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DOOPMVJIA
OTKPLITUSA

OKCIIEPUMEHTAJIbHO  OBHAPYXEHO W TEOPETHUYECKU
OBOCHOBAHO HEN3BECTHOE PAHEE SABJIEHUE
[IbEBOCUHTETUYECKOI'O O®OEKTA B  BUOJIOI'MYECKHUX
TKAHAX (ITBE3OBMOCHUHTE3)

3AKJIIOYAIOIIUIACA B

CUHTE3€  OpraHMYEeCKMX  BEIIECTB B  O00bEKTaX  OMOJOTMYECKOIro
MPOUCXOKICHUS T10]T BO3JICHUCTBUEM IbE30IIEKTPUYECTBA, BOSHUKAIOIIETO B
KUIKOKPUCTAIUTNYE CKUX CTPYKTYpax  KIIETOK, MIPEUMYIIIECTBEHHO,
OMOJIOTMYECKUX MEMOpaHax Mpu UX MEXaHUUYECKUX Ae(popmariusix.

MexyHapoaHasi akaJeMusi aBTOPOB HAYYHBIX OTKPBLITUH M M300pETEHNUN Ha
OCHOBAHUHU PE3YJIbTaTOB HAYYHOM SKCIEPTHU3bl 3asiBKM Ha OTKpPBITHE No A-
577 ot 9 mrwona 2012r. 3apeructpuporano HaydHoe oTkpbiTHe AUIIJIOM No
454 SIBJEHHUE IIBE3OBHUOCHUHTE3A B BHOJIOI'MYECKHUX
TKAHSIX.




Mup OMosiorHYecKuX 00bEKTOB KUBOM NMPUPOALI NMPeACTABIEH OIPOMHBIM

KOJIMYECTBOM  Pa3sHOOOpPa3sHbLIX  PACTeHUH, JKUBOTHBIX, BHPYCOB,
NMPOKAPHOTOB, MPOCTEHINNX U TPUOOB.

(Kezynos I ®. «3axonvl buonocuu

npocmeuuiux u 2pubos8» (Npupooa HCusHu). —
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Bce xkuBble OpraHu3Mbl i MOAAECPHKAHUSA YIOPSIJOYCHHOCTH CBOUX CUCTEM U
X (DYHKIIMOHUPOBAHHUS UCIIOJIb3YIOT SHEPTHIO.

DHeprusi KaYeCTBEHHO OTPa)kaeT COCTOSIHUE OHMOJIOTMYECKUX TEJI, ONpEeaeIIsieT
MX JBWKECHHE B IIPOCTPAHCTBE M BPEMEHHU, M3MEHEHHUS  CTPYKTYpPhI IIpPHU
B3aMMOJCUCTBHUAX C OKPYKAIOIIEH Cpeoii U COOCTBEHHBIX IIPeoOpa30OBaHMSIX.

DHepruss — Mepa pa3auyHbIXx (GOpM  JBMKCHHUS <OKHBOM»  MaTepuu,
BO3MOXKHOCTh COBEpIIIaTh PadOTy WJIM IPOM3BOAUTH M3MEHEHHS B MaTepuu U
IIPOCTPAHCTRE.



JIroboe (uzmyueckoe SABICHUE WM XHMHUYECKasg PEAKIUs MOXET OBbITh
BBIMOJIHEHA TOJBKO C 3aTpaTaMy dHEPrUU, KOTOpas pa3leisieTcsl Ha TEIJIOBYIO,
CBETOBYIO, IJIEKTPHUUECKYI0, MEXaHUUECKYIO U XUMUYECKYIO.

B 1mpormecce KUBHEAEATEILHOCTH, COIPOBOXKIAIOMIEUCS OIPEACICHHBIMU
(OU3UKO-XMMMYECKHMMHU IIpoliecCCaMU, pPa3audHble (OPMBI DHEPrUd MOTLYT
IpeBpallarbCa ApPyr B JIpyra, OJHAKO CyMMapHas JHEPrusi COXPaHSACTCS
HEU3MECHHOM.

CuuTaercs OOMICOPUHATHIM, YTO HauOojJee IPUEMICMON ISl JKMBBIX
OPraHU3MOB SIBIIICTCS JHEPrUsl XUMHYCCKHX CBSA3CH, TaK KaK €€  JIETKO
«3amacarb», «TPaHCIIOPTUPOBAThY U MpeBpallaTh U3 OJHON (hOPMbI B APYIYIO
IPU BO3HUKAIOIIEH HEOOXOIUMOCTH.



[Ipy pa3ppiB€ XUMHYECKUX CBS3€M aATOMOB OPraHUYECKUX MOJICKYII
«BBIJICIISICTCS) JHEPrUsi («TEPSAIOTCS» MPOTOHBI W JJIEKTPOHBI), KOTOpAs
TpaHCHOPMUPYETCA U 3aacaeTcs B TpexX popmax:

1. B Buge mnporonHoro mnoreHumana ( AuH™) Ha BHYTpEeHHUX MeMOpaHax
MUTOXOHAPHUH, XJIOPOIIACTaX WJIM ME30COMaX — BBIPOCTAX MEMOpaH OakTepuid
(Takass Qopma MOTEHIHATLHOW HHEPTrUM HCHOJIB3YETCS JJisi BBIIIOJIHCHUSA
OMpPEACICHHON pabOThl — HAaNpUMEp, BpAICHUS >KIYTHKOB HJIM KOJECOAHUSIX
PECHUYECK Y OTHOKJIETOYHBIX OPraHU3MOB).

2. B Bume HarpueBoro moreHiuana ( ApNa® ) Ha mIa3MaTUYCCKUX MeMOpaHax
KJIETOK KaK OJHOKJETOYHBIX, TaK M MHOTOKJIETOYHBIX OPTaHU3MOB (Takas
¢opMa TOTEHITMATLHOW YHEPTUHM HUCIIONB3YETCS IS BBIOJHEHHUS PaOOThI IO
MEPEHOCY Pa3INYHBIX HEOOXOIWMBIX KJIETKE MOJIEKYI — aMHHOKHCIIOT, HOHOB,
MOHOCAaXapuI0B).

3. B Buae makpospruueckux cBszeit AT® (3170 ocHOBHasi (popMa IMOTEHIMAIbHOMN
SHEPIUH JIJIs BHIMOJHEHMS JIFOOOTO BUA padOThI).

BCE ®OPMbI TEHEPUPYEMOM SHEPI'UU B KJIETKAX MOI'YT
INPEBPAIIIATHCA OAHA B IPYI'YIO.



[TosaBnenne monekyn AT®, akKkyMynupyromux B
bochopandrupHbIX CBSI3SIX XUMHUYECKYIO
DHEPIHUIO, IBUJIOCH BAJKHEUIIIUM IIArOM 3BOIOLWH.

Jlo 3TOro >KUBBIMU OpPraHU3MaMu B OOJbIIEH Mepe
MCIIOJIB30BaaCh dJHEPrUsl TEIUIOBOTO JIBUKEHUS
MOJIEKYJT M DHEpPrus  JJIEKTPOXMMHYECKHUX
rpaaueHtoB Na* wm HY nHa Ouonornyeckux
MeMOpaHax.

Hcnons3oBanue AT® B  KuU3HEOOECIEUECHUH
KJIETOK U OPTaHU3MOB UMEJIO PsiJl TPEUMYIIECTB:

- TOYHAasl «JO3WPOBKa» €€ JJisl KOHKPETHOTO aKTa
JIEUCTBHUS,

- 9KOHOMUYHOCTh UCITOJIb30BAHUS;

- BO3MOXHOCTb HCIIOJIb30BaHUsI SHEPTUU B JIFOOBIX
MUKpOOObeMax 3a cueT MoOuibHOCTH ATD u ee
MaJIbIX pa3MepoB;

- OTHOCWUTEJIbHAsA JIETKOCTh (hEPMEHTATHUBHOIO
BBICBOOOXK/ICHUSI SHEPTUU.

B.II. Cxynaues, A.B. bocaues, ®@.0. Kacnapunckutii ;
Memobpannas 6uosnepeemuxa. — 2010. — 367 c.



Ha HayanpHbIX 3Tanax 3BOMOIUHA MOJIEKYJIbl AT® B HEOOJIBIINX KOJIUYECTBAX
oOpazoBbiBaInCh U3 AJI® n Heopranmyeckoro gocdopa B MasiodhPEKTUBHBIX
Ipoleccax IIMKOJIM3a U aHAJOTMYHBIX €My Ipoleccax (PepMEHTAaLIHHU.

Henocrarok 3ammaceHHOM SHEPIUM CEPKUBAN IIPOrpecc MOPQPOI0ruueCcKoro
(byHKIIMOHAJIFHOTO COBEPIIICHCTBOBAHUS KUBBIX OPraHU3MOB, X BbDKHBAHHE,
Pa3MHOXKECHHUE U PACIIPOCTPAHECHUE

bonee a3 pexTuBHBIN MeXxaHU3M Ipou3BoACcTBa AT® B 00JbIINX KOTUYECTBAX
MOJYYHJI CBOE PA3BUTHUE C IOSIBICHUEM CIICIUAIbHBIX «MaIIMH-()EPMEHTOBY —
AT®-cunTeTa3s.

Cxema oopazoBanusi AT®-cuHTeTa3
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[To-BUAMMOMY, 3TH CTPYKTYPbl H3HAYAIBHO MOSABUINCH Y (POTOCUHTEIUPYIOMIUX
OpPraHuW3MOB Ha BHYTPEHHMX MEMOpaHaxXx XJIOPOIUIACTOB KaK MEXaHWU3M
MCIIOJIb30BAHUS JIEKTPOXUMHUYECKOTO IPaJueHTa MPOTOHOB IIPU (POTOCHUHTESE.

Bo Bcex mnocneayrmux 3BOMIOLUOHHBIX JIMHUSX OPraHU3MOB, BEPOSITHO,
BCJICJICTBUE CUMOMO03a «MUTOXOHAPUN MOJTOOHBIX» OAKTEPHUI — OJHOKJIETOYHBIX
JYKApUOT, DJIEKTPUUYECKUN TMOTEHIMal MeMOpaH co3/[aBajcid 3a CYeT
OKHUCJIUTEIBHBIX IPOLECCOB M MCHOJIb30BaJICS Npu TmonyuyeHun H — ATO-
CHUHTETA3.

[TosiBieHWE y OTUX OPraHU3MOB CIIOCOOHOCTEM K  OKHCIUTEIBHOMY
dbochopuarpoBaHuIo 3a cueT BojgopoaHoro reHeparopa AT®-H- u ATO-
cuHTeTa3 (codyetaHne (EPMEHTATUBHOTO MEXaHM3Ma MAaCCHPOBAHHOIO
peo0pa3oBaHusi PHEPrUU M MAacCcOBOro IpousBojcTBa ATdD) obecnequnso
JNAJIBHEUIINKA IIPOTPECC KUBBIX KIETOK K PA3BUTHI0 U PACHPOCTPAHEHUIO B
OKPY>KaroIeu Cpee.



B 1962 r. T'mipOeproMm JIMHrOoM OBLIO TpEIOKEHA TEOpHUs acCOlMallUM-
WHIYKIUU - TiepBasi (PU3UKO-XMMHUYECKash TEOpHUs, OOBICHSIONIAs KW3Hb Ha
MOJIEKYJISIPHOM U DJICKTPOHHOM YPOBHSIX.

CBs3bIBacT BOCIHWHO TPH OCHOBHBIX KOMIIOHCHTA XHUBBIX KJICTOK. 6CHKI/I, BOAY H
HOHBI.

VYKka3pIBaeT HA MHIYKIUIO (BbI3BAHHBIC U3MEHCHUS DJICKTPOHHOW MJIOTHOCTH B
MOJICKYJIaX ) KaK HA OCHOBHOW MEXaHW3M, KOOPAUHUPYIOIIUK U PETYIAPYIOIIHI
CBOMCTBA ()YHKIIMOHAIBHBIX TPYIIT O€JIKa U pa3IuyHbIC KJICTOYHBIEC (PYHKIIUU.

Krnerka wim mportorsiasMa B COCTOSHHUM TOKOS XApaKTEPU3YETCS BBICOKUM
3aracoM CBOOOIHOM SHEPTUM U HU3KOU SHTPOIHEH.

