Jlekuist Ne3
YACTHHA 1. XiMif1 BUCOKOMOJIEKYJIIPHUX CIIOJIYK

Tema 3. PagukanbHa  moaiMepusania.  BupoOHuurBo  moJiimepis
MeTOJaMHU PAANKAJIbLHOI NoJiMepu3aiii.

Mera: cdopmyBatn y MalOyTHBOTO (paxiBug XiIMIYHOI TPOMHUCIOBOCTI
CaMOCTIHHICTh, CUCTEMHI 3HAHHS B cepl METOIIB moJiiMepu3allii MOHOMEpIB Ta
BMIHHA TMpUIMaTH ONTHMAalbHI Ta pallOHAJbHI PIMIEHHS HAyKOBOrO Ta
TEXHOJOTTYHOTO HampsMKY; HEOOX1IHICTh Ta OCOOIUBOCTI TBOPUOTO CIIIIKYBAHHS
y mpoiieci poOoTH 13 GaxiBISIMU 1HIIUX CIICHIATBHOCTEH.

ILnan:

e PanukanbHa monimepusaiiis. BUpoOHUIITBO MOJIIMEPIB METOJAAMH PAAUKAIBLHOI
noJliMepu3arlii.

e MexaHI3M paJMKaibHOI MoJiiMepu3alii Ta criBnojiMepu3sauii. [lomimepuzanis
OyTanieny-1,3

e KiHeTnKa paguKaibHOI MOJIMEpU3allii.

e KiHeTHnKa paguKaIbHOI MOJIMEepH3allii.

e Kononimepusaiis. KononiMmepusaiiist CTUPOITy Ta METHIIMETaKpUIIATY.

3MicCT JIeKIiil

PO3/11J1 3. MEXAHI3MM ITOJIIMEPHU3AIIII TA ClIOCOBHU CUHTE3Y BMC

OckibkM  mpollec  MojdiMepu3allii € TMOCHIIOBHUM  0araTOKpaTHUM
MOETHAHHIM MOJIEKYJI MOHOMEpa OJIHa 3 OAHOI0, TO B I[I0 PEAKI[I0 BCTYHAalOTh
TIIBKHM T1 CHOJIYKH, 110 MarOTh y MoJieKyJi kpaTtHui 3B’s130k (C=C; C=0; C=N;
C=C Ta i) abo MUKIT:

H,C =—=CH + H,Cc=—=CH+ H,C=—CH—>» —c"—C——cCc—Cc—c —Cc—— (61)
| |
R R R R R R
0
N H,C —CHR —»—(—gz—g 0o—), (5.2)
|
R

Sk 1 KO)KHa XIMIYHA peakiiisi, MPoIeC MojiMepu3allii IpPoTiKae 3 PO3PUBOM
OJIHUX BaJICHTHUX 3B’S3KIB 1 BUHUKHEHHSM HOBUX. [IpH 1IbOMy B 3aJ€KHOCTI Bij
YyMOB peakuii ¥ TOpUpOAHM MOHOMEPIB MOXKE MPOXOJUTH TeTePOTITHUHE
PO3IIEIUICHHsS] 3B’SI3Ky 3 YTBOPEHHSM 10HIB a00 TOMOJIITUYHE 3 YTBOPEHHSM
paaukaniB. BiamoBimHO 10 TMBOTO PO3PI3HAIOTH 10HHY MOJIMEpU3AIlo 1
panuKalbHy.

5.1. MexaHi3M paguKa/JIbHOI moJliMmepu3sanii

PanukanpHa momiMepu3sallis € JIaHLIIOTOBOIO peakuiero. [Ipo me cBiguuTh
BIUIMB HE3HAYHHUX JOMIIIOK, (JOPMH peakLiiHOTO MOCYAYy Ha HIBUAKICTH PeaKiiii,
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BUCOKHMM KBAaHTOBUM BHXIJ peakilii, HasABHICTh IOYATKOBOI'O IHIYKI[IHHOTO
nepiony, S-noji6Ha popma KIHETUYHOT KPUBOI.

BinbHOpaauKaabHUN XapaKTep peakilii moiimMepu3aliii maTBepaKyeTbCs THM,
0 BOHA TPUCKOPIOETHCS PEYOBHHAMH, SKI JIETKO PO3KIAMAIOThCSI Ha BUIBHI
pagukany (IHIIaTOpH) 1 TalbMYy€ThCS PEUOBMHAMHM, IO IIBUAKO pEaryiTh 3
pagukanamu (iHribitopu). BimbHI paguKkany NPUCYTHI B PEaKIifHOMY CepeOBHIII
BiJl TIOYaTKy JO KIHIA Tporiecy mojimepusainii. Ile, y cBoro depry, mae 3mory
CTBEPKYBATH, IO CYTh PAIMKAIBHOI PEAKIIii MMOJIATa€ Y BAHUKHEHHI BUIBHUX pajIu-
KaJiB, II0 POCTYTb 1O YTBOPEHHS MAaKpOMOJIEKYJIH B PE3yJbTaTl MOCTIIOBHOTO
NPUEAHAHHS O HUX MOJIEKYJI MOHOMEpA, MEPETBOPIOIOUUCH ITICHSA KOXKHOTO aKTy
MIPUETHAHHS 3HOBY Y BUIbHUN pajiuKai.[4]

OnuH aKkT 1HIIIFOBAaHHS, IO MPU3BOJIUTH JI0 BHUHUKHEHHS 1-TO BIJILHOTO
paaukana, BUKIUKAE TUCSYl M JACCATKUA TUCAY HACTYIHUX C€JIEMEHTAPHUX PEaKIlii
POCTY JIaHIIIOTa.

