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1. Tema: BuoJsiornyeckue Mmemopanbl. CTPyKTypa, CBOMCTBA M IIyTH UX u3y4yeHus. Tpancnopt
BeIIECTB 4epe3 OMoJIOrHYecKHe MeMOpaHbI. OcCHOBHBIE MEXaHHM3Mbl IACCHBHOIO

TPaHCIOPTA.

2. Heab: OOBACHUTH CTyIEHTaM CTPYKTYpPHBbIE OCHOBBI OMOMEMOpaHbI, PACKPHITH €r0 OCHOBHbBIE

(YHKIMU U pacCMOTPETh COBPEMEHHYIO MOAETIh OnoMeMOpanbl. OOBSACHUTH CTYACHTaAM MEXaHU3M

MIPOHUIIAEMOCTH KHUBBIX KJIETOK U 3aBUCHUMOCTb €T0 OT BH/1a TPAHCIIOPTA.

3. Te3uchl JJeKINHU:

Buoduzuka memOpan — BakHEHIMI pa3aen OMOPU3MKK KIETKH, MMEIOIIUN OOJIbIIoe
3HAYeHUWE [UIA MEOUIMHBL. MHOTHWE J>XU3HEHHBIE IPOLECCHl IMPOTEKAIOT Ha OHOJOTHYECKUX
MeMOpaHax. Hapymienne MeMOpaHHBIX MPOIECCOB — MPUYMHA MHOTHX marosoruii. JleueOHbie
BO3JCHCTBUS Ha OpraHW3M TakK€ BO MHOIMX CIIydasx CBs3aHbl C BO3JCHCTBHEM Ha
(GYHKIIMOHUPOBaHKUE OMOJIOTHYECKHX MEMOpaH.

JKuBas kieTka OCHOBa CTPOCHMS BCEX >KMBOTHBIX M PACTCHMI. BakHeHmMM yciaoBueM
CYLIECTBOBAHMSI KJIETKH (M KJICTOYHBIX OPraHe1) sBISETCS:

1) aBTOHOMHOCTH 10 OTHOIICHHIO K OKpyXKaromiei cpene (BEIMIECTBO HE JIOKHO
CMEIIIMBAThCA C BEIIECTBOM OKPYXKEHHUS, JODKHA COOMI0IAThCsl aBTOHOMHOCTh XUMHYECKHX
peakuuii B KJIETKE U €€ OTJENbHBIX YaCTsIX); C IPYyroi CTOPOHBI,

2) cBsi3b C OKpYKaroliell cpenoil (HEmpepbIBHBIN, PETryIUPYEeMbIil MEPeHOC BEIIeCTBa U
SHEPTUM MEXAY KIETKOM W  OKpyxkaromied cpenoi). Kupas KieTka OTHOCHTCS K
TEPMOJUHAMHYECKONH OTKPBITON cHCTEME.

OCHOBHBIMU (DYHKITUSIMH OHOJIOTHUYECKHX MEMOpaH SBIISIOTCS:

1) ©OapbepHas GyHKIMS — 00ECIICUUBAET CEICKTUBHBIN, PETyIHPYEMbIil, MACCUBHBIA U aKTUBHBIN
0oOMEH BelIecTBa KJIETKH C OKpyxKaromiei cpenoil. CejleKTMBHBIN — 3HAYUT W30UpATETbHBIMH,
T... OJHM BELIECTBA IEPEHOCATCA uepe3 OuolorhYeckue MeMOpaHbl, JApyrue Her.
Perysmpyemblii — NpoHHMIIAEMOCTb MeMOpaHbl JUIsl ONpEAENEHHBIX BELIECTB MEHSETCS B
3aBUCUMOCTH OT (PYHKLHMOHAJIBHOTO COCTOSIHUS KJIETKU. AKTHBHBIH — IEPEHOC OT MECT, I'Jie
KOHIIEHTpallKs BEIecTBa Maja, K MecTaM ¢ OoJIbllel KOHIIEHTpallei;

2) MatpuuHas QyHKIHUS — OOecreunBaeT B3aMMHOE PACIOIOKEHUE U OPHEHTAIMI0 MEMOpPaHHBIX
OeNKOB, MU HMX ONTUMAaJbHOE B3aUMOJIEHCTBUE (HANpUMEp: B3aUMOJIEHCTBHE MEMOpPaHHBIX
(bepMeHTOB);

3) Mexanumdeckas (yHKmMsS — OOeCHeYMBaeT IPOYHOCTh W AaBTOHOMHOCTh KJIETOK U
BHYTPHUKJIETOUHBIX CTPYKTYD.

Kpowme Toro, Guonornyeckue MeMOpaHbl BBIMOIHIIOT (QYHKIUH:

e HHepreruueckyro — cuHTe3 AT® Ha BHYTpeHHHX MeMOpaHax MUTOXOHJIPUN U (OTOCHHTE3 B
MeMOpaHax XJIOpOIUIaCTOB;

e TIeHepaluio U IPOoBeJeHNE OUONOTEHIINAIIOB,;

e perentopHas (MeXaHWYECKas, aKyCTHYeCKas, OOOHATENbHAas, 3PHUTENIbHAs, XUMHUYECKas) W
MHOTHE Apyrue QyHKIIH.

OrpoMHas poiib MEMOpaH B JKU3HEHHBIX MPOIleccax CBA3aHA C UX OTHOCHTENIBHO
OompIielt Tuiomaapio. Tak, 001mas Mmomaak Bcex OMOJIOTHIEeCKIX MeMOpaH B OpraHu3Me
YeJI0OBEKA JOCTUTAET AECITKOB THICSY KBaJAPAaTHBIX METPOB.

MHuorue 0Ooyie3HH CBA3aHBl C HapylIEHHEM HOPMAJIbHOTO (PYHKIIMOHHUPOBAHUS MeMOpaH:
KaHIEpOreHe3, aTepoCKIIepo3, HapylIeHHWe AWEeThl, BHUPYCHble M HMH(EKIHOHHbIE 3a00JeBaHu,
OTpaBJICHUSI, TMOpPAKEHHE OpraHu3Ma yIbTPapUOIETOBHIM U HOHU3HPYIOIIMM OOJydeHUEM U
MHOTHe Apyrue. JledeHue cBA3aHO C BO3JEHCTBHEM Ha MEMOpaHbI C LENbI0O HOPMAJIU30BaTh MX
byHKIHIM.

[TepBasi Monenb cTpoeHUs Ouonornyeckux memOpaH Obiia mpemnoxena B 1902 roxy.
OBepToOH 3aMeTWj, 4YTO dYepe3 MeMOpaHbl Jyd4llle BCEro IPOHUKAIOT BEIIECTBA, XOPOIIO
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pacTBOpUMBIE B JIMMHAAX U Ha OCHOBAHHH 3TOTO MPEAMNOJIOXKUI, YTO OHONOrHYecKkue MeMOpaHbl
COCTOSIT U3 TOHKOTO ci1osi poconunuaoB. Ha camom zerne, Ha TOBEPXHOCTH pa3jieia MOISPHOU U
HETIOJIIPHOM  cpell  (HampuMep: BOJBI M BO31AyXa) MOJEKYIbl (GochoUmumaoB o0pa3yroT
MOHOMOJIEKYJISIPHBIN (OHOMOJIEKYJISIpHBIN) ciioi (puc.l). VX nossipHble «r0JI0BbD» MOIPYKEHBI B
MOJIAPHYIO CpPEeNy, a HEMOJSPHBIE «XBOCTBD» OPUEHTHPOBAaHbI B CTOPOHY HEMOJSPHOW CpEbl.
[TosTOMy MOKHO OBLIO MPEATNONIOXKUTH, YTO OMOIOTHYECKHUE MEMOpPaHbl TOCTPOCHBI M3 MOHOCIOS
JTUIHUIOB.

B 1925 ronmy Ioprep u [I'pennmen moka3anu, 4YTO IUIOLIAAhL MOHOCIOS JIMIUJIOB,
OKCTPArupoOBaHHBIX M3 MEMOpaH SPUTPOLMTOB, B JiBa paza OoJybllie CyMMapHOH IUIOIIAIU
sputporToB. I'opTep u I'penaen SKCTparupoBaId JMUIUABI U3 TEMOJIU3UPOBAHHBIX SPUTPOILUTOB
alleTOHOM, 3aTeM BBIIAPUBATIM PACTBOP HA TMOBEPXHOCTH BOJIBI M U3MEPSUIM  IUIOIIATh
0o0pa3oBaBIICHCS MOHOMOJICKYJISIDHOW IUIGHKM JHUNHUA0B. Ha OCHOBE pe3ynbTaToB ATHX
UCCIIEIOBaHUM ObUIO CAENaHO MPEANOI0KEHUE, YTO JIUMUILI B MeMOpaHe PacrloJiararoTcsl B BHUJIC
OMOMOJICKYIISIpHOTO ¢J10s (puc.1.)

OT0  TOpPEanoyioKeHWE  TMOATBEPAMIIM  HUCCIEJOBAHMS  DIEKTPUYECKHX  IapaMeTpoB
ouonornyeckux memOpan (Koym m Keptme, 1935r1.): BBICOKOE 3JIEKTPHUECKOE COMPOTHBIICHHUE
~10"Om-m° wu Oonbluas >IEKTPOEMKOCTh ~05-10°@/ > (3HAYEHUS CONPOTUBJIEHUS M
ANEKTPOEMKOCTH — Ha €UHUILY TUIOIIA 11 MEMOPaHBI).

buonoruyeckyo MemMOpaHy MOKHO paccMaTpUBaTh Kak AIEKTPUYECKUI KOHIeHcaTop (puc.2.)
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Puc.1. buMmonexkynspHbIi CII0OM JTUIUAOB. Puc.2. MemOpaHa kak KOH/I€HCaTop.

[lmacTiHaMu KOHJIEHCATOPA SABJISIOTCS AJIEKTPOJIUTHI HAPYKHOTO U BHYTPEHHETO PACTBOPOB
(BHEKJIETOYHOTO W  LUTOIUIA3MBI), OHHU pa3leieHbl AUDIEKTPUKOM — MeMOpaHod ¢
JTURJIEKTPUIECKON TIPOHUIIAEMOCTRIO E=2.
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OTCIOJIa MO>KHO HaWTH PacCTOAHNUE MECKAY IMIIACTUHAMH KOHACHCATOPA, COOTBETCTBYIOIICC B
HaleMm CJIry4ac TOJIMUHE JIMIINIHON 9aCTH MeM6paHBIZ

|~ fo° 8851072
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DTO Kak pa3 COOTBETCTBYET [0 MOPSJKY BEJIMYMHBI TOJIIMHE HEMOJAPHON YacTu
JBYMOJIEKYJISIPHOTO CJI0S JIUMHJIOB, CJIOKEHHOTO ONPEIEIICHHBIM 00pa30M.
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BwMmecre ¢ TeM, nMeNnHCh IKCIIEPUMEHTAIbHbIE JAaHHBIE, KOTOPbIE CBHUJIETEIILCTBOBAIH O TOM,
4T0 OHMonornyeckas MemMOpaHa COCTOMT M U3 OEJIKOBBIX MOJIeKys. Hampumep: mpu u3MepeHuu
MOBEPXHOCTHOTO HATSKEHHS KJIETOUHBIX MEMOpaH ObLJIO0 OOHAPYKEHO, YTO U3MEPEHHbIC 3HAUCHUS
Kod(QHIHEeHTa TOBEPXHOCTHOTO  HATSHKEHHS  3HAUUTENBHO Omke K KOd(QPHUIHMEHTY
MMOBEPXHOCTHOTO HATSDKEHUS HA TpaHulle pasfena Oenok—Boga (okono 0,1 mun/cMm), Hexenu Ha
rpaHune paszaena jaunua-Boaa (okomo 10 nuH/cM). DTH NPOTUBOpEUHs HKCHEPUMEHTATBHBIX
pe3ynbTaToB ObLIM ycTpaHeHbl Jlanwenu wu JleBoHOM, mpemioxkuBmmmu B 1935 romy, Tak
Ha3bIBAEMYI0 «OYyTepOpOAHYI0» MOJENb CTpOeHHs Ouojornueckux memOpan. CoriacHO 3TOH
MOJIeTIM, UMEIOTCS JIBa CJI0S MOJIEKYN (POochOoNUNuI0B, KOTOPHIE PACHONOKEHbI MEPHEHAUKYISIPHO
MOBEPXHOCTH MeMOpaHbl. [ uApOPUIBHBIME KOHIIAMU MOJIEKYJBl JIMIMIO0B HAlpaBlIEHbl HApyXKYy,
ruipo@oOHBIMU K LEHTPY MeMOpaHbl. ['mapodoOHbIE KOHIBI — 3TO TaKH€ KOHIIbI, KOTOpPBIE HE
coZiep KaT MOJISIPHBIX TPYII U HE MOTYT MPHCOEAWHATh MOJEKYIBI BOJIbl. Ha MONsSpHBIX rpymmax
Molekyn (ochonunuaoB MemOpaHbl abcOpOMpOBaHBI OENKOBBIE MOJEKYIbl B ¢dopMe riaolyi,
KOTOPBIC MOKPBIBAOT ABOHHOM cIioi (hochommuaoB ¢ 00erX CTOPOH, MPUIABAs €MY JIACTUIHOCTh
U YCTOMYMBOCTh K MEXAaHHMYECKHM IMOBPEKICHHIM, a TaKK€ HU3KOE MOBEPXHOCTHOE HATSHKEHHUE.
TonumHa KJI€TOYHOI MeMOpaHBI OLIEHUBAJIACH IPUMEPHO 8 HM, TaK KaK JJTMHA JIUITUIHBIX MOJICKYII
puMepHO paBHa 3—4 HM, TonMHA MOHOCIOs Oeska okono 1 HM. Takke ObLIO OMpe/esieHo, YTo Ha
OJIHY MOJIEKYJy OeNKa MPUXOAUTCS NMpuoIM3uTeabHo 75-90 monekyn ¢pochonunumos.

Monekyna docdonunuaa COAEPKUT MOJIAPHYIO FOJIOBY (IPOU3BOAHYIO (HOCHOPHOI KUCIOTHI) U
HEMNOJIIPHBIN XBOCT (OCTaTKH KUPHBIX KUCIIOT).

B ronose ¢ochonunuaHoii MOJIEKYIbI UMEIOTCS JIBE 3apsXKEHHBIE TPYIIBI PACIIONIOKEHHbBIE
Ha HEKOTOPOM PACCTOSHHUHM JPYT OT Apyra. J[Ba pa3HOMMEHHBIX 3apsja, paBHBIC 1O aOCOTIOTHON
BEJIMYMHE, 00pa3yIOT IEKTPUUECKUi unois (puc.3.).

B MeMOpaHe cojiepKaTcs pasuyHbIC

- —_

@q _ L . @"’ 4 dochonmunuael. Hanpumep, B MeMOpaHe 3pUTPOLIUTOB
vl = ux okono 20 BumoB. Bapeupyercs xummueckas
i (dopMyIa NOJIAPHOM rOJIOBEI MOJIEKYJIBL.

Puc.3. Dnexrpuueckuil UNOIL [TonspHble TOJIOBBI MOJIEKYT (OCHOIUINIOB

ruipouiIbHbIe, a WX HENONSPHBIE XBOCTHI —
ruapodoOHbie. OueHb CYIIECTBEHHBIM SIBISIETCS TO  OOCTOSITENBCTBO, UYTO  MOJIEKYJIBI
dochonmunumioB UMEOT ABa XBocTa. Takas Moyekyna umeer ¢opmy, OIM3Kyr0 K HUIUHIpY. U3
MOJIEKYNT (pocoNUNUIOB B BOJHON Cpelie MPOUCXOIUT CaMOCOOpKa JIBYXCIOWHOW MeMOpaHBI.
[TpucyTcTBUE MOJIEKYII C OJHUM XBOCTOM pa3pylIaeT KIETOYHbIe MEMOPAHBI.

docdonunuIHBIE MOJIEKYIBI, JUIIEHHBIE OJJHOTO U3 XBOCTOB, 00Pa3yIOT MOPHI B OMCIONHON
MeMmOpaHe, HapylaeTcss OapbepHass (YHKIMS MeMOpaH M KieTka ruOHeT. DTo Habmonaercs,
HaTpuMep, PH YKyce STOBUTON 3MEH.