IIpu mepexone KJIETKM B AKTUBHOE COCTOSIHUE, DHEPIUsi BBICBOOOXKIACTCSA U
pacXoyeTcsi Ha BBINOJHEHUE PA3JIUYHBIX BHUJOB OHOJOTMYECKOM PabOTHI,
ruApOGWIHHBIC KOJUIOUALl BIIUTHIBAIOT aJCOPOMPOBAHHYIO BOMdY, M3MEHSSA €€
00BbEM KJIETKU U JIaBJICHHUE B HEH 3a CYET HAOyXaHUS.

B kadecTBe reHepaabHOro aicopOeHTa BOMbI Mpenonaaraetes Monekymna ATO.



I1aBHBIE NPOTHBOPEUYNsI Teopruu HATpHeBbIX HacocoB (I. JIunr, 1962)

MunHuManbHass MOTPeOHOCTh B DHEPIHMU T'HIIOTETUYECKOIO0 HATPUEBOIO HACOCA B MBIIIIIE
aarymku B 15-30 pa3 mpeBbIaeT MakKCUMalbHOE KOJIMYECTBO SHEPTUHM, KOTOPOE KiIeTKa
MOXKET BbIPA0OTaTh, YTO MPOTUBOPEYUT OCHOBHOMY 3aKOHY (DM3UKH — 3aKOHY COXpPaHECHUS
DHEPIHUH.

Harpuesniii Hacoc (otkpeiTue T.K. Ckoy, 1997 1. Ynocroeno HoOeneBckoit mpeMuu o
XUMHH) — TOJBKO OJWH U3 MHOXKECTBA HACOCOB, 00ECIEUMBAIOIIMX >KU3HEACATECIHHOCTh
KJIETKH, CYILIECTBOBAHUE KOTOPBIX OBLIO TEOPETUUECKH 0OOCHOBAHO.

Hemonuplii cnrcok Taknx HACOCOB HAacYUTHIBAeT 18, B TOM umciie «HAaCOCHBIE aHCaMOJIu-
CTAHIIMKM» M HACOCHl IS caxapoB M CBOOOJHBIX AMHHOKHCJIOT 0€3 yueTra HacoCOB
OpTaHEeJT KJIETKHU.

OgHuM ~ TOJMBKO ~ HATPUEBBIM  HACOCOM  CAapKOIUIa3MaTHYECKOIO  PETHKYyJIyMa
MONEPEUYHOINOIOCATHIX MBIIICUYHBIX BOJIOKOH, ILIOIIaJAb MEMOpaHbl KOTOPOIO OIPOMHA,
notpedoBasiock Obl B 90 pa3 Oojbliie SHEPruM, 4eM BCEM HACOCaM Ha MOBEPXHOCTHU
KJIETKH, XOTS KJIETKa HE B COCTOSIHUM OOECIEeUUTh SHEPrueu padoTy Jla’ke OJHOro Hacoca
MOBEPXHOCTHOW MEMOPAHHI.

B skcnepuMeHTax Mo OnpeiesieHu0 MUHUMAJIbHOW 3SHEPrur, HEOOXOAUMOMW JUisi paOOThI
HaTPHUEBOTO HACOCA C UCTIOJIB30BAHUEM TTIMKOJIIUTUYECKUX U JIBIXaTEIIbHBIX $/I0B ITOJYYEHBI
yOeIUTENIbHbIE J0KA3aTe/IbCTBA SIBHOTO HECOOTBETCTBHUSI JHEProoOECHEUEHHUs] TaKOTO
MEXaHu3Ma TOJIbKO 3a cueT (ocdopconepKaiux BEHIECTB, O0OpPA3yIOIIETOCs MyTeM
a’po0OHOTO (hochHOopUINPOBaAHUS U aHA3POOHOIO MIMKOJIHU3A.



BeJIMYMHBI CTAHAAPTHBLIX SJHEPIUH F'HAPOJIN32 HEKOTOPBIX
(GochoprIIMPOBAHHBIX COCIUHCHUN

IMorenmuan (-AG° - 103, rae
AG® kkaua AG® — cTaHgapTHasi CBoOOIHAsI

3Heprus npu pH=7)

DocdorHoIMUPYBAT -14,8 14,8

- pochorimuunepodocdar -11,8 11,8
dochokpeaTuH -10,3 10,3
Aunernadocdar -10,1 10,1
dDochoapruHuH -1,7 1,7
ATP -7,3 7,3
I'moko30-1-docdar -5,0 5,0
DpykT030-6-Pochar -3,8 3,8
I'mioko030-6-ocdar -3,3 3,3
ImuuepoJi-1-gochar -2,2 2,2

Ilo oTHOIEHUIO K mepeHocy pochaTHBIX Py



3a roa 10 Toro kak CKoy ONpeacTaBrl TEOPUIO HATPUEBOTO Hacoca, [1o1ombckuit

1 Mopasiec mokazaiu SBHOE IPECYBEINYCHHUE 3HAYMMOCTH MAaKpPOIPrHYECKHUX
CBSI3EMH.

[Toka3aHo, 4TO TaKk Ha3bIBaeMas «BBICOKOAHEpreTrudeckas ocdarHas CBI3b» HE
aKKyMYJIHUpYeT B c€0€ MHOTO SHEPIUH, O0JIEE TOTO U3MEPUB TEIIOTY THAPOIN3a
AT® wu caenaB TMONMPAaBKY Ha TEINIOTY HEUTPAIM3AIUUA  KHUCJOTHI,
OCBOOOXKIAIOIIYOCS TP THIPOJIHU3E.

OTu  fJaHHBIE ObUIM  THOATBepKAeHbl JDKopmkemM ©  PyTmaHoM: B
BBICOKOPHEPreTHYECKOM (PochaTHOM CBS3H «BBICOKOMY YHEPIUH HE OKa3aJIOCh.

Na ,K- 3aBucumas AT®a3za, kak u ar00as apyras ATdaza HE MOKET COBEPIIATh
paboty mo nepekaunBaHuio Na+u K+, KOHIENIMS BBICOKODHEPTETHYECKOMN
(docdaTHOl CBSI3M HECOCTOSTEIbHA U MEMOpaHHAs TEOPHSI HECOCTOSITEIbHA.

P. Ceorge, R.J. Rutman. Prog.
Biophys. Chem. — 1960. — 10. — 1.
I Jlune Quzuueckas meopus Hcusou

Knemku (nezameuennas pesonoyusi)
Il Cub. Hayka. — 2008. — 376 c.



AHanW3 3TUX apryMEHTOB M JIAHHBIX JIMTEPATyphl MO3BOJIUI HaM CJeiaTh JBa
MCKJIIOUUTEIHLHO BaXXHBIX BHIBOJA!
1. MeMOpaHHbIN TOTEHIIHAT U €r0 U3MEHEHUSI BEPOATHO UMEIOT APYTYIO HPUPOY,
HE CBSI3aHHYIO C pabOTO MEMOpPAHHBIX HACOCOB.
2. B kierke wuUMEIOTCA JpyrMe MCTOYHUKW 3alacaHusi JHEPrud I[MOMHUMO
docdopcoepkalnx BEIeCTB.
3. @ocdopcoaepxaliye BEIIECTBA MOTYT ObITh HE aKKyMYJISITOpAaMH SHEPryM, a
«MOCpPEIHUKAMW» JUIsi  TNpeoOpa3oBaHUs W WCIIOJIB30BAHUS  DHEPIUH,
N00BIBAEMOM KJIETKOM MPHU MOMOIIU JIPYTUX MEXaHU3MOB.



N3BECTHbI CJIEAYIOIMUE OCHOBHBIE JHEPTETHYECKHUE
INPOHECCHI B 7KUBBIX CUCTEMAX

» OOTOCHUHTE3
»  BHUOJIOIT MYECKOE (AHASPOBHOE U ADPOBHOE) OKHUCJIEHUE.




POTOCHUHTE3

ITorok ¢otoHoB nayuuctor »Hepruu CoJjiHIIA TMOMIOMIACTCS MUIMEHTOM
Xxjopoduiia pacTeHUM Yepe3 psJ CI0KHBIX (PEPMEHTATUBHBIX IIPOILIECCOB
npeoOpa3yeTcss B HPOTOHHBIM I'PaIMCHT XJIOPOILIACTOB, a 3aTeM yepe3 P-ATD —
CHUHTETA3bl B DHEPIrUI0 XUMHUYECKUX CBA3eH AT®D. Dra 3HEPrust UCIOJIb3YETCS
IUId CHUHTE3a U3 HEOPraHUYECKUX MOJIEKYJ] VYIVIEKUCIOr0 ra3a U BOJIBI
IIEPBUYHBIX OPraHUYECKUX BEIIECTB, B XUMHYECKHX CBI3AX KOTOPBIX
aKKyMYJIUpyeTcs dHeprusi (POTOHOB.

OOpasyromuecss  NEpBUYHBIC  OpPraHUYECKHWE  BEIIECTBA  IMOEAAIOTCSA
pacTUTEIbHBIMUA KUBOTHBIMH M MPEOOPa3ylOTCs] B OpraHUYECKHUE BEIECTBA
HKHUBOTHBIX.




JKuBoTHBIE HE 0071a/1a10T CLIOCOOHOCTHIO K (POTOCUHTE3Y U MO3TOMY HE MOTYT
HCMOJIb30BaTh  HEMOCPEJICTBEHHO  COJHEYHYIO DSHEPrur0 JJIsd CHHTE3a
HEOOXOJUMBIX UM OPraHUYECKHUX BEIICCTB.

[TorsolieHHbIE ) KUBOTHBIMUA OPraHUYECKHE BEIECTBA B KIIETKAX OKUCIISIFOTCS U
SHEPIUsl ATUX XUMHYECKHX CBI3€M BEIIECTB Yepe3 psAa (PepMEHTaTHBHBIX
MOJIEKYJISIpHBIX CBA3eM AT®-3HEPTUs COJTHEYHOIO CBETA IEPEMEIACTCH» OT
XMMHAYECKUX CBA3EHM OPraHMYECKUX BEIUIECTB PACTCHUM B XHUMHUYECKHE CBS3U
OPraHUYECKUX BEIIECTB )KUBOTHBIX.

COBOKYITHOCTh 3THX IIPOILIECCOB B KJIETKaX >KUBOTHBIX HA3bIBAECTCS KIIETOYHBIM
JIbIXaHUEM, KOTOPOE IIPOTEKAET BO BCEX KIIETKAX JIOOBIX OPraHU3MOB,
UCKJIFO4asi aHa3pOOHBIE.




MPOLECC U3BJIEYEHW DHEPTUY U3 OPTAHUYECKHUX BEHIECTB
A MOJEKYJ1 YCJTOBHO MOKET bbITh PAJIEJEH HA TPU DTAIIA

1. IloArOTOBUTENBHBIN ATall: MAKPOMOJICKYJIbI MUK C MOMOIIbIO (PEPMEHTOB
MMAIECBAPUTEIIBHOIO KaHAJIA PACUICIUIAIOTCA 0 MOHOMEPOB — aMUHOKUCIIOT,
[JIFOKO3bI, HYKJIEOTHUJIOB, HUPHBIX KHUCIOT (B KJIE€TKAX — C Y4YacTHEM
BHYTPHUKJIECTOYHBIX THAPOJIA3).

2. AHa’pOOHBIM HTall: YAaCTUYHBIM pacraj MOHOMEPOB JIO HECKOJbKUX
KJTFOYEBBIX MPOMEKYTOUHBIX HU3KOMOJICKYJISIPHBIX OPOAYKTOB
(IpenMyIIeCTBEHHO, aleTUI-KOA 1 HECKOIBKUX KapOOHOBBIX KUCJIOT)

3. A3poOHBIi ATal: B MUTOXOHAPHUSIX MPOHMCXOIUT OKOHYATEIIPHOE OKHUCICHHUE U
pacmaj alneTHIbHBIX OCTAaTKOB opranmueckux BemiectB g0 CO2 u H20 B
MetadbonmdyeckoM I1ukie Kpebca: BemiectBa OKHUCHAIOTCS (epmMeHTaMu
OTIICTUISIETCSI BOJAOPO), YIVICPOAHBIM CKEIET OKOHYATEIbHO Pa3pyIlaeTcs 0
YIJICKUCIOTRI, OTIICIJICHHBIM BOJAOPOJ (YHHMBEPCAIbHOE DJHEPIETHUYCCKOE
TOTUTUBO COCIUHSACTCS C KUCTOPOOM (OKHUCIISIETCS) B KOHIIE AbIXaTeIbHOM TSN
MUTOXOHJIPHI ¢ 00pa30BaHUEM KOHEYHOTO MPOAYKTa OKUCICHUS — BOJIBI.
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[Iponecc OKHCIEHHSI OPraHUYECKHUX BEIIECTB B KIIETKAX, COIPOBOXKIAIOIIUHACS
MoTpeOJicHHneM KHCIIoOpoda M 0Opa3oBaHHMEM BOAbI, HA3BIBACTCS TKAHEBBIM
IbIXaHUEM, a CUCTEMA MEPEeHOCa JIEKTPOHOB BHYTPEHHEH MEeMOpaHbl MUTOXOHIPUIA
Ha3bIBACTCA ABIXAaTEIBLHOMN LEIBIO.