1. [HimiroBaHHS ROOR —» 2RO "@00 ROOR — ROO “ +R°. (5.1.1)
2. 3apomKeHHS JAHLOTA.
RO+ H,C=——=CH—> R—OC|3H —CH (5.1.2)
3. PicT manmora. R R
: H__ & 5.1.3
R——OCH,—C*H4 HZC=C|:H——> R——OCH,—C——C —C*H (5.1.3)
R R R R
H
R_OCHZ_E_CZ_C.H “n HZC_TH—> R——0O(CH, — CH),—CH,—C"*H (5.1.4)
L R L
4. O6pUB NaHIIOTa PEeKOMOIHAIIIEIO:
R—O(CHZ—CH)n—CHZ—C|Z'H + R®——=R——0(CH,—CH),—CH,—CH —R (5.1.5)
R R

Cam ¢akT yTBOpPEHHS TOBIHX JIAHIIOTIB yKa3y€e Ha Te, 10 PICT JIAHIIOTA €
OUIBIII IMOBIPHHMM TMPOIIECOM, HIK OOpHB JaHIfora abo iHimitoBaHHs. Ko O
nepeBaxana peakiis (2), TO YTBOpIOBaIMCS O KOPOTKI JIAHITIOTH Y BEJUKIN
KUTBKOCTI.

KoHnieHnTpaitisi BUIBHUX pajuKaliB BU3HAYAE€THCSA CITIBBIIHOIICHHSIM MIiX
IIBUIKICTIO iHII[{FOBAHHS, sKa IPU3BOIAMTL 10 BHHMKHEHHS RO°, 1 IIBHIKICTIO
00pUBY, II0 3yMOBJIIOE X 3HUKHEHHS. Y MIpy 301JIbIICHHS KITBKOCTI 1HIIIHOBAHUX
RO’ 30iibmIy€eThcss WMOBIPHICTH OOpHBY JIAHIIOTa, sIKA MPOIOPIIiAHA KBaapary
KOHLIEHTpalli paaukaiiB, MO OepyTh ydacTb y LbOMYy Ipoueci. Tomy yxe
IIBUJIKO MICJIS TOYATKY 1HILIIOBAHHS JIOCATAETHCS CTAIlIOHAPHUN CTaH, KOJIH BLIbHI
paavKaiy BUHUKAIOTh 1 3HUKAIOTh 3 OJHIEID W Ti€W K IMBUAKICTIO. | B
MOJAJIBLIOMY, aX J10 HAKOIMYEHHS B PEAKILIITHOMY CepeJOBUII 3HAYHOI KiJIbKOCTI
noJliMepy, KOHIIEHTpAIlisS BUIbHUX PAJUKaAJIB 3aUIIAEThCS 0€3 3MiH.

3aranpHa MIBUAKICTh PaJUKAIbHOI MOJiMEpH3allii BU3HAYAETHCA HANOUTBII
MOBIJTLHOIO CTAIEI0 — 1HIIIIOBAaHHSIM.



BaximBo TakoX mam’ATaTH 1 pPO3YyMITH, WI0 MPUIIMHEHHS POCTY
MakKpopajguKansa He 00OB’S3KOBO O3HAyae, IO JIAHIIOIOBA peakilisl 3aKiH4YeHa.
Jlexonn BiibHA BaJICHTHICTh MaKpoOpaavKala HACHUYeEThCS B pa3l 3ITKHEHHS 3
PYXOMHMH aToMaMu a00 (YHKIIOHAJIBbHUMH TPYyNaMH MOJEKYJ MOHOMEpIB,
MOJIIMEPIB, PO3UMHHUKIB TOIIO. XO04Ya MpPH I[bOMY OOpHBAETHCS MaTepiabHUMN
JAHITIOT, KIHETUYHUH JIAHLIOT MO>KE MPOJIOBXKYBATUChH, OCKIIBKU MEPEXi] PyXOMUX
TpyH 1 aTOMIB 0O MaKpopaJauKalia MPUBOJIUTH JO BUHUKHEHHS HOBOTO pajuKaia,
SIKUH THIIIFOE HOBUM JIAHITIOT: TIPOXOIUThH PEaKIlisl mepeaadi JIaHIIoTa

R——O(CH,—CH),* + HR;y —» R——O(CH,—CH),—H +R; (5.1.6)

X X

UuMm OinpIna MBUAKICTE OOPUBY JaHIOTa W Iiepejadi JIaHIora, TUM
MIBUIIE MaKpOpaJuKal MEePEeTBOPIOETHCS B HEAKTUBHY MAaKPOMOJEKYIYy W THUM
HIKYO0I0 Oyne MM nonimepy.

IniniroBaHHs. YTBOPEHHS NMEPBUHHUX PAJAMKAIIB (1HILIIOBAHHS) MOXKE OyTH
BUKJIMKAHE JII€10 TeIJia (TepMIvHa MOJIMEpHU3allisi), paai0aKTUBHOTO OIMPOMIHEHHS
(paniatiiina moJjiiMepu3allisi), COelIaIbHUMU XIMIYHUMH 1HIIIaTOpaMu (XIMI4HO
1HIIIIl0OBaHa nojiMepu3allis), cBiTiioM ((poTornomaiMepusatis).

VY yuctomy BUIIIAI TEPMIYHA MOJIMEPU3ALS CIIOCTEPITAETHCS AYXKE PIAKO
(HampuKJIa, AJIs1 CTUPOITY).

dotomnoniMepusallisi 1HIIIIOETbCSI  OCBITJICHHSM MOHOMEpa CBITJIIOM 3
JOBXHMHOI0 XBUI mopsaky 3.000 A. J[yst 11boro BUKOPUCTOBYIOTh PTYTHY JaMILy,
BIAMOBIAHUN cBITIIOPINBTp 1 KBapuoBwi mocya. Ileli Meron iHimirOBaHHS
BUKOPUCTOBYIOTh B  OCHOBHOMY TiJ 4ac JabopaTOpHUX  JIOCIHIJIKEHb
noJiiMepu3artii.

Pamiamiiina momimepu3sariiss Haragaye doTtomnomimMepusamio. OnpoMiHEHHS
MPOBOAATE O-, 3-, Y- MPOMEHSAMH, TPUCKOPEHUMH &, MPOTOHAMU, HEUTPOHAMHU, a
R°, 1m0 BUHMKAIOTH, TP L[LOMY, IHIIIIOOTH MoOJiMepu3alio. Pamiariiina
MoJIiMepHU3aIlisl TAKOXK HE 3HANIIUIA 3aCTOCYBAHHS B IIPOMHUCIIOBOCTI.

