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MeaouuyHa xiMmisa

IHCTPYKTAX 3 TEXHIKHX BE3IIEKH ITPU BUKOHAHHI
JIABOPATOPHUX POBIT 3 JUCHUMIIJITHUA «MEJAUYHA XIMISD»
1. 3BATAJIBHI HOJIOKEHHA

1. Koxen 3100yBau OCBITH MOBUHEH OYTH aT€CTOBAaHUM 3a 3HAHHSM HOPM, MPABUJI Ta
THCTPYKIIHM O€3MeKH 1 MaTH MpU co01 TOCBITUCHHSI.

2. KoxeH 3100yBau 0cBITH 3000B's13aHUI OTpUMATH Y CBOT'O KEPIBHUKA IHCTPYKTAX 3
00OB'SI3KOBHM 3aITCOM Y KypHaJIl IHCTpYKTaxy 1o Th. 3BepHiTh 0COONMBY yBary Ha
MOKJIMBI HEOE3MeYH1 MOMEHTH B JIOPYUYEHIM poOOTi, Ha CIIOCOOU 1X YCYHEHHS, 3aXHUCHI
3aco0u, MpuiIaau, Ta MpaBuja 1 METOAU HAJAHHS MEPIIOi JOTTOMOTH.

3. He nopyuiyiiTe cami 1 3yNUHANWTE MOPYLIHUKIB MPAaBUJI O€3MEKU 1 BHYTPIIIHBOTO
PO3MOPSAAKY.

4. He uinaiite, He BMUKaiiTe 0€3 J03BOJIY KEPIBHHUKA YU CT. JaOOpaHTa pyOHIIbHUKH Ta
1HIII €JIEKTPUYHI IPUIIAJIH.

5. IIpu po6oTi B m1abopaTopii BAKOHYWTE TIILKU Ty POOOTY, sIka BaM JIOpy4eHa.

6. I1ig yac BUKOHaHHS POOOTH HE XOJITh OE3IIHLHO MO MPUMIIIEHHIO, TaK K IUM BU
BIJIBOJIIKA€TE yBary CBOIX KOJIET, HE 3ajulllaiiTe 0e3 Harjsay CBOIO poOOTY, 1110 MOKE
BU3BAaTH KPUTUYHY HEOE3MEUHY CUTYAIIIIO.

7. 3a00pOHSIETHCS MpaIOBaTH B JabopaTopii OMTHOMY.

8. Kareropnuno 3a00pOHSIE€THCS BHJIMBATH B PAKOBHHH 3AJMINKH KHUCIOT Ta JYTIB,
OpraHiYHUX PEYOBHH, BOTHETPUBKHX Ta OTPYHHUX piauH. 3MUBalTE BKa3aHi pEYOBUHU
y BIJIBEJICHI JJIsI HUX CKJISTHKH.

9. KareropuuHo 3a00pOHSETHCS B 1abOpaTOpii MaIuTH.

10. 3aboponsieTbcs poOyBaTH XiMiYHI PEUOBMHU Ha CMakK, BTATYBAaTH POTOM Pi3HI
CyMIIIIl B TMINETKH.

11. O6epexHOo NpaloBaTH 13 CKISHUM MOCYJ0M, IPUOOpaMH Ta IpeIMETaMHU
oOnaHaHHS.

12. 3a00poHA€TbCS 3HAXOUTHUCS B JJabopaTopii y BEPXHBOMY OJIATY.
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HpakTnyne 3anarrsa Ne 1

Tema: Ximist OioreHHHMX ejieMeHTIB. XiMi4Hi eJleMeHTH B )KUBUX OPraHizmMax.

Merta: mnokaszaTd LIHHICTH XiMIil JJi1 PO3BUTKY Cy4YacHOi METUIIMHH, B3a€MO3B'SI30K
010JI0T1YHOT 11 €TIEMEHTIB B 3aJIKHOCTI B1JI iX pO3TaIllyBaHHS B MEP1OUIHIN
TaOJIMIII BiIIOBIIHO 0 €JIEKTPOHHOI Kiacudikarii 3a s -, p-, d -, - OmokiB
eneMeHTiB. O3HAalOMUTH CTYACHTIB 13 CTPYKTYpOIO Ta 3MICTOM KYypCy
"Menuuna Ximis". 3BEpHYTH yBary Ha MpaBuiia TEXHIKA O0€3MeKH MpHu poOoTi
B XiMiuHIM nabopatopii. [IpocTexxutn B3a€MO3B'SI30K MK O010JIOTIYHOIO
AKTUBHICTIO XIMIYHHMX €JIEMEHTIB 1 EJEKTPOHHOI OYyIOBOIO iX aTOMIB.
PosrnsnyTu pi3Hi Buan kinacudikaiiii 610reHHUX eJIEeMEHTIB.

OcHOBHiI_moHsATTSA: OyaoBa aroma, OIOreHHI eleMeHTH, S-, P-, O-emeMeHTH,

kiacudikaiiis 010reHHUX €JIEMEHTIB.

Oo6aagnanus: Jlabopatopis kapeapu

Ilaan:

Ximist B MEIAUITUHI.
Krnacudikariist 010reHHUX €JIeMEHTIB.
biorenni s-enementu. bionoriuyna poJib.

biorenni p-enemenTu. biojoriuyHa posb.

o~ W np e

biorenni d-enemenTu. biojoriuna poib.

3100yBay OCBITH_IOBUHEH 3HATH:

 YSABJIEHHS TPO Cy4yacHI TOTJSAM Ha OyJIOBY aToMa, MPUPOJY XIMIYHOTO
3B'SI3KY; 3aJI€KHOCTI 010J10T1YHOI aKTUBHOCTI PEYOBHH BiJ] OYJJOBH X MOJIEKYJ; XIMIIO
KOMIUJIEKCHUX CHOJYK Ta OlOKOMIUIEKCIB OpraHi3My; €HJEMIUHI 3aXxBOPIOBAaHHS,
MIKPOEJIEMEHTO3H;

* OCHOBHM XiMii OI0OT€HHUX E€JEMEHTIB, iX POJib B JKUTTEIISIBLHOCTI OpraHi3My;
3aCTOCYBaHHS CIOIYK O10r€HHUX €JIEMEHTIB B MEIMYHIN MPaKTHUIIL;

* BCTAQHOBJIIOBAaTH MPUYMHHO-HACTIAKOBI 3B'SI3KM OYJIOBU 1 BJIACTUBOCTEH
XIMIYHUX CIIOIYK, X POJii B O10JIOTIYHUX TPOIecax;

* y3arajbHIOBaTH HaOyTI 3HAHHS B KypcCl 3arajbHOi XiMii Ta 3aCTOCOBYBAaTH iX

JUTSL XapaKTEPUCTUKU XIMIYHUX PEAKIIiH 32 y4acTIO CIOIYK O10reHHUX €JIEMEHTIB.

3100yBayd OCBITH _IIOBUHEH BMITH:
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* IIPOTHO3YBATH MEPEOIr peakiliil pi3HUX TUIIIB, BpaXOBYBAaTH X KOHKYPYIOUUNA
XapakTep; IHTEPHPETyBAaTU Ppe3yJbTaTh EKCIEPUMEHTY, PpOOUTH  HEOOXIJHI
pPO3paxyHKH;

* 0(OpPMIIATH TTPOTOKOJIM HAaBYATIBHO-A0CIITHUX Ja00paTOPHUX POOIT.

3MiCT NIPAKTUYHOIO 3aHATTSH

M. B. JIoMOHOCOB, pO3IIIalouu CIIBIPYXKHICTh HAyK, K HEOOXIAHY YMOBY
PO3BUTKY NPHUPOAO3HABCTBA, CKa3aB, 10 CIIMHYB (Pi3UK 0€3 MaTeMaTUKH, CyXOpyK —
6e3 ximii.

Yepes 6arato pokiB BumatHuii yaennii XX ct. B.I. BepHaacekuii BinMiTHB, 10
PO3BUTOK HAYKOBHUX 3HaHb IIBUIKO CKOPOYYE BIJCTAHb MK OKPEMHMH HayKaMH, a
y4eH1 Bce OUIbIIe Creniai3yoThCsl He B HayKax, a B mpobieMax. [{e qae MOKIIUBICTS,
3 OJIHOrO OOKY, 3arTMOUTHUCS y BUBYCHHS SIBUII, & 3 1HIIOTO OOKYy — SIKHAMIIUpIIE
OXOITUTH iX 3 YCIX TOYOK 30DY.

Taka cnermianizamis CTBOPIOE HAWBAXKIMBIIIY NEPEAYMOBY UId B3a€MOIIL 1
B3a€MOIPOHUKHEHHS HayK. B3aeMHMIl BIUTUB IPUPOAHUX HAYK — SIBUILE 3aKOHOMIpHE,
XapakTepHEe IJIs yCI€i 1cTopii MpUpo03HABCTBA. MicIs 31TKHEHHS MIXK OKPEMUMH
HayKaM# OyJIM MOCTaMH, TIO SIKUX WIIIJIO B3a€EMOTIPOHUKHEHHS OJTHUX 3HAHb B 1HIIII.

BuBuenns nporiecy B3aeMoii XiMii 1 CyMIKHUX HayK JOTIOMAarae 3po3yMiTH ii B
CUCTEMI IPUPOAHUX HAYK 1 POJIb B PO3BUTKY MPUPOJO3HABCTBA.

E. ®imep (1849) nuca, mo HisKa 1HIIA HayKa MPUPOJO3HABIIS HE MOB'SI3aHA 3
MEIUIMHOI0 TAKUM MIITHUM 1 TJIHOOKHM 3B'SI3KOM, SIK XIMis.

CraHOBJNIEHHSI OCHOB HAyKOBO1, EKCIIEPUMEHTANIBHOI 1 TeOpeTUUHOI Ximii B X VII
CTONITTI (HOBI YSABJICHHS TMPO XIMIYHI €JEMEHTH, TMepil KUIbKICHI 3aKOHH,
BUKOPUCTAHHS METOJIIB : BAaroBOr0 aHali3y, I'a30BOi XiMii; CTBOPEHHS MpPHUIAJIB,
MPU3HAYEHUX JJISI BUBUCHHS TETUIOBUX €(PEKTIB XIMIYHUX PEAKIiH 1 TOMY MOJiOHE)
3yMOBWJIO 11 MOAambliii OYpXJIMBHUM PO3BUTOK 1 aKTUBHY B3aEMOII0 XiMmii 3
010JI0TI€10.

BimnocHo mnpoOnemMu B3aemopii Ximii 1 Olosorii, HAWOUIBIINI 1HTEpEC

MpeACTaBIIsI€ OpTraHiuHa XiMisl.
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S. bepuemiyc (1807) 3ampornoHyBaB pPEYOBUHHU, SIKI BITHOCSATHCS A0 KHBOT
NPUPOAM, HA3UBATH OPraHIYHUMHU, & PEYOBUHHU, SIK1 BIIHOCATHCS A0 HEXKUBOI IPUPOH,
- HEOpTaHIYHUMH.

[Tepmri crpobu 3acTocyBaTH METOAU 3 (DI3UKH JJIi BUPIMICHHS €KOJOTTYHUX
npobsiem 3pobneni B XVIII ct., micnsa toro, sk E. Eitnep 3'sicyBaB pyx kKpoBi B 1O
cynuHax. Bugatauii ¢izionor 1. M. CedeHoB BMBYaB mpoOieMy MOTJIMHAHHA Ta3iB
KpOB't0 1 coboBUMH po3unHamu. Jocaimkyroun cran CO2 B kpoBi, I. M. CeueHos
(1886) BimkpuB 3aKOH PO3YMHEHHA Ta3iB Y BOASHUX PO3UYMHAX EJICKTPOJITIB, fAKI €
OCHOBOIO CY4aCHOT0 HaBYaHHS MPO AUXAIbHY (YHKIIIIO KPOBI.

Ha nmouatky XX cT. BUHUKIIa IMyHOXIMISl — HayKa, KA BUBYA€ XIMI4HI POLECU
IMyHHUX ABHUII. TUM YacoM yBara y4eHHX-XIMIKIB HpUTsrajga npoodjieMa B3aeMO/Ili
AHTHUTeH - AaHTHTIJIO i TOKCHHH - aHTUTOKCHHHU. 11 pilleHHsM 3aiiMasucs BUAATHI XiMiKK
II. Epmux 1 C. Apeniyc. BiablIicTh peUOBUH TBapUHHOTO OPraHi3My OCMOTHYHI 1
KaluJIgpHI SIBUIIA TPalTh ICTOTHY pPOJIb B JKUTTEBUX MpOIEcax, TOMY O010J0TH
3BEPHYJIU 0COOJIMBY yBary Ha (pi3uyHy XiMito, i1 3aKOHH 1 TEOPIi.

[Touarok XX CT. O3HaMEHYBaBCS BHUHHUKHEHHSM HOBOI (PyHIaMEHTaJIbHOI
KOHIIETIIIi Te0XIMIYHOI POJIi PEUOBUH B I'€OJIOTIUHUX MPOIIECcax, IO JISAria B OCHOBY
010oreoximii — HayKH, sika BUBYA€E XIMIYHI MPOIIECH 3€MHOI KOPH 3aJI€KHO B1J] PO3BUTKY
opraHiuHoro cBity. B.l. BepHancbkuii 10BiB, 110 KMBa PEUOBHUHA, KMB1 OPraHi3MU B
Iporeci  KUTTEMISIBHOCTI  3AIMCHIOBAIM 1  3AIMCHIOIOTH  BEIMKOMACIITAOHI
MepeTBOPEeHHs 3eMHOi1 kopu. Hampukiaza, "OloreHHa wirpaiis aTtomiB" OXOIUIIOE
gacTUHY aTtMmocdepu, rigpocdepu 1 BepxHboi yacTHHH JiTochepu. Bevoro nmecsarsb
POKIB TOMY Ha TIEpEeXpecTi HEOpraHiuHoi 1 OiojoriyHoi XiMmii Hapoauiacs HOBa
CyMi)kHa 001acTh — OlOHEOpraHiuHa Ximis. BOpoJoBXK Takoro KOPOTKOTO dYacy
HEopraHiyHa XiMisl IEpeTBOpHUIACS Ha CAMOCTIMHY HayKy, sIKa IBUKO PO3BUBAETHCS.
OO'ektamu 11 nociimkeHb € OlokoMIuiekcd. Jlo ckiaay KOMIUIEKCIB BXOJSThH
o0iomeramu — «wmeranu xkuTTts» (Cu, K, Ca, Mn, Co, Mo Ta iH.), a SK Jra#gau
BUKOPHUCTOBYIOTHCS Pi3HI aTOMU, MOJIEKYJIN

bioHeopraniuHa Ximisi pO3BUBAETHCS B TAKUX HAMPAMAX:

1. JlocmimkeHdss O10JIOTIYHO aKTUBHUX PEUYOBHH SIK NMEPEHOCHUKIB KHCHIO 1 10HIB

(ioHOOpPM).
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2. JlocnimpkeHHs aHTUTOKCHHIB 1 MIrpaliii TOKCHYHUX METaliB B MPUPOII.

3. BuBueHHs CTpYKTypH 1 MEXaHI3MY J1i MeTaI0(PepMEHTIB.

4. JlocmimkeHHS 1 BIATBOPEHHS HaWBaXMBIIMKX O10XIMIYHHX MpoiieciB (010XiMiuHe
MOJICTFOBaHHS 010JIOTIYHUX CTPYKTYP).

XIMIYHI EJIEMEHTH. K/TACU®IKAIIUA BIOTEHHUX EJIEMEHTIB

HayxoBe 0O0TpyHTyBaHHSI HaBYaHHS MPO XIMIYHI €JIEMEHTH OTPUMAJIO B MpaIsiX
akagemika B.I. BepHaacekoro, sikuil mokasaB TICHHH B3a€MO3B'S30K MDK XIMIYHUM
CKJIaJIOM 3€MHO1 KOPH, CBITOBOTO OK€aHy 1 )KHBOTO OpraHizmy. Bin BBaxas, 1110 *HB1
OpraHi3MH 1 3eMHa KOpa MPEJCTaBISAI0Th €JUHY CUCTEMY, IPUUOMY KHUBI OpraHi3MuU
OepyTh ydacThb B I€OXIMIYHHUX MPOLECaX PO3MOALTY XIMIYHUX €JIEMEHTIB B 3€MHIN
KOpI.

TicHuit 3B'130K )KMBOTO 3 HEKUBUM IMPOSIBISETHCS B MEPIILY YEPTY B CHIIBLHOCTI
€JIEMEHTHOTO CKJIaxy. PeuoBHMHM XKMBOi 1 HEXKUBOI MPUPOIU CKIANAIOTHCS 3 THUX KE
XIMIYHMX €JIEMEHTIB, MDK HHMM JIIOTh OJHAKOBI CHJIM XIMIYHOI B3a€MOJIII.
EnemenTHMIl cKiIaq JKMBOrO OpraHi3My IIOBHICTIO CHIBIAJA€E 3 €JIeMEHTaMH,
3HANIEHMMH B MOPCBHKIH BOJI1, @ OCTaHHI Mail>ke BIAMOBIIAIOThH CKIAAy 36MHOI KOPH.

Jocnimxyroun mepeMimieHHs (mirpaiito) enementiB, B.l. Bepnancbkuit
BCTAHOBUB, 1[0 MIrpailis, PO3CIIOBaHHS 1 KOHIIEHTpAIlisl €JIEMEHTIB 3aJeXHUTh BiJ
ATOMHOI MacH XIMIYHOTO €J1€MEHTY, pO3MIpiB ATOMHUX 1 I0HHUX PajilyCiB, a TAKOX BiJl
3JIaTHOCTI €JIEMEHTIB 0 YTBOPEHHS XIMIYHUX CIOJIYK.

VYci XIMIUHI €IeMEHTH, sIKi OepyTh ydacThb Yy OIOJOTIYHUX MpPOLEcax MKUBUX
OpraHi3MmiB, JAiCTaJId Ha3By O10T€HHHUX €JIEMEHTIB.

[Tomanbimuii po3BUTOK XiMisi O10reHHUX eneMeHTIB orpumaia B mparsx O.11.
Bunorpanosa, B.B.Kosanscekoro, O.B. BenuikoBa, K.b. SAmumipcekoro, M. [lukcona
ta E.Ye60a, O.1. Boiinapa, E. AunepByna, ['.A. babenko Ta iH.

KinbkicHUN BMICT XIMIYHUX €JIEMEHTIB B JKHUBIH pedyoBHHI (’KMBa pEYOBHHA -
CYKYMHICTh YCIX XUBUX OpPraHi3MiB) 0OOpOTHO MPOMOPLIMHHUA 0 1X MOPSIKOBHUX
HOMEPIB B IIEPIOIMYHIN CUCTEMI €JIEMEHTIB, TOOTO KIIbKICHUN XIMIYHHMMA CKJIa[ )KHUBOT
PEUYOBHMHU € TEpIOAUYHOI0 (YHKIIEID TOPSAKOBOrO HOMepa eneMmeHTy. Ilpote, 1

3aKOHOMIPHICTh MOPYIIY€EThCS A eiaeMeHTiB ronoBHux miarpyn I, II 1 VII rpym.
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[TopyiuieHHst BiAMIYEHOT 3aKOHOMIPHOCTI 4epe3 Te, 1[0 BOHU BXOSATHh B MOJICKYJIH
0100praHIvYHUX CIIOIYK.

KinbKicHUY BMICT KOBAJICHTHO TOB'SI3aHUX aTOMIB €JIEMEHTIB 3MEHIITYEThCSA 13
3pOCTaHHSIM 3apsny aToMmiB B rpymi (Hampukian, N, P, As, Sb), a eneMmeHrTiB, siki
3HAaXOJIATHCSA B OpraHi3mi y BUIJsiAl ioHiB (s-emementd [ 1 Il rpyn, p-enementu VII
IPyIn), - 30UIBIIYETHCS (0 ONTUMAILHOTO 10HHOTO Paiycy), a MOTIM 3MEHITY€E€ThCS.
Hanpuknan, npu mepexosi Biag Oepuiiisi 10 KalbI[lF0 BMICT €JIEMEHTY B JKHUBOMY
Oprasi3mi pocTe, a MOTIM 3HWXKY€ETHCS; MPHU MEpexoii Bia ¢uryopa 10 XJIOPY TaKOK
30UIBIIIY€THCSI, a MOTIM 3HIKYEThCS (Tad. 1)

Tabmuis 1. 3aneHicTh KUTbKICHOTO BMICTY XIMIYHUX €JIE€MEHTIB BIJl 3apsiay sipa

Enmement | Bmict, macoBa yactka, % | EmemenT | Bmict, macoBa dactka, %
4Be 107-10* oF 10°

12Mg 2,7%1072 17Cl 1*10*

20Ca 2,0 35Br 104-103

3sSI 103-107 53l 10°-10°3

s6Ba 10°-10*

3 ycix OiorenHux eneMeHTtiB oguHamsath (O, H, N, S, Ca, Mg, K, Na, Cl, P, C)
ckianaTb 99,5 % macu opranizmy. BMICT yCIX 1HIIMX €JI€MEHTIB MPECTaBIISE€ MEHIII
0,5%.

[Tpupoauuit BigOip eneMeHTiB OyB 00yMOBJICHUN TAKUMU YUHHUKAMH:

- 3/IaTHICTIO 10 YTBOPEHHS MILIHUX (€HEPrOEMHUX ) 3B'SA3KIB;
- 3JIaTHICTIO YTBOPIOBATH JIAHI[IOTH;
- TaOJIBHICTIO 3B'A3KIB;
- "nabinpHICTIO" aToMiB, Hanpukian: S, P, Fe / 3a JIxx. bepnanom/;
- YTBOPEHHSM JIETKOPO3YMHHHUX Yy BOJl CIOJNYK, IO CHPUSIO iX KOHIIEHTpalii B
oprasismi;
- CXWIBHICTIO JI0 YTBOPEHHSI CTIMKUX KOOPJIWHALIMHHUX CHOJYK 3 O10JOTYHUMU
MOJIEKYJIaMH.
Y  kuBOMYy oOprasi3mi OIOT€HHI €JIEMEHTH

PO3MOIIISIOTECA  TaKOXK

HEpiBHOMIpHO. BiloMo, 10 KyNpyM KOHIIEHTPYEThCS B MEUYIHKH, LHHK — B
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1IUTYHKOBIN 3a71031; WO B IUTOBUIHIN 3a51031; (piryop — B 3yOHI# emali, aroMiHiH,
apCeH HAKOMHUYYIOThCS Y BOJOCCI 1 HITTSAX; KaaMid, pTyTh, MaHTaH — y HUpKax;
CTPOHIIiil — B IepeaMiXypoBiii 3a51031; Oapiil — B CITKIBII OKa.

Po3BuBatoun inei B.l. BepHaackkoro nmpo posi €1eMEeHTHOTO CKJIaay IPYHTY B
eBomonii opranizmis, O.Il. BunorpagoB po3poOuB HaBuaHHS PO OlOTeOXiMiuH1
MPOBiHIII — pallOHU 3 MIABUIICHUM a00 3HM)KCHHM BMICTOM Yy HHUX SIKOTO-HEOYIb
€JIEMEHTY — 1 €HJIEMIYHUX 3aXBOPIOBAHHAX, OOYMOBJICHUX MOB'S3aHUM 3 IIMM BMICTOM
€JIEMEHTIB B OpraHi3Mi JIOAHHU.

B.B. KoBaJibchbkMi1 CTBOPHUB HAyKy MPO T'€OXIMIYHY €KOJIOTiI0 — O10XIMiYHI 1
(1310JI0T1YHI ajanTauli Opra”i3My A0 XIMIYHUX €JIEMEHTIB LbOr0 CEepeloBHUIA. 3a
KoBasibchbKknM OUIBIIICTH OPTaHi3MIB IPUCTOCOBYIOTHCS O HE3BUYAHHOTO BMICTY THX
a00 1HIIUX €JIEMEHTIB 1 PO3BUBAIOTHCS HOpMAIBHO. | TUTbKH Bif 5 10 20 % opraHizmiB
B IIUX YMOBAaX CTPAXK/IA€ CHACMIYHIMH 3aXBOPIOBAHHSIMH.

B ueli wac icHye psn pi3HuUX Kiacudikamiii XIMIYHUX €JEMEHTIB, SKi
3HAXOJIATHCS B OPTaHi3MI1 JIFOJUHU. 3a KUIBKICHUM BMICTOM iX JIIJISTh HA
- makpoenementu (10% 1 611p1m1) — 1e C, H, O, P, N, Na, K, Ca, Mg, CI;

- mikpoenemenTs (10 2 -1012%) — Mn, Zn, Cu, Co, Fe, I, Mo Ta in.;
- yneTpamikpoeneMenTn (Menm 10120%) — Ba Ta in.

[Ipote Taka kiacudikailisi He BKa3y€e Ha poJib 1 3HAYEHHS B OpPraHi3Mi Toro ado
iHmoro enementy. B.B.KoBanbChkuii 10 BUBYEHOCTI 1 3HAUEHHIO PO3/IMB XIMIUHI
€JIEMEHTH Ha TP TPYyIIH:

- €JIEMEHTH, SIK1 MOCTIHO MPHUCYTHI B KUBOMY OpraHi3Mmi, 0epyTh y4acTb B OOMiH1
PEUYOBHH 1 € HE3aMIHHUMU;

- €JIEMEHTH, SKl MOCTIMHO 3HAXOJAThCA B OpraHi3Mi, aje ix OloJIOri4Ha poJib Mayo
BUBYCHA,

- €JIEMEHTH, SIK1 MIOCTINHO 3HAXOASATHCS B )KMBUX OpraHi3Max, ajie ix 010J0riyHa poib
HE 3'iCOBaHa.

O.]. BenunkoB BBakaB, 10 XIMIYHUM €JI€MEHTAM HE3aJIEXKHO B1J 1X KIJIbKICHOTO
BMICTY BapTO JaTW Ha3By OIOTMYHMX €JIEMEHTIB, SIKIIO JIOBEJIEHA iX (i310J0TiuHa
akTuBHICTBb. 3a O.I. BeHunkoBuM, OIOTHMKHM — II€ XIMIYHI €JIEMEHTH €K30I'€HHOTO

MOXO/PKEHHSI, K1 BXOJSTh y O10XIMIUHI CTPYKTYPH 1 CUCTEMHU OpraHi3My, siKi OepyTh
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y4acTh y 010XiMIUYHUX 1 (h1310JIOTIYHUX Tpoliecax 1 3[aTHI MiABUIIYBATH OMIPHICTh
OpraHi3My Ha Ji0 IIKIJIMBUX areHTiB. 3 I[bOI0 BU3HAYEHHSI TOTPIOHO, 1110 10 O10THKIB
MOXXYTh OyTH BIJIHECEHI SIK MaKpO- TaK 1 MIKpPOEJIEMEHTH, SIKi BXOJATh J0 CKJIajaa
BiTaMiHIB, ()EPMEHTIB Ta 1H. PEYOBHH, sIKI OOOB'SI3KOBO OEPYTh y4acTh B IIpoliecax
oOMiHy. BiamoBinHo 1o 1i€l knacudikaliii B OKpeMy IpyIy BUAUIAIOTH €IEMEHTH, SIK1
rpaoTh B OPraHi3Mi pojb INIACTUYHOTO MaTepiay, a pi3UKO-XiMI4HI YMOBH, 1110 TAKOX
CTBOPIOIOTH, JJIsI MPOTiKaHHA (pizionoriunux mpoiieciB (pH cepegoBuia, 0CMOTHUHMIMA
TucK 1 ToMmy monibue). [o miei rpymu, okpim C, N, O, H moxnHa BigHecTu
makpoenemeHnTH Na, Ca, K, Mg, Cl, P. Jlo HacTynHOi rpynu BiAHOCATHCS €JIEMEHTH,
Kl aKTHUBYIOTh (PEpMEHTATHBHI MpPOLIECH OpraHiaMy alo BXOIATb B CTPYKTYpY
dbepMmenTiB (Zn), BiTamiHiB (Co), ropmoHis (I).

Jlo TpeThoi rpynu BiTHOCATHCS TaKi Ha3BaH1 PETHKYJIOCHI0TEN1aIbHI eIeMEHTH
(As, Hg, Sb Ta 1H.), SiKi COpUSAIOTh PETUKYJIOCHIOTENIATBbHIN CUCTEMI YTBOPEHHS
PEYOBHH, K1 TIPUTHIUYIOTh KUTTEASUIBHICTH MIKPOOIB.

A.I1. BiHorpaoB 3arpornoHyBaB MPUHIIMIIOBO HOBY Kiacu(iKallito, BUXOIYH 3
SIKO1 010JI0T1YHA POJIb €JIEMEHTIB BITHOCUTHCS B 3aJICXKHICTD B1J] €JIEKTPOHHOI Oy 10BU
iX aroMiB, TOOTO 3aJIEKUTH BiJ MOJIOKEHHS B TeplonyHii cuctemi einemeHTiB JI.1.
Menpgeneena.

Buxoasuu 3 enekTpoHHOI Oy/1I0BH aTOMIB, 10 OI0T€HHUX €JIEMEHTIB BiIHOCATH
€JIeMEHTH S, p, d-0I10KiB.

EnextponHa ctpykrypa atoma OOyMOBIIIOE OCOOJMBOCTI TMOBEIIHKA HOTO B

XIMIYHUX PEAKIIisX, BIULTMBAE HA YTBOPEHI iM THUIM XIMIYHHUX 3B'A3KIB Y CIOJIYKAaX.

3. MigdourTsa miacymkis.
3anuTaHHA 1S epPeBIPKH KiHIEBOr0 PiBHS 3HAHD:
1) OioreHHI elIEMEHTH, CJICMCHTU-OPTaHOTCHH: BU3SHAYCHHS, TIPUKJIIA]IN;
2) Buenns B.I. Bepuancekoro, O.B. Benuikosa, B.B.KoBanscekoro;
3) eHmeMIiuYHI 3aXBOPIOBAHHS, TXHII 3B'130K 3 0COOIMBOCTIMH 010r€OXiMITHHUX
POBIHIIIH;
4) xnacudikaiii XiMIYHUX CJIEMEHTIB 3a KUTBKICHUM BMICTOM B OpraHi3mi

JIFOUHH.
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4., Cnucok peKoMeHJA0BaHOiI JiTepaTypu

Ochoena:

1. Mennuna ximis: migpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
["anmmHCchKa Ta 1H.; 3a pe.. mpod.. B.O. Kami6aduyk — 4-¢ Bun.- K. BCB «Menunmnay,
2019 — 336c.

2. Meanyna ximisg : miapyunauk / B.I1. My3uuenko, .. Jlyuesuu, JI.II.
SBopcrka ; 3a pen. b.C. 3imenkoBchkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menmumuaay, 2018. — 496 c.

ooamkoea:

1. MuponoBuu JI.M. Menuuna Xximiga: HapuanpHuit mnociOHuk. — Kwuis:
Kapagena, 2008. — 159 c.

2. Menuyna XiMis : TAPYYHUK JJI CTY/l. BUIIMX HaB4. Mell. 3aki. / A.C. Mopos,
J.J. JIynesuu, JL.II. SIBopcbka. — Bun.4 — Binnuns : Hosa Kuaura, 2013. —
776 c.

3. Menuuna ximia : nigpyunuk / 'omonait B.1., MinsoBuu C.C. — BinHuns :
Hosa Knura, 2016. — 672 c.

4. Menuuna ximis / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. 'anuHchbKa,
CM. Toxmincekuii, T.O. OscsnikoBa, B.A. Camapcekuit. — K.
«IaTepmeny, 2006, — 460c
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IpakTuyne 3anaTTsa Ne 2

Tema: Biosoriuna poJjb Ta 3acToCyBaHHsI B MeIMIMHI OioremHux S-, p- i d-
esieMeHTiB. SIkicHi peakuii BUBHaYeHHS S-, P-, d-eJ1eMEeHTiB.

MeTa: BUBYUTH 010JIOTIYHI BJIACTUBOCTI JAHUX €JIEMEHTIB Ta iX CIOJYK. Po3risHyTn
OCHOBHI aHAJITUYHI METOAU BHU3HAUYEHHS O10reHHHUX eieMeHTIB. OBOIOIITH
MpaBUIaMHU KOPUCTYBAHHS XIMIYHUM TIOCYIOM Ta aHATITHIHIMH PEaKTHBAMH
JUIsL TIPOBEJICHHS SIKICHOTO aHaiizy. HaBuuTucs BH3HAYaTH KaTiOHU
O10reHHUX METAaJliB Ta aHIOHH COJIeH, MPaBUIIBHO AaBaTH OILIHKY OTPUMaHUM
aHAIITUYHUM PE3yJIbTaTaM.

OCHOBHI OHATTS S-, p-, d-€JIEMEHTH, PO3UHUHHICTD, TOOYTOK PO3ZYUHHOCTI, TiAPOJIII3

COJIEH, aHAIITHYHI PEaKLi.

Oo6aagnanus: Jlabopatopis kapeapu

Ilaan:

1. s-eneMeHTH — MOJOXEHHS B MEPIOAUYHIN CUCTEM1 €JIEMEHTIB, €JIeKTPOHHA
KoH(DIirypaitisi aToMiB, 01070T14HA POJIb, 3ACTOCYBAHHS CIOJYK S-€JIEMEHTIB.

2. Po3unnHICTE. JJ0OYTOK pO3YHMHHOCTI.

3. p-€JIIEMEHTU — TOJIOKEHHS B TMEPIOANYHIM CUCTEMI €JIEMEHTIB, €JICKTPOHHA
KOoH(DIirypairist aToMiB, 01070T14HA POJIb, 3ACTOCYBAHHS CIIOJIYK P-€IIEMEHTIB.

4. T'iapomni3 conen.

5. d-egemMeHTH — IMOJIOKEHHS B MEPIOJUYHIA CHCTEMI €JIEMEHTIB, 0COOIMBOCTI
€JICKTPOHHO1 OYJIOBH aTOMiB, O10JIOT1YHA POJIb.

6. AHamiTH4HI peakiii Ha S-, P-, d-eTeMeHTH.

3100yBay OCBITH ITOBMHEH 3HATH:

®OCHOBHI TEOPETHUYHI 3alUTaHHS, SKi MOB’s3aHl 3 OlOTeHHUMHU S-, P- 1 d —
€JIEeMEHTaMHU, a TOYHiIIe OyZ0By aTOMY, IOJIO’KEHHS B IEP10IUYHIN CUCTEMI €JIIEMEHTIB
J1.I. MenneneeBa,;

©010JIOT1YHI BIACTUBOCTI IaHUX €JIEMEHTIB Ta iX CIIOJYK;

©OCHOBHI aHAJIITUYH] METOAH BU3HAUECHHS O10T€HHUX €JIEMEHTIB.

310yBa4Y OCBITH TOBUHEH BMITH:

®3aMKCYyBaTH E€JIEKTPOHHY OYI0BY S-, P-, d-eJIeMEHTIB.
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® TIPOTHO3YBATH POIb S-, P-, d -€IIEMEHTIB-OPTaHOTEHIB JIJISl )KUBUX CHUCTEM.
® 3anKuCyBaTH PIBHSHHS peaKIlii, skl OTPMMaHI B X0/l IPAKTUYHOI pOOOTH. 3HATH

aHAIITHYHI peakuii Ha S-, P-, d-eIeMeHTH.

3MiCT NPaKTUYHOIO 3aHATTH

S-Enemenmu — no10xcenns 6 nepioOuy i Cucmemi eJ1eMenmis,

CIACKMPOHHA KOHDIZypauis amomie, 0ioa0214HA POib, 3ACHOCYEAHHA CROJIVK

S- elemenmie.

s-EnemeHTH — 11€ €J1eMeHTH, y SKUX B1JI0YBAa€ThCS 3alIOBHEHHSA S-TiApiBHA. [laHi
€JIEMEHTH 3HaXOJAThCS B TOJIOBHUX MiJATpyHax MepIoi i Apyroi rpy.

s-EnemenTn nepioi rpynu BKIIOYaOTh ['1IporeH 1 Iy>KH1 METaJIH, a JPYTroi rpynu
— bepwmiid, MarHuiii 1 Jy>KHO3eMelbHI MeTanu. ['enmid TakoX BIIHOCATBCA 1O S-
enemeHTiB. Bmict 'igporeny Ha 3emii craHoBUTh ~ 1%, ane y ButbHOMY BUTIIsAA1 Ho
Maii’ke He 3yCTpidaeTbesa. BiH BXOOUTh A0 CKIIaay pI3HUX CIONYK.

S-MeTa/ i mepmoi rpynu Briaw4awTh: Jlitiii (Li), Hatpiii (Na), Kamii (K),
Py6iniit (RDb), Lesiit (Cs) i ®panmiii (Fr). Jlani MeTanu Ha3WBarOThCS JIy)KHUMHU, TOMY
110 JBa royioBHUX npencraBuuka (Harpiii 1 Kaniit) yTBOprOIOTh CHUIIbHI OCHOBHU — JIYTH.
Ha 30BHIIIHEOMY €HEPreTUYHOMY PiBHI aTOMIB JAHUX €JIEMEHTIB 3HAXOJIUTHCS OJIUH
€JIEKTPOH, SIKHH aTOMHU JIy’)KHUX METallB JIETKO BIAJal0Th, IMEPETBOPIOIOUUCH B
OJIHO3ApSAHI KaTiOHW. 31 30UIBIIEHHSM TOPSAKOBOIO HOMEpa  €JIEMEHTIB
30UTBIITYIOTHCS PaJIlyCH aTOMIB, IO MPU3BOAUTD J0 MOCUIICHHS BITHOBHOT aKTUBHOCTI.
JIy’)kH1 MeTalld XapaKTepU3YIOThCS HE3HAYHOIO TBEPAICTIO, MaJIOK MIUIBHICTIO 1
HU3BKUMH TeMIIepaTypaMH IJIaBICHHS.

S-eJileMEeHTH Jpyroi rpynu BKJOYawTh: bepuniit (Be), Maruii (Mg) i
naykHo3emenbHI MeTanu - Kanpmiii (Ca), Ctponmiii (Sr), Bapiii (Ba) i Paziit (Ra).
bepumniit i MarHiit icTOTHO BiIpI3HSAIOTHCS BiJl IHIIMX €JIEMEHTIB JaHO1 rpynu. bepumiii
€ am(poTepHUM MeTaoM. MarHii yTBoproe cj1abKy OCHOBY, a JIy’KHO3€MEJIbHI METalu
— CUJIbHI OCHOBU. [[aHl MeTaiu MarOTh HAa 30BHILIHBOMY DPiBHI MO JIBa €JIEKTPOHU 1
MOPIBHSHO JIETKO 1X BiJJIaf0Th, IEPETBOPIOIOYNCH B IBO3APSIIHI KATIOHH.

Jlani MeTanmu MalThb BHUCOKY XiMiuHy aKTHBHICTb. IX AaKTUBHICTh MOYKHA

BU3HAYMTHU T10 TIOJIOKEHHIO B €JeKTpoXiMidHOMY psny. Ciif 3BepHYTH yBary Ha Te,
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1m0 JIiTiii 10 MOJIOKEHHIO B €JIEKTPOXIMIUHOMY Py HalakTuBHiMA MeTan (90 = -
3,045 B), xoua 3a MOJIOKEHHSM B MEePIOAUYHIN TaOIUIl BiH, B TIOPIBHIHHI 3 1HITUMU
JTY>KHUMHU METaJlaMH, € HaliCIaOIIUM BiTHOBHUKOM.

Bionoziuna poaw i 3acmocyeanis 6 MeOUWUHI CROJIVK S-1eMEeHMIE

3 S - eleMEHTIB B OpraHi3mi JIOJAWHU HaiOiablIe 3HadeHHs MaloTh: Na*, K,
Ca®*, Mg*. Boum GepyTb y4acTb B YTBOPEHHI Oy()epHHX CHCTEM OpraHi3My,
3a0€3MeUeHH] HEOOX1IHOTO OCMOTHYHOTO THCKY, (OpMYyBaHHI MEMOpaHHUX
IOTEHIIialiB, B Iepeaadi HepBoBux immyinscis (Na*, K*), crpykrypoyTtBopenni (Mg?*,
Ca?).

Harpiii, Kaiii, JIiTiii: 10H1 HATPIIO 1 KaJIIIO pO3MOAUIEH] IO BCbOMY OpraHi3My

JIOJIMHU, IPUYOMY 10HH HATPIIO BXOJATh NEPEBAKHO A0 CKIAAY MIXKKIITUHHUX PIJIUH,
10HM K0 3HAXO/SITHCS TOJIOBHUM YMHOM BCEpEAUHI KIITUH. B opraHi3mi JtoauHu
Mmictutbes 25 rpam K1 70 rpam Na (Ha 70 xr macu Tina moauHu). Big koHueHTpaii
000X 10HIB 3aJIe)KUTh YYTIUBICTH (IIPOBIAHICTH) HEPBIB, CKOpOUyBaJbHA 37aTHICThH
M's131B; BBe/IeHHs 10HIB K™ criprsie po3cia0iieHHIo cepiieBOro M's3a MiXk CKOPOUCHHIMH
cepus. Hatpiéi xmopuj ciy>KuTh JKEPEIOM YTBOPEHHS COJSHOI KHCIOTH B IUTYHKY.
Hartpiit rinporenkapOoHaAT BXOIUTH J0 CKJIay KapOoHaTHOTO Oydepa, 10 miATpuMye
KUCJIOTHO-JTY’)KHY PIBHOBAary B PIIKMX CEpPEAOBHUIAX OpraHizmy. 3 cojeil HaTpito i
KaJI1}0 HalO1IbIlIe 3HAYEHHS 11 METUIIMHU MAatOTh HACTYIHI crionyku: Hatpiit xinopua
(NaCl) — po3uun Hatpiit xsmopuay (0,9% - ¢dizionoriyHui po34rH) 3aCTOCOBYETHCS 15
BHYTpIIIHBOBEHHUX BIIMBaHb IMpU BeJUMKUX KpoBoBTparax. Kpim Ttoro, NaCl
B)KUBAETHCS JJIS 1HTAJAIIN, 1S JIIKyBaHHS KaTapaJlbHUX CTaHIB JICSKHUX CIU30BHX
ob6ononok. Hatpiit cynbgar - NaxSO,4 - 10H,0 (rmay6eposa cinib) - 6e306apBHI po30pi
KPUCTQJIM TIPKyBaTO - COJOHOTO CMaky. Y MEAMIMHI I ClIb 3aCTOCOBYETHCS SK
IPOHOCHUH 3aci0 1 SIK MPOTHOTPYTa MPHU OTPYEHHI COJAMH Oapito 1 MmIIOMOyMy, 3
SIKUMH J1a€ Hepo3unHHI ocaan BaSO4 u PbSOy:
Na,SO, + BaCl, = BaSO,| + 2NaCl
Na,SO4 + PbCl; = PbSO4| + 2NaCl

Hatpiii rigporenkapbonar — NaHCO; — Oumuid KpuUCTadiYHUI MOPOULIOK.

3aCTOCOBYETHCSI B TIOPOIIKAX, TabJeTKaxX 1 PO3UYMHAX TMPH IMIABHUINECHIM KUCIOTHOCTI

IIUTYHKOBOTO COKY, Mojarpi, 1iaderi, Karapax BEPXHIX AUXAJIbHUX NUISXiB. BoaHwuii
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PO3YMH HATPIIO TiAPOTeHKapOOHATY BBOSTH BHYTPIIIHHOBEHHO MPH 3aXBOPIOBAHHSX,
110 CYTIPOBODKYIOTHCS aIlliA030M. 30BHIIITHBO BiH 3aCTOCOBYETHCS, SIK ClIa0Ka OCHOBA
IpH OMiKaxX KUCIOTaMH, Ui MPOMHBAHD 1 THTANSAIINA PU HEKUTI, KOH IOHKTUBITAX,
ctomaTtuTax, japuHriti. Bunnokam’sHa cinb KHC4H4Oe - Oinmilt kpuctamiuamii
MOPOIIIOK, POZYUHHHUM y Tapsdiil Bol. 3aCTOCOBYETHCSI B MIKCTypax 1 MOPOLIKaxX sIK
nerke nponocHe. Kauiii arerat CH3COOK - xpucTtanigamii moporiok 6iJ10ro KoJIb0pYy,
€ CEYOT1HHUM 3aco00M, T0Ope i€ MpU CeplIeBUX 1 HUPKOBUX HaOpsikax. Kamiit Hoau
KI BukopucToBy€eThCS A JTIKyBaHHS OYHUX 3aXBOPIOBAHb - KAaTapaKTH, IIayKOMHU.
YacTo kamiii HOIUJ BUKOPHUCTOBYIOTH IPU OTPYEHHI COJSIMH MepKypiro. JIiTik
kapoonat Li,CO; - 3acTOCOBYIOTh MpHW JIKyBaHHI TCHUXIYHUX 3aXBOPIOBaHb 1
mm3ogpenii. [ig 3acHOBaHa Ha 3aMiH1 10HIB KaJlil0, IKI OEpyTh y4acTh B IPOBEICHHI
HEPBOBUX IMIYJbCIB, Ha 1oHM JIiTiI0. [Ipu 1BOMY CYBOPO KOHTPOIIOETHCS
KOHIIEHTpaIlis 10HiB Li*, TOMy 10 BiH € TOKCUYHHM.

Marwniii, Kaabuiii, bapiii. 3a cBoiMU XapaKTepuCTUKaMH iX 10HH OiIBIIOO

MIpOIO BiAPI3HSIOTHCS OJIMH B OJTHOTO, HI’K 10HM HATPItO 1 Kasito. Tak, 10H MarHiio B
MOPIBHSAHHI 3 10HAMM KaJblll0 MPOSBISAE BEIUKY TEHIACHUIIO 10 YTBOPEHHS
KOBAJEHTHUX JOHOPHO-AKLENTOPHUX 3B'SI3KIB 3 PI3HUMHU  €JIEKTPOJOHOPHUMHU
atomamu (N, O), mo BXOIATh 10 CKJIaQy OI0JOTIYHUX MakpoMmoJekyd (OuIkH,
HYKJIETHOBI KHCJIOTH). [OHM MarHit0o yTBOPIOIOTH B KIITHHAX KOMIUIEKCH 3
HYKJICTHOBUMHU KHUCIOTaMH, O€pyTh yd4acThb Yy Tiepefadi HEPBOBOTO IMITYJbCY,
CKOpPOYEHHI M'si31B, MeTa00II13M1 BYIJIEBOJIIB. MarHiii MOKHa Ha3BaTU LEHTPAIbHUM
€JIEMEHTOM  E€HEpPreTMYHHUX  TMPOLECiB,  TMOB'SI3aHUX 3  OKHUCIIOBAJIbHUM
dbochopumoBanHsaM. Haguiok Martito rpae poJib Aenpecopa HEPBOBOTO 30y IXKEHHS,
HEJI0JIIK - BUKJIMKA€E CyIOMHI Halaj Iy B Pe3yJIbTaTi MiJIBUILIEHOI 30y JIMBOCTI PYXOBUX
1 YyTIUBUX HEPBIB. AKTHBHICTH OUIBIIOCTI (pepMEHTIB TepeHeceHHs (TpaHcdepas)
3QJICKUTh BI1J] HasSBHOCTI 10HIB MarHito. MarHii - OJWH 3 OCHOBHUX aKTHBATOPIB
(dbepMeHTAaTUBHUX TPOIIECiB. 30KpeMa, BiH aKTUBYE (DEPMEHTH CHUHTE3y 1 po3maay
AT®, 6epe yuyacth B mepeHeceHHl pocharaux rpymn. MarHidi BXOAWTH J0 CKIIATy
xjopodury; cyOoAuHUIII PUOOCOM TIOB'A3aHI 10HAMHM MarHilo. Bmict MarHiio B
oprani3mi 61u3bpKko 42 rpam. KanbIliii — ovH 3 HAWOUIBII MOMIMPEHUX €JIEMEHTIB B

oprasi3mi JouHu. 3MICT HOro B opraizMi ctaHoBUThH 01au3bko 1700 rpam Ha 70 kr
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Macu. [oHM Kaublito O0epyTh y4acTh Y CTpyKTypoyTBopeHHI (Ca CTaHOBUTH OCHOBY
KICTKOBOI TKaHWHH), Y CKOPOUEHHI M's31B, ()yHKIIIOHYBaHHI HEPBOBOI cucTemMu. Bin
BMICTY KaJbI[iIO 3aJIC)KUTh MPOHUKHICTh KIITUHHUX MeMOpaH. Kanbiiit motpiden asis
pPOCTYy KICTOK 1 3yOiB, YTBOPEHHS MOJOKAa y TOJYIOUMX KIHOK, PEryIIOBaHHS
HOPMAJBHOTO PUTMY CKOPOUYEHHS CEpIls, 3AIMCHEHHS MpPOLECy 3rOpPTaHHS KPOBI.
3ropTaHHs KpOBI MOYKHA IPUCKOPUTH, BBOJSYH B OPTaHI3M HAAMIPHY KUIBKICTh COJIEH
Kanblio. Ha mporiecn BCMOKTYBaHHS 1 3aCBOEHHS KaJIbI[iI0 CUJIBHO BILJIMBA€E BITaMiH
J. llogenna no3a Ca, HeoOXigHA OpraHi3My, CTaHOBUTH mpubOmu3Ho 1 rpam. Ilpu
3HMKEHHI B KPOBI BMICTY Kajbllif0 BiH MOYMHAE BUMHBATHUCS KPOB'IO 3 KICTKOBOI
TKaHWHH, 10 B CBOIO YePTy MPU3BOIUTH 0 BUKPHUBIICHHS KICTOK ckeeTa. Hemoctaths
kuIbKicTh Ca B mi1a3Ml KpOBI MOXE€ BUKIMKATH CYyJOMHU M'S3iB 1 HaBITh KOHBYJIbCII
(cuIIbHI CyJIOMU BCiX M's31B). Y TBOPEHHSI KAMEHIB Y dKOBYHHX 1 CEHOBUBITHUX ILISAXAX,
CKJICPOTHUYH1 3MIHM KPOBOHOCHHUX CYJIUH TaKOX MOB's13aH1 3 BIAKJIAEHHSIM B OpraHi3mi
coseii Ca B pe3yJsibTaTi MOPYILIEHHS HOPMAJIbHOI KUTTEMISAIBHOCTI opranizmy. lonu
kanbio (R (Ca?") = 0,104 HM) MOXKyTh 3aMilIaTUCS TOJIOHUMH 32 PO3MIipaMK i0HAMHU
pALly ITy’)KHO3EMEIBHHUX €JIEMEHTIB, HANpPHUKIa, ionamu crponmiro (R (Sr?*) = 0,120
HM) a60 nantany (R (La®") = 0,104 um). 3aMilneHHs i0HIB KaJbIIii0 B OpraHizmi ionamu
KaJMil0, MaHTaHy 1 OCOOJMBO CTPOHLIIO MNPU3BOAMTH [0 TSKKHUX HpodeciitHux
3axBOproBaHb. Oco0IMBO HEOE3MEUHUI CTPOHIIIM, 0 OCIJA€E B pe3yJbTaTi OOMIHY 3
KallblliEM B KICTKOBMX TKaHWHAX OpraHizaMy. BWIyduTH CTpPOHIIA TPAKTUIHO
HEeMOJIUBO. [TiBUIIIEHHS pall0aKTUBHOTO POHY Oiocepu MOKe BUKIMKATH MOSIBY B
armocgepi IPOAYKTy po3nany Baxkux eneMenTis *°Sr. Ocigaroun B KiCTKax, OCTaHHii
OTPOMIHIOE KICTKOBHUI MO3OK 1 MPOSIBIISIE€ KAHIIEPOTCHHY aKTHBHICTh. 3 croiyk Ca 1
Mg Benuke 3HaueHHs MawTh Taki: Ca(OH), — BHKOpHUCTOBYETHCS B CaHITAPHOI
npakTuii s ae3indexmii. Y ¢opmi BamHSAHOT BoaM (HACHYEHUM BOIHUN PO3YMH
Ca(OH);) 3acTOCOBY€TbCSI  30BHIIIHBO SK  MPOTHU3ANaIbHUM, B'SOKyYdud 1
ne3in¢ikyrounii 3aci0. [Ipu 30BHIIIHBOMY B)KHMBAaHHI BalHSIHY BOJY 3a3BUYail
3MIIIYIOTh 3 SIKUM-HE0YIb MacJIOM, BUKOPUCTOBYIOUH Y BUTJISAI €MYJIbCiil BiJl OMIKIB,
a TaKOX TP JACSKUX HIKIPHUX 3aXBOPIOBAHHSX Yy BUIJISAI PiAKUX Mazei. Maruii
cynbdar (ripka cinb) MgSOy - 7H,0 3acTOCOBYEThCS BCEPEINHY, K MpoHOCHE. Moro

ITPOHOCHA I[iSI IMOSACHIOETBCA 3aTPUMYIOUUMM BIUIMBOM Ha BCMOKTYBAHHSA BOJU 3
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KUILIKIBHAKA. BHACIiIOK OCMOTHYHOrO THUCKY, CTBOPIOBAHOTO III€I0 CULIIO, BOJA
YTPUMYETHCS B MPOCBITI KUIIKIBHUKA, IO CHPHUSE OUIBII MBHAKOMY IMPOCYBAHHIO
KHIIKOBOTO BMiCTy. MarHiii cynb(aT 3acTOCOBYIOTH ITPH JIIKYBaHHI MPaBIIs, CyTOMHUX
craHiB. Ilpu rinepToHiuHiH XBOpoO1 HOro BBOJSTH BHYTPIINIHBOBEHHO, a 5K
’KOBUOT1HHUH 3aci0 - B ABaHaausTunairy kumky. Kamsiiit xnopun (CaCly) 1 Kanbiiid
[JIIOKOHAT OTPUMAIM IIUPOKE 3aCTOCYBaHHS B SIKOCTI MPOTHANEPridiHUX 1
MpOTHUHAOPSIKOBUX 3aco0iB. [IpoTuanepriiiHy Ta NpPOTUHAOPSKOBY BIIACTHBICTH
KaJIbI[10 0OOYMOBJICHO TUM, II0 BiH 3HM)XY€ IPOHUKHICTh CTIHOK KamiyisipiB. [lanennii
rinc (2CaSO4 - H2O) oTpuMyI0Th HIISIXOM HpoXkKaproBaHHs npupoaHoro rincy CaSOy
- 2H0. Ilpu 3MinryBaHHI 3 BOJOIO BIH IIBUJKO TBEPAHE, IEPETBOPIOIOYUCH 3HOBY B
Kpuctaniuauii rinc. Ha miii BIacTUBOCTI 3aCHOBAaHO MOT0 3aCTOCYBaHHSI B MEIUIIMHI
JUIS TIICOBUX IIOB'SI30K mpu mepenomax Kictok. Kameiriii kapoonat (CaCOjs)
3aCTOCOBYETHCSl BCEPEAMHY HE TUIbKU SIK KaJblLIIEBUM Mpemnapar, ajie 1 K 3aci0, 1o
HEeHTpani3ye KHUCIOTH, a TaKOX JUIsl BUTOTOBJIEHHS 3yOHOro mnopoiky. MarHii
riapokcui-kapoonar (3MgCO; - Mg (OH), - 3H20) 3acTOCOBYETHCS 30BHILIHBO SIK
npucunku. Marsiit okensr (MgO) 3acTOCOBY€ThCS B MATTUX J103aX K MIPOHOCHMI 3aC10
OpU OTPYEHHI KUCIOTaMHU. BXonuTe 0 ckiagy 3yOHHMX MOPONIKiIB, 3aCTOCOBYETHCS
MIPU TMIJBUIIEHINA KUCIOTHOCTI IIITYHKOBOTO COKY. Bci cronyku 6apito, kpim BaSOu,
oTpyitHi. bapiii cynbdat, BHacH1JOK CBO€I HEPO3ZUMHHOCTI 1 3aBASIKY 34aTHOCTI CUIBHO
MOTJIMHATH PEHTI€HIBChKE BUIMPOMIHIOBAHHS 3aCTOCOBYETHCS B BUTJISAII CYCIIEH31T MpU
PEHTTEHOCKOITI{ MUTYHKOBO-KUIIIKOBOTO TPAKTY.

Po3uunnicme. /looymox pozuunnocmi

Po3unHHICT — 3/1aTHICTh PEYOBHMHU YTBOPIOBATH 3 IHIIUMHU PEUOBUHAMHU
OJTHOPIJHI CUCTEMH — PO3YHMHHU, B SIKHX PEYOBHHA 3HAXOAUTHCS Y BUIIIAI OKPEMHUX
aTOMIB, 10HIB, MOJIEKYJ a00 YaCTHHOK. PO3YMHHICTH BHPAXKAETHCS KOHIICHTPAIIIEIO
PO3YMHEHOI PEUOBUHU B 1Or0 HACMUEHOMY PO34MHI a00 y BiICOTKAX, a00 B BaroBUX
a0 00'emHUX omuHUILIX, BigHeceHHX nm0 100 T a6o 100 cm® (M) poO3UYMHHUKA.
Po3unHHICTP ra3iB y piJivHI 3JICKUThH Bl TEMIEPATYyPH 1 TUCKY. PO3UMHHICTD PiAKUX
1 TBEPAUX PEYOBHUH - MPAKTUYHO TUIBKHM BiJ TeMiiepaTypu. UucenbHa pO3YMHHICTD
MOXe OyTH BUpakeHa 3a JomoMoror koedimienta po3unHHOCTI (k). Koedimient

PO3YMHHOCTI - 1I€ Maca PO3YMHEHOI PEYOBHMHHM, KA NMPU JaHIA TeMIlepaTypl MOXKe
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PO3YMHUTHCS B IEBHOMY 00’ €M1 PO3YMHHHUKA 3 YTBOPEHHSIM HAaCUYEHOTO PO3UMHY. 32
3IaTHICTIO JI0 PO3YMHEHHS BCl PEYOBUHU MIIPO3IIISIOTHCS Ha:
1) PosumnHi (ks> 1 /100 r po3uynHHHKA);
2) Mamnopo3suunsi ( 1 > ks> 0,1 r/100 r po3unHHHKA);
3) BaxkoposzuuHni abo npaktuuHo HeposzuwHHI (Ks < 0,1 /100 r
PO3YMHHUKA).
PO3unHHICTh 3al€XHUTh BiJ: PEUYOBUHU, Ky PO3UMHSAIOTH, PO3UYMHHUKA,
TEeMIIepaTypHu, TUCKY, HASBHOCTI B PO3YMHHHKY 1HIINUX PEUOBHUH.
Bakkopo3unHHUM €IEKTPOJIIT MOXKEe TNepeOyBaTH B JAMHAMIUHIN TeTEpOreHHIM
P1BHOBA31 3 HOT0 HACUYEHUM PO3YHUHOM:
KpucTaniuauil (amopdHuuit) ocaj (k) <> HaCHUECHUI pO34MH (p), HAITPUKJIIA]T
AgClw < Agp + Clp
VY Takomy po3uMHI KOHIIEHTpallisl 10HIB JTy>Ke MaJjia 1 BHACIII0K I[bOTO B3a€EMO/I1S
iX OJIUH 3 OJTHUM TIPAKTUYHO BIJICYTHS.
KoHcrtaHTa piBHOBAru ajisi reTepOreHHOl CUCTEMU:
[4g"]-[or]
[2ect,

=

E

KoHIIeHTpallito TBepaoi gazu AgCl, MokHaA BBakaTH MOCTIHHOIO, TOI1

£ [ﬁgCIK =[agt] [ar] =TIP, . = const

abo

Cﬁ.g* . CCI‘ = D:PﬁgCI = const.

B 3aranbHOMY BUTJISAL AJ1s1 PIBHSIHHS

Ay B, =nk "+ B
IIF = [A-Im]n . [B—n]m

Y HacMYEHOMY pO34YWHI Ba)KKOPO3UMHHOTO CHJIBHOTO EJIEKTPOJNITY JTO00YTOK
KOHIICHTpAIlli WOTO 10HIB B CTYNEHSIX CTEXIOMETPHUYHUX KOE(DIIIEHTIB TpHU JaHIN

TEMIIEpaTypl € BEIUYMHOIO MOCTIHHOIO, IKY Ha3UBaIOTh 100yTKOM po3unHHOCTI (/IP).
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JIoOyTOK ~ PO3YMHHOCTI ~ XapaKTepU3y€  PO3YMHHICTh  BAKKOPO3ZUYMHHOTO
€JIEKTPOJIITY MPH JaHOI TeMIiepaTypi. 3 IBOX OJHOTUITHUX cojiei, Hanpukiaa, CaSO4
3 JIP =2,5-10°1 BaSO, 3 JIP = 1,1-10"%, Ginbury po3unHHicTs Ma€ Ta cinb, y gxoi JIP
OlbIIIE.

KonnenTpaltlis K0’)KHOTO 10Ha B HACHYCHOMY PO3UHHI EJIEKTPOIITY MOXKe OyTH
3MiHEHa, aJie PU IbOMY 3MIHIOETHCS 1 KOHIIEHTpAIIisl 1HIIOTO 10HA TaK, 10 JO00YTOK
KOHIIEHTpaIliil 30epirae KOJUIIHIO BEJIUYMHY. ToMy, SIKIIO B HACHYCHHUH pPO3UMH
EIEKTPOJITY BBECTH JEAKY KIJIBKICTh OJHOTO 3 10HIB, IO BXOAATH JO CKJajaa
€JEKTPOIITY, TO KOHIIGHTpAllisl I1HIIOTO 10HAa TMOBHMHHA 3MEHIIUTHCS 1 YacTUHA
PO3YMHEHOr0 E€JEKTPOJITY BHUINAAE B 0CaJ, TOOTO PO3YMHHICT EJIEKTPOJITY
3HUKYETHCS B1Jl BBEJICHHS B PO3YMH OJTHOMMEHHUX 10HIB.

VY 3araJibHOMy BUTJISI PO3YMHHICTh L BaXKKOPO3YMHHOTO enekTposity AnBm

BU3HAYAETHCA CITIBBIIHOIIEHHIM

JIK — noOyTok KOHIIEHTpalllii 10HIB B CTYNEHSX, BIAMOBIAHUX CTEXIOMETPUUHUX
KOe(DIIIEHTIB 11 CUCTEMU B HEPIBHOBAXKHOMY CTaHI.

3unaroun JIK 1 nopiBHaBIIM iforo 3 JIP, MOXHa BCTAHOBUTH, pO3UYMHUTHCS ad0 BUMAE
ocaJl TIpH JIaHii TeMreparypi:

1. Axmo JAK = JIP - cucteMa 3HaXOIUTHCS B CTaH1 piBHOBAru (pO34rMH HACUUYEHUN ).

2. Sxmo K </IP - caMo0B1JIbHE MPOTIKaHHS MPOIECY POZUMHEHHS OCaTy.

3. Sxuro K> JIP - MoxIHMBH TUIBKU TIPOIIEC YTBOPEHHS OCaYy.

p-Enemenmu — nonoxycenns 6 nepioOuyHin cucmemi e1iemenmis, eaeKmponna

KOoHi2ypauiss amomie, 010,102I4HA POJ1b, 3ACMOCYEAHHA CROJVK P- e1eMeHmis.

Ho p-enemenTtiB BigHocaTh 30 enementiB IIIA - VIIIA-rpyn nepioauyHoi
cucteMu. p-EnemMeHTr BXOASTh B IPYTUi 1 TPETii Majli P10/, a TAKOXK B UETBEPTUI
- mocTHii Benuki nepioau. ¥ enementiB [IIA-rpynu 3'BiiseTbes nepiinii e1eKTpoH Ha
p-op6itani. B inmmx rpynax IVA - VIIIA BinOyBaeTbcs MOCIHIIOBHE 3alIOBHEHHS p-

IiApiBHI A0 6 €NEeKTPOHIB (3BIACH Ha3Ba p-CIIEMEHTH).
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BynoBa 30BHIIIHIX €JIEKTPOHHUX OOOJOHOK aTOMIB p-€JE€MEHTIB (3arajbHa
Gopmyna ns’np?, ne a= 1+ 6).

VY mepiogax 37iBa HaAmpaBO aTOMHI Ta 10HHI PaJlyCH p-€lEeMEHTIB TpU
30UIBIICHH] 3apsay sapa 3MEHIIYIOThCS, C€HEprisg 10HI3aIli 1 CIOPIIHEHICTh [0
CIEKTPOHY B IIIJIOMY 3POCTAalOTh, E€JIEKTPOHETATUBHICTh 3OUIBIITYETHCS, OKHCHA
aKTUBHICTh IPOCTUX PEUOBUH 1 HEMETaIIUHI BIACTUBOCTI MOCUITIOIOTHCA.

VY rpymax pajiycu aToMiB 1 OJHOTUIIHHMX 10HIB 30UIbIIyIOThCA. EHepris
10HI3a1li1 IpU MEePEXO0/l Bi 2p-eNeMEHTIB A0 6p-€IeMEHTIB 3MEHIIYETHCS, TOMY IO
IpU 3pOCTAaHHI YHUCIAa €IEKTPOHHUX OOOJOHOK MOCHIIIOETHCS €KpaHyBaHHS 3apsiLy
AqIep eNEKTPOHAMHU, MONIEPETHIMU EIEKTPOHHUMH IIapaMHu.

31 30UTbLIEHHSIM MOPSAKOBOIO HOMEPY p-€JIEMEHTY B Tpyll HEMETal4yHl
BJIACTUBOCTI CJIA0IIAI0Th, @ METATI4HI TOCUITIOIOTHCS.

Ha B1acTUBOCTI p-€eMEHTIB Ta iX CIOIYK BIUIMBAE SIK [10SIBA HOBUX ITIJIP1BHIB
Ha 3O0BHINIHINA EJIEKTPOHHIA OOOJIOHII, TaK 1 3aMOBHEHHS MiAPIBHIB BHYTPIIIHIX
EJIEKTPOHHUX 000JI0HOK. p-Enmementu npyroro nepiogy — B, C, N, O, F — pi3zko
BIIPI3HAIOTHCS BIJl €JIEMEHTIB HIDKUYCHABEJECHUX MepiofiB. Tak, MoyumHaOuu 3 p-
€JIEMEHTIB TPETHOTO MEPi0 1y, 3'IBISETHCS HUKUEPO3TAIIOBAHUN BUTHHUH d-TT1APIBEHb,
Ha KU MOXYTh IEPEXOJUTH €IIEKTPOHU 3 p-T1IPIBHIB MpH 30y HKEHH] aTOMIB.

[ToBHicTiO 3amoBHeHu# 3d-miApiBeHb Y 0-e1leMEHTIB yeTBepTOro nepioay - Ga,
Ge, As, Se, Br — 00yMOBITt0€ BIAMIHHICTD 1X BJIACTUBOCTEH BiJ €JIEMEHTIB TPETHOTO
nepiogy. MakcumainbHe 3armoBHeHHs 4f-mifpiBHA B IIOCTOMY TEpiojli aHAJIOTiduHO
MIO3HAYAETHCS Ha BIIMIHHOCTI BJIACTUBOCTEH p-€JIEMEHTIB IIIOCTOTO 1 IT'SITOTO MEPioy.

p-EnemMeHTH yTBOPIOIOTH J1BOXaTOMHI MoJiekynu Ej, 110 po3pi3HsOThCS 3a
cTifikicTio. HaiiO1nbi cTiiiki Monekynu E, enementiB apyroro nepiony - Na, Oz 1 Fa.
[Tpu mepexoxni Bix IIIA- no IVA- 1 VA-rpynam CTIHKICTh MOJIEKYJ 3pOCTA€E, a TOTIM
npu nepexoAi A0 VIIIA-rpyni 3HMmKyeTbes. Y rpynax 3BepXy /10 BHU3 MILIHICTb 3B'SI3KY
3MEHILY€ThCA.

p-Enementn apyroro mepiomy — Hitporen, Okcuren 1 ®myop — maroth
SCKpaBO BUPAKEHY 3/IaTHICTh MPUHAMATH y4acTb B YTBOPEHHI BOJHEBUX 3B'S3KiB.

EnemenTu TpeThoro 1 HACTyMHUX MEPIOJIB IO 3/1aTHICTh BTPAYAIOTh.
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[ToniGHICTh p-eNeMEHTIB JPYroro IMepiogy 3 p-eIeMEHTAaMH HaCTYIMHUX
NepioAiB MOJATaE B OCHOBHOMY TUIBKH B OYI0B1 30BHINIHIX €JIEKTPOHHUX 00OOJIOHOK 1
TUX BAJCHTHUX CTaHIB, SKI BUHUKAIOTh 32 PAaxyHOK HECHApEHUX EJEKTPOHIB B
30ymxeHux aromax. bop, Kap6on, 1 oco6auBo HiTporen cuiabHO BiIpI3HSAIOTHCS Bij
HIIIMX €JIeMEHTIB CBOiX rpyn (HasBHICTH d- i f-migpiBHIB).

®Di3uYHI BIACTUBOCTI MPOCTUX PEUYOBHH pP-€IEMEHTIB CUIILHO PO3PI3HSIIOTHCS.
OnH1 peyOBUHM - KUCEHb, a30T (ra3u) - KUIUIATH 1 MJIABISATHCA MPU AY’KE HU3BKUX
TeMIeparypax, i - 0op, Byriemb - Mpu ayke Bucokux. [lo rpymax i mepiogax
(b13UYH1 BJIACTUBOCTI 3MIHIOIOTHCS HEMOHOTOHHO, 1 HE 3aBXKIM XapaKTep 3MiH JIETKO
MoB'si3aTu 3 OYJ0OBOIO E€JEKTPOHHUX OOOJOHOK aTOMIB, THUIIOM XIMIYHOTO 3B'S3KY,
KOOPJIMHALIMHUM YHCIIOM aToMa.

Takum 4YWHOM, y P-€JIEeMEHTIB BIJAMIHHOCTI y BJIACTHUBOCTIX CYCIAHIX
€JIEMEHTIB SIK BCEPEIMHI IPYIIH, TAK 1 MO MEPIOAY BUPAKEHI 3HAYHO CUIIbHIIIE, HIXK Y
S-€JIEMEHTIB.
butbmiicte BijoMuX Ha 3eMill CIOJIYK — 1€ CIOJYKH p-€lIeMEHTIB. TakuM 4YuHOM,
BUBYEHHS p-EJIEMEHTIB 0COOJIMBO BAXJIUBO JJI1 MEJIUKIB, TaK sIK I'aTh 3 HUX — C, N, P,
O 1S — € opranoreHamu 1 CKJ1a/Ial0Th OCHOBY JKUBHUX cucTeM, a psf iHmux — P, CL I -
HE3aMIHHI MIKpOEJIEMEHTH.

bBionoziuna poaw i 3acmocyeanns 6 MeOuuuni 0102eHHUX P-ea1eMeHnie

bop. bop BiTHOCUTBCS 10 TOMIMIKOBUX MIKPOEJIEMEHTIB, HOTO MacoBa yacTKa
B Opradismi JoAuHU CTaHOBHTH 10°%. BOp KOHLEHTPYETHCS TOJIOBHHM YHHOM B
nerensix (0,34wmr), mmroBuaHin 3ano3i (0,30mr), cenesini (0,26Mr), mediniii, MO3KY
(0,22mr), Hupkax, cepueBomy m'sizi (0,21wmr). biosmoriuna gist 60py 11e HETOCTATHBO
BHBYCHA.

Anrominiii. 3a Bmictom B opranizmi moauau (10°%) AnromiHii BitHOCHTECS
70 JOMIIIKOBUX MIKPOEJIEMEHTIB. AJIFOMIHIM KOHIICHTPY€ETHCSI TOJIOBHHUM YHUHOM B
CHUPOBATIIl KPOBI, JICTEHAX, MEUIHIl, KICTKaX, HUPKax, HITTIX, BOJOCCI, BXOJHUTH B
CTPYKTYPY HEPBOBUX 00OJIOHOK MO3KY JIFOJIUHHU.

JloOoBe CHOKMBaHHS QIIOMIHIIO JIFOJUHOIO CTaHOBUTH 47 Mr. ATIOMIHIN
BILJIUBAE HA PO3BUTOK CMITEIAIBHOT 1 CIIOJIYYHOI TKAHWH, HA PereHepallito KiCTKOBUX

TKaHUH, BIUIMBaEe Ha oOMiH docdopy.
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Taniii. Taniii - [oMilIKOBUI MikpoeseMeHT (BMicT B oprasismi moauau 107 -
10" %). Bionoriuna pojb Tairo B )KHUBMX OpPraHi3Max Maiike He 3'SCoBaHa.

Inoii. B nanmii yac OiosnoriuHa fis iHAifo HeBigoma. CHONyKHd 1HIIIO B
MEUIMHI HE 3aCTOCOBYIOTb.

Taniii. Taniit BITHOCUTBCS JI0 AyKe TOKCHYHKX eneMeHTiB. lon T1" cxunpHui,
no/1i0HO Ag®, yTBOPIOBATH Mil[HI CIIOJYKH 3 CYJIb()YPOBMICHUMHU JIiTaHIaMHU.

p-Enementu IVA-rpynu pi3ko BiAPI3HSIOTBCS SK 32 BMICTOM B OpraHi3mi
JIOJMHM, TaK 13a 010J10T19HOI0 posuTio. MakpoenemeHnT KapOoH Biiirpae OCHOBHY pOJIb
B OKUTTEAISIBHOCTI OpraHi3MiB; MikpoeiaeMeHT CHmiii, TakoX € KUTTEBO
HEOOX1AHUM; MiKkpoesneMeHT [ epmaHiii, MOKJIMBO, BUKOHYE TIEBHY ()1310JIOTTYHY POIb
B Oprasi3mi, B Toii yac sik CtanyM 1 oco01uBo [1momMOyM TOKCHYHI 1 € JOMIIIIKOBUMH
enemeHTamu. Crij 3a3HAYUTH 3aKOHOMIPHICTh: TOKCHUYHICTD CIIONYK eleMeHTIB [VA-
TPYIH 31 3pOCTaHHSIM aTOMHOI MacH €JIeMEHTa 3pOCTaE.

Kapoon. 3a BmicToM B opranizmi Jtoaunu (21,15%) KapboHn BigHOCUTBCS 10
MakpoeseMeHTiB. BiH BXOAUTH 70 CKJIaay BCiX TKAHUH 1 KJITHUH B (hOopMi O1JIKIB, )KHPIB,
BYIJIEBO/IIB, BITaMiHIB, TOPMOHIB. 3 010JI0T14HO1 TOUkH 30py KapOoH € opraHoreHom
HomMmep 1.

Cuniyiit. 3a Bmictom B opranismi moaunau (10°%) Cuniniii BiTHOCHTECS 10
JTOMIIIKOBUX MiKpoesieMeHTiB. HailOibIle cutiilito B MeviHill, HATHUPKOBUX 3aJ1032X,
BOJIOCCI, KPUIITAIUKY. 3 TOPYHICHHSM OOMIHY CHJIIIIO TMOB'SI3yIOTh BHUHUKHEHHS
rinepToHIi, peBMaTU3My, BUPA3KH, HETOKPIB'S.

TI'epmaniii.  3a Bmicrom B opramismi momuau (10°-10°%) Tepmaniii
BIJTHOCUTKCS 10 MIKpOEJIEMEHTIB. bioioriyna poJib ocTaTouHO He 3'sicoBaHa. CroayKu
repMaHito MiJICUITIOI0Th TPOLIECH KPOBOTBOPEHHS B KICTKOBOMY MO3KY. Bi1oMo Takox,
110 CIIOJIYKH T€pPMaHit0 MaJIOTOKCUYHI.

Cmanym. 3a Bmictom B oprasizmi moaunan (10%%) CtarnyM BiTHOCHTBCS 10
MiKkpoeseMeHTiB. BioMocTi ipo 610J10T14HY pOb CYTIepEUINBI.

Y MenuuHii MpakTUill 3HAXOASATh 3aCTOCYBAHHSI Pi3HI MaTepiajiu, 30KpeMa
IoMOyBajibHI, IO MICTATh CTaHyM. Tak, CTaHyM BXOJWUTb 10 CKJaay CpiOHOi

amanbramu (28%) 11t BUTOTOBIIEHHS TIJIOMO.
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Inromoym. I1momMOyM 1 HOTO CIIOTYKH, OCOOJMBO OpPTraHivHi, y>Ke€ TOKCUYHI.
Crnonyku miroMOyMy BIUTMBAIOTh HA CUHTE3 O1IKa, EHepreTHYHUHN OaaHC KIITUHH 1 11
TEHETUYHUI anapar.

Himpozen 3a BMmicToM B opranizmi jioauHu (3,1%) BiIHOCUTBCA [0
MaKpoeJeMeHTIB. SKIo BpaxoByBaTH TIIbKA Macy CyXOi pEYOBHHHU OpraHi3miB (0e3
BOJIM), TO B KJIITUHAX BMICT HITpOreHy cTaHOBHUTH 8-10%. Lleit enemeHT - ckiagoBa
YacTHHA aMIHOKHUCJIOT, OUIKIB, BiTaMiHIB, TOpMOHIB. HiTporeH yTBOpro€ MOJspHI
3B'SI3KM 3 aTOMaMU T1IPOTEHY 1 KapOOHY B O10MOJIEKyIax.

Docgop. 3a BmicToM B opranizmi jgroauau (0,95%) Docdop BIAHOCUTHCS 10
MakpoesieMeHTiB. Docdop - eIeMEHT OPraHOTeH 1 BiIIrpae€ BUKIIIOYHO BaXKIUBY POJIb
B 00OMiH1 peuoBuH. Y dopmi docdary Gocdop siBisge co00r0 HEOOX1THUI KOMIOHEHT
BHYTPIIHbOKIITUHHOT AT®. Bin BXoauTs 110 ckinany 61ikiB (0,5-0,6%), HyKIeiHOBUX
KHUCJIOT, HYKJICOTH/IIB Ta 1HIIKUX O10JOTIYHO aKTUBHUX CHOyK. Dochop € 0CHOBOIO
CKeNeTy TBapuH 1 JoauHu (Kaublii optodocdar, riapokcuimanaTut), 3yO0iB
(rimpokcunanaTut, propanaTur).

Apcen. 3a Bmictom B opranismi moauau (10°%) Apcen BimHOCHTBCS 10
MIKpOeJIeMeHTIB. BIH KOHIEHTPY€TbCSA B TEYiHI, HUPKAX, CEJE31HIl, JIEreHsX,
KICTKaX, BOJIOCCI, MO3KOBIM TKaHUHI 1 B M's3aX. CIIOIYKH apceHy ayKe OTPYUHI.

Cmuoiii i Bicmym. 3a BMicTom B opranismi moaunu (10°%) Ctubiii i BicmyT
BIJTHOCSITBCS JIO MIKPOETIEMEHTIB, (D1310JI0T14HA 1 610XIMIYHA POJIb SIKUX MPAKTUYHO HE
3'sicOBaHa.

Cnabka TOKCHUYHICTb IIUX CIOIYK 00yMoBieHa TuM, 1o coii Sb (I11), Bi (III)
B TPAaBHOMY TPAaKTI MAAIOTHCS T1APOTI3y 3 YTBOPEHHSIM MaJTOPO3YNHHUX MPOIYKTIB,
SIKi HE BCMOKTYIOTBCSI U€pe3 CTIHKH IITYHKOBO-KUIITKOBOTO TPAKTY.

Ha upoMy TpyHTyeTbCsl 3acTOCyBaHHS JiKapchkux mpenapariB Ctulis i
bicmyty, Hanpukian ocHoBHoro OicmyTy HiTpaty (cymim BiOOH, Bi(OH),NOs 1
BiONO:3).

Okcuzen. 3a BMICTOM B OpraHi3Mi JIOAUHU (MacoBa 4acTka 62%) OKCHUTeH
BIJIHOCUTBCSL JI0 MakKpoeJeMeHTIB. BiH He3aMiHHUA 1 HAJIEXWUTh JO0 4YHUCTA
HAaWBAXKJIMBIIINX €JIEMEHTIB, IO CTAaHOBJISITh OCHOBY »HBHUX CHCTEM, TOOTO €

OpraHOrC¢HHHM. Oxcuren BXOJUTHL OO0 CKJIaay BCIMYEC3HOroO 4YHuCiIa MOJICKYII,
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MOYMHAIOYM BIJ HAMMPOCTIMIMX 1 3aKIHUYIOUM OlomojiiMepaMu. BUKIIOUHO BeIMKa
poiib OkcureHy B TIpolLecax >KUTTEAISUIBHOCTI, TOMY IO OKHCHEHHS KHCHEM
MOKMBHUX PEYOBHH — BYTJIEBOJIB, OUIKIB, KUPIB — CIYXXHUTb DKEPEIOM €Heprii,
HEOOX1THOI i1 pOoOOTH OpraHiB 1 TKAHWH >KMBUX OPraHi3MiB. BiIbIIICTh OKHUCHO-
BIJTHOBHHUX PEAaKI[iil B OpraHi3Mi MPOTIKAE 3a YUACTIO KHCHIO 1 HOTO aKTUBHUX (POpM.

Y MemuuHId TPaKTHIl KHCEHb 3aCTOCOBYIOTH IS BAWXAaHHS TIPH
XBOPOOJMBHUX CTaHaX, IO CYMPOBOKYIOTHCS KUCHEBOIO HEIOCTATHICTIO (TIMOKCIETD),
3aXBOPIOBAHHAX JTUXAITBHUX MUISXIB, CEPIIEBO-CYAMHHOI CHCTEMH, OTPYEHHAX KapOOH
(IT) oxcumom (CO), cunmibHOIO KuciaoToro HCN, a Takox mpu 3aXxBOPIOBAHHAX 3
MOPYUIEHHAMU (DYHKIIII TUXaHHS.

AnotponHy Moaudikaiio KUCHIO — 030H Oz K Ny»€ CUJIbHUM OKHCHHUK
BUKOPUCTOBYIOTh IS Je31H(EKIIII TPUMIIIEHb, 3HE3apa)KEHHS MOBITPS 1 OUUIIEHHS
MUTHOI BOJIH.

Cynwsghyp. 3a BMicTOM B oprani3mi ioauau (MacoBa yactka 0,16%) Cynsdyp
BIJIHOCUTBCSL O MAaKpOEJIeMEHTIB. Sk 1 KuCeHb, BiH JXUTTEBO HeoOximHuid. /loboBa
norpeda J0pocyoi JOAUHN Y cybhypi 01u3bKo 4-5 1. Cynbpyp BXOAUTH J0 CKIIAIy
Oaratbox 010MOJIEKYI - OUJIKIB, aMIHOKHCIOT (IUCTUHY, ITUCTEIHY, METIOHIHY 1 1H.),
rOPMOHIB (1HCYJIIHY), BiTaMiHIB (BiTaMiH B12). bararo cyiabdypy MiCTUTBCS B KAPOTHHI
BOJIOCCS, KICTKaX, HEPBOBIM TKaHUHI.

VY MenuuHil MpaKkTHUIll ITUPOKO 3aCTOCOBYIOTH K caM CyJb]yp, Tak 1 6araTo
Horo cmnonyk: cyiabdyp OCaKeHHH, HaTpiil TiocyiabdaT, cyiabdaTu HATpitO, Mijli,
IIMHKY Ta 1H.

Cenen. 3a BmictomM B opra”ismi (macoBa uactka 10°-107%) Cenen
BIJIHOCHUTKCS JIO MIKPOEJIEMEHTIB.

BcranoBiieHo, 110 HecTadya celieHy Bele J0 3MEHIICHHS KOHIEHTpAIlil
(depMeHTy TIyTaTiOHIMEPOKCUAA3H, 10, B CBOIO UEPTy, MPU3BOIUTH IO OKHCIICHHS
JIITITIB 1 CIPKOBMICHUX aMIHOKHUCIIOT. Y BEIMKHX J103aX CEJICH TOKCHYHHM.

Tenyp i Ilononin. Tenyp BUSABICHHH B )KUBHX OpraHizMax, 010J10Ti4Ha POJIb
fioro He Bigoma. /laHi mpo BIUIMB MOJIOHIIO HA KKMB1 OPraHi3MHU BiJICYTHI.

3a BmictoM B oprafismi moguaun Xuop (0,15%) BigHOCHUTBCS 10

MaKpOEJIEMEHTIB, B TOM Yac sIK 1HII €JIEMEHTH L1€l TPYNH € MIKpOeJIeMeHTaMu (BMICT
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~ 10°%). Xnop i Mo BimHOCATBCS 10 HE3aMIHHUX €JIEMEHTIB, a 1HIII € MOCTIHHUMH
CKJIAJIOBUMHU YaCTMHAMH TKAHUH.

@nyop. Maca ¢nyopy B opraHi3mi JIIOJIUHA CTAaHOBUTH OJM3bKO 7 Mr (~ 10°
*%). Criosyku GTOpY KOHLEHTPYIOTCS B KICTKOBiM TKaHMHI, HIrTsX, 3y6ax. [lo ckiamy
3y0iB BxoauTh 01u3bk0 0,01% dropy, mpruaomy Oinbiia YyacTHHA IPUMIAIAE HA EMaJTb,
10 TIOB'SI3aHO 3 MPUCYTHICTIO B Hill Bakkopo3unHHOTO (ropamatuty Cas (POs) sF.
HenocratHs KibKicTh uyopy B OpraHi3mi IPU3BOAUTE J0 Kapiecy 3y0iB.

dTOpyBaHHS MUTHOI BOJIN 3A1MCHIOETHCS TOAABAHHSM JI0 HEl MEBHOT KUTBKOCTI
HaTpio GTOpHIY.

Xnop. B opranizmi moauau Mictutbes npubauzno 100r (2,79 mois) xiopy
(macoBa yactka 0,15%). Xnopua-10H1 BiAITPalOTh BaXIIMBY 010J0T1YHY poJib. BoHu
aKTUBYIOTh  JIesiKi (DepMEHTH, CTBOPIOIOTH CHPHUSTIMBE CEPEIOBUINE IS i
MPOTONITUYHUX (PEPMEHTIB IUIYHKOBOI'O COKY, 3a0€3MEe4yl0Th 10HHI MOTOKH 4Yepes
KJIITUHHI MeMOpaHu, 0epyTh y4acTh B MIATPUMII OCMOTHYHOTO PIBHOBAru.

Jlo6oBa notpeba Hatpiro xjaopuay ctaHoBUTh S - 10r. NaCl HeoOXiqHui s
BHUPOOJICHHS COJISTHOT KUCJIOTH B IIUTYHKY.

Bpom. Maca 6pomy B oOprasizmi JIXOIUHU CTAaHOBUTH 611M36K0 7 Mr (~ 1079%).
BiH nokani3yeThCsl MEPEBAKHO B 3aJ103aX BHYTPINIHBOI CEKpEllli, B Mepiry 4Yepry B
rinogisi.

Hoo BimHOCHTBCS 10 uMClia HE3aMiHHHX OIOTEHHHX EJIEMEHTIB, i HOro
CIOJIYKH BIJITPAIOTh BAXKIIMBY pOJIb B Mpouecax oOMiHYy pedoBuH. € naHi, mo o
BILJIUBAE HA CUHTE3 JICIKUX OLIIKIB, )KUPiB, TOPMOHIB. B oprani3mi JIOJMHU MICTUTHCSA
omusbko 25 Mr (4 - 10°%) Hoxy. I3 3aranbHOi KinbKOCTI Hoxy B opraismi Gimblie
IMOJIOBUHHU 3HAXOAUTHCS B IIIUTOBUIHIN 3aJ1031.

I'iapoJis cojiei

["iapomi3 cosieit BITHOCUTHCS 10 OOMIHHUX peakilii, B SKUX OJHUM 3 PEarcHTIB
€ Boga. CyThb TiJIpoJIi3y MOJISATAE y B3aEMOJIIi aHIOHA CIaOKO1 KHCIOTH a00 KaTioHa
c1abKoi OCHOBH 3 MOJIEKYJIaMH BOJH. 3BiJICH BUILIMBAE, IO T1APOII3Y MIIIAIOTHCS HE
PO3YMHEH1 COJIl, a JIMIIE MEeBHI 10HMU, 10 BXOJATH N0 iX ckjiady. Lli i0HM MOBUHHI
BiAMOBiAaTH abo0 ciaaOKkuM KucioTaM, abo cia0KuM OCHOBaM bpeHcrema. AHIOHH

CUJIBHUX KHUCJIOT 1 KaTIOHU CHJILHUX OCHOB y MPOLIEC T1JIpoITi3y He OEpyTh y4acTb.
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3anexHo BiJ] MPUPOJM KaTiOHA 1 aHIOHA CEPeaHl COJl MOXHA PO3IIIUTH IO
BIJIHOIIICHHIO JI0 T1JIPOJIi3y Ha YOTUPH T'PYIIH:

1. Comi, siKi yTBOPEHI aHIOHOM CHJIBHOI KHCJIOTH 1 KaTIOHOM CHJIBHOI OCHOBH,
Hanpukiag NaCl, KySOs4, B po34uMHI JIUCOIIIOIOTH TOBHICTIO 1 2i0poni3y He
niooaromusca, 1 €AUHOIO MPOTOJITUYHOIO PIBHOBArol0 B TAKOMY PO3YHHI € 10HI3allis
BOJIH:

H-,O ) < H + OH

CepenoBuiiie B po3urHaxX TaKUX coJieil HeiTpanbHe, pH = 7.

2. Comi, sIK1 yTBOPEHI aHIOHOM CHJIBHOI KUCJIOTH 1 KATIOHOM CJIa0KOi OCHOBU
(NH4Cl1, CuSO,), cioponizyromoca 3a kamionom. Hanpuknan, B po3unni NH4Cl mae
MICII€ HaCTyITHA IPOTOJITHYHA PIBHOBAra:

NHs" + H,O < NH,OH + H*

PiBHOBara 3HauHO 3pyuieHa BiiBO. CepeloBHIlE B PO3UMHAX TAKUX COJEH
kuciue, pH <7.

3. Coui, sIK1 YTBOpPEH1 aHIOHOM CJIA0KOi KHUCJIOTH 1 KaTIOHOM CHUJIbHOI OCHOBH
(NaF, K,S0s), cioponizyriomoca 3a amionom. Hampuknan, B po3umHi NaF icHye
HACTYIHA MPOTOJIITUYHA PIBHOBAra:

F +H,O < HF + OH"

3HOBY K, piBHOBara 3Ha4HO 3pyIieHa BiiBo. CepeloBHUIE B PO3UYNHAX TaKHUX
coueit yxue, pH > 7.

4. Comni, K1 YTBOPEH1 aHIOHOM CJIa0KOi KUCJIOTH 1 KaTIOHOM CJa0KOi OCHOBH,
Hanpukiag CH3COONH,, (NH4)2SOs, cioponizyiomecs i 3a kamionom, i 3a anionom.
Hampuknan, nns CH3COONH, B po3unHi Mo)kHA 3amucaTtd HaCTYIHI MPOTOIITHYHI
PIBHOBAru:

CH3;COO™ + H,O «» CH3COOH + OH-
NH;" + H,O <> NH,OH + H*

VY pasi coui Takoro THUIY T1ApoJii3 BiOYBAa€THCSI MAaKCUMAaJIbHO, TAK SIK KaTI1OH 1
aHIOH € peakKIifHO3JaTHUMHU Ta PearyloTh 3 BOJIOI0 3 yrBopeHHsM ioniB H™ i OH".
YTBOpeHM1 pO3umH, K MPABUIIO, 3THUIIAETHCA HEUTPAIBHUM, ajie BiH MOe O0yTH a0o
cmabo kucianm, abo ciaaboIyKHUM, SKIIO OOMIBI peakilii BIAOYBAIOThCA 3 PI3HUMU

IMBUAKOCTSIMU.
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d-Enemenmu — nosoxcenns ¢ nepioOuunii cucmemi eiemenmia,

0Co00IUBOCHI eICKMPOHHOT 0Y008U AMOMIE, 01010214 HA PO.Tb.

Jlo d-eneMeHTIB BigHOCSATHCS 32 eleMEeHTa MEePiOJANYHOT CUCTEMHU MOOIYHUX
niarpyn. BanenTHi enexrponu posramosani Ha ns? (N-1) d® ne a= 1+ 10, T06TO BoHM
3HAXOJIATHCS Ha MPEA30BHIIIHBOMY €HEPTeTUYHOMY PiBHI.

VY noOiyHuX MiATrpynax B HAIPSIMKY 3BEPXY BHH3 3MEHIIYETHCS PaJilyCc aToMa
3a PaxyHOK «0-CTHCHEHHs», 3pOCTa€ CHEPTis 10HI3allil, 0 MPU3BOIUTH JI0 3HUKCHHS
XIMIYHOT aKTUBHOCTI METATIB.

Bci aromu d-eneMenTiB, 3a BuHsTkoM 1IB miarpymnu MaroTh He3aBepiueHui d-
MIIpiBEHb, TOMY BOHHM BHSBJISIOTH Pi3HI CTYNEHI OKHCIEHHA. Buila CTymiHb
OKHUCJIEHHS BIAIOBIJA€ HOMEPY I'PYIIH, B K1 3HAXOIUTHCS €JIEMEHT.

[Ipu nposiBi pi3HUX CTYNEHIB OKUCICHHS Y €JI€MEHTa MPOSBIISE€THLCSA HACTYITHA
3aKOHOMIPHICTh: HMKYl CTYNEHI OKHUCJICHHS OOYMOBIIIOIOTH OCHOBHI 1 BIJIHOBHI
BJIACTUBOCTI, & BUIIl — KUCJIOTHI 1 OKMCITFOBAJIbHI BJIACTUBOCTI. AMDOTEpHHUI XapaKTep
TUMOBUH I €JIEMEHTIB 3 TPOMDKHUMH CTYICHSIMH OKHCJICHHSA. Y d-eJleMeHTIB
BIJICYTHI HETaTUBHI CTYyI€Hl OKHUCHEHHS. Y MOOIYHUX MIArPyNax B HAMPSMKY 3BEPXY
BHU3 30UTBIIYETHCS CTIMKICTh CIIOMYK 3 HAWOIBIINM CTYIIEHEM OKHCHEHHS.

VY mepiomax 31 30UIBIICHHSM 3apsy sipa 3pOCTaHHS pajilyca aToMiB
B1/10YBA€THCS BIJIHOCHO MOBUIBHO 1 XIMIUHI BJIACTUBOCTI 3MIHIOIOTHCSI MaJIo.

Ha BinmiHy Big roJIOBHUX TIATpyN B MOOIYHUX MIATpyHax 3BEpXy IAOHU3Y
BIJIHOBHA AKTUBHICTh 3MECHIIYETHCS. Y €JIEMEHTIB JaHUX MIACPYN HAa OCTAHHHOMY
EHEePreTUYHOMY PIBHI 3HAXOJSAThCA OJWH a00 JiBa €JIIEKTPOHHM, TOMY IIi €JIEMEHTH
BIJIHOCSTBCS IO METaIB. BIIBIIICTh 3 HUX € OCHOBHUMH KOHCTPYKIIIHHUMH METaIaMHU.

VYdacte O-migpiBHI B YTBOPEHHI XiIMIYHHMX 3B'SI3KIB MPHU3BOJHUTH JIO IOSIBH
JOJATKOBUX BAJCHTHOCTEH 1 BIAMOBIIHO 10 PI3HOMAHITTS XIMIYHHUX CITOJYK, IO
YTBOPIOIOTHCA AaHUMU MeTalaMH. CTIMKICTh OUIBIIOCTI BAJIEHTHUX MOXJIMBOCTEH
JAHUX EJIEMEHTIB BU3HAYAE€THCS MOMIIMBICTIO YTBOPEHHS C€HEPreTUYHO BHTITHUX
CIIEKTPOHHUX KOH(DIrypariii — HarmoJoBMHY ab0 MOBHICTIO 3allOBHEHUX S-, p-, d- i f-
NiApiBHIB. BUIBLIICTh MEPEXITHUX METAJIB 1 iX CHOJIYK XapaKTepU3YIOThCS MEBHUM

320apBIICHHSIM.
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Jlnst d-eneMeHTiB XapakTepHe YTBOPEHHS KOMIUIEKCHUX CIIOJIYK, B TOMY YHCII
1 3 OloreHHuMHU JiranaaMu. Y d -eJeMEeHTIB MOKe OyTH 3MiHHA BaJCHTHICTB 1 Pi3Hi
CTymeHi okucieHHs. [le Bu3Hayae OKUCHO-BITHOBHI BIIACTUBOCTI OUTBIIOCTI criosyk d
- €JIEMEHTIB.

@epymM. 3aranpHa Maca GepyMy B OpTaHi3Mi JIOPOCIOi JIOAUHA MPUOIU3HO
5tr, mo cranoButh 0,007%. Haitbinpm BaxsmBUMHU (BEPYMBMICHUMHU CIHOJyKaMH €:
reMorJo6in, mo Bkmouae Gepym B popwmi (Fe?"), pepmentu (kaTanasa i nepokcuaasa,
mwo mictars Gopmy (Fe*), 50 BuaiB IMTOXPOMIB, B aKTHBHOMY LEHTPI SKMX MOXKE
mictutucs sk Fe?”, tak 1 Fe®*.

Kynpym BiTHOCUTBCSA 10 METAJIB JKUTTS. 3arajibHa Maca KylpyMy B OpraHizmi
moguan mpubmuzHo 100 - 200 Mr, mo craHoBuTh 61m3bK0 107%. Ipubmnsuo 30%
MIKpOEJIEMEHTY MICTUThCS B M'sa3aX. [ledinka 1 MO30K, TpyOUYacTi KICTKH, HATHUPHUKH,
CTaTeBl 3aJI03U TaKoXK Oarati Kynmpymom. Kyrnpym BXOoauTh 110 ckiaay Ouibiie 25
KyIPYMBMICHUX OUIKIB 1 (pEpMEHTIB, SIKI € OKCHUT€Ha3aMH 1 T1IPOKCHIIa3aMHU, IO
aKTUBYIOTh IIPOLIEC OKUCHEHHS OPTaHIuHUX CIIONYK.

[luHK BIJHOCUTBHCS J10 MIKpPOEJIEMEHTIB. B opraHi3mi J0pocCioi JOAUHH
MicTuthes 1,8 T nuHKy, T06T0 2,4 - 103%. IlUHK MOHa BUSBUTH y BCiX OpraHax i
TKaHWHAX, aje HahOuIbllla HOro KiIBKICTh MICTUTBCS B MEPEAMIXYpOBIM 3aio3i,
criepMi, IKipi, BOJIOCCI, M'sI30B1M TKAHWHI, KJIITUHAX KPOBI.

[oHM UHKY BXOASTH 10 CKJIAy alKOTOJbAETIAPOreHa3u — (hepMeHTy, sIKui
Oepe ydacTh B Mpoliecax OKHCHO-BITHOBHOTO TEPETBOPEHHS CIHMPTOBOI I'PYyHH B
OpraHiyHUX CcyOcCTparax, JIKapChbKUX TMperapatax 1 eTtusioBomy crupTi. [luHk €
CTPYKTYPHUM 1 (PYHKI[IOHATHHUM KOMIIOHEHTOM OJTHOTO 3 (PJEPMEHTIB BYTJIEBOJAHOTO
OOMIHYy — JIaKTaTAETIAPOreHa3u, KOHTPOJIOIOUOTO OOOpPOTHE MEPETBOPEHHS
MIPOBUHOTPAIHOT KUCIOTH B MOJIOUHY KHCJIOTY - 3aBEPIIAJIbHOI CTaIii aHaepOOHOTO
MeTa0013My TITHOKO3H.

Manrad. Y T I0pocioi JIOAWHUA MICTUTBCS 12 Mr MikpoenemeHTy. B
Oprasismi BiH NPHMCYTHiH y Bursiai ioHiB Mn?" a6o HOro KOMIUIEKCIB 3 Oinkamu,
HykieiHoBUMU kucioTamu, AT®, AJI® 1 amiHokuciotamu. Manran 6epe y4acTb B

mpouecax aKyMyJisiiii 1 IepeHeceHHsl eHeprii, y (opMyBaHHI CKeJeTy, B IMyHHHX
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peaKIlisax, B KPOBOTBOPEHH, TKAHUHHOMY JIMXaHHI, O€pe y4acThb B CHUHTE31 BITaMiHIB
rpymnu B, B pociinHax - B cuHTe31 BiTaminy C 1 XJ1opodiy.

Y MeauIiHi 30BHIITHRO 3aCTOCOBYIOTHCS BOHI PO3YMHH Kajiil IepMaHraHaTy
KMnO4 y IKOCT1 aHTUCENTUYHOTO 3aC00Y /1JIsl MOJIOCKaHb, CIIPUHIIOBAHb, 3Ma3yBaHHS
BHUPA3KOBUX 1 OMIKOBUX MOBEPXOHBb, MPOMUBAHHS CEYOBOIO MIXypa 1 CEUOBUBITHUX
ITUISIXIB.

MoJ1i61eH BITHOCUTHCS O METaJIIB KUTTS, HAXOUTh B OpPraHi3M 3 xero. Y
KpoBi 01u3bpKk0 80% MoiOACHY 3B'I3y€E€ThCS 3 OLTKAMH 1 TPAHCTIOPTYETHCS TIO BCHOMY
opraHizMy. MoiOeH KOHIICHTPY€EThCS B TMEYiHIN, a B KPOBI PO3MOIIISETHCS
PIBHOMIPDHO MDK (POPMEHHMMH €J€MEHTaMHU 1 IIa3Moio. Y OlOXIMIYHHMX HpoLecax
MOJTI0JIeH Oepe y4acTh B CTYNEHSAX OKUCIEHHS +5 1 +6. MoiOaeH BXOIUTh A0 CKIIaTy
(dbepMEeHTIB  KCAaHTUHOKCHJIa3W, KCAHTHHT1IPOTE€HA3M,  aJbJCTiIET1IPOKCUIA3H,
aNbJETIIOKCUIAa3H, CYJIb(ITOKCHIA3H, HITpaTpEeAyKTa3u, MO0 OepyTh yd4acTb B
nmpoliecax JeTOKCUKaIlii KceHoO10TuKIB. KcaHTHMHOKCHIa3a KaTaii3ye OKHUCHEHHS

KCAaHTHHY 1 TIMOKCAaHTUHY JI0 CEYOBOI KUCIIOTH, aJIbJIET1/11B 1O KUCIIOT.

JleMOHCTpaniiiHO-MIPAKTUYHA PO0OTA

«AHAJITHYHI peakuil BIIKPUTTA S-,p-,d- e1eMeHTIBY

l. SkicHi peakuii Ha KaATIOHU (S-€JIEMEHTH)

1. s-Enemenmu.

JleTroui coull S-€JIEMEHTIB 3a0apBIIOIOTh MOJYM'sl Ta30BOi TOPUIKM B HACTYIHI
KOJBOPH: JITII0O — KapMIHOBO-YEPBOHMI;, HATPIIO — >KOBTUM; Kalito — (10JIETOBHIA;
KaJIBI[I}0 — LETJSHO-YEPBOHUMN; CTPOHIIII0 — KapMIHOBO-YEPBOHMI; 0apit0 — JKOBTO-
3EJICHUM.

Buxonauns:

JleTroui coJl S-eJIEMEHTIB BHOCATHh HA TOHKOMY IJIATUHOBOMY 200 HIXPOMOBOMY
JPOTI CIIOYATKy B OCHOBY MOJyM's, a OTIM B HOT0 BepXHIO 4acTuHy. CrocTepiraloth
BIJIMOBIAHE 3a0apBIICHHS.

3pooims mabdauyo i3 3anUCOM 8AUIUX ChOCmeEpeceHb!
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1. Kamion K"

Hatpiii rekcanitpokobansTaty (III) Nas[Co(NO;)s] B HelTpamsHOMY abo
OLITOBOKHUCJIOMY PO3YMHI J]a€ 3 10HAMHU Kalilo >KOBTUH KPHUCTAIIYHHIA Ocaja Kaliio-
HaTpito rekcanitpokobanstat (I1I):

2KCI + Nas[Co(NO,)s] = KaNa[Co(NO,)s]| + 2NaCl

Buxonauuns:

VY npobipky momicTuTH 3-4 Kparuli po34dHYy COJII Kajilo JojaTd 2-3 Kparuii
pPO34YMHY peakTHBY. SIKIO ocaja HE BUMAAa€, JATH CYMIMI TOCTOSATH. Y JITY)KHOMY
CEPENIOBHUIIIl PEAKINI0 MPOBOJUTH HE MOXKHA, TaK SK PO3KIAMAETHCS CaM PEaKTHUB.
Peaxiiiss 4yTinBa, HEI0 KOPHUCTYIOThCS U1 ocapkeHHs ioHa K i3 cupoBaTtku KpoBi

IIpU IEpMaHraHaTOMETPIYHOMY BU3HAYEHHI KaJIil0 B KPOBI.

2. Kamion Ca’”
Amomniii  okcamat  (NH4).C,O4 3 comaMu  Kambllito  ga€  OLIMid
ApiOHOKpHCTATIYHUN ocaf okcanaTy Kanbiio CaCy04
CaCl; + (NH,4),C,04 = CaC,04| + 2NH4CI

Buxonauuns:

Jo 5-6 xpamenb pO3UMHY COJII KajbIlilo JoAaTH 5-6 Kpareilb pEakTUBY.
Cnocrepiratu Bunananus ocaay. Ocan CaCy04 He pO3UMHHMM B OIITOBIM KUCIIOTI, ajie
JIETKO PO3YHMHSIIETHCS B MIHEPAJIBbHUX KHUCIIOTaX (BUMIPOOYBATH 1 HAMMCATH PIBHSIHHS).
PosrisHyTa peakiis 3aCTOCOBYEThCA I8 ocajkeHHs ioHiB Ca?’ mpu BuU3HAuYEHHI

KaJIBLIIIO B C€Yl Ta KPOB1 IEPMAHTaHATOMETPUYHUM METO/IOM.

Harpiii rigporenoptodocdar Na,HPO, B npucytnocti NH; « H,O i NH4CI
OCa)Ky€ 3 PO3YMHIB COJICH MarHiro OUIMH KPUCTAIIYHHUM OcCaj] MarHil0 aMOHIO
optodocdary:

MgCl; + Na;HPO,4 + NH3-H,0O = MgNH4PO,| + 2NaCl + H,0O

Buxonauns:

Jlo 1-2 xparenb po3urHy MarHii xjaopuay poaatu mo 2 kparii posunny NH4Cl,
2M pozuuny amoHiaky i 1 kpammto po3unny Na;HPO,. Peakiiis yrBopennss MgNH4PO,

3aCTOCOBYETHCS B O10XIMIYHOMY aHaJII31 1Jisi BU3HAYCHHS MArHito B KPOBI.

4. Kamion Ba**
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a) Cynb(daTHa KuCI0Ta yTBOPIOE 3 KaTioHaMu Ba®* ocaau, ski Hepo3uMHHI Hi B

KHCJIOTaX, Hi B TyTax.
BaCl, + H,SO, — BaSO4i + 2HCI

J1o 2 xpanens po3unHy 0apiii XJI0pUAy TOAAI0Th 2 Kparut pO3BEACHOTO PO3UUHY
cynbdaTtHoi kucioTu. CrocTepiraloTb YTBOPEHHs 01JI0T0 KPUCTATIYHOTO OCay.

0) Kamiit xpomar K,CrO,4 ocamkye cosi 6apiro 3 pO34MHIB Ta yTBOPIOE KOBTUIMA
oca;

BaCl, + K,CrO; — BaCrOy4] +2 KCl

Buxonauuns:

Jlo 2 xpamenb po3uuHy Oapiil XJOPUAY IOAAIOTH 2 KpaIil PO3UYMHY Kaulii

xpoMmary. CroctepiraloTb yTBOPEHHsI 3KOBTOTO OCaly.

I1. SIkicHi peakuii Ha aHioHU_(D-eJieMeHTH)
1. Anion HPQ4%

Cime  OGapito BaCl, mae 3 poszumnom NaHPO, Oimmit ocang Oapiro
rigporeHoptodocdary:
BaCl; + Na;HPO4 = BaHPOQO,| + 2NaCl
Ocaj po34MHSETHCS B MiHEpATbHUX KUCIO0Tax (3a BUHATKOM H2SO4) 1 B o1ToBi#
KHUCIIOTI.

Buxonauns:

Jlo 4-5 kpamens po3unny Na,HPO,4 nomatu 5-6 xpanens po3unny BaCl,. Ocan

BUIPOOYBATH HA PO3UYUHHICTb B COJISIHIN 1 OI[TOBOI KMCIIOTaX.

2. Anion G0+
Kaniit nepmanranat KMnQO4 B ipucyTHOCTI CyIb()AaTHOT KUCIOTH MPHU CIIA0KOMY
Harpianni okuciuse ioru C;04% 1o COy, a caM BiIHOBIIOCTHCS 10 6€30apBHOTO i0Ha
Mn?*:
5Na,C,04 + 2KMnO4 + 8H,SO4 =
2MnSO, + K,SO4 + 5NaSO4 + 10CO,1 + 8H,0

Buxonauns:

o 4-5 xpanens pozunny Na,C,O4 mogatu 5-6 xpamnens po3unHy Cyib(aTHOI
kucnotu. Cywmimn 3nerka Harpitd. Jlo oTpuMaHOro po34MHY JOJUTH O Kparuisx
po3unH peaktuBy. Cnocrepirati 3HeOapBieHHS po3unHy. YTBOpeHHs CO; 1
3HeOapBieHHss KMnOs € aoka3oM MpPUCYTHOCTI OKCajaTiB B YK€ 3TaJyBaHOMY

PO34MHI.
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["anmoreHiA-10HU MOXHa BU3HAUYUTH 32 JOMIOMOT00 aprenTyM Hitpaty AgNOs.

Buxonauuns:

o 2 mna po3uuniB HaTpii xjaopuay NaCl, Hatpiit 6pomiay NaBr, kaniit ioaumy
KI momaemo apreHTyM HiTpat. ¥ mpobipkax 3'IBISIOTHCSA CHPHI OCaIl HEPOZUMHHUX
apreHTYM TaJIOTeHIJIiB.
Ocaz apreHTyM XJI0pua — 01710T0 KOJIBOPY:
NaCl + AgNO3z; = AgCl| + NaNOs
Ocan apreaTym Opomia — 0J1i10-)KOBTOTO KOJIBOPY:
NaBr + AgNO; = AgBr|+ NaNOs
Ocan apreHTyM 10411 — )KOBTOI'O KOJIbOPY:
Kl + AgNO3z = Agl |+ KNOs
4. Anion_I
Cinp mmromOymy Pb(CH3COO), 3 ionamu [° mae xoBTHil ocan TUIIOMOyMy
ionuny Pbly, sikuil mpu HarpiBaHHI pO3YMHAETHCA B BO1 (0€30apBHUIA pO3UYUH), a IpU
OXOJIO/IPKEHH1 BUTIA/IA€ Y BUTIISII 30JI0TABUX JTyCOYOK:
2KI + Pb(CH3COO), = Pblz| + 2CH3COOK

Buxonauuns:

o 4-5 xpamnenb pO3UMHY COJII TUIFOMOYMY Jo/atu (0OEpeX)HO) MO Kparuisx
PO3YMH Kajdilo HOAMIY OO0 BHUIAQTAHHSA Ocaay. PO3YMHSETBCS OCaa B HAJJIMIIKY
PEaKTHUBY, YTBOPIOIOYH KOMIUICKCHY CTIOJYKY:

Pbl, + 2KI = K; [Pbl4]

o orpumanoro ocamy Pbl, nomatm 5-6 kpamens Boau. Cywmilnl Harpitéa Jio
MIOBHOTO PO3UYMHEHHS ocaxy. OX0JI0IUuTH PO3UMH BOJIOIO MiJl KpaHoM. Pbl, Bumamae y
BUTJISI/IL 30JI0TUCTO-KOBTHX JIYCOUOK, OJIMCK SKUX AOOPE BUIIHO MPH MEePEeMillyBaHHI
pinunu. [omatu B Pbly kinbka kpamens po3uuHy Kamito ioaunay. CrocrepiraTu

PO3YMHEHHS Ocay.

5. Anion NOzx
Po3unn nudeninaminy (Ce¢Hs),NH okuciaroerses ionamu NO3z™ 10 TPOIYKTY,
SIKUA Ma€ TEeMHO-CUHE 3a0apBIICHHS.

Buxonauuns:
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Jlo 2-3 kpanens po3unHy JuQeHiIaMiHy 1oJaTH 5-6 Kpareib KOHIIEHTPOBAHOI
H,SO4 1 2 xpammi nHatpidi HiTpary. CrocTepiraTi MOsIBY IHTEHCUBHOTO CHHBOTO

3a0apBiieHHs. Peakiiis qye 4yTiIvBa.

6. Anion BsO:*
Cup Oapito BaCl, ocamxye B KOHIIGHTpPOBAHUX PO3UYMHAX Oypu Oumuit ocan
Oapiit metabopaty Ba(BOy).:
Na,B,07 + BaCl; + 3H,0 = Ba(BO,),| + 2H3BO; + 2NaCl
Ocan Ba(BO3), po3unHsS€THCS B PO3BEICHUX OITOBOI, COJITHOI 1 HITPaTHOI
KHCIIOTax.

Buxonauuns:

o 4-5 xpamenb po3zuuny Oypu goiutu 5-6 kpanens BaCl,. BunpoOysatu

po3unHHICTB ojeprkanoro ocaay B HCl 1 HNOs.

I11. SIkicHi peakmii Ha kaTionu (d-e1eMeHTH)

1. Axicui peakuii Ha ion kynpymy (Cu? ")

1.1. Peakiris 3 inkumu styramu: j0 4-5 kpanens po3uuny CuSO4 gonatu 7-8 kpamneib

po3zunny NaOH. Ocang Cu(OH); po3unnutu B NH4OH, YTBOpro€eThCcsi KOMILIEKCHA

CTIONyKa:
CuSQO4+2 NaOH — CU(OH)2 i+NaQSO4

Cu(OH), +4NH,OH =[Cu (NH3)4] (OH), + 4 H,O

1.2. Peakiiisi 3 aMOHIN TIAPOKCUZIOM: 10 4-5 Kparenab po3duMHY KynpyM CyibQaTy

noaatu no kpamisix posuuH NH4OH no yTtBopeHHst ocHOBHOI codi. [loTiM noaaTtu

HaJIJTUIIIOK aMOHIM T1IPOKCUJTY A0 MOBHOTO PO3UMHEHHS OCay:
2CuSO, + 2NH,OH — (CLIOH)2804 I+ (NH4)2804

(CuOH),SO, + 8NH4OH =[Cu (NHz3)4] (OH), + [Cu (NH3)4] SO4 + 8 H,O

1.3. Peakiris 3 kamiii rekcartianodeparom (I1) K4[Fe(CN)g]: 10 4-5 kpanenb po3unny

Kynpym cyibsdaty noaati po3und Ka[Fe(CN)s] 1o yrBopeHHs ocany 4epBOHO-0yporo
konsopy. Ocan pozunnut B NH,OH.

1. Skicna peakuis Ha ion kagmiro (Cd?™)

Peakuis 3 ayramu. Jlo 4-5 kpamnenb po3duHy COJl KaaMilO JOJATH JYT [0

OTpUMaHHs ocady, NoTiM ocal pounHuT B NH4OH.

CdSO, +2NaOH —>Cd(OH)2l +Na,SO4
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CA(OH)2| + 6 NH,OH — [Cd (NHy)] (OH),+ 6 H,0

2. SIkicHa peakuis Ha ion xpomy (Cr?")
Ho 5 xpanens po3unny CrClsz nomatu pozunH NaOH 1o cunbHO my>KHOI
peaxinii cepeaoBwuIna, a moTiM aoaatu 3 kparwt 3% po3zuunny H,O,. CnioctepiraeThest
0SIBa KOBTOI0O KOJILOPY, XapakTepHoro s ioHiB CrO42. Peakuid iine 3a piBHAHHAM:

CrCl;+ NaOH + H,0, — Na,CrO4 + NaCl + H-0.

(Poscmaeme koeiyienmu 6 OBP memooom enekmponno2o daiaucy)

3. SAkicua peakuist Ha ion manrany (Mn?*)

Peakiis 3 ayrom. Jlo 4-5 kpamnenb po34MHY COJIl MaHraHy JOJaTH 5 Kparieib

JyTy, a NmoTiM Kuibka kpanenb HyO,. Y1Boproerbest ocag Mn(OH),, skuii mBuako
OKHUCJIIOETHCS Ha MOBITP1 10 MAHTAHOBOI KUCJIOTH:
MnCl; + 2NaON — Mn(OH),|+2NaCl
Mn(OH);|+ H,0, — H,MnO3 + H,O

(Pozcmasme koegiyicnmu ¢ OBP memooom enekmponno2o oanaucy)

4. SIkicna peakuis na ion pepymy (Fe®")

Peakiis 3 kanii rekcartianodeparom (II). JIo 5 kpanens pozuuny FeCls nonatu

2 kpamai HCI 1 4 kparmni po3unny Ka[Fe (CN)g]. YTBoproeTscst ocan OepiiHCHKOT

OJIAKUTI.

4FeCl; + 3K4[Fe(CN)s] — Fea[Fe(CN)es] + 12KCI
5. Skicua peakuis Ha ion gpepymy (Fe?*).

Peakinis 3 xaniit rekcarianodeparom (III). Jlo 4 xpanens po3unHy codii pepymy

(IT1) monmatm 2 kparmti Ks[Fe(CN)s] 1 2 xparuti jayry ajis CHOBUIBHEHHS TiIpOJIi3y.

VY TBOprO€THCS 0ca TypHOYJIEBOi CHHI.

3FeSO, + 2K3[Fe(CN)s] — Fes[Fe(CN)g)2 | + 3K3SOq4

6. SIkicui peakuii Ha ion ko6anbTy (Co?*)

6.1. Peakiiis 3 amoniii ponanimom (NH4CNS). Jlo po3urHy coji KOOANBTY JOJUTH

KUIbKa Kpareiib KOHIIEHTPOBAHOTO PO3UMHY aMOHIW poaanimy. Jlomatu 10 po3uuHy
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CYMIII aMUIOBOTO CIIUPTY Ta €CTEPY. Y TBOPIOETHCS CUHE 3a0apBIIEHHS CIIUPTOBOTO Ta

€CTEPOBOTO IIaPIB.

CoCl, + 4NH4CSN — (NH,)2[CO(CSN)4] + 2NH,CI

6.2. Peakiiis 3 amMoHid TiipokcuaoM. Jlo po3duHy cojil KOOaiabTy HOJaTH KiibKa

Kpariejab aMOHIH T1JIPOKCUIY. Y TBOPIOETHCSA KOOAIBT aMiakar:

CoCl, + NH40H — Co(OH)Cl + NH,CI
Co(OH)CI + 7NH,OH — [Co(NHs)e](OH)z + NH,CI + 6H,0

7. SIkicna peakuisi Ha ion Hikosy (Ni?*)

Peaxiiist 3 aMOHIM TIPOKCHUIOM: IO KUIBKOX Kparellb PO3YMHY COJIl HIKOJTY

J0/1IaTh HaJIMIIOK aMOHIA Tipokcuay. CrnocTepiraerbcs yTBOPEHHS OCaay HIKOJI

aMiakaTy CHHbOT'O KOJIbOPY:

2NiSO, + 2NH,OH — (NlOH)zSO4 + (N H4)2804
(NiOH),SO4 + 12NH,OH — [Ni(NH3)s](OH)2 + [Ni(NH3)s]SO4 +12H,0
[Ticis BUKOHaHHS J1a00paTOpHOI pOOOTH HEOOXITHO:

- o(hopMHUTH TIPOTOKOJT;

- 3aIUCaTH PIBHSHHSA peakiliii B MOJEKYJISIPHIM, MOBHIM Ta CKOPOUYEHI 10HHO-

MOJIEKYJIIpHUX (popMax.

1)
2)
3)

4)
5)

igduTTa niacymKin

3anuTaHHA I NepeBIPKU KiHIEBOI0 PIBHS 3HAHD:

CJIIEKTPOHHA CTPYKTypa OIOreHHHX S-, P-, d-eJIeMeHTIB, X 610JI0TiYHA POJIb;
THUIIOBI XiMiYHI BJIaCTUBOCTI S-, P-, 0-€JIEMEHTIB Ta iXHIX CIIOJIYK;

3B'SI30K M) MICI[C3HAXOKCHHSM S-, P-, d-€JIeMEHTIB y MepiouyHiil CUCTEMI Ta
iXHIM BMICTOM B OpraHi3Mi;

PO3YMHHICTh, 100YTOK PO3YMHHOCTI;

OCHOBHI aHAIITHYHI METOAM BU3HAYEHHS OIOTCHHMX S-, P-, O-cJIIeMEeHTIB.
3aBaaHHsA 1151 IEPEeBiPpKHU KiHIEBOI0 PiBHS 3HAHD !

1. Hanumiith enexkTpoHHy (pOpMyJy €JIeMEHTIB, aTOMH SIKUX MICTATh Ha 3s-

MiIPIBHI OJIMH Ta JIBa €JIEKTPOHHU BIJIMOBITHO. Y SIKOMY MEPioJi, y AKid miaArpyrmi
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BOHU IepeO0yBarOTh, 1 5K 111 €IEMEHTH Ha3UBAIOThCS ?

2. Cxyaziith €eKTPOHHI (OpMYJIH €JIEMEHTIB 3 TIOPSAAKOBUMHU HoMepamu 15, 22

Ta 26.

3. Cnmncok peKoOMeHI0BaHOI JiTepaTypu

Ochoena:

1. Mennuna ximis: nigpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
["anmmHCcHKa Ta 1H.; 32 pe.. mpod.. B.O. Kamib6abuyk — 4-¢ Bun.- K. BCB «Menunmnay,
2019 — 336c.

2. Meanuna ximis : migpyunuk / B.II. Mysuuenko, J./1. Jlynesuy, JIII.
SBopcrka ; 3a pen. b.C. 3imenkoBcrkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menmumuaay, 2018. — 496 c.

ooamkoea:

1. MuponoBuu JI.M. Menuuna ximisg: HaBuanpHuii mociOHuk. — Kwuis:
Kapagsena, 2008. — 159 c.

2. MenuyHa Ximis : MIAPYYHUK JJIs1 CTYJ. BUIIUX HaBY. Mea. 3aki. / A.C.
Mopos, A. 1. Jlyuesuy, JL.IL. SABopceka. — Bua.4 — Binauug : HoBa Kuura,
2013. - 776 c.

3. Menuuna ximis : migpyunuk / ['omonait B.1., MinsoBuu C.C. — Binnuns :
Hosa Kunwra, 2016. — 672 c.

4., Memnuna ximis / B.O. Kami6abuyk, JI.I. I'pumenko, B.I. 'anuHchbKa,
C.M. Toxmincekuii, T.O. OscsuikoBa, B.A. Camapcekuit. — K.
«IaTepmeny, 2006, — 460c
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IpakTuyne 3ansaTra Ne 3

Tema: KoopaunamiiitHa Teopis BepHepa Ta ckiIajg KOMIUIEKCHHMX CIOJIYK.
3acTocyBaHHSI KOMIUIEKCHUX CIOJIYK Y MeIUIUHI.

MeTa: 3HaTU €JICKTPOHHY OyA0By d-€JIE€MEHTIB Ta MOXJIMBI CTYI€HI OKUCHEHHS
OioioriuHo BaxuBHX d-eneMeHTIB. BMiTH BH3HA4YaTh MOXKIIUBI CTYMEHI
OKHCHEHHS elleMeHTIB. HaBunTHCS mucaTtu Qucomiaiio MOJIEKYJ Y BOTZHOMY
posuuHi. ChopmyBat ysiBIECHHS PO POZYUHHICTH CIIONYK.

OCHOBHi_NMOHSATTA: KOOPJMHAIIIITHA TEOPisi, KOMIUIEKCHI CIIOJIYKH, KOOpAUHAIlIMHE

YHCIIO, JIITaH, ICHTATHICTD.

Ooaagnanns: Jlabopatopis kapeapu

Ilaan:
1. Koopaunamiitna Teopiss A. BepHepa 1 cydacHi ysBJIEHHS Tpo OyJOBY
KOMITJIEKCHUX CITOJIYK.
Krnacudikarist i HOMEHKJIaTypa KOMIUIEKCHUX CIIOJYK.
[ToHSATTS KOMILJIEKCOYTBOPEHHS, HOTO TPUPOAa, KOOPAUHAIIIIHE YHUCTIO.
[TonsitTst miranna. Jlenratuicts. BHyTpimHs 1 30BHINIHA chepa KOMILIEKCY.

BHYTpITHPOKOMIUIEKCH1 CIOJIYKH.

o oA w N

biosoriuna pois KOMITJIEKCHUX CIOJIYK.

3100yBay OCBITH ITOBWHEH 3HATH:

® 3arajbHy XapaKTEPUCTUKY KOMIUIEKCHUX CIOJYK;

® XiMI4H1 BJIAaCTUBOCTI KOMIUIEKCHUX CIIOJNYK;

® [IOHSATTS «MIKPOEJIEMEHTW», 1X POJIb Y JKUTTEAISIIBHOCTI OpPraHi3my;
® [IOHATTS «CTYHIHb OKUCHEHHS.

3100yBay OCBITH ITOBUHEH BMITH:

®3aM1CYBATU E€JIEKTPOHHY OYy/10BY d-€JIE€MEHTIB;
® JaBaTH Ha3BM KOMIUIEKCHUM CIIOJIyKaMm 3a HomeHkiaTypor [UPAC;

®3aIMCYBaTH KOHCTAHTY HECTIMKOCTI JIsl KOMITJIEKCHUX CIIOJIYK.

3MiCT NPAKTUYHOIO 3aHATTSH
3M1aTHICTh YTBOPIOBATH KOMIUIEKCHI CIIOJYKA € OJHIEI0 3 BIAMITHHUX

ocobnuBocTe mepeximHuX MeTamB. [li  Cmodyku MIMPOKO TPEACTaBIECHI B
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MIHEpaJIbBHOMY CKJIaJll POCJIMH 1 TBAPUHHUX OpraHi3MiB. BoHU BUKOHYIOTH YHCJIEHHI
¢dyukIii. barato 61070T1YHO BaXTMBUX PEUOBHUH € KOMITJIEKCHUMHU CITOTYKaMHU, B STKMX
CKJIQJ[H1 OpTaHiYHI pEYOBUHH TOB's13aH1 3 METAICBUMH 10HAMH.

Vi XiMIYH1 peUOBHHM TIPO3AUISIOTE HA IPOCTI 1 ckaaaHl. CKiIagHl peuOBUHH,
SK B1JIOMO, CKJIQJAIOTHCS 3 aTOMIB PI3HUX eJIeMeHTiB. [Ipyu oMy CKIIaiHI pEYOBUHH,
y SIKUX 3HAYCHHSI CTYTHb OKHCIICHHS CITIBIaIat0Th 3 BasleHTHOCTsIMU (NH3, H20, SO,
SO3, NaCl 1 Tomy mnoniOHe), 10 MNPOSIBISAIOTHCS HUMH, HA3UBAIOTHCS CIOJIyKaMU
MEPIIOTO TOPSIAKY (UM TPOCTUMH CIOJyKaMH), a PEUYOBHHHU, y SKUX EJIEMCHTHU
MPOSBIISIIOTH "J10/1aTKOB1" BaJ€HTHOCTI, PO3MIISIIAIOTH SIK CIIOJIYKH BHUILIOTO MOPSIKY 1
Ha3WBaIOTh KOMIUICKCHUMU.

3 TOUYKHM 30py BUEHHS MPO XIMIYHUMA 3B'SI30K "MOJATKOBI" XIMIUHI 3B'SI3KH B
KOMIUJIEKCHHUX CIIOJTyKaxX MaloTh KOBAJCHTHHUM XapaKTep 1 yTBOPIOIOTHCS 3a JOHOPHO-
AKIIENTOPHUM MEXaH13MOM.

[lepiri KOMIUIEKCHI CIIOJTyKH OyJiM CHHTE30BaHi1 B cepenuni 19 cromirra. [IpoTte
TEOPETUYH1 YSBIECHHS MPO HUX CTaJIM PO3BUBATUCA Micis myoumikamii B 1893 pori
HIBEHLAPCHKUM XIMIKOM Anb(ppenoM BepHepom koopauHaLiitHIN Teopii.

KoMriiekcHl  CHOSlyKd MPEACTaBISIOTh OJMH 3 HAWOUIBII YHUCIEHHUX 1
PI3HOMAaHITHMX MO CKjJaay, OynoBlI 1 BIIACTUBOCTAM KJIACIB XIMIYHMX PEYOBHH.

3HavyeHHs X JJIs1 pi3HUX 00J1IacTeH JIFOACHKOI MISTIBHOCTI Iy’Ke BEJIHKE.

KOOPJIMHAIIIMHA TEOPISI BEPHEPA

J1o KiHIIS IEB'ATHAIIATOTO CTOMITTS OyJia BijomMa 0e3J1iy CIOMyK, CKIIaJ] SKUX HE
3HaXOJIUB TMOSCHEHHS 3 IMO3MIIKA KiIacu4yHOi Teopli BayieHTHoOCTi. Jlo iX uymcna
BIIHOCHWJIMCS T1IpaTH, aMiakaTH, MOJBIIH1 COJII.

CoCl; + 6NH3; — CoCl3 * 6NH3

Fe(CN); + 3KCN — Fe(CN); * 3KCN

BractuBOCTI KOMITJIEKCHUX CHOJIYK BIIPI3HSIOTHCS BiJ BIIACTUBOCTEH THX,

[0 CTAHOBJIATH IIl CIIOMYKHM KOMITOHEHTIB (MeTa, 10H abo Mmonekyna). Hampukian
[Ni(NH3)6]Cl; He nposiBisie mpu po3unHenHi ocobnuBocteit NiCl, ado NHj .

VY 1893 p. mBednapcekuii Ximik A. BepHep 3ampornoHyBaB Teopito OyaoBH

KOMIUJIEKCHUX CIIONTYK. KoMIiekcHUMHU (KOOPAMHALIITHUME ) CIIOJTyKaMH Ha3UBAIOTHCS
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CIIOJIYKH, ICHYIOUi SIK B KPHUCTaJi4YHOMY CTaHi, TaK i B PO3uYMHi. IX 0COOIMBICTIO €
HAsBHICTh IEHTPAJIBLHOIO aTOMa, OTOYEHOTO JIraHJaMH, Kl 37aTHI CTYIIHYacToO 1
00OpPOTHO BIAMICTIISTUCS 32 T€TEPOTITUHYHUM THIIOM.

BepHep BBIB MOHATTS TOJI0BHA 1 MOOIYHA (KOOpMHAIlIHA) BaJeHTHICTh. Came
3a PaxyHOK Ii€] BaJIEHTHOCTI 1 BiIOyBAa€TbCs YTBOPEHHS KOMIUIEKCHUX CHOJIYK.
[To6iyHa BanEeHTHICTH CHpPSMOBaHa y OIK MEBHOTO TMOJIOXKEHHS B MPOCTOP1 1 MEBHIN
reoMeTpii MojieKyJ. I'0J0BHA BaJICHTHICTh 300pa)Ky€eThCs Y BUTJISAII JIiHIT, a MOOIYHA -

nyHKTupoM. Teopist BepHepa n03BoMIIa BU3HAYUTH CTPYKTYpPY aMiakaTy KoOanbTy.

|
| HaN_ ,NH3 1
s
CoCls * 6NHs — |NH3 —— Co-— NH3  Cl3
VAN |
| HsN” NHs |

VY koMmiiekci 6 MoOIYHMX BAJIEHTHOCTEH 3aiHATI 6-Ma MOJEKyJlaMHu aMmiaky.
Tonu xnopy npueanani 10 Co* 3a 10moMoror0 3-X rojoBHHX BajeHTHOCTeH. [IpoTe
Teopiss BepHepa He po3KkpuBaia MNpUPOAM XIMIYHOTO 3B'A3KYy B MOJIEKYJax
KOMIIJIEKCHHUX CIOJIYK.

[To Teopii BepHepa B KOMIUIEKCHOI CHOJYIl € IIEHTPAJbHUNA aTOM
(KOMILIEKCOyTBOpIOBaY). Moro poib 3a3BHuaii BHKOHYIOTH KATiOHM IEPEXiTHUX
meTaniB. lonn abo MoyeKysH, sSIKi KOOPJAUHYIOTHCS HABKOJIO IIEHTPAIBLHOTO aToMa y
BHYTpIIIHIN cdepl, Ha3UBaIOThCs Jirangamu. JliraHam MoOXyTb MICTHUTH OJIMH a0o
O1IbIIIE JOHOPHUX aTOMIB JIJIsl B3A€MO/IiT 3 KOMITJIEKCOYTBOPIOBAYEM.

BianoBigHo miranau kiacugikyOTh TaKUM YUHOM. Jliranmau, mo 3aiiMaroTh B
KOMIUIEKCI OJTHO KOOpJIMHAIlIHE MiCIle, HA3UBAIOTHCS MOHOJECHTATHUMU, HAITPUKJIA/,

NHs, H20O, CI, Br, CN-, OH", NO,. CO

Jliranu, 10 MarOTh JIBa JIOHOPHI aTOMU, HA3UBAIOTHCA O1ICHTATHUMU.

0] (0]
N/
J \'o

OKCaJ1aT-10H
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€ BeJMKe YKCIIO OPTraHiYHMX JIraHIiB pi3HOi JeHTatHocTi. llomimeHtaTHi
JITaHAM 3aJIEKHO BiJ YuCia JOHOPHUX aTOMIB B iX MOJIEKYJII MOXYThb Ha3MBATHCS
TPUICHTATHUMH (TpH-), TETPAACHTATHUMHU (YOTHPH-), TEKCAJCHTATHUMH (IIIiCTh-)
JITaHaMU.

Jlirany B KOMIUIEKCHUX CIOJYKaX MPHETHYIOTHCS 0 IIEHTPAIHHOTO aToMa 3a
JOTIOMOTOI0  KOOPJWHAIIIMHUX 3B'SA3KIB. 3arajJilbHe YHCIO JITaHIiB, IOB'S3aHUX 3
KOMILIEKCOYTBOPIOBAUEM, Ha3WBAETHCS HOTO KOOpAUHANIMHIM ymMcoM. HalG1mbImn
MOIIMpPeHi KoopauHauiiHi yucia 4 1 6. Kondirypaiis koMIiekcy 1 KOopJuHaIliitHe
guCy0 B3aeMO3B's13aHi. L1 uncia BiANOBIIAI0Th HAMOUIBIIT CHMETPUYHIN T€OMETPUYHIIN
KOH(]irypariii KOMIUIEKCY:

- OKTaeJIpUYHiii - 6

- TeTpaeipuyHiil - 4

- MHINHIHT - 2

KommiekcoyTBoproBad 1 JIiraHad CKJIaJal0Th KOOPJAWHAIINHY (BHYTPILIHIO)

chepy. 3apsia KoopAMHAIIIHHOIT cepr JOPIBHIOE CyMi 3apsi/liB KOMILJIEKCOYTBOpIOBaYa

1 miranaiB. Hanpuknan,
[Ni(NH3)6]?>*  sapsm=2+6 (0)=+2

lonu, 1110 3HAXOATHCA 32 MEXKaMU BHYTPIITHLOI c(hepH, YyTBOPIOIOTH 30BHILLIHIO
chepy. V cmomymi [Ni(NH3)s]Cl, mno3uTtwBHME 3apsja KOMIUIEKCHOTO 10HA
KOMITGHCOBAaHUN HETaTMBHUMH 3apsjamMu 2-X XJIOPHA-10HIB 30BHIIIHBOI chepu. B

LIJIOMY MOJIEKYJIM KOMIUIEKCHUX CIOJIYK HEUTpabHi.

HOMEHKJIATYPA

Bignosigno no pexomenoayivi [UPAC navimeny8anHs KOMWJIEKCHUX CHOJIYK
YTBOPIOIOTHCSI TAKUM YMHOM: Y CIIOJIYILl CITOYaTKy Ha3MBAE€TbCSA KATIOH, MOTIM aHIOH.
JIJisi Io3HAYCHHST YMCJIa OJHAKOBHMX JIITAH/IIB BHKOPHUCTOBYIOTHCS YHCIIBHHKH JTH-,
TpH-, T€Tpa-, IICHTa-, TeKca- TOIIO. SIKIIO JraHau CKIIaaHI, TO JJIS MO3HAYCHHS 1X
KUIBKOCT1 BXKHBAIOTh MTPUCTaBKH Oic-, Tpuc- Ta iH. Ha3By ckiiagHoro niranaa 6epyTh B

KPYTJi AyXKd. SKIIO JIIraHu pi3Hi, TO X NepepaxoByIOTh 3a a0ETKO0. Y KaTIOHHOMY
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KOMIUIEKC1 (KoopauHaliiHa cdepa 3apskeHa MO3UTUBHO) KOMILIEKCOYTBOPIOBAY
HA3MBaIOTh B POJIOBOMY BIJMIHKY.

Axmo xoopauHariiHa cepa Mae HyJIOBHH 3apsi, TO KOMIUIEKCOYTBOPIOBAY
HA3MBaIOTh B HA3UBHOMY BiJMIHKY.

Sxuo koopauHaniiHa cdepa 3apsaaKeHa HETaTUBHO (aHIOHHUN KOMILIEKC), TO
KOMIUIEKCOYTBOPIOBaY HAa3MBAIOTh I0-JIATUHI, BUKOPUCTOBYIOUHM 3aKiHUEHHS -aT.
CTyniHb OKHCIIEHHS KOMIUIEKCOYTBOpIOBaya BKa3ylOThb B JIy)KKaX PUMCHKUMU
nupami.

[Ipukmaau JirasmiB.

Herarusni

Cl" - xyopo NOjs™ - "HiTpaTo

Br™ - 6pomo SCN- - Tionianaro

F - dropo OH’ - rizpokco

CN" - miano CH3;COO' - anieraTo

NO; - Hitpo S0O,? - cynbdaro
HeiiTpanbhi

H,0O akBa CO kapOoHin

NHs amig CsHsN mipunun

NO HiTpOo3UI H,NCH, CH; NH; etunenmiamin

KOOPJIUHAIIHHE YHUCJIO
Bennunna KoOpAMHALIIITHOTO 4YHCAa 3aJeXUTh BiA po3Mipy 1 3apsany
KOMILJIEKCOYTBOpIOBaya 1 JiirauiB. Yum OibIiie po3mip KOMILIEKCOYTBOPIOBaYa 1 UM
MEHIII€ PO3MIp JITaHIiB, TUM OLUIbIIIe KOOPAUHALIIMHE YUCIIO, 1 HABIAKH.
Uuwm OibInie 3apsii KOMIUIEKCOYTBOPIOBAYA 1 UMM MEHIIIE 3apsi JITaHdiB, TUM

O1IbIIIE KOOPAMHAIIIWHE YHCII0, 1 HABIAKHU.
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SIK1110 3HaYE€HHS KOOPJMHAIIIMHOTO YKCIa He BiJloMe, B MEPIIOMY HaOIMKEHH1

MO>KHA MPUUHATH HOTO PIBHUM IMOJIBOEHOMY 3apsily KOMILIEKCOYTBOpIOBaya, TOOTO

K4. =27,

JC 7 — 3apAaa KOMIUICKCOYTBOPIOBaia.

Jlis HaWMomMpEeHIKUX KOMIUIEKCOYTBOPIOBAYiB 3HAUEHHS KOOPAWHAIIIHUX

YHCEe, 0 HAWYaCTIIIe 3yCTPIvatoThCs, MPUBEICHI B TAOHIII.

Kommiekco- Koopaunartiitae Komriekco- Koopaunartiitae
yTBOPIOBAY YHCIIO YTBOPIOBAY YHCJI0

Ag* 2 Cr 6

Cu* 2 Co™® 6

Cu*? 4 Fe*? 6

Cd* 4 Fe*3 6

Au® 4 P+ 6

le/IKJIa)II/I KOMIIJICEKCHHX CITIOJIYK:

[Co(NH3)6]Cl; rekcaamin kobanbra (I11) xm0pu

K[Pt(NH3)Cls] xanito aminnentaxiaoporiatusar (IV)

K4[Fe(CN)s] xamiro rekcamianogepar (1)

K2[HgCl4] xamniro Terpaxnopomepkypat (II)

Na[Au(CN);] narpito aumianoaypat (I)

K3[Cr(C204)3] xamiro Tpuokcataroxpomat (I11)

[Fe(CO)s] menrakapoonindepym (0)

I3SOMEPIA KOMIVIEKCHHUX CIHOJYK

[3oMepamu Ha3uMBaIOTHCS XIMIYHI CIOJYKH OJHOTO 1 TOTO  CKJIaay, alie

BIJIPI3HSIIOTHCA OYJIOBOIO 1 BJIACTUBOCTSIMHU. ICHYBaHHS 130MEpIB CIY>KUTh Ba)KJINBUM

apryMEHTOM TpHU Mo0YyA0B1 Teopii XiMiuHOT Oy0BH. BakIMBUM KPOKOM B PO3BUTKY

KOOPJIMHAIIMHOI Teopii OyJia iIHTepHpeTailisi IPOCTOPOBOTO PO3TAIITyBaHHS aTOMIB B

KOMIUJIEKCHHUX CHOJIyKax. Y Cl BUAM 130Mepii MiAPO3AIISIOTHCS HA 1Bl TPYIIU.

A. CTpyKTypHI 130MEPH.

b. Crepeoizomepn.
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A. CTPYKTYPHA I3OMEPIA

[3omMepu, MmO MamTh OMHY 1 Ty X MOJEKYJApHY GOpMyTy, aie pi3He
po3TallyBaHHS ~ aTOMIB  HaBKpPYI'M  KOMIUIEKCOYTBOPIOBaya,  HA3HUBAIOTHCS
CTPYKTYPHHUMH 130MEPAMHU.

Ionizaniiina i3omepisi. Y 1poMy Tumi i3oMepii BUHHUKAIOTH BIIMIHHOCTI IpU
oOMIHI Tpyn ycepeauHl 1 Mo3a KoopAuHalliiHow cdeporo. lonizariiiHa i3oMepis
BJIACTHBA TUIBKH KOMILJIEKCaM KaTioHHOro Tuiy. Lli i3oMepu yTBOPIOIOTH B PO3UHMHI
pI13H1 10HHU.

Hanpukinan, ctpykTypHa Oy10Ba ABOX CIIOJIYK:

[CO(NH3)5Br]SO4

[TentaaminOpomokobansTa (III) cynbdat (uepBoHO-(ioseTOBUIA)

[CO(NH3)5SO4]BF

[Tenraamincynbsdatokodansta (I11I) Opomin (duepBoHMIA)

ligpaTHa i3omepisi. Lleli Tun i3omepii moaiOHUN 10 10HIZAIINHHOI 130Mepii.
BiamiHHICTE y OyJ0BI 130MEpIB TiAPATIB MOJATa€E B HEOJHAKOBOMY pPO3TAlllyBaHHI
MOJIEKYJ BOAM. Y OJIHOMY BHUIIaJIKy BOHA BXOJIUTh Yy BHYTPILIHIO c(hepy KOMILIEKCY, a
B IHIIMX YacTHMHA MOJIEKYJ BOJIM € KpHCcTali3aliiHorw. KnacuuHuMm mnpukiiagom
riapatHoi 130Mepii € rigpatu xyopuay xpomy (III). IcHy0Th 130Mepu 3 MOJEKYISIPHOIO
dbopmyIioro

CI’C|3 * 6H20

Taki, K

[Cr(H20)6]Cl3 - dioneroswuit

[Cr(H20)sCI]Cl, * H,0 - cunbo-3enenwii

[Cr(H20)4CI2]Cl * 2H,0 - 3enenuit

BoHu BIiApI3HAIOTBCS OJMH BlJ OJHOrO 3a (I3UYHUMHU 1 XIMIYHUMHU

BJIaCTHUBOCTAMM.

HPUPOJAA XIMIYHOT O 3B'A3KY

JUis  XapakTepUCTHUKK XIMIYHOTO 3B'SI3KY B KOMIUIEKCHHUX CIOJyKax

BUKOPUCTOBYIOTHCSA HACTYIIHI TEOPIi: BaJIEHTHUX 3B'S3KIB, MOJIEKYJISIPHUX OpOiTaNei,
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KpuctayiyHoro mnosisi. Meroa BaieHTHUX 3B'si3kiB (MB3) OyB 3anpornonoBanwmii Jl.
[Tomiarom. OCHOBHI MOJIOKEHHS 3BOJIATHCS 0 HACTYITHOTO:

1. 3B'SI30K MIX LEHTPAJIbHUM aTOMOM 1 JIraHJaMd JOHOPHO-aKIENTOPHHI.
ITepeximHi MeTamu MarOTh BakaHTHI opOitaii. JliraHau - 1OHOpH eIeKTPOH1B. Mipoto
MIIIHOCTI 3B'SI3KiB € Mipa IIepeKprUBaHHs opOiTaseH.

2. BanenTHi op0iTali LEHTpaJIbHOTO aToMa ribpuansoBani. Tum ridpuauzaii

BU3HAYAETHCS YUCIIOM, IPUPOJIOIO 1 €JIEKTPOHHOIO CTPYKTYPOIO JIIraH/IiB.

CTIMKICTh KOMILTIEKCHUX CIIOJIYK

VYcl po3uMHHI KOMIUIEKCHI CHOJYKM — CHJIbHI €JIEKTPOJITH, HOBHICTIO
JUCOIIIOIOYY B PO3UMHAX HAa KOMIUIEKCHHI 10H 1 10HM 30BHIIIHBOI ChepHu.

I1e Tak 3BaHa nepBuHHA qucouianis. Hanpukman:

[Zn(NH3)4]Cl; — [Zn(NHj3)4]?* + 2CI
Nasz[Co(NO2)s] — 3Na™ + [CO(N02)6]3'

3aps] KOMIUIEKCHOTO 10HA JIETKO BHU3HAUUTU IO CyMapHOMY 3apsily 10HIB
30BHIIIHBOI chepu.

KoMmruiekcHi Crojiyku 4aCTKOBO CXMJIbHI 1 BTOPUHHIN Jucoliamii (aucorianis
o apyromy crymneHro). [Ipu npomy BigOyBa€eThcs AUCOITIALIS KOMIUIEKCHOT'O 10HAa Ha
10HM KOMIUIEKCOYTBOPIOBAYa 1 JIraH/IiB.

Hanpuxknan:

[Zn(NH3)4]2+ — Zn?* + 4NH;

[CO(NOZ)G]S- — Co® + 6NOy

[Ipote cmim maTh Ha yBa3i, M0 B KOMIUIEKCHUX CIIOJyKaX APYTUHA CTYIIHb
JUCOLIIaIlli MPOTIKaE B Ay>KE HE3HAYHOMY CTyleHi. PiBHOBara B ibOMy MpoI1IeCi CUIIBHO
3MilIeHa BIIBO.

TakuM yuHOM, B PO3UMHAX KOMIUIEKCHHMX CIIOJIYK € MPUCYTHIMHU B MOMITHHX
KUIBKOCTSIX TIJIbKM 10HHM 30BHINIHBOI cpepu 1 KOMIUIEKCHI 10HU. BiamoBigHO came 1ii
10HM 1 MOXKYTh OyTH BUSIBJICHI IKICHUMH PEaKLISIMHU.

[oHuU, M0 yTBOPIOIOTHCS MPH AMUCOINAI] MO APYroMy CTYIEHIO (TOOTO 10HU
KOMIIJIEKCOYTBOpIOBaYa 1 JITAaHJIIB), € MPUCYTHIMHU B PO3YMHI B HIKYEMHO MaJMX

KUTBKOCTSX. BUSBHTH 1X 3a JOIMOMOT0IO SKICHHX peaKIliii He MOXHa.
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MIIHICTP KOMIUIEKCHOTO 10HA XapaKTEPHU3YEThCS KOHCTAHTOK HECTIMKOCTI
(Ky), sika 1o cyTl € KOHCTAHTOK JHCOIlIaIll KOMIIJIEKCHOTO 10Ha (IPYyroro CTyIEHs
JUcoITiarii KOMIUJIEKCHOT CIIOTyKH).

Harnpuknan, aius koMiuiekcHux ioHiB [Zn(NH;3)4]?* 1 [Co(NO2)s]*, Bigmosimno
710 3aMHMCaHuX PIBHSHb JPYroro CTYINEHS AMCOIliamii, KOHCTaHTa HECTIMKOCTI Mae

BUI'JIA:

[Zn*?][NH3]* |

- 1 KH = [Zn(NHz)4]*2]"
JUTSL TICPIIOTO 10HA [[Zn(NH3)4]*2]

[Co*3][NO7]°

- iona K, =
JUIsL IPYTOTO 10HA [[CoNOy)a]-]

KoHcTaHTH CTIRKOCTI 1 HECTIMKOCTI B3a€EMHO 3BOPOTHI BEJTMUMHU

Ke=1/K,

BenrunHa KOHCTaHTH CTIMKOCTI XapaKTEPHU3Y€E CTIUKICTh KOMIUIEKCY B PO3UHHI.

3Ha4YCHHS KCT JJIA ACAKHUX KOMIIJIEKCIB B pO3LII/IHi IIaHi HWXKYC

Ag* + 2NH; — [Ag(NHz)]* Ker =1,6-107
Ag* + 2CN- — [Ag(CN),]" Ko, =5,4-10%8
Cu?* + 4NH; — [Cu(NHa)s]?* Ker =5,5-10°
Cu2* + 4CN" — [Cu(CN)4]* Ko, =2,0-107

VY HaBeleHUX MPHUKIIaIax MOKa3aHO, IO CTIMKICTh MIaHIJHUX KOMIUICKCIB BHUIIIA,
HDK amiakaTiB. KOHCTaHTa CTIMKOCTI € KIJIbKICHOIO MIPOIO MIITHOCTI KOMILJIEKCY.

KoHncTanTa  CTIMKOCTI  KOMIUIEKCHOI  CHOJIYKM €  TEepPMOAMHAMIYHOIO
XapaKTePUCTUKOIO, CITIBIAJA0Y0I0 3a BEJIWYMHOK 3 KOHCTAHTOK YTBOPCHHS
KOMILJIEKCHOI CHOJyKH ©O€3 ypaxyBaHHs MpoleciB coibBaTauli. TemnoBuil edekt
KOMITJIEKCOYTBOPEHHS 3a3BWYail Majiii, TOMy KOHCTaHTa CTIMKOCTI XapaKTEpHU3Ye,
TOJIOBHHM YHHOM, €(peKT SHTPOITIi IpoIIecy.

Ha cTilikicTh KOMIUIEKCHUX CIIOJIYK BIUTMBAIOTh TaKOX MPUPOA 1 JEHTATHICTh
miranaiB. [ligBuimena CTIHKICTh KOMIUIEKCHUX CHOJYK 3 MOJIACHTATHUMU JITaH aMH
HA3UBAETHCS XEJIATHUM e(pekToM. MakcruMalibHa CTIMKICTh MPOSIBISETHCS B XeJaTax 3
0’ stuwieHHuMu 1ukiaamu /egext JILA. Uyraesa/. HaBiTh KaTiOHW JTiIO 1 MarHito

YTBOPIOIOTH 3 eTrwiieHauaminTerpaarneratom (EJITA) mocuTs miltHi KOMITJIEKCH.



MeaouuyHa xiMmisa

3ACTOCYBAHHSA KOMIUVIEKCHHUX CITIOJIYK

Benukoro 3HaueHHS KOMILJIEKCHI CHOJYKM HaOyJIM B SKOCTI KaTaji3aTopiB
’KUTTEBO BAKJIIMBUX IpolieciB. TUmoBa KoopanHamiiHa croiyka kpiomit Nas[AlFs] y
BEJIMKUX KITBKOCTSAX BHUKOPHCTOBYETHCS TPU EJIEKTPOJITUYHOMY BUPOOHUIITBI
amominito. Kommiekcn 3 opraHivHMMHU JiraHamMH IMUPOKO BUKOPHUCTOBYIOTHCS SIK
OapBHUKH 1 TirMeHTH. Hali6G11b111 MOMMPEHOI0 YaCTUHOK METaTOBMICHUX OapBHUKIB
€ HITPOTEHCNONYKH. BHYTPINIHBOKOMIUIEKCHI CIIOJIYyKHM Ha0yBalOTh BEJIUKOIO
3HaYeHHS s  aAHAMTUYHOI  XiMmii, Ha 1X 3acTOCyBaHHI IPYHTOBAHUM
KOMIUICKCOHOMETPUYHUN METOJT KIJIbKICHOTO BHU3HAYCHHS 10HIB MeTamiB. B sKocTi
peareHTiB B KOMILJIEKCOHOMETPIi 3a3BMYail BUKOPHCTOBYIOTh KOMILIEKCOHH, SIK1 €
MOX1IHUMH aMIHOIOJIIKapOOHOBUX KHUCIOT. KpiM TOro, 6arato KoJOpUMETPUYHUX
METO/IB  KUIBKICHOTO  BH3HAYEHHS  10HIB METajaiB  IPYHTOBaHI  Ha
KOMILJIEKCOY TBOPIOBAHHI.

Bingomo, 110 Taki HalBaXKJIMBIII PEYOBUHHU, SIK T€M KPOBIi, XJIOPO(JI 1 BiTaMiH
Bi2, € TUMOBMMH KOOpIMHALIMHUMH CIIOJyKaMU BIANOBIIHO (epyma, Martito i
KoOanbTy. 3 Apyroi MoOJOBUHU XX CTOJITTA HPOBOJATHCS MIUPOKI JOCIIKEHHS
010JI0T14YHOT aKTUBHOCTI KOMIUIEKCHUX CIOJYK, @ TaKOX IIJIECIPSIMOBAHUN CUHTE3
YUCJIEHHUX €()EeKTUBHUX JIKApPChbKUX 3ac00iB. 30KpeMa, BCTAHOBJIEHO, 11O CHOJIyKa
muc-[Pt(NH3).Cl;] mae sickpaBo BupakeHI NPOTUIYXJIMHHI BiactuBocTi. [likaBo
BigmiTuTH, 1110 TpaHc-[Pt(NH3).Cl;] Taki BmactiBOCTI He npossisie. HoBa ramysp Ximii
— OloHeopraHiuHa BMBYA€ PEYOBHMHM, 110 BXOAATH A0 CKJIAAy >KMBHX OPraHi3MiB. Y
KUBUX OpTraHi3Max 10HU MeTaliB (hepyMm, ITMHK, KOOAJIbT, MOJIIOEH, KYTIPYM, MaHTaH,

BaHa[1i Ta 1H.), AK IPaBUJIO, MOB'SI3aH1 B KOMIUIEKCHI CITOJIYKH.

4. TlindoutTa migcymMkiB
3anuTaHHs AJ1s NEePEBIPKU KIHIIEBOTO PiBHS 3HAHb:
1) xoopauHaiiiiHa Teopis A. BepHepa;
2) niraH, KOOpAUHALIWHE YHCII0, IEHTATHICTh, BHYTPIIIHS 1 30BHINIHS cdepa
KOMILIEKCY;
3) wiacudikailis i HOMEHKJIATypa KOMIUICKCHUX CHOJYK;

4) TUMOBI XIMiYHI BJIACTUBOCTI d-€JIEMEHTIB Ta IXHIX CIOJYK:
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a) peaxiiii 31 3MiHOIO CTYIICHs] OKUCHEHHS;
0) KOMIIJIEKCOYTBOPEHHS,
5) CTIMKICTh KOMIUIEKCHUX CHOIYK;

6) Tokcu4Ha /115 d-eJIeMEeHTIB Ta iX CIIOIYK.

5. CHHCOK peKOMeHI0BaHoI JiTepaTypu

Ocnoena:

Ochogna:

1. Mennuna ximis: migpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
lNanunHckka Ta iH.; 3a pea.. npod.. B.O. Kanibabuyk — 4-¢ Buz.- K. BCB «Menununay,
2019 — 336c.

2. Mennuna ximis : niapyyauk / B.I1. Mysuuenko, J.JI. Jlynesuu, JLII
SBopceka ; 3a pen. b.C. 3imenkoBcrkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menmumuaay, 2018. — 496 c.

Mooamkoea:

1. MuponoBuu JI.M. Menuuna ximisg: HaBuanpHuii mociOHuk. — Kwuis:
Kapagsena, 2008. — 159 c.

2. MeanuHa XiMisl : MAPYYHUK Ul CTYA. BUIMUX HaBd. Mea. 3aki. / A.C.
Mopo3, 1.J1. JIyuesuu, JL.IL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuwra,
2013. - 776 c.

3. Menuuna ximis : migpyunuk / ['omonait B.1., MinsoBuu C.C. — Binnuns :
Hosa Kuwra, 2016. — 672 c.

4. Menuuna ximis / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. 'anuHchKa,
CM. Toxmincekuif, T.O. OscsuikoBa, B.A. Camapcekmit. — K.
«IaTepmeny, 2006, — 460c
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IIpakTuyne 3anaTra Ne 4

Tema: OcHOBH XiMiYHOI TEPMOJIMHAMIKH Ta 0I0CHEPreTHKH.

Merta: iHTErpyBaTH CHCTEMHI 3HAHHS TPO MpEeIMET 1 3aBIaHHSI TEPMOJMHAMIKH,
TEPMOJMHAMIYHI CHCTEMH, TEOPETUYHI IPUHIIUITH TePMOXiMii, PyHKIIIT CTaHy
CUCTEM SIK (DI3UKO-XIMIYHI OCHOBH O10€HEPTE€THKHU; IHTEPIPETYBATU OCHOBHI
MOHSTTA XIMIYHOI TEPMOJAMHAMIKY (BHYTPIIIHSA €HEPTisl CHCTEMU, CHTAJIBIIIA,
TeIIoTa 1 poboTa); 3aCTOCOBYBATH 3aKOHU 1 MPHUHIIUIKM TEPMOXIMIYHHUX
pO3paxyHKIB i (popMyBaHHS IITICHOTO MiAXOAY M0 BUBUEHHS XIMIYHHX 1
010JI0T1YHUX MPOIIECIB.

OcHOBHI_NOHATTA: TepMOXiMis, TEIJIOBUN edekT XimiuHOi peakiii, 3axkoH ['ecca,

Haclmigku 3akoHa ['ecca, mepmMii 3aKOH TEPMOAWMHAMIKH, EHTAJIbIIIS,
eHTporis, enepris ['166ca.

Oo6aagnanus: Jlabopatopis kapeapu

Ilaan:

1. TepMoauHaMiuHl CHUCTEMHU: BIAKPHUTI, 3aKpuTi, i30iboBaHi. I[lapamerpu
CHUCTEMHU.

2. @OyHKIT CTaHy CUCTEMU: BHYTPIIIHS €HEPris, €HTaJbIlis, €HTPOIIis, BiIbHA
CHEpris.

3. [lepmmii 3aK0OH TEPMOIUHAMIKH.

4, 3akoH ['ecca 1 HacHiAKK 3 HBOTO. TepMOXIMIYHI PO3PAXYHKH.

S. EnTpormis 1 iMOBipHICTb. [[pyruii 3aKOH TEPMOIUHAMIKH.

6. TenoBi epexTr XIMIYHUX 1 010XIMIYHUX MTPOILIECIB.

7. 3aJIe’KHICTh HAMTPSMKY XIMIYHOTO TIPOLIECY B1J] eHTAJBITIIMHOTO 1 EHTPOMIHHOTO
(dakTopiB.

8. 3acToCyBaHHS TEPMOAUHAMIYHUX (YHKIIM JJIS OILIHKKA CIPSIMOBAHOCTI
IPOLECY.

310yBayY OCBITH ITOBUHEH 3HATH:

® THUIU TEPMOJMHAMIYHUX CUCTEM 3T1JIHO 3 HASIBHICTIO MEX1 po3auTy ¢has;
® TEPMOJIWHAMIYHUHN MPOIIEC 1 HOTO TUIH 3aJIEKHO BiJl OOMIHY €HEPTi€lo 1
PEUYOBHHOIO 3 JOBKULISM;

® CKCTEHCHBHI 1 IHTEHCHBHI TapaMeTPU CUCTEMHU, (DYHKIIIT CTAHY CUCTEMHU;
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® BHYTPIIIHS €HEPTIs, TEII0, po00Ta, EHTABIII;
e 1-ii 3aKOH TEPMOJAMHAMIKH.

3100yBa4Y OCBITH TOBUHEH BMITH:

® pO3paxOBYBaTH TEPMOJMHAMIUHI MOTEHIanu: eHepris ['enpmroibna i
eHepris ['166ca;

® [OSICHIOBATHU MOHSTTS 130XOPHO-130TEPMIYHOTO 1 1300apHO-130TEPMIYHOTO
MOTEHIIIAJIB;

® BH3HaA4YaTH CTaH,ZIapTHi TCIIOTU YTBOPCHHA W cHaJIrOBaHHS.

3MiCT NPAKTUYHOIO 3aHATTSH

[HoHATTA IpO XIMIYHY TEPMOANHAMIKY

Tepmoaunamika AOCHIDKYE€ EHEPreTUKY pI3HUX GIBUYHUX 1 XIMIYHUX
nporeciB. [Ipy 1boMy BOHA pO3TJiAae TIIBKM MaKpOCKOIMiuHI 00'ekTH. B OCHOBI
TEPMOJIMHAMIKH HEMA€ MOJICIbHUX HAIPSMKIB, 1 BOHA HE 3aJICKUTH BiJ] 3MIH HaAIIUX
NOTJISIZIIB HA TPUPOAY aTOMIB 1 MOJIEKyJ a00 BiJ] CTBOPEHHS HOBUX (DI3UYHHUX a00
XIMIYHUX TE€OPIH.

3HaHHS EHEPreTMYHHUX 3MIH TMPUHIMIIOBO BAXJIMBO IS  PO3YMIHHS
HaBaXJIMBIMIKUX O10JOTTYHUX TIporieciB. Tak, 1CTOTHI BIIOMOCTI TPO KUIBKICTh
KaJIOpi, OJIEp>)KyBaHUX B MPOIIECI XapuyBaHHS 1 BUTPAYAIOTHCSI HA BUKOHAHHS Ti€T UM
1HI101 poOO0TH. 3 TOUKH 30py O10€HEPTEeTUKH BC1 KMB1 ICTOTH AUIATHCS Ha ayTodopH,
AKl HAKONMUYYIOTh EHEPril0 B OpraHi3Max 3a pPaxyHOK OIOXIMIYHMX MpPOLECIB
(HampuKIIaa, poCIvHU), 1 reTepodopH, 0 BUPOOIISIOTH ii B Pe3yJIbTaTi OKUCIICHHS
MOKUBHUX PEYOBMH — JKHUPIB 1 BYyIIEBOAIB. TBapuHu € Terepodopamu.
TepMmoauHaMIYHUN TAX1 IT1JHO 3aCTOCOBYETHCS B Cy4acHii 010J10TT1i.

Jlns 3pyyHOCTI BUBYEHHSI HEOOXIJHO 130/IF0BaTH OO'€EKT IOCHIIHKCHHS BiJ
HABKOJIMIIIHBOTO CepefloBUINa. Taka CYyKyINHICTh T, BHILJIEHA 3 TIPOCTOPY,
HA3UBAETHCS CUCTEMOR. SIKIIIO BCEPEIMHI CHCTEMH MOKIIMBUI Maco-1 TETJI000MIH, TO
CUCTEMa HA3MBAETHCS TEPMOJIUHAMIYHOIO. [Ipu BiACYTHOCTI Maco-1 TETIOOOMiHY 3
30BHIIIHIM CEPEJOBUIIEM TOBOPSTH MPO 1307bOBaHY CHUCTEMY. SIKIIO 1ii yMOBa HE
JTOTPUMYETHCS, TO CUCTEMa BiJKpUTa. TepMOAMHAMIYHI 3aJICKHOCTI ISl BIIKPUTHUX

CHUCTEM MAIOTh CKJIAJIHUN XapakKTep.
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KosxeH »uBHil OpraHi3M 1 WOro OKpeMi YaCTHHH SBJISIOTH COOOIO BIJIKPHTI
CHUCTEeMH, SIKI 3IIMCHIOIOTH Oe3MepepBHO SK OOMIH PEUYOBHMH, TaK 1 €HEPreTUUHUM
OOMiH.

CraH cucTeMH BU3HAYA€ThCS CYKYIHICTIO il BIACTUBOCTEH 1 XapaKTepU3y€eThCs
TEPMOJIMHAMIYHAMH ITapaMeTpaMu, 10 YHCTa SIKUX BITHOCSITHCS TeMIlepaTrypa, THUCK,
00'em. CtaH cuUCTeMH 3MIHIOETHCS 31 3MIHOIO X04a O omHOro 3 i mapamerpiB. Ctan
CHUCTEMH MOXXHa YSBUTH Y BUIJIAJI PIBHSHHS CTaHy, SIKE IOB'A3y€ MiX COOOIO BCi
napameTpu. KOHKpeTHUI BUJ PIBHSAHHS CTaHY BIIOMMIA JIUIIE AJI HEBEIMKOTO YHCIIA
npoctux 00'extiB. Hampukman, piBasHHs Kianeiipona-MenpeneeBa € piBHSHHAM
CTaHy iaeasbHOro rasy. Jlist OUIBLIOCTI X CHUCTEM MPU TEPMOJMHAMIYHIA OIMHCI
KOPUCTYIOThCSA (DYHKIISIMU CTaHy, Kl MOXYTh OyTH OJHO3HAYHO BH3HAYEHI yepes
napametpu P, V, T (Tuck, 00'eM, TeMrieparypa).

OpHi€ero 3 OCHOBHUX (PYHKIIN CTaHy € MOBHA eHeprisa E, ska € cyMoio Tpbox
cKJIaioBuX: KiHeTH4HOi eHeprii K, motenmiitnoi eneprii II, 3ymoBieHOi 1i€ro
30BHIIIHIX CHJIOBUX TONIB (TpaBITallIfHOTO, €JIEKTPOMArHiTHOrO Ta 1H.), 1
BHYTPIIIHBOI eHeprii cuctemu U:

E=K+I1I1+U

[Ipn TepMoauHAMIYHIA OMKMCI NPHUITYCKAalOTh, IO CHUCTEMA 3HAXOIUTHCA Yy
BimHOCHOMY crokoi (K = 0) 1 BruB 30BHimHIX nmomiB ayxe manuit (IT = 0). B takomy
BUMAJKy MOBHA €HEPrisl CUCTEMHU BU3HAYAETHCS 3alMacoM BHYTPIIIHBOI eHeprii U.
OcranHs CKIaAa€ThCsl KIHETUYHOI €HEPT1i MOJIEKYJI, MOCTYHAIBHOTO 1 KOJIMBAJIIBLHOTO
PYXy OKpEeMHX aTOMIB B MOJIEKYJIaX, €Heprii MDKMOJEKYJSPHUX, MIXK’ SIICPHUX,
BHYTPIIIHbOSIEPHUX B3a€EMOJIH 1 T.1I.

OO6iK BCIX IIUX CKJIQJIOBUX HEMOXKIJIMBUH, ajie U1 TEPMOJMHAMIYHOI aHAII3y B
IbOMY HEMa€ HeOOX1JHOCTI, TOMY 110 AOCUTh 3HATH JIMILIE 3MiHY BHYTPIIIHbOI €HEPI1i
Opv Mepexoil 3 OJAHOr0 CTaHy B IHIIMMA, a HE 1l 3HAYEHHS B IUX CTaHaX. SKIIO0
BIJICYTHIH TEIMJIOOOMIH CHCTEMH 13 30BHIIIHIM CEPEIOBUINEM, TO 3arajbHUN 3amac
BHYTPIIIHbOI €HEPrii CHUCTEMHU 3aluIIaeThbecsl MocTikHUM. [lo cyTi e — 3akoH

30epeKeHHS €HEPTii, IKUH 1 € NePIIUM 3aKOHOM TePMOAUHAMIKH.
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[ToBimomiiena cuctemi Teriora (Q BUTpAYa€ThCS HA 3POCTAHHS BHYTPILIHBOT

e”eprii AU 1 Ha 311iCHEHHS! pOOOTH MPOTH 30BHILIHIX CHUJT A
Q=AU+A
Lleit BUCIHIB € MAaTEMAaTHYHUH BUpPA3 3aKOHY TEPMOIUHAMIKH.
BreneMo HOBY (yHKIIIIO CTaHY:
H=U+pV,

sgKa OUIbIIIe BHYTPIIIHBOI €HEprii Ha BEJIMYUHY poOOTH po3mupeHHs. Ll
GyHKIIISI CTaHy HAa3WBA€THCA €HTAJbHi€0. TakuM YWHOM, NPHU TOCTIMHOMY THCKY
(ToOT0 B 1300apHUX YMOBax) TEIUIOTA, LIO MIJBOJUTHCS JO CHUCTEMHU, BEIE Ha
30UTBIIEHHS i1 EHTaJBIIII.

Qp = H2 - H1 = AH

[HIMMM COBaMM, €HTAJIbIIISI €KBIBaJEHTa BHYTPIIIHbOI €HEPrii CUCTEMU IMPHU

MOCTITHOMY THCKY.

Tepmoximig. 3akoH ['ecca

XiMIYHa B3a€MOJIif, SIK MPaBUJIO, CYIIPOBOKYEThCS TEIIOBUM edekToM. [lpu
IbOMY TEIJIO MOXE BHUIUIATUCS (€K30TepMIUHI peakilii) ado MOTJMHATHUCS
(ermorepmiuHi peakirii). TernoBuii edekT peakilii HeOOXITHO XapaKTepUu3yBaTH TOMY
HE TUIbKM a0COJIIOTHOIO BEJIMYMHOIO, a W 3HAKOM. Y TEpPMOJMHAMILl MPUUHATO
BBaXKaTW TEIUIO, MOTJIMHEHE CHUCTEMOIO (EHAOTEpMIUHI peakilii), MO3UTUBHUMH, a
TEIJIO, BiJJaHE CHUCTEMOIO B HABKOJIMIIHE CEpPeOBHUINE (EK30TEpMIUHI peaxiiii), -
HEraTUBHUM. 3a3BHYail XIMI4HI peakilii NpOTIKAIOTh NPH MOCTIHHOMY THUCKY, TOMY
TETJIOBUI e(eKT peakilii B 1300apHUX YyMOBaxX BU3HAYAETHCS PI3HUICIO CHTAJIBITIN
KIHIIEBOTO 1 [TOYATKOBOI'O CTAHIB.

Ha mamoHKy TpHBENEHO cxXxeMaTH4HE 300paKeHHS ICSKOTO Y3aralbHEHOTO
XIMIYHOTO MPOIIECY EPETBOPEHHS BUXITHUX PEYOBHH A1, Ay ... B IPOAYKTH peaKilii
Bi1, By ..., sikuii Moxke OyTH 3A1MCHEHUH PI3HUMU IUIIXaMU B OJIHY, JIB1 a00 TpH CTaii,
KOXHa 3 SIKHX CYNpPOBOKYEThCs TerioBuM edextom AH;. BiamoBigHo 10 3akona

['ecca, TeroBi eeKTH BCIX IIUX PEaKIliid OB'I3aH1 HACTYITHUM CITiBBITHOIIICHHSIM:
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&Hl - &Hg + &Hg - &H;; + &Hﬁ + &Hﬁ

Aq, A, 3H/4 i \
N

Man. 1. Cxemaruune 300pakeHHs 3akoHy ['ecca

» B4, B, ...

SAxOu Oynu BiIOMI €HTaJIbIII BCIX €JEMEHTIB 1 iX CIHOJIyK, TO MOXHa OyJjio 0
pPO3paxoByBaTH TEIIOBI €PEKTH OyAb-sIKUX pPeaKiiiii, He MPOBOASYH HiSIKUX JIOCII/IB.
OnHak He icHye criocoOy BUMIPIOBaTH aOCOJIFOTHI 3HAYEHHST €HTAJIbITIi.

CraHIapTHOIO €HTABIIIEID YTBOPEHHSI PEUOBUHU HA3UBAETHCS 3MiIHA €HTAJIbITIT
Mpy OTPUMAaHHI OJHOTO MOJIA ITi€l PEYOBHHHM 3 1X MPOCTUX PEYOBHH, Y35ATUX B
arperaTHOMY CTaHi, 3BHYalHOMY JIJIsI HUX CTaHJIapTHUX YMOB.

['muboxe y3arajJibHEHHS TEPMOXIMIYHUX 3aKOHOMIPHOCTEH J1Ja€ OCHOBHUI 3aKOH
TepMouHaMmiku, copmynboBanuii B 1836 poui akagemikom I'.I. 'eccom: TemnoBuit
edeKT peakilli He 3aJICKUTh B YKCIIAa MPOMIKHUX CTaJli, a BU3HAYAETHCS JIHUIIC
MMOYaTKOBUM 1 KIHIIEBUM CTAaHOM CHUCTeMH (Mail.l).

I3 3akony I'ecca BUNIMBa€e BayKJIMBUN HACTIAOK: CTAaHAAPTHA €HTAJbIIS peakiii
JOPIBHIOE CyM1 CTaHJIAPTHUX CEHTAJbIIA yTBOPEHHS TMPOMYKTIB peakIli 3a
BHpaxyBaHHSIM CyMH CTaHIAPTHUX CHTAJIBITIH YTBOPCHHS BUX1THUX PEUOBHH.

0 — 0 0
AH peakiii — ~AH MPOAYKTU ~ ~AH BUIXi/IHI pEYOBHHH

Jpyruii 3axkoH TepmoauHaMiku. EHTpomis
Binbna eneprist I'i00ca
[lepmmii 3aKOH TEPMOJIMHAMIKM JIO3BOJISIE PO3PAXOBYBATU EHEPreTUUHMMA
Oaslanc XximiyHoro mpouecy. OJHaK, BIH HIYOrO HE TOBOPUTH MpO Te, YU Oyne
BiI0YBATHCS T€ UM 1HIIE IEPETBOPEHHS 1 B IKOMY HAIIPsIMKY TOBUHHA CAMOBLIBHO (0€3
JiT 30BHIMIHIX CHJI) MPOTIKATH XIMIYHA PEaKITisl.
Cnpo0or0 CKOpHUCTATHCS TIEPIIMM 3aKOHOM TEPMOJWHAMIKHA JUIS OIIIHKH

CIPSIMOBAHOCTI XIMIYHUX MpolLEciB 3'iBUBCS npuHUUI beptio-Tomcona, 3rigHo 3
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SKUM PEaKIlisi CaMOBUIBHO MPOTIKa€ B OIK BUAICHHS TEIUIOTH, TOOTO 3MEHIICHHS
entanbiii (AH<0, ek3oTepmiuna peakiiis). Y 6araThb0X BUIMAAKaX 1EH TPUHIUIT A1HMCHO
JI03BOJISIE€ TIepe0auuTH HAMPSIMOK XIMIYHOTO MpOIIECy, MPOTE, OOMEXEHICTh HOTO
Oyna TmoOKa3aHa BEJIMKUM YHCJIOM TNPHUKJIAAIB  CaMOBUIBHO  BiJIOYBalOTHCS
CHJOTEpMIYHUX sBUIL. Hampukian, caMOCTIMHO NPOTIKae MPOLEC PO3UNHEHHS
KyXOHHO1 COJi y BO/I1, 1110 BiAOYBA€THCS 3 MOTJIMHAHHSAM TeIlIa.

JIns mporHO3yBaHHS MOXKJIMBOCTI 1 HAMPSIMKH TIPOIECIB HEOOX1HO BBECTH IIIE
onHy (yHKIIIO, SIKa TOBHHHA BIANOBIAAaTH psAxy BUMOT. [lo-mepiie, BoHa MOBHHHA
Oyt (QyHKIII€IO CTaHy, TOOTO HE 3aJie)KaTH BiJl IUIAXY peaiizalli gaHoro crany. Ilo-
Jpyre, JUIsl BC1X CAaMOBUJILHUX MPOIIECIB 3MiHA 111€1 PYHKIIT TOBUHHA MaTH OAMH 1 TON
Ke 3HaK.

Bci camoBibHI TpoliecM B 130JbOBAaHUX CHCTEMax MPOTIKAIOTh B OIK
30UIbIIeHHST Oe3nany. TakuM YMHOM, KPUTEPIEM CHPSIMOBAHOCTI MPOIECY MOXKE
CIIy’KUTH CTYIIHb HEBMOPSIKOBAHOCTI CUCTEMHU. MipOIO 111€i HEBMOPSAKOBAHOCTI €
byHKIIsS S, gKa Ha3UBAEThCS €HTpomi€el. EHTporis — Mipa HEBIOPSAKOBAHOCTI. Y
HalOIbII HEBPETYJIBOBAHUX CTaH1 EHTPOIIIA Oy/1€ MAKCUMAIbHOIO.

3'sicyBaBIIM 3MICT HOBOI (DYHKIIIT cTaHy — €HTpormii, cHOPMYTIOEMO IpYyruit
3aKOH TEPMOAMHAMIKH, 3T1JTHO 3 IKUM OyAb-sIKHI CaMOBUIbHUMN MTPOLIEC B 130JIbOBAHIM
CUCTEMI ijie 31 3pOCTaHHSIM eHTpomii. Takum YMHOM, SIKIO B PE3ybTaTi MPOIECY
AS<0, To Oro caMOBUIbHE MPOTIKAHHS BUKITIOYAETHCS.

BoabiManom OyJi0 BUCIOBIIEHO MPUNYILEHHS, 1110 €HTPOIIS S BUpakeHa yepes
TEPMOJIMHAMIYHY HMOBIpHICTE W HACTYITHUM YHHOM:

S =k - InW, xe k - koncranra boabimana.

AOCONIOTHI 3HAQYEHHS EHTPOMii BHKOPUCTOBYIOTHCS ISl  OOYMCIEHHS
CTaHAPTHUX €HTPOIIiN yTBOPEHHS peuoBrH. ETponis yrBopenns peuoBunu (ASC.;)
JlopiBHIOE Pi3HUII MiXk CyMaMy abCOIOTHUX EHTPOMiH mpoayKTiB peakiii (ASpox.) 1
aOCOMIOTHHX eHTpPOMNii pearyrounx pedoBrH (ASe,:.).

CTiliKicTh Oy/Ib-IKO1 CHCTEMH BU3HAYAETHCS CITIBBITHOIICHHSIM €HTAIBITIITHOTO
1 eHTponiiHoro haktopiB. EHTaNBMIHOTO (hakTOp XapaKTepusye NparHeHHs CUCTEMU

A0 BIHOPAAKYBAaHHs, TOMY IO ueﬁ npoueC CyIpPOBOKYETHCA 3MCHIICHHAM



MeaouuyHa xiMmisa

BHYTpIIIHBbOi  eHeprii.  pyruéi  daktop  BimoOpakae  TEHACHIIO [0
HEBMOPSAJIKOBAHOCTI, OCKUJIbKY TaKUW CTaH HalOUIbIII HMOBIPHUM.

binpin AOLITBPHO BBECTH TaKy (PYHKIIO CTaHy, sIKa BPAaxOBYE CIIJIbHE BILTUB
000x ¢akTopiB. Taka QyHKIIIS € pI3HULICIO

AG = AH - TAS

L5 ¢pyHKIIISA cTaHY HAa3UBAETHCA BUTbHOIO eHepriero ['106ca 1 € Miporo CTIHKOCTI
CUCTEMHU TIPU MOCTIHHOMY THCKY.

3a 3HakOM (yHKII{ BIIBHOI €HEprii CyasiTh MPO MOKJIHMBICTH CaMOBLIBHOTO
npotecy: akio AG<0, ToOTO mpolLiec CyIPOBOIKYETHCSI 3SMEHIIIEHHSIM BUTbHOT €HEPTi,
TO mpouec TepMoAuHaMiyHO MOxJHBHH. SAkmo AG> 0, To caMOBUIBHMI MpoILEC
HeMOXJIHBHI. TOOTO Bce CaMOBUIBHI MPOLIECH MPOTIKAIOTH B CTOPOHY 3MEHILECHHS
BUIBHOI eHeprii. /[ cucremu, mo 3HaxoauThes B piBHOBa31, AG = 0.

3 piBHAHHS BHJHO, 10 3HaK AG 3anexuTs Bia BinHOCHUX BenuunH AH 1 TAS.
Sxmo AH neratuBHa (ex3oTepMiuHa peakilisi), a AS mo3utuBHa, TO NpU OYIb-AKIH
TeMreparypl mnporec Oyae WIH caMOBUIbHO. MOXJIMBI CHIBBITHOIICHHS MiX

€HTAJBIIAHOrO 1 EHTPOMIMHOMY CKJIaJ0BHMH 1 XapaKTEPUCTHKA MPOLECY HABEICHI B

Tabmuii 1.

Tab6n. 1. ®akropu, 1110 BUSHAYAIOTH X1 ITPOIIECY.

AH AS MOXJIMBICTh CAMOBUILHOTO MPOIIECY

- + IIportec #ige camMoBLIBHO TpH  Oyab-sKii
TeMIlepaTypi

- - [Ipouiec Moke WTH CAMOBUIBHO TMPU HU3ZBKUX
TEeMITepaTypax

+ + [Ipouiec mMoxke WTH CaMOBUIBHO TMPU BHUCOKHX
TeMIIepaTypax

+ - [Iportec He #ae camMOBLILHO HI TIpU  SKIH
TeMIIepaTypi

Po3sristHeMo peakiIliro OKMCISHHS caXapo3H B OpraHi3Mi:

C,H,0 +120, ., =12C0,,, +11H,0,,

11(xp) 2(2)

CO, H,0 0, C12H2,011

AH o A -393,77 -286,02

MOJlb

-2220,86
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205,04 360.3

sp,, e 213.66 69.95

moab - K

[ToBHy 3MmiHy eHTanbmii (TeraoBui e(dEKT peakiiii) MOXKHAa po3paxyBaTw,
KOPHUCTYIOYHCH BEIMYMHAMH CTAaHAAPTHUX €HTANIbIINA yTBOPEHHS:

AHpeaii = 11 - AH (H20) + 12 - AH (CO2) -AH (C12H220411) = 11 - (-286,02) +
+ 12 - (-393,77) - (-2220,86) = -5650, 6 x/Ix / MOJIb

Ha minctaBi TaOMMYHMX 3HAUY€Hb CTAHAAPTHUX CHTPOMIM yTBOPEHHS
po3paxyemo AS peaxirii:

ASpeaii = 11 - AS (H20) + 12 - AS (CO2) - AS (C12H22011) - 12 - AS (O2) = 11
©69,95 ++ 12 - 213,66 - 360.3 - 12 - 205,04 = 512.59 [ / mons - K

OTXKE,

AGpeaKuil’ = -5650,6 KI[}K / MOJIb - 298K 512.591[32{)1\40)1}).}( = -5803’4 KI[)K / MOJIb

Benuke HeratuBHe 3HaueHHSI AG CBITUUTH MPO TE, 0 OKUCIICHHS Caxapo3u —
IPOIIEC CAMOBLUIBHHM.

TyT MOXe BHHUKHYTHM THTaHHS: SIKIIO OKHCIEHHS caxapo3d — TMPOIEC
CaMOBUIbHUM, YOMY BOHA 30€pIraeThCs Ha MOBITPI SIK 3aBFOJIHO JOBIO 0€3 Oyb-IKuX
O3HaK 3MiHH? B 11bOMy MpOSBISAE€TbCS OOMEKEHICTh TEPMOJUHAMIKH, KA JT03BOJISE
OTPUMYBATH BIJIOMOCTI TUIBKM IPO MOXJIMBE HAMNPABICHHS peakilii, ajie He Ipo ii
mBuAKOCTI. [I{06 BinOynacs sika-HeOyab peakxilis, HEOOX1HO MO0JIaTH CHEPTeTHUHUN
Oap'ep. Monekynu caxapo3ud NpHU KIMHATHIN TeMreparypi HE BOJOAIIOTH TaKOIO

EHEPri€I0 1 TOMY CTIHKI.

1. HMigdurTs miacymkiB
3anuTaHHA I NepeBIPKU KiHIEBOI0 PIBHS 3HAHD:
1)  ximiyHa TepMOAMHAMIKa SIK HayKa, OCHOBHI MOHSTTS: TEPMOIMHAMIYHI
CUCTEMHU Ta IXH1 BUAM; MapaMETPU CTaHy CUCTEMHU (€KCTEHCHBHI, IHTEHCUBHI);
2)  mepuuii 3aKOH TEPMOIUHAMIKH, BHYTPIIIHS €HEPIis;
3)  entanbmisa. CTaHIapTHI CHTANbBIIIT YTBOPEHHS Ta 3TOPSHHS PECUOBHH;
4)  tepmoximis: 3akoH [ecca;

5)  apyruii 3aKOH TEPMOJAMHAMIKH, CHTPOIIis Ta i 3MiHa;
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6)  enepris ['i00ca Ta 1i 3MiHa K KPUTEPIH CaMOBIJIBHOIO IIPOIIECY;
7)  cHepreTHYHI CIOJyYeHHS B JKMBHX CHCTEMaX: EK3EpProHiuHi Ta €H-

JIEPTOHIYHI MPOIECU B OPTaHi3Mi.

2. CnmMcok peKoOMeH0BaHOI JiTepaTypu

Ochoena:

1. Mennuna ximis: nigpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
["anmmHCcHKa Ta 1H.; 32 pe.. mpod.. B.O. Kamib6abuyk — 4-¢ Bun.- K. BCB «Menunmnay,
2019 — 336c.

2. Meanuna ximis : migpyunuk / B.II. Mysuuenko, J./1. Jlynesuy, JIII.
SBopcrka ; 3a pen. b.C. 3imenkoBcrkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menmumuaay, 2018. — 496 c.

ooamkoea:

1. MuponoBuu JI.M. Menuuna ximiga: HaBuanpuuii mociOHuk. — Kwuis:
Kapagsena, 2008. — 159 c.

2. MenuyHa XiMmis : MIAPYYHUK JIJIs1 CTy/. BUIIMX HaB4. Men. 3aki. / A.C.
Mopos, A. 1. Jlyuesuy, JL.IL. SABopceka. — Bua.4 — Binauug : HoBa Kuura,
2013. - 776 c.

3. Menuuna ximis : migpyunuk / ['omonait B.1., MinsoBuu C.C. — Binnuns :
Hosa Kunwra, 2016. — 672 c.

4., Memnuna ximis / B.O. Kami6abuyk, JI.I. I'pumenko, B.I. 'anuHchbKa,
C.M. Toxmincekuii, T.O. OscsuikoBa, B.A. Camapcekuit. — K.
«IaTepmeny, 2006, — 460c
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IpakTrune 3ansaTTsa Ne 5

Tema: ®Di3uko-xiMiuHi OCHOBHM KiHeTHKM I Kartajidy. KiHeruka ¢QepmeHTHHX
peakuiil. 3acTocyBanHsi pepMEHTHHUX NpenapaTtiB y MeAUIUHI.

Meta: oO3HAaHOMHUTHCS 3 HAWUBOXIMUBIIIMMHU TOHSTTSIMH 1 3aKOHAMHU XIMIYHOi
KIHCTHKHY; aHaJi3yBaTH BIUIMB PI3HUX YWHHUKIB (KOHIIEHTpAIlisl, THUCK,
TeMIepaTtypa) Ha IIBHAKICTh XIMIYHOI peakuii; ki1acu]ikyBaTH THUIIH
XIMIYHUX TIPOIIECIB 3a KIHETUYHOIO O3HAKOI; I1HTEPHpPETYyBaTH BIUIMB
KaTaji3aTopiB Ha MIBUJIKICTh XIMIYHUX MPOIECIB 1 TOSICHIOBATH MEXaHi3M iX
J1i; 3HaTU 0COOJIMBOCTI (PEPMEHTATUBHOTO KaTai3y.

OCHOBHI OHATTS: XiMIYHA PEaAKIIisl, MIBUJIKICTh XIMIYHOI peakiii, MOJEKYJISPHICTb

peakiii, IpocTl Ta CKJIaJHI XIMIYHI peakuli, KaTaai3aTop, €H3uM, E€Heprisd
aKTHUBAIl].

Ooaagnanns: Jlaboparopis kapeapu

Ilaan:
1. IBuakicTk peaxiiii, ciocodu ii Bupaszy. KoHcranTa mBUAKOCTI.
2. UWHHUKWY, 10 BIUIMBAIOTH HA MBUJIKICTh XIMIYHOI pEaKiiii.
. Hopsanoxk 1 MonekynsapHicTh peakiiii. [lepioa HamiBepeTBOPEHHS.

3aJIe’KHICTh WIBUIKOCTI XIMIYHOI peakilii BiJ TEMIIEPATYPH.

3
4
5. EHepris aktuBaiiii. PiBHsiHHS ApeHiyca.
6. Teopis mepexiHOTO CTaHy.

/. I'OMOTeHHHI 1 reTepOreHHUI KaTai3.

8. ®depMeHTaTuBHI OioXiMiUHI mporecd. UWHHMKH, IO BIUIMBAIOTh Ha iX
IIIBUJIKICTb.

3100yBay OCBITH ITOBMHEH 3HATH:

® OCHOBHI MOHSTTS: XIMIYHA PEaKIisl, BUJIKICTh XIMIYHOI peaKLii;
® (hakTOpPH, SIKI BIUTMBAIOTH HA IMIBUJIKICTh XIMIYHOI peaKilii,

® 3aKOH JIFOYHX Mac;

® MOJICKYJISIPHICTB 1 TOPSIOK PEaKiiii;

® [Iepi0/1 HAMIBIEPETBOPEHHS;

® KIHETHUYHE PIBHAHHS peakiiil 1-ro ta 2-ro nopsaxy;

® KOHCTaHTa MBUAKOCTI peakuii (1-ro Ta 2-ro nopsakis);
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® 3aJIeKHICTh IMIBUIKOCTI PEaKIIii BiJ TEMIIEPATYPH.

3100yBa4Y OCBITH MOBUHEH BMITH:

e Kiacu(diKyBaTH THIHU XIMIYHUX IIPOIIECIB;

® aHaIi3yBaTH BIUIMB OCHOBHUX YMHHUKIB (KOHIICHTpAIIil, TEMIIEpaTypH 1 THCKH)
Ha MIBUAKICTH XIMIYHUX MPOIIECIB;

® PO3paxoBYBaTH MIBUAKICTh XIMIYHUX PEakiliii HA OCHOBI 3aKOHY JIIOYMX Mac 1

IIPU 3MiHI TeMIepaTypH.

3MiCT NPAKTUYHOTO 3aHATTS

OCHOBHI ITPEJICTABICHHS XIMIYHOI KIHETUKH

Ximiuna xKinemuxa — 11€ BYCHHS PO MIBUIAKICTH 1 MEXaHI3M XIMIYHHMX PEaKIlii.

[1ix yac XiMIYHO1 peakiiii 0JIHa UM JEKUIbKa XIMIYHUX PEYOBUH, SIKI HA3UBAIOTh
BUXIOHUMU, TIEPETBOPIOIOTHCS B OJTHY UM JCKIJIbKA 1HIINX, K1 HA3UBAIOTh HPOOYKMAMU
peakyii. XiMI4HI peakIlii SABISIOTbCS CKIAOHUMU 1 CKIAJAlOThCs 3 ACKUIBKOX CTaJii,
AK1 XapaKTepU3yIOTh NEePeXi]] BUXIAHUX PEUOBHH B MPOAYKTH PEAKIIi.

Jlo ckitamHOi peakirii BiTHOCUThCS OKMCHEeHHs okcuay a3oTy(Il), cymapHo BoHa

BUTJIIJA€ OCh TaK:

N2+0,=2NOs, (1)
A (bakTUYHO CKIIAAETHCS 3 IBOX CTAIN:
NO+NO=N;0,

N20,+02=2N0O, (2)

Yucino NOPOMDKHUX CTafil, sIKI SIBISIOTHCS MPOCTUMHU a00 €JIEeMEHTAPHUMHU,
MOXe OyTH 3HaYyHO OUIBIIIE ABOX 1 CKJIaJaTH JACCATKH 1 HABITh COTHI 1 TUCSYI.

B piBHsaHHI (2) OpOMIDKHOIO PEUOBHHOIO sIBIsEThCs HiTporeH (I) oxcum 3
MIJIBUIICHOI0  PEaKIIMHOIW 3/IaTHICTIO. B SKOCTI MPOMIXHUX B PI3HUX PEAKIIAX
MOYThb BUCTYIATH PEAKIIIHHO-3/]aTHI BAJCHTHO-HEHACUYEH1 MOJIEKYJIHM (HAIPUKIIA],
NO, NO,), ionn (OH ), BinbHi pagukanu (H,I), ion-pagukainu (O2) 1 iHii.

KoxxHa xiMiuHa peakilis Oyjae MPOXOIUTH 3a YMOBOIO, IO B3a€EMOJIIOY1
MOJICKYJIU PEaKIiifHO-3/1aTHI, TOOTO MAalOTh MEBHUM 3amac eHeprii.

B 3ajie:)xHOCTI BiJl CTaHY CUCTEMU PO3PIZHSAIOTh crmamuyti i OUHAMIUHI XIMI9H1

peaxiii.
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CraruuHi — 1€ peakilii B 3aMKHYTHUX CHUCTEeMax, Kl He 3/1aTHI OOMiHIOBaTHUCS
MAacoI0 3 HABKOJIMIIIHIM CEPeIOBHINEM, TMHAMIYHI MPOXOIATh Y BIIKPUTHX CHCTEMaX,
7e KpiM eHeprii BiOyBaeTbcs OOMIH Macor0 pearyrouudX PEYOBHUH 3 HABKOJHUIIHIM
cepesoBHIIEeM, TOOTO peakilii BiI0yBarOThCs B O€3MepepBHOMY IMOTOIII.

Po3pi3HsAI0Th TOMOTEHHI 1 T€TePOreHH1 XIMIYH1 peaKilii.

I'omoreHHi XiMiuHI peakilii Big0yBalOThCs B MEeKax O/iHi€T a3y, Ha BIAMIHY BiJ
TEeTEPOTreHHMX, K1 BiIOYBAIOTHCS Ha MEXK1 PO3LTy da3.

IIIBuakicTh XIMIYHOI peakiii Ta il Bupa3. BIuiMB KOHIIEHTpaIli Ha NIBUAKICTE

XIMIYHOI peaxii.

Jo uncna HaWBAKIUBINIMX KIHETUYHUX MapamMeTpiB BIJHOCUTHCS MIBUIKICTh
XIMIYHUX PEAKIIIi.
HIBuakicTh XiMivHOI peakuii — 11€ KIJTbKICTh PEUOBUHHU, sIKa IIpopearyBaia 3a

OJIMHUIIO Yacy B OJUHUILIL 00 €MYy.

‘ -
KonuieHTpaisa

[ITenaxicTh peaxirii
AT

B 3arambHOMy BUZl MIBUAKICTH XIMIYHOI peakilii MO>KHA MOKa3aTH K 3MIHY

9gucjaa MOJIIB JIAaHOTO KOMIIOHEHTa N B OJMHMINO Yacy T B OAWHHUIN 00 emy V

N An
PeaKIiiHOrO CepeI0BHIIA, TOOTO: V= i A_
T

B romoreHHiii 3akpuTiii cucTeMi, KOJM HEMa MaTepiaJbHOro OOMIHY 3

HaBKOJIMIIIHIM cepeloBUIlleM 1 00'eM cHCTeMH, B sKiil BiIOyBae€ThCs peakxilis,

_ An
3AJIAIIAETHCS CTAJTAM: V= AT

3 miei GopmMynu BUAHO, IO IMIBUAKICTH FOMOTE€HHOI XiMiuHOI peakuii, sika
BIJIOYBAETHCS MPU MOCTIMHOMY 00 €Mi, O BIITHOIIEHHIO 10 OJJHOTO 3 KOMIIOHEHTIB €
3MIiHOK) KOHIEHTPaNil HbOr0 KOMIIOHEHTa B OJAMHHII 4acy. Takox BUIHO, 1110
MIBUAKICTh XIMIYHOT peakiii Ma€ po3MIpHICTh — KOHIIEHTpalis/yac. B ximii 3Bu4aitHo

MarOTh JILJIO 3 MOJISIPHOIO KOHIICHTPAIIIEIO, SIKY BUPAKAIOTH Yepe3 MOJIb/JI [KMOJIb/M?].



MeaouuyHa xiMmisa

Yac 3BUYHO BUMIPIOETHCS B CEKyHJaxX. TakKMM YMHOM, IIBHUIKICTh XIMIYHOI peakiii
BUMIPIOIOTH B MOJIB(J1°C) [KMOJIB/( M3+C)].

JUis mpOCTUX TOMOTEHHUX PEaKI[ii 3aJeXKHICTh MK IIBHIKICTIO XIMIYHOI
peakxilii 1 KOHIEHTPAIIIEID Pearyounx PeuOBUH BUPAXKAETHCS 3a JOMOMOTOI0 3aKOHY
JII0YMX Mac, KU MOXKHA C(OPMYJIIOBATH HACTYHMHHM YHHOM: HpU HOCHUIUHIN
memnepamypi wi6UOKICHb RPOCHUX 20MO2EHHUX DPeaxyiil npamo RpPonopuiina
KOoHyenmpauii peazyluux pe4oeuH, NPUUOMY KOXKHA KOHILIEHTpallis OepeThCcs B
CTYIICHSX, PIBHUM CTEXIOMETUYHUM KOEPIIliEHTaM Tepe/] L1€I0 PEYOBHHOIO B PIBHAHHI
peaxiii.

3akoH Airounx Mac OyB BCTaHOBJICHM HOpPBE3bKMM BueHUM [yipadoeprom
Baare (1864-1867) Ha OCHOBI E€MITIpUYHHMX Yy3arajbHEHb. [li3HIIIE MM 3aKOHOM
HaJaJId TEOPETUYHY OCHOBY: BiH CIIPABEIJIUBUN MIIbKU 01 RPOCHUX PeaKyill i 0
e/leMeHmapHux cmaoiil CK1aOHUX peaxkuiil.

[IBMAKICT MOHOMOJIEKYJIIPHOI peakiiii BIAMOBIIHO JO 3aKOHA AIFOYMX Mac
JOPIBHIOE:

v=kc

ne K koedimieHT mpomopIiiitHOCTI, IKUH HA3UBAETHCSA KOHCTAHTOIO IIBUIKOCTI
peaxirii, C - KOHIIEHTpaIlis PEYOBUHH.

VY 3arajibHOMY BUTJISIZII PEAKIIII0 MOKHA 300pa3UTH TaK:

NnA+nB+nD +... — OPOAYKTH

[IBuaKicTh MpocToi ab0 eIEeMEHTApPHOr0 aKTy CKJIAAHOI XIMIYHOI peakIlii Ha

OCHOBI 3aKOHY JA1I0UMX Mac Oyje:

n, N3

v=Kk-c)-cp-cg..

ne nl, N2, n3 e crexioMmeTpuIHUMH KoedirieHTamMu.

ToOrto, MmBUAKICT TpOCTUH ab0 eneMeHTapHOi cTafdill XIMIYHOT peakiii
OpOIopIiiiHa  KOHIIEHTpalli BHUXIJHUX PEYOBUH, B3ATUX Yy CTyNeHs ix
CTEX1OMETPUYHUX KOEPIIIEHTIB.

SxI110 KOHIEHTpAIIli pearyro4ynX peuOBHUH, PIBHUX OJIMHUIIL:

v=k
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K — xoHCTaHTa IIBMIKOCTI XIMiYHOI peakilii MoKa3ye 4acTKy Bij 3arajJbHOro
YKCiIa MOJIEKYJ, sIKI BCTYNUJIM B PEAKIIIO 33 MEBHUN Yac MpU JIaHid TeMIeparypi, i
YUCENbHO JOPIBHIOE MIBUAKOCTI pPEAKLli, KOJM KOHUEHTpALis BCIX pearyroyux
PEYOBHH JIOPIBHIOE OJIMHMIII.

MoJeRYJSAPHICTD | TOPANOK XIMIYHUX pPeaKIii

XiMiuHi peakiii KIacu(pikyloTh 3a pI3HUMHU O3HAaKaMH , B TOMY YHCHI IO
MOJICKYJISIPHOCTI 1 TIO TIOPSIJIKY PEaKITii.

MoJiekyJasipHicTh XIMIYHOI peakiiii BU3HAYAETHCSA YUCIOM YacTUH (MOJIEKYI,
aTOMIB, paJUKaliB, 10HIB), SKI OJIHOYACHO NPHUHUMAIOTh y4acTh B €JIEMEHTAPHOMY
XIMIYHOMY aKTi. MOJIEKYJIApHICTh BH3HA4Ya€ OJHOYACHA Y4YacTh YaCTHH B XIMIYHIM
peaxuii. [i He MO’KHA OTOTOKHIOBATH 31 CTEXIOMETPUUHUMHU KoeillieHTaMK CKJIaJHUX
XIMIYHHMX peakIlii, Kl MOKa3ylTh BIIHOIICHHS MK KIJBKICTIO BUXIJTHUX PEYOBHUH 1
MPOAYKTAaMU PEakKilii, a cama peakxilisi BiI0yBaeTbCs uepe3 JEKIIbKa €JIEeMEHTAPHUX
cTajii.

MonekynsapHicTh  Tpeba poO3IJsAaTH  BIIHOCHO MPOCTHX  pPeaKIid 1
€JIeMEHTApHUX CTAJI{ CKIAAHUX peakii. PO3pi3HAI0TH MOHO-, O1-, U TPUMOJIEKYJISPHI
peaxiii.

TpumoeKyIsipHi peaxiii 3ycTpiuaroThes aykKe pifiko, Tak sk 3a yac 10712 - 1013
€JIEMEHTAPHOI0 XIMIYHOTO aKTa MOXJIMBICTh OJHOYACHOTO 3ITKHEHHS 1 B3a€MO/IIS
TPHOX MOJIEKYJ JIy>Ke Majia — Mo110H1 31ITKHEHHS SBJSIOTHCS CKOPIIIE BUKIFOUCHHAM
HDK TOpaBUJIOM. Y4acThb B peakilli Oulbllie TPhOX MOJIEKYJ O3HA4ae, [0 IPOIIeC
BiIOYBAEThCS Uepe3 JACKIIbKa MPOMDKHHMX CTaidiil, KOXKHA 3 SIKUX MOHO-, 0i-, a0o
TPUMOJIEKYJISIpHA.

B mMoHOMOJIEKYASIpHMX peakilisix Oepe ydacTh 0jHa yacTuHa (Mosekyna). [o
YKCJIa MOHOMOJIEKYJISIPHUX BIIHOCSATHCS PEAKIIii, OB S3aHHI 3 BHYTPUMOJIEKYIISIPHUM
NEePETBOPEHHAM — 130MEpHU3aIli€l0, HANPUKIIAJ IMepexiJ Muc-i3omepa OyT-2-eHa B

TpaHC-130Mep:
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H H H CH;
\ F \ /
C=C C=C
g SN == /7 \
H;C CH; H;C H
mHc- OyT-2-eH TpaHC-0yT-2-eH

MoHOMOJEKYIISIpHI peakIlii po3naay YacTUH Ha JEKibKa 1HIINX, HAPUKIIAI,
pO3Maj MOJICKYJIA a30METaHy Ha JIBa BUTbHUX METHIHHUX PATUKAIIN 1 MOJICKYJTY a30TY:
CH3-N=N-CH3 — 2 CHs+ N2
Jly>)xHuil TIAPOMI3 METWIOAUAA, PO3MVIAHYTUH HUXKYE, BITHOCUTBHCS JI0
OIMOJIEKYJISIPHOT peaKIii:
CHs:I+ OH - CH;OH+1

KineTn4yHe piBHAHHSA peakmil mepiioro, APyroro i HyJb0BOIr0 NMOPSIKIB.

Ilepiox HATIBYTBOPEHHS.

XimiuHi peakiii KIacu(iKyrTh He TUIBKHU 3a MOJICKYJISIPHICTIO, a 1 3a MOPSAKOM
peakiii. Po3pi3HA0Th YacHM# (110 peUOBHHI) 1 3arajJbHUN MOPSAKH.

YacHuil mopsiIoKk N-X peakmiii — MOKa3HMK CTENEHl MPH KOHIEHTpaIlii B
KIHETUYHOMY PIBHSIHHI OJIHI€T 3 BUXIAHUX PEUOBHUH, siIka Oepe ydacTh B peakiii. J{is
TOMOTE@HHOI TPOCTOI peakilii MOpsAJOK IO JaHiil PEYOBHMHI € CTEXIOMETPUYHHM
Koe(IieHT N 1€l peYOBUHU B PIBHSHHI PEaKiiii.

3arajbpHuii NOPAAOK peakuil — cyMa IMOKAa3HUKIB CTENEHI KOHUEHTpaIll BClET
BUX1JTHOT pEYOBUHU B KIHETUUYHOMY PIBHSIHHI. J{J151 peakiii BiH TOPiBHIOE:

n=nA+nB +nD, 3aranpHuUit TOPSIIOK peakiiii He IEePEBUILYE 3.

Hanpuknaz, B peakuii 2NO(r) +CI12=2NOCI(r) yacHuii nopsinok peaxuii mo NO
nopiBHioe 2, a 1o Cl, — 1: 3arajapHui MOPSAIOK JOPIBHIOE 3.

Po3pi3HsAI0Th peakiiii mepuioro. Ipyroro i TpeTboro MopsiiKis.

VY3aranpHeHO TIpocTi, ab0 eleMeHTapHl CTajli XIMIYHHMX peakiliil pi3HOTO
MOPSIZIKY 1 KIHETUYHI PIBHSIHHS MOXKHA 300pa3UTH HACTYITHUM YHMHOM:

Peakuyin nepuiozo nopsaoxky n=1

A —IlpoaykTtu v=ke¢
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Peakuyin opyzo20 nopsaoxky n=2

A+ B— Ilponyktu v=kcacs
2A— TlponykTu (c=cA) v=kc?
Peakuyia mpembo2o nopaoky n=3

A+ B+D = Ilporyktn~ v=kcAcBcD

[[IBuAKICTH peakiii HYJIbOBOI'0 MOPSAKY TOCTiiHA BHACTIIOK MOCTIHHOCTI

KOMITOHEHTa 200 KOMIIOHEHTIB PEaKIIii:
v=k
c=c,-KT
JIe ¢ — KOHIIEHTpallisl BUX1THOT PEYOBUHHU.
Yac, mpoTsArom sIKOro NepBUHA KOHIICHTPAIliS BUX1HOT PEYOBUHH 3HMKYETHCS

HABIIUJI, HA3UBAIOTh YacOM, a00 MepiooM HaNmiBIepeTBOPEHHS 1 MO3HAYAI0Th T1 /o
2
Jiist peakiiii HyJIbOBOTO MOPSJIKY Yac HAIMiBIEPETBOPEHHS JOPIBHIOE:
Ty= Col2K

Yac HamiBNEepeTBOPEHHS peaklli HYJbOBOTO MOPSAKY IPONOPLIHHUI
MOYATKOBIM KOHIEHTpAIlli BUXIJHOI PEYOBHMHHU, a KOHCTaHTA IMIBHUAKOCTI XiMIYHOI
peakilii 4YHMCENIbHO PIBHAETbCS IIBUAKOCTI peakdii — M1 BEJIMYUHHU 3BOPOTHO
IIPOTIOPIIIiTHI Yacy HaMiBpPO3MaIy.

Yac HanienepemeopenHs peaxyii  nepuio2o NoOpsaoKy He 3anedcums 6io0
NOYaAmMKOB80I KOHYEeHMpayii 8UXIOHOI peuoB8UHU | 360POMHO NPONOPYIUHA KOHCMAHMI
WBUOKOCMI peakyii .

1/2=0.693
K
Mna peakyii Opy2oco nOpAOKy uac HanienepemeopeHHs i KOHCMAHMA

WBUOKOCMI peaxyii  360pOMHO NPONOPYIUHI NOUYAMKOBIU KOHYEHMpayii 8UuxioHoi

peuosunu Co.

%= 1/kc,
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3ajgexkHicT, MBUIKOCTI peakiii Bix remneparypu. IIpasuio Bant-1'odda.

[IIBuakicTh peakiii (1 KOHCTAHTA MIBUAKOCTI) XIMIYHOT peakiiii 3aJIeKUTh BiJT
TEMIIEPATypH, K MIPABUIIO, TIPH IMiIBUILEHH] TEMIIEpATyPH MIBUIKICTb POCTE.
Opi€EHTOBHO 3aJIEKHICTh KOHCTAHTH IIBUJIKOCTI  BiJ TeMIlepaTtypu

BHUCIIOBIIOIOTH npaBmwiioM BauT-Todda, 3rifHOo SKOMY nideéuwienns memnepamypu

Ha 10° 36invuiye wieuokicms peaxuii ¢ 2-4 pazu:
Lot
v, =0, -y °

[le mnpaBunO HE BUKOHYETbCA TIPU BUCOKUX TemIepaTypax, KOJIU
TeMIiepaTypHUN KOe(DIIIEHT MBUIKOCTI (Y) MPUIUHSAE OYTH TOCTIHHUM.

[le mpaBunO HE BUKOHYETbCA TIPU BUCOKUX TeMmIepaTypax, KOJU
TeMIlepaTypHU KOe(DILIEHT MBHUIKOCTI (Y) mepecTtae OyTH MOCTIHHUM.

J1iist 611bIIOCT! O10XIMIYHUX peakiliid TemneparypHuit koedimient Bant-I'odda

Bapitoe Bix 1,5 | 3,0. Tomy, AKImIO B pe3ysbTaTi SKOTO-HEOYIb 3aXBOPIOBAHHS

TeMIIepaTypa JII0JICHKOTr0 Tija HigHsnacs, Hanpukiaazn, 3 36,5% no 39,5°C, ne o3Havae
30UTbLIEHHSI MIBUJKOCTI Bi0yBarThCs OloxiMiuHuX mpoueciB B 1,13 - 1,39 pasis,
T00TO Ha 13-39%.

Teopisg aKTHBHUX 3iTKHEHL ApeHivca i Teopis nepexigHoro crany Elipinra

i ITosasiHu

JI71st IOSICHEHHSI 3aKOHOMIPHOCTEN BiIOYBaHHS XIMIYHOI pPeakilii 1 po3paxyHKy
KOHCTaHT MIBUIKOCTEH OYyJM 3ampoIlOHOBAHI JIB1 TEOpii: T€Opisl aKTUBHUX 31TKHEHb
Apeniyca u Teopis nepexigHoro ctany Efipinra i [TonsHi.

C.AppeHiyc BUCYHYB TINOTE3y, 3TiAHO 3 SKOK B PEAKINI0 BCTYIAIOTh TUIBKH
aKTUBH1 MOJIEKYJIH, TOOTO TaKl, KIHETUYHA €HEPTis AKX NEPEBUIILY€ IEBHY BEJIMUUHY,
XapakTepHy IJIs JAaHOI peakilii, 1 HAa3UBAETbCS — eHepeiclo akmueayii. AKTUBHI
MOJICKYJIA 3HAXOJSATHCS B PyXOMOMY CTaTUYHOMY PIBHOBa31 3 1HIIMMH MOJIEKYJIaMH,
OOMIHIOIOUHKCH 3 HUMH €HEPTi€l0 MPU 3ITKHEHHSX.

PiBHsiHHS ApeHiyca BUCIIOBIIIOE 3aJIEKHICTh KOHCTAHTH IIBUJIKOCTI peakiii k

BiJl TEMIIEPATYPH:

k = A eEa/RT
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A — nepedexcnoneHYitiHuti MHOJCHUK, € — OCHO8A HAMYPAIbHO20 K02apudma, Ea
— enepeisn axkmusayii. R — yuigepcarvna eazoea nocmiina, T — abcomomua
memnepamypa.

PiBusHHS Apeniyca y orapudMidyHOMY BUTJISIII

Ink = InA Eason
n =in RT

Hanpukunan, B peakuii Hor + I map = 2HIr

ITpu temneparypi 300° 3a oxHy cexyHay BinOysaeTbca 10 3! siTkmens , ane
Tinekn 10 3aKIHUYIOTBCS XIMIYHUM B3a€MO3B SI3KOM  (IIpU  KOHIIGHTpAIlii
KOMIMOHEHTIB 1 Moinb/m). B 3arampHOMy BHAL 11 TOMOTEHHOI CHCTEMH, SKa
CKJIa/Ia€ThCS 3 JBOX KOMIOHEHTIB A i B, peakiiist MiXk HUMU Oy/ie MOKJIMBOIO, SIKILO
BOHU OyayTh MaTu MiHiManbHU# 3amac (piBeHb) eHepril Eawm, Axuii 3abe3nednTh

XIMIYHY B3a€MOJIIO.

AU=E»-E;
E &
BuyTpinHs eHeprisa peakuii
E#" -smsm== I TTmTTssEmsm - .
VRN 1 Ei-eHeprii  4acTHH B MOMEHT
En | \ 31TKHEHHSI, B3aEMO/I11, SIKa HE 3aKIHUYEThCS
/ | E's
A/ Eaxm- enepris B MOMEHT 3iTKHEHHS
" B I iﬁu
Enpoa S aKTUBHUX YaCTHUH

KOORANHETE peskiunm E>- eHepriﬂ 31TKHEHHS

Teopiss mepeximHoro crany mo3Boisie Oinbin TouHO OOpaxyBatH Eaxm Ta
KOHCTaHTH MBHIKOCTeN. BoHa Oyina 3ampornonoBana B 30-1 poku XX cTopivys. 3riIHO
1[i{ TEeOpii YMOBOIO X0y PEAKIIli € CTBOPEHHS HECTAOITLHOTO MPOMI)KHOTO KOMILIEKCY
3a paXyHOK Mepepo3MoIiay 3B’ I3KIB B pearyrdux Mojekyiaax. [IpomiHuii KOMILIEKC,
B CBOIO Ue€pry, MOXKE€ YTBOPIOBATUCS TUIBKM y TOMY BHUIAJKY, SKIIO pearyroui
YaCTUHKU MAlOTh €HEPTi€l0 HE MEHIY , HDK €HEepris akTUBalli MepexiHOro CTaHy.
Hampuknan, cucrema 3 Hy 1 1, yrBoprotors HI, sxmo monexkynu H; ta I, MmaroTh

JIOCTATHIO €HEPTII0 JIJIsl YTBOPEHHS MPOMIKHOTO KOMILIEKCY.
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Teopiss mepexiIHOTO KOMIUIEKCY JIOMOBHIOE TEOPII0 AaKTUBHUX 3ITKHEHb
CTpyKTypa mepexilHOTO KOMIUIEKCY Ma€ BEIWKE 3HA4YCHHS , TOMY IO KOHCTAaHTa
IIBUKOCTI B KIHETUYHOMY PIBHSHHI 3QJICKUTh BiJl KOHCTAHTH PIBHOBArW MPOIIECY

YTBOPIOBAHHS MEPEX1THOTO KOMILIEKCY.

H—H H--_H a3 H
A
I—1 I----1 I I
BILX1THL OepexiIHWI CTaH OpPOTVETH

PEYOBHMHN  (3rTHECBAHTIN KOMITTekc) Podkl

H-H+I* = H--H-1 = H*+H-I|
AKTIEOBaHWTII KOMITTEKC -
Kie=k =] mepexiTHI CTaH Ha
f“\ IUTEXY Bil peareHTiB o
£ 3 IPOIVKTIE. OTHI ZEI3KH
Iy _fe  PO3TATVIOTBCH, IIOTEM
. 1 PO3PUEAIOTRCA, THIT

E 3

TloTe i uan Mepris

' \ VTEOPIOKOTECH. CTAH 3
(Bci 3BsA3KII HATAHYTI)

H’L‘Il’J[l‘.'[IIUI:I.]‘.l PELTHEH

N HI

o=
T
T
jas
ul—l

YTBOpIOBaHHS aKTUBOBAHOTO KOMIUIEKCY MOTpedye NesKO1 eHeprii akTHBallii,
po3Maj ke aKTUBOBAHOTO KOMIUIEKCY — € CaMOJOBUTHHUM. TOMY MIBHIIKICTh peaKIlii
JOPIBHIOE KUIBKOCTI aKTHUBHUX KOMIUIEKCIB, SIKI MPOXOJSATh 4Y€pe3 E€HEepreTUUHMMA

Oap’ep 3a OMMHUITIO YaCy B HAMPSIMKY XO7a PeaKIlii.
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Ckaagni peakuii nmoguisiloTb Ha OOOPOTHI, MOCJIIOBHI, NapaJelibHi,
MO€HAHI (CIPSI2KeHi) i JJaHIIOTOBI.

Oo6opomui peakuii. XiMiuH1 peakilii, ki B1I0yBarOTHCSI OJJHOYACHO Y IPSIMOMY

1 3BOPOTHOMY HampsiMKax, Ha3WBalOTh OOOpPOTHUMH. JloBeneHO, IO OUIBIIICTH
XIMIYHUX peakiiil € 00opoTHUMH. [0 HUX, HANIPHUKIA, HAIEKUTH PEaKilisi BOJHIO 3
KHCHEM 3a Bucokux temnepatyp (2000-3000 °C)

2H; + 02+ 2H20

Ilapanenvni_peakuii. Peakiii, B AKUX OJHa BUXIJHAa PEUYOBHHA OJHOYACHO

pearye 3 YTBOPEHHSM KUIBKOX PI3HMX MPOAYKTIB, HA3MBAIOTh MapaleIbHUMHU.
Hanpuknan, npu HiTpyBaHHI (EHOIY OJIHOYACHO YTBOPIOIOTHCS JBa 130MEpHI
MPOJYKTU — mapa- 1 opTro-HiTpodenomu. Taki npouecu BinOyBarOThHCS 1 B OpraHi3Mi.
Tak, T71I0K03a OKUCITIOETHCS CIIOYATKY JI0 MIPOBUHOTPAIHOT KUCIOTH TIIIKOJIITUYHUM
IIUISIXOM, a TTOTIM OKUCHEHHS MOJKE BiIOyBaTHCS JBOMA MapaJeIbHIMH MIJITXaMHu — 32
UKIOM  TpukapboHoBux  kucioT  (muka  KpebGca) abo 3a  nukiom
rekcozoMoHodocdaty. Ta 3 mapanenbHUX peakiii, sika BIIOYBA€TbCS 3 OLIBIIOO
IIBUJIKICTIO, € OCHOBHOIO, a 1HIII peakKiiii — MOOIYHUMH.

Hoeonani_peakuyii. BaxxnuBy poisib y XiMii 1 010J10TiT BIIITPalOTh CHPSDKEHI

peakiii. [loenHaHMMU HA3UBAIOTh PEaKIlii, OJHAa 3 IKUX, 10 BiI0YBAETHCS CAMOBLIBHO,
CIPUYMHIOE NEepedir B CUCTEMI 1HIIOI peakiii.

OcoOnuBOCTI O10XIMIYHUX pEaKI[iii TOJATaloTh y TOMY, IO OJHOYACHO 3
CaMOBUIBHUM MPOLECOM, SIKMI XapaKTEpHU3ye€ThCS 3MEHIICHHSIM BUIbHOI €HEprii
['166ca (AG <0), 3m1iCHIOIOTHCS PeaKilii, K1 € TepMOAUHAMIYHO HeMOxJIBUME (AG >
0). ITpu ubomy [—AGyoscr.npon:| > AGuemon.npon-

Hanpuknan, peakiiist rIikosi3y (pO3IIEIUICHHS TII0KO3U Y KIIITUHAX OpraHi3My
70 MOJIOYHOT KHCJIOTU BiIOYBA€THCA 3a y4acTio (hepMEHTIB y Kijibka ctajii. [lepia
ctanis, pochopunroBanus D-rirokosu, € enaeprouidaum mporecoM (AG > 0):

I'mokosza + HPO4>~ — I'moko30-6-¢ocdar + H,O; AGy = +13,4 kJIx/MOb.

Taka peakirisi 3a 3BU4aifHUX YMOB € TEPMOJIMHAMIYHO HEMOXKJIUBOIO, alie MPHU
MO€IHAHI ii 3 eK3ePTOHIYHOI0 peakilieto Tiaponizy ATD:

AT® + H,0 — AII® + HPO4*; AG; = 30,5 xJI/MOIIb
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BOHA BIJI0YBA€ThCsI, OCKUIbKK 3MiHa eHeprii ['106ca cymMapHOro mpoiiecy cTae
BiJ’ eMHOIO BenunHo0 (AG < 0):

AG = AG; — AG; =-30,5 + 13,4 =17 xJ>x/M01b.

Tomy peakiiist I'moko3a + AT® — ['mroko30-6-pocdar + AJ(D;

AG =-17,1 xJ[)x/M01b

Ix mepebir y KiIiTUHAX OpPraHi3My CTa€ MOK/IUBUM 33 PAXyHOK HO€JHAHHS
HEMOJKJIMBOI peakilii 3 MOXJIMBOIO (Beay4or0). BoHa HanexXuTh 10 rpynu peaxiiii, 1o
PETYITIOIOTHCS TEPMOJUHAMIYHUMU YMHHUKAMH, OCKUIBKH caMa HE € CaMOBUIBHOIO 1
JUIS 11 311MCHEHHS MOTP1OHE 30BHINTHE JHKEPESIO €HEepTii.

Otxe, moenHaH1 peakilii Bii0yBatOTbCSI B CUCTEMI OJHOYACHO, MICTSITh OJIUH
CHUIbHUM peakTaHT (IHTepMeaiaT), IPUIOMY OJIHA PEeaKilisd 3yMOBIIO€ (IHAYKY€) IHIITY.

Jlanurozo6i __peaxuyii. JlaHUIOTOBUMH HA3WMBaIOTh XIMIYHI peakiiii, sKi

B11I0yBatOTHCS Yepe3 psiji €IIEMEHTAPHUX PEAKIIIH, 110 PETYISIPHO MOBTOPIOIOTHCS.

Jlo NaHIIOTOBUX paJUKAIbHUX HalekaTh peakilii OKUCHEHHsS 1 TOpPIHHS,
noJiiMepu3ailii, KpeKiHry Ha(TONpOAYKTIB, pO3Maay sAep pPaalOHYKIIAIB, AEsKi
(OTOXIMIYHI TEPETBOPEHHS TOIO. BOHM B1/10yBatOThCS 32 yUaCTIO BUIBHUX PaJUKaIiB.

Paoukanu — 1e HeCTIMKI aKTHBHI YaCTUHKU 3 HECHApEHUM €JEKTPOHOM Ha
30BHIIIHIN aToMHill a60 MojeKysspHil opbitam. IX mo3HAYalOTH Kpamkolo, IO
CUMBOJII3y€e HecnmapeHui enekTpoH, Hampukian, He, HO-, CI-touo. Bonu
YTBOPIOIOTHCS B TPOLIECI TEPMIYHOTO PO3KIAAY PEUOBUH, MPU OCBITICHHI, Iii
eJIEKTPOPO3psAy ad0 paaioaKTUBHOTO BUIPOMIHIOBAaHHA. PanukanbHI peakiiii MaloTh
MaJly BEJIMYUHY E,,.

JIisi NaHIIOTOBUX PEAKIIA XapaKTepHI TPU €Tanu: 3apOJDKCHHs JIAHIIOTa,

PO3BUTOK 1 0OpUB JaHIOra. PO3risiHEMO TUIIOBY JIAHLIIOTOBY PEAKIIII0 — B3a€EMO/IIIO

xJyiopy 3 Boguem Hy + Cl, — 2HCI.

1.3apoosxycennsa nanuyroca — 1€ BUHUKHEHHS B CUCTEMI aKTUBHUX YaCTUHOK

(aToMiB, paguKaiiB, 10HIB) BHACIIJIOK HAarpiBaHHS, /i BHUIPOMIHIOBAaHHS a0o
PaIIOAKTUBHUX YACTHMHOK, a TaKOXX TPH JOJaBaHHI y peakiliiiHe CepeoBUIIe
CrieliaJIbHUX PEUYOBHH, SIK1 Ha3UBAIOTh 1HIIIaTOpaMu. Y HaBEACHIN peakilii MoJieKyJia
XJIOPY JTUCOIIIOE€ HAa aTOMH (BUIbHI paguKalivd) NMpW BOWpaHHI KBaHTa eHeprii Yd-

IPOMEHIB:
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CL + hvy — CI* + CP’,

YTBOPEHHS paJuKaliB BiJIOYBA€ThCSA ILIIXOM
PO3UICHHS €JIEKTPOHHOT TTapH 32 CXEMOIO:
A:B— A*+B°
Takuii MexaHi3M pO3pHBY XIMIYHOTO 3B’S3Ky HA3WBalOTh PaJHUKAIbHUAM, abo
TOMOJIITUIHUM.

2. Pozeumok nanyrwza. pagukanu Xiopy, L0 YTBOPWIHChH, € XIMIYHO

aKTUBHMMHU YaCTHHKaMH, SK1 pearyloThb 3 MOJEKyso BojHIO 3 yrBopeHHsMm HCI i
pagukana He. Ocranniif, B3aemonitroui 3 moiekyiotw Clp, yrBoproe HCl 1 HOBHiA
pagukan Cl. Omxe, nNEpPeTBOPEHHS 3AIMCHIOETHCA NUIIXOM  TOCIHITOBHUX
€JIEMEHTAPHUX aKTIB, [0 CXeMaTUYHO MOKHA 300pa3UTH TaK:

Cl- + H, — HC1 + H+;

H- + Cl, —» HCI + CI-;

Cl-+ H, - HCl + H- i T.1.

Peakiisi TpuBae 10TH, IOKK HE MpOpearye BCsl BUXIJIHA peUOBHHA, a00 MOKH B
CUCTEMI HE 3HUKHYTb aKTUBHI YACTUHKH.

3. Obpus nanyroza NOB’ I3aHUMN 13 3HUKHEHHSM Y CUCTEM1 aKTUBHUX YaCTHUHOK.

[Ipotiec Moxe BiIOyBaTHCS MpPU OJHOYACHOMY 3ITKHEHHI BOX BUIBHUX PaJMKaIIB 3
TPETHOIO YACTUHKOIO, HAITPUKJIIAJ MOJIEKYJIO-1HT10ITOPOM, 1110 MICTUTBHCS B CHUCTEMI
SIK JIOMIIIIKA:

Cl- + Cl- + Ing — Cl, + Ing,

a TaKOXX MPH 3aXOTUICHHI aKTUBHUX YaCTUHOK CTIHKaAMH PEAKIIHHOT TOCYIUHHU.

Uucino akTUBHUX YaCTUHOK 3pPOCTA€ JIABUHOMOAIOHO, IO Yy pa3l HEKEPOBAHHUX
JAHIFOTOBUX MPOIIECIB TPU3BOAUTH /10 PI3KOT0 3pOCTaHHS IIBUAKOCTI PEAKIIil i MOXKe
CIPUYUHUTU BHOYX.

Peakuii OkMCHEHHS, 10 BiIOYBalOThCS B OpraHi3mi miJ Ji€0 (EepMEHTIB, a
TaKOX JIeSIK1 TTATOJIOT1UHI MPOLIECH — MPOMEHEBA XBOPO0Oa, PICT 3JIOSIKICHUX IMyXJIHH,
Tl TOKCHMHIB Ha OPTaHi3M — MalOTh JIAHITIOTOBUH XapakTep. ToMmy BceOiuHE BUBUCHHS

TaKMX peakiii Mae TEOPETUYHE 1 IPaKTUYHE 3HAYECHHSI.
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Teopito nanIroroBux peakiiiii creopuiau BueHi M. Cemenos 1 C. XiHIIeNnBy 1, 3a
o Oynu yaoctoeHi HobemniBebkoi npemii 1956 poky. 3HauHUM BHECOK B i pO3BUTOK
3pobunu akanemiku M. Emanyens, B. Kaprin, P. Kyuep, B. Konapatbes Ta iHmi.

3a y4acTio paJuKaiIiB BIIOYBAIOThCS peakilli 610XIMIYHUX MPOIIECIB — TUXaHHS
1 poTOCUHTE3.

[IpoTe B peakuisx KIITUHHOTO AMXaHHS MOXJIMBE YTBOPEHHS HaIAMIpHOT
KUIBKOCTI BUJIBHUX paJIUKaiB, sIKI 3TyOHO AiI0TH Ha kHBI KIITHHU. 1106 3amobirtu
IbOMY 1 HE IONYCTUTHU MOPYIIEHHS (PYHKI[I KIITUHHHUX MeMOpaH, y MpoIiec TUXaHHs
aBTOMATUYHO BKJIIOYAIOTHCS TMPUPOJHI AHTHOKCUAAHTH (BiTaMiHM Tpynu E,
acKopO1HOBA KUCJI0TA, TOKO(EPOI1, CEJIeH), K1, B3aEMO/I11041 3 BUIbHUMU paJiKaiamMu,
JI€3aKTUBYIOTH iX. Y pa3l NoTpeOH NpU3HAYAIOTh JIKapChKI MpenapaTH, skl 3B’ I3YI0Th
BUIBHI PaJIMKAIN 1 HOPMAJTI3YIOTh MPOIIEC TUXaHHS KIIITHH.

Domoximiuni peaxuyii. Ximiuni peaxyii, axi 6i00y8aromvcs nio i€t 8UOUMO20

abo YO ceimna, nazusaromuvcs pomoximivHuMu.

B ocHOBI mux peaxiiiii JeKUTh SBUIINEC BOUpaHHS aTOMaMH a00 MOJIEKYJIaMH
KBaHTa CBITJIOBOI €Heprii hv, 10 Npu3BOIUTH 10 YTBOPEHHS pPEaKIIHO3IaTHUX
yacTUHOK. [li TpOMDKHI MPOAYKTH TEPBUHHOI (POTOXIMIYHOI peakilli IMIBUIKO
BCTYMAalOTh Yy BTOPUHHI peakili (mepeBaXXHO JIAHILIOTOB1), BHACHIIOK SIKUX
YTBOPIOIOTHCS KIHIIEBI TPOIYKTH B3aeMojii. BTopuHHI peakilii Bke He MOTPeOyIOTh
OCBITJICHHS 1 TOMY 1X Ha3UBAIOTh MEMHOBUMU.

doToxiIMIUHI TIpoliecH AOCUTH TommupeHi B ipupoi. e y 1887 p. 6iomor K.
TumipsizeB, BUBYaIOUH peakilito (POTOCUHTE3Y BYTJIEBOIIB 3 BYTJIEKMCIIOTO ra3y 1 BOJIU
JIOBIB, IO 3a BIJACYTHOCTI XJopodiay I peakiiss He B1AOYyBa€TbCA, TOMY IO
BYIJIEKMCIIUIA Ta3 i Boja Ge3nocepesHbo He MOXKYTh BOMpATH CBITIOBY eHeprito. Ii
BOMpae xyopodin 1 mepenae peakTaHTaMm, BHKOHYIOYHM (DYHKIIIIO ceHCuOini3aTopa,
TOMY Taki peakiiii Ha3uBarTh POTOCEHCUO1TI30BAaHUMU.

Bracnimok (oTocuHTE3y YTBOPIOETHCS BEIWYE3HA KIIBKICTh OPTaHIYHUX
PEYOBHMH 1 BUIBHOTO KHMCHIO, HCOOXITHUX JUIS KUTTEIISUIBHOCTI JIFOJMHHU 1 TBAPUH Ha
3emui. [{opiuHo y 1ibOMy Mpolieci yTBOpIo€eThes Oiabine 100 Mapa TOH OpraHiqyHUX

PEUOBHH, sIKi aKyMyIr0r0Th 10 4-10%8 k][ eneprii.
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Kpim doTtocunTesy, Bigomi ¥ iHII 010XIMIYHI MPOIECH, 3yMOBJICHI J1€I0 Ha
OpraHi3M CBITJa 1 MOB’s3aHI 3 WOro BIUIMBOM Ha aKTUBHICTh (pepmeHTiB. Jl0 HUX
HAJICKUTH 31p, B OCHOBI SIKOTO JISKUTDH peakilis poToizomMepu3saliii XiMiuHOT CIIOIYKH
PETHHAITIO.

KaraJis i katajgizaropu. MexaHizm karauaizy. EHeprisg akruBanii

KATAJITHYHUX PeaKIi.

[IIBUAKICTH XIMIYHUX pEaKIiii MOKE ICTOTHO 3pOCTaTH IiJ A€ PEYOBHUH, SKi
HA3WBAIOTh KaTaTi3aTOPAMH.

SBuiie 3MIHM MIBUAKOCTI peakilii 3a HAsABHOCTI KaTaji3aTOpiB Ha3MBAIOTh
KaTaJli30M, a peakuii 3a iX y4acTio — KaTaIITHYHUMHU.

Kamanizamop — e npocta abo cKJ1aiHa peUOBHUHA, IO OEpe y4yacTh y XIMIUHIM
peakiii 1 3MiHIOE 11 MIBUAKICTb, ajié B KIHII PEAKIii 3aJMIIAEThCI B XIMIYHO
HE3MIHHOMY CTaHI.

KaranituyHi BIacTHBOCTI BUSIBJISIOTH TEPEXiJHI METaIM Ta IX CIHOJYKH —
OKCHJIH, T1IIPOKCUH, CYIb(IaN TOIO0. ¥ 6araTb0X peakilisxX KaTajaizaTopaMH € 10HU
rigpokconiro H3O", riapokcua-ionn OH™, amiHui, aMiHOKHCIIOTH Ta iH. BoHM 3HaYHO
IPUCKOPIOIOTh peakilii 3MIHIOIUM iX MexaHi3M. Hampukiaza, npu B3aemosii kKapOooH
(I) oxcumy 1 BOJAHIO, 3aJ€XKHO BiJ MPUPOAU KaTajizaTopa, YTBOPIOIOTHCA PI3HI

MPOJYKTHU — METaH a00 METaHOJI:

— XL, cHon

Q Kt
CH, + 0, 220°C - CH,0

KT
—— HCOOH
VY mpolieci OKUCHEHHsI METaHy KHCHEM TOBITPS 3a HASIBHOCTI PI3HUX KaTajai3aTopiB

(KT) MOXHa ofepkaTi METaHO, PopMalIbIET1]l 800 MypaIIUHY

s cH,
n=73 o
| Cr,0, + Zn0O

n=2

+ H,0

{n)

CO,, + nH,—

+(CH,0OH

KHCJIOTY:
VY npucyTHOCTI NPUPOJHUX OITKOBUX KaTani3aTopiB ((hepMeHTIB a00 €H31MIB)

BiI0OYBAIOTHCS BEJIMUE3HA KIJTBKICTh 0100pTaHIYHUX PEAKIIIi.
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PeuoBuHM, sKi CHOBUIBHIOIOTH IMIBUAKICTh XIMIYHHUX pEakiliii, Ha3HBaIOTh
inzioimopamu. THriGiTOpaMu € aHTUOKCUJAHTH — PEUOBUHHU, SIK1 TAIBMYIOTh OY/Ib-SK1
MPOIIECH OKUCHEHHS Pi3HUX CYOCTPATiB MOJIEKYJIIPHIUM KHCHEM.

Karanmizatopu OIIHIOIOTH 32 TIEBHUMU KPUTEPISIMU, Cepel SIKUX [0
HAWBaXUIMBIIINX HAJEXaTh: aKTHBHICTb, CHEIU(IYHICTh, CTIHKICTb O CTapiHHS Ta
OTPYEHD.

AKmueHicmp KaTajgizaTopa BIJHOCATH 1O TI€BHOI XIMIYHOI peakiii 1
BH3HAYAIOTH 32 BITHOIICHHSM IMIBUIKOCTEH KaTaITHYHOI Ta HEKATAIITHYHOT PEaKITii.
Karamnizatop TMM akTUBHIIIMHN, YUM OUIBIIE BIH 3HUXKYE BEJIMUUHY €HEPTii aKTUBAIIil
peakiii. Ha akTHBHICTH KaTaji3aTOpIB 3HAYHO BIUIMBAIOTH AOMIIIKU. OJHI 3 HHUX
MOXYTbh MIJICHJIFOBaTH, a 1HIII — CIIOBUIBHIOBATH 110 KaTaiizaropiB. PeyoBuHu, 1o
caMl HE MalOTh KaTAJITUYHUX BJIACTUBOCTEH, MPOTE MOCHIIIOIOTH IO KaTalli3aTopiB,
Ha3WBaIOTh MPOMOTOPaMH, a00 aKTHBATOPaMH.

Cneyugpiunicms (BUOIPpKOBICTB)  MMOJIATa€ B 3JaTHOCTI  Karaji3aTopa
30UTBIITYBATH MIBUAKICT TIIBKUA OAHIET peaKIlii cepell IHIUX MOXKITUBUX.

KaramitnyHi OTpyTH — peHOBUHHU, 5IK1, HABITh Y HE3HAUHIN KIJIBKOCTI, YACTKOBO
a00 TOBHICTIO 3HIDKYIOTh AKTHUBHICTh KaTali3aToOpiB, IIO 3YMOBJIEHO 3 XIMIYHUM
pYyMHYBaHHSIM IPOMDKHUX (aKTHUBOBAHMX ) KOMILIEKCIB.

Mexanizm 0ii kamanizamopie. He3anexHo BII BHAY KaTamizy, [id
KaTam3aTopiB Ha XIMI4HI 1 OIl0XIMIYHI peakiii Ma€ JesKi CHUIbHI O3HaKH.

KaranizaTopu ckepoByIOTh Eepedir peakiii, 3SHHKYI0UH €HEPTii0 aKTUBAIIll peakKili.

E 3 pUCYHKa BHJIHO, IO EHEpris

aKTHUBAIlil peaxiii oe3
karamizatopa E,(1) Ounbla, HIX 3a
HasgBHOCTI  Katamizaropa E,(2). lLle

INOSJCHKOIOTh THM, IO 3a HasIBHOCTI B

Ki+A 1 KiA%+B RV . .
peaKI_III/IHII/I CUCTEM1 KaTamsaTopa

v AB

3MIHIOETBCS MEXaHi3M peaxiii. Ko

Xio peaxyit 1 1
0 peaxifi peaxkiist A + B — AB 6e3 karamizaropa

BiIOyBa€eThCs B JBa etanu: A + B —

AB* —AB, TO mig BIJIUBOM
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KaTaji3aTopa CHOYaTKy YTBOPIOETHCS
NPOMIKHHH KOMIUIEKC PEYOBHHU A 3

KaranizaTopom KtA*.

[ToTiM, mig ai€r0 pedyoBUHM B BiOyBaeThcsi pyWHYBaHHS KoMIuiekcy KtA™,
yTBOpEHHS MpoayKTy AB 1 BuaineHHs KaTanizaTopa B He3MIHHOMY Burisiai: KtA* + B
— KtAB* — AB + K.

[TpoMikHI KOMILJIEKCH pedoBUHU 3 Karamizatopom KrtA* 1 KrAB*
XapaKTepU3yIOTHCS MEHILIOIO €HEePri€l0 aKTUBAIlii, Hi’XK KoMIUiekc AB* .

T'oMorenHnmii_KaraJji3. Y TOMOreHHOMY KaTali3l peakTaHTH 1 KaTali3aTop

YTBOPIOIOTH OJHOPI/IHY CUCTEMY.

MexaHi3M comozenH020 Kamanizy TPYHTYETHCS Ha TEOPii MPOMIKHHUX CHOMYK,
a00 TPOMDKHHUX KOMIUIEKCIB. [IpuKiiamomM TakuxX MPOIECiB € KUCIOTHO-OCHOBHHIA
KaTaji3, KU BinOyBaeThcs B po3unHax Mg aiero ioHiB HY (H30") ado OH . Bonu
KaTali3yl0Th PpEeaKIlii OMWICHHsS €CTEpiB, TIAPOJI3 KUPIB, MENTUIIB, KPOXMAIIO,
1HBEPCIIO caxapo3u Ta 1H.

J1J1s1 TOMOT€HHOT0 KaTajizy XapakTepHa BUOIPKOBICTD Jiii KaTaaizaTopiB, TOOTO
iX BIUIMB TUIBKM Ha TI€BHI XIMIYHI peakiii. butbmricTe 010XIMIYHMX MPOIECIB, SK1
3MI1CHIOIOTHCS B OpraHi3Mi i1 Ai€10 PEPMEHTIB, HAJIEKATh 10 TOMOT€HHOTO KaTali3y.

LeTeporenHuii _karaji3. Y TeTepOreHHOMY KaTaji3i pearyrdi pedyoBUHU 1

KaTaiizarop nepedyBaroTh y pizHHX (pazax. 3HaAUHE YMUCIIO KATATIITUYHHUX MPOIECIB
BIIOYBaeThCs MiJ ai€r0 ¢epMeHTIB Ha Mexi noauty ¢a3. Lleit Bua karamizy
BIJIPI3HSAETHCS BiJl TOMOTCHHOTO OUIBII CKJIAJHUM MEXaHI3MOM, OCKUJIBKH peakii
BIIOYBaIOTbCS Ha TBEPAil MOBEpXHI. AKTUBHICTh KaTaii3aTopa OyJe 3aiexaTu Bij
XapakTepy HOro MmoBEepXHi, HASIBHOCTI Mip, TPIIMUH, Ne(PEKTIB KPUCTATIYHOI IpaTKu
tomto. Jlyis 30UIbIICHHS] TOBEPXHI TBEPAY PEUOBHHY mMoOpiOHIOOTH. KatamizaTop
NEPEeBAKHO HAHOCITh Ha TMOBEPXHIO OYIb-SKOTO TOPYBATOTO MaTepiaiy, SKAN
Ha3WBAIOTh HOCIEM.

PO3BUTOK TEOpETMYHMX YSBJICHb MPO MEXAHI3M [li KaTaji3aTopiB Aa€ 3MOTry
chopMyIIOBaTH parlioHAIbHI OCHOBH, SIKUMH KEPYIOThCSI TIPU BHOOP1 KaTali3aTopiB

JUTSI IPOMUCIIOBUX MOTPEO, a TAKOXK MOSICHUTHA MEXaH13M Jiii 010KaTasi3aTopis.
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PoJp kaTaJjgi3zy B sKUTTETNIAJILHOCTI opragizmy. @epmMeHTH AK 0i0J0TT9HI

KaTaJizaTopu

VYci xiMiyHI Tpoliecd B yMoBax (i310JIOTIYHOTO CEpelOBHUINA OpraHi3My
(rimpomi3, mpoTtoii3, ¢dhochopuIoBaHHS, KOMILIEKCOYTBOPEHHS, OKHCHO-BIJIHOBHI
peakiii) MOXYTh BiOyBaTHCS TUIBKM 3a Y4YacTIO KaTalli3aTopiB, SIKI Ha3WBAIOThH
dbepmenTamu, a00 SH3UMaMH.

Depmenmu — 11€¢ pEUOBUHM O17IKOBOI IPUPOJIU, SIKI BUPOOJISIOTHCS KIIITHHAMU
KUBUX OPTaHi3MiB 1 3HAYHO 30UTBIIYIOTh HIBUAKICTH 010XIMIYHUX MPOIIECIB.

BBaxkaroTh, 10 B KIITHHI MICTUTBhCS OnM3bkO 10 THC MOJIEKYJ pPI3HUX
(dbepMeHTIB, Kl MPUCKOPIOIOThH MOHAJ 2 THUC. peakiiil. YeTBepTa 4yacTHHA BUBYCHUX
HUHI (EpMEHTIB MICTATh 10HM PI3HUX METAIIB 1 TOMY iX Ha3HMBaIOTh
MeTallo(pepMEHTaAMU.

depMeHTH, SIK 1 HEOPTraHiuHI KaTadi3aTOpH MiJIATalTh 3arajilbHUM 3aKOHAM
KaTajizy 1 XapaKTepU3yrThCs PSAAOM MOAIOHUX O3HAK:

- KaTaMi3yoTh TUIBKU T1 PeaKiiii, K1 € eHEPreTUYHO MOKIIMBUMY,

- HE 3MIHIOIOTh HAIPSIMKY NIepeOiry peakiii;

- 3BMEHIIYIOTh €HEPTii0 aKTUBAIlll peakIliil, THUM CaMUM MPUCKOPIOIOYH iX;

- HE BUTPAYaIOThCs B MPOIECI PEaKIIii.

[IpoTte depMeHTH MarOTh 1 OCOOJIMBI O3HAKH, IO MOB’SI3aHI 3 OCOOJIMBOCTIMHU
Oy10BH.

1. depmenTH € 61IKaMH 1 CKIIAJIal0THCA 3 aMIHOKHUCIIOT, CITOJTYUYE€HHUX M1k COO00
NENTUAHUMU 3B’ s13KaMu (TMIEpPBUHHA CTPYKTYypa). BoHu MicTaTh rigpodoOHi JaHIoru
(ByT7I€BOAHERBI 3aJUIIKK), MENTHIHI yrpynoBaHHs 1 noJisipHi rpynu: —COOH, —NHp,
>NH, —OH, —SH. Mix auistHKaMyd HOJINENTUIHOTO JAHIIOra 32 YYacTIO MOJSPHUX
Ipyll BUHUKAIOTh BOJIHEBI 3B’SI3KH, 1 TOMY MaKpOMOJIEKYJH (PEpPMEHTIB MO-pi3HOMY
3TUHAIOTHCS, YTBOPIOIOYM MyXKl KIYyOKH (BTOpMHHA CTpyKTypa). Ha meBHii niisiHIi
TaKOi CTPYKTYpPH YTBOPIOETHCS aKTUBHUM KATATITUYHUMA IEHTP, SIKUA CKJIAIa€ThCA 3
noJSIpHUX (YyHKIIOHATBHUX TPYII, a B MeTaJopepMEeHTax — I1¢ ¥ 3 10HIB METaIy.

2. depMeHTH XapaKTepU3yIOThCsl BHCOKOIO CHEHU(DIYHICTIO, BUOIPKOBO
MIPUCKOPIOIOYM TIILKH TIEBHI 010XiMivHI peakiiii. Hampuknan, € pepmeHTH, 1m0 Ai10Th

TIJIBKM Ha OJIMH 13 CTEPEO0i30MEpPIB peuOBMHHU. BHCOKa OpraHi30BaHICTh MPOIECIB
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(dbepMEeHTHOr0 KaTai3y BU3HAYAE€ThCS OCOOJIMBUM MOEIHAHHAM OyJ0BU (PEpPMEHTY 1
cyocTpary.

3.DepMeHTH MalOTh BUCOKY KaTATITHYHY aKTHBHICThH 32 JJOCUTHh M’SIKHX YMOB
(Temrmiepatypa, TUCK 1 KHCJIOTHICTh CEPEOBHIIA).

4. 30UTBITIIEHHS MBUIKOCTI 010XIMIYHUX TIEPETBOPEHb, IO AOCIATAETHCS IM1JT TIEF0
(depMeHTiB, nyxe Benuke. Tak, peakiis IIpoi3y CEYOBUHU B IPUCYTHOCTI (hePMEHTY
ypeasu npuckoproetses y 1 murpz (10°) pasis, a peakiiis rigparanii ByrJeKuciaoro razy
mig giero kapooanriapasw — y 10 muH pasiB. Karamasza, mo i€ Ha peakiiito
posknananus HyO,, 3HmKYye E, nipotiecy B 4 pasu, NpUCKOpPIOIOUM ii B 1 mupp pasis.
Onna Monekyna mporo gepMenty 3a 1 xB. posknagae 5-10° monexyn HpO,. Taxka
IIBUJKICTh PEAKIIii 32 y4acTiO 3BUYATHUX KaTali3aTOPIB HETOCSKHA.

5. lIBuakicTh (pepMEHTHUX peakiliii 3ajexarb BiJ KOHIEHTpallii (GepMeHTy,
TOA1 SIK JUIsl 3BUYAaHOTO KaTaji3y TaKoi CTPOroi 3aJeXHOCTI He icHye. ToMy, SKIIO B
OpraHi3mMi He BHCTa4a€ SIKOTOCh (PEpMEHTy, TO 1€ MPU3BOJAUTH JI0 3MEHIIEHHS
MIBUKOCTI MEPETBOPEHHS TIET UM 1HIIIOI PEYOBUHHM, 1[0 HETATUBHO BILIMBAE HAa CTaH
3710pOB’ Sl JIFOJIUHMU.

Teopis pepMEHTHOTO KaTalli3y IPYHTYETHCS HA TEOPIi MPOMIKHUX KOMILJIEKCIB.

3HauYHMI BHECOK Yy PO3BUTOK BYEHHS MPO MeXaHI3M [1i (hepMEeHTIB 3po0uiIu
BueHi JI. Mixaenic, M. Menren, E. ®@imep, JI. Konutan.

3a Teopiero Mixaenica — MeHTeH, npoliec (PepMEHTHOTO KaTali3y CKIAJaeThCs
3 psy CTaJlid:

1.B3aeMozist akTHBHUX IIEHTPIB PepMeHTY E 3 peakTaHToM (cyocTpaTtom) S, 1o
PU3BOUTH 10 YTBOPEHHS (DepMEHT-CyOCTpaTHOTO KOMILIEKCY ES;

2.Po3man mpomMi>kKHOTO KOMIUIEKCY Ha BUXITHUM cyOcTpaT S 1 hepmeHT E;

3.Po3nmag mpPOMIKHOIO KOMIUIEKCY 3 YTBOPEHHSIM KIHIIEBUX MPOJYKTIB
peakiii P 1 BUBUIbHEHHSIM (hepMeHTy E;

VY 3aranpHOMY BUTIISIA hepMEHTHA PeaKIlisi BiIOyBA€ETHCS 32 TAKOKO CXEMOIO:
k]
k
S+ET—= ES —> E+P,
2

ne Ki, k2, K3 — KOHCTaHTH MIBUAKOCTI BIAMOBITHUX PEAKIIiii.
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OT:xe, MPOMIKHOIO CTaII€10 MPAKTUYHO BC1X (PEPMEHTHUX PEaKiliii € yTBOPEHHS
dbepmeHT-cyOcTpaTHOrO KOMILIEeKCy ES. SIK 1 11 MpOCTHX KaTaIITHYHUX MPOIIECIB, IS
CTalisd XapaKTepU3YEThCS MEHIIOI0 EHEPri€l0 akTUBAIlli peakiii, 1o cropuse ii
HIBUAKOMY MepeOiry 1 € IPUUMHOIO0 BUCOKOI KaTAIITUYHOT aKTUBHOCTI (DEPMEHTIB.

3a Teopieto Dimepa yTBOPEHHS TPOMIKHOTO KOMIUIEKCY BiIOYBAETHCS TIIBKU Y
pasi, Koiu mpocTopoBa Oyn0Ba MOJIEKYJIH CyOCTpaTy TOYHO BiAMOBIZA€ CTPYKTYpi
aKTUBHOTO LEHTpy ¢epmeHTy. Komm cyOcTpar miIxoquTh 10 AaKTUBHOIO LEHTpa
(bepMeHTy SIK «KII0Y 10 3aMKa» TO peakilis BigOyAeTbcs. Takum dumHOM, Teopis

dimepa MpocTo 1 HAOYHO MOSICHIOE CEUBIYHICTD A1l (hepMEHTIB.

cnoJyka - cyoerpar Bi/lIOKpeMJ/IeHHS
xin. eeMenTy NPOAYKTH PO3HIeIICHHS

o i b
¢

=

f: IN

=

depmenTHo - cyberpaTnmii
KOMILIEKC

[Ipore momanemr gociimkeras Konutaama mokasany, o Mojekyiaa epMeHTy
JIOCUTh THy4Ka ¥ enactuuHa. CyOcTpaT 4acTo caMm CIOHYKae (pepMEHT /10 yTBOPEHHS
BIJIMOBIJTHOTO aKTUBHOTO IEHTPY, TOOTO KOHPopMarliist GepMEHTY Ta OO0 aKTUBHOTO
LIEHTPY 3MIHIOIOThCS B TMpoleci mnpueaHaHHs cyOctpary. lle mae MoOXIMBICTH
MOSICHUTH TPYTOBY cyOcTpaTHy crerudiuHICTh PepMeHTiB, TOOTO SBUIIE, KOJU Pi3HI
3a OyZI0BOO CyOCTpaTH MiAXOASATH A0 OJHOTO aKTUBHOTO IMEHTPY dhepMeHTy. SAKIo

cyOcTpaT 1HIIMM 1 HE BIANOB1Ia€ aKTUBHOMY LIEHTPY, TO PEaKIlis HE BiAOyBa€eThCS.

Pienanns wmeuoxocmi gpepmenmmuux peaxuinu Mixaenica — Menmen

X
S+ET—2 ES —— E+P,

JliMiTyr04OI0  CTaji€l0  TMEPETBOPEHb € po3nag  (epMeHT-CyOCTpaTHOTO
KOMIUIEKCY Ha TpOAyKT peakiii P1 depment £. Tomy 3arajibHa IIBUIKICTb
peakIii V 6e3mocepeIHb0  3aJIeKUTh Bl  KOHIEHTparii ¢depMeHT-CyOCcTpaTHOTO

KOMILICKCY.
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3anexxHICTh MIBUJKOCTI (PEPMEHTHOI peakilii OmuCcy€eThCs piBHSIHHAM Mixaenica

— MenTten:

_kIES)
POK, 4[]
ne Ky = (kz + k3):k1.

aKTHBHICTb epmeHTy,

V vV A
—————————————————————— LUBnakicTs
depmenTa
o THBHOI
< 11/2V, peanwi
s [ /A
= 1
= i
1
! K.,
i /
1
1
g

=
LA
=
Q
T
=
i}
T
=
=
=%
£.
=
<
h
3
=
3
H
s
=
T
L4

koHUuenTpawia depmenty  (E)

KoncranTta Mixaenica Ky 4yucenbHO JOpIBHIOE KOHIIEHTpaIlli cyOcTparty, 3a
AKOI IBUAKICTh (D€PMEHTHOI peaKIilii JOPIBHIOE MOJOBUHI CBOI'O MAaKCHMAJIbHOTO
3HAYEHHS.

[{s KOHCTaHTa € BaYXJIMBOIO XapaKTEPUCTHUKOIO KOKHOTO (DEPMEHTY 3a MEBHOT
BenuunHU pH 1 temneparypu. YuM MeHie yncioBe 3HaUeHHS Ky, THM OUIBILOIO €
IIBUJIKICTh KATATITHIHOTO TIEPETBOPEHHS CyOCTpaTy UM (hEpPMEHTOM.

3a BennuuHOW K)s ycl pepMEHTH YMOBHO MOAUISIIOTH Ha IIBHUJKI (3 Majoro
BenuunHOW Kj/) 1 TOBUIBHI (3 BeNUKUM 3Ha4YeHHsIM Kyy). s OlokatamiTHyHuX
peakuiii 3HaueHHs KoHcTanTH Mixaernica 3HaxoauThes y Meskax 107'-107 Momb/.

KoncranTa K3 xapakrepusye BIJTHOCHY aKTUBHICTh bepmeHTy. fi
HA3UBAIOTh MOAEKYIAPHOIO AKmMueHicmio, ab0 YHCIOM TEpPEeTBOPEHb (EPMEHTY
(mo3HayaroTh A). A — 4YHCIO MOJIEKyJ CcyOcTpaTy, sKi IICpEeTBOPIOIOTHCS 32
CTaHIApPTHUX YMOB BIPOJOBXK | XB. Ha OJHOMY AaKTHUBHOMY LIEHTp1 (pepMeHTy,
MOBHICTIO HaCHMYEHOro cyocTtpaToM. MoekyisipHa aKTUBHICTh OUIBIIOCTI B1IOMHX

(epmenTiB 3Hax0aMTHCA y Mexkax 1-10* — 6-10° xB™!. Benuke uncio A o3Hauae, mo
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peaxuis BiIOyBacThCs qysKe MIBUAKO. Tak, Ul KaTalasy Le YMciIo AopiBHIoe 5-10° xB~
! a qg aminaszu — 1,9-10% x7'.

Y MeauuHId TPaKTUIl aKTUBHICTb (EPMEHTIB BH3HAYAIOTh 3 METOIO
JIarHOCTUKHU 3aXBOPIOBaHb 1 KOHTPOJIIO 32 MPOIECOM JIIKYBaHHS, OCKUIbKH 3MiHA
aKTUBHOCTI (JEpPMEHTIB y MATOJIOTIUHUX CTaHaX € MPOSABOM (DYHKIIOHAIBHUX 3MiH B
oprani3mi. Tak, 3a 3MiHOIO aKTUBHOCTI (hepMeHTY acnaptaramino-Tpancdepasu (ACT)
B KpPOB1 MOKHa J1arHOCTYBaTH 1H(APKT MioKapjaa B MEpI TOJWHUA 3aXBOPIOBAHHS 3
OUIBIIOI0 TOYHICTIO, HUK 3a pomomMoroio meronxy EKI'. 36iiblieHHS akTHBHOCTI
dbepmenty AJIT (amaniHamiHoTpaHcdepasn) € HaIIMHUM J1arHOCTUYHUM KPUTEPIEM
rOCTPOi CTajii rematuTy, a MiJBUIICHHS aKTUBHOCTI JiacTa3d B C€Yl — O3HAKOIO
3amajeHHs MiANLTyHKOBOI 3a7103H.

Bnaue memnepamypu i pH cepedosuwia Ha weuoKicmos Qepmenmuux

peakuiu

3aJIe’KHICTh MIBUIKOCTI (PEPMEHTHUX pPEakKiiiid BiJl TEMIIEPATypH BUTIIAIAE JICIIIO
1HaKIIe, HOK JJI 3BUYaHMX XIMIYHHUX peakiii. KaramiTuuHa akTUBHICTh OLIBIIOCTI
(epMEeHTIB BUSBIIIETHCA Yy By3bKOMY 1HTepBam Temmepatyp — Big 10 mo 56 °C. 3a
BUIIIUX TEMIEpaTyp pyHHYeTbcs OLTKOBa OCHOBa (hepMeHTy, TOOTO BinOyBaeThCs
mpolec JAeHarypauii OUIKIB, a 3a HIDKYUX — Mepedir (pepMEeHTHUX MpOLECIB
CIIOBUIBHIOETHCS, 10 TMOB’SI3aHE 31 3POCTAHHSIM B’SI3KOCTI BHYTPILIHBO- Ta

MDKKTITHHHUAX P1IUH.

V. o MakcumansHa
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(ocarasa

Ha kaTtaniTuuny akTUBHICTH (DEPMEHTIB TaKOX ICTOTHO BIUTMBA€ BelnyuHa pH.
[Tpu 361npmenHi pH mMBUAKICTE PI3KO 3pOCTAE 1, JOCATHYBIIN MEBHOTO MaKCUMYyMY,

3HOBY pi3ko cragae. KonreHrpariiis ioHiB rigpokcoHito H3O", 3a sKoi MIBHAKICTH
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(depMeHTHOI peakilii MakCUMajbHa, € ONTUMAJIBHOIO ISl (YHKIIOHYBAaHHS JIaHOTO
dbepmenty. Jlns Oubmiocti pepMeHTIB Take 3Ha4YeHHS pH 3HAXOAUTBCA B Mexkax
4...10.

Ane nns geskux (EepMEHTIB KaTaliTHYHA i HE IIJJIArae 3arajbHUM
3akoHOMIpHOCTSIM. Tak, puboHykIiea3a BUSBIsSIE€ akTUBHICTH npakTudHo a0 100 °C 1
Hwkue (0 °C. depMeHT MencrH € HalaKTUBHIIINM y KHCIIOTHOMY cepenoBuiili npu pH
1,0...2,2, a apriHaza, mo O0epe y4acTh y BUJIJIEHHI aMOHIaKy 3 OpTaHi3My y BUTJISIII
ceuoBunu, — npu pH 10,0...10,2.

depMeHTH, IO MICTATH y CBOEMY CKJIaJl HOHU MeTany abo SKi HUMHU
aKTUBYIOTHCSI, HA3UBAIOTh Memanogepmenmamu. lle nocuts mommpeHa Tpyma
O10JIOTIYHUX KaTali3aTopiB, B SKMX HOHM METaIIB MOXYTh BHUKOHYIOTH POJIb SIK
aKTHBATOPa, TAK i KodakTopa. FoHn MeTaliB y (hepMeHTaX MarOTh TaKi (BYHKIIIL:

-BXOJMTHU J0 CKJIaJy aKTUBHOTO IIEHTPY;

-TIOJIETUIYBAaTU 3B’S3yBaHHs CyOCTpaTy 3 aKTUBHUM LEHTPOM, YTBOPIOIOYU
POMIKHUN MICTOK;

-CIIOJIy4aTHUCh 13 CyOCTpaToOM, YTBOPIOIOYH METAJIO-CyOCTpaTHUN KOMIUIEKC, Ha
AKUM J1€ PEepPMEHT.

3a HasgBHOCTI 10HIB METally ICTOTHO 3pOCTa€ YHUCIO MOXIMUBHUX CIIOCOOIB
3B’s13yBaHHA (PepMeHTY 3 cyOcTpaToM, TOOTO CTBOPIOIOTHCS YMOBH JiJIsi YTBOPEHHS
KOMIIJIEKCY 3 MEHIIIOK eHepriecro akTupaiii. [I[ppyyomMy Meranu mepeBakHO IIIOTh Ha
aKTUBHUI IIEHTP, TOMY BOHHU € CHEUUM(DIYHUMH aKTUBaTOpamu QepmeHTiB. s
GyHKIIIOHYBaHHS JEIKNX 010KaTaai3aTopiB HEOOXITHO HABITh JEK1JIbKA 10HIB METaIy,
Hanpukiaz, pepmenT anetua-KoA-cunrerasa notpedye pisHUX i0HIB MeTamis — Mg?”,
Mn2*, K*, Rb*Ta NH4*. Flonn MeTaniB MOXyTh aKTHBYBaTH (DEPMEHTH HE TiJIBKH
IUIIXOM KOMITJIEKCOYTBOPEHHS, il SKUM PO3YMIIOTh YTBOPEHHSI aKTUBHHX LIEHTPIB
U1 PEPMEHTHOTO TIPOIIECy, aje M MIISXOM CTBOPEHHS BIANOBIIHOI KOH(opMarlii
611KkoBOTO JTaHLora. Lle cyTTeBo miiBHILy€e CEIEKTUBHICTh (PEPMEHTY 10 cyOCTpaTy 1
TOMY METaTOpEPMEHTH XapaKTePU3YIOThCSI BUCOKOIO CIEIU(DIUHICTIO.

lonu MeTaniB MOXYTb BXOJAUTH JIO CKJIa/ly BEIUKOI TPy MeTaIO(EPMEHTIB K
ko(akropu. Koghaxmop (abo xohepMeHT) — HEOTKOBA YaCTHHA MOJIEKYJ CKIIATHUX

(depMeHTIB, sika BXOJIUTH A0 CKIAAY iX aKTUBHUX LIEHTPIB 1 3a0e3neuye KaTaOomMiuHy



MeaouuyHa xiMmisa

akTuBHICTh. KodakTopamu hepMEeHTIB MOXKYTh OYTH HYKJICOTH/IU, MIOX1/IHI BITAMiHIB
Ta JAeSKI HU3bKOMOJICKYJISIPHI CIOJIYKH, 110 BUPOOJISIOTHCS B KJIITHHI, @ TAKOX HOHH
metanis — Ca?*, Fe3*, Mg?*, Cu?" ta in.

Inzioyeanns kamanimuunoi 0ii hepmenmies

HIBUIKICTD NEAKMX XIMIYHUX peakiiid, y TOMy 4YuClIi i (PepMEHTHUX, MOXKHA
CIOBIJTBHUTH 3a JIONIOMOTOI0 TICBHUX PEYOBHH, SIKI OJEpKadu Ha3BY 1HTIOITOPIB. Y
BUMAAKY (DEPMEHTHHUX PEaKIlii BOHH 3MEHIIYIOTh aKTUBHICTh ()EPMEHTIB.

3a xapakmepom 36’a3yeanna 3 (HepMEHTOM IHTIOITOPU TOIIISIOTH
Ha 060opomHui Ta HeoHopommui. 1lepiill yTBOPIOIOTh 3 HUMU HECTINKI KOMILJIEKCH, SIKI
JIETKO JHMCOLIIOKOTH 1 TOMY aKTHUBHICTh (DEPMEHTY MICIIsl AUCOLIaLli BlIAHOBIIOETHCS.
Heo06opoTHi iHT101TOpH MIITHO 3B’S3YIOThCS 3 (DEPMEHTOM, YTBOPEHUN KOMILJIEKC HE
JTUCOIIIIOE 1 aKTUBHICTh TAKUX (PEPMEHTIB MIPAKTUYHO HE B1THOBIIOETHCS.

3a MeXaHi3MOM i 1HT101TOpH MOAUIAIOTh
HA KOHKYPEHMHI Ta HeKOHKYPEHMHI.

Konkypenmni inzioimopu (Y) MaoTh XiMi4Hy OyIOBY, JIyXe TOMAIOHY 0
OynoBu cyoctpaty. [Hr101TOp 1 CyOCTpaT KOHKYPYIOTh 32 aKTUBHUN LEHTP (PEPMEHTY,
npudoMy 3 epMEHTOM 3B’ S3Y€ThCS Ta CIIOIyKa, SIKO1 Y KIIITUHI OlJIbIIIe.

Hekonkypenmmni 1Hri01TOpU 0€3M0CEPEIHHO MPUETHYIOTHCS 10 KaTaTITHYHUX
Ipyll aKTUBHOTO LEHTPY (epMeHTy abo, 3B’SI3yI0UUCh 3 (DEPMEHTOM I03a MEKaMu
IIEHTPY HOT0 aKTUBHOCTI, 3MIHIOIOTh HOTO KOH(OpMAITITO.

Baxki meTanu (pTyTh, CBUHELIb, KaIMIM 200 TX OpraHiyHi CIIOIYKH, HAMPUKIa]
TETPACTHITIITIIOMOYM) TE€XK HaJIekKaTh JO0 HEKOHKYPEHTHHUX 1HT101TOPIB, iXHI CIIOJIYKH €
TOKCUYHUMU JJII OpraHi3My JIIOJIMHU, 1110 TOSICHIOEThCA OokyBaHHsAM SH-rpyt, siki
BXOJSTH JI0 CKJIaJy aKTUBHUX IIEHTPIB (PEpPMEHTIB.

Jacmocyeanna hepmenmuux npenapamisc y Meouuuni

biokarani3 BiJirpae Qyke BaXJIMBY pOJib y BCIX IposBax XKUTTA. Tomy s
MIIBUIIEHHS B1I0IPHOCTI OpraHi3My, MOJIMIIEHHS 0OMIHY PE€YOBUH BUKOPUCTOBYIOTh
dbepMeHTHI mpenapaTH, sSKi BUIUISIOTH 3 TIEBHUX OpraHiB TBapuH. Hampukiman, npu
nopyuieHH1 (yHKIIA OpraHiB TPaBJIEHHSI, MOB’A3aHUX 3 HEIOCTATHIM BUPOOJECHHSIM

(dbepMeHTIB, 3aCTOCOBYIOTh TIETICHH, TAHKpEaTHH, ¢ecTa, IericTal, Me3uM Ta iH.
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Po3ain MemuiHM, 1m0 3aiiMaeThes 3aCTOCYBaHHIM (EPMEHTIB K JIIKAPCHKUX
npernapariB, Ha3UBaIOTh EH3UMOTEPAITIETO.

VY Ham yac BUpOOHHITBO (hePMEHTHUX TMpemnaparTiB — Ie¢ BaKJIMBA 1 HEOOX1HA
rajxy3b IPOMHCIIOBOCTI, HAIIPUKIIAJI, JJISI BAPOOHHUIITBA XapUOBUX MPOAYKTIB — Kedipy,

PI3HHMX BHJIIB CHPY, MIMBHUX JPLKIXKIB, HOTYPTIB TOILO.

2. Higdourrs mincyMkin

3anuTaHHA U1 NepeBIPKH KiHIEBOr0 PIBHS 3HAHD:

1) xiMiuHa KiHETHKA, 3arajibHi IOJ0KCHHS,

2) MIBUIKICTh XIMIYHUX peakilid. KoHcTaHTa IMBHIKOCTI peaKilii;

3) mopsinok peaxkitii. [Tepiox HamiBepeTBOpeHHS. MONIEKYISIPHICTD PEaKIIil;

4) KiHeTHKA CKJIaJHUX pEeaKiii: MapalieIbHUX, TOCTIIOBHUX, CIOJYUYCHHX,
o0epHEHUX, JTAHIIOTOBUX;

5) 3anekHICTh IBUAKOCTI peakiii Bif TemmnepaTypw, npaBwio Bant-T'odda,
TEeMIIepaTypHUI KOEPILIEHT;

6) eHepris akTHUBAIlii, TEOPist AKTUBHUX 3ITKHEHb, PIBHAHHSI ApeHiyca.

3. Cnmncok pekoMeHI0BaHOI JiTepaTypu

Ocnoena:

1. Menuuna ximis: nigpyunuk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
[Nanunchka Ta iH.; 3a pe.. mpod.. B.O. Kani6abuyk — 4-¢ Bun.- K. BCB «Menununay,
2019 — 336c.

2. Meanuna ximis : migpyunuk / B.II. Mysuuenko, /1. Jlynesuy, JIII.
SABopcoka ; 3a pen. b.C. 3imenkoBcbkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menununay, 2018. — 496 c.

Jooamkoesa:

1. Muponosuu JI.M. Menuuna ximis: HaBuanpHuii mociOHuk. — Kwuis:

Kapagsena, 2008. — 159 c.
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2. Meauuna Ximis : TIAPYYHUK JUIS CTY[. BUIIUX HaB4. Mel. 3akil. / A.C.
Mopo3, 1.1. JIyuesuy, JLIL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuura,
2013. - 776 c.

3. Meauyna ximis : miapyunuk / 'omonait B.1., MinsoBuu C.C. — BinHums :

Hosa Knwura, 2016. — 672 c.

4. Memnuna ximisa / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. T'anuncebka,
CM. Toxmsincekuii, T.O. OscsuikoBa, B.A. Camapcekuit. — K.
«IHTepmeny, 2006, — 460c
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IpakTrune 3anaTTa Ne 6

Tema: Ximiuna piBHoOBara. BruiMB 30BHINIHIX YMHHMKIB Ha 3CyB XiMi4HOI

piBHOBaFI/I. PiBHoBara B IreTepPpoOrecHHuxX CucreMax.

MeTa: BH3HAUaTH THUIM XIMIYHHUX pEAKII; 3HATH OCOOJMBOCTI MPOTIKAHHS

00OpPOTHHUX MPOILIECIB; MOSCHIOBATH BIUIMB 30BHIIIHIX YAHHUKIB Ha XIMIUHY

piBHOBAry; BIUIMB 30BHINIHIX YUHHUKIB HA XIMIUHY PIBHOBAry.

OcHOBHI_NOHATTS: XiMiYHa pIBHOBAara, KOHCTaHTa XIMIYHOi PiBHOBAaru, J100YyTOK

po3unHHOCTI, IpuHUMI Jle [llaTenbe.

Oobaagnanns: Jlabopatopis kapeapu

JINE)H

1

2.

Cran piBHOBaru. PiBHOBa)KHI KOHIIEHTpAIIii.

KoHcranTa XiMiyHOi piBHOBard. TepMoJMHAMIYHI KpUTEpli CTaHy XIMIYHOL
PIBHOBAry.

[Mpunuun Jle Ilatense. YMHHUKH, 10 BIUIMBAIOTh HAa 3MIIICHHS XIMIYHOI
PIBHOBAry.

Jlabopamopna poboma. «XiMiuHa piBHOBara. BIUIMB KOHIEHTpamii 1
TEeMIIepaTypH Ha 3MIIIEHHS XIMIYHOT pIBHOBATrm».

3100yBa4Y OCBITH TOBUHEH 3HATH:

OCHOBHHMMH TMOHATTSIMH XIMIYHO1 PIBHOBArH;
3aKOH JIOYMX MAaC JIJIsi PIBHOBaKHOTO CTaHY;
CIocoOM BUpaKCHHS KOHCTAaHTH PiBHOBAry;
npuHnun Jle-Illarensbe;

CYTh MOHATTS «J00YyTOK PO3UMHHOCTI.

3100yBay OCBITH TOBUHEH BMITH:

BU3HAYATH HAIPSIMOK 3MIIIEHHS XIMIYHOI pIBHOBAru Npy 3MiHI TEMIEPATypH,
TUCKY, KOHIIEHTpAIlil peUOBUH;

OI[IHIOBATH PIBHOBAXHUI CTaH CHCTEMH 32 BEIMYNHOIO KOHCTAHTH PIBHOBAru
Ta 3HaYEHHSM 3MiHU eHeprii ['166ca;

IPOBOJUTHU PO3PAXYHKHU 3 BUKOPUCTAHHSM JI00YTKY PO3YMHHOCTI COJIEH.

3MiCT NIPAKTUYHOTI0 3AHATTH



MeaouuyHa xiMmisa

CraH piBHOBaru. PiBHOBakKHi KOHIIEHTPAIil.

binpuricTe XiMIUHMX peakiiid He mepedirae no kiHug. Peakiii, siki MOXYyTh
OJTHOYACHO TmepediraTh y MpsAMOMY Ta 3BOPOTHOMY HamNpsMKax, HA3WBAIOTHCS
000pOTHUMHU. Y peaxilii:

H; + I 2 '— 2HI

y modaTtkoBuii MomeHT vacy konmeHTpamis HI (C(HI)) mopiBHioe Hy:to, a
koHmeHTpaiiii Hy ta I, qopiBHIo0Th BuxigauMm (MakcuMmanbhi) — C(Hz)o Ta C(I2)o. 3a
[IUX YMOB peakxilis rnepedirae 3;iBa HalpaBo Ta MIBUIKICTH 1l BU3HAYAETHCS BUPAZOM:

Vip. = K1C(H2)o - C(12)o.

VY mepebiry peakmii, sSKy MH OyJeMO Ha3MBaTH MPSIMHUM IPOLIECOM,
KOHIIEHTpAIlli BUXITHUX PEUOBHUH HEMEPEPBHO CHAJal0Th, X Y BIJIMOBIAHOCTI 3 UM
MIBUKICTh B3a€MO/IIi BOJHIO 3 HOJOM 3MEHIITy€eThcs. OTHOYaCHO TIOYMHAE 3POCTATU
KOHIIEHTpallis npoAykTy npsmoi peakiii (HI), a, oTxke 3poctae UMOBIpHICTD nepediry
3BOPOTHOI peakilii (crpaBa HamiBo). [IIBUAKICTS 1 HOPIBHIOE:

Vse. = Ko C(HI).

3a miporo 301ableHHs KoHreHTpalii HI mBuakicTs oro aucomiarii 3pocTae
Ta HACTa€ TaKUW MOMEHT, KOJM IIBUAKICTH MPSMOI Ta 3BOPOTHOI peakilii CTaHyTb
PIBHUMH:

Vnp. = Ve,

Taxkuii cman cucmemu, Koau 6 Hill nepeodicaromov 064 NPOMUIENHCHO

CHPAMOGAHI XIMIUHI npouecu 3 00HAKOBON WIBUOKICMIO HA3ZUBAEMbCA CHIAHOM

XIMIUHOT pieHOGaAU.

Koucranra XiMidYHOI pIBHOBArH

YMOBY PpIBHOCTI HIBUAKOCTEH MPSAMOro Ta 3BOPOTHOTO TMPOLECIB IS
peakiiii dD + bB < IL + mM, MoxHa 3anucaTi y BUTJISII:
ki- CYD) - C°(B) = ko- C\(L) - C"(M);
sginku Bummsae Kilke= (C'(L) - C™(M))/(CYD) - CP(B)); BinHomeHHs

KoHCTaHT mBuAKoctei Ki/K2 € Takox koucranroro: Ki/ke: = K, = const. Togi:
_c(L)c" (M)
» c¢Y(p)c’(B)

K
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Koncranta K}, sika BijjoOpakye CIiBBIHOIICHHS KOHIICHTpAIlili KOMIIOHEHTIB
000pOTHOI peakIlii y cTaHi XIMIYHOi PIBHOBAaru, HA3UBAETHCS KOHCHMAHM O
pisnosazu.

KoHcTanTa piBHOBaru — HaBakKJIMBIIIA XapaKTEPUCTHUKA XIMIYHOI B3a€MO/IIi.
[i BenuumHa 103BOJAE CYAUTH HPO IOBHOTY nepebiry peakuii. JIns HeoGOpPOTHHX
peakmiii  (Takux, MmO TmepediraroTe 10 KiHi) Kp — 00, OCKITBKH  PIBHOBa)KHA
KOHIICHTpAIlil MPOAYKTIB y HECKIHYEHE YHCJIO0 pa3iB MEPEeBUITYIOTh KOHIIEHTpaIlii
BUX1THUX pedoBHH. Ko K, — 0, TO 11€ CBITYUTH MPO MPAKTHYHO MOBHY BIJICYTHICTH
XIMIYHO1 B3a€MO/I1i MPSIMOTO MPOLIECY.

AHxwo cman cucmemu He3MIHHUU 34 YACOM, Alle NPU 3MIHI 308HIULHIX YMO8 Y
cucmemi 8i00y8acmuvcsi Heo0OOPOMHUL Npoyec, MO MAKUli CMaH HA3UBAECMbCS
HeCnpaegdicHbolo (3azanvmosanoio) pienosazor. Tak, cymim Hy + O; 3a KiMHATHOI
TEMIIEpaTypyu MOKE€ HEOOMEXKEHO JIOBrO 3HAXOJUTHUCh Y HE3MIHHOMY cTaHl. OJIHaK,
el CTaH HE € PIBHOBWKHHMM, OCKUIBKM 3OBHIIIHIA BIUIMB (HANpUKIIAJ HarpiB)
PU3BOJUTH O MUTTEBOI B3a€MOJIIT 3 YTBOPEHHAM BOJU. SKIIO 1[I0 CHUCTEMY IMOTIM
OXOJIOIUTH JI0 TOTIEPEHBOI TEMIEpPaTypH, TO BOHA HE MOBEPHETHCS 10 BHUXITHOTO
CTaHy, OCKUTbKM HOBHM CTaH € TEPMOJIMHAMIYHO OUIBII CTIHKUM.

Ha BinMiHy BiJ HECNpaBKHbOI, ICTUHHAa XIMIYHA pIBHOBara He JIMIIE €
HE3MIHHOIO 3 4aCOM 3a BIJICYTHOCTI 30BHILIHBOT [I1i, ajie ¥ micJisi IPUIUHEHHS TaKo1 Jii
CHUCTEMa MOXE IOBEPHYTHUCS A0 TMOINEpPeAHhOro cTaHy. KiIacu4HUM MpHUKIAIoM
icTUHHOI XiMi4HO1 piBHOBaru € piBHoBara y cucreMi N2O4«>2NO:. [Ipu HarpiBanHi y
3amkHeHOMY 00’ eMi JIlumep N2O4 nuconiroe Ha 181 Mosiekyu NO». [Ipu oxonomkenHi
K CHCTEMa IIOBEPTAEThCA JO BHUXIJHOTO CTaHy: 3 JBOX MoJjeKkyl NO; 3HOBY
yTBOPIOETHCS N2Oa4.

TepMoauHaMiyHi KpUTEPIil CTAHY XiMIYHOI PIBHOBATH

IcTHHA XiMiuHAa piBHOBara XapakTEPU3YEThCS 3HAUYEHHsAM eHeprii [i00ca
piBHiit Hy0 (4G = 0).

[Ipu nHecmpaBxkHiii piBHOBA31 AG < (, TOOTO HE BUKIIOYEHO MOXKIUBOCTI
nepediry XiMigHOTo MpolLecy.

Koncranra piBnoBaru Kj, oB’s3ana 3i crangapTHoro eHepriero [106ca peakiiii

MPOCTHUM CITIBBITHOIIIEHHSIM:
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AG’ = -RT - In(Ky),

ne R — yHiBepcanpbHa razoBa crama (8,314  Jx/(moms - K)); T-
TepMOaHaMIuHa Temnepatypa; K, — KOHCTaHTa piBHOBard rOMOTE€HHOI peaxiiii, 110
nepebirae y ra3osiit a3l mpu temreparypi 7.

AHanoriuHo s peakiii, mo mnepediraioTh y piakux poszuuHax (V =
=const, T = const), konctanTa piBHOBaru K. MoB’si3aHa 31 CTaHIAPTHOIO CHEPIIi€I0
['enpMronbIa peakiiii CriiBBIIHOIIICHHSM:

AF’ = —RT - In(Ko),

ne K¢ — KoHCTaHTa piBHOBard roMOT€HHOI peakilii, 1o nepedirae y piakoMy
posumni mpu Temneparypi 7. YV po3BeleHuX po3uumHax 3MmiHa eHeprii I[i006ca
MPaKTUYHO JOPIBHIOE 3MiHI €Heprii I'enpMronbia i TOMy MOYKHa BUKOPHCTOBYBATH
PIBHSIHHSL:

AG%t = —RT - In(Kp)
AG’r =-2,3RT - lg(Kp)

I3 ocTaHHBOTO CHiBBiI[HOHIeHHH BHUILIINBAcC:

1. Ilpouec BUKOHYETBHCS SIK CAMOBUIBHUW y MPSMOMY HamnpsAMKYy, Ko Kp
>1,tomi lg Ko >01 A4 G<0;

2. Sxmo Kp <1, Toxi Ig Ky <0 ta  4G>0, T00TO Oy1e MaTH Miclie CaMOBUIHLHUHN
MpoIIeC EPETBOPEHHS NMPOAYKTIB HA PEUOBUHH;

3. Axmo Kp =1, AG=0, Toai mporiec piBHOBaXKHHIA.

[{i BUCHOBKM CHiBMAaJalOTh 3 AHAJIOTIYHUMHM, SKI BHUIUIMBAIOTH 13 3aKOHY
JIIOYMX Mac JJIsi CTaHy PIBHOBArwu.

Tepmoounamiuna ouyinka XimiuHo20 npouecy 0036071A€ 3poOUmMU MAKI
BUCHOGKU, AKI He GUNIUBAIOMDb I3 3AKOHY OII0UUX MAC:

* 'V BIAMOBIAHOCTI 0 KOHCTaHTa PIBHOBAry — ¢ QyHKIlIS CTaHy CUCTEMH, Y
SKii nepedirae mpoiiec, To0To K He 3anexuTh BiJ MeXaH13My peakilii.

* KoHcTaHTy piBHOBaru Mo>kHa 3HAWTH BUKOPHCTOBYIOUM TEPMOJIMHAMIYHI
XapaKTEPUCTUKN KOMITOHEHTIB PEaKIIii.

* Tak ik AG Oyap-sSKOTr0 XIMIYHOTO MPOIIECY € KIHIIeBA BEIMUYNHA, KOHCTAHTA

HE MO’KE JOPIBHIOBATH aHl HYJIO, aHi HeCKiH4YeHHOCTi. lle o3Hauae, mo Ko y



MeaouuyHa xiMmisa

cucTeMi nepeOyBaeThCs 3MiHA CKJIAay Xo4ya O OJJHOTO KOMIIOHEHTY peakilii, TO Taka
peaxilisi HA3UBAETHCS 3BOPOTHOIO.

3cyB ximMiunoi pisHoBaru. llpunmun Jle-Illareabe

[Ipn 30BHINIHROMY BIUIMBOBI Ha CHUCTEMY BiJIOYBA€ThCSA 3CYB XIMIYHOI
piBHOBaru, TOOTO 3MIHIOIOTHCA PIBHOBAXXHI KOHILIEHTpAlli BUXIIHUX PEUYOBUH 1
OPOAYKTIB peakiii. SIKIMO y MiACYMKY 30BHIIIHBOTO BIUIMBY 30LIBIIYIOTHCS
PIBHOBaXH1 KOHIIEHTpAIlIi IPOIyKTiB peaKIlii, TO TOBOPSTH MPO 3CyB PIBHOBATH BIIPABO
(mpaBopy4). SIKIIO Yy MiACYMKY 30BHIIIHBOTO BIUIMBY 301IBIIYIOTHCS PIBHOBAXKHI
KOHIICHTpAIIil BUXIIHUX PEYOBUH, TO TOBOPSATH MPO 3CYB PIBHOBArW BJIiBO (JI1BOPYY).

XapakTep 3CyBY IiJl [II€I0 30BHIIIHIX BIUIMBIB MOXHA IPOTHO3YBATH,
3actocoBytouu npuHuun Jle-1llaTtense, Ha3BaHU HA YeCTh PPaAHILy3bKOTO BUCHOIO:

AKWO HA CUCMEMY, W0 3HAXO0OUMbCA Y CMAHI PIGHO6A2U, CHPUYUHAE CA
306HIWHA 0id, MO PIBHOBA2A 3CYCAECMBCA Y MOMY HANPAMKY, AKUI NOCIAONIOE Y10
0i1o.

[Mpunmun Jle-1llaTenbe BUIUIMBAE 13 3aKOHY [IIOUMX Mac. SIKIIO cucTeMa
3HAXOAMUTHCS MPU CTAI TeMIepaTypl, TO KOHCTAHTAa PIBHOBAru IMONPH 30BHIIIHI
BIUTUBU 3QJIUIIAETHCS HE3MIHHOIO. ToMy Oyib-SIK1 3MIHU PIBHOBAKHUX KOHIICHTpAILIIH
OJIHIET YU KIJTBKOX PEYOBUH MPU3BOMSITH IO TaKOT 3MIHU PIBHOBAXKHUX KOHIICHTpAIIii
IHIIUX PEYOBUH, 100 30epiragach CTaIICTh KOHCTAaHTU piBHOBaru. [IpoimtocTpyemo
npuniun Jle-Illarense Ha mpukIaai peakiiii oJep>KkaHHs BOJHIO KOHBEPCIEI0 METaHY:

CHa(r) + 2H20(r) <> CO2(1) + 4H2(T); (AH > 0).

[CO2]-[H2]* -
[CH4]-[H20]?

Kp =

1. BluinB KOHUEHTpPauUiii KOMIIOHEHTIB CHCTeMM. SIKII0O Yy CHCTEMY
HAMPUKJIAA O0JAaTH METaH, TOOTO 30UIBIIUTA WOTO KOHIEHTpAIlil0o, TO piBHOBara y
cucteMi nopyuryerbes. JlonaBanHs y peakiiiHy CyMilll, sika 3HaXOJUThCS y pIBHOBa31
OJIHOTO 3 KOMIIOHEHTIB CIpHsi€e Tepeliry Tiei peakiiii, y sKiid e KOMIIOHEHT
BUTpavaeThes. [Ipy 1bOMYy MNPUCKOPUTHCS NpsMa peakiis, MO0 MpU3Bene A0
30UTbIIEHHSI KOHIeHTpauiii npoaykTiB peaknii COz;Ta HpTa 3MeHIEHHIO

KOHIIGHTpAIi BOASHOI Tapw, TOOTO piBHOBara 3CyHeThCsi BmpaBo. I[Iporec

nepediraTuMe A0 THX Mip, MOKA HE BCTAHOBUTHCS HOBa piBHOBara. HoBi piBHOBaXkHI
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KOHIICHTpAIlil yCIX KOMIIOHEHTIB OyAyTh TaKMMH, 1100 KOHCTaHTa PIBHOBarud He
3MIHUJIACh. SIKIO y CHCTEMY BBECTH JIOJATKOBY KUIbKICTh KapOoH (IV) okcuay, To y
BinoBiAHOCTI 10 npuHiuny Jle-Illatense piBHOBara 3cyHeThCs BIIBO.

2. BlulMB 3arajibHOro THCKY B cHCTeMi. SIKII0 y TIJCYMKYy peakiii
3MIHIOETHCSI YUCJIO MOJIB Ta30MOAI0HUX PEUYOBMH, TO 3MiHA 3arajbHOTO THUCKY Y
CUCTEMI BHKJIMKA€E 3CYB PiBHOBAru. 301bIICHHS 3aralbHOrO TUCKY CHUCTEM1 BUKIIUKAE
3CYB piBHOBaru y OiK TOi peaxiiii, sKa CyInpOBOKYETHCS 3MEHIIICHHSIM YHCiia MOJIIB
ra3onoAiOHUX PEYOBHH, OCKUIBKH BOHA CYNPOBOKYETHCS 3MEHIICHHSAM THCKY. s
PO3IIISIHYTOT PIBHOBAXHOI CUCTEMH 301IbIIEHHS TUCKY MMOBUHHO 3CyBaTH PIBHOBAary
BJIIBO (JIIBOPYY KIJIBKICTh MOJIIB ra3iB JOPIBHIOE 3, TPaBOPYyU Taka cyMa JOPIBHIOE 5)

3. BB Temnepatypu. 31 301UIbIICHHSM TEMIIEPATYPH PIBHOBAra 3CyBa€eThCs
y OIK €eHAOTEPMIYHUX peakKiliil, TOOTO peakiiiii, mepeoir aKux 3ade3rneyye MorinHaHHs
TEIJIOTH, Yy MIACYMKY YOro 3MEHIIYEThCS 30BHIMIHIA BIUMB. Peakuii, mo
CYNpPOBOKYIOTbCSI  BUIUICHHSM  TEIUIOTH, TMepebiraloTh OuUlbll TOBHO TMpHU
OXOJIOJDKEHHI. Y PpO3MJISHYTIM cUCTeMi 30UIBIICHHS TEMIIEpaTypu BHUKIMKAE 3CYB
PIBHOBaru npaBopyy.

Otxe, npunuun Jle-lllaTenbe n03BONSIE NPOrHO3YBaTH BIUIMB PI3HUX
30BHIIIHIX YWHHUKIB Ha peakuidHy cucreMy. [lpuHIun 3CyBy piBHOBaru e
3aCTOCOBHUM JIMIIE 10 CUCTEM, 110 3HAXOJAThCA Y CTaHl ICTUHHOI piBHOBaru. Tomy B
KOH/ICHCOBAaHUX, OCOOJMBO TBEpAO(A3HUX, CUCTEMaX, MPOIECH Y SKUX YacTo
3araJbMOBaH1, 3aCTOCYBaHHS LOTO MPUHIUIY € OOMEKEHHUM.

JIOOYTOK PO3YHHHOCTI. YMOBH VTBOPECHHS TA POZYMHEHHS O0CATY.

Pozuunnicme (S) — 11e 3MaTHICTh PEUOBHUHH POZYUHATHUCS Y TOMY YU IHIIOMY
po3unHHUKY. BoHa TuM Oulbllla, YUM CHUJIBHINIA B3aEMOMIS MI)K KOMIIOHEHTaMU
PO3UHHY.

3aJIe)KHICTh MK XIMIYHUM CKJIAJIOM PEUOBHH 1 iX PO3YMHHICTIO OMUCYIOTh
MIEBHUMH €MITIPHYHUMHU MMPABUIIAMU, SIKI MAIOTh CTATUCTUYHHM XapaKTep:

1. Heopraniuai ¥ opradiydi KHCIOTH B OUIBIIOCTI BUMNAAKIB J00pe
po3unHsoThCs. Bunstkom € HpSiO3, H,SNO3, HShOs.

2. Yci 0OCHOBHU € BaXXKOpO3unHHI, 3a BuHATKOM JyTiB: KOH, NaOH, Ba(OH)5,

Sr(OH)z
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3. 3a pO3YMHHICTIO COJII MOJUIAIOTHCS Ha JIB1 BEJIMKI TPYIIH.

1) Comi cunbHUX KHUCIOT J00pe po3unHsoThesl. Bunsatkom € BaSOs, SrSOq,
PbSO4, PbC'g, PbBrz, Pb'z, AgC', AgBr, Ag|, Hg2C|2, Hg2C|2, ngBl’z, ng|2.

2) Coui ciTabKHX KUCIIOT PO3YUHSIOTHCS [TOTaHo, 3a BUHATKOM cojeit Na™, K¥,
a TAaKOXX COJICH arleTaTHoi 1 HITPaATHOI KUCIIOT.

Y 3ajexHOCTI BiJ 3MICTy PpO3YMHEHOI pPEUYOBHMHH Ta CIIBBIAHOIICHHS
IIBUJIKOCTEH TMPOIECIB PO3UYMHEHHS Ta KpHUCTai3alli po3pi3HAIOTh HACHYECHI,
HEHACHYEHI Ta MepEeHAaCHUYeHI PO3UMHHU.

KinbKiCHO pO3YMHHICTH PI3HUX PEUYOBHH BHUPAKAETHCS KOHIEHTPAIIIEIO
HACUYEHUX pO3YMHIB. PO3YMHHICTP JaHOi PEYOBUHM JIOPIBHIOE ii MOJISIPHIN
KOHIIEHTpAIlli y HACHYEHOMY PO34YHH1 Y MOJIb/I. PO3YHMHHICTh 4acTO BUPAXAIOTh 1y
rpamax po3unHeHoi pedoBuHM Ha 100 T po3unmHHUKA. PO3YMHHICTH PEYOBHHU
3QJIEKUTH B1J 11 IPUPOHU, TOOTO BiJl ii CHOPIAHEHOCTI JO PO3YMHHUKA, TEMIIEPATYPH,
KOHIIEHTpaIlii 10HIB y po3unHi. [Ipu po3unHeHH1 O1IBIIOCTI COJIEH Y BOJI 10 PO3UUHY
NepexoAsTh HE MOJEKyJdu, a 10HM. ToMy y BOJHOMY HACHYEHOMY PpO3YHWHI
MaJOPO3UYMHHOTO CHUJIBHOTO EJEKTPONITY MiJ Yac BOAHOI (a3 BCTAHOBIIOETHCS
JMHAMIYHA TeTepOTeHHA PIBHOBAra.

PosrisitHemMo  reTeporeHHy  piBHOBary  MDK  KPUCTaJIl4YHMM  OCaJIOM
Masnopo3unHHoi coJiit AgCl Ta iioro BOTHUM pO3YMHOM, SIKUM MicTUTh i0HU Ag Ta Cl.
[Ipu BBemeni y Boay cosi y OUTBIIIN KUIBKOCTI, HIX TOTPIOHO JJIS OTPUMaHHS
HAaCUYEHOT0 PO34YMHY, OyJie MaTH MiCIle piIBHOBara Mixk TBepJi0t0 ¢$a30r0 Ta i0HAMHU
COJIl y PO3YMHI :

(AgClhms. < Ag +Cl
A y 3aragpbHOMY BUTIISIAL 17151 OyAb-SIKOTO BaXKKOPO3UMHHOTO €JIEKTPOJIITA :
(AcB,)ms. & xA +yB |
BpaxoByroun nocTiHICTh KOHIIEHTpAllli TBEpJ0i peYOBUHU
[A B ]=const, oTpumaeMo :
Kp. const=[A] [B] =P ABy,
Koukperno aiis AgCl:
JPager = [Ag* ] [CI']
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Y HacuueHOMYy pPO34YMHI coJli JOOYTOK KOHIEHTpaliil ii 10HIB ( TOYHIIIE
KaKy4Yd, AaKTHUBHICTb 10HIB) y CTENEHSX, $SKI JIOPIBHIOIOTh CTEXIOMETPUUYHUM
KoedillieHTaM, € BeIMYMHA TMOCTiHAa 3a JaHOi TEeMIIepaTypH, sIKa Ha3UBA€THCSA
n100yTKOM po3unHHOCTI ([IP).

Bennuuna /[P xapaktepusye po3uynHHICTB €IEKTPOIITY 3a ITAaHOT TEMITEPaTyPH.
BoHa BH3HAYaETHCS MPUPOIOI0 EIEKTPOITY Ta POSUMHHHUKA. XapaKTEPHI BEIHYNHU
s JIP nesikux BaKKOPO3UMHHHMX coJied mojgaHi y Ttadmuill 1. Benwuuna JIP cosneit
JA€ThCS 3a CTAaHAAPTHHX yMOB, T00TO mpu 25 °C, Tak sK iX PO3YMHHICTB, K y¥KE

BIIMIYQJIOCh, PI3HUM YUHOM 3QJICKUThH BiJl TEMIIEPATYPH.

Ta0mmms 1.
odymok po3uunnocmi oeakux co.eil
Cinp
Cinb JIP JIP
HgS
AgCl 1.8- 10 1.6- 10>
Mgs (PO4)2
AgBr 5.3-10°3 L0-10"
Caz (PO4)2 2.0-10%
Agl 8.3- 10"
CaHPO4
BaSO4 1.1- 10 2.7-107
2.5:10% Ca 5(OH)(PO4)3
PbS 1.6-10%®

Bnaue oonoumennozo iony.

3pyIIeHHs] 10HHUX T€TePOTCHHUX PIBHOBAT B1IOYBAETHCS y BIAMOBIIHOCTI 10
npuniuny Jle Illatensbe, a came, 3MiHA KOHIIEHTpaLli OAHOUMEHHHUX (TOOTO THX, IO
BXOJIATh JIO CKJIAJTy COJI1) 10HIB CIIPUYUHSIE 3MIHY PO3UUHHOCTI €JIEKTPOIITY, OCKIITBKH
NO0OYTOK PO3YMHHOCTI - BEJIMYMHA TOCTiMHA. 3 1i€i 3aKOHOMIPHOCTI BUIUIMBAIOTh
HACJI/IKH.

a) Bumag ocaxy. Ocag MamOpO3YMHHOTO EJIEKTPOJITY BHUIIAA€ 3
nepeHacuueHoro po3uuHy. Ocaj  yTBOPIOETHCS, SKIIO JOOYTOK pealbHUX
KOHIIEHTpalli HOro 10HIB y PO3YMHI 3 ypaxyBaHHSM KOE€(QILI€HTIB y pIBHSHHI

nucolriaiii qanoro exekrposirty () Oinbiie 3a 100yTOK po3unuHHOCTI , ToOTO JII[>/IP,
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IO Ma€ MiClle y epeHacuYeHoMy po3uuHi. Bunaa ocamy mpoaoBXKYEThCS 10 TOTO
4acy, JOKM PO3YMH HE CTaHE HACUYECHUM.

0) Po3uuHennsi ocagy. Ocaq MaJOPO3YMHHOTO EJIEKTpoiTy Oyje
PO3UYMHSTUCS Y TOMY BUIAAKY, SKIIO PO3UYUH HAJ HUM CTaHE HEHACUYEHUM, TOOTO,
KOJIM Y PO3UMHI HaJl 0CaJJOM IIOTO MaJOPO3UYUHHOTO €JIEKTPOJIITY CTEXIOMETPUIHUN
no0yTOK KoHIeHTpallii 10HiB J[I menmmii 3a #ioro modyrok poszunnuocTi (AI</IP,
HeHacu4YeHUH po3unH). OCTaHHBOTO MOKHA JOCSTTH pO30aBIECHHSIM PO3UMHY, & TAKOXK
BHJIAJICHHSM a00 3B SI3yBaHHSIM OJHOTO 3 OJHOWMEHHUX 10HIB y OIIBII CTIMKY
CIIOJIYKY.

Hanpuknazn, Baxkopo3unHHa cuib BaCO3z J€rko po3unMHSAETHCS Y COJSHIN
KHUCJIOTI 13-3a PI3KOT'0 3HUKEHHSI KOHIIEHTpallli KapOOHAT-10HY, IKUN PYUHYETHCS 10
BYTJIEKUCIIOTO Ta3y, 1 IKUW 3aIUIIae peakiiiiny cdepy :

BaCO3 + 2HCI — BaCl ,+ CO, + H,O

Ocang AgCl po3umHsiETRCS y BOJHOMY pO3YMHI aMOHIAKy, OCKUIbKH
B3a€EMOJIIIOYl 3 aMiakoM, BiH YTBOPIOE PO3YMHHUN KOMIUIEKC, CTIMKUN Yy pasi
HAJUIMILIKY aMIaKy Y PO34HHI:

AgCl + 2NH; — [Ag(NHs3)]Cl

Po3unHeHHs ocaaiB MoKe BIIOyBaTUCS Yy pe3yibTaTi OKHCHO-BIAHOBHOI
peaxIi :

CuS + 4HNO3; — Cu(NOg3), + 2NO + SO, + 2 H,0

TakuM 4MHOM, PO3YMHEHHSI OCaAy SIBISETHCS HACIIIKOM KOHKYPEHIII MiX
reTePOreHHOI0 PIBHOBATOIO Ta XIMIYHUMHU PIBHOBaramu.

PoJb rereporeHHol piBHOBAIM 3 VYACTIO COJIEH B 3araJiLbHOMY roMeocTasi

Oprasizmy

B opranizmi JoAMHE HaWBaXIIMBINIT TETEPOTeHHI MPOILECH 3a YYacTiO
HEOpPraHIYHUX 10HIB OB f3aHI y TMEpIIy Yepry 3 YTBOPEHHSM 1 PO3YMHEHHSIM
MiHEpaJIbHOI OCHOBU KICTKOBOT TKAHWHU.

[i OCHOBHMII KOMIOHEHT — TigpoKcHamaTHT, TimpokcudochaT KambIliio
Cas(OH)(PO,)3. Moro yTBOpeHHs MOXHA BUPA3HTH 3arajibHOIO CXEMOIO:

5Ca +3HPO4 + HOH <Cas (OH)(PO,); + 4H"

PiBHSIHHS MTOKa3ye, M0 y KUCHIHM cepe/il KICTKOBA TKAaHUHA PYWUHYEThCS.
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@dopMyBaHHSI KICTKOBOI TKaHMHM IMOYMHAETHCS 3 IJIA3MH KpOBi. Y IU1a3mi
MICTSTBCS HEOOX1H1 IS IIbOTO KaTIOHU KaJIbI[i10, @ TAKOXK JUT1ApO- Ta riapodocdar-
ronn. Kpim 11p0r0, y Hiil TaKOK 3HaXOJATHCS I KaTIOHU, 1 aHIOHH, 1110 3a0€3MeUyI0Th
BIJIMOBIHO KUCIIOTHO-OCHOBHY piBHOBary. KoHIleHTpaIlis KaTioHy KajlbIlil0 y T1a3Mi
cknamae 2.5 -10 Moabp/n, ajie K Ile JUII YacThHA Horo, a came 1 -10 Momb/m,
3HaXOJIUThCH Yy 10HI30BaHHOMY cTaHi. KoHnenTpariis rigpodocdar iony y miazmi — 2.9
‘10 Moub/m.

Buxonsun 3 manmx, momaHuX y TaOm.l BHIHO, MO IUX KOHIIGHTpAIlii
noctatHbo st yrBopeHHs ocaxy CaHPO4 (AP = 2.7 -10, I = 2.9). Tak sik po3uuH
JUIIe 3J7erka NepeHaCHYEeHU, y TUla3Ml KpUcTali3alis TPU3BOAUTH A0 YTBOPEHHS
MaJIUX KUIBKOCTEH MIKPOKPHUIITATIUKIB TiApodochaTy Kabliito.

VY kimiTHHAX KICTKOBOI TKaHWHHU, IO OMHBAIOTHCS KPOB'10 (a, SK HACTIIOK, i
MIKPOKPUCTAJIIYHUM ~ ocaioM riapodocdary Kajblilo), KOTpPl HA3HBAIOTHCA
octeobnactamMu, y pe3ysibTari (epMEHTATUBHOTO TIAPOJi3y O10MOJIEKYJI, SIKI BOHU
MICTATh (ckiagHuX e@ipiB (pochopHOi KHCIOTH) IMIJABUILYETHCS KOHIIEHTPALIIS
docdar-ioniB. Ile yTBOproe yMoBH [Jisi 1€ OUIBIIOTO MEPEHACUYCHHSI PO3UHHY
docdaTiB KajbIlito, IO CIpUSE TMEPETBOPEHHIO TiApodocdary Kaiblilo Ha
rigpokcuanatut. L{boMy x crpuse i craaboiykHa cepeia mia3Mu. TakuM YUHOM,
BCTAHOBJIFOETHCS JTMHAMIUHA PIBHOBAra, CTaH SIKOi BU3HAYAETHCS CYKYITHICTIO TPhOX
dakTopiB, a came KOHIEHTpamisiMi ¢ocdaT-10HIB Ta KaTIOHIB KaJIbIiI0, a TaKOX
KHUCJIOTHICTIO cepenu. HacmiakoM Takoi piBHOBaru ABJISIETbCS 110JiIeHHUNA 0OMiH 700-
800 Mr KamnblIlil0 y CKJIaJi KICTKOBOI TKAHUHHU.

[Tpu 3011bIIEHH] KOHIIEHTPALlli BUIbHUX 10HIB KaJbli0 Ta rigpodocdar-10HiB
y masMmi BinOyBaeTbcs BifKNIafaHHS TiPOKCHATIATHTY y KICTKOBili TKaHMHi. Ix
3HIDKEHHSI TPU3BOUTH JI0 PO3UYMHEHHS KICTOK, 1110 CITIOCTEPIra€ThCA Y ITEH Y BUMAIKY
paxiTy, y BariTHUX, KOJM iXHIH KICTKOBUM MaTepiall BUTPAYAEThCS Ha (POPMYBaHHS
CKeNeTy IUIoJa, y KOCMOHABTIB 13-3a TOPYIICHHS MiSTIBHOCTI (epMEHTIB, sKi
BIJIMOBIAAIOTH 34 KaJbLiEBUNA 0OMiIH B opraHi3mi. OcoOJMBO HA0YHO MPOCTEKYETHCS
BILJTUB KHCIIOTHOCTI Cepeay JJIsl BUIAIKY PYHHYBaHHS 3yOHOT TKAaHWHHU, MiHEpaIbHY

OCHOBY SIKOi TaKOX CKJIaJa€ TiApOKCcHAmaTuT. AHaepoOHI MIKpOOPTaHI3MH POTOBOI
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NOPOKHUHU METAOONIOI0Th 3 YTBOPEHHSIM OPTaHIYHUX KHUCJIOT, SIKI PO3YHHSIOTH
TPOKCUAIaTUT 3y0iB. Y IIbOMY TOJISITAE MPUYHMHA Kapiecy.

PazoM 3 rigpokcmanaTUTOM y KICTKOBIM TKaHUHI MOXYTh OCQ/KyBaTHCS i
1HII 10HU. Y TepIIly 4epry e CTOCYeThcs (TOopu-aHIOHA. 3aMiHa T1IPOKCHIBHOI
rpymnu Ha GTOp y TIAPOKCHAMATHUTI MPU3BOANTH A0 YTBOPESHHS ITI€ MEHIIT PO3YHHHOTO
ta Olmemr  MexaniyHO MinHOoro  Qropanmatutry  CasF(POg4)s;.  IlpucyTtHICT
MIKPOKIJIBKOCTEH (TopamaTUTy y KICTKOBIM TKaHMHI 3a0e3rneuye il MIIHICTb.
Oco0aMBO BaXJTUBUN (TOpAnaTUT SK MIIHE KUCIOCTIHKE MOKPUTTS 3yOiB-3yOHA
eMaiib. OueBHHA HEOOX1THICTh 100aBOK (TOPHUA-10HY /10 3yOHUX MACT.

3aMilyBaTl Kajbliil y CKJIaJl KICTKOBOI TKAaHHMHU MOXYTh KATIOHM 1HIIUX
MeTaniB apyroi rpynu llepioguuHoi cucTeMu: Martiro, OepuIito Ta CTPOHILIO. K10
HAsIBHICTh MEPIIOTO Y HEBEJIMKHX KUIBKOCTSIX y KICTKaxX MPUPOJHA, MPUUOMY 15
HEBEJIMKA KUIBKICTh JIETKO MOSICHIOETHCSI KPAIlO PO3YMHHICTIO Pocdary MarHiio y
NOPIiBHSHHI 3 KAIbI[i€BUMH COJISIMH, TO IOSBAa iHINMX BKpail HebGaxaHa. VoHn
CTPOHIII0, 3aMIIIYIOUYX 10HU KAJBIIO Y KICTKAaX, BU3UBAIOTH iX TAMKICTh (CTPOHIII€BUMA
paxiT). Oco0iMBO HeOEe3NeUHUi pajlOaKTUBHUK 130TON CTPOHLIN-90, sSKuidl mpu
MOMAa/IaHHl JI0 CKJIaay KICTKOBOI TKAHWHU OMPOMIHIOE KICTKOBUH MO30K Ta MOPYIIY€E
KpOBOTBOpHI mpouecu. HapiTh HeBeIMKa KUIBKICTh OEpHUIII0 y CKIaal KICTOK
MPU3BOAUTH IO 3aXBOPIOBAHHSI, 10 HA3UBAETHCSA OCPUITIO30M (TIOM SIKIIEHHS KICTOK).
Ile TUTIOBI IPUKIIAAN MAKPOETIEMEHTIB.

HupkoBo-kaM siHa XBOpoOa MoJisirae B YTBOPEHH! KaMiHHS — BiJKJIaJlaHHI
coJiel PI3HOMAHITHOTO CKJIaay: BTpaTa KaJbI[II0 — COJIl CEYOBOI KUCIOTH (ITPOMIKHA
PEYOBMHA A30THOTO OOMiHY), MalOpO3uMHHHX (ochaTiB OKcanaTiB Kajibllilo. Ix
BiIKJIaJaHHIO cripusie 30utbieHHst pH ceui, ToOTO y>kHa cepena. [{o peui, ojHi€0 3
NPUYMH 3aru0elli MpyU OTPYEHHI €THJICHTIIIKOJIEM SIBIIIETHCA 3aKYMOPIOBAHHS CYyJIUH
MHOKMHHUM BiJKJIQJaHHAM MaJOPO3YMHHOTO OKCANaTy KajbIlilo, KWW BHITAJA€ B
ocaj 13-3a TOro, M0 Yy TUIa3Mi PI3KO 3pOCTa€ KOHIIEHTpAIlisl IIaBJIEBOi KUCIOTH —
NPOAYKTY METaOO0IIYHOTO OKUCICHHS €TUIICHTIIKOJIIO.

HupkoBo-kaM siHa XBOpoOa IMOB 'si3aHa 3 YTBOPEHHSIM KapOOHATy KajbIlilo, a

TaKOoX OUTIpyOiHATY Kasbliifo. bimipyOiH-01UH 3 MPOAYKTIB PO3KJIaay T€MOTIO0IHY.
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XimiyHl 3aco0M JIIKyBaHHS IMX MaTOJIOTIYHUX CTaHIB 3aCHOBaHI Ha il
npenapariB, M0 PO3YMHAIOTH KaMEHl, JUIA 4Oro KpiM XiMioTepemii yAaroThCs 0
CHeIiaJbHuX JIIE€T Ta MIHEPAITBHHUX BOJI.

OxkpeMo BapTO CKa3aTu MPO Mally PO3UYMHHICTH CYJIbQiAIB psay KaTioHiB d-
MeTaniB (pTyTh, KaAMiH, Tamii Ta iH.), a Takok KaTioHIB murromOymy (II) Ta apceny
(IIT). OpraniuHi pe4OBHHHU, IO MICTATH 3AIUIIOK CIPOKOBOIHIO — CYJIb(MOTIIPUIHY
IpyIly, y HepIry 4epry, OUIKA Ta GepMEeHTH, 3 Mi€l K TPUIMHU MIITHO Ta HE3BOPOTHHO
3B A3YIOTHCS 3 TAKUMHU KaTiOHAMHU. Y pe3yJbTaTi Ma€ Miclie JieHaTypalls OUIKiB Ta
BTpata (epMEHTaMHU IXHHOI aKTUBHOCTI. SIK HACIIJOK, Il 10HU Jy>X€ TOKCHYHI.
Buxoasuu 13 3arajibHUX MIpKyBaHb, HAUIPOCTIMIOW MNPOTUOTPYTOIO NpPHU MOMNAJaHHI
10HIB BKKMX METaNIIB 10 OpraHi3My OBUHHI OyTH pO3UMHHI CyJIb(iaH, K1 pearyroTh
3 TaKMMH KaTiOHaMH 3 YTBOPEHHSM MAaJIOPO3YMHHHUX CYJIb(Di/iB, IO 3HUKYE
KOHLIEHTpalli TOKCMYHUX KaTioHIB. I1[00 HbOro MOCATTH 3aCTOCOBYIOTH TaK 3BaHE
Jy’KHE CIPKOBOJIHEBE MUTTS (Hamii), a came cyibdia HATPIIO :

Hg** + Na,S — HgS| +2Na*

Benuky rpymy npoTHOTPYT CKJIaJal0Th OPraHiuHI PEYOBUHU, SKI MICTATH
CyJIb(OTIPUIHI TPYIIH.

OTxe, rereporeHHa piBHOBara MopsJ 3 IHIIMMU BHJAMU PIBHOBAXKHHUX
OloMmpoIIeCiB CKIaJa€e 3HAYHUNA BHECOK Yy 3aJJbHOMY T'OMEOCTa3l OpraHi3my, TKaHUH,
OpraHis.

Peakuii ocagy HMMPOKO BUKOPUCTOBYIOTH y KIIIHIYHOMY, TITl€HIYHOMY Ta
dapmaneBTHYHOMY aHami3ax. 3 iX JOMOMOTOK BH3HAYAaIOTh BMICT XJIOPUI-10HY Y
T1a3Mi, cedi Ta NUTYHKY, aHaJ13yI0Th TOKCHYHI 10HU Ta 1H.

OTxe, romeocraz oOpraHi3amMy MIATPUMYETbCS 3a PAXYHOK CYKYIHOCTI
B3a€MOIIOB S3aHUX PIBHOBAKHUX CHCTEM.

Y cBow depry, MeTajo-JIiraHJHui OajlaHC, SKUW SBISIETHCS BaXXKJIMBUM
nmapamMeTpoM romMeoctasy, Sk 1 TeTeporeHHa piBHOBara, IO peryiitoe (pOopMyBaHHS
TBEPAUX CTPYKTYp OpraHi3My, 3ajexarh Bij BeauunmHu pH ¥ TicHO moB s3aHi 3

KHCJIOTHO-JIY>KHUM CTaHOM.

2. I1ia0uTTA MiAICYMKIB
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3anuTaHHs 171 IEPEeBIPKU KIHIIEBOTO PiBHS 3HAHbD:

1) ximiyHa piBHOBara, KOHCTaHTa XIMIYHOI pIBHOBard Ta crmocoodu ii
BUPAXEHHS;

2) TepMOIMHAMIYHI KpUTEPIi CTaHy XIMIYHOI PIBHOBArW;

3) 3cyB XiMiYHOI piBHOBAru B pa3i 3MiHU TeMIEPaTypH, TUCKY, KOHIIEHTPAIIil
peuoBuH. [Ipunnun Jle [laTtense;

4) peakiiii ocaPKEHHS Ta PO3UYUHEHHS, T00YTOK PO3YHMHHOCTI;

5) yMOBH BHIaJIaHHS i pO3YMHECHHS OCAIiB.

3. Cnmucok peKOMEHI0BaHO1 JIiTepaTypu
Ocnoena:

Ocnoena:

1. Mennuna ximis: miapyunuk st BH3 / B.O. Kani6a6uyxk, 1.C. Yekman, B.I.
lNanunceka Ta iH.; 3a pe.. mpod.. B.O. Kami6abuyk — 4-¢ ua.- K. BCB «Menununay,
2019 — 336c.

2. Meanuna ximis : migpyunuk / B.II. Mysuuenko, J./1. Jlynesuy, JIII.
SABopcbka ; 3a pen. b.C. 3imenkoBcbkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menununay, 2018. — 496 c.

Jooamkoesa:

1. Muponosuu JI.M. Mennuna ximis: HaBuanbHuii mociOHuk. — Kwuis:
Kapagena, 2008. — 159 c.

2. MenuyHa Ximisl : MIAPYYHUK IJIs CTy[. BUIIMX HaBd. Men. 3aki. / A.C.
Mopos, A. 1. Jlyuesuy, JL.IL. SABopceka. — Bua.4 — Binauug : HoBa Kuura,
2013. - 776 c.

3. Menuuna ximis : migpyyHuk / ['omonait B.I., MinsoBuu C.C. — Binnuns :
Hosa Kuwra, 2016. — 672 c.

4, Memnuna ximist / B.O. Kami6a6uyk, JI.I. I'pumenko, B.1. I'anunachka,
C.M. Toxmincekuii, T.O. OscsuikoBa, B.A. Camapcekuii. — K.
«IaTepmeny», 2006, — 460c
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IpakTuyne 3ansaTrsa Ne 7

Tema: EjqexkTpoximMisi Ta eJIeKTPOXIMIYHI MeTOXU A0CTiIKEHHSI B MeIUIIUHI.

Merta:

HaBunTHcs mosiCHIOBaTH MEXaHI3M YTBOPEHHS E€JIEKTPOJHUX MOTEHIIIaNiB;
aHaJ13yBaTH MPUHIUIIA METOIy TMOTEHIIIOMETPIi 1 3pOOUTH BUCHOBKH IIIOJI0
iX BUKOPHUCTAHHS y  MEIUKO-OIOJOTIYHMX  JOCHIKEHHSX; BHUMIP
OKHCIIIOBAJIbHO-BI/IHOBHUX ~ TMOTEHIANIB 1 MPOTHO3YBaHHS  HAmpsMy
OKHCITIOBAJILHO-BIJTHOBHUX PEAKIIil; pO3paXxOBYBaTH MOTCHITIAIH CICKTPOIIB,

CKJIaJaTH CXEMH €JICKTPO/IIB 1 raJbBaHIYHUX CJICMCHTIB.

OCHOBHi NOHATTS: €JIEKTPO/, TAIbBAHIUHUIN eleMeHT, Tu(y3iiHid Ta MeMOpaHHUN

MOTeHII1a)In, piBHAHHS HepHCTy.

OQoaagnanns: Jlaboparopis kapeapu

Ilaan:

=

© 00 N o gk wDd

MexaH13M BUHUKHEHHS €JIEKTPOJIHUX MOTEHIIIaTIB.
EnexTpoani noTeHiianm.

PiBusHHst HepHeTa U1 po3paxyHKy €JIeKTPOAHUX MOTEHIIaTIB.
Krnacudikarist enektpomis.

Tunu raapbBaHIYHUX €JIEMEHTIB.

EnexTpoxiMiuHi mpoliecH y 010J0TYHUX CHCTEMaX.
OKHCHO-BIJIHOBHI IIPOLIECH Y O10JIOTITYHUX CHCTEMaX.
Hudy3iiiHi Ta MeMOpaHH1 TOTEHIIIAJIH.

bioenexkTpuyHi MoTeHIIAH.

3100yBayY OCBITH ITOBUHEH 3HATH:

® [TOHSATTS TaJbBaHIYHOT'O CIICMCHTY, rajJbBaHIYHOTI'O JJAHIIIOT'Y.

® MEXaHI3M TIOSIBU €JIEKTPOJHMX MOTeHmianiB. [lonBiiHUI eIeKTpU4HM 1Iap.

CranaapTHi €JEKTPOAHI TOTEHITIAIH.

e piBHsiHHA HepHcra anga enekrpoanux noteHumiamB i EJIC rampBaHiuHOTO

eIIEMCHTY.

e xiacudikaIiio enexTpoiB: enekrtpoau | pomy, enexrtponu Il pomy, razosi

eNeKTpou, red/ox enekTpoan, MeMOpaHH1 Ta 10HOCEJIEKTUBHI €JIEKTPOJIH.

3100yBa4Y OCBITH TOBUHEH BMITH:
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® BH3HAYATH 3HAYEHHS CJEKTPOJIHMUX MOTEHIIATIB, CKIIAaTH CXEMH EJIEKTPO/IIB 1
rajbBaHIYHHMX €JICMEHTIB;

e Bu3HauaTH pH 610J0TTYHUX PITUH MOTEHIIOMETPUYHUM METOJIOM.

3MiCT NPAKTUYHOTO 3aHATTS

3aKOHOMIPHOCTI, MOB'sI3aH1 3 IEPETBOPEHHAM XIMIYHOI Ta €JIEKTPUIHOT PopM
eHeprii, BUBYAIOTh TEPMOJUHAMIKY 1 KIHETHKY €JEKTPOAHMX mpoiieciB. OgHuM 3
BXJIMBHX 1 MEPCIEKTUBHUX HAIMPSIMKIB €JIEKTPOXIMIi € O10€TEeKTPOXiMisl, TPEeIMETOM
JOCIIDKEHHST K0T € OCHOBHI Ol10JIOTIYHI MPOIECH, TakKli SK 10HHUW TPaHCIOPT,
Olosoriuna TpaHcdopmarliss eHeprii Ta iH. BUBUEGHHS TakuX SIBUI] Ma€ BEIUKE
3HAUEHHS JUIsl PO3YyMIHHS MEXaHI3My [ii JIKapCbKUX pe4YoBUH.  BHBUEHHA
CJICKTPUYHUX BJIACTUBOCTEN KJIITHH 1 TKAHUH MAa€ BaKJIMBE 3HAYEHHS JJISI PO3yMIHHS
iX CTpyKTypH 1 (P13UKO-XIMIYHUX BJIAaCTUBOCTEH. JIjisi BUPIIIEHHS A1arHOCTUYHUX 1
JOCIITHUIBKUX 3aBJaHb B MEIUIIMHI IIUPOKO 3aCTOCOBYIOTH KOHIYKTOMETPIIO,
MOTEHI[IOMETPU. Y MEAWYHIA MPAaKTULl PAJ METOIIB J1arHOCTUKM 3aCHOBAaHUM Ha
peecTpaiiii  OionoTeHIianiB. BuBYEeHHS MexaHI3My BUHUKHEHHSI €JIEKTPOHOTO,
MEMOpPaHHOTO 1 OKHUCIIOBAJIBHO-BIIHOBHOTO TOTEHIIANy Ta MOTO 3aJeXKHICTh Bij
piI3HMX (aKTOpIB Ja€ MOMKJIUBICTb PO3YMIHHS 3aKOHOMIPHOCTEH MPOTIKAHHS
010XIMIYHUX PEaKIIiH, 10 MPOTIKAIOTh B OpraHi3Mi.

EnexTpuuHi sBUIA MHPOKO MOLIMPEH] B MPUPOl. 3 HUMHU MOB'SA3aHO AUXAHHS
JIOIMHM 1 JIeAK1 MPOIECH, 110 BiAOYyBarOThCS B opraHizMi. BUBUEHHS €IEeKTpUUHHUX
BJIACTUBOCTEH KJIITHH 1 TKAHUH MAa€ BEJIMKE 3HAYCHHS NIl PO3YMIHHA 1X CTPYKTYpPH 1
¢$13uKO-XIMIYHUX ~ ocoOnuBocTel.  J[03BoJise  BUpINIyBaTH  JIarHOCTUYHI — Ta
JIOCITITHUTIbK] 3aB/IaHHS.

Cucrema, B sKiii MeTaneBa IUUIaCTHMHA, OIMYIEHA B PO3YHUH CBOEI COII,
HA3UBAETHCS HanigeremeHmom abo enexmpooom.

B pesynbrari yTBOpeHHS MOABIWHOTO €JIEKTPUYHOrO IIapy Ha MEXi MeTal -
PO3YMH MK TOYKaMH, 1110 JISKATh Ha TTIOBEPXHI METaJTy, 1 TOYKaMH, 10 3HAXO/IATHCS B
PO3UMHI O1JIs MOBEPXHI METAITy, BUHUKAE CICKTPOAHUN OoTeH 1. BiH He migaaeThes

0e3rmocepeTHbOMY BUMIPY, OCKUTBKH BUHUKAE MK PI3HUMU (ha3amH.
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J{ns BUMipIOBaHHS PI3HUII MMOTEHINANIB HEOOXiJHA HASBHICTh 2-X €JIEKTPOJIB,
OJIMH 3 KX IiJUIsIra€ BU3HAYCHHIO, a TOTCHITia)I IHIIOTO YMOBHO MPUKWHSATHM 32 HYJIb.

Sk enexTpo 1 MOPIBHSIHHS BUKOPUCTOBYIOTh 800HEBULL e/leKmpoo
Hy > 2H < 2H"+2¢

EnexTponHi moTeHIianu, BUMIPSIHI IO BITHOLICHHIO IO CTAHIAPTHOTO BOJJHEBOTO
€JIEKTPOJTY, HA3UBAIOTHCS CMAHOAPMHUMU.

CrangapTHUM BOJHEBHM €JEKTPOJOM HA3MBAETHCS  HAIMIBEJIIEMEHT, IO
CKJIQ/IA€THCS 3 YOPHEHOI TUIATUHOBOI TUIACTUHKH, HACHYEHOIO Ta30MOJI0HUM BOJHEM
npu tucky 101325 Ila (1 at™) 1 3HaXOAUTHCS B PO3YMHI 10HIB BOJHIO 3 aKTUBHICTIO,
110 TOPIBHIOE OJIMHULIL, ITpU Temneparypi 298 K.

[Ipy HasBHOCTI CHUCTEMHU J[BOX EJEKTPOAIB, L0 3HAXOIATHCSA BIANOBIIHO B
pO3YMHAX CBOIX COJIeH, MK HHUMH BUHHKAE EJICKTPOPYIIiiHA CHia, 10 TOPIBHIOE
PI3HMIII IBOX €JIEKTPOJHUX MOTEHIIAIB.

E=e:-e.,

ne E — e.p.c. eneMeHrta, €+, €. - MOTEHIIAJM MO3UTHUBHOTO 1 HETaTUBHOTO

€JICKTPO/IIB.

Pisussnus HepHcery auid e.p.c. rajJibBaHiYHOIO eJIeMeHTa

1 €JIEKTPOAHOI0 MOTEHIIATY

RT a
E=Ey+ —In ZZnt2 ’
nF - dcutz

3 IKOT'O BHTUIMBAE, 1110 BEMYHUHA E 3aJIe)KUTh BiJl CTAHIAPTHOT €JCKTPOPYITIHHOT CHITH
Eq 1 criBBIAHOIIIEHHST aKTUBHOCTEN MOTEHIIAJIBU3HAYAIOYNX 10HIB.

JIist eneKTpoAHUX MOTEHI[1aNiB piBHAHHA HepHCTy 3anucyeTbest B TaKuil crocio:

RT :
e=¢e’+ — In axar (U151 eNTeKTpOIa, OOOPOTHOTO 1O KATIOHY);

RT :
e=e’+ — In a,; (17151 enexTpoaa, 00OPOTHOTO O aHIOHY).

3 X piBHSHB BUILTUBAE, [0 BETMYMHA €IIEKTPOJHOTO MOTEHIIIATY 3aJI€KUTh Bij
CTaHJAPTHOI'O €JIEKTPOIHOro noTeHniany e’ i akTMBHOCTI (/1S p030aBICHUX PO3YUHIB
- KOHIIEHTpalli) NOTeHIlaJBU3Hayaounx 10HIB. Skmo B piBHAHHI HepHcry

MIJCTAaBUTU 3HaYeHHs cTaHaapTHux BennyuH (R = 8,314 J[x / (K - monp); F = 9,65 -
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10* K / monb, cranmaptay Temneparypy T = 298 K) i mepeiitn 10 JeCATKOBHM

JIOFapI/I(I)MaM, HOT0 MOKHA IMPHUBECTH 10 HACTYIIHOI'O BUIJIAAY :

0.059
e= eOiT Ig Qion

Kaacubdikauis eJeKTpoaiB

VY noreHmioMeTpii, METO1 KiIJIbKICHOTO aHali3y, 0 0a3yeThCsl HA BUHUKHEHHI
a00 3MiHI OJHOTO 3 EIEKTPUYHHUX IapaMeTpiB (EIEKTPOJHOTO TMOTEHIamy ado
CTPYMY), SIKUM B CBOIO YePry 3aJI€KHUTh BiJ aKTUBHOCTI (KOHIIEHTpAIlil) pEYOBHH, 110
OepyTh y4yacTh B TIpoIecax 3 TMEPEHECCHHSM EJIEKTPOHIB, BHKOPUCTOBYIOTHCS
eJIEKTpOAU HAacTynmHuX TumiB: enektpoau I i Il pomay, ra3oBi, OKMCIIOBATBHO-BITHOBHI,
MeMOpaHH1 (10HOCEJIEKTUBHI) €JIEKTPO/IH.

Enekmpoou _nepuio2o poody — ue eaekmpoou, 000pomui no Kamiony miei e

npupoou, w0 i mamepia; e1eKmpood.
Cxema enektpona [ poxy: Me | Me™ a6o Me"™|Me.
BoHu cknagaroThes 3 METAJIEBOI IUTACTHHM, OIYIEHOIO B PO3YHH COJI1 3 KATIOHOM
Toro x Metairy: Me™ + né <« Me.
[ToTeHimian enekTpoga OMHUCYEThbCA piBHAHHAM HepHCTy 1 3alieXuTh Bif

AKTUBHOCTI KaTIOHIB METaJIY:

2,303RT

_ 0
(P(P+nF

|g dMen+

Enexrpoau npyroro posy - 1e eneKTpo a1, 00OpOTHI 1010 KaTioHa 1 aHloHa, ajie
3MiHa KOHIIEHTpaIlli TUIbKU aHIOHA BIUIMBAE HA BEJIMUMHY X MOTEHIIIAITY.

Enextpomu Il pomy sBasioTh co0Or0 MeTaneBy IUIACTHHY, MOKPUTY
MaJIOPO3YMHHOIO CITOJIYKOIO I[LOTO METaly, OMYIIEHY B PO3YMH COJIi, 110 MICTUTH
aHIOHM, SIK1 BXOJSITh JI0 CKJIaJy MajJOpPO3YMHHOI CIIOTYKH.

Ha nmoBepxHi enexkTpoa 3M1MCHIOETHCS 000POTHA PEaKIIis:

MeA + né < Me + A™

[Mpuxnagu: Ag | AgCl, KCl xnopcpiOnuii enexrpon,

Hg | Hg2Cl,, KCI xanomenbHuit enexTpoy.

Ha enexTponax MayTh peaxiiii:

1) AgCl+&«— Ag+CI 2) Hg.Cl, + 2& « 2Hg + 2CI

[ToTenttian enekTpoAiB BUSHAYAETHCS 3a piBHSAHHAM HepHeTy
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0=o°- 2,303RT | an
ITpu T =298 K
¢1=¢1°— 0,059 Ig aci. 92 = ¢2° 0,059 g ac.

V¥ nacuuenomy pozuuni KCl, Hanpukia, noTeHirian KaJoMeJIbHOIO eeKTPoIa
Mae nocTiiiHy Benuuuny 0.25 B.

Bucoka 00G0pOoTHICTh 1 CTaOUIBHICTH B POOOTI 03BOJIIE BUKOPHCTOBYBATH
EIEKTPOIN JIPYyroro poay B SIKOCTI €IEKTPOMIB TOPIBHSHHS, 3MaTHUX CTIAKO
yTPUMYBATHU MOCTIMHI 3HAUYCHHS TOTCHITIATY.

["a30Bi enexkTpoiu — 1€ MeTajieBl MPOBIJHUKHM (HAaM4YacTIlIE TUIATUHA), IO
KOHTAaKTYIOTh 3 Ta30M 1 pO3YMHOM, 1[0 MICTUTh 10HH LIOTO ra3y.

HaiiGiabp11 mrupoKo BUKOPUCTOBYETHCS BOJAHEBUM €JIEKTPOJ, B TOMY YHCHI 1
CTaHJAPTHUN BOJHEBUU EIEKTPO.

[Inatuna ancopOye ras, sikuil Oepe y4yacTb B €JIEKTPOAHOMY Mpolec, 1

3a0e3neuye NpOXOKEHHS NIEPEX0Ly ra3y B 10HHUH CTaH.

+

Hp <> 2H <5 2H* + 26 ; (po 2 -

2l @OZH +0,0591ga =0,0591ga =-0.059 pH

Hy

[ToTeHmian BOIHEBOTO €ICKTPOIa BU3HAYAETHCS 3HAYCHHAM pH po3umHy.
Jlo razoBux enektpoiiB BimHocsThes Pt (O2) | OH kucueswmii i (Pt)Cl, | KCI
XJIOPHUU E€JIEKTPOJIN.

OKucn08anbHo-8i0HOBHI_elleKmpoou CKIANAI0ThCs 3 IHEPTHOTO npoBigHuKa (Pt,

Au, W, Ti, rpadir 1 1H.), OMyIIEHOTO B PO3YHUH, 1[0 MICTUTh OKUCIIEHY 1 BIJIHOBJICHY
dbopmu OAHIET i Ti€T K PpEUOBUHH.

[cHYIOTB 2 PI3HOBHIM OKUCHO-BITHOBHUX TOTEHIIIAJIB:

a) eNIEKTPOJIH, MOTEHIIIaN SKkux He 3anekuth Bix ap+ (Pt |FeCls, FeCl, ; Pt |
Ks[Fe(CN)s, Ks[Fe(CN)s );

0) eneKTpoIu, MOTSHITIAT SKUX 3aJEKUTh B ay + (XIHTIIPOHHHUM €IIEKTPOI).

VY nepiomy BUManaky e peakiis Ox + né <> Red.
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HOTGHHiaJI TaxKoro OKI/ICHIOBaHI)HO-Bi,Z[HOBHOFO CICKTpOaAa PO3paxOBYETLCA 3a

piBHsiHHAM HepHery:

RT a
nF Ared
XiHFinOHHHﬁ CHGKTPOIL CKJIaJa€ThbCA 3 IIJIATHUHOBOI'O I[pOTy, OHYHICHOI'O B

PO3YMH XIHT1JPOHA — EKBIMOJISIPHOT CyMIIlll XIHOHA 1 TIAPOXIHOHY

XiHrigpoHHUM enekTpoa

Pt| Q, HQ| Pt
) OH
¢ + 2H* + 2 —— <j
o) OH
Q +2H*+2e —— HQ XinrigpoH Q-HQ
EZEO_Elna;Q:EO“‘E]na 3 aQ ECIHQ
2F ag Ay F &

E= EO —0,0sgsz E° = 0,699 B BiaHocHo SHE

Ipu pH>8iT=298K ¢=¢°+0.0591ga

Membpanni abo ionocenexmueni enekmpoou (ICE) — ue enekTpoau, 000pOoTHI

1010 KaTiOHIB a00 aH10HIB, COPOOBAHUX TBEP/IOI a00 pijikoi MemOpaHoto. PeanbHuii
MOTEHI[la]l TaKUX EJIEKTPOMAIB 3aJI€KUTh BIJ AKTUBHOCTI THUX 10HIB B PO3YHHI, SIKI
copOyIOThCS MEMOPAHOIO.

[oHOCENEeKTHBHI €NEKTPOAH - 1€ PI3HOBHJ XIMIYHUX CEHCOPIB 31 cnerupIyHO0
Yy TIMBICTIO JI0 BEJIUKOI KiILKOCTI Pi3HUX KaTioHiB Ta aHioHiB (10 107°- 10 mons/am3).
TBepai memOpanu BurotoBisaoTh 3 LaFs;, AgS. Piaki meMOpanu - 1ie po3duuHH
OpraHi4yHOro 10HOOOMIHHMKAa a00 KOMIUIEKCOYTBOpIOBaYa B  OpPraHIYHOMY
PO3UMHHUKY, SIKHH HE 3MIIIYETHCS 3 BOJOIO.

[TpuknagoM 10HCENEKTUBHOTO E€JIEKTPOIIB 31 CKISTHOIO MEMOPAHOI0 € CKIISTHUI
€JIEKTPOJ 3 BOJHEBOIO (DYHKIIIEIO, 1110 HE YYTJIMBUN 0 OKMCHO-BIAHOBHUX CHUCTEM 1
cenextuBHuit 10 H3O" B mmpokomy miamasoni pH = 10.0 - 13.0. Taki enextpoau
BUKOPUCTOBYIOTh JJI MOTEHIIOMETPUYHOTO BU3HaUYeHHsS pH po3unHiB (010710TTYHUX

piauH, JiKapchkux npenaparis). CKIsiHI MeMOpaHH 3aiiMatOTh POMIXKHE MOJIOKEHHS
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MDK TBEPJIMMHM 1 pIAKMMU MeMmOpaHamu. MemOpaHy BUTOTOBISIOTH 31 ckjia SiO; —
Na,O — CaO a6o SiO; — Li,O — CaO, Bonoxie kKaTIoOHOOMIHHUMHM BJIACTUBOCTSIMU.

H+(p03qHH) + Na+(C1<no) > H+(Cmo) + Na+(po3q1/m)

Cxema 3ammcy CKISTHOTO €IIEKTpoIa:

Ag | AgCl, HCI | ckio | H x(posum)

H*x — HeBimoMa xoHmenTpaiiiss H* B 1ociimKyBaHOMY pO3YHHI.

Jlns BuMiproBanHsl pH J10CTiKYyBaHOTO PO3YMHY B HBOTO 3aHYPIOIOTH CKIISTHUM
ENEKTPOJ 1 3'€MHYIOTh 3 JIPYyTUM €JEKTPOJOM TOPIBHIHHS (XJIOpPCpiOHOTO abo

KanomenbHoro). Po3paxyHnok pH 311lcHIOIOTE 32 popMyIioro:

(0]

H=2%  mpu25°C
0.059

E — e.p.c. orpumanoro nanitora, B

E° — Bioma BenuumHa €.p.C. B JIAHII031 CKISHOTO eleKTpoa, B

[lepen BUMIpIOBaHHSIM CKJISTHUUM €JIEKTPOJ] KaliOpyI0Th, 3aHypIOlour B OyQepHi
PO3YMHH 3 TOYHO BiJOMHUM 3HaueHHSM pH.

Tunu raaLBaHIiYHUX €JIEMEHTIB

lanpBaHIYHMI €JlEMEHT — IIe¢ CUCTeMa, B SKIA XIMIYHA EHEpris OKHCHO-
BITHOBHOI'O TIPOLIECY NEPETBOPIOEThCS B eNekTpuuHy. Ilporecu oxucieHHs 1
BIJTHOBJICHHS TIPH IIbOMY B CUCTEMI ITPOCTOPOBO PO3LICHI.

["anibBaHIYHI €IEMEHTH MOAUIAIOTHCS HA TPU TUIM: XIMIYHI, KOHUEHTpAIliHI Ta
MaJIUBHI.

XiMIYHUMH Ha3UBAIOThCS TajdbBaHIYHI €JIIEMEHTH, Y SKUX €.p.C. BUHHUKAE
BHACJIIJIOK P13HOT XIMIYHOI IPUPOJH €JIEKTPOIIB.

[Mpuknan: enement Janiens - Axo6i

Zn | ZnSO,4 | KCI | CuSO4 | Cu Zn + Cu®* < Zn* + Cu

aHoJ KaToJ
AE = @*cu— ¢z =0.34 - (-0.76) = 1.1 (B)
Enextpuuna poOoTa eneMeHTa NpHU BUTICHEHHI LUHKOM 1 Mojas Kynpyma

nopiBaioe A = nFAE =2-96500-1.1 = 212300 (Ix).
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["anpBaHIuHI €JIEMEHTH MOXKYTh OyTH CKJIQJICH1 1 3 IBOX OJIHAKOBUX €JICKTPO/IIB,
3aHYPEHUX Yy PO3YMH OJIHOTO 1 TOro X EJICKTPOJITY 3 PI3HO AaKTHBHOIO
KOHIICHTpaIli€ro 10HiB. Taki ralbBaHIYHI €JIEMEHTH HA3WBAIOTHCSI KOHIICHTPAIlIHHUMH.

puxnagx: OCu | CuSO, | KCI | CuSO4| Cu®

a; < ar

_ _0.059 , _ay(cu?t)
E= P2— 1= 2 ! ai(CuZ"')

EnemeHnt Oyze mpaioBatu A0 THX Iip, IOKU Ieplia IJIaTIBKa HE POZUYUHUTHCS
IOBHICTIO a00 IMOKM KOHILIEHTpAlil PO3UYMHY HE BHpPIBHAIOTHCS. TakuM YHHOM,
JDKEPEJIOM €Heprii B IIbOMY BUMAJIKY € Mu(y3iiiHI OCMOTHUYHI CHJIH.

[TanBHUMM Ha3UBAIOTHCS T'aJIbBaHIYHI €IEMEHTH, 3a JOIIOMOTOI0 SIKUX €HEprilo,
[0 BUIUISIETBCS MPHU 3TOPSIHHI MMaluBa, OTPUMYIOTh O€3MOCEPEAHBO Yy BHUIIIAIL
€JIEKTPUYHOIO CTPYMY.

OKHCHO-BIITHOBHI MpoecH B 0i0JOTIYHUX CHCTEMAaX

EnexTpoxiMiuHl NMEpeTBOPEHHSI B OpraHi3Mi MOKHa PO3JUIMTH Ha JBI OCHOBHI
rpynu:

1) mporecu, TOB'sI3aHi 3 MEPESHOCOM EJICKTPOHIB 1 BAHUKHCHHSIM OKHUCHO-BIJTHOBHUX
MOTEHI[1a/I1B

e3*) + & < nuroxpom (Fe?)

a) mutoxpom (F
0)S—2H-2e + HAQ" < S+ HAJI-H + H"
dbepmenT — kopepmeHT - cyocTpaT
2) TpolleCH, TMOB'A3aHi 3 MEPEHOCOM 10HIB 0€3 3MIHU iX 3apsiiiB 3 YTBOPCHHSIM
010€IEKTPUYHUX MOTEHI[1a1B, 00YMOBIIEHUX HEPIBHOMIPHUM PO3MO/IJIOM 10HIB

110 OOW/IB1 CTOPOHU MTOBEPXHI PO3ILTY.

bionomenuyianu MaroTr MeMOpaHHY MIPUPOY.

IHomenuian cnokow — pi3HUI MOTEHIIIATIB, BUMIPSHA B CTaHl (1310JI0TTYHOTO

CIIOKOIO KJIITUHH.

+
En:illnﬁZSO—looMB

[K*]k — xonuenTpartist K* B kiituni

[K*]g — koHneHTpanis K* B mo3akmiTuHHIN pianuHi
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BuHHKHEHHS HOr0 00YMOBJICHO KOHIICHTpaIliiiHiuM rpaaieaToM ioHiB K*: [K™], >
[K*]s B 20 — 40 pas3is.

llomenyian Qii —MeMOpaHHUN TOTEHIIaN MPH MOPYIICHHI KIITHUHU BHHHUKA€E B

pe3yJIbTaTi HAIJIUIIKOBOI B MOPIBHSAHHI 31 CTAHOM CIIOKOIO audysieo ioHiB Na“ 3

MO3aKJIITUHHOI PIIMHU BCEPEINHY KIITUHU.

_ RT [K*]k [Na*]p \ _
- = X4 - 5
E)I F (ln K In [ a+]K) 90 - 100 mB
Homeﬂuiaﬂ VWKO@()!C@HH}Z — ,Z[I/I(i)YBHI/II\/’I HOTGHHiaﬂ, 10 BHHHUKAE HpI/I

MOIIKO/DKEHHI KJIITUHU, KOJH TOPYLIYEThCS BHOOpYAa NPOHUKHICTH KIITHUH 1
eNEKTPOMITH JAUPYHAYIOTh B KIITHHY 1 3 KIITHHH B 3aJICKHOCTI BiJ PI3HUII
KOHIICHTpAIi}.

Daszo6i_nomenyiaru — Ha KOPJAOHI JIBOX abo0 Olable HE 3MIMYyHThes (a3

(mpoTtomiazma KITUHU - OararodasHa cucTema; JiMiAHO-O1JIKOBI CHUCTEMU KIIITHH)
BUHHKAE TIOJIBIHUI €JIEKTPUYHUI 1Iap 1 3'SIBIASETHCS NOTEHINAL.
Peectparrist 610cTpyMiB 3aCTOCOBYETHCSI B MEIUUHIM 11arHOCTHILI.

Enexmpoxapodioepaghiss — peectpailisi €IeKTPUYHUX MOTEHI[IAIB, [0 BUHUKAIOTh

pu poOOTI CEPUEBOTO M'sA3a.

Enexmpoenueganoepaghis — peectpaliisi MOTEHIIATIB, 1[0 BUHUKAE B HEPBOBUX

KJIITHHAX.

2. HigdourTs miacymMkiB
3anuTaHHs AJ1s NEePEBIPKU KIHIIEBOTO PiBHS 3HAHb:
1) eneKkTpoHI MOTEHIIAINA Ta MEXaHi3M iX BUHMKHEHHs, piBHAHHS HepHcTy;
HOpMaJbHUMN (CTaHIAPTHUM) €NIEKTPOIHUN MOTEHIIIAT,
2) eJEeKTPOIY BU3HAUCHHS Ta CIICKTPOIM MOPIBHAHHS;
3) rajbBaHIYHI €JICMCHTH,
4) nudy3iiHMIA TOTEHITAT;

5) MemOpaHHMIT TOTEHIIIAN, IIOTEHI[IAI CIIOKOO Ta IMOTEHIIIa [Iii.

3. Cnmncok peKoMeHI0BaHOI JiTepaTypu

Ocnosena:
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1. Mennuna ximis: nigpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
lNanunceka Ta iH.; 3a pea.. npod.. B.O. Kani6adbuyk — 4-¢ uz.- K. BCB «Menunnnay,
2019 — 336c.

2. Meanyna ximisg : miapyunauk / B.I1. My3uuenko, .. Jlyunesuu, JI.II.
SBopcrka ; 3a pen. b.C. 3imenkoBchkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menmunmnaay, 2018. — 496 c.

/ooamkoea:

1. MuponoBuu JI.M. Menuuna ximis: HaBuyanpuuii mociOnuk. — Kwuis:
Kapagsena, 2008. — 159 c.

2. MeanuHa XiMisl : MAPYYHUK JUISl CTYA. BUIUX HaBd. mea. 3aki. / A.C.
Mopo3s, 1.1. JIyuesud, JL.IL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuura,
2013. - 776 c.

3. Menuuna ximis : migpyunuk / ['omonait B.I., MinsoBuu C.C. — Binnuns :
Hosa Kuwura, 2016. — 672 c.

4. Menuuna ximis / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. 'anuHchbKa,
CM. Toxmincekuif, T.O. OscsnikoBa, B.A. Camapcekmit. — K.
«IaTepmen», 2006, — 460c
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IpakTruHe 3ansaTTsa Ne 8

Tema: CyuacHi ysiBJeHHSI MPO PO3YMHU. BeJMYMHHU, 10 XapaKTepU3yIOTh
SIKICHMI CKJIA/] PO3YMHIB.
Meta: chopMyBaTH CHCTEMHI 3HAHHS CTYACHTIB MPO PO3YMHH, iX Kiacudikarlii,

crocoOu BUpaKEHHS CKiany po3unHiB. HaBuuTHcs Bu3Hauatu MossipHy Cy,
MoJsITbHY Crny KOHLIEHTpAIli{, MOJISIPHY KOHIIEHTpAIlito eKBiBaJeHTIB Cy 1 TUTP
PO3UYHHIB, B TOMY YHCJI1 010JIOTTYHHUX PIIHH.

OCHOBHi_NOHATTA: PO3YUH, PO3UMHHUK, KOHIIEHTpAIlisl, MacoBa JOJS, 1HAUKATOD,

METOJI HeHlTpaJi3arlii.

Oobaagnanns: Jlabopatopis kapeapu

Ilaan:
1. Cxnan 1 knacudikailisi po3urHIB.
2. CnocoOu BUpaXeHHs CKJIaJy PO3UHMHY 1 KOHUEHTpalii. Buau koHueHTparii.
3. Knacudgikauis MeTo/iB KiJIbKICHOTO aHaT13y.
4. KuciaoTrHO-OCHOBHI 1HAUKATOPH. Teopii IHIUKATOPIB.

5. TeopeTU4Hi1 OCHOBH METONly HEUTpam3alii. AnkammeTpis. AIUAUMETPISL.

3100yBa4Y OCBITH ITOBMHEH 3HATH:

® CKJIaJ 1 KOHIIEHTpAIIl pO3YHHIB;

e Kiacuikalliro po3unHiB;

® [iepexiJl BiJ OJIHIE] CUCTEMU BUPAXKEHHS KOHIIEHTpAllli pPO3YMHY 0
1HIIHX.

3100yBa4Y OCBITH TOBUHEH BMITH:

e BH3HAYATH KOHIICHTPAIIIIO PO3UHHY;
® BMITH 3aCTOCOBYBATH HABUYKHU PO3PAXYyHKIB IMapaMeTpiB pOo3UnHYy (MacH,

00'eMy, TYCTHUHH);

3MiCT NIPAKTUYHOTI0 3AHATTH

Cxkuan ta kiaacudikaiis po3YnHIB

Po3uunu — 11¢ TOMOTE€HH1 CUCTEMH 3MIHHOTO CKJIaJTy, SIKI CKJIaar0Thes 3 IBOX a00
Ounbiie pedoBuH (KOMMOHEHTIB). CKIaloBi KOMIIOHEHTH PO3YMHY — PO3UYMHHHMK Ta

PO34YHMHCHA PCYOBHUHA.
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Po3uunnuk — peuoBrHa, 10 3HAXOJUTHCS B TOMY K arperaTHOMy CTaHi, 11O 1
po34mH. SIKIO arperaTHuii CTaH PEYOBUH OJHAKOBUH (HAMPUKIIAM, COUPT 1 BOJA), TO
PO3UYMHHUKOM BBXXAEThCSI PEUYOBMHA, SIKA MPUCYTHS Y OUIBIIIA KUIBKOCTI Y
MOPIBHSHHI 3 1HIIUMHU KOMIIOHEHTaMU. KOMITIOHEHTH, SKi 3HAXOASATHCS y PO3YUHI B

MEHIIIH KUTBKOCTI1, HA3UBAIOTHCSA PO3YMHEHUMH PeYOBUHAMM.

B 3a1eXHOCTI BiJl MEBHUX 03HAK PO3YMHU OYBaIOTh:

O3naka Kaacudikauia po3yuHis
° Trepni
ArperatHuii cTa ° Pinxi
) ["azomoxi0H1
o ['pyboaucniepcHi cuctemMu
CTyHiHB J:[I/ICHepCHOCTi ° Komoimui PO3UMHHU

° IcTuHHI po3unHM
° Hacuueni

Po3unHHICTE ° Henacuueni
o [Tepecuueni

KinpkicTh po34MHEHO1 PEYHOBUHU * Posbapnemi

° KonnenTpoBani

B Mexax miel TeMd MM 3yNMUHSIEMOCS Ha ICTHHHHMX PO3YMHAX 3a CTYICHEM
JTUCTICPCHOCTI.

Icmunni po3yunu — 0THOPIJIHA TOMOTEHHA CUCTEMa, YTBOPEHA JIBOMA 1 OLIbIIIe

KOMITOHEHTaMU. [CTUHHUN pO3YMH BIJPI3HIETHCS BiJl KOJOIAHOTO PO3YMUHY 1
MEXaHIYHUX CyMIIIeH THUM, 110 OCTaHHI € 0araTOKOMIIOHEHTHUMH Te€TepOreHHUMU
cucteMaMu. OZHOPITHICTh PO3UMHIB POOUTH iX CXOXKUMU 3 XIMIYHUMH CIIOJYKaMH 1
BIJIPI3HSIE iX BiJl MEXaHIYHUX CyMIIICH.

»  KOHUEHmPOB8aHi po34uHuU — PO3UNHEHOI pEUOBHUHHU 0araTo;

»  po3basiieHi po3uuHU — PO3YNHEHOT pEYOBHHHU MaJIo.

Ane yi nonsimms YyMOGHI, 6IOHOCHI [ HEGU3HAYEHI.
Bijnbin BU3HAYEHA HACTYNHA KJacudikalisi po34uHIB:

o HACUYEHUN PO3YMH — pPO3YMH, B SKOMY IMpH 3aJaHiil Temieparypi

peYOBHHA OLTBIIIE HE PO3YUHIOETHCS,
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o HEHACMYECHUM PO3YMH — PO3YMH, B SIKOMY TMpH 33JaHiii Temmeparypi

3HaXOOUTHCA MCHIIIC pOS‘II/IHHO.f PEHOBHHMU, HDK B HAaCHYCHOMY pOS‘II/IHi;

o NEePEeCUYCHU PO3YMH — PO3YMH, B AKOMY IpHU 3aJaHii TeMmepaTypi y

PO3YMHEHOMY CTaHI 3HAXOJUTHCS OUIbIIIE PEYOBHUHH, HIXK Y HOr0 HACHYEHOMY PO34HHI
3a TUX caMuX yMOB. [lepecudeni po3urHu HecTiiiki. BoHU 3/1aTHI ICHYBaTH TUTBKH Y
BIJICYyTHOCTI TBEp/10i a3y pO3UMHEHOT PEUOBHUHH. BUKIMKATH KpHCTaMi3aIliio MOKHA
J0JJaBaHHSIM KpHUCTalia, CTPYLIYBaHHIM, TEPTIM MaJINUKOI0 00 CTIHKU CyIHHHU.

OnHi€l0 3 HaWBOXKJIMBIIIMX XapaKTEPUCTHK PO3YUHY € HOro KOHIIEHTpAIIid.
KoHueHnTpaui€ero po3urHy Ha3UBA€THCS KOTO CKJIaJ], TOOTO BITHOCHHUI BMICT KOXKHOTO 3
KOMITOHEHTIB, 110 IPUCYTHI Y pO34rH1 (BMICT PO3UYMHEHOI PEUOBUHH Y TIEBHIM Maci abo y
MIEBHOMY 00'eM1 pO3UMHY a00 pO3UMHHHKA).

KuIbKICHO KOHIIEHTpAIIII0 PO3YMHY BUpaXKaroTh OararbMa criocodamu. Haituacrime
3aCTOCOBYIOThCSI IIICTh CIMIOCOOIB BUPaYKEHHSI KOHIICHTpAIlil pO3UMHIB: MacoBa J0Js (@,
%), monsipHa koHueHTpais (Cy, M), MOJISIpHA KOHIICHTpALlisS €KBIBAJICHTY 400 HOpMaJibHA
(Cy 1), MonsuTbHA KOHIICHTpALTST (Crn), TUTP (T), MosbHA YacTka (N). Ha npakrwiii yacto
JIOBOJTUTHCSI MaTU CIIPABY 3 PO3UMHAMHU, 1110 MAIOTh YiMKO 3a0aHULL BMICH 8 HUX PO3UUHEHOT
DPeUOBUHUL.

Bupa:xkeHHsi KOHIIEeHTpAaLii pO3YHHIB

Macoea wacmka (W) KOMIIOHEHTA PO3YMHY BU3HAYAETHCS SIK BITHOIICHHS MacH

IIOTO KOMIIOHEHTA m(X), 1110 MICTUTHCS B 111 Macl pO34uHY, 10 MacH yChOTO POZYUHY

Mp-ny. MacoBa yacTka — 0€3po3MipHa BEIMYMHA 1 BUPAXKAIOTH ii B TOJISIX BiJl OJIMHMUIII:

w= 2 0< @ <1)

Mp_ny

Macoesuii npouenm — 1€ MacoBa 4yacTKa, sika ToMHokeHa Ha 100:

wX) = 2% 100 (0% < @ < 100%),
Mp—ny
a0 wX) = 2% . 100
p—ny'P

e p — IyCcTHHA po3uuHy, r/em® (r/mi), V — 00'eM po34HHY.

p—Hy
MacoBy 4YacTKy pO3YHMHEHOI PEYOBMHU HA3UBAIOTh TAKOX HPOYEHMHOI

KOHYeHmpayi€io po3unHy.
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Monsapna konuenmpauin ab6o monsapuicmo (C,) BHU3HAYAETBCA SIK

CITIBBIJTHOIIEHHS KIJILKOCT1 pO3UMHEHOT peuoBUHM X J10 00’ eMy po3uuHa V:

C. = 1

, MOJIB/JI
p—HY

[Mpuknax 3amucy momsipaoi koHueHTparii: Cy,(H2SO4) = 0,8 monbp/m abo 0,8M.

Hopmanvna konuenmpauis aoo nopmanvhicme (C,) BU3HAYAETHCHS SIK
CIIBBIHOIIECHHS KiJIbKOCTI €KBIBAJICHTIB PO3YMHECHOI PEUOBUHU Mgy (X) 10 00’ €My
po3unHa. OAMHULICI0 HOPMAJIBHOCTI € MOJb-eKkB/N. [Ipukman 3amucy HOpMalbHOI
konmentpartii: Cy (H2SO4) = 0,8 Monb-exs/it ado 0,8H.

CH — neKB(X)

VP—HY
n == AN C, = =
€KB Mg H MgV
ME = M/Z

Kucnomu MaroTh y CBOEMY CKJIaJll aKTUBHUU T1POTEH, 3aTHUHN 3aMIIIATUCS Y

peakiisix HedTpamzauii. Ekeieanenmue uucno 7 0na KUCIOMU OOPIBHIOE YUCTY

Kamionie 2iopoeery 8 ii cknaoi abo ii 0CHOBHOCMI.
Lyuciomu = II(H+) = OCHOBHICTb

Ocnoeu MIiCTITh y cBOoeMy ckiiafi rigpokcorpynmy OH™. Tomy, exsieanenmmue

YuUC0 7 0J1sl OCHOBU OOPIBHIOE YUCILY 2IOPOKCOCPYN 8 U020 CKAAOL: Zoenoeu = N(OH) =
KUCTIOMHICMb.
HopMajibHy KOHIICHTpAIIII0 PO3PaXOBYIOTh 32 3aKOHOM €KBiBAJICHTIB.

SIK110 pearyroTh Bl pO3YMHEH1 pEYOBUHH, TO NE(1) = NE(2), TA

Cuy' V1= Cy)' V2 CuayVi=m/ Mgp)V,
NE) NE2) NE(1) NE2)

ne Cra) 1 Chez) — HOpMaJbHI KOHIIGHTpAIlll PO3YHMHIB pearyrvnX pPEuOBHH,

MOJIb—€KB . , . . .
———; V11 V2 — 00’eMH pO34YuHIB pearyruux pedyoBUH; Ngg) Ta Nge) — KUIBKICTh

MOJIb-€KBIBAJICHTIB pearyloyux peuyoBHH.

Jns  mepexoqy 3 MOJISIPHOI KOHIIEHTpAllli B HOpPMallbHY 1 HaBMakKw,
BUKOPUCTOBYIOTH MPABUIIO: HOPMAIbHA KOHYEHMpayis 6 CmiibKu pasie (x) oinvule 3a
MOJISIPHY, 8 CKIIbKU pazié moaipra maca pedosunu (M) Oinvwe it monapHoi macu

exegieanenmis (ME).
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CH = CM - 1/z
Tump (T) nokasye, CKUIbKA TpaMiB PO3YMHEHOI PEYOBUHU X MICTUTHCA B 1 M

260 B 1 cm® po3unny:

m(X m Cy'M
me) abo T= —= T= 22
1% 174 1000

T =

ne m(X) — maca po34MHEHOI peYOBUHU X, T; Vp.uy— 00’ €M PO3UUHY, MIL.
Monanvna Konyenmpayia ado mMoaAAbHICMbL PO3UNHY M TOKAa3y€e KUTbKICTh

pO34MHEHOI pedyoBUHH X Yy 1 KT pO3YMHHHUKA:!

_ rx

my

ne N(X) — 9uciio MoJIb PO3UYMHEHOT peYOBHHU X, MOJIb; M, — Maca PO3YNHHHKA,

KT.

Knacugikauia memooig KiibKiCHO20 aHAi3y

MeToau KITbKICHOTO aHajlizy HIAPO3AUISIOTECS Ha XIMIYHI, (13UKO-XIMIYHI
Ta (HI3UYHI.

Ximiuni memoou: TutpoMeTpuuHuil (00'eMHUIA) aHali3, TPaBIMETPUYHUIN

(BaroBuii) aHasi3, Ta30BUH aHAMI3.

Dizuxo-ximiuni memoou. ONTUYHI METOJI aHAIII3Y, EJIEKTPOXIMIYHI METOIU
aHalizy, XxpomarorpadiuHi METOU aHaJIi3y.

Dizuyni memoou: CrieKTpaJbHUMN aHali3, JIOMIHECIICHTHHUM aHa13, sSAepHUAN
MarHiTHUN pe30HAHC.

Haii6G11bp11 mupoKo B MPaKTHII KIIIHIYHUX, CAHITAPHO-TITEHIYHUX 1 XIMIKO-
dapmarieBTHUHUX J1a00paTOpiif, a TAaKOXK Yy 0OararboX HAyKOBUX JIOCIIIHKEHHSIX
BUKOPHCTOBYETHCSI TATPOMETPUYHUN aHATI3.

Cymuicmb mumpomempuuno20 anaiizy

CyTHICTP TUTPOMETPUYHOTO aHANI3y TMOJSITa€ y BU3HAUYEHHI 00’ €MiB
PO3YHUHIB pearyoyux pe4oBUH B MOMEHT 3aKIHUCHHS peakiiii, TOOTO MpU HACTaHHI
TOYKH €KBIBAJIGHTHOCTI. Y 1€l MOMEHT JOTPUMYETHCS PIBHICTb:

Cewa (1) - V(1) = Ce (2) - V(2)
1€ Cexs (1), Cexs (2) - MOMSIpHI KOHIIEHTpAITIT €KBIBAJICHTIB;
V (1), V (2) - 06’eMu pearyrodmx po34nHiB.

Kucnomno-ocrnoeni inouxkamopu. Teopii inouxkamopie
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Inouxamopu — pe4OBWUHHU, HalyacTiie 3a0apBieHl, fAKlI J0AAlOTh JO
JTOCTIPKYBAHOTO  pO3YMHY i  (IKCYBaHHSA  3aKIHUCHHS  peakiii  (TOYKH
€KBIBaJICHTHOCTI) IO 3MiHi iX 3a0apBIeHHS.

Kucnommuo-ocnosni inouxamopu (pH-inouxamopu) - cnabki opra”iqdi KUCJIOTH

ab0 OCHOBH, SIKI P13KO 3MIHIOIOTh KOJIIp IpU MEBHUX 3HaYeHHsIX pH po3unny.

Ionna meopia inouxamopie Ocmeanvoa:

KokeH 1HAMKATOp CKIIAMA€ThCA 3 CHOMYYEHOI mapu: ciaabkoi KuciaoTh 1 i
CIIOJTy4Y€HOI OCHOBHU:

HInd & H "+ Ind

a00 c1abKoi OCHOBH 1 11 CHIOJTY4Y€HOT KUCIIOTH:

Ind OH <« Ind * + OH

OOuIBa KOMIIOHEHTH CIOIYYEHOT TapU MAIOTh PI3KO BiJIMIHHI 320apBIICHHS.
3aBASKY CTPYKTYPHHUM 3MiHAM PO3YMH 1HJIMKATOpPA 3MIHIOE KOJIIp mpu 3MiHi pH.
pH po3uuny iHAMKaTOpa BU3HAYAETHCS 32 piBHSAHHAM [ eHnepcona-Xaccenbbaxa:

pH = pKing + Ig [Ind"]/[HInd]

Konnenrpamii [Ind-] 1 [HInd] Bupaxkeni B momb/n, a pKi,g Ha3uBaeThCS
MMOKa3HUKOM 1HAUKaTopa. 3Ha4eHHS pH, IpH IKOMY 3aKiHUY€ThCS TUTPYBAHHS 3 TAHUM
1HIUKATOPOM (B110YBa€THCSl HAMOUIBIN pi3Ka 3MIHA KOJIbOPY 1HAMKATOPA), HA3UBAETHCS
ITOKA3HUKOM TUTpYBaHHSA pT.

Xpomoghopna meopis inouxamopie Bimma:

BignoBigHo mo 1miei Teopii, 3a0apBICHHS OPTaHIYHUX CIOJYK TOSCHIOETHCS

PUCYTHICTIO Xxpomoghopie ( «HOCIIB 3a0apBICHH») 1 aykcoxpomos ( «iICUIIIOBAYIB

3a0apBiieHHs»). Tunosumu xpomodopamu €: -NO,, -NO, azorpyna -N=N-, xiHOiHa
rpyna. TumoBumu aykcoxpomami €: -NH,, OH, -N(CH3),. 3rizno xpoModopHoi Teopii,
3a0apBJIEHHS OPraHIYHUX CIIOJIYK 3aJI€KUTh Bijl OyI0BU MOJIEKYIIH.

Bracniiok BHYTPIIIHEO MOJEKYISPHOTO MEepPerpynyBaHHs 3MIHIOETbCS OyI0Ba
MOJICKYJIH 1HIUKATOPA, a OTKE, 3MIHIOETHCS 3a0apBIICHHSI CTIOTYKH.

lonno - xpomoghopna meopis inoukamopis:

3miHa Oy/oBU 1HAMKATOPIB BiAOYBAETHCS MPHU JOJAaBaHHI JO PO3ZYHHIB KUCIOT

a00 J1yriB, TOOTO IPH 3MiHI KOHIIEHTpAllii 10HIB BOAHIO B PO3UMHAX. TakuM YUHOM, B
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pO34YWHI 1HAMKATOpa, TMOPSJ 3 PIBHOBaroro Mik TayromMepHumMu (opmamu (I) €

piBHOBara aucorrarii (II):
I I
RH < HR < H" + R~

Ob6nactp 3HaueHHs pH pos3uumHy, B sKiii BigOyBaeTbcs MOMITHA 3MiHa

3a0apBIICHHS 1HIWKATOPa HA3UBAETHCS [HMEPBANLOM Nepexody IHOUKAmopad.

KucnorHo-ocHOBHI 1HAUKATOpU

InTepBan 3abapBieHHs 1HIUKATOpa
[nukarop pT repexony
1HIUKaTOpa §a6aaneHHﬂ Kicre Nysxe

1HIUKaTOpa

ApH CEpEIIOBUIIE | CEPEIOBUIIE
MeTtunoBuii 4,0 3,1+44 YepBoHnit Kostuit
TMoOMapaH4YeBUI
MeTtunoBui 5,0 4.8+6,0 YepBoHuii Kostuit
YEPBOHUM
bpomdenonosuii | 4,1 3,0+-4,6 Kostuit Cunint
CHHIN
®enondranein | 9,0 8,2+10,0 beszbapBumit | ManuHOBuUM
Jlakmyc 7,0 5,0+8,0 UepBoHnit Cuniit

denondraneiu:

HO\ @M ) ©/0H m ) @,DH
O N £

No

bezbapBHauit ManunoBwuit

Teopemuuni ocnoeu memooy Heumpaiizauii

B 0CHOBI KHCIIOTHO-OCHOBHOTO METO/Y JIS)KHUTh PeaKilis HeHTpasizaii:

H "+ OH =H,0
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[eit MeTo 3aCTOCOBY€ETHCS JIJIs1 KUTbKICHOTO BU3HAYEHHS KOHLIEHTPAIIA KUCIIOT
1 OCHOB. 3a JOMOMOTOK METONy HeWTpamizalii MpPOBOAATH TAKOXK P 1HIIMX
TUTPOMETPUYHUX BU3HAYEHb, IMOB'A3aHUX 3 PEaKIi€l0 HEeWTpamizalii, HampuKIa,
BU3HAYEHHS COJIeH, yTBOPEHUX CHIIbHUMH OCHOBaMHU 1 ciabkumu kuciaotamu (Na,COs)
abo coJeit aMoHito.

TutpyBaHHS pPO3YMHOM JYTy HAa3HBAETHhCA AaNKaJIIMETPI€I0, a TUTPyBaHHS
PO3YMHOM KHUCIOTH — anuauMerpiero. llpu KiUIbKICHOMY BHM3HAY€HHI KHCIIOT
(amkamimeTpis) — pobounMm po3unHOM € po3unH ayry NaOH a6o KOH, npu
KUIBKICHOMY BHU3HAYEHHI JIYTY (allUIUMETpPisl) pOOOYMM PO3UYUHOM € PO3UYMH CHUIIBHOT
kucnotu (3a3Buvait HCl a6o H2SOy). B sikoCTi cTaHmapTHUX PEeUuOBUH B almKaIiMeTpii
3aCcTOCOBYIOTH po3unHu masneBoi H,C,04 abo OyprmrunoBoi HoCsH4O4 kucTioT, a B
anUaMMETpii - po3urHu TeTpabdoparty HaTpito (Oypa) NaoB,O7-10 H2O abo kapOoHnaty
Hatpito (comn) Na,COs.

Peakii HeliTpamizailii He CyNpPOBOKYIOTHCS 3MIHOIO 3a0apBJICHHS PO3YMHY,
TOMy JUIsl (DIKCyBaHHSI TOYKHM €KBIBAJIEHTHOCTI JI0 TUTPYEMOI'O PO3YMHY JOJAIOTh
1HauKaTop. [HAMKaTOpaMu B METOJ1 KHCIOTHO-OCHOBHOTO THUTPYBaHHS € OPraHiuHI
PEYOBHUHM, 3a0apBIICHHS SIKUX 3MIHIOETHCS B 3aJI€KHOCTI B 3MiHu pH (MeTusioBmit
opaHxeBui, heHoPrayein Ta iH.).

[naukaTopu miIOMpParOTh TAKUM YMHOM, 100 pH iX TOUKM €KBIBaJICHTHOCTI OYB
nocepeauHi ctpuOka TutpyBanHs. [1pu nbomy nianazon pH ctpubka TUTpyBaHHS TUM
OlnbIe, YMM CWIBHINIE TUTPyeEMa KHCJIOTa (OCHOBA), 1 THUM BHIIE TOYHICTh
TUTPYBaHHS.

Qonacmi 6uKoOpuCmanns aiKalimempii i auuoumempii 6 MeOu4Hux

00CHLONHCCHHAX.

KucnoTHo-ocHOBHE TUTpYBaHHs (METOI HEWTpamizailii) € HaWBaKIUBIIIAM
METOJIOM THUTPOMETPUYHOTO aHamizy. MeToau KHCIOTHO-OCHOBHOTO THUTPYBaHHS
(armmauMeTpist 1 ankamiMeTpisi) — dapMakomneiHi 1 MUPOKO BUKOPUCTOBYIOTHCS MPH
KOHTPOJII SKOCTI JIIKApChKUX TMpernapariB, TaKUX SK acKOpOIHOBAa KHCJIOTA,
aleTUIICANIIIINIIOBA KHUCIIOTa, TIIyTaMiHOBA KHCIIOTa, METIOHIH 1 6araro iHmmx. Meton
HeWTpami3aiii 3acCTOCOBYEThCS B KIIHIYHUX J1A0OpaTOpisSX JUIsi BU3HAYCHHS

KUCJIOTHOCT1 IIUTYHKOBOTO COKYy. Y CaHITApHO-TITiEHIYHUX Jiabopartopisix 3a
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JIOTIOMOTOI0 IILOTO METOJy BH3HAYalOTh KapOOHATHY TBEPAICTh BOAM, KHUCIOTHICTh
MOJIOYHUX MPOAYKTIB, O€3JIKOTOJILHUX HAIIOIB Ta 1H.

Po3paxyakoBi dhopmyiin:

Cans-sa = Crurpanra * Vrurpanta 5 MOJIB/N
VaH B-Ba
T = Cans-sa * Mans-sa 3 r/Mi
1000

3. HigdourTs mincymkin

3anuTaHHA I epeBIPKU KiHIEBOI0 PIBHS 3HAHD:

1) ckJiaj po3unHiB;

2) xnacugikailis po34YHHiB,;

3) Teopii, SKi OMHUCYIOTH MPOIEC POZUNHEHHS;

4) 001acTh 3aCTOCYBAaHHS PO3YHHHOCTI Ta PO3UYHMHIB B MEIUIMHI;

5) BenMuMHM, IO XaPaKTEPU3YIOTh KIJIBKICHHIA CKJIa]l PO3YHHIB:
a) MacoBa, 00'eMHa Ta MOJIbHA YaCTKU;
b) MomspHa KOHIIEHTpAITiS;

C) MOJIsIpHA KOHIIEHTpAIlis EKBiBaJICHTAa; MOJISJIbHA KOHIICHTPAIIis;

d) Ttutp.
1. Cnncok peKoMeHI0BaHOI JiTepaTypH
Ocnoena:
Ocnoena:

1. Menuuna ximis: nigpyunuk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
[Nanuuchka Ta iH.; 3a pe.. mpod.. B.O. Kani6abuyk — 4-e Bun.- K. BCB «Menununay,
2019 — 336c.

2. Mennuna ximis : nigpyyauk / B.I1. My3suuenko, .JI. JIynesuu, JLIL
SABopceka ; 3a pen. b.C. 3imenkoBcbkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menumunaay, 2018. — 496 c.

ooamkoesa:
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. MuponoBuu JI.M. Menuuna ximis: HaBuanbHuii mociOHuk. — Kuis:
Kapagena, 2008. — 159 c.

. Meaununa Ximisl : TAPYYHUK JUIsl CTYA. BUIUX HaBd. mea. 3aki. / A.C.
Mopo3, 1.1. JIyuesuy, JL.IL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuura,
2013. - 776 c.

. Meaununa ximis : miapyunuk / 'omonait B.1., MinsoBuu C.C. — Binauns :
Hosa Knwra, 2016. — 672 c.

. Memnuna ximis / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. I'anuHchKa,
CM. Toxmsincekuii, T.O. OscsuikoBa, B.A. Camapcekuit. — K.
«IHTepmeny, 2006, — 460c
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IpakTrune 3ansaTTsa Ne 9
Tema: PiBHOBara B po34YHHAX eJeKTpPoJiTiB. EjexkTposiTnyHa aucouiamis B
PO3UMHAX CHJBHHUX i CJa0KHX eJeKTpoJiTiB. BoaHeBuil moka3HHMK
0i0JIOTIYHUX PigHuH.

MeTta: 3acBOiTH TE€Opii KMUCIOT 1 OCHOB, a TAKOXX BJIACTUBOCTI CHJIBHHUX 1 CIAOKUX
KHCJIOT; 03HAHOMHTHCS 3 METOJIaM1 BU3HAaUeHHs pH; HaBUUTHCS TPOBOIUTH
pO3paxyHKH CTYIEHIO Ta KOHCTaHTU aucolrianii, pH po3uuny. 3actocyBatu
OCHOBHI TIOJIO)KEHHS KUCIIOTHO-OCHOBHOT PiBHOBAru 110 )KUBUX OPTaHi3MiB.

OCHOBHi_NOHSATTH: €JIEKTPOJITH, CTyHiHb Aucoriaiii, pH, ionHnit 100yTOK BOAIM,

ankano3, arao3, KOP, 3akon OctBaibaa

Ooaagnanns: Jlaboparopis kapeapu

Ilnan:

CuiibHi 1 c1abK1 €J1eKTPOIITH.

Bopna. qucomiaitist Bogu. [onHuit 1o0OyTOK BOJIH.

Bonuesuit mokasuuk pH.

[ITxama pH.

3uauenns pH juist pi3HUX G10JIOTTYHMX PIAMH OPTaHi3My B HOPMI.

[Topymennst KOP B opranizmi. Ankano3 1 aiuo3.

N o g k~ w DR

Meroau Bumipy pH.
8. 3axon po3senenns OcTBayiba.

3100yBa4Y OCBITH ITOBMHEH 3HATH:

e CKJaJ pPO3YMHIB Ta iX KiIacuQiKaIliio;

® BUM KOHIIEHTpAIlil, CHOCOOU BU3HAUCHHS KOHILICHTPAIIil;

® TEOpii KUCJIOT 1 OCHOB;

® TapaMeTpH SIKl XapaKTepU3yrTh KUCIOTHO-OCHOBHI PIBHOBArH;
® BJIACTHUBOCTI CWJILHUX 1 CIa0KHX KHUCJIOT.

3100yBayY OCBITH ITOBUHEH BMITH:

® BHU3HAYATH KOHIIEHTpAIlli KHUCIIOT 1 OCHOB,;

® 3aCTOCOBYBAaTH OCHOBHI TOJIO)KEHHSI KHCIOTHO-OCHOBHOI PIBHOBAaru J0
KUBUX OpPTaHI3MIiB.

e BHU3HAYATH KOHCTaHTy aucoriarii (Ky)
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3MiCT NIPAKTUYHOTI0 3AHATTH

Vi XiMIUHI PEYOBMHHM MO X 3/IaTHOCTI TPOBOJMTH EJIEKTPUUHUM CTPYyM
TISATHCS HA CIEKTPOIITH 1 HECIIEKTPOITITH.

EnexkTpositu — 11¢ peyoBUHH, SKI MPOBOMASTH EIEKTPUYHUM CTPyM 5K B
PO3IUIaBICHOMY CTaHi, TakK 1 B po3unHax. Jlo HUX BITHOCATHCS JEsKI OCHOBH 1 COJII, SIKi
B TBEPJIOMY CTaHi CkiagaroTbes 3 10HIB, Hanpukian, KCl, NaCl, LiF, CaCl,;, KOH,
NaOH Tta iH., 1 pe4oBHHH, SIKI YTBOPIOIOTh 10HU IIPU PO3UYMHEHHI iX y BOJI (aMOHIaK,
¢GIyopoBOJIeHb, OpraHiYHI KHUCIOTH Ta iH.) Y BOJI EJICKTPOJITH IHUCOIIIOIOTH Ha
KaT1OHH 1 aHIOHH, K1 B3a€EMOJIIOTH K 3 BOJOIO, TaK 1 MI’K CO0O0I0.

EnexTpomiTi rpatoTh 1yKe BaXJIHUBY POJIb B JKUTTEISIBHOCTI OPraHi3My, TOMY
mo yci (i3100r1yHl  piaguHU (IUTYHKOBUHM CiK, Ila3Ma KpOBi, MO3aKJIITHHHA,
BHYTPIIIHbOKJIITUHHA CIIMHHOMO3KOBAa pPIJUHU, CEKPETH 3al03) € PO3UYHHAMU
€JIEKTPOJITIB. 3 HASBHICTIO IIMX CHOJYK IOB'S3aHO IMEBHE 3HAYEHHS OCMOTHYHOIO
tucky 1 pH cepenoBuima OiopinuH. Enekrponité 37aTHI yTpUMYBaTH BOAY 1 BHJII
ripariB, MPOTUAIIOYl 00E€3BOJHEHHIO OpraHiaMy. KoHIEHTpallisi eJIeKTPOJITIB Y
(1310JIOTIYHUX PO3YMHAX BIUIMBAE HA PO3YMHHICTH OUIKIB, aMIHOKHCIOT 1
HU3BKOMOJIEKYJISIPHUX CIIOTYK.

V m1a3Mi KpoBi BMIiCT KaTioHiB, B OCHOBHOMY MakpoesemenTis — Na*, K*, Ca*?,
Mg*?, cknagae B cepemusomy 154 mmons/n. Ha meopramiumi amionn: Cl,, HCOsg,
H,PO4, HPO4* i SO4* noBomutskcs mpubmmsHo 133Mmons/i, a inmi 21 MMouIs/I - 11e
aHIOHW OPTaHIYHUX KUCIOT 1 MAKPOIOHU OIKIB.

EnexkTposiTHYHOI0 IMCOmiali€l0 HAa3MBAETHCS PO3MICIUIIOBAHHS CIOIYK Ha
10HH BHACJIIJIOK B3a€EMO/II1 3 PO3UYNHHUKOM.

Crynenem aucouniamii €JI€KTPOJIITY HA3MBAIOTh BIAHOILIEHHS YMCIa MOJIEKYJ,

SIK1 TIPOAMCOIIIFOBAJIH, JIO 3araJIbHOTO YHCIIa MOJIEKYJT €JICKTPOIITY

n C
N Co

JI€ N —4UCJIO MPOAUCOLIMOBAHUX MOJIEKY, N — 3arajabHe YUCIIO MOJIEKYJ €JIEKTPOJIITY,
Cauc 1 C, — KOHIIEHTpAIIISI MOJICKYJI, SIK1 PO3MAJIUCS HA 10HH, 1 TOYAaTKOBA KOHIIEHTPAIIIs

EIEKTPOIITY (MOJB/I).
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Crynigpe aucoriiaiii BUpaxkarwTh B J0JIIX OAWMHUII abo y BiacoTkax. Bona
3MIHIOETBCA B Mexkax 0 < o < 1 1 3a1€XUTh BiJ] MPUPOAH €IEKTPOJITY 1 pO3UMHHHUKA,
KOHIIEHTpAIlli peYOBHHHU 1 TeMIiepaTypu. ToMy MOpiBHIOBATH €IEKTPOJITH MOXKHA 32
BEJIMYMHOIO CTYIEHS JIUCOLIAIli TUIBKYA TIPH OJHAKOBIM KOHIICHTpAIIil 1 TeMIIepaTypi.
VY pozumnax 3 konmetpariero 0,01 - 0,1 momb-ekB/AM3 1O CTyHEHIO AMCOIIAIii
OyBaroTh:

- clJIbHI enekTpoiitd — o > 0,3 (30%),

- enekTpoit cepeanroi cum — 0,3 > o> 0,03,

- cnabki enekrpoiti — o < 0,03 (3%).

Po3unHM CHIBHUX €IEKTpPOJITIB 32 (PI3UKO-XIMIYHUMH  BJIACTHBOCTSIMU
BIJIPI3HSIOTHCS B PO3YMHIB CIA0KUX €JIEKTPOJIITIB.

CuabHi ejekrpoditu. o Hux BimHocsaThes cuiabHI kucimotd HCIO,; HNO3,
HCI, HBr, HI, HCIO3, HBrO3, H,SO4 (1o mepiit ctazii aucorriarii), OCHOBH JIy>KHHUX
1 JIy’)KHO3E€MEJIbHUX METAJIIB 1 OUTBIIICTh POZUMHHUX Y BOJII COJICH.

Caabki eqekTpoJiTH. Y po3ynHax cla0KUX €ICKTPOITIB AUCOIIAIlI HA 10HH
B110yBA€THCS YaCTKOBO.

JInst  KUIBKICHOT  XapaKTePUCTUKU JIUCOIiallli BUKOPUCTOBYIOTH CTYMiHb
aucorriamii (o) 1 koHcTaHTy nucomiarii (Ky).

Koncranta mucomiauii (Kx) — 1e BigHOmIeHHS JOOYTKY pPIBHOBaXHHX
MOJISPHUAX KOHIEHTpAIliil TPOJAYKTIB JUCOINAIi 1O PIBHOBAXKHOI MOJSPHOI
KOHIICHTpAIlii TOYaTKOBOTO KOMIIOHEHTA.

Hampukmnaz, 1715 O1ITOBOT KUCIIOTH

CH3COOH <« CH3COO" + H*

KoncranTa aucornarii Ma€ BUTTISA:

[CH3COO~][H?]
[CH3COOH]

KZ[ =

KoHcranTa aucomiaiiii € BEJIMYMHOIO MOCTIHHOO NPH MOCTIMHIA TeMIiepaTypi.

BoHa 3anexuTs BiJ] MPUPOIU EIEKTPOIITY, TPUPOAN POZUYNHHUKA 1 HE 3AJICKUTH BiJl
KoHIeHTpallli. KoHcTanTa gucomiaiii xapakTepusye KUIbKICHUNA CKJIaJl pPIBHOBAKHOI
cucteMu. YuM CUIIBHIIIE €JIEKTPOJIIT, TUM OUIbIIIE KOHCTAHTH Horo aucoiiarii. ToMmy

3a BEJIMYMHOIO KOHCTAHT JUCOIIIAIlil MOKHA MOPIBHIOBATH CJIA0K1 €JIIEKTPOITITH.
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Biojoriune 3HaueHHA BOIU

o ckiany Tina JIOAUHU BXOAATH SK OpraHiuHI pedyoBUHU (O1JKH, BYTJIEBOIH,
HYKJIETHOBI KHUCJIOTH Ta 1H.), TaK 1 HEOPTraHIYHI PEYOBHHU. 3 YCIX HEOPraHIdYHHX
PEYOBHUH B OpraHi3Mi JIIOAUHU HAMOUIbIIE MICTUThCA BoaM (65%). Yci MiHepasbHi
PEUYOBUHU CKIIAAAI0Th 5-6 % Bia Macu Tija. YacTuHA MiHEPATbHUX PEYOBHH MICTHUTHCS
B PO3YMHEHOMY CTaHi y OIOJOriYHUX piAMHAX (EJIEeKTPONITH) 1 BIAMOBIAAE 3a
MIATPUMKY TOMEOCTa3y BHYTPIIIHBOTO cepenoBHINa. I[HIN MiHEpallbHI PEUYOBUHH
YTBOPIOIOTH  CIIOJMYKH 3 OlOMaKkpOMOJIEKYJSIPHUMH 1 HU3bKOMOJCKYJISIPHUMHU
CIIOJTyKaMH.

Po3nonisn Boau B opraHi3mi JIIOJMHUA 3A1MCHIOETHCA TaKUM YUHOM: 2/3 BOAM
30CEpPE/PKEHE Yy BHYTPIMIHBOKIITUHHUX PiIMHAX (EPUTPOLUTAX, KIITUHAX M'SA30BOT
TKaHWHM TOIIO), a 1/3 - B MO3aKIITUHHUX piIMHAX (TJ1a3M1 KPOB1, TKAHUHHOT PIAWHM,
aiM@i Too). OcTaHHS HA3UBAETHCS BUILHOIO BOJOIO 1 MA€ BIACTUBOCTI PO3YMHHUKA.

Heo0xi1HOI0 YMOBOIO JKHUTTSI € MOCTIHHA IMHAMIYHA PIBHOBAra MiX KiJIbKICTIO
CITO’KUTOT OpPraHi3MOM BOJIHM 1 BOJIM, BUJIJICHOI 3 HbOr0. CIiBBITHOIICHHS MK ITUMH
KUTBKOCTSIMH BOJM HA3WBAEThCA BOJHUM OanaHcoM. Oprasism JIOJUHU JTyKE
YYTIUBUM JIO 3MIH KUIBKOCTI Boju. Tak, BTpara 2/3 Bia yci€l KUTBKOCTI BOJH, IO
3HAXOAUTHCS B TMO3AKTITUHHUX PIiJIMHAX, € CMEPTEIbHOK. ToMy TOpYIICHHS
HOPMAJBLHOTO EJEKTPOJITHOTO OajlaHCy opraHi3My OaraTte ay»Ke Ceplo3HUMHU
HACJTIIKaMHU.

Heo0xigHo, 1100 MOCTINHI BTpaTH €IEKTPOJITIB Yepe3 HUTYHKOBO-KUIIIKOBUHN
TPaKT, HUPKH 1 3a paXyHOK MOTOBUIIJICHHS O€3MEepepBHO 3aMOBHIOBAIUCS 3 TKEIO 1
nuTHOIO Boaow. Coy MATPUMYIOTH OCMOTHYHMA THCK B KIITHHAX 1 >KHUBHX
cepenoBHUIlax opraHizmy. L{luM BOHM 3HaYHOIO MIpOIO BIUTMBAIOTh HA TMHAMIKY OOMIHY
MDK KJIITHHAMH 1 CEPEAOBHIIEM, M0 O0TOUYE iX. OCHOBHOK CULIIO, IO OOYMOBIIIOE
MOCTIMHICTE OCMOTUYHOTO THUCKY, SIBJSIETHCS XJIOpHU Hatpito. [Ipu 3MeHIeHH] HOoro
KOHIICHTpAIlli OCMOTUYHUN THUCK ICTOTHO 3HIDKYETHCS, IO TPU3BOAHUTH 10 3MIHU
¢byHKIIIH 1 OOMIHHUX TPOIIECIB B OpraHi3Mi, a TaK0XX MOXKJIMBA 3MiHa CTPYKTypH
KJTIITHH, HAIIPHUKJIAQI, SPUTPOITUTIB, B SIKI Y BCEPEIUHY TPOHUKAE BOA, IO MMPU3BOIUTH
710 TEMOJTI3y, a TaKOX 3TYIIYBaHHS KPOBI, 0 HECIIPUSATINBO MO3HAYAETHCS HA YCIU

auHaMill KpoBooOiry. I[lopyiieHHs oOMiHY KaTIOHIB B OpraHi3mi NpPU3BOAMUTH [0
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aJuHaMii- M'I30BO1 CJIAOKOCTI, JI0 MPUIIMHEHHSI a00 PI3KOro MociIiabjeHHsS PYyXOBOi
AKTUBHOCTI.

Yci mpouecu OOMiHY B JKMBOMY OpraHi3mi BiOyBarOThCSI TpPHU TMEBHHUX
3HayeHHsAX pH cepenoBuma. BiaxuienHs y Oik 301IbIIEHHS KHCJIOTHOCTI a0o
JY>KHOCTI BUKJIUKA€ OpYIIEHHS (QYHKIIT (PEPMEHTIB, a Y 3B'SI3KY 3 IIUM 3aKOHOMIPHO1
Tedil XIMIYHUX peakiiid. Pa3om 3 1um 30epekeHHs MOCTIMHOCTI KUCIOTHOCTI P1IKUX
cepeaoBUII (KOHIIEHTpaIlli MpoTOHIB ['iAporeHa) Mae Jijist sKUTTEAISIILHOCTI OpraHi3My
NEpBUHHE 3HAYCHHS TOMY, [0 i0HM H' YWHITH KaramiTUUHy Ji0 Ha Oarato
010XIMIYHUX TIEPETBOPEHb, a HEBEJIMKI 3MIHW KOHIICHTpaIlii mpoToHiB [igporeHa B
KpOBI 1 MDKTKaHUHHUX DPIAMHAX BIAYYTHO BIUIMBAIOTh HA BEJIUYHHY OCMOTHYHOIO
TUCKY B LIUX P1IMHAX.

[IparnenHss opra”izmy MIATPUMYBATH JJii KOXKHOI 3 WOro piAUH TIEBHY
ONTUMAJIbHY KOHIIEHTPAIIil0 MPOTOHIB ['iAporeHa - ojHa 3 HAMBaXXJIUBIIIUX CTOPIH
romeocrasy (homoios - 0THOP1AHMMI, TOCTIMHUIA 1 stasis - cTaH). Takum YMHOM, BOJTHO-
CJICKTPOJITHUN OanaHc — HeoOXigHa CTOpOHAa TOMEOCTa3zy, SIKHH € OJIHIEI0 3
HEOOXITHUX YMOB ICHYBaHHS )KUBOT'O OpPraHi3My.

Juconianist Bogu. lonHuii 100yTOK BOaAM
Boga € amM(poTepHHM CIAaOKUM eIeKTpONiTOM. li AMcoliamis MpoTikae Mo
PIBHSIHHIO
2H,0 — H3;0* + OH~
YH CIIPOIIEHO:
H.O - H"+ OH.

KoHcranTa piBHOBAaru 1bOro MPOIECY, IO MPEACTABISE B JAaHOMY BUIAAKY
koHCcTaHTy gucoriaiii (Kye.), BIAMOBIAHO 10 3aKOHY OIFOYUX Mac BHUPA3UTHCS
PIBHSIHHSIM:

K. = [H] [OH)/ (H,0) = 1,8 - 1071 (T = 298°K)

HexTyroun He3Ha4HOIO MIpOIO0 1OHI3amii 1 BPaxOBYIOYH, IO KOHCTaHTa
aucorianii BOAW - HAA3BUYAWHO Maja BEJIIMYMHA, PIBHOBAXKHY KOHIICHTPAIIIO
HEMCOIIIMOBAHNX MOJICKYJI BOJAM MOKHA BBAYKAaTH BEIMYMHOIO MTOCTIHHOT 1 YUCETBHO
PiBHOIO KiTbKOCTI MoJjiek Boau B 1 11: 1000/18 = 55,56 minb/n. Toai MoxkHA 3amucaTy:

[H+] ‘ [OHi] = KI[PIC' ‘ [HZO] = 1,8 y 10716 y 55,56 = 10714'
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[TozHaunmo K. * [H20] = K,,. Toai ans 298 K (25° C) orpumaemo:
K*o =[H*] - [OH] =10,
Lle#t Bupa3 Bigomuii ik 10HHMI A00YTOK Boau. Ko - BennumHa mocTiitHa (ipu
111 TeMIiepatypi) JJ1st BOAM 1 OyIb-sIKUX BOJHUX PO34YMHIB. Taka MOCTIMHICTh O3HAYAE,
o y OyAb-IKOMY BOJAHOMY PO3YHHI - HEUTPAIbHOMY, KHUCIOMY ab0 JTyKHOMY - € 1
BOJIHEBI 10HH, 1 TIAPOKCU/I-10HU, MPUIOMY JOOYTOK KOHIICHTpAIlli ITUX 10HIB 3aBXK U
JOPIBHIOE BeIn4HHI K.
Boanesuii nokasHuk pH
B minoMy 1i1si XapakTEpUCTHKU KUCJIOTHOCTI BOJHUX CEPEIOBHUIL MPUNHSATO
BUKOPHUCTATH BEJIMYMHY MOJIAPHOT KOHIeHTpamii ioHiB [igporena [H'] y 1mmx
cepenopuinax. Ockimbkn KoHIeHTpalii ionie [H'] 1 [OH] maimi, To maus 3py4dHOCTI
OI[IHKA KOHIEHTpaIlii 10HIB TiporeHa B po3unHax Oiosorom CepeHceHom Oyiia
BBeJIcHA Jorapudmiuna BenuunHa pH: pH = — |g [H™], Bignosinno pOH = — 1g [OH].
Otxe, pH - ne HeratuBHuil necsatkoBuit jorapudm. Benmnmuunu pH 1 pOH
Ha3UBaIOTh BIAMOBIIHO A0 BOJHEBUM 1 TAPOKCUIBHUM IMOKA3HUKOM.
[Ticns norapudMyBaHHS PIBHSHHS 10HHOTO JAOOYTKY BOJAU ISl TEMIEPATypH
298 K orpumaemo: pH + pOH = 14.
Axmo pH =7, 10 e HeHlTpaIbLHE cepeaoBHIILE;
saxkmo pH <7, To ue kucJie cepenoBuiie;
sikio pH > 7, 1o 1e gykHe cepepoBuie.
VY kucnomy cepenosuii pH <7, pOH > 7; y ny>xknomy cepenosuuii pH > 7, pPOH
< 7. OCKUIbKM 11l TIOKa3HMKH OJHO3HAYHO TOB'SI3aHI MDK CO0O0I0, MPOCTIIIe
KOPUCTYBATHCSl TUIbKK OJHMUM, a came pH. ¥V HelTpanbHOMY cepelnoBHIlll BOJHEBUN

noka3Huk pH = pOH = 7.

LL|K(]/\CI pH

7 8 9 10 11 12 13 14

6

KMC/\O HeMTpQ/\bHQ /\y)KHO
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KucnotHicTh, BU3HauUyBaHa KOHIICHTPAIIIEO 10HIB BOJIHIO B PO3UHHI, BUPA3UMO
BeJIMUMHOW PH, € XapaKTepHCTHUKOI OaraThoX IPOIECIB KUTTEMISIbHOCTI. Bin ii
BEJIMYMHU 3aJISKUTh MMOBEMIHKA KIITHH, iX OloyioriyHa akTuBHICTE. KpoB, cimHa,
IIUTYHKOBUM CIK MarOTh IEBHY KHCJIOTHICTh 1 BIIXWJICHHS BiJI HOPMH MOXE OYyTH
MPUYMHOIO BaXXKUX 3aXBOpioBaHb. Tak, pH nutynkoBoro coky B Hopmi 1,2-3,0. Skmro
pH nutyHkoBoro coky meiie 1,2 - KUCIOTHICTh MiABUIIECHA, K0 pH IUTyHKOBOTO
coky Ounpmie 3,0 - KHCIOTHICTh 3HWKeHa. KucinotHicte npu pH = 6 1 Ounblie
OIIIHIOETHCS SIK «HYJIHOBA KUCIOTHICTHY.

TakuM YMHOM, TMOCTIHHICTE pH cHcTeM opraHi3My € 3amopyKow Horo
HOPMAJIBHOI KUTTEASUIBHOCTI. Y 0ararbox BUINAAKaX KOHTPOJIb KUCIOTHO-OCHOBHOI
piBHoBaru (KOP) nae MOXIHMBICTh BUSBUTH Pi3HI MATOJOTIT 1 MPaBUJIBHO TTOCTABUTH
J1ardos.

30uTbIIEHHS (2J1Ka103) a00 3MEHIIEHHS (aumua03) BeauuuHu pH cBIqUUTH IPO
naToJIOriyHI Tporecy. Hampukman, anmmo3 Mae Micle IpH IyKpoBOMY iaberTi,
imemMivHii XxBopoOi cepiis, iHDapKTI MiOKapIy.

Bennuuna pH poOuTh BIJIMB HA aKTUBHICTh (PEPMEHTIB, HAa CTIUKICTh O1JIKIB, HA
MIBUKICTh 0araThoX 010XIMIYHHX MPOIIECIB, IO WIyTh 3a y4yacTio 10H1B. Hanpukman:
METNCHH IUTYHKOBOTO coKy aktuBHMM npu pH = 1,5-2,0, katanasa kposi - ipu pH = 7
TKAHUHHUX KATEICHHIB KaTali3yloThb CHUHTE3 OLIKYy, a B KHCIOMY CEpEIOBHIII
PO3UIEILIIOTH HOTO.

TakuM 4uHOM, MOCTIHHICTE PH PIAKUX CepeloBUIIl OPraHi3My - 3aropykKa Horo
HOPMAaJIbHOT KXUTTEMIIIbHOCTI. Boga 1 mpoaykTu ii gucorriamii - 10HM TiAPOTEHY 1
TIAPOKCUIIbHI 10HM - € HEOOXIIHUMHM YMHHHKAMHU, 10 BHU3HAYAIOTh CTPYKTYpY 1
O10JIOTIYHI ~BJIACTHBOCTI OUIKIB, HYKJIEIHOBUX KHCJIOT 1 IHIIMX KIITHHHHUX
KOMITOHEHTIB.

Pouanb ioniB I'igporena y 0ioJioriyHux npouecax
bBiomoriuni piguan  MmicTaTh cmibHI 1 cinabki  kucmotu: HCL, H,COs,
MIPOBUHOTPAAHY, MOJIOYHY KHCIIOTH 1 1HIII.
Po3pi3HAIOTH TPU BUIM KHUCJIOTHOCTI Y 0i0/I0TiYHMX piAUHAX:
1. 3arajbHa KHMCJOTHICTH - II¢ 3arajlbHa KOHIIGHTPAISl CHJIBHHUX 1 CIaOKHX

KHCIJIOT. 3aranLHy KHCJIOTHICTh 3a3BHMYai BU3HAYAIOTH METOJOM KHCIIOTHO-
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OCHOBHOT'O TUTPYBaHHS.
2. AKTHBHA KHMCJOTHICTH JOPIBHIOE AaKTUBHOCTI (KOHIIGHTpAIlii) BIIBHHUX
ioniB ['imporena B po3uuHi. Mipol0 aKTUBHOI KHCIOTHOCTI CITy>KUTb
3HaueHHs pH po3uuny.
3. HloTreHmiliHa KHMCJIOTHICTH [OPIBHIOE KOHIEHTpalli HEAMCOIIHOBAHUX
MOJIEKYJI CITAOKUX KHUCIIOT 1 PO3PAXOBYETHCS MO PI3HHMIN 3HAYEHBb 3arajibHOIO 1
aKTUBHOIO KUCJIOTHOCTEH.
MeTtoau BusHayeHHs 3Ha4YeHHs pH
Jlnst BU3HA4YeHHsS 3HaueHHs pH po34MHIB MIHUPOKO BUKOPUCTOBYIOThH JIEKIIbKA
METOJUK. BoIHEBUI MMOKa3HUK MOKHA MPHUOJHU3HO OIIHIOBATA 32 JIOMOMOTOIO
1HIUKATOPiB, TOYHO BUMiptoBaTu pH-meTpoM ab0 BM3HAYATHU AHANITUYHO IUISIXOM,
IPOBEJACHHIM KHUCJIOTHO-OCHOBHOT'O TUTPYBAHHS.

KHCJI0THO-0CHOBHI iIHITUKATOPH

J1st Tpy©0i OIIHKM KOHIIEHTpAIlil BOJHEBUX 10HIB IIUPOKO BUKOPUCTOBYIOTHCS
KHUCJIOTHO-OCHOBH1 1HJMKATOpPH — OpPraHiuyHl pPEYOBUHU-OAPBHUKH, KOJIP SKUX
3asiexkuTh Bl pH cepenoBuiia. Jlo HalOUIBII BITOMUX 1HAUKATOPIB HAJIEKATh JIAKMYC,
denondranein, METUIIOBUI MOMapaH4eBHil 1 1HIII. [HIUKAaTOPH 31aTHI ICHYBATH B IBOX
Mo-pi3HOMY 3a0apBieHuX popmax — ado B KUCIOTHIM, a00 B OCHOBHIH. 3MiHa KOJIbOPY
KOXKHOTO 1HJIMKAaTOpa B1IOYBA€ThCSA Y CBOEMY IHTE€pPBaJll KUCJIOTHOCTI, IO 3a3BUYAM
CTAHOBUTH 1-2 OOWHHIII.

Kuc10THO-0CHOBHI iHAMKATOPH

Inukarop pTiwy | [HTEpBaN mepexoy 3abapBieHHS
okpac | ApH okpac II
MeTtunoBuii mnomapaHyeBui 3,7 YEepBOHUH 3,1-4,4 JKOBTUU
MeTtunoBuii YepBOHUM 5,7 YEepBOHUH 4,2-6,3 JKOBTUU
Jlakmyc 7,0 YEpPBOHUU 5,0-8,0 CUHIN
®denondranein 9,2 6e30apBuuii | 8,2-10,0 | ManuHOBUIT

YHiBepcaabHUI IHITHKATOP

J171st po3mmpeHHs po6oyoro iHTepBaty BuMipy pH BUKOpHUCTOBYIOTh TaK 3BaHUN

YHIBEpCaJIbHUHN 1HAUKATOP, 110 € CYMIIIITIO 3 ICKITLKOX 1HIUKATOPiB. YHIBEpCAIBHHIMA
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1HIUKATOP TMOCIIOBHO MIHSIE KOJIIPp 3 YEPBOHOI'O Uepe3 KOBTHH, 3€JICHUM, CUHIN 10
(b1077€TOBOTO MPH MEPEX0/1i 3 KUCIOTHOI 00J1aCTi B OCHOBHY.

Pozunnamu Takux cymimeil - "yHiBepCaJIbHUX 1HIMKATOpiB" 3a3BUYAl
IPOCOYYIOTh CMYXKH "THIUKATOPHOTO Tamnepy', 3a JOMOMOTOI0 STKUX MOYKHA IIIBHUJIKO
(3 TounicTio 10 oxuHUI pH, a60 HaBITH AecITHX M07h pH) BU3HAYUTH KUCIOTHICThH
JOCTKyBaHUX BOJHUX PO3YMHIB. J[7s1 TOYHIMIOrO BH3HAYEHHS OTPUMAaHUN MpH
HAHECEHH1 Kparul pO34MHY KOJIp 1HIWKATOPHOIO Tarepy HeraiHo IMOPIBHIOIOTH 3
€TAJIOHHOIO KOJIIPHOIO MIKAJIOKO.

Busnauennss pH iHAMKATOPHUM METOJOM YCKJIQJHEHO JJI1 KaJaMyTHHX a0o
3a0apBIEHUX PO3YUHIB.

IloreHuiomerpuyHe (ioHOMeTpUYHe) BU3HaYeHHs pH rpyHTOBaHE Ha BUMIpI

enexTpopymiitHoi cuin (EPC) ranpBaHiuHOTO JIaHIIOTA, CKIaJEHOT0 3 THAMKATOPHOTO
HaIiBEJIEMEHTY (EJICKTPOJly BHU3HAYEHHS), MOTEHIan $KOTO 3ajexuTh Big pH
cepenoBuila (CKJISHUM, BOJHEBUM, XIHTIIPOHHHUM) 1 €JIEKTPOJY MOPIBHSHHSA
(X7opcpiOHOro, KaJOMENIBHOT0), IO Ma€ IOCTIHHMM MOTeHIial. BumiproBaibHa
mkasa ionoMipa (pH-metpa) rpagyitoBana sik B MiIiBOJIbTax, Tak 1 B o4. pH. TouHicTh
BuzHaueHHs 10 0,01 ox. pH. MoxHa BUkopucTaTu A Bu3HaueHHs: pH kamaMyTHHX 1

3a0apBIEHUX PIJIUH.

AHAJTITHYHUA 00'€EMHUI METOJT

AHaTITUYHUN 00'€MHHUI METOJT — KMCJIOTHO-OCHOBHE TUTPYBAHHS — TaKOXK Jla€
TOYHI PE3yIbTaTH BU3HAYCHHS KUCIOTHOCTI pPO34MHiB. PO3unH BiqoMOi KOHIIEHTpAaIIil
(TUTpaHT) MO KparwisiX JOJAE€ThCA 0 JOCIIKYyBaHOTO po3unHy. [Ipu ix 3mMinryBanHi
MpOTIKae XiMiuHa peakilisi. Touka eKBIBaJIGHTHOCTI — MOMEHT, KOJIU TUTPAHTa TOUYHO
BHCTayae, 100 TOBHICTIO 3aBEPUINTH peEakiliio, — (IKCYEThCS 3a JOMOMOTOI0
iHauKaropa. Jlami, 3HalUM KOHIIEHTpalilo 1 00'€eM IOAAHOTO PO3UYMHY TUTPAHTA,
O0YHCITIOETHCS KUCTIOTHICTh PO3YUHY.

3akoH po3BeaeHHs OcTBa/IbAA
KoncranTa enekrpomnituuHoi aucomianii (K,) — KiIbKiCHa XapaKTepHCTHKa
CaOKUX eJEeKTPOJITIB, BOHA CIYXUTh MIPOIO CHJIA EJIEKTPOdiTiB. YuMm Burmie ii

3HAYEHHS, TUM OLIbIIEe KOHUEHTpALl 10HIB MOPIBHSHO 3 KOHUEHTPAIED MOJEKYII
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€JIEKTPOIITY, 10 HE po3najucs Ha 10HU. Y oOjacti po30aBieHHX po3uuHiB K, He
3QJICKUTh BiJ KOHIIGHTpAIlli PEYOBUHM B PO3YMHI, a 3aJCKUTh BIJ NPUPOAH
EIIEKTPONITY 1 Bif Temmeparypu. B3aemo3B's30k Mik KoHcTaHTOR aucomiamnii (K,),
CTYMIIHHIO AUcOIaIlii (o) 1 MOJISPHOIO KOHIICHTPAITIEIO €JICKTPOJIITY B PO3UHHI (C) JJIs
OIHApHOTO ENEKTPOJITY, Ky MaTeMaTudyHO OOrpyHTyBaB OCTBajbla, BUPAKAETHCS
PIBHSHHSIM:
K= ca?/1-a

Jlst cnaGKuX eJEKTPOIIITIB BETMYMHA 00 Maia 1 ToMy 1 -a—1, To1 MaTemMaTudHe

piBHSIHHS 3akoHY OCTBajba CIPOILY€ThCS:

K
K,=co?abo o= Tﬂ

3axon poszsedenns Ocmeanvoa QOPMYITIOETHCS TaKUM YHHOM: CTYIIIHb
aucorianii ciabkux OlHApHUX EJEKTPOJITIB OOEPHEHO MPOMOpPIIHHA O KOpPEHs
KBaJ[paTHOTO 3 iX KOHIEHTpalii. Sk BUIUIMBAa€ 3 PIBHSIHHSA, CTYMHiHb JUCOIIALil
30UTBIIY€ETHCS 31 3MEHIIIEHHAM KOHIICHTpaIlli, T. €. 3 po30aBieHHsAM po3uuny. [Ipu

HECKIHUEHHO BEJIMKOMY PO3BE/ICHHI €JIEKTPOJIIT MOBHICTIO TUCOIIIOE (o0 = 1).

JlabopaTopHa poboTa
«Busnauenns koncmanmu oucoyiayii (Kp) i cmynens
oucouyiauii (o) cnabkoi kuciomuy
1. Busnauyenns pH 3a 10momMoror0 yHiBepcajJbHOro iHauKaTopa:

Ha inaqukatopHuil mamip HaHECTU KPAILTIO0 PO3UMHY JOCIIKYBAHOI PIAUHU.
[TopiBHATH OTpUMaHe 3a0apBJICHHS 3 IIKAJOI0. 3amucaTh OTpuMaHe 3HaueHHs pH B
TaOJIHIIFO.

2. Bumip pH 3a nonomoroio ionomipa 38-74:

BiamoBimHo 10 1HCTPYKIi TpOBEediTh Ha 10HOMIpI TouHuUK BuMiIp pH
010J10T1YHUX P1AVH (IIUTYHKOBUH CiK, ce4a, CJIMHA) 1 TOCHII)KYBAHOTO PO3YMHY CJIa0KOi
kuciotu. OTpuMani faHi 0hOPMHUTH Y BUTIISIII TaOTHII.

3. Bu3HauyeHH# 3arajibHOI KucJdoTHOCTI, pH, o i koHcTanTH Auconianii (K,) B

PO34HHI C1a0KOI KMCJIOTH.

Buxonsun 3 BU3HAYEHHS 3a JIOIOMOTOI0 10HOMIpa 3HaueHHs pH s cmadkoi
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KHCJIOTH 1 3HAIOYH, 110
pH=-lg C (H")

pospaxoByemo C (HY), To6ro aktuBHy kuciaoTHicTh (C (kucmorn)). Y
KOHIUHY KOJIOY /U1 TUTPYBaHHSA MINETKO Mopy MOMIMIAI0Th 5 MJI JOCIIIKYBaHOTO
po3unHy cnabkoi KUCIOTH 1 1-2 kpamil po3unHy ¢eHondraneiny. TUTpyOTH
TOCIIKYBaHUN po34urH po3unHOoM Tiapokcumy Hatpito C (NaOH) = 0,1 mons/m 10
MOSIBH POKEBOTO (hapOyBaHHS.

TutpyBaHHs TPOBOAITH TPU pas3ud 1 ISl PO3pPaXyHKY OeEpyTh CepemHe
3HaYeHHS 00'eMy JIyTY, SIKAH TIIIOB HA TUTPYBAHHSI.

3aranbHy KUCHOTHICTH (Cp) po3urHy C1aOKOi KHCIIOTH pO3paxoBYIOTh IO
dbopmyi:
Co

__ V(NaOH)-C(NaOH)

V (xucnoTtn)

ne C (NaOH) = 0,1 monb/1,

V (kucnotu) = 5 M.

V1 (NaOH) + V2 (NaOH) + V3 (NaOH)
3

V (NaOH) =
3Har04M akTUBHY KUCIOTHICT (C (KMCI0TH)) 1 3araibHy KUCIoTHICTB (Co)

PO3paxoBYEMO CTYIIHb 1 KOHCTAHTY AUcoLlalli no ¢popmyiax:

__ C(xucnorn)
Co

Ke = 02-C,

2. IlinouTTs miacymkin
3anuTaHHA I NepeBIPKU KiHIEBOr0 PIBHS 3HAHD:
1) Teopist €NEKTPOIITUIHOI AUCOIIALIIT;
2) mapaMeTpH, [0 XapaKTePU3yIOTh KUCIOTHO-OCHOBHI PiBHOBAIH;
3) BIACTHBOCTI CHJIBHHMX 1 CIAOKUX KHUCIIOT;
4) GioyoriuyHe 3HAYEHHS BOIM;
5) mucomialiis BoAH, I0HHHH J00YTOK BOJIM;

6) KUCIIOTHO-OCHOBHI 1HIUKATOPH.

3. CHHCOK peKOMeHI0BaHoI JiTepaTypu
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CM. Toxmincekuif, T.O. OscsuikoBa, B.A. Camapcekmit. — K.
«IaTepmeny», 2006, — 460c
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IpakTuune 3ansarra Ne 10

Tema: KosiraTuBHi BJIaCTHBOCTI po3BeeHUX PO34uHIB. OcMoMeTpis,

Meta:

KpiomeTtpisi, eOyuaiomerpis. Poab ocmocy B 0ioJOrivyHHX

CucreMax.

OIIaHyBaTHu TeopeTI/I‘-IHI/If/'I MaTepiaﬂ 3a KOJITaTUBHUMU BJIACTUBOCTSIMH

po30aBIeHUX PO3YMHIB, HABUUTUCS MPOBOAMWTU BIIMOBIAHI PO3PAXYHKU;

HABUYUTHUCS omepyBatu (opMysiaMd 1 BUKOPUCTOBYBATH iX JJI BHUPIIICHHS

CHTyaHiﬁHHX 3aBJaHb I10 TEMI SaﬁH}ITT}I; HaBYHUTHCA BI/IpiHIYBaTI/I 3aBJaHHs,

PO3paxoByBaTH OCMOTHYHUN THUCK PO3YUHIB, MOJIEKYJIAPHY Macy 1 T. I.

OcHOBHi MOHATTA: AU(Y3isd, OCMOC, OCMOTUYHUM THCK, Typrop, 3akoH dika, 3akoH

Payns, 3axkon Bant-T'odda.

Ooaagnanns: Jlaboparopis kapeapu

Ilaan:
1. KomiraTuBHi BIIACTUBOCTI PO3YMHIB HECIEKTPOJITIB 1 PO30aBICHUX
PO3YHMHIB €JIEKTPOJIITIB.
2. MTudysis. 3axon dika.
3.0cmoc 1 ocmotuunuii THCK. 3akoH Baut-I'odda. I[30TOHIUHMIA
KOe(IIli€HT.

4, BHWKEHHSI TUCKY TTapy PO3YMHHKKA HAJl PO3YMHOM. 3aKoH Payiis.

5. Hacninku 3akony Paynst — eOy1iOCKOMIYHHN 1 KPIOCKOMIYHHUIA 3aKOHH.
KpiockorniyHa 1 e0yniockoniyHa KOHCTaHTH.

6. ITpakTyHe BHMKOPHUCTAHHS KOJITATHBHHUX BJIACTHBOCTEW PO3YHHIB B
MEIUKO-O10JIOTIYHUX  JOCHIDKEHHSIX.  [30TOHIYHI,  TINEpPTOHIYHI 1
TIMOTOHIYHI PO3YUHH.

7. Ponb mudysii i ocMocy y G10JIOTIYHHAX CUCTEMAX.

3100yBay OCBITH ITOBUHEH 3HATH:

® KOJIraTuBHI (OCMOTHYHI1) BIACTUBOCTI PO3YMHIB HEEIEKTPOJIITIB;
e 3akoHu Payins;

® [IOHATTS OCMOC ¥ OCMOTHYHUM THCK;,
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® B3a€MHHUH 3B A30K MK KOJITraTUBHUMU BIACTUBOCTSIMU PO3UYHHIB;
® BUKOPHCTAaHHSA KpioMmeTpii, eOymiomMeTpii Ta OCMOMETpii B MEAMKO-
O10JIOTTYHHUX JTOCIIIIax.

3100yBay OCBITA TMOBUHEH BMITH:

® 3aCTOCOBYBAaTHM HABUYKM PO3PAXyHKIB IMapaMeTpiB po34yuHy (Macw,
00'eMy, KOHIICHTpaIlii, TyCTHHH);

e BIATBOpIOBATH (POPMyJIIOBaHHA 1 MaTeMaTH4HI BHpPa3H 3aKOHIB, IO
ONMUCYIOTh KOJITATHBHI BJIACTUBOCTI, JUIS PO3pPaxyHKYy IapaMeTpiB PO3UMHIB
(TeMrepaTypu 3aMep3aHHS Ta KUIIHHS, OCMOTHYHOTO THCKY);

® BH3HAYATU MOJICKYJIIPHY Macy PEYOBHHH KP1OCKOIIYHUM METOIOM.
3MiCT NPAKTUYHOIO 3aHATTS

barato 010JI0T1YHHUX MPOIIECIB B )KUBOMY OpPraHi3Mi MPOTIKAIOTh B PO3UYMHAX.
Po3unHHUKOM € BOJIa, siKa CKJIaae 3HaYHy YyacTuHy Macu Tija 60-80 % (45-50 i1 Ha 70
Kr Macu Tis1a). Oco6auBo Gararti BOJI00 HaOJIbII IHTEHCUBHO (QYHKIIIOHYIOY1 OPTaHH
(JiereHi, HUPKHU, MO30K, Ceplie, CeJIe31HKA 1 1H.).

KiIbKICHOIO XapaKTepUCTUKOIO PO3UMHIB € KOHIICHTpAIllisl, TOMY YMIHHS
pO3paxoByBaTu 1i, MEPEXOAUTH BiJ OAHOTO CIOCOOYy BHUPAKEHHS [0 IHIIOTO €
HEOOX1JHUM MIPU BUBYEHH1 OAaraTh0X MEAMKO-010JIOTTYHUX AUCITUILIIH.

KosiraTuBHi B1acTHBOCTI pO3UMHIB — 11€ BJaCTUBOCTI pO30aBICHUX PO3YHHIB
HEJICTKUX PEYOBHMH B JIETKOMY PO3UYMHHUKY, SKI HE 3alekaTh Bil TPHUPOIH
KOMIIOHCHTIB, a 3aJIe’KaTh TUIBKU BiJ KIIbKOCTI KIHETHYHUX OOWUHHUIL cHCTeMH. Jlo
HUX BITHOCSTHCS MU(]Py3isi, 0CMOC, TOHMKEHHS TUCKY TIapH, T1IBUIIIEHHS TEMIIEpaTypu
KUIIIHHS 1 TOHM>KEHHST TEMIIEpaTypy 3aMep3aHHs.

Nudy3ia — 11e caMOYMHHUN MPOIEC BUPIBHIOBAHHS KOHIIGHTpAIlll PEUYOBUH Y
BCbOMY 00’€Mi PO3YHMHY, 3yMOBJIICHHH TEIJIOBUM pPyXOM YaCTHHOK PO3YHMHEHOI
pedoBUHU 1 po3unHHUKA. [ludys3is BinOyBaeTbcsa 3 pO3UMHY OLIBIIOI KOHLEHTpALIi
PO3YMHEHOI PEYOBUHU y PO3YMH 3 MEHIIOI0 KOHIICHTpAIlI€IO 1€l pedoBuHHU. B X011
nudy3ii 3p0cTae eHTPOIisl CUCTEMHU.

PymriitHoro cuioro audysii € rpamieHT KOHIEHTparii abo mipa HEpiBHOCTI
KOHIIEHTpAIlii, TOOTO 3MiHa KOHIIEHTpaIlli, 10 JOBOAUTLCA HA OJWHUIIO BIJICTaHI.

Hudy3is 3aKiHYY€ThCS 3 HACTAHHSM PIBHOBArW, JJIA SIKOi XapaKTepHUN pPIBHOMIPHUMA
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pPO3MOJII YacTOK 3a yciM oOcaroM cucremu. Spumie audysii yHiBepcaiabHE,
BiIOYBAa€ThCS 1 B ICTUHHUX, 1 B KOJIOIMHUX pPO3YMHAX. BIAMIHHICT MIXK IIUMH
pPO3YMHAMU KUTBKICHA, B IIBUJKOCTI AU(]y3ii 13-32 pO3MipiB YaCTOK.

[IBuakicTe qudy3ii BUpakaeTbcs 3akoHoM Dika:

dm 1 dc
=-—0D
X

dt S d

) ) dm .
JIe M-KUJIBKICTh (MOJIB) pEeYOBUHU, IO Hpoz[I/I(bsz[yBaJIa; ; - TPUBAJIICTH

audysii; S — mroma mepepidy MOCyIuHH, yepe3 gKy mpotikae audysis; dc/dx —
rpamieHT KoHueHtpaiii; D — koedimienT audysii, 3amexHUd BiJ BIACTUBOCTEH
TUGYHAYIOUUX YacTOK 1 CEepe/oBHUINA. 3HAK - MOCTABJICHUN TOMY, IO TPaIi€HT
KOHLIGHTpalli Ma€ HEraTuBHE 3HAYEHHA, TOOTO auUdy3is MNPOTIKAE y HapsAMI
3MEHIIEHHS KOHUEHTpamii. D - koedilieHT MnponopuioHalbHOCTI. D Ha3uBalOThH
MUTOMOIO IIBHAKICTIO AUQY3ii.

Eitnmreiin (1908) BuUBIB piBHAHHS, IO 3B's3ye D, aOCONIOTHY TeMmeparypy

cucteMu T, B'SI3KICTh CEPEIOBHUIIIA 1), PAlyC YACTOK JUCIEPCHOI (ha3u r:

_RT
- 6mnrN
VY npupoi 1 KUBUX OpTaHi3Max pO3YMHU PO3/IIJIeHI MEMOpaHaMu, TPOHUKHUMU
IUIA PO3YMHHHUKA 1 HEMPOHUKHHUMHU N7l PO3YMHEHUX PEUOBHH. B 1bOMy BHManIKy
CIIOCTEpPITaTUMETHCA OCMOC — OJHOCTOPOHHS 1u(y3iss pO3UMHHHKA Yepe3
HaIIBIPOHUKHY MeMOpaHy 3 00J1aCTl 3 MEHIIIOKO KOHLEHTPALIEO B 00J1aCTh 3 OIBILIOIO
KOHLIeHTpaui€en. HanMipHuid rigpocTaTHYHUI TUCK, SIKWA HEOOX1IHO MPHUKJIACTH 10
PO34MHY, 11100 IPUITUHUTH OCMOC, HA3UBAETHCSI OCMOTHYHHM THCKOM.
SBuIIE 0OCMOCY Tpa€ 1yKe BAXKIUBY POJIb B )KUTTEISIIBHOCTI OPraHi3My TBapUH
1 pocnuH. [I[poHMKar0UM B KIIITUHHA BHACIIJOK OCMOCY, BOJIa CTBOPIOE B HUX HAIMIPHUN
TUCK, SIKUM TIATPUMY€E MEMOpAHU KJIITUH B HaIllpy>KeHOMY cTaHi. Jlyxe epexkTuBHUM
OCMOTHUYHUM aIrapaToM € OpyHBKH, 1110 BUIAJISIOTH 3 KPOB1 TOKCUYHI IPOYKTH OOMIHY

pedoBuH. s pyHKITISE HUPOK 3MIHCHIOETHCS 3HAYHOIO MIPOIO 32 PaXyHOK OCMOCY.
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OcMOTHYHHMI THCK PO30aBIEHUX PO3UMHIB HEEICKTPOJITIB MiIKOPSETHCS
3akoHy Bant-I'odda : oCMOTHYHHUI THUCK PO3YMHY EIEKTPOJITY JIOPIBHIOE TOMY
ra3oBOMy THCKYy, SKHH poOOMB OM pPO3YMHEHY pEYOBHHY, 3HAXOIIYNCh B
ra3ornoioHOMYy CTaHi 1 3aiiMar04M TOH ke 00'eM, 1m0 1 po3unH. OCMOTUYHUMA THUCK

PO3paxoBYIOTH IO PiBHAHHIO 3aKoHY BanT-I'odda :

1w = CRT

1€ Pocn — OCMOTUYHUH THUCK,
C — MOJIsIpHA KOHIIEHTpallisd pO3YrHa,
T — abcomtoTHa TeMIiepaTypa,

R — yniBepcanpHa razosa ctana (0,082 p-atm/K-monb; 8,31 Ix/K-Mob).

bionoriyHi cucteMu MICTSATh MAKPOMOJIEKYJIM OLIKIB 1 MOicaxapuiB, po3Mipu
akux B 100-1000 pa3ziB Ouiblie po3MIpiB MOJEKYJ 1 10HIB I1HIIMX pPEYOBUH.
KoHueHnTpanis Takux pO3YMHIB Majia, TOMY iX BKJIaJl B OCMOTHYHHUN THUCK YCI€i
cucteMd Manuid. YacTMHa OCMOTHYHOTO THUCKY KpoBi, o0ymoBieHe BMC
(BUCOKOMOJIEKYJIIPHUMU CIIOJYKaMH ), IO MICTSITHCS B Hill, HA3UBAETHCS OHKOTUYHUM
TUCKOM. Y HOpMi BOHO JopiBHIOE 0,03-0,04 aT™ 1 Biirpae BaxJiMBy poJib B peryJisiii
BOJIHO-COJILOBOT'O OOMIHY M1 KPOBOHOCHOIO CUCTEMOIO 1 TKAHUHAMH.

Po3unHM 3 OJHAKOBUM OCMOTHYHUM THCKOM HA3WMBAIOTHCS I30TOHIYHUMH. Y
MEJIUYHIN 1 ¢apManeBTUYHIA TPAKTUIl MiJ 130TOHIYHUMHU PO3YMIIOTH PO3YMHH,
OCMOTHYHUY THCK SKUX JOPIBHIOE OCMOTHYHOMY THCKY IUIa3MH KpoBi. OCMOTHYHUN
THCK O10JIOTIYHUX PIAWH MATPUMYETHCS HA JOCHTH CTIMKOMY PiBHI, PETYIIOE€ThCS
poOOTOI0 HUPOK, BHUAUIEHHSAM TMOTY, 3MICTOM BOJASHOI Mapu B MOBITPL, LIO
BUIMXAEThCS. Tak, OCMOTHUHMI TUCK KpoOBI JMtoauHu ckiaaae 700-800 klla. [{pbomy
OCMOTHYHOMY THCKY BIAMOBIJIa€ OCMOTHYHA KOHIIEHTpAIlis B mu1a3mi kposi ripu 37 °C
Bix 0,287 moaw/n no 0,303 mons/mn.

[30TOHIUHI PO3YMHU, O CKIALYy SIKAX BXOJATh PEUOBHHH, IO BXOIATH [0
CKJIJly TJIa3MH KpOBi, Ha3uBatoTh (izionoriunumu. /1o §izionoriyHuX BiIHOCATHCS
0,85% po3uun xyopuay Hatpito 1 4,5% po3uuH TrOKO3U. PO3UMHM 3 BEIMKUM

OCMOTHYHUM THCKOM HA3MBAIOTh TNEPTOHIYHMMHU, 3 MEHIIIUM — FMOTOHIYHUMM.
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I30TOHIYHiCTH PO3UMHIB Ma€ BENMKE 3HAYCHHS MPU BIMBAHHAX 1 1H'EKINISAX B
KpPOB'SiHE PyCJI0, CHMHHOMO3KOBUM KaHajl, M'A30BY TKaHHMHY. JIIOJIICBKUN OpraHizm
XapaKTepPU3y€eThbCA TMOCTIMHICTIO pAAY (PI3UKO-XIMIYHHUX MOKA3HUKIB BHYTPILIIHBOTO
cepefoBuIiia (roMeocTa3oM), y TOMY YHCII 1 OCMOTHYHOTO THCKY — 1300CMI€H.
[ToHm>XeHHS OCMOTHYHOTO THUCKY B OpraHi3mi MPU3BOAMUTH A0 CYJIOM, IiABUIICHHS
BUKJIMKA€E HAOPSIKU.

Ocmoc mMae BeMKe 3HAYCHHS [T )KUTTEIISIBHOCTI TBapUH 1 pociiuH. [Ipoiecu
3aCBO€EHHS %1, 00MIHY PEYOBHH TiCHO MOB'S13aH1 3 BUOOPUOIO MPOHUKHICTIO KIIITHHHUX
MeMOpaH. OCMOTHYHHUN TUCK 00YMOBJIIOE ITPY>KHICTD 1 €1aCTUYHICTh KIITHH — TYProp;
crpusie 30€peKEHHIO EBHOT POPMU JUCTS 1 CTEOE POCIUH 1 X KUBJIECHHIO.

KO KIITUHY MOMICTUTH B TIEPTOHIYHUN PO3YHH, TO CIIOCTEPITAETHCS OCMOC
BOAM 3 KJIITHUHU, 00'€eM ii 3MEHIIY€ThCS, KIITHHA 3MopIIyeTbesa. Llelr obopoTHumii
MPOIEC HOCUTh Ha3BY IJIA3MOJII3Y. SKIIO KIITUHY MICIs IJIa3MOJIi3y MOMICTUTH B
130TOHIYHHMM PO3YMH, TO BOHA BITHOBIIIOE KOJHUIITHINA 00'eM (IeTIa3MOII13).

SKI0 KIITUHY TOMICTUTH B TIIOTOHIYHUM PO3YUH, TO BIIOYBAETHCSI OCMOC BOJIU
B KIITHUHY, 00'€eM KIITUHU 30UIBLIYETHCA 1 3PEHITOI0 OOOJIOHKA KIITHHU MOXKE
nonuyTH. Lleit mpouec Ha3uMBaOTH Ji3ucoM. Be3NMOBOPOTHUII Ji3UC E€pPUTPOLIUTIB
HA3UBA€ThCA remoJizoM. [Ipu 1bOMy B 30BHIIIHE CEpPEAOBUIIE BUIUISIETHCS
reMorjo0iH, 1m0 3a0apBiIO€e PO3UYMH B YEPBOHMM KOJip («IakoBay KpoB). Tomy paHu,
10 KPOBOTOYATh, HE MOKHA 00pOOJIATH BOJI0I0, OCKUIBKH 1€ TIOCUITIOE KPOBOTEYY.

[Ipn 3ajaHiii TemmepaTypl TUCK HaJl PIAMHOIO € BeJIMYMHA MocTiiHa. [Ipu
PO3YMHEHH] B PIUHI AKOI-HEOYJb PEUOBUHM THUCK TApH €T PIAMHU 3HUKYETHCS.
[ToHmxeHHsT TUCKY Tapud HaJ PO3YMHOM B TMOPIBHSHHI 3 YHCTOI PIJIUHOIO
BHU3HAUYAETHCS 3aKOHOM Payjisi : BiIHOCHE MOHIKEHHS THCKY Mapy HaJl PO3YUHOM

IPSIMO MPOTIOPIIIOHATBHE MOJIbHIN YaCTKa PO3YMHEHOI PEYOBHHH.

P iy + 1y

ne: p° i p — TUCK TTapu HaJl PO3YMHHUKOM 1 PO3UNHOM,

N1 1 N2 — KUIBKICTh PO3UMHHUKA 1 PO3UUHEHOT PEUYOBUHH.
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Bcsika piguHa moymHae KUIiTH IpH TiK TeMnepaTypi, IpH K1l TUCK i1 HaCH4YeHOT
napu J0CSrae BEIMYMHU 30BHIIIHBOTO aTMOC(EpPHOTo THUCKY. SKIO PO3YMHUTH B
piauHiI SKy-HEOyAb HENeTKy pEUOBHHY, TO THCK TMapu 3HWKYBaTUMETHCS, 1
MiJBULLYETHCSI TEeMIlepaTypa KHUIIHHSA. 3 aHaJIOrIYHOI MPUYMHH 3HUXKYEThCA
TEeMIIepaTypa 3aMep3aHHs po3unHy. lle mpu3BoauTh 10 HACTIAKIB 13 3aKOHY Pays.

1 caigcTBo. [linBuIieHHST TeMIepaTypu KUIIHHS PO3YMHY MPSMO MPOMOPI[IOHATBHE
MOJISUTBHINA KOHIIEHTpAIlli pO3YNHEHOI PEYOBUHU:
Adt,=Ec,
ne: At — niABUIIEHHS TeMIIepaTypu KUITIHHS,
Cm — MOJISUTbHA KOHIICHTPAIliSl PO3UUHY,
E — eOymiockoniyHa nocTiiiHa, piBHa aJig Boau 0,52°.
2 caincrBo. [loHmKeHHs TeMIiepaTypy 3aMep3aHHs PO3UMHY IPSIMO MPOMOPLIOHAIBHE
MOJISUTbHIN KOHIIEHTpAaLlli pO3YUHEHO1 pEYOBUHMU:
At =Ke,
ne K — xpiockoriyHa nocriitHa, piBHa 111 Boau 1,86°,
At, — TOHIDKEHHS TeMIIepaTypH 3aMep3aHHs.

Metonu qociiKeHHs, TOB's13aH1 3 BUMIPOM TeMIIEpaTyp KUIHHA 1 3aMep3aHHs
PO3UMHIB  HA3MBAIOTHCA  BIAMOBIAHO  eOymiockomiero i  Kpiockomiero.  Ix
BUKOPHUCTOBYIOTh JJIi BU3HAYEHHS MOJIEKYJISIPHUX Mac pPEYOBHH, KOHIIEHTpaIii
PO3YMHIB, MIpH AUCOITIAIlI] €IEKTPOIIITIB, 1I30TOHIYHOTO KOe(illi€HTa.

KoniratuBHi BJIACTUBOCTI PO3YMHIB E€IEKTPOJITIB 3HAYHO BHULI, HIK Yy
HEEJIEKTPOJITIB MPU OJHAKOBUX KOHIEHTpaIisaxX. Y 3B's3Ky 3 nuuM Bant-I'odd, mob
3aCTOCOBYBATH PIBHAHHS KOJIITATUBHUX BIACTUBOCTEH JJII PO3YMHIB €JEKTPOJIITIB,
BBIB OHATTS i30TOHIYHOT 0 KOe(ili€eHTa - BIJHOIIEHHS OCMOTUYHOI'O TUCKY PO3UYUHY
EJIEKTPOJITY 10 OCMOTUYHOTO THUCKY PO3YMHY HEEJIEKTPOIITY TaKOi K KOHIICHTpAIIIi:

_ _p(em
p(Heen)

3rimHo Teopii emexkTpomituuyHOoi aucorriamii C. ApeHiyca, 130TOHIYHHIA
KOe(DILIEHT MOB'SI3aHUI 3 MIPOIO JUCOLIAII] €JIEKTPOIITY (0) 1 UACIOM 10HIB, HA K1

TOM Aucoritoe (n):
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i—1
—1

3BiACH CITITYE:
izaln—1+1
Jns cmaOkux eIeKTPOJIITIB MIpy JWcOIlialii MOKHA BH3HAYUTH 3a 3aKOHOM
po3BenenHs OcTBasibaa. Y myxe po30aBIeHUX PO3UYNHAX CHIIBHUX €JICKTPOJITIB o = 1
1 Tomi 1 = n. PiBHIHHA pO3paxyHKY KOJIITATUBHUX BJIACTUBOCTEH PO3YMHIB

€JIEKTPOITIB MO (PIKYIOTHCA 3 YpaxyBaHHIM 130TOHIYHOTO KOoe(iIlieHTa:

Pocn—IcRT
0 :

r —p: IFly
pt mptin
dt,=1Ec,
At =iKe,

EnexTponiTé TrparTh KOJOCAJbHY pOJb B KUTTENISUIBHOCTI OpPraHi3MiB,
30KpeMa, OpraHi3My JIIOJUHU. SKIIO BIABOJIKTUCS BiJl O10XIMIYHUX 1 (1310JIOTTYHUX
GyHKIIIH KOKHOTO KaTiOHA 1 aHIOHA OKPEMO 1 3yMUHUTHUCS TUIBKU Ha 1X CHUIBHIN i,
TO TpeOa BIAMITUTH, IO HASABHICTIO EJIEKTPOJITIB B OCHOBHOMY BH3HAYa€ThCA
BEJIMYMHA OCMOTHYHOTO THCKY (Di310JIOTIYHMX piIMH. [CHyBaHHAM TmepenaiiB
OCMOTHUYHOTO THUCKY (OCMOTHMYHMX TPAJIIEHTIB) MOSICHIOETHCS SIBUIIE AKTUBHOTO
TPaHCHOPTY BOJAM, IO MNPOXOAUTH B >KMBOMY OpraHi3Ml 3a JOINOMOTOI OCMOCY.
HasBHicTh y (i310710T1YHUX piIMHAX €IEKTPOJIITIB MOMITHO BIUIMBAE HA PO3UYUHHICTh
O1JIK1B, aMIHOKHMCJIOT 1 IHIIMX OPraHIYHUX CIOIYK, OCOOJIMBO HU3bKOMOJIEKYJISIPHUX 3
HOJIIPHUM XapaKTepOM MOJIEKYI.

BaxnuBo BiAMITHTH, 110 OOE3BOJHEHHS OPTaHi3My IIPU HEIOJIKY B HIM
€JIEKTPOJITIB HE MOKe OyTH TMOBHOIO MIPOI0 YCYHEHE TIIbKH TOCHJIEHUM
CHOXKMBAHHSAM BOJM. J[epIIIUT €NEeKTPOMITIB 1 MOB'sI3aHa 3 IIUM BTpaTa OpraHi3MOM
BOJIU TIPUBOIAITH, IEPEAYCiM, 10 3TYIIyBaHHS KPOBI, 110 HECITPHUITINBO MMO3HAYAETHCS
Ha yciii IuHamill KpoBooOiry. IlopylieHHsI HOpMaJIBHOTO E€JEKTPOJIITHOrO OanaHcy

opraHi3Mmy Oarati gy»e cepio3HUMH Haciiakamu. HeobximHo, o0 mocTiifHl BTpaTu
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€JIEKTPOJIITIB YEPE3 IUTYHKOBO-KUIIKOBUM TPaKT, HUPKH 1 32 paXyHOK NOTOBU/ILIICHHS
0e3nepepBHO 3allOBHIOBAIINCS 3 1KEI0 1 TUTHOIO BOJAOIKO.

[Ipo 3Ha4YeHHS ENEKTPOJITIB I KUTTEAISIIBHOCTI OpraHi3My IIOJUHH 1
TBapUH CBIAYaTh JOCHIAM, B SKHX JEMOHCTPYIOTbCS MOXJIMBOCTI TPUBAJIOTO
(YHKI[IOHYBaHHSI 130JIbOBAaHUX OpPraHiB TBAapMHHUX B PO3UMHAX EJIEKTPOJITIB.
Hanpuxnan, cepue xabu abo Kpoirka B PO3YMHI, IO MICTUThH Ty XK KOHIEHTPAIIO
€JIEKTPOJITIB, SIK 1 B IJIa3Mi KPOBi, (DYHKIIIOHYIOTh. Y UYKCTIA BOAlI a00 B PO3UYMHAX 3
HIKYOI0 KOHIICHTPAIEIO €IEKTPOIIITIB X MISITbHICTh MPUMTUHSAETHCSL.

Kpiometpisi, edysiomeTpisi i ocMmoMeTpis;
IX BUKOPUCTAHHSA B MeJIUKO-010/IOTTYHUX TOCTIIZKEHHAX
Bumip 0cMOTHYHOTO TUCKY (OCMOMETPIs), NIABULIEHHS TEMIIEPATypH KUITIHHS
(eOymiomeTpis), 3HUKEHHS TEMIIEPATYPHU 3aMep3aHHS (xpiomeTpis)
BUKOPUCTOBYIOTBCS JIJI1 BU3HAUEHHS NESIKUX (DI3UKO-XIMIYHMX BEIUYHUH. 30KpEMa,
BUMIPSABUIN ATs,y, MOKHA BU3HAUUTH MOJIEKYJISIPHY Macy HEEIEKTPOJITY, a TaKOXK
MOKHA BHU3HAYUTH CTYINHB JUCOIIAIT €IEKTPOMITY. Y O10JOTIYHHUX JOCIIIKEHHSIX
AT, Ha3uBaeTbes nemnpeciero. Bumip nenpecii 610y0riyHuX piavH (KpoBi, JiMpu,
cedi) J03BOJISIE PO3pPaxOBYBaTH iX OCMOTHYHY KOHIIEHTpallilo, TOOTO CyMapHy

KOHIIEHTpAIiI0 YCIX YacTOK. ¥ HOpMi aemnpecis kposi ckianae 0,56 K.

2.11in0ouTTs miacyMKiB

3anuTaHHA I NepeBIPKU KiHIEBOr0 PIBHS 3HAHD:

1)  xomiraTuBHI (OCMOTHYHI) BJIACTUBOCTI PO3YHHIB HECIECKTPOIITIB;

2)  BIJIHOCHE 3HW)XCHHS THCKY HACHYCHOT MTApH PO3UMHHHKA HAJ PO3UNHOM.
3akoH Pays;

3)  MiABHUINEHHS TEMIIEPATyPH KHUITIHHS 1 3HIKECHHS TEMIIEpaTypH
3aMep3aHHs PO3UMHY, TOPIBHSIHO 3 POZUYUHHUKOM,;

4)  3akon Baur-I'odda;

5)  remoui3 i mIa3Mois;

6)  KomiraTuBHi BIaCTHBOCTI po30aBICHUX PO3UMHIB €JIEKTPOTITIB. ['imo-,

rinep- Ta 130TOHIYHI pO3UYMHU B METUYHIN TIPAKTHUIIL;
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7)  poib ocMocy B OiooriuHux cucreMax. OCMOTHYHUIN THCK IIa3MU
KpoBi. OHKOTUYHHIA TUCK;
8)  kpiometpis, e0yITIOMETPisi, OCMOMETPIs Ta IX BUKOPUCTAHHS B MEIIUKO-

O10JIOTTYHUX JTOCIIIIax.

3.CnucoK peKoMeHI0BaHOI JiTepaTypu

Ocnoena:

1. Menuuna ximist: nigpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.1.
lNanunackka Ta iH.; 3a pea.. mpod.. B.O. Kani6abuyk — 4-¢ ua.- K. BCB «Menuninnay,
2019 — 336c.

2. Menuuna ximis : niapyyauk / B.I1. Mysuuenko, I.JI. Jlynesuy, JLIL
SABopcbka ; 3a pen. b.C. 3imenkoBcbkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menununay, 2018. — 496 c.

Mooamkoea:

1. MuponoBuu JI.M. Mennuna ximis: HaBuanbHuii mociOHuk. — Kwuis:
Kapagena, 2008. — 159 c.

2. MeanuHa XiMisl : MAPYYHUK Ul CTYA. BUIUX HaBd. mea. 3aki. / A.C.
Mopo3s, 1.1. JIyuesuu, JL.IL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuwra,
2013. - 776 c.

3. Meanuna ximig : miapyunuk / 'omonait B.1., MinsoBuu C.C. — Binauns :
Hosa Kuwra, 2016. — 672 c.

4. Menuuna ximis / B.O. Kani6a6buyk, JI.I. I'pumenko, B.I. 'anuHchKa,
CM. Toxmincekuif, T.O. OscsuikoBa, B.A. Camapcekmit. — K.
«IaTepmeny», 2006, — 460c
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IpakTrune 3ansTrsa Ne 11

Tema: Bbydepni po3unnu. Tunu o0ydpepuux cucrem ta oouuciaenust pH. bygepni

CUCTEMH opraHi3My. KucaoTHO-0CHOBHUIA CTaH opraHi3My.

MeTta: po3rISIHYTH OCHOBHI Oy(epH1 CUCTEMH OpraHi3My Ta MexXaHi3Mu OyhepHoi i,

MO3HAOMUTHUCH 3 TOHATTAM MPO Oy(hepHYy €MHICTh; BCTAHOBUTH MTpaBUIIA JIJIs

Bu3HaueHHs pH OydepHux po3unHis.

OcHoBHI noHATTSA: Oydep, OydepHa ais, OydepHa cucrema, OyPpepHy EMHICTb.

Ooaaananus: Jlabopatopis kadhenpu

Ilaaun:

1.

2
3.
4

o

Buznauenns noHsATTs OydepHUX cucTeM, iX XIMiYHOro ckiany. bydepna mis.
OcHoBH1 Tunu 0ydepuux cucrem. Knacudikanis.

MexaHni3zm J1i 0ypepHHUX cUCTEM.

®dakropu, Bix skux 3anexutb pH Oydepuux cucrem. Dopmynu s
po3paxynky pH Oydepuux cucrem.

BruuB po3Benenns OydepHux cucreM Ha pH 1 OydepHy €eMHICTS.

KinbkicHa xapakrepuctuka OydepHux cucteM. bydepHa emHicTh 1 (hakTopH,
BIJl IKUX BOHA 3aJIC)KUTb.

BydepHi cuctemMu opranismy. Ix ckian i Mexanizm aii. BydepHi cucteMu KpoBi.
Bbydepna gis OiyKiB.

Perymnsiist pH kpoBi.

Buznauenns 6ydepHoi emHocTi hochaTHoro 6ydepa.

3100yBayY OCBITH ITOBMHEH 3HATH:

MOHATTS CUJIbHI Ta CIIA0KI1 €JIEKTPOJIITH;

BoaHeBur nokasHuk pH. Ilkama pH;

3HaueHHs pH /u1st pi3HUX O10JIOTTYHUX PIAMH OPTaHi3My Y HOPMI,
nopyueHHss KOP B opranizmi. Ankano3 1 anuios.

3100yBa4Y OCBITH TOBUHEH BMITH:

3aCTOCOBYBATH TEOPIO KUCJIOT Ta OCHOB,
3anycaTy MexaHi3Mm Jiii 0yepHux cuctem.

BUKOPUCTOBYBATH (popMysu a1t po3paxyHky pH OydepHux cucrem.
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3MiCT NIPAKTUYHOTI0 3AHATTH

barato BOIHHUX pO3UYMHIB MpPU J0/aBaHHI HEBEIMKUX KUIBKOCTEH CHIIBHOI
kucnotu abo ayry criiiki go 3Mminu pH. Taki po3unHu Ha3uBaoTh OypepHUMHU
CUCTEMaMU. 3JaTHICTh 30epiratu mocriiiHe 3HadyeHHs pH HasuBaeTbes OydepHOIO
nieto. bydepHi cucteMu M03BOJSIOTH TOYHO PETYJIIOBATH KOHIIEHTpalio ioHiB H' i
OH’, TO0TO yMOXJIMBIIOIOTH KOHTPOJIb PEAKIIiii, 10 3aJeXaTh BiJ BenuunHu pH.

Jns orpuManHs OypepHOTo pO3UMHY 3a3BHYail HEOOX1HI KOMIIOHEHTH: cJlabKa
KHCIIOTa 1 CYINpsDKeHa CHUJIbHA OCHOBa abo ciabka OCHOBa 1 CynpsbKeHa CHIIbHA
KHCIIOTA.

[{i BUMOTH BUKOHYIOTHCS IPH HASBHOCTI TAKHUX TOB'SI3aHUX Tap:

CH3;COOH / CH3COONa ; H,CO3 / NaHCOs ; NaH,PO,4 / NaHPOy;
PrCOOH / PrCOONa ; HHbO, / KHbO; ; NH,OH / NH,4CI.

B pe3ynbrari OTpUMy€eMO BIJANOBIJHO alleTaTHUM, TiApoKapOOHATHHIA,
dbocdaTHui, 61IKOBHM, OKCIreMOrI001HOBHUH 1 amiauHuil Oydepu.

Cinb NaHPO,4 noBouThes sik cnnabka kuciota. bydepHi po3unHu MoKy Th MaTH
3MIlIaHl XapakTep, BKIIOYAIOYM aHIOHW pI3HUX CHa0KUX KHCIIOT, HaIlpUKIa],
dochatHo-HiTpaTHUN Oydep. HalBaxmuBIIMMHU XapaKTepUCTUKAMHU OypepHHX
po3unHiB € Oy(depHa eMHICTb 1 3HaUeHHs pH.

Tunu OydhepHUxX CUCTeM:

1 Kucnotaui,

2 OCHOBHHI,

3. ConboBui,

4 3MIIIaHOTO THUITY.

Po3paxyvHok pH 0ydepHux cucrem i 0vpepHoi eMHOCTI

PosrisiHemo, sik Bu3HavaeThest BenmuunHa pH OydepHuX cucteM Ha TpHKIIaIi
areratHoro oydepa. ¥ Moro ckiiaji BXOJUTh OI[TOBA KUCIOTa (CIAOKUNA €IEKTPOJIIT) 1
il ciTb — areTat HATPirO (CHJIBHUM eNeKTpodiT). Kuciaora aucoiliroe 4acTkoBo, a ClJib —

MTOBHICTIO.
CHsCOOH < CH;COO™ +H™ (1)

CH;COONa <« CH;COO™ + Na* (2)
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VY Ttakiii cucremi pH BHU3HAuYa€eThbCsl TUCOIIALIEID KUCIOTH. 3aCTOCYEMO JI0

piBHSHHS (1) 3aKOH AIFOYMX Mac 1 3aIUIIIEMO BUPA3 JJII KOHCTAHTH JUCOITIAI]:

K, =[CH3COO ][H"]/[CH3COOH] (3)

3BiIKH
[H'] = K;-[CH;COOH] / [CH3COO] 4)

Tob6to xoHmeHTparis ioHiB H 3amexuTh Big KOHCTAaHTH AucOMialli ciaabkol
KHMCJIOTH 1 CITIBBITHOIIICHHS KOHIICHTPAIIIM MOJIEKYJI KUCJIOTH 1 11 aHIOHIB.

Onnak, B OydepHOMY pO3YMHI KOHIIEHTpAllil aHIOHIB BU3HAYA€THCS, B
OCHOBHOMY, KOHIIEHTpALI€I0 COJIl, sIKa JUCOLII0€ NOBHICTIO. Ilpu npomy cuib 3
OJIHOMMEHHOIO 10HOM TOBHICTIO MPUTHIUYE TUCOINAINI0 KHUCIOTH. ToMy MOXHa
BBa)XaTH, 1110 KOHLEHTpALis aHIOHIB JOPIBHIOE KOHUEHTpAIlli COJl, a KOHLIEHTpaIls

MOJIEKYJI OLITOBO1 KUCIIOTHU JOPIBHIOE BUX1AHOT KOHIIEHTpPALlli KUCIOTH.

[CH3COO] = [Na™] = [cinb] (5)

[CH3COOH] = [kucinora] (6)
[TincraBasiemo (5) 1 (6) B (4), MOkKHA 3amucaTH

[H+] - K [kucnora]

[cinb]

AGo B norapudmiuniit popmi

-Ig[H"] _ 'ng;[ ) Ig[KHCJIOTa]

[cinb]
BBoanmo no3HavueHH Ta OTPUMYEMO:

| [kucaoTa]

pH = pKa (7)

(8)

[cinb]

abo pH =pKa4 + Ig Lcire]

[kucnora]

Pisusinus (7) 1 (8) HasuBaroThes piBHsHHsIMEU ['eHnepcona- ["accenbbaxa. 3a
Teopiero bpeHcrena, aHiOH KUCIOTH € i1 CyNpsHKEHOI0 OCHOBOIO, TOMY B 3arajJbHOMY

BUTIsiAl piBHsSHHS ['eHnepcona-I"accennb6axa HaOy e BUTIISAY

Cynpsi>KeHa OCHOBA|

pH = pK, + Ig! 9)

3 (7) 1 (8 sBummBae, mo pH OydepHoro po3uMHy BHU3HAYAETHCA

[kucnoral
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CITIBBIJTHOIIIEHHSIM KOHIICHTpAIllii KOMIIOHEHTIB 1 KOHCTAHTOK AHcOIlialii ciadkoi
KHUCIIOTH, 110 BXOJUTH 10 CKJIaAy JaHoro Oydepa.

PosBenenns OydepHOTO pO3UMHY NPU3BOAUTH 10 OJHAKOBOTO 3HIDKCHHS
KOHIICHTpAIIil COJIl 1 KUCIIOTH, 110 TaKOXX MpakTUYHO He BIuuBae Ha pH OydepHoi
CUCTEMH.

BrnactuBicts OydepHux cucrem 30epiratu moctiiHicTh pH mpu posBeneHH1
IITUPOKO BUKOPUCTOBYETHCS IIPHU aHAMI31 IJIa3MH KpoBi, TiMbHu, ceui. Hanpuknaz, ceuy
TEMHOT'O KOJILOPY PO30aBIISIIOTE A0 0€30apBHOI, a MOTIM KOJIOPUMETPYIOTh.

3natHicTh Oy(pepHUX cucteM 30epiratu nocTiiHicTb pH He € 6e3MeKHNUM, BOHA
oOMeskeHa Tak 3BaHoi OydepHoi eMHIcTIO. Bniepie neit Tepmin 3anpornonyBaB Craiik.
bydepna emuicte () BHU3HA4a€ThCS KUIBKICTIO PEYOBUHHM CHIJIBHOI KHUCIOTH a0o0
CHUJIbHOI OCHOBH, SIK€ CIIIJT A0JIaTH 10 1 JiTpy OydepHOTro po3dnHy, 100 3MIHUTH HOTO

pH Ha onunHuizo.

. n
~oH (10)

JIe N - KUIBKICTh MOJIb CHJIbHOT KUCIOTH (J1yry), ApH - 3mina pH OydepHoi cucremu
NP JOJIaBaHHI KUCTIOTH (JIyTY).

Takum uuHOM, OydepHa €MHICTh € KUIbKICHOIO Mipoto OydepHoro mii i
3QJICKHUTH BiJ] KOHIIEHTpaIlli KOMIOHEHTIB CUCTEMH 1 iX CIIBBITHOIICHHS. UM BHIIIE
KOHLIEHTpAalisl BUX1AHUX PEUOBUH, TUM OutblIe OydepHa eMHICTh. by(depHa eMHICT
MaKCHMaJlbHa TIPH CIIiBBIJHOIICHHI KOMITOHEHTIB 1: 1. 3a3HadeHi BIACTHUBOCTI
BpPaxOBYIOTh MPU MPUTOTYBaHHI OyPEpHUX PO3UHHIB.

BuByatoumn 010XIMIYHI peakiii, 10 TPOTIKAIOTh NPU NEBHUX 3HAUeHHSIX pH,
noTpiOHO BMITH TPaBWIbHO BUOpaTH OydepHy cucrtemy. B mepiry uepry BuOip
BHU3HAYaeThCsl He0OX1iHUM 1HTepBajoM pH. Jlianazon pH gaHoi cucteMu 3anexuTh
BiJI BEJIMUMHU KOHCTAHTH JHCOIIAMil c1a0K0i KHCIOTH (OCHOBH) 1 CITIBBITHOIICHHS
KOMITOHEHTIB.

Axmo [kucnora] = [ciab], To pH = pKa.

[Tpu cniBBigHOMmEHHI [KucioTa] : [cinb] = 10:1 a6o 1:10 piBusHHS (9) HAOyIE

BUIIAOY
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pH=pKaA £ 1
MEXAHI3M Z!Ii BY®OEPHUX CUCTEM

{06 3po3ymiTH BIacTUBICTE OydepHux cucteM 30epiratu pH npu qo1aBanH1
CIJIBHUX KHUCJIOT abo JyriB, pO3BEJCHHI ab0 KOHIEHTPYBaHHS pO3YMHIB,

pO3rJIsTHEMO MeXaHi3M OydepHoro Jii Ha MpUKIadl arerTaTHoro oydepa.

CH3COOH «> CH3COO™ + H¥ (11)
CH3COONa <> CH3COO™ + Na™* (12)
CH3COONa + HCI «» CH3COOH + NaCl (13)

SIK1IO 110 11i€T CHCTEMU JJ0JIaBaTH CUJIbHY KUCIIOTY, TO BOHA B3aEMOJIIE 3 CLILITIO
3a piBHsHHAM (13), yTBOprotoun manomucoritorouy kuciaory CH3COOH, To0to

CHJIbHA KHCJIOTA 3aMIHIOETHCS €KBIBAJICHTHOIO KIJIBKICTIO CI1a0KO1
- +
CH3COO™ +H" «» CH3COOH (14)
3rigiHo 13 3akoHOM po3BelneHHs OcTBaibia MIABUIICHHS KOHIEHTpaIlii
cmabkoro enekrpodity (CH3COOH) 3Hmkye crymiHb #Horo aucoriamnii, B

pe3yJbTati 4oro KoHreHrparis ionie H * (pH) maiixe He 3MiIHHTBCS.

[Ipu nonaBaHHi 10 OyPepHOTrO PO3UUHY JIYTY

CH3COOH + NaOH «» CH3COONa + Hy0 (15)

JIyr pearye 3 CH3COOH. Bnacnigok 115010, 3 0AHOTO OOKYy, 32 paxyHOK
yTBOpeHHs: mMoJiekyad HoO piBHOBary peakuii (15) 3mimiyeTscsi BpaBo, 3 1HIIOTO
00Ky, yTBOpeHHsI HaaMipHOiI KiJIbKOCTI 10HIB CH3COQO™ 3Miliye piBHOBAry IIi€i x
peaxiiii (15) BiiBo, ToOTO BoHA HE mopyuryeTbest (pH He 3MIHIOETHCS).

BY®EPHI CUCTEMMU OPT'AHI3MY

Opranizamy BiacTHBa 130Tipis, TOOTO TOCTIMHA KOHIICHTpaIllli 10HIB
[Naporeny, sika 3a0e3Meuy€eThCsl HU3KOKO (PI3MKO-XIMIYHHX, a TaKOXK (i310JI0TIIHUX
MEXaH13MiB.

B opranizmi B mporeci 0OMiHY pEYOBHH yTBOPIOIOTHCS BEJHKI KiJTBKOCTI
KUCIIMX MPOAYKTIB, B TOMY YHCII 0araro pi3HUX KHCIOT (JIMMOHHA, MOJIOYHA,
NipoOBUHOTpaJHa 1 1H.), Ski 3 KaTioHaMH YTBOPIOWOTh OydepHi cucremu.

AMIHOKHCIIOTH 1 OUTKM OpraHi3My sIK aMQoOJIITH TaKOX TPOSBISIIOTE OydepHi
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BJIACTUBOCTI.

VY mra3mi kpoBi cTaiicTs pH miaTpuMyoTh B OCHOBHOMY IIJIa3MOJIITUYHI O1JIKH,
docdarni 1 rigpoxkapbonaTHi OydepHi pozunHu. B epurponurax Moro miaTpuMyroTh
reMOTJIO0IHOBUM, OKCIreMorjio0iHOBUH 1 riipokapOoHaTHUN OydepHi po3unHu. Lli
CUCTEMH YTBOPEHI CTAOKUMU KUCIIOTaMU Ta iX COJIIMU. 3a CBOEIO CHIIOI0 KapOOHATHA,
reMOrJIo01HOBa 1 OKCIreMoriio0iHOBa KHCIOTH MOKHA PO3TAlllyBaTH B HACTYIHIM

[IOCJTIIOBHOCTI:

HHbO» > H>CO3 > HHb

OxkcureMorsio6iH YTBOPIOETBCS B JIETEHAX 1 MEPEHOCUTHCS apTepialibHOIO
KpPOB'IO B YCI TKAHUHH.

Juokcua kapOoOHy — KIHIIEBUH MPOIYKT METabOII3My — BHAUIIETHCA B KPOB
pi3HUMHU TKaHuHaMu. Benuka yactuHa moisekyn CO; nudyHaye yepe3 MmeMOpaHy B
EPUTPOIUTH, JI€ 3MIHUCHIOETHCS PEAKITis

KapOoaHrijipasa
CO; + HO <  HyCOs3 (16)
Ockinbku Hb™ € 61n1b111 cHIIbHOIO CyTipsikeHOI0 ocHOBOIo, Hixk HCO3™ 1 HbOy,
to micins yrBopernst HoCO3 nmpoTikae mporiec
H,CO; +Hb™ <> HCOs + HHb a7)
Ion HCOs; mpoxomauth CKpizb MeMOpaHy 1 BIANOBIAHO JO Tpaji€HTa
KOHLIEHTpALli HECEThCS MOTOKOM BEHO3HOT KPOBI B JIETEHI.
B eputponurax H,COj3, x0o4a 1 He3HA4HO, ajie OPYIIy€e PIBHOBAry B peakilii
(18) BmiBO 1 BIAMOBIIHO BIUIMBAE Ha 3MIlllEHHS piBHOBaru B peakiii (19) Bmpaso -
ctumytoe BuBUIbHEHHS CO2 3 HHbO,. Takuit mexanizm tpancnopty CO; 3 TKaHUH.
HHbO, «~ H" + HbO, (18)
HHbO; <~ HHb + O, (19)

Komu BeHO3HA KpOB TMOTparuisie B JIETEHI, 3IHCHIOETBCS OKCHTCHAIlIS

reMoro0iHy:

HHb + Op < HHbO>

HHDbO; sk 6inbin cunbHa kuciora B3aemoie 3 HCOs', sika meriaparyerbes i

BUJIAJISIETHCS JICTEHAMH B aTMocepy:
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HHbO, + HCO3; < HbO, + H,COs3
H2C03 g HZO + COZT

INpparamis CO; 1 gerigpatamiss  HpCOs;  perymtoetscss  hepMeHTOM
KapOOaHT11pa3oro.

KpoB 310p0oBoi MroiuHN XapakTepu3yeThest BennunHoro pH 7,35 - 7,45 1 Hikoau
HE BIIXWISIEThCS OubIe, HK Ha 0,2 omuuuii. ko pH crae Hmwxkde 7,4 (anumao3)
abo Bume 7,4 (anmkano3), cTaH cTae aroHanpbHUM 1 Tipu pH < 7,0 a6o mpu pH> 8,0
HACTa€ CMEPTh.

Oco0aMBO  4YacTO TMOPYIICHHA KUCJIOTHO-TY>KHOI  pIBHOBarM  KpoBi
BiJI0OYBAIOTHCS Y TPYAHUX JIITEH, TOMY IO B IUTSUOMY BIlll OpTaHH, SIK1 pEryJIIOI0Th
Ha 3MmiHy pH (serewi, medinka) ab0 HEIOCTATHHO JOCKOHAJN, a00 BHUKOHYIOTh
¢1310J10T14H1 PYHKIIIT 3 TPAHUYHUM HABAHTAKEHHSM.

KuciotHo-ocHOBHY piBHOBAry B OpraHi3mi MEIMKH OLIHIOIOTH 3apI1BHSIHHIM

I'engepcona-I"accenbbaxa s rigpokapOoHaTHOrO Oydepa KpoBi:

— [HCOs ]
pH=6,1 +1g >C0, (20)

1€ pcoz — napuianbauil Tuck CO2 B KpOBI.

V piBusaHI (20) pKa = 6,1 (ycepeanena Benuuuna ipu T = 311 K). [Ipu pH
kpoBi 7,40 criBBigHOImEeHH MiX KoHIleHTpaliero HCO3™ 1 mapuiansaum Trckom CO»
KpoBi Moke OyTu 61u3bKo 20: 1.

[HCOs]: pCO,=20:1

TakuM YMHOM, KHCIIOTHO-OCHOBHUH CTaH KpPOBI BH3HAYAETHCS BEIIMYHUHOIO

pKa, konmnentpartieto ioniB HCO3™ 1 Tuckom CO7 B KpOBi.

MeToauKa BUKOHAHHS JIA00PATOPHOI POOOTH

«Buznauenns 0ydepHnoi emHocti ¢pocharnoro o0ydepa»
VY aBi kon0u HanuBaTh Mo 5 mil pocharnoro 6ydepa (pH = 6,68). Ilotim B
OJIHY KOJIOY MOJMMBarOTh 1-2 kparmti denondraieiny 1 TUTPYIOTh PO3ZYUHOM iJIKOTO
Hatpy 3 C=0,1 Moms / 1 10 mosiBu ciiabo-posxeBoro 3adapsieHus (pH =9,4). B iHry
KOJOy nomaroTh 1-2 Kparuti 1HIUKAaTopa METHUIIOBOTO TTOMAapaH4YEBOTO 1 TUTPYIOThH
po3unHOM costsiHOi kuciotu 3 C = 0,1 mMonb / 1 10 TOSIBU 30JIOTUCTO-POKEBOTO

3abapsienHs (pH = 3,4). OGuucaoTh 0ydhepHy EMHICTD.



MeaouuyHa xiMmisa

Dopmyin 1 06unciaeHHs 0ydhepHOi EMHOCTI:

V(NaOH)-C(NaOH)

C'oyd = Vv

ne C'0y¢ — xonuenTpaiist Oydepa 3a Iyrom

V(HCI)-C(HC)
Voyd

ne C"0yd — xonmenTpartis 6ydepa 3a KHCIOTOIO

C"Gyd =

B = Coyd

. pH1-pHO
B = Coyd

K pH1-pHO

2. HigdourTs miacymMkin
3anuTaHHA IS epPeBIPKH KiHIEBOr0 PiBHS 3HAHD:
1) OydepHi cucTeMu oprai3mMy Ta iXHs KIacuQiKaris;
2) crocobu po3paxyHky pH OydepHHux po3unHiB;
3) mexani3Mm aii OydepHHuX cucTeMm;
4) OydepHa EMHICTb;
5) perymstist pH kpoBi;

6) meronu BuzHaueHHs pH OydepHuX po3umHIB.

3. Cnmcok peKoOMeHI0BaHOI JiTepaTypu

Ocnoena:

1. Meanuna ximist: miapyuauk s BH3 / B.O. Kani6a6uyk, I.C. Uekman, B.1.
["anuHcbKa Ta 1H.; 3a ped.. mpod.. B.O. Kambabuyk — 4-e Bun.- K. BCB «Menuuunay,
2019 — 336c.

2. Mennuna ximis : migpyyauk / B.I1. Mysuuenko, J.JI. Jlynesuu, JLIIL.
SABopcbka ; 3a pen. b.C. 3imenkoBcbkoro. — 3-€ Buj., Bunp. — K. : BCB

«Mengumunaay, 2018. — 496 c.
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Jooamkoesa:

1. MuponoBuu JI.M. Menuuna ximisg: HaBuanpHuii mociOHuk. — Kwuis:
Kapagena, 2008. — 159 c.

2. Meauuna Ximis : TIAPYYHUK JUIS CTY[A. BUITUX HaBd. Men. 3aki. / A.C.
Mopos, 1. . JIynesuy, JI.IL. SIBopchka. — Bua.4 — Binauns : HoBa Kanra,
2013. - 776 c.

3. Meauyna ximis : miapyunuk / 'omonait B.1., MinsoBuu C.C. — BinHums :
Hosa Knwura, 2016. — 672 c.

4, Mennuna ximis / B.O. Kami6a6buyk, JI.I. I'pumenko, B.I. 'anuHchKa,
CM. Toxmincekuir, T.O. OgcsnikoBa, B.A. Camapcekmii. — K.
«IaTepmen», 2006, — 460c
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IpakTune 3ansaTTa Ne 12

Tema: @i3uKo-xiMisi mMoBepXHeBUX SIBUIL. AJcopOuia Ha Mexi momiay ¢as.

Xpomarorpadgis.

Meta: CdopMyBaTu CUCTEMHI 3HAHHS MPO COPOIIKHI MPONECH. 3HANTH MPUKIAIN

MPAKTUYHOTO 3aCTOCYBAHHS COPOIIMHUX MPOLIECiB y MpodeciitHii AisSIbHOCTI
Ta y KATTI. OIIHIOBaTH MOBEPXHEBI BIACTHUBOCTI PEUYOBHH, BUXOIIUYH 3
OyJI0BH iX MOJICKYJ, BMITH IOSICHIOBATH IMOBEIHKY O10JIOT1YHO-aKTUBHUX
pPEUYOBMH 3 TOYKH 30py TMOBEPXHEBOI AKTHUBHOCTI, 1HTEPIPETYBATU

3aCTOCYBaHHS aJICOPOCHTIB JIJI1 aHATITHYHUX 1 MEAUYHUX IT1ICH.

OcHoBHI _noHsTTsA: (aza, audysis, TIBUIKICTb, arperaTHUid CTaH, MOBEPXHS

posnoainy dasz, ancopOiis, copoilisi, copOeHT, afcopoat, xpomarorpadisi.

Oo6aagnanns: Jlabopatopis kapeapu

Il1aun:

1.

[ToBepxneBi sBuma. IloBepxHeBa eHepris. [loBepxHeBUN HATAT PIIUH.
[ToBepxHEBa aKTUBHICTb.

Ancop6uis Ha kopsioHi P -I"1 P - P. TTAP, I1IP, [THP. OpienTanis monexyn [TAP
B [MIOBEPXHEBOMY IIIapI.

PiBusnHs 130Tepmu ancopoOiii Jlenrmropa. «Yactokin Jlenrmiopa». bynosa
Olosoriuaux MmeMOpaH. [TomimonekysipHa aacopOItis.

Ancop6uig Ha mexi T - P, T - I, ii MexaHi3M 1 3aKOHOMIPHOCTI. PiBHSHHS
Opeitnmixa.

OcHoBu aacopOIIiitHOT Tepartii.

Agncop6iiis enekTpoiTiB. Bubopua ancop6iiis. [oHooOMiHHa agcopOItis.
Xpomatorpadia. Ilpunmun knacudikamii  XpomatorpapiyHUX METOJIB.
3acTocyBaHHs XpoMarorpadii B 610J10T1i Ta METULIMHI.

3100yBayY OCBITH ITOBMHEH 3HATH:

KJacuikamio XIMIYHUX peakiii 3a pazoBUM CTaHOM (TOMO- 1 TETEPOTreHH1);

NOHATTS — (aza, nudy3is, MBUAKICTh, arperaTHUI CTaH, MOBEPXHS PO3MOALTY

(b13MKO-XIMIYHI MPOIIECH HA MEXI1 po3moaity ¢as;

[TAP, ITIP, ITHP. OpienTaris mosekyn [TAP y noBepxHeBomy 1api;
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o piBHSHHS 130TepMu aacopOuii Jlenrmiopa. «Hactoxin Jlenrmiopay.

3100yBa4Y OCBITH MOBUHEH BMITH:

® BI3HAYATH JOBXKUHY Ta IUIOILY MOJIEKYJIH;
© 33CTOCOBYBATH MPUHIMIIU XpomaTorpadii y 010510T1i Ta MEAUIINHI;
® BUKOPUCTOBYBATHU aCOPOLIIHHY Teparito B MEANYH1M MpakTuili (reMocoporris,

m1a3MocopOitis, JiMbocopOItis, eHTepocopOIis, aruTiKariifHa Teparris).

3MicT NPAKTUYHOTO 3aHATTHA

bionoriyHi CTpyKTYpH — II€ T€TepOreHH1 CUCTEMH, IO CKJIAJIal0ThCs 3 IBOX 200
oumemre (a3.  [loBepxHs po3mimy ¢a3 BiIPI3HIETHCS 3a TEPMOIWHAMIYHUMU
napameTpamu BiJl 00ox ¢a3. Tomy Ha Mexi monuty ¢a3 MarTh MiClle TOBEPXHEBI
SABUIIIA.

CraH 1 BTacTUBOCTI PIAMHM B MOBEPXHEBOMY IIapi Ha MeXi oLy (a3 iCTOTHO
BIJIPI3HAETHCS BIJ] CTaHY 1 BIACTUBOCTEH MOJIEKYJ TIET 3K PIAMHU B 00CS31.

Cuny, 0 A1F0Th Ha MOJICKYJIH, 10 3HAXOATHCS BCEPEIUHI PIAMHY, OJHAKOBI 3
ycix OokiB, 1 iX piBHOAmitoua F mopiBaioe Hymo. Cuin, 0o Aif0Th Ha MOJEKYJH
MOBEPXHEBOIO 1Iapy KOPAOHY pPO3/LUTY PIAMHU 3 11 IapOk0, HE OAHAKOBI1 3 00KY pO3UHHY
(3HM3Yy 1 3 OOKiB) 1 razomomiOHOi (a3u (3BepXy). MoJeKyIsIpHiI B3a€MOJIT 3BEpXY
BIJICYTHI, piBHOAIt0YA cuja F He TopiBHIOE HYJTIO 1 HAIllpaBjieHa BCepeaUHYy piikoi daszu
(mamoHOK). Jlyis BUXOIy MOJIEKYJ HA MOBEPXHIO MOTPIOHO BUKOHATH poboTy Ws
npotu 1iei cwim. B pesynbrari ¢opMyeThbcs TMOBEPXHEBHH MIap 3 HAMJIUIIKOBOIO

nmoBepxHeBoro eHeprieto ['160ca Gs.

Bci MokIHBI MOBEPXH1 pO3/I1TY B 3aJI€KHOCTI B/l arperaTHOrO CTaHy MEXYIOThb

¢da3 AuIATh Ha PyXJMBI MOBEPXHI po3Ally MK piauHoro 1 razom (P - T'), nBoma
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He3MiyounMu piuHamu (P - P) 1 Hepyxomi oBepxH1 po3iay MK TBEPAUM TiJIOM 1
razoM (T - I'), tBepaum Tizom 1 pigunoro (T - P), TBepaum Tisiom 1 TBepauM Tijiom (T -
T).
IToBepxHera enepris ['160ca cucTemMu mponopiiiitHa Mi>k(a3zHOi MOBEPXHI:
Gs =0-S
e 6 — koedillieHT MPONopIiiHOCT, 3BaHUIl TOBepXHEBU HaTsr. Horo
BEJMYUHY BUMIipIoI0Th Y KJIx/M? (H/MeTp) a6o y JIx/cMm?.

IToBepxHeBHii HATSATI — 11 BEIMYMHA, sIKa BUMIPIOEThCS eHepriero ['166ca, 1o
IpUIaaae Ha OJJUHUITIO IO TOBEPXHEBOIO mapy. BoHO uncenbHO TOpiBHIOE pOOOTI,
Ky HEOOX1JTHO 3pOOUTH B JJaH1i CUCTEMI sl OCBITU B Hill OJIMHUII TOBEPXHI PO3ALTY
(a3 npu NoCTiiHIN TeMneparypi.

[ToBepxHEeBUIl HATST PI3HUX PIAUH (TAONMIIS) HA MEXI piIMHA - Ta3 3pOCTaE 31
30UTBLIEHHSIM B3a€MOJIT MIDK MOJIEKYJIAMH P1IMHH, OyAyYd MaKCUMaJIbHUM JUIsl BOAU
3 YKCJIa PeYOBUH, MPEJICTABIICHUX B TaOJIUIII.

Tabnuus. [ToBepxHeBul HATAT PIUH HA KOPJI0H1 3 TOBITPsiM (298 K)

Piguna o, Hm Pignua o, H/m
Bona 0.0728 ['minepun 0.0647
[1na3zma kpoBi 0.0454 Etanon 0.0223
OuroBa KucJIoTa 0.0276 OnuBKOBa 011 0.0330

[ToBepxHeBUil HaTAr PIAMH 3MEHUIYETHCS 3 POCTOM TEMIIEpaTypu 1 Ipu
KpUTHUYHIN TemnepaTrypi HaOyBa€e HYJIbOBOIO 3HAUYEHHS, TOMY IO IMOBEPXHS PO3JLITY
¢a3 3HUKaAE.

31aTHICTh PO3YMHEHUX PEUYOBHH 3MIHIOBATH MOBEPXHEBHI HATAT POZUYMHHHUKA
HAa3UBAETHCS TOBEPXHEBOIO AaKTUBHICTIO. PO3UMHEH1 peuOBUHU MOKYTh M1ABUIILYBATH,
3HIDKYBATH a00 B3araji He BIUIMBATH HAa MOBEPXHEBUN HATSAT PiJIMH.

bynp-ska cucrema BIAMOBIIHO A0 APYroro ImovaTka TEPMOJIUHAMIKHM IparHe
MUMOBUIBHO MEPEHTH B TaKUH CTaH, B SIKOMY BOHA BOJIOJI€ MiHIMAJIbHUM 3alacoM
eneprii ['i66ca G. O1xe, BOHA mparHe 0 MiHIMyMy MToBepxHeBoi eHeprii ['100ca (Gs
— min). OJHOKOMIIOHEHTHA Pi/IKa CUCTEMAa MOKe 3HU3UTH 3arac OBEPXHEBOI €HePrii

['i60ca TiIBPKM OMHUM TUISIXOM - NPUUHATH (OPMY, TPU SKIH TTOBEPXHS PO3ILITY
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MiHIMaigbHa (S — min). MiHIMaIbHOIO X TIOBEPXHEH BOJOJIE cdepa, UYUM
MOSICHIOEThCA (opMa Kparellb MPaKTUYHO OyaAb-SKUH pIIUHU — BOJU, PTYTI,
OpraHiYHUX PO3YUHHUKIB.

MumMoBiIbHA 3MIHA KOHIICHTpAIlll pO3YMHEHOT PEYOBHUHU HA MEX1 po3/iny ¢da3
Ha3WBa€eThCs azacopOmiero. [lornmmHad MpUAHATO HA3WBATH aAICOPOEHTOM, a IIO
MOTJIMHAETLCSA PEUYOBHMHA — ancopOTHBOM abo ajacopbatoM. Bemmunny amcopOrii
BUMIPIOIOTh KUIBKICTIO MOJICH aacopOTHBa, IO IMPHUIIAJIal0Th HA OJUHMITIO TLIOIII
noBepxHi ancopoenty (I, Mmomb/cM?).

Benuunny amcopOriii B po3uMHax MOXHA BH3HAYATH IO 3MiHI TTOBEPXHEBOTO
HATATY 3 KOHIEHTPALIEI0 PO3UYMHEHO1 PEUOBMHHU, BUKOPUCTOBYIOUM piBHSAHHS ['100ca:
Ao

RT Ac’

JI€ ¢, — PIBHOBAKHA KOHIIEHTPAIIisl PEYOBMHH, MOJIL/T a60 kMoib/M3; T — abCcomroTHa

TeMriepatypa; Ac/Ac — MOBEpXHEBAa AKTUBHICTh (3MiHA MOBEPXHEBOIO HATATY 3
N . P . 2 . .

KOHLIEHTpAUI€I0 MPU HE3MIHH1N noBepxHi, Jx/M* abo H/M); R — yHiBepcanbHa razoBa

nocriiHa (8.314 x/mons-K).

AJICOPBIIA HA MEXI PO3NOALTY TBEPAE TUIO - T'A3

AncopOuiro razy Ha TBEpid MOBEpXHI BUMIPIOBATH KUIBKICTIO acOpOTHBA Ha
OJIMHUIIl TIOBEPXHI BaXXKO, OCKIIBKM CKJIAJIHO OI[IHUTH BEJIMYUHY TOBEPXHI
aacopOoenty. TBepna moBepxHs € HepiBHOW. HepiBHICTh — Mikpoaedektu —
MEPEBULIYIOTh PO3MIPU MOJIEKYJ Ha JiIBa — TPU NOPAIKH (COTHI aHICTPEMIB).
MikpoaedekTr 30UTbIIYIOTh MUTOMY TOBEPXHIO CHCTEMH 1 CTBOPIOIOTH TIEBHHIA
HaJIJTUIIOK 3amacy NoBepXHeBoi eHeprii ['1060ca.

3aJIe’)KHO BiJI XapakTepy MIIOUUX CHJI PO3PI3HIIOTH (I3HMUHY 1 XIMIYHY
aacopoito. st ¢i3uuHOi amcopOiii XxapakTepHa HEBEJIMKa €HTAJIbITIs, TOMY TTPOIIeC
3a3BU4ail 000poTHUI. AjcopOlliiiHa piBHOBara BCTAaHOBITIOETHCS YK IIBUJIKO.

Sxmo mornuHaHHSA ancopOTMBa BiMOYBAETHCS BHACHIIOK HOTO XIMIYHOI
B3a€EMO/II1 3 aICOPOEHTOM, TOJII Ma€ Miciie XxemocopOiis. TenaoTu XiMiuHOI aacopOIii
3HaXOJAThCs B Mexkax Bifl - 40 1o 400 x>k / Mok, 1 TOMY TIPOIIEC Ma€ TEHEHIIIIO JI0

HE3BOPOTHOCTI.
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AJicopO11ist 3a7€KUTh BIJ TEMIIEpaTypu, TUCKY 1 TPUPOIU aACOPOTHBA, TUTOMOT
MOBEPXHI1 1 IPUPOJIU aJICOPOCHTY.

AncopOrtist 3aleXHUTh BiJl TUCKY aacopOTHBa, MPUYOMY 3 POCTOM THUCKY
aJcopOIlisi 3pOCTae MO NEAKOro TpaHUYHOTO 3HaueHHS [ Ll 3amexHicTh HOCHUTH
Ha3By i30Tepmu aacopoii.

Tax sk agcopOrisg ra3iB Ha TBEPAUX TIAX EK30TEPMIUHY, 3 POCTOM TEMIIEPATypU

BOHA 3MCHIIY€ETHCA.

MOMbS M2
Ar onkf M

» C,monein

Jlns 130TepMHu aacopOLli BUKOPUCTOBYIOTh PIBHAHHS, BUBeAeHE 1. JIeHrMopom,
BHUXOJISIYM 3 TAKUX TIOJI0KCHB:

AncopOriis MoJiekysl ajcopOara BiOyBae€TbCs TIIbKM Ha IUJIKOM TIEBHUX
JOUISTHKaX TMOBEPXHI aJcOpOEHTy, 3BaHUX aAcopOuiiiHuMu ueHtpamu. IIpu mammx
THUCKaX 3allOBHIOETHCS JIMIIE YACTHHA TTOBEPXHI, BIJIMOBITHA aJCOPOIIi.

AJncopOUIHMNA HEHTP YTPUMYE TUIBKM OJIHY MOJIEKyly aacopOara. Ha moBepxHi
aZIcOpOLIMHUX LEHTPIB YTBOPIOETHCS MOHOMOJICKYJISIPHUIM 1Iap, BIiJAMOBIIHUMA
rpaHuyHOl ajcopOIlii. [HmMMEU cioBamMu, MOKHA TOBOPUTHU MPO MOHOMOJIEKYJISIPHOT
azcopOrii.

AnicopO11it0 pO3rISAaIOTh SK PIBHOBAXKHUM Mpoliec, TOOTO 32 0JHAKOBOI KiJILKOCTI
IIBUJIKOCTEH acopOItii 1 1ecoporii.

Buxoasauu 3 UX MoJj0XeHb, OTPUMYIOTh PiBHAHHSA afcopoOuii JleHrmiopa:

[ =T
K+p
ne I' — aacopOris mpu manux ymoBax, [’ - rpanmuna agcopo6misi, K — xoHcTanTa

a7copOIIiiiHOT pIBHOBArH.



MeaouuyHa xiMmisa

[Ipu cepenHiX 1 BUCOKMX KOHIIEHTpAIlIIX aJCOPOTHUBA CIPaBEJIMBO PIBHSHHS
OpeitHixa, B IKOMY BHPAKAEThCS €MITIPUYHA 3aJEXKHICTh aacopOIii BiJl THUCKY
(xoHIIEHTpAITIT):

1/n
p

A=k
ne A - mutoma ajacopOIlisa (KUIbKICTh MOJIEH aJicopOTHBA, SIKE MOXKE MOTJIUHYTH 1T
anicopOeHTy), €, — PIBHOBa)XHAa MOJIIpHAa KOHLEHTpalis aacopotuBa, k m 1/n —
MOCTIiHI, 1110 BU3HAYAIOTHCS EKCIIEPUMEHTAIBHO.

Jlia apcop6buii 3 ra3oBoi a3y 3aMicTh KOHLEHTpaLli ¢, BUKOPUCTOBYIOTh P -
PIBHOBKHUU THUCK aJICOPOYEMOTO Ta3y Hajl TIOBEPXHEIO aICOPOCHTY.

Emmipuuni crami k ta 1/n moxkHa BuzHauutu rpadiyHo. Jlorapudpmyrouu
piBHsIHHS DpelH/TIXa, OTPUMY€EMO PIBHSHHS MPSMOT JIIHII:

IlgA =Igk+ I/n’lg ¢,

CopOriist ra3iB TBEPAUMH TUIAMU Tpa€ BEJIUKY pOJb B MpoIEcax razoo0MiHy
OpraHi3aMy 3 HaBKOJHMIIHIM cepenoBuieM. CopOmis rasiB 1 mapiB Ha TBEpAHX
MMOBEPXHIX BUKOPUCTOBYETHCSI B CHCTEMAaxX aBTOHOMHOI OYMCTKH TOBITPS (MIPOTHTA3,
CUCTEMHU JKUTT€3a0€3MEUCHHS B 3aMKHYTUX IIPOCTOPaX MiBOHUX YOBHIB 1 KOCMIYHHUX
KOpaoJIiB).

AJICOPBIISA HA MEXKAX T'A3 - PLIMHA,
PIINHA - PI/IMHA, TBEPJE TLIO - PIIMHA

1. Ilpu po3urHeHH1 B JaH1i pIIUHU NEBHOI PEYOBUHHU MOKHA YSIBUTH TPU BUMAIKU
PO3MOAUTY PO3YMHEHOI PEYOBMHU MK TpaHUYHUM IapoM 1 o0'eMom (pa3w,
CIOCTEPITal0y 3aJIEKHICTh MOBEPXHEBOTO HATATY MPHU MOCTIHHINA TeMIepaTypi
BiJl KOHIIEHTpAIlll PO3YMHEHOT PEUOBHHU - 130T€PMU MTOBEPXHEBOI'O HATATY.

2.  Po3unHeHa pe4oBHHA 3HM)XY€ TTOBEPXHEBUM HATAT pO3YMHHUKA. Takl peuoOBUHU
oTpuManu Ha3By noBepxHeBO-akTUBHUX (ITAP). Ile pedoBuHu nudinbHOrO
OyZ0BH, TOMY IO MICTATH ofgHOouacHO mosisipHy rpymy (-OH, -COOH, -NH,
SO3H 11H.) 1 HeMoOJsIPHY BYTJIEBOIHEBUH JIaHIIOT. KOHIIEHTPYHOYHCH HA KOPIOHI
pO3AUTy BOAA-TIOBITPS, TU(DIIbHI MOJIEKYJIM OPIEHTYIOTHCS CBOIMHU MOJSPHUMHU
rpynaMu B BOJAY, a HENOJSPHI BYTJEBOJHEBI paJuKaidl BUIITOBXYIOTHCS B

HOBiTpH, TUM CaMHUM AOCATAECTLECA 3MCHIICHHS ITIOBCPXHCBOI'O HATATY.
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3. Po3umHeHa pedoBHMHA TIiABHINYE TMOBEPXHEBUW HATAT pO3UMHHUKA.  Taki
PEUYOBHMHU OTpHUMAaIM Ha3By NoBepxHeBo-1HaKTUBHICTD (I1IB). Ilo BimHOIIEHHIO
1o Boau [1IB — cunbHI e1eKTpomiTH (KUCIOTH, OCHOBH, COJIi) 1 CHJIBHI OpraHivHi
CIIOTYKH (TJIIIEPUH, aMIHOKUCIIOTH Ta 1H.)

4. Po3umHeHa pEYOBWHA HE 3MIHIOE TIOBEPXHEBOTO HATATHEHHS PO3YMHHUKA;
noBepxHeBo-HeakTHBHI pedoBuHU ([THB) — ByrneBomu (caxaposa, Tiiroko3a Ta
1H.)

I3omepmu noeepxHeeo20 Hamsi2y

oA
[11P

oy [THP

4 11 AP

Icnye mpaBuno Jlrokno-TpayOe I HIKYMX YICHIB TOMOJIOTIYHOTO PSIy
XKUPHUX KHUCIIOT, CIIUPTIB 1 aMiHIB - 31 30UIbIIEHHSIM BYTJIEBOJHEBOTO JIAHIIOTAa HA
rpyny -CHj,- moBepxHeBa aKTUBHICTh PEYOBHH 3pocTae B 3-3,5 pa3u Mpu OJHAKOBIM
MOJISIpHOI KOHLIeHTpauli. [le mpaBuiio i1r0CTpy€e MalltOHOK, Ha SIKOMY Ipe/ICTaBlIeHa

3aJIEKHICTh MOBEPXHEBOT'O HATATY BlJ KOHIEHTPAILIll TOMOJIOTIB KapOOHOBUX KUCIOT.

73
HCOOH
o~
3 CH;COOH
=
D CH{COOH
g CH/COOH
25+ C] 7H35COOH
.

c
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YV xkuBux cucremax IIAP rpaloTh BUHATKOBY pOJib, MOEAHYIOUHM B CBOIH
CTPYKTYPI JIB1 cCUCTEMH — TiJipodiibHy 1 riipodooHy. Came Taki pedoBUHH (POPMYIOThH
OCHOBY THX KJIITHHHMX MeMOpaH, sIKI MarTh 1 TiApOoGiIbHUMH, 1 TiApodoOHi

BJIACTUBOCTI OJHOYACHO.

AJCOPBIUA HA MEXI TBEPJIE TIJIO-PO3YHNH. MOJIEKYJIAPHA
AJICOPBIUA

HeenexTpoiTiB 1 ci1abKi €JIEKTPOIITH Ha TTOBEPXHI aJIcCOPOCHTY aJIcCOPOYIOTHCS
y BUIJSA1I Mojekyn. Takui mporec Ha3uBalOTh MOJEKYJSpHOI ajacopOiieo. B
pe3ynbTaTi aacopOIli KOHIEHTpAIlli PO3YMHEHIX PEUYOBUH B PO3UHHI 3MEHIITYIOTHCSI.

JI. A. PeGinnep cdopmyiioBaB MpaBWIO BUPIBHIOBAHHS MOJISIPHOCTEH: Ha
MOJIIPHUX aAcopOeHTaxX Kpale aficopOyIOThCs MONSIPHI aACOPOTUBU 3 MAJIOMIOIPHUX
PO3YMHHUKIB; Ha HEMOJSIPHUX aJCOpOEHTaxX — HEMNOJSPHI aJCOPOTHBHU 3 MOJISIPHUX
PO3YHMHHHUKIB.

Jns cucremu ancopOEHT — ancopOTUB BIUIMB NPUPOAHM PO3YMHHHKA Ha
azcopOIito Moxxke OyTu chOpMyJbOBAaHE Yy BUIJIS/II IHIIOTO TMPaBHWIa - TMPABUIIO
[IlunoBa): 4uM Kpaiie PO3YUMHSIETHCS aaCOpPOTUB B PO3UYMHHUKY, TUM TIpII€ BiH
ascopOyeThCs TIOBEPXHEIO0 TBEPAOTO aaCOPOCHTY; YMM TipIle PO3ZUHHIETHCS —THM
Kpaiie aacopOyeThes.

Monekynsipaa ajacopOIis TBEPAUMH aJCOPOEHTAMU 3 PO3UYMHIB IIHUPOKO
MOIIMPEHa B MEIUYHIN npakTuili. Byke 1aBHO Mpu OTPYEHHI POCIMHHUMHU OTPYTaMH,
TOKCMHAMM, MAJIOTOJISPHUMH JliKaMu (Hampukiaa, O0apOiTyparamMu) 3acCTOCOBYIOTH
aKTUBOBAHE BYT1JUIA U BUJATICHHS iX 3 TPABHOTO TPAKTY.

AJICOPBIUA CUJIBHHUX EJIEKTPOJIITIB

VYV po3umHax CWJIBHHMX EJIEKTPONITIB PO3UYMHEHA PEYOBHHA 3HAXOJIUTHCS B
MOBHICTIO 10HI30BaHOMY cTaH1. [oHU afcOpOyIOTHCS JIMIIIE HA MOSPHUX aJIcCOPOEHTaX
1 IPaKTUYHO HE aJCOPOYIOTHCS HA HEMOJISIPHUX.

ToMy OCHOBHMM YHMHHUKOM, WI0 OOYMOBIIOE CHEHUIYHICTS aacopOiii
CWJIBHUX EJEKTPOJITIB, € 3HaK 3apsjay MOBEpXHI MOJSPHOTO aJCOpOEHTYy - Ha

MO3UTHUBHO 3aps/HKEHUX AUBTHKAX TOBEPXHI acOpOyIOThCS 3 PO3YMHY aHIOHU, Ha
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HEraTUBHO 3aps/DKEHUX - KaTioHW. BenuuuHa 1 3HaK 3apsay 10Ha, Moro paaiyc i
CTYMIHb COJIbBATAIlli TAKOXK BIUTMBAIOThH Ha MPOIIEC aAcopOIIii.

AncopOuiifHa 37aTHICTH 10HIB (OCOOJHMBO KaTiOHIB) 3pOCTa€ 3 POCTOM iX
3apsiny. [lpu ogHakoBUX 3apsijax afacopOlliiiHa 31aTHICTh OIBIIE Y THX, PAIyC IKUX
B COJIbBAaTOBAaHOMY CTaHI MeHIIE. BiAmoBiHO 10 HBOro MpaBWia 10HU MO iX
a7copOLIHHOT 3JaTHOCTI PO3TAIIOBYIOTHCS B JIIOTPOIHI PAIH.

JlioTpomHwuit psia ancopOIlli 04HO3aPSATHUX KaTIOHIB 3 BOJM Ma€ BUTIIS:

Karion Cs* Rb* NH,* K* Na* Li*

Paniyc, A 1.69 1.48 1.43 1.33 0.95 0.6

st omHO3apsAHUX aHIOHIB JIIOTPOITHUM PsiJT BUTTISIJIA€ TaK:

AHI0H NO3 I- Br Cl F

Paniyc, A 2.57 2.16 1.96 1.81 11.36

Po3pi3HAI0TE Tpu BUIM afcopOLli CHUJIBHUX EJEKTPOJITIB: EKBIBAJICHTHY,
BUOOpUY Ta OOMIHHY.

ExBiBajieHTHa ancopOuisi xapakTepU3yeThCsl THUM, IO 1 KAaTIOHU, 1 aHIOHU
a7IcopOyIOThCS HA TTIOBEPXHI aJICOPOCHTY B €KBIBAJIGHTHUX KUIBKOCTSX. 3yCTPIUA€ThCS

PLIKO.

Bubopua agcopOuia BianoBinae npasuny llanemma-Pasanca: Ha TOBEPXHI

JTAHOTO aJICOPOCHTY MEPEBAXKHO aJICOPOYIOTHCA Ti 10HHU, SIK1 OEpYTh y4acTh B 100y/10BI
MOT0 KpUCTANIYHOI pelnTKy (a00 COPITHEHI 3 HEIO).

Po3rissHeMo yTBOpEHHS 0caly XJIOpHLYy apIeHTYMY I10 peaKIii:

KCI + AgNO3; — AgCl| + KNO;

Ski110 pearyroTh €KBIBaJIC€HTHI KUJIBKOCTI COJIEH, MOBEPXHS 0Caly HE 3apsJ>KeHa.
[Tpu wampmumky KCl moBepxHIO ocagy 3apseHa HETaTHBHO, OCKUIBKA Ha HOro
MOBEPXHI aJCOPOYIOThCS XJIOPUA-10HH, a TpU HAIIUIIKY AgNO3 — MO3UTUBHO, TOMY
10 MTEPEBAXKHO aJICOPOYIOTHCS 10HU apIEHTYMY.

Ionooominna anacopOuisi. Bigomi aacopOGentu — TBepai HpupoiaHi abo
CUHTETUYHI PEYOBHHM, HEPO3UMHHI y BOJII 1 MatOTh 3aranbHi popmynu R-My ta R-
Ay, micTaTh kaTionn M abo aHioHM A, sK1 37aTHI Yy BOJAHUX PO3YMHaX 10 OOMIHY 3

KaTioHoM M; 1 aHioHOM A3, BiANOBiHO. BoHM oTpuManu Ha3By ioHITIB. 3a TUIIOM
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10HOTEHHUX TPYIl 10HITH TOAUISIOTHCS Ha KAaTiOHITHM (KHCJIOTHI 10HITH, IO
OOMIHIOIOTh KaTiOH) 1 aHioHiTM (OCHOBHI 10HITH, IO OOMIHIOIOTH aHIOH).
BlacTUBOCTAMM iOHITIB MalOThb TKAHHMHM POCIMH i TBApUH. IX KaTioHOOMiHHI
BJIACTUBOCTI BH3HAYAIOTHCS MPHUCYTHICTIO KapOOKCHUIbHUX 1 (dochaTHUX Tpyn, a

3/IaTHICTh OOMIHIOBATHUCS 3 aHIOHAMH — aMiHOTPYH OLIKIB.

Xpomamozpadhisn

Xpomatorpadis € eheKTHBHUM METOJIO0M IMOALTY, aHATI3y Ta (PI3UKO-XIMITHOTO
JOCJIDKEHHST PpEYOBUH. B OCHOBI IIbOTO METOAY JICKUThH BIAMIHHICTh B aJICOPOIIIITHIX
YH 1HII BIACTHUBOCTI CHOMYK, 3aBASKH YOMY BOHHU MO-PI3HOMY PO3MOALISIOTHECA MK
TBEPIUM aICOPOCHTOM 1 MPOTIKAE Yepe3 HOro map piauHoo (abo razom).

[TouarkiBLeM XpoMaTorpadiuHOro METo1y 1 caMmoro TepMiHa «XpomaTorpadis»
€ 0oranik M.C.IiBeT. ¥V 1903 p BiH omy0iiKyBaB poOOTy Ipo MOALT XJIOpo(duTy Ha
KOMITOHEHTH [UISIXOM TMPONYCKaHHA MHOro po3dMHy uepe3 TpyOKy, 3aloBHEHY
ancopoentom CaCQOs. Ilpu npoMy Oyio oTpuMaHO psifi 3a0apBJICHUX CMYT - 30H,
BIJIMOBITHUX OKPEMHM IITMEHTIB, IO 1 MOCIYXKUJIO MiJCTAaBOIO JUIsl Ha3BU METOMY
xpomatorpadiero (kBiTkoornrcom). OmHak To11 %k L[BET BKa3aB Ha MOXKIIMBICTh MOJILITY

1 6e30apBHUX PIJIUH.

Xpomatorpadiro MOXHa BBa)KAaTH YHIBEPCAaJbHUM METOAOM, TOMY IO BOHA
J03BOJISIE PO3AUIATH CYMIIl IPAKTUYHO Oyb-SKHX PEHOBUH. 3aJI€XKHO BiJl XapaKkTepy
3aBAaHb PO3PIZHAIOTH AHANITUYHY Xpomarorpadito (SkicHy abo KITbKICHY), KOJIA
PO3AUISIIOTH MaJll KUIBKOCTI PEUYOBHH, 1 MPENapaTUBHy XpomaTorpadito, 1110 J03BOJISIE
OTPUMYBATU KUIBKOCTI PEYOBHH, IOCTaTHI JIJIsi JOCHITHULIBKUX poOiT. B manuit vac
MOJKJIMBE 3acTOCyBaHHs Xpomatorpadii B mpomucioBoMmy wmacmradi. Ille omna
nepesara xpomarorpadii mossrae B TOMy, 1110 BOHA JIETKO MiIa€ThCS aBTOMAaTH3AIli.

Benuke 3nauenHs xpoMarorpadiguHUX METOAIB TSl (hapmariii MoB's3aHe 3 TUM,
10 MPU BUPOOHUIITBI JIIKIB B 0aratbOx BHUIIQJIKaxX MOTPIOHE MOIMEpeIHE BUIIJICHHS
OPUPOAHUX a00 CHHTETUYHUX MPOAYKTIB B YUCTOMY BHUIJISIAI.

B nanwii yac po3pi3HSAIOTH TP OCHOBHUX XpOMaTOrpadiyHUX METO/IIB:

1. ®dpoHTajsbHa XpoMaTrorpagis — pO3IUISETHCA CyMIIl B PIIKOMY a0o

ra3ono/1i0HOMy cTaHi 0e3MepepBHO BBOSTH B IIap aCOPOCHTY.
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2. EmoenTHa xpomaTtorpadisi — entoeHT (PO3UYMHHMK a00 Tra3) MpOIyCKalTh

yepes map aJcopOeHTY MiCs BBEACHHS CYMIIIIL.

3. BuTucHioBajJbHa XpoMaTorpagis — eltoeHT MICTUTh BUTHCHIOBAaY, TOOTO

CIIOJIYKY, siKa OUIbIII e(DEKTUBHO aJIcOPOYeE, HIK KOMIIOHEHTH JOCIIIKYBaHO1
CYMIIIII.

3a 3acTOCOBYBAHOI TeXHilli eKCNePUMMEHTY pO3PI3HAIOTH Xpomarorpadito
KOJIOHOYHY, KANIUISIPHY, IaNlepOBY, TOHKOIIAPOBY.

Hait6inpn mmpoko 3acTOCOBY€EThCS Kiacudikallis THIIIB XpoMartorpadii 3a
xapakrtepoM (a3, MK SKMMHU Bi10yBaeThCs MpoIiec noainy. I'a3oBy xpomarorpadiro
3aCTOCOBYIOTh JUISl MOJLIY JIETIOUUX TEPMIYHO CTIMKHUX PEYOBUH 3 MOJEKYJSIPHOIO
macoro a0 300. PinuHHa xpomartorpadis HpuAaTHA Uil MOAULY OPraHivyHUX 1
HEOPIraHIYHUX PEYOBHMH 3 MOJEKYJSIpHOIO Macor a0 2000, B TOMy 4YHCHI TEPMIYHO
HECTINKHUX.

Ocnoeu aocopouinunoi mepanii

Po3BuTok nmBuIi3alii, nepi 3a Bce 3pOCTaHHS MPOMUCIOBOIO BUPOOHMIITBA,
XiMi3alisl CUIbCHKOTO rocroJapcTBa 1 MOOYTYy, IHTEHCUBHE BUKOPUCTAHHS TOPHOYUX
KOTaJIMH MPUBIB JIO MOSBU 0AraTboX TUCSY TOKCUYHUX JIJIS 37I0POB'S JIIOJJUHU PEYOBHH,
TaKMX, [0 3yCTPIYaJMCs B MOIMEPEHI €Taly €BOJIOLII. Y BHYTPIIIHE CEpEIOBUIIE
JIIOJIMHU MOTPAIUIAIOTH 3apa3 JECATKU TUCSY CTOPOHHIX CrOyK. OCh 4OMY OCTaHHIM
4acoM B MEJUIMHI 3'SBUBCS HOBUI HANpsM, SIKMM IHTEHCUBHO PO3BUBAETHCA, a CaMe
epepenTHa MenunuHa (3 jaTuHCbkoi «efferensy - BuBoauTH). Ha BigMIHY Bif
TPaJAMIIIfHUX METOMIB JIIKyBaHHS, 3aCHOBAHMX Ha BBEJCHHI JIIKIB B OpraHi3M,
edepeHTHa MEIUIIMHA JO3BOJIIE 3a JOIMOMOIOK COPOCHTIB BHBOJAUTH 3 HBOTO
IIKIJIUB] 1 TOKCUYHI PEUOBHUHM, 100 3aXUIIATH BHYTPIIIHE CEPEOBUILEC OPTaHi3MYy.
Cnin 3a3HauMTH, IO 32 JOTIOMOTOI0 METOJIB e(hepeHTHOT MEIUIIMHU BiI0yBaeThCA
OUMIIEHHS HE TUIbKM BlJ TOKCUYHUX PEYOBHUH, Kl MOTPAIUIAIOTH 13 30BHIIIHBOTO
CepeloBHINa, TOOTO TOKCHHIB €K30T€HHOTO IIOXO/DKEHHS, a M BIJI TOKCHHIB
€HJOTEHHOTO TOXO/KeHHS. OCTaHHI — I1e TOKCUYHI PEUOBHHU, K1 yTBOPIOIOTHCA 1
HAKOIMMYYIOTHCS B OpPraHi3Mi, HaIpUKIIAJ [PH OIIKaX, MPOMEHEBOI XBOPOOU, HUPKOBOI

Ta NEYIHKOBOI HETOCTATHOCTI 1 T.II.
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I'emocopOuisa — Metoy Ge3nocepeHbOI OUMIIEHHS KPOBI, MPU SKOMY KpOB
M030aBJSETHCS TOKCHUHIB ILUISAXOM 1i MPOMYCKY Yepe3 KOJOHKY 3 aJCOpPOEHTOM,
MIIKIIOYeHY 10 CHUCTeM LUPKyJsii KpoBi. Ha qymKy KIIiHIIIMCTIB, 3aCTOCYBaHHS
reMocopOI1ii HaAMIOLUIbHIIIE HA MIEPIIUX CTAAISAX OTPYEHHS, KOJIM B KPOBI IUPKYIIIOE
MaKCUMaJbHY KUIBKICTh OTPYTH.

Ilna3mocopOuiss — epexTUBHMIA METOJ METOKCHUKAIli OpraHi3My, CyTh SIKOTO
MOJIATa€E B MPOIMYCKY IUIa3MU, Mepes TUM BIJOKpEeMIIEHY BiJl (OPMEHUX €JIEMEHTIB
KpOBIi, 4epe3 KOJOHKY 3 aJcOpOCHTOM, MICJs YOro OYHMIICHA Tia3Ma 3'€IHYEThCS 3
(dbopMEHUMH €JIEMEHTaMU 1 TOBEPTAETHCS J10 CYJJMHHOTO pyciia. BoHa 3acToCOBY€ThCS
3aMICTh FeMOCOPOIIil B TAKUX BUIAJIKAX, KOJIM 31HCHEHHS! OCTAaHHbOI 3aBa)KAIOTh TaKl
SBUIA, SIK TMOTJIUOJICHHS aHeMii, TOCWJICHHS KpPOBOTEYl, MOPYIICHHS CHUCTEMHU
3rOpTaHHS KPOBI.

JlimpocopOuii — By cOpOIINiHOI IETOKCUKAILIT OpPTraHi3My, SIKUM TOJISITae B
IpoITycKy JiM(H, BUBEICHOI 3 OPraHi3My 4epe3 rpyIHuid JiM(paTUiHUul MOTIK HA Ui
Kpi3b KOJIOHKY 3 COpPOEHTOM, 1 HAaCTyITHOMY BBEJICHHI 1M030aBJIEHOT BiJ] TOKCUYHHUX
PEYOBHH JIIM(H 10 CyIMHHOI CUCTEMU MAIIEHTA.

JlikBocopOuist — BU JE€TOKCUKaLli OpraHi3my, NpU SKOMY CIHMHHOMO3KOBA
plAMHA TPOIYCKAEThCA 4Yepe3 wap copOLiiHOI Marepiany, MICAs 4YOro BOHA
MOBEPTAETHCS OYHINEHOI B CIMHHOMO3KOBHI KaHAJI.

Antikainiiina copOuist — ouH 3 BUAIB COpOIIMHOT JETOKCUKAIIIT, SIKUW CIIPUSIE
3aro€HHIO0 1H(IKOBAaHMX paH 1 OMIKIB, BIJIHOBJIEHHS WLUIICHOCTI ILIKIPH, a TaKOX
CIM30BUX OOOJIOHOK HUISIXOM COpPOILIMHOI MOTJIMHAHHS TOKCHHIB 3 paHH ab0 30HU
omiKy. 3acCTOCyBaHHs JaHOi Tepamii crpuse iHTeHCU(IKAIii MpoleciB pereHepartii
TKAHWH, OCKUIBKM 3 JIONOMOTOI0 arlIiKalii paHa MBHUILIE N030aBISETHCS MPOIYKTIB

po3nay O1IKiB, OJHOYACHO 3 IUM 3MEHIIIYEThCS 3arajibHa IHTOKCUKAIIIS OPraHi3My.

2.11in0urTs miacymKiB
3anuTaHH 1S NepeBiPpKH KiHIEBOr0 PiBHS 3HAHD:
1)rmoBepxHEBI ABHUIIA Ta IXHE 3HAUCHHS B 010J10T1T Ta MEIUIINHI,
2)i3oTepMa TIOBEPXHEBOrO HATITy, IOBEPXHEBO-aKTHBHI Ta ITOBEPXHEBO-

HEaKTUBHI PEUYOBUHHU.
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3)moBepxHeBa aKTUBHICTh, IpaBuiIo Jrokio-Tpayoe;

4)piBasiHasg [100ca, opieHTalliss MOJIEKYJI IMOBEPXHEBO-aKTUBHUX PCUYOBUH Y
MOBEPXHEBOMY IIapi;

5)ysBIEHHS PO CTPYKTYPY OI0JOTIYHUX MEMOpaH;

6)amcopOrrist Ha MeXi PO3.IiTY TBEpE TIJIO — a3, piBHIHHS JIGHTMIOpa, piBHSIHHS
Opeitaaixa;

7)i3nuKo-XiMiuHI OCHOBH aJCOPOLIIHOI Teparii (reMocopOILis, mI1a3MocopOIis,
niMmdocopOitist, eHTepocopOIIis, aruTiKaIliiHa Teparris);

8)xpomarorpadisi: IPUHIIUIIN Ta BUIH.

3agadi 1J11 CAaMOKOHTPOJIIO:

VYkazaTu, 010 XapakTepu3ye BeIMYMHA Koe(illieHTa PO3MOJLITY B MarepoBiid
xpomarorpadii:

a) BIAHOLIEHHS PO3YMHHOCTEN KOMIIOHEHTIB Y PO3YMHHUKY;

0) BiJHOIICHHS PO3YMHHOCTEH KOMIIOHEHTIB Y HEpyXoMmiil ¢a3i;

B) BIJTHOIICHHS IIBUAKOCTEH PyXy KOMIIOHEHTIB CyMIIlIi;

I) BIJHOIICHHS NUIAXY, SKAW NPONIIOB KOMIIOHEHT CyMilli, 10 LUISIXY

PO3YHMHHHUKA.

3.Cnucok peKOMEeH/I0BaHOl JiTepaTypu

Ocnoena:

1. Meaununa ximist: miapyuauk s BH3 / B.O. Kani6a6uyk, I.C. Uekman, B.1.
lNanunackKka Ta iH.; 3a pea.. mpod.. B.O. Kamb6abuyk — 4-¢ Bua.- K. BCB «Menununay,
2019 — 336c.

2. Mennuna ximis : nigpyyauk / B.I1. Mysuuenko, I.JI. Jlynesuy, JLIIL.
SABopcbka ; 3a pen. b.C. 3imenkoBcbkoro. — 3-€ Buja., Bunp. — K. : BCB

«Menumunaay, 2018. — 496 c.

Jooamkoesa:

1. MuponoBuu JI.M. Menuuna ximiga: HaBuanpauii mociOnuk. — Kwuis:

Kapagsena, 2008. — 159 c.
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2. Meauuna Ximis : TIAPYYHUK JUIS CTY[. BUIIUX HaB4. Mel. 3akil. / A.C.
Mopo3, 1.1. JIyuesuy, JLIL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuura,
2013. - 776 c.

3. Meauyna ximis : miapyunuk / 'omonait B.1., MinsoBuu C.C. — BinHums :

Hosa Knwura, 2016. — 672 c.

4. Memnuna ximisa / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. T'anuncebka,
CM. Toxmsincekuii, T.O. OscsuikoBa, B.A. Camapcekuit. — K.
«IHTepmeny, 2006, — 460c
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IMpakTuyne 3ansarrs Ne 13

Tema: Pizuyna ximia gucnepcHux cucrem. Kuacudikamis Tta 3araabhi

BJIACTHBOCTI AUCIIEPCHUX CHUCTEM.

Meta: cdopMyIrOBaTH CUCTEMHI 3HAHHS TIPO OCHOBHI 3aKOHM KOJOIMHOI XiMii, 1X

TICHOMY 3B'SI3KY 3 KUTTEIISIIBHICTIO O10JIOTTYHUX CUCTEM; PO3IJISI KOJIOITHO-
XIMIYHHX aCTIeKTIB MIEPETBOPEHBb MOJIEKYJIa — KIITHHA — OPTaHi3M; PO3KPUTTS
3MICTy OCHOBHHMX 3aKOHIB, PO3YyMITH iX MPHHIUIIOBI MOXJIMBOCTI TpHU
BUPIIICHH] KOHKPETHUX 3aBllaHb; IJBUIICHHS PIBHA TEOPETUYHOI

MiTOTOBKY CTYJCHTIB.

OcHOBHI_NOHATTSA: Jiaji3, eJIeKTpoaiai3, yiabTpadinbrpanis, npaBuio [lynbie-

["apni, mirena, KoaryJsiis, KOJIOITHHHN 3aXHUCT.

Ooaagnanns: Jlaboparopis kapeapu

Ilaan:

1. 3aranpHa XapaKTePUCTHKA KOJIOITHUX CHCTEM.

2. Metoau oxepxkaHHs KOJIOiJHUX CUCTEM. bynoBa yacTUHKH J110POOHOTO 30110,
OTPUMAHOI0 KOHACHCALIHHUM METOJIOM.

3. MeToau OUHIIeHHS KOJIOiTHUX PO3UHHIB.

4, OnTuyHi 1 MOJIEKYJISIPHO-KIHETUYHI BIIACTUBOCTI IUCIIEPCHUX CUCTEM.

S. Kinetmuna 1 ArperaTuBHa CTIAKICTh KOJOIIHMX CHUCTEM. MexaHi3M
Koaryror4oi 1ii enektpoditis. [Ipasuno lynsue-I"apmi.

6. OcobmuBocti OymoBu uacTtku JiodoOHoro 3omto. [Ipukmanu. Buznauenus
BEJIMYMHU, 3HAKA 1 3apsA]ly KOJIOiJHOI YACTUHKH.

7. SBUIIE «KOJIOITHOT 3aXUCTY».

3100yBayY OCBITH ITOBMHEH 3HATH:

e Kacu(iKaIio JUCIIEPCHUX CHCTEM;

® KOHJICHCAIIIMHUI METOJ OTPUMAaHHS 30JIeH;

e IUCTIEPTalliiHUN METO]T OTPUMAaHHS 30JICH;

® XIMIYH1 METOJM OTPUMAaHHS 30JICH;

® peakIlii OKUCJICHHS 1 BITHOBJICHHSI, SIKI MO>KHA BUKOPHCTOBYBATH JIJIS

OTPUMAHHS 30JI€Y, TPUKIIA/IN;
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® METOJI OYMCTKH KOJIOTTHUX PO3UMHIB.

3100yBa4Y OCBITH TOBUHEH BMITH:

® [IPOBOAUTH TMOPIBHSUIBHUM aHai3 JUCIIEPCHUX CHCTEM 3a iX (Hi3uKo-
XIMIYHUMH BJIACTUBOCTSIMH,

e cxiangaTy GopMyITy Milesu T1Ipo¢GpoOHOTO KOJIOIMHOTO PO3UHHY;

e aHAII3yBaTH MPUHIIAIIA METOIIB OTPUMAHHSI T OYHIIICHHS JUCTIEPCHUX CHCTEM;

® IIPOTHO3YBAaTH IMOBEIHKY MIIIEJ IPHU eJIeKTpodopesi;

® T0sICHIOBATH (h13UKO-XIMIUHI OCHOBH reMO/Iializy.

3MiCT NIPAKTUYHOI0 3AHATTH

Konoinna ximist BuBYae (hi3uko-xXiMigH1 BIACTUBOCTI T€TEPOreHHUX TUCTIEPCHUX
CUCTEM, YTBOPEHHUX 3 JBOX abo Ouibine (a3 3 CHIBHO PO3BUHEHOIO IMOBEPXHEIO
PO3LITY.

3a arperaTHUM CTaHOM JHMCHIEPCHI CUCTEMHM MOXHA PO3JILJIUTH Ha CYCIEH3II,
e€MYyJIbCli, 3011 1 T.1.

3a BEIMYMHOIO YACTUHOK JHUCIEpCHOT (a3u JUCHEPCHI CUCTEMHU MOKHA
PO3IIINTH YMOBHO Ha Tpu rpymu: rpybomucnepcui (10% — 10° M), konoigmo-
mucnepcHi (107 — 10° m) i monekynapro-mucnepcri (107 — 1074 ).

Konoinauii modgoOHMit po3ynH (30J71b) — 1€ MIKPOTE€TEpPOreHHA CUCTEMA, IO
CKJIQJAEThCS SIK MIHIMYM 3 TPhOX KOMIIOHEHTIB: IUCIEPCHOI (a3u, AUCTIEepCIHHOrO
cepeaoBuIIa 1 cTabii3aTopa — peuOBUHH, SIKE a7COpOYETHCA Ha TOBEPXHI po3auty ¢a3
1 YTBOPIOE 3aXMCHI IIAPH, IO MEPEIIKOPKAIOTH 30IMKEHHIO YaCTUHOK JTUCIIEPCIMHOT
¢dazu. 3 TepMOAMHAMIYHOI TOUKHU 30py CTA0LI13aTOp, a1cOpOyIOUUCh Ha MIk(pa3HOMY
KOPJIOHI, 3HIKYE MDK(pa3HUN TMOBEPXHEBUN HATAT 1 MPU3BOIUTH JO YTBOPEHHS
PIBHOBa)KHUX KOJIOiITHUX CHCTEM.

Konoign mmpoko mnommupeHi B mnpupoai. ['pyHT, rivHa, OPUPOAHI BOJH,
MOBITPS, XMapH, UM, MII, OaraTo MiHepaliB (B TOMY YHCII 1 JOPOTOIIHHE KaMiHHS)
— BCE 1I€ KOJIOITH1 CHCTEMHU.

Taki GiosioriuHi piAUHU SK KPOB, TUIa3Ma, JiMda, CIHHHOMO3KOBA PiIUHA €

KOJIOiJTHI CHCTEMH, B SIKUX DS PEYOBHH, HAIPUKIIAA, O1IKH, XOJIECTePHH, TJIIKOTeH 1
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0araTo IHIIKX, 3HAXOJATHCS B KOJOIAHOMY cTaHl. OCh 4YOMy OaraTo CTOPIH SBHIII, 110
B1/10YBaIOTHCS B )KUBOMY OpPTaHi3Mi, MOXYTh OyTH 3p0O3yMUII JIUIIE B MIPY Ii3HAHHS
MPUPOIU KOJOITHOTO CTaHy MaTepii.

JInst oTprMaHHA KOJIOITHUX PO3YMHIB HEOOX1THI HACTYITHI YMOBH: JOCUThH Majia
PO3YMHHICTH AMCIEpPCHOI (pa3u B AMCIEPCIHHOMY CepeJOBHILI, MEBHA KOJOIAHA
CTYIIIHb AUCTIEPCHOCTI 1 HAIBHICTH B CUCTEMI cTabinizaTopa (enektpoiniti abo BMC),
10 MEPENIKO/IXKAE 3TUMAHHIO KOJIOTTHUX YaCTUHOK.

IcHyIOTH 1Ba METOM OZICpKAHHS KOJIOITHUX CUCTEM:

JlucnepryBaHHsl — JpOOJIEHHS BEJIMKUX YacTOK JO0 KOJIOITHOTO CTYIEHS
JUCTIEPCHOCTI 1 KOHIEHCallisl — [IUISIX CTBOPEHHSI YMOB, TIPU SIKUX aTOMH, MOJIEKYJIH
a00 10HU 3’ €AHYIOTBCS B arperaTu KOJIOiJHOTO CTYIIEHS TUCIIEPCHOCTI.

JlucniepryBaHHsl MOXXHA TPOBOJAWTH PI3HUMHU NUIAXaMU: MEXaHIYHe
IpOOJICHHS, EIEKTPUYHE PO3MOPOLIEHHS! B BOJIBTOBOI 1y31, Jisl YJIBTPa3BYKy 1 METOJ
NenTi3ailii, KUl Mojisrae B po3apoOJeHHI CBIKOMPUTOTOBAHUX MYXKHUX OCaIIB Ha
OKpeMi KOJIOiHI YaCTMHKMU TPHU JOJaBaHHI HEBEJIHUKOi KIJIBKOCTI €JEKTPOJITY-
nentu3aropa. [Ipu boMy CTYIIHb AUCHEPCHOCTI MPAKTUYHO HE 3MIHIOETHCS, TAK SIK
YaCTUHKU IyXKOT'0 OCajika yKe€ MaroTh KoJoigHl po3Mmipu. [lentuzaiis mae Benuke
3HAYEHHS: PO3CMOKTYBAHHS aTEPOCKJIEPOTUYHUX OJSAIIOK, HUPKOBUX 1 MEUIHKOBUX
kaMmeHiB. /lis1 aHTHKOAryJistHTIB mpu TPoMOOo(aediTI 3BOAUTHCS, MO CYTi, K SBUILY
TernTi3ari.

Konpencauiiini MeToam yTBOPEHHsS KOJIOIJHUX PO3UYMHIB MOJUISAIOTH Ha
¢b13uuHi 1 XiMiyHl. B OCHOB1 XIMIYHUX METOJIIB JIe)KaTh XIMIUHI peakilii (OKUCIEHHS,
BIJTHOBJICHHS, T1APOdi3y, OOMiHY), IO TPU3BOASATH 10 YTBOPEHHS Ba)KKOPO3UMHHHX
PEYOBHH B IPUCYTHOCTI THX YM 1HIIHUX CTA01/113aTOPIB.

Hampuknaz, peakiri€ro Tipoiiizy oTpuMyrTh 301 rigpokcuaiB depymy (I11) i
AITIOMIH110, SIK1 3aCTOCOBYIOThH JIJISI OUUIIICHHS BOJIU:

FeCl; + 3H,0 — Fe(OH)3 + 3HCI

Ctal1113aTOpOM ITHOTO 30JT0 € YACTKOBO YTBOPIOETHCS MPHU PEAKIIIT OKCUXIIOPHU/T
depymy:

Fe(OH); + HC1 — FeOCl + 2H,0
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30516 CIpKH, SIKMI BHUKOPHUCTOBYETHCS B MEIWIIMHI JUIS JIIKYBaHHS IIKIPHUX

3aXBOPIOBaHb, OTPUMYIOTh PEAKIIE€I0 OKUCICHHS:
2H,S + O, — 2S + 2H,0

Komoinui po3unHm cpibia 1 3070Ta OTPUMYIOTh TaKOX OKHCHO-BITHOBHHUMH

peaKIisIMuU, HAPUKITAT;

2AgN03 + H,0, — 2Ag + O, + 2ZHNO3

2HauCl, + 3H,0, — 2Au + 8HCI + 30,

AgZO +H, — 2Ag + H,0
2KauO; + 3CHOH + K;CO3 — 2Ag + 3HCOOK + KHCO3; + H,O
baktepuunHi  BIACTUBOCTI  KOJIOITHUX  PO3YMHIB  Cpidia  IIMPOKO

BUKOPHUCTOBYIOTHCSI B MEJIUIIMHI (JIIKAPCHKI MpenapaTy KOJIaproJi 1 mpoTaproi), a 30Jb
PaJI0aKTUBHOTO 30JI0Ta 3aCTOCOBYIOTH MPH JIIKYBaHH1 37I0SIKICHUX HOBOYTBOPEHb.

Kosoigui po3unmHU 3aBXAUM MICTATh JIOMIIIKK €JIEKTPOJITIB Ta 1HIINUX
HU3bKOMOJIEKYIAPHAX PEUOBMH. IX MOKHA BiOKPEMHUTH BiJ KOJIOITHHX YaCTUHOK
HUIIXOM Jialii3y, eJIeKTpoiianizy abo yibTpadiibTpartii.

Hiaji3 3acHOBaHMII Ha 3aCTOCYBaHHI MeMOpaH, IO 3aTPUMYIOTh BEJIHKI
KOJIOi/THI YACTUHKH 1 MPOIMYCKAIOTh 10HU 1 MOJIEKYJIM HU3bKOMOJIEKYJISIPHUX PEUOBHH.
HiamizaTop € CKJIsSHa TMOCYIWHA, HWXKHS YaCTHHA SIKOT 3aTATHYTa HAMMBIPOHUKHY
MeMOpaHow, 3po0JieHor0 3 1enodany abo kojoaito. Y Alamizatop HaJIUMBaKOTh
KOJIOITHUN PO3YMH 1 3aHYPIOIOTh HOT0 B CKJISTHKY 3 JUCTHUJIHLOBAHOIO BOJO0. lOHH 1
MOJICKYJIH 3 30JIF0 Yepe3 MEMOpaHy TOCTYITOBO TIEPEXOSITh B 30BHIIIHIN ITOCYT, BOTY
B SIKOMY B Mipy 3a0py/IHEHHS MO>KHA TIepioAuyHO MiHATH. KOJOinHI YaCTUHKH uepe3
Mail po3Mmipu mip mMemMOpaHu He NUPYHIYIOTH yepe3 Hei, 1 OyAyTh 3alHIIaTHCA
BCEpEIMHI I1aT113aTOPiB.

[Ipouiec miamizy TpuBaynmii. BiHn Moke OyTH NPUCKOPEHUH, SKIIO Yepe3
KOJIOiTHUH PO3YHH, IO TISITa€ OYUIIICHHIO Bl HAIUTUIIKY €JICKTPOIITY, POIYCTUTH
MOCTIMHUN €NEeKTPUYHUN CTPYM, TOJAl 10HU HU3bKOMOJIEKYJISIPHUX JOMIIIOK OYyIyTh
MepeMilaTiuCs 10 BIAMOBIIHUX €IEKTPOAIB.  Takuil Tpolec HOCHUTHh Ha3BY
eJIeKTpoaiad i3 1 MPOBOAUTHCS B MPWIAAl — €JIEKTPOiamizaTop, CEKIlli SKOro

B1JIOKpEMJICH]1 HAIIBIPOHUKHUMHA MEMOpaHaAMHU.
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YabTpadiabTpanis — BIAIUIEHHS AUcCHepcHOl (a3u Bi JUCTIEPCIHHOTO
CepeOBUIIA-TIPOBOIUTHCS  Ye€pe3 CHEllalbHO TPUTOTOBJICHI IIUIbHI  (PLIBTPH,
HEMPOHUKHI JIJIs1 YAaCTMHOK AUCIIepcHOl pa3u. DinbTpyBaHHs 3a3BUYAM TPOBOAATH IMiJT
THUCKOM 200 BUKOPUCTOBYIOTh PO3PSIKCHHS (BaKyyM).

[Tpuxnan moemqHaHHs Aianizy Ta yabTpadiabTpalii — anapar «ITydHa HUPKay,
MpPU3HAUYCHUN U1 THUMYAacoBOi 3amiHM (PyHKIII HHUPOK MPHU TOCTPid HHUPKOBIN
HEJOCTAaTHOCTI.  AmaparT ONEPATUBHUM IUISAXOM MIAKIIOYAIOTh JO0 CHUCTEMHU
KpOBOOOIry XBOPOTO: KpPOB MiJ THCKOM, CTBOPIOBAHHUM MYyJbCYIOUHMM HaCOCOM
(«mTyyHe ceprie»), MPOTIKAE Yy BY3BKOMY 3a30pi MK JBOMa MeMOpaHamu,
OMMBAIOTHCS 30BHI (D1310JIOTTYHUM PO3YUHOM.

BrnactuBocTi, MOB’s13aH1 3 TEIUIOBUM PYyXOM YaCTHUHOK, - OPOYHIBCHKUU pyX,
mudy3is, OCMOC — y KOJOIMHMX PO3YMHIB BHUpa)KeHI HabaraTo ciaOkimie, HiK Y
CIpPaBXHIX PO3YHHIB HU3bKOMOJEKYJSIPHUX PEYOBUH, BHACIIJOK 3HAYHO OUIBIIMX
PO3MipiB KOJIOITHUX YaCTHHOK 1 MEHIIIOKO 1X KOHIIEHTpAITii.

ITix miero cumy TSOKIHHS BCE KOJIOIIHI YAaCTUHKW OCiAaloTh B po3uuHi. lleit
MpoIeC Ha3uBalOTh ceauMeHTamiclo. IIIBUAKICTH ceauMeHTallll 3HAXOIUTHCS B
psIMii 3aJIeKHOCTI Bl pO3MIPY YaCTOK. Bl 0ci1at0Th MIBUAIIE, HIXkK JAPIOHI.

Opnak ceauMeHTallli B 30J8X MNPOTHUJIE OpPOYHIBCBKHWA pyX, IO MparHe
PIBHOMIPHO PO3MOJAUIUTH KOJOIAHI YaCTUHKU IO BChOMY 00’emy po3unmHy. B
pe3yabTaTi il CUITK TSHKIHHS 1 AUQY31i B 30J15X BCTAHOBIIIOETHCS PIBHOBKHHM CTaH —
ceMMEHTAallliHa pIBHOBAra, py sIkOMy KOHLEHTpaLisl AUCTIEPCHOT (pa3u 3aKOHOMIPHO
3HIDKYETBCS BiJl HUKHIX IIapiB IO BEPXHIX 1 3aJIMIIAE€THCS MMOCTIMHUM B 4acl.

[Ipu po3riisianHi KOJIOiTHOTO PO3YMHY B CBITJII BiH 3JJAETHCS 30BCIM MPO30PUM.
SIKo NpoMiHb CBITJIA HANPAaBJIEHUWA HAa KOJOIAHWM pO34MH 300Ky, TO MOro MUISAX
BUSBIJISIETHCS] HA TEMHOMY TJI1 y BUTJISI/IL CBITUTHCS KOHYCA, SIKWI OTPUMAB Ha3BY KOHYC
Tingans.

3rifHO 13 3aKoHOM Peres, I1HTEHCHUBHICTH PO3CISHOTO CBITIIa OOCPHEHO

MPOTIOPITiiHA YETBEPTOTO CTYNECHS JOBKUHU XBUJI1 TIAIAF0Y0TO CBITJIA:

w2
| = |0'K'/1—4,
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ne | 1 lp — iIHTeHCHBHOCTI PO3CISHOrO 1 MMagarvoro CBiTia, V — YMCJIO YacTOK B 1
M° 30714 (4acTKoBa KOHIEHTpawis), V — 00’ €M OKpEMOi YacTKu, A — JOBKHMHA XBMIII
nagarovoro cBiTia, K — KoHCTaHTa, IO 3aJ€XHUTh BiJl KOCPIIIEHTIB 3aJTOMJICHHS
JUCIIEpCHOI (pa3u 1 IUCTIePCIHOTO cepeOBHIIIA.
Miuesia — cTpyKTypHa OAUHUIL 30110. BoHA Mae ckiaaHy OyI0BY.

PosrissHemo peakiriro

AgNO; + KI — Agl| + KNOs

[Tpu HanmumkyAgNOs3 3poctanHs kpuctana Agl Oyzae BinOyBaTUCs 3a paxyHOK
ioHiB Ag" (BIAMOBITHO 70 TpaBUII BUOOPUOT amcopOirii). lonu cpibdia, 1o BXOIATh 10
CKJIaJly KPUCTAJIIYHOT PEIIITKH, JOOYJOBYIOTh SJIPO KOJIOiIHOT YACTUHKH 1 HAAAIOTh il

MO3UTUBHUN €JICKTPUYHUH 3apsi.

bynosa yactku nodo6HOTo 301110

Ileli 3apsin BU3HAya€e BEIMYMHY TaK 3BaHOTO EIEKTPOTEPMOIMHAMIYHOIO
notenmiany (E), a ioHn, 100ynoByBaTH KpUCTAIiYHY PEUIITKY sapa, Ha3UBAIOTHCS
MOTCHIIIaJIBU3HAYAIPHUMH 10HAMH. J[JI1 OLIBIIOCTI KOJOIgHUX dYacTHHOK E =~ 1.
YacTtka 3 TakuM 3apsAaoM OyJe MPUTATYBATH 3 PO3YMHY 10HH MPOTUIICIKHOTO 3apsiLy
(NO3"). 1li ionn oTprimanu Ha3By MpoTUBOiOHIB. [loTeHIiaBu3Ha4ambHI i0HH (Ag™)
pazom 3 mnpotuBoioHamMu (NOj3) yTBOpIOIOTH ajacopOuiiHuii 1map. SAapo 1
a7IcCOpOLIMHUN TIap pa3oM YTBOPIOIOTH IpaHyIy. Y aJcopOIIiHOMY IIapi BHACIIIOK
MOCTIMHOTO  TEMJIOBOIO  pyXy  KUIBKICTH ~ MPOTHIOHIB  MEHIIEe,  HIXK
NOTeHIlaIBU3HaYalbHUX. TOMy TpaHyna Mae 3apsij, SKUH 3a 3HAKOM 30Ira€Thcs 31
3HAKOM  TOTEHI[IaJIBU3HAYAIBHUX  10HIB.  3aps]  TpaHyJd  HA3WBAETHCA

€JIEKTPOKIHETUYHHUX TMOTeHI1agoM abo (-noreHmiasiom. Benuumna (-moTeHuiamy
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CKJIaJia€e yacTUHY E-moTeHItiany 1 3ajaeXuTh BiJl YMclia MPOTUBOIOHIB B aICOPOIITHOMY
mapi. Moro 3Hak i BenMYMHA BH3HAYAKOTH HATPAMOK PyXy KOJOiZHOI YACTMHKH B
CJeKTpUYHOMY modi 1 11 mBuakict. [ami iomm NOz , nudysHo poscisHi 1
YTPUMYIOTBCS TOOIM3Y TPpaHyId, yTBOPIOIOTH Audy3Huil map. ['panyna 3 qudy3Hum
[IapOM YTBOPIOIOTH MilleTH. Miliesna 3aBK/I1 eIeKTPOHEUTpaibHa, KOHIIEHTPALlig 10H1B
AQy3HOTO IIapy 3MEHIYEThCA y HAPSIMKY 110 Tiepudepii. BiqmoBinHO 3MEHITYEThCS

1 moteHmia yacTuHKA. CXeMaTUYHO B 3aTAIBHOMY BUTJISI/II YaCTKa Ma€ TaKy Oy/I0BY:

{mAgljmI- (m-x)K*}* xK* :

I dapo! AzacopOmiid

Pt P |
: Hu# map | Judvi-
I | HHH p
:‘ rpan?"m ,: :

' Minrena ' |
- >,

[IpyurHa €NeKTPOKIHETUYHUX SIBUI — ICHYBaHHS IMOJABIHHOTO €JIEKTPUYHOTO
Iapy 1 JETKICTh 3CYBY I'paHyJiu 040 Audy3Horo mapy. [lpu Aii enekTpuyHoro noss
Mirena K OM PO3pPUBAETHCS HA KOPAOHI MK aacopOLiitHuM 1 AUGY3HUM IIapamu:
rpaHyJia pyxa€eTbcs J0 OJHOTO Mojitoca (enaekTpodopes), a ioHu 1udy3HOTO 1Iapy 10
1HIIIOTO TIOJTIOCY, 3aXOILTIOIYH 32 COOOIO T1APaTiB 000JIOHKH (€JIIEKTPOOCMOC).

Enexrpodopes — nepemillieHHs 3apsKEHUX YaCTHHOK JUCTIEPCHOI (ha3H 1010
JTUCTIEPCITHOTO CepeloBUIa TijJ i€ 30BHINIHBOTO E€JIEKTPUYHOrO TMOojs. 3a
JOTIOMOTOK0  €JIeKTpoope3y MPOBOAATH MO 1 aHali3 CyMIIIEd MaKpOMOJIEKYI
(Hanpuknan, OUIKIB CHPOBAaTKUA KPOBI, CIMHHOMO3KOBIH piJIMHI, cedi 1 1H.)

EnexTpoocmoc — pyX THCTIEPCIHHOTO cepeIoBHINA 1010 AUCTIEPCHOT a3y i
JI€10 30BHIIIHBOTO €IEKTPUYHOTO MOJISI.

BUJIU CTIMKOCTI JUCIIEPCHUX CUCTEM

3MaTHICTh JIUCIIEPCHOI CHCTEMH 30epiraTd CTPYKTYpy (IUCHEPCHICTH 1

PIBHOMIPHUHM pO3MOALIT AUCHEPCHOI a3y B TUCIIEPCIHHOMY CEPEIOBUIL) HA3UBAIOTh

cmiuKicmio JTACTIEPCHOT CUCTEMH.



MeaouuyHa xiMmisa

Jlist 3’sicyBaHHS IPUYMH CTIMKOCTI AUCIIEPCHOT CUCTEMH, HEOOX1AHO 3HATH MPO
SIKUM BUJ cTifikocTi iaeThes. Buennii H.IT.ITeckoB (1920 p) 3anpornoHyBaB po3pi3HATH
ceoumenmauinny (Kinemuuny) i azpecamieHy cmilKicmp TUCTICPCHUX CUCTEM.

Ceoumenmauininorw cminukicmro JUCTIEPCHUX CHUCTEM HA3MBAIOTh CTIHKICTh
aucnepcHoi a3y 1Mo BiIHOMICHHIO 10 CHJIH TsDKIHHS. OCHOBHUMHU YMOBAaMH ICHYBaHHS
i€l CTIMKOCTI € BHCOKAa JUCIEPCHICTh 1 y4acTh YaCTUHOK AUCIEPCHOI ¢a3u B
OpOyHIBCbKOMY pyci. Y 3B’SI3KY 3 LIUM, YJIBTPAMIKPOTETEPOTeHH1 CUCTEMHU € KIHETUYHO
CTIMKMMH, [JII HHMX XapaKTE€pPHO BCTAHOBJEHHS CeIUMEHTAIIIHO-TudYy31HHOT
piBHOBaru. MikporereporeHHi i rpy00AUCTIEpCHI CUCTEMU KIHETUYHO HECTIHKI. Y HUX
JIOCUTH IIBUJIKO BIIOYBAETHCA MO AUCTIEPCHOT (Da3u 1 JUCTIEPCIMHOTO cepeOBUIIIA.

Azpezamuenoro cmiiikicmio Ha3UBAIOTh 3HaTHICTh JUCIEPCHOI CUCTEMH
30epiraTd MEBHY CTYIIHb JUCIEPCHOCTI, TOOTO YACTUHKHU JUCIEPCHOI (a3u He
00’eHYIOTbCS B OUIbII BeMKI arperaTd. llopyllleHHs arperatMBHOI CTIMKOCTI
B1IOYBAa€ThCSA BHACIIIOK 3JIMIIAHHS YAaCTHHOK JUCHEPCHOI a3y B OLIBII BEJIUKI
arperarti.

3NIMIaHHs YaCTUHOK TUCIIEPCHOI (pa3u B OLIBIII arperaty 1 BANaJaHHs iX B 0caj
HA3UBAIOTh — KOATYJISILI€I0.

3a arperaTuBHOIO CTIMKOCTI AMCHIEPCHI CUCTEMH JUISATh Ha JIBa KJIacH:

TepmoauHaMiuHO CTiMKI a0o0 JdioinabHI AUCHEpCcHI CcUCTEMHU (MILETSAPHI
po3uunau [1AP, po3unau BMC); TepmoaunaMiuHo HecTiHKi abo J1io¢o0Hi nucrepcHi
CUCTEMHU (30J11, CyCHeH3li, eMyJIbCii).Y pealbHUX CUCTEMAX acpecamueHa CMmitiKicmb
3a3BUYail 00yMOBJICHA OJIHOYACHOIO JI€0 ACKITbKOX (akTopiB. [Ipu mboMy ocHOBHA
POJIb HAIIEXKHUTH eIeKMpOCMaAmuyHOMY | a0copOYioHO-CObEAMHOMY (PAKmopam.

Enexmpocmamuunuii ¢pakmop CHUpUsi€ CTBOPEHHIO EINEeKTPOCTATUYHHUX CHJI
BIJIIIITOBXYBAHHS, 3pOCTAI0YHX MPHU 301IBIIICHH] TOBEPXHEBOTO MOTEHITIATY, 0COOJIUBO
€JIEKTPOKIHETUYHOIO MOTEHI[1a]ly YACTUHOK AUCIEPCHOI (ha3u.

Aocopbyiono-conveamuuii ¢hakmop TPU3BOAUTH 0 3MCHIICHHS MDXK(a3HOTro
HaTATY 1 3HWKEHHS eHeprii ['160ca moBepxHi po3aity.

Bigznaunmo, 1o mi aBa (akTopu B3a€EMHO MOB’Si3aHi, OCKUJIBKU 30UIbIIICHHS
3apsly TOBEPXHI YaCTUHKH CIPHSIE PO3BUTKY COJIbBATHUX O0OJIOHOK Ha ii OBEpPXHI 1

azcopOii crabinizaropa.



MeaouuyHa xiMmisa

KOAT'YJiAIIA I AIE€KO EJIEKTPOJIITIB
Panimme Oyno Big3HAYEHO, 110 3JUIAHHS YaCTUHOK JUCIEPCHOT Pa3u B OLIbIII
arperatd 1 BUNAJaHHS iX B 0CaJ HAa3WBaIOTh KoaryJsiiero. HaltOoiapIn BaXIMBUM 1
100pe BUBUEHUM YHMHHUKOM, 1110 BUKJIMKAE KOATYJIALIIO, € NI €JICKTPOIITIB.
HaiimeHIly KOHIIGHTpAIIO €IEKTPOJIITY, MPHU SKIH MOUYMHAETHCS KOATYJIALIA,
Ha3uBaroTh moporoM koaryismii  (Cg) 1 BHCIOBIIOIOTH il 3a3BMYaii B MMOJIb
enextpoiTy Ha 1 mv° 30514
Benuuuny, 3BOpOTHY TOpOTY KOAryJjsiii, Ha3WBaIOTh KOAryJIHIOUYO0I0

3JIaTHICTIO €JIEKTPOIITY

Hwuxue BUKIa€H1 OCHOBH1 3aKOHOMIPHOCTI KOATYJISIIT 30J11B €JIEKTPOJITAMU:

1. Koarymorw4oro Ai€r0 BOJOMIIOTH 10HH, 110 MalOTh 3apsijl, MPOTUIIEKHUN
3apsAny TpaHyiad, ab0 OJHAKOBUM 3a 3HAKOM 3 MPOTHIOHAMH, TOOTO
KOaryJIIif0 TO3WTUBHO 3apA/DKEHUX YAaCTHMHOK JHCIepcHOI  (dasu
BUKJIMKAIOTh aHIOHU, @ HETaTUBHO 3apPsAJKEHUX — KaT1OHU.

2. Benmmunna mopora koaryJsilii 3aJeXuTh BiI psAy YMOB: BiJl MOMEHTY HOTO
(p1KCyBaHHS MMICIIsI BHECEHHS €JIEKTPOIITY, Bl METOAY CIIOCTEPEKEHHS, B1JT
KOHIIEHTpAIIi1 JOCIIKYBaHOTO 30110 Ta 1H., iK1 HEOOX1JHO BKa3yBaTu IpH
BU3HAYCHHI BenmunHn CK.

3. Koarymoroua 37aTHICTh 10HIB 3aJIC)KUTh BIJl BEIMYMHHU iX 3apsiIy: YUM
BUIIIC 3aps1 10HA, TUM BHUIIE HOTO Koaryiwrda gis (npasuino lllynvye-
Tapoi): V(AP > V(Ca?*) > V(K*)

4. ]lnst 10HIB OJTHOTO 3apsiy KOAryjroda 3/[aTHICTh 3pOCTA€E 31 3MEHIIICHHSIM
rigparanii. Taki psAu 10HIB, PO3TAlllOBaHI B MOPSAKY 3POCTAaHHS iX
KOaryJirolouol0 37aTHOCTI, HA3UBAIOTh JIOMPORHUMU pAOAMU ADO
paoamu I'ogpmeiicmepa.

Li*>Na"> K*>Rb*>Cs”"

KOaryJjrorya 3/1aTHICTh
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CTYMIiHb TiApaTarii
Cl">Br >NO3; > 1> SCN-

KOaryJioryJa 37aTHICTh

CTYIIHb TiJpaTariii

5. Koarymoroua 31aTHICTh 6araTb0X OpraHiyHHMX 10HIB HaOarato BUIIE, HIK
HEOpPraHIYHUX, IO OOYMOBJICHO BHCOKOKO aJCOPOIIHOIO 3/IaTHICTIO

OpraHiYHMX 10HIB.

SIBULIE «KOJIOITHOI'O 3AXUCTY»

JlomaBaHHS 10 KOJOIMHOT CHCTEMi JACIKHX PEYOBHMH MOXKE IPUBECTH [0
30uUThIIeHHST 11 CTiMiKOocTi. Takuii epekT BUKIMKAIOTHh JEesKi MMOBEPXHEBO-aKTHUBHI
PEYOBMHHM Ta BHCOKOMOJIEKYJISAPHI CHodyku. JlomaBaHHS BHCOKOMOJICKYJISPHOI
CIOJIyKM B pa3l JOCTaTHbOI KOHIEHTpalii MNpPU3BOAUTH JO TOTO, IO
BHCOKOMOJICKYJIIpHA CIOJyKa aJcopOyeThCs Ha MIlEl, YTBOPIOIOYM BEIUKUN
arperart, IO BUSBISE TiAPO(DUIbHI BJIACTUBOCTI — CIIOCTEPIraeThcs cTadLII3aIisg
KOJI0i1HOT YacTUHKHU. CTIMKICTh IOTO arperaTry 3HaxXxOJUTHCS MK CTIHKICTIO 000X
BUIIB B3a€MO/Ii1 YaCTHHOK. [le sSBUIIe HA3UBAETHCS «3aXHCTOM» KOJIOITHOTO PO3UHHY

BHCOKOMOJIEKYJISIPHOIO CITOJIYKORO.

O @
OQ ‘0

SBuie «3axucTy» (a) 1 «actadimzaiii» (0) KOJI0IMHOI YaCTUHKHU
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[Ipu HagIMIIKY B CyMIllll BJacHE KOJOIMHUX YaCTHMHOK, OCTAHHI B CBOIO UEpry
MOXYTh ajicopOyBaTucsa Ha moBepxHi BMC, yTBOproiouu BeTUKHN arperat majioi
cTidkocTi. Lle sBuIIe Ha3uBaeThCs acTablTi3alli€ero.

SBuie «3axucTy» mae Beluke (Pi310J0TiuHe 3HAUCHHS: YHCIEHHI T11podoOHi
KOJIOi/TM, YACTUHKU KPOBI 1 O10JOTI4HI PITUHHU «3aXUIIEHD» BUCOKOMOJEKYIISIPHUMU
crionykamMu — OLTKaMu, sIKI MalOTh HalOUIbII CHJIbHE 3aXUCHY Ait0. binku kposi
iABUILYIOTh po3unHHICTh CaCO3 B I’ATh pa3iB, a TAKOX, «3aXUIIAIOThY KpareIbKu
KHUPY, XOJIECTEPUH 1 T.II. BIA KOAryJsii. 3HIKEHHS 1€l «3aXUCTy» MPU3BOIUTH 0
BIJIKJIQJICHHSI XOJIECTEPUHY 1 COJIEM KaJbI[il0 Ha CTIHKaX CyAUH — aTepPOCKJIEpo3 i
KQJIBLIMHO3. 3HWKEHHS 3aXHWCHHUX BIACTUBOCTEH OUIKIB Ta IHIIUX T1IPOPIIBHUX
CHONMYK MPHU3BOAWTH TAaKOX JO OCA/PKEHHS COJeM CEY0BOI KHCIOTH — YpAaTiB,

YTBOPEHHS KaMEHIB B HUpPKaX, MEYiHIl, MPOTOKIB TPABHUX 3aJI03.

JABOPATOPHA POBOTA
1. KOHAEHCAIIMHUM METOJ OTPUMAHHS 30JIB (o6MmiHHi

peaxkiii).
30711, OTpUMaHi B JOCTiaX, B MOJAIBIIIOMY BUKOPUCTOBYIOTh JJIsI BUSHAUCHHS
3HAKa 3apsay KOJIOIIHO1 YACTUHKHU.
1.1. OTpumanHs 3071 OepiIiHCHKA JIa3yp:
a) no 3 ma posunny Ki[Fe(CN)s] momatu mpu enepriiiHoMmy
30oBTyBaHHi | kpammo 2% posumny FeCls. Otpumyrors 30:b,
nodapOOBaHUM B TEMHO-CUHIN KOJIIp;
0) 1o 3 mi po3uuny FeCls nonatu npu eHeprifinoMmy 300BTyBaHHi 1-
2 xpamt 0,1% po3unny Ka[Fe(CN)g]. 30ib 3a0apBiroeTbcst B 3€ICHHIMA
KOJIIP.
JIJ1st CHHBOTO 1 3€JIEHOT0 30J11B HanucaTu (popmyIry Milesu.
3. OnepxaHHs 307110 (HePyMO-CHHEPOIICTOTO KYIIPYMY:
10 3 ma 0,1% posunny Ki[Fe(CN)s] momatu 1-2 kpammi posuuny CuSQ,.
OTpuMytoTh 30Jb, NodapOoBaHUl B KOPUYHEBO-4epBOHUM Kousip. Hamucatu

bopMmyiy mirenu.
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2. KOHJAEHCAUIMHUII METOJ OTPMMAHHA 30JIB (peaxis
T1IpOIIi3Y).
2.1. OpneprkaHHs 30710 TIAPOKCHIY depyma:

Jlo 3 M KUIUIS90i BOAM MIBHAKO JOJAIOTh S5 Kpareilb KOHIIEHTPOBAaHOTO
po3unny FeCls. 3oms HaOyBae depBoHO-OypHii Kob0py. Hamucaru hopmysty mirenw.

3.  BU3HAYEHHS 3HAKY 3APAY KOJOIJHOI  YACTUHKU

METO/IOM KAITIUIAPIZATIIIL.

®dinpTpyBaNbHUI Mamip, 3MOYEHUH 30JleM 3 BOJHUM JHCIEPCIHHUM
CEpEIOBHINEM, 3aPKAETHCS HETATUBHO. TOMY, SIKIIIO YaCcTKa 30J1F0 MAa€ MO3UTUBHUAN
3apsij, TO HaHeceHa Ha (UIBTPYBalbHY MaIip Kparuisi 30J0 Oyle yTBOPIOBATH
HEBEJIMKY 3a0apBICHY IUISIMY, OTOYEHY BOJHOKO OOOJOHKOM. SIKIIO YacTKa 30II0
3apsipKeHa HETaTUBHO, TO Ha TMarepi yTBOPIOETHCS PIBHOMIPHO 3a0apBiieHa PO3MHTA

sma.

4. IlindourtTa migcyMKkiB
3anuTaHHA 11 epeBIPKH KiHIEBOr0 PIBHS 3HAHD:
1) 3aranbHi ysSBICHHS PO OYIOBY KOJIOITHUX YaCTHHOK;
2) TOABIMHMI SIEKTPUYHUIM IIap;
3) MeToaM OTPUMAHHS KOJIOTIHUX PO3YHHIB.
4) MeToaH OYMIICHHS KOJIOITHUX PO3YHHIB:
a) mams;
0) enexTpoianis;
B) BIBliaui3;
T) yabTpadiIbTparis;
1) TEMOJI1alli3.
5)amcopOiiisi €JICKTPOJIITIB: CEJICKTUBHA Ta 10HOOOMiHHA, mpaBwio IlaneTTa-
®dasmuca;
6) MoJIEKYJIIPHO-KIHETHYHI BIACTUBOCTI KOJIOITHMX CUCTEM (OpOYHIBCHKHI PYX,
mudy3is, OCCMOTHYHUNA THCK);

7)ONTHYHI BIACTHBOCTI KOJIOITHUX CHCTEM.
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8)enextpodopes, #Horo 3acTocyBaHHSA B JOCHIIHHUIBKIH Ta  KIiHIKO-

J1a00paTOPHINA MPAKTHIILI.

3. CnMcok pekoMeH/I0BaHOI JiTepaTypu

Ochoegna:

1. Menuuna ximis: nigpyuauk st BH3 / B.O. Kani6a6uyk, 1.C. Yexkman, B.1.
lNanunackka Ta iH.; 3a pea.. mpod.. B.O. Kani6abuyk — 4-¢ ua.- K. BCB «Menuninnay,
2019 — 336c.

2. Meanyna ximisg : miapyunauk / B.I1. My3uuenko, .. Jlyuesuu, JI.II.
SBopcrka ; 3a pen. b.C. 3imenkoBchkoro. — 3-€ Buj., Bunp. — K. : BCB

«Menmumuaay, 2018. — 496 c.

Mooamkoea:

1. MuponoBuu JI.M. Menuuna ximisg: Hapuanpuuii mociOHuk. — Kwuis:
Kapagena, 2008. — 159 c.

2. MeanuHa XiMis : MAPYYHHUK s cTyn. Bumux naBu. Meg. 3aki. / A.C.
Mopo3, .J. JIyuesuy, JL.IL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuwra,
2013. - 776 c.

3. Menanuna ximig : miapyunuk / 'omonait B.1., MinsoBuu C.C. — Binauns :
Hosa Kuwura, 2016. — 672 c.

4. Menuuna ximis / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. 'anuHchKa,
CM. Toxmincekuid, T.O. OscsnikoBa, B.A. Camapcekuii. — K.
«IaTepmeny, 2006, — 460c
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Tema Ne 14
Tema: BucokoMoJieKyJISIPHi CIIOJIYKH Ta IX PO3YHUHMU.

AKTVAJBHICTH TEMHU

BrCOKOMOJNIEKYIISIpHI  CTIOJyKH TPAarOTh BUHATKOBY pOJIb B JKUTTEMISIBHOCTI
monuHA. JI0 BHCOKOMOJIEKYJISIPHUX CIOJYyK HaJjieXKaTh MPAKTUYHO BCl KMBI POCIHHHI
Marepiaii, B TOMy YHCII BOBHA, IIIKIpa, BOJOCCA, IIOBK, HATypalIbHHH KayuyK. Taki
CHUHTETUYHI MaTepiay sK IIacTMac, KayuyyK, HEWIOH Ta 1H., IIUPOKO 3aCTOCOBYIOThH B
MEIUIIMHI, CTOMATOJIOTIi: TIPOTE3H, 3aMIHHUKH TKAaHUH Ta KICTOK, BHYTPIIIIHE 1 30BHIIIHE
NPOTE3yBaHHs, OYHI JIIH3U 1 T.]I.

Meta: OBOJOIITH CydYacCHHM PIBHEM MPUPOJIHUUO-HAYKOBUX 3HAHB, IO
J03BOJISIE  3pO3YMITH (DYHKIIOHYBaHHSI >KMBUX CHCTEM Ha KIITUHHOMY pIBHI 1
YCBIIOMUTH TPUYUHU BUHUKHCHHS JESIKUX IaTOJIOTIH; OTpUMaHHS TEOPETUIHHUX
3HaHb 1 MPAKTUYHUX HABUUYOK, HEOOXITHUX IPH BUBYCHHI 010JI0Tii, MIKpOO10JIOTii,
¢i3iosorii, papMakosIoTH, a TAKOXK MOJATBIIOT CAMOCTIHHOT MPAKTUYHOI POOOTH.

OcHOBHI _OHATTA: OIOMOJIMEpPH, CTPYKTYPH PIBHIA TMOJIMEPIB, PO3UYMHU

OlomonimMepiB, 130€NEKTPUYHA TOYKAa, HAOyXaHHS, CTIMKICTh PO3YMHIB
O10MoIIMEpIB.

Oo6aagnanus: Jlabopatopis kapeapu

Ilaan:
3aranbHa xapaktepuctuka BMC.

CTpyKTypa NPUPOTHUX MOTIMEPIB.
[30enexTpuunuii cTan OiyIKa.
Pozunnu BMC 1 ix BnactuBocti. HaOyxanHs.

Criiikicts po3unHiB BMC. Metoau ocakeHHs O1IKIB.

2L o

BrnactuBocTi xosoa1iB 1 reniB. TUKCOTpPOITisl, CHHEPE3HC.

7. JlaboparopHa poOoTa: «Bracmugocmi po3uuris 6iononimepie»
3m00yBa4 OCBiTH NOBUHEH 3HATH i BMIiTH:
. MOHATTS «KOATYJISAIISA», «KOAJICCICHINN), «aHTaroHI3M», «CHHEPTi3M»,

«QIUTUBHICTBY, KKOJIOITHUN 3aXHCT», J10(pUIbHI 1 1I0PoOHI KOJIOITHI CUCTEMHU;

. OCHOBHI METOJIY OJIep>KaHHs AUCIIEPCHUX CUCTEM;
. 3HATH 3aKOHOMIPHOCTI 1 MEXaH13M KOaryJisiiii;
. iHTepnperyBatu npasuio Llynsue - Tapai;

. 3HaTH JioTponHi psau ['odpmericTepa.

3azanvna xXapakmepucmuka 6UCOKOMOJIAEKYINAPHUX CROTTYK
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Bucokomonexkynapni cnonyku (BMC) — 11e CIONMyKH 3 MOJIEKYJISIPHOIO MAacCO¥0
omusbko 10%-10° i Bume. BMC mnpencTaBisioTs coOOK CHONYKH, sIKi OTpUMaHi B
pe3yibTaTi mosriMepu3artii a0 MOJIIKOHICH ATl HEBETUKUX MOJICKYJI B IOBT'1 JIAHITFOTH
— MAaKpomoJieKyau — CKIaaloThcs 3 0araTopasoBO TMOBTOPIOBAHHMX YIPYIOBAaHb
aToMiB. [IoBTOpIOBaHI TaHKW HA3UBAIOTh MOHOMEPAMU.

Po3pi3HAIOTE Takl BUIM IIOJIMEDPIB:

- RPUPOOHI AOO HAMYPATIBLHI — 3yCTPIYAIOTHCA B IPUPO1 (HATypaIbHUHN Kay4dyK,
IIIOBK, OypINTHH, KpoXMasb Ta iH.). Jlo Ti€l rpynu BIAHOCATH 1 G10JIOTIYHO aKTUBHI
PEUYOBHHH, K1 YTBOPIOIOTHCA B )KMBUX OpraHizMax — OiomnojiiMepu (OLTKH, HYKJIETHOBI
KHUCJIOTH, MOJIicaxapuan);

- Wwimy4Hi — CUHTE€30BaHl Ha OCHOBI NMPUPOJHUX MOJIMEPIB (B OCHOBHOMY II€
MOX1JTHI IETI0JI03U: LETYJI01/, aleTaTIeNt0103a, HITPOIIEII0I03a);

- CuHmemuyHi — TIONIMEPU, OTPUMaHI B JaOOpPATOPHUX YMOBax (KampoH,
MOJIIETUJIEH, TIOJIyPETaH Ta 1H.)

CuHTEeTUYH] TOJIMEpHI MaTepialid 3HaXOJsATh IIUPOKE 3aCTOCYBaHHS B
MEJUIMHI, 30KpeMa B XIpypridHii MPaKTHIIl SIK €KBIBaJICHTH PI3HUX OPraHiB 1 TKAHUH,
KICTOK, CYIJIOO1B; B SIKOCTI 3aMIHHHUKIB KPOBI, IUIa3MHU KpOBI; MPU KOHCTPYIOBaHHI
anapariB IITYYHOI HUPKH, IE€YIHKH, CEPLS.

3 TOYKH 30py B3aeMoali 3 OIOJOTIYHMMH CEPEAOBHIIAMH, CHUHTETHYHI

Marepiajii, 10 3aCTOCOBYIOThCS B MEIUIIMHI, MOXKHA PO3JAUIATA Ha JB1 TPYIH:
Oiopo3cMOKMYIOUI 1 OI0CYMICHI.

biopozcmokmyroui wmatepianu 31aTHI JIEIKUW Yac BHUKOHYBAaTH (YHKIII
BTpPAYCHUX TKAHWH, MMOTIM BOHH MOCTYTOBO PO3CIIOIOTHCS 1 BUBOISTHCS 3 OpPraHi3My.
JIist mpoTe3yBaHHS BHYTPIIIHIX OpPraHiB BUKOPHUCTOBYIOThCS OiocyMicHi MaTepiaiu,
K1 3QJIMIIAIOTHCS B OpPraHi3Mi JIIOAUHU A0 KiHUA ii )KuTTs. BoHu, nmepeOyBarouu B
MOCTIMHOMY  KOHTakTi 3  KpOB'IO, TOBUHHI  OyTH  cemocymicHumu 1
mpombope3icmeHmHUMU.

bionoaimepu — 11e BUCOKOMOJICKYJISIPHI PEYOBHHH, 10 3a0€3MEUYIOTh
KUTTETISUIBHICTD KUBUX CUCTEM. J[0 TaKMX HAJIEKATh: O1IKU, HYKJIETHOBI KUCJIOTH
(JIHK 1 PHK), momicaxapuau — 11e1105103a, KpOXMaJlb, TIIKOTEH.

OcHoBHI (YHKINT 01000JIMEPIB B OPraHi3Mi:

v’ Katami3yioTh (()epMEeHTH) i pEryIro0Th (TOPMOHH) GiOXIMIYHI peaKilii;

v 30epiraroTh 1 mepenarTs renetnyny iHpopmariro (JJHK);
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v € PE3ePBHUMHU MOKUBHUMH PEYOBUHAMU (KPOXMalb, TTIKOTEH);
v IparOTh 3aXUCHY (QHTUTEHHI MOJIMEpH, IIYKOP), CTPYKTYPHY 1 OMOPHY

(komareH, KepaTHH) POJTI.

CTpyKTypa NpupoAHMX MoJdiMepiB
binku (npomeinu, noninenmiiou) — BACOKOMOJIEKYJISIPHI OpTaHiuHI pEYOBUHH,
10 CKJIAJAIOThCA 3 0.-aMIHOKHUCIIOT, 3'€IHAHUX B JIAHLIOKOK MENTUIHUM 3B'si3K0M. B
KUBUX OpraHi3Max aMiHOKHCIOTHUN CKJIaJ OlIKIB BU3HAYAETHCS TEHETUYHUM KOJIOM.
IIpu cuHTeE31 O1IKIB B OLIBIIOCTI BUITQJIKIB BUKOPHUCTOBYEThCS 20 CTaHIapTHUX
aMIHOKHUCIOT. be3niy iX koMOiHAIli CTBOPIOIOTH MOJIEKYJH O1IKIB 3 BEJIUKOIO
PI3HOMAaHITHICTIO BIACTUBOCTEM.

CtpykTypa OLIKIB:

Ilepeéunna cmpykmypa sBnsic coOOI0 MOCIIIOBHE YepPTyBaHHS aMIHOKHCIIOTHUX
3auikiB y mnomnentuaHomy Jadmo3i (IITIJI). OcHOBHOIO XapakTEpUCTHKOI €
HETTUIHUH 3B'S30K, 10 YTBOPIOETHCS IIPU B3a€EMO/IIT (L-aMIHO- 1 Oi-KapOOKCHIIBHUX TPy
aMIHOKHUCIOT (puc. 1).

Bmopunna — o00yMOBI€Ha YTBOPEHHAM BOJHEBUX 3B'SI3KIB, JIOHOPHO-
aKLENTOPHUX 3B'SI3KIB MK ()parMeHTaMH MEPBUHHOI CTPYKTYpH, 10 MPU3BOAATH 10
YTBOPEHHS CKJIAJIHUX CHIpaJICTIOAIOHNX MTPOCTOPOBUX KOH(DIryparriii.

Tpemunna cTpykTypa — TPUBHMIpHA, OOYMOBIJIEHA PO3MIIIEHHSIM B MPOCTOPI
CHIpayIeTONIOHNX TOJIMENTUIHAX JIAHIIOKKIB 3 YTBOPEHHSM TJIOOYJsIpHUX abo
(G16prIIApHUX OLTKOBUX MOJIEKYJI.

Yemeepmunna CTPYKTypa — TIPOCTOPOBE PO3TAlIyBaHHS  JEKUIBKOX

MOINENTHIHUX JTAHITIOKKIB, Y IKUX BXKE € TPETHHHA CTPYKTYpA.
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mpemuHnna cmpykmypa yemeepmMuHHa CIMPYKMypa

Boenexmpuyunuii cman o0i1Ka

biiku € HaWBaXXIMBIIMMHU MpeAcTaBHUKaMH TnoJienektpoiitie. lle BMC,

S,HaTHi B p03‘-II/IHi I[HCOI_[iIOBaTPI 3 YTBOPCHHAM BUCOKOMOJICKYJISIPHOI'O 10Ha 3a PaxXyHOK

aM(OTEpHUX BJIACTUBOCTEH aMIHOKHUCIIOT.

Ski1o B 3arajibHOMY BUTJISIAL 3anucaTi Gopmyiry OlIKa K
NH>-R-COQOH, mo 6 kucromy cepedosuwyi npucrivena ionizayis KapOOKCUIbHUX 2pyn

[ 610K NOBOOUMBCSL SIK CLAOKA OCHOBA .

NH; - R - COOH + HY — NH5'— R -COOH
Mornekyna rpu 1iboMy Ha0yBa€ MO3UTUBHUHN 3apsiy (KaTioHHA hopma OiTKa).

YV nyoricnomy cepedosuwyi 6inok no8ooumuscs sk ciabka KUCioma.

NH:- R -COOH + OH" — NH:- R -COO" + H.0
Mounekyna npu iboOMy Ha0yBa€ HEraTUBHUI 3apsi (aHIOHHA opmMa O1IKa).

TakuM 4MHOM, SIK B KUCJIIOMY, TaK 1 B JIY?)KHOMY CEpPEIOBHUII MOJEKYIU OUIKY
BOJIOJIIFOTh HECKOMIIEHCOBAHUM 3apsiioM pi3HOTO 3Haka. Perymoroun pH GinkoBoro
pPO34YMHY, MOXHa JOMOTTHUCS TICPEBENCHHS OUIKY B i30€1eKMpPUYHUI CMAH, TIPU

SAKOMY MOT0O MO3UTUBHI 1 HETATUBHI 3apsiid B3aEMHO CKOMIIEHCOBAHI.
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YMOBHO MOJIeKYJTy O1J1Ka B 130€JIEKTPUUYHOMY CTaH1 MOKHA 300pa3uTH:
NHs;*— R -COO"

I3oenexmpuuna mouxa 6inka (IET) — ne 3nauenHs pH, npu sikomy OiIOK
NEPEXOAUTh B 130€JIEKTPUYHUN CTaH, TOOTO Ha MOBEPXHI OlIKa BUHMKAE OJHAKOBA
KUTBKICTh TIO3UTHUBHUX 1 HETATUBHUX 3apSAIiB 1 CyMa €IESKTPUIHUX 3apsiB TOPIBHIOE
HYJTIO.

Taxk sk OLIOK 3a3BHYail € OUIBII CHJILHOIO KUCIIOTOI, HI’K OCHOBOIO, TO Horo IET
nexutb npu pH < 7. [Hakme kaxydu, A JOCATHEHHS 130€JIEKTPUYHOTO CTaHy B
PO34KHI TOBUHEH NepeOyBaTH ACSIKUM HAITUIITIOK KUCJIOTH JUIsl PUTHIYCHHS 10H13a1i1
kucioTHUX Tpyn. Tak sx B IET 4ncino 10HI30BaHMX OCHOBHHMX 1 KHCIOTHUX IpyIl
OJIHAKOBO, THYYKa MaKpOMOJIEKYyJa 3ropTaeThes B KiryOok. I[lpu npomy BigOyBaeThCs
BUTICHEHHSI COJIbBATOBAHUX PO3UMHHUKIB, 1 O1JIKOBA CIIOJIyKa BUIIAIA€ B OCA/I.

[IpakTHyHO BCl BJIACTUBOCTI PO3YMHIB OLIKIB MPOXOJASTh YEpPE3 EKCTPEMabH1
3HAUYCHHS B 130€JIEKTPUYHOMY CTaHi: OLIOK Ma€ HaWMEHIIy pPO3YHMHHICTH, JETKO
BUIIAJIa€ B OCAaJl, PO3YMHU HOTO MEHII B'si3ki. Takuil cTaH crpusie pyWHYBaHHIO 1

JIeHaTyparli.

IET Ouika € oro BaXXJIMBOIO XapaKTEPUCTUKOIO. [i BU3BHAYAIOTH 33 JOIIOMOTOIO
NesaKuX (PI3MKO-XIMIYHUX METO/IIB, 3aCHOBAHUX Ha TAKUX SBUIIAX, IK: e1eKmpoghopes,

6UCOJIIO6AHHA, 2€/1€YyMBOPEHHA, Haﬁyxamm.

Posuunu BMC i ix énacmueocmi

HaiiBasxnusimoro BiactuBicTio BMC € iX 31aTHICTh YTBOPIOBATHU K CIIPaBXKHI,
TakK 1 KOJOIHI pO3YMHU. XapaKTep PO3UMHY 3aJIeKUTh Bl criopigHeHocti BMC no
PO3UMHHUKA. Y PO3YMHHHUKAX, MOJIAPHICTh SIKMX 30iraetbca 3 nosspHicTio BMC,
BIIOYBAETHCS CIPABKHE PO3UMHEHHA 3 YTBOPEHHAM MOJIEKYJISIPHUX PO3YUHIB
(kenmatuHy abo arap-arapy y BOjl, Kayyyk y OeH3eHi). Y pa3i HEBIANOBIIHOCTI
noJisipHOCTI po3unHHUKa 1 BMC yTBOprOIoThCS 30711 (200 nucnepceii).

Bracnigok Benwkoi pi3HHUIN B MBUAKOCTI audysii makpomonexkyn BMC i

HU3BKOMOJIEKYJIipHOro po3unHHuka (HMP) npouecy po3uMHEHHS, SIK MPaBUIIO,
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nepenye HabyXxaHHs — IPOIEC MPOHUKHEHHS PO3UYMHHUKA Y TIOJIMEPHY PEUOBUHY, SKE
CYIPOBOJIKYETHCS 301IBIIIEHHSAM 00CATY 1 Macu HOTo 3pa3Ka.

KinpKiCHOIO XapaKTepUCTUKOIO HAOyXaHHS € CTyiHb HA0OyXaHHS:

m-m V-V
a= 9.100% a6o a= 9
my Vo

+100% ,

JIe Mo 1 M — maca 3pa3ka J1o Ta micisg HaOyxaHHs, Vo 1 V — o0csr 3pa3ka j0 Ta
micist HaOyXaHHS BIJOBIIHO.
[TpruuHOIO HAOyXaHHS € HE POCTe MexaHiuHe npoHnkHeHHst HMP B moposkHeul
BMC, a mixMonexkysspHa B3a€MOis MDK HUMH M Ai€lo (akrtopa conbBaTaii
MakpoMoJiekyJI. J[okas KomoigHO-XiMIYHOI (2 He (i3WYHO1) MPUPOAU ITHOTO MPOIECY —
BUJIUICHHS TETUIOTH HAOyXaHHS 1 3MEHIIIEHHS 3araJIbHOT0 00CATY CUCTEMH — KOHTPAKIIIS.
Tomy nponiec HaOyXaHHS 3aBKIAU celU(IUHUE: ojiMep HaOyXae He B OyAb-IKOMY, a
JUIIE B «JI00pOMY» PO3UMHHHKY, 3 SKUM BIH B3aemojie. s B3aemonisi mos's3ana 3
MOJISIPHICTIO: MOJISIPHI TIOJTIMEpU Ha0yXaroTh B MOJIIPHUX PO3YMHHUKAX (OUIKH y BOJII), a
HEMNOJISIPHI — B HEMOJIPHUX (Kay4dyK B OCH3€EHI).

[Tpu po3unHEeHH1 NOJIMEpPy MOKHA BUIUIMTHU KiIbKa cTaii (puc. 2):

3 J r 3 2 ¢ ~ J r ~ 4 ¢
= - Satef S e v~
<8

\H\

, sigs o

NN S
Y% H«( \\\\\

Puc. 2. Eranu nabyxanus (1 — monekynu HMP; ¢ — monexynun BMC)

[Tepexin 1 — 2 cynpoBoKy€eTbes BUAIIEHHIM TEII0TH (AH 6 < 0) BHACTITOK
conbBatarlii mosniekylm BMC. Entpomist 3MiHioeTscsi He3HauHO (ASi12 = 0), 1 3MiHa
eneprii ['100ca Ha 1bOMy eTani HaOyXaHHS BU3HAYAETHCS CHTAIBIIIMHUM YJICHOM:

AG12 = AHu06< 0

[lepexin 2 — 3, MmO MpeACTaBiig€ COOOK TOYATKOBUM €Tam PO3MOJLTY
MaKpOMOJIEKYJI TI0O BCbOMY 00'€eMy pPO3UMHHHMKA, XapPaKTEPU3YETHCS 3POCTAHHIM
entporii cuctemu (AS, 3 > () BHACTIIOK PO3MYIIEHHS MOJIMEPHOI CITKH 1 4aCTKOBOTO

3BUIBHEHHS MOJIIMEPHUX MOJIEKYJI IPU PO3UMHEHHI.
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EnTanemis cucreMu mpu 11boMy 3MiHIO€ThCA He3HauHO (AH»3 = 0), 1 3MiHa

eHeprii ['160ca Ha IbOMY €Tali BU3HAYAETHCS CHTPOIIMHOIO CKJIaI0BOIO:
AG23=—TAS>3<0.

[lepexin 3—4 (3aBepiiadbHUM €Tanm OCBITH romMoreHHoro pozunHy BMC B
pe3yibTaTi PO3MOJUTY BCIX MAaKPOMOJEKYJT B PO3UYMHHUKY) XapaKTepU3y€EThCS
3HaYHUM 3pOCTaHHSAM eHTpomii (4834 >> 0), a eHTanbmis CUCTEMHU MPAKTHYHO HE
3MmiHIOeThCA (AH34 = 0), Tak K He BiIOYBAEThCS PO3PUBY CTAPUX 1 YTBOPEHHS HOBUX
3B'SI3KIB.

3rilH0 3 KaHOHAMU TEpMOJMHAMIKU eHepris ['160ca mporecy HaOyxaHHS 1
PO3YMHEHHS MOJIIMEPY B LIJIOMY JOPIBHIOE CyMi eHepriid ['100ca mpoMi>XKHUX €eTalliB
(ananor 3akony I'ecca):

AGposu =AG12 + AG23 + AG3a.

3anexHo Bix npupoau BMP, lioro OyaoBH 1 IpupoaAr PO3YMHHUKA HAOYXaHHS
MOXXe OyTH oOMmedxrcenum, TOOTO 3aKIHUYBATHCS Ha CTalii €IaCTUYHOTO CTYJHIO.
Hampukiaz, oOMexxeHo HaOyxae *KelaThH y BOJI1 IPU KIMHATHIN TeMnepaTypi He BUIIE
30°C; ananoriuno el nporec NpoTIiKae i A1 arap-arapy.

Heoomesrxcene naopaxanmnsa (TpeTs CTajlig), MO CIOCTEPITA€ThCS B Pl
CUCTEM, 3aKIHUYETHhCS YTBOPECHHSIM ICTHHHOTO PO3YHMHY MOJICKYJIIPHOTO CTYIIEHS
nucriepcHocTi. Tak HaOyxae xeJaTUH y Tapsadii BOJ1, 1EJIF0JI03a B alleTOHI Ta 1H.

Po3uunu BMC — ye 2o0mozenHi, mepmoouHamiuHo CmitlKi cucmemu.

Ha npouec nabpaxaumns 6iononimepie 6niusae 0e3niy pIZHUX YUHHUKIG.

Temrneparypa, pH cepenoBuiia, HasBHICTh €ICKTPOMITIB Ta 1H. HaliMeHIuH CTYIIHb
HaOyXaHHs JUIsl HUX criocTepiraeThest B oomacti [ET.

[Iporrec HaOyXxaHHS B 3aKPUTHX CHCTEMaX CYNPOBODKYETHCS YTBOPCHHIM
BUCOKHMX THUCKIB, TPH MPOPOCTAHHI HACIHHS THUCK HaOyXaHHS pO3pHUBAE MIIlHI
000JIOHKH; KOPIHHS POCIUH PYHHYIOTh T1pChbKI TOPOAM; JIJISl pO3UJICHYBaHHS dyeperna
1€ B CTapOaBHI YaCH BUKOPUCTOBYBAIN HAOyXaHHS 1 MPOPOCTAHHS TOPOXY.

[Iporiecu HaOyxaHHS PI3HUX OPraHiB 1 TKAHWH OPraHi3My (HAOPSKH JICTCHIB,
TOJIOBHOTO MO3KYy) CIIOCTEpITalOThCS MPU YUCICHHUX IMaTOJOTIYHMX CTaHax.
Hampuknan, waOpsikaHHS CHIH30BUX OOOJOHOK TIPH  aJepriyHuX 1 3amajibHUX

3aXBOPIOBAHHSIX.
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VY di3ionorii oprani3miB MpoIrecd HaOyXaHHS TpaloTh BaXKIUBY poJib. bararo
KOMITOHEHTIB OpraHi3My B TrejienoiOHOMY CTaHI 3HAaXOASAThCS BHACIIJIOK IPOIIECY
HaOyxaHHs. SIKIIO PeryJsllis BOJHOTO OallaHCy OpPraHi3My B LIJIOMY 3A1HCHIOETHCS
HUPKaMU, TO CIOJyYHa TKaHUHA CIIYKUTh PETYJISITOPOM BOJHOTO OOMIHY Mk KPOB'IO
1 ximiTuHaMu. L TkaHWHA € CBOEPITHUM JIETIO JJI HAJJTUIIKY BOJU B OpraHi3Mi

CroyaTky po3YMHH MOJTIMEPIB PO3TIISAANIM K KOJOiJHI PO3YHHU Yepe3
CXOXICTh JCSKHX BIACTUBOCTEH (PO3UYMHU MaKPOMOJIEKYJI B MOPIBHSAHHI 3 PO3MIpaMHU
KOJIOTTHUX YaCTHHOK, epexT Tunaans, ynopinpbHeHa 1udy3is, TAKCOTPOITIA 1 1H.).

Monexyau BMC 1 K01011H1 YaCTUHKHU CKJIAJal0ThCs 3 6araTboX THCSY aTOMIB.
M MOSCHIOETBHCS CXOXICTh JeAakux BiacTuBocTed BMC 1 KOJOITHUX pPO3UYUHIB,
OJIHaK € ¥ 1CTOTHI BiAMIHHOCTI. Po3unan BMC panimie BiZHOCHIM 10 KOJOITHUX
CUCTEM, Ha3UBAIOYH iX J1OGUILHUMHU Kojoinamu. Jlesiki BnactuBocTi po3unHisB BMC
aHAJIOT14H1 BJIACTUBOCTSIM 30JI1B:

- CBOEPIAHUH TEIIOBUN PYX, aHAJIOTTYHHUI OPOYHIBCHKOMY;

- MaJTi MBUAKOCTI TUy3ii;

- MAaKpOMOJIEKYJIA HE TPOXOIATh YEPE3 TBAPUHHI Ta POCIMHHI MEMOpaHH, TaK
SK HE J1a13yI0Th;

- MaJia BeJTUYMHA OCMOTHYHOTO THUCKY;

- OLIBII MOBUIBHE MPOTIKAHHA (PI3UYHUX 1 XIMIYHUX MPOLECIB;

- M1JIBUIIICHE TTPArHEHHS 10 YTBOPEHHS PI3HUX MOJICKYJIIPHUX KOMIUIEKCIB;

- 3IaTHICTh KOAryJIIOBATH 1 MENTI3yBAaTUCA 1] BILTABOM 30BHIIIHIX (PAKTOPIB.

Omnak po3unar BMC maroTh 1 cBO1 crienmdiuHi BIACTHBOCTI. 3aBISKH BEIUKIH

MoJeKyIapHiii Maci BMC HenmeTki i He 37aTHi 70 MEPEroHKH. IX MONEKyIH I
BIUTMBOM Pi3HUX (PAKTOPIB MOPIBHSHO JIETKO PO3IIEIUIIOIOTHCS, 1110 HNPU3BOAUTH 10
3MIHH BJIACTHBOCTEH MOIMEPY:

- BOHM uepe3 CTajlil0 HaOyxaHHS yTBOPIOIOTH ICTUHHI po3yuHU. OcTaHHE
JI03BOJTHJIO HUHI BITHOCUTH JIIO(M1IIbHI KOJIOIMH IO ICTHHHUX PO3YHHIB;

- po3urHd BMC MaroTh BUCOKY B'SI3KICTb 1 3/1aTHI JIETKO JKeJaTHHI3yBaTHCS;

- 31 3MIHOIO TeMIIepaTypH, TUCKY 1 KOHUEHTpallii B HUX 3A1HCHIOIOTHCS
3BOPOTHI TIPOIIECH;

- BUCOKHH CTYIIHb CTIMKOCTI pO34uHIB 0€3 BBEACHHS cTabui3aTopa.
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JlerkicTh po34MHEHHsI O1IBIIIOCTI 010MOIMEPIB 1 CTIMKICTh PO3UYMHIB MOB'sI3aHa
3 HaAsABHICTIO B X CTPYKTYpl BEJIUKOro 4YHciaa JoQiIbHUX Tpyn (TiApoduIbHICTh
00yMOBJIEHa CHOPIAHEHICTIO 10 BojAM). HuMH MOXYyTh OyTH TUCOLIIOI0Yi 10HOTE€HH1
TpyIIH:

-COOH, -COONa, -NH30H, -NHsCl,
a00 He TUCOLIIOI0Y1 MOJSIPHI TPYTIH:
—Cc— —C—H —CH,;~ —C—NH
S

[TonspHi Tpynmu NOPUTATYIOTH MOJIEKYJW BOJM, SKi YTBOPIOIOTH OIS
Makpomoltiekyl BMC wmaiike cyiiibHy BOJHY 000JIOHKY. BcTanoBieHo, 1o ogHa
KapOOKCHIIbHA TPYTa yTPUMY€E YOTUPH MOJIEKYJIM BOAW. MEHII MONSAPHI 3aMiCHUKH,

taki ik OH, -NH; — Tpu Monekynu Boau. s rigpararii 6ika HaiO1IbIIe 3HAYCHHS

MaroTh MENTUHI 3B'A3KH, 33 PaXYHOK SIKUX MOB'SI3y€ThCs 2/3 BCI€l rigpaTaiiiiHoi BOAM.

Cmiiikicms po3uunie BMC. Ocaodycenns 0inkis

Pozunan BMC € kiHeTM4HO (CeAUMEHTAliiiHO)  cTiikumu. [lpu
IEeHTpU(yryBaHHI BOHHM  OCIJIalOTh 31 IIBHJAKOCTSIMH, HPOMOPUIMHUMHU  iX
MOJIEKYJIAPHINA Macl, 10 JAa€ MOKJIUBICTb PO3AUIITH 0araTto OIJIKOBUX CYMIILIEH.

Jnst po3unHiB OiomodiMepiB HE XapaKTEpHE SBHILE KOaryJssuli, ane 3a
JIOTIOMOTOI0 COJIeH OUIKM MOHAa BHJUTATH 3 CUCTeMH. Takuil mporec Ha3uBa€ThCA
BUCONIO6AHHAM — 3HATTS TinpaTHOI OOOJOHKM ©0e3 BTpatu TriaApoPoOHOCTI,
J0JIaBaHHSIM  BOJI03a0Mparoyux 3aco0iB (€TaHOJ, aleToOH), a TaKOX aKTHUBHO
rigparupyrouix ioHiB cunbHUX enekTpoiTiB (NaCl, NH4Cl, Na;SO4, (NH4)2SO04 1 T. 11).
Jlesiki 3 HUX MPOSIBISAIOTH IMapajielibHO 1 JAEHATypyrody Ait0. 3aCTOCOBYIOYHM COJII B
PI3HHX KOHIIEHTpAIlisIX, MOKHA BHUCOJIIOBaTH OKpeMi dpakiiii Oinka. Hampukian,
anpOyminn (MoJiekysispHa maca — 60000) BHCONIOIOTBCS HACHYECHUM PO3UHMHOM
(NH,)2SO4. Binku, ocamkeni (NHy)2SO4, Maike He MiaIa0ThCs TeHATYPaLlii.

Enextponitu nitore Ha po3unHnu BMC He 3a nmpaBuiom Ilyabue-T'apnai.
Bucostoroua ist €1eKTpOIIITIB 3JIKUTH HE TaK BiJ] 3apsiAy 10Ha, SIK BiJl HOTO 34aTHOCTI
1o rigpatamii. ['opmelicrep BCTaHOBUB HACTYIIHY MOCIHIIOBHICTh BHUCATIOBAIBHOT i

AH10HIB:
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S04 > F > CH3COO > ClI'>NOs > Br > 1"> CNS
lonwu, sKi1 po3TarioBaHi JiBIlIE XJOPY, CIPUSIIOTH 3HATTIO T1APATHOI 00OJIOHKH,
a mpasille — HaBMakW, aacopOyrounch Ha yacTHHKax BMC, mpuHOCATH 3 00010
JOJIATKOBY BOAY 1 301IBIIYIOTH 3apsii, TUM CaMHUM IT1IBUIIYIOYH CTIHKICTh PO3YHHIB
BHCOKOMOJICKYJISIPHUX CIIOJTYK.

B IET BucomroBanHs O1IKiB BiOyBa€eThcs Halte(heKTUBHIIIE (11€ OJIUH 13 CITOCO01B
Bu3HaueHHs IET).

Tak sik CTIMKICTh OIIKOBUX PO3YMHIB 3a0€3MeUy€eThCs HAABHICTIO 3apsiay Ha iX
MOJIEKYJI1 1 BEJIMKOIO T1IpaTHOI OO0JIOHKOIO, 3HATTS 3apsay 1 Mo30aBiIeHHS TiapaTHOL
000JIOHKH MPU3BOJUTH JI0 P13KOTO MAIHHS CTIHKOCTI.

3MiHa CTPYKTypH MAaKpOMOJEKYJId B MakporjaoOymi, jae riapoduibHi
yIPYMHOBaHHS CTAalOTh 3BEPHEHUMHU BCepeAUHY (paHillle — Ha30BHI1), IPU3BOJUThH HE
TUIBKH JI0 BTPATH TiApOo(UIBHOCTI, aje i 10 3MIHU PO3UYUHHOCTI, PEaKIIIHOI 3[aTHOCTI
Ta 1HIIUX O010JIOTIYHUX BIACTUBOCTEH. B 1boMy BHMaAKy BiAOYBa€ThCS AeHATYpallis
Olnka, 3a3BUYail CyNpOBOKYETHCS PO3PUBOM JICSIKUX 3B'SI3KIB B MOr0 MOJIEKYII.

He3HnauHi nmopyleHHs: B CTPYKTYpl OlIKa BUKJIMKAIOTh OOOPOTHIO JAEHATypallilo, sgKa

IpU 3HATTI BIUIMBY IMPU3BOJUTH JO BIJHOBJICHHS HATHMBHHUX BJIACTUBOCTEH OLIKa.
CuibHIIIUY 1 TPUBAJIMK BIUIMB NPU3BOUTH J0 HEOOOPOTHOI IeHaTypallii (Hanpukiai,
Il TEeMIlepaTypH, EJIEKTPOJITIB, yJIbTpadioIeTOBUX MPOMEHIB, YIbTPa3BYKOBUX
XBWJIb, 10HI3YIOYOi pajiaiii, MpU KHUII'ATIHHI sS€4yHOTO Ol/ika, 3aMOpOKYyBaHHI,
PO3MOpPOXKYBaHHI Ta iH.).

VY pozunnax BMC wmoxe BigOyBatucs koauepeauia — 3ITUTTS TiAPATHUX
00010HOK 0€3 00'emHaHHS MakKpoMoJIeKyn (npoyec obopomuuii). Ilpu 3MiHI yMOB

KOallepBaTHI Kparuli 3HUKAIOTh 1 cUcTeMa cTae ogHodazHoto (puc. 3).
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Bracmueocmi 2enie i opaznie. Tuxcomponisn. Cunepesuc

30amuicmy  nojaimepy 00 He380pomHOI  Oepopmauyii  Hazusearomo
naacmuunicmio. HeoOopotHy nedopmariito, sSka TMOISITaE B TOCTYIIOBOMY
MePEMIIIICHH] JIAHITIOT1B OKPEMUMHU JIJISHKAaMU BIAHOCHO OJMH OJHOTO, Ha3UBAIOTh
n1acmuyHol0 meuicto (mexyuicme).

3a Takoro nepediry NopymnryroThCsl MiXKMOJICKYJISIPHI 3B'sI3KH MIXK JIAHITFOTAMH.
Pozunnu BMC 1 3051 6aratbox riipooOHUX KOJOiAIB MPU MEBHUX YMOBaX MOXYThb
BTPATHUTHU TUIMHHICTb, IEPETBOPIOIOYHCH B PATII 1 TeJIi.

TI'enamu Ha3UBAIOTh CUCTEMH, IO BTPATUIIU TEKYYICTh 32 PaXyHOK YTBOPEHHS
HOBUX BHYTPILIHIX CTPYKTYD.

['esti MOXyTh OYyTH NPUPOJTHUMH 1 IITYYHUMH, OPTaHIYHUMHU 1 HEOPTaHIYHUMU.
Ilpupoonumu € UTOIIa3Ma KIIITHUH, WIKipa, KPUINTAIUK OKa 1 T. A. [lImyuni reni 1
CTYJIHI MOKHA IIPUTOTYBaTH 3 arap-arapy, >KeJaTUHYy, TyMHU Ta 1H. ['eal culiKaTHOi
KHUCIIOTH YTBOPIOIOTH MPUPOJIHI MIHEPAIH — OMaJl, arar 1 iH. JKuBi opranizmu siBJISIOTh
co0010 reni pi3HOro CTyNeHs 0BOJHEHHS (T110 Meay3u Mae 10 90% Boau). Y TBOpeHHs
reliB 1 CTYJHIB € OJTHUM 3 LIKaBUX BJIACTUBOCTEH CHCTEMH 3 PIIKMM JHUCIIEPCIAHUM
CEpEIOBUILIEM.

['enti oTpUMYIOTH 200 JKeJaTUHYBAaHHSA 30J11B ACSKUX (popM, a00 HAOpsSKaHHSIM
Kceporesnei (CyXux reiB).

VY pasi xkenaTuHyBaHHS M1 YaCTUHKaMHU BCTaHOBIIIOIOTHCS CIa0Ki 3B'SI3KH, B
OCHOBHOMY MIXMOJIEKYJISIpHI cuiii Ban-nep-Baanbca. [Ipoliec yrBopeHHs Apariis, Ha
BIJIMIHY BiJl T€JICyTBOPEHHS, HE CYIIPOBO/IKY€ETHCS BCTAHOBJICHHSIM HOBHX 3B'SI3KIB.

[IBUAKICTH ITUX TPOLECIB 3aJICKUTH BiJl KOHIICHTPAIII] 1 IPUPOIU PEUOBHHH,
TeMIIepaTypH, 4acy, popMU 4YaCTUHOK, HAIBHOCTI eJIeKTpoiTy, pH cepegoBuia Ta iH.

Jlpazni — cucteMHu TOJIIMEP-PO3YMHHHK, IO XapPaKTEPHU3YIOTHCA BEITUKUMHU
3BOPOTHUMU AePOpMallisIMU TIPU MPAKTUYHO MOBHIM BIZICYTHOCTI B'SI3KO1 TeYii.

Jlpazni — zomozenna cuctema, mo ckianaerscs 3 BMC 1 po3unnanuka. [Ipu
YTBOPEHHI JIpariiiB M) MaKpOMOJICKYJIaMHU MOJIIMEPY BUHUKAIOTh MOJICKYJISIPHI CUJIH
3YEIUICHHS, 0 MNPHU3BOAATH O YTBOPEHHS MPOCTOPOBOTO CITYACTOTO Kapkaca,

OCEPEIKH SKOTO 3allOBHEHI PIKUM PO3YMHOM a00 PO3ZUYUHHUKOM.
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CTpykTypHa TpaTka B JApariisiX BHACHIAOK [MOIVIMHAHHS JUCHEPCIHHOrOo
cepe/IoBUIAa 1 MPOHUKHEHHS ii B IMOPOXKHEUl CTa€ JIMINE OLIbII PO3TATHYTOI, aje
KOBAJICHTHI 3B'SI3KH, K1 YTBOPUJIN TaKy PEIIITKY, 3aJIUIIAI0THCS.

/Jlpacni  mepeBaXHO  YTBOPIOIOTHCS ~ BHUCOKOMOJIMEpAMHU 13  THYYKHMU
MaKpOMOJIEKyJIaMH. 3aBJIIKH THYYKOCTI TPOCTOPOBOI CITKH Aparii Ipyu BUCYIIYBaHHI
JeTKO AeQOpMY€ThCS, CTUCKAETHCA, TaK IO MOXHA BHCYIIYBaHHSM OTpPUMATH
aOCOJIFOTHO CYXUH ToJIIMEp, SKUH 30epirae eaacTU4YHICTh. BiH 3HOBY 3aaTHUI
HaOyxaTH y BIAMOBITHOMY po34MHHUKY. [Iporiec o6epHeHil, 1 Moxke OyTH TOBTOPEHHIA
HEOJIHOPA30Bo.

Hparni B KJIITHHAX — 30BHINIHI [IApU LUTOIJIA3MHU, & B OpraHi3aMi — MO30K,
HIKIpa, Xpsl, O4He S0JIyKO.

Ha Bigminy Bix apariiB, 2ei — 1€ 1BO(ha3H1 reTeporeHHi CUCTEMH, YTBOPEHI 3
BHCOKOTMOJIIMEPIB 3 JKOPCTKUMHU MaKpOMOJIeKyaaMu a0o0 3 110hoOHUX 30J11B. 3aBISKH
KOPCTKOCTI YAaCTUHOK 1 BCHOIO Kapkaca Trelll0 Horo o0cAr Npu BHCYUIYBaHHI
CKOpPOUY€EThCS TMOPIBHSAHO HeOarato. Y MIpy BIJJAJICHHS PO3YMHHUKA —
MaKpOMOJIEKYJIM 30JMKYIOTbCS, ajleé MO0 MEBHOI MeXl 4Yepe3 BEJIHKUH YKOPCTKOCTI.
[TocTynoBO po3YMHHUK B OCEPEKaX 3aMIHIOETHCS TOBITPSAM, MIiCIIS YOTO 3aIUIIAETHCS
MopucTa Maca, fKa TMPOHHW3aHA HAWTOHIIMMHU KamIsgpamMu 1 TOPOXKHUHAMH,
3alIOBHEHUMHU TMOBITPSIM — TBEp/a MiHa.

[Ticnst BUCYITyBaHHS rejli BTpavyaroTh 3JaTHICTh 3HOBY YTBOPIOBATU PO3UYWHH,
TOOTO € HE3BOPOTHUMU CUCTEMaMH. J{0 TelliB BITHOCATHCS P13H1 MOPUCTI 1 10HOOOMIHHI
a7cOpOeHTH (CUJTIKarems), yabTpaguIbTpu, ITYYHI MEMOpaHH.

Asuwe nparmoBaHHS TOAIOHO KOAryJmsilli, 1 BCl YAHHHUKH, 110 3YMOBIIOIOTH
KOAryJjsiiio, Tak caMmo JAII0Th 1 NpH AparitoBaHHI. Bix 3BuYaiiHOT Koarymsiii BiH
BIJPI3HAETHCS TUM, IO TYT HE YTBOPIOETHCS OCaJy YAaCTMHOK KOJIOiAY, a BCS Maca
KOJIOiJly, MOB'SI3yI0YM PO3YMHHUK, NMEPEXOAUTh HAa CBOEPIIHUNA HAMIBPIAKUN CTaH,
HaOyBaIOUM PU LBOMY J€sIKI BIACTUBOCTI TBEPIUX TLJI.

CyTTeBe 3HaYCHHS JUIs 3aCTUTaHHSI 00 TeJICYTBOPEHHS MAa€ npupooa pedosuHu,
AK T1ApooOHMUX 30J11B, TaK 1 po34nHIB nonimepiB. He Bci riipodoOHI 3011 MOKYTh
MIEPEXOIUTH B Telll; TaK, HAIPHKJIAM, 30J11 0JaropoaHuUX MeTajiB (30J10Ta, MIATHHH,

cpibyiia) He 37aTHI 3aCTYJIHIBAaTH, IO TOSICHIOETHCS CBOEPITHOK OYJOBOIO ITUX
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KOJIOTTHUX YACTUHOK 1 HU3bKOIO KOHIIEHTpAIII€T0 1X 30411B. [Ipu 3acTyaHEeHHI oA1Ty Ha
¢da3u He BiI0YBAETHCS, TOMY 1110 PO3YMHHHUK PA30M 3 JUCHEPCHOIO (ha3010 CTAHOBUTH
OJIHE IIiJIe — resth a00 apari.

["eui i BIDTMBOM MEXaHIYHO1 J11 pO3p1KYIOThCS 1 IEPEXOATh B 3011, a B CTaH1
CIIOKOIO 3HOBY MEPEXOATh B Aparii. Takuil mpoiiec € eK30TepMIYHUM 1 HA3UBAETHCS
MUKCOMPORNIEN).

3romomM 1 Temi, 1 CTyJHI CaMOYMHHO BTPAayalOTh CBOi BIACTHUBOCTI —
BiJI0YBA€ThCS MPOIIEC CTapiHHA — MO refo abo apariio Ha ABi ¢as3u. Lleit mpouec
OTpUMAaB Ha3BY CUHEPE3UC) .

['enb 3MeHIyeThes B 00'eMi, 30epirae popmy 1 BTpadae Mpo30picThb.

[Ipu crapiHHi TeliB 1 ApariiB CTPYKTYpHA rpaTKa CTATYETHCS (CKOPOUY€EThCA) 1
BUTICHSIE PIAMHY 3 YTBOPEHHSM 301THEHOTO 30110 1 30aradyeHoro reio.

SBuIlEe CUHEPE3UCY CIIOCTEPIraeThes 1 B MpoLecax crapiHHs opraHizmy. llpu
IbOMY VIIUIBHIOIOTBCA KJIITHHHI MEMOpaHd 1, SK HACHIOK, HOPYIIYEThCA IX

IPOHUKHICTH 1 IPOBIIHICTh, BTPAYAETHCS €JIACTUYHICTD KICTOK 1 TKAHUH.

JIABOPATOPHA POBOTA
«BaacTuBocTi po34yuHiB OionoJriMmepiBy»
1. Busnauenmus izoenexmpuunoi mouxku OiIKi8 nia3mu Kposi
VY n'stu npobipkax, 371MBalOYX BIAMOBIIHO A0 TAOJHUILI OLITOBY KUCIOTY 1 HATPii
areTaT, roTyloTh OydepHi po3unHU 3 pi3HUM 3HaueHHSIM pH. VY koxHy mnpoOipky
nonarTh 1o S5 kpamens 0,1% po3unHy Tu1a3Mu KpoBi. BMicT mpoOipok pereiabHO
nepeMinnyoTh. [30enexTpuana Touka Oyne BianosigaTi pH Toro 6ydepHoro pozuuny,

JIe CTIOCTEPIraeThCs HaOIbIlIe TOMYTHIHHS.

No Ckuapn 0ydepa pH Gydepa Cryninb
CHs;COOH CH3COONa KaJaMyTHOCTi
1 9 - 3,8
2 7 2 4,4
3 5 4 4,7
4 3 6 51
5 1 8 5,7

2. 3axucHa 0ia niazmu Kposi (dceramuny, oOiiKa)
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VY naBi npoOipKku HaJWMBAIOTh MO 2 Kparuii 30110 OepiiHchbkoi jazypi. [ToTim B
ONHy J0JalTh 2-3 Kpamll AUCTUIBOBAHOI BOAM, a B 1HIIYy — 2-3 Kpami
CBIXKOTIPUTOTOBAHOTO PO3YUHY IJIa3MHU KPOBI 1 mepeMinryioTb. B o6uaBi nmpoOipku
nonarTh 2-3 kparii pozunHy CuSQOa, 300BTYIOTH 1 Uepe3 ACSIKUi 9ac MPH BIICYTHOCTI

CeJIMMEHTAIlil B OJIH1H 3 TPOOIPOK NMEPEKOHYIOTHCS B 3aXUCHIN /111 O1IKIB IJIa3MHU KPOBI.

3. Buconrorua ois enekmponimia
Y Tpu npoOipKu HATUBAIOTH 10 5 Kparesb po3YrHy OUIKa 1 [0 KpaIuisix J01al0Th
po3unan NH4Cl, Na,SO,;, CH3;COONa no mosiBu kamamyTi. [li1paxoByrOTh YHCIIO
Kpariesb JIJIsl KOKHOTO 3 €JICKTPOJIITIB, 110 BUKJIMKAIO MOMYTHIHHS. POOMMO BUCHOBOK

PO CHUTY i1 €JEKTPOIITY.

4.  Jenamypayis binka

VY npoOipky MOMICTUTH 5 Kparenb po3unHy Oinka. Harpitu Ha BoasHiN OaHi.
Crnocrepiraerbcsi YTBOPEHHSI 3TYCTKY 3a PaxXyHOK TE€pMiyHOi AeHarypaiii. B iHmny
npoOipKy TMOMICTUTH 5 Kpamejib POo34uHy Ounka 1 goaatu | Kpamio po3duHy
KOHIIEHTPOBAHOI HITPaTHOI KUCIOTU. CIOCTEPIra€ThCsi YTBOPEHHS YKOBTOTO 3TYCTKY
(kcaHTOIIPOTETHOBA MTPO0A).

2. IlinOuTTs miacymkiB
3anuTaHHA I NepeBIPKU KiHIEBOr0 PIBHS 3HAHD:

1. 3arasibHa xapakrepuctuka BMC.

CTpykTypa NpUpOJHUX MOTIMEPIB.
[30enexkTpuunmii cran Oiyika.

Po3zunan BMC 1 ix BnactuBocTti. HaGyxaHHs.

Criiikicts po3unHiB BMC. Metoau ocamkeHHs O1IKIB.

I S

BiactuBocTi X0soA1iB 1 refiB. TUKCOTPOITis,, CHHEPE3HC.

3. Cnncok pekoMeHI0BaHOI JiTepaTypu

Ocnogna:

1. Menuuna ximis: migpyunuk st BH3 / B.O. Kani6a6uyk, 1.C. Yekman, B.I.
[NanuuCchKa Ta 1H.; 3a pe.. mpod.. B.O. Kani6aduyk — 4-¢ Bun.- K. BCB «Menununay,
2019 — 336c.
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2. Meanyna ximis : miapyunuk / B.I1. My3uuenko, .. Jlyuesuu, JI.II.
ABopceka ; 3a pea. b.C. 3imenkoBcekoro. — 3-€ Buj., Bump. — K. : BCB

«Menmunmnaay, 2018. — 496 c.

ooamkoea:

1. MuponoBuu JI.M. Mennuna ximis: HaBuanbumii mociOHuk. — Kwuis:
Kapagena, 2008. — 159 c.

2. MenuuHa XiMisl : MAPYYHHUK U CTy[. BUIIMX HaBy. men. 3aki. / A.C.
Mopo3s, 1.1. JIyuesuy, JL.IL. SIBopcbka. — Bun.4 — Binauns : HoBa Kuura,
2013. - 776 c.

3. Meanuna ximig : miapyunuk / 'omonait B.1., MinsoBuu C.C. — Binauns :
Hosa Kuwra, 2016. — 672 c.

4. Menuuna ximis / B.O. Kani6abuyk, JI.I. I'pumenko, B.I. 'anuHchbKa,
CM. Toxmincekuif, T.O. OscsanikoBa, B.A. Camapcekmit. — K.
«IaTepmen», 2006, — 460c
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Tema Ne 15

«HaHoximisl B Cy4acHOMY CBITI»

AKTYaJIBHICTh:

Hanonayka Ta HAHOTEXHOJIOTIi € BaXJIMBUMH HANpsSMKaMH MPUPOJO03HABCTBA
XXI cTomiTTs, 10 MBUAKO PO3BUBaIOThCA. HaHoHayka mocmikye ¢yHIaMeHTalIbHI
SBUIIA T4 BJACTUBOCTI MaJIUX YaCTUHOK HAHOMETPOBOI'O PO3MIPY, a HAHOTEXHOJIOT1i
3aCTOCOBYIOTb 11l 3HAHHS Y HOBHUX Ipoliecax, MaTepiaiax i IpUCTPOSX.

HanoTexHo10r1i MatoTh BHECOK y 0araThoX raiy3sx HayKu, BKIIOYat0uH (i3UKy,
XiMit0, O10JIOTi0 Ta 1HXEHepito. BOHM aKTMBHO BHUKOPHUCTOBYIOTHCS B OXOpPOHI
310pPOB'sl, 0COOIMBO B JIIKYBaHHI PaKy, 3aBJISIKY 3JaTHOCTI BUCTYTIATH SIK HAHOHOCIT JIst
JOCTaBKH TepaneBTUYHUX MOJIeKyJI. L{i GioMennyHi 3acTOCYBaHHS BUKOPHUCTOBYIOThCS
B KJIIHIYHUX BUOPOOYBAHHSAX 1 MOKYTh 3HAYHO MOKPAILIUTHU TepaIio paky. MennuHi
HAHOTEXHOJIOT1T BIIKPUBAIOTh HOB1 MOKJIMBOCTI B JIIAarHOCTHII Ta JIIKYBaHH1 XBOPOO,
JI03BOJISIIOYM CTBOPIOBATH €(PEKTUBHINI Ta MEHII TOKCHYHI JIKHU, PO3POOISTH HOBI
METO/M JOCTaBKH IMpenapariB 10 ypaK€HUX KIITHUH 1 MOKPAIILyBATH SIKICTh MEAUYHOI
Bi3yasizarii.

Mera poboTH: 03HAalOMUTHCH 3 OCHOBAMHM HaHOXIMIi, 1i TPUHIUIIAMH,
METOJaMH Ta 3aCTOCYBAHHSIM y MEIUYHIN rany3i. PO3BUHYTH pO3yMIHHS BaXJIMBOCTI
HaHOMATEpialiB y Cy4yacHId MEIMYHIN J1arHOCTHIN, Tepamii Ta OlOMEIUYHHUX
TOCITIKEHHAX.

OCHOBHi___MOHSITTS: HAHOBJIIACTHBICTh, HAHOBOJOKHA, HaHOMaTepia,

HaHOOO’ €KT, HAHOYACTHHKA.

Oo6sagnanng: Jlaboparopis kapeapu

Iiaan:

[cTopist po3BUTKY HAHOXIMIT Ta MaliOyTHI IEPCTIEKTUBH.
Knacudikariist HaHO00 €KTiB.

MeToau OTprMaHHS Ta BIACTUBOCTI HAHOYACTOK.

XiMIYHI BJIACTUBOCTI HAHOYACTHHOK.

o~ w0 Dp e

Kap6onoBi HaHoMmarepianu. AnoTtpornHi Moaudikariii Kapoony.
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6. HanodacTWHKH 1 MeIUIIAHA.
7. TOKCHYHICTh HAHOYACTHHOK.
3m00yBad OCBITH TOBUHEH 3HATH:
- OCHOBHI T€pMiHH, SIKI BAKOPUCTOBYIOTHCS /I HAHOXIMIT;
- Kiacudikariro HaHO0O €KTIB;
- Metoau OTpUMaHHS HAHOYACTOK.
3100yBay OCBITH IOBUHEH BMITH:
- 3acTOCOBYBATH BIACTUBOCTI HAHOOO €KTIB JIsl MPOTHO3YBAHHS iX 3aCTOCYBAHHS;
- Po3spizaaTu anorponni Moaudikaiii Kapoony;

- 3acTOCOBYBATH 3HAHHS MPO XIMIYHI BJIACTUBOCTI HAHOYACTUHOK.

3MiCT NPAKTUYHOIO 3aHATTS

Hanoximia — 1ie HOBUM MiAXIA A0 CTBOPEHHS HPHUCTPOIB 3 MOJEKYISPHOIO
TOYHICTIO, aTOM 3a aToMOM. BoHa BKiIO4ae B ceO€ JOCHIKEHHS CHUHTE3Y 1
XapaKTEPUCTUKU HAHOPO3MIPHUX MaTepiajiiB 3 aKIIEHTOM Ha MOBEJIHKY 1 B3a€EMO/III0
aTOMIB, a TaKOX Ha T€, IK HUMU MO’KHA MaHIMYJIIOBAaTH 1 KOHTPOJIIOBATH B XIMIYHUX
peakKilisix Ha aTOMHOMY PiBHI.

JIIHrBICTUYHO TIpe(IiKC «HAHO» MOXOAUTH B1Jl TPELLKOIO CJIOBA, SIKE B EPEKIIaIl
03HAYa€ «KapJIMK», IIOCh Ha/I3BUYaiiHO ManieHbke. O1MH HAHOMETp (HM) TOpiBHIOE 10
%260 0,000 000 001 m.

HaBkoso Hac iCHye BeJMKa KUIbKICTh HAaHOYACTHUHOK, SIKI HAJAIOTh JESIKUM
00’€KTaM YHIKaJIbHI BJIACTUBOCTI, BOHU 3YCTPIYAIOTHCSA SK B POCIMHHOMY, TakK 1
TBapUHHOMY CBITI.

VYnepiie TepMiH «HaHOMeXHON02isy BXKUB ANOHChKUM BueHui Hopio TaniryTi y
1974 p. Tak BiH Ha3BaB BUPOOHHUIITBO HAHOPO3MIPHUX MPEIMETIB.

J{1st TOpiBHSIHHS: TOBIIMHA OJIHIET JTIFOJChKOT BOJoCHHU cTaHOBUTH 60000 HM, a

panaiyc noasiinoi cripam JHK — 1 am (puc. 1).
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Puc. 1. IlIkana po3mipiB 00’ €KTIB MAaTe€piaabHOIO CBITY

[cTopis HaHOHAYKM MMOYAJIOCh III€ 3a YaciB CTapojaBHIX rpekiB 1 Jlemokpita (5
CT. JI0 H.€.), KOJIU BUCHI PO3IJISIAQIM TUTAHHS TIPO TE, YU € MaTepist Oe3mepepBHOIO, a
OT)K€, HECKIHYEHHO TMOJIJIbHOI0 Ha MEHINI I[IMAaTO4YKHd, a00 K CKIAJA€ThCs 3
MaJICHbKUX, HETIOAIbHUX 1 HE3HUIIICHHUX YaCTUHOK, SK1 3apa3 MU HaA3UBAEMO aTOMH.

Agne cBiil HAMOUTBIIMI PO3BUTOK HAHOTEXHOJIOT1T 3100y1H Juiie B XX CTOJITTI,
ko Oysio otpumano ¢ynepen (X. Kpoto), rpaden (A. T'eiim Ta K. HoBocho110B) Ta
nepin «kapooHoBi HaHOTPYOKm» (C. [ia3uma), siKi B OJAIbIIOMY BUKOPUCTAIH IS
JKYBaHHS TOIIKOKEHb HEPBOBOI CUCTEMH.

OTpumaHi AOCATHEHHS M03BOMWIM HanpukiHii 1990-x pokiB chopmyBaTu
CaMOCTIMHY MDKIUCUUIUTIHAPHY TaTy3b 3HAHb — HAHOXIM110, OCHOBOIO KO € 010JI0T1,
¢i3uka Ta Ximis.

YacTuHKH, MO CKIATAIOTHCS 3 KUIBKOX JECSATKIB aTOMIB, MOXYTh Ha3UBATHUCS
HAaHOKJIAaCTEpPaMH,  HAHOYACTUHKAMHM, KBAHTOBHUMH  TOYKAMH,  KJACTEpaMH.
BBaxaeTncsi, 1110 HAHOYaCTUHKH 31 3MEHIIICHHSIM PO3MIpYy MEPEXO0ISTh B KJIACTEPH, 1110
MicTaTh Big 10 1o nekinbkox Tucsd atomiB. CaMe HAHOKJIACTEPU € OCHOBHUMU
«eNeMEeHTaMu», 3 AKX OyIyloThcsl pi3HI HaHO0O exTu. HaHokiactep momiOHuii 10
MOJIEKYJIU. /{7151 ClipOIIIeHHs TEPMIH «KJIaCTep» 1 KHAHOYACTUHKA)» BUKOPUCTOBYEMO SIK

PIBHOITPaBHI.

Knacudikauisa HaH000’€KTIB
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1. 3a cmynenem cmpykmypHoi cKi1a0Hocmi HaHomamepianu nOOLIAIOMbCA HA

HAHOUACMUHKU | HAHOCMPYKMYPHI Mamepianu (puc. 2):

HaHomatepianu
HaHo4acTuHKH [ HaHocTpykTtypoBaHi marepianu
HaHoknacTepu ‘
Koxconigoeani
HaHokpucTanu HaHoMaTepiany
et ———
*  Dynepenn | o r
R HaHokpucTaniyHi Matepianu
HaHoTpybku
Py PyneputH
L IRAE—
* Cynepmonekynu T v
e ot e "LQoronm KpucTanm : =
— it ks —_ Hanogucnepcii |
*  Biomonekynu O —— ]
LLapyBaTi HAGHOKOMMO3UTH

Miuenu
MaTpuyHi HAHOKOMNO3UTH

Ninocomm [~ , ;
HaHonopucTi martepianu
—1 [Ppaden Hanoaeporeni ] HaHonopowwku }‘—‘
=3 9
—|HaHoBonoKHO HaHocycneHsii ™~
| KsaHToBI HaHoemynbcii J‘_
TOYKM
HaHoaeposzoni [

Puc. 2. Knacudikairiss HaHoMaTepiaiiB 3a CTPYKTYPHUMH O3HaKaMu

Hanocmpykmypoeani ~ mamepianu  aBIAOTH  co0O0  aHcaMOui
HAaHOYACTHHOK. Y TaKMX MaTepiajiax HAaHOYACTHUHKU BIITPAIOTh POJIb CTPYKTYPHUX
€JIEMEHTIB.

Konconioosani nanomamepianu — 11€ KOMIaKTHI TBepAO(Da3H1 MaTepiaiu,
0 CKJIAJIAl0ThCS 3 HAHOYACTUHOK, SIKi MarOTh (DiKCOBaHE MPOCTOPOBE IMOJIOKEHHS B
00’eMi MaTepiaiy 1 )KOPCTKO OB’ A3aH1 0€3M0CePeIHHO OHA 3 OHOIO.

Hanooucnepcii — e qucniepcHi CUCTEMHU 3 HAHOPO3MIPHOIO TUCTIEPCHOO

¢azoro.

11. Knacudgpixkauia nanoo6’ckmis 3a 2eomempuuHum RPUHUYUNOM.
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ba3yerbcst Ha BIUIMBI FeOMETPUYHUX NTapaMeTpiB HAaHOMAaTepiaimiB.  3a
KUTBKICTIO BUMIPIB, B IKMX 00’ €KT Ma€ MaKpOCKOITIYHI pO3MipH, a0 po3MipHicTIO D:

HYJIb-, OTHO-, 1BO-, TpuMipuuii — 0D, 1D, 2D, 3D (puc 3).

v 4
;"I/‘ .
CknagHi

cncremu

% 100 v

ToHKI NNiBKK

HaHoTpybKku, HaHoBICKepH

HaHo4acTou4ku, KBaHTOBI Kpanku

Puc.3. Knacudikaiist HaHOOO €KTiB 32 TEOMETPUIHUM MPUHITUTIOM

Hanoo6’ekmu nyavmipni (0D), a00 KBaHTOB1 TOUKH — 11€ HAHOYACTHUHKH,

0 MICTATh BiJ JACKUIBKOX JECATKIB 10 JACKUIbKOX THUCAY aTOMIB, 3rPYyMOBaHUX B

3B’3KM a00 aHcaMOI11 y popMmi KIITHHU. Y LIbOMY BUNAJIKy YACTHHKA Ma€ HAHOMETPOBI
PO3MIpH B yCiX TPHOX HAIpPsIMKaX.

Hanowactunka — 11e HyJbMIpHUNA HAHOOO €KT, Y SIKOTO BCl XapaKTepHi

JiHIAHI po3Mipu He mnepeBuilytoTh 100 HM. Sk mpaBuiio, HAHOYACTUHKU MAalOTh

chepuuny ¢opmy 1, SKII0O BOHM MalOTh SCKPAaBO BHUPAXKEHE YIOPSIKOBAHE

po3TanryBaHHS aTOMIB (YM 10HIB), TO 1IX Ha3WBAaIOTh HAHOKPHUCTAJITAMHU.

HaHouacTUHKM 3 BHUPAKEHOI JHMCKETHICTIO EHEPreTUYHUX PIBHIB YacTo

Ha3WBAIOTh «KBAHTOBUMH TOUYKaMMI» a00 «ITYYHHMH aTOMaMKy, HaW4YaCTIIE BOHU

MarOTh CKJIa/I TUTIOBUX HAMBIPOBITHUKOBUX MaTEPiaiB.
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Hanooo6’ekmu o00nomipni (1D), ab0 KBaHTOBI HUTKH — BYTIJIEIEBI
HAHOTPYOKH 1 HAHOBOJIOKHA, HAHOCTPHIKHI, HAHOAPOTH, TOOTO IMITTHAPUYHI 00’ €KTH 3
OJTHUM BUMIPOM B JEKUJIbKa MIKPOH 1 JIBOMa HAHOMETPOBUMH, I1€¢ HAHOCTPYKTYPH 3
niamerpoMm MeHmie 10 HM. ¥V aHOMy BUIAJIKy OJMH XapaKTepHUN po3Mip 00’€KTa,
MpUHAWMHI Ha MOPSIIOK MepeBuInye aBa iHmi. [Ipu TakoMy mopsaky BeIuuruH 00’ €KT
MOYMHAE MPOSIBIATA OCOOIUBI, KBAHTOBI BIACTUBOCTI. PO3MipH 3BHUalfHOTO IPOTY B
Oarato pas3iB Oulblle BiACTaHEH MDK aroMaMH, TOMY €JICKTPOHU BIJIBHO
MEePEMINITYIOThCSA B yCiX HampsMKax. Y HAHOIPOBOJIOI EJIEKTPOHU 3/IaTHI BUIBHO
pyXatucs JUIIe B OJJHOMY HAaIpsSIMKy — B3/IOBXK JPOTY, ajie¢ HE TMOIMepeK, TOMY IO il
JlaMeTp BChOTO JIUIIE B KUJIbKA pa3iB MEPEBUILYE BIICTAHb MK aTOMaMHU.

Hanoo6’ekmu 06omipni (2D), a00 KBaHTOBI IJIOIIMHYU — TTOKPUTTS a0O0 TUTIBKU
TOBIIMHOIO JIeKiJIbKa HAHOMETPIB Ha MOBEPXHI MAaCUBHOTO MaTepiany (miakmaami). Y
bOMY BUIIAJKY JIMIIE TOBIIMHA MA€ HAHOMETPOB1 PO3MIPH.

[IpukimaoM JIBOMIPHHMX HAHOOO €KTIB € HAHOIUTIBKM. 3aBISKHU JyXKE Maliid
TOBIIMHI (BCHOTO B OJIHY a00 JIBI MOJIEKYJIM) BOHH MPOITYCKAIOTh CBITJIO 1 HETIOMITHI
st oka. IlomiMepHiI HAHOMOKPUTTA 13 MOJICTIPEHY Ta 1HIIMX MOJIMEpIB HAIINHO
3aXMIAI0Th 0araTo MPEAMETIB, IO BHKOPUCTOBYIOThCS B TOOYTI, — EKpaHH
KOMIT FOTEpIB, BIKOHIS CTIIbHUKOBUX TeJE€(OHIB, JIIH3U OKYJISPIB.

Tpumipni nanoo6'ckmu (3D) — 00’ €KTH MIKPO- 1 MAKPOCBITY, 1110 CKJIQAI0ThCS
3  HAHOPO3MIPHUX  YAaCTHHOK  (aeporeini), ab0 HAHOMOPHCTI  CTPYKTYpH,
HAaHOKPHUCTAIIUHI CTPYKTYPH 1 CIJIaBU. Y1 Tpu po3Mipu Oubiie 100 HM.

KpiMm 00’ekTiB 13 1iiuM 3Ha4eHHSIM D iCHYIOTh 00’€KTH, SIKIi MalOTh JIPpOOOBY
pO3MipHICTh, a00 (paktanbHy. Beanumna D s nmx o0’ekTiB 3aliMae TPOMIKHE
3HAQYEHHS MDK IITUMU yuciaaMu. DpakTalibHa reoMeTpis 31aTHa JoAaTu crenudiui

BJIACTUBOCTI HAHOOO €KTaM.

MeToau OTPMMAHHS Ta BJACTUBOCTI HAHOYACTOK

CtpykTypa Ta BJIACTUBOCTI HaHOMAarepiaiiB (QopMylOTbCI Ha cCTamii iX
BUTOTOBJICHHA. Yepes 1€ Ha3BUYaHO BAXKJIMBOTO 3HAUYCHHS HAOYBaIOTh TEXHOJIOTII
K MATPYHTS JuIisi 3a0€3MedeHHs] CTa0UIbHUX Ta ONTHUMAIbHUX EKCILTyaTaliiiHuX

XapaKTEepUCTUK HAHOMAaTePIaJliB.
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Hanomexnonozcis — 1€ 30aTHICTb MAaHINMYJIOBAHHS OKPEMHMM aTOMaMM Ta
MOJIEKYJIAMHU 3 METOIO CTBOPEHHSI HAHOCTPYKTYPOBAaHUX MaTEPiajiiB Ta HAHOMETPOBUX
00'€KTIB, IO CTAHOBJIATH pPeaTbHUM IHTEPEC ISl TEXHOJIOTIYHUX 3aCTOCYBaHb.

[IpakTu4H1 i HAHOTEXHOJOTIl MOYKHA 3BECTH JO JBOX THIIIB 3aBAaHb: 1.
[TokpamieHHs XapaKTEPUCTHK TpaIUIIHHUX MaTepiais;
2. CTBOpEHHS MPUHIIMIIOBO HOBUX MAaTepiaiiB 3 BIACTUBOCTIMH 1 QYHKIISAMHU, IO HE
ICHYBaJIU paHIlle, Ta YHIKATbHUMH XapaKTePUCTUKAMHU.

TakuM YUHOM, HAHOTEXHOJIOTiISI BUKOPHCTOBYETbCA M  OTPUMAaHHS
HaHOCTPYKTYp LIJISXOM aTOMHO-MOJIEKYJISIPHUX IIPOLIECIB Ta CTBOPEHHSI HA iX OCHOBI
HaHOMAaTepialiB, MPUIAAIB Ta MPUCTPOIB.

Bci Meronu oTpumaHHS HaHOMarepiadiB 0a3ylOTbCS Ha JBOX PI3HUX

IIpUHOUIIAX

1) mguchoepciiiai  MeToan a00  «3BEpXY — BHHU3Y, TOOTO OTPHMAHHS

HAaHOYAaCTOK MIIAAXOM HOIIDi6HeHH$I PCYOBHHH.

[e#t mpuHIKIT 3aCHOBAHUN HAa 3MEHIIIEHHI pO3MIpiB (DI3UYHUX T1JI 10 OTPUMAaHHS
00'eKTIB 3 HAHOPO3MIPHMMHM MapaMeTpamu. BiH Mae wmicle npu pydHYBaHHI BKe
ICHYIOYOi CTPYKTYPH Ha JPIOHIII €IEMEHTH 1 peali3yeThCs B MPOIEcax MEXaHIYHOTO
MOAPIOHEHHS, IHTEHCUBHOI IJIACTUYHOI Aedopmaliii, OpOMiHEHHSI BUCOKUMHU J103aMHU
TOMIO.

[Ticnst monpiOHEHHST BiIOYBAETHCS 3POIICHHS Ta YKPYIMHEHHS HAHOYACTHHOK,
JUTs1 3a1100IraHHs IbOTO BUKOPUCTOBYIOTh CTA0LI13aTOpH — OLIKH, nojimepu ado ITAP.
HaouHoro aHanori€ro TEXHOJIOTIT «3BEPXY-BHU3» € CTBOPEHHS CKYJIBNTYpU 3
MOHOJIITHOT KaM'sTHOT OpHIIH IIJITXOM BIJICIKAHHSI «3aliBOro» mMatepiany (puc. 4).

dizuune
TLIO

Kinnesuil
[TocninosHa BHP10
MiHiaTIOpH3alis

_—.».

Puc. 4. TexHomnoris «3BepXy-BHU3»
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HaHocTpykTypu MOXYTh MaTu MiJABUIIEHY CTa0lIbHICTh, SKIIO BOHU MAalOTh
NeBHY KUIBKICTh aTOMIB, TaK 3BaHE «MaciuHe uucioy. Hanpukman, majis KiactepiB
Ty>)KHHX MeTamniB e yucna 8, 20, 40; nns 6maropoganx mertaniB — 13, 55, 137; nns
kapOoHoBuUX Kiactepis — 60, 70, 90;

2) KOHJICHCAIIMHI METOJN («BHPOIIYBAaHHI») a00 «3HHU3Y — JIOTOPHY.

HanowacTHKM OTpUMYIOTH 3a paxyHOK TIPOIECIB YKpPyIMHEHHS,
00’€THaHHS OKPEMHUX aTOMIB.

[ls Texuosoria mnependadae ¢GopMyBaHHS HEOOXITHUX CTPYKTYp ILISXOM
CEJICKTUBHOI'O OCAJ[XKEHHS aTOMIB Ta MOJIEKYJI Ha 3aJ1aH1 JISTHKYA TTOBEPXHI M1 IKJIAJIKH.
Tak caMo poOUTH XyJI0XKHUK, HAHOCSYM T1 UM 1HII (papOu Ha MEBHI AUISIHKY TOBEPXHI
nonotHa. lle, Hampukiag, MeTOAM BUNAPOBYBaHHSA-KOHAEHCAIlll, XIMIYHOIO
OCAJDKEHHS, OKHCIIOBAJIbHO-BITHOBIIOBANIbHI  mporiecd. CTBOpeHHs  BUPOOIB
B1I0YBA€THCS MUISIXOM X CKJIaJaHHs 0€3M0CEPEeIHBO 3 OKPEMUX aTOMIB 00 MOJIEKYI,
a TaKOX €JIEMEHTApHUX aTOMHO-MOJICKYJIAPHUX OJIOKIB, CTPYKTYpHUX (PparMeHTIiB
O10JIOTYHUX KIITHUH ToIo. Lle# miaxia Ha3uBaeThCs aTOMHOIO 1HKEHEPIEIO.

TunoBuM MNpUKIAIOM peai3alii TaKMX TEXHOJIOTIH € MOIITYYHE YKJIaJaHHS
aTOMIB Ha KPUCTAIIYHIM MOBEPXHI 3a JOIMOMOIOK CKaHYIOUHUX 30HJIB (pHC.S), 110
JI03BOJISIIOTh HAHOCUTH OJMH Ha OAWH HE JIMIIE OKpPeMi aTOMH, a W IIapW aTOMIB.
3a3HaunMo, IO METOJM, 3aCHOBaHI Ha BUKOPUCTAHHI CKAHYHOYHUX 30HIIB, MalOTh

HU3BKY TPOJYKTHUBHICTD 1 BUCOKY BapTICTb.

OxpeMuii aToM
Kinneswii
BHPIO

Puc. 5. TexHoJorisl «3HU3Y — BIrOPYy»

Ymosu ompumanus nanomamepianis.

¢+ HepiBHoMipHicTh cucrteM. IIpakTM4HO BCl  HAHOCHUCTEMH €

TEPMOJMHAMIYHO HECTIHKHUMH, iX OTPUMYIOTh HEPIBHOBA)KHHUX yMOBAaX.
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Ile nmo3BOMSIE JOCATTH CIIOHTAHHOIO 3apOJKOYTBOPEHHS 1 YHUKHYTH
3pocTy Ta arperaiii cOpMOBaHUX YaCTUHOK;

¢ OaHOpiAHiCT, HAHOYACTHMHOK BHUHUKAE, SIKIIO Yy MPOIECI CUHTE3y HE
B110yBa€ThCS PO3A1TICHHS KOMIIOHCHTIB;

¢+ MoHoaucnepcHicTh. BracTHBOCTI HAHOYACTHHOK Ty’Ke 3aJIeKaTh Bif iX
po3MipiB, caMe TOMY JUIsl OTPUMaHHS HEOOXiMHUX (PYHKIIOHATBHUX
napaMeTpiB CJiJ] BUKOPUCTOBYBATH YACTUHKU 3 JOCTAaTHHO BY3bKHM

PO3MOIIIOM MO PO3Mipax.

XiMi4HI BJIaCTUBOCTI HAHOYACTHHOK

3aJIe’)KHICTh XIMIYHOI aKTMBHOCTI HAHOYACTMHOK BIJ iX pO3Mipy HAa3UBAIOTh
Ppo3mipuum epexkmom. BiH € OCHOBHOIO IMPOOIEMOI0 HAHOX1MI11, TOMY IO BJIJACTUBOCTI
IHIUBITyaJIbHUX AaTOMIB €JIEMEHTIB 1 C(OpPMOBaHMX 13 AaTOMIB KJAcTepiB 1
HAHOYACTUHOK BIIPI3HSIOTHCS B1Jl BIIACTUBOCTEN aHAJIOTTIYHUX MIKPOYAaCTHHOK. Mexa
MDK po3MipaMH ITUX YTBOPEHBb 3MIHIOETHCS VIS KOKHOTO eJIeMEHTa 1 ii CJIiji BUBYATH
cHeniajabHo.

BractuBOCTI MOBEepXHI BIUIMBAIOTh Ha CTaOLTI3allil0 YACTHHOK 1 Ha iXHIO
peakiiiiHy 34aTHICTb. Y HAHOYACTMHKAX 3HAYHA KUIBKICTh aTOMIB mepedyBae Ha
MOBEPXHI, 1 YacTKa iX 3pOCTa€ 31 3MEHIIEHHSAM PO3Mipy. BiAmoBiqHO 301IbITY€ETHCS
BHECOK TIIOBEPXHEBHUX aTOMIB y €HEprir0 CHUCTeMH. 3BIJICHK BUHUKAE HH3Ka
TEPMOJIMHAMIYHUX HACJHI1JIKIB, HAPHUKIAA 3aJIEKHICTh TEMIIEpaTypHu IUIABJICHHS Bij
PO3MIpy HAHOYACTUHOK, 3M1HA TEMIEPATypH OJIMOPHHUX IEPETBOPEHD, 301IbIIICHHS
PO3YMHHOCTI, 3CYB XIMIYHOT PIBHOBATrH.

1. Po3mipHni ehexmu — siBuilie, 110 BUSBIISETHCS B SIKICHIN 3MiHI BIIaCTUBOCTEN

Ta pEaKIiiHIi 34aTHOCTI 31 3MIHOK YHCIa aTOMIB YM MOJIEKYT Y
HaHOYacTHHIN. Hampukiaa, BimomMo, 1m0 ApPIrEHTYM HE PO3YHHSETHCA B
p030aBICHUX KUCIOTaX, OKPIM HITPATHOI, TPOTE HAHOYACTUHKUA APIEHTYyMY
(MICTATH 5 aTOMIB) PO3YHHSIOTHCS HABITh B OLTOBIM KUCIOTI 3 BUIJICHHSIM
BOJHIO. PO3Mip YacTHHOK € aKTUBHOKI TEPMOJMHAMIYHOKO 3MIHHOIO, SIKa
pPa3oM 3 IHITUMHU TEPMOANHAMIYHIMHE MTapaMeTpaMu BU3HAYA€E CTaH CUCTEMHU.

UYepes ayxe Maial po3Mipd BOHH MalOTh JOCUTh BEJIUKY MOBEPXHIO MOJLITY
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¢az, Tako)Xk HAHOOO EKTU TPOSIBISIOTH BUCOKY (D13UKO-XIMIYHY aKTHUBHICTD,
a BUCOKa peakliiiHa  CIPOMOXHICTb  MPHU3BOJUTH 1O  BTpaTU
1HAMBIAYaTbHOCTI.
3aNeXKHICTh 81acmueocmell HAHOYACMUHOK I Hanomamepianié 8io
PO3Mipy MOXHA MPOUTIOCTPYBATH JAyXKE MPOCTHM TPHUKIAAOM. SKIIO MU BUTOTOBHUMO
3 Harpiii xsopuny (KyxoHHOT coii) Ky0 i3 pedpoM 1 M, HOTo cMak, 1mo3a CyMHIBOM,
Oyne conoHui. 3 bOro Kyba BUMUIISIEMO MEHIIHH, 13 pedpom 1 cm. CMak nipu 1IbOMY
He 3minuThes. 1le 3sMenmmMMo 1oBxuHy pedpa 10 1 MM (1073 M), 1o 1 mxm (10 M) —
KyOuku OynyTh cosioHi. Konu >k HaI ysiBHUM KyOMK 3MEHIIUTH JI0 JOBXKUHU pedpa
100 am (107 M), MM 3 HOAUBOM Bidy€MO, 1[0 CMaK HOTro cTaB conoAkum. [Ipu moBxkuHi
pedpa 50 HM KyOMK 3pOoOHUTHCS KUCauM, a Ipu 20 HM — 30BCIM BTpaTUTh cMak. Lle,
3BICHO, MpPHUOJIM3HA aHaJorisg, NPOTE€ BOHA JOMOMAra€ 3pO3yMITH CHEIUIKY
HaHOOO €KTIB.

KU1r04oBi acnekTy po3MipHUX e€(heKTIB:

1. 36inbIIeHHs MOBEPXHEBOI IJIONII. Y HaHOMaTepiaiax 3HauYHa YaCTHUHA aTOMIB
ad0 MOJIEKYJl 3HAXOAMTHhCS Ha MOBEpXHI ab0 mobnusy Hei. lle 301mbIIye
PEaKTUBHICTh, Marepialdy, OCKUIbKM TIOBEpPXHEBI aTOMU MAalOTh OljIbIle
HE3arlOBHEHMX 3B’ S3KiB, 10 POOUTH iX OUIBII XIMIYHO aKTUBHUMMU.

2. KBanToBi edextu. Ha HaHOpIBHI NPOSBISIOTHCS KBAHTOBI e(eKTH, SKi HE
CIIOCTEpITaloThCsl B MAaKpPOCKOMMYHUX 3pa3kax. Hampukiaa, KBaHTOBa
OOMEKEHICTh y HAMIBIPOBIAHUKAX MPU3BOAMUTH O 3MIH Yy iXHIX ONTUYHHUX 1
€JIEKTPOHHUX BIACTUBOCTSX. lle MOSCHIOETHCS TUM, IO €HEPreTUYHl PiBHI
€JICKTPOHIB CTAIOTh AUCKPETHUMHU, a HE Oe3MepepBHUMU.

3. 3mina MexaHiuHux BJacTuBoOcTeil. HaHomarepiannm d9acto MawTh BUIILY
MIIHICTb 1 TBEPAICTH MOPIBHAHO 3 MAKPOCKOTIIYHUMHU 3pa3kami. Lle mos's3aHo 3
MEHIIIOI KUTBKICTIO Je(EKTIB 1 JUCTOKAIM Y iXHIA CTPYKTYpi. 30Kpema Oyio
BCTAHOBJICHO 3aKOHOMIpHE 301JIbIIIEHHS MIITHOCTI Ha PO3PUB MPU BUTOHUYCHHI
BOJIOKOH cKJa. Tak, I CKISHUX BOJIOKOH JiaMeTpoM 2,5 MKM MeKa MIITHOCTI
Ha po3puB ctaHoBUTH 3500 MIIa, To/1 sIK 17151 3BUYAHHOTO CKJIa BOHA JIOPIBHIOE

~ 100 MIla. Taka 3aJeXHICTh TOSCHIOETHCS 3MEHIICHHSIM HWMOBIPHOCTI
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nedeKToyTBOpeHHsT (Hacammepea MIKPOTPIIIKMH) MpU 3MEHIICHH] JIHIHHUX

PO3MIpiB €JIEMEHTIB CUCTEMH.

Cepen MexaHIYHUX BIACTUBOCTEH HAHOKPUCTATIYHUX MaTepialliB HacaMIepes
CIiJ BIJ3HAYUTU HAJ3BUYAMHO BHUCOKY TBEpHAICTb. Teepdicmp, TEPEBAXKHO,
BU3HAYAETHCS MEXKEI0 TIMHHOCTI (TeKydocTi). Po3mip 3epeH CyTTe€BO BIUIMBA€E Ha
TBEPIICTh. 3rigHO 3aKkoHy Xomua-Ilerda, sSKul BUKOHYETBCS 1 IS JIESIKUX
HaHOMATepialliB 3MEHIIECHHS pPO3MIpY 3€peH Ma€ TMPU3BOJUTU JI0 3MIIHEHHS
Mmatepiany. [lificHo, mpu KIMHATHIN Temmeparypi TBEpAICTb HaHOMaTepialiB y 2-7
pa3iB BUIIA, HIK Y KPYITHOKPUCTATIYHUX aHAJIOTIB.

4. OnTnyHi BJaacTuBocTi. HaHOYAaCTUHKM MOXYTh JEMOHCTPYBAaTH YHIKaJIbHI
ONTHYHI BJIACTUBOCTI. |HTEHCHBHICTh PO3CIIOBAHHS CBITJIA HAHOYACTHHKAMU
MeTaiB Habarato BUIllA 3a IHTEHCUBHICTh BUMPOMIHIOBAHHS (DITyOPECIIFOI0UYNX
MOJIEKYJI, 10 Ja€ 3MOTY 3aCTOCOBYBAaTH 1X Y JOCIHIPKEHHSX O10JOTTYHHUX
IpOLIECIB y TKAaHWHAX SIK HOBHMM KJac MITOK. BHUKOpHCTaHHS HaHOYACTHHOK
cpibsa sSK MITOK, TIOMEPEIHBO 3B’S3aHUX 3 AHTUTLIAMHU, JO03BOJIE
11eHTU(PiKyBaTH XpOMOCOMHI aHoMalTii. HAaHOYaCTHHKY 30J10Ta 3aCTOCOBYIOTh Y
dboToTepmManbHIN Tepamii I8 JIarHOCTUKH 3JOSIKICHUX HOBOYTBOPEHB 1
3HMIICHHS PaKOBHX KJIITHH. Tako>k BOHM 3/1aTHI MOTJIMHATH IIHPOKHUHA CIIEKTP
€JIEKTPOMArHITHOTO BUIIPOMIHIOBAHHS (paaloyacTOTHE, YJbTpadioieToBe,
iH(ppayepBoHe, MIKPOXBWIbOBE). HaHOYATHMHKM [MHK OKCHUIy MOXYTh
PO3CIIOBATH €JIEKTPOMArHiTHI XBU1. L{t0 BIaCTUBICTh MOKHA BUKOPUCTOBYBATH
B TKaHWHAaX JIsl HaJIaHHS OSTOB1 HEBUIMMOCTI B iH()pauyepBOHOMY JIiaIia3oHi 3a
paxyHOK TIOTJIMHAHHS TeIia, SIKe BUIIPOMIHIOE JIOJIChke Tio. lle mo3Bossie
BUPOOIATH Kamy(uispk. Takuili ofar 103BOJISIE MIAINTH 10 CYNPOTUBHUKA O€3
PU3UKY OyTH MOMIYEHUM MPUIIaIaMU HIYHOTO Oa4eHHS.

5. EjexTpuuHi Ta MardiTHi BjaacTuBocTi. MarHiTHi BIacTUBOCTI BCIX PEYOBUH
MOB'A3aHI 3 MAarHITHUMU MOMEHTAMH €JICKTpOHA Ta siapa. MarHiTHI MOMEHTH
€JICKTPOHA BUHUKAIOTh Yepe3 00EpTaHHs HOTO K 3apsHKEHOT YaCTKA HAaBKOJIO
saapa — opbimanvHull Momenm, 1 4epe3 oOepTaHHs HaBKOJIO BJACHOI OCl —
cnunosutl Mmomenm. Ha €HEpreTMYHHX PIBHAX, 3alHSITHX MapHOIO KUIBKICTIO

€JIEKTPOHIB, MAarHITHI MOMEHTH OCTaHHIX OMAPHO MPOTUJIEAKHI, TAK 1110 TOBHUMN
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MOMEHT aToMa JIOPIBHIOE HYJII0. TOMYy OUIBIIICTh aTOMIB y TBEPJUX TiJax HE

MarTh MarHiTHOro MmomeHTy. OHak, iICHyr0Th aToMH nepexinaux metanis (Fe,

Ni, Co), y skmx BHyTpimHI d-opOiTani 3amoBHEHI HE TOBHICTIO, 1, OTXKE,

YAaCTUHKH ITMX aTOMIB MOXXYTb MaTH MAarHiTHHM MOMEHT. SIKIIO MarHiTHi

MOMEHTH BEJIHMKOI KUTBKOCTI MOAI0HUX aTOMIB CIIPSIMOBAHI OJTHAKOBO, KPUCTAIU

I[UX aTOMIB MOXYTh MaTu ()eépOMarHiTHI BIACTHUBOCTI.

Maenimnui énacmueocmi HaHOMATEPiaIiB Ay)KE PI3HOMAHITHI 1 BIIPI3HAIOTHCS
B1Jl MACMBHOTO MaTepiany. Bimomo, 1110 3a MarHiTHUMH BIACTHBOCTSIMHU BCl PEYOBHHH
NOJUISAIOTHCS Ha liaMarHeTuku (Hanpukiana, Cu, Ag, Au), napamaraetuku (Pd, Ti, Zr),
dbepomarnetuku (Fe, Ni, Co), antudepomarnetuku (CuO, NiO3) 1 pepumaraeTuku
(Fes0y). Haitoiapmmia 1HTEpec TS JTOCIKEHb MPEJICTABISAIOTh
Mar”iTOymopsiIKOBaHI HAHOKPUCTAJIIYHI Marepiainu, Takl [K (epoMarHeTUKH,
dbepuMarHeTukid Ta aHTU()EPOMArHETUKH, TOMY IO 1X BJIACTUBOCTI 3HAYHO
3MIHIOIOTBCS TIPU 3MEHIICHH] PO3MipiB MarHiTHUX YaCTHHOK.

6. Tepmoaunamiuni BJactuBocTi. HaHouacTuHKM MOXYTh MaTh  1HII
TEPMOJIMHAMIYHI BJIACTHBOCTI MOPIBHSHO 3 OUIBIIMMU YacTUHKamu. Lle
BKJIIOYA€ 3MIHY TEeMIIepaTypu IUIaBJICHHS, ()a30BUX MEPEXOJiB Ta XIMIYHOI
CTaOUIbHOCTI.

Po3mipHi edeKkTH € OAHIEI0 3 KIIFOUOBUX MPUYMH, YOMY HAHOMAaTEpiaal MaloTh
Taki YHIKajdbHI 1 4YacTO KOPHMCHI BJIACTHUBOCTI, IO pPOOWUTH iX HaA3BUYANHO
MePCIIEKTUBHUMHU JJIsl 3aCTOCYBAaHHS B PI3HUX Tally3sX HAyKH 1 TEXHIKH, BKIIOYAOUN
MEUIUHY .

VY HaHOXIMIi HHMHI TPUBA€ HAKOMMYEHHS E€KCIEPUMEHTAIBHOTO MaTepialy Ta
PO3BUBAETHCS MOro TeopeTHuHa iHTeprpetaiis. JloChiKeHHsT B Tally31 HaHOXIMIl
BIJIKpUBAIOTh MOXJIHMBOCTI ()OPMYBaHHS HOBUX TMapaJWrM CHUHTE3y PEYOBUH 3
HE3BUYAWHUMH, paHillle HEBIJIOMUMH BJIACTUBOCTSIMHU. Tak HaWOLIbII 3HAYHI
JIOCSITHEHHSI HAHOTEXHOJIOTIN TpunagaroTh Ha cdepy OlOMETuIMHU 1 0COOJIMBO
TEparniio paKy yepe3 iX BeJTUKHI MOTEHITIal 3aIPOITOHYBaTH 1IHHOBAI[IH] PIIEHHS JJIsT
Mo/I0JIaHHSI 0OMEXXEHb, 110 BUILTUBAIOTH 13 TPAIUIIIMHUX MIIX0AIB 0 XiMioTepanii Ta

pamioTepartii.
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Kap6onoBi HaHomaTepiaiaun. AsoTponHi mogudikanii Kapoony

Kap6oHn (C) — 11e XiMiuHH eJ1eMeHT 4-01 IpyNH T'OJIOBHOI MIATPYIH 2-T0 MEpioay
MEepioUYHOT CUCTEMH, MOPAIKOBUN HOMep 6, aTomHa Maca 12. Cnonyku KapGony €
OCHOBOIO BCIX JKMBUX OpraHi3MIB.

Kap6on mae HaltO11bITy KUTBKICTh alIOTPOITHUX MOJAU(IKALIIMN.

ABume amotporii 00yMOBIEHO ab0 PI3HUM CKJIAJOM MOJEKYJI MPOCTOi
peyoBHMHHU (QJOTpOMis CKJIaay) abo CIocoOOM PO3MIIICHHS aTOMIB YU MOJIEKYJ Y
KpUCTaNIYHiH rpaTii (anoTporis Gopmu).

Hanpuknaz, kucerab Oz Ta 030H O3 , 5K € aJIOTPOITHUMH 32 CKIaA0M, Tpadit i
anmMas € aJoTPONHUMHU 3a (hopMoro. BIAMIHHOCTI y BJIACTUBOCTAX aliMasy Ta rpadiTy
MOB'sI3aH1 3 0COOJIMBOCTSIMU X KPUCTAIIIYHO1T OY10BH.

JloBri poku BBaxajocs, mo KapOoH Moke MaTu juiie JBi HOJIMOpQHI
Moaudikarii — anMa3 Ta rpadit, Kl CyTTEBO PI3HATHCS CBOIMHU BiacTUBOCTAMH. Ha
naHui yac, kpiMm amopdHoro KapOoHy, BiloMi HACTymHI HOTO ajoTPOIiyHi
Moau(IKaITIi:

" 2paghim — YOpHUM, HETIPO3OPUH, OJIUH 3 M'IKUX MIHEpaIiB, Uy IOBUI MPOBIIHUK
CJIICKTPUKY;

"  @1ma3—NpO30pUi, HAUTBEPIIIINH 3 YCIX IPUPOAHUX KPUCTAIIB, AIEIEKTPUK YU
HaIIBOPOBIIHUK. ['padiT Ta aiMa3 € pe4oBUHAMU, AIOTPOITHUMU 32 POPMOIO;

" xap6Oin — cuHTe30BaHMi Ha moyaTKy 60-X pokiB XX CTOMITTS, (011K TOPOIIOK).
Moxe OyTu diHIHHMM a00 YTBOPIOBATH LMKJIYHI CTPYKTYpU. Y MOJEKYJl
kapOiny atomu KapOoHy 3’€HaH1 B JIAHIIOKKH MTOCIIIIOBHO 200 MOTPIHHUMU 1
onuHapHuMHU 3B's3kamMu — C=C—C=C—, abo 5uie MOABIMHUMHU 3B'SI3KaMU
=C=C=C=C=. Kap0iH Mae€ HaIiBIOpPOBIJIHUKOBI BJIACTHBOCTi, MPUUYOMY MiJ
BILJIUBOM CBITJIa HOTO MPOBIIHICTh CUIILHO 301IBIITYETHCS;

" JoHcOeunim — BUuABNeHUN y 1967 pori y mereoputHux 3anuiikax y CIHIA. e
MPUPOJHUN MIHEpaJl YOPHOTO KOJBOPY. YTBOPIOETHCS MPU BHCOKUX THCKaX 1
BIJIHOCHO HU3BKUX Temrepatypax (6mm3pko 1299 K) 3 BHCOKOOPIEHTOBAHOTO
rpadity. JIoHCAEHNIT € ONHUM 3 HAUTBEPIIIUX 13 BIJOMUX PEUYOBHUH, HOTrO
TBEPIICTh Ha 58% TepeBuUIIye TBEPICTh aIMasy;

" ¢hynepenu — Biakputi 1985 poxy B CIIIA;
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" kapbonosi Hanompyoxu — BiAKpuTI 1991 poky y AnoHii;
" 2paghen — orpuMannii y 2004 pouri y Benukiii bpuranii.

Oco0nMBHil 1HTEpEC CTaHOBIATH TpU oOcTaHHI Moaudikamii KapOomny,
30KpeMa, (yJepeHu, ByIJIeIeBl HAHOTPYOKH 1 rpadeH. BukopucraHHs yHIKaJIbHHX
BJIACTHBOCTI LKX MaTepiajiB € OJHUM 3 HaWOUIbII TMPIOPUTETHUX HAMPSIMKIB
HaHOTexHoJorii. [Hmi momudikamii (rpadit, anmmas, kapOiH 1 JOHCAEHIIT) BiAOMI
TaBHO.

PosrasaeMo HaiOUIBII aKTyaabHy B MEIUITMHI aJJOTPOITHY MOAU(IKAIIiO

— (ynepeHu.

Dynepenu

V¥ BepecHi 1985 poky Tppoma ximikamu P. Kepiowm, I'. Kpoto ta P. Cmosmmi
OyJo BiaKpuTO HOBUM pizHOBU Kapbony Ceo, sSiIKHi1 0OTpuMaB Ha3By QyJiepeH. B 1996
potii 3a 11e BIAKpUTTS BoHU oTpuMain HobGeniBceky npemiro. CBoro Ha3By (ynepeHu
OTpUMaJIM Ha YECTh aMEpPUKaHChKOro apxitektopa b. ®ymnepa, sxuit 1954 poky
3aMaTeHTyBaB METOJ OYIIBHHMIITBA MEPEKPUTTIB BEIMKUX MPUMIIIEHb y BUTIIAIL
@KYpPHUX KYyHOJOMOAIOHUX KOHCTPYKILINM NUIAXOM IO€JHAHHS W'STH- 1 IIECTH-
KYTHUKIB.

Oynepen Ceo, sikuil ckiamaerbesi 3 60 atomiB KapOony 1 Haragye 3a
dopmoro GyTOOIBHUN M'sY, TOMY HOTO 1HOAI Ha3uBaTh GyTOOIeHOM (puc.6). Bei
atomu KapOoHy €KBIBaJIEHTHI Mi>k COOOIO Ta MOB'sA3aH1 3 TPbOMa CYCITHIMUA aTOMaMHU
oaHiero kopotkoro (0,139 um) ta nBoma norumu (0,143 am) 3B's3kamu. KoskeH aTom
Kap6ony B monekyii Cgp 3HAXOIUTHCA Y BEpUIMHAX JBOX IMECTUKYTHUKIB 1 OJHOTO
M'ATUKYTHHUKA 1 TPUHLIMIIOBO HE BIAPI3HAETHCA BIJ IHIIKUX aTOMIB BYTJEI0. ATOMU
Kap6ony, mo yTBOprooTh cepy, MOB's3aHI MK COOOI0 CHUJIBHUM KOBAJICHTHHUM

3B'SI3KOM.
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Puc. 6. Mogens pynepeny Ceo Ta potorpadist hpyTd0a6HOTO M’siua

Monekyna HaiOinem BuBYeHOTO (Qynepeny Cgo ckmamaetses 3 20
NPaBWIBHUX MIECTUKYTHUKIB 1 12 NpaBWIbHUX M'STUKYTHUKIB, Y BEpIIMHAX SKHUX
posrtaioBani atomu Kapoony. @ynepenun Cgp BOJIOJIIOTH BHUCOKOI TEPMIYHOIO
ctabuibHICTIO. BoHM 6€3 po3kiaganus cyomimyroThes npu 700 K, a Takox 306epirarothb
cTaOUIbHICTH B 1HEpTHIM atMocdepi no 1700K. OpHak y OPHCYTHOCTI KHCHIO
okucioroThes Bxke npu T = 500K. Kpim Toro, pynepern Ceo UyTIUBI 10 BIUIMBY
yJIbTpadioJeTOBOTO BUIPOMIHIOBaHHS, TOMY IX 3pa3Ku 3a3BUuail 30epirarorh y
TEMPpSIBI M1/l BAKYYMOM a00 B CEpEOBUIIII a30TY.

Ha BigMiny Big rpadity Ta anmaszy QynepeHu MawTh 3/aTHICTb
PO3UYMHSITHUCS B PI3HUX OPTraHIYHUX PO3UMHHUKAX — O€H3€H, 'eKCaH, JIeKaH, TOIYEH Ta
1H.

@dynepeHn 3aBASKA HASBHOCTI O-uwleHHHX Kijenb KapOoHy MOXyTh
MPUEAHYBATH /O [IECTH BUIBHUX €JIEKTPOHIB, WI0 PpOOUTh iX CHIBHUMH
OKHMCJIIOBAYaMH, 3JaTHUMHU YTBOPIOBATH O€3J114 HOBUX XIMIYHHUX CITOJIYK.

3acTrocyBanHs QyJiepeHiB y MeIMINHI
1. Hanoxonmeiinepu 011 00cmagku Jiikie.
OynepeH MOXKYTh 1HKATCYJIOBaTH JIKH, 3a0e3Meuyloud iX 3axUCT BiJ
Jerpaaamii i CIpUSIOYM TapTreTHIM JTOCTaBIl A0 MEBHUX KIITHH a00 TKaHWH.
Ilpuxnao: ®ynepen C60 BUKOPUCTOBYETHCS JJIsi JOCTAaBKU MPOTHUPAKOBUX
npenapariB  0e3MocepeHhO0 10 PAKOBUX KIITHH, MIO 3HIDKYE MOOIYHI edekTH i
MIBUIY€E €PEKTUBHICTD JIIKYBaHHS.

2. AHMUOKCUOAHMHA AKMUGHICHD.
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dynepeHrn  MaloOTh MOTYXXKHI ~ aQHTHOKCHUJIAHTHI ~ BJIACTUBOCTI,  3JIaTHI
HEWUTpasizyBaTH BUIbHI paJIMKaH, 1110 3aXUILA€E KIITHHU B1Jl OKCUAATUBHOIO CTPECY.

Ilpuxnao: ®ynepeHn MOXyTb OYTH BHUKOpPHUCTaHI M JIKyBaHHS a0o
npo(UIaKTUKKA 3aXBOPIOBAHb, IMOB'A3aHUX 3 OKCHJATHUBHUM CTPECOM, TaKUX SIK
HeHpoJereHepaTUBHI 3aXBOPIOBAaHHS a00 CepIEeBO-CYANHHI 3aXBOPIOBAHHS.

3. Ilpomusgipycna 0is.

dynepeHrn MOXYTh 3B'SI3yBaTHCS 3 BIPYCHUMM YacCTHHKaMH, OJIOKYIOUU iX
3IaTHICTh 1H(IKYBAaTH KIITHHH.

Ilpuxnao: JocnipkeHHs TI0OKa3ainu, 10 ¢yJIepeHru MOXYTh 1HTIOyBaTH
perutikaniro BIJI ta iHImmx BipyciB, 0 BiIKPUBAE NEPCIIEKTUBHU ISl pO3POOKH HOBUX
MPOTHUBIPYCHUX MPEMAPATIB.

4. @omoounamiuna mepania (OAT).

@dynepeHM MOXYTb BHUKOPHUCTOBYBAaTHCS SIK  (POTOCEHCHOLTIZATOPH Y
dboToMHAMIYHINA Tepartii, METOA1 JIIKYBaHHSI paKy, SIKHM BHUKOPHUCTOBYE CBITJIO IS
akTuBaIlii poroceHcuO1II3aTOpa 1 CTBOPEHHS peaKTUBHUX (HOPM KHUCHIO, K1 BOUBAIOTh
PaKOB1 KJIITUHH.

Ipuknao: ®ynepen C60 BukopuctoByerbes B OJIT anis imikyBaHHS MIKIPHUX 1
BHYTPIIIHIX TMyXJUH 3aBISKH HOTO 3JaTHOCTI TeHEPYBAaTH CUHTJICTHUN KHUCEHb TPH
OCBITJICHHI.

5. Mliaznocmuka.

dynepeHr MOXyTh OyTH MOAU(DIKOBaHI JIJIi CTBOPEHHS KOHTPACTHHUX
areHTiB Il MEIWYHOI Bi3yasli3allli, TaKuX SIK MarHiTHO-pE30HaHCHA ToMorpadis
(MPT) abo komm'torepna Tomorpadis (KT).

Ilpuknao: @ynepeHn 3 NOPUKPIIUICHUMH (IyopecueHTHUMU abo
MardiTHUMH MITKaMH BHKOPUCTOBYIOTHCS JIJIS ITIABUIIIEHHS TOYHOCTI J1arHOCTUYHUX
300paKeHb.

6. I'enomepanis.
dynepeHr MOKyTh BUKOPUCTOBYBATHUCS JIJISI TOCTABKA TEHETUYHOTO MaTepiay

710 KJIITHH, 3a0€3IeUyI0Un TapreTHy TeHOTEpaItiio.
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Ilpuxnao: BukopuctanHs QyliepeHiB s JOCTAaBKH KOPOTKHUX 1HTEpDEpyrounx
PHK (siRNA) y kmiTHHM JJi8 NPUTHIYEHHS €Kchpecii crenu(pigyHuX TeHIB, M0

BHKIIMKAIOTb 3aXBOPIOBAHHA.

IMpukaaau g0caiTKeHb i 3aCTOCYBaHb:

o /Mocmaexa npomuparkosux npenapamie. OynepeHr BUKOPUCTOBYIOTHCS
JUISL JIOCTaBKH JIOKCOPYOIIMHY A0 pakoBUX KIITHH. JlOCIiIKEHHS
MOKa3aJin, 10 1€ 301IbIIy€e epEeKTUBHICTh Mpenapary i 3HIKY€E HOTo
TOKCUYHICTb ISl 3A0POBUX KIIITHH.

o Anmuokcudanmni  enacmueocmi. BUBUYAIOTHCS  AHTHOKCHJAHTHI
BiactuBocTl (ynepeny C60 y monem mumii. Pe3ynbratu mnokaszanu
3HID)KEHHSI P1BHSA OKCUATUBHOTO CTPECY 1 MOJIIIIEHHS 3araJIbHOTO CTaHy
310pOB'sl.

o [Ilpomugipycna axkmuenicms. Bukopuctanuss  ¢yJepeHiB s
iHrioyBanHns perutikaiii BIJI. JlocmimkeHnHs mokasanu, mo MoaudiKoBaHi
(dysepeHn MOXYThb 3B'I3yBaTHCS 3 BIpYCHUMH MPOTEiHAMH 1 OJOKYBaTH
1H(eKIIiIO.

2. @omoounamiuna mepanis.
Buxopucranns ¢ynepeniB y ®JIT nns nikyBaHHA MEJIaHOMHU y MOJEJI MUIII.
PesynbraTy mokazaiy 3Ha4HE 3MEHIICHHS PO3MIPIB Iy XJIMH MiCIIs JIKYBaHHS.
@dynepeHn BIIKPUBAIOTH HOBI MEPCIEKTUBU Y MEAMIIMHI 3aBISIKU 1XHIM
YHIKQJIbHUM BJIACTUBOCTSIM 1 MOXIIMBOCTAM ISl CTBOPEHHS HOBUX METOIIB
J1arHOCTUKH Ta JIIKyBaHHS.

VY minoMy MOXHa CKazaTH, MO XiMis (QyJepeHiB € HOBUM HampsIMOM
pi3HHX obsacTed Ximii Ta MEIUIIMHU, SIKU aKTUBHO PO3BUBAETHCS 1 MICTUTH Y COO1
BEMYE3HI MEpCIeKTHBU. Ha 3aBepIieHHS I1bOTO IMYHKTY JOPEYHO HABECTH
BHCJIOBJTFOBAHHS OJHOTO 3 TepIioBiakpuBaviB ¢ynepeHiB ["apoiasaa KopoTko mpo i
IVBOBIDKHI Mojiekynu: «HaiOinpIn 4ynoBOIO BJIACTHUBICTIO ILIMX MOJIEKYd €
npuTaMaHHa iM Xapu3Ma, sKa TOB’S3aHa 3 IX €JIETAHTHO MPOCTOIO 1 HaJI3BUYANHO
CUMETPUYHOI0 CTPYKTYPOIO, HECXO0XOI HI Ha mo iHme. Came 11 xapu3Mma Japye

3axXBaT 1 3IMBYBaHHS BCIM XIMiKaM, HE3aJIEKHO BiJl iX BIKY».



MeaouuyHa xiMmisa

Hano4yacTuHkH i MeqHIIMHA

P. ®@peiitac, npoBigHUI ydYeHUH y IMiil ray3i CKas3as, [0 HAHOMEAHUIIMHA — 11€
«CTEXEHHS1, BUIIPABIICHHS, KOHCTPYIOBAaHHS 1 KOHTPOJIb HaJ 010JI0TTYHUMHU CUCTEMaMHU
JIOAVMHYU HA MOJICKYJIIPHOMY PiBHI 3 BUKOPHUCTAHHIM PO3pOOJIEHUX HAHOMPHUCTPOIB 1

HaHOCTPYKTYD».

HanpsiMu BUKOPUCTAHHSA HAHOXIMII YV MeIMIIMHI:

1. Jlocmaska akmugnux nikapcoKux peuoeuH 6 op2anizm a00uHuU.

HaHouaCTHHKM MOXXHa BHUKOPUCTOBYBATU M OOCMABKU Mepane8muiHux
MOJeKy: I0COM — B aJIEHOBIPYC; MOJIMEPHOI HAHOCTPYKTYPH — Y TKAHHMHH-MIIIIEH];
HaHOYACTHHOK — y J€HAPUMEpPH; KApOOHOBUX TPYOOK — Yy CYJUHH; (PITOHAHOYACTHHOK
— Y KJIIITHHH OpraHiB-MilIEHEH.

[lpakTiyHy 3Ha4yymiicTh MalOTh JimocoMu po3mipoMm 20-50 HM, ki
BUKOPHUCTOBYIOTbH SIK 3aC10 JTOCTABKH JIIKAPCHKOTO Mpernapary A0 610J0T14HOT MilIEHI.

Jlo HaHOHOCIIB MOXXHa BIAHECTH OakTepii, BIpYyCH, aJI€HOBIPYCH, JIIIIIHI
HAHOTPYOKH, HAHOYACTUHKU Ta HAHOEMYJIbCIi I THOTO MOXOHKEHHS, IEeSK1 [IUKITIYHI
MEeNTHIN, XITO3aH!, HAHOYACTUHKH 3 HYKJIETHOBUX KHUCTIOT.

[TonmiMepHi HAHOYACTUHKY MOXHA OJIEP)KYBaTH 3 MPUPOAHUX UM CHHTETUIHHUX
MaTepiaiiB, HAMPUKIA] 3 TOJICaXapHiB, MOJIMOJIOYHOI Ta MOJITIIKOJIEBOI KUCTIOT,
MOJIVIAKTHU/IIB, MTOJIIAKPHUIIATIB, AKPUIOBUX MOJIMEPIB, MOJIETUICHTIIIKOIO Ta IHIIUX.
[Tomimepni maTepiayii MarOTh IIHHI BJIACTUBOCTI JJIi TPAHCHOPTY JIKYyBaJbHUX
npemnapariB  — O10CyMICHICTh 1 (DYyHKIIOHAJbHY CYMICHICTh, 3/IaTHICTH JO
Olonmerpanauii. HaykoBmi IHCTHUTYTYy Ximii BHCOKOMOJeKysipHuX crnoiayk HAH
VYKpaiH CHUHTE3YBaJM MOJICKYJSPHO-IMIIPUHTOBAHI TMOJIMEpU Ha OCHOBI [-
UKJIOACKCTPUHY Ta WOro MOXIJHUX 1 PI3HUX TEMIUIATIB, 30KpEeMa MEIUYHOIO
MpU3HAYeHHS: (IIYOIIMHOJIOHY alleToHITy, ¢ypoceminy, IUKIO(EHaKy HaTpiko,
10ynpodeny, KBepIeTHHY, aTb0yMiHY.

VYyeHi KOHCTPYIOIOTH JINOCOMHHUIA NPOTUPAKOBUU Mpernapar, B SKOMY
TEPMOUYTJIMBI JIIMOCOMU 3arOpHYTO B TIOJIMEp 1 3a0€3MeYeHO aHTUTUIAMH, IO

BU3HAYAIOTh «aJIpecy A0CTaBKWy». € 11e 1H111 eEeKTUBHIII HOCIT — 116 HAHOYACTUHKH 3



MeaouuyHa xiMmisa

¢biTocupoBUHM, TaK 3BaH1 HaHODITOIIKH, 1715 JikyBaHHs BIJI, Manspii, TyOepKynpo3y,
rinepToHii, OpOHXIAJTILHOI aCTMH, JCTPECii, aleprii.

Btim, He Tpeba 3a0yBatu, 110 CUCTEMH JJOCTaBKU aKTUBHUX PEYOBHH IOB’sI3aH1
3 PU3UKOM MOOIYHOI Aii.

2. @opmysanna meepoux min i NOBEPXOHb 3i IMIHEHOI0 MOJIEKYAPHOIO
cmpyKmypoio: 1i¢ HEOPTaHiuHI H OpraHiyHl CIOJYKH, HaHOTPYOKH,
010JIOT1YHO CYMICHI ITOJIIMEPH Ta 1HII MaTepialiv, SIKi IMITyIOTh TKAHUHH
KUBUX OpPTraHi3MiB; TaKi MaTepiajl MOXYTh CIyTyBaTH TPAHCIIOPTHUMU
3aco0aMu Il TOCTaBKH JIiKiB 200 IMIJTaHTaTaMU YM TPaHCIJIaHTaTaMu.

3. Hiaznocmuka 3axe0pioeams.

VY niarHocTyBaHHI Ta 3aCTOCYBaHHI npOomMunyxauHHoi mepanii 610CMHTE30BaH1
HAHOYACTUHKM METaJlIB 1 OKCHUIIB METaliB JOCHIKYIOTh JOCUTh IIHUPOKO.
BiocunTe3oBaH1 HaHOYACTUHKH, 30Kkpema Ag, Au, Zn, ZnO, CuO, MgO, Ni, NiO ta
Co-neroBanuit  SnO, TPOJEMOHCTPYBAJIM CBO€ TIOTEHIIHHE 3aCTOCYBaHHS SIK
OPOTUITYXJIMHHI ~ areHTU. [loBiIOMIISIETBCS TPO  MIABUIICHY MNPOTHUIYXJIUHHY
AKTUBHICTh CHHTE30BaHUX POCIMHAMHU HAHOYACTHMHOK ZnO MpOTH KIITUHHOI JIHII
paKky MOJ04YHOI 3a5103u. HaHouacTUHKM Au MarOTh NMPOTUITYXJIMHHY 3aTHICTh MPOTH
KJIITUH paKy WUAKA MaTku droauHu. Hanowactunku MgQO, siki Oysid CMHTE30BaH1 3a
JIOTIOMOIOK0  BOJIHOTO  €KCTpakTy  Sargassum  wightii, XapakrtepusyBaiucs
NPOTUITYXJIMHHOIO aKTUBHICTIO TPOTH KIITHH paky JereHiB. biocuHTe30BaHi
HaHOYACTHHKM MgO  BHSBISUIM  TIABUIIEHY NPOTHIYXJIMHHY  aKTHBHICTB,
CIPUYUHSIOYHN IUTOTOKCUYHICT JI0 KIITUH PaKy JIereHb. 3a TAKMX YMOB KIIITUHU PAKY
JIETeHb TUHYTh Yepe3 aronTo3, CIPUYNHEHUN 1 TeHepaIlielo akTUBHUX (POPM KHCHIO.
A®K MawTh BaXJIMBE 3HAUYCHHS Yy HM3LI KIITUHHUX 3MIH — 3alajieHHl, MyTaIlisx,
crapingi, nomkomkeHHi JIHK Tta amomrosi. YV pesynbTaTi amonto3dy B PaKOBHUX
KJIITUHAX JIETeHb CIIOCTEPIraloTb MOpQoJioriuni 3MiHu, kouaeHcaio B JJHK, Brpaty
IITICHOCTI MeMOpaH Ta 3MOpIIEHHS KITUH. JIOCHIPKeHHS JOBOJATH, IO
HAHOYACTHHKHU BUSBISIOTH J0303aJIEKHY IUTOTOKCUYHY AKTHBHICTH IOJO0 PAKOBUX
KJIITHH.

4. Cmeopenna mouHUX MeOUYHUX MAHINYAAMOPIe i OiAZHOCMUYHUX

npucmpois.
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Meouuni maninyasamopu

1. Hanopoootu nas xipyprii: Hanopo6otu a60 HaHOMaHIMyISATOPU MOXKYTh Oy TH
CTBOpEHI JJs BHUKOHAHHS BHCOKOTOYHHMX XIPYpPridHHX TMpOIEnyp Ha
MOJICKYJISIpHOMY piBHI. BOHHM MOXyTh OyTH BHUKOPHCTaH1 JJIs BHIAJICHHS
PaKOBUX KIIITWH, OYHILEHHS apTepiil a00 BiIHOBJICHHS MOIIKO/HKEHUX TKAaHUH.
Ilpuxnad: BukopucTaHHS MarHiTHO KEPOBAaHUX HAHOYACTUHOK I TAPTE€THOTO

JIKYBaHHS aTEPOCKJIEPO3y IUIIXOM JIOCTaBKH JIIKIB O€3MOCEPEIHbO /10 YPaKEHUX
TJISTHOK CYJIMH.

2. Hanoroakm, siki MOXyTh TIpPOHHUKATH B KJIITHHHI MeMOpaHu 0e3 ix
MOIITKO/IKEHHS, 110 J03BOJISIE TOYHO BBOJAUTH JIIKA a00 TEHETUYHUN MaTepiall y
KJIITUHHU.

Ilpuxnao: HaHoronku, BUTOTOBJIEHI 3 KPEMHII0 a00 BYTJICIIEBUX HAHOTPYOOK,
BUKOPHUCTOBYIOTHCS JUIS IOCTABJICHHSI TEHETHYHOTO MaTepiady B OKpeMi KIITHHU AJIs
TeHETUYHOI Teparnii.

3. Hanoxipypriuni incrpymenTun. HaHOpo3MipHI 1HCTPYMEHTH, Taki fK
HAaHOMIHUETH, MOXYTh MAaHINYJIOBaTH OKPEMUMH  MOJIEKyJaMu  abo
CTPYKTYpaMu B KIIITUHAX.

Ilpuknao: HaHomiHueTH, BUTOTOBJEHI 3  KapOOHOBUX  HAHOTPYOOK,
BUKOPHUCTOBYIOTHCA JUISl 3aXOIUIEHHS 1 iepeMinieHHs: okpemux monekyn JJHK.

Jiaenocmuuni npucmpoi

1. HanowacTuHku 1Jid BidyaJsizanil. HaHouacTUHKM MOXYTh OyTH BUKOPHCTaHI
SIK KOHTPACTHI areHTH B METOJIaX MEANYHOI Bidyam3aiii, Takux sk MPT, KT, 1
¢ryopeciieHTHa MIKPOCKOTTisI.

Ilpuknao: 30510TI HAHOYACTUHKY BUKOPHCTOBYIOTHCSI B ONTUYHINA KOTE€PEHTHIM
tomorpadii (OKT) st miaBUIIEHHS KOHTPACTY 300pakKeHb TKAaHUH OKa.

2. HaHoceHCOpM MOXYTb BUSBJISITH O10MOJIEKYJIH 200 XIMIYHI pEYOBUHU Ha JIyKe
HU3BKUX KOHIIGHTpAIlisiX, [0 JO03BOJISI€ IarHOCTYBATH 3aXBOPIOBAHHA Ha
PaHHIX CTaJisX.

Ilpuxnao: T'MOKO3HI HAHOCEHCOPH, IO BUKOPUCTOBYIOTH HAHOTPYOKH abo

HAaHOYACTHHKH, JIJII MOHITOPUHTY PIBHSI TJIIOKO3HU B KPOBI y MAIIIEHTIB 3 A1a0€TOM.
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3. Jla6-na-vimi (Lab-on-a-chip). MikpodutroinHi IPHUCTPOT 3
HAHOKOMIIOHEHTaMH, $SIKi JIO3BOJISIIOTH IPOBOJUTH aHai3u OiomaTepiaiiB
(kpoBi, cedi) MBUIKO 1 3 BHCOKOIO TOYHICTIO.

Ilpuxnao: Jlab-Ha-4imi 1J1s A1arHOCTUKU 1H(PEKIINHUX 3aXBOPIOBaHb, TAKUX SIK
BIJI abo rematuTt, sSikMii BUKOPHCTOBYE HAHOMOPHUCTI Marepianu ans QuibTparii i
aHai3y 3pa3KiB.

4. BbioceHcopu Ha ocHOBiI HaHOMaTepiaJjiB. HanoMarepianu, Taki sik rpaden adbo
KapOOHOBI HaHOTPYOKH, MOXYThb BHUKOPHCTOBYBAaTHCS B OioceHcopax st
BUSIBJICHHS crieliu(diuHNX O010MapKepiB 3aXBOPIOBAHb.

Ilpuxnao: biocencopu Ha OCHOBI TrpadeHy [Jsi IIBUIKOTO BHUSABJICHHS
OlomapkepiB paKy B KpoBi a00 cedl.

i mpuKIagn 1eMOHCTPYIOTh, SIK HAHOXIMIS JIO3BOJISIE CTBOPIOBATH 1HHOBAIIIMHI1
MEIUYHI MaHIMYJISATOPU Ta AIArHOCTUYHI MPHUCTPOi, SIKI MiJABUIIYIOTh TOYHICTD,
e(eKTUBHICTD 1 0€3MeKy MEIMYHUX BTPYYaHb Ta IIarHOCTUYHUX TIPOLIETYP.

Hano4yacTMHKM MaroTh HU3KY 3aCTOCYBAaHb Y MGIII/IIII/IHi. Hanouactunku

METajiB, IX OKCHIIB Ta METAIOIAIB BUKOPUCTOBYIOTH SIK IPOTUIPHOKOBI,
aHTHOaKTepianbHi, MPOTUIIYXJIMHHI, MPOTUBIPYCHI Mpemnapartd, a TaKoX MaroTh
TEpareBTUYHE Ta JIarHOCTHYHE 3aCTOCYBaHHSI.

AumubaxmepianoHuii. nOmeHYianl HAHOYACMUHOK TIOCTIMHO JOCIIIXYIOTh,
OCKIJIbKM TATOT€HHI MIKPOOPTaHI3MH MPOSBISIOTh PE3UCTEHTHICTh O KOMEPIIITHO
JOCTYITHUX aHTUOIOTHKIB. Y 3B 53Ky 3 LIUM ICHY€ BETMYE3HUI TIOMUT HA PO3POOJICHHS
HOBUX aHTU-OAKTEplaJIbHUX TpenapaTiB 3 Kpamow e(OeKTUBHICTIO. 3aBAsSKU
HaHOPO3MIpY HAHOYACTMHKM MOXKYTh JIETKO NPOHUKATH B KIITHHU MATOTEHHUX
mTamiB OakTepid, a HasBHICTh OIOJOrIYHO AaKTHUBHUX CIIOJIYK Ha TOBEPXHI

HAHOYACTHHOK MOCHITIOE 1X aHTHOaKTepianbHy 1ito (Puc.7)
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OIKOIKeHHHA TpaHcnopry
Hanouacrunku KaiTunnoi memOpann e/IeKTpPoHIB

Puc.7. CxemaTuyna uttocTpaiiis J1ii HAHOYACTUHOK Ha OakTepii

biocuHTe30BaHi HAHOYACTMHKM METAIIB 1 OKCHJIB METaliB, 30Kpema
HaHoO4YacTHUHKU Ag, Au, ZnO, Cu ta NiO, 1eMOHCTpYIOTh 3HaYHY 1HT10yI0UY J110 IPOTH
mramiB  Oaktepiil. CuHTe30BaHl rpubamu HaHodacTMHku Ag (540 HM) 1
HaHoyacTuHkd ZnO 1 CuO, cuHTe30BaHI pOCIMHAMH, I[IOKa3ajd IIiJIBUIICHY
OaKkTepULMAHY [iI0 SK II0J0 TPaMIIO3UTHUBHUX, TaK 1 TIpaMHETaTUBHUX ITaMiB
OakTepiil.

[CHYIOTH TOBIJOMIIEHHSI LIOJ0 APOMUBIPYCHOI eheKmusHocmi HaHOUYATUHOK,
AKa 3aJIeKUTh BIJ 1X po3Mipy, OpPMHU Ta 3aCTOCOBAHUX 10HIB MeTaNiB. BigMiueHo, 110
3aXUIIEH] TOKPUTTSIM METaJIeBl 3epHa MPOSBISIOTH KPaIlly B3a€MOJIII0 3 BipycaMu Ta
KJIITUHAMH-TOCTIOJIAPSIMU, HIXK YaCTOYKH O€3 BIJMOBIAHOTO TOKPUTTS. [nenTudikoBani
MEXaHI3MH JAii MOXYThb BIJOyBaTHCS SIK BCEpPEIMHI, TaK 1 3a MeXaMu KIITHH-
rocrnofapiB. BoHU MICTATh HAHOYACTHHKH, IO B3a€MOAIIOTH 3 Oiumkamu gpl20,
KOHKYPYIOTh 13 BIpyCOM 3a CaiTM 3B’S3yBaHHsS 3 KJIITHHAMHU-TOCIOJAPSMH, Ta
OOMEXYIOTh MPUETHAHHSA Ta MPOHUKHEHHS Bipycy. [HIN MOTEHIiHI MeXaH13Mu il
nependavaloTh 1HAKTHBAII BIPYCHUX YAaCTUHOK J0 NPOHUKHEHHS B KIITHHY,
B3a€EMOJIII0 3 BIPyCHUM TeHOMOM ab0o 3B’sA3yBaHHS 3 BIPYCHUMH YaCTHHKAMHU.
MeraneBl HaHOYACTHHKH, 30KpeMa Cpi0io Ta 30JI0TO, BUSBWIM TPOTUBIPYCHY

AKTUBHICTh MPOTH PI3HUX BIPYCIB.



MeaouuyHa xiMmisa

JocnipkeHo napBIUUIHY aKTUBHICTh HAHOYATHHOK Miji, CEJeHy, 30JI0Ta,
cpibyia Ta JMOBENEHO iX MOTEHIAN Il 1HAKTHBAlli MEePEHOCHUKIB — KomapiB (pif
Aedes) nenre.

Takoxx BUSBHIIOCS, 11O Pi3HI MeTajeBl HAHOYATOUKH, 30KpemMa 3aji3o, cpidJo,
raJnii i 3071010, akTuBHI Tipotu BIJI, 110 cripusie 3HMKEHHIO POCTY 1 peruiKarii Bipycy.

bionoriyHo cMHTE30BaH1 HAHOYACTHHKY HUHI IMTUPOKO JOCIIHKYIOTh 3aBISKH iX
AHMUMIKOMUYHOMY nOmeHYyiany 1OAO0 PI3HMX TIaTOI€HHUX BHUIIB T'PHUOIB.
BcTaHoBIIeHO aHTHMIKOTHYHY aKTHBHICTH HaHo4YacTOoK Ag, Au, Ni, NiO, Pt i Pd.
[IpoTurpuOkoBUii MeXaHI3M J1i HAHOYACTHUHOK HE TMOBHICTIO 3’siCOBaHO. BueHi
MPUITYCKAIOTh, 10 HAHOYACTHHKU TPOSBISIIOTE CBOIO IPOTUTPHOKOBY  IifO,
MPUKPIIUIIOIOYNACH O MOBEPXHI KIITHH. 3BIAKA BOHU NPOHUKAIOTH Yy KIITHUHY 1
B3aEMOJIIOTh 13 CHoJiykamMu, o MictiaTh (ocdop (3okpema JIHK), BomHowac
raJIbMYIOTh IUXaJIbHUH MpoLec TpuoiB, 1 B pe3yJibTaTi, IPU3BOAATh TPUOKOBI KIIITHHH
1o 3aru6eni. [IpunyckaroTh, 10 HAHOYACTUHKHA METANIIB TaKOXK MOXKYTh B3a€MOIISITH
3 TionoBuMH (—SH) rpynamu ¢hepMeHTIB 1 pOOUTH iX HEAKTUBHUMU. Y Cl 111 YUHHUKU

CHPUSIOTH IHT1OITOPHIN Jii HAHOYACTUHOK MPOTH MIKOJIOTTYHHX BU/IIB.

TokcHYHICTH HAHOYACTHHOK
Hanomoxcukonocin — 1e acleKT HaHOHAyKW, SKUH 3aiMaeThCs
BUBUCHHSIM HECTPUATIMBOIO BIUIMBY CKOHCTPYMOBAaHMX HaHOMarepiaiaiB abo
HAaHOYACTHHOK HAa UBI opraHi3mMu. [lenani Oiiblie 3aCTOCYBaHHS CKOHCTPYHOBaHUX
HAHOYACTUHOK y O10MEIUYHIN raxy3i COpUYMHUIIO CePHO3HI 3aHETIOKOEHHS MO0 X
0e3neKu AJisl JTHOACH.

HaHOYacTHMHKM IIMPOKO BUKOPUCTOBYIOTH $IK HAHOJIKApChKl 3aco0u Ta
HAHOHOCII JIIKAPCHKUX 3aCO0IB 3aBMASIKM HEBEJIMKOMY pO3MIpy Ta BHHSITKOBUM
BiIacTUBOCTAM. OJIHaK iX po3Mip, MOP(QOJIOTis, MOBEPXHEB1 (PYHKI[IOHAIBbHI TPYIU Ta
J10303aJI€XKH1 BJIIACTUBOCTI TAaKOXk MOXXYTh OyTH BIANOBIAIbHUMHU 3a iX TOKCUYHICTD
I10]10 HOPMAJIbHUX, 3JI0POBUX KJIITHH, TKAHUH 1 OPTaHIB.

31 3MEHUIEHHSIM PO3MIpYy HAHOYACTUHOK BIJHOIIEHHS IUIONII MOBEPXHi [0
00’eMy €KCHOHEHLIWHO 30UIbIIYEThCS, LIO0 MIABUILYE OIOJIOTIYHY Ta XIMIYHY

peakuiiiny 3natHicTb. Hanmpukiana, koiau po3mip 3MeHryBaBcs 3 30 10 3 HM, KITBKICTh
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EKCIIPECOBAHMX  IOBEPXHEBUX MoJekynd 30uibmyBamacs 3 10 go  50%.
[{UTOTOKCUYHICT, HaHOMATEpiadiB € pe3yJbTaTOM B3aEMOIi MK ITOBEPXHEIO
HaHOMAaTepialy Ta KIITHHHAMHA KOMIOHeHTamMHu. OTXe, HaBiTh KOJU HAHOYACTHHKU
MalTh OJHAKOBUW XIMIYHUH CKJIaJ, BOHM MOXYTh MaTH pI3HUM PIBEHb
IIATOTOKCUYHOCTI 3aJI€KHO BiJ] IO TIOBEPXHI Ta PO3MIPY YaCTHHOK, TOOTO BOHH
MalOTh BUIITY TOKCHYHICTb MOPIBHAHO 3 OUTHIITMMH YaCTUHKAMU 3 TIOJIIOHIM CKJIaJIOM.

dopMa € BaXJIMBUM YMHHUKOM HAHOYACTHUHOK, SKa BU3HA4Ya€ iX O10JIOT1YHY
peakiiifHy 3[aTHICTh 1 TOKCHYHICTh. TumoBuMU (opMaMu HAHOYACTHHOK € cdepa,
UIIHAP, KyO, TUCT a00 cTprkeHb. PopMa HAHOYACTUHKY BAXKJIMBA JJIs BUBHAYEHHS
il mOTJIMHAHHS KJIITUHAMH. BUSABIEHO, 110 HAHOIUIACTUHM Cpi0ia € MIKIIJIUBIIINMU,
HDK HaHochepu cpibma B emOpioHax puOku naanio. CdepuuHi HAHOYACTUHKU
3aXOIUTIOIOTHCSI B KJIITHHAX y OUIBIIINA KIUIBKOCTI MOPIBHAHO 3 IHIIMMU (hOPMaMH.
['onkononiOHI ~ HAHOYACTUHKU  JE€MOHCTPYIOTh  OUIbILYy  TOKCHYHICTh,  HIX
HAHOYACTUHKHU cepuyHoi (popmu, yepe3 iX NOKpalieHi MHOXHHHI €HIOIUTapHI
MEXaHI3MH, IIBHJKICTh IHTEpHaTI3alii Ta e(EeKTUBHINIY aAre3it0 10 MOBEPXHI
KJIITUHU-MIIIICHI.

31aTHICTh HAHOYACTHHOK JIO PO3YMHEHHS € BAXKJIMBOIO BIJIACTUBICTIO, SKa
BHU3Hauae Oe3neKy, NOTJIMHAHHS Ta OB’ I3aHUM 3 HUMU TOKCUYHHUM MeXaH13M.

3aranbHUi MEXaHI3M, IKUH CIPUYUHSIE TOKCUYHICTh HAHOYACTUHOK OB’ I3aHU I
31 3MaTHICTIO 1HAYKyBaTH akTHBHI ¢opmu okcureHy (ADPO), BHUKIMKAIOYU
OKHUCIIOBAJIbHUN cTpec. Jleski 11eHTU(]iKOBaHI TOKCHYHI MEXaHI3MU TOB’SI3aHl 3
TeHOTOKCHYHUMH Ta HeWpOTOKCHUHUMHU edekTami. LI TokcuuHi eheKTH 3aJIeKUTh B
TUITy HAHOYACTHHOK, PO3MIpPY, IUIOINI MOBEPXHIi, ()OPMHU, CHIBBIIHOIICHHS CTOPIH,
MOKPUTTSI TOBEPXHI, KPUCTAJIIYHOCTI, PO3UYMHEHHS Ta aryiomMeparii. Menr
HAHOYACTUHKH, 3a3BUYai, MAIOTh OLIBIIY TOCTPY TOKCHYHICTh Ha TBapHUHHHUX
MOJIEISIX.

Busiieno, mo ¢popma abo KpUCTaIIUHICTh HAHOYACTUHOK MOXKYTh BIJTUBATH HA
iX TOKCHYHICTh. BaXJIMBO BpaxoBYBaTH TOKCHYHY [0 HAHOYACTHHOK TIiJ 4Yac iX
CUHTe3y. IX po3mip, (opMy Ta iHIINI OCHOBHI XapaKTEPUCTUKHU CIiJl BapiloBaTH, 100

BU3HAYHUTH Ti, K1 TPAMIOIOTh HAWKpAIe, He TPU3BOSYM 10 HETATUBHUX HACIIKIB.
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Po3riisn TokcHuHOI 71T CTBOPIOE YMOBH ISl CUHTE3Y OUTBIN O€3MEeYHUX JIJI OpTraHi3My

JJIIOANHHU HAHOYACTHUHOK.

4, TlindoutTsa migcyMkiB

3anuTaHHA I NepeBipKM KIHIEBOro PiBHA 3HAHD:

[cTopis po3BUTKY HaHOXIMIi Ta MaiiOyTHI MEPCIIEKTUBH.
Kinacudikaiiisi HaHOOO €KTIB.

Metoaun oTpuMaHHS Ta BJIACTUBOCTI HAHOYACTOK.

XiMI4H1 BJACTUBOCTI HAHOYACTHUHOK.

Kap6onoBi Hanomatepianu. AnorponHi Mmoaudikarii Kapoony.
HaHnowacTuHKkM 1 MeuIIMHA.

TokcHyHICTh HAHOYACTUHOK.

NogakowdE
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lNanunHckka Ta iH.; 3a pea.. mpod.. B.O. Kanibadbuyk — 4-¢ Buz.- K. BCB «Menununay,
2019 — 336c.
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