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BitTaemo BOC, OAMHAALSITUKAQCHUKNA TO OANHOAUSTUKAQCHWNLL!

ITroro HaBUATBHOTO POKY BU: nozaubume ¥ po3wupume 3HAHHA 3 HeOpra-
HiuHOI Ta 3arajsbHOI Ximii, HAO0yTi B IMomepenHi POKM; usuume XiMiro HeMeTa-
JIUHUX 1 MeTaJiuyHUX eJIeMEHTIB 3TilHO 3 iXHIM IOJIOKEHHAM Y IepiofgnuHii
cucreMi ximiunmx esemeHTiB i OymoBOIO aTOMiB; ycmaHoéume TIPUINHOBO-
HACHiAKOBi 3B’A3KM MiK GisMYHMUMMU Ta XiMiYHMMM BJIACTUBOCTSIMU HaNBaK-
JIUBIMIUX CIIOJIYK €JIEMEHTiB Ta IXHIM BUKODHCTAHHAM; KOHKPemu3yeme ysaB-
JIEHHS HTOA0 IIOMIMPEHHA METANIYHUX i HeEMeTaJIiuHUX eJeMeHTiB y IIPpUpPoai Ta
HaWBasKJIUBIMIUX cIOCOOiB JOOyBaHHA MeTaJiB i HemeTasniB; didHaemecs PO
posb XiMii y CTBOPEeHHI HOBMX MAaTepiajiB, POBBUTKY HOBUX HANIPAMIB TEXHO-
JIoTiii, PO3B’s3aHHI IIPOJOBOJILYUOI, CHUPOBUHHOI, €HEePreTHYHOI, eKOJIOTiuHOi
pobJieM; y3azanvHume CBiTOTIALHI IUTAHHSA 0A0 Micida ximii momisk inmmx
HayK IIPO IPUPOAY; O3HaAUoOMUMeCcA i3 3eJIeHOI0 XiMi€lo AK HOBOIO (isocodiero
CYyYacHOI'0 PO3BUTKY XiMiuHOI iHAYyCcTpPii, HAYKOBUX MOCIiJKEHb Ta CBITOTJIAIY
MOJIOZIOTO TIOKOJiHHA XiMikiB; ydockonanume BMiHHSA 0e3II€YHO ITOBOIUTUCH 3
Ha#mpocTimmuM J1abopaTOPHUM OOJIaAHAHHAM i peaKTHBaMH, 0e3IeUYHO BUKO-
HyBaTu XimiuHi fnociinm; sacmocyeme BimoMmi BaM MeToAV NIiBHAHHA Iix dac
IeMOHCTPYBaHHA XiMiUHUX AOCJIiAiB yuuTegeM abo BUMTEJIbKOIO XiMii Ta BJac-
HOPYYHOTO BWKOHAHHA IX HaA YpOI[i YW B M03ayPOYHUU UYaC; Haewumecs
pO3B’sA3yBaTH! HOBi TMIN PO3PaXyYHKOBUX 3aj1ad i3 ximii; euxopucmaeme BMmiH-
HS IIpAaIOBaTH 3 HABYAJBHOIO JIiTEpaTypoOlO Ta iHIMMMU AKepesiamu iHopMa-
Iii JJid POBIIMPEHHA CBOI'O CBITOTIAAY; poO36uHeme 3AATHICTb MUCJIUTHU
abcTpaKTHO Ta 00pa3Ho, KPUTUYHO COpUiiMaTH # aHmaJisyBaTu iH(opmMalriio.

PeasrizyBaTu 1i 3aBmaHHA BaM MOTOMOMKe HmiaApydyHumK ximii. Pobory 3 HuM
BaM IIOJIETIIIATh TaKi YMOBHI ITOo3HaueHHs (HIiKTOrpaMu):

9 BaXnuBea iHdopmaldis;

@ 3aBAaHHs, siKi akTyani3yloTb OMOPHi 3HaHHs1 abo MOB’sA3aHi i3 3aCTOCYBAHHSM LLIOMAHO
3000yTNX 3HaHb;

® HarBaxnueiwe B naparpadi;

penpPOAYKTUBHI 3anuTaHHs, WO AornoMaraloTb 3acBOiTM N BIiGTBOPUTU 3HAHHS;

I'IpOLl,yKTVIBHi 3anUTaHHA Ta 3aBAaHHs, SKi CMNOHYKaKTb 4O MUCINEHHH;

TBOp‘~Ii 3aBaaHHA;

O TECTOBI 3aBAaHHA AN CaMOKOHTPOSOBAHHA 3HAHb 3 TEMW,

N

nabopaTopHi gocniau;

% npakTu4Hi poboTu.

Iligpyunuk ximii BuKoHyBaTuMe (PYHKIIil CBOEDPITHOTO «TpeHaKEpPy», Ha
AKOMY BU 3MOJKETe BIIPABJATHCS B COPUIMaHHI Ta 00poOseHHi iHdopmarlii
pisHoro dopmary — aJTOPUTMIUHUX IPUIIKCIB, TAOJIMUYHUX AAHUX, rpadikis,
nmiarpam. BupobieHHS HaBUUYOK crpuiiMaTy iH(GOpMAaIlito i micas HaJae:KHOTO
00po0JIeHHS 3aCTOCOBYBATU B MPAKTUUHIN AiAJTbHOCTI 3a0€3MeUYNTh 3POCTAHHSA
BaIoi iHgopMalliiinoi KOMIIETEHTHOCTI.



3wmicT, BimomocTi 3 pyOpuk

«[lMpoekTtynmo! Teopimo!y,

o
«[isHanTecs Ginblue» ',

LlikaBo { nisHABAAbBHO

npexMeTHUN Ta iMEeHHUIl MOKaKuUuKH, «lomaTku» TOIIMO JOIIOMOXKYTh BaM e(eK-
TUBHO BUKOPUCTOBYBATH IiIPYYHUK AK OKepejo 3HaHb, POSIIUPUTUA €PYIU-
I[if0, YJOCKOHAJWUTHU BMiHHA KOPUCTYBATHUCA JEePXKABHOI Ta I1HO3eMHUMU
MOBaMH.

Ximia nmpusBabsuBa IIe i THM, IO il MOJIOKEHHSA Ta BUCHOBKHM YacTO MOYKHA
IePeBipUTH EeKCIEePUMEHTAJNbHO. ¥ IIAPYYHUKY € BUYEPHHI iHCTPYKII mo
BUKOHAHHSA Ja0OPATOPHUX NOCHITiB i mpakTuuaux podbit. HeyxuasHo morpu-
myiitecs mpasui 6esnexu! Ile BasKaInBO He TiMBKY IIiT Uac BUKOHAHHSA HaBUYAJIb-
HUX JOCJiAiB, a I y HOBCAKAEHHOMY JKUTTIi.

JKomen migpyyHuK He B 3MO3i 3aJOBOTBHUTU TMOTPEOY AOTUTIUBOTO YUHiB-
CTBa B misHaHHi. BuKopucToByiiTe A5 caMOOCBiTH HalipisHOMAaHiTHIII AyKepe-
Jna indopwmariii (momaTKoBy JiTepaTypy, IHTepHeT, nmoBimomaenasa 3MI). YuiTs-
cA KPUTHUYHO CIIpUiiMaTH iHdopMaillito, mepeBipaTu i ocmucaoBatu ii. Bupo6-
JISIiTEe BJacHEe CTaBJIEHHS O Hei, aprymMeHTy#Te cBoio mosuiliro. Ile momomorke
BaM CTATH YCIiITHUMM, KOMIIETEHTHUMU OCOOMCTOCTSMM, CIIPABKHIMU IpoMa-
IAHaAMHU Ta rpoMagdHKaMu Y KpaiHu.

Mu Bipumo y Bac, YUHI ra YHEHMUIII, i suuumo Bam ycmixis!

Asmopku

1 Py6puka «J[isHaiiTecss 6inbIrie», MICTUTh TillepHOKJINKAHHA Ha AOJATKOBi iH-

dopMmartiifini gxxepesia Iep:KaBHOIO Ta iHO3EMHHUMU MOBaMU.
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Tema 1.
MNMepioANYHUN 3AKOH i NepioAnYHA
CUCTeMA XiMIYHUX eAeMEeHTiB

[oTun, ookn He Byno HayKoBO OBrpyHTOBaHUX ysiBNEHb Npo Moaernb (abo moaeni) atoma,
He MOXKHa Oyrno NOACHUTM i3NYHY CYTHICTb siBMLIA NEePIiOANYHOCTI; TOOTO 3aKOH nepiogmy-
HOCTi 1 cMcTemMa enemeHTIB, Siki JaBanu 3Mory NnosiCHUTK 1 nepenbadnTtu 6arato Toro, LWo
HanexuTb 40 chepu BUBYEHHS MaTepii, caMi He Bynu NOSICHEHI — y LbOMY 1A NONsiraB ixHin
NeBHUN emnipu3m.

1O. Conostios

Ipeu. éumreipia — gocsig. lMosicHimb, NPo WO, Ha Bally AyMKY, iAeTbcs B enirpadi.
lNepesipme cBOi MipKyBaHHS 32 JOMOMOrOK 40AATKOBUX Axepen iHpopmallii.

§ 1. NMpnHUMN «MiHIMOABHOT eHeprii». EAeKTPOHHI popmMmyAUn
OTOMIB S-, p-, d-eAeMeHTIB Ta IXHi rpadiyHi BAPIAHTH

Micns onpauroeaHHs napazpagha eu smMoxeme:

Ha3zueamu s-, p-, d-eneMeHTu 3a ixHiM MicueM y NepioanyHin cuctemi;

Haeodumu npuknaou s-, p-, d-eNemMeHTiB;

cknadamu 3 ypaxyBaHHAM MPUHUMNY «MiHIManbHOI eHeprii» enekTpoHHI opmMynu aTo-
MiB s- Ta p-enemeHTiB 1-4 nepioagis, Pepymy (d-enemeHTa), a TakoX rpadivHi BapiaHTn
umx chopmyi;

® aHanizyeamu BiOMIHHOCTI €neKTPOHHUX KOHdirypauin atomiB s-, p-, d-enemeHTiB
(Pepym) 1—4 nepiogis.

IIpuanun «MiHiMaJdsHOI eHeprii», eJeKTPoHHI Gopmyau aTomiB i rpadiuni
BapiaaTu 1mux ¢dopmys He € HOBUMU AJdA Bac moHATTaMu. 111o6 3’sacyBartu, 1110
BU BJKe 3HAETe Ta BMieTe, TPoaHaidyiiTe HaBeAeHi naai maeepdxcenns. OMiHiTH
BimmoBimHicTs iH(popMalii, saxjgameHol B HUX, BAIIUM IIOIEPEIHIM HaBUAJb-
HUM 3700yTKaM. 3BepPHITh yBary, Ilo JedKi cJioBa MPOOYIIIeHO, TOXK BaM JOBe-
IeThbCcs BUIIPOOyBaTH cebe B POJIi melmu@pyBaJbHUKA UM AeHIN(GPYyBaIbHUILI.
Vecminmgo BmopaTtucs i3 3aBIaHHSM BaM JOIMOMOXKYTh pucyHku 1.1-1.5 Ta
IPYKHS TOIIOMOra.

TeepOxxeHHs:
1) yacTuHY TPOCTOPY B aToMmi, Je mepebyBaHHSA eJeKTpPOHa € HaliMOBipHi-
UM, HAa3WBAIOTh EJEKTPOHHOIO ..; 2) eJeKTPOHU 3 opbitTamraMu .. Gopmu

Ha3WBAIOTh S-eJIEKTPOHAMY; 3) eJIeKTPOHU 3 OpOiTaIAMM TaHTeJemomiOHOI ..
Ha3WBaIOTh ..-eJIEKTpOHaMM; 4) eJeKTPOHM 3aliMaloTh eHepreTWYHi piBHI

z z z z
Puc. 1.1. T
PosTamyBaHHA y y y y
B IIPOCTOPi —_— x .
1-s-op6iraui X X
Ta p-opbirameii 1s 2p, 2p, 2p,
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IOCTiZIOBHO, 32 30i/IbIIIeHHAM IXHBOI EHepre- Enek-
emeprii (pumc. 1.2): cmouaTky Imep- TAYHI  TPOHHI

mmit eHepreTUdHu piBens, morim — Do /T'fqp'BH' SRR CR,
opyruii, Tperiii Tomo. Ileit mpumH- o ‘ I 000 v

UUI  HASUBAKTH «IPUHIUIOM . 6d | 000005
eueprii»; 5) enepria 3-d migpiBHA ... 58 0000000
3a eHepriio 4-s migpiBHA; 6) 3amo- 7s | ®7s

BHeHHA opOiTajeli HmoOYMHAETHCA 3 6 } 0005

piBHsA, PO3TAIIIOBAHOIO HAMOIMIKUE 53 ‘ p. 00005
IO ... aToMa; 7) €JIeKTPOHM, IIO 4t | 4t
mepeOyBalOTh B OpOiTAIAX OmHAKO- 6 ‘ > 6 Gl
Bol (hopmu i po3Mipy, MailOTh OJHAa- S L_ @6s

KOBY ..; 8) €JIeKTPOHHA .. aToMa — 5p & @005

e YMOBHUH B3ammMC TOCJiJTOBHOCTI 4d @ .““4‘1
fioro opGiraseil is sasHaYeHHAM os }2 @5

KiJTbKOCTi esleKTpOHiB y Hux. Ii rpa- 4p é 000y
diunnit BapiaHT fae yABJEHHA IPO 3d 5 QOOQLQO3d
KiJTbKicThb crlapeHuX i ... eJIeKTPOHIB 4s 8 @4s

B aTomi. HacTHUHY eIeKTPOHHOI (hop- 3p

MYyJU 3a3BUYAl 3aMiHIOIOTH Y3SATHUM ‘ ~

y KBapaTHi [AYKKH CHMBOJIOM 3s M Q

iHepTHOrO ejJeMeHTa IIOoMepPeIHbOTO 2p }

nepiogy. Hampuriaanx, cKopodeHa 9g |

eJIeI-CTpOHHa dop 2yna aroma CyJib- ) -

dypy raka: [...] 3s°3 N B~

Puc. 1.2. Enepreruyusi piBHi # migpiBai

KiNnbKiCTb eneKkTpoHiB B opbiTani 2p
2/ 2s -
He 1s N 1s T l T T T
Va
eHepreTHI/(I)HNII-IeOFiO piBHSA opgiATnani T l’ @

Puc. 1.3. 1. Enexrponna dopmysaa aroma [emito. 2. I'padiunuii BapiaHT eleKTpPOHHOL
¢dopmysu aroma HiTporemy

306paszimb rpadiyHMn BapiaHT eneKkTpoHHOI dopmynu atoma lenio Ta 3anuwitb
eneKTpPoHHY dopmyny aTtoma HiTporeHy.

9) B aTOMax S-eJIEMEHTIB eJIEKTPOHY 3aIIOBHIOIOTH ...-MiIPiBeHb B30BHIIITHBOTO
€HEePreTUYHOTO pPiBHS, B aToMaX pP-€JIEMEHTIB — ..-TMiJ[piBeHb B30BHIIITHLOTO
eHepreTUYHOro piBHsA. B aTromax eneMeHTiB OGiUHMX miArpym — d-ejieMeHTiB —
nepen3oBHIIIHIN d-migpiBeHb 3alI0BHIOTL d-€JIeKTPOHMU.

1. fAlka MakcMmanbHa KifbKiCTb €MEeKTPOHIB Ha TPEeTbOMY EHEpPreTU4HOMY piBHI?

2. CkinbKv nigpiBHIB Ha 4eTBEpPTOMYy eHepreTudyHomy piBHi? LocTtomy TOLLO?

3. EHeprist enekTpoHiB siKoro nigpieHA Buwa: 1s um 2s, 2s um 2p, 3d umn 4s? 4. 3anos-
HiTb TabnMuto 3a 3paskom:
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Homep piBHs 1 2 3 4

[Mo3HayeHHs nigpiBHIB s s p S p d 5 p d f

KinbKicTb enekTpoHHux opbiTtanewn 5 7

MakcumanbHa KinbKiCTb €neKTpoHiB

5. MNpoaranizytime pedeHHs «Sober Physicists Don’t Find Giraffes Hiding In Kitchens». Bu-
cri0eme MpUNYLLEHHSA, ANS YOro 3arnpornoHOBaHO Lie MHEMOHIYHWUI (rpeLl. to pvnupoviye —
MUCTELTBO 3anam siTOByBaHHA) MPUIAOM.

LlikaBo (i ni3HaBAAbLHO

Hasswu opbiTtanen (s, p, d Ta f) noxoasaTb Big SKICHUX XapakTepPUCTUK CNEKTPanbHUX NiHik
NoB’sI3aHNX 3 HUMKU aToMHUX opbiTanen: sharp (roctpui), principal (ronosHui), diffuse (pos-
nnueyacTtun), fundamental (dbyHoameHTanbHun). HacTynHi Ha3Bu gatoTb 3a abeTkoto.

Crmanatu emexTponHi dopmynun aromiB s-ejlemMeHTiB 1—4 mepiomiB Ta
p-eneMeHTiB 2 i 3 mepiodiB 3 OrIALY HA HNPUHIUI «MiHiMaJbHOI eHeprii» Bu
HaBUMJINCA V 8 KJaci:

Puc. 1.4. EnextpoHnHi opmynu s-eareMeHTiB 1—4 mepiofiB Ta p-eeMeHTiB
2 it 3 mepioais

lpoaHanizylime pucyHok 1.4 Ta: a) nosicHimb, YoMy B atomax Kanito Ta Kanbuito
€EeKTPOHM po3TalloBaHi Ha 4s-, a He Ha 3d-nigpiBHi; 6) cknadimb CKOPOYEHi enek-
TPOHHI POPMYIN KiNIbKOX S- Ta p-efleMeHTIB Ha CBili pO3CyAa.

Crianimo eneKTpoHHY (hOpMYJIy eeMeHTa 4eTBepToro mepiony — ®Pepywmy.
EnexTponu B fioro aTtomi mepe0OyBaroTh Ha YOTUPHOX €HEPreTHUYHUX PiBHAX.
CropoueHa eyekTpoHHA (hopmysa aToma PepyMy B OCHOBHOMY CTaHi Taka:



[Ar] 3d%4s?. Posnozais eIeKTPOHIB 3a eHEpPreTHYHUMY PiBHAMM Ta HiApiBHAMU
B aToMi PepyMy cxeMaTHUYHO 300paskeHo Ha PUCYHKY 1.5.

000
HOOOD s

SONDIDES

4D 1s Puc. 1.5

@ [lo sIKnx enemeHTiB — S- p- 4 d- — HanexuTb Pepym? Homy?

http://periodictable.com/
http://toutestquantique.fr/en/atoms/

m [OAOBHE

® EjexTponHa opbiTanb — yacTMHAa IIPOCTOPY B aTOMi, Je ImepeOyBaHHA eJeK-
TpoHAa € HalliMoBipHiIINM.

® EnekTpoHHi opbiTasi po3pisHSOTH 3a po3MipoM i hopmoro.

® EjekTpoHU 3amOBHIOIOTH OpOiTaji IOCIiJOBHO 3a 3POCTAaHHAM IXHBOI eHep-
rii.

® EjnexTpoHM pO3TaIlOBaHI HABKOJIO aTOMHOI'O sApa IO €HEPreTUYHUX PiB-
HAX.

® EnexTponHa (hopmysia aToma — e YMOBHMU 3aIUC IOCJiTOBHOCTI #OT0 OpOi-
Tajiedl i3 3a3HAUEHHAM KiJbKOCTi eleKTpoHiB y Hux. i rpacdiunuii BapiauT
Iae ySaBJEHHS IIPO KiJBbKICTh cmapeHUX i HeclapeHUX eJeKTPOHIiB B aTOMi.

® 3a o3HaKOM 3a0yIOBUM BiAIIOBiJHOTO €HEPTEeTUYHOTO PiBHA XiMiuHi egeMeH-
T4 KJaacudikyoThs Ha s-, P-, d-eJIleMeHTH TOIIIO.

O‘é http://www.rsc.org/periodic-table
%

lNepesipTre cebe

1. lMepemeopimpb po3nosigHi peyeHHs pyopukm NPO MOJTOBHE Ha nuTanbHi. Y moxe-
Te BW BiAMNOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyvHuka?

3acrocymre CBOI 3HAHHST A YMiHHS]

2. MopieHstime: a) 1s- i 2s-op6iTani; 6) 2s- i 2p-opbitani; B) 2p; i 2p -opbiTani; r) 2p,- i
3p,-opbiTani. PesynbTaTn NopiBHSHHA 0gpopmme sik TabnuLio abo p,larpamy BeHHa.

3. BusHaute KinbkicTb eHepreTMyHuX piBHiB B aTomax: a) OkcureHy; 6) Xnopy; B) ®epy-
my; r) Llesito.

4. Ob4ucrimb MakCUMarbHO MOXIMBY KiNbKIiCTb €NEKTPOHIB Ha YeTBEPTOMY eHepreTuy-
HOMY DiBHi.

5. BusHayme KinbKiCTb €NeKTPOHIB Ha APYroMy eHepreTMYHOMY PiBHI: @) MiHiManbHy 1
MaKCUManbHO MOXINBY — CriapeHux; 6) MiHiManbHy 1 MakCMManbHO MOXITUMBY — HECMAPEHMX.
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6. BusHayme XiMiYHi enemMeHTn 3a iXHIMW CKOPOYEHUMWU ENEKTPOHHUMU hopMynamu:
a) [Ar}4s%3d°; 6) [Kr]5s%4d'%5p°.

7. lNpoaHanisytime eneKkTPOHHI popMynu aTtomiB enemeHTiB gpyroro nepiogy. HAkun
dparMeHT y HUX CiNbHUA? ENeKTpoHHIn dopMyni SKoro xiMivyHoOro enemeHTa BiH BignoBi-
[ae? 3anuwimb CKOPOYEHi eNEKTPOHHI (POPMYINMN aTOMIB KifbKOX XiMIYHMUX €NeMEHTIB apy-
roro nepiogy. CnpozHo3ylime, enekTpoHHUM bopMynam atoMiB SKMX XiMiYHUX eNneMeHTIB
BignosigaTMMyTb (pparMeHTn, NOBTOPIOBAHI B €NEeKTPOHHUX hopMyrax aToMiB XiMiYHUX
€reMeHTIB HaCTYMHWX NepioAiB.

8. Ckriadimp CKOpOYEHi eneKkTPOoHHI hopMynun: a) KaTioHa — CKragHuKa KyXOHHOI coni;
©) ABO3apsAAHOro aHioHa HanmnoLwMpeHiwero Ha 3emni XiMiYHOro enemMeHTa; B) TpusapsigHo-
ro KaTioHa HanMnOLLMPEHILLIOro B 3eMHil KOpi MeTaniyHoro enieMeHTa; B) aHioHa HemeTaniy-
HOro eniemMeHTa, CNosnyKu SIKOro B cknagi 3yGHWX nacT BUKOPUCTOBYIOTb ANS NPOdinakTUKm
kapiecy. lNopisHstime ix.

*9. Aka gopaTkoBa iHdopMmauist NOoTpibHa, Wob BU3HAYUTK, MOH SKOTO XiMiYHOro ene-
MeHTa Mae enekTpoHHy opmyny 1s°2s22p°3s23p®? Cknadime kinbka 3aBaaHb Ha BU3Ha-
YeHHs XiMiYHMX enemeHTiB 1-20 32 enekTPOHHUMM POpMyFiaMm TIXHIX NOHIB.

< TBOPYQ MQVICTEPHSI

10. lpudymalime MHEMOHIYHI NpaBuna 4nsa 3anam’aTOBYBaHHS MPUHLUMNIB 3aNOBHEHHS
€reKTpoHaMu eHepreTUYHKX PIBHIB i NigpiBHIB.

11. Buzomosme: a) Mmogeni s- i p-enekTpoHHMX opbiTaner 3 NOBITPAHUX KybOK OKPYrnoi
" BngoBxeHoi popm; 6) 36ipHO-po36ipHY MoAenb As 4EMOHCTPYBaHHS 3anOBHEHHS erek-
TpoHamu opbiTanen B atomi (Mogenb Moxe 6yTn NAoWwmnHHOK abo 06’eMHO, MarHiTHOH, 3
BMKOPUCTaHHAM TEKCTUMbHUX 3aCTiBOK-NMNy4OK TOLLO Ha Ball pO3Cya).

§ 2. 36yA)XeHnN CTAH ATOMA. BOA@HTHi CTOHN eAeMEeHTiB.
MO>XAUBiI CTYNeHi OKUCHEHHS HEMEeTAAIYHUX eAeMEHTIB
APYroro i TpeTboro nepioAis

IMicnsi onpayroeaHHs napazpagha eu 3Moxxeme:

® 105iCHrO8amMu BaneHTHICTb i CTYMiHb OKUCHEHHA eNeMEeHTIB OPYroro Ta TpeTboro nepio-
AiB B OCHOBHOMY 11 30y/>KEHOMY CTaHax aToMiB;

® cknadamu enexkTpoHHI hOpMynM aToOMiB HEMETanYHNX ENEMEHTIB APYroro Ta TPeTbOro
nepioaiB B OCHOBHOMY I 30yIKEHOMY CTaHax, a Takox rpadiyHi BapiaHTu LmMx opmyr;

® [opieHO8aMuU MOXIMBI CTYMEHI OKUCHEHHSI pPO3TallOBaHMX B OAHIW rpyni HemeTaniy-
HWX enemeHTIB APYroro h TPeTbOoro NepiofiB Ha OCHOBI eNekTPOHHOI 6yAoBK iXHiX aTo-
MiB.

30ymxenuii cran aroma. ¥ 9 # 10 Kjacax Bu AisHaJIUCA PO OCHOBHUM i
30ymxenunii cranu aroma KapOoHy Ta fioro BaJieHTHiI MosKauBocTi (Maja. 2.1).

Puc. 2.1. Bynosa 2 2p
aroma KapGony . 2| Tf T . * C*2S T T *
B OCHOBHOMY 1
30y IKeHOMY 1s 1s
craHax

ITpuzadaiime: eneKTpoHHI KoH(iryparii aTromMiB 3 HaMEHIIIOI €HEPTi€I0
Ha3UBAIOTh OCHOBHUMU. YHACJIJOK OTPUMAaHHS eHeprili 330BHI MOMKJIMUBUM
mepexia eJeKTPOHIB Ha BUIMUU HiApiBeHb, Ae € BiabHiI opbitasai. TodoTo aTom
TIEPEeXOIUTh y 30Y0nceHUll cmaH.



Taxuii mepexin BigOyBaeTbcA BHACIIZOK ONpOMiHeHHsa abo HarpiBaHHS
peuoBunu. CraH, AKUI moTpebye AJd HigBUINEHHS eHeprii eJeKTpoHa Ha-
MEHIIINX 3aTpaT eHeprii, Ha3WmBalOTh nepwum 306ydiernum cmanom. 30ymxKe-
HUU cTaH aToMa II03HAYaloTh 3ipouxkor — E*. Hampukman, mepmiuii 30ymsKe-
Huil cran aroma Cynabdypy 3yMoBJeHUII IepexomoM OLHOTO 3 3p,-eJIeKTPOHIiB
Ha 3d-migpiBeHb:

3d

3d
oo LT o I
3s 3s
2 Al o
25 41114 o 5 s NN »
1s 1s

Hpyruit 30ymxenuit cran aroma Cyiabhypy 3yMOBJIEHHII IIEPEeXOIOM Ha
3d-migpiBeHb OHOTO 3 3S-€JIeKTPOHIB:

3d 3d
; 13$ ; HENEN . 3Tp lll
i o o0
s NN o P s NIt gt

1s ls

38epHimb ysazy: 30ym:KeHUI cTaH aToMa — HecTivikuii. Tomy uepes AesaKuit
yac eJeKTPOH, YTPATHUBIIN €HEepPrilo, MepeXomuTh HAa eHepreTUYHuil migpiBeHb
3 MEHIIIOI0 eHeprieio, YHACJIZOK IIepexoAy BigOyBaeThbcsa BUIPOMiHeHHSA (OTO-
Ha — mopiii (kBaHTa) cBiTJIA.

BajenTHi craHu ejieMeHTIiB Ta IXHi CTyleHi OKMCHEHHSA IIOB’dA3aHI Mimx
co0010 Ta 3yMOBJIEHI 0COOJIMBOCTAMY OYZOBY 30BHIITHBOTO €HEPTETUYHOTO PiB-
HA aTomiB. BuKoHaBINM 3aBIaHHs, HaBeleHi mdaJji, BU 3MOMKeTe MiATH ITOO0
IbOT'0 IIEBHUX BUCHOBKIB.

1. Cynbcpyp BusABnse 3amiHHy BaneHTHicTb — I, IV, VI. lpoaHani3zylime rpadidHi Bapi-

aHTW enekTpoHHux copmyn atoma Cynbdypy B OCHOBHOMY W 30YIKEHUX CTaHax,

HaBefeHi Buwe. CKinbkM HecnapeHnx enekTpoHis B atomi Cynbdypy B KOXXHOMY i3
cTaHiB? AkMM 3HauyeHHsM BaneHTHocTi Cynbdypy BOHW, Ha Bally AyMKY, BignosigalTb?
2. 306pasimpb rpadivHMin BapiaHT enekTpoHHOI bopmMynn atoma OkcureHy. YUun moxnuemmn
noro nepexig y 36ympKkeHun ctaH? Yomy?

LlikaBo (i’ ni3HABAAbLHO

BaneHmHicmb — 6arato3HavyHMi TepMiH. Hanpuknag, y MOBO3HABCTBI — Le 34aTHICTb
Cnosa BU3HaYaTn KinbKiCTb i AKICTb 3aneXHUX Bif HbOro crnoBodopM, 3yMOBIEeHa Noro ce-
MaHTUYHUMM Ta rpaMaTUYHUMM BIIACTMBOCTSMU, Y NCUXONOrii — No3uTuBHa abo HeraTuBHa
LiHHiCTb, 3HauyLWicTb 06’ekTa, nogii abo aii ansa cyb’exra, ixHa MoTUBaLiHa (CNOHyKanbHa)
cuna.

IlopiBHANMO MOKJUBI CTyIeHi OKHCHEHHS PO3TAIlOBAHUX B OHIM Tpymmi
HEeMEeTAJiYHUX eJIeMEeHTIiB APYyroro i TPeThoro mepioiB Ha OCHOBi eJIeKTPOHHOI
OymoBU IXHiX aTOMiB.
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1. So6pasimp rpadiyHi BapiaHTK enekTpoHHUX dopmyn dnyopy Ta Xnopy B OCHOB-

HOMY CTaHi 1 fipoaHasnisytime ix. ATOMU SKOrO i3 LUMX ABOX XiMIYHUX ENEMEHTIB MO-

XyTb nepentn B 30ymkeHun ctaH? Yomy? 2. CKiNbKOX €NeKTPOHIB He BUCTayae
aTOMy KOXHOrO i3 LMX enemMeHTiB AN HabyTTs CTiliKoi 8-eNeKTPOHHOT CTPYKTYPU — OKTETY?
3. FAKoro CTyneHsi OKUCHEeHHs1 HabyayTb ®nyop Ta Xnop, SKWO 30BHILUHI eHepreTUYHi piBHi
TXHiX aToMiB CTaHyTb 3aBeplieHnMmn? 4. CkinbKyu HecnapeHux enekTpoHiB B atoMi dnyopy n
aTomi Xrnopy B OCHOBHOMY cTaHi? 5. 306pa3simb rpadiyHi BapiaHTU enekTpoHHUX hopmyr
aToma Xnopy B 30ykeHOMy CTaHi Ta rpoaHanizydme ix. 6. CKinbkn HeCNapeHnx enekTpo-
HiB B aTOoMi Xropy B nepLiomy 36ymkeHomy cTaHi? Y gpyromy? Y Tpetbomy? Ckinbku enek-
TPOHIB MOXe BiggaTn aTom Xropy B KOXHOMY i3 UMX CTaHiB? FAKOro CTyneHs OKMCHEHHS
Habyae Xnop yHacnigok uporo? 7. Cknadime ximivHi popmynu cotopuais Xnopy 418 OCHOB-
HOroO Ta Mepworo N gpyroro 30ymKeHux cTaHiB atoma Xnopy. 8. BusHauyme cTyneHi
OKMCHEHHA Xrnopy B pedvosuHax, dopmynu skux CaCl,, Cl,O, NaClO, KCIO;, NaClO,,
KCIO,, Cl,.

3HaHHA PO OYI0BY €JEKTPOHHMUX OOOJOHOK aTOMiB XiMIiUHMX eJIeMeHTiB,
OCHOBHUH i 30yIKeHUI CTaH aTOMiB JOMOMOKYTh BaM 3pO3yMiTu, YoMy Gararto
XiMiYHMX eJIeMeHTiB BUABJIAIOTL 3MIHHY BAJEHTHICTb, Ta IauOIlIe yCBigoMuTH
(¢isuyHME 3MicT ABUINA IIEPIOAUYHOCTI, IPO SAKEe HUTUMETHLCA B HACTYITHOMY
naparpadi.

https://www.youtube.com/watch?v=aQZnMIYO8cM
https://www.youtube.com/watch?

v=A7nkPaTn3iE&list=UUgFokBdfPtIT5DQaD5a02Hw&index=26

http://toutestquantique.fr/en/quantization/

m [OAOBHE

® B ocHOBHOMY CTaHi eHeprid eJIeKTPOHIiB B aToMi MiHimaiabHA.

® VYHacaimoK OoTpuMaHHS eHeprii 330BHiI aToM MOKe mepeiTu B 30ymKeHUit
CTaH.

® 30ym:xeHUil cTaH aToMa — HECTiKUIA.

® BaJieHTHIi cTaHM XiMiUHMX ejIeMeHTiB Ta IXHi cTymneHi OKMCHEeHHs OB’ sA3aHi
MiX co00i0 Ta 3yMOBJEHiI 0COOIMBOCTAMMU OYAOBU 30BHIITHHOTO €HEPTETUY-
HOT'O PiBHS aTOMiB.

. https://www.youtube.com/watch?v=SZ4IDPDzqJ8
o ;

llepesipTe cebe

1. lNepemeopimsb po3noBigHi pedeHHs pybpuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BiQMNOBICTM Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocymnre CBOI 3HQHHST A YMiHHSI

2. 306pasimb rpadpiyHi BapiaHTM enekTPOHHMX POPMyN aTOMIB efNleMeHTIB ApYroro Ta
TpeTboro nepiodis. OuiHimMb MOXIUBICTb NEPEXOAY iXHIX aTOMIB Y 30YKEHWUIA CTaH Ta ixHi
BaneHTHi MOXNUBOCTI. [TopigHsiime KinbKiCTb 30YIKEHNX CTaHIB Y TUX 3 HUX, O MOXYTb Y
HbOIrO MNEPENTN.

3. lNopisHsatime BaneHTHi MoXnumBocTi: a) HitporeHy 1 ®ocdopy; 6) KapboHy n Cuniuito.

4. CnpozHo3ylime MOXIMBI CTYNEeHi OKNCHEHHS HeMeTaniYHuX enemMeHTiB 2 i 3 nepioais,
ropigHsitime X y Mexax: a) nepiogis; 6) rpyn.

< TBOPYQ MQUCTEPHS

5. Po3pobimb anropuT™m cknagaHHs rpadiyHoro BapiaHTa enekTpoHHoi oopmynm aToma
XiMiYHOrO enemMeHTa.
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§ 3. 9suLLe NepioAUYHOT 3MiHM BAOCTUBOCTEN €AEMEHTIB i TXHIX
CMOAYK HO OCHOBI YSIBA€Hb NMPO €AEKTPOHHY OYAOBY ATOMIB

lMicnsi onpayroeaHHsA napazpagha eu 3Moxxeme:

® 06r'pyHmoeyeamu nepiognyHy 3MiHy BNacTUBOCTEN eNEeMEHTIB i BignoBigHNX NpoCcTUx
pPEeYOBUH HA OCHOBI ENEKTPOHHOI BYA0BM iXHIX aTOMIB;

® gucsioenoeamu cyOXeHHs1 100 3aCTOCYBaHHS NepioM4HOro 3akoHy Ans nepenba-
YEeHHS BNacTUBOCTEMN iLLle He BiOKPUTUX eNTEMEHTIB.

Ilepiognuna 3MiHa BJACTHBOCTEH €JIEMEHTIB Ta BiJMOBIiTHUX IIPOCTHUX
pPeYoBUH TOB’A3aHA 3 €JeKTPOHHOI CTPYKTYPOIO aTOMiB XiMiUHMX eJIeMeHTiB,
3yMOBJIEHA He0. ¥ HMepioAnUHil 3aJI€KHOCTI Bi 3MiHHU €JIEKTPOHHUX CTPYKTYD
aToMiB mmepeOyBaiOTh MeTaJiuHi I HeMeTaJiuHi BJIACTHMBOCTi, 3HAUEHHS BUIIOI
BaJIEHTHOCTI, €JJeKTPOHETaTUBHICTD, pamiycu aTomiB Toiro. IlopiBHABIIMT (3po-
6imb ye) OymOBY aTOMiB XiMiUHMX €JI€MEHTiB IEepIIOTo, APYI'OTO Ta TPETHOTO
mepioaiB, Bu JIeTKO AilifieTe BUCHOBKY: nodiOHicmb eaacmusocmeil XimidtHUxX
esemMenmis Yy 20408HUX nidzpynax 3Ymo8JaeHA NepiodudHUM NOBMOPEHHAM
CMpPYKmMypu 306HiULHb020 eHEP2eMU1LH020 Pi6HA IXHiX amomig. Y IbOMY II0JIA-
rae Qi3uyHuil 3micm IMepioguYHOTO 3aKOHY.

3aKoHOMipHOCTI 3MiHM BJIACTUBOCTEH XIMIUHMX e€JIeMeHTIB y Iepiogmumiit
cuctemi Bu moOpe 3Haere (puc. 3.1). Hampukaazn, y mepiomax 3i 3pocTaHHSIM
MIPOTOHHOTO YMCJIA:
® BaJIEHTHICTBH Ta CTyIE€HI OKMCHEHHA XiMIiUHUX €JIeMEHTIiB y BUIIUX OKCHAAX

301LIBIIYIOTHCH;
® pajsieHTHicTh XimiuHuUX enemeHTiB IV-VII rpyn y meTkux cmoaykax 3 Iigpo-
regoMm 3meHIyeTbeda Big IV mo I, BoHa gopiBHioe pisHuMIi Mix uwmciaom 8 i
HOMEPOM I'PYIH, CTYNeHi OKMCHEeHHS 30iJbIIy0ThCca Big —4 mo —1;
paziyc aToMiB 3MEHIITYETHCS;

MEeTAaJIiuHi BJIACTMBOCTI IIOCJIA0JI0IOTHCA, HEMETANIUHI — MOCUIIOIOTHCH;
OCHOBHUII XapaKTep OKCUOIB Ta TiAPPOKCUAIB MOCIa0II0ETHCI, KUCIOTHUHA —
TIOCUJTIOETHCA.

¥ ronoBHUX miArpynax 3i 3pocTaHHAM IIPOTOHHOTO UMCJIA:
® BaJIEHTHICTH XiMIiUHUX eJIeMEeHTIiB y BUIIIUX OKCHJAX Ta B JIETKUX CIIOJYKax
3 I'inporeHom He 3MiHIOETHCS;
paziyc aroma 30iJIbIIYETHCS;
HeMeTaJIiuHi BJIACTHUBOCTI IIOCJIA0IIOIOTLCA, METAJIUHI — MOCUJIIOIOTHLCH;
KHCJIOTHUII XapaKTep OKCHUIIB Ta TiAPOKCHUIIB IIOCJIA0TI0ETHCA, OCHOBHUNA —
IOCUIIOETHCH.

lpoananizyime puc. 3.1 i nosc-

Himb, CTPINKaMn SIKOro KOnbopy Bi-

OoOpaXXeHo Ha HbOMY 3aKOHO-
MipPHOCTi 3MiHM B NePiOANYHIN CUCTEMI Xi-
MiYHUX eneMeHTiB: a) pagiyca aToMmiB;
©) enekTpoHeraTUBHOCTI; B) MeTaniyHux
BNacTMBOCTEN; ) HEMEeTaniYHUX BnacTu-
BOCTEMN.

BusHayme HavicunbHiwy 1 Ham-
cnabuwy KUCnoTy 3-MOMiXK BOAHMX
PO34MHIB NETKMX CrMONyK ernemeH-  Pyc. 3.1. 3akoHoMipHOCTI 3MiHM B mepio-

TiB VII rpynn 3 FaporeHoMm. 2. Y SKOTO 3 nuumiji cucreMi XiMiYHEX eIeMeHTIB pajiy-

XIMIMHUX @IEMEHTIB IpYroro nepioay Hé-  ¢a aromie, eeKTPOHEraTMBHOCTI, MeTaid-
MeTaniyHi BNacTUBOCTI BUPaXXeHO Hau- HUX i HeMeTMIIIHNX BIACTHBOCTEI
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cunbHiwe? 3. Ak 3MiHIETbLCA XiMIYHMI XapakTep okcuaiB Ta rigpokcmais y psay Na, Mg, Al,
Si, S?

3acTocyBaHHSA IIEPiOUYHOr0 3aKOHY A NMepeadadyeHHs BJACTHBOCTEH Iie
He BIIKPUTHX eJeMeHTIB BaKKO mnepeorinuTu. Ha ocHOBI mepiogmuHOro 3aK0-
"y JI.I. MeuneneeB mependauuB iCHYBaHHS ABAHAAISITHOX HOBUX HEBiZoMUX
HayIi XiMiYHUX eJIeMeHTiB, PO AKi A0 HBOTO HiXTO U ragKku He MaB. BiH He
JINIIIe HOKJIAAHO ONMCAB BJIACTHBOCTI AeAKHWX €JIeMEeHTiB Ta IXHiX CHOJyK, a i
CIIPOTHO3YBAaB Ti CIIOCO0M, 3a JAOIIOMOI'OI0 AKNX BOHU 3roJ0M OYIYTh BiIKPUTi.
Ve B mepmomy BumaHHi «OcHOB ximii» MeHaeneeB 3aaUIIUB I’ ATh BiIbHUX
MicHp 3a YpaHoMm Hampukinii tabaumi i 3a 100 pokiB mepenbaumB BigKpUTTS
3aypaHOBHUX eJeMeHTiB. ¥Yci mporuo3u MemngeseeBa Ta HOro IOCJIiTOBHUKIB
cupaBauancs. IcTopis HayKy He 3HAE IOAiOHOTO TPiymMdy.

o é https://www.youtube.com/watch?v=ds-s59Drvlk
//I y

https://www.e-reading.club/djvureader.php/132825/5/Trifonov_-_Kak_byli
otkryty himicheskie elementy.html

MenpeneeB BiAKPpWUB HOBWUII BaKOH HOPUPOAUW. 3aMiCTh PO3Pi3HEHUX, HE
HOB’A3aHUX MiK CO00I0 PEeUOBUWH IIepel HAaYKOIO IIOoCTajia €IMHA CTPYHKA CHC-
TeMma, 1o ob6’emHasa B omHe Irijie Bci ememenTu Bcecsity. Ileit ysaemuwmit
3B’A30K, I €IHICThL mOTpebyBau OOIPYHTYBAHHA.

Hocaimxenass MengeneeBa CTBOPWJIM MIITHUM HaLiWHUN (QyHIZaMEHT I
CIIpo0 IIOACHUTH OYAOBY aTOMAa: IIiCJA BIAKPUTTSA IEPiOAUYHOrO 3aKOHY CTAJIO
OUYeBHUIHUM, II[0 ATOMU BCiX eJIeMeHTiB MaloTh OyTU MOOYyIOBaHi «3a OMHUM ILjIa-
HOM>», IO B IXHii Oy0Bi Bif0MBaeThCs IIEPIOAUUHICTDL BJIACTUBOCTEHN €JIeMEHTIiB.

Yci mocarmeHHA cydacHOl ximii, 30KpeMa aTOMHOI i AmepHOi, BKJIOUYHO 3
aTOMHOIO €HEePreTHKOI0 Ta CHHTE30M IITYUYHUX eJeMEHTiB, CTaJu MOMKJIUBUIMU
Jullle 3aBAAKUW NepiofnyHOMY 3aKOHY. BomHouac ycmixmu aromuOi (ismkwu,
I0osABa HOBUX METOJIB JOCJiIKeHHS, PO3BUTOK KBAHTOBOI MEeXaHiKU PO3IMINPU-
JU ¥ TOTJINONIN CYTHICTh MEePiOANYHOrO 3aKOHY.

LlikaBo (i ni3HABAAbBHO

3a oCTaHHi NiBCTONITTS NEPIOANYHY CUCTEMY XiMIYHUX €NIEMEHTIB NONOBHEHO 17 HOBUMM
enemeHTamu (nopsiakosi Homepu 102—118). Y 2019 poui BigsHaveHo 100-pivus IUPAC Ta
MixxHapoaHui pik nepioanyHoi Tabnuui. o ceat IUPAC Ta MixxHapogHO Mepexero Moso-
anx yyeHux y ranysi ximii (IYCN) cTBopeHo nepiognyHy Tabnuuo Monogux Ximikis i XiMikUHb:
BM3Ha4veHo rpyny 3i 118 3HaHMX MONOAMX yYeHWUX 3 yCboro CBiTy. Lis nepiognyHa Tabnvus
nigkpecnuna pisHOMaHITHICTb Kap’epu, TBOPYOCTI Ta BiAAaHOCTi MONOAUX YYEHUX, SKi Be-
OyTb XiMiYHY CNiNbHOTY B HACTYMNHe CTONITTA. KoXeH «Monogun XimiyHUi enemeHT» po3mi-
weHo Ha Beb-canti [IUPAC100 https://iupac.org/100/pt-of-chemist/

3akon MeHgeneeBa — (pyHIaMeHTAJLHUN 3aKOH IPUPOAM — He JIUIIEe He
3acTapiB, aje ¥ He BTPATHUB CBOel 3HauyIlmocTi. HaBmaku, po3BUTOK HayKU
IOBiB: 3HAUEHHA IIEPIOAUYHOTO 3aKOHY INle OCTATOYHO He IIi3HaHe iI He 3aBep-
IIeHe, BOHO € 3HAYHO IIUPIINUM, Hi’K OPUIYCKaB HOTO TBOPEIlb, HiK yBarKaau
IOOHemaBHA HAYKOBIi. BusBiaeHO, IO 3aKOHY IEePiOAUMYHOCTI MiAIIOPATKOBAHO
He Juiie OyA0BY 30BHIITHIX eJIEKTPOHHUX O00O0JOHOK aTOMiB, a i TOHKY CTPYK-
TYypy aToMHuX samep. OueBuUIHO, IO Ti 3aKOHOMipHOCTI, AKi KepymOTh CKJamI-
HUM i 6araTo B YOMy HE3PO3YMiJIMM CBiTOM ejieMEeHTapHUX YaCTHUHOK, TAKOMK
MalOTh Y CBOili OCHOBIi mepiogMuHMil XapakKTep.

1 3aypaHOBi eJleMeHTH — PaiOaKTHUBHI XiMiuHi eleMeHTH, PO3MillleHi B mepiogmu-
Hilf cucTeMi 3a YpaHOM, TOOTO 3 IPOTOHHUM umcjaoM Buine 92. Boum maii:ke He Tpa-
IJIAIOTHCA B IPUPOLI, IX HOOYBaIOTh IITYYHO 3a JOMOMOIOIO Pi3HUX AMEPHUX Peaxiriil.
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Ha enemenTHOMY piBHI (MaKpOCBiT) IepioguuHa cucTeMa XiMiuHUX eJieMeH-
TiB € ysarajJbHeHHAM (DAKTiB, BUABJIEHUX YHACJIJOK CIIOCTEPEKEHb Ta eKCIIe-
pumentiB. Ha aTomuoMy piBHiI (piBHI MiKpOCBiTY) IIe ysarajibHeHHS JicTajo
TEOPETUUYHY OCHOBY.

http://www.rsc.org/periodic-table

O%‘; http://periodictable.com/
https://www.litmir.me/br/?b=545874&p=1
https://www_ litmir.me/br/?b=545877

o 1:¢] rONOBHE

® Ilomi6HicTh, BJACTHBOCTEH XiMiUHMX eJIeMeHTIB y TOJIOBHHX IIiArpymax
3YMOBJI€HE IIePiOAMYHNM HOBTOPEHHSIM CTPYKTYPU 30BHIITHLOTO eHEePreTHd-
HOTO PiBHA iXHiX aTOMiB.

® VYV mepiogmuHill 3aJI€;KHOCTI Bi 3MiHHU €JIEKTPOHHUX CTPYKTYP aTOMiB Ximiu-
HUX eJIEMeHTiB mmepe0yBaloTh MeTaJiuHi i HeMeTaIiuHi BJacTUBOCTi, paaiyc
aToMa, eJeKTPOHeTaTHUBHICTb, 3HAUEHHS BUINOI BAJIEHTHOCTi, XiMiuHMI
XapakTep OKCHUIIB i rimpokcumis.