OpHako 1O Mepe HAKOIJICHHS SKCIEePHUMEHTAIbHBIX MAaHHBIX MPHUILIOCh, OTKA3aThCSA OT
«OyTepOpOTHONY MOJIETTH CTPOCHUS OMOJIOTHIECKUX MEMOPaH.

OrpoMHy10 poJib B Pa3BUTUHU IMPEJCTABICHUH O CTPOCHHUH OHOJOTHMYECKUX MeMOpaH
CBITpAJIO Bce OOJIbIIIee MPOHUKHOBEHNE B OMOJIOTHIO (PH3UYECKUX METOIOB MCCIIC/IOBAHNSI.

Bonbiiyto uHpOpManuioo 0 CTPYKType MeMOpaH, O B3aUMHOM pAaCIHOJIOKEHUU aTOMOB
MEMOpaHHBIX MOJIEKYJI J1a€T PEHTICHOCTPYKTYPHBIA aHaIW3, OCHOBAHHBIA Ha Ju(paKIuu
KOPOTKOBOJIHOBBIX PEHTI€HOBCKHUX Jy4el Ha aTOMax.

UccnenoBanust nupakiud  PEHTTCHOBCKUX — JIyded  MOATBEPAMIN  OTHOCHUTEIHHO
YIIOPSAJOYEHHOE PACHOJIOKEHHE JIMMUIHBIX MOJIEKYJ B MeMOpaHe — TBOMHOI MOJIEKYJISPHBINA CIOH
c Oonee WM MeHee MapaUIENbHO PACIOJIOKEHHBIMU JKHPHO—KHCIOTHBIMH XBOCTAMH, JTAJIA
BO3MOYKHOCTh TOYHO OIPEICIIUTh PACCTOSHUE MEXAY MOJSIPHOW T'OJOBOM JUIMHIHOW MOJEKYIBl U
METWJIBHOM TPYIIION B KOHIIE YIJIEBOAOPOIHOM LIETIH.

I[Ipy moMoOUM  BNEKTPOHHOW  MHMKPOCKONMHUHM  yJAJIOCh  MOJYYHTh  H300paKeHHE
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OMOJIOTUYECKNX MeMOpaH.

bbuto  o0HapyXeHO, YTO HMMEIOTCS OCNKOBBIE MOJICKYJIBI, MOTPY)KEHHBIE B JIUIHUIHBINA
Oucrmoil ¥ Jake MPOUIMBAIOIIME €r0 HACKBO3b, YTO MPHUBENIO K CYIIECTBEHHOMY H3MEHEHUIO
MPEJCTABICHUNA O CTPOCHUU MEMOpaH.

Jlia u3ydeHus: JUHAMHKA MEMOpaH HCIOJIb3YIOTCS METOJbI, MO3BOJISIONIUE HCCIEN0BATh
cocTostHue MeMOpaH, He pa3pyias ux ((pIroopecieHTHBIM MeTo U paauoctekTpockomnmu — D[P u
SAMP). OTu METOBI TAOT CBEICHHS O JBM)KCHUH W B3aUMOJICHCTBUM MEMOPAHHBIX MOJICKYJI U HX
OTAENbHBIX YacTed. BbuIo BBISICHEHO, YTO MPHU (PU3UOIOTMUYECKUX YCIOBHUSIX JHUITUHBIE MOJICKYIIBI
HAXOJATCS B JKUJIKOM arperatHom coctosiuuu. Meton DIIP moxazan, 4ro He BCS IOBEPXHOCTh
Ouosiornyeckoii MeMOpaHbl MOKpHITa Oenkamu. Tak, Hampumep, OOJIbIIE MOJIOBUHBI TOBEPXHOCTH
MeMOpaHbl KUIIEYHOW MaT0YKH 00pa30BaHbl MOJISPHBIMU TOJIOBAMU JIMIIHIOB.

COBOKYITHOCTh  PE3Y/IbTATOB TIOJYYEHHBIX (PU3NICCKUMU M XUMHYCCKHMH METOJIaMHU
MCCIIETOBAHMS J1aja BO3MOXHOCTh MPEIOKUTH HOBYIO MOJIENIb CTPOEHUSI OMOJIOTMYECKHX MeMOpaH
— xuakoctHo—Mo3anuHyo (Cunrep u Hukonscon 1972 r.). Cormacno Cunrepy u Hukonbcony
CTPYKTYpHYIO OCHOBY OMOJOTHMYECKOH MeMOpaHbl COCTaBISET ABOMHON cioil (ochoIunuaos,
WHKPYCTUPOBAHHBIN Oelkamu, TOJ00HO TOMY, KaK IIBETHBIE KAMEIIKA ¥  CTCKJIBIIIKA
UHKPYCTUPYIOT MO3aWYHYI0 KapTuHy. Pa3nnyaioT moBepXHOCTHBIE (mepudepuueckue) Hu
UHTErpabHble (BHYTPEHHHE WIN ITPOHU3BIBAIOIIUE HACKBO3b) OCIIKH.

Jlununapl HAXOAATCA NMPH  (PU3MOIIOTUYECKUX YCIOBUAX B JKUIAKOM arperaTHOM COCTOSHUH,
YTO TIO3BOJISIET CPABHUTH MeMOpaHy ¢ (HOCHOIUITUAHBIM MOPEM, IO KOTOPOMY TUIABAIOT OEIIKOBBIE
«arcoepru». OIHUM U3 MOATBEPKACHUN JKUIKOCTHO—MO3aUYHON MOJETH SIBISETCS U TOT (DaKT,
YTO, KaK YCTAHOBWJI XUMHYECKMH aHaiu3, B pa3HbIX MeMOpaHaX COOTHOLIEHHE MEXAY
coJiep:kaHueM 0enkoB U GochonunuI0B CUIBHO BapbUPYETCs: B MUEITMHOBONH MeMOpaHe OETKOB B
2,5 pa3a 6omblle, 4YeM B JIMINJIAX, @ B SPUTPOILIMTAX, HAPOTHB, OCJIKOB B 2,5 pa3a MEHbIIE, YeM
JUNHUIOB, B TO BpeMs, KakK COIJIACHO «OyTepOpOoAHONH» MOJENH, COOTHOIIIEHHE KOJINYecTBa OETKOB
1 JIMIIAJI0B BO BCEX MEMOpaHax JO0JKHO ObITh IPUMEPHO OJMHAKOBBIM.

Kpome dochonmunumoB u OGenkoB B OMOJIOTHYECKHX MeMOpaHax cojepxarcs U JApyrue
XUMHUYECKHE coelrHeHus. B MeMOpaHax >KMBOTHBIX KJIETOK MHOIO XOJIeCTepUHa (B CpPaBHUMOM
koinuecTBe ¢ gochomununamu u Oenkamu). EcTb B MeMOpaHax W JIpyrue BelIecTBa, HaIpUMep,
TJIMKOJIIBI, TIIMKOIIPOTEUIBI U JIp.

KuakocTHO—MO3anyHas MOJIENb CTPOEHUsT MeMOpaHbl B HACTOsIIEe BpeMs OOIIEPUHSTA.
OpHako, Kak BCsKash MOJENIb, OHA JAaeT JOBOJbHO YIPOUICHHYI0O M CXEMaTHYeCKyl KapTHUHY
CTpoeHHsI MeMOpaHbl. B yacTHOCTH, OOHApYKEHO, YTO OEIKOBBIE «aicOepru» He Bceraa cBOOOIHO
MJIABAIOT B JIMIUIHOM MOpPE. A MOTYT OBIThH <<3a511<0peH51» Ha BHyTpeHHHe (TmuTOTUIa3MaTHYECKHE)
CTPYKTYyphl KkieTku. K Takum cTpyKTypam - .

OTHOCSTCS MUKPO(QUITAMEHTHI 17§
MHUKPOTPYOOUKH. MHUKpPOTpYyOOUKH — TOJIBIE
OATUHAPBEL  auameTrpoM okoino 300 HM w3
ocoboro Oenka — TyOynuHa UrparoT, MO—

BHJIUMOMY, BXXHYIO POJIb B (DYHKIIHOHUPOBAHUN
KJIETKH.
1- 1BOMHOM CIIOH JIMIINIOB.
2—MOJIEKYJIbI JINTIHAOB.
2a-ruapodoOHas yacth, 26-ruapoduabHas
YacThb.
3-uHTEeTpaNbHBIE OCJTKHU, IIPOHU3BIBAIOIIIHE
MeMOpaHy.
4-0enKkH, CBSI3BIBAIOIINE CIIOH JIUTTHUIOB TOJIBKO C OHOM CTOPOHBI MEMOPAHHI.
5- YIJIEKUCIbIE COETMHECHUS, COSTUHSIONINE OCTKU C HaXOAIIUECS Ha HAPYKHOU MOBEPXHOCTHIO
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MeMOpaHBbI

6- neHTpanbHast rupodoOHas YacTh ABOWHOTO CIIOS JTUIHJIOB

SIBiIACH  OTKPBITOM TEPMOAMHAMHUYECKOM CHCTEMOM, KJETKa IOCTOSHHO OCYILIECTBISET
oOMeH BemiecTB, OOMEH »HHeprueil u wuHPopManueln ¢ OKpyxarwmei cpegoid. OOMeH
OCYILLECTBIISETCS CHOCOOHOCTBIO KIIETOK IIPOIYCKaTh Pa3InYHbIC BELIECTBA YEPE3 CBOIO OOOJIOUKY —
MeMOpaHy. DTO CIIOCOOHOCTH KJIETOK HA3bIBAETCS MPOHUIIAEeMOCThI0. C IEpEeHOCOM BEIIECTB Yepe3
MeMOpaHbl CBs3aHbl NPOLECCHl MeTadoiaM3Ma KIeTKH,  (PU3MKO-TE€HEeTHYECKHE IpPOLECCH,
oOpazoBaHHe OMONOTEHIIMAIOB, TeHEpalHus HEPBHOrO UMMyinbca u aAp. [losromy TpaHCHOpT
BEIIECTB uepe3 Ouosnoruyeckue MemMOpaHbl — HeoOXoaumoe yciioBue xku3HH. Hapymenue
TpPaHCIOPTAa BEIIECTB Yepe3 OMOMEeMOpaHbl NPUBOAUT K pPa3IMYHBIM MaToJOrHsM. l[losTomy
U3yuyeHHe TMPOHHULAEMOCTH HMEET OrPOMHOE TEOPETHUECKOEe M IPaKTHMYECKOE 3HAueHUe [yis
MeaunuHbl U ¢apmauuu. Tak, J€UyeHHEe 4YacTO CBSI3aHO C IMPOHUKHOBEHHMEM JIEKApCTB uepe3
KJIETO4YHble MeMOpaHbl. D(PPEKTUBHOCTh JEKApCTBEHHOI'O Ipernapara B 3HAUYUTENIBHOW CTENEHU
3aBUCUT OT TPOHUIIAEMOCTH s Hero MemOpanbl. CremoBaTenbHO, A 3P (HEKTUBHOTO
UCMOJb30BaHUS  (papMaKOJOTHUYECKOro CpeACcTBa  HEOOXOAMMO 3HAaTh HUX IPOHHUKAIOIIYIO
CTIIOCOOHOCTH B pa3IMYHbIE KIETKH B HOPME M MTPU MATOJIOTHH.

Tpancnopr BeriecTB yepe3 OMOIOrHyeckre MeMOpaHbl MOYKHO pa3euTh Ha JBa OCHOBHBIX
THIA: NACCUBHBIN U AKTUBHBIMN.

IlacCHBHBIM TPaHCHOPTOM HAa3bIBAETCS NPOLIECC NPU KOTOPOM, BEIIECTBO INEPEHOCUTCS OT
MecT ¢ Oonbllelt ero koHueHTpauued Ci1 K MectaMm ¢ MeHblell KoHeHTpanueil Cz, B 3JIeKTposInTax
— OT MeCT ¢ OOJILIMM 3HAa4eHHEM IOTEHLMANa 3JIEKTPUYECKOro MoJii (1 K MECTaM C MEHBLINM
NIEKTPUYECKUM IOTEHLUAJIOM (2 UM OT MecTa C OOJBIIMM 3HAYEHHEM 3JIEKTPOXUMHYECKOIO
MOTEHIMAJA L1, K MECTaM C MEHBIINUM JIEKTPOXMMUYECKUM IMOTEHLUAIOM |2, (U1 TTOJIOKUTEBEHO
3apsKEHHBIX YaCTHI]), T.€. MEPEHOC BELECTBA MPOUCXOANUT 0€3 3aTpaThl SHEPTUU U3 BHE, a 32 CUET
SHEPIUU CKOHLIEHTPUPOBAHHON B KakoM JMOO rpajueHTe (KOHLEHTPALMOHHBIN, 3JIEKTPUUYECKUH,
TPaBUTALMOHHBIA M T.J.).

IlaccuBHBIM TpaHCHOPT WJET ¢ YMEHbIIEHHEM 3Hepruu ['mbOca, mo3ToMy 3TOT mpolecc
MO>KET UATH CaMOIIPOU3BOJILHO O€3 3aTpaT cBoOoAHOM sHeprun ATO.

Buabl naccuBHOIro TpaHCmopTa.

NACCHEHHE TPaHCIOpPT

OCMOL
OpOCTad obIeryenHaq husTpanEa
rut hysua i ya
1) uepes
. , ¢ TOOEHXHEM ¢ GHKCHPOEAHHEIM
NHOHLHEHA cnoH
HEPEHOCH HEOM HEPEHOCH HEOM

2 HepEs MOPH B ) uepes
THIHTHOM CIOE benKoEY IOpY

JAuddy3uss — caMonpou3BOIHHOE TEPEMENICHUE BEIIECTB W3 MECT C OOoJbIIell ux

KOHICHTpalluu B MCECTa C MEHBIIEH KOHHGHTpaHHGﬁ BCJIICOCTBUC Xa0THUYECCKOIro TEIJIOBOTO
TIBYDKEHUS] MOJICKYIL.

Juddysus BemecTBa uepe3 JMMNUAHBIA  OHMCIONH  BBI3BIBACTCA T'PAJUCHTOM KOHIICHTPALUH B
MeMOpaHe.
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3aBucuMocTh AU (y3uH OT IPOBOAUMOCTH MEMOPAHBI:

1. Yem TOHBIIE IO MEMOpaHBI U YeM ObICTpee pacTBOPSETCS BEILECTBO B JHMIUIAX, TEM
K02 (hPUIMEeHT TPOBOIUMOCTH MEMOPAHBI OYJIET BHIIIIE.

2. Xopomo pactBopumble B (GochomunuaHord (asze MeMOpaHbI HEMOJSPHBIC BEIIESCTBA
(’KUpHBIE OpraHUYEeCKHE KHCIOThL, 3(UPhI) XOPOILIO MPOHUKAIOT Yepe3 JIMIMUAHYIO (a3y MeMOpaHshl,
a TOJIAPHBIE, BOJOPACTBOPUMEBIE BELIECTBA TIOXO MPOXOAT Yepe3 JIUIUAHBIN Ouciol (conu, caxap,
aAMMHOKUCIIOTBI, CIIUPTHI).

3. UYepe3 nunuaHele W OEIKOBBIE IOPHI CKBO3b MEMOpaHy NPOHHMKAIOT MOJIEKYJIbI
HEpacTBOPUMBIX B JIMIMJAX BEILECTB U BOAOPACTBOPUMBIE THAPATUPOBAHHBIE HOHBI (OKPYKEHHBIE
MOJIEKYJIaMH BOJIbI).

4. Jlna >KupoHepacTBOPHUMBIX BEIIECTB U MOHOB MeMOpaHa BBICTYNAET KaK MOJEKYISIpHOE
curo. [losToMy yem Oosbiie pa3Mep MOJEKYJbl, TEM MEHbIIE MPOHUIIAEMOCTh MEMOpPaHBI ISt
3TOr0 BEILECTBA.

