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i31Ka BMBuac 6yHOBY 1 BIaCTUBOCTI BHAIB MaTepii — peuyOBHMH 1 NOJIB, Ta

dopMu icHyBaHHS Matepil — mpocTip 1 dac. Di3uKa CKIaJacThesA 3

OKPEMHX PO3IUIB, KOXKHHH 3 SKMX BHBUaE€ INEBHHH Kjac INHUTaHb 1
o6'exTiB. Jleski 3 HUX, B T.4. 6iodi3uKa, BUALTUIMCH B OKPEMi HAYKH.

Biodisuka BuBYae (izvuHi MeXaHi3MH 1 (i3MKO-XIMI4HI MPOLIECH, SKi JeXaTh B OC-
HOBI KUTTEMIAABHOCTI Giooriunux o6'ektiB. bioghizuka — e (izuka XKUBUX CHUCTEM Ha
BCiX piBHAX iX oprasizamii — MOJIEKYJIIPHOMY, MEMOpaHHOMY, KJIITKOBOMY, OpraHHOMY,
nonyJsiiiHoMy, 6iocthepu.

FBiogizuka — nayxa, BuBuaroya ¢i3uuHi B1acTHBOCTI 610JI0TYHUX 00'€KTIB, (PI3UYHI 1
(izuko-ximMiuHi TporecH, sAKi BiAOyBaroTbcs B IMX O0'€kTax 1 JIe)KaTh B OCHOBI iX
(GhyHKIIIOHYBaHHS.

Bioghizsuxka — nayka npo HalnpocTiln i ¢pyHIaMEeHTalbHI B3a€MOil, IO JIEXKaTh B
ocHOBi Giomoriunux sBuil. TeopeTuuHi moOymoBu i Moneni 010(i3UKH IPYHTYIOTbCS Ha
(Gi3UUHMX MOHATTSX €Heprii, CHJIM, THIB B3a€MOJil, TEPMOJUHAMIKU, Teopii iHpopMawii
toro. I{i MoHATTS BimoGpaxaroTh MPHUPOAY OCHOBHHUX B3aEMOJiH i 3aKOHIB pyxy Marepii,
110 cKJIaJae npeaMeT Pi3HuKH.

Bionoriuni 3akoHn 0a3ylOThCsl Ha 3aralbHUX 3aKOHOMipHOCTsX ¢izuku i ximil. ITo-
CIIOBHUI PO3IJISA PI3HUX IPOSBIB JKUTTS 3 MO3UIIINA LKUX HAYK 30BCIM HE 3aJIUILAE MICLS
JUTSL 1A€aTICTHYHOTO Ta BiTAIICTUYHOIO TPAKTYBAHHS JKUATTH.

biosoriyni dopMu pyXy CKIazHi, ajle BOHH BKJIIOYAIOTh MpoCTilli (i3uyHi 1 XiMiuH]
dopmu. Dizuka € nyke Ba)XUIMBUM KJIFOYEM JJIsl BUPIMIEHHSA 0araTbox MpoOJIeM CydacHOi
6ioJ0rii.

B.I.JIenin: "IIporpec y cy4acHOMY MPHPOJO3HABCTBI MoJisira€ B HaOJMKEHHI 10
TakuX OJHOPITHUX 1 IMPOCTHUX €JEMEHTIB Marepii, 3aKOHM pyXy SKUX JOIyCKalOTh
MaTeMaTu4yHy oOpoOKy".

H.bop: "XXomeH pe3ynpTaT GioJIOTIYHWUX MOCHIDKEHb HE MOXe OyTH OJHO3HAa4YHO
OMMCAaHUH 1HaKIIIe, HiXK Ha OCHOBI MOHATH (i3HUKH 1 XiMii".

CyuacHa ¢i3uka HE 3YCTpIYaeTbCid 3 TpPaHUIEIMKU CBOrO 3aCTOCYBAaHHS JI0
Oionoriuamx o0'ekTiB 1 sBUII. PO3BUTOK Oioghizuxku ax uwacmunu cyuacHoi Qizuku
CBIUUTH NpO 11 HEOOMEKEHI MOXKJIMBOCTI. 3BUYAHO, TOBOAUTHCS BBOJUTH HOBI (i3HU4HI
ySIBJIEHHS, aJle ‘HEe HOB1 IPUHIUIH i 3aKOHHU.

biogizuka BuBuaec:

1) nuranHs oOMiHY eHeprii B OioyioriuHOMy cyOcTpari;

2) ponb CyOMIKpOCKOMIYHUX i (I3MKO-XiMIUHHX CTPYKTYP Y JKHUTTEASUIBHOCTI KIIITHH i
TKAHWH;

3) BUHHUKHEHHS 30y /DKEHHS 1 MOXOMKEeHHS 0i0CIEKTPUYHUX MMOTEHIIIaNIB;

4) aBTOperysito Qi3UKo-XiMiYHUX MPOLECIB B )KUBUX OpraHizMax;

5) GiosioriyHy Hir0 i0HI3yIOYOTO BUIIPOMiHIOBAHHS;

6) IPOHUKHICTb KJIITHH 1 TKaHUH.

Mennuna 6iodizuka BUBYaE OpraHi3M JIFOJAWHH i TIPOIecH, OB'13aHi 3 MOPYIICHHIM
KHATTEISIILHOCTI B OpraHi3Mmi.

3aBaanuna Oiodizukmu:
1) ni3HaHHS SBUILL KUTTS;

2) oxepkanus iHdopmauii npo ¢izuko-xiMiyHy OyIOBY KIITHHH i ii OionoaiMepiB y ToMy
BH/Ii, B AKOMY BOHH ICHYIOTb TIPH KUTTI;
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3) BusBIeHHS (Qi3HYHHX 1 Pi3UKO-XIMIYHHAX MapaMeTpiB, XapaKTEpPHUX UId KMBHUX 00'ek-
TiB; ‘ i

4) BusBIIeHHS (Pi3UKO-XIMIUHHX IIPHYHH MOSBU i PO3BUTKY Oi0€NEKTPHYHUX MOTEHIialiB,
BUSBJICHHS 1X €HEPreTUYHUX JDKepesl 1 BIAKPUTTA LUIAXY [UId TIMOIIOro aHamiisy
(i3HKO-XIMIYHOTO CTaHy KJTiITUH Y HOPMI 1 B TATOJOTI;

5) ocnabneHHs pagialiiHoOro eexTy.

Memoou biogpizuunux o0ocnioxyceny: enexrpoopes, yIbTpaleHTpUGYTyBaHHS,
KaJIODUMETPisi, MaJIOKyTOBE PO3CIIOBaHHS CBIiTJIa, PEHTTEHOCTPYKTYpPHUI aHani3,
HEHUTPOHOCKOTIIIS, CIEKTPOGOTOMETPisi, CHEKTPOIOIAPUMETPIsl, JIOMIHECLIEHTHHI aHai3,
SIMP, EIIP, enekTpoHHa MiKpOCKOMisl, MIKpOENEeKTPOHA TEXHIKA, METO/] MIYEHUX aTOMIB.

Meroau nociipKeHHs] MOXKYTh BHOCUTH ME€BHI 3MiHM B JOCHLDKYBaHl 00'ektu. IIpu
OOCIIDKEHHSIX MOXJIMBE BUHUKHEHHS apTe(akTiB — CTPYKTyp 1 sBUII, fK1 BIACYTHI B
MPUPOIHUX KITITHUHAX.

3aBaskk 0ioGisMUHUM JOCTIKEHHSAM BueHi Ji3Hamuch Oararo mpo OynoBy i
BJACTHBOCTI OIOMOJIEKYJI, PO BJIACTHBOCTI 1 MeXaHi3MHU [ii KIITUHHUX CTPYKTYp
(MemOpanu, OioeHepreTHdHi opraHenu). Po3pobmnstoThest ¢i3uKo-MaTeMaTHUHI MoAesi
6ionporieciB. PeanizoBaHo 3arajibHOTEOPETHYHI MiJTXO/IN A0 SIBUIL XKUTTS, SIKi TPYHTYIOThCS
Ha TEpMOJMHAaMIlli, Teopil iH¢popMallil, Teopil aBTOMAaTHUYHOTO PETYJIIOBAHHS.

biogizuka 6epe yyacTs B po3IM¢poBLi r€HETUIHUX KOIiB.

biodisuka Brepme BHUpinmia npobieMy peryisuii i ympaBiiHHS OiocucTemamy,
TpaHcdopmalliil eHeprii B 6iocucremax, MEMOpPaHHO-TPAHCIIOPTHI MPOLIECH.

Cepen ycix GiosmoriuHux aucuuriH 6iodizuka — HalTouHIIa Hayka. Y Giodizuii
JIOTIYHO CTPOrO JOBOJUTHCS KOXKHE TOJIOKEHHS, KiIbKICHO OMHUCYIOThCS SBUIIA, IIHPOKO
BUKOPHUCTOBYETbCSI CydacHa amapaTypa i METOAM AOCHIPKEHHS, (i3MuHE 1 MaTreMaTU4He
MOJIENTFOBaHHSL.

biodizuka Hepo3puBHO TMOB'sA3aHa 3 (¢iziosoriero, 0Ol0XiMi€r0, €KOJOTI€l,
I€HETUKOIO.

bio¢isnka BHOCHTH BeNHMKHIA BKJIQJ y BUpINIEHHS BAXJIHUBHUX INPOOJIEM Cy4acHOT
6iosorii: perynsiis 6iocucTeM i YIpaBliHHS HAMH, MOJIEKYJISIpHAa ITUHaMiKa i MexaHi3Mu
¢byHKUiOHYyBaHHs OionojiiMepiB ((epMeHTAaTHBHHMI KaTtamni3), TpaHcdopmallisi eHeprii B
OloCTpyKTypax, MeMOpaHHI TpaHCHOPTHI NPOLIECH, M'A30BE CKOPOYEHHS, OiOKOHBepCis
COHSIYHOT eHeprii.

BbiodizuuHi MeTonu BUKOPUCTOBYIOTHCS B KJIHILI I JiarHOCTUKHU 3aXBOPIOBAHb:
BEKTOpHA Kapaiorpadis, AMP-tomorpadis Tomio.

biodi3uka Mae nocarHeHHs i B mpobiieMi ociabieHHs pajianiiHoro edexry: npu
BBE/ICHHI B OpraHi3M Iepe/ ONPOMiHEHHSIM iHTi0iTopiB (pagionpoTeKTOPiB) 3MIHCHIOETHCS
xiMi4HUHA 3axucT. biodizuka BHBYae (i3uKO-XiMiuHi BJIACTHBOCTI MOJIEKYJ iHTiOITOpIB i
Ja€ METOIH iX miadopy.

bio¢i3zuka BUBYAE MPOHUKHICT KIIITHH | TKAHUH, 3 YMM TOB's3aHa (papmakosoriuHa
Iis TIKapChKUX PEYOBHH 1 TOKCHYHA Jlist OTPYT. .

Biodizuka BuBYae ¢i3uko-XiMiuHi BiIacTUBOCTI OionoriyHux MemOpaH i MeToIu
30UIbLIeHHS] a00 3MEHIIEHHS i1XHBOI MPOHUKHOCTI AI€I0 pi3HOMaHITHUX areHTiB. lle Mae
BEJIMKE 3HAUEHHs [UJis JIIKyBaJIBHMX 3aXOJiB, [UIsi 3aCTOCYBaHHS IHCEKTHULMAIB Yy
CLIIBCBKOMY TrOCIIONAPCTBI, MPH Ae3uH(eKIii TOIIO.
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TEPMOANHAMIKA BIOJOI'TYHUX ITPOLECIB

Tema 1. TEPMOIANHAMIKA PIBHOBA’KHUX CTAHIB
[1], c.8-18; [2], c.17-20, 289-294; [4], ¢.6-21; [6], T.1, c.82-85; [7], c.13-30; [8], c.79-95

epMOOUHAMIKA — HAyKa TIPO IIePETBOPEHHS eHeprii.
1.1. TEPMOAUHAMIYHI CUCTEMHU

Tepmoounamiuna cucmema — Gyab-sIKUid MaTepialibHUNA 00'€KT, 110 CKIAAAEThC
3 BEJIMKO! KIJTBKOCTI YaCTHHOK. O0aCTh 11032 CUCTEMOIO — HABKONUUHE cepedosuuye.

IBonvosana cucmema — ska He OOMIHIOETBCS 3 HABKOJHILIHIM CEpeNOBUIIEM Hi
PEYOBUHOIO, Hi EHEPTIELO.

3amkHyma cucmema — OOMIHIOEThCS 3 HAaBKOJUIIHIM CEpEOBUIIEM €HEpTIElO,
asie 0OMiHy peYOBHHOIO Uepe3 IpaHHmlli CUCTeMHU He BiJ10YBa€ETHCS.

Lle — 3axkpumi cucmemu.

Biokpuma cucmema — 0OMiHIOETBCS 3 HABKOJIMIIHIM CEpeJOBHUIIEM €Heprielo Ta
PEUOBUHOIO (HANPUKIAO, HCUBI OP2AHIZMU).

TepMomuHamiuHi mapaMeTpH MOAUISIOTHCS HA eKCMEHCUGHI, SIKi 3alexaTh Bia
KiJIBKOCTi pe4oBHHH (M, V), TOOTO aquTHBHI, Ta IHMEHCUBHI, K1 He 3aJleXaTh B1J KiJIb-
KOCTi ped4oBHHH (p, T, KOHIIEHTpallis n), TOOTO HEAIUTHUBHI.

Cman cucmemu — Habip TepMOAUHAMIYHUX [TapaMeTpiB.

Cman mepmoounamiunoi pieHosazu 3aKpumoi cucmemu — SKIO TEPMOAUHA-
MiYHi mapaMeTpH He 3MIHIOIOTHCS 3 YaCOM 1 OJIHAKOBI [0 BCbOMY 00'€Mi CUCTEMH.

SAxuro 3akpuTa cHcTeMa He nepeOyBae y cTaHi TePMOJWHAMIYHOI piBHOBAaru, TO
BOHA peJlaKCye 0 PiIBHOBAXXHOTO cTaHy. Yac peaakcayii — 11e 4ac, NpoTIIroM sIKOTo Bij-
XUJIEHHS OyAb-SIKOro IMapaMeTpy CHCTEMHU Bijl PIBHOBaXXHOTO 3HAYEHHS 3MEHILY€EThCS B
e paziB (e — ocHosa HamypanvHozo no2apugma, e=2,7).

OcHOBHe 3aBAaHHS TEepPMOAMHAaMIKM — BIiALIYKaHHS TaKUX BEJNWYMH, SKI
OHO3HAYHO BHU3HAYAIOTHCS HAaOOPOM TEPMOJMHAMIYHMX MapaMeTpiB (PyHKLIHA CTaHy).
Onna 3 ¢yHKUi#l ctany — eHympiwna enepzia U (cyma KiIHETUYHHX | MOTEHIIAJIbHUX
eHeprii MoJeKyJl TepMOOWHaMiuHOi cuctemH). BoHa € ¢yHKUi€l0 cTaHy, TOMY IO
3aJI€XKUTh TiJIBKH BiJl B3a€EMHOIO PO3MIILIEHHS Ta MIBUAKOCTEH MOJIEKYJl CUCTeMH. 3MiHa
BHYTpILUIHBOI eHeprii He 3aJIe)XUTh BiJl TOro, SIKUM LIJISXOM 3MiHIOBajlach CHCTEMa, a
TIJIBKH BiJl MIOYaTKOBOr'O i KiHI[EBOT'O CTaHy CUCTEMH.

1.2. OBOPOTHI I HEOBOPOTHI ITPOLIECH

Slkuio cucTeMa BUBeNEHA 31 CTaHy PiBHOBArd 1 3alMilieHa caMa Ha cebe, To BOHa 3
4acoM 3HOBY ITOBEPTAETRCS Y cTaH piBHOBard. [Ipouec nepexoay 10 piBHOBaru Ha3uBa-
€TBCS penaxcayicro. Ane 3i cTaHy piBHOBaru cucTeMa He MOXE CaMOCTIHHO NOBEpHY-
THUCBH 10 HEPIBHOBAXXHOTO CTaHy.

[Tpuknanu: pi3HMIS TeMIepaTyp MiX JABOMa TijlaMU CaMOCTIMHO He 3pocTae, ras
HE CKYIUY€ThCS B OJIHiii MONOBUHI MOCYAWHH, [Ba I'a3d HE po3ALIA0ThC. OTKE, B MO-
JIEKYJIIPHUX CHUCTEMAaxX MOXYTh BiZI0OyBaTHUCh HEOOOPOTHI MPOLIECH.
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O6opomnum npoyecom Ha3UBAETHCS Taka 3MiHa CTaHy CHUCTEMH, siKa Oylyqu
IpoBeJieHa y 3BOPOTHOMY HAaNpsMKY, MOBEpTac i B IOYATKOBUH CTaH, Tak o6 cucreMa
npoiiiiia yepes Ti caMi IPOMIXKHI CTaHH, IO 1 B IPSIMOMY TIPOLEC], ajie Y 3BOPOTHIH I10-
CJIIIOBHOCTI, a CTAH TiJ 11033 CUCTEMOIO 3aTUIIMBCS He3MiHHUM. [Iponiec noBuHeH 0yTH
KBa3icTalioHapHUM, TOGTO HACTIIBKM TOBIIBHHM, 100 CHCTeMa Ha KOXXKHOMY eTall
BCTHUTaJIa peaKkCyBaTH IO PiBHOBAXXHOTO CTaHy.

[IpouiecH, sIKi He 3a10BOJNBHIAIOTE YMOBY OOOPOTHOCTI — Heobopomui. 1puknanu
HEeOOOPOTHMX IPOLIECIB: SABUIIA TEPEHECEHHS, PO3LUIUPEHHS ra3y B MyCTOTY, XKHUTTEAI-
STIBHICTB OPraHi3My.

PeanbHi mpoliecH B IMPUPOJIi 3aBXKIH HeOOOPOTHI BHACIIOK KiHILIEBOI LIBUKOCTI
iX mpoTikaHHs KW po3citoBaHHS eHeprii. OcoONMBO 1€ CTOCYETHCS KUBHUX OpPraHi3MiB.
bioximiuHi npoliecu MOXYTb TUIBKU B Till UM iHILIN Mipi HAOJIMKATUCh 1O PIBHOBAXKHUX
1 BBOXKaTUCh 0OOPOTHUMHU.

1.3. TEPIIMI 3AKOH TEPMOJMHAMIKH, iOTr0 3ACTOCYBAHHSI
I1OJI0 FIOJIOITYHUX OB'E€KTIB

B i30150BaHi# TEpMOIUHAMIYHIN CHUCTEMI MOBHA €HEPris Ma€ MOCTIHHY BETHUU-
HY 1 MOXe€ TIJIbKH N1ePEeTBOPIOBATUCH 3 OJIHOI'O BUAY B 1HIIHH.

KinbkicTh TEMIOTH, sika IEpedacThcs 3aMKHYTIM cUcCTeMi, MOBHICTIO BUTpaya-
€THCSl HA BUKOHAHHS pOOOTH 1 3MiHY BHYTPILLIHBOI €HEprii CUCTEMHU:

3Q=3A+dU (1.1)

Q1 A He € QyHKUiISIMHU CTaHy. | 3aKOH TepMOMHAMIKY MOXXHA MTEPEUCATH iHaKILIe:
0A =0Q —-dU

3BiZCH BUTIKAE, IO poOOTa MOXKEe BUKOHYBAaTHCH ab0 3a paXyHOK 3MiHH BHYTpIIII-
HBOI €Heprii cuctemu, abo 3a paXyHOK HaJJaHHS CHCTEMI MEBHOI KiJIbKOCTi TEIJIOTH.

B >xuBiif cucremMi (oprafiaMi 4u OKpeMHX OpraHax) po0oTa He MOX€ BHKOHYBa-
THCh 33 PaxyHOK ITPUTOKY Terljia 330BHI, TOOTO BOHA HE MOXXE NpaIIOBATH K TEIJIOBa
MalvHa. PoOOTa BUKOHYETBHCS 32 pPaxyHOK 3MiHH BHYTPILIHbOI €Heprii CUCTEMH IpH
OloxIMiYHMX Mpoluecax. BHyTpilHs eHepris 6G10CUCTEMH B IaHOMY BHUIAAKy — ILI€ eHep-
Iis XIMIYHHAX 3B’SI3KiB BHCOKOMOJIEKYJISIPHUX CIIONYK. ToMmy I 3aKOH TepMOJHHaMiKu
1U1s1 010J10T1YHUX 00'€KTIB MOXKHA CHOPMYITIOBATH TaK:

BHyTpilllHA eHepris, sika BUAUISETbCS B OpraHi3mi BHACHiAOK OiOXiMIYHUX pe-
aKLi{, MOBHICTIO BUTPAYa€ThCsl HA BUKOHAHHS POOOTH i TEIIOTY, IO PO3CIIOETHCS B
HaBkonuiae cepenosuine: AU=AQ-A a6o |AU|S|AQ|+A, npuuomy AU<0, AQ<O,
A>0.

[Ipu npoMy 3MiHa BHYTpIIIHBOI eHeprii Bcepemuni opranizmy AU<O0 (3MeHLIy-
€THCS1), 3MiHA KUIBKOCTI TeroTH AQ<0 (OCKUJIBKU TETUIOTa BUXOJUTH 3 OPTaHi3MYy).

Po6oty noaiyisitore Ha poboTy Mo 3MiHi 00'eMy i KOpUCHY poOoTy (M'si30Be CKO-
pOYEHHs, NepeHoC 3apsAfiB uepe3 MeMOpaHy, MoOyaoBa TKaHHMH, O1OXIMIYHI peakwuii
TOLLO):

OA=pdV+06A,,, s
Ipuxnao nepemeoperHna enepeii y dHcugii KimuHi:
1) Conye eHacniook sdeprux peaxyiti mpauac Yacmumny eHympiuHboi eHepeil, axa ne-
pemeoproemucs Ha eHepeito keanmie E=hv,
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2) Keanmu ceimna nepemeopioomscsi X10po@Qinom y XimiuHy eHepaito enoKo3u;
3) Ximiuna enepzia npu oKucienHi 2/10K03U NepemeopoEmbCs 6 MEno i 8 eHepeilo ade-
Hosunmpugocgoproi kucnomu (ATD);
4) Ilpu zioponizi AT® sudinacmoca XiMiuHa eHepif, 3a PAXYHOK AKOI I 6UKOHYEMbCS
MeXaniuHa, XiMIYHA, OCMOMUYHA abo elekmpuiHa poboma 6cepeouri opeanizmy:
ATDO+H,0 — AJD+H;PO+8 kkan/mons

1.4. EHTAJIBIIIS

PoGota no 3miHi 00'eMy ripu p=const (IIOCTIHHOMY THCKY ):

dA=pdV

KinpKicTh TEIUIOTH, sIKa MepelacTbcss CUCTEMI Al BUKOHAHHSA poOOTH MO 3MiHi
00'eMy npH p=const (K110 KOpHUCHa poOOTa HE BUKOHYETHCS):

0Q=pdV+dU=pdV+Vdp+dU=d(U+pV)=dH (1.2)
H=U+pV — enmanvnia abo mennosmicm cuctemu. EHTanbIis Takox € QyHKUIEO
cTaHy (3aJeXHUTh TiNTBKH BiJl TepMOAMHAMIYHAX mapamerTpis). Ii MOXHA BU3HAYUTH 33
JONIOMOTOI0 KaJlOpUMETpa.

HacninkoM I 3akoHy TepMOAMHAMIKH i TOTO, IO €HTAbIIIS € GYHKIIEIO CTaHy, €
3akoH I'ecca: TensioBHii edeKT XiMiuHOT peakuii He 3a/1eKUTH BiJl HLJIAXY peakilii, a
BH3HAYA€ThCA TiILKHU Pi3HUIEI0 eHTAJbNIH KiHIeBUX | BUXIAHUX Pe4OBHH.

3acTocyBaHHs 3akoHy [ ecca: ayisg BU3HAYEHHS] €eHEepreTUYHOI LIHHOCTI MPOJYKTY
roro cnamorTh 10 CO, i H,O, To6TO 10 THX KIHIEBUX MPOJYKTIB, SIKI YTBOPIOIOTHCH 1
B opraHizMi. BUMIpIOIOTh KUIBKICTh TEIUIOTH, SIKA BUAUISIETBCS NpPH LBOMY. Taka XK
KUIbKICTh TETJIOTH BHUIUISETBCS i B XKHBOMY OprafiaMmi B xojl OioxiMiuHOI peakmil
PO3LIETUIEHHS JaHOTO MMPOAYKTY.

Kpim pobotu no 3MiHi 06'eMy MOXKYTh BUKOHYBATUChH 1HII BUIU pobotu. B op-
raHi3Mi, HapUKJIaJ: M'sI30B€ CKOPOUEHHSI, TEPEHOC 3apsAiB uepe3 MeMOpaHny, moby1oBa
TKaHHWH (KOprcHa poboTa A,p). OTxe:

0Q=dU+pdV+3Aep
3BiACH:
dH=6Q — 0Axp

Otxe, 3MiHa eHTaNbIii piBHA KiJTBKOCTI TEIIOTH, L0 BUALIMIACH, TUIBKA B TOMY
BUIIA/IKY, KOJIN OpraHi3M He BUKOHY€ KOPHCHY poOOTy i B HbOMY He Bi/I0yBa€ThCsl HaKo-
NUYeHHs 6ioMacH.

1.5. KAJIOPUMETPIS I Ii BAKOPUCTAHHS JIJISI BAMIPIOBAHHSI TEP-
MOJINHAMIYHUX TIAPAMETPIB BIOCUCTEM

MeToa npsMol KaJIOpHMeTPii (IMXaJIbLHHIA KaJOpUMeTp):

OpraHi3m 3HaxOJUTHCS B TEILIOI30JIbOBaHIN KaMepi, B Ky niaBoautses O, a BU-
BogsAThea CO, 1 H,O, sika BUnapoByeTbes (IXHI Macu BUMIPIOIOThLCS ). OpraHi3M CIOXH-
Ba€ NpPOAYKTU XapuyBaHHs (OiJKu, >XUpU, BYTJIEeBOIH) 1 BUALIsE Moy 1 Kai. Temnnora,
siKa BUIIJISETHCS MPU PO3LIEIUIEHHI MPOAYKTIB XapuyBaHHsS (KaJOpU4YHI €KBiBaJEHTH

| [CO, ] :

N . . . _ . .
Q"), 1 ixH1 auxanpHi KoedilienTn © =~ HaBeJeHi B Tabmuuui 1.

[0, ]



Tabauus 1. Kanopuuni ekBiBajieHTH

I AMXaJIbHI KOe(iUi€eHTH OCHOBHHX ﬁ Bonaa npu t;
NPOAYKTIB Xap4yyBaHHS: Dxa . . crecmr

_— e

0O,

~ 0
PeyoBuHa 0 Q", xJDx/kr

Byrnesoau | 1,00 17000
>UTK ,8
binku 0,80 17000 CO,. H,0

Kupu 0,71 39000 : . e L RS

Ceua, Ka
‘_—

B oprasdizsmi  6e3nepepBHO
P Pep Bonaa npu t,

NpoxXoIaTh  OlOXiMIYHI  peakiii,
BHACJIIIOK  SIKKX  3MEHIIYEThCS
BHYTpIIIHS eHepris opraHizmy U i
BUILIAETBbCS Terno Q. JIMIIHE TerTo BUBOJUTHCS MPOTOYHOIO BOJAOIO (BUMIPHOETHCS 1l
Maca Am i TemmepaTypu Ha BXo[i t; i Buxogi t;). Temnora, BuAileHa OpraHisMoMm,
BUPAXOBYETHCA 3a (HOPMYJIOIO:

Puc. 1. J[uxanvruii kanopumemp

Q=c(t—t;)Am+im,
Jile m, —Maca BUNAapyBaHOI BOJM.

3aranpHui 00'eM ra3iB 3MeHUIyeTbes (OUMB. Tabn.l), oTxke Haja OpraHi3MoM

BUKOHYETHCS poOOTa MO 3MEHIIEHHIO 00'eMy
AA=pAV<0.

B pe3ynsTaTi BUMipIOBaHb CKJIAAlOTh €HEPreTUUHUH OanaHc AJis opraHiamy, mne-
PEBIpSAIOTH CHpPaBEeMIUBICTh | 3aKOHY TepMOAMHaMIKH, OLIHIOIOTH 3aralbHUM JUXaib-
Hui koedinieHT. KiabKicTh eHeprii, ClIOXUTa OpPraHi3MOM i3 MPOLYyKTaMHU XapuyBaHHS
3a 100y, piBHa BUIIJEHIM 3a el yac TemtoTi. Lle o3Havae, 1110 OpraHi3M He € IKepesioM
JOAATKOBOI €Heprili.

Po3paxyHKH JaroTh XOpollle CHiBMNaAiHHs Y BUMAIKY, SIKIIO OPraHi3M HE BUKOHY€
KOPHCHOI poOOTH i B HBOMY He BiI0yBa€THCSI HAKOMUYEHHS MacH (POCTy).

1.6. JIPYT'Uil 3AKOH TEPMOJIWHAMIKH

OG6opoTHI NMpolIeCH MOXYTh IIPOXOJUTH B 000X HaIpsSIMKax, TOJ1 SIK HEOOOPOTHI

— TUIBKH B OHOMY. | 3aKOH TepMOAMHAMIKH BUMarae, o0 3arajbHa eHepris He 3MIHU-

Jack, TOJI SIK PO HampsM Mpolecy BiH HIYOro He roBoputsh. HampsiM mpoueciB BcTa-

HoBJIOE [ 3aKOH TepMOAMHAMIKH.

Jlesiki popMyroBaHHS:

1) Tennora He MOKe CaMOBIJIbLHO MepeJaBaTHCh Bil MEHII HArpiToro Tijia A0
OiJIbII HArpiToro, SIKIO NpH LLOMY He BiA0yBa€Tbhesl HIIKHX 3MiH Yy HHX a0o B
HABKOJIMUIHbOMY Cepe10BHILI.

2) HemoxuBuii Biunuid asuryH II poay, sikuii oaep:kyBaB OH TemJoTy Bil
HarpiBa4a i neperBopioBaB 0u ii NOBHICTIO B po0oTY.

Haii6inbiu 3aransue gopmyntoBanss 1l 3akoHy TepMoAMHAMIKK MOXKHA 3pOOUTH

Ha OCHOBI ITOHSATTS €HTPOIIil.
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1.7. EHTPOIIIs

v

AxIo 3aMKHyTa cucTeMa OOOpPOTHO MEPEeXONuTh i3 cTaHy | y cTaH 2, TO KUlb-
KicTb Teruiotd Q, sSIKy BOHa OJiepXKy€ 3 HABKOJHIIHBOIO CEpeAOBHIIA, 3aJEXUTh Bif
nuisxy. Ase, BUSBISIEThCS, IO MIPH L[bOMY BEJIMYUHA

i
AS = I7Q : (1.3)

He 3aJIEXUTH BiJl IIJIAXY NEpPexoay 3 OAHOTO CTaHy B IHILIHWH, a TIIBKH Bl MOYAaTKOBOIO
J KIHIIEBOTO CTaHiB, TOOTO € (QyHKLi€0 craHy. BennunHa S Ha3suBaeThCs enmponiero.
Onuuuns BumiproBanHus entpomii [S]=/Dx/K. EnemeHTapHa KilbKiCTh TEIUIOTH, SIKY
OJlIep)Ky€ cucTeMa B 000OpOTHOMY IPOIIECi:

0Q=TdS

Ilpu nepenaui rerotu Q cucTeMl i1 €eHTpOIIiS 3pocTae Ha BenuuuHy (1.3), a eHr-
pomis HABKOJIMIIIHBEOTO CEepPEeJIOBUINA — 3MEHIIYEThCS HAa TaKy X BeJIWYUHY, TOOTO NpH
000pOTHHUX NpoLecax 3arajbHa eHTPOIis 130J1bOBaHO] CUCTEMH HE 3MIHIOEThHCS.

IIpu HEOOOpPOTHHX Tpoliecax 3arajibHa €HTPOMis 130JIbOBAHOI CHCTEMH 3aBXKIH
3pocTae, TOOTO 3HAK 3MIHM €HTpOIii OJHO3HAYHO BH3HAyae HanpsiM HEOOOPOTHOIO
npouecy. EHTpomnis cHCTeMH 3MiHIOETBCS HE TUIBKH 3a PaxXyHOK OOMiHY TEIUIOTOHO 3
HaBKOJIMITHIM CEepeIOBHIIEM, alle i 3a paXyHOK HE3BOPOTHHMX IMPOLECIB BCEpearHI ca-
Moi cucteMu. ToMmy enemMeHTapHa KilbKiCTh TEIUIOTH, Ky OJEPXKYE CHCTEMA BlJj HaBKO-
JIMIIHBOIO CepeoBULIa:

| 3Q<TdS (1.4)

BaranLHa eHTponm 3pOCTae, MOKU CUCTEMA HE JOCATHE TEPMOJUHAMIYHOI PiBHO-

Baru. OTXKe, HEPIBHOBaXKHA CUCTEMA 3aBXIHU [IparHe 10 MaKCHMyMy €HTpOII.

2Y

Jns HeoOOpPOTHUX MPOLECIB Y 3aKPUTUX CUCTEMAX ds > T i HepiBHICcTH (1.4)

MOXHa NNpCACTAaBUTH TaK:

ds=—— =dS,, +d.S

6Q 09,
T
ne 0Q); — TeruioTa, BUHHKAK4a B caMiii cUcTeMi 3a paXyHOK HeOOOpPOTHHX MPOIIECiB,
d;S — HeoGopoTHE 3pOCTaHHs SHTPOMIl Yy CUCTEM.

®opmy.noBanHs 11 3akoHy TepMOAHHAMIKH:

B izoaboBaHiif cHcTeMi eHTponis 36epirae mocriiiHe 3HaYeHHS sl 000POT-
HHX NpoueciB, 3pocTa€ NPH HeOOOPOTHHUX Mpouecax I J0CArac MAaKCHMyYMY y CTaHi
TepMOAUHAMIYHOI piBHOBaru.

1.8. IH®OPMALIS TA ii 3B'SI30K 3 EHTPOIIIE€IO

[ToHATTS eHTpoOMii HacHpaBii 3HAYHO IIMpIIe, HiX Moka3aHe B (1.3), ockinbku
EHTPOIIis 130JbOBAHOI CUCTEMH MOXE MIiHATHCH 1 6€3 nepenadl TeroTy. SKuio i307160-
BaHa cuUcTeMa nepedyBae y HCpiBHOBEl)KHOMy CTaHi, TO Nepexia y CTaH TepMOIYHaMIY-
HOI piBHOBaru — HeOOOPOTHUIH MPOILIEC, i CYNPOBOXKY€ETHCSI 3pOCTAHHAM €HTPOIII.

BloMaKpOMoneKyna — CHJIBHO BIIODSAKOBAaHA CTPYKTYpa, BOHA CKIAZA€Thes 3 6a-
raTbOX COTCHb aTOMIB JECATKIB Pi3HUX €JEMEHTIB. YCi aTOMH OJHOr0 BHAY OJHAKOBI,
OT)KE€ JaHy MaKpOMOJIEKYIy MOXHa CKJIACTH [E€BHOIO KUIBKICTIO CIOCOOIB 3aBASKH
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MOJKJIMBUM MEPECTAaHOBKaM OJHAKOBUX aToMiB. KilbKicTb crnocobiB, SKUMH MOXHa
3peasni3yBaTH AaHUI CTaH, HA3UBACTbCS MEPMOOUHAMIYHOIW UmogipHicmio. BoHa
NponopiuiiHa MaTeMaTHYHiil IMOBIPHOCTI BHIIaJIKOBOTO PO3MIILIEHHS aTOMIB Ha CBOIX
MicIrx. 3po3yMmilto, 10 HaWOiNbly MaTeMaTUYHY i TepMOAMHAMIYHY HMOBIPHICTh Ma€
CTaH i3 XaOTMYHUM, HEBIOPSIKOBAHUM pO3MilLleHHSM aToMiB. CTaH 13 HaHOIIBIIOIO
TEPMOJUHAMIYHOIO WMOBIpHICTIO — HaWOIbm iMoBipHMH cTaH. lleil cran 1 €
PIBHOB&)XHMM CTaHOM. bioMakpomoniekyna YW iHLIa TepMOJAMHaMIYHA CHCTEMa,
3ajyieHa camMa Ha cebe, HEOOOPOTHO MEpeXOAWUTh BiJl YNMOPSAKOBAHOIO CTaHy B
HEBIIOPSIKOBAaHUHU, NPU IIbOMY 11 €HTpOIIis 3pocTae. EHTpomis € Miporo Oe3nanns.

Po3srasineMo nocyiuHy, y niBiil mojgoBHHI K01 — Nj MOJIeKyJl, y NpaBiii OJOBHHI
— N, Mosneky:. S0 BCi MOJEKYJIM HepO3pi3HHMI, TO 3arajbHa KiUJIBKICTH CIOCOOIB,
SIKUMH peali3yeTbesi cTaH Ny — Nj:

(N, +N,)!
W — mepmoounamiuna iimogipnicms — KinbKICTh CIIOCO0IB, IKUMH MOXHA 3pealii3yBa-

TH JaHuil cTaH. BoHa npomnopiiiiHa MaTeMaTH4Hii IMOBIPHOCTI.
bonbliMaH yCTaHOBHB 3B'S30K M)XK TEPMOAMHAMIYHOIO HMOBIPHICTIO Ta €HTPOIi-

€10:
S=kinW (1.5)
k=1,36:10"% Jx/K — ctana bonpiMana.

3 (1.5) nerko noBecTH, 110 EHTPOIis — AAUTUBHA BEJTHMYHUHA.

[30n1b0BaHa cucTeMa 3aBXIW IpardHe 10 CTaHy piBHOBAru, TOOTO CTaHy 3 MaKCH-
MaJIbHOIO EHTPOIi€0. AJle HaBITh CTaHy PIBHOBAru NpUTaMaHHI @iyKkmyauyii — HeBeJln-
K1 BIAXUWJIEHHS MapaMeTpiB BiJ piBHOBaR)XHUX 3HAYEHb.

CucrteMa 3 6e37ma1HO MepeMilllaHuX MOJIEKYJI Ma€ MaKCUMaJIbHY €HTPOIIiio, a Op-
raHi3M 3 yHOPSIAKOBAaHUM PO3MIIIEHHSIM MOJIEKYJN — Habarato MeHIy, IPUYOMY Y TIPO-
Lieci pocTy HOro eHTpOIlis 3MeHIIyeThbes. 1le cTae MOXKJIMBMM BHACIIIOK TOTO, IO Op-
raHi3M — He 130JIbOBaHa, a BiJIKpuTa cucteMa. EHTpoIist opraHizMy 3MeHILY€eThCS 3a pa-
XYHOK 3pOCTaHHSI €HTPOIIii HaBKOJIMIIHBOTO CEPe/IOBHUINA, a B KiHI[EBOMY IMiACYMKY —
CoHus: Horo eHepris, CKOHIIEHTPOBaHA B MeXaX HeOeCHOTO Tijla, Oe3rnepepBHO PO3Ciro-
€THCS B IPOCTOPI.

YnopsiakoBaHe poO3MIIlIeHHST MOJIEKYJT B OpraHi3Mi — Ile HassBHICTb MeBHOT iHhop-
Mauii I (y po3yMiHHI BIOPSAKOBAHOCTI), TOAI K Oe3nanns — ii MOBHA BiACYTHICTb.
Tomy eHTpomnito MOXXHa pO3TISAAATH K BEJIHUUHY, IPOTHIIEXKHY A0 iHpopMaillii, To6To
SIK Mipy HefocTadi iHpopMauii rnpo cucremy. Ilpu Oynp-sikux mpoiecax Mae Micle 3a-
KOH 30€peXeHHS:

I+S=const

OnuHuLs KUTBKOCTI iHGopMallii — #im — iHdopMallis, ska MiCTUTHCS B JOCTOBIp-
HOMY TBEpJDKEHHI, KO KIJIbKICTh MOXJIMBUX CTaHIB ®=2, TOOTO MaTeMaTH4Ha HMO-
BipHiCTh noaii P=1/2. B3araui:

I=log,P=log,» (1.6)
' : P __1_
10, »

. - . 23 23
[TopiBasiBuu (1.5) i (1.6), maemo: 1 6iT=10""" [Lx/K=0.22-10"" kan/K.
YV no0cexkomy opeanizmi kinvkicme iHgpopmayii 8 OCHOBHOMY BUSHAUAEMbCA 6NO-
pAaokosanum posmiujenuam 3-1 07 aminokucnomuux 3anuwkie 6 7 ke 6iikie, wo Oae
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1,3:10%° 6im ingpopmayii abo 300 xaw/K. Inwi éxnadu: 150 2 JHK oae 6-107 6im, 107
xnimun — 4-10"* 6im, 1 0 monexyn biononimepie 6 knimuni — 2,61 0’ 6im.

1.9. TEPMOANMHAMIYHI NOTEHIJAJIA

3 1i Il 3akoHIB TepMOAMHAMIKH ITPH 0OOPOTHOMY IPOLEC] BUILIUBAE:
TdS=dU+8A=dU+pdV+06A,,, '
Otxe, kopucHa pobora:
—0Ap=dU+pdV-TdS
Slxino nporec BinOyBaeThes rpu T=const 1 V=const:
—0Aop=dU-TdS=dU-TdS-SdT=d(U-TS)=dF
F=U-TS — ¢inbna enepcia I'enbmzonsvua.

3MiHa BUIBHOT eHeprii ['enbMronbia JOpiBHIOE KOPHCHIM poOOTI, sIka BUKOHY€Th-
sl IpU 0O0POTHOMY 130TEPMO-i30XOPHOMY MPOLECH.

Sxio npouec BiaOyBaeThes npu T=const i p=const:

—8A op=dU+pdV-TdS=dU+pdV+Vdp-TdS-SdT=d(U+pV-TS)=dG
G=U+pV-TS=H-TS — ¢inona enepzia I'iboca. (1.7)
3MiHa BiIBHOI eHeprii ['i66ca mopiBHIOE KOPUCHiH poOOTI, sika BUKOHYETHCS NPU
00OpOTHOMY 130TEPMO-1300apHOMY MPOLECI.

Tepmoounamiuni nomenuianu U, H, F, G — dyHkuii cTaHy, BOHH € MOBHUMH
avudepeHIiaTamMu.

BukoHaHHsS KOpUCHOI poOOTH TMpPH HEOOOPOTHOMY MpOLECI CYNPOBOJIKYETHCS
posciroBanHsM eHeprii 8Q;=Td;S. Tomy mpu HeoOOPOTHOMY 130TEPMO-130XOPHOMY
npolieci kopucHa poboTa MeHIa, Hi’K 3MiHa BUIbHOI eHeprii [ enbpMroipLa:

61A1<0p< _(dF)TV
a MpHu HeOOOPOTHOMY i30TepMO-i300apHOMY IpoOLIeci Hpoleci KOpUcHa poboTa MeHIla,
HIX 3MiHa BUIBHO1 eHeprii ['166ca:

81A11<0p< —(dG)Tp
TOOTO YacTUHA BIJIBHOI €Heprii, KpiM BUKOHAHHS KOPUCHOI pOoOOTH, BUTPAya€ThCA Ha
3pOCTaHHS €HTPOITil CHCTEMH.

Sxwo npounec npu T=const, V=const iJe i3 3MEHIIEHHAM BUIbHOI eHeprii [ enbm-
rofpla F, To BiH — camosinvrutl, i3 BUAIIEHHIM €HEprii. Y LIbOMY BHUIAQJKY MOKJIUBE
BUKOHAHHS CHUCTEMOIO KOpPUCHOI poboTu. s Toro X, o0 mpolec CynpoBOAXKYBaBCs
30u1bIIeHHsIM F, HeOOXiHO HaBIMaKu, BUKOHYBaTH poOOTy HajJ cucTemMoro. Takuil npo-
LEC € HecamMOoBinbHUL, 1 BiIOYBA€EThCS 3 MOTJIMHAHHSAM €Hepril.

Axmio niportec ipu T=const, p=const ige i3 3MeHIIEeHHsM BiTbHOI eHeprii ['160ca
G, To BiH — camoginvHuil, i3 BUMIIEHHAM eHeprii. Y [EOMY BHIIQJKY MOXJIMBE BHKO-
HaHHSI CHUCTEMOIO KOpHUCHOI poOoTu. s Toro »k, 1mob mpolec CynpoBOJKYBaBCs
30inbLIeHHAM G, HEOOXiJHO HABIIaKH, BAKOHYBaTH pOGOTY Haj cucteMoro. Takuil mpo-
LEC € HecamoginbHull, 1 BiIOYBa€eThCs 3 MOMVIMHAHHIM €Heprii.

V¥ craHi piBHOBaru TepMoJrHaMmiyHi noteHmiand F i G pocsraroTh MiHIMaJbHUX
3HA4€Hb.

Ockinbku 3MiHM 00'eMy U THCKY B OlOXiMIYHHX NEpPETBOPEHHSIX HE3Ha4HI, TO
AF=AG. : »

B 6ionoriuHEX cHcTeMax MpOLECH MPOXOAiTh MpU p=const, TOMY IJIsl pO3paxyH-

KiB IepeBaxHo BUKopucTtoByeTbest G. 3 (1.7):
dG=dU+pdV+Vdp-TdS-SdT
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3 I 3aKkOHYy TepMOJUHAMIKH:

dU=6Q-0A
ITpu 06opoTHMX Mpolecax:
8Q=TdS
SIKIII0 He BUKOHYETBCS KOPHCHA po6oTa, a TiTbkH poboTa 1o 3MiHi 06'eMy:
0A=pdV

Orxe:
dG=8Q-3A+pdV+Vdp-TdS-SdT=TdS-pdV+pdV+Vdp-TdS-SdT= Vdp*SdT (1.8)

1.10. 3MIHA CTAHJAPTHO{ BUIBHOI EHEPI'TI i KOHCTAHTA
PIBHOBAT'HM. PIBHAHHSI BAHT-TO®A.

XiMidHa peaxlilis CaMOBIUJIBHO MPOXOIUTh y NPSIMOMY HAIIpsIMKY B TOMY BUIIAQJKY,
KOJIM CyMapHa BilibHa eHepris I'i66ca mpoayKTiB peakilil MeHIla, HIXK cyMapHa BlJIbHA
eneprist ['160ca pearyrounx pe4oBuH, To06To AG<0.

Po3risiHeMO XiMidHY peakLito

A = B

PeyoBrHa A HE MOBHICTIO MIEPETBOPIOETHCS B PEUOBHUHY B, iCHYIOTH piBHOBaXHI
KOHIIEHTPALiT, 1110 BiAMOBIAAIOTH MiHIMYMY BiJIbHOI eHeprii G 1 3ajexaTs BiJl yMOB IIpo-
XOJKeHHs peakilii. 3MiHa BijibHOT eHepril AG Takox 3ajIe)UTh BiJl YMOB IIPOXOJPKEHHS
ximiunoi peakuii (T, p, koHIEeHTpallil) i e YTPYAHIOE NMOPIBHSAHHS XIMIYHUX [1€PETBO-
peHb. SKIo B JaHW MOMEHT 4Yacy KoHuUeHTpalii [A] i [B] He BianoBigaroTh piBHOBaX-
HUM, TO BUIbHA €HEPTis NMPH MOBHOMY MPOXOKEHHI peakiii ax A0 AOCATHEHHs PiBHO-
BOXHUX KOHLEHTpAILlill 3MIHUTHCS Ha BEJIMUHHY:

AG =AG° +RT- ln[ ]

4]

R=8,317 Hx/(monp-K)=2 xan/(monbK) — yHiBepcaibHa ra3osa craia,
AG® — 3mina cmandapmmuoi einvHoi emepzii, ToGTO 3MiHa BUTBHOI eHepril npu
CTaHJIAPTHUX ITOYATKOBUX YMOBax MPOXOMKEHHs peakuii (Bci pO3UMHHU pevo-
BHH, fKi 6epyTh y4acTh B peakllil (K peareHriB, TakK i IPOAYKTiB peakiii) — 1-
MOJISIpHI, THCK p0=105 ITa, pH=7, T=298 K).
IIpn nocsarnenHi piBHoBaru AG=0 (BiibHaA eHepris nepecTaHe MiHATHUCB), 1 TOJI
onepxyerbcs Bupas mist AGY:

[B]pisn

, ] pisH
Otxe, 3mina cmanoapmmnoi 6inbHoi enepzii — Ue 3MiHa BiNBbHOI eHepril Mpu mepexoxi
BiJl 1-MOJISIpHUX KOHLEHTpALlii yCiX pearyiounx pe4oBHH 10 PiBHOBaXKHHUX.

AG® ==RT -In

. . e K = [B]P’B”
BinHomieHHs piBHOBaXXHMX KOHLeHTpamin = 4 HA3MUBA€ETLCS KOHCHIAH-
[ ] pieH
Mmoo pieHoeazu. JI5s BUNAKY KUJIBKOX peareHTIB 1 IPOAYKTIB peakuii:
. V2 - . Vr
K [A ]pIBH [ ]pst [A ]pteu

CTex10MeTquH1 xoedinieHTH peakuii v;<0 Ans peareHTis, vi>0 1715 MPOIYKTIB peakuii

(v popmyni — cmeneni).
Pignanna Banm-I'oga:
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-

AG’= —RT'InK (1.9)

BoHO aye BaXJIMBE, TOMY 1[0, BU3HA4Yal0uu eKcliepuMeHTanbHO K, 103B0JIsI€ BUpaxo-
ByBatu AG’.
o Jlna peaxyii enoxo3o-1-pocgham = 2noko30-6-gpocgham K=17 npu pH—7 Omoxce,
AG"= —6828 Joic/mone.
o JIna peaxyii OKUCAEHHS 2NIOKO3U:
CsH,04+60, == 6CO,+6H,0
AG"= —2870 xJloic/mons. Omorce, K=1,6-10°"".
o Ina peaxyii cioponizy AT®D:
ATO®+H,O = AJD+H;PO,
AG"= —34,54 k/ic/mons. Omoce, K=1,7-10°. 3nax "-" exazye na camosinbricme
Yux peaxyiu.