® Veci mocaArHeHHs cydacHOi ximii, 30KpemMa aTOMHOI Ta sAepPHOI, BKJIIOUHO 3
ATOMHOIO €HEepTeTHUKOIO Ta CHHTE30M IITYUYHUX €JIEeMEeHTiB, CTaJIu MOKJIUBU-
MU JUuIlle 3aBAAKU IIePiogUUHOMY 3aKOHY.

llepesipTe cebe

1. MNepemesopims po3noBiaHi pedeHHsi pyopuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BIANOBICTW Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocyvire CBOI 3HQHHST V1 YMIHHSI

2. Wopiunun 3'i3g MixxHapogHoro ToBapuctea matepianosHasuis 2006 poky BU3HaB Hal-
Ba>XKNMBILLUM YHECKOM, L0 ChOpMyBaB camy HayKoBY AUCUMNNIHY B3arani, NepiognyHy cuc-
TemMy XximMiyHMX enemeHTiB. Yn nodinseme Bu uo aymky? Bignosigb obrpyHmytme. 3. Ene-
MeHTy 118 npucBoeHo Ha3By OraHecoH (Oganesson, Og), MOro BigKpUTTs 3aBEPLLMITO CbOMUIA
nepiog nepioguyHoi cuctemu. lNomipkydme 1 aucsiogme NPUNYLLEHHS, 40 AKUX €TEMEHTIB BiH
Mae 6yTn nogibHun. Yomy? 4. Ckradimp XimivHi (OOpMynu ceneHaTHOi KUCNOTWU, CTPOHLLIN
rigpokeuay, obrpyHmytme CBOO Bignosigb. 5. B aTtomi ximiyHoro enemeHTa X enekTpoHu ne-
pebyBaloTb Ha M'ATbOX EHEePreTUYHUX PiBHAX. Ha NOro 30BHILLHBOMY eHepreTUYHOMY PiBHi Ha
[Ba enekTpoHu binbLue, Hixk B aToMi eneMeHTa Y, NPpOTOHHe uncno sikoro 13. BuzHayme npo-
TOHHe 4mcro enemMeHTa X Ta KifnbKiCTb eHePreTU4HKX piBHIB B aTOMi enemeHTa Y. 6. CripogHo-
3ytime ximiyHun xapaktep xpom(VI1) okenay. 7. MNMosicHime Bucnis M.O. diryposcbkoro «[lepio-
OWNYHWUIA 3aKOH LLINKOM CIYLLHO Ha3MBatoTb JOPOroBKa3OM Y BUBYEHHI XiMii».

<. TBOpYQ MQVICTEPHSI

8. CknagiTb Bipw (MoxHa Binun) abo nicHo, e NAETbCA NPOo ABULLE NEPIOAUYHOCTI Y
CBITi XiMIYHUX efeMeHTiB.

[Mpoektyrmo! TBopimol

N 1. CtBOpEHHS 3D-MOAEAEN ATOMIB EAEMEHTIB.

¢ 2. 30CTOCYBOHHS POAIOHYKAIAIB Y MEAMLLMHI.

3. BUKOPUCTAHHS PAAIOAKTMBHMX i30TOMIB K IHAMKATOPIB Y TBAPUHHMULLTBI,
QAPXEOAOTII.

~
—
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O TeCT-KOHTPOAb

1. PosTaluyinTte XiMiYHi enemMeHTU 3a 3pOCTaHHAM BaneHTHOCTI Y BULLIMX OKCuaax.
AS b Br BB I Si

2. PosTawynTte XiMivHi enemMeHTn 3a 3MeHLLEHHAM BaneHTHOCTI B NeTKux cnonykax i3 a-
poreHom.

AC BF BP rs

3. PosTawynTe xiMivyHi eneMeHTn 3a NOCUNEHHAM HeMeTaniYHNX BacTUBOCTEN.
A Se BF BO rs

4. PostawynTe xiMi4Hi enemMeHTn 3a nocnabneHHaM MeTaniyHnx BNacTMBOCTEN.
A Mg b Cs B Li I Be

5. fAka makcumanbHa KinbKiCTb p-eNekTPOHIB Ha OOHOMY eHepreTU4YHOMY PIBHI?
A2 B3 B6 rg

6. YkaxiTb cbopmyny Ans obuMCneHHs MakcumanbHOro uucna enektpoHis N .. (€) Ha
eHepreTM4HOMy piBHi n.

AN, (€)= %nz B Npax(€) =1
B N,ax(€) = Enz I Nyax(€) = 20

7. PosTaluyiite eneKkTpoHHi opbiTani 3a 3poCTaHHAM iXHbOI eHeprii.
A2p B 2s B 3d I 4s

8. YkaxiTb rpadiyHuii BapiaHT enekTpoHHOI hopmynu atoma HitporeHy.

A s 2s 2p, 2p, 2p, B 1s 2s 2p, 2p, 2p,
. m] [ [ [
1s  2s 2p, 2p, 2p, r 1s 2s 2p,  2p, 2p,

9. YkaxiTb npaBuibHe 300paxxeHHs enekTpoHHOT bygoeu atoma docdopy.

il IID 1] IID

A[Ne] 38 B [Ne] 3s
1] III 1] lll
B [Ne] 3s I [Ne] 3s

10. fAka xapakTepucTuka aToMiB 3MIHIOETLCS NEPIOANYHO 3i 3pOCTaHHAM MOPSAKOBOro
HOMepa XiMIYHOro efniemMeHTa B NePiOANYHIN cuctemi?

A macose uncno B KinbKicTb NPOTOHIB | HEUTPOHIB B aTOMHOMY S4pi

B npoToHHe uucno I’ KINbKICTb €NEKTPOHIB Ha 30BHILUHBEOMY €HepreTUYHOMY PiBHI
11. PosTtaluyiiTe XiMi4Hi eNneMeHTn 3a 3pOCTaHHAM pagiyciB iXHiX aTOMiB.

AN B Al B Ga rH
12. PosTtawynte xiMi4yHi eneMeHTn 3a 3MeHLUEHHAM pagiycCiB iXHiX aToMiB.

AS B Se B O rr

15



4 Tema 2. XiMi4yHMIM 3B’930K T OyAOBQ
Pe4YOBUHU

XiMiYHUIA 3B’A30K — LEHTparbHa, HalrofioBHiwa npobnema ximii. Tomy geski XiMiku
crpaBeAnnBO BBaXatloTb, WO PO3KPUTWU NpMpoay, Xapakrtep XiMiYHOro 3B’s3Ky, 3aKOHOMIp-
HOCTi YTBOPEHHS 1 PYMNHYBaHHS MOro — 03Hayae PO3KPUTU MexaHiaM Ta CyTHICTb npouecy
NnepeTBOPEHHSI PEYOBUH, TOOTO camMy CyTb XiMIYHOTO PyXxy.

M.A. Bydpeliko

§ 4. KOBOAEHTHUM 3B’A30K. AOHOPHO-AKLENTOPHUNA MEXCAHI3M
YTBOPEHHS KOBAAEHTHOIO 3B’3KY

lNicnsi onpayrosaHHs napazpagha eu 3mMoxxeme:

Haeodumu npuksadu Crnonyk 3 KOBaNeHTHUM (MOMSAPHUM i HEMOMAPHUM) XiMIYHUM
3B’A3KOM;

nosicHroeamu yTBOPEHHS KOBaneHTHOro (MOMAsSIPHOrO M HENONSAPHOIO) 3B’A3KIB;
o6rpyHmoeyeamu npupoay KOBaneHTHOro 3B’s13Ky;

Xapakmepu3yeamu 0COGNMBOCTI KOBaNEeHTHOro 3B’A3KY;

euKopucmoegyeamu NOHATTS eNeKTPOHEeraTMBHOCTI AN XapaKTepUCTUKN KOBaNeHTHUX
3B’A3KIB;

nosicHroeamu 8iOMIHHOCMI B MeXaHi3Max YTBOPEHHS KOBANEHTHMX 3B’A3KIB y MOneKyni
aMOHiaKy Ta NOHi aMOHito.

Ximiuaum 3B A3K0M, SIK BU ByKe 3HAa€Te, HA3MBAIOTHh CUJIMU, III0 BTPUMYIOTH
YyacTUHKY (aToMu, HOHM) Y MOJIeKyJax abo Kpucranax. [[as yTBopeHHA Ximiu-
HOTO 3B’ASKY MiX ABOMa aroMaMu HOTPi6HO, 1100 eHepria cucreMu 3 ABOX
aToMiB OyJia 3HAUHO MEHIIIOIO 34 €HEeprilo OKpeMoO B3ATUX aTOMiB.

3B’A30K MiK aToMaM¥ 3a PAXYHOK CIIJIBHUX €JIeKTPOHHUX I1ap HAasWBalOTh
K0B8AJeHMHUM.

SIkmio mBOXaTOMHA MOJIEKYJia YTBOPEHA aTOMaMM OJHOTO HEMETAaJiuHOTO
eJeMeHTa, TO HEeTaTUBHUU 3apsf CIIJIBHOI eJeKTPOHHOI mapu pPO3MOAiJeHM!I
Misk HUMU TopiBHY. Takmil 3B’SI30K HA3WBAIOTH KOBAJLEHMHUM HENOJLAPHUM
(puc. 4.2).

1s-eneKkTpoHn cninbHa enekTpoHHa napa
/ \ hopMynu Monekynu
> H H BOAHIO
H-H H:H
rpadivyHa  enekTpoHHa
2 aromu Iixporeny Mounexrysna BogHIO

Puc. 4.1. 306pakeHHA KOBAJEHTHOTO 3B’A3KY B MOJIEKYJIi BOJHIO

1. lNosicHimb 3HayYeHHA crnoBa saneHmHicme. 2. [Npueadalime cnosa, siki, Tak camo SK
i cnoBo KosasieHmMHuU, MatoTb Npeduikc Ko-. Bucrnosme npunyLeHHs WOAO 3HAYEHHS
cnoBa kosaneHmHul. 3. Cknadimb enekTpoHHi Ta rpadiyni hopmynn BOXaTOMHUX
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Morekyn: Topy, XJNIopy, KUCHI0, a3oTy. MNam’aTanTe, LWo B rpadpivHin hopMyni KOXHil cninb-
Hiln enNeKTPOHHIN napi BignoBigae oaHa pucka, gka CMMBOMI3YE XiMiYHUIA 3B’A30K (puc. 4.2).

nigrpyna
1A |IlA A (IVA|VA |VIA|VIA|VIIA
ns' | ns? ns?np’ | ns?np? | nsnp®| ns?np* | ns?np® | ns?np®
N N 0 oo ) )
S [2|°Li [*Bee| | Bele Ce[e N esO¢sF s/sNes
= ° ° ° ° (X3
) . ° oo oo oo 0
= |3|*Na [eMge| (¢ Ale(e Sie|e P ¢|3 S o3 Cl 3|2 Ar?
° ° ® ° X

Puc. 4.2. BygoBa 30BHIIIIHEOTO €HEPTETUYHOTO PiBHA aToMiB ejemMeHTiB 2 i 3 mepioais

EnexrponeratusHicTs XiMiuHOTO eseMeHTa (), BUMOBISAEMO Xi), AK BU BiKe
3HaETe, — Ile BJIACTUBICTH MOro aToMa NPUTATYBATH CHiIJbHI 3 iHIIMM aTOMOM
eseKTpoHHI mapu. CydyacHe NMOHATTA IPO €JeKTPOHETaTUBHICTH 3aIlpPOBAIUB
aMepuKaHcbKuii HaykoBenb Jlalinyc Ilominr (puc. 4.3), axuii BupasuB ii B
YMOBHUX OAWHUIISAX.

F Puc. 4.3. Iloxiur Jlaitnyc Kapa (1901-1994). Amepuran-
chKUit Gisuk i ximik. Moro mpari IpHUCBAYEHO IIEPEBAXKHO BHU-
BUYEHHIO OYyOBM MOJIEKYJ i mpupoau Ximiunoro 3B’sisky. Kimb-
KicHo BusHauuB (1932) MOHATTSA eJIeKTPOHEeTaTUBHOCTI, 3aIIPOIIO-
HyBaB ii IMKaJy. 3aKJaB OCHOBU CTPYKTYPHOTO aHaJi3y Oinka.

Jlaypeat HobeniBcbkoil mpemii (1954)

XiMiYHMX enemMeHTiB y nepiogax i rpynax nepioamyHoi cuctemu; 6) ski eneMmeHTn ma-

@ lpoaHani3zylime pucyHoK 4.8 i MOsICHIMb: a) SIK 3MIHIOETbCA €NEKTPOHEraTUBHICTb
I0Tb HaNBINbLi 1 HANMEHLLI 3HAYEHHS eNeKTPOHEraTUBHOCTI.

Puc. 4.4. 3miHa eJIeKTPOHETraTUBHOCTI XiMiUHMX €JIeMeHTiB y mepioguuHiii cucremi
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EnexTpoHeraTuBHiCTh 3aJIeKUTL He JIUIIIE Bi Bif- @
CTaHi Mi)K AIPOM i BAJIGHTHUMU €JIEKTPOHAMMU, ajie i
BiIf TOrO, HACKiIBKM BajJeHTHa OOOJOHKaA aroma
O0Jsi3bKa o 3aBepineHoi. B ogHoMy mepioni ximiummi
eJleMeHT, aTOM AKOI'0o Ma€ CiM eJJeKTPOHIB Ha 30BHIIII-
Hili OOOJIOHIIi, BUSBJSATHME BHUIIY eJeKTPOHeraTUB-
HiCTh, Hi)K e€JeMeHT, B aTOMi AKOT0o Ha 30BHINIHIiN
000JIOHITI oAMH ejeKTpPoH. KoBajaeHTHUN 3B’SI30K, Y
AKOMY OJHA UM KiJIbKa CHiJIBHUX eJIEKTPOHHUX IIap
amimmeni B 6GiK OLIBII eJeKTPOHEraTHMBHOTO aToMa,
HA3WBAIOTh NOJNAPHUM 3B sA3KoM (puc. 4.5).

)

Puc. 4.5. KoBaseHTHUII
3B’s130K: HemosApHuii (1)
i monapumii (2)

rpagiyHi popmynum neTkmnx cnonyk 3 lNgporeHom Kap-

60oHy, HitporeHy, Okcureny, ®nyopy. Ckopucmatime-
C4 [aHUMM LWOAO BIiQHOCHOI eneKkTPOHEeraTMBHOCTI  LINX
€rleMEHTIB i Mo3Hayme CTPIfKO HaMPAMOK 3MilLeHHS chifnb-
HWX eneKTPOHHMX nap, Hanpuknag H — Cl.

@ Cknadimb, BUKOPUCTaBLUM puUc. 4.2, eneKkTpOHHI Ta

JIOHOPHO-aKIENTOPHUN MeXaHi3M YTBOPEHHA KOBAJEHTHOTO 3B A3KY.
Houop (Big mar. dono — «mapyro») — AKUM Bigmae 1110-HeOy b iHIITIOMY 00’ €KTY —
akmenTopy (Bim Jsar. accipio — npnfz’IMafo, OTpHMon)

YHacnifok ximiuHOI B3aemogil moiekysa amoniaky NH; Ta MeTnnamHy
CH3NH 3 MOJIEKYJIaMHU BOAHU YTBOPIOIOTLCH KamioHUu aMOHil0 NH Ta MeTa-
MOHIiI0 CH3NH3 BigmoBigHO # rigzpokcun-anionu (puc. 4.6). I1 pueaaaume, po
B3aeMoOJii0 aMiHiB 3 Bogoro #rmioca B 10 kiaaci. ¥ mux peakiiiax arom HirTpo-
TeHy € JOHOPOM HEeIOoJijieHoi eJIeKTPOHHOI mapu, a KaTioH I'inporeny — akiemn-
TOpOM, 00 mpuiimMae ii Ha BibHY 1s opbiTauab. KoBaseHTHUI 3B’ A30K, III0 YTBO-
puBca Mixk atromom HiTporeHy ta mpoTOHOM, — pPe3yJabTaT yCYCHiJIbHEHHSA
HUMU HENIoAiJieHOI eleKTpoHHOI mapu aroma Hitporeny. Bin Hiunm He Bigpis-
HaeTbesa Big immux 3B’as3kiB N—H (puc. 4.6) Jomopamu MOXKYyTh OyTHM aToMu
Hirporeny, Oxcureny, ®@ochopy, Cyabdypy Toio. Posb axkienTopiB MOXyTh
BUKOHYBATH IIPOTOH Ta aTOMU 3 HE3aIOBHEHMM OKTETOM, HAIIPUKJIAL ATOMU
enemeHnTiB IITA rpynu mepioguuHoi cucTeMu XiMiYHUX €JIEMEHTIB.

ox

xe

\/ L '\_/ J
Puc. 4.6. Cxema yTBOpPEeHHSA KOBAJEHTHOTrO 3B’S3KY 3a JOHOPHO-aKIIEIITOPHUM
MeXaHizMoM

Y 3aranbHOMy BUIMsAi yTBOPEHHSA KOBANEHTHOrO 3B’s13KY 3a JOHOPHO-aKLENTOPHUM

MEeXaHi3MOM cxeMaTU4HO 306paxeHo Ha pucyHky 4.6. lpoaHarizylime rpacdiyHi Ba-

piaHTn enekTpoHHux cpopmyn 6op(lll) onyopuay Ta HiTporeH(lll) donyopugy. Y sikomy
CTaHi — OCHOBHOMY 4M 30ymkeHoMmy — nepebyBae atom bopy B 6op(lll) dnyopuai? MNpoko-
meHmytme piBHAHHS peakuii 6op(lll) donyopuay 3 HiTporeH(lll) donyopuaom, 3asHadTe go-
HOp Ta akuenTop:
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a02Hw&index=22

é https://www.youtube.com/watch?v=woypiR5kNok&list=UUgFokBdfPtIT5DQaD5
https://www.youtube.com/watch?v=ZxWmyZmwXtA

o 1Ze] rONOBHE

Te

XimiyHUM 3B’A3KOM Has3sWBAIOTh CUJU, AKi YTPUMYIOTH YacTUHKU (aToMu,
MOHU) B MOJIeKyJax abo KpucTrajiax.

Ilig wac yTBOpeHHS MOJIEKYJ y XIiMIiUHMX peaKIifxXx aTOMH XiMiuyHHX eJjie-
MeHTiB Ha0yBalOTh CTiliKOI 30BHIIMTHBOI 00OJIOHKM 3 BiChMOX €JE€KTPOHiB.
3B’A30K MiK aTOMaMU 3a PaXyHOK CILIbHUX €JEeKTPOHHUX IIap Ha3WBAIOTh
KosaseHmHuMm. YIoro 300pakyIoTh 3a JOIIOMOI'OI0 €JIEKTPOHHUX 1 rpadiuHmux
GopMyJ MOJEKYJI.

SKio mBoxXaToOMHA MOJEKyJia YTBOPEHA aTOMaMU OJHOTO HEMeTaJ[ivHOTO
eJiIeMeHTa, TO HeTaTUBHUU 3apAl CHiJIbHOI eJIeKTPOHHOI Mapu PO3MOAiJIeHU’
Mixk HUMU TopiBHY. TaKkuii 3B’ A30K HA3UBAIOTh KOBAJLEHMHUM HENOJADHUM.
EnexTponeratuBHicTh XiMiUHOTO ejleMeHTa — Iie BJIACTHMBICTH MOTO aToMa
OPUTATYBATU CIiJIBHI 3 iHIIMM aTOMOM eJIEKTPOHHI IIapu.

3i 36iJMbIITeHHAM OPOTOHHOTO UMCJIAa eJeKTPOHeraTHUBHICTh XiMiuHuX eJe-
MEHTiB 3pOCTa€ B mepiojgax i 3MEHIIyeEThCA B MiATrpyIax.

KoBaneHTHU# 3B’A30K, Yy SKOMY OJHA UM KiJbKa CIIIbHUX €JEeKTPOHHUX
map aMimieHi B 6iK OiJIbII eJIeKTPOHEraTMBHOIO aToOMa, HA3WBAIOTh NOJSD-
HuM 3B’ SIBKOM.

KoBanenTHuii 3B’sI30K MOJKE€ YTBOPIOBATHCSA BHACJIILOK VCYCIiJIbHEHHS
eJIeKTPOHIB ab0 3a MTOHOPHO-AKIEITOPHUM MEXaHi3MOM.

llepesipTe cebe

1. lNepemeopimb po3noBigHi pedeHHst pybpuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
B BiOMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocymnre CBOI 3HQHHST A YMiHHSI

. Bubepimb npaBunbHe TBEpOKEHHSA. KOBaneHTHUM HEMONAPHUM 3B’A3KOM CrOSyYeHi

aToMun B MOMeKyni pe4yoBuHU, hopmMyria SKoi

AN, B HF
B CO I CIF

. Ykaximb chopMyny pe4OBMHU 3 KOBANEHTHUM MONSAPHUM TUIMOM 3B’A3KY.

AH,0 Bl, BKCl TO,

. MMig yac yTBopeHHA MOMeKyn y XiMiYHUX peakuisax aToMu XiMiYHMX eneMeHTiB Hamara-

FOTbCSl HAOYTW CTiMKOT 30BHILLHBLOT 0B60MOHKK 3

A TpbOX eNneKTpoHIB B 4oTNpbLOX eneKkTpoHiB
B wicTbox enekTpoHiB I’ BiCbMOX €NeKTPOHiIB

. BctasTe nponyuieHe crnoBo. [Ing yTBOPEHHST XiMiYHOrO 3B’A3Ky MK ABOMa aToMamu no-

TpibHO, Wo6 eHepris cuctemun 3 ABOX aTOMIB Byna... 3a eHeprito OKPeMO B3SITUX aTOMIB.
A HWKYot0 B BuLloto
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6. Bubepimb 3anuc, y AKOMy CUMBOSIN €MEeMEHTIB PO3MiLLeHi 32 3MEHLLEHHSM iXHbOT enek-
TPOHEraTMBHOCTI.
Al Be,C,O
BB,N,C,P
BH,NK,C
rF,Cl,Br,l
7. MNpaBunbHUM € 3anuc (X-enekTpoHeraTUBHICTb)
A X(H) < X(CI) B X(S) > X(O)
B X(O) < X(Br) I X(H) > X(N)
8. MopisHsitime KoBaNEHTHI 3B’A3KW: @) Y MOMNEKynax BOAHIO i rigporeH xnopuay; 6) y mo-

nekyni aMmoHiaky Ta kaTioHi aMmoHito. Yum BoHM NoAibHi | Yum BigpisHaoTbCA? Bignosiab
ogopmme sk Tabnuui abo giarpamun BeHHa.

55 TBOPYQ MQVICTEPHS

9. Cknadimpb KOpPOTKi ONOBiAaHHSA (BipLUi, MiCHI) 3@ MOTMBaMK pUCyHKa 4.7.

uc. 4.7. COiibHUMU 3YCUILIIAMU ? ToMm! SIKUiT 3 IBOX 3B’A3KIB HMOJISIPHUIHA?
Puc. 4.7. C Vi ? Ty 1 ’ ?

10. Bukopucmaime 6nokn LEGO, wo6 3po3ymifio W HAOYHO MOSICHUMU MOSOALLOMY
YYHIBCTBY, LLO Take KOBaNEeHTHUN XiMiYHWIA 3B’A30K.

§ 5. MIOHHUI 3B’S130K

lMicns onpayroeaHHs1 napazpagha eu 3mMoxeme:
Hasodumu npukiadu cnomnyk 3 MOHHUM XiMiYHUM 3B’A3KOM;
nosicHr8amu YTBOPEHHS MOHHOTO 3B’A3KY;
Xapakmepu3yeamu A0ro 0cobnmBocTi.

Monu — me 3apAmKeHi YaCTMHKM, Ha AKi IepeTBOPIOIOTHCA ATOMU H MOJIe-
KyJU BHACJIJOK IIPUETHAHHS a00 BTpavyaHHS OJHOr0 ab0 KiJIbKOX eJIeKTPOHiB.
SKIo eleKTpoHeNTpaJbHa YaCTUHKA IIPUEIHYE €JIeKTPOHI, BOHA IIEPEeTBOPIO-
€ThCA HA HEraTUBHUI WOH — arioH. Ileli mpomec CynmpoBOAKYETHCA BUAIIEH-
HAM eHeprii. HaToMmicTh kamion — mMO3UTUBHUI HOH — YTBOPIOETHLCA BHACIITOK
yTpauaHHs eJeKTPOHEeHTPaJbHOIO YaCTUHKOIO eJeKTPoHiB. Ilig uac mboro mpo-
IIecy eHepria HmorJamHaeThbCcsA. IIPOTHMIIEKHO 3apAmKeHI MOHM HPUTATYIOTHCH,
Mi’K HUMUW BUHUKAE UOHHUI 36 A30K.

LlikaBo (i’ ni3HABAAbLHO

MoHATTSa | TepMiH «MoH» yBiB ¥y 1834 poui aHrnincekun Haykoseub Mankn dapagen
(puc. 5.1). Y nepeknagi 3 4aBHbOrpeLbKOT IOV — TOW, Lo ae. AHIOH — TOR, WO iae Bropy,
KaTiOH — TOW, LLIO Nae BHU3.
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Puc. 5.1. ®apaneit Maiika (1791-1867). AnraiicbKuit
HayKoBellb. HaBuaBca CaMOTY:KKH, HAYKOBiI MOCJim:KeHHS
mouaB y raaysi ximii. 3po0uB BaroMuii yHECOK y PO3BHUTOK
XiMiUYHOTO aHAJIi3y, CHHTeTUYHOI OpraHiuHoi ximii, meTaayp-
rii; ymepiiie oTpmMaB HHM3KYy rasiB y 3pimKeHoOMYy CTaHi.
YcTaHOBUB KinbKiCcHI 3aKOHHM eJIeKTpOJi3y. YBiB TepmiHHM
«HOH», «KaTiOH», «aHIOH», «E€JEKTPOI», «EJIEKTPOJIiT», IIO-
HATTA AieJIEKTPUYHOI IPOHUKHOCTi. [ocaimsKyBaB eieKTpo-
Mar"HeTus3M, CTBOPUB Y4YEHHA IIPO eJeKTPOMAarHiTHe IoJe.
YieH 6araThbox aKaZeMiil HayK i HAyKOBUX TOBApPUCTB

Monnuii 38’a30x — Ie 3B’A30K MiX KaTiomamu Ta amiomammu. Moro MosxHa
pO3IJIALATH K I'PAHUYHMUYI BUNAJOK KOBAJEHTHOI'O IIOJAPHOTO 3B’ A3KY. SIKIO
Pi3HUIA B 3BHAUEHHAX €JEeKTPOHETaTUBHOCTI aTOMiB XiMiUHUX €JIEMEHTIiB IyiKe
BeJINKA, CHLJIbHI eJeKTPOHHI IIapu MaiiKe IIOBHICTIO 3MiIIyIOThBCA IO aToMa
OiJIBIT eJJeKTPOHETAaTUBHOTO eJieMeHTa. 3a IIUX YMOB aTOMM II€PETBOPIOIOTHCS
Ha fioHu. PO3rISHBEMO YTBOPEHHA HOHHOTrO 3B’A3KY B KPHUCTAJi HATPi# XJOpU-

oy (puc. 5.2).

@ 3a pucyHkom 5.2 mosicHimb, Ik yTBOPUBCA MOHHWIA 3B’SI30K.

3s'
25,6
2322p —V\ 2s 2p —V\B
—> 2
®— 2 \ ™
. —
11 npoToHiB __A 1?—’ 11 npoToHis _/10 enekTpoHiB
€NeKTPOoHIB 5
@ Atom Hatpito, Na WMoH Hartpito, Na*
3s23p° 3s%3p°
2
2822p _>\ 2s?2p° -—y\
_>
17 npoToHiB / 17 eneKTpoHiB 17 npoToHiB 18 €NeKTPOHIB
Atom Xnopy, Cl Wow Xnopy, CI°

o8 &v‘

Puc. 5.2. 1. YrBopeuns katiouiB Hartpiro Ta amiomiB Ximopy. 2. YTBOpeHHA XiMiuHOTrO
3B’sA3Ky Mik omamu Harpiio Ta Xiopy
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3seprimb yeazy: y Kpuctanai HaTpiil xsopuny karion Hartpiro 3 ycix Gokis
oToueHUM aHioHamMu XJOpPy ¥ HaBmaku. EHepreTwmuHo HaWBUTiAHIiIIEe, KoM
KOJKEeH MOH OTOYEeHUI MaKCHUMAaJbHOI KiJIbKiCTIO HOHIB, IPOTUJIEKHUX 3a 3HA-
KoMm. OmHaK dUepes3 BIiAINITOBXYBAaHHS OJHONMEHHMX HOHIB OAWH Bim omHOTO
cucTeMa JOCATAE CTIHKOTO CTaHy JIMINE 3a IIEBHOTO B3a€MHOTO PO3TAIlyBaHHS
voniB. Hanpukian, y HaTpifi XJI0OpuAi KOKEH KaTiOH OTOYEHUH IIicTbMa aHi-
OHaAMU 1 HaBIIAKMU.

Ilpuzadaiime: Ha KaTiOHM HePETBOPIO-
IOThCA aTOMHU MeTaJiuHUX eJeMEeHTiB, Ha
30BHIIITHBOMY €HEPreTMYHOMY PiBHI AKMX
3a3Buuail He OiJbIlle TPHOX €JIEKTPOHIB.
Ha amionu mepeTBOpPIOIOTHCA aTOMU HeMe-
TaJiYHUX eJIeMeHTiB (3a BUHATKOM iHepT-
HUX), HA B0BHIIIHHBOMY €HEPTreTUUYHOMY
PiBHiI AKMX — BiJf YOTUPBHOX [0 CEMU eJieK-
TpoHiB. AToM T'izporeny moske yTBOPHUTH
K KaTioH, Tak i aHioH.
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Cknadimb enekTpoHHy chopmyny aTtoma
lgporeHy. BusHayme, CKiflbKM MPOTOHIB i
€MEeKTPOHIB Y MOro KaTiOHi Ta aHioHi.

3eepHimb yeazy: paniycu HOHIB Biapis-
HAIOTHBCA Bi aTOMHUX paniyciB Bin-
HOBiIHMX XIMIiUHHX eJleMeHTiB. YTpauau-
HA aToMaMHU eJIEKTPOHIB 3YMOBJIIOE 3MEH-
IMIeHHS IXHiX e(eKTUBHUX poO3MipiB, a
TpUETHAHHA €eJeKTPOHIB — B30iJbIIeHHA.
Tomy paniyc kaTioHa 3aB)KIM 3HAUHO MEHIIINI, a paJiyc aHioHa 3aBKIU TPOXU
Oinmpmuii 3a pamiyc atroma (puc. 5.3). ¥ Melkax TOJIOBHOI IiaArpynu pamiycu
MOHIB OHAKOBOTO 3apANy, AK i pajiycu aTomiB, 3pOCTalOTh 3i 30i/JbIIEHHAM
mpoToHHOTO uucia (puc. 5.4).
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Puc. 5.3. 1. Pagiycu atroma (1) i xari-

oHa (2) Harpiro Ta aroma (3) i ariona
(4) Xopy B mikomeTrpax

3a pucyHkom 5.4 cxapakmepu3ylime 3akOHOMIPHOCTI 3MiHW pagiyciB aToMiB Ta MOHIB
eneMeHTIB y nepiogax i rpynax nepioguyHoi CUCTEMU XiMIYHUX eNEMEHTIB.

Mexxka MiXK KOBaJIGHTHUM IOJSPHMM Ta HOHHUM 3B SI3KOM /[JeIll0 YMOBHA.
PisHumnsa eleKTpoHEraTMBHOCTI XiMiUHMX eJeMeHTIB Jae 3MOT'y BH3HAUUTH,
HACKIMBbKM XiMiuHMI 3B’SA30K y CIOJYIIl BiApi3HAETHCS BiJ KOBaJIEHTHOI'O
HemoJigpHOTO (Tada. 5.1).

Tabauusa 5.1.
PisHuuga eﬂeKTpOHeraTMBHOCTi (AX) xiMi4yHMX Twun xiMiYHOrO 3B’A3KY
erneMeHTiB
Ax=0 KoBaneHTHU HenonspHui
04<Ax<2 KoBaneHTHUn nonsapHun
Ay > 2 VoHHui

1. BusHauyme Tvin XiMivHOro 38’Asky y cnonykax: F,; O,; CCl,; HCI; SO,; OF,; CCly;

HCI; SO,; NaF. 2. [MopigHstime koBaneHTHUA HEMONSAPHUIA, KOBaNEeHTHWI NONAPHUN

Ta NOHHWI 3B’A3kM (puc. 5.5). 3eepHimb ygaey: nitepoto & (BUMOBRSEMO desibma)
NMo3Ha4YeHOo YacTKOBI eNeKTPUYHI 3apsian Ha aToMax Yy MONeKy i rigporeH xrnopuay.
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I'pyma IA I'pyma ITA T'pyma IIIA Tpyma VIA  I'pyma VIIA

Li* Li [Be?* Be[B** B 0% |F F-

126 |71 119

90‘/ 134
Na* Na

AI > s* Cl~

116 /154 118
K* & K|C a’* Ga
152 /196 76 126

Rb* & Rb|Sr#

166 ’211 132

41135

Puc. 54. 1. SakonomipHocTi 3MiHM B nmepioguuHiil cucremi XiMiuHUX eseMeHTIB

pazmiyciB aTomiB i fioHiB

&

Puc. 5.5. 3mima posmominy
€JIeKTPOHHOI TYCTUHU MiXK
AgpaMy aTOMiB 3aJe€KHO BiJ
TUOy XimMiuHOrO B3B’SI3KY B

cl-cl StH _y CI5- [Na'] [CI] CIIOTTyKaX

D

[H:Cl]

https://www.youtube.com/watch?
v=ZiIMNJ68Axw&index=21&list=UUgFokBdfPtIT5SDQaD5a02Hw
https://www.youtube.com/watch?
v=kGKLAQ6sgBI&list=UUgFokBdfPtIT5DQaD5a02Hw&index=23
https://www.youtube.com/watch?v=Z-8uVEfm77s&list=UUgFokBdfPtIT5DQaD5
a02Hw&index=35
https://www.youtube.com/watch?v=5A0DblYIknBc&list=PLi01X0E8jY0i5fL BY64{6
ZUuktgTFb2H3&index=11

o 1] rONOBHE

® Vlounuii 3B’A30K — Iie 3B’A30K Mik KaTioHaMu Ta aHioHAMH.

® Meska MiK KOBAJIEHTHUM IIOJSIPHUM Ta MOHHHM 3B A3KOM JeIl0 YMOBHA.

® PisHuis 3sHauyeHb eJIEKTPOHEraTUBHOCTI XiMiUYHMX eJeMeHTIB Ja€e 3MOTy
BUBHAUUTU, HACKIMBKM XiMiuyHMI 3B AB0K y CHOJYIi BimpisHAeThcA BiA
KOBaJIEHTHOT'O HEMIOJISIPHOTO.

23



lNepesipre cebe

1. Mepemeopimpb po3noBigHi pedeHHs pyopukm NPO TOJNTOBHE Ha nuTanbHi. Y moxe-
Te BW BiANOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyyHuka?

Pr
m ] 3acrocymnre CBOI 3HAHHST A YMiHHSI

2. Akoto NiTeporo No3HaAYEHO TPINKY PEYOBUH 3 MOHHUM TUMOM XiMiYHOrO 3B’A3KY?
A K,0; Cs,S, LiF B MgO; H,0; H,S B H,SO,; CO,;Cl, I MgO; SO;; N,

3. Ha npuknagi peakuii nitito 3 hTOpoM po3afissiHbme YTBOPEHHS NOHHOMO 3B’A3Ky B MiTil
dnyopuai.

4. [loriogHimb cxemun YyTBOPEHHS NOHIB: 3a3Hayme B NPSIMOKYTHWUKY HaZ CTPISIKO, CKiflbKK
€NeKTPOHIB BigAaHO abo NPUINHATO, Y MPAMOKYTHUKY 6ins cuMBona MoHa — Noro 3apsga.

2 (@) Fr@a)s)
0 (2] (92)e)y) = (2169 o))
2 [5s] (2)2)s)2) = ) 3)s)

5. Y 1oHi sikoro ximiyHOro enemeHTa BABIYi BinbLue enekTpoHiB, HiX B aTomi drnyopy?
6. Hasedimpb npvknagn atoma, KaTioHa 1 aHioHa, 6yaoBa enekTPOHHOI OBOMOHKM B SKNX
Taka cama, gK y npocToro aHioHa Cynbdypy.
< TBOPYQ MQVICTEPHS
7. Knacugbikylime pe40BUHN MOBCAKOAEHHOIO BXUTKY 3@ TUMOM XiMi4HOrOo 3B’A3KY, NiAroTym-
Te npes3eHTaLiio cBOro gocnigpkeHHs. 8. Bukopucmatme 6noku LEGO, w06 3po3ymino
M HAaOYHO MOSICHUMU MOMNOALLOMY YYHIBCTBY, LLO Take NOHHWUIA XiMIYHUIA 3B’A30K.

§ 6. BoAHeBUM 3B’930K

Micnsa onpayroeaHHs1 napazpagha eu 3Moxeme:

nosicHr8amu YTBOPEHHS BOOHEBOIO 3B’A3KY;
ouyiHreamu Ha OCHOBI Oy0BM MOSeKyn BOAM | CMMPTIB MOXIMBICTb YTBOPEHHSA BOAHE-
BOrO 3B’A3KYy MiXX MONeKynamMmu BoAu, CNMpTiB, BOAM Ta CNMPTIB.

Bogueruii 38’30k He € IJA Bac HOBUM IIOHATTAM. Bu BiKe 3HaeTe, IO
YTBOPEHi 3a PaxyHOK CIIJBHUX eJeKTpoHHuX map 3B a3ku O—H y momery.i
BOAY KOBAJIeHTHI mossaApHi. Bounu poamimeni mig xyrom 104,5°, i mme symoBiIioe
ACUMEeTPUYHICTh CTPYKTYPHU ¥ BUHUKHEHHS JunoJisi — CUCTEeMHU 3 JBOX 3apAIiB,
MPOTUJIEKHUX 34 3HAKOM i OJMHAKOBUX 3a BeamuunHOIO (puc. 6.1).

Puc. 6.1. 1. Macmra6Ha
MOJieJIb MOJIEKYJI BOJM.
2. CxemaTuuHe 300paKeHH
MU0
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EkcrnepruMeHTaNbHO MEPECBIIUNTHCS, 10 MOJEKYJIHN BOIU IOJISAPHI, MOXKHA
3a JOIIOMOTOIO IIPOCTOI'0 AOCIiAY: TOHKA BOAAHA I[IBKA IPUTATYETHCA IO BUPO-
0iB, HaeJaeKTpU30BaHUX TepTaMm (puc. 6.2).

=

Puc. 6.2. IliBKa BOAM HPUTATYETHCA 10

HaeJeKTPU30BAHOI IOBITPAHOI KYJIb-

Kku. ITepesipme 110 iH(opmaliiio excire- Puc. 6.3. Boguesi 38’sa3ku (1)
PUMEHTAJIbHO MiK MOJIEKYJIaMU BOIU

AcuMeTpUYHICTh POBIMOAINY eJNeKTPUUHUX 3apANiB y MOJIEKYyJiaX BOAU €
MIPUYNHOIO YTBOPEHHSA MisK HUMU 800He8ux 38°a3kie (puc. 6.3).

Boonesuii 368’230k — ciabKkuii. BiH yTBOPIOETHCSA MiXK e€JIEKTPOHEraTUBHUM
aToMoM Ta aToMoM [imporeHy, I0 CHOJYUYEHUH XiMiYHUM 3B’A3KOM 3 iHIITUM
eJIeKTpoHeraTuUBHUM aToMoM. OOuaIBa eJIeKTPOHEraTuBHI aToMu 34e0iIbIIIOTO €
aToMaMM XiMiUYHHX eJIEMeHTiB APYIroro Ta TPeThOro IepiofiB mepioamuHoOi cuc-

150
H,0 —— I'pymna 17
100 —— I'pymna 16
T'pyma 15

1

50 —o— I'pyna 14 L

0 \ H,Te »

> 2

=50 - @
3 Q%’I
-150
9

-100 ~

Temneparypa kuminus, °C

_200 T T 4
2 3 4 5

ITepiox

Puc. 6.4. 1. Temneparypu KuUIiHHA JeTKUX cunoiyk 3 [igporenom. 2. Kyiecrep:xHeBi
mozeni mosiekysa Bogu (1), rigporen duayopuny (2), amoniaky (3) Ta merany (4)
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remu. Igerbeca mpo aromu Hitporemy, Oxcureny, ®@ayopy. IlepeBasuo BogHe-
BUl 3B’SI30K — IIe eJIeKTPOCTaTHUYHa B3aeMofisa. Ii migcuamooTh Maauil po3mip
aromiB Tigporeny, 10 BMOXKJIMBJIIOE 30JIMKEHHSA AUIIOJNIB, AKi B3a€MOIilOTh.
BogHeBi 3B’A3KM € IPUUYMHOI AHOMAJbHO BHUCOKMX (IIOPIiBHAHO 3 JIETKHUMU
cnosykaMu iHmwux eaemMeHTiB VIA rpynu mepiogmuHoi cucTeMu) TeMIIepaTyp
KUIIiHHA Ta IIJaBJeHHA BOIM, a TAKOMXK NEeAKHX iHINNUX JIETKUX CIOJYK 3 I'ixpo-
reHoM (puc. 6.4).

1. MNpoaHanisylime faHi WoAo TeMnepaTyp KUMiHHS, HaBedeHi Ha pUCyHKy 6.4.1, Ta
@ reomeTpuyHy popmy monekyn (puc. 6.4. 2). Yn MoxyTb YTBOPUTUCH BOOHEBI 3B’A3KM

MiXX Monekynamum meTtany? Yomy? 2. 306pasimb yTBOPEHHA BOOHEBMX 3B’A3KIB MiXK
MoneKynamu rigporeH gryopuay.

YTBOpeHHd BOTHEBUX 3B’A3KIB MOMKJIMBE HE JIUIIE MiK MOJEKYJaMH Heop-
raHiyHMX CHOJYyK. Bu BiKe 3HaeTe, IO MijK MOJEKYJaMHW COUPTiB, a TaKOXK
Mi’K HUMU Ta MOJIeKYyJaMH BOIU YTBOPIOIOTHCA BOAHEBi 3B’saA3Ku (puc. 6.5).

Puc. 6.5. YTBOpeHHA BOJHEBUX 3B A3KiB: 1 — MiK MOJIeKyJIaMU €TaHOJIY;
2 — Mi»K MOJIeKyJaMU eTaHOJIy i BOLu

3a pucyHkom 6.5 mosicHimb: 1) siK yTBOPIOIOTLCA BOAHEBI 3B’A3KM MK MOMeKynamu
CNUPTIB Ta MiXXK HAMU A MOMeKynamun BOAK; 2) YoMy TeMnepaTtypu KANiHHA CnupTiB
BWLLi 3a TemMnepaTypu KUMNiHHA ankaHiB 3 NpubrnmnsHoO Takow CaMoK MacoK MOJIEKYT.

BogueBuii 3B’A30K Biflirpae Ba)KJIMBY POJIb y HEOPTraHiIUHINA Ta opraHiuHii
ximii. Mloro Hu3BKa eHepris, 34aTHICTD JIETKO PYHHYBAaTHCSA H BiZHOBIOBaTHCA
3a 3BUYAMHOI TeMIIepaTypHu BOJHOUAC i3 BeJIMUE3HOIO IIOITUPEHICTIO 3YMOBJIIOE
HemepeciuHe 3HAYEHHS BOJHEBOTO 3B A3KY B OioyioriuHMX cucTreMax. Y IOPAI-
KOBaHe pO3TalllyBaHHS ITOJINENTUAHNX JAHIIOTIB Y CTPYKTYPi OijKa, momnepeyd-
Hi 3B’A3KH B CTPYKTYPI IIEJI0J03U Ta B MOABiMHil cipaJi me30KcupuboHyKIe-
inoBoi kucaoTu (JJHK) symoBieni BogHeBuMU 3B’ a3kaMu. [[oBeseHo, 1110 BOHU
YTBOPIOIOThCA HA AeAKHUX CTaligX MalKe Bcix Gioximiummx mporiecis. Boguesi
3B’A3KH 0epyTh ydacTh Y KaTaJdiTUUHUX i GoToxXiMiuHMX mporecax, (pepMeHT-
HOMY OpOIiHHI, € CKIAZHMKAMHU MeXaHis3MiB mii JiKapchbKux 3aco0iB, moTpiOHIi
IJis 3a0e3meUeHHs JKUTTENiAILHOCTL opranismis (puc. 6.6).

Llikao (i nisHABAAbLHO

CamoBigHOBMOBaHW 3a 3BMYaAWHOI TemnepaTtypu noniMepHuin martepian (opraHiyHe
ckno) ctBopuB 2017 poky B Tokincbkomy yHiBepcuteTi (Anonis) HO. AnaricaBa (Yu
Yanagisawa). BigHOBReHHS WinicHOCTi BHAcnigoK Nerkoro CTUCKaHHSA 3yMOBIIEHO YTBOPEH-
HAM BOoOHEBUX 3B’AA3KiB. https://interestingengineering.com/this-material-heals-under-
pressure-rather-than-cracking

lpoaHanizylime U0 iHOpMaLilo Ta 8uc/108mMe NPUNYLLEHHS LWOAO0 NEePCneKkTMB BU-
KOpUCTaHHS HOBOrO Matepiary.

1 20-25 °C, tuck 1 aTm.
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Puc. 6.6. Baratosukuii BogHeBUi 3B’s130K. 1. BogHeBi 3B’A3KU B KPUCTATIIUHINA CTPYK-
Typi aboxy. 2. CHiIXKMHKY CKJIAJAIOThCA 3 KPUCTAJIUKIB JbOLY (8ucro8me npunyuien-
HA, YoMy 8 OYOb-KOi CHINUHKU caMme Ulicmb npomeHis). 3. 3aBUBAHHA Ta POIMIPAM-
JISHHS BOJIOCCSA IIiJ Ii€l0 BHCOKOI TeMIepaTypH HOCJaa0JII0€ BOAHEBI 3B’ I3KM MiK MOJIe-
KyJamu 0iJIKa, TOMY BOJIOCCA 3MiHIOE (pOPMY, OOHAK IITONHO BOHO HAMOKAE, TO IIOBEP-
TAaeThCA 0 IOYATKOBOTO craHy. 4. ¥ moxBiniHi# cmipani moserkynu IJHK miTporeno-
BMiCHi OCHOBU OZHOTO 3 JIAHIJIOTIiB CIIOJIYYeHi 3 HiTPOT€HOBMiCHMMY OCHOBAMU iHITIOTO
JIAaHIIIOTa BOZHEBUMHU 3B’A3KAMM STifHO 3 IPUHIMIOM KOMILJIEMEHTAPHOCTi: ajeHiH
3’eqHYETHCS JIAIIIE 3 TUMIHOM, I'yaHiH — JIMIIE i3 IIUTO3MHOM

8jYohmMWyMaSsBwdZQbCjQKVzp
https://www.youtube.com/watch?v=llgLgMnl-
11&index=5&list=PLi01XoE8{YohmMWyMaSsBwdZQbCjQKVzp
https://www.youtube.com/watch?v=L GwyBeuVjhU

o 1Ze] rOAOBHE

® J[umosb — cucTeMa 3 ABOX 3apAmiB, MPOTUJIEKHUX 3a 3HAKOM W OJHAKOBUX
3a BeJIUUYUHOIO.

® ACUMETPUYHICTH PO3MOMiNYy €eJeKTPUUHUX 3apAMiB y MOJIEKYyJIaX BOAU €
OPUYMHOIO YTBOPEHHSA MiK HUMU BOJHEBUX 3B’ SI3KiB.

® BopgHeBi 3B’A3KHW € IPUUYMHOI0O AHOMAJbHO BHCOKHX (IOPiBHSHO 3 JIETKUMU
cnonykaMu iHIMUX eneMeHTiB VIA rpynu mepioamuHoi cucTeMm) TeMmiiepa-
TYyp KUOiHHA Ta IJIaBJIEHHS BOIU.

® Jlepebir GaraThbox OioJOTiUHMX MOPOIIECiB Ta iCHyBaHHA JKWBUX OPraHisMiB
MOJKJIMBi caMe 3aBAAKM YTBOPEHHIO Ta PYMHYBAHHIO BOJHEBUX 3B’ SA3KiB.

o@ https://www.youtube.com/watch?v=njWsfApthXc&index=7&t=0s&list=PLi01X0E

_—

[lepesipTe cebe

1. lNepemeopims po3noeigHi pedeHHs pybpuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BU BiOMNOBICTM Ha Ui 3annTaHHA 6e3 gonomorn nigpyyHuka?
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I
m ] 3acrocymvre CBOI 3HQHHST A YMIHHSI

2. BusHauyme, KO LMEPO0 Ha PUCYHKY 6.7 No3Ha4YeHO BOAHEBWI 3B’s130K. UM 3yMOB-
fieHa MOXIMBICTb NOro0 YTBOPEHHA?

3. lMosiCHIMb MOXNUBICTb YTBOPEHHS BOAHEBUX 3B’A3KIB MK MOMeKyriaMvm BOAWN 1 aMOHi-
aky (pwuc. 6.8).

-IH'
<)

H

[3&\ TBOPYQ MQUICTEPHST
4. [Mideomytime npe3eHTaUito «BoaHeBi 3B’A3kM B XNBMX OpraHiamax».