Bunst nuddysun:

1. Ilpocroii nuddy3ueil Ha3pIBAIOT CaMONPOU3BOJBHBIN IPOLIECC MEPEHOCa BELIECTB OT
MECT ¢ 0OJIbIIEH K MECTaM C MEHbILIEH KOHIIEHTpAIUEH.

2. OoaeryeHHass Aup@y3ust NPOUCXOAUT MPHU YYaCTUM MOJEKYT IEepEeHOCUUKOB
(TIepeHOCUMK MOHOB KaJIMsl — MOJICKYJIbI BATMHOMHUITHA

OcoGennoctu obneryeHHON AU Hy3Un

1. IlepeHoc BemecTBa ¢ yyacTueM MEePEeHOCUNKa MPOUCXOIUT 3HAYUTEIBHO OBICTpEE;

2. ObneryenHas auddysus obnagaer CBONCTBAMM HACHIIEHUS: IPU  YBEJIUYEHUU
KOHIICHTPALMU C OJHOH CTOPOHBI MEMOpaHbI IJIOTHOCTH MOTOKA BEIIECTBA BO3PACTAET JIMIIb 10
HEKOTOPOTO IpeJielia, KOr/la BCe MOJIEKYJIbl IEPEHOCUYHKA YK€ 3aHSTHI;

3. IIpu obneruennoit nuddy3un HabIOMAETCS KOHKYPEHIIHS IEPEHOCUMBIX BEIIECTB B TEX
cllyyasiX, KOrJa IEepeHOCUYMKOM MEepeHOCATCS pa3Hble BemiecTBa. lIpu 3ToM OJIHHM BellecTBa
MIEPEHOCATCS JIydllle, YeM JIpyrue U J100aBJICHUE OJHHUX BEUIECTB 3aTPYAHSET TPAHCIIOPT APYIHX;
T.. M3 caxapa IJIIOKO3a MEPEHOCUTCS Jydie, yeM (pyKTo3a, GpyKTo3a JIydlle 4eM KCHiI03a, a
KCHJI03a JIydIlle, YeM apaOuHo3a | T.JI.;

4. Ectp BemiecTBa, Oyokupyromue oOnerdeHHyo Iud¢ys3uio, OHH 00pa3yroT HpPOUYHBIN
KOMIUIEKC, OOBEIMHSSACH C MOJIEKYJIaMH IepeHocunka. Hampumep, QIopuma3suH TOPMO3UT
TPAHCHOPT caxapa yepe3 OUOJIOTHYEeCKYI0 MEMOpaHy

5. Eme onHuM BHUJIOM 0OOJer4eHHON AU(Qy3UN SBISETCS NMEPEHOC BELIECTB OENKOBBHIMU
NEPEHOCYMKAMH, PAaCIOJIOKEHHBIMU B ONPEIENCHHBIX MECTaX B IIONEPEYHOM HalpaBICHUU
MeMOpaHbl. B 3TuX ciydasix MEepeHOC BEHIeCTBAa OCYIIECTBISIETCS MOJIEKYJIaMH-TIEPEHOCUUKAMU
MyTeM Mepeauu ux Apyr ApYyTy.

BEIBO: ¢ MOMOIIBIO HEKOTOPHIX BEIIECTB MOYKHO PETyIMPOBATH MEPEHOC BEIIECTB 4epes
MeMOpaHBI.

duabTpanueii Ha3bpIBaeTCs BMKCHHWE MOJEKYJI BOJABI UYepe3 IMOpbl B MeMOpaHe IoJ
JeWCTBUEM I'PaJMEeHTa THAPOCTATUYECKOTO IaBICHUS

SIBrienue uIbTpaMKM UrpaeT BaXKHYIO POJb B IMPOIECCaX MEPEHOCa BOJBI Yepe3 CTEHKU
KPOBEHOCHBIX COCY/IOB. [Ipy HEKOTOPBIX MATOJIOTUSAX (PUIBTpAIMsI YCHIUBAETCS, YTO MPUBOJIUT K
OTeKaM.

OcMoOC — 3TO JIBHKEHHE MOJIEKYN BOJBI Yepe3 MOJYNPOHHUIIAEMYI0 MEMOpaHy M3 Cpeibl
MeHbIIEH B cpemy OoyblIeid KOHIIEHTPAIlMM pPacTBOPEHHOro BemecTBa. Cuiry, KoTopas
OCYIIECTBISIET ITOT MEPEHOC, HA3bIBAIOT OCMOCTHUYECKUM JIaBICHUEM

OcmMmoc, o cytu aena nuddys3us BoIbl U3 MECT C €e OONbIIeH KOHIEHTpAIMel B MecTa C
MeHbIIEH KOoHIEeHTpanued BoAbsl. OcMoc urpaer OOJBIIYI0 POJb BO MHOTHUX OHOJOTMYECKHX
ABJICHUSIX. SIBIeHHE 0cMOca 00YCIIOBIMBAET I'E€MOJIN3 SPUTPOLIUTOB B THIIOTOHUYECKUX PACTBOPAX.
Ocmoc wucrnonp3yercss B Tepanuu. Hanpumep, AeHCTBHE HEKOTOPHIX CHIIBHBIX CIAOUTENbHBIX
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OCHOBAaHO Ha CO3[aHUM B KEIYJIOYHOM TpPAKTE TOBBIIIEHHON KOHIICHTPAIUM PaCTBOPEHHOTO
BELIECTBA U OCMOCE B HETO BOJIBI.
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6. KoHTpOJIbHBIE BONIPOCHI:
1. Kaxue 60e3HU CBSI3aHBI ¢ HAPYIICHHEM HOPMATBHOTO (DYHKIIMOHHPOBAHHSI MeMOpaH?
2. OcHOBHBIC QYHKIIUU OHOJOTHMYECKHX MeMOpaH.
3. Kak onpexnensercs TodmMHA TUMHIHONX YaCTH MEMOpaHbI?
4. KakoBa 0cOOE€HHOCTb [TACCUBHOTO TpaHCHIOpTa?
5. Kakue Buzpl maccuBHOro Tpancnopra Bel 3Haere?

Jlekmus Ne2

1. Tema gexkunu: Tpancnopt noHoB. OHHBINH TPAaHCHOPT BelIeCTB B KaHAJAaX. AKTHUBHBII
TPAHCHOPT 4Yepe3 OMoJIornyecKkne MeMOPaHbI.

2. Heap jgexkuun: OOBACHUTH CTYAEHTAM MEXaHHU3M HOHHOI'O TPAaHCIOpPTAa BELIECTB B KaHaJax.
AKTHUBHBIN TPAHCIIOPT BEIIECTB Yepe3 OMOIOTHUYECKHUE MEMOpaHHbI.

3. Te3uchl JIeKIHHU:

AKTHBHBIM TPAHCHOPTOM HAa3bIBAIOT MEPEHOC BEIIECTB M3 CPEAbl C MEHBIIEH B Cpedy C
OoJbIIel KOHIIEHTpAlWEH, T.€. OT MEHBIIUX 3JICKTPHUYCCKUX MOTCHIIMAJIOB K OOJBIIMM HIH OT
MECTa C MEHbBIIUM JJIEKTPOXUMHUYECKUM MOTEHLIHAIOM |1 K OOJbIIeMy 3JIEKTPOXUMHUYECKUM
MOTEHIUATIOM Ll2.

BenuuuHnbl XapakTepu3yromnye akTuBHbIA TPAHCIIOPT:

1. XWMHYECKUW TOTEHIHAT - BEeIIMYMHA, YHUCJIICHHO paBHas dHepruun [ubO0Oca,
MPUXOALIASACA Ha OJMH MOJIb 3TOT0 BELIECTBA.

2. DJIEKTPOXUMUYCCKUN TOTEHIIMAT — BEJTMYHMHA, YHCICHHO paBHas »Hepruu [ mbbca G Ha
OJIMH MOJIb JAHHOTO BEIIECTBA, IOMEUIEHHOTO B AJIEKTPUUYECKOE MOJIE.

AKTHBHBII TPAHCIOPT — 3TO MPOIIECC, COMPOBOXKAAIONIHNICS pocToM 2Hepruu ['mu66ca. On
HE MOXXET UJITU CaMOIIPOU3BOJIBHO, & TOJIBKO B COITPOBOXK/IEHUH € TTpolieccoM ruaponnza ATO.

AKTUBHBI TpPaHCIIOPT BEIIECTB uepe3 OHOJIOTHYECKHEe MeMOpaHbl WMEET OTPOMHOE
3HauY€HHE. 3a CUET AKTUBHOI'O TPAHCIIOPTAa B OpPraHU3ME CO3HAOTCA TPaJAMEHThl KOHIEHTPALM,
AIEKTPUUYECKUX TTOTCHIIMAIOB, TABJICHUS H T.]I., 00€CTIEUNBAIOIINE KU3HEHHBIE POIIECCHI.

HAaCCHUBHBIHI AKTHUBHBIN
C1>C ) C1<Cy )
O > O >
01> Q2 >~ U1 > 2 01< 02 > w1 < U2
+ > + >
AC <0 ) AC>0 )

Puc.1. TpaHncmoprt BeliecTB uepe3 MeMOpaHy.

C Toukum 3peHHs TEPMOJMHAMUKH, AaKTHBHBIM IIEPEHOC YJEpPKUBAET OPraHu3M B
HCPaBHOBCCHOM COCTOSAHUH, ITOAACPKUBACT )KMN3Hb, 4 PABHOBCCHUEC IMPHUBOJUT K CMCPTH OpraHMu3Ma.
CyiiecTBOBaHME AaKTHBHOTO TPAaHCIOpPTa BEIIECTB Yepe3 OHOJOrMYECKHe MeMOpaHbI
BIIEPBBIE OBIJIO JJOKa3aHO B ONBITaX YCCHHra Ha MpUMEpPe MEpeHOca MOHOB HATPUS Yepe3 KOXKY
JATYIIKH.
Kamepa Yccnnra
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DKcrnepuMeHTallbHas KaMepa YCCUHIa, 3allOoJIHEHHas HOpMajibHBIM pacTBOpoM PuHrepa,
Obula pasjelieHa Ha JIBE YacTH CBEKEU30JIMPOBAHHOM Koxkel marymku. CrieBa pacrosiokeHa
BHEUIHSS MYKO3HAsl IOBEPXHOCTh KOXH, CIIpaBa - BHYTPEHHSS CEpPO3HasL.

HaGnronanuce 1Ba NOTOKa MOHOB HATpUs Yepe3 KOXKY JIATYIIKH, CI€Ba HAIIpaBo, TO €CTh OT
Hapy’>KHOM K BHYTPEHHEU IOBEPXHOCTH Jzy M CIpaBa HAJIEBO, TO €CThb OT BHYTPEHHEW K HAPYKHOU
MOBEPXHOCTH Jyap

Ha xoxe nsarymku, pasgenstouiedi pactBop PuHrepa, BO3HMKAaeT pa3HOCTh NMOTEHIMAIOB
Qer—QPrap~100 MB (BHYTpeHHS CTOPOHA KOXKH MOJI0KUTENIbHA M0 OTHOLIEHUIO K HApy>KHOM).

[Ipu 3TUX ycnoBusX, €ciiid Obl IEPEHOC HATPUSI Yepe3 KOXKY JIATYIIKH OMPEIEIISICS TOIbKO
MIACCUBHBIM TPAHCIIOPTOM, COIJIACHO ypaBHEHHIO YccuHra—Teopemna: Jmpsn=Jmuap. CyMMapHBIN
MOTOK 4Yepe3 MeMOpaHy ObLJT OBl paBeH HYIIIO.

Opnako, BO BpeMs 3KCIEPUMEHTA OINPEAEIEHO, YTO TOK 4Yepe3 KOy TE€UET OT BHEUIHEU
cpelbl K BHyTpeHHel. Cie10BaTeIbHO UIMEET MECTO aKTUBHBIN IIEPEHOC.

Kak npoTekaeT akTUBHBIN TPaHCIIOPT BellecTBa?

WccnenoBanus mokasainu, 4TO B OMOJOTMYECKMX MeMOpaHaX HMMEIOTCSI MOHHbBIE HACOCHI.
Onu paboratoT 3a cueT cBOOOxHONW »HHepruu ruaponuza AT (cnenuaabHbBIE CHUCTEMBI
MHTErpalbHbIX 0enKoB Wi TpaHcnopTHble ATd-azbn).

AKTUBHBIN TIepeHOC 00ecIieunBaeTCs SHEPTHeH, BriensieMoi npu pacrnajae AT® KUCTOTHI.

1. Ecnu mpu mepeHoce MCToiib3yeTcss MOIMHOCTh pacnaga AT®, To mepeHoc Ha3bBarOT 1-
AKTHBHBIM IIEPEHOCOM.

2. Ecnu npu mepeHoce HUCIONIb3YeTCsl MOIIHOCTh JIPYTMX BEIIECTB, MEPEHOCUMBIX MPOTHB
rpajiieHTa KOHIEHTPAlUH, TO IEPEHOC HA3bIBAIOT 2-AKTUBHBIM MEPEHOCOM.

CrennaibpHbIC IEPEHOCUMKH, 00ECTIEYNBAIOIINE TTEPEHOC OeTKa:

1. K+- Na+ - AT®d-aza,
2. Cat++ - ATD-a3a,
3. H+- AT®-aza

B Hacrosimee BpeMss HM3BECTHbl TPH THUIMA JJIEKTPOT€HHBIX HOHHBIX HAcOCOB,

OCYILECTBISIONIMX aKTUBHBIHM ITEPEeHOC HOHOB uepe3 MeMOpaHy:
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1) KamueBo-HatpueBblii moHHBIH Hacoc (K+ - Nat+ - ATd-a3el) 3a cuer sHepruw,
0CBOOOXKJarOILEICs TPU THAPOIN3E Kax 10 MosieKkysibl AT®, nepeHoCHT B KIIETKY /IBa MOHA KaJlus
¥ OJJHOBPEMEHHO W3 KJIETKH BBIKAYMBACT TPW MOHA HATPUA (B IHUTOIUIA3MAaTHYECKHX MeMOpaHax).
Takum o0Opa3oM, B KIETKE, [0 CPAaBHEHUIO C MEXKIETOYHOM Cpeloi, cOo3/aeTcs IOBbIILIEHHAs
KOHIICHTPALlUsl MOHOB KalHsi W TOHIKEHHAS KOHIIEHTPAIMS WOHOB HATPHSA, YTO UMEET OO0JIbIIOe
¢bu3noI0rNuecKoe 3HaueHue.

2) Kanbruebliit nonHbiii Hacoc (Ca2+ - ATdaza) npu ruaposuse ogHoro moist ATdaza
nepeHocuT depe3 MeMoOpany 2 moius Ca2+ u3 obnactu Oojiee HU3KUX B 001acTh 0ojee BBICOKHMX
KOHLEHTpauuid. DTOT OEIOK BXOJIUT B COCTaB CapKOIIA3MaTUYECKOTO PETHKYJIyMma CKEJIETHBIX
MBILII U CEpALa, a TAKXKe MeMOpaH SPUTPOLIUTOB U JPYTUX KIECTOYHBIX MEMOpaH.

3) Ilporonusiii nonusii Hacoc (H+ - AT®-a3a) wim nmpoToHHAs MOMIIA MPH HEBBICOKUX
pasNIUYMIX 3JIEKTPOXUMHUYECKOro MOTEHIMala MOHOB BOJOPOJA MO O00eMM CTOpOHAM MeMOpaHBbI
OCYILIECTBIISIET aKTUBHBIM MepeHoC MPOTOHOB uepe3 mMemOpany. ['maponus ognoro monsa AT
COIIPOBO’KAAETCS MepeHOCOM O0bIYHO ABYX Mosieit H+, B pesynbrare storo cosznmaercs ApH Ha
MeMOpaHe.

4. AnocTpaTHBHBIH MaTepHaJl: IPe3eHTaIHs

5. JIuteparypa:

OcHoBHas:

1. Kosanesa JI.B. Meaununckas 6uogusuka: yue0. nocooue.- Anmarel: AKHYP, 2016. - 324 c.

2. Pemu3zoB A.H.Meaununckas u Ouonoruyeckasi Gpusmka. - 2-e u3fl., ucrp. u nepepad.- M.:
I'D0OTAP - Menua, 2016. - 656 c.

