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§ 1 O61mue cBeeHUsI 0 BLICOKOMOJIEKYJISIPHBIX COeIMHEHUSIX

[TonuMepsl (BBICOKOMOJIEKYJISIPHBIE COEAMHEHHS) 3TO COEIMHEHUS HPHUPOJHOTO WIU
CUHTETHUYECKOTO IIPOMCXOXKIEHUS, MaKpPOMOJIEKYJIbl KOTOPBIX COCTOST M3 MHOIOKPaTHO
MOBTOPSIIOLINXCS 3BEHBEB, COSTMHEHHBIX MEXTy cO00i XuMHUUecKuMH cBsi3siMu. Ecim OykBoit A
0003HAUUTh MOBTOPSIOIIEECS 3BEHO, a Yepe3 N — CTEeNeHb MOBTOPEHUs, TO B OOIIEM ciydae
MOJIMMEP MOXKHO 3anucath B BUJe [A],. Uucio n Ha3piBaeTcs CTENEHbIO MOJIUMEPU3ALUU, €CIIU
IIOJIUMED HOJyYEH METOJIOM IOJUMEPHU3ALNY, WK CTENEHBIO ITOJIMKOHIEHCALMS, €CIIU ITOJIUMEP
IIOJIy4€H TOJUKOHACHCAUEH.

Pa3znuyaroT cneayroniye METOIbI CHHTE3a ITOJIMMEPOB:

Peaknun nosmMepusanuu OTHOCATCA K LIETIHBIM IIpoLlecCaM — PEaKLHMM MPOTEKAKT I10
TUITy TIOJIMIIPUCOEINHEHUS U HE CONIPOBOXKAAETCS BBIACICHNE HU3KOMOJIEKYIIAPHBIX IIPOLYKTOB.
IIpn B3auMMOIEHCTBMM MOHOMEPOB Jpyr C JpPYyrOM JBOWHAas CBA3b HUX IIEPEXOJUT B
HaCBILICHHYIO.

nA —» -[A]-,
[Ipm STOM CTPYKTypa IOBTOPSIOMIETOCS 3BEHA OOpa3yroIIerocs: IMOJIMMepa COBIATACT CO
CTpYKTypoil MoHOMepa. [lpu monmumepusanuv MOTUMEDP C BBHICOKHMM MOIEKYJSIPHBIM BECOM
oOpa3yercs yke B IEpPBbIC CEKYH/bBI, 2 C TCUCHHEM BPEMEHH YBEIIMYUBACTCS TOJIBKO CTETICHB
MpeBpalleHrsl MOHOMEepa B TouMep. TUMTHYHBIE TOTUMEPHU3AIIIOHHBIE MOHOMEPHI IPUBECHBI B
Tabimie 1.
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[lockonbKy KpaTHasi CBSI3b MOJKET pa3pyllaTbCsi TOMO- WM TIeTEPOJIMTUYECKH, TO
HOJMMEpHU3alsl MOXET MPOTeKaTh M0 PaAUKaJIbHOMY WJIM HOHHOMY (KaTHOHHOMY WIIM
aHUOHHOMY) MexaHu3MaM. [Tonmmepusanus npoTekaer B TpU CTAIUU:

1) uHULUMPOBAHUS;

2) pocT 1eny;

3) oOpHbIB 1IETIH.

[Tomumepu3zanusi MOXeT OBbITh HHULIUUPOBaHA JMOO TMOJ JeHcTBHEM (HHU3HUYECKHX
(poToxumuyeckue, TepMHUYECKHE, YIbTPa3BYKOBOE, PAaJUALlMOHHOE WHUIMMPOBAHUE), JIMOO
XUMHYECKHX (MCIOIB30BaHNE HHULIUATOPOB) (PAaKTOPOB.

Peakuuy nonukoHAeHcalMs OTHOCSTCA K CTYNEHYAThIM IIPOLEccaM U COIMPOBOXKAAIOTCS
OTILIEIUIEHUEM HM3KOMOJIEKYJIIpHOro mnpoaykra. llpu 3ToM MosekymnsipHbIi Bec moiaumepa
HAapacTaeT MOCTENEHHO M TEM BbIIIE, YeM OoJblle JIMTEIbHOCTh Ipouecca. Ilpu stom u3
MOHOMEPOB CHayajia 00pa3yroTcsl AUMEPBI, KOTOPBIE pearupyroT JApyr ¢ APyroM ¢ 00pa3oBaHUEM
TETPaMEepoB U T.A. B NMOJMKOHAEHCAlMM MOTYT y4acTBOBaThb KaK OJMHAKOBBIE, TAaK U Pa3HbIC
MoJieKyJnbl. B o01iem Buie 3TH peakiiui MOTYT ObITh H300pa’keHbI CXeMaMHu:

xa-A-b = a-(A)-b+ (x-1)ab
x a-A-a +x b-B-b = a-(A-B)x-b + 2(x-1)ab,
rze a, b — QyHKIMOHAIbHBIE TPYIIIHL.

JluneliHble MAaKPOMOJIEKYITbI 00Pa3yIOTCS TOJIBKO MPU KOHACHCAIMH OU(YHKITMOHATBHBIX
MOHOMepoB. Eciii B MOJNMKOHIEHCALIMU Y4YacTBYIOT MOJEKYJbl C TpeMs U OOJBIIUM YHUCIOM
(YHKIIMOHAJIBHBIX TPYII, TO 00pa3yloTCs MOJUMEpPHI C TPEXMEpPHOU cTpyKTypoi. Hekoropsie
peakuuu o0pa30BaHMs MOJUKOH/IEHCALIMOHHBIX MTOJIMMEPOB MPUBEAEHBI B Ta0nuLe 2.
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ITonmumepaHnanoruuHble IPEeBpaILECHNs IPEACTABIAIOT cOO0M peakuy, MpoTeKaroImue 6e3

W3MEHEHUs1 CTeNeHW nojauMepusanuu. [lpm »>TOM mnonMMep mnoaBepraercs BO3AEHCTBUIO
XUMHUYECKHX PEarecHTOB, W (PYHKIMOHAIBHBIC TPYIIIBI MOJMMEPOB BCTYMAIOT B pEaKIUU
3aMEILEHMS, TPUCOEIUHEHHS U JP.

MHuoroo0pa3ue BbHICOKOMOJIEKYJISIPHBIX COEAMHEHMH 3aTpyAHSET KilacCU(PHUKAIMU MOJIUMEpPOB.
Briaensitor cnenyromue MpUHIMIBI Ki1accuUKaImm.
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ITo mponcX 0K IEHNIO:

[Tpuponuble wuau  Ouomonumepsl  (Hampumep O€NKM, HYKJIEMHOBBIE  KHCIOTHI,
HaTypaJIbHbII Kay4yyK, r'yTTanepua).

CunTeTnyeckue MONUMEpbl  (MONMATHIEH, TMOJIMAMUMABI, AMOKCHUAHBIE  CMOJIBI),
MmoJIryq4a€MbIC METOAAMHU MMOJIMMEPHU3AIIUN U TIOJTUKOHACHCAIINH.

ITo mpupone:

Opranuyeckue — coepkaT aTOMbl YIiepoaa, BOAOPO/a, a30Ta, KUCIOPOa, rajIoreHOB.
DNEMEHTOPraHNYECKUE — COEPKAT KAK OPraHUUYECKUE, TAK M HEOPTaHUYECKUE TPYIIIIBI
(Harpumep, TOTUAUMETHUIICUIIOKCAH).

Heoprannueckue — He coxepxkKar CBA3€H  yriaepol-Bogopoxa. l'omornenHeie
HEOpPraHUYEeCKUe MOJUMEPDI — TMHEWHbIE MOAU(PHUKALIUU CEPBI U CEJICHA.

ITo XMMHYECKOMY COCTaBY MOJIEKYJIBI

Kap60uenHLIe MOJIMMEPEI, Y KOTOPBIX OCHOBHAMA LECIIb IMTOCTPOCHA TOJBKO M3 YIITICPOJHBIX
aTOMOB.

FeTepouenHHe MOJIMMEPBI, OCHOBHAad MLOC€Ib KOTOPBIX COJACPKHUT HE MCHEC [BYX
Pa3IMYHBIX ATOMOB B DJIEMEHTApHOM 3BEHE.

[To popme makpomonekyn (pucyHok 15.1) pa3auvaroT TUHEHHBIE, TBYTSKEBbIC, PA3BETBICHHBIC
U CIIUTBIE MTOJUMEPHI.



B n1uHeHHBIX MOJMMepax CTPYKTYypa MOJIEKYJ IIPEACTABIICHA B BUJE JJIMHHOMN LEMOYKHU.
Takue MONEKyJbl U30THYTHI, IEPEIUIETEHBI, HO MOTYT B3aUMHO II€PEMENIAThCS ITPU HAarPEBaHUU
Marepuaia. Marepuan cliocoOeH PacTBOPATHCS B PA3IMYHBIX PACTBOPHUTENSIX. OTAEIbHBIC IETH
MaKpOMOJIEKYJ CBSI3aHBI MEXMOJIEKYJSIDHBIMM CHJIaMHM, W BEJIMYMHA MEXKMOJIEKYIISIPHOTO
B3aMMOJEMCTBUS ONPENENIeT TEXHUYECKUE CBOMCTBA nonuMepa. OTCyTCTBUE Pa3BETBIECHUN U
HaJIM4ue TIOJISIPHBIX TPYII YBEIMYMBAECT OSTH CHJIBI, IOBBINIAS IIJIOTHOCTh YIIAKOBKU
MaKpOMOJIEKYJI U TEMIIEPATypy pa3MArdeHHUs MoJUMepa IPU HarpeBaHUU.

