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1. Tema: Mexanuka. Mexanuueckue KoueOaHusl.

2. Hean: OObscHUTH PU3UUECKUI CMBICT MEXaHUYECKOTO KOJIEOaHMSI.

3. Te3ucs! jJekuun:

Kaxoe nBueHue Ha3bIBAIOT KOJIEOATEIBHBIM?

KonebarenpHbIM IBHKEHUEM HA3BIBAIOT IPOIECC, MPU KOTOPOM CHCTEMa MHOTOKPATHO
OTKJIOHSISICH OT CBOETO COCTOSIHUSI PABHOBECHSI, KaXX bl pa3 BHOBH BO3BpAIACTCs K HEMY.
CB0OOOIHBIMH KOJIEOAHUSIMU HA3BIBAIOT TAKKHE, KOTOPHIE COBEPIIAIOTCS O€3 BHEITHUX
BO3JICHCTBUH 32 CUET IMEPBOHAYAIBHO IMOJTYYECHHOW TEJIOM SHEPTUU. XapaKTEPHBIE TPUMEPHI
TaKUX KOJIeOAHWUH WILTIOCTPUPYIOT TPH MOJICIIH: MaTepraibHas TOYKA HA TPYKUHE
(Mpy>KUHHBIN MasTHUK), MAaTEMAaTHUYECKUA U (PU3NIECKUI MAsITHUKU.

Jliis onmcanusi CBOOOAHBIX KOJIEOaHUI HEOOXOIMMO MOJIYYHTh COOTBETCTBYIOIIIEE
muddepennmansHoe ypaBHeHUe. C 3TOU IENBI0 pAaCCMOTPUM JIBa IIPUMEpa:

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

B sTom nonoxenun ynpyras cuia Fi, npunoxeHHas K Tery, ypaBHOBEIIUBACT CUITY
TSHKECTH «MQ».

Ecnmu npykuHy OTTSHYTH Ha PACCTOSIHHE «X», TO Ha TEJIO OyAeT NeHCTBOBAThH OOIbIIIast
yopyras cuna: b1 + I

W3menenue ynpyroit cuibl, F = - KX, cornacHo 3akony ['yka, mpomnopIroHaibHO
W3MEHCHHIO JIUTUHBI MIPY)KUHBI WM CMEIICHHUIO «X» TeJa:

rie «k»- k03 duIreHT mponopuuoHaTLHOCTH, Ha3bIBAEMBIN JCeCMKOCHbIO TIPYKHUHBI,
3HaK MUHYC TTOKa3bIBAET, YTO CHJIA BCET/Ia HAIllpaBjeHa B CTOPOHY MOJIOKEHUS PAaBHOBECHS:
F <0 mpu x >0, F>0 pu x < 0.

2. MaremaTuyeckuii MasiTHUK OTKJIOHEH OT TIOJIOKEHHUSI PAaBHOBECHS Ha HEOOJBIIION yro
«0», 9TOOBI MOYKHO OBLIO CUUTATH TPACKTOPHUIO JBUKEHUS TIPSIMOM JIMHUEH, COBMAJAIOIICH
¢ ocbro «OX».

[Tpu 5TOM BBIMOTHICTCS MPUOIMIKEHHOE PaBEHCTBO:

a~sina~ tg o= x/l, rae «x»- cMelleHne MasTHUKA OTHOCUTEIBHO IMOJ0KEHHUS
paBHOBecwus, |- mHa HUTH MasTHHKA. Ha MasSTHHUK IEHCTBYIOT CHIla HATsDKEHUS «Fy» HUTH
U CHJIA TSOKECTH «MQ», X PaBHOJICHUCTBYIONIAS CHUJIa PaBHA!

rae k=mg/l — ko3¢ GuIHeHT NPONOPIHMOHATHEHOCTH.

Cuiy, BOBHUKAIONIUX MTPU MAITbIX JedOpMaIUsIX YIPYTUX Tell, HA3bIBAIOT YIPYTHMHU WU
KBa3WyIPYTHMH.

Ha Teno peiicTByeT, KpoMe yIpyrou Cuibl, ¥ cuiia «Fe» conmpoTuBieHus..

Ha ocnoBanuu BTOporo 3akona Herotona monyuynm nuddepennuaisHoe ypaBHEHHE,
OITHCHIBAIOIIEE IBMKCHUE MaTEPUAITBHON TOUKH:

Pemas 310 ypaBHEeHUe, Hali[IeM BRIPAXKCHHE JIJIsl CMEIICHUS MaTePHAIbHOM TOYKH (TeJra)
IS HECKOJIBKUX CITy4acB.

2. Hezaryxatoiue Kojie0aHus.

Paccmotpum monens, koraa Fe = 0. Torga nuddepenunanbHoe ypaBHEHNE, OMUCHIBAIOIICE
JIBUKCHUE MAaTepUATbHOU TOYKH:

Beenem: k/m = wo? u, mpeobpasys, nonydaem audpepeHIMansHOe ypaBHEHHE BTOPOTO
MOPSIKA:

Ero peuienue nmeeT B rapMOHUYECKUX KOJIEOaHUI:
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x=Ac0S(wot +@o) - Ha3bIBACTCS TAPMOHMYECKUM 3aKOHOM, TJ€ A - aMIUIUTYy/1a, Mo KPyrosas
gacrora, wot + Qo = ¢ - daza konecOanuii, Qo - HadaidpHas (aza (mpu t = 0).
31ech aMIUIMTYyla U HadalibHas (aza KoyieOaHUM ONpenessioTCs HavajdbHbIMH YCIOBUSMU
JBUKECHHUS, T. €. IIOJIOKEHUEM U CKOPOCTBIO MaTepPHATbHOM TOYKH B MOMEHT t = 0.
YToObl HANTH CKOPOCTH MaTepUATbHONU TOUYKH MPU TAPMOHUYECKOM KOJIeOaHUU, BO3bMEM
MPOU3BOJIHYIO OT FTAPMOHUYECKOTO 3aKOHA 110 BpEMEHHU:
rae Vm = A 00 - MAKCUMAJIbHAsI CKOPOCTb.
CkopocTh omnepexaet 1o (asze cmenieHne Ha n/2.
UToObl HAWTH YCKOPEHUE MaTepraIbHOU TOUKHU MPU FTAPMOHUYECKOM KOJIeOaHUH, BO3bMEM
MIPOU3BOJIHYIO OT CKOPOCTH I10 BPEMEHH:
rae am = A ©%0 — MAKCUMAJIbHOE YCKOPEHHE.
YckopeHnue onepexaer mo ($haze CKopocTh Ha /2.
4. UnuocTpaTuBHbId MmaTtepuaJi: [Ipe3eHTanusi, ciaabl.
5. JIuteparypa:

- OcHOBHa4:
1. ®usuka u 6nodusuka. Pyk. K npakTudeckum 3ausatusM: yuaeod. - M.: [DOTAP - 2013.
2. ®enoposa B.H. ®usuka. - M.: I'D0OTAP - Menua, 2013
3. AbsutkansikoBa P. b. Kypc nekunit mo ¢pusuke. Yacts nmepBas (MexaHuKa.
Monekymsipaast pusuka. TepmoauHamMuka. DIeKTpuuecTBO. Maruetusm): YuebHoe
nocob6ue.- Anmatsl: TOO Dsepo, 2024

- JlonmoJHUTEIbHAS.
1. Bnagumupos 1O. A. ®u3uKo-XUMHUYECKHE OCHOBBI (POTOOMOIOTMYECKUX TIPOIIECCOB:
y4eOHHK. 2-¢ u3j., mepepad. u pom. -M.: Jpoda, 2014.
2. PemuzoB A.H. Menununackas u 6uonoruueckas pusuka: yueo. s By30B. -9-e u3a.,
crepeotutt.. -M.: JIpoda, 2017
3. MapnonoB b.M. PacueTHO-TIpOEKTUPOBOYHBIE PAOOTHI MO COMPOTUBICHUIO MATEPHUAJIOB:
coopuuk; Onodp. Yuen. CoBeToM AThIpayCKOro MH-Ta HEPTH U raza. — AnMaThl: IBepo,
2014.

- DJIEKTPOHHBIC ITyOTUKAIIHIH:
1. XKanmer pusuka kypesl. Kynnoexyier M., 2014 https://aknurpress.kz/reader/web/1733
2. Monexynansik puszuka. Cnabexosa P.C., 2017 https://aknurpress.kz/reader/web/1613
3. Koituy6ekoB Bb.K. xone 1.6. « DUSUKA (dapmanius mamaHAbIFbIHA apHAIFAH JOPICTED
xuHarbl)»: oKy Kypansl/ b.K. Koituybekos, A.K. bpaxxanoa, C. bykeeB.— AnMartsl:
«2Bepoy Oacmacsr, 2020, 162 6. https://elib.kz/ru/search/read _book/865/
4. Xamza A.K., AmankyioB T.I1. @usnka kypcel: OKy Kypaibl (2-1111 6achUIbIM).—
Kaparanner. 2019
https://aknurpress.kz/reader/web/1867
6. KoHTpoabHbIe BONPOCHI (00PaTHOI CBSI3U):
1. Kakoe nBuKeHUE HA3BIBAIOT KOJICOATCIIBHBIM?
2. Kakue koneGaHusi Ha3bIBAIOT TAPMOHUYECKUMHU?

JIEKIIUSA Ne 2-3

1. Tema: MexaHnuecKkue BOJIHEIL.
2. Heab: OOBACHUTH (GU3UUECKUN CMBICT MEXaHUYECKUX BOJIH M 3BYKa.
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3. Te3ucel Jekuun:

Kakoe nBueHue Ha3bIBalOT BOJHOBBIM?

[Ipotiecc pacnpocTpaHeHus KojieOaHUN B Cpejie Ha3bIBAETCS BOJHOBBIM JIBIDKCHHUEM WU
BOJIHOM. MeXaHN4eCKOM BOJIHOM Ha3bIBAIOT MEXAHUYECKUE BO3MYILCHHUS,
pacIpoCTpaHSIOLIMECS B IPOCTPAHCTBE U HECYILIUE YHEPTHUIO.

Yupyrue BoJHBI BO3HHKAIOT OJ1aro/iapsi CBS3sIM, CYHICCTBYIOIIUM MEXIY YacTHIIAMU
Cpenbl: CMEIEHUE OJHOM YaCTUIIBI U3 IOJIOKEHUS PABHOBECHS IIPUBOANT K CMELIEHUIO
COCEJHHMX YacCTHUL. DTOT MPOLIECC PACIPOCTPAHSAETCS B IPOCTPAHCTBE C KOHEUHOU
CKOPOCTBIO.

YpaBHEHHE MEXAHUYECKON BOJIHBI:

YpaBHEHHE BOJHBI BHIPAXKAET 3aBUCUMOCTD CMEILEHUS «S» KOJIEOIIOIIENCsS TOUKH,
y4acTBYIOLIEH B BOJJHOBOM IIPOIIECCE, OT KOOPAMHATHI «X» €€ PABHOBECHOTO MOJIOKEHUS U
BpeMEHH «1».

JInst BOJIHBI, pacpoCTpaHAIoLIEecs B10ab HanpasiaeHus «OX», 3Ta 3aBUCUMOCTb
3amuchiBaeTcs B o0mem Buje: S = f(X,t).

Ecnu xone6anue yacTUI] MPOUCXOANUT B MEPIECHAUKYISIPHOM HANPABICHUU
PacIpOCTPaHEHHUsI BOJIHBI, TO OHO Ha3bIBAECTCS

MONIEPEYHOM, €CIIU NAapAJUIEIBHO, TO — MPOJOJIBHONW BOJIHOM.

[Tyctek BosHA pacnpocTpansieTcs Boib ocu «OX» (puc. 7.1) B MOJI0KHUTEITHHOM
HaIpaBJIeHUU 0€3 3aTyXaHHsl TaK, YTO aMILTUTY/IbI KOJIEOAHH BCEX TOUEK OJAMHAKOBBI U
pPaBHBI «AY.

Konebanue Touku ¢ koopanHatoit x=0 omnuceiBaeTcs ypaBHeHHEM: So = A COS ot.

J10 TOUKHM ¢ HEKOTOPOW IIPOU3BOJIBHON KOOPAUHATON «X» BO3MYILEHUE OT Hayaja
KOOpJUHAT JIOMAET Yepe3 BPeMsl «T», TOITOMY KoJIeOaHHsl 3TOM TOUKHU 3arMa3AblBalOT U
OITUCBHIBAIOTCS BhIpakeHUeM: S = A €0S [o(t - 1)].

Tak kak BpeMs U CKOPOCTh PaclpOCTPAHEHUS BOJIHBI CBS3aHbBI 3aBUCUMOCTBIO: T = X/V,
toraa noixydaeM: rae o(t-x/V) = ¢ - pasza BoiHBI.

DTO ypaBHEHUE TIJIOCKOM BOJHBI, KOTOPOE MO3BOJISIET B JIIOOOM MOMEHT BpEMEHHU
OIpeNIeIUTh CMEIIEHHUE JIF000M TOUKH, YJaCTBYIOLICH B BOJTHOBOM IIPOLIECCE.

2. 3ByK.

Konebanus yacTuil B ynpyrux cpeiax, pacrnpoctpaHstonuecs B Gopme NpoaoIbHbIX BOJIH,
4acTOTa KOTOPBIX JISKUT B npenenax ot 16 -20000 I'u, Ha3pIiBatOTCS 3BYKOBBIMU
KOJICOAHUSIMH WJIH ITPOCTO 3BYKOM.

HcTouHnkoM 3ByKa SIBISIETCSI TEJNO 000U MPUPOIbI, HaXods1Ieecss B KoiebaTeIbHOM
JIBDKCHUH.

[Tpu konebaHusIX Teo0 00pa3yeT B OKPYKAIOIIEH Ccpesie YIPYryro MPOoI0JIbHYIO BOJIHY,
KOTOpasi, JOCTUTasl yXa, BbI3bIBAET CIIYXOBbIE OIYIIEHHUS. (TIOJHOCTHIO pACCMAaTPUBAETCS Ha
1a60paTOPHOM 3aHSATUH )

Yrto u3ydaer akycTuka?

Paznen ¢usuky, n3ydaronuii 3ByKOBbIC SIBICHUS, HA3bIBAETCS aKyCTUKOMA.

AKyCTHKa JEIUTCS Ha!

1. O6myro

2. ®U3M0IOTHYECKYIO

3. ApXHUTEKTYpHYIO

4. My3bIKalbHYIO U AP
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duznosiornueckasi akycTuka M3ydaeT (U3NYECKHe OCHOBBI YyCTPOMCTBA OPTaHOB PEeUr U
ciyxa.
['ostocoBoii anmapat yenoBeKa:
B 3Byk000pa3oBaHuy NPpUHUMAIOT y4dacTHE JIETKUE, OPOHXH, Tpaxes, pOTOBasi U HOCOBas
nosiocTd. ['0710CcOBOI1 anmapat yenoBeKa CBA3aH C €ro JbIXaTeIbHBIM ammapaToM U
MIPE/ICTaBISIET CUCTEMY, CO3JAIONIYIO 3BYK TyTeM KOJIeOaHUs AIIACTUYHBIX TOJIOCOBBIX
CBSI30K.
[Ipu criokoitHOM JIbIXaHUU 00pa3yeTcs MIUPOKas Ielb, Yepe3 KOTOPYI0 CBOOOIHO
IpoXoauT Bo3AyX. [Ipu 3TOM MbIlIeYHbIE BOJTOKHA, HAXOISAIIUECS B CBA3KAX HE
HaIpsraiTcs, U 00pa3yeTcs MHUPOKas IIeb.
[Tpu pasroBope MbIIICYHBIC BOJIOKHA, HAXOSAIITUECS B CBA3KAX, HAIPITAIOTCS U CBOOOTHBIC
Kpasi CBSI30K MPUOJIMKAIOTCS IPYT K APYTY U 00pa3yroT Y3KYIO IIejb, HA3bIBAEMYIO
TOJIOCOBOM IIETBIO.
[Tpu 0Opa3oBaHwK 3BYKOB MBIIICYHBIC BOJIOKHA, HAXOSAIINECS B CBSI3KaX HANPSTAIOTCS, U
CBOOOIHBIE Kpasi CBA30K MPUXOJAT B KOJIEOATEIbHOE ABUKECHHE B INIOCKOCTH CAMOH IIEIH.
[Tpu 5TOM, IPOXOAS Uepe3 IIelb, CTPYS BBIIBIXAEMOT0 BO3/lyXa 00pa3yeT yepeayromuecs
YYaCTKH CTYLIEHUH U pa3pe’KeHUM, BOSHUKAIOT MPOIOJIbHBIE KOJIEOAHUS YaCTULl BO3TyXa.
O06pa3yroTcs 3BYKOBBIE KOJIEOAHUS CIIOKHBIX TOHOB.
Kak oGpa3yercst ToH 3ByKa?
HocoBast u poToBas 1oJiocTH SIBISIFOTCS pe3oHatopamu. M3meHenne oobema u hopm
POTOBO#1 MOJIOCTH TIPH POPMUPOBAHUH 3BYKOB PEUHU OCYIIECTBIIICTCS ITyTEM U3MCHCHUS
B3aMMHOTO PACIOJI0KEHUS A3bIKa, 3yOOB U ry0, T.€. MOKHO YCHIIUTh UM OCIaOUTh
OTJICTHbHBIC TOHA 3BYKOBOU BOJIHBL.
CiyxoBOH amnmapar 4ejaoBeKa:
CnyxoBoii amnmapaT 4eJoBeKa COCTOUT U3 3BYKOIIPOBOISALICH 1 3BYKOBOCIIPUHUMAIOILIEH
4acTeu:
1. 3ByKOmpOBOAAIIAS YACTh COCTOUT U3 HAPY>KHOTO CIIYXOBOT'O MTPOXO0J1a U CPETHETO yXa.
2. 3ByKOBOCIIPHHUMAIOIIAS YaCTh HAXOJAUTCS BO BHYTPCHHEM yXe.
BryTpenHee yxo npecTaBisieT co0oi KOCTHYIO TIOJIOCTh CIIOKHOM (hOPMBI, Ha3bIBAEMYIO
TaOMPUHTOM U 3aMOJTHEHHYIO KUKOCTBIO, CIICIUANBHBIE XObl — YIUTKH, TI0 BCEH UTMHE
paszieNieHHbIe TIEPEropoIKoi (MeMOpaHoit).
3BYKOBBIE KOJI€OaHUs, TOCTUTAsl OCHOBHOM MeMOpaHbl, MPUBOJAT €€ B KoseOaTeIbHOE
neuxeHue. [Ipu 3TOM U3MEHsIeTCsI CTEeNeHb COPUKOCHOBEHHS BOJIOCKOB KJIETOK C
MMOKPOBHOM TUTACTUHKOM, B CBSI3U € YeM B KJICTKAaX BO3HUKAIOT HEPBHBIC HMITYJIbCHI.
Otu umnynbsckl nepenatorces B [{HC, rae mocTymnarT K HEPBHBIM KIIETKaM
COOTBETCTBYIOIIETO y4aCTKa KOPBI TOJIOBHOTO MO3ra. Tam (HopMHpYIOTCS 3BYKOBBIE
OIYIIECHUSI, B KOTOPHIX CYOBEKTUBHO PA3IMYAIOTCS BBICOTA, TPOMKOCTH M TEMOD 3BYKa.
Yopyrue kojedaHusi, 4aCTOTa KOTOPBIX MpeBbIiaeT 20 Kri, pacpocTpaHsIouecs B
(dbopMe MpOoI0JIbHBIX BOJH B pa3JIMYHBIX CpejiaxX, Ha3bIBaloTCs Y 3.

VY3-BoiHa ©MEET 3HAYUTEITHLHO OOJIBITYI0 HHTEHCHBHOCTD, YeM 3BYKOBAs, HO CKOPOCTHU
pacnpoCTpaHEeHUs OJAMHAKOBBI, a AJTMHA BOJIH MEHBLIE.
[Tonyuenue Y3:
VY3 nony4aroT ¢ MOMOIIbIO aNapaToB, OCHOBAHHBIX Ha HCIIOJIb30BAHUU SIBJICHUMN
MarHUTOCTPHUKITUH (TIPU HU3KUX YaCTOTaX) WU OOPATHOTO MHE303JIEKTpUIecKoro 3pdexra
(TIpu BBICOKHMX YacCTOTax).
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[Ipumenenne Y3 B dpapmaruu:

1. Ucnione3ysa neiictBue Y3, MOKHO pPa3MENbYUTh U IUCIEPTUPOBATh Cpeabl. Y3
MCIOJIb3YETCS IPU U3TOTOBJIEHUH KOJUIOUAHBIX PaCTBOPOB, BHICOKOIUCIIEPCHBIX
JIEKapCTBEHHBIX IMYJIbCUH, SIMYIBCUH KaM(OPHOI0 Macia, a3po30JeH.

2. B 3aBUCHMOCTH OT YCIIOBUH BO3JICUCTBUS U CBOMCTB cpelibl Y3 COCOOCTBYET U
oOpaTHBIM IIpoLieccaM, HaIPUMEpP, OYUIICHHUIO CYCIIEH3HM, KOAryJsiiuu a’dpo30Jiei,
OUYHMCTKHU I'a30B OT 3arps3HAIOIINX IPUMECEH.

3. HeiictBrue Y3 yckopsieT HEKOTOPhIE XUMUYECKUE PEAKIMK, 0COOEHHO peakinu
OKHCJICHUS.

4. Cxxatud U pa3pekeHus, co3aBaeMbie Y3, IPUBOAAT K 00pa30BaHUIO Pa3pbIBOB
CIUIOIIHOCTH ’KMJIKOCTH, HA3bIBAEMbIX KaBUTAIUEH.

[Tpu 5ToM B HEOOMBIIUX 00BEMAX BBIJCISIECTCS 3HAUUTEIbHAS YHEPTHS, IPOUCXOIUT
pa3orpeBaHue BEIIECTBA, a TAKKE MOHU3ALMS U TUCCOLUALINS MOJIEKYJI, T.€. KABUTALIUS
MPUBOJUT K Pa3pyLICHUIO MUKPOCTPYKTYPbI BEIIECTBA.

[Tyrem paspymieHus 060J0YeK PACTUTENbHBIX WU JKUBOTHBIX KJIETOK YIBTPA3BYKOM, U3
HUX U3BJICKAIOTCSA aKTHBHBIE OMOJIOTUYECKUE BelecTBa ((pepMEHTHI, TOKCUHBI, BATAMUHBI U
Ap.).

[Ipumenenne Y3 B MeIHIIUHE:

1. 9XO2HIEDAJIOTPADHMS - onpenenieHne ONMyxoieil U 0OTeKa TOJIOBHOTO MO3Ta.

2. YJIbBTPA3ZBYKOBAS KAPIMOI'PA®US - uamepenue pasmMepoB cep/ilia B TUHAMUKE.
3. V3 - nokauus - B 0pTaNIbMOJIOTUU MIPUMEHSIOT 7151 OTIPEENICHUs] pa3MepOB II1a3HbIX
cpen.

4. C nomompto Y3 - apdekra Jlomnepa n3ydaroT Xxapakrep IBHKEHUS CEPACUHBIX KIIAMaHOB
U U3MEPSIOT CKOPOCTh KPOBH B COCY/E.

5. I1o ckopoctH Y3 onpeaessroT IIOTHOCTh CPOCIIEHCS WK MOBPEKIEHHON KOCTH.

6. V3- ¢usnorepanus. [lepBudHbBIM MEXaHU3MOM SBIISIOTCS MEXaHUYECKOE U TEIIOBOE
JIEUCTBUS Ha TKaHb.

7. Y3 UCnoNIb3yeTCs B XUPYPIUM IS Pa3pyLICHUs 3JI0KAY€CTBEHHBIX OIyXOJIEH,
IpoOJieHrs KAMHEW B MOUYEBOM IYy3bIpe, PACITUIMBAHUS KOCTEH, MpH oreparnusax Y3
IIPUMEHSIOT KaK CKaJIbIIEb.

8. V3 ucnonb3yercs 1uis ieyeHHs psjia 3a00JIeBaHUi: TyOepKyse3, OpoHXuaabHas acTma,
KaTap BEPXHUX JIbIXaTeJIbHBIX TyTEH U T.J.

9. V3 ncnonb3yroT A CBapUBAHUS OBPEKACHHBIX W TPAHCIUIAHTUPYEMBIX KOCTHBIX
TKaHEM.

10. buonoruueckoe aeiictere Y3 UCHOIB3YETCS AJIs CTEPUIN3ALINH, T.€. THOEN BUPYCOB,
OakTepuii, rpuOKOB, a IPY 3HAYUTEITHHON MOITHOCTH U MEJIKMX )KUBOTHBIX.

[Tpu HEe3HAYUTETHHBIX MOIIHOCTAX Y3 MOBBIIIAET MPOHULIAEMOCTh KIETOYHBIX MeMOpaH,
aKTUBU3UPYET MPOLECCH KIIETOYHOTO 0OOMEHa.

11. Mexanuyeckoe fieiictBre Y3 BbI3BIBAET B TKAHSIX OJIArONPUSATHBIC CTPYKTYpPHBIE
NIEPECTPONKHN (MUKPOMACCAK).

12. B odranibMonorum ¢ noMompio Y3 MOKHO OOHAPYXKUTh MPEAMETHI U OMPEEIUTD UX
xapakrep Ha paccTosHuu 10 10 M.

13. V3 — romorpadus (Y3U).

4. NnunocTpatuBHbId maTtepuaJi: [Ipe3enranus, ciaiapbl.
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5. JIutepartypa:

- OcHOBHa4:
1. ®usuka n 6uodpusuka. Pyk. k mpaktuaeckum 3anatusm: yued. - M.: TDOTAP - 2013.
2. ®enoposa B.H. ®usuka. - M.: I'D0OTAP - Menua, 2013
3. AbbutkansikoBa P. b. Kypc neknwuit mo gusuke. Yacts nepBas (MexaHuka.
Monekymnspnas usuka. TepmoaguHamMuka. DIeKTpuuecTBO. Maruetusm): YuebHoe
nocobue.- Anmatsl: TOO Osepo, 2024

- JlononHuTeNbHAS:
1. Bragumupos 0. A. ®usmnko-xuMuyeckre 0CHOBBI (POTOOHMOIOTUYECKUX MPOIECCOB:
y4eOHHK. 2-€ u3j., nepepad. u nom. -M.: [Ipoda, 2014.
2. PemuzoB A.H. Meaunackast u 6uonoruveckas pusnka: yueo. st By30B. -9-¢ u3.,
crepeotu.. -M.: [Ipoda, 2017
3. MapnonoB b.M. PacueTHO-TIpOEKTUPOBOYHBIE PAOOTHI MO COMPOTUBICHUIO MAaTEPHUAJIOB:
coopuuk; Onobp. Yuen. CoBeroM AThIpaycKoro MH-Ta HeTH U raza. — AIMaThl: DBEPO,
2014.

- DIeKTpOHHBIC MyOIUKALINHN
1. Kanmer ¢pusuka kypeel. Kynoexyner M., 2014 https://aknurpress.kz/reader/web/1733
2. Monexynansik puszuka. Crabexona P.C., 2017 https://aknurpress.kz/reader/web/1613
3. Koituy6ekoB b.K. sxxone 1.6. « DU3UKA (apmanius MaMaHIbIFRIHA apHAIFAH JA9pICTED
xuHarbl)»: oKy Kypaisl/ b.K. Koituybekos, A.K. bpaxxanosa, C. bykeeB.— AnmMartsr:
«DBepox» Oacmacsr, 2020, 162 6. https://elib.kz/ru/search/read _book/865/
4. Xamza A.K., AmankyioB T.I1. ®usuka kypebl: OKy Kypassl (2-1111 6achlIbiM).—
Kaparanasi. 2019
https://aknurpress.kz/reader/web/1867
6. KouTposabHbIe BOpockl (00paTHOI CBS3M):
1. Yto Ha3bIBaeTCs 3ByKOM?
2. KakoBo npumenenue Y3 B papManiuu u MeAHUIINHE.

JIEKIIUSA Ne 4-5

1. Tema: CBolicTBa >KHUIKOCTEH.

2. Heab: OOBACHUTHOCOOEHHOCTH U MEXaHUYECKHE CBOMCTBA MOJICKYI KUIKOCTH.
PaccMoTpets ypaBHeHue bepHyiuu, ctaTudeckoe M IMHAMUYECKOE JTaBIICHUE.

3. Te3ucol JeKIHUH.

MexaHuYecKHe CBOWCTBA JKHJIKOCTH OOYCIIOBJICHBI CHJIAMH, JEUCTBYIOIIUMU MEXIY
MOJICKYyJIaMHU.

KungkocTe Jerko M3MEHseT CBOW (OpMy U TMepeMelaeTcss U3 OJHOTO0 MecTa B
apyroe. BzanmmocmeniaemMocTh, T.e. TMOABMXKHOCTH MOJICEKYN >KUJIKOCTH TMOJ JCHCTBHUEM
BHCITHUX CHJI Ha3bIBACTCS TEKYUYECThIO.

OpHako B3aMMHOE CMEIIEHUE YACTHI] COMMPOBOKIACTCSI HEKOTOPHIM CONPOTHBIICHUEM,
KOTOPBIC Ha3bIBAIOT BHYTPEHHUM TPCHHUEM WJIU BA3KOCTHIO.

Ecimu >kuakocTh WM Ta3 HaxXOMUTCA B COCYJE IOJ JCHCTBUEM BHEIIHHMX CHII,
BBI3BIBAIONINX OOBEMHOE C)KAaTHE, TO OHH YPAaBHOBEIIMBAIOTCS CHJIAMU OTTAJIKMBAHUS
MEX Ty MOJIEKYJIaMH, B 3TOM CIIy4ae KUAKOCTh WM T'a3 HaXOASATCS MO/T TaBJIICHUEM.

Kunkocth WM ra3, HaXOAAIIMECs IO JaBJICHHEM, OOJagaloT BHYTPEHHEH



https://aknurpress.kz/reader/web/1733
https://aknurpress.kz/reader/web/1613
https://elib.kz/ru/search/read_book/865/
https://aknurpress.kz/reader/web/1867
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MOTEHIIMAILHOM SHEPTHEH, 32 CUET KOTOPOU OHM MOTYT COBEpIIATH PaboTy.

TedeHue XUAKOCTH YCIOBHO H300pa)kaeTcsl JMHUSAMU ToKa. DTO BooOpakaemas
nuHUA  (KacaTelbHbIE TIPOBEJACHHBIE K KaXIOW TOYKE JIMHUHU, COBHAJAIONIUE C
HaIpaBJICHUEM CKOPOCTH YaCTHII).

2. PaccMOoTpuM cCTallMOHApHOE TEUYECHHUE HACATBHOM KUIAKOCTH, KOTOPOE Ha3bIBAaeTCs
TEYCHHEM, MPU KOTOPOM CKOPOCTH YACTHUI[ B KaXXJOH TOUKE TMOTOKA CO BpEMEHEM He
u3MeHsATCs. [Ipu 5TOM JTUHUK TOKa COBMAIAIOT C TPACKTOPUSIMU YACTHIL )KUIKOCTH.

WneanbHOl Ha3bIBAETCS XKUAKOCTh HEC)KUMAEMasi M HE UMEIOIIasi BI3KOCTH.
OnpenenuM COOTHOLIEHHE MEXIY AaBIeHUEM «P», CKOPOCTBIO «V» U TON0KEHHEM
«h» B TI0JI€ CHUJTBI TSIKECTH HAJl HEKOTOPHIM HadaJbHBIM YPOBHEM.

BoigennM B KUIKOCTH TPYOKy TOKa, KOTOpasi OTPaHUYEHA CO BCEX CTOPOH JIMHUSIMU
TOKA.

O0beM KUIKOCTH, TPOTEKAIOIIUK Yepes JII00e MEPIeHINKYIIPHOE cedeHe TPYOKHU B
eauHuIly BpeMeHu AV = V-S = const, T.e. IBMXKECHUE YACTUI KUJIKOCTU MPOUCXOAUT TOJIBKO
BHYTpU TpyOKu. [lycTh Manbiit 00beM KHIKOCTH «AV» Maccolt «Amy mepeMeniaeTcst u3
MOJ0KEHUS «1» B «2» (puc.1).

B nonoxennn «1» on umeert: Pi1, Vi, h1, S1u «2» - P2, vz, h2, Sz
AV=S1A11=5AS; (1)

[lepememenre Macchl «Am» KUAKOCTH TPOUCXOAUT TIOJ JEHCTBUEM Pa3HOCTH
BHEIIIHUX CHUJI IaBJICHUS B CEUCHUU S1 U S

Cwnna naBneHus B ceyeHusx:  SiFi= P1S1 ; SoF2 = P2S»

IIpu sTom 3a Bpemsi At yacTHIBI KUAKOCTH IEPEMEIIAIOTCS B CEUEHUH S1 Ha
paccrosiue: Ali=ViAt, a B ceuenun Sz Ha paccrosiHue: Al = V2 At u coBepiraetcs pabora.
Pa6ora cun cnaBimmBanust: AA = F1Alr - FoAll = P1S1viAt - PaSovoAt, toe SiviAt = Spvo At =
AV, otkyna momyuaeM: AA = P1AV - P>AV=(P1-P2)AV. Takum oOpa3om paborta
COBEPIIIACTCS 3a CUET PA3HOCTH JaBJICHUN Ha KOHIIAX TPYOKH.

Ota paboTa 3aTpaunMBaeTcs Ha W3MEHEHHE MOTCHIMAIBHON, KUHETHUYECKONW IHEPTrUu
(A = II+K, rze IT = mgh, K = mv?/2) npu nepexoje OT HOI0KEHHS «1» 10 MON0KEHUs «2»:
AA=ATT+AK.
[ToacraBnsis COOTBETCTBYIONIME 3HAYEHUS, TOTYUNM:
P1AV - P2AV = (Amghz + Amv2%/2 ) - (Am g hi+ mvi12/2)

[TapameTps! 1151 mosToKeHUS «1)» MEPEHOCUM B JIEBYIO YaCcTh YpaBHEHUS, a JJIST «2» -
B mpasyto. [lonyuaem: P1AV+ Amghi+Amvi?/2 = P,AV+Amgho+ mv2?/2. Tak xak AV =
const, TO pazfiensisi 00e 4acTH ypaBHEHHS Ha 00bEeM, TIOJTydaeM:

Jeld Julf

P1+Pghl+7= P, + pgh, 50

riae p = AV/AM — II0THOCTh KUIKOCTH.
«1» m «2» BBIOPAHO TPOHM3BOJILHO, IMOITOMY JUISI JIFOOOTO CEUEHUS TPYOKH
2

ypaBHCHHUE UMECT BU: P+ pgh+ T =const - ato ypaBaenue beprysn.

rae P - cratnueckoe naBienue, pgh - ruapocTaTHYECKOE JaBIEHUE, pv2/2 - TMHAMUYECKOE
JIaBJICHUE.

Takum o00pa3om, ypaBHeHue bepHysuM ompeaenser CBsI3b MEXKIY CTaTUYECKHUM,
TUAPOCTATUYECKUM U TUHAMUYECKUM JaBiieHUsiMU. CorjlacHO ypaBHEeHUs1 bepHysum cymma
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CTaTHYECKOI0, THAPOCTATUYECKOTO W JUHAMUYECKOTO MAaBICHHM JIs JTIOOBIX CEUeHUU
TpYOKH BCET/]a OCTAETCsl HEU3MEHHOM.
Jst TOpU30HTANBHON TPYOKU THAPOCTATUYECKOE IaBJICHUE MOCTOSHHO, TOTOMY YTO
2

h=const, mosromy ypaBHeHue bepHymu Oyaer MMETh BUI: P+T =const — mpaBmiio

bepuynnu.

CornacHo npasuiia bepHyiu, A1 ropu30HTaIbHOW TPYOKM CyMMa CTaTU4YECKOIo U
TUJIPaBIMYECKOTO JABJIECHUH /ISl JIFOOBIX CEUYEHUH BCEr/la OCTAETCS HEU3MEHHOM.

Cratnueckoe [aBICHUE HEBSA3KOM MKUIAKOCTH IIPU TEUYEHUM I0 TOPHU30HTAIBHOU
TpyOKe BO3pacTaeT TaMm, IJIe CKOPOCTh €€ YMEHBIIAETCsS U HA000POT.

[IpaBuno bepHysin BBINONHSAETCS TaKKe U JUISL peallbHbIX, HO HE OCOOEHHO
KUIKOCTEH, T.€. CKOPOCTh YaCTHI] B CYKCHHOM CEYCHHHM BO3PACTaCT, UX KHUHETHYECKas
SHEPrus YBEJIMYNBAETCS 3a cyer
MOTEHIIMAJIBHOW SHEPTUH, T.€. CTATUYECKOE Argptiu
JABJIEHWE CHUYKAETCS U HA00OPOT.

MoxHO 10n00paTh YCIOBUA, MPHU
KOTOPBIX JIaBJICHHUE XUAKOCTH WJIM ra3a B
CYXEHHOM Yy4yacTKe TpyObl CTaHET MEHbIlIe A
aTMOC(EepHOTro U TorJa CTpysl B 3TOM MECTE
MOXET OKa3aTh BcachlBarollee aecteue. B
dapmanii W MEIUIIMHE OTO CBOMCTBO
UCIOJIb3yeTcss B paboTe BOJOCTPYHHOIrO
Hacoca WM DJKCHKaTtopa. OJTOT Hacoc
OecurymeH M rurueHudeH. Mcmnomb3yercs
IPU OTCACBIBAHUU JKUIKOCTU W3 JIHOOOMH
ITOJIOCTH.

B kauectBe MOIeaM CEpAEYHO-COCYIUCTOM CUCTEMBI PACCMATPUBAIOT 3aMKHYTYIO
CHCTEMY M3 MHOJXKECTBA PAa3BETBIECHHBIX TOPU3OHTAIBHBIX TPYOOK C 3JIACTUUYHBIMU
cTeHkamu (puc.2). JIBmkeHue *KUAKOC-TH B CUCTEME MPOUCXOUT TI0J] ACHCTBMEM Hacoca B
BHJI€ pE€3UHOBOM Ipymiu. [Ipu cxaTum pe3nHOBOM rpylin HEKOTOPOE KOJINYECTBO KUIKOCTH
noctymnaer B TpyOKy «A». CTeHkH TpyOkH, Ojaromapsi 3JaCTUYHOCTH PaCTATUBAIOTCA U
TpyOKa  BMemaeT HW30BITOK JKUAKOCTU. 3aTeéM CTEHKH TPYOKH «A» MOCTENEeHHO
COKpAILAIOTCA U MPOTOHAIOT M30BITOK JKUJIKOCTH B CIEAYIOIIEe 3BEHO CUCTEMbl, CTCHKHU
KOTOPOT'O TaK)K€ CHavaja pacTSArMBAIOTC M TPyOKa BMEIACT U30bITOK KHUIKOCTH.

B xoHie cucteMbl HU30BITOK KUAKOCTH cobupaercs B TpyOky «b» u, mocrymas
00paTHO B HACOC, BBI3bIBAET €0 PACHIMPEHUE.

[To mepe pa3BeTBiIeHUS oOIlIee ceyeHUE TPYOKH  YBEIMYMBAETCA, U CKOPOCTh
IBUKEHUS KUAKOCTH  yMeHblnaercsi. OJIHAaKO BCIEACTBHE TOrO, YTO Pa3BETBIICHHE
COCTOUT M3 MHOXECTBa TPYOOK, MOTEpHU HAa BHYTPEHHEE TPEHHE B MPUCTEHOYHBIX CIOSAX
3HAYUTENbHBI U 0011I€e COMPOTUBIICHUE IBUKEHUIO JKUJKOCTH B Hanboyiee pa3BETBICHHOU
4acTH CWJIBHO BO3pacTaeT. AHAJIOTMYHOE YCJIOBHE MMEET MECTO B COCYAMCTOM CHCTEME
YEJI0BEKA.

HauvansHoe naBneHue, HEOOX0AMMOE AJIsl MPOJIBUKEHUSI KPOBH IO BCEH COCYAMCTOM
cucreMe, cozgaerca paboToi cepauna. B 3ToM oTHomIeHUM cepale HOpeAcTaBisieT coOoi
PUTMHUYECKH ACHCTBYIOUIMA HACOC, y KOTOpOro padouas (a3a (cokpamieHHe MBIIIIBI -

ynn

B TyTin
1pyiKa Tpyka
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CUCTOJIa) YepeayeTcs ¢ XxolocTol (da3zoi (paccmabiieHue MBIIIIBI - AUACTONA).
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[Ipu KaXX70M COKpaIIeHUH JIEBOTO KEIyJ0uKa CEpJIla B aOpTy, YK€ 3aMOJIHEHHYIO
KPOBBIO TIOJT COOTBETCTBYIOIIMM JABICHHEM, BHITAIKUBACTCS YAApHBIH OOBEM KPOBH B
cpennem 60-70 mi. 3areM KIamaHbl 3aKpbIBAIOTCS, T.€. JOMOJHUTEIbHBIA O0BEM KpPOBU
MOBBIIIACT JABJIICHUE B HEW W BBI3BIBACT PACTSHKEHHE CTEHOK, YBEJIUYMBas 00BbEM cocyja.
DTO MaBJICHWE B aOpTE HA3BIBACTCSA CHUCTOJIMYECKUM. BoJHA IMOBBINICHHOTO TaBICHUS
KPOBHU OBICTPO PACHIPOCTPAHSCTCS BJIOJIb apTEPUATBHONW YaCTH COCYAMCTOH CHCTEMBI W
BBI3BIBAET KOJICOAHUSI CTEHOK. DTU BOJIHBI JIaBIICHUS HA3bIBAIOTCS IYJIBCOBOM BOJHOM,
CKOPOCTh PacIpOCTPAaHEHUs KOTOPOW 3aBUCUT OT YIPYTrOCTH U IUIOTHOCTH COCYIUCTBIX
CTEHOK (6-8 M/C).

B mepuonm auacTonaBl CTEHKH aOpTHI TOCTEIICHHO COKPAIAIOTCS IO HMCXOJIHOTO
MOJIOKEHHSI U TMPH ATOM MPOTAIKUBAIOT IMOCTYNMHUBIIUKA O0BEM KPOBU B IPUIICTAIOIINE
KpymnHble apTepun. CTCHKU apTepUHU B CBOIO OUYEPEIb PACTATHBAIOTCS, 3aTEM COKPAIAIOTCS
Y TPOTAJIKMBAIOT KPOBH B IMOCIICIYIONINE 3BEHbS COCYJIUCTON CUCTEe-Mbl. B pe3ynbTaTe TOK
KpPOBM MPUHUMAET HenmpepbIBHBIN xapakTep (v=0,3-0,5 m/c).

JIBuKEHNE KPOBH IO COCYAaM M OCOOECHHO paclpOCTpaHEHHE €€ MEXAY Pa3TUYHBIMU
JacTSIMH CaMOW COCYJHMCTOH CHCTEMBbI 3aBHCHT HE TOJIBKO OT paboOThI cepjia, HO M OT
o0IIero MmpocBeTa COCYAOB, TOHYCAa COCYIUCTBIX CTEHOK, OOIIer0  KOJUYeCTBa
MUPKYIUPYIOIIeH KpOBH, €€ BSI3KOCTH U T.0. Bce 95Tu  (akTopel HaAXOASTCA TMOA
PETYIMPYIONIUM  BIMSHUEM  IICHTPAJBLHOM  HEPBHOW CHCTeMbl. TakuMm o0Opa3om,
¢dbusnonornyeckue (GakTopbl, HAKIAAbIBAIOIIMECSs Ha (U3HYECKHE  3aKOHOMEPHOCTH,
PETYIHPYIOT KPOBOOOPAIICHUE B PA3IMYHBIX YACTSAX OPraHU3Ma.

TedyeHne KpoBH B COCYAHCTOH CHCTEME B HOPMAJIBHBIX YCIOBUSX HWMEET
JaMUHApHBIN Xapaktep. Ecinu Hapylmaercs 3TO yCIOBHE, TO TCUCHHE MOXKET TICPCHTH B
TypOynenTHoe. Hampumep, mpu pe3KoM Cy>KEHHH MPOCBETOB COCY/IOB WM MPH HETIOJTHOM
3aKPBITAUM WM OTKPBITHM CEPACYHBIX WM AOPTHBIX KIIAIMAHOB, TMOSBISIOTCS 3BYKH,
Ha3bIBACMBIC CEPACUYHBIMU IITYMaMHU.

4. NiunocTparuBHbIid matepuaJi: [Ipe3enranus, ciaiapl.
5. JIutepartypa:

- OcHOBHas:

1. ®uzuka u 6modusuka. Pyk. k mpaktudeckum 3anatusim: yued. - M.: ITDOTAP - 2013.
2. ®enoposa B.H. ®usuka. - M.: I'DOTAP - Menua, 2013
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3. AbrsutkansikoBa P. b. Kypc neknuit mo ¢usuke. Yacte nepBas (MexaHuka.
Monekynsipaast pusuka. TepmoaguHamMuka. IeKTpuuecTBO. Maruetusm): Yuebnoe
nocobue.- Anmatsl: TOO DBepo, 2024
- JlonmoyHUTEIbHAS.
1. Bragumupos FO. A. ®usznko-xuMuyeckrne 0CHOBBI (POTOOHOTIOTUYECKUX TPOIECCOB:
y4eOHHUK. 2-¢ u3., lepepad. u gom. -M.: [lpoda, 2014.
2. PemuzoB A.H. MeaunuHckas u 6uonorudeckast pusuka: yued. st By30B. -9-¢ u3.,
crepeoturt.. -M.: JIpoda, 2017
3. MapnonoB b.M. PacueTHO-IpOEKTUPOBOYHBIE PAOOTHI IO CONPOTUBICHUIO MAaTEPHUAIIOB:
coopuuk; Ono0p. Yuen. CoBeToM AThIpayckoro uH-Ta HeTH U raza. — AJIMaThl: DBEPO,
2014.
- DJIEKTPOHHBIC MYyOIUKAIINHN:

1. XKanmel pusuka kypesl. Kyinoekyist M., 2014 https://aknurpress.kz/reader/web/1733
2. Monexynansik puszuka. Crabexona P.C., 2017 https://aknurpress.kz/reader/web/1613
3. Koituy6ekoB b.K. sxone 1.6. « DU3UKA (papmanms MaMaHIbIFRIHA apHAJIFAH J9pICTED
xuHarbl)»: oKy Kypaisl/ b.K. Koituybexos, A.K. bpaxxanosa, C. bykeeB.— AnmMarsr:
«DBepoy Oacmacer, 2020, 162 6. https://elib.kz/ru/search/read_book/865/
4. Xam3a A.K., AmankyioB T.I1. ®usnka kypcebl: OKy Kypasbl (2-1111 6achlIbiM).—
Kaparanasi. 2019
https://aknurpress.kz/reader/web/1867
6. KouTposbHbie Bonpockl (00paTHOIi CBsI3M):

1. Yem 0OyCIIOBIICHBI MEXaHUYECKHE CBOMCTBA KUIKOCTH?

2. Kak MoxxHO moo0paTh yCIoBHs, MPU KOTOPHIX AABICHHUE KUIAKOCTH UITU Ta3a B

CY’K€HOM y4acTKe TpyObl CTAaHET MeHblIe aTMOc(hepHOTo?

JIEKIIUSA Ne 6

1. Tema: TepmoauHamuka.
2. Heab: OOBICHUTH MIEPBOC HAYATIO TEPMOJTMHAMHKHN U TIPOIIECCHI B HICAIBHOM Tase.
3. Te3uchbl JIeKINH.
Paznen du3mku, u3ydaroniuii TEIUIOBEIC SBJICHUS ¢ TOYKU 3PCHUS MPOUCXOISAIINX B HUX
MPOIIECCOB B3aMMHOTO TNPEBpPAlICHUS TEIUIOTHl M JIPYTrUX BHJOB HEPIHH, HA3bIBACTCS

TEPMOAVNHAMHUKOM.
Teno mnu cOBOKYIHOCTB Tell, YCIOBHO BBIJEIEHHBIX M3 OKpYXKaroLlel cpeipl 1uid Oomee
yAOOHOTO ~ pacCMOTpPEHHUs ~ MPOUCXOJAUIMX B HHUX  TPOIECCOB,  Ha3bIBaeTCA

TEPMOAVNHAMUYECKOU CUCTEMOM.

N3onupoBaHHas cucTemMa, HaXO/AIIasICsl B HEPABHOBECHOM COCTOSIHUM, CAMOIIPOM3BOJIBHO
NepexoquT B paBHoBecue. Ilepexoa cHCTEMBl M3 OJHOIO COCTOSIHUSL B JApYroe,
MIPOUCXOJIAUINI yepe3 psll MPOMEKYTOUHBIX COCTOSIHUN, Ha3bIBACTCS TEPMOJIMHAMUYECKUM
IIPOLECCOM.

[Ipouiecc, KOTOPBIA MOXKET CaMONPOU3BOJIBHO MPOTEKATh U B MPSAMOM, U B OOpAaTHOM
HaIpaBICHUSIX Ha3bIBACTCS 0OpaTHUMbIM. ODTOT MPOLECC COCTOMT M3 IOCIEI0BATEIbHOTO
psiga paBHOBECHBIX COCTOSIHMM. K HHM MOXHO OTHECTHM [JOCTATOYHO MEIJIEHHO
MIPOTEKAIOIINE MTPOLIECCHI CHKATHS, PACILIMPEHUS], HATPEBAHUS U OXJIAXKICHUS rasa.

HeoOpaTtuMblM Ha3bpIBaeTCsi MPOLECC, B KOTOPOM XOTA Obl OJHO NPOMEKYTOUHOE
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COCTOSIHHE HE SBJSICTCS PABHOBECHBIM H TPOILECC HENb3sl IMPOBECTH B OOpaTHOM
HaTPaBJICHUH Yepe3 T€ )KE IPOMEKYTOUYHBIC COCTOSHHS: OBICTPO MPOTEKAOIIEEe CKATHE,
pacimupeHue, OXJaXJCHHEe, B3auMHas AUQQy3us Tra3oB, mepeaada TEIUIOTHI MyTeM
TEIUTOIPOBOTHOCTH H JIp.

PaccmorpumM crienyrorue mporecchl U3MEHEHHS COCTOSHUST MICAIBHOTO Ta3a:
1. M3oxopuueckuii mporecc MpOUCXOauT mpu V=const, T.c. Ta3 HE COBEpIIACT PAOOTHI
MPOTHB BHEIIHUX cui, T.e. A=0. Bcst cooOmraemas rasy temiora: dQ= dU 3arpaunBactcs
Ha U3MCHCHHUE BHYTPEHHEH HEPTHUH, T.C. Ha HAarPEBAHUE CUCTEMBI.
2. V3obapuueckuii mporecc mpoTekaeT npu P=const. ['a3 HarpeBaeTcs, pacmimpsercs u
npyd  3ToM coBepmaet paboty BHemHHX cwi. 0Q= dU+dA T.e. cooOmeHne cucreme
TEIUIOTHl 3aTPauyMBacTCs  Ha YBEIMYCHHE  BHYTPEHHEH  DHEPIMHM CHCTEMBl M Ha
COBEpIIIaeMYIO €0 paboTy.
3. U3oTepmudeckuii mpoiecc nporekaer npu T =const. BHyTpeHHsIsI 3Heprus rasa He
mmensiercs: AU=0, U=const, caemoBatensrno dQ=dA, T.e. Bcsa Temiora, cooOmaeMas
CHCTEME, paCXOIyeTCs Ha COBEpIIacMyto padoTy.
4. AnwabaTwdeckuid Tporiecc mnporekaeT mpu Q=const, Torma pabota coBeplaeMas
CHCTEMOM MPOMCXOJUT 3a CYeT H3MEHEHHs ero BHyTpeHHel sHeprum: dA= - dU, T.e.
paciuidpeHne BBI3BIBACT OXJIAXK/CHHE, a C)KATHE — HarpEeBaHUE.

KosmgecTBO TEIUIOTH, HEOOXOAMMOE Ui HAarpeBaHMs Teja Ha OJHWH TPaayc
KenpBuHa, Ha3bIBAIOT TEIUIOEMKOCTHIO Teja. Tak Kak KOJUYECTBO TEIUIOTHI 3aBHCHUT OT
mpoIecca, To0 U TeIJI0EMKOCTh CYIIECTBEHHO 3aBUCHUT OT mpoiiecca. it 0JHOro ¥ TOro e
Tela TPUHATO pa3inyarh yleidbHbIe TeruioeMKocTu wu3obapHoro C, u m3zoxopHoro Cy
nporieccoB. OTHOIICHHWE YIEIbHBIX TEIUIOEMKOCTEH TPH IMOCTOSHHOM JABJICHUU W TIPH
MIOCTOSTHHOM 00bEME Ha3bIBAET MOKa3aTeIeM aquadaThl.

[TepBoe Havamno
TermmoeMKoOCTH MpU U30MPOLECCAX
No N3onporiecchr TEPMOJIMHAMUKHU (C= dQ/dT)
(dQ=dA+dU)
1. |3oTepmuyeckuit du=0, dQ=dA dT=0, Cr=w0
npoIecc
2. |H306apuyeckuit dQ=dA+dU Cp=dU/dT+dA/dT=Cv+R
poIecc Cp-Cv=R - ypaBHeHmne Maiiepa
3. | M3oxopuueckuii dA=0, dQ=dU Cv=du/dT
poIIecce
4. | Annabatnueckuit dA=-dU Co=0
poIecc

Kaxnass kierka W Bech KUBOM OpraHU3M SBISIOTCS OTKPBITBIMU CHCTEMAaMHU.
[Tporieccrl, mpoTekaronme B OMocucTeMax HeoOpaTUMBI, TO €CTh IIPU TIEPEXOE CUCTEMBI U3
OJTHOTO COCTOSTHUSI, OOpaTHBIA TEpPexXoJ B HAYadbHOE COCTOSHHE HEBO3MOXEH 0e3
JOTIOJHUTEIBFHOIO MPUTOKA B3HEPruu U3BHE. M3yueHHeM HTHX BOMPOCOB 3aHUMAETCA
TEPMOJMHAMUKA, 3aKOHBl KOTOPOM CHpaUIMBbl KaK /JIsi HEXUBOH, TaKk M IS >KUBOU
MPUPOBIL.

TepmonuHamMuky  MOJApa3JeNsiiOT  Ha  KIACCMYECKYI0  (paBHOBECHYI) U
TEpMOJAMHAMUKY  HEOoOpaTUMBIX  IpolieccoB  (HepaBHOBecHyro). Ilpu  u3ydenuu
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OMOJIOTHYECKUX MPOIIECCOB UCIIOIB3YETCSI METO 1Bl HEPABHOBECHOW TEPMOIMHAMUKH.
[lepBblii 3aK0H TepMoaguHAMUKHU uMeeT BUI: dQ =dU +dA,

rae Q — KOJMYECTBO TEIUIOTHI, TIOJTydeHHOE cucTeMoit, U — BHYTpEHHSSI SHEPTHSI CUCTEMBI,
A — pabota coBepiiaemasi HaJ CHUCTEMOW, B CBOlO ouepeabr dA>0, eciau paboTa
coBepiaercsi camoii cucremoit m dA=PdV - pabora cuctemsl, rae dV — H3MEHEHHE
oobema. Torma: dQ =dU + PdV

mpu V=const dQ=dU

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

rne H — sHTanenusa — QyHKUUS COCTOSIHHSI, OINpEAeNsionas KOJIMYEeCTBO BbIACIUBIIECHCS
TEIJIOTHI B U300apHUUECKOM MPOIIECcCe.

B Ononoruueckux cucTeMax MPOILECChl COBEPIIAOTCS MPHU MOCTOSTHHOM JaBIICHUU,
CJIEIOBATENIbHO, TETUIOBOM AP (PeKT OMOXUMHUUECKHUX PEaKIuii paBeH M3MEHEHHIO YHTAIBITUN
B xone peakuuu. CyliecTBOBAaHHE >KUBOTO OpraHu3Ma TpeOyeT NOJIEpkKaHUsA €ro B
HEPAaBHOBECHOM COCTOSIHMH, a 3TO HEBO3MOXKHO 0€3 MIPUTOKA SHEPTUU U3BHE.

[lepBbIli 3aKOH TEPMOJMHAMHMKU TO3BOJSET ONPEACNINUTh  KOJUYECTBEHHBIE
COOTHOIIEHUSI MEXKIY pazIuYHbIMU (popMamMu SHEPruu, KOTOpPhIE MPUHUMAIOT Y4acTHE B
JAHHOM IPOIECCE, T.€. Pa3jIMYHbIC BUIbl SHEPrUM MOTYT MpEBpallaThCa APYTr B Apyra B
SKBMBAJIEHTHBIX KoJuyecTBaX. HO OH HE MOXET OmNpenelnTh B KaKOM HalpaBJICHUHU
MPOUCXOOUT TpeBpallieHue »HHeprud. Ha »3To TBOmpoC OTBEYaeT BTOPOW 3aKOH
TEPMOJIMHAMHUKHU.

Bo3MOXHOCTh TpOTEKaHUA TEPMOJAMHAMHYECKHX IPOLIECCOB, UX HAMNPABICHHUE U
IpeJiesl MOTYT XapaKTepU30BaTh TAaKHUE MMApAMETPhl COCTOSAHUS CHCTEMBI KaK JHTPOIMMS,
CBOOOHAS ¥ CBsI3aHHAS DHEPTHsl.

[Tox sHTpommel S mMOHMMAETCAd OTHOLIEHME Termia Q, MpOU3BOAMMOIO B
0o0paTUMOM HM30TEPMHYECKOM TIpoIlecce K aOCOMOTHOM Temmepatype T, mpu KOTOpou

MPOTEKAET MPOIECC: S :g WJIA U3MEHEHUE HJHTponuu dS = dT—Q , oTkyga dQ=T-dS,
TOrJa  MEpPBbIA 3aKOH TEPMOJUMHAMUKH JJI1 W30JUPOBAHHONW CHCTEMBI HMEET BHJ:
dU=dA+TdS, rne dA - mone3nas paboTa, coBepiiaemasi CHUCTEMOW W Ha3bIBACTCS
u3MeHenueM csoboHoi saueprun dF, rorna dU=dF+TdS.

BHyTpeHHsIs SHEeprus CUCTEMbI paBHA CyMME CBOOOJHOM SHEPTHUHM U CBS3aHHOM.

CBoOoiHast SHEPTUSL HMCHOJB3YETCs ISl COBEpPUICHHs] paOdOThI, CBSI3aHHAs JHEPIHs
Ta 4acTb BHYTPEHHEW SHEPrUU, KOTOpas HE HCIIOJIb3YeTCs Ui COBEpIUEHUs paboThl, a
Oecronie3Ho paccenBaeTcs B Buje Teruia. OHa OmpesernseTcss SHTPOIMUEH, eciy MPOIecChl
uayT npu T=const. Yem OobIre 3HTPOMNHS, TeM OONBIIE KOJIMYECTBO CBA3AHHOM SHEPTHUH.

Yem Ooubliie CBSI3aHHAsI SHEPTHUS, TEM HHTEHCUBHEE paccerBaHUE YHEPTUH B TEIUIO U
TeM HeoOpaTHMee SIBISETCSl MPOIiece.

Taxum 00pazom, SHTPOIHUS - 3TO Mepa PACCEUBAHUS, NIETPATALNN IYHEPTHH, & TAaKKe
Mepa HeoOpaTuMocTH mpoliecca. Eciu B cucteme coBepiuaercs paboTa, To 3Ta paborta
COBEpIIAETCs 3a CUET CBOOOJHOM SHEPTUU.

B cnyuae HeoOpaTumMoro nporiecca coBepiieHHast pabota OyneT MeHbIle W3MEHEHUs
CBOOOJHON IHEPruu, KOTOpasi MOCTOSHHO UMEET TEHJEHUUIO K YMEHBIIEHUIO BCIEIACTBUE
paccenBaHus €€ B TEIUIO.

Bropoil 3akoH TepMoAMHAMUKH 0000IIaeT BbIIMICYKA3aHHOE IOJI0XKEHUE, T.C.
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0001 CaMOIIPOU3BOJIBHBIN TMPOIIECC B U30JUPOBAHHON CUCTEME MPUBOJUT K YMEHbBIIIEHUIO
CBOOOJHON PHEpPruu, eciu mpoiecc HeoOpatuM. Ecnu mporecc oOpatuM, TO cBOOOIHAS
SHEPTUsi CUCTEMBI HE U3MEHSIETCSI.

B u3onupoBaHHOM cucTeMe MPU MPOTEKAHWU HEOOPaTUMBIX MPOIECCOB CBOOOAHAS
SHEprusi ~ yYMEHbIIAETCs, a CBs3aHHAs SHeprus yBeiauuuBaetcs. OOIiee KOJIUYECTBO
SHEPTUM B CUCTEME HE U3MEHSETCH.

[Tockonbky Mepol CBSI3aHHOM APHEPTUU SIBISETCS IHTPOIUS, TO MPU HEOOPATUMBIX
mpoIeccax SHTPonus cucreMsl Bozpacraet: dS =(dQ/T) > 0

Takum oOpazoM, Bce  mpolecchl B NPUPOJAE  MPOTEKAIOT B HAMPABICHUU
YMEHBIIICHHUS] CBOOOJIHOM IHEPTUU U YBEIUUYCHUS YHTPOIUU — ITO U €CTh MOHITHE BTOPOTO
3aKOHA TEPMOJIUHAMUKH.

[Iporiecc mpoTekaet 10 TeX Mop, IMOKa CBOOOHAsS YHEPTHUSl HE CTAHET PAaBHOM HYIIIO,
a DSHTPOMHUS MaKCUMaJIbHOMY 3HAUYEHHIO - O3TO COCTOSHUE  CHUCTEMbl  Ha3bIBaeTCA
TEPMOJANHAMUYECKIUM PABHOBECHEM.

B TeueHue AIMTENBHOrO BPEMEHH CUMTAIM, YTO BTOpoe Hauano TJ| He mpuMeHuMO
K OMOJIOTUYECKUM CHCTEMaM, T.€. BCE€ MPOIECCHl B CHUCTEME JIOJDKHBI MPUOINKATh ee K
TEPMOJAMHAMUYECKOMY PaBHOBECHIO, YTO HE MPUMEHHUTEIHHO K JKUBBIM OpraHU3MaM
O3HA4aeT NPHUOIMKEHUE CMEPTH.

Opnako, paboTOCOCOOHOCTh OUONOTMYECKUX CHUCTEM HE YMEHBIIAeTcs €O
BPEMEHEM, UX KU3HENIEITCIIbHOCTh MPOA0KACTCS TOMBI U JECATUIIETUS. DTO OOBICHIETCA
TEM, YTO 3aKOHBI KJIACCUYCCKON TEPMOJAMHAMUKHI OBLIN pa3paOdOTaHbI JIJIsi U30JIUPOBAHHBIX
CUCTEM, a )KHBBIC OPTaHU3MBI SIBJISIOTCS OTKPHITBIMU CUCTEMAMH, KOTOPble 0OMEHUBAIOTCS
C OKpYy’Karoliel cpeoi sHeprueit u BemiectBoM. [loaTroMy ob1ee n3MEeHEHNE Pa3IesaeTCs
Ha nBe yactu: dFj u dSj - u3amMeHeHue cBOOOMHOW PHEPTHHM W DHTPOMHUHU, 00YCIOBICHHOE
MPOTEKAHUEM OHOXMMHUYECKUX U OMOPU3NYECKUX MpolrieccoB BHYTpU cucteMbl, dFe u dSe
00YCJIOBJICHHOE B3aMMOJICHCTBHEM C OKPYXKAIOIICH CpeIoi:

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

Tak xak Bce OWOXMMHYECKHE U OWO]HU3MYECKHE TIPOIECChl B  OpraHU3ME
HeoOpaTUMBI - MPOTEKAIOT C PACCEMBAHMEM YaCTH DSHEPTUU B TEIUIO, TO B PE3yJbTare
3TOTO CBOOOJHAs PHEPrUs CUCTEMBbI HempepbiBHO ymeHbinaetcs dF< 0, a suTpomms
BozpactaeT  dS>0. Ho B opranusme mpOTEKAIOT MPOIECCH], COMPOBOXKIAIOIINECS
YBEJIMYCHUEM CBOOOJHOW SHEPTHUHU.

JKuBoii opraHusm npeacTaBiIsieT COOOM OTKPBITYIO TEPMOJMHAMUYECKYIO CHUCTEMY,
KOTOpasi HAaXOAMUTCS B CTAllMOHAPHOM COCTOSIHHH, T.€. COCTOSIHUE€ CHUCTEMBI, IPU KOTOPOM
napaMeTpsl €e CO BPEMEHEM HE H3MEHSIOTCS, HO MPOUCXOAWT  OOMEH BEIIECTBOM U
SHEPTUEH C OKPYKAIOLIEH CpPEeIor, HA3bIBACTCSA CTALIMOHAPHBIM.

. TIpuroxuH Ha OCHOBE M3yUYEHUS OTKPBITHIX CUCTEM CHOPMYIUPOBAT OCHOBHOE
CBOMCTBO  CTAal[MOHAPHOTO  COCTOSIHUS: B CTAIllMOHAPHOM COCTOSIHUU CKOPOCTh
BO3pACTaHUS SHTPOIMUHU, OOYCIOBJICHHAS TMPOTEKAHHEM HEOOPATHUMBIX MPOIIECCOB, UMEET
MOJIOKUTETFHOE 1 MUHUMAJIBHOE W3 BO3MOYKHBIX 3HAUCHHH.

CrnenoBarenpHO, cUCTEMa ISl TIOJACPKAHUSL CTAIlMOHAPHOTO COCTOSIHUSA TpeOyeT
MUHMMAJILHOTO W3 BCEX BO3MOXHBIX 3HAYEHUW MPUTOKA CBOOOJHON SHEPIHH, T.€.
OpraHu3M CTpPEeMHTCS paboTaTh Ha HamOojiee BBITOAHOM SHEpreTndeckoMm yposHe. [Ipu
9TOM MOJJEpKaHWE  INOCTOSHHOTO  YpPOBHA B OpraHU3ME OCYLIECTBISIETCS IIyTEM
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NMOTPeOJICHUS MUIIEBBIX BHICOKOMOJIEKYIISIPHBIX BEUIECTB CO 3HAUUTEIHLHON OTPUIIATEIBHON
SHTPONMEN W BBIBEJACHUS U3 OpraHu3Ma JECTPYKTUBHBIX MPOAYKTOB IHILEBAPEHUS C
MOJIO)KUTEIBHOM  DHTPOIUEH, a TaKke HEMOCPEACTBEHHOM OTHAa4ud TEIUIOTHI B
OKpYXKalollylo Cpeay.

[lepenaua sHeprum OT OJHOTO  Tela K JApyromy 0e3 coBepiieHHs  paboThl
Ha3bIBAE€TCsl TEIUIoNepeaayeil.

OHeprus, HeoOxoauMas Ul KU3ZHEAEATEIbHOCTH — OpraHu3Ma, JOCTaBIIAETCA C
MULIEN B BUAE DHEPTUM XMMHYECKUX CBSI3€l BBICOKOMOJIEKYJISIPHBIX IHINEBBIX BellecTB. B
OpraHu3Me TH BEUIECTBA OKUCIISIIOTCS 10 O0siee MPOCTBIX W OCBOOOXKMAIOIIASICS TIPU 3TOM
SHEprus, MpeBpallaeTcsa B JAPyrue BHIbl SHEPrUM, TIJIaBHBIM OOPa3oM TEIUIOTY, a TaKke
paboTy, COBEpIIAEMYIO MTPH PA3TUYHBIX ABUKEHHUAX U T.1.

4. WimrocTpatuBHbIN MaTtepuad: [Ipesenranus, ciaibl.
5. JIurepartypa:

- OcHOBHas:
1. ®usuka u 6uodusuka. Pyk. K mpakTudeckum 3ausatusM: yuaed. - M.: I'DOTAP - 2013.
2. ®emoposa B.H. ®usnka. - M.: ID0TAP - Menaua, 2013
3. AosutkansikoBa P. b. Kypc neknuit mo ¢pusuke. Yacts mepBas (MexaHuka.
Monekynspnas usuka. TepmoaguHamMuka. neKTpuuecTBo. Maruetusm): YuebHoe
nocobue.- Anmatsl: TOO Dsepo, 2024

- JlononHuTenbHasi:
1. Bnagumupos FO. A. ®uzuko-xuMuyeckre 0CHOBBI (POTOOMOIOrMYECKUX TTPOIIECCOB:
y4eOHHK. 2-¢ u3/., mepepad. u pom. -M.: Jpoda, 2014.
2. PemuzoB A.H. Menunuackas u Onojorudueckas Gpusuka: yue0. s By30B. -9-¢ u3I.,
crepeoturt.. -M.: Ipoda, 2017
3. MapnonoB b.M. PacueTHO-IIpOEKTHPOBOYHBIE PAOOTHI IO CONPOTUBICHUIO MAaTEPUAIIOB:
coopnuk; Onobp. Yuen. CoBeToM AThIpayCKOro MH-Ta HETH U raza. — AIMaThl: DBepo,
2014.

- DNEeKTPOHHBIE MyOIUKALINN:
1. XKanmer pusuka kypesl. Kytoexyist M., 2014 https://aknurpress.kz/reader/web/1733
2. Monekynansik ¢pusuka. Cnadekosa P.C., 2017 https://aknurpress.kz/reader/web/1613
3. Koituy6ekoB b.K. xone 1.6. « DU3UKA (dapmanius MmamaHAbIFbIHA apHAIFAH JOPICTED
xuHarbl)»: oKy Kypaibl/ b.K. Koituybexos, A.K. bpaxxanona, C. bykeeB.— AnmMartsr:
«DBepoy» Oacmacer, 2020, 162 6. https://elib.kz/ru/search/read_book/865/
4, Xamza A.K., AmankyioB T.I1. @usuka kypcel: OKy Kypasl (2-1111 6achIbIM).—
Kaparanaer. 2019 https://aknurpress.kz/reader/web/1867
6. KonTposbHble Bonpockl (00paTHOI CBSA3M):

1. Yto Ha3pIBaeTCSA TEPMOANHAMUYECKON CHCTEMOI?

2. Yem oTiMyaeTCs MPOLECCH B UJIeaTbHOM rasze?

3. Kak npoucxoaut nmpeBpamieHus TeII0Thl U IPYTUX BUOB YHEPTHH ?

4. B xakux HampaBIICHUSX U3MEHSETCS CBOOOHAST ¥ CBSI3aHHAS dHEPTHUs?

5. Kak omnpenensieTcsi CKOPOCTh BO3PACTAHUS SHTPOIUU JJIsi HEoOpaTUMBIX

MpOLECCOB?
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https://elib.kz/ru/search/read_book/865/
https://aknurpress.kz/reader/web/1867
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JEKIAS Ne7-8

1. Tema: buonornuyeckne MeMOpanbl. TpaHCIIOPT BELIECTB Yepe3 OMOJIOTHYECKHE

MEMOpaHBI.

2. Heab: OOSICHUTH CTPYKTYpPHYIO OCHOBY OHMOMEMOpaHBI, pPAaCKpPHITh €€ OCHOBHBIC

(GYHKIIUU ¥ pACMOTPETh COBPEMEHHYIO KUJKOCTHO-MO3aUYHYIO MOJIEb.

3. Te3ucChl JeKIMN:

buoduzuka meMOpaH — BaXHEWIHMIA paznen OMOPU3NKN KIETKH, UMEIOITUN O0JIbIIoe
3HaYeHUe JUIsi MEAUIMHBL. MHOTHE >KW3HEHHBIE MPOIIECChl MPOTEKAIOT Ha OMOJIOTHYECKHX

MeMmOpaHax. Hapymenne MeMOpaHHBIX WPONECCOB — TPUYMHA MHOTHX ITaTOJIOTHH.

JleueOHbIE BO3JEHCTBHS HA OPTAHM3M TaK)K€ BO MHOTHX CITydasX CBSI3aHBI C BO3JICHCTBHEM

Ha (QYHKIITMOHUPOBAHUE OMOJOTHYESCKUX MEMOpaH.

JKuBas KieTka OCHOBa CTPOEHHUS BCEX KUBOTHBIX U pacTeHUU. BakHelmmm ycioBiuem

CYIIECTBOBAHUS KJIETKH (M KJIETOUHBIX OPTAHEIIT) SBISCTCS:

1) aBTOHOMHOCTH IO OTHOUIECHUIO K OKpYXaromiel cpene (BEUIECTBO HE JOJKHO
CMEIIMBATHCS C BEHMIECTBOM OKPYKECHHSI, I0JKHA COOMIOAATHCSI aBTOHOMHOCTh XMMHYECKHX
pEeaKIMil B KJIETKE U €€ OTJEIbHBIX YaCTAX);

2) c Apyroi CTOPOHBI, CBA3b C OKpYKalolLIe cpenoil (HempephIBHBIM, peryaupyeMblil
MIEPEHOC BEIIECTBA U DHEPIHH MEXKIY KIETKOW M OKpyKaromien cpemoit). JKupas KieTka
OTHOCHUTHCSI K TEPMOJUHAMUYECKON OTKPBITON CHCTEME.

OcHOBHBIMH (DYHKUUSAMH OMOJIOTUYECKUX MEMOpaH SIBISIOTCA:

1) OapbepHas — oOecre4yMBaeT CEIICKTUBHBIN, PETyJIUPYEMbId, TACCUBHBIH W aKTHBHBIMI
0oOMEH BeIECTB KIETKH ¢ OKpyxKatomieh cpenoit. CenekmusHulll — 3HAUUT
N30MpaTEIbHBINA, T.€. OJHU BEIIECTBA MEPEHOCATCS Yepe3 OMOIOTHYECKHe
MeMOpaHbl, Apyrue HeT. Pecyrupyemvii  mpoHUIIAEMOCTh MEMOpaHBI ISt
OTIpe/IeJICHHBIX BELIECTB MEHSETCS B 3aBUCHUMOCTH OT (DYHKIIMOHAIBHOTO
COCTOSIHUS KIICTKU. AKmu6Hulli  TIEPEHOC OT MECT, TJleé KOHIIEHTpalus
BELIECTBA MaJia, K MecTaM ¢ Oobllell KOHIEHTpalHei;

2) MatpuyHas — OOECICYMBAaET B3aWMHOE PACIOJIOXKCHHE M OpPUEHTAIMI0 MEMOpPaHHBIX
O€NKOB, M UX ONTHMAJIBLHOE B3aUMOJICHCTBHE (HApUMeEp: B3aUMOJICHCTBHUE
MeMOpaHHbIX (PEpMEHTOB);

3) MexaHuyeckas — oOecleYMBacT MPOYHOCTh W ABTOHOMHOCTh  KICTOK M
BHYTPUKJIETOYHBIX CTPYKTYP.

Kpowme Toro, 6uonornueckiue MeMOpaHbl BHITOJIHSIOT (PYHKIUH:
e »oHepretmueckyilo — cuHTe3 AT® Ha BHYTpeHHHX MeMOpaHax MUTOXOHAPUH U
(dhoToCHHTE3 B MEMOpaHaX XJIOPOIIACTOB;
® TCHEPALMIO U NPOBEACHNE OMONOTEHIINAIIOB,;
® pELENnTOPHYIO (MEeXaHWYecKasi, akyCTU4YecKasi, 0OOHATENbHAs, 3pUTEIbHAS, XUMHUCCKas,
TEpMOpEIEHIHs — MeMOpaHHBIC MPOIECCH) I MHOTHUE IPYTHe (PYHKIINH.
OrpomHast posib MeMOpaH B )KU3HEHHBIX MPOIIECCaX CBA3aHA C MX OTHOCHTEIHHO
OOJIBIION COBOKYITHOM TUTOMIANb0. Tak, 001as mionaab BceX OMOIOTHIeCKUX MeMOpaH
B OPraHM3MeE YeJIOBEeKa JIOCTUTAET JIECSTKOB THICSY KBAAPAaTHBIX METPOB.
MHuorue 00j1€3HU CBSI3aHBl C HapyUIEHMEM HOPMAJIBbHOTO (YHKIMOHUPOBAHUS

MeMOpaH: KaHLEPOTeHEe3, aTepPOCKIEPO3, HAPYIICHUE TUETHl, BUPYCHBIE U MH(EKIIMOHHBIC

3a0o0JIeBaHMsl, OTPABICHHS, TOPAKEHUE OpraHu3Ma yJIbTPadUOIETOBEIM U MOHU3HPYIOIIUM
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o0nyueHueM u MHorue apyrue. Jleuenue cBs3aHa C BO3/IeHCTBHEM Ha MEMOpPAHBI C LEIbIO
HOPMaJIN30BaTh UX (PYHKIIUH.

[lepBast Mmozenb cTpoeHus OUOIOTHYECKUX MeMOpaH Oblia mpeasioxkeHa B 1902 roxy.
OBEpTOH 3aMeTHJI, YTO 4Yepe3 MeMOpaHbl JIydllle BCErO MPOHUKAIOT BEIIECTBA, XOPOIIO
pacTBOpUMMBIE B JUNUAAX W HA OCHOBAHHHM STOTO MPEIINONOXKUI, YTO OHOJIOTUYECKUE
MeMOpaHbl COCTOSIT M3 TOHKOTO cliosi ¢ocdonunuaoB. Ha camom jene, Ha MOBEPXHOCTU
pazzena TOJSIPHOW W  HEMOJSPHOW cpel (Hampumep: BOABI M BO3/yXa) MOJEKYJIbI
dbochomunuaoB 00pa3yr0T MOHOMOJICKYJISAPHBIA (0JHOMOJCKYISIpHBIN) cioi (puc.l). Mx
MOJISIPHBIE ~ «TOJIOBBI» TIOTPY)KEHBl B TOJIIPHYIO CpEly, a HENOJISPHBIE «XBOCTBHI»
OPUEHTHPOBAHBI B CTOPOHY HEMOJApHOM cpenl. [loaToMy MOXXHO OBLIO MPEANONOKHUTH,
YTO OMOJIOTHYECKHE MEMOPAHBI TOCTPOCHBI U3 MOHOCJIOS JIUTIHJIOB.

B 1925 rony L'oprep u I'penpen mokaszai, 4YTO IUIOHIAAb MOHOCJOS JIUMHIOB,
HKCTPArupoOBaHHBIX U3 MEMOpaH SPUTPOIMTOB, B JIBa pa3a OOJbIIE CyMMapHOW IUIOMIAIN
sputporutoB. ['oprep u I'peHmen HsKCTparupoBalyd JUMUILI W3 TEMOJMU3UPOBAHHBIX
SPUTPOLUTOB ALETOHOM, 3aTEM BBIMAPUBAIM PACTBOP HA MOBEPXHOCTH BOJBI U U3MEPSUIH
oAb 00pa3oBaBIIeCS MOHOMOJIEKYISIPHOM TUICHKU TUnuA0B. Ha ocHOBE pe3ynbTaToB
ITUX HCCIEIOBAaHUM OBUIO CJAENAaHO TMPEANOJOXKEHHE, 4YTO JIUMNHUABL B MeMOpaHe
pacroJiaratoTcsi B Bujie OMOMOJIEKYISIPHOTO cJios (puc.l.)

Eona

[TomapHad romoEEa T E
Hemomsprntt xmoer"){ )0 )0 ) )1 )0 DHEKTRONHT
v 111))111) 1 )
| bpana embpana
Pocgommm ) )T) Q@ Q QB Q B

— SNEKTRONHT

Eona l

Puc.l BumonexynapEHE cniofl THIKACE. Puc.2. Mewbpara KaK KOHIEHCATOp.

OTO TPEANoJIOKEHUE TMOATBEPIAUIN HCCICAOBAHUSA DSIECKTPUUECKUX TapaMeTpOB
ononormueckux wmemOpan (Koyn wu  Keprue, 19351.): BBICOKOE DJIEKTPHYECKOE

7 2 _
conporusnenne ~10°'Om - m* u Gonburas snexrpoemkocts ~0,5-107° @/ v? (3Havenus

COTIPOTHBIICHHUS U ANEKTPOEMKOCTH — Ha €AMHUILY TUIOLIaAN MEMOpaHbI).

buonoruueckyio  MemMOpaHy MOHO  paccMaTpuBaThb  KaK  AJIEKTPUYCCKUN
KOHJIeHcaTop (puc.2.)

[InactTiHaMM KOHJEHCATOpa SIBISAIOTCS DJJIEKTPOIMTBHI HAPYKHOI'O M BHYTPEHHETO
pacTBOpPOB (BHEKJIETOYHOTO U LUTOIMIIA3Mbl), OHU PA3AENEHbl TUAIEKTPUKOM — MEMOpaHO
C IUAJIEKTPUUECKON MPOHULIAEMOCThIO £=2.

)

EMKocTh mmockoro konaencaropa: C = (5.1.), roe anexTpuyeckas NOCTOSTHHAS

&, ~8,85-10™*®/ m; |-paccTosHrEe MEXK Ty IIIACTUHAMH KOHJIEHCATOPA.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MeguumnHa akaaemMusacoi» AK AO «KOkHO-KasaxcTaHcKass MeOULMHCKAS akaneMus»
Kadenpa mequnuHcKoi 0MOGU3NKH 1 HHPOPMAIMOHHBIX TSXHOJIOTHI Ne 35-11 (D)-2024
JIeKIIMOHHBIN KOMIUIEKC MO TUCIUIIINHE «Du3zuka Crp. 19 u3 32
£ 0 S

V nenbHas eMKOCTh Ha eauHuIy mmomanu: C | = (5.2.).

Yo
Orcroga MOXHO HAWTH  pAacCTOSHUME MEXIy IUIACTUHAMM  KOHJEHCATOPa,
COOTBETCTBYIOILEE B HAILIEM CIydae TOJIIUHE JTMITUIHOM 9aCcTH MEMOPaHEL:

o¢ 885-1072.2

-2
Cya 0,5-10

3TO0 Kak pa3 COOTBETCTBYET MO MOPSIKY BEJIMUUHBI TOJIIMHE HEMIOJISPHOMN YacTu
JBYMOJIEKYJISIPHOTO CJIOS JIMITHUJIOB, CIIOKEHHOT'O OIPEIETIEHHBIM 00pa3oM.
Bwmecte ¢ TemM, IMETUCH SKCIIEpUMEHTAIFHBIC TaHHBIE, KOTOPBIE CBUIACTEIHCTBOBAIIH

0 TOM, 4TO OMOJIOTMYECKass MeMOpaHa COCTOUT U U3 OENKOBBIX MoJieKyd. Hampumep: npu
W3MEpPEHUN TOBEPXHOCTHOTO HATSDKEHUS KIETOYHBIX MeMOpaH ObLIo OOHapyKeHO, 4TO
W3MEpeHHbIC 3HaueHUsT K0d(DPHIHEeHTa TOBEPXHOCTHOTO HATSKCHUS 3HAYUTEIILHO ONFKE K
KO3(pPUIMEeHTY MOBEPXHOCTHOTO Ha TpaHulle pazzaena Oenok-oaa (okono 0,1 nun/ cm),
HEXEJIW Ha TpaHuile paszaena aunua-soga (okomo 10 auH/cM). DTH TPOTUBOPEUUS
IKCTICPUMEHTAIBHBIX ~ pEe3yNbTaTOB  ObUIM  ycTpaHeHbl  Jlanwenn u  JIeBOHOM,
npemioxuBiinMu B 1935 romy, Tak Ha3plBaeMylo «OyTepOpOJIHYIO» MOJENb CTPOCHHUsS
ouonornuyeckux MemOpad. CorjiacHoO 5TOH MOJENHU, HUMEIOTCS JABa CIOS MOJEKYJ
dbochonunuaoB, KOTOPBIE PACMOJIOKEHBI MMEPINEHAUKYISIPHO TOBEPXHOCTH MEMOpAHBI.
ManpouIbHBIMU KOHITAMH MOJICKYJIBI JIMITUOB HAMPABICHBI HAPYXKY, THAPOPOOHBIMHU K
HeHTpy MemOpasbl. ['uapodoOHBIE KOHIBI — 3TO TaKW€ KOHIIbI, KOTOPBIE HE COJEpKaT
MOJIAPHBIX TPYMII U HE MOTYT HPHUCOSAUHATH MOJEKYNbl Boabl. Ha monspHbIX Tpymmax
Mosiekyn QocdonunuaoB MemMOpaHbl abCOpOMpOBaHBI OETKOBBIE MOJEKYIbl B (Qopme
r7100y7, KOTOpble MOKPBIBAIOT BOMHOM cioi (ochonunuaoB ¢ o0enx CTOpOH, NMpuaaBas
€My SJaCTUYHOCTh W YCTOWYMBOCTh K MEXaHWYECKUM IMOBPEXKIICHUSAM, a TAKKe HHU3KOE
MOBEPXHOCTHOE HaTsDKeHWE. TOoNIMMHA KIETOYHOW MeMOpaHbI OIEHHBAIACh MPUMEPHO &
HM, TaK Kak JJIMHA JIMTHAIHBIX MOJICKYII IPUMEPHO paBHa 3 HM, TOJIIIMHA MOHOCIIOS Oenka
okoso 1 HM. Takxe OBUIO ONpPENENEHO, YTO Ha OJHY MOJEKYly Oejika MpPUXOIUTCS
npubausuTeabHo 75-90 Monexkyn ¢hochoIunuIoB.

Mornekyna ¢ocdonunuaa CoAepKUT MOJSPHYIO TOJOBY (IPOU3BOJHYIO (ochopHO

KHCJIOTBI) M HETTOJSIPHBIN XBOCT (OCTATKU XKUPHBIX KUCIIOT).

B romnose dochomununHoil MOJNEKYIBl HMMEIOTCS JIBE 3apsDKCHHBIC TPYIIIBI

PacIoIOKEHHBIE Ha HEKOTOPOM PACCTOSHUU APYT OT Apyra. J[Ba pa3HOMMEHHBIX 3apsiia,
paBHBIE 110 aOCOTIOTHOM BEJIMUMUHE, 00PA3YIOT ANEKTPUICCKUM TUTIONG (puc.4.).

_—q T + ¢
S e

F)
Puc 4 SnextpudecKHi IHIONER

M~3~=4nm

B wmemOpane coaepxkarca pasnuunble ¢ocdonunuasl. Hanpumep, B mMemOpane
SpUTpoLUTOB UX okoyio 20 BUIOB. Bapsupyercs xumudeckas ¢Gopmya MOISIPHON TOJOBBI
MOJIEKYJIBI.

[Tonsipable TOMOBBI MOJEKYT (HOCPOIUMHUIOB TUAPODUIBHBIE, a UX HEMOJSIPHBIE
XBOCTBI — THApodoOHBIe. B cMecu gochonunuaoB ¢ Bogoi, TEpPMOANHAMUYECKH BBITOJHO,
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YTOOBI MOJISIPHBIE TOJOBBI OBLIM OBl MOTPY>KEHBI B COCTOSIIYIO M3 HEMOJSPHBIX MOJEKYII
BOJAY, @ WX HEMOJSPHBbIE XBOCThI ObUIM OBl PACIOIOXKEHBI MOJaibllle OT BOABL. Takoe
pacnojyio)keHne aM(pUPMIbHBIX (MMEOIUX U THUAPOPWIBHYI0 U THUAPOPOOHYIO YacTH)
MOJIEKYJT COOTBETCTBYET HauMEHbIlleMy 3HaueHuto »Hepruun [ubdca:  G=Gmin 1O
CPaBHEHHIO C IPYTUMHU BO3MOKHBIMHU PACTIOIO0KEHUSIMUA MOJICKYII.

OdeHb CYIIECTBEHHBIM SBJISETCS TO OOCTOATENHCTBO, UTO MOJIEKYIbI (pochonunugaon
UMEIOT JBa XBOcTa. Takas MOJeKyslia umeeT Gopmy, Onu3Kyro K muinHapy. U3 mosekyn
dbochonunuaoB B BOJHOM cpefe MPOUCXOAUT camMocOOpKa JIBYXCIOWHOM MeMOpaHsbl.
[IpucyTcTBHE MOJIEKYT C OJHUM XBOCTOM pa3pyliaeT KJIECTOYHbIE MEMOpaHHbI.

dochonunuaHbie MOJEKYINbI, JUIIEHHbIE OJHOIO M3 XBOCTOB, O0pa3yiOT MOpPHI B
OoucioHONM MemMOpaHe, Hapyiaercs O6apbepHast QyHKIUS MEeMOpaH U KieTKa THOHET. DTO
HaA0JII0/1aeTCsl, HApUMep, TPU YKYCe SIOBUTOM 3Meu.

OpaHako 1o Mepe HAKOIUICHUS YKCIIEPUMEHTANBHBIX TaHHBIX MPUILIOCH, OTKa3aThCs
0T «O0yTepOpOIHOI» MOAETU CTPOEHUSI OMOJIOTHYECKUX MEMOpaH.

OrpomMHyI0 poiib B pa3BUTUU MPEACTABICHUN O CTPOCHHH OMOJIOTUYECKUX MeMOpaH
CBITpaJIO Bce OoJIbIliee MTPOHUKHOBEHHUE B OMOJIOTHIO HU3MYECKUX METOJIOB UCCIICTOBAHUSI.

Bonburyro nadopmanuio o cTpykrype MeMOpaH, O B3aMMHOM PAacIiONOXKEHUU aTOMOB
MEMOpPAHHBIX MOJIEKYJl AA€T PEHTTEHOCTPYKTYPHBIN aHalW3, OCHOBaHHBIA Ha Iudpakuuu
KOPOTKOBOJIHOBBIX PEHTI'€HOBCKHX JIy4el Ha aToMax.

UccnenoBanus nudpakivd pPEHTTEHOBCKUX Jy4ed NOATBEPAWIN OTHOCUTEIHHO
YOOPSIIOYEHHOE  PACTIONIOKEHUE  JUMUAHBIX MOJEKYld B MeMmOpaHe — JBOWHOM
MOJICKYJIIpDHBIN CJIOM ¢ Oojiee WJIM MEHEe Mapaule]bHO PpACHOJIOXKEHHBIMU HKUPHO-
KHCIOTHBIMH XBOCTaMH, JaJd BO3MOYKHOCTb TOYHO OIPEAEIUTh PAaCCTOSTHUE MEXAY
MOJISIPHOM TOJIOBOM JIMITUIHOW MOJIEKYJIbI U METWJIBHOM TPyNION B KOHIIE YIJI€BOAOPOAHOMN
Lenu.

[Ipy moOMOmIM 3JIEKTPOHHOW MHKPOCKONHMU YAANOCh MOJIYYUTh H300pakeHue
OHoI0ornYecKuX MeMOpaH, Ha CHUMKaX BUJHO TPEXCIOMHOE CTPOSHUE MEMOpaHHI.

beuto 0OHapyXeHO, 9TO UMEIOTCS OETKOBBIE MOJICKYJIBI, IOTPY>KEHHBIC B JIMITHIHBIN
Oucioi W ja)ke MPOILMBAIOLINE €r0 HACKBO3b, YTO MPUBEIIO K CYIIECTBEHHOMY M3MEHEHHIO
IPEICTaBICHUI O CTPOCHUN MeMOpaH.

K meromam m3ydeHust TMHAMUKA MEMOpaH OTHOCSITCS, TIO3BOJISIONIME HCCIIEIOBAThH
uX, He paspymas, (DIIOOPEecHeHTHBI METOM M METOAbl paauocnekTpockonuu — JIIP u
SAMP. DTy MeTO/IbI TAIOT CBEACHUSA O ABI)KCHUU U B3aWMOJICHCTBUM MEMOPAHHBIX MOJICKYII
U WX OTIENbHBIX dYacTed. BBUIO BBIAICHEHO, YTO TpH (HU3HOIOTHYECKUX YCIOBHSIX
JUMHHBIE MOJICKYJIBl HaXOJATCS B JKUAKOM arperaTUBHOM cocTossHuu. Meton JI1P
MoKa3aJl, 4YTo He BCSA TOBEPXHOCTh OMOJIOTMYECKOW MeMOpaHbl MOKpbITa Oenkamu. Tak,
HampuMep, OOJbIIE MOJOBUHBI MOBEPXHOCTH MEMOpPAaHbI KUIIEYHOW MalOYKd OOpa30BaHBI
TOJISIPHBIMH TOJIOBAMH JTMITHIOB.

COBOKYITHOCTB PE3yJbTaTOB, MOJTYYCHHBIX (U3MUECKUMHU M XUMUYECKHUMHU METOJaMH
MCCIIEZIOBAHUS Jjajla BOBMOXKHOCTD MPEJIOKUTh HOBYIO MOJAENH CTPOCHHSI OMOJIOTHYECKHX
MeMOpaH — XKUAKOCTHO-Mo3anuHYt0 (Cunrep u Huxonbcon — 1972 r.). CornacHo CuHrepy
n_HUKOIECOHY CTPYKTYPHYIO OCHOBY OWOJOTHYECKON MeMOpaHbl COCTaBISCT JBOWHOU
ciort  (hochoIUnuIoB, WHKPYCTUPOBAHHBIA OeinkaMu, MOAOOHO TOMY, Kak IIBETHBIC
KaMEMIK! U CTEKJIBIIIKA HHKPYCTHPYIOT MO3aUYHYIO KapTUHY. Pa3nuyaroT moBepXHOCTHBIE
(wm nepudepuyueckue) u HHTErpaabHbIC OCIIKH.
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1- 1BOWHOM CJION JIUIIUIOB.

2—MOJIEKYJIbI JTUIH/IOB.

2a-ruapo¢oOHas yacTh,

20-ruapo@uiibHAas YaCTh.

3-UHTEerpajibHble OEJIKHU, MPOHU3BIBAIOIINE
MeMOpaHy.

4-OenkH, CBSA3BIBAIOIINE CJIOH JIUIHJIOB TOJIBKO C
OJTHOM CTOPOHBI MEMOpPaHHI.

5- yrieKucible COeIMHEHNs, COSTMHSIONINE
OeJIKU C HAaXOIAIMMHUCS Ha HAPYKHOM
MMOBEPXHOCTH MEMOpPAHBI 6- [IEHTpaAJIbHAS
ruipooOHast YacTh JBOMHOTO CIIOSI TUTTUIOB.

JIunuabl HaXOASTCS PU  (PUBUOIOTHUECKHUX YCIOBUAX B )KHJIKOM arperaTHOM
COCTOSIHUH, UTO IO3BOJISIET CPAaBHUTHh MEMOpaHy ¢ (ochOIUIIUIHBIM MOPEM, 10 KOTOPOMY
TIaBaloOT OENKOBbIE «aiicOepru». OMHUM U3 MOATBEPKACHUM KUIKOCTHO-MO3aUYHOM
MOJIETU SIBJISIETCS M TOT ()aKT, YTO, KaK YCTAHOBHII XMMHUECKHUI aHaN3, B Pa3HbIX
MeMOpaHax COOTHOIICHUE MEXIY CoAepkaHrueM 0ekoB U (HochOTUTNIOB CUITBHO
BapBUPYETCS: B MUEIMHOBOM MeMOpaHe O0enkoB B 2,5 pa3a 0oJibliie, YeM B JTUMUIAX, a B
SPUTPOLINTAX, HAPOTHUB, OEITKOB B 2,5 pa3a MEHbIIIE, YeM JIUTTUIOB, B TO BPEMsl, Kak
COTJIACHO «OyTepOpOIHOM» MOJIETH, COOTHOIIIEHHE KOJIMYecTBa OCTIKOB U JIMIHUIOB BO BCEX
MeMOpaHax J0HKHO ObITh TPUMEPHO OJUHAKOBO.

Kpome docdomumumoB u 0enkoB B OHOJOTHUECKUX MeMOpaHaxX cojepkaTrcs H
Ipyrue XUMHYECKHe coelMHeHus. B MemOpaHax >KMBOTHBIX KJIETOK MHOTO XOJIeCTepHHA (B
cpaBHUMOM KonudecTBe ¢ (ochonunuaamu u Oenkamu). EcTh B MeMOpaHax U Jpyrue
BEIIECTBA, HATIPUMED, TITUKOIUIbI, TIIMKOTPOTEU/IBI.

XKugkocTHO-MO3aM4yHasi MoOJENTh CTPOSHUS MeMOpaHbl B HACTOAIIEE BpeMs
obmenpunara. OmHako, Kak BCsSKas MOJelb, OHA JaeT JOBOJBHO VYIPOIICHHYIO U
CXeMaTHYECKYI0 KapTUHY CTPOCHHsI MeMOpaHbl. B yacTHOCTH, 0OHAPYX)EHO, YTO OEITKOBHIC
«aincOepru» He Bcerja CBOOOTHO TUIABAIOT B JIMIIUTHOM MOpE. A MOTYT OBITh «3aKOPEHBI»
Ha BHYTpeHHUE (LUTOIUIA3MAaTUYECKUE) CTPYKTYphl KiIeTkd. K TakuM CTpyKTypam
OTHOCSATCS MUKPO(DUIAMEHTBI U MUKPOTPYOOUKH. MUKPOTPYOOUKH — TOJIbI€ LHJIUMHPHI
auametrpom okojio 300 HM U3 ocoboro Genka — TyOyJIMHA UTPAlOT, MO-BUAUMOMY, BAXKHYIO
poJb B (DYHKIIMOHUPOBAHUH KIICTKH.

SIBnssAch OTKPBITON TEPMOJAMHAMUYECKOM CHUCTEMOM, KIIETKA IIOCTOSTHHO
OCYIIECTBJIIET OOMEH BEIEeCTBOM, SHEpruei u mHdopmalnmein ¢ OKpyX aroueh cpeno.
Takoit oOMeH BO3MOXKEH, Oyaromapsi CIOCOOHOCTH KIIETOK TMPOMYCKATh pazUYHBIC
BEIIECTBA YEpe3 CBOIO O000JOYKY — MeMOpaHy. DTO CIIOCOOHOCTh KIETOK Ha3bIBaeTCA
npoHunaeMocTbio. C  MEepeHocOM BEIIeCTB Yepe3 MeMOpaHbl CBSI3aHbl  MPOIECCHI
MeTaboIM3Ma KIETKH, (U3UKO-TeHEeTHYeCKHe IMpollecchl, 00pa3oBaHie OMOMOTEHIMAJIOB,
reHepalys HEpBHOTO UMITyJIbca U Jip. [1oaTOMy TpaHCTIOPT BelIecTB Yepe3 OMOIOTUYECKUE
MeMOpaHbl — HeoOXoJuMoe YcCJoBHe >XWM3HHM. HapyieHue TpaHcropTa BeLIECTB 4epes
OrnoMeMOpaHbl MPUBOAUT K Pa3IMUHBIM HATONOTHsAM. [103TOMY M3ydeHHe MPOHUIIAEMOCTH
UMEET OTPOMHOE TEOPETHUYECKOE M MPAKTHUECKOE 3HAUCHUE ISl METUITUHBI U (apMarium.
Tak, JieueHHe 4acTO CBSI3aHO C MPOHMKHOBEHHEM JIEKAPCTB YEpe3 KIETOUYHbIE MEMOpPaHbI.
D¢} PexTUBHOCTH JIEKAPCTBEHHOI'O IIpernapara B 3HAYUTEIbHOW CTENEHU 3aBUCUT OT
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MIPOHMUITAEMOCTH 1)1 Hero MeMOpaHbl. CienoBaTenbHO, I 3((HEKTHUBHOTO UCIIOIH30BaHUS
(hapMaKoJIOTHYECKOTO CPEICTBAa HEOOXOAMMO 3HATh MX IMPOHUKAIIYI CIOCOOHOCTH B
pa3dyHbIe KJIETKHA B HOPME U IIPHU HaTOJIOTHH.

TpancnopT BemIecTB uepe3 OHOJIOTHYECKHE MeMOpaHbl MOXKHO JCNIHUTh Ha JiBa
OCHOBHBIX THIIA: IACCUBHBIN U aKTHUBHBIM.

ITacCUBHBIM TpPaHCHOPTOM Ha3bIBAETCS, KOTJa BEIIECTBO MEPEHOCHUTCS OT MECT C
Oonpliel ero koHleHTpanuei C1 Kk MecTaMm ¢ MeHblel KoHleHTpanueit Cz, B 3JEKTPOIUTaX
— OT MeCT ¢ OOJBIIUM 3HAYCHHEM IMOTCHIHAJIa 3JESKTPUUECKOro Mol (1 K MecTaM ¢
MEHBIIIUM JJICKTPUYCCKUM IOTEHIIMAJIOM (2 WM OT MecTa C OOJBIINM 3HAaYCHHEM
NEKTPOXUMHYECKOTO TOTEHIHAIa 1, K MEeCTaM C MEHBIIUM JJICKTPOXUMHUYECKUM
MOTEHIIMATIOM 2, (JUISl TIOJIOKUTENIBHO 3apsKEHHBIX YacTHIl), T.€. TEPEHOC BEIIECTBA
MIPOMCXOAUT O3 3aTpaThl SHEPTHMH U3 BHE, a 3a CUET SHEPIHMH CKOHIICHTPHUPOBAHHBLIN B
KaKoM JTHOO TpaiueHTe (KOHIICHTPAIMOHHBIN, dJIEKTPUUCCKHUMA, TPAaBUTAIIMOHHBINA | T.1I.).

XUMHYECKHUM ITOTEHIIMAJIOM JJAHHOTO BemecTBa K Ha3pIBaeTCsl BEIMYHHA, YUCIEHHO
paBHas 3Heprum [mOOca, mnpuxoAfmascs HaAa OJWH MOJb OTOTO  BeIECTBa.
DIEeKTPOXUMUYCSCKUA MMOTEHIIMAN [k — BEJIMYHMHA, YUCJICHO paBHas sHepruu ['mb66ca G Ha
OJIMH MOJIb JAHHOTO BEIIECTBA, IOMEIIEHHOTO B DJIEKTPUYECKOE MOJIe

[TaccUBHBIN TpaHCHOPT HWAET C yMEHbIIeHHeM sHepruu ['ubbca, MosTOoMy STOT
MPOIIECC MOXKET MJITH CaMOIIPOU3BOJILHO Oe3 3aTpat cBoOoaHOM 3HEeprun ATO.

Buapl naccMBHOTO TPaHCHOPTA:

Junddy3us — caMonpoM3BOILHOE MEPEMEIIEHNE BEIIECTBA M3 MECT ¢ OosbIIel HMX
KOHIIGHTpAI[ME B MeCTa C MEHBIIIEH KOHIICHTpAIIMEH BEIISCTBA BCJICACTBHE Xa0THUECKOIO
TEIJIOBOT'O JBMIKCHHS MOJICKYIIL.

Hubdy3us BemiecTBa uepe3 JUOWAHBIA OWCIONW  BBI3BIBACTCS T'PATUECHTOM
KOHLEeHTpaluu B MeMmOpane. [I1oTHOCTE OTOKA BelecTBa 1o 3aKoHy Puka:

o= o cM_cM
J --DgradC~-D-2 1 _p 1 2 (1),
m | I
riae ("1 — KOHIIGHTpAIUs BeIIeCTBa B MEMOpaHEe OKOJIO OJHOW €€ MOBEepXHOCTH U ("1 —
OKOJI0 JIpyro#, | — TommuHa MeMOpanbl. ['paiieHT KOHIICHTPALUK IPUMEPHO paBeH
cY-cM
2 1

I

Tak kak W3MEpUTH KOHIEHTPAIMH TPYIHO, HA TPAKTHUKE MOJB3YIOTCA (hopmyIoi,
CBSI3BIBAIOIICH IJIOTHOCTh MOTOKA BEIIECTBA Yepe3 MeMOpaHy ¢ KOHUEHTPAIMSIMH 3TOTO
BEIIIECTBA HE BHYTPU MEMOpaHbl, a CHAPYKU B PACTBOPAX OKOJIO MOBEPXHOCTEH MEeMOpaHbI:
Ciu Cy:

J,=P(C,-C,) (2
rne P — HaspiBaeTcs KO(D(UIIMEHTOM MPOHHUIIAEMOCTH. Tak KaK IUIOTHOCTh IOTOKa
BemectBa Jm umeer ¢ CH pasmepHOCTH MoOJb/M2c, KoHueHtpamus C — wmoib/M3,
pasMepHoCTh ko3 duinireHTa nponunaemoctu P — m/c.

Ecnm cuntaTh KOHIEHTpalMy BEIIECTBA Y IOBEPXHOCTH B MeMOpaHe NpsSMO
HPOIOPLIUOHATEHBIMU KOHIICHTPALUSM Y IIOBEpXHOCTH BHE MeMOpanbl C" ~ C, o C1"=KCi
, C2"=kC2 (5).

K Hocur HasBanue Kod(hdUIMEHTa paclpesielieHus, IOKa3bIBaeT, KaKyl 4YacTb




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MeguumnHa akaaemMusacoi» AK AO «KOkHO-KasaxcTaHcKass MeOULMHCKAS akaneMus»
Kadenpa mequnuHcKoi 0MOGU3NKH 1 HHPOPMAIMOHHBIX TSXHOJIOTHI Ne 35-11 (D)-2024
JIeKIIMOHHBIN KOMIUIEKC MO TUCIUIIINHE «Du3zuka Crp. 23 m3 32

KOHIICHTPAIIMX Y TIOBEPXHOCTH BHE MEMOpaHBI COCTABISCT KOHIIGHTPAINS Y TIOBEPXHOCTH
MeMOpaHbl, HO BHYTpH ee. [Toacrasus (5.) B (3.), momyuum:

J =DTk(Cl—Cz) 3)

m

Dk

N3 ypaBHenwii (3.) BUIHO, 4TO KOAGOUIIMEHT IPOHUIIAEMOCTH: P = ——

|
Kosdpduument nponununaeMoct teM Oodbuie, yeM Oonbliue kKoddduuuent aupdysun D
(4eM MEHBIIIe BA3KOCTh MEMOpPaHbI), UeM TOHbIIIE MeMOpaHa (4em MeHbIne |) u yem myuiire
BEIIECTBO PACTBOPSAETCS B MTUNUAHON (haze memOpaHsl (uem Oonbie K).

Xopo1io pacTBOpuUMBI B dochorunuaHoi Gaze MmeMOpaHbl HEMOJSPHBIC BEIIECTBA,
HampuMep, KUpPHbIe OPraHUYECKUE KUCIOTHI, AGUPbL. DTH BELIECTBA XOPOIIO MPOHUKAIOT
yepe3 TUNUAHYI0 Ga3zy MeMOpaHBbI.

[TonspHbie, BOJOPACTBOPUMBIE BEUIECTBA TIOXO MPOXOJIAT Yepe3 JIUIMUTHBIN OUCITON:
COJIM, OCHOBaHUs, caxapa, aMUHOKHUCIIOTBI, CIUPTHI.

Ha mnepBbIii B3rUIsA, NpEACTaBISIETCS HEOOBSICHUMBIM CPAaBHUTENBHO OOJIBIIOE
3HaueHue KOdPPUIMEHTa MPOHUIIAEMOCTH JHUIMHUIHON MeMOpaHbl JUIsl BOJIBI — HOJSIPHOTO
BEIECTBA, HEPACTBOPUMOI'O B JIMITHIAX.

B nocnenHee BpeMsi NPOHUKHOBEHUE Yepe3 JIMMUIHBIE OHCIOMHBIE MeMOpaHb
MEJKUX TOJSPHBIX MOJIEKYJ CBSI3BIBAIOT C OOpa30oBaHHEM MEXAY KUPHOKHCIOTHBIMU
XBocTaM# (POCHOIUIMIHBIX MOJIEKYIT MPU UX TEIUIOBOM JBUKEHUH HEOOIBIINX CBOOOTHBIX
MOJIOCTEH — KUHKOB.

BcenencTBue TemnoBoro IBHKEHHUS XBOCTOB KMHKHM MOTYT TE€pEMEIIAThCsl OYepelib,
MOJIEKYJIBI BOJBI.

Yepe3 smnuaHple W OEJIKOBBIE IMOpPHI CKBO3b MeMOpaHy NpPOHMKAIOT MOJIEKYJIbI
HEpPACTBOPUMBIX B JIMIHMJAX BEHIECTB M BOJOPACTBOPUMBIC T'HMAPATUPOBAHHBIE HOHBI
(OKpy>KEHHbBIE MOJIEKYJIaMU BOABI). J{i1s1 sKMpOHEPACTBOPUMBIX BELIECTB U MOHOB MeMOpaHa
BBICTYNA€T, KAaK MOJICKYJIIPHOE CHUTO: 4YeM OoJjbllle pa3Mep MOJEKYJbl, TEM MEHbIIEe
MIPOHULIAEMOCTh MEMOpaHBI /ISl 3TOTO BEIIECTBA.

Ob6unerueHHas aud@ys3us MNPOUCXOAUT TMPU YYACTUU MOJIEKYJ TEPEHOCUUKOB.
Hanpumep, BAnTMHOMUILIMH — IEPEHOCYMK HOHOB Kanus. MoJlekysia BATHHOMUIIMHA UMEET
(bopMy MaHXKETKH, YCTJIAHHOW BHYTPHU TOJSIPHBIMH TPYIIaMH, a CHAPYKU HEMOJSPHBIMH

(puc.2.).

B cuny 0COOEHHOCTH  CBOETO  XUMHYECKOTO
CTPOCHHMSI BAJIMHOMUIMH CIOCOOEH O0O0pa3oBHIBATH
KOMITJIEKC C HWOHOM Kayus, MOMaJarolidM BHYTPb

MOJIEKYJIBl — MAaHXETKH, U, C JAPYIOHd CTOPOHBI,
BAIMHOMHIIMH PAcTBOPUM B JHNHUIHOW  (aze
BAJUHOMUILIUH MeMOpaHbl, TaK KaK CHAapyXH ero MoJieKyia
HETOJISIPHA. Monexynsl BaJIMHOMHUIIMHA,

OKa3aBIIMECs Yy TOBEPXHOCTH MeMOpaHbl MOTYT

3aXBaThIBaTh M3 OKPYKAIOLIETO PACTBOPA HOHBI

kamus (puc. 7.). Hudbdynmupys B mMemOpane,

Puc.2. Monekyna noHodopa (mepeHoc-  MOJICKYJIBl TIEPEHOCAT KaJMi 4Yepe3 MeMOpaHy Hu
unka nowa K*) Ranunomumvea HCKOTOpbIC W3 HHUX OTJAalOT HMOHBI B pPacTBOp IO
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IPYTyl0 CTOpPOHY MeMOpanbl. TakuM 00pa3oM, M MPOUCXOTUT MEPEHOC Kalusg uepes

MeMOpaHy BaIMHOMUIIMHOM.

Takum oOpazoM oOnerueHHas AupQy3us, MNPOUCXOIUT OT MeCT ¢ OoJblIeH
KOHIICHTPAllUEe IEPEHOCHMOI0 BEIECTBA K MECTaM C MEHbLIEH KOoHUeHTpauuen. Ilo-
BUJIMMOMY, obOsierdeHHON mudpy3ueit 0ObsICHAETCS TakKe MEPEHOC Yepe3 OMOJIOTHUCCKUE
MeMOpaHbl aMUHOKHUCIIOT, CAXapOB U HEKOTOPBIX IPYTUX OMOJIOTUYECKU BaXKHBIX BELIECTB.

Otnnuus obnerueHHoil nuddys3un ot npoctoit updy3un:

1. mepeHoOC BemiecTBa ¢ y4acTHEM MEPEHOCUMKA MPOUCXOAUT 3HAUYUTEIBHO OBICTpEE;

2. obneruennas auddys3us odamaeT cBoicTBaMH HachImeHHs (puc.3.8.): mpHu YBEIUUYCHUH
KOHIICHTPAIIUKA C OAHON CTOPOHBI MEMOpaHBI TUIOTHOCTH TIOTOKA BEIIECTBA BO3PACTACT
TG 10 HEKOTOPOTO Tpeiesa, KOra BCe MOJICKYJIIbl IEPEHOCUNKA YIKE 3aHSTHI;

3. mpu obnerdyennoit quddy3un HabII0aeTCs KOHKYPEHITUS IEPEHOCUMBIX BEIIECTB B TEX
CiIydasiX, KOTJla TEepEeHOCUYMKOM IIePEHOCITCs pa3Hble BemectBa. [lpu 3ToM ogHU
BEIIECTBA TIEPEHOCATCS JIy4Ille, YeM APyTue M J00aBICHUE OJHUX BEIISCTB 3aTPYIHSCT
TpaHCHOPT JpYyrux; T.e. M3 caxapa IJII0KO3a TMEepPeHOCUTCs Jydiiee, 4eMm (ppykTosa,
bpykTO3a myuInee, 4eM KCUI03a, a KCHII03a JIydlliee, 4eM apabuHo3a U T.1.;

4. ecTb BeliecTBa, OJOKUpYyIOLIUE 00JeryeHHyo auddy3uo — oHM 00pa3yroT HTPOYHBIN
KOMIUIEKC C MOJIEKYJaMHU MEPEHOCUNKa, HAMpUMep, (HIOPHI3HH TMOJABISET TPAHCIIOPT
caxapa uepe3 OMOJIOTUYECKYI0 MEMOpaHy.

Ecnmu tpancnopt kakoro-nu0Oo BemiecTBa yepe3 OMOJIOornyeckyro memOpaHy obnanaer
THMU OCOOEHHOCTSIMH, MOYKHO CJIENaTh MPEANOJIOKEHUE, YTO UMEET MECTO OOJIeTYeHHAs
g hysus.

dunbTpanyeit Ha3pIBaCTCs JBIKCHHE BOIBI YE€PE3 MOPHI B MeMOpaHe Mo/l JeHCTBHEM
rpaaueHTa AasieHus. CKOpPOCTh MepeHoca BOIBI MPH (UIBTPAMN TOAYMHSICTCS 3aKOHY

v P -P
Iyaiizens: S
dt W
dv
rie ol CKOpPOCTh TMepeHoca 00beMa BOJbl, W — TIHMIPABIMYECKOE COMpPOTHBIECHHUE:
8ln

W= oy rae | — amuHa mopel, I — ee paauyc, 7 — K03()GUIUEHT BI3KOCTH BOJIBI.

SIBnenue (uAbTpAIMM WTpaeT BaXXKHYIO pPOJb B MpoOIeccax MEpeHoca BOJIBI Yepe3
CTEHKH KPOBEHOCHBIX COCYJOB. [IpM HEKOTOPBIX MATONOTHUAX (UIBTPAIMS YCHUIMBACTCH,
YTO MPUBOJUT K OTEKaM.

OcMOC — MpEenMYUIECTBEHHOE JBWKEHHE MOJIEKYJ BOJBI 4€pe3 MOJYNPOHUIIAEMbIE
MeMOpaHbl (HempOHHUIIAEMbIE JII PAaCTBOPEHHOTO BEIECTBA U MPOHMIIAEMBIE /ISl BOBI) U3
MECT C MEHbIIEH KOHIEHTpAlMed pPAcTBOPEHHOIO BEIIeCTBA B MecTa € OoJsblIel
KoHUeHTpauue. Ocmoc, mo cytd jgena auddys3uss BOAbl U3 MeCT C ee Oosbluen
KOHIIEHTpAIUel B MECTa C MEHbBIIICH KOHI[EHTpanuen Boabl. OcMOC UrpaeT OOJIBITYIO POJIb
BO MHOTUX OHOJIOTHYECKHX SBICHUAX. SIBIeHME ocmoca OOYyCIOBIMBAET TI'eMOJIHU3
SPUTPOLMTOB B TMIIOTOHUYECKUX pacTBOpax. OcMmoc ucnonbszyercs B Tepanuu. Hanpumep,
JCICTBUE HEKOTOPBIX CHJIbHBIX CJIA0OMTENbHBIX OCHOBAHO Ha CO3[aHUU B KEIYIOYHOM
TPAKTE IMOBBIIIEHHON KOHIIEHTPALIMM PACTBOPEHHOI'O BEIIECTBA U OCMOCE B HETO BOJBI.

4. WnumrocTpaTtuBHbIil MaTepuadn: [pesenranus, cnaiasl.
5. JIurepartypa:
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- OcHOBHas:

1. ®usuka u 6modusnka. Pyk. k mpakTudeckum 3aHatusiM: yueo. - M.: TDOTAP - 2013.
2. ®enoposa B.H. ®usuka. - M.: I'D0TAP - Menua, 2013
3. AbbsutkansikoBa P. b. Kypc nexuuit mo ¢pusuke. Yacts nmepsas (MexaHuka.
MonekynsipHas ¢usuka. TepmoaguHamMuka. DIeKTpU4ecTBO. Maruetusm): YuebHoe
nocobue.- Anmater: TOO Dgepo, 2024
- JlonmoJiHUTEIbHAS.
1. Bragumupos 0. A. ®uszuko-xuMuyeckre 0CHOBBI (POTOOMOTIOTUYECKUX MPOIECCOB:
y4eOHUK. 2-¢ U3., iepepad. u gom. -M.: [Ipoda, 2014.
2. PemuzoB A.H. Meaumackas u Ononoruveckas pusnka: yued. st By30B. -9-¢ u3.,
crepeorurtt.. -M.: Jlpoda, 2017
3. MapnonoB b.M. PacueTHO-TIpOEKTUPOBOYHBIE PAOOTHI MO COMPOTUBICHUIO MATEPHUAIIOB:
coopuuk; Ono0p. Yuen. CoBeToM ATHIpayCKOro MH-Ta HETH M raza. — AnMaTsl: DBepo,
2014.
- DJIEKTPOHHBIE MyOIUKAIINHN

1. XKanmel pusuka kypesl. Kynoexyisr M., 2014 https://aknurpress.kz/reader/web/1733
2. Monexynansik pusuka. Crnabexona P.C., 2017 https://aknurpress.kz/reader/web/1613
3. Koituy6ekoB b.K. xxone 1.6. « DU3UKA (apmarius MaMaHIbIFRIHA apHAFAH JIOpICTED
xuHarbl)»: oKy Kypaisl/ b.K. Koituybekos, A.K. bpaxxanosa, C. bykeeB.— AnmMartsr:
«2Bepoy» Oacmacer, 2020, 162 6. https://elib.kz/ru/search/read _book/865/
4, Xamza A.K., AmankyioB T.I1. @usuka kypcel: OKy Kypaibl (2-1111 6achUIbIM).—
Kaparanasi. 2019
https://aknurpress.kz/reader/web/1867
6. KonTposbHble BOonpockl (00paTHOI CBSA3M):

1. Kakue Oone3HHM CBSI3aHBI C HapyUIEHHMEM HOPMAJIbHOTO (YHKIIMOHUPOBAHUS

MemOpaHn?

2. OcHoBHbIE (GYHKIIUU OMOIOTHYECKHMX MEMOpaH.

3. Kak ompenensercs TOAIMHA JIUIHUIHOW YacTU MeMOpaHbI?

4. CtpoeHne MeMOpaHBI, KUIKOCTHO-MO3andHAsT MOJICITb.

5. IlpoHuitaeMocTs MEMOpaHBI.

6. UTo Ha3bIBAETCs MMACCUBHBIM TPAHCIIOPTOM BEIIECTB uepe3 OnomeMOpaHbI?

7. B uem cocTtouT oTiinure pUIbTpaliuu OT ocMoca?

JIEKIIUA Ne 9

1. Tema: buomnoreHnamel.
2 Heab: OOBSICHUTH MEXaHM3M BO3HMKHOBCHHS OMOIOTECHIIMAJIOB.
3. Te3uchol JIeKIHUH:

[TonsTMe TOTEHIMANT MCHOJIB3YETCS IS XapPaKTEPUCTUKH DHEPTETHUECKOTO
COCTOSHUSI ~ Pa3JMYHBIX TOJEH: TPAaBUTAIMOHHOTO, DSJIEKTPOCTATUYECKOTO W T.J.
CrnenoBaTeabHO, OMOAIEKTPUUCCKUM MOTEHIIUAT — 3TO JJCKTPUUYECKOE T0JIe, CBSI3aHHAS C
HUM DSHEpPTrHs JTOr0 TIOJIsA, BO3HHUKAIONIMEC B TKAaHAX, KIETKaX JKUBBIX OpPraHU3MOB,
SIBJISTFOIIECS BAKHEUIITUM KOMIIOHEHTOM IIPOIIECCOB BO30YKICHUS 1 TOPMOKCHUSL.

Bce mporiecchl KU3HENEATETBHOCTH OPTaHW3MOB COIPOBOXKIAIOTCS IOSBICHUEM B
KJIETKaX U TKaHAX DJICKTPOJBIDKYIIUX CHII, T.€. JJICKTPUUYECKUX TOTCHIIUAIOB.



https://aknurpress.kz/reader/web/1733
https://aknurpress.kz/reader/web/1613
https://elib.kz/ru/search/read_book/865/
https://aknurpress.kz/reader/web/1867
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Benuunna OuomnoTeHnMana, HEMOCPEICTBEHHO CBS3aHHAs C METa0OJIMYECKUMU
npoueccaMd U (PU3MOJIOTUYECKUM COCTOSTHUEM KIJIETOK, SIBJISIETCS UYBCTBUTEIBHBIM U
TOYHO HU3MEPSIEMBIM IOKa3aTelieM pa3IMYHbIX U3MEHEHHM B KJIETKaX B HOPME U MpH
MaTOJIOTHH.

[Ton GuOMOTEHIIMATIOM MOHUMAIOT PA3HOCTh MOTEHIIMATIOB MEXAY IBYMS TOYKAMHU
OpraHu3Ma, a Ha KJIETOUYHOM YPOBHE - MEXIYy BHYTpEHHEH U BHEIIHEW cpeloil MeMOpaHBbI.
[Ipr 3TOM pas3nmMyarOT NOTEHUOWAN MOKOS M AcHCTBUA. [loTeHIHMAIOM MOKOS Ha3bIBAKOT
Pa3HOCTh TMOTEHIIMAJIOB 3THUX JIBYX Cpell HEBO30YKJIEHHOM MeMOpaHbl, a MOTEHIIHAJIOM
JCUCTBUS - IPU BO30YKICHHOM MeMOpaHe.

Jns  Toro, 49rtoObl B JaJbHEHIIEM TMOHATH MEXaHU3M  BO3HUKHOBEHUS
OMOTMOTEHIIMAJIOB, HYXXHO BCIIOMHUTDH Kakue (GU3UKO-XUMUYECKHE SIBIICHUS JIE)KAT B OCHOBE
BO3HMKHOBEHHSI PA3HOCTEH MOTEHIMAJIOB, KAaKMX BEJIMYUH OHU JOCTHUTAlOT U OT YEro
3aBUCSAT. 3/1€Ch HAJIO MOMHUTH, YTO, JUIsl JIOOOT0 BUJA IMOTEHIMANA pellalolee 3HaUeHue
MMEET HEPAaBHOMEPHOE pacHpele/ieHHe HWOHOB  BHYTpU cpenbl.  Ilo wmexaHusmy
BO3HUKHOBEHMSI OTEHITUANBI AeNATcs Ha: Auddy3noHHbIe, (ha30Bbie 1 MEMOpaHHBIE.

1. Paccmorpum BO3HUKHOBeHHE M Py3uoHHOro norennuana. OH BO3HUKAET HA
rpaHule pa3fena ABYX >KUIAKHX Cpell B Ppe3yibTare pasIMYHON IMOJBHKHOCTH HOHOB.
JlomycTuM, MMEETCSA COCYI C pPacTBOPOM  COJISTHOM KHCJIOTBI, Pa3[E€JCHHONM IOPUCTOU
neperopoakoit (puc. 1).

p TP
— o
O
2 H' HOHBI
E—

ClI HOHEI

OCeo0eo®,

Puc 1 Puc 2

B neBoil monoBUHE cocyaa KOHLEHTpauus coyitHOM KucaoThl (C1) HAMHOIO BBILIE,
yeM B npaBoi nonosune (Cz). Torna wmonsl Bogopoaa u xjiopa OyayTt nud@yHaupoBats U3
JIEBOM YacTH cocyaa B MPaBylO IO IPAJAUEHTY KOHUEHTpauud. ['paJueHTOM Ha3bIBaeTCs
BEJIMYMHA, PaBHASI MU3MEHEHUIO BEJIMYMHBI COOTBETCTBYIOLIEH KOHLEHTPALMM HA €IUHUILY
JUIMHBI, HAaIPUMEp, IyCTh UMEETCS ONPEEIICHHAs] KOHIIEHTPALUsl pacTBOPa B TOUKE MEPBOM
MOJIOBUHBI W B TOYKE BTOpPOM TMOJIOBUHBI, paccTosHue wmexay Humu «L». Torna,
KOHIIEHTpannoHHbIA rpagueHt paBeH grad =(Ci-Cz )/L. Ckopocts nud@dy3uu HOHOB
orpenesiercs MO MX MNOABMKHOCTH. [IoJBMKHOCTH MOHA BOJOpPOJA HAMHOTO OOJbIIE
MOJBHKHOCTH HMOHa XJIOpa, MO3TOMY OH OyAeT omepexarb MOH xJopa. Tak Kak HOH
BOJOPOJIa MMEET MOJIOKHUTENbHBIN 3apsij, a MOHBI XJopa OTpULATEIbHBIA, TO B MpPaBOU
4aCTH COCyJa BO3HMKAET IIOJIOXKUTEIbHBIM 3apsd, B JIEBOM - OTPULATEIbHBIN.
Bozuukaromas nud@y3snoHHas pa3HOCTh MOTEHIMAIOB MPUBOJUT K TOPMOXKEHUIO Ooiiee
«OBICTPBIX» MOHOB U YCKOPEHHUIO 00JIe€ «MEUIEHHBIX», MOCKOJIbKY CHJIbI BO3HUKAIOLIETO
AIIEKTPUYECKOTO TIOJII HampaBieHbl NpoTuB cuin auddysun. duddysnonnas pasHocTh
MOTEHLIMAJIOB JIOCTUTIA€T MAaKCUMaJIbHOI'O 3HAY€HUsS B TOT MOMEHT, KOIJa CKOpPOCTU
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muddy3uil  MOHOB cTaHOBATCS paBHbIMHU. [uddy3nonHas  pa3HOCTh MOTEHIIMAIOB
HaXoJuTCs U3 ypaBHeHus [ eHaepcona:

_U-VvRT G (1)

u+vnF C
T7Ie «U» - MOJBUKHOCTh KATHOHA, «V» - MOJBUKHOCTh aHHOHA, «R» - ra3oBasi MOCTOSIHHAS,
«T» - abconroTHas TeMIiepaTypa, «n» - BaJJIECHTHOCTh MOHOB, «F» - uncno @apanes, «Ci» —
KOHIIEHTpallusg HMOHOB B o0jacTH, oTKyna uaet auddysus, «C2» - KOHIICHTpalus HOHOB B
obnactu, Kyaa uaet auddy3us.

Kak Buano u3 ypasaenus (1), muddy3nonHas pa3HOCTb MOTEHIIMAIOB 3aBUCHUT OT
Pa3HOCTH MOJABUKHOCTH KATHOHA M AHMOHA ¥ OT OTHOUIEHUS] KOHILIEHTPAllMd HOHOB.
OpHako, PU OJJUHAKOBOM MOJBMKHOCTHA KATHOHA U aHHOHA, a TaK)Ke MPU OTCYTCTBUU
KOHIIEHTPAIIMOHHOTO TpaareHTa quddy3MOHHBIN MOTEHIIMAT OyIeT paBeH HYJIIO.

B Ounonornyeckom o00bekTe AU(PPY3MOHHBINA MOTEHIUAT MOXKET MPOSBIATHCS
TOJIBKO TIPH MEXaHMYECKOM TMOBPEKJICHUM KIETOK. M3 MecT MOBpEXACHUS MPOUCXOAUT
¢ dy3us HOHOB B HETIOBPEXKICHHBIE YYAaCTKU U BO3HUKAET AU(HYy3UOHHBIN MOTSHIHAIL.

2. YactHbiM BuaOM Au(EGY3MOHHOTO MOTEHIIMAa MOKHO CUATATh MeMOpPaHHBbIN
noteHuuan. Jlomyctum, YTO NEperopojaka 3aMEHEeHa MOJIYIIPOHULIAEMONl MeMOpaHOoM,
MPOITYCKaIOIIEH TOJIBKO KaTHOHHKI (puc. 2). B 3TOM citydae aHHOHBI HE MOTYT MPOUTH uepe3
MeMOpaHy, OHa JIJIs HUX 3arepTa U B IPaByI0 4acTh cocyna AUPGYHAUPYIOT TOJIHKO MOHBI
Bojopona. HHuddys3us Bomopoma He OyneT OECKOHEUYHBIM MPOIIECCOM, OHH OyAyT
UCTIBITBIBATh TPUTSHKEHUE K OCTABIIMMCS IO JIPYT'YIO CTOPOHY MEMOpaHbl HOHaM XJIOpa.
Tak kak MOJIBMXXHOCTb  MEUIEHHOTO HOHa paBHa Hymo (v=0), To ypaBHeHue (1)
npeBpalaeTcss B ypaBHeHHe HepHcTa, ¢ MOMOIIBI0O KOTOPOro BBIYUCISIETCS MEMOpaHHas
Pa3HOCTh MOTEHIUAJIOB:

RT C,

(0——F| c, (2)

3. @a3oBble MOTEHIIMAIBI BOSHUKAIOT Ha TPAHUIIE pa3/ielia ABYX HECMEIIMBAIOIINXCS
(a3 (manpumep, pacTBOP IEKTPOIUTA BOJE U Kakoe J100 Maciio) B pe3yibTare pa3InyHOn
pPacTBOPUMOCTH KaTHOHOB M aHHMOHOB B HEBOJHOM ¢aze. Hanpumep, KaTHOHBI J1ydllle, YeM
aHUOHBI, PACTBOPSIOTCA B HEBOAHOW (paze, OHM MHTEHCUBHee MUGYHAUPYIOT B Hee U
3apsHKAIOT €€ MONOKHUTEIHHO IO OTHOIIEHUIO K BOJHOUN (hase.

[TockonapKy — mUTOIUIa3Ma  KIETOK  HIPEACTaBIseT €000l  MHOrogasHyo
MHUKpPOTE€TEPOTEHHYIO CHUCTEMY, TO Ha MOBEPXHOCTAX paszjaena (a3 MOryT BO3HHMKATh
¢azoBble MOTEHIIMAIBI HEOOJBIION BEIMYMHBI, KOTOPbIE HAXOIAT C TIOMOIIBIO YpaBHEHUS
(1).

Memb6panHas Teopusi Obuta BbiBUHYTA emie B 1902 roay bepuireiinom. Tonabko B
50-x rogax XX Beka 3Ta Teopus Oblja MOATBEPKACHA IKCHEPUMEHTAIBHO XOIKKHUHBIM,
Xakcon n Karnmom. WM mpuHauIe)KUT OCHOBHAs HUIES W TEOPUS O POJIM HOHHBIX
IpPaJMEeHTOB B BO3HUKHOBEHUWU OWOMOTEHIIMAJIOB U O MEXaHM3ME paclpeieiicHHs HOHOB
MEXIY KJIETKOW U CPEIION.

CyIIHOCTB 3TOM TEOPUU 3AKIIOYAETCS B TOM, YTO NOTEHLIMAJIBI ITOKOS M JIEUCTBUS
ABIISIIOTCSL. TI0O CBOGM MpHpoae MeMOpaHHBIMH — TOTEHIMAIaMH, OOYCIOBICHHBIMH
HOJYNPOHUIIAEMBIMU  CBOMCTBAMM  KJIETOYHOM  MeMOpaHbl M  HEpaBHOMEPHBIM
pacIpelenieHueM HMOHOB  MEXIY KIETKOM UM CPeloi, KOTOpoe MOIIEPKUBACTCS
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MeXaHHU3MaMU aKTHBHOI'O MEpEeHOca, JIOKAJIN30BaHHBIMU ¢ caMoil MemOpaHe. PaccMoTpum
JTAHHYIO TEOPHIO OoJiee MOAPOOHO.

CornacHO  COBPEMEHHBIM  HMCCIEIOBAaHUSAM, MPUYMHOM  BO3HHUKHOBEHHS
NOTEHIIMANIA KIETKH, KaK B MOKOE, TaK U IPH BO30YKIEHUH, SIBISIETCS HEPAaBHOMEPHOE
pacnpeielieHe MOHOB KaJlisl M HaTpUsl BHYTPH M CHapyXu KieToK. KoHIleHTpanysi HOHOB
Kanus BHYTpH KieTok B 20-40 pa3 HpeBBIIAET UX COAEP/KAHUE B OKPYKAIOIIEH KIETKY
XHUIKOCTH. HampoTuB, KOHIIEHTpauus HATpUs B MEXKIeToyHoil cpene B 10-20 pa3 Brime,
YeM BHYTpPU KJIETOK. M30BITOK TOJOXKHUTEIbHBIX 3apsI0B MOHOB Kajlusi BHYTPH KIIETOK
KOMIIEHCHPYETCSI B OCHOBHOM OpraHMYeCKMMH aHHOHaMHU (acmaparuHOBOM, YKCYCHOM,
NUPOBUHOTpagHON KkucnoTel U ap). CormacHo Teopuu XomxkkuHa, Xakcau u Kartna,
KJIETOYHAss MeMOpaHa B COCTOSIHUM TOKOS IPOHMIIAEMAa B OCHOBHOM TOJIBKO JUJIsi MOHA
kaaus. Mowel kamuss au@PyHAMPYIOT MO KOHLEHTPALIMOHHOMY TPaJMEHTy uepe3
KJIETOYHYI0O MeMOpaHy B OKPY)KAIOIIYIO YKUAKOCTh, & MOHBI HATPUS HE MOTYT IPOHUKATh
yepe3 MeMOpaHy U OCTaloTCid Ha €€ BHYTpeHHeW cTopoHe. B pesynbpTaTe: BHELIHSAA
MOBEPXHOCTh MEMOpaHbl 3apsDKAETCS MOJIOKUTENbHO, TaK KaK HOHBI Kallus, KOTOpHIE
NEPELUIN HapyKy U JPYIHe MOJIOKUTEIBHBIE HOHBI HAXOIAIUXCSl CHAPYKU CYMMMPYIOTCS
Y CO3/al0T MOJIOKUTENbHBIN MMOTEHLIMAJ, a BBHYTPU MpeoliasaeT OTpULATeNIbHbIN 3apsij,
T.K. WOHBl KaJWsl YHECIH ONPENCICHHOE KOJIMYECTBO IIOJOKUTEIBHBIX 3apsaoB. OTO
IIpoLEecC MPOJOJIKAETCA OO TeX IOp, MOKAa HE YCTAHOBUTCS JUHAMUYECKOE PAaBHOBECHE
MEXAYy TMOTOKaMH HOHOB.

Ecnu npuHATH, 4TO MOTEHIMAN IMOKOS OINpeensercs Tolbko Auddys3ueil MoHOB
KaJusl U3 [UTOIUIa3Mbl HApYyXy, TO €ro BEJIUYMHA «(» MOXKET OBbITh HaleHa U3 YpaBHEHUS
Hepscra:

RT - [K]
=—h—" (3

nF (K],
rae [K]in [K]e - KOHIEHTpauusi MOHOB Kajlusl BHYTPU U CHAPYKHU KIIETKHU.

Pa3HocTh mOTEHIIMANOB MEXAy BHYTPEHHEH M HApYKHOW MOBEPXHOCTbIO MEMOpaHbI
pa3IMuHBIX KJIETOK, pacCuMTaHHas MO ypaBHeHHIO HepHcra, okazamack odeHb OnM3Ka K
JKclepuMeHTaNbHOW. KpoMe Toro, xammeBbli MEXaHW3M BO3HMKHOBEHHs IIOTEHIIMAJIA
yOenuTeNbHO MOATBEPKAAIOT SKCHEPUMEHTHl C H3MEHEHHUEM KOHUEHTpalUWu Kalus B
OKpyXkaromieil kieTky cpene. [lpu usmeHeHun HapyKHOW KOHLIEHTPAIIMHU KaJus B IIUPOKHUX
npenenax HaOIoAanoch 3aKOHOMEPHOE H3MEHEHHE BEJIMYMHBI MOTEHIMala IOKOS B
COOTBETCTBUU C 3aBUCHUMOCTBIO, BEIPAKEHHON ypaBHEHHEM (3).

B uactHOCTHM, KOTZla KOHIIEHTPAIMIO Kajus B OKPYKAIOUIEH KIETKY >XHIKOCTH
JIeJ1ajy paBHOM KOHUEHTPALMU B KJIETKE, MOTEHIMA TOKOSI CTAHOBUJICS PABHBIM HYIIIO.

IIpy TOYHOM M3MEpPEHUM NMOTEHIMANA MTOKOS BBISICHWIOCH, YTO B COCTOSIHUU MOKOS

KJIeTKa TaKXe IMpOHMIIaeMa B HEOONbIIONW CTENEHW  WOHOM HaTpus U XJopa.

CnenoBarenbHO, MeMOpaHHBIM  TOTEHUHWAN MPEACTABIsIET CO00M pPe3yJIbTUPYIONIYIO

AIIEKTPOJBMKYIIMX CHJI, TEHEPHUPYEMBIX STUMH Tpemsi KaHanamu Juddys3un. Takum

o0pa3oM, B peallbHBIX MeMOpaHax BKJIAJ B CO3JaHME M MOJJEpKaHHE MOTEHIHANIA TTOKOs

BHOocAT K, Na u Cl. B srom cinydae moTeHIMan MOKOS ONpenessieTcss ypaBHEHUEM
I'onmpnmana-XomkknHa-Karma:

@ :ﬂm P [KT]i + Pua[Na]; + Py [Cl],

nF " P[K], +Py[Nal, + Py [Cl]

®»

(4)
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rie Px, Pna, Pci - xoaddummenTsl nponuniaemoctn MmemOpansl noHoB, [K], [Na], [Cl] -
KOHIICHTpAIlUsl MOHOB BHYTPH (1) ¥ BHE KIIETKH (€).

Ilo mamapiM XomkkumHa W Kartma, 18 akcoHa kajibmapa B COCTOSHUM IOKOS
oTHoIIeHHE Ko punreHToB npoHuIaeMocT Pk : Pna: Por =1 : 0,04 : 0,45.

[Ton neiicTBueM BHEHIHMX (DaKTOPOB KIETKH CIIOCOOHBI MEPEXOJUTh B COCTOSIHUE
BO30YXKJIEHUS, KOTOPOE SIBIISIETCS OTBETOM Ha BHEHIHHE pazapaxutenu. O6s3aTenbHbIM
MPU3HAKOM BO30YXKIEHHS SBIIAETCSA M3MEHEHHUE DJIEKTPUUYECKOIO0 COCTOSHUS KIETOYHOMU
MeMOpaHbl, B TOM YHCII€ PA3HOCTH MOTEHIMAIOB Ha MEMOpaHe.

CoBpemeHHasi TeOpUs BO3HUKHOBEHUS MOTEHIMANa ACHCTBHUS Oazupyercs Ha
JAHHBIX, TOJYYEHHBIX METOJaMU BHYTPHKJIETOYHOIO OTBEIEHHUS MOTEHUHUANOB, (PUKCALUU
HanpspKeHUsl Ha MeMOpaHe, paJnoakTUBHbBIX n30TonoB u Ap. Eme B 1938r. Koyn u Kepruc
MOKa3aly, 4YTO  BO30YXKICHHE  CBSI3aHO C  KPaTKOBPEMEHHBIM  YBEJIMYCHUEM
ANEKTPOIIPOBOAHOCTH KJIETOUHOM MeMmOpaHbl. [Ipr 5TOM conmpoTHBIEHUE IHUTOIIA3MbI HE
WU3MEHSIIOCH.

YMeHbIIeHHE 3JIEKTPUUYECKOT0 COMPOTUBICHUS MeMOpaHbl  IpH  BO30YXICHUU
MOXET OBITh OOBSICHEHO TOJBKO YBEIMYEHUEM €€ MPOHUIIAEMOCTH JJIsi HOHOB, TIOCKOJBKY
MIOCJIETHUE SIBJISIFOTCS IEPEHOCYMKAMU HJIEKTPUUYECTBA B TKAHSX.

4. WnunirocTpatuBHbIA MmaTtepuaJi: [Ipe3enranus, cliaiasbl.
5. JIutepartypa:

- OcHOBHa4:
1. ®usuka u 6uodusmuka. Pyk. Kk npakTudaeckum 3ansatusM: yuaed. - M.: I'DOTAP - 2013.
2. ®emoposa B.H. ®usmka. - M.: ID0OTAP - Meaua, 2013
3. AosuikansikoBa P. b. Kypc nekmuit no ¢pusuke. Yacts neppas (Mexanuka.
MonekynspHas usuka. TepmoauHamMuka. DaeKTpuuecTBo. Maruetusm): YuebHoe
nocob6ue.- Anmatsl: TOO Dsepo, 2024

- JlononHuTeNbHAS:
1. Bmagumupos 1O. A. ®u3uko-xuMHUYeCKHe OCHOBBI (POTOOMOIOTMYECKUX TIPOLIECCOB:
y4eOHHUK. 2-¢ u3j., nepepad. u nom. -M.: JIpoda, 2014.
2. PemuzoB A.H. Menunuackas u Ononorndeckas Gpusuka: y4ueo. i By30B. -9-e u3I.,
crepeorurt.. -M.: JIpoda, 2017
3. MapnonoB b.M. PacueTHO-TIpOEKTHUPOBOYHBIE paOOThI IO CONPOTUBICHUIO MAaTEPUAIIOB:
coopuuk; Onobp. Yuen. CoBeToM AThIpaycKoro MH-Ta He(TH U raza. — AJIMaThl: DBEPO,
2014.

- DNEeKTpOHHBIE MTYOIUKAIINH:
1. Kanmel ¢pusuka kypebl. Kynnoekysist M., 2014 https://aknurpress.kz/reader/web/1733
2. Monexynansik puszuka. Crnadexosa P.C., 2017 https://aknurpress.kz/reader/web/1613
3. KoituybekoB b.K. xone 1.6. « DU3UKA (papmarius MaMaHIbIFbIHA apHAIFAH JI9picTep
xuHarbl)»: oKy Kypaisl/ b.K. Koituybekos, A.K. bpaxxanona, C. bykeeB.— AnmMartsr:
«DBepox Oacmacsr, 2020, 162 6. https://elib.kz/ru/search/read_book/865/
4. Xamza A.K., AmankyioB T.I1. ®usuka kypcsl: OKy Kypaiisl (2-111i 6aChUTbIM).—
Kaparanaer. 2019
https://aknurpress.kz/reader/web/1867
6. KonTposbHbie Bonpochl (00paTHOi CBSI3H):
1. O6BsicHUTE (hU3HUECKUI CMBICI TOTEHIHAIA?
2. Kakne BUIBI MOTEHIIUAIOB BbI 3HaeTe?
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JIEKIIUSA NelO

1. Tema: ®oT00HOJOrHYECKHE MIPOIECCHI.
2. lean: OOSACHUTH CTyICHTaM NEPBUYHBIC CTATUU (HOTOOMOIOTHUECKUX IPOIIECCOB.
CriekTpbl POTOOMOIOTHUECKOTO JISHCTBUS.
Ilian Jekuuun:
1. OcHoBHBIE rpynIbl (POTOOMOIIOTMUECKUX IPOLECCOB.
2. Buasl poToXuMHUYECKUX PEAKITHi.
3. OcHOBHBIE cTaIUHN (POTOXUMHYECKHUX PEAKIUH.
4. O6mias cxeMa ctaauil oToOMOIOTrHYECKUX MPOLIECCOB.
3. Te3ucCHhl JeKUHN:

[Ipouieccel, mpoucxosIue B OMOIOTHUECKUX CUCTEMaX IMPH MOTJIONIEHUH JIYYUCTOM
SHEPTUH, Ha3bIBAIOTCS OTOOMOTOTrHIECKUMH.

Bce poToOuonorunueckue nporeccsl ANATCS Ha TPU OCHOBHbBIE TPYIIIIBIL:

1. K mepBoii rpymie oTHOCATCS TpOIecchl POTOCHHTE3a OMOIOTHUECKH BaXKHBIX CO-
CIMHEHUN 3a CYET IMOIJIOIAaeMOl OpPraHM3MOM COJIHEYHOM sHepruu. Haubomnee BakHOe
3HaYeHHEe UMeeT (POTOCHHTE3 YIJIEBOJOB, IPOUCXOISAIIUN Y 3€JIEHbIX PACTEHUMN, OaKTepuil U
Bojiopocield. POTOCHHTE3 YIJIEBOAOB SIBIISCTCS €IUHCTBEHHBIM OHOJIOTHUECKUM MPOILIECCOM,
TP KOTOPOM IPOHMCXOUT yBETHMUEHUE CBOOOTHON SHEPTUHM BCEHl OMOIOTMYECKON CHUCTEMBI.
Bce ocranbpHble mpoliecchl B PaCTUTENBHBIX M KUBOTHBIX OpPraHU3Max MPOTEKAOT 3a CUET
MOTEHIIMATFHON JHEPIUU XMMUYECKUX CBSI3eH, HaKalIMBacMod B (DOTOCHHTE3UPYIOIIMX
OpraHM3Max Mpy TMOIJIOIIEHUW SHEPruu COJIHEYHOrO u3iydeHus. Jpyrum mnpumepom
CHUHTETUYECKOTO TMpoIlecca MOXKET CIYKUTh CHHTE3 OCHOBHOTO (POTOCHHTETHYECKOTO
MUTMEHTA - XJopoduiia. DTOT MPOIECC MPOTEKAET MOYTH MTHOBEHHO B TMEPBBIC CEKYH/IbI
OCBEIICHUS ITUOJIMPOBAHHBIX ITPOPOCTKOB PACTEHUS.

[Ipomeccyl cuHTE3a MOTYT TPOUCXOMUTh W TPH JCHCTBUM H3Ty4YeHHs Ha Oojee
MPOCThIE CUCTEMBI, HAIIPUMEP HA CMECh BOJbI, YIJIEKHCIOrO ra3a, MeTaHa ¥ aMMHAKa.
[Ipu 3TOM MOTyT OOpa30BBIBATHCS JKUPHBIE KHUCIOTHI, AMUHOKHCJIOTHI, TMYPHUHOBBIC U
MAPUMUIMHOBBIE OCHOBAHUSI.

2. Ko BtOpoii rpymnme ¢oToOHOIOTHYECKUX MPOIECCOB MOKHO OTHECTH IPOIIECCHI,
HE CBSI3aHHBIC C YBEIIMYEHUEM DHEPTUU CUCTEMBl M XMMHYECKUM CHHTE30M. JTO TaKue
MpOIIeCChl, KaK 3pEeHue JKHUBOTHBIX, (QoToTakcuc, QoroTponusmM u (HOTONEPUOAUIM
pacTeHHil. DTO CIIOXKHBIE, U BMECTE€ C TEM CTPOro 3aKOHOMEpHBIE SIBJICHUS: JBUXKEHUE
YacTe pPAacTeHUs HABCTPEUy COJIHILY, SIBICHHUS CYTOYHBIX W TOJOBBIX pUTMOB M T.a. C
MIOMOIIBI0 ATHX TPOIECCOB OCYIISCTBIISCTCA PETYISLHS POCTa M Pa3BUTUSA PACTCHUU.
[epeHocurkom HH(pOpPMAITUH B TAHHOM CJIy4ae CITY>KUT CBET.

3. K Tperneii rpynmne (GhoToOOMOTOTHYECKUX IMPOIECCOB OTHOCSTCS TaKUE IMPOIECCHI,
PE3YNIbTaTOM KOTOPBIX SIBIISETCS MOPAKEHUE YKUBOU CTPYKTYPBI, JECTPYKIUS OHOIOTUYECKU
BaXHBIX coenrHeHui. Kak ciencTBue MECTPYKTUBHBIX MU3MEHEHUN MPOMCXOIUT MOABIICHUE
KUBHENIESITEIIPHOCTH OpraHm3Ma. Bce ATH JIeCTpyKTHUBHBIE HM3MEHEHUS HaOIIOIAI0TCs
[JIaBHBIM 00pa3oM TMpHU MOTJOMEHNH (OTOHOB KOPOTKOBOJHOBOTO YIABTPA(PHOIECTOBOTO
W3ITy4eHus1, 00IaIalolIuX OOJBIIION SHEPTUeHt.

B ocHoBe Bcex (HOTOOMOIIOTHYECKUX MPOIIECCOB JIeKaT (GoToxummueckue peakiun. K
OCHOBHBIM (DOTOXUMHUYECKUM PEAKITUSM OTHOCSTCS CJICTYIOIINE MPOIIECCHI:

Domouonuzayuss — BEIOUBAHUE IEKTPOHA KBAHTOM M3TYUYEHUS 3a MPeJIeNIbl MOJICKYJIbI.
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[Tpu dororonmnzanum o0pa3yroTcs HOHBI WU CBOOOIHbBIE PATUKAIIBI.
domosoccmarosienue u PomookucieHue — MepeHoc MEKTPOHA C OJTHOW MOJICKYIIbI
Ha Jpyryoo. OJHa MoJieKyJja MPHU 3TOM OKHUCISAETCs, a Apyras BOCCTAHABINBAETCS.
Domoouccoyuayusi — MPOIECC paclaia MOJIEKYJIbl HA MOHBI MO/ IEHCTBUEM KBAaHTa

U3ITyYEHHUS.
Domouzomepuzayusi — W3MEHEHUE MPOCTPAHCTBEHHOW KOHQUTYpAIUd MOJIEKYJIbI
MO/ ICICTBUEM CBETA, U3MEHEHHUE CTPYKTYPhI MOJICKYJIBIL.
Domooumepuzayuss — 00pa30BAHNE XUMHUYECKOW CBS3M MEXKIY MOHOMEpaMHU IPH

neiictBur (hOTOHOB CBETA.

Takum oOpazom, anmemeHTapHas (POTOXMMHUYECKAs peakIusi MOXKET OBbITh CBs3aHA
mu00 ¢ MOTepen IEKTPOHA MOJIEKYJION, TH00 ¢ ero nmpuodpeTeHuemM, Tu00 ¢ IeCTPYKIU en
MOJIEKyNbl. JleCTpyKIMsT MOJIEKYJ NPUBOAMT K M3MEHEHHIO HMX XUMHUYECKHX CBOMCTB,
Harpumep, 6eJIoK P JeCTPYKLIHUH TepsieT CBOU (epMEHTAaTUBHBIE CBOWCTBA.

JIrob6as poToxmMuueckass peakius MPOTEKaeT B IBE CTAAHH.

IlepBas crajus — cBeToBas. DTa CTaausl MPEACTaBiseT cOOOM YMCTO (prU3MUecKHUid
npouecc - IMOIVIOIIEHHE KBaHTAa MOJIEKYJIoH. Monekyna NepexoAuT IpH 3TOM B
BO30YyXJIeHHOE cocTostHHEe: A+hv—A*, Thne «A» - MOJIeKylia BEIeCTBa, IOTJIONIAroas
CBET (Y4acTo ATON MOJEKYJIOH SBIAETCS MOJIEKyJia MUTMEHTa, HAaIlpUMEP MOJIEKYJa POJOIICUHA
win xyuopoduina); «A*» - Ta ke MoJeKylda, HO B BO30YKIEHHOM COCTOSHHM IOCIHE
MIOTJIOIICHUS KBaHTa H3ITydeHHus «hvy.

[Ipouiecc BO30OYyKaeHUSI NpPENCTaBISET COOOM aKT 3amacaHus 3HEPrUM MOJIEKYJIOH.
OJNEKTPOHBI MOJIEKYINbI, y4acTBYIOIIME B IIOIJIOLIEHMHM KBAaHTOB, MEPEXOIAT IMPH ITOM C
OCHOBHOI'O JHEPreTHYECKOro ypOBHS Ha Oojee BBICOKMI ypoBeHb. OOmias sHeprus
MOJIEKYJIbl TOBBIIIAETCS MPU ATOM Ha BEJTMUYMHY SHEPTUHU MOTIIOIMIEHHOTO KBAHTA.

Bo30yxnennas Mosekyna, o0ianas W30BITOYHBIM 3allacoM DJHEPTUH, MOXKET
BCTYMUTh B (POTOXMMUYECKHE PEAKIUU, KOTOpble B TEMHOTE ISl TEPMOIMHAMUYECKUX
peaKkui HEBO3MOXKHBL. BcTymas BO B3aMMOACMCTBHE C OKPYKAKOIIUMH MOJIEKYJIAMH,
BOCIIpUHUMAs WM OTHaBasi »dJEKTPOH, BO30OYXKIEHHas MoJieKyja IpeBpamaercs B
paaMKal, HOH WIM HOH-pagukai. OOpas3oBaBIIMecs paauKalbl W HOH-PaIUKaIbI
Ha3bIBAIOTCS MEPBUYHBIMUA BOCCTAHOBUTEISIMU WM MEPBUYHBIMU OKUcauTedsiMu. Ha stom
YCJIOBHE CBETOBAsI CTaAMs POTOXUMHUUYECKON PEaKIMN 3aKaHUYUBACTCS.

Bropas cragus ¢poToxuMuyeckon peakiuu HazbiBaeTcs TeMHOBOM. OOpa3oBaBIInecs
NIEPBUYHBIE BOCCTAHOBUTEININ U IEPBUYHBIE OKUCIUTEIN — PAIUKAJIbl COAEP)KAT HECTIAPEHHBIE
AJIEKTPOHBI HAa BHEIIHUX OpOUTaX © MO3TOMY OONAJal0T BBICOKOM XMMHYECKOU
aKTUBHOCTBHI0. OHU CHOCOOHBI YK€ B TEMHOTE OCYIIECTBISATh OKHUCIUTEIbHO-BOCCTAHOBU-
TelbHbIE peakuMH. [lepBUUHbIE BOCCTAHOBUTENN W IEPBUYHBIE OKUCIUTEIN BCTYHAOT B
COIPsDKEHUE C OMOXMMHYECKUMH PEaKIMAMU U U3MEHSIOT uX. M3MeHeHne OMOXUMHUYECKUX
peakuuii TPUBOJUT K HM3MEHEHMIO OOLIEPU3HOIOTHYECKOT0 COCTOSHMSI OpraHu3Ma M K
COBEPILEHUIO0 KaKOTr0-1100 (PU3UOJOrMYECKOro aKTa.

Takum oOpazom, BCSKUIl (POTOOMONIOTHUECKH MPOIECC MOMXKHO TIPEICTaBUThH
CICAYIOLIEH CXEMOH: IMOIJIOIIeHHe KBAaHTOB — (POTOXUMHUYECKHE Ppeakuum —
XMMHYeCKHe U 0HOXMMHUYeCKHe peaKuMu —> (PU3HO0JIOTHYECKHI aKT.

B kauecTBe (U3MONOTMYECKMX AKTOB MOKHO Ha3BaTh: BbIIEJIEHUE KHUCIOpOJa MPHU
dboTocuHTe3e, IBUKECHUE JTUCTHEB Y PACTEHUN HABCTPEUY COJIHILY, PEaKIHs >KMBOTHOTO Ha
OCBELIEHUE, THOENIb OpraHu3Ma Ipu CUIbHOM OOJIy4eHUU H T. [I.
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Kpome storo sHeprusi BO30YXKIEHHOW MOJIEKYJIBI MOXET pacxXo/IoBaThCs eIlle [0
HECKOJILKUM HarpaBJICHUSIM:
® BBICBCUYMBATHLCS (JTIOMUHECIICHITHS);
® [IEpEXOAUTH B TEILIO;
® [iepenaBaThCs APYTroi MoJieKyie (MUTpaIus SHEPTUN);
® MOJIEKYJIa MOKET IEPEXOIUTh B TPUILIETHOE COCTOSIHHE.

[locne murpanuu SHEPrud WM TEpPEeXoJa MOJIEKYJIbl B TPHUIUIETHOE COCTOSHUE
CHOBA MOTYT MPOUCXOUTH AalibHENIINE (POTOXUMUYECKUE [TPEBPALLICHHUSL.

Wznyyenne pa3auyHbBIX JUIMH BOJIH OJMHAKOBOTO MOTOKA MPUBOAMT K Pa3IMYHOM
CTENICHU MOBPEXACHUH. 3aBUCHUMOCTh (POTOOMOJIOTHUECKOTO 3(dekra OT UIMHBI BOJIHBI
U3JIy4CHHS Ha3bIBAETCS CNEKTPOM JeiicTBUs. CHEeKTp AeHCTBUS MOKHO MOCTPOUTH KaK JUIs
OT/IEJIbHBIX MOJIEKYJI, TaK U 711 KieToK. CoriiacHo 3akoHaM (OToOMONIOTHH, (POTOU3MEHEHHS B
MOJIEKYJIE MOT'YT MPOU30MTH TOJIBKO MPU MOIVIOIIEHUH €10 KBaHTa u3imydeHus. [loaromy criekrp
JENCTBHSL IO CBOEH (hopMe COBMATAET CO CHEKTPOM IMOIIIOIIEHHUS TEX MOJEKYI, KOTOpbIE OT-
BEYAIOT 32 3a/IaHHBI XUMUYECKUHN WK (PU3NOJIOTMIECKUN OTBET.

4. NnuniocTpatuBHbId MmaTtepuaJi: [Ipesenranus, ciiaasl.
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