§ 7. MeTaAiYHUM 3B’A30K

Micns onpauroeaHHs napazpagha eu 3mMoxeme:

® 10sicHIO8amMUuU YTBOPEHHS METaniYHOro 3B’A3Ky;
® ropisHO8amu meTaniyHWi 3B’A30K 3 KOBANEHTHUM Ta NOHHUM 3B’SI3KaMMU.

B aromax meramiuHuX eJeMeHTIB HAa 30BHINIHbOMY €HEPreTUYHOMY PiBHI
MicTUTBCSA BiJ OZHOTO IO TPHOX E€JEeKTPOHIB, 3pigka — uoTtupu. Hampukiaan, B
atromi HaTpito Ha 30BHIIITHBOMY €HEPreTUYHOMY pPiBHiI OAMH eJdeKTpPoH. Binx-
IaBIIM oro, el aToM HaOyBae CTiliKol eJIeKTpoHHOI KoH@irypaiii aToma
Heony. Takoi camoi rKoH(iryparmii Habysators aromm Maruiro Ta AnooMminiro,
BigmaBInu BiAmmoBigHO ABa i Tpu eadexTpoHH. B aTromi CTaHyMy Ha 30BHIIITHBO-
MY €HEePreTHYHOMY PiBHI YOTHPHU eJIEKTPOHU. ¥ HACJIIAOK IXHBOI BTpPaTH YTBO-
pIOETHCA CTiliKa eleKTpoHHA KoH(pirypaliia aroma Kpumnrony.
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Banuwimb enekTpoHHi hopmynu atoma HeoHy, aTomiB i kaTioHiB HaTpito, MarHito Ta
AntomiHito Ta 306pasimb ixHi rpadivHi BapiaHTW, rMopigHalmMe eneKkTpoHHy OyaoBy
3a3Ha4YEeHNX YaCTUHOK.

IITo meHITE eeKTPOHIB Ha 30BHINTHBOMY €HEPTETUYHOMY DPiBHIi i 110 6iJb-
¥ pagiyc aTroma, TO JIETIIIEe AMOM MemaJlivhozo esleMeHma nepemaeopemses
Ha KAmioH.

Axi yvacTuaku € B kpucramivaux rpatkax meranais? IloHan croiiTTd ToMy
HiMmenbKuit ¢isuk Ilayns Hpyne (puc. 7.1) sampomoHyBaB Teopito, 3TimHO 3
AKOI0 MeTaJI CKJIAJAEThCI 3 aTOMiB, KaTiOHIiB i BiTbHUX eJeKTPOHIB, TaK 3Ba-
HOTO eJleKMpPOHHO020 2a3Y.

Puc. 7.1. Ipyzne Iayas (1867-1906). Himenbkuii hisuk, aB-
TOP TEOPill eJIeKTPOHHOI IPOBIAHOCTI MeTaJiB, moJIApU3aIlii cBit-
Ja, BimbuToro Bim MeTasieBOi mMOBepXHi, mucimepcii ceiTia

EnexTponu B MeTasi 6e3/iafHO PyXaloThCs, HePeXOoqaATh BiJ aTOMiB 10 KaTi-
ouiB. HarowmicThs aTomu i1 KaTioHU Jjuile 3jieTKa KOJUBAIOTHCA HABKOJO CBOTO
MOJIOKEHHSI B KPHUCTAJNIUHUX r'paTkax. ToO0To B memanivHuXx KpUucmaaiitHux
rpamkax (puc. 7.2. A) BaJIeHTHi eJeKTPOHU yCycCIiJibHeHi (He IOB’A3aHi 3
TMMEBHUMM aTOMaMu) — Ie 0COOJMBICTL MemaniuHozo 36’a3ky. Tomy mix ymau-
BOM HABiTh HEBEJMKOI Pi3HUII ITOTEHIIiATiB IIi eJJeKTPOHU IIOUYNHAIOTh PYXaTH-
cA BIOpPsAAKoBaHO (puc. 7.2. B) y HanpAMKY, 3yMOBJIEHOMY 30BHIIITHIM eJeK-
TPUUYHUM II0JIEM, BUHUKAE €JIeKTPUUHUN CTPYM.

Puc. 7.2. CxemaTuuHe 300pa’KeHHS METATIYHMX KpPUCTATIUHUX IpaTokK. Aromu (1)

MeTaJivHOro eJeMeHTa Ta Horo KaTioHu (2) B3aeMOIepeTBOPIOTHCS BHACIILOK BTpPadYaH-

HS eJIEKTPOHIB (3) 30BHIIIIHLOTO PiBHS aToMaMU Ta IPUEAHAHHA X KaTtioHamu. A. Xao-

TAYHUN PYyX yCyCIiJbHeHuX eyieKTpoHiB. B. CupamoBanuil pyXx eJIeKTPOHIiB 3a HasB-
HOCTIi pisHHUIIi moTeHITiagiB
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IInacTuuHicTh i KOBKiCThL 6AraTbox MeETAJIiB TAKOMK MOKHA IIOSICHUTU 0COO-
JMBOCTAME MeTaJiuHoro 3B’sA3KYy. Bu Jjierko 3posymieTe 11e, KOJIM PO3THUBUTECS
pucyHOK 7.3.

Puc. 7.3. Yuacaigox ymapy um iHIIoro mexaHiu"oro BmiuBy (1) BimOyBaeThcA 3CyB
mapiB HOHIB y IMIMaTKy MeTany (2), OJHAK Iie He CIPUYUHSAE HOTO PyHHYBaHHSA, OCKiJIb-
KU BCi eJIeKTPOHHU, SIKi 3a0e3meuyioTh iCHyBaHHA XiMiuHUX 3B’A3KiB, — CIiJIbHI

k. lNpueadalime TVN KpUCTaNivyHWX r'paTok anmasy. Haseimb 3B'A3ku, siki pynHY-
I0TbCA BHACMNIAOK AedhopMalii Lboro Kpuctana.

@ Bw, 3BicHO, nam’aATaeTe 3 Kypcy ximii 8 knacy, Wo anma3s gyxe TBepauin, ane Kpux-

LlikaBo (i nisHABAAbLHO

Onsa manbyTHix di3nkiB i MaTepiano3HaBLiB 3ayBaXKMMO, LLIO ONUCaHi YSIBNEHHS Npo Xi-
MiYHMI 3B’A30K y MeTanax € gyxe CrpoLLEeHUMN, Xo4a N Aal0Tb 3MOTY HAOYHO MOACHUTH 3y-
MOBJIEHICTb (Pi3NYHMX BNAaCTUBOCTEN MeTaniB ixHbot B6yaoBoto. HacTynHMM Kpokom Habnum-
XXEHHS 40 iICTUHM BBaXXaTUMeMO MOZAErb, 3r4HO 3 KO YaCTUHKN KpUCTanivyHUX rpaTok Me-
Tany 3B’A3aHi Mixk coboto ABOMa TUNamm 3B’sA3KiB. [lepeKkpuMBaHHS €NeKTPOHHUX XMap 3y-
MOBIIOE YTBOPEHHSA MiLHMX KOBaneHTHUX 3B’a3kiB. Lli cami enekTpoHHi xmapu yTBOPIOOTb
CMiNbHY ANA BCbOrO KpucTana ernekTpoHHY XMapy, sika BHAaCnigoK YMnvBY 30BHILLUHLOMO
eneKTPMYHOro Nnons Ayxe Nnerko nepecyBaeTbCs B LUIMATKy MeTany B3LOBX HanpsaMKy, 3y-
MOBMEHOro nosem.

Mwu 3’scyBanu, 110 cmijbHi GisuuHi BiaacTuBOCTi (Has3eimbv ix) MeTasiB
3yMOBJIeHI moAi0HicTIO Oy I0BM IXHiX KPHUCTATIYHUX I'PATOK i OCOOJIMBUM THUIIOM
ximiunoro 3B’si3Ky — mertasiunmMm. OmHaxk MeTa u Bigpi3HAIOTHCA OOWH Bifg
OJIHOTO0, TOOTO MalTh 0co0JuBi BiaacTuBocTi. [IpumunHa MBOro — BigMiHHOCTI B
OyZIOBi aTOMiB MeTaJIiYHUX eJIeMeHTiB i pisHOMAaHiTHICTh, KPUCTATIUHUX I'PATOK
metaiiB (puc. 7.4).

1. 3rigHO 3 gocnigXeHHAMKW daxiBLiB Y CBITi HAHI € NOHag 3 MNpa He BUKOPUCTOBY-
@ BaHMX MODBIiNbHNX TenedoHiB, Aki KopucTyBadi 36epiratoTe yaoma. OguH TenedoH y

cepegHbomy MicTutb 8,75 r migi, 3,81 r kobanbeTy, 3 r 3ani3a, 1 r onosa, 0,4 r TaHTa-
ny, 0,25 r cpibna, 0,024 r 3onota, 0,009 nanagito. O64ucnime Macu (T) 3a3Ha4eHnx MeTanis
y Takin KinbkocTi TenedoHiB. 10SCHIMb, YOMY HEe MOXHa BUKMAATM CTapi TenedoHu Ha
CMITHUK. 2. [ToSICHIMb, YOMY KPULLKN MeTaneBux KacTpynb pobnsaTb He BCTAaBHUMMU, a Ha-
KnagHumn; a B YamHuka oBOB’A3KOBO nepenbavaloTb 3a30p MiXK LUMAKOK Ta KPULLIKOHO.
3. 3pobiTb NOriYHNN BUCHOBOK 3 TakMX TBEPOKEHb: «YCi MeTanu NpPoBOAATb €NEeKTPUYHUIA
cTpymy», «Migb € MeTanom».
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Zn, Mg, Cd Al, Cu, Ag Cr, Fe, W

Puc. 7.4. Kpucrajgiugi rpaTku gedKuUX MeTaJiB

https://www.youtube.com/watch?v=eVv3TpaQ2-A&t=0s&list=PLIIVwaZQkS20p2
kDuFifhStNsS49L AxkZ&index=22

https://www.youtube.com/watch?v=vOuF Tuvf4gk&index=3&list=PLi01X0oE8jYoi
5fLBY64f6ZUuktgTFb2H3
https://www.youtube.com/watch?v=S08gdOTd0OwO0&start radio=1&list=
RDS08qdOTdOw0

18 ronOBHE

® B aromax MeTaJiuHMX €JIEMEHTIB Ha 30BHINMIHROMY €HEPreTUYHOMY PiBHi
MiCTUTBCS BiJl OHOTO O TPhOX €JEeKTPOHIB, 3pigka — uoTupu. Meramiuni
eJIEMEHTH JIETKO BiIIalOTh €JIEKTPOHMU, YHACJIIJOK UOTO0 YTBOPIOIOTHLCS KaTi-
OHU.

Kpucrangiuni rpaTku MeTasiB CKJIamalOThLCSI 3 KATiOHIB Ta aTOMiB, MiK AKU-
MU XaOTHMYHO PYyXalThCd VCYCIiJIbHeHiI ejgexkTpoHu. Taxmit ximiuxnwmi
3B’A30K HasmBaoOTh MeradiunuMm. Came BiH 3ymoBJioe ¢ismuni Ta ximiumi
BJIACTMBOCTiI MeETaJiB — HacaMmIiepe]] iXHi BMCOKi TemJyo- Ta eJIeKTPOIIPOBij-
HiCTB.

llepesipTe cebe

1. lNepemesopimb po3noBiaHi pedeHHst pyopuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BV BiAMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

P
I ] 3acTocymre CBOI 3HAHHSI M YMiHHSI

2. Bucnosme npunyLleHHsi, IK 3MiHIOBaTUMETbCS eNeKTPOoNnpoBIAHICTb MeTanis 3 Nigsu-
LLleHHAM TemnepaTtypu Ta obrpyHmytime woro. [lepesipme CBOi MipKyBaHHS, CKOPUCTaBLUN-
CS1 pi3HUMM gxepenamm iHopmadlii.

3. lNopisHsatime: a) MeTanivyHU Ta NOHHWIA 3B’s3KN; 6) MeTaniyHUi Ta KOBaNeHTHUI He-
nonsapHuin 38’a3kun. Bignosiab ogpopmme sk Tabnuuto abo giarpamy BeHHa.

»56 TBOpYQ MQVICTEPHST

4. [lidzomytime npe3eHTauito «MeTaniyHi 38’A3KM HABKOIO MEHEY.
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§ 8. Kpucrtaaiyvmm i amopdHUM CTAHU TBEPAUX PEYOBUH.
3AAEXHICTb Pi3YHMX BAOCTUBOCTEN PEYOBUH BiA IXHbOI OYAOBU

lMicns onpayroeaHHs1 napazpacgha eu 3Moxxeme:

Haeodumu npuknadu amopdHUX i KPUCTaNYHNX PEYOBWH;

nosicHroeamu 8iOMiHHocmi Mk aMoOpHUMN 1 KPUCTaNIYHUMU PEHOBUHAMU;
npo2Ho3yeamu i3nyHi BNacTUBOCTI PEYOBMH Ha OCHOBI ixHbOI Bynosu Ta ByanoBy
pPEeYOoBUH Ha OCHOBI IXHIX (Pi3NYHUX BNacTUBOCTEW;

euc108/1108amu CyOxKeHHS OO0 3anexXHOCTi MiXX BUKOPUCTaHHAM PEYOBUH Ta IXHBO
Oy[oBOIO 11 BNACTUBOCTSIMM.

Trep/i peuoBuHU 3a3BUYAil MalOTh KpucmaaiuHy O0ymaoBy, AKiifl mpuTamaH-
He TpaBWJIbHE DO3TAIIIyBAHHA YaCTHUHOK y CTPOr0 BM3HAYEHWX TOUYKAX IIPO-
cropy (puc. 8.1).

Puc. 8.1. Kpucranu rajity (kam’suoi

coai NaCl) maroTe Ky6iuny dopwmy,

iX JIETKO DOSKOJIOTH 3a TpaHsIMU
Kyb6a

Axknum konbopoM y Mogeni Kpuctana ranity (puc. 8.1) nosHaveHo kaTtioHn Hatpito, a
AKUM — aHionn Xnopy? O6rpyHmytime CBOK LYyMKY
Kpucmaau (Big rpem. kpuoTaAlog — Jif, ripcbKU# KpPUIITAIb, KPUCTA) —
Tijsa, 110 MaloTh MPUPOAHY 30BHINIHIO (POPMY MPABUIBHUX CUMETPUYHUX Oara-
TOTPAHHUKIB, 3YMOBJIEHY IXHBOIO BHYTPIIIIHBOIO CTPYKTYpoIo (puc. 8.2).

Puc. 8.2. BararorpanHui
CBiT Kpucramis.

1. Bepur Al,Be,[SigOq5].
2. Tpanar RZ'R37(Si0,),,
ne R = Ca?', Fe?', Mg?",
Mn2+ a R3+ — A13+ Fe3+
A - SiOi_, TeTpaeap;

B - R*; B - R*"

Amop@Hri peuosunu (Bif maBH.-rpem. o — He- i pop¢mn — BuUA, dopma) He
MaoTh KpUcTajdiuHoi cTpykTypu (puc. 8.3.1) i, Ha BigMiHy Bijg KpucTajiB, He
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Puc. 8.3.1. Mogenn 6ymoBu amopdHOI peyo-
BuHU. 2. Bypmtun — amophHa peuoBuHa

PO3ILIENJIIOITLCA 3 YTBOPEHHAM KpUC-
TaJivHuX rpaHelt (npuzadaiime, su 8ice
suswaiu ye HA Ypokax @isuxu).
AmvophHUMU € CKJIO, IJIACTUYHI Macu,
cMmoJiu, OypmiTuH ToIno (puc. 8.3.2).

AmMop(hHi pedoBUHU YTBOPIOIOTHCA BHACJIOK IIIBUIKOTO OXOJIOMKEHHA PO3-
mwIaBiB abo0 KOHAEHcAIil ra3y Ha OXOJIOKEHY IIOBEPXHIO, TOXK aTOMU HE BCTHU-
raloTh 3aWHATY IPAaBUJbHI MOJIOMKEHHA. 3TOA0M aMOP(HI PEUYOBUHU KPUCTAJi-
3yioTbed (puc. 8.4).

AmopdHi peuoBMHH He MAOTh YiTKO BH3HAYEHOI
TeMIlepaTypu IJIaBJIeHHA (8ucnoéme npunyu,enus
yomy). YHacCJHiJOK HarpiBaHHS BOHHM PO3M’ AKaIOTh Ta
IIEPETBOPIOIOTHCA HA B’SABKY PiAMHY.

'k

Likaso (i nis3HaBAAbHO

AmMopdHun metan abo metanese ckno (bulk metallic glass, . =\
BMG) mae amopdHy cTpykTypy. Taki MaTepianu B 50 pasiB Miu- Puc. 8.4. 1. Kpucrai-
Hili 3a nNnacTuk, yaecsaTepo — 3a antioMiHiiA, yTpudi — 3a cTansb. c o

MeTaneBe ckrno maixe HEMOXNMBO noapsnaTt samis caxaposu (ara
AP ) ii monerxynapra @gop-

Bucrioeme nNpunyLLEeHHs, ONS Yoro MoXHa BUKOpUCTaTM  Mmy.ia?) Ha IIOBepXHi
meTanese ckno. [TopigHslime CBil NPOrHO3 3 AYMKOKO aB-  JIbOAAHUKIB BinOyBa-
TOpa po3pobKu. €ThCS TIOPiBHAHO

https://www.youtube.com/watch?v=Bd370rlvT5M TIBUAKO

Kpucramgiumi rparem — MoOJeNb, 3a JOIOMOI'0I0 SAKOI OIMCYIOTh BHYTPIIITHIO
OymoBy KpucrauaiB. TouKM mpocTOpy, V AKHX PO3TAIIOBAaHI CTPYKTYpPHiI Yac-
TUHKYU DPEUYOBMHU B KPUCTAJNi, HA3UBAIOTH 8Y31AMU KPUCMALIYHUX TPAMOK.
ITpupomga yacTMHOK y By3JaX KPUCTAJIUHMUX I'PATOK Ta CHUJIM B3aEMOMIlI MiK
YacCTUHKAMU BU3HAUAIOTh TUI I'DATOK: UOHHI, AMOMHI, MOLEKYLAPHL Ta Mema-
JIYHIL.

Aromui xpucranu. TUIOBMM IPUKJIALOM TaKUX DPEYOBUH € anmas (puc.
8.5). BiH He IPOBOAUTH €JIEKTPUYHUIL CTPYM (noscHimb yomy). Ile HagsBuUaii-
HO criiika (opma icmyBanHa Kapbomy (noscmims womy). ¥ 6opy, cuiiniio,
repMaHiro, apceHy, KBapIly TaKOK aTOMHI KPUCTaJIiuHi I'paTKu (cnpozno3yiime
saacmueocmi yux pevosuH, nepesgipme C80I NPUNYULEHHS, BUKOPUCMABULL
dodamkosi dxcepena iHpopmauil ).

Puc. 8.5. 1. Kpucra-

JiyHi r'paTKu ajMa-

3y. 2. Hiamantum —
orpaHeHi ajMasu

3a pucyHkoM 8.5 nosicHimb, SKMMK 3B’si3KkaMm CnonyYveHi atTomu B anmaasi. lopigHsid-
me BCi LWOHaNGnmx4i MK agepHi BigcTaHi M yci KyTn Mk YoTupma 3B’3kaMu atoma
Kap6oHy B HbOMy. YK € B KpuCTanivyHux rpaTkax anmasy BinbHi enekTpoHn? Yomy?
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PeuvoBuHH, 1110 MalOTh aTOMHI KPUCTAJIIUHI I'DATKH, IJIABIATHCA 32 BUCOKUX
TemiepaTryp (noscHims uwomy). Hanpurian, TemmepaTrypa ILJIaBJIeHHA KBapIly
SiO, cramoBuTh 1725 °C. AToMHI r'parku i B HajgssudaitHo TBepgoro 6op(III)
mHiTpuay BN, a Takok y HaATYTOIJIAaBKIiIIoOi 3 yciX BigoMux peuoBuH — radHii
kap6igy HfC (3959 = 84 °C). PeuoBuHU 3 aTOMHUMHU KPUCTAJTIUHUMU I'PATKA-
MU Maii’Ke HePO3UMHHI B OyAb-AKMX PO3UMHHHKAX, MAlOTh HU3bKY PearIliiiHy
3IaTHICTD (noscHims womy).

MoaerynsapHi kpucramiuynai rpaTen mo0ymoBaHi 3 MoJeKya (Hasedimb npu-
K1a0Uu PeYosUH 3 MOJEKYAAPHUMU KPUCMAAIYHUMUY TpamKkamu). 3a3Budai y
HUX HUSBKI TeMmepaTypu ILIaBJeHHA ¥ KUIiHHA (noscHimbs yomy). Ha pucyH-
Ky 8.6 300paKeHO KPUCTAJNiUHI I'DATKU HOAY, Y By3JaX AKUX — MOJEKYyJu I,.
Atomu Womy B MOJIEKYJi CIOJyYeHi AOCUTH MIIlHUMHU B3B’sdKaMu (AKUMU
came?), a MOJIEKYJI MisK co00i0 — ciabKuMu cuaamu. ToMy BiKe 3a He3HAUHO-
ro HarpiBaHHA UOJ He IJIABUTHCA, A IEPEXONUTHh 3 KPUCTAJIIYHOTO CTaHy B
rasyBaTuil (cyOiMyeThCsI), 32 OXOJIOMKEHHSA MMapa oAy KPUCTAJi3yEThC.

‘80 MiLlHi KOBaIEeHTHi 3B’'A3KK

ST L AN
g T

cnabki Mib>XMONeKynspHi cunm

e @ NPUTAryBaHHS

Puc. 8.6.
1. Kpucramiuni
I'paTKu HOny.
2. Cyb6aimarisa
Ta KpUcTaisa-
mia momy

MinHicTs MOJNIEKYJIAPHUX KPUCTAJIIB 3aJ€KUTH BiJg po3MipiB i ckiaamHOCTL
mosekysa. Hampukiasm, 6araTo opraHivuHUX PEUYOBUH, ¥ MOJIEKYJaX AKUX JEeCsT-
KM Tuca4Y i OiybIlie aToMiB, y3araJyi He ILIaBIATHCA. [le 3yMOBIE€HO TUM, IO
MinHicTh, 3B’A3KIB MiX MOJIEKyJaMH 3arajoM BHINA 3a MIiI[HIiCTh 3B’s3KiB
ycepequHi MOJIEKYJIU.

lMpuzadaliime monekynspHi OPMYnM KPOXManto Ta Lentono3mn 1 rnosiCHimb, YoMy Ui
PEYOBMHM NOYMHAIOTL PYNHYBATUCS paHille, HixX NnaBUTHCS.

BaskiauBo posymiTu, 1o xiMiuHa aKTHUBHICTh PEUOBMH MOJIEKYJISPHOI OyI0-
BU 3aJIEKUTH IepefyciM Bify MiImHOCTI BHYTPIiTHBOMOJEKYJIAPHUX 3B’SABKiB —
aJ:Ke caMe BOHUM PYHHYIOTBHCS IIiJ yac XiMiuHMX peakIliil.

Monni kpucranu sasBuuail TBephi, ale Kpuxki. IlodcHiTh meil daxrt sa
pucyHKoM 8.7. Y peuoBMH 3 MOHHMMHN KPHUCTATIUHHME I'DATKAMUN BHCOKi TeM-
nepaTypu ILiaBieHHA (noscHimbv yomy). Taxkok XapaKTepHOIO O3HAKOIO HOH-

. QDD PDVIV

\
\
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Puc. 8.7. PyiinyBaHHA HOHHUX KPHUCTAJNIUHUX I'DATOK YHACJIiJJOK MEeXaHiUYHOTO BIJIUBY.

1. Micue BouBy. 2. 3cyBaHHA IapiB HoHiB. 3. PyliHyBaHHS BHACJIITOK BiAIIITOBXY-
BaHHS MiK OJHAKOBO 3apAIKEeHUMM HOHAMU
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HUX PEYOBUH € eJIEKTPOIIPOBiAHICTh iIXHIX PO3IJIaBiB i BOJHUX PO3UMHIB (nosc-
Himb womy).

Axi yacTUHKY po3TamioBaHi y By3JjlaX MeTAJiYHUX KPUCTAJIYHUX I'PATOK, a
AKi 0e3JamHO0 PyXaoThCAd MiK HUMU, BU BiKe 3HAETe 3 IIOIEPEeIHLOTO IIaparpa-
da (ras3simb ix). Taka 0cOOMMBICTh METATIUHUX KPUCTAJIUYHUX I'PATOK 3yMOB-
J10€ OJIMCK , BHCOKY €JeKTPO- Ta TeILJIONPOBiAHICTHL MeTasiB, iXHIO KOBKiCTb

(puc. 8.8).

Puc. 8.8. @isuuHi BiacTUBOCTI MeTaIiB 3yMOBJIeH]I iXHboIO OymoBoio. 1. He Bce Te 30.J10-

TO, mo GuumuTh. 2. Ymap OamckaBku B OnuckaBuuHuUK EiideneBoi Berxi (ITapmix,

®panmiga, 2018 pik). 3. MeraneBa miu aAnasa o6irpiBy mpuMmiiieHb Ta IPUTOTYBaHHS I3Ki

(6ypekyiika) Oysa momyJsiApHa B mepiriii mogoBuHi XX croaitra. 4. Kyi samizo, moxku
rapade

MepeBaroto 1 BogHOYAC HEOOMNIKOM MiYKM-OYPXKYIAKN, KOPNYC SIKOT BUTOTOBMSIIOTL 3i
cTani abo YaByHy, € Te, L0 BOHA LUBWUAKO HArpiBaeTbCsl 1 HE MEHLU LUBUAKO XONOHE.
lMosicHimb, YM Le 3ymoBneHo!

“Kpucraniuaa crpyxrypa rpadiry (puc. 8.9) 30BciM He cxXoyKa Ha CTPYKTY-
py anMmagy, xoya oOuIBI peuyoBMHHM € mpocTuMu peuoBmHamm KapbOony. Tpu
€JIeKTPOHUW 30BHIIIHBOTO €HEPreTMYHOTO PiBHA KOMKHOro aroma KapOomy B
rpadiTti 6epyTb y4yacTh B YTBOPEHHI KoBajleHTHUX (AKuX came?) 3B A3KiB 3
inmumu aromamu Kap6ony. HeTBepTuil e1eKTPOH KOMKHOTO 3 HUX € CIiJIbHUM

1V meraniB 6auck 3YMOBJIEHUU BiIOMTTAM CBiTJIOBUX NMIPOMEHIB BiJl yCyCIiIbHEHUX
eJIeKTpoHiB. BiH € juilte B KOMODakTHMX Macax merany. Hampukian, moOpoIIKomoioua
Migb He GJUINUTDH, OMHAK IIicJsg yTpaMOOBYBaHHA Ta NLIiGyBaHHA ii MOPOIIKY ITOBEPX-
HA MeTaJly crae GJmcKydoro. JIuie MOpomIKy MarHitoo Ta aaioMiHii0 6JIUCKyUi.
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IJs BChOT'O aTOMHOTO Iapy. MisK aromHuUME mtapamMu B rpadiri miroThs ciaabki
cuau nputAranasa. Ha Bigminy Big anmasy rpagit Hemposopuii, Mae€ YOPHUMI
Kouip (puc. 8.9. 2).

Puc. 8.9. 1. Kpucraiiuai rparku rpadiry. 2. I'padiT — cKIagHUK OJIiBIiB

lMomipkylime n nosicHime. 1. 'Y AKOMY HanpsaMKy — BepTUKarnbHOMY Y1 ropu3oHTarnb-

HOMY — rpadiT € aTOMHUM, @ B AKOMY — MOJEKYNSAPHUM KpucTtanom? 2. Yomy rpadit:

a) Mae BUCOKY eNeKTPONPOBIAHICTb; 6) Nerko po3LwapoByeTLCA Ha NYCOYKU; B) € Ty-
ronnaeKkol peyoBuHOW. 3. padeH — HOBITHI MaTepian 3 yHiKanbHUMW BNacTUBOCTSAMU.
Axnmn came? Cripobylime cripoeHO3ygamu BRacTMBOCTI rpadpeHy 3 ornsgy Ha Te, Wo BiH
Mae 2D-CTpyKTypy, Lie MOHOATOMHWUIA wap rpadity. llepesipme CBil NPOrHo3, CKOPUCTaB-
LWMCb 0OA4aTKOBUMM Dpxepenamm iHdopmaldlii.

https://www.youtube.com/watch?v=Mrc6Ild0VaYI
https://www.youtube.com/watch?v=FWENEXM5S3E
https://www.youtube.com/watch?v=4FLFy3mriD4
https://www.youtube.com/watch?v=NfNIn4R8tg4

18] rONOBHE

® KpucraaiuHiii 0yg0oBi peyoBuHM Ha BigMiHy Big amopdHol npuTaMaHHe mpa-
BUJIbHE PO3TAITyBaHHA YaCTMHOK y CTPOTO BU3HAUEHUX TOUKAX IPOCTOPY.

® IIpupoma HaCTHMHOK Yy By3JaX KPHUCTAJTIYHUX I'PATOK Ta CUJIN B3aeMOMii MixK
YacTUHKAMU BU3HAUYAIOTh THUI I'PATOK: aTOMHIi, HOHHi, MeTaJliuHi, MOJIeKY-
JApHi.

® BiacTHBOCTI PEUOBMH 3aJI€KaTh Bil IXHBHOI OYIOBU I 3yMOBJIIOIOTH 3aCTOCY-
BaHHSI.

[lepesipre cebe

1. lMNepemeopimpb po3nosigHi peyeHHs pyopukm NPO MOJTOBHE Ha nuTanbHi. Y moxe-
Te BW BiAMOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyyHuka?

. 3acrocyvite CBOI 3HQHHST V1 YMiHHST

2. KsapLioBe CKIo BUroTOBMAOTh MaBAeHHSIM KBapLIOBOro nicky abo ripCbKoro kpuwita-
no. Y YoMy nonsirae BiAMiHHICTb y ByA0Bi KBapLOBOro ckna Ta NpMpoaHOro Kpuctany rip-
CbKOro Kpuwitano? 3. AKi YaCTUHKU pO3TaLLOBaHi y BY3rax KpUCTarnivyHMUX rpaTtok peyYoBUH,
ximiuHi popmynu akmx CaO, CO,, Si, Na,CO;? 4. CnporHosynte Tmn KpucTanivyHmx rpaTok y
peyvoBMHAX 3a ONMCOM iXHiX BNAaCTUBOCTEN i 3aCTOCYBaHHs: a) kamdopa (KOMMOHEHT Ma3eln,
Kpanenb Ta iHWKX nikapcbkux oopm) — 6e36apBHi NeTKi KpUCTanu 3 xapakTepHUM 3anaxom;
©) BaHiniH (apomaTtunsaTop KOHAUTEPCLKMX BUPOBIB) — 6e30apBHiI KpucTanu 3 NPUEMHUM 3a-
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naxowm; B) 6op HiTpua BN (6opasoH) 3a TBepAicTio HabnuxaeTbecs A0 anmasy, BoHo4ac BiH
CTIMKILLMI 0O BUCOKMX TemnepaTtyp. Vloro BUKOPUCTOBYHOTb AN BUTOTOBMNEHHS HaATBEPAMX
abpasueHux maTepianis. 5. KapboH(IV) okeua y TBepAOMy CTaHi Ha3amMBalTb CYXUM fIbOAOM.
Ha BigMiHy Big 3BM4anHOro nbogy BiH He TaHe, a BMNapoBYeTbCA. NMOACHITL Le aBuLle.
6. MNopiBHANTE KpMCTaniyHi r'paTku pisHUx TuNiB. PesynbTaT nopiBHAHHA ochopmTe Ak Tabnu-
uto abo giarpamy BeHHa. *7. MopiBHANTE KpucTaniyvHi rpatku rpadity 3 aTOMHUMK, MONEKY-
NAPHMMM Ta MeTaniyHMMK KpucTaniyHumm rpatkamu. PesdynbTaTt nopiBHAHHA odhopmTe SK
Tabnuuto abo giarpamy BeHHa.

°g TBopya mavicTepHs

8. BusHayme TUMW KPUCTarniYHMX I'paTok y pevyoBMHAX MOBCAKAEHHOro BXWTKY, Mid2o-
mydme npe3eHTaLito CBOro AOCHIIKEHHS.

. [Mpoektyumo! TBopimol!
o
V% 4. 30CTOCYBAHHS PIAKUX KDUCTOAIB.
5. BUKOPUCTAHHSA PEYOBUH 3 PISHUMM BUACMM XIMIYHMX 3B’ A3KIB Y TEXHILLI.
6. 3HQ4YEHHS BOAHEBOTO 3B'13KY AAS OPraHi3aLLl CTPYKTYpP BionoAimepis.

O TeCT-KOHTPOAb

1. YHacnigok YTBOPEHHA XiMi4HOrO 3B’ A3KY MiXX JBOMa aToMamm HITpOI’E‘Hy

A eHepria nornuHaeTbCs

B eHepria BuainaeTbca.

B eHepria cnoyaTKy NOrnmMHaeTbCs, NOTIM — BUGINSETLCS.
" eHepria cnoyaTKy BUOINAETLCS, NOTIM — MNOMMUHAETLCS.

2. YHacnigok yTBOPEHHsT XiMiYHOro 3B’A3Ky MiXK ABOMa aTomamu HiTporeHy yTBOpHETbCA
cninbHa enekTpoHHa obonoHka. BoHa nogibHa 4o enekTpoHHOT 060MOHKM aToma

A Tenito B Okcureny B HeoHny I NiTito
3. KoBaneHTHUI 3B’30K Mk aTomamun X—Y BMHUKAE 3a paxyHOK

A nepexogy enektpoHa Big Y go X.

B cun enekTpocTaTMYHOroO NpUTAraHHsA Mixk atomamm X 1a Y.
B nepekpvBaHHs aTomHux opbiTanen atomiB X Ta Y.

I nepexogy napu enekTpoHis Big Y o X.

4. KoBaneHTHMM 3B’13KOM CMOMy4eHi aTomMu

A nyXHux enemeHTiB

B meTaniyHnx enemeHTiB

B HemeTaniyHnx enemeHTiB
I iHepTHMX enemeHTIB

5. KoBaneHTHUM 3B’A3KOM CMOSyYeHi aToMu
A Harpito B Cynbdypy n dnyopy B HeoHy I Hatpito 1 Xnopy
6. Y Ak peyoBMHI ABa TUMNM XiIMIYHOTO 3B’A3KY — MOHHWI | KOBANEHTHUA?
A SO, B MgF, B KOH rH,S0,
7. YKaxiTb aMOpHY peyOoBMHY.
A KyxOHHa Cinb B 6ypwTuH B anwmas I nog
8. YKaxiTb pe4yoBMHY 3 MOMEKYNSPHUMMN KPUCTanNiYHMMK I'patkamu.
A Boga B HaTpin xnopua B anwmas I rpacit
9. YKaxiTb pe4oB/HY 3 aTOMHUMU KpUCTanNiYHUMM rpaTkamu.
A caxaposa B anmas B kap6oH(1V) okeng I kanivi 6pomig
10. YKkaxiTb pe4OBUHY 3 NOHHUMMW KPUCTaniYHMMK I'patkamu.
A Boga B rpadit B kap6oH(IV) okcng I’ marHin okcua
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Tema 3. XiMidHi peaku,ii

XiMiYHi nepeTBOpeHHS, XiMiYHi peakuii € rofIOBHUM NPeaMeTOM XiMil.

M.M. CemeHos

§ 9. Heo60pOTHIi TO O60POTHI XiMi4HI Npouecu.
XimiyHa pisHoBara. MpuHuun Ae LLlateAbe

lMicnsi onpayrosaHHsA napazpagha eu 3Moxxeme:

nosicHKeamu BIIIMB Pi3HMX YMHHMKIB Ha 3MiLLEHHS XiMiYHOI piBHOBAru;

Hasodumu npuknadu HeobOPOTHMUX Ta 0OOPOTHUX XIMIYHUX PeaKLilf;

PO3pi3HAMU HeobopOTHI Ta 06OPOTHI XiMiYHI peakLir;

XapakKkmepu3yeamu CyTb XiMi4YHOI piBHOBaru;

dobupamu yMOBW 3MiLLEHHS XiMiYHOI piBHOBarn o6opoTHMX NpoLEeciB HAa OCHOBI NPUH-
umny Jle WaTtense;

eaucioeir08amu cyOxeHHs Npo 3HaveHHs npuHuuny Jle WWaTtense B kepyBaHHi XiMiy-
HUMUW npoLiecamu.

IToyaTKoOBi ysIBJIEHHS PO HEOOOPOTHI Ta 000POTHI XiMiuHI Mpoiecu B Iic-
Taau B 9 KJaci i, 3BicHO, mam’sTaeTe, II[0 YMOBaMU Iepeldiry ao Kinia (He-
000POTHOCTI) peakIliii 0OMiHY MiK eJIeKTPOoJiTaMi B PO3YMHI € YTBOPEHHS Ma-
JIOIicOoITifioOBaHOI PEeYOBUMHM, 30KpPeMa ocaay, BOAU UM BUIiJIEHHA raasy.

Haeedimb kinbka npuknagie HeoboOpoTHMX peakuin 0bMiHy MiX enekTponitamu B
po34yMHax, ckopucTaBlumcs Tabnuueto «PO34YMHHICTL KMCROT, OCHOB, aMdOoTepHNX
riApoKCUAiB Ta coneii y Bogi»'.

https://periodic-table-of-elements.org/SOLUBILITY

Heob6opoTHi peakiiii Big0yBaoThCsA JIHIIlE B OJHOMY HAIPAMKY a J0 IIOBHOIL
BUTPATH OJHOTO 3 peareHTiB. Hampukias, peakiiia ropiHHS Mar#€iio Heo6opoT-
Ha. BoHa TpumBaTMMe I0TH, AOKU HE BUTPATUTHCSA BeCh MAarHiii abo (AKIIIO
peaxilia BimOyBaeThCsA B 3aKPUTiil cUCTEMi) KMCeHb, AKUHA MiATPUMYy€E TOPiHHSA
(puc. 9.1). HatomicTh 000poTHI peakilii BigOyBaioThCsA OAHOYACHO y ABOX IIPO-
THJIEKHUX HAIPAMKAaX — IPAMOMY Ta obepHeHOMY (puc. 9.2).

9 ¢

+

Puc. 9.1. Topinaa Puc. 9.2. CxemaTuuHe 300paskeHHA 000POTHOI
Martiio peakIrii BogHIO 3 ffomoM

1 §i posmimero B Hogarky.
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Tigporen fiogug — MPOAYKT B3aeMOZil oAy 3 BOAHEM — JIETKO PO3KJIATAETh-
ca — BimOyBaeThcsa obOepHeHa peakitig. IIBuaKicTh mpsMoi peakiiii cmouaTky
MaKcuMaJibHa. 3T0JJ0M BOHA 3MEHIIYETHCS, 00 IIOCTYIOBO 3MEHIIYETHCS BMIiCT
BOmHIO Ta #omy. HaTomicTh 3pocTae IIBHUAKICTL 00epHEHOI peakxiiii — amke
BMiCT rigporeH Hoauay B peakIiliiiHOMY cepeZoBHII 30iabIIyeThcsa. Yepes meB-
HHUHM Yac micad IoYaTKy peakIlii mBUAKICTh IpAMOI peakIril 3piBHIOEThCA 3i
mBUAKicTIO o6epHenoi. Tomy B peakItifiHiii cymirri € if peareHTH I TPOAYKTHU
peakIiii: BogeHb, Hom i rigporen fomuz.

9 Peakuia Heo6opomHa, siKWO B peakuUiiHiin cymiwi nicns 3aBepLUueHHs Npo-
Lecy He MOXHa BUMSIBUTU Xxo4a 6 oQMH 3 peareHTiB.
Peakuia o6opommHa, AIKWO NicnA Toro, siKk WBMAKICTb 0GepHEHOI peakuii
3piBHAETbLCA 3i LUBUAKICTIO NPAMOI peakuii, y peakuiiHin cymilli € BCi y4aCHUKU
peakuii — i peareHTH, i npoAyKTMU.

MosACHITb, YOMY B PiBHAHHAX 0BOPOTHMX XIMIYHMX peakLill 3aMiCTb 3HaKa «=» BUKO-
PUCTOBYIOTb 3HAK «2».

PosrimaapMo peakIriito TepMiuHOTO pPOSKJIANAHHSA KaJdblliii KapOoHAaTy.
Y npomwucioBocTi ii BUKOPHCTOBYIOTH IJsi HOOYBAHHS HerallleHOr'o BalHa 3
BAIIHAKY:

CaCO4(t) — CaO(T) + COL(r), AH > 0.

SAximo peakiis BinOyBaeTheA y BIIKpuUTii cucreMi, To razyBatuit kap6ou(IV)
OKcuI HeoOOpPOTHO 3ajyuiiiae chepy peakiii. 3a TaKMX YMOB peaxilid TPHUBAaE
a’Kk 0 MOBHOI BUTpATHM KaJibIliili kKapObouary. HaTtomicTs y 3akpuriii cucremi
(puc. 9.3) BogHOUYAaC BiIOYBa€ThLCA AK IPAMA PeaKIlis:

CaCOg4(t) = CaO(T) + CO,(1), AH > 0,

Tak i obepHeHa peakiris:
CaO(1) + CO4(1) — CaCO4(T), AH < 0.

Tob6To omgHoOuacHO BiAOYBaOTHCA ABa IPOIECH — HNPAMUN i 0OepHeHMIi:
CaCOy4(T) 2 CaO(T) + COy(1), AH > 0.

3eepHimb ysazy: psaMa peakilis eHdomepmiuHa, a obepHeHa — eK30mepmi-
Ha. KimbKicTh TemioTH, AKa BUTPAYaE€ThCA Ha PO3KJIAaAaHHA KaJbIlill KapOoHa-
Ty, HOPiBHIOE KiJBKOCTi TEILIOTH, AKa BUIIIAECTHCS BHACJJIMTOK peakriiii mixk
BiATIOBiZHMMI OKCHUIaMMU.

CoouaTKy INBHUIKICTL IIPAMOI peaxiiii Oyme BHUCOKOIO, OTHAK 3i 3MEHIIIeH-
HSAM YMiCTy peareHTiB HOpsAMa peakIlid IIOCTYIIOBO YIIOBiJILHIOBATUMETHCS.
OcKinbKU BHACIiIOK Imepebiry mpamMoi peakirii apocTaTuMe BMicT ii IpPoAyKTiB,
TO IPUIIBUAIIUTLCS OOepHEeHAa peaKIlis, AJA AKOI IIi peuoBH-
HU € peareHTamMu. Hacrame MuTh, KOJU IIBUAKICTH IIPAMOI
peakiii qopiBHOBaTHIME IIBUAKOCTI 00epHeHOI peakiiii — cuc-
TeMa Tepeiie B cTaH XximiuHOl pienosazu. OOUABiI peakirii
TPUBATUMYThH, OJHAK YMiCT IPOAYKTIB i peareHTiB i3 wacom
He 3MiHIOBATUMYTbCH.

Puc. 9.3. Y sakpuriii cucrteMi peakilisi TepMiUYHOTO PO3KJIATaHHS
KaJblliii KapboHaTy oOopoTHa. ¥ peakIiiiHiii cywmimii € KaabIiit
KapOoHaT, Kaabiliil okcup i kap6oH(IV) okcun CcdCO, CaO



IIpunamun Jle Ilarense. Uu MoKHaA 3pymuTH XimMiuwy piBHOBary? Amxe
BUPOOHUIITBO CYJAb(paTHOI KMCJIOTH, aMOHiaKy, 0araTbox iHIIINX HEOPraHiuyHUX
i opraniuHUX pPeyOBUH OB’ A3aHe 3 000POTHUMU IIpoltecaMu. SIKIO He KepyBa-
T HUMU 330BHiI, HEMOJKJMBO OyJe OTPHMMATH IiJIbOBUH HPOAYKT XiMiUuHOTO
BUPOOHUIITBA. Bu B)Ke 3HaeTe, II0 HA IIBUAKICTL XiMiUHMX peakIiil ymauBa-
IOTh YMiCT peareHTiB, TeMIlepaTypa Ta (IJs rasyBaTHX PedYoBHH) THCK. ToOTo,
3MIiHWBINU IIi YMOBU, MOYKHA IPUIIBUAIIYBATH YU YIOBIJHLHIOBATU AK MPAMY,
TaK i 00epHEeHy peaxIrii.

YV 1864 pori Aupi Jle Illatense (puc. 9.5) chopmyaoBaB 3arajJbHUN IPUH-
oun 3MilneHHsA XiMiuHoi piBHOBaru:

9 cuctema, Wo nepebyBae B CTaHi CTiMKOI XiMi4YHOI piBHOBaru, nig 30BHiLIHIM

ynnamBoMm (3MiHOK TemnepaTypu, TUCKY, YMICTy peareHTiB i NpoayKTiB peak-
uii Towo) nparHe NOBEPHYTUCA OO CTaHy piBHOBaru, KOMNeHcyBaBlUWU Aito
BNNUBY.

Puc. 9.4. Aupi JIyi Jle Illarenne (1850-1936, Ppaniis),
. ¢disuk i ximik, meramosHaBens. CdopmyaoBaB (1884) saramnb-
HUHM 3aKOH 3MilleHHa XimiuHol piBHOBaru. [ociaisKyBaB BUCO-
KOTeMIIepaTypHi IpoIliecH, CIJIaBM MeTAaJIiB, CKOHCTPYIOBAB Me-
tajgorpadiuamii mikpockon. 3a akTuBHOI yuacti Jle IllaTenbe
(isruHa XiMig Ta XiMiuHA TEXHOJIOTiA MePEeTBOPUJINCSI Ha CaAMO-
CTi#iHi rasysi HayKu, III0 akTUBHO po3BuBaioThcA. Jle IllaTenbe
0yJI0 ymocToeHo Oararhox Haropon: v 1886 p. Bim craB kaBaJie-
. Dbom opgmena IlouecHoro seriomy, y 1916 p. omep:xas Meznaib
4 [Hesi JIoHZOHCHKOTO KOPOJiBCHKOI'O TOBAPKUCTBA

PosrmanpmMo mpuKJIanu KepyBaHHS XiMiuHOIO pPiBHOBaArowo BiAIIOBiZHO nO
mboro mpuHIMOy. CUHTE3 aMOHiaKy 3 a30Ty Ta BOJHIO — OOOPOTHUI IIpoIlec:

N,(r) + 3H,(r) 2 2NH,(r), AH < 0.

IIpama peakIlia CyImpOBOMKYEThCA BUMIJIEHHAM Tellja, a o0epHeHa, BiAIo-
BiflHO, HOr0 IMOTJIMHAHHAM. SIKIIO TemJ0o HaAXOZUTHME 330BHi, TO 3aKpuTa
cucTeMa Ma€ MOro IMOTJINMHYTU — TOOTO HPUINTBUAINIUTHLCA OOepHeHa peakKIlis —
POBKJIaJaHHA aMOHiaKy. SIKIIO K TemJIo BigBOAWTH i3 cucTeMU HA30BHi, I
KOMIIeHcaI[ii Ioro BTpaTM Ma€ NPUINMBUAINUTUCA OpAMa peakiis. Tobro BHa-
CJHiIOK nideulweHHs memnepamypu piBHOBara eksorepmiuHoi peaxiii swmic-
TUTBHCS JiBOPYY, a €HAOTEePMIiUHOI — IpaBOPyY. YHACHIOOK 3HUMNCEHHSA memne-
pamypu Bce Bin0ymeThCs HaBIAKU.

I1a peakIriss cynmpoBOYKYETHCA SHUKEHHAM THUCKY: 3a KoedimieHTamMmu mepe
(hopMysIaMu pPEUYOBUH JIETKO BUBHAUUTHU, III0 B PeEaKI[il0 BCTYHAalOTh TIasW,
cyMapHa KiJIbKiCTh PEeYOBHMHU SKHUX CTAHOBUTH 4 MOJIb, a YTBOPIOETHCSA ras
KilbKicTiO peuoBuHU 2 MOJIb. TOOTO AKINO HiABUIIUTU TUCK, TO IJIS KOMIIEH-
carii miei mii piBHOBara amicTuTrhcsa B 0iK mpamoi peakitii. KO TUCK 3HU3U-
TH, TO HaBHAKU — y OiK obepHeHOI. 36epHimb y8azy: TUCK Y CUCTEMi 3yMOBJIE-
HUU JINIIe Ta3yBaTUMU DEYOBUHAMMU.