CTpykTypa CHIMTBIX IOJHMEPOB MOXET OBbITh CpPaBHEHA C CETKOHM, IJe OT/AEIbHbIE
MOJIEKYJIBI CBSI3aHbI «II€PEMBIYKAMU», «MOCTUKAMH CLIMBAIOILIETO areHTa» U M03TOMY HE MOTYT
CcBOOOJHO mepeMelaTbcs APYr OTHOCHTENIbHO JApyra. Takodl Marepuan He pacTBOPUM HHU B
OJHOM pacTBOpuTene, HO MoxeT HaOyxarb. CmmTele mNOIMMEpbl 00JanaloT Oosbleit
TBEPJOCTBIO U TEIIOCTOMKOCTBIO. [Ipumepamu o00pa3zoBaHMs MPOCTPAHCTBEHHBIX CTPYKTYp
MOTYT CIY’)KUTh BYJIKAQHM3allUsl CUIMKOHOBBIX OTTHCKHBIX MaTepuainoB. CeTdaryro CTPYKTypy
MMEET MOJIUIUMETWICHIIOKCAH

Pucynok 15.1
Knaccudukanus nonumepos no GopmMe MakKpoMOJIEKyJI.
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Pa3znnyaror romonoJimMepsbl, MaKpOMOJIEKYJIbl KOTOPBIX IOCTPOEHBI U3 3BEHBEB OJJHOTO
MOHOMEpa, U COMOJMMEPbl, MaKpOMOJEKYJIbl KOTOPBIX IIOCTPOEHBI W3 ABYX WIHM Oonee
MoHOMepOB. ComonuMepbl MOTYT OBITH

1) craTHCTMYECKHUMHM — CO CIIy4alHbIM YepeloBaHUEM MOHOMEPOB OJIHOT'O THUIIa;

2) peryJisipHO YepeAyYWIIMMHCS — OHHU COJIEp)KaT 3BEHbS OOOMX MOHOMEPOB B
SKBHUMOJISIPHBIX KOJIMYECTBAX U C IPABUIILHBIM UEPEIOBAaHUEM UX 110 LIEIH;

3) 0J0K-comoJMMepaMH, KOTOpbIE TMPEACTaBIsAET COOOW JHMHEHHBIH MOJHMEp C
JUIMHHBIMHU TOCJIEI0BATENbHOCTAMHU (OJI0KaMM) OJIMHAKOBBIX 3BEHBEB, pa3/elIeHHbIC OJOKaMU
JIPYTUX 3BEHbEB;

4) npuBuTbIMU (TpadT-comoUMepaMu), B KOTOPBIX JIMHEHHBIC MOJEKYJBI OIHOTO
[OJIMMEpa XMMUYECKH IPUCOEIAMHEHBl K JMHEMHBIM MOJIEKyJlaM Jpyroro noiumepa. OHuU
SBJISIIOTCSI PA3BETBJICHHBIMU COINOJIMMEPAaMH, Y KOTOPBIX OCHOBHas LI€llb COCTOUT U3 3BEHHEB
OJTHOTO MOHOMEpA, a K HEel MpHCOoeInHEHa OHA UK O0Jble OOKOBBIX LIETei, TOCTPOCHHBIX U3
3BEHBEB JIPYroro MOHOMeEpa.

Oco00  BBIIENAIOT  KJIACC  MOJUAJIEKTPOJHMTOB, 3BEHbS KOTOPBIX  COAEpXKaT
(GyHKUMOHAJbHBIE TpYNIbl (MOHOI€HHbIE TIpPYMIbI), CHOCOOHBIE K 3JIEKTPOIMTUYECKON
quccouuanuu. Bee Oenky, HYKJIIEMHOBBIE KHMCIOTHI M Ip. SIBJSIIOTCS HoOJudJeKTpoauTamu. [lo
XapakTepy HOHOB, 00pa3yloIUXCcs IPU AUCCOLUALMH PA3INYAI0T HOIUIIEKTPOIUTHI:

AHHMOHHBIE — OHM JIUCCOLMUYIOT C 00pa30BaHUEM MOJMAHMOHA MOJIMKApPOOHOBON MM
HOJUCY/Ib()OHOBOM KUCIOTHI W KaTHOHA MeTalla wid nporoHa. K HUM  oTHocATCS
MOJIMAKPUIJIOBAsl KUCJIOThI, OJMMETaKpHaKpUIaThl METAJIOB, HyKjJeuHOBble kucioTsl, JHK u
T.1., cogepxkaume —COO ™ u —SO; rpynmy.

KaTuonnble — nucconuupyoT ¢ oOpa3oBaHUEM THIPOKCUIIBHBIX I'PYMI WIA CIIOCOOHBI
IPUCOECTUHATh IPOTOH II0 OCHOBHOW aMUHOIpymie ¢ oOpa3oBaHHMEM MNOJHMKATHOHA WU
HU3KOMOJIEKYJISIpHOTO aHuoHa. [Ipumepom siBnsiercs nonudtuneHuMuH -[-CH,-CH,-NH- - 1 nip.

AMGoOJMTHBIE — TOJUMEPBl COAEpPKAT M KapOOKCWIIbHBIE M aMHHOIPYIIBI, K HUM
otHocsaTcs Oenku. B 3aBucumoctu ot pH pacTBopa MosMuOHBI OETKOB UMEIOT MOJIOKUTEIbHBIN
3apsil B KMCJION cpelie (3a cueT MPOTOHUPOBAHMSA aMMHOTPYIIN) WM OTpULATEIbHBIN 3apsi B
MIEJIOYHOM cpene (3a CYeT HMOHU3AIMH KapOOKCWIBbHBIX rpymm). OIHaKO BO3MOXKHO U
U30971eKmpuyecKkoe COCTOSHUE, KOTJAa 4YHCIO0 HMOHM3UPOBAHHBIX KHUCJIOTHBIX PaBHO YHCIY
MOHM3UPOBAHHBIX OCHOBHBIX Ipymil. [Ipu 3ToM cymMMapHBIA 3apsii MakpoHOHa paBeH HYJIO, a
3HaueHue pH pacTBopa, OTBEdYarOlIEe ITOMY COCTOSHUIO HAa3bIBACTCSA UB0INEKMPUUECKOU
MOYKOLL.

§ 2 CeoiicTBa pactBopoB BMC

BricokoMonekysipHble COEAMHEHNSI MOTYT 00pa30BbIBATh KaK MCTUHHBIE PACTBOPHI, TaK
U TMo(UIbHBIE KOJUIOUIHBIE PACTBOPHL. XapaKTep pacTBOpa 3aBUCHT OT HMPUPOBI MOIUMEpa U
pacTBOpUTENIS, KOHLEHTpPAlMM U MOJIEKYJIIpHOM Macchl mojumepa B pactBope. OnHAKO BHE
3aBUCUMOCTH OT IPHUPOJBI PACTBOPHI IOJIMMEPOB CYIIECTBEHHO OTIMYAIOTCA OT PacTBOPOB
HU3KOMOJIEKYJISIPHBIX JKUAKOCTEH MEXaHM3MOM pacTBOpeHUS M AudPy3un, 3HAYUTEIBHO
OosbIIeH BA3KOCTBIO, OCMOTHYECKUM JIaBJICHHEM, a TaKKe CIIOCOOHOCTHIO MaKpOMOJIEKYN K
KOH(OpMallMOHHBIM ~IIpeBpalleHusiM B pactBopax. IlocnenHee o0coOeHHO BakHO s
O61ONOIMMEPOB — OEJKOB, HYKJIEHHOBBIX KUCIIOT U MOJUCAXapU0B, CBOIICTBAa U BOBJICYEHHOCTh
KOTOPBIX B OMOXHMHUYECKHE MPOIIECCHI OMPEEISIETCS] He TOJIbKO OT CTPOCHHUEM 3JIEMEHTapHOTO
3B€HA, HO U PACIOJIOXKEHUEM B MPOCTPAHCTBE, U3MEHSIOIIMMCS B 3aBUCUMOCTH OT YCIOBUH —
Temneparypsbl, pH cpezbl, KOHIIEHTpAIUH COJIEH.