DHeprus ABMXKCHUS DJICKTPOHOB IO JIBIXaTEIbLHOW IEIH OT OJHOTO MEePEHOCUHMKa K
APYrOMY HCIOJB3YeTCS] KaK aKTUBHBIA TPaHCIOPT MPOTOHOB M3 MaTpUKCca B
MEXMEMOpPAHHOE MPOCTPAHCTBO, IJ€ CO3/Ia€TCSl BBICOKHI 3JIEKTPOXUMHYECKHM
IPAIMEHT, PHEPrus KOTOPOro HCHojb3yercss st cuHTeda ATD B cnenuaibHOM
(epMEHTAaTUBHOM TpaHCMeMOpaHHOM KoMmiuiekce ATd-cuHTeTaze B IIpoliecce
JBUKEHUS Ye€pe3 HEE «IMOTOKa» MPOTOHOB.

ConHe4nan 3Heprmua

/ PoTOCHHTES \

MpHotaxapuasl U NPoAYKTHI
CO, + H,O MX NPEBPAWEHAR
+ O,
TkaHvenoe ABIXAHME V'  MUBOTHBIX M PacTEHWH
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Emaenedwe tenna



N3BEeCTHBI ClIEAYIONIME META00IMYECKHUE ITYTH MPOLIECCOB B3aUMOCBI3aHHOM
e XUMHUYECKNAX PEAKIIUN B KIIETKE:

MeTtaboM4ecKrii MyTh MIMKOJIN3a —
COBOKYITHOCTB JECATH IMOCIEN0BATEIbHBIX
pEaKIUU pa3pyLIeHUs TIIFOKO3bl. DEPMEHTHI
3TOTO META0O0INYECKOTO IMMyTH KOMITAKTHO

PacCIioJdOKCHbBI B TUTO30JIC KJIICTKH.




[Mukn  Kpebca —  COBOKYIHOCTh
B3aMMOCBSI3aHHBIX OMOXHMMHUYECKUX
pEaKIUK pa3pylICHUs YIJI€BOIOPOIHBIX
LeIen MPAKTHYECKHU JHOOBIX
OPraHUYECKUX BEUIECTB YEpe3 aleTUII-
KoA 10 yrmekucioro raza W HOHOB
BoIOpoaa. DEepMEHTBHI 3TOr0 IHUKIA
KOMITAKTHO PACIIOJIOXEHBI B MAaTPHUKCE
MUTOXOHIPUH.




JKuBo# opranusM sIBISIETCS CBOETO pOJia M30TEPMHUUYECKUM
«xemoauHaMu4eckum Jipuraresnem» ¢ Bbicokum KIIJI qo 60-70% (B oTiimuune ot
TEIUIOBBIX — Kak y OonbinHeTBa MatuH ¢ KITI 1o 25%).

JIBUrareinb MaliuHbI JIBUTaTelb KJIECTKU
(251eKTpOHHOE (HOTO)




KuzHeneaTeabHOCTh OHOJIOTMYECKUX OOBEKTOB C MOMEHTA POXKACHHUSA W IO
CMEPTHU OTACIBHBIX KJIETOK M OPraHW3MOB COIIPOBOXKJACTCS MX ITOCTOSIHHBIMU
M3MEHEHUSIMHU MacChl 1 O0ObEMHBIMU JIe(DOPMaIHSIMH.

HpOHGCCI)I, CBA3aHHBIC C HN3MCHCHHCM MACCBhl KIICTOK MW HX HOHyHHHHﬁ,
Ha3bIBAIOTCs 'HIICP- 1 TUIIOONOTUYECKUMU.

B n3MeHeHusx Macchl OMOJIOTMYECKOM TKAaHU M KJIETOK OMPEACISIONIYI0 POJIb
UIparoT MPOIECChl OMOCHMHTE3a, DJHEPreTHUYECKOro OOMEHa, amoITo3a,
KaTaboJau3Ma U Ap.

I/IBBCCTHO, 9TO0 HU3MCHCHHC MACChl BO MHOI'OM 3aBHCHT OT CCTCCTBCHHBIX H

HMHIYIIUPOBAaHHBIX HANPSHKCHUI B OMOJOTHYECKHX CTpyKTypax (Jlommmor B.U.
u coanT. 1976).



buongorndyeckuii pocT U pereHepanus OUOJOTMYEeCKUX TKAHEH SBISIETCS CTPOro
pPEryaupyeMbIM IIPOLECCOM, B KOTOPOM BBIAEIISAIOT PA3JIMYHbIE YPOBHMU:

1. B MHOTOKJIETOYHBIX OpPTraHMW3Max KOOPJHHALMS Pa3MHOXXEHHUS KJIETOK TKaHEH
OCylIeCTBIsieTCa  Onaromapsi  LIEHTPaJIbHBIM  cUCTeMaM (HEpBHOM U
T'YMOpPaJIbHON).

2. OpraHHbIii YpPOBEHb.

3. TkaneBO# ypOBEHb.

4. KJIeTOYHBIN YPOBEHb.

S. [ eHOMHBIN YpOBEHb.



MHOro4mcJIeHHbIe UCCJIEA0BAHUS CBU/IETEJIbCTBYIOT 00 OTUETJINBOM CBA3HU
MeEXKAY OHOJIOTMYEeCKHM POCTOM M HAJIMYHUEM MeXaHHu4YeCKuX aedopmannii
pacTyliuX TKaAHEMH.

SIBieHMEe BOBHUKHOBEHMS COOCTBEHHBIX M MHIYIIMPOBAHHBIX HANPSKECHUI
MEXY OTJICITbHBIMU KJIETOYHBIMA 3JIEMEHTAMU, B YACTHOCTH, B KOCTAX

yenoBeka U )KUBOTHBIX (JIommnoB B.M. u coaBt. OTKphITHE CCCP Nel81,
1976.).

MexaHudeckue HaIpsHKEHUST B OMOJIOTHYECKUX TKAHSAX UTPArOT YpE3BbIYaiHO
BOXHYIO POJIb B IIPOLIECCE KUBHEACIATEIbHOCTH, (DYHKIIMOHUPOBAHUM U

penpoAYyKIIUM, a TAKXKe B mpolieccax 0i1actomorene3a (ManeHkoB AT
Otkpeitre Ne 330, 1987).

OO0111e0M0JIOrMYEeCKOE CBOMCTBO TKAHEN OTBEYATH HAa BOSHUKAIOIIIME B HUX
A03UPOBAHHBIC HANIPSKCHUS, IPEUMYILIECTBEHHO, PACTIKEHHUS, POCTOM H

pere’epanueii, 00yCIOBICHHBIMHA CTUMYIISILIMEN TTPOIIECCOB OMOCHUHTE3A B
TkaHsx (Mnmn3apoB ' A. Otkpeitue CCCP Ne 355, 1988).

BrisiBIICHHBIE U3MEHEHUS MUTO3a B KJIETKAaX PACTCHUN B YCIOBHUSIX
HeBecomocTH ([enone M.JI., [Tapdenona I'.I1. Otkpseitne CCCP Ne 318, 1986)



Teopus Hanps>KEHHO-AEPOPMHUPOBAHHOTO COCTOSHUS B TOUKE TeJa

HamnpsbkeHue, Kak ¥ MOBEPXHOCTHAS Harpy3Ka, Beipakatorcs B H/M2.

Ha rpansix nmapannenenunena
JNEUCTBYIOT TP HOPMAJIbHBIX U IECTh
KaCaTeJIbHBIX HANPSKCHUN,
COBOKYITHOCTb KOTOPBIX 00pa3yeT
TEH30p HANPSKEHUN:

Ox THI Tax

Tu =1 Vzy T Tz |-
[TpyuHIMTIMAIIEHO
BBIACJIIAROT:
HaIIPsAXKCHUC CIKATHA
TRy Ys Anexcanopos A.B., [lomanoes
paCTsKEHUS
HAIPSIKEHHE B.J[. Ochosbr meopuu ynpyeocmu

KPY4EHHSI. u nracmuurnocmu.-1990. — 399c¢.



COBEpILIEHCTBO CTPYKTYPHI
KpHUCTajljia — TapaHTHUs
MTOBBILLIEHHOW ITIPOYHOCTH.
A.®. Nodpde (1920)
TepMuH MexaHn4decKou aedhopMaluid onpeiencH
HAayKOW O CONMPOTHUBIICHUH MaTEPHAIOB,
TEOPUEH YIIPYTrOCTH U IJIACTUYHOCTH,
TEOPUEH IIPOYHOCTHU 1 PA3PYIICHMUS.
B ocHOBe ux jexar:
OmneitTel Jleonapao na Bunuu (1452-1519)
Pabora Pobepra ['yka (1635-1703)
Pa6ora Tomaca FOnra (1773-1829)

TepMuHBI «HATIPsDKEHUE M AeopMalis» U «MOAYIIb yrpyroctiy Oriocten Korm
(1789-1857) u Cumcon Ilyaccon (1781-1840)

Kmaccudaeckast eopust ynpyroctu e Cen-Benan (1797-1886)
Teopus kpyueHus ¥ U3ruda cTepKHEH NPU3MaTUYECKOTO CEUCHMS

Teopus I'puddurca-MpBuna — nuHEHHAsIMEXaHUKA Pa3PYILICHUS.



M3BecTHA (1)I/I3I/IOJ'IOFI/IIICCK3H HOTpC6HOCTB JKUBBIX CYHICCTB, UX OTACJIbHBIX
OpPraHOB, TKaHEH M KJIETOK B MOCTOSSHHOM ABUKCHUHN, NSMCHYHUBOCTH q)OpMI)I

(HarpuMep, OMeHue cep/ila, MyabCallii COCYJIOB, NMEPUCTAJBTHKA KUIICYHUKA,
IOBIXaTeIbHBIC DKCKYPCHH JICTKUX M JIp.)

MEVEH: xenvaox g

CENEIEHOUHBIA
WirME

BOCXORALAR
QBOONHAR
KHILIKA

CRENAR £
KHLUKA

YEPBEQEPAIHEIN CUTMOBMIHAR
QTPOGTOR QBONQUHAR
HHILKA

AHYC

OpaHako SHEpreTUyecKas 1eIeco00pa3HOCTh ITUX MHOTOTPAHHBIX ITPOIECCOB
HE JIOKa3aHa, oOOmas KoOHIENus (yHIaMEHTaJbHBIX 3aKOHOMEPHOCTEH
€CTECTBECHHBIX W HHJYIUPOBAHHBIX M3MEHECHUN o00bema, (GOpMbI UM MacChl
OMO0OBEKTOB HE pazpadOTaHa.



MexaHndeckue HanpsHKEHUA — MOJAPA3NCISAIOTCA HAa  HANPSDKEHUE  CHKaTwHs,
pacTSDKEHUSI WM KpydeHus (CIBUra), a HayKa, HM3ydawollas 3TH MPOIECCHI,
HA3bIBAETCSI COMPOTHUBICHUEM MaTEPUAJIOB.

B 00beKkTax HEXKUBOW MPUPOJIbI HAKOTJICHHE MEXaHUYECKUX HANPSHKECHUM SIBJISIETCS
OCHOBOM BCEX PA3PYLIUTEIBHBIX MPOILIECCOB

B o00ObekTax >KWBOM TPHUPOJBI Takas JO3WPOBaHHAs dSHEpPrus 3PPEKTUBHO
MCIIOJIb3YETCS JJIsl AKU3HEICATEIbHOCTH OMOJIOTHYECKUX O0OBEKTOB.



H3BecTHO, YTO OHMOJIOTHMYECKHME OOBEKTHI, B YaCTHOCTH, OHMOJIOTHYCCKHE
MeMOpaHbl COCTOSIT U3 JIMIUJOB, OEJKOB, YIJIEBOJAOB, PAaCTBOPECHHBIX
AJICKTPOJIMTOB, BEIIECTB U BOJIBI.