1.11. XIMIYHHUM I EJEKTPOXIMIYHUI IOTEHIIIAJIA

B xoxi GioximidHOI peakilii KOHLIEHTpaWil pi3HUX KOMIIOHEHT y CHCTEMI 3MiHIO-
10Tbcsl. MOJISIpHI KOHILIEHTpaIlii KOMIIOHEHT (KiJIBKICTh MOJIB B OJUHUILI 00'eMy) n; Ta-
KOX € napameTpamu crany. PosrnsuyTi Hamu ¢yHkuii crany U, S, H, F, G € pyHkuismu
TaKOX 1 BEJIUYHH n;, TOOTO NIPH 3MiHI N; BOHU TaKOX 3MIHIOIOTHCS, IPUIOMY

ouU oH oF oG

—_— = | — =| —— =| —— = sy ¢
on. on. on. on. His JZ1

1 V,S,n_/ 1 p,S,nj 1 V,T.n_, 1 T,p,n_l
L — XiMIYHI TOTEHI1AIU KOMIIOHEHT, [ ]=/>k/MOJIb.

Di3uYHUN 3MICT XiMIYHO20 nomeHuialy — 3MiHa Oy b-sIKOTO TEPMOANHAMIYHOIO
NOTEHLiaTy IIPH 3MiHi KIILKOCTI pe4oBUHHU Ha 1 MoJib 260 poboTa, HeoOxiaHa A nepe-
HOCYy 1 MOJIs iOHIB i3 O€3MEXXHO BiJiajieHOl TOUKH y BaKyyMi B pO34MH 13 JaHOIO KOH-
LEHTpaLi€lo.

XiMIYHHUI MTOTEHIia)l 3aJIe)KUTh BiJl KOHUEHTpAlil peYOBUHHU 1 TEPMOJMHAMIUYHUX
napameTpiB i1 € QYHKLIEO CTaHy.

3B’A30K MK XIMiYHHUM ITOTEHIIAJIOM Ta eHTPOMIELO:

oS
ﬂ-——T(an J (1.10)

XiMIYHUH TTOTeHIial PeYOBUHM B PO3YHHI MEHLIMHA, HIXK XIMIYHMH NMOTEHLIal
YHCTOI PEYOBUHH, MPHYOMY BiH 3MEHILIYETHCS 13 3MEHILIEHHSIM KOHIEHTpalll pO3YHHY.
XiMiuHUI OTEHILlia] peYOBUHH Y CHIIBHO p030aBIeHOMY pO3UMHI MOXHA. BUPA3HTHU Ye-
pe3 1l MOJISIpHY KOHIIEHTpPAIIIIO n:

p=t +RT - In— (L.11)
I,
Jie o — XIMIYHHI MOTeHLian JaHol pe4oBUHU B 1M po3uuHi,
Ilo:l M. 2
3 BpaxyBaHHSM XiMiYHHX peakiliii 3MiHa BinbHOI eHeprii ['i60ca (1.8) 3anumeTs-

cs:
dG=Vdp-SdT+Zp;dn; (1.12)
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Y KIiTHHI XiMiYHI TepeTBOpeHHs BiaOyBatoThcs Mpu T=const i p=const i piBHIH-
usi (1.12) copoiiyerses: ’

dG=Zuidni
_ VY Bumaaky nepeHocy uepe3 MeMOpaHy 10HIB JOJAaTKOBO BHKOHYEThHCS Ie U
eJIeKTpU4Ha podoTa
A.=zFo

Z — BAJICHTHICTH 10HA 3 ypaXyBaHHIM 3HaKy,
F=96500 Kn — uucno ®apanes,
¢ — NOTEHIIaJl Ha FpaHuLll po3aity (MemOpaHi).

EnexTpoxiMmiuauii moTeHuian p* — 1e MoBHUM MOTEHIia], BpaXOBYHOUNH XiMiy-
HUH MOTeHLial 1 eJIEeKTPUYHY POOOTY 110 MEPEHOCY 10HIB:

¥ = g1, +RT - In— + zFp (1.13)
2y
Orxe, erekmpoximiunuii nomenyian — 1ie podoTa, HeoOXiAHA AN TepeHocy 1
MOJIS 10HIB 13 6€3MEXHO BiJlJAJICHOT TOYKH Y BaKyyMi y PO3YHH i3 JaHOIO KOHIIEHTpAIli-
€10 1 JaHUM eJICKTPHYHHUM TIOTeHIIiaIoM ¢. LIs poboTa BUTpavaeThes Ha MOJIOJIAHHS CHIT
XIMI4HOI B3a€MOJII i Ha MePEeHOC 3apsiB B eJIEKTPUIHOMY MOJI.
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Tema 2. TEPMOI[I/IHAMIKA HEOBOPOTHHUX ITPOLECIB
[1], ¢.18-30, [2], ¢.294-319, 462-514, [4], ¢.21-37, [6], 1.1, ¢.13-54, 85-109,
[7], c.30-41, [8], ¢.51-79

BIAKPUTHX CHCTEMax, Ha BIIMiHy BiJl 3aKpUTUX, HeIepepBHO
. BiIOyBa€eThcsi OOMIH €HEpri€el0 W pEeYOBHHOK 3 HABKOJMILHIM

CEpEeOBUILEM, TOMY CTaHy TEepPMOJUHAMi4HOI piBHOBaru OyTd He Moxe. Moxe
BCTAHOBUTHUCH TUIBKU CHAUIOHAPHUE CIAH, Y SIKOMY TIapaMeTpH CUCTEMH, B T.4. i €HT-
porisi, He MIHSIOThCS, aje EHTPOIisl He J0CsArae MakCUMyMy. Y BIIKpUTHX CHUCTEMax
MOXJIMBI TaKOXX HEpPIBHOBaXHI CTaHW Ta HEOOOPOTHI mpoiecu. TepMoauHamika
HEOOOPOTHUX MPOLIECIB PO3TJISLAAE 1[I MPOIECH.

2.1. 3MIHA EHTPOII Y BIIKPUTUX CUCTEMAX

3MiHa eHTpOIii y BiIKpUTiH CUCTEMI, B SKil MPOXOASTH HEOOOPOTHI MPOLIECH:
d
dS:deS+d,.S:?Q+d,-S (2.1)

d.S — 3mMiHa eHTpomii CHCTEeMH 3a paXyHOK OOMiHY 3 HaBKOJIUIIHIM CEPEAOBHIIEM,
d;S>0 — mpoaykuiss eHTpomii y caMiif cHCTeMi BHaCIIOK HEOOOPOTHHX IMPOLECIB
(TenonpoBiAHICTE, MUPY3is, XiMiUHI peakii).

3HaK d.S 3aMeXXUTh BiJ KOHKpeTHOI cuTyauii. Jis 130Jp0BaHOi HEPIBHOBAXKHOI
cuctemu d.S=0, dS=d;S>0 — enrpomis 3pocrae, crcrema npsiMye A0 CTaHy piBHOBaru. ¥
Bunagky d.S= —d;S<0 dS=0, maemo cralioHapHUH CTaH — MPOAYKOBaHa E€HTPOIis
MOBHICTIO #/ie y HABKOJIMIIHE CEPENOBHILNE, EHTPOMis BCEpeAUHI CUCTeMH S=const.
Cucrema He nepexoAuTh Y PIBHOBaXKHUM CTaH, TOMY S#max.

Ilpuxknaou cmayionapHo20 CMAHy: KOCMOHABM Y KOCMIYHOMY KOpabii; Npoxo-
0JiCeHHs menaa no NPOBIOHUKY Midc pezepsyapamu 3 pisnumu memnepamypamu T, i Ty,
biocghepa 3emni Ha goni npoyecy oxonoodicenns CoHy.

2.2. CHOPLOIHEHICTH XIMIYHOI PEAKIIIT
O64ncnUMO TIPOOYKIIIO EHTPOMil y CHCTeMi NMpH MPOXOPKEHHI y Hil XiMi4HO1

peakiii. 3MiHa MacH ¥ KiUJIBKOCTI MOJNIB i-i KOMIIOHEHTH CyMilli, sika Oepe ydacThb y
peaxkuii, abo IPOAYKTY peakiiii:

dm, =v,M.d&
dm,
dn, =—=v.d
EvEi{ 4 | (2.2)

1
V; — cTeXioMeTpUYHHH Koe(dillieHT peareHTy B peakiiii, BBaxxaemo v;<( mJis peareHTiB i
v; >0 [J1st IpONyKTiB peakilii;

M; — MonekynsipHa maca;

& — cmynine npoxoodicenna peakyii, TOOTO 3MiHa KIJBKOCTI MOJIB OyIb-sKOL
pearyto4oi pedoBMHH a00 MpPOAYKTY peakuii, NpHBeAeHa 10 CTEXIOMETPUYHOIO
KoeillieHTy BiJMOBITHOI PEYOBHHHM B peakuii (MOJijeHa Ha HbOTO); JUIS MpsiMOl
peakuii &0, nnst 3BopoTHOT — £<O.

EHTponis — noBHMii nudepeHuiai, TomMy:
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—diS:Z%dni

TyT cyma 6epeThcs MO BCiX peareHTaX i BCiX MPOAYKTaX peakiiii.
Bpaxysagiu (1.10):

diS = _%Zﬂidni

[TincraBuBIM (2.2):
1
d,-S=—¥ZﬂiV,»d§ 2.3)

Benyunna A = —Z MV Ha3UBAETLCS CHOPIOHEHICMIO XIMIuHOT peakyii abo i1 pyIii-

HOIO CWIOK 1 siBisi€e COOOI0 PIi3HHIIO MiX CYMapHHM XiMiYHHM MOTEHIiaIoM
pearyroyix peuyoBHH i CyMapHUM XiMi4HUM HNOTEHIIaJIOM KiHLIEBUX NIPOAYKTIB peaKiiii 3
BpaxyBaHHsM IX CTEXIOMETPUYHHMX KOeQIIi€HTIB y JaHill peakuii. Y crtaHi piBHOBaru
A=0.

3(2.3):

4

ds:—’;idafzo (2.3%)

2.3. MBUIAKICTHh NPOAYKIII EHTPOIII TA JUCUTIATUBHA
®YHKLIS

3 (2.1) maemo: WIBHAKICTH NPOAYKIT eHTPOMIT A BiAKPHTOI CHCTEMH J0PiB-
HIOE CyMi NMOTOKY eHTpomii uepe3 BiIKpHTY cHCTeMy H IIBHAKOCTI MpoayKuii
eHTpOMIl y caMiii cucTeMi B pe3yJibTaTi HEOGOPOTHHX MPOILECIB:
s d,S N d,S
a dt dt
VY Bunagky, SKUI0 TPOAYKIS EHTPOMii y CHCTeMi KOMIIEHCYETHCS BiATOKOM
EHTpOIil y HaBKOJHUIIHE cepenoBuiue, To0To d.S/dt<0, |d.S/dt|=d;S/dt, To dS/dt=0 i
Ma€eMO CTalliOHAPHMI CTaH.
3 (2.3’) MoxHa 3amMcaTH BHUpa3 JUIS MIBUJAKOCTI MPOAYKIIi €HTPOMii y caMiii
CUCTeMI:

a’,.S_A.cz’f_A.V
d T d T
v=d&/dt — meuokicme peaxuir.
T ﬂ = Av
dt
JliBa 4acTHHA OCTAHHBOI PIBHOCTI HA3UBAETHCS OUCURAMUBHOIO (DYHKUIEIO.
ITpaBa yactuHa — 1OOYTOK MPUYMHHU XIMIYHOI peakilii (XIMiYHa CIIOPiAHEHICTh A
BUCTYIA€E y SIKOCTI CUJIM, CIOHYKAOYO0i peuOBHMHHU /10 peakiiil) Ha HaclioK (IUBUIKICTh
peakuii v). Jns cranioHapHux npoueciB gucunatvBHa Qyskuis T-d;S/dt 3aBxou €
no0yTkoM cund X (MpUYMHHU) Ha IUBUJKICTH mnpouecy J (y3arajJibHeHUWH MOTIK) IS
OyIb-SIKUX MPOIIECIB i ABJISIE COOOIO MOTYXKHICTH Mpoiiecy (IOTYXHICTh BTPAT):
® g MeXaHiYHUX npoyecax y AKocmi y3azanbHeHol cunu — mexaniuna cuna F, y axocmi
V3a2a1bHEeH020 NOMOKY — weuokicms pyxy mina v. N=Fv;
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® g8 eIeKMPUUHUX Npoyecax y AKOCMI y3a2anbHeHoi cunu — erekmpuyrna nanpyza U, y
Axocmi y3azaneHeno2o nomoky — cuna cmpymy 1: N=UI;
® y npoyeci pomocunmesy y AKOCMI Y3a2ANbHEHOI CUNU — OCBIMAEHICIb POCIUHU,
AKOCMI Y3A2a/lbHEHO20 NOMOKY — KIIbKICMb CUHME308AHUX 8Y21€800HUX OOUHUYD.
B 3aranbHOMy MOXHa 3anucary:

T e =JX
dt
B GionoriuHux cucreMax BiiOyBa€eThCsl IEPETBOPEHHS OJJHOTO BHAY €HEPTil B iH-
IUH: XIMIYHOT B €JIEKTPUYHY Y HEPBi, B MEXaHIuHy y M's3ax, Y CBITJIOBY (Giorominec-
LIEHIIIs1 CBITJsIKA), CBITJIOBOI y XiMiUHYy Yy XJIOPOILIACTi, B €JIEKTPUYHY y CIiTKiBLi OKa,
MEXaHIYHOI B €JIEKTPUUYHY Y BHYTPIILIHBOMY BYCI.
SIKmo B cucteMi MPOXOAUTH KijbKa MPOLECiB:

d.S
T 0'[ =) S X, (2.4)
I

Cucrtema B 1IJIOMY HEPiBHOBaXKHa, ajie SIKIO BUAUIMTH B OyAb-SIKOMY eJIeMeHTap-
HOMY (Masiomy) o6'eMi MifACHCTEMY, TO NMPHUITYCKAETHCS, 110 BOHA 3HAXOAUTHCS y CTaHi
pIBHOBaru — y {bOMY MOJISiTa€ NPHHLMII JIOKAJbHOI pIBHOBArH.

B enementapHomy o00'eMmi TakoX NpoAyKyeTbcss eHTpomnis. IlIBuakicTh 1poro
[IPOLIECY HA3UBAETHCS JIOKAbHOI0 WIBUOKICIIO NPOOYKUIL eHmponii G.

Toni wmeuokicmo npodykuii enmponii.

d S
"2 = [gdv
dt J :

PiBusnH# (2.4) y nudepeHnianbHiii hopmi:
f=2 0 %, (2.5)
k

Iie BEJIMYUHHU Jy, X\ BIAHECEH] JO OUHUIIL 00'eMy.

JlucunatuBHa ¢yHKIis To=0 TiTbKH y BUITAJKY 11eaIbHUX OOOPOTHUX MPOLECIB.
Inakme: To>0. Ane okpemi wieHH cymu (2.5) moxyts O6ytu <0. Takuit norik
CaMOCTIHHO He MOXe€ TMPOXOAUTH, OCKUIbKH I1ie 6 cynepeumno II 3akony
TepMOAUHAMIKH. AJle y CHpsDKeHHI 3 1HIIMMM noTokamH 3 >0 — moxe. 3aBIasku
CIIPSKEHHIO 3a0e3Mevy€eThCsl MMPOXOMKEHHS TaKHUX MPOIECiB, AKi HEMOXJIUBI B 130JIbO-
BaHUX CHCTEMaX.

Ilpuxnao 1. Cymiw 060x 2azig y nocyOuHi, NPOMUNENCHI CIMIHKU AKOI niIOmMpumy-
Iomocsi  hpu  pisHux  memnepamypax. Tooi e2azu  @Hacniook  mepmoouysii
PO3NOOINAIOMbCA 8 NOCYOUHI HEePIBHOMIPHO.! O XON00HOI cmiHKu Oinbuia KOHYEeHm-
payis o0Hoeo easy, bina mennoi — iHwoeo. [lomix peuosunu (0,<0) cnpsdcenuil 3
nomokom menna (0,>0), npuuwomy o0,>|0,|, mobmo oJeghiyum ewmponii 6 ooHomy
npoyeci 3 HaONUUKOM KOMNEHCYEMbCS NPOOYKYIEID eHMPONIi 8 IHUOMY NPOYeci.

Ipuknao 2. Ymeopenus nenmuodHo20 36'A3Ky npu NONIKOHOEHcayii amMiHOKUCIOM
8i06yB8aEMbCA 3 BUOINEHHAM MONEKYIU 800U. Ane Y KAimuHi € HAONUUIOK 800U, MOMY
X;<0 i nomix "nonixondencayia" mae 6u npoxooumu y NpOMUNEICHOM) HANPAMKY
(cidponiz), ockinoku ons npsamoco nomoky o;<0. Hxwo nomix i301b06aHul, mo 6iH
npoxooumu He 6yoe. IIpoxodums nomik y cnpadxcenti 3 nomokom "2ioponiz AT®", ons
axo2o X>>01i 6,>0. AT® mym euxoHye pons OOHOpa GiNbHOI eHep2i.
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2.4. OCHOBHE NOJIOKEHHS JIIHINHOI HEPIBHOBAKHOI TEPMO/1U-
HAMIKHU ]

HIBuaKicTh OYy/Ib-5KOTO MPOLECY 3ANEKUTh BiJl CUIIM, CIIOHYKA04oi LIeH NpOLEC,
TOOTO y3arajgbHeHHH IMOTIK € (QyHKIi€O y3aralbHEeHOi CuId. Y pIBHOBaXXHOMY CTaHI
BianosigHa cuia BiacyTHs: X=0, romy Hemae i notoky: J(0)=0, a nobiu3y nonoxeHHs
piBHOBAr# Mi>k IOTOKOM i CHJIOIO — IPUOJIM3HO JIiHilHA 3aJeKHICTb:

J=LX

Yepes Te w0 mnoOJAU3Y TOJOKEHHS] PIiBHOBarW y3arajJbHeHi NOTOKH
NponopuifiHi 10 y3araJbHEHHX CHJI, PO3JLT TEPMOJUHAMIKH, SKHH po3risiac Takl
NPOLIECH, HA3UBAETHCS JIHIIUHOI0 HEPIGHOBANCHOIO MEPMOOUHAMIKOIO.

IIpuxnaou aiHitiHuUX HepiGHOBAIICHUX NPOYECIS.

1) 3axon @ika (nomik peuosunu nponopyiiHull 00 2padienmy KOHYyeHmpayii):
dm/dt= —DS"dc/dx, D — koeghiyienm ougysii;
2) 3axon @yp'e (nomix mensomu nponopyitiHuti 00 epadieHmy memnepamypu):

dQ/dt= —kS-dT/dx, k — koegpiyienm mennonpoeionocmi;

3) 3axkon Oma (2ycmunma cmpymy WpONOpYiuHa 00 HANPYHCEHOCMI eNeKmpuiHo2o
nons).: j=ckE, o — enexmponpogionicme.

2.5. CIHIBBIJHOUWEHHSA B3A€MO3B'SI3KY OH3AI'EPA

VY cknamgHii 6i0JIOTiYHIM CHUCTEMiI OJHOYACHO MPOXOIUTH Oarato MpoleciB, sKi

MDK c00010 B3a€MO3B'si3aHi, TOOTO MOTIK (IIBUAKICTh) KOXKHOTO MPOLECY 3aJIEKUTh He
TIMTBKH Bif "cBoel" cuiM, ajge ¥ Biag cui IHIOWX mpoueciB. Jlios OGiosorii ocobauBo
BXJIMBE CHPSDKEHHS XiIMIYHHX peakiiii MiX coboro i 3 mpouecoM audysii. ns nBox
CIPSIKEHHUX MOTOKIB:

J=L X +L12X;

J=Ly X +L0 X,
V 3aranibHOMY BUJIi s 6araTboX MOTOKIB:

Jo=D.L,X, (2.6)

IIpuyomMy Mae Miciie cniBBiAHOIIEHHA B3aeMO3B'sa3ky OH3arepa: sIKIIO MOTIK
k-ro Heo0OpOTHOro mpouecy 3ajieKMTb Bil CHJIH N-ro HeOGOPOTHOro mNpoiecy
yepes KoedinieHT Ly,, To MOTiK n-ro Heo6OPOTHOrO NMpoLecy 3aJ1eKUThL Bij cuan k-
ro HeoO0OPOTHOrO NMpouecy Yepe3 TOH camMuii KoedilieHT:

| " Lyn=Lu (2.7)

IlincraBuBmin (2.6) y naucunatuBHy OyHKUiio (2.5), oZEpPXKHUMO OCHOBHE

PiBHSIHHS JIiHil{HOT HEPiBHOBAKHOT TEPMOAHMHAMIKH:

To=>>L,X.X,
k n

2.6. TEOPEMA IIPUT'OKHHA

3anuiemMo OCHOBHE PiBHSHHS JIiHIMHOI HEPIBHOBaXXHOT TEPMOAMHAMIKY IS BiJ-
KPUTOI CUCTEMH, Y SKii NPOXOAATH 1Ba HEOOOPOTHI CIIPSKEHI TIOTOKH:

To=L, X} +L,X, X, +L, XX, +L,X2




Hexait J; — moTik Teriory, J, — noTik pe4yoBuHH. BpaxyBaBIIN CHiBBIJHOIIEHHS
B3aeMO3B's13Ky On3zarepa (2.7):
To =L, X! +2L,X,X, +L,X;, (2.8)
npudyomy To>0.
['padix bynkuii To (X;,X;) — napaboynoin 3 BEpPIIMHOK B [OYATKY KOOpAUHAT
X,1=0, X5=0 (puc.2).
c VY BIAKpHTIH CHCTEM] BCTaHOB-
JIFOETHCSI CTALlOHAPHUM CTaH, SKILO
JesiKi y3arajibHeHi cUiu 3a(ikcoBaHi,
a iHWi MOXYTb MiHATUChE. EHTpomis
CTalllOHAapHHUH CTaH TaKol CHCTEMH He JIOCSrac MaKCH-
MajJibHOro  3HayeHHs. Hexai vy
X, OiocucTeMy IIOCTYMAalOTh pEareHTH,
BinOyBaeThcst OloXiMiYHA peakiiis,
Ha30BHI BUXOJIATh MPOAYKTH peakiii,
OpPUYOMY  KUIBKICTH  pPEYOBHHH,
MOCTymawyoi y CHCTeMy, piBHa
KUIBKOCTI PEYOBHUHH, sIKa BUXOAUTH
i3 cuctemn, tobTo J,=0. B xomi 6ioxiMiuyHOI peakilii BUIIIAETHCSA TEIUIOTa, sKa Ie-
PEXOOUTh Y HABKOJHUIIHE CepelOBHILE, TOOTO MOTIK TeminoTd J,#0, mpuduoMy pi3HULS
TeMIepaTyp MK CHCTEMOIO i HaBKOJIUIITHIM CepelOBUILIEM MIATPUMYETHCS MOCTIHHOLO,
To6TO X |=const£0. JJocniIuMO Ha eKCTpEeMyM BEJIMUHHY G B CTalllOHAPHOMY CTaHi, AJIs
4Oro 3HaiiieMo MoxiJHYy Bia ¢ 1o X, npu X;=const:

T =2l X, + 2Ly X, =2J, =0

2

CTaH TEPMOJAMHAMIYHOI PIBHOBAaru

Puc.2. ®azoea Oiacpama cmanie
cucmemu y eu2naoi napabonoioa

do
O it
dx?

OnepxaHo ymoBy MiHiMyMy. OTxe, y cTallilOHAPHOMY CTaHi NpH (PiKCOBAHUX
AesIKHX 30BHIIIHIX NapaMeTrpax JOKaJbHA MNPOAYKUiA eHTpomii y BiAKpHTIH
cHCTeMi nparHe 0 MiHiMaJIbHOT0 3HaYeHHs1 — Teopema Ilpuroxkuna.

Yce BUILIeCKa3aHe BiJIHOCHTBCH i O MOTOKY TEIUIOTH, 1 A0 OyJb-SKOr0 iHIIOTro
noToky. Axmo napamerp X; — dikcoBaHMii, TO TOUKa, BIANOBiJaloua CTaHy CHUCTEMH,
pyxaerbcsi Mo mnapaboui, sika € mepepizoMm AaHoro napadosoina i miommHU X;=const,
JI0 BEpLIMHU mapabosiu, Oe MepexXoguTh Yy CTAlliOHApHUIl cTaH. SIKIIO Ha NapaMmeTpH
oOMexxeHHS He HaKJIaJaloThCs, TO L TOYKa NpsMYeE 110 MoBepXHi napabonoina ao Horo
BEPIIMHA — PIBHOBAXHOI TOYKH 3 0=0, 1€ mepexoAuTh y CTaH TEPMOJUHaMIYHOI
piBHOBArw.

=2L,, >0

3.7 KPI/ITEPIj CTIMKOCTI CUCTEMHU ITPU TEPMOJINHAMIYHIN PIB-
HOBA3I 1 Y CTAIIIOHAPHOMY CTAHI

st 3akpuTOl CHCTEMH y CTaHi TepMOJAUHAMIYHOI piBHOBarm S=max. S €
GbyHKII€IO TapaMeTpiB CUCTEMH, a IapaMeTpH, HpH SKUX S=max, Ha3UBalOThCS
piBHOBXHUMHM. SIKIIO sAKWHCH i3 TMapaMeTpiB BHNAAKOBO BIAXWIHTHCS  BiJ
pPIBHOBaXHOTO 3HAUEHHS B TOH uM iHIMMKA OiK, EHTpOMNis CUCTEMH THUMYacOBO
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3MEHIINUTHCS, ajle MICIs [BOr0 CHCTEMA 3HOBY MOBEPHETHCSA y CTaH TEPMOJHHAMIYHOI
piBHoBaru. ‘Jljas Bcix mapamMeTpiB p; Yy CTaHi TepMOJMHAaMI4HOI pIBHOBAru
oS . 8§

——=0,—5<0_ Ile i € kpumepiem cmiiikocmi cucmemu npu mepmoounamiuniii
o, p

pienoeasi. SIKIO 1i yMOBH He BHUKOHYIOTHCS, TO CTaH TE€PMOJMHaMIi4HOI pIBHOBaru
HECTIHKHIA. ,

TepMoarHamivyHa cHUcTeMa MOXe BiJXHJIMTHCH BiJl CTaHY PIBHOBar" TakoX Mij
I€I0 30BHIIIHHOrO 30ypeHHs. SIKII0O BOHO KOPOTKOYAacHe, TO CHUCTEMA 3HOBY
NepeXoAuTh Y CTaH TePMOAMHAMIYHOI pIBHOBard, aje BKe BIAMIHHUHA BiX
noriepeHbporo, 3 iHmmMMH napamerpamu. Ilpuanun criiikocti Jle-Illarenabe: Oyanb-
siKka cHCTeMa, sIKA BiIXWJIWJIAcd BiA cTaHy piBHOBarW miA AI€I0 30BHIILIHBLOIO
30ypeHHsl, parHe cCaMOBiJIbHO NMOBEPHYTHCb Y PiBHOBa:KHHH CTaH 3a PaxyHOK
3MiHH NapaMeTpiB y HanpsMKy, NPOTHJIEKHOMY TOMY, fKHI BHK/IHKaB Ie
30ypenHsi. Hanpuknad, npu nioguwyeHHi memnepamypu XiMIYHa CMAYIOHApHA
pisrosaza 3miwgyemocs y bix peaxyii, Aka tioe 3 NONUHAHHAM MeNnaa, a npu NiOSUEHH]
mucky — y bik peakyil, sika tioe i3 smeHuwieHHam 00'emy. B obox eunadkax npupicm
memnepamypu 4u mucky 6yoe meHuiul 3a cnooi8aHull.

Kpumepiem nanpamienocmi e6onioyii y pieHOBANCHIN MePpMOOUHAMIYI € 3DOC-
TaHHs €HTPOIii i30JIbOBAHOI CHCTEMH JIO MaKCUMAaJbHOTO 3HAYEHHS IIPU JOCATHEHHI
CTaHy TepMoauHamivHoi piBHoBaru (dS>0, S— max).

CramioHapHUM CTaH TAaKOX XapaKTepU3YEThCs MOCTIMHUMHU NapaMmeTrpami, aie,
Ha BIAMIHY BiJi CTaHy TepMOJHMHaMiuHOI pIBHOBard, €HTPOINis HE [OCArae CBOIrO
MakCUMyMy, a MPOAYKI[isi eHTpoIlii o=min. SKkuio cucremMa Mo sKiiCb NPUYMHI
BiIXMJIUTHCSA Bif| CTAI[iOHAPHOTO CTaHy, TO y Hill BUHUKHYTh TakKi BHYTPILLHI 3MiHH, 5IKi
OyayTh HamMaraTHCh HaOIM3WTH ii 3HOBY JO crauioHapHoro crasy. Ll BiacTuBicTb
CTalllOHAPHOTO CTaHy Ha3UBAETHCS AGMOCMABINI3auUier0.

[TpuHIUIT MiHIMYMY HpOAYKIii eHTporii: SIKIo BiAKpUTa cucTeMa B pe3ysbTari
30BHILIHBOTO 30ypeHHs BHBeIEHa 31 CTAalllOHAPHOTO CTaHy, TO Y Hill BUHHUKAIOTh CHIIH,
siki OyIyTh Tak 3MiHIOBATH Yy Hiif MpOIECH, NIOKH JIOKaJIbHA MPOAYKLis €HTPOINil ¢ He
JOCSITHE MiHIMaJIBHOTO 3HaU€HHS, TOOTO MOKHU CHUCTeMa He Mepeiie y CTaH HaiMEeHIIOo]
nycunanii eHeprii.

Kpumepiem nanpamnenocmi esorouii y NiHiGHIT HEPIGHOBANCHIT MePMOOUHA-
Miyi € 3MEHIIeHHsS TPOAYKLIl eHTpOoIil A0 MiHIMaJbHOIO 3HA4YE€HHs NpPH JNOCATHEHHI
crauioHapHoro crany (do<0, c—min).

IIpu ¢dikcoBaHMX 3O0BHIIIHIX yMOBax CHCTeMa MoO)Xe MepeOyBaTH Yy
CTaI[lOHApHOMY CTaHi, B IKOMY BCi ITapaMeTpH 3aTUIIAIOTECS CTAITMMH. SIKIIO SIKUICH 13
napaMeTpiB X CHCTEMU BHIAIKOBHM YHHOM BiAXUIMBCS BiZ CBOrO 3HAY€HHS Y
CTalliOHAPHOMY CTaHi Xo (MPUAHAB 3HAYeHHsI X=X¢+&), TO BiH 1 Aaji MiHS€TbCS B 4aci
(MOe TMOBEpPHYTHCS JO CTallioHApHOrO 3HadyeHHs abo 1ue Oiibllle BIAXHWJINTUCH Bif
HbOrO0). IIIBHAKICTE 3MiHM MapaMeTpa € (GyHKILIE 3Ha4eHHs LbOro ItapaMeTrpa B JaHUN
MOMEHT 4Yacy:

- dx
E_f(x) .
Lo 20) A _ px, 1 8)

dt dt B



dyuxiiro f(xe+E) posknanemo B pan Teitnopa. OcKUIBKH B CTalllOHAPHOMY CTaH1
f(x0)=0, To:

d df (x,) 1d°f(x,)
O Ay L
dt dx 2 @” dx
Mu onepxaiu nineapuzogare nudpiBHAHHS. Moro po3s'sa3ok:
E(t) =C - exp(At) (2.9)
e mapaMeTp A JOpiBHIOE Nepiwiit moxiaHii GyHkuil f mo napamerpy X y craunioHapHii
- af (x,)
TOYIN Xo: A=, .
dx

Kopucryrouuces po3s’sizkoM (2.9), MmoxHa chopmynoBaTd KpuTepiii JIsnyHnosa

CTiHiKOCTi CHCTEMH y CTALIOHAPHOMY CTaHi:
SAxkmo A<0, To mpu t—oo —0 i moyaTrkoBe BiAXM/EHHSI X Bil CTalliOHAPHOIO
3HAYEHHs] CaMOBiLIbHO 3aTyxae. SIkmo 2>0, To npu t—o &—co i cTaH piBHOBary
HecTiikuid. SAkmo 2=0, To nmo mepuioMy HaOJHKEHHI0O He MOXKHA CYIHTH NpO
CTIHKICTh CHCTEMH.

s npuxnady pozenanemo mModenv KyIbmueamopa, y AKomy 6i0bysacmucs po3-
MHOMCEHHs, 3a2ubenb | npumox 3308Hi baxmepiil 3 nocmitinolo weuokicmio o. Hexau
weuokicmes 3a2ubeni bakmepin nponopyiuHa ix Komyewmpayii ¢, a WEUOKICMb
PDO3MHOJNCEHHA — K8aopamy kouyenmpayii. Kinemuune pieHAHHA OnA KOHyeHmpayii
baxmepiii.

dC Co X

—=a- Bc+yc’ A
" ; T

lloxnaoemo vy=I1. 3Haiidemo KoOHYewmpayiro
bakmepiti 'y cmayioHapHOMy CMAHI  npu
dc/dt=0. Po3g'szkamu danoeo ougpiensnms € 2 PI2F——————- oy (R co=P/2
gimku napabonu: ‘ ‘

A 0 [33/4 a

Puc.3. 3anesicnicmo cmayionaphoi
KoHyenmpayii bakmepiu 6i0

4 . weuokocmi npumoxy bakxmepiu
Ockinvku KOHYyenmpayii NoeuHHi 6ymu

OIUCHUMU YUCTIAMU, MO BUOHO, UJO.
® npu a>B°/4 ¢ cucmenmi ne modce 6ymu cmayioHapHo20 cCmauy;

3306H1 Y MOOEell Kylbmueamopa

® npu oa=p/4 6 cucmemi iICHye 00OuH cmayloHapruu cman npu €9 — €y~ — —
o npu o>f°/4 6 cucmemi moscymo ichysamu 06a HaAbOpu cMAYIOHAPHUX CMAHIB, AKI
gionogioaroms 08oM 2iikam napabonu.

bt/ el (P4

Jna cinku € (@) ¢y > E) i momy A= ==+ 2¢,>0. 3eiono xpumepiro

. ) de b ! : .
JIanynoea, eci smauenns ¢, (@) — mecmitxi. Ilpu eioxunenni xowyewmpayii 6id
cmayionaproi 'y Oincwuil OiK 60HA NOYHE HeobMedceHO 3pocmamu  8HACHIOOK

3POCMAHHA IHMEHCUBHOCMI PO3MHOJICEHHSA, Yy MeHwul Oik — 3meHuumecs 00 €, K




; 2) ; v
NOKA3aHO Ha pucyHky. [lna cinku € (@) ¢y <~ i momy A= s - +2¢, <0,

- - A y iy . -
32i0H0 kpumepio Jlanynoea, 6ci 3HayeHHA C(() )(0( ) — cmixi. Ilpu sioxunenHi
KoHyeHmpayii y 6y0b-akuil 6ik 80HA NOGEPHEMbCs 00 CMAYIOHAPHO20 3HAYEHHA.

2.8. PEAKIIA BE€JOYCOBA - ) KABOTUHCBKOI'O, MOAEJIb BOJIb-
TEPPA - JIOTKA.

Peakuin binoycoBa — 7KaboTHHCHKOrO:

YV  mpobipky smuaioth Cex(SO4);, oxucmoBau KBrO;, BigHoBmopau
CH,(COOH), (manoHoBa KKCJI0Ta) 1 J00aBISIOTH KijibKa KpaluivH (epoiny (1HAuKaTop
OKHCHO-BiTHOBMIOBAIBHOI peakiii). ¥ poO3YMHI yTBOPIOIOTBCS YITKO PO3JiJ€HI 30HH
CHHBOTO ¥ YEpBOHOTO KOJbOpY. IIpu HemepepBHOMY MiJBEIEHHI peareHTiB i BiABOAI
NPOAYKTIB peakiii BigOyBalOThcs LMKIIYHI 3MiHM Koibopy 3 mepiogoM 100 c. lle
MOB'SI3aHO 3 MIONIEPEMIHHOIO 3MIHOIO CTYIIEHSI OKMCHEHHS LIEPII0 (Ce* = Ce").
ABTOKaTaJITHYHI PeaKiii 31 3BOPOTHUM 3B'I3KOM.

Mogaeas BoabTeppa — JloTka:
KinbkicTh TpaBoigHuX — X, KUTBKICTh XiKakiB — Y. KiHeTUUHI piBHSAHHS:

ax

—=pX —gXY

di P q

aY _ gx¥ —ry e
dt S

P — KOHCTaHTa IPUPOJHOTO PO3MHOKEHHS XKEPTB,
q — KOHCTaHTa B3aeEMOJII1 XUXKaK — XKepTBa,
I — KOHCTaHTa NPUPOJHOI CMEPTI XMKaKa.

@x o ay
VY cramonapHomy craHli . —Y,—— —VU, oTxe cTa-

LiOHapHa TOYKa:

q q
. ) > > > : >
POBB'H3OK CUCTEMHU HHq)pIBHHHB (2.10): / ”(4 ([)(1)()()(1 ”./()H'[H//([ 6
X=X, +x-exp(ior) mooeni Bornemeppa — Jlomka
= 0

Y Y, +y-exp(iot)

e o= i\/ pr .
Otxe, momyJsiLii )XePTB 1 XMXKaKiB 3MIHIOIOTHCS IO E€NINTHYHIA TPaeKTOpii HABKOIO
crarioHapHoi ToukH (Xo,Y), IKY HA3UBAIOTh UECHMPOM.

MoxuBi ¢a30Bi TpaekTopii JaHOT CHCTEMU — KOHIIEHTPUYHI eJINCH 3 IIEHTPOM B
ocobnuBiii Toui. [lpu BimmaysieHHi Bim LEHTPY eJincu Bce Oijblie AedOopMyHOThCS.
OcobnuBa Touka Tuy "UeHTpP" € HecTiiKolo, siK 1 $a30Bl TPAEKTOPIi, OCKIIBKU Oynb-
sIKa 3MiHa 330BHi YUCEIBLHOCTI MPUBOAUTH J0 3MiHHU TPAEKTOPII.
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MOJIEKYJIAPHA BIO®I3UKA

oyieKyysipHa Oiodi3Kka BHUBYAE CTPYKTYpY OI0JOTIYHO BaXITHBUX
MakpoMmoJieKyn 1 i3W4HI [pouecd, sKi JexaTb B OCHOBI iX

(GyHKIIOHYBaHHS.

Tema 3. CTPYKTYPHA OPIrAHI3ALISA TA KOHO®OOPMALII BIO-

MAKPOMOUJIEKY.JI
[1], c.63-78, [2], ¢.29, 54-59, 63-74, 80-85, 97-101, 106-111, [4], c.38-61,
[6], T.1, c.118-122, 130-140, [9], c.84-101

3.1. KOH®OPMAIIf FIOMAKPOMOJIEKYJI

PiBHI CTpyKTYpHOI Oprasi3aliii MaKpOMOJIEKYT:

® nepeuHHa cmpyKkmypa — TOCIIIOBHICTD JAHOK Y JIAHIIOTY OlomnosiMepy, 3B's3aHuX
MILHUMH KOBaJICHTHHUMH 3B'SI3KaMH;

® GMOPUHHA CMPYKMYPA — NOKAJIbHE BIOPSIKYBaHHS OKPEMHX JIIJITHOK MOJIMEPHOTO
JIQHIIIOT;

® mpemuHHaA CIMPYKmMypa — IpOCTOPOBA YKJIaJKa BChOr0 JAHIIOra;

® yemeepmuUHHA CMPYKMypa — TPOCTOPOBE pO3TAIlyBaHHS KiIbKOX KOMITAKTHO
OpraHi3OBaHMX TOJIMEPHUX JIAaHLIOTIB 3 YTBOPEHHSM HaJIMOJEKYJISPHOTO
KOMILJIEKCY:

CyciHl TaHKH MOXXYTh 00epTaTHCh HABKOJIO OAMHAPHUX (ITPOCTHUX) 3B'SI3KIB, IO
IPUBOAUTH /10 YTBOPEHHS Pi3HUX MOBOPOTHUX 130MepiB (KoHbopmalliil). Kongopmauin
— 1ie croci0 YKIaAKHU MOTIMEPHOTO JIAHIIOra 38 paXyHOK YTBOPEHHSI BEJTMKOI KIJTBKOCTI
c1abKUX 3B'S3KIB, B Pe3yJIbTAaTI YOIO YTBOPIOETHCA HAMO1IbIII TEPMOJUHAMIYHO BUTiHA
1 crabifbHa IPOCTOPOBA CTPYKTYpa MakpoMoJieKyu. [Hakie kaxyuu, KoHpopmarlis —
OlHa 3 IpOCTOpOBUX (OpM, SKy MOXe MNpuUiAMaTH JiHiiiHa MaKpOMOJeKyJa IIpH
TEIJIOBOMY PYCi.

Ilpupona BHCOKOI €MaCTUYHOCTI — BHYTpIllIHE OOepTaHHS 3B'S3KiB. 3aBASKU
LIbOMY MaKpOMOJIEKyJIaM BJIACTHBA THYYKICTH 1 JIETKa 3rOPTYBaHICTh JTAHIIOXKKIB.

PosrnsHeMo MakpoMoJeKyly, sika CKIaJaeThcsi 3 OJHAKOBUX JAHOK (puc.5).

—

Hexali BEeKTOpH a; — BEKTOPM MDXK IMOYATKOM i KiHUEM i-i jaHku. Bekrop /£, skuii
3’€HY€ KIHIII MaKpOMOJIEKYJIH:

\
Y
S

Z — KUIBKICTh JJAHOK Y MoneKyni a
Za + 22 Za a, cos®, Puc.5. Maxpomonexyna
i=1 k=i+1 SK NOCNI008HE
CepenHsi KBaipaTUUyHa BiJICTaHb: DPO3MIWEeHHs IAHOK )
NONIMEPHOMY NAHYIO2Y

<h2>=za2 +2a2§ Z::<cos®,.k> s

i=1 k=i+1



BHacnigok HaKOIMHYeHHs KPYTUIIBHUX KOJIMBaHb ICHY€ Takul i+s-# 3B'A30K, AKUil
MOJK€ 3HAXOJUTHCH BIIHOCHO i-TO PiBHO MMOBIpHO MiJ OyAb-KHM KyTOM y MeXax
180°, T06TO Oyae CTaTHCTHYHO He3aIekKHUM. Takuil BiApI30K JAHLIOra Ha3HBaIOTh
cezcnenmom. CerMeHTH enactoMepiB (TyMm) BkIo4aroTh 3-10 1aHOK, >KOPCTKO
JIQHIIOTOBI MOJTIMEPH — COTHI JIAHOK.

Ilo3nauumo:
Z(cos ®,.k> = 4,

k=i+1
ITpu pesikomy s=k—i HanpsIMKH JIaHOK MOBHICTIO He3alleXHI, ToOTO <cosOy>=0. Tomy
MOXXHA BIAKMHYTH BCi JOJAHKH, /IS SIKUX kK — 1> s:

i+s
Z<cos @ik> = 4,
k=i+1
S — KIJIBKICTB JJAHOK Y CErMEHTI MaKpOMOJIEKYJTH 1 XapaKTepH3Ye€ KOPCTKICTh JIAHLIOTA.
JIBi aHKH, po3aijieHi s—1 JaHKOK, CTATHCTUYHO He3aJIeXHI.
OcTaTo4HO OAEPKHUMO:

(h2>=za2 +2a2:Z—I:A,.
=1

Hns Bcix naHok Ai=A=const 3a BUHATKOM JIaHOK MOOJHU3Yy KiHLIB JaHLIOra. Ane
IS TIOJIiMepYy Z>>S, TOMY:

1
(R*)=za®|1-2|1-— 4|~ za’(1+24)
Z

Ilpy- HasSBHOCTI BaJIEHTHOTO KyTa i BibHOMY OOepTaHHI MO KOHYCY MOKHa
3acTocoByBatu popmyiny Eiipinra:

cos o
... A
1-cosa 7
3Bingcu: X
" , 1+cosa
(4 = g7 LT 5
1 —coso
®opmyna EifpiHra nabamkeHa, TOMY IO HE Puc.6. Mooenw 8inbHo 3 €OHaHUX
BUKOHYeThCs 111 0=0° 1 a=180°. ceameHmie

MOJ'IeKy.Hy MOXHa  po3rjiasdgatu  sK

. . p(h)
MOJ€EJIb BIJIBHO 3,€I[HaHI/IX CECI'MCHTIB. I[JI?I Ccer-

. . . //\
MeHTIB <c0s0;>=0 1 Tomy A=0 i TomY: V it
2 2 N\
<h > =nL / N
L — 10BXHHa cermMeHTa, & T |
: : : ‘ - - = —+h
N — KiTBKICTh CETMEHTIB Y JIAHIJIOTY.
CkopucTaeMoCh MOJIEJUTIO 3  BUIBHO Puc.7. Po3noodin makpomonexyn
3’eqHaHUMU cermeHTamH (puc.6). IlomicTumo 30 00BAHCUHAMU
OAMH KiHEeUb MAKpPOMOJEKYJHd B IOYATOK (Hopmanvruu poznooin I aycca)
koopauHat. KiHeups 1-ro cermeHta Oyne Ha
cdepi paaiycom L. Cripoektyemo Horo Ha Bichk X. CepejiHe 3HaueHHs KBajpaTa NpoeKiil

s 2
JOBXHHH CECIrMCHTA Ha BICH X! <Lx> = e
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Inoykuyidini B3aeMonii y TOMy BMTA[Ky, AKIIO aTOMHA Tpyna Mae BJacHH
IOUIOJBHUN MOMEHT, TOAI BOHAa MOXX€ HaBECTH Yy CYCIAHIH HemonspHif aToMHiH rpymi
JUIMOJIBHUM MOMEHT, BEJIMYMHA SIKOTO 3aJICKUTh BiA Ai€JEKTPUYHOI CIPUHHSATIMBOCTI
HEIOJISIPHOI I'PYIIH.

Jucnepciiini B3aeMoail BHHUKAIOTh M)XK HEMOJISIPHUMHU prHaMI/I HaNpPUKJIAJ MK
HEMOJISPHUMH 3QJTHIIKAMH aJlaHiHYy:

—~CHj ****+CHy
BoaHesi 3B's13ku:

YTBOprooThes Mik nonspauMu rpynamu O—-H, N-H, S—-H i aromamu O, N, S, F,
Cl, sxi Hanexxatp iHIII# abo Tii camiil MoJieKysii. YCi TpH aTOMHU 3HaXOAAThCS Ha OJHIH
npsmiit. [lpupona BOIHEBHX 3B'SI3KiB: €JEKTPOCTATAYHE IMPUTATaHHS + BaH-Aep-
BaaJbCOBI B3aeMO/Iil + eHepris Jenokalizauii elekTpoHiB. BoiHeBI 3B'I3KK BUHUKAIOTH,
HaIpUKJIa, MK TENTHAHUME IPYIaMU:

| |
T_H XX O=(Ij
0=C N-H

3aBI[$IKI/I BOOJHCBHUM 3B’ SI3KaM YTBOPKOETECA JUMEDP MypaIHI/IHOT KHUCIIOTH:

O-Hoeeeee()

/ |
H-C C-H
I /

Qeeeee H-O

Mornekyna BOAM MICTHTh 2 ATOMH BOJHIO, TOMY MOX€ YTBOPHUTH 2 BOJHEBI
3B'I3KA 13 CYCIHHIMH MOJIEKyJIaMHd BOAW. TakUM YHHOM, KOXXHHH aTOM KHCHIO
HaMaraeTrbcsi OTOUUTH cede 4-Ma aTOMaMM BOJIHIO, SKi IIPU LIbOMY YTBOPIOIOTH Te€Tpaeap
3 aTOMOM KHUCHIO B IIEHTpi. ¥ piIKOMY CTaHi YTBOPEHHIO Te€TpaeApiB 3aBaXkae TeMJIOBUN
pPyX, TUTBKH TIPH 3aMep3aHHI BOAW aTOMH YTBOPIOIOTH TETpae/ipH, TOMY T'yCTHHA BOJAM
6inblna, Hix Jpoxy. JoBxkuHa 38'13ky O—H — 0,096 HM, KyT Mix Humu — 104,52°,

VY cipkoBomni H,S BomHeBi 3B's3ku Habararo crnabuii, WO NpPOSBISETbCS B
Habaratro MeHIIUX Temneparypax 3amep3anns (—83°C) i kumninus (—62°C).

, I'iapo¢o6nui B3aemonii:

BiomoniMepu — OiJIkY i HYKJIETHOBI KHCIOTH — QYHKI[IOHYIOTh T'OJIOBHUM YHHOM Y
BoAl. Mixk MoJieKyJaMHd BOIHM 1 HEMOJIPHUMU aTOMHUMM IpylaMyd BHHUKAIOTh CHUJIH
BIILITOBXYBaHHS — riaApodoOHI CHITH.

[Ip# poO3uUMHEHHI HEMOJIAPHUX MOJIEKYT Yy BOJI PYXJIUBICTH MOJEKYN BOJH
3MEHIUY€ETHCS, BOHH BIIOPSJKOBYIOTBCS Y KJIACTEPHI CTPYKTYpH, a OTXKe, eHTpOIlid
CUCTEMU 3MEHIIY€EThCS, a BijibHa eHepris 3poctae: AG=AH-TAS.

Ile enepreTHYHO HEBUTIIHO, TOMY HETOJNSPHI 3aJIMIIKH BHIITOBXYIOTHCS 3 BOJIH.
Otxe, riipodoOHi CHIIK MaIOTh eHTpoany MIPUPOLTY.

I'iapodoOHI aMIHOKHUCIOTHI 3alUIIKH: TPHUNTO(MAHIN, 130JeHIMII, THPO3MI,
deHinanaHiia, NpoTi, JeHIII, Baji, JTi3W1, FICTHINWI, METHOHLT; TiApodiNbHI: ajaHil,
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N
Omxe, KOXKHUM CerMeHT y cCepelHbOMy JHOHa€ 10 MpoeKiil BekTopa / Ha Bick X

L L 1
BeJIUUYMHY T T abo — :7—5 3 0JHaKOBOIO MiMoBipHicTIoO W = 5 Jlansii po3paxyHKH

MOKa3yloTh, IO JOBXHMHA BEKTOpa /1 (HOBXKMHA MakpOMOJEKYIHM) Biamosimae
HOpPMalbHOMY 3aKOHY po3noauty 'aycca (puc.7).