W3yuenne TmoBeNeHUs] MaKpOMOJIEKYJ B pacTBOpe HMeeT OoJblloe 3HAaYeHHE.
BbicOKOMOIIEKYIISIpHBIE COEAMHEHMS] HE CYLIECTBYIOT B Ta3000pa3HOM COCTOSHUM M BCHO
OCHOBHYIO0 MH(OPMALIMIO O CBONCTBaX MHAWBUIYAIBHBIX MaKpOMOJEKYNI, UX KOH(OpMAIUIX U
pa3Mepax, MOJEKYJISpHBIX Maccax M paclpeiesieHud IO MOJEKYISIPHbIM MaccaM MOKHO
MOJIyYUTh TOJBKO MPH H3YYEHHHM DPACTBOPOB. M3yueHHe CBOMCTB IOJMMEPHBIX PacTBOPOB U



OTHOILIEHHS MOJUMEPOB K pa3HbIM PACTBOPHUTEISIM HEOOXOAMMO Ui IEJICHANPABIEHHOTO U
000CHOBAaHHOTO MPUMEHEHUS OJIMMEPHBIX MAaTEPUAIOB B PACTBOPEHHOM COCTOSIHUM B Ka4eCTBE
KpOBE3aMEHUTEIEH, areHTOB CHU)KEHUS BSI3KOCTH KPOBH, IIPOTUBOBUPYCHBIX CPEICTB, a TAKXKE B
TBEPJIOM COCTOSHUM — JJIi YCKOPEHHUS 3@XUBJICHUS KOCTHBIX J1e(EeKTOB, HMIUIAHTAHTOB,
XUPYPIUYECKUX HUTEU, IIyHTOB.



2.1 Mexann3m HaO0yXaHHMsl M1 PACTBOPEHUsI NOJMMEpPOB

B Hacrosmee BpemMss HeT €AMHOW TEOpUH, KOTOpas MO3BOJsUIa Obl IpeNCKa3aTh
CIIOCOOHOCTh IMOJMMEPOB PAcTBOPATHCS B Pa3jIMUHBbIX pacTBOpUTEISX. [[oaTOMYy NpUMEHSIOT
U3BECTHOE SMIIMPUYECKOE NPaBUIIO — OA0OHOE PacTBOPSAETCS B OJJOOHOM.

B oTiinune oT pacTBOpeHUss HU3KOMOJIEKYIISIPHBIX BELIECTBA, P KOTOPOM IPOUCXOIUT B
OCHOBHOM JU(Qy3us pacTBOPsSEMOro BelleCTBA B pacTBOpuUTenb, pactBopeHue BMC
COIIPOBOXKIAETCS B3auMHOW Juddy3uell mnoiauMepa U pacTBOpUTENs. ITO 00yCIOBICHO
O0JBIIMM Pa3MEPOM MAKPOMOJIEKYN HOJIMMEPOB M CYLIECTBOBAaHMEM B Macce IOJUMepa JBYX
TUIIOB CBSI3U: BHYTPUMOJEKYJSPHBIX M MEXMOJIEKYJISPHBIX B3aUMOAECUCTBUM (BOIOPOJHBIE
CBSI3H, 3JIEKTPOCTaTUYECKUE B3aUMOJECHCTBUA).

HaOyxanue — »TO HavanpHas CTaaus pacTBOPEHUS IIOJMMEPOB 3aKIOYacTcs B
CaMOIIPOM3BOJILHOM MOIJIOLIEHUH TOJIMMEPOM PacTBOPUTENIS, U COIIPOBOKAAETCS YBEINUECHUEM
o0BbeMa 1 Macchl B3AToro oopasna BMC.

PazMepbl MakpoMoIIeKysl OIMMEpPa 110 CPAaBHEHUIO C pa3MepaMy MOJIEKYJ PacTBOPHUTE
OTPOMHBI, TIOATOMY 00JaIal0T OYEHb MAaJIOW TMOABHXKHOCTBIO, B TO BpEMs KakK IOJABH)KHOCTh
MOJIEKYJI pacTBOpUTENs Benuka. [Ipy conpukoCHOBEHUHU MTOJIMMEpa € PACTBOPUTENIEM MOJIEKYIIbI
MOCJIETHETO aKTHUBHO IIPOHMUKAIOT B (ha3y MOJIMMEPA, & OTPOMHBIE MaKPOMOJIEKYJIIBI 32 3TO BpEMS
HE ycneBaroT mepeiitu B ¢asy pactBoputens. Ilpu 3ToM MosieKyabl pacTBOpPUTENS NMPOHUKAIOT
MEXJly dJIEMEHTaMH CTPYKTYpBI [ToJIMMepa (accoliaTaMyi U JOMEHAMHU), pa3/IBUTalOT OTJENIbHbIE
MaKpOMOJIEKYJbl, BbI3bIBasi MEXCTPYKTYpPHOE M BHYTPUCTPYKTypHOe HaOyxanue. Ilpu sTOM
oJiMMep Kak Obl WrpaeT poJjib PAcCTBOPUTENS, a HU3KOMOJIEKYJSIPHBIM pPAacTBOPUTENL —
pacTtBopsieMoro BemiectBa. HaOyxaHue mO3BOJSET OCIAOUTh CHJIBI  MEXMOJIEKYIISIPHOIO
B3aMMOJCHCTBUS, MPENATCTBYIOLIME pacTBOpeHHIO0 noiauMmepa. HaOyxmmit  nomumep,
IPECTaBIAIOINN cOO0H pacTBOP HU3KOMOJIEKYISIPHOM KUAKOCTH B MOJIMMEpPE, KAKOE-TO BpeMs
COCYIIIECTBYET C YMCTBIM pacTBopuTesieM. Uepe3 HEKOTOpoe BpeMs, Korja Lelu MoJuMepa yxe
JIOCTAaTOYHO pAa3/eleHbl, OHU HAUYMHAIOT MEMJIeHHO AU(PyHAUpPOBaTH B PaCTBOPUTEINb.
Bo3zHukaer cioii 6oiee paz0aBiIeHHOIO pacTBOpa MOIMMEPA, COCYIECTBYIOLIMM €O clI0eM Oolee
KOHIIEHTPUPOBAHHOIO pacTBopa. Ilo McTedeHMM HEKOTOPOro BPEMEHM KOHLIEHTpalus 000MX
CJIOEB CTAaHOBUTCS OJIMHAKOBOM, CJIOU CIIMBAIOTCS, 00pa3zysi TOMOTE€HHYIO OAHO(]A3HYIO CUCTEMY.

CrocoOHOCTh MOJIMMEPOB K PAcTBOPEHUIO BO MHOIOM OIpeNeNsercsi TI'MOKOCTbhIO
MakpoMosiekyla. I'mOkocTb — CHOCOOHOCTH TMOJMMEPHOW IEeNH K BHYTPEHHEMY BpaIICHHIO
3BEHbEB BOKPYT YIIIEPOA-YIIIEPOJHBIX CUTMa-CBSA3EH, MpOoTeKaroleMy 0e3 pa3pbiBa XUMHUUECKUX
CBSI3€H, T.€. CHOCOOHOCTBIO U3MEHATH CBOIO KOHpopMmaiuio. Kondopmaunu MakpoMoJieKyJibl
B pacTBOpE MpPEJCTaBIAIOT cOOOM paszIuuHbIe €e MPOCTPAaHCTBEHHBIE (DOPMBI, BOZHUKAIOIIUE B
pe3ynbTare BpallleHUs OTAEIbHBIX MOJIEKYISPHBIX (DparMEHTOB BOKPYI OJMHAPHBIX CBS3EH C
COXpaHEHHEM BaJIEHTHOTO yriia (1151 KapOOLEMHBIX MOJIMMEPOB 109°28") u CTaOWIIN3UPYIOLIHECS
BCJIE/ICTBUE BOSHUKHOBEHMSI MEKMOJIEKYJISIPHBIX CBSI3€H MEXAY OTJIENbHBIMU IPyIIaMH JaHHON
MaKpOMOJIEKYJIbl U C MOJIEKYJIaMH BEILIECTB, HAXOAIINXCSA B pacTBOpE. BIAENAIOT JIMHEHHYI0 —
MaKCHMaJbHO PACTSHYTYI0 KOH(OPMAaLMIO MaKpOMOJIEKYJbl, KJIyOKO0Opa3Hyl — YacTUYHO
CBEpHYTYI0 KOH(pOpPMALMI0O M TIJI00YJSIPHYKD — MaKCUMaJIbHO CBEPHYTYIO M IUIOTHYIO
KOH(OpMalMIo, KOorja MOJIEKyJla HE B3aHMOJIEUCTBYET C PacTBOPHUTENEM, a 3aMKHYTa cama Ha
cebs B mepBom cimyyae MakpoMoieKyjda COJbBATUPOBAHA M HAaXOJIUTCS B PACTBOPEHHOM
COCTOSIHMM (MCTHHHBIA pacTBOp moiumepa). B mocnegHeM — OTCYTCTBYIOT B3aUMOJCUCTBUS
MaKpOMOJIEKYJIa-paCTBOPUTENb, W IIOJUMEDP BBHIMAJAET B OCAAOK. Y MOJHIJIECKTPOJIUTOB
pa3BepHyTOl KOH(GOpPMAlUMU COOTBETCTBYET MOHU3UPOBAHHOE COCTOSTHUE OOJBIIMHCTBA
MOHOT€HHBIX TpYII MOJKMMepa (DJIEKTPOCTATUYECKOE OTTAIKUBAHME MEXKAY 3BEHBSMU
pacnpsMIIsieT MaKpOMOJIEKYJTY); CBEpHYTON KOH(OpMallUu — COCTOSIHUE, KOTJIa BCE HOHOTEHHbBIE
IpyNnbl HEAUCCOLMUPOBAHBI, YTO JOCTUTAETCS WM B HM303JIEKTPHYECKOH TOYKe IIyTeM
perynupoBanuss pH wiM mnpu BBENEHWH BHEUIHETO HU3KOMOJIEKYISIPHOTO D3JIEKTPOJIUTA,
MOJIAaBJISIOLIETO TUCCOLMALIMIO HOHOTEHHBIX TPYIII, YTO MPUBOAUT K BHICAJIMBAHUIO TIOJUMEDA.



