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1. METO/IbI OIPEJIEJEHUS CPEAHEUYNUCJI0OBOM
MOJIEKYJSIPHOI MACCHI

CpenneunciioBas MOJIEKYJISIpHAsA Macca saBisercss M, pe3yJbraToM
M3MEPEHUN, OCHOBAaHHBIX HA IIOJICUETE 4YMUCIa MOJIeKyn N;, mpuyem
BKJIAJl KaKJI0W MOJIEKYJIbI OJMHAKOB U HE 3aBUCUT OT €€ MOJIEKYJISIPHOU
MAaCCBI.

1.1. XUMMYECKHUE METO/bI

1.1.1. Memoo konueswix cpynn

JIuHeiHas MaKpOMOJIEKYJia UMEEeT (B 3aBUCUMOCTU OT XUMHUYECKO-
ro CTpOoeHHUs mojumepa) paznuuabie kKoHIeBblie rpymnmnbl: OH, COOH,
NH, u np. onpeeneHue Yucia KOHIEBBIX T'PYIIT XUMHUYCCKUMU U HH-
3UKO—XUMHYECKUMH METOJaMH (CIEKTPOCKOMMYECKUMH, PaTuOMETPH-
YeCKUMHU U T. JI.) MO3BOJISET ONpeaenuth M, B auanaszoHe or 103
1010°.

Ecau m — 4ucio KOHIEBBIX TPYIIT B MaKpOMOJEKyJie (€€ «OCHOB-
HOCTB»), a L — ee sxBUBajeHTHas Macca, TO

M, =Lxm 1)

[Tockonbky L = ale, rne @ — HaBecka BEIIECTBA;

e — 00111ee YMCIIO PKBUBAJICHTOB KOHIIEBBIX IPYMI, TO

T ma

Mn - (2)

e
Onpez[eneHI/Ie Mn IO KOHUCBLIM TI'PYIIIIaM OCJIOKHACTCA M3MCHC-

HUEM XMMHUYECKOW MPUPOBI KOHUEBBIX IPYIN HEKOTOPBIX MaKPOMOJIE-
KyJ B pe3yJbTaTe NOOOYHBIX PEAKLMI 1eKapOOKCUIMPOBaHUs, COJIE00-
pa3zoBaHus, dTepUPUKAIUN UT.II.

[IpuMeHEHHE XUMUYECKUX METOAOB OTPAHUYMBAECTCS TOYHOCTBHIO
AHAJIMTUYECKOIO ONPEACIICHUs KOHIEBBIX I'PyINn B mosmmepe. Meron
KOHIIEBBIX IPYIIII IIPUMEHUM 114 onpeaeieHusM, < 5*10*

1.2. ®OUBHNYECKHUE METO/bI

3HaueHus M,, MOKHO OIIEHUBATh M0 KOJUIMTaTUBHBIM CBOMCTBAMU
pPacTBOPOB, KOTOPBIE OIMPEACIISAIOTCS TOJBKO KOJIMYSCTBOM dacTuil. I1o
HaBECKE (J M YMCITYy MOJICH BEIIEeCTBA N JIETKO BBIUMCIMTH MOJICKYJISAP-
HbIil Bec: M,, = g/n



OcMoTHYECKHE XapaKTePUCTUKH PACTBOPOB OOYCIIOBIICHBI M3ME-
HECHHEM IaplIHalbHONH CBOOOIHON SHEPrun («XMMHYECKHM ITOTCHIIHA-
JIOM»), T.€.

pq -1y =RTIna (3)
T [, M~ COOTBETCTBEHHO XMMHUYECKMH MOTEHIMAT M CTaH-

JApTHBIA XUMHAYECKUN TOTCHIINA;

@ — aKTUBHOCTh PACTBOPUTEIISI B PaCTBOPE.

B GeckoHeuHO pa30aBiIEHHBIX PACTBOpax, IJ€ B3aUMOJICUCTBUEM
PACTBOPEHHBIX YAaCTHUI[ MOXXHO MPEHEOpeUb, MOHUKEHHE AKTUBHOCTU
PacTBOPUTEJISI B PaCTBOPE PaBHO MOJIBLHOMW JI0JI€ PACTBOPEHHOTO Bellle-
ctBa. CreloBaTeNbHO, OLICHUBAS TOHUYKEHUE aKTUBHOCTU PACTBOPUTE-
JIS1 MOKHO OTIPEJICNIUTh MOJICKYJISIPHBIN Bec noauMepa. [I[puHunuaisHo
AKTUBHOCTh PACTBOPUTEIIS & JIETKO BBIYMCIISIETCS MO OTHOILICHUIO PaB-
HOBECHOTO JIABJICHUSI NTAPOB PACTBOPUTENS (B H30TEPMHUUECKUX YCIOBU-
SX) COOTBETCTBCHHO HaJl PaCTBOPOM P M PaCTBOPHUTEIEM Pg: a=p/py.
OpmHako 3KCIEPUMEHTANIBHOE OTpeieiieHue P/po 3aTpyanurenbHo. [1lu-
POKOE€ paclpOCTpaHCHHUE MOJYUYUIU APYTU€ METOMbI OIEHKH KOJIIUTa-
TUBHBIX CBOMCTB:

1) moBbITIIEHUE TEMIIEpATyPhl KUTIeHUs pacTBopa AT, (30ynuockomnus);
2) MOHM>KEHUE TeMIlepaTyphl 3amep3anus pactBopa AT, (Kpuockomnusi);
3) uzoTepMuUecKas TUCTUILISINS;

4) omnpenesieHue OCMOTHYECKOTO JIaBJICHUS T (OCMOMETPHS).

1.2.1. 36ynuockonusn

B OeckoHeyHO pa30aBICHHBIX PacTBOpax aKTHBHOCTh PacTBOPH-
TeJsl B PACTBOPE CTAHOBUTCS OJM3KOW K aKTUBHOCTH YHCTOTO PACTBO-
putens. B 3TUX yCIOBUSAX M3MEHEHHE TEMIIEpaTyphbl, HEOOXOIUMOE ISt

MOBBIIIICHUSI TaBJICHUS TIAPOB OT P 10 pg , ONPEACIISIETCS YPABHEHUEM:
lim(2% _RTE 1
M) ea0 = o * o @
rie R— yHuBepcanbHas ra3oBasi IOCTOSIHHAS, Kajl/(2paod-moib);
T — TemMneparypa Kurnenus pactsopurens, K;
p — IJIOTHOCThH PACTBOPUTEIISI, &/MJL;
L — Teruiora mapooOpa3zoBaHus, Kaji/2,
C — KOHIIEHTpAIMs PaCTBOPEHHOTO BEIIECTBA, &/MJ,
M — monekynsipHas Macca BELIECTBa.

Tak kak C = g;/b,



rjae g; — Macca gppakiuu nojimmepa, 2;

7

b — 00beM pacTBOpHTEIS, MT;

TO
AT, =K, 1‘3—

l
rae
__ RT?
°  pbL

()

3Hauenue K,, nepecuntannoe Ha 1000 2 pacTBOpUTENS, TOTYIUIIO
Ha3BaHUE P0yJIMOCKOMUYECKOW KOHCTAHTHI, BEJIMYMHA KOTOPOU OTpe/ie-
JSIeTCA XUMHUUYECKOM MpUpo 0¥ BEIOpaHHOTO pacTBopuTens (Tadu. 1)
Tabnuna 1 - D0yIMOCKONMUYECKHE KOHCTAHThI PACTBOPUTENCH

PacrBopurenn K Temneparypa,
IKCIIEPEMEHT pacuer °C

AneroH 1,725 1,720 56,3
benson 2,610 2,620 80,1
Bona 0,520 0,514 100,0
Jumetuicynbpokcua 3,000 3,060 189.,0
JumeTtundopmamug 3,400 3,260 151,5
Jlnoxcan 3,130 3,230 101,3
Jluxsopmeran 2,600 2,470 40,1
1,2 — IuxmopaTuieH 3,440 3,310 60,0
JuaTUOBBIN dPUp 2,160 2,140 35,6
MeTtuiioBbiit ciupT 0,785 0,860 64,6
MypaBbrHas KHUCIOTa 2,400 2,310 100,7
Hutpomeran 2,860 3,170 101,0
[Tupunun 2,687 2,888 115,8
Terpanun 5,580 5,780 207,3
Terparuapodypan 3,100 3,000 64,5
TeTpaxsopaTuiieH 5,500 6,190 121.9
Tonyon 3,840 3,360 110,6
VYKcycHast Kuciora 3,070 3,140 118.1
VYKCyCHBIN aHTUIPUT 3,530 3,620 140,0
XnopoeH3o 4,150 4,200 132,0
Xmopodopm 3,660 3,750 60,1
YeTbIpeXxXJIOpUCTHIN 5,000 5,250 76,8
yTIIepO.I

DOTUIOBBINA CIUPT 1,200 1,100 78,4




JIJ1s1 TOJIMAnCIIEpCHOTO Mperapara
_ gi
AT, =K, %0 (6)
l
Ho Ttak kak g;/g =f; (MaccoBas 10751 MOJICKYJI C MOJICKYJIIPHOM

Maccoit M;), a cpeHeunclIoBas MOJIEKYJIIpHAs Macca MOXKET OBITh OTI-
pelneeHa

My,= 1/%; 222, 70
K,
AT, = =2 (7)

n
I[OCTOHHCTBO 36YJ'II/IOCKOHI/I‘IGCKOFO MCTOAA OIMPCACICHHUA MOJIC-

KYJIIPHOT'O Beca 3aKJII0YaeTCsl B TOM, YTO IIPU 3TOM yAAETCs OIpeie-
JIUTh YUCIIO BCEX MOJIEKYJI BEICOKOMOJICKYJISIPHOTO BEIIIECTBA, BKJIFOYAs
Han0oJiee HU3KOMOJIEKYJIIpHbIE (hpaKIIUH.

O06nacTh NPUMEHUMOCTH 30YIUOCKOTMYECKOTO METO/1a ONpEe e si-
€TCS YyBCTBUTEJILHOCTHIO TPUOOpA I u3MepeHus: Temmnepatypsl. [Ipu
BO3MOKHOCTH (pukcanuu 3HaueHuit AT, = 10'52pad.

1.2.2. Kpuockonus

[Tonmxenne Temmneparypsl 3amep3anus AT), pacTtBopa, Ipu KOTO-
POM aKTUBHOCThH PacTBOPHUTEN OJiM3Ka K aKTUBHOCTH YUCTOI'O PacTBO-
pUTENsT TIPU TEMIIEPATYpE €ro IUIABJICHUS, CBSI3aHO C MOJICKYJISPHOU

MaccoM CIEAYIOIIMM COOTHOLIEHUEM

. (AT RT? 1

lim(=x) =S (8)
C/c-o pPLxk M;

rae Ly— remiora ninaBneHus B nmepecyere Ha 12 pacTBOpUTEIIS.

JI1si mOMMaUCIIEpCHBIX MPENnapaToB
K

AT ==& 9)
Mn

3nauenue Kj, nepecuntanHoe Ha 1000 2 pacTtBopuTens, Ha3bIBa-

€TCSl KPUOCKOITMYECKOW KOHCTAHTOM (Tab:.2).
Kpuockonuueckuii MEeTO/ | Halllesl IPUMEHEHUE MPEUMYIIIECTBEHHO
B 001acTH

M,=10°+2-10".
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Ta6numa 2 - Kprockonnyeckne KOHCTAaHTHI PAaCTBOPUTEIICH

PacrBopuTren K, Temneparypa
IKCIIEPUMEHT | pac4er °C
Aueron 2,400 2,660 -95,4
benszon 5,100 5,070 5,50
Bona 1,863 1,859 0,00
JemutuincynbhoKCH/I 4520 4,340 18,40
Jlnoxcan 4,630 4,710 11,70
0-Kpezon 5,600 6,060 |30,00
n-Kpeson 7,000 7,270 37,00
MypaBbuHas KHUCIOTa 2,770 2,670 8.40
Hutpobenson 6,900 6,830 5,70
Cepnas KucjioTa 4,800 5,000 -39,50
Tpuxsopykcycnas kuciora | 12,100 10,730 [57,50
VYkcycHas KucioTa 3,900 3,570 16,50
Xmopodopm 4,900 4,730 -63,20
I{ukIoreKcaHo 38,200 40,900 |23,60
YeTripexxaopucteii  yrie- | 2,980 2,980 23,80+28,60
pon

1.2.3.0cmomempus

[Ipu pacTBOpeHHH MOJUMEpPA MPOUCXOIUT YMEHBIIICHUE XUMHUYe-
CKOT'0 TIOTEHIIMajda PacTBOPUTEIISI B pacTBOPE Uy MO CPABHEHUIO C €ro
BEJIMYMHON B YHCTOM PACTBOPUTENIE [l;. DTO 0OYCIABIUBACT OIHOCTO-
pOHHEE JBM)XEHUE YACTHI] pACTBOPHUTENIS B PacTBOP Yepe3 MOTYyIPOHU-
[[aeMYI0 TEPErOPOJIKY, Pa3ACISAIONIYI0 PACTBOP W UYHUCTHIA PacTBOPU-
Tenb. Pa30aBiieHre pacTBOpa MPEKpAIIAeTCs, KOrAa aKTUBHOCTh MOJIe-
KyJl pacTBOPHUTENS MO 00€ CTOPOHBI MEMOpaHbl CTAHOBUTCS OJMHAKO-
BOW. DTO MOXKET ObITh JIOCTUTHYTO MpPU OECKOHEYHO OOJIbIIOM pa30aB-
neHun pactBopa. [Ipu 3ToM 00beMe pacTBOpa yBEJIMUYUBAETCS, YTO BIiE-
YeT 3a CO000M COOTBETCTBYIOIIEE MOBBIIIEHUE THAPOCTATHIECKOTO JIaB-
neHust. Takoe paBHOBECHOE TUAPOCTATUYECKOE TABJICHUE YIKBUBAIICHTHO
OCMOTHYECKOMY.

Ecnau - ocMoTHYecKoe JaBlieHHE, TO B COOTBETCTBUU C YpaBHE-
Huem Bant-I'odda

nV = nRT (10)
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rae N — 4uciao MOJIEW paCTBOPEHHOIO BEIIECTBA;

V- 00BbeM pacTBopa.

WNnu ¢ ydeToM aKTUBHOCTH

nV;=—RTIna; (11)
I7I€ d;— AKTUBHOCTbh PACTBOPUTETIS.

C npyrou CTOpOHBI

n= (12)

My

rae Ci.MaccoBast KOHIIEHTPAIUs PACTBOPESHHOI'O BEIIECTRA.

[Tpu comocTaBiICHUHN YpaBHEHUH JIETKO BHJICTh, YTO

K- .u; — (13)

Vi
T.C. BCJIIMYNHA OCMOTHYCCKOIO MAAaBJICHHUA OAHO3HAYHO XaPAKTCPU3YCT
HNU3MCHCHHUC XHMHWYCCKOIO IOTCHHOHAJIA paCTBOpA IPU HU3MCHCHUU CTO
KOHICHTpPAINH.

HpI/IHHI/IHI/IaJ'IBHaﬂ cXeMa OCMOMCTpa IPUBOAUTCA HA PUCYHKC 1.
Cocyn cHaOXEHHBIM NBYMS OJMHAKOBBIMH KAIMMLIIpaMH, pa3iciicH
MCM6paHOﬁ, KOTOpada crocoOHa MMpOMIyCKaTb TOJBKO MOJICKYJIbBI paCTBO-
pHUTCIIA. B otcek 4 HanuBawoT PacTBOPUTCIIb, A B OTCCK b—- I/ICHBITyeMBII\/JI
pactBop. OcMOMETp THIATEIBLHO TEPMOCTATHPYIOT. B pesynprate ocMo-
ca O6'B€M KNIOKOCTHU B OTCECKC b YBCINYUBACTCA O TCX IIOP, ITOKA I'M/-
pPOCTAaTHYCCKOC NABJICHUC cToJioa KUIOKOCTHU B KAITUWJJIAPE OTCCKA b ne
YPaBHOBCCHUT BCINYNHY OCMOTHYCCKOI'O JaBJICHUSI.

Pucynok 1 - IlpuHnmnuansHas cxema OCMOMETpa
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[ToncraBnsis 3HaueHust N w3 ypaBHenus (12) B ypaBuenue (10),

Inojrydyacm
__ RTC;

T = (14)

M;
Ny i1t mommancrnepcHoro npoayKra

m=RT Y-t =RT— (15)

My

VYpaBuenue Bant-I'opda npumeHHMMO K HUJCaIbHBIM CHUCTEMaM,
r71€ B3aUMOJEHCTBUEM MEXKIY PACTBOPEHHBIMU YaCTHUI[AM MOXHO Ipe-
HEeOpeUb.

[Ipu mepexoje K pealbHOM CUCTEME MPUXOJIUTCS YUUTHIBATh BO3-
MOXHBIE KOHTAKThl MEXJY MaKpOMOJEKYJIAMHU, YTO MaTEeMAaTUYECKU
MOXHO OIUCAaTh HEKOTOPBIM CTEHNEHHBIM psaoM. [[ns u3MeHeHus Xu-
MHYECKOT0 MOTEHIMala pacTBOpa CIPABEAJIUB CIACTYIOIUNA P

(g — ) = R?;_ic (14 BC + DC?+...) (16)
COOTBCTCTB@HHO IJIsI OCMOTHUYCCKOI'O JABJICHU .
n=RTMé(1+BC+DCZ+...) (17)

Takue ypaBHEHHS HA3BIBAIOTCS GUPUATbHBIMU, & KOIDPUIIUCHTHI
B, D u ciaenyoonime — supuaivbHulMu KO3 @huyuenmamu.

OcMoTHnueckre CBOMCTBA pa30aBIE€HHBIX PACTBOPOB MOJIMMEPOB B
OOJIBIIIMHCTBE CJIy4aeB YJAOBJIETBOPUTEIBHO OIMMCHIBAIOTCA BUPHAIIb-

HbIM YPABHCHUCM C ABYM: IICPBbIMHU YJICHAMU!
T RT

T=21+B0 (18)

c M,
VYpaBaenue (18) rpaduuecku nzodOpaxaercs NpsiMON ¢ TAHTEHCOM

yria HakioHa tgoa =RTB/ M,,, mocie sKkcTpamossuu OTCeKaroIe Ha

OCH OpJMHAT OTPpe30K, paBHbI RT/ M, ( cM. pucyHOK puMepa 5).
Benwnunna im/C Ha3bIBaeTCS MPHUBEICHHBIM OCMOTHYECKHM JIaBIIe-

auem; Bemnunaa RT/ M,=|n/C|..o= [r] xapakTepucTHaecKuM 0cMo-
TUYSCKUM JaBjcHUEM (KOHIICHTparus pacTBopa C BBIpaXKaeTCs B &/M/1).

CrnenoBatenbHO, MO pe3yiabTaTaM HM3MEPEHUNU OCMOTHYECKOIO
TABJICHUSI MOJICKYJISIPHBIM BeC IMOJHUMEpa MOXKET OBITh BBIUHUCICH W3
YpaBHECHUS:

[l = 5=

rae T-abcontoTHas TeMneparypa, °K;

(19)
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R = 82,06 ma- amm/(epao -monv) - yHUBEpCAIbHAs Ta30Basi IOCTO-
SAHHAas;

T — OCMOTHUYECKOE JIaBJICHUE, AMM.

s onpenesieHuss MOJIEKYJIIPHOM MacCbl OCMOMETPUYECKUM Me-
TOJIOM MPUMEHSIIOT JIBa CI0C00a: CTaTUYECKUI, KOTJia U3MEPSETCS paB-
HOBECHAsl PAa3HOCTh YPABHCHUM B OCMOMETPE U JMHAMHYECKUU, KOTIa
U3MEPSIETCS CKOPOCTh MPOHUKHOBEHUSI PACTBOPUTEIIA Yepe3 MeMOpaHy
B 3aBUCHMOCTH OT MOPWIOXKEHHOTO JaBjicHUs. B ciaydae mommmepos,
PAaCTBOPUMBIX B OPraHUUYECKUX PACTBOPUTEIISIX, OOBIUHO HUCMOJIB3YIOT B
KaueCcTBE MOJIYIIPOHUIIaEMONH MeMOpaHbl IJICHKY OaKTepUalbHOW IIeJI-
JII0JI03bI, CBEKEeC(HOPMOBaHHBIN 1eUIo(aH, a Tak ke MOJUBUHUICTUP-
TOBYIO IJICHKY.

BennurnHy OCMOTHUYECKOTO JABJIEHUS OLICHWBAKOT MO W3MEHEHUIO
BBICOTHI CTOJIOA KUJKOCTH B Kamwuiape (cM. pucyHok 1). Ecim p -
IJIOTHOCTh pacTBOpa (IIPaKTUYECKU paBHA IJIOTHOCTH PACTBOPUTEINS),

TO Tt ( B amM ) MOXKHO BBIYUCIIUTH IO (hOPMYIIE:
Ah
T=—2 (20)
1033,3
B03MOXXHOCTh ONpeAesieHUs] MOJEKYJISIPHOM Macchl OCMOTHYE-
CKHM METOJIOM OTPaHUYMBAIOTCS TOYHOCTHIO oTcueTa AN W MpoHHMIIae-

MOCTBIO MEMOpaHbl JJIsI YacTHUIl MCCleayeMoro BemiecTtBa. Haubornee

- 4 5
JIOCTOBEPHBIE 3HAUeHUs1 M,, Haxoaarcs B mpeaenax ot 1:-10" go 7-10°.

2. METOJbl ONPEJEJEHUS CPEJHEMACCOBOW
MOJIEKYJIIPHOH MACCBI

CpennemaccoBasi MOJIEKyJIsipHas Macca My, MOXET OBITh BBIYHC-
JIEHA U3 JAHHBIX, TOJYYECHHBIX IMPU UCCIEAOBAHUY THAPOIUHAMUYECKUX
CBOWCTB pa30aBJICHHBIX PACTBOPOB MOJMMEPOB (BUCKO3ZUMETPHUS, AUD-
dy3us, yIbTpaueHTPUPYTUPOBAHUE), & TAKKE UX ONTUYECKUX CBOUCTB
(cBeropaccestnue). MoJneKyJIsipHble MacChl, ONpPEeICHHbIE THAPOIUHA-
MUYECKHMH METOJaMHM, 3aBUCAT OT CTETNEHU MOJUIUCTIEPCHOCTH BBICO-
KOMOJIEKYJISIPHOTO COEJIMHEHUS U OT MIPUMEHSIEMOT0 PACTBOPUTEIIS.

OTcroa BO3HUKAET BO3MOKHOCTh OLICHKH MOJIUIUCIIEPCHOCTH 1O
pe3yJibTaTaM H3y4YeHHUs THUIPOJMHAMHYECKMX CBOWCTB B Pa3IMYHBIX
pactBopuressix. [I[pumMeHenne ruapoAMHAMUYECKUX CIIOCOOOB OIpee-
nenust My, TpeOyeT npeaBapuTeIbHON KATMOPOBKU MO MOJEKYJISIPHBIM
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maccaMm. HaoOopoT, MeToa cBeTopaccesHHs SBJISICTCS aOCOIIOTHBIM B
TOM CMBICJIE, YTO TPeOyeT TOJBKO M3MEPEHUs YIJIOB U 3HAHUS OCHOB-
HBbIX (PU3UYECKUX KOHCTAHT.

21 TUAPOANHAMMNYECKHUE METOAbI

2.1.1 Buckozumempus

B coorBeTcTBHM ¢ 3akoHOM HproToHa cuia, HeoOXomuMmas IJIst
CIBUTa JIByX COCEIHUX TMIOTETUYECKUX CJIOEB KUJKOCTH, OTHECCHHAs
K €JIMHUIIC TTOMaau (TaK Ha3bIBAEMOE HAMNPSIKEHUE CIBUTA T), MPOIOP-
IIMOHAJIbHA CKOPOCTH CIIBHTa (MJIU TPaJUCHTy CKOpOCTH caBura D):

t=nD (21)

KoadduimeHT nponopruoHaIbHOCTH # Ha3bIBaeTCs Kod(duiiu-
€HTOM BSA3KOCTH (MJIM BSI3KOCTHIO). JKHAKOCTH, BSI3KOCTH 1| KOTOPHIX B
M30METPUYECKUX YCIOBHUSAX OCTAETCSl MOCTOSTHHOW MpHU JIOOBIX 3HaAYe-
HUsIX T U D, Ha3pIBalOTCS HBIOTOHOBCKUMH; BCE OCTAJIbHBIE — HEHBIOTO-
HOBCKMMM (aHOMaJIbHO Bsi3KMMU). [IpakThuecku Bce pacTBOPHI MOJIU-
MEpPOB OTHOCATCSI K HEHbIOTOHOBCKUM >KUJIKOCTSIM. BsI3KOCTH B pacTBO-
pax MOJIMMEPOB U3MEHSETCS B 3aBUCHMOCTH OT HAMNPSIKEHUS CIBUTA T .
[To xapakTepy H3MEHEHUS BA3KOCTH PAa3WYalOT 00JIACTh HAMOOJbIIEH
HBIOTOHOBHOBCKOM BsizkocTU (7 , =Const), 001acTh CTPYKTYpHOH BsI3-
koctH (y£Const) u 061acTh HAUMEHBIIICH HBIOTOHOBCKOM BS3KOCTH (7] o
= Const).

Jlnst ompenenenrs BS3KOCTU PacTBOpa MOJUMEPA U3MEPSIOT Bpe-
Ms uctedueHus ty u t paBHBIX 00BEMOB PACTBOPUTEIISI U PACTBOPA UEpeE3
KanuJuIsip BUCKO3UMETpa MpPU 3aJaHHOW TOCTOSIHHOW TeMIEepaType.
KoHuentpanus pactBopa 00b4HO BbIpaxkatoT B /100 mi.

OTHOcHUTENbHAS BA3KOCTH (7],,,) — 9TO OTHOIICHHE BPEMEHHU HCTE-
YEHUs paCTBOPA K BPEMEHH UCTEUEHHUS PACTBOPUTEIIA:

t

n OTH:t_ (22)
0
YI[GJIBHEUI BA3KOCTb — 3TO OTHOILICHUC pa3HOCTI/I BHSKOCTCfI pac-
TBOpa M pactBoputens. T.K. sl pa30aBICHHBIX PACTBOPOB IIOTHOCTD

pacTBOpa M PACTBOPUTENS paBHBI, TO 3HAYEHUE BSI3KOCTEH 3aMEHSIEM

COOTBETCTBYIOIIMMU 3HAYECHUSIMU BPEMEHU UCTCUCHUS:
_t—ty _
Ny = o = Mo — 1 (23)
[IpuBeIeHHOM BS3KOCTHIO HA3bIBAKOT OTHOIICHUE YAECIBHOW BS3-

KOCTH paCTBOpa IOJHUMEPA K €0 KOHIOCHTPALIUN:
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n
Map = (24)

XapakTepUCTUUYECKON BSA3KOCTHIO 1] HAa3bIBAIOT MPEAEIBHOE 3HA-
YEHUE OTHOIIEHUA 1 y, / C IPM KOHLIEHTPAlM¥ pacTBOpPa, CTPEMSIIEH-
Csl K HYJIIO:

s
[n] = lim (—y‘)) (25)

C c-0
OOBLIUHO €€ HAXOMAT IMyTeM rpagUUECKOM DKCTPAOIAIUY 3HaYe-

HUH 1 y, / C, MOMyYEHHBIX JUI1 HECKOJBKMX KOHIIEHTPALUH, K HyJICBOM
KOHIICHTpAIuH (puc. 2)

Nyz/C lnn,,/C

-

[n]T( T

0 C

Pucynok 2 - 3aBUCHMMOCTH NMPUBEICHHOW W MPUBEIACHHOM JIOTa-
pudmMuyecKoil BI3KOCTH OT KOHIICHTPAIIUU JIJIs OTlpeeeHus[n ]

Pa3zbaBiieHHbIE PacTBOPHI (KOHIIEHTPALIMS MOJMMEPA HE MPEBBIIIA-
et 1/[n]) MOXHO HMCHONB30BaTh JJIsi HAXOXKICHUS CPEIHEBSI3KOCTHOU
MOJIEKYJIIPHOU Macchl noaumMepa [M, ] BUCKO3UMETPUUYECKUM METOAOM.
Bucko3umeTpuieckuii MeTo1 — HauboJiee MPOCTOM U TOCTYITHBIA METO
ONPENECICHUSI MOJICKYJSIPHON MacChl MOJIMMEPA.

Merton siBNsieTCs KOCBEHHBIM M TPEOyeT 3HaHMSI KOHCTAHT K U o B
ypaBHEHMM Mapka-XyBUHKA, BBIPAXKAIOIIEM 3aBUCUMOCTb XapaKTEPH-
CTUYECKOU BA3KOCTU OT MOJIEKYJISIPHON MACCHI.

[n] = KM" (26)

3HayeHrue o OT KOH(pOpPMALUM MaKpPOMOJIEKYJ, TEPMOIUHAMUYE-
CKOTO Ka4yeCTBa pacTBOpUTENS U TeMmepaTypbl. OHO MOXKET MEHAThCA
ot 0,5 s CTaTUCTUYECKOTO MOJEKYJApHOro kiyoka o 2,0 miug abco-
JIFOTHO KECTKOM MoJieKyJibl. Bentuunna K u3meHseTcsi OObIYHO B IIpejie-
max or 107 mo 10° u 3zaBucur oT BBIOOpA CHUCTEMBI TOJIMMEDP-
pPacTBOPUTEIb, MOJIUIUCIEPCHOCTH, PA3BETBICHHOCTH, TAaKTUYHOCTH
noJIMMEpa, TEMIIEPATYPHI U IPyrux PakTopoB. B 3TOM OTHOIIEHUH BHI-
0op 3Hauenuii K u o 11 Beiuncinenus M , yCIOBEH.
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B Tabmuie 3 mpuBeneHsl 3HaueHns K W o IS HEKOTOPHIX TOJIH-
MEpOB.

JIns moydeHus: COMOCTaBUMBIX Pe3yibTaToB mo M, 1enecoo0-
pa3HO IS KaXKJIOro MOJIMMEPA HUCIOJIb30BAaTh CTaHIAPTU3UPOBAHHBIE
yCJOBUS omnpenesieHus [1)] (TemnepaTypa, paCTBOPUTEND) U MOCTOSTHHBIE
3HaueHus K u a

Tabmuna 3 - Koncrantel K u o B ypasuenuu [n] = KM”

Hoaumep PacrBopureJn Temnepa- K-10° |a
Typa, C
[MommTrnen Jenkamux 70 6,800 0,675
135 4,600 (0,730
n- Kcunon 105 1,760 |0,830
105 1,650 {0,830
Terpanuu 80 8,800 0,640
o — XjopHadTanuH 125 4,300 10,670
[Tonunponunex n— Kcnnon 85 9,600 (0,630
Tonyon 85 9.600 0,630
Jlexanuu 135 1,040 0,800
Terpanuu 135 0,800 0,800
o - XjopHadTaauH 145 0,490 10,800
[Tommuctrpon Benzon 20 1,230 0,720
25 4,170 (0,600
Tomyon 25 1,180 {0,720
[Huknorekcan 25 2,700 0,770
35 7,000 0,500
MeTHIPTHIKETOH 25 3,900 (0,570
ITonMMBUHMIXTIOPUT [{uknorekcaHoH 20 0,137 |1,000
25 0,110 1,000
Terparuanodypan 25 1,630 (0,770
JHumetrndopmamu g 25 2,070 10,790
benson 30 0,450 10,78
[TonmumeTnnakpumiar Tomyon 30 3,105 (0,578
Xaopodopm 30 3,221 10,678
DTunanerar 30 3,681 (0,623
[TomumeTnnMerakpuiat | AIETOH 20 4,520 10,620
30 14,70 10,520
benson 25 0,468 0,770
35 1,282 (0,710
Xnopohopm 20 0,600 0,790
[TonubyTrnakpunat AneToH 25 0,715 10,750
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[TommOyTunmeTakpmiatr | MeTHIITHIKETOH 23 0,283 (0,810
ITonmusTHIMETaKUAAT MeTHIIPTHIIKETOH 23 0,156 0,790
[Tommaxpumamu Bona 25 0,631 (0,800
[TonmuakpunoHupua HumetundopmaMu 25 3,920 (0,750
[MomuBuHMIALIETAT Aueton 20 0,990 (0,750
20 1,740 |0,700
25 1,900 0,660
beunson 30 5,630 0,620
Xmopodopm 20 1,580 (0,740
OTuianerar 25 1,950 (0,680
[TormmBuHMNIOBHIN criupT |Boga 25 3,000 (0,500
JumeTuncyabhoKCHI 30 0,260 0,790
[TonmuBunundopmans | YKCycHast KUCIOTa 20 11,40 |0,820
30 12,00 | 0,660
[Tomudopmansaerua JumetundopmamMu 150 4,400 | 0,660
MeTunoBblii cOUpT 20 1,610 | 0,760
Bona 30 1,250 | 0,780
35 1,660 | 0,820
Tonyon 35 1,450 | 0,700
0,45 M p-p K,SO, 35 13,00 | 0,500
0,45 M p-pMgSO, 45 10,00 | 0,500
[Momurexacamernnence- | bensonn 20 6,220 | 0,690
OaruoHaT
[Tomurekcametmnena- | Kpeson 20 38,00 | 0,550
JIUTIAMU]T 70 31,10 | 0,560
MypaBbuHas KHCIIOTa 20 6,700 | 0,720
ITonukanpoamug Kpezon 25 0,745 | 1,000
25 32,00 | 0,620
MypaBbrHas KUCIOTa 20 7,500 | 0,700
Cepnas xucnora, 40% 20 24,00 | 0,510
Cepnas KHCIIOTa, KOHII.
20 12,00 | 0,670
[TonmusTunenrepedranat | DeHON 50 5,517 | 0,709
®enou + Jluxmopatan (2:3)
®enon + Terpaxiiopa- 20 0,920 | 0,850
taH(1:1) 20 0,900 | 0,870
0-Xnopdenon
25 6,560 | 0,730
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[emmrono3a MenHO-aMMHaYHBIN P-P. 25 1,960 | 0,650
Kanokcen 25 3,850 | 0,760
AlleTar 1eJUTI0I03b] ArteToH 25 0,190 | 1,030
Tpuanerar nemtono3sl | Xaopohopm 25 2,510 | 1,020
MeTtunenxiopus 25 3,800 | 0,740
MeTtmenxopuat+Oranon(4:1) 25 5,600 | 0,830
bensunmemnronosa Xmopodopm - 0,720 | 0,870
DTUILEIUIION03a Benson 25 2,920 | 0,810
[Tomuu3o0yTuneH Benson 24 10,700 | 0,500
[ukmorekcan 25 4,500 | 0,720
ITonuu3zonporneH benson 25 5,020 | 0,670

2.1.2 Tughpyzuonnvie memoowt

OTH METOJIbl OCHOBAaHBI HAa M3MEpeHUH Koddunrenta quddy3un
D nns 4-5 p-poB monumepa pa3iMYHBIX KOHIEHTpauui (HO He Oomee
I/[n] ), mocne gero skcrpanonsiueii k C— 0 onpenensaor Dg. Koaddu-
UeHT AU(QGy3un U3MEpSIOT, OIIEHUBAsI CKOPOCTh pa3MbIBaHUs T'PaHU-
bl MEXIY P-POM MOJHUMEpPA M PACTBOPUTEIEM. DTy CKOPOCTh 4Yallle
BCETO OIIEHUBAIOT MO CKOPOCTH M3MEHEHMS MOKa3aTesiel mpeIoMIICHUS
d pacTBopa npu auddy3un MaKpOMOJIEKYJI U3 00Jiee KOHIICHTPHPOBaH-
HOTO pacTBOpa B YHUCTHIA pacTBOpUTEb. JIjisi OOJIBIIMHCTBA OpraHUye-
CKHMX COCAMHEHUI HaOromaeTcs InHeinas 3asucumocts d ot C.

3aBucuMocTh D OT KOHIIEHTpalMM MOXKET OBITh OIKCaHa ypaBHe-
HUEM

D = Dy(1 + KpC), (27)

rae Kp — sMmuprueckuit KoaPUImenT, 3aBUCAIINA B H30TEPMHU-
YECKUX YCJIOBHSIX OT BBIOOpA CUCTEMBI MOJUMEP — PACTBOPUTEITb.

3aBucuMocTh Kodpdunuenta nupdysun Dy oT MosiekynasipHON
MacChl MOXKET OBITh OINKCaHa CIAETYIOMNM 00pa3oM:

Dy = K, M;?, (28)

riae b — BeauurHa, 00ycHOBICHHAs (opmoii Mostekybl (b > 0,5 ).

3unauenus Kp u b mpuBeaeHs! B Tabnuie 4.




18

Tabnuma 4 - 3uauenuss Kp u b

IMosimMep - pacTBOPHUTE]Ib Kp-10° -b
[ToaucTUpOI — YeTHIPEXXJIOPUCTHIA YTIIEPOT 1,20 0,55
ITomucTupon - AUXI0pITaH 1,12 0,56
[TonucTupon - Toyon 1,66 0,51
[TonumeTunakpuiar - xjaopodopm 4,50 0,60
ITonuOyTHnIMeTaKkpuiar - XJaopohopm 3,90 0,59
[Tonudenunmerakpuiar - OyTuiamneTaTt 2,52 0,56
[Tonu - B BuHMIHATAIUH - OEH30J1 3,90 0,57
[TonuakpuIOHUTPUI - TUMETUIIopMamMu/ 2,19 0,58

2.1.3. Yavmpauyenmpughyzuposanue

CyIIHOCTh ATOTO METOJAa 3aKJII0YaeTCs B MHOTOKPATHOM YBEJIH-
YCHUU YCKOPEHUS YaCTHIl ITyTEM CO3/IaHUsI HHTEHCHUBHOTO IIEHTPOOESK-
HOTO 110J1s1. OCYIIECTBIISIOT 3TO UCCIIEAOBAaHUE HA YIbTpalCHTpU(YTE: B
3aBUCUMOCTH OT KOHCTPYKIIMH M IIETH DKCIIEPUMEHTA POTOPY yThTpa-
neHTpudyru Moxer ObiTh coodiieHo ot 300 go 150 Teic. 06/MUH, YTO
COOTBETCTBYET YBEJIMUYCHHIO YCKOPEHHUS YACTHI[ HA TPU — YETHIPE IO-
psIKa.

B mporecce ynpTpaneHTpupyrupoBaHus TMPU OCETAHUU YACTHII
MOJIMMEPA MOSBUTCS TPaHUIA PAaCTBOPUTEIH — PAcTBOP, KOTOpas OyaeT
MOCTETICHHO TepeMeIaTbcs Ko JHY. TakuM oOpa3om, Mo BIUSHHUEM
IIEHTPOOCIKHOTO TMOJIs OyIeT MPOUCXOJNTh M3MECHEHHE KOHIICHTPAIIMH
pactBopa. C mOMOIIBIO ONTUYECKOTO KOHTPOJIBHO — OTYETHOTO YCTPOM-
cTBa (pUKCHUPYETCS M3MEHEHHUE ITOKa3aTells MPEJIOMIICHHS BO BPEMEHH.

CKOpOCTh ABMIKEHUS YaCTHUIIBI OTHECEHHAS K YCKOPEHHIO IIEHTPO-
OEXHOTO TIOJIs, HAa3bIBAETCA KOHCTAHTOM ceauMeHTanuu S. Benmwmunna
€€ 3aBUCHUT OT MOJICKYJISIPHOTO Beca, KOHIIEHTPAIIUU MOJMMepa U THIIA
pacTBopuTensa. 3HAUYCHHE S, SKCTPAIOJMPOBAHHOEC K OECKOHCUHOMY
pa30aBJICHUIO, SO HA3BIBACTCS KOHCTAHTON CEIMMEHTAIlMU MpPH OECKO-
HEYHOM pa30aBJICHUHU.

MoutekyisipHas Macca IO JaHHBIM CEIUMCHTAIMd MOXET OBITh
paccuuTaHa o gopmyJie:

= _So_RT

" Dy (1-Vp0)’

(29)
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rae V — napuuansHbIil 00beM MOJIUMEPA; P, - INIOTHOCTH PACTBO-

puTes.

N3 3T0OM 3aBUCUMOCTH BUIHO, YTO JUJISI JAHHOU CUCTEMBI TTOJIMMED
— PacTBOPUTENIb HEOOXOAUMO HE3ABUCUMOE OTpeiesieHrne Kodpduiin-

enta 1uddys3uu D,,.

KoHcTaHTa cenMuMeHTaum CBsi3aHa ¢ MOJIEKYJIIPHOM MAacCoOu Co-

OTHOIIIEHUEM:
So= K;Ms™P (30)
B tabnuiie 5 npuBeneHsl 3HaueHUs Kg 1 b 1711 HEKOTOPBIX MOJIHU-
MEpOB.
Tabnuna 5 - 3nauenus Kg u b 171 HEKOTOPHIX MOJIUMEPOB
Ioanmep PacTBopuTeb t, 'C | K107 b
ITonuctupon [Huknorekcan 35 1,69 | 0,520
MeTHIDTHIKETOH 20 5,89a | 0,560
ITomuMmeTHIMETOKpHUIAT | DTUIIAIeTaT 20 3,05 | 0,520
benson 20 6,76 | 0,530
[TonmumeTtundenunexn Tomyon 20 1,10 | 0,480
[TonuakpuIOHUTPUT Humetunpopmamua 25 2,50 | 0,620
ITonuBuHMIOBKIN ciupT | Boga 20 13,8 | 0,600
[TonuBuHMIaLIETAT MeTHIDTHIKETOH 25 10,50 | 0,625
[TonukapOoHat Terparuapodypan 20 | 13,30 | 0,640
emmrono3a Kamokcen 20 2,46 | 0,600
OTUWILEILTION03a OTunanerart 20 460 | 0,630
Hutpar nemintomno3bt AneroH 20 13,20 | 0,630
[TonunzonponeH OxTan 20 6,10 | 0,620

J{nst MHOTHX KapOOLIEMHBIX MOJIUMEPOB BBIMOJIHAECTCS TPUOIIHU-
KEHHOE YpaBHEHUE:

Ks=1,6[n] (31)

2.2. METOJ CBETOPACCESAHUSA

[TpuHIIUTT 3TOrO0 METO/a OMPENCIICHUS MOJIEKYJISIPHON MaccChl CO-
CTOUT B U3MEPEHUU YTJIIOBOTO PACIpPEICTICHUS] pACCEIHHOTO PaCTBOPOM
MOHOXPOMaTHYECKOTO CBeTa. PaccesHue cBeTa pacTBOpaMH MOJUMEPOB
00yCIIOBIICHO (QIYKTyallMsIMUA TUIOTHOCTH BCIIEJICTBHE TEIUIOBOTO JBU-
*KeHus yacTtull. OIyKTyaluu IIOTHOCTH PacTBOPa NPUBOJUT K ONTHYE-
CKOMl HEOJHOPOJIHOCTH cpeabl. CTEeneHb paccessHhsT MOHOXpOMaTHYe-
CKOT'O CBETa PacTBOPOM (MYTHOCTb) CBsI3aHAa C OCMOTHYECKUM JABJICHHU-
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€M peaspHOro pactBopa ypaBHeHueM [lebas. Ha mpaktuke mpu onpeze-
JIEHUW MYTHOCTH BBIUUCIISIIOT BEJIMYMHY uucia Pases.

JIns m3ydeHusi CBETOpacCEesHUsI paCTBOPOB MOJIMMEPOB MPUMEHSI-
10T HedemoMeTpsl paznuyHoro tuma. CymecTBYIOT JBa OCHOBHBIX Me-
TOJIa UHTEPIPETAIMU PE3YJIbTATOB U3MEPEHUN /11 pACTBOPOB OOIBIITUX
YaCTHIl; METOJ ACUMMETPUU U METOJ| IBOMHOMN 3KCTPAIOJISIIIUH.

2.3. HOJIMAUCHEPCHOCTbD

DU3NKO-MEXAHUYECKUE CBOMCTBA MOJIMMEPHBIX MATEPUATIOB 3aBU-
CAT HE TOJBKO OT BEJIWYUHBI CPEAHEN MOJIEKYISIPHOM MAacChl, HO U OT
BHUJA PACIIPEACICHUs 10 MOJIEKYJISIPHBIM MaccaMm. [Ipu ogHOM 1 TOU *e
BEJIMYMHE CpPeIHEN MOJEKYJISPHON MacChl SKCIUTYyaTallMOHHBIE CBOMCT-
Ba MOJMMEPA TEM JIyUllle, YEM YK€ PACIPEICTICHUE IO MOJIEKYJISPHBIM
Maccam, T.€. YeM OO0JIbIIIE 0SS MOJIUMEPHBIX Lenel, TPUOIMKAOIINXCS
0 JJIMHE K CPETHEMY 3HAUEHUIO.

Omnpenensist Macchl PPaKIidi U X CPEIHUE MOJICKYJISIPHBIC MACCHI,
CTPOAT HWHTETPAIbHYI0 KPUBYIO pPACHpEACICHUS MO MOJEKYISIPHBIM
MaccaM, T.e. KPUBYIO 3aBUCHMOCTH CYMMapHOM Macchl OT BceX (pak-
IUHA OT MOJIEKYJApHON Macchl. OOBIYHO CTPOST MHTETPAIbHBIC KPUBBIC
OJIHMM U3 JIBYX METOJOB: MO 3KCIEPUMEHTAIBHBIM TOUYKaM M IO CIIOCO-
Oy « CpeaHUX TOYCK.

WNHuTterpanbHasi KpuBas MOJIEKYJISIPHO-MACCOBOTO PaCIpeIeICHUS
(MMP) He nmaetr HarJsSIAHOTO TPEACTABJICHUS O PACHpPECICHUU TOJH-
MEPHBIX MOJIEKYJI 110 JuinHe. [ToaTomy yame nons3yrores qupdepeHiu-
anpHOU KpuBoi MMP. Ee ctposTt cienyromum o0pa3oM (CM. pUCYHOK
3). U3 BeiOpanHbIX Ayt AuddepeHipoBaHusl TOYEK Ha MHTETPaIbHOM
KPHUBOW OITyCKalOT MEPIEHINKYJISIPBl HA OCh a0CHHUCC U Yepe3 KAKIYIO
TOYKY MPOBOJAT MPSIMYI0, HapaJlIEIbHYI0 OCH a0cLHCC, N0 IMepecede-
HUSL C OpAMHATON mpeaplaynieil Touku. OTHOIIEHUE BEIUYUHBI OTpe3Ka
OpIMHATHI K BEJINYMHE OTPE3Ka aOCIMCChI, 00pa3yroNIMX CTOPOHBI KaX-
JIOTO U3 TMOJYYECHHBIX TPEYrOJIbHUKOB, YMHOXKEHHOE Ha MacliTal, Jaet
3Ha4YEHHE, KOTOPOE UCTIOJIB3YETCs ISl TOCTpoeHUs TuddepeHInantbHON
kpuBoit MMP.

[Ipy Hanuuuu HKCTpEeMyMOB Ha AuddepeHIranbHON KpUBOU
MMP cucrtema npubnmkaeTcss K IEpBOMYy KpallHEMY Clydar0 — K Mak-
CUMAJIbHOM OJHOPOJHOCTU. BBINpSAMIIEHHE KPUBOU OTHOCHUTEIBHO OCH
adcIucc 03HaYaeT yBEJINYEHUE CTEIEHH MOJUIUCIIEPCHOCTH.
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Pucynok 3 — Mnterpanehas (1) u nuddepennmansbHas (2) KpuBbie
MOJIEKYJISIPHO-MaCCOBOT'O pacipeieICHUs

[Tnomanae mox nuddepeHnumanbHo kpuBoi MMP, c yuerom
MacmtabHoro kodd@uienta, - €CTb CpeAHss MOJICKYJspHas Macca
nojamuMepa.

[TonuaucnepcHOCTh MOJIMMEPA XapaKTePU3YIOT CTEIEHbIO HEO/I-
HopoaHocTH ( mo yneity) U:

M—
Uu==-1 (32)
n

Jlnst MoHoucniepcHoro npenaparaM,, = M,u U=0

Takxe CpaBHUBAIOT MOJIMMEPHI IO KIIPUBEICHHON CTENEHH OJTHO-
POTHOCTI» S

S=—L (33)

MW
rae I1 — crenenb 0JHOPOIHOCTH, onpenensiercs no popmyne ['en-
nepa — MeckuHa:
_ T8
o R)
rae N yucio cryneHer auddepeHunpoBanus; R — BbicoTta mep-
NEHIUKYJsIpa OT OCU adcLHcC A0 TOYKHM nepecedeHus ¢ auddepeniu-
albHOM KPUBOM B KaXJOW CTyneHu rpaduueckoro nuddepeHuupona-
HUAL.
Yem HUKE MpUBEICHHAs CTENEHb OJTHOPOJHOCTH, TEM PaBHOMEP-
HEe MOJUMEp MO CBOEMY MOJEKYJSIpHOMY cocTaBy. C yBelIMYEHUEM
TUOKOCTH MOJUMEPHBIX 1ETEHl BIUSHUE MOJEKYJISIPHOU OJHOPOIHOCTH
NoJINMEpPA BO3PACTaeT. YBEINYEHUE MOJHUIUCTIEPCHOCTH CPABHUTEIHHO
TMOKOLIETTHBIX MTPUBOJIUT K PE3KOMY YXYAIICHUIO MPOYHBIX U B OCOOCH-

(34)



22

HOCTH YCTAJIOCTHBIX XapaKTEPUCTUK BOJOKOH. C IOBBILIEHUEM KECTKO-
CTH MaKpOMOJIEKYJI BOJIOKHOOOPA3yIOIIUX MOJUMEPOB BIUSHHUE (POPMBI
BBICOKOMOJIEKYJIsIpHOM yacth MMP Ha mexaHudeckue CBOMCTBA BOJIO-
KOH CHMXKAeTCsl.

ITo dbopmynam (35) u (36) MOXKHO paccUUTaTh CPEIHEUUCIOBYIO U
CPETHEMACCOBYIO MOJIEKYJISIPHYIO MACCy

7 n1M1+n2M2+n3M3+--- _ Zn-M-
Mn - - — (35)

nq{+ny+nz+-- nng
IJ€ N; — YUCIIO MOJIEKYJI C MOJIEKYJIIPHOU Maccor M;

——  Mn{M; M,n,M, M:n:M n;M?
MW — 17¢14v11 + 2121472 + 37t3M3 _|_ :Z 14
X niM; X niM; X niM; xniM;

(36)
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3. 3AJIAYHU 1JI51 CAMOCTOSTEJBHOHN PABOTHI

3aoaua Nel
Hammcatp peakmuio cHHTE3a IoiauMepa. PaccumraTh MOJICKYISPHYIO
MacCy M CTEIICHb MOJIMMEPHU3AIIMU 110 KOHIIEBBIM TPYIIIIaM.

Ne Konuenrpauus
Bap- MoHomepbI KoHueBble rpynnel | KOHIEBBIX TPYIII,
Ta r-3KB/T MoJuMepa
1 I'enranguon-1,7 - COOH 6,34-107
+ npoOKoBasi KUCIOTa -OH 3,17-10°
5 Iexcannmon-1,6 -COOH 4,13-10”
+ ce0anMHOBAsKACIIOTA -OH 2,08-10™
3 n-dennnenguaMug - COOH 1,51-10%
+ ce0anMHOBAsKACIIOTA -NH, 0,87-10°
4 dTaneBbliaHTUIPU/T - COOH 3,72-10'5
+ MOYEBHHA -NH, 4,33-10°
5 OtuneHkapOoHAT - COOH 264107
+ TepedraneBas kuciaora -OH 3,75-10°
5 OKCHI STHIICHA - COOH 1,42:10°
+ aseanHOBas KHUCIOTA -OH 6,94-10°
7 OxcuJ dTHIIEHA - OH 223107
+ DTHJIEHUMUH -NH, 1,75-10%
3aoaua Ne2

Paccuutath MOJICKYJEIPHYIO MACCY IMOJUMEpPA U CTCIICHb IMOJIMMCPU3a-
o U3 36YJIJ'II/IOCKOHI/I‘-IGCKI/IX JaHHBIX €TI0 paCTBOpPaA B paCTBOPUTCIIC.

No AT, c,
) IMoaunmep PacrBopurean | 10% r/100 K,
Bap-Ta
rpaji. MJI
1 [1BC Bona 1,0 0,2 0,514
2 [TepxmopBUHWIT Xmopohopm 1,4 0,5 3,800
3 [MommyTrien Terpanun 2,5 0,1 5,780
4 [Tonmmakponens [Tupuann 4.0 0,8 2,888
5 [TormmaTUneHTepedTanar denon 2,4 0,2 3,600
6 TosmKanpoamu Mypasourast |40 | 05 | 2400
KHUCJI0Ta

XnopupoBauusiii [IBX MeTI;HHe;IXHO_ 2,0 0,2 2,600
8 IIBX Jluxnopatan 3,0 0,5 3,440
9 [ToaupraHoTuTaHCUIIOKCAH beuson 3,4 0,005 2,600




3aoaua No3
PaccuntaTh MOJEKYISPHYIO MaccCy IOJUMEpa U CTEIECHb IOJIUMEpHU3a-

A U3 KPUOCKOIMMYCCKUX JAHHBIX €TI0 paCTBOPaA B PACTBOPUTCIIC.
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4 ¢,
Ne IMosmmep PacrBopuTenb AT, 10, r/100 K.

Bap-Ta rpan. L
1 ITAH DTuiieHKapOOHaT 1,2 5,0 3,50
2 [IBA AneroH 7,8 9,0 2,40
3 [TonuyTunentepedranar o-Kpezon 4.7 1,0 6,06
4 [Tommkanpoamuy H,SO, (k) 1,2 3,0 5,00
5 [Tommmponunen Tomyon 3,6 8,0 5,90
6 [TormmBuHUIGOPMHUAT CH;COOH 2,4 7,5 3,57
7 OTHIILEIIII0I03a Jnokcan 2,3 1,0 4,70
8 HuTtpat 1emitosio3sl Hurtpobenzon 1,2 2,5 6,90
9 [Monu>tuineH n-Kcuton 2,4 1,0 4,20

3aoaua Ned

Paccuurtath MOJICKYJBIPHYIO MACCy M CTCIICHb ITOJIMMCPpU3allUN I10JIU-
MCpa 1O pe3ylibTaTaM HU3MCPCHHUA OCMOTHYCCKOI'O AABJICHHUA JISA €TI0

pPacTBOPOB B PACTBOPHUTEJIE.
e HaumeHnoBa- H3mepenust
) Hoaumep PacrBopuresib | HHUS OKa3aTe-
Bap-Ta - 1 | 2 3 4

1 ITonmuoxkcu- Boxa ¢, /100 M 01/02)] 03|04
STHIICH o h, M 2.7 1 60 | 10,0 | 14,0
c,r/100 1 |0,01]0,02 0,05 | 0,10
2 HBC Bona I 10%m | 05 | 1.0 | 23 | 52
3 Juanerar JuMeTumncymb- c, /100 M 0,01/0,02| 0,05 |0,10
LEIUTFOJIO3bI doxcua I/c, 10° 0,23(0,38| 0,58 | 0,71
¢, /100 M 01102 1| 05 | 1,0
4 IAH AM®A I, 10%m | 03 | 07 | 15 | 31
- )gl’gg’g Areron e.t/100mr | 01102 03 | 04
HBX 1 h, M 8,0 20,0/ 36,0 | 60,0
6 [Tonumnpo- TeToai ¢, /100 mi 0102 )| 03 |04
[MAJIEH pajl h, mu 54 12,0 20,0 | 28,0
o Ao Boa c,r/100mn | 0,05] 0,10 [0,15] 0,3
a I1, at™ 11| 22 | 33| 49
0 Hurpar Memuaterar ¢, /100 | 0,05 0,10 | 0,25 | 0,50
IEIUTIONO3BI a h, M1 24 | 46 |14,0|270
[Tonuaxpo- ¢, r/100 mn 01|02 03|04
10 - AM®A I/c, 102 10 | 115 | 1.27 | 1,33
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11 [MomnsyTH- T ¢, /100 M 0,01| 0,02 | 0,05 0,10

JIeH CTpaMuH 11, 10%at™ 03] 07 |15 |31

¢, /100 mi 01,02 | 03|04

12 HBA AneTon h, M 40 | 81 |123 157
3aoaua Ne5

Paccunrtarh cpeaHEBA3KOCTHYIO MOJICKYJISIPHYIO MAacCy M CTEICHb I10-
JUMEPHU3AIUHU TTOJMMEepa 1O MU3BECTHBIM 3HAYEHHUSM BSI3KOCTH IS €T0
pacTBOpa B paCTBOPHTEIIE.

Ne PacrBopu- 3HauyeHHud MOKA3aTe s .
B;[l)— IMosmmep Tellh (Cr/100M)/(INT],/) k x10 a
[Tommmmpo- 0,1 0,2 10,25| 0,3
1 HHTeH Jexaman [ 54 | 4'5 | 15 |gg7| 107 | 0800
Hwutpat nen- 0,1 0,2 10,25| 0,3
2 JIFOJIO3BI Aneron 2,0 14 | 1,1 {0,89 2,24 1 0,810
Hutpat uen- 0,1 021]103]04
3 JHONO3bI AleTOH 02 |043|064|081| 2°3 | 079
[uknorek- 0,15 0,2 10,25]0,30
4 HBX can 022 |035|042|04g| 116 | 0850
0,15 0,2 10,30 -
5 [IBC Bona 023 |032|048| - 1,23 | 0,930
3aoaua Ne6

PaccuuTaTh MOJIEKYJISIpHYIO Maccy noiumepa u3 AudPpy3uoHHBIX JaH-
2
HBIX, eclii u3BecTeH kodhdunuent nuddysun D(cMm/c) aToro noaume-

pa B COOTBETCTBYIOIIEM pacTBoputesie npu 20 °C.

Ne Hoaumep PacTBOopuTesn Dg’
Bap-Ta (em“/c)
1 MomncTapon YeThIpexXJI0pUCTBIN 1.4-10"
yTaepot
2 [Tonuctupon Juxnopstan 1,3-10’
3 [Tonuctupon Tonyon 1,510’
4 ITorumernumeTakpunat Xnopohopm 1,6-10°
5 [TommOyTrnIMeTakpuiar Xmopohopm 1,8-10°
6 [Tomudernnmerakpuiar Bbytunanerar 1,9-10°
7 [Tonu-f-BunniHadranuu benson 1,5-10°
8 [TonmakpuIoOHUTPUI Jumerundopmamu 1,4-10°




3aoaua Ne7
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PaccunTaTh MOJICKYJISIPHYIO MaccCy MOJIMMEpa U3 JAHHBIX YJIbTpalleH-
TpU(PYTrUpoOBaHUsL €r0 PACTBOPOB B COOTBETCTBYIOIIEM PACTBOPHUTEIE

IIPY YKA3aHHOW TEMIIEpATypE.

Ne So,
Hoaumep PacTrBopuTeb t,°C 1 1

Bap-Ta CM'C “JIHH

1 [Tonmuctupon [{ukimorexkcan 35 5,010

2 [Toauctupon MeTHITUIIKETOH 20 5,2:10™"

3 [TommmeTnmeTakpuiar DTuaanerar 20 5410

4 [TorumMeTumeTakpuaT beunson 20 5,6-10'13

5 [Tommetnndennnexn Tosyon 20 5,810

6 [TonmakpuoHUT Jumerundopmamu 25 6,0-10"

7 [TonmnBUHMIIOBEIH Bona 20 6,2:1 ols

CIIUPT

8 [TonuBuuunanerar MeTUIRTUIKETOH 25 6,4-10'13

9 [TonukapOonat Terparuapodypan 20 6,6:10™"

10 Lemrono3a Konekcen 20 6,8-10"

11 OTHIIIEIIII0I03a OTHianerar 20 7,0-10'13

12 HutpaT 1emnono3sl AueToH 20 7,2:10°"

13 ITonuu3zonporneH OxTan 20 7,4-10'13

3aoaua Ne§
PaccuuTath coqepxkanue dsjieMeHTa (Ipynin) B MoJiumepe.
Ne Hoaumep JJieMeHT IIpumeuanue
Bap- (rpymna)
Ta

1 [Tonukanpoamu O 100% BBIXOJ
2 I1BC O 100% BBIXOJ
3 [TonmakponenH O 100% BBIXOJ
4 [TomMBUHWINIMPPOIINIOH O 100% BBIXOJ
5 [TonurerpadTopaTHIICH F 100% BBIXOJ
6 [Tommaxpumamu N 100% BBIXO,
/ [TonnakpuIOHUTPUIT N 100% BbIXOJ,
8 ITonMBUHUIMETUIIAMUH N 100% BBIXOJ
9 I[IBA CH3COOH 100% BBIXOXI
10 [Tonmakpunamu NH 5 100% BBIXOX

11 Cononumep akpUJIOHUTPUTIA U BH- CH 3COH 72 Bec% akpuiio-

HUJareTaTa N HUTpPUIIA
12 CononuMep MeTUIaKpUIIaTa U BU- Cl 35% BUHUIIU]ICH-
HUJINJICHXJIOpUIA N XJIOpHUIa
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13 Cononumep akpuUJIOHUTPUTIA U BH- CHSCOOH 95 Bec% akpuiio-
HUJIaleTaTa HUTpUJIA
14 CononuMep BUHWIXJIOPHU/IA U BU- Cl 50% BUHUIXJIOpHU-
HUJIaleraTa na
3aoaua No9

Onpenenutes CTENEHD MOJUMEPU3ALNN U MOJIEKYJISIPHYIO MAacCCy IOJIH-
M€pa, €CIIM U3BECTHA CTENEHb 3aBEPIIEHHOCTH peakunu P.

Ne MoHomepbI P, %
Bap-Ta
1 BunniMernnamMux 92
2 MerakpuioBasi KUCJI0Ta + METHIIMETAKPHIIAT 91
3 Ctupon + MeTuIMeTaKpuIaT 98
4 [TunmumennHoBas kucnora + oyranauon — 1,4 99
9) AKPUJIOHUTPUII 93
6 AKPWIOHUTPUII + BUHUJIALIETAT 97
7 MeTunakpwiar + BUHWIHICHXJIOPHU 94
8 Bunwixnopua + BUHUIAETaT 95
9 Axkpunamun 96
3aoaua Nel(

PaccumnTath COOTHOILICHUE MOHOMCPOB B COITIOJIMMEPEC, CCIIN N3BCCTHO
COACPKAHUEC MOHOMCPOB B PICXOI[HOP'I CMCCH.

Ne Bap- Mounomep Conepxxkanue B HCXO0/I-

Ta HOM cMmecH, Bec %
1 AKPUIOHUTPUIT 42
MertuimeTakpuaaT 58
2 AKPUIIOHUTPUI 68
byranuen 32
3 MeTtunmMerakpuiar 45
M-OpOMCTHPOJ 55
4 Ctupon 85
Bunnamupuaua 15
5 Bununnanerar 36
Bunun6pomun 64
6 AKPUIIOHUTPUI 66
MerakpoJiiens 34
7 Bununuaenxnopu 74
Bununanerar 26
8 AKPWIOHUTPHIT 60
MeTHUIBUHUIKETOH 40
9 Crupon 83
Bununnupuaux 17
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4. TIPUMEPBI PEIHIEHUA 3AJTAY

IHpumep 1. Hanucatps peakiiuio NOJIUKOHACHCAIIMA /1 — OKCUITOK-
CUOCH30MHON KHCIOThI M PAaCCUUTATh MOJEKYJISPHBIM BEC MOIUMEPA,
€CJIU TIPU OMPE/ICICHUN KOHIIEBBIX KapOOKCUIIBHBIX TPYII Ha TUTPOBA-
Hue 3,0000 r mommmepa uspacxomoBaHo 2,6 mia 0,01 H. pactBOpa

Pewenue. Cunrte3 moamMepa Ha OCHOBE 7 — OKCHITOKCHOEH30M-
HOW KHUCJIOTHI IIPOTEKAET 10 CXEME:

nHOOC-¢_»-OCH,CHOH—~ g—@-OCHZCH,O ~+nH,0
Konuessie rpynmsl B 3toMm nosimmepe OH u COOH. IIpu B3aumo-

neiicteun COOH u Ag*o6pasyrorcs TpyIHOPaCTBOPHUMBIE COJIU:
~COOH + AgNO;—> ~COOA¢ +HNO;

PaccunThiBaeM 4YMCIO HSKBHUBAJICHTOB Kap6OKCI/IJ'H)HBIX rpymin

eCOOH( B2 — 9K6 ):
2.6%0.01
- — * -5
€cooH™ —1000 - 26 10

Tak kak uucio koHieBbix COOH — rpynn paBHo umciny OH —
IPYII, TO OOIIEE YUCITIO SIKBUBAJIIEHTOB € ( B 2 — 9K8 ) COCTaBHUT:

e=2%*26*10"°

Otcrona

— 2%3.0000
= ————=11"-10°
2%2.6%107°

AHaJOrMYHO HAaxXomaT M,, NpH HENpsAMOM OIpEeICHUM 4HUCIa
KOHIIEBBIX TPYIIIL.

IIpumep 2. HanncaTp peakuuio MOJIMKOHAEHCAMHU MOJHOTO XJIO-
paHruapua ce0arMHOBOM KUCIOTHI U 1,6 — rekcaHanosa U pacCuYnuTaTh
MOJIEKYJISIPHBIA BeC 00pa3yloLIEro MnojauMmepa, €ciii XMMUYECKUM aHa-
JIM30M YCTaHOBJICHO, YTO IOCJIE TUAPOJIN3A XJIOPAHTUIAPUIHONU TPYIIIBI
| r mosmmmmepa conepx Ut 1,3-10° 2 — sx¢ COOH — rpymi. [Ipu onpene-
nenun OH — rpynnel B HaBecke 1,5000 r monumepa nocie srepuduka-
UK GPOMYKCYCHOI KHCIOTOl 66110 0GHapyxeHo 4,8:10™ 2 — sxs 6po-
Ma.

Pewenue. BzaumonencTBue pearupyromnmx BeIeCTB ONUCHIBACTCS
CXEMOM:
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nC10C(CH2)8COCI+ nHO(CHg)GOH N “‘[CO(CHz)gCOO(CHz)GO]n ~+
+2nHCI

B pesynbpTaTe peakuuu MOIUMKOHJEHCALMK 00pa3yeTcss MOJIUMeEp,
Ha OJIHOM KOHIIE€ KOTOPOrO HAaXOJMTCS TMIPOKCUJIbHAs rpynna, a Ha
JIPYroM — KapOOKCHUJIbHAs, MOJIyYaloasicsl MPU TUIPOTU3E XJIOPaHTH/I-
PUTHOU TPYIIIIEBI.

Ya00HO ompenenuth coiep:kanue KoHueBbix OH — rpynm mpu
sTepuduKauy noauMepa OpOMyKCyCHON KUCIOTOM:

~OH + CH,BrCOOH—> ~OCOCH,Br

Takum o6pa3zoM, Ha OHOM KOHIIE TTOJTMMEPHOM IIETTH OKa3bIBACTCS
JIETKO OMpeeasieMbiM OOBIYHBIMU METOAAMU OpOM.

Paccuuraem kommdyectBo OH — rpynn ey ( e — 9x6/2 ), IpUHSB BO
BHUMAaHUE, 4TO |1 2 — 9k6 THUAPOKCUIIbHBIX IPYMIl COOTBETCTBYET | 2 —
9K6 Opoma:

4.8+ 10™4 _
eoy =———=3.2-10"*
1.5
CnenoBaTenbHO

_— 2%1
M, = - —=0.6-10*
3.2%10~% +1.3¥x105

Ipumep 3. Ilpu nonuMepuzanuu CTUPOJIA B CPEIIE YETHIPEXXJIO-
pUCTOrO yIJIepoJia B MPUCYTCTBUM MEPEKUCH O€H30ujIa 00pa3yroTcs
CPaBHUTEIHLHO HU3KOMOJEKYJISIpHbIE MPOAYKThI. [locne ocaxaeHust ux

3 PEAKIMOHHON CPEIbl U OYUCTKU ObLIO MPOBEACHO OmpeneneHre M,
70YJIMOCKOIIUYECKUM METOJIOM B OEH30JIE.

PaccunTtarh Kaxymryrocss MOJEKYISIPHYIO MacCy U CTETEeHb TMOJIH-
MEpHU3alMKU TOJUCTUPOJIA, €CIIM TeMIepaTypa KUIIEHHs OEH30JbHOIO
pactBopa ¢ KoHIeHTpauuei noauMepa Ha 1000 r pacTBopuTEns BhIILIE
TeMnepaTypbl KutieHus: yucroro pacrsoputeis Ha 0,0003 epao.

Pewenue: Tax xax 6enzona K,=2,610 (cm. Tab6mn.l) paccumrana
UCXO0Js U3 TOro, uto B opmyiie (5) bp =1000 r, a BenmuunHa ¢ YUCIICH-

HO paBHA KOHIEHTpAINH, BeipaxeHHou B 1/1000 r pacTBopuTes, TO
7 K8 _26104
M, = AT , 00003 3470

ITOCKOJIEKY MOJIEKYJIIpHAs. Macca DJIEMEHTAPHOrO 3BE€HA MOIMCTH-
porna ~[CH, — CH(Cyz Hs)],, ~ paBua 104, To creneHp HOIMMEPH3a-
1012048
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n =—2=33

104
Ipumep 4. PaccuntaTh MOJIEKYJIIPHYIO MACCy M CTEIEHb IOJIH-

MepHU3alUM MOJUKANpoaMuaa U3 KPUOCKOMMYECKUX JaHHBIX, eCIUATy,
JUIs1 €r0 pacTBopa B MypaBbuHOU Kuciote coctaBisieT 0,0012 epao npu
konuentpauuu 0,3 v /100mz pactBopa; K ,=2,77.

Pewenue: Xumuyeckas ¢popmylia mojJuKanpoaMmuaa 3auchbiBacTCs
creayronmm obpasom: ~[NH(CH,)s CO],~.

MouexyiisipHas Macca 3BeHa coctaBisiet 113.

Tak kak Kj paccunurana Ha 1000 r pacTBopuTeNs, TO IPH ILUIOTHO-
CTA MYpPaBbUHOU KHUCIOTHI 1,22 o/em® 0,32 MOJIMMEpPa COJICPIKUTCA B
1222 pactBopa unu B 121,7 % pactBoputens. OTciofa cojepxkaHue mo-
aumepa g ( B 2/1000 2 pacCTBOPUTEIS) COCTABUT:

0,3:1000
g=——-=2,46
121,7
Paccuutaem MOJICKYJEIPHYIO MaACCy Mn N CTCIICHb IIOJIMMCPpHU3A-
85051
— K 2,77-2,46
M, =—*I= = 6522
AT, 0,0012
6522
=222 =57
113

IMpumep S. Paccunrars CpeIHEYHUCIOBYIO MOJIEKYJISIPHYEO MAcCCy
Y CTENEHb MOJMMEPHU3ALUN TOJIN-0-METHICTUPONA, €CIN MIPU U3MEpe-
HUM OCMOTHYECKOTO HaBj€HMS Npu Temreparype 25 °C mis ero pac-
TBOPOB B TOJIYOJIE MOJYUYEHBI CIECAYIOIME JaHHBIE

C10° 2/un 10,3 0,5 0,78 0,98

Ah, mm 0,96 1,65 2,83 3,75

p =0,8623 2/cm

Pewenue. BpruncnuMm ocMOTHYECKOE AaBieHHE T 1O (popmylie
(20) u otHomienue m/C, mpuHUMasi BO BHUMaHue, 4YTO C BBIPAXKEHO B
2/M.

710°% amm 10,8 1,38 2.36 3,12

m/C 2,7 2,8 3,04 3,24

N3ob0paxkaem rpaduyecku 3aBucuMoctb 7/C ot C (pucyHok 4) u
HaxomuMm [7]=2,47.
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. tga
24
el
20076204 06 05 10
Pucynok 4 - 3aBucumocts /C=f(C) pacTBOpOB I0OJIN-0-METHICTHPOJIA

B TOJIYOJIC
Cormnacuo dhopmyie (19):

C, &100 mn

_ 82,06:(273+25) _
2,47 ~

M, 10*

I[JIH IMOJIN-0-MCTHJICTHUPOJIA MOJICKYJISIpHAA MaACCa 3BCHA pPdadBHA

118. Torga creneHp MOITUMEPHU3ATIT
10000

~ 85
118
IIpumep 6. Paccuutars K 1 0 U3 BUCKO3UMETPUYECKUX JTAHHBIX

JUIS PaCTBOPOB MOJHBHHIINMMPHUANHA B BOJE, €CIU I €ro (DpaKiiuid
MOJYYEHBI CICAYIONINE 3HAYCHUS XapaKTEPUCTUUECKOU BSI3KOCTH U MO-
JIEKYJIIPHOTO Beca (CEAMMEHTAIMOHHBIM CIIOCOO0M):

n=

| T 10 Wi Y,
M]... 0,148 0,251 0,348 0,619 0,879
M... 1,2:10% 2,6:10" 42-10* 9,8-10% 16,4-10"

Pewenue. 3aBucumocts Ig [n] ot Ig M nns monmuBUHMWIIIHPUANHA
rpaduUecKy BhIpa)KaeTCs MPSAMOM, IpeICTaBICHHON Ha pUcCyHKe 5. U3
HaKJIOHA MPSAMOHN HaXOIUM:

o =tgo = 0,18/0,27 = 0,67
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40 43

1

sl M
Pucynok 5 — 3aBucumocts Ig [ ] = f (IgM ) nns pactBopoB 1o-
JTMBUHUIIMPUIAHA B BOJEC

[TocrossHayro K MOXHO paccuuTaTb W3 YypaBHeHus Mapka-
XyBUWHKA, MMOACTABIIsASA 3HaueHus [ 7] u M, Hanpumep:
0,348
K = n] = =28-10""
M2 42000067
[TpoBoast psifi TAKKX PACUYETOB, ONMPEACIIAIOT cpenHee 3HadeHue K.

Hpumep 7. [l ycranoBieHus 3HaueHu K v o Ay pacTBOpoOB
MOJIMBUHUJIAIIETAaTa B alleTOHE ObUTH BBIICICHBI y3KHe (pakivu, Orpe-
JICJICHBI UX MOJIEKYJISIPHBIE MAacChl (OCMOMETPUYECKH) U XapaKTEPUCTH-
geckue Bs3kocTu. Oxkazanoch, uyto i ¢dpakuun ¢ M,= 22500
[n]=0,194, a nnsa dpaxuuu ¢ M= 40000 [n] = 0,289. Beraucnuts K u a.

Pewenue. CoctaBiisemM cuctemMy ypaBHEHHIA:

{0,194 = K -22500¢
0,289 = K - 40000¢

Pemas cucremy ypaBHenuii, Haxoqum K u a:

0,289 40000\ %
0289 _ ( ) .= 0,686
0,194 22500

— ot _50-10

- 225000686

Ipumep 8. Paccuurars CpeaHEBI3KOCTHYIO MOJEKYISPHYIO Mac-
Cy Y CTEIEHb MOJMMEPU3aINU MOJUBUHUIIOBOTO ciupTa (pacTBOp B BO-
ne) ipu 25 °C, ecnu K=5,95-10-4, 0=0,63 1 U3BECTHBI 3HAUECHHUS MTPUBE-
JIEHHOM JIorapu(pMHUUECKOUN BA3KOCTH:

Cor/I00 MIT. e 0,1 02 03 0,4

INNou/Caeeeee 2,1 1,6 1,0 0,2
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Pewenue. I'padpuueckas 3aBucumMoctsb INn,,,/C ot C g BOAHBIX
PacTBOPOB MOJMBHHIIIOBOTO CITUPTA MPHUBEICHA HA PUCYHKE O.

Inn,.,, C
3t
2t
ik

0 : 01.2 ' 0.4 C, 160 ma
Pucynok 6 — 3aBucumocts Inn,.,/C = f(C) mis pacrBopos mosu-
BUHUJIOBOTO crivpTa B BoJie mipu 25°C

N3 rpaduka HaxoauM, uto [1]=2,8. CornacHo ypaBHeHHIO Mapka-

XyBUHKA!

[n] 2,8 _ c

My =—; Mj = M, =6,7-10
v v — v
K’ 595-107%° ’
[IpyHrMas BO BHUMaHUE, YTO JJI1 MOJMBUHUIOBOIO CHUPTA MO-

JeKyJisspHas Macca 3BeHa M,,=44, BpIYMCIIsieM CTENIeHb MOJUMEPU3aINT
n.

M, 6,7-10° 4
= =1,22-10
M3B 44
IIpumep 9. PaccuuraTe MOJNEKYJISPHBIA BEC MOJHUCTHUPOJA W3
i Py3MOHHBIX ITAHHBIX, €CJIM HalAeHHbIH Kodpduiment auddy3un
NOJINCTUPOJIA B AUXJIOPITaHE OKazalica paBHbiM 1,2-107" cm/c.

Pewenue. Cornacuo popmyie (28):
_ lgDy — lgKp,  3,0300
Mp = = = 5,3035
"M b 0,56

n =

CnenoBaTenbHO:
Mp =2,01-10°

Hpumep 10. Paccuntats MOJIEKYJISPHYIO MacCy MOJIAU30NPONIEHA
U3 JaHHBIX YJIbTPAICHTPU(PYTUPOBAHUS €T0 PACTBOPOB B OKTaHE MpHU

20°C: S, =5,24 10713 em ¢ 1 oun™t; K, =6.1- 1072; b = 0.620

Pewenue. B coorBercTBHU ¢ popmynoit (31):
5,24 -10713=6.1- 1072 M 59380
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— 5.24x 10713 —
MSO'380:W; Ms=1.32- 105

Hpumep 11. Paccuumrate nommaucnepcHocth no lymeiy mms
NEepXJIOPBUHUIIA, €CITU NPU PpakimoHupoBaHuu ero u3 1% pacTBopoB B
allETOHE OCAXKJICHUEM METWJIOBBIM CHUPTOM MOJYYEHBI CIEIYIONIUE
bpakiuu:

a;, %........ 10 12 8 11 18 7 12 9 10 3

M;*107*.75 6.2 54 50 46 39 33 25 12 06

Pewenue. PaccuntbiBaem mo dpopmyinam (35) u (36) cpeaHednciio-
BYIO U CPEJHEMACCOBYIO MOJIEKYJISIPHYIO Maccy:

M,=3-10%

M, = 4.334 - 10
Breruucisiem noiauaucnepcHocTs o hopmysie (32)

U= 1-044
M

n
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5. MEPEYEHB BOITPOCOB JIJIA ITIOJATI'OTOBKU K

MNPOMEXYTOUYHOH ATTECTALIUN

1.  Hcropus pa3Butusi PU3NKUA U XUMHUU MTOJIUMEPOB. 3HaUCHUE padbOT

PYCCKHUX, COBETCKHX U 3apyO€KHBIX YUCHBIX.

2. Otpacnu nNpoOMbIIUIEHHOCTH, OCHOBAHHBIE HA MEepepadOTKe MOIu-

MepoB. 3HaueHue (PU3MKU U XUMHUH TTOJIMMEPOB B TexHosioruu. [Ipume-

HEHHE B OTAEJIKE TEKCTHIBHBIX MaTEPUAJIOB.

3.  Kiaccudukamus moJaumMepoB Mo Ipupoae MOHOMEPOB, COCTaB-

JISOIIMX TJIABHYIO LIETIb, 110 PETYJISPHOCTH.

4.  Knaccudukanuys moaaMepoB Mo IpUpoJIe aTOMOB TJIABHOM 11T,

10 T€OMETPUU MAKPOMOJIEKYJIBI.

5.  Kiaccudukanus noaumepoB o METOAY CUHTE3a OJIUMEPOB, 110

OTHOIIIEHUIO K HATPEBAHUIO, IO MOJISIPHOCTH.

6. Kiaccudukaius moammMepoB Mo MPOUCXOXKICHUIO U XUMUYECKOMY

CTPOECHHIO.

/.  Meroapl nonyuenus noaumepoB. Kiaccudukarus u kpatkas xa-

paKTEepUCTHKA.

8.  CBobomHopaaukagbHas nmoaumepusamnus. TpeOoBaHus K MOHOME-

pam. Ctaguu cBOOOTHOpAAUKATIBLHOM onuMepu3anuu. CrocoObl HHU-

uuupoBanus. CTaaus pocTa 1enu.

9. KunHeTmyeckue 3aKOHOMEPHOCTH PEAKIMKU CBOOOTHOPAANKATIHLHOMN

noauMepusanun. Bausaaue paznuuHbix (PaKTOPOB HA CKOPOCTh MOJIMME-

pU3ALMKU ¥ MOJIEKYJISIPHYIO Maccy MoJiuMepa.

10. Cramgus oOpbIBa ETH IPHU CBOOOTHOPAANKATIHLHON TOJIMMEPHU3a-

uuu. Peakius nepenauu nemnmu.

11. Hounas nonmumepuzaius. OOIIe 3aKOHOMEPHOCTH.

12. Karuonnas nonumepuzaiusi. Kunetndeckne 3aKkOHOMEPHOCTH.

13. AmnuonHas nonumepusanus. KuHeTH4eckuii aHamms.

14. HonHHO-KOOpAMHALMOHHAA nojauMepu3aiusa. O0nme noioxeHus.

XapakTepuCTHKa KaTaln3aTOPOB.

15. MexaHu3M NOJUMEPU3AIUN STUIICHOBBIX MPOWU3BOIHBIX Ha KaTa-

nu3aropax [urnepa-Harra.

16. MexaHu3M MoauMepr3aIuy JUEHOBBIX MPOU3BOAHBIX HA KaTaJIH-

3aTtopax Llurmepa-Harra.

17. MexaHu3M NOJUMEPU3ALMHU HA T-AJUTMIIBHBIX KOMIUIEKCAX rajo-

TE€HUJIOB MEPEXOIHBIX METAJIIOB.

18. Tlomumepusanus ¢ pacKpbITHEM ITUKJIIOB.
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19. CnocoObl poBeeHUS MOJIUMEPU3AIUH.

20. Cononumepuzanusi, KHHETUYECKUE 3aKOHOMEPHOCTH.

21. CryneHuartble MPOIECChl CHHTE3a MOJUMEPOB, OOIIINE 3aKOHOMEP-
HOCTH.

22. lloaukoHaeHcalusl, KHHETHYECKHUE 3aKOHOMEPHOCTH.

23. Crynenuaras noinuMmepuzanus. KuneTnueckue 3akOHOMEPHOCTH.
24. OTau4us UEMHBIX U CTYNEHYATHIX MPOLIECCOB CHHTE3a MOJIUME-
pOB.

25. CTpyKTypa noJuMepoB, ONpeestonme ee pakTopsl.

26. da3oBbie U PU3NUECKUE COCTOSIHUS TTOJTUMEPOB.

27. Oco0eHHOCTH YIOPSJOYEHHOTO COCTOSIHUS aMOP(PHBIX MOJIUMeE-
pOB.

28. HanMmonexynspHas CTpyKTypa aMmop(HOro moauMepa.

29. Kpucrammuyeckue noauMepbl 1 0COOEHHOCTH UX MEXaHUYECKUX
CBOMCTB.

30. Kpucramnuyeckue CTpyKTYpbl OJUMEPOB.

31. CreneHpb KpUCTATUIMYHOCTH MOTUMEPOB. [IpakTrieckoe ncmosib-
30BaHUE.

32. PenakcanmoHHbIE CBONCTBA MOIUMEPOB. THITBI KPUBBIX HAIpsKe-
HUe-epopmaliys 1Jist pa3audHbIx noaumepoB. Kputepuit J1e6opsi.
Brusiaue pa3znudabix (PakTOpoB HAa BPEMS pellaKCallvu.

33. CnocoObl U3y4eHUs PEIaKCAIIMOHHBIX SBJICHUN 10 PeJIaKCalluu
HATPSKEHUS, 110 KPUBOM IMOJI3YYECTH, TI0O KPUBOM HaNpsIKEHUE-
nedopmaris, o MHOTOKPATHBIM IIUKIUYECKUM JIe(hOpMaITUsIM.

34. TepmomexaHWYECKHE KPUBbIE aMOP(HHOTO U KPUCTALTAYECKOTO
MOJINMEPOB.

35. CrekioBaHHE M CTEKIOO0pa3HOE COCTOsTHUE. TemmepaTypa CTeK-
JIOBaHUSA U XPYMKOCTH MOJIUMEpA.

36. Bricokoanactuueckas aedopmanus. TepMoaHAMUYECKHUE Tapa-
MeTpsl ipu Aedopmanun. CTaTucTUYECKass TEPMOAMHAMUKA THOKUX
MaKpOMOJIEKYI.

37. IIpo4HOCTH MOJUMEPOB.

38. 3axKOHOMEpPHOCTH TEUYCHHS PACTBOPOB HJIM PACIIJIABOB IMOJIUMEPOB.
39. HalOyxanue u pacTBOpEeHHE MOJIUMEPOB.

40. XapakTepuCTHKa U 3aKOHOMEPHOCTH pa30aBJICHHBIX U KOHIICH-
TPUPOBAHHBIX PACTBOPOB MOJMMEPOB.

41. Crenenb HaOyXaHHS U BSI3KOCTh PACTBOPOB MOJIMMEPOB.
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42. Xumudeckue peakiuu noaumepon. OO1as XxapakTepucTiKa u
KJIacCuUKaIUSI.

43. BnusHue crneruduKu NoJUMEPHOTO COCTOSHUS BEIIECTBA B XU-
MHUYECKUX PEAKIHUAX.

44. TlonumepaHaJIOTUYHBIE TPEBPAILCHUS TOJTUMEPOB.

45. BHYTpUMOJIEKYJISIPHBIE TPEBPAILCHUS TTOJTUMEPOB.

46. MexMaKpOMOJIEKYJISIPHbIE Peaklny nojJuMepoB. OO0Ime 3aK0HO-
MepHoctu. Knaccudukanusi.

47. CumuBaHue M0 PyHKIIMOHATILHBIM IPYyIIaM, MEPOKCUIAMH U U3ITY-
YEHUSIMU BBICOKUX SHEPIUH.

48. CmuBaHue cepoit u yckoputeasimu. O0pa3oBaHUe CETUYATHIX
CTPYKTYp U3 MOHOMEPOB U OJIUTOMEPOB.

49. Peakuum nectpykuuu noauMmepoB. Kiaccudukanus u kparkas xa-
pPaKTEPUCTHUKA.

50. Peakmuu necTpyKIMU MOJ BO3ACHCTBUEM TEILIA.

51. Peakiuu necTpyKiuu Nnpy J€UCTBUH CBETA U HOHU3UPYIOIIUX U3-
JyYEHUM.

52. Peakiuu nmoammMepoB ¢ KUcaopoaoM. Kunetudeckre 3akoHOMep-
HOCTH.

53. VYckopuTeau U UHTMOUTOPHI OKUCIICHUS TTOJIUMEPOB.

54. Peakiuu necTpyKiuu moj AeHCTBUEM XUMUYECKUX areHTOB.

55. MexaHoxumuyeckas IeCTPyKIHUs MOJIUMEPOB.
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6. IPUMEPHI TECTOBBIX 3AJJAHUH

Bapuanrt 1
1. MoHoOMepoM /ISl OJIyYeHUA NMOJUBUHUIXJIOPUAA SABJISACTCH
1 x;mopaTan
2 xJIopnponaH
3 XJIOpATEH

4 1,2-nuxnopaTaH

2. Ilenbka npeacrasJsieT cO000H BOJOKHO

1 npupoaHOE, MUHEPAIBHOE

2 IpUPOIHOE, PACTUTEIIBHOE

3 UCKYCCTBEHHOE, XUMHUYECKOE

4 CUHTETUYECKOE, XUMUYECKOE

3. I'J100ysisipHOE CTPOCHUE MOJTUIIENITHAHON LEeNH - 3TO

1 mepBuYHas CTpyKTypa Oenka

2 BTOpUYHAs CTPYKTypa OeJka

3 TpeTnuHasi CTpyKTypa Oenka

4 yeTBEepTUYHAS CTPYKTypa OeiKa

4. OCHOBHOE OT/IMYME PEeAKIUN MOJHMKOHACHCAIMUA OT pPeak-
AU MOJUMEPHU3AUA

1 mocnenoBaTeIbHOE MPUCOCIMHEHUE MOJIEKYJI K pAcTyIIEH LIeNn

2 B PEAKLMIO BCTYMAIOT JABA PA3HBIX COCIUHECHUS

3 o0pa3zoBaHKE BEICOKOMOJIEKYJISIPHOTO COSITUHEHUS

4 BpIiCICHUE TOOOYHOTO HU3KOMOJIEKYJISIPHOTO MPOIyKTa

S. Jasa yaydumieHuss (pU3MYeCKUX CBOWCTB ILIACTMACC B HHUX
BBO/IAT:

1 pepmenTsI

2 cTadMIM3aTOpPhI

3 Karanu3aTopsl

4 Bony

Bapuanr 2

1. OcTaTKH aMHUHOKHUCJIOT SABJISIIOTCH CTPYKTYPHBIMH 3BE€Hb SI-
MU ...

1 monunenTuaoB

2 TONMUHYKJIEOTH]IOB

3 monrcaxapuioB

4 KupoB
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2. K npupoaHbIM BOJIOKHAM PAaCTHTEIBHOT0 MPOUCXO0XKIECHUS
OTHOCSTCSH

1 xJI01I0K U JIEH

2 WEPCTh U LIENK

3 BUCKO3HOE U alleTaTHOE BOJIOKHA

4 xanpoH U HENJIOH

3. K TepMopeaKTHBHBIM MOJIUMEPAM HEe OTHOCUTCS

1 xapbamMuHasi cMoja

2 ¢enondopManbaeruaHas CMoja

3 NOJMBUHUIIXJIOPHU/I

4 monuapupHas cMosa

4. ITosryyeHue KpaxmaJia u3 rJII0K03bI — 3TO peaKius

1 romononumepu3zanumn

2 conoauMepu3aluu

3 rOMONOJIMKOHIEHCAIIUHN

4 COMOMMKOHAEHCAIUH

5. CTPYKTYPHBIM 3B€HOM MAaKPOMOJIEKYJ LEJJII0JI03bI SIBJIfA-
€TCHA OCTATOK HYKJIEOTH/IA

1 o-rIIrFOKO0361

2 B-ppyxTo3bl

3 B-raroKo3b1

4 B-prbo3bI

Bapuant 3

1 Monomepamu /IHK nu PHK siBasiorcst...

1 pubodypanoza u nezokcupudoPypanosa

2 HYKJICOTHUIBI

3 ajeHuH, THMUH, TYaHUH

4 HyKIJIEO3UIbI

2. CTpyKTYypa MaKpOMOJIEKYJI Pe3UHbI

| nmMHErHAas, U30THYyTas

2 TUHEWHas CKpy4YeHHasI

3 pa3BeTBIICHHAS

4 mpoCTpaHCTBEHHAs

3. MarepuaJbl, cogepxamue noJumMep, KOTopoiid npu ¢popmu-
POBAHUM W3JeJIUSI HAXOAUTCH B BA3KOTEKYYeM COCTOSIHMH, a TPH
€ro IKCILIyaTallMi — B CTEKJI000pa3HOM, HA3LIBAIOTCS. ..

1 mnacTmaccamu
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2 mnactudukaropamu
3 MOJIUMEPHBIMU JIaKaMU
4 xaydykamu
4. CuHTeTHYeCKHEe KAYYYKH MOJYyYA0T
| nonuMepwu3zanuen anKkaaueHoB
2 monuMepU3aen alKuHOB
3 nmonMMepU3aIen anKeHOB
4 NOJMKOHJIEHCAITME aMUHOKHUCIIOT
5. Peakuust 00pa3oBaHusi MOJIMMeEPa U3 MOHOMEPOB HA3bIBACTCH
1 pepmenTaTUBHON peakiuei
2 TIoJIMMepu3anuei
3 peakiuei ruaposn3a
4 OmypeToBOM peakiue
Bapuanr 4
1. MoHOMepoOM /ISl IOJIyYeHHUS MOJUCTHPOJIA SIBJISIETCH
1 aTunbenH3on
2 BUHWJIOEH30]1
3 3Tunanerar
4 HUTPOOEH301
2. buonoJmmMepbl, MOCTPOEHHbIE U3 OCTATKOB HYKJIEOTHI0B — 3TO
1 6enku
2 Kpaxmam
3 memtoiiosa
4 HYKJIEMHOBBIE KUCIIOTHI
3. 3 mosimmepoB Haudo1ee CTOMKUNA XUMHYECKHU
1 monuteTpadpTOpITUICH
2 TIOJIUCTUPOJT
3 nonuOyTaarueH
4 nenmono3a
4. Peaknusi roMonoJiMMepu3alu — 3TO MOJTyYeHHUe
| monuBUHUIXIOpHIA
2 OyTaIueH-CTUPOJIHHOTO KaydyKa
3 5HaHTa
4 dhenonbopMaIbAETHIHON CMOJIBI
5. CuHTeTHYeCKUH Kay4yK MOJIy4arT u3 OyraaneHa-1,3 peakuuei
1 nzomepuzanuu
2 TUJIPOTreHU3 AU
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3 nonuMepu3auu
4 OJUKOHACHC AT
Bapuaur S

1. ®opmysa MoHOMeEpa JJIA NMOJYyYeHUS MOJUBUHWJIALIETATA,
HCI0JIb3YyeMOr 0 /ISl u3roroBjieHus Kjies [IBA, umeer Buj ...

1 CH3COO-CH=CH,

2 CH,=CHCOO-CH3;

3 CgHsCOO-CH=CH,

4 CH3CH20'CHZCH2

2. J/IuHeiiHOE CTPOEHHE MOJIUNENITHAHOM EeNHu - ITO

1 mepBuYHas CTpyKTypa Oenka

2 BTOpUYHAs CTPYKTypa Oenka

3 TpeTuyHas CTPyKTypa Oejka

4 yeTBepTUYHAS CTPYKTypa Oeaka

3. IoiuOyTaiMeHOBbIH KaydyK MOKET pearupoBaThb ¢ XJOPOM
B TEMHOTE, IOTOMY 4TO:

1 TO PIaCTUYHBIN TTOJIUMED

2 B MOJIEKYJIax MOJMMEPA MHOTO JIBOMHBIX CBS3EU

3 C-C cBs3u crmOCOOHBI K pa3phIBY

4 cogepxuUT B TJIABHOW IIENU aTOMBI yIiepoaa

4. ®opmyJibl COeTUHEHHI, KOTOPbIE MOTYT ObITh HUCIIOJIb30BAHBI B
Ka4eCTBe HHUIMATOPOB KATHOHHOH MOJIMMEPU3alui, UMEKOT BHL. ..

1 H2804 u HCI

2 Na,SO, u NaCl

3Ca(OH), u NaOH

4 Ba(OH), u BaCl,

5. Mounomep AJi1 MPOM3BOACTBA MOJMCTUPOJIA (TOJUPEHUII-
TIWJIEHA) MOJY4YAI0T M0 PEAKIUU JerHIPUPOBAHMS YIJI€BOI0POAA

1 meTunOGeH301

2 3>TUI0EH307

3 1,2-numeTniiOeH301

4 mponuiaOeH301

Bapuanr 6
1. B kauecTBe MOHOMEPOB B pPeaKNUsX NMOJHUKOHACHCAIIUMN W C-
MOJIB3YHTCS COCIUHEHUS, CO/Iep KaLIue - Tpynnbl.

1 NH,, COOH, OH
2 CH,=CH, COOH, OH
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3 NH,, CH=C, OH

4 CgHs, NH,, COOH

2. IlpeacraBuTesieM reTepolEeNHbIX BbICOKOMOJEKYJISIPHBIX
coeJUHEeHHNH fABJIAETCH...

1 monukapOoHaT

2 TIOJIUCTUPOJI

3 NOJMBUHUIIXJIOPHU/I

4 MoMMBUHUJIALIETAT

3. Ilepexoa mojimmMepoB U3 aMOP(HOro COCTOAHUA B KPHUCTAJI-
JINYECKOEe COMPOBOKIAACTCH YBEJIUYCHUEM. ..

1 MExaHMYECKO# MIPOYHOCTH

2 BIACTUYHOCTH

3 TEpMOIUIACTUYHOCTH

4 TMOJIBUXHOCTU MaKpOMOJIEKYJI

4. Cxema noJjiyuyeHusi O0yTaJ{HEHOBOI0 (CHHTETHYECKOI0) Kay-
YyyKa uMeeT BHJ ...

1 n(CH,=CH-CH=CH,)—(-CH,-CH=CH-CH,-),

2 nCHZZC(CHg)'CH:CH2—>(-CH2'C(CH3):CH'CHZ-)n

3 nCH=CH —(-CH=CH-),

4 nCH,=CHCg¢Hs —(-CH,-CH(Cg¢H5)-),

S. Jlyis mpoOMBIIJIEHHOT0 NPOU3BOACTBA (eHoIPopMaIbae-
THIHOM CMOJIBI CJIeyeT B3SITh

1 C¢Hg, HCHO

2 C¢Hg, CH3CHO

3 C,Hs0H, CH3CHO

4 C¢HsOH, HCHO

Bapuaunr 7

1. MoHocaxapuaoM, KOTOPbId BXOJAUT B COCTAB MAaKpPOMOJIe-
KYJI pUOOHYKJIEHMHOBBIX KHUCJIOT, IBJISIETCS...

1 pubo3za

2 ne3okcupudo3a

3 rroKo3a

4 dhpykTo3a

2. IlpupoaHbiMH BellleCTBAMH, HMEKIIMMHU IOJHUMEPHOE
CTPOEHUE, SABJISIIOTCA. ..

1 dbenonodopmanbaeruIHbIe CMOJIBI

2 HYKJICMHOBBIE KUCIOTHI
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3 monMypeTaHbl

4 3MOKCUHBIE CMOJIBI

3. U3MeHeHUe JIUHEHOM CTPYKTYPhI OJUMEPOB HA CETYATYIO
WM MPOCTPAHCTBEHHYIO NIPUBOJUT K YMEHbIICHUIO HX ...

1 a;mactuyHOCTH

2 MEXaHUYECKOW MPOYHOCTH

3 TEPMOPEAKTUBHOCTH

4 cTepeoperyasipHOCTH

4. ®opmyasl BellecTB, MeXKAY KOTOPbIMHM BO3MOKHO IpPOTe-
KaHHMe peaKkluy MOJUKOHACHCAIlMUA, HMEIOT BH/I...

2 C6H50H u CHzZCHCI

3 C6H5OH 41 CHZZCHCOOH

4 C¢HsOH n NaOH

5. UcxoaHoe BelecTBo, KOTOPOe UCIOJIb3yeTCHd B IIPOU3BOICT-
Be€ AllETATHOIO HIEJIKA, ABJSETCH CJIOKHBIM 3(PUPOM HEJII0JI03bI U

KHCJIOTHI.

1 ykcycHoOM

2 CTeapuHOBOMU

3 a30THOM

4 cepHomn
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