3. Kycaunosa K. T. Meaununansix 6uocusnka: oKy Kypaibl.- Anmatel: AKH¥P, 2016. - 238 Ger.

4. ®wusuka n onodmsuka: yueonnk/B.d. Anronos, E.K. Ko3nosa, A.M YepHsii.- 2-e u31., uctp.
u foir.- M.: I'90TAP-Menua, 2014.- 472c¢.

5. Kovaleva, L. Educational handout on medical biophysics: textbook / L. Kovaleva.- Karagand :
Aknur press, 2016. - 146p.

6. Menuuunansik onodusnka: oky Kypansl / K. XK. Kynadaes [x. 6.].- OKM®A oky-omicT. keHeci
IIenTiMiMeH OaChII MIBIFapyFa YChIHIBL. - AnMatsl: OBepo, 2014. - 192 Ger. c.

7. buodwusuka (xa3.): Oxy kypansl/ Tyney6aes XK.C.- Anmater: TOO Dsepo, 2024.-248 6.

8. Uymunorckux B.P., Kamuesa XK. A. IIpakTukyM 110 MeTUIIMHCKOM Onodusnke. YueOHOe
nocobue.- UIT"AKHYP", 2023

9. Amubaer b.M., AnmabaeBa H.M., A6uposa M.A. buo¢usuka. 1-6emim. (MeTUITMHAIBIK,
KOFapbl OKY OpbIHAapbIHA apHaiFaH). OKy amicremenik kypan.- UIT "AKHY¥P", 2023

10. baiinynmnaesa I'.E., Hypmaranb6eroa M.O., bomanoBa A.O. buodusuka. 2-0emim.
(MemuUUHANBIK )KOFaphl OKY OpbIHAapbiHa apHanFaH). OKy omictemenik Kypanr.- UIT"AKHYP",
2023

JlononHUTEIbHAS:

1. Yynunosckux B.P., Kanuera XK. A. TecToBbie 3a1anus 0 METUIIMHCKON OMOJIOTHYECKON
¢usuke: yued. mocobue.- M3PK; Men. yu-T Acrana. - Kaparanga: UI1 13xa-Bo "Axuyp",
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2013.-200 ¢

2. Kamuera XK.A., UynunoBckux B.P. MenunuHanbik 6nodu3rka moHiHEe apHaIIFaH TECTLUTIK
TarceIpManiap: oKy Kypaibl.-KP nencaynbik cakray MUHUCTpIIIT; Actana men. yH-Ti AK.-
Kaparanger: KK "Axknyp", 2013. - 198 Ger.

3. ®usuka u 6mopusnKa: pyK. K IPaKTUIECKUM 3aHATUAM: yueO. mocobdue /B.d. AHTOHOB [u ap.];
M-Bo oOpazoBanus u Hayku P®D.- 2-e uzn., ucnp. u gon.; Pek. 'BOY IO "Poc. men. akan.
[Tocnenumn-nomuoro o6pazoBanus .- M.: I'DOTAP - Menua, 2013. - 336 c.

DJIeKTPOHHbIE YUeOHUKH
1. Karkan6aes JXK.JK. buonorusmbik pusuka. JlJabopaTopHsIIbIK-IPAaKTUKAIBIK cabakTap.
TexHonorusap TecT-peUTHHT xyienep. — Anmatsl: «9Bepo» 2020xk. -360 6.
https://elib.kz/ru/search/read_book/590/

2. MenuuuHabIK Onopu3nKa MEH MEITEXHUKAIAP OOMBIHIIA TaO0OPATOPHSUIBIK TPAKTHKYM. OKY
Kypansl./ Y.A.baitzak, K.JK.Kyna6aes. — Anmatsr: «9Bepo» 2020x. -304 6.
https://elib.kz/ru/search/read_book/51/

3. K. K. Kyna6aes, XK.JK. AGapaxmanoBa, M.A. MaxamberoBa, A.H. CeI31b1K. MeTUIIMHAIIBIK
onodmsuka «Dapmanus» MaMaHIBIFBl CTYJICHTTEPIHE apHAIIFaH OKY Kypaibl AJIMaThl; DBEpo,
2020 x. 212 6. https://elib.kz/ru/search/read _book/309/

4. KoituyoekoB b.K., AiitkeHoBa A.A., bykees C., barmmaramberoBa I".I". MeuIMHANBIK XKoHE
OunonorusubIK (hU3KKa Heri3epi: oKy Kypaibl/ — «9Bepo» ocnacel, Anmatsr: 2020. — 292 6.
https://elib.kz/ru/search/read_book/866/

5. KoaneBa. Meaununckas Ouodusuka: yuedHoe nocodue (2-oe uzganue) — Anmatsl: UI1

«MznmatensctBo AKHY¥Py». — 2019. — 324 chttps://aknurpress.kz/reader/web/1340
6. UYynunosckux B.P., Kanuea JK.A. JIabopaTopHbIil IpakTUKYM MO AUCHUIUINHE
«MenunuHckas 6nodusnkay: YueOHnoe nocodue. — Kaparanga: Ul «M3narensctBo AKHY Py,
—2019. — 174 c. https://aknurpress.kz/reader/web/2971
6. KoHTpoJILHBIE BONPOCHI:
1. KakoB MeXaHU3M aKTHBHOT'O TpaHcHopTa?
2. Kaxue Bubl akTUBHOTO TpaHcnopTa Bel 3HaeTe?

Jlexknusa Ne 3

1. Tema: Iloustue »3JjekTpoBo30yaumocTu. IloTeHuMan mnokosi M JAelicTBU W HX
MOJICKYJISIPHbIE MEXaHU3MBbI.

2. Heab: OOBSACHUTH CTYAEHTAaM MEXAHHU3M BO3HHUKHOBEHHSI OMOTOTEHIAIOB.

3. Te3ucol JeKIHUM:

BuossiekTpuyeckuii mMOoTeHUMaJ — 3TO TPOIECC, BO3HUKAIONIMM B TKaHAX, KIIETKAaX
KMBBIX OPraHU3MOB M SIBJISIIOIIMICS BaXHEWIIMM KOMIIOHEHTOM IMpPOIIECCOB BO30YXICHHS U
TOPMOKEHHUS.

Bce nponeccsl )KM3HEAEATEIPHOCTH OPIaHU3MOB COIPOBOKIAAKOTCS MOSBIECHUEM B KIIETKAX
Y TKaHSX JEKTPOABUKYIIUX CHIL, T.€. AJIEKTPUUECKUX MTOTEHIIUAJIOB.

Bennuuna GronoTeHIMana HEMOCPECTBEHHO CBA3aHHAs C METa0OIUYECKUMU MPOIeCCaMU
U (U3HOIOTHYECKUM COCTOSSHUEM KIJIETOK, SIBISETCS YYBCTBUTENIBHBIM M TOYHO H3MEPSIEMbIM
II0KAa3aTeJIeM pa3IMYHbIX U3MEHEHUH B KJIETKaX B HOPME U NP MaTOJIOTHH.

[lon OWonoTeHIMANIOM MOHUMAIOT pPa3HOCTh TMOTEHIUAIOB MEXAY JBYMS TOYKaMHU
OpraHu3Ma WIM MEXAYy BHYTpeHHeHl U BHemHed cpenoir memOpansl. [Ipu sTom pasznmuyaror
MOTEHIIMAJ MOKOS U IeUCTBUS.

IToTeHMAan0M NMOKOSl Ha3bIBAIOT PA3HOCTh MOTCHLUAIOB IBYX TOYEK HEBO30YXIEHHOU
MeMOpaHbl, a MOTEHIUAJIOM JAelicTBHUA Ha3bIBAIOT PA3HOCTh MOTEHIMAIOB IBYX TOYEK IMpU
BO30YKJICHHON MeMOpaHe.



https://elib.kz/ru/search/read_book/866/
https://aknurpress.kz/reader/web/1340
https://aknurpress.kz/reader/web/2971
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[lo MexaHu3My BO3HMKHOBEHHS MOTEHUHUAIbl JensTcs: AuQQy3HOHHBIN, Ga30Bblii U
MeMOpaHHBIH

JAnddy3nonHblidi MOTEHUMAJ BO3HUKACT HAa TpPaHUIE paszjena JBYX >KUJIKUX Cpel B
pe3ysibTaTe pa3InyHOW IMOABMKHOCTH MOHOB. JlomycTum, MMeeTcs cocyi C pacTBOPOM COJISTHOM
KHUCJIOTBI, Pa3/IeJICHHON MOPUCTON NEPErOPOIKOM.

B neBoil monoBHHE coCyJa KOHLEHTpALUs COJIIHOM KUCIOTBl Ha MHOTO BBIIIE, YEM B
npaBoii mosioBuHe. [1o3ToMy MOHBI Bojopona U xjopa OynyT auddyHIupoBaTh U3 JIEBOW YacTH
COCy/ia B IIPaByIO YacTh IO I'PAJUEHTY KOHIIEHTPALUH.

Ckopoctps nuddy3un HOHOB ompeAensercs WX MNOABWKHOCThIO. [loaBHXKHOCTH HMOHA
BOJIOPO/Ia HAMHOTO BBIIIIE XJIOpa, TO3TOMY OH OyJIeT onepekars HoH Xjopa. MoHsl Bogopoia umeer
MOJIOKUTEIBHBIN 3apsij, @ MOHBI XJOpa OTPULIATENIbHBIMA, TO B MPABOM YacTH COCYJa BO3HHUKAET
ITOJIOKUTEIIBHBIN 3apsill, B IEBOM OTPULIATEIIbHBIM.

Boznukatomiast auddy3uoHHas pa3HOCTh MOTEHLMATIOB MPUBOAUT K TOPMOXKEHHIO Oojee
«OBICTPBIX» HWOHOB M YCKOPEHHIO 00Jiee «MEUICHHBIX», IIOCKOJIBKY CHJIBI BO3HHKAIOIIETO
ANEKTPUYECKOTO TMOJIE HampaBlieHbl TpoTuB cuil  audpdysun. Juddys3nonnas pasHOCTh
MOTEHIMAJIOB JIOCTUTaeT MaKCHMAJIbHOTO 3HAYEHHS B TOT MOMEHT, KOTJa CKOpOCTH Tu(dy3uid
HMOHOB CTaHOBSITCSI PAaBHBIMH.

—p +p

@ H* nonu

O wonu

OO0 0®

s
s

Puc 1 Puc 2

Juddy3nonnas pazHocTh MoTeHINaNoB «E» HaxoauTces U3 ypaBHeHus [ enaepcona:

_Uu-vRT In C, (1)

Cu+vnF C
rIe U — TMOJABIKHOCTh KaTHOHA, V— TOJBIKHOCTh aHWOHAa, R— ra3oBas mocrtosHHas, T
a0CcoIIOTHAs TeMIepaTypa, N — BaJJIeHTHOCTh HOHOB, F — uncino ®apanes, C1 — KOHIIEHTpalus HOHa
B oOsactu, oTkyaa unet auddysus, Co— KOHIEHTpaIKs HOHA B 001acTh, Kyaa uaeT nuddysusi.

Kak BupHo u3 ypaBHenus (1), nuddy3noHHas pa3HOCTh MOTEHLUAIOB 3aBUCHT OT
Pa3HOCTH TOABIKHOCTH KaTHOHA W aHMOHA M OT OTHOIICHUS KOHIEHTpaluu HOHOB. OYEBHIIHO,
YTO TpPU OJUHAKOBOH TMOABWKHOCTM KaTHMOHAa W aHMOHA, a TaKXke IMpU  OTCYTCTBUHU
KOHIEHTPALMOHHOTO TpaareHTa 1u¢dy3nOHHBII MOTEHIMA OYAET paBeH HYIO.

B Ouonoruueckom o0bekTe Haubosiee OTUETIMBO JUPPY3MOHHBIN MOTEHIHAT MOXET
MPOSIBIISITBCS. TOJTBKO TIPH MEXaHMUECKOM TTOBPEXICHUH KIeToK. [Ipr 3TOM M3 MecTa OBPEKACHUS
MPOUCXOJIUT IEPEHOC HOHOB B HEMOBPEXKAECHHBIH  Y4acTOK M BO3HUKAeT IU(p(y3HOHHBIN
MOTEHIINA.

@da3oBble MOTEHIMAJbI BO3HUKAIOT HAa TpaHUIE pa3jenia ABYX HECMeEIIMBaroUuxcs ¢as
(pacTBOp 2JIEKTPOIUTA B BOJC U KaKOe-ITHO0 MacIo).

[TockonbKy IUTOIUIa3Ma KIETOK MPEACTaBIsieT cO00H MHOTO(ha3HyI0 (MUKPOT€TEPOTeHHYIO)
CHCTEMY, TO Ha MOBEPXHOCTAX pazjena (a3 MOryT BO3HHKATh (Da30Bble MOTEHLMANIBI HEOOIBIION
BEJIMYHMHBI.
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MeMOpaHHBbII MOTEHUMAJ BO3HUKAET MEK/ly BHYTPEHHEH M BHEIIHEH CTOPOHAMH KJIETKH.

OcHoOBHbIE TPUYNHBI BOZHUKHOBEHHUSI MEMOPAHHOTO MOTCHIINATIA!
1) Membpana KIeTKH H30HpaTeIbHO IPOIMYCKACT HOHBI.
2) HepaBHOMEpHOE paclpelelicHHe WOHOB C BHYTPEHHEH W BHEIIHEH CTOPOH MeMOpaHbI

KJIETKH.

OcCHOBHBIE TIPUINHBI 00PA30BAHMSI TIOTEHIIMATIOB ITOKOSI:

1. KoHileHTpanus MOHOB Kaius BHYTpH KJeTOK B 20-40 pa3 nmpeBbIlIaeT UX COACPKAHUE B
OKpY>KaIOILIEH KJIETKY )KUIKOCTH.

2. KonneHntpauusi MIOHOB HaTpus B MEXKJIeTouHOU cpene B 10-20 pa3 BeIle, 4eM BHYTPH
KJIETOK.

3. V30BITOK MOJOXUTENBHBIX 3apsS0B MOHOB Kalusi BHYTPHU KJIETOK KOMIIEHCHPYETCS B
OCHOBHOM OPTaHMYECKHUMHU aHHUOHAMHM (acraparuHOBOM, YKCYCHOM, MMPOBUHOTPATHOMN U JIp).

4. CornacHo Teopuu XoJKKuMHA, Xakcau M Karna, kieroynas memOpaHa B COCTOSHUU
IIOKOSI IPOHMIIaEMa B OCHOBHOM TOJIBKO JUISl HOHA KaJlusl.

Kak 3apskaercs moBepxHOCTh  MeMOpanbl? HMoHBI  Kamus  MEpPEeHOCATCS IO
KOHIIEHTPAIIMOHHOMY T'PaJIMEHTY Yepe3 KIIETOUHYI0 MEMOpaHy BO BHEIIHIOKO CPE/y, & HMOHBI HATPUS
HE MOTYT IPOHUKAThH Yepe3 MeMOpaHy.

B pesynbrare BHEUIHSAS MOBEPXHOCTh MEMOPAHBI 3apsDKACTCS MOJIOKHUTEIBHO, TaK Kak
MOHBI KaJlusl, KOTOPbIE MEPELUIN HAPYXKY U IPyrue MOJIOKUTEIbHbIE HOHBI HaXOSIINUECS CHAPYXKH,
CYMMHPYIOTCSI U CO3JAIOT IOJOXKUTEIbHBIN TOTCHIHAI. BHYTpEHHSS MOBEPXHOCTH MEMOpPAHbBI
3apsKaeTcs OTPULIATENIbHO, T.K. MOHBI Kajlusl YHECIH ONpPEIEIEHHOE KOJUYECTBO MOJIOKUTEIbHBIX
3apsA70B. OTO IMpOLECC MPOJOJDKAETCS 0 TeX IOp, MOKa HE YCTAHOBHUTCS JAMHAMUYECKOE
PaBHOBECHS MEX]ly MOTOKAMH MOHOB.

