + (CH,) (OCONH,); — (IV.1)
E I
—> NH—CH,NHCOO(CH,),0CONHCH;—NH - 2H,0

[Ipu BUKOpHCTaHHI JPYroro crocoOy ImiacTudikyroya CHojiyka MEXaHIYHO
3MINIYETHCS 13 CMOJIOI0, a pPeakKilis BiAOYBAEThCS IiJ Yac 3aTBEPXKEHHS CMOJIU a0o
IJJACTMACH. Len cnoci0  MeHm ~ e(pEeKTUBHMA  TNpU  BHUKOPUCTaHHI
HU3BKOMOJIEKYJISIPHUX —IUIaCTU(IKATOPiB, OCKUIBKM 3HauHa YacTHHA iX MOXe
BUSIBUTUCS HE 3B’S3aHOI0 1 CHOPHUATH MOTIPLIIEHHIO BJIACTHUBOCTEM 3aTBEPIKEHOT
CMOJIH, J1I0YU SIK HEUTpaIbHUH M1acTudikarop.

Enactudikyrounii  JaHIIO)KOK MOKHA BBECTHU O€3MOCEPEIHBO B MOJIEKYJIU
MOHOMEpY, HAPUKJIA] THITY 2,2-TeTpamMeTuieH-0ic-(4,6-1uaMiHOTpra3iHy).

Yemeepmuii cnoci6. mnactudikatopu, MO HE MAalOTh IUIACTH(IKYIOUOTO
JAHIIOKKA, a MICTATh ofHy rpyny —NH, (1Ba peakiiiiHO3JaTHUX aTOMH BOJHIO),
HANIPUKIIAT AMIOHY, YyPemarosy, cyib@amiony, MOXKYTh BXOJAUTH IO CKIIaay MOJICKYI
CMOJIM, TIOJIOBXKYIOYH 1X 1 TUM CaMHUM 30UIBIIYIOUM iX €JIaCTUYHICTh, OJIOKYBaTU
peaKLiifHO3/1aTHI METHIIONbHI TPYNH, CIOBUIBHIOIOYM TaKUM YMHOM 3aTBEpJHKEHHS 1

3MEHIITYIOUYH MIUTHHICTh 31ITUBAHHS:

! I
' R
TunoBum MMPpEACTaBHUKOM CIIOJYK LIbOI'0 TUILY € n-mOleeHchlbgbaMid.

Ak miacTudikarop MOHa 3aCTOCOBYBAaTH TaKOX THIAHY

CYbhamioopopmanboe2iony CMOIy:
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s cmosa MiCTUTh Ha KiHUAX Mojekyn rpynu -NH- abo -CH,OH, 1 MOXe BBOJUTHUCS
B 3aTBEP/PKEHY aMiHOCMOJTY, 3MEHIITYIOUH OJTHOYACHO IIUIbHICTh 3IIMBAHHS.

1’ssmuii cnoci6: 0coOaMBO JOLUIBHO BUKOPUCTOBYBATH MOJIMEPH, IO MICTATh
(GyHKIIOHATIBHI TPYNH, 3[aTHI 10 B3aeMomii 13 cMmoiow. [Ipu npoMy mocsiraeTbes
30UIBIICHHS €IACTUYHOCTI aMiHOGOPMaTbACTIIHUX CMOJI 3aB/ISIKM HAssBHOCTI JIOBTUX
MOJIEKYJI MOJiMepy, 10 3 €HYIOTh JEKUIbKa MOJICKYJ cMOJH. Jlo Takux moyiiMepiB
BITHOCSTBLCS noiakpuiamio 1 WOTO noXioHi, noaigininosuil cnupm abo uacmroBo
2i0ponizoeanuil  noaiginiiayemam, NOJNIGIHIIAYemMAnli, aKpuiosi CMIBnoaimMepu,
noaiamiou, JHIWHI 1 PO3TaIyXeH1 ckaaoui noaiemepu. OCOONIMBO IIHHI MOJTIMEPH,
[0 MICTSITh OJHOYACHO KapOOKCWJIbHI TPYIH, SIKI MPUCKOPIOIOTH 3aTBEPIKCHHS
CMOJIH, 1 TIAPOKCUIIBHI, K1 11 CTa01I13y10Th. Jl0 HUX BIIHOCATBCS CKAIAOHI noaiemepu,
OTpUMaH1 3 6aA2amoamoMHUX CHUpmMie 1 6A2AMOOCHOBHUX KUCAOM, 1 Chignoaimepu
AKpun080i KUCIOMU 3 emepom 2nikoas i akpunoeoi kuciomu. Enactudikyrouy airo
HaJIal0Th HaBITh TMOJIMEPH, II0 TOMOTEHHO HE 3MIIIYIOThCA 3 HE3aTBEPIKEHOIO
CMOJIOIO, HAINpPUKIA yenono3a Tpu TulacThdikamii mpecMmaTrepiaiiB Ha OCHOBI
aMIHOCMOL.

Hlocmuii cnoci6: e€1acTUYHICT CMOJM MOJKHA 30UIBIIMTH, BBOJASAYM B HeEl
CIIOJTYKH, IIIO MICTSITh IOBTM O1YHMI JIAHIIOT, HAWYaCTIIIe MOX1HI JXUPHUX KUCIIOT.
Lei croci®d MUPOKO BHUKOPUCTOBYETHCS A MiacTudikamnii rigpohoOHUX JaKOBUX
aMIHOCMOJI 3aBJSKH JIOCTYITHOCTI Macell, IIacTU(IKaTopiB, MO € TOYaTKOBHUMH
IpOayKTaMu JUIs cuHTe3y. Jlo muactudikaTopiB MbOTO THIY BIAHOCITHCA @IKIOHI
cmonu, Moau(dikoBaHI BUCHUXAIOYMMHU 1 HEBUCHXAOuWMu wmaciamu. JloBri

BYTJICBOJHEB1 JIAHIIOKKU JIIIOTh HE TUIBKMA IUIAcTU(IKyOdYe, aie 1 J0Jal0Th
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Martepiany MiIBUIIECHY TiApodOOHICTh 1 BOMOCTIHKICTh. OKpiM OIYHUX JIAHITFOKKIB
KUPHUX KHUCJIOT IUIACTU(DIKYIOYOIO TI€I0 B AJKIIHAX CMOJIaX BOJIOMIE€ 1 OCHOBHHM
eniyepogpmanesuti nanyroe. Ilnactudikaropu MpOro TUIY 3MINIYIOTHCS 13 CMOJIOKO 1
B3aEMO/IIFOTH 3 HEIO B MPOIIEC] 3aTBEPHKCHHS.

EdexruBHicTh mnactudikaiiii 3a J0MOMOro OOKOBHX JIAHIIOXKKIB 3HAYHO
MEHIIIa, HDK MPU BBEACHHI iX B TOJOBHUH JAHIIOT MoJieKynu. Hampukiaza, Bruus
01uHMX OYTOKCHJIBHHMX TpYI, BBEJCHUX B KapOamiIHy CMOJy, Ha ii €llaCTUYHICTb
HE3HAYHUU, 1 JJI JOCATHEHHS I0CTATHHOI €1aCTUYHOCTI MOKPUTTS CJIiJT I0AaBaTH HeE
menme 100 % ankigHoi cmomu. [Ipore OyTHIIEHOBUI NaHIFOKOK, BBEICHUI B
MaKpOMOJIEKYJly KapOaMmiHOI CMOJM Mpu CyMICHIA momikoHaeHcamii 3 1,4-
OyTuieHAlypeTaHoM, 3abe3leuye OJepXKaHHA IMOJIMepy, SKUil He MoTpelye

J0JIaTKOBOI MJIacTU(UKAII].

4.2. llnacrugikanis, mo 3011bIIY€E TEKYYiCTh CMOJIH

B nporeci nepepoOku aMiHOCMOJI, 1110 MICTSITh HAIOBHIOBAY Ta 1HII JOOABKH,
BAXIIMBO, MO0 iX TEKydicTh Oyia sSKOMOTa OiJIBINOI0, IO JIO3BOJSE IPOBOIUTH
MpECYBaHHS NPH HU3BKOMY THUCKY. Texyuicmb 3alleXuTh BiJ 0aratbox (akrTopis,
HaWOUIbII ICTOTHUH 3 SKUX  — 6 A3Kicmb CMOJHM — 3aJieKUTh BIJI CTyIEHS
MOJIIKOH/ICHCAIll1, WIUJIBHOCTI BOJHEBHMX 3B’S3KIB 1 HAsABHOCTI IUIACTU(IKATOPIB.
3MEHIIIUTA B’A3KICTh, a OTXKE, 30UIBIIMTH TEKYYICTh CMOJIM, MOXHa TMiI00poM
BIIMOBIIHOTO  IacTudikaTopa, 3JaTHOrO  OJIOKyBaTH  BOJHEBI  3B’SI3KH
(yHKLIOHATBHUX TPYyIH, MEpHI 3a BCE METHJIONbHHMX, Ta MiJI00POM BIANOBIAHOIO
KaTaji3aTopa 3aTBep/KeHHs. BaXXyiuBO mpu 1iboMy 30€perTu 1HII XapaKTepUCTUKH,
SK1 BU3HAYAIOTh TEXHOJIOTIYHICTh IEPEPOOKH MaTepiay.

O4eBHUIHO, IO TPUBATICTh TEKYUYOCTI CMOJHU 30UIBIIYETHCS 13 3HUKEHHSAM il

PEaKIifHOT 3JaTHOCTI 1 3aJIEKUTh TAKOXK B1J] HASSBHOCTI KaTaji3aropa.

Beeodenna smauyrouux peuosun
Inacmughixamopu, MO 3MEHINYIOTh TEPTS MK MOJEKYJIaMH TEKYyd4Oi CMOJIH

abo0 mpecMarepially, 30UIBIIYIOYM THM CaMHMM ii TEKYyYiCTh, BIIITPalOTh POJIb
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macmuna. i pedoBUHM MOBUHHI OyTH TEKyYMMH TpU TEMIIEpAaTypax, HUKUHUX 32
TEMIEpaTypy TMpPeCcyBaHHA, 1 MaJOJETKUMH Tpu Mik TemmepaTtypi. baxano
BUKOPHUCTOBYBATH IJIAaCTU(IKATOPHU, IO MICTATh TPYIH, 3JaTHI O B3aeMOIIi 13
amiHocMostoro. Taki muactudikaropu Kpaiie 3MIIIyIThCS 13 CMOJIOI0 1 HE MITPYIOTh
MOTIM 13 3aTBEP/HKEHOTO BUPOOYy. Y I rpymi miacTugikaTopiB MOXKHA BHUIUIUTH
CITOJTYKH, 1110 3MIIIYIOTHCSA 13 CMOJIOIO TOMOT€HHO, 1 CITOIYKH, 110 HE 3MIIIYIOThCS 13
CMOJIOIO.

Jlo nepwioi’ nidepynu BITHOCUTBHCS, TIEPII 3a BCE, 800d. AOCOIIOTHO CyXHM
HertacTU(IKOBaHUI MpecMarepian BTpadyae TeKydicTb. [IpoTe HaIIMIIOK BOJOTH B
npecMarepiajlii HeTaTUBHO BIUIMBA€ HA MOTO TEXHOJIOTIYHI (301IBIIIEHHS TPUBAJIOCTI
MIpECyBaHHs, PO3TPICKyBaHH:) 1 (DI3UKO-MEXaHIYHI BIIACTUBOCTI (301IBILICHHS YCaJIKH
1 MIOTIPILIEHHS I1eJIEKTPUYHUX BIACTUBOCTEN), @ TAKOK HA 30BHIIIHINA BUTIAl. [loBHE
BUJIAJICHHS BOJIM 13 CMOJIM MOKJIMBE 32 YMOBH 3aMIIIEHHS 11 BIAMOBIAHUM HEJIETKUM
mwiactudikatopom. Toai  3MEHIIyeTbCs  ycaaka CcPOpMOBaHUX  BUPOOIB 1
MOMIMIIYIOTHCS 1X TIEIEKTPUYHI BIACTUBOCTI. [ 0OMoO2eHHuMU niacmugixamopamu e,
HaTNpUKIAL, emepu 2niyepuHy 1 1HIN PIAUHU, [0 3MINIYIOTHCS 13 CMOJIOIO TIPH
temnepatypi Bumie 120 °C, 0cCOOJIMBO I[IHHI 0-Kpe30/ibHi emepu 2aiyeputy 1
aHaJoTiyHl iM  CHOJNyKH, SKI aOCONIOTHO HE TMOTIPIIYIOTh BIACTUBOCTEH
mpecMaTepialliB, MICTATh PEAKIIAHO3ATHI TPymu 1 MajJopo3yuMHHI y Boji. Taki
CHOJIYKA OJHOYACHO 3 TEKYYICTIO MOKPAIIYIOTh 1 €JaCTUYHICTh cMOJ. ['iapoduibHi
CIOJIYKA — TJIINEPUH 1 TIIKOJIh — OOMEKEHO 3aCTOCOBYIOTHCS uepe3 Te, IO
MOTIPIIYIOTh BOAOCTINKICTh 3aTBEPAKEHOTO MaTepiany.

Jlo Tak 3BaHUX HE20MO2EHHUX NAACMU@DIKamopié BITHOCATH T1IpOoPOOHI 1
aHTUAATE31MHI CIOJyKH, IO 3BUYAMHO BBOISATHCA B IMpecMaTepiaid IiJl dac
noapioHeHHs. [Ipu nmoapiOHEHHI BOHU PIBHOMIPHO PO3MOJAUISAIOTHCS B cModil. [{o Hux
MOKHA BITHECTH cmeapun i cmeapamu, napagin, eick 1 1H. 111 cnomykun Habararo
MeHI edeKTHBHI BiJl TacTihUKaTOpiB meprioi marpynud. BBeaenHs rinpodoOHUX
CIIOJIYK OOMEKEHE HE TUIbKM 4epe3 iX MOraHy CYMICHICTh 13 MpecMmaTepiajioM, aje

Yyepe3 BUMOTIBAHHS i Yac MpecyBaHHS.
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Bnokysanna memunonpvnux zpyn

brokysannus memunonvhux epyn cmonau, HaNpUKIA] NUIIXOM eTepudikaiii,
3MEHIIy€e 11 B’S3KICTh 1 pPEaKIiHYy 37aTHICTh, a TaKOX 30UIbIIY€E IMBUAKICTH 1
MOJIOBXKYE TPUBANICTh TeKydocTi. KpiM TOro, HasBHICTh OJIOKYIOUMX paJuKalliB
BIUIMBA€ HA BJIACTUBOCTI CMOJM. 3MEHIIEHHS IIBUJIKOCTI 3aTBEPIKEHHS CMOJIU
3HWXKY€E e(EeKTUBHICTh ii mepepoOku. bIOKyBaHHS METHJIOIBHHX TPYH 3 METOIO
30iNbIIEHHS TEKY4OCTi CMOJM BHKOPHMCTOBYEThCA pifko. Ii MoxHa 3ailicHutu a6o
Oe3mocepelHbO B TMPOLIECI OTPUMAHHS CMOJH, ab0 BBEACHHSIM peaKLiiHO31aTHOI
CTHIOJMYKH B TOTOBUH mMpecMmarepian. Takumu CHOJIyKaMH € chupmu, piAlie ypemauu
ab60 amiou. Ilpu OJOKyBaHHI METHJIONBHUX TPYyN B OUIBIIOCTI BUIAAKIB MOTPIOHO

OJHOYAaCHO BUKOPHCTOBYBATH KHCJIOTHI KaTaJ'IiBaTOpI/I 3aTBCPIAKCHH.

ITiooip ramenmuux kamanizamopie

Tpemiii cnoci6 30UIbIIEHHS TEKYy4OCTI IMpecMaTepiaily TMoJsirae B nio6opi
JIAMeHMHUX Kamanizamopie 3ameepoxiceHHs Tak, Moo iX po3KiIaJaHHs 3 BUIUICHHAM
KUCJIOTH BiAOyBaJlocs IIBHJAKO, aJie¢ IPH BHUCOKIH TeMmrieparypi, OJU3BKIH 10
TeMIiepaTypu nepepoOku. B 1iboMy BUManKy mpH MIABUILEHHI TEMIEPATYPU CMOJIA
Tekyda (B’S3KICTb 1i 3MEHIIYETbCS) BIPOJOBXK MAKCUMAJbHOTO dYacy 1
3aTBEP/KYEThCSI HE3a0apoM TICHs JIOCATHEHHs Temmeparypu ¢opmu. s

MiBUIICHHS €(PEeKTUBHOCTI TiacTu(ikallii ABa Crocoon MokHa 00’ € THATH.

PO3/1I 5
KJEi HA OCHOBI AMIHOCMO.I

Boxe nexinbka AECATUIIITh CUHTETHUYHI CMOJIM IIMPOKO BUKOPUCTOBYIOTHCS Y
BCIX rajy3siX MPOMHCIIOBOCTI sIK Kiei. [[bomy cripusitoTsh, 3 0HOTO OOKY, OTpUMaHHS
HOBUX CMOJI, IPU3HAYEHUX CICHIAIIbHO JIJIi CTBOPEHHS KJICHMOBHX KOMITO3MIIIN, a 3

1HIIIOTO OOKY — pO3pOOKa MPOMHUCIOBUX METO/IIB CKJICIOBAHHS.
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Haitmmpiie 3acTocyBaHHS 3HAMIUIM KJIel HA OCHOBI aMiHOCMOJI, 1 TIEpeayCiM —
kapOamimodopmanpaeriaai. YacTka kieiB, Mo 0aepKyOThCsS Ha OCHOBI aMiHOCMOJT, B
HalpO3BUHEHININX MPOMMCIOBUX KpaiHax ckianae Ouibine 60 % Bij 3araibHOTO
BUPOOHMIITBA CHHTCTUYHUX KJICIB, 1 BUSABJISIE TSHICHIIIIO 10 3pOCTaHHs. Bupimanpae
3HAUYEHHS TMpU BIPOBAKEHHI IUX KJIEIB B IMPOMUCIOBICTh, 30KpeMa B
JepeBOOOpOOHY, MalTh Taki IiepeBard KapOamigHUX KIEiB SK JCIIeBU3HA 1
JOCTYITHICTh OCHOBHOiI CHPOBHWHH, BiAMIHHA ajire3is J0 BCIX BHUIIB JCPECBUHH,
IPOCTOTa 3aCTOCYBAHHS 1 MOXJIMBICTh TMPOBOJAMTH CKJIICIOBAaHHS B IIUPOKOMY
inTepBai temnepatyp (10-150 °C), BUCOka MIIHICTh KJICHOBHUX 3’€qHaHb (piBHA
MIIHOCT1 JIGPEBUHHM), iX BOJOCTIMKICTD 1 CTIMKICTH JIO il Pi3HUX MIKpOOPTaHi3MiB i

1H.

5.1. Kutei Ha 0CHOBI KapOaMiTHUX CMOJI
[lepmri pobGoTH TO 3acTOCYBaHHIO KapOaMiJHUX KIEIB Jid CKJIICIOBaHHS
nepesunu nposoauircs dipmoro «l. G. Farbenindustrie AGy» 3 1930 p. [Ipomuciose
BUPOOHMIITBO KapOaMmigHMX Ki€iB mij Ha3Bowo “Kaypit” posmouanocs B 1931-1934
pokax B Himeuuuni. Ile Oynu mepuri cuHTeTHMYH1 Kiei. B naHuii yac BUpOOHUUTBO
KapOamigHux kieiB (moHan 20 BUIIB) CKJIaJla€ OCHOBHY YacTHHY B 3arajJlbHOMY

BUPOOHUIITBI CHHTETUYHHX KJICIB.

5.1.1. OrpuMmaHHs KapOaMiTHUX KJIeiB

KapOamigni kiei oiepyroTh Ha OCHOBI KapOamigopopMasibAeriIHOI CMOJIH 3
nobaBKaMu 3aTBEP/KyBayiB 1 HamoBHIOBauiB. Kiielh Mo)ke OyTH y BUIJISII BOJHOTO
pPO3UKHY a00 MOPOUIKY.

Haitisaxchusiwumuy emanamu 'y BUPOOHHMIITBI KapOaMITHOTO KJIEHO €
noJikoHoeHcayis Kapoaminy 13 GopManbAETIIOM 1 deciopamayis OJEp>KaHOi CMOJIH.
Konpnencartis kapbaminy 3 hopmanbaeriqoMm TpoOBOIUTECA B 060 cmadii — CTIOYaTKy B
JTy’)KHOMY a00 HEWTpaIbHOMY CEPEJOBHINI, a MOTIM B KHUCJIOMY MpU MiJABUIICHIN

Temreparypi. MoJjibHe CHiBBIIHOLIEHHS (hopMaiblaeriay 1 kapOaMigy KOJIHBAETHCS B
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mexax 1,5:1-2,3:1, mpuuomy HalyacTilie BHUKOPHUCTOBYETHCS CIIIBBIAHOLICHHS
O:K=2: 1.

KapOamia po3unHs0Th y hopMaiiHi, HEUTpali30BaHOMY T1JIPOKCHJIOM HATPIO,
1 cymiml HarpiBaioTh JO KHUIIHHS, MpPH LbOMY BiAOYBA€TbCS MPUETHAHHSA
dbopmanpaeriay 3 yTBOpeHHsIM MmeTuionkapoaminais. [Ipu temmneparypi kuminas pH
peaKIiiiiHOi CyMmiln majae Jenio HkK4de 7 B pe3yibTaTl MIPOTIKAHHS peakili
Kanninmapo 1 OKHUCHEHHS (QOpMalblerily KHUCHEM TMOBITPs, LI0 KaTali3yeTbCs
KaTiOHaMU JIy>)KHUX MeTaliB. PazoM 3 mpuenHaHHSAM BiIOYBA€TbCS TAKOX PEaKIIis
KOH/JIEHCaIlli.

Ha opyeomy emani 3aBnsxku mob6aBmi kuciaotu pH 3Hmxkyerbes mo 4,3—4,8.
Hanmipue 3HmxkenHs pH BuKIMKae pi3ke NPUCKOPEHHS peakili, a Mpu IyxKe
BHCOKOMY pH 3HauHO 3pocTae TPUBAIICTH PeakKiiii 1 yTBOPIOETHCS CMOJIA IMiABUIIEHOT
B’SI3KOCTI.

[Tpouec koHAeHcalii MPOBOAUTHCA JIO JAOCATHEHHSI MEBHOI B’SI3KOCTI abo
BOJTHOT'O YHCJa CMOJIM — MapaMeTpiB, 110 BU3HAYAIOTh CTYMiHb IMOJIKOHJICHCAII].

B3aemM03B’ 430K 11uX mapaMeTpiB Mmoka3aHo Ha puc. 5.1.
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Boane yuncio, Mr sogu/r cMoiu

Puc.5.1. 3anexHicTh BOAHOTO YKCIIa BiJl B A3KOCT1 KapOaMiTHOT CMOJIH.
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Kneroui BnacTuBOCTI KapOaMiHOTO KJICK0 TUM Kpallli, YUM OUIBIINI CTYIIHb
MOJIIKOHCHCALlll CMOJIH, TPOTE OJHOYACHO 13 3POCTAHHSIM CTYNEHS MOJIKOHACHCALIT
MOTIPIIYETHCS CTAOUIBHICTD KJICHO 1 PO3YMHHICTh HOTO Y BOJII.

Konnencartis 3akiHIyeThCS HEUTpaIi3alic€ro peakmiinaoi cymimi g0 pH=7-8 i
OXOJIOJDKCHHSAM. 3aJIe)KHO BiJI MOJIBHOTO CIIiBBIJHOIICHHS pPEarcHTiB, MOMYTHIHHS
PO34YMHY CMOJIM MOKE HacTaTH abdo MpHU y’Ke CUIBHOMY p0o30aBiieHHI, a00 ,HaBMAaKH,
MIPU MEHIIIOMY, aXK JI0 CITIBBITHOIIEHHS cMoia : ocakyBad = 0,5 : 1.

Bigomi Takox oonocmaditini memoou koHaeHcallli kapobamiay 3 hopMaiHOM.
Peakmiro mpoBomsaTe cmowyatky mnpu pH 5,0-5,5, konmum MBHAKICT yTBOPEHHS
OKCUMETWJIbHUX TPyl B peakuii NpUeIHaHHS (QopManbAerily HaOJMKaeTbea 0
IIBUJIKOCTI 1X y4dacTi B peakilii KoHaeHcarii. 301IbIIeHHsS CTa0lIbHOCTI peaKIiiiHol
CyMillll JIOCSATAEThCSl MPOBEIEHHSAM peakilii 3 HaMIMIIKOM (OpMalbIETiay 1
MOCTYIOBUM BBEJICHHSM po34nHy KapOamimy. Ilpu 1pomy mocaraeTbcs BUIIHIMA
CTYIiHb B3aeMOAIT QopMamnbpAeriy 3 KapOamiJioM 1 3MEHIIYETbCS BMICT BUIBHOIO
(dbopmainbsieriay B roToBiid cMmodil. Lle MoxkHa MpoLTIOCTpyBaTH €KCIEPUMEHTAIbHUMU

JTAHUMH JIJIS 3aTaJIbHOTO CITIBBITHOIIIEHHS (popMainbaerif - kapoamig = 1,65 : 1,0:

Beenenns kapbaminy y ¢popmaiin Bwmict dpopmanbaeriay B cmoi, %

BUIBHOTO  3B’A3aHOrO

Onunopazose 11,71 50,2
JIBopa3zoBe 11,13 52,6
Tpupazose 10,77 54,2

Opep>kaHi TaKUM YUHOM CMOJIM MICTATh He MeHie 5 % BuibHOoro CH,O. 3
METOI0 OTPUMAHHS CMOJI 3 MEHIIMM BMICTOM BUIBHOTO (DOpMaibAerity B CMOIY
MicIsl HeWTpamizaiii BBOJIATH JOJATKOBY KIJTBKICTh KapOaMimay, IO 3HUXKYE MOJIbHE
cniBBiAHOLIEHHS dopmManbaeriay 1 kapbaminy no 1,5:1. Begenuit kapbamin 3B’s13ye
CH,O 3 yTBOpEeHHSIM METWIOIKApOaMidiB, SKI 3aJIHIIAIOTHCS B PO3UMHI abO0
YTBOPIOIOTH B CMOJI1 KOJIOITHY CYCIIEH31F0 MOJIOYHOTO KOJBOPY (MOOUTIHHS CMOJIN).

HI/IM CIT0CO00M MOXHa  OACPpIKATH cMOJIly 3 OIITUMAJIBHUM MOJIApHUM
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CHiBBIHOLIEHHSM (opManbiaeriny 1 kapbaminy, mo wmictuth 0,1-0,5 % BimpHOTO
CH,0. B’s3kicTh Tak0i CMOJIM 3MEHIIYETHCS, a 11 CTAOLIBHICTh HE 3MIHIOETHCS.

CMoIy 3 MOHMKEHUM BMICTOM BUIBHOTO (hopMalibJeriay, abo Tak 3BaHy cMOLy
be3 3anaxy (knei B3), 3py4HO OJEp)KYBAaTH MPH BHUIIUX MOJBHUX CITIBBITHOIIECHHSIX
dbopmanpaeriay 1 kapbaminy, Hanpukiaan 2,1:1 3amicte 2:1. Ilpore mnpu npomy
YTBOPIOIOTHCA MEHII CTalIbH1I cMoyid. CTaOUIbHICT CMOJM MOXHA IMBUIIUTH
BaKyyM-BIIFOHKOIO.  SIKIIO ~ JOBECTH  KIHIIEBE  MOJIbHE  CITIBBITHOIICHHS
dbopmanprerigy 1 kapbaminy no 1,5:1, Bmict ButbHoro CH,O y cMmomi crane He
ounbiie 1 %. 3umwxkenna BMicty BuibHOro CH,O Moke mpu3BecTH 10 3MEHILECHHS
MILIHOCT1 KJIeHOBUX 3’€qHaHb. JloJaTKoBEe BBEACHHS KapOamimy 30UIbIIye BUXIA
NpoaAyKTy (30unbmieHHs KiabkocTi 3B’s3aHoro CH,0). CtabinpHICTH KapOaMiTHUX
CMOJI TUM OuTbIIa, YuM Outbiie ix pH HabMMKaeThCs 1O ONTUMAIBHOTO 3HaUYeHHd pH
=7,0-7,2.

[otoBuit kneit wmictuth 40-50% cyxoi pedoBuHH, 1 HOro MOXKHA
3aCTOCOBYBATH y TakoMy BHTJIsiAL. [IpoTe yacTo BMICT CyXOi pe4OBHHH JOBOASTH 10
60—70 %. Konoencayia xapOaMiIHOTO KICHO TMPOBOAMUTHCS TMiJ BaKyyMOM,
HaiyacTiie B TpyOuyaToMy BHIApHUKY, SKUH XapaKTepU3YEThCS HaWOUIBIIO0
MMOBEPXHEIO HATrPiBY 1 BUCOKOIO IMIBUJIKICTIO JUCTHIISAINI.

OcHogHnum napamempom Oucmuisayii € TeMIepaTypa: BOHa HE IOBHHHA
nepeBuiryBatu 60 °C, mo0 3ano0irtu nojanbiiniid mnojikoHAeHcalii. TpuBamicTh
JTUCTUJIALII TIOBHHHA OyTH SKOMOTAa MEHIIOK; 3aJCKHO BiJI CTYMEHS IHCTHIIAINT
CMOJIH 1 pO3Mipy MTOBEPXHI, 110 OOIrPiBAETHCS, BOHA KOJIMBAETHCS B MEXKaX JIEKIJTBKOX
roauH. [lix 9ac BIATOHKH 3 PO3UMHY CMOJIM BHIATSETHCS METAHOJ, 3HAYHA YaCTHHA
BOJIM 1 HE3B A3aHOr0 (hOpMabIeriay, B AI3KICTh IPU IIbOMY 301IbIIY€ETHCS.

Pozunn kapbaminy y ¢opmalliHi TOTYIOTb B 3BHYAalHOMY peakTopi 3
Mimanako. OCKITBKM TPOIEC PO3YMHEHHS KapOamigy eHAOTEePMIYHHM, CyMilI
HarpiBaloTh 0 TEMIEPAaTypy HABKOJMIIHBOTO CEPEOBHINA Maporo. Takuii po3dyuH
CTa0lIbHUM MPU KIMHATHIN TeMIIepaTypi BiJl JEKIIBKOX TOJWH JI0 JEKUIBKOX JIECITKIB
rogud. Po3unH mepekauyroTh B KUCIOTOCTIMKHI ab0 eMalbOBaHHM peakTop, M€

IPOBOJUTHCS TOJIKOHeHcariss. [licns HeWTpamizaili 3 CMOJHM BIATAHSAIOTh
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HAJJIMIIOK BOAM B JUCTHIIATOPI @00 Yy BaKyyM-KOHILIEHTPATOPI, 3BIIKH MEPEKAUyIOTh
B TOMOIEHI3aTop, J€ CMojJa OXONOoJKyeThcs. CTaHIapTU30BaHy  CMOIY
TPAHCHOPTYIOTh B OOuykax abo0 KoHTeWHepax. Benmuki maptii ki€ NepeBO3ATh B
3aMi3HUYHUX IUcTepHax. Kieit woxkna 30epiraTh B CTaibHIM, 4YaBYHHIMH,
OIIMHKOBaHINA, €MaJbOBaHIM 1 CKJSHIM Tapi, HE CIiJ KOPUCTYBATHUCS MITHOIO 1
OpOH30BOIO TAPOIO.