YMmicT peareHTiB i MPOAYKTIB peakIiii TaKoK yILJIMBa€ Ha IIBUAKICTL Ximiu-
Hol peaxkiIrii. 3i 30iJbIIIeHHAM YMIiCTy peareHTiB Ta 3MEHIIEHHAM YMIiCTy IIPO-
OYVKTiB peakiiii mpUIIBUAIIYETbCA IIPAMAa peaKIliA, i HaBImaku — 3i 3MeHIIIEH-
HAM yMicTy peareHTiB Ta 30iJbINTeHHAM yMiCTy MPOAYKTIB peakIlii mpUIBUI-
myeTbca o0epHeHA peaKIlid. 36epHimb yeazy: KaTalisaTop OLHAKOBOIO MipOO
OPUILNBUIIIYE K IPAMY, TaK i o0epHeHY peakiiio, TOMy Ha cTaH XimiuHoi
piBHOBaru He BILJIMBAE.
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Cknadimpb TepMOXiMiYHE PiBHSIHHS CMHTE3Y riAporeH noanay 3 NpoCcTUX PeYOBUH (pe-
akuia eHOoTepMidYHa, peareHTU 1 NpoayKTu — ra3n). [lpoaHanisylime 3MileHHs Xi-
MiYHOT piBHOBaru nig ynnmBoM PisHNX YNHHUKIB Y L peakuii Ta B peakuii TepMiyHOro

po3knagaHHs KanbLin kapboHaTy.

o®%

=

https://www.youtube.com/watch?v=Kiidew39Y0U

: https://www.youtube.com/watch?v=dIDgPFEucFM
https://www.youtube.com/watch?v=GKzyVox5N50
https://www.youtube.com/watch?v=6Bx5egQec-w

l‘\\

oY1) ronOBHE

HeoGopoTHi peakIiii BimOyBatoThCs JuIlle B OJHOMY HANPAMKY, O0OPOTHI
peakIii BizOyBamOTLCA OJHOUYACHO ¥ ABOX IIPOTUJICKHUX HAIPAMKAX — IIPs-
MOMY Ta OOEpHEHOMY.

Y piBHAHHAX 000POTHMX XiMIiUHMX peaKIliii 3aMicTh 3HAKa «=» BUKOPUCTO-
BYIOTh 3HAK «<2», AKNH YKa3ye Ha OJQHOUYACHUM mepebir ABOX MPOTHIEKHUX
3a HaANPAMKaMHU peakliii — npamoi (—) Ta obepHeHOI ().

Peakxiiis HeoGopoTHa, AKIIO B peaKI[iiiHiil cywmimri micasa saBepiiieHHsA IIpo-
Imecy He MOYKHA BUABUTHU X04ua 0 OJMH 3 peareHTiB.

Peaxkiigs o0opoTHa, SKIMO IIiciasd TOro, AK HMIBUAKICTE 0oOepHEHOI peakirii
3piBHAETHCA 31 IMBUIAKICTIO HNpAMOI peakIlii, y peakIiiiHiii cywmimri € i ak
peareHTH, Tak i IPOAYKTU pPeaKIrii.

Y crani ximiuHOI piBHOBaru IMBUAKICTL IPAMOI peakIlii JopiBHIOE IIIBUIKO-
cTi obepHeHOI peakirii.

Cucrema, 1o mepebyBae B cTaHi cTifikoi ximiumoi piBHOBaru, miz 30BHIIII-
HiM yIJIMBOM TIparHe MOBEPHYTHCA M0 CTaHY PiBHOBarW, KOMIIEHCYBAaBIIU
ioro giro.

[lepesipre cebe

1. MNepemeopimb po3nosigHi peyeHHs pyopukn NPO MOJNTOBHE Ha nuTanbHi. Y moxe-

Te BM BiOMNOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpydHuka?

3acrocymnre CBOI 3HAHHST A YMiHHS]
2. Yomy 0o HeobopOTHMX MPOLECIB BigHO-

CATb TOPiHHS AepeBuHW, 3CigaHHA MOIIOKa,
CKUCAHHSA BMHOrpagHoro Coky, a Ao obopot-
HUX — eNneKTPOniTUYHY Aucouiauilo rigporeH
cynbdiay y BOAHOMY PO34MHIi, YTBOPEHHS Tifl-
poreH noaunay, NepeTBOPEHHS KUCHIO Ha O30H,
rasyBaHHsi Bogu kap6oH(lV) okcugom? Ckna-
0imb pIiBHAAHHS 0GOPOTHMX peakuin. Hitpo-
reH(lV) okeng (ra3 6yporo Konbopy) yHacrnigaok
OXONOOXEHHS nepeTBOploETbCA Ha Gesbaps-
HUM gnmvep. Llen npouec o60poTHMI: 3MiLLEeH-
HSA XiMIYHOI piBHOBary BM3Ha4atoTb 3a 3MiHOHO
iHTEHCUBHOCTI 3abapBneHHsa rasy — 3 nigsu-
LEHHsM TemnepaTypu BOHa MOCUMNIOETLCS.
Ha pucyHky 9.5 306pakeHo rpadiku LWBUAKO-
cTen npaAMoi Ta 06epHeHoi peakuin. BusHa-
yme, Ak 3 rpadikiB Bigobpaxae 3MiHy
LUBUAKOCTI MPSAAMOI peakLii, KU — 06epHEHOI.
losicHimb, Ak pparmeHT rpadikis Bignosi-
[ae cTaHy AvHaMiYHOI piBHOBaru.

IIBuaKicT
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3. lNepemeopimb cxeMun HaBeaeHUX 0OOPOTHUX peaKUii Ha XiMiYHi piBHAHHSA. [TpoaHarii-
3ylme 3MilLeHHS XiMiYHOI piBHOBAru B UUX peakuisx nig ynnnMBoM PisHUX YMHHUKIB:

a) CO(r) + H,O(r) & CO,(r) + Hy(r), AH <0

6) CO(r) + O,(r) 2 COL(r), AH <0

B) N,O,(r) 2 NO, (r), AH >0

r) C(1) + H,O(r) 2 CO(r) + Hy(r), AH >0

a) PCl5(r) 2 PCl(r) + Cly(r); AH>0

4. Y BUPOOHMLTBI CynbaTHOI KNCNOTU BUKOPUCTOBYOTb 06OPOTHY peakLito OKMCHEHHS
cynbdyp(lV) okengy o cynbdyp(VI) okenay KMcHeM (peakuisi ek3oTepMiyHa, peareHTu 1
NpoAaykTn — rasun). Cknadimb TepMOXiMiYyHe PIBHSAHHSA L€l peakuii, npoaHanisyltime 3milleH-
HSA XiMIYHOT piBHOBAru B Hil Nig YNivBOM Pi3HUX YMHHUKIB.

\[5{) TBOPYQ MQKICTEPHST

5. lMNpudymalime MHEMOHIYHE NpaBuUNo ANns NINWOoro po3ymiHHA npuHumna Jle WaTense.
6. [isnatimecs, ge we, okpim Ximii, npautoe npuHumn Jle Watense, i nidcomyldme ctucne
MoBIAOMIEHHS 3a pe3ynbTaTamy AOCHIOKEHHS.

§ 10. TiaopOAiI3 conen

lMicns onpayroeaHHs1 napazpagha eu 3moxeme:

Xxapakmepu3yeamu CyTb rigponisy conewu;

eKkcrepumMeHmarsnbHO B/3Ha4aT pH cepefoBuLLa BOAHUX PO3YMHIB CONew 3a 4ONOMO-
rot iHANKaTopIB;

npoa2Ho3yeamu MOXIMBICTb peakLii rigponidy conew; pH cepegosuia BOAHUX pO34u-
HiB conemn;

cknadamu piBHSHHS peakuii rigponisy conen.

Mpeu. Udwp — BoAa, AUCIG — po3knagaHHs. MosicHimb, Npo WO, Ha Baly AYMKY,
ineTbcsa B naparpadi. lMpuzadalime, 4un TpannsasBcs BaM el TepMiH paHiwe. Y skomy
KOHTEKCTi?

PoszuunHi comi — cuabHi exexrpositu. IIpo e Bu AisHanaucs B Kypey Ximii
9 kyacy. To6TO y BOAHIX PO3UYMHAX BOHU AUCOIiI0I0TH IOBHICTIO Ta HEOOOPOTHO
3 YTBOPEHHSM TiipaToOBaHUX HOHiB.

Puc. 10.1. Po3unHeHHs HaATPiil XJIOPUAY Y BOAi: MaKpoO- i MiKpopiBHi

3a pucyHkom 10.1 mosicHimb, Ak npouecu BiaOyBaloTbCS Nif Yac PO3YMHEHHS Y BOAi
HaTpin xnopuay, Ta cknadime PIBHAHHA WOro enekTponiTMYHOI gucodiadii. Yv e y
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BOZHOMY PO34MHi HaTpin xnopuay kaTtionu [gporeHy abo rigpokeuna-ioHn? CripoeHo3ylime
3abapBneHHs yHiBepcanbHOro iHAMKaTOPHOro nanipus B LbOMY PO34uMHi Ta NepesipTe CBil
NPOrHO3 eKcrnepuMeHTanbHo.
/' AQBGOPATOPHUI AOCAIA 1.
BusHayeHHs pH cepeAoBULLIA BOAHNX PO3UYUHIB COAEN 30 AOMTOMOrOIO
iHAMKaTOPIB

IIpuzadaiime ma HeyxunvbHO 6UKOHYUMeE

ITPABUJIA BES3IIERU II1JI, YAC POBOTH bﬁ =
3 OBJIATHAHHSAM I PEAKTUBAMUN AN

- =l
Ob6na0HaHHA: TIITATUB 3 IpobipkamMu abo MIacTHWHA i3 3arIMOMHaAMMU, ITilIeT-
K1 abo CKJSHI MaJuuYK¥U, YHiBepcaJbHUN iHAWKATOPHUH mamip.
Peaxmueu: BOOHI pOSUMHU CcoJiell — HATPill XJOPUAY, HATpPili KapOOHATY,
AJTIOMIHIN XJIOpPUIY.
3asmanng. Busmaute pH cepemoBuina BHUAAaHMX BaM BOJHUX PO3UMHIB
coJiel.

PesynwraTu mocaigy sanumiits 1o TabaUMI 3a 3pasKoOM:

dopmyna Kouip yuiBepcambuoro | Ilpubiausne 3sHaUueHHSA CepenoBuire
couri imgukaTopa y BogHOoMy | pH BOgHOTO PO3YMHY | BOJHOTO PO3UUHY
posuuHi coi couri coJti

PesyasraTun mociigy, MabyTh, BUABUJINCS IJs BAC OEIN0 HECIOAiBaHWMMU.
Bu npaBuabpHO CIPOTHOBYBAJIN, IO CEPEOBUIINE BOJHOTO PO3UMHY HATPIN XJIO-
puny HedTpajgbHe ¥, HaleBHO, BBasKaJid, II[0 CEPEJOBUINE BOAHUX PO3UUHIB
ycix cojieil Mmae OyTu HeHTpaabHUM. AIKe BHACJIILOK eJIe}chOJIianHoi IHCO-
miarii coJeit YTBOPIOIOTHCH KaTiOHW MeTaJIiYHUX eJIeMeHTiB~ i1 aHiOHUW KWCJIOT-
HUX 3aJIUINKiB, a CTYIiHb AucoIiamii Bogu Ha KaTionu I'imporeny i rizpoxkcu-
aHiOHUW Mi3epHO MaJHi .

Cupo0byiiMmo 3’scyBaTu IIPUYNHY BUABJEHOI cynepeuHocTi. ITpoamamisyiimo
ximMiuHMIT cKJanm HATPi#l xJopunay, HaTpiii KapboHaTy, aJlOMiHiNl XJopuay 3
OTJIAAY Ha Te, 3 AKUX KaTiOHIB i aHiOHIB cKJIamaloThCA IXHI KpucTaau i mpo-
OYKTaMM B3a€MOMil AKMX KMCJIOT I OCHOB € IIi CcOJIi.

Hartpit xmopug ckiaagaeTsesa 3 kationiB Harpiro Ta xmopug-anioniB, To6TO
€ MPOAYKTOM peakilii MijK CUJIBLHUMU eJeKTPOoJIiTaMi — HaTpi#l rizpokcumoMm i
XJIOPUAHOIO KHMCJ0TO. HaTpiii KapboHaT cKJagaeThbesa 3 KaTioHiB Harpiro Ta
KapboHAT-aHiOHIB, TOOTO € MPOAYKTOM peakKIlii Mi’K CHJIbHOIO OCHOBOIO HATpiit
rizpoxcumom i c1abKo0 KapOOHATHOIO KIMCJIOTOMI. AJIIOMiHIN XJIOpHUJ CKJIaza-
€ThCs 3 KaTioHiB AJIOMiHiI0O Ta XJIOPHUA-aHiIOHIiB, TOOTO € IIPOAYKTOM peakrIii
MiK cs1abKO0I0 OCHOBOIO AJIOMIiHilM MiApPOKCHIOM i CHJIBHOIO XJIOPUIHOIO KICJIO-
TOIO.

OTr:xe, MOKHa BUSBUTHU IIeBHi 3aKoHOMipHocTi. Has3gimwv ix, IpoaHaJIi3y-
BaBIIN cxemMy Ha pucyHry 10.2.

! Ta/a6o immux coseii Ha PO3Cya yuuTeasa abo BUMTENbKM Ximii.

2 VYHacaigok gucoriaIii coseii aMOHil0 — KaTioHM aMOHiIO.

3 JMume oxHa moJiekysa Bogu 3 550 000 ii mosekyn aucoritoe Ha KarioH Iizporeny
Ta TiAPOKCHUI-i0H.
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CunbHa kucnota

Cinb - HeviTpansHe cepenoBuLLe BOOHOIO PO3YMHY

CunbHa ocHoBa pH=7

Cnabka kucrota

Cinb i JlykHe cepeaoBuLLEe BOOHOIO PO34MHY

CunbHa ocHoBa ||
pH>7

CuvnbHa kucnota

Cinb - KucnotHe cepefoBuLLe BOAHOMO PO3YNHY

Cnabka ocHoBa —
pH<7

Puc. 10.2. XapaKTep cepegoBUINa BOJHOTO PO3UNHY COJIi 3aJI€KUTD
BiJ cuau BiAIOBIZHMX KICJOTH Ta OCHOBU

3BiIKM K y3ABCS B PO3UMHAX coJieli HAAJUINOK KaTioHiB Iimporemy abo
rizpoxcupg-iomiB? Amxe came BOHM 3yMOBJIOIOTH KHCJe abo JyKHE cepemoBU-
mie. BoueBuab, AKIIO MO0 CKJIAAY COJi BXOZATH HOHU, SKUM BiAIOBiZaioTh
ciabka ocHoBa abo cjabKa KHCJIOTA, IPOIEC PO3UMHEHHS He O0MeKYeTbhCs
JINIIEe IepexoJoM KaTioHiB I aHiOHIB cojii B po3uuH.

Amnionu coii, yrBopeHoi c/IabKOI0 KMCJIOTOI0, Y3aEMOMIATHUMYTL 3 MOJEKY-
JaMu BOOM. YHACJJIZOK peaKIlii oOMiHy yTBOPIOBATUMYTHCA MOJIEKYJIHN CIaOKOI
KHCJOTH Ta TiApokcua-ioHu. ToK PO3UYMH COJIi MaTuMe JY:KHY pPeakIriio:

Anion™ + HOH 2 HAmnios™ V™ + OH.

AmnajoriuHo KarioHu cjabKoi OCHOBU 3B’A3yBATHUMYTh TiApPOKCHUJ aHIOHU 3
YTBOPEHHAM HAAJUINKY KaTioHiB I'igporeny:

Karios"" + HOH 2 KarionOH® V" + H*.

Toxk Temep 3po3yMmiJio, 1o BimOyJiocsa y BOZHOMY PO3UMHI HATPili KapbomHa-
Ty:

Na,CO; — 2Na’ + CO?% ;

2Na' + CO% + HOH 2 2Na' + HCO; + OH';
CO% + HOH 2 HCO; + OH".

38epHimb ysazy: KapboHAT-aHIOH ABO3APATHUI, TOXK MOYKJIWBE MPUETHAH-
HA HUM IIe ogHoro Kartioua I'izporeny:

HCO; + HOH < H,CO; + OH .
TobTo mportiec rigposiszy HaTpiii KapOOHATY ABOCTATiMHMIMA:
I cramis: CO§’+ HOH 2 HCO,; + OH;
IT crapia: HCO; + HOH 2 H,CO, + OH .
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3eepHimb yeazy: Ha npyrint craxii juile HesHAUYHA YacTKa rigporeHkapbo-
HaT-iOHiB 3-IOMiK THX, IIIO YTBOPUJIMCS HAa IMEPIIi#l cTajnii, 3adHae riaposisy.
PiBHoBara rl,z:pomsy HaTpifi KapboHATy Ha ,upyrm cramii 3M11ueHa BJIiBO
TMOPiBHAHO 3 piBHOBarowo Iepimoi cTafmii, OCKinbKM HWa meprriii cramii
yTBOproeTheA cnabmuii enexrtpouairt (HCO;3), mix ma apyriit (H,COjz). Tomy
3alMUCyBaTU CyMapHe PiBHAHHA W CKoOpouyBaTu (OpMyJu HOHIB, IO 0epPyTh
yd4acTb y TifpoJrisdi, He MOKHA.

Tax camo moeramuo BinOyBaeThCs TiApoJi3 adoMiHill Xjgopunmy:

AlCl; —» AIP" + 8Cl;
Al*" 4+ 3Cl” + HOH 2 AIOH?*' + 3Cl” + H';
I cragia: A" + HOH 2 AIOH?*' + HY;
II cragia: AIOH?' + HOH 2 Al(OH); + H';
ITI cragis: AI(OH); + HOH 2 Al(OH); + H'.

3eepHimb ysazy: rigpoJis Ha APyrii cranii BinOyBaeThCcsA B 3HAUHO MEHIIIO-
My CTyHeHi, HiK Ha mepImiii, a Ha TpeTiii — Mait:ke He BimbyBaeThesa. IIpo 1e
CBiIUUTH IIPO30picTh po3unHy. ToOTO amoMiHill TiIPOKCUAY YTBOPIOETHCA TaK
MAaJjo, IIf0 Ha IPOCTE OKO ITOOAYUTH HOTO0 HEMOIKJIUBO.

lNepemeopimb CKOPOYEHi NOHHI PIBHAHHSA KOXHOI 3i CTaAin peakuin rigponisy HaTpin
kapboHaTy Ta arntoMiHii XIopuay Ha MOMEKYNSAPHI.

A axmnio caadki odouaei — 1 ocHOBa, 1 Kmcjora, 3 KaTioHiB I aHiOHIB AKUX
CKJIamaeThcA cinb? Y mpomMy pasi rigposis Takosk BimbyBaeThcs, 00 KaTioHU
c1abKoi OCHOBU 3B’fA3YIOTh TiAPOKCHUI aHiOHM, a aHiOHW CJIA0KOI KUCJIOTH —
katiouu Iizporeny. To6To BimOyBaTUMyThCA ABi Hesase:KHi 060POTHI peakrIrii.
Tosx axux fioniB — H' un OH - y posuuni BusaBuTHCA Oiible, 3aTIeKUTD Bif
CTyIleHsA mepebiry KoyKHoi 3 HuX.

Yuacaigok 3B’si3yBaHHA rigpoxcupa-iouis i fiouiB Iimporemy ixHiii BmicT y
posuuHi 3MeHITyeThbcsi. To:k srigao 3 mpunmunom Jle IllaTenbe piBHOBara
peakIiii oOMiHy MiK CiII0 ¥ BOZOIO 3MiII[yBATHMETHCA B OiK YTBOPEHHS IIPO-
IYKTiB ripoJisy asK [0 n08H020 2i0poni3y cOJii B OKPEMUX BUIIAJKaX.

AnoMiHi cynbdig y po3dnHi 3a3Hae noBHOro rigponisy. Lia peakuis HeobopoTHa, 60

il NPOOYKTN — HEPO3YMHHUI anioMiHIN rigpokcua i rasyBaTui rigporeH cynbdig —

BMBOAATBCSA 3 peakuinHoro cepegoBuwia. Cknagitb PiBHAHHA Ui€i peakuii B
MONEKYNAPHIA hopMi, He 3abyBLUN 3a3HAYNTM YTBOPEHHS 0cady N BUAINEHHS rasy.

o 18] rONOBHE

® Tigpoia coJi — peakilia MHOHHOro oOMiHY Mik MOHaAMM COJIi Ta MOJIEKyJaMu
BOJY, YHACJIZOK SIKOI cepemoBUINe PO3UMHY COJIi MOKe CTaTU BiAMiHHUM
BiJi HEUTPAJIBLHOTO.

® Tigpoxis coii, yTBOpeHOi cIa0K0I0 OCHOBOIO I CHJILHOIO KHCJIOTOI0, — IIe Tif-
POJIi3 3a KaTioHOM. YHACJHIZOK IILOTO CepPeqOBUINEe PO3UNHY CTAE KMCJIOTHIIM;

® Kariox” + HOH 2 KariosOH" " + OH".

® Tigposis comi, yTBOpeHOI CHUJIBHOIO OCHOBOIO Ta CJIA0KOI0 KHCJIOTOI0, — Iie
rizposi3 3a aHioHOM. YHACJIiIOK IIHLOTO CEPENOBUIIE POSUUHY CTAE JYKHUM.

® Anion” + HOH 2 HAwmiou" V™ + OH .

® [I1o6 ckJacTu PiBHAHHA peakIiii rigpoJsisy coJi, cKjamaemMo pPiBHAHHS ii
eJeKTpoaiTuuHoi aumcoriamnii. BusHauaemo iioH cJabKOTO eJeKTPOJITY.
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3anucyeMo HMOHHe PiBHAHHSA peakIii rigpoJisy sa yuacti 1mbporo moHa.
Busznauaemo cepezoBullie po3unHy COJIi.

[epesipre cebe

1. lNepemeopimpb po3noBigHi pedeHHs pyopukm NPO MOJNTOBHE Ha nuTanbHi. Yn moxe-
Te BW BiANOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyvHmka?

3acrocymnre CBOI 3HQHHST A YMIHHSI

2. CnpoeHo3ylime xapakTep cepefoBuLLa Y BOOHUX PO34MHAX LUMHK cynbdaTy, niTin
cynbdigy, depym(lll) xnopuay, kaniii kapboHaty, HaTpin etaHoaty. Cknadimpe PiBHAHHSA
BiANOBIOHWX peakuin. 3. [poaHanisylme iHpopmadito: 1) antomiHin cynbdig 4o0yBaTb Ha-
rpiBaHHAM CyMiLLi antoMiHito i3 Cipkoto Ta 36epiratoTb Y LWiNbHO 3aKOPKOBaHi nocyauHi. 3a
30epiraHHs Ha NOBITPI BiH NEPETBOPHETHCA HA PO3NNMBYACTY Macy 3 HENMPUEMHUM 3anaxoM
TYXNUX S€Upb; 2) SKWO Yy BOAHWUI PO3YUH LIMHK XNOpPUAY 3aHYPUTU LUMHKOBY MMAACTUHKY, MO-
YHYTb BUAINATUCA Oynbbaluku rasy; 3) yHacnigok 3rmBaHHA BOAHUX PO34UHIB HATPIN kapbo-
HaTy Ta depym(lll) xnopmnay Bunagae Oypuii ocag i BUainseTbca ras; 4) cepeaoBuLLle BOA-
HOro po34nHy muna (npuzadatime to2o ximiyHul ckiad) nyxHe. loscHimMb Ui ABULWA, CKa-
O0imb PiBHSIHHA BIONOBIOHMX peakLivi Ha NiATBEPOYKEHHSI CBOIX MipKyBaHb. 4. [TosicHimb, [o-
0aBnsAHHA sKMX pedoBuH [0 po3unHy depym(lll) xnopuay nigcvnute 1oro rigponis:
a) xnopuaHa kucnota; 6) HaTpin rigpokcna; B) MarHi xnopuva; r) HaTpivi kapboHaT. Bigno-
BiAb 06rpyHmydme. 5. Y Tabnuui posdmHHocTi Ha micui kynpym(ll) kapboHaTy npouepk.
JInwe B 1959 poui uto pevoBmHy fobynu 3a ocobnmemx ymos — 150 °C B aTmocdepi Byrne-
kucnoro rasy nig Tuckom 60-80 aTm. [TosicHimMb, YoMy He MOXHa JobyTY LI Cinb peakuieto
MOHHOro 06MiHy B po3uuHi. 6. [TopigHsatime BioOMi BaM peakuii rigponi3dy 3a y4acTi opraHiy-
HWX | HeOpraHiYHMX peyoBUH. Bignosiab oghopmme sk Tabnumuto abo giarpamy BeHHa.

<., TBOPYQ MQVICTEPHSI

7. Cknadimb ceHkaH «ligponi3» abo/Ta MHEMOHIYHE NpaBuno, WO gae 3Mory nepeabda-
YNTU XapakTep cepefoBuLLa BOAHOrO PO34MHY NEBHOI COi.

§ 11. Npo riAPOAI3 AOKACAHILLE

Micnsa onpayroeaHHs napazpagha eu 3Moxeme:

® 10sicHrO8amu BMVB Pi3HNX YMHHUKIB Ha Tigpori3 conew;

® 06rpyHmoesysamu BNNuB rigponiay conen Ha pH rpyHTiB.

I'inpomniz — o6oporua peariis. Tox i1 mepebirom Mo:KHa KepyBaTH 3TiAHO 3
npunnunom Jle IllaTenwse. I'izposis coseit — mpoiiec, o0epHEeHUI peaKIlii Hei-
TpaJjisallil, yHacJiIoK AKO0l yTBOPIOIOTHCA CiJib Ta Boja. PeaKiia HelTpasisa-
Iii ek3oTepMiuHa, TOXK TiAPOJIi3 € eHgoTepMiuHUM mpoitecoM. OTHUM 3 peareH-
TiB y peakIisix rigpoJisy € Boma, TOMY PO30aBISHHSA PO3UMHY COJi 3MiIye
piBHOBary B 0iK yTBOPEHHS MPOAYKTiB, TOOTO IiJCUJIIOE TiApPOJIi3.

YHacaimok rigposisy B po3uMHi COJIi YTBOPIOETLCA HAAJUIINOK KaTioHiB I'ix-
poreny (y axomy sunadky?) abo rigporxcuna-iouiB (y sxomy sunadry?). Aximo
OIVH 3 MPOAYKTIB TifpoJrisy coJi s3anuinae chepy peakiiii, ximiuna piBHOBara
TAaKOXX 3CYBA€ThCA IIPABOPYY — Tinposis mocunwerhed. Ile BiacTuBO cosigM
cJIa0KUX, JIETKUX i HECTIHKUX KHCJIOT — KapOoHaTHOI, cyabdiaHoi, cyabdiTHOI.

1. CnpozHo3ylime, NiACMNUTLCA YM NOCNabuTbesa rigponis coni, 3gaTHOI 4O HbOrO,
yHacnigok HarpiBaHHs ii po3unHy. 2. [TosicHimb: @) YoMy anst fobyBaHHs peakuieto
0bmiHy conen cnabkmx ocHoB abo crnabkux KMCNOT NOTPiIGHO BUKOPUCTOBYBATU XO-
NOAHI KOHUEHTPOBAaHI PO34MHK peareHTiB; 6) fob6aBASIHHAM 40 CONMbOBOrO PO34MHY Nyry abo
CWUIbHOI KMCNOTWM MOXHa nocunutu abo nocnabwutu rigponia coni. Hasedime npuknaaw.
3. Ha npuknagi HaTpin kapboHaTy MosCHImMb, YoMy BHACNIAOK KUM'STIHHA MOro pPO34MHy
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36inbLIyeTLCA NYXHICTb cepenoBMLla. Ak Ba YMHHUKM B LbOMY BUMALKY MiACUIIOKOTb Fig-
ponis?

T'igpomis comeit € 0CHOBOIO 6araThoX BasKJIUBUX IIPOIEciB y mpuposi. Hampu-
KJaJ, TiapoJis MiHepaJiB ripCcbKUX HOPiJ CYIPOBOMKYETHCA 3MiHOIO KapKac-
HOI CTPYKTYPH IIOJBOBUX INIATIB, IKi IepPeTBOPIOIOTHCA Ha IIapyBaTi INIMHUCTL
minepaau (puc. 11.1):

K"+AlSi,0; + HOH 2 HAISi;04 + K'+ OH™
AlSi,05 + HOH 2 HAISi,04 + OH~

@ BusHayme CTyneHi OKNCHEHHs XiMivHNX enemenTiB B opToknasi KAISi;Og.

Puc. 11.1. 1. TlonwvoBi mmatu, 3oKkpemMa opTokJaas (1), — HalimomupeHinri mopoaoTBipHi

MiHepain, MacoBa YacTKa AKUX y 3eMHiit Kopi 6ausbko 50 % . YHacxigox rigpomsisy Ta

iHIIUX TpoIEeciB yTBOPIOIOTHCA ocanoBi mopogu. 2. KaosinoBi mapu majm rpanitamMu B
ITomoucrKOMy pomoBuiIlli KaosaiHiB (YKpaina, XMeJIbHUUYUNHA)

Taxkosx rigpoJsis cojeil ymiuBae Ha nokasHuK pH rpyHTiB. Bucoka ayx-
HiCTB, AK i miBUIIIeHA KUCJIOTHICTh I'PYHTY, MOYKE CTBOPIOBATHU Iy Ke HECIIPU-
ATJWB1 YMOBU AJISA POCTY i PO3BUTKY 0araTboxX KyJabTyp. JIyKHI I'DYHTH MalOTh
HUBBKY DPOJIOUiCTb, OCKiJIbKM 3a3BMYAN Ba’KKi, B’fA8Ki, MOTaHO IPOIYCKAIOTH
BOJIOTY I cj1ab0 HacuW4YeHi rymMmycoM. ¥ HUX BUCOKHUII ymicT coJseit Kanablito it
3aBHCOKe 3HaUeHHs NoxkasHuka pH.

lMosicHimb, Yomy: @) BUCOKMIA yMicT conen KanbLito 3yMOBIOE MiABULLEHY NYXXHICTb

I'PyHTY; 6) ANSA 3HWKEHHSA NY)XXHOCTi I'PYHTY BMKOPUCTOBYIOTb JOOPMBO aMOHi Cynb-

¢aT abo 0bpobnstoTb AinaHKy BogHMM po3dnHoM depyM(ll) cynbdaTty, kynpym(ll)
cynbdaTy, antoMiHin cynbdary, aMoHii HiTpaTy.

3aBucoka KwuciaorHicts (pH Hu:Kue 5,0) I'pyHTY HPHU3BOAUTH AO TOTO, IO
0araTo TMOXWBHUX PEUYOBUH IIEPEXONATHL y CTaH, y SKOMY iX He 3aCBOIOIOTH
pocauau. [lo Toro »xk 6arato AKi 3 KOPHUCHUX O0AKTEPii MPUOUHSIOTH KUTTEI-
AJBHICTD 3a TaKUX YMOB. [l 3MEHIIIeHHs KMCJOTHOCTI BUKOPUCTOBYIOTH
KaJjiii kapboHaT — moTall (noscHims 1womy).

LlikaBo (i nisBHABAAbLHO

AKwo BMpoLLyBaTK FOPTEH3I0 Ha AinsHui, ge pi-
BeHb pH rpyHTy cTaHoBuTh 6,0—6,2, TO Ha POCNUHI pO3-
NyCTATbCS POXEBi KBiTU. AKLLO X 3HM3MTK pH go 5,0—
5,2, TO BUPOCTYTb KBiTU 3 GnakuTHMMK abo cioneToBu-
MU nentocTkamu. I'pyHT 3 pH Mix 5,5-6,0 3ymoBUTb
dioneToBuiA Konip KBiTiB abo cymil poxeBoro i 6na-
KMTHOrO Ha OAHOMY KyLLi rOpTeH3ii. AKLLO NoNUTK Hewn-
TpanbHWi rpyHT cnabkum posunHom cepym(ll) cynb- .
daty, ropTeHsis 3abapsutbca y dionetoBui (rnosc-

Himb Yomy) konip (puc. 11.2). Puc. 11.2. pH mae 3HauyeHHA!
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TOAOBHE

Tigposis — obopoTHa peaKIlis.

ITepebirom rigposisy mo:kHa KepyBaTu 3rigHo 3 nmpuHIunoM Jle Illarenbe.
Tigposis cosneir — mporec, o6epHEeHUN peaKIlii HedTpasisaIii.

Tigposis € eHgOTEpMiUHMM TPOIIECOM.

Tigposis coJieii € 0CHOBOIO 0AraTboX BAMKJIMBUX IIPOIECIB YV IPUPOM.
Tigposis coneli yniuBae Ha mokasHuK pH rpyHTis.

[lepesipre cebe

1. lNepemeopimsb po3nosigHi pedeHHst pyopuku NMPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BW BiOAMNOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyyHvka?

3acrocymnre CBOI 3HAHHST A YMIHHSI

2. Knacugikytime peakuito rigponisy 3a o3Hakoo 060pOTHOCTI Ta TEMMOBMM eeKkToM.
3. lMosicHimpb, ona 4oro nig Yac KUM'sITiHHA 6inn3Hn [obaBnsalTb NpanbHy cogy — HaTpin
kapboHaT. 4. AKWo B cknagi 'pyHTOBUX cCorer nepeBaxatoTb cynbdart i xnopug Hatpito,
YTBOPKOIOTBECA COMOHYAaKM, SIKLWO HaTpii KapboHaT — ConoHui. [1osicHimb, SKOK, Ha Bally
OyMKy, mae OyTu peakuis cepedoBULLA CONMOHYAKIB Ta COMOHLIB. 5. ArnoMoKanieBuin ranyH
[KAI(SO,), - 12H,0] HakonuuyeTbCs B BONOTHUX I'PyHTaxX MOPCLKMX y3bepex i AenbT Tponi-
kiB AMepukun, Asii Ta ADpUKM, NPMMOPCLKMX HU30BUH i GoniT HigepnaHais, MpubanTtuky,
CkaHpguHagii. CripoeHo3ylime peakuilo cepefoBULLLa LMX I'PyHTIB, BignoBsiab obrpyHmydme.
6. CunikaTHMI KNewn — BOOHUI po34nH cunikatie HaTpito Ta Kanito. CripoeHo3ytime peakuito
noro cepefosuLla 1 3anporoHylime [OCTYMHUIA eKCcnepuMeHTanbHUIM Cnocib nepesipku
NPOrHo3y B AOMALLHIX YMOBaX.

<., TBOPYQ MQVICTEPHSI

6. Jocnidime pH rpyHTiB y Bawwin micueBocTi. [Tepesipme ekcnepyMeHTarnbHO, K MOXHa
BMSMHYTW Ha UeW NOKa3HMK, BUKOPUCTaBLLM SABWLLE TigpOosi3y Conewn.

§ 12. MNoHATTS NPO raAbBOHIYHUA €AEMEHT K XiMiYHe AXKepeAo
€AEeKTPUYHOro CTpyMmy

lNicnsi onpayrosaHHs napazpaga eu 3Moxxeme:

® rosicHro8amu NPUHUMN Ail ranbBaHiYHOro eNemMeHTa;

® ouyiHr8amu HeraTVBHWUIA YNNMB Ha OOBKINNA BignpaubOBaHNX ranibBaHiYHUX €NeMEeHTIB
Ta dompumyesamucsi NpaBuI IXHbOT yTuni3auii.

T'anpBaHiUHMN eJleMeHT — IIe IPUCTPill i mepeTBOPeHH XiMiyHOI eHeprii
Ha eJIeKTPUUYHY BHACJIITOK CAMOUMHHOI'O IIepebiry OKMCHO-BiTHOBHUX peaKIliil.
Ha pucyuky 12.1 3o0pakeHo MimHO-IIMHKOBUII rajJbBaHiuHMii ejemenT [aHie-
as — Axob6i. Axi peakirii BizbyBaoThCsa Ha HOro eJeKTpogax?

Ha anoni okucHIOETHCS ITUHK:
Zn® - 26 = Zn?".

YHacaigok mporo aromu [ITUHKY IIepeTBOPIOIOTLCA HA MOHU, AKi IIepPeXoqaTh
Y PO3UMH, a MUHKOBUUA aHOJ PO3UMHAETHCSA, MOTr0 Maca 3MEHIIYEThCA. 3BEpP-
HiTH yBary, 1o aHoOJ y TaJbBaHiYHOMY eJIeMEHTi € HeraTMBHUM eJeKTPOIOM
(3a paxyHOK eJeKTpPOHiB, orpuMaHuXx Big aromiB IuHKY) Ha BigMiHy Bim mpo-
Iecy eJIEKTPOJi3y, Ae HOoTo ImiAKJIIOUEHO 0 IIO3UTUBHOIO MOJII0OCA 30BHIIITHLOTO
JI:Kepesa eJEeKTPUUYHOTO CTPYMY.
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Puc. 12.1. A. CxemaruuHe 300pa’keHHs rajbBaHiyHOTO ejemeHTa. 1. IluHKOBUIT aHOA.

2. Miguanit karon. 3. Bomguuit po3unu muHK HiTpary (ymicT coui 1 mous/i). 4. Bogauit

posuun Kynpym(II) mitpary (ymict coni 1 monab/ia). 5. ConboBuii MicTOK (BOJHUIT PO3-
ymH HaTpi# xsopuny). 6. FanrpBanomerp. B. @oTo anona i kaTozma

Enexrponu Big aromiB IIuHKY 30BHIITHIM €JIeKTPUUYHUM KOJIOM (MeETaJIeBUM
MPOBITHUKOM) PYyXalOThCA OO0 KaToma, e Big0yBaeTbCs BiJHOBJIEHHS KaTiOHiB
Kynpymy(II) 3 BogHOTO po3uuny 5‘/’101‘0 coJti: o

+ —
Cu""+2e==Cu.

VYHacaioKk 1bOro yTBOPIOIOTHCA aToMu Kynpymy, sKi ocimaroTs Ha moBepx-
Hi KaToma, Maca AKoro 30inbiyerhesa. KaTomoMm y raabBaHiYHOMY €JIeMEHTI €
MO3UTHUBHO 3apAmKeHU eleKTpon. CymMapHe piBHAHHS peakiiii, 1o BimOyBa-
€ThCA B MiTHO-IIMHKOBOMY TraJIbBAaHIYHOMY €JIEMEeHTi, Take:

+ +
Zn® + Cu?* = Zn%" + cu’.
CupaMoBaHUI Ta YIOPSAAKOBAHUU IOTIK 3apAIKeHUX YaCTUHOK (Y JaHOMY

BUNAAKY €JeKTPOHIB) — IIe eJIEKTPUYHUN CTPYM, AKWI BUHUKAE B 30BHIIITHBO-
MY JIQHITIO3i TaJbBaHIYHOTO eJieMeHTa.

lNosicHimb, YoMy enekTpoHW pyxarwTbcs Big atomiB LinHky fo noHie Kynpymy, a He
HaBnaku. 3a noTpebu ckopucmatlimecsi paooM akKTUBHOCTI MeTaniB.

LlikaBo (i nisHABAAbLHO

SALt (Sustainable Alternative Lighting) —
namna, sika MoXxe ropitv npoTsarom 8 roguH
Ha OAHIN CKNsIHUI BOAM | ABOX YaWHUX NOX-
kax coni. BonoHtep [lpiHnic i 3a cymicHu-
LTBOM iHXXeHepka yHiBepcuteTy De La Salle
Awnca MixeHo (Aisa Mijeno, puc. 12.2) npu-
Nwna [o igel CTBOPEHHHA «COJSISIHOrO CBi-
TUNbHUKa» nig 4Yac nepebyBaHHS B Micle- |
BUX pininniHCbkMx nnemeHax. Lle ceitnoai- .
OfHa Nnamna, [AXepenoMm eHeprii ansa sKoi € B B ‘A
ranbBaHiYHMN enemMeHT. 3a crnoBamMu BUHa- Puc. 12.2. Aiica Mikeno Ta ii BuHAXin
XigHWUi, rOTOBUI NPOAyKT — conboBa baTa-
pesi — He Tinbku 3abesneyvnTb cBiTNoM ByanHkn 6e3 LeHTpanbHOT eNeKTpoMepeXxi, a h 4acTb
3Mory 3apsagxartu MobinbHi NpucTpoi (cMapTdoHu, nnaHweTn) Yeped USB-nopT, ybyaosa-
HUIM y BiYHY YacTUHY namnu.

TansBaniuni exeventTu U noBrinna. Big ugaciB JIyimxi anbBani Ta Auec-
caaapo Boabra (puc. 12.3) cTBOpeHo 6araTo pi3HOBUIIB XiMiuHUX myKepes
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CTPYyMY, SIKi IpPUHECJU BeJUYe3HYy KOPUCTH JioAcTBY. IIpoTe MacoBe BUKOpPUC-
TaHHA IX NPUXOBYEe Heabusaki HebGesmexku. Aki came? Bairoro XHUTTEBOTO
IOCBiy ITIIKOM MOCTaTHBO, ITT00, MTPOAHAJIiIZYBaBINM PUCYHOK 12.4, HasBaTu
HAWTrOJIOBHIIN 3 HUX i 3aIPONOHYBATH CIIOCOOM PO3B’A3yBaHHA Iliel HaraJabHOI
npobJiemu (3podimoe ue).

Puc. 12.3. 1. Jlyigxi (Anoisiit) I'anpBami
(1737-1798, Itanis) — meguk i pisukK, 3aCHOB-
HUK eJyieKTpodisiosorii. 2. Aseccanapo I[:xy-
genmne Bousbra (1745-1827, Iramia) — disuk i
(disiosor, 3acHOBHUK ejeKTpoamHaMmiku. CTBo-
pUB 1mepIllle HAWOPOCTiNIe XiMiuHe [mIKepesio
crpymy (1799), axKe HasBaB Ha UYeCTb CBOTO
npyra, Jlyimxu TanbBami, rajdbBaHiuHUM eJie-
MEHTOM

ANA BUKOPUCTaHHMX

BATAPEHOK

Puc. 124.

@ losicHimb, Wwo 300paxeHo Ha pucyHKy 12.4, Ta 3anpornoHylme Ha3By A0 HbOrO.

https://www.youtube.com/watch?v=C26pH8kC Wk
https://www.youtube.com/watch?v=dz4pNICnC8E

- https://www.youtube.com/watch?v=wKKMM-YH4t0
http://batareiky.in.ua/Bttps://www.youtube.com/watch?v=GhbuhT1GDpl

> E https://www.youtube.com/watch?v=Rt7-VrmZuds
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o 1] rONOBHE

® TanpBaHIYHWY eJIEMEHT — Ie IIPUCTPiH IS IIePeTBOPEHHA XiMiuHOI eHepril
Ha eJIeKTPUUYHY BHACJIIJOK CAMOYMHHOIO IMepediry OKMCHO-BiTHOBHUX peak-
IifA.

® BukopucraHHA 0aTapeiiok morpebye AOTPUMAHHS TpaBuUJ Oe3meKu it mpa-
BUJIBHOTO YTHJIIByBaHHA iX.

lNepesipTe cebe

1. lNepemeopimb po3noBigHi pedeHHs pybpuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BiQMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocyvre CBOI 3HQHHST V1 YMIHHSI

2. O_nuw1mb npouecu, sk BiabyBalOTbCA B m
rarnbBaHi4YHOMY eNeMEHTI, 306pakeHOMY Ha pUCYH- =y
Ky 12.5. BusHayme, kaTogOM Y/ aHOAOM € MigHa ( NO= . Q R
nnacTuHKa B HbOMY, i MTOSICHIMb YOMY. Cu P s Na R

3. CxematnyHo 306pasimb CpibHO-LMHKOBUIA
ranbBaHiYHWUIA eNeMeHT | onuwime Npouecu, Lo NaNO
BiaOyBalOTbCs B HBOMY. 4. [ONOBHUMU CKNagHUKa- (po3qmﬁ)
MU CYXMX ranbBaHiYHNX eneMeHTiB — baTapenok —
€ UMHK, cTanb, Hikenb, maHraH(lV) okcug, rpadit

abo caxa, nanip, NNacTuK, BOOHWA PO34YMH Kanin
rigpokcmay abo umHK xnopug 3 fobaBkaMy aMOHiN

§ (4

Cu®* j nopucTuit

xnopuay, niTin  xnopugy, Kanbuin  xnopuay, NO; KOpoK %
mepkypin(ll) xnopuay, xpom(lll) cynsdaty. Momip- Cu(NOy), AgNO,4
Kylime W NOsiCHiMb, SiKi KOPUCHI MPOAYKTU MOXHa (Po34nH) (po34mH)

[obyTn BHacnigok KOMMMEKCHOT nepepobku bata-
pewok. Bignosigb ogbopmme Ha BRacHu poscys,
Hanpuknag sK intoCTPOBaHy CXEMY.

Puc. 12.5. CpibHo-Mmignmit
raJbpBaHiuHUI eJIeMeHT

°g TBopya mavicTepHs

5. Po3pobimp cueHapilt 3axoay, CnpsMoBaHOro Ha hopMyBaHHS KynbTypy BUKOPUCTaH-
Hs1 6aTapenok Ans: a) MOMOALLIOro yYHIBCTBA; 6) MeLLKaHLUiB i MeLLKaHOK Baloro 6yanHky.

§ 13. O64YNCAEHHS 30 XiMIYHUMU PIBHAIHHSAMMU BiAHOCHOIO BUXOAY
NPOAYKTY peakuil

lMicnsi onpayroeaHHs napazpagha sau 3Moxxeme:

® ob6yucnreamu 3a XiMiYHUMN PIBHSIHHSIMUW BIAHOCHWUI BUXIiA NPOAYKTY peakuii 1 obrpyH-
ToByBaTV BUGpaHui cnocib po3s’sa3yBaHHS.

Buxin 3 6yap-aKoi npobyieMHOI cuTyallii moTpidHo IIyKaTu — TOAi HEeOAMiH-
HO 3HalimeTre foro. Hapasi mpo0aeMHy AJA Bac CUTyallil0o MOYKe€ CTBOPUTHU IPO-
MO3UIlisg O0YNCINTH BiTHOCHUI BUXiZ MPOAYKTY peakiii. AmKe el THUO 3amad
€ HOBHUM, TOK PO3TJIAHBMO HOTO.

3’scyiiMo HacaMIlepe[, 110 Take TeOPeTUuIHU BUXiJ mpoaykTy peawiii. Ie
KinbKicTh peuoBuHU (Maca, 06’eM) IPOAYKTY peakiiii, o0uucaeHa 3a XiMiuHuM
piBHAHHAM. BiAmOBifHO HOr0 MOBHAYAIOTE 1 oo s Muyeon s Vreop.
3a3Buuail Ha OPaKTUIll KiTbKicTbh peuoBuHU (Maca, 00’€M) MPOAYKTY pPeak-

il MeHIIa 3a PO3paxOBaHy TEOPETHUUYHO — aJKe MOMiK peakIlifi TPalIAnThCA
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000pOTHi, mig uac JabopaTOpHUX i TeXHOJIOTIUHMX omepalliil meBHY KiJbKicThb
MIPOAYKTY BTPAYAIOTh.
HPEUQTI/I‘II{I/II/I BUXI IPOAYKTY Pearilii MOSHAYAIOTD Moy » mnpam',“Vnpam_
BignocHuii BUXin mpoaykTy peakilil IO3HAYAIOThH JiTE€pPOIO I'pelbKol adeTKu
1 (BUMOBJIAIOTH «€Ta») Ta O0YUCIIIOTH 32 (DOPMYJIOIO

_ n(X)npaKT
nX) = X,

To0To BigHOCHMH BUXix MPOAYKTY peakItii (1) — Ie BigHOmEHHA HOr0o IpaK-
TUYHOTO BUXOAY (7., ) AO TEOPETUUHOIO (M, ). OCKiNbKN Macu pedoBUHU
(m) Tta o6’emu (V) rasiB mpsaAMo TPOTOPIIiHiHi iXHIM KiabKoCcTaM peuoBUH (1),
I o0UMCJIeHHA BiJHOCHOTO BUXONY IPOAYKTY PeakIlii TaKoyX BUKOPUCTOBY-
IOTh Taki hopmyim:

Teop.

L.

nx ;
m(X)Teop.
n(X) — V(Xras.)npax'r. .
V(Xraa.)Teop.

Yu Mae BiZTHOCHUH BUXIiT MPOAYKTY peakIil omuHUII BuMipoBaHHa? K i
OyIb-siKa iHIla BimHOCHa BejqmuuHa (HAIPUKJAL, MacoBa YacTKa XiMiuHOTO
eJleMeHTa B CIIOJYIli, PO3UMHEHOI PEUOBMHU B PO3UMHi, KoedilieHT KopucHOI
Iii Too) gidnHocruUll 6uxi0 npodyxkmy peaxyii — BeawuuHa OeszposmipHa. Ile
OueBUAHO 3 GOPMYJ, 3a AKMMHU ii O0UMCIIOIOTh, — ai:Ke (Pi3MUHI BeIUUYNHU B
IXHBOMY YMCEJbHUKY Ta 3HAMEHHUKY MAalOTh Ti caMi ogmHUIII BUMipIOBaHHSI,
AKi ckopouyioTb. To0TO 8i0HOCHUIL 8uxi0 npodykmy peakxyii — Iie YacTKa Bin
ONMHU!III.

3a3BuUail BimHOCHUI BUXiJl NPOAYKTY PpeakIlii BUpasKaioTh y BiJCOTKax.
JJIs 1IbOTO BUKOPUCTOBYIOTH TaKi hopmy.m:

(X) = PO mparr 100 %;
" n(X) v

Teop.
m(X

(X) = X, 100 %;

m(X)Teop.

_ V(Xraz.)npafc'r. . 100 %

V(X )

IIi dpopmyau BimoOpaskaioTh CHiBBiAHOIIIEHHA MisK MIPAKTUYHUM 1 TeOpeTUd-
HUM BHUXOJIOM MHPOAYKTY Peakririi.