Ecan monumep siBhsieTCs CIIMTBIM, TO €0 PAcCTBOPEHHME 3aKaHUMBAETCS HA CTaAUHU
HaOyxaHus. KonnyecTBeHHON Mepoil HaOyXaHus SBisieTcs CTelNeHb HaOyXaHus o, KOTopas
olnpezensercs Kak

OL:(VV_VVO) - :(m—mo)

o mng
rae Vo u V, my 1 m — COOTBETCTBEHHO OOBEMBI M MAcCChl UCXOAHOTO M Halyxiiero obOpasia
HoJIMepa.

CreneHb HA0yXaHHUs CIIMTOrO MOJUMePA 3aBUCUT OT MIPUPOJIBI OJUMEPA, KECTKOCTH
Heneu, JMOQWILHOCTH MaKpPOMOJIEKYJ, MPUPOJAbI PacTBOPHUTENs, TemmnepaTypbl. [lomspHbie
CIIMTHIC TMOJIMMEPHI JIydile HaOyXaloT B TOJSPHBIX PACTBOPUTENSAX, a HEMOJSIPHBIE — B
HETOJISIPHBIX (Kay4dyK B OeH30J1¢e).

Ha naGyxaHue MOJIMANIEKTPOIIUTOB OCOOCHHO CHIBHO BiMseT pH cpenmbl, mpucyTcTBre
AeKTpoauTOB. CTereHb Ha0yXaHHs YMEHBIIACTCS C YBEITMYCHUEM )KECTKOCTH KUCIIOT-KaTHOHOB
B psIy:

Cs>Rb™>K">Na"™>Li"
KCECTKOCTb KHUCJIOTBI B03paCTaeT, Ha6yxaHHe IIOdaBJISACTCS
NCS>I>Br>NO;>CI>H,0>CH;COO>F>S0,*
KCCTKOCTb OCHOBAHUS B03paCTa€T, Ha6yxaHHe yMeHbIHaeTCﬂ.

Takue mocnenoBaTeNbHOCTH HMOHOB HA3bIBAIOTCS JHOTPONHbIMM psiaamMu. JleiicTBue
nonoB Ha HaOyxanue BMC cBs3zano ¢ gerunparanueir monekyn BMC. JKectkue ocHOBaHUS
(manpumep F) u xucnorsl (Hanpumep Li') THAPATHPYIOTCA B 3HAYUTENHEHO OONBIIEH CTEEHH
yeM MATKHe OcCHOBaHMS (Hampumep 1) um  xucnotel (mampumep Cs'). Habyxanuro
ONaronpUsATCTBYIOT TAKXKE aJCOPOIIMOHHBIE CBOWCTBA HOHOB. TaK BCIEACTBHE aJCOPOIIUHN TAKHX
noHoB, kak [, NCS™ Ha xenatuHe HaOyxaHHe COMPOBOXKIAETCS MOCIEAYIOIIUM PAaCTBOPEHUEM
Oenka.

B psiny aHMOHOB Te M3 HUX, KOTOpPbIE HAXOJATCS MpaBee BObI, MOJABISIOT HaOyxaHUeE,
Merasi 00pa3oBaHMUI0 THApAaTHOW 000704Yku Mosiekyn BMC. Te aHMOHBI, KOTOpbIE HaXOMISATCS
mpaBee BOJBI, cinabo ruapatupyroTcs. Ho Takue annonsl, nogasinss cBoiictBa [IAB, ocnabmustor
MexMouekynsapHbeie cBs3u BMC, a, crnegoBaTenbHO, 00sier4aroT HaOyXaHHE C TOCIETYIOIUM
pactBopeHueM. Te e HOHBI 00pa3yloT psAabl C OOpaTHOM MOCIEI0BaTEIbHOCTBIO, €CIIU
pacroyiaraTh MX MO KOAaryJMpyIOIIeMy BhICATHBaOIeMy JeidcTBuio Ha pactBopel BMC. Tak
anuonbl [, NCS  cnabo ruapatupytorcs, U He BbicamuBaioT BMC naxe mpu BBICOKHX
KoHIleHTpanusax. Bausinue pH Ha HaOyxaHue AEMOHCTPUPYET pUC. 1, U3 KOTOPOTO BHAHO, YTO
CTereHb Ha0yxaHus Oelka MHUHMMajbHa B M303JIEKTPHUECKOM TOYKE, a CKIOHHOCTh K
KOaryJsiiMy MakcuMajbHa.

Pucynok 15.2
Bnusnue pH na HaOyxanue 1 u xoarynsuuto 2 xenaTHHa

o







2.2 Hapymenue ycroiunBocTu pactsopoB BMC

B cnyuae paz0aBieHHBIX paCTBOPOB MOJIEKYJIbI TOJIMMEPOB HE CBA3AHBI APYT C JIPYTOM.
B KOHUEHTpHUPOBAHHBIX PACTBOPAaX MaKpPOMOJEKYJBI MOTYT B3aUMOJECHCTBOBATH 3a CUET
BO3HUKHOBEHHUS BOJOPOJHBIX CBSI3€H, AJIEKTPOCTATUYECKUX CHJI U OOpa3oBBIBATH pou WIU
accoyuamvl. C yBEIMYEHUEM KOHLEHTpPAlUM M IIOHM)KEHHEM TEMIIepaTypbl pa3Mepbl M
JUTUTETILHOCTD CYIIECTBOBAHMS acCOIMAaTOB MaKpOMOJIEKYJl yBenuuuBaercs. [lpu onpeeneHHbix
YCIOBHUAX AaCCOIMAThl CTAHOBSTCS HACTOJBKO OOJBIIMMH M TPOYHBIMH, YTO HMX MOXHO
paccMaTpuBaTh Kak HOBYIO (a3y, B pe3ylbTaTe 4Yero pacTBOpP pacCiIauBaeTCs, YTO MOKET
NPOSIBUTHCS B KOALEPBAallMM — BBIICJICHUN HOBOOOpa3oBaBIiciics (a3bl B BUJEC MeEIbYAMIINX
Karesjb, 00oralieHHbIX nmoiuMepoM. B pesynbraTe ogHa u3 ¢a3 cuctemsl — pactsop BMC B
pacTBopuTenie, a apyras — pactBop pactBopurtenss B BMC. Eciu pactBoputenem siBisieTcs
NoJisipHasl KUJIKOCTh, HampuMep BOJA, TO MeJbYailliue KareabKhu MOTYT HpUOoOpeTaTh
AIIEKTPUUYECKHUH 3apsiyl (3TO TOKA3bIBAETCS UX CHOCOOHOCTBIO K 3MEKTpo(dopesy), YTO MPUAAET
S9TUM TEPMOAMHAMMYECKA HEPAaBHOBECHBIM CHCTEMaM HEKOTOPYI YCTOMYMBOCTh. Takue
CHCTEMBI, Ha3blBa€Mble KOAlepPBATAMH, OJIM3KH IO CBOMCTBAM K TUIIMYHBIM SMYJIbCHSIM U
UTPAIOT BAXKHYIO pPOJIb B JKUBBIX opranu3max. CorjiacHO OZHOW M3 TEOPUU MPOHCXOXKICHUS
#u3HU Ha 3emie (A.M. OnapuH) KoalepBaThl SIBISIFOTCSI 3apOJBIIIAMUA JAPEBHUX (HOPM KU3HHU.
OOBIYHO MPH ATUTEIBHOM CTOSIHUU CUCTEMBI, B KOTOPOU MPOM30IILIa KoalepBalus, o0pa3ytoTcs
JIBa TOMOTE€HHBIX JKHJKHX CJOs, COCTOAIMX u3 ¢a3 ¢ pa3imuHbiM cojepxkanuem BMC.
Koaneppanuo HUCMonb3yloT NpyU MHKPOKAICYJIUPOBAHUU JIEKApCTB. {151 3TOro jekapcTBEHHOE
BELIECTBO AUCIIEPIUPYIOT B paCTBOPE MOJIMMEPA, a 3aT€M, U3MEHsA TeMueparypy win pH cpensl,
ucnapssi 4acThb pPAacTBOPUTENS WJIM BBOJS BbICAIUBATENb, BBIACNSAIOT W3 pacTBopa a3y,
OoOOramieHHy0 MoJuMepoM. Menkue Kamiau 3Toil  (as3pl OTiaraloTcsi Ha IOBEPXHOCTHU
KaIrCyJIMPOBAHHBIX YAaCTHI], 00pa3ys CILUIOMIHYI 0005104Ky. MUKpOKarncylIupoBaHUE JIEKapCTB
o0OecnieunBaeT yCTOMYMBOCTh, IPOJIOHTUPYET AEHCTBUE, MACKUPYET HENPUSITHBIN BKYC JIEKAPCTB.
B HayuHBIX UCCIIEJOBaHUSIX MUKPOKATICYJIBI MOTYT UCIOJIb30BATHCS KaK MOJENU )KUBOU KIETKH.