HccnenoBanusaMu NOCHEIHUX JET IMOKA3aHO, YTO HEKOTOPBIE W3 HUX MOIYT
UMETh KUIAKOKPUCTAIUIMUYECKYIO CTPYKTYpPY, IJII KOTOPOW CBOMCTBEHHO IMpPU
ONPEACICHHBIX YCIOBUAX BO3JICMCTBUI BbIPA0ATHIBATH MTbE303JICKTPUYECTBO

— OTKpBITHE «IKCHTOHa» B IOJYINPOBOAHMKAaX U auaiekTpukax (Iopc E.®. u
coaBT. OtkpeiTre Nel05, 1970).



[Tee303ddext Buepsoiec O0bu1 00HapYx)eH XK. u I1. Keropu (1880) Ha kpucTamiax kapia
(SiO,)

[1b€303JEKTPUUECKUE CBOMCTBA K HACTOAIIEMY BPEMEHHU BbIsIBJIEHBI Oojiee yeM y 1500
BEIIICCTB.

[Ibe30nnekTpuueckuii  3p@dekr HaOImaeTCsl B aHU3OTPOIHBIX  JUIJIEKTPUKAX,
IPEUMYIIIECTBEHHO, B KpHUCTa/Jlax BEIIECTB, OOJIaJalOMMX JOCTAaTOYHO HHU3KOM
CHUMMETpPHEH, HE UMEIOIINX IIEHTPOB CUMMETPHUH, a UMEIOIIUX IOJIApHBIC HAIpaBICHUS
OCH.

BHelmHre MEXaHM4YEeCKUe CHUJIbl, JIEHMCTBYIOIIWE HA KPUCTAJUIbL, BBI3BIBAIOT B HEM HE
TOJIbKO MEXaHMYECKHE HalpspKeHUus | JgegopMaliuv, HO W DJIEKTPUUYECKYIO
MOJIAPU3ALINIO, a CIIEAOBATENbHO, W  IIOABJICHME HA €ro IOBEPXHOCTU CBS3aHHBIX
AIEKTPUYECKHUX 3aPSAI0B PA3HBIX 3HAKOB.

B ocHoBe 3TOro s3ddekra nexut HeKoTOopas AedopManus KpUCTATIIMYECKON PEIIETKU —
OHA C)KMMAETCsl Kak MPYXKHWHA 3a CUET MapasuIeIbHBIX TNIOCKOCTEN KpUCTaJLIa.

NunykTuBHBIA 5((}EKT, BO3ZHUKAIOMIMN IMPU 3TOM, COCTOMT BO B3aUMHOM BIIMSIHUM
aTOMOB B MOJIEKYJIE, 3aKJIFOUAIOIICUCS B MEPEPACTIPEACTICHUN IEKTPOHHOU TIOTHOCTHU B
MOJIEKYJIE, TPU KOTOPOM IJIOTHOCTH 3JIEKTPOHOB (IUIOTHOCTH 3apsiia) MOXKET U3MEHUTHCS
y KOBAJICHTHOM CBSI3U Ha (DYHKIIMOHAJIbHOM IpyIIie, Ha aKkTHBHOM IIEHTPE WJIM Ha KaKOM-
100 PACCMATPUBAEMOM aTOME. _au i — 49 -
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C>karue OT BHEIIHETO UMITyJIbca, Ae(opMUpyst cCHavasia aToMbl, 1ePOpMUPYET U
KPUCTAJUTMYECKYIO PEIIETKY, YIUIOTHSS €€. ATOMBbI MpPH CKaTUW IMOJTy4aroT
HEKOTOPO€ KOJIMYECTBO HHEPrUU, JOCTATOUYHOE JUIsi M3Yy4YCHUS H30bITKA
SHEPIruu, KOTopasi U3y4aeTcsl U nepeaacTces Aajibllie NoCaeA0BaTEILHO — aTOM
3a aTOMOM, aTOMOM U pEIIeTKH, MEHsd U (GopMy pELIEeTKH, U CBOIO
COOCTBEHHYIO.

B c¢Ba3u ¢ compoTuBieHHMEM MaTtepuana (yOpyrocTblo) — 3TOT MPOIECe
3aTyXarOII1H.

M3MeHeHne coOCTBEHHOW (POpPMBI aTOMa BJICUET 3a COOON M3MEHEHHUE CKOPOCTH
€ro BpallleHHUs 1, CJIE0BATEIbHO, CBOMCTB.

M3MeHeHne MarHuTHOIO MOJII aToOMa — OHO TOXKE CKMMAaETCS M BBITSITMBACTCS
BO B3aMMOIICPIICHAUKYJIAPHBIX ITNIOCKOCTAX.

N3meHeHrne ero B3aMMOJICHUCTBHAS B CHUCTEME aTOMOB KPHUCTAJUIMYECKOM
PEIIECTKH.

MeHnsieTcsl CIIEKTP €ro U3JIy4eHUsI

JIMDIEKTPUK, paHee HE NMPOBOJAMBIIUK TOK, HA KOPOTKOE BpeMs B JIOKAJIbHOMN
MOBEPXHOCTHOM OOJIACTH TMPHJIOKEHUS MEXAHUYECKOW CHJIbI CTAaHOBHUTCS
IIPOBOJHUKOM.



SABnenue nbe303pPeKTa, ¢ 3TOM TOYKHU 3PCHUS, OOBSICHACTCSA KaK PE30HAHCHOE
(WM CHUHXPOHHOE) IOMIOIIEHUE SHEPTUM BHEIIHETO BO3JACHUCTBUS aTOMOM U
KPUCTAJUINYECKON PELIETKOM.

IIpu yacTOM MEPHOANICCKOM MOBTOPESHUH MMITYIbCOB JIOKaJbHas JiehopMaIus
MEIJICHHO HapacTtaer, a ooOmas jaedopmanus TMepeMeniaeTcss K KOHILY
KpUCTajia, MpUYeM pa3Mepbl KpUCTANIa W PACIOJIOKEHHE OCEH HMeeT
OOJBIIIOE 3HAUYCHHUE ITPH TAKOM IOTJIOIMICHHUH.

CoOcTBeHHAss YMCTOTA BpAIllCHUS aTOMOB — T€OMETPHS PEIICTKH OMPEAe/IseT
COOCTBEHHYIO YHCTOTY KOJICOAHMI KpHCTaJla.



YacrHble ciayyau nbe3odPpdexra

Oddext [Tokkenbca — mpeodpa3zoBaHue
Ja3€pHOT0 M3IYyYEHUS B Mbe303(PhEKT
KpHUCTAJIJIa MPU UMITYJIbCHOM PEKUME

BO31EUCTBUA OOJIBIIION MOIITHOCTH.

[TuposnekTpudeckuid 3p(PEKT — BOSHUKAET B KPUCTAILIAX, B KOTOPBIX CYMMapPHbIN
JUATNOJIBHBIA MOMEHT OTJIMYEH OT HYJISI B OTCYTCTBUE BHEUIHETO JIEKTPUYECKOTO
oJIst (CaMOITPOX3BOJIBHO WJIM CIIOHTAHHO TOJISIPU30BAHHBIE KPUCTAJIIBI -
NUPOSAEKTpUPUKH). OOHAPYKUBAETCS 10 BOSBHUKHOBEHUIO 3apsijia Ha UX
IIOBEPXHOCTH P HATPEBAHUU WJIA OXJIAXKICHUMU.




SIBlIEHME€ CIOHTAHHOM MOJIAPU3ALIMUA B JJUOTPOITHOM KUJKOM KPUCTAJLIE.

AKyCTORIEKTpUYECKUN 3(P(HEKT — BOBHUKHOBEHHUE ITOCTOSHHOrO ToKa win JJC B
METaJUIAX VI MOJYIPOBOAHUKAX MO/ I€MCTBUEM MHTEHCUBHOM YIIPYTOM BOJIHBI
BBICOKOHM 4acTOTHI (yIbTpa3BykK, runep3Byk (1rl' — 1T ') B HanpaBieHuu ero

BO3HUKHOBEHUS ).




Eciin 1mbe303J1EMEHT MOMEIICH MEXY METANIMYECKUMHU OOKJIaJKaMH WIJIM Ha
IIPOTUBOIUIOKHBIE TPAHU IMHE303JIEMEHTA HAHECEHBI METAJUIMYECKUE IUICHKHU,
TO 3Ty CUCTEMY MOXXHO PacCMarpyuBaTh KAaK KOHAEHCATOP C JUDJIEKTPUKOM WH3
MbE303JIEKTPHUKA.

IIpy mnoABEAEHWMHM K TaKOMY IIbE€303JEMEHTY IEPEMEHHOIO HalpPsKEHUS
IbE303JIEMEHT 3a Cc4YeT oOpaTHOro Tbe3odddexra OyaeT CKUMATHCS W
pPazx’XUMaThCs, TO €CTh COBEPIIATh MEXaHUYECKHE KOJICOaHUI.

[Ipy BO3IEHMCTBMM BHEIIHEW IIEPEMEHHOM MEXAHUYECKOM CHJIBI  Ha
MbE302JIEMEHTE BO3HUKAECT IIEPEMEHHOE HANPSHKEHUE TOW JKE YaCTOTHI:
MEXaHMYECKasi dHEprusi mpeoOpa3yeTcss B DICKTPUYECKYIO M IIbE303JIEMEHT
ctaHoBuTCs TeHeparopoM JJIC u koneOaTenbHOM CHCTEMON (B OTHOIICHHHU
AJIEKTPOMArHUTHBIX KOJICOAHUM MbE303JIEMEHT SKBUBAJIICHTECH KOJICOATEIbHOMY

KOHTYPY).



CoOTBETCTBYIOIIAS cxema
NbE302JIEMEHTA  MPEACTaBICHAa  Ha
PHCYHKE.

L -  HWHAYKTUBHOCThb,  OTPAXKAET
WHEPLIMOHHbIE CBOMCTBA
MIbE303JICKTPUYECKOMN MITACTUHBI

C — EMKOCTb, XapaKTepu3yeT YHpyrue
CBOMCTBA IIJIACTUHBI

R - aKkTUBHOE  COINPOTHUBIICHUE,
OTpaXkaeT IOTEPH  DHEPruu  MOpHu
KOJICOQHHUSIX

Co - E€MKOCTb cTaTu4deckasi,
PEACTABIISIET co0oii OOBIYHYIO
€MKOCTh ~ MEXAYy  OOKJIagkaMu W
MbE302JIEeMEHTa W HE CBsi3aHa C
KoJie0aTeIbHBIMUA CBOMCTBAMH.



buosiornyeckyilo MeMOpPaHy MOXKHO PACCMATPHBATH KaK JJIeKTPUYECKHM
KOHJIEHCATOP.

[IpOoBOJHMKOBBIE  IJIACTUHBI ~ KOHJCHCATOPOB  OOpa3ylOT  3JIEKTPOJIUTHI
HApPY>KHOTO U BHYTPEHHETO PACTBOPOB (BHEKJIETOYHOTO U IIUTOIIA3MBI).

IIpOBOAHUKH pa3AcieHbl OWJIUIUIHBIM CJIO0EM, IJI€ JWOUJbl BBIIOJHSIIOT
(YHKLIMIO JUIJIEKTPUKOB, a PACCTOSHUE MEXY IIAaCTUHAMH KOHJIEHCaTopa
COOTBETCTBYET TOJIIIUHE JUMUIHOTO CJIOS MEMOpPaHBI.

HpI/I (bHBI/IOJIOFI/I‘IeCKI/IX YCIIOBUAX JIMIIMAHBIC MOJICKYJIbBI HAXOAATCA B JKHAKOM
arperarioM COCTOsSHHNU.



MemoOpaHnHas Teopus

OOBsACHSET ueThIpe PyHAaMEHTaIbHBIC CBONCTBA MIa3MaTUYECKOM MEMOpAHBI.

1.

[TonynpoHUIIaeMOCTh KJIETKH (OAHHA BEIIECTBA JIETKO ITPOHUKAIOT B KJIETKY,
JApYTHUe TpyJAHEE, TPETbU MPAKTUUYECKHU B HEE HE MOMAJIAI0T)

HepaBHOMEpHOE pacnpesiesiecHue BelecTB, MOHOB (Hampumep, K+ u Nat,
MEXIY KJIETKOM M Ccpeloi). oJHMX OO0Jjbllle B KJIECTKE YEM B Cpejie, APYTux
MEHbIIIE€ (CBOMCTBO M30MPATEIHLHOCTH )

CHoCOOHOCTh KJIETKM TE€HEPHUPOBATH JJICKTPUYECKHE IMOTCHIHAIbl (MOKOSI U
JEUCTBUSA)

CnocoOHOCTh KJETKM IMOJJIEp)KMBaTh OCMOTHYECKOE PAaBHOBECHE CO CPEIOi
(OCMOTHYECKHME CBOMCTBA)



51 00bsSICHeHUSA SIBJICHUSA MOJYNPOHUIAEMOCTH MEMOPAaH ObLIU CO31AHbI

CJICAYIOLINEC MOAC/IN:

X X X X

(HbIHE MPUHATASA)

Mo3zanuHnas Teopus memOpan Harakcona (1904)
Teopus nunongHo# dunprpanun Komnaunaepa n bepaynna (1933)
OnuromonekymsipHas Teopus Jaamsmm-Xapsu (1943)

KuakoctHo-Mo3amuHas Teopus 3unrepa-Huxkosncona (1972)

TpexMmepHas cxema KHUJIKOCTHO-MO3auyHOM

Mozean memopanbl CuHrepa-Hukoscona bumonexynspusbli ciaou [oprepa-I'penaena
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SIBJ1eHNE DJIEKTPONOPALIUA MeMOPAaH.

[Ipu ¢azoBbIX Nepexogax M3 Tels — B KUIAKOKPUCTALIMYECKOE
COCTOSIHHE M OOpAaTHO B JIMIIUHOM OHMCIIO€ 00pa3yroTCsl CKBO3HBIE
KaHaJbl pagnycom 1-3 HM, MO KOTOPBIM 4Ye€pe3 MEMOpaHy MOTYT
IIEPEHOCUTHCSI MOHBI W HU3KOMOJICKYJISIpDHBIE  BEIIECTBa,
BCJICACTBHAE YEro IpU TeMIeparype (a3oBOro IEpexofa Ppe3Ko
YBEJIIMYMBACTCS HOHHAS POBOAMMOCTb MEMOPAHBI.

Topouenko E.A. u coasm.

buoghuzuxa knemounwix
membpan. — 2009. — 304c.



ﬂOCTaTO‘IHblM YCJI0BHEM CYHICCTBOBAHMUS CIIOHTAHHOU IOJApHU3allii B
KHUIKHUX KPUCTAJAJIAX ABJIAIOTCSH.

-CJIOUCTOCTh CTPYKTYPHL.
-HAKJIOH JUIMHHBIX MOJIEKYJIAPHBIX OCEU K HOPMaM CJIOsI
-KUPAJIBHOCTb MOJIEKYJI, UMEIOIINX HEHYJIEBOU IUIIOJIbHBII MOMEHT

KupanbHOCTh M AUIOJBbHBIA MOMEHT MOTYT OBITh IPUBHECEHBI B CUCTEMY C
TIOMOIIBIO JIESTUPYIOIIEN CMECH.

Takke CHUMMETPUYHBIE IPU3HAKH MOTYT OBITh PEATM30BaHbI B JIMOTPOITHBIX
KUJIKUX KpucTamiax (Ha mpumMepe MeMOpaHooOpa3yromux (Gpoc@oaunuaios:
JCUUTHUH JICTUPOBAHHBIN CUHTETUYECKU AKTUBHBIM XOJIECTEPUHOM )

C y4eToM MHAYKIIUU MhE303JICKTPUUYSCTBA B OMOIOTHICCKUX JKUIKUX
TEPMOTPOIMHBIX KPHUCTAJIJIaX MPOIECChI MOJIHOTO TPAHCIIOPTA U APYTHe
AIIEKTPUYCCKUE SBICHUS B MEMOpaHaX JOJKHBI HHTEPIPETUPOBATHCS C YIETOM
DTOU 0COOEHHOCTMU:

-II0JIHAA CUMMCETPHS UCITIOJIBb3YCTCA IJIA I'CHCPAILIUN B036Y)KI[6HI/I$I B HCPBHLIX U
MBIINICYHBIX KJIICTKAX

-SIBJISICTCS IBMDKYIICH CUJIOM JIJIsI paOOThI OEJIKOB-IIEPEHOCUYUKOB,
OCYIIECTBIISIONIUX TPAHCIIOPT aMUHOKHUCIIOT U CaXapoOB B KIIETKY



BemecrBa, B KOTOPBIX IOSBIACTCS 3JCKTPUYECKUN TOK M IIOJISIPU3ALNASA CIIOEB
I0JI BJIMUAHUEM JUIMTEIBHBIX MEXAHUYECKUX BO3JACUCTBUM, HA3bIBAIOTCS
CETHETODRJIEKTPUKAMU.

OHu JensaTCad Ha MbE30 M IMHUPOAICKTPUKHU. (padOTAT MPU MEXAaHHUYECKHUX U
TEIJIOBBIX BO3/ICHCTBUSIX )

[1pe303/IeKTpHYCCKEe MaTepHaabl MOTYT OBITH pa3e/ICHbl HA MOHOKPHCTAJLIBI
(mpupogHble MHUHEpaJbl KBapia, auruapodocdara Kajausd W aMMOHUS,
CETHETOBOM COJIM, HHOOATa JTUTHS, CHUIMKOCEICHNTA) U MOJUKPUCTAITNICCKIS
CErHETOMICKTpHUecKkue (mbe3okepaMuika). K H3ydeHHBIM OMOJIOTHYECKUM
MbE30IEKTPUKAM OTHOCST XOJIECTEPUH U €0 IPOX3BO/IHBIE.

K oTaenbHONW pa3HOBUIHOCTU CETHETODIEKTPUKOB OTHOCIT MUPONIIEKTPUKHA —
BEIIECTBA B  KOTOPBIX  BBIPA0ATHIBAETCS  DJICKTPUUECKUM  TOK  HOpPH
TEMIIEPATYPHOM BO3JICUCTBUH (OpUPOAHBIN MUHEpAJ TypMaJvH,
TPUIIIMLIMHCYAb(AT, TUTAHAT Oapusi, TUTAHAT CBHUHIIA, CETHETOXJICKTPUUYECKUE
IIAPKOHATEI, MOHOTUIpAT CyIb(ara JIUTHS. )



JIunuabl MmemMOpaH,
OPEACTABIISIIOT COOOM CMECHh U3 HECKOJIBKUX COTEH PA3JINYHbIX COCTUHEHUMN.

Bce cTpykTypoobpasyroniue aunuabl (hocdo- v NIMKOIUINIE) 001adai0T SPKO
BBIPQKCHHOM aHM30TPONMEH BCJIEACTBUE MPOCTPAHCTBEHHOTO pa3/leiiCHUs
rugpouabHoii M TUAPOPOOHONM YacTed (HA3BIBAIOTCS «TOJIOBKAMH» U
«XBOCTaMMN»)

[TomsipHbIE TUIpOPUIbHEIC «TOJIOBKW» raepod@ocoaunuaoB
(bocharnaunxonud,  dochaTUIUIITAHONAMUAH, COUHTOMHCIHH)  HECYT
TOJIOKUTEIbHBIN U OTPULIATEIBHBIN 3aPsiJIbl

['mapodoOHbIE YaCTH JUIHUAHBIX MOJICKYJ HOPEACTaBISAIOT COO0O0M OCTaTKH
YKUPHBIX KUCIIOT: coaepskaiue oT 14 no 24 atomoB yriepoaa

OOHapy>X€HO aCUMMETPUYHOE PACIIPEICIICHHUE JIMITUA0B MEXYy BHYTPEHHUM U
HApY>KHBIM MOHOCJIOSMH JIMIIUJAHOTO MaTpukca (oOiiee CBOHMCTBO MeMOpaH
BCEX BHJOB - 0a3oBO€ ycioBHE Jid  (OPMUPOBAHUS NHUPO- U
bE303JICKTPUYECTBA)

CtpykTypa MeMOpaH pacCMaTpHBAETCs HE KakK 3aCThIBIIAs, a KaK MOCTOSHHO
M3MEHSIOIASCS 3a CUET TEIIOBBIX, pH M MexaHndeckux QuyKTyaruu.

YuuthiBasg 00JbIIOE pPa3HOOOpa3ue ITHUX BEILIECTB BIOJHE BO3MOXKHO, YTO
IbE302JCKTPUYECKMMHA  CBOMCTBaMHU  00OJIaJjaeT  3HAYUTEIABHOE  YHCIIO
IIPEACTABUTEIIECH.



Cpenn MeMOpaHHBIX JIUMUJIO0B 0COO0E MECTO 3aHUMAET BEIIECTBO CTEPOMIHOM
IIPUPOJIBI — XOJIECTEPHUH, 00J1aIa0IIUN MTbE303JICKTPUUSCKMMH CBOMCTBAMM.

O0s13aTEIbHBIN KOMIIOHEHT IJIa3MaTHYECKUX MEMOpPaH KJICTOK )KMBOTHBIX.

[IpucyTCcTByeT B 3HAUUTEIbHBIX KOJUYECTBAX B CBOOOJHOM BHAE M B BHJE
3(UPOB C KUPHLIMU KUCITIOTAMHU.

Biusier Ha TeKy4ecTh OMOMeMOpaH.

[Ipn Temmeparypax HuXe (Ha30BOro Iepexoja HapyliaeT MPaBUIbHYIO
«YMaKOBKY» MOJIEKYJ GoCcHOIUNUA0B B OMCIIOE, 0CIa0sisa ruApoPoOHbBIE CBA3U
— TEM CaMBbIM «pa3KiKas» MeMOpaHy.

[Ipu Temneparypax BbIlIi€ (A30BOTO MEPEX0Aa, KOIrja MEXKMOJEKYISPHbIC
pPACCTOSIHUSI YBEJIUYEHBI, XOJIECTEPUH 3aHUMAET MYCTOThI MEXKIY MOJEKYJaMu
JTUTIHI0B, OKa3bIBask «KOHJACHCUPYIOUIHI» 3dPeKT Ha MeMOpaHy.

B KHUJIKOM KpHUCTaJI€ 3a CUET TEIUIOBOTO JBW)KEHHUS BO3MOXHBI CTPYKTYPHBIC
MEPEXOJIbl: «XBOCTBI» MOJIEKYJI M3ru0Ar0TCsl, X MapAJUICIIbHOCTh APYT APYTY B
OTIEIbHBIX MECTax HapyliaeTcs (0COOCHHO CHIIBHO B CEpEAuHE MEMOpaHbI),
TOJIIIIMHA MEMOpAaHBI B refib-hpaze 0obIle, YeM B )KUIKOM KpHUCTAJLIE.

[Ipu nepexofe W3 TBEPAOIO B KHUIKOKPUCTAUINYECKOE COCTOSHHE OOBEM
HECKOIBKO  YBEIMYMBAETCS,  YBEIMYMBAETCS  ILIOMIAAL  MEMOpaHLI,
npuxonsmascs Ha onay monekyny (0,48 am? — 0,58 um?).



CornmacHo Tteopusm [. Jluara (1952-1962)
CTOMKOE C)XXaTHue€ KIETKU MO0J BO34CUCTBUEM
KOHIIECHTPHUPOBAHHBIX BEIICCTB, IIPOHUKAIOIINX
B HEE, SABISICTCS pE3yJbTaTOM COYETAaHHOIO
JIEUCTBUS CICAYIONINX (DAKTOPOB:

1. IlepmaHeHTHass CHOCOOHOCTb KJIETOYHBIX
O€IKOB aJcopOMpoOBaTh HOBBIE M HOBBIC CJIOU
BOJIbI, BBI3bIBasi HAOyXaHHUE.

2. O0pa3zoBaHuE B KJICTOYHBIX O€JIKax BHYTPHU- U
MEKMOJIEKYIISIPHBIX COJIEBBIX CBSI3€EH,
CAEPKUBAIOIINX HAOyXaHUE.

3. Huskas  pactBoOpsiomias  CHOCOOHOCTh
BHYTPHUKJIETOYHOM BOJIBI, OJlarojaps KOTOpOW B
HEM MEHbIIIE OCMOTHYECKUX AKTUBHBIX BEIIECTB
(Na* u Cl" m apyrux cBOOOJHBIX KOMIIOHCHTORB)
4yeM B cpene (aKTUBHOCTh KIJIETOUHOM BOJIbI
OKa3bIBa€TCs BBIIIE YEM CHapyXu — B
TUIIEPTOHUYECKOM PacTBOpPE, B pe3yJbTare OHa
HAYMHAET OTTEKAaTh BO BHEIIHIOW Cpeay -—
KJIETKa HAYMHAET CKUMATHCSH).

- &

PUSNYECKAA
- TEOPUA
XUBOMU KNETKW




OrpoMHy10 pojdb  MEMOpaH B JKM3HCHHBIX IIpOIIECCAaX CBsi3aHa C HX
OTHOCHUTEJIbHO OOJIBIIION IUIOIIAJIbl0, JOCTUTAIOIIE B COBOKYHHOCTH B
OpPraHU3MeE YEJI0BEKA JCCATKOB THICSY KBaJPATHBIX METPOB.

HccnenoBanusamu  Koym u  Kepruc (1935) ycraHOBIIGHBI HEKOTOPHIC
NEKTPUUECKUE apaMeTpbl OMOJIOTMYECKUX MEMOpaH:

BBICOKOE DJIEKTpHYECKOe conpoTusienue — 107 Om/m 2

OoubmIast 3aeKTpoeMKocTh — 0,5 d/m 2.



JIN3ANH JOKA3ATEJbLCTB

IOCTOBEPHOCTH OTKPHITUSA «IIbe30cuaTeTHYeCKU 3 PEKT B OMOIOTHUECKUX TKAHIX
(mbe300MOCHHTE3)»

1. UccnenoBanue nmbe303(P(dexra B pa3auyHbIX OMOJIOTHYECKUX Cpeiax.

2. KauecTBeHHBIC U KOJIMYECTBEHHBIC JI0Ka3aTelIbCTBA CUHTE3a (hocPopocoaepKaiiux
BEIIECTB I10J1 JICHCTBUEM ITbe303((PEeKTa, BOZHUKAOIIETO B JKUJIKUX KpUCTajljlax.

3. BO3HMKHOBEHHE MBIIICUHOTO COKpAICHHUS II0J BO3JCHCTBHEM MEXaHHYECKUX
nehopmalun
4. KauyecTBEHHBIC M KOJMYECTBEHHbBIC JOKA3aTEIhCTBA CHHXPOHMU3AIUM COKpAICHUI

KapJIMOMHUOIIUTOB MOJ BO3JACHMCTBUEM YJIBTPA3BYKOBBIX HAIIPSIKEHUM CHKATHUSA M
PACTSIKEHUS.

5. DJNEKTPOMHUKPOCKONMYECcasi XapaKTEpUCTUKA CYOKJIETOYHBIX CTPYKTYp IpHU HX
MEXaHUYECKUX JiehopMaIusx.

6. CocTosiHUE JECKTPUUECKUX, (PU3UKO-XUMUUYECKUX M CTPYKTYPHO-META00IMYCCKUX
CBOMCTB OMOJIOTUYECKUX MEMOpaH KJIETOK Y OOJbHBIX KOJIOPEKTAJIbHBIM PaKOM U
UX MIPOrHOCTUYECKOE 3HAYCHHE.

/. VI3MeHeHHEe DSJIEKTPUYECKUX IapaMeTPOB KJIETOYHBIX MEMOpaH OHOJIOTMYECKUX
TKaHEW NPU MEXAaHUYECKUX (DaKTOpax BIUSHUS.

8. OHGHKa IMBC30JJICKTPHUICCKOI'O ITOTCHIHUAJIA KIICTOYHBIX INIA3MATHYCCKHUX M€M6paH.



Jlns mpoBeJeHMST SKCIIEPHMMEHTa BBIACICHBI OYHINCHHBIC BEIISCTBAa, HAHCCEHHBIC Ha
Te()JIOHOBYIO IUIACTUHKY C HAJIWYHUEM MHKpolepdopaiuii B MUHHMAJIbHO BO3MOXXHOM
o0beEME.

K xpaeBbIM edekTaM MmiIaCTUHKHA ObLIH 3

AKPCIICHDBI OJICKTPUYCCKHUC ITPOBOAHHUKH-

JlyHi TeUIOHOBOM NIACTHHKH

MHUKPOIJICKTPOAbI U3 BLICOKOJJICKTPOIIPOBOAUMOIO
MarcpHralia, C KOTOPbIX CHUMAJIU SJICKTPHUYICCKHUC

IMOTCHIUAJIBI ITPH IIOMOIIIH I'aJIbBAHOMCTPA.

~U [‘anseasometp

Mexannueckoi nedopMalvii MOMEIIEHHBIX B JYHKM O0O0pa3loB (JUMNUAOB M UX
MIPOU3BOIHBIX ) JOCTUT AU yTeM BO3JICHCTBUSA CTaHIaPTU3UPOBAHHBIMU
yJIBTPa3BYKOBBIMH KOJICOAHUSIMU.

[Tytem u3mepeHusi pa3HOCTU MOTEHIIAAJIOB

O6pasen “”“H‘I“ B pa3IMYHBIX OMOIOTHYECKHX KM IKOCTIX

k_/ b/ ONIPEAEIISUIN TapaMeTPbl BO3IEUCTBUS,

MaKCHUMaJIbHO BOCIIPOU3BOISIIETO Mbe303(P(DEKT,
PETUCTPHUPYEMbIN TaTbBAHOMETPOM.




Pe3ysabTarbl H3MEPEHMI 10 U MOCJIe BCTPAXUBAHUSA 00pa310B

Pesynbrarsl [Tocme
O6paszern HCXOJHBIC, |BCTPSIXHBAHMS,
MB MB
No 1- nucTunnupoBaHHas Boaa 0 4
No 2 — runiepun 0 0
No 3 - ceiBopoTka maruenta ¢ UbC 0 6
No 4 - cpIBOpOTKa MallMeHTa C OMYXOJIbI0 MHUILIEBOAA 0 20




Pe3ysnbTarbl H3MepPEeHM 10 U MOCJIe HeHTPU(PYTrUPOBAHUS M BCTPAXUBAHUS

CxkopocTb Pesynbrarsl nociue
ony Pesynwrare! nocne
BpAILECHNUS, O6pa3ubl HEHTpU(YTrupo-BaHUs U
00/MuH ) eIpRbYIHPORaTHs, (MR BCTpsIXuBaHus1, MB
Nel 0 1-2
Ne2 0 0
1500 400 Ne3 0 3-4
Ne4 0 6-8
Nel 0 1-2
Ne2 0 0
3000 1500 Ne3 0 2
Ne4 0 5-10
Nel 0 1-2
Ne2 0 0
6000 6000 Ne3 0 2
Neq 0 2-6




Cxema OKCIICPUMCHTOB, IIPOBCIACHHBLIX Ha CCPACHHOM HCPBHO-MbIIICYHOM
KOMILJICKCC JBIT'YIIKH

Cxatve U pacTsHKEHUE CEPACYHOU MBIIIIBI C OJHOBPEMEHHOW PETUCTPALUEU
MOTCHI[MAJIOB JCUCTBUSI B MPOCKIIMA CHUHYCOBOTO Yy3ja (MECTO BIIaJICHUS
BEPXHEU I10JION BEHBI B MPEACEPANE)

[logTBepkaeHa oOpaTHasi CBSI3b  MEXKAY  CEPJICYHBIMU  MBIIICYHBIMU
COKPAUICHUAMHA W CTUMYJISIIMEW HEPBHBIX BOJIOKOH CHHYCOBOTO Yy3Ja
MOCPEICTBOM BO3HUKAIOWMIETO Mbe303(P(HEeKTa B CEPACYHOW MBIIIIE JIATYIIKH
OJ1 BO3JICICTBUEM MEXaHUYECKHUX Jie(hOpMaIIUi.

O0OBEKT AKCIIEpUMEHTA (_]]aHKa OO0beKT DKCIIEPUMEHTA (J'IaHKa
[lepBblii Tall SKCIIEPUMEHTA Ha JISTYIIKW) U THTTMYHOE TTIOKa3aHue JIATYIIKK) ¥ TUTIMYHOE MOKA3aHUE
JIAIIKE JIATYIIKHA: 3aMep rabBaHOMETPA IIPU CO3IAHUH TRILBRHORCEDE TSR S %

MEXAaHNYECKOI'0 BO3EHCTBHUS B
MIPOEKIIMH BBIXOJIa CETATUIITHOTO
HEepBa

HCXOAHOT'O IOTCHIIMAJIA TIPU MEXaHNYECKOr0 BO3CHCTBHUS B

OTCYTCTBMH MCXaHUYCCKOI'O MPOEKIMU BbIXO/1a CEJATUIIHOTO HEPBA
BO3AEHCTBHUA



Cxema 3KCIIepUMMEHTOB, POBEACHHBIX Ha OSIPEHHOM HEPBHO-MbIIIICYHOM
KOMILIEKCE JISTYILKH.

OOBbeKT FKCIepuMeHTa (Cepale JATYIIKH)

M TUITMYHOC IMMOKAa3aHUC raJibBaHOMETpa IIpr

CO3JaHUH MEXaHHUYCCKOI'O BOBHGﬁCTBHH Ha

00J1aCTh CUHYCOBOI'O y3Jia

[TepBblii Tl S5KCIIEPUMEHTA HA
CepALE JSTYLIKH: 3aMep UCXOJHOTO
MOTEHIMAJIa TPU OTCYTCTBUU

MCXaHNYCCKOI'O BOSI[GﬁCTBPISI

YCTaHOBJICHO BO3HUKHOBECHHE JJIEKTPUYECKOIO
NOTEHIHAJa [JeUCTBUA B  HEPBHOM TKAHU

CCAAIMIIIHOTO HEpPBA JHAI'YIIKH B OTBE€T Ha OGBEKT SKCTIEpUMEHTa (CepALe JIATYIIKH)

IMPOBOAUMBIC MEXAHNYCCKHUC BO3/1€HCTBUA. 1 TUIIMYHOEC IMOKAa3aHKUEC rajibBAaHOMETpa
IIOCJIC CHATHS MEXaHHMYCCKOIO

BO3/ICHCTBUS HAa 00JIACTh CHHYCOBOTO
y37a



DJIEKTPOHHO-MUKPOCKONUYECKAA XaPAKTEPUCTUKA CYOKJIETOYHBIX CTPYKTYP
IPH UX MeXaHU4YeCKHuX AedopmManusix ¥ Nbe30CUHTE3e

VYapTpacTpyKTypa KapAHOMUOIMTOB MUOKAP/1a KPOJIMKOB
IIPY MOJEJIMPOBAHUY KOMIIPECCUOHHOTO CUHIPOMA
CPENOCTEHUSI.

VYIbTpacTpyKTypa SMUTEIHATBHBIX KIETOK
MOYEYHOT0 He(hpOHA KPOJIUKOB MPHU
MOJIETTUPOBAHUH KOMITPECCUOHHOTO CHUHIPOMA
CpeIlOCTeHI/IH

YIBTpacTpyKTypa a3poreMaTuyeckoro VYIbTpacTpyKTypa adporeMaTHuecKkoro 0apbepa JETKUX KpbIC
Oapbepa pecnupaTOPHOTO OT/ACIA gyepe3 OJIH Yac MOCae MOJCITHPOBAHUS TyIIOW TPABMBI
JETKUAX KPOJIUKOB IPU MOJCTHUPOBAHUU KABOTA.

KOMITPECCHOHHOTO CHHIpOMa
CPEIOCTCHHS.



BrIsiBiieHa KOppesius MEXy MEXaHMYECKUMH O0bEMHBIMH Jie(DOpMalIUSIMU
AKTUBHOCTBIO META0OJMYECKUX M PerHapaTUBHO-CHHTETUYECKUX IMIPOLIECCOB,
IPOTEKAIIINX Ha YPOBHE MEMOpPaH U MaKPOMOJICKYI.