) n(X)
Srigao 3 gopmynoio N(X) =

nx)

ras. )Teop.

TPaKT.

n(X)Teop.
JUWBiMIi TUNM 3a7ad, B YMOBiI IKMX ileThbCS IIPO BiAHOCHUWI BUXiJ HPOAYKTY.
AsropuTMu iXHBOTO PO3B’A3yBaHHA HaBeqeHO Ha pucyHkax 13.1-13.3.

n(X)npaxT.
n(X)Teop.
1 TEOPETUYHOIO BMXOAiIB NMPOAYKTY peakLii.

MOJKHa BUOKDPEMUTH TPU HAWBaXK-

3 bopmynn N(X) = BMBeAITb POPMYyNn A5 0GYMCNEHHS MPAKTUYHOrO
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e OBuucniTh 3a XiMIYHUM PIBHAHHAM TEOPETMYHUIA BMXig (KiNbKiCTb, Macy,
1 } 06’eM) NPOAYKTY peakLii.

2 e O6uncniTh BiAHOCHWI BUXig NpPoAyKTy peakuii. BiH gopiBHIOE YacTui Big gij-
} NEHHS NPaKTUYHOIo BMXOAY NPOAYKTY peakuii Ha Noro TEOPETUYHUIN BUXIA.

Puc. 13.1. Anroput™m 00YUCTI€eHHS BiHOCHOTO BUXOAY MPOAYKTY peakrIiii, AKIo Bigomi
ioro MpakKTUYHMUM BUXiJ Ta KidbKicTh peuoBuHU (Maca, 06’eM) peareHTy

1 } e O6uMCNiTh 3a XiMIYHUM PIBHSIHHSIM TEOPETUYHUI BUXig (KiNbKICTb pe4yoBu-
HW, Macy, 06’eM) NPOJYKTY peakLii

2 } e OBuMCNiTb MPaKTUYHUIA BUXig NPoaykTy peakuii. BiH gopiBHOE [ODYTKY
BiLHOCHOIO BMXOAY MPOAYKTY peakLii Ha TeopeTUYHUA BUXig

Puc. 13.2. Anropur™M 004YKCIIeHHA TPAKTUYHOTO BUXOAY MPOAYKTY peakilii, AKIIO Bigo-
Mi #toro BimHOCHUI BUXiA Ta KidbKicTh peuoBuHU (Maca, 06’eM) peareHTy

e OBunCNiTE TEOPETUYHUI BUXIA (KINBbKICTb PEYOBUHM, Macy, 06’eM) MPoayKTy
peakuii. BiH gopiBHIOE YacTui Big AiINEHHS MPakTUYHOrO BMXOAY NPOAYKTY
peakuii Ha Moro BiAHOCHWI BUXig

—
h

e OBuMCNiTb 3a XiMIYHMM PIBHAHHAM KiflbKiCTb pe4oBMHU (Macy, o6’em) pea-
FEHTY 3a KinbKiCTIo (Macoto, 06’eMoM) NpoayKTy peakLii

2

Puc. 13.3. Anropurm ob6uuciaeHHs KinbKocTi (Macu, 06’eMy) peareHTy, AKIINO Bimomi
KinmbKicTh (Maca, 06’eM) IPOAYKTY peakilii Ta #oro BiZHOCHUH BUXif

h

Posragusmo nmpugaagy takux sagad. 3agada 1. YHacaigor mil xjaopummol
KHCJIOTH, Y3ATOl B HAAJIUIIKYy, Ha Mardiii oxkcuna macoio 20 © Ta HacTyIIHOTO
yIIapIOBaAHHSA PO3UNHY 0yJI0 1oOyTO 0e3BOAHY cijab Macoio 47 r. OouunciaiTe Bifg-
HocHUM Buxin (% ) Maruiii XJopumy.

O06uncIiMO KiJIBKiCTh PEYOBUHU MATHIN OKCUIY:

n(MgO) = 20 r : 40 r/mons = 0,5 mMoJIb.

3a koedinienramu B ximiwmomy piBrarri MgO + 2HCI = MgCl, + H,0
BU3Ha4aeMo, 1o n(MgCl,) = n(MgO), Tobéro n(MgCl,) = 0,5 moab.

O6unciMo Macy Mar"ifi xJopuay, siKka HOPiBHIOE HOOYTKY HOro KiJIbKOCTi
PEYOBWHU HA MOJIIPHY MAacy (Ile TeOPeTUYHUH BUXiJ Mar"iil xJjopuny):

m(MgCl,) = 0,5 moapb - 95 r/moub = 47,5 .

O06uurcIiMO BiZHOCHMI BUXiJ COJIi, AKWI JOPiBHIOE YACTIIi Bil mijeHHS mpak-
TUYHOTO BUXOAY MarHill XJIOPUAY HA TEOPETUUHUIA:

n(MgCl,) = 47 r : 47,5 r/monb = 0,99 (99 %).

Teop.

3amaua 2. O0uuCaiTh IpaKTUUHUN BuXif (T) Migi, AKa yTBOPUTHCS BHACJII-
Iok ii BigHOBJIeHHA HaAJauITKoM BogHIO 3 Kympym(Il) oxcuagy macoio 20 r,
AKINO BigmocHuit Buxix mizi cramosuts 80 % .

O6uncaimo KimbKicTh peuoBuHM KynpyMm(II) oxkcuny:

n(CuO) = 20 r : 80 r/moap = 0,25 mMoJb
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Sa koepinierramu B ximiunomy piBaanzi CuO + H, = Cu + H,0 Busnaua-
€Mo, II10

n(Cu) = n(CuO), TooTo n(Cu) = 0,25 moib.
O0uncIiMO TeopeTUYHUN BUXim Mimi:
m(Cu) = 0,25 moub - 64 r/mosb = 16 T.

O0uncaiMO IPAKTUUYHUN BUXim Mimi:
m(Cu) = m(Cu)Teop. ‘n(Cu)=16r-0,8=12,8r.

3amaua 3. O6uuciiTs, Macy (T') IUHKY, AKUI IpopearyBaB 3 pPo30aBJIEHOIO
CcyJab(haTHOI KHCJIOTOI0, SAKINO BHACHIZOK I[iel peaKIlil yTBOPUBCS BOJEHDb
o6’emom 4,48 1 (u. y.). BigHocuuit Buxin Boguio craHoButh 80 % .

O0uncaiMo TeOpPeTUUYHUN BUXiJ BOAHIO:
V(H,) =4,48 n: 0,8 = 5,6 .
O06unMCcIiMO KiMIBKIiCTh PEeUYOBUHU BOITHIO:
n(H,) = 5,6 1 : 22,4 1/moub = 0,25 MOJIB.
Ba koedimienramu B ximiumomy piBmsmmi Zn + H,S0, = ZnSO, + H,T
BM3HAYAEMO, III0

Teop.

NIPaKT.

Teop.

n(Zn) = n(H,), rob6ro n(Zn) =0,25 mois.
O6uncIiMo Macy IIUHKY:
m(Zn) = 0,25 mous - 65 r/moas = 16,25 1.
3eepHimsb yeazy: 3ajadvi ILOTO TUIY TPAILIATAMYTHCA BaM Yy HACTYIHUX

po3fijax MHiAPDYYHWKA, TOK MAaTHMeTe HAroAy S3acTOCyBaTU HAJsA IXHBOTO
po3B’sA3yBaHHA 3HAHHS Ta BMiHHS, 3M00yTi IIi Yac ompaI(foBaHHA I[LOTO IIapa-

rpada.
o® g https://chem.libretexts.org/Bookshelves/Introductory _Chemistry/Book%

3A_Introductory_Chemistry_(CK-12)/12%
3A_Stoichiometry/12.9%3A_Theoretical_Yield_and_Percent_Yield

o 1:®] rONOBHE

® TeopeTwuHWiI BUXiN — KiIbKicTh pedoBuHU (Maca, 06’€M) MPOAYKTY, 0GUmC-

JieHa 3a XiMiuHUM PiBHAHHAM. VOro moSHAYAIOTE Moo s Myeop s Vieop.

® JIpaxTuuHmil BUXig — KijgbKicTh peuoBumHU (Maca, 06’eM) IPOAYKTY, OAep-

’KaHa BHACHILOK peakiii. JIoro mosHa4aroTh M,y . s Mypaxrs Vipaxr.

® BigHOCHMI BUXiJ IPOAYKTY pPeakiii — BiJHOIITEeHHS IPAKTUYHOTO BUXOIY MO
TEeOPeTUUYHOT0. VoT0 TT03HaYaloTh JiTepoio TpelbKoi abeTKu 1 (BUMOBJISIOTH
«eTa») Ta OOUMCJIIOITL 3a POPMYJIaMIU;:

_ n(X)Hpa}cT. . _ m(X)HpaKT.. _ V(X)HpaKT.
n(X) X, (X) X n(X) VX,

Teop. TEop. TEop.

® Yacro BifHOCHUII BUXiJ MPOAYKTY peakIlii BupakarmTh y BiJ[COTKaxX, BUKO-
PHUCTaBIIN IJI OBOTO0 QOPMYJIN:

(X) _ n(X)HpaKT. . 100 %: (X) _ m(X)npaKT. . 100 %:
1 n(X) o m(X) "

Teop. Teop.

V(X
nX) = —V((Xm)“"m - 100 %.

ras. )Teop.
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llepesipTe cebe

1. lNepemeopims po3noeigHi pedeHHs pybpuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BiQMNOBICTM Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocyvire CBOI 3HQHHST V1 YMIHHSI

2. Ceprini Ta AniHa He mornu gintn 3rogn. Ceprin cTBEp4KYBaB: Te, WO NPakTU4HUN BU-
Xi4 NPOAYKTY peakuii MeHLINA 3a TEOPETUYHMIA, CynepeunTb 3akoHy 3bepexeHHs macu pe-
YOBMH Mig Yac XiMmiyHMX peakuin. AniHa 3anepedyBana, ane i 3abpakno aprymeHTiB. Ys8imb
cebe Ha micui AniHn 11 nosicHime Ceprito, YoMy MOro TBepAXEeHHS XubHe. 3. YHacnigok git
HaOMLLIKY PO34MHY cynbdaTHOi kucnotu Ha Kynpym(ll) okcmna macoto 20 r Ta HAcTynHoro
ynaptoBaHHs po3umHy 6yno gobyto 6e3BogHy cinb macoto 36 r. Obyucniime BiAHOCHWIA BU-
xig (%) kynpym(ll) cynbdaty. 4. O64yucnime npakTuydHum Buxig (r) kynpym(ll) okemay, akui
YTBOPUTLCS BHACIIAOK OKUCHEHHS Mifi Macor 25,6 1 HaaNULKOM KUCHIO, SIKLLO BiAHOCHUN
Buxig migi ctaHoBuTb 80 %. 5. Obyucrimb macy (r) marHilo, SKui npopearysas 3 XIopua-
HOIO KUCMOTOM, SKLWO BHACNIAOK Li€i XiMiYHOI peakuii yTBopuBCA BogeHb o6’emMom 4,48 n
(H. y.). BigHocHui Buxig BogHio ctaHoBuTh 0,88. 6. O6yucnime macy (r) 6apin cynbdary,
AKMIA YTBOPUTLCSA BHACMIAOK [o06aBNsHHSA BOOHOro po3ynHy macoto 400 r 3 MacoBoto YacT-
Koto Bapivi HiTpaTy 7 % 4O BOAHOrO po3ymHy Macot 200 r 3 MacoBOK 4acTKOK CynbdaTHOT
kmucrotu 0,49. BigHocHui Buxig G6apint cynbdaty ctaHoBuUTb 98 %. *7. BusHayme BiGHOCHWI
Buxig (%) Bonbdpamy, SKWO BHACNIAOK BiAHOBMEHHS anoMiHiEM 3 pyAHOro KOHUeHTpaTy
mMacoto 33,14 kr fobynum Bonbdpam maco 12,72 kr. Macoa yactka Bonbdpam(VI) okengy
B KOHLUeHTpaTi cTaHoBUTb 70 %. 8. [opieHslime NOHATTA «BIQHOCHUI BUXIiA NPOAYKTY peak-
Lii» Ta «koedilieHT KOPUCHOI Aii». Pe3ynbTaT NopiBHAHHA oghopmme Ak Tabnumuto abo gia-
rpamy BeHHa.

\ °g TBOPYQ MQUCTEPHS

9. Cknadimb i po3e’sxkKimb 3agadi BUBYEHUX TUNIB. 3anporioHylime OAHOKMAaCHUKaM i
OLHOKNacHUUSAM po3B’a3aTth ix. Ym 36irnmcs Bawi po3s’a3aHHa Ta Bignosigi? 10. Y matema-
Tnui 6araTo nigxoais 40 po3B’A3yBaHHA 3agayv — anredpuyHuiA, rpadivyHni Towo. 3’scytme,
Y MOXXHA 3adavi, po3rnsaHyTi B LbOMY naparpadi, po3s’sa3aty B iHWi cnocobu. 3a pesynbTa-
TaMu JOCNigXeHHsA nidzomylime npes3eHTauito.

. [Mpoektyrmo! Teopimol
o
”ﬁ:ﬁi 7. TOABBAHIMHUIM EAEMEHT 3 KOPTOMAI, AMMOHIB.

8. BUAM TQ MPUHLUMK POBOTU MAAMX AXKEPEA EAEKTPUYHOTO CTPYMY, YTUAIZALLS
iX.
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O TecT-KOHTPOAb

1.

6.

56

Ha 3amiweHHa ximivHoi pisHoBaru B cuctemi N, (r) + 3H, (r) 2 2NH; (r), AH < 0 He Bnnu-
Bae

A 3HWKEeHHSA TemnepaTtypu

B nigBuLieHHs Tucky

B BnganeHHs amoHiaky 3i cdepw peakuii
" 3acTocyBaHHs KaTanisatopa.

. Y cucremi Fe,O; (TB) + 3CO (r) 2 2Fe (1B) + 3CO, (r), AH < 0 Ha 3MiLLeHHS XiMi4HOT

piBHOBaI'I/I BrnpaBo He BnnnBae

A 36inbLeHHs Bmicty CO

B 3MeHLIeHHs TemnepaTypu
B 36inbLeHHs Tucky

I ameHweHHs Bmicty CO,

. Ha amiweHHs pisHoBaru cuctemu, N, (r) + O, (r) 2 2NO (r), AH > 0 He BnnuBae

A nigBuweHHs TemnepaTtypu
B nigBuweHHs smicty NO

B nigBuwieHHs Tucky

I 3meHLWweHHs BmicTy N,

. Ximiuna pisHoBara B cuctemi CO (r) + 2H, (r) 2 CH;0H (r), AH < 0 3micTuTbCs B Bik

YTBOPEHHSI NPOAYKTY peakuii BHacnigok

A 3HWXEHHs TemnepaTypu

B 3HwxeHHsa BmicTy CO

B niasueHHs smicty CH,OH
I nigBuLLIEHHA TeMnepaTypu

. Ha 3wmiweHHs ximiyHoi piBHoBaru B cuctemi Fe;O4(tB) + CO(r) 2 3FeO(1B) + COL(r),

AH < 0 He BnnMHE

A 3meHweHHs Bmicty CO

B 36inblweHHsA TemnepaTypum
B 36inblweHHs Tucky

I ameHweHHs Bmicty CO,

[nsa 36inbweHHs BUXoQy ectepy B CUCTEMI

C,H;OH (p) + CH;COOH (p) 2 CH;COOC,H; (p)+ H,O (p), AH > 0 noTpi6HO
A pobasuTtu BOOY

B 3MeHLMTN BMICT eTaHOBOI KUCMNOTU

B 36inbwmnT BMICT ecTepy
I nigBuwmTn TEemnepatypy

. BBegeHHs katanizatopa B cuctemy, o nepebyBae B CTaHi AUHaMIYHOI piBHOBaru

A 30inbWNTb WBWMAKICTL NULLIE NPAMOI peakLii

B 36inblunTb WBUAKICTb Ne 06epHEHOI peakuii

B 36inblunTb LWIBUAKICTb SIK NPSAMOI, TakK i 06epHeHOT peakuii
I He BMMMHE Ha WBMWAKICTb Hi NPSAMOI, Hi 06epHeHoI peakuii

. lgponisy 3a aHioHOM 3a3Hae

A 6apin xnopug
B HaTtpin cynbdar
B amoHin HiTpaT
[ HaTpin cynbdig

. lgponisy 3a kaTtioHoMm 3a3Hae

A kanin 6pomia
B HaTtpin cunikat



B amoHin xnopug,
I HaTtpin cynbdar

10. MNMpoaHanisynTte TBEpPOKEHHS. Y1 € NOMIXK HUX MPaBWIIbHI?

|. MO3NTUBHO 3apsAmKEHUI enekTpos ranbBaHiYHOrO eneMeHTa Ha3MBakTb aHOL4OM.
II. Nig yac po6oTK ranbBaHIYHOrO efieMeHTa KaTog PO3YNHAETHCS.

A npasunbHe nuwe nepie
B npasunbHe nuwe gpyre
B o6ugsa npaBunbHi

I’ Hemae npaBuUIbHUX

11. YKaxiTb cxemy peakuii, ska BigbyBaeTbCs B ranbBaHiYHOMY €MEMEHTI, CKnageHoMmy i3
3ani3Hoi Ta MiQHOI NNacTUH, 3aHypeHMX BigNoBiAHO B po3udnHM conen depymy(ll) Ta
kynpymy(ll).

A Cu’+ Fe?* — Cu®*+ Fe°
B Cu?*+ S0, — CuSO,
B Fe?*+ SO,>” — FeSO,
I Fe’+ Cu* — Fe?"+ Cu°
12. Katogom y ranbBaHi4HOMY €NeMeHTi 3 HikeneBMM aHo40M Moxe ByTu

A anomiHin
B marHin

B nniombym
I ynHK
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Tema 4. HeopraHiyHi pe4yoBUHU
TA IXHi BAOCTUBOCTI

Jlioan nig yac NOCTynoBOro BMBYEHHA PEYOBMHU OMAHOBYIOTH I, TOYHIWE W TOYHIWe
pobnaTb CTOCOBHO Hei nepeadadeHHsi, NigTBepAXyBaHi QINCHICTIO, WMpLUe N YacTilwe Bu-
KOPUCTOBYHOTL 1i 4Ns cBOiX NoTpeb, i Hemae npuBoay 6a4MTN OECh MEXY Ni3HAHHS i BOJO-
[OiHHSA PeYOBUHOI0.

[.1. MeHOenees

§ 14. O64YNCAEHHS KIAbKOCTi Ppe4OBUHU, MACU A60 06’eMmy
NMPOAYKTY 30 PIBHAHHAM XiMiYHOT peaKkLii, SKLO OAUH 3 pedreHTis
B3SITO B HOAAULLKY

lMicns onpayroeaHHs1 napazpagha eu 3Moxeme:
® o6yucnreamu KinbKiCTb pe4oBMHU, Macy abo 06’eM NPOAYKTY 3@ PIBHSAHHAM XiMiYHOT

peakuil, SKLLIO OAWH 3 peareHTiB B3ATO B HAOJNLLIKY;
® 06rpyHmoeyeamu BUGpaHuin cnocid po3B’siyBaHHs.

O6uucaoBaT KigbKicTh (00’€éM, Macy) NPOAYKTY peakmii 3a mMacamMu
(06’eMoM, KiJIbKiCTIO PEUYOBUHM) peareHTiB, OAMH 3 AKHUX y3ATO B HANJIUIIKY,
MOTPiOHO 3a Ti€0 PEUOBMHOIO, KA MOBHICTIO BUTPATUTHCA BHACJIOK peakrIrii.
Apmxe gpyra cooJiyKa Irpopearye JIMIIe YaCTKOBO — ii HAAJIMIIIOK He pearyBaTH-
me. ToOTO KimbKicThL MPOAYKTY peakilii Oyme IpsAMO IIPOHOPIliiHA KiJbKOCTL
peareHTy, 10 Ipopearye moBHicTio. Ili cmiBBimHOINIEHHA 3MOAEIHLOBAHO Ha
pucyuky 14.1.

A

Puc. 14.1. A. [Inia BUTOTOBJIEHHA CMa4yHOI BiTaMiHHOI KaHANKMU 3HAL00IAThCA OiCKBiT-

Ha ocHoBa (1 mTyka), cBixki BumHi (3 mTyKn) Ta ManuHOBUH cupon (1 mecepTHa JIOXK-

Ka). B. 3 m’aTu GicKBiTHMX OCHOB, TPHOX HAap BHUIIEHb Ta YOTHUPHOX JOKOK CHUPONY

3TifIHO 3 pelleITOM MOXKHa BUT'OTOBUTH JHUIIle ABI KaHanmKU. TOXK Bl JIOMKKU CHUPOIY Ta
Tpu OiCKBITHI OCHOBU € HaIJINIIIKOM
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MaiibyTHiM KOHAMTEepaM i KOHAMTEPKaM, HAIIPUKJAMI, HEeBayKKO 30arHyTu:
AKIO OJA BUTOTOBJEHHS COJIOAKOI KaHAIKM IOTPiOHI OickBiTHaA ocHOBa, TpU
BUIITHI Ta JIO}KKa MaJIWHOBOTO CHUPONY, TO 3 I ATHU OiCKBITHMUX OCHOB, TPHOX
map BUINIEHDb 1 YOTUPBHOX JIOYKOK CUPOITY 3TiTHO 3 PEIeNTOM MOKHA BUTOTOBUTH
JUIe IBi MOBHOIIHHI KaHanku. [IBi JIo:KKHM cuponmy Ta Tpu OiCKBiTHI OcCHOBHU
3aJININATHCA HEBUKOPUCTAHUMU.

LlikaBo (i nisHABAAbBHO

CrexiomeTpiq (Big OaB.-rpew. OTOIXEIOV — €NIeMEHT Ta JETPEIV — BUMIpHOBaTH) — po3ain
XiMii NPO KiNbKICHI CNiBBIAHOLIEHHSA peareHTiB y XiMiYHMX peakuisxX. CniBBiAHOLWEHHS Kinb-
KOCTeW peareHTiB, WO AOPIBHIOTb CMiBBIQHOWEHHAM KOemilieHTIB Yy CTexiomeTpuiHOMY
PIBHSAHHI peakuii, Ha3MBalTb CTEXIOMETPUYHUMN.

3 oraAny Ha 3400yTi ySBIEHHS PO3TIAHLBMO PeakKiliro asoTy 3 BOLHEM. ¥ 3a-
€MOJiI0 ITMX PEYOBHH OHNMCYIOTh XiMiUHMM PiBHSIHHIM:

N, + 3H, = 2NH,.
BigmoBigHo mo crexioMeTpumuHUX Koe(dillieHTIiB KiJIbKiCTh PEUYOBUHU BOIHIO
BTpUUYi OisibIlla 3a KiJTbKicTh peuoBUHHU a30Ty. KiJIbKiCTh PEeUOBMHU NIPOAYKTY

peakmii (amoHiaky) yaBiui OispIia 3a KiJIbKiCTh PeUOBUHU a30Ty I CTAHOBUTH
IBi TpPeTWHU BiJ KiJILKOCTi PeYOBUHU BOJHIO:

n(Ny) : n(Hy) : n(NH;) =1 : 3 : 2. ToGro
n(NH;) = %n(H2) = 2n(N,)

3a pucyHkoMm 14.2 HeCcKJaIHO BU3HAUYUTHU, AKUIN 3 peareHTiB y3ATO B Ha-
aumiky. OueBUIHO, IO B OZUHMUYHOMY aKTi peakiiii 6epe ydacTh MOJIEKYJia
a30Ty Ta TPU MOJIEKYJH BOmHIO. T0oOTO a30T BUTpPATUTLCA IIOBHICTIO, a TpHU
MOJIEKYJIM BOJHIO € HAIJHUIIKOM I[LOI'0 PEAreHTy

H H Aol
H H
H \ H H > | @ o n
H N H H N
_

H
H
H H H H

Puc. 14.2. dxuii 3 peareHTiB y3ATO B HAAJUIIKY?

OckinbKu piBHI 00’eMU Pi3HUX rasiB 3a OJHAKOBUX YMOB MiCTSATH OJHAKOBY
KiJBbKiCTh MOJIEKYJI, MOKHA OOT'PYHTOBAHO CTBEPAKYBaTHU, IO CIIiBBiIHOIIEH-
HS MiK 00’eMaMu peareHTiB i IPOAYKTY Ifiel peakxirii Taki:

V(Ny) : V(H,) : V(NH3) =1 : 3 : 2. TobTo
2
V(NH;) = §V(H2) = 2V(Ny,)

AaroputMm pos3B’sA3yBaHHA 3amau IILOTO TUITY HaBedeHO Ha PUCYHKY 14.3.
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} e 3a yMOBOIO 3agavi CKNagiTb PiBHAHHA peakuii

} e OB4MCniTb KiNMbKOCTi PEYOBUH peareHTiB

e BusHaute 3a crexiomMeTpuyHUMKM KoeddilieHTamMu CRiBBIOGHOLWEHHA MK
3 } KiTbKOCTAMM PEYOBMH peareHTiB (gns rasiB — ixHiMM ob6’emamu), wob

3’ﬂcyBaTl/|, AKUA 3 HUX Y3ATO B HAAJINLLIKY

e OBuncniTh KINbKICTb pevyoBuHN (Ons rasie — o6’eM) NpodyKTy peakuii 3a
} KINbKICTIO pe4OBUHY (4ns rasiB — 06’eMoM) peareHTy, SKMI Nifg, Yac peakuii
BUTPATUTHLCS MOBHICTIO

} e OB4uMcniTb 3rigHO 3 yMOBO 3agadi macy abo ob’em (ans rasyBaToi pevoBum-
HW) NPOAYKTY peakuii 3a MOro KinbKiCTHO pe4oBUHM

Puc. 14.3. Anropurm obuncyierHnsa macu (06’eMy, KiIBKOCTI peUYOBUHU) HPOAYKTY
peaxkii 3a macamu (06’eMoM, KiJbKiCTIO peUOBMHM) peareHTiB, OAUH 3 AKUX Y3ATO
B HAIUIIKY

BukopucraimMo 1mei aJropuTM IJs PO3B’A3yBaHHSA 3aJad.
3amaua 1. OGuwmcaitTe Mmacy (T)
BOAM, SIKA YTBOPUTLCA BHACJITOK \3,
BUOYyXy rasoBoi cymimri, 1o ckJaga- > 29 9
eTbcs 3 BOAHIO 06’emom 0,56 i (H. "
y.) 1 KMCHIO TaKOro camMoro o0’eMmy
(H. y.) (puc. 14.4).

3a yMOBOIO 3aJadYi cKJIamiMo piB-

HAHHS pPeaxIrii:
2H, + 0, = 2H,0.

O6unMcIiMO KiJIBKOCTiI PeYOBUHU PEareHTiB:

n(H,) = n(0,) = 0,56 x : 22,4 a/moxs = 0,025 moxb.

Busnaumo 3a crexiomMeTprnyHIMEU Koe(illieHTaMU CHiBBiTHOIIIEHHSA MiK KiJib-
KOCTSIMI PEUOBUH PeareHTiB, 100U 3’dAcyBaTH, SKUI 3 HUX Y3ATO B HAIJIUIIKY:
n(H,) : n(0,) : n(H,0) =2 : 1 : 2, To6To n(H,) = 2n(0,).

3a yMOBOIO KiJIbLKiCTL peuoBMHU KUCHIO cTaHOBUTL 0,025 MO0Jb, TOX KiJb-
KicTh peuoBMHU BOAHIO, 3 AKUM BiH pearye, maJja 6 cramoButu 0,05 moJub. 3a
YMOBOIO KiJbKicTh peuoBuUHU BOAHIO mopiBHIoE 0,025 mMoab, oT!Ke, BiH BUTpa-
TUTLCA IIOBHICTIO, a KMCEHb Oylae Y HAIJIUIIKY.

O6uncIiMO KiJIbKiCTh PEUOBMHU HNPOAYKTY pPeakirii 3a KiJbKicTiO peuyoBUHU
pearenTy, AKHWH IIig Yac peakiiii BUTPATUTHCS MOBHiCTIO. 3a XiMiuHUM DPiBHSIH-
mam n(H,0) = n(H,). TooTo n(H,0) = 0,025 moms.

3a yMOBOIO 3aJaui Maca IPOAYKTY pPeakllii mopiBHioBaTuMe:

m(H,0) = 0,025 mous - 18 r/moas = 0,45 1.
Bimmosigs: m(H,0) = 0,45 r

/

Puc. 14.4. Bubyx cymiIiri BOgHIO 3 KHCHEM

@ Po3B’sxiTb L0 3a4a4y, BUKOPUCTABLUM 3aKOH 06’€MHMX BiAHOLLEHD rasis.
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Puc. 14.5. YHacaigok peakiii mimk kaJaifi fomummom
(1) Ta mmomoym(II) miTparom (2) YTBOPIOETHCSA
sAcKpaBo-KoBTHH ocay miaomMoym(1l) ftogunmy (3)

3agaua 2. O6uuciaite macy (r) maromoym(II)
Wonunay, AKWI YTBOPUTHCA BHACIIJOK 3Mimry-
BaHHA JBOX BOAHUX po3uuHiB (puc. 14.5), ogun
3 akumx w™mictuth maoMOyMm(II) miTpaT Macoio
66,2 r, a gpyruii — KaJjgii ogua macoo 33,2 T.

3a yMOBOIO 3aJaYi CKJIAAiMO PiBHSIHHS peak-
Iii:

2KI + Pb(NO,), = PbI,l + 2KNO,.
O0umcaiMo KinbKOCTi peuoBUH (MOJIB) peareHTiB:
n(KI) = 33,2 r : 166 r/moas = 0,2 MOJIb.
n(Pb(NOy),) = 66,2 r : 331 r/moxns = 0,2 MOIB.

3a yMmoBOIO0 3amaui KingbKicTh pevoBumHU maiomOyM(II) HiTpaTy cTaHOBUTH
0,2 MoJb, TOXK KiJIBKiCTh PEUOBMHU KaJIill Hogmuay, 3 IKUM BiH pearye, maJja 0
cranoButu 0,4 moab. Tob6ro matomoym(Il) HiTpaTr Gyae y HAAJHUIIKY.

O0uncaiMo KibKiCcTh PeUOBMHU IPOAYKTY peakilii sa KiJIbKiCTIO peuoBUHUI
peareHTy, AKHH Iig yac peakirii BUTPATUTHCS IIOBHICTIO.

3a ximMiuHUM piBHAHHAM

1 1
n(Pbl,) = 3 n(KI); n(Pbl,) = P 0,2 moap = 0,1 MoJB.

O0uwncaiMo 3TigHO 3 YMOBOIO 3aJadi Macy HPOAYKTY peakriiii 3a foro Kijab-
KicTiO peuoBUHU:
m(Pbl,) = 0,1 mous - 461r/mons = 46,1 1.
Bignogins: m(Pbl,) = 46,1 r.
3amaua 3. O0uucaiTs Mmacy (r) coji, AKa YTBOPUTHCSA BHACJITOK H00ABJISH-
HS 10 BogHOro po3umHy Macoio 100 r 3 MacoBOIO YaCTKOIO HATPiH TiApoKCUIY
0,2 BogHOTO PO3UMHY HiTpaTHOI KHCJIOTH Macol 126 I 3 MacoOBOI YaCTKOIO
posumHenoi peuoBuHu 10 % . BusHaure KoJip JaKMycy B PO3UMHi, AKUN yTBO-
PUThCS BHACJIiTOK peakIrii.
3a yMOBOIO 3aaYi CKJIaAiMO PiBHAHHSA pearirii:
NaOH + HNO; = NaNO; + H,0.
O6uncyaiMo Macu peareHTiB Ta ixHi KigbkocTi peuoBumu. Maca posumHeHOIL
PEeYOBUHU HOPiBHIOE MJOOYTKY ii MacoBOi YacTKM B PO3UMHI Ha HOro Macy:
m(NaOH) = 0,2 - 100 r = 20 1;
n(NaOH) = 20 r : 40 r/moab = 0,5 MOJIb;
m(HNOg) = 0,1 - 126 r = 12,6 1;
n(HNOz) = 12,6 r : 63 r/moup = 0,2 Momb.
Busnaumo 3a crexiomerpmuHmMu KoedinieHTaMM CIiBBiJHOIIEHHS MiMK

KiIBKOCTAMN PEYOBMH peareHTiB, 00 3’AcyBaTu, SKUI 3 HUX y3ATO B HalI-
JUIIKY:

n(NaOH) : n(HNO;) : n(NaNO3) =1:1:1,
To6T0 n(NaOH) = n(HNO;) = n(NaNOs;).
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3a yMOBOIO 3aJadi KIiJbKICTh PEUYOBMHU HATPiIfl TiAPOKCUAY CTAHOBUTDL
0,5 Moab, TOXK KiJBKiCTh PEUOBMHU HITpaTHOI KMCJIOTHU, 3 SKOIO BiH pearye,
maja 6 Takox craHoButu 0,5 mosb. Harpiit rizpoxkcun — y Hagaumky. Tomy
PO3UUH, IKUHA YTBOPUTHCA BHACIIZOK peaKIlii, MaTuMe HaAJHUIIOK TiTPOKCHI-
aHiOHIB, TOK JIJaAKMYC Yy HbOMY Halylle CHHBOTO KOJbOPY.

O0umcIiMO KiJIbKiCTh PEUOBHMHU IPOAYKTY peakilii sa KiabKicTioO peuoBUHU
(MOJIB) peareHTy, AKHWI Hif yac peakIii BUTpaATHUTHCA MMOBHiCTIO. 3a XiMiuHMM
PiBHAHHAM

n(NaNO;) = n(HNO,), To6To n(NaNO;) = 0,2 momb.
O0uncaiMo 3TigHO 3 YMOBOIO 3aJadi Macy HPOAYKTY peakriril 3a fioro Kijab-
KiCTIO pe4OBUHMU:
m(NaNO;) = 0,2 monsb - 85 r/monp = 17 1.

Bigmosiags: m(NaNO;) = 17 r

38epHimb ysaezy: 3afavi 1MIbOT0 TUIY TPAILIATUMYTHCA BaM Jaji B TiAPYUYHH-
Ky, TOK MaTHUMeTe HaroAy 3aCTOCYBATH [Jis IXHHLOTO PO3B’sA3yBaHHS 3HAHHSA Ta
BMiHHSA, 3100yTi mig yac ompaIjfoBaHHsA IILOTO Imaparpada.

https://www.youtube.com/watch?v=ymCZ2ShhBAw
https://www.youtube.com/watch?v=6MHSBs-ed2I
https://www.youtube.com/watch?v=vAe2MImolLBY

m FOAOBHE

® O6umcaoBaTH KijJgbKicTh peuoBWHUM (Macy, 00°€My) TPOAYKTY peakririi
moTpibHO 3a KijgbKicTio (Macorm, 006’eMoM) Tiei peduoBWMHU, sKa ITOBHICTIO
BUTPATUTHCA BHACJITOK peakirii.

® AJTopuTM pO3B’s3yBaHHSA 3aJau ITHOTO THUIY HaBeMeHO Ha pucyHKy 14.3.

. http://www.redlandstudios.com/chemistry-limiting-reactant/
(o) b

[lepesipTe cebe

1. lNepemesopims po3noBigHi pedeHHsi pyopuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BIANOBICTW Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocymre CBOI 3HAHHST U YMiHHS]

2. binbLwicTb y4YHIBCTBa OAMHAALUATOrO Krnacy CyMriHHO po3B’sdyBarna 3agadi Ha obumc-
neHHa macu (o6’emy, KinbKOCTI) NPOAYKTY peakuii 3@ macamu (06'eMOM, KinbKiCTO peyoBu-
HW) peareHTiB, OAMH 3 SKUX Y3ATO B HaanuwKky. [poTe KinbKa loHakiB i FOHOK 3ayBaXXWUmu:
«HaBiLu,o MapHyBaTW CTiflbKW Yacy Ha BWKOHaHHSA [OMALUHbOrO 3aBAaHHS, agxe €
komm'toTepHa nporpama BestChem, 3a nonomoroto sikoi BiANOBIAI MOXHa ofiepxaTh Maiike
MUTTEBO?». [XHI ONOHEHTU 11 ONOHEHTKN HE 3HAMLLINK, LLIO BI,D,I'IOBICTI/I Jornomoxims im nepe-
KOHaTW OOHOKITACHWKIB i OOHOKNACHULb YNPaBAATUCS B PO3B’A3yBaHHI 3agay LbOro tuny.
3. Obyucnimb: a) o6’em () rigporeH xnopuay, kUi yTBOPUTLCH BHACNIAOK peakuii, Ans
NpOBeLEHHS AKOT B3ATO BoAeHb 06’emom 1,2 n i xnop o6’emom 2,4 n (06’emu BCix rasiB Bu-
MipsiHO 3a ogHakoBuMX yMoB); 6) macy (r) ocagy, SKuiA yTBOPUTLCS BHACMIOAOK 3MiLLYBaHHS
[OBOX BOOHUX PO34UHIB, OAMH 3 9KUX MiCTUTb apreHTyM(l) HiTpaT macoto 17 r, a gpyrui — Ha-
Tpir xnopug kinbkictio 0,2 Monb; B) Macy (r) HaTpin xnopuay, Ans obyBaHHs SIKOro B3fTO
HaTpin macot 0,46 r i xnop o6’emom (H. y.) 1,12 n.; r) macy (r) ocagy, SKUA yTBOPUTBLCS
BHacCnNigoK 3MilLyBaHHSA BOAHOro po3ynHy macoto 800 r 3 MacoBO YacTKOK HaTpin cynbda-
Ty 0,142 3 BogHMM po34mHOM Macow 400 r 3 macoBoto 4vacTkow 6apin Hitpaty 26,1 %.
4. Cknadimb i po3g8’saximb 3agadi Ha 06YMCneHHs KinbKOCTi pevoBuHK (Macu, o6’emy) nNpo-
OYKTY peakuii 3a KinbKiCTio pedoBUHN (Macamu, 06’emamMmn) peareHTiB, OAMH 3 SKUX Y35TO B
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HaanuLKy. 3anpornoHylime ogHOKacHNKaM Ta OAHOKMNAcHMUAM po3B’a3atu ix. Ym 3birnucs
Balli po3B’A3aHHA Ta Bignosiai? 5*. Y matemartuui € 6araTto nigxoAdis 4o po3B’sA3yBaHHA 3a-
fay — anrebpuyHuii, rpadivHmi Towo. 3’acyldme, Yn MoXHa 3adadi, po3rnsHyTi B LIbOMY
naparpadi, po3s’a3aTu B iHWi cnocobu. 3a pesynstaTtamy gocnigXeHHsa nidzomytme npe-
3eHTauilo. 6*. Hanuwims KOMM'IOTEPHY Nporpamy Ans po3B’A3yBaHHSA XiMIYHUX 3agadv BU-
BYEHOrO TUny.

‘S[) TBOPYQ MQUCTEPHST

7. BukoHalime nonepefHi po3paxyHku, cnnaHymte Ta rnposedims focnia, sikuin 6u Ha-
OYHO NPOAEMOHCTPYBAB, LU0 KiNbKiCTb NPOAYKTY peakuil 3anexuTb Big KiNbKOCTi peareHTy,
npopearye noBHicTI0. Bukopucmatime Ans npoBefeHHs focnigy NnacTUKoBI NASALKNA, FyMOo-
Bi MOBITPSIHI KyNbKW, Xap4yoBy cofy, CTOMNOBUIA OLET, CaMOPOOHI iHAMKaTopMW.

§ 15. HemeTaAU. 3AraAbHO XAPOAKTEPUCTUKO HEMETOAIB

Micns onpauroeaHHs napazpagha eu smoxeme:

Ha3ueamu HannoLUMPEHILLi B NPUPOAI HeEMeTaniuHi enemeHTwH;

Xapakmepu3yeamu HemeTanu,

oyiHroeamu GionoriyHe 3HaYeHHs HemeTaniyHux enemeHTiB — OkcureHy, Hitporeny,
Kap6oHy, ®ocdopy, ranoreHis.

Micue HeMeTamiyHMX eJIeMEHTIB y mepioguuHiii cucremi BaM Bimome (cxa-
paxmepu3yitme itozo 3a pucynkom 15.1).

1 18
1 2

H He
5 < 2 - 13 5 14 - 15 5 16 5 17 5

Li | Be 1 2 3 B| C|N|O/|F |Ne
1" 12 13 14 15 16 iy 18

Na | Mg Al Si| P | S | CI|Ar
19 20 21 : 22 . 23 : 24 . 25 . 26 : 27 = 28 = 29 - 30 2 31 32 33 34 35 36

K [Ca|Sc| Ti |V |Cr|(Mn|Fe |Co| Ni [Cu|Zn | Ga|Ge | As | Se | Br | Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb| Sr| Y [ Zr [Nb (Mo | Tc |Ru|Rh [Pd |Ag [Cd | In | Sn | Sb | Te | | | Xe
55 56 57-711 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs | Ba Hf | Ta| W |Re |Os | Ir | Pt | Au|Hg| Tl | Pb | Bi | Po | At | Rn
87 88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 17 118

Fr | Ra Rf [Db|Sg | Bh |Hs | Mt | Ds | Rg | Cn | Nh | FI | Mc | Lv | Ts | Og

57 58 59 60 61 62 [63 64 65 66 67 68 69 70 71

La [Ce | Pr | Nd ([Pm |Sm | Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac | Th [Pa| U [ Np|Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

Puc. 15.1. 1. Meraniuni enremenTu. 2. ExeMeHTH, IPOCTI PeUOBUHU AKUX BUABJIAIOTH
BJIACTUBOCTi, IPOMiKHI MiK MeTasamMu i Hemeramamu. 3. Hemeranmiuni eremenTu

CkinpKku HeMeTaJiUHMX eJIeMEeHTIB y mepioguuHiii cucremi? Bu 3moikere
CaMOCTiMHO BimIIOBiCTM Ha IIe 3alIMTAaHHS, IIPOAHANIZYBaBIIM PHUCYHOK 15.1
(3pobimv uye). 3BepHITH yBary, mo o6abiu yMOBHOI MeiKi, AKa IPOXOAUTH y
nepioguuHiii cucremi Bim Bopy mo Acrary, posTalioBaHo XiMmiuHi egeMeHTH,
OPOCTi PEUYOBUMHU AKUX BUABJIAKTH BJIACTUBOCTi, IIPOMiKHI Mi’K BJIaCTHBOCTS-
MU MeTaJIiB i HemeTaJiB.
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LlikaBo (i nisHABAAbLHO

Ake Gyno cniBBigHOLEHHA MiX KiNbKICTIO MeTaniYHuX i HeMeTaniYHnx enemeHTiB, Bigo-
Mux nioacTey, y CtapogasHi Yacu? 3onoTo, cpibno, 3ani3o, pTyTb, ONOBO, MiAb, CBUHELb —
ciMka meTanis gaBHuHK. HaTtomicTb y Ti yacu Byno BigoMo nuvile gBa HeMeTanu — cipka T1a
Byrneupb. CBig4eHHs npo ue 3bepernucs B nitepaTtypHUX Nam’saTHUKaxX aBHUHU — «JlengeH-
cbkomy nanipyci», « CTokronemMcbkoMy nanipyci», «NpupogHin ictopii» Mas MNniHis-cekyHaa,
«Knusi 70» Oxabip I6H Xanama ToLuo.

Kpurepiem merasmiunocTti abo HeMeTaJIiYHOCTI MPOCTOI PeUYOBUHU MOXKe O0yTHu
YyyMaJIo BJacTuBocTeii. 3 Kypey ximii 7 i 8 KiaciB Bu 3HaeTe, 1110 HemMemaau —
npocmi pewoB8uUHU, AKI He 8UABNAIOMb 8]lACMUBOCMEll MemaJig, a caMe: MeTa-
JiyHOrO OJIMCKY, KOBKOCTi, HOTaHO IIPOBOASATH TEIJIO, €JEKTPUYHUHA CTPYM.
Came JIeTKicTh IIPOXOMKEHHA €JEeKTPUYHOrO CTPYMY KPish HPOCTY PEYOBHUHY,
TOOTO ii €JIeKTPOIPOBIAHICTE, € IIOKA3HUKOM, 3a AKKUM JIETKO BU3HAUUTU CTY-
Oiek MeTasiuHocTi. OmgHAK TpPAILIAIOTHCA U BUHATKH. ['padir, Hampuiriam,
IoOpe IIPOBOAUTEL eJeKTPUUHUN cTpyM. Tak camo sK i cuiimiii, apceH Ta #og,
151 peYOBMHA Mae MeTadiuynuit 6amck. ToMy CKJIamZHO OAHO3HAYHO KJIACUDIKY-
BaTH JeAKi XiMiuHi eteMeHTH Ha PiBHI Makpoceimy — 3a BIaCTUBOCTAMU yTBO-
PEeHUX HUMU IPOCTUX PEeUOBUH. TOMXK 2AUOUHHI NPUYUHU, AKi 3YMOBII0I0MDb
Mmemadaiuni abo HememadaitHi aacmuocmi XiMiYHUX esleMeHmi6 i npocmux
peuosuH, WwyKamumemo Ha pieHi mikpoceimy.

Po3rasgaeMo 0co0aMBOCTI OyI0BH aTOMIB HeMeTAJNIYHUX ejgeMeHTiB. Bu,
3BiCHO, 3BEPHYJIM yBary, IO BCi HEMETAJIYHi eJIeMeHTH! MiCTATHCA B I'OJIOBHUX
miATpymax mepioguyHoi cucTeMu, TOOTO BOHHW HajgeKaTh IO S- i p-eJieMeHTiB
(raba. 15.1).

Tabnruus 15.1. BygoBa 30BHIIITHBOI'0 €HEPreTUUYHOTO PiBHA ATOMiB
HEMETAJiYHUX eJIEMEHTIiB

BynoBa 30BHIIIIHBOT'O €HEPTETUYHOT'O PiBHA
Ilepiomu
1st 1s? 2s22p1 ns2np2 nsznp3 nsznp4 nsznp5 nsznp6

1 H He

2 B C N (0] F Ne
3 Si P S Cl Ar
4 As Se Br Kr
5 Te I Xe
6 At Rn

1. BusHayme, CKinbku: @) MOMiX HEMeTani4YHUX ENEMEHTIB — S-eNleMeHTIB; 6) enekTpo-

HiB MICTUTBCA Ha 30BHILUHBOMY €HEepreTM4YHOMY PiBHI B aTOMax HemeTaniyHux ene-

MEHTIB. 2. Ha3gimb HemeTarniyHi effeMeHTH, Ha 30BHILUHbOMY €HEepreTMYHOMY PiBHI
aTOMIB SIKUX MICTUTBCS: @) 1 eneKkTpoH; 6) 2 enekTpoHK; B) 3 eNeKTPOHW; 1) 8 eNeKTPOoHiIB.

Hemeraniuni eleMeHTH MalOTh IIOPiBHAHO 3 METATIUHNMU HEBEJIUKUH (MeH-
muit 3a 0,1 um) atomuuii pagiye (puc. 15.2).

Omnucani ocobGamBocTi OyZ0BU aTOMiB HeMETAJiUHUX €JIEMEHTIB 3yMOBUJIU
iXHIO BUCOKY, IOPiBHAHO 3 METAJTIUYHUMU €JIeMEeHTaMHU, €JIeKTPOHEeTaTUBHICTh.
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Puc. 15.2. HauipAMKHU 3pOCTaHHA PafiyciB aToOMiB XiMiuHUX eJeMeHTiB
TOJIOBHUX WiATPYII

3B’A3KHU B Monefcyﬂaxl i Kpucrajsiax HeMeTaJ iB KOBaJE€HTHi, BIIbHUX eJIeK-
TPOHIB 3a3BMUaii HEMAa€, TOMY IIi PEYOBMHU MePEBaYKHO AieJeKTPUKH (i30aATO-
pu). 1106 ysaraabHUTH 3aKOHOMipPHOCTi 3MiHM BJIAaCTHBOCTEH HeMeTaJiuHUX
eJIEMEHTIiB 31 3pPOCTAaHHSAM I1XHiX IIPOTOHHUX YWCEJ, CKJAAiMO IIOPiBHAJbHY
TaGJINITIO.

Tabauuys 15.2. 3aK0OHOMIpPHOCTI 3MiHM BJIACTUBOCTEIl HEMeTaJiuHUX
eJIEeMeHTiB 3i 3POCTaHHAM IXHBOT'O IIPOTOHHOI'O UHKCJIa

O3Haka MOpPiBHAHHA IIepiogn I'pynn

3apAnu Amep aTOMiB

Pagiycu aTomiB

KinbKicTh eIeKTPOHIB Ha 30BHIIIHHOMY )
€HEepreTUYHOMY PiBHi He 3minioeTses

KinbkicTh BaleHTHUX eJIeKTPOHIB

EnekrpoHeraTuBHicTh

3

OKuCHIOBaJIbHI BJIACTUBOCTI 306ibITYIOTECA | SMEHIIYIOTHCA

@ 3anoBHiTb NporanvHu B Tabnumui 15.2 (y 30wWwuTi), CKOpMCTaBLWNCEL pucyHkamm 15.1
Ta 15.2.