[IpakThuHe 3acTOCYBaHHSA 3HAWIUIA XIMIYHO IHILIMOBAaHA MOJIMEpHU3allis.
Bona mpoxomuTh y OPHUCYTHOCTI CHELIaJbHO JOJaHUX PEUYOBHH — 1HIIIATOPIB
(peyoBUH, IO JIETKO pO3MaJaloThCcsi HA BUIbHI paaukanu). Cepen iHIIATOPIB
HaWOLIbIIe TOUIMPEHHS 3HAWILIM TEepOKCUIU (MEPOKCHUI BOJHIO, TEPOKCH]
O€H301JTy, T1IPOTIEPOKCHU/T 6yTHJ1y), a30- 1 J1a30CTOyKU:

o) o)
O
— < ,‘ -nepokcuo 6eH30iny



HaC ——C——0:0H— H;C——C——0° +°OH (5.1.8)
CHs CHs -nepoKcud mpemoymuiy
C|H3 C|N CN
HsC —C——N=——=N c| CHj >2H,C—C* + N, (5.1.9)
CHj CHj CHj
(BumineHHs a3oTy, 70 kkan/moib, 50+70 °C).
ﬁ ﬁ
HyC c—/00 M5 (70290 °C) — nepokeny auerony.

BinbH1 pagukany, 1m0 yTBOPIOIOTHCS, MPUEHYIOTH MOJIEKYJy MOHOMEpA 3
YTBOPEHHSIM HOBHUX PaJUKaiB:

X X
abo
R*+ H,C==CH - R—C|H——C‘Hz (5.1.11)
X X

(MeHIII IMOBIpHa, Yepe3 Te, M0 MOoTpedye OUIbIIOI eHeprii akTUBAIlli — MO>KIJIMBI
CTEPUYHI YTPYAHEHHS).
EdexTuBHicTs ininiroBannsa. He Bci pagukanu, mo yTBOPWIKUCH 3 IHIIIATOPA,
HILIIOIOTh PEAKIIiIo.

Edexkr “xmiTkn” — mapa paavKaldiB OKHCHIOETBCA B KIITHI (MOHOMEp-
posunnnnk) ~10"%m. Moke TIPOXOAMTH TEpBHHHA peKoMOiHamis  a6o
JUCITPOTIOPIIIIOBAHHS paIMKalliB 1HIIIATOpA.

CN CN CN
| |
2 H.C——C* — H;C—C C——CH, (5.1.12)
| |
CHs CH; CHs
CN CN CN
2 H3C_C|3'_CH3 > HC==C——CH, * HC——C—CH, (5.1.13)

=\,
Q , (5.1.14)
X

EdexTuBHICTh iHIMIIOBaHHS KOJUBAETHCS B Mexax 0,6+1,0.
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[IBuaKICT, pO3KIAAy TMEPOKCHUIHUX 1HINIATOPIB MOXKHA 301IBIIUTH
M1JBUILIEHHSM TEMIIEPaTypHU.

Take X TPUCKOPEHHS MOCATAIOTH BBEACHHSIM Y PEaKI[iiHE CEepeIOBUIIC
BITHOBHHKIB, SKI BIJITPAlOTh pPOJIb MPOMOTOPIB a00 aKTUBATOPIB (OKUCHO-
BITHOBHA 200 paioKC-ToJIiMepH3aIlis).

HO—OH+ Fe?t — HO®+ OH~ (5.1.15)

JIOIaTKOBO YaCTO 3aCTOCOBYIOTh BiHOBHHKH, sIKi mepeBomsth Fe** y Fe™. Kpim
Fe®* BUKOPHCTOBYIOTHCS iHIII BiTHOBHHKM — codii 3MiHHOI BazentHocti Cu®*, V',
Ti*", Co®*, Cu" y BHIIIsi1 BOAHUX PO3YHHIB 260 eMyJIbrOBAHIX CHCTEM.
OKHCHO-BIIHOBHI ~ CHUCTEMH  JIO3BOJISIIOTH ~ CYTTEBO  3MEHIIUTH T
noyiMepu3alii 1 Bectu nojiMmepusaiito 3a kimHatHoi T (+20°C), 3a 0°C. Lle
BUKJIIOYAE PO3TaIyKEHICTh y MOJIIMEpax, HalpUKIIaJ, PICT JaHILIOTa MPOXOJIUTh
TakK:
H,C==C——C ==CH, + H,C*—C==C — "CH, +—{—H,C c—c¢ —CH,—), —

CHs CHs CHs;
CHs CHg <|3H3 (5.1.16)
Ho
— H,C C G HC——H,C——C—"CH—C —C=—CH~—CH,—
CHj,

H,C {CH,—C==CH —CH,—),

Ak mpaBwio, NOpoLEC POCTy JaHIIOra TpUBAE JEKUIbKAa CEKyHH 1
3aKIHYY€ETHCS OOPUBOM.

Enepris aktuBauii pocty makpomodekyn E=8 kkan/monb, mo B 4-5 pasis
NEPBUIIYE EHEPril0 YTBOPEHHS MOYATKOBUX paJMKalIiB y pa3l 3BUYANHOIO
1HILIFOBaHHS MTEPOKCHUIAMHU.