BupoOHUIITBO KJI€IO y BUTIAIlI NMOPOWKY, 3MIACHIOIOTh B PO3MIIIOBAIbHIN
CyIIWJIbHI B TMOTOIl rapsyoro nmnoBitps. Cmoia 3a JOMOMOroI0  J03aTopa
PO30pUBKYEThCS (IEKIIbKA TUCSY 00epTiB B 1 XB) a00 PO3MUIIOETHCS CTUCHYTUM
noBiTpsM npu Temneparypi 150 °C. Cyxuii TOpomIoK BUBAaHTAXYIOTh 32 JOIOMOI'OIO
IIHEKa, 1110 3HAXOAUTHCS B HIDKHIM YaCTHHI CYIIApKH, 1 YIAaKOBYIOTb B T€PMETHYHO
3aKPUTI MONIETHUICHOBI MIIIKH. [{e Ouui, rirpocKonyHui 1 1ye A00pe po3UMHHHIMA
y BOJl HOpOLIOK. BracTWBOCTI ki€ 3ajekaTh TOJOBHMM YHHOM BiJI CTYIIEHS
MOJIIKOHEHCALlll CMOJIM: TOPOLIOK CMOJIM 3 HEBEJIIMKUM CTYHNEHEM MOJIKOHACHCALI]
3MEXKYETHCS, @ CMOJIa 3 HAJAMIPHO BHCOKHUM CTYIEHEM TMOJIKOHACHCAIlll MOTaHO
PO3YHHSETHCS Y BOJI.

Cyxuilt kjieii MoXe MICTUTH aHMU3iexcysad, 3ameepodicysad (XJIOpu LUHKY),
a 1HOMlI 1 Hanoeurwosau. 3HaueHHs pH Takoro kier micias po3YMHEHHS 56, a
KUTTE3NATHICT, po3uuny mpu 20 °C ckmagae 1-8 rox. IlpmaaTHicTs cyxoro
KapOaMIJTHOTO KJI€H0, 0 30€epIraeThCsl B TEPMETUYHIN yIaKOBLIl, HE MEHIIE | PoKy.

BupoOastoTbess Takok KapOamimHi kiei, 1actudikoBaHi @ypdypurosum
cnupmom. KineloBi 1BU XapaKTEPU3YIOThCA CTIMKICTIO 10 PO3TPICKYBaHHS HABITH B
ToBCTOMY miapi. JKUTT€34aTHICTh iX IO MEHINA, HiXK 3BHUYAMHUX KapOaMiJTHHUX
KJeiB. BOHM BHUKOPUCTOBYIOTHCS TOJIOBHUM YHMHOM TaM, J€ HEMOXJIMBA TOYHA
MIJrOHKA CKJICIOBAaHUX YacTUH a00 3aCTOCYBAHHS BHCOKOTO THUCKY (CKJICIOBAHHS

JIEPEBHUX KOHCTPYKITIH, TIEKOPATUBHUX TIACTHKIB).

5.1.2. CralijbHicTh KapOaMiZHUX KJIeIB
HaBiTh mnpu kiMHaTHIA TemrepaTypi B kiei BiAOyBaeTbcs MOJajbIla

MOJIKOHJIEHCAIlIs, a OTXKE, 30UIBIIYEThCS B S3KICTh CMOJIM, IO YPEIITi-peT
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NPU3BOAUTD JI0 KeyaTuHizauii cmonu. CmabinbHicme KIIEI0 BU3HAYAETHCS TEpUI 3a
BCE MOT0 orcumme3z0amuicmio 1 CXuiibHicmio 00 unadants 6 ocad. Bunamanas ocamy
€ pe3ylbTaTOM HEJOCTATHHOTO METHJIONYBaHHS cMOJM. [lifBUIlIEHHS KOHIIEHTpaIlii
CMOJIU IUISIXOM BaKyyM-BIATOHKH 301JIbIIy€E CTAOUIbHICTD PO3YUHY CMOJIH, OCKUTBKU
3MEHIITYETHCS BMICT ITOTaHO PO3UYMHHUX (PPAKIIiii.

Kummezdamuicmo K€K 3aJKUTh BIJ CMyneHs NoaiKoHOeHcayii CMONH 1
weuokocmi  nolikoHOencayii, MO TPOTIKae B Tpoueci 30epiranHa. Benuky
KUTTE3TATHICTh MAIOTh KJ€l 3 HU3BKUM CTYIEHEM IMOJIKOHICHCAIli. 3MEHIICHHS
CTYTEHS MOJIKOHJICHCAIlli CMOJIH, MPOTE, OOMEXKEHE 13-3a CXUJIBHOCTI JI0 BUIIAIaHHS
ocaly B HHU3bKOMOJEKYISIpHUX cMoJiax. OCHOBHUM CIOCOOOM 30UIbIICHHS
KUTTEZTATHOCTI KJICIO € TAJIbMYBAaHHS IMOJIIKOHACHCAIIl1, 0 BiIOYBAETHCSI B HHOMY
11 yac 30epiraHHs.

[IpucyTHICTh BENUMKHX KUIBKOCTEH BOJM TajbMy€ IOJIKOHJCHCAIlI0, SKa
MPOTIKAE 3 BHUIUICHHSM BOJU. 3O0UIBIICHHS KOHIIEHTpAIli CMOJM 3MEHIIy€e ii
JKUTTE3NATHICTD, OCKUJIBKH OJTHOYACHO 30UIBITYETHCS KOHIICHTpAIlist
peakmiiiHo3aatHux rpyn. CralinpHICTE ki€t 13 BMicToM 60 % cyxoi pedyoBUHU
KOJIUBAETHCA B MeKax 3—12 MICSIIB; 3aBOJIM FapAHTYIOTh 3BUYAHO 3 MICAILII.

OcHo6HUM YuHHUKOM, IO BU3HAYAE MIBUAKICTH MOJIKOHACHCAIT, € pH Kiero,
ontuMaibhuM BBaxkatotb pH=7,1-7,4. Tlpu pH Huxve 7 BinOyBa€eThCs yTBOPECHHS
METUJIEHOBUX 3B’SI3KIB 1 3pOCTaHHS B’A3KOCTI BIJOYBA€THCS THUM IIBHUJAIIE, YHUM
Hmwxdye pH cmomu. Ll peakmis npaktuuno He3BopoTHs. [Ipu pH 3naunOo BuIE 7
MPUYMHOIO HHM3bKOi CTAaOIIBHOCTI CMOJM € TIOJIKOHJEHCALlsl 3 YTBOPEHHSM
TUMETUIICHETEPHUX 3B’ s3KiB. 3a0e3neunT cTablapHIcTh pH Ki1eto MOoXHa BBOJIAYH B
HBOTO Oy@epHi coni, HAPUKIIAT OYPY, KPOXMAIb 1 JesKl 1HIII TOOABKH.

CmabinvHicms CMOJIM 30UIBIIYETHCS 13 3POCTAHHSIM 8Micmy Gopmanboe2ioy siK
BUIBHOTO, TaK 1 3B’SI3aHOTO (METHJIOJNIbHI a00 METOKCHUJIBbHI TPYMH), a TaKOXK 3a
PaxyHOK MiATPUMKHU BiATIOBITHOTO TEMIIEPATYPHOTO PEKUMY.

Yum HUK4Ya TemrepaTypa 30epiraHHs, TUM IOBUIbHINIE MPOTIKA€E MOAAJbIIA
MOJTIKOHJICHCAITIS], 1 TUM OLIbIIIa JKUTTE3/IaTHICTh KJICIO, 1 HABMAKU, TIPH IT1IBUIICHIH

TEMIIepaTypl KUTTE3TATHICTh KJICIO 3HAYHO CKOPOUYETHCSI.
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5.1.3. Buau kap6amMiqHuX KJI€iB i iX BJIaCTHBOCTI

OcHosHuMu xapakmepucmuxamyu KapOamiHUX KJIEiB €: CTaOUIbHICTh MiJ] Yac
30epiranHsi, B’SI3KICTb, IKUTTE3ATHICTh, TPUBATICTh IOBHOTO 3aTBEPKEHHS,
MeXaHIYHa MIMHICTh KJIEHOBOro ImIBa 1 HOTO CTIAKICTH, OO0 Mii BOAM Ta IHIINAX
(hakTopiB.

30epiranHs TpH MiABUILNEHINA TemmepaTypi MOXE CYTTE€BO 3MEHIIUTU
(HampuKJIIa, BIITKY, HA COHIIl) )KUTTE3AATHICTD KJICIO, IPU MIHYCOBUX TEMIIepaTypax
y KIESIX MOXYTh BIJOYBAaTHCS TMEBHI 3MIHH, IIO INPU MOBTOPHOMY HarpiBaHHI
MPU3BOJASATH 710 3MEHIIECHHS )KUTTE3aTHOCTI.

Buxonsun 3 KOHCHCTEHINI, MOXXHA BUIUIMTH HACMYnHI munu KapOaMiTHUX
KJIEIB!

1. Pioxuti xapbamionuu Kieti, 1O € B S3KUM BOJHUM PO3UYMHOM MPOIYKTY
MOJIIKOH/ICH AT KapOaminy 3 dopmanpaeriioMm. BiH BuUIlycKaeTbCs y BHUIIISIIIL
Mpo30poi (3BHUYaHU Kiei) a00 MOJIOUHO-017101 piauHu (kiei b3 3 HU3bKUM BMICTOM
BUIBHOTO (popMaspieriay). B a3kicTh K€, 3a1eKHO BiJl CTYICHS IMOJIKOHICHCAITll
CMOJI 1 BMICTY CyXoi pe4doBwHH, 3HaXoAuThcs B Mexkax 800-10 000 cm3. Bwicr
cyxoro 3amuimky moxke gocsratu 70 %. Taki kiei MOXyTh MICTUTH HArlOBHIOBaYl
(mepeBHa Myka, Biaxonu (peHomopopManmbAEeTiIHUX MpecMaTepianiB, Kpoxmaib). B
IIbOMY BHMaJKy BOHU HEMNpo30opi abo 3abapBieHI B 3aJ€KHOCTI BIJl BHIY
HaroBHIOBava. Kiei MoxxyTh OyTH Takoxk miiacTudikoBaHi.

2. Cyxuti kapbamioHuti xkieud y BUMIISAL OUIOTO TIrpOCKOMIYHOIO TMOPOIIKY,
po3unHHOr0 y Bofi. Moro nacumua Maca 6is 0,65 r/cM°, BMICT BOJIOTH JI0 ACKIITBKOX
B1JICOTKIB.

3. Ckueroganvui niiéku, MO OJEPKYIOTh HAaHECEHHSM PIJIKOTO KapOaMiJIHOTO
KJICI0 Ha Marip, BUIYCKAIOTh B HEBEJIMKHX KUIBKOCTSIX, OCKUIBKH iX 3aCTOCYBaHHS
MOB’si3aHE 3 MEBHUMU TpyaHOIIamMu. [[niBku MaroTh TeHACHITII0 a0copOyBaTH BOJIOTY
3 TOBITPSI, IO MPU3BOAUTH J0 CKJICIOBAHHS JHCTIB mnamnepy. [1[o0 yHUKHYTH 11HOTO,
BUKOPUCTOBYBYIOTh K J100aBKM IOBEPXHEBO-aKTUBHI TiIpo(oOHI CIOIyKH.

llepesacoro 3acTOCYBaHHS CKJICIOBAJIBHOI IJIIBKUA € PIBHOMIPHICTh HAHECEHHS KJIEHO 1
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BUKJTFOYCHHSI HEOOX1THOCTI BBOJMTH HAMIOBHIOBAYi 1 BOJY, IO B OLIBIIIOCTI BUTIAIKIB
MOke OyTH HEOKaHUM.

Knei na ocHOB1 KapOaMiHUX CMOJI MOYKHA TaKOX KJIACU(BIKYyBaTH 32 XIMIUHOWO
CMIUKICMIO 1 CMIUKicmio 00 0ii 800U

1. Knei, cmivxi no nii Boau. KieioBuii 1moB micis BUTPUMKH y Boai npu 10—
20 °C BopomoBxk 16—24 rol NMOBUHEH MaTH MILHICTh NMPU PO3TIAryBaHHI 28-32
kre/em’. JIo TaKMX KII€iB BiIHOCATHCS, 30KpeMa, Kiiei, HalOBHEHi KpOXMaJIeM.

2. Knei, nomiprno cmiiixi no naii Boau. Ilicns ButpuMku y Boai mpu 67 °C
BIIPOJIOBXK 3 TOJ MILHICTh KIEMOBOrO 3’€lHaHHS IpPU PO3TATYBAHHI TNOBUHHA
cxiagatu 16-23 Krc/cM>.

3. Knei, cmitixi 0o kunnsauoi 60ou 1 ammocgheprux gpaxmopis. I1icisa BUTPUMKHU
B KUIUIAYIA BOJA1 BOPOJOBXK 6 ToJl KieiloBe 3’€IHAHHS MOBUHHE MAaTH MILHICTh MpHU
posraryBanui 16-23 kre/cm®.

KrneiioBi 3’enHaHHs, BHUKOHAHI Ha KapOaMIiIHUX KJesiX, BUTPUMYIOTh

MpaKkTUYHO O3 3MIH 110 BOAM npu Temiepatypi 1o 40 °C.

5.1.4. 3aTBepa:KeHHs1 KapOaMiIHUX KJIeiB

Jlnst oTpuMaHHSI MIIHOTO 1 CTIHKOro J0 Jii BOAM KJIEHOBOTO CIIOJIYYCHHS
KapOaMiTHUM KIIeH CITiJT 3aTBEP/KYyBaTH OE3MOCEPEIHBO B KIIEHOBOMY IIIBI.

B mpotieci noiikoHaeHcallii pO3UYMHHICT CMOJIM 3MEHIIYEThCS, a B SI3KICTh 1l
30UThITy€ThCs. B s3KiCTh AOCATaE TPAaHUYHOI BEJIMUYMHUA Y MOMEHT KeJIaTHHI3allii, 1 3
11€i MHUTI TIOYMHAETHCA 3aTBEPDKCHHS CMOJIM. 3BMYAWHUNA KapOamigHW Kied 13
HEUTPAIbHOIO PEAKIIIEI0 HE KETAaTUHI3YETHCS HABITH MPH MiABUILEHIN TeMmneparypi,
TOMY B KJIE€H BBOJATH 3aTBEP/DKyBad. Sk MpaBWwiio, 1e PEYOBUHU KHCIOTHOTO
xapakTepy abo Taki, 10 BUAUISIOTH KUCIOTY B PO34YHHI KIICHO.

Cywmim KJiero 3 3aTBep/KyBadueM MOBUHHA 30epiraTucs MEeBHHUM Yac, BIPOJOBK
SAKOTO 11 B’SI3KICTh MPAKTUYHO HE 3MIHIOETHCS. lle 0coOMMBO BaXJIMBO TMPHU
CKJIClOBaHHI ~ 0e3  HarpiBaHHS. BusBWIOCS  JOLUJIBHMM  BUKOPHCTOBYBATU
3aTBEP/KyBavi, IO CKIAJAIOThCS 3 JCKUIBKOX KOMIIOHEHTIB, 3 SKHX OJHI

MPUCKOPIOIOTh PEaKIIio 3aTBEPXKEHHS, a 1HIII il yHOBIIBHIOIOTH, TPAlOYd POJib HIOU
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TuM4acoBoro Oydepa. IIIBuAKICT 3aTBEpIKEHHS JOCATAE MaKCUMyMy IMpH
ONTHMAJTbHIH KIJTBKOCTI 3aTBEPKyBaya.

Bigomo nekinbka munie 3ameepdicysayis s KIEIB:

— 3aTBEPKYBayl IJIs1 KJIEIB X0100H020 3aTBEPIKECHHSI
JUTSl 3ACTOCYBAHHS B CyMIIlll 3 KJICEM
JUTSI OKPEMOT'O0 HAHECEHHSI Ha CKJICIOBAHY TTOBEPXHIO

— 3aTBEP/KyBayl JIsl KJIETB eapsau020 3aTBEPIKCHHS
MIBUAKOL a1l
cepeaHboi aii
CIIOBUIBHEHOT 111

— cneyianvbHi 3aTBEPIKyBaul (HAMPHUKIIAM, 3aTBEpIKyBadl JJis 301IbIICHHS
BOJOCTIMKOCTI KJEHOBOro IIBa, 3aTBEP/UKYBaul ISl KJIEIB, K1 3aTBEPIKYIOTHCS
CTpyMaMH BHUCOKO1 YaCTOTH, 3aTBEP/KyBayi JJi1 3MEHILICHHA 3araxy (GopMaybIeriay
B KJIEHOBIM CyMIIl, 3aTBEP/KYBadilIOBUIBHEHHS KOPO3ii 1 1H.).

Haiiuacriie BUKOPHCTOBYIOTh AMOHIEGI CONi CUNbHUX KUCIOM, OCOOJIUBO
X10pud amoriro, pigme — gocgham amonito. BinbHUN (PopManblerii MOBUIHHO
3B’SI3y€ aMiak, MpHU I[bOMY BUIUIAEThCS KUCI0Ta. OCKIIBKM caM XJIOPHU aMOHIIO JIi€
Iy’Ke MIBHUAKO, 100 YIMOBUIBHUTH BHJUICHHS KUCIOTH, 301IBIITUTH JKUTTE3IATHICTh
CyMillll 1 HE AOMYCTUTH 3HWXeHHs pH kiero Huwxkue 3, B 3aTBEpAKyBau BBOJSTH
Oydep, Hanpuknan Gocdat kanbiiito Caz(POy) ; (2-5 %), yporporiH i iH.

Jliss aMOHI€BUX COJIeH y BIJICYTHICTI BUIBHOTO (hOpManbaeriay, HApHUKIad, B
Kiesx b3, moBuUIbHIMIA, 1 TOCWIIOETHCS TIABKK Yy MIPY BIAIICIJICHHS BIJ CMOJIU
OKCUMETUJILHUX TPYI. 3aJIe’KHO BiJ] CIIBBIIHOIICHHS KOMIIOHEHTIB 3aTBEP/KyBaya,
BiH JIi€ CUJIBHIIIE a00 ciialkimie, MoBuUIbHIIIE a00 mBHAIIE. 3aCTOCYBaHHS Pa3oM 3
aMiakoM a0o0 YpPOTPOINHOM XJIOPUAY aMOHII0 3HAYHO 30UIBIIYE >KUTTE3JATHICTD
cymimm. [ns 3arBepmkenus npu 100-120 °C Oinmbine miaXoauTh ypoTporiH. B
CHEKOTHI JITHI Micsi abo B yMOBax TPOIIYHOIO KIIMAary 3aCTOCOBYIOTHCSA
3aTBEPKyBadl MOBUIBHOI 1T, 11100 3a0€3MeUnTH JOCTATHIO KUTTE3AATHICT KIEHOBOT
cymimii. IIBuakoiodi 3aTBEp/KyBaudl 3aCTOCOBYIOTBCS B3UMKY 1 TOMIl, KOJHU

CKJICIOBAHHA MOXHA ITPOBOJUTH AY>KC IHIBUIAKO.
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Sxmo mpu CKICIOBaHHI KJIEHM HAHOCATH HA OJHY CKJICIOBaHY TOBEPXHIO, a
3aTBEpIKyBad — Ha 1HIIY, MOXXHAa BUKOPHUCTOBYBATH po3basineHi kuciomu (06e3
noaaBaHHS Oy(pepHUX PEYOBHH), OCKIJIBKM B IIbOMY BHUIIQJIKy HEMae€ HEOOXI1THOCTI
30epiraT CyMmill KIICIO 3 3aTBepKyBadeM. Kucnora He MOBMHHA OyTH IyXKe
CUJIbHOIO, 1100 HE BHUKJIMKATH KEJIaTHUHI3AIlI0 KICH BiJpa3zy K IMCIS 31TKHCHHS
MOBEPXOHB, 1 3a0€3MEeYUTH PIBHOMIPHE PO3TIKAHHS KJICIO, 3aIIOBHCHHS HEPIBHOCTEH 1
NPOHUKHEHHSI B U0 JaepeBUHU. /I 1IbOrO BUKOPUCTOBYIOTH OpP2aMiuHi KUCIOMU
(wasnesy, mypawuny). BoHH MICTSATh HaWYacTillie JAEKiIbKAa BICOTKIB CIHPTY SIK
3MOYYIOUMI peareHt i 3a0apBieHi, 1100 O0yI0 BUAHO MICIE iX HAHECCHHS.

3aTtBepKyBadl THITY XI0pudy YUHKY 3aCTOCOBYIOTHCS B CYXHX KIesix. Y
MpaKkTUYHO OE3BOAHOMY, CyXOMy KJei 3arBep/ukyBady HeakTuBHMM. [licns
PO3YMHEHHS KJIEIO0 y BOJ1 CUIb MIAJIA€THCA TIAPOMI3Y 3 BUAUICHHIM KUCIOTH, SIKA 1 €
BJIACHE 3aTBEP/KyBavyeM:

ZnCl, + 2H,0 = Zn(OH), + 2HCI (V.1)

Tak 3BaHUN camomeepOnyuuti TOPOILIKOMOMIOHUM KJIed MOXKe MaTh
KUTTE3MATHICTD 10 6 MicsiiB npu 20 °C. JKUTTE3MaTHICTD KIICKO TICIS PO3UMHEHHS Y
BOJI1 CTaHOBUTH 1-3 ro.

OCHOBHUM  0OMediceHHsM  JUIsl  3aCTOCYBaHHS  CHJIBHMX — KHCJIOT — SIK
3aTBEP/KyBaviB KapOaMiIHUX KJI€iB, OCOOJIMBO B AEPEBOOOPOOHIN MTPOMHCIIOBOCTI, €
IIKIJJIMBAN BIUIMB LIMX KUCJIOT Ha JepeBUHY 1 Ha cMouty. [li Ai€ro CHIIbHOI KUCIOTH
KJICWOBUM III0B CYTTEBO 3HMKYE CBOIO MIIHICTh. J[isi cHIbHOT a00 KOHIIEHTPOBAHOL
KHUCIIOTH Ha JIEPEBUHY MOXKE CIHPUUYMHHUTH ii pyHHYBaHHsS. ICHYIOTh ONTHMAaJbHI
3HaUYeHHS PH, mpHM SKUX I0CATAEThCS MaKCHMMalbHa MIIHICTh crioiydeHHs. [lpwu
Hmx4yoMmy pH BinOyBaeThcss HaaMipHE OCHaONEHHS JEPEBHOTO MIAPY, MPHU BUIIOMY —
HEJIOCTATHE 3aTBEP/PKCHHS KiehoBoro mmBa. OntumanbHa obmacts pH 3,8-4,06.
Minimanbia BenuurHa pH KieiioBoro mapy 3ajieXuTh TaKOXK BiJ] CITiBBITHOIICHHS
TOBIIMHU CKJICIOBAHOI JIEPEBHHM 1 KJeHoBOro mBa. J[is KUCIOTH TOMITHIIIA TPHU
CKJICIOBaHH1 TOHKHUX IIapiB, HAPUKIIA] (paHepu, MpU OTPMMaHHI KJIEHOBUX 3’ €IHAHb,
CTIMiKMX A0 il BOAM MpU MiJBUIICHIN TemmepaTypi. YacTo BHUKOPHCTOBYETHCS

CrieLlaJIbHUN 3aTBepKyBad, II0 MICTUTh MejaMiH abo Horo comi. Ilpu 1npomy
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JOCATAETHCSI BEJIMKA IKUTTE3NATHICTh KJICMOBOI KOMIMO3WIII 1 Majga TPUBATICTb
3aTBep/KeHHs mpu miasuimeHid temmeparypi (76—110 °C). Kinpkicts Menaminy,
SKUA MO>XHA BBOJMUTH B KJIEH, 0OMEXY€EThCS KIIBKICTIO BUILHOTO (hOpMajibJeriay B
CMOJTI.

[Ticnst mepeBUIIeHHS MEBHOT ONTUMAJIbHOI KIJIbKOCT1 MEJIaMiHy CTIHKICTb 70 Jii
BOJU PI3KO 3HIKYETHCS, OCKIIBKH TICIS 3B’S3yBaHHS BIIBHOTO (OpMaIbAETiTy
3QIMIIAETHCS HAJUIMIIIOK MEJIaMiHy, IO i€ TUTbKM sSK HamoBHIoOBad. [Ipm moGaBii
MeJaMiHy JTOIIBHO MMiJIBUIIYBAaTH TEMIIEpaTypy NpeCcyBaHHs.

Bigome Takoxk 3acTocyBaHHS pe30pLHUHY 1 TryaHaszony (O0musbko 15 %) sx
KOMIIOHEHTIB 3aTBEpKyBaya, 110 301IbIIYIOTh CTIMKICTh KapOaMiTHOTO KJIEK J0 Jii

KUIUIAYO1 BOJIH.

5.1.5. HanmoBHIoBayi 1Jisi Kap0aMiTHUX KJI€iB
VY kapOamigHi Kjei 4acTO BBOJSATH HAIOBHIOBAYi, SIKI JIalOTh MOKJIMBICTD
oJlep)KyBaTH TOBCTI (10 2,5 MM) IIBH, LIO HE PO3TPICKYIOThCS HAaBITh MpPH
CKJICIOBaHHI MOTAHO MIJITHAHUX TOBEPXOHB, Ta CTBOPIOBATH PIBHOMIPHUM 1 TOHKUMA
KJICHOBUH I1ap; 3MEHIIYIOTh aOCOPOIII0 KJICH JIEPEBUHOI0, OCOOJIMBO MOPUCTOIO,
BUKJIIOYAIOTh TPOHUKHEHHS KIJICI Yepe3 OONMIIOBaIbHY (aHepy; IMiJIBUIIYIOTh
€JACTUYHICTh 1 3MEHIIYIOTh HANpPYXKEHHS IIBa; JAlOTh MOKJIMBICTH PEryJIOBaTH
PEOJIOT1YH1 BIACTUBOCTI KJICHO.
HamnoBHioBaui 6yBarOTh 080X 6U0i8:
— HEpPO3YMHHI MOPOUIKONO/110HI 200 BOJIOKHUCTI PEYOBHUHH;
— cMoJii 200 PEYOBHHH, PO3YMHHI Y BOJII.
Jlesiki HamoOBHIOBaul (HANPHUKIAA, MYKY) 3aJ€XKHO Bl CHOCOOY CKIICIOBAHHS
(pu HarpiBaHHI a00 6€3 HHOT'0) MOKHA BIJTHECTH JI0 TIEPIIOro abo 0 APYyroro BUIY.
Ockinbku KapbamigHa cMoJla KpUXKa, KJICHOBUN IIOB Ma€ TEHJEHINIO 0
po3TpicKyBaHHA. [IpUunHOIO0 1OTO € BUIAPOBYBAHHS BOJU 3 MOBEPXHI 1 IIBHJIKE
3aTBEPKEHHSI TMOBEPXHEBUX IIapiB KJICWOBOrO CHOJYYEHHS 13-3a MIABUILEHOI
KOHIICHTpAIlli B HUX 3aTBEPKyBada,CyMPOBOKYETHCA CTHUCKYBAaHHSAM KJIEHOBOTO

IIBa, 1 MOSBOIO HAIPYXEHb Ta PO3TPICKYBAHHAM IIapy Kjero. MIIHICTh KJIEHOBOTO

99



mBa OOEpPHEHO MPOMOopILiiHa TOBUIMHI Iapy kiero. [lmiBku kapOamigHOT CcMOJH
ToBIMHOIO 710 0,025 MM cTabinbHI 1 HE MAJAIOTHCSA 3MIHAM BIIPOJOBX OaraThbox
pokiB. OJHaK SKIIO TOBIIMHA IMapy 3aTBepkeHoi cmoiu Outbma 0,1 MM, TO B
pe3ynbTaTi BUHUKAIOUUX HAMPYKEHb 000B’A3KOBO MOSBISIOTHCS TPIIIMHU.

YHUKHYTH BHUHUKHEHHS TPIIIMH MOXKHA TUIBKM TIPU XOPOIIIM IMiATOHII
CKJICFOBAaHHMX ITOBEPXOHb 1 Jy>K€ MaJliii 1 pIBHOMIPHINA TOBIIMHI KJIEHOBOIO IIapy.
[lpoMy cnpusie Takox J00aBKa [0 KIEHMOBOI CMOJM JIHUCIIEPCHOTO TBEPAOIO
HAMOBHIOBAYa, YaCTUHKHU SKOTO PO3AUIAIOTH TOBCTUM IIap HA TOHKI MPOIIAPKH, 5K
MICIIS 3aTBEPKEHHS HE TOBUHHI PO3TPICKYBAaTHCH.

BinMiHHUM HaMOBHIOBAYEM € MYKA 3 WKAPATIYNU 80JI0CLKO20 20piXd, OCKITBKU
BOHA MICTUTh BOCKOBY PEUOBUHY — KYTHHY, sIKa Mepemkopkae abcopOuii cmonu. Ll
MyKa MO€ J10JIJaBaTUCs B Kjieil B KiibkocTi 10 50 %.

Iloopibnena ¢enonopopmanvoeziona cmona Ta IUCHEProBaHI JESIKI 1HIII
MOJIIMEPU JIAl0OTh BIIMIHHI pe3yJbTaTH IMPU HAMOBHEHHI KJICHMOBHX KOMIIO3MIIHN 3a
PaxyHOK BHCOKOI ajre3ii MOBEPXHI YaCTHHOK 3 KapOamigHOIO cMmoJioro. HaBiTe mpu
no6asiti 100 % 1 Oiunblre TakuX HANMOBHIOBAYIB MOYKHA OTPUMYBATH MIITHI KJICHOBI
[IIBM TOBIIHMHOIO JI0 2,5 MM.

3 yuncna piIKuX J00aBOK, MEPEIIKOIKAIUYUX PO3TPICKYBAHHIO IIBA TOJIOBHUM
YUHOM B TPOIEC] 3aTBEPIKCHHS MPH KIMHATHIA TeMIiepaTypi, peKOMEHIYIOThCS
opeaniuni cnonyku (6enzunosuil i @ypgypunosuti cnupmu), 0COOIUBO B CyMiI 3
oepesroto mykorw. JlobaBka 0 KJICIO OJHIEI JEPEBHOI MYKH 3MEHIIY€ TEHJIEHIIIIO
KJIEHOBOTO CIOJYYEHHS /0 PO3TPICKYBaHHS TUIBKM Ha OOMEXKEHHM mepioJl yacy
(mexinbka MicsiiB). CnupTy 30UIBIIYIOTH 1€ TEPMiH, JIIOYM K TIACTH(IKATOPH.
Dyphypunosuii cnupm, KpiM TOTO, TOTIMEPHU3YETHCS Yy MPUCYTHOCTI KUCIOTHOTO
3aTBEpKyBada, YyTBOPIOIOUH CITIBIOJIMEDP 3 KapOaMiTHO CMOJIOK. 3aBASIKUA 1IbOMY
peareHT, MepelKoKAOYUi PO3TPICKYBaHHIO, HE MOXE BHUIApOBYBATHUCS IIPH
nigBuIeHin  Temmeparypi. I[lpomec momiMmepusamii  pypdypuiioBoro  compry
MPOXOJUTh 3HAYHO MOBUIBHINIE, HIX MPOLIEC 3aTBEPKEHHS KJICIO MPU HOPMAaJIbHIN
temreparypi. EqacTuyHicTh mBa MOXKHA 3017IBIIUTH TAaKOX JOJAaBAaHHSAM 0 KIICIO

MOJTIBIHIJIAIIETATY.
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5.2. Ki1ei Ha ocHOBI MesiaMiHO(OPMAJIBAETITHUX CMOJI

MenaminopopMasbAeTiHI CMOJH TaKOK 3aCTOCOBYIOTH IS OTPUMAaHHS KJIETB.
Bonu BoNOAIIOTE psiioM nepesaz B MOPIBHSAHHI 3 KapOaMiTHUMH, a came: OUIBIIO0
CTIMKICTIO JO KHUIUIAYOl BOJAM 1 TPOIIYHOI'O KJIIMAaTy, O1JIBIION >KUTTE3AATHICTIO,
KpaIor aAre3i€ro A0 pi3HUX MaTepiamiB, OUTBIIO TEIUIO- 1 XIMIYHOO CTIHKICTIO.

Heoonixu menamiHopopManbAeTIIHUX KJIEIB — 1€ BUCOKA BapTICTh 1 HEBEIUKA
CTa0lIBHICTh KJICHOBOT'O PO3UYHHY.