Ecnm paccmarpuBaemast mud@y3ust HOHOB Kalvs U3 IUTOIUIa3Mbl HAIPaBJIEHA BO BHEIIHIOO
cpeny, Torja 3Ha4yeHue NOTEHIIMalIa MOKOsI MOKHO ONpeeNuTh U3 ypaBHeHus Hepcera:

RT K]
=—In—",
nF (K],
rae [Klin [K]e — koHLIEHTpalysi MOHOB Kaslusi BHYTPU U CHApY>KU KJIETKH.

IIpy TOYHOM M3MEpPEHUM NMOTEHIMAIA TIOKOS BBIICHUIIOCH, YTO B COCTOSIHMM ITIOKOSI KJIETKa
TaK)Ke MPOHUIIaeMa B HEOOJIBIION CTENEH HOHOM HaTpHs U XJopa. CienoBaTesibHO, MEMOpaHHBIN
MOTEHIMAJ MPEACTaBIsAeT COOOH  pPe3yNbTUPYIOIIYIO 3JEKTPOJBUXKYIIYIO CHITy, KOTOpas
reHepupyeTcsl STUMHU TpeMsl kKaHasiaMu Aud¢ys3un. Takum 06pa3oM, B peaabHbIX MEMOpaHax, BKJIaJ]
B CO3JaHMe M mojjiepkaHue noreHuuana nokos BHocaT K, Na u Cl. B atom cimyyae moreHuan
MOKOs onpenernseTcs: ypaBHeHueM [ onbamana—XopxknHa—Karma:

Q= Eln I:>K[K]| + I:)Na[Na]i + I:)CI [Cl]e ,
nF  P([K], +Py[Na], + P, [ClI],
rie Pk, Pna Pcl — xoaddunmentsr mponumaemoctu memOpansl moHoB, [K] , [Na], [CI] —
KOHIIGHTPALMsl HOHOB BHYTpH (1) M BHE KJIIETKH (€).

[To mamnsiM XomxkkuHa u Karna, 1 akcoHa KajmbpMapa B COCTOSIHHM ITOKOSI OTHOLIECHUS
koa¢pdunmento nponunaemoctu Pk: Pna: Por = 1: 0,04: 0,45.

Mexanu3m 00pa3oBaHus MOTEHIIMATIOB TCUCTBUS:

1. Iloxg nmeiicTBMEM BHEHIHHX (PAKTOPOB, KIETKH CIIOCOOHBI MEPEXOIUTh B COCTOSIHHUE
BO30YKICHUSI, TAKOE COCTOSIHME KJIETKHU SIBJISIETCSI OTBETOM Ha BHEIIHUE Pa3/IpakKUTENu.

2. O0s13aTeNIbHBIM MPU3HAKOM BO30YKICHMS KJIETKU SIBIISIETCS M3MEHEHUE AIIEKTPHUUECKOTO
COCTOSIHMSL ~ KJIETOYHOW MeMmOpaHbl, B TOM 4YHCIIE Pa3HOCTH IOTEHIIMAJIOB Ha MeMOpaHe.
YMeHbIICHHE 3JEKTPUYECKOTO COMPOTUBICHUS MeMOpaHbl  NpPU BO30YXKIECHUH OOBACHSIETCS
YBEJIMYEHUEM €€ MPOHUIIAEMOCTH AJIsl HOHOB.

3. Bo3HuKHOBeHHE @OTEHLMana MACHCTBUS CBSA3aHO C YBEIMYEHHUEM IIPOHMIIAEMOCTH
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MeMOpaHbl JUIi WOHOB HATPUSi M TOCICAYIOUIMM YyCWICHHEM TU(dQPy3uH 3TUX HOHOB IIO
KOHIICHTPALIMOHHOMY TPAJMEHTy BHYTPbH KIJIETKH, YTO HMPUBOAUT K YMEHBIICHUIO MEMOpPaHHOTO
MOTEHIMANIA.

4. TlocrymiueHne MOHOB HATPUSl B KIETKY IPOJOIDKAETCSA IO TeX IMOp, MOKAa BHYTPEHHSA
MOBEPXHOCTh MEMOpaHbl HE NPHUOOpPETEeT TOJOXKHUTEIbHBIA  3apsia, JOCTAaTOYHBIA IS
YpaBHOBEIIMBAHUA I'PAJUCHTA KOHIICHTPALIMK HATPHUS U MPEKPAIICHUS ero AajJbHEeHIIero nepexona
BHYTPb KIICTKH.

[Iporiecchl M3MEHEHUs MPOHUIIAEMOCTH MEMOpPaHBI JJIi MOHOB XapaKTEPHbI Ui TEPBOU
(a3bl MoTEHIMANA ICHCTBUSA, MMO3TOMY 3Ta (a3a Ha3bIBACTCS AeMOJIsIpH3aIUei.

[To nanHBIM XOIKKHHA, OTHOIIEHUE KO3()(PUIMEHTOB MPOHUIIAEMOCTH MeMOpaHbI aKCOHA
KaJibMapa B 3T0 BpeMs Pk : Pna: Pc1 =1:20:0,45.

Ecnu cpaBHUTH €ro ¢ aHAJIOTUYHBIM COOTHOUICHWEM COCTOSHUSI TOKOS, TO ISl Kaluus U
XJiopa B TMepBod (¢a3e BO3OYKIACHUS NPOHHIAEMOCTh HE HM3MEHHJACh, a JUIsl HATpUs OHa
yBenuuuiach B 500 pas.

BennunHy MeMOpaHHOTO MOTEHITMANIA IIPH BO30YXKICHUH OMPEACISIOT 110 PopMyJie:

_RT In K] +In [Nal, +In [Cl]e}
[K]. " [Na] " ci] |

Takum oOpa3oM, NHOTEHUMAIbl ACHCTBUS BO3HUKAIOT B pe3ysbTaTe H30BITOUYHOW, IO

CPaBHEHHIO C TIOKOEeM, T Py3Ur HOHOB HATPHUS U3 OKPYKAFOIIEH KUIAKOCTH BHYTPb KIETKH.

4. AnocTpaTHBHBIH MaTepHaJl: Ipe3eHTalus

5. JIuteparypa:

OcHoBHas:

1. Kosganesa JI.B. Meaununckas 6uogusuka: yue0. nocoodue.- Anmarel: AKHYP, 2016. - 324 c.

2. PemuszoB A.H.Meaununckas u Ouonoruyeckasi Gpusmka. - 2-e u3fl., ucrp. u nepepad.- M.:
I'D0OTAP - Menua, 2016. - 656 c.

3. Kycaunnosa K.T. Meauuunansik 6nodusmka: oKy kypaisl.- Anmatel: AKHYP, 2016. - 238 Ger.

4. ®wuzuka n onodmsuka: yueonnk/B.d. Anronos, E.K. Ko3nosa, A.M YepHsi.- 2-e u31., uctp.
u goi.- M.: I'90TAP-Menua, 2014.- 472¢.

5. Kovaleva, L. Educational handout on medical biophysics: textbook / L. Kovaleva.- Karagand :
Aknur press, 2016. - 146p.

6. Menununansik onodusuka: oky Kypaisl / K. XK. Kynadaes [x. 6.].- OKM®A oky-omicT. keHeci
HIenIiMiMEH OachIN MIbIFapyFa YChIHJBL. - AnMatsl: OBepo, 2014. - 192 Ger. c.

7. buodusuka (ka3.): Oxy kypansl/ Tyney6aes JK.C.- Anmater: TOO DBepo, 2024.-248 0.

8. Uynunosckux B.P., Kammuesa XK. A. IIpakTukyM o MmeauuHckol onodusnke. YuedHoe
nocobue.- UIT"AKHYP", 2023

9. Anu6GaeB b.M., AnmabaeBa H.M., A6upoBa M.A. buo¢usuka. 1-6emim. (MeAUITUMHATBIK,
YKOFaphl OKY OpbIHAapbiHa apHayFaH). OKy omicremenik Kypar.- WUIT"AKHYP", 2023

10. baiinynnaesa [I'.E., Hypmaran6eroa M.O., bonanoBa A.O. buodusuka. 2-6emim.
(MenuuuHANBIK JKOFaphl OKY OpbIHAapbiHa apHanFaH). OKy amaictemenik Kypai.- UIT"AKHY¥P",
2023

JononHuTEeIbHAS:

1. UYymunosckux B.P., Kanuesa JK.A. TecTtoBbie 3a1aHus IO MEIUIIMHCKOW OMOIOTHYECKON
¢uzuke: yue0. nocodbue.- M3PK; Men. yu-T Acrana. - Kaparanga: UI1 U3g-so "Axnyp", 2013.
-200c

2. Kammesa K. A., UynnHnosckux B.P. Meaunnnansik Onodusnka moHiHe apHaIFaH TeCTUTIK
TarceipManap: oKy Kypaisl.-KP neHcaynbIk caktray MUHUCTpIIri; Acrana mef. yH-Ti AK.-
Kaparangsr: )KK "Axnyp", 2013. - 198 Ger.

3. ®usuka u 6Gnopu3MKa: pyK. K MPAKTUUECKUM 3aHATUAM: yuel. mocooue /B.d. AutoHOB [1 1p.];
M-Bo oOpazoBanus u Hayku PD.- 2-¢ u3z., ucnp. u goim.; Pex. TBOY JII1O "Poc. men. akan.
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[Tocnenumn-nomuoro o6pazoBanus’.- M.: I'DOTAP - Menua, 2013. - 336 c.
DJIeKTPOHHbIE YUeOHUKH
1. Karkan6aes JXK.JK. buonorusbik pusuka. JlabopaTopusIbIK-IPaKTUKAIBIK cabakTap.
TexHonorusap TecT-peUTHHT xyienep. — Anmatsl: «9Bepo» 2020xk. -360 6.
https://elib.kz/ru/search/read_book/590/

2. MenuuuHablK Onopu3nKka MEH MeITeXHUKAIAp OOUBIHIIA TA00OPATOPHSUIIBIK TPAKTHKYM. OKY
kypanbl./ Y.A.baiizak, K.JK.Kyna6aes. — Anmatsr: «9Bepo» 2020xk. -304 6.
https://elib.kz/ru/search/read_book/51/

3. K. K. Kyna6aes, XK.JK. A6apaxmanoBa, M.A. MaxamberoBa, A.H. Ce131b1K. MeTUIIMHAIIBIK
ouodusuka «Papmarnys» MaMaHABIFbl CTYICHTTEPIHE apHAIFaH OKY Kypaibl AMaTsl; DBepo,
2020 x. 212 6. https://elib.kz/ru/search/read _book/309/

4. KoituyoekoB b.K., AiitkeHoBa A.A., bykees C., banmmaramberosa I'.I". MeuIMHAIBIK XKoHE
OunonorusuIbIK (hU3KKa Heri3epi: oKy Kypaibl/ — «9Bepo» ocnackl, Anmatsr: 2020. — 292 6.
https://elib.kz/ru/search/read_book/866/

5. KoaneBa. Meaununckas Ouodusuka: yuedHoe nocodue (2-oe uznanue) — Anmatsl: UI1

«MznatensctBo AKHY¥Py». — 2019. — 324 chttps://aknurpress.kz/reader/web/1340
6. Uynunosckux B.P., Kanuesa JK.A. JlaGopaTopHBIii TPaKTUKYM 10 AUCLUILTAHE
«MemunuHckas onodusukay: Yueonoe mocodue. — Kaparanna: Ul «M3natensctBo AKHY Py,
—2019. — 174 c. https://aknurpress.kz/reader/web/2971
6. KoHTpoJIbHbIE BONIPOCHI:
1. KakoB MexaHu3M BO3HHKHOBEHHUS IOTEHIIMAIA ITIOKOA?
2. KakoB MeXaHH3M BO3HMKHOBEHUS IMOTEHIHAA IEHCTBHS?

Jlekuusa Ne 4

1. Tema: IloreHumag JelCTBUSI HEPBHOIO BOJIOKHA M JAPYIrMX BO30yAUMBIX TKaHei.
MoJiekyJIsipHbIe MEXaHU3MBbI.
2. Heab: 0OBACHUTH CTyI€HTaM MEXaHW3M BO3HUKHOBEHHUS IOTEHLIMAla JEHCTBUS HEPBHBIX
BOJIOKOH U JIPYTUX BO30YIUMBIX TKaHEeH. MoJeKysipHble MEXaHU3MBI.
3. Te3uchl JeKIHUHU:

OcobeHHOCTH HEpBHOrO BOJIOKHA. HepBHbIE BOJOKHA AENATCS HAa MHEIMHU3MPOBAHHBIE
(MSIKOTHBIE) U HEMUEIUHU3UPOBAHHbBIE (O€3MSIKOTHBIE).

MuenvHU3MpOBaHHOE HEPBHOE BOJIOKHO COCTOMT M3 OCEBOIO LMJIMHIAPA, IOKPBITOTO
[ATOIUIA3MAaTUYECKOW MEeMOpaHOW M COAEpIKaIIEro akcorasMy. BOKpyr Hero MHOTOKpaTHO
00epTHIBAIOTCS IIBAHHOBCKUE KIIETKH.

HAapo IIpasHOECKOH
IIEAHHOBCKaA 0bomouka I

/ A/ )
y

IMepexsar Panere M umermm

UYepesz paBabie mpomexyTku (oT 0,2 mo 2 MM), XapakTepHbIe I JAaHHOW KIIETKH, 3Ta
o0ooYKa MpephIBacTcs, U MeMOpaHa OCEBOrO LWIMHAPA OCTAeTCsl OTKPBITOM. Takue ydacTKu
BOJIOKHA Ha3bIBaloTCs nepexBaramu PanBbe. X qyimHa coctaBiisieT mpuMepHO 1 MKM.

MuenvHoBas 000J0YKa, COCTOAIIAs W3 MEMOPAHHBIX JIMIUAOB M OCIKOB, SIBISIETCS



https://elib.kz/ru/search/read_book/866/
https://aknurpress.kz/reader/web/1340
https://aknurpress.kz/reader/web/2971
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HA/ICKHBIM H30JSITOPOM HEPBHOM KIIETKH, I103TOMY BO30Y>KIAECHHE MOXET BO3HUKHYTh TOJIBKO Ha
OTOJICHHOM yYacTKe.
MuennHoBoe HEPBHOE BOJIOKHO.
1- oceBoil IMIMHIIP: OTKPHITOE MIPOCTPAHCTBO BHYTPU BOJIOKHA
2— HapY)KHBIN CJIOW MUEITMHOBOM 000JIOUKH (B CBS3U C
YBEJIMYEHUEM KOHIICHTPAIIUH JINTTUI0B, OKUCIISIETCSI OCMHUEBOM
KHCIIOTOH /10 4YEPHOTO I[BETA).
CTtpoeHre MUETUHOBOTO HEPBHOT'O BOJIOKHA.
1-oceBoit nuuHAp. B MuennHoBOM OH BCEro 0JuH
pacrioyiaraercsi B IEHTPE ¥ 3HAYUTEIBHO OOJIBIIIE 1O JHAMETDY,
4yeM B 0€3MUETMHOBOM BOJIOKHE.
2— MUEHMHOBBIN CII0M 000JIOYKH BOJIOKHA. DTO HECKOJIBKO CIIOEB
MeMOpaHbI IIBAHHOBCKUX KIJIETOK.
3— nuToIIazmMa JeMMOIIHTA.
4— a1po IeMMOIIHTA.
5— 0azasibHass MeMOpaHa, OKpY’Karolasi BOJIOKHO.
HemuemuHn3upoBaHHbIe HEPBHBIC BOJIOKHA HE UMEIOT TAKOW IUIOTHOM >KUPOBOM O0OJIOYKH.
[IIBaHHOBCKasI KJIETKA OKPYXKAeT MX TOJIBKO OJIUH Pa3.

Kak mpoBoasaT B030yXkJeHHE MHUETUHE3UPOBAHHBIE M HEMHEIWHE3UPOBAHHBIE HEPBHBIC
BOJIOKHA?

1. Bo30yxaeHue (OTpULIATENbHBIA 3apsl) WM ACTOISpU3AIMS HEMHUEIUHU3UPO—BAHHOTO
HEPBHOTO BOJIOKHA HEMPEPHIBHO, OYCHb MEIJICHHO PACIPOCTPAHSIETCS OT BO30YKICHHOTO YJacTKa
K COCEZHEMY, HEBO30YKJICHHOMY M IPUBOJMUT K JIOKAJIbHOW JAETONIApU3allui MEMOPaHHBI.