Xoya MBHUAKICTh IMOJiMepH3allli Ha TOYATKOBUX CTAMIsAX € TOCTIHHOIO
BEJTMYMHOI0, BOHA 3MEHIIIYETHCS 31 30UIBIIEHHSAM B’A3KOCTI CUCTEMU B pe3yJbTarTi
YTBOPEHHSI 3HAUYHUX KITbKOCTEH mojiMepy. Tak, KOHCTaHTa MIBHUIKOCTI POCTY
Makpopanukana BiHumaneraty (BA) micns 57% koHBepcii MoHOMepa B 3 pas3u
MEHIIa, HiXK Ha MOYaTKy peakiii, 1 y 22 pa3u MeHIa B pasi 62% koHBepcii BA.
OOpuB naHIIOTa — IPOIIEC, IO MPHU3BOJUTH 10 HACHYSHHS BiIHHOI BaJIEHTHOCTI
MaKpOpaauKaia i He CyIMpOBOKYETHCS BHHUKHEHHSIM HOBOTO PaJiKaa.
MexaHi3M 00puUBYy MOKe OyTH Pi3HUM:
pEKOMOIHAI — MaKpopaauKalid IPUENHYIOThCS oauH g0 oxHoro (R~CH®,
+R~CH.2 = RNCHz—CH2~R);
pajvKaIy JUCTIPOTIOPIIIOHYIOTh
R~CH,—CH*,+R~CH,—CH?*,— R~CH=CH,+CH3-CH,~R (5.1.17)
MPOAYKTH PO3KJIaAy 1HIIIaTOpa TMPUEIHYIOTHCS 10 Makpopaaukaia (oOpuB Ha
1HimaTopi);
1HT101TOpY IPUETHYIOTHCS 10 MaKpOpaauKaa.

Peanizariiss K0)XHOTO 3 NEpepaxOBaHUX MEXaHI3MIB OOpPUBY 3aJICKHUTH BiJ
psay (GakTopiB: aKTUBHOCTI ¥ Oy0BH Makpopaaukaia, B’S3KOCTI 1 CepelOoBHUIIIa,



T, ckiamy peakuiitHoi cyminni Ta iH. 31 301IbIIEHHSIM 1) CEPEAOBUIIA MOXKJIMBICTD
3yCTpiul MaKpOpaJMKalliB 3MEHIIYEThCS, a L€ 3HIKYE WMOBIPHICTH OOpHUBY
HUIIXOM peKoMOiHallii.

Jlns mosmimepu3ariii BA B Maci BUAKICT 0OpHBY peKOMOIHAIIIEO HICT 65—
70% wonBepcii (S) y 100 paziB 6inbiia, Hixk s 20% konBepceii S. 3aBAsSKU LIbOMY
pI3KO 3MEHIIYEThCA Yac ‘“KUTTA Makpopaaukaia, 1 s 80% KkoHBepcli yac
“XuTT* Makpopaaukana aocsrae 30 cex.

Ko 3yNMHUTH  MOMIMEPH3AII0  XJOPOMPEHY  OXOJIOMKEHHSM, TO
MakKpopaJuKaiu JOBro He 3HUKaoTh. I[licns miaBuieHHS TemmepaTypu T
noJliMepu3aIlisi BITHOBTFOETHCS.

Yac “kuTTs” MaKpOpaJWKaTiB BHU3HAYAETHCS HE CHEPri€l0 aKTUBAIlii
(pexomGinartist 6mm3bka 10 0), a HU3KOKO MBUAKICTIO Au(y3ii Matopyxomux ~R*
y B’SI3KOMY CEpEIOBHIII MOITIMEPY.

['enb-epexT — 11e caMONPUCKOPEHHSI MOJIIMEpHU3allii Ha Mi3HIX CTaIisgX.
S

Puc. 5.1 I'paghiune 8ioobpasicenus camonpucKkopeHHs
noaimepuzayii

KOHeepciAa

T

yac

[IBuakicTh pekOMOIHAIIT MaJIo 3a7eXuTh Bl T, 110 3B’s13aHO 3 Maow0 E, .
V pe3ynbTati TUCTIPOTIOPIiFoBaHHs 0auH ~R® HacH4yeThCs 3a paXyHOK BigpuBy H,
Cl, CHz Tomio Big apyroro ~R°, yTBOPIOIOTBCSA 2 MaKpOMOJIEKYJIH, OJHA 3 SIKHUX
HEHAacH4YeHa (JI0Ka3 — MO 3aJMIIKaxX IHIIIIOBAaHHS Ha KIHISAX MaKpOMOJEKYJ 3a
JIOTIOMOTO0 MIYEHUX aTOMIB).
Ilepenaua sanurora . MoxJIMBUMHU € JIEKUTbKA MEXaHI3MIB:
nepeada Ha IoJMep :

H
R+ — Hzc—c|—)n—> —C*H—CH—(—HCH—CH—),;+~RH (5.1.18)
X X X
nepeaada Ha MOHOMCDP:
(—CH,—CH—),—HCH—C*H + CHZ:TH —)—(—CHZ—C‘:H—)n—CHZCH + CH3—C‘:’H (5.1.19)
X X X X X X

nepeaavya Ha PO3UYNHHUK:
:~R* + CCl — ~R—Cl + C*Cl, (5.1.20)
Akmo peakmiiiHa 34aTHICTP HOBHX PaJHKaliB MaJl0 BIJPIZHAETHCS Bif
OCHOBHHMX  TIOJIMEPHUX  MaKpOpaJWKam B, TO  3MEHIICHHS  IIBUIKOCTI
noJiiMepu3allii He BiIOy1eThCs, a 11€ BUKJINYE TUIbKU 3MEHIIeHHs MM.
InridiTopu i peryasaropu nojimMepusanii. SBuie oOpuBy il mepeaadyl JaHioOra
IIMPOKO BUKOPUCTOBYIOTH Ha MPAKTHIIL JUIsI HEJOMYIIIEHHS MOIMEepU3aLii MiJ] 9ac



30epiraHHi MOHOMEPIB 1 PETYJIFOBaHHSI MIBUAKOCTI MojiMepu3aliii Ta MM
noJyiiMepy. Y neprioMy BUIAJIKY 0 MOHOMEPA J0/Ial0Th 1HT101TOpH
(cTabinmizaTopu) — PEUOBUHU, 10 BUKJIMKAIOTh OOPHB JIAHITIOTA 1 caMi
MIEPETBOPIOIOTHCS B PEYOBUHH, HE3AATHI 1HIIIFOBATH TOJIIMEpHU3aIlito (XiHOHH,
apoMaTU4Hi aMiHu, ()EHOJHN).