3BUYAlHO KJIEHOBI MeNnaMiHOQOpPMAIbAETIIHI CMOJIA  OJEPXKYIOTh IpHU
MOJIBHOMY CIHiBBiHOIIEHHI (popmanbaeria 1 menamid 3:1 npu 80 °C y HelTpaTbHOMY
a00 ciabomyXxHOMY cepeloBHIIi. Peaxiiisi MpoOBOAUTHLCA 10 TOCATHEHHSI HEOOX1HOTO
BOJHOTO YHCJa, MPH LOMY OJAEPXKYIOTh B’SI3KYy CMOIy, sfIKa MICISi BUCYLTyBaHHS
BOJIOJIIE€ KUTTE3MATHICTIO 6—12 MICSIIIB.

MenamiHopopManpaeriiHi Kjaei 3aCTOCOBYIOTh TaKOX Yy BHUIVISAL IUIIBKH,
0Jiep>KaHoi IIITXOM ITPOCOYEHHS 1 BUCYIITYBAHHS Tamepy.

[TopomkononiOHu MeaamMiHOGOpMANIbICTIANNN KJIe J00pe PO3YMHSAETHCS B
xononHii  Boxi. Ilicmg po3uvHEHHS BIH MNPUAATHUN 711  BUKOPHUCTAHHS.
Kutre3naTHiCTh PO3UYMHY 3JICKUTH Bl BHAY KJICKO, TEMIIEpaTypyd 1 HasIBHOCTI
3aTBepKyBaya i gocsirae 72 roj.

Menaminopopmanpaeriiai  Kiei 3aTBepUKYIOThCS Mpu  Temmeparypi 90—
140 °C, a B geskux Bunaakax npu 75 °C BOpoOAOBX JOCUTh KOPOTKOro yacy (1-24
roj). 3aCTOCyBaHHS 3aTBEP/KyBayiB HE 00OB’SI3KOBE, X04a BOHU MOXKYTh CKOPOTUTH
TPUBAJICTh 3aTBEp/KEHHS B 1,5-2,5 pa3u.

Haityacrime MenamiHopopManbIerifiHi Kiei 3aCTOCOBYIOThCS IIPU CKIICIOBAaHH1
banepu Ta MPUKJICIOBaHH1 LITIOHY LIHHUX nopiz Jiepesa.
MenaminohopManbIeriTHIMU CMOJIAMHA MOKHa O€3MOCepeIHbO 001aropoKyBaTH
MOBEPXHIO AEPEBUHM ILJIIXOM CTBOPEHHS IPO30PHUX IIapiB 3 BIAMIHHUM OsiuckoM. Lli
CMOJIU 3aCTOCOBYIOTHCS B JIITAKOOY/TyBaHHI Ta 1HIIMX Taly3sX MPOMHUCIOBOCTI.

BonocriiikicTe KieioBOro mBa Ha KapOamizomenamMiHO(POpMabIETiTHOMY
KJei 3pocrae 13 301bIIEHHSM KiIBKOCTI MeJlaMiHy. BrmmB no0aBkd MellamMiHOBOT

CMOJIH 710 KapOaMiTHOT Ha CTIAKICT IIIBa JI0 il KUTUISTYO0i BOJU MPUBOIUTHCS HIDKYE:

101



CmiBBiTHONICHHS] MEJIaMiIHOBOI 1 kKapOaminHoi cmoi, %....... 0 3,3 6,7 10,0 13,3

CTIMKICTD 10 KAIUITYO1 BOJHU, TOL..... 051 2 3 4

Oxpim KapOaMiTHOTO 1 METaMiHO(POPMAIIBET1IHOTO KJI€IB IPOMUCIOBICTH BUITYCKA€E

1 1HII1 KJ1€l Ha OCHOB1 aM1HOCMOJT.
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PO3JIL 6
3ACTOCYBAHHS AMIHOILIACTIB

6.1. [IpecmaTepiajin Ha OCHOBI aMiHOCMOJI

BupoOuunTBo npecMarepiaiiB — oJHa 3 HAWIIUPIIUX 00JACTEH 3aCTOCYBaHHS
aminorutactiB. Posmouare B 1928 p. B CIHIA, Anrmii («British Cyanides Co.»), a
Hezabapom 1 B Himeuuwni («Ilommomacy). Ilpecmatepianm 3 m00aBKOIO IIETIOIO3H
CTaJIM 3aCTOCOBYBATHCS [UJIi BUPOOHUIITBA TaJaHTEPEHMHHX TOBApIB 3aBISKU
MO>KJIMBOCTI OTPUMAaHHS 3 HUX MPO30PHUX MPEAMETIB Ta BUPOOIB MAaCTEIbHUX TOHIB.
JloOaBka HamoBHIOBava 1 BaKyyM-(OpMYBaHHS IPH HArpiBaHHI JIO3BOJWIN YCYHYTH
HEJOJIK JIUTUX CMOJ — PO3TPICKyBaHHS.

MenamiHopopManpaeriiHi  MpecMaTepiaii  BUTOTOBIIIOTBCA B IIUPIIOMY
ACOPTHUMEHTI MOPIBHAHO 3 KapOamiAHUMH, OCKIJIBKHM MPU iX BUPOOHMIITBI pa3oM 3
IETI0JI03HUMHU MOKHA BUKOPUCTOBYBATH 1 MiHEpaJibHI HAIIOBHIOBAY1, TaKl sIK a30€cT,
KaMm’siHa MyKa, CKJISTHE BOJIOKHO 1 T.JI.

B nmanuit wac mnpecmarepiaiy Ha OCHOBI aMiHOCMOJI BIPOBAKYIOTHCS Yy BCIX

MIPOMHKCIIOBO PO3BUHEHUX KpaiHaXx.

6.1.1. CupoBuHa AJ151 BUPOOHUIITBA NpecMaTepiaaiB HA OCHOBI aMiHOCMOJI

Jlnst BUpoOHHMIITBA TIpecMaTepialiiB BUKOPUCTOBYIOTh KapOaMiJiHi, 3MIIIaH1
kapOamigoOeH30TyaHaMiaH1 1 MeJIaMiHOBI CMOJIH.

KapbGamigni cmonum  nausi  mpecMarepiaiiB - OTPUMYIOTH  Ha  OCHOBI
(OPKOHICHCATIB, SIKI CKJIAJIAI0THCSI B OCHOBHOMY 13 METHJIOJIKApOaMiiB.

[Ipu oTpumanHi (HOpPKOHAEHCATY MOJBHE CIIBBIIHOIIECHHS (hOpMaslbIeriay i
KapOaMiqy TOBUHHO OyTH SKHalMEHINE, TaK SK I 37CHICBIIOE IMpecMarepial
(3BHMXKYIOTBCS BTPATH BUIBHOTO (QOpMaibAeriay) 1 3MEHIIye KUIbKICTh Ta3iB, SIKI
BUJILJISIIOTHCS TpU NpecyBaHH1. KpiM TOTo, Mpyu MEHIIOMY MOJIBHOMY CITiBBIJTHOILICHHI
IIBUIIIIE TIPOTIKAE PEAKIli 3aTBEP/DKCHHS 1 OTPUMaHI MpecMarepiaau OlIbIn CTIHKI

mo mii Boagu. OQHAK HAUIMIIKOBE 3HU)KEHHS MOJIBLHOI'O CITIBBIIHOIIEHHS BHUKJIMKAEC
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3MEHIIEHHS MEXaHIYHOi MIIHOCTI 1 TEPMOCTIHKOCTI. ONTUMaIbHUM MOJBHUM
CHiBBiHOLIEHHSAM dopManbaeriay 1 kapbaminy € 1,5:1-1,6:1.

3ameepoorcysaui i kKapOaMiJIHUX MTpecMaTepialliB TOBUHHI 3a0e31euyBaTH iM
000py NIACMUYHICTb 1 ONMUMATLHY WBUOKICMb 3ameepodxceHHs. SIK 3aTBepKyBayi
BUKOPHUCTOBYIOTh CIOJIYKH, SIKI € “TIOTCHIIIMHUMM KHUCJIOTaMu’, 1 TPH KIMHATHIN
TeMIiepaTypi He 3HIWKYIOTh pH, 3a0e3nedyroun mpecmarepiajiaM JOCUTh TpPUBAITY
KUTTE3NATHICTh M7 Yac 30epiranfs. 3aTBepKyBad IOAAIOTh OE3MOCEPETHBO [0
dbopkoHIeHCaTy TICIs 0XOJOoKeHHsT Horo g0 25 °C abo no mpecMarepiany Micis
MIJICYITYBaHHSL. 3ameepoicysaui MOKHA PO3IAUTUTH Ha 08I epynu’

1. Cnonykwu, siKi HEUTpaabHI TP HOPMAJIBHINA TEMIIEpaTypl 1 PO3KIATAI0THCS 3
BUIUICHHSM KHCIIOTH TIpu Temiieparypi npecyBanus (140150 °C) — ckraoni emepu
anigoamuunux cnupmis i waenesoi, aouninogoi, cebayuHoBoi KUCIOT, CKIA0HI emepu
GocgopHoi xucnotu i ouxnopeiopuna. 1i cionyku O1U1bII €(EeKTUBHI, alie TOPOXKYi 1
MEHIII IOCTYIIHI.

2. Com CWIBHHUX KHCIOT 1 OCHOB, HECTIHKI 4YM JIeTKI TpU TeMIeparypi
MpecyBaHHST — TMepII 3a BCe coli ypomponiHy 1 amowito. Hahuactime
BUKOPHCTOBYIOTH 1€/ THII 3aTBEP/I»KyBaviB.

JIns miaBUINEHHS CTIMKOCTI 3aTBEPPKEHOr0 KapOaMiIHOTO IpecMarepiaiy 10
KUIUIAYO01 BOAM, PO3pOOJICHHWN METOJ] BHUPOOHMIITBA 3MIIIAHOI  KapOamiJo-
OeH3ryaHamiiHOi cMoiM (MOJIbHE CIIBBIJHOIIEHHS KapOamia:O0eH3oryaHamin=1:
0,133, mnna xoupgeHcanii O6epyts 1,5 mons dopmanpreriny Ha 1 Moib aMiHHHX
KOMMOHEHTIB). CTIHKICTh IIMX MpecMmaTepiaiiB 0 KUIUIAYO0i BOAM OJIM3bKa J10
CTIMKOCTI MeJlaMiHO(OPMaJIbJIETITHOTO MpecMaTepiaty.

MenamiHOBI CcMONM JyUisi BUPOOHMIITBA TpecMaTepialiB KOHJEHCYIOTh B
OCHOBHOMY MpHU MOJIbHOMY CHIBBIHOLIEHHI (opmanbaeriay 1 menaminy 3:1, xoua
ICHy€ TEHJCHIIS IO 3HIKEHHS KUTbKOCTI opmanbaeriay (mo 2:1) mms 301bieHHs

CTIHKOCTI 3aTBEPKEHOTO IIpecMaTepiary 10 Ail rapsyoi BOJIH.
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Hanoegnrosaui

[Ipu oTpumanHi amiHOGOPMAaIBACTIAHUX TpecMaTepialiB BUKOPUCTOBYIOTH
OpraHiuHi 1 MiHEpaJbHI HaNoOBHIOBaudl. MiHEpaJlbHI HANOBHIOBAaYl BUKOPHUCTOBYIOTH
JMIIE 711 MeJIaMiHOBHX IpecMaTepiaib.

o opeaniunux HanoHw6ayi6 BIAHOCITHCS MEPII 32 BCE MPOIYKTH MEPEPOOKH
HaATypajIbHOI 1IEJIF0JI03HOI CHPOBUHMU:

1) siobinena depesna yenronoza (BOJOKHA JOBXKUHOIO 1-3 MM) — OCHOBHHMA
HAIlOBHIOBAY aMIHOILJIACTIB, 3a0e3leuye OTPUMAaHHS MPO30pUX Oe3koIipHuX (abo
MacTeIbHUX TOHIB) BHUPOOIB 3 JOOpUMH MEXaHIYHUMHU 1 E€JIEKTPUYHHMHU
BJIACTUBOCTSIMHU, BUCOKOIO TEIIOCTIMKICTIO Ta 3IaTHICTIO 10 3a0apBIIOBAHHS;

2) 06pizku 6aB06OHAHUX MKAHUH — 3a0€3TEUYIOTh 1001 MIlIHICHI BIACTUBOCTI
1 BEJIMKY yJapHY B A3KICTh IpecMarepliajiam.

3acTocyBaHHs MIHEpAJIbHUX HEOpraHIYHUX HAIMOBHIOBAYiB TUTSI
MenaMiHOQOpPMANIBJICTIAHMX ~ CMOJ  JIO3BOJIAE ~ OTpUMATH  TpecMmarepiaid 3
tertoctidikicTio monaa 200 °C ( mpecmarepiaiy 3 OpraHIYHAMHU HAMOBHIOBAYaMHU
criiki go nmii Temmneparypu 90-120 °C). Haityactimme B $KOCTI MiHEpaIbHUX
HAIMlOBHIOBAYiB BHKOPUCTOBYIOTH acOECT KOpPOTKO- 1 JOBTOBOJIOKHMCTHM, CKIISIHE
BOJIOKHO 1 KaM’STHY MYKY.

[TinOuparoun MOBXHHY BOJIOKHa acOECTy UM CKJISHOTO BOJIOKHA 1 J00aBKHU
OpraHiYHMX HaNOBHIOBAYIB, MO>XHA 3MIHIOBATH BJIACTUBOCTI IpecMarepiaiiB B

[TUPOKOMY Jiana3oHi.

ITnacmudgpixamopu

Ponp mmactudikaropiB mpu oTpuMaHHI IpecMaTepiaiiB Ha OCHOBI aMiHOCMOJT
MoJisirae 'y 30UIbIIEHH] MJIACTUYHOCTI MarepialiB MpU MaKCUMaJIbHOMY 3MEHIICHHI
BMICTY B HUX BOJM, BTpaTa SKOi CIPUYUHIOE YCaJKy BHpOOiB. BBemeHHs meBHUX
BUCOKOKHUIUISIYMUX TIAcTU(IKATOPIB 3a0e3leuye BUCYIIYBAHHS TpEecMaTepiaiiB MpH
30epexeHHl JOCTaTHbOI IutacTUUHOCTI. I[lnacTudikoBaHi mnpecMarepiaad MarOTh

MEHIITy yCaAKy 1 Kpally elacTH4YHICTh, YyJIapHy B’ S3KICTh Ta JI€JIEKTPUYHI
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BIIACTUBOCTI. Sk nracmughixamopu mpecmarepialliB BHKOPUCTOBYIOTH AKPUNOBL

MOHOemepu 2Niyepumy, n-moayeHcyib@amio B KiTbKOCTI AEKITLKOX BiJICOTKIB.

bapenuku i nicnenmu

AMiIHOCMOJIM O€3KOJIpHI 1 TPO30pi, IO J03BOJISE 3a0apBIOBaTH iX B Pi3HI
KOJBLOPH 1 BIJTIHKHA, a TaKOXX 3MIHIOBAaTH CTYIiHb MPO30pOCTi. bapBHUKH s
mpecMarepiaiiB. Ha OCHOBI aMIHOCMOJ TOBHHHI OYyTHM CTilKI TMpH TeMIeparypi
npecyBanHs (165-180 °C), HerokcuuHi, CTiiiki q0 aii atMocdepHUX (GaKTOpPiB 1
cBITIa. BUKOPHUCTOBYIOTH Pi3HI CTiiKI OpraHivyHi NITMEHTH, JaKd, OCHOBHI MITMEHTH,
He0araTOYMCICHHI PO3YMHHI y BOJI OApBHHMKH, KaAMI€BI 1 (PTATONIaHOBI MITMEHTH,
3BUYANHI KHUCI1 1 >KMpHI OapBHUKHM (XO4a BOHM MEHII CTiMKI A0 1ii cBiTia). I3
MICTMEHTIB HalyacTillle BUKOPUCTOBYIOTh HEOPTaHIYHI OUIl MITMEHTH, AKI poOJsATh
npeaMeTy Herpo3opumu. HalikpamyMu Kpuo4uMy 1 BUOLTIOIOUYMMH BJIACTUBOCTSAMU

xapaktepusyerbes oxcuo (IV) mumany.

6.1.2. TexHoJsioriss BUpOOHMITBA MpecMaTepiaiiB HA OCHOBI AMiHOCMOJI
Ilpoyec oo0epowcanus mpecMarepialiiB Ha OCHOBI aMIHOCMOJI CKJIAJa€ThCA 3

HACMYNHUX emanie.

1) oTpuMaHHS CMOJIH;

2) TpOCOYyBaHHS HAIIOBHIOBaYa CMOJIOHO;

3) BUCYyIIyBaHHS MpecMarepiany;

4) mompiOHEHHsI MpecMaTepiaiy 1 rpaHytoBaHHs (Y BUMAIKy HEOOX1THOCTI).

Benuke 3HaueHHs [Ji SIKOCTI MpecMarepiaiiB Ma€e YUCTOTa CUPOBUHU (IEpI
3a BCE IIEJIIOJIO3H ), @ TAKOXK 30€peKEHHS YUCTOTH 1]l YaC BUPOOHUYHX OTICPAIIiif.

Cmonu (bOpKOHIAEHCATH) OMPpUMYIOMb B CHUCTEMax, IO CKIAJAOThCA 13
peakTopa 3 00IrpiBar0u0I0 COPOYKOIO, MIMIAJIKH 1 3BOPOTHHOIO XOJIOAWIbHUKA. B
OUIPLIOCTI METOJIB 3arylleHHS CMOJM HE MpPOBOJATh. [OTOBY cMoOJy micis
OXOJIOJIPKCHHS TIEPEKauyIoTh uepe3 (GUIbTP B J103aTOPH.

IIpocouysanns HamOBHIOBaYa CMOJIOIO MPOBOSATH B amapaTax 3 MIIIAIKOO.

Jns  kpamoro 1 OUIBII IMIBHUAKOTO IPOCOYYBAHHS HAMOBHIOBAY  (IIEJTHOJIO3Y)
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MOTepeHbO MOAPIOHIOITh. B amapar 3aBaHTaXylOTh CMOJY, a Jaji MOCTYIOBO
BIIPOJIOBXK JCKITBKOX JIECATKIB XBWJIMH JOJA0Th MOAPIOHEHY IIETIONI03Y B KUTBKOCTI
30-40 % Bix Macu TOTOBOTO MpecMaTepiay.

Bucywysanns npecmaTtepiaiiB Ha OCHOBI aMiHOCMOJI € CKJIATHUM ITIPOIIECOM,
Ty’)K€ BaXJIMBUM JJIs1 SKOCTI BUpOOiB. Bumanenns nerkux dpakiiii, ToOTO BOIH,
METaHOJIy 1 (popMasbaerily, HOBUHHO MPOXOJUTH B TAKUX YMOBAaX, 1100 MOAaIblIa
KOHJICHCAIlII METUJIOJBHUX TPYN CMOJH, SKa 3MEHIINYE IUIACTUYHICTH MaTepialiB,
Oyna MiHIManbHA. Mipol BHCYIIYBaHHS € BMICT BOJIOTH, a MIpPOK CTYICHS
MOJIIKOHJICH ALl — IUIACTUYHICTh MIpecMaTepiaily, sika T€X 3aJIeKUTh Bl BOJOTOCTI.
BuznaueHHs 1IUX IBOX BEIMYWH € OCHOBOIO KOHTPOJIIO Tiporiecy cymrinHsg. CyIriHHS
MOKHa TMPOBOJUTH B CYIIWJIBHSIX PI3HOTO THUIYy — MEPIOJUYHUX 1 Oe3nepepBHUX,
MPALIOIYNX TPU HOPMATBHOMY 1 MOHIKEHOMY THCKY mpHu Temmepatypi 80—100 °C.
[licnss 3akiHYEHHS CYIIIHHS MpecMaTepiall OXOJIOHKYIOTh XOJIOAHUM MOBITPAM 1
BUBAHTAXYIOTh.

[Ipecmatepianu micias BUXOAY 13 CyIIapKHd MAarOTh BUIJIS TPYIOK I1aMETPOM
2—10 mM. Takuit mpecmarepian HENPUAATHUN ISl MEPEpOOKH depe3 HETOCTATHIO
OJIHOPIIHICTb, TIOT@Hy BOJOCTIMKICTh 1 HHU3bKYy MEXaHIYHy MIIHICTb. Jlis
3amo0iraHHs UM HeIOJiKaM HEOOXiTHO MOJpiOHIOBATH MpecMmaTepian B JIpiOHMIA
nmopomok. Iloopibnennss TPOBOAATH B JeKUIbka eramiB. KiHens mnoapiOHEHHS
BH3HAYAIOTh 32 30BHIMIHIM BUTJISIIOM JOCIHIIHOTO 3pa3ka (HOro moBEepXHs MOBUHHA
OyTH MOBHICTIO OJJHOPiIHA) 1 pO3MIpOM YacToK npecmarepiany (95 % npecmarepiany
MOBMHHO MPOXOJUTH Yepe3 CUTO 3 AiaMeTpoM oTBOpiB 0,182 Mm).

3HauHy YacTUHY KapOaMiJHUX MpecMarepiaiiB BUPOOJAIOTH 1 TOCTayaloTh Ha
PUHOK Yy BHWIJIS/II TOPOIIKY, MPOTE TepepoOKa HETrpaHyJbOBAHUX TMPECIIOPOIIKIB
3aTpyaHeHa. Ili TpyaHouli ycyBalOThCS TNpH BHUKOPHUCTaHHI TPaHyIhOBAHUX
npecmatepianiB. OgHaK iX HE MOXXHA 3aCTOCOBYBATH JJII OTPUMAHHS TJIOCKUX
BUPOOIB 3 BEJIMKOIO MMOBEPXHEIO Yepe3 MOMITHICTh CHIIIB 3’ €THAHHSA OKPEMUX TPaHyI
Ha MTOBEPXHI.

['panynpoBanmuii mpecmatepian Mae BABiYl Oubiry HacumHy macy (0,6-0,9

3 . .. .
r/cM”), HIX TIPEC-TIOPOIIOK, 1 JiaMeTp TpaHyJsl He OlIbIIe 2 MM.
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6.1.3. 3acTocyBaHHs npecMaTepiajiiB Ha OCHOBI aMiHOCMOJI

[IupokoMy 3aCTOCYBaHHIO ITpecMaTepiaiiB CIPUSIOTh HACMYNHI 61ACMUBOCTII.
MOXJIMBICTh 3a0apBieHHS B OyIb-AKi TACTEJbHI CTIHKI TOHH 13 30€pEKECHHIM
MPO30POCTi, BIJICYTHICTh CMaKy 1 3amaxy, CTaOLIbHICTH PO3MIPIB 1 TBEPIICTh MpPH
temrnepatypax Omu3bko 100 °C, goOpi JieneKTpUYHI BIACTUBOCTI, BIAMIHHA
CTIAKICTB JI0 i1 €IEeKTPUYHOI AYTH 1 BUXPOBUX CTPYMIB, 3aJI0BUIbHA CTIMKICTh A0 il
BOJIM KapOaMigHUX MpecMaTepiamiB 1 BIIMIHHA — MeTaMiHO(POPMaIbACTiTHUX.

[IpecmaTepiaii Ha OCHOBI aMIHOCMOJI BUKOPHUCTOBYIOTHCS JJIi BUPOOHMIITBA
ApiOHOI ranaHTepei, NpeaMETIB TOMAIIHBOIO Y>KUTKY 1 €JIEeKTPOTEXHIYHUX JIeTaJIEH.
Cepen  ramaHtepedHUX BUPOOIB - OUIM3HSHI TyA3UKH, KPUIIKH JUISI CKJISTHUX
yIMaKOBOK 1 BUPOOIB 13 I1acT™Mac, OaHKU I KOCMETHYHUX TOBapiB, MPSHKKH, OPOIIIKH
1 1HII [PUKPACH, KOPIYCHM IJis PYYOK 1 OMIBLIIB, HOMUIBHMYKH, Irpamku. L1
MIPEAMETH BUTOTOBJISIIOTHCA 13 JICIIEBOr0 KapOaMiJIHOTO Martepiaiy, TUIbKU TYJI3UKH,
SKI TIOBMHHI BOJIOJITH CTIHKICTIO A0 KHIUIAYUX PO3YHMHIB MHIOYUX 3aco0iB,
OJIEPKYIOTh 3 MeJlaMiHO(OpMaIbAET1IHOTO MaTepiamy .

IIPEIMETIB JOMAIIIHHOTO YKUTKY, BUPOOJCHUX 3 aMIHOIUIACTIB, HA MEPIIOMY
Micii mepedyBae cToJIOBUM mocyd. MenaMmiHOQopMalibAETIIHUM mpecMmaTepianl 10
HEJJaBHBOTO 4Yacy OyB €JJMHOIO TJIACTMACOI0, 110 BIJIMOBIJA€ BUCOKUM BUMOTaM, IO
Npe; ABJISIOThCS 10 CTOoJ0BOoro nocyny. Ile crnpusiio ioro mommpenHio B CIIA,
Anrmii 1 ®PH nuisixomM BUTICHEHHS «KJIacMYHUX» MatepiamiB. Ilicns 4ucieHHux
JOCIIKEHb YMOB MIEPEPOOKH, CTIHKOCTI O rapsdyoi KaBH, 4aro, IHITUX MPOIYKTIB 1
MHUIOUHX 3ac00iB, MojepHi3alii (GopMu MocyAy 1 MPUCYIKEHHS BHpoOam ‘‘3HaKy
SAKOCTI”, CTaJO MOXJIMBE INUpPOKe 3acTocyBaHHsA. Cro4yaTKy Takuid TOCY[
BUTOTOBJISTA JIJISL apMii, TIOTIM CTajld BUKOPUCTOBYBATH B TOTENSAX 1 pecTopaHax i,
HapellTi, B MOOYTI.

Takuif mocyn mae psn mepeBar: HeOesmeka 00K y JeKiIbKa pas3iB MEHINa;
TBepJa OJMCKyda TOBEPXHS 3aJUIIAETHCS 0€3 3MiH MICIS TPUBAIOTO KOPUCTYBAHHS,
CTIKa 70 MOAPSIIUH; HE3HAYHA TEIUIONPOBIIHICTh JO3BOJISAE JIOBIIE 30€pEerTH iKYy
rapsiaimoro. KpiM Toro, 1ieit mocys JIeTKoO MATH B MUWHUX MalllMHAX, 1 BIH CTIAKHIA

710 J1i rapsi9oi BOJAW, MUJIA 1 IHIIUX MUIOYMX 3aco0iB. /{151 3a0e3nedeHHs JOCTaTHLOT
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MEXaHI14YHOI MIITHOCTI 1 CTIHKOCTI 0 KHUILISYOi BOJAM TOBIIMHA BUPOOIB MOBHUHHA OyTH
HE MEHIIIE 2,2 MM.

BcecTtopoHHbO OyiiM BUBYEHI BIACTUBOCTI CTOJIOBOTO IMOCYAY 3 KapbOamimo- i
MenaMiHOGOpMaTBIICTIAHINX MaTepiamiB micis Tpuaioi (mo 220 rom) mii XapuyoBUX
KUPIB (Macio, COHSIIHMKOBA OJIif, CBUHAYE CaJI0), OPraHIYHUX KHUCJIOT 1 1HIIUX
peyoBuH npu Ttemreparypax ao 100 °C. Cnocrepiramocsi 3MEHIIEHHS OJHCKY 1
sHmkeHHs TBepAocTi (Ha 30—40 % npu 100 °C) mocyay 3 kapOamigHOrO MaTepiaiy i
MIHIMaJIbHE 3HM)KEHHS OJUMCKY IOCYyAy 3 MenamMiHO(DOpMalbJIeriTHOTO MaTepiaiy.
OpHouyacHO peHTreHorpaiuHUM MeEToOM OyJid BHU3HA4YEHl 3MIHU CTPYKTYpHU
aMIHOILJIACTIB.

Jlo BenukoraGapuTHuUX BUPOOIB, 10 BHUPOOJAIOTHCA 3 KapOaMiJIHOTO
npecmaTepiaily, BIJHOCSITBCS CTOJIMKH, KOPIYCH JJI1 TOJAMHHMKIB, PaAloNpUiMayiB 1
EJIEKTPOTEXHIYHUX BUPOOIB.

3acTocyBaHHS TpecMarepialiiB Ha OCHOBI aMIHOCMOJI B EJIEKTPOTEXHIIl
IIMPOKE 1 PI3HOMAaHITHE. 3 TOTJSAAY MIeJIEKTPUYHUX BJIACTUBOCTEH Il Martepiaiu
Kpaiii 3a geHosohopManbIeriiHl 1 MePeBEePITyIOTh BCl MaTepialid MO CTIMKOCTI 110
IYTH 1 BUXPOBUX CTPyMIB. [HIIIOIO iX mepeBaroro nepea (eHomacTaMu € npo3opicThb
1 HeoOMexeHI MOXJIMBOCTI 3abapmienHs. KapOaminHi mpecMarepiaid YCIIIIHO
3aMIHIOIOTh (EHOTUIACTU TPU BUPOOHUIITBI TeleOHHUX amaparTiB, HACTIHHUX
BUMUKAYIB 1 1H.

CriiikicTe MenaMiHOGOPMAaNIbJIETIAHUX MaTepiaiiB BIAKPHIA MOXIJIHUBICTh iX
BUKOPHCTAHHS JII1 BUTOTOBJICHHS TCEXHIUHMX JETaliel, amapariB 1 EJIeKTPUYHUX
MPUIAAiB, IO MPAIIOTh B BAKKUX YMOBAaxX, HAMPUKIAA B IIaxXTaX, METAIypridiHUX

1exax, Ha XIMIYHUX 3aBOJIaX.
6.2. lllapyBaTi IJIaCTUKN HA OCHOBI aMIHOCMOJI

lllapyseami naacmuxuy Ha OCHOBI aMIHOCMOJ — II€ KOHCTPYKI[IWHI MaTepiaiu,

K1 OTPUMYIOTh MIPECYBaHHSM Marepy 1 TKAaHWH, MPOCOYCHUX aMIHOCMOJIAMH.
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BupoOHUIITBO apMOBaHUX IUIACTUKIB Moyajocs Ha modaTtky XX CTOMITTS.
CroyaTKy BHITYCKQJIMCSI TIJIbKH TUIACTHKU HA OCHOBI (DeHOI0(POpPMaThACTIIHUX CMOJT
JUTSI €JIEKTPOTEXHIUHOT TPOMHUCIOBOCTI.

Bnepme  6e30apBHI  aMiHOCMOJIM ~ 3aCTOCYBalIM i BUPOOHMIITBA
JIeKopaTuBHUX TuacTukiB B 30-x pokax. Lle crano iMmynbcoM 10 YIOCKOHAJICHHS
TEXHIKM BUPOOHHUIITBA, a TAaKOX IMPHUBEJIO [0 PO3POOKM TEXHOJIOTII OaepKaHHS
TEKCTypOBaHUX TNamnepoBuX OcHOB. Y 1935 p. Ha puHKY 3’sSBUiIacs MelaMiHOBA
CMoOJla, BHKOPHCTaHa aHriiichkoio ¢ipmoo «Formica Ltd.» nmns BupoOHMIITBA
BIJIOMUX Y BCbOMY CBITI apMOBaHMX IJAcTUKIB (opmaiika. Ilicisa apyroi cBITOBOI
BIHM IIMPOKE 3aCTOCYBaHHS 3HAWIUIM TOHKI JI€KOPATUBHI IUIACTUKM HAa OCHOBI
MenaMiHO(OPMAaIbJIETIAHUX CMOJI, TPECOBAaHI HA IUIMTU 3 JEPEBHOI CHPOBUHH,
TOJIOBHMM YWHOM Ha JIEPEBUHHOCTPYXKKOBI. B nmaHuii 4ac BHUKOPUCTOBYIOTHCS 08d
OCHOGHI 810U TAKUX TUTACTHKIB Ha OCHOB1 aMiHOCMOIT:

—  JICKOpAaTHMBHI  IUJIACTUKM  BHUKJIIOYHO Ha  TANepoBid  OCHOBI 3
(dhenonohopmManbIETiTHUM KIICEM;

— TEXHIYHI — Ha OCHOBI CKJIOBOJIOKOH a00 acOecTOBOJIOKHA 3
MenamMiHOGOPMAaIIbJIET1AHUM KIICEM.

