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JIEKIIUSA Nel

1. Tema: Mexanuka. Mexannueckue KojeOaHusl.

2. Heab: O0bsACHUTD (PU3MUECKUI CMBICT MEXaHUYECKOTO KOJICOaHMSI.

3. Te3ucs! Jekuuu:

Kakoe nBukeHue Ha3bIBaIOT KOJIEOATEIBHBIM?

KosnebarenbHBIM JBUKEHHUEM HA3BIBAIOT IMPOIECC, PH KOTOPOM CHCTEMa MHOTOKPATHO
OTKJIOHSISICH OT CBOETO COCTOSIHMSI PABHOBECHSI, KaXXbIii pa3 BHOBH BO3BpAIaeTCs K HEMY.
CBOOOIHBIMH KOJIEOAHUSIMU HA3BIBAIOT TAKKHE, KOTOPHIE COBEPIIAIOTCS 0€3 BHEITHUX
BO3JICHCTBUH 32 CUCT IMEPBOHAYAILHO IMOTYYECHHOHW TEJIOM SHEPTHUN. XaPAKTEPHBIE TIPUMEPHI
TaKuX KOJIeOaHWH WLTIOCTPUPYIOT TPU MOJICIIH: MaTepuaIbHas TOYKA Ha TIPYKIHE
(Mpy>XKUHHBIN MasiTHUK), MAaTEMAaTHYECKUM U (PU3NIECKUI MasiTHUKY.

Jliis onucanusi CBOOOAHBIX KOJIEOAHUH HEOOXOIMMO MOIYYHTh COOTBETCTBYIOIIIEE
muddepenmansHoe ypaBHeHue. C 9TOH IENbI0 pacCCMOTPUM JIBa IPUMeEpa:

1. Teno maccoi «My MOJBEIIEHO Ha MPY>KUHE.

B sTom nonoxenuu ynpyras cuia Fi1, npunoxeHHas K Tery, ypaBHOBEIIUBACT CUITY
TSDKECTH «MQ».

Ecnu npy>kuHy OTTSHYTH Ha PACCTOSIHHE «X», TO Ha TEJIO OyAeT MeHCTBOBATEH OOIbIIIAs
ynpyras cuna: F1 + F.

W3menenue ynpyroit cuibl, F = - KX, cornacHo 3akony ['yka, mpomopIioHaibHO
W3MEHCHHIO JIUTUHBI IPYKUHBI HITH CMEIICHHUIO «X» Teja:

rie «K»- k03 HuIreHT MPonopIHOHATFHOCTH, Ha3bIBAEMBIN JCeCMKOCHbIO TIPYKHUHBI,
3HAaK MHUHYC TTOKa3bIBAET, UTO CHJIA BCET/Ia HAIIpaBJeHa B CTOPOHY MOJI0KEHUSI PABHOBECHS:
F <0 npu x >0, F>0 mpu x < 0.

2. MaremaTuyeckuii MasiTHUK OTKJIOHEH OT TOJIOKEHHUS PABHOBECHS Ha HEOOJBIIION yro
«0», 9TOOBI MOYKHO OBLIO CUUTATh TPACKTOPHUIO JBUKEHUS TPSIMOU JIMHUEH, COBIAIAIOIICH
¢ ocbro «OX».

[Tpu 3TOM BBIMONTHICTCS TPUOITFKEHHOE PaBEHCTBO:

a~sin o~ tg a = x/l, rae «x»- cMelleHne MasTHUKA OTHOCUTEIIBHO MOJI0KEHHUS
paBHOBecwusl, |- ymHa HUTH MasTHHKA. Ha MasTHUK IEHCTBYIOT CHIIa HATSDKEHUS «Fy» HUTH
Y CHJIA TSOHKECTH «MQ», X PaBHOJICHUCTBYIOMIAS CHUJIA PaBHA:

riae k=mg/l — ko3¢ GuIHEeHT MPONOPIIHMOHATHEHOCTH.

Cuny, BOSHUKAIOIINX MTPU MAIIbIX JedOpMallUsIX yIPyTrUux Tell, HA3bIBAIOT YIPYTHUMH HITH
KBa3WyTIPYTHMH.

Ha Teno melicTByeT, KpoMe yIpyrou Cuiibl, ¥ cuiia «Fe» conmpoTuBieHus..

Ha ocnoBannu BTOporo 3akona Herotona nonyunm nuddepeHnnaisHoe ypaBHEHHE,
OIHCHIBAIOIIIEE IBMKCHUE MaTePHAIbHON TOUKH:

Pemas 310 ypaBHEHUE, HalIeM BBIpAXKCHHE IS CMEIICHUS MaTepUabHON TOUKH (Tera)
TS HECKOJIBKUX CITy4acB.

2. Hezaryxatoiue kojie0aHus.

Paccmotpum monens, koraa Fe = 0. Torga nuddepennnanbHoe ypaBHEHNUE, ONMUCHIBAIOIIEE
JBUKCHUE MaTepUATbHOU TOYKH:

Beenem: k/m = wo? u, mpeobpasys, nonydaem audpepeHnuansHOe ypaBHEHHE BTOPOTO
MOpsIJIKA:
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Ero peuienue nmeeT BUA rapMOHUYECKUX KOJIeOaHUI:
x=Ac0S(wot +¢o) - Ha3bIBACTCS TAPMOHMUCCKUM 3aKOHOM, TJI€ A - aMIUTUTYy/1a, Mo KPyroBas
gactota, wot + @o = ¢ - ¢daza xonebanwii, Qo - HavampHas ¢aza (mpu t = 0).
31ech aMIUIUTyla U HavalibHas (aza KoyieOaHUN OnpenessioTCs HavyadbHbIMHU YCIOBUSMU
JBUKEHHUS, T. €. MOJOXKEHUEM U CKOPOCThIO MaTepHaibHOM TOUKK B MOMeHT t = 0.
YToObl HANTH CKOPOCTH MaTepUaIbHONU TOUKH MPU TAPMOHHYECKOM KOJIeOaHUH, BO3bMEM
IIPOM3BOJIHYIO OT FTAPMOHUYECKOTO 3aKOHA IO BPEMEHHU:
rae Vm = A o - MaKCUMaJlbHasi CKOPOCTb.
CkopocTh omnepexaeT 1o (asze cMenienue Ha n/2.
YtoObl HAWTH YCKOPEHUE MaTepuaIbHOW TOUKHU MPU FAPMOHUYECKOM KOJIeOaHNH, BO3bMEM
MIPOM3BOJIHYIO OT CKOPOCTH IO BPEMEHH:
rae am = A ©%) — MAKCHMaJIbHOE YCKOPEHHE.
YckopeHue onepexaet 1o (haze ckopocTh Ha /2.

4. WnuocTpatuBHbIA maTtepuaJ: [Ipe3enranus, cliaiasbl.

5. Jluteparypa:
1. Tumanrok B. A. buodusuka: yueOHUK 7151 CTYACHTOB (papMalleBTHUECKUX U MeJ. BY30B.
-2-e m3x. -K.: U]] "TIpodeccuonan", 2015.
2. AHtoHOB B. ®@. ®u3uka u 6uodusuka: yueonuk. - M.: I'90OTAP - Menua, 2015.
3. ®usuka u OuodusmMka: npakTukym: yue6. mocooue / B. @. AntoHoB [m mp.]. - M.:
I'SOTAP-Menua, 2013.
4. bnoxuna M. E. PykoBojacTtBo Kk nabopaTopHbIM paboTaM MO MEIWLUHCKON H
ouonorudeckoii pusuke: yueOHoe mocodue. -3-e usl., crep.. -M.: JIpoda, 2014.
6. KonTposbHble Bonpockl (00paTHOI CBSA3M):
1. Kakoe nBmkeHue Ha3bIBAIOT KOJIEOATEIHLHBIM?
2. Kakue xoneOaHus Ha3bIBalOT rapMOHUYECKUMU?

JIEKIOUSA Ne 2-3

1. Tema: MexaHnyecKue BOJIHBL.

2. Heab: OObsACHUTH GU3UUECKHI CMBICT MEXaHUYECKUX BOJH H 3BYKA.

3. Te3ucsl JeKOuu:

Kakoe nBukeHue Ha3bpIBarOT BOJHOBBIM?

[Tponece pacnpocTpaneHus KojieOaHu B Cpe/ie Ha3bIBACTCSl BOJHOBBIM JBM)KEHUEM WJIH
BOJIHOM. MeXaHn4YecKOl BOJIHOM HA3bIBAIOT MEXaHUUECKHE BO3MYIIEHUS,
PacIpOoCTpaHsIOIIMEcs B IPOCTPAHCTBE U HECYLIIUE DHEPTHIO.

VYrpyrue BoJHbI BO3HUKAIOT OJ1aroAaps CBSA3AM, CYIIECTBYIOLINM MEXI1Y YaCTHIIAMU
CpEJIbl: CMEILIEHUE OJIHOM YaCTHUIIbl U3 MOJ0KEHUS PABHOBECHS IPUBOJUT K CMEILIEHUIO
COCEIHMX YacCTHUILl. DTOT MPOLECC PACTIPOCTPAHSAETCA B MPOCTPAHCTBE C KOHEUHOM
CKOPOCTBIO.

YpaBHEHHE MEXAHUUYECKON BOJIHBI:

YpaBHeHHE BOJHBI BBIpAXXAET 3aBUCUMOCTb CMEILEHUS «S» KOJIEOoIIecs TOUKH,
Y4acTBYIOILLEH B BOJITHOBOM ITPOLIECCE, OT KOOPANHATHI «X» €€ PABHOBECHOTO MOJIOKEHUS U
BpeMeHHU «b».

JU1s BOJIHBI, paclpocTpaHsoLeics Bob HanpasieHus «OX», 3Ta 3aBUCUMOCTh
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3amuceIBaeTcs B oomeM Buze: S = f(X,t).

Ecnu konebanue yacTUI] MPOUCXOANT B MEPIEHANKYIIPHOM HaNpPaBICHUU
pacnpoCTpaHEHNs BOJHBI, TO OHO Ha3bIBAECTCA

MIONIEPEYHOM, €CIIU NTAPAJUIEIBHO, TO — HPOJOJIBHONW BOJIHOM.

[TycTh BostHA pacnipocTpansercs Baosib ocu «OX» (puc. 7.1) B MONOXKUTETEHOM
HaTpaBJIeHUH 0€3 3aTyXaHHsl TaK, YTO aMILTUTY bl KOJIEOaHHI BCeX TOUEK OAMHAKOBBI U
PaBHBI «A».

Konebanue Touku ¢ koopauHaToit x=0 onuceiBaeTcs ypaBHeHHEeM: So = A COS wt.

J10 TOYKH ¢ HEKOTOPOI MPOU3BOJIBHON KOOPAMHATOMN «X» BO3MYIIEHHUE OT Hayaia
KOOpJUHAT JIOMAET Yepe3 BPEMsI «T», TOITOMY KoJieOaHUs 3TON TOUKH 3aMa3AblBaOT U
OTMCBIBAIOTCS BhIpakeHHeM: S = A C0S [o(t - 7)].

Tak kak BpeMs U CKOPOCTh PacIpOCTPAHEHUS BOJHBI CBS3aHbBI 3aBUCIMOCTBIO: T = X/V,
toraa nmosydaeM: rae o(t-x/V) = ¢ - pasza BoIHBIL.

DTO ypaBHEHHUE MJIOCKOHN BOJHBI, KOTOPOE MO3BOJISIET B JIIOOOM MOMEHT BpEMEHHU
OTIpeICNIUTh CMENIeHHE JI000I TOUKH, YJaCTBYIOIICH B BOTHOBOM IPOIIECCE.

2. 3ByK.

Konebanus yacTuil B ypyrux cpeax, pacupocrpaHsioiuecs B (hopMe Mpo10JIbHBIX BOJIH,
4acTOTa KOTOPBIX JIEKUT B npenenax oT 16 -20000 I'u, Ha3pIBatoTCS 3ByKOBBIMHU
KoJIeOaHUSMH UITU TIPOCTO 3BYKOM.

HcTounnkoM 3ByKa SIBISIETCSI TEJO JIOOO0W MPUPOIBI, HaXosIieecss B KoiebaTeIbHOM
JBKCHUM.

[Tpu xonebaHMsIX TEI0 00pa3yeT B OKPYKAIOIICH cpejie yIpyryro Mpoa0IbHYIO BOJIHY,
KOTOpasi, IOCTUTasl yXa, BbI3BIBAET CIIYXOBBIE€ OLIYILIEHHUS. (IOJHOCTHIO pacCMAaTPUBAETCS Ha
71a00paTOPHOM 3aHSTHUH )

Yro u3ydaer akycTuka?

Paznen ¢usnku, n3yyaronuii 3ByKOBbIE SIBJICHUS, HA3bIBACTCS aKyCTUKOM.

AKycCTHKa JeIUTCS Ha!

1. O6uryro

2. ®U3HOJIOTHYECKYIO

3. ApXUTEKTYpPHYIO

4. My3bIKalbHYIO U AP

duzuonornyeckasi akycTuka M3ydaeT GU3NYECKHe OCHOBBI yCTPOMCTBA OPraHOB PeUud U
ciyxa.

l'onocoBou anmapar yenoBeka:

B 3Byk000pa3oBaH1M NPUHUMAIOT y4YacTHE JIETKHE, OpOHXH, Tpaxes, pOToBas U HOCOBas
nosioctd. ['0J0CcOBOM anmapar yeaoBeKa CBSI3aH C €T0 AbIXaTeIbHBIM arnapaToM U
MPE/ICTABIISIET CUCTEMY, CO3/IAIONIYI0 3BYK ITyTeM KOJIEOAHHUS DIIACTUYHBIX TOJIOCOBBIX
CBSI30K.

[Ipn criokoitHOM JIbIXaHUU 00pa3yeTcs MUpPOKas IIelb, Yepe3 KOTOPYH CBOOOIHO
MpoXOAUT BO3AyX. [Ipu 3TOM MblllIeUHbIE BOJIOKHA, HAXOSIIUECS B CBSI3KAX HE
HampsramTcs, U 00pazyeTcs IUPOKas Ielb.

[Tpu pa3zroBope MbIIICYHBIE BOJIOKHA, HAXO/ISIINECS B CBSI3KaX, HAIMPATAIOTCS U CBOOOTHBIE
Kpasi CBSI30K IPUOJIMKAIOTCA APYT K APYry U 00pa3yroT y3KYIO 1Ieb, HA3bIBAEMYIO
rOJIOCOBOM ILEJIBIO.
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[Ipu 06pa3oBaHKM 3BYKOB MBIIICYHbIE BOJIOKHA, HAXOJSAIIMECS B CBSI3KaX HAMpPSTaloTCs, U
CBOOOHBIE Kpasi CBA30K MPUXOJAT B KojieOaTeIbHOE JBUKEHUE B TNIOCKOCTH CAMOM IIEIIH.
[Ipu 3TOM, MPOXOAS YEpE3 1IEIIb, CTPYS BBIABIXAEMOIO BO3/lyXa 00pazyeT yepeayouuecs
YYaCTKHM CTrYLIEHUH U pa3peXeHui, BOSHUKAIOT MTPOJIOJIbHBIE KOJIEOaHUS YaCTUL BO3yXa.
O06pa3yroTcst 3ByKOBBIE KOJICOAHUSI CII0KHBIX TOHOB.
Kaxk obpasyercst ToH 3ByKka?
HocoBast u poToBas 1oJIocTH SBIISIIOTCS pe3oHatopaMu. M3meHenne oobema u popm
POTOBO#! MOJOCTU TTPU POPMUPOBAHUU 3BYKOB PEUYH OCYIIECTBISETCS MTyTEM U3MEHEHUS
B3aMMHOI'O PACIIOJI0XKEHHUS A3bIKa, 3yOOB U I'y0, T.€. MOKHO YCUIIUTh WA OCIa0UTh
OTJZICJIbHBIE TOHA 3BYKOBOW BOJIHBI.
CiyxoBOW amnmapar 4ejaoBeKa:
CnyxoBO# amnmapar 4eJI0BeKa COCTOUT U3 3BYKOIIPOBOISIIEN U 3BYKOBOCIIPUHUMAIOIIEH
YacTeu:
1. 3ByKOIpoBOASAIIAs 4ACTH COCTOUT U3 HAPYKHOTO CIIYXOBOTO ITPOXOJa U CPEIHETO yXa.
2. 3BYKOBOCTIPUHMMAIOIIAs YaCTh HAXOJAUTCS BO BHYTPEHHEM YX€.
BuyTpenHee yxo npecTaBisieT co00i KOCTHYIO TIOJIOCTh CIIOKHOM (hOpMBI, Ha3bIBAEMYIO
JAOMPUHTOM U 3aOJHEHHYIO KUJKOCTBIO, CIIEUANbHBIE XOAbl — YIUTKH, M0 BCEU JUTMHE
paszieNieHHbIE TIEPETOPOIKOM (MeMOpaHoit).
3ByKOBBIC KOJI€OaHUS, TOCTUTAs] OCHOBHOM MeMOpaHBbI, TPUBOJAT €€ B KoebaTeIpHOe
nBrkenue. [Ipu 3ToM u3MeHseTcs: CTeleHb CONPUKOCHOBEHUST BOJIOCKOB KIIETOK C
MMOKPOBHOM TJIACTUHKOM, B CBSI3M C YEM B KJICTKaX BO3HUKAIOT HEPBHBIC UMITYJLCHI.
Otu umnynsckl nepeaatorca B LIHC, rae noctymnaroT K HEPBHBIM KIIETKaM
COOTBETCTBYIOIIETO y4acTKa KOPbI TOJIOBHOTO MO3ra. TaM (QopMHPYIOTCS 3BYKOBbIC
OLLYILIEHUS, B KOTOPHIX CYOBEKTUBHO PA3JIMYAIOTCS BHICOTA, TPOMKOCTH U TEMOD 3BYKa.
Yopyrue konedaHusl, 4aCTOTa KOTOPbIX MpeBbimaeT 20 Kri, pacnpoCcTpaHsoUecs B
(dbopMe TPOIONILHBIX BOJH B Pa3IMYHBIX Cpeax, Ha3bIBAIOTCS Y 3.

VY3-BoiHa ©MEET 3HAUUTEIHHO OOJIBIITYI0 HHTEHCUBHOCTD, YeM 3BYKOBAasi, HO CKOPOCTH
pacIpoOCTpaHEHMs OJIMHAKOBBI, 4 IJIMHA BOJIH MEHBIIE.
[Tonyuenue Y3:
V3 nony4aroT ¢ IOMOIIIbIO aNapaToB, OCHOBAHHBIX Ha HCIIOJIb30BAHUM SIBJICHUMN
MarHUTOCTPUKIMU (MPU HU3KUX YACTOTAX) UM OOPATHOTO ITbE303JIEKTPUYECKOro 3P dekTa
(TIp¥ BBICOKHMX YaCTOTax).
[Tpumenenne Y3 B dhapmaruu:
1. Ucnonb3ys neicTBre Y3, MOXKHO pPa3MENIbUHUTh U JUCIIEPTUPOBATH CPEbl. Y3
WCIIOJIb3YETCS MPU U3TOTOBIECHUHN KOJUIOUIHBIX pacCTBOPOB, BEICOKOAUCIIEPCHBIX
JIEKapCTBEHHBIX IMYJILCUH, IMYITBCHUH KaM(OPHOTO Macja, adpo30JieH.
2. B 3aBuCHMOCTH OT yCIIOBUI BO3JCUCTBUSI K CBOMCTB Cpelibl Y3 CIIOCOOCTBYET U
o0OpaTHBIM IpoLieccaM, HalpUMep, OYUIIEHHUIO CYCIIEH3H, KOAryJsiiuu a’3po30Jiei,
OUYHCTKH Ta30B OT 3arps3HAIOLIMX IPUMECEN.
3. HetictBre Y3 ycKOpsSeT HEKOTOPhIE XUMUUECKUE PEAKIIMU, OCOOCHHO PEaKIu1
OKHUCJICHUS.
4. Cxatus U pa3pekeHus, co3aBaeMpie Y3, MPUBOAAT K 00pa30BaHUIO Pa3pbIBOB
CIUIOLIHOCTH KUJIKOCTH, HA3bIBAEMBIX KAaBUTALIUCH.
[Ipu sTOM B HEOOMBIINX 00BEMAX BBIJEISACTCS 3HAUUTEIbHAS SHEPTUSI, IPOUCXOJIUT
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pa3orpeBaHue BEIIECTBA, 4 TAKKE MOHU3ALMS U TUCCOLUALIMS MOJIEKYJI, T.€. KABUTALIUS
MIPUBOIUT K Pa3pyLICHUIO MUKPOCTPYKTYPbI BEIIECTBA.
[lyrem pa3pyuieHus 0007104YEK PACTUTENbHBIX WM )KUBOTHBIX KJIETOK YIbTPa3BYKOM, U3
HUX M3BJIEKAIOTCA aKTUBHBIE OMOJIOTMYECKHE BellecTBa ((epMEHTHI, TOKCHHbBI, BATAMUHBI U
ap.).
ITpumenenue Y3 B MeIHIUHE:
1. 9XO2HIEDAJIOT'PA®US - onpenenenrie onyxoJiel U 0OT€Ka roJIOBHOTO MO3ra.
2. VIIbTPA3ZBYKOBAA KAPJIUOI'PA®USA - uamepenue pa3MepoB cep/ilia B JUHAMHUKE.
3. VY3 - nokauus - B 0pTaIbMOJIOTUU MIPUMEHSIOT JJIsl OTIPEeAeNICHUsT pa3MepOB I1a3HbIX
cpen.
4. C nomotpio Y3 - ahdekra [Joruiepa u3yuaroT XxapakTep ABIKEHHS CEPACUHBIX KIarnaHOB
U U3MEPSIIOT CKOPOCTh KPOBU B COCY/IE.
5. 1o ckopoctu Y3 onpeaenstoT IIIOTHOCTh CPOCIIEHCS WM MOBPEKIEHHON KOCTH.
6. ¥Y3- dusnorepanus. [lepBUuHBIM MEXaHU3MOM SIBJISIFOTCS MEXAaHHMYECKOE U TETIOBOE
NEHCTBUSI HA TKAHb.
7. Y3 ucnoyib3yeTcsl B XUPYPIruu AJIs pa3pyLIeHUs 3JI0KAaU€CTBEHHBIX OMyXOJEH,
Ipo0JieHUs KAMHEW B MOYEBOM MY3bIpE, paCIMIMBAHUS KOCTEH, IPH onepanusax Y3
MPUMEHSIOT KaK CKaJbIIelb.
8. Y3 ucnonp3yeTcs 11 JieueHUs psiia 3a00JieBaHmil: TyOepKyse3, OpoHXuaabHasi acTMa,
KaTap BEPXHUX JbIXaTEIbHBIX ITyTEH U T.A.
9. ¥3 ucnonb3yroT 11 CBApUBAHUS NOBPEXKICHHBIX MU TPAHCIUIAHTUPYEMBIX KOCTHBIX
TKaHEH.
10. buonoruueckoe nericTBre Y3 UCMOIB3YETCS JIJIs CTEPUITH3AINH, T.€. THOCIIH BUPYCOB,
OaxkTepuii, rpUOKOB, a MPU 3HAYUTEIHHOU MOIIIHOCTH U MEJIKUX YKUBOTHBIX.
[Ipu He3HAUUTETBHBIX MOIIHOCTSAX Y3 MOBBIIIAET MPOHULIAEMOCTh KJIETOYHBIX MEMOpaH,
aKTUBU3UPYET MPOLIECCHI KIICTOYHOIO OOMEHa.
11. Mexanudeckoe neiictBre Y3 BbI3BIBAET B TKAHSIX OJIATONPUATHBIE CTPYKTYpPHBIC
MepecTPOKU (MUKpOMAcCaxK).
12. B odranbMonoruu ¢ moMombio Y3 MOKHO OOHAPYKUTH MPEIMETHI U OTIPEJCIUTD UX
xapaxkrep Ha paccTossHuu A0 10 M.
13. Y3 —ronorpadus (Y3N).

4. NunocTpatuBHbIA maTtepuaJi: [IpeseHranus, ciaiapbl.

5. Jlutreparypa:
1. Tumantok B. A. buodusuka: yaeOHUK JUIsl CTYIEHTOB (papMaleBTUYECKUX U MEJI. BY30B.
-2-e u3a. -K.: ]I "IIpodeccuonan", 2015.
2. Antonos B. ®@. ®uzuka u 6unodpusuka: yaeonuk. - M.: I'DOTAP - Meaua, 2015.
3. ®usuka u Onodusmka: mpakTuKym: y4deO. mocobue / B. @. AnronoB [u nmp.]. - M.:
I'SOTAP-Menua, 2013.
4. bnoxuna M. E. PyxoBojacTtBo Kk jabopaTopHbIM paboTaM IO MEIULHUHCKON H
ouonornyeckoit ¢pusuke: yaedbHoe nmocodue. -3-e usn., crep. -M.: poda, 2014.
6. KonTposbHbIe BONPOckI (00paTHOI CBSI3N):
1. Yro Ha3bIBaeTCs 3BYKOM?
2. KakoBo npumenenue Y3 B (papManuu u MeAHUIMHE.
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JIEKIIUSA Ne 4-5

1. Tema: CBolicTBa KHUIKOCTEH.

2. Heab: O0BACHUTHOCOOEHHOCTH U MEXAaHIMYECKHE CBOWCTBA MOJICKYJT )KHIKOCTH.
Paccmotpets ypaBHeHue bepHyiim, cTaTHYeCKOe M TMHAMUYECKOE JaBJIeHHE.

3. Te3ucol JeKIHUH:

Mexanuyeckue CBOMCTBA KUAKOCTU OOYCIIOBJICHBI CHUJIAMU, JCHUCTBYIOIIMMH MEXIY
MOJICKYJIaMH.

Kunkocts Jerko W3MEHseT CBOI (opMy W IEpeMelIaeTcs U3 OJHOTO MecTa B
apyroe. BzanmmocmeniaemMocTh, T.€. MOABMKHOCTH MOJIEKYJ JKUJIKOCTH TOJ JACHCTBHUEM
BHEIIIHUX CUJI HA3bIBACTCS TEKYYECThHIO.

OI1HaKO B3aMMHOE CMEIIEHUE YacCTHUIl COITPOBOXKAACTCS HEKOTOPHIM COMPOTHUBIICHUEM,
KOTOpBIE Ha3bIBAIOT BHYTPEHHUM TPEHUEM MJIH BSI3KOCTBIO.

Ecnm >kuakocTh WM Ta3 HAXOAUTCA B COCYyJe MOA JACHCTBHEM BHEIIHUX CHI,
BBI3BIBAIONIUX OOBEMHOE CXKaTHE, TO OHH YPABHOBEIIMBAIOTCS CHJIAMH OTTAJIKUBAaHHS
MEXKIy MOJIEKYJIaMH, B 3TOM CJIy4ae KUJIKOCTh WM a3 HaXOSITCS MO JaBICHUEM.

Kunkocth winM ra3, HaXOMAIIMECS TIOA JaBJICHHEM, OOJAgal0T BHYTPEHHEU
MOTEHIIMATBLHON YHEPTUEH, 32 CUET KOTOPOl OHM MOTYT COBEpIIATh PadoTy.

TedyeHue >KHAKOCTH YCIOBHO HM300pakaeTcs JUHUSAMH TOKa. DTO BooOpakaemas
JuHUS  (KacaTelbHBIE TIPOBEJICHHBIC K KaXKIOH TOYKE JIMHUH, COBMAIAIOINIHE C
HaIpaBJIEHUEM CKOPOCTH YaCTHII).

2. PaccMoTpuM CTallMOHApPHOE TEUECHHE UJCATbHOU KUJKOCTH, KOTOPOE Ha3bIBaeTCs
TEUCHUEM, MPU KOTOPOM CKOPOCTHU YaCTHI[ B KaXJIOM TOUKE MOTOKA CO BpPEMEHEM HE
U3MeHSI0TCs. [Ipr 2TOM JTMHUYM TOKa COBMAIAIOT C TPACKTOPUSIMHU YACTHI] )KUIKOCTH.

WM neansHOM Ha3BIBACTCS KUIKOCTH HEC)KMMAaeMasl M HE MMEIOIIas BI3KOCTH.
Onpenenum COOTHOLICHUE MEXKY JaBlIeHUEM «P», CKOpPOCTBIO «V» M MOJIOKEHUEM
«h» B TIoJIe CHITBI TSKECTH HaJl HEKOTOPHIM HadaJbHBIM YPOBHEM.

BrigenuM B )kUIKOCTH TPYyOKy TOKa, KOTOpasi OTpaHUYEHA CO BCEX CTOPOH JIMHUSIMU
TOKA.

O0beM XKUIKOCTH, TPOTEKAIOIINN Yepe3 JII000e MEePIeHIUKYIIPHOE ceueHrue TPYOKU B
eauHuIly BpeMeHu AV = V-S = const, T.e. IBM)KCHUE YaCTHUI] KUJIKOCTU MPOUCXOIUT TOIBKO
BHYTpH TpyOKu. [lycTb Mainblii 00beM skuakoctu «AVy» Maccolt «Am» mnepeMeniaercs u3
nosioxkeHus «1» B «2» (puc.l).

B nonoxenun «1» on umeert: Pi1, vi, h1, S1u «2» - P2, v, ho, Sz
AV=S1A11=5;AS, (1)

[Tepememenne Maccel «Am» KUIAKOCTH MPOUCXOAUT MOJ JCHUCTBUEM  Pa3HOCTH
BHEIIIHHUX CUJI IaBJICHUS B CEUCHUU S1 U S

Cuna naBneHus B ceyeHusax: SiF1=Pi1S: ; SoF2 = P2S)

IIpu sTom 3a Bpemsi At yacCTHIBI KUIAKOCTH I[EPEMEINAIOTCS B CEUYEHUU S1 Ha
paccrosiaue: Ali=ViAt, a B ceuernn Sy Ha pacctosinue: Al = V2 At u coBepiraercst pabora.
Pa6ota cun caasimBanust: AA = FiAlr - FoAlr = P1SiviAt - P2SoveAt, toe SiviAt = Savo At =
AV, ortkyma momydaem: AA = P1AV - P2AV=(P1-P2)AV. Takum oOpasom pabota
COBEpIIIAETCS 3a CUET PA3HOCTH JaBJICHUN HA KOHIIAX TPYOKH.

Ota paboTa 3aTpayuBaeTCs Ha M3MEHECHHE MOTECHIIMAIbHOM, KUHETUYECKOW SHEPruu
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(A =TI+K, rae IT = mgh, K = mv?/2) npu nepexozie oT NoJ0KeH s «1» 10 MONOKEHUS «2»:
AA=ATI+AK.
[ToacTaBisis COOTBETCTBYIOIIHME 3HAYCHUS, TTOTYIUM:
P1AV - P2AV = (Amghz + Amv2%/2 ) - (Am g hi+ mvi?/2)

[TapameTpsl A1 nogoxkeHus «1» nmepeHocuM B JIEBYIO YacTh YPAaBHEHUS, a IS «2» -
B npaBylo. [Tonyuaem: PiAV+ Amghi+Amvi?/2 = P,AV+AMgho+ mve?/2. Tak kak AV =
const, TO pazjiensia 00e 4acTH YypaBHEHUS HA 00bEM, MOTyYaeM:
A P

Pl+pghl+T:P2+pgh2+T,

riae p = AV/AM — mI0THOCTH JKUKOCTH.
«l» m «2» BBIOpAHO TPOM3BOJIBHO, TO3TOMY JJIs JIFOOOrO CeUeHHUs TPYOKH
2

ypaBHeHue umeeT Bua: P+ pgh+ S = const - sto ypaBHenue bepHysum.

rie P - cratmueckoe mapnenwme, pgh - THAPOCTATUYECKOE JABIEHHE, pv2/2 - TMHAMUYIECKOE
TABJICHUE.

Takum oOpa3oM, ypaBHeHue bepHyuM ompenenser CBA3b MEXIY CTaTUYECKUM,
TMAPOCTaTUYECKUM U IMHAMMUYECKUM JAaBiieHusAMH. CorylacHO ypaBHEHHUs bepHyum cymMMa
CTaTHUYECKOr0, THAPOCTATHUYECKOIO0 W JUHAMUYECKOrO MJABJICHUN IS JIIOOBIX CEYeHUi
TpyOKHM BCETrJa OCTAeTCsi HEU3MEHHOM.

JUis TOpU3OHTAIBHOW TPYOKH TMIPOCTATHYECKOE IaBJIEHUE MOCTOSHHO, IOTOMY YTO
2

h=const, moatomy ypaBHeHnue bepHysin OyaeT MMeTh BH: P+T =const — mpasuio

bepnymmn.

CornacHo nipaBuiia bepHyuu, s TOPU30OHTAIBHONU TPYOKH CyMMa CTaTHUYECKOTO U
TUAPABIMYECKOTO JaBICHUHN IS IFOOBIX CEUCHUH BCEria OCTaeTCs] HECU3MEHHOM.

CraTuyeckoe JaBJICHHE HEBSI3KOW KUJKOCTH MPU TEUYEHUH [0 TOPU3OHTAIBHOMN
TpyOKe BO3pacTaeT TaM, Iie CKOPOCTh €€ YMEHbIIIAETCSI 1 HA000POT.

[IpaBuio bepHymin BBIMOTHSAETCS TakXe W JUIS pEaJbHBIX, HO HE OCOOEHHO
KUJIKOCTEH, T.€. CKOPOCTh YacCTHIl B CY>KCHHOM CEUYEHHUHM BO3pACTACT, MX KUHETHYECKAas
SHEPTHUS YBEITUYUBACTCS 3a CUeT
MOTEHIIMAIbHON PHEPruu, T.€. CTATUYECKOE ARiwa
JABJICHUE CHUKAETCS U HA00OPOT.

MoxHo monoOpaTh YCIOBUS, TIpU
KOTOPBIX JABJICHUE >KUJIKOCTH WU raza B
CY)KEHHOM y4YacTKe TPyObl CTAaHET MEHbIIE
aTMoc(epHOTro U TorJa CTpysi B 3TOM MECTe
MOJYKET OKa3aTh BcachIBarollee aencTteue. B
dbapManiuu ¥ MeAWIIMHE JTO CBOMCTBO
UCTOJB3YeTCs B paboTe BOAOCTPYHHOIO
Hacoca WM HSKCHUKAaTtopa. OITOT HAcoC
OeclryMeH W THWrHeHH4YeH. lcmomb3yercs
IIpY OTCAChIBAHUM KUAKOCTH W3 JIO0OM
ITOJIOCTH.

TyTin
TpyKa

A nynn
1pydKa




ONTUSTIK-QAZAQSTAN
MEDISINA
AKADEMIASY

SOUTH KAZAKHSTAN

SKMA| MEDICAL
.., | ACADEMY
Y AO «KOxHo-KasaxcTaHCKas MEAULMHCKAS akaneMus»

«OHTyCcTiK KasakcTaH MeguumnHa akaaemuscl» AK

Kadenpa meaunuackoi 6uopu3uku 1 ”HGOPMAIUOHHBIX TEXHOIOTHH Ne 35-11 (®)-2025

JIeXIIMOHHEBIN KOMIJIEKC M0 JUCHUITINHE «Du3uKa» Crp. 10 m3 32

B kayecTBe MOAenM cepAeYHO-COCYIUCTON CHUCTEMBI paccMaTpHUBAIOT 3aMKHYTYIO
CUCTEMY M3 MHOXXECTBA DPAa3BETBICHHBIX TOPU3OHTAIBHBIX  TPYOOK € 3JaCTUUYHBIMHU
cTeHKkamu (puc.2). JIBrmkeHue xKUAKOC-TH B CUCTEME MPOUCXOIUT IO ACHCTBUEM HAcOCa B
BHJI€ PE3UHOBOU Ipymin. IIpu cxaTtum pe3nHOBOM IpylId HEKOTOPOE KOJINYECTBO KUAKOCTH
MOCTyMaeT B TPYOKy «A». CTeHku TpyOKu, Onaromapsi 3JIaCTUYHOCTU pPACTITHUBAIOTCS U
TpyOka  BMemIaeT U30BITOK KUAKOCTU. 3aTeM CTeHKH TPYOKH «A» MOCTENEHHO
COKpaIIaloTCAd U MPOTOHAIOT U30BITOK JKUAKOCTH B CJIEIYIOIIEE 3BEHO CHUCTEMBI, CTEHKU
KOTOPOT'O TaKKe CHauaja pacTATUBAIOTCA U TpyOKa BMeIaeT U30bITOK KUIKOCTH.

B koHie cuctembl UM30BITOK XHAKOCTH coOupaercs B Tpyoky «b» u, moctymas
00paTHO B HACOC, BBI3BIBAET €r0 paCUIUPEHUE.

[To mepe pa3BeTBiIeHHUS oOOIIee ceueHUE TPYOKH  YBEIMYMBAETCS, U CKOPOCTH
IOBIKEHUSI  KUOKOCTU  yMeHbliaeTcs. OgHAKo BCIEACTBUE TOTO, YTO Pa3BETBIICHHE
COCTOMT W3 MHOXECTBa TPYOOK, MOTEpPH Ha BHYTPEHHEE TPEHHE B MPUCTECHOUYHBIX CIOSX
3HAUYUTENIbHBI U O0I[ee COMPOTUBICHUE IBIKCHUIO JKUJIKOCTH B HamOoOJee pPa3BETBICHHOU
YaCTU CWJIBHO BO3pacTaeT. AHAIOTMYHOE YCJIOBHE MMEET MECTO B COCYAMCTOM CHUCTEME
YEJI0BEKa.

HauansHoe naBienue, HEOOXOIUMOE JJIsl MPOABUKEHUS KPOBU O BCEH COCYIUCTOM
cucTeMe, cosnaercs paboToil cepaiia. B 3Tom oTHOIIEHHHU cepille MPEACTaBiIsieT coOOM
PUTMHYECKH JEHCTBYIOMIMI HAcoc, y KOToporo pabouasi ¢aza (COKpalleHHUE MBbIIIIbI -
CUCTOJIa) YepeayeTcs ¢ XolocTol (a3zoi (pacciabieHue MBIIIIBI - AUACTONA).

g
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[Tpu ka)xA0M COKpalIeHUH JIEBOTO KEIyJ0uka Cep/ilia B aopTy, YK€ 3aMoJIHEHHYIO
KPOBBIO TIOJl COOTBETCTBYIOIIUM JABJICHUEM, BBITATKUBACTCS YJapHBIH 00OBEM KPOBH B
cpenaem 60-70 mu. 3ateM KiamaHbl 3aKpBIBAIOTCS, T.€. JOTOJHUTEIBHBIH 00BEM KpPOBHU
TIOBBIIIAET JIABJICHWE B HEW W BBI3bIBACT PACTSXKEHUE CTEHOK, YBEIMYMBas 00bEM cocyaa.
DTO JaBlieHHE B aOpTE HA3bIBACTCS CHCTOJWYECKUM. BoJjiHa MOBBIIEHHOTO JaBICHUS
KPOBHU OBICTPO PACTIPOCTPAHSACTCS BJIOJIb apTEPUATBHONW YaCTU COCYAMCTOH CHCTEMBI H
BBI3bIBAET KOJICOAHUS CTEHOK. DTH BOJIHBI JIaBJIEHUS HA3bIBAIOTCS MYJIbCOBOM BOJHOM,
CKOPOCTh PaclpOCTpaHEHUsI KOTOPOW 3aBUCUT OT YHPYTrOCTH M IUIOTHOCTH COCYIUCTBIX
CTEHOK (6-8 M/c).

B nmepuon AuacTonbl CTEHKM aopThl TOCTENEHHO COKPAIAIOTCS JO HCXOJHOTO
MOJIOKEHUSI M TIPU 3TOM MPOTAIKUBAIOT MOCTYNUBIIUNA O0BEM KPOBU B MpUIIETAOIINE
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KpynHble apTepun. CTEHKU apTepuu B CBOIO OUEpe/lb PACTATHBAIOTCA, 3aTE€M COKPAIAIOTCA
U TPOTAJIKMBAIOT KPOBB B MOCJEAYIONINE 3BEHbS COCYIUCTON CUCTe-Mbl. B pe3ynbpTaTe TOK
KpOBM NPUHUMAET HenpepbIBHBIN xapakTep (v=0,3-0,5 m/c).

JIBrKeHNE KpOBH MO COCYAAM U OCOOEHHO paclpOCTpaHEHHE €€ MEXAY pPa3IudHbIMU
YacTSIMH CaMOM COCYAMCTOM CHCTEMBbI 3aBHCHT HE TOJBKO OT pabOThHI cepAla, HO U OT
o0IIero TMpocBeTa COCYAOB, TOHyCa COCYIUCTBIX CTEHOK, OOIIEro KOJIWYEeCTBa
LUPKYJIUPYIOIIEW KpOBM, €€ BSI3KOCTU U T.J. Bce 3T (dakTopel HaxoasiTcs MoA
PETYIHMPYIOUIUM BJIMSHUEM  IEHTPAJbHOM  HEpBHOW cuCTeMbl. Takum oOpazom,
dbusnonornueckue (GakTopbl, HAKIAAbIBalOIIMecs Ha (U3MYECKHEe  3aKOHOMEPHOCTH,
PETYIHPYIOT KPOBOOOPAIIEHUE B PA3JINYHBIX YaCTAX OpraHU3Ma.

TeueHne KpoBHM B COCYAMCTOM CHCTEME€ B HOPMAJIbHBIX YCIIOBUSAX HMEET
JaMUHApHBIN XapakTep. Ecnu Hapyliaercs 5TO YCIOBHE, TO TCUCHHE MOXET TIEPEUTH B
TypOynenTHoe. Hampumep, npu pe3koM CY>KEHHH MPOCBETOB COCYAOB WJIHM MPU HETIOJTHOM
3aKPBITUM WM OTKPBITUM CEPJCYHBIX WIM AOPTHBIX KIIAMAHOB, MOSBJISIOTCA 3BYKH,
Ha3bIBa€MbIE CEPACUYHBIMU IIIyMaMHU.

4. UnumocTpatuBHbIA MaTepuaJi: [Ipe3eHTanus, claiabl.

5. Jluteparypa:
1. Tumaniok B. A. buodusuka: yueOHUK A5 CTYACHTOB (hapMalleBTUUECKHUX U MEJ. BY30B.
-2-e uza. -K.: ]I "IIpodeccuonan", 2015.
2. AuroHoB B. @. ®u3uka u 6uodusuka: yueonuk. - M.: I'DOTAP - Menua, 2015.
3. ®usuka u Ouodusmka: npakTukyMm: yued. mocoodue / B. ®. AntoHOB [M 1p.]. - M.:
I'S0TAP-Menua, 2013.
4. bnoxmna M. E. PykoBomacTtBo Kk mabopaTopHbiM paboTaM MO MEIUIUHCKON W
Oouonorudeckoi pusuke: yueOHoe nocodue. -3-e u3l., crep.. -M.: Ipoda, 2014.
6. KouTposabHble BONpockl (00paTHOI CBSI3M):

1. Yem 0O0yCIIOBIICHBI MEXaHUYECKHE CBOMCTBA KUIKOCTH?

2. Kak MOHO oA00paTh yCIOBUs, IPU KOTOPHIX JAaBJICHUE KUAKOCTU WK Ta3a B

CY’KEHOM Yy4acTKe TpyObl CTaHET MeHblIe aTMoc(hepHOTo?

JIEKIIUSA Ne 6

1. Tema: TepmoauHamuKa.
2. Heab: OOBACHUTH IEPBOE HAYAJIO TEPMOJAMHAMUKH U TIPOIECCHI B UJICATHHOM Tas3e.
3. Te3nucol JeKIHUH:
Paznen ¢husuku, n3yqaronuii TEMIOBBIE SBICHUS C TOUKH 3pEHUS MPOUCXOANINX B HUX
MPOIIECCOB B3aMMHOTO TPEBpAIICHUS TEIUIOTHl M JPYTUX BHUIOB JHEPTHH, HA3BIBACTCS

TEPMOAUHAMHUKOM.
Teno mnm cOBOKYNMHOCTB Tell, YCIOBHO BBIJEIIEHHBIX U3 OKpYXKarollel cpelpl 1yl 6omee
yAOOHOTO  pacCMOTpPEHHs  MPOUCXOIAUIMX B~ HHUX  TPOLECCOB,  Ha3bIBAETCSA

TEPMOAVNHAMUYECKOU CUCTEMOM.

N3onupoBaHHas cuctema, HaXOAIIasiCsl B HEPABHOBECHOM COCTOSIHUH, CAMOIIPOM3BOJILHO
NEepexoquT B paBHoBecue. Ilepexoa cHCTeMbl M3 OJHOIO COCTOSIHUSL B JAPYIoeE,
IIPOUCXOJSALIUI yepe3 pall IPOMEXKYTOUHbIX COCTOSHUN, HA3bIBAETCS TEPMOJANHAMUYECKUM
IIPOLIECCOM.
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[Ipouecc, KOTOPBI MOKET CaMOMPOM3BOJIBHO MPOTEKATh U B MPSAMOM, U B 0OpaTHOM
HaAMPaBJICHUSX HA3bIBACTCS OOPAaTUMBIM. DTOT MIPOLECC COCTOUT U3 IMOCIETOBATEIBHOIO
psAla PpaBHOBECHBIX cocTOSHUW. K HHM MOXHO OTHECTH JOCTAaTOYHO MEIJICHHO
MIPOTEKAIOIINE MPOIECCHI CHKATHS, PACIIUPEHUS, HATPEBAHUS U OXJIAXKICHUS ra3a.

HeoOpaTumbiM Ha3bIBaeTCs MpoOIECC, B KOTOPOM XOTS Obl OJHO MPOMEKYTOYHOE
COCTOSTHUE HE SBICTCA PABHOBECHBIM U TIPOLIECC HEIb3sd TMPOBECTH B OOpaTHOM
HaIlPaBJICHUM Yepe3 T€ K€ MPOMEKYTOUHBIE COCTOSHUS: OBICTPO MPOTEKAIOIIEE CXKATHE,
pacmupeHue, oxJaxJeHue, B3auMmHas auddy3us razoB, nepenada TEIUIOTHI MyTeM
TEIJIONPOBOHOCTH U AP.

Paccmotpum cnemyromiue mpoiecchl M3MEHEHHUsl COCTOSIHUSL MJEalbHOTO Ta3a:
1. M3oxopuueckuil Mporecc MpOUCXOAUT mpu V=const, T.e. Ta3 HE COBepIIaeT paboThI
NpOTHB BHEMTHKUX cui, T.. A=0. Bcs cooOmraemas rasy temiora: dQ= dU 3arpaunBaetcs
Ha U3MEHEHUE BHYTPEHHEW YHEpruu, T.e. HA HarpeBaHUE CHCTEMBI.
2. N3obapuueckuii mporecc mpoTekaeT npu P=const. ['a3 HarpeBaeTcs, pacHIMpACTCS U
npu 3ToM coBepuraeT pabory BHemHMX cwil. dQ= dU+dA T.e. cooOmieHue cucreme
TEIUIOTHI 3aTpavyMBaceTCs  HAa YyBEJIMYEHHWE  BHYTPEHHEH  DHEPruM CUCTEMBl W Ha
COBEPIIIAEMYIO €10 padoTy.
3. M3orepmuyeckuii mpouecc nporekaet npu 1T =const. BHyTpeHHsAs1 dHeprus raza He
u3mensiercs: AU=0, U=const, cienoBarenbHo dQ=dA, T.e. Bca Temiora, cooOmaeMas
CUCTEME, pacCXOAyeTCs Ha COBEpLIAEMYIO padoTy.
4, Apmabatmdeckuil mporiecc mpoTekaeT mpu Q=const, Torga paboTa coBepiaeMas
CHUCTEMOU MPOUCXOIUT 3a CUET HU3MEHEHMs ero BHyTpeHHel sHepruu: dA= - dU, T.e.
pacIIMpeHue BBI3BIBACT OXJIAXKJICHUE, @ C)KATHUE — HarpEBaHHUE.

KonuyecTBO TemioThl, HEOOXOAMMOE [Jis HarpeBaHWs Tejla Ha OJUH Tpaayc
KenbBuHa, HA3BIBAIOT TEIUIOEMKOCTBHIO Teda. Tak KakK KOJMYECTBO TEIJIOTHl 3aBUCUT OT
mpoiiecca, TO ¥ TEIJI0EMKOCTh CYIIECTBEHHO 3aBUCHUT OT mpotecca. st 0AHOro U TOTO Xe
Tela TPHUHATO pa3jinyuarh yACNIbHBIC TemmoeMkocTu u3zobapHoro Cp, u uzoxopHoro Cy
nporeccoB. OTHONIEHUE YACIBHBIX TEIUIOEMKOCTEM MpPH MOCTOSHHOM JaBJICHUU U TIPH
MOCTOSIHHOM 00bEME Ha3bIBAET MOKA3aTEIeM aIuadaThl.

IIepBoe Hauano
TemmoeMKOCTH MpU U30MPOLECCAX
Ne N3onpornecchr TEPMOJINHAMUKHI (C= dQ/dT)
(dQ=dA+dU)
1. | U30oTepMudecKuii du=0, dQ=dA dT=0, Cr=w0
nporiecc
2. |U3obapuueckuii dQ=dA+dU Cp=dU/dT+dA/dT=Cv+R
poIIecC Cp-Cv=R - ypaBHeHme Maiiepa
3. |M3oxopuuecknii dA=0, dQ=dU Cv=du/dT
porecc
4. | Aqnabatnueckuii dA=-dU Co=0
nporiecc

Kaxcz[aﬂ KJIeTKa M BECh XUBOU OpraHu3M ABJAIOTCA OTKPBITBIMU CHUCTCMAMMH.
HpOHCCCLI, IMPOTCKAIOIINC B OuocHucTemMax HeO6paTI/IMI>I, TO C€CTb IIPpH MCPEXOAC CUCTCMBI U3
OdHOI'0 COCTOsAHMAI, 06p3THI;II>i nepexoa B Ha4YaJlbHOC COCTOAHHUC HCBO3MOXCH 0e3
AONOJIHUTCIIbHOT'O TIPUTOKAa OJSHCPruu HM3BHE. I/I3yT-ICHI/IeM 9TUX BOIPOCOB 3aHUMACTCA
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TEpPMOJAMHAMUKA, 3aKOHBI KOTOPOM CHpPAAJIMBBI KakK [JIsi HEXUBOW, TaK M AN KUBOU
MIPUPOJIBI.

TepMonuHamMuKy  MOApa3JENSIOT  HAa  KJIACCHYECKYl0  (paBHOBECHYI) U
TePMOANHAMUKY  HEOOpaTUMBIX  TpolieccoB  (HepaBHOBecHyro). Ilpu  u3ydenuu
OHMOJOTHYECKUX MPOILIECCOB UCIOIb3YeTCs METOIbI HEPaBHOBECHOM TEPMOAMHAMUKHY.

[IepBblii 3aK0H TepMOgUHAMUKHN UMeeT BUI: dQ =dU +dA,

rae Q — KOJMYEeCTBO TEIUIOTHI, TIOTydYeHHOE cucTteMoit, U — BHYTpEHHSA YHEPTHS CUCTEMBI,
A — pabGorta coBepiiaeMasi HaJ, CUCTEMOW, B CBol ouepeabr dA>0, eciau pabota
coBepiaeTcs camoi cucreMoit m dA=PdV - pabGora cuctemsl, rae dV — u3McHCHHE
oobema. Torma: dQ =dU + PdV

npu V=const dQ=dU

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

raie H — sHTansnus — QyHKIUS COCTOSHUS, ONpPEACNAIoNias KOJWYECTBO BbIICIUBIICHCS
TEIJTIOTHI B N300apHUUECKOM MPOIIecce.

B Ouonorudecknx cucreMax MpoIEecChl COBEPIIAIOTCS MPH MOCTOSHHOM JIaBJICHUH,
CJIETIOBATENIbHO, TETUIOBOM 2P (eKT OMOXUMHUUECKHUX PEaKIuii paBeH M3MEHEHUIO SHTAIBIINN
B xone peakiuu. CyliecTBOBaHHE >XUBOTO OpTraHM3Ma TpeOyeT MOAJepkKaHUA €ro B
HEPAaBHOBECHOM COCTOSIHMH, a 3TO HEBO3MOXKHO 0€3 MPUTOKA SHEPIUU U3BHE.

[lepBblii  3aKOH TEPMOJMHAMHUKHA TO3BOJISIET  ONPEACNIUTh KOJUYECTBEHHBIC
COOTHOIIEHUSI MEXAY pa3IUuHbIMU (hopMaMH IHEPTHUU, KOTOpbIC MPUHUMAIOT y4acTHE B
JAHHOM TIpoIlecce, T.€. Pa3jINYHbIe BUABl DHEPTrUUd MOTYT MpeBpamniaThCs IPYyr B Apyra B
SKBUBAJICHTHBIX KoJuyecTBaXx. Ho OH HE MOXET ompeAcnuTh B KAaKOM HalpaBlICHUU
MPOUCXOOUT TMpeBpalleHue HHeprud. Ha 53TOo TBOmpoc OTBE4YaeT BTOPOW 3aKOH
TEPMOJMHAMUKH.

Bo3MoxHOCTh MpOTEKaHUs TEPMOJAMHAMUYECKUX TMPOIECCOB, UX HAMpPaBICHUE U
MpeAesl MOTYT XapaKTepu30BaTh TaKWe MapamMeTpbl COCTOSHHUS CHUCTEMbI KaK HHTPOIUS,
cBOOOIHAS U CBSI3aHHAs DHEPrusl.

[Ton sHTpommel S moHMMaeTcsd OTHOIIEHWE Temia Q, MPOU3BOAUMOIO B
o0paTHMOM HU30TEPMHUYECKOM TpoIlecce K aOCcoMoTHON Temmeparype T, mpu KoTopoi

MIPOTEKAET MPOLECC: S :g WM U3MEHEHHUE SHTponuu dS :dT—Q , oTkyna dQ=T -dS,
TOTJIa  MEpBBIA 3aKOH TEPMOJAMHAMHUKH [JIi WM30JIMPOBAHHOW CHUCTEMBI HMEET BHJI:
dU=dA+TdS, rne dA - mone3nas pabota, coBepiiaemasi CHUCTEMOW W Ha3bIBACTCS
n3MeHenneM cBoboHoi sueprun dF, rorma dU=dF+TdS.

BHyTpeHHsIs1 sHEprus CUCTEMbl paBHA CyMM€E CBOOOIHOM SHEPTHUH U CBSI3aHHOM.

CBoOoHast PHEPTUSI HMCTOJB3YETCsl Il COBEPIICHUSI PabOThI, CBA3aHHAS JHEPTHUS
Ta 4acCTh BHYTPEHHEH DHEPTrUM, KOTOpas HE HCIOJB3YEeTCs ISl COBEpIIeHUsS paboThI, a
Oecrone3Ho paccemBaercs B Buje Teruia. OHa OMpeneNsieTcss SHTPOIHEH, €CIIH MPOIEeCChl
unyt npu T=const. YUeM Gombiiie 3HTPOMNHUS, TEM OOJBIIE KOJIUYECTBO CBSI3aHHOW SHEPTHUHU.

Uewm Ooibliie cBsI3aHHAsI SHEPTHs, TEM HHTCHCUBHEE pACCEUBAHUE YHEPTUH B TEILIO U
TeM HeoOpaTUMee SIBJISICTCS  TPOIIecC.

Takxum 006pazoM, SHTPOMHUS - ITO MEpa PACCEHBAHUS, ACTPANANNNA SHEPTHUH, & TAKKE
Mepa HeoOpaTuMocTH mpouecca. Eciu B cucteme coBepiuaercs pabota, To 3Ta pabora
COBepIIAeTCs 3a cUeT CBOOOJHOU SHEPrUM.
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B cnydae HeobpaTuMoOro mpoiecca coBepiineHHas pabota OyaeT MeHbIIe N3MEHEHHUS
CBOOOIHON IHEPTUU, KOTOpasi MOCTOSHHO UMEET TEHJICHIIUIO K YMEHBIIECHUIO BCIIEACTBUE
paccenBaHus €€ B TEIIO.

Bropoii 3akoH TepMOAMHAMHUKM 0000IIAaeT BBIIIEYKa3aHHOE IIOJIOKEHUE, T.€.
0001 caMOIIPOU3BOJIBHBIN TPOIIECC B U30JIUPOBAHHON CUCTEME MPUBOIUT K YMEHBIIICHUIO
CBOOOIHON PHEpPTUU, €ciu mpolecc HeoOpatuM. Ecnu mporecc o6patuM, TO CBOOOIHAsS
SHEPTHUSl CUCTEMBI HE U3MCHSICTCS.

B u3onupoBaHHO#N cucTeme Mpu MPOTEKaHUH HEOOPATUMBIX MPOIECCOB CBOOOIHAS
DHEprusi ~ yYMEHBINAETCs, a CBs3aHHAs SHeprus yBenuuuBaetcs. OOIIee KOJIUYECTBO
SHEPTUU B CHCTEME HE U3MCHSICTCS.

[TockoJIbKYy Mepoi#l CBS3aHHOW SHEPTHH SIBISICTCS DHTPOMHS, TO MPU HEOOPATUMBIX
TpoIeccax SHTponus cucreMsl Bozpactaet: dS =(dQ/T) > 0

Takum o00OpazoM, Bce  mporecchl B TIPUPOJE  MPOTECKAIOT B HAIMpPaBICHUU
YMEHBIICHHUSI CBOOOTHOM PHEPTHUH U YBEIMYCHUS SHTPOIMH — 3TO U €CTh TIOHATHE BTOPOTO
3aKOHA TEPMOJNHAMUKH.

[Iporniecc mpoTekaet 10 TeX Mop, MOKa CBOOOHAS YHEPTHUsl HE CTAaHET PaBHOM HYIIIO,
a DHTPONUS MAaKCUMaJIbHOMY 3HAYCHHIO - 3TO COCTOSHHUE  CHUCTEMBI  HAa3bIBACTCS
TEPMOJUHAMUYCCKUM DPABHOBECHEM.

B Tedenue AnuTenbHOTO BPEMEHU CUMTANM, YTO BTOpoe Havano Tl He mpuMeHuMO
K OMOJIOTHYECKUM CHCTEMaM, T.€. BCE MPOIECChl B CHUCTEME JIOJDKHBI MPUOINXKATh ee K
TEPMOJMHAMUYECKOMY PAaBHOBECHIO, YTO HE MPUMEHHUTEIBHO K JKUBBIM OpraHU3Mam
O3Ha4aeT MPHUOIMKEHUE CMEPTH.

OpnHako, pabOTOCIIOCOOHOCTh OHONOTMYECKMX CHCTEM  HE YMEHBIIAeTCs  CO
BPEMEHEM, UX JKU3HEACITCILHOCTD MPOJIOJDKACTCS TOABI U ISCATUIICTHS. DTO OOBSICHICTCS
TEM, YTO 3aKOHBI KJIACCHYECKOW TEPMOJIUHAMUKHN OBUTH pa3pa0dOTaHbI I U30JIUPOBAHHBIX
CUCTEM, a KHBBIC OPTaHU3MBI SIBJISIOTCS OTKPHITBIMH CUCTEMAMH, KOTOPble 0OMEHUBAIOTCS
C OKpy»Karolel cpenoi sHeprueit u BemiectsoM. [loaTromy ob1iee u3MeHeHe pas3aenseTcs
Ha aBe yactu: dFi u dSi - u3meHeHue cCBOOOJHON SHEPTHH W DHTPOMUHU, 00YCIOBICHHOE
MPOTEKaHUEM OHMOXUMUYECKUX U OMopu3nyYecKux mporieccoB BHYTpu cuctembl, dFe m dSe
00YCJIOBJICHHOE B3aWMOJICHCTBHEM C OKPYXKAIOIIECH Cpeoi:

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

Tax kak Bce Ouoxmmmuueckue © OMO(DU3MYECKHE TIPOIECCHl B  OpraHH3ME
HEOOpaTUMBI - MPOTEKAIOT C PACCEUBAHWEM YacTH OSHEPTUM B TEIUIO, TO B PE3yNbTaTe
3TOr0 CBOOOJHAs AHEPTUS CHCTEMBI HENpepbIBHO yMeHbImaercss dF< 0, a sHrpomus
Bozpactaer  dS>0. Ho B opranusme mPOTEKAOT MPOILECCH], COMPOBOXKIAIIINECS
YBEJIMYEHUEM CBOOOJHOM SHEPTHUHu.

JKuBoli opraHu3M MPEACTABISICT COOOM OTKPBHITYIO TEPMOJMHAMHYCCKYIO CHCTEMY,
KOTOpasi HAaXOJUTCS B CTAIIMOHAPHOM COCTOSIHUH, T.€. COCTOSIHUE CHCTEMBI, IPU KOTOPOM
nmapaMeTphl €€ CO BPEMEHEM He H3MEHSIOTCS, HO MPOUCXOAWT  OOMEH BEMIECTBOM U
DHEPTUEH C OKPYXKAIOIIEH CpEellOor, HA3bIBAETCS CTALIMOHAPHBIM.

. TlpuroxxvH Ha OCHOBE WU3YYEHHsI OTKPBITHIX CHCTEM C(HOPMYIHPOBAT OCHOBHOE
CBOMCTBO  CTAal[MOHApPHOTO  COCTOSIHUS: B CTAllMOHAPHOM COCTOSIHUH CKOPOCTh
BO3pAcTaHUs SHTPOIMUHU, OOYCIOBJICHHAsT MNPOTEKAaHUEM HEOOPaTHUMBIX MPOILECCOB, UMEET
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MOJIOKUTEITbHOE 1 MUHUMAJIBHOE W3 BO3MOXKHBIX 3HAUCHUI.

CrnepoBarenbHO, cUCTeMa ISl TIOJCPKAHUSI CTAllMOHAPHOTO  COCTOSIHUSA TpedyeT
MUHUMAJIBHOTO M3 BCEX BO3MOXKHBIX 3HAYE€HUN NPUTOKA CBOOOJHON 3HEpPruu, T.€.
OpraHM3M CTPEMHTCS padoTaTh Ha HamOojee BBITOJAHOM BHEpreTndeckoMm yposHe. [Ipu
3TOM TNOJJEpKaHUE  IOCTOSHHOIO  YpPOBHA B OpraHU3ME OCYIIECTBISETCS IIyTEM
MOTpeOJICHNs MUIIEBBIX BHICOKOMOJIEKYIISIPHBIX BEHIECTB CO 3HAUUTEIHLHOW OTPUIIATEIHHON
SHTPONMUEN W BBIBEICHUS M3 OpPraHM3Ma JECTPYKTUBHBIX IPOAYKTOB IHILEBAPEHUS C
MIOJIOKUTENIBHOM  SHTPONMEH, a TakKKe HEeMOCPEICTBEHHON OT/ayul TEIUIOThl B
OKPY’KaIOIIYI0 Cpeny.

Ilepenaua sHepruM OT OJHOrO  Tela K JApyromy 0e3 coBeplieHHs  paboThl
HAa3bIBACTCS TEIUIONEpPEIauei.

OHeprus, HeoOXoauMas Ui KU3HENEATEIbHOCTH  OpraHU3Ma, JOCTaBIIAETCA C
MULIEN B BUAE SHEPTUM XMUMHUYECKUX CBSI3€l BBICOKOMOJIEKYJISIPHBIX IHINEBBIX BellecTB. B
OpraHM3Me 3TH BEUIECTBA OKUCIISIIOTCS 10 00jiee MPOCTBIX W OCBOOOKAAIOIIASICS TIPU 3TOM
SHEprusi, MpeBpallaeTcs B JAPyrue BUIBI DHEPIrUH, IJIABHBIM 00pa3oM TEIUIOTY, a TakkKe
paboTy, coBepIIaeMYIO MPH  PA3TUYHBIX JIBIKCHUSAX U T.1I.

4. NnunrocTpatuBHbIid MmaTtepuaJ: [Ipesenranus, ciaapl.

5. JIuteparypa:
1. Tumanrok B. A. bnodusuka: yueOHUK 715 CTYICHTOB (papMalleBTHUECKUX U MeJl. BY30B.
-2-e uzn. -K.: /1 "IIpodeccuonan", 2015.
2. AutoHoB B. ®. ®uzuka u 6uodusuka: yueonuk. - M.: T9OTAP - Menua, 2015.
3. ®usuka u O6uodpusmMKa: MpakTukym: yude6. mocooue / B. @. AnTtoHOB [U 1p.]. - M.:
I'S0TAP-Meauna, 2013.
4. bnoxuna M. E. PykoBojacTtBo K nabopaTopHbIM padoTaM 1O MEIWLUHCKON H
ouosnorudeckon pusuke: yueOHoe nmocodue. -3-e u3l., crep.. -M.: Jlpoda, 2014.
6. KonTposbHbIe Bonpockl (00paTHOI CBSA3M):

1. Yro Ha3pIBaeTCS TEPMOJAUHAMUYECKON CHCTEMON?

2. Yem oTiiMyaeTcs MPOLECCH B UIeaTbHOM ra3e?

3. Kak npoucxoauT npeBpaiieHust TeMnaoThl U IPYyruX BUIOB SHEPIruu?

4. B KakuX HamnpaBiICHUAX U3MEHsETCA CBOOOIHAsA U CBsI3aHHAs SHEPTUs?

5. Kak onpenensercst CKOpOCTh BO3pACTaHUSI SHTPONMUM JJIT HEOOPATUMBIX

MPOLECCOB?

JIEKIIUSA Ne 7-8

1. Tema: buonorundyeckue MemOpanbl. TpaHCTIOPT BEIIECTB Uepe3 OUOTOTUUECKHE
MeMOpaHsbI.
2. Heab: OOACHUTH CTPYKTYPHYIO OCHOBY OHMOMEMOpaHBI, PacKpbITh €€ OCHOBHBIC
(GYHKIMH U paCMOTPETh COBPEMEHHYIO KUIAKOCTHO-MO3AaUYHYIO MOJCITb.
3. Te3uckl JeKIUH:

brodusnuka memOpan — BaKHEHIINI pa3aen 0MOPU3NKH KIETKH, UMEIOMINNA O0JIbIIoe
3HAYCHHE TSI MEIUIUHBL. MHOTHE JKU3HEHHBIC MPOIIECCHl MPOTEKAIOT Ha OMOIIOTUYECKIX
MeMOpaHax. HapymieHne MeMOpaHHBIX MPOIECCOB — TPUYMHA MHOTUX IaTOJOTHH.
JleueOHbIE BO3JEICTBHS HA OPTaHM3M TaK)K€ BO MHOTHX CIydasiX CBSI3aHBI C BO3JEHCTBHEM
Ha (YHKIMOHUPOBAHUE OMOJIOTHYECKUX MEMOpaH.
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JKuBas kjieTKa OCHOBAa CTPOEHHMS BCEX KUBOTHBIX M pACTEHUI. BaxkHENIIUM yCIIOBUEM

CYILIECTBOBAHUS KJIETKU (M KIETOYHBIX OPTaHEeIT) SIBISETCS:

1) aBTOHOMHOCTH TIO OTHOIIEHHIO K OKpYKarolled cpeae (BELIECTBO HE JOKHO
CMEIIUBATHCS C BELIECTBOM OKPYKEHHUSI, JOKHA COOIOAATHCS ABTOHOMHOCTh XMMHUYECKHX
peakiuii B KJIETKE U €€ OTJEIbHBIX YaCTSX);

2) ¢ Ipyro CTOPOHBI, CBS3b C OKPYKAIOIIEH cpelol (HePephIBHBIN, PEryIupyeMblid
NIEPEHOC BELIECTBA U 3HEPIHMM MEXKIY KJIETKOM M OKpyKaroluel cpenoil). Kupas KieTka
OTHOCUTBHCS] K TEPMOJANHAMUYECKON OTKPBITOM CUCTEME.

OcHOBHBIMH (DYHKUUSAMH OMOIOTUYECKUX MeMOpaH SIBISIOTCS:

1) OapebepHas — oOecCICYMBACT CEICKTUBHBIN, PETYIUPYCMBIH, MACCUBHBIA M aKTUBHBIN
00OMEH BEIIECTB KJIETKU C OKpyxkaromien cpenoil. CenexmugHulii — 3HAYUT
u30UpaTeNnbHbIN, T.€. OJHU BEIIECTBA MEPEHOCITCS 4Yepe3 OMOIOrHYecKHe
MeMOpaHbl, Apyrue HeT. Pecyiupyemviti  npoHHUIIAEMOCTh MEMOpaHBI IS
OTPE/ICJICHHBIX BEIIECTB MEHSAETCS B 3aBUCUMOCTH OT (DYHKIIMOHAJIBHOTO
COCTOSIHUSl KIIETKU. AKmueHbli  TIEPEHOC OT MECT, IJleé KOHLIEHTpAIUs
BEIIECTBA MaJia, K MecTaM ¢ O0JbIIel KOHIIEHTpAIUe;

2) MarpuyHas — OO0ECIEeYMBACT B3aMMHOE PACIHOJIOXKCHUE M OPUCHTAIMI0 MEMOpPaHHBIX
O€NKOB, U UX ONTHUMAJIbHOE B3aUMOJIEHCTBUE (HapUMep: B3auMOJACHCTBHIE
MeMOpaHHBIX (EPMEHTOB);

3) MexaHudeckass —  OOECIEYMBACT TMPOYHOCTh M  aBTOHOMHOCTh  KIETOK H
BHYTPHUKJIETOYHBIX CTPYKTYP.

Kpowme Toro, 6uonorndeckiue MeMOpaHbl BHITTOJIHSIOT (DYyHKITHH:
e HHepreTudyeckyro — cuHTe3 AT® Ha BHYTpeHHUX MeMOpaHax MHUTOXOHAPUU U
(hoTOCHHTE3 B MEMOpaHaX XJIOPOIIACTOB;
e TIeHepaluio U MPOBeIeHNE OUOTIOTEHINAIOB;
® DEIEenTOpPHYIO (MeXaHU4YecKas, aKkyCTHUeCcKasi, 0OOHSTeNIbHAs, 3pUTENbHAsA, XUMUYECKa,
TEepMOpELEeNIU — MEMOpaHHbIE MPOLIECCHl) 1 MHOTHE APYTUe (PyHKIHH.
OrpomHasi posib MEMOpaH B )KU3HEHHBIX MPOIIECCaX CBA3aHA C MX OTHOCUTEIBHO
00JIbIION COBOKYMHOM IUIomIaib0. Tak, 001as miouaab Bcex OMoJornyeckux MmeMOopas
B OpPraHU3Me€ YEeJIOBEKa JOCTUTAET JIECSITKOB THICAY KBAIPATHBIX METPOB.

Muorue O00€3HU CBSI3aHBI C HAPYIICHHEM HOPMAJIBHOTO (YHKIIMOHUPOBAHUS
MeMOpaH: KaHLIEpOreHe3, aTepoCKiIepo3, HapyIlIeHUe IUEThl, BUPYCHbIE U MHPEKINOHHBIE
3a00JieBaHMsI, OTPABIICHUS, TOPAXKEHUE OPraHU3Ma YIbTPaQHUOIECTOBBIM U MOHU3UPYIOLIUM
oOiydyeHueM u MHOTHe apyrue. JledeHue cBsizaHa C BO3/JECTBHEM Ha MEMOPAHBI C LIEJBbIO
HOPMaJIN30BaTh UX (PYHKITHH.

[TepBast Mmozenb cTpoeHus OuoIOrHUecKuX MeMOpaH Oblia mpeaioxeHa B 1902 romy.
OBEpTOH 3aMeTWI, YTO Yepe3 MeMOpaHbl JIydllle BCEro MPOHMUKAIOT BEUIECTBA, XOPOIIO
pacTBOpUMMEBIE B JUMUAAX W HA OCHOBAaHUHM 3TOTO TPEIIONOXKHI, YTO OHOIIOTHYECKUE
MEMOpaHbl COCTOSIT U3 TOHKOTO ciiosi (¢ocdonunuaoB. Ha camoMm jene, Ha MOBEpXHOCTU
paszena IOJNIAPHOM U HEmoJIApHOM cpena (Hampumep: BOABI M BO3/AYyXa) MOJIEKYJbI
dbochomunuaoB 00pazyr0oT MOHOMOJICKYJSIPHBIA (OTHOMOJEKYJIApHBIN) cior (puc.l). Mx
MOJISIPHBIE  «TOJIOBBD)» TMOTPY>KEHbl B TOJSPHYIO CpEly, a HEMOJSPHBIE «XBOCTBHI»
OpPUEHTUPOBAHbI B CTOPOHY HEMOJSpHOM cpelnbl. [1oaTOMY MOXKHO OBLIO MPEAMNOIOKHUTH,
94TO OMOJTOTUYECKHE MEMOPAHBI TOCTPOCHBI U3 MOHOCIIOS JINITHIOB.
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B 1925 rony L'oprep m I'penpen mokaszaiv, 4YTO IUIONIAb MOHOCJOS JIUMHUIOB,
AKCTPAarupoOBaHHBIX U3 MEMOpaH IPUTPOIMTOB, B JIBa paza OOJIBIIE CyMMAapHOH IUIOMIaH
sputpouutoB. [oprep u I'peHmen sKcTparupoBaiyd JUMUIALI W3 TEMOJU3UPOBAHHBIX
SPUTPOIIMTOB ALETOHOM, 3aTEM BBIMAPHUBAIN PACTBOP HA MOBEPXHOCTH BOJBI U U3MEPSUIIH
TJI01a1b 00pa3oBaBIIeHCS MOHOMOJICKYJIIPHON TJICHKH JTUNUA0B. Ha ocHOBE pe3ynbTaToB
TUX HCCICIOBAaHUM OBUIO CAENAaHO TPEANOJOKECHHE, 4YTO JHUIWABL B MeMOpaHe
pacroJiararoTcsi B Bijie OMOMOIEKYISIPHOTO ciios (puc.l.)

Eoma
[TomapHad roToEEa T '
E
Hemomap e ot X6 oeT-~T, A DNEKTpONET
\/\_:__ Euomen- ﬁﬁﬁﬁﬁﬁ ﬁ
bpana embpana
Frocdmrn
¢ ~ T QQ Q QB Q B
— SNEKTROMHT
Eona
Puc. 1. BumonexynApHEE clol THIHAOE. Puc 2. Mewbpana xaw KOHEHCATOp.

DTO TPEANOSIOKCHUE TOATBEPAUIN HCCICIOBAHUS IJICKTPUUSCKUX TapaMeTpPOB
ouonmornueckux MemOpan (Koyn wu  Keptue, 1935r.): BBICOKOE 3IEKTPUYECKOE

7 2 N
conpotusienue ~10"Om - m* u Gompimas >nexrpoemkocts =~ 0,5-107° @/ M’ (3HaueHus

COTPOTHUBIICHUSI U DJIEKTPOEMKOCTH — Ha €IMHUILY TUTOIAId MEMOPaHBbI).

buojornyeckyro  MeMOpaHy  MOKHO  pacCMaTpUBATh KAk DJIEKTPUYECKHM
KOHJIeHcaTop (puc.2.)

[InacTuHaMM KOHAEHCATOpA SBJISIIOTCS JJICKTPOIUTHI HAPY>KHOTO M BHYTPEHHETO
pPacTBOPOB (BHEKJIETOYHOTO U ITUTOIIa3Mbl), OHU Pa3/eieHbl TUAJIEKTPUKOM — MeMOpaHOU
C TUAJIEKTPUUECKON MPOHULIAEMOCThIO £=2,

£
EmKkocTh mockoro kongencatopa: C=-2— (5.1.), rae aeKTpryecKasi MOCTOSTHHAS
&, ~8,85-107*®/ m; |-paccrosHre MKy MIIACTUHAME KOHJIEHCATOPA.
E.ES
0

VY nenbHAs €eMKOCTh Ha equnuity miomann: C | = (5.2.).

yo |
OTCIO)Ia MOXHO HaﬁTH paCCTOSIHI/IC MG)K)IY IIJ1aCTUHaAMHU KOH}IGHC&TOpa,
COOTBCTCTByIOHlee B HaAIlIECM cnyqae TOJJIIUHEC J'IPIHPII[HOﬁ qacTu MeM6paHBIZ

| fo® _885-10"7.2

M~3~4num

-2
Cy() 0,5-10

9TO Kak pa3 COOTBETCTBYET 10 MOPAAKY BCJIMINHBI TOJTIIMHE HGHOJ’IHpHOfI qacTu
ABYMOJICKYJIAPHOTO CJIOA JIUTTHUAO0B, CIIOKCHHOTO OIMPCACIICHHBIM O6p&30M.
Bwmecte ¢ TCM, UMCJIMCH SKCIICPUMCHTAJIBHBIC TAHHBIC, KOTOPBIC CBUACTCIILCTBOBAJIN
O TOM, 4YTO Ouojoruyeckas MeM6paHa COCTOMT M U3 OEJIKOBBIX MOJICKYIJI. HaHpHMep: Ipu
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M3MEpPEHUN TOBEPXHOCTHOTO HATSDKEHMS KIJIETOYHBIX MeMOpaH ObUIO OOHAapyXeHO, YTO
M3MepeHHbIe 3HaYeHUsI KO PUIIHEeHTa TOBEPXHOCTHOTO HATSKEHUS 3HAYUTENIBHO ONIKe K
KO3(ppUIIMEHTY MOBEPXHOCTHOTO Ha rpaHulle paszziena Oenok-ojaa (okono 0,1 aun/ cm),
HEXEJIW Ha TpaHule pazaena aunua-ona (okoso 10 aun/cM). DT HpOTHBOpPEUHUS
OKCIIEPUMEHTAIBHBIX  pe3ylbTaToB  ObUTM  ycTpaHeHbl  Jlanuenn u  J[eBOHOM,
npennoxkuBmuMu B 1935 rojay, Tak HaszbiBaeMylo «OyTepOpOIHYIO» MoOJiefdb CTPOCHUs
ouonoruyeckux MembOpad. CoriacHO 3TOH MOJENH, HMMEIOTCS JBa CJOSI MOJIEKYI
dbochomunuaoB, KOTOPBIE PACHOIOKEHBI MEePHEHAUKYISIPHO TMOBEPXHOCTH MEMOpaHHbI.
[MunpouabHBIMU KOHIIAMH MOJIEKYJIBI JIMIIMIOB HAMpPaBIEHBI HAPYXKY, THAPOPOOHBIMH K
HeHTpy memOpanbl. ['mapodoOHBIE KOHIBI — 3TO TaKUe KOHIIbI, KOTOPBIE HE COIEpKaT
MOJIAPHBIX TPYMIT W HE MOTYT MPHCOSAUHATH MOJEKYJIbI BOABL. Ha MOMSpHBIX Tpymnmax
MoJiekyn QochoaunuaoB MeMOpaHbl abcopOupoBaHbl OEIKOBBIE MOJEKYJIbl B (opMme
r7100y7, KOTOpbIe MOKPBIBAIOT IBONWHOW cioi (ochonunuaoB ¢ 00eux CTOpOH, MpuaaBas
€My 3JIaCTUYHOCTh W YCTOWYHUBOCTH K MEXaHWYCCKHUM IMOBPESKICHUSM, a TAKKE HHU3KOE
MOBEPXHOCTHOE HaTsDKeHUE. ToJNIMHA KIETOYHOW MeMOpaHbI OIICHHBAIACh MPUMEPHO &
HM, TaK KaK JJUHA JUMUIHBIX MOJIEKYJ IPUMEpPHO paBHA 3 HM, TOJIIMHA MOHOCIIOS Oerka
okoio 1 uM. Takxke OBUIO ONpENEICHO, YTO Ha OIHY MOJEKYIy Oelika MPUXOIUTCS
npuoaM3uTeabHO 75-90 Mosekyn ¢pochonunuaoB.
Mornekyna docdonunuaa CoAEpKHUT MOJIIPHYIO TOJNOBY (Tpou3BoaHYI0 (ochopHOi
KHUCIIOTHI) U HETIOJISIPHBIN XBOCT (OCTaTKU KUPHBIX KUCIIOT).
B rosoBe ¢dochomunuaHoil MoNEKydabl HMEIOTCS JIB€ 3apsDKEHHbIE  TPYIIIbI
PacIoNO’)KEHHbIE Ha HEKOTOPOM PACCTOSHUU JAPYT OT Apyra. J[Ba pasHOMMEHHBIX 3apsja,
paBHBIC TTO a0COTIOTHOM BEIMUMHE, 00Pa3yIOT ANEKTPUICCKUM TUTIONG (prc.4.).

—
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Pucd Gunextpudeckri gHOOIE

B wmemOpane conepxkarcs paznmuunbie (docdonunuasl. Hampumep, B memOpane
SPUTPOLUTOB UX OKoyo 20 BuaoB. Bapsupyerca xumuueckas ¢GopMyia NOJISIPHOI T'OJIOBBI
MOJICKYITBI.

[TonsipHbIE TONOBBI MOJEKYT (HOCPOIUIMHUIOB THAPODUIBHBIC, a WX HEMOJSPHBIC
XBOCTBI — TUApodoOHBIE. B cMecn gochomunuaoB ¢ Bogoi, TePMOANHAMHUYECKHA BBITOTHO,
YTOOBI MOJIAPHBIC TOJIOBBI ObUIM OBl MOTPYXKEHBI B COCTOSIIYIO M3 HEMOJIIPHBIX MOJIEKYII
BOJIy, @ WX HEMOJSIPHBIE XBOCTBI OBUIM OBbI PAcCIOJOXKEHBI IMOAaibIlle OT BOJABI. Takoe
pacnonoxenne amMmpuPMWIbHBIX (MMEIOMUX U THAPOQUIbHYI0 W TUAPOGOOHYIO YaCTH)
MOJIEKYJI COOTBETCTBYET HamMeHblleMy 3HadeHuto osHeprun [ub6ca:  G=Gmin 1O
CpaBHEHUIO C IPYTMMHA BO3MOKHBIMH PACTIOIOKCHUASIMHU MOJICKYJI.

OdeHb CYIECTBEHHBIM SIBISIETCS TO O0CTOSATEIBCTBO, YTO MOJIEKYIBI (hOCHOTUITHIOB
UMEIOT JBa XBocTa. Takas Moyiekyna umeer ¢opmy, OIU3KYI0 K IIMHAPY. 13 Monexkyn
dbochomunuaOoB B BOJHOW Cpele MPOUCXOAUT camMocOOpKa JIBYXCIOWHOW MeMOpaHsbl.
[TpucyTcTBHE MOJIEKYII C OJHUM XBOCTOM pa3pyllaeT KJIeTOYHbIe MEMOpPAHBI.

dochonunuaHble MOJIEKYIIbI, JHUIICHHBIE OJHOTO M3 XBOCTOB, 00pa3ylOT IMOpHI B
oucioiiHoi MeMOpane, HapymaeTcs 6aprepHas (GpyHKIUS MeMOpaH U KieTKa THUOHET. DTo
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Ha0JII01aeTCsl, HAapUMep, MPU YKYyce SI0BUTOM 3MeHn.

OnHako nMo Mepe HaKOIUIEHHS SKCHEPUMEHTAIbHBIX JAHHBIX MPUIIOCH, OTKAa3aThCs
0T «OyTepOpOAHOI» MOJIENU CTPOEHUS OMOIOTrHYECKMX MEMOpaH.

OrpoMHYyI0 poJib B pa3BUTUU MPEACTABICHUN O CTPOCHUU OMOIOTHMUECKUX MEMOpaH
CBITpaJIO Bce 00JIbllIee MPOHUKHOBEHNUE B OMOJIOTHIO GDU3MYECKUX METOJIOB UCCIICTIOBAHUSI.

Bonburyio undopmanmio o cTpykrype MeMOpaH, 0 B3aUMHOM PACIIOIOKEHUU aTOMOB
MeMOpaHHBIX MOJIEKYJ JaeT PEHTTeHOCTPYKTYPHBIA aHajdn3, OCHOBAHHBIA Ha AUpaKuU
KOPOTKOBOJIHOBBIX PEHTI€HOBCKHUX JIydell Ha aTOMax.

UccnenoBanus naudpakivyd PEHTTEHOBCKHUX Jy4ded NOATBEPAWIA OTHOCHUTEIBHO
YHOPSIIOYEHHOE  PACIONIOKEHUE JUMNUAHBIX MOJEKyl B MeMmMOpaHe — JBOWHOU
MOJIEKYJISIDHBIA cloil ¢ Ooyiee WM MeEHee MapajlyieNIbHO pacoIOKEHHBIMU KUPHO-
KHCIIOTHBIMH XBOCTaMH, Jald BO3MOXKHOCTb TOYHO OIPEHCIUTh PACCTOSHUE MEXIY
MOJISIPHOM TOJIOBOM JIMIUIHON MOJIEKYJIBI U METWJIBHOM IPYIIION B KOHIIE YIJIEBOJIOPOIHOMN
LICTIH.

[Ipy mnomomu 5>IEKTPOHHOW MHUKPOCKOMHUH YAANOCh IMMONIYYUTh H300pakeHUe
Onosoruueckux MeMOpaH, Ha CHUMKaX BUJTHO TPEXCIOMHOE CTPOSHUE MEMOpAHBI.

brio ob6HapyxkeHOo, YTO UMEIOTCSI OCTKOBBIE MOJICKYJIBI, IIOTPY>KEHHbBIE B JIUTIHIHBIN
OuCIION U Ja)ke MPOIIUBAOIINE €r0 HACKBO3b, UTO MPHUBEJIO K CYIIECTBEHHOMY U3MEHEHUIO
MpeICTaBICHUI O CTPOSHUU MEMOpaH.

K meronmam u3yuenuss 1MHaMHUKH MEMOpaH OTHOCSITCS, MO3BOJISIONINE HCCIIEI0BAThH
WX, HE paspyluas, (QIIOOPECIEHTHBIM METO M METOJbl paauocnekTpockonuu — IIIP u
SAMP. DTy MeTOABI JAIOT CBEJCHUS O ABM)KCHUH M B3aMMOJICHCTBUH MEMOPAHHBIX MOJICKYI
W WX OTIENbHBIX YacTell. bBbUIO BBISICHEHO, YTO NpU (U3HOIOTHUYECKUX YCIOBUAX
JIUMUAHBIE MOJIEKYJIbl HAXOIATCS B KUJIKOM arperaTuBHOM coctosHuu. Meron OIIP
MOKa3ajl, YTO HE BCS MOBEPXHOCTh OMOJOrMYECKOW MeMOpaHbl MOKphITa Oenkamu. Tak,
Hampumep, OOJIbIIE MOJOBHHBI MMOBEPXHOCTH MEMOpaHbl KUIIEYHOM MaI0YKd 00pa3oBaHbI
MOJISIPHBIMU T'OJIOBAMU JIMITUIOB.

COBOKYIHOCTH PE3yJbTAaTOB, MOTYyUYEHHBIX (U3UIECKUMH U XUMUYECKUMU METOIaMU
WCCIIeIOBAHUs Jlaja BO3MOKHOCTh MPEJIOKHUTh HOBYIO MOJIETh CTPOEHHUS OMOJIOTHUECKHX
MeMOpaH — XUAKOCTHO-Mo3anuHyto (Cunrep u Huxonbcon — 1972 r.). Cornacuo Cunrepy
u_ HUKOIBCOHY CTPYKTYPHYIO OCHOBY OHMOJIOTMYECKOM MeMOpaHbI COCTaBIsSET JBOMHOU
cioi ¢dochonunuaoB, WHKPYCTUPOBAHHBIM OeidkaMu, MOAOOHO TOMY, KakK IIBETHBIC
KaMEIIKW U CTEKJIBIIIKA UHKPYCTUPYIOT MO3aWYHYIO KapTUHY. Pa3nnyaioT MOBEpXHOCTHBIE
(unu mepudepruyeckre) U HHTErpajibHble OEIKH.
1- 1BOVHOM CJIOM JIUIIUIIOB.
2—MOJEKYJIbI JTUIHIOB.
2a-runpodoOHas 4acTs,
206-ruapouiibHAs YaCTh.
3-UHTeTpaibHbIC OCIKH, MPOHU3BIBAIOIINE
MeMOpaHy.
4-0enKH, CBSA3BIBAIOIINE CIIOHN JUINIOB TOJIBKO C
OJTHOM CTOPOHBI MEMOPaHBI.

5- YIIIEKUCIIbIE COSUHEHUSI, COSTUHAIOIINE
OCIKH ¢ HAXOSIIUMUCS Ha HAPYKHOU
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MOBEPXHOCTH MeMOpaHbl 6- IeHTpasibHas TuApodoOHAs YaCTh ABOMHOTO CJIOS JTUIHUIOB.

JIunuabl HaXoASTCS MPU  PUBHOIOTHUECKUX YCIOBUAX B )KHUIKOM arperaTHOM
COCTOSIHUH, UTO MO3BOJISIET CPABHUTH MEMOpaHy ¢ (HOCPOIUIUAHBIM MOPEM, ITO KOTOPOMY
MJIaBalOT OeNKoBbIC «arcOepru». OJHUM U3 HOJITBEPKICHUN KUJKOCTHO-MO3AUYHON
MOJIETH SIBJSIETCS M TOT (aKT, YTO, KAK YCTAHOBHII XMMHUECKHI aHau3, B Pa3HbIX
MeMOpaHax COOTHOIIEHUE MEXy CoJiep:kaHueM 0esIKoB U (pochoaunmmaoB CuiIbHO
BapBUPYETCS: B MUEIMHOBOM MeMOpaHe O0elKoB B 2,5 pa3a OoJibliie, YeM B JIUNUAaX, a B
SPUTPOLIUTAX, HAIPOTHUB, OEIKOB B 2,5 pa3a MeHbIIIE, YeM JTUIHIOB, B TO BpeMs, Kak
COTJIACHO «OyTepOpOIHOID MOJIEH, COOTHOIICHHE KOJIMYecTBa OEIKOB U JIUIIKUOB BO BCEX
MeMOpaHax JOHKHO OBITh TPUMEPHO OJIMHAKOBO.

Kpome ¢ocdonunumioB u OenkoB B OHOTOTMUECKHX MeMOpaHax cojepkarcs u
Apyrue XUMHUYecKHe coelnHeHus. B memOpaHax >KMBOTHBIX KJIETOK MHOTO XOJIeCTepHHA (B
CpaBHHUMOM KoiuuecTBe ¢ docomunuaamu u Oenkamu). Ecth B MemOpaHax u apyrue
BELIECTBA, HAIIPUMED, TTUKOJIUbL, TIIMKOIPOTEU/IBI.

KungkocTHO-MO3aW4yHasi MOJETh CTPOEHUs MeMOpaHbl B HAcTOAIIEe BpeMs
obmenpunara. OpHako, Kak BCsKas MOJENb, OHAa JaeT JOBOJBHO VYIPOUICHHYIO U
CXEMAaTUYECKYI0 KapTHHY CTpOeHHUsI MeMOpaHbl. B yacTHOCTH, 0OHapyKeHO, YTO OEJIKOBbIE
«aicOepru» He Bcerja CBOOOJHO IUIABAIOT B JIMITUIHOM MOpE. A MOTYT OBITh «3aIKOPEHBD)
Ha BHYTpeHHHE (LIMTOIUIa3MATHYECKHE) CTPYKTYpbl KiIeTKH. K TakuMm CTpyKTypam
OTHOCSITCSL MUKPO(PHIAMEHTBI U MHUKPOTPYOOUkKH. MUKpPOTPpYOOUKH — MOJbIe HUIHHIPHI
nuametTpom okoJio 300 HM U3 0coboro Genka — TyOyJlIMHA UTPAlOT, MO-BUAUMOMY, BAKHYIO
POJIb B PYHKIIMOHUPOBAHUHU KIIETKH.

SIBnAsiCH OTKPBITOM  TEPMOJAMHAMHUYECKOW CHCTEMOM, KIE€TKa  IIOCTOSIHHO
OCYIIECTBJIIET OOMEH BEIlECTBOM, JHEpruel u umHdopmaluei ¢ OKpyx arouehd cpenou.
Takoil oOMeH BO3MOXKeH, Onarogapsi CIOCOOHOCTH KIIETOK MPOIMYCKaTh pa3jin4HbIe
BEIIECTBA Yepe3 CBOIO 000J0YKYy — MeMOpaHy. DTO CIHOCOOHOCTh KIETOK Ha3bIBaeTCA
npoHuaeMocTbio. C MEpeHOCOM BEIIeCTB Yepe3 MeMOpaHbl CBS3aHBI  IPOLECCHI
MeTa0oNIM3Ma KICTKH, (U3UKO-TEHETHYECKHUE MPOIECChl, 00pa3oBaHre OUOMOTEHIIUATIOB,
reHepanys HepBHOTO UMITyJibca U jp. [loaTomMy TpaHCOPT BeliecTB uepe3 OHOJIornuecKue
MeMOpaHbl — HEOO0XOAMMOE YCIIOBHE >XU3HU. HapyiieHue TpaHcnopTa BeELIECTB dYepes
O0roMeMOpaHbl MPUBOIUT K Pa3aM4HbIM NarojorusM. IloaToMmy u3ydyeHre MNpPOHUIIAEMOCTH
MMEET OTPOMHOE TEOPETHUYECKOEe W MPAKTUYECKOE 3HAYCHUE ISl MEAUIMHBI U (dapMaiui.
Tak, ledyeHne 4acTo CBSI3aHO C MPOHMKHOBEHUEM JIEKapCTB Yepe3 KIETOYHBIC MEMOpaHBI.
O} PexTUBHOCTh JIEKAPCTBEHHOTO IIpernapara B 3HAYMUTEIbHOW CTENEHU 3aBUCUT OT
MPOHULIAEMOCTH 7151 Hero MeMOpaHnbl. CienoBaTenbHO, A 3G (HEKTUBHOTO HCTIOIb30BAaHUS
(hapMaKoIOrMYeCKOro CpeacTBa HEOOXOIUMO 3HATh UX MPOHHUKAIOIIYI0 CIIOCOOHOCTH B
pa3auyHbIe KJIETKH B HOPME U MPU NATOJOTHH.

Tpancropt BemiecTB udepe3 OMONOrMYECKHME MEMOpaHbl MOXXHO JI€JIUTh Ha JBa
OCHOBHBIX THIIA: TACCUBHBIN U aKTHUBHBIM.

ITacCMBHBIM TpPaHCHOPTOM Ha3bIBAETCS, KOI/IA BELIECTBO IMEPEHOCHUTCS OT MECT C
OobIei ero koHueHTpaueit C1 k MectaM ¢ MeHblIel KoHIeHTpauuen Cz, B 3IEKTPOIUTAX
— OT MecT ¢ OOJIbIIMM 3HAYE€HUEM IMOTEHIMANa A3JIEKTPUUECKOro MOds @1 K MecTaM ¢
MEHBIIUM JJIEKTPUYECKHM IOTCHIMAJIOM (2 HJIM OT MecTa ¢ OOJbIINM 3HAYCHHEM
JIEKTPOXUMHMUYECKOr0 [MOTEHIMana Wi, K MECTaM C MEHbBIIUM 3JEKTPOXUMUYECKUM
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MOTEHITHATIOM 2, (U1 TMOJOKHUTEIBHO 3aps KEHHBIX YacTHIl), T.€. TIEPEHOC BEIIeCTBA
MPOMCXOIUT O3 3aTpaThl SHEPTHUH W3 BHE, a 32 CUET DHEPrUU CKOHIICHTPHPOBAHHBINA B
KaKoM JTU0O TpagueHTe (KOHIICHTPAIIMOHHBIHN, JIEKTPUYECKIH, TPABUTAIIMOHHBIN U T.J1.).

XUMHYECKMM IOTEHIIMAJIOM JaHHOro BellecTBa K Ha3pIBaeTCs BEJIMYHHA, YUCIEHHO
paBHas  dHepruu ['mbbOca, mnpuxoAfmiascs Ha OJWH MOJb OTOTO  BEIIECTBa.
DIEKTPOXUMUYCSCKUA MMOTEHIIUA ik — BETMYHHA, YUCICHO paBHas sHepruu ['mb66ca G Ha
OJIMH MOJIb JAaHHOTO BEIECTBA, TOMEIICHHOTO B JICKTPUYECKOE TTOJIE

[TaccWBHBIN TpaHCHOPT HWIET C yMEHbIIeHHeM 3Hepruu ['mbOca, MoOATOMYy 3TOT
MPOIIECC MOXKET UJITH CaMOIIPOM3BOJIBHO 0€3 3aTpat cBOoOO HOM dHEeprun ATO.

Buabl maccuBHOTO TPaHCHOPTA:

Jnddy3us — caMoOnpoU3BOILHOES IEPEMEIICHUE BEIIECTBA M3 MECT C OOJIBIIEH HMX
KOHIIEHTpAllMEX B MECTa C MEHBIIEH KOHILEHTPAILMEN BEIIESCTBA BCIEICTBHE XA0THUUYECKOIO
TEIIOBOI'0 JBMKEHHSI MOJIEKYIL

Hudbdys3us BemiecTBa uepe3 JHMOWAHBIA  OWCIONW  BBI3BIBACTCS TPATUECHTOM
KOHIICHTpaluu B MeMOpaHe. [[TOTHOCTh IOTOKa BeIIecTBa 10 3akoHy Duka:

cXd cH o> M
J =-DgradC~-D 2 1 _p 1 : (D),
m I I
rae ("1 — KOHIIEHTpAIUs BEIIECTBa B MEMOpaHEe OKOJIO OJHOW €€ MOBepXHOCTH u C"1 —
0KO0JI0 Apyro#, | — Tommua MeMOpaHbl. ['pagueHT KOHICHTPAIMH TPUMEPHO PaBCH
o N
2 1

I

Tak kak W3MEpUTH KOHIEHTPAIMH TPYIHO, HA MPAKTUKE IMOJB3YIOTCsA (hopmyIoi,
CBSI3bIBAIOIICH IJIOTHOCTh MOTOKA BEIIECTBA Yepe3 MeMOpaHy ¢ KOHUEHTPAIMSAMH 3TOTO
BEIIECTBA HE BHYTPU MEMOpaHbI, a CHAPYKU B PACTBOPAX OKOJIO MOBEPXHOCTEH MEMOpaHbI:
Ciu Cza:

J,=P(C,-C,) (@
rne P — HaspiBaeTca Kod(duumeHTOM mnpoHMuaeMocTd. Tak Kak IUIOTHOCTh MOTOKa
BemiectBa Jm umeer ¢ CH pasmepHOCTh Monb/M%c, KoHHeHTpauuss C — Momb/Mm3,
pa3MepHoCcTh KoddduirienTa npoHuaeMocta P — m/c.

Ecnmu cuntaTh KOHIIEHTpAlMM BEIIECTBA Yy IOBEPXHOCTH B MeMOpaHe MpsSMO
MPOTOPIUOHATEHBIMU KOHIICHTPALIUSM Y TIOBEPXHOCTH BHE MeMOpanbl C" ~ C, To C1"=KCi
, C2"=kC2 (5).

K Hocur Ha3BaHume Kod(GOGUIMEHTa paclpelesicHHs, IOKa3blBaeT, KaKyl 4acTh
KOHIICHTPAIIUX Yy TIOBEPXHOCTH BHE MEMOpaHBI COCTABISET KOHIEHTPALUS Y MOBEPXHOCTU
MeMmOpansl, HO BHYTpH ee. [loacrasus (5.) B (3.), Hoaydnm:

Dk

J :T(Cl_CZ) 3)

m

Dk

U3 ypaBuenwii (3.) BuaHO, 4T0 K03 PunmeHT nponnnaemoctu: P = —

Koadduiment nponutiaemoctu tem Oosnbline, yeM Oousbine KodpdunmeHT muddysun D
(ueM MeHbIIIe BA3KOCTh MEMOpPaHbI), UeM TOHbIIE MeMOpaHa (deM MeHbIne |) u yem myurire




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MeguumnHa akaaemuscl» AK AO «KDkHO-KasaxcTaHcKas MeAULMHCKAs akaneMus»
Kadenpa meaunuackoi 6uopu3uku 1 ”HGOPMAIUOHHBIX TEXHOIOTHH Ne 35-11 (®)-2025
JIeKIIMOHHBII KOMIUIEKC 0 AUCIUIINHE «DU3NKa» Crp. 22 3 32

BEIIECTBO PACTBOPSETCS B TUMUIHON (ha3e MeMOpaHsbI (ueM Oonbiie K).

Xopo1o pacTBopuMsl B dochonunuaHoi (asze MeMOpaHbl HEMOJSPHbIE BEIIECTBA,
HaIlpUMep, KUPHbIE OPTaHUYECKUE KUCIOTHI, 3PUPbI. DTH BEUIECTBA XOPOILIO MPOHUKAIOT
yepe3 TUNUAHYI0 a3y MeMOpaHbl.

[TonsipHble, BOAOPACTBOPUMBIE BEILIECTBA IIJIOXO MPOXOAT Yepe3 JTUIUAHBIN OUCIIOi:
COJIM, OCHOBaHMUsI, caxapa, aMUHOKHUCIIOTbI, CIIUPTBHI.

Ha mnepBbIii B3I, NPEACTaBISIETCS HEOOBSICHUMBIM CPAaBHUTEIBHO OOJBIIOE
3HaYeHHe KOo3(pUIMeHTa MPOHULAEMOCTH JIMIUAHON MeMOpaHbl AJii BOJbI — MOJSIPHOTO
BEIIECTBA, HEPACTBOPUMOTIO B JINITUIAX.

B nocnegnee Bpemsi MpPOHUKHOBEHUE uepe3 JIMIUIHBbIE OHCIOMHBIE MeMOpaHbl
MEJIKUX TOJSAPHBIX MOJEKYJ CBS3bIBAIOT C OOpa3oBaHUEM MEXAY >KUPHOKUCIOTHBIMU
XBocTaM# (oChHOIUIUIHBIX MOJIEKYJ IPU UX TEIUIOBOM JIBHXKEHUH HEOOJBIINX CBOOOIHBIX
MOJIOCTEN — KHUHKOB.

BceneacTBue TemnoBoro IBUKEHUS XBOCTOB KMHKM MOTYT IEpEMEIAThCs OYepelib,
MOJIEKYJIbI BOJBI.

Yepe3 sunuaHble W OENKOBBIE MOpPHI CKBO3b MEMOpaHy MNPOHUKAIOT MOJIEKYIIbI
HEPACTBOPUMBIX B JIMMMJAX BEHIECTB U BOJOPACTBOPUMBIE T'MAPATUPOBAHHBIE HOHBI
(OKpy>KEHHbIE MOJIEKYJIaMU BOJIbI). [[71s1 AKUPOHEPACTBOPUMBIX BEILIECTB U MOHOB MeMOpaHa
BBICTYIA€T, KAaK MOJICKYJISIPHOE CUTO: 4YeM OoJjbllie pa3Mep MOJEKYJbl, TEM MEHbIIe
MPOHUIIAEMOCTh MEMOPaHBI I ATOTO BEIIECTBA.

Ob6neruenHas auddys3uss NPOUCXOAUT IMPU YYACTUU MOJIEKYJ TEPEHOCUUKOB.
Hanpumep, BATMHOMULIMH — MEPEHOCYMK HOHOB Kanus. MoJekylia BATMHOMUIIMHA UMEET
(bopMy MaHXKETKH, YCTJIAHHOW BHYTPHU HOJSPHBIMH TPYIIAMH, a CHApYXKU HEMOJISPHBIMU

(puc.2.).

B cuny o0coOGeHHOCTM  CBOEro  XMMHYECKOTO

CTPOEHUS BAJTMHOMHUIIMH CIIOCOOEH 0Opa30BBIBATH

KOMILJIEKC C HMOHOM KaJus, NMONaJarolluM BHYTPb

MOJIEKYJIBl — MAaH)XETKH, U, C JIPyrol CTOPOHBI,

BaJJMHOMUIIMH ~ pPAacTBOpPUM B JHOHAHON  (hase

BAJUHOMMUIIUH MEMOpaHbI, TaK KaK CHapyXd €ro MoJeKyJa

HEMoJIIpHa. Mounekysbl BaJIMHOMUIIMHA,

OKa3aBIlIMECs Yy TOBEPXHOCTH MeMOpaHbl MOTYT

3aXBaThlBaTh M3 OKPYXKAIOMIETO PAcTBOpA HOHBI

kamust  (puc. 7.). Huddynmupys B mMemOpaHe,

Puc.2. Monekyna nonodopa (mepeHoc-  MOJICKYJIbI MEPEHOCAT KM uYepe3 MeMOpaHy Hu

unka nowa K*) RAMUHOMWIMHA  geKOTOphle M3 HMX OTAAIOT HMOHBI B PAcTBOp MO

Apyryio cTopoHy MemOpanbl. Takum 00pa3oMmM, M TPOHCXOIUT MEPEHOC Kalus dYepes
MeMOpaHy BaTMHOMUILIMHOM.

Takum oOpazom  obOnerueHHas auddysus, , MPOUCXOTUT OT MECT C OombIei
KOHIICHTPALME NEPEHOCHUMOrO BEIIECTBA K MECTaM C MEHbIIe KoHueHTpanueu. [lo-
BUIUMOMY, obOJsierdeHHON nuddy3uelt oObsICHSIETCS TakKe MepeHoc uepe3 OMoorhuyeckue
MeMOpaHbl aMUHOKHUCIIOT, CAXapoOB U HEKOTOPBIX JPYTUX OMOJOTUYECKU BaXKHBIX BEUIECTB.

Otnnuus obaeryeHHoi tuddys3un ot npoctoit updy3uu:

1. mepeHoc BeniecTBa ¢ y4aCTHEM IIEPEHOCUMKA IPOUCXOANT 3HAUUTEIBHO OBICTpEE;
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2. obneruenHnas auddy3us odamaeT CBOMCTBAMM HACKIEHUs (prc.3.8.): MpH yBETUUYECHUN
KOHIICHTPALlUK C OJJHOM CTOPOHBI MEMOpPaHbI MJIOTHOCTh MOTOKA BEIIECTBa BO3pacTaeT
JIVIIB 10 HEKOTOPOTO TMpeIesa, KOria BCe MOJIEKYJIIbl IEPEHOCUNKA YIKE 3aHSTHI;

3. mpu obserdeHHoi auddy3un HaOIIOgAeTCSI KOHKYPEHITUS TEPEHOCUMBIX BEIECTB B TEX
CilydasiX, KOrJa MepeHOCYUKOM MEPEHOCSTCS pa3Hble BEIIECTRA. IIpu sToM onHU
BEIIECTBA MEPEHOCATCS JIydllle, YeM JPYTrhe U J100aBlIeHHe OJHUX BEIIECTB 3aTPYAHSET
TPaHCHOPT APYTHX; T.6. U3 caxapa TIIOKO3a MEPEHOCHTCA JIydiiee, 4eM (PpykTosa,
bpyKTO3a nyuliee, 4eM KCHJI03a, a KCHI03a JIydliee, 4em apabuHo3a u T.1.;

4. ecTp BemiecTBa, ONOKUpYOIIHE 00JerdeHHY0 IU(PPY3U0 — OHHU 00pa3yT MPOYHBIN
KOMIUIEKC C MOJIEKYJaMH MEPEHOCUNKA, HANpUMep, (HIOPUI3HH MOJABISAET TPAHCIIOPT
caxapa uepe3 OMOJIOTHYECKYI0 MEMOpaHy.

Ecnu tpancnopt kakoro-nu0o BellecTBa 4epe3 OMOJOTHYECKYI0 MeMOpaHy o0liagaeT
STUMH OCOOEHHOCTSIMH, MOKHO CJEJIaTh MPE/NONIOKEHHE, YTO UMEET MECTO OOJierdeHHas
muddy3usi.

OuibTpareil Ha3bIBaeTCs JBUKEHUE BOJIBI Yepe3 MOphl B MeMOpaHe To/1 IeHCTBUEM
rpagueHTa AasieHus. CKOpOCTh mepeHoca BOAbI NMPU (PUIbTpAMH MOMAYUHSIETCS 3aKOHY

v PP
[Tyaiizens: =t 2
dt W
dv
rjge —— - CKOpPOCThb IepeHoca o0beMa BOAbl, W — THIPABIMYECKOE COMPOTHBICHHE!
8ln

W= o rie | — qmuHa mopel, I — ee panuyc, 7 — K03 GUIUEHT BSI3KOCTH BOJBI.

SIBnenue ¢uIbTpalMKM UTpPaeT BaXKHYIO pOJib B MpoIeccax MepeHoca BOJAbl Yepes
CTEHKH KPOBEHOCHBIX COCYJOB. [IpM HEKOTOPBIX MATOJIOTHUAX (UIBTPAIMS yCHUIMBAETCH,
YTO MPUBOJUT K OTEKAM.

OcMoC — MpenMyIIecTBEHHOE JIBHKEHHUE MOJIEKYJ BOJIbI Yepe3 MOJyNpOHUIaeMble
MeMOpaHbl (HEMTPOHULIAEMBbIE VISl PACTBOPEHHOT'O BEIIECTBA U MPOHUIIAEMbIE JIJISl BOJIbI) U3
MECT C MEHBIIeH KOHIICHTpAIlMell pPAcTBOPEHHOTO BeElIecTBA B MecTa ¢ Oousblien
KoHeHTpanueir. Ocmoc, mo cytu jgena auddys3us BOAbI U3 MeCT C ee Oosblien
KOHIICHTpAILIMEeH B MEeCTa ¢ MEHbIIIeH KOHIIEHTpanuei Bobl. OcMoC UrpaeT OONBIIYIO POJIb
BO MHOTHX OHWOJIOTHYECKHX SBJICHUAX. SIBIeHHE ocMoca OOyCIOBIMBAET TIEMOJIHU3
SPUTPOLIUTOB B TMIIOTOHUYECKUX pacTBopax. OcMoc ucnoibs3yercs B Tepanuu. Hampumep,
JICICTBUE HEKOTOPBIX CHJIbHBIX CIIA0OMTENIbHBIX OCHOBAHO HAa CO3/IaHUU B KEIYJA0YHOM
TpakTe MOBBILICHHOW KOHLIEHTPALIMK PACTBOPEHHOTO BEUIECTBA K OCMOCE B HETO BO/IBI.

4. WnunrocTpatuBHbIi MaTepuadn: [Ipesenranus, cnaiisl.

5. JIuteparypa:
1. Tumantok B. A. buodusuka: yueOHUK A CTYyIE€HTOB (hapMaleBTUYECKUX U MEJ.
BY30B. -2-¢ m31. -K.: U] "IIpodeccuonan", 2015.
2. Autonos B. ®@. ®usuka u 6nopusuka: yaueOnuk. - M.: I'D0OTAP - Meaua
3. ®usuka u Onodusuka: mpakTukyM: yueb. nmocodue / B. @. AntonoB [u np.]. - M.:
I'SOTAP-Menua, 2013.
4. bnoxuna M. E. PykoBoACTBO K 51a0OpaTOpHbIM padboTaM MO MEAULMHCKON U
ouonornyeckoi ¢pusnke: yaedbHoe nocodue. -3-¢ u3n., crep.. -M.: Ipoda, 2014.
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6. KonTpoabHble BONPOCkI (00pPaTHOI CBSI3U):
1. Kakue Oosie3HH CBsI3aHBl C HApyLIEHHMEM HOPMAJIbHOIO (DYHKIMOHUPOBAHUS
MemOpan?
2. OcHoBHbIE (PYHKINU OMOIOTHYECKHX MEMOpaH.
3. Kak ompenensercs TOJIKHA JINTUAHON YaCTH MEMOpaHbl?
4. CrtpoeHrie MeMOpaHBbl, ’KHIKOCTHO-MO3anYHast MOJIETIb.
5. IlpoHunaeMocT MEMOpaHBI.
6. Uto Ha3pIBaeTCs NAaCCUBHBIM TPAHCIIOPTOM BEILECTB uepe3 OnomemMOpaHbl?
7. B ueM cocTouT oTiauuMe GUIbTpanuu oT ocMoca?

JIEKIAS Ne 9

1. Tema: buonoreHinaisl.
2 Heab: OOBACHUTH MEXaHU3M BO3HUKHOBEHHS OMOIIOTECHIIMAIIOB.
3. Te3ucol JeKIHUH:

[lonsiTe TOTEHLMAN MCHOJAB3YETCS U1 XapaKTEPUCTUKH  3HEPreTHYECKOIo
COCTOSIHMSL ~ Pa3JIMYHBbIX  IOJIEW: TPABUTAUMOHHOTO, JJIEKTPOCTATUYECKOIO M T.A.
CnenoBarenbHO, OMORIEKTPUUECKUM MOTEHIMA — ATO 3JIEKTPUUYECKOE I0JIe, CBA3AHHAS C
HUM DHEpPIUs HTOro IOJs, BO3HHMKAKOIIME B TKAHAX, KIETKaX JKUBBIX OpPraHU3MOB,
SBIISIOIIECS BaKHEHIINM KOMIIOHEHTOM MPOLIECCOB BO30YKICHHS U TOPMOKEHHSL.

Bce mpomneccsl KM3HEAEATEIBHOCTH OPTaHU3MOB CONPOBOXKIAIOTCS MOSIBJICHUEM B
KJIETKaxX M TKaHSIX JIEKTPOABHKYIINUX CHII, T.€. IEKTPUUYECKUX TTOTEHIUAIOB.

Bennunna OuomnoTeHnnana, HEMOCPEICTBEHHO CBSi3aHHAs € METabOJIMYeCKUMHU
npoueccaMu M (PU3MOJIOTUYECKUM COCTOSTHUEM KIIETOK, SIBJSETCS UYYBCTBUTENbHBIM U
TOYHO HM3MEPSIEMBIM I0KAa3aTeJIEM Ppa3IMYHbIX MU3MEHECHHMM B KIETKaX B HOPME U IpPH
[IATOJIOTHH.

[Ton GuoOmOTEeHLIMATOM MOHUMAIOT PA3HOCTh MOTEHIMAIOB MEXAY JBYMsI TOUYKAaMHU
OpraHu3Ma, a Ha KJIETOYHOM YPOBHE - MEXIYy BHYTPEHHEH M BHELIHEW cpelloil MeMOpaHsbl.
IIpy sTOM pas3nuyaroT MOTEHLUMAJ IOKOS M JercTBUs. IloTeHnManom IOKOS Ha3bIBaIOT
Pa3HOCTh TMOTEHLMATIOB 3THUX JABYX Cpel HEBO30YKIEHHONW MeMOpaHbl, a MOTEHIHAIOM
JeMCTBUS - IpU BO30YKIEHHOU MeMOpaHe.

Jng  Toro, 4troObl B  JajbHEHIIEM TMOHATh MEXaHW3M  BO3HUKHOBEHHS
OMOMOTEHIINATIOB, HYKHO BCTIOMHHUTH Kakue (PU3NKO-XUMUYECKHE SBIICHUS JIeKAT B OCHOBE
BO3HUKHOBEHMSI PA3HOCTEH NOTEHIMAJOB, KAKMX BEJIMYHMH OHU JOCTUTAIOT M OT 4YEro
3aBUCAT. 3/1€Ch HA/0 MOMHUTh, YTO, JUIsl JIIOOOr0 BUJA MOTEHIMANa pellarolee 3HaueHue
MMEET HEpPaBHOMEpPHOE paclpelesieHHue HOHOB  BHyTpu cpeasl.  [lo mexaHusmy
BO3HUKHOBEHHS MTOTCHLIUAIBI ACATCA Ha: AU Py3roHHbIe, (pa3oBbIe 1 MEMOpaHHBIE.

1. Paccmotpum Bo3HuUKHOBeHHE M Py3noHHoro norennuana. OH BO3HUKAET HA
TpaHMIIE pa3jiesia JABYX JKHUIKUX Cpell B pPE3yJbTaTe pa3IMYHON IOJABUKHOCTH HOHOB.
JlomycTuM, MMEETCS COCyH C PacTBOPOM  COJISTHOM KHCIIOTBI, Pa3IeICHHOM IOPUCTOU
neperopoakoi (puc. 1).
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B neBoiif monoBrHE cocyaa KOHIEHTpalus coissHoM Kuciothbl (C1) HAMHOTO BBIIIE,
yeMm B npaBoii nonosuHe (Cz). Torna uonsl Bogopoaa u xjiopa OyayTt nud@yHaupoBats U3
JIEBOM YacTH cocyla B MpaByIO IO T'PAJUEHTY KOHIEHTpaluu. ['paJueHTOM Ha3bIBaeTCs
BEITMYMHA, PaBHAsl U3MEHEHUIO BEIMYMHBI COOTBETCTBYIOIIEH KOHIICHTPAIIUU HA EIUHUILY
JUTMHBI, HAIPUMEP, MyCTh UMEETCS OTpeesieHHasl KOHIIEHTPALKs pacTBOpa B TOUKE MEPBOU
MOJIOBHHBI W B TOYKE BTOPOM TIOJIOBMHBI, paccrosHue Mexay Humu «L». Torma,
KOHIEHTpauoHHbIH TpamueHT paBeH grad =(C:-Cz )/L. Ckopocts nuddy3un MOHOB
ompenesieTcss MO WX MOABWKHOCTH. [loIBMKHOCTH MOHA BOJOpPOAAa HAMHOTO OOJBIIE
MOJIBMKHOCTH HMOHA XJIOpa, MO3TOMY OH OyJaeT OmepekaThb HOH Xjopa. Tak Kak HOH
BOJIOPOJIa UMEET ITOJOKUTEIBHBIA 3aps/i, @ MOHBl XJOpa OTPHUIATEIbHBIN, TO B IPABOMI
YaCTU COCYJa BO3HHUKAET IIOJIOKUTEIbHBIM 3apsa, B JIEBOM - OTPHULATEIBHBIN.
Bosznukaromas nud¢dy3noHHas pa3HOCTh MOTEHIIMAIOB MPUBOIUT K TOPMOXKEHHIO Ooee
«OBICTPBIX» MOHOB M YCKOPEHHUIO 00Jiee «MEUIEHHBIX», MOCKOJIBbKY CHJIBI BO3HUKAIOLIETO
ANEKTPUYECKOTO TIOJNSE HampaBiieHbl TpoTUB cwil quddysun. duddy3snonHas pasHOCTh
MOTEHITHAIOB JIOCTHTAaeT MAaKCHMaJIbHOTO 3HAYCHHS B TOT MOMEHT, KOT/Ia CKOPOCTH
audpdy3uil  MOHOB CTaHOBSTCS paBHbIMU. [luddy3uoHHas  pa3HOCTh MOTEHIMAIOB
HAXoAUTCs U3 ypaBHeHUs [ eHnepcona:

_u-vRT n SL C, (1)

T u+4vnF C
r7le «U» - MOABMXKHOCTh KaTHOHA, «V)» - TIOABMKHOCTb aHHOHA, «R» - ra3oBas mocTosiHHas,
«T» - abcomoTHas TeMIepaTypa, «n» - BaJEHTHOCTb HOHOB, «F» - uncno @apanes, «C1» —
KOHIICHTpallUsl MOHOB B obOjacTu, oTKyAa unet auddysus, «Cz» - KOHIICHTpalMs HOHOB B
obmactu, Kyna uaet nupdysus.

Kak BugHo u3 ypaBuenus (1), auddy3nonHast pa3HOCTb MOTEHLIUATIOB 3aBUCUT OT
Pa3HOCTH MOJABM)KHOCTH KATUOHA U aHWOHA M OT OTHOIICHUS KOHIICHTPAIIUA HOHOB.
OpHako, pu OAMHAKOBOH MOABMKHOCTH KaTHOHA U AaHWOHA, a TAK)Ke P OTCYTCTBUU
KOHIIGHTPAIIMOHHOTO TpaanenTa nuddy3noHHbIN MOTeHIMA OyIeT paBeH HYJIIO.

B Owuomornyeckom 00BeKTe MUPPY3NOHHBIM TOTEHIIMAT MOXKET TPOSBIATHCS
TOJILKO TIPH MEXaHWYECKOM TOBPEXKICHUH KIETOK. M3 MecT MOBpEeXIeHHUS MPOUCXOIHUT
1 Qy3us HOHOB B HEMIOBPEXKACHHBIC YIACTKH U BO3HUKAET AU Y3UOHHBIN MOTSHIIUAL.

2. YactHbIM BUIOM UG (GY3HOHHOTO MOTEHIIMAJIa MOXKHO CUHTATh MeMOpPaHHBIH
noreHuuan. JlomycTtum, YTO NEperopojaka 3aMeHeHa MOJYINPOHULIAEMON MeMOpaHO,
MIPOMYCKAIOlIel TOJIbKO KaTHOHBI (puC. 2). B 3TOM ciyyae aHMOHBI HE MOTYT IPOUTH Yepe3
MeMOpaHy, OHa JUII HUX 3alepTa U B MPaBYIO 4acTh cocyaa AUPPYHIUPYIOT TOTBKO HOHBI
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Bogopona. Juddy3us Bomopona He OyaeT OECKOHEYHBIM TIPOIECCOM, OHH OyAyT
UCTIBITBIBATh TPUTSHKCHUE K OCTaBIIMMCS IO JIPYTYI0 CTOPOHY MEMOpaHbI MOHaM XJIOpa.
Tak kak NOJBMKHOCTH ~ MENJIEHHOTO HOHa paBHa Hymo (v=0), Tto ypaBHeHue (1)
nmpeBpalmaercs B ypaBHeHHe HepHCTa, ¢ TOMOIIBIO KOTOPOTO BBIYUCISETCS MEMOpaHHas
pa3HOCTh MOTEHITHAJIOB:

RT , C,

=—Ih—= (2
‘ nF C, @)

3. ®a3oBble OTCHIIMAIBI BO3HUKAIOT HA TPAHUIIE pa3/ieiia IBYX HECMEIINBAIOIINXCS
¢da3 (manpumep, pacTBOP IEKTPOJIUTA BOJIC U KaKOoe TUOO0 MaCJI0) B pe3ybTaTe pa3InuHON
PacTBOPMMOCTH KaTMOHOB M aHHMOHOB B HEBOJAHOM (¢aze. Hanmpumep, KaTHOHBI J1ydllle, 4YeM
aHUOHBI, PACTBOPSIOTCA B HEBOAHOW (pa3ze, OHM UHTEHCHBHee MUGOYHAUPYIOT B Hee U
3apsHKAIOT €€ MOJI0KHUTEIHHO TI0 OTHOIIEHHUIO K BOJHOM (hase.

[Tockonpky  mHTOIIa3Ma  KIETOK  TPEACTAaBIsIET  coboi  MHOTo(dasHyio
MHUKPOT'€TEPOreHHYIO CHUCTEMY, TO Ha TOBEPXHOCTAX paszziena (a3 MOryT BO3HUKATH
(dazoBbIe OTEHIIUAJIBI HEOOJBIION BEJIMYUHBI, KOTOPbIE HAXOAT C MOMOIIBI0 YpaBHEHUS
2).

Memb6pannas Teopust Obuta BbiBUHYTA eiie B 1902 rony bepumreitHom. Tonbko B
50-x romax XX Beka 3Ta Teopus Oblja MOATBEPKACHA IKCIEPUMEHTAIBHO XOKKHHBIM,
Xakcam u Karnom. WIM npuHAUIe)KUT OCHOBHAs M€ M TEOpUS O pOJM HOHHBIX
IpPaJUEHTOB B BO3HUKHOBEHWU OMOMOTEHIMANIOB M O MEXaHU3ME paclpe/iesieHUus] HOHOB
MEXKY KIETKOU U CPENIOH.

CyIIHOCTB 3TOM TEOPUU 3aKIIOYAETCS B TOM, YTO NOTEHIIMAJIBI ITOKOS U JICHCTBUS
ABIIAIOTCS. 10 CBOEW TpuUpoJe MeMOpaHHBIMU —MOTEHLIMANaMH, OOYCIOBICHHBIMU
MOJIYIPOHUIIAEMBIMH ~ CBOMCTBaMM  KJIETOYHOM  MeMOpaHbl U HEpaBHOMEPHBIM
paclpelieleHueM HMOHOB MEXAYy KIETKOM M Cpeloi, KOTOpoe MOJJEepKUBAETCA
MEXaHM3MaMU aKTHBHOTO IMEpeHOoca, JIOKAIN30BaHHBIMU ¢ caMoil MemOpaHe. PaccmoTpum
JAHHYIO TeOpHro OoJiee MOAPOOHO.

CornacHo  COBPEMEHHBIM  HUCCIIEIOBAHUSAM,  IPUYMHOM  BO3HMKHOBEHHS
NOTEHIMaNa KJIETKH, KaK B MOKOE, TaK M NpHU BO30YKIEHHUH, SBISETCS HEPaBHOMEPHOE
pacnpeeneHrie HOHOB Kallisi M HaTpUsl BHYTPHU M CHapyXu KieTok. KoHueHTpamusi HOHOB
KaJis BHYTpH KiIeTOK B 20-40 pa3 mpeBbIIIAET MX COAEPKAHHWE B OKPYKAKOUIEH KIETKY
xuakoctu. HarpoTus, KOHIIEHTpalusi HaTpUsl B MEKKJIETOUHOH cpene B 10-20 pa3 Baiwie,
4eM BHYTPU KJIETOK. V30BITOK TOJOKUTENBHBIX 3apsioB MOHOB KalWs BHYTPH KIIETOK
KOMIIEHCUPYETCSI B OCHOBHOM OpPraHMYECKMMHU aHUMOHAMH (acmaparuiHOBOM, YKCYCHOM,
NUPOBUHOTpagHON KucinoTel U np). CormacHo Teopum XomkkuHa, Xakciau u Karia,
KJIETOYHAass MeMOpaHa B COCTOSIHMM TOKOs IPOHMIIAEMAa B OCHOBHOM TOJIBKO /Il HMOHA
kanus. HMousl kanuga AuGOyHAUPYIOT 1O KOHIEHTPAUMOHHOMY TpaJHMEHTy uepe3
KJIETOUHYI0O MEMOpaHy B OKPYXAIOILIYIO >KUJIKOCTh, & MOHbI HATPUSI HE MOTYT NMPOHHUKATh
yepe3 MeMOpaHy M OCTalOTCS Ha €€ BHYTpEHHeH cTropoHe. B pesynbpraTe: BHEMIHSA
MOBEPXHOCTh MEMOpaHBI 3apsHKAETCS MOJOKHUTEIbHO, TaK KaK HOHBI Kallus, KOTOpBIE
NEepelI HapyKy U JpYrue MOJIOKUTEIbHbIE HOHBI HaXOIAIIUXCSI CHAPYKHU CYMMHPYIOTCS
U CO3/Ial0T IOJIOKUTENbHBIN IOTEHLMAJ, a BBHYTPU Ipeo0iasaeT OTpUUATENIbHbBIN 3apsij,
T.K. MOHBl KaJlig YHECJIU OIPEAEIEHHOE KOJIMYECTBO MOJOKUTEIBHBIX 3apsaoB. OTO
MPOLIECC MPOJOJKAETCS 0 TEX IOp, MOKa HE YCTAaHOBUTCS JIWHAMHYECKOE PaBHOBECHE
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MEXKy MOTOKAMHU HOHOB.
Ecau mpuHATH, YTO TOTEHIIMAT TIOKOS OmMpeaesseTcss ToJbko auddy3ueil noHOB

KaJldsl U3 HUTOIJIa3Mbl HAPYXKY, TO €r0 BEJIMUMHA «(@» MOXET ObITh Hai/ieHa U3 ypaBHEHUS
Hepscra:

RT K]

=—h—= 3

nF - [K],
rae [K]ium [K]e - KOHIEHTpalys HOHOB KaJIMS BHYTPU U CHAPY>KU KIETKH.

Pa3HocTh MOTEHNIMAIOB MEXKy BHYTPEHHEH W HApPYKHON MOBEPXHOCTHIO MEMOpaHbI
pa3IUYHBIX KJIETOK, paccuMTaHHasl Mo ypaBHeHHMIO HepHcra, okazamach O4eHb OJM3Ka K
SKCnepuMeHTanbHOU. Kpome TOro, KanueBblid MEXaHW3M BO3HUKHOBEHHS ITOTCHIIMAA
yOeIUTENbHO TMOATBEPKAAIOT AKCICPUMEHTH ¢ HM3MCHEHHEM KOHIICHTPAIlMM Kajus B
OKpy:karoliei KieTky cpene. [Ipu usMeHeHnr Hapy>KHOW KOHLICHTPAIUK KaJlvsl B IIUPOKUX
npeaenax HaOMIOAAIOCh 3aKOHOMEPHOE HW3MEHEHHE BEJIWYMHBI TMOTEHI[MAJa IMOKOS B
COOTBETCTBUH C 3aBUCHMOCTBIO, BRIpAKEHHON ypaBHEHUEM (3).

B wyacTtHOCTH, KOrjja KOHIEHTPAIMIO KaJIWs B OKPYXAKOIIEH KIETKY >KUIKOCTH
JieTalld paBHOW KOHIICHTPAIIMH B KJIETKE, MOTEHIIMAJ TTOKOSI CTAHOBUJICS] PABHBIM HYJTIO.

[Ipu TOUHOM M3MEPEHUHU MOTEHIMANIA MTOKOS BBISCHIIOCH, YTO B COCTOSTHUU TTOKOS
KJIeTKa TaKXke TMpOHWIIaeMa B HEOOJBIION CTEMEHM  HWOHOM HATpus U XJopa.
CrnenoBaTeIbHO, MEMOpaHHBI  MOTEHIHAT TPEJACTABIACT CcO00H pe3yabTHPYIOUTYIO
ANEKTPOABMKYIIUX CUJI, TEHEPUPYEMBIX OSTUMH Tpems KaHajmamu auddysun. Takum
o0paszoM, B pealbHBIX MeMOpaHax BKJaJ B CO3/IaHHWE M TOJICp)KaHKe IMOTEHIINAA TTOKOs
BHOcAT K, Na u Cl. B 3ToM ciydae MmOTEHIMAI IMOKOS OIPEICISISTCS ypaBHEHUEM
T'onpamana-Xomxkxknaa-Karna:

_RT L RIK] +RylNal #Ry[Cl,
nF P [K], + Py[Na], + Ry [Cl],
rae Pk, Pna, Pci - xoaddummentsr nponuniaemoctu MmemOpansl uoHOB, [K], [Na], [Cl] -
KOHIIEHTpAIUsST WOHOB BHYTPH (1) U BHE KIIETKH (€).

I[To pmanupiMm XomikkuHa W Kartna, mis akcoHa KajibMmapa B COCTOSHUU TTOKOS
oTHoleHue ko3 dunueHaToB npoHunaeMoctu Pk : Pna: Pcp =1:0,04 : 0,45.

[lox nmeiicTBueM BHEMIHUX (DAKTOPOB KJIETKHU CIIOCOOHBI MEPEXOAUTH B COCTOSIHUE
BO30YXKJIEHUS, KOTOPOE SIBIISIETCS OTBETOM Ha BHEITHHE pazapaxutenn. O0si3aTenbHbIM
MPU3HAKOM BO3OYXKICHHS SIBIISICTCS HM3MEHEHUE DJICKTPUUECKOTO COCTOSHHUS KICTOYHOU
MeMOpaHbI, B TOM YHCJIe Pa3HOCTH MOTEHIIMAIOB Ha MeMOpaHe.

CoBpemeHHasi TeOpUsi BOSHUKHOBEHHUS TMOTEHIMANA ACUCTBHUS Oazupyercs Ha
TaHHBIX, TIOIYYCHHBIX METOJaMU BHYTPHKJIETOYHOTO OTBEJICHHUS TMOTEHIINAIOB, (pUKCAIIUN
HanpsDKeHHUsI Ha MeMmOpaHe, painoakTUBHbBIX u30TonoB u Jp. Eme B 1938r. Koyn u Keptuc
MOKa3aah, 4YTO  BO30YXKJIEHHUE  CBA3AHO C  KPAaTKOBPEMEHHBIM  YBEIHWYEHHUEM
AIEKTPONPOBOJHOCTH KJIETOYHOW MeMmOpaHnbl. IIpu 3TOM CONMpOTHUBIICHHE IUTOIIa3Mbl HE
HU3MEHSJIOCH.

YMEHBIIICHHE JJICKTPUYECKOTO COMPOTHUBICHUS MEMOpaHbl  IpU BO30YXJICHUHU
MOXET OBITh OOBSICHEHO TOJBKO YBEIMYECHUEM €€ MPOHUIIAEMOCTH JISI HOHOB, TTOCKOJBKY
MOCJICIHUE SIBIISIIOTCSI IEPEHOCUMKAMU AJIEKTPUUECTBA B TKAHSX.

4. NnunocTpatuBHbIA MmaTtepuaJi:IIpesenranusi, ciaiiasl.
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5. JIuteparypa:

1. Tumanrok B. A. buodusuka: yueOHUK JIJIs1 CTYACHTOB (apMareBTUYECKUX U MeJl. BY30B.
-2-e m31. -K.: U] "TIpodeccuonan", 2015.

2. AHToHOB B. ®@. ®u3nka u 6uodusuka: yueonuk. - M.: I'DOOTAP - Menua, 2015.

3. ®usuka u O6modusmka: mMpakTukym: yuebd. mocodbue / B. ®@. AHTOHOB [M ap.]. - M.:
I'SOTAP-Menua, 2013.

4. brnoxuna M. E. PykoBoacTtBo Kk 1abopaTOpHBIM paboTaM IO MEAULMHCKOU H
Oomosornueckoi gusmke: yueobHoe mocoowue. -3-¢ usm., crep.. -M.: JIpoda, 2014.

6. KonTpoabHble BONPOCHI (00PaTHOI CBSI3U):

1. O0bsicHUTE (PU3UICCKUI CMBICT TTOTECHITAATA?

2. Kakue BUABI NOTECHIIMAIOB BBl 3HAeTE?

JIEKLIUS NelO

1. Tema: ®oT00HOIOTHYECKHE TIPOLECCHI.
2. Heab: OOACHUTH CTyIEHTaM NEpPBUYHBIE CTATUU (HOTOOMOIOTHYECKHX IMPOIIECCOB.
CrexTpsl POTOOMOIOTHIECKOTO JECHCTBHUS.
Ilian Jekuuu:
1. OcHoBHBIE TpyHIIBI (HOTOOMOIOTMUECKUX MPOIECCOB.
2. Buael poToXuMHUUYeCKUX peaKiiuii.
3. OcHOBHBIE cTaUN (POTOXUMHUYECKHUX PEAKIUH.
4. O6mias cxema ctaanii oToONOTOTHIECKUX MPOIIECCOB.
3. Te3uchbl JIEKINH.

[Ipoueccel, mpoucxosire B OUOJIOrMYECKUX CUCTEMAX IMPH MOTJIONIEHUH JTyYUCTOM
SHEPIruM, Ha3bIBAIOTCS (POTOOMOJIOTHIECKUMH.

Bce poTobuonoruueckue mporeccsl ASNITCS Ha TP OCHOBHBIC TPYIIIIBI:

1. K nepBoii rpyrmie oTHOCATCS Tpoiecchl POTOCHHTE3a OMOIOTHUECKH BaXKHBIX CO-
€IMHEHUI 3a CYeT MOIJIOIAaeMOl OpraHu3MOM COJIHEYHOM sHepruu. Haubonee BakHOe
3HaYeHHE UMeeT (POTOCHHTE3 YIIJIEBOJIOB, MPOUCXOISAIIUIN Y 3€JICHbIX pacTeHUM, OaKTepuil u
BoJOopociiei. DOTOCUHTE3 YIJIEBOIOB SBISIETCS €IMHCTBEHHBIM OHOJIOTHMYECKUM IPOLIECCOM,
NpU KOTOPOM IPOMCXOAUT yBEIUUEHUE CBOOOTHOW SHEPruM BCeil OMOIOTMYECKOM CHUCTEMBI.
Bce ocranpHble mponecchl B paCTUTENBHBIX M KUBOTHBIX OPraHU3Max MPOTEKAIOT 3a CYET
MOTCHIIMAILHON JHEPTMH XUMHUYECKHUX CBS3CH, HAKaruIMBaeMod B (DOTOCHHTE3UPYIOMINX
OopraHu3Max NpH TMOIJIOIMIEHUH SHEPIUM COJIHEYHOTO W3JIydeHus. Jlpyrum mnpumepom
CUHTETUYECKOIO Ipollecca MOXKET CIYKUTh CHHTE3 OCHOBHOTO (POTOCHHTETHYECKOTO
MUTMEHTA - XJI0podriuia. DTOT MPOLECC MPOTEKAST MOYTH MTHOBEHHO B MEPBBIC CEKYHIBI
OCBEILECHUS STHUOJUPOBAHHBIX IIPOPOCTKOB PACTEHHUS.

[Iponeccyl cuHTE3a MOTYT TPOUCXOIUTh W MpH JCHCTBUM H3JTydeHHs Ha Oojee
MIPOCThIE CUCTEMBI, HAIIPUMEDP HA CMECh BOJbI, YIVIEKHCIOrO ra3a, METaHa U aMMHAKA.
[Ipu sTOM MOTryT 00pa30BBHIBATHCS JKHUPHBIE KHUCIIOTHI, AMUHOKHCIOTHI, ITypUHOBBIC H
MAPUMUTUHOBBIE OCHOBAHUSI.

2. Ko BTopoii rpymne ¢oToOHOJOTrMYeCKUX MPOLECCOB MOXKHO OTHECTH IMPOLECCHI,
HE CBSI3aHHBIE C YBEJIIMYEHUEM SHEPrUU CUCTEMbl U XMUMHYECKUM CHHTE30M. JTO TaKue
MPOIECCH], Kak 3pEeHHE JKUBOTHBHIX, (OTOTaKcucC, (OTOTPONH3M U  (POTOMEPUOTUZM
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pacTeHuid. DTO CIIOKHBIE, U BMECTE€ C TEM CTPOr0 3aKOHOMEPHbIC SIBICHMS: JBIKECHUE
YacTel pacTeHUs HAaBCTPEUy COJIHILY, SIBJICHUS CYTOYHBIX M TOJOBBIX PUTMOB M T.J. C
MOMOIIIBIO 3THX TPOLECCOB OCYIIECTBISACTCS PEryssilus pocTa U pPa3BUTUS PACTCHHM.
Iepenocurkom nH(pOpMALHI B JTAHHOM CIIy4ae CIIyXKHT CBET.

3. K tpetseii rpymnme (HhoTOOHONIOTHYECKHX MPOLIECCOB OTHOCATCS TaKHE TIPOLECCHI,
PE3YNBTaTOM KOTOPBIX SBJISIETCS MOPAXKEHUE JKUBOW CTPYKTYPBI, NECTPYKLUS OHOIOTHYECKU
BOXHBIX coenuHeHui. Kak crencTBue NecTpyKTUBHBIX M3MEHEHHH MPOMCXOAUT MOIABICHUE
KU3HENEATEIbHOCTH OpraHn3Ma. Bce 3TH  JecTpyKTHBHbIE W3MEHEHHUs HaOII0aroTCs
IJaBHBIM 00pa3oM IpHU MOIJIOUIEHUH (DPOTOHOB KOPOTKOBOJIHOBOTO YJIBTPa(hHOIETOBOTO
U3ITy4YeHHUs, 00JIaarouX O0bIION SHEPTHUEH.

B ocHoBe Bcex (hoTOOMOIOTMUECKUX MPOLIECCOB JieKaT (poToxumuueckue peakuuu. K
OCHOBHBIM (DOTOXMMHYECKUM PEAKIIUSAM OTHOCSTCS CIIEAYIOIINE MPOLIECCHI:

Domouonuzayiss — BHIOUBAHUE HJIEKTPOHA KBAHTOM U3Ty4EHHS 3a MPEesIbl MOJICKYIIbI.
[Ipu dporonoHunsanum o0pa3yroTcs HOHBI UIIU CBOOOHbBIE PAaIUKAIIBI.

domosoccmarosnenue u pomooxKucienue — MNepeHoc MEKTPOHA ¢ OJHON MOJIEKYIIbI
Ha apyryto. OgHa MojieKysa [pu 3TOM OKHUCISIETCs, a Apyras BOCCTaHABINBACTCS.

Domoouccoyuayuss — MPOLECC pacHasa MOJIEKyIbl Ha HOHBI O JCHCTBUEM KBaHTA

M3ITyYEHHUSL.
Domouzomepuzayusi — WM3MEHEHUE TPOCTPAHCTBEHHONW KOH(PUTYpAIUU MOJIEKYJIIBI
MOJ1 IHCTBUEM CBETa, U3MEHEHUE CTPYKTYPHI MOJIEKYJIBI.
Domooumepuzayuss — 00pa30BaHUE XUMHUYECKOW CBSA3M MEXKIY MOHOMEpPAMHU TpHU

JeicTBUU (DOTOHOB CBETA.

Takum o00pa3oMm, diemMeHTapHas (POTOXMMHYECKAs PEaKlrs MOXKET ObITh CBsi3aHA
nu00 ¢ MoTepel IEKTPOHA MOJIEKYJION, TM00 ¢ ero mpuoOpeTeHueM, Tu00 ¢ IeCTPYKIUen
MOJICKYJIBI. JICCTPYKIIMSI MOJICKYJl TPUBOIUT K HM3MEHCHHIO HMX XWMHUYECKHX CBOWCTB,
Harpumep, OEJOK MPH ASCTPYKIIUU TEPSEeT CBOU (pepMEHTATUBHBIE CBOIMCTBA.

JIro6ast poToxmMuUUecKasi peakius MpOTeKaeT B JIBE CTAIUU.

IlepBas craaus — cBeToBas. JTa CTaaus MpeACTaBIsieT coOOM YUCTO (DU3NYECKUI
mporiecc - TMOMIONIEHHE KBaHTa MOJIEKyNoi. Mojekyna mepexoguT TMph STOM B
BO30YXIeHHOE cocTosiHue: A+thv—A*, rme «A» - MoJleKysa BEIIeCTBa, MOTJIONIA0NIAs
CBET (YacTO ATOM MOJIEKYJIOH SIBIISICTCS MOJIEKYyJia MMTMEHTa, HAprMep MOJIEKYJla POJIONCHHA
win xjgopoduiia); «A*» - Ta ke MoJjieKysla, HO B BO30YKIEHHOM COCTOSHHH MOCIe
MOTJIONICHUS KBAaHTA U3ITydeHHUsT «hvy.

[Ipouecc BO30OYKIEHUST TPENCTABISET COOOM aKT 3amacaHus SHEPTUM MOJIEKYJIOM.
DJNEKTPOHBI MOJICKYJIbI, YYacTBYIOIIME B IOTJIONICHHHA KBAaHTOB, IMEPEXOJAT IMPH ITOM C
OCHOBHOTO SHEPreTUYECKOTO YpOBHs Ha Ooyiee BBICOKHMIA ypoBeHBL. OOmias sHEpTHs
MOJICKYJIBI TIOBBIIIAETCS MPU ATOM Ha BETUYMHY SHEPTHH IMOTJIOMICHHOTO KBAHTA.

Bo30yxnennas Mosekyna, o0Oyanas W30BITOYHBIM = 3allacoM  DHEPTUH, MOXKET
BCTYIUTh B (POTOXMMHUYCCKUEC PEAKIMU, KOTOPhIE B TEMHOTE I TEPMOJMHAMHYCCKUX
peakunii HEBO3MOXKHBL. BcCTymas BO B3aMMOACUCTBHE C OKPYXKAIOIMMHU MOJIEKYJIAMH,
BOCIIPHHHMMAsS WJIM OTJaBas JJICKTPOH, BO30YKIEHHAas MOJIEKyJjia MpeBpamaeTcs B
paaukan, HWOH WM HWOH-pagukan. OOpa3oBaBIIUECS paauKadbl W HOH-paIUKaIbI
Ha3bIBAIOTCSl TICPBUYHBIMUA BOCCTAHOBUTEISIMHA WM TIEPBUYHBIMHU OKUCIUTENIssMH. Ha 3TOoM
YCJIOBHE CBETOBasI CTausi POTOXUMHUUECKON PEAKITNN 3aKaHUYUBACTCA.
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Bropas cragus GpoToxuMHU4ecKoi peakiuy Ha3bIBaeTcs TeMHOBOH. OOpa3zoBaBIInecs
IIEPBUYHBIE BOCCTAHOBUTENU U IEPBUYHBIE OKUCIUTENN — PAJUKAIIBl COJEPIKaT HECIIapEeHHbIE
SNIEKTPOHBI HA BHEIMIHUX OpOMTaX W TIO3TOMY OOJaJal0T BBICOKOM ~XHMHUYECKOU
aKTUBHOCTHI0. OHU CHOCOOHBI yX€ B TEMHOTE OCYIIECTBIISITH OKHCINUTEILHO-BOCCTAHOBH-
TeNbHble peakuuu. [lepBHUYHBIE BOCCTAHOBUTENIN U NEPBUYHBIE OKHCIUTEIU BCTYMAIOT B
COIPSDKEHUE ¢ OMOXMMHUYECKUMH PEaKIUAMU U U3MEHSIOT UX. Vi3MeHeHne OnoXuMHUecKuX
peakIyii TPUBOAWUT K HM3MEHEHHWIO OOMIe()U3NOIOTHYECKOTO COCTOSHUS OpraHm3Ma M K
COBEPUICHUIO KAKOr0-Tu00 (pU3M0IOTNUECKOro aKTa.

Takum oOpazom, BesKUl (QOTOOMOIIOTHUECKHI MPOIECC MOXKHO — IPENCTaBUThH
CIIENYIOIIEH CXEMOW: IMOIJIOIIeHHEe KBAHTOB —>  (POTOXHMMHMYECKHE peakuum —
XHUMHYecKHe U ONOXUMHYeCKUe peakuun — (pu3HoI0ru4ecKuii aKT.

B kauecTBe (U3MOIOTMYECKHX AKTOB MOYKHO HAa3BaTh: BBIICICHHE KHUCIOpPOAA IPH
(doTocuHTE3€e, IBIKEHNUE JTUCTHEB Yy PACTEHHI HaBCTpEUy COJIHILY, pEaKIMs )KUBOTHOTO Ha
OCBelIlleHHE, T'M0eNb OpraHu3Ma MPU CUJIBHOM OOJYy4eHUH U T. [I.

Kpome storo sueprus BO30YKIEHHOW MOJEKYJIBl MOYET pPacxXxoJ0BaThCs €IIe TI0
HECKOJIBKUM HaITPABIICHUSIM:

® BBICBEUMBATHCS (JIIOMUHECLECHIIUS);

® TEepexXOoAuTh B TEILIO;

e [iepeAaBaThCs APYroi MojeKylse (MUrpanus SHEprun);
® MOJCKYJIa MOXET MEPEXOUTh B TPUILICTHOE COCTOSTHUE.

[Tocme Murpanuu SHEPTUM WU TEpPeXo/Ja MOJEKYNIbl B TPHUIJIETHOE COCTOSHHUE
CHOBA MOT'YT NPOUCXOIUTH JaJbHENIINE POTOXUMUYECKHUE PEBPALLCHUS.

W3nydyeHue pa3nuyHbIX UIMH BOJH OJMHAKOBOTO IMOTOKA MPUBOJIUT K Pa3IUYHOMN
CTETEHU TOBPEKICHUNA. 3aBUCUMOCTh (OTOOMONIOTHYECKOro 3(d@exra OT UIMHBI BOJIHBI
U3JIY4CHHS] HAa3bIBACTCS CNEKTPOM JeiicTBUs. CHEeKTp AeHCTBUS MOKHO MOCTPOUTH KaK JUIst
OT/IENIBHBIX MOJIEKYJI, TaK U JjIst KiieToK. CoryiacHo 3akoHaM (oToOMOoIOTHH, (OTOU3MEHEHHS B
MOJIEKYJIE MOTYT IPOM30MTH TOJIBKO MPY TIOTJIOIICHHNH €0 KBaHTa W3mydeHus. [loaromy criektp
JCHCTBHS TIO CBOEH (hOpMe COBMAACT CO CHEKTPOM IOTJIOMICHHS TEX MOJEKYI, KOTOpPBIE OT-
BEYAFOT 32 3a/IaHHBI XUMHUYECKUHN WM (PU3HOJIOTHICCKUAIN OTBET.

4. NnrocTpatuBHbIi MaTepuad: [Ipesenranus, ciaibl.
S. JIuteparypa:
1. Tumanrok B. A. buodusuka: yaeOHUK I CTYACHTOB (hapMalleBTUYECKUX U MeJl. BY30B.
-2-e m3x. -K.: U] "TIpodeccuonan", 2015.
2. AutoHOB B. ®@. ®u3uka u 6uodusuka: yueonuk. - M.: '0TAP - Menua, 2015.
3. ®usuka u OuodpusMKa: npakTukym: ydeb. mocodue / B. ®. AntonoB [u mp.]. - M.:
I'S0TAP-Menua, 2013.
4. bnoxuna M. E. PykoBoACTBO K 1a0OpaTOpHBIM paboTaM N0 MEAMLIHUHCKOH H
ouonornueckout pusmke: yaebHoe rmocoodwue. -3-¢ 3., crep.. -M.: JIpoda, 2014.
6. KouTposbHble BOpockl (00paTHOI CBS3M):
1. HazoBuTe OCHOBHBIE TPYMNITBI (HOTOOMOIOTHUECKUX TMPOILECCOB?
2. UeM OTJIMYAIOTCSI OCHOBHBIC CTAINH (DOTOXMMHUYECKUX PEAKITHIA?
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