3.2. POJIb BHYTPILIHbOMOJIEKYJISIPHUX B3AEMOIN Y
CTABLIIBAILIL IPOCTOPOBOI BYJI0BU BIOMAKPOMOJIEKY.I

Tomi sk xiMiuHI (BaJIeHTHI) B3aeMOAll BHU3HAUYAIOTh [EPBHUHHY CTPYKTYpPY
MaKpoMOJIEKyJI, cjlabi 3B'S3KH, SAKi MarTh E€IEKTPOCTAaTU4YHY NpUpOoAy (KYJIOHIBCBKi
CUJIHM), BU3HAYAIOTh BHILI MMOPSIAKH CTPYKTYPH.

EnexTpocTaTu4Hi B3aemoii:
Mix nBOMa i30JIb0BaHMMH 3apsiiaMU iCHY€ KYJIOHIBChKa CHJIa B3a€MO/IIT:

1 q9,
4ree, 1’

ATOM cKJIamaEeThCsAd 3 SAApa H eNeKTPOHIB, TOMY B3a€EMOAIS MIX CYCIIHIMH
aToOMaMH Mae€ CKJIanHIIIWKA XxapakTep. ICHye piBHOBa)KHa BiACTaHb, Ha SKIM CHJIM
INPUTSTaHHS MiX Ppi3HOUMEHHUMH 3apsjgaMd TOYHO KOMIIEHCYIOThCS CHUJIaMH
BIJIUTOBXYBaHHS MiX OJAHOWMEHHUMHU. [Ipw 301MMKeHHI aTOMIB MepeBakalOTh CHUIIH
BIJIITOBXYBaHHSI, a MPH BiJIalIeHH] — CHJIM TIPUTATAHHA. 3aBISKU L[bOMY MK HHUMH Y
piAMHax 1 TBepAuX Tinax 30epiraloTbcsi B CEPeIHBOMY IOCTiHMHI BiJCTaHi, aTOMH i
MOJIEKYJIM B OCHOBHOMY KOJIMBalOThCS O1J1s1 CBOIX MOJIOXKEHb PIBHOBATH.

Slkio GOKOBI Tpynmyd MakKpOMOJEKYJIH HaOJMXKAIOThCS OAHA IO OJHOI, TO OJIUH
aTOM MOXe€ IEPETATHYTH Ha cebe 10H BOJHIO BiJl IHIIOTO aroMa. BHACIiJOK IBOTO IIi
aTOMM (IpylU aTOMIB) 3aps/KarThCs MNPOTWIEKHUMHU 3apsgamu. lle ocobiuBo
xapakTepHo s kucinotHux 3anumkiB —COOH, sxi jerko BigAalOTh NPOTOH, Ta IS
amiHOTpyIl, siki Horo npuenHyioTs. B o6iacti HelTpanbHUX pH HeraTUBHO 3apsKeHi
acrapariHoBa 1 TJlyTaMiHOBa KHCJIOTH, ITO3UTHBHO 3aps/KeHi OOKOBI JIAHLIOTH JII3UHY,
apridigy. B3zaeMoist MiXx 3aJTUIIKaMHy acrapariHOBOT KHCIIOTH U JII3UHY:

—CHz—C—O_ eeoee +NH3—CH2—CH2—CH2—CH2—

f
O
. B3aemonis Ban-gep-Baanbca:

Cunu Ban-nep-Baanbca BiirpaioTh BEJHKY poJib B YTBOPEHHI KOHJIEHCOBaHHUX
pinvH. bionoriuHi MakpoMOJIEKyNTHd TaKOXX MOXKHa pO3MNAgaTd SK KOHIEHCOBaHY
cucteMy. B 3anexxHOCTi Bil TOro, BOJOAIIOTH B3a€EMOJIiIOYI MOJIEKYJU BIACHUMHU
IUIMOJBHUMH MOMEHTAaMU YW BOHH BHHHUKAIOTh BHACHIJOK MOJSpHU3aLii eleKTPOHHHX
000JIOHOK, ICHYIOTH pi3HI TUH cui BaH-nep-Baansca.

Opicnmauinuni (IUNONL-AUIIONBHI) B3a€EMOAIl: ABa AUIOJNI HaMararThCs
MOBEPHYTUCh OJMH [0 OJHOrO NPOTHUIEXHMMH 3HaKamu. Llpomy mnepemkomKae
Tennosuit pyx. ToMy eHepris B3aeMofii 3aneXuTh Bin Temmeparypu. Jumosismu B
6ioMakpoMoJieKy1ax € MOJSPHI MPYIH TaKi K TiAPOKCUIIbHA Ta iHI. JIUnonb- AUIoNbHI
B3a€MO/11i BUHUKAIOTh, HAIIPUKJIaJ, MIXK 3aJIMIIKAMHU CEpUHY:

F=
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apriHii, WUCTEIHLT, TIyTaMil, acmapTWi, TPeOHN, CEpWi, TILUI, aclaparitii,
IJIyTaMmiHiI.

3.3. B3AEMOIISI MAKPOMOJIEKYJ Y PO3UMHI (TEOPISI JEBASI —
XIOKKEJIST)

Biomakpomonekynu (OiIKH, HyKIeTHOBI KHUCIOTH) MICTATH O6arato 10HI30BaHMX
TpyI, TOMY Ha iX MoBepxHi € 3apsau. [loTeHuian i301b0BaHOTO TOYKOBOTO 3apsiy
3MIHIOETHCS 3 BIICTAHHIO 3a IinepOoNiYHIM 3aKOHOM:

.
dree,r

o(r)=

Eneprist B3aeMoil MDX 3apsKEHUMH MaKpOMOJIEKYJIaMH CHJIBHO 3aJIeKUTh Bif
HasIBHOCTI 1OHIB y HaBKOJMIIHHOMY CepefoBHIli. B iOHHOMY pO34uHI 3apsDKeHa
MakKpOMOJIeKyJla TMpHUTArae Ao cebe IOHM NPOTHUIIEKHOTO 3HAKy, a BIIIITOBXYE
OHOWMEHHI, TOMY MOTEHLial M00Ju3y Hel MIHSAE€ThCS CKIaAHIIIUM YuHOM. [loTeHmian
TOYKOBOTO 3apsly, HABKOJO SIKOrO 30Cepe/PKeHa XMapka 3apsily 3 rycTuHowo p(r),
BCTaHOBIIIOE piBHSAHHSA [lyaccoHa:

Op___p
or’  dmesg,

(3.1)

Hexaii 30cepemkeHnii Ha MaKpOMOJeKyJdi TOYKOBHH 3apsa >0, oTxe BIH
CTBOPIOE HABKOJIO cebe MO3UTHBHUM moTteHuian ¢(r)>0. Hexail y po3uuHi € ABa THUIH
1OHIB 13 3apsiiaMu +e 1 —e, cepellHs KIJTBKICTh 10HiB KOXHOT'O 3HaKy B OJAMHHILI 00'eMy —
Co, [c]=M". BHACIIZOK TEIIOBHX KOJHBAHb iOHH PO3MIILYIOTHCS MOBIH3Y TOUKOBOTO
3apsy 3rigHo po3noaity bonpnmana:

c,(r)=cyexp —%j <c,

e
c_(r)=c,exp LN Co
{ kT
TOOTO KOHIICHTPAIIis KaTiOHIB NP HAOJMXEHHI 10 TOYKOBOT'O IIO3UTHBHOTO 3apsify IO-
CTYHOBO 3MEHIUIY€EThCS, 2 KOHLIEHTpALlisl aHIOHIB — 3pOCTaE.
CymapHa rycTuHa 3apsiny (B Ki/m):

p()=p.(1)= p () =ele, —c.)=ee, exp ‘%) I 7{?‘)

€ — eNeKTPUYHA eHepris 10Ha,
kT — rennoBa eHepris ioHa.
Jle6ait 1 XroKKeb 3po0HIIH MPUMYIIEHHS:

1) po3uuH y LUIOMY €JeKTpOHEeUTpanpHUM (MOBHUM 3apsi]l PO3UMHY Ze,-n,- =0);
2) efeKTpUYHA €HEPris i0Ha 3HAYHO MEHIIIa HOTro TEeIIOBOI eHeprii:

e@«kT
Toai MoXXHa eKCITOHEHTY PO3KJIACTH B Pl 1 OAEPIKATH: .
2e’c,
r)y=————or 3.2
p(r) 7 20) (3.2)

[TincraBubmm (3.2) y (3.1):
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olp _ 2e’c
or’  Anee kT

Po3B's30k nudpiBHsHHA (3.3) mIykaeMo y BUi:

| @(r) = @, exp(—er) (3.4)

¢y — TMOTEHITiaJl OiJIs1 TOYKOBOTO 3apsiay q.

Sx BugHO 3 dopmynu (3.4), npu BinAalieHHI BiJl TOYKOBOIO 3apsily MOTEHLian
3MEHIIYEThCA 3a €KCIOHEHUIaJbHUM 3akoHoM. [lincraBuBmm (3.4) y nudpiBHAHHS

(3.3), onepxumo:

o(r) (3.3)

2
) 2e‘c,

- dree kT

& — napamemp Jleban — Xiokkenn, Mae po3MipHICTh [&]=1/M.

OTxe, IOTEHIia]l MAaKPOMOJIEKYJIM 3MEHIIYEThCS 3 BIICTAHHIO 3a €KCIIOHEHI1a/Ib-
HUM 3aKOHOM. Bincranp ro=1/e&, Ha SKii @ 3MEHIIYETbCS B € pasiB, Ha3UBAETHCA
0e6aiecbKo 006CUHOI0 300 MOGUWIUHOI0 IOHHOT 00010HKU.

Aree kT

2
2e‘c,

Vy =

TennoBuii pyx He Ja€ MOXJIMBOCTI aHIOHAM BIIPUTYJ HAOJIHU3UTUCH IO TOYKOBOIO
TIO3UTHUBHOIO 3apsiy, MPH 3pOCTaHHI TEMIIEPATypy pO3UMHY XMapKa aHiOHIB, IO HOro
OTOYYIOTh, JeJaji OiIbIIe PO3IIHPIOETHCS, 1 1€ IPUBOAUTH A0 301NbLIEHHS TOBILIUHU
10HHOI 00O0JIOHKH.

3.4. IOHHA CHJIA PO3YHNHY

SIkio y po34mHi € pi3HOTHUIIHI I0HH, TO iOHHA CUAA PO3YUHY

S:%Zqizci

gi — 3apAy ioHa i-TO TUITY, C; — KOHIIEHTpALlis 10HA 1-T0 THUILY.
J1si BUMaaKy ABOX THIIIB iOHIB 3 OJAWMHHYHUMH 3apsfaMyd +e 1 —€ 1 OJHaKOBOIO
KOHLIEHTPAILIIEIO C:

2
JI=e€ec

dree kT
23

Omxe, 4uM OiNblla iOHHA CHJIa pO3YMHY (TOOTO YMM Oisbllla KOHLEHTpallis COl),
THM TOHIIA iI0HHAa 000JI0HKA. Pi3HOMMEHHO 3apsKeH] TPYNH Pi3HUX MOJIEKYJ] 30JIHKY-
10Tbcss. Ha Mamumx BiACTaHSX 3aBXKOM MEPEBAXAIOTh BaH-IEpP-BAANbCOBI  CHUIIU
npuTAraHHs. ToMy Npu BeJUKill KOHIIEHTpalii COJi CWIM IPUTITaHHS MNepeBa)xKaroThb
HaJ CHJIaMH BiJIITOBXYBaHHS, MaKpOMOJIEKYJH acOLIIOIOTh 1 OLIOK OCaIKyeThCsA 3
po3unny. Lle sBHINE HA3UBAETLCS GUCOIHOBAHHAM. BOHO 3aCTOCOBY€ETHCS ISl €KCTpa-
T'yBaHHS ¥ OYUCTKHU OIJTKiB.

Toni: o =
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3.5. BIOPIBUYHI METOJHU JOCILIXKXEHHS MAKPOMOJIEKY JI

Ocmomerpist

Ocmoc — 0nTHOCTOPOHHS U(Yy3is PO3YMHHUKA KPi3b HaNliBIPOHUKHY MeMOpaHy y
6inbII KOHHEHTPOBAHHI PO3UMH.

Ko KOHIEHTpallisi PO3YMHEHOI PEYOBHHH B JIBiH | ¢,
nocyiMHi MeHa (c¢;<c;), TO KOHIEHTpallis MOJIEKYJ BOIH
tam Oinbiia (puc.8). Ockinbku MeMOpaHa MPOHUKHA TiTbKU H,0 —+>
JUTSL MOJIEKYJT BOJIM, TO BOHH YaCTKOBO MEPEXOIsTh i3 JiBOT '
NIOCYAVHH 3 OLJIBIIOI0 KOHLEHTPALi€0 Y MpaBy MOCYANHY 3
MEHILIOI0 KOHIIEHTpAII€IO. Bracnigox IOTO
TIpOCTaTHYHUNA TUCK Y TIpaBiit mocynuHi 3poctae. Audysis
BOJU BinOYyBa€ThCs JOTH, ITOKH Pi3HULA MAPOCTATHUHUX TUCKIB HE 3pIBHOBAXXUTH CUITY,
3YMOBJICHY Pi3HHUIICIO KOHIIEHTPAIIIH.

Ocmomuynuii muck — HaUIMIIKOBUH TiIPOCTaTUYHUNM THUCK, CTBOPEHHUM
BHACJIIIOK AUQY3il pO3UMHHMIKA Kpi3b HAMiBOPOHUKHY MeMOpaHy. BiH TuM Oinbluuii,
yuM Oulbllla KOHLIEHTpauliss po3duHy. OCMOTMYHUH THUCK PO3YKMHY BU3HA4YarOTh 3a
JOTIOMOTOI0 OCMOMempa BIIHOCHO YUCTOTO PO3YMHHMKA (BoAM). SKIO K B 00MABOX
IIOCYIMHAaX MICTHThCS pPO3YMHEHA PEYOBHMHA, I SIKOI MeMOpaHa HENpOHUKHA (K
PO3IIISIHYTO BHIIIE), TO TOBOPSTH MPO PI3HUITFO OCMOTHYHUX TUCKIB MiX IOCYITMHAMHU.

Po3BeneHi po3unHu noOpe MifiaraloTh 3aKOHaM 1/lealbHUX rasiB. Tomy mms ine-
aJbHOI'O0 pPO3YMHY BHUKOHYEThCS 3akOoH Banrt-I'oda: 0CMOTHYHMH THCK pO34YMHY
PIBHHI TOMY THCKY, SKHI YMHHJIA O pO3UMHEHAa PeYOBMHA, IKOU BOHA IIPH TiH ke
Temnepatypi nepebyBaJjia y rasomoaiOHoMy cTaHi i 3aHmana 0 00’em, piBHHIA
00’emMmy BCbOr0 PO34YHHY.

PiBusHHs MenpeneeBa — Knaneiipona [uist i1eanbHOrO rasy:

|

1 Cy
N

1

Puc.8. [locyouna 3
Hani6NpOHUKHOIO
MeMOPAHOIO

m
V =—RT
P M
M — monekynsapHa Maca. OTke, OCMOTUYHUI THCK:
cRT
T = v abo|mr =nRT

3
[c]=r/™M’, [n]=MonB/M’.
JUis  HeineanpHUX pPO30ABICHWX pPO3UMHIB, SKUMH € PO3YHHH IOJNIMEpIB,
OCMOTHYHHUU THCK HE € MPSMO MPOTIOPLIiHHUH KOHLIEHTpAIlil:

RT
="y Be®+..
M

3MIHIOIOYH KOHIEHTPAIII0 PO3YUHY, BUMIPIOIOTH OCMOTHYHHUI THCK i OyayrOTh

V4
rpadik 3alIeXHOCTI - BlA KoHIeHTpauii. [To HboMy BH3HAYarOTh MOJIEKYJISIPHY Macy

(exctpanomorouu 10 c— 0) 1 gipianvHuti koedilieHT B (3a HaXUIOM NpMOT).

Ilpuxnao: sseuwe HabyxanHs U pyUHy8aHHL EPUMPOYUMIB, NOMIWYEHUX V YUCHY
600y. Lle siobysacmvca 6HACAIOOK NPOHUKHEHHS 6E/IUKOI KilbKOCmi 600U 8CEPEOUHY
epumpoyuma. ’

MeTtonoM ocMoMeTpii BU3HAY€HO MOJIEKYJISIpHY Macy reMorio6iny: 68000.
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OCMOTHYHHUHM THUCK KpOBi JIOAMHH — 7,8 aTM — 3YMOBJIEHHH B OCHOBHOMY
HasIBHICTIO Yy Hii 10HiB.

Bicko3znmeTtpist
B's3kicTh  po34MHY BHU3HAYAIOTh KaninapHum eickozumempom Ocmeanvoa,
BHMIPIOIOYH Yac, 3a IKHH PO3YHMH BHUTIKa€ 3 IeBHOro 00'eMy. 3akon [lyazeiina:
4
v _m s
d  8nl
CenumenTauis 6iomakpomosiexyJi. Meroa IIBHAKOCTI celMMeHTANIT
Ceoumenmauyia — OCa/PKEHHSA YaCTHUHOK Y pIOWHI IiA Ji€l0 CHUIM TSDKIHHS.
MakpoMoJieKyyia He MOXe OINYCTUTHCh Ha JHO IMiJ JI€I0 CHUIM 3€MHOTO TSKIHHS,
OCKiNbKH eHepris TeroBoro pyxy kT Habararo Ginplua rpasiTauiiiHoi eHeprii mgh.
ToMy HeoOXi/THO 3aCTOCOBYBATH YJbTPALICHTPU(YTH, SIKI CTBOPIOIOTh NPUCKOPEHHS JI0
350 000 g. IlIBuakicTh ceAMMEHTALlli BH3HAYA€THCA ONTHYHUMHU MeronaMHu. [lpu
yIbTpaleHTpu(yryBaHHI Yy KIOBETI YTBOPIOIOTbCS 00JacTi 4MCTOrO PO3YMHHHKA,
PO3UYMHY MOJIMepY 1 MepeXiaHa 30Ha. BUMIPIOE€TECS IIBUAKICT NEPEMILIEHHS IPaHULl
MK obnacTaMu (IIBHAKICTE ceauMeHTalii) v. MosekyaspHy macy OOYHCIIOIOThH 3a
¢popmyor Ceeadepra:

RTs
M =
D - p,AV)
V - - [T . . LYY
§ = ix Koeghiyienm cedumenmayii — BiTHOIICHHS MIBHIKOCTI CeIUMEHTallil 10
X

HOPMAaJIBHOTO MPUCKOPEHHS, [S]=CBeI[6epF:10_13C,
® — KyTOBa LIBHKICTH 0OepTaHHs poTOpa,
X — BiJICTaHb BiJl OCi 00epTaHHs,
D — koediuieHt nudys3sii,
Po — TYCTHHA PO3YHHHUKA,
AV — napyianenuii numomuii 06'em — 3pocTaHHs 00'eMy pO3UMHHHKA IPU PO3UMHEHH] |
KT CyXOl pe4OBHHH B (piKCOBAaHOMY 00'eMi pO3UHMHHHUKA.

['ycTUHM pO3YHHHHUKA i PO3YHHY 3HAXO/ATh NIKHOMETPUYHUM METOAOM — 3BaXY-
BaHHSM ¢iKcOoBaHUX 00'eMiB.

Jns: BU3Ha4YeHHs MoOJeKyJsapHoi Macu 3a Qopmynoro Cpeabepra HeoOXiTHO
BU3Hadati D 1 S B OgHaKOBHX pO3YMHHUKAX, NPH OJHAKOBUX TeMIEparypax,
€KCTPaIloIIOI0UX OfIeprKaHi 3HaUEHHs 0 Oe3MeXHOro po30aBieHHS.

3.6. 3B'SI30K XAPAKTEPUCTHUYHOI B'SI3KOCTI 3 MOJIEKYJISIPHOIO
MACOIO TA ®OPMOIO MAKPOMOVJIEKYJI

B's3kicTe  po3uMHY ~ XapakTepu3lye  BHYTpILIHE  TepTs,  3yMOBJIEHE
MDKMOJICKYJSIDPHUMHM B3aeMoisiMi. Po3riisHemMo nBa Iapu piAWHYU, BLICTaHb MIXK
skuMu dx, a pisHuns mBuakocteil — dv. Cuna TepTs MDK HHUMH BHM3HadaeTbCs 3a
3axkorom Heromona:

dv
F=nS— ?
d dx

KoediuieHT B'I3KOCTI 1| € XapaKTEPUCTHKOIO PO3YMHY 1 3al€XHUTh Bix Gopmu
MakKpoOMOJIeKyJl i TeMmmeparypu cepefosuila, [n]=Ila-c. B's3kicTe 3anexuTsh BiJ




CmpykmypHna opeanizayis ma kongopmayii biomakpomonexyn ' 39

KOHLIEHTpallil pO34YMHY CKJIaAHHUM HEJNIHIHHUM YUHOM. Ba)JiMBUM IIOKa3HUKOM €

XapakmepucmuuHa 6 'A3Kicmo po34nHy MOJIMEPY — BiHOCHA 3MiHa B’A3KOCTI PO34YUHY

IIpYU 1OAABaHHI M13€pHOI KiTBKOCTI pO3YMHEHO! PEYOBUHU 10 YACTOI'O pO3YMHHUKA!

7% = lim =1,
c—0 770C

To— B'SI3KICTh YHUCTOTO PO3YUHHHUKA.

n* 3anexuts Big M. [[ns po3unHy nosiMepHUX KiyOKiB:
n*=AM"

ne 0.5<a<1 B 3anexHOCTI BiJl MPOHUKHOCTI KJTyOKa A1 pO3UMHHHUKA.
Ille 6inbiue n* 3aneXKUTh Bil GOPMH MAKpPOMOJIEKYJI:

77*=1
Yo,

v — koeivienm Cimxi (pakmop ¢popmu), [v]=r.

s xopetkux chep v=2,5, mns HechepUyHUX Makpomosiekyn v>2.5. Yum
Olnbllle BUTATHYTHH emincoin, TuM Oinpiumid koedimieHT Cimxi. s rmoOynspHux
OukiB (puboHyKiea3a A, Ji30LHUM, TeMoryio0iH) 3<v<6, mns mio3uny (PiOpunspHuii)
v=300.

3.7. IOCTYHAJIBHA M OBEPTAJIbHA JU®Y3ISI BIOMAKPOMOJIEKYJ

: IMocrynaabHa audysis
[Tpu pyci MaxpoMoJieKyJiM y pO3YHHHUKY Ha HBOTO i€ CUJIa TePTS:
F=fv
3Harouu KoedilieHT BHYTPIIIHBOTO TepTs f (@pukyitinuii xoeghiyicnm), MOKHA OLIIHUTH
po3Mip i dopmy MakpoMoseKyl. Bin nos's3anuii 3 koedinienTom augysii D:

kT
D= i (3.5)

s chpeprnunnx Makpomonekys 3a popmynoro Crokca:

f =6xnr (3.6)
N — KoedIIieHT B'I3KOCTI pO3YHHY.
3(3.5)1(3.6) maeMo dhopmynu il BU3HAYEHHS pajilyca MaKpOMOJIEKYJIU:

e KT 1
) 6rxn D
MacHl MakpOMOJEKYJIHU:
3
4 T 1
m=—arip=—" - k ;
3 1627\ n ) D
Ta MOJIEKYJISIPHOI MacH:
3
N, p (kT 1
' M=mN , =—1
‘16277 [ nj D’ S

>

Otxe, 115 chepUIHUX MaKpOMOJIEeKyl M~1/D’,

Jliss  excnepuMeHTalbHOIO BH3HAa4YeHHS KoedilieHTa augy3ii pPO3YMHHHK
HAIIApOBYIOTh Ha KOHIIEHTPOBaHWH PO3YMH MaKpOMOJEKYJ] 1 JOCHIIKYIOTb PO3MMTTS
rpaHuli po3aiay ONTUHYHUMU METOAAMU: :



1) BumiproBaHHs norjauHaHHSA Y@ GinkaMu i HyKJI€THOBUMHU KHACJIOTaMHU;
2) BUMIipIOBaHHS NOKa3HUKA 3aJIOMJICHHS (BiH MPOMOPLIHHUN KOHIIEHTpaLii).

Skimmo BiJloMa MoJleKyJispHa Maca MaKpOMOJEKYJdd, TO 10 TOMYy, UYH
copaBmxyeTbess (opmyna (3.7), MOXKXKHa BU3HAYUTH, cPepUyHA MAKpOMOJIEKyla 4YH
¢bi0puisipHa.

IloBeprasbHa audy3sis

IIpo dopmy nmoBrux acumerpudyHux wmojaekyn (miosun, HHK Ttomo) 3a
JOTIOMOTOI0 TUJIBKHM MOCTYMaabHOI AMQY3ii ogepxaTu AaHi BaXKO, OCKUIBKH (opMyla
(3.7) ronuThCs TITBKM AJIS TJIOOYISAPHUX MOJIEKYJ, a 1)1 QIOpUASPHAX MaKpOMOJIeKyI,
dopMa SKMX HaBiTHh BilOMa, BHBECTH BUpa3 s KoedillieHTa TepTs Baxko. Tomy
BUBYAIOTh X OOEPTaHHS B PO3UHUHI.

Po3risineMo KyTOBHI PO3IOIii MaKpOMOJIeKyJI n(€2) y 3aIe)HOCTI Bil Ople€HTALll]
ix oceitl. Y craHi piBHOBard Iedl pO3MOALN PIBHOMIPHHNA 1 TyCTHHa pPO3MOALTLY

. | dn
MaKpOMOJIEKYJl Ha OJUHULIO TiJIECHOrO KyTa mocTiiina: £ — = const | fkmo x 1o

AKifCh INpPUYMHI CHCTeMa MaKpOMOJIEKYJl BHBeleHa 3i CTaHy piBHOBard, TO BOHa
HAMaraeTbCs 3HOBY JI0 HBOTO IIOBEPHYTHCH, MPUUOMY MIBHAKICTb 3MIHHM YacCTKH
MaKpOMOJIEKYJI 3a7aHoi OpieHTallil MpoIopLiifHa 0 rpajl€eHTa I'yCTHHHU 1X KyTOBOIO
po3noAiny:

dn__odo__gd'n
dt dQ dQ

® — xoediuieHT obepTasibHOI AUdY3il. BiH 3aneXuTh Bif BIaCTUBOCTEH PO3YMHHUKA,

TEMITepaTypH, & TAKOK HOPMH MaKpOMOJIEKYI.

s eKkcliepUMEHTAILHOTO BH3Ha4YeHHs KoedilieHTa oOepTanbHOi AHQY3il
BUKOPUCTOBYIOTh OuHamoonmuunui epexm Maxceéenna. Po34nH NOMIIAIOTE Yy
OouHamoonmumemp MDK KOaKCiaibHUMUA LWIiHApaMd N o0epTaioTh BHYTPIIIHIH
UTIHAP BiJHOCHO 30BHINIHBOro. MiX WIJIIHAPAMH CTBOPIOETHCS KPYTrOBUHM IHOTIK
po3uunHuKa. CTporifi opieHTalii BCIX MaKpOMOJIEKYJ] B3/J0BX IIOTOKY PO3YHMHHUKa
HepelIKOKae TEMIOBUM PYX, TOMY MOJIEKYJIH TOJiMepY OPIEHTYIOTHCS B3I0BX IOTOKY
THM TOYHiIEe, YWUM Oljibllle BOHM BHJIOBXKEHiI, TOOTO YMM MEHIIMH KoedilieHT
obepTanbHOl nudy3ii GiOpwIsipHUX MoJeKyl. [IpoTi OCHOB HMIIIHIPIB BCTAHOBIIOIOTh
noJyisipu3atop i anamizatop. OCKiIbKHM MOJNIMEpH — ONTUYHO aKTUBHI PEYOBHUHU, BOHU
TIOBEPTAIOTh IUIOIIMHY IOJISIpU3allii, i KyT ITOBOPOTY BH3HAYA€ThCS OPIEHTALEO
MaKpOMOJIEKYJT Y PO3YHHI.

— Bt >
11 A
Puc.9. Cxema ounamoonmumema Maxceenna

BumMmipsiHi 1aHuM MeTOoAoM Koe(ilieHTH obepTanbHOi Augysil Js reMorodiHy
(roGyna) — ©=6:10° ¢!, wis miosuny (dhi6puma) — O=7 ¢



3.8. METO/ KBA3IIPY>XHOI'O PO3CIIOBAHHS CBITJIA MAKPOMO\IE-
KYJIAMMU

Po3uuH nosnimMepy oCBITIIOE€TECS MOHOXPOMAaTHYHUM ITIYYKOM BiJ j1a3epa. Makpo-
MOJIEKYJIM B PO3UMHI PYXalOThCs B PI3HUX HAmNpsMKaX, TOMY BOHHM PO3CIIOIOTH CBITJIO 3
JIENo IHIMUMH JOBXHHAMHM XBHJIb BHAcHigoKk edekty Jlomnepa, i e 1a€ MOXJIUBICTh
KOHTPOJIIOBATH IXHI pyX# y po3uuHi. OfepKy€eTbes po3NOAia IHTEHCUBHOTTI PO3CISIHOTO
CBITJIa MO KyTax 1 4acTOTaxX y BHUTJISAI MiKy MEBHOI IIMPUHU. 3a MIBIIMPHHOIO CIIEKTpa
MOXXHa BHM3HAaYUTH KOeQILli€HT IOCTyNnanbHOl Judy3ii, a 3 KyToBOi X YacTOTHOI
3aJIE)KHOCTEH IHTEHCUBHOCTI PO3CISTHOTO CBiT/Ia — KoeillieHT o0epTalbHOI AUPY3ii.

Meron KBa3impy>XHOrO pO3CIIOBAaHHSI OlNblll €KCNpPeCHUH (KidbKa XBWIMH) 1
To4HU (~1%), HIX rifpoarHaMIYHI METOIH.

3.9. EJEKTPO®OPE3 BIOMAKPOMOIJIEKY.I

Enexmpoghope3 — pyx 4aCTHHOK y pifkiil ¢asi mij ai€to enekTpudHoro nons. Ha
MaKpOMOJIeKyJly i3 CyMapHHUM 3apsiioM q Aie KynoHiBceka cuna F=qE, nig gpieto sikoi
MoJsiekyJia HaOyBae MpUCKOpeHHS. Ane i3 30iMbIIEHHSIM WIBHAKOCTI 3pocTae i cuia
onopy F=fv. Konu ui cunu 3piBHOBa)kaThcs, HACTaHe CTAL[lOHAPHUM CTaH:

qE=fv
Enexmpogpopemuuna pyxaugicmo: O O O O O O\JL('H
2 %
v g M -
== Tl [u]: ' ; ; /\Gi,lm\'
- 000000
Monekynsspay Macy OUIKIB  MOXHa
BU3HAIUTH METOLOM eJIeKTpO(i)O}?fo y UPHCYT-  Pyc. [(. [lenamyposana monekyna
HocTi nomeuwincynbdary Hatpito (JACH) vy Ginka y uy6i 3 JJCH

noJyliakpwiaMmigHoMmy reni. bimox o6pobisitoTh
1% pozunnom JICH, skuifi € XOpOIIMM [eHAaTypylOUUM areHToM, MAOJaroTh [3-
MEpPKANTOETaHOJ JIJIsi pO3pUBY AuCyiIbdigHux 3B'sa3kiB. Koxna monekyna JICH mae 1
HeraTUBHUH 3apsj. [loBepxHesa ury6a 3 monekyn JICH ycyBae 3apsinoBi BiAMiHHOCTI
Mix Oinkamu. [licist nenatypanii 61Ky NMENTHIHUHN JaHIIOT Ma€ BUIJISIA BHTSITHYTOTO
HUJiHApa 3 MOCTIHHMM HmiameTrpoMm 1,8 HM. UMM cTepXeHb NOBIIHH, TUM OinbIa
MOJIEKYJIIpHA Maca OiIKy 1 TUM OLIBIINIA 3apsi BiH Hece Ha coOi.

ExcrniepyuMeHTaIbHO BCTAHOBJIEHA 3aJISXKHICTh
MiX pPYXJIMBICTIO 1 MOJIEKYJSIPHOIO Macor Mak- IgM
POMOJIEKYIH:

u=b-a-lgM

a1b — mocTiitHi, 3aeXaTh BiJl BIIaCTUBOCTEH Tedlo. ;

JInst BUSHAYCHHSI MOJICKYJIAPHOI Macu JOCIi-
JOKyBaHOTro 6inka Tpeba mobyayBaTu KajaiOpOBOUYHY
KPHUBY MO MapkepHuX Oikax (i3 BIIOMUMHU MOJICKY-
JISPHUMH Macami).

U
Puc.11. 3anescnicmo midic
PYXIUBICMIO | MONEKYAAPHOIO
MAcor0 MaKkpoMOneKyIu
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\ Tema 4, BIO®I3UKA BLJIKIB
[2], ¢.25-27, 151-162, [4], c.61-97, [6], 1.1, c.186-212, 250-253,
[9], ¢.210-222, 227-229

m YHKil, fKi OiJIKH BUKOHYIOTH B OpPraHi3mi:

YTBOPEHHS 3'€ JHYBaJIbHUX TKaHUH;
TeHeTHYHMH anapar: peruiikalisi, TpaHCKpUIILLis, TPAaHCIALIs 1H(popMallii;
peryJTOpHi Mpoliecu: FOPMOHHU — HOCIi CUTHAJIIB, PELIENITOPH — Y3HAIOTh CUTHAIIH;
iMyHoJioriuHa GYHKIIiS;
TPaHCIIOPTHA;
IIEPEHOC eNIEKTPOHIB Y MeMOpaHax MITOXOHAPIH MPH OKUCIICHHI;
M's130B€ CKOPOUYEHHS;
KaTai3 i peryJisiis MeTaboniuHuX MpoLeciB epMEHTaMHU.

3aiaya MoJsieKy IsIpHOT 610(Di3UKHU: PO3MUPPYBATU CTPYKTYpPY OLIKIB 1 3p03yMITH,
SIK BOHU BUKOHYIOTb CBOI (PYHKLII.

4.1. IIEPBUHHA TA BTOPUHHA CTPYKTYPHU BLUIKIB

Ilepsunna cmpykmypa — rociiIoBHICTb aMIHOKHUCIIOT.

®opMyiia aMiHOKUCIIOT:
+
NH, NH;
H-C-COOH += H-C-COO
R R
(TxHs Oy10Ba TOYHillle BUpaXkaeThess POPMYJIO0 AUMOJSAPHOTO i0oHa). R — pagukan, Mic-
t™1h C, H, O, S, N.
[ToninenTUAHU JIAHLIFOT YTBOPIOETHCS LIUISXOM IMOJIIKOH/IeHCallil aMiHOKHCIIOT:

H H H O O
| -H,0 T
H;N—C—clroo~ + H;T—c—coo* - ...—IT—clza--C-T--ca—C—...
|
R, R, HR; HR
o : .
I
—C—II\I— — nenmuoHi 38’°a3Ku.
H

Yeboro BigomMo 20 aMiHOKHUCIIOT i BIATIOBIIHUX IM KACJIOTHUX 3aJIHIIKIB.

[MenTuaHa rpyna — miocka i sxopctka. Bonu Mix coboro 3'eqHani yepes atom C,.
JHowxwuna 3B's13kiB C-N — 1,32 A, C,.—N — 1,47 A, C,~C — 1,53 A. O6epranus naBkosno
LUX 3B'SI3KIB HE € MOBHICTIO BLJIBHE. a

binkyn MaroTe BIAcTHBICTH CKPYYyBaTHCh y chipaib. Tomi MiX NEeNTUAHUMHU
rpynaMi BUHHKAIOTh BOJHEBI 3B'A3KH (B3aEMOMIIOTH MENTHAHI MPYNH, MIX SIKHMH € JIBI,
TOOTO Meplia 3 YeTBEPTOIO 1 T.A.). TaKuM YMHOM YTBOPIOETHCS 6MOPUHHA CIMPYKMYpA
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Oilka — YHOOpAAKOBAaHE PO3MIIIEHHS TOJIMENTHIHOTO JaHLora, cTabini3oBaHe
BOJHEBHMHU 3B'SI3KaMHU. ’

IIpaBa o-crmipans HaHOUIBII €HEPreTUYHO BUTI/HA | HAaHYaCTiIle 3yCTPIYaEcThCs.
KinbKicTh aMiHOKMCJIOTHHX 3aJIMIIKIB Ha 1 Kpok cmipani — 3,6, kpok cripani — 5,4 A,
paziyc cripani — 2,3 A.

[HIIMH THIT BTOPUHHOI CTPYKTYPH — NapaielbHi # aHTUnapaienbHi B-ckaaadacti
muct (B-ctpykrypa). [lemruani rpynu 3'eqHYIOThCS y BUII CKIaAoK (He Ounblie 6 y
psim), HACTYITHHH psf i1e Topsn i T.4. Po3Mmipu jiucra: mupuHa 2,5 HM, AOBXKUHA 2 HM.
BiNBIICTh CKJIAO4acTUX JIMCTIB MaroTh CKpydeHy ¢opmy. CkpydyBaHHA MHae
TIEPIIEHTUKYJISIPHO JI0 BUTSTHYTUX JIAHIFOXKKIB.

[ToninenTUAHI JaHIFOXKKH MOXYThb IepeOyBaTH TakoXX y HEBIIOPSIKOBaHIN

dhopmMi.

4.2. HAJIBTOPUHHA CTPYKTYPA

o-cripani MOXYTh CKpPy4yBaTHCh MiX c00Ow, YTBOpIOIOYM cymepcnipani. Y
TPOIOMIO3HHi, JIErKOMYy MEpOMiO3HMHi, TMapamio3WHi CKpydeHi no 2 o-cmipaii, B
¢bibpunoreni — 3 a-cmipani. Cynepcnipans cTabii3yeTbes rigpodpoOHUMH B3a€MOIISIMU
MK OKpEMHMH CIHipasiMu: TrigpodoOHi 3amuiikud 060X clipajled po3TalloBYHOTHCS
BCEPEIMHI, YHUKAIOYH KOHTAKTy 3 HABKOJHUIIIHBOIO BOJOKO.

[Hii THUOM HAABTOPHMHHOI CTPYKTypu: KOMOiHauii P-CkiagdacTuxX JIKCTIB,
KOMOiHaIii B-CKJIaIuacThX JTUCTIB 3 A-CHIPAIAMH.

4.3. TEOPETUYHI MOJAEJII HEPEABAYEHHS BTOPHHHOI
CTPYKTYPU BLJIKIB

IlepenbGayeHHss BTOPMHHOI CTPYKTYpH Oillka MOXXHa pOOWTH, 3HAKOYH
MOCJIIOBHICTh aMiHOKHCJIOTHMX 3aJIMIIKIB. BUKOPUCTOBYIOTBCS JABa IapaMeTpH:
yacmoma 3ycmpivaHHA AMIHOKMCIIOTHOTO 3alMIIKy JaHOrO THIy Yy BTOPHUHHIA
CTPYKTYpI JaHOTO THUILY:

nl
4 n
Ie n' — 9acTKa aMiHOKMCJIOTHUX 3aJIMILKIB JaHOTO THITy Ha ALUISHLI JaHLOra 3 IeBHOO
BTOPHHHOIO CTPYKTYPOIO,
n — 3araJibHa 4acTKa 3aJIMIIKiB IaHOr0 TUMY y BCIX OlIKax,
i Konghopmauyiiinuii napamemp
p_t

(/)

ne <f> — cepeniHe 3HaUCHHS 110 BCIX THUIIaX 3aJHUIIKIB AJIA AAHOI CTPYKTYpPH.

KondopMariitii mapaMeTpH [uisi BCiX THIIB 3aJIMIIKIB — 0-Clipai, B-CTpyKTypH,
HEPEryJISIPHOT AUISHKA — B)XKe BU3HadeHi. Ha OCHOBI mMX aHUX POOUTHCS BHCHOBOK,
0 SAKINO Ha JaHiil IiIAHII JaHIfoTra IepeBa)XaroTh, HAMPUKIIA/, MIyTaMIHOBa KHCIIOTa,
alaHid, JedluH, TO Ug AUISHKa Mae (GopMy o-Cripaji; SKIIO METIOHIH, 130J1eHLUH,
BaJIiH — B-CTPYKTYpPH; SKILO MPOJIiH, [NIILIMH — HEPEryJsIpHa AiISHKA.



4.5. JAUCIIEPCISA OIITUYHOI'O IIOBEPTAHHS BLJIKIB

Hucnepcis onrtuydoro noseptanns ([OII) i kpyrosuit nuxpoizm (K/I) — meroau
JIOCTIiI)KEHHST BTOPMHHOI CTPYKTYpPH OiNKiB. ¥ 1X OCHOBI — B3a€MOJisl MOJISPHU30BAHOTO
CBiTJIa 3 ONTHYHO AaKTUBHUMM MoJieKyJdamH. ONTHYHY aKTHUBHICTh BHKJIMKAIOTh
acumerpuyHi aromu C, ski Bxomate B amiHokucaotd. Cnextpu JHOIT 1 K/
peectpytoThes B YO obnacti B nianaszodi 180-230 Hm.

[Tnockonosispu3oBaHe CBITIO MOXHA MPEACTaBUTH SK CYMy LUPKYJISIPHO
nossipuzoBanux i3 niBoro (L) i mpaBoro (R) nonsipusariero. ONTUYHO aKTHBHA PEYOBHHA
Mae€ I HUX Pi3HI MOKa3HUKHU 3aJIOMJIEHHS Np 1 Ng, OT)KE MIBUAKOCTI MOLIHPEHHS LUX
CKJIIOBUX Yy pEYOBHHI pi3Hi. ToMy Ha BUXiJ i3 KIOBETH 3 TaKOI PEHYOBUHOIO i
CKJIalOBI MPUXONATH i3 pi3HUMH (a3amMH, i Xouya B CyMi BOHM 3HOBY JalOTh
IUTOCKOMOJISIPU30BaHy XBHJIIO, ajleé BXKe 3 I[OBEpPHYTOI Ha MEBHUH KyT IJIOLIHMHOIO
nossipu3anii. [IIBUAKOCTI MOIIMPEHHS CKIIAIOBUX, @ OTXKE 1 KyT MMOBOPOTY JUISl Pi3HUX
NOBXWUH XBWIb — PI3HUN, y YOMY U monsirae oucnepcis ONTUYHOTO noBepraHHs. Kyt

NOBOPOTY:

a(d) = (n, —ng Jd

Puc. 12. Jlucnepcis onmuuno2o nogepmamHsi

ITumome noeepmanna — KyT, Ha SIKMI [MOBEpTAE IIOMMHY NOJSIpU3aLlil OAUHHUIA
JOBXWHH PO3UYMHY OJMHUYHOI KOHIIEHTpALIii:

[@)(A) =22 (n, - n,)
AC

C — KOHIIEHTpallisl,
d — ToBIIMHA WHIApY.
Cnextpu JOIT [a](A) peecTpYIOThCS CHEKMPONOAAPUMEMPAMU.

4.6. KPYI'OBHUI JUXPOI3M BLIKIB

OnTHyHO aKTHBHA PEYOBHHA IO Pi3HOMY MOTJIMHAE JIiBO- i MPaBOIOJIIPHU30BaHE
CBITJIO, TOMY HacHpaBAi Ha BHXOJi HE IUIOCKOMOJSPU30BaHE CBITIO, a EIINTHYHO
NOJISPU30BaHe, OCKIJBKU 1HTEHCUBHOCTI 000X CKJIAJOBHUX Ha BUXOIi 3 KIOBETH pi3Hi.
EninTU4HICTE peYOBHUHU BHUMIPIOETBCS  OJugpozpagom. Tlepen AoCIiIKyBaHOO
PEYOBUHOIO 3HAXOOUTBCS KPHCTa/d, MPOMycKalo4uii mnomnepeMiHHo L- a6o R-
KOMIIOHEHTY, a MICJIsi KIOBETH 3 PEHOBHHOK BHMIPIOETHCS IHTEHCHUBHICTH MPOHACHOI

VYO xBuni. Eninmuunicme:
180° , \




€, & — Koeghiyienmu excmunxyii (BicTaHb, Ha fKill IHTEHCHBHICTb NPOMEHS
3MEHIIYETHCS B € pasiB),
® — KyT, TAHT€HC SKOIO PiBHUH BiJHOIIEHHIO MaJof i BeIMKoi MiBocel einca.

Moaapua eninmuunicme:

[©](2) =§%®(z>

M — MoJiekyIsipHa Maca.
Kpusa [@](A) — cnexmp K/].

Puc. 13. Kpyeosuu Ouxpoizm

Jlns BU3HAYE€HHS BTOPHHHOI CTPYKTYpH Oillka BUKOPHCTOBYIOTH BiZIOMI CHEKTPH
MapKepHUX OiJIKiB, siKi mepeOyBalOTh TUIBKH Yy ¢GopMi a-cmipaii, Tiibku y dopmi B-
CTPYKTYpH abo TiUIbKH Yy HeBIOpPSAKOBaHIK ¢dopmi (y BUMIAAl KiyOka), 1 CTPyKTypa
SIKMX TOYHO BCTAHOBJIEHA METOJIJaMH PEHTI€HOCTPYKTYPHOIO aHani3y. SIKIo Mo3Ha4YuTH
YaCTKM BiANOBIIHUX KOHQOpMaLill y ZOCIiAXKyBaHOMY OLIKYy 4epe3 N, Ng, Ny, TO HOro
cnektp K/I:

[01(A)=1,[0,1(1) +ny[0;1(4) + 71, [0,1(1) (4.1)

Skuio 3anucaty 3 Takl piBHSHHS A7 3-X JOBXHUH XBUJIb, TO PO3B'A30K CUCTEMU
JACTh YaCTKU KOXXHOTO THITY BTOPHHHOI CTPYKTYpPH Y JAOCIIKYBaHOMY OLJIKY.

DibpuisipHi O1JIKHM — BUCOKOBITOPSIIKOBaHI CTPYKTYpH (Tpornomio3uH mae 93% o-
ciipaneii). ['noOynsipui Oinku — MeHW ymopsakoBaHi (XiMoTpurncuH Mae 14% o-
crniipanei, 45% B-ctpykryp, 41% HeBNOPSIKOBAHUX CTPYKTYD).

3miHa TemnepaTypH, pH, HonaBaHHS MOYOBUHHM BHUKJIMKAIOTH 3MiHH BTOPHWHHOL
CTpykTypu OinkiB. Hanpuknaa: mnom-L-nizun  npu  pH<I2 wmae Bumsan
HEeBIOPSAAKOBaHOro KiyOka, a nmpu pH=12 nepexoauts y 100%-Hy o-cripass.

4.7. TPETUHHA H YETBEPTUHHA BY/JOBA BLIKIB

TpeTHHHa CTpPYKTypa € TepMOAWHaMiuHO Haibinbm BurigHa dopma. Hykneasza
cTa(1JIOKOKIB MIiCHs AeHaTypallil HOBTOPHO 3rOPTA€ThCS BCHOTO JIHII 3a 1 C.

IlosicHIOE mpolec 3ropTaHHS HykieayunHosa modeab. KOpoTki cermMeHTH
NOJIMENTHAHOTO JIaHLIOTa IIBUIKO 3rOPTAIOTHCS HE3aJe)XHO OJWH BiJ OIHOrO,
YTBOPIOIOUM O-CHipajii 1 B-CTpYKTYpH, MOTIM 30JHXKYIOTBCS, YTBOPIOIOYM KOMIAKTHY
TPUBUMIpHY CTPYKTYpY. Ilepexin cnipans — kiybok BindyBaerbest 3a 10—107° c.

binku 3 mMonekynsipHoro Macoro >20 000 cknagaroTbes 3 KiNbKOX IIOOYJISIpHUX
obnacteit, cnmabo 3B'sI3aHUX MDK C0000 — Oomenig. JIOMEHH 3ropTaloThCs W
pO3ropTaloThCsl HE3AIeKHO OAMH Bix ojHoro. JlomeHHa OynoBa BHUSBIEHa B
iMmyHornoOyniny G, Mio3uHy, ¢piOpuHOreHi Ta iH.
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4.8. JUO®EPEHIIIMHA CKAHYIOYA MIKPOKAJTOPUMETPISA SIK METO/J
BUBYEHHS NIOMEHHOI BYJ10BH BLUIKIB

TIpvHIKMIT METOAY — BHMIPIOETBCA KiNBKICTh TEIUIOTH, HEOoOXigHa A
36iibIIeHHs TemnepaTypu. OIepXKyeTbes TeMIepaTypHa 3aJeXHICTb TeNJIOEMHOCTI,
TOOTO Kpuea niaaenenna 6inka. Pi3Hi JOMeHH MalOTh Pi3HI TeMIepaTypH IJIaBJIeHHS 1
TUIABJIATHCS HE3aJIXHO OAMH B 0JHOro. 3a KilbKicTio MikiB Ha kpuBi# Cp(T), nmiomero
nij mikamu i IXHIMKA BUCOTaMHM MOJXXHA CYAMTH MPO KITBKICTh TOMeHIB y Oinky. Kpusa
riaBlieHHs1 ¢ibpuHoreny (0Oimok 3ropraHHs Kposi, M=340 000) mae 2 miku: mpu
T=328 K i T=368 K. Meton JICMK BusBuB HasiBHICTb y (piOpuHOreHi 12 He3anexHUx
CTPYKTYPHHUX JIOMEHIB.

ITo kinbka CTPYKTYPHHX JIOMEHIB MalOTh TaKOX IMyHOT100yiH G, MiIa3MHUHOIeH,
TPOIOMIO3UH, MIO3HH TOIIIO.

4.9. JTUHAMIKA BUIKOBOI CTPYKTYPU

Haii6GinpIi npsiMuii METOJ] BUBUEHHS IIPOCTOPOBO1 CTPYKTYpU OLIIKIB — PEHTI€HO-
CTPYKTYpHHUU aHami3. AJle IpU LbOMY OAEPXKYEThCsl CTaTUYHA KapTUHA, BiNOBlIaroua
ycepenHeHiit crpykrypi. HacmpaBai, sik mnoka3yroTe pesyibsTatd [Y-cnexTtpockoril,
SIMP, dnyopecueHTHOro aHamilzy, OUTKM BOJOAIIOTH AWHAMIYHHMH BJIACTUBOCTSAMHU.
AToMH ¥ Tpynd aroMiB nepeOyBarOTh y TOCTIHHOMY pyci NOOIH3y HOJOXEHb
PiBHOBAru..