BupoOHHUIITBO JE€KOpATMBHMX IIJIACTHKIB Yy JEKUIbKa pa3iB IMEPEBUIILYE
BUPOOHMIITBO TEXHIYHUX AapPMOBAHMX IIJJACTUKIB. PO3pI3HAIOTE J1Ba THUNH
JIEKOPATUBHUX MIAPYBATHX TUIACTHKIB HA OCHOBI MeJIamMiHOGOpMAabIET1IHIUX CMOJI 3
(dhenonohopmMaIbIAETiIHUM KJICEM: 3BHYAWHUNA Ta CTIMKUA O BOTHIO CHUTapeT, 3
IapOM CHeIliaJbHOT METaJIyHO1 TUTIBKH, KA MPOBOAUTH Teruio. Jlo 1UX TIacTUKIB
CTaBJIATbCS HACMYNHI BUMORU.

1) BIACYTHICTh BUAMMHMX JC(PEKTIB 1 MOIIKOIKCHb;
2) MOXIIMBICTH pi3aHHS 1 MeXaHIYHOT 00pOOKH Oe3 po3imapyBaHHS i HaIJIOMIICHHS
KpaiB;

3) rapHwMii OJUCK YU PIBHOMIpHA MAaTOBICTH BCI€T IOBEPXHI.
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6.2.1. CupoBuHa VIl OTPUMAHHSA IIAPYBATHX IVIACTUKIB

CMomnm nj1s TapyBaTUX TUIACTUKIB TOBUHHI OYTH HU3BKOB SI3KICHUMH, 100 iX
po3urHamMu OyJIO JIETKO MPOCOYYBATH Mamip 1 OTPUMYBATH IIapyBaTl IUIACTUKHU 3
OJTHOPITHOI0 TIOBEPXHEIO, Ta JOCTATHHO CTAOUTHPHUMH - iX B’SI3KICTh HE IOBHHHA
30UIBIIYBAaTUCS AYy>Ke IBHUJIKO. BupoOu, oTpumaHi 13 IIUX CMOJ, MOBHHHI MaTH
rapHuil  30BHIIIHUM  BUTJISJ, BOJOMITH  OJMCKOM, BHCOKOK  TBEPJICTIO,
BOJIOCTIMKICTIO, TOCTATHHOKO €IACTUYHICTIO 1 CTIMKICTIO JIO CTApiHHS.

B mapyBaroMy mjacTMKy Ha TIOBEpXHI Manepy-HamoBHIOBauYa 3BUYANHO
3HAXOAUTHCS TOBCTUM IIAp CMOJM, SKHI TNOBUHEH BHUTPUMYBAaTH MEXaHIYHI 1
TEPMIYH1 HANPYTH, SIKI BUKJIMKAIOTh YTBOPEHHS TPILUIMH HABITH Y€pe3 TPUBAIMM yac.
B miactukax 3 HeopraHiYHMM HAMOBHIOBAYEM TPIIIMHUA MOXKYTh BUHUKATU 3pa3y kK
micis npecyBaHHs. JlogaTkoBum QakTopoM, 10 30UIbIIYE yCaaKy 1 Hampyry, €
JIOCUTh TpUBaJia (ACKIIbKA JIECATKIB XBUJIMH) il MIJBUIIECHOI TeMIEpaTypu Mpu

MpeCyBaHHi.

Cmonu

Jlis BUpOOHUIITBA IIAPYBaTUX IUIACTUKIB BUKOPHUCTOBYIOTHCSI B OCHOBHOMY
MoauGiKoBaH1 MeIaMiHO(QOpMaIbAETIIHI CMOJIH, 1 JIJIS CHIEIliabHUX HUJIEH — 3MIIIaHi
MenamMiHoKapOamigHi, OeH30oryaHaMiHOBI, (DEHOJOMENaMIHOBI 1 aHUIIHO(EHOJIbHI
cmoii. HemomudikoBani MenaMiHO(DOPMAaNIBIETIHI CMOJHM 4Yepe3 HEIOCTaTHIO
€aCTUYHICTh Maj0 MpUAATHI JUIS OTPUMaHHS IIApyBaTUX IUIACTHKIB, a s
MoAANBIIOro (POPMYBaHHS MPYU HU3BKOMY THUCKY B3araji HeNmpuIaTHI.

Hnst 36inbwenns  eracmuyHocmi  MEIAMIHOBMX CMOJI  iX  MOTPiOHO
Moougikysamu:

- BBECTHM MDK 3aJUIIKaMd MeJaMiHy eJacTH4YHI JIaHIIOTH, HaMpUKIaI
BYTJICBOJIHEBI;

- 101aTH HEUTpaNbHUI mi1acTudikarop.

MenaMiHOBI CMOJIM MOXKHa MOAU(DIKYBAaTH AK HU3bKOMOJIEKYISIPHUMU
CHOJIyKaMHM, TaK 1 TEpMOIUIACTUYHUMHU CMOJAMHU Ta BHCOKOMOJIEKYJISIPHUMHU

noJliMepaMu.
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HuzbkoMonekymsipai Moanu}iKaToOpHu JO3BOJSIOTH OTPUMATHA CMOJH 3 MEHILIOIO
B’SI3KICTIO 1 OUTBIIOI0 €TaCTUYHICTIO, @ TAKOXK 30UIBIIUTH ii TeKy4iCTh (BiIMOBIIHO,
3HU3UTH THUCK NpECyBaHHS), MOKpamuTh Ommck. s Momudikaiii mMeramMiHOBHX
CMOJI BHUKOPHUCTOBYIOTb MOHO- I OuKapoaminamu, mMoOayeHCyIb@amiou, coii
cyrbhaminosoi  Kuciomu, YUKniuHi - emusieHKapbamiou, ayemozyaHamin.
MenamiHoopMaNbAETIIHI  CMOJIM, MOJAU(IKOBAHI ayemoHoM, MalTh OUIBIIY
CTaOUTBHICTB, TOOpPY aare3ito J0 CKJIa, TePMOCTIiKi 1 enactuuHi. [llapyBati mmactuku
Ha iX OCHOBI BIJPI3HSIOTHCS BHCOKOIO MiIHICTIO. Moaudikaiis ¢ypgyporom i
Gypdypuroeum cnupmom 03BOJSIE OTPUMATH IIAPYyBaTH IUJIACTUKM HA OCHOBI
CKJIIHOTO BOJIOKHA 3 TIJBHUIIEHOI TEPMOCTIMKICTIO 1 MEXaHIYHOK MILHICTIO.
Bucokoro aaresiero 10 Ckiia XapaKTepU3yrThCs CMOJIM, MOAU(DIKOBAHI noaiamioamu.

[Ipyn BUKOpHCTaHHI Il MOAMQIKAIl MOJMIMEPHUX CIOIYK MOKHA JTOOUTHCS
3HAYHOTO MOKPAIICHHS €JIaCTUYHOCTI, OJHAK B’ A3KICTh TAKUX MOJU(DIKOBAHUX CMOJ
B OCHOBHOMY BHIIA, HIXK HeMojaudikoBaHux. Moaudikaliis MoieTHICHITIKOISIMU
MOXKE TEX JaTh J00pl pe3yibTaTH, aine Oe3nocepeqHss Moaudikaiis CMOJIH
MOJIIETUJICH- YX TIOJIIPOMUICHIJIIKOJIEM TOTIPIIYE 30BHINIHINA BUTJISA IUIACTUKIB 1
3HMXKYE 1X BOJIOCTIHKICTb.

Bupo6ig1oThcsi CMOJU MOBUIBHOTO, CEPEAHBOTO 1 MIBUAKOTO 3aTBEPIKEHHS.
[lepmri ABa TUMHM CMOJI BUKOPUCTOBYIOThH JJIS AEKOPATUBHUX IIAPYBATUX TIJIACTHKIB 3

(eHONBHUM 3B’A3yI0UMM, a OCTAHHIN — 17151 OOJUIIOBaHHS AEPEBOCTPYKKOBUX ILJIUT.

Ochosu

OcHo6010 HA3UBAIOTHCA MaTepiasid, sIKI BUPOOJISIOTHCS Yy BUIJISIAL CMY>KOK UM
JIUCTIB, 1 TICJS TIOKPUTTS YU TIPOCOUYBAHHS CMOJIOO MPECYIOTHCS IMil TUCKOM 1 TIPH
MIJBUILEHIA TEeMIlepaTypl, B pe3yJbTaTi YOr0 YTBOPIOETHCA IIAPYBATHHl IUIACTHK 3
BJIACTUBOCTSIMH, 110 3HAYHO BIJIPI3HSIOTHCA BiJ] BIACTUBOCTEH OCHOBU. B 0CHOBHOMY
B SKOCTI OCHOBM BHKOPHUCTOBYIOTH Mamip YW TKAHWHY, SKI TOBHHHI BIIMOBIIATH
MEBHUM BUMOTaM.

Jlis  fgexopaTMBHUX MIApyBaTHX IUIACTHUKIB 3aCTOCOBYIOTh TUIBKH MAarip.

Haituacrime npexopaTvBHI MapyBaTi IIACTUKKA HA OCHOBI aMiHOCMOJI BUPOOJISIOTHCS
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y BUIJISIZL TUINT, SIKI CKJIAJAIOTHCS 3 IBOX OCHOBHHUX IIapiB — JEKOPATUBHOTO IMIapy i
OCHOBH.

JIst CTBOpEHHSI dexopamugHo20 wuiapy 3aCTOCOBYIOTh 06a munu Tanepy —
oexopamusHuil i ruyesuti. OOUIBA TUIH XapaKTEPU3YIOTHCS BUCOKUM MOTIMHAHHAM 1
30epeKEHHAM JIOOpOi MIIHOCTI Yy BOJIOTOMY CTaHl. /lekopamusHuti Tamip B
IapyBaTOMY IUIACTUKY 3aKpUBa€ TEMHY OCHOBY 1 Hajae BUPOOY NpuBaOIUBUN
BUTJISAJT 3aBJASKH BIACHOMY 3a0apBJICHHIO Y MAaJIOHKY (HAHECEHHWMH CIeIliaTbHUMU
OapBHuKamMu 1 Tunorpadcbkumu papdbamu). Jluyesuii manip BUKOPUCTOBYETHCS IS
3aXHUCTy JEKOPATUBHOTO IMapy 1 30UIbIICHHS CTIMKOCTI IJIACTUKY 1O CTUPAHHS.
JIuneBuid mamip BUPOOJISETHCA 3 CyMIIIl O-LETIOJI03M 1 PYyOJIEHOrO0 BICKO3HOIO
BOJIOKHA 1 € TIOBHICTIO TIpo3opuM. B sikocti npoxnaoxku (ocrosu) i 1eKOPaTHBHUI
1iap 4acTo BUKOPUCTOBYIOTh Memaniuni naieku (30Kpema, allloMiHI€B1), B OCHOBHOMY
nepdopoBaHi, K1 TOBUHHI BIIBOAUTH TEIUIO BiJ IEPETPITUX TOYOK MOBEPXHI.

st mexuiunux MapyBaTUX IUIACTUKIB B SIKOCTI OCHOGU 3aCTOCOBYIOTH MAaTH 13
CKAAHOI YU a30ecmo6oi TKaHWHU. B OUIBIIOCTI BUKOPUCTOBYIOTH JIETKY CKIISIHY
TKAaHUHY 3 O€3Jy’KHOTO CKJISSHOTO BOJIOKHA 3 TOJIOTHSHUM NeperyieTeHHsIM. [l
MOJICTIIICHHSI CIOJMYy4YeHHS 31 CMOJIOI0O HAa TOTOBY CKISIHY TKaHUHY HAHOCATH
MPOMDKHHI T1ap, HAMPUKIIAJ 13 MOJIIBIHUIOBOTO CIUPTY. YacTo MeIaMiHOBY CMOJY
HAHOCSTh 0€3MOCepeIHhO Ha CKIISIHY TKaHWHY. A30€CTOBI TKAaHWHU BUPOOJSIOTH 13
a30ecTOBOro BOJIOKHA, OTPUMAHOTO 13 CHpPOro a30ecTy LUISIXOM MOAPIOHEHHH 1
ountiieHHs. [ 30UIBIIEHHST MIITHOCTI TKAHWHM 1 TIOJIETHIECHHS TPOIECY TKaHHS
3aCTOCOBYIOTh J00aBKM OPraHIYHHUX BOJIOKOH, HANpUKIAJ OAaBOBHU YU MANEpoBOi

LIETIOI03H.

6.2.2. IIpocouyBaHHS OCHOBH
[IpocouyBaHHS 1 BHICYIIyBaHHS OCHOBHU IIapyBaTUX IUIACTHKIB TPOBOISTH
MOKpPHUM METOJIOM B YCTAaHOBKax Oe3mepepBHOi [ii, B SKUX CTpidYKa OCHOBU
MPOXOJUTh Yepe3 TMPOCOYYBAbHY BaHHY 3 PO3UYMHOM CMOJH, a TIOTIM depes

CYyIIWJIBbHY KaMepy TYHEJIBHOTO THITy 3 TEBHOI PEryjIhoBaHOIO MMBHUAKICTIO. Ili
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YCTaHOBKH 3aCTOCOBYIOTHCS JIJISl TPOCOYYBAHHS BCIX THIIIB OCHOB, SIK MAMEPOBUX, TaK
1 TKAHUHHUX.

JIns  BHCOKOSIKICHOTO  MPOCOYYBaHHS HEOOXigHO, 100 B SA3KICTh 1
KOHIIEHTpAIlls CMOJIM, a TAKOK BOJIOTICTH 1 MOTJIMHAHHS Nanepy OyJu MOCTIMHUMU, a
napaMmeTpH Mpoliecy MPOCOYyBaHHS — ONTUMAIbLHUMU.

[IpocouyBasibHa BaHHAa Ma€ MIMPOKE IUIOCKE TMOJBIMHE AHO, MACISHY YU
TIIIEPUHOBY 00IrpiBaIbHY COPOYKY 3 PO3MIIICHUM BCEPEAMHI BOASHUM YX MAPOBUM
3MmieBUKOM. OOIrpiB BaHHM Ja€ 3MOTY JOJATKOBO PErYIIOBATH B’S3KICTh CMOJIH.
TpuBanictb nepeOyBaHHS CTPIYKM B BaHHI B 3aJE€XKHOCTI BiJ JOBXKHHHM BaHHH 1
IIBUJKOCTI TE€pecyBaHHS TKaHWHMU ckiagae 20—60 ¢, a KOHUEHTpalis CMOJIA B
po3unHi — 45-55 %.

[1ix yac cynriHHS OCHOBHM BUIIAPOBYETHCS BOJA 1 BUIAISIOTHCA JIETKI (Ppakiii,
OJIHOYACHO 3pOCTA€ MIIHICTh OCHOBH (OCOOJMBO mMamepoBoi), 1 BIAOYBa€ThCS
nmojaibia KoHaeHcaris cMonu. [lapameTpu cyunHHS MOBUHHI OyTH TaKUMH, 1100
OCHOBA, IKa BUXOJUTH 13 CYIIWJIbHI, MICTUJIAa TOYHO BCTAHOBJICHY KiJIbKICTh BOJIOTH
(46 % npu cymriaai Bopogomx 10 xB mpu 160 °C), i mo6 cmona gocsria
HEOOX1AHOTO CTYTEHS MOJIKOH ICH CAIlli.

[Ipocouena ocHoBa moBuHHa Mictutu 40-50 % cmomm 11 JEKOPATHUBHOTO
namnepy, 65—70% - s nuneBoro manepy 1 3540 % - nmns CKISHOT TKAHWHMU.
[IpocoueHa ocHOBA MOBUHHA BiANOBIIATA TEBHUM BUMOTAM: BMICT JIETKUX (Ppakiii —
4—7 %, Texy4icTh uepe3 KuTbKa 10 micisi BUCYITyBaHHs TojioTHa ocHoBU — 1-10 %,

pH BOAHOT BUTSIKKM 3 MArepoBOi OCHOBU — 5—8.

6.2.3. IIpecyBanHs i 00po0Ka IAPYBATHX IUIACTHKIB
[ITapyBaTi MJaCTUKKM HA OCHOBI aMiHOCMOJ MPECYIOTh y BUIJISAL TUIMT Ha
TiApaBIIYHUX MPEcax BUCOKOTO THUCKY. THWCK mpecyBanHs ckiamae 70—120 Kre/em”
MIpU TIPECYBaHHI MIapyBaTUX TUTACTHKIB HA OCHOBI Marepy i aMiHOCMOJI, TEMIIepaTypa
npecyBaHHsl KapOaMiJIHUX MIapyBaTHX IuiacTukiB ckiagae 125-130 °C, menamiHo-

dbopmanpaerigaux -140-145 °C.
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JlekopaTuBH1 IIapyBaTl IUIACTUKM Ha OCHOBI aMIHOCMOJI BUPOOJSIIOTH Y
BUTJISII TTUT TOBIIMHOIO 1,3—4 MM 3 I1aIkor0 OJMCKYYOI0 YU MAaTOBOIO MTOBEPXHEIO
NacTeIbHUX TOHIB 1 3 MEBHUM MaitoHKOM. Lli miuTu cknanarThes 3 (PEHOIBHOTO
CEepPemHBbOTO  IMapy, 3 OJHOTO YW JBOX OOKIB  IOKPUTOTO  ITapOM
MeJaMiHO(QOPMaIBICTIIHOTO YM  MeJIaMiHOKapOaMiTHOTO IIIapyBaToOro IIJIaCTHKA.
[lepen mpecyBaHHSM B MEBHIM MOCTIAOBHOCTI YKJIQJIAIOThCS JIEKiIbKa MIapiB Pi3HOTO
manepy, MTPOKJIAMOK 1 METaT4YHUX TIUIAT, SKi yTBOPIOIOTH maker. LI makern
PO3MIIIYIOTh MK IMOJTUYKAMH TIPECY.

TpuBanicTh NpecyBaHHsS 3aJ€KHUTh BiJ TEMIEPATypU 1 TOBIIWHU ILUIUTH.
HopmanbHuii MK IpecyBaHHs CKIAAA€ThCs 3 HarpiBaHHs — 20 XB, 3aTBEPI>KCHHS —
45 xB 1 oxomomkeHHs — 20 xB. CremianbHUH METOJ TPECyBaHHS IIOJISATAE Y
MIPECYBaHHI MIapyBaTUX IUIACTHKIB, SIKI HE MOBHICTIO 3aTBEPIKYIOThCA Yy Mpeci, 1
3aCTOCOBYIOTHCA /IS MOJIAbIIOro (POPMYBAaHHS B TapsyOMy CTaHI IPU HAHECEHHI Ha
BUTHYTI TOBepXHi. TpuBamicTh 1 TemmepaTypa IMpecyBaHHS TaKUX IIapyBaTUX
IUIACTHUKIB JEII0 MEHIIII.

[lepen BuitMaHHSM TIaKeTy 3 TMpecy HOro HEOOXITHO OXOJIOJUTH JI0
temrnepatypu Hrkue 100 °C nnst 3anoOiraHHs BUKPUBIIEHHS 1 3a0€311€UeHHS TapHOro
OJIHCKY.

OxoJI0/pKEeH1 JINCTH IIapyBaTOTO IUIACTHKA ITICSA BIAIUICHHS Bif ITiIKIQTHUX
JIUCTIB BIAMWIIOIOTHCS JI0 BCTAHOBJICHUX PO3MIPIB JMCKOBOIO TMHUJIOK0, 1 HIDKHS
YacTHHA OYHUIIY€EThCS (30KpeMa, MICKOM) JTsl TIOJIETIICHHS CKJietoBaHHs. HaluacTimme
BUPOOJISIIOTh TOHKI IIApyBaTi JIE€KOPATUBHI IUIUTH, SIKI 3 €IHIOIOTHCS 3 JEPEBHOIO
OCHOBOIO, HANPHUKIIAJ BEPXHHOI TMOBEPXHEIO CTOJIB, MPUKICIOBAHHSIM, KIICTIAHHIM
YU MPUKPYYyBAaHHAM TBUHTaMU. {151 IpUKIICIOBaHHS BHUKOPUCTOBYIOTH KapOamiiHi,
dhenonodopmanbaeriidi, (peHoNbHI, €MOKCUJIHI, PE30OPIIMHOBI Ta HEOMPEHOB1 KIei.
OO0poOka kpaiB IIUT 3 HAKJICEHUM IIapyBAaTUM IJIACTUKOM MPOBOJUTHLCS BiJIX0JIaMU
JEKOPAaTUBHOTO  IIAapyBaTOTO  IJIACTUKA, JIEPEB’SHUX PEHOK YU M SKOTO
MpoQiILOBAHOTO MOJIIBIHUIXJIOPHUY.

Yepez pi3HuIl0 B KoedilieHTaxX JIHIMHOTO pPO3IIMPEHHS, JEeKOPaTUBHI

H_IaPYBaTi IUIACTUKA Ha CTIHU KpiHJI}ITI)CH 3aBXXI1 3 JOIIOMOI'OIO Hi,Z[KJ'Ia,Z[KI/I
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(Hampuknaa, TUIAT 13 TIHOMONICTUPOJAa) YW JepeB’stHuX pehok. Kpai mwmr

00pOOJISAIOTHCSI TOHKUMU PEMKAMU 3 JIETKOTO METAIYy.

6.2.4. 3acTocyBaHHS IAPYBATHX ILUIACTHKIB

CreniaibHOIO 00JIaCTIO 3aCTOCYBAaHHSI IIApPyBaTHX IUIACTHKIB Ha OCHOBI
MEJIaMiHOBUX CMOJI € OTpPUMaHHA OOJaropoJKEHUX JACPEBUHHOCTYKKOBHX 1
J€pPEBUHHOBOJIOKHUCTHX IJIUT — OOJUIIOBaHHA. [leKopaTuBHI MIapyBaTi IIACTUKH HE
€ KOHCTPYKIIMHUMHU MaTepiajlaMi, 1 HalyacTille 3aCTOCOBYIOThCA TSl (haHepyBaHHS
MeOmiB. HUMU MOKpHBAaOTh BEPXHIO IUIOMIMHY CTOJIB, IIKUIbHI MAapTH 1 MOJHMLI B
Mara3uHax. BoHM 3HallUIM MIMPOKE 3aCTOCYBAHHS 1 JJIsl OOJMIIOBaHHS CTiH B
pecropaHax, caHaTOPIsIX, JiTaKaxX, 3a1I3HUYHUX BaroHax, aBTo0ycax.

TexHiuHl IIapyBaTl IUIACTUKM — MEJAaMiHOBI MamepoBl 3 (HEHOJIbHUM
3B’A3YIOUMM 1 MEJaMiHOBI CKJIOIJIACTHUKU — 3aCTOCOBYIOTHCA B €JIEKTPOTEXHIUHUX
IPUCTPOSX, MPALIOIOUMX MPU HU3BKUX YacToTax 1 BEIMKUX Hampyrax. [lameposi
MJIACTUKHU 13 (PEHOJBHUM 3B’S3YIOUMM 3aCTOCOBYIOTHCS B €JIEKTPOTEXHILI TaK CaMo,
K (eHosohopMalbIeriAHl mapyBaTi IJIACTUKH, TOJOBHUM YMHOM i POOOTH B
YMOBaX, MPH AKX MOXJIMBE BUHUKHEHHS KOPOTKUX 3aMHKaHb. SIK 1 mpecmarepianiy,
Il IIapyBaTl IUIACTUKH XapaKTEPHU3YIOThCA BIIMIHHOKO CTIAKICTIO IO €JIEKTPUYHOI
nyTd 1 6aykaruux crpyMiB. CKIIOIIACTUKH JOPOXKYl 1 3aCTOCOBYIOTHCS TITBKU TaM,
7€ MEXaHIYHa MIIHICTh 1 TEIUIOCTIMKICTh ManepoBUX IIAPYBATHX IUIACTHUKIB
HEJOCTaTHI. BOHU  BUKOPHUCTOBYIOTBHCS  JUIsi  BUPOOHMIITBA  PO3AUTIOIOYUX

EJIEKTPUYHUX MPUCTPOIB, 10 npaioroTs npu 120-150 °C.

6.3. JIakoBi amiHOCMO/1H
[Iupoke 3acrtocyBaHHS aMiHOPOPMANBAETIIHUX CMOJI B JakodapOHii
MIPOMHKCIIOBOCTI 3yMOBJICHE BIJIMIHHUMHU BJIACTUBOCTSIMU TOKPHUTTIB Ha 1X OCHOBI.
AwmiHOQOpMaTBACTIIHI JIAKK BUKOPUCTOBYIOThCS B 0araThOX Tally3sX, YCITIIITHO
3aMIHIOIOYM BXKMBAaHI JOTENEp KJIacu4Hi jJaku 1 (gapOu (MaciisiHi, HITPO- 1 HaBITh

CKJIOEMaJIi).
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3BuuaiiHi  aMiHO(GOpPMaNbJETiAHI CMOJM TMICAS 3aTBEPMKEHHS KPHUXKI,
HEEeNACTUYHI 1 MAaJONPUAATHI JJIsi OTPUMAaHHS TMOKPUTTIB. Y MpecMmarepianax,
mapyBaTUX IUIACTHKAX, a 1HOJI 1 B KJEAX pOJib IUIacTH(IKaTOpa 4acTO BUKOHYE
HanoBHIOBa4. Jlo mracmughixamopie, BXUBAHUM IS JAKOBUX aMIHOCMOJ,
npea’sIBISIOThCA Habarato OLIbIl BUMOTH: BOHH IIOBUHHI OYTH TMPO30PUMH,
HETOKCUYHUMH, J00pe TMOEAHYBATHCS 13 CMOJIOIO, YTBOPIOIOYM HHM3bKOB’SI3Ki
PO3YMHU, HE TIOBUHHI 3MEHIIIYBaTH XIMIYHY CTIHKICTh cMond. [lmactudikaris nakiB
Ha OCHOBI aMiHO(OPMAaJIBJIETITHUX CMOJI HUISIXOM BBEACHHS 1O CKJIaay MOJEKYJIU
CMOJIM €JaCTUYHMX JIAHIFOKKIB 3aCTOCOBYEThCA pIiAKO. B OuiblIocTi BUNAAKIB
aMIHOCMOJIM MJIACTU(IKYIOTh, 3MILIYIOYHM 3 BIANOBIIHUMH OJIrOMEpamMu, HampHUKiIal
3 QIKIOHUMU CMOJIAMU.

MeTunonpHl Tpynu CMOJHM HAJAOTh il TAPOQLIBHI BIACTHBOCTI, 34aTHICTh
PO3YMHATUCSA Y BOJI 1 YAaCTKOBO B HWXYMX crnupTax. [1apodiasHy cMOIly MOXKHa
m1acTUGIKyBaTH TUIBKU T1APpOPUIBHUME TutacTUdikatopamu (TIILEPUH, IyKPH), 110
JIETKO 3MIMIYIOTBCS 3 HEH, NOpOTe€ MPU LBOMY HOTIPUIYETHCS BOJOCTIHKICTD
Marepiany, fKa € OJHMM 3 HaWBaXIUBIMIUX KpUTEPIiB sSKOCTI MOKpuTTA. [I06
BOJIOCTIMKICTh MOKPUTTS HE 3MIHIOBAJACs, CJ1J BUKOPUCTOBYBATH IJIACTU(IKATOPH,
HEpPO3YMHHI Yy BOJI, aje PpO3YMHHI B OpraHIYHUX pPO3UYMHHHMKAX. Hailimpm
BIANOBIAHUMH  BUSBWINCS  aikiowi  cmonu. [nag  Toro, 1mo0  HaIaTH
amMiHOQOpPMaJIBJIETIAHIA ~ CMOJI  3JaTHICTb  MOEAHYBAaTHCS 3 TiApodOOHUM

riacTudikaTopom, ii ciijg MoaudiKyBaTH BBEICHHIM BYTJIEBOAHEBUX PATUKAIIIB.

6.3.1. ETepudikaniss amiHocmoJ1
[IpocTuM METOIOM MOOughixayii aMIHOCMOJ 3 METOIO HaJIaHHS iM PO3YMHHOCTI
B OpraHiYHUX PO3YMHHUKAX € QIKiIY8auHs — eTepudikailisi METHUIOIbLHUX TPy
CIUPTOM:
—NH-CH,0OH + C4HyOH — -NH-CH,0C4Hq + H,0O (VI.1)
BnactuBocTi MOAM(IKOBAHOI CMOJIM 3aJI€KaTh TOJJOBHUM YMHOM BijJ MPUPOIU
cnupty. Ilpu BHUKOpHUCTAaHHI METAHONY OTPUMYIOTh IIBHAKOTBEPAHYYl CMOJIH,

PO3YMHHI B COUPTAaX, MPAKTUYHO HEPOZUMHHI y BYTJIEBOJHSAX, 1 K1 HE 3MIIIYIOTHCS 3
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ankiiHUMHU cMmojamu. Etepudikaiiis €TaHonIOM [emio MOKpallye 3MIIIyBaHICTh 3
QIKITHUMHA CMOJIAaMH 1 PO3YMHHICTH B apOMAaTUYHUX ByriaeBojHsAX. IBHaKicTh
3aTBEP/KEHHSI IIMX CMOJ HEBeNHKa, ajne Bce-Taku noctaTHs. [lpu erepudikariii
METUJIOJIBHUX TPYI TPOIAHOJIOM a00 OyTaHOJIOM OAEPKYEMO PO3YMHHI CMOJIUA 3
JIOCUTh BEJIMKOIO MIBUAKICTIO 3aTBEPIXKCHHS.