3actyaneBanne. B pesynbrare orpanmyeHHoro HaOyxanus BMC wunm yacTUyHOTO
ucnapeHus pactBoputens u3 pactBopa BMC oOpasytorcs cryanu. CTyleHb MOXHO
paccMmaTpuBaTh WIM KaK OrPpaHMYEHHO HAOyXIIMH MOJIMMEp WIM KOHUEHTPUPOBAHHBIN pacTBOP
nonuMepa. B 10cTaTOYHO KOHIIEHTPUPOBAHHBIX PACTBOpaX 3a CYET CICTUICHUS MaKpOMOJEKYII
MeX1y co00i MOTryT 00pa30BBIBATHCS MOCTOSHHBIE IPOCTPAHCTBEHHBIE CETKHU, Ojarogaps 4emy
pacTBOp IpeBpalaercs B cTyieHb. Ha nporiecc 3acTyiHeBaHUS BIUSIOT:

1. KoOHIEHTpalus pacTBOPOB (C yBEIMYEHUEM KOHLIEHTPALlMM PACTBOpA 3acCTyIHEBaHUE

ycKopsieTcs);

2. ¢dopma dYacTHI] WM MOJICKYN (JTMHEWHBIE MOJICKYJIBI 3acTyJHEBAIOT Jierde, 4YeMm
KIIyOK00Opa3HbIe);

Temneparypa (C MOHMKEHUEM TeMIIEpaTyphl 3aCTyAHEBaHUE 00JIEr4aeTcsl).
4. newictBue oanexktponmutoB U IIAB  (HeOosbliMe  KOHLEHTPAMM — 3JIEKTPOJIMTOB
CIOCOOCTBYIOT YCKOPEHUIO 3aCTyIHEBAHNUSA);

5. Bpems (OT HECKOJIBKMX MUHYT JI0 HEJIeJb).

[Ipu crapeHun CTyqHEH MPOUCXOJUT CAMOIIPOU3BOJBHOE BBIJCIEHUE IKUAKOCTH,
CONpPOBOXKAAIOIIEECS YIUIOTHEHUEM IPOCTPAHCTBEHHOM CETKM W BO3HMKHOBEHHEM U
YIPOYHEHHEM HOBBIX KOHTAaKTOB MEXIy MakKpoMmoJjeKyilaMu. Takoi mpolecc Ha3blBaercs
cuHepesucoM. [Ipumep cuHepesnca — OTAeNIeHNE CBIBOPOTKU IIPU CBEPTHIBAHUU KPOBH.

CrynHu, B OTIMYME OT Treiel, He 00JaJal0T THKCOTpONMell — CIOCOOHOCTHIO
BOCCTAHABJIMBaThb CBOK CTPYKTYpy BO BpPEMEHHM IIOCJIE €€ pa3pyLIeHHs. DTO O3HAYaeT, 4YTo
oOpaszoBaHue Tels U3 30J151 00paTuM (30J1b«>TeNb), TOT/a Kak moiydeHue pactsopa BMC u3
CTYJHSI HEBO3MOJKEH.

B cryansx, kak W B pacTBOpax, MOTIYT MpOTeKaThb XuMHUeckue peakiuu. CKopocTh
Tupdy3ud MOHOB M MOJIEKYJI B CTYIHSX 3aBUCUT OT KOHIIEHTpauuu cryaHs. B 1886 r. P.
Jluzeranr nHaOmoman oOpazoBanue ocagka Agr,Cr,O; B CTymHE >KellaTWHA, MPOIUTAHHOTO
pactBopoM K,Cr,O;. Ecniu B 1ieHTp miacTuHBI jkenaThHa BBECTH pacTBop AgNOs, TO peakuus
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MEXIy OMxpomaT-MoOHaAMH M MOHAMH cepedpa OyAeT NMpoTeKaTh HE TOJBKO B MECTE BBEICHUS
pacTBopa, a mo Bced miuactuHe. IIpum 3TOM HaOdrOmaeTcsl 4yepeJoBaHUE MOJIOC: KpacHOBAThIE
KoJiblla Ouxpomara cepeOpa M HEOKpalleHHbIe Koibla remsd. Ilo mepe ynameHus oT mecra
BBEJICHUS peareHTa pacTeT IIMPUHA HEOKPALICHHBIX KOJEll, a HWHTEHCHUBHOCTb OKpPaCKU
yMmenbraercs. Habmogaercss nepuoauyeckasi peakuus.

Jis obpa3zoBaHus ocaaka cepedpa Ouxpomara HEOOXOAMMO JOCTM)KEHHE HAaCHIIIEHUS
pacTtBopa 3TUM BemiecTBOM. [Ipu BbImazeHUM ocajaka Onmkaiiiiee MPOCTPaHCTBO OOETHSETCS
HMoHamMu cepebpa Oouiblile, yeM OMXpPOMAT-HOHAMHU COIJIACHO CTEXMOMETPUM MOHHOW peakIH.
ITostomy moubl Cr,O7> mpoomkaoT JiubyHIpOBaTh MO CTY/HIO, He HAXOAA JOCTATOYHOTO
KosnuecTBa Ag', M ocajlok He obpasyercs. Takum 06pa3zoM, 32 OKPAIIEHHBIM KOIBIIOM CIIELyeT
HEOKpaIleHHOE.

[Tepuonuueckue (kosedaTeNbHbIE) PEAKLUU JIEKAT B OCHOBE psijia OMOJIOIMYECKHX IPOLIECCOB:
TeHepallid HEPBHBIX HMITYJbCOB, MBIIIEYHOI'O COKpAIIEHHUS, TeHepalud OHOPUTMOB,
00pa30BaHUM [TOYEUHBIX U JPYTUX KaMHEH.

BoicasmmBanme. I[lox BeicamuBannemM BMC mnoHuUMarT BbIIEJICHUE TMOJIMMEpPA U3
pacTBopa NpH BBEIACHUU 3JIEKTPOJIUTOB U HEIIEKTPOJIUTOB. CHUKEHHUE YCTOHUYHMBOCTH pacTBOpa
BMC npoucxoauTt npu yMEHbIIEHUH JIMOPHUIBHOCTH MOJIMMEPA, YTO MOXKET OBITh IOCTUTHYTO
IpY BBEJCHUHU HE TOJIBKO J100ABJICHHUEM XOpOLIO THAPATUPYEMBIX MOHOB (PAaCCMOTPEHO BBILIE),
HO W PAaCTBOPHUTEISI-HENICKTPOJINTA, B KOTOPOM TIIOJMMEP PAacTBOPUM XYK€, YeM B BOJE.
Hanpumep, >xenaTiH, pacTBOPEHHBIH B Bojie, Oy1eT BbICATUBATHCS IIPU JOOABICHUH ITAHOJIA.

§ 3 Peosiornueckue cBOMCTBA MOJIMMEPOB

Paznuyaror paz0OaBieHHbIE, KOHIIEHTPHUPOBAHHBIE M YMEPEHHO-KOHIEHTPUPOBAHHBIC
pacTBopbl mosuMepoB. Pa30aBiIeHHBIM pPAacTBOPOM TOJHMMEpa Ha3bIBAIOT TaKOW pPAacTBOp, B
KOTOPOM MAaKpOMOJIEKYJIbl HAaxOIATCS Jpyr OT Jpyra Ha pAacCTOSHHSIX, 3HAYUTEIBHO
NPEBBIMIAIOIINX MX COOCTBEHHBIE T'€OMETpUYECKHe pasMepel. B pa3z0aBieHHOM pacTBope
MMEIOTCSI XOPOILIO BBIPAXKEHHBIE 001aCTH, 3aHATHIE KaXKAasi OJJHOM MaKpOMOJIEKYJIOH, B KOTOPBIX
CpeaHsisi KOHIEHTPAIKS 3BEHbEB OTIMYHA OT HYJIS, M 00JIaCTH, HE 3aHATHIE MAaKPOMOJIEKYIaMH, B
KOTOPBIX KOHIICHTpAI[Us 3BEHbEB MOJIMMEpa paBHa Hy 0. [lo yMepeHHO KOHIIEHTPUPOBAHHBIMU
pacTBOpaMu TOHHMMAIOT PACTBOPBI, B KOTOPBIX COJEpXKAHWE IMOJUMepa JOCTaTOYHO JUIS
YCTQHOBJICHUsI OJMHAKOBOM KOHILIEHTpAllMM 3BE€HbEB BO BceM o0beme pactBopa. K
KOHIICHTPUPOBAHHBIM OTHOCSAT PACTBOPHI MTOJIMMEPOB, B KOTOPHIX UMEET MECTO B3aUMOJICHCTBUE
MaKpoMoOJeKya1 Ipyr ¢ apyrom. I[loynojkeHue rpaHUYHBIX OOJacTed MEXJy pa30aBICHHBIMH,
YMEPEHHO-KOHIIECHTPUPOBAHHBIMA M KOHIIEHTPHUPOBAHHBIMHA PAcCTBOPAMHU 33aBHCUT OT CTEIICHU
HOJMMEPHU3AMY MaKPOMOJIEKYJ U OT IPUPOABI MOJIMMEPA U PACTBOPUTEIIS.