OH @) OR
Oxucn.kucnem nogimps +2R°
OH @) OR

——CH,—CH—),—HCH—C*H + HB -» —(—CH,—CH—),,CH,—CH, + B* (5.1.22)

iHeibimop HeaKmusHUU paouxan

X X X X

B® — pagukainy, He3IaTHI iHIIIFOBATH, 3apO/KyBaTH MOJIMEPHU3ALIIO.
Sxmo 1Hri0ITOp MPHUCYTHIM CHOYATKY, TO MOJIMEpH3alisl MNOYUHAETHCS
TIIBKH MICJI KOrO BUYEPIAHHS.

S —iHeiOy8aHHs
X
S —CHOBIIbHIOBAHHS
@
o . .
T Puc. 5.2 Kpusi nonimepuzayii
£ nouimepy 6 npucymuocmi ineioimopa
i be3 Hboeo 6 koopounamax S-T
T

yac

ITopyud 3 iHTiOGiTOpaMH 3aCTOCOBYIOTH CIOBLIBHIOBAUl, $KI 3MEHIIYIOTH
MIBUIKICTH TojiMepusalii. B® — ManoakTwBHMII pamuKkaj, 3JaTHHH iHILIIOBaTH
noiMepu3ariio, axe koucranta meuakocti (K ;) MeHma, Hix B iHimiaTopa.
Perynsatopy — 1€ pEYOBHUHU, Y NPHUCYTHOCTI SKHUX AKTUBHICTb pAJUKAIIB Yy
pe3ysbTari mepefadyi KiHeTUYHOTO JIaHIIora Taka, 10 HE MPU3BOAUTH [0
3MEHILIEHHS IBUIKOCTI noximMepu3anii. OqHak 3MeHITyeThCss MM.

Perynaropamu, sSK  OpaBuio, CiIyXaTh  adipaTU4HI  MepKanTaHU
(mopenmiIMepKanTaHu — JOAI0Th AJIs 3aMaxy B IPUPOAHUI ra3).

R—S—H + ~R* — ~RH +RS* (5.1.23)
RS* + CH,=CH — RS—CH,—CH... (5.1.24)

X x..



5.2. llIBuAKicTh paguKaJbHOI MOJIiMepHu3anLii

3arajibHa MIBUAKICTh PaIUKaIBHOI MOJiMepU3allii JOPIBHIOE IIBUIKOCTI
3HUKHEHHS (BUTpaTH) MOHOMEpPA B pe3yJbTaTl HOTO B3a€EMO/IIT 3 MAKPOPAIUKATIOM.

KinbkicTh MOHOMEpA, 110 O6epe ydacTh y peakiii 1HII[IIOBaHHSA, TyKe Mala
MOPIBHSHO 3 KUTBKICTIO MOJICKYJI, SIKi O€pyTh y4acTh Y POCTi JlaHITioTa.[4]

Tomy MOKHa paxyBaTH:
V=Vp= M« p[M R+ ],
T
ne V — mBuakicts nmomimepusanii,  [M°] — koHIEHTpalis MaKpopaauKaiB,
V, — mBHAKicTh peakuii pocty, [R"] — koHIeHTpawis pagukanis,
K, — KOHCTaHTa peakuii poCcTy JIAaHIIOTa.

JI7si BWBHAYEHHS BEIMYMHM KOHIEHTparii paamkamiB [R°], sKy Baxkko
BU3HAYHUTH, BUXOJSTh 3 TOTO, IO PAIUKAIU BUHUKAIOTh Y PE3yJIbTaTl 1HII[IIOBAaHHS
1 “ruHyTH” (3HUKAIOTh) y pa3i 0OpUBY.

Tom:
o] SV -V, ;
dr
ne Vi — MBUIKICTH 1HIIIIOBaHHS,
V0 — WBUIKICTh OOPHBY.

JI71s1 cTalioHapHOro pexumy (KBazicTallloHAPHUNA — KOJIA MIBUKICTh MOSIBY 1
3HUKHEHHS PaJINKaIiB OJIHAKOBA):

o,
dr

[R']:const Vo=V, i—VD:0;

vV, = Ki[l];

v, =k [r'] — pexoMOiHalis MaKpOpaJUKaIiB.

KO[R-r-Kim;[R-l—J@;

. 5
V= Kp(Klj MNP, V=K e,

Ko
ne | — koHueHTparlis iHiiaTopa, K, — xoHcranTa pocry,
M — KOHIIEHTpallisi MOHOMEDPA, K; — xoHCTaHTa 1HIIIFOBAaHHS.

K, — xoHCTaHTa 00pUBYy,
BruinB TemMnepaTypu Ha IWIBHAKICTH MOJiMepHU3aLil.

E

K = Ae " — pIBHSHHS AppeHiyca,

0,5

Vo= KM ][]
ne E — enepris akTuBaiiii peaxiiii,
R —ra3oBa nocriiina 1,986 x|

epaod * mons

E
/nK = ¢/nA - —,
RT

ko E=0 — mBuaKicTh peaxiii He 3a1eXuTh Big T.
YumMm Ounbina E, TuM OlTbina 3a1eskHICTh MBUAKOCTI Big T.



E, 1 E, 1 e 1E 1E
0,5 - DO . pt _EiT " Fo
|—K—| Ape RT Ai2e 2 RT ApAi2 _ 2 2
K =K — = = e RT :
PLK J 1 B E, 1 1
o A2e 2RT A2
E. E,
E=E +—- ;
2 2

ne E, ~5+7 kkan/mMoIb — eHepris akTuBaLii pocTy,

E;=1+3 kKkan/Moyb — €Hepris aKTUBI3AIlil 1HIIIFOBAaHHS,

Eo =30 kkan/monb nys [1b — — enepris akTuBizailii oOpuBy.
Toni E~20 xkan/Mob.

3aJIeXKHICTh MBUAKOCTI peakIlii moiiMepu3allii BUSHAYAEThCS BEMUYHHOIO E,
TOOTO MIBUAKICTIO PO3MAJy 1HII[IFOBAaHHS i YTBOPEHHSI HOBUX PaJIUKAIIIB.

V paszi 30unbeimenHs T wa 10 °C | V 30ubmryerses 2-3 p. (E=20 kkan/mModb).
Ockinekn E; <E, <E,, To 30mmpmenns T Oyne B mepumry 4epry BIUIMBATH Ha
IIBUKICTH 1HII[IFOBaHHS.