B HeMHeMHE3MPOBAHHBIX BOJIOKHAX CHayajla B BO30YKJIEHHOM Yy4YacTKe BO3HUKAET
BO30YXJleHHe (MOTeHIMaN JIeHCTBUS, Jenoisgpu3aius). B 3Tom MecTe mpoHHUIIaeMOCTh MEMOpaHbI
Ha WOHBl Nat yBenW4yMBaeTcs, MOITOMY €ro HapyXHas YacTh 3apspKaeTcs OTPHUIATENbHO, a
BHYTPEHHSIS — MOJIOKHUTETBHO.

A HeBO30yXJEeHHasi 4acTb MEMOpaHbl HEPBHOI'O BOJOKHA COXPaHSAET CBOI OOBIYHYIO
pa3HOCTh TOTEHIMANOB: HapyXHas cpelda 3apsHkeHa TOJOKUTENbHO, a BHYTPEHHSSI —

OTPULIATEIIBHO.

+4+ 4+t — ——d++++
I - - ——F -I-+_._—_—()
) DS Y B
+htt et — —— b+
| — pacripocTpaHeHne Aenoaspu3aliil B HEMUEINHE3UPOBAHHBIX BOJIOKHAX;

Mexny BO30OYXIACHHOM W HEBO3OYKICHHOW OOJACTSIMU BO3HHKAIOT MECTHBIE TOKH. OJTO
MPUBOAUT K JEMOJISIpU3AIlMU COCEIHEr0 Yy4yacTKa, KOTOpbIM, B CBOI OYE€pelb, JEMOISPU3YET
cnenyromuid. Bo3HUKIIIAs pa3HOCTH MOTEHIIMAJIOB CMEMIACT HOHBI BJIOJIb HEPBHOTO BOJIOKHA BHYTPHU
Y CHapy>Ku OT MOJIOKUTEIBHOIO 3apsi/ia K OTPULATEIIbHOMY.

II

Il — pacipocTpaneHue enonsipu3aluy B MUEITMHE3UPOBAHHBIX BOJIOKHAX

[Ipu »TOM Ha paHee BO30YXIEHHOM Yy4YacTKe HAUMHACTCS CTaJUs PENOJSIPH3UH. Takum
o0pa3oM, OTpULATEIbHBIN 3aps paclpoCTpaHseTcsl BJOJb MEMOpaHbl TOJBKO B OIHOM
HaIPaBJICHUU.
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B MueJMHM3MPOBAHHBIX HEPBHBIX BOJOKHAX HEMNPEPHIBHOE MPOBEACHUE HEPBHOTO
UMITyJIbCA HEBO3MOXKHO. Bo30OykneHue (nenossipusanusi) MOXKET BO3HHMKATh HE IO BCEl UIMHE
MeMOpaHbl, a TOJBKO B IepexBatax PanBbe. [lemonsipuzamusi OAHOrO IepexBaTa BBI3BIBAET
JENOISAPU3ALIMIO COCEAHETO.

[Ipoueccom pacnpocTpaHeHus BO30Y>KICHHS Ha3bIBAIOT JABM)KEHHUE OTPUIATENILHOTO 3apsijia
(memosisipu3anusi) MO BCEMY HEPBHOMY BOJIOKHY.

[Ipu BO30OYX€HMH MUEIMHOBOIO BOJIOKHA MUEIMHOBBIN CJIOW HE MPOBOJIUT IEKTPUUECKUE
BEJIMYMHBI, I03TOMY OTPULIATENIbHBIN 3apsii BOZHUKAET TOJIBKO Ha IepexBarax PaHBbe.

Bo3Hukaronumii moTeHIMan AEUCTBUS B 5—6 pa3 MPEBBIIAET IMOPOT, HEOOXOAMMBIA IS
BO3HUKHOBEHUS BO3OYXKACHHUS B CIIEAyIOIIEM TepexBare Pansbe.

MexaHu3M  pacnpoCTpaHeHUs BO3OYXKICHHS IO MHUCIMHU3HPOBAHHBIM  BOJIOKHAM
Ha3bIBAETCS] CKAYKO000PA3HBIM UJIU CAJIBTATOPHBIM.

CaabTaTOPHBII MEXaHU3M PACIPOCTPAHEHUS BBITOJIHEE HENIPEPHIBHOTO, TAK KaK MO3BOJISET
YBEIIMYUTh CKOPOCTh IPOBEIEHUS HEPBHOT'O UMITYJIbCa M 0oJiee SKOHOMUYEH C DHEPreTHUECKOU
TOYKH 3PEHUS.

OCOOEHHOCTH CaTbTATOPHOTO MEXaHNU3Ma PACIIPOCTPAHEHUS:

1. Jlenonsapu3yroTCs TOIBKO HEOOIBIINE YIaCTKH HEPBHOTO BOJIOKHA.

2. BO3HHMKAOT MEHBIINE MOTEPU MOHOB, CIEIOBATEIbHO, KIETKE MPUXOIAUTCS PaCXOJ0BaATh
MeHbIIIe SHepruu A odecnedenus padotsl, Na+,K+ — Hacocos.

CkopocTh MpoBeJieHUs] BO30YXK/AEHUS [0 HEMHUEIUHU3MPOBAHHOMY BOJIOKHY JAMaMeTpoM |
MKM COCTaBJISIET TOJBKO 2 M/C, a JijIsl BOJIOKOH nuameTpom 0,5-1 MM 3Ta BeIMYMHA YXKe JOCTUTaeT
20 m/c.

Bo30yxeHne MOXeT pacrnpoCTpaHATbCS HE TOJIBKO uYepe3 OAMH, a Yepe3 JBa NepexBaTa
PauBbe. CanbTaTopHOE pacnpoCTpaHEHUE HMMITYJIbCa B MHUEIMHOBBIX BOJIOKHAaX 00ecleunBaeT
YBEIIMUYEHUE CKOPOCTU BO30YkJeHMs. IIpu 3TOM HEpBHBIE BOJIOKHA MaJlO MCIOJB3YIOT SHEPIHIO
HEWpOHa.

JU1si MUETMHU3UPOBAHHBIX BOJIOKOH CKOPOCTh IPOBEIEHHs BO30YKICHUS 3aBUCUT OT JUTMHBI
MeXIepexBaTHbIX ydacTKoB PanBbe. Bo30OykneHue oT ofgHOro mepexsaTa K Apyromy nepenaercs
3a 0,07 mc.

B 1O xe Bpems uIMHa MeXINepexBaTHBIX y4yacTKOB PaHBbe mpomopiuoHanibHa AUAMETPY
BOJIOKHA. [loaTOMy, M3Mepsisi CKOpPOCTh NPOBENEHUS HEPBHOTO HMITYJIbCA, MOKHO OLICHUTH €r0
¢yukun. Ecnu Hapymaetcst GyHKIUS MUEIMHOBON 000JI0YKH, TOTJa CKOPOCTh PacIpoOCTpaHEHUs
BO30YKJIEHUS CHU)KAETCS.

[Ipn HEKOTOpBIX M3 ayTOMMMYHHBIX 3a0oieBaHHM, Hampumep «PaccesHHBIH CKIIEpPO3»,
MMMYHHasl CHUCTEMa OpraHM3Ma pa3pyllaeT MUEIUHOBYIO O00OJIOYKY, T.€. MPOUCXOIUT OTrOJICHUE
(neMuenuHM3AIMA) HEPBHBIX BOJOKOH. I[IpoBeneHHe HEPBHBIX HMMITYJIbCOB Yepe3 MOpa’keHHBIH
y4acTOK HapyllaeTcsi, 4TO NPUBOJUT K PA3IUYHBIM IPOSBICHUSM: HApyLIEHUIO 3pEHUS U
KOOpJMHAIIMH, MBIILIEYHOH cJIad0CTH U JIp.

4. UniocTpaTuBHBINA MaTepuaJ: Npe3eHTalus

5. JIuteparypa:

OcHoBHas:

1. Kosanesa JI.B. Meaumnunckas 6uodusuka: yued. mocodue.- Anmatei: AKHYP, 2016. - 324 c.

2. Pemu3zoB A.H.Meaununckas u Ouonoruyeckasi Gusmka. - 2-e u3fl., ucrp. u nepepad.- M.:

I'DOTAP - Menua, 2016. - 656 c.

Kycannosa K.T. Meauuunanslk Onodusuka: oky Kypaisl.- Anmatel: AKHYP, 2016. - 238 Ger.

4. ®wuzuka u onodmsuka: yueoOnnk/B.d. Anronos, E.K. Ko3nosa, A.M YepHsi.- 2-e u31., uctp.
u noir.- M.: I'D0TAP-Menua, 2014.- 472c¢.

5. Kovaleva, L. Educational handout on medical biophysics: textbook / L. Kovaleva.- Karagand :
Aknur press, 2016. - 146p.

w
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6. Memuuunanslk 6nodusuka: oKy Kypaisl / K. XK. Kynabaes [x. 6.].- OKM®A oky-amict. keHeci

nIenriMiMeH OachlIn MIbIFapyFa YChIHIBL - AnMatsl: OBepo, 2014. - 192 Ger. c.

buodusuka (kas.): Oxy kypansl/ Tyney6aes XK.C.- Anmater: TOO DBepo, 2024.-248 0.

8. Uymunosckux B.P., Kammnesa XK. A. IIpakTukyM 1o MmenuuHcKon onodusuke. YuedHoe
nocobue.- UIT "AKHYP", 2023

9. AnubGaeB b.M., AnmabaeBa H.M., Abuposa M.A. buodusuka. 1-6emim. (MeTUIIMHATBIK,
YKOFaphl OKY OpbIHAapbiHa apHayFaH). OKy amicremenik Kypair.- WUIT"AKHYP", 2023

10. baiinynnaesa [I'.E., Hypmaran6eroBa M.O., bonanoBa A.O. buodusuka. 2-6emim.
(MenuIMHANBIK JKOFaphl OKY OpBbIHIAphIHA apHainFaH). OKy amaicremenik Kypain.- WUIT"AKHYP",
2023

JlononHuTebHAS:

1. UYymmnaoBckux B.P., Kammesa JK.A. TectoBbie 3a1aHus IO METUITMTHCKOW OMOJIOTUYECKON
¢usuke: yued. nocodbue.- M3PK; Men. yu-T Acrana. - Kaparanga: W11 U3g-so "Axnyp", 2013.
-200c

2. Kamuena XK.A., Uynunockux B.P. Menununansik 6nodusrka moHiHe apHalFaH TeCTLUIIK
TarceipMaap: oKy Kypaibl.-KP neHcaynsik caktay MUHUCTPIIIT:; ActaHa men. yH-Ti AK.-
Kaparangsr: )KK "Axnyp", 2013. - 198 Ger.

3. ®usuka u Gnou3MKa: pyK. K MPAKTHUECKUM 3aHATUAM: yuel. mocobue /B.d. AntoHoB [1 1p.];
M-Bo obpazoBanus u Hayku P®.- 2-e uza., ucnp. u nomn.; Pek. [bOY JIIO "Poc. men. akan.
[Tocneaun-nomuoro oopazoBanus".- M.: T'OOTAP - Menua, 2013. - 336 c.

DJICKTPOHHBIC Y4eOHUKH
1. Karkan6aes XK.JK. buonorusuieik ¢pusuka. JIabopaTopusIbIK-TIPAaKTUKAIBIK cabakTap.
TexHonorusap TecT-peUTHHT xyienep. — Anmatsl: «9Bepo» 2020xk. -360 6.
https://elib.kz/ru/search/read_book/590/

2. MenuuuHanbsIKk Onopu3rKa MEH MeTeXHUKanap OoNbIHIIA Ja00paTOPUSIIBIK TPAKTUKYM. OKY
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Jleknusa Ne 5

1. Tema: OCHOBBI TEPMOTUHAMHKH.
2. Heab: OOBSICHUTD ITEPBOE HAYATIO TEPMOTUHAMHUKH U TIPOIIECCHI B HJICATHHOM Ta3e.
3. Te3ucel JIeKUNN:

Paznen Qusuky, u3yyaromuii TEIUIOBBIE SBJIEHUS C TOUYKH 3pPEHHUS MPOUCXOASIIUX B HHUX
IIPOLIECCOB  B3aMMHOIO MpEBpallleHus TEIUIOTBl W JPYTMX BUIOB DSHEPruu, Has3blBacTCA
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TepMOHHHaMHKOﬁ.

Teno waum COBOKYMHOCTH TeEJ, YCJIOBHO BBIJICJICHHBIX W3 OKpYXalomen cpensl ais Oojee
yIOOHOTO PAacCMOTPEHUS] MPOUCXOIALIMX B HUX IPOIECCOB, HA3bIBAETCS TEPMOJIMHAMUYECKOU
CUCTEMOM.

W3onupoBanHas cucTeMa, HaxoJslasicsi B HEPAaBHOBECHOM COCTOSIHUH, CaMOIIPOU3BOJIBHO
MepPexXoUT B paBHOBecHe. [lepexoa cUCTEMBI U3 OJHOTO COCTOSIHUS B JIPYroe, TPOUCXOISIIAN
yepes psijl MPOMEKYTOUHBIX COCTOSIHUM, Ha3bIBACTCS TEPMOIMHAMHYECKUM MTPOLIECCOM.

[Ipomecc, KOTOPBIA MOMKET CaMOMPOM3BOJIBHO MPOTEKATh W B MPSMOM, W B OOpaTHOM
HAIpPaBJICHUSAX HAa3bIBAETCS OOpAaTUMBIM. DTOT MIPOLECC COCTOUT U3 IMOCIEAOBATEIBLHOrO psijia
PaBHOBECHBIX COCTOSIHMH. K HUM MOXHO OTHECTH IOCTATOYHO MEJICHHO TIPOTEKAIOIIUE MPOIECCHI
C)KaTus, PaCUIMPEHHUs, HAarPEBAHUS U OXJIAXICHUS ra3a.

HeoOpatumbIiM Ha3bIBaeTCS MPOIIECC, B KOTOPOM XOTsI OBI OJTHO IMMPOMEKYTOYHOE COCTOSIHUEC HE
SBIIIETCS. PABHOBECHBIM M TPOIIECC HENB3sI MPOBECTH B OOpPAaTHOM HAMpaBICHUH 4Yepe3 Te Ke
MIPOMEKYTOYHBIC COCTOSIHUS: OBICTPO MPOTEKAIOIIEE CKATHE, PACIIUPECHHE, OXJIAXKICHUE, B3aUMHAas
g ¢y3us ra3oB, epenaya TerioThl MyTeM TeIJIONPOBOIHOCTH U JIp.

PaccmoTpuM crenmyromue mpoueccsl M3MEHEHHS COCTOSIHHS MICATBHOTO Ta3a:
1. N3oxopuyeckuii mpoiiecc MPOUCXOAUT Mmpu V=const, T.e. Ta3 HE cOBepIIAET PadOTHl MPOTUB
BHemHuX cui, T.e. A=0. Bcsi cooGraemas rasy temiora: dQ= dU 3arpaunBaercss Ha W3MEHCHHE
BHYTpPEHHEH dHEepruu, T.e. Ha HarpeBaHHe CUCTEMBI.
2. N3o0apuueckuii npouecc mporekaer npu P=const. ['a3 HarpeBaeTcs, paclIMpseTcs U IPH ITOM
coBepiiaet paboty BHemHuX cwi. Q= dU+dA T.e. coollieHne CHCTEME TEIIOThI 3aTPaYuBaCTCs
Ha YBEIMYCHUE BHYTPEHHEH SHEPTUU CHCTEMBI H Ha COBEPIIAEMYIO €0 PadoTy.
3. U3otepmuueckuit mporiecc npoTekaeT npu T =const. BHyTpeHHsIsI SHeprus raza He H3MEHSeTCS:
AU=0, U=const, ciemnoBarenbuo dQ=0A, T.e. Bcs Temaora, coobInaemasi CHCTEME, pacXoayeTcs Ha
coBepIIaeMyro padoTy.
4. Anmabatuueckuil mpoliecc npoTekaer npu Q=const, Torma pabora coBepiiaeMas CHCTEMOMU
NPOKMCXOAUT 3a CYeT H3MEHEeHUs ero BHyTpeHHeil sHepruu: A= - dU, T.e. pacmmpenue
BBI3BIBACT OXJIAXK/ICHUE, a CXKATHE — HarpeBaHHe.