Y 6inky € o6macti Bacokoi ryctunn (p=1,4-10° kr/M’) — IiNsAHKY 3 o-CHipaTsaMu i
B-CTpyKTypamu, Ta HeBIIOPSAKOBAHI JUISHKM 3 HH3BKOI rycTuHO (p=0,5-10° xr/m’),
KyI{ MepeBaKHO MNOMaaaloTh TiApodoOHI 3alMIIKK — T.3B. 2i0po@obHI Kracmepu.
OcTaHHI BHUKOHYIOTH pOJb M'SKOTO PIAMHHO-MOAIOHOTO TPOLIAPKY MJs  pyXy
BIIOPSIIKOBaHUX JOMEHIB.

Tunu MosiekyIsipHUX pyXiB y Ginkax:

o Illsuzki crioHTaHHi ¢uykTyauii 3 yacoMm penakcauil t<10’c MarOTh JNOKAIbHHI
XapakTep BcepeauHi Makpomoiekyn. Yac penakcauii o6epHEHO MPOMOPLIHHUNA 1O
KoedillieHTa noBepTanbHOl AUPY3ii i mponopuiiiHuil KyOy pazaiyca rpynu atomis.
Jnsi oGepranHs OOKOBHX IPYIl HAaBKOJIO OJMHAPHHMX 3B'S3KIB Y TMOJINEHTHIHOMY
naxmory (Ha kyt 20-60°) ©=10""c, nns obepranHs GOKOBHX rpyn aMiHOKHUCIIOT
=10""c.

e IloBimeHi pyxu 3 wuacom penakcauii ©>107c moB's3aHi 3 mnepeMilueHHIM
nonilgenTgnHHx JIAHILIOTIB 1 TOMeHiB. Yac xUTTs pepMeHT-cyOCcTpaTHUX KOMILJIEKCIB
—107-107"c.

4.10. TUPEPEHIINHA CHEKTPO®OTOMETPISI BLJIKIB

Cnexrtp nornuHaHHs 6isika B Y@ 006s1acTi BU3HAYa€ThCs MMOTJIMHAHHSAM apOMaTHU-

HUX aMiHOKHUCJIOT — TpunTodaHy, THPO3UHY, (QeHinanaHiHy. OCHOBHUH 3aKOH
abcopbuiiinoi criekTpodoromeTpii — 3akoH Jlambepra — bepa:

' I=lexp(—¢ln) =lexp(—al) °
[n]=momns/n,

€ — MoApH Uil Koeghiyiecnm excmunKuyii, [€]=n/(M-Monb),
o — KoedillieHT MOrJIuHaHH4, [a]=1/M.
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3akon JlamGepra — Bepa y norapudmiuniil popmi:
| | D=¢ln=al |
1y
D — onmuuna zycmuna posuuny, D =1n 7

BanexHicts D(A) — chekmp no2iuHaHHA, pEECTPYEThCA CIEKTPOYOTOMETPOM.

ITpu xoHpopManiiHIX NepebynoBax OiIKOBHX MOJEKYJI 3MILLIEHHS CHIEKTpa Majie
(<0.1 1M) 1 HOro BaXkKKO peECTPYBATU, TOMY BUKOPUCTOBYETHCS AU(EpeHLIalIbHA CIIEKT-
podoTtometpis. Jugpepenyianonuii cnekmp — pi3HULS MIXK CIIEKTpaMH NOTJIMHAHHA J10-
CIIDKYBaHO1 PEYOBHHU 1 BiJJOMOI.

Meronn abcopbuiitHol %4 IudepeHLiaabHOl cnextpodoTomeTpil
BUKOPUCTOBYIOThHCS JUIA  BH3HA4YeHHS  KOHCTAaHT  pIBHOBard  Aucouiamii
HU3bKOMOJIEKYJIIPHUX JIiraHAiB, KOHCTAHT IIBUIKOCTI acormiauii cyboauHuIb y OlIKax,
KoH(bopMalliiHUX 3MiH y 6iJKaxX TOILO.

4.11. ®JIYOPECHEHTHA CIHEKTPOCKOIIIA BIJIKIB

Dayopecuenmua cnekmpockonisa O1JIKIB BAKOPUCTOBY€TLCS [UIsI BUBYEHHS KOH-
¢dopmauiiiHuX cTaHiB O1JIKiB y pO3UHHI.

Monekyayd TIOTJIMHAIOTh KBAaHTH CBiTJaa. [Ipy LIbOMY €IEKTpOHH IepexonsiTh Ha
36y IKeHUH piBeHs i3 gacoM KUTTs 10°—10c. [ToBepHYTHCH HA OCHOBHHI piBeHb BOHH
MOXYTb PI3HHUMHU IUIIXaMHU:

e JMcHUIIallist eHeprii Yy BHAI TEIUTOBUX KOJIUBAHb;

® BUIPOMIHIOBaHHSI TAKOT'O )X KBaHTa CBIiTJa (ryopecuenuin);

® BHACJIJOK CHiBYAapiB 30y DKEHHX MOJIEKYJ i3 CyCIAHIMM MOXJIMBA MepeopieHTallis
CIIHY ¥ mepexij eJleKTpOoHa Ha TPUILIETHUIM MeTacTabiIbHUM piBEHb 13 YaCOM JKUTTSI
Bix 1077 ¢ 10 KiNBKOX TOAMH, i BXKe 3BIICH — HA OCHOBHHIH (ocgopecuenuisn).

Cnexkmp ayopecuyenyii — 3aJIeKHICTb IHTEHCHUBHOCTI (iyopecueHUii BiA
JOBXVUHU BUIIPOMIHIOBaHOI XBWIi. CHekmp 30y0iceHHA — 3aNeXHICTh IHTEHCUBHOCTI
¢nyopecuenuii Big mOBXHHM mnagaiodoi xBuii. Cnextp 30y/KeHHsS IepeBaXKHO
CHiBmajae i3 CHEKTPOM IOoriiMHaHHA. 3a 3akoHoM CTokca, CHekTp QuyopecueHmil
3aB)XIM PO3TalIOBaHUMU y OUTBII JOBMOXBUIIBOBIH 001acTi, HIXK CIIEKTP MOTJIMHAHHS.

Keanmosuii euxio ¢hryopecuenyii ¢ — BIAHOLICHHS KiJBKOCTI BHITYIIEHUX
KBaHTiB [0 KiJbKOCTI MOIIMHYTHX. Moro BH3Ha4aoTh MeTomoM Ilapkepa i Pica. B
OJHAaKOBHUX YMOBAX BUMIPIOIOTHCS CIIEKTPH (IIyopeclieHIliT eTATOHHOT M 1OCi[KYBaHO1
PEYOBHUH 1 OOYUCITIOIOTH KBAHTOBHM BUXIA:

. _§ D,
P =9, S, D
So, S — mToi Mmijg CrieKTpamu;
Dy, D — onTu4Hi ryCTHHH.

VY SIKOCTI eTamoHa BUKOPUCTOBYETHCS PO34YMH XiHiHY Gicynbdaty B 0,1 H H,SO; i3
©0=0,55 abo dunyopecueiny B 0,1 H NaOH 3 ¢,=0,92.




4.12. BUKOPUCTAHHS METOAIB siMP I EIIP Y BIO®IBUYHOMY
EKCIIEPUMEHTI

Hoeprnuiu maznimnuii pezonanc (JIMP) nop's3anuii 3 MarHeTusMOM aTOMHHUX

szep.
HyxjioHH (IpOTOHU i HEHTPOHHU) BOJIOLIIOTH 1ACHUM MAZHIMHUM MOMEHMOM

(cninom). BennunHa Mar"HiTHOro MOMEHTY HYKJoHa KM —— YN, ne y — cipomazHimne

gioHowenns, h — crana [lnanka. MarHiTHUI MOMEHT HYKJIOHA — BEKTOPHA BEJIMYUHA,
ajie BIH MOXXe MaTH TiJIbKH OAHWH 13 IBOX HAIpPsIMKiB: Y3IOBX JOBUIBHO BHOpaHOI OcCi
abo mpotu. BignoigHo cmin HykioHa I Moxe mpuiiMatu 3HadeHHs —/2 abo +Y2. Snpo
aToMa TaKOX BOJIOJAIE€ BJIACHUM MarHiTHUM MOMEHTOM, SIKM € CYMOIO MAarHiTHHX
MOMEHTIB HYKJIOHIB, SIKIi BXOASTH y HbOro. B Oaratbox siapax i3 MapHOKO KiIbKICTIO
HyKIOHIB Takux sk °C, '®O cning HyKIOHIB B3a€EMHO KOMIIEHCYIOThCS i Taki supa
maroth cmiH [=0. Ane, Hanpuknazn, sapa 2H, "N marors cnin I=1. 3po3yMijio, 110
HEKOMIICHCOBAHMI CIIiH MaroTh BCi SUIpa 3 HEMapHOI KilbKicTIO HykioHiB. Snpa 'H
(nporoun), °C, "°F, *'P marots cnin I= %.

Haii6inbin inTencuBHi curianu SAMP patots npotonu, Tomy SAMP Ha npoTtoHax —
HaWTMOIIUPEHIIIIAA METO TOCTIPKEHHS OPTraHiYHUX CIIONIYK.

CmiH mpoToHa 4YM IHIIOrO SApa MOXHA BHSBHTU TUIBKH y 30BHIUIHBOMY
Mar”iTHoMy mnojii. [IpoTOHHU i3 CIHOM, CIiBHANPSIMJIEHUM 13 30BHILIHIM MarHiTHUM
MoJieM, MalOTh MEHIIY E€HEPTil0, HiXK MOTOHU 3 TMPOTUIIEKHO HAMPSIMIIEHUM CIIHOM,
TOOTO B MarHiTHOMY MOJIi Bi0yBa€eThCs pO3LICMJIEHHS €HepreTMYHUX piBHIB. Pi3Huus
€HEeprii M’k HUMH MPOMOpLiiHa 0 HAalPYXEHOCTI 30BHILIHLOr0 MarHiTHoro nosis Hy:

AE=yhH, (4.2)
He Bci npoToHM 3HaxoAsThCs Ha :
HIW)KYOMY €HEepreTUYHOMY piBHI, TOMY i @ N: #Ho S 2
[0 YaCTHHA 3 HHUX MOTJIMHAE EHEepriio ’ _
TEINIOBOro  pyxy. Ilpu  HuU3BKUX . L
TeMnepaTypax OiJblIiCTh MPOTOHIB @ N
3HaXOOUTBCA Ha HIXKYOMY DiBHI, ajne
IOpH 3pOCTaHHI TeMIlepaTypu [aedai Puc. 14. Enepeemuyni pieHi npomoua
Oinbie iX TMepexoAuTh Ha BHILUH
piBeHb. CIIBBIAHOMIEHHS KiJBKOCTI TPOTOHIB Ha Hux4Yomy (N_) i Bumomy (N.)
€HEepreTUYHUX PiBHAX 3aJIEXKUTh BiJl TEMIIEpATYPH 3riiHO po3noainy bonbiMana:

-/

N 2
- = exp ﬂ >1
N, kT
2 . N UH
Ockinpkn y cnabux MarHiTHUX nomax  uHgkT, 1o v, ~ 2 = 7
. . T uH
2 kT

SIKIo nepreHauKyIspHo 10 Hy npukiacty 3minde cnabke Marhitae none H; i3

PE30HAHCHOIO YacCTOTO V——2 (tax mo6 eHepris kBanta E=hv nopisnioBana
/2
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pi3HuLli eHepriii (4.2) MiX piBHSAMH), TO NPOTOHU OYyAyTh IHTEHCHBHO NEPEXOIUTH 3
HIDKYOTO DiBHS Ha BHINMH | HaBmaku. Ilepexoid BBepX i BHU3 BinOyBalOThCs 3
OJIHAKOBHMH, TNPOMOPLIiAHUMH JO HANpyXEeHOCTi 3MiHHOro MarHitHoro mnons Hj,
fimoBipHocTsaMu W (3a OOUHMIIIO Yacy), ajle 4epe3 Te, 10 MPOTOHIB HAa HIXKHbOMY DiBHI
3HAaXOMUThCSA Oinplile, MNepexoau BBepxX BiAOyBaTUMYThCs uacrtime. Ilpu npomy
NOrJIMHATUMEThCS  €HEpris  3MIHHOrO  MarHiTHOro Mojis 3 HOTYXKHICTIO

}/2h2

2 . e s
0= WhV(N _—N, ) =WNH, . BonHouac i3 mornuHaHHAM eHeprii BinOyBaeThCs

CRIH-IPAMKO06A PeNaKcayia — MOBEPHEHHS CUCTEMH CIiHIB Y CTaH TEIJIOBOI PiBHOBArH,
TOOTO BCTAHOBIIOETHCS CTALlIOHAPHUWIA CTaH, NPH SKOMY IOTYXHICTh €Heprii, LIO
MOTJIMHAETBCA — mocTiiiHa B vaci. CriH-rpaTkoBa pejlakcallisi 3aBa)Ka€ BCTAHOBJIEHHIO
HAaCHYEHHS, MPH SKOMY IOJOBHHA BCiX MPOTOHIB Mayia O mepeldTH Ha BUIIUH piBeHb i
NOTJIMHAHHS MOTYXHOCTI 3MIHHOTO MarHiTHOTO MOJIE Majio O NPUIIMHUTHUCE.

Pi3Hi IpOTOHH OTO4YEHi pi3HMMH KOMOIHALIsIMH CYCIHIX siep, SKI CTBOPIOIOTH
HABKOJIO ceDOe BJIACHI MarHiTHI MOJIS, B pe3yJibTaTi YOTO MarHiTHI MOJsS Ha Pi3HUX
IIPOTOHAX Jeulo BiJpi3HAOThCA Big Hy, a oTke BIAPIZHAIOTHCS 1 pe30HAHCHI YacCTOTH.
TakuM 4YMHOM, OJEpIKaBIIH PO3MOMIN MOTJIMHYTOI MOTYXHOCTI B 3aJIe)KHOCTI BiJ
YaCTOTH IOJISI, MOXKHA POOUTH BUCHOBKHM ITPO OTOYECHHSI IPOTOHIB.

Ane 3MiHIOBaTH 4acTOTy noJis H; TeXHIYHO BaXXKO, TOMY 3MIiHIOIOTh BEIHYUHY
nosis Hy. OTxe, pe3oHaHC ISl Pi3HUX MPOTOHIB B 3aJIEXKHOCTI BiJl IX OTOUYEHHS HACTae
Npu pi3HUX BeauunHaxX nojs H,. EkcrnepuMeHTansHO OnepXxyioTh Jiinilo SAMP —
3aJIeXKHICTh NMOMIMHYTO! MOTYXHOCTI B HanpyxxeHocTi mons Hy, sika na€ MOXITUBICTD
JOCIIIIUTH HalOIMK4e OTOUCHHS aTOMIB BOJHIO.

Cnextp SIMP Moxe MaTH KUTbKa MiKiB, SIKi BIAIIOBIIAIOTh Pi3HUM COPTaM exgiéa-
JNeHmHux sA0ep, Hanpukiaj mik npoTtoHiB rpyn CHj;, nik npoToHIB 6€H30JbHOTO KIJIBLS
Tolmo. Takuii CrneKTp HA3UBAETHCS CHEKMPOM AOEPHO20 MAZHIMHO20 PE3OHAHCY
6UCOKOI pO30ibHOT 30amHocmi. 3 HBOTO MOXHa POOUTH BHUCHOBKM Ipo OyIOBY
Monekyn. @opma miHii SIMP 3anexurts 1 B BiACTaHe#, 1 Big KyTa MiX MarHiTHUM
BEKTOPOM | HaNpsSMKOM Opi€HTallil MOJEKyJ, IO Aa€ MOXIHBICTH IOCIHIIKYBaTh
npouecH Monaudikanii crpyktypu OinkiB. BuuenHs 3matHocTi mo aedopmauii nae
MO>KJIUBICTh BU3HAUWTH Opi€HTallito JaHIoriB. MetonoM SIMP Mo)XxHa BUBYMTH TaKOX
xapakTep 3'€AHaHHS aTOMHHUX IPYIL.

Meton SIMP no3Boinsie poOUTH BUCHOBKH NPO XapaKTep MOJICKYJSIPHUX PYXIB Y
nosiimepax. BiH ocoOaMBO 4yTIMBUK [0 PyxiB HemoJisspHUX OokoBux npusickiB (CH;-
rpyn). Meron SIMP no3Bonsie HOCHiIKyBaTH OKpeMi OiTKM 3 BHJAUICHHSM JiHIH Bix
METWIBHUX, METUJIeHOBUX, SH-rpyn, 3anuuikiB TpuntodaHy, TUPO3UHY, TICTUIUHY.
CnocrepexeHnHs: pe3oHaHcy ~C J03BOJIs€ BU3HAYATH OKpeMi JIiHil KapOOHUTBHUX TPy,
3aNMIIKIB apriHiHy, anaHiHy. JlOCHiIKeHHS CIEKTpiB Bif > P BMKOPMCTOBYIOTh IS
BHUBYEHHS OyZ10BU MeMOpaH.

BuBueHHS NMHaMIKH OITKOBHX CTPYKTYP IPYHTYEThCS Ha BHUMIPIOBAaHHI dacy
CIIIH-TPATKOBOI pejlakcailii MarHiTHUX MOMEHTIB sijiep. BHSBIEHO pyXuH OKpeMuXx
ninstHok OinkiB. Yac penakcauii mis Miorno6iny — 22 He, ans aizouumy — 13 He, ans
reMoryiobiHy — 47 HC. y IMX BHUIIQJKax 4ac pejakcallil BU3HAYAETbCsI OPOYHIBCHKUM
obepTaHHSAM MOJIEKYJH B IiJioMy. ByrieBoaHi amidaTHYHUX IpyIl Ha MOBEPXHI PHK
MaroTh yacu penakcauii 0,1-0,3 Hc.
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SBume SIMP BuxopuctoByeTbcss B AMP-momozpaghii. JIns uporo y TKaHHUHI
CTBOPIOIOTh TPajlieHT Mar"itHoro moins. [lepeBakHa OiNblIiCTh MPOTOHIB B OpraHizMi
HAJIE)KUTh BOi, OT)KE€ IHTEHCHBHICTh CHTHAJTy Ha MEBHIM 4acTOTI NOKa3ye BMICT BOIU Y
BiANOBiAHIM yacTHHI TKaHUHH. BiojoriuHui 06'€KT MPOTIAAAIOTh Y Pi3HUX HaNpsIMKax I
3a JIOMIOMOIOI0 KOMIT'IOTEpa OAEPXKYIOTh 300paxkeHHs. Metogom SAMP-tomorpadii
MOXXHa BU3HA4YaTH PO3MIpH W MICHE3HAaxXO/KeHHs IIyXJIMH B OpPraHi3Mi, OCKUIbKH
HAaMarHiyeHICTh MYXJHWH BUSBISETHCSA OLBINOI, HIX y HOPMaJlbHUX TKaHUH. Takox
MO>XKHA OJIep)KyBaTH 300pakeHHs OpPTaHiB yCepeInuHi IpyIHOI KJIITKM abo yepena.

Enexmponnuit napamaznimuuii pesonanc (EIIP) — po3ain paaiocnekTpockorii,
KU BUBUA€ MarHiTHUH pe30HAHC, MOB'I3aHUN 3 €JIEKTPOHHUM I1apaMarHETU3MOM.

Teopis EIIP nomibna no Tteopii SMP. Ane MarHiTHI MOMEHTHM aTOMHHX
€JIEKTPOHIB Ha 3 MOpsAAKd OinbINi, HIX SACpHI MarHiTHI MOMEHTH, TOMY PE€30HAaHCHI
YacCTOTH Ha HUX BIANOBIAHO OunbImi. 3a3Buuail y MoleKyJaX BOHH CKOMIIEHCOBaHi,
OCKLUJIBKH MOJIEKYJIM MICTATh MapHY KiJbKiCTh €1eKTPOHIB. AJe pajlKal, iOHH TOLIO
MalOTh HEKOMIIEHCOBaHI MarHiTHi MOMEHTH. MarHiTHU# pe30HaHC Ha HEeCNapeHOMY
€JIEKTPOHHOMY CITIiHI Ha3UBA€ThCs €JIEKTPOHHUM NapaMarHiTHUM pe3oHaHcoM (EITP).
Ymosga EINP:

hv=gngH,
Hg — MarHetoH bopa,
— (aKTOp CHEKTPOCKOITIYHOTO PO3IIEeIJIeHHs, IS BUIbHOTO enekTpony g=2,0023.
3a gonomoroto Metony EIIP moxasano, 110 610JI0Ti4HI CUCTEMH MICTSTh BUIBHI
paguKanu 3, HeCapeHUM eJIEKTPOHOM. BOHU yTBOPIOIOTBCS B XOJi OKHCHO-BiTHOBHHX
peakiuiil B opratismi Tumny:

+e +H" +e +H"

VY6ixiHoH —— > VY0iceMixiHOH (BUTbHHH paaukail) ————»J{urigpoy0OixiHoH

Y 0610(i3UYHUX JTOCITIKEHHAX BUKOPHUCTOBYETHCS MEMOO criHosux mimok. Bin
noyiAra€ 'y MNpHENHAaHHI 10 (QYHKIIOHaNpHOI rpynu OLIKy BiNBHOrO paaukana i
BUBYEeHHs1 Horo curHaniB EIIP. ¥V sKkocTi MITOK BHUKOPHUCTOBYIOTHCS HITPOKCHUJIBHI
panukany, ki Mictsath rpyny *N—O. HecnapeHuil enxeKTpoH HesOKali30BaHHUN Mik
aroMmamMd N 1 O 1 B3aeMoOji€e 3 HEKOMIIEHCOBAaHUM CIiHOM sijipa N. YHaClioK LbOro
niHisg norauHaHHs curHany EITP posieniitoerbes Ha TpH CKIIa0Bi, BiAMOBIAHI pi3HUM
IPOEKLisM siiepHoro criiny azory (M=—1, 0, +1) Ha Hanpsim monst Hy.

MiTka nipueiHy€eTbCs IO MOBEPXHI O1IKOBOI MOJIEKYJIH i 00epTaeThCs, MiHAIOYH
TaKMM YMHOM CBO€ OTOYE€HHS. Lle NpuBOAUTH 1O 3MiHU MONOXEHHS, GOPMH U LIUPUHU
ninii EITP. I'lo dopwmi niniii ETTP BuBuatoTh HalbIHkue 0TOUEHHS GiIKOBOT MOJIEKYJIH.

BusuenHs Oioctpyktyp (Oinku, MeM6paHI/I TOILIO) 3a JIOTIOMOTOI0 CIIH-MITOK Aa€
BaXKJIUBY 1H(OpMALIiIO PO MOJIEKYJISIPHY TUHAMIKY.
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TEMA 5. B3AEMOAISA ®PEPMEHTY I3 CYBCTPATOM
[2],¢c.185-219, [4], ¢.97-117, [6], T.1, ¢.291-312

5.1. MOJIEKYJSIPHUI MEXAHI3M B3A€MO/Ii ®EPMEHTY I3 CYEB-
CTPATOM

@ ’KMBOMY OpraHizmi npoxoautb 6arato OOOpPOTHHX peakLid: rigpoiis,

pO3LLIEIUIEHHST XiMIYHUX 3B'S3KiB, i30MepH3allis, MEpPeHOC eJIEeKTPOHIB.

Benuvka IIBHIAKICTh peakiil J0CATaeThcs 3aBASKU KaTajlizaropaM — (gepMeHTaM. BoHu

nyxe epeKTHBHI: MiABHUILYIOTh MIBHAKICTh peakuii Ha 8-20 nopsakiB. IlpakTuyHo Bei

KaTaJIiTH4YHI peakuii NpOTiKalTh i 6e3 (hepMeHTIB, aje 31 3HaYHO MEHIIO IIBUIKICTIO.

®depMeHTH BHUCOKOCIENH(DiUHI: TiOTh TIJIPKM Ha OAMH THI cyOcTpaTy abo rpymy

cyocTparis.

Moaexynapua akmuenicmo abo uucio 06opomie pepmenmy — KibKiCTb MOJIIB
cyOcTparty, SKi MepeTBOPIOIOTHCS MOJeM (pepMEHTy 3a 1 XBWIMHY NpU 3HAYHOMY Haj-
JULIKY cyOcTparTy.

Cy0cTpar 6e3nocepeIHbO B3aEMOJIIE 3 TEBHOKO MAJIOIO IiJITHKOK MOJIEKYJIH (ep-
MEHTY — AKMUGHUM UEeHMpoM. BilbLIicTh (pepMeHTua GbyHKLIOHYE B KOMIUIEKCI 3
kodakropamu, kodbepMeHTaMu  (Hanpuwkiaaa, i3  BiTamiHamu). Hanpuknan,
eraTI/IHKlHaBa Katanizye peakiio: AT® + kpeatun = AP + ¢ochokpearnn +
H". KO(baKTop JUIS 1€l peakwii — i0OHM MarHito. BaxnuBy pojib B aKTUBHOMY LIEHTpI
KpeaTuHKiHa3W Binirpae SH-rpyna. d)epMeHT IHAKTUBYETbCS HopaleraTamiioMm i
HonaueratoM. Y mnpucyTHOCTi ioHIB MarHilo SH-rpyma 3axumieHa Big aii 1UX
OJ0KaTOPIB.

PepmeHTH cTepeocnenuiyHl: A3CPKaNbHUM aHTUIOJ JAHOro cyOcTpary He €
cyOcTpaToMm sl JaHOTO hEPMEHTY.

Jlizano (cybctpar abo iHribitop) 3a3Budaii B3aemojie 3 (EepMEHTOM T.4.. BiH
BXOIUTh Y HNOPOXHHUHY (epMEHTY 1 KOHTAaKTye 3 KijbkoMma Horo (yHKUIOHATLHUMH
rpynamu. [lpyu npoMy criodatky yTBOPIOETHCS (hepMeHm-CyOCmpamuuii KOMHAeKc, a
micisi MepeTBOpeHHs cyOcTpaTy y NpPOAYKT peakiil OCTaHHIH BiAAUISETbCS Bif
dbepmeHTy, i 3HOBY (hepMEHT rOTOBHIi 10 MPUETHAHHS HACTYITHOI MOJIEKYJIH JIiFaHy.

st epexTuBHOI il PepMeHTIB HeOOXiIHA HASBHICTh TaKUX (haKTOpiB:

1) Benuka cnopinHeHicte ¢epMenTy i cybeTpaTy, TOOTO BeNMKa MWMOBIPHICTE
YTBOPEHHsI (PepMEHT-CYOCTPATHOTO KOMITIIEKCY (eghexm 301udcenHn).

2) Crpora B3aeMHa OpieHTAllisl peareHTiB, KOPAKTOPIB i aKTHBHOrO LEHTPY (eghexm
opieHmauii),

3) Mis Ha cyOcrpar HykIeobiIbHHX 1 €NeKTPO(DIIbHUX TPy AaKTHBHOTO LEHTPY
(edhekm cunxponHO20 KUCTOMHO-0CHOGHO20 Kamani3y). Hanpukiaa, OKCUITIPUIiH,
SKUM MICTUTH BOJHOYAC KHUCJIOTHHH 1 OCHOBHHUH 3aJHIIKH, KaTalli3ye MyTapoTallilo
[JIIOKO3M, PO3pUBAIOYM ii mecTuwieHHe Kinble. Ta » peakuis 3a ydacTio cymimii
nupuainy i denony BindyBaeThes B 7000 pa3ziB MoBuIbHilIE Yepe3 Te, 1110 BiAMOBIIHI
3QJIMLIKY HaJIeXKaTh PI3HUM MOJIeKyJiaM, 1 HMOBIpHICTh 3ycTpidi TPbOX MOJEKYJ
BOJIHOYAc Habarato MeHII iMOBipHa.

4) AxtuBalis cyOcTpaTy NIUISXOM IIEPEpO3MOAiNy €JEeKTPOHHOI T'YCTHHHM Hij mdi€rd
aKTUBHUX I'pyn ¢pepMeHTy (egpexm nonapuzayii).

5) 3miHa koHdopMauiii 6inky i cyberpaty y depMeHT-CyOCTpaTHOMY KOMILIEKCI
(edpexm inoykoeanozo konmaxkmy).

o S e e el
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5.2. KOH(DOPMAHIFIHI NEPEBYJA0OBHU ®EPMEHTIB IIPU B3A€MO/II 13
CYBCTPATAMU

Teopis iHIyKOBaHOI CTPYKTYPHOI BiinoBigHocTi depmenTy i cyberpary:
Cy6cTpaT BUKIMKae CYTTEBI 3MiHM reoMeTpii ¢epMEeHTY IpH NPOHUKHEHHI B
fioro akTHBHMI LeHTp. B pe3ynbrarti koHGopMaLiliHOI nepeOyq0BH aKTUBHOTO LEHTPY

KaTaliTHYHi rpynu ¢epMeHTY TOYHO OpIeHTYIOThes. [Ipoxomsars nABa npolecu:

3B'I3yBaHHs CyOcTpaTy i HOro KaTtagiTU4HE EPEeTBOPEHHS.

Tunn koudopmauiiinnx nepedyaoB ¢pepmMeHTIB:

1) JTokansni xoHbopMaliiiHi nepeOyJOBU 3adilaloTh TUIBKM 00JacCTb aKTHBHOIO
HeHTpy. 3Mmimenus — g0 1,5 vM. TuposuHoBuit 3anumok 248 depmeHTy
KapOOKCHUITENTHIa3H 3MIILY€EThCSA Ha 1,2 HM MPH 3aXOIUIeHHI JITraHmy.

2) Kpynnomacwmabni xondopmaiiiiHi nepeGyIoBH 3B'si3aHI 3 BIIHOCHUM pPyXOM
CTPYKTYPHHX OOMeHiB. 3MilueHHs — Oinbire 1,5 uM. Hanpuknan, npu 3B'si3yBaHHI
JiraHAiB TeKCOKiHA30I0 [Ba JOMEHH IMEepeMillaloTbCcs OAMH BIJHOCHO ApYroro,
NENTUIHHI JIAHIFOI BUKOHY€E MPH [IEOMY POJIb LIAPHIpY. AJBKOTOJbAErJporeHasa
NEYIHKH TaKOX CKJIAJAEThCS 3 2-X CyOOIMHUIb, Y KOXKHY 3 AKUX BXOAATH 2 IOMEHH,
3'€lHaHi MOJIIMENTHIHUM JIAHIIOTOM. AJIBKOTOJBACTIAPOreHa3a MoXXe 3HaXOAUTUCH
y 2-x koHbopMalifix — BIIKpUTIA 1 3akpuTii (ToAl OAMH 13 HUX 3B'A3aHUN 3
kopepmentom  HAJIH, Bigmomimarouuii 3a  MEpeHOC  €JNEKTPOHIB B
eJIeKTPOTpaHCIIOPTHUX mpoluecax). [licms 3aBepiieHHs XIMIYHOI peaklii JOMEHH
3HOBY pO3CYBalOThCS i MPOAYKTH peakilii BUXOAATh Ha30BHI. KyT noBopoty nomeHis
— 30° HeBenuki BHUCOKOYAcTOTHI (uykTyamii OGiIKOBOI CTPYKTYpH OONOMAraroTh
3HU3UTU BUCOKHUH noTeHHianbHuid 6ap'ep (4200 klx/Moib).

53. METOAHA BUMIPIOBAHHS IBUJIKNX ®EPMEHTATUBHHUX PEAK-

I

Ha mouvaTky ¢epmeHTaTHBHOI peaxiiii mepej] BCTaHOBJIEHHSM CTalllOHAPHOIO
CTaHy IPOXOAMTH TNepexigHa ¢asza, MiJg 4Yac AKOl peareHTH I[OBUHHI PIBHOMIPHO
nepeMillIaTUCh B PO34MHI. SIKIIO X peakuis BiAOyBa€eThcs HAATO IIBHAKO, TO BOHU HE
BCTUFAIOTh I[BOTO 3pOOMTH, i CTAI[iOHAPHOIO CTaHy, sIKHH MoXXHa Oyyno 6 HOCHIAWTH,
nocsirHyTo He Oyne. Jlns BupimeHHs Liel npobieMd HEOOXiAHO 3aCTOCYBaTH METOIM,
AKi 1AIOTh MOXJIMBICTH PIBHOMIPHO 3MIIIATH PEAreHTH MPOTATOM KOPOTKOTO MOPiBHIHO
3 XAPAKMepHUM YAcOM MPOXOONCEHHs peakyii MPOMIKKY yacy. XIMidHa peakiis —
penakcaliiHui Tpolec, B SKOMY KOHIIEHTpallii peareHTiB 3MEHLIYIOThCS 3a
€KCIIOHEHIIIaJIbHUM 3aKOHOM. XaPAKMEpHUUl 4ac npoxooxdceHHA peakyii — ue 4ac,
IPOTArOM SIKOTO KOHIIEHTpallil peareHTiB 3MEHIIYIOTECS B € pa3iB. Peak1ito Ha3uBarOTh
WGUOKOI0, SIKILIO XapaKTepHUH Yac ii MpoXoKeHHs <lc.

MeToa 3yNIMHEHOro NOTOKY

CroenianbHa yCTaHOBKa JO3BOJISIE Ty)K€ LIBUAKO 3MILIATH PO3YUHU (DEepMEHTY H
cybcTpaty i momatu cymill y Kamepy crnocTtepexxeHHs. Ha Bce ne Hae Kinbka
MinicekyHA. MeTon MO3BOJsiE BHUBYATH KIHETHKY (epMEHTaTHMBHHX peakUid vy
MUIICEKYHTHOMY iHTEpBaIi.

' MeTtoa TeMnepaTypHOro crpudka »

PearenTn 3MilIyOTh 1 dYepe3 CyMilll IPOIMYCKAalOTh EJINEKTPUYHUN PpO3psL.
[lporsrom 1 Mxkc Temneparypa migsuinyerbess Ha 10° Taxoro mnigBHIIEHHS
TEMIEepPaTypH JOCTATHRO ISl TOrO, 00 novyanack pepMeHTaTUBHA peaKLlis.
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5.4. CTPYKTYPA AHOCTEPHHHHX OEPMEHTIB

Anocmepuuni  pepmenmu — bepmeHTH, SKI MalOTh CHEUialbHI EHTPH
3B'I3yBaHHs €(EeKTOpiB, MPOCTOPOBO BIAMIIEHI BIJ KaTaTiTUMHUX LEHTpPiB. LleHTpH
3B'SI3yBaHHS €(EeKTOPiB HA3UBAIOTHCS anocmepusHumu. AnocrepuuHi pepMeHTH
PEryIroI0Th, KOHTPOJIOIOTH 1 KaTali3yIOTh KJIFOY0BI MeTaboi4Hi peaKuu B Oprasi3mi.

Cunre3 L-izoneiinuny:
L-mpeonin — kemobymupam — ayemocziopoxcubymupam —
— o, f-0uziopokcu-fi-memuneanepam — a-xemo-ff-memuneanepam — L-izonetiyun

Ilepmie nepeTBOpeHHs KaTali3yeTbCs TpeOoHiHAe3aMiHazoro. KiHueBuil mpoaykr
JaHLora peakui L-i3oneitimn iHriOye TpeoHiHAe3aMiHazy, TOOTO 3MeHIiye il
KaTaJIiTHYHY aKTUBHICTbh, IO MPHUBOAUTE J0 3MEHILIEHHS KOHUEeHTpauii L-izoneiuuny,
e NPUBOAUTEL A0 301MBIICHHS IIBUAKOCTI peakiii i T.I., TOOTO aKTHBHICTh (epMeHTY
perytoeTbCs 3a INPHHLIMIIOM HEraTUBHOIO 3BOPOTHOIO 3B's3Ky. TpeoHiHJe3amiHaza
KpIM aKTHBHOT'O LIEHTPY, [¢ KaTali3yeThCs MepeTBOpeHHs L-TpeoHiHy, Mae crenianbHi
L[EHTpU 3B'si3yBaHHA e(deKTopiB (aKTUBATOPIB Ta IHTIOITOPIB), MPOCTOPOBO BidaieHi
BiJl KaTaJlITUYHOTO LIEHTPY.

AJocTepryHI PepMEHTH K MPaBHIIO MArOTh CyOoanHNYHY OynoBy. Pocdoninaza
CKJamacTbesl 3 2-Xx cyOOquHMIb, TpeoHiHIe3aMiHaza — i3 4-x. AcmapraTTpaHcKap-
oomoinaza (ATKaza) (M=300 000) ckiamaerbcst 3 2-X KaTaliTHYHHX TPUMEPIB 1 3-X
perynaTopHux. nuMepis, To6To ATKaza MicTUTh 6 KaTaliTHUHUX 1 6 allOCTEPHUUHUX
LEHTPIB.

5.5. KOOIIEPATUBHA KIHETHKA PEAKIIA 3 YYACTIO AJIOCTEPHY-
HUX ®EPMEHTIB. PIBHSAHHSA XIJLJIA

Koonepamugnicmp nonsirae B TOMy, 1110 3B'13yBaHHS CYOCTPATy OJHUM IIEHTPOM
nojiermye abo yTpyIHIOE 3B'sI3yBaHHS cyOCTpary IHINMMH LEHTPaMU aloCTEPHYHOIO
dbepMeHTy.

Miorno6iH (BUKOPUCTOBYEThCS ISl 3allacatHs KHCHIO Y M'SI3aX) Ma€ TiJIbKH OIUH
LEHTp 3B ﬂByBaHHSI KUCHIO. BinnosigHe piBHSIHHS peakIii:

E+X = EX (5.1)
E — 0110k, He 3B's3aHMi 3 tiranaom (y 1aHOMY BHIIAJKY — i3 KHCHEM),
X — nirasm,
EX — 610K, 3B'93aHUi 3 JiraHgaoMm.
CTymiHp HaCHYEHHs O1IKa JTiraHAoM:

_ [EX] _ K[X]
TE]+[EX] 20° "= 1+ K[X] -2
[£X] .
ne &= [E]-[X] KOHCTaHTa piBHOBaru peakuii (5.1).

I'emornobin He ¢epMeHT, ane Ha Horo HpUKIaAl po3riasHeMO (QYHKIIOHYBaHHS
KOONEPAaTUBHUX (PepMeHTIB. BiH mMae 4 ueHTpu 3B’s3yBaHHsS KHCHIO. He 060B’s13k0B0’
BCl BOHM OJHOYACHO 3allOBHEHi. PiBHSHHS peakilii KOOMEpaTHMBHOTO 3B'A3yBaHHsA h

MOJIEKYJI KHCHIO 3 T€MOTJIO0IHOM:
E+hX = EX, (5.3)



CtyniHb Hacu4eHHs OiJIKa JiraHIoM:
[EX,] ,__ KXy

TIEI+IEX, ]’ %°°| " T 1ekxT L544)
ne & =, — KOHCTaHTa piBHOBaru peaxuii (5.3).
[E]-[X]" . 4
PiBusiHus (5.2) 1 (5.4) — ue pienanna Xinna p[ns HEKOONEPaTUBHOIO i

KOOTIEpAaTHBHOTO 3B’SI3yBaHHA JiiraHga (epMEeHTOM BiAMOBIAHO. AJIOCTEpHYHI
(¢epMEeHTH BHACIIIJIOK KOOMEPAaTHBHOCTI MalOTh S-MOAiIOHY 3ae)XHICTh aKTUBHOCTI BiA
KOHIIEHTpalii cyOcTpaTy. 3anexxHocTi A Miornodiny (1) i remornobiny (2) (xod BiH i
He hepMeHT, a O1IOK-TIepeHOCHHUK) TTOKa3aHo Ha puc.15.

PiBusiHHs (5.4) MOXHa I€pEeTBOPUTH Ya
110 TaKOro BUAY:
1 1,098 it s Sy
Yoz ————r
1+ K[X] 05+ 1 2
1+ K[X]" > [X]

\ Puc. 15. 3aneorcnicmoe cmynens

h h - ; ;

+ K[ X] = K[X] HacuyenHs binka 8i0 KoHyeHmpayii
niranoa ons Hekoonepamuernozo (1) i

y ¥’ ¢
1-¥ 1+K[EP"

lg[L) =lgK + hlg[X]

KoonepamueHoco (3/ 36 '}/’3_\'(‘;’(1/11/}/.
=¥ Y
OpnepxxaHa NiHiMHa 3aJIEXKHICTD [ ¥ j
Ha3uBa€ThCsl 2paghikom Xinna (puc.16). TIlo
HBOMY JIETKO BU3HAYUTH KOHCTaHTy piBHOBaru K
(mepeTHH NpsiMOl 3 BICCIO OpJMHAT) 1 KoedillieHT
Ximta h, sgxuii  xapakTepusye  CTYIIiHb 7~ !
KOOIIEPAaTUBHOCTI (3a KYTOM Haxuily HIpsSMOi: Puc. 16. I paghix Xinna
h=tga). Jlns remornoGiny h=2,8>1, To6TO
KOOIepaTUBHICTh No3uTHBHA. SIK1I0 h<l, To KOOIepaTUBHICTh HEraTHBHA.

l

gQ

5.6. MOJAEJII ®YHKIIIOHYBAHHS AJIOCTEPUYHUX ®EPMEHTIB
CumMeTpHYHA MOJI€JIb:

AnocrepuyHuii pepMeHT MOXe ICHyBaTH y 2-X KOHGOpMaIiiHUX CTaHax —
HAanpy»ceHomMy 3 HU3BKOIO CIIOPIOHEHICTIO JIO JIraHAy 1 pPelaKkco8aHOMy 3 BHCOKOIO
CIIOPIIHEHICTIO JIo JiiraHay. Yci cybomaunuil 6iika MaroTh OJHAKOBY KOHGOpMALiO i
IIpU MPUENHAHH] YW BiJ'€IHaHHI JIiraHAiB 3MIHIOIOTH CBOIO KOH(OpMaLil0 0JHOYACHO.
Mogens nyxxe noOpe nosicHroe S-1o/1i0HI KpUBI.

IMocaigoBHa Moae b:

Jliranou npuenHYIOTBCS N0 (EPMEHTY IMOCHiJOBHO, OOWH 3a oaHuM. [licns
NpPUENHAHHS TMEpLIOrO JIraHay I1HAYKYIOTbCS KOHQOpMaliiHI 3MIHM y JApyTii
cyOOMHMII, 1O TIOJIETIIy€E MPUEAHAHHS HACTYITHOTO Jiranay i T.1. Mojenb MosiCHIOE
TaK0)X HEraTUBHY KOOIMEPATHUBHICTh, KOJIM MPUEAHAHHS MMEPLIOro JIiraHAy IHIyKy€e Taki
3MIiHH I1HIIUX CYOOAWHHIIb, SIKI 3MEHIIYIOTh WMOBIPHICTh TpHETHAHHS HACTYIHUX
JIIraHIiB.
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TEMA 6. KIHETUKA ®EPMEHTATUBHUX PEAKIIIVA
-~ [2],c.176-184, [4],c.101-106,108-112, [7],c.49-74

K iHemuKa BUBYA€ JUHAMIKY 1 YaCOBI XapaKTEePUCTHKH pPeaKLii.
6.1. IHIBUAKICTH I KOHCTAHTA IIBUJAKOCTI PEAKIIIT

Hlsuokicme peaxyii — 3MiHa KOHIIEHTpallli peareHTiB abo MPOIYKTiB peakil 3a
OJMHHULIO 4acy, INpHUBEJEHA A0 IX CTeXiOMeTpHUYHOro KoedillieHTa B JaHid peakuii.
Bona Bu3HavaeThCa HMOBIPHICTIO OJTHOYACHOI 3YCTpidl B3a€MOJIFOYMX MOJIEKYJI 1 OTXKe
IpoNopLifiHa [0 KOHUEHTpAlliii B3a€MOAIIOYMX pEYOBMH 13 BpaxyBaHHSM iX
cTeXioMeTpHUyHOro koedilieHTa B AaHill peakuii. Po3rinsHemMo npocty peaxuito:

A+B = P (6.1)

JIns OpoxompkeHHs peakiii JOCTaTHhO 3ycTpidi JABOX Monekya (A i B).
Kinemuune pienanna naHoi peakuii (piBHSHHS JUIS IIBUAKOCTI peakilii) 3alUCY€EThCA
T.4.:

_drpP] _
Ve T k[A][B] (6.2)

Koediuient nponopuiitHocTi k y KiHETUYHOMY piBHSIHHI Ha3UBAETHCS KOHCHIAH-
Mmoo weuoKocmi peaxyit.

6.2. PEAKINI HYJILOBOI'O il MEPLHIOTO MOPSAKY

ITopsinox peakiii BU3HAYA€TbCS KIJBKICTIO BOJHOYAC B3a€EMOMIIOUMX MOJIEKYII.
Iopsaokom peaxuyii Ha3UBa€eTHCS CyMa MOKA3HUKIB CTENEHIB KOHLIEHTpALllil peareHTIB y
KIHETUYHOMY piBHsSHHI. PiBHsHHS (6.2) — 2-ro mopsiaKy, oTxke peakuis (6.1) — peakuis
Jpyroro nopsaxy. Skino pe4oBuHU B € B HaANUILKY, TO HWIBUAKICTh peakiii NpakTUYHO
He 3aJIeXXUTh Bij 1I KOHIEHTpallii i Tomi peakuis (6.1) mae nepiwnil mopsigok. Skio
HWIBUAKICTh peakilii He 3aJieXUTh BiJl KOHIEHTpallil peareHTiB, TO Taka peakiis —
IICEBJOHYJILOBOIO TIOpsAKY (Hampukian, (epMEeHTaTUBHI peaklii 3 HaJJIHILIKOM

cyOctpary).
Po3sxin pedoBunu A y peakitii (6.1) — peakilis nmepiioro nopsiaky:
V= _diA] = k[ A]
dt

dIAT_ —kdt
[A]

diA]_ _ f kdt
[A]

In[A4]-In[A4], = -kt
[4] = [4], exp(- kt)

Otxe, KOHIGHTpaLis peareHTy B XOJ1 XIMIYHOI peaklii 3MEHLIYEThCA 3a
€KCIOHEHL1aJIbHUM 3aKOHOM.



6.3. BIIJIUB TEMIIEPATYPH HA HIBUJIKICTH XIMIYHOI PEAKIIII. PIB-
HAHHSA APEHIYCA

IIpu 36nMxeHH1 pearyrodi MoOJeKyJd NOBUHHI MONONATH MOTSHUIANBHHUEA Oap'ep
BrucoTOIO E,, sikMii Ha3uBaloTh eHepzielo akmueayii. [Ipyn TemnepaTypi abcomoOTHOTO
HyJIi MOJIEKYJIM HE MOXYThb pearyBaTd MiX co0oro, aje MpH 3pOCTaHHI TeMIepaTypH
BCE Olsnblle MOJIEKYJ 3/1aTHI HaOyTH JNOCTATHBOI AJisi B3a€EMOJII €Heprii, IMpUUOMYy
KIIBKICTh TaKWX MOJIEKYJ 3DOCTa€ i3 3MIiHOIO TEeMIIEPAaTypd 3a E€KCIOHEHIaJIbHUM
3aKOHOM, SIKUJ BUPa)Ka€ThCs PIBHAHHIM ApeHiyca:

k= Aexp| - —= (6.3)
k1

kg — crana BoasiMana.
IIpu 3pocTaHHI TemmepaTtypu 10 OE€3MEXHOCTI BCi MOJIEKYJH, SKi 3iTKHYJIUCH,
3[1aTHI BCTYNIATU B peakwiio i Toli k=A, To6To A — Lie uacmoma 3imKkHeHb pearyrounx

a
MOJIEKYJl 3a OAUHMLIO Yacy. OTxe, MHoxycHUK bonbumana exp[— s TW — IIe YacTKa

MOJIEKYJI, sIK1 OepyTh y4acTh B peaklii, TOOTO eHepris SKUX AOCTATHS IS L[bOTO.
6.4. EHEPI'ISI AKTUBAIIII TA il BUBHAYEHHSI

3 (6.3) onepxxyeMo JiHilHY 3aJI€)KHICTh:

Ink=ln4-——
k.T

)
I'padix Ink Bin obGepHeHol TemnepaTypu — mHpsMa. 3 HAXUIy MNPSAMOI JIETKO 3HAWTH
4aCTOTY 31TKHEHb Ta €HEePriro aKTHBAIlil.

6.5. TEOPISI ABCOJIOTHUX NIBUAKOCTEN PEAKIIII

HeoOxinHOO yMOBOIO NPOXOKEHHS peaklil € 3MEHIICHHs! BiIbHOI eHeprii
(AG<0). Tlpu 30nmxeHHI pearylodi MOJIEKYNH I[OBHHHI MOJONATH MOTEHI[albHHI
6ap'ep Bucotoro E, i mmpuHoro d Ha BiacTaHi ry. Aje AKIIO eHepris aktusanil E,
Benuka, T0 yMoBH AG<0 HemoctaTHbO. [[si MOHMXXEHHS MOTEHLiaIbHOrO Gap'epy
CIIy>XaTh KaTajli3aToOpd. 3a TEOpi€ro, Ha BIACTaHI Iy YTBOPIOETHCH NESIKHH HecmiuKuil
akmueosanuu kKomniaexkc AB 13 makcu-
MAaJIBHOIO €HEPTI€l0, sika Oijblla 3a eHepriko
OKpPEMUX MOJIEKYJ Ha BETUYHHY E,.

[licnst yTBOpeHHSI KOMILIEKCY BiH
MOXe abo 0e3pe3yabTaTHO PO3MAacTHUCh, abo
MOJIEKYJIA TpOpearylotTb 3 YTBOPEHHSIM
BIAIOBIAHOTO  TPOAYKTY  peakuii i
BU/IJICHHSIM €Heprii:

A+B <= AB — P+Q
KoncTaHTa piBHOBaru JaHoi peakxiiii: Puc.17. [lomenyiansHuit 6ap ’ep peaxuii.