! THepTHi esleMeHTH 8a 8BMYANHIX YMOB iCHYIOTH y BUTUIALI OKPEMUX ATOMIB.
3a BUHATKOM iHEPTHUX eJieMeHTiB, 60 B aTromi I'esito 1Ba eleKTPOHU HA 30BHiIII-
HBOMY €HEepreTUYHOMY PiBHi, Yy pemrTu — Io Bicim.
3 OKuCHOBaJIBHI BIaCTHBOCTI iHepTHUM ejieMeHTaM He ImpuTaMaHHi. I'igporeH Bu-
SABJIS€ OKMCHIOBAJIbHI BJIACTHUBOCTI B peaKIlisgxX 3 MeTaJaMu.
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Temep 3po3yMijsio, K IIOB’sg3aHe PO3MIIEHHsS HEeMETAJNIYHMX eJIeMEeHTIiB y
nepioguuHii cucTemMi 3 OymoBOO ixXHiX aromiB. OgHAK He MEHII BaXXJNBO MaTH
YABJIEHHS IMOAO IOIINPEeHHS HeMeTaJluHnX eJeMeHTiB v mpupogi. Amxe 3Ha-
HHS TIPO iXHiN ymicT B o60oyioHKaxX 3eMJi Ta mosa ii MexamMu, PO3yMiHHS 3aK0-
HOMipHOCTe# wMirparii Ta Ko/0006iriB morpiOHi a8 cTBOpeHHS edeKTUBHOI
cucTeMU KOHTPOJIIO 3a CTAHOM OOBKiJLIA, 3amobiranHsa HebaKaHUM HACJiIKaM
TeXHOTeHHOI IislJIbHOCTI JIIOAUHIN.

BinsbKo TPphOX UETBEPTUX BijJi Macu 3eMHOI KOpPU IIPUIIafae Ha TPU HeMeTa-
aiuni enemenTn — OxcureH, Cuainmiii ta Tigporen. CymapHa aTOMHAa YacTKa
UX eJeMeHTIiB Ie Ginbma i carae maike 95 % . Haromicte Apcen, Cenewn,
Wopg i Tenyp € mocuTh pifKicHUMU eJIeMeHTaMHU.

Ha Bimminy Bizm 3eMHOI KOopu, «ueMIrioHaMu» ¥cecBiTy 3a BmicTtoMm € I'impo-
red i TIemiit (puc. 15.3). Tigporen — roJoBHUII CKJIagHUK aTmochepu 3ip,
sokpema Courgs. Came Bim rperr. ’HéMog — Courne — moxoauTh i HasBa I'eriro,
iHepTHOTO eJieMeHTAa, KOBTY JIiHiI0 SKOT0 OyJI0 BUABJIEHO V CHEKTPi COHSYHOIL
KOpoHU. ¥ 3eMHil aTMOC(I)epi HaMOiIBIII MacoBi YACTKM TaKOMX y HeMeTasiu-
HuUX eneMeHTiB — HiTporeny # Okcureny, y I‘pyHTax - Ofccm'eHy ta Cumirniro,
y rigpoctepi — Oxcureny ta Iinporeny, y sxkuBiit npuposai — Okcureny, Kap6o-
my # T'ixporeny.

< 90 8L75
~ 80
g 70
c 60 )
£ 50 Puc. 15.3. AromHi
< 40 YaCTKY HAUIIOIIUPEHi-
; 30 18,17 X HeMeTaTiuHuX
S 20 eJleMeHTiB B aTMoce-
< 1(? 0,03 Oﬁl 0£06 0£03 0,203 pi Conms. Jlerenza:
1-H; 2 - He; 3 - 0;
1 2 3 4 5 6 7 4 g ’
XimiuHi ereMeHTH 4-N;5-8i;6 - 8;
7-C
BakimBe Ta mepcHneKTHBHE 3aBIaHHA — JOCHimxeHHs Oiosoriumoi poJri

HeMeTaJIiYHuX eJiIeMeHTiB y ¢QyHKmiomyBaHHi opramiamiB. IllicTts ximiurHHX
exementiB — Kapb6on, T'imporen, Oxcureu, Hitporen, ®@ochop i Cynabpyp €
OCHOBOIO »KMBUX cucTeM. Hampukiaji, MacoBa YacTKa ITMX €JIEMEHTIB B opra-
Hismi moguau cranoButh 97,4 % (puc. 15.4).

62% 16%

Bopa binkn

—_— (@] K
| OkcureH 65% — — Kanin 0.4% > L.
KapGoH 18% c =l Cynbdyp02%  Puc. 15.4. Hemeraniumi
Finporen [95% — H Na & HaTpii 0.2% Ta MeTaJiuHi eJleMeHTH

Xnop o B Opradismi JOIWHU.
0

 Marnin 0,1%

HitporeH 3.2%

e e Ixmi aTomu s3xarHi yTBO-
anbLin 1.5%

pioBaTu 3B’SI3KM DiBHUX
TUMiB, W0 ¥ 3YMOBJIIOE

MiHepanu ! HaABHICTH B opraHizmax
6% 1% 16%~ BEJIMKOI0 YKC/Ia HAMP13-
Byrnesoau HOMAaHITHIiIKUX GiomoJe-

KyJa
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@ Ha3BiTb HanBanNuBiLWi opraHivyHi PEYOBUHN — CKNAAHUKM XUBOT KITITUHN.

3HaHHA MIOA0 XiMiUHOTO CKJAAy POCIUH AY:Ke BaKJIUBL IJ1d 3a0e3meueHHs
30aJIaHCOBAaHOTO XapuyBaHHs Jiogeil. JleAKi pocauHu BuOIpKOBO BOMPAIOTH
ximiuHi esemMenTu 3 r'pyHTy. 37IaKoBi HakonuuyooTh Cuiimii i @ochop, 6yps-
Ku Ta yaii — ®ayop. Bobosi, 11ubyas Ta 4aCHUK KOHIEHTPYIOTH ¥ c00i Cyiib-
Gyp, a coueBuna — ApceH. Cenen «momobiae» KyKypyasa, Bop — rpeuxa,
OypAK, 0000Bi, OBOUeBi ¥ IJIOAOBO-ATIAHI KyJabTypu. VMog HAKONHUUYETHCSI B
MODPKBi, OypaAKy, Kamycti, Kapromai rtomro. Ili BimomocTi Takok aKTyaabHi
nasa paxiBiis i paxiBumMHL 3 PiABHUIITBA, 100 PAIliOHAJBLHO BUOUPATH I'PYHTH
Ta HOOpPMBA /s Pi3HOMAHITHUX CLIBCBKOTOCIOAAPCHKUX KYJBTYpP. YTIM He
MEHIII BasKJIMBO 3a0e3IeunTn 30aJIaHCcoOBaHe JKUBJICHHA CBIiCbKMX TBApUH.

3 ypokiB reorpadii Bu 3HaeTe, 1[0 YKpaiHa Mae Garaty MiHepaJbHO-CHPO-
BUHHY 0aszy. HaliBaskauBilli MPUPOAHI CIOJNYKM HEeMeTAJiYHUX €JIeMEeHTIiB —
CKJIATHUKU KOPMCHHMX KOIIAJWH — Ta iXHi pomoBuIna B YKpaini Bizomi Bam 3
Kypcy reorpagii. ITomisk mux cmosyk € mpocTi ¥ CKJIagHi, opraHiuHi Ta Heop-
ra"iuHi peuoBuHu (puc. 15.5).

BusHnauyme: a) HarinpocTiwy dopmyny OypLuTuHy; 6) MacoBa YacTka SIkoro 3 HemeTa-
niB y OypwTuHi HanbinbLua; B) MacoBa YacTka sIKOro 3 XiMiYHMX efnleMeHTIB Hanbinb-
La B rpaHiri.

https://www.youtube.com/watch?v=SYvrOpOaaWo
https://www.youtube.com/watch?v=uN2cVakPD-c

e

o 1] rONOBHE

® Hewmerasniuni exeMeHTH MiCTATHCA B IIPaBili BEpXHIiN YacTWHI mepiogmyHOl
CHCTEMIU.

® 006abiu ymMOBHOI MeKi, sika B IepioguuHiil cuctemMi mpoxoauts Bix Bopy mo
Acrary, poaralioBaHi eJeMeHTH, II[0 BUSBJIAITH BJIACTHBOCTI IIPOMiMKHI
Mi’K BJIACTHMBOCTAME METAJNIYHWX 1 HeMeTAJIiYHUX eJeMeHTiB.

Puc. 15.5. 1. Ocobausicts KiaeciBcekoro 6ypmrury (C, Hg,O,) — yHiKampHU XOBTO-
3eJIeHU# KOJIip 3 PiBSHMMM 3eJIeHKYBaTUMU Ta YEPBOHACTUMU Bigrinkamu. 2. I'pasir
JIe3HUKiBCHKOTO POOBUINIA MAa€ BUCOKi JeKOPATUBHI BJIACTUBOCTi, TOTO BUKOPUCTAHO
nia o3nobsienHa craHIii meTpo «Tearpanbuas (KuiB). Cepenniit ximiunnii ckian rpa-
HiTy: Si0, 68-73 %; Al,05 12,0-15,5 %; Na,O 3,0-6,0 %; CaO 1,5-4,0 %; FeO
0,5-3,0 %; Fe,04 0,5-2,5 %; K,0 0,5-3,0 %; MgO 0,1-1,5 %; TiO, 0,1-0,6 %
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® Hewmeraniuni eleMeHTH HajJeXaTh A0 rooBHUX niarpyn: ligporen i lemiii —
S-eJIEMEHTH, PeIlTa — P-eJEMEHTH.

® EjneKTpoHEraTMBHICTh, HEMETAJIUHUX eJeMeHTiB 3HauHO Oijbla, HiK ¥
MeTaJIiuYHUX.

® Hatinmomwupeninmi ximiumi exemenTu: y 3eMHil Kopi — Oxcuren, Cumimiii,
Tinporen; y Bececsiti — I'izporen i I'esiti; y semuiit armocdepi — HiTporen i
Oxcwuren, y rpyarax — OxcureH i Cuiriniit, y 6iocdepi — Orcuren ta I'igpo-
reH, y :®usiii mpuponi — Okcureu, Kapoou Ta I'imporex.

® Kapbou, Iigporen, Oxcuren, Hirporen, ®Pochop i Cyabdpyp € OCHOBOIO
JKUBUX CHUCTEM.

® Vkpaina mae faraTy MiHepaJIbHO-CUPOBUHHY 0a3y IPUPOIHUX CIOJIYK HEeMe-
TAJIYHUX eJeMEeHTIB.

[lepesipre cebe

1. lMepemeopimpb po3noBigHi peyeHHs pyopukm NPO MOJTOBHE Ha nuTanbHi. Yn moxe-
Te BW BiANOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpy4Hmka?

3acrocymnre CBOI 3HAHHST A YMiHHSI

2. lpoaHanisylime 3MiCT €TUKETOK BiTaMiHHMX NpenapariB, MiHepanbHNX BOA, Xap4yoBUX
NPOAYyKTiB Ta iXXi AN AOMALLHIX TBapWH, OOPMB, ririeHIYHNX | KOCMETUYHMX 3acobiB, IHLLINX
nobyToBux TOBapiB. UM € HA eTUKeTKax BIZOMOCTi NPO BMICT HEMETanIYHMX enemMeHTIB? HAki
i3 UMX enemMeHTiB € opraHoreHHUMn? BioreHHumMn? Mikpo- 4n makpoenemeHTamm? 3a pe-
3ynbTaTaMu JocnimxkeHHs rnidzomytime npeseHTauito. 3. Ckr1adimb XPOHOMOTiYHY Tabnuuto
BIOKPUTTSA HEMeTaniYHux enemeHTiB. 4. BusHayme: a) KiNbKiCTb €MeKTPOHIB Ha 30BHILLHbOMY
eHepreTMYHOMY piBHi B aTOMi HEMeTani4YHoro enemMeHTa, Ha3Ba SIKoro nuLle ogHieo NiTepoto
BiOPI3HSETLCSA Bif HA3BM NPOTOKM MixX €Bponoto Ta Asieto; 6) KinbKiCTb MPOTOHIB y SAPI iHepT-
HOro enemMeHTa, Ha3Ba SKOro ckrnagaeTbCs 3 iMeHi JaBHboernneTcbkoro 6ora CoHuS i Ha3BK
PiYKK; B) Ha CKINTbKOX €HEPreTUYHMX PiBHSIX PO3TALLOBAHI €NIEKTPOHM B aTOMi HEMeTasniyHoro
enemeHTa, 3 Ha3BM SKOro Ta CKOPOYEHOro No3HaYeHHA OAMHWULI BUMIPIOBAHHS MMOLi 3e-
MenbHWX Yridb MOXHAa CKNacTW Ha3By PiYKW; ) 4O SKOI rPYNM HaNeXuTb HeMeTaniyHui ene-
MEHT, 3 Ha3BW SKOro Ta Ha3BM HOTWM MOXHA CKNacTu Ha3By bpaHLy3bKoro Mmicta. 5. 3’sacytime,
anximiyHi 3HaKn SKMX HEMEeTanIYHMUX eNeMEHTIB | MiHepaniB po3milleHi Ha: a) repbi baxmyT-
CbKOro pavioHy [loHeubkoi obnacrTi; 6) npanopi micta HoBosiBopiBCbka JIbBiBCbKOI 06NacTi;
B) c. KopHauiBka ConobKoBeLbKOI CinbCbKOi TEpUTOpIanbHOI rpoMaan ApMOnMHELILKOrO pa-
noHy XmenbHuLUbKoi obnacrTi; r) aepxxaBHomy repbi Pecnybnikv Haypy. Ckrnadime onsi og-
HOKJTACHUKIB | OQHOKNACHULb 3aBAaHHs1, BUKOpUCTaBLn 3006yTy iHdopMauito. 6. TeopeTny-
He TNyMadeHHS NOLWMPEHOCTI XiMIYHNX eNeMEHTIB — OHE 3 BaXXNMBUX 3aBAaHb acTPOdi3unKu.
Bucniosme Tta obrpyHmytime npunyweHHs, yomy ligporeH i Menii € HannowmpeHilwmmm
enemMeHTamu B YCecBiTi.

<., TBOPYQ MQVICTEPHSI

7.Y xoBTHi 2008 poky B ANOHii BUALLNA APYKOM iHHOBALiHa KHWXKa «[epiognyHa Tabnu-
us: BuBYeHHs OCHOB XiMii 3a 4onomMororo “moe”y. BoHa ctana Hag3BryanHO NonynsipHO Ha-
BiTb MOMXK TMX, KOro He UikaBura XiMmis. Y UupOMYy BUAAHHI KOXHWUA 3i 118 enemeHTiB npea-
CTaBMeHO $IK Moe (cMMnaTuyHa, npuBabnuea AiBYMHKA) — NMEPCOHaX SAMOHCBKUX KOMIKCIB
MaHra. TpuausTe Tpu intOCTpaTopy MpautoBanu nig KepiBHMUTBOM BUKMagada Ximii, abu
«OMOAHUTU» XiMiYHI enemMeHTU, NepcoHidiKyBaTU YHIKanbHY CYKYMHICTb BNACTUBOCTEN KOX-
HOro 3 HKX. MepCcoHaxi KHWKKM MONYNSAPHiI NMOMiXK HAaYKOBLIB, OCKINbkK OyasTh yABY i CTalOTh
TEMOI OPYXHbOI iHTEeNekTyanbHoi 6ecian, a ganeki Big Hayku oHi NPUXUIBHUKX MaHra n aHi-
Me MoYMHaKTb 6GaunTy CBIT XiMii B HOBOMY, NpuBabnmMBoMy pakypci. Yseime cebe B pori Tako-
ro intocTpartopa abo iNtoCTpaTopKnN Ta CmMeopime KOMIKC NPO OA4MH 3 HEMETAarIYHMUX ENIEMEHTIB.
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§ 16. ®DisnyHi BAOCTMBOCTI HEeMeTaAiB. AAOTpoONis

lMicnsi onpayroeaHHs napazpagha eu 3Moxxeme:

xapakmepu3ysamu i3n4dHi BracTMBOCTI HeMmeTarniB Ta ecmaHoeJsirneamu 3aJlex-
Hicmb XHiX BNacTMBocTewn Big 6ynosu;

nosicHreamu CyTb SIBMLLA anoTponil; BigMIHHOCTI BNAcTMBOCTEN anoTponHUX Moandi-
Kauin OKcureHy ixHim KinbKicHUM cknagom Ta 6ygoBoto;

Hasodumu npukadu anoTpPonHUX moandikauin OKkcureny;

06r'pyHmoegyeamu 3Ha4eHHsi anoTPONHUX NEPETBOPEHD;

eaucrioeslro8amu cyo)eHHs1 oo GionoriYHoi poni 030Hy Ta Oro 3aCTOCYBaHHS.

@izuuni BIacTUBOCTI HeMeTasiB po3MaiTi Ta 3yMOBJIeHI OCOOJIMBOCTAMU
iXHBOTO CKJIaAy Ta OymoBu. 3HATHU IIi BJIACTHUBOCTI HEOOXiTHO AK OJA e(DeKTUB-
HOTO BUKOPHCTAHHSA TPaguIlifHMX MaTepiajiB i TexHoJOriil, Tak i aJd CTBO-
PEeHHA HOBITHIiX.

Hemeranu MoneKyasapHOi OyZ0BYM MAlOTh HEBUCOKiI TeMIlepaTypu ILJIaBJIeH-
HfA, OCKiJIBKM CHJIM OPUTATAHHS MiK IXHIMM MOJIeKyJIaMM ITOCUTHL CJIalKi.
Hanpuxnan, kuceHb, GTOP, XJIOP CKPAILIIOIOTHCA Ta TBEPAHYTH 34 Bil eMHUX
Temneparyp. Bpom — JeTKa pifgmHa, a BHACJiIAOK HarpiBaHHA KPUCTAJIIB HOAYy
BimOyBaeThbcsa ixusa cybmimaria (gus. § 8, puc. 8.6).

InepmHui enemenmu 3a 3BUUafHUX YMOB iCHYIOTH y BUTJIAAL aTOMiB, OCKiJb-
KU MAaloThb 3a6epulerHuil 306HIWULHILl eHepzemuyHUll pi6eHb. Y PEUITU IIPOCTUX
PEYOBUH-HEMETAIIB aTOMU CIIOJTyYeHi MiK
co00I0 KOBAJIEHTHUMH  HEHOJADHUMU H—H 0—o0
3B’sa3kamMu. [lesaki HemeTasiuHi eleMeHTH
YTBOPIOIOTH IBOXATOMHI MOJIEKYyJn (Hase-
dimv Kinvka npuraadis).

Y MojexkyJsiax BOIHIO Ta TaJIOTEHiB
3B A3KM MisK aroMaMu OpAMHAPHi, ¥
MOJIEKYJII KHCHIO 3B’SI30K MijK aToMamMu
OKcureHy IOABiNMHUNA, Yy MOJEKYJIi a3zoTy
aromu HiTporeny cmoaydueni moTpiliHUM
3B’a3KoM (puc. 16.1).

Posrnsgusmo  pmowkaapmmime  ¢ismuni
BJIACTHUBOCTI a30Ty — I'OJIOBHOT'O CKJIAJHU-
Ka moBiTp4.

P4
I
pz4

Puc. 16.1. BymoBa MOJEKYJ OeAKUX
"HemeTasiB. InenTudikyiite ix

3 ornagy Ha Te, Wo BY 3HaETe Npo as3oT 3 MOBCAKAEHHOIO XUTTS, 3aroBHiTb npora-
NMHW B TEKCTi, HaBegeHoMy Aani.

Mosekyna a3oTy HemoJspHA, TOMK IeH ras .. PO3UMHSAEThCA y BoAi. Cuinm
B3a€MOJil MiK MOJIEeKyJIaMU a30Ty AYKE ..., TOMY 3a 3BUYAWHUX YMOB III PEUO-
BuHa nepebyBae B ... cTaHi. Bim nposopuii, ..., He Ma€ cMaKy Ta ... 3a TeMIepa-
Typu —195,8 °C azoT mepeTBOPIOETHLCA HA 0e30apBHY, PYXJUBY, AK BOIA, ...
YHacaigok Kpucraiisaiii asory 3a temmeparypu —209,86 °C yTBOpIOeThCSA
Oisa cuiromomibua maca a6o Bequki OimocHikHI Kpucranu. Pigxkuii asor 3acTo-
COBYIOTh SIK OXOJIOM:KYyBau Ta B Kpiorepamii (puc. 16.2).

Hemeranu, aki MaroTh aTOMHI KpUCTaJIiIUHI I'DATKM, BUPI3HAIOTHCA TBEep/ic-
TIO Ta TYTOILIaBKicTIO (noscHimb vomy). Hampukiaj, reMueparypa IJIaBIeHHA
cuiainiro cranoBuTh 1410 °C, Kpucrtaau 60py miaBasaTbed 3a 2075 °C, a remme-
parypa KumineA 1iel peuoBunu — mouan 3500 °C.

Hemeranu HemmacTuuHi, HOMiK HUX II€peBaKalOTh TieJeKTPUKHU, XoUa
3pifKa TPanJSAIOThCA U HANIBIPOBIAHUKN Ta TPOBITHUKYN €JI€KTPUUHOTO CTPY-
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Puc. 16.2. Pigkuii asor 3acrto-
COBYIOTL y JabopaTopifx, Ha
BUPOOHUIITBI, Y MeIUIINHI AK
e(peKTUBHUM  OXOJOIKyBau.
1. 306epiranua 6iosoriunoro
MaTepianay B mocyauHax 3 pin-
KuMm asotoMm. 2. Kpioxipyp-
rig — e)eKTUBHUHN MeETO]| BU-
MajleHHsS HOBOYTBOPEHL HAa
mIKipi

my. IisHaTtucs 6inbie mpo (isuuHi BJIACTUBOCTI HEMeTaJiB MOMKHA 3 TaOJIMILL
1 Jodamka.

Crinsxu 3aramom memeragis? OueBHMIHO, IO IXHA KiJbKicThb OijgbIa 3a
KiJIbKicTh HeMeTaTiuHMX eJeMeHTiB. AJ’Ke B IIPUPOJL € IIPOCTi peuoBUHU, AKi
icTOoTHO BiApi3HAIOTHCA OAHA Big OMHOI 3a CBOIMHM BJIACTUBOCTSAMM, XO0Ua U
YTBOPEHi aToMaMu OJHOTO HEMETAJIiuHOro ejJeMeHTa. 3 Kypcy Ximii OCHOBHOI1
IIKOJIX BU 3HaeTe, 1m0 OKCHUTeH YTBOPIOE IIPOCTi PEUYOBMHU KKCEHBL Ta O30H.
Taki peyoBMHM HA3WMBAIOTHh AJLOMPONHUMU MOOuPikayisamu (BUAO3IMiHAMM), a
SABUIEe IXHBOTO iCHYBaHHSA — AJIOMPONIEN0.

LlikaBo (i ni3HABAAbLHO

Tepmin «anotponis» 1841 poky sanposaaus M.5. Bepueniyc, cnoso «anoTponisy no-
XoaMTb Bif, AaBHbOrPeLbKNX CriiB 0AAOG — IHLIWIA | TPOTTOG — NOBOPOT, BMACTMBICTb.

YoMy peduoBUHU-AJOTPOIM MAKTH Pi3HI BIACTHMBOCTI, X04Ya yTBOPEHi aTo-
mMamu Toro camoro esnemenTa? IlpuragaiiMo: IpuYMHYA BiAMiHHOCTEH Yy BJIACTH-
BOCTSAX, AKi MM cIOcTepiraeMo Ha pPiBHiI Makpocsimy, mOTPiOHO IIyKaTu HaA
piBHi Mmikpoceimy. AsorpomHi Mommdikallii MOXKYTh BipidHATHMCA OXHA BiA
ofHOI KimpkicHuM ckuaazoMm. Hampukiaazn, monekynu kucuHoo O, Ta o3ony O,
CKJIaJaoThCcs 3 pisdHOI KimbkocTi aTomiB Okcureny. Hacaigkom mporo € te, 1o
KHCeHb He MAae€ 3amaxy, a O30H JiCTaB CBOIO Ha3BYy caMe uepe3 XapaKTepHUi
samax. [[isHaTucs 6Gijbie mpo mMoAiGHICTh i BimMiHHiCTS amoTpomuux MoAMdi-
kanii Oxcureny Bu 3MoxkeTe 3 Tabuurni 2 Jodamka.

Yu 3maTtHi adorponmHi moaudikaimii B3aemomneperBopoBaTucsa? 3 KHCHIO B
TuxomMy (6e3 CBiITiHHSA Ta iCKpP) eJIeKTPUUYHOMY PO3PALL YTBOPIOETHCA O30H:

0, 20, AH > 0.

lNepemeopimb cxeMy peakLii anoTponHOro NepeTBOPEHHSA KMCHIO Ha XiMiYHE PiBHSH-

HS, npoaHanidytime noro. Knacugbikyltime ii 3a Tennosnm epekToM Ta 03Hakow 060-

POTHOCTI. AK ynnunHe Ha XiMivHy piBHOBary Ui€i peakLuii NigBULLEHHS TemnepaTtypu Ta
Tncky? Yomy?

LlikaBo (i’ ni3HABAAbLHO

YnepLue 030H BuABKMB y 1785 poui ronnaHacekun isvk M. BaH Mapym 3a xapaktepHum
3anaxoM i OKUCHIOBanNbHNUMK BNacTUBOCTAMU. TepMiH «030H» (BiA rpeu. "Ofw — naxHy) 3a-
NponoHyBaB HiMeLbkui ximik X.®. LLieHbenH y 1840 poui.

¥ mpupopai BMicT 030HY B OBiTpPi 3pocTae Imim yac rpo3u, yHACHIiJOK ITHOTO
MU BiguyBaeMO XapaKTepHUU cBikuii 3amax. Haii6iysbille 030HY YTBOPIOETHCS
B cTpaToctepi, Ha Bucoti 12—50 KM, mifg ynauBoM yJabTpadiosieTOBOTO BUIIPO-
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minoBaHHA CoHIA. 3araJbHUN YMicT 030HY B aTMocdepi
BifimoBimae mrapy 1poro rasy 3aBTOBIIKK 3 MM (3a cTaH-
IapTHOTO THUCKY).

Kopucuuit un mrinaueuii 03087 O30HOBUH IIap 3aXu-
ae opra”isMum Bij IIKigmmBOro yabTpadiosieToBOoTO
BunpominioBaHHsa (puc. 16.3). Tomy crparerii sbaJsamco-
BaHOT'O PO3BUTKY JIOJCTBA HependavaioTh 3aXUCT 030HO-
BOro 1miapy Bix py#ryBaHHA. IIpo BakJMBiCTH IIHOTO
3aBIaHHA cCBigumTh Te, mo 1994 poxy I'eHepanbHa
Acamb6aes OOH nporosocuia 16 BepecEsa MidKHADOZHUM  pye. 16.3. O30HOBHIL
JHEM OXOPOHHM 030HOBOro mapy. Tox mixg dac KymiBmi map saxwummae opra-
aepo30JILHUX OAJIOHYMKIB, KOHAMITIOHEPA YW XOJOAWJb- Hi3MM Bim mIkimiwmso-
HUKa 3BepTaiiTe yBary Ha MapKOBaHHA ToBapiB. BubpaB- ro yasTpadioneroso-
I TOBapM Ta TEeXHOJOrii, BMKOPHCTAHHA SAKMUX He IO BUIPOMiHIOBaHHSA
3aBJa€ IITKOAU O30HOBOMY IIapy, BU He JUIIE AOATUMeTe
PO BJAacHE 3MO0POB’SA Ta 3M0POB’A HAIMAAKIB, a I Ipo 30epe:KeHHs KUTTS Ha
3emui.

3He3apaXyBaHHS IIMTHOI BOAM O30HOM Ma€ HM3KY IlepeBar IIOPiBHAHO 3
XJIODYBAaHHAM. ¥ MEIUIMHI 030H BUKOPUCTOBYIOTH s Ae3iH(MiKyBaHHS Ta
crepuaisyBanHsa. O3oHoTepalisa — HOBUil BUCOKOe(DEKTUBHUII MeTOJ JIIKyBaH-
HA, AKWUN 3aCTOCOBYIOTh y HAWPiBHOMAHITHIINIUX Tajny3sax MeIUIUHU. ToMy
BasKJIMBO 3HATU BJIACTHBOCTI Iriei asorpomuoi momupikamii Oxcureny, Imiod
0e31IeyHO BUKOPUCTOBYBATH ii Ha Ojsiaro jooguHu. AIKe 030H — IOyKe arpecuB-
Ha ¥ oTpyiiHa peuoBuHAa. IIiIBUINTEeHHA BMICTYy B IIOBITPi 030HY TEeXHOTE€HHOTO
MOXOMKeHHsA HeOe3lmeuHe AJA OpraHisMiB. YHACHiZOK Aii 030HY IPUIIBUIIIY-
€ThCS CTaPiHHA KOHCTPYKIINHUX MaTepianiB, pyHHYIOThCA XYIOKHI dapbu —
iXHI KOJbOpPM ThbMAHiIOTH. TomMy migBUIIEHUH yMicT IIbOrO rasy B HOBiTpi
Hebe3IMevyHui He JIUIe JJIs OpraHisMiB, a ¥ JJigd BUTBOPiB MUCTEIITBA.

HoraamHile Ipo ajoTPOImito AeAKWX IHIMIUX HEMETAJIIYHUX eJIEMEHTIB iTu-
MeThCA B HAaCTyIHOMY maparpadi.

https://www.youtube.com/watch?v=mVhObSZUQMO
https://www.youtube.com/watch?v=HVvTAc1gE18

https://www.youtube.com/watch?v=dB6Dxsxb80g

o 18] FONOBHE

® Hemeranau MOJIEKYJISPHOI OymoBM MAIOTh HEBHCOKi TeMIlepaTypu IIJIaB-
JIEHHS.

® Hewmeranu 3 aTOMHUMY KPUCTAJIUHUMHU I'DATKAMU BUPi3HAIOTHCA TBEPAiCTIO
Ta TYTrOILJIaBKiCTIO.

® Hemeranu HeWJIACTMYHI, NOMIiK HUX I€PEBAKAIOTh [ieJIEKTPUKHU, XOUYa
3piZKa TPAILIAIOTECA I HAIIIBIPOBIIHMKU Ta IIPOBIIHUKM €JIEeKTPUUYHOTO
CTPpyMYy.

® Ajorpomis — sABHUINlE iCHYBaHHS OJHOrO XiMIiUHOTO ejieMeHTa y BUIJISIL

KLJIBKOX ITPOCTUX PEUOBUH 3 PiBHMMU BJIACTUBOCTAMU — AJIOTPOTHUX MOJIU-

dikamiii.

Anorpornai Mmogupikarii 3maTHi B3a€MOIIepeTBOPIOBATUCH.

Ozon O4 i kucens O, — anorponHi mogudikanii Oxkcureny.

OszoHOBUI IIAp 3aXUIAa€ OPTraHidMM Bif IIKigZJIMBOTO yJIbLTPadiosieToBOro

BUIIPOMiHIOBaHHA.

a https://www.youtube.com/watch?v=Gz3IrL oW0oqg
O //¢ >

71



llepesipTe cebe

1. lNepemeopims po3noBigHi pedeHHst pyopuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BIANOBICTW Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocyvire CBOI 3HQHHST A YMIHHSI

2. Po34mHHicTb 030HY Y Bogi 3a 0 °C — 0,394 kr/m® (0,494 n/kr), Wwo BaecsTepo B1Lwa 3a
®

, o » o—/&o -
PO34YMHHICTb KUCHIO. [TopigHslime GynoBy MOMEKy I KUCHIO (puc. 16.2) Ta 030HY g
N nosicHimb uen akT. 3. EnekTpodinbTp — Le NpuUcTpii, y AKOMY OYNLLEHHS rasiB Big aepo-
30MbHUX, TBEPANX abo pigKMX YaCcTMHOK BioOYyBaeTbCA Nig i€ enekTpuvHux cun. Y pe-
3ynbTaTi Ail enekTPUYHOro nons YacTMHKK, siki HabyBatoTb 3apsidy B MO KOPOHHOIO po3-
psay, ocigaloTb Ha enekTpogax. [1oscHimb, YoMy: @) He pEKOMEHA0BAHO BMKOPUCTOBYBATM
enekTpodinbTPU ANs OYMLLEHHA NOBITPS B My3esix; 6) TUrMi, y SKMX NnaBnsaTb 301070, BU-
roToBMATb 3 rpadiTy.

<., TBOpYQ MaViCTEpPHSI

5. Po3pobimb pons MOMoALoro yYHiBCcTBa CLUeHapin TeatpanisoBaHoi BucTtaBn «O30H:
KOPUCTb i LWWKoZAa» Ta 8Mifibme NOro B XUTTH.

§ 17. ®isnyHi BAacTMBOCTI Ta anoTponis Kap6oHy, Cyabdypy,
docoopy

lMicnsi onpayroseaHHsA napazpagha eu 3Moxxeme:

xapakmepu3yeamu (i3nyHi BNacTUBOCTI NpocTux peyoBuH KapboHy, Cynbdypy, doc-
dopy Ta ecmaHoesIroeamu 3anexHicTb iXHIX BNnacTnBocTen Big 6yaosy;
nosicHreamu BiAMIHHOCTI BNacTMBoOCcTen anoTponHnx moaudikauin Cynbdypy, Kapbo-
Hy, Pocdopy iXHIM KinbKiCHUM cknagoM Ta 6y4oBoOto;

Haeodumu npviknaamn anoTponHnx Moaudgikauin Cynedypy, KapboHy, docdopy;
06rpyHmoeyeamu 3acTOCyBaHHSl HemeTaniB iXHIMK (i34HMMKM BNAcTUBOCTAMU Ta
3HA4YEeHHS anoTPOMNHUX NEPETBOPEHD.

Yu yTBOPIOIOTH AaJOTPOmHi Mommdikamii iHIII HeMeTamiuHi eJleMeHTH,
"Hanpukgan Kap6oH, Cyabdyp, Pochop Toimo? ABumie amorpomii mocuTh
ImoIIupeHe IMOMiK HeMeTaJiYHUX ejieMeHTiB. BoHO Moike OyTu 3yMOBJIeHE He
JIUIIEe BiAMiHHICTIO B KiJIbKicHOMY CKJIanai, a i 0COOIMBOCTAMY B3AEMHOTO PO3-
TalryBaHHA aTOMIiB i MOJIEKYJ y KpHUCTajJaX. Xoda y By3JlaX KPUCTAJiYHUX
r'paTok aamasdy i rpadity MicTAThCA aTOMH TOrO CaMOT'0 XiMiUHOIrO ejieMeHTa
Kapbony, 1i mpocTi peuoBrMHM MalOTh Pi3Hy OYAOBY KPHCTAJiUYHMX I'PATOK Ta
pisui BiactuBocti (guB. § 8). Okpim ammasy it rpadirty, Bigomi ¥ immri ajo-
TpomHi Moxudikailii Kapbony (puc. 17.1).

Yu marorh amorponHi mogudikamnii Kapoony nmpakTuune 3HaueHHs? 3acTo-
CyBaHHs Oy[b-sIKOI PEUOBUHHU 3yMOBJIeHEe KOMILJIeKcOM ii BiaacTtusocTreii. ITleBHi
YABJIEHHS IIOJ0 TOTO, AK JIIOAVHA BUKOPUCTOBYE ajiMas i rpadir, Bu maere 3
MOBCAKAEHHOTO JKUTTS. YTiM aJaMasuW He JUIe MaTepiaj, 3 SKOT0 BUTOTOBJIA-
IOTH KOIIITOBHI AiaMaHTH IJis 03700JIeHHA I0BeJipHuX BupoO6iB. CyuacHi TexHO-
Jorii moTpebyIoTh BEJIMKUX MOHOKPUCTAJIB CUHMEMUYHUX ALMA3i8, eJTiTHUX
aJIMasHUX NI yBaJIbHUX MOPOIIKIB i MiKpomopoImkiB. AMasHi iHCTpyMeHTH
IJIs BICOKOIPOAYKTHUBHOTO 00pO0JeHHsS MeTaJiB i KaMeHIo, OypiHHSA, BUI00Y-
BaHHS BYTLJJIS Ta I'e0JIOTiYHOI PO3BiAKM, MOJipyBaJbHi IIACTH AJISI BUCOKOTOY-
HOI OIITMKM, CyHepIpenusiiiHi BepcTaTu aJMasHOTO MiKPOTOYiHHA Ta IOJIipY-
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Puc. 17.1. Binkpurta dyneperis ckaany Cq, u Cy (1985) Busna-

HO OJHUM 3 HaWAWBOBMKHIIMNX 1 HaWBa)KJIUBIININX HAYKOBUX

BiAKPUTTIB MuHyJO0TO cTOdiTTA. 3a HHOrOo P. Kepsa, P. Cmori

ta I'. Kporo y 1996 p. ymocroeno HobGesiBcbkoi npewmii 3 ximii.

1. Kpucranu 6axkmincrepdyiepeny. 2. Mogeai momexya dyaepe-

Hy C4y Ta ¢ynepeny C,,. 3. Mozenb kKap60HOBOI HAaHOTPYOKH.
4. IlanepoBa mMojenb-opurami gynepery Cq,

BaHHA — Ieli mepedik maiiyxe Oesame:xxHuii. HoBiTHi pospobku B mmiii raaysi
3IiMICHIOIOTH i BIIPOBAKYIOTh ¥ BUPOOHUIITBO B OMJHOMY 3 HAMOIJIBIINX HAYKO-
BO-TeXHIiUHMX MaTepiajo3HaBumuX IIeHTPiB €Bpomm — IHCTHUTYTI HaATBEpAUX
marepianxiB im. B.M. Bakyna HAH Vkpaiuwu.

3a IpaKTUYHUM 3HAUYEHHSIM ajiMa3y He IocTyImaeThed rpadir. Bucoka enex-
TPOIPOBiAHICTE (noscHimd ii npuyuHy) 3yMOBUJIA HOTO IINPOKE BUKOPUCTAHHA
B esekTporexHili. Tepmiuma crifikicTs 3pobuia rpadit HesaMiHHMM Ha BUPOO-
HUIITBi, TTOB’I3aHOMY 3 BUCOKOTEMIIEPATYPHUMHU IIpollecaMu. 3HaTHIiCThL rpadi-
Ty po3LIapoByBaTuCA (NO0ACHIMb, YUM 60HA 3YMOBJ€HA) BUKOPUCTOBYIOTDH AJIA
BUTOTOBJIEHHS OJIiBIIiB Ta PiBHOMAHITHMX MAaCTUJILHUX MaTepiaJiB.

IIpakTuune 3HAUYEeHHA iHIMMUX aJoTpomHUX Momudikaiiiti Kapbouny Buuepm-
HO XapaKTepusyIOThb CJIOBOCIOJIYyUEeHHA — mamepianu HO8020 NOKOJAIHHA,
mamepiaau maitbymuvozo. JoxkaanHinie mpo HUX BU 3MOXKeTe [Ai3HATUCA 3
rabauti 3 (auB. Jodamok).

LlikaBo (i nisHABAAbLHO

Mowykn BOanMx peuenTiB CTBOPEHHS
€caMOo3bMpHUX MiHiaTIOpHUX 00’eKkTiB 3 aTo-
MiB — BaXNMBMIN Hanpsam NpuknagHoi disu-
kn Ta GiotexHonorii. xyHra Kim (Jungah
Kim) 3 niBOeHHOKOPEWCHKOro |HCTUTYTY
dyHOameHTanbHMX Hayk B [1xoxaHi cneuia-
Ni3yeTbCA Ha BMPOLLYBaHHI KpucTanis 3
cdynepeHy’. YHacnigok amilyBaHHst dyre-
PEHIB pi3HUX BWAIB i AOCHIAHNLBKIA Ty Puc. 17.2. ®ynepeHosi KBiTOUKH.
BAAnNocs BUPOCTUTW KPUCTanM, CXOXi Ha ATiIKY — TIOTIepPeNy...
KBITKY Knemartmca, po3mipoM YCbOro Kinbka
MIKpOHIB (puc. 17.2).

Yu 3matHi aamas i rpadit B3aemMomepeTBOPIOBATHCA, AK, HAIPUKJIAL,
KuceHb Ta 030H? Came 3 rpadiTy 3a BUCOKMX TeMIEpaTyp i THCKY H0OYBalOTh
CHUHTETHYHi anmMasu. ¥ BakyyMi abo inepTtHiii armocdepi ke 3a 1400 °C moumn-
HaeThbCca rpadiTmsalia anMmasy, AKa OPUIMBUAIIYETHCA 31 3POCTAHHAM TeMIIE-

paTtypu.

! Kim, J. et al. Unique Crystallization of Fullerenes: Fullerene Flowers. Sci.
Rep. 6, 32205; doi: 10.1038/srep32205 (2016).
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LlikaBo (i nisHABAAbLHO

BusaBneHo, Wo nepeTBOPeHHA anmasy Ha rpadit yHacnigok onpoMiHEHHST M’ AKUM PEHT-
rEeHiBCbKUM BUMPOMIHIOBAHHSAM Bif0yBa€eTbCS LLIOHANMEHLLE BAECATEPO LUBUALLE 3a TEPMIY-
HuI npouec. Npo Le nosigoMuna MixkHapoAHa rpyna, LWo BUKOHyBana disnyHi 4OCHigKEeHHS
nig kepisHmutBom ®paHua Tasenna (SLAC, CLUA), CeeHa Toneikica (DESY, Himevuunna)
Ta beatn 3ai (IHCTUTYT g9aepHoi isunkmn, Kpakis) y xxypHani High Energy Density Physics.
https://www.desy.de/news/news_search/index_eng.html?openDirectAnchor=1317&two_
columns=1

Anorpomia Cynsdypy TaKok 3yMOBJeHa BiIMiHHOCTAMM B CKJAaAi Ta OyI0-
Bi YyTBOpEHUX IIMM €JIEMEHTOM ITPOCTUX PEUOBUH, 3JATHUX IO B3a€EMOIIEPETBO-
penHsa. KpucramiuHa cipka — KpHUXKa pPeYOBHHA JKOBTOT'O KOJBODY, HE PO3YU-
HieTbca ¥ Boxi. Cipka Baskua 3a BOAy, TOMY Ii KPHCTAJIM OIIyCKAIOTHCA HA IHO
mocyauuu. OmMHAK YMillleHu# y TOCYANHY 3 BOJOIO TIOPOIIIOK CipKM CIIIMBa€E Ha
noBepxHO. Ile BimOyBaeThcA TOMYy, IO Ieil HeMeTasl BOAOI0 HE 3MOYYETHCH.
Cipka — gieJIeKTpUK i BiJl TepTs CUJIBbHO eJeKTPU3YEThCA Ta HAOyBae Bi’ e MHOTO
3apany.

Cipka crJiafaeThes i3 MUKIIYHEX MOJEKYJ Sg, IO MalThb (OPMY KODPOHH.
Kpucraniuma cipka nnasutbkea 3a Temneparypu 113 °C. 3 posmiaBy mmig yac
TOBiJIBHOTO OXOJIOAYKEHHS YTBOPIOIOTHCSA KpPUCTAIM iHINOL opMu: pomobiuHa
cipKa mepeTBOPIOETHCA HA MOHOKAIHKY (puc. 17.3). YHacaimok BigminHOCTEH Y
IIPOCTOPOBOMY PO3TaIllyBaHHI MOJIEKYJI CIipKH Yy KpHUCTajJaX I[i aJOTPOITHi
moauikamii BigpisHAIOTHECA I'YCTHHOI, KOJIHOPOM TOIIIO.

5\/>5/

Puc. 17.3. 1. Monerkyna cipxu 3a
3BUYAMHUX YMOB MAa€ IUKJIIYHY
oymoBy: A — Buraan sropu, b —
BuUran 36oxky. Pomb6iuna cipka (2)
3a HArpiBaHHS IIePETBOPIOETHCS Ha
MOHOKJIIHHY cipKy (3)

B3

Crocrepiratu 3a miaaBjaeHHAM cipku (puc. 17.4) He jwuiie IikaBo, a i IIi-
3HABaJBHO.

Puc. 17 4. I1naBnen-
HA CipKH CYIIPOBO-
IKYETBCA  3MiHOIO
OymoBu il MOJIEKYJI
i, AK HacCIigoK, —
3MiHaMu KOJIBODY,
B’A3KOCTi pPOBILIABY

TOIIO 20°C 119 °C 159 °C 444 °C
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YHacHigoK miABUINEHHS TeMIIe-
patypu pyHHYIOThCA CJIA0Ki MixKMO-
JEeKYJApHiI 3B A8KM B KpHUCTAJaX i
BUBLIBHAIOTLCA IMUKJIIYHI MOJEKYIHN
Sg, AKi HaOyBalOTh II€BHOL DYyXJIH-
BocTi. B’aA3KicTs mbOro posmiaBy
MEHIIA 3a B’A3KicTL Bogu. 3a TeMIle-
parypu 195 °C B’s3KicTh po3miaBy
cipxu 3pocrae uu He B 10 000 pasis,
TOMY BiH He BMJIMBAETBLCA 3 MPOOIp-
KUu. YHACJHIIOK pYHHYBaHHSA IUKJIB
Sg YTBOPIOIOTBCA BiIKPHUTiI CTPYKTY-
pu, KiHIIeBi aToMM SKHX CHIOJyYa-
IOThCA MiK c000I0 B NnOJIiMepHi JaH-
IIOTH, IO MiCTATL MiJbHOHU aTOMiB
Cynapbypy. 3 HOJaJBIIUM IIiABUIIEHHAM TEeMIIEPATypPH IIOJiMEpHi JIaHIIOTU
PYHHYIOTBCS, CTAIOTh KOPOTIIMMHU, TOXK B’SABKIiCTH PO3IJIABY 3MEHIITYETHCH.
fxiro fioro TemiepaTypy pPi3KO 3HUBUTH, BUJUBIINA B MOCYAUHY 3 XOJIOMHOIO
Bogmoio (puc. 17.5), micranemo niacmuuHy CipKy, AKa 3a MeXaHiUHUMU BJac-
TUBOCTAMU HAragye r'ymMy 4u ILJIacTUIiH: i1 (hopMy JIETKO MOXKHA 3MiHUTH.

Ilnactnuna cipka, Tak camo AK ¥ iHIIL aJo-
TpormHi Mogudikarii Cynabdypy, 3rooM IIepeTBo-
poeTbcsa Ha poMOiuHY CipKy, HaMcTiHKimmy
3-moMixk HuX. J[oKJIafHiIe IPO BJIACTUBOCTI POM-
0iuHOi Ta MOHOKJIIHHOI CipKu BU 3MOKeTe misHa-
Tuca 3 tabauni 4 JJodamka.

®/+—\\
/
Ok

S,(n = 2000 — 5000)

Puc. 17.5. YTBOpDEH-

HA IJIACTUYHOI CipKu;

(1) Tta il cTpyKTypa
(2)

Yu He KOKHOMY 3 TUX, XTO KOPUCTYETHCA Cip-
HUKaMHM, BijoMa OgHA 3 aJOTPOIHHX Moaudika-
it Dochopy — uepsoruii dpocdhop. Bin — crman-
HUK HaMa3KM CipHMKOBOI KopoOku. IIpore masmy
«@Pochop», 110 MOXOTUTH BiJl IPEIIBKOT0 POSPOPOE,
Ta O3HAYa€ «CBITJIOHOCHUI», XiMIiUHMII eJeMeHT
micTaB 3aBAAKY 1HIIIN aJOTPOmHIA Momm@ikaIii —
oinomy dochopy. Ilro peuoBuny 1869 pory Bin-
KpuB raMOyp3bKuil aaximik-amarop Bpang (puc.
17.6).

3rosomM TpPUBAJMM HArpiBaHHAM y BaKpPUTii
TIOCy M H1 6}noro dochopy ,u;o6ymx1 yepBOHUM (oc- KaMEHIO BiAKpHB (bocdop.
dop. Ilismimie mobyam Ile KigbKa aJOTPOTHUX , .

; i I»xosed Paiir (Paiit 3 Iep-
monudikariii Pochopy (Ipo HUX BU MOKeETe 6i), 1771 pix
nisaaruca 3 tabauni 1 Jodamka). Bigminuocti B
OyIoBi ABOX HAMBAMKJIMBIIINX ajJoTponHuUX mMomudpikaiiii @ochopy Jerko 3po-
symiTu 3 pucynka (17.7).

Toxx He mAuMBHO, 0 AK (isiosoriuma misg, Tak i ¢QisumuHi BIAcTUBOCTI Ta
xiMiuHa aKTHUBHICTH 0ijoro Ta uepBoHOTrO (pochopy icToTHO pisHATHCA. Bimumit
docdhop — ay:ke oTpyHHMHI, UePBOHUIN — MaJOTOKCUUYHMI. 30BHI 6inuii dochop
cxo:kuii Ha mapadin, M’aKuii, #oro Jerko medopMyBaTH, Po3pisaTu HOMKEM.
IlnaBuThca 1A peuoBuHA 3a Temueparypu 44,2 °C, po3unHAETHCA B OaraTbox
OpPraHiYHMX PO3UMHHUKAX, HAIIPUKJAI CipKOBYTIJIEIli.