Hwxul cnupTu MaroTh B 1IbOMY BIJIHOIIEHHI psif HenodikiB. HaGarato kparri
pe3yNbTaTH A€ H-Oymaron abo i300ymaros, K1 JIAIIE YaCTKOBO 3MIITYIOTHCS 3
BOJIOI0 1 YTBOPIOIOTH a3€OTPOIHI CYMIIIl 3 BEJIUKHM BMICTOM BOJU. Y MIpy
30UTBLIEHHS IOBKUHU QJIKUTYIOUOTO paJuKally 301JIbIIYEThCS CTYHIHb IUTACTH(IKALIT
CMOJIM, il PO3YMHHICTb B OPraHIYHUX PO3UYMHHUKAX (0COOIMBO B ami(aTUYHHUX
BYTJICBOJIHAX) 1 €TACTUYHICTh IOKPUTTS, ajle 3MEHIIY€EThCS MIBUAKICTh 3aTBEPIKEHHS
MTOKPUTTSI 1 IOTO TBEPIICTD.

be3nocepenns erepudikamis BUIIMMH CHUPTAMHM JEIIO YCKIJIATHIOETHCS iX
MOTaHUM 3MIITYBaHHSIM 3 PEAKIIMHOI0 CYMIIIIIO, BHACTIAOK YOTO MOJIIKOH ICHCAIIs
METHUJIOJIBHUX CIIOJYK B1IOYBA€THCS IIBUJIIE, HIK JIOCATAETHCS MOTPIOHUIA CTYIIHb
eTepuddikairii, 1 BUXOAUTh HEOAHOPITHUN TIPOAYKT. TOMy BeIMKi paguKaid BBOJSATH
LUISIXOM TepeeTepudikalli BUIIMMHA COUPTAMH €TepiB HIKYUX cnupTiB. Hanpukian,
OyTUJILOBAaHY CMOJIy HArpiBalOTh 3 OKTAHOJIOM BHILE 3a TEMIEPaTypy KHUIIHHSA
OyTaHOJy, ajge HI)KYe 3a TeMIIepaTypy KMIIHHS OKTaHOIY aX JO BHUIIapOBYBaHHS
MEBHOI KIIbKOCTI OyTaHoisy. [Ipu 1boMy BiIOyBa€eThCS 4acTKOBa NepeeTepudikariis

CMOJIM BUIIUMH CIIMPTaAMU:

l I
—N—-—CHQ—NH—CO—II\I—-CHQ—N—-— + CgH,;,OH —>

—_— —1!\I—CH2—-NH——CO—ITT——CH2——;\I— + C,H,OH
CH,0CH,,

BropunHi ab0 TpeTHHHI COMPTH B HOPMAJIBHHX yMOBaX pearyroTh MOBOJI, 1
IIBUJIKICTh TIOJIKOHJICHCAIllT 3HAYHO TEPEBHINYE IMIBUIAKICTh eTepudikallii, mo €
MPUYMHOIO IIBUIKOI JKeJlaTUHi3alii cMoiu. SIKio mporec erepudikaiiii mpoBOIUTH 3
BUKOPHUCTAHHAM CIUPTIB HOPMAaJbHOI Oy/IOBH, TO MOYKHA YHUKHYTH >K€JIaTHHI3AII] 1
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JAOCATTH TPHUHHATHOI IIBUIKOCTI mporecy MoaudikyBanus. s erepudikamii
amMiHOQOpPMANIBJETIIHUX ~ CMOJ  YacTO 3aCTOCOBYIOTh  H-OyTaHOJ, SAKHH €
HaWJICIEBIIINM 13 CIIUPTIB 1 HAJIA€ CMOJI1 JOCTAaTHROT PO3YMHHOCT] y BYTJICBOIHSX.
CMmounu, ofepskaHl Ipy BUCOKUX MOJIBHHMX CITIBBITHOLIECHHSIX (HOpMaIbACTIAY 1
kapOamigy abo MenamiHy, MaloTh 3BHYAMHO BHUIIUN CTyHiHb eTepudikariii, HIX
OTpUMaH1 MPH HU3BKUX MOJBHUX CIIBBIJHOIICHHSAX HAaBITh Yy MPUCYTHOCTI TaKOi K
KUTBKOCTI ciupTy. ETepuikaiiisi METUTIONBHUX TPYI 6a2amoamoMHUMU CRUPMAMU,
AKl, y CBOIO 4Yepry, MOXYyTb OyTH emepugikosani xucromamu (OAHO- 1
0araToOOCHOBHUMH ), BIJIKPUBA€E HEOOMEKEHI MOKIIMBOCTI Mo (iKaIlli CMOJI.
BiacTUBOCTI JTaKOBHX CMOJI 3aJieXkaTh BiJl MPUPOAU MOJIU(DIKYIOUOTO CIUPTY,

MOJIBHOTO CITiBBITHOIICHHS PEareHTIB 1 yMOB IIPOBEICHHS PEaKIIii.

6.3.2. Onep:xaHHsA JAKOBUX aMiHOCMOJI

Ooepirrcanna KapoAMiOHUX 1AKOBUX CMOJ

JlakoBi kapOaMigHI cMOJM HaiyacTiiie erepudikyroTh OyTraHonoM. Metoau
OTPUMaHHS OYTHUJILOBAHUX CMOJI MOXKYTh BHUKOPHCTOBYBATHCH 1 MPU BUPOOHUIITBI
CMOJI, MOJIU(IKOBAHUX THITUMHU CIIUPTAMH.

Haiinpocmiwuii  cnoci6  ompumanns nakoBUX KapOaMIIHMX CMOJ — II€
JIBOCTYTICHEBA (B JIy>)KHOMY 1 KUCJIOMY CEpPEJIOBUII) KOHACHCAIIIS CyMil KapOamiy,
¢dbopmaiiny 1 OyTaHOJy 3 HACTYIHUM BIJJAUICHHSM 1 OXOJOKEHHSM BOJHOTO LIApy
(mictuth O1nst 10 % cmonu), Ta BIIJIUICHHS BOJM, KA 3aJIUIINIIACH B CMOJIi. MoJsbHE
CHIBBIAHOLIEHHST (GopManbleriny 1 kapOaminy NpuU OTPUMaHHI e€TepH(PIKOBAHUX
KapOaMigHUX CMOJ HIKOJIU He OyBae MeHIe 2:1, a B OUIBIIOCTI BUIAJIKIB CKJIaJae 2—
3 moms Ha 1 momp kapbOaminmy. Take >k TPHUOIU3HO MOJBHE CIIBBIIHOIICHHS
OyTaHoIy 1 KapOamify.

Yepeosicmb BBEJICHHS] CHPOBHUHH MOK€ OyTH Pi13HOIO:

1) crmoyaTKy MPOBECTH peakililo MK KapOamigoM i (opMaliHOM, a MOTIM
BBECTH OyTaHOJI;

2) cnoyatKy oTpumaTu HamiBpopmaib uu Gopmains 3 Gopmarnina Ta OyraHona,

1 TIJIBKYM TIOTIM BBECTH KapOaMis:
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CH,0 + C4HyOH — C,Hy,OCH,0OH (VI.3)
CH,0 +2C4HyOH — C4HsOCH,0OC,Hy+ H,0 (VI1.4)
ITicns migkuciaeHHs Ha Apyrid cTafgii peakiii GopManb B3aemMoiie 3 KapOamigoM,
YTBOPIOIOYH €TEPHI 3B’ A3KU:
CO(NH,), + 2CH,(0OC4Hg), — CO(NHCH,0C,Hg), + 2C4HsOH (VL5)
[IpucyTHiCTh cnupmy, SIKUK yTBOPIOE 3 (QopMalIbIETiIOM HamiBameTam 1
arietani, e¢QeKTUBHA, OCKIIBKM BIH 3MEHIIYyE KOHILEHTPAILI0  BLILHOTO
dbopmanpaeriay, TalbMye€ pEakilil0 METUJIOJYBaHHS 1 3BOAUTH JO MIHIMyMY
CaMOBUIbHE 3HIKEHHS pH peakmiiiHOi cymiln, sike BiIOyBaeTbCs B Ppe3yJIbTaTi
peakuii KaHHINIapo npu MiBUILEHIA TeMIIepaTypl.
[Tpu BuKOpHUCTAaHHI ONTHUMAJIBHOI KUIBKOCTI CHUPTY B KHCIOMY CEpEIOBHILI
MIPOTIKAE CIIOYATKY peakuis erepudikanii, 1 TIIbKH MICIs BCTAHOBJIEHHS 11 pIBHOBAru
MOYMHAETHCS PEakilisl TMOJIKOHACHCAIlll, $Ka CYHNPOBOKYEThCS 30UIbIICHHIM

B’SI3KOCTI CMOJIH:

-CO-NH-CH,0C,Hg + C;HsO0CH,-NH-CO- — -CON-CH,NHCO- + 2C,H;OH
|
CH,0C,H, (V1.6)

[Ticnst 3akiHYEHHS MOJIIKOHJICHCAIllT BOJY 13 CMOJM MOXHA BUJIAJIUTU HIJISTXOM
a3€0TPOITHOI BIATOHKH TIPH TOHMKCHOMY UYMW HOpMajabHOMY THCKY. IIIBHIKIiCTH
00€3BOIHCHHSI Ma€ BEJIMKUN BIUIMB Ha BJIACTHUBOCTI CMOJIA, OCOOJMBO Ha CTYMiHb il
eTepudikariii, B’A3KIiCTh 1 pO3YMHHICTb. [Ipu nyxe mBUAKOMY 00€3BOTHEHH1 (MEHIIIE
3 TOa) ONEPKYIOThCS HU3BKOB’SI3KICHI CMOJIHM 3 HHU3bKOIO PEAKIIMHOI 3/IaTHICTIO.
JIUCTIIISIIIISE TIPOBOJIUTHCS IO TIEBHOI TEMIIEpaTypH, SKa CBIIYUTH TPO CTYIIIHb
Jerigpararlii CMOJH, TICIS 4YOTO CMOJia 3aryllyeThCsl 0 JOCSITHEHHS HEOOX1AHOI
T'YCTHHU.

binbm crabiapH1 Jakd, TOOTO 3 BHCOKHM CTyNEeHeM eTepudikailii yd MEHII
koHIleHTpoBaHi (6u1g 50 % cMomnm), OAep>KyIOTh Y BHUTJISAI PO3YMHIB, IO MICTSThH
3HAYHY KUTBKICTh BYTJIEBOJHEBOTO PO3YMHHMKA, HAMIPUKIAA Kcunoaa. CMOM OLbI

peakiiiHo3aaTHi 1 611kl KoHIeHTpoBaH1 (60 % 1 Olbie) BUPOOISIOTHCS Yy BUTJISAII
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CIUPTOBHX PO3YWHIB. 3O0IJIBIICHHS KOHIICHTpAIlli CMOJIM, OJHAK, OOMExeHe ii
CTaOLIBHICTIO 1 MPOAYKTUBHICTIO OUMIIYIOUHX arapaTiB.

Bukopuctanus Ui BUPOOHMIITBA  JJAKOBHUX  CMOJI  KOHIIEHTPATIB
dbopmanprieriny 3aMicTh (opManiHy 3HAYHO CKOPOYY€E BHUPOOHWYHMI TMporiec i
301JIBIITY€ TPOIYKTUBHICTh anapaTypH.

JlakoBl CcMOJIM MO’KHa TaKOXX OTpHUMAaTH TMOJIKOHACHCAIIEI0 KapOaMiay 3
OEeH30UHUM, OYMOBUM | NPONIOHOBUM anboezidamu, Gyphyporom i apomamudHumu
KemoHamu. POZUMHHICTh IUX CMOJI TUM Kpallla, YUM OUTBIINNA pauKal ajibJIeT1THOT
Ipyly, OJHAK IIBUJIKICTh 1X 3aTBEPIKEHHS, KOJIp 1 BJACTUBOCTI MOKPHUTTIB TIpIl,

HDK KapOaMiJHUX CMOJI.

Ooeprrcannn mMenaminoPopmanb0eioHux 1aKoeux cmoJl

MouibHe criBBIIHOIIEHHS (DOpMANBAETIY 1 MEeJIaMiHy Ta OyTaHOTY 1 MeJIaMiHy
Ipy OTPUMAHHI JAKOBUX MEJIAMIHOBHX CMOJI 3HaxXoJuThcsi B Mexkax 5:1-8:1. B
NeSKUX BUIMAJKaX BUKOPUCTOBYIOTHCSI OUIbII HU3BKI MOJIbHI CIIBBIAHOIICHHS (/10
3:1) 1 6inbm Bucoki (12:1).

Ju- 1 TpumeTuioJMeNIaMiHu mif 4ac erepudikailii OyTaHOJIOM B KHUCIOMY
CEpEIOBHII JIETKO YTBOPIOIOTH KOJIOiIH, 1 B TAaKOMY CTaHI JIETKO OCMOJIIOIOTHCH,
TOMY IO MIBUAKICTH MOJIKOHACHCAI] OubIa, HIX MBUAKICTE erepudikarii. [Ipu
BHCOKHX MOJIbHUX CITIBBIJTHOIIEHHSX 115 HeOe3eKa 3Ha4HO MEHIIIA.

[Ipu erepudikarlii MOXHa BHKOPUCTOBYBATH METHWJIOJBHI CHOJyKH abo B
CYyXOMY BUTJISI1, 200 y BUTJISIII BOJAHUX PO3YMHIB. B mepiomy BUNaaky BUALISAETHCA
Cyxuil rekca- a00 TMEHTaMETWJIONMENaMiH, SKUH PO3YMHSETHCA B TMiIKUCICHOMY
OyTaHOJ1 3 YTBOPEHHSM Maiike 0e3BOJHOI CMOJH. Y JIPYroMy BUIAAKY TEXHOJIOTIsS
MPOCTIIIA: 3 peaKkiiitHoi cyMilll (GopMaiiHy, COUPTY 1 MeJaMiHy B IPOLIECI CUHTE3Y
BUJIAJISIETHCS BOZA 32 JIOTIOMOTOIO a3€0TPOIMHOT JUCTUIIAIT 3 TOBEPHEHHSAM CITUPTY.

MenaMiHOBI CMOJIM, HaBITh CYMIIIEH] 3 aJKIAHUMH, YTBOPIOIOTH HEJOCTATHHO
€IacTMYHI 1 TBEpAl TMOKPUTTA. BuUpoONsAOTbCS TakoXX 3MilIaHi  JIAKOBI
MeJIaMIHOETIOKCHIHI CMOJIH.

6.3.3. BiracTuBoCTi JIAKOBUX aMiHOCMO.T
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Jlo ocHnosHnux xapaxkmepucmukx JaKOBHX aMIHO(QOPMANbIETIIHUX CMOJ
BITHOCSITbCS: B’SI3KICTh, CTAOUIBbHICTh, BMICT IUIIBKOYTBOPIOBAJIBHOI PEUYOBHHH,
3IaTHICTh 10 3a0apBIitOBaHHS, OCH3WHOBE YKCIIO 1 YMCIO MOMYTHIHHS, KUCJIOTHE
YHCII0, CyMICHICTb 3 IHIIUMHU CMOJIaMH, €JIEKTPOIIPOBIIHICTb.

B’askicmb CcMONW 3aJIGKUTh BIJ CTyHEHA 11 TOJIKOHACHCAIi 1 BMICTY
METUJIONBHUX Tpyn. Huzbka B’sA3KiCTh OyTHJIBOBAHOI CMOJIM CBITYUTH PO
CHOBUIbHEHY MIBUAKICTh 3aTBEPKCHHSI 1 3yMOBIIO€ 3HUKEHHS TBEPAOCTI MOKPUTTHL.
YuM MeHIa B’SI3KICTh CMOJIM, TUM OUIbINA 11 KOHIIEHTpAIlisl B TOPTOBOMY MPOAYKTI,
THM CKOHOMHIIIE ii HaHECEeHHS. 11 CMOJ 13 HaATO BEIMKOIO B’SI3KICTIO HEOOXITHO
BUKOPUCTOBYBAaTH BEJIMKI KIIBKOCTI pO3YMHHUKA. I[IOKpUTTA 3 Takux CMOI
BHUCHXAIOTh JIOCUTH MIBUAKO 1 OyBatoTh TBepAuMH. HaiiomipHiIe BUKOPUCTOBYBATH
CMOJIM 3 TMEBHOK MIHIMAJIBHOIO B’A3KICTIO, NpPHU AKIA JOCATAETHCA JOCTATHA
IIBUJKICTh 3aTBEP/KEHHS TOKPUTTS. TakoX 30UIblllye B’S3KICTh, IIBUIKICTD
3aTBEPJIKEHHS 1 TBEP/IICTh TOTOBUX MOKPHUTTIB 3MEHIICHHS KUTLKOCTI (POpMasbaerity
B CMOJII.

BnactuBocTi cMoi 3anexaTh Bifl IPUPOJIX CHUPTY, MOJBHUX CITIBBITHOIICHD
peareHTiB, cTymneHs erepudikaiii 1 yMOB iX OTpUMaHHA. BnacTuBOCTI cMoll He
3MIHIOIOTHCS BITPOJIOBK TPUBAJIOTO Yacy — BiJl MIBPOKY /10 KUTBKOX POKIB.

OCHOBHHMM KpHTEpPIEM cmabinbHocmi COMU € i1 B A3KICTh. Tak, B’SA3KICTh
CMOJIH, KA 3aJIKUTh BlJl CTYNEHs MOJIKOHAEHCAIIl 1 BMICTY METWJIOJIBHUX TPy,
30UTBIIYEThCS 13 3MEHIICHHSM BMICTY (OpMalbIEriny 1 CHOUPTY B PEaKIIiHIN
cyminii. OTxe, CTaOUIBHICTh CMOJIM MiJABUIIYETHCS 13 30IBIICHHSIM KOHIIEHTpAaIlii
crupTy 1 hopMaiIbIeriay B pO3UuHI CMOJIH.

KapbamizHi J1akoB1 cMOJIM BUPOOJISIOTH B OCHOBHOMY y BUIIIsiAl S0—75 %-Bux
PO3UYHMHIB B Oymaroai 94U B cyMmilll 6ymanon-kcunon. 1e B’s3ki, 6€3K0MIpHI, Mpo3opi
piguau 3 ryctunoro 1,00-1,06 F/CMS, KHCJIOTHE YHCJIO KOJIMBAEThCI B Mexax (0-5.
Bwmict Boau He nepesuiye 0,5 %, a BMICT BUIBHOTO (hopMalibaeriay cTaHOBUTH 1 %.
JIJist BUpOOHUIITBA CHIEIaJIbHUX THUITIB CMOJI B SIKOCT1 PO3YMHHUKA BUKOPUCTOBYIOTh

€TaHOJI, IPOIIAHOM, JIAKOBHI OCH3WH, €TePU TITIKOJTIB.
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MenaminoBi jakoBi cmonu MICTATh Big 50 1o 100 % mniBKOyTBOPIOBaJIbHOI
pedoBuHM. J[7s1 erepudikaliii 3aCTOCOBYIOTh OYMAHOL YA CYMIII OYMAHOI-KCUILOI.
I'yctuHa menmaminoBux JjakoBux cmoi — 0,97-1,08 F/CM3, KHCJIOTHE YHCJIO HE
nepesuiye 1,0. B’s3kicTh iX aemo HIKYE, HDK B A3KICTh KapOaMmiTHUX CMOJ 3
TakKUM CaMUM BMICTOM IUTIBKOYTBOPIOBAIBHOI pPEUOBHHH. BIacTHBOCTI CMON HE
3MIHIOIOTHCSI BIPOJIOBK OJHOTO POKY. BHPOOJISIIOTECS TaKOK CMOJIH, MOJU(DIKOBaHI
1300ymanonom 1 i30nponaHoIoM.

MenaMiHOBI CMOJIU MICTSATh OlIbIIIE peaKIIHHO3AaTHUX TPYII, HIXK KapOaMiHi,

1 TOMY YTBOPIOIOThH OUIBII MIIIHI TOKPUTTA.

6.3.4. IlnacTudikamnisi J1akiB Ha OCHOBI aMIHOCMOJT

AMiHO(OpMaIBAETIIHI JIAKOBI CMOJIM YTBOPIOIOTh TBEPAl 1 KPUXKI MOKPUTTA,
aki cma  mactudikyBatu.  llupoko  Bimomi  mmactudikaropu, Taki, SK
miankindranata, Tpukpeswidocdaru, ckiagHl eTepu ce0aMHOBOT KUCIOTH 1 1HIII,
BOJIOJIIOTh CHUJIBHOIO TIJIACTU(IKYIOUOKO €0 1 3aCTOCOBYIOTHCA Yy BIJHOCHO
HEBEJIMKHUX KUIBKOCTSIX.

Halikpamumu muiactudikaropamu Uil JakiB Ha OCHOBI aMiHOCMOJI € CKAAOHI
noliemepu — MPOJIYKTU PEaKIli 0araT0aTOMHUX CIHUPTIB 1 TIIIKOMIB 3 KApOOHOBUMH
KHCJIOTaMH,  MOJIU(DIKOBAaHI  POCIMHHUMHU  OJISAMH  (QJKiIHI  CMOJIM)  4YH
HeMoAu(ikoBaHl. BOHM OIHOYACHO MICTATh 2IOPOKCUNbHI TPYNH, SKI JIIOTh
cTablTi3yroue Ha aMIHOCMOJIH, 1 KapOoKcUibHi, SIK1 IPUCKOPIOIOTH 1X 3aTBEPIKESHHS:

-0-(CH,),-O-CO-(CHp)4-CO-
CKJIQIHUI eTep eTUJICHTIIKOMS 1 aANIIHOBOI KUCIOTH (HeMoau(iKoBaHMIA)

HemoaudikoBani mosierepu BIAPI3HAIOTHCS Bl MOAM(PIKOBAHUX (AJKITHUX
cM0J1) 0€3KOJIIPHICTIO, OJTHAK BOHU MEHII BOAOCTIHKI. CKIIajHI eTepr 0araroaTOMHUX
CIIUPTIB  yTBOPIOIOTh TOKPUTTS 3 MEHIIOK BOJOCTIMKICTIO, HIK CKJIaJHI
MOJTIETEPIITIKOJTI.

Cepen ankigHUX CMOJ IIUPOKE BUKOPUCTAHHS 3HAXOAATH 2nighmanesi ankioHi
cmonu, Kl OTPUMYIOTH 13 (pTajeBoro aHriapuay 1 TIIHEpuHy, MoAudIKOBaH1

KUPHUMH KUCJIOTAMH 1 OTISIMU. AJIKIJTHI CMOJIA TTOAUISIOTHCS HA O8] OCHOGHI TPYIIU:
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— egucuxaroui, Monu(]iKoBaHI BHCUXAaOUUMH (JbHSHA, TYHTOBa) YH

HaIIBBUCUXAIOYMMU (COHSAIIHUKOBA, COEBA) OJIISIMH;

— Hegucuxaroui, MOAU(DIKOBaHI HEBHCUXAIOUYHUMH OJIIsIMH (KOKOCOBA, CHUpa

PHUIIMHOBA).

Ha#iGinpm miaxomsars Juisi OTpUMAaHHS JIaKiB HA OCHOBI aMIHOCMOJ aJIKiJHI
CMOJIH, sIK1 MICTATE 34—45 % ounii.

BigMiHHMX pe3yinbTaTiB  MOXXHA JIOCSATTH, BHUKOPHUCTOBYIOUM B SIKOCTI
IacTU(IKATOPIB crignonimepu aKpuioBoi Yu Memakpuio8oi KUCIOTH, HANPUKIIA,
CRIBNONiMeEp AaKpunio8oi KUCIOTH, AKpuiamy emuleHeNiKos [ alKiIMemakpuiamy
(m1s  BOAOPO3YMHHMX JiakiB). OnTUMaibHa KUIBKICTh aKpPWJIOBOI KHUCIOTH B
mwiactudikyrouomy cmiBnoiimepi — 20-25 %. B skocti mmactudikaTopiB MOKHA
BUKOPUCTOBYBATH 1 1HINI TMOJIMEPH, 30KpEMa MOIGIHIIOYMUpAlbL 1 CHIBIOJIIMEPH

aKpunamioy.

3anexicHicms 61aCMUBOCmelt NOKpumms:i 610 CK1aody anKiOHUX cmoJl

[loenHaHHs anKiAHOI CMOJM 3 aMiHO(POPMAIBAETIIHOI HATA€ MOKPUTTIO
€JaCTUYHOCTI 1 OuIbIIOl azAresii, a TaKOXX MPUCKOPIOE TIPOIEC 3aTBEPKCHHS
aMiHO(OpMaJIb/IET1IHOT CMOJIH.

Jlnst mnactudikaiiii 3BU4aitHO BUKOPUCTOBYIOTh @IKiOHI CMOJU 3 HUZBKUM (J10
45 %) un cepennim (45-55 %) BmicTOM oziii. 30UIBIIEHHS BMICTY OJIii MOKpAIIy€e
CTaOlIBHICTh 1 PO3TIKAHHS JIAKY, a TAKOX €JIACTUYHICTb 1 CTIMKICTh MOKPUTTS 10 il
atMocdepHux (akTopiB, BOJM, MIJIA 1 PO3BEICHUX PO3YMHIB JYTiB, OJJHAK MOTIPIIy€E
CYMICHICTh aJIKITHOi CMOJHU 3 amiHodopmaibierigHow. KoMmo3ullisi 3 MEHIIUM
BMICTOM OJIii BHCHXa€ IIBUAIIE, 1 MOXE 3aTBEP/KYyBaTUCh MpPU OUIbII BHUCOKIH
TeMIiepaTypi 0e3 HeOe3neKku MOXKOBTIHHA. [Ipu 1IbOMY YTBOPIOETHCS OUTBIN TBEPAC
MOKPUTTSI 3 TAPHUM OJIMCKOM, ajie ajre3is Horo AeIo ripiia.

Hesucuxaroui ankigai cMoiu, Moau(IKOBaHI PHUIIMHOBOIO OJIi€l0, J100pe
CYMINIAIOTBCS 3 aMIHOCMOJIaMH, 3aTBEP/KYIOTHCS 3 BHUCOKOIO MIBHUAKICTIO 1 TpHU
Bucokiit remnepatypi (140-150 °C) 6e3 mokoBTIHHS, €1aCTUYHI, HAJJAIOTh TIOKPUTTIO

BHCOKOI CTIMKOCTI 0 aTMocepHux (aktopiB. HeBucuxaroui cMonu, MmoaudikoBani

124



KOKOCOBOIO OJIi€l0, M€ CBITHIImI 1 OUIbIl CTiMKI A0 Al TemmepaTypu Ta
yIbTpaioIeTOBOTO CBITJIAa, OJHAK YTBOPIOIOTH MEHIN €JIACTHYHI TOKPHUTTS.
[ToKpHUTTS 3 BUCOKOIO TBEPHICTIO 1 JIOCTATHBOIO EIIACTUYHICTIO OTPUMYIOTH MPH
BMICTI B JJakoBiil cymiii 50 % xapOamigHoi cmonu a6o 30—-35 % mMenamiHOBOI.

Konu TOKpUTTS MOBHHHO BOJIOAITH TapHUM OJHMCKOM, BHCOKOIO aare3i€ro i
CTIAKICTIO 710 11T aTMochepHUX (haKTOpIB Ta Pi3HUX XIMIYHUX pearcHTIiB, KapOaMiJIHi
CMOJIU TUIACTU(DIKYIOTh aNKIIHUMH CMOJIaMH, MOJU(DIKOBAHUMH GUCUXAIOUUMU
OJIISIMU — CO€B010, JIbHAHOIO | Oepesroto. IlepeBary MaroTh aJIKIJTHI CMOJIU 3 COEBOO
OJII€I0, TaK SIK BOHM YTBOPIOIOTH OUIbII CBITJII MOKPUTTS, CTIMKI 10 Aii CBITJIA 1

M1JIBUIICHOT TEMIIEPATyPH.

Jlaku, po3uunni y 600i

3acTocyBaHHS JIaKiB y BUTIJIAMI PO3YMHIB B OPTraHIYHUX PO3UYMHHHKAX HE
3aBXIU 3pY4YHE, TOMY OTPUMYIOTH TAaKOXX JIAKM Yy BUIJISAI BOJAHMX PO34MHIB. Taki
8000PO34UHHI JIAKOBI CMOJHU OTPUMYIOTh 13 MemoKcuUMemuimenaminie abdbo
MEMULOI08AHUX MENAMIHODOPMAaNbOe2iOHUX CMOJI, TUTACTU(PIKOBAHUX POIUMHHUMH Y
BOJIl COLAIMU AMIHI8 YA AMOHIEBUMU CONAMU, AIKIOHUX YU HOJIAKPUNOBUX CMOJ, K1
MICTSTh HAJTMIIIOK KapOOKCHIBbHUX TpyIl. B mpolieci 3aTBepKeHHSI TIPU M1 IBUIIICHIH
TEeMIIepaTypi Il COJl PO3KIATAIOTHCS, 1 BUIbHI KapOOKCUIIBHI TPYMH B3aEMOJIIOTH 3
METOKCHJIbHUMH TPYIIaMH METOKCUMETHIIMEIIaMiHy, 3IIMBAIOYM 1 3aTBEPIKYHOUH
cmouty. Jlaku 1 emami 3aTBepkytoThes O0mu3bko 20 xB mpu 145 °C yu 10 xB npu
160 °C.

BracTUBOCTI MOKPUTTIB aHAJIOTI4HI BJIACTUBOCTSAM MOKPUTTIB HA OCHOBI JIaKiB
B OpraHiYHUX pO3uMHHUKaX. [IOKpUTTS HA OCHOBI BOJOPO3YMHHHX JIAKIB JYXKE
TBEpPJl, MAalOTh TapHUN OJIMCK, BUCOKY aJre3ito, €JacTU4HI, CTIMKI A0 Iii BOJAW 1

XIMIYHUX PEarcHTiB.

6.3.5. Po34MHHUKH 1JI JIAKOBUX aMiHOCMOJI
BiamoBimauii migdip po3unHHUKIB (a00 X Cymimieil) MOBHHEH 3a0€3MeYuTH

MaKCUMaJIbHY CTaOlIbHICTh JIAKy, 3aJ0BIJIbHY IIBUIKICTh BUCHXAaHHS 1 TapHUM
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30BHINIHIA BUTJISA TOKPUTTS. PO3YMHHUWKH, SKI BUKOPUCTOBYIOTHCS JUISI JIAKOBHUX
aMIHOCMOJI, MO’KHA PO3/IITMTH HA ICTHHHI, YSBHI 1 pO3piKyBadi.

Icmunni po3uunHuKy AO3BOJISIIOTH POZYUHSITH 1 PO3BOJIUTH CMOJIM JI0 BMICTY 1—
2% cyxoi pedoBuHH Oe3 BumagaHHS ocady. /[0 HUX BITHOCSTHCS, HAMPHUKIA,
CIIUPTH, HaW4acTillle BUKOPUCTOBYEThCA Oymunosuil cnupm. I11o6 cmomna Oyna
JIOCTaTHBO CTiMKa, B CKJIaJ] pO3UMHHUKA Ma€ BXoaAuTH He MeHuie 20 % OyraHomny 4u
iHmoro cnupTy. byraHon mokpamtye posrikanHa 1 Ommck jgaky. Cepen 1HIIMX
PO3YMHHHUKIB IILOTO THMY JYyKE LIHHI emepu 2nikonie (HaNPUKIAA, Yen030/b8), Kl
CHPUSIOTH MOKPALIEHHIO OJIMCKY MOKPUTTIB.

Vagui posuunnuxku (nceg0opo3uuHHUKU) YACTO BUKOPUCTOBYIOTHCS IS
3MEHILIEHHS B’SI3KOCTI CMOJIM, OJJHAK BOHHM HE CIIPaBIISIIOTh CTaOLII3yl0YOro BILIUBY.
Jlo OunbinocTi amiHO(GOPMANBIETITHUX CMOJ 1X MOKHA J0JaBaTH B HEOOMEKEHUX
KUTBKOCTSIX. JI0 IbOTO TUITY PO3YMHHUKIB CJI1JI BIIHECTU APOMAMUYUHI 8)2/IeB00HI.

Po3spioocyseaui — 1ie T1 pe4OBUHM, SIKI 3HUKYIOTh B’SI3KICTh PO3YMHY CMOJIU B
ICTHHHHX PO3YMHHMKAX, aji€ MOXKYTh BHUKOPHCTOBYBATHCH JHIIE B OOMEKEHHX
KUTBKOCTSIX. [0 HUX HaNEXKUTh OEH3UH.

Bucoko  kumifg4l  pPO3YMHHMKHM, SIKI ~ BHIAPOBYIOTHCA  IOBUIBHIILIE,
3aCTOCOBYIOTHCS TOJI1, KOJIM HEOOX1IHO OTPUMATH JIaKU 3 T0OPUM PO3TIKAaHHSM; BOHU
3a0€3MeuytoTh OTPUMAaHHS BUKIIIOUHO TJIAJIKOI MOBEPXHI 1 rapHoro Osmcky. [lo Hux
BITHOCSTBCA  BuUlWl B8Y2leB00HI, emepu emulieHeiKoas, Ounesmer, kKamgopa,
OiayemoHOo8UIL CRUPM.

B 3anexxHOCTI BiJl BUy PO3YMHHUKA OTPUMYIOTh CMOJIA PI3HOI B’SI3KOCTI MPHU

OJIHOMY 1 TOMY 3K BMICTI CyX01 pe4YOBUHHU.