E 4
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_ _[4B]
[A][B]
KBaHTOBO-MeXaHIuHi OL[IHKM JTAlOTh HIMPUHY Oap'epa:
' h

- N 2nmk T

[IIBuakocTi MoJieKyl MiAJIsAraloTh po3noAiny Makcseina, TOMy I1XHS CepeaHs

IIBUJIKICTB:
mu’
Iu exp| — du
<u> _ ( 2k5T) _ kT
mu2 275m
Iexp — du
2k, T
Cepenniii yac npoxoKeHHs yepes 6ap'ep:
r=l oM o _10ve
<u> kT

KoHcTaHTa IIBUAKOCTI peakiii oOOepHeHO NpPOMOpLifHA A0 CEpeAHBOro 4Yacy
NPOXOKEHHSI Yyepe3 eHepreTudHui O6ap'ep. ToMy MIBUAKICTH peakuii:

v=k4B1=81_ 4B k’;lT
T

3 inmoro Goky, MaeMo Gopmyny (6.2) ans LIBMAKOCTI peaklii, i3 AKOi OfepXyeMo
BHpa3 11 KOHCTaHTH HIBHAKOCTI 1aHOT peakiii:
v [4B] kET_kETK
[Al[B] [4l[B] A A

6.6. PIBHSIHHSI ENPTHT A

3 piBasHHA BauTt-I'oda (1.9) onepxumo:

0
K= exp(— AG ]

RT

0 . .
ne AG’=AH’-TAS® — crannapTHa BijbHa eHepris akTHBALIl.
3BifICH JIeTKO ofiepKaTu pienanna Eilipinca:

. kT AG®\ kT AH° AS’°
k= exp| — = exp| — exp
h RT h RT R

6.7. KIHETHUKA B3AE€MO/JIl ®PEPMEHTY i CYBCTPATY

PosrisineMo peakitito Bzaemozil Gpepmenty E i3 cyOcTpatoM S 3 yTBOpEHHSIM KO-
POTKOXXHUBYYOTO (hepMeHT-cyOcTpaTHOro kommiekcey ES:
: k1 k2 >
E+S «— ES—E+P
- k.,




E' — BinbHUIi epMeHT.
3aranpHa KOHIIEHTpalis (PepMeHTy:
[EI=[E'T+[ES]
3Biacu:
[E'=[E]-[ES] (6.4)
KiHeTn4yHe piBHSAHHSA JJI1 IOBHAKOCTI YTBOPEHHS H po3nangy ¢epMeHT-CyO-
cTpaTHoro komiuiekcy ES:

at
k; — xoHcTaHTa MIBHAKOCTI nepeTBopenHs E'+S—ES,
k _; — xoHcTaHTa WBKAKOCTI nepeTBopeHHss ES—E',
k, — xoHctaHTa mWIBHAKOCTI nepeTBopeHHs ES—P.
[Ticns 3amycky ¢epMeHTaTHMBHOI peakilii AesKHi 4yac KOHIEHTpalis (epMeHT-
d[ES]

cybceTpatHoro koMmiiekcy ES zamumiaerscs cranoro (cTauioHapHuii cran): — — = U,

3BiACH:

ki [E'][S]Hk -1k,) [ES]=0
IligcraBuBmu croau (6.4), onep>XUMO BUpa3 i KOHLEHTpallii (epMeHT-CyOCTpaTHOro
KOMILJIEKCY y CTallioHapHOMY CTaHi B 3aJISXXHOCTI BiJl KOHLEHTpauii cyocTpary:

(51— E1S]

g B

e gy ™= —— = I — KoHcmanma Mixaenica.
1

6.8. PIBHSIHHS MIXAEJIICA - MEHTEH

LIIBUAKICTH (hepMEHTAaTHBHOI peaKilii:

dt pEY §REE
MakcumanbHO MOXKIIMBa KOHIIEHTpallis (hepMeHT-CyOCTpaTHOro KOMILIEKCY piBHA KOH-
ueHtpauii dpepmeHTy: [ES]|nx—[E]. OTxe, MakcuManbHa IIBUIKICTh peaKLii:
Vimax=K2[E]
Takum 4rHOM onep)xyeMo piBHsiHHSA MixaeJsica — MeHTeH:

3BizacH 0a4uUMO, 10 KOHCMaHmMa
Mixaenica uuceavno piena mii
KOHuenmpauii cybcmpamy, npu AKiu
WeuOKicms peakuyii pieHa NOI06UHI
MakcumaavHoi  weuokocmi. llpu
Maniii koHUeHTpauii cyOcrpary [S]

T >
Kwm [S]
Puc.18. I paghiuna 3anesicrnicmo weuoxocmi

wBuaKicTs peakuii V™ = [S] i mu  @epmenmamusnol peaxyii 610 konyenmpayii
cybcmpamy




Ma€eMO peakiiio TceBaonepuoro nopsaaky. Ilpu Benukii koHUeHTpauii cyocTpary [S]
IIBUAKICTh peakiii MpsMye [0 MaKCHMAJIBHOI: V—Vp,,=const i MH MaeMO peakKuilo
TIICEB/IOHYJILOBOrO TOPsiaAKy. OTKe, MPH 3pOCTaHHI KOHLEHTpauli cyOcTpaTy MOpsnoK
NaHOI peaklil mocTynoBo 3MiHI0eThes Bix 1 1o 0.

6.9. T'PA®IYHHUN METO/]] JIAMHYIBEPA - BEPKA IS BU3HAYEHHA
KIHETUYHUX ITAPAMETPIB ®EPMEHTATUBHUX PEAKIIN

3 piBusHHs Mixaenmica — MeHTeH JIerkKo OJepKaTd JiHIHHY 3aleXHICTh MiX

OOEpHEHOK  IIBHUAKICTIO  ()EPMEHTATUBHOI Y
IV A

peakilii Ta OOEpPHEHOI  KOHLIEHTPALIEO
cybcTparty:

1 = KM 1 | 1 1/\,”1‘]\

W V max [S] V max

(6.5)

['padix wiel 3amexxHOCTI — NiHIAHUE — epaghik . i
Jaiinyicepa — bepka. 3 rpadika Jerko ~1/Km /3]
OZIEPXKATH BEJIUUUHHU Vg 1 Ky, Puc. 19. I paghix Jlaunyieepa — bepka.

6.10. KOHKYPEHTHE IHI'TEYBAHHSI ®EPMEHTATUBHHUX PEAKIIIHA

Inzidimopu — cnonyku, siKi 3MEHILYIOTh IIBUIKICTh XiMIYHOI peakuii.
Konkypenmne inzioysanna — sxmo idribitop 1 3'enHyeTbcssi 3 TUM caMuMm
akTHBHMM UeHTpoM ¢epmenty E, mo i cybGetpar S, 3 yTBOpEHHSIM HEaKTUBHOIO
koMmIuiekcy EIL.
PiBHsAiHHA peakniii:
k; k,
1) E'+S <= ES—>E'+P
k_
k;
2) E+Hl == EI
k.
E' — BinbHU depMeHT.
BianoBigHi KiIHETUYHI pIBHAHHA:
d[E
v =B ms1- (c + e ES)
= d[EI]
dt
k; — koHcTaHTa WIBHAKOCTI nepeTBopeHHs E'—El,
k _; — koHCTaHTa WBUAKOCTI epeTBopeHHs EI—FE'.

IIpuuomy:

Puc.20. Cxema

KOHKYPEHMHO20 IH2I0y8aHHA

= k,[E'l1~ k_,[EI]

[E]=[E']+[ES]+[EI]



BukopucTaBiin ymMoBy crauioHapHocti v;=0, v,=0, 3HaxoAMMO KOHLEHTPALIO
(dbepMeHT-CyOCTpaTHOrO KOMIUIEKCY MPH CTalliloHAPHOMY IPOLECI:
[E]LS]
ES]=
[£S] d

k

K — koncmanma inzioyeannua, K==

=1

[IBuaKicTh pepMEHTATUBHOI peaKilii:
d[P]
V= =i &)=
5> 2 [ES]

Ky + - M [1]+5]

3BiicH MOXXHa oOflep)aTH BuUpa3 s oO0epHEeHO! IBUAKOCTI. BusBiserbcs, BoHa 1 B
IbOMY BUIAJKY JIIHIfTHO 3aJIeXUTh BiJi 0O€pHEHO1 KOHLIEHTpallil cyocTpaTy:

K..

I s

- . ' s . T+
A L max [‘S ] v max v max [S] ¥ max

JIn1sl MOpiBHSHHS Pi3HUX BUMAJKIB 3py4HO NMOOYAyBaTH 11 HUX rpadiku JlaiiHyiBepa —
Bepka (puc.21).

<7
/v,

(G

(\
;\
\ X

» »
»

Kv K'v [S] —1/Ky —1/K'vm 1/[S]
Puc.21. I'paghiuni 3anesxcnocmi weuokocmi gpepmenmamueHoi peakyii 8i0 KOHyeHmpayii
cybempamy (a) ma 8ionosioni epagixu Jlaiinyieepa — bepxa (6) 6e3 inzibimopa (1) ma 3
KOHKYpeHmHAUM iHeibimopom (2)

[TopiBHsBIIH (6.6) i3 (6.5), 6aunMoO, 1110 KOHKYPEHTHHH 1HrI61TOp 301/IbIIy€E KOHC-

[/]
TanTy Mixaemica s 1 + K pasiB i TOMy JUIS Ti€l K IIBHIKOCTI peakiil motpibHa 6inbiia

!
KOHLEHTpalis cyOcTpary. MakcuManabHa IIBUAKICTh peakuUii NpH LbOMY THUII
IHriOyBaHHS HE 3MiHIOETHCH.

6.11. HEKOHKYPEHTHE IHT'IFYBAHHSI ®EPMEHTATHBHUX PEAKIIIN

Hexkonkypenmuuii  in2ibimop npuenHyerbes 10 (GepMeHT-cyOCcTpaTHOrO
koMiiekcy ES i yTBoproe HeakTHBHUM (HenpoaykTHBHUH) komiutekc ESJ i3 pepmenTt-
cyOCTpaTHUM KOMILJIEKCOM.




PiBHsIHHSI peakuiii:

k, k,
1) E'+S «<——= ES > E'+P
k_
k;
2) ES+] +—= ESJ
k.
Puc.22. Cxema
HEKOHKYPEHMHO20 IH2I0Y8aHH S
BinnoBiiHi KIHETUYHI piBHSHHSL:
d[ES] ,
e kTE'NS]- (k_, + k&, ) ES]-k,[ESIJ1+k_[ESJ]
v, =;:kj[ES][J]—k_j[ESJ]

k; — koHcTaHTa WBUAKOCTI nepeTBopeHHs ES—ES],
k _j — koHCcTaHTa mBUAKOCTI neperBopenns ESJ—ES.
IIpuuomy:
[E]=[E']+[ES]+[ESJ]
BukopuctaBm ymoBy cTamioHapHocti vi=0, v,=0, 3HAaXOAMMO KOHIIEHTpALiO
(hepMeHT-CyOCTpaTHOrO KOMIUIEKCY TIPH CTalliOHAPHOMY IPOLIECH:

[ES] -

K, +[J][S]+[S]
K,

J

K; — koncmanma inzibyeannsn, ™, — r
Y
HIBuaxicTh pepMeHTATHBHOI peaKIii:

vl iny)=
S
o K, + I +18]
Kj
3BincH MoxHa ofep)aTH BUpa3 g OO0EpHEHOI LIBHJKOCTi. BUABIA€ThCS, BOHA i B

LIEOMY BHIAIKY JIHIHHO 3aI€XUTh BiJ 00epHEHOI KOHLIEHTpalii cyocTpary:



A max—

> 5 2 ; B
S] —1/Ky -1/K'y 1/[S]
Puc.23. I'pagiuna 3anescnicme wseuoxocmi pepmenmamuenoi peaxyii 6i0
KoHyenmpayii cyocmpamy (a) ma epagixu Jlaninyisepa — bepka (6) 6e3 inzi6imopa
(1), 3 xKoukypenmHum inzibimopom (2) ma 3 HeKOHKYpeHmHum iHeibimopom (3)

Sk OGaunmo 3 (6.7), HEKOHKYpPeHTHHH IHTIOITOp 3MEHIIye MaKCUMalbHY
IIBUAKICTH peaKiii y g PasiB, ane KOHCTaHTa Mixaenica npy HEOMY 3aJIHILAETHCS
J
HE3MIHHOIO.
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TEMA 7. BIO®I3UKA HYKJEIHOBUX KUCJIOT
[2], ¢.221-232, 258-269, [4], c.117-128, [6], T.1, c.161-169

(V kimiThHax € 2 Ttunk HykneinoBux kuciaor — JIHK i1 PHK. JJHK
. MICTUTBCSI B TMPOKApiOTHYHHMX KIITHHAX, fAApax, MITOXOHAPIAX,
miactTuaax eykapiotuyHux kiitaH, PHK cuHTesyerbcs B sgpax, ane 11 QyHkuis
3I1ACHIOETHCS B LIUTOILIA3MI. '

B pesynberari mpanckpunuyii indopmanis, 3anucasa B JIHK, nepenucyerbcs B
PHK i nepenocutbcs no pubocom. Ha HuX BinOyBaeThcs mpancaayia — cuHTe3 OUIKY
BIATOBIIHO iHdopManii, 3anucaniii Ha Mampuyuniii PHK (MPHK). Tpaucnopmna PHK
(TPHK) mni3Hae BilbHI aMiHOKHUCIOTH 1 MpHUENHYE iX OO POCTydoro Ha pubdocomi
noJinentyuaHoro ganmora. Takum ynHoM, PHK — nocepenuank mixx JIHK 1 6inkom.

7.1. PEHTTEHOI'PA®IYHI TOCILI)KEHHA CTPYKTYPHU JHK

IIpu onpoMiHEHHI PEHTTeHIBCBKUMH TMPOMEHSIMH KpPUCTJiB, B TOMY YHCII
opieHToBaHMX Kpuctanmiyaux Hutok JIHK, ogepxyerbcs peHTreHorpama. 3
PEHTIeHOTpaMH JIETKO OAEpXKaTH Mepioll KpUCTANIiYHOT IPaTKH, KOPUCTYIOUHUCH YMOBOIO

Bynsda — bpera: |
2b-sin@=n) \J A{'
.4

1e b — BicTaHb MK YIIOPSAIKOBAHUMH IIOLIHHAMH. R

B B-JIHK BusiBneno T.4. 2 mepionu rpatku: 3,4 HM \!/
(kpox  cmipami) 1 034 HM  (BiAcTaHP  MiX ' ‘ b
KOMIUIEMEHTapHUMH napamu). Komnaemenmapni '
(yomcon-kpixoeceki) napu: anewin (A) — tamin (T) i Puc.24. Jugppaxyis
ryanin (I') — qurosun (11). PEHMEEHIBCOKUX NPOMEHIB

OTmxe, HA OOMH KpOK CIipali MpUXOAMThCs 10  6i0 KpucmaniuHol ipamxu
KoMIieMeHTapHux nap. CycigHi napy NoBepHyTi OZiHAa BIIHOCHO OJIHOI Ha KyT 36°.

7.2. IMIPOCTOPOBA BYJIOBA JHK

Mait
xKe BCI
PHK ckina-
JaroThCs 3
OJIHOT'O
MOJTIIHYK-
JIEOTUIHO-
ro JIaHLO-
ra JOBXH-
Horo Bijg 80
1o 200000
JIAHOK
(HyKa€0-
muoieg).

BYI'JIEBO U

BYTIJIEBOJA

Puc.25. Byoosa nanyroza Hykneinosux xuciom:

Byzneeoo — pubosza ¢ PHK abo oezoxcupubosa 6 [[HK; s
docham — zanuwox pocoproi kucnomu

azomucmi 0CHo8U — nypurosa (aoenin A abo 2yanin I') abo
nipumuounosa (yumosun L, mumin T ¢ /IHK abo ypayun Y ¢ PHK).

~
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Binpwicte JIHK ckianaroTecs 3 2-X MOMIHYKJICOTHIHUX NAHIIOTIB, 3aKpy4YeHUX OIHH

BIIHOCHO ;(pyroro. Hosxwuna: Bix 1000 oo 10® manok.
B JIHK: A, T, 11, T; BPHK: A, T, 11, V.

Pubo3a: He3oxcupudosa:
HO—CH; O OH 1o pocpary — HO—CH, O OH — 1o a30THCTOI OCHOBH
AN VAN
CH HC CH HC
AV VA AYEA
ek e
HO OH 1o ¢pocpary — HO H

[poTtunexno Hanpsmieni janiord JJHK yTBoproloTh npaBy NOABIHHY cripais,
noJiGHy 10 TI'BHHTOBHX CXONiB. BoHHM 3'¢HaHI MiDX CO0OI0 KOMILIEMEHTAaDHUMH
napamMyd. MiXX HHTKaMH MOABIHHOI cmipayii — chipajgbHi OOpO3€HKHM (BUIMKH) Ha
NIOBEPXHI MaKpOMOJIEKYJIH.

7.3. XAPAKTEP CUJI, SIKI CTABLII3YIOTB CTPYKTYPY JHK

A3OTHCTI OCHOBH B KOMILJIEMEHTApHUX I1apaX 3'€IHYIOTBCSI 3a JOIIOMOIOIO
BOJIHEBUX 3B'SI3KiB (copuzonmansvui 63aemodii). L{uTo3uH 13 ryaHiHOM 3’ €IHYIOThCA 34
JIOTIOMOTOI0 3-X BOAHEBUX 3B’5I3KiB, TUMiH 3 aIEHIHOM — 3a JOIIOMOTOIO 2-X:

I{uTO3MH — ryaHiH: TumiH — afgenin:
NHp---voemmmnn- 0 [0 JE H,N
| | | |
C C C C
7\ ' /\ /\ 11\

HC N--------- H—N C—N H;C—C N—H---- N C—N
I | | I |
HC C=0----- H,N—C C CH HC C=0 HC C CH
\/ N\ / \ / NN/

N N N N N

N
I | l
1 | 1 1

J — ne3oxcupubo3a.

Cmekinz-¢3aemo0ii (stacking) — BepTHKaJbHI B3a€MOJil CYCiAHIX a30THCTUX
OCHOB (TOOTO THX, SIKi 3HAXOIATHCS HA CYMDKHHUX BUTKaXx CIipaji), HanpsMJeH] B3J0OBX
oci cmipani. 3yMOBJieHI B3a€MOMIEI0 MiX 1HAYKOBAaHUMH JMIIOISIMH, YTBOPEHUMH T-
€JeKTPOHAMH OCHOB, a TaKOX TFiipoQoOHUMU B3aeMoIisMU. BoaHe cepenosulle
3aBASKU TiapodoOHUM B3a€MOJISIM BiJirpa€ BUHATKOBO BXUIUBY pOJjib y cTalijizawii
noasiitHoi cipaini JJHK.

7.4. OIITUYHI XAPAKTEPUCTHUKH HYKJEIHOBUX KHCJIOT. T'IIIEP-
XPOMHUWHA E®EKT I KPUBI IITABJIEHHS JTHK

3aBAsKH a30THCTHM OCHOBaM HYKJICTHOBI KHCIIOTH NOMNIMHAIOTh Y @, yTBOPIOIOYU
CYUIJIBHY IIMPOKY CMYTy MOTJIMHAHHS 3 MAKCHUMYMOM HPH Ama=260 HM. [Tornunahns
Ha 1Ii¥ TOBXHHI XBWIi IIOB'SI3aHO 3 T — T¥-NepexojamH.




Biogizuxa nyxneinosux kuciom ' 65
IIpu 3pocTaHHi TeMIepaTypH BiJ
ximuatnoi (298 K) no 355 K (82°C) D,
BIIOYBa€ThCSl  TEIIOBA ,ueHaTypau.isI \ 7N NeHaTypOBaHa

JHK. [lenarypauis — wLe Iepexin \/HaTI/IBHa
cripane — KiIybok. llpu wnpomy
ONTHYHA TYCTHHA 301NbIIyeTHCS Ha ‘
30%. lle  sBuile  HAa3UBAETHCA 260 ~ )\ HM
2inepxpomHum eghexkmom. 3MEHIICHHS |
MOTJIMHAHHS nperapariB JHK
Ha3WBAETHCS 2IHOXPOMHUM e()eKmoMm.
Banexnicts ontuunoi ryctuan JHK mpu A, =260 HM BlI TeMmepaTypu
HasuBaeThes kpuBoro masienHs JIHK. Temnosa nenatypanis JHK BinOysaerhbes y
BY3bKOMY TEMIIEPATYPHOMY iHTEPBAJI i CyNPOBOIKYETHCS TiepXpoMHHM edextoM. [1o
kpuBii mnaBienHs JHK MoxxHa BH3HAUMTU ii memnepamypy niaeneHna. lle —
TeMIlepaTypa, IIPH SKiK rinepXpoMHHA eQeKT Jocsrae MOJOBUHU CBOE] BEJIMYMHH.
TemnepaTypa IIaBIEHHS € BXIUBHM [IOKa3HHUKOM YIOPSIIKOBAHOCTI 1
temneparypHoi criiikocti JIHK. Excnepumen-
TaJTbHO BCTAHOBJEHO, IO TeMIlepaTypa ILIaB- m
nenus T, ninikiHo 3anexuts Bim MojspHoi Ty -

yactky X ['Ll-nmap 8 IHK: /
| To=TarH(Tri—Tan)X ’

Tar—-

Puc.26. I'inepxpomnuii egpexm JJHK

Tat — Temnepatypa miaBneHds AT-nap,
Ty — TeMinieparypa TaB/IeHHA I'l[-nap. 0 1

Excrpanonsauis go X=0 pgaec Tar=342 K
(69°C). Exctpanonsuis no X=1 nae Tr =383 K
(110°C). Yum Oinbma uactka ['Ll-map, TuMm
crivikima JIHK no aenarypauii.

v

Puc27. 3anexcnicmo
memnepamypu nnaenenusn JJHK
8i0 monapHoi yacmku I 'L{-nap

7.5. KPYI'OBHH IUXPOI3M JHK

PeHTreHoCTpyKTYpHMIA aHali3 J03BOJISi€ BHU3HAa4aTH IPOCTOPOBY CTPYKTYpPY
cuipani JHK y kpuctaniyHoMy CTaHi, ajie He JJae MOXKJIMBOCTI BUBYATH il CTPYKTYpY B
po3unHi. Haitbineiu npuaatHuii s nuporo meton — meron KJI.

A-dopwma: B-dopwma: C-dopma:
(O] e C
70 6] 280 L©]
/ + ™ + N\
N _ \_/' h
245 245
220 260 300 220 260 300 220 260 300

Puc 28. Cnexmpu K/ piznux ¢popm THK

KJI mnisok JITHK 3MiHIOETBCS NP 3MiHI BOJIOTOCTI Ta 10HHOI CHIIMA. 3@ CIIEKTPOM
KJI neBimomoi [IHK, kopuctyrouucs ¢opmysnorwo (4.1), MOXHa BHU3HAYUTH YaCTKy
KoxHoi 3 popm JTHK, siKi BXOOATH y MAaKpOMOJIEKYJTY.
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7.6. EKCIIEPUMEHTAJIbHI TOKA3H PI3HUX KOH®OPMAIIU JHK

Kondopmauii JIHK Mox1Bi 32 paxyHOK HEBEIUKHX 3MiH Y (ypaHO3HOMY KiJblii
Ne30KCUprO03U. 3a JONMOMOro PEHTTEHOCTPYKTYPHOTO aHajily BCTaHOBJEHO, IO
KiJiblie He € abcomoTHO MIOCKUM. AToMu C; 1 C3 MOXYTh BIAXUJISATUCH BiJ IUIOLUMHHU
kises Ha 0,03-0,06 um.

a30TUCTa
OCHOBa

1o dochary
C,-engoxondopmanis: Cs-enpoxoHdopmaitis:

C-ex3oxoHdopmanin:

A3 .0C A

Puc.29. Konopmauii /IHK 3a paxyHox 3min v hyparnoznomy xineyi oezoxcupubosu

Skmo C, Bigxunsierscs B 0ik Cs, 1 niHis, sixka cnosydae C, 1 C3, IpOXOIuTh Mix
Cs 1 O, To yTBOproeThes Tak 3BaHa Cr-enookonopmayia. Skwo x C; BIIXUISIETHCS B
0ik Cs, To yTtBOprOEThCs C3-eHOoKonopmauin. Slkmo x C, Biaxunsgerbcs B Oik
npotunexHuit 1o aroma Cs, To yTBOPIOETBCS Cr-ex3oxongpopmayin. Sxuo x Cs
BIOXUIAETbC B Oik mpotunexHuit po aroMa Cs, TO yTBOproerscs Ci-
eK30KOH(popmauyia. lle npu3BoIUTH A0 3MIHM KyTa & MDK IUIOHIMHAMM KilbUs i
a30THUCTOI OCHOBH.

Sxkmo C,-ennokoHdpopmaniss abo Cj-exzokoHdopmallisi, TO OJepXKyeThcsi B-
cimeiictreo JIHK (B-, C-, T-dopmu [JHK), &=2-6°, koMIuieMeHTapHi mapu Mamnxe
nepHeH);[HKynﬂpHi Jo oci cnipani. Axmo Cs;-eHgokoH@opMalis, TO OnepXyeTbes A-
cimeiicreo JIHK (A-dopma JTHK, A- (bopMa PHK), & 36inbuyersbcs, KOMHHeMeHTale
napu po3TallloBYIOThCS MMia KyToM 20° 10 oci cripaiti.

KondopmariitHi mepexond MOXyTh OYTH BHUKIMKaHI 3MiHOIO BOJIOTOCTi
kpuctaniyaux npenapatiB JIHK, koHuenTtpauii coni B Oydepi, JoJaBaHHI Yy BOASHUMN
PO3UMH €TaHOITy.




] ' %

Pl popaen JIHK seasoms piasti xposn coipani (B - 3,36 mw, C = 3,1 ww, T~ 2,72
s, A~ 2,81 ma) | pioanl siscTani i xossmsesesrraprsis napasn (B = 0,336 ww, C -
0332 mat, T - 034 s, A ~ 0,255 1), | Ue SIERIRCTACE POMTTCHOCTPYKTYPS MM
asasisoss. | ipo soudpopaeattifin aaing coipeans vavos snsipaosasoos KL

7.7, BLIKOBO-HYKAEIHOBE MIBHABANHS

Buski | wyxaciwosi  KRCIOTH  YTROPIIOTE PONOMANITIL  NyKIcompomeion]
xosmsexce. Hlyxscocoma xpossariewy (M=240 000) secrirrs 45% Giaxy, » nifl o
sosexyaa JIHK mesessoytie 1 9 Gimoman S-1i Timin; spyc momomonol sonais (M40
000 000) micTiTs 95% Giaxy, » waouy opia mosexyan PHK maosogic 3 2130 Giacasm
oaoro Ty, Blaxs, Sk EXOSRTE Y KOMASERC, WRIVIOTRCE 1 DERIIMG TUINIKEMN
HyEaCTomOl KNCaoTi.

Y xapi siabysactaca cwres MPHK w0 sonomorown Gepaenty PHK-nosiuepasi-
Il {mpancxpunsin rexcty JIHK y vexcr PHK). Nps uwsony PHK-posissepana yimac »
nocrpomocTi aycwonizis JAHK curanal issno, ki nepenyorTs noMITEY
rpancxprinil, TobT0 novaTKY rela: a8 KOPOTKI BOCALIONIOCTI, 0L NOMMISCTICE A
SO wywsconwin
20 oMKW CHrTEARLAT AR
Tpancxpamnui,
apyra - m 25,
hoamifea
coipass JIHK ¥ — G
usosy  wicni K K K
PORLIITRCTICE | — .
A0 Ao
WY RACOTIAY Crapt Tpancapumi
MLANOMINTS KOM-
LA TPl
Tipa unosy  Puc 30 Crmimes uPHK xa domarsacoms drerermry PHK-motiweparu
JAHK wossdpoparye 3 B-popaan » A-opasy. [loTin sinsuncrica nacTymoei - | 30 moro
RLTCOMM T KosMILIeMeTapindl | 7.2

Mo saxiweenni rpancepmmgl rena cwirewsana MPHK npasyc 3 aape 30
pubocos, 3¢ siabysacracs cwren sumosipsoro Glaxa (mpescunmie). PuGocosa
npecanyeTics 30 ks WPHK | pyxosemics maoss mosinenmuamono  saensna,
MITTRNOMEM TERET KO0 % K00M0M.  Tpascaninn mosaenactica 3 indulonll - crrmery
nepaiore nennmono wnxy. [epmoo 20 MPHK spucarycrucs N-gopaissetionis-
PHK = po xogoma AYT (aacsin-ypama-ryanin) «PHK. Jlo macryngoro sosoua
npncayerics wacrynia TPHK. Asinocicsonn wmamunm Younyones - | nepaa
PHK sexoaems 3a semi pufocosn no mactynmmeft sanupox. [Mpouccom kepye
pretocomna PHK (pPHK).

Misasawns Giaxos nOTPIGMIEX BOCHIOMIOCTER ¥ WYKACTHORMX  KMCIOTRY
AARCIIOCTIACE TR YTROPEIING MAKCHMANIO! KIAMKOCT] BOTlentx W Kis i
GOXOBEME TPYTIAME  AMINOMHNCIOTHMX JATIEKIE | POITMDOWMIGE B Denwiil
nocsisoniocri  @ormcrii  ocsonases. [l nimassnm  notpifna  creparaa
BUATIORUTIAC TR NCRINX CTPYRTYPuix alysnox Glixy | myxacimonol xncaore. BLanosd yi
aiamna Gepaewty poavinysorcs v sianosi oy sosobey JIHK.

HANPAM PYXY
H’K-Ilﬂlhﬂ'ﬂ'ﬂl‘
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BIODISUKA KJAITUHHUX NPOHECIB

Tema 8. CTPYKTYPHO-®YHKIIOHAJIBHA OPTAHI3AILLISI BIO-

MEMBPAH
[1], ¢.96-108, [2], ¢.322-327, [4], c.146-162, [6], 1.2, ¢.6-16, 30-32, 37-42,
[7], ¢.165-167, [8], c.139-140

m eMOpaHld — BHCOKOOPraHi30BaHI CTPYKTYpH KIITHHU. Bimainsrors
KJIITUHY BiJi HaBKOJUIIHBOTO CepeHOBHINA. 3AIMCHIOITL O0OMIiH

iHopMariero Mi>k HUMH (BHAC/IIOK Aii XIMIYHHX PEYOBHH HA MeMOpaHy BiaOyBacThcs
pyx Oaktepil n0 ixi). MemOpana — Oap'ep i3 BHCOKOCEIEKTUBHOIO IPOHUKHICTIO. Y
MeMOpaHaX MICTATHCS MOJIEKYJSPHI TPAaHCHOPTHI CHCTEMHU. Y BHYTPIlIHIX MeMOpaHax
XJIOPOIUIACTIB BiOyBaeThCs (POTOCHHTE3, y BHYTPIIUHIX MeMOpaHax MITOXOHApiH —
okucmoBanbHe (ocopuwmoBanHs (cuHte3 AT®D). B wmemOpanax BinOyBaeThes
reHepanis GiomoreHmianmiB. OTxe, 6iodi3uka KIITHHH — Lie mepir 3a Bce (i3uka
MeMOpaH.

8.1. BUBYEHHS CTPYKTYPHOI OPI'AHI3AIIII MEMBPAH

TopimrHa Mem6pan — 61 10 HM, aje BHACHiIOK HIUIBHOI YIIAKOBKH MOJEKYJ i
BEJIMKO] IJIOLI BOHHU CKJIQIAIOTh O1JIbIIE MMOJOBHHU CYXOI MacH KIiTHHH.

Cxian MeMbpaHn: Oinku, ninigw, Byriesou (10-15%).

byznoBa Monekyn MeMOpaHHUX JiMiJiB: HEBEIHKa NOJsSIpHA TiApodiabHa IoJIoBKa
1 OBri He3apsKeHi rigpooOHi ByriIeBOHI JIAHIIIOTH.

BinpiicTe MEMOPaHOYTBOPIOIOUUX JIMIAIB NPAKTUYHO HE PO3UYUHSIIOTHCS Y BOII,
a PO3TIKAIOTBCA MO i1 MOBEpXHi, YTBOPIOIOYM MOHOMOJIEKYJISIPHHUN IIap y BHIVISAI
wiiBky. [Ipu mManiff WiTPHOCTI MOJIEKYITH JIMIAIB PO3TALIOBYIOTECS Ha MOBEPXHI BOAU
JeXayW, IMPUYOMY BYIJIEBOJAHI JIAHUIOTH CXWJIBHI JIO B3a€EMONPOHUKHEHHS (CTaH
IBOXBHMIPHOI'O rasy, pO3TSATHyTa piKa IUTiBKa), NMPH OiMBIIIH — pPO3TAIlOBYIOTHCS
BEPTHUKAJIbHO, IOJIOBKAaMH BHU3 (KOHJEHCOBaHa pilKa IUIIBKA, TBEPJOKOHACHCOBaHUIT
CTaH), py 11e OB — CTaH KoJaIcy.

I'oprep 1 I'pennens ekcTparyBalu 3 epUTPOLUTIB JIMIAW alleTOHOM, BUMIpSIIH
MiHIMaIbHY IUIOLIYy MOHOIIApy, cHOPMOBAHOTO JIIMigaMH, i TIOPIBHSUIM i1 3 IIIOLIEIO
NOBEPXHI KIITHHM. BHCHOBOK: JimiAW y KITHHHIA MeMOpaHi yTBOPIOIOTH
OimonekyisapHuil map. CTpore JOBeIeHHS OO 3p0o0IeHO 3aBASKH qudpakuii X-ray.

[ToBepxHeBUH HATAT KJIITHHH BUMIPIOBAJIH METOJOM PO3IUIIOLIYBAHHS Iijl Ji€IO
BJIACHOI Baru W MeETOJOM 30BHIIIHBOTO TUCKY. BHSBIIEHO, 110 MOBEpPXHEBHI HATAT
KIITUHA Ha KiJbKa MOPSAKIB MEHINWH, HiX y Macia. 3a JOIOMOIOI0 METOLY
MIKPOCKOINIYHOTIO IEHTPUQYTryBaHHA OOYHCICHO KOe(DillieHTH MOBEPXHEBOTO HATATY
(ans senp Mopcbkoro xaka 6=0,0002 H/M). Manuit koedillieHT MOBEpXHEBOIO HATATY
KJIITUHY O3Hauyae HasiBHICTh Y 11 ToBepXHi OinkiB (a1 Bogu 6=0,07 H/m).

3a IONOMOIOI0 METOAIB MOJSPU3aLifHO-ONTUYHOTO W PEHTIeHOCTPYKTYPHOTO
aHaJli3y BUSBIEHO, IO JIMigX B MeMOpaHi pO3TAlllOBaHi paialbHO, XBOCTAMHU
JIOCEPEIMHH, a OIKU — TaHTeHIiaIbHO JI0 TOBEPXHi KITITHHH.

BuMipsBIIM €MHICHY CKIIQZIOBY CYMapHOT0O ONOpPY €PUTPOLUTIB, OGUHCINIA TOB-
IIUHY OIMOJIEKYJISIPHOTO LIApy JIiMiAiB 3a GOopMyIIOK:
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Jlanuii MeTos1 fae 3aHmKeHui pesynsrat: d=32 A.
3a maHuMH iHIMX Meroxie: d=100 A (monspusanilino-onTuunuii ananiz), d=400
A (1m0 3amizHeHHi MONAPH30BAHOTrO TIPOMEHS).

v-C=

8.2. EJIEKTPOHHA MIKPOCKOIIISI MEMBPAH

EnexTpoHHa MIKpOCKOMis — OCHOBHE [DKepeno iHdopMalii npo OyaoBy KIIITHH i
MeMOpas. s onepxaHHs 3HIMKIB Ipemapatd BiATiHIOIOTECS OsO; KMnOg4 ToIO.
ITpu npoMy, mpasaa, He BUKIIIOUEH]I apTeQaKTH.

BaxiIuBi pe3ysIbTaTH ONEP)KaHO METOJOM CKOJIOBAHHS B 3aMOPOXKEHOMY CTaHI.
MemOpaHu HMIBHJIKO 3aMOPOXYIOTh MPU a30THIH TeMrepaTypl 1 pO3KOJIIOIOTH HOXKEM
MikpoToma y Bakyymi. Jlim cyOmimye. 3mom BigOyBaeTbCs B3JOBX BHYTPILIHBOI
rigpogobHoi obnacti MemOpanu (mocepeauHi Oimapy). Ha 3pa3ox HanmuimrooTh wIap
ByTriUIs ab0 TUTAaTHHM 1 AOCTIDKYIOTh Mijl €JeKTPOHHUM MikpockornoM. Ilpu mipomy B
MeMOpaHi epUTpoIMTa BUSABICHO TNIOOYISPHI YaCTMHKM JiaMeTpoM 110 7,5 HM — OLIKH.
IToBepxHi ckosty MieTiHOBOI MeMOpaHH B OCHOBHOMY IMIaJKI.

8.3. XAPAKTEPUCTHUKA MEMBPAHHUX JIIIAIB

Docghoniniou: ronoska — Gocdorninepua, cknagaeTbes 13 3anuiKy cnupty (R),
(dochopHOI KUCITOTH ¥ TUILEpUIy, ABa XBOCTH 3 JOBrOJIAHIFOIOBHX JKHUPHUX KHCJIOT,
olHa 3 sikux HacuyeHa (R'), iHmra — HeHacuuena (R"):

O

rmiepug —» H,C—O—C—R'
XBOCTH
o o

ronoBka —» R—O—P—0—CH, O

O <« 3anmumok ¢pochOopHOT KUCIOTH

B 3anexxHocTi Bif ciupTy po3pi3HAIOTH KijIbKa KiaciB ¢pocdorimimepuis.
Kapoioninin mictuthcs y BHYTpIlIHIH MemOpaHi MITOXOHJpii, € MOABIHHUM
bocdorminepuom.
IIpn pH=7 3amumiox ¢dochopHOi KUCIOTH 3apsmxeHuil HeraTHBHO. CHUpPTOBI
I'pyIH FOJOBOK MOJXYTh HECTH KiJIbKa €JIeKTPHYHUX 3apsliB.
®ocdoniniiy BUKOHYIOTh BXXITUBI (Di31070T14UHI i O10XiMiuHI hyHKyii Taki sK:
® apaxiJIoHOBa KHCJIOTA, K& BXOJUTH y 1X CKIaMd, € IOTepeIHHKOM (i3ionoriuHux
MOCEPENHHUKIB — MIPOCTArJIaHINHIB, TPOMOOKCaHIB, JTEHKOTpPieHIB;
e dochartununinozuron-4,5-gudocdar BiAirpae BaXIUBY poJib Yy Mepeniadi CUTHAIB,
Bl peLieniTopiB MeMOpaHH BCEpEeNUHY KIIITHHH;
e y cymimi 3 OigkaMu KamblieBoro Hacoca ¢ocdominign MOXYyTh YTBOPIOBATH
IyXUpIi, 3/JaTHI HAKONMMMYYBaTH Kaibliil y npucyTHocTi AT®;
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® CTBOPIOIOTH HETaTHBHHU MOBEPXHEBHH 3aps] MeMOpaHH, IO 3anofirae 3IMNOaHHIO
MeMOpaH i CIIpUsi€ 3B'I3yBaHHIO OPraHiyYHMX i HEOpraHiYHHUX iOHIB.

Coinzoniniou ue Mictate ruineporny. CknajgaloTbes 13 3aIUIIKY
IOBrOJIAHLIFOTOBOI  XKMPHOI KHCJIOTH, 3QJIUINKy JOBIOJIAHIIOTOBOTO aMIHOCHHUPTY
cthinrosuny abo HOro MOXiAHOTO i 3alMIUKy cHUpTy noJspHol rososku. Ilomspna
rOJIOBKa MpHEAHAHA IO TiAPOKCUIBHOI TPy CHIHrO3MHY, a XKHUPHA KUCIOTa YyTBOPIOE
aMiJIHUH 3B'I30K 3 aMiHOTPYTOIO. '

Tpu knacu chinroniniais: cinromieniny, nepebpo3uam, raHrII03UIN.

Cepinzomieninu — wabinpoctimi ¥ HalnomwmpeHimi cdidroninigy. HasBHICTb
dochoxoniny abo ¢ochoeraHosaMiHy B TONOBLi, TOMY IX MOXXHA BIJHECTH MO
docdominigis. 3a cBOIMH OCHOBHUMH BJIACTUBOCTSMH BOHH OJM3bKiI MK COOO0I0, MalOTh
OJTHAKOBUH eNeKTpuuHuil 3apsn. [IpucyTHi y OinbmIocTi MeMOpaH TBapUHHMX KIIITHH,
0COOJIMBO B Mi€JiIHOBUX OOOJIOHKaX HEPBOBUX BOJIOKOH.

Ilepebpo3uou maiots ofguH abo KibKa 3aJIMIIKIB LIYKPY B MOJSpHiH ronosui. I a-
JIaKmouepebpo3uou MicTITbCS TOJOBHUM 4YHHOM Yy MeMOpaHaX KIITHH MO3KY,
2/1l0Kouepeopo3udu — B MeMOpaHax 1HIINX KJIITHH.

Ianzniozuou — waiicknagniun chinromimian. Jlyxke BeNIHMKI TMONAPHI TOJOBKH
YTBOPEHI KiJbKOMa 3aJIUIIKaMH IYKpiB. MIicCTSTbCsl y cCipii peYOBHHI MO3KY.
[aHrmio3umy — BaXJIWBI  KOMIIOHEHTH CHeHM(IUHAX PELeNnTOPHUX  JIISHOK,
PO3MIIIEHWX Ha I[IOBEpXHI KIITHHHHX MeMOpaH, Je BiOyBaeTbCs 3B'S3yBaHHS
HelpoMeJiaTopa y mpoiieci XiMivHO1 mepefadi iMITyJIbCy Bii OAHI€] KJIITUHU A0 1HIIOI.

8.4. BIJIKHM MEMBPAH

MemO6panHi 6iKH 30IHCHIOIOTH TPAHCIIOPT, Nepenavy iHgopMallii, HIEPEeTBOPEHHS
eHeprii. lloginsioTecs Ha GepMEHTAaTUBHI, TPAHCIOPTHI, PEryJsaTOpHi, OIOPHO-
OyniBenbHI. B 3ajexHoCTi Bia cTeneHs rigpodoOHocTi OLIKH 4acTKOBO abo MOBHICTIO
3aHypeHi B JimiaHui map meMmOpaH. Ilepughepiiini 6inku yTpuMyIOThC B MeMOpaHi 3a
paxyHOK ciabux B3aeMoOIii, iHmezpanbhi — CcwIbHO 3B'sa3aHi. [lepudepiiini Oinku
MeMOpaH 4acTo MPUENHYIOThCS JIO MOBEPXHI 1HTErpajJbHUX OLIIKIB.

Mienin (i3omor0ua 000JI0HKA HEPBOBHUX BOJIOKOH) B OCHOBHOMY CKIIQJIA€ThCS 3
JMiAIB i3 XOPOIIMMH i30JAIIAHUMU BJIACTHBOCTAMH, OinKy Mictate 18%. VY
BHYTPIIIIHIX MeMOpaHaxX MITOXOHIpiH 1 XJIOpOMIacTiB, siKi OUIBII aKTHBHI i MIiCTATH
HAacoCH, KaHaJi, PelenTOPH, MiCTUTECS 10 75% OiNKy.

[Tepudepitini 611KM MOXKHA BUAUIUTH METOJAMHU M'K01 0OpoOKH (eKcTparyBaHHS
po3zunHoM NaCl), iHTerpangpHi — TUIBKH 32 JONOMOIOIO AETepreHTy (IoAeluncyibhar
HATPIIO TOIIO) a00 OPraHidHOro PO3YMHHMKA.

Ha nmoBepxHi iHTerpaibHUX O1JIKiB 3HAXOAATHCS TiApodoOHI TPy aMiHOKHCIIOT-
HUx 3anuiikiB. Ha mnoBepxHi nepudepiiinnx OinkiB — TiApodinapHi rpynu, 3a
JIOTIOMOTOI0 SIKMX BOHH IIPUTSATAIOTHCS IO MIOBEPXHI MEMOpaHHu.

Hesiki O6inku onepkaHO y YHMCTOMY BHUIJISIAL 1 30epiraloTh CBOIO AKTHUBHICTH Y
PpO34MHi 3 AeTepreHToM ((hoTOpeleNTOPHUU O17I0K POJOIICHH 13 MeMOpaHU CITKiBKH ).

8.5. MDKMOJIEKYJSPHI B3AEMO/II Y MEMBPAHI ?

Jinio-ninioni B3aemonil BHHHMKAIOTH Yy MeMOpaHHUX CHUCTEMaX BHACIHIJOK
HEOMHOPIAHOCTI JimigHoro ckmany. Po3risHeMo cucreMy 3 ABOX KOMIIOHeHT A i B.

\
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SIKLIo eHeprii B3aeMoAii MiX OJHAKOBHMH JIiMiXaMU Ta MiXK Pi3HUMH — OJIHAaKOBi, TO B
CHCTEMi KOMIIOHEHTH OyAyTh PO3INOJiNEHi pIBHOMIpHO, B iHIIOMY BHII[Ky JilTiau
OyayTh PO3ALIATUCH Y IPYIH i TAKKM YMHOM 3POCTaTHME BIIOPSAAKOBAHICTh CHCTEMH.
OCKiNbKM OCHOBHMH BK/JaJ B €HEPril0 B3a€MOJii JIiMifiB 3yMOBJIEHUH B3a€MOJIEI0
BYIVIEBOJHMX JIAHLOTIB, TO eeKT po3dileHHs JimgiB Oyae Haibinbui, SKIO pi3HI
KOMIIOHEHTH CHJIBHO BiJIpi3HSIOTHCS JIOBXXKHMHOK BYIVIEBOJHUX JIAHLIOTIB. Takox
MOraHO 3MIlIyIOThCS HACHYeHi JIMiAXM 3 HEHacH4YeHMMH. Y [MX BHIIaJKax
CIIOCTepIiratoThes ABa (a3oBi Mepexoau MpH pi3HUX Temreparypax. Mix ¢asoBumu
Nepexo/laMd B CHCTEMI 3HAXOIWTHCS PO3YMH KPUCTANIYHUX OMEHIB OJIHOTO COPTY B
PIAKOKpUCTATIYHIM MAaTpHIll iHIIOro COpTy. B romMoreHHoMy po3noiuni BiOYyBa€TbCs
TIIIBKM OOUH (a30BUil nepexia.

JIinio-6inkoei B3aeMofil 3yMOBJIEHI MIDKMOJIEKYISPHUMH €JIEKTPOCTaTUYHUMHU
CHWJIaMHU 1 BOJHEBUMH 3B'si3kaMHU. [IposBISIOTECS NpH YTBOPEHHI BCEpenMHI MeMOpaHH
cneyudivHOro JiMiJHOTO OTOYEHHS HAaBKOJIO OinKOBHMX MoJekyn. Taki Jimiau
Ha3UBAIOThCS 3B'f3aHi ab0 aHYJSpHi. AKTHBHICTH (PEPMEHTIB 3aJIeXKUTh BlJ TOrO, SKi
Ainmigd BXOASTh y 1X orovyeHHs. Hanpuknan, ¢yHKIIOHaJIbHA aKTHUBHICTH POJOICHHY
3aJIeKUTh BiJl NOBXWHHU BYIUVIEBOJHHUX JIAHITIOTIB JIIMiiB; B3a€EMOJis aleHIIaTUUKIIa3H (y
MeMOpaHi MeYiHKH) 13 MeBHUMHU JliNijaMu MeMOpaH HeoOXiHa A NpOosIBy aKTUBHOCTI
KaTaJIITUYHOTO LEHTPY i YTBOPEHHS aKTUBHOTO TOPMOH-PELIEITOPHOIO KOMILIEKCY.

Binok-6inkosi B3aeMofil NPOSIBISIIOTECS Yy BUII 0O0OpPOTHOI BHYTpiMeMOpaHHOI
arperauii MeMOpaHHHUX OILNKIiB, sIKa CYNPOBO/KYETHCS 3MiHOK (QYHKLIOHANIBHOI
(GepMeHTaTUBHOI AaKTUBHOCTI cucTeMH. Tak y MemOpaHax epUTpPOLMTIB OIIKH
arperytots npu pH<S.S. Iluknu arperauii — mesarperanii BigOyBarOTbCsS Ha JESKUX
CTazlsiX KIITKOBOTO LMKy, OpH B3aeMmonii ¥ 31uTTi MeMOpaH Towmo. B ocHOBI
arperalifHUX B3a€MOJIIH — eIEKTPOCTAaTUYHI CHIIH.

8.6. MOAEJIbHI MEMBPAHHI CUCTEMHA

ITnocki biwapoei membpanu (ynimaphi) cKnajaloTbCs 3 JBOX CYLIIBHHX
JMIHUX WAapiB i3 riapohoOHUMH XBOCTaMHU, IIOBEPHYTHMH JTOCEPEIUHH, 1 MOJISIPHUMH
rojJOBKaMH, TIOBepHyTUMH Ha3oBHi. [lo obunsa ©Goku JjimigHoro Oimapy -—
MOHOMOJIEKYJISIpHI wapu OinkiB. Taky OyqoBYy MaloTh MEMOpaHU €pUTPOLIUTIB, NESKUX
OaxTepii, T1a3MaTH4YHi MeMOpaHM HEPBOBHUX 3aKiHYeHb LIypiB. Y MiliCHOCTI Ha
NOBEpXHI MeMOpaHM 3HaXOAAThCcS TUIBKH Tifpo¢inbHi Oinky, a riapodobHi
NPOHUKAIOTh y MeMOpaHy, B3a€EMOIIIOYH 3 XBOCTaMH
JIMiAiB. '

Mroniep ofepxaB IUIOCKi Gilaposi MemGpaHH
TOBILMHOMX 5-7 HM i giameTpoM | MM mtydso. BiH no-
MICTHB KpaIUIMHY pPO34HHY (ocdoimiIiB MO3Ky y
refnTali B OTBIp y Te(JIOHOBIN meperoponl, sKui
3HaxoAuBcss Yy Bomi. Ilicmsi Toro sk pO3YMHHHK
MOKUHYB BHYTPILIHIO YaCTHHY KPaIUIMHH, 3aTHIIHABCS
Oimap. Ilpoumec  ToHIIAHHS  IUTIBKH  MOXHA
croctepiratd 'y Binoutomy cBiTii. Komu ToBIIMHA
IUIIBKM CTAa€ CHIiBPO3MIPHOK 3 JOBXHHOK XBHII
najaloyoro CBiTJia, Ha TOBepxHI  MemOpaHH
BUHUKAIOTh Kbl HelOTOHA — KOJIBOPOBI TUTiBKH. billapoBi CTPYKTYpH K BUIIISIAIOTH

TedoH

pPO34HH
dbochoninigiB) PO3YMHHUK

Puc.31. Memoo Mionnepa
00epHCcants NIOCKUX
biwaposux memobpan

— T
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YOPHUMH BHACIZOK TOro, IO BOHMU [MOyXe TOHKiI 1 Di3HMLS (a3 MIX XBHISIMH,
BIAOUTUMH BiJ mOepeaHboi 3aMHBOT MOBEPXOHb, piBHa w/2. ToMy iX Ha3uBarOTh
"qyopHUMU".

[Ity4ni Gimaposi nimigHi MeMOpaHH 3a €NEeKTPUYHUMHU XapaKTepUCTHUKaMHU Ta
iHImUMA  Pi3HUKO-XiMIYHUMM BJIACTUBOCTSIMH OJM3bKi O NPUPOAHUX. MaroTh HMXUY
IIPOBigHICT, M030aBlieHi MeTaboJiYyHOI aKTMBHOCTI Ta CEJEKTUBHOCTI, ajie LUISIXOM
BBEJCHHS Y IX CKJIQJ PI3HUX aKTUBHUX 3'€lHAHb MOXHA NOOWUTHUCH 3POCTAaHHS LIHUX
napameTrpiB. Ha Takux MemOpaHax BHBYAlOTH 10HHY IPOHMKHICTb, IEKTPUUHUM OIHIp,
reHepallilo eJeKTPUIHOTO MOTEHIliaTy, MeXaHi3M Jil NepeHOCHUKIB 10HiB.

[nsxoM cTpyuryBaHHS CyxuX ¢ochoimnifiB y BOJHO-COIbOBOMY Oydepi MOxHa
onepxatu (ocdodiniani Oynpdamku (8e3uxyau), ToOTO 3aMKHYTI C(epUyHI YaCTHHKH,
SKI Ha3UBAIOTBCS Jlinocomamu. lle eHepreTM4YHO BHIIJHO, OCKUIBKH J1OCSTa€ThCS
MIHIMYM IUIOLIi KOHTaKTy Trigpo¢oOHOT moBepxHI 3 BoAOK. TakuM YHMHOM
OJIEPXKYIOThCsl OararoiapoBi (MyJIbTHIAMENSPHI ) JTIMOcOMU. BOHH OCMOTHYHO aKTHBHI,
3 IX JOMOMOI0I0 MOKHa BUMIPIOBAaTH MPOHUKHICTH JNiMiJHOTO IIapy IS Ti€l YM 1HIIOL
PEUYOBUHH.

CrpyuryBaHHSIM YJIBTPa3ByKOM MOXKHA OJIepXaTH MOHOJIaMENspHi JITTOCOMH fia-
MeTpoM 10 100 HMm.

JlinocoMu  BUKOPHUCTOBYIOTH y  OiojoriuHmx 1  MeXuUKO-0i0J0Ti4HHX
JOCITiJKEHHSIX. [XHS OynoBa 6mu3bpKa 10 Oy10BH MeMOpaH MiTOXOHPIH, TTa3MaTHYHUX
MeMOpaH pi3HUX KIIiTHH.

barato meMOpaHHuUx OiNkiB 1 (parMeHTH MeMOpaH JIerKO MOXYTh OyTH
BKIIIOYEH] y CKJIaA IOTYYHUX BE3UKYJ, $SKi Ha3UBalOTECS HPOMEOIINOCOMAMU.
EdexTUBHICTh TaKUX BKIIIOUEHB 3aJIEKUTH Bif JMiTHOTO CKIaay MeMOpaH, COJIbOBOrO
ckiany, pH, remnepatypu Toio, 3pocTa€ y IpUCYTHOCTI I€TEPreHTIB.

IIpoteosninmocoMn  HagarOTh  IIHUPOKi  MOXIHBOCTI  JUIS  JOCHiIKEHHS
(OYHKLIOHYBaHHS  0arathOX  BaXJIMBUX  KOMITOHEHT MemOpan.  OueprkaHHs
IIPOTEONINOCOM — OCTaHHIH eTam Iepej]] MOBHOK PEKOHCTPYKII€ (YHKIIIOHYIOUOT
MeMOpaHH.

8.7. ®A30BIIIEPEXOAU B MEMBPAHAX

IIpuponHi i wWTyyHi MEMOpaHH MOXYTh 3HAXOMUTUCH Y JIBOX CTaHaX: TBEPHOIO
JBOXMIPHOTO KpUcTana (2ets) i piakoi miiBKU (piokoxpucmaniunomy). B 06ox craHax
— OIMOJIEKyJIIpHA CTPYKTypa, MOJICKYJH JMiJiB MAalOTh IIiJIbHY TeKCArOHAJIbHY
YIaKOBKY, aJie 3 PI3HOIO LIUIBHICTIO. Monekyna ¢ochaTuauixoiiny y TBepaoMy Oimapi
3aiimae mromy 0,46-0,48 um?, y piaxomy — 0,6-0,8 HM® B 3aIeXHOCT] Bij CTPYKTYpH
KUPHUX KHCIOT. ToBumHa Giwapy y piakomy crani MeHma. CTaHH Bifpi3HSAIOTBCA
B'SI3KICTIO, PO3UMHHICTIO Pi3HUX PEYOBHH y JimigHid ¢asi, ¢popmoro cur"anis EITP
Towo. IIpuunHa BiAMIHHOCTEH — pi3HI KOH(OpMAIl KUPHOKUCIOTHUX JIAHLIOTIB. Y
TBEPZOMY CTaHI1 — TPaHCKOH(OpMallisl, y piIKOMY — rolmKoHbopMallisi:

C C CC C C C C—C C
/N NN \ /A I\ \/
CcC C CC C C—C C C :

Cran 3anexurp Bil TeMmrepaTypH, XIMIYHOTO CKIamy JiMigiB, CTeneHs
HaCH4E€HOCT] )KUPHOKHUCIOTHUX JIAHIIIOTiB.
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daszoBuil mepexii — KOOMEPAaTUBHMH Ipolec, TOOTO OJHOCOPTHI JIMIAH
NepexosTh B iHiny (a3y ogHouacHo. KibKiCTh MONEKYJI, AKi BXOIATb Y TaKy AUISHKY
MeMOpaHu — po3mip koonepamuenoi odunuyi. 11lin 4ac (azoBoro mepexony pizko
3pOCTA€ TEIJIOEMHICTb.

IIpn HasiBHOCTI B MeMOpaHi pi3HOCOPTHHUX JiMiJiB BiAOYyBa€ThCS MOCIHIJOBHE
BUMOPOXYBaHHsI OUIBII TYroIUIaBKMX, B pe3yibTaTi YOTO YTBOPIOIOTHCS JOMEHH B
piokiid ¢a3i. BoHr MaloTh pi3HMIA XiMIYHMH CKJaJl, HU3BKOMOJIEKYJAPHI CIIONYyKH i
OUTIKM BUTICHSIOTBCS B pigky ¢a3zy. TemmepaTypHa 3alie)XXHICTh TEIUIOEMHOCTI Mae
KIJIbKa Pi3KUX MakcUMyMiB. Take siBuile po3aiiieHHS (a3 MpH 3aMOPOXXYBaHHI MOXKeE
CYIIPOBOIKYBAaTUCh HE3BOPOTHUMH 3MiHAMHU B MeMOpaHax i OyTH MPUIMHOI 3HWKEHHS
YKATTE3NATHOCTI KJIITUH IPU KOHCEPBallii METOJIOM IIUOOKOT0 3aMOPOKyBaHHS.

Temnepamypa ¢pazoeozo nepexody (memnepamypa naaeleHHa) — TPU SKiH
I[I0JIOBUHA MOJIEKYJI JIIMiIiB BXOJIUTH y PIJIKY, a TIOJIOBUHA — Y TBepAy (dasy.

[lpuponni nimigd MicTATh HEHACHYEHI JIAHIIOTH, TOMY IXHS TeMIleparypa
minasieHHs <0, y mrydyHux — >0.

IIpn po3urHEHHI y BOAL JIMIJU YTBOPIOIOTH 13 BOJOKO BHOPSAKOBaHI ¢aszu 3
IIEPIOIUYHOIO CTPYKTYPOIO. B 3aiexHoCTI Bij KiNbKOCTI BoAU (ha3u NMepexosiTh OJHA B
OIIHY — JliomponHuil noaimopghizm. @azu ninigiB y Boxi: JaMensipHa (piauHHa a6o
KpUCTaJli4Ha), IeKcaroHajbHa, iHBEpTOBaHAa TIeKcaroHalbHAa (BOJa 3HAXOAMTHCS B
Mminenax). I'ekcaroHajibHy CTPYKTYpY YTBOPIOIOTH OJAHOXBOCTI JIiMigxd abo ABOXBOCTI, Y
SKUX BI1AOYJIOCh OKMCJIEHHS OJHOrO JIAHIFOKKA ab0 HMOro BiflNeruieHHs Mijg i€k
bepMeHTy (ocdomninazu A,, ToJi MOJEKy/Ia 3MiHIOE CBOIO (HOPMY 3 HUIIHAPUYHOI Ha
KoHIYHy. Taxi nedexTHi mimiaM, 30Uparoduch pa3oM, 34aTHi (GOpPMyBaTH MOPH, LIO
NiABUIIY€E MPOHHUKHICTh MeMOpaHu i BoaM Ta ioHiB. OTxe, MeMOpaHa BTpayae CBOI
Oap’epHi BracTUBOCTI. Take siBHIIle XapaKTepHe [Uis AEIKUX XBOPOO.

IToni6Hi a3oBi mnepexoau BimOyBalOTbCS 1 NIpH 3MiHI TeMmmeparypu -
mepMomponHui noiMopghim.

8.8. AUHAMIKA JIIIAIB I BIVIKIB Y MEMBPAHI

Y TBepAaoMy cTaHI JiMiJHI MOJEKYJIM Maibke He NepeMillyloThCs Y IUIOIIKHI
MeMOpaHH. Y piKOMy CTaHi JIMiHI MOJEKYJU LIBUIKO IMEPEMIIYIOTCS Y ILIOMIMHI
MeMOpaHH — Jiamepanvha oughysia. Koeodiuient narepansrol qudysii pocdoniniis y
memOpanax Besukys mpu 298 K — 1,8-10° cm’/c, To6TO cycimni MOneKyIH MiHSIOTbCS
micusmu 107 pasis 3a cexyHIy.

Jlinigy nepeckakyroTh i Mixk wapamu (ghin-¢ghion), ane HabGarato MoBibHilIE.

Jesiki 61ku Maike Taki ) PyXJIUBI, K i Jimiad (pOJOINCKH), IHIN — NMPAKTUYHO
HepyxoMi (Ppi6poHEeKTHH).

8.9. BUKOPUCTAHHS METOAY CIIIHOBHUX MITOK /i1 BUBUEHHSI
ANHAMIYHHUX XAPAKTEPUCTUK MEMBPAH

Curnan EIIP nae TiibkM HecnapeHUH €JEeKTPOH, ToMy y docdoimigauil map
BBOISITE CHIHOGI MIMKuU — HITPOKCUIBHI panukand. 3a ¢hopmoro curHany EITP moxua’
TOYHO BU3HAUYUTH MepeMilleHHs AUISTHKA XBOCTa, JI0 KO MPUKpiTIeHa MiTka. Y SKOCTI
30H/1a BUKOPUCTOBYETHCS] CTEAPUHOBA KUCIIOTA 3 HITPOKCUIIHHOIO TPYIIOI0 TOIIO.
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I'lpu 3pocTaHHi TeMriepaTypy 30UIBIIYETECS PYXIUBICTH MOJIEKYJI, BOHH YacTille
MiHSIIOTB CBOIX CYCifiB, B pe3yNbTaTi JIOKalbHe MAarHiTHe IIONe Ha HECIapeHOMY
€JIEKTPOH] YCepEeNHIOEThCS (€IEKTPOH HE BCTHUTra€ MOTJMHYTH KBAaHT MarHiTHOTO MOJI,
4acToTa SIKOrO CHUJIBHO BIIXHIISETHCS Bif pe3oHaHcHoi). Tomy ninis EIIP 3ByXyeTbhes.
IIpu 3MeHIIEeHHI TeMmepaTypd MOJIEKYJIH MaloThb pi3He, aje crabilbHe OTOYEeHHS, 1
KOXXHa 3 HUX MOITIMHA€ KBAaHT MarHiTHOro IOJs BIacHOI pe30HaHCH01 gacToTH. Tomy
niHis EIIP yummproerses.

3a pomomororo Mmetony EIIP Bu3HavueHa IMIBHAKICTH JiaTepalibHOT maudy3ii
dochonimiaiB y MeMOpaHax BE3UKYIIL.

8.10. I'IMMOTE3A KIHKIB

PosramoBani mopsin roum-koHdopManii MOXYTh YTBOPIOBATH IOPOXKHHHH —
KIHKU, y SIKi IOMaIal0Th Pi3HI MoJieKynu. 3MiHa KOH(OpMaIlil JTaHIFOTiB IPHUBOIUTE 10
PYXy KiHKiB pa3oM i3 BKIIIOYEHHSAMH Y TUIOLIMHI MeMOpaHH a0o BIOIEPEK MeMOpaHH.
Takum YUHOM MOXe
3A1HCHIOBATHCH Tpaucrioptr C—C C C
pPEYOBHUH Kpi3b MeMOpaHy. / WA [

ITpu yTBOpEHHI KiHKa ede- ccceccecg [
KTHMBHa JOBXXHWHA JIaHLIOra 3me- /\ /N —’@
Huyerses Ha 0,127 HM, yacTHHa ( C C ¢C —L

JaHUora BiicyBaeTbes Ha 0,15 /

HM, 3arajibHuii 00'eM MOJIeKynH C—C

miminy 3pocrae Ha 0,025-0,05 Puc.32. Kiuxu 3 monexynramu 6cepeouni Hux.
3

HM.

8.11. MOJEJI CTPYKTYPHOT OPTAHI3AIIIi MEMEPAH

Piounno-mozaiuna mooens: niniguuit Oimap (MaTpuKC) 3HAXOAUTHCS B PITKOMY
CTaHl, y HbOMY IUIaBalOTh YaCTKOBO 3aHYpPEHi iHTerpalibHi Oinku, a nepudepiiini — 1o
nosepxHi. Ha moBepxHi iHTerpampHUX OLIKIB — riipodoOHI rpymH aMiHOKMCIOTHHX
3anuIuKiB. ByrmeBoau npuenHaHi no OUIKIB 1 JIMIAIB, ajle TUIBKHA Ha 30BHIIIHIH
OBEpXHI MEMOpaHHU.

MeronoM eneKTpOHHOI MIKpOCKOMii oOJep)KaHO 3HIMKH MeMOpaH y BHI
TPUINAPOBUX CTPYKTYp TOBIWMHOK 10 HM. 3riiHO 3 ULUM CTBOPEHO MOOe1b
acumempuuHoi mpuwapoeoi memOpanu: OINKH PO3rOPTalOThCA Ha IIOBEPXHI
6inimiAHOTO APy, a Ha 30BHIIIHINA MOBEPXHi — e H MOJIEKYJIH IIIKOPOTETHIB.



Tparcnopm pevuosun uepes biomembpanu 75
TEMA 9. TPAHCIIOPT PEHOBHUH YEPE3 BIOMEMBPAHU
[1], c.22-23, 122-123, [2], ¢.80, 329-331, [4], c.27-30, 162-169, [6], 1.2, c.50-54,
[7], c.161-165, 177-185, 277-286, [8], c.101-111, [12], ¢.211-212

AcuUGHUI MPAHCHOPM HE TIOB’SI3aHUI 13 3aTPaTorO KIIITUHOK XIMIYHOI
eHeprii. [lepeHoC HeeNeKTPONITIB 3yMOBJIEHHH TPa/iicHTOM XiMIYHOTO

MOTEHIially, IEPEHOC 10HIB — IPaJi€HTOM eJIeKTPOXiMiYHOro MOTEHI{aNy.

Tunu nacuenozo nepeHnocy:

1) mpocta nudy3is yepes ninigaui Gimap;

2) mepeHoc 4epe3 nopu (KaHaiu),

3) 32 [OMOMOrol IIEPEeHOCHHMKIB 3a paxyHOK audy3ii mepeHOCHHMKa pa3oM i3
PEYOBUHOIO (pyXJIUBUH TepeHOCHHK) abo ecrtadeTHOi mepeaadl pPevOBUHHU BiA
OJIHOTO MePEeHOCHUKA JI0 1HIIOTO 10 TUMYACOBOMY JIAHIIFOTY BIIOTIEpeK MeMOpaHH.

IIpuxnaod nacuenozo mpancnopmy: pyx ionie Na' i K uepes yumonaazmamuumy
mMemMOpany Hepeo8uUx 8ONOKOH NPU ROWUPeHH] nomenyiany Oil.

9.1. TPAHCIIOPT BOAMA

ITpOHMKHICTE KIIITHH JUISL BOIM y>Ke BEeJUKA.
IIpoHuKHEHHS BOAM 31MCHIOETHCS:

1) BHracminox ougysii uepes nopu, chopMoBaHi iHTerpaJbHUMH OiTKaMU MeMOpaHHu.
HIBuakKicTs audy3ii BUMIPIOETHCS MPU OAHAKOBUX OCMOTHUHUX TUCKAaX BCEpEUHI i
30BHI KJIITUHU. [[)1si BUMipIOBaHHS KOHCTAHTH NPOHHUKHOCTI BUKOPHUCTOBYIOTH BaXKKYy
Bosty: DHO, D,0, THO a6o H,0'®. IllBuaxicts audysii nponopuiiina miowi mop.

rinD
/

Koediuient npouukuocti: P = e N — KUIBKICTh KaHajllB Ha OJUHUIIIO
b

IJIOLII MeMOpaHH.
2) 3a paxyHOK pi3HHUIII OCMOTHYHHX TUCKIB — ghinbmpauyin. 11IBUOKICTE IEpeHOCY BOIH
BHUMIPIOEThCS 3a MIPUPOCTOM Baru abo 00'eMy KIiTUHH. 3rijgHO 3aKkoHy [lyaseiis:
av '
—=—A
dt  8nl
KOHCTaHTa (GiNbTparifiHoi TPOHUKHOCTI IpomopILiliHa 4-My CTeHeHIo pajiyca IIop.
Slkmwo paaiyc mop <5A — nudysis nepesaxae Hajx QinbTpalieio, AKIIO pamiyc mop
>5A — maBnmaku. Ilicns BnpuckyBaHHs Xabi TTYiTpuHY (FOPMOHY 3aIHEOT JOII
rino¢iszy) 3pocrae giameTp mop IIKipH, GiIbTpallis 3pocTae CUiIbHIILE, HiXK Audy3is,
1 Maca >xabu 30UTBLIYETHCA 3a PaxXyHOK MPOHUKHEHHS BCEPEAMHY BOAM — peaKiiis
bpronna.
3) Y HanpsMKy, IPOTHJIE)KHOMY OCMOTHYHOMY I'Da/IiEHTOBI, 32 paxXyHOK Pi3HMII IiIpo-
CTaTUYHUX TUCKIB — yrempaghiiempayis.
OcMOTHYHMIE THCK KpOBi cTaHOBUTH 7,8 atM. BogHouYac 3 OCMOTHYHHM THCKOM
MDK KpOB’I0 ¥ JiM$or0 iCHY€e TiApOCTAaTUYHUI THCK BHACIIIOK poboTH cepus. Bonu
BPIBHOBaXXYIOTbCSl B LIEHTPAJIbHIM YacTHHI Kanijsipa. B apTepianbHiil ALISHLI Kaninspa
TiAPOCTATHYHMIT THCK IepeBa)kae Hal OCMOTHUHHM, TOGTO NepeBaxae yibTpadinbrpa-
15, 1 MOJIEKYJIM BOJH BUTICHSIOTHCS HA30BHI; Y BEHO3Hill — HABIAKH, NepeBakae (iab-
TpaLis, i Karmiygp 36aradyerbcs MOJIEKyJIaMU BOJIH.
Takuil cTallioHapHUN CTaH MOXeE MTOPYIIyBaTUCh:
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©y - FnCproivosy ey —}»
CTANI  MLARNIYCTLCE g ' -

o npn  wrparax  kposd, | xivews KN
BAORONIN cranax, | (yawrpadiarpagin) (b Tpatis)

oflikax, mposeweniil .
- P Puc. 33 Cxevamiromind noxan pyxy eode sidwocwo aniuga
ocvonwnil  rwcx  xposi.  lipowenona xeopola  MHKIMKSC  SenOaiMepIIALDO
MYNOMOTICAXIPILTIN TA BPOCTRHNE (POMMKHOCTT CTIOK KL, 1§ PEIYALTETI 400
MICOKOMOSEXY IXPHI CHOTYEN MPOXOINTE 11 KPosd ¥ Al ninnmdl npocip.

4) 33 paxynox eICKTPIIIOND MPATICNTE ~ EIKIMPONCMOC,

Ha mexi poraisy amox cepeaomin mowe wiabymarnch aicopbuin Ha wewi
POLIAY THEPIS TIS0 — PUINNS MOMENEY MoseEyIspia obo jowns
Bracsipox ancouianil y poai nps il resneparypl mictTamics no 10 uum
bostin H' i OH na | mous poranry. Hxmo nosepron ascopents japrasena, 10 1
it agcopbysomuen osm mpoTHATENOND waxy. Hxmo = i, 1o W0 1 rpamUoM
KROHIS BOMITHENO TPWIKSCTRCE T3 1 KON IRKTYIONHK DORCX0NL, w3 war Glauury
Ziesextpiriny nposnmicye. [l somm e=81, paw Glaumocti rsepix pesonsen =1,
OTHC (PN KOWTAKT! BOJH 1 TREPIINM TLI0M BOIS MPATAMCTECE NONITHEND, & TREpEC
TEW = merarmmo siacaiyon ancopOuil OH", Taxsw wunos ma nosepsih porairy
COPC ORI mona Do oo cackTpaemmh map.

Asumse exexvpoocnocy siaxpirre @ Peficcomr » 1808 p. Bin peperopoins
msano wacriny U-noxifmol 1pyGus 3 so3os0 ssapuonsiu mickos | ssie ¥ tpylen
eaexTpoan. llpn usosy BO32 BHACALION CROMD DOMMTHENOMO MPLIY MLINESACH ¥
YO 3 aToson. B PO NAPOCTITINGGBIX THCKID.

Hanupe cackTpoOCMOCY MAC (HHPOKE HPAKTHMNEG ISCTOCYRMIINE ¥ POLECcax
IHEROINCHIN BOPICTIN Marepiasing Y Meunimi CorkTponcuos EOnie Tony wr,

P s g e s
) L

92. KOHCTAHTA CTABEPMAHA

PorAmIes0 NOCYINNY 1 POTINNOM DCIORINN Y BOIl, POULSCHY IOCEPEA
senbpawoso, | lexaft mutmrrp-n- PO
pewORMItE B BOCY eNax M, HI‘. . TIPITNOATY, BOIIM
M0 Mim OG0 MIPIINOTICS, & PiRCis POYETY
m mimill BOCY/UNN  CPCIIIYT  PIRCIL  POTNIITY ¥
npasill pocy . Dracainos o wa pesossny |
A BOJY JNOTE CHAN, IYMORICHI PONRUCK Kow-
peuTpasiifl | PINGIISO FSPOCTITIMGGEX TIOKIR,
Cusa, sxa Jic ma peomsry 38 Paxymox
plasin oSO PRI, sUtecona W sl
Puc 34, locyouna 3 poramos.  paomi  weswbpant, pissa  pIwsmi  OCMOTHMHML
POrOiRenit messGpanon THCKIN Y INOK BOCYIMMEN, | nanpesscia Lrina
RATIPABO:
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F
L =Azx

-

Cwuna, sixa Jiic Ha BOJly 32 PaXyHOK pi3HHMI[l KOHIIEHTpaLliif, BiIHEeCEeHa 10 OAMHMLII
ILTOILI MeMOpaHM, TaKOX PiBHA Pi3HULII OCMOTHYHUX THCKIB y BOX ITOCYAMHAX, ajle Ha-
npsiMJieHa Y TPOTUJIEXXHUHN OiK:

F
—=-Ar
S

Cunm, sKi IilOTH Ha PEYOBMHY U BOMY 3a paxyHOK pi3HHUIl TiAPOCTaTUYHUX
THUCKIB, BifiHEeCEH] 10 OAMHUI IO MeMOpaHH, piBHI Mixk co0OIO i criiBHANIPSMIIEHI:

F
A
S p

OTxe, HAa PeYOBHHY Ji€ cymMapHa cuiia Ap+Am, sika CIpUYUHSE NOTIK PeYOBUHH
yepe3 MeMOpaHy, IPUUOMY LIBUAKICTh V, MOTOKY 3aJI€XKUTh BiJl IPOITYCKHOI 31aTHOCTI
MeMOpaHu Ui pedoBuHd. Ha Bomy nie cymapHa cuna Ap—Am, sika CIpUYHMHSE MOTIK
BOIU uepe3 MeMOpaHy, MPHUYOMY IMIBHAKICTh V; MOTOKY 3aJIeXKUTh Bl NPOMYCKHOI
3aTHOCTI MeMOpaHu AJis BOJH.

CucreMa MOCYIHUH BOJIOMI€ BiIJTBHOKO €HEPTi€l0, Ka MOCTYIIOBO MEPETBOPIOETHCS
B poOOTy IIpHM IEpeMilleHHI peYOBUHH Ta BOAM 3 OAHi€l MOCYAWHM B IHIIY, TOOTO
BinOyBaeThes i oucunayia. JlucunatuBHa QyHKUis, SIK BiIOMO 3 T€MH 2, JOPIBHIOE
IIOTY>HOCTI MpoIlecy AUCHUTIALIIl eHeprii:

jTO’dX =(Ap+ A7Z)Vp +(Ap-Azlv,
Ii MoxxHa nepenucary iHaKIe:
ITo-dx = Ap(vp +v, )+ A7Z'(Vp - VB)Z ZJka
k

Orxe, SIKILO y SIKOCTI y3arajJibHeHUX cuI BUOpaTH Ap i An (110 OifbII MPUPOJIHO), TO B
AKOCTI y3arajJbHEHHUX IOTOKIB CJIiJT BUOpaTH:

Jy=v,+v,
JD:Vp—VB 6.1
Jv — Tak 3BaHUl 00'eMHuil nomik, SKV BUHUKAE BHACIIJOK Pi3HHII T'iIpOCTATHYHUX
THCKiB, TOOTO TIOBHHIA TIOTiK PO3UHHY Yepe3 MeMOpaHy,
Jp — Tak 3BaHUN Ouy3ziiinuii nomik, sKA BUHUKAE BHACTIOK Pi3HMII KOHLICHTPALIIMH,
TOOTO MOTIK PEYOBHHH BiTHOCHO BOJIH.

Axwo 6 i noroxku Oynu He3alexHi, To 06’eMHUH NOTiK O6yB 61 MPONOPLIHHUM

J0 CBOE1 y3araJbHEHOI CHUJIM, TOOTO A0 Pi3HUII TAPOCTATUYHUX TUCKIB, a TUDY3iHHUK
notik 6yB OWM NpOMOPIIHHMM [0 CBOEl y3arajbHEHOI CHIH, TOOTO [0 pi3HHII
OCMOTHYHHUX TUCKIB. AJle MOTOKH Jy 1 Jp — CIpsiKeHi, TOMY KOXHHM 3 HUX 3aJIeXKUTh 1Ie
¥ BiJ1 IHIIO! y3araJibHEHO! CHJTH:

Jy =L, Ap+ L, Ax

J, =L, Ap+ Ly, A 9.2)

IIpuuomy, 3rigHo cniBBinHOEeHHIO OHcarepa (2.7): s
Lvp=Lpyv
Po3rasiHemo Taki BUnaaku:
1) Hexaii rimpoctaTiuHi THCKHM OHAKOBI 10 00M1Ba 60k MeMOpanu: Ap=0. Toxi:
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Jy =L, Ax
Jp =LypAm

Otxe, pi3HUISA OCMOTHYHHX THCKIB BHKIIMKA€ He TiNbKU AU(DY3iHHUHA NOTIK (HMOTIK
PEYOBHHH BIJHOCHO BOAW), ajie i MONATKOBHH 00 €MHHI MNOTIK, KU Ha3WUBaIOTh
ocMomuuHuUM nomokom. Lyp — Koeghiuienm ocmomuunozo nomoky, a Lpp mae
3MiCT HIBHJKOCTI MOTOKY PEYOBHUHU BiJHOCHO BOJH IPHU Pi3HHUI OCMOTUYHHX TUCKIB
Ap=1TIla.

2) Hexali KoHIIEHTpallis peYOBHHU OJHaKoBa no obuaBa 60xu MeMbpanu: An,=0. Toxi
An=0 i:

Jy =Ly, Ap

Jop=LpyAp

OTmxe, pi3HUIA TUCKIB BUKJIHKAE He TUIbKH 00'€MHUH, ane U qudy3idHuN NOTIK, AKAH

IPUBOJUTH A0 MEPEPO3NONiTy peuoBUHU (yabmpadhinempauin). Lyy — koeghivyiecnm

¢inempayii (MpUpiCT MBUAKOCTI PO3YMHY HA OJWHHULIO PI3HUII TiAPOCTATUYHHUX

TUCKIB), Lpy — Koegiyienm ynempaghinompauii (NpupicT IBHAKOCTI IMOTOKY
PEYOBHHM BiJHOCHO BOJH Ha OAWHHLO Pi3HHIII TiAPOCTATUYHUX THUCKIB).

Koncmanmorw  Cmaeepmana  Ha3UBaeThCsl  BIOHOLIEHHS  Koe(illl€HTa

OCMOTHYHOIO NOTOKY abo koedimieHta ynprpadinpTpanii 1o KoedilieHTa QuibTpaLii,

B3SIT€ 3 POTHJICKHUM 3HAKOM:

(9.3)

= Lyp __ Lpy

LVV LVV
Po3znanemo oemanbHinie 6Unadok 2:

2.1) ko membpana 0OHAKOB0 NMPOHUKHA OISl PEHOBUHU | ONIsL 800U, MO Y BUNAOKY

Anp=0 MAEMO:

Vp=Vg
IIpu yvomy eeco 06'em po3uuHy npoxooums kpize membpany 6e3 3MiHU
KOHYenmpayii:
JD=LDvAp:O
: LDv:O
Huysitinuii nomix Jp=0 — ye o3Hauae, wo nepemiuyenns NOMOKY peyoSuUHU

8I0HOCHO 800U He 8iobysacmuvca. Koncmauma Cmasepmana y yoomy sunaoxy 2=0.
2.2) Axwo membpana abcontomHo HenpoOHUKHA OISl peyosuHU (I0eanbia HaniBNPOHUKHA

membpana), mo npu 6yov-axux Ap i An, maemo:

v,=0

JVZVB

J D™ Vg .

Ak bauumo, 06’ emHull NOMIK 3YMOBIEHUT BUKIIIOYHO NOMOKOM 800U, a Ou@y3itnuil
~ HOMOKOM HEPYXOMOI peiO8UHU 8IOHOCHO PYXOMO20 NOMOKY 800U.

3 (9.2) maemo:

Jy +Jp :(LVV +LDV)Ap+(LVD +LDD)A”:0 9.4)
Ockinoku 3a ymogorw Ap i An — 6yOv-axi, mo pienicmo (9.4) euxonyemvcs npu
VMOS8
. Lpv="Lyv

3siocu:
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LVV
Jlecko b6auumu, wo y yvomy eunaoky Lyp=—Lpp i An=—Ap, mobmo ocmomuunuu
MUCK 3a 8eMUYUHOIO pieHUL 2i0pocmamuuHoMmy | Oie 8 npomunesxcnu 6ixk (60HuU
CKOMHNEHCO8YIOMb OOUH 0OHO20).

2.3) Axwo npornuknicms memopanu 018 800U Kpawya, HidC Ol peYO8UHU; MO Y BUNAOKY
An,=0 maemo:

Vp<Vy
3(9.1) i (9.3) ooepaorcumo:
v, +V,
Ly=——
Ap
vV, -V,
Ly = <0
Ap
Omorce:
vV, -V
eg=——7L
v, + Vo
NPUYOMY:
O<z<1
Omxe, koncmanma Cmasepmana — uye Koeivienm 6i0OUGAHHA pevosUNHU

MeMOpAHOI0 no GIOHOWIeHHI0 00 6i0busanna eoou. Koncranta CraBepmaHa €
MIPOIO CeJIEKTHUBHOCTI MeMOpaHHu. {11 MeMOpaHH, sika iiealbHO IPOIYCKAE BOAY:
| 0<ze<1
KoeodiuienT BinOuWBaHHS MOYOBHHH Ha MeMOpaHi e€pHTPOLMTIB roauHu &=0,62,
eTwieHrnikomo — 0,63, ameramimy Ha MeMmOpaHi KJIiTHH IKipu xabu — 0,89,
TioMo4oBHHH — 0,98.
2.4) Axwo membpana abcontomno HenpOHUKHA O 600U, mo npu 6yob-akux Ap i An,
MAEMO:
v=0
Jv=Vp
: JD':Vp
Ak bauumo, 06'emuuii nNomik 3yMOBIeHUl UKTIOUHO HOMOKOM PeYO8UHU, A OUQy3iti-
HUL — MUM CaMUM NOMOKOM PYXOMOI peyo8UHU 8I0HOCHO HEPYXOMOT B0OU.
3 (9.2) maemo: ’

Jv =Jp :(LVV _LDV)Ap+(LVD _LDD)A”:O 9.5)
Ockinvku 3a ymoeoro Ap i An — 6y0v-saki, mo pisnicme (9.5) euxomyemocs npu
YMOSI:
Lpv=Lvv
3siocu:
o &=— Lov _ -1
Ly -

2.5) Axwo npornuxnicms membparu 05 600U 2ipuia, HIdHC ONsL PeHOBUHU, MO Y 8UNAOKY
Ang=0 maemo:
o
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3(9.1) i (9.3) ooeporcumo:

v, +v,
vv — Ap
V. —V
Ly=—"—->0
Ap
Omonce:
o vV, =V,
vV, TV,
npuvYoOMy:
—1<2e<0

L]eti sunaoox peanizyemocs npu 6i0’€MHOMY AHOMATBHOMY 0CMOCI.
9.3. PIBHSIHHSI TEOPEJUIA. PIBHSIHHS ®IKA

PiBusinua Teopesna:

Ilotik peyoBunn = Pyxausicts X Konuentpanis X IMosua pywiiina (9.6)

VY Bunmanky mnpoctoi Audysii NmoBHa pylIifiHa cujia — Tpaji€eHT XiIMIYHOTO

MOTEeHLiaTy e Toni piBasiHHS Teopeiia 3anUIIETHCS TaK:
' d
J=-Un-£
dx
MOTb
J —norik, [J]=——,
M -c
2
M* - MONb
U — pyxaueicme, [Ul=——— ,
Joic - ¢
) MONb
N — MOJIAPHA KOHIEHTpaIlis pedoBuHy, [1] = ——,
M
3HaK "-" — TOMy IO NOTIK HAaMpSMJIEHUH MPOTWJIEKHO OO TPaai€HTy XIMi4HOrO
MOTEHITiaTTy.
IIponudepenniroBasum Brupas (1.11) ais XiMi4HOTO MOTEHIIIANTY, MAEMO:
dn
du=RT—
n
3 BpaxyBaHHSIM LIbOTO BHpa3 /IS IOTOKY y BUIAAKY MPOCTOI Judy3ii 3amUIeThes:
dn 1 dn
J=—-UnRT——=-URT—
‘ dx n dx
URT=D — koegiuienm ougysii, [D]=m’/c.
Taxkum ynHOM onepxyeMo piBHsiHHS Dika: »
dn
J=-D—
dx
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9.4. KOE(I)II_IIGHT IMNPOHUKHOCTI BIOMEMBPAH

Ilpy cTalioHapHOMY TpaAHCHOPTI pEYOBHMHU Uepe3 MeMOpaHy TIpajleHT
KOHLEHTpauii BcepearHi MeMOpaHu BBaXKaeThcs NocTiHHUM. Toai:

I=-D An,,
h

An,, — pi3HHLIA KOHLIGHTpAlliif peHOBUHH Ha I'paHULIAX MeMOpaHH,
h — ToBLIMHA MeMOpaHHu.

KoHuenrtpauii pe4oBUHH Ha O h & |
rpaHULSX MeMOpaHU BIIPI3HIIOTHCS ! |
BiJl KOHLEHTpalii y posuuHi. Tomy

An,, <1
An Ha-

3UBAETHCS KoeiyieHmom po3nooiny
PEeHOBUHU MIDIC DOZYUHOM | Membpa-
HoMWo.

Bupa3z pans noTtoky MoxHa

A 4
A
A 4

A
A 4
A

An,<An. Bennuuna| B =

MeMOpaHa
Puc.35. lIpoghine 3minu konyenmpayii

3anucaTu yepes KoeilieHT . )
po3MOziNy: pevosuny b6ins noeepxui memobpaHu;
An 01, 0, — eghexkmueHa mosuyuHa niowapis.
J=-Df— =-PAn
: h
Dp . .
ne|P= o — Koeghiyienm nponuxkrnocmi memopanu, [Pl=m/c.

OTtxe, NpOHUKHICTE MEMOpaHH BHU3HAYAETHCS HE TLIBKU KoedilieHTOM Augysii
yepe3 MeMOpaHy, ajie i pO3IMOAIIOM PEUOBHHH Y MPUIATAIOUUX A0 MEMOpaHH Iapax.
IlTapu Oinst noBepXxoHh MeMOpaHH CTBOPIOIOTH JIOAATKOBUH Oap'ep Al MPOHUKHEHHS
PEYOBHHH.

KoepiuieHT NpoHUKHOCTI MeMOpaHM MOXXHA OOYMCIMTH, 3HAIOYH TYCTHHY
NOTOKY J 1 pi3HUIIIO KOHIIEHTpallii An.

9.5. TPAHCHIIOPT HEEJIEKTPOJIITIB YEPE3 MEMBPAHN

OCHOBHI HUTISIXU TPOHUKHEHHS MOJIEKYJT Y KITITHHY:
1) depes 3an0OBHEHI BOJIOIO IIOPU MPOHUKAIOTH PO3YUHHI Y BOJIi MOJIEKYJTH, 10HH;
2) IUISIXOM PO3YUHEHHS Y JMigHoMYy Oimapi i [udy3ii NPOHUKAIOTh HEPOIYHIIHI Yy BOII
OpraHivyHi MOJIEKYJIH.
Jna nudy3il po3uMHHUX y BOII MOJIEKYJI, padiyc SKUX HE IEepeBHILyE pajiyca
rekcos, € piBusinus Tosepra:

DM = const
3 Hporo OauuMo, 1O KoedilieHT au¢y3ii 3pocTae, a OTXKe, MOJEKYJIH Jierie
IU(pyHAYIOTH Kpi3h MeMOpaHy, i3 3MEeHILIEHHSM iX MOJIEKYJIIPHOI MacH.
JUIsi NpOHUKHEHHS OpraHiyHUX MOJIEKYJd Kpi3b NNigHWN Inap € mnpaBHJa
OBepTona — /Ixxexobca:
1) enexkTpuyHO CHUMETpPHYHI (HEMONApPHi) pagUKadd TOJETIIYIOTh TNPOHHUKHEHHS
MOJIeKyJ1 (METUIIOBI, €TUJIOBI, (PEHLJIOBI IPYIH);
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2) enekTpuyHOo HecuMeTpuuHi (mojysipHi) pagukamn (—COOH, —-OH, -NH,)
YTPYAHIOIOTH TIPOHUKHEHHS MOJIEKYJI.
PiBusiuus ToBepra chnpaBemiuBe A TPOHUKHEHHS OLIBIIOCTI OpraHi4HHUX
MOJIEKYJI Kpi3b JNiAHUH map. 3 piBHAHHS ToBepTa MOXKHA OJepXKaTH:

lg(Dm )= const

Ig %m = const

lg(Pm): lg B + const

BinplmicTh PEYOBHH 3a/I0BOJIBHSIOTH OCTAHHE PIBHSHHA 1 Ha 3aleKHOCTI

lg(Pm ) Bin lg(B) nsrarote 6ing mpsMoi (eTaHON, MPOILJICHIIIKOIb, MOYOBHHA,
[JILEPUH TOoUO). SIK BHHATOK, AesIKi HeeJeKTPOJIITH 3HaXOAAThcs HabaraTo BuiLeE L€l
npsiMoi (Boma, metaHos, ¢opmamin). [IpuunHa B TOMy, IO Malli MOJIGKYJIH MOXYTh
IIPOHUKATH Kpi3b MeMOpaHy He TUIbKM HUIIXOM OHQy3ii, ajge W depe3 NOpH, SKi
IPOHU3YIOTH MEMOpaHy.

9.6. INIOJETHIEHA JU®DY3IA

HesapsimokeHi MoJiekyIM MOXYTh TPAHCTIOPTYBATHCh Yepe3 MeMOpaHy TaKoX 3a
JOIIOMOTOI0 PI3HOrO TPaHCIOPTY. SIKIIO AJs BOTO He MOTpiOHA 3aTparta eHepril, To —
nonezwena ougpysia. TpaHciopT 341HCHIOETBCS NpoTeiHaMu MeMmOpaHu. BoHH 31aTHI
BIIi3HABATH [IEBHI PEUOBMHHM | TPAHCIIOPTYBATH iX Yepe3 MeMOpaHy.

Pucu nacuBHOro TpaHCHOpPTY:
1) Bucoka crepeocnenudiunicts (uepes 6GioMeMOpaHH NPOHWKAIOTH TiIbKH IIEBHI
13oMmepu, Hanpukiaan: D-i3omepu mykpiB i L-i3oMepu aMiHOKHCITIOT);
2) SBume HacuyeHHs (i3 3pPOCTAHHSM KOHLEHTpalii TPAHCIIOPTOBAHOI PEYOBUHM
MIBUAKICTh TPAHCIIOPTY 3pOCTAE TUTHKU 10 AESIKOI TPAHUYHOI BETUYUHH );
3) UytnuBicTe 110 HHM3BKUX  KOHIEHTpalii iHribitopis, B3aeMmomiroumx i3
NEePEHOCHUKAMHM.

IHribiTopy TpaHCIOPTHHUX CHUCTEM MalTh CTPYKTYpHY MOMIOHICTL [0
TPAHCIIOPTOBAHUX MOJIEKY1. DIOPUI3UH KOHKYPEHTHO IHTIOYy€e TPaHCIOPT IIIIOKO3H, HE
IIPOHUKAIOYM 4Yepe3 MeMmOpaHy, D-rajaktoza KOHKYpEeHTHO iHriOye TpaHcrnopt D-
IIFOKO3U, TPOHUKAIOUH Yepe3 MeMOpaHy.

JlesKl MEepeHOCHUKY MAloTh JBa LEHTPH 3B's3yBaHHA. ToOAi TpaHCIOpPT oxHiel
PEYOBHHH 3AJIEXKUTH BiJl IPUCYTHOCTI iHIIOT (CyMiCHHI IIepeHOC AEIKUX aMiHOKUCIIOT i
Na” B epUTpOlIUTaX Ta emiTeiadbHIX KIITHHAX KHIICUHHKA).

PymifiHa cuna TpaHCHOPTY 3a y4acTiO NEpPeHOCHHKA — IPaJi€HT XiMiyHOTo abo
eJeKTPOXiMIYHOro mnoTeHIiany. I'pajiieHT MoXe IiATPMMYBaTHUCh MAOBIIMH Yac 3a
paxyHOK CIIOXXMBaHHs a00 YTBOpeHHS MPOHUKAIOUHUX MOJICKY.I.
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Tema 10. IOHHA ITPOHUKHICTb BIOMEMBPAH
[1], c.128-129, [4], c.168-174, 193-199, [6], T.2, ¢.58-68, 88-95

10.1. MEXAHI3M IMNACUBHOI'O TPAHCIIOPTY IOHIB YEPE3 BIOMEMb-
PAHH

M exanizm nonezmenoi ougysii (nacuenozo mpancnopmy): cybéerpar S
yTBOPIOE Ha 30BHIIIHBOMY Oolli MeMOpaHH KOMIUIEKC i3
IIEPEHOCHUKOM X, SIKUM NpOHHMKae B MeMOpaHy, i 3 BHYTpILIHBOIO OOKy cyOctpat
BUBUIIBHIOETHCS, @ IEPEHOCHUK MOBEPTAETHCS HA30BHI. BilnoBiaH1 peakiii:

SetXe = SXe

SX. == SX;

SX; = Si+X

Xi = Xe
Ilotik cyOcTpaty uepe3 MeMOpaHy OIHCYETbCS PIBHSIHHSAM, IOAIOHUM [0

piBHsHHs Mixaenica — MeHTeH:

_ Jmax [S]
K, +[S]
Koncranra K1 nopiBHIoe koHIIEHTpallil cyOcTpary, npu sikiit J=Jmax/2.

10.2. CEJIEKTUBHA IOHHA NIPOHUKHICTb KJIITUHHUX MEMBPAH

@yHKIii I0HHUX KaHATIB MOAIOHI 0 QyHKUiH GepmenTiB. Pucu ionnux kanauis:
1) CneuudivHicTh (CENEKTUBHICTB);

2) ABulle HaCHYEHHS;

3) KoHKypeHTHe NMpHUrHiYeHHS TPaHCIIOPTY i0HAMHU-0I0KaTOpaMH.

Kananu MoxXyTs nepexooumu 3 6i0OKpumoz0 cmaHy y 3akpumuii [ HA6NAKU BHa-
CILAOK:

1) 3mMinM MeMOpaHHOro nOTeHUiany (TOAi KaHAJIOM YIIpaBise€ CEHCOP Hampyrd —
CTPYKTYpa, sIKa pearye Ha 3MiHy HaIllpy»X€HOCTi €JIEKTPUYHOTO I10JIA);

2) B3aeMoil 3 IEBHUMHU pe4OBHHAMH (IIpH X B3a€MOii 31 CrieliaIbBHUMHU pelenTopaMu
OCTaHHI BIIKPUBAIOTHh KaHall — Oe3rocepeHe YIPaBIiHHs KaHaJIOM 3a JOMOMOTOO
XIMIYHOrO CHMrHadxy; abo mHpu IX B3aeMOAil 3i CreuialbHUMH pPelenTopaMu
YTBOPIOETBCS BTOPUHHHMA NOCEPEHUK, HanpuKIa, UKJHYHAN
aneHo3suHMOHOQochar UAM®D, akTHUBYIOUMH mNpoOTeiHKIHA3y, sKa KaTalisye
IpHEAHAHHS 0 I0HHOTO KaHay pocdary, 1o NPUBOIUTE A0 HOTO BiAKpHBaHHN);

3) cneuucivyHOro HoChOPHIFOBAHHS.

Yepes kanain Moxe npoiita 10°—10° ionis 3a CEeKYHIY.

Bapsmxennii ion Li', Na', K, Rb" a6o Cs™ yTBoproe HaBKo0 ceGe oTOYeHHS 3
JUIIOJIBHUX MOJIEKYJ BOAH. 3a rimore3oro MioJiHea, 10H TiIIBKHA TOAI MOXE NPOUTH
Kpi3b MOpY, KOJIM HOTO JiaMeTp 3 OJHUM IHApOM rifpataiii piBHMH XiaMeTpy HOpH.
Toni cTiHKM mopu, B3a€MOJIIOYM 3 iOHOM, JOMOBHIOKTH TiApaTHY OOOJIOHKY, i i0H
NEPEXOAUTE 13 PO3YHHY B MEMOpaHy. >

Teopin EiizeHMaHa IpyHTYEThCS Ha EHEpreTHIll 1OHHOro oOMiHy. 3a iero
TEOpi€r0, MPH BEJUKOMY JiaMeTpi MOPH MOCHiJOBHICTh iOHIB JIy)KHMX METaiB II0I0
PYXJIUBOCTI B IOPi:



84 V Kpagens B.1.
Cs™>Rb™>K">Na"™>Li"

IIpu ManoMy giaMetpi opwu:

Li™>Na™>K™>Rb"™>Cs"
JI71si NpOMDKHMX BHMAAKIB € 1ie 9 mociigoBHOCTEH. Lle miaTBepmKyeThCS eKCIIepUMEH-
TIBHO.

10.3. IIOBEPXHEBUI 3APSI1 MEMBPAHU

PosrnsiHeMo rpaHUII0O BoAa — HEMOJSAPHUN PO3YMHHHUK (HAmpwKIiajn, Macjio abo
MeMbpana). Y Bozi po3uuHeHHit enektponit A'B . Pi3Hi ionu MaroTh pisHy Jtinogine-
Hicmb (PO34MHHICTH y Macii). Kpamie po3dMHSIOTBCS y JIMiHOMY IIapi HeraTHBHI
ioHu. Toai npuroBepxHEeBHH IIap BOJHOTO PpO3UMHY 3apsIUThCS [MO3UTUBHO, a
MeMOpaHu — HeratuBHO. Ha rpaHuui po3auly CepeloBHII BHACHINOK LIBOTO BUHHUKHE
PI3HULS MOTEHIiaiB.

BOJIa MeMOpaHa BOJIa [A™] MeMOpaHa

Puc.36. Po3noodin nomenyiany ma xonyenmpayii ionie nobauzy noeepxui po3oiny
cepeoosuly, a maKoic cxema OUQY3itHUX Wapie ma NOOBIiHO20 eNeKMPULHO20 Uapy.

ITobnu3y noBepxHi po3AlTy BUHUKaIOTHh Audy3iiiHI I1apu, y sSKMX MOTEHLia’d i
KOHIIEHTpaLlli 10HIB IJIaBHO MiHSIOThCS. Mik¢a3zHa pi3HHLS MOTEHLialliB MOB’s3aHa 3
KOHLIEHTpalisIMU i0HIB Oijs moBepXxHi MeMOpaHH TaKUM YMHOM (U1 OJHOBaJIEHTHHX
10HIB):

RT ln [A+ ];108 [B—];OB
v 2F [A+ ]12106 [B— ];’108

Mixdazanit cTpubOK MOTEHLialy BHHHUKA€ TINBKM Y TOMY BHIAAKY, KOJH
KoeQillieHTH pO3MOMAINY KaTiOHIB i aHiOHIB pi3Hi. I[Ipu omgHakoBHX KoedilieHTax
pO3MOALTY iXHI KOHIEHTpALil BCIOAH OJHAKOBI, PO3UHH BCIOAU EJIEKTPOHEUTpaIbHUH, a
oTxe Mixda3Ha pi3HULS HOTEHIIialiB BiICyTHSI.

Yci eykapioTU4HI KJTITHHH MalOTh HETaTHBHO 3apsKEHY IMOBEPXHIO MeMOpaHu
3aBASIKM 3aJIMILIKaM CiaJloBOT KHCJIOTH, SKI 3HAXOASTHCH HA KIHIAX BYIJIEBOJHUX
6okoBux naHworiB (rpynu COO ). Otxe, BOHM MaroTh (DIKCOBaHHU HeraTHBHHI
IIOBEPXHEBUM 3aps.

HasBHicTh NOBepXHEBUX 3apsAAiB KIITHHHUX MEMOpaH IPUBOJUTE IO YTBOPEHHS
61511 MeMOpanu noagifiHoro enektpuyHoro mapy ([TEI) y po3uwmHi: miineHui wap 6ins
camol IOBepxHi (TOBIIMHA CHiBpPO3MipHa 3 po3MipaMu ioHIB) i audy3Hu map i3
3MIHHOIO KOHIIGHTpAIli€l0 i0HIB TOBILHWHOK Bijl aHICTPEMIB J0 MIKPOMETPIB 3aJI€XKHO
Bl KOHUeHTpauii po3uuHy. [1EIIl BHHMKae BHacCNiJOK il MPOTHUIEKHUX (DAKTOpIB:
€JIeKTPOCTaTUYHOT'O IIPUTATAHHS 1 TEIIIOBOTO PyXY.

Ap=¢, —p, =
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CrHiBBIHOIIEHHS! MK TYCTHHOIO IIOBEPXHEBOro 3apsay MeMOpaHH o,
NOTeHIiasIoM Oijisi MOBepXHi MeMOpaHH BiIHOCHO MOTeHIiany B 00'eMi po3duuHy ¢ i
PIBHOBa)XHOIO KOHIIEHTPALII€IO €JIEKTPOJIITY B PO34YHHI N BCTAHOBIIOE piBHAHHS I'yi —
Yenmena (s BUNAAKY n'=n =n i z =z =z):

o =+/2eg,RTn -| exp % — exp —%

PiBusinns 'yl — UenMeHa ae MOXITHBICTB 3a BiTOMOIO T'YCTHHOIO (DiKCOBaHOTO MOBEPX-
HEBOT'O 3apsAly MEMOpaHu OOYHCIIMTH MOTEHIIaN 11 TOBEPXHI.

KaTioHu ny>kHUX MeTalliB i IBOXBAJIEHTHI KaTiOHU B PO3UMHI TIJILKH €KPaHYIOTh
NIOBEpXHEBMIA 3apsi MeMOpanu, Toai sk ionu H' i feski iHmi agcop6yioTs y MeMOpany
1 MPOTOHYIOTh BIANOBIAHI rpynu aHioHIB Oe3mocepeqHbo B Hill. ToMy iX HA3UBarOTh
NOTEHLIaJIBU3HAYAIOYMMH 10HAMH.

10.4. TEBAIBCBKA JOBXHWHA (IOBXKUHA EKPAHYBAHHSYI)

Po3rnsiHeMO IUIOCKY TIpaHHUIIO pO3JALTy MiX BOZHMM pPO3YMHOM 1OHIB 1
O6iomemOpanoro. Hexali y MemOpaHy npoaudyHayBano Oinblie aHiOHIB, HXK KaTiOHIB,
TOAl MeMOpaHa 3apsIKaeThCs HEraTUBHO. IOHHM B pO34HHI PO3MOAUISIOTHCS TaKUM
YUHOM: OuIsi MeMOpaHH pO3MIlyeThcsl Oiblile KaTiOHIB, HDK B 00’€Mi pPO3YMHY, 1
MeHIe aHIOHIB. I'ycTuHa 3apsny € (yHKLI€0 TUIBKM KOoOpAMHaTH X. BHacmigox
po3noaily 3apsAiB NOTEHUiaJl PO3YMHY TaKOX € (YHKIIEI0 TiIbKHM KOOPIWHATH X.
3B'130K MK MOTEHLIAJIOM i T'YCTHHOIO 3apsaay p(x) BcTaHOBIIOE piBHsAHHS Ilyaccona:

3¢ __p

ox® g,

Hexali y po3uuHi € ABa TUIHU 10HIB i3 3apsiaaMu +e 1 —e, cepeHs KUIbKICTh 10HIB

KOXXHOTO 3HaKy B OJMHHLI 00'eMy — Co, [c]=M‘3. BHaciok TeIUIOBHX KOJHUBaHbL 10HU

PO3MIILIYIOTECS NOONU3Yy rpaHuIll po3/iay 3riiHo po3nodiay Bosabumana (iforo nerko

MOXKHa OJIepXaTH 3 YMOBU PiBHOCTI €JEKTPOXIMIYHUX NOTEHLIaNiB y OyAb-gKid TouLl
PO34YUHY):

(10.1)

c,(x)=c,exp —% >c,
ep

c_(x)=c,exp T <c,

TyT @(x) — noTeHiian y po34nHi Ha BiACTaHiI X Bii MeMOpaHU BiJHOCHO MOTEHLIANy B
06'eMi po3unHY (TaJIEKO BiJ FPaHHIL}).
CyMapHa rycTHHa 3apsay:

p(x)= p.(x)~ p_(x)=ele, —c_)=ec, exp(_ ﬁj _ exp(z_?j

e — eJIeKTpUYHA eHepris 10Ha,
kT — TernoBa eHepris ioHa,

[p]=%.




86 Kpagens B.1.
Y BUNaAKy, AKIIO Pi3HHMLA IIOTEHLIATiB MK rpaHuLero ¢a3 i 00'eMOM HeBesvKa,
MO>KHa €KCIIOHEHTY PO3KJIACTH B P i OJI€PXKATH:

2e’c,
x)=——¢(x
p(x) 7 P (10.2)
ITinctaBusm (10.2) y (10.1), onepxxyemMo qudpiBHIHHS:
dlp 2e’c, :
= X ’
ox®  ee kT @(x) (10.3)

Po3p's30k audpisusauns (10.3) mykaemMo y BHI:
=9, exp(— a:‘x|)
(o— IOTeHL1aJl Ha IPpaHuLli po3aity ¢a3 BiIHOCHO MoTeHLiany B 00'eMi (azu. OTxe:
2
2 _ 2e’c,
gg kT
& — napamemp /lebaa — X1oKkkena, Mae po3MipHICTh [&]=1/M.
Orxe, nmnoreHUiasm 3MIHIOETbCS 3  BIJCTaHHIO BiJ TrpaHulli (a3 3a

EeKCHOHeHUWIaIbHUM 3aKoHom. Binctanb A=1/®&, Ha fKii ¢ 3MiHIOETHCS B € pa3iB,
HAa3UBAaETHCS 0€0aieCbKo 00824CUHOI0 a00 008HCUHOIO eKPAHYBAHHA.

1o |5 kT

2
2e‘c,

B 3anexHoCTi BiJ KOHIEHTpaLil eJIeKTPOIITy HOBXHHA eKpaHyBaHHS CTAHOBUTD
BiJl aHICTPEMIB [0 MiKpoMeTpiB. Y MpPUCYTHOCTI [IBOXBAJICHTHUX 1OHIB JOBXKHHA
€KpaHyBaHHS 3MEHILY€E€ThCS.

OckibKH KOHIIEHTpAllil 1OHIB y HEMOJISIPHOMY PO3YHHHHUKY (MeMOpaHi)
HabaraTo MeHIla, HDXX y BOJHOMY pO34YHHI, TO JOBXHHA €KpaHyBaHHS Yy MeMOpaHi
HabaraTo nepeBULIye JOBXUHY eKpaHyBaHHS Y BOJHOMY PO3UHUHi.

10.5. MOJEJIOBAHHSI IOHHOI TPOHUKHOCTI HA HITYYHUX
MEMBPAHAX

VY s1KOCTI MoJieNnelt BUKOPHUCTOBYIOTHCS IUTY4HI JBOLIAPOBI JIINiAHI MeMOpaHu: Jii-
miaHi myxupii (1inocomu) Ta nnocki MeMGpaHu.

OnepixaHHS JIIIIOCOM: BOAHA CyCIeH3id ¢ocharuauixoniHy abo iHIIOro Jimiay
00po0IIsiEThCS YABTPa3BYKOM ab0 PO3YMH JIIiAIB B €TaHOJI IMIBUAKO 3MIIIYEThCS (15
LBOr0 BBOASATH PO3YMH JMiJIB Ye€pe3 TOHKY TOJIKY, IIPH LIbOMY YTBOPIOIOTECS IyXHpL]
IpaBUJIbHOI cepuuHoi popMmu giamerpoM 50 HM).

Bceepenuni sninocom — Boga. SKIIO oxep)KyBaTW JIINOCOMU Yy NPUCYTHOCTI B
PO34MHI 10HIB UM MOJIEKYJI, TO BOHH OIMHATHCSA BeepeauHi JiinocoM. B 0.1 MonspHoMy
pPO34MHI TJIILKMHY MPH YTBOPEHHi Jimocom aiamerpoM 50 HM BcepenuHy nonazgae 2000
Mosiekya rainuHy. LITssxoM BHUMIpIOBaHHSI IIBUJKOCTI BUXOJY [JIIIHUHY 3 JIIOCOM
MOYXHa BU3HAYUTH MPOHUKHICTh MEMOpaHH JUIS TJILHUHY.

JlinocomMu 3maTHi 3MuBaTHCA 3 MeMmOpaHaMu KITHH. lle nae MOXIHUBICTH
BBEJICHHS B KJiTMHH OpraHi3My Pi3HHMX PEUOBMH, He 3JAaTHHX CAMOCTIHHO MpPOHHKATH
Kpi3b MeMOpaHy. BubipkoBe 3mUTTS JiHOCOM 13 KIJIITHHaMH II€BHOIO THILY
BUKOPHUCTOBYETHCS /ISl KOHTPOJILOBAHOI JOCTaBKH JIIKAPCHKUX PEHOBHH.

i amad e+ et we s B v m vresebis S
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Mertoanka Mromiepa ogep)xaHHs MJIOCKUX MeMOpaH (YOpHUX MeMOpaH) onKcaHa
B nuTaHHi 8.6. 3a JOMOMOrol0 Takoi MeMOpaHHM BHBYAIOTh €JEKTPUYHI SBHIIA.
EnexrtporpoBifHicTh 6illlapy BU3HA4YalOTh, MOMICTHUBIIM €JIEKTPOJAH Y BOAY MO OOHABA
Ooku MemOpanu. [OHHY MPOHMUKHICTH BU3HAYAIOTh, BUMIPIOIOYH 3aJI€XKHICTh BEIMYHHH
CTPYMY, IKHH NNPOXOAUTH Uepe3 MeMOpaHy, Bil MPHUKJIaJAeHO]l HAPYTH.

JlininHa 6imapoBa MeMOpaHa Ma€e Ay)e Mally MPOHUKHICTh JUIst 10HIB i MOJIAPHUX
MoJiekyJ. Bukmodenns — soga. Na' i K npoxoauTs depes memOpaHy B 10° pasiB
noBUIbHINIE, HIX Bona. Tpunrodan (sxuii npu pH=7 € GinonspHUM i0HOM) POXOAUTH
yepe3 memOpaHy B 1000 pa3iB moBunbHilIe, HiX MNOIOHWUH 3a CTPYKTYPOIO iHIOM
(HenonspHUii).

Mexanizm npoxoodicenHa HU3bKOMOJIEKYISIPHUX CIIOJYK Kpi3b MEMOpaHy: MoJie-
KyJId BTPayaroTh OTOYYIOUI iX TifpaTHI OOOJIOHKH, PO3UMHSIOTHCS Yy BYIJIEBOJHOMY
mapi MeMOpaHu, TUGYHIYIOTh Kpi3b BHYTPILIHIM 1map 10 iHIIOro 60Ky MeMOpaHu.

10.6. TPAHCIIOPTHI AHTUBIOTHKHA

Tpancnopmui anmubiomuku — CTBOPIOIOTH 10HHY IPOHUKHICTH JBOLIAPOBHUX JIi-
IigHUX MeMOpaH.

Iepenocnuku ionig: BaTIHOMIIIUH, HIFEPUIUH, HOHAKTHH, A 23187, ioHOMILIUH
Ta iH.

Kananoymeoproeaui: rpaminyaue A, HicTaTuH, amboTepulnH b, anamMenuTuH,
MOHa30MILUH Ta iH. BoHH ¢opMyIOoTh KaHaJl, ajie caMi He pPyXarThCsl.

Po3pisHsiroTh 1i rpynu Tak. BUMiplOIOTh TeMnepaTypHy 3ajieKHICTh 10HHOI Tpo-
HUKHOCTI MeMOpaHU B TEMIIEpPATypHOMY iHTEpPBaJi, 1110 MICTUTh TeMIepaTypy (Ga3zoBoro
nepexony. KaHanoyTrBoproBau TpaHCHIOPTye 10HM OJHAKOBO i NpH TBEPAOMY CTaHi
JNIJHOTO MIapy, i TpH piIKOMYy, a e¢eKTUBHICTh NEePEeHOCHHKa IpPH TBEPAHEHHI
JIMNIIHOrO Iapy pi3ko 3MmeHlnyerbes. [IpoOHUKHICTE MeMOpaHW, IO MICTUTH
BaJlIHOMIIHH, 3MiHIOEThCA MpH 1IboMy B 1000 pasis.

[IpoBigHICT, TMOCKOI MeMOpaHH 3  MAaJolo
KUTBKICTIO KaHAJIOYTBOPIOBaYa 3MIHIOETBCS 3 YacoM
ctynindaro (puc.37).

CrpubkH NPOBIAHOCT] 03HAYAIOTH CIIOHTAHHE YTBO-  Pyc.37. Cmpubkonodibna
peHHs i qucouianis KaHaiB. Yac XKUTTS KaHaly, YTBOPE-  zyina nposionocmi mem-
Horo rpaminuanHoM A st Na” — 30-60 Mc, 3a Hei 9ac 0 gpanu 3 manoro kinsxicmio
HBOMY TIPOXOAHTH 3-6-10° ioHiB. KAHAI0YME0OPIoeaal.

Ilo xanamy Moxe IpOHTH OlibLie 107 ioniB 3a
CeKyHY, TePEHOCHUK MOXe TpaHcrnopTyBaTd Tunbku 1000 10HIB 3a CeKyHAYy.

JJis MoOJieKyJl MEepeHOCHHUKIB XapaKTepHa MOpPOXHUHA, oToueHa 6-Ma abo 8-ma
aTOMaMH KHCHIO, sIKi 3B'S3yIOTh iOH MeTaly, a TakoXX BYyIJIeBOJHeBa mepudepiiina
YacTHHA, fIKa JO3BOJS€ aHTHOIOTHMKY pO3YMHATUCH Y Jinigax MmemOpaH (puc.38).
Kartanituuna aisi aHTUOI0TUKIB-IEPEHOCHUKIB MOJISITa€ B TOMY, IO BOHU INEPEBOASTH
10HH y pO3UMHHY B Jinigax ¢popmy.

Baninomiyun 3p's3ye Ky 1000 pasiB kpamie, Hix Na', Tomy mo K* cnabme
IIPUTArac MOJIEKYJIH BOJH, a OT)Ke NOTpibHA MeHIIa eHepris, o6 iX BijainuTH Bix ioHA.
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" Tema 11. AKTUBHHWUH TPAHCIIOPT IOHIB
[1], c.129-135, 143-144, [4], ¢.184-177, [6], T.2, ¢.102-109

ﬁ KMUGHUIU MPAHCROpM — TIEPEHOC HEeNeKTPOJITIB Ta 10HIB IMpPOTH
rpagieHTy XimiuHoro abo enexkTpoximiuHoro norteHuiamy. Ha Hporo
3aTpavacThesl e€Hepria 3a paxyHoK rigponisy AT® abo eHeprii OKHCHO-BIAHOBHHX
peaxiii.

Binomo 4 cucmemu axmuenozo mpancnopmy ionis: nepenoc K' i Na' 3a
JIOTIOMOT'0IO CHelialbHOro (hepMeHTa-nepesocHuka Na'-K ' -AT®d-a3u, nepenoc Ca’' 3a
nonomoroto Ca**-AT®-a3u, mepeHoc mpoToHiB 3a gonoMorolo H'-ATd-a3u (yci Tpu —
3a paxyHOK eHeprii rigpomizy AT®), nepeHoc MNPOTOHIB MpH POOOTI IUXaJTBHHUX
JIAHLIIOT1B MITOXOHPIN 3a paxyHOK €Heprii OKMCHO-BIJHOBHUX peakKiliil.

11.1. Na'-K'-IIOMIIA I ii ®I3UKO-XIMIYHI XAPAKTEPUCTUKHU

Na*-K'-nomna — cucreMa, sixa BiIOBiae 3a IepeHOC [IUX iOHIB depe3 KITiTKOBY
MeMOpaHy.

AxTuHuit Tpancropr ioHiB Na’' i K’ 3acTtocoByeTbcs s IATPMMKH
€JIeKTPUUHOI 30Y/JTHBOCTI HEPBOBHUX 1 M'S30BUX KIITHH, € PYUIIHHOIO CHJIOI IS
TPaHCNOPTY I[yKpiB, aMIHOKHUCJIOT, IOHIB KanbIlito. Y CTaHi CHOKOK Ha HBOTO
3aTpavaeThes TpeTuHa Beiei AT®D, sika yTBOPIOETHCS Y KITITHHI.

Na'-K'-AT®-a3a — bepment, iHTerpanpHa uyacTuHa Na'-K'-Hacocy. Bim
. . . .. . + + 2+
rigposizye AT® Tinbku B mpucyTHocCTI 10HIB Na', K', Mg™:
Na', K*, Mg*

ATO+H,0 —— *AIO+D+H'

Na'-K'-AT®-a3za — TeTpamep i3 MonekylspHoro Macoo 270 000. Benuka
cybonunuus (M=95 000) MicTUTh AUISHKY, siKa 3HilcHIOE rigponiz AT®, i ainsHKy, ska
3B's13ye iHri0iTOopH. Mana cyboaununs (M=40 000) MiCTUTH BYIJIEBOAHI IPYIIH.

3a immmmu pganumu, Na -K'-ATd-aza cknagaerbest 3 2-X  MONINENTHIHAX
JTaHLIOTIB 13 MosiekynsipHuME MacaMu 84000 i 5700, siki yTBOPIOIOTh BENWKY i Maly
cybonuHui Oinka.

ITpu rigponizi monexkynu AT® BinOyBaeTbcs TpaHCHOPT 2-X IOHIB Kallilo y
KJIiTHHY H BUBEJIEHHS 3-X iOHIB HATpIiIO 3 KIITHHH.

11.2. MOJEJb Na*-K'-TIOMITH

3rinHo Mmodeni Apdeybkozo, cTpykTypa Oinka, (QYHKIIOHYHOYOTO B SKOCTI
IIOMIIY, [IOBUHHA 33/I0BOJIBHSITH TAKUM YMOBaM:
1) MaTu MOPOXXHUHY, y SAKiK OH MOMIIIAJTHCH I0HH,
2) moBHWHEH iCHYBaTH y 2-X KOoH(opMallisfix: B OJIHIN 3 HUX MOPOXKHUHA BiJIKpHUTa BCepe-
JIVHY KJIITHHH, B IHIUI# — HA30BHI,
3) xoH(opMallil TOBUHHI MaTH Pi3HYy CIIOPiAHEHICTh O TPAHCIIOPTOBAHUX 1OHIB.
Benukuii noninentun Na'-K'-AT®-asu nponusye MemOpaHy Hackpi3b, a
IJIIKONPOTEIH 3HAXOAMTHCS 13 3OBHIIIHBOTO 6oKy. lOHHOOOMIHHI HOpO)KHI/IHI/I)
3allOBHIOIOTHCSL 10HaMU. BHacnigok koHdopMariiiHoi mnepedynoBd (epMeHTy Maja
cyOoauHUI BXOAUTH y MeMOpaHy H OOMIHIOETBCS i0OHamMHM 3 BeJHKOK. Maia
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CyOOIMHHMLIS BUXOAUTH Ha 30BHIIIHIH Oik MeMOpaHH it iOHU HaTpil0 BUXOAATH HA30BHI,
a BeJIMKa — BiIKPUBAETHCS BCEPEAUHY KIITUHY I 10HU KaJIilo epeXOAiTh BCEPEAHHY.

3riIHO TEOPETHYHUX PO3paxyHKiB, 4 aroMud O MOXYTh YTBOPUTH HaTpiil-crieliu-
¢diuny komipky, a 6 atoMiB O — xamiii-cneuudiuny komipky. IlpunyieHss: ioH-
3B'sI3yl0Ya MOpPOXKHUHA BEJUKOi cyOonuHuui MicTuTh 12 aromiB O, siK MOKa3aHO Ha
puc.39.

Puc.39. Mooens Na -K -nomnu SApdeyvrozo:

(O -—aromu O,

‘ — aTtoMH Na,

‘ —aroMu K.

11.3. EJIEKTPOrEHHICTD Na'-K'-IIOMIIA

Ipu po6oTi moMmH BinGyBaeThCs 06MiH 3-X i0HiB HATPiro Ha 2 0HH Kailo, TOGTO
TeHEepPYEThCS €JIEKTPUUHUN CTpyM uepe3 memOpaHy. [Ipu 1IbOMy BHHHKAa€ J0OJaTKOBA
pi3HuLs noTeHuiamnis. 3a 1 cek npoxoauts 100 nukiis. Cuna CTpyMy CTaHOBHUTD
1,6:107"7 A,
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- Tema 12. MEMBPAHHHWU ITOTEHIIIAJI
[1], c.148-151, [4], c.174-183, [6], 1.2, ¢.58-76, [7], c.240-248, 254-256,
[10], ¢.85-86, 111-113

12.1. IPUPOJA MEMBPAHHOI'O ITIOTEHIIAJIY

exail [Ba B ILIJIOMY €JEeKTPOHEHTpanbHI pO3UMHU 3 PI3HOIO
KOHIIEHTPALIi€I0 PI3HUX 10HIB PO3/IijieHi HalliBIPOHUKHOIO MEMOpPaHOIo,
sika BUOIPKOBO IPOMycKae aesiKi 10HH. [OHH HamMararoThcsl BUPIBHSTH CBOI KOHIIEHTpaLil
no obuasa GokM MeMOpaHH, TOMY MO OZMH Oik MeMOpaHM HaKONUYY€ThbCS Oinblie
KaTiOHIB, M0 iHIIKWK — Oidblle aHioHIB. TakWuM YHHOM BHUHHUKA€E MeMOPAHHUU
nomeHyian cnoKor.
Ta6anns 2. lonHnii ck1ag HepBOBOI KJIITHHH:

Ionu BCEpEOUHI KIIITHHH, MMOJIB/JI | Y 30BH. CEpeAOBHUII, MMOJIB/T
K" 400 20

Na' 50 440

Cl 120 550

OpraHiyHi 350 -

3 Tabauui 2 BUAHO, IO HEPBOBA KJIITHHA MICTHUTH Oilblle 10HIB Kalilo, HiXK
HaTpilo ¥ xyopy. IoHM Kajito BcepeauHi KIITUHH He 3B's3aHi 3 OlIKaMu 4Yd 1HILUMH
MosiekysaMmu. KpiM Toro, MeMOpaHa HepBOBOI KJITHHH y CTaHi crnokotro y 20 pasiB
OinbII TNpOHHWKHA JIUIS i1OHIB Kajlilo, HDXK HATPilO, 1 HEMPOHMKHA Ui 1HIIHUX 1OHIB.
Buacnigox mudy3ii i0HIB Kallilo Ha30BHI BCEpPeAMHI KIITUHH BUHUKAE BiJ'€eMHUM
IOTeHI[iaJl BiJIHOCHO 30BHIIIHBOTO CcepeloBHUINa. SIKIIO BBaXKaTH, WO MeMOpaHHUI
NIOTEHIl1a)1 BU3HAYAETHCS TUIBKH AU(Y3i€l0 i0HIB Kallilo, TO PO3PaxyHOK 3a PIBHSIHHAM
HepHcra (auB. HUXKYe) 1 HepBOBOI KIITUHU Aae —75 MB. IloTeHian crnokoro pizHUX
KJIITUH cTaHOBUTH Bi —50 no —100 mB. BiH OMu3bpKuii 1O PiBHOBXXHOI'O MOTEHIIIATY
IUIsL Kajilo, TOMYy IO IPOHHMKHICT Kajiro Habarato Oumblla, HiX IHIIHX 1OHIB.
BiAMiHHICTb TOMY, 110 He BpaxOBaHO Nu(y3it0 iHIIKUX iOHIB.

Slkmo HepBOBY KIITHHY 30yIDKyBaTd eJIEKTPUYHO, XIMIYHO 4YM MEXaHiuHO,
IIPOHMKHICTh MeMOpaHU A ioHIB HaTpito 3pocTtae B 400 pazis. Ilporsrom 0,1 mc
MeMOpaHHMH TOTeHliay 3MiHI€EThes Big —75 MB mo +50 MB. Take pantose
NiABUIIEHHS MOTEHIlially Ha3UBalOTh nomeHuiaiom Oii. [lepenaerbes norexuian Ail mo
akcoHy 13 mBHAKicTiO 1-150 M/c. SIk TUIBKM MoOTeHUian Oii BiAJANAETHCSA BiJl TOYKH
30yKeHHsl, MeMOpaHa y il To4li 3HOBY roToBa 0 30ymxkeHHs. [le Mox/KBe TOMY,
1110 32 OAMH pa3 aKCOH NOTJHHAE Ty>XKe Maly KiJIbKiCTh: 3-107"2 monb Na'/em?® i Bimnae
TaKy X KiIbKICTh 10HIB Kaniro. [le He BHOCUTH CYyTTEBHUX 3MiH B iOHHE CEPEIOBHUIIIE.

IloTeHuianu Aii CTBOPIOIOTH CTPYM, TOMY JiBa €JIEKTPOIHU, NPUKIAAEH] 10 Pi3HUX
OUISHOK TiNa, pEeECTPYIOTh pPI3HULIO MOTeHHiadiB. Ha 1pOMy IpYHTyeThCs
eJleKTpoKapaiorpadis, enexkrpoeHnedanorpadis, emekrpomiorpadis Ta iHIII METOIH
JIarHOCTUKMU.
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12.2. MEMBPAHHI/Iﬁ INOTEHHIAJI Y BUITIAAKY IOHHOI PIBHOBAT H.
PIBHSIHHA HEPHCTA

XiMiuyHUH noTeHItian (MOJIAPHUIA) PEYOBUHY Y PO3UMHI:
u=u’ +RT- n
n,
Je Mo — XIMIYHHH MOTeHLIal JaHOT pedyoBUHU B 1M po3uuHi,
N — MOJISIpHA KOHIEHTpAL{isSl PEYOBUHH y PO3UHHi, [n]=Monb/M’,
I'l():l M.

Sximo no obunasa 60kM MeMOpaHHM KOHLEHTpalis 10HIB pi3Ha, TO MiX ¢a3zamMu
BUHUKA€ PI3HULS XIMIYHMX MOTEHI[iaNiB. Y BHIIAIKy, SKII0O MeMOpaHa MPOHUKHA
TUNIBKM JAJ OJHOTO THMY IOHIB, I1i 10HM TPOHUKAIOTh i3 Gasd 3 GiLIBLIOK
KOHLIEHTpaLI€ Yy (pa3y 3 MEHHIOI KOHLIEHTPAIi€l0, CTBOPIOIOYH Pi3HUIIIO SIEKTPUYHUX
NOTeHUIaniB Mk HUMH. [lepexin ioHiB Oyae BiAOYBaTHCH HOTH, MOKH MiX (a3aMu He
BHPIBHSIOTHCA €JIEKTPOXiMivHI MOTEHIANN:

u’ +RT-ln£l—e—+zF(pe =y’ +RT-ln£+ngpi
n, n,
TyT iHmeKkc e BiTHOCHUTBCS OO 30BHIIIHBOTO CEPENOBHUINA, a iHAEKC i — 0 BMICTy
KJIITAHH.
3Bizncu onepxxyeMo piBusinaa Hepuera 11 MeMOPaHHOTO MOTEHIIIANY

Ap=¢, - —Elnn—e
P=0, @, =_In—> (12.1)

l

i onHoBaneHTHUX ioHIB nipu 20°C piBHaHHS HepHcra:

Ap=58-1g”e
n.

!

(TyT MeMOpaHHMii MoTeHIian y MB).

KnituHHa MeMOpaHa y CTaHi CIIOKOIO NpPOIYCKaE B OCHOBHOMY TiUIBKM 10HH
kaniro. OCKIJIBKY KOHIEHTpAlis Kalilo 30BHI MEHIIA, HIXK BCEpeaMHi KIIITHHH, TO A@<0
(moTeHUiaN 30BHI KIITHHH OiNbILIKHA, HIX BCEPEANHI).

12.3. MIKPOEJEKTPOJHA TEXHIKA JJISI PECCTPAIIIi MEMBEPAHHOT O
MNOTEHIIAJTY

CnouyaTtky MeMOpaHHUH NOTEHLIa] BUMIPSIH TiBKU JJIS TiFaHTCHKOrO aKCOHa
KanpMmapa (o 1 MM y miameTpi i kimpka cM y JnoBXHUHY). Ili3Hime po3pobunu meTon
BUT'OTOBJICHHSI CKJISTHUX KaIUISIPHUX MIKpOENeKTpoAiB AiameTpoM < | MkM. CKISHUN
Kamninsip 3anoBHOOTE 3M posunnoMm KCI gy 3abe3mneueHHst €1eKTpONPOBIAHOCTI i
3'€IHYIOTbH 13 mifcuIoBaueM. [ToTeHmian BUMIipIOIOTh MiJTiBOJIBTMETPOM.

JUia nocniKeHHs 3a1e)HOCTI MeMOpPaHHOTO MOTEHIaTy BiJl KOHLIEHTpallii i0HiB
pobIATE nepghy3sito akcona. [ yMOBUM BaJIMKOM 3 aKCOHA BHIABIIOETLCA aKCOIIA3Ma 1 3a
JOTIOMOTIOI0 - IINETKH 3allOBHIOETHCS HOTPIOHMM PO3UYMHOM, TIPH I[OMY BJIACTHUBOCTI
MeMOpaHU He MOPYIIYKOThCH.

ExcniepuMeHTabHO BCTAHOBIICHO, IO MPHY 3MiHI KOHIIEHTpAIlil 10HIB KaJlito 30BHI
abo BcepenuHi kiiTiHU B 10 pa3iB moTeHWias 3MiHIOEThCS MpUOIM3HO Ha 58 MB y
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BinnosigHocti 3 piBHsHHAM Heprcra. SIKIno 30BHILIHSA KOHLEHTpalis Kalilo piBHA
BHYTpilHif (y ngiamaszoni 10-540 MM) — noTeHLian 3HHKAe€, SKIIO IE€peBaXkae —
NOTEeHLIaa MiHge 3HaK. J[1s 3MiHM BHYTPIUIHBOI KOHLEHTpALii Kalil0 3 TIFaHTChKOIO
aKCOHa BHIABIIOIOTH aKCOIIa3My 1 3allOBHIOIOTH HOro MOTpIOHMM po3unMHOM. Takuii
AKCOH I'€HepYE HEPBOBI IMITYJIBCH, XO4a Y HOMY BXe HeMae ONIKIB.

12.4. PIBHOBAT'AI'IBBCA - IOHHAHA

BiomMembpanu mpornyckaroTh He TUIBKM 10HM Kaiiro, ane H iHIII i0HM, Xo4a M
ripite. Bunanok, koiau MemOpaHa MpoIycKae i0HH Kallito Ta 10HH XJIOpY, a BCepeaMHI
KJIITHHUA 3HaxXONAThCS OpraHiyHl aHiOHW, AAf fAKMX MeMOpaHa HENpOHMKHA,
MOJIEJIFOETHCS 3a AOMIOMOro10 piBHOBaru I'i66ca — JlonHaHa.

PosrnssHeMO CHCTEMY 3 IBOX BiJCiKiB, pO3JiJI€HUX ,
HaIiBIPOHUKHOIO MeMOpaHoto. OANH MICTUTh aHIOHU A, ) [ 5
SIKI He MOXYTh HPOHTH Kpi3b MeMOpaHy, Ta 10HH KaJiio : JIOHHAHIBCHKA
(Oounaniecoka ghaza). Jlpyruii Mictuts pozunH KCl, ioHu I haza
3J1aTHI NPOXOAUTH Kpi3b MeMOpaHy. K'cr : KA~

YacTrHa i0HIB XJIOPY NMEPEXOAUTH Yy HOHHAHIBCHKY !

¢dazy, OCKUIBKH iX TaM CIOYaTKy HeMmae B3arali. Puc.40. Pienosaza
BHacninok 1BOrO MOTEHLial JOHHAHIBCbKOI (a3u cTae Ti66¢ca — Jonnana.
HEraTUBHUM i 1€ MPHU3BOAUTH IO IEepexony TYAH X 10HIB
Kajifo. PiBHOBara Hactae mpu piBHOCTI €NEeKTPOXIMIYHMX MOTEHILialliB 000X COPTIB
10HIB.

Y MoBa pIBHOCTI €JIeKTpOXIMIYHUX NOTEHIialliB B 000X (aszax:

K* K*

,ulg+ +RT~ln[—i+F(o1 =,ng+ +RT-ln-i+qu)2
n, n,
_ -

ygl, +RT-lnm—F¢1 =ygr +RT-ln--—(-:———2~—F(p2
n, n,

3BiacH:

FUK], Foler],

. EE]JT = [[(Czllk =1 (12.2)

I — 6iOHOWeHHA [Jonnana, npuydomy r>1.

Sk 6ayuMo, y BUNaaKy piBHoBaru 1'i66ca — JIoHHaHa BiHOINEHHS KOHIEHTpALii
KaTiOHIB B 000X (ha3ax MPOTUIIeKHE BiJHOLICHHIO KOHIIEHTpalill aHiOHIB B 000X (azax.
Bupas (12.2) MmoxxHa nepenucaTy iHaKIile:

[K'][CI]= [K'][CI'],
(1oOyTKH KOHLIEHTpaLliif KaTiOHIB i aHIOHIB B 000X (hazax OJHAKOBI).

BpaxyBaBlliM yMOBH eJIeKTpPOHEHTparbHOCTI y KOXHIH (a3i, MOXHa ojepkatu
3B'I30K MIDXK KOHIEHTpauissmMu ioHiB. KoHLeHTpauil ioHIB kanito i xjopy y JiBii
IOCYJIMHI TIOBUHHI OyTH MPUOIH3HO OJHAKOBUMHU:

[K'1=[CI],

A¢=¢2—¢1=RT1 [ +]1 —RTln[Cl_]-z

Otxe, oiepXUMO:
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3 (12.2) 6auumo, 1110 KOHIIEHTpAallis iOHIB KaJlit0 Y JOHHAHIBCBKIHN (a3l Ouibla B r
pasiB, HiX y JIiBii MOCYAMHI, a KOHLIEHTpAIlis I0HIB XJIOPY Y AOHHAHIBChKiH (a3l MeHIa
y CTiJIBKM X pasiB, HDK y JiBifi mocynuni. BigHomienHs JloHHaHa r 3al€XHUTb BiA
KOHIIEHTpaLllii BCIX MPUCYTHIX Y PO3YHHaX iOHIB.

Bnacninok mepexojy ioHIB y HOHHaHIBCBbKIM (a3l BHHMKA€ OCMOTHYHHUH THUCK,
SIKMI1 MOXXHa BHpaxyBaTH, BUKopucTaBiu Gopmyny Baut-I'oda. _

Pi3Hi MeMOpaHu MalOTh Pi3HY NPOHUKHICTH IJIs pi3HUX 10HiB. [loTeHLian criokoto
rraHTChbKOro akcoHa kaimpmapa —60 MB, M’s13a xabu —92 MB, epurtponura J01UHH Bij
—6 10 -10 MB.

12.5. EJJEKTPOXIMIYHUM ITOTEHIIAJ I PIBHSIHHS EJEKTPOIU® Y311
HEPHCTA - IIVTAHKA

B enexkmpooudpysiiiniin mooeni meMOpaHa pO3IISHAETHCS 5K HeENepepBHE
OJTHOpIJTHE CEepellOBHIlle, y SIKOMY BigOyBaeThCst AU(Y3is TOYKOBHX HEB3AEMOIIFOUHX
yacTUHOK. KoHLeHTpauii ioHIB mo o0ugBa OOKd MeMOpaHH MiATPUMYIOTHCS
MOCTIHHUMH.

Ilpy HasiBHOCTI rpaJi€HTy €JeKTPOXIMIUHOrO MOTEHLialy BUHUKA€E MOTIK 10HIB,
HanpsIMJIEHUH NPOTUIIEKHO IO HBOTO. 3alMuIIeMO Ui TyCTUHU CTPYMY IO3UTHBHUX
10HiB piBHsiHHS Teopeina (9.6):

d *
[=-un H
dx
MZ
u — etekmpoopemuuna pyxnusicms iosis, (U] = B
o . MOTb
n — MOJIIPHA KOHIIEHTpALlisl i0HIB y TuTomuHi X, [1] = ———,
M
[1]=A/M>.
Toni piBHsiHHS Teopernna uist MOTOKY 10HIB 3aMUILETHCS TaK:
un du*
=T e 12.3
IZ]F dx (12.3)
Monb
J]=——.
M -c

IIponudepenuiroBasmu Bupas (1.13) s eneKTpoXiMivHOTO MOTEHIiATy, MAEMO:
d

du*zRT—n+zF-d(p (12.4)
n

IlincraBuBmn (12.4) y (12.3), omepxumo piBusHHs edexktpoaudysii Hepucra —
ILnanka 11 IO3UTUBHUX 10HIB:

uRT dn do
=— — —un—-
zF dx dx
IMepuwnit nogaHok onucye BinbHY OH(Y3it0, JPYTUil — MirpaLito iOHiB B €JIEKTPHYHOMY
TOJIi. ' )
Jns onucy nudysii 3apsmKeHUX JaCTHHOK PO3B'A3YEThCS CUCTEMA JIBOX PiBHAHB:
piBHsHHS enexTtponudysii HepHaera — [Tnanka i piBHsHHS [Tyaccona.

(12.5)
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12.6. TEOPI IOCTIAHOI'O MOJIs

Hexaii kpi3b MeMOpaHy 3/aTHi POHUKATH TUIBKH 10HW OJHOTO COPTY (KaTiOHH),
IPHYOMY IX  KOHIEHTpalil # IOTeHIlial¥ BCepeluHi KIITHHU 1 B 30BHILIHEOMY
CepelloBUINl  MiATPUMYIOThCS  CTaTMMH. IIpHmycKaeTbesi, IO  HAMPYXKEHICThb
eJIEKTPHUYHOIO MOJIsl i rpaaieHT moTeHUiajdy BcepelHHI MeM6palm HOCTiHUI Mo
Bciil ToBuiuHi h MmemOpanu (puc.41).

E= d(p % = const MeMOpaHa
dx h KJIITUHA - 30BH.CEpPENOBHIIE
_ E
(TyT Ap=0i— c). —_—
MOBA BUKOHYEMBCA ONA MOHKUX /

Iay. _ y _ n— —,
MeMOpaH i3 MAnow KOHYeHmpayicio
Hociig 3apady i 8e/IUKON MOGUJUHOIO h
HOOBIUIHO20 eNeKMPUYHO20 WApY, i >
mobmo y eunaoky ougysii ioHie uepes 0 h X

NniOHI 6iwapu i KIIMUHHI MemMOpanu.
I'pu uiii ymoBi piBHsIHHS (12.5)

NEPEeTBOPIOETRCS Yy JIiHIMiHE HeogHopigHe AU(QpiBHAHHA. PoO3B’sM3KkOM  LBOrO

nudpiBHsiHHS € piBHsiHHS [osibAMaHa U1 CyMapHOTo OTOKY 10HIB 4epe3 MeMOpaHy:

zF
n,exp| — A¢ |—n,
zFP (RT ) A

Puc.41. Membpana é meopii nocmiuHoO20 noas.

IRT (ZFA ) R (12.6)
exp| — -
p RT ®»
uRT
ne P= ZFh — Koegiyienm nponuknocmi mem6pany, [Pl=m/c.

[Tpuuomy sikmo J>0, TO HOTIK iOHIB HaNpsSMJICHUNW Ha30BHI 3 KIITUHU (AUB. puc.4l), a
skwo J<0, To Bcepeauny.

12.7. CIIIBBIIHOWEHHA YCCIHI'A

IToTik (12.6) cKIagaeThes 3 ABOX JOJAHKIB, OTXKE IMOTIK 10HIB MOXHA PO3JAUIATH
Ha /IBa: HalpsIMJIEHUH BCepeIUHY KIIITUHH J; 1 HanmpsiMJieHUH Ha30BHI J.:

zF
o GXP(EA(”]
Je= ZRT ' F A
Z
expl — A |—-1
p(RT (’)]

J = zFP ' n, Ap

" RT zF
. exp| —Agp | -1
RT
Bxonsuuii moTik 3aiexuTh (JMiHIAHO) TUIBKM BiJ KOHUEHTpauii iOHIB Yy
30BHIIIHBOMY PO34YHHI, @ BHUXOASYMM — TUIBKH BiJi KOHLEHTpalii 10HIB BCepeauHi

KJIITHHH, TOOTO 1i TOTOKK Y HAOJIHKEHHI MOCTIHHOTO Mo — He3allexxHi. Mix coboto i
IIOTOKH 3B's13aHI cNiBBIAHOIEHHAM Y CCiHra:
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J. n

I - e

RN oo
i €Xp RT ®»

BHKOHAHHS CIiBBiAHOIIEHHS YCCiHra € KPUTEpPIEM MAaCHBHOIO TPAHCIOPTY, MPH
SKOMY TOTIK iOHIB 3yMOBJIEHHI TiIbKH MPalicHTOM KOHLIEHTpALi# 1 Q€0 eNeKTPHYHOTO
nons. BiaxunenHs Big piBHsHHS (12.7) ykasye Ha y4YacThb CHCTEMH aKTHBHOTO
TPaHCIIOPTY B IepeHoci i0HIB yepe3 MeMOpaHy a00 Ha IOpYLIEHHsS He3alleXHOCTi
iOHHMX MOTOKIB, HANIpUKIad, py Audy3il Yepe3 By3bki KaHaIX B MeMOpaHi.

OIHOCTOPOHHI MOTOKH BH3HAYAIOTH 3a JOMOMOIOIO PaJliloaKTUBHUX 130TOMIB, J10-
JatouM iX B OJHMH i3 PO3YHHIB i BUMIPIOIOYH IIBUAKICTH IOCTYNAHHS 130TOMIB B iHIIMH
PO34HH, BiJOKpEeMIIEHUI MeMOpaHoIo.

12.8. BOJbT-AMIIEPHI XAPAKTEPUCTUKHN MEMBPAHU

3rigno piBHsHHA [ompamana (12.6), TpancMeMOpaHHHUM NOTIK iOHIB 3aJIeKHTh
BiJl pi3HULI MOTeHIiajdiB Ha MeMOpaHi HeNiHIfHO, 1 TUIPKM TNpU BEJIMKIH pI3HHII
MOTEHI[iaJ1iB ACHMIITOTHYHO HAOJMIKAETHCS IO MPOMOPLIHHOT 3a1€KHOCTI:

zFP _
e mpulAp —»—w J= E n,Ap <0 pesynpryiounii NOTiK HANPSAMJIEHHH BCEpENUHY,

zFP ) .
e npuAp —+ow J= E",-A(P >0, Pe3yJIbTYIOUMH NOTIK HalPSIMIICHUH Ha30BHI.

Tineku y Bumaaky n.=n; J~A¢ 1 npsMa J(A@) npoxoauTh 4Yepe3 IOYATOK
KoopauHat (ue BuaHo 3 piBHAHHS (12.6)). IIpu n>n; kpuBa J(A@) npoxoauTs HUXYE
NI04YaTKy KOOpPJUHAT, IPH

ey
>

ne<n; kpuBa J(Ao) g=
IIPOXOIUTH BHIIIE 3
(puc.42). §

VY craHi piBHOBaru
J=0. Sx cninye 3 (12.6),
PIBHOBa)XHA Pi3HHULA MO-
TEHLIaNiB: .
RT n
Ap=——In—+

zZF  n,

SIkmo kpizb MeM-
OpaHy MOXe€ MPOXOAUTH
KUIbKa THUIIB OJ{HOBa-
JIEHTHUX 1OHIB, HAaIIpH-
knag ionn K', Na', CI,
TO [JIsl PIBHOBAXHOI Pi3-
HUIIi ToTeHuianiB € ¢popmyJia I'osibaAMAaHa AJ1 MeMOPAHHOrO MOTEHLIAY:

_ RT In P.[K"], + Py [Na'], + P,[CI],
F PK[K+]:'+PNa[Na+]i+PCl[Cl_]e

Hali6inpmuii BIuiMB Ha MeMOpaHHMU IOTEHILia)l CIpaBiise TOW 10H, SIKHH Mae
HaHOLIbIINYI KOe(DILi€EHT IPOHUKHOCTI.

—15|0 —l(l)O —5{0

»

T I >
100 150 Ao, MB

BCEPCOAHUHY

Puc.42. 3anesxcnicmo senuuunu ionHo2o nomoky 6io
MeMOpanHo20 NomeHYiany 0 Pi3HUX CHIBBIOHOUICHD
MIDIC KOHYenmpayiamu ioHie no ooudsa 6oku memopamu.

(12.8)
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Tema 13. EJEKTPUYHA 3BYJIUBICTDb KJIITUH
[1], c.156-158, 167-168, [2], c.351, 359-369, [4], c.199-201, 206-214, 218-233,
[6], 1.2, c.113-128, [7], c.262-271, [&], c.163-206

13.1. HOTEHIIIAJI 11

(V IIa3MaTUYHi MeMOpaHi HEPBOBHX i M'SI30BHX KJIITHH € iOHHI KaHalH,
. SKi yHpPaBISAIOTBCA MEMOpPaHHUM IMOTEHLIATIOM — HOMEHUIaN3a1eHcHi
Kananu. TIpy NMO3UTUBHOMY 3MIIEHHI MeMOpaHHOTO MOTEHLIaly 10 AESIKOTO nopozo-
6020 3HAYEHHA KaHaN BIIKPUBAETHCA (TIEPEXOAUTH 13 HEMIPOBIIHOTO Y MPOBIAHUM CTaH).
BuHukae iOHHMI CTPyM, BHACJIJOK YOO BIIKPUBAaIOThCs CyCiiHl kaHanu. T.4. cTBopro-
€TbCSI nOmeHuias oii.

IToTeHLian CNOKOK TIraHTCHKOI'O aKCOHa KaibMapa cTaHoBUTH —60 MB. IloTen-
LiaJ Aii BUHUKAE TPU 3MillleHHI MeMOpaHHOro MOTeHLially 0 MOPOroBOro 3HAUYEHHS —
45 MB. I'lpu ubomy onip mem6panu 3meHiyerbes Bia 0,1 1o 0,004 Om-M’ (B 25 pasiB).

IToTtenuian nii Mae TpuBaiticts 1-2 McC i momuproeThes 13 WBKUAKICTIO 1-150 M/c.
Ammnityaa: 100-120 mB.

13.2. POJIb IOHIB HATPIIO TA KAJIIIO B TEHEPAIII IOTEHIIIAJIIB AI1

BigHOoCHI mpoHUKHOCTI MeMOpaHH y CTaHi CIIOKOIO JJIsl i0HIB CTAHOBIISTS!
P(K):P(Na):P(Cl1)=1:0,04:0,45
Po3paxyHok MeMmOpaHHOro noteHuiany 3a gopmynorw ['onbamana (12.8) i3 BpaxyBaH-
HsM KoHLeHTpauii ionis K', Na*, Cl” 30BHi i Bcepennni HepBoBoi kiiTunu aae Ap=—50
MB. Ockisibky B KJIITHHI 1 11032 HErO MIPUCYTHI # iHIII 10HH, TOTEHLa criokor Ae= —60
MB.

IIpu 30BHIIHBOMY TOJpa3HEHH] MPOBIAHICTh HATPIEBUX KaHAIIB Ha BiAMOBIIHIN
AinsHUI MeMOpaHU 3pocTae, BHACIINIOK 4oro ioHM Na' nmepexoisTh BCepeuHy KIiTHHH,
NiABUILYIOYH MEMOpaHHUH MOTeHIial. SKIIo moapa3HeHHs TOCTaTHBO CUJIbHE 1 MIOTEH-
Liaj 3pocTa€ 10 MOPOroBOi BETHYMHH, TIPOLEC MMiIBULIECHHS MOTEHLIaTy MPOAOBKY€ETh-
cs1: moTik ioniB Na© 3pocTae — Le MPUBOIUTH A0 11e OiNbIIOro 3pOCTaHHS MOTEHIIATy
MeMOpaHH — Lie MPUBOJUTH IO BiAKPHUBaHHs IHIIMX HATpi€eBHX KaHaiB i T.H., TOOTO
BinOyBaeThCs B3aeMHe MifcuneHHs. TakuM YMHOM MoTeHmian 3pocTae a0 +(40...50) MB,
a BIIHOCHI TPOHUKHOCTi MeMOpaHH IS 10HiB:

P(K):P(Na):P(C1)=1:20:0,45
TO6TO MPOHUKHICTL MeMOpanu A7 ioHiB Na' 3pocrtae B 500 pasis. [Tpu TakuX MPOHMK-
HOCTSIX PO3PaxyHOK piBHOBa)KHOT'O MOTEHLIaTy Ul HaTpiio 3a ¢popmyioto HepHera nae
A¢=+55 MB, a pospaxyHrok ans ionis K', Na®, Cl” 3a popmynoro Nonpamana — Ag=+43
MB.

IIpu HabnuxeHHI MeMOpPaHHOrO MOTEHIlialy O MAaKCUMAaJILHOTO 3HaYeHHs, KPiM
aKTHUBallll HaTpi€eBUX KaHaJliB, BiAOYyBalOTHCS JNEUIO MOBUIBHIIII MPOLIECH 3POCTAaHHS
MIPOBIHOCTI KAJIiIEBUX KaHaJIB Ta iHAKTHBALii (3MEHUIEHHS KiJIBKOCTI) (YHKIIOHYIOUHX
HaTpieBUX KaHamiB. lle MpUBOAUTH IO MOCTYMOBOTO NMOBEPHEHHS MEMOPAHHOTO MOTEH-
1iagy 0 HOYaTKOBOTO 3HAYEHHs, OCKiNbKH ioHM K’ BUXOAATH 32 MEXi KIiTMHH B CHITY
MIO3UTHMBHOI0O MEMOpPaHHOTO MOTEHIIATy Ta PI3HMIN KOHUEHTpalii. TpuBaicTh MoTeH-
iany Aii craHOBUTH 1-2 Mc.
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B camomy kiHIi l'IOTeHIIIaJIy Ji1 IPOBIIHICTH KaJi€BOTrO KaHally MiJBUILEHA MOPi-
BHSHO i3 CTAHOM CIIOKOIO, a HAaTpi€Bi KaHAM 0 LBOI0O MOMEHTY NPAKTUYHO MOBHICTIO
3aKpUTi, TOMy MeMOpaHHUU MOTEHILIAN 3MEHIIYeThCa Maibxke 1o —75 MB (caridoea zi-
nepnoaspusauin). Ilicns noteHuiany ail Hactae pegpaxkmepHuii nepiod TPUBAIICTIO
KiJIbKa MiJliCeKyH, KOJIM HEPBOBE BOJIOKHO He30yHe.

Ao.mBf 4 i0HHa MPOBIJHICTb, 1/(Om-M?)
60~ T TTTTTTTTTTT Qpin(N2) 4007
304 300+
Na
0 t, MC 200
_3 N A (Pnoporose 1 OO_ K
—60— - —A(Pcnom}o I I I I >
________ A(PpiBH(K) 1 2 3 4 t, MC

Puc.44. 3mina nponuxknocmi
Hampieeux i Kanl€eux Kanauie
nio yac nomenyiany Oii

Puc.43. Pozsumox nomenyiany 0ii

B pesynbTaTi moteHuiany mil Jieska KiJBKICTh JHUIIHIX 10HIB HATPIIO MOMAIaEe
BCEepeNuHY KIIITHHH, a 10HIB Kajito — Ha30BHI. Lle HacTinbku Mmaii KiibkocTi (OPSAKY
107" MOHB/CMz), 1[0 Ha KOHUEHTpAIliI0 10HIB 16 He BIUIMBAE. AJe Micis MOTEeHLiaTy ail
i JHIIHI iOHM MepeKadyloThCs 3a JOMOMOTOK HATpiii-kanieBoi mommu: 1o 3 ionu Na*
Ha30BHi i 2 ionn K' BcepeMHy KIiTHHH 32 OMH LUK

MemOpaHHa Teopis MiATBEPIKYEThCS EKCIIEpUMEHTaMH Ha Nep(y30BaHUX aKco-
Hax. [lepdy3isn Ge3kanieBUM po3yHHOM jAae noTeHuian cnokoro Ae=0, npu 3amidi 50%
K" na Na’ nposenenns 36ymKeHHS IPUIHHIETHCS.

13.3. BAMIPIOBAHHS IOHHUX CTPYMIB 3A TOIIOMOI'OXO METOAIB
OIKCALII IOTEHUIAJY

[oHHI KaHaJIH MPOMYCKarOTh CTPYM (Kpallle YH ripiie) npu Oyab-SIKOMy 3HauyeHHI
MeMOpaHHOro nmoTeHLiany, ToOTO BOHH MarOTh NEBHUH OIMip, 3aJIeKHUN BiJl MeMOpaH-
Horo notenuianxy. Kpim Toro, ioHHI kaHaay MOXHa pO3IJIAJATH SK JPKepesa BIaCHOTO
ctpymy, E.P.C. sxux 3yMoBneHa p13HHue}o KOHIIEHTpali} BiAIOBIAHUX i0OHIB 1O 00UIABa
6okn MeMOpaHu:

e HatpieBuii kaHan mae E.P.C., Hanpsmieny B Oik akcoIia3MH, OCKiJbKH KOHLIEH-
TpaLis 10HIB HaTpio OUIbIIA Y 30BHILIHEOMY PO3UYHHI;

e xanieBudl kaHan mae E.P.C., HampsmiieHy B OiK 30BHIIIHBOTO po3qHHy, OCKiJIbKH
KOHLIGHTpALlisl 10HIB KaJito 61n5111a B aKCOILIa3Mi,

e xnopuuil kaHan mae E.P.C., HampsimieHy B OIK 30BHIIIHBOTO PO3YHHY, OCKIIBKH
KOHLIEHTpalisl 10HIB xyiopy Oifbla y 30BHIIIHBOMY PO34YHHI, a 3apsj 10HIB XJIOpY
HEraTUBHUH.

BennuuHy eNeKTpopyliiHUX CUJT BH3Ha4yaloThbesi 3a piBHsAHHAM HepHcTa
(12.1):
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e = RT In Na™|, . 30BHIIIHIN pO34HH
Na F Na+ ,- ’ A
RT . |k7],
8K= ln PN I
FKT,
RT Cl_]i Rna H Rk R . LCu |Ag
o= Mo T
Ce |, =& 4+ " Lk o Eep
Memoouka eumiprogan- + T
HA: MeMOpaHHUN TTOTEHLiaT Ha J
obMmexeHl AiIsSHUI MeMOpaHH 4
3MilyIOTh [0 3aJaHOi BEJIHYH- AKcomnnasma
HU AQ 1 yTPpUMYIOTh Ha I{bOMY Puc.45. Exsisanenmna enexmpuuna
PiBHI 32 OIOMOIOK €JIEKTPO- cxema OiNsIHKU MemMOpaHu

HHOI CX€MH 3 3BOPOTHIM 3B's3-

KoM (ikcytots). CTpyM, SIKUi MMPOXOAUTH Yepe3 L0 TiISHKY, BUMIPIOIOTh 3a JIOTIOMO-
roto miacumoBava. [1{06 yCyHYTH MPOXOKEHHS! CTPyMY B3JOBX BOJIOKHA 1 3aCTaBUTH
1y MeMOpaHy akcoHa 30yIKyBaTHCh CUHXPOHHO, BCEpEIMHY aKCOHA BBOISITH MeTa-
JIEBUH €JIEKTPOJ.

MembpaHa Mae nesky eMHIicTb. Biapa3sy micisi npuMycoBoi 3MiHM MeMOpPaHHOTO
NOTEHLIay Yepe3 EMHICTh IPOXOAUTh KOPOTKOYACHUN JOAATKOBUI CTpYM 3apsiKu abo
po3psiaku KoHAeHcaropa. CTpyM, KU NIPOXOAUTD Yepe3 MeMOpaHy Micisl MPUIUHEHHS
€MHICHOT'O CTPYMY, 3yMOBJIEHHH TiJIbKH IEPEHOCOM 1OHIB.

3arajgsHUil BUpa3 Ajis TpaHCMEMOPAHHOTO CTPYMY:

do

I=1,+1,+1,+C, —

dt
ExcrnepuMeHT migTBEpAMB, 1110 HATPi€Bl il Kali€Bl KaHAIX — Pi3HiI CTPYKTYypH. [o-
6aBka 10 akcoruiazmMu TeTpoaoTokcuHy (TTX) moBHICTIO MpUTHIYY€Ee HAaTPiEBUM CTPyM,

TteTpaetuiiamoHito (TEA) — npurHiuye kajni€eBUi cTpyM.

13.4. BOJIbT-AMITIEPHI XAPAKTEPUCTHUKU JJISAI HATPIEBOT'O 1

KAJIIE€BOTI'O CTPYMY

BonbT-amnepHi  XapaKTepUCTHKU I, A4
3HIMAIOTh B YMOBax @hikcauii Memopan- 50
HO20 nomeHuyiany. K

Sxkmo Ha meMOpaHi — moTeHIan
CIIOKOIO, TO Kali€8uii cmpym BiACYTHIH y

CHUJI IBHOCTI €JIEKTPOXIMIUHUX ITOTEH- ! >
1Ty p1BH! P -50 / 50 Ao.MB

LIJIIB KaJliio 1o o6uaBa 60ku MeMOpaHH. Na

IHmKMMu cnoBamu, cuila, 3yMOBJICHa pi3-

HULICIO KOHLIGHTpaIlil, SiKa IITOBXa€ 10HH —50-

KaJlil0 Ha30BHI KJITHHH, 3piBHOBa)XEHA
CHIIOI0, 3yMOBJICHOIO Pi3HUIEIO MOTEHLi-
aNiB, sKa IITOBXA€ 10HU KaJlif0 BCEPEIUHY
kiituay. [lpu OinblmoMy MemOpaHHOMY

Puc.46. Bonom-amnepHi xapakmepucmuku »
0151 HAMPIEBO20 1| KANIEBO2O CMPYMY.

1 — eycmuna cmpymy, HanpamaeHoz2o 3cepe-
OUHU KNIMUHU HA308HI
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HNOTeHI[iadi Apyra CHiia CTAa€ MEHILOIO, a MPY MO3UTUBHOMY MeMOpaHHOMY IIOTEHLUali
B3arajai HampsMJieHa Ha30BHiI KIITHHH, TOMY iOHH KaJil0 BUXOJSITHh HA30BHI KIITHHH
THUM IHTEHCHBHIIIle, YUM OiNBIIHMH MeMOpaHHHH noTeHuiai. OTxe, KalieBUil CTpyM 3po-
CTa€ NMpHU 3pOCTaHHI MeMOpPaHHOTO MOTEHIiaTy.

| SAximo Ha MemOpaHi — MOTEHLIaNl CIIOKOK, TO HAMPpIceuil cmpym BiICYTHIH,
OCKUIbKM HaTpieBi kaHanu 3akputi. [Ipu moporosomMy 3HaueHHI MEMOpaHHOIO MOTEHLII-
aJly YaCTHMHA KaHaJiB BIOKPHUBAIOTHCS, 1 HATPIH MOCTyNae B KIITHHY, OCKUIBKH OOUABI
CWJIM JiI0Th y IIbOMY HanpsiMKy. Uum Oinbliuil MeMOpaHHUH MoTeHLian, THM Oijbiie
HaTpI€BUX KaHaJiB BIAKPUTO, & CHJIa, 3yMOBJICHA PI3HUIIEIO TTOTEHINIAIB, MEHIIIa, TOMY
HaTpPIEBUH CTPYM, IOCTYMAKOYHN BCEPEIUHY KIITHHH, CIIOYATKy 3pOCTa€, a MOTIM Cria-
nae. I'lpy no3uTHBHOMY 3HadeHHI MeMOpaHHOro MOTEHLIaly CHJa, 3yMOBJIEHA pi3HH-
L0 NOTEeHLialiB, MPOTHIIC)KHO HampsMIleHa O CHJIM, 3yMOBJIEHOI pi3HUIEI0 KOHIICHT-
pauiif, TOMy HaTpi€BUI CTPYM Mallui HE3BaXKArOYH Ha Te, IO OiBIIICTh HATPIEBUX Ka-
HajiB BiakpuTti. [Ipu MmeMOpanHoMy norteHuiani 6ins +40 MB 11i cuin BpiBHOBaXYIOTh-
Ccsl, 1 HaTpPi€BUM CTpyM TNpPUNUHSEThCS. A TpuU MeMOpaHHOMY MOTeHIiani Outbiie +40
MB cuna, 3yMoBieHa pi3HUICIO MOTEHIIANIB, MEPEBAXAE CHUITy, 3yYMOBJIIEHY Pi3HHUIIEIO
KOHLIEHTpalii, i TOMy HaTpiii BUXOJUTB i3 KIITHHHU.

13.5. MEP®Y3I5 I30JJbOBAHUX HEHPOHIB, METO/1 "TIIETY-KJIEMIT".
PECCTPAILIISL CTPYMIB IOOJJMHOKHNX KAHAJIIB

CtpyMH pi3HUX 10HIB HaKJIQalOTHCA OJMH Ha OJHOTO. J[JIs1 X po3jineHHs HEOO-
XiZHa 3MiHa 10OHHOTO CKJIally BCepelMHi KITHHHU. JJIsi LHOTro po3pobieHo Memood nep-
¢hy3ii 1301p0BaHUX HEHPOHiB. BMicT HelipoHa BUIABIIOIOTh IYMOBHUM BallMKOM, a HaTO-
MICTh 3aIIOBHIOIOTH HOT0 PO3YMHOM i3 3a/laHOI0 KOHIIeHTpallieto ioHiB. J[o i301mp0BaHOl
KJIITUHU NiJBOASTH MIIIETKY, IPH LIBOMY YTBOPIOETHCS HIIBHUM KOHTAKT MiX IIIIIETKOO
1 MeMOpaHO0. MemOpaHa BeepeluHi MIMeTKU PyHHYEThCS i BIIKPUBAETBCS TOCTYII 10
BMICTY KJIIiTHHH. Yepe3s mineTky MOXHa BBOJAUTH BCEPEUHY HeHpOHA enekTpo. Takum
YMHOM € MOXJIHMBICTh OJHOYACHOI iepdy3ii # BUMIpIOBaHHS MOTEHIIATY.

IIpu neBHUMX ymMOBax MeMOpaHa BCepeAMHI MIMETKU He PYWHYETHCS, a YTBOPIOE 3
HElo LIIJIBHUI riraOMHUI KOHTAKT, 130JIbOBaHUH Bil pemtu Mmembpanu. T.4. MOXHa J0-
CJIIJDKYBATH AyXe Mayli MiKpoparMeHTH MeMOpaHH, sIKi MiCTATh OJUH iOHHUI KaHall —
memo0 "nemu-knemn". Ilpu npomy QiKCyIOTbCS CTPyMH BelduduHOIO 10 10 nA, cTBO-
peHl pyXoM NOOAWHOKUX ioHiB. Taki AOCHIDKeHHs NaloTh Oe3nocepeaHio iHGOpMaLio
PO 0COOIUBOCTI (PyHKLIOHYBaHHS OiTKOBHX MaKpPOMOJIEKYJI, IKi BUKOHYIOTh (DYHKIIIFO
10HHUX KaHaliB. AHani3 QuIyKTyaliii NPOBIAHOCTI OKPEMHX 10HHHX KaHAJB J03BOJIUB
BU3HAUUTH CEPEIHIN Yac KUTTs # IPOBiAHICT KaHaIy.

13.6. BOPITHI MEXAHI3MHU IIOTEHIIAJIO-3AJIEXKHUX IOHHUX
KAHAJIIB

BcepennHi MmeMOpaH# € pyXJIHBi 3aps/DKeH] YaCTUHKH, SKi i/ JI€I0 eIeKTPHIHO-
ro noJjs (Npy 3MiHi MOTEHLiaJly) NEePEePO3NOALIAIOTECS B MEMOPaHi i TepeBOAATh KaHall
13 HENPOBIHOIO y MPOBiAHUI CTaH i HaBnaku. [Ipu 1bOMY 3apsOKEH] IPYIH JKII He-
3HA4YHO 3MIILYIOThCA y BOPITHOMY IpHcTpoi kanaiy. llIBuanie Bcboro, BinOGyBa€Thes
KOOTIEPaTUBHA 3MiHa Opi€HTallii TUIONIB Ha BHYTPIIIHIA MOBepXHi KaHaily. IIpoxo-
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JUKEHHS i0Ha 4epe3 KaHal 3aJeXHTh BiJl HOro B3a€MOJIii 3 AMIONBHMMH TpylNamH. 1x
Opi€HTAllisl B KaHAJIi MOXKE BIUTMBATH TAKOX Ha T€OMETPII0 KaHaly.

Ilpu nepemileHHi 3aps/HKEHUX YAaCTHHOK BCEpelMHI MeMOpaHU MNpOXOIUTh
CTPYM 3MILLICHHSI, TaK 3BaHUH éopimuuii cmpym. OCKUTBKH TYCTHHA BOPITHOTO CTPYMY
craHOBUTH TUIbKH 0,1 A/M*=0,1 mA/MKM?, TO Ui TOTO, 06 HOTO 3apeecTpyBaTH, He-
OOXiTHO YCYHYTH BIUIUB €MHICHOTO Ta 1OHHHMX CTpPyMiB. JJi1 BHKIIIOYEHHS iOHHOTO
CTpyMy aKCOH KajbMapa mnep@y3yBalii 3CepelMHH il 30BHI pO3UMHAaMH HENMPOHUKHHX
10HIB i3 BMicTOM OJIOKATOpiB IOHHUX CTPYMiB — TETPOJOTOKCHHY H TeTpaeTHIaMOHiIO.
€MHiCHHH CTpyM OyJne OJHAKOBHM IpH NMPHUKIAAaHHI JO MEMOpaHH OJHAKOBHX Tinep-
MOJIAPU3YIOUHUX 1 AENOJSPU3YIOUMX IMITyJIbCIB. Pi3HUIIA CTPYMIB, 1110 BUHUKAOTh Y LIHUX
2-X BUNAAKax, Ja€ BEJIMYUHY BOPITHOrO CTpyMy. BHABHIIOCH, IO LIeH CTPyM 3aJIeXkKUTh
BiJl 4Yacy €KCIIOHEHIiaJIbHO.

KoxHuii TUN KaHaiy — Kaji€eBHH, HATpi€BHii, KalbllieBUH — Ma€ CBilf BOpiTHUH
CTPYM.

BopiTHu#i cTpyM NMpUTHIYYeThCsS iOHAMHU Zn, BBECHUMH BCEpEeJUHY KIITHHH, a
TakoX YO 280 HM.

13.7. CEJIJEKTUBHICTH KAHAJIIB

ITpoHUKHICTH HATPIEBUX KaHAJIIB [UIS KATIOHIB JTY)XHHUX METaNiB:
P(L1):P(Na):P(K):P(Rb):P(Cs)=1,1:1:0,083:0,025:0,016
HartpieBi kaHaIM TaKOX MPOHMKHI IS 10HIB aMOHIIO NH," i meskux HEeBETHKHX oprasi-
YHUX KaTIOHIB:

Na > rigpokcunamia OHNH;" > rigpasur NH,NH;" > amoHiit = Gopmamigun =
ryaHiZIMH = FiIpOKCUryaHi{uH > aMiHOTyaHiauH >> meTwiamin CH3NH;"
Jlerme npoxonasiTe KaHan MeHmni ioHH. 3amimeHHs OH— a6o NH,—rpynu MeTwibHOIO

(CH3) 3Ha4HO 3HUXXY€E MPOHUKHICTD 10HA.
3rinHo Modeni Xinne BXin y HaTpieBMil KaHAN Mae NpAMOKYTHY dopmy 3x5 A,
oToueHU 8§ atromMaMu KUCHIO. B KaHani € kapOoKCUIbHA KUCIOTHA IPyIa, sIKa CTBOPIOE
CUJIbHE eJIeKTpUYHE IoJie i 3a0e3Meuye CeJeKTUBHICTh KaHaly. Y BOJHOMY pPO34MHI Ka-
TIOH OTOYEHWH aTOMaMH KHCHIO MOJIEKYJ BOJIH, B KaHalll BiH TaK0>X OTOUEHHI aTOMaMH
KHCHIO, OJIHI 3 IKHX HaJIe)XKaTh MOJIEKYJlaM BOJIM, iHIII 3B's13aH1 3 KaHAJIOM.
TTpoHMKHICTE KaJlieBUX KaHAJTiB:
P(K):P(Rb):P(NH4):P(Li):P(Na)=1:0,92:0,13:0,018:0,01
JliameTp By3bKOi YacTHHM KaHany — 3 A, ToMy yepes HHOro He MOXKYTh IPOHTH BEJHKi
ionn. Taxi ionn sk Na' (1,9 A) i Li" (1,4 A) npoxoaars norano, ockilbku BOHH He B3a-
€MOJIIOTH HaJIeXKHUM YMHOM 3 aTOMaMH KHCHIO KaHAITy.

13.8. BIOKATOPHU IOHHUX KAHAJIIB

BiokaTopu HATpiEBUX KaHaJIB:

1) Otpyta napaniTHYHOI Aii MempoOdomoKcUH — MiCTUTBCS B MEYiHLI STOHCBKOI pUOH
¢yry, BHYTpillIHiX opraHax pUOM-KYJi Ta B OpraHi3Mi JesKUX BUAIB TPUTOHIB. 3B'd-
3y€ThCsl i3 30BHILIHIM BXOJOM KaHaly i NpMIHidYye BHHMKHEHHs HOTeHUiany Aii y
HepBax 1 M's3ax.

2) CaxkcumokcuH — MicTUTBCS B JKryTHKOBUX Gonyaulax catanella (uepBonuii miaHk-
ToH). Jlis ananoriyba. Lli oTpyTH mapaini3yroTh HEpBOBY NPOBIIHICTb.
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3) Micuesi aHecTeTHKH (HOGOKain Ta iH.) B HeHTpallbHiit (OpMi, POZUMHSIIOUYUCE Y JIi-
MiZHOMY inapi MeMOpaHM, IPOHUKAIOTh BCEPEAMHY HEPBOBOIO BOJIOKHA | GIIOKYIOTH
KaHaJ 3cepeauHu. B 3apsmkeHii ¢dopMi (IpOoTOHOBaHA aMIHOTPYIa) aHECTETHK MO-
K€ MPOHUKHYTH BCEpeAUHY KIITUHU TiNBKU Yepe3 BIAKPUTUH HATpI€BUH KaHal, TO-
MY e(EKTHUBHICTh TAKUX QHECTETUKIB IiBUIIY€ETHCS IIPX PUTMI4HIA CTUMYIIALIT He-
pBa.

4) Ionu Ca*”,

BaokaTopu KajlieBHX KaHAJIB:
1) Tempaemunamoniii 6;10Kye KaHaN 3CEpPEeIMHU KIITUHU. ITpH IbOMY 3HaYHO 3pocTae
TPUBAJIICTh MOTEHIAIY ail.
2) Ionu uesiro, Na, Li, BBenieH] BcepequHy KJIITHHH.
3) Ionu Ca*.
4) Toxcunu, siKi MiCTATBCS B OTPYTi JESKHX BHUJIIB CKOPITIOHIB.

‘_ BaokaTtopu kajbUieBUX KaHAJIB:

Beparamin, D-600, Hibeaunrin, QuiIbTHa3eM BUKOPUCTOBYIOTECS IK aHTHAPHTMI-
YHi 1 Cy IUHHOPO3LIUPIOIOU] 3aC00HU.

[CHYIOTB CIIONYKH, Ki, HABIIAKH, MPUTHIYYIOTh iHAKTHUBAIII0 HATPi€BUX KaHAJIB:
IPOTEOTITHYHI PepMeHTH, poHa3a, N-OpoMarieTaMifl, TAHIHOBA KUCJIOTa, HOAAT TOLIO.
OTpyTa CKOPHiOHIB i MOPCHKMUX aHEMOH 30iJIbIIIye TPUBAIICTh MOTEHIIay Aii y COTHI
paziB.

JlesiKi TOKCHHH 30aTHI pO3YMHSITUCS B JIIiTHOMY 11api MeMOpaHH i MPOLOBXKYBa-
TH TPUBAIICTh BIAKPUTOCTI HATPi€BUX KaHANiB: 0aTPaXxOTOKCUH (MICTHUTBCS B CEKDETI
LWIKIPSHKX 32J103 MMiBAeHHOaMepuKaHcbkol xabdu), JIJIT.

13.9. MATEMATHYHA MOJEJIb XOXKKIHA - XAKCJIT OITUCY
MMPOHECY EJEKTPUYHOI 3bYVINBOCTI

Ha ocHoBi gocniaiB XomkkiH 1 Xakcii cpopMyItoBaii NPpUHUURU:
1) IlepeHoc i0HIB HATPItO M KaJlito 3iHCHIOETHCS PI3HUMU HEB3a€EMOIIOUNMH CTPYKTY-
paMH (KaHajaaMH);
2) 3MiHa CTpYMiB € HACJiAKOM 3MiHHM MPOHUKHOCTI MeMOpaHHU ISl Pi3HUX iOHIB;
3) IlpomyckHa 31aTHICTE MEMOPAHU YIIPABIISETHCS €IEKTPUYHUM I1OJIEM.
Y cBoOilf Moeni BOHM IPHIYCTHJIH, IO KaHaJl aKTHUBYETbCA MPHU NMPOXOKEHHI

JEeSKUX 3apsKCHUX YaCTHHOK Kpi3b IOTEHIiaTbHUNI O6ap'ep Bce- [\B
penuHi MeMOpaHU. ™
[TpumycTUMO: SIKIIO 3apsKeHa YacTHHKa rnepedyBae y Jii- o

Bili MOTEeHIUiaNIbHIN siMi (Y CTaHi iHAKTUBALIil), TO KaHal 3aKpUTHH,
a SIKIIIO Yy mpaBiii (y cTaHi akTuBalii) — TO BiAKpuTui (puc.47). vV
CTaHl JAMHAMIYHOI piBHOBaru MOCTiHHO BiAOYBalOThCs IEPEXOIU ®
31 cTaHy aKTHBallii y CTaH 1HAKTHBAllil 1 HaBIaKH, ajle 3arajbHi
KUTBKOCTI YaCTHHOK y KOXKHOMY CTaHI MMPH LbOMY HE 3MiHIOIOTh-
csi. Hexall y noyaTkoBHiI MOMEHT 4acy JacTKa YacTHHOK Y CTaHi
aktuBallii (ado IHIIMMH CIOBaMH, MMOBIpHiCTh nepeOyBaHHs Ya-
CTUHKHM y CTaHi aKTHBaIlil) CTAHOBUTH Ny, @ YAaCTKa YACTUHOK Yy
CTaHl iHakTHUBaUil (a00 IHIIMMH CJI0BaMHU, HMOBIpHICTh NepeOyBaHHS YACTHHKH y CTaHi
iHakTUBalii) craHoOBUTh 1-ny. IIpu 3MiHI MeMOpaHHOro MOTEHLially LI BEJUYUHU

1—n n

Puc.47. Ilomenyian
gcepeoduHi IOHHO20
KQHALy
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3MiHIOIOThCA. KiHeTHuHe piBHSHHS JUIS IIBHJKOCTI 3MiHM YacTKM YAaCTHHOK Yy CTaHi
aKTHUBAaIll:

—c;—':=a(1—n)—ﬂn (13.1)

, B — KOHCTaHTH WBUAKOCTEH (HMOBIPHOCTI) BiATIOBIIHUX MEPEXOIB.

Po3s's3ok nudpisusaus (13.1) gae excrioHeHLianbHy 3anexHICTh n(t). Cepenns
HPOBIAHICTh IOHHUX KaHAJIIB IpONOpLiiiHa A0 KiNbKOCTI BIAKPUTHX KaHAJIB:

G=NOGnax (13.2)
(Omax — MAaKCUMaJlbHa NMPOBiAHICTh, KOJU BIAKPUTI BC1 10HHI KaHAIH),

OTXKE€ TAKOXX MOBHHHA 3MiHIOBATUCH 11O €KCITOHEHT!.

AJle HacmpaBi JHHaMiKa 3MiHHM TPOBIJHOCTI KA/i€6UX IOHHUX KAHA/iE HE 30-
BCIM BiAmnoBigae mpocTii 3anexHocTi (13.2), Tomy XomkKiH 1 Xakceial NpUIlyCTHIIH, 1110
aKTHUBAIlisl KaJi€BOTO KaHaly BiJOyBa€ThCs NpH Iepe-
X0/li 4-X OIHAKOBUX YaCTHUHOK. Y LbOMY BHIAAKY HMO- c4
BIPHICTPH BIAKpMBaHHS KaHay (4acTKa BIIKPUTUX KaHa-  Omax
JIiB) CTAaHOBUTh n*. Toni IIPOBIIHICT BiATIOBIZIa€ eKcIie-
PUMEHTAJIBHIA 3aJIe)KHOCTI, HaBeAeHid Ha puc.48 mns
BUIAJIKY, KOJIM B IIOYaTKOBHH MOMEHT 4acy BCi KaHaJH ~
3aKpHUTi, a Mcas 3MIHM MeMOpaHHOro MoTeHIialy BCi '2 h I6 é t,VMC

KaHaJI¥ BiJKpHUBAIOTHCS : .
AP 4 Puc.48. [lunamixa sminu

o=n'c . S
. max . . nposioHOCMI KANie8Ux
YacTHHKHY, SKi yIPaBISIOTH MPOHUKHICTIO KAJIi€BUX Ka- . :
[OHHUX KaHANi8

HaJIiB, HA3UBAIOTh H-YACHUHKAMU.
Excnionenrta B 4-My cTereHi Ma€ BUTJISJ, NOAIOHUN 10 300paxkeHoro Ha puc.48.
ITpoBigHicTh 3pocTae HEe MO eKCIOHEHTI, a 3 AeSIKUM TepiogoM 3aTpuMkH. L1IBuake 3po-
CTaHHsI IIPOBITHOCTI KaJli€eBUX KaHAIIB MOYMHAETHCS TUTBKH Micsl JocsarHeHHs n>0,7.
JluHamika 3MiHHM NPOBiTHOCTI HAMPpiceUXx IOHHUX KAHAIG 11ie CKIaAHILIA — CIO-
4yaTKy aKTHBallis, a NoTiM iHakTuBailis. Tomy Oyno 3po0iieHO NpUITyIIeHHs, 0 HaTpie-
BUH KaHaJ BIIKPUBAETHCS MPH Nepexoi yepe3 6ap'ep 3-X T.3B. M-4aCTUHOK, a 3aKpHBa-
€TbCA — NpU nepexoni 1-i T.3B. h-uacTuHKH, TOOTO B aKTUBOBAaHOMY CTaHi HaTpi€BHH
KaHal nepeOyBa€ TUIBKM 3a YMOBH HAasBHOCTI 3-X M-YaCTHHOK 1 BigcyTtHocTi h-
YaCTUHKU Ha MeBHINA AuisHIi. T.4. piBHSHHS IJis NPOBiJ-

A
HOCTi HaTpi€BOro KaHaly: °
o=m’ho

m — UMOBIpHICTb NepedyBaHHS M-YaCTHHKHU Y CTaHi aKTH-
Ballii; :
h — iMOBIpHICTb BiICyTHOCTI h-4acTHHKM Ha HaHidl JiasH- S B m— >
I_u 2 . 4 t,MC

MarematrnyHa Moaenb XOKKiHa — XakKcil J03BO- Puc.49. Tunamixa 3minu
Juia 3 BUCOKOK TOYHICTIO 3MOJENIOBATH HEPBOBHH iM- nposionocmi nampieeux

IyJIBC IIPU PI3HUX €KCIIePUMEHTATBHUX YMOBaX. JOHHUX KaHALi8
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Tema 14. IOIIWPEHHS 3bY JUKEHHS
[1], c.170-171, [2], ¢.356, [4], ¢.201-206, [6], T.2, c.139-144, [8], c.170-171

14.1. JIOKAJBHI CTPYMMU TA CAJIbTATOPHE ITPOBEJEHHS
3BYIKEHHS

7{ €pPBOBHI IMITYJIbC Ma€ BIACTUBICTH MOIIMPIOBATHCH B3JOBX BOJIOKHA
0e3 3aTyxaHHS 3 MOCTIWHOIO MIBUIKICTIO. BHachigok aenonspusauii ai-

JSIHKU MeMOpaHM BUHHWKAIOTh JIOKA/IbHI =
cmpymu Mix 30ymKeHoro # HesOymke- -ttt — — — + + + + F + F +
How auisiHkamu (puc.50). Ilpu gocsrven- - — — + + + — — — — — — — —
Hi Ha He30y/DKeHIH MiIAHII MOPOrOBOTO —
MOTEHIialy BOHA TAKOX MEpeXomuTh y  _ _ _ + 4+ 4 _“_ _ _ _ _ _ _
30y/OKEHUH cTaH. Y MNpoTMIeXHWH OIK . 4 _ _ _ 4+ 4+ 4+ 4+ 4+ 4+ + 4
CUTHAJI HE MOILIUPIOETHCS, OCKIIbKY ALIfA- x___/

HKa MeMOpaHu micis 30ymkeHHs Ha ae- Puc.50. Jlokanvui cmpymu 300801 Hepgo-
SKHUH 4ac BTpayae 34aTHICTh 30yIDKyBa- 6020 60]I0KHA NIO uac nomeHyiany Oil.
TUCH (pedhpaxkmepHuii nepiod).

B HepBOBHX BOJOKHaX XOpJOBHX IOTEHLIAN il BUHUKAE TIIBKU B HeEpexeamax
Paneg’e, MixX SIKUMU OBEPXHSI IOKPUTA Mi€AIHOM, yTBOPEHUM JIEMOIIUTaMHU (111BaHIBCh-
KAMHU KJIITUHAMHM), SIKHH € i3051aTopoM. Bifcrtanbs Mixk nepexBataMu — 2 MM. 30y IKEHHS

nepenaeTbcs CTpuOKaMu MiX TIepe-
nepexsat Panp'e

xBaraMd PaHB'e 3 OUIBIIOIO IIBUJKI- P
ctio i 3 menumn satpatav, Hix y gy ¥ gy N oy ——icai
HEMIENIHOBaHUX BOJIOKHAX, TOMY IIIO I

eJIeKTpUYHa €MHICTH MI€NiHOBOI 000-
JIOHKM Mana 1 Ha il mepe3apsiKy BH-
TpayaeTbCsl 3HAUYHO MEHIIEe EHepril.
Take mpoBeneHHs IMITyJbCy Ha3WBalOTh caibmamopHum. MieniHizauis 3abe3nednia
XOpZIOBUM €BOJIOLIMHY IepeBary, OCKUIBKH JUIsl JOCATHEHHS 3aJaHOl IIBHAKOCTI MMO-
LIUPEHHS 30y /I)KeHHS Mi€JliHI30BaHe BOJIOKHO MOXe OyTH B 25 pasiB TOHIIIE.

Puc.51. Canemamopne nposedenns
36V0diceHHs midic nevexeamamu Pane’e

14.2. KABEJIbHA TEOPISA

BBaxkaeThcs, 1110 NPOBIIHICTH 30BHIIIIHHOTO CEPEIOBUIIA JOCTATHHO BEIUKa. Alle
aKcoIulasmMa Mae€ II€BHUH OMip, TOMY IIPU IPOXOXKEHHI 10 Hilf cTpyMy IMOTEeHIial aKco-
IUTa3MHU MO BIJTHOIIEHHIO 0 30BHIIIHBOIO CEPE/IOBHINA Maa€e, TOOTO BiH € MaKCHUMAlb-
HUM y Toull 30yJDKEHHS 1 HOro aMInIiTyia 3MEHIIYEThCS MO Mipi BiAJaleHHs Bif Hel.
IToTreHnian akcomiasMy BiJHOCHO TOTEHIialy 30BHIIIHBOIO CEPEJOBHINA IPH MPOXO-
IPKEHHI CTPYMY IO BOJIOKHY Ha3UBAIOTh €/1eKHIPOMOHIYHUM ROMEHUIAIOM.

HepBoBe BONOKHO MOXHa po3risfaTH K Kabelb 13 HEOCKOHAIUMH EIeKTPHY-
HUMH BJIACTUBOCTSIMU: HU3bKa €JIEKTPONPOBIHICTb aKCOIUIa3MHU, HEJIOCTATHI 13010041
BJIACTUBOCTI MeMOpaHH, BelI1Ka MeMOpaHHa EMHICTb.

30BHIIIHE CepeIOBUIIE Ma€ BEIUKUN 00'eM 1 BEJIUKY MTPOBIAHICTD, TOMY MOYKHA B
HLOMY BBaXXaTH @ =const (moTeHLian nocrinuii). Ilpuiimemo, mo ¢.=0. BHyTpimmHii
(Mo310BXKHiM) OIip OOMHMINI AOBXHWHU akcoruasmu — 1, (Om/cm). Tlonepeuynunii omip
OJIMHUILI IOBXKUHU MeMOpanu — r, (Om-cm).
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3a HOpMAILHUX YMOB IIOTEHLIaN aKcor1asMu ¢,<0. Hexalt y T.A BUHHMK MOTEHL-
an xii ¢o>0. Toxi no akcomnasmi nixe mo3moBxHiil ctpyMm I,. Posrnsanemo ainsHKy Kona
AB nosxuHO0 AX. 3a 3akonoMm Oma, pi3HHIL NOTEHLIaNiB Ha AUTAHLI KOJa piBHA 10-
OyTKy CHIHM CTpyMy Ha OHIp JaHOI

JUISIHKY KoJIa: B
Ap=-1rAx —{—1 — T

AKcoruiazMa

v

LR

3nak "-" — ockinbku npu Ax>0 I '
A@<0. 3Bigcu: C J_ d:[R J_ £ L

1,=-Lde L

" r, dx v
Ane BoAHOYAac TMO3JOBXKHIN
CTPYM IMOCTiHHO 3MEHIIYEThCS BHa-
CJIIJIOK MOCTYIIOBOTO BiJITOKY 3apsiiB
Kpi3b MeMOpaHy B cCepe/IOBHULIE
(MemOpanHuit ctpym). 3a I 3akoHom Kipxroda, MeMOpaHHUH CTpyM, SIKHH TIPOHH3YE
OJVHHUIIO JAOBXHMHHU MeMOpaHH, JOPiBHIOE 3MEHILIEHHIO T03I0BXHBOIO CTPYMY Ha LM
OMHMIII TOBXHUHH:

v

0 Cepenosulne X
Puc.52. Exeisanenmna enexmpuyna
cxema aKkcoHa

di, 1d%
I, =- =——
dx r, dx
[ul=AM.
3 inmoro 60Ky, 3a 3akoHoM OMa, MeMOpaHHUH CTPyM:

1€ @ — eJISKTPOTOHIYHUH MOTEHLiaJl aKCOIUIa3MH B JTaHil TOYLI X.
OnepxyeMo nu¢piBHAHHS:
2
nd'e
2 ¢
v, dx
Horo po3s's30k:

X
x)=@.expl ——
@(x) = @,exp J)

14.3. KOHCTAHTA JOBXHWHMU KABEJISA

Ak BuUAHO 3 pO3B'A3Ky AUGPIBHAHHS, CUTHAN €KCIOHEHLIATbHO 3aTyXa€ 3 Bil-
cra"H0. KoHcmanma 0oesxtcunu Kabensa A — BiICTaHb, Ha SKi €JIEKTPOTOHIYHUH I1O-
TEHL1aJl aKCOIJIa3MH BiTHOCHO CepeloBHIIa 3MEHIIIYEThCS B € pasiB.

Axuo nuToMuit onip oAMHULI MUIOLI MeMOpaHu — 6, (Om:cMm ) a MUTOMUHN Ol'Ilp
1 em® akcomnasmu — Pa (OM-cm), TO:
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o, 4p,
roo=— v,
D’ D?
D
= |=2« _p
4p,

AxcoH niamerpom 30 MKM i3 6,=5 kOm-cM’ 1 p,=50 OM-cM Mae A=2,7 MM. Y KiTi-
THH XapOBHUX BojopocTelt giamerpoM 1 MM 13 6,=10 kOM-cM” KOHCTaHTa JOBXUHH — Ki-
JbKa CAHTUMETPIB.

Ilpu 30ymxeHHi muToMmii omip MeMOpanu pi3ko 3MeHmyetscs (B 1000 pasis),
TOMY 3MEHIIYETHCS 1 KOHCTaHTa MOBXKHWHM, a OTXKe, CHTHall MaB OU 3aTryxaTu HabaraTo
wBuae. HacnpaBai curHan mpu NMOmMpPeHHI B3JOBX HEPBOBOIO BOJIOKHA HE 3aTyXae,
OCKIJIBKH B37I0BXK BOJIOKHA PO3TAIlOBaHI "MoeKyaapHi zenepamopu": IpU JOCATHEHHI
MOTEHIIiaJIOM TIOPOrOBOI0 3HAYEHHS MIPOBIAHICTh HATPIEBUX KaHAJIB pPi3KO 3pOCTaE, 0
BUKJIMKA€E TICUIIEHHS CUTHATY, SKUW MOCTYNHB HA JaHy JIIUISTHKY BOJIOKHA, O MOTPiO-
HOI BEJIMYHMHH.

14.4. OIIIP I EMHICTbD MEMBPAHHA

HepBoBi it M'130Bi TKAHUHHU — [ATIHAPAYIHI TPOBITHUKUA. AKCOIUIa3Ma Mae Manui
nutomuit omip — p,=30-200 Om-cm, mo npu giamerpi 30 MKM CTaHOBHUTH I,=4-30
MOw/cm (ans nopiBasiHEST — tutoMuid omip 10%-ro po3unny NaCl — 1 Om-cm, nuro-
muit onip v/ Ge npu 0°C — 5000 Om-cm. MemOpaHa Mae BEIMKUA NUTOMUHN omip —
2:10° OM-cMm, o npy TOBHIMHI MemOpanu 20 A cranoButh 0,=400 Om-cm® abo r,=40
KOM-cM (It OpiBHSHHS — nmuTOoMHit omip ckia — 10" OM-cM, nuToMuit onip XiMidHO
ypcroi Bogu — 108 Om-cMm).

ENleKTpUYHA EMHICTh YHUCTOro GiMONEKyIAPHOro imiaHoro mapy — 0,8 Mxd/cM’,
eMHICTh MeMOpaHH pi3HEX KIITHE — 6l 1 Mx®/cm’. JlieneKTpudHa IPOHUKHICTE 130-
JIFOIOUOI YaCTUHHU Oimapy, sika CKJIaJa€ThCsl 3 BYTNIEBOAHUX JAHIIOTIB — €=2. 3a popMy-
JIOI0 IJIOCKOTO KOHJIEHCaTOopa
_€5,S

d
MO>XHa OOYMCITMTH TOBIIMHY MeMOpanu: d=22 A.

€MHICTh — BOXIUBUH MapameTp. 3HAIOUH €MHICTH MEMOpaHHU, MOXXHA BHpaxXyBa-
TU KUIBKICTb 3apsfiB, HEOOXiHY IJI1 BUHUKHEHHS 3aJ]aHOTO 3MilleHHS MeMOpaHHOTO
NOTEHLIATy, 0OYUCINTH 3arajibHy ILIOILY ITOBEPXHI KJIITHHH.

C
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Tema 15. MEXAHI3MU MI)KKJIITUHHUX B3AEMOJINA
‘ [2], ¢.369-372, [4], c.235-255

15.1. INIVIMHHI 3'€ JHAHHSA

inunne 3'€OHaAHHA MPOXOIUTH Kpi3b ABi IIa3MaTU4YHi MeMOpaHu Cy-
CiIHIX KJITHH 1 3'eqHye ixHi nuromnazmu. Kanan yrBopeHuil nBomMa
KOHEKCOHaMu, sIKi CKJIaJIaloThCs 3 6 O1TKOBHX CYOOUHUIIL KOXEH.

17
Sk
11
b

KaHall

O11KOBiI CyOOIUHHULII ..
i au

11
b
17

Puc.53. Cxema winunnozco 3 ' €OHanHA

EdextusHuii miametp kaHamy — 15-20 A. Bin Moxe nporycKaTH pe40BUHH 3 MO-
JeKynsipHoro Macoro o 1000-1500: HeopraHiuHi i0HH, LyKpU, aMiHOKHUCIIOTH, HYKJI€O-
THIH.

HlinuHHI 3'enHaHHA 3a0€3MeYYIOTh CUHXPOHI3AYII0 CKOPOYEHHS KIIITUH cepied-
HOTo M'si3a il KJIITHH TJIaJKOI MYCKYJNaTypH. 3aBASKH iM MOTEHLIA [ii MOIIUPIOETHCS
MDK KJIITHHaMH 0e3 3aTPUMKH.

LinuHHI 3'€AHaHHS BiAIrparOTh BaXJIUBY POJIb B eMOpiozeHe3i: Kpi3b HUX ITOXU-
BHI PEUYOBHMHH PO3MOAUISAIOTHECSA MK KJIITHHAMH 10 TOTO, SIK PO3BHHETHCS CUCTEMA Kpo-
BOOOIry.

IIponuxuicms iNAHHUX 3'€AHAHD PETYJIOETHCH i0HAMU KANBL{I0: IpH BHYTPiLlI-
HBOKJIITMHHIN KOHUeHTpawil Kanbliro <10~ M/ KaHaIH HOBHICTIO BiJKPHTI, MPH KOH-
neHTpauii Kambliro >107 M/1 — mosHicTio 3akpuTi. Tlpn 3aru6eni aGo momkomxenHi
KJIITUHY 10HU KJIbI[it0 @00 BXOASTH Kpi3b MOLUKOJXEHY MEMOpaHy, a00 HaKOMUYyIOThb-
Cs 4yepes Te, IO KJITHHA He 37aTHa e()eKTHBHO BiKauyBaTH KaJbLii 3 LUTO30JI0, BHA-
CJIIIOK YOTO KJITHHA HIBHAKO BTpayae 3B'SA30K i3 CYCIAHIMHU KJIITHHAMH 1 BI'€AHY€EThCA
BiJ HHUX.

[TpOHUKHICTE HIITMHHUX 3'€THAHD IIBUIKO # OOOPOTHO 3MEHIIY€ETHCSA TaKOX BHa-
CIIOK 3MeHIIeHHs pH BcepeInHi KITITHHH.

HpOHI/IKHiCTB NIITMHHUX 3'€HaHb MOTeHLlal3ajiexxHa. lle BUABIEHO MpU BHU-
BUEHHI BHIIPSIMIJISIOYOTO €IeKTPUHHOTO CHHAICY B HEpPBOBIH CHCTEMi PiYKOBOTO paxa,
KJIiTHH eMOpioHiB aM(ibiii Ha paHHIX CTaLisX PO3BUTKY.
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15.2. CUHAIITUYHA NEPEAAYA

Cunancu — crienjianizoBaHi KOHTAKTH MiX HEPBOBMMM KJIITHHAMH M KIiTHHAMH-
MILIEHSIMH.

V ccaBliB — nepeBaxxHO ximiuni cunancu. HepBoBe 3aKiHYeHHs (npecunanmuy-
Ha 061acmb) Mac BHYTPIKJIITMHHI CHHANTHYHI myxupli Aiamerpom 20-80 HM i3 BHCO-
KOKOHLIEHTPOBaHUM HelipomeniaTopoM. Ilyxupenp MICTUTh KilbKa THESY MOJIEKY Me-
niatopa. Ilpy nmocTynaHHi moTeHIiany Oil y HEpBOBE 3aKiHYEHHS CHHANTHYHI ITyXHpILi
HaOIMKAIOTECA 10 cunanmuunoi winunu (il mmpuna — 10-50 HM) 1 HelipomeniaTop,
IuYHIYIOUH Yepe3 LIITHHY, B3aEMOJIIE 3 PELENTOPOM, sIKUH 3HAXOAUTHECS B HOCHICU-
Hanmuynii o6aacmi. Tlpy 1UBOMY B Hili BUHHUKAE HOCHICUHANMUYHUU ROMEHUial.
Curnan nepenaerbcs TIIBKM B OJHOMY HampsiIMKy. B pesynbTaTi MoXe BiAOYBaTHUCh
36yKeHHs abo raabMyBaHHS B KIiTHHI-MilneHi. Cunanmuuna 3ampumka (4ac Mix
NPUOYTTAM MOTEHLIANY Jii y MpeCHHAaNTH4HY 00JacTh 1| BAHMKHEHHAM ITOCTCHHANTHY-
HOIo IOTeHLiany) y ccaBliB cTtaHoBHTh 0,3 McC, aje B IESKUX BHUIAAKax Moxe OyTH
3HAYHO OUIBINOIO. [Ipumimka.: wupurHa cCuHanmuiHol Winunu — ye 6i0Cmanb MIidic npe-
CUHANMUYHOIO Tl NOCMCUHANMUYHOIO 0ONACMAMU.

B enekmpuunux cunancax nyxwupui BincytHi. llluprna minuam — 2-3,5 HM.
ITpakTHYHO MOBHICTIO BiACYTHS CHHANTHYHA 3aTpUMKa. EJNEeKTpUuHi cHHAICH — Iepe-
BaXHO 30y kyroyi. 11lisinHM 34e01TBIIOr0 ABOCTOPOHHI (MOXYTh IIE€pelaBaTh CUIHAJ B
obuaBa OOKH), ajie TPAIUISIIOTECS 1 3 YITKO BUPOXKEHUMHU BUIIPSIMIIOYHMHU BIACTUBOC-
TsMHU. [TepeBa)kHO 3aCTOCOBYIOTBCS /ISl LIBUAKOTO 3B'A3KY MK HEHPOHAMHU.

XiMiuHi CHHATICH Kpallli THM, 1110 MPH YaCTOMY BHKOPUCTaHHI KOTPOIoCh 13 HUX
nepeaayda 1o HbOMY IMOKpAaIy€eThCs, T.4. BOHU OepyTh y4acTh y Ipoliecax HaBUaHHA U
nam'siti.

15.3. HOCTCHHAIITHUYHI IIOTEHIIAJIA

[MocTcHHANTHYHI MOTEHINATNA — denonapusyowi (30y/Kyodi) 1 einepnonapu3sy-
roui (ranpMmyiodi). BUHHKaIOTh BHACHIOK B3aeMOJii HelipoMmeziaTopa 3 pelenToOpoM.
Skio npu B3aeMonii HelipoMmeniaTopa 3 pelieNTOPOM aKTHUBI3yIOThCS HaTpieBl abo 3a-
KPHUBaIOThCSl KaJlieBI KaHAJIM, TO BHHUKAE 30y/KYHOUMU IMOTEHIad, OpU L[BOMY MEM-
OpaHHMI MOTEHIIiaN MiHs€ CBil 3HAK. SIKIIIO aKTUBI3YIOTHCS XJIOPHI a00 Kaji€Bi KaHaAH,
TO BUHHMKA€ rajJbMYyIOUYUN MOTEHLIa], IpU [bOMY MeMOpaHHUH MoTeHIian e Ginbiie
3MEHIIIYETHCS.

JI71s1 BUBYEHHS BJIIACTUBOCTEN 10HHHMX KaHalliB, aKTHBOBAaHUX HelpoMemiaTopamu,
BUKOPHUCTOBYIOTh PEECTPAILIII0 CTPYMIB Yepe3 OJIMHOYHI KaHalu B yMoBaX (ikcarii mo-
TeHLaTy (METO MeTY-KJIEMII).

Hanpuknan: HelipoMmeniatop aneTHJIXONIH i€ y 30yIKYIOUHX CHHAIcaX HepBO-
BO-M'S130BUX 3'€lHaHb XOpAOBHUX. [lic/isi BUHUKHEHHS y M'S31 MOTEHLIANy Jii alleTUIXO-
JiH TigpoJi3yeThbes aleTHiIXoNiHecTepa3or (mporsaroM 40 MKc), i MOCTCHHAIITHYHA
MeMOpaHa BIJIHOBIIIOE CBOIO MOJIIPU30BAHICTh 3a YaCTKy MIJTICEKYHIH).