MopdpomMeTpuuecKkre XapaKTePUCTHKU OPraHe I renaTouuToB MeYeHu
KPBIC, NOABEPruIUXCH TEPMUYECKOMY 0KOT'Y U JEHCTBUIO IKCTPAKTA
TEPMUYECKH MOPAKEHHBIX TKAHEH

Oo6bemublie ppakuuu (B %)
Yuciao |A0coaroTHas
IHI0-
Cpoxk Muto Bxuio MMUTO yaeJabHast
n JIu3zo- nmjia3sma-
Haﬁ.ﬂl()[[eHl/lﬂ X0OH YeHus XOH IOBEPXHOCTH
COMBI THYeCKas .
ApUHA JUNHUJI0B ApHUH (B MKM)
ceThb
KonTpoJasb 6 23,3 2,0 0,44 8,7 16,4 0,50
3 yaca nmocJjie o:xxora | 6 30,8 2,9 0,01 15,9 116,4 1,70
3 cyTok mocJe oxora| 6 30,3 2,3 0,75 16,6 11,6 1,96
3 cyTOK mocJie
6 15,4 2,06 2,38 16,8 12,8 4,99
BBe/IeHUA IKCTPAKTAa




CocTosiHuE TEKTPUYECKUX MAPAMETPOB MEMOPAH KJIETOK KPOBH Y
00JIbHBIX KOJIOPEKTAJIbHBIM PAKOM

I'pynna HaGironenus, 3eKTpUu4ecKue napamerpbl M+im

Conporusienue (OM), cragus OTtHocuTenbHbIe H3MeHeHus (%),
Emkoctb (m®), ctagusa KPP
3200 1eBAHUSA cTaaus
boabubie KPP, boabubie KPP,
(CK) AC YCJIOB (RR) AR y € Ye
n=158 - n=158
YcaoBHO-
310pO
310pOBbIE
BbI€
MAIHEHThbI
namue
(Co)
n=23 Micr. | IVer. | Iler | IVer. | ™™ | Iler | IVer. | Mer | IVer. | MIern | IVer | Ier | IVer
n=101 | n=57 | n=101 | n=57 | RO | =101 | n=57 | n=101 | n=57 | n=101 | n=57 | n=101 | n=57
n=23
47,2 41,3 340,8 | 320,4 | 290,6
51,4+0,3 -4,2 -10,1 -20,4 | -50,2 -8,7 -19,6 | -5,98 -14,7
+0,6 +0,4 +1,6 e 17




NHTEHCUBHOCTH XEMUJTIOMHHECHEHIUN CHIBOPOTKH KPOBU 00JIbHBIX
KOJIOPEKTAJbHBIM PAKOM U I'PYIIbI YCJIO0BHO-3/I0POBbIX MAIUEHTOB B
3aBHMCUMOCTH OT JIOKAJIU3ALUHU OIIYX0JIEBOI0 Ipolecca

Buabl xemuromunecuennnu (J°t), Mtm

JlIriomunoJsi-3asucumasa UXJI

I'pynna
nabsronenns, (n) X UXJ- H,0, MXJI-FeCl,
J3UXJI- H,0, | JI3BUXJI-FeCl,

My:xumnnbi: PIIK (n=23) 84,5+6,6* 470,2+12,3* 456,2+17,8* 424,8+16,3* 418,3+14,8*
PITOK(n=28) 73,4 £5,8* 463,8+16,2* 443,6+14,5* 415,6%18,2* 420,5+£21,6*
PCaK(n=21) 65,7+5,1* 457,3+21,8* 426,7+18,9* 408,3%£12,6* 413,8+17,3*
PCurK (n=25) 63,4%7,2* 430,8+15,6* 415,7+12,3* 395,3+16,5* 382,4+13,5*
Kenmmmunr: PITIK (n=20) 89,7+8,3* 480,5%23,7* 473,8+24,2* 432,6+22,3* 412,4+13,5*
PIIOK(n=15) 76,54 ,9* 462,4%+14,3* 464,3+19,8* 423,8+17,6* 425,8+16,4*
PCaK(n=14) 69,8+7,5* 446,8+ 20,5* 437,5£26,5* 415,7423,4* 435,4%+20,7*
PCurK(n=12) 60,4%3,8* 435,6%£17,3* 418,6%+20,8* 410,7%£13,9* 373,6+18,4*

Yci10BHO-310pOBbIE
140,6+18,2* 765,8+142,3* 774,3+128,6* 810,4%76,5* 835,7+66,3*

- My:K9HHBI (N=12)
- skeHuuHbI (N=11) 138,74£19,6* 754,6+138,5* 763,52122,7* 827,3+86,4* 840,5+72,4*




NHTEeHCUBHOCTD JIIOMUHOJI-3AaBUCUMOU (hochopecueHIINN CHIBOPOTKH
KPOBH 00JIbHBIX KOJIOPEKTAJbLHBIM PAKOM U TPYII YCJIOBHO-310POBBIX

NAalMEeHTOB

I'pynna
HaO0/II0MeHMSs],
CTausl KaHIle-

porenesa (n)

Wutencusnocth docdopecuenmun (J°,), MEm

297 um

313 um

334 um

365 um

404 um

434 um

Boanukie
MY:K.HKEH.

IIT cragua (n=101)

5425,3+167,2*

397,8+37,4*

772,3+31,6*

2625,3+79,5*

1545,6+64,7*

1612,3+84,5*

IV cragua
MY:K.HKeH.

(n=57)

6235,7+184,3*

456,2+41,5*

797,8+29,4*

2988,4+69,3*

17,83+58,2*

1928,7+73,2

Yci10BHO-310pOBbIE
MalUeHThI
MY:K.HKeH.

(n=23)

3110,4%115,6

327,8+25,4

657,3+33,6

1742,3+57,4

485,2+41,6

608,3+23,9




JIMHAMHUKA CAMOIIPOM3BOJbHOI0 U HHAYIMPOBAHHOIO BAJTMHOMUIIUHOM
BbIX0/1a MOHOB K™ M3 3pUTPOLHUTOB Y 00JILHBIX KOJIOPEKTAJIBbHBIM PAKOM
(MM K*/Muu*10%puTpounToB) B 3aBHCHMOCTH OT CTAAHH 00JI€3HHU.

IToka3zarean

I'pynna naéaronenusi, craaus 6one3nn (Mzm)

YcaoBHo-310poBbIe (N=23)

111 cramas (n=101)

IV cragus (n=57)

CxopocTb camonpous-

0,496+0,02 5,40+0,92* 7,83+1,25*
BOJBLHOTO BbIxoga K+
CxopocTh HHAYIIPOBAH-HOTO
6,2011,14 14,35+1,86* 18,4242 17*
BbIXO1a K*
CyMMapHoe KOJIHY€eCTBO
BBLIX010B noHoB K* Ha mun 17,23+1,46 71,53%8,44* 92,16+9,48*

IPUTPOLUTOB




IIpouenTHoe coaep:xanue ppaxkuui GochoaunuaoB B MeMOpPaHaX JEHKOLMTOB
U IPUTPOLUTOB 00JIBHBIX KOJOPEKTAJbHBIM PAKOM B 3ABUCMMOCTH OT CTAIUHU

OILYX0JIEBOI0 IIpolecca

I'pynna nadaionenus, craaus 6os1e3nu, (M+m), Tun KiaeTok

bk dsdmein Boabnbie (N=158), my:x.+iKeH.
YcaoBHO-310poBbIe (N=23)
(%) 111 cragus (n=101) IV cramust (n=57)
IPUTPOLUTHI JICKOLUTHI IPUTPOLUTHI JIEHKOLUTHI IPUTPOLUTHI JlelikouuTHI
DPIA 22,21+1,46 23,75%1,16 15,20+1,83* 17,1442 45* 16,14+1,38* 16,37+1,42*
X 41,93+1,32 39,12+2,15 56,10%4,89* 50,86%6,13* 57,26%3,72* 52,44%3,76*
CM 17,41+1,65 18,96+1,48 11,25%2,74* 12,93+2,18* 10,36+1,14* 11,65+1,22*
®C 10,32+0,77 11,37+1,19 6,16+1,86* 7,14+1,23* 5,74+1,08* 6,23+0,84*
JIDIA 1,25+0,36 1,82+0,26 4,73+1,14* 3,94+0,97* 5,98+0,85* 4,76%0,73*
JDX 1,38+0,27 1,35+0,24 4,56+1,23* 4,15+1,38* 5,23+0,76* 4,97+0,68*
()1 6,44+0,53 7,52+0,46 2,85%0,78* 3,64+1,17* 2,660,54* 1,84+0,33*
KJI 0,42+0,07 0,63+0,04 1,87+0,55* i, 78310,25% 1,98+0,09* 2,05+0,42*




JIlnHaMuka o0OMeHa MOHOB METAJJIOB B CHIBOPOTKE KPOBH Y 00JIbHBIX

KOJIOPEKTAJbHBIM PAKOM IPH 00TYPAIMOHHON HENMPOXOAMMOCTH

Iloka3zarean

I'pynna nadaroaenusi, M+m

YcsioBHO-310poBasi (n=23)

KomnencupoBannas

HenpoxoaumocTb (n=30)

Cy0xoMneHcHMpoBaHHAs

HeNpOXoAUMOCTh (n=27)

Kaamii (MMo1b/01) 3,18+0,22 4,32+0,26* 5,65+0,30*
Harpuii (Mmmoab/) 155,7346,17 140,43+5,83* 136,7+6,92*
Kaabumni (MMoIb/01) 2,42+0,16 1,86+0,17* 1,57+0,18*
Maruuii (MMOJIBb/JT) 0,98%0,12 1,53+0,16* 2,86+0,24*




N3MeHeHMe JIEKTPUYECKUX MAPAMETPOB KJIETOYHBIX MeMOPaH Npu
MeXaHM4YeCKUX BO3AeCTBUAX

1.  DOKcnepuMEHTaJbHO  JOKa3aHO  MosBieHHE  dPdexra  yXyalleHUs
TUARIEKTPUUECKUX CBOWCTB (YMEHBIIIEHUE €MKOCTH) KJIETOYHBIX
MUKPOCTPYKTYP OHOJIOTHYECKUX TKAHEH MOJ BO3JCHCTBHEM MEXaHUYECKOIO
JABJICHUS.

2. YMEHBIIICHUE EMKOCTH U COIIPOTUBJICHUS OMOJIOTMYECKUX TKAHEH IMOJI BIUSHUEM
(haKTOPHOI0 MEXaHUYECKOTO BO3JACHCTBUS YKA3bIBACT HA YBEIMYCHHE TaHTEHCA
yrja JU3JIEKTpUYECKUX MOTeph (B cpeaneM oT BeanuuHbl 9,85 g0 10,02, T.e. Ha
1,7%), 4TO CBHIETCIHCTBYET O IIOSBICHHH JOIOJIHUTEIBHOIO ITOIIOIICHUS
TKaHbIO TEIJIOBOM MOIIHOCTH M OT UCTOYHHKA (DPAKTOPHOIO BIMSIHUS

3. OTO O3HA4aeT, 4YTo MeEXaHudeckas (HampuMmep, 3BYKOBasl)) SHEpPrUs
npeo0pazyeTcs B TEIIOBYI) HEMOCPEACTBEHHO KJIECTOYHBIMU U CYyOKJIETOYHBIMHU
KOMIIOHEHTAMH, HanmpuMep, MEMOpaHaMH, CJICACTBHEM YEro MOTYT SIBIATHCS
3(DGEKThl  XMMHUKO-OMOJIOTMYECKOM  aKTHBAallMM  BCEX  DHEPreTUYECKHUX
IpPOLECCOB  JKMBONO  OpraHuM3mMa, KOIJla B HEM  aKTUBUPOBAHBI
JIEKTPOMArHUTHBIE TTOJIS.



N3mepuTeIbHBIA IKCIIEPUMEHT

OcecuMMeTpUYHBIM  00pasel] MakKpoOOBEKT — KpOBb IOMEIIadd B
NIMDIIEKTPUYECKUHA LUINHAPUIECKHN COCY[d C YIOPYTHMH CTE€HKaMd 1,5 cm®
(mmameTtp cocyna 10 mm, BbicoTa 20 MM)

OcecuMMeTpuyHbIM 00paszel] MakpoOObEKT — KPOBb IIOMEIajid B THOKYIO

AUAIEKTpUYecKyro Tpyoky oobemom 0,1 cM3 (muamerp TpyOku 1,5 MM, JjiMHA —
140 mm)

CHaTHE THE300MOMOTEHIIMATA OCYIIESCTBISJIM C TOMOIIBIO TMO30JI0YEHHBIX
AJIEKTPOIOB AUaMeTpoM 1,5 MM 1 (hoTOoraIbBaHOMETPHUUECKOTO IMTOTEHITHOMETPA
HanpspkeHuss P 363 ¢ menoit menenms mkanel C=10 -9 B/aen m ocHOBHOI
OTHOCHUTEJIbHOM morpenHocteio =1,5- 6, 0%
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IHocienoBare/ibHO-NIAPAJLICJIbHAS CTPYKTYPA MbE300HONOTEHIIMAJIA
JIOKAJIbHOT'0 MHOXKECTBA KJICTOK.

[ToirydeHbI KOJMYECTBEHHBIEC XapaKTePUCTHKH ITbe300MOIOTCHIMAIA.
AUy = (1541,2) MB s momynsiiuu KJIETOK (TKaHH)
AUy = (14,5£7,5) MB a1 omHO# KIeTKH
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2.

BbIBOABI 10 KOJIMYE€CTBEHHOMY IKCIIEPUMEHTY

. [Tbe303((hexkT B OMOJOTHUECKUX MaKpOOOBEKTaX SIBJISETCS KyMYJISITUBHBIM U

MOSIBJISIETCS] KaK B TBEP/ABIX, TAK U B )KUIAKUX OMOJIOTHYECKUX CTPYKTypax.

[Ibe30351ekTprdecKuid 3P(HEKT B KIECTOYHBIX MEMOpaHax CYIIECTBYET, OJHAKO
BEJIMYMHA €r0 OYeHb Majla U HaxoauTcs npuonusutenbHo Ha ypoBHe 0,02% mo
OTHOIIECHUIO K O0IIEMY JICKTPUUECKOMY MOTEHIIUATY KIETKH.

DKCHEPUMEHTAJIBHO  TOATBEPXKAEHA  aJ€KBATHOCTH  IOCJEIOBATEIbHO-
napajyieIbHOM  CTPYKTYpbl ~ KyYMYJISITUBHOTO  Ib€300MOIOTEHIIMAla B
paclpenesieHHbIX 10 JIJIMHE  KJIETOYHBIX 0O0pa3oBaHUSX  (Hampumep,
KPOBEHOCHBIX COCY/IaX)

JIokazaHO Ha  TOCJIEA0BATEIIbHO-NAPAJUIETbHOM  MOJEIM  KJIETOYHOU
MaKpOCTPYKTYpbl M B JKCIIEPUMEHTE, YTO HAKOIUICHHBIA (KyMYJISITUBHBIN )
Nb€300MONMOTEHIINAT MOXET JIOCTUTaTh HECKOJbKUX JECATKOB MB, u4rto
TEOPETUYECKA MOXKET MPOBOLMPOBATH IEMOYKY OMOXMMHYECKHUX pPEaKIUN U
M3MEHEHUI B allpHOPH U3BECTHBIX 001aCTAX OMOJOrHYECKON TKAHH.



CyMMaIII/Iﬂ PAHHEC IIPOBCICHHBIX HAMHA I/ICCJIEJIOBaHI/Iﬁ IMO3BOJIACT BBIAC/JINTD
CICAYIOLIHNE ITOJTOKCHUS .

- U3BMEHEHHUE MacChl OMOJIOTUYECKOW TKaHU OOYCJIOBJICHO BO3HHUKAIOIIMMU B HEWU
€CTECTBCHHBIMU W MHIYIIUPOBAHHBIMU HAIMPSIKCHUSIMHU.

- BOBHUKHOBEHHE B OMOJIOTHMYECKUX TKAHAX MEXaHUYECKUX HaHpH)I(eHI/Iﬁ BCICT K

pa3BuTUIO JedopMaluii UX, a MpU JOCTATOYHON YIPYroCTH OMOIOTHYECKOM
TKaHU B HEW BO3HUKAIOT OCTATOYHBIE Jc(PopMaliu.

- BO3HMKHOBEHHUE OCTAaTOYHBIX JedopMalliii B OMOJOTMYECKUX TKaHSIX BEACT K

M3MCHCHUIO MAaCChl OHOJIOTMYCCKOM TKaHU (THIEp- W THIOOMOTHYECKHM
mpoleccam).



YuuTbiBasi  JHeEpPreTHYECKHEe  XAPAKTEPUCTHUKH  YJIbTPaduo/IeToBOro
U3JIyYEeHHUS, POLECcC Mbe300MOCUHTE3a BIIOJIHE MOKHO PACCMATPUBATh KAK
(oTOCHHTE3 B MIOrPAHUYHOM BHAUMOMY CBETY IHAIIA30HE.

DTO MOATBEpKAar0T onbIThl IloHanmepyma ¢ oOMydeHHEM YIBTPadHUOJIETOM
3aMassHHOW B aMITyJly CHHUJIBHOW KHCJIOTBI C 00Opa30BaHUEM aJICHUHA U JPYTHUX
a30TUCTBIX OCHOBAHMH, a B coueTaHuu ¢ dTuimetradocdarom — ATO.

CnekTpalibHble MAKCUMYMBbI TyPUHOB M MUPUMHUIMHOB HAXOIATCS B JIMAIIA30HE

¢ 240-290 um (K. Caran).

['unore3a 00 ameHUMHOBOM (DOTOCHUHTE3E, TIJ€ KBAHT YibTpaduosieTa
noriom@aeTcs aaecHUHOBOM yacThio AJID ¢ oOpa3zoBanuem PAJ[D, a 3arem
AT® (B.II. CkymayeB u cOaBT.).



KoHuenuus nbe300M0CHHTETHYECKOT0 3 eKTa

[1be30010CHHTE3 SBIISICTCS YaCTHBIM BapUAHTOM SIBJICHHUS 3JIEKTPOMarHUTTHOTO
OMoCHUHTE3a, KaK U (DOTOCUHTE3 B 3€JICHBIX PACTCHUSX.

B ocHoBe 3T0T0 3(pheKTa ICKUT ABICHUE (PICKCOIIESKTpHUUecKoro apdexra
Meriepa.

[1pe300M0CHHTE3 BO3MOXKEH B ABYX IMOTPAHUYHBIX 00IACTIX
IEKTPOMATHUTHOTO M3Iy4YEeHUS OT BUJIMMOIO CBETA!

- YnerpaduoneToBoM AuamnazoHe. e «mocpeqHruKaMimy mpeoopa3oBaHus
SHEpruu ABisoTcs nbe302mekTpuku (107 — 10 2 m, 3x101°- 3x10 17 T'rx)

- MudpakpacHoM aHana3oHe, TIe «II0CPEIHIKAaMI» IIPe00pa3oBaHus SHEPTUN
aBsroTCst urpodnekTpuku (103 — 100 m, 3x10H — 3x10% I'y)



doTocuHTESs

nMUrMmeHT-6enKoBblie KOMMJ/IEeKCbl
cseTtocobupawwme
KOMMNAaeKCbl 1
cobuparwme aHTEHHbI

MAPO2JIEKTPUKH

NMbe303NEeEKTPUKH
nMrmeHT-6enKoBbIE

KOMMJ1EKChblI
(Hanpumep 3epHa
nweHuuybl)

nurmeHT-6enKkoBble
KOMMJ1EeKCbl
(Hanpumep y
mesilaHoOMBbl)

CUHTE3 ATD

!

nbesobuocuHTes



KoHnuenuus nbe300M0cuHTETHYECKOTO0 3P exTa

IIpouecc cuaTe3a ¢ochopcomepkalnx BEmeCTB, OCIKOB, JTUIHI0B U
YIJICBOJOB SBJISETCS CTPOTO KOHTPOIUPYEMBIM MPOILICCCOM, IBHIKCHUE UX
COCTaBJISIOIINX, HOHOB U BOABI OCYIIIECTBIISIETCS Ye€pe3 MOPHI B MEMOpPaHE C
y4acTHEM MEMOpPaHHBIX IMOTEHIIMAJIOB, AICKTPOJIUTHBIX HACOCOB U YY4aCTHEM
MbE303JICKTPUYECBA B XXUIKUX KpHCTaJlJlaX MeMOpaH, BOZHUKAOIIETO IO/
BO3JICMCTBUEM MEMOpPAHHOTO MOTEHIIMAIa JIM0O MEXaHNUYECKHUX HaMPSKCHUM.

[Iponiecc 0OpaTUMOTO OTKPBITHS M 3aKPHITUS HOHHBIX KaHAJIOB B MeMOpaHax
KJICTKH W OpraHellI OIUCHIBACTCS SBJICHUEM DJICKTPOIOpAINH (CXKATHE U
pacTsbKeHHE MeMOpaH OIpeIeIISItOT ABYHAIIPABICHHOCTh TPaHCIOPTa HOHOB,
AJIEKTPONOpalys yMeHbIIaeT aedopMauu MeMOpaH 1, BO3HUKAIOIINUE TTOPEI
oj, ACUCTBUEM TIbe303((PEeKTa, CAMOCTOSITEIBHO 3aKPhIBAIOTCS).

BBuay Manoi ToNIMHBI MEMOpPaHbl TUITMYHBIE JJIs1 KJIETOK TpaHCMEMOpaHHbBIE
HANPSKEHUST B HECKOJIBKO JECSATKOB MIJUIMBOJIBT JAKOT OY€Hb BBICOKHE
HANPSKEHHOCTH DIIEKTPUIECKOTo mouts (mpuMepHo 10°B/cm), uro cpaBHEAMO €
KPUTHYECKHUM HaNpPsHKEHUEM MPO0O0st :KUJIKUX YITIEBOIOPOIOB.

B CHJIBHBIX 2JIEKTPUYECKHUX TOISX B MEMOpaHax v MPOTOIIa3Me HAOII0aeTCsI
3HAYUTEJILHOE YBEJIMYECHUE MPOBOAUMOCTH U MPOHUIIAEMOCTH OHCIIOEB.

[Iporniecc 06paTUMOro U HEOOPATUMOTO FIEKTPOIPOOOsSI MEMOpaH
COIIPOBOXKIACTCS MOBPEKICHUEM OMCIIOS, YTO MIPUBOJUT K PA3TUYHOM
KJIETOYHOM MaTOJIOTUM.



BriBoabl

B 1mporecce €CTECTBEHHBIX MW HHIYLUPOBAHHBIX MEXAHUYECKHUX HANPSKCHUU B
OMOJIOTMYECKUX OOBEKTaX BO3HHUKAIOT AchHOpMAIlUH KUJIKOKPHCTAUTMYCCKUX CTPYKTYP
(CKHIKWAE KPHUCTAJUIbI JUIHIOB, HEKOTOPBIX OCIKOB M YIJIEBOJOB, KOTOPHIE B YCIIOBHSX
naehopMaIuy KPUCTAIINICCKUX PEIICTOK 00Ia aroT CBOUCTBOM K Ibe303((PEKTY).

Bo3Hukaromas mojaspru3yeMocTb MEMOpaH M IIPOTOILIAa3Mbl, SIEKTPUUECKOT0 IMOTESHITHAIA
0OyCIIOBIIMBAET TaKWE SIBICHUS KaK 3JCKTPOINOpAlHs M AJICKTPONPOOOH KICTOYHBIX H
CyOKJIETOUHBIX MeMOpaH, HalpaBJICHHOE [ABWKCHHE HMOHOB B MEMOpaHE M KIETKE,
KJIETOYHAA MIATOJIOTUS.

VYuutbiBasi KojeOaTeabHbIA XapakTep AePopMaiuil KUJIKOKPUCTAUIMYECKUX CTPYKTYD,
PE30HAHCHBIE SBJICHUS, UMEIOTCS (PU3MUECKHE NPEANOCHUIKUA JJi MEPEeMEHbl 3HAKOB
3apsia u, CIeNOBaTEIIbHO, BOSBHUKHOBEHUS KaK IMOCTOSIHHOTO, TaK U IIEPEMEHHOTO TOKOB B
KJIETKE.

bnarogapsi MeTayuIONpOTEUIaM KJIETOYHbIE U CYOKJIETOUHBIE JBYXCJIOWHBIE MEMOpaHbI
BBICTYTIAIOT B POJIM OMOJIOTHUYECKUX KOHAEHCATOPOB JICKTPUUYECKON SHEPTIUH.

[loBbillIeHWE DSHEPIUU  OHUOJOTMYECKOM CHCTEMBI, IPOSBISIONICECS CHIKCHUEM
KOHIIEHTpauuu (GocdopcoiepKaimx OpraHuuecKuX BemiecTB (mpexae Bcero, ATdD), a
TaK)Ke KOHIIEHTpaIlluM HMOHOB B MEMOpaHe W MPOTOILIa3MeE SBJISETCS MPEANOCHIIKON IS
paspsijia OMOIOTHYECKUX KOHEHCATOPOB.

[Ipy 5TOM BO3HUKAaET SBJICHUE DJCKTPOIAUCCOIMAIIMU BOJbI, COJIEM C OOpa3oBaHHEM
CBOOOJIHBIX MOHOB, YYACTBYIOUIMX B (POPMHUPOBAHUU MOTEHIIMAIOB MOKOS U JIEUCTBUS. A
TaKKE€ OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX MPOILIECCOB B KIETKE, HUTOIOM KOTOPBIX
ABJISIETCA BOCIONHEHUE neduuura AT®D 3a cdyeT ero CHMHTE3a MPU OKUCIUTEIBHOM U
aHaspoOoHoM (dochopuminpoBanun Ha ATD-cuHTeTa3ax (B yCIOBUAX TMIIOKCHU 32 CYET
OKMCJICHUS JIUIMKXJIOB).

BHoBb cuHTE3MpOBaHHAs AT® y4yacTBYyeT B CHHTE3€ OCHOBHBIX BEIIECTB B KJIIETKE, B TOM
quCIie JIMMUO0B, YIIIEBOJIOB U OEJIKOB.
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