JloB:KHHA JIAHIIOTA.

X — CepelHs JOBXHHA JIAHIIOra 3aJIeKUTh BiJ CHIBBIIHOIIECHHS IBHUIKOCTEH
peaxiiii pocTy i 0OpUBY JaHITIOTA.

x _ Ve — SKIO NPUITYCTUTH, IO PAJUKAIHN TLIBKH PEKOMOIHYIOTh 1 HeMae peakiiit

o

Tepeadi JaHIora, TO KOJU y. - v .
T

K KM ]I]2 K .o .

JKKAmMIE 1 K, M yngmo npomopuiiina koHmentpanii [M] i

L Ki[l] ror
: K 2 kzkp 1]

<

‘ °

X =

<

00EpHEHO NPONOpIiiiHa KOHIEHTpAIi,[[i].

BpaxyByroun HasBHICTh peakiliii Tmepenadl JIaHIIOTa, MOJEKYISPHUMA
JaHIor Oyne oOpuBaTUCS 32 PaXyHOK JOJATKOBUX (akTopiB. x Oyae oOepHEHO
MPOMOPIliiHA CyMl HIBUIKOCTI OOpUBY 1 BCIX IIBUAKOCTEH mepenayl JaHIIora

yepe3 pO3UYMHHUK, MOHOMED, MTOTIMEp 1 T.J.
v

? ]

>

v, + Z v
V|, — MBUJKICTh peakKilii mepeaayi.
K, MR K,[M]

X =

GRT kRIS KR k5]

| =

Sxmo Vi=Vo K[IEK[RT, [r°]- Xnp

1

K 2

o
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SAxkio nepegaya Ha MOHOMED:

1 1 1

KEKF [l K,
+ —.
K [M] K

p

1
X

p

Enepris aktuBamii mepemadi manmiora ~20 KKaJ/MOib 1 OuTbIia Bim eHEprii
aKkTHBallli pocTy JaHiora (=5 kkai). Tomy 31 30ubmieHHsM T peakinist nmepenadi
JaHIIOTa 30UIBIIYEThCS MIBUALIE HIXK peakiist pocTy. To6To MM 3i 3011bIIeHHAM
T 3MeHIIy€eThes.

BnauB THCKYy. 3a gocuth BUCOKOro Tucky, Ot 1.000 atm 1 Bwuie,

OJIHOYACHO pPOCTE€ M IMIBWAKICTh ToJiMepu3amii 1 X, 4uuM caMme Led IuisIx
30UIBIIICHHS IIBUKOCTI MOJIIMEpU3allii BUT1THO BIIPI3ZHAETHCA Bl 1HIIUX.

301bIIeHHS BUAKOCTI MoTiMepu3ailii 1 MM 3B’s13aHe, O4EBUJIHO, 3 TUM, 1110
CWJIbHE CTUCHEHHS 30JIMKY€E pearyrodl MOJEKYIH. biibuiicTe MOHOMEpPIB — PIJIMHU
1 MaJOCTUCKYIOUl Ta3u. 3O0JMAKEHHS MOJEKYJI CKOpOYy€ MJOBXKHUHY BUILHOTO
npoOiry pearyroumx 4acTHH, 1[0 BUKJIMKAHO 30UIBIICHHSIM YacTOTH 31TKHEHb HE
tinmeku Mixk R® 1 M, ane # mik R* 1 R®. Tomy picT naHimrora 3aKiHay€eThCs Mi3HIIIE i
MM 30UTbITY€THCS.

5.3. PagukasibHa cniBnoJsiiMmepu3anis

[TomiMepn, MakpOMOJNEKYIH SKUX MICTATh 3aJIMIIKA TUIBKHM OJHOIO
MOHOMepa, — romonoaiMepu. CHiBNOJIIMEPH — TOJIMEpPU, IO OTPUMYIOTh
CHiBIOJIMEpH3alll€0 JBOX 1 Ounblie MoHOMepiB. PosrmsiHemo  OiHapHy
CITIBIOJIIMEPU3ALIIIO.

VY pesynbTaTi peakuii MoHOMEpPIB M; 1 M, 3 BUIBHUMHU pajuKajiaMu, IIO
YTBOPIOIOTHCA MiJ Yac pO3KJIaay 1HILIATOpa, YTBOPIOIOTHCS HOBI pauKaliv, OJUH 3
AKUX Ma€ JaHKy Mj, a npyruit nanky My:

R'+M, > M,

RI+ M, > M

KoskeH 3 yTBOpeHHX pauKalliB MOXKe pearyBaTu siKk 3 MOHOMEpOM M;, Tak i
3 MOHOMEpPOM M,, mpuyoMy HMOBIPHICTh TOi YM IHIIOI 3 LUX €JIEeMEHTapHHUX
peakiliii BA3HAYa€ThCs 11 KOHCTAHTOIO IIBUJIKOCTI.

Matoth Miciie 4 TUTIN eJIeMEHTapHUX PEeaAKII:

1. M, +M, > M/ K,[M m,]
2. M +M, > M; K,[M J™,]
3. MI+M, > M K,[M;:]m,]
4. MI+M, > M K, [M:]m,].

OcCKUIbKY BUTpaTa MOHOMEPIB y PEAKINisAX 1HIIIFOBAHHS MaJia MOPIBHAHO 3 1X
BUTPATOIO HA PEAKIii pOCTy, TO AjiT M; MBUAKICTh HOTO BUTPATH TaKa:

d[m,] . Ty 1-

- dtl :KII[MI][M1]+K21[M2][M1]’

g M.
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d[m
- [dt 2]: Ky [M 1.][M 2]+ Ky [M ;][M 2]'
V pesymbrati ginenns - M. pa _ M. onepixyemo:
dt dt
d[Ml]_ Kll[Ml‘][Ml]+K21[M;]I:M1]

dM, ] KM v ek M, T

Yepes Te, MO IMiJT Yac POCTY JaHIOra 0araTOKpaTHO MPOXOASITh MEPEXOIH
MY m:1m:Y u:, LIBUIKO BCTAHOBIIKOETHCS PIBHICTE:

KpMIIM, =k, MM, ],
spimkm [m;]= LM M) M ]w] :
K, [M,]

[TincraBnasieMo B piBHSHHS.

JificHO, SKIIO peakuisl wm:+wm, > m: MPOTIKAE MIBUIIIE, HDK peEaKIis
M:+M, > M, TO Oyne 30LIbITYBaTUCS KOHIICHTpALIs m: 1 My, IO COPUYUHUTD 0
MPUCKOPEHHS Apyroi peakuii. CKopouyeMo m ;1 MHOKHUMO Ha M1/Kj,:

K

1n

T [, Im

d[M1]= K11[M1.][M1]+K12[M1.][Mz] _ Ky ,
SRR Vs WL U4 LI SRS 798 Y08
K21[Mz] Ka
K11 K22
r = y I, = ’
K K

ne Ky; — KoHCTaHTa rOMO IIBMIKOCTI mmoriMepa My,
K3, — KoHCTaHTa rOMO MIBUAKOCTI MojiiMepa Mo,
K31, K12 — KOHCTaHTa TOMO MIBUAKOCTI TTOJTiMEPiB My, M.

d[m M M M . : N :
LYy UV RAURY I LY —mudepenT. p-H4 crniBnoaiMepusanii Maio—JIsroica.
dM,] M, ]rm,] +[m,]
Lle piBHAHHS BU3HAYa€ CKJIaJ CIIBIOJIMEPY B KOHKPETHUH MOMEHT 4acy.
rir, — KOHCTAHTH CIIBIOJIMEpHU3allii a00 BITHOCHI aKTUBHOCTI MOHOMEPIB.
rrir, — BaXJIWBI XapaKTEePUCTUKH CHCTEMH, IO CIIBIOJIMEpU3Y€EThCS. BoHuU

SIBJISIIOTH COOOO BITHOIICHHS KOHCTAaHTH MIBHIKOCTI PeaKIlii KO)KHOTO pajuKaia 31
“CcBOIM” MOHOMEPOM J0 KOHCTAHTH IIBUIKOCTI 3 “4y>KUM’~ MOHOMEPOM.

SIkio r; >1, To 3HAUMTH, 10 M"; IepeBakHO npueaHye My, a skmio 1 <1, T0
M’ nmepeBaxkno npueanye M,. Skmio r; = 0, e o3Hayae, 1mo M; He 3IaTHHI 110
roMomnoJjiiMepusaitii. Bil BeIMYMHU KOHCTAaHT 3aJICKUTh BUTJISAJ  KPHUBOI
“MOHOMEpHUIN CKJIaJ — CKJIaJl CIIBIOIIMEPY .
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A

:
$ 3 . 2
2 5 Puc. 5.3 3anesxcnicmo cxnady
§ N cnignonimepy 6i0 cni68iOHOULEHHS.
L 3 MOHOMEDIB Y BUXIOHIU CYMIULL.
S § 3 1-r1=01;r2=10;ri<1;r2>1
~ 5 2-1r1=r2
= = 3-r1=10;r2=0,1r1>1;r2<1

' o

M, y cymi monomepis, MONEKYIAPHA YACMKA

VY BCiX BHMBYEHHMX EKCHEPUMEHTAIbHUM MLUISIXOM OIHAPHUX CHUCTEMax J00YTOK
KOHCTAHT I'] X I, < 1.

Kpusa 1.(puc.5.3) MoHoMepu OKpemMO HE MOIIMEPU3YIOThCA, aje Nar0Th
CITIBIOJIIMED.

K11 = Ko, = 0, T0OTO 11 = I, = 0 (BipHiIlIe 3HAYHO).

Pagukan M°; npuennye Tineku M,, a M°, — tineku M;. HesanexHo Bif
CIIBBIJIHOIIIEHHSI MOHOMEPIB y CyMillli, OyJie CIIOCTepIraTuch 4iTKa 4epropicTh M;
i My y ciBnostimepi (MA — audeninerunen-1,2):
[-M;—M; -M; —M; —M; - M; —]..

Kpuga 2.MoHoMepH HE CHIBIONIMEPUIYIOTHCA:
Kiz = Kkn=0 ry=1r; — o0
pajvKaaM pearyrloTh TUIBKM 31 CBOIMH MOHOMEPAaMH, YTBOPIOETHCS CYMIII
romomnoJimepis (0yragien — AK) [Mq], —[M2]m.
KpnBa 3. I):[eaJ'IBHa CHiBHOHiMGpI/ISaHiH: kll /k12 = k21 /kzz; = 1/r2; rro = 1,
npu 1boMy: 1 > 1; r,< 1 abor; <1;r, >1.

[lepeBakHe pearyBaHHs OJHOTO paaukaiza 31 “CBOiM” MOHOMEpPOM
KOMIIEHCYEThCSI HAMaraHHsM Jpyroro pajukana pearyBatu 3 “uyxum . Tomy
BIJICYTHE TIpaBUJIbHE uepryBaHHs M; 1 M, y cmiBmosiiMepi 1 iX po3MIIICHHS Ma€e
WMOBIpHICHUH xapakTep. Taka cucTeMa Ha3MBAETHCS “i7IeaTbHOI0”, 32 aHAJIOTIEIO 3
17IeaTbHOI0 CYMIIIIIIIIO PIJIUH, [0 MEPETaHsIOThCS, BOHA HE Ja€ a3e0TpornHy [Mi—
M;—M»—M;—M»—M, ], Ilpuknaz : 6yramieH — CTHPOIL.

KpiM po3riiiHyTUX TpaHMYHMX BHUIIJKIB, 3yCTPIYAIOTHCS PI3HI CHCTEMH
MPOMIXKHOTO xapaktepy, misa akux 0 < rif; < 1. YUum Ommkue rir, 10 0, TuM
MpaBUJIbHIIIE YEPTYIOThCSI MOHOMEPHI JaHKHU.

Tabmuns 5.1.
KoncranTu criBnommepu3arii

M; M, r I rro
Crupoan Byranien 0,78 1,39 1,08
Ctupon MeTuiaMerakpuiat 0,52 0,46 0,24
Binuranerar Biniunxmnopung 0,23 1,68 0,39
MarneiHoBu#t aHT1ApU [3omponeninanerar 0,002 | 0,032 | 0,00006
Metunakpunat Biniunxmnopung 9,0 0,083 0,75
AKPUJIOHITPUII byranien 0,05 0,35 0,0175
Binininenxiaopunu Bininxnopusa 4.5 0,2 0,9
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Bucnosxku
1. BinbHOpaauKaabHUN XapaKTep peakilii moiimMepu3aliii maTBepaKyeTbCs THM,
0 BOHA TPUCKOPIOETHCS PEYOBHHAMH, SKI JIETKO PO3KIAMAIOThCSI Ha BUIBHI
pagukany (IHIIaTOpH) 1 TalbMYy€ThCS PEUOBMHAMHM, IO IIBUAKO pEaryiTh 3
paaukanamu (iHrioiTopn).
2. YTBOpeHHSI TIEPBUHHUX pajuKaiiB (1HILIIOBaHHS) MOXe OyTH BUKIMKAaHE
Ji€r0 Tera (TepMivHa ToJIiMepr3altis), paaioakKTHBHOTO ONPOMIHEHHS (pajiariiiiHa
nojliMepu3arlisl), CremialbHUMHU XIMIYHUMH 1HIIaTOpaMH (XIMIYHO iHIIIHOBaHa
noJriMepu3ailisi), CBITIOM ((oTomoiMepu3ariis).

3. 3arajibHa MIBHAKICTh PaIUKaIbHOI MOJIMepU3allii JOPIBHIOE IIBHIKOCTI
3HUKHEHHS (BUTpaTH) MOHOMEpPA B pe3yJbTaTl HOTO B3aEMO/IIT 3 MAKPOPATUKATIOM.
4, 3aNexHICTh MBUJIKOCTI PEaKINi MmoaiMepu3allli BU3BHAYA€ThCS BEIMUNHOIO E,

TOOTO MIBUJAKICTIO PO3Maay I1HIIIIOBAHHS ¥ YTBOPEHHS HOBHX paJuKaiiB. Y pasi
30uTbIeHHsT Temneparypu Ha 10 °C , mBuakicte 30utblyetrbes 2-3 p. (E=20
kkajn/moub). Ockinbku eHeprii aktusanii E; <E, <E,, 10 30i1bpI1eHHA TeMIIEpaTypu
OyJie B IepIily Yepry BIUIMBATH HA NIBUJKICTH 1HII[IFOBAaHHS.
5. Enepris axktuBamii mepemadi JaHIOTa TpH paguKaJbHIN IoaiMepu3alli
Oulbllla BIJ €Heprii akTuBalli pocTy JaHmpra . Tomy 31 30UTBHICHHSM
TeMIepaTypy peakilis Tepedadl JaHIlora 301IbIIYEThCS IMIBUAIIE HIK peakilis
pocty. Tobto wmonekymspua wmaca BMC 31 30UIbLIECHHSM TeMIepaTypu
3MEHIIIYETHCSI.
6. PiBusinHa cmiBnoniMepusariiii Maiio-JIroica BU3Hauae CKiaj CIiBIOJIIMEPY B
KOHKPETHHH MOMEHT 4acy.'"> — KoHCTaHTH criBmosiMepusanii a6o BimHOCHI
aKTUBHOCTI ~ MOHOMEpIB —  BQXJMUBI  XAPAKTEPUCTUKH  CHUCTEMH, IO
CIIBIOJIIMEPU3YEThCA. BOHU SBIISIIOTH COOOIO0 BIJTHOIIEHHS KOHCTAHTU IIBUAKOCTI
peakIlii KO>)KHOTo pajukaia 31 “CBOiM” MOHOMEPOM 10 KOHCTAHTH IIBHUIKOCTI 3
“dyKUM~ MOHOMEPOM.
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3aBIaHHS AJI5l CAMOKOHTPOJIIO

1. Muranus 1. IHimiroBaHHA TIpU paJuKadbHIA ToMiMepu3arii. Brums

TEeMIIepaTypy Ha MIBUAKICTb PAAUKAIBLHOI MOJIMEpHU3allii.
Muranna 2. Crynidp nojimepu3aiii. BrumB 30BHINIHIX ()aKTOPiB HAa KIHETUKY U
CTYIIHb NOJiMepHu3allii. BIuIMB KOMITIIEKCOYTBOPEHHS Ha MOJIIMEPU3ALLIIO.
IMuranna 3. MexaHi3M peakuii BUIbHOPaAUKAIbHOT MOJIMEpHU3aLlii MOCTagiiHO.
[HiIfOBaHHS, 3apOJIKEHHS 1 PICT JIAHLIOTA MPU paIMKaJIbHIN MoJiMepu3alii.
Iuranns 4. Koxcrantu choiBnodimMepusanii  1Box MoHomepiB. CmiBIo-
mimepu3zauis. PiBHsHHsS Maifo—JIbtoica.  AHami3 CcUCTEM CHIBIOJIMEPIB 3
JIOTIOMOTOI0 KOHCTAHT CITiBITOJIIMEpHU3allii.
IMuranua 5. OnucaTy CTajail0 IHIIIIOBAHHS TPU paJAUKaJbHIN TodiMepu3arlii
BIHIJIALIETATY.
IMurannsa 6. KoHcTanTu cmiBnojiiMepu3arii JBOX MOHOMEpIB. AHaji3 CHUCTEM
cniBnioimepiB [IBX 1 TIBA.
Iuranua 7. Ilepemaua manmora npu pagukanbHii BX momiMmepuzariii Ha
MOHOMED.
Murannsa 8. CoiBnosiMepu3sailisi Ipu paguKadbHIA TMOMIMEepU3allii CTUPOIY 3
IUBIHIIIOECH30JIOM.
Iuranus 9. Mexani3Mm peakilii 3pocTadHs, oOpUBY W Tepenaul JaHIlora Mnpu
pagvKanbHIN MoaiMepur3alii XJIoMponpeHy.