HaromicTs uepBoHMIT (hochop POSUNMHAETHCS JUIE B POIMIABIEHUX CBUHILL
Ta OicmyTi. 3a HarpiBaHHsS BiH He ILJIaBUTLCS, a 3a3Hae cyOaimarii, mim uac

Puc. 17.6. Anximik, axuit y
IOIIyKax dimocoderKoro
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Np Np \P/ Puc. 17.7. 1. Binumii dochop

P P
— P, - monexynapHa pedoBHHA.
. N AN N\ o 2. Yepsonwmii docpop (P,), —
— ~9 moJliMepHa CIOJyKa CKJIaTHOI
OymoBU

AKOI IepeTBOPIOEThCA Ha Oinuii dochop. AKmio cybaimallis BigOyBaeTbcsa B
iHepTHi#l aTmocdepi, Ha cTiHKax mocyauHU ocimae Oinuii docdop. I3 uyacom
Oinuit ocdop AysKe MOBIIbHO IIEPETBOPIOETHCSA HA YEPBOHMUIA.

LlikaBo (i nisHABAAbLHO

docdopHuii Hekpo3d wenenn y XIX ctonitTi 6yB npodeciiHum 3axBOpHOBaAHHAM Nepco-
Hany cipHukoBux pabpuk, ge BukopuctoByBanu Ginuinm gocdop. 2 nunHa 1888 poky nicns
3BiNlbHEHHS1 OAHIET 3 NpauiBHMUb Ha JTIOHOOHCHKIA CipHUKOBIA dhabpuui noYaBcs cTpaiik po-
BiTHULb, SIKMIA CYNPOBOAKYBABCSA AeMOHCTpauieto. MNMpauiBHuLo 6yro 3BiNbHEHO 3a BiAMOBY
HamMcaTu CNpOCTyBaHHA 4O CTaTTi BiQOMOI XXypHanicTkm, 6opus 3a npasa XiHOK AHHI bes-
aHT Npo Xaxnuei yMoBU npadi i pocopHuin Hekpo3 3okpema. Lis nogis Beiviuna y CBiToBy
iCTOpIl0 N KyNbTypy HacTiNbkK, Wwo B 1960-x pokax crnigamu TUX Nogi NOCTaBNeHO MIO3UKIT
«[is4yata-CipHmyHudi» (The Matchgirls).

Ximiuna axTuBHiCTL 6ijioro ¢ocdopy icTOTHO BHIa MMOPiIBHAHO i3 UepBoO-
HuM. Tomy 6inmit docdop s36epirators mim mapom Bogu, 1106 i30JI0BATH BiA
HOBITPA Ta 3amobirtu oxucHeHH0. CaMe IOBiIJILHUM OKHCHEHHSAM, YHACJIiZOK
AKOTO BUILIAECTLCA CBITJIOBA €HEPris, 3yMOBJEeHUN e(peKT XO0JIOJHOTO CBiTiHHSA
(mrominicmenii) 6ismoro gochopy. Horaaguiiie npo ximiuHi BiacTuBocTi doc-
(¢opy Ta iHIMUX HeMeTaJiB iTMMETbCS B HacTynHOMY Iaparpadi.

https://www.youtube.com/watch?v=vep-rJHgwOs
https://www.youtube.com/watch?v=vyy6TCxz8Nc
https://www.youtube.com/watch?v=LjAiHZWDf4s
https://www.youtube.com/watch?v=NdOyFPv7TkY

TOAOBHE

()

® Aimas i rpadit — amorponui momudikailii Kap6ony.

® dynepeHU Ta HAHOTPYOKM — MaTepiasii HOBOTO MOKOJiHHA.

® Pombiuna, MOHOKIiIHHA Sg i IJIacTH4YHA S, cipKa — aJloTponHi Moaupikamii
Cynbdypy.

® Bimuii P, i uepBonmnii (P,), dpochop € anorponaumu mogudpikaniamu Pocdo-
py.

©® 3uHanHA Mpo (GiswyHi BIaCTHUBOCTI HeMeTaJiB MOTPiOHI AK M5 e(peKTUBHOTO
BUKOPUCTAHHA TPAAUIIINHNX MaTepiaiiB i TeXxHOJOri#, TaK i O/ CTBOPEeHHA
HOBITHiX.
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llepesipTe cebe

1. lNepemeopimb po3noBiaHi pedeHHst pyopuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BV BiAMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocymnre CBOI 3HAHHST A YMiHHS]

2. lMosicHime BucniB BigoMoro ximika KO.B. XogakoBa. « KO 3BaXWUTU Ha npupoay cun,
SKi Mae No4onaTh rpaHUNbHKK anmMaasis, Koro npodecito MoxHa byno 6 BigHeCTN 4O XiMiy-
Hux». 3. [JonosHims nopagy AoMallHbOMY yMinbLto: «Llo6 BurotoBUTM nnactunid, y pos-
nnaeneHun Bick 4O6aBNATL PO3nnaB kaHichoni Ta TPOXu NiIrMeHTY. Y Lo pigKy Cymill ynu-
BalOTb PO3MMaBneHy CipKy, fika, Tak caMo SK i KaHiponb, Haaae nnacTunidy ...». 4. Binomui
cnocib 3aBaHTaXyBaHHS CipKM HAacUMoOM Yy HamniBBaroHW. VIoro HeonikomM € yTBOPEHHS nuny
nig Yyac 3aBaHTaXeHHs, WO Moripwye yMOBM Npaui i WkoauTb AOBKINM. 3 ornsgy Ha di-
3UYHIi BNacTMBOCTI CipKWU 3anporoHyltme 6e3nedHiwmnii cnocib ii 3aBaHTaxyBaHHs. 5. IpuHa
Ta Bagum nocnepevanuca. Bagum ctBepaxyBas, WO anxiMik bpaHaTt ogepxas cdocdop,
BMNAPVBLUN 3anMLLOK BiJ NEPEroHKu cedi maco 6rnm3bko TOHHK, SKY BiH 3i0paB y conpar-
CbKMX KaszapMmax. IpvHa BBaxkana Moro TBeEpAXEHHS HeJonyrum xaptoMm. Hasedimb apry-
MEHTWU Ha NIGTPUMKY TBepaxeHHs Baguma. 6. AKWO B TEMHIN KiMHaTI CIpHUKOM He Oyxe
CUIbHO, Tak, Wob BiH He 3aropiBcH, YMPKHYTU MO CipHMKOBIN KOpobLUi, TO AesKuiA Yac Ha
TepTui KopobkK, CKNagHMKOM Hamasku Kol € YepBoHui docdop, byae BngHo Ginuin cBiT-
HWR cnia. MNosicHime ue aBuwe. 7. CipkoByrneub — NETKUA PO3YMHHUK, LLO NIEFKO BUMAPOBY-
eTbcqa. CrpoeHo3ylime, WO BiAbyAeTbCS, AKWO NPOCOYMTU po3dMHOM Ginoro dpoccopy B
cipkoByrreLi apkyLl nanepy v 3anuwmnTy Moro Ha nosiTpi.

‘ °g TBOPYQ MQUCTEPHS
8. Cknadimeb ceHkaH «AnoTponiay.

§ 18. 9suie aacopouii

lMicnsi onpayrosaHHs Uyb020 napazpagha eu 3Moxeme:

® pfosicHrB8amu CyTb siBULLA afcopouin;

® Jocnidxyeamu ancopbuiiHy 30aTHICTb aKTMBOBaAHOIO BYFINNA Ta aHanorivYHUX fikap-
CbKUX 3aco0iB;

® Joeodumu npakTUYHY 3HaYYLLICTb sBMLLA agcopbuii.

Apncop6uia (Big s1am. ad — Ha, npw i sorbeo — NoOrNMHaK) — siBULLLE NOTfIMHAHHA
PEeYOBMHM 3 ra3yBaToro cepefoBULLa Y4 PO34YMHY NOBEPXHEBUM LLUAPOM pigu-
HM a6o TBepporo Tina.

Ancop0Oiria BimoMa JIIOACTBY 3 JaBHiX-JaBeH, ii IMMPOKO BUKOPUCTOBYIOTEL Y
mamri gui. IIle B CrapomaBHbomy €rumti, Immii, I'pemii mepeBHe Byrinasa Ta
TJINHY BUKOPHCTOBYBAJIU OJIs OUHUINEHHS BOogu (puc.
18.1), nmuBa, BMHaA Ta g Yac JIIKYyBaHHS OTPYEHbD,
nuseHTepii, rematuty Tomio. ¥ «Kamomi Jgikapcbkoi
HayKku» Asimenna (puc. 18.2) ommcaB MeToOaM BIKU-
BaHHA COPOEHTIB SK 3acob0y mpodiJaKTHUKM 6araThbox
xBopo6. Jlikapi laBHboi Pyci BuKopucTOBYBaIU s
IbOr'0 Oepe3oBe Ta KiCTKOBe BYTiJid.

Puc. 18.1. OuulrieHHsi BOAU B JABHUHY. ¥ BeJHKe IIMHSHE

TOPHATKO 3 NipKaM® B CIIOJi HACHUIIAJM IIIap KPYIITHOTO rpa-

Bil0, IIOTiM — IIapu IIiCKYy, AePEeBHOTO BYTiJis, 3HOB IIiCKY

M rpaBio. ¥ TOPHATKO HaJWBaJIM BONAY, SAKa IIOCTYIOBO

mpoxoauja Kpish mapu QiabTpyBaJSbHUX MaTepiasiB i cTi-
KaJja B IOCYIUHY




Puc. 18.2. Asinenna (980-1037 (A0y Axi Anp-Xyceiin 16a AG-
mammax i6m CiHa) — mepchbKuil (TaIKUIIBKNUM) HAyKOBeIlb, (inocod,
JiKap, My3uKaHT XI cT., aBTOP €HIIMKJIONeIUUHNX IPallb, y SKUX
CHUCTEMaTU30BaHO BCi cyuacHi ioMmy 3HaHHSA

LlikaBo (i’ nisHABAAbLHO

«[lMnacTyHcbke nikyBaHHSA» — OOPOroLiHHUA cnadok Hawux npefgkis. MNMnactyHn Ha Civi
Marnu CBil OKpeMui KypiHb. [lonomaranu nnactyHam ixHi TanHu-cekpetn. Hacamnepepq —
MegmnyHi. Konu x gosogmnocst nutn Bogy 3actosiHy, 6onoTtaHy, 60 iHwoi He 6yno, To nepen
TMM KOBTamM XXMEHbKY BYrinns, y3aToro 3 6arattda (HEBENMKUIA 3anac Moro 3aeBxau Mas i3
coboto nnactyH). 3a AHamoriem NacmepHakom.

AncopOuiitHi ssBUIA, IOMIKPEHi B sKMBiil i HeskuBiil nmpupoxai. Bogwi it raso-
Bi PO3UMHY OPraHiYHMX i HEOPraHIYHUX PEUOBUH NPOXOAATH KPi3h TOBII Tip-
CbKUX TIOPif i I'pyHTH — BeamuesHi mpuponHi adcopbuiiini xoaoHu. JlereHeBa
TKaHMHA afcopO0ye KUCeHb, AKUU TPAHCHOPTYETHCA B OpraHisMmi 3a ydacTio
reMorJiobiny KpoBi. O0OMiH peuoBMH i eHeprii Tako:k BimOyBaeThbCs BHACIITOK
3MaTHOCTI TTOBepXHi Giosoriunmx mMemOpaH amcopbyBaTu (mOrJIMHATH) i mecop-
OyBaTu (BUBiJIBHSATH) PeUOBMHU. BiguyTTsa 3amaxy Ta cMakKy Te)X IIOB’sI3aHi 3
azmcopOIriero.

106 raubItie OCATHYTH CYTh A8UW,a a0copbuyii, BUKOHAaliTe JabopaTOpHMII
IOCJIiT 3 BUKOPUCTAaHHAM aKTMBOBaHOro Byrisuia (puc. 18.3), cuiikareaio Ta
iHImMUX BiOMUX BaM 3 HOBCAKJEHHOTO YKUTTA PEUYOBUH.

Puc. 18.3. AKTuBOBaHe BYTiJId.
1. TabseTKM aKTHBOBAHOTO BYTLIIA
BUKODPUCTOBYIOTh y MEIUIUWHI IJs
3MEHIIIeHHA 1HTOKcHuKAaIii opra"isamy
IMig Yyac OTPYEHDb Ta IIIYHKOBO-KHUIIIKO-
BuX posiaaxiB. 2. TexHiuHe akTuBOBaHe
BYTiJIIA 3aCTOCOBYIOTH AJISA OUHUIIIEHHS
BOJM, IYKPY TOIIIO

©

/’ AQBGOPATOPHUI AOCAIA 2.
2o AOCAIAXKEHHS AACOPOLINHOT 3AATHOCTI AKTUBOBAHOTO BYTIAASI TO AHOAO-
FYHUX AIKAPCbKUX 3ac06iB

IIpuzadaiime ma HeyxunbHO 6UKOHYUMeE

ITPABUJIA BE3IIERH IIIJI, YAC POBOTH bﬁ =
3 OBJJAJHAHHSAM I PEAKTUBAMUI 2\ |=-=m

O6na0HaHHA: MITATUB 3 IPOOipKaMU, IMileTKH, CKJIAHI IaJTuUYKH.

Peaxmueu: 6xiguii po3unH 0apBHUKA, aKTUBOBaHe BYTLJJIA Ta iHIIL amcop-
OeHTH.

3apnauud. Ilopigusailime ancopOITiifiHy 3AaTHiCTh BUJAHUX BaM COPOEHTIB.

JJ1a 1boro mMoKJIagiThL Y IPOoOipKy MOTOBUEHE aKTUBOBAHE BYTLJIISA, HAJUNTE
pos3unH OapBHUKA, 3aKOPKYHTe M peTeNbHO CTPyIlIyiiTe mo mosasu 3Mmim. Te
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came IpopolbiTek 3 iHmwuM copberToM. Onuwimbs CIOCTEPEKEHHA Ta CHOPMY-
JLI0lLMme BUCHOBOK.

Apncop6iiro ra3yBaTMX pPEYOBHH CBisKONPOKAPEHHUM [TepPeBHHUM BYTLILIAM
oxuouacuo (1777) sigkpuau Kapa Illeene (puc. 18.4) i dourana Pemniue (puc.
18.5). Biaromi akTuBOBaHe BYTiJIJIA IOYAJW IIUPOKO 3aCTOCOBYBATH B TpPaau-
mifiHifi megunuHi. 3rogoMm 0yJio 3’sCOBAaHO, IO OOCAT MOTJIMHYTOTO I'asdy 3aJie-
JKUTH BiJ HoTo MPUPOAM Ta TUIY aKTUBOBAHOTO ByTiaa. ¥ 1875 porri pociii-
cokuit ximik Tosi#t JloBin Bigkpus aBuie adcopoOuyii eyzinaam y pidxomy
cepedosulyi, NOKJAQMHO IOCJHiIWMB MOro Ta 3alpONOHYBAaB BUKOPHCTOBYBATU
IepeBHe BYTLJLIA A5 eDEeKTHUBHOTO OUMINEHHA BOAU, JiKapChbKUX IIPeIaparis,
COUPTY, BUHA, PI3HOMAHITHUX OPTaHiYHUX CIIOJYK TOIIO.

Puc. 18.4. Illeene Kapa Binbreapm (1742—
1786). IIIBemchkmit ximik i ¢dapmaresnrT.
Ynen KopouaiBeskoi msenchroi AH. Ximiro
BUBYAB CAMOTYKKHU. YIepiine mo0yB Gararto
HEOPTaHIYHUX i OpraHiyHWX pedyoBWH. Bif-
KpuB Xximiuni emementu OKcures, XJop,
dayop, Bapiit, Moaiogeu, Boabppam. Pos-
pobuB cmoci6 mooyBaHHs (ochopy 3 KicTok.
ITpubiuauk Teopii duoricrony. 1777 p. BU-
ABUB 3JJaTHICTH CBisKOIPOKAPEHOTO J€PEBHO-
o BYTiJLIs HOTJIMHATH rasu

Puc. 18.5. ®emiue Pourana (1730-1805) — iramiticekmii xi-
mik i Harypasict. IIpodecop IlizaHChKOr0 yHiBEPCUTETY, NUPEK-
TOp HPUPOJHUUYO-icTopmuyHOro Mmyseo y Diopenmii. ¥V 1774 p.
BU3HAUUB YMICT KHCHIO B aTMochepHomy moBiTpi. 1777 p. Bix-
kpuB (ogHouacHo 3 K. Illeene) smaTHiCTL CBiKOIIpPOKapeHOTO
IEePeBHOTO BYTiJis morauHaTu rasu. ¥y 1782 p. BUABUB yTBO-
PEeHHA TOPIYOoro rasy (CyMiIll BOAHIO i YaJHOTO ra3y) YHACJiIOK
IIPOIyCKAHHA BOAAHOI Mapy HAJ PO3KAPEHUM BYTiJIIAM

LlikaBo (i’ ni3HABAAbBHO

[epeBHe Byrinnga gobyealoTb HarpiBaHHsAM gepeBuHM 6e3 ocTyny NoBiTpsl. 3aBAsKM No-
PUCTIi NOBEPXHI (NMoLLa NoBepxHi Byrinns Macoto 1 r craHoBUTL 400—-800 M?) BoHO A0Gpe
NOrnnHae rasn Ta po3vmHeHi pedoBuHU. 3aans 36iNblLUeHHs NornMHanbHOI 34aTHOCTI Ae-
peBHe Byrinns 06pobnsaiTb rapsa4o BOASHOK Napoto. Take Byrinns Ha3nBalTb aKTMBOBA-
HUM.

Ancop0birito 60710BUX OTPYHHUX PEUOBUH 3 MOBiTpA BukopucraB M.]Il. 3eain-
ceKuit (puc. 18.6, 1), crBopuBmu mix yac Ilepimoi ¢BiToBOI BifiHM ByrijJbHU
mpoTuras).

AnmcopOiiss — oCHOBa YHCJIEHHMX NPOMHCIOBHX oOmepamiii i HayKOBHUX
mocaimskens. UmMMaJo IIPOIECiB OUHUINEHHS, BMOKPEMJICHHS Ta PO3IiJeHHs
peuoBMH, KaTajlidy, TeXHiKM HAIliBIPOBiIHWKIiB, MeIWIWHU, OYyIiBHUIITBA,
000pPOHHOI ranysi, KpUMiHAJNiCTUKY, 3aXUCTY JOBKIJJISA I'PYHTYIOTHCA Ha BUKO-
pucraHHi poro aAsuina. To6To 3acTocyBaHHs ancopOIlii B HOBiTHIX i TpamuItiii-
HUX TEXHOJIOTifIX CJIYT'y€e 3aJ0BOJIEHHIO ITOTPeO JIOAMHYW B AYXOBHUX i MaTepi-
aJbHUX I[IHHOCTAX, 30eperkeHHI0 30POB’ A TOIIO.
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Puc. 18.6. 1. 3exmincpruit Mukosa IvurpoBuu (1861-1953) — BumaTHUMil Ximik-
OpraHik, ypomskeHellb M. Tupacnosa. @yHaaTop HayKOBOI KoM, akagemik PAH,
OIVWH 3 OCHOBOIIOJIOKHWKIB OopraHiyHOro Karanisy ta HadToximii. CTBOPDUB BYTiJib-
HuB mnporuras. Jlaypear 06araThbox [Oep:KaBHUX IMpeMiit. 2. ¥V #OCIiIKeHHAX
M.II. Seniacskoro 6pana yuacth Jligia KapuaiBua Jliemina (1891-1985) — oxma 3
HepIuXx KiHOK, AKi 3700y JOKTOPChKMi cTymiub 3 ximii B CPCP, akageMikuHsa
AH Jlarsii. 3. Posaxing ®Ppauriain (1920—-1958) — auriaiticbxa 6iodisuking it yue-
Ha-peHTreHorpaduHs, BUBYAJA MOPUCTY CTPYKTYPy Byrimasa. Ilismimme me mocuri-
I’KeHHA BUABIJIOCA I[iHHUM /[JIf BUTOTOBJIEHHA CYYaCHMX IIPOTHMTasiB. 1i HayKoBi
3M00YTKM CIPUSAIN 3apOIKEHHIO ifel IPO BMCOKOMIiI[HE ByIJielieBe BOJIOKHO. o
caimxyBasia ctpykrypy JHE

https://www.youtube.com/watch?v=BAfoMXruUHA
https://www.youtube.com/watch?v=djlzXvwIz5U

m [OAOBHE

® AgcopOiisa — ABuUIle MOTJIMHAHHSA PEUOBMHU 3 ra3yBaTOTO CepPeIoBUINlA UM

PO3UMHY IIOBEPXHEBUM IIIapPOM PiAuHM ab0 TBEPAOTO Tija.

AKTuBOBaHe BYTiJIJISA Ta CUIiKarejab — COPOEHTH.

ApncopOIritiHi ABMINA MOMIMPEHi B JKUBiH i HeKUBiN mpupomi.

Ha ancop6irii akTMBOBaHMM BYTLJJISM OTPYHHMX PEYOBUH 3 IIOBITpA I'PYH-

TYeThCA Oisl IIPOTUTA3Y.

® AgncopOIriss — OCHOBA YMCAEHHUX IMTPOMMUCIOBUX omepalriif i HayKoBUX MOCJIi-
I'KEeHb.

[lepesipTe cebe

1. lNepemeopimsb po3noBigHi pedeHHst pyopuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BIANOBICTW Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

Pr
m ] 3acrocyvte CBOI 3HAQHHSI M YMIHHST

2. Y xonogunbHUKY BUHWK HENPUEMHUI 3anax. [Jopocni nopagunu Qitam He BuTpayaTu
rpoLi Ha KyniBm crneuianbHOro nornvHaya 3anaxis, a MOMICTUTU BCepeanHy XONoaunbHOI
KamepW Kinbka NOCYAUH 3 aKTMBOBAHUM BYrinnam abo wmatovkamm xnibHoro m’akywa. Oui-
Himb CRNyLWHICTb 3anponoHOBaHOro crnocoby. Bianosiab apaymeHmytme. 3. Cunikarens —
eeKTMBHMIN COPOEHT pPiauH i rasiB. 3anpornoHyldme skoMora GinbLue cnocobiB BUKOPUCTaH-
HS cunikarento B Pi3HOMaHIiTHMX nobyTtoBux cutyauisx. 4. KobanbTt(ll) xnopua ytBoptoe
kpuctanorigpatu cknagy CoCl, - nH20, pe n=1, 2, 4, 5, 6, konip AKNX 3anexwuTb Bif YMiCTy
Boawu. lMosicHimb: a) ons 4Yoro OO Aesikux cunikarenen gobaBnsioTb CUHLO-GIONETOBUN
kobanbT(ll) xnopma moHorigpaT; 6) Sk MOXHa pereHepyBaTu Takui cumikareno nicns
BMYEpPNaHHA Moro agcopOuiiHOi 30aTHOCTI; B) YoMy TpuBane BXMBaHHA agcopbeHTiB
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ycepeavHy MoXe Npu3BeCTU OO 3HWXKEHHSA iMYHITeTy Ta po3nagy o6MiHy peyoBuH B opra-
Hi3Mi. 5. LLIMaTouok aKTMBOBAHOrO BYrinns 06'eMOM 1 cM* MOXe NOTMMHYTI aMOHiak 06’eMom
(H. y.) y 180 pasis 6inbwmn 3a o6’em agcopbeHTy. Ob4uCIimb Macy TEXHIYHOrO aMOHIN
xnopuay, MacoBa 4YacTka AOMILLOK HaTpiln xnopuay y SKkoMmy CTaHoBuTb 5 %, HeobXigHOro
ans ,q06yBaHH;| aMOHiaKy, SKUA MOXe MOrMMHYTU LLIMAaTOK akTUBOBaHOIO BYrinnst o6’eMom
10 cm®. 6. Bucoka aacop6uiiiHa 30aTHICTb BOMOCCS 3yMOBHEHa MOro MOPUCTOI CTPYKTYPOIO
Ta 4YMMarnoto MroLLE0 akTUBHOI MOBEPXHi. BusasneHo, Wo noackke Bonoccs macow 7,5 r
MOXe MOornuMHyTK HadTy 06’emom 6rm3bko 10 mn. 3 ornsigy Ha Te, Wo Maca HaghTOBOro 3a-
OpyaHeHHs CBiTOBOro okeaHy LOPiYHO cTaHoBMTb 10 MNH T, obyucsimbs mMacy BOMOCCH,
noTpibHOro Ansi NoBHOro ouunweHHs CBiTOBOro okeaHy Big HadpTn. Obyucnimes, Y1 BUCTa-
YNTb ANs LbOro BOMOCCHA HaceneHHa 3emni, SKLWOo 3a pik y cepegHbOMY MOro maca, 3ictpu-
)KeHa B nNepykapHi 3 ogHiei ocobu, ctaHoBuTb 100 T.

< TBOPYQ MQVICTEPHSI

7. Midzcomytime npe3eHTauilo «AK 9 Ta NOAN HABKONO MEHE BMKOPUCTOBYHOTb aAcop-
©eHTn». 8. Jocnidimb aacopOuiliHi BNaCTMBOCTI Kpenan, akTMBOBAHOTO BYTINNSA, KyKypya3ss-
HUX YK BIBCAHWX MracTiBLUiB, HAaMoOBHIOBa4a AN1S KOTAYOro TyaneTy, BUKOPUCTaBLUM BOAHI
PO34MHUN YOpHUMA, Xap4yoBMX BapBHUKIB, OAEKONOH Towo. [opigHsaldme aacopbuiiHy 3aaT-
HICTb pi3HNX agcopbeHTiB.

§ 19. OKUCHI Ta BiAHOBHI BAOCTUBOCTiI HEMETAAIB

lMicnsi onpayroeaHHsA Uyb020 napazpagha eu 3Moxeme:
® cknadamu piBHSAHHS, WO NiATBEPAXKYIOTb OKUCHI BNAcTUBOCTI HEMETAnIB y peakLuisix 3

BOAHEM i MeTanamu Ta BiQHOBHI BNacTMBOCTI BOAHIO, BYrneL, Cunilito B peakuisx 3
oKkcnaamm MeTanivyHUX erieMeHTIB.

SaranaepHi XiMiuHI BIacTUBOCTI HEeMeTaJB 3yMOBJIEHI 0COGJIMBOCTAMU OYI0-
BU aTOMiB HEMETAJIIIUYHUX €JIeMEHTIiB (cxapaxmepusyiime ix).

3arnosHime nporannHy B HaBegeHOMY TEKCTi. «YHACMiAoK LbOro BCi MPOCTi peyvoBu-

HW HemMeTaniYHUX enemMeHTIB (OKPIM ...) MOXYTb BUSIBMASTU OKMCHIOBArbHi BriacTu-

BOCTi. HaCUNbHIlLMM OKUCHUKOM MOMIDK HUX € ... — a[)Ke aToMW ... He 3OaTHi
BigaBaTy enekTpoHM aToMaMm iHLMX XiMIYHUX eneMeHTiB. EnekTpoHeraTtmMBHIiCTb ... MEeHLIa
3a enekTpoHeratusHicTb ®Priyopy, ane GinbLua, HiX B iHLWMX HEMETaniYHNX eneMeHTiB. Tomy
B peakuisix 3 HemeTanamm KUceHb — ... . Peluta HemeTaniB Moxe BUABNATU B XiMIYHUX pe-
aKLifAX K OKUCHI, TaK i ... BMAacTUBOCTI».

Bzaemopmia 3 kucHeM — peakIlisi, BjacTMBA BCIiM HeMeTajlaM, 34 BUHSITKOM
iHepTHUX rasiB i ragoreuiB. PoarisHbMO NOKJIanHiIle OKMCHeHHsS (docdopy,
a30Ty, CipKM, BYIJIEITIO Ta CIJIIIIifO.

Cknadimp TEPMOXiMiYHI PIBHSIHHS peakuiin, Npo siki iTumeTbes aani. Po3anisHbme ix
3 Nornsagy OKUCHEHHSA-BIAHOBMNEHHS Ta KnacudikynTe 3a BidOMUMKN BaM O3HaKaMu.

Axuil i3 yux Hememasie HailakmueHiwe peazye 3 kucHem? Ilpurapmatite,
oinuil pocgop P, 3bepiraroTs mig mapom Boxu, 1o0M 3amobirTu #oro mosijib-
HOMY OKHWCHEHHIO. Yep8oHUll (poc(hop OKUCHIOETHCA KUCHEM IIOBITPA 3HAUHO
BasKue II moBijgbHimme 3a O6inumit. IIpogyKTm OKMCHEHHS UepBOHOTO (ochopy
rirpockoriuHi, ToMy BHACJIiIOK 30epiraHHs B HeT€PMETUUHi Tapi BiH «Bimcu-
piBae». Temmeparypa saiimaHHsA 0ijsoro ¢ocdopy craHoBuTh 0ausbKo 50 °C,
TOXK BiH MOKe CIaJIaXHYTH BiJi Heo0epeKHOTO HATUCKAHHA 4YM TepTd. depBo-
HU# docdop cnamaxye 3a 3HAYHO BUITOI TeMuepaTypu. I[IpogyKTaMu OKMCHEH-
HA 000X ajmorpomHux moxudikamiii @ochopy € oxcuam ILOTO ejieMeHTa. 3a
HAIJUIIKY KUCHIO yTBOPIOEThCa dochop(V) oxkcun (puc. 19.1).
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Puc. 19.1. Topiaaa dochopy CYIPOBOMKYETHCA BUIIJIEHHAM TeIJIOBOI Ta CBiTJIOBOI
eHeprii, yrBopeuHsM rycroro 6isoro gumy docdop(V) okcuny

3a HecTayi KMCHIO MTPOAYKTOM oKMcHeHHA (hochopy € dochop(Ill) oxcuzy.

Crainyuo-6iye moaym’ss Ta TyCcTHi OiIMi UM, SKi BUHHUKAIOTh IIiJ 4ac 3ro-
pauua dochopy, 3yMOBUJINU HOr0 3aCTOCYBAHHA BiMiICBKOBUMM [IJIA CTBOPEHHSA
INMOBHUX 3aBic Ta B samajmoBajabHuUX 6omOax. Hapasi sacrocyBamusa gocdop-
HUX CHApPsAIiB 3a00POHEHO MiKHAPOAHUM 3aKOHOJZABCTBOM.

Xoua HiTporen HajmeXuThb 10 Tiei camoil miarpynu, mo # Pochop, peaxiisa
a30Ty 3 KHUCHeM BimOyBaeThbca Juire 3a Temmneparypu mouans 1200 °C a6o B
€JIEKTPUYHOMY PO3PALi, HaIpUKJIaL mig uac rposu. IIpogykTom Iiei eHIoTep-
miunHoi peakirii € HiTporeu(Il) okcuz. Ile 3yMOBIeHO IOTPiAHUM 3B’ A3KOM MiK
aromamu HiTporeHy B MOJEeKyJi as3oTy, AJsA PYHHYBAHHA SKOTO IOTPiOHO
Oararo emeprii.

HatomicTs peakiiis cipku 3 KHCHeM eK30TepMiuHa, Xoua ¥ moTpedye molre-
peqHbOTO HArpiBaHHA A0 Temmepatypu 6iausbko 250 °C. PosmiaBieHa cipka
3aliMaeThCsI Ta TOPUTH Ha MOBiTPi Maii:ke HemoMiTHHUM O0JiK0-GIaKUTHUM
mosyM’ M. ¥ KKCHI IOpiHHSA CipKUM IPUINBUINIYETLCS, MOJyM’ s HAOyBae CJIi-
my4do-dioseroBoro Koabopy (puc. 19.2).

IIponykT peakmii ropinua cipku — cyabdyp(IV) oxcunm — OesbapBHUI, 3
pPi3KMM 3aAyIIJIVBUM 3allaXOM, TaK 3BAHWUU CipuMCTH# ras.

Cipka — CKJAIHUK AMMHOIO IIOPOXY, AKHH i B HaIll YaC BUKOPHUCTOBYIOTH Y
(eepBepkax. Takok 1eli HeMeTaJl — KOMIIOHEHT Pi3HOMaHITHUX 3alaIl0BaJIbHUX
cyminreii. Paszom i3 cipkoro B ZUMHOMY IIOPOCi € mepeBHe ByTijIa. TeMieparypa
pioro 3aliMaHHSA BUINA, HiXK y cipku. I'opinua 6es mosyMm’s — XxapaKTepHa O3HAKa
TOPiHHA BYTJIEII0. 3a HeCcTaui KMCHIO MPOAYKTOM 3TOPAHHS € Ay’Ke HeOesleuHumit

Puc. 19.2. TopinHA cipku Ha TOBITpi i B moCcyquHi 3 KUCHEM
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yangauii ra3z—kKapooH(Il) okcua. YHaACIiZOK MOBHOTO OKVCHEHHS BYIJIEIIO YTBO-
pioeTbcsa Kapoou(IV) okcua — Byriiekucauii ras. 3ayBakMo, 1110 ajMmas i rpadir
3TOPSAIOTH JIMIIE B YMCTOMY KHMCHi 3a TeMmepatypu 6;usbko 700 °C.

Cuminifi pearye 3 KHWCHEM JIKMIIEe 3a HarpiBaHHa go Temmepatrypu 400-
500 °C, mponyKT peakiii — cuiiniit (IV) okcun.

Buxkonasiu mocraBieHe mepes BaMM 3aBIAHHS, BU MNEPECBIAUMINCH, IO
8yezneub, culiyiit, azom, pocgpop ma cipka 6 pearyiax 3 KucHem € ... IIponyxk-
TaMM IIUX PeaKIliil € OKCUAM: OMHI 3 HUX KUCJIOTHI (fKi came?), iumii — Heco-
JeTBOPHI (aki came?). JoxkaagHile mpo XiMiuHME XapaKTep OKCHIIiB HeMeTa-
JiYHUX eJleMeHTiB iTumerhcs B § 21.

Peaknia 3 BogHeM MOMKJINBA He IJs BCcix HeMmerauaiB. AKi came HemeTaanu
pearyioTs 3 HuM? Po3riassHbMO Ile IUTAHHA JOKJIamHiIre.

Cknadimb TEPMOXIMiYHI PIBHAHHSA peakuin, Npo Aki nTuMeTbcsa gani. Po3ensHbme ix
3 nornsaay OKUCHEHHSA-BIAHOBMNEHHS Ta Kiacugbikytime 3a BifOMMMY BaM O3HaKaMMu.

Bsaemogmiro BogHIO 3 KMCHEM BU BiKe BUBUaJIU. To:K 00idHaHI 3 IPAaKTUYHUM
3HAUEHHAM BOJHIO AK €KOJIOTiYHO YMCTOTO HajinBa Ta He6e3leKol BUOYyXy Tak
3BaHOI IpUMYyY0i cyMiriri.

3a 3BUUYAMHUX YMOB BOJEHb pearye Jiuiie 3 ()TOPOM 3 YTBOPEHHSAM TiIporeH
dayopuny. Ila peakilis BigOyBaeTbcsa Ayske IMIBUIKO, ii mepebir cympoBOIKY-
eTbesa BuOyxoMm. Peakitii BogmHio 3 iHIIIMME rajiloreHaMU MOXKJIMBI JIKIIIe 34 IeB-
HuX yMmoB. Hampukigazx, BOJeHb MUTTEBO pearye 3 XJOPOM IIig [iero
Y®-punpomiHooBaHHsa. SHAUHO IIOBiJbHIiIIIE BigOyBaloOThCA peakIlii 3 6poMom
Ta HomoM, IxHill mepebir MOKJIMBUH JIUIlle 3a HArpiBaHHAd.

HarpiBamusa TakosX € yMOBOIO B3aeMojmili BomHIO i3 cipkoo. IIpoayxTom
eK30TepMiuHoOi peakirii € jerka cmoayka Cyabdypy 3 IimporeHom — cipKoBo-
neHb. EK3oTepMiuHa peaxiiisi BOAHIO 3 a30TOM IIOTpedye He JuIlle HarpiBaHHS,
a II 3acToCyBaHHS KaTaJjJisaTopa Ta BHCOKOrO THCKY. AmKe 0e3 IUX YMOB
mBUAKicTh i Oyme myske masow (noscuims uwomy). HaromicTs ekzorepmiuna
KaTaJiTH4YHa peaKIlid BOAHIO 3 BYIJIEIleM CTAHOBUTD JIMIIE TEOPETUUHUN iHTe-
pec (nosacunime womy). Cuiiniii i dpochop 3 BogHEM MaiiKe He B3a€MOIiIOTh.

Bukomasiu mocraBiieHe Iepel BaMUW 3aBIaHHSA, BU IepeCcBimumaucs, IO
HemMemaJau 8 peaxyisx 3 600HeM € ... [JokaagHile mpo 6iHapPHI CIOJIYKU HeMe-
TaJiuHUX ejieMeHTiB 3 I'izporeHom Bu Ji3sHaeTecs 3 HACTYIIHOTO Imaparpada.

Bszaemopnia 3 meramamum — XapaKTepHa BJIACTHBiCTh 6araThboxX HeMeTaJIiB.
Came B IIMX peakKIligAX BOHHU HaMWsCKpaBillle BUABJIAIOTL cebe SAK OKUCHUKU.
3ajyieskHO Bijff XiMiuHOI aKTWBHOCTI peareHTiB peakIlii HeMeTaJiB 3 MeTaJlaMu
BimOyBalOTLCS 3a Pi3HUX YMOB Ta Pi3HOIO INBUAKICTIO, CYIIPOBOAKYIOTHCA Pis-
HOMAaHITHUMM 30BHIIIHIMU e()eKTaMMU.

Cknadimp TEpMOXiMiYHi PIBHSIHHS peakuin, Npo ki iTumeTbes Aani. Po3anisHbme ix
@ 3 nornsagy OKUCHEHHSA-BIAHOBMNEHHS Ta Kiacughikytme 3a BifOMUMU BaM O3HaKaMMu.
Hanpukaan, peakilis cipxu i3 MuHKOM Bif0yBaeThCs AysKe MIBUIKO, CYIPO-
BOMIKYEThCA BUMIJIEHHSIM TEIJIOBOI Ta CBiTJIOBOI eHeprii, xoua i1 moTpedye
HomepegHbOro HarpiBaHHA. SIKIO 3MilllaTy TOHKO HMOApPiOHeHi CipKy Ta IIUMHK,
a IOTIiM TOPKHYTHCS CYMIilIi pO3IIEUEHWM CTaJIeBUM IIIIIaTeJIeM, CHaJIaxHe
MoJyM’si, YTBOPUTHCA TycTui 6inmit gum (puc. 19.3) nuHK cyabdiny.
A30T — MaJIOAKTUBHUI HEMETaJ, TOMY 3a CTaHJAaPTHUX yMOB (e3 HarpiBaH-
HA pearye Jjwuiie 3 Jitiem. Moro Bsaemonia 3 iHIIMME MeTajJlaMU BigOyBaeTbCsA
3a migBuienoi Temmepatrypu. OKHMCHI BJIACTHBOCTI KHCHIO Ta XJIOPY CHUJIBHIII
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Puc. 19.3. Peak1ia cipku i3 mMuHKOM

TOPiBHAHO i3 CipKOI0, TOMY IPOAYKT HATrPiBaHHA Mifli B KUC-
Hi (puc. 19.4) — xyupym(Il) okcua, a IPOAYKT OKMCHEHHS
Migi maporo cipku — xynpym(l) cyasdin.

AmnajioriuHo OPOAYKT CIIAJIOBAHHS 3ajisda B XJOpi —
depym(IIl) xmopuzx, a TpoaAyKT Woro Blaemomii i3 cipkowo —
dbepym(Il) cynbdin.

3sepHimb yeazy Ha Ha3BU OiHAPHUX CIOJIYK — IPOAYKTIB

peaxkiiiii HemeraJiB 3 BogHeM i metajmamu. Cronyxku OKcure-
HY — okcuau, Cynsdypy — cyuabdpinum, Xjopy — XJOpuUAH,

dayopy — dpayopusu. Cnonyku Kapbouy HasuBamTh KapoOi- Puc. 194.
namu, Pochopy — dochimamu, Cuuimiro — cuainmummamu. OKuCHeHHS Mixi
BqROHaBmH ImocTaBjieHe Iepen BaMU 3aBAAaHHSA, BU IIepe- B arMocdepi
CBiuuaucs, 10 HemMemaau 6 PeaKuisx 3 Memanamu € ... KUCHIO

Y peaxiiiax 3 okcuUIAMU METAJNIYHUX eJeMEeHTIB HedKi HeMeTaJIu TaKOXK
BUABJSIOTL BiJHOBHI BjacTuBOCTi. ImeThcsa IIPO BOJEHBb, BYIJIENb, CHJIIIIil
Tomio. IIpogyKraMuy IuxX peakIliii € BiAmOBiZHMIT MeTas i BUNTUNA OKCHUJ HeEMe-
TAJIIYHOTO eJIEMEeHTa.

lMepemeopimb Ha XiMiYHI PiIBHAHHA cxemun peakuini: a) Bonbdpam(VI) okenay 3 Boa-

HeMm; 6) kynpym(ll) okcnay 3 Byrmeuem; B) kynpym(ll) okcuay 3 BogHEM; ) MarHin

okcuay i3 cunidieMm. Po3anisgHbme Ui peakuii 3 nornsgy OKUCHEHHS-BIQHOBMEHHA 1
Knacucpikylime 3a BigOMUMM BaMm O3HaKamu.

https://www.youtube.com/watch?v=Rlet3pHelrs
https://www.youtube.com/watch?v=Appyh\Wb06b8
https://www.youtube.com/watch?v=0_x—GoEmBs

o 1:] rONOBHE

® 3arasbHi XiMiuHiI BIacTHMBOCTI HeMeTasiB 3yMOBJIEHi 0CcOOJIMBOCTAMU OYmO-
BU aTOMiB HeMeTaJiUHUX eJIEeMEeHTiB: HeBeJIMKUMU ATOMHUMU paIiycaMmu,
HafABHICTIO HA 30BHIITHBOMY €HEPTEeTUYHOMY PiBHI 37e6iJbIIOro Bim yoTu-
PBOX IO CeMU eJIEKTPOHIB.

® V peaKIiax 3 KHCHEM HeMeTaJUu BUABJIAIOTH BiJHOBHI BJIACTUBOCTI.

® V peakmiax 3 MeTrajaMu Ta BOSHEM HEMETAJIW — OKHUCHUKM.

® Bopenb, ByTIJIEIb, CUJIIiN Y peakIligAxXx 3 OKCUIAMMN MeTaJiuHUX eJIEMEHTiB
BUABJAIOTH BiTHOBHI BJIAaCTHUBOCTI.

https://www.youtube.com/watch?v=_70m-pHYaDU
O@

_—

lNepesipTre cebe

1. lMepemeopimpb po3noBigHi pedeHHs pyopukm NPO MOJTOBHE Ha nuTanbHi. Yn moxe-
Te BW BiAMNOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyyHuka?
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3acrocymnre CBOI 3HQHHST A YMiHHSI

2. lNomipkylme W sucrioeme NpUNYyLLEHHs, YOMY Cipka, Ha BigMiHY Big BOOHIO, BYrneLuto
Ta cunilito, He BiOHOBMIOE MEeTarnn 3 oKcUAaiB MeTaniyHnx enemeHTiB. 3. O6yucniimb o6’em
(M) (H. y.) cynbeyp(IV) okcuay, SKuit yTBOPUTLCS BHACTIAOK cnanioBaHHs Ha TELL Byrinns
macoto 1 T, MacoBa 4acTka Cipkn B ikomy cTaHoBUTb 1,6 %. 4. O64ucnime: a) macy (r) npo-
AYKTY peakuii, Ans npoBeAeHHs Kol Byno B3siTo 3anis3o macoto 5,6 1 i xnop o6'emom 2,24 1
(H. y.); 6) BinHOCHWI BUXiO (%) peakuii cHTe3y amoHiaky, siKWo 3 a3oTy 06'emom 2000 M
6yno no6yTo amoHiak o6'emom 1500 mM® (06’eMM rasiB BUMIpPSHO 3a OJHAKOBMX YMOB);
B) macy (r) HiTporeH(ll) okcnay, Sk yTBOPUTLCS BHACMIOOK peakuii Mk a3oTom macoro 560 r
i KNCHEM TaKol camoi Macw, SKLLO BMXi4 NPOAYKTY peakuii cTaHoBUTb 5 % Big TeOpeTUYHOro.

< TBOPYQ MQUICTEPHS

5. 3’acytime, sk BUKOPUCTOBYIOTb peaKLii: a) ropiHHA cipkn, poccopy, Byrnewto B nody-
Ti; ©) okcMaiB MeTaniyHUX eneMeHTiB 3 BOAHEM, BYrfeLeM, CUmilieM Ha BUPOBHMUTBI.
Cmeopimb iHgorpadiky 3a pesynbtatamu SOCHIIKEHHS.

§ 20. COAYKM HEMETAAIYHUX eAeMeHTiB 3 [iApOreHoMm.
OCOOGAMBOCTIi BOAHMX PO3YMHIB LIUX CMOAYK, IXHE 3ACTOCYBOHHS

lMicnsi onpayroeaHHsa yb020 nNapazpagha eu 3Moxeme:

® Haeodumu NpuKNagm Cronyk HemeTaniyHux enemeHTiB 3 ligporeHom;

® cknadamu pPiBHAHHA peakuii, siKi xapakTepuayrTb 0COONMBOCTI BOOHUX PO3YUHIB rigpo-
reH xmnopuay, rigporeH cynbdigy, amoHiaky Ta o6rpyHmoeyeamu HUMW MpakTU4He
3Ha4YeHHSA CMoMyK HeMeTaniyHnx enemeHTis 3 [gporeHowm;

® pnopieH8amu 0cobGNMBOCTI BOOHMX PO3YMHIB TigporeH xmopway, rigporeH cynbdiay,
aMoHiaky.

Cnonyxn memeraniunux ejnemMenTtis 3 I'igporenom — MoneKyLAPHI peHOBUHU
3 KOBAJIEHTHUMHU 3B’SI3KaMH’ Pi3HOTO CTYyIIeHd MoJApHOocTi. Ixui ximiumi dop-
MyJIH Ta Ha3BU HaBegeHo B Tabuawuii 20.1.

Tabnruus 20.1. PopMyan Ta Ha3BU HAUIPOCTIINNUX OiHAPHUX CIIOJYK
HeMeTaJiuHuX ejgeMeHTiB 3 I'imporeHom

Ilepion I'pyna
IITA IVA VA VIA VIIA
2 *ByHg' CH, NH, H,0 HF
nubopaH MeTaH aMoOHiak BOIA rizporen duayopun
¢dTOPOBOLEHD
3 SiH, PH, H,S HCl
cujaaH dochin rigporeH cyangin | rigporeH xmaopusm
cipkoBOIeHb XJIOPOBOIAEHb
4 AsH, H,Se HBr
apcuH rizporeH cejeHin rizporen Gpomiz
CeJIEHOBOJEHb GPOMOBOIEHD
5 H,Te HI
TiZporeH TeNypum rizporen iomupg
TeJIYPOBOJIEHD #I040BOIEHDb

1 - .
Hatinpocrimoi cnoayku Bopy BH; He BuasieHo.
2 JHupHum mpudToM BHOKpEeMJIEHO Ti Ha3BM Ta XiMiuHi dopmynu, AKi mMoTpiOHO
3amam’ ATaTu.
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3icTaBUBINN KIJIBbKICHMI CKJIAA HaWOPOCTiIMuX cmoiayk 3 Iimporemom ejte-
menTiB IVA-VIA rpyn, HeCcKJAaAHO BUSIBUTH TAKy 3aKOHOMIipHICTB: KiJbKicTh
aromiB I'imporeHy HaBKOJIO aTOMa HEMETAJIYHOTO eJIeMeHTa AOPiBHIOE PisHUIIL
MisKk uymciaoM 8 i HoMepoMm rpymnu mnepiogmunol cucremu. [IpuumHy I11HOTO
moTpPibHO ITyKaTyu B OyAOBi aTOMIB IIUX €JIEMEHTiB.

lNosicHimb yTBOPEHHSA KOBaNeHTHUX 3B’A3KiB Y NneTkux cnonykax HitporeHy, Cynbdy-
py Ta Xnopy 3 ligporeHom. 3anuwime enekTpoHHI POPMYynK iXHIX MOMNeKyn.

Ax ynamBae eJeKTpPOHHA Ta MPOCTOPOBA OyI0Ba MOJIEKYJ HEMETAJIYHUX
eaxemenTiB 3 I'inporenom Ha ¢iszuuni BiractuBocti nux cmoayk? IlorpiGHoio
YMOBOI0O BUHMKHEHHS BOJHEBUX 3B’SBKiB € JOCTATHA IOJAPHICTHL BAJIEHTHUX
3B’A3KiB aTomiB I'izporeny B mMoJieKyJiax.

1. 3a pucyHkom 4.8 rnopigHsiime 3Ha4YeHHS enekTpoHeratMBHocTi [Nigporeny, Hitpo-

reHy, Cynbcypy Ta Xnopy, a 3a pucyHkoM 5.4 — pagiycu ixHix atomis. lNpoaHaniay-

BaBLIM MpocTopoBy OyooBYy MOMeKyrn aMoOHiaky, rigporeH cynbdigy Ta rigporeH
xnopwugy (puc. 20.1), 3p0bimb 8UCHOBOK, YN NONSAPHI MOMEKYNM LMX PEYOBUH. TosiCHIMb
yomy. 3a noTpebu ckopucmatimecs iHopmalieo, HaBegeHo B naparpadi 6. Y monekyni
SIKOI i3 UMX PEYOBUH 3B’sI3KM HAVMEHLL NOMSAPHI?