KonmuecTBO TEmioTel, HEOOXOAUMOE Ui HarpeBaHUs Tella Ha OAWH Tpanayc KenbBuHA,
HA3BIBAIOT TEIJIOEMKOCTHIO Tena. Tak Kak KOJNWYEeCTBO TEIJIOTHI 3aBHCHUT OT Ipoliecca, TO M
TEIUIOEMKOCTh CYIIECTBEHHO 3aBUCHUT OT Tporecca. s ogHOTO W TOTO XK€ Tela MPUHSTO
pasnuyath yaenbHbIe TermoeMkocTd uzobapHoro Cp u m3oxopHoro Cy mpoueccoB. OTHOIIEHHE
YACTBHBIX TEIUIOEMKOCTEH TPH TMOCTOSHHOM JaBJICHUHW W TPU TMOCTOSHHOM OOBEME Ha3BIBACT
MoKazareneM aanadaTsl.

No Vis0mporieccs! ITepBoe Hauaso TermmoeMKoCTH TIpu U30MpoLeccax
h tepmomHamukn (dQ=dA+dU) (C=dQ/dT)
1. | UzoTepmuueckuit du=0, dQ=dA dT=0, Cr=
npoIiece
2. | N3obapuueckuii dQ=dA+dU Cp=dU/dT+dA/dT=Cv+R
IpoLecc Cp-Cv=R - ypaBHenue Maiiepa
3. | Uzoxopuueckuit dA=0, dQ=dU Cv=dU/dT
poIiece
4. | AnnabaTuuecKuit dA=-duU Co=0
poIiece

Kan(z[a;l KJIeTKa M BECh JKMBOM OpraHui3M SABJIAIOTCA OTKPBITBIMHU CHUCTEMaMU. HpOHCCCBI,
MMPOTCKAOIUC B ouocucreMax H606paTI/IMI>I, TO CCTb IIpU ICpeXoAC CUCTEMbI H3 OIAHOTO
COCTOsIHHAA, O6paTHBIﬁ nepexoa B HAYAJIbHOC COCTOSAHHEC HCEBO3MOXCH oe3 JOIIOJIHUTCIIBHOT'O
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MPUTOKA JHEPIMHM H3BHE. l3ydeHHeM 3THX BOIPOCOB 3aHUMACTCS TEPMOIMHAMHKA, 3aKOHBI
KOTOPOH CIPaJIUBBI KaK JJI1 HEKUBOW, TaK U JUIS )KUBOU IIPUPOJIBI.

TepMoIMHAMUKY TOJIPA3ICIIAIOT HAa KIACCHYECKYIO (PaBHOBECHYIO) M TEPMOJIUHAMUKY
HEOOpPaTUMBIX TPOIECCOB (HepaBHOBeCHYI0). [Ipu u3ydeHUH OHOJOTHYECKUX IPOILECCOB
HCIIOJIb3YETCS METObl HEPABHOBECHOM TEPMOIUHAMHKH.

[TepesIii 3akoH TepmoarHaMuku umeeT Bua: dQ = dU + dA,

rae Q — KOMM4ecTBO TEIUIOTHI, OMydyeHHOe cucTeMoi, U — BHYTpEHHSISI SHEPIrUusl CUCTEMbI, A —
pabota coBepiraemasi HaJl cCUCTeMOil, B cBoto ouepens dA >0, ecmu pabota coBepmiaeTcs camon
cucremoii 1 dA = PdV - pabota cucremsl, rae dV — usmenenne oobema. Torga: dQ = dU + PdV
npu V=const dQ =dU

npu P=const dQ=dU+PdV =dU +PV) =dH

rne H — sHTanenus — QyHKIUS COCTOSHUS, ONMPEIEISIONast KOJMUECTBO BBIICIHUBIICHCS TEIUIOTHI B
M300apuYecKOM Ipoliecce.

B Owuomormueckux cucTeMax TMPOLECCHl COBEPIIAIOTCS IPH TOCTOSHHOM JIaBJICHUH,
CJIeIOBATENbHO, TEIIOBOM 3 (HeKT OMOXUMUYECKUX PEaKIUii paBeH U3MEHEHHIO SHTAIBIIUU B X0OJI1€
peakmuu. CymiecTBOBaHHE JXHUBOTO OpPraHM3Ma TpeOyeT MOANEepKAaHUsS €ro B HEPAaBHOBECHOM
COCTOSIHMH, a 3TO HEBO3MOKHO 0€3 MPUTOKA SHEPTUU U3BHE.

[lepBbIif 3aKOH TEPMOAWHAMHKH ITO3BOJISIET OINPENEIUTh KOJMYECTBEHHBIE COOTHOIICHUS
MEXIY Pa3IMYHBIMH (pOPMaMU SHEPrUH, KOTOPbIe MPUHUMAIOT y4acTHe B JAHHOM Ipolecce, T.€.
pa3NUYHbIC BUABI SHEPTUM MOTYT TPEBPALIAThCSA APYT B JPyra B SKBUBAJICHTHBIX KOJIUYECTBAX.
Ho on He MoXkeT ompenenuTs B KaKOM HalpaBlieHUH MPOUCXOJIUT MpeBpaiieHue 3Heprun. Ha 3o
TBOTIPOC OTBEYAET BTOPOH 3aKOH TEPMOJINHAMHKH.

Bo3M0OXXHOCTh pOTEKaHUs TEPMOJAMHAMHUYECKUX IPOLIECCOB, UX HAIPaBICHHUE U Mpeael
MOTYT XapaKTepU30BaTh TaKHe MapaMeTpbl COCTOSHHSI CHUCTEMBbI KaK JSHTPOIHsS, CBOOOJTHAS U
CBSI3aHHasl HHEPIUs.

[Tox »HTpomnMel S mMoHWMaeTcs OTHOIIEHUE Terya Q, MPOU3BOJIUMOTIO B 0OPAaTUMOM
M30TEPMHUECKOM TIporiecce K abcoimoTHOW Temreparype T, Mpu KOTOPO# MpOTEKaeT IMpoIecc:

S== wm usMeHenue OSHTponuu dS :C!I_—Q, orkyna dQ=T-dS, Torma mepBbIii 3aKOH
TEPMOJUHAMUKHU U1l M30iupoBaHHOW cucteMbl umeeT BulI: dU=dA+TdS, rne dA - nmonesnas
pa0oTa, coBepiiaemas CHCTEMOW W Ha3blBaeTcsi M3MeHeHHeM cBoOojHoW sHepruu dF, Torma
dU=dF+TdS.

BHyTpeHHss sHeprus CUCTeMbl paBHA CyMMe CBOOOJHON PHEPTUU U CBSI3aHHOM.

CBoOoIHAs SHEPIHsl HCIIOJIb3YETCS ISl COBEPIIEHUS paOOThl, CBA3aHHASL SHEPTHUS Ta YacTb
BHYTPEHHEH SHEpruM, KOTOpas HE HCIHOJBb3YeTCs Uil COBEpIIEHUS paboThl, a Oecroyie3Ho
paccenBaercst B Buje Teria. OHa ONpenensercss 3HTPOMHUEH, €Ciu mpouecchl uAyT mpu T=const.
YeM Gosbliie HTPOIUS, TEM OOJIBIIE KOJUYECTBO CBA3aHHOW YHEPTUH.

YeMm Oorpllie CBSI3aHHASI SHEPTHS, TEM WHTCHCUBHEE PAacCEMBAHKE SHEPTHH B TEIIO U TeM
HeoOpaTuMee SBJISIETCSl MPOLIecC.

Taxum 06pazoM, SHTpOMNUS - 3TO Mepa PACCEMBAHUS, JETPaJallii SHEPIUU, a TaKkKe Mepa
HeoOpaTuMocTH npouecca. Eciu B cucteme copepiaercst padora, To 3Ta paboTa coBepIaeTcst 3a
CYeT CBOOOJHOW DHEPTHUH.

B cnyuae HeoOpaTHMOro mporecca coBeplleHHass paboTa OyneT MeHbIlle HW3MEHEeHHUs
cBOOOJHOM DSHEPIruM, KOTOpas IOCTOSHHO HMMEET TEHJEHUUI0O K  YMEHBUICHUIO BCIJIEICTBUE
pacceuBaHMsI €€ B TEIUIO.

Bropoii 3akoH TepMoIMHAMHKKA 00O0OIIAeT BBINICYKA3aHHOE TOJIOKEHHUE, T.C. JIFOOOH
CaMOTIPOM3BOJILHBIN TPOLIECC B M3OJMPOBAHHOM CHCTEME MPUBOAMUT K YMEHBIICHUIO CBOOOIHOM
SHEPTHH, ECIIH Mpolecc HeoOpaTuM. Ecnu mporiecc oOpaTtuM, TO cBOOOIHAs YHEPTHs CUCTEMBl HE
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U3MCHSICTCA.

B n3onupoBaHHO# cucTeMe MpH MPOTEKaHUH HEOOPATUMBIX MTPOILIECCOB CBOOOIHAS SHEPTUs
YMEHBIIIACTCS, a CBSI3aHHast SHeprus yBennuuBaercs. OO0Iee KOJMYECTBO DHEPIUU B CHCTEME HE
HU3MCHSIETCHL.

ITOCKOJIBKY MepOW CBSI3aHHOM DHEPIUU SBISETCS SHTPOIHS, TO NPH  HEOOPATHMBIX
mporieccax SHTpomnus cucremMbl Bo3pactaer: dS =(dQ/T) > 0

Takum 00pa3om, Bce MPOIECCH B MPHPOJAE TMPOTEKAIOT B HAMPABICHHH YMEHBIICHUS

CBO60[[HOI>'I OHCPIrur W YBCIIMYCHUSA OHTPOIMHU — OTO H CCTb IIOHATUC BTOPOro 3aKOHa
TEPMOJIUHAMHKH.

[Ipouecc mporekaer 0 TeX MOp, IOKAa CBOOOJHAs PHEPrUsl HE CTaHET PABHOW HYIIIO, a
SHTPOIHUS MaKCUMAJIbHOMY 3Ha4€HHUIO - O3TO  COCTOSIHUE CHCTEMBI Ha3bIBACTCS

TEPMOJUHAMUYECKUM PaBHOBECHEM.

B TeueHue MIMTENBPHOrO BPEMEHM CUMTAIM, YTO BTOpoe Hadaino TJ[ He mpuMeHMMO K
OMOJIOTUYECKHMM  CHUCTEMaM, T.€. BCE IIPOLECCHl B CHCTEME  JIOJDKHBI NpUOIMKATh ee K
TEPMOJUHAMUYECKOMY PABHOBECHUIO, YTO HE IPUMEHUTEIBHO K >KMBBIM OpPraHM3MaM O3Ha4aeT
PUOIMKEHNUE CMEPTH.

OnHako, paboTOoCIOCOOHOCTh OMOJIOIMUECKUX CHCTEM HE YMEHBIIAETCSl CO BpEeMEHEM, UX
KHU3HEIESITENHOCTh IPOJIOJIKACTCSI TOAbl M JAECATUIETHS. OTO OOBACHSAETCS TEM, YTO 3aKOHbI
KJIACCUYECKOM TEepMOJMHAMUKM ObLIM  pa3paboTaHbl Ul H30JMPOBAHHBIX CHUCTEM, a KHUBbBIE
OpPraHMU3MBbl SBJISIIOTCS OTKPBITBIMM CHUCTEMAMHU, KOTOPble OOMEHMBAIOTCS C OKpY’Karollel cpenoi
sHepruedt u BemiectBoM. [loaTomy obuiee u3menenue paszaensercs Ha ase yactu: dFi u dS; -
U3MEHEHHE CBOOOJHOM 3HEPIUM U DHTPONHHU, OOYCIOBIIEHHOE NMPOTEKAaHUEM OHOXUMHUYECKUX U
ouodusnueckux mporeccoB BHyTpH cucteMbl, dFe u dS. o0ycrnoBieHHOe B3aMMOJECHCTBHEM C
OKpY>KaroIleu Cpe/ion:

dF =dFj + dFe , dS =dSi+dSe
dU= dFi + dFet+ TdSi+TdSe

Tak xak Bce Oumoxummuueckue U OMO(pU3NYECKHE IMPOLECChl B OpraHu3Me HEeoOpaTHUMBI -
MPOTEKAIOT C PACCEMBAHMEM YacTH SHEPrHHU B TEIJIO, TO B PE3YJIbTAaTe 3TOr0 CBOOOJHAS SHEPTHs
cucteMbl HenpepbslBHO yMmeHblnaercss dF< 0, a sntponms Bo3pactaer dS>0. Ho B opranmsme
MPOTEKAIOT MPOLECCHI, COMTPOBOXKIAIOIINECS YBEIUYEHUEM CBOOOJTHOW 3HEPrHH.

XKuBoii opraHuzM mOpeaCTaBisieT COOOW OTKPBITYIO TEPMOJMHAMUYECKYIO CHCTEMY,
KOTOpasi  HAaxXOJUTCsS B CTAallMOHAPHOM COCTOSIHUH, T.€. COCTOSHHUE CHCTEMBI, IPY KOTOPOM
IapaMeTpsl €€ CO BpEMEHEM HE M3MEHSIOTCS, HO MPOMCXOAUT OOMEH BEIIECTBOM U 3HEpPrueu ¢
OKpY’KaOIllel Cpeoi, Ha3bIBAETCs CTAllMOHAPHBIM.

N. TlpurokiH Ha OCHOBE HW3YUYEHHUS OTKPBITBIX CHCTEM C(OPMYIHpOBaT  OCHOBHOE
CBOMCTBO CTAallMOHAPHOIO COCTOSIHUS: B CTAllMOHAPHOM COCTOSIHUM  CKOPOCTh BO3pacTaHUs
SHTPONUH, OOYCIOBJIEHHAss MPOTEKAaHHMEM HEOOPaTUMBIX MPOIECCOB, UMEET MOJOKUTEIbHOE U
MUHUMAaJIbHOE W3 BO3MOYKHBIX 3HAYCHUM.

CrnenoBarenbHO, cucTeMa JUIsl TMOAJEP)KAaHUS CTAllMOHAPHOIO COCTOSIHMSL ~ Tpelyer
MUHHMAaJIBHOTO W3 BCEX BO3MOXKHBIX 3HAUYEHUI MpPUTOKA CBOOOJHON SHEPruH, T.€. OPraHU3M
cTpeMuTcst paboTath Ha HauOoJyiee BBITOJHOM SHEpreTudeckoM ypoBHe. [Ipu a3Tom nmoanepkanue
IIOCTOSIHHOTO YPOBHS B OpraHM3Me€ OCYIIECTBISAETCS MyTeM NOTPEOJICHNsT MHUIIEBbIX
BBICOKOMOJIEKYJISIPHBIX BEIIECTB CO 3HAUUTENbHOM OTPULIATENILHON SHTPONHEN M BHIBEICHUS W3
OpraHM3Ma JAECTPYKTHBHBIX IPOAYKTOB IHUIIEBApEHUs C IOJIOXKHUTEIBHOM SHTPONHEH, a TaKkKe
HEMOCPEJACTBEHHON OTAa4yH TEIJIOTHI B OKPYKAIOILIYIO Cpeay.

Ilepenaua »HEpruM OT OAHOTO Tela K APYyroMy 0Oe3 COBepLIeHHMS pabOThl Ha3bIBaeTCs
TeIIoNepe1auei.