6.3.6. 3a0apB.IlOBaHHS i NIrMEHTYBaHHSA JIaKiB HA OCHOBI aMiHOCMOJI

Jlaku Ha OCHOBI aMiHOCMOJI TPO30pi 1 OE3KOJIpHI, 1 Il BIACTHUBOCTI HE
3MIHIOIOTHCS BOPOJOBXK 30epiraHHs 1 3aTBep/UKEHHS MOKPUTTIB. IX MOXKHa
3abappmoBaty, aojarour 10 100 % mirMeHTIB 1 OTPUMYIOYM €Maji, a TaKoXK

0JIEPKyBaTH MPO30P1 KOJIHOPOBI JIAKH.
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Jns otpumanns ¢ap0 1 emaned Ha OCHOBI aMIHOCMOJ HE MOXKHA
BUKOPHUCTOBYBATH OapBHUKH 1 MITMEHTH, SIK1 MiABUIYIOTh pH peakiiitHoi Macu Buie
7 1 3HWXKYIOTH Huiie 5,5. Haiikpamum mIrMeHTOM I8 TOKPUTTIB Ha OCHOBI
aminocmo € oxcuo (1V) mumany — HEWTpaTbHUN CTAOUTBHUHN MIrMEHT IHTCHCHBHOTO
01J10r0 KOJBOPY 3 Uy IOBUMHU MOKPUBAIOUMMH BIACTUBOCTSIMHU.

Jlns  mirMeHTyBaHHS JIakKiB Ha OCHOBI  aMiHO(OPMAaJIBAETIIHUX  CMOJI
PEKOMEHIYIOTLCS HAcmynHi niemenmu. oimmit - okcuo (1V) mumany (pymun), 9epBoHi
—  moayiouHosutl uep8oHull ab0 Kaomiesuil, 3€JIEHI — 3eleHb Xpomosa abo
¢@manoyianinosa, Toiyol — pmanoyianinosa abo OepaiHCcbKa 1a3ypb, KOBTI —
XPOMOBULL HCOBMUL, KAOMIEBUL HCOBMULL, YOPHI — 8Y2iIbHO YOPHUL, KOPUIHEBUMN —
CUHMEMUYHI OKCUOU 3a1i3A.

[ToxkpuTTss 3 dYymoBUM OJMCKOM MOXHA OTpPHMAaTH, JOJAI0OYHM B eMali
anominieguti abo Oponzoeuil nopowiok. JloOpuil OIUCK MOXHA OTPUMATH,
MOTIEPE/THBO 3BOJIOKYIOUYM MITMEHT PO3UYMHOM YACTUHU aIKiOHOI cmonu. B emansx,
3aTBEPKCHUX 3a JIOMIOMOTOI0 Karajizaropa, BMicT okcuna (V) TuraHy He MOBUHEH
nepesunryBat 30 %. MaToBi Jaku MOKHA OTPUMATH, BUKOPHCTOBYIOUU JTOOABKH

KkpemHezemy B KinbkocTi 10 10 %.

6.3.7. 3aTBepaKeHHs JJAKOBUX aMiHOCMOJI
EtepudikoBani aminodopmaibieriiHi CMOJM CTaOUIbHINI, HIK 1HII BUIU
aMIHOCMOIJI, 1 3aTBEP/KYIOThCSI Habarato Baxkdye, OCKUIBKHA OUIBIIICTh METHIIOIBHUX
IpyI CMOJM 3a0JI0KOBaHi CUPTOM. Tomy sl 3aTBEPPKEHHS CMOJIM HEOOX1IHA SK

KOH/JIEHC Al METUJIOJIBHUX TPYI MOJIEKYJI, TaK 1 y4acTh aTKOKCUIIbHUX TPYII:

-NHCH,OR + -NH- — -NHCH,N % ROH

[IBuAKICT peaxiiisi 3aTBEP/KCHHS 3aJIKUTD TEPIIT 32 BCE BiJl TEMIIEpaTypH 1
KHMCJIOTHOCTI CEpE/IOBHINA, a TaKOX BiJ TUMy cMmoyiM 1 Tactudikaropa. Haenena
BHUIIIE PEAKITIS MPOXOAUTH 3 JOCTATHBOIO MIBUIKICTIO B KUCIOMY CEPEIOBHIIII.

OcHOBHUM (DaKTOpPOM, SIKMM BU3HAYAE MPUBATICMb 3AMBEPON*CEHHS CMOJ 1
JaKiB, € memnepamypa: 4YUM BUIAa TeMIeparypa, TUM MEHILIA TPHUBAIICTb
3aTBEpKEHHS CMOJH. [IOKpUTTS HAa OCHOBI KapOaMiTOaIKiTHUX JIAKOBUX CMOJ, SKi
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HE MICTATh KaTalli3aTtop, 3aTBEPIKYyIOTbcsi B ocHoBHOMY mpu 120-150 °C, a nHa
ocHOBI MenamiHoankinHux — npu 80-265 °C. CepeaHsi TpUBAIICTh 3aTBEPHKCHHS
JTAKOBOTO TIOKPUTTS Ha OCHOB1 KapOaMinodopMalbaeriqHol 1 ajJKigHOT CMOJIU TIpHU
140 °C cknanae 20 xB, JJaKOBUX MEJIaMIHOBUX MOKPHUTTIB — 5 XB.

Tpusanicms 3ameepoxcents TTOKPUTTIB HA OCHOBI KapOaMiTHUX JaKiB MOXKHA
3HAYHO CKOPOTHUTH, & TEMIEpaTypy NMOHU3UTHU ILISXOM JOJIaBaHHS Kamanizamopis.
[Ipn nomaBaHHI HEBENWKHX KiTbKocTel Kkatamizatopa (1o 0,5 %) oTpuMyroTh
HOKPUTTS 3 Temmeparyporo 3arBepmkeHHs 60-80 °C, nonaBaHHs KataiizaTopa B
kinmpkocTi 0,5-3,0 % n1o3BOJsiE OTpUMATH TOKPHUTTS, SKI 3aTBEPUKYIOTHCA TIpU
KIMHATHIM Temneparypi. Haaro Benmka KUIBKICTh KaTalll3aTopa MOTIPIIYE aaresiro,
€JIACTUYHICTh 1 BOJIOCTINKICTh MOKPUTTA Ta BUKJIMKAE PO3TPICKYBaHHS HOTO ij yac
CTapiHHS.

B sikocTi xamanizamopie HaiyacTillie BUKOPUCTOBYIOTH CHJIbBHI HEOpraHI4YHI
kuciotu. HeoOXximHe 3aTBep/KEHHS TOKPUTTS TMpU KIMHATHIM Temmeparypi
JOCSTaeThCd TUIBKM TPU  BHUKOPUCTAHHI conanoi abo cipuanoi kucnot. Ilpu
BUKOPWCTaHHI I 3aTBEPJDKCHHS MPU KIMHATHIA TeMIeparypi SK KaTaii3aTopiB
KHCIIOT CepeNHbOl CWIM, Hanmpukian, ¢GocPopHOi YU N-TONMYEHCYIH(HOKUCIOTH,
MOKPUTTS HE OYyTh BOJIOCTIHKUMH.

Karamizatop nonatoTe 0Oe3nocepeHbO IEpel  BUKOPUCTAHHSIM  JIAKY.
XKutreznaTHicTh JaKy 3 Karajli3aTOpOM CTAHOBHUTH BIJ JI€KUIBKOX TOJMH [0
JEKUTBKOX J10 1 TUM KOPOTIIa, YAM BHIIIA TeMIIepaTypa 1 OuIbllla KOHIIEHTpAIlis JaKy.
KurrezgaTHiCTh 301IBIITYETHCS 3 MIABUILECHHIM B CKJIal CyMIIll CIUPTY 1 BUIBHOTO
dbopmanpaeriay. Bua ankiHOI CMOJM TaKOXX BIUIMBA€E HA KUTTE3JATHICTH JaKy 3
KaTaxi3aTopoM.

JIJis IBUAKOTO 1 TIOBHOTO BHCHXAHHS JIAKOBOTO TMOKPHUTTSI, 3aTBEPIKEHOTO 3
JIOTIOMOTOI0 KaTalli3aTopa, BBOAATH Himpam yenion03u 1 O1IbII JOPOKYl PO3ZUNHHUKA
(KeTOHH 1 CKJIaJH1 eTepH).

Booocmiiikicme 1 enracmuunicms KapOaMiTHUX TOKPUTh, 3aTBEPIKEHUX 3
JIOTIOMOTO0 KaTali3aTOPiB, MOKHA 30UTBIITUTH BBEJICHHSAM B HUX MEIAMIHOBUX CMOJ

3 IEBHOIO KUIbKICTIO muiacTudikaropa. Jlonaranus 10 % mMenaMiHOBO1 CMOJIM HaJlae
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MOKPUTTIO CTIMKOCTI 0 X0101HO1 BoAM. Jlaku, B SIKMX CITIBBIIHONIICHHS KapOamigHO1
1 MeIamMiHOBOI cMOJK CTaHOBUTH 1:1-2:1, cTiliki no aii atMocdepHux GhakTopiB.

s oTpuMaHHs MenamMiHO(QOopMalbIeTiTHUX JaKiB, K1 BUCUXAIOTh Ha TOBITPI,
BUKOPHUCTOBYIOTh CIIEIIalbHI PEAKI[IITHO3/1aTHI CMOJH, eTepu(IKOBaHI HIDKUYUMHU
CIIUpPTaMM, 1 BEJMKI KUIBKOCTI CHJIBHOTO KaTajizatopa. Hampukian, BUpOOISIOTH
MEJIaMiHOBI ~CMOJIM, $IKI YTBOPIOIOTh 3 QIKIJHUMU CMOJIaMU JIaKH, IO
3aTtBepKytoThCs 15 %-Boro HCI B kinbkocti 18-20 % npu 20-25 °C BrpomoBx 6—8
roguH. JKUTTE3AaTHICTh CyMilli 3 KHCIOTOKO CTaHOBUTH 2-3 TuxkHS. [loKpUTTS

MaroTh rapHUM OJIUCK, BOJIO-, KUCJIOTO- 1 TIYTOCTIHKI, Jy>Ke TBEPAl 1 €1aCTUYHI.

6.3.8. OnepxxanHs i BJIACTUBOCTI IOKPUTTIB
Ooeprrcannn nokpummie
Kap6amino- 1 menaminohopManbIeriiHi JaKOB1 MOKPUTTS HAHOCSTH pPI3HUMU
cnocobamu.
— 3 IOTIOMOTOIO0 TICH3JIsI YU BAJIMKA,
— 3aHYpPCHHSIM;
— TOJUBaHHSM;
— PO3MUITIOBAHHSIM.
HaiiyacTimie 3acTOCOBYIOTh PO3NUJIEHHS 3 JOMOMOI'OI0 MICTOJIETA 1 3aHYpPEHHS.
Bce Oinbliie BUKOPUCTOBYIOTh METOJI €EKTPOCTATHYHOTO HAMWICHHS ()11 MeTany i
JepeBUHU). METOJ| eNeKTPOCTATUYHOTO HANTUJICHHS J03BOJIIE YHUKHYTH BTpAT JIAKY
npy 3a0apBIIOBaHHI MPEAMETIB 3 HEBEJIMKUM MEPEPI30OM, aje BUMArae JOTPUMAHHS
MEBHUX YMOB: BEJUKHI CICKTPUUHUN OTIp JIaKy (10° Om-cm), BHCOKa TeMneparypa
3aropanHs Jiaky (Ounbiie 21 °C), abcomtoTHO OE3BOIHMI KaTali3aTop 3aTBEPKEHHS.
[lepen HaHECEHHSIM TOKPUTTS MOBEPXHsI IMOBHHHA OyTH BiAMOBIIHHMM YHHOM
MiATOTOBJICHA, 3HEXKUpeHa 1 ouwmiieHa. [Ipu GaraTokpaTHOMY MOKPHUTTI TOBEPXHI
MOYXHa BHUKOPHUCTOBYBATH MIAKIAIKY 3 KpalllOI aare3i€ro: KapOaMiHy CMOJIY YU
BOJIOPO3YMHHUN MejaamMiHOBUHM ak (s mertany). [lopu 1 HEpIBHOCTI Ha MOBEPXHI

JUIA TIOKPUTTSI 3alOBHIOIOTH KapOamiJHOIO 3aMa3Kol, HAMOBHEHOI OapuToM,
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KAOJIHOBOIO TJIMHOK, KpeMmMHe3eMOM. I[liqroToBieHy TakuM YHHOM TIOBEPXHIO
Ut yroTs.
Tepmopeaxmueni TOKPUTTS MOXKHA 3aTBEPKYBATH TaKUMH MEmMoOdMU.
— B KaMepax 3 KOHBEKI[IHHUM TiTITPiBOM;
— B TYHEJBHUX TeUax 0e3mepepBHUM CIIOCOO0M;

— CTPpyYMOM BHCOKO1 HYaCTOTH,

Ha KOHBEEP1 MPH JI01TOMO31 1H(PaYEepPBOTO BUMPOMIHIOBAaHHS — HaMCy4JaCHIIINI

1 HAAIIBU NN METO/I.

Braacmueocmi nokpummie

OcHogHumu 61acmusocmsamy TOKPUTTIB €: TBEPHICTh, €IaCTUYHICTh, OJUCK,
aaresist 40 OCHOBH, yJapHa B’SI3KICTb, CTIMKICTh 10 Jii CBITJa (IMOXKOBTIHHS), BOJIH,
KHCIIOT, JIyT1B, PO3YUHHUKIB, aTMOC(epHUX (HaKTOPIB.

BiacTuBOCTI MOKPUTTIB Ha OCHOBI aMIHOCMOJI 3aJie’KaTh BiJ BJIACTUBOCTEH
aMiHO(OpMaJIB/IETITHOT CMOJIH, BJIACTUBOCTEH 1HIIUX KOMITOHEHTIB JIAKOBOI CYMIIIi,
iX CHIBBIAHOLIEHHS 1 YMOB OTPUMaHHS MOKPUTTSL.

Kap6amigo- 1 MenamiHOAQIKIAHI CMOJIM YTBOPIOIOTH MICHS 3aTBEpPKEHHS
TBEP/Ii CKJIIOBHJIHI TMTOKPUTTS 3 TAPHUM OJIMCKOM, €JIaCTUYHI, CTIMKI J0 BOJOTH, IUISIM,
TPILIUH, 3HOILIEHHS, CTapiHHA, [ii CBITIA.

[ToxpuTTst 13 KapObamigHMX JaKiB 1 eMajedl Mpu HOpMaJbHIA TeMmmeparypi
CTIHKI1 /10 Jii cJTa0KMX JIYTIB 1 KUCIIOT, MUJIA, OJIii, CIIUPTIB 1 IHIIUX PO3YMHHUKIB, HE
PO3M SIKIIIYIOTBCS M AI€I0 KUPIB 1 MiABUILEHOI Temneparypu. Bonu € xopommmu
TEICKTPUKAMU - JIEJICKTPUYHI BIIACTUBOCTI KapOaMiTHMX eMayiei, 3aTBepKEHUX
IpU BHUCOKIM Temmeparypi, HE 3MIHIOIOThCS HAaBIThH MicIs nepeOdyBaHHS BOPOAOBK
1000 rogun nipu 100 °C 1 100 %-Biii BimHOCHI#M BoJorocTi. [ToKpUTTS MalOTh BUCOKY
ajare3iro 10 IEPeBUHU 1 METaly, MiCIs 3aTBEPAKEHHS MOKYTh OyTH BiJMONIPOBAHI.

BnactuBOCTI MenaMiHOBHX MMOKPUTTIB B LIJIOMY Kpallll, HDK KapOamiJTHHX.
Ilepesacoro MenaMiHOBHX CMOJI € OUIbII XiMIYHA CTIHKICTh 1 TEIIOCTIWKICTD
MOKPUTTIB, BUIIA CTIAKICTb A0 IUIAM 1 Oiiblna TBepHAiCTh. Jlaku 1 emani Ha OCHOBI

MEJIaMiHOBUX CMOJI Kpalle pO3TIKalThCs 1 MaloTh Kpamuil onuck. [TokpuTTs Ha iX
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OCHOB1 TBEpiIi, MEIaMIHOBI CMOJIM HE3aMIHHI JUIsl 3aroOiraHHsS TOXOBTIHHS
nokputTTiB. OfHaK 13 30UIBIIEHHSAM TEPMOCTINKOCTI 3MEHIIYETbCS aaresiss, Tomy ii
MOKpaIlylTh, TOAAl0YXd JO MEJIaMIHOBOI CMOJIM TI€BHY KIUJIBKICTh KapOamigHOl

CMOJIH.

6.3.9. 3acTocyBaHHsI JJAKOBUX aMiHOCMOJI

ObnacTi 3acTOCyBaHHS JIaKOBUX KapOaMiZHMX 1 MelaMiHOBHUX CMOJI Maibke
0JIHaKOB1. Kapbamioni CMOJIM 4YacTillle 3aCTOCOBYIOTBCS JJIs JCUIEBIINX MOKPUTTIB,
3aTBEP/KYBAaHUX KHUCIOTAMH MpU KIMHATHIA Temrepatypt abo Hwxkue 100 °C.
Menaminogi cMOITI BUKOPUCTOBYIOTBCS JJIsl OTPUMAHHS MTOKPUTTIB 3 MAaKCUMAJILHOIO
MIIHICTIO 1 XIMIYHOIO CTIMKICTIO, $KI 3aTBEP/UKYIOTHCS TPH  IM1ABUIICHIN
TEeMIIepaTypl.

Kapbamiooankioni abo kapbamioni niacmughikosani JaKu 3aCTOCOBYIOTHCS
JUISI TIOKPUTTSI BHYTPIIIHIX CTIH MPUMIIIEHb, TpaMBaiB, IMOi3/1iB, JITaKiB, MiJJIOTH.
Jlob6aBka IHCEKTULMAIB 0 KapOaMmiAHOTO JIaKy J03BOJISI€ OTPUMATH 1HCEKTHUIUIHI
MOKPUTTS.

Benuke npomMucioBe 3HAYEHHS MAa€ 3aCTOCYBAaHHS KapOAMIOHUX IaKiB Y
BUpOOHUIITBI MeOmiB. [Ipu meBHiNM TeMriepaTypi 1 KOHIIEHTpaIlli KaTajgizaropa MOXHa
OTPUMYBATH TBEPJll TOKPUTTA, SIKI BUCHXarOTh BOpoaoBk 30 xB 1 menme. [li
MOKPUTTS JEUIEBLIl BiJ HITPOLETIONO3HUX, CTIWKI 10 Jii PO3YMHHUKIB 1 MalOTh
BHUCOKY CTIMKICTh MTPOTU CTUPAHHS. Y pa3i moTpedu iX MOXKHA MOJIPYBATH B CYXOMY
ab0 BOJIOTOMY BUTJISIII.

Kapbamioogopmanvoecioni matepiaqum 3aCTOCOBYIOTHCS JJIsl BUPOOHHUIITBA
(GIIOOPECIICHTHUX MMITMEHTIB, SKI BUKOPUCTOBYIOThCS B pekiami. g 1poro
(daoopeclieHTHUH ~ OapBHUK ~ PO3YMHSAIOTH B aMIHOCMOJII, TOTIM  CMOJja
3aTBEPIKYEThCS 1 mepeMmentoeThes. Kapbamimni cmomnu, eTepudikoBaHi BHUIIMMH
CIIUPTaMH, BAKOPUCTOBYIOTH JIJIsl BUPOOHUIITBA JIpyKapCchKux ¢apo.

[InsixoM 106aBKU BIAMOBITHUX PEYOBHUH, IO PO3KIIAAIOTHCS MPH T1IBUILICHII
TeMIlepaTypi, MOXXHA OJIEp>KaTh TMOKPUTTS, IO CHIHIOTHCS TPHU HarpiBaHHI,

CTBOPIOIOYH 130JII0I0UY MPOKIIAJKY AJIS 3aXUCTY BiJl BOTHIO M1 4ac MOXKEXI.
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Menaminoankioni 1naxku 3HAXOAATh 3AaCTOCYBAaHHSA TOJIOBHUM YWHOM JUIS
MOKPUTTSL Ky30BIB aBTOMOOUTIB, MOTOIMKJIB, BEJIOCHUIICIIB 1 IHIIMX 3aco0iB
NEpeCcyBaHHs, a TaKOX MpaJbHUX MamKH (y OCTaHHBOMY BHUIIAJKYy pa3oM 3
EMOKCUJIHUMU CMOJIaMu).

I menaminosi, 1 kapb6bamioni naKu BUKOPHUCTOBYIOThCS JUISI TOKPHUTTS
XOJIOMUIBHUKIB, MeTajieBuX MeOJiB, OCHAIEHHsS TOCIHITaliB, KyXOHb 1 BaHH
(ocobmuBo y BursAal 61101 emani). JIOIIIBHO 3aCTOCOBYBAaTH aMiHO(OpPMAaIb/IEriIHI
JIAKU JJIS1 3aXUCHUX MMOKPUTTIB KEPCTi, 10 3HAXOAUTHCS 1111 BOJOIO.

Cepen 1HIIMX o0JacTeil 3aCTOCYBAHHS amMiHOMOPMAJIBJCTIIHUX JaKIB MOYHA
Ha3BaTU: TMOKPUTTA KalediB 1 APOTY ENACTHYHOIO 130JISIIIHHOI0 €MaJUllo, 3aXUCT
MOBEPXHI ONTHUYHOTO CKJIa, BUPOOHHUIITBO BOJIOCTIMKOIO mMamepy, ampeTiB Jyis
BoJokHA 1 T.1. [lmactudikoBani kapOamigHI CMOJM MOXHA 3aCTOCOBYBATH SK
€JIACTUYHI H1IKIaIKH.

JlakoBi aMiHOCMOJIA 3aCTOCOBYIOTHCSI TAKOXK B MOEAHAHHI 13 IHIIUMU CMOJIAMU
1 IoJTiMepaMH.

Tak, B moeaHaHHI 13 NOXIOHUMU Yelt0I03U BOHU YTBOPIOIOTH TEPMOCTIMKI
MOKPUTTS 3 BEJIMKOI0 MEXaHIYHOIO MILHICTIO, CTIMKI O Ali pO3YMHHUKIB 1 CTapIHHS.
JlobaBka kapOamigHOi a00 MeJaMiHOBOI CMOJIM, pa3oM 13  alKigHOi, 10
HIMpoyenrolo3HUX JIaKiB Hajga€ iM BIAMIHHY 3JaTHICTh /0 HANOBHEHHS, BEJIHKY
CBITJIOCTIMKICTh, TBEPHICTh, OJUCK, I0 HE 3MIHIOEThCS TMiJ Yac CTapiHHSA, 1
IIJIBUIIICHY CTIHKICTh 1O PO3UYMHHHUKIB. Y CBOIO UEPry, Himpam yenion03u 301IbIIye
MIBUIKICTh BUCUXAHHS JaK1B HA OCHOBI aMIHOCMOJL.

[II1poko 3aCTOCOBYIOTHCS CyMilll aMIHOCMOJ 3 €MOKCUIHUMH cMmojiaMu. [Ipu
B3aeMOJli HeeTepu(IKOBAaHMX METUJIOJIBHUX TPyH aMiHOCMOJIM 3 EMOKCHIAHOIO
CMOJIOIO YTBOPIOETHCS MILHUWA TPUBUMIPDHUN MOdIMEP 3 AOOPOIO aaresi€ro, sKUn
30epirae enacTUyHICTh. Taki CyMillli HE BUMAraroTh CIEIabHUX TUIaCTU(]IKATOPIB.
BiacyTHicTh B HHOMY CKJIQJIHOCTEPHUX 3B’S3KIB € IPUYUHOIO BUHSATKOBOI CTIMKOCTI
MTOKPUTTIB 10 JIii JIYT1B.

Menaminoenoxcuoni emai 3 BHUCOKOW Temmepatyporo cymku (120-205 °C)

YTBOPIOIOTh TMOKPUTTA 3 NPEKPACHUMHU E€JACTUYHICTIO, TBEPIICTIO, aAre3i€r [0
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MeTadiB 1 OJMCKOM, a TakOoXX 3 BIAMIHHOIO XIMIYHOIO CTiMKicTIO. Ha ocHOBI
aMIHOCTIOKCUHUX JIaKiB MOXKHAa OTpUMATH CTaOLIbHI emalli, M0 MICTATh MeTaJeBl
MOPOIIKH, sIK1 PU 30€piraHH1 TPUBAIUN Yac HE BTPayarOTh OJIMCKY.

Menaminoakpunogi ~ TOKPUTTS  3aCTOCOBYIOTBCSI B aBTOMOOUTBHIN
IIPOMHCIIOBOCTI.

AMiHOCMONMM MOXHA MOJIU(IKYBaTH ¢heHorbHuMyU CMOJAMU  CYMICHOIO
MOIKOHJICHCAITIEr0 KapOaminy (Menmaminy) 1 ¢deHomy 3 dopmanbaerizom abo
3MINIYBaHHSIM TOTOBHX CMOJI. 3aMicThb (DEHOTY MOXYTh TaKOX 3aCTOCOBYBATHCS
oacamoamomui penonu, kcuneHoau 1 T.1. JIakoBl TOKPUTTS 3 MeIaMiHO(EHOIbHUX
CMOJI  BIAPI3HAIOTBCS  BUCOKOIO  TBEPHICTIO, XOPOIIMMH  JI€AEKTPUYHHUMHU
BJIACTMBOCTSIMH, CTIMKICTIO A0 J1i BOJAW, KUCJIOT 1 jayriB. Hemomikom iX € »KOBTe
3a0apBIICHHS, 1[0 IOCUITIOETHCS 1T JIIE€X0 CBITIA.

[Tponykt Moaudikailii MeIaMiHOBHX CMOJI apOMamuyHumu amiHamu ado
amioamu BIAPIZHSIOTHCS BUCOKUMH EJIEKTPUYHUMHU BIIACTUBOCTAMHM. 3aJICKHO BiJ
CIIBBIJTHOIIICHHS MeEJaMiHy 1, HANpUKiIajd, aHUIIHY MOXKHA OJEpP>KYyBaTH CMOJIH
TEPMOTUIACTUYHI 200 TEPMOPEAKTHUBHI.

Mopaudikaiisi JaKOBUX aMIHOCMOJN CUNIKOHOBUMU  CIIOJyKaMHu J03BOJIsIE
OTpuMyBaTu 0e30apBHI TEPMO- 1 BOJOCTIMKI MOKPUTTS, HEMIAAATIMBI KOpO3ii 1 Jii
CUJIbHUX OKHMCHHKIB, 13 BEIIMKOIO MEXaHIYHOIO MIIHICTIO. IIpoTe I11i MOKpHUTTS IS
3aTBEP/KEHHSI BHUMAraroTh CUJIBHIIIONO HArpiBaHHsA, HIXK 3BUYalHI MOKPUTTSA Ha

OCHOBI aMIHOCMOJI.

6.4. 3acTocyBaHHsI aMIHOCMOJI B NMANEPOBil, TEKCTUJIbHIN TA IHIIHAX

rajay3sax HpOMl/ICJIOBOCTi
Cnpobu 3actocyBaT aMiHOCMOJIM SIK 00JIarOpoJKyroul J00aBKH Oyiu
3po0JIeHI B TIEpII POKH TOSIBU iX HAa PUHKY - 3 1926 p. kapbamigHi cCMOIH TOYAIH
3aCTOCOBYBATHUCS B TEKCTUJIbHINA MPOMUCIIOBOCTI K alpeT AJisk 0aBOBHU 1 IITYYHOTO
BOJIOKHA.
AMIHOCMOH, SIKI BUKOPUCTOBYIOTBCS SIK 001a20p00xcyioui 0006aéKu, TOBUHHI

BIJIMOBIAATH NEBHUM SuUMO2aM: JTIOOpE PO3UYMHATHCS y BOAl, OyTH JEIIEBUMH, iX
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BUKOPUCTaHHA HE TOBMHHO BUKIMKATH 3aMIHA amapatypd 1 3MIH TEXHOJOTII.
[IupokoMy 3aCTOCYBaHHIO aMiHOCMOJI SIK OOJIArOpOJKYIOUMX 00aBOK CHpHsE iX
0e30apBHICTH 1 CTIAKICTB JI0 JIii CBITJIA, @ TAKOXK MOJISIPHICTH MOJIEKYJ, III0 3YMOBIIIOE
XOPOIIy aJre3io 10 IEMI0I03HUX 1 611KOBHX (OaBOBHA, IIOBK, MIEPCTh, MIKIpa 1 T. 1I.)
MarepialiB.

JInsi BUKOPUCTaHHST aMIHOCMOJ SIK  OO0JIarOpoOJDKYIOUMX J00aBOK BEIUKE
3HAYEHHS MA€ PO3YUHHICMb aMIHOCMOJ y BOJi. BOHM MOBHICTIO PO3YMHHI Y BOJI
TUIbKH Ha IMOYATKOBIN CTajii mpoliecy, MOTIM BiAOYBAEThCS MOIalibllia KOHASHCcAITls, 1
CMOJIM TEPEXOJATh B HEPO3UMHHUN cTaH. ToMy HEOOXIAHO MIATPUMYBATH TakKl
YMOBHU, MPU SKUX CTYMHiHb MOJIKOHAEHCalli OyB OM NOCTaTHbO HU3bKUM. I[HIIUN
MUISAX 301IBIIIEHHS PO3YUHHOCTI — BBEJICHHS B MOJICKYJIM CMOJIM T1IpO(IIEHUX TPYIL.

Ax obnaropomxyroul J0OaBKM 3aCTOCOBYIOTh TaKOX OKCUMETHIIbHI CIIOITYKH
MenamiHny 1 kapbaminy. Bonu He cTaOulbHI y BOJHOMY PO3YHWHI, OCKIJIBKU peaKIlii
KOH/JIEHCAIlli BUKJIMKAIOTh 1X TMepexiJi B BaKKopo3unHHUM cTaH. 11lo0 nmpogosxutu
MPUAATHICTB, CI1J 30epiratd ix B CyXOMYy CTaHi B XOJOJHUX MNPUMIIIEHHAX a0o
3aCTOCOBYBATH CIICLIAJIbHI TEXHOJIOTIYHI 3aXO0JM, SKI CHPUSIIOTH 30UIBIICHHIO
CTaOUIbHOCTI.

CraliapHICTh OKCUMETUJIBHUX CIOJYK MOKHA IIJABUIIMTA YacTKOBHM abo
MOBHUM OJIOKYBaHHSIM OKCHUMETHJIbHHX Tpym. eTepudikaiie€ro CcrnupTamud B
cinaboKucIoMy cepefoBHIl a00 MOAU(DIKALIEI MIITXOM MPUEAHAHHS T1IPOPIILHUX
Ipyl — aHIOHHUX, KaTIOHHUX a00 HEUTpaIbHUX.

Ho awuionnux xapOaMiIHMX 1 MEJIaMIHOBHUX CMOJI BIIHOCSTBCS CMOJIH,
Moau(diKkoBaHi cyabghamom abo cynvghimom nampiro, poneanrimom, 2iopocyib@imom.

Hanpuknan, npuegnanus cynb(iTy HATpito BiIOYBAETHCS 3a PEAKIIETO:
—CO—NH—CH,0OH + NaHSO, - —CO—NH—CH,—SO; 4+ Na* + H,0

(VI.7)

Kamionuni xapbamigHi CMOJM MalTh JIOJATKOBUH 33PNl  BHauluosd
MPUCYTHOCTI B MOJICKYJIlI CMOJIM CUIbHOOCHOBHOI amiHozpynu B TIOEAHAHHI 3

KHCJIOTOIO, 110 3HAXOAUTHCS B PEAKLIMHINA CyMIIIIi:
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ne R 1 R’ — BomeHb a00 alKinbHI TpyH HEBEMKOTO po3mipy; HX — kucrora.

Ak Moaudikyroul CHOJyKH IS KapOaMiJIHMX CMOJ 3aCTOCOBYIOTh TaKOX
noaianxinennoniaminy  (TPUCTWICHTETPAMIH), 2YauiouH, Ouyianoiamio, MOHO- I
ouemanoaamin. KaTioHHI MEJTaMIHOBI CMOJIM BUPOOJISIIOTHCS Y BUTIIAJIL TaK 3BaHOTO
KHUCJIOTO KOJIOIY.

Heionni, po3unHHi y BOJI aMiHOCMOJIM (SIK KapOaMijaHi, TaK i MeJIaMiHOBI)
OJIEPKYIOThCS TIpU Moaudikallii 6araToaTOMHUMU CIHUPTAMU, TaKUMHU, K MOHO- i
OuemuieHeaiKoNb, 2iyepu 1 T .

[TpoaykTu 3 BIACTUBOCTSMU OemepeeHmie MOKHA OTPUMATH TPU OJHOYACHIN
Moaudikarii kapOaMiIHUX CMOJ KUCAuM cyivgimom (BBEIEHHS T1APOGIILHUX TPyI)
1.1aypunogoro kuciomoro (BBeJIeHHs T1ipodoOHUX TpyI).

[Tpu BuOOpP1 cMOIT €I B3SITH 10 YBaru HacCTyIHE:

1) MeaMiHOBI CMOJIH B 2-3 pa3u JOPOXKYi, HXK KapOaMiHi;
2) METaMiHOBI CMOJIH 3aTBEPIKYIOThHCS NP BUIUX pH;
3) 3aTBepKEHI MEIaMiHOBI CMOJIM O1IBII CTIHKI 10 Ail BOAH 1 XIMIYHMX PEarcHTIB;

4) KaTiOHHI CMOJIH IiCIIs 3aTBEPKEHHS OUTBII CTIMKI 10 il BOJM, HIXK aHIOHHI.

6.4.1. 3actocyBaHHSI aMiHOCMOJI B NanepoBiii MPOMMCJIOBOCTI
VY manepoBiii TPOMHUCIOBOCTI aMiHOCMOJIM 3aCTOCOBYIOTH T'OJIOBHUM YHHOM
JUTsl BUPOOHUIITBA 8000CMIlIKO20 nanepy, SKUil BUKOPUCTOBYETHCS JIsl BUPOOHUIITBA
MIIIKIB, PYIIHHWKIB, KapT, a TaKoXX OaHKHOT, €TUKETOK 1 T.Ja. Boodocmitikum
BB@)KAETHCS TAKWH TAITip, SKWH MICJISI TOBHOTO HACUYCHHS BOJIOKO 30€epirae He MEHIIE
20 % BiJ MIIIHOCTI B CYXOMY CTaHI.
AMIHOCMOJH, SIKI BUKOPHUCTOBYIOTHCS B TAIepoOBId MPOMUCIOBOCTI, MOBUHHI

3QIOBUTBHATH HACMYNHI UMo2u. TOOpEe PO3ZUMHATUCS Y BOA1 O€3 BUMAJAaHHS B OCaj;
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MaTd JA00py anare3ir0 M0 IENI0JI03M; MOJIGKYJIHM CMOJIM TOBHHHI MaTH TIEBHI
MiHIMaJbHI po3Mmipu. CMonH 13 TyKe€ HU3BKUM CTYIEHEM MOJIKOHACHCAIli MOTaHo
YTPUMYIOTBCSI BOJIOKHOM, TOMY OTPUMAaHUM 3 iX BUKOPUCTAHHAM Mamip Ma€e HU3bKY
MIIHICT Y BOJIOTOMY CTaHI.

BosnokHa 1entono3u B ManepoBiil MyJbli 3aBASKA HAsBHOCTI Ha MOBEpPXHI
KapOOKCWJIBHUX TPyH MalOTh HETaTUBHUU EJNEKTPUYHUN 3apsifl, 3aBISKU SIKOMY
MOJIEKYJIH aMIHOCMOJ, IO 3HaXOJAThCS B PO3UYUHI, MPUTATYIOTHCSA JO BOJIOKHA 1
OCiIal0Th Ha HBOMY. Y TIANepoBid MPOMUCIOBOCTI HalyacTilie 3acTOCOBYIOTH
Mooughikosami ioHHI KapOAMiOHI cMOAU — AHIOHHI CyJIb(OBaHI 1 KaTIOHHI PI3HUX
THUITIB.

BiaminH1 pe3ynbTaTH Ja€ 3aCTOCYBaHHS TaK 3BaHUX MeIAMIHOBUX KON0i0i8.
OTpuMaHHS TaKOrO KOJOiMy TONSTa€ B INBHIKOMY TIJAKUCICHHI PO3BEICHOTO
BOJTHOTO pO34YMHY (OpPKOHJEHCATIB a00 MeJlaMiHOBUX CMOJI J0 Hu3bKoro pH.
MousbHe CHiBBIAHOIIEHHS (OPMANIBJETiAy 1 MelaMiHy KOJMBAEThCS B JOCHUTH
MpoKoMy iHTepBadi Big 2:1 go 5:1.

Kucnuii k010i1 TOTyrOTh Ha MiCIli BUPOOHUIITBA Tamnepy. 3acTOCOBYIOTh JIBa
Memoou OMPUMAHHA KUCI020 KON0IQY: CyXy CMOJIy BBOASTH O€3MOCEPEIHBHO B
nigkucieny Boay 3 temmneparyporo 30—40 °C 1 mepeMilnyoTh 0 pO3YMHEHHS a0o
PO3YMHSIIOTH CMOJTY Y BOJIl, HATPITIH 10 TEMIIEpaTypu KUITIHHS, 1 TICIS OXOJIOKEHHS
JOA0Th BIJIMOBIAHY KUIBKICTh KOHIIEHTPOBaHO1 KUCIOTH. [ToTiM (B 000X BUMagKax)
PO3YMHU PO3BOJATH TakK, MO0 KiHIEBa KOHIIEHTpamis cMoiu ckiagaina 10-12 %.
Haituacrime 3acTocoByIOTh COJIIHY KUCIOTY B KuibkocTi 0,6—0,8 monb Ha 1 Moib
MeJaMiHy.

Kucnuii posuun moBUHEH 103piBaTH BIPOAOBXK MEBHOTO 4Yacy axk 10 MOSBU B
HbOMY OJJAKUTHOTO TyMaHy, IO CBIIYUTH TPO YTBOPEHHS KOJOIMHUX MIIEN, IO
CKJIQJIAIOThCS 3 BEJIMKOTO YHCJIa TMO3UTHBHO 3apsiHKEHUX MoJiekyn cmoyid. KoskHa
MoJleKyna cMonu Mictuth 10-20 Monekyn menmaminy, mae posmipu 20-200 A i
Mosekyssipay macy 1700—4000. IHIBuakicTh J03piBaHHS 1 BJIACTUBOCTI KOJIOiIY

3alie)aTh BiJ TeMIEpaTypu, KOHIIEHTpAIlli CMOJM 1 KITBKOCTI JTOAAHOI KHCIJIOTH.
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AJre3iss KUCJIOTO MEJIaMIHOBOTO KOJIOIAy JO BOJIOKHA 3aJIeKUTh BIJl PO3MIPIB
JaCTUHOK KOJIOiTy 1 3apsiTy IIUX YaCTUHOK.

Ha cydacHoMy BUpOOHHIITBI aMIHOCMOJIH JOJIal0Th O€3MocepeaHbo IMija Yac
OTPUMAaHHS Tarepy B ManepopoOHiil MalIuHi, e 10 YTBOPEHHS MarnepoBOi CTPIUKH.
Cmony BBOASATH O€3MepepBHUM CIIOCOOOM, 1HO/I TIEpe]l BUXOI0M MarepoBOoi Macu Ha
CUTO TanepopoOHoi MamuHK. KibKICTh CMOJIH, 110 10JA€ThCs, CKaanae Bia 1 10 5 %
Bil Macu cyxoro mamepy. [Ipu Bmicti 15 % cmonu B mamepi BiH cTa€ KPUXKHM 1
cnabo 3MouyBaHuM. Benmumna pH BojgHOro cepenoBuia MNamnepoBOi MYJIBIH
MOBMHHA cKJaaatu 4—4,5; MeIaMiHOBI CMOJIM MOXKYTh BUKOPHUCTOBYBatucd 1 npu pH
BUILE 6.

Kamionui cmonu, T00TO Kucaul meramiHosuii Konoio 1 KkamiowHi KapoOamiowi
CMOJIH, TIPUTATYIOTHCS HETAaTUBHO 3apsKCHUMH MOJIEKYJIAMH IICITIOJIO3H, TOMY HE
NMOTpiOHI sIKI-HeOy1b 100aBKU. AHIOHHI KapOamigHI CMOJIM MPUTATYIOTHCSA TUIBKU Y
MPUCYTHOCTI COJIeH TMOJIIBAJIGHTHUX METAaJliB; 3 II€I0 METOI 3aCTOCOBYIOTH 2aNVH
anominito adbo cyavghim amoniro. Coni anominio 4acTo JOAAIOTHCS 10 TarepoBOi
MyJIBIH 1 P OTPUMAaHHI 3BUYAaHHOTO Tarepy.

VY HopMalbHMX YMOBax MpH BHKOpuUcTaHHI 1-5% cmonu Big macu cyxoi
MyJIbIIM Ha [EII0J03HOMY BOJIOKHI Tamepy 3aTpumyeThcsi 65-95 % kaTioHHOTO
MenamiHHoTO KoJoiny, 30—60 % anionHoi cmonm 1 45—70 % karioHHOi KapOaMiIHOI
cmoyi. MIilHICTh y BoJIorOMy cTaHi npu 1mpoMy ckiagae 20-50 % Big wmimfHOCTI
CYXOro mnarepy.

[Tamp sk 3 MenamMiHOBOIO, Tak 1 3 KapOaMmigHOK CMOJOK 30epirae
BOJIOCTIMKICTh BIPOJOBXK ACKIIBKOX POKIB B YMOBax HOPMaJIbHOTO BUKOPHCTAHHSL.
MenaminoBu# namnip MOPiBHSIHO 3 KapOaMiTHUM O1IBII CTIMKUN IO T1APOITI3Y.

Bnacaigok  HEOOXIJHOCTI  3aCTOCOBYBAaTH  CHEIIalibHI ~ METOAU  JJIs
PO3MYIIyBaHHS MaKyJaTypy BOAOCTIMKOTO Marepy, po3po0ieHi MIBUIKICHI CITOCOOH,
SK1 TAF0Th MOXKJIMBICTH BIJIPI3HUTH BOJOCTIMKUH mamip Bij 3BudaitHoro. L{i cnocobu
3aCHOBaH1 Ha BU3HAYEHHI a30Ty 1 (popmanbaeriay (Harmpukiai, Mpu TiIpoii3l npoou
[UIIXOM KHUIU'SITIHHS Yy MOPHUCYTHOCTI po30aBieHOi Kap0a30icyiab(OKUCIOTH; 3a

HasBHOCTI  (opManpaeriny 3’SBISETbCS TEMHO-CHHE 3a0apBieHHs). Baxue

137



PO3PI3HUTH, SKOIO CMOJIOK MpocoyeHui mamip. HalmpocTimuil nuoisx - mopiBHATH
CTiiiKicTh manepy o kum atinag B 0,25 %-BoMy po3unHi amoMiHieBUX ramnyHiB (pH
3—4). Bopgocriiikuii mamip, 00JaropoJpKeHH KapOamigHOI CMOJIOI, BTpayae

MILHICTB BXK€ Yepe3 JeKIIbKa XBUJIMH, & MEIaMiHOBOIO CMOJIOIO — Yepe3 2 To/I.

6.4.2. 3actocyBaHHs aMiHOCMOJI B TEKCTWIbHI IPOMHUCI0BOCTI

Cepilo3HMMH HEIONIKAaMU TKAHWH 3 IITYYHOTO BOJIOKHA 1 OABOBHSIHMX € iX
3MUHAHHS TIpU BHUKOPHCTaHHI Ta 3MIHAa pO3MIpIiB I Yac TMpaHHSI. TUIbKU
00J1aropoJIPKEHHSI aMIHOCMOJIAMH JI03BOJIMJIO B 3HAYHIN MIpl YCYHYTH L1 HEJTOMIKH.

Anpemu npomu 3MuHaHHA BIAHOCATHCS 10 TaK 3BAHUX BHYTPILIHIX alpeTiB,
10 3HAXOJATHCSA yCEpeauH1 BOJIOKHA, a HE Ha Horo noBepxHi. ToMy s anperis
BUKOPUCTOBYIOTHCA BUKIIOYHO (POPKOHIEHCATH, 1HOJ1 €TEPU(PIKOBAHI METAHOJIOM; Y
Pl BUMAQJAKIB peakiis MK kapOamizioMm abo MeilaMiHOM 1 (opMaibaeriziom
BiZIOyBa€eThCs IN SitU y BOJTOKHI.

OxkcUMeTH/IbHI MOX1JHI KapOaMiay 1 MeJaMiHy JYyK€ HECTIMKI y BOJHHUX
po3unHax. HaifO1mpI mpuiaTHUM criocoO0oM 301TbIIEHHS CTaO1IBHOCTI WX PO3YMHIB
€ BUPOOHHUIITBO 1 BUKOPUCTAHHA iX Ha Miclll 00poOku TkaHUH. KpiM TOro, 11 CroiTyKu
MOXXYThb BUTOTOBJISITUCS Y BHIJISIAI CYXOro TIOPOLIKY, SIKUA PO3UYMHSIOTH MJIs
OTPUMAaHHS BIATOBIIHUX MPOCOYYBATILHUX BaHH.

Ha BigMiHy BiJ 3BUYaHUX KapOamMilo- 1 MeaaMiHO(QOPMAaJIbAETITHUX CMOJI,
MOTPiOHI peakIiiHO3JaTHI CMOJIM He MICcTITh Tpyn -NH-, ki yacto € mpu4nHOIO
MOKOBTIHHS 1 3HMIKEHHS MIIIHOCTI alpeTOBaHMX TKAHWH B Pe3yJbTaTi peakiii 3
XJIOPOM TpU BUOUTIOBaHHI a00 mpaHHi. HaWBaXIUBILIOW CHOJIYKOIO, IO
BITHOCUTBhCS 10  Iiel  rpyn, €  Oiokcumemuiemuienkapoamio  (1,3-
O0IOKCUMEMUNIMIOA30IIOOH-2.

CH,—N—CH,0H
to

l
CHQ"—N"—CHZOH

SKAW OAEPKYIOTh IIPHU PeakKilii eTuaeHKkapOamigy

138



CHQ—IYIH
(iO
CH,—NH
3 popMaTbACT1IOM.
[HIIMIME cTIOyKaMU IT1€T TPYIU € Qi0KCUMEMUNOIOKCUemMUIeHKApOaMio
HO~CH—1\IT—CH20H
CO
|
HO—CH—N—CH,0H

1 mempaoxkcumemuiayemuieHOUKapoamio

HOCI—IQ——N—CH——ITI——CHQOH
0 (%0
|
HOCH,—N—CH—N—CH,OH

OTPUMaHUH 3 dioKcuemuieHKapoamioy

HO—CH—NH
do
HO——CH——IlIH
abo ayemunenouxapoamioy
HN—CH—NH
CllO (L,O
HY—CH_

[Ipu B3aemonii kapOaminy 3 ¢GopMalibleriioM 1 amiakoM ab0 NEpPBUHHUM

aMIHOM YTBOPXOXOTECA MPUAZOHU.

/NH-—CER
ocC NR
/-
NH--CHR

BcranoBieno, 1o anpetd MpoTH 3MHHAHHS, OTPUMaHI Ha OCHOBI LUX MPOAYKTIB,
CTIWKI 1 10 il XJI0pYy.
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JloOpi pe3ynbTaTH AArOTh CIOIYKH, OJIEPKYBaHI MPH PEAKIll napabanosoi

KHCIIOTH
CO—NH
\CO
CO—NH

3 popMaNTbACT1IOM.

[Honi MenmamiHOBI 1 KapOaMmifHI CMOJM 3aCTOCOBYIOTHCS JJISI BUTOTOBJICHHS
ampeTiB pa3oM 3 HU3bKOMOJEKYISPHUMHU OienoKCUOHUMU CTIOyKaMH, TaKUMH, SK
OUiYUoOUNo8Ull emep, 0OioKCuo 6ymaoicHy 1 1H.

Mexanizm 0ii anpemis npomu 3MuHaHHs TAaKUA: HE3HAYHA YaCTUHA CMOJIU, 11O
€ Ha TMOBEPXHI BOJIOKHA, BHKJIMKAa€ JIOKAJbHE CKJCIOBAHHA, 10 30UIbILIyE
CTaOUIBHICTh PO3MIPIB TKAaHWMHU. OCHOBHE X 3HAYEHHA IS 3a0e3nedeHHs ePeKTy
CTIMKOCTI TKAaHWHU Ma€ CMOJa, sKa 3HAXOJIUThCS ycepeauHi BojokoH. Kpim Toro,
aMIHOCMOJIM OJIOKYIOTh YacCTHHY T1IPOKCWJIBHUX TPYI LENIOJIO3M, 3MEHIIYIOUU ii
3MOYYBaHICTh 1 HaOyxaHHS y BoAl. AMmiHOGOpMaibIeriiHi (QOpPKOHAEHCATH He
MIIIAI0TBCSA TIOMANIBIIIN KOHJICHCAIlli yCcepelnHl BOJOKHA 3 YTBOPCHHSM 3IIUTHX
MOJIIMEPIB, 1 iX il MOJSArae TOJOBHMM YMHOM B 3IIMBAHHI MOJIEKYJ LEITIOJIO3U B
pe3yabTaTi B3aEMO/IIi 3 HUMH.

Halimmpiie sk anpeTd NOpOTH 3MHUHAHHS 3aCTOCOBYIOTBCA KapOAMiOHi
gopronoencamu. Haiikpaini pe3yiabTaTd TpU OTPUMAHHI TKAHWH, 110 HE
3MHUHAIOTBCS, JIOCSATAIOTHCS, KOJM CMOJIa Maike IMOBHICTIO MPOHUKAE BCEPEIUHY
BOJIOKHA, a KIJIBKICTh CMOJIM, IO 3ajIMINKJIACAd Ha IMOBEPXHI BOJIOKHA, MiHIMaJbHa.
Tomy, 3aCTOCOBYIOTH KOHIIEHTPOBaHI BOJHI PO34YMHM (DOPKOHACHCATIB, a MOTIM iX
HAJUTUIIOK BUAQISIOTh. TpPHUBATICTh CYIIHHS TOBHHHA OyTH SKOMOTa MEHIIa,
OCKIJIbKM BOHO CIIPHSIE MITpallii CMOJIM Ha MMOBEPXHIO BOJIOKHA.

Anpemyeéanus  mxanun  BiIOyBa€TbCA  HACTYIHUM YWHOM. TKaHHWHY
MPOITYCKAIOTh 4Yepe3 HEUTpaIbHUI BOJHUNU PO3YMH KapOaMinohopMalibaeriJHOTO
noyMepy, B SAKHA JOJAHO KHUCIUW 3aTBepjKyBad 1 I1iactudikatopu ado
emynbraropu. Jlam TKaHMHY BIJDKUMAlOTh BiJ HAUIMIIKY CMOJH 3a JIOMOMOTOIO
BaJIMKIB 1 BUCYIIYIOTh B HATATHYTOMY cTaHi. CMOJy 3aTBEpIIKYIOTh, HArpiBalOuu
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TKaHUHY rapsuuMm noBitpsM npu 135-150 °C BopomoBxk kinbkoX XBWIUH. [loTim
TKAaHUHY CTapaHHO TMPOMOJICKYIOTh 1 HEUTPaTi30BYIOTh ISl  BHUJIAJICHHS
3aTBEp/KyBaya 1 HE3B I3aHO1 CMOJIH.

Ax 3ameepoicysaui HaWJaCTIIIE BUKOPUCTOBYIOTh AMOHIEGI COJli OP2AHIUHUX
abo HeopeaHiuHUX Kuciom, a TakKoxX gochamu Hampiro, YUHKOBI COli HeOP2aHiUHUX
KUCZIOM 1 XJI0OPOBAHI KUCTIOMHI AMIOU.

KinbKicTh HAaHECEHOT CMOJI KOJMBA€Thes B Mexkax 5—10 % Big Macu TKaHWHMU.
CrabuIbHICTh PO3MIPIB JOCATAETHCA NMpU JoAaBaHHI 5—8 % cMonm, Xo4a TKaHWHH,
110 HE 3MUHAIOTHCS, OTPUMYIOTh Ipu BMicTi cmoiu 10 %.

KapOamigHi cMonM 34aTHI TaKOXK HaJaBaTH MAaTOBOCTI BICKO3HOMY BOJIOKHY.
[{poro MokHa OCSTTH MPbOMA CNOCOOAMU: OCAIHKEHHSIM Ha BOJIOKHI HEPO3UMHHUX
MOPOIIKONONIOHUX ~ METHJIEHKapOaMi/iB; 3aCTOCYBaHHSIM BHUCOKOMOJIEKYJIIPHUX
CMOJI, SIKI OCIJJal0Th Ha TOBEPXHI BOJOKHA; BUKOPUCTAHHSAM CyMIIIl KapOamiaHOi
CMOJIH 3 OUTUMU TIITMEHTAaMH, TOJIOBHUM YMHOM JIIOKCUJTY TUTAHY.

BcranoBieno, mo go0aBka 10 IIENIOJIO3HMX TKAHUH MEJIAMIHOBHX 1
KapOaMiTHUX CMOJI POOUTH X CTIMKUMU JI0 11T MIKPOOPTaHi3MiB.

JIns oTpuMaHHS Ha TKaHWHAX MAJIFOHKIB, CTIMKWUX 1O TpaHHS 1 CTUPAHHS,
BUKOPHCTOBYIOTh BOJHI €MYJIbCIi JIJAKOBUX aMIHOCMOJ, TJIacTH(IKOBaH1 alKiTHUMHU
cMoOJlaMH 3 J00aBKamMu TMITMEHTIB 1 eMyJjberatopiB. BinMiHHI pe3ynbTaTv Jae
3aCTOCYBaHHA  JEAKMX  aMIHOCMOJ  KaTIOHHOTO  XapakTepy,  OCOOJIMBO
TUIIaHAIaMITHAX 1 TYaHIIMHOBUX, IO CIHPHUSAIOTh 30UIBIICHHIO  CTIMKOCTI

3a0apBIICHHS.

6.4.3. 3acTocyBaHHSI aMiHOCMOJI B MeTAJyPril
OcHOBHI 00JaCTI 3aCTOCYBaHHS CHHTETMYHHUX CMOJI B METalyprii —
BUT'OTOBJICHHSI IUBAPHUX CTEPIKHIB 1 3B’ 3yBaHHS IICKY.
3naTHICTh KapOaMiJHUX CMOJI CIIOJIy4aTH 3€pHa IIICKYy 3yMOBJIEHa iX
KJICIOUMMH BJIACTMUBOCTSIMU. BapTicTh CcMON MeHIIa BiA 3B’S3YBAJIbHUX, SKi

BUKOPHCTOBYBAJINCH paHillle: JbHSIHOI 0111, BOCKY, OUIKIB, MEJISACH, IPUPOTHUX CMOJL.
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OmpumanHs IUBAPHUX CMEPIICHI6 TIpU BUKOPUCTAHHI KapOaMiTHUX CMOJ
CKJIQIA€ThCS 3 HACMYNHUX Onepayiti: crovaTtky (opMyBaJbHHI MICOK 3MINIYIOThH 3
0,5-1% xpoxmaiio, MOTIM 3 PIAKOK KapOaMiTHOI CMOJIOK0 ab0 3 PO3YMHOM
MOPOIIKOMNOAI0HOT KapbaminHOT cMonu. BMicT cyxoi pedyoBHHH B cMOJi piBHUM 1—
1,5% Big macu micky. CMoja NMOBUHHA MaTH HEBEJIMKUM MOBEPXHEBUU HATAT, 1
nobpe 3mouyBatH (popMyBaJIbHUN MaTepiaja, a 3 IHIIOro OOKy, CTYIiHb ii
MOJIIKOHCH Al MOBUHEH OYTH MO0 MOXKJIMBOCT1 BUCOKHMM JIJIS 33JJ0BUIBHOT aaresii 10
Marepiaiy. ['oToBa cyMill IMICKYy 3 CMOJIOIO Ma€ IE€BHY IUIACTHYHICTh, 1 JIETKO
MiTA€ThCsl POPMYBaAHHIO.

BurorosiieHi B omokax 3a JIOMOMOTO0 IIa0JIOHIB CTEP>KHI1 MICIs 3aTBEPIKCHHS
IIpY MiBHIEHIH TEMIEpaTypi MaloTh MeXy MitHOCT] ~15 Kre/cM” IpH po3TAryBaHHi
i ~26 Krc/cM® TIpH 3rUH.

OnTumanbHa TPUBAIICTh 3aTBEP/DKEHHS cTaHOBUTH 1-2 rox mpu 160—220 °C,
mo B 3—4 pa3d MeHIe, HDK MPH 3aTBEP/KEHHI CTEPXKHIB, BHUTOTOBJICHHX 3
BUKOPUCTAHHAM JIbHSAHOI OJIii.

[Ie xpari pe3ynbTaT Aa€ cyMii hypgypunogoeo cnupmy adbo CMOJIU HA HOTO
OCHOBI 3 KapOaMiiHUMU cMojiamMu. B 1boMy BHUNAAKy MOXHa oOidTHCS 0e€3
HarpiBaHHS TPU BUKOPHCTAHHI KUCJIOTHOTO KartaiizaTopa, Hampukian (ochopHoi
KHCJIOTH.

llepesacu 3actocyBaHHs KapOaMiJHUX 1 KapOamigopypaHOBUX CMOJ JUIs
BUPOOHUYMBA CMEpPIICHIE HACTYIHI: 3HIDKCHHS TPUBAJIOCTI 1 TeMIeparypu
3aTBEPDKEHHS B TTOPIBHSAHHI 3 BUKOPUCTAHHSIM MACIISIHUX 3B’ S3YBAJIbHUX; BUIUICHHS
HEBEJIMKOI KIJTLKOCTI Ta3iB 1 UMY B MPOLECI JIUTTS; BIAMIHHA MPOHUKHICTh CTEPKHIB
JUTSI Ta31B, IO YTBOPIOIOTHCS MPU YaCTKOBOMY PO3KJIAJaHHI CMOJIM; JIETKE 1 MIBUIKE
BUJIAJIEHHSI CTEP>KHA 3 BIMJMBKHU; BIJCYTHICTh «pHUO’SUOi JIyCKM» Ha BUPOOax;

SHUKCHHA CHCPICTUYIHHUX Ta THIIMX BHUTpPAT.

6.4.4. 3acrocyBaHHs aMiHOCMOJI B IIKIPAHIN MPOMUCJIOBOCTI
Jybnenns wkipu ToONsArae B 3IIMBAHHI MOJIEKYJN OlKa MIKIpH 1 3MiHI iX

BiIacTuBocTel. KpiM Toro, ayOWIIbHI pEUYOBHHM JiIOTH 1 SK HAIlOBHIOBAdl MIKIipH,
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ckianaroun 20-50 % Bix macu ny6neHoi mikipu. s nyOoneHHs mIKipH 3 TOIOMOT OO
aMIHOCMOJT 3aCTOCOBYIOTh 800HI PO3UUHU OKCUMEMUIbHUX CHONYK, SIKI TIPOCOUYIOTh
MIKIpY 1 MAJA0THCS B HIM MOJIKOHASHCAIT i AI€I0 KUCIOTHOTO KaTalli3aTopa.

Menaminogi cmonu € BIAMIHHUMHE TyOUIIBHUMH 3aCO0O0MH, a KapOamiiHI CMOJIU
HE 3HAWIIUIM 3aCTOCYBAHHS B MIKIPSHINA TPOMKCIOBOCTI.

[lepeBa>kHO  3aCTOCOBYIOTb  MPUOKCUMEMUIMENAMIH,  SIKUH  MOXKe
BUKOPHUCTOBYBaTHCS a00 B TOTOBOMY BHIJISII, a00 YyTBOPIOBATHUCS B IIKIpi B
pe3yabTaTi 3aCTOCYBaHHS PO3YMHY MejaMiHy Yy (opmaidi. HasBHicTh MenaMiHy
yCyBa€ HETraTUBHY 110 ¢opmanbAeriay Ha mkipy. OCkinbku TyOJIeHHS TPOBOMSITH B
KuciomMy cepenoBuili npu pH 4-5, micasd MpocoYeHHS IIKIPU BiAOYBA€ThCA
MOCTYINOBAa KOHJEHCAIlll CMOJIM 1 3muBaHHs. [Ipu BUKOpPUCTaHHI IILOTO METOIY
nyOJICHHS OJIEpXKYIOTh OUTl IIKIPH, SIKI HE TEMHIIOTh MIiJl JI€I0 CBITJIA, 3 XOPOIIUM
rpudoM, BUCOKOIO CTIHKICTIO JO Jii BOAU 1 XOPOIIOK MPOHUKHICTIO JJISI BOJISHOI
napu.

[lepen nyOneHHAM WIKIPY CHOYATKY HEUTPali3ylOTh 3 METOK CTBOPCHHS
ONTHUMAJIBHUX YMOB KOHJIeHcallli MejamMiHOBUX cModj. [licms mpocodeHHs MIKipH
BIIPOJIOBXK KIJIBKOX TOJMH PO3BEICHUM PO3UYMHOM OKCHUMETHJIMEIAMIHY B KUJIBKOCTI
4-8 % Big Macu IIKipH, JOJAIOTH JOMOMDKHI AyOWiIbHI 3aco0bu — curmauu
Hapmanincyibghonosoeo muny 1 MAKUACIAIOT, po3unH a0 pH=3-4. B upomy
CEpEelOBHUILI WIKIPY BUTPUMYIOTH KulbKa TofauH. [loTiM mIKipy HEUTpamizyloTh 1

3aMacyIIOITh BOJIHOIO €MYJIbCIETO.

6.5. IlinomyiacTy Ha OCHOBI AMIHOCMOJI
6.5.1. Onep:xaHHA NiHOMJIACTIB HA OCHOBI KapOaMiTHUX CMOJI
IcHye Oexinbka memoodie OTpUMaHHS MHOIUIACTIB:
1) cmiHOBaHHS B’SI3KMX IOJIMEPHHX KOMIIO3MINKA TiJ Ji€f0 rasy, IIo
BUIAETHCS MPU PO3KJIaJaHHI OPraHIYHMX PEYOBHH (B OCHOBHOMY mopodopy) mpu

M1JBUIICHIN TeMIIepaTypi B IEBHOMY CEPEIOBUIIII;
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2) BBEACHHS B CMOJY CTHCHYTOTO razy a0o JerKoKuruistuux pimuH. I[licis
3HATTA THUCKY a00 TPUIMHEHHS HarpiBaHHS BHUAUISETHCS Ta3 1 YTBOPIOETHCA
KOMIpYacTa CTPYKTypa MIHOIIACTY;

3) Oe3nocepeqHe BBENEHHS Ta3y B HHU3BKOB S3KHI TOJIMEp MpPU IIBUAKOMY
MEXaHIYHOMY TepeminryBaHHi. [lepeBaraMu 1IbOro METONy € BUJIYYEHHS JOPOroro
eMyJIbraTopa, JIETKICTb MPOBEIEHHS Mpolecy Oe3lepepBHUM CIIOCOOOM 1 BHCOKA
NPOAYKTUBHICTH amapaTypH. Lleit MeTo 3acTOCOBY€EThCS AJsE OTPUMAHHS MIHOIIACTY
Ha OCHOBI KapOamiHOT CMOJIH.

Jlnst BUpOOHMIITBA MIHOIUIACTY BHKOPHUCTOBYIOTH CMOJIy 3 SIKHAMOUIBLIONO
B’A3KICTIO, IO 30UIbIIyE CTAOUIBHICTh MiHW. Bix CTyneHs po3BEACHHS CMOJU
3aJeKUTh YysIBHA TYCTHMHA MIHOIUIACTy. JIIsl 3MEHIIEHHS KPUXKOCTI TOTOBOIO
MPOAYKTY MiJi Yac MOJIIKOHJEHC Al 10Jal0Th MIACTU(IKYIOUl PEUOBUHU, HATTPUKIIA]]
eniyepur, eexcanampion. HeoOX1HOIO YMOBOIO OTpUMAaHHS CTAOUIbHOI MIHU €
HAsBHICTh B PEAKIINHIA Macl no8epxHes0-akmusHUX pevdosuH, SKI 3MEHIIYIOTb
TMOBEPXHEBUM HATHT.

Ilinoymeopiosaui (emynveamopu) — 1€ CHOJIYKH, SKI MICTSTh CHIIBHOMOJISPHI
rpyny TpH BYTJIEBOAHEBUX pajaukanax. BoHu amcopOyroThcsi Ha TpaHHI BOJa-
MOBITPS, Ji€ BiIOYBA€ThCS TiapaTailisi MOJSPHUX TPYI, 1 MIIHO 3B S3YIOTHCS 3
MOJIEKYJIaMH BOJIM B Pe3yJIbTaTl €JIEKTPOCTATUYHOI B3aeMojili. MosleKyIsipHUN 1ap
MHOYTBOPIOBaYa 3HAXOAUTHCS HA MOBEPXHI PIAMHM, YTBOPIOIOYM CTIHKHM KOMIPOK
THU.

JInst oTpUMaHHS MIHOIUIACTY HA OCHOBI KapOaMigHOI CMOJIM NPHUAATHI TUIbKU
MiHOYTBOPIOBAYi, aKTHBHI 1 B HEHTpaJIbHOMY, 1 B KHCJIOMY cepenopui (rpu pH 2-3).
Sk xaTanizaTopy Mpu OJIepKaHH1 MHOIIACTIB 3a3BUYail BUKOPUCTOBYIOTh (hocqhopHy
Kuciomy, 1HOJI1 cy1bpo6aHi 8y21e800Hi.

besnepepBHUM  crmocoOOM  MIHOIJIACT OTPUMYIOTH B IMIIIHAPUYHOMY
BEPTUKAIILHOMY OyHKepl 3 Mimankor. CrouyaTky B HWIIHAP TOMAI0Th PO3YHUH
KUCJIOTH 1 TIHOYTBOPIOBAY Ta IMMiJ THUCKOM KUIBKICTh TMOBITPsl, HEOOXITHY s
OTpUMaHHs 3agaHoro 00’emy miHU. [liHa TPOIITOBXYETHCS MOBITPSIM 1 MIMIAIKOIO

BHM3 70 BUINYCKY, A¢ B Hei BBOAATH 40 %-Buil po3uMH KapOamigHOT CMOJIH.
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BinOyBaeTbcs mBUAKE MepeMIlIyBaHHSA, IPUYOMY CMOJa PIBHOMIPHO PO3TIKAE€THCS
IO TUTIBIT TIIHU-HOCISL.

Cmona 3HaxoauThcsa B amapaTi BIpojoBk 3—4 xB, pH miakuciaeHoi cmomu
ctaHoBuTh 1,8-2,0. [liHOMIACT BUBAaHTaXY€EThCA B (POpMH, N1e 3aTUIIAECTHCS HA 2—3
TOJUHM JIJII OCTATOYHOTO 3aTBepUKeHHs. [licis 3aTBepikKeHHs OJIOKM MiHOTUIACTY
CTaBJATh B cymapHio, Ae npu Temneparypi 40—45°C 1 npu BUCOKIA BIAHOCHIN
BOJIOTOCTI TIOBITPS BiH CYIIUTHCSI BIPOAOBXK 3—5 Ai0 B 3aJ€KHOCTI BiJ TOBIIMHH

OJIOKIB.

6.5.2. BiacTuBoCTi MiHOMJIACTIB HA OCHOBI KapOaAMiTHMX CMOJI

[liHomacTy HAa OCHOBI KapOaMmigHUX CMOJ BIAHOCATHCS JI0 >KOPCTKUX IIiH.
BoHu MaroTh HaliMeHIy ysIBHY T'yCTHHY CEpel ycCiX NIHOIUIACTIB, fiKa Jocsrae 4
kr/M°. Takuil BeIHKHi BMICT TOBITps 3a0e3mmedye 4yqoBi TepMidHi i aKycTHUHi
130JIS1[11H1 BIACTUBOCTI MaTepiaiy.

KoeditieHT TeniaonpoBiAHICTh MIHOMIACTY AYXe€ OMU3bKUN 10 KOEPIIEHTY
TeIUIONPOBIAHOCTI TOBITPS, KUl cTaHOBHTH 0,02 KKan/M>TOITpa, OCOOIMBO MpHU
HU3BKUX Temmepatypax (25-35 °C). TemnmompoBiAHICTH BOJIOTOrO MiHOIJIACTY HA
60 % Buma, Hixk cyxoro. TermIoeMHICTh TIHU AyXKe HU3bKa — 3,3 KKaJI/KT.

Kaminsgpui  kaHamu, ki € B  TIHOIUIACTI, 3YMOBIIOIOTH  XOPOIIi
3BYKONOIIMHAIBHI BIACTUBOCTI. CyXui MIHOIJIACT MOTJIMHAE 3BYK Kpalle, HiX
BOJIOTHH.

MexaHiuHa MIIHICTh MMHOIUIACTIB HEBEJIMKA 1 3aJIEKUTh BiJl TYCTUHHU. BOoHU He
BUKOPUCTOBYIOTHCA SIK KOHCTPYKIIMHI MaTepialiv, 1 MEXaHI4YHa MILHICTh MiHOIIACTIB
BXKJTMBA JIUIIIC TTPU TPAHCTIOPTYBAHHI 1 MOHTAXI.

[linomnactu excnayamyroms 3a3Buuail mpu Temreparypi He Oubmie 50 °C.
[linomymacTh Ha OCHOBI KapOaMITHUX CMOJ MOXYTh €KCIUTyaTyBaTHCS TIpU
temriepatypax a0 110 °C 1 BuTpumytoTh 0e3 sIBHOTO poskiany temmeparypy 150 °C
BNPOJOBXK 4—8 roauH. OHAK MPH MiIABUIICHINA TEMIIepaTypl CIIOCTEPITraEThCs 3HAYHA
ycaJika MHOIUIACTY, KA 3yMOBIIIOETHCS PEAKITISIMUA TIOJIAIBINOI KOHASHCAIlil B CMOJTI,

1 HEraTMBHO BIUIMBAa€ Ha MOro 130JAMIMHI BJIACTUBOCTI. TepMIUHMM pO3KIaa
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niHomuacTy BinOyBaeTbes npu Temneparypi Buine 200 °C. Huspka temmepaTypa He
BIUTMBAE HA BIIACTUBOCTI MIHOIIACTY.

[Tinomnacrt, sk 1 kapOaMigHa cMoJia, HE TOPUTh, MPU MIJABUIICHIN TeMIIepaTypi
BiH OOBYTJIIOETHCS. Y BOJIOTOMY CEPEAOBHUII MPHU KIMHATHIN TeMIepaTypi MHOIIACT
mosxe norimHatu 10 15-30 % (mac.) Boau, 1110 He MOTipIIy€e HOTro BIAaCTUBOCTEH.

[Ipu kiMHATHIN TeMIiepaTypl BOPOJOBK TPHOX THXKHIB IMIHOILJIACT CTIMKUN J10
nii nacmynnux peacenmie. 25 %-uit pozuna NH,4Cl, Bogni po3unan NaCl i Na,COg,
€TaHOoJI, METaHoJ1, OCH31H, OIITOBA KUCJI0Ta, opMaltiH 1 faeski iHii. KoHeHTpoBaHi i
PO3BE/ICH1 JIYTY 1 HEOPTaHIYH1 KUCJIOTH MIBUAKO MCYIOTh MHOIIIACT.

[TiHomIacTH Ha OCHOBI KapOaMIJTHUX CMOJI HE 3a3HAIOTh Ji1i OaKTepiid, IPUOKIB 1
TUTICHSIBU. BOHU BOJOMIIOTH (PYHTIUIHUMU BJIACTHUBOCTSIMHU 3aBISKH BUJILJICHHIO

HE3HAYHOT KUJIBKOCTI (hOpMalbIIeTiy.

6.5.3. 3acTocyBaHHs MiHOIUIACTIB HA OCHOBI KapOaMiTHUX cMOJI

[TiHomIacTH 3aCTOCOBYIOTBCS JJISI TEPMOI30JISAIli  BaroHiB-XOJIOAUIBHUKIB,
aBTOMAIINH-XOJIOJWIHHUKIB, MTACAKUPCHKUX BArOHIB, JITaKIB, CYy/ICH Ta MPOMHUCIOBOI
anapaTtypu. bjoku abo KpUXTy MiHOIUIACTY MOMIIIAIOTh M1k 3aXUCHUMU MTOBEPXHSIMHU
KOHCTPYKINi, #AKi o00epiraloTh iX BiJ MEXaHIYHMX MOMIKO/KEeHb. KpiMm TOTO,
MHOIJIACTH Ha OCHOBI KapOaMiJHMX CMOJ 3aCTOCOBYIOTHCS 11 BUTOTOBJICHHS
MOCY/ly, B IKOMY TPAaHCIOPTYIOTh 1Ky, K JCKOPATHBHUN MaTepiall, JJIs yIMaKOBKH
KpUXKUX BUPOOIB. ICHye TeXHOJOTIS oJepKaHHS eJaCTUYHOTO Marepiainy 3
BIIKDUTUMHM MOPaMU, NPUJIATHOTO AJi (PUIBTPYBaHHS.

3 MOMEHTYy BIPOBAKCHHS TICPCHOCHUX arapaTiB JJii BHPOOHHMIITBA
MIHOIUIACTIB HAa MICI[l BUKOPUCTAHHS, MOXJIMBOCTI 3aCTOCYBAHHS I[LOTO MaTepiary
3HAYHO 3pOCIH, OCOOJMBO B OyAIBHUUTBI, TIPHUYIA MPOMHCIOBOCTI. [30JsmiiiHi
BJIACTHBOCTI miHoMIacTy B 17—20 pasiB Gibli, Hix LHErIMHK Tiel sk ToBmuHEM. Horo
TaKOX BUKOPHUCTOBYIOTh VIS 130J1s 111 ra3oIpoBO/IiB, BOJIOIIPOBO/IIB,
TEMJIOKOMYHIKAIIN 1 T. M.

3 MIHOIIACTY MICHS TPOMHBKH TapsSYOl0 BOJOIO (BUAAJICHHS KHCIOTH),

BUCYIIYBAHHS 1 JIUCIEPIYBaHHS OJEPXKYIOTh MyApPY, IO MO CBOiX BJIACTHBOCTSX
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nepeBakae MyJpy 3 TaJlbKy 1 KpOXMajlo : HacumHa maca ii B 12 pasiB MeHie, a
akTuBHA moBepxHs B 20 pa3iB Outbmia. L{g myapa crepuiibHa, HE MOJPA3HIOE PaHU 1
CIpHSIE TX MIBUIKOMY 3aTO€HHIO.

[TiHoTmacTy 3HAWIIUIM 3aCTOCYBAaHHS 1 B CUTbCbKOMY rocmnogapcTBi. Hanecena
Ha TPYHT I1HA TEPEIIKoHKae HOro BUCUXaHHIO, €po3ii 1 TAIbMy€ PO3BUTOK Oyp sSHIB.
[TiHomIacT Ha OCHOB1I KapOaMiJIHMX CMOJI, 3aKOMaHi B 3€MJIIO, TOKpaIlyBaTH ii
CTPYKTYpPY, MOXYTb 3aTPUMyBaTH BOAY, JalOYM MOKJIHMBICTH POCIMHAM Maibke

noBHICTIO (70 98 %) BUKOPUCTOBYBATH ii.

6.6. [loHOOOMIHHMKM HA OCHOBI aMiHOCMOJI
BaxnmBoro  0o0iacTr0  3aCTOCyBaHHS ~ aMIHOCMOJI €  BHUPOOHHIITBO
10HOOOMIHHUKIB. OCKIJIBKM aMIHOIUJIACTH € CIIOJIyKaMH OCHOBHOT'O THITY, BOHH
BUKOPHCTOBYIOTBCS TIEpII 3a BC€ JJI1 BHPOOHUWIITBA aHIOHITIB. JIJIsI oTpuMaHHS
10HOOOMIHHHUKIB HEO0OX1/IHAa HEPO3UYMHHA 3ITUTa, CMOJIA, [0 MICTUTh aKTHBHI 10HHI
TpyIy.
OTpuMaHHS HEPO3YMHHOI 3IIMTOI CMOJHM HAa OCHOBI TEPMOPEAKTUBHUX

KapOaMiTHUX a00 METaMIHOBUX CMOJI HE MPEJCTABIISE TPYAHOILIB.

6.6.1. [oHOOOMiHHMKM HA OCHOBI MeJIaMiHOBHX aMiHOCMOJI

CnabooCHOBHI MenamMiHO(pOpMalbJeriIHi aHIOHITH OTPUMYIOTh
MOJIIKOH/ICHCAIIIEI0 MeJaMiHy 3 (QopMaibIeriioM B KUCIOMY cepeaoBuiii. He
JTUBIITYUCH HA BUCOKWM BMICT a30Ty, iX OOMIHHA €MHICTh IIOAO KHCJIOT HEBEJIMKA,
X04Ya MIBUJKO 3pOCTa€ 3 MIABUIIECHHSIM KOHIEHTpallli KUCIOTH 1 3HWXKeHHIM pH
cepeoBHILA. 3aJeKHO BiJ KOHIEHTpAIl 1 CHJIM KHCIOTH €MHICTh aHIOHITY MOXeE
konuBaTtucs Big 0,3 mo 5 mr-exkB/r. Takuil aHIOHIT JIErKO MIATAETHCS T1APOII3Y,
nepexoasdn B OocHOBHY ¢opmy. IlepeBaroro Horo Takox € BHCOKa copOIiitHa
3JIaTHICTH MO BIAHOIIEHHIO 10 OapBHUKIB. [IpoTe BiH HEIOCTATHHO XIMIYHO CTIHKHHM 1

HC MOXKCE CKCILNIyaTyBaTHCH IIPU HilIBI/IH_IeHI/IX TEMIICPATypax.
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6.6.2. [oHOOOMiHHUKM HA OCHOBI T'yaHITMHOBMX AaMiHOCMO.JI

I'vanioun — cUILHOOCHOBHA 1 TiApodiiapbHa CIOJyKa — 3HAXOAUTh HAWOUIBII
IITUPOKE 3aCTOCYBaHHS JUISL BUPOOHUIITBA aHIOHITIB. 3IMIMBaHHS
ryaHiTUHO(QOPMAIBICTITHOT CMOJIM MPAKTHYHO HEMOXKIMBE, TOMY AaHIOHITH
OTPUMYIOTh TMOJIIKOHACHCAIIEI 3 ¢hopmanvoecioom 2yauiouny 1 xapbamioy abo
MENaAMIHY .

[Tpu B3aemonii 3 opMasbAETiIOM OCHOBHICTh T'yaHITUHY 3MEHIIYETHCS, TOMY
oJIepKaHl 10HITH MalTh CPEIHLOOCHOBHUM XapakTep. JlesKki TOCTiTHUKHA 3B’ SI3YIOTh
€ TaKOXX 3 MOJMBICTIO TIApONi3y TyaHIIMHY B KapOamil 3 YTBOPEHHSM
c1a000CHOBHUX aMIHOMETUJIBHUX T'PYTI, SIK1 MOKHA BUSIBUTHU B MIPOJIYKTaX PEAKIIIi.

IcHye OaraTto MeETOMIB OTPMMAaHHS AaHIOHITIB Ha OCHOBI TYyaHIJIUHY a0o
CHOPIJTHEHUX CHOJYK (AUTyaHIAWH, AMIHOTYaHIIMH 1 T.1T.)

Po3unHHy cMOJTy IIUTSIXOM HIAKUCIIEHHS IEPEBOJATh B HEPO3UMHHMIM renb. Lei
rejib BUCYIIYIOTh, 3aTBEP/UKYIOTh MPU MIJIBUILIEHIA TeMIiepaTypi, MOJpIOHIOIOTH 1
OPOCIIOI0Th. SIKIIO 3aTBEpIKEHHS  CMOJM BECTH Yy MPHUCYTHOCTI OPTraHigvHOTO
PO3YMHHUKA 1 TOBEPXHEBO-aKTUBHUX PEUYOBUH, OACPXKYIOTh TpPaHyJIbOBAHHM
10HOOOMIHHUK.

loHOOOMIHHA 37aTHICTH T'yaHIJTWHOBHX aHIOHITIB CKJagae 5—6 MTI-€KB/T IS
ryaHiIMHOKapOamMigHUX aHioHITIB. ONHIEI0 3 TPUYUH 3HUKEHOI OOMIHHOT €EMKOCTI €
BEJIMKUI CTYIIHb 3IIMBAHHS MAKpOMOJIEKYJ NoyiMepy. B pe3ynbTaTi qyKe BEIHKOl
IIUTBHOCTI MPOCTOPOBOI CITKM JU]y3is TiApaTOBAaHUX 10HIB BCEPEIUHY 10HITY
YTPYAHEHA, 1 YaCTUHA aKTUBHUX T'PYIl, IPUCYTHIX B MaKpOMOJIEKYJIl, HE Oepe ydacTi
B peakuii oOMiHy. [HIIOI MPUYMHOIO 3HMKEHHS OOMIHHOI €MHOCTI MOXe OyTH
BTpaTa OCHOBHMX BJIACTUBOCTEH 10HOAKTUBHUX TPYII MICIA iX KOHACHCAII.

I'yanioin MOXHa KOHICHCYBATU 3 ayemoHoMm 1 popmaninom B IJIy)KHOMY
cepenoBuii. Jlyis OTpUMaHHS 10HOOOMIHHHMKIB MOXYTh 3aCTOCOBYBATHCS TaKOX
yianamio 1 Ouyianamio. OCHOBHI BJIACTUBOCTI JESKHUX aMIHOCMOJ MOXKHA
MOKPAIUTH, JII0UM Ha HUX 2a/02eH- 00 CYIb@OANKINbHUMU CROIYKAMU B JTY>)KHOMY

CEPEIOBUIIT.
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Kapbamioni cmomu, MoaudiKOBaHI COMAMU JYHCHUX Memanie CyibhOHOBUX

Kuciom, MICIA 3aTBEPIKEHHS MOKYTh 3aCTOCOBYBATHUCS K KATIOHITH.

6.6.3. 3acTocyBaHHs i0HOOOMIHHUKIB HA OCHOBI aMiHOCMOJI

Menaminosi 1 2yaniounosi ionimu MOXYTb 3aCTOCOBYBATHCS Il HEUTpasti3alii
pO3unHIB, abcopOIii OapBHUKIB B IIYKPOBIM IPOMMCIOBOCTI, ISl TOTJIMHAHHS
JOMIIIIOK, IO 3HAXOAThCSA B O€H3MHI (Hampukiaa, HadTeHaTa Mifl), Ui OUUIICHHS
Tiposi3aTy KCHUIIO3H.

OnucaHo 3aCTOCYBaHHsI T'yaHIAMHOBOI'O aHIOHITY B aHamITH4HIN Ximii. [Ipu
. - . . .. . -2
IbOMY BCTaHOBJIEHO, IO 10H MnQO, BIJHOBIIIOETHCS HA IIbOMY aHI0HITI, a 10H CrOy

Moke OyTH ancopboBaHui 1 BUMHUTUN 2 %-HUM PO3YMHOM TiAPOKCHIY HATPIIO.
Kapbamiooeyaniounosuti anionim 3aCTOCOBYEThCS 11 OUUILICHHS BOJU, €KCTPAKIIi

0JIaropoAHUX METaJiB, HAIPUKJIIAJ 30JI0Ta, 3 PO3UMHIB 1 T.]I.

IIuTaHHs NI CAMOKOHTPOJIIO 3 Kypcy “AMiHomiacTu”

1. YMOBU ozepkaHHSI Ta MEPETBOPEHHS METWJIOJBHUX MOXITHUX KapOamimy
PI3HOTO CTYIEHS 3aMilICHHS.

2. BruimB MOJIBHOTO CHIBBIAHOIIEHHS KapOaminy 1 QopManbaerity Ha
BJIACTUBOCTI MIPOJIYKTIB CUHTE3Y KapOaMiiohopMabaeriTHUX CMOJI.

3. MexaHi3M 3aTBEp/KEHHSI Ta MPOCTOPOBO-3IIUTa OyaoBa KapOamimodop-
MaJIbJETiTHOT CMOJIH.

4. TlepeBaru KapOaminopopMalibIeT1THUX CMOJ  Tmepen 1HIIIUMH

aMIHOILJIACTAMMU.

149



150

5. OpepxaHHS, BIaCTUBOCTI Ta 3aCTOCYBAaHHS MEIaMiHY.

6. YTBOpeHHS Ta BIACTUBOCTI METUJIOJIBHUX MOXITHUX METaMiHYy.

7. OCHOBHI XIMIi4HI 3B’SI3KM B MIPOJIYKTaX CUHTE3Y MeJIaMiHOPOpPMaIbAET1IHUX
cmod. bynosa OyrunpoBaHoi MeramMiHO(DOPMAaTBAETITHOT CMOJIH.

8. Pearentn mis moaudikamii memaminodopMmanpaeriqnux cmoi. dakropu
BILIMBY Ha BUJ MOJIM(DIKOBAHOT CMOJIH.

9. XiMmi3Mm oaepxaHHs MOAU(PIKOBAHOI eTaHOJIOM KapOaminodopMaibaeriaHOl
CMOJIH.

10.ITpuymHE KPUXKOCTI aMIHOCMOJI 1 CIIOCOOU 11 3MEHIIICHHS.

11.Cnocobu mnactudikaili aMiHOCMOJI.

12.0cobmuBocTi  B3aemojii  ¢dopManpaerity 3 KapoamioM B KHUCIOMY
CEpeOBUIIII.

13.3acTocyBaHHA aMiHOCMOJI B MAiepoBii 1 TEKCTHIIbHIN MPOMUCIOBOCTI.

14.BnacTUBOCTI 1 3aCTOCYBaHHS MHOIUIACTIB HA OCHOBI KapOaMiTHUX CMOJL.

15.Ximi3M OCHOBHUX CTafii CHHTE3y KapOamiohopMaabIeriTHUX CMOJI.

16.0Onep>xanHs, BIaCTUBOCTI Ta 3aCTOCYBaHHS KapOamify.

17.0OcHOBH1 BUMOTH JI0 BJIACTUBOCTEHN KapOamiiodhopMaIbaeriTHUX CMOJI.

18.3actocyBanHs kapOamMiiohopMalibIETiAHIX CMOJ B METATYPTii.

19.0nep>xaHHy 1 BIACTUBOCTI MpecMarepiaaiB Ha OCHOBI aMiHOCMOII.

20.OpnepxaHHs, BIACTUBOCTI 1 BUKOPHCTaHHA (opmManpaeriny. Briue Ha
JIIOJICBKAM OpraHi3M.

21.TIoHATTS BUIBHOTO 1 3aJIMIIKOBOTO (hopMaibieriay B kapOoaminohopmaib-
NET1IHUX CMOJIax.

22.Metoau 3HWKEHHS HETaTHBHOTO BIUIUBY (OpMaNBIEriny y BHUpoOax 3
K®C.

23.0OcHOBHI cTajlii BUPOOHUIITBA KOHACHCAIIHHUX BUPOOiIB. XiMi3M.

24.3B’30K MIBUAKOCTI peakIliii hopManbaeriay 1 kapoamiay 3 TeMIepaTyporo
Ta pH.

25.Tunu 3aTBepKyBayiB i KapoaminohopMaabAeriTHUX CMOJL.

26.Henomniku kapOamigopopMasibaeTiIHUX CMOJI 1 BUPOOIB 3 HUX.



27.DyHKIIOHATBHICT, KapOamimy (YHCIO aKTHBHHX BOJIHIB B MOJIEKYJI).
Crymniab 3amimieHHs kapOaminy. BracTuBoOCTI 1 cTaOLIbHICTD METHIIONIBHUAX
MOX1THUX.

28.CyTh 1 XiMI3M BH3HAUYEHHS METWIOJBHHMX Tpymn B KapOamigopopmaib-
JIET1IHUX CMOJIax.

29.Tunu ¢yHKIIOHATBPHUX Tpyn 1 3B’A3KIB B IPOAYKTaX CHHTE3Y
Kap6aminohopMaIbAeTiAHUX CMOJ.

30.Busnauenns 3anuikoBoro gopmansaeriny B KOC i Bupobax Ha iX OCHOBI.

31.CyTb 1 XiMi3M HOJOMETPUYHOTO BU3HAUCHHS (OpMaiblIETiay B 3aTBEpKe-
HUX KapOaminodopMalibIEeriHUX CMOax.

32.Cniocobu 3ano0iranHs BUIJICHHIO 3aJIUIIKOBOTO (popMaibaeriay 3 BUpoOiB
Ha ocHOB1 KOC.

33.TexHoorist ofiep>kaHHs 1 BIACTUBOCTI KapOaminy. Bumoru no kapGaminy
K CUPOBHUHH JJIsl CUHTE3y KapOaminodopmaibIeTiTHUX CMO.

34. Criocobu ctalimizaliii aMiHOCMOJT.

35. [Ipo1oBXKITH MEXaHI3M METHJIOTYBAHHS Kapoamimy:

NH,-CO-NH, + CH,0 < 1

MOHOMETHJIOIKApOaMi

1+CH,0 <2
JTUMETHIIOIKapOami

2+ CH,0 -3
TPUMETHIIOJIKapOamiz

3 + CHZO — 4
TEeTpaMETHIIOIKApOaMiI

37. Onep>kaHH 1 BIACTUBOCTI MIAPYBATUX IUIACTUKIB HA OCHOB1 aMiHOCMOJT.
38. YmoBu 3mmBaHHS KapOamimoQopMalbIETITHUX CMOJ Ta CTPYKTypa
3aTBEPIKEHUX CMOJ.

39. BiiibHI KUCIOTH SIK KaTani3aTOPH 3aTBEPKEHHS aMiHOILIACTIB.

40. [TpomoBxiTh peakxilii KOHIEH AT METHIIOIKAapOaMi/IiB:
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1) NH-CO-NH; + NH-CO-NH

CH,OH CH,0OH CH,OH

2) NH-CO-NH; + NH-CO-NH; — ...

I |
CH,OH CH,OH

3) NH-CH,OH + NH-CH,OH —> ...

| |
co co

I I
NH- CH,OH NH- CH,OH

41. bynoBa, ciocoOu oJepKaHHs Ta BIIACTUBOCTI TIOKapOamify.

42. HaiiBaxnuBimIi Jisi OTpUMaHHS KapOaMimoopMalbaeriTHUX CMOJ THUIU
peakIiii KoHIeHcaIli.

43. BuMoru 0 3aTBEp/KyBadiB aMiHOIUIACTIB.

44. HapeniTh peaxiiii 3aTBEPIKEHHsI CyMillll MOHO- 1 JIUMETUJIOJIKapOaMiiiB
npu t=100-140 °C

45. OpepxkaHHs, CTPYKTypa Ta BJIACTUBOCTI JuiliaHiiaMminy. BukopucranHs
JUTSI CHHTE3Y aMI1HOTLJIACTIB.

46. JIaTeHTHI KUCIIOTHI 3aTBEPIXKyBadi aMiHOTIJIACTIB.

47. HaBeniTh peakilii KOHACHCAIlli METHIIOIMEIaMIHIB:

1) 2 Men -NH-CH,0H — ...

2) Men -NH-CH,OH + Men -NH; — ...

3) Mex -NH-CH, -CH; -NH-Men — ...

48. OCHOBHI METOJIN OJIepKaHHs MeNaMiHy. loro cTpykTypa i BIacTHBOCTI.
49.Peakiiiss  yTBOpPEHHS ~ METWUJIEHOBHUX  3B’SI3KIB U1 OJIEpKaHHS
kapOamigodopmanpaeriiaux cMoi. OntumansHi ymoBu (pH 1 Temmeparypa
PEaKIHOTO CEepeIoBUIlla, MOJbHE CITIBBIIHOIICHHS PEarcHTiB, TPUBAIICTh
KOHJICHCAIli1) JJIs 11 IPOXOIKEHHS.

50. [TpuunHM KPUXKOCTI aMIHOCMOJT 1 CTIOCOOH 11 3MEHIIICHHS.

51.IlponoBxKiTh MeXaHi3M KHCIJIOTHOTO KaTamizy YTBOPEHHS

MOHOMETHUJIOIKapOamiy:

CH,(OH), <> 1 + H,0 (1)



1+ HCO> 2 + A 2)

H,NCONH, + 2 <> 3 (3)

3+ A <> H,N-CO-NH-CH,OH + H,CO3; (4)

52. IlpoaykTtu rigpomidy 1 Ie3aMiHyBaHHS MeJIaMiHy SIK CUPOBUHA I CHHTE3Y
KapOamigopopMalIbICTITHUX CMOJI.

53. OneprkaHHS 1 BIACTUBOCTI JJAKOBUX aMiHOCMOIT.

54. OnepxkaHHs 1 BJaCTUBOCTI IMHOIUIACTIB HA OCHOBI aMIHOCMOJT.
55.11po1oBXKITH MEXaHI3M OCHOBHOT'O  KaTajidy peakiii mpueTHaHHS
dbopmanbaeriay 10 Kapoamiay:

NH,-CO-NH,+ B <> 1 + BH" (1)

1+ CH,O¢ 2 (2)

2+BH <> 3+B (3)

56. JloHOOOMIHHHKH HAa OCHOB1 aMiHOCMOJI.

57. Ilmactudikaliis jJakiB Ha OCHOBI aMIHOCMOJI. BUKOpHCTaHHS aJIKiTHUX
CMOJI.

58. CupoBuHa AJ1s1 OJIepKaHHS IIApyBATUX MJIACTUKIB.

59. OnepxaHHs 1 3aTBEPKEHHS KapOaMiTHUX KIIETB.

60. beaopmanbieriaHi mojaiMepy Ha OCHOBI aMifdiB.
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BIJOMOCTI ITPO ABTOPIB

XOMA Muxaiijio IBaHoBMY — KaHauaat
TEXHIYHUX HayK, mpodecop Kadeapu opraHidyHoi 1
aHaJI TUYHOT Ximit [IpukapnaTcpkoro

HAI[IOHAJIFHOTO  YHIBEepCcHUTETy 1iMeHI Bacus
Crepanuka, axagemik ATH Vkpainum, naypear
nepkaBHOI mpemii YkpaiHM B rajiy3l Hayku 1
TeXHIKK 3a 1992 pik, 3acnyXKeHUH BUHAXIJTHUK 1
pamioHamizarop. ['any3p HayKOBHX JOCIIKEHb —
po3poOKa Oe3nepepBHOTO IIPOIECY OACP KaHHS
anNKijgopraHokpemHe3eMiB. ABTop 175 HaykoBHX
nyOutikaiiiii, cepes Hux 133 aBTOpPCHKI CBIIOITBA 1
MAaTEHTH HAa BUHAXOMIW,  JBa MIAPYYHUKH IS
BUIINX HABYAIBHUX 3aKJIa/1iB Y KpaiHu.

®E/TJOYEHKO Cogis BoaoaumupiBHa —
KaHAWIaT TEXHIYHMX HayK, IOIEHT Kadeapu
OpraHigyHoOi Ta aHATITHYHOT Ximii
[TpukapnaTchbKoro HallilOHAJILHOTO YHIBEPCUTETY
iMmeH1 Bacunsg Credanuka. OCHOBHI HayKOBI
IHTEpECH MOB’A3aHl 3 TEXHOJIOTIEI OJIep KaHHS
Kap6amio-(popMaabaeriTHuX CMOJI Ta
KOMITO3UIIIMHUX MaTepiajiB Ha iX OCHOBI,
TEXHOJIOTI€I0 OYHCTKH CTIYHHX BOJA. ABTOp
JBAIISATA T'SITH HAYKOBHX TIpallb, IMATEHTIB 1
HaBYAJIbHUX MMOCIOHUKIB.