B paszbaBieHHOM pacTBOpe UITMHHAS THOKas MaKpOMOJIEKyja CBOPAYMBACTCS B Tak
Ha3bIBAEMBIN CTATUCTHUYECKUI KITyOOK, BOBHUKAIOUINI Kak Hanbosiee BeposiTHas KOHPpopMalus B
pe3ynapTate  BHYTPUMOJICKYIISIDHOTO  JIBIDKEHMS Yy  MHOTHUX  HOJNUMepoB.  Takue
MaKpOMOJIEKYJISIpHble KIYOKH MOTYT JBHUIaTbCsl OTHOCHUTENIBHO MOJIEKYJ PacTBOPUTENS
MOCTYNaTeNbHO. JTO JBUKEHHE MOXET OBbITh XaoTH4YeCKMM (OpPOYHOBCKOE JIBUJKEHUE),
HanpaBleHHBIM (Iudy3ust), UTU TBUKEHHE B IIECHTPOOSIKHOM MOJje (CeIUMEHTAIHs ). DHEprus,
paccenBaemasi B (GopMe TEIUIOTHI B TpoOIecce TEUYCHUS IKUIKOCTH, OIICHUBACTCS
XapaKkTepUCTHUECKON Bs3KocThio [1]. Kak m3BecTHO, pacTBOphHI MOIMMEPOB 00JanaloT Oosee
BBICOKOW BSI3KOCTBIO TI0 CPAaBHEHHIO C HU3KOMOJIEKYJSPHBIMH KHIKOCTSIMH. DTO TPOUCXOIUT
IIOTOMY, YTO Ja’ke B pa30aBIEHHOM pacTBOPE MaKpOMOJIEKYia, HaXOIACh B JAMUHAPHOM MTOTOKE
pacTBOpPUTENS, pa3HBIMH CBOMMH YacTSIMH OKa3bIBAETCSI B CIIOSIX, ABIDKYIIUXCS C PA3TUIHBIMA
CKOpOCTSIMU. B pe3ynbraTe 3TOT MOJEKYJSPHBIA KIyOOK HMCIBITHIBAET ACHCTBUE MOMEHTA CHII,
KOTOPBII 3acTaBisIeT €ro BpallaThCs B TIOTOKE, YTO TPUBOJIUT K JIOTIONHUTEILHOW 3aTpare
sHepruu. CHIDKEHHE BSA3KOCTH C YBEIMUYEHHEM HANpsOKeHUs WIM TpaJueHTa CKOpPOCTH
OOBSICHACTCS Pa3BOpPAYMBAHMEM MOJIEKYJSIPHBIX KIyOKOB M WX B3aHMMHOW OpHEHTalued B
MOTOKE, KOTOpasi HapyllaeTcsi TEIIOBBIM JABIKeHHEM. [103ToMy cTeneHb OpHEeHTAIlMH 3aBHCUT



OT COOTHOILIEHHUS HWHTEHCHUBHOCTU TEIJIOBOTO [JBWXKEHHUS W BEIUYUHBI MPUIOKEHHOIO
HANpPSDKEHUS. WIM TpaJueHTa cKopocTu. Yem Oosnbliie TpaAHUEeHT CKOPOCTH, TEM MEHBIIE pPOJib
TEIUIOBOTO JBM)KEHMs, TeM OOJbllle OpHUEHTAlMsl M TEM MeHblIe BsA3KocTh. Korna
MaKpPOMOJIEKYJIbl TOJIHOCTbIO OPHEHTUPOBAHBI, BI3KOCTh PACTBOpa IEPECTaeT MEHATHCA C
HaNpsOKEHHUEM CIIBUTA, T.€. HA0I0JaeTCsl TEYCHHE C HAMMEHbBIIIEH HbIOTOHOBCKOM BS3KOCTBIO.
Jns uccnenoBaHusi THAPOJUHAMHYECKHX CBOICTB MOJIMMEPOB B Pa30aBIEHHBIX pPAacTBOpax
HauOosee YacTo MPUMEHSIETCd METOJ BHMCKO3MMETPUM KaK OJUH M3 CaMblX IMPOCTHIX B
anmnapatypHoM opOpMIIEHUU. DTOT METO/] O3BOJIAET MOIYYUTh TaKHE BAXKHBIC XapaKTEPUCTHKU
MaKpoMOJIeKyJd  Kak  MOJIEKyJIspHas  Macca, pa3Mmepsl, KodpduuumeHTt  HaOyxaHus
MaKpOMOJIEKYJISIPHOTO KITyOKa, CTENeHb MOJIHUIUCIEPCHOCTH MaKPOMOJIEKYJI.

Kak  wu3BecTHO, BS3KOCTH  (BHYTpEHHEE TpPEHHE  JKUIKOCTH)  OOYCIIOBJIEHA
B3aMMOJICHCTBHEM MOJIEKYJ KUIKOCTH W MPOSBISIETCS MpH ee TeueHuu. PaccMoTpum Mozenb
CJIOMCTOTO TEYEHMSI )KUJKOCTH. TeueHne KUAKOCTU B KallWJUIAPE TUaMETPOM X XapaKTepU3yeTcs
rpagueHToM ckopoctd dv/dx BcleCTBHE TOrO, 4YTO CJIOH JKUAKOCTH, HENOCPEICTBEHHO
IPUMBIKAIOINN K CTEHKE KalWIIspa, OCTAETCA HEMOABUKHBIM, a CJIOW, HAXOAAILIUICS B LIEHTpE
Kalujuisipa, JBIDKETCS C MaKCUMAaIbHOM CKOPOCThbIO. JlaMuHapHOE TeueHue KHUIKOCTU
ONMCHIBAaETCS 3aKOHOM HbIOTOHA, COINIaCHO KOTOpPOMY HAampsyKEHUE CIBUTA T, BBI3BIBAOILEE
TEYEHHE KHUJKOCTH, MPOMOPIIHOHATBHO TPAAUEHTY CKOPOCTH TEUCHUSI:

T =ndv/dx
KoadduumeHr mnpomopruuoHanbHOCTH T HA3bIBACTCS JAMHAMHYECKHMM KoOd(HuHeHTOM
BSI3KOCTH HJIHM NPOCTO JHHAMHYECKOH BSI3KOCTBIO C PasMepHOCTBIO Ila‘c Min muH-c/cMm’.
Kunemarnyeckas BI3KOCTb €CTh OTHOLLIEHUE TMHAMUYECKON BA3KOCTH K IJIOTHOCTH PacTBOpa:
v=up
Pa3zMepHOCTh KHHEMATHUYECKON BSI3KOCTH M-c, em7/c.

N3mepenue BA3KOCTH KUIKOCTEH MPOBOJIAT Yallle BCETO B KAMMJIISIPHBIX BUCKO3HUMETpax.
Ono 6Gasupyercss Ha ypaBHeHHH Ilyaseiinsi, KOTOpoe, B CBOIO OY€pelb, BBIBEJCHO U3 3aKOHA
Hprorona:

Q = nr*APt/nl
rae Q — KOJIM4ecTBO JKUIKOCTH, MPOTEKAIOIIEH Yepe3 Kaluyuisap 3a Bpems t;
1, | — panuyc u JuIMHA KanWuIsipa COOTBETCTBEHHO;
AP — pa3HOCTb /1aBlIEHUI Ha KOHIIAX KalWLsipa.
Ecnu )KuaKocTh TEUET Mo AEHCTBHEM COOCTBEHHOIO BECa, TO
AP=Ah-p
rae Ah — BeicoTa cTONI0A )KUAKOCTH B PUOODPE;
p — IUIOTHOCTh KUJIKOCTH;
g — YCKOpEHHE CBOOOHOTO TaICHHS.

Pemras ypaBuenue Ilya3eisis OTHOCUTENBHO 1), OTYyYUM:

) n = Kpt,
rie K = (nr"Ahg)/8Ql Ha3piBaeTCs MOCTOSHHOW BUCKO3UMETPA U HAXOJUTCA IO BpPEMEHU
VCTEYEHUS KUJIKOCTU C U3BECTHOM BA3KOCTBIO U INIOTHOCTHIO

IIpu uccnenoBaHuM pa30aBIEHHBIX PAcTBOPOB IOJKMMEPOB ONPEIEIAIOT OOBIYHO HE
a0COJIIOTHYI0, 2 OTHOCUTEJIbHYIO BA3KOCTb T.€. OTHOIICHHE BS3KOCTU pacTBOpa MOJIMMEpa 1 K
BSI3KOCTH YHMCTOTO PACTBOPHUTENS 19, KOTOPOE IMPH YCIOBUHU, YTO IUIOTHOCTHU pa3z0aBIEHHOTO
pacTBopa MojMMepa U YUCTOTO PACTBOPHUTENS MPAKTUUECKH COBIAIAI0T, PAaBHO

n=n/mo = t/to,
rne t u ty — BpEeMEHa HCTEYEHHUsS COOTBETCTBEHHO pacTBOpa M YHCTOTO PACTBOPHUTEIIS.
OtHowenue (N - No)/No NOKa3bIBAET OTHOCUTEIBHBIN TPUPOCT BA3KOCTHU BCIIEICTBUE BBEICHNUS B
pPAaCTBOPHTENL IONIMMEPA M HA3BIBAETCA YAEAbHOH BA3ZKOCTBIO T)y;, a OTHOHIEHHUE TNyi/C=Ngp
npuBeleHHOi BsskocTbi0 M lim n,,/C mpu C—0 Has3bBaeTCd XapaKTEPHCTHYECKOM
BSAI3KOCTHIO [N].



XapakTepucTU4ecKasi BI3KOCTh ONPEAEINIIET OBEJECHUE N30JIMPOBAHHBIX MAKPOMOJIEKYII.
Omna npencraBisgeT coO0l Mepy MOTEpb YHEPIHMH HA TPEHUE M3OJMPOBAHHBIX MaKPOMOJEKYI O
pacTBOpPUTENb IPU MX BpAlllEHUUM B IOTOKE B pE3yJbTaTe€ IOCTYNAaTEIbHOTO JABM)KEHHUS C
IPAaAMEHTOM CKOpPOCTH, OTJIMYHBIM OT HYy/s. XapaKTepUCTHUYECKass BSI3KOCTb 3aBUCUT, OT
IIPUPOJIBI PACTBOPUTENS U TEMIIEPATYpPbl PACTBOPA, OT Pa3MEPOB MaKpPOMOJIEKYJ] B pacTBOpE U
MOJIEKYJISIPHOM Macchl MOJIUMEPA.

3aBUCUMOCTb IPUBEACHHOM BA3KOCTM OT KOHLEHTpalUWd pacTBopa IOJUMeEpa
OIKCBIBAETCS ypaBHEHHEM XarTHHCA:

Ny/C = [n]+bC

VpaBHeHue XarruHca CHpaBeIJIMBO JAJS HE3aPSDKEHHBIX IOJMMEpPOB, IPUBEICHHAs
BA3KOCTb KOTOPBIX T)np JHMHEHHO YOBIBAET C YMEHBIIECHHEM KOHIEHTPAIMU PacTBOpa, CTPEMSIChH
IPY SKCTPANONISILIMU K CBOEMY Ipeey — XapaKTepUCTHUECKON BA3KOCTH [N].

JUia  pacTBOpPOB MOHU3MPOBAHHBIX MAaKpPOMOJIEKYJ IIPM HU3KUX HMOHHBIX CHJIAX
3aBUCUMOCTb IIPUBEJCHHOMN BA3KOCTH OT KOHLEHTPALMHK PACTBOpA aHOMAJIbHA: UX IPUBEJCHHAs
BA3KOCTb C YMEHBIICHHEM KOHLIEHTPALMM IOJUIIEKTPOJINTA HEJIMHEMHO BO3pacTaer. ITo
JIeIaeT  HEBO3MOXKHBIM  OIpPENEIEHUE  XapaKTepUCTUYECKOM  BA3KOCTHM  pacTBOpa
MOJIMAJIEKTPOJINTA IIYyTEM SKCTPANOISLUUU H3MEPEHHOM B TaKUX YCIOBUSAX IPUBEACHHON
BS3KOCTH K HYJIEBOM KOHIIEHTPALUH I1OJIUMEDA.

Hus OIIpeIeIICHUS XapaKTepUCTHUUECKOMN BSA3KOCTHU BOJHBIX  PacTBOPOB
HOJNRJIEKTPOIUTOB DyoccoM ObUIO MPEI0KEHO CIeYIOIee YPaBHEHUE:

C/Mya=1/[n] + B*C'?
rae B — koHcTaHTa, XapakTepusylolias B3auMoJIeiicTBHEe MakpoMoJIeKynl B Boze. Iloacrasisis B
JaHHOe ypaBHeHue 3HaueHus C u nlyZl (ompenenéHHbIE METOAOM BHUCKO3HUMETPHUH), CTPOST
rpapux 3aBucumoctu C/my, oOT C'", KOTOpBI MMeeT NPAMONMHEHHBI XapakTep |
SKCTPAIOIUPYIOT €ro K HyieBoMy 3Hauenmio C'”. Benudmua oTpeska, 0TCEKaeMOro IpsMOi Ha
ocu C/my,, 0OpaTHO  IPONOPLUUOHAIBHA  XapaKTEPHUCTUYECKOM  BA3KOCTH  pacTBOpa
HOJMRJIEKTPOJIUTA B BOJIE.

Boszpacranue npuBeneHHOW BSI3KOCTH NpH pa30aBICHUU pacTBOpa IOJIMAIEKTPOJIUTA
BBI3BAHO TAaK HA3bIBAEMBIM IIOJIMAJIEKTPOIUTHBIM HaOyXaHHEM, T.€. YBEIMYCHHEM OO0beMa M
COOTBETCTBEHHO JIMHEHHBIX pa3MEpOB MAaKpPOMOJEKYJSIPHBIX KIYOKOB H3-3a YBEIMUYCHMS
AIIEKTPOCTATUYECKOTO0  OTTAJKMBAaHUS OJHOMMEHHO 3apsDKEHHBIX 3BE€HbeB 1Lenu. [lpu
pa30aBiIeHMM pacTBOpa MOJUAJIEKTPOJIMTAa HMOHHAs CHUJla pacTBOpa, CO3AaBaeMas CaMHUM
HOJIMAJIEKTPOIUTOM, yMeHblIaeTcs. Ilo mMepe pas30aBieHuss Bce Oouibliee  KOJIMYECTBO
KOMIICHCUPYIOIIUX HU3KOMOJIEKYJISPHBIX IPOTUBOMOHOB YXOIUT U3 00BbeMa 3apspKEHHOTO
MaKpOMOJIEKYJISIPHOTO KiIyOKa, 00pa3yss BOKpyr Hero Aud@y3HbIH CIIOH, pacluupsIOmMicsS C
pa3baBineHueM. OQGEKTUBHBIA 3aps]] MaKpOMOJIEKYJ COOTBETCTBEHHO BO3pacTaer, 4ro H
IPUBOJUT K JOTOJHUTEILHOMY HAaOYXaHUIO MOJIUAIEKTPOIUTHBIX KIyOKOB. ClielyeT OTMETUTH,
4YTO YyAeJIbHas BA3KOCTh pACTBOpa IOJIUAJIEKTPOINTA TpU pa30aBIEHUM YMEHbIIAeTCs.
Bo3spactaer umMeHHO mnpuBeeHHasl BA3KOCTb, KOTOpas, Kak M XapaKTepUCTHUYeCKas BS3KOCTb,
IPONOPLUHOHATBHA 3P (PEKTUBHOMY 00BbEMY, 3aHUMAaeMOMY MOJIMHOHOM B PacTBOPE.

[TonuanexTponutHoe HaOyxaHHE MOXKHO YCTPAaHUTh IIyT€M BBEICHHS B HCXOJIHBIN
pacTBOp HEKOTOPOIo M30BITKA HEHTPAIBbHOTO HHU3KOMOJIEKYJISIPHOTO AJIEKTPOJIMTA WIM IyTEM
NOJJIEP’KaHUS MTOCTOSSHHOM MOHHOM CHJIBI pacTBOpa MHpu paz0aBieHHH. Torja KOHUEHTpalus
KOMIICHCUPYIOIIUX MPOTUBOMOHOB B MOJIEKYJIAPHBIX KITyOKax HE U3MEHsIeTCs U pa30aBIeHUH,
Y TIOJIURJIEKTPOJIUT B PACTBOPE BeNeT ceOs KaK He3apsHKeHHBIN MOJMMep: MPUBEACHHAS BSI3KOCTh
JUHEMHO yMEHBIIAETCS C YMEHBIIEHHEM KOHLEHTpalUH. AHAJOTMYHOE I[IOBEICHUE
O0OHapyXHUBAET MOJUAJIEKTPOIUT B PACTBOPUTENSX C OTHOCUTEIHLHO HU3KOW AMAIEKTPUUECKOMN
IIPOHUIIAEMOCTBI0, B KOTOPBIX JJIEKTPOJUTHYECKAS IUCCOLMALMS NPAKTHUUYECKU IOJIHOCTHIO
nojasieHa. llonManekTpoauT B pacTBOpe BeneT ce0s Kak He3apsHKeHHBIH IOIHUMep:
IIPUBE/ICHHAS BS3KOCTh JMHEWHO YMEHBIIAETCSI C YMEHBILIEHUEM KOHIEHTPALMHU, U 3aBUCUMOCTb
Nup OT KOHIIEHTPAIMX PAaCTBOPA OMHUCBHIBAETCS yPaBHEHHEM XaIrTHHCA.



[MonmanexTposuTHOEe ~ Ha0yXxaHWe  TOJMMEpa  OLIGHUBAeTCd KO3 PHUIMEHTOM
HOJMRJIEKTPOJUTHOTO HAOyXaHMs 0, KOTOPBIN ONpeNenseTcsl OTHOIEHUEM XapaKTepUCTHUECKON
BA3KOCTH BOJIHOTO PAacTBOpa MOJMMEPA [1s] K XapaKTepUCTUUECKON BA3KOCTH BOJIHO-COJIEBOIO
pacTBopa nojaumepa [ne].

o=[Ms]/[nc]
[TonmanexTponuTHoe HaOyxaHHe HAOMIONACTCA TAaKKe MPHU M3YYEHUU 3aBHCUMOCTH BS3KOCTH
pacTBopa caboro MoJMAIEKTPOINTa OT pH MM OT CTeNeHn MOHU3AIUH.

3aBUCUMOCTb XapaKTEPUCTUYECKONW BSI3KOCTU OT MOJIEKYJSIDHOM Macchl IOJIUMEpa
0OBIYHO BBIpAXKalOT SMIIMPUUECKUM ypaBHeHHEM Mapka-XayBunka-KyHa:

[n] = KM*
rae K u o — mocrosiubie; o — cocraBmusieT 0,6-0,8 1 3aBUCHT OT TMOKOCTH IETH TMOJINMEPa U €ro
B3aMMOJCICTBHS C PACTBOPUTEIIEM.

VYpaBHEHHE MOXET ObITb BBIBEJICHO TEOPETUYECKH, €CIH HCXOAUTh U3 YPaBHEHUS
OlHIITeHHA U1 IBUKEHUS CepUUeCKUX YacTUIl, HE B3aUMOAEHCTBYIOLIUX C PACTBOPUTEIIEM, U
IPEOI0KEHHUS, YTO KIYOKH MoJIMMepa HETIPOHUIIAEMBbI [T PACTBOPUTEIIS:

O n- : 7'cRe3
—25¢p=25—=25—>
ny() (P V V

rae ¢ — oobeMHas A0 chepuvecKuX 4acTuil, U — 00beM cheprudeckux dactuil, V — o0beM
pactBopa, R, — addextuBHbBIN paguyc chepbl, n — ynucio chepruuecKux YacTHll.

OueBHIHO, UTO Ul pacyeTa MOJIEKYJIIPHOM Macchl ronuMepa 1o Gopmyiie He0OX0AUMO
IpeBapUTeNbHOE ONpeieNieHue KOHCTaHT. [[0ATOMy BUCKO3UMETPHUUECKUN METO/ OIpeIeTICHHS
MOJIEKYJISIPHOM Macchl sIBJIsIETCs JIUIIb OTHOcUTENbHBIM. KoHcTanThl K 1 o HaxoasT, npencraBus
ypaBHeHue Mapka-XayBunka-KyHna B norapudmudeckoii popme:

Ig[n] = 1gK+a-1gM

MonekynsipHble Macchl Cepuu Y3KUX (pakiuil MoiuMepa ONpEeAesioT C IMOMOUIIO
KaKoro-iubo abCoyIIOTHOrO MeToja (OCMOMETPHUH, CBETOpACcCESsHUA U Ap.). 3aTeM Ui 3THUX
bpakuii METOIOM BHCKO3UMETPUU HAXOJSAT 3HAUYCHUS XapaKTEPUCTHUUYECKOW BA3KOCTH H
MOJICTABIISIIOT IaHHBIE B ypaBHeHUE. U3 rpaduyeckoit inHeiHO# 3aBucuMocty Haxoaat K u a. B
JTAIBHEUINEM 110 TpaduKy 10 3HAYSHUIO [1)] MOKHO onpenenuts M.

§ 4 OcMoTHYEeCKOe JaBJIEHHE PACTBOPOB OMonoimMepoB.YpaBHenue ['aiepa

Jnst pacTBOpOB MOJIMMEPOB, KaK M JUII PaCTBOPOB HU3KOMOJIEKYJSIPHBIX BEIIECTB,
XapakTepHbl KOJUIMTaTUBHbIE CBOWCTBAa: ocMoc, AU(GPy3us. OTIMYUTETBHOH OCOOEHHOCTBIO
pPacTBOpOB TOJIMMEPOB SBISETCS TO, YTO ODKCIIEPHUMEHTAILHO OIPENEIEHHOE OCMOTHYECKOEe
nasiieHue it pactBopa BMC 3aaHHON KOHLIEHTpAIMM 3HAYUTEIbHO IPEBBIIIAET BEIYUCIEHHOE
no 3akoHy Bant-I'odpda. D10 cBsizaHO € TeM, 4TO Makpomosekyna Osarogaps OoJbIIUM
pasmepaM M IMOKOCTH LIeNH BEJET ceOsl B pacTBOpE KaK HECKOJbKO 00Jjiee KOPOTKHUX MOJIEKYIL.
[TosTOMY pOJHF KHHETHYECKOTO DJIEMEHTa HrpaeT He BCS MaKpOMOJIEKYNa, a OTIENbHBIC ee
CerMEHTHI, 00Ja/1aolIe OTHOCUTENbHON MOJIBM)KHOCTBbIO. UMCIO MOABMIKHBIX CETMEHTOB
B3pacTaeT ¢ YBEIMYCHHEM T'MOKOCTH LENH MaKpPOMOJIEKYJIbl H ¢ pOcTOM KoHIeHTparn BMC B
pactBope. s pacuera OCMOTHYECKOTo JaBiieHus pactBopoB BMC ucnonb3yloT ypaBHEHHE
lNannepa:

_RT 7 RT

7T C+BC? nwm = +pC
B c M B

rae C — maccoBas konueHntpainus BMC B pactBope, 1/1; M — cpeanas monspHas macca BMC,
r/MoJb; § — K03 punmeHT, yauThIBaromuil riOKOCTh U (HOpMY MaKpPOMOJIEKYIIHI.

1 HCOOJIBIIINX KOHIICHTpAalHuAX ITIO0OJIUMEpPaA — n IJId IIOJIUMEPOB, MOJICKVIIbBI
I1 ) C? -0 ,

KOTOPBIX UMEIOT (¢opMmy chepuueckux rinodyn, Hampumep remoriodouna (f = 0), ypaBHeHHE
["annepa nepexoaut B ypaBHeHue Baunt-I'odda



RT
T=""C
M

DKcrnepuMeHTaIbHOE U3yueHue BiusHue KoHueHTpauuu BMC B pacTBope Ha €ro OCMOTHYECKOE
JIaBJICHUE MTO3BOJISIET C MOMOIIBIO rpadudeckoit 3aBucuMoctu BenuuuHbl /C ot C onpenenuTsb
3HaYEHHUE CpeHEN MOJEKYIIpHOI Macchl nonuMepa M u ko3 duirenta 3, KOTOpPbIil YMCIEHHO
paBeH TaHTeHCY yIila HakJIoHa npsMoii B koopauHarax m/C=f(C) (pucynok 15.3).
Pucynox 15.3
Ornpenenenne cpeaHeit MOJIEKYISIPHOM Macchl MOJIMMEPA.

n/C

r“:|:l

c
B c10XHBIX OHOJIOTHMYECKHX CUCTCMaAX, COACPIKAIIUX HECIJICKTPOJIUTBI, 3JICKTPOJIUTHI U

OeNKM, KaXIbli W3 3TUX KOMIIOHEHTOB BHOCUT CBOWM BKJIAJ B CYMMAapHOE€ OCMOTHYECKOE
nasiieHue. Bknana, 00ycioBiaeHHbIH HalnYueM OeIKOB, Ha3bIBAETCSl OHKOTUYECKHUM JIaBJICHUEM.

§ 5 CBoiicTtBa KpoBU. OHKOTHYECKOE JABJICHHUE IVIA3Mbl M CHIBOPOTKH KPOBH

Kak u3BecTHO, o0Iiee coiepkanne Bcex OCITKOB B KPOBH B HOpME cocTaBiisieT 65-85 r/i. K Hum
OTHOCATCS anmbOYMHH — 52-58% Bcex O0eIKOB KpOBH, TIO0YIHHEI (a1, 0o, P, Y) 1 pudpuHOTEH.
YpoBeHb OCJIKOB KPOBU OTPaKaeT COCTOSIHUE OSIIKOBOTO0 0OMEHA, MMMYHHBIH CTaTyC
opranu3Mma. B nenom Genku KpoBU OMPEENSIOT BETUYUHY BI3KOCTH KPOBH, OHKOTHYECKOTO
naBieHust, 0ydepHbie CBONCTBA KPOBU, CIOCOOHOCTH KPOBU OCYIIIECTBISTH TPAHCIOPTHYIO
GYHKIMIO 1 HMMYHHYIO 3aIIUTy. BsI3KOCTh KpoBH B 4-5 pasa BbIIIE BI3KOCTH BOJIBI U UTPAET
BaXHYIO POJIb B TIOJIZICPKAHUH TeMOIMHAMUYECKUX OTHOIICHHU B KPOBEHOCHO cucTeMe.
OHKOTHYECKOE JJaBJIEHUE TIIIa3Mbl KPOBU 00YCIIOBIIEHO BCEMHU OeIKaMu KPOBU, HO OCHOBHOM
BKian (Ha 80%) BHOCHT anbOyMuH. BennunHa oHKOTHYECKOTO AaBieHus octasisieT 1/200
OCMOTHYECKOTO J1aBlieHust, uin 25-30 MM pT. CT., uiau 2 MocMouIb/1. benku, Oyayuun
OCMOTHYECKH aKTHBHBIMU YaCTUIIAMH, HE CITOCOOHBI, KaK MPaBUIIO, BBIXOIUTH 32 TIPEICITbI
KPOBEHOCHBIX COCYJ/IOB U TIO9TOMY O0OECIICUNBAIOT COXPAHEHHUE BOJIBI BO BHYTPUCOCYIUCTOM
cekTope. biaronaps aTomy GeNKM UTPArOT BAXKHYIO POJIb B TPAHCKATMILISIPHOM OOMEHE.
['unonpoTenHAMHUsI, BOZHUKAIOIIAs, HAIPUMED, B PE3YJIbTAaTe UCTOIICHUS, KAXEKCHH,
COTPOBOXKAAETCSA OTEKaMH TKaHeH (Iepex0/I0M BOJbI B MEKKIETOYHOE MPOCTPAHCTBO.