DOHeprust, HeoOXoAUMas ISl KHU3HENEATSIBHOCTH  OpraHu3Ma, JOCTaBJISIETCs ¢ MHIIECH B
BHJIC DHEPIUU XMMHMYECKHUX CBS3€H BBICOKOMOJICKYJSIPHBIX IHILEBBIX BeHIECTB. B opranusme stu
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BEIIECTBA OKUCISAIOTCA J0 0Oojee  MPOCTBIX U OCBOOOXKIAIOUIAsICsl TMPU 3TOM DHEPTHUf,
IpeBpamaercs B Jpyrue BHIBI  SHEPrHM, TIJaBHBIM 00pa3oM TEIJIOTy, a Takke paboTy,
COBEpIIAEMYIO IIPU PA3TMYHBIX ABMXKEHUAX U T.1.
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6. Uymuaosckux B.P., KanmueBa XK.A. JlabopaTopHbIi TPAKTUKYM IO AUCITUTUTHHE
«MemunuHckas onodusnkay: YuedHnoe nmocooue. — Kaparanna: Ul «M3natensctBo AKHY Py,
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6. KoHTpoJibHBIE BONIPOCHI (00paTHOM CBA3HU):
1. Yto Ha3bIBaETCS TEPMOJIUHAMHYECCKON CHCTEMOMN?
2. Uewm oTiiyaeTcCsl MPOIECCHl B HICATHBHOM Ta3e?
3. Kak nmpoucXoIUT NpeBpallleHus TEIUIOTHI U APYTUX BUIOB SHEPrun?
4. B kakux HalpaBJICHUSIX U3MEHSETCSl CBOOOIHAS W CBSI3aHHAS DHEPTHS?
5. Kak onpenensercss CKOpOCTh BO3pacTaHUsI SHTPOIHHU JIJIT HEOOpPATUMBIX MPOIIECCOB?

Jleknus Ne6

1. Tema: IlepBuunblie craguu ¢oroduooruueckux mnpomeccoB. CnekrTpol ¢GoToduoIOTHYEC-
KOI'0 1eHCTBHUA.
2. Heab: OOSACHUTH CTyJEHTaM IEpBUYHBIE CTaAMU (OTOOMOIOrMYECKHX MpoueccoB. CreKTpbl
(hOTOOMOIOTHYECKOTO JICHCTBHSI.
ILnan Jexuun:

1. OcHoBHBIE TPYyNIIBI POTOOHOIOTHUECKUX IIPOLIECCOB.

2. Buasl poTOXMMHUYECKUX peaKITuil.

3. OcHoBHBIE cTaaNH (POTOXUMHUYECKUX PEAKIIHA.

4. Obmas cxema cTaauii GoTOONOIOTHIECKUX MPOIIECCOB.
3. Te3uchl JIeKIHHU:

IIponeccrl, mpoucxoasuiye B OHOJTOTMYECKUX CHUCTEMax IPH TOIJIOIIEHUH JyYUCTOU
SHEPIHH, Ha3bIBatOTCS GOTOOMOTOTHYECKUMM.

Bce ¢poTobOuonoruueckue npoueccsl 1eisITcs Ha TPU OCHOBHBIE TPYIIIIbL:

1. K mepBoii rpynmne oTHOCATCS Tporiecchl (POTOCHHTE3a OUOIOTUIECKH BAKHBIX COSAMHEHUIN
3a CYeT TMOMIOLIAEMOl OpraHM3MOM COJIHEYHOW sHepruu. Hambonee BakHOe 3HaueHUE HMEET
(OTOCHHTE3 YIJIEBOJMOB, MPOUCXOASIIMN Yy 3€JIEHBIX pacTeHWil, OakTepuil U BOJIOPOCIHEH.
@DOTOCHHTE3 YIJIEBOIOB SBIISIETCSl E€IUHCTBEHHBIM OHOJIOTMUECKUM IPOLIECCOM, IPU  KOTOPOM
MPOUCXOJUT yBEIMUYEHHE CBOOOJHOW BSHEpruuM Bced Ouoormveckoil cuctembl. Bce ocranbHble
IIPOLIECCHI B PACTUTENBHBIX M )KMBOTHBIX OPraHMW3Max MPOTEKAIOT 3a CYET MOTEHLINAIbHON YHEPIUH
XMMUYECKUX CBSI3€H, HaKaIIMBaeMoN B (JOTOCUHTE3UPYIOIIMX OPraHU3Max MpH MOIJIOUIEHUU SHEPTHH
COJIHEYHOI'0 M3JIy4eHMs. J[pyrMM IpHUMEpOM CHHTETHYECKOIO IPOLECCa MOXKET CIIYXKHTh CHHTE3
OCHOBHOTO (DOTOCHMHTETMYECKOI0 MHUIMEHTa - XJopopwuia. DTOT HPOLECC MPOTEKAeT IOYTH
MI'HOBEHHO B IIEPBBIE CEKYH/IbI OCBEIIEHMSI 3TUOJIMPOBAHHBIX IPOPOCTKOB PACTEHUS.

[Ipomecchl cuHTE3a MOTYT MPOMCXOAWUTH U NPHU JEHCTBUM HU3JydeHUs Ha OoJjiee MpoCThie
CHUCTEMBI, HallpUMEp Ha CMECh BOJBI, YIVIEKUCIOrO raza, MetaHa U ammuaka. IIpu stom moryr
00pa30BBIBATHCS KUPHBIE KUCIOThI, AMUHOKHUCIIOTHI, TypUHOBBIE U MTUPUMHUIMHOBBIE OCHOBAHHUSI.

2. Ko Bropoi#t rpynne (poToOMOIOTHYECKUX MPOIECCOB MOXHO OTHECTH IPOIECCHI, HE
CBSI3aHHBIE C YBEJIMUEHHEM SHEPTUU CHUCTEMbl U XUMUYECKHUM CHHTE30M. DTO TaKHe MPOLECCH, KaK
3peHHEe JKUBOTHBIX, (POTOTAKCUC, (POTOTPONU3M MU (POTONEPHOAM3M PACTEHUH. DTO CIOXKHBIE, U
BMECTE€ C TE€M CTPOr0 3aKOHOMEpHbBIE SIBIICHUS: IBM)KEHHE YacTell pacTeHUs HaBCTpedy COJIHILY,
SBJIEHUSI CYTOYHBIX U T'OJOBBIX PUTMOB U T.J. C MOMOIIBIO 3THX IPOLIECCOB OCYIIECTBIIAETCS pETyJIsi-
LUs pocTa U pa3BUTUs pacteHui. [lepeHocunkom nH(popMaIyK B TaHHOM CIy4ae CIYKUT CBET.

3. K Ttperbeil rpymme (OTOOMOIOTMUECKUX TPOIECCOB OTHOCITCS TaKWe IPOLECCHI,
pe3yIbTaTOM KOTOPBIX SIBJISIETCS MMOPAXKEHUE )KUBOM CTPYKTYPBI, IECTPYKIIMS OMOJOTMYECKH BaXKHBIX
coenuHeHuil. Kak  cinenctBue  AECTPYKTUBHBIX — M3MEHEHHH — IPOUCXOAUT  IOJIABJICHHE
KU3HEJICATEIbHOCTH OpraHu3Ma. Bce 3TM JecTpyKTHUBHBIE W3MEHEHMs HaOIIOAAIOTCS TJIaBHBIM
o0pa3oM TMpu TIOMJIOIIEHUH (POTOHOB KOPOTKOBOJHOBOTO  YIBTPA(HOIECTOBOTO  HM3Iy4EHHUS,
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o01aaronux OOJIBIION YHEPTUEH.

B ocHoBe Bcex (HOTOOMONOTMYECKHX MPOIECCOB Jexar (oroxumuueckue peakimu. K
OCHOBHBIM (POTOXUMHYECKUM PEAKIIUAM OTHOCSATCS CIIEIYIOIINE MPOLIECCHI:

Domouonuzayus — BHIOWBAHUE HIIEKTPOHA KBAHTOM HM3IY4EHHMs 3a MpeAeibl MoJekyisl. [Ipu
(dboToroHn3aMK 00Pa3yIOTCsS HOHBI MIIM CBOOOAHbBIE PAUKAIIBI.

domosoccmarosnenue u PomooKucieHue — TEPEHOC IEKTPOHA C OJHOM MOJEKYJIbl Ha
npyryto. OgHa MosieKyJja Mpu 3TOM OKHUCIISIETCS, a Ipyras BOCCTaHABINBAETCS.

Domooduccoyuayus — TPOLECC paclaga MOJIEKYJIbl Ha HMOHBI IOJ JCHCTBHEM KBaHTA
U3ITyYCHHUS.

Domouszomepuzayus — W3MEHEHUE MPOCTPAHCTBEHHONM KOH(MUTYPALUU MOJEKYIbl T0J
NEHCTBUEM CBETa, U3MEHEHUE CTPYKTYPhI MOJICKYJIBL.

Domooumepuzayus — 0OpPa30BaHHE XUMUYECKOH CBSI3M MEXIy MOHOMEpPAaMH NP JCHCTBUU
(hOTOHOB CBETA.

Takum oOpa3zom, sieMeHTapHas (HOTOXMMHUYECKAsh PEAKIMs MOXKET OBITh CBsA3aHa JIMOO ¢
noTeper 3JIEKTpoHA MOJIEKYIOH, MO0 ¢ ero mpuoOpeTeHueM, 00 ¢ ASCTPYKIMEH MOJEKYIbI.
JlecTpyKuust MOJIEKYJI IPHUBOJUT K M3MEHEHHIO MX XMMHUUYECKUX CBOWCTB, HAIIpUMep, OSJIOK TpH J1eCT-
PYKIUU TepsieT CBOU (pepMEHTATHBHBIE CBOICTBA.

JIroOast poToxuMHUYECKast peaKIus MPOTEKAET B JIBE CTAIMH.

IlepBas cragus — cBeToBas. OTa CTaAMs MPEACTABISIET COO0M YMCTO (PU3NUECKUI MPOIecC -
TIOTJIOIICHNE KBAHTAa MOJICKYNOH. MoleKyna mepexoauT MpH 3TOM B BO30YKIAEHHOE COCTOSHHE:
A+hv—A*, tne «A» - MOJieKya BEIeCTBa, MOTJIONIAIAst CBET (YaCTO TOM MOJICKYJION SIBISICTCS
MOJIEKYJIa TUTMEHTa, HAIpUMep MOJIEKYJIa POIOTICHHA HITH XJIOpouiuia); «A*) - Ta ke MoJIeKyia, HO B
BO30Y)KJICHHOM COCTOSTHHH TOCJI€ MOTJIONIECHUS KBaHTa U3nydeHus «hvy.

[Ipomiecc BO3OYXACHHUS TPEACTABISET COOOM aKT 3amacaHus DSHEPTUM  MOJIEKYJIOM.
DNEeKTPOHBI MOJIEKYIbI, YYaCTBYIOIIME B IMOTJIOMIEHUH KBAHTOB, MEPEXOAST MPH 3TOM C OCHOBHOTO
SHEPTEeTUYECKOr0 YPOBHS Ha O0Jiee BBICOKHI ypoBeHb. OO0Iast SHEPTHST MOJIEKYJbI MOBBIIIAETCS
MIPY 3TOM Ha BEIMYUHY SHEPTUHU MOTIIONEHHOTO KBAHTA.

Bo30yxnenHas Monekyia, o0manas W30BITOYHBIM 3aracoM SHEPTHH, MOXET BCTYIUTH B
(OTOXMMUYECKUE PEaKIu, KOTOPhIe B TEMHOTE JJIsI TEPMOJMHAMUYECKUX PEAKI HEBO3MOXKHBI.
BeTynast Bo B3amMOJISHCTBHE C OKPY)KAIOIIMMHU MOJIEKYJIaMH, BOCIPUHIMAsT HJIM OTIaBasi 3JEKTPOH,
BO30Y)KJIEHHAsl MOJIeKyJia MpeBpaniaeTcs B paaukai, HOH WU HOH-paaukan. OO6pa3oBaBiiuecs
pagvKanbl W HOH-PAJWKaIbl HA3bIBAIOTCS TEPBHYHBIMA BOCCTAHOBHUTEISIMH WM TIEPBHUYHBIMH
okucnutensiMu. Ha 3Tom ycinoBHe cBeTOBast cTaius (POTOXUMUYECKON PEeaKINK 3aKaHIUBAETCS.

Bropas craausg ¢GoTOXMMHUYECKOM peakuuu Has3blBaeTcd TeMHOBOM. (Opa3oBaBinecs
MIEPBUYHBIE BOCCTAHOBUTEIM W TEPBUYHBIC OKHCIUTEIH — PaJUKalbl COJEpXKAT HECIapeHHbIE
AIIEKTPOHBI Ha BHEITHUX OPOWTAaX M TOATOMY OOJNAIar0T BBICOKOM XMMHUYECKOW aKTUBHOCTBHIO. OHH
CIIOCOOHBI YK€ B TEMHOTE OCYILECTBIISATh OKUCINUTEIbHO-BOCCTAHOBUTEIbHBIE peakuuu. [lepBruuHbIe
BOCCTAHOBHUTENIM M TIEPBUYHBIC OKHCIIHTENN BCTYMAIOT B CONPSDHKCHHE C OMOXUMHYECKUMH
peakusMi W HU3MEHSIOT HuX. l3MeHeHne OMOXMMHYECKUX peakIMidi TPUBOAUT K H3MEHEHUIO
0011e(hU3UOIOTHIECKOTO COCTOSIHUSI OPTaHU3Ma M K COBEPIICHHUIO KAKOTO-TH00 (PH3HUOIOTHIeCcKOro
aKTa.

Takum 0o0pazom, BCsAkH (HOTOOMOTOTHUECKUN TMPOIIECC MOXKHO TMPEJCTABUTH CIEAYIOIIEH
CXEMO: MOIJIOIeHHEe KBAHTOB —> (DOTOXMMHUYECKHE PeaKIMd —> XUMHYeCKHe U OHOXMMHYecKHue
peakuuu — (PU3NOJOTUYECKHHA AKT.

B xauecTBe (PU3MOTOTHYECKMX AaKTOB MOXHO Ha3BaTh: BBIICJICHHE KHCIOpPOJA TIpH
¢doTocuHTE3€e, NBM)KEHUE IJIMCTHEB Y PACTEHHH HABCTPEUy COJHILY, PEaKIus KUBOTHOTO Ha
ocBelleHue, Tudenap opraHu3mMa Ipyu CHIIBHOM OOJy4YeHUH H T. 1.

Kpome 3toro sHeprust Bo30yKISHHONW MOJEKYIbl MOKET PACXOI0BATHCS €IIIe M0 HECKOIBLKUM
HaTpaBJICHUIM:
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® BBICBEUMBATHCS (JIIOMUHECIICHIINA);

® [IEpexXOoAMTh B TEILIO;

e [iepenaBaThCs APYroil MojeKkyse (MUIrpanus YHEPTUN);
® MOJICKYJIa MOXKET MEePEXOIUTh B TPUILJICTHOE COCTOSIHUE.

[Tocne MUTpanuy SHEPTUU WU TIEPEX0/1a MOJIEKYIIbI B TPUILIETHOE COCTOSIHUE CHOBA MOT'YT
IIPOUCXOAUTH JanbHeiue (GOTOXUMUYECKUE ITPEBPALLCHHUS.

W3nydenne paziavyHbIX JJIMH BOJH OJMHAKOBOTO IMOTOKA MPHUBOIUT K PA3IUYHON CTENEHH
HOBpEXIeHUH. 3aBUCUMOCTh (hoToOHONIOrMYECKOro 3(dexkra OT UIMHBI BOJHBI HU3Iy4EHUs
Ha3bIBACTCS CHEKTPOM JeiicTBUA. CIIEKTp ACHCTBUS MOYKHO ITOCTPOUTH KAK JUIS OT/IETbHBIX MOJICKYII,
Tak 1 Ay kiaertok. CorylacHO 3akoHaM (OTOOMOJIOTUH, (POTON3MEHEHUSI B MOJIEKYJIE MOTYT IPOU30UTH
TOJILKO MPY TIOTJIOIICHUY €F0 KBaHTA M3ITydeHus. [[03TOMY CIIeKTp ISHCTBHS TI0 CBOSH (hopMe COBIaIaeT
CO CIIEKTPOM TOIVIOIIEHUSI T€X MOJIEKYJl, KOTOpbIE OTBEUYAIOT 3a 3aaHHbIM XUMHUYECKMHA wiu ¢u-
3MOJIOTHYECKUI OTBET.

4. UnunioctpatuBHbIN MaTepuad: [IpeseHranus, cianbl.
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