Puc. 20.1. Mogeai moJie-

Kya amoniarky (1), rimpo-

reH cyabdiny (2) ra rigpo-
rex xJjopuny (3)

® ®

2. lMpoaHanisynTte rpadiki 3anexHocTi TemnepaTyp KWMiHHA NETKMX CMOMyK XiMiYHMX
enemMeHTiB 3 lNgporeHoM, 306paeHi Ha pUCYHKy 6.4. BukopucTaBLum pe3ynbTaTv BUKOHAH-
HS nonepeaHbOro 3aBAaHHS, 8uc108me NPUNYLLEHHS, MK MOMneKynamu siKoi 3 peYOBUH —
aMoHiaky, rigporeH cynbdigy 4um rigporeH xnopugy — € BogHeBi 3B’A3ku. ObrpyHmytime
CBOIO AYMKY. BusHaume 3a ummu rpadikamu, y SKOMy arperatHoMy cCTaHi nepebysaioTb
aMoHiak, rigporeH cynbdig, rigporeH xnopua 3a 3Bu4anHUX yMOB.

3a 0 °C Ta tucky 10° Ila posunHHICTH y BOAi aMOHiaKy cTaHOBATH 899 r/J,
rizpores xjgopuny — 823 r/ja, a po3UMHHICTD rigporeH cyab(iny mMizepHo MaJa.
IIpo wo uye moxuce cgiduumu? 3okpeMa, PO Te, IO MOJAPHICTHL XiMiUHUX
3B’A3KiB y MOJIeKyJIax TifjporeH cyab(iny HemocTaTHS IJis YTBOPEHHS BOILHE-
BUX 3B’A3KiB MiK HMMM Ta MoJeKyJaMu Boau. HaTomicTh myske BHCOKa PoO3-
YUHHICTh aMOHIaKy Ta TiIporeH XJIOPHUAY V BOMi CBIIUUTH IIPO B3a€EMOiI0 MiXK
MOJIeKYJIaMU IIUX PEYOBUH 3 MOJEKYJIaMU BOIM.

11106 mepexkoHaTuca B TOMY, III0 aMOHiaK J00pe PO3UMHSIETHCA Y BOJi, BUKO-
HaeMoO mpocTuii, ajge edpextuuii mocain. Cyxy mpobipKy is 1uM rasom I[iJIbHO
3aKOPKYEMO I'yMOBOIO IIPOOKOIO, KPi3h AKY IIPOXOAUTH rojika Impuiia. Hale-
peMo B IIMPHUIL BOAY, A0 AKOI IOMepeaHbo J00aBMMO KiJbKa Kpamejb CIIUPTO-
Boro posumHy (eHoadraneiny (puc. 20.2.A). Ilix’egHaemMo MIIPUIl A0 TOJKU
Ta 3JieTKa IIOCYHEeMO IOpIIeHb, IM00 BUTHUCHYTH KpaILIio po3uuHy. I[noro
JIOCUTh, adM YacTWMHA aMOHIaKy MMWTTEBO PO3UMHMUJIACA i B IPOOipIi BUHUK
BakyyM. Tosx maji mopiieHpb IIIpuila pyxatruMeTrbeda camoxonom (puc. 20.2.B),
YTBOPUTHCA (POHTAHUNK PIIUHU MaJHMHOBOTO KOJIbOPY, AKA MIBUIKO 3allOBHUTD
ycio mpobipry (puc. 20.2.B, T).

3MiHa KoJabOPY PeHoJGTaNeiHy CBiIUNTE, IIT0 POBYNHEHHA aMOHIaKy CyIpo-
BOMIKYETHCSA IMOSABOIO B PO3UMHI TigpoKcua-ioHiB. 3BifKM BOHU TaM BHHUKJIU,
BU Ji3HAJNCS, OIpaIfoBaBIiIu maparpad 4.

Taxuii caMuii JOCJTim MOKHA IIPOBECTH M 3 TiAPOTeH XJOPUAOM, BUKOPHUC-
TaBmu He (eHogDTATIEIH (NOACHIMb YOMY), 8 PO3UNH YHiBepCAJIBHOTO iHAVKA-
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Puc. 20.2. A. CouproBuii posuun denoadraneiny (1). IIlmpul;, HaOBHEHUI BOAOIO 3

ingukaropoMm (2). 3amoBHeHa aMOHiaKoM Hpo6ipKa, 3aKOpPKOBaHa MPOOKOIO 3 T'OJIKOIO

Big mmpura (3). B. Jocuts KpaniuHu Boau, abu 3HAYHA YaCTHMHA aMOHiaKy PO3UMHU-

Jacs # y mpobipri yTBopuBca BakyyMm. B. «Ilpupoza He TepmuTh HOPOMKHEUi», TOMK

piguHa BCMOKTYETbCA B IPOOiPKY, a MOPINEHb IIIPUIlA PYXaeThess camoxoaom. I'. fke
cepenoBUIIE BOJHOTO PO3YUHY aMOHiaKy?

Topa. 3MiHaA #1oro Koabopy (Ha Akuil came?) cBifumTHMe IIPO IIOABY KaTiOHiB
Tigporeny B posumHi rigpores xjopuny. Amke BHACIIZOK B3a€MOMil MOJEKYJI
rizporeH xJiopuay 3 MOJIEKYJIAMU BOAU BifIOYBA€THCS HMOTO €JEKTPOJIiTHUYHA
nucolriamia. XJopuaHa KUCJIOTA — BOAHUYN PO3UUH TiIPOTeH XJOPUAY — € CUJb-
HOI0 KucaoTow. HaTtomicTs rigporeH cyabdin AMCOIifoe B HE3HAYHOMY CTYyIIe-
Hi, cyabdimHa KucaoTa € caabKoio.

Cknadimb piBHSIHHA: @) peakLuii amoHiaky 3 BoAoOw; 6) enekTponiTmyHoi gucouiauii

rigporeH xnopuay; B) NepLloi ctagii enekTponiTu4HOI gucouiadii rigporeH cynbdigy;

r) peakuii amoHiaky 3 rigporeH xnopuaom; 4) peakLii amoHiaky 3 rigporeH xnopuaom
y BOOHOMY PO34MHi B MOBHIl Ta CKOPOYEHi MOHHUX hopMaX; €) peakuin XITopuaHoi KUCIoTu
3 marHiem, kynpym(ll) okcnaom, Kaniv rigpoKCMAOM, LIMHK FiAPOKCUAOM, HaTpi kapboHaToMm,
apreHTym(l) HiTpaTOM; €) CynbdigHOI KUCNOTK 3 HATPIN MAPOKCMAOM (3 YTBOPEHHAM KUCMOI
Ta cepeaHboi conew) Ta nnombym(ll) HiTpaToM.

LlikaBo (i ni3HABAAbBHO

CipkoBogeHb — 6e36apBHMIA, AyKe OTPYWHWIA rOpoYMIA ra3 3 XapakTepHUM HEMPUEMHUM
3anaxom Tyxnmx sielb. 3anax BigdyBaeTbcs 3a Ayxe Hu3bkoro Bmicty (0,00047 yacTUHOK Ha
MINbIOH) Ta NpUrHidye Hiox. Llen ras yTBoproeTbCcsA B pe3ynbTaTi BYfKaHIYHOI akTUBHOCTI, €
CKINaZHMKOM MPUPOOHOro ra3dy 1 aesikux Bof. Jioacbke Tino BUpOOMsie HEBEMMWKY KiMNbKiCTb
NOro AK CUrHarnbHOi MOMEKYNN.

3acTocyBaHHS TiIPOTeH XJOPHUIY, TiIPOreH cyab(iay, aMoOHiaKy 3yMOBJIEHO
ixHiMuU QisSMYHMMU Ta XiMiYHUMU BJIACTHUBOCTAMU. ¥ IOBCAKIEHHOMY KHUTTi
TPAILISAETHCA YMMAJO XiMiUHMX peaKIliil 3a yuacTi XJIOpuaHOI KucJIoTu. Bona —
CKJIATHUK IIJIYHKOBOT'O COKY, SKHI cIipuse AeHaTypallil Ta HaOpsSKaHHIO 0ij-
KiB, TOJaJILIIIOMY NepPeTPaBJIOBAaHHIO I:Ki. AOu HelTpasisdyBaTu HAIMipHY
KHUCJOTHICTD IILJIVHKOBOTO COKY, BUKOPHMCTOBYIOTH Pi3HOMAHITHI aHTamMIHi
mpemapaTtu, sKi 3me0iabimoro mictATh Kapbonatu Kagbliiito, Marmiro, rigpo-
kcuau Marmio Ta Anomiziio.

JJia ouniieHHaA Bif mapy OKCHUAIB IOBEPXHIO METAJiB 00POOJIAIOTH XJIOPHUI-
HOIO KHCJIOTOI0. PeaKIliro Mi’K XJIOpHMIHOIO KMCJIOTOIO Ta KapboHatramu Kaib-
miro Ta MarHiro reoJioru BUKOPUCTOBYIOTh [Jisi €KCIIPec-BUABJIEHHA KapOoOHAT-
ioHiB y ckianmi miHepasiB. CaHTeXHIKM 3aCTOCOBYIOTH XJOPUIHY KUCJIOTY IJIS
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Puc. 20.3. Boguuii po3unH aMOHiIaKy Mae OyTH B KOMKHill amTeurri!

BUJaJIeHHA Hakumy — KapooHariB Kanbiito Ta Marxio oig uac
TPOMUWBAHHSA CUCTEMU ITaPOBOTO OHAJIEHHA.

Tigporen xJiopuj BUKOPUCTOBYIOTH B OPraHiYHOMY CHHTE3i
I 1oOYyBaHHA XJOPOPTaHIYHUX CIOJIYK, & XJOPUAHY KHCJIO-
Ty — y XimiuHmMX JgabopaTopiAx Ta TPOMHUCIIOBOCTi, 30KpeMa
Insa mobyBamusa xJgopungis. Ilorpi6HO 3BaskaTu Ha Te, IO IIepe-
BUINEHHS I'PAHUYHO IPUMNYCTUMOTrO BMICTY TifAporeH XJIOPUILY
B INOBITPi CHPUUYMHAE KaTapy BepXHIX AWUXAJIbHUX IILIAXIB,
pylinyBaHHA 3y6iB, BUpasKu Ha CJIU30Bill HOCOBOI IOPOKHU-
HU. [[if XJTOpPOBOIHIO HA CJAM30BiI 000JOHKU Ta IIKipy IPU3BO-
OUTh OO BaXKKMX XiMiuHMX OmiKiB i IOpyIIeHb AWXaHHSI.
Bukugn rigpores XJIOpuAy MIKOAATH KUBiM HPUPOAi, CIIPUAIOTH PYUHYBAHHIO
MeTaJeBUX KOHCTPYKIIil, apXiTeKTypHUX CIOPYy[ i maM’ ATHUKIB.

Vcim BijoMuil HaIaTUPHUYN COUPT — BOAHUM po3unH amMoHiary (puc. 20.3) —
3 MaBHiX-IaBeH BUKOPHUCTOBYBaJU AK CAAOKULl JAyz Tixg yac oOpOOIAHHA Ta
(apbyBanus BoBHU. CydyacHi BUPOOHUIITBA HEHJIOHY I KAIIPOHY, OUMNIIEHHA i
(apOyBaHHs 0aBOBHU, BOBHHU Ta INIOBKY TaKOK IOTPEOYIOTH 3HAUHUX OOCATIB
amoniary. Pidkuili amoniak 3acmocosyoms sk doopuso (puc. 20.4).

30amHuicmb amMOHiaKy peazysamu 3 KUCAOMAMU BUKOPUCTOBYIOTH IJIs
BUPOOHUIITBA HiTPOTEHOBMiCHMX JOOPUWB — aMOHiN HiTpaTy, aMOHil cyabdary,
ceuoBuHU (Kapbaminzy) rtomio. ¥ HadTOXi-
MiuHiZI IIPOMMCJIOBOCTI aMoOHiakom Heil-
mpanidyroms Kucai 8i0xo0u eupobHUymMaEa.

ITixm vac BUmapoByBaHHS PiKOTO aMOHi-
aKy IOTJIMHAETHCA 0araTo TeIJIOBOI eHep-
rii, moTpi6bHOI AyA pyHHYBaHHSA BOAHEBUX
3B’SA3KiB MiK IOro MoOJIeKyJaMu, TOMY
aMOHiaK CHJBHO OXOJIOHKYEThbCA. ToOXK
HOTO BUKODPUCTOBYIOTH SK X0.1000azeHm Y
X0N00UNLLHUX YCMAHOBKAX.

Y wMepunuHi 800HUU pO3UUH aMOHIA-
KY — 3aci0 0aa HalaHHA nepuloi 0onomozu
8 pasi 3anamopoiueHHs. AmiKe B Maiux
Io3ax IIapa aMOHiaKy CTUMYJIIO€ IUXaJbHUM IeHTp. BamKauBo mam’aTaTu, II0
OigBUIIEHUH YMICT aMOHiaKy B HOBiTPi NPU3BOAUTEL A0 XPOHIUHMX OTPYEHD
opraniamy. Ilomisk HacaigKiB BILIMBY BEJIMKUX J03 aMOHiaKy — CUJIbHE IOpas-
HEeHHs CJIU30BUX O0OJOHOK, XiMiuHi omiku, pedeKTopHe 3yITMHEHHA AUXAHHSA
romjo. KaramiTuuHe OKUCHEHHA aMOHiaKy BUKODPUCTOBYIOTH Y NPOMUCTLOBOMY
6UPOOHUYMEI HIMPAMHOL KUCLOMU.

Tigporen cyabdim — myske TOKCHMYHA CHOJYKa, IO O0OMeXKye IOro 3acTocy-
BaHHA. B aHamiTmuHil ximii #ioro Ta cyapdigHy KHCIOTY BUKOPHUCTOBYIOTH

Puc. 20.4. BHeceHHsI B TPYHT PigKoO-
ro aMoOHiaKy

Puc. 20.5. TonoBHUM
JiKYBaJbHUM YUHHA-
KoM Kypopry «CuHAK»
(3axkapuartsa) € CuHALD-
Ka CcipKoBOgHEBa BOJA,
CUHIOBATUMN BiATiHOK
AKOI I 3yMOBUWB Ha3BY
caHATOpiIo
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I OCa»KeHHS Ba)KKUX METaJIiB, CyJbQiAN AKUX MaJOPO3UMHHI. Y MemuIiu-
Hi — y CKJIaAi IPUPOIHUX i INTYUYHUX CiPKOBOAHEBUX BaHH, a TAKOXK HEIKNX
minepanbHuUX BOA (puc. 20.5). Takok IOro 3aCTOCOBYIOTH IJiA AOOYBaHHSA
cyabhaTHOI KUCJIOTH, CipKU, CyJIbdimiB.

O’j https://www.youtube.com/watch?v=X1BktOPsc7g
//f y

https://www.youtube.com/watch?v=ttF0atEChG8
https://www.youtube.com/watch?v=bynVpcajzIM

o 18] rONOBHE

® CroosyKu HeMeTaJiuHuX eJeMeHTiB 3 ['imporeHOM — MOJIEKYJISAPHI PeUOBUHU
3 KOBAJIECHTHUMU TOJSPHUMHU 3B’ A3KaAMU.

® VY madimpocTimux 6iHapHUX CIOJyKaX KilbKicTh aTomiB Iimporeny HaBKOJIO
aToMa HeMeTaJIiYHOTO eJIeMeHTAa JOPiBHIOE PiSHHUIIL MixK umciaoM 8 i HoMe-
POM T'PynH IIEePiOAMYHOI CHCTEMMU.

® Awmomniak i rizporeH xJopun mo0pe POIUYMHAIOTHCA Y BOMi, a TiAPOTEHCYJIb-
dig — Mmasopo3YMHHA KUCJIOTA.

® VYV BOgHOMY pPOSUMHI aMOHiaKy JIy»KHe cepeJoBHUIIle, BOOHUIN PO3UUH TiApo-
reH cyabdiny — cimabka cyabhigHa KKcJIoTa, BOOIHUM PO3UYMH TiJIpOreH XJIO-
puAy — CWJIbHA XJIOPUAHA KWCJIOTA.

® Biwmapui cmonyku HeMmerasmiuHmX ejieMeHTiB 3 I'izporeHoM MamOThL HeabuAKe
OpaKTUYHe 3HAUEHHS.

[lepesipre cebe

1. MNepemeopimb po3noBigHi peyeHHs pyopukn NPO MONMOBHE Ha nuTanbHi. Yn moxe-
Te BU BiOMNOBICTM Ha Ui 3annTaHHA 6e3 gonomorn nigpyyHuka?

3acrocymnre CBOI 3HQHHST A YMiHHSI

2. lNosicHimb, YoMy: a) aMOHiak 36upatloTb BUTICHEHHAM MOBITPS B CyXy MpoBipKy, po3-
TaloBaHy OTBOPOM BHM3, a rigporeH Xnopua — y cyxy npobipKy, po3TalloBaHy OTBOPOM
poropu; 6) ogHMM i3 3axoAiB JONIKAaPCbKOT AONOMOIM ypaXkeHOMY Naporo aMOHiaKy € iHrans-
Lis cnabknm po3yYMHOM NIMMOHHOT ab0 OLTOBOI KUCMOTH; B) KOMM IOAMHY BKyCUa Mypallka,
Crnig NpuKnacTy Ao Micus yKycy BaTKy, 3MOYeHy BOAOW, A0 siKOoi AobaBneHo Tpoxu Halla-
TUpHoro cnupTy. 3. [ins HerTpanisauii BUTOKIB rigporeH xnopuay patyBarnbHUKN BUKOPUCTO-
BYIOTb BOAHI PO34YMHU HATPIN rigpokcmuay, HaTpin kapboHaTy, KanbLin rigpokcuay 3 MacoBo
YaCTKOK PO3YMHEHOT peyoBUHU 5 %. FAKMI 3 po34MHIB (3a 0OgHaKOBOI Macw iX) HenTpanisye
HanbinbLie rigporeH xnopuay? Bignosiab obrpyHmyldme. 4. [Ona HenTpanisauii BUTOKIB
aMoHiaky BMKOPUCTOBYIOTH BOLHWUIA PO34MH 3 MacOBOI YacTKo xnopuaHoi kucnotn 10 %.
Axknin 06’em (M°) amoHiaky (H. y.) MOXHa HeWTpanidyBaTn Takum po3ynHoM macoro 100 kr?
5. Bucrioeme npunyLLeHHs, YOMY: a) YHacnigoK NponyCckaHHA CIPKOBOOHIO KPi3b KPOB BOHa
HabyBae 6pyaHOro YoOpHO-3€ereHOro Konbopy; 6) y pasi OTPYeEHHs rigporeH cynbgigom peko-
MEeHZOBaHO MPOMMBATU HOCOINOTKY BOOHWM PO34YMHOM Xap4oBOi COAM (HATPil rigporeHkap-
HoHaTy); B) 34aTHICTb CIpKOBOOHIO MPUIHIYYBaTU HIOX POOUTL L0 PEYOBMHY O0COBNMBO He-
BesneyvHo0? 6. CrpoeHO3ylime XxapakTep CepefoBulla Yy BOAHUX PO34YMHAX: @) aMOHiW
xnopuay; 6) amoHi cynbdigy; B) kanin xnopuay; r) HaTpii cynbdiay. Tidmeepdbme cBOi
MipKYBaHHS PiBHAHHAMM Tigposi3y conewn.

Cg TBOPYQ MQVICTEPHS

7. Ha npuknagax GiHapHUX CnomnyK HemeTarniyHux enemeHTiB 3 [igporeHoM rnosicHims, sk
po3paxyBaTu cymy 360py 3a 3abpyAHEHHS HABKOMMWLLUHLOIO cepepoBuwa. 8. Yse8imsb, Wo
BaM JOPYYEHO HanmMcatu A0 LWKINbHOI ra3etu iHpopMaLiiHy 3aMiTKy Npo NpakTU4He 3Ha-
YeHHs BiHapHMX cnonyk HeMeTanivYHux enemerTiB 3 [igporeHom. Bunpobytime cebe B poni
XypHanicTta 4m XypHanicTku 1 3p0bims ue.
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§ 21. OKCMaAN HEMETAAIYHUX eAeMEHTIB, IXHiN YMICT
B atmocdepi. KNCAOTHI AoLui

lMicnsi onpayroeaHHsA Ub020 napazpagha eu 3Moxeme:

Ha3ueamu KUCIOTHI OKCUAMN 32 CUCTEMATMUYHOIO HOMEHKNAaTYpOlo;

cknadamu PiBHSAHHA peakuit, siKi xapakTepuayoTb XiMiYHI BlacTUBOCTI Ta 400OYyBaHHS
KMCMNOTHMX OKCUAIB;

MosICHIO8amu aHTPOMOreHHI 1 NPUPOAHI MPUYMHM NOsIBU B aTMOcdepi oKCnais HemeTta-
NIYHNX €NEeMEHTIB;

eucnoesioeamu cyOGeHHs1 o040 EKOMNOrYHNX HacnigKiB BUKMAIB B aTMOCHEPY OKCU-
niB KapboHy, HitporeHy, Cynbdypy; KUCTOTHMX AOLLUIB.

Oxcuon HeMeTaJ IYHUX eJIeMEeHTIB JOCUTh A0oOpe BifoMi BaM 3 IMOBCAKIEH-
HOTO KUTTTsS. [iIporeH OKCUJ — TOJIOBHUU CKJIAJHUK HAIIOrO OpraHismy.
Kap6ou(IV) oxkcunm — IPOXYKT rasoo0MiHy B JIeTreHAX JIIOAUHY I CUPOBUHA OJIA
cbo'rocuHTesy TJIIOKO03U # KPOXMaJIio POCTHHAMM. Rap60H(II) OKCHUJI — HaA3BU-
yaiiHo Hebe3IeuHa CIOJIYKa, YHACIIIOK OTPYEHHA AKOIO ITi/T YaC MOXKEXK TUHYTH
aogu. Piskuii xapaxkrtepHuii 3amax cyabhyp(IV) okcuay BimuyBaau Ti, XTO
3arajoBaB CipHuUKa. I UM He KOMKHUU UM KOMKHA 3 Bac 3aropsJu Ha ILIAMKAX,
ycTeseHUX Oesdnmiuyio Api6HMX KpucTanamkiB cuiiniii(IV) okcunmy.

Sanuwimpb xiMivHi opMynun okcuais, Ha3BU SKMX HaBegeHO B nonepeaHbomy ab3a-
Li. 3azHayme CTyneHi OKUCHEHHS XiMIYHUX ENEMEHTIB Y HUX.

31e6igbIIIOr0 HeMeTaJiuHi eJleMeHTH YTBOPIOIOTHL II0 [AeKiJbKa OKCHIIB
(Hasedimb kinvka npukaadis). [IpogykTaMu peakiiii 6araTbox OKCHUIIB HeMe-
TAJTIYHUX eJIEMEHTiB 3 BOIOI0 € KHUCJOTU (0onosHimb Hasederni dani cxemu
XimiuHUuX pearyiit):
SO, + H,0 2 ...;
N,05 + H,O — ...

Bu, nanesHo, 3BepHy.JIM yBary, o ejleMeHT E kKucimoTrHOro oxkcuny E, O mifg
Yac YTBOPEHHS KUCJIOTH MEPeXOUTE 10 CKJIANY amiona. Te came Bln6yBa€TI>ca
M mig yac yTBOpPEHHA COJIeW y peakKIligX 3 JIJyraMu, OCHOBHMUMH! OKCHUAAMHU Ta
meakuMmu coaamu. Tak, mig miero kap6oH(IV) okcuay BamHsAHA Bojga — IPO30-
puii HaCMYEHUIN PO3YMH KaJBIiH TiAPOKCHUAY — CTAa€ KaJaMyTHOIO BHACJIiJTOK
YTBOPEHHA KaJbI[ii KapOoHaTy:

CO, + Ca(OH), = ..\ + H,0 (puc. 21.1.1).

CrniaBJaAHHSAM KBapIIOBOTO HiCKY 3 JYI'OM MOKHA JOOYTH HATPill CHUJIiKAT —
Tak 3BaHe po3umHHe cKJo (puc. 21.1.2):

Si0, + NaOH - Na,SiO; + .7

—

Puc. 21.1. 1. TIponyckauusa xapoou(IV) okcuay Kpish BAIHSIHY BOZLY.

2. PosuuHHEe CKJIO — BOAHUUM PO3UYMH HNPOAYKTY CILIaBAAHHA cuiainiin(IV) okcumay
3 HaTPi#l TigpoKCcHUIOM
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Knacucbikylime ui peakuii 3a KinbKiCTIO peareHTiB i NPOAYKTIB, nepemeopimbs cxemy
peakuii cuniuin(lV) okcuay 3 HaTpin rigpoKCMaoM Ha XiMiYHe piBHSAHHSA. Hasedimb we
Kifnbka Npuknagis Ha NiaTBEpPAXEHHSA 3a3HAYEHOro BULLIE.

KucnoTHi okcuay pearyioTh 3 OCHOBHUMU OKCHAaMU, a HeJIeTKi KUCJIOTHI
OKCH/IM IIiJl Yac CIJIaBJSHHA BUTICHAIOTH i3 cojiell JieTKi okcunu (nepemeopimo
HasedeHi 0agi cxemu peaxyiit Ha XiMiuHi DIBHAHHS):

SO, + Na,0 — ..
Si0, + Ca0 5 .1
Si0, + K,C0; 5 ... + .1\

Crmocodu moOyBaHHS KMCJIOTHUX OKCHIIIB BaM TaKOXK BimoMmi, B caMOCTiHfHO
3MOJKeTe X cxapakTepudyBaTu (3pob6ims ye), IpoaHa i3yBaBIIN HaBeleHi mairi
CXeMU XiMiyHUX peakIliii, mepeTBOPUBIIMN iX Ha XiMiuHi piBHAHHA Ta KJjacudi-
KYyBaBINX 3a KiJbKiCTIO peareHTiB i NPOAYKTIB Ta 3 IOTJIALY OKNCHEHHA-BifI-
HOBJIEHHA :

P+0;5 . S+0,5.; CHy+0y— u+.;CO+0,5 .

t, KarT.

NH; + 0, =" NO + ..; ZnS + 0, > ZnO + SO, 7;

Fe,0, + CO > FeO + CO,T; CaCOy > ... + ..7;
(CuOH),CO; > CuO + CO,T + ...; Pb(NOy), > PbO + NO,T + 0,7;
HNO, > H,0 + NO,T + 0,%; Na,S0, + B,0; > NaBO, + S0,T + 0,
Na,COj, + HCl - ... + .7 + H,0; HNO, + P,0, — (HPO,), + N,O;;
KCIO, + H,S0, — K,S0, + CL0, + H,0;

K,Cr,0, + H,80, > CrO -+ K,S0,+H,0.

Aki 3 HaBegEHMX CXeM peakuill onUCyTb 3aranbHi MeToam [oOyBaHHS KUCMOTHUX
oKkcuais, a siki — 0cobnuBi? Aki 3 HMX, Ha Balwly OyMKYy, HAaBeAEHO nuwie Ans o3Ha-
NOMITEHHS Ta 3aCTOCYBaHHS BXe ChOpMOBaHNX yMiHb?

KucaoTHi omagm — ofHa 3 HaraJbHUX €KOJIOTiUHUX IIPO6JeM ChLOTONEeHHS —
YTBOPIOIOTHCSI BHACJIIOK zidpamauii KuciomHux okcudig, sSKi MicTATLCA B
moBiTpi. Hampukaan, kap6ou(IV) oxcun — oguH 3 HOro CKJIATHUKIB — PO3UU-
HAETHCA Yy BOAL Ta B3aEMOMi€ 3 Helo Iim uyac GopMyBaHHsA I BUMANIHHSA JOIIO-
BUX KpalleJb:

COo, + H,0 2...

ITponykT 1iei peakiii — caabka KapOoHATHA KMCJIOTA — 3YMOBJIOE CJIA0OKO-
Kucay peakiiro pomtosBoi Boau. Ilokazuuk pH umcroro pomry, Akt TPOXOAUTH
Kpish He3a0pyAHEeHe IMOBIiTPs, Yy MOMEHT yAapy o0 3eMJII0 CTAHOBUTE 5,6 (nopis-
HAallme 3i 3HAYeHHAM noka3nuka pH ducmunavosanoi eodu).

Yuacaizok ByJakaHiuHOI migabHOCTI B mOBiTpa HaaxomuThb cyiabhyp(IV)
okcup. IIig ymauBOM eNIeKTPUUYHUX PO3PAMiB OJMCKABKU 3 a30Ty Ta KUCHIO
noBiTpA yrBOproeThbes HiTporeH(II) okcun, skuii oKucHIOETHCA 10 HiTporeH(IV)
okcuny (cknadimv pi6HAHHA YUX peaKruyiil).

! fIki came cxemu peakIiiii ompaloBaTH, BaM HOPaAUTL YUYUTEJb ab0 BUUTEJIbKA
xXimii.
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Likago (i nisHaBaAbHO

Yci pasom BynkaHu LWOPOKY BMKMAaroTe B aTmocdepy 3emni Big 20 oo 35 MnH TOHH
cynbcpyp(IV) okcmay. Lle BaABiYi MeHLe Big Toro obcsry, sSkuii notTpannse Tyau BHACNigok
NIOACLKOT AisiNbHOCTI.

Poskaamanusa opraHiuHUX PEIITOK YHACIIZOK KUTTEAisAIBLHOCTI MiKpoopra-
HiBMIB TaKOXX € [AKepesOM HaAXOMKeHHSA B aTMoc(depy KUCJIOTHUX OKCHUIIB
Kap6ony, Cyabdypy, Hitporeny. IIpoaykTu ixHBOI TigpaTaliii miZKMCIIOIOTH
omajau — OOIIi, CHiru, TyMaHH TOIIIO.

Likaso (i nisHaBaAbHO

Ha kncne cepegoBulle gowoBoi Boau e 1684 poky 3BepHYB yBary aHrfincbkMm Ximik i
disnk PobepT Bolnb. TepMiH «KMCNOTHWIA OOLW» BUHWK OBa CTOMITTS NOTOMY, KON GpuTtan-
CbKi HayKOBLLi 3ayBaXunu, Lo 3abpygHEeHHSA NOBITPS B NPOMUCIIOBO PO3BUHYTIW LieHTparnb-
Hil YaCTMHI KpaiHM € MPUYNHOKD ICTOTHOMO MIABULLEHHSI KUCITOTHOCTI onagi..

Hebesnery 30iibIlleHHST BUKHUAIB KHUCJIOTHHUX OKCHUIIB TeXHOT€HHOI'O II0XO-
IoxenHa (puc. 21.2) mropcTBo 30arHyJio JIAINIE B JPYTi#d IOJOBUHI MUHYJIOTO

CTOJIITTA.

502 =b H2504" ¢+ NOx =P HNO3

CYXWUN 3anuLLIOK

”3HI/I)Ky€17'I:§C$I qéK;;HMK”
~——PpH rpyHTIB

Puc. 21.2. CnanoBaHHA BYTriJig, HadTu Ta HAQTOIPOAYKTIB HA TEILJIOBUX
€JIEKTPOCTAHIIIAX, Y ABUTYHAX BHYTPIIIHBLOTO 3TOPAHHSA — IpKepesa TeXHOT'eHHOI'O
3a0pyAHEeHHSA MOBITPA KUCIOTHUMYU OKCHUIAMU

Likaso (i nisHaBaAbHO

3a gaHumm Guardian, O4MH BENUKMIA KPYi3HUIA NnaviHep BUKMAae B aTmocdepy Byrne-
KMCMOro rasy CTinbku camo, sk 83 Tucsidi aBTomobinie, okcnaie HitporeHy — sk 421 tucava
aBTOMOGINiB, TBEPAUX APIOHMX YaCTUHOK — SIK MiNbAOH aBTOMOGINIB i aiokemay Cynboypy —
sk 376 MinbMoHiB aBTOMOGINIB 3 ABUIYHOM BHYTPILUHBbOIO 3ropsHHS.

3mo0entoiimo YTBOPEHHS KHCJIOTHOTO HOINy ¥ docnidimo iiozo énaué Ha
00’eKTU KUBOI Ta HeKuBOI mpuponau. [Hocais BUKOHYBATUMEMO y BUTSMKHII
madi (nomipkyiime uwomy). 3pikemo 3i cBiKoro fAbOJSyKa CMYKKY IIKipKU I
MOKJIaleMo il 0 MOPOKHBOI TEPMOCTiMKOI Koj6u. 3allOBHUMO JIOMKEUKY IJI
CHaJIOBaHHA PEYOBWH Ha IOJIOBUHY ii 00’eMy cipkoio. 3amaaumMo cipky, 3aHy-
PUMO JIOMKEUKY B KOJIOY ¥ 3aKPHUEMO, HACKIIBKHU Ie MOKJINBO, CKJISAHOIO IIJIAC-
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TUHKOIO OTBip mocyamuu. Koau auM 3amoBHUTH KOJIOY, BUHMEMO JIOMKEUKY,
TIOBHICTIO 3aKPHUEMO OTBip KOJIOM CKJSHOIO IJIACTUHKOIO i TAK caMO 3allOBHMU-
Mo cyabdyp(IV) oxkcumom iminy, moposkuio KoJuo0y. Ilorim 3aracumo mosym’s
CipK¥ B CKJSHIII 3 BOJOIO.

Yepes neBHUI yac MU II00AYMMO, IO IIIKipKa sg0JyKa BTpaTUia IPYyKHICTb,
cTajla 3MOPIIKYBaTO0. 3MIiHMBCA TaKOMK il KOJIIp — BiH yTpaTuB iHTEHCHUB-
HicTb, Haue «BUIBiB». OueBuaHO, cyabhyp(IV) oxkcupn «BigaAB» y A0IyUIHOL
IMIKipKW BOAY I ITpopearyBaB 3 POCIMHHUMU OapBHUKaMHU, SKi MicTmiaucs B il
KJIiTHHAX.

3p0o6imb 8UCHOBOK OO0 BMMBY KMCIOTHUX OKCUAIB i NPOAYKTIB iXHBOI rigpaTadii Ha
POCINHN.

LlikaBo (i nisHABAAbBHO

PocnuvHun BusiBnsaoTh pisHy YyTnMBICTb 4O cipumcToro rasy — cynbdyp(lV) okengy. Han-
YYTNMBILLMMM Cepen HUX € ANnHAa Ta COCHa, HaMeHLL YyTnuBmuMmn — 6epesa Ta ayb. 3-nomix
KBITIB HANYyTNMBILWa [0 Aii LbOro KMCIIOTHOro oKkcuay — TposiHaa.

Hob6aBuMO B APYTy KOJOY AUCTUIBLOBAHOI Boau 006’emom 10 MJI, 3aKOPKYyeEMO
ii Ta kinmbKa pasiB crpycumo. ITomicTumo Kpamiio Boau 3i 3MirtaHoo 6axkTepi-
aJIbHOIO KYJBTYPOIO Ha IIPeIMETHe CKJIO IIiJ MiKpockom. IlimeTkoro TOUHiCiHB-
KO B KpaIliio 3 0aKTepiaJbHOIO KYJbTYPOIO A00aBMMO TPU KpAaIllji piguHu 3
Komou. Ilixg ii BmamBom OakTepii ruHyTH (nomipkyiime, ski 03HAKU Mmailombv
cgeiduumu npo ue).

@ 3pobimb 8UCHOBOK LLOA0 BNMAMBY KUCITOTHUX OOLLIB Ha I'PYHTOBI GakTepii.

3a 3MiHOIO 3a0apBJeHHS YHiBEpCAJBLHOTO iHAMKATOPHOTO HAMIpIA (fK020
KONbOPY BiH HAOYBaE?) MOKHA 3POOUTH BUCHOBOK IIPO Te€, IO ¥ BOJHOMY PO3-
yuHi npoaykTy rigparaiii cyabdyp(IV) okcuny € karionu I'izporeny. Hacuin-
KoM il mporo po3umHY Ha IIIMATOYOK MATHI€BOI CTPIiUKM € «PO3UMHEHHS»
MarHiio Ta BUAiJIeHHSA OyJIbLOAIIIOK BOJHIO:

0 2
2H" + Mg’ = Mg®" + H,T.

@ Cknadimbp pBa MOMEKYNSPHI PIBHSAHHS, WO BiANOBI4ATb LIbOMY CKOPOYEHOMY
NOHHOMY.

Amnajoriuni 3miau BimOyBaioThCcA 3 KyCOUKaMH MapMypy, aiKe IPONyKTa-
MU peakirii € po3unHHA y BOAi cinab i rasysaruii kKap6ou(IV) oxcum:

2H' + CaCO, = Ca®" + CO,T + H,0.

1. Cknadimb ABa MOMEKYNAPHi PIBHSAHHSA, WO BiAnoOBigal0Th LIbOMY CKOPOYEHOMY
NoHHOMY. 2. Po3dugimbcsi pucyHok 21.3 i 3p06imb 8UCHOBOK LLOAO BMIMBY KUCHOT-
HWX OOLLIB HA POCIIMHU Ta iCTOPWYHI ByaiBni 3 MapmMypy Ta BarnHsKy.

3BiCcHO, TUMU CUTyalliAMU, SKi MU 3MOJeJNI0BaJIU B JIaOOPAaTOPHUX yMOBAaX,
HEeTraTUBHUU YILJINB KHCJIOTHUX IOIIiB He BUYEPIIaHO. ¥ HACHIJOK I[HOT'0 T€XHO-
TeHHOTO JUXa MiJBUIIYETHCSA KWCJIOTHICTH I'DPYHTIB — BOHM BTPAYaIOTh POJIO-
4icTh, 3MEHIIIYEThCS OioJoriuHe pisHOMaHIiTTA BuAiB opramismiB. Hampuwianm,
HeNpUpPOAHEe HimgBUIIeHHsS BMicTy KaTiouiB I'izporeny y BomoiiMax HEraTHBHO
BILIMBA€ Ha 3JaTHICTh puO PO3SMHOKYBaTHCH, MIPUBBOAUTH M0 IXHBOI MacoBOi
3arubeui.

Big kucaoTHUX omamiB moTepnaioTh JIOAM — KUCJHOTHI okcugu Cynbdypy i
Hitporeny He Juiiie moapasHIOIOTh IUXAJIbHI IILJIAXY, CIU30Bi 000JI0OHKU, PYii-
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Puc. 21.3. PyiiHiBHA [Oif KHCJIOTHUX OHALiB HA 00’€KTHU »KMBOI Ta HEIKUBOI IPUPOLU.
1. MeptBuii qic y Hopserii. 2. MapmypoBuit maBsojeii-meuers Tamx-Maxan B Iumii
yepes3 KUCJIOTHI HoImi BTpavae GiIOCHIKHICTD

HYIOTh 3y0OHY eMaJjb, a I COPUUYNHSIOTh XPOHIUHEe OTPYEHHSA OPraHiamMy Ta, AK
HACJiOK, BHMKeHHA iMyHiTeTy.

KucaorHi onagm BUMHBAIOTh 3 IipChbKUX IIOPiZ, I'PYHTIB, JOHHUX IIOKJIAIiB
KaTioHn AJIOMiHiIO, BaXKKMX MeTAJIiUHUX eJeMeHTiB, 30Kpema MepKypiio.
YHacIiIOK IIbOTO0 BOHU CTAIOTh CKJIATHUKAMU JIAHITIOTIB JKUBJIEHHS, IO IIPH-
3BOJIUTH A0 XPOHIUHOTO, a TPAILJIAETHCA, i TOCTPOTO OTPYEHHA OPraHiaMiB.

fAx 3amo0irTu yTBOPEeHHIO KHMCJIOTHUX OMAMIB i KOMIEHCYBaTH HaCJiIKu
ixHBOI py¥HiBHOI Aii? YacTKOBO 3apaguTH JUXY MOXKHA OUMINEHHAM IIaJnBa
Bif TOMIiNIOK Ccyab()ypPOBMiCHMX CIIOJYK, 2 IPOAYKTIB CIAJIOBaHHA — BiJ KUC-
JIOTHUX OKCHUAIB. SIKIIO cHaJIlOBaHHSA 3MiMCHIOBATM 3a HUMKUYUX TEMIIEPATyp,
3MEeHIIyeThCA YTBOpPeHHA oKcuAiB Hitporeny. Ilia ouminieHHA Big HUX edeK-
TUBHUM € KaTaJiTuuHe BiJHOBJIEHHS 3a yYacTiO aMOHiaKy (8ukopucmaswu
Memod eneKmpoHHO0z0 0ANLAHCY, nepemeopimv HasedeHi dani cxemu pearuyiil
HQ XiMiYHi PIBHAHHS):

t, KarT.

NO + NH; —5 N, + H,0;

t, Kar.

NO, + NH; —— N, + H,0.
1. lMpoaHanizydme cknag NPOAYKTIB OBOX PeakLil, PiBHAHHA KX HaBe4eHO BULLE, i
MOSICHIMb, YOMY LieW crnocib BuaaneHHs AOMILIOK okcuaiB HiTporeHy € ekonoriyHo

ynctum. 2. Cknadims piBHAHHSA peakuin cynbdyp(lV) okenay 3: a) KanbLii OKCMaoM;
©0) kanbUin rigpokcuaoM; B) Kanin kapboHaTom.

Ilepexig Ha ajnbTepHATHBHI €KOJOriuHO uuCTi mxepesa eHeprii (Hassimb
ix), BUKOPUCTAHHA eHepro3depiraJbHMUX TeXHOJIOTiNT Ha BUPOOHUIITBI i B m00y-
Ti — Halie)eKTUBHIIII 3axX0au 3am0o0iraHHsA YTBOPEHHIO KMUCJIOTHUX OIAaJIiB.

LlikaBo (i’ ni3HABAAbLHO

BussneHo, wo nnicHasun rpnb Stachybotrys chartarum suganse Big 65 % go 76 % cip-
ku i3 cupoi HadTn 3a 30 °C. HoBui npouec He NnoTpebye BUKOPMUCTaHHS BUCOKOI Temnepary-
pu Ta Benuknx BuTpaT eHeprii https://pubs.acs.org/doi/abs/10.1021/ie800494p.

@ lNosicHIMb 3HAYeHHSA LbOro BiAKPUTTSA B KOHTEKCTi 36anaHCcoBaHOro po3BUTKY MOA-
cTBa.

L Iudopmalrito HaBemeHO /i O3HAMOMJIEHHS Ta ONpAIIOBaHHS, a He AJA 3amam’s-
TOBYBaHHS.
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https://www.youtube.com/watch?v=1PDjVDIrFec&t=49s
https://www.youtube.com/watch?v=Z5Db5ranTXw
https://www.youtube.com/watch?v=Y6bSKI_o0y8
https://www.youtube.com/watch?v=ccQoSI|5buQ4

18 ronOBHE

® AnropuTM CKJIATaHHS HA3B OKCHUIIB 3a CHCTEMATUYHOIO HOMEHKJIATYPOIO:
Ha3Ba XiMiUHOTO ejJeMeHTa + #ioro BajeHTHiCTH! + OKCH[.

IIpuxkaanu: kap6ou(IV) okcum, cyashyp(VI) okcum.

® fx1mo oxcuay HeMeTaJiuHOTO eJeMeHTa BiflloBilae KUCJI0Ta — BiH KUCJIOT-
HUH, AKIIO Hi — HECOJETBOPHMUIA.

® KucioTHi oKcuau 00yBalOTh CHAJIOBAHHAM MPOCTUX i CKJIaJHUX PEYOBUH,
TePMIiUHMM PO3KJIAJAHHAM OKCHUIeHOBMICHHX KMCJIOT Ta HOeAKHX IXHiX
coJieii, peakIlieo oOMiHY MiK coAMM i KMCJIOTAMM, COJSIMHU TA KUCJIOTHMU-
MU OKCHIaMMU.

® IIpomyKT peakirii KMCJIOTHOTO OKCHUIY 3 BOAOIO — KMCJIOTAa, 3 JYIOM — CiJb i
BOJa, 3 OCHOBHIUM OKCHIOM — CiJb.

® KucioTHi omagu — ofHaA 3 HaraJbHUX €KOJOTIiUHHX IIP00JeM ChOTOIMeHHS.

a https://www.youtube.com/watch?v=ynz93H1_2as

[lepesipre cebe

1. lNepemeopimb po3noBigHi peyeHHst 3 pybpukn NMPO MOJIOBHE Ha 3anuTanbHi. Yu
MOXEeTe BM BifMoBICTU Ha Ui 3anMTaHHs 6e3 JonoMoru nigpy4Huka?

3acrocymnre CBOI 3HQHHST A YMIHHSI

2. YYHIBCTBO oaMHaQUATOro knacy nocnepevanocs. Ogni cteepaxysanu: wobu sbeper-
TV I'PYHTU Bif YNIUBY KMCNOTHUX OOLLIB, 4OCTATHBO iCTOTHO 36iNbLUMTU BUCOTY 3aBOACHKUX
TPpyO, IO BMKMAAKTL KUCMi MPOMUCIIOBI ra3u. IHWIi 3anepevyBany — Le He Po3B’sxe npo-
onemu. A Ak ysaxaeme BU? ApeymeHmyldme CBOKO AYMKY. 3. YUHIBCTBO OAMHaAUSITOrO
Knacy He MOrno AiNTu 3roau Woao KucnotTHmx onagis. OgHi BBaxanw, Wo HanbinbLua KoH-
LeHTpauiqa kaTioHiB lNigporeHy B TymaHi, opyri — y gowi, TpeTi — y xmapax. onyyimbscsa go
IXHBOT ANCKYCIi Ta po3mauwylime onaaun 3a 3pOCTaHHSIM KMCITOTHOCTI. Ap2ymeHmytime CBOO
nymky. 4. [Nomipkytime " NosICHIMB, YOMY 03epa Ta pPidkM, p03TaLLIOBaHi Ha BanHsikax, MeHLU
3a3HaloTb YMAMBY KMCNOTHUX ONagdiB, HiX Ti, LLO po3TalloBaHi Ha rpaHiTax Ta rHemcax, siKi
nepeBaxHO CKNajaloTbCa 3 anoMocunikaTie. 5. O6qucnime: a) o6’em (M°) cynbdyp(IV)
OKCUAY(H. y.), SKUA yTBOPUBCS BHACTIAOK 3ropsiHHSA KaM'ssHOro BYTinns Macok 2 T, MacoBa
yactka Cynbdypy B skomy — 6,4 %; 6) macy (T ) BanHsKy, HeOOXiAHOro ANs OYMLLIEHHS Big
cynbdyp(lV) okcmay NpoaykTis cranioBaHHs kam 'AHoro Byrinnsa macoto 10 T, MacoBa YacTka
Cynbdypy B sikomy — 3,2 %; B) 06’ M (M®) amoHiaky, HeOBXiAHOro AN KaTaniTUYHOrO Bif-
HOBMEHHS cyMilLi 06’emMom 1000 M, sika cknagaeTbest 3 HiTporeH(ll) okeuay i HiTporeH(1V)
okengy. O6’emHa 4acTka H|TporeH(II) okeuay B cymiwi ctaHoBUTb 40 % (06’emu Beix rasis
BUMIpSIHO 32 OQHAKOBUX YMOB).

<3 TBOPYQ MQVICTEPHSI

6. Hamarnotime KOMIKC, 3@ JONOMOIOK SIKOrO MOXHa AOCTYNHO MOACHUTU akTyarbHICTb
nNpoGremmn KNCNOTHUX AOLWIB. 7. TenexypHanicTy Ta TenexypHanicTui, Ski npoxoasitb cTa-
)KYBaHHS, 3anponoHyBanu nigrotysaTu CHOXeT Mpo Npobrnemy KUCMOTHMX AOLWiB A4S ONTy-
MiCTMYHO 30piEHTOBAHOI Nepeaavi «[o6pi HOBUHUY. Yn peanbHO BUKOHATUN Take 3aBAaHHA?
Bunpobytime cebe B uin poni Ta Hanuwime cueHapii nepeaadi. 8. Ckradime nepenik Ba-
LUMX NPOCTMX LOOEHHUX Ail, AKi CIPUATUMYTb 3MEHLUEHHIO YTBOPEHHS KUCNOTHMX Onagis.

1 Jia xiMmiuHmX eJleMeHTiB 31 3MiHHOIO BaJIEHTHICTIO.
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§ 22. Kucaotun

lMicnsi onpayrosaHHsA Uyb020 napazpagha eu 3Moxeme:

® Haszueamu KUCNOTY;

® cknadamu piBHSHHSA, WO NiTBEPOXKYIOTb XiMiYHI BNACTUBOCTI KMCNOT, peakuiit HiTpaT-
HOI Ta KOHLLEHTPOBAaHOI CyfnbdaTHOI KUCNOT 3 MarHiem, LMHKOM, MigAato;

® xapakmepu3yeamu ixHi (pi3nyHi Ta XiMi4Hi BNacTMBOCTI.

HasuBaTu KHCJOTH Ta CKJAJaTH PiBHAHHSA peakIiiil, 10 MiATBEPIKYIOTHh
ixXHi 3arajpHi X}Mqui BJIACTHBOCTI, B B)Ke BMieTe. 3acTocyiiTe i BMiHHSA IIig
yac BUKOHAHHSA 3aBlaHb, HaBeJeHUX JaJIi.

1. Knacugpikytime kncnotn, ximiuxi doopmynu skmx HCI, