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Haznnune nnHEHHO namsiTH H KOONEPATHBHOCTH B MakpoMoJe-
KyJspHOH Iienu ompejensier ee ocofnie CBOMCTBA B HHPOPMATHOH-
HOM acnekre. M3meHnenne kOH(GOpPMAUHH yyacTKa IeNH BJHseT Ha
€ro XMMHUYECKYI0 DEAaKTHBHOCTb H, HAaoGOPOT, XHMHUYECKHe BO3jefl-
CTBHA Ha YYaCTOK LeMH H3MEHSAIOT ero KOHPOpPMAalHOHHOE COCTOsIHHE.
CoGriTHs, MpoOHCIIEIIINE B KAKOM-JIHOO ydacCTKe IefH, BHI3bIBAIOT
KOHQOpMauHOHHBIE H3MEHEHHs BO BceH nenu. MakpoMmonekysasipHas
Iens crnocofHa CAYXKHTb KaHaIoM JJid nepegaud HHPOPMaluu O XH-
MHUeCKHX cOOBITHAX B HEKOTOPOM YJaleHHOM 3BeHe. B cBowo oue-
penb KOHPOPMAUHOHHBIH CHIHAJ, COOOIIEHHbIH Hauaay HelH, MOXeT
HONTH [0 JIOGOTo ee 3BeHa H BhI3BaTh H3MEHEHHE ero XHMHUYECKHX
caoiicts [60, 51]. Peanusyiorcsa 371eKTpOHHO-KOH(POpMaNHOHHLIE B3aH-
mozeiierBua (KB, cm. ctp. 110). Ha siseike HepaBHOBecHOH TepMo-
JMHAMHKH CKa3aHHOe O3Hayaer CONpsKEHHe XHMHUECKHX (3Jiek-
TPOHHBIX) NIPOLECCOB C KOH(POPMAIUOHHLIMU IEePeCTPOHKAMH, H MHI
MOXKeM HalucaTh B JHHEHHOM TIPUGJIHXKEHHA

Vxuw = L1 Axuu + LIZAKouq;a }
Ugonp = LQIAXHM + L22AK0H¢,
rjge v -— CKOPOCTh, A — 3HauyeHHusa CpOACTBa IJil XHMHUYECKHX H KOH-

¢opmMaunoHHEIX nepectpoek. CKOPOCTh XHMHUYECKOH peakliH 3aBH-
CHT OT KOH(QOPMAaIHOHHOrO CPOLCTBA H Ha00OpOT.

(3,61)
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HccnepgoBanne MakKpOMONEKyJ Kak CHHTETHYECKHX, Tak H GHOJI0-
THYECKHX IIOJIHMEPOB TpeGyeT Mpexje BCero onpejpeseHHs MOJeKy-
JSIPHBIX BECOB (M. B.). DTH Onpeje/eHHs] IPOU3BOASATCA B PACTBOPAX
NOJIHMEPOB ¢ MOMOIIBIO psiia MeTOAOB. MeTo[bl, OCHOBaHHbIE Ha 110-
HHKEHHM TOUKH 3aMep3aHus H Ha MOBHIIEHHH TOYKH KHTEHHSI pac-
TBOpa, — KpUockonus u 30yAAUOCKONUA — NPUTOAHBL JIHIb AJIS
pechMa pa30aBleHHLIX PACTBOPOB TOJHMEpPa MaJjior0 MOJEKYyJsp-
Horo Beca {100—5000). UyBcTBUTENLHOCTh TAKHX METOAOB Majaer
¢ yBeJHMYeHHEM M.B., H HMH IIPAakTHYeCKH He moJbaylorcs. Merox
U30TepMULECKOll nepe2OHKU, OCHOBAHHBIH Ha MOHHXKEHHH HaBJEHHUS
napa Haj pacTBOPOM N0 CDABHEHHIO C YHCTHIM DAaCTBOPHTE/EM, [0-
CTaToOuHO TOYeH B HHTepBaje M. B. 1000—20 000, Ho cBsi3aH ¢ GoJb-
WHMH 3KCIePHMEHTAaNbHHMH TpyaHocTaMmu [47, 52]. Teoperuueckue
OCHOBHI 3TOTO METOJa B CYIUIHOCTH Te e, 4TO U MEeTOAa H3Me-
peHHs OCMOTHYECKOTO NaBJIeHHs, OCMOMETPUYU, KOTOPbIA BeCbMa M-
POKO TipHMeHsieTcsi B Qu3HKe H (H3H4ecKOll XHMHH IOJHMepoB [47,
52, 53]. _

IlpuntunuajdnHas cxeMa OcMoMerpa MoOkasaHa Ha puc. 3.13.
MewmOpana M mpoHHunaeMa 411 MOJIEKyJl PAacTBOpPHTeNs, HO He AJs
MaKpOMONeKyJl. ¥ C/IOBHEM paBHOBeCHs pacTBopa B KaMepe // u up-
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CTOTO PACTBOPHUTENS B Kamepe [ CAyXKHUT PABEHGTBO XHMHYEGCKHX no-
TEHIMAJOB pacTBOpUTeas B 06eHx Kamepax

H =1, (3,62)

LpHueM
Po+11

” g ¢
By =, + f (Tay;,'l')r dp: (3’63)

Po

roe P — XUMHUYECKHH IOTeHHHAaJs pacTBopuTeas B KaMepe [/ mpu
arMocdepHoM HaBjeHud po, II—ocmoTHueckoe naBaenne. Ho
(Ou1/0p)r =V ecTbmapuHa/JbHbI MOJbHBIA 06bEM PaCTBOPHUTENS —
BeJIMYHHA, NPAKTHYECKH He 3a-
BUcsAIias ot AaBaedus. Caemo-

BaTesbHO,
B =p, 4 VI=p] (364 gyl al
B nmnpenene, kKorpa KoOHIeEHTpa-
IUs PACTBOPEHHOrO BEIECTBA (  [{f
B Kamepe [/ crpemuTtcs K Hymo
nosyuaem
Il/c=RT/M. (3,65)
Ato — 3axorx Banr-Togigha.
KoHnentpanus ¢  BhpaxeHa M
B 2/cM3, M nna monuMaMCnepCHEIX Pacmbapumens.
NONMMEPOB MMeeT CMBICA cpel- Pocmiopumens u momumep
HEUHCJIEHHOTO M. B. A4 (Fy) Z i
M= . (3,66 <
S (469 — A
1

.313. C .
3axon Bant-Todda cnpasen- Puec. 8.13. Cxema ocmomeTpa

AUB 115 UAeasbHbiX PacTBOPOB

npu JIOOBIX KOHIEHTPAanusax, a He TonbKo npu ¢—0. Ho pacreopu
LEeMHBIX MAKPOMOJIEKYJ BCErja He HIeasbHBl M0 NPUHUUIHAILHBIM
npuunHaMm (cM. [2, 47, 48, 52, 53]). [Toatomy BHIMOMHSETCA COOTHO-
LIeHHE

n=—c+Bc2+Cc3+ (3,67)

B, C u 1. p. — BTOpOI, TpeTUHl U T. A. BUpPHAAbHLIE KOo3(PUNUEHTH.
Hns pasGasnenubix pactBopos Cc® <« Bc? Crpos rpaduk 3aBucH-
mMoctd Il/c ot ¢, MH NoAyuaem JHHHIO, OTCEKAIONLYIO HA OCH OpPAMHAT
orpesok RT/M, u unaxomum M. HaksnoH kpuBoit mpu ¢—0 naer
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sHauenne B. Ha puc. 3.14 nokasaunl Takue rpadukd aJsi NOJHMe-
TUIIMETAKpHIaTa B TPeX PasjHUHLIX pacTBOpHTensiX. UyBcTBHTENb-
HOCTb OCMOMETPHYECKOro MeTola TOXKe najgaer ¢ poctoM M, HO on
IpaKTHYeCKH OPHMEHHM npuamepHo mo M. B. 300 000,

CpaBHHTe/IbHO NPOCTbie M3MEDEHHS] GA3KOCTU PAcTBOPa TaKkKe
JL210T CBEJIEHHs O MOJEKYJISIPHOM Bece MaKpOMOMeKy.I. H3wmepsiercs
7o XapakTepHCTHYECKasl BSI3KOCTb, ompe-
L RensemMas Kak
4

. 1 'flo . ns
B l m——= ] m _Sp_ .
[n] c1—>0 ¢ c1->0 ¢ (3’68)

.

V4

rie 1 — BSI3KOCTb PacTB8OPa, 1o — BsA3-
KOCTb YHCTOro PacCTBOPHUTE]S, € — Be-
CoBasi KOHLEHTPALUsl TONUMEDPA, Nsp -—
TaK HasbiBaeMmasli yaelbHasi B3KOCTb
pactBopa. Benuuuna [n] saBucuT
ot M

21 Bs3kocTb XKHAKOCTH Y| XapakTepu-
I S N S 3yeT BHyTpPEHHee TpeHHe B JlaMHHap-

q a a &  HOM INOTOKE, CKOPOCTb AHCCHIALMH
el auepruu. Haluuue pacTBopeHHbiXx Ma-

KPOMOJIEKyYJl HCKaXKaeT 1lioJle I0TOKa #
f;‘lf'nzil'cl‘fﬁ }Eg:f’e’;';‘; aiiﬁ“g“ﬁ‘; BLI3LIBAET YBEJMUEHHE BSI3KOCTH MO
noMHMeTHAMETaKpHIaTa B Tpex CPABHEHHIO C WHCTBIM DPaCTBODHTE/EM.

pasJIMUHBIX pACTBOPUTENAX. dro yBE&/JIH4YEeHHEe BhipaxKaet IMoTepu

SHeprud, CBsA3aHHLIE C BpaulEHHEM
MaKpOMOJIeKyJ B NOTOKe. BrluHcnienne MOTepbh SHEPrHH AOCTAaTOUHO
cnoxXHo. OfHaKo ecsiH NPHHSATD, YTO [OJIE OTOKa HE BO3MYLIEHO, HO
SHEeprusi AHCCHNHUPYeT NPH ABHKEHHH YaCTHIL OTHOCHUTENIBHO OKpPY-
XKaloue#d XKHAKOCTH, TO pacueT MOXKHO yNpoCTHTb. DfHITe#HH [54]
NOAY4Yus BbhIpaXKeHHe AJis1 BA3KOCTH pacTBopa, copepxKauiero Joboe
YHC/I0 4aCTHI, HACTOJNbKO YIAaJeHHBIX APYr OT [IPYyra, 4To BO3MY-
LIleHHs1 NTOTOKA, BEI3BIBAEMble OTAEIbHHIMH 4YaCTHLAMH, HE B3aHMO-

JeHcTBYIOT Apyr ¢ apyroM. Mmeem
n=mno(l + vo), (3,69)

rae v — Ko3bHuuueHT, ¢ — oTHOLIEHHE CyMMapHoro o0beMa Beex
PaCTBOPEHHBIX HJIM CYCHEeHJHPOBAHHLHIX YacTHI K oblieMy ofbemy
cucremul. Eciu V — o6beM pacTBopeHHOH MaKpoMoJeKydb H Ny =
== Nac/M — aucno vacrun B 1 cM?, to (Na — uncio ABoraapo)

= NACV/M’
H XapaKTepucTuiecKas BfI3KOCTb [n] (3,68) pamHa
N,V

[nl= v (3,70)



§ 3.6, ONPEAENEHUE MOJIEKYJSPHEIX BECOB MAKPOMOJIEKYJN 149

Jnsi pactBopoB TeepAbiX chepHUECKHX yacTHL JHUHINTEHH NOaY-
upn v = 2,56. Cumxa [65] npoBesn pacuers AJs PacTBOPOB TBEPALIX
SJJMIICOMOB BpauleHHsl U Hales, 4To v Bcerga Goablie 2,5 1 3aBH-
CHT OT oTHoweHHs noJgayocedl. ([logpoOHoe H3JOXKEHHE TEOPHH Bs3-
KOCTH NIDHMEHHTEJNbHO K PACTBOPAM MaKpOMOJekys cM. B |48, 53].)

B cayuae tBepabix coep V npomopuuoHaibHo M, H, cienoBa-
Tenbho, [n] o1 M He 3aBHCHT. DT0 cnpaBefNHBO AJs JIOOLIX TBEPABIX
qacTul, ecJH HX Macca H pa3Mephl YBEJHYHBAIOTCS B HEKOTOPOM
TOMOJAOTHYECKOM PH#Ay C coxpaHeHHeMm nonoOus d¢opmbul, Bmecte
C TeM AJis PAcTBOPOB KECTKHX NMaJOuKOOOpasHbIX 4acTHI, y KOTO-
pHX IJHHHas ocb pacter ¢ M, a momepeyHble pa3Mephl IOCTOSHHBI,
v 3aBHCHT OT M. MOXHO paccMaTpHBaTh TaKyI0 YacTHIY KaK BHITS-
HYTHIA 3JJIMICOUA BpALleHHs1 ¢ OTHolWeHHeM nonyoceil b. Teopus
naer gna 20 << b << 300 3HaueHus 38,6 <X v = 4278 u

[n]=KM",

rae K — KOHCTaHTa, XapaKTepHas /s JaHHOH CHCTEMBl OJHMep —
PACTBOPHTEID.

T'nbxne makpoMosnexkyasl o06pasyioT B pacTBope KAyOKH, 4acTHY-
HO HJIH TOJHOCTBbIO NpPOHHLAEMBIe AJS pacTBOpUTess. [n] okasbl-
Baercs 3aBHCSILIER OT MOJIEeKyJAApHOro Beca

[n]=KM?, 3,71

npuueM 0,5 << @ << 1,0 B 3@BHCHMOCTH OT MHAPOJHHAMHUYECKOR npoO-
HHI@eMOCTH KayOKa, T. €. OT TOTO, B KaKOi Mepe NPOXOJHT uYepes
HEro pactBopHTesb. JLJ1s mosmHOCTHIO TPpOHKTIaeMoro knybka a = 1,0.
Hanporus, a5 HenpoHulaeMoro kay6xka a=0,5. B mnocrennem
Jnerko ybenuThesl myTeM rpy6oro pacuera. Hemponunaemnit kay6ox
MOXKHO paccMaTpHBaTh Kak chepy pagnyca

r=Vﬁ/_6=vM°'5.

rae h? — cpenHuil KBaApaT PACCTOSAHHSI MEXIy KOHIAMH IemnH, T. €.
BeIHYHHA, nponopunoHaabHas M (cM. ctp. 129). CornacHo 3akoHy
ditnwreiina (3,70) umeem

N 4Amr® N gny? Ml
[nl=v '_%_AT— =2,5 ——A—m—= KM,
uau
}72‘)“/:
=08~ (3,79)

Aro gopmyra Paropu — Poxca [56], cnpasennupas pas no6oro mno-
auaMepa B O-touke (cm. crp. 143). Ilopsinok BeNHuHHB KOHCTaHTH O
JIEPKO HaHTH H3 NPHBELEHHOro pacuera. EciM KOHUEHTPAlUHs BH-
paxeHa B rpammax Ha geunautp, to @ ~ 1021, Ounwplt maer ais
6ONbUIMHCTBA M3ydYeHHBIX nonauMepoB @ = 2,2-10%!, Kak mokasaau
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[Trunwis u ditsHep [B7], npu Temuepatype, oTaugBON oT 6-TOUKH,
B XOpoLleM DAacTBOpHTeNe, B KOTOPOM CYIIeCTBeHHL o0beMuue 3¢-
texrH,

(] = KM***®, (3,73)

npHueM € o6wiyHo Bapsupyer or 0,2 no 0,3, HO MOXeT HOCTHrathb
# 0,5. B 0-touke ¢ = 0. -

OueBupdo, uaro ¢opmyaa (3,71) yHHBepcasibHa — OHa MpHMe-
HHAMA KaK K KECTKHM, TakK H K TH6kuM uactunam. Iljasa KecTKHX
chep a = 0, 119 ANHBHBIX XKECTKHX CTepXkKHei g == 1,7, nia rubkux
MaKpOMOJIEKYJI, KakK ykKe ckasauo, 0,6 << a << 1,0. .

CoorHowenne [n] = KMY7, nojyueHHoe aisi KECTKHX ANHHHBIX
4aCTHL, OKa3aloCh CNPABEMJIHBBIM AJid PacTBOpOB BHpyca Tabau-
HOfl MO3aHKH, a TaKkKe /i CPABHHTEJbHO KODPOTKHX MOAHIENTH/I-
HBIX Uenei.

@opmyay (3.71) MOXKHO NPHMEHHTb AJA ONPEfEseHHsA M. B. [O-
AVMEP2, €CIH M3 HEe3aBHCHMBIX NaHHLIX M3BECTHH K H Q.

HannyuinuM aGCcoOMOTHHIM METOLOM H3MEPEeHHs M. B. H MOJIEKY-
JSApHO-BECOBBLIX paclpeneleHHH, 0COGEHHO IIHPOKO MNpPHMEHSEMLIM
B GHodH3HNKe, OHOXHMHH H MOJEKyAsapHOil OHOMOTHH, aBAdeTCS Ce-
OumenTayuoHHbLL. MeTol COCTOHT B OCaxKJeHHH MAaKPOMOJeKyJs I0x
HeficTBHEeM IeHTpoGeXHOH CHAn B yJabTpaueHTpudyre, Bpaimalo-
wefica co ckopoctelo nopaaka 10* — 105 o6/mun. LlentpoGexHoe
'VCKOpEHHEe NIPH 3TOM BO MHOT'O pa3 NIPEBLIIIAET YCKOPEHHE CHJILI TH-
Kectu g. B coBpemeHHbIX yabTpaneHTPudyrax OHO JOXOAUT MO
350 000 g (uucno oboporor B Muuyty 70 000). Kiosera ¢ pactBopom
mosuMepa INoMmemiaerca B porop uentpudyru. Krosera mnpepcras-
Jisier oGO HHUJAHHAP ¢ OIPO3pauYHBIMU OKHaMH H3 KPHCTAJJIHYECKOTO
KBapua. Yepes KioBeTy MPOXOAHT Iy4OK CBeTa, H HaGofleHHe 3a
CeqHMeHTallel IPOH3BOAUTCA ONITHYECKHMH MeTonaMH. Brepsrie ce-
ZUMEHTalhs B YJbTpPaleHTPUdyre 6nna NpUMEHEHa K HIYUEHHIO
nosaumepos Cpenbeprom B 1925 r. [JoapoGHoe omucaHHe SKCHEpHU-
MeHTalbHbIX METONOB NpHBeneHo B [48, b8].

Ecin cxopocTh ceflMMEHTanMM 3HAYHTENBHO MPEBOCXOLUT CKO-
pocth AHGOY3HH MaKPOMOJIEKyJ, TO OHH OCaXJalOTCA. B HeEpBOHa-
YalbHO TOMOTCHHOM DacTBOpe o0pasyloTca XBe 06JacTH — YHCTHIf
pacTBOpHTENb H pPacTBOp. Mekay HHMH HaxomuTCs nepexonHas
30Ha, B KOTOPOH KOHI[EHTpALHs MOoJIMMepPa MeHSeTcs OT HYJEeBOro A0
HEKOTOpOro MakCHMaJ/bHOro 3HadeHns. [To mepe cenuMeHTalnH 3Tta
30Ha U ee rpaHuna nepemeiilaforca. Msmepserca ckopocTb IBHKe-
HHsl TPAHHIL IO HAIIPABJEHHIO K AHY KIOBETHl, T. €. OT OCH Bpame-
HHS poTropa.

Ha makpomonekyay AeficTByeT nentpoGexkHas cuna Vpuyo?t, rae
V — o6beM MaKpoOMONEKy/lbl, py — €€ MJIOTHOCTb, ® — YIJI0Basi CKO-
poctb poTopa, X — paccTofHHe N0 ocu Bpallenusa. Ho mMakpomoane-
KyJia HaxonuTcsi B pactBope. Cnenosarte/ibHO, Ha Hee ReHCTByer ap-
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XMMeloBa cHia, W 3¢dekTHBHAaA UeHTpoGexKHas CHJIa paBHA
V(pm — po) @2, rie pp — MIOTHOCTb PACTBOPUTENSA. DTa CHJIA ypaB-
HOBEIIHBAETCA CHJION TPEHHS] NPH I[OCTYNATEIbHOM I[epeMelleHHH
® X (% — Koa¢pbhuunent Tpenus). Toraa B pacuere Ha 1 moab noay-
yuM

N, Voyu(l — Vo) 0’x=x %,

rae V= p;' — yAeJbHbI NapuuabHEL 06beM MakpoMoaekyJst, Ho

NAVpM = M:

M 115 pa3baBJieHHBIX PACTBOPOB % BhIpaxKaeTcs uepe3 ko3pduuuent
nabdysny D (dopmyna

Aimwreina) caenyouuM [ Zpn’ onleaie? 5
obpasom: N

__RT NSNS

=-—"7. (379
Hrax, mMbl nosyunian ¢op-

MyJy, Ha3BaHHYI0 HMEHeM
CeenGepra:

RTs
= ——, (3,75
(1 —Vpe) D ( )

rne s— kosbdgunuent ce-
IHMeHTalMy

_ 1 dx _ 1 dinx Mewick 9
T ek dt T @ df
(3,76) Puc. 3.15. Cenumenraunonwas juarpamma

Js B-JaKTOrJM06Yy IHHA.
paSMEPHOCTb § — CeK, enu- a) <I>o-rorpa(b§u cg,uumeHTupyngeﬂ TpaHKUBl B MO-
HHULA KOS(DQJPI[U/IEHTa cenu- clenoBATEeJbHbIE MOMEHTH; O) pe3yabTaTel ¢oTo-
MEeHTalMH —  CcBenGepr, METPHPORAIH.
1S = 1013 cex.

Ha yavrpaueutpudyre uamepsiercs Ko3dGuuuesT ceIUMEHTALNY,
onpene/SIoINA CKOPDOCTh TepeMellleHHs CeAMMEHTAaUHOHHOR rpa-
anusl. Ha puc. 3.15 nokasana ceqMMeHTauHOHHAs QUATpaMMa A
6eska B-nakToryno6yiauHa. B yiasTpaduoseroBoM cBere cortorpadu-
pOBaHHl MOCJEAOBATEJbHHE BO BpPEMEHH MOJOXKEHHs CeIUMEeHTH-
pywome# rpanunsl. Mamepus s, kosdduuuent nudpdysuu D, a TakxKe
pa ¥ po, MOXKHO onpejenuts M. Beqnunna s 3aBUCHT OT KOHUEHTpa-
OUH pacTBOpa BCJ/IENCTBHE THIPOAHHAMHYECKOTO B3aHMOZEHCTBHA
MaKpoOMOJIeKyJ. 3HaueHHe §, 3KCTpalo/JHpOBaHHOE K HYJeBOH KOH-
neHTpauHH, '

§

so=lims, (3,77)

c>0
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Ha3bIBAETCS KOHCTAHTOU cedumenTayuu. 3uauenus M u sp 3auactyio
cuMGaTHEI, XOTd W He TipolopuHoHaJbHE. B Tabn. 3.2 mpusenenw
HekoTopule 3HaueHusa M u o Ansg GeqaKoB.

TaGauma 3.2
3nauenuss M u s, (8 cBexbeprax) nis HekKoTopuX Gedkor

Ha3pauue Geaxa M 8, Hassaune Geaka M So
PuGonykaeasa 13 700 1,64 | Tmuuepaasperapgoc- | 122 000 7,0
Jlasomum - 14 100 1,9 tdataerngporenasa |
Muorao6un 17600 | 2,04 | y-raoGyaun gyenoseka | 185000 7.4
utoxpom ¢ 22 400 2,5 | duGpuHoreu yeaosexa | 450 000 9,0
Tpuncun 23800 | 2,5 |Karaaasa 240000 | 11,0
[Tencun 35000 [ 3,3 | Puxospurpuu 290000 { 12,0
CeiBopoTounni#i  ajb- | 65000 4,3 ||Ypeasa 630 000 | 18,6

GyMHH yeJoBeKa Axromuosun kposuka | 5-10¢ | 35,0
Temorao6un 68 000 4,5 | I'emonuanuu 9.10% |103,0

[lpn MeHblIMX uHCAaX OOOPOTOB YABTPAUCHTPUGDYTH MOXKET ycTa-
HOBHTbC PaBHOBECHE BCJ/IEICTBHE DAaBEHCTBA BCTPEUHHIX CefUMeH-
TalnMoHHOTO M AH(GY3HOHHOTO NOTOKOB. Ecan koaddunuent pud-
dysun D HoCTaTouHo BEJHK, TO DP4BHOBECHE ycTaHABJHBaeTCs MO-
cTaTouHo OHICTPO H HaOJIORaeTcs PAaBHOBECHOE paclperesneHue Be-
1ecTBa.

Ecau ¢ — KOHIEHTpaUHUsA PaCTBOPEHHOro BEIleCTBA HA PACCTOA-
HHH X OT OCH BpallleHHs, 3aBHCAIlag OT BPEMEHH, TO UHCIO MoJe-
KyJl, CelMMEHTHPYIONX 3a BpeMs df uepes eXHHHLY NOBEPXHOCTH,
NepneHaNKY/IAPHON X, PaBHO

dx

C—dt—' dt,

rie dx/df — CKopoCcTb CeIMMEHTAIUH Ha DPACCTOSHHM X. 3a To Xe
BpeMs df KosHuecTBo AMGPYHANPYIOIIErO Yepes To XKe ceueHue pac-
TBOPEHHOTO BEIleCcTBA PaBHO

de
D d—x'dt.
B paBHoOBecHH
dx =D de 3 78
¢ =D (3,78)
Ho, coraacuo (3,75) u (3,76),
dx __ o M1 =Vpo) 2
7 =SO°X == T Dw®x
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W MBI NOJYYa€EM AJs MOJIEKYJspHOTO Beca BTopoe ypasHeHue Caeun-
Gepra, yKe He cogepxkallee Koahdunueata zuddysuy,

_ RT dlnc
(1 — Vo) 02x  dx

(3,79)

Hurerpupys sTo ypaBHeHHe B HMHTepBaJle MeXAY ABYMS TOYKAMH,
HaXOgAIMMHCA Ha DPACCTOAHHUAX X; M Xg OT OCH BpalleHus, uMeeM

2RT In (cy/c1) (3,80)

- (1 —Vp,) 02 x%—x% )

Has onpegenedus M o6buluHo mpuMensieTcss meTof Apuubanbra
{48, 58, 59], Tpebyiomuil ropasgo MeHbIIErO BpeMeHH, YeM OMMHCaH-
Hble BHILIE METOXbI, U MaJuIXx KoJiudecTB BemecTBa. Mccaenyercs He
camo pasHosecHe, HO npubankenne K HeMy. [ToTok Bemectsa uepes
MEHUCK ¥ JHO KIOBETH paBeH HYJIIO HE3aBUCHMO OT JHOCTHIKEHHS paB-
Hogecus. CJaesoBaTeNbHO,

1 l(dc)__l l(dc)__so)2
x dx m X, € dx b D

mcm

VIngekc m oTHoCHUTCA K MEHUCKY, b — K auy KioseTsl, Haxogum ort-
croxa

_ RT (de/dx)m
0=V @  xmem
RT (deldx), (3,81)

(1 — Vpo) w? ENI

JJ1s1 roMoreHHoOro noJiuMepa 3TH JiBe BeJIMUMHBI M coBmagaioT Apyr
C Apyrom.

B 1957 r. 6uln mpegsioXeH HOBHIE METON CEIHMEHTAIHOHHOTO
aHa/u3a, HalIe[UIMd WIMPOKOe NMpUMEHeHHe B MOJIEKYJIApHOH GHO-
JIOTHH M OHoQu3HKe, B 4dCTHOCTH NPH UCCAETOBAHHH HYKJEHHOBBIX
KUCJIOT (CM. HuXe /1. 8)— merod cedumenrayuu 8 epaduenre nAOT-
nocru [60]. :

B KoHIEeHTpHPOBAHHOM pacTBOPE HHU3KOMOJEKYJAPHOIO Bele-
CTBa, B YACTHOCTH B COJIEBOM PAacTBOpE, NPH AJHTENLHOM YJIbTPaleH-
TpuyrupoBaHUM YCTaHABJIMBAETCA FPAaJHEHT KOHIEHTPALHH, HJIH,
4TO TO K€ CAMOE, FPaAMEeNHT MJIOTHOCTH dpo/dx. Ecin moMectuTs B Ta-
KOH pacTBOp, CNyXallui 37eCh pacTBOPUTENeM, MaKpPOMOJIEKYJBl, TO
B cuJIy npornopuHoHaJsHocTH § B (1 — Vpo), rae po — no-npexuemy
- IVIOTHOCTb PAacTBOPHTENs, OHH OYRYT pAacClONATATLCA B TOH YacTH
KIOBeTHI, B KoTopoit § = 0, T. €. Vpo = 1, w1y pg = par. YIHBIMHE cil0-
BaMH, MAKPOMOJIEKYJIB JIOKAJNH3YIOTCS B TOH 06GJACTH KIOBETHI, T'Nie
DNJAOTHOCTh KOHILEHTPHPOBAHHOIO COJEBOro pacTBopa COBNAajaer
€ MJOTHOCTBIO MAKPOMOJIEKYJ H, 3HAYHMT, IVIOTHOCTb Pm MOXKHO H3*
MEPHTb HelmocpeacTBeHHO. leTeporeHHass cMech MakKpOMOJEKY.l
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pasjgessieTcs, H [IPH HCIOJb30BAHUU ITOTO MeTOAA HabJiofaeTcs Ie-
JbIfi cleKTp nioTHocrefl. [Tosloca B TaKOM CNEKTPe HECKQJILKO pas-
MasaHa BciaeAcTBue fuddysnu. Pacnpenenenne KoHueHTpanuil B mo-
Joce, T. €. B 30He JIOKAJH3alHHd MaKPOMOJIEKYJ, CTAHOBHTCA raycco-
BLIM:

¢ == ¢y exp (— x%20?), (3,82)

rlle Cp— KOHLEHTpalusa, OTBeyamllas LeHTPY noJocH. Hucnepcus
rayccoBa pacnpejie/ieHds 0 XapakTepU3yeT WIMPHHY ToJiockl. Pacuer
[IOKAa3biBAEeT, YTO

02— Rrpo/(Mj—f;m?x), : (3,83)
TAe po — IVIOTHOCTb B ILleHTpe moJocH. M3 onpepeseHus 3aBUCHMO-
ctu In ¢ ot x? Haxonum o2 u, cienoBaTeTbHO, MOJIEKYJIsAPHLIH Bec M
(moppo6Hoe onucaHue MeTona cM. B {48, 58, 61]).

Mpbr BuapM, uto Huddysus CAyKUT OJHHM H3 ONPefelAIIuX
(hakTOpOB B CeMMEHTALHOHHEIX Tpoleccax. B MeTo/e, OCHOBAaHHOM
Ha H3MEPEeHHH CKOpOCTH CeIMMEHTAlMH, HeoOXOXMMEI MpSMbie Of-
penenesus kosbduuuenta Auddysun D. Hubdysus coamaer Bo3-
MOXKHOCTb onpepenenus M B MeToje ceXuMEHTAIlHH B TpajyeHTe
mJIoTHOCTH. BMecte ¢ TeM usyueHue audpdysunm naer mudopmanuio
O TOJBHIKHOCTH MAaKPOMOJIEKYJ H, TeM caMblM, 06 HX reoMerpuuye-
CKHUX H FHAPOAMHAMHMYECKHX CBORCTBAX. '

HAuddysus Bo3HHKAET BCJEACTBHE TpafMeHTa KOHIEHTPAIUH.
Judpdy3HoHHLI TOTOK B HANPABJEHUH X p4BEH (mepPBOe YpaBHEHHE
®uka)

d
J=—D—-. (3,84)

Ho B HecTauMoHapHbIx yCJIOBHSIX KOHIIEHTPAUHA H3MeHsieTcs BCaes-
crBHe nuddysuH, T. e. MeHseTc U NoToK. Mmeem

e oI
ot — dx °
Orcrona nosnyyaem BTopoe ypaBHeHue Duka
: : dc 9 de
=5 (D 5¢) (3,85)
u, eciu D He 3aBHCHT OT X,
dc d%c

9kcnepuMenTalbHas 3ajfaua cocrout B uaMepenun D. Ilnsa storo
ONTHYECKHMH METONAMH onpefensieTcss TPafHeHT KOHUEHTPAIUH.
B crneuma/ibHOR KIOBETE OCTOPOXKHO HACJAAMBAIOT APYr Ha 1apyra
PACTBOP M YUCTHIHl PACTBOPHUTENb U HCCIAEAYIOT MPeNOMJIEHHE HIU HH-
teptdepenuuio cera. [IpuHuunb geficTBus U YCTPOACTBO COBpPEMeEH-
HBIX DU Gy3oMeTpoB onucanu B {48].
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®opmyna dunwreiina (3,74) cnpasefnuBa JAas HAeaNbHOro pac-
180pa. PacTBopbl MonMMepoB Zaneko He HAea bHEL. YpagHeHHe Jijn-
mTeiiHa cjaexyeT M3 3akoHa Baut-I'odda xas ocMoruyeckoro xas-
genus (3,65). i3 peanvHoro coornomenusi (3,67) mosnyuaercs

D=%(kT+2BMc+SCMcQ+ ) (3,87)

¥, 3HauuT, D 3aBHCHT OT KOHIEHTPAIHH.

Kos¢pdHnueHT TpeHHA » 3aBHCHT OT (OpMbl MaKPOMOJEKYJAH H
ee IPOHHI@aeMOCTH AJA pacTBopHTens. asa TBepanix cdep cnpasen-
nuB 3akoH Crokca (r — paauyc chepni)

Heg == BTN, (3,88)

B cayuae TBepAbIX 3HMNCOMAOB BpallleHHs KO3)(HUIHEHTH Tpe-

HHsl TIPH JABHMKEHHH YAaCTHUE! B HANPABJEHHH, NapannelbHOM (%)

M . [epHeHAUKYARPHOM (xl) oCH 3aqunconga, pasauynnl. O6e

BeJMUMHBL %, H %, S$4BHCAT OT OTHowleHus oceit b. Tak, ans secbma
BHITSHYTOTO 3J/HNconga (b > 10)

4nn,L 8nmoL

YN = 3Tnor—1' *L=3mort1°

rie L — nauna rnaBHO#M ocH saauncoupa. [IpakTuuecku nabniofae-
Moe cpejlHee 3HaYEHHE N1aeTCs BbIpAXKEHUEM

U ="1s (U + 2.,
unpu b > 10

__ 3aneL
Kosdduuuent tpenusa nns s/nuinconna OoJbuue, yeM ndsi cheprl

Toro Xe obnemMa.
®opmyay (3.88) MoxHO nepenycats B BUAE

Ao == B, (V. /4y,
rae V — o6wem coepsl. [Insa sanunconna
% == Baunyy (3V/451) " n /ey (3,90)

OTHoeHH s %/%cp N YACTHIL PaBHOTO oGbeMa M3pecTHb (cM. [43]).
OuH 3asHcAT TOABKO oT b. CnexosarensHo, 3Has V, 1.e. M u naor-
HOCTb, MOXHO ONpexenuTs b Mo H3MepeHusaM %, T. e. D. Tak xkak
MaKpOMOJIeKyJbl O€nKOB B HATHBHOM COCTOSIHMH SABJSIOTCA TBep-
IBIMHM YacTHIAMH (cM. HHXKe ri. 4), uzyuenue Audpdysmu CIyX AT
NPAMBIM METO0M ONpefenienus HX GopPMEL.
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Teopus nocrynarenbHOro TpeHHUA rUGKUX LEMHBIX MAKPOMOJIEKYJ,
ecrTecTBeHHO, Gosiee cnoxHa. OHA CTPOMUTCS HA TeX ¥Ke OCHOBAHMSAX,
YTO U TEOpHs BA3KOCTH, — B OOOMX CNy4yafX pedb HAET O THAPOAM-
Hamuke. M3mepenns nuddysuu no3BoJAIOT HAHTH CTATHCTHUYECKHE
nuHeHHble pasMepsl MakpoMonekyan [48].

§ 3.7. ONTHYECKHE METOMbI HCCAEROBAHHA MAKPOMONEKYN

Boraryio nadopManuio o MakpoMoJekynax — 06 UX MOJEKYJsAp-
HOM Bece, pazMepax M <¢opMe — MaeT MCCAEN0BAHHE PACCEAHUS
ceera. Paccesinue cBera — BaxKHeHIlee siBJleHHe MOJEKYJIAPHON On-
THKH, H3yueHHe KOTOpOro M03BOJISIET MOJyYaTh leHHHE H pa3Hoob-
pasHble CBE€HHS O CTPOEHHH M CBOMCTBAX MOJIEKYJ, MKUIKOCTEH H
TBepAbIX TeJ [62, 63].

CoBepIlIeHHO 0AHOPOAHAS Cpeaa He [oJKHA paccenaafrb cBera —
BTODHUHBEIE CBETOBbIE BOJIHEI, H3JyyaeMble JeKTPOHAMH MOJIEKY,
BO30OYKICHHBIMH Tnafamciled BOJHOH, KOT€PEHTHH M TacfiT APYT
ApYra mo BceM HaNpaBJICHHSAiM, KPOME pas3pelleHHBIX 3aKOHAMH Ieo-
merpuyeckofi ontukd, OnHako B JI060H cpexe Bcerga HMeloTcs
(hJIYKTyanuy — OTKJIOHEHHA OT DPABHOMEPHOIO paclpefeleHds Io-
JOXKeHHH W opueHTauuil monekysa. CBer paccenBaeTcs Ha QUIyKTya-
UUAX [VIOTHOCTH ¥ QUIYKTYanHsaxX OpUEHTAIUl B rasax M XKHUIKOCTAX,
Ha QUYKTyauuax KOHIEHTPAUMH B pacTBOpe.

Ilox peficTBHeM 3JIEKTPUUYECKOrO T10JII CBETOBOH BoJHB Eq
B o6beMe BemecTBa ¥V, ManoM no cpaBHeHHMIO ¢ A3, rme A — mJMHA
CBETOBOH BOJIHEI, MHAYUMPYETCS AMIOJb, H3JYyYalomuil BTOPHYHBIE
BOJIHLL. JIeKTpHUeCKOe TMoJie BTOPUYHOH BOJIHEL B TOUKE, HAXOMUS-
meiicss Ha pacCTOSIHMH r OT Iu»mom BbIpaxkaerca GopmyJioi

Ey= Mr psxrn‘} (3,91)

111e p ==|p|— BeqMuMHA HHAYUMDOBAHHOrO AHMOJBHOIO MOMEHTA,

9 — yro1 Mexny BektopaMu r u p (1. e. Ep). JdunosbHelii MoMeHT
o6bema V pasen

p="—1VE, (3,92)
rae e = n? — KBajJpar NOKasaTess I[penoMJeHHs BemecrtBa. [Ipu
HaJUYHH QIYKTyanui

=g+ Ae S (3,93)
7}

Tak xak paccesHHe ONpPENENSIETCA TOJNBKO QJJIyKTyaunﬂMH, BeJIH-
YyHA HaNpsAXKEHHOCTH 3JEKTPHUYECKOro MoJIsi CBETOBOH BOJIHEI, pac-
cesHHO#N 06beMoM V, paBHa

4:rt Ae

Eb =34 EoVsin® (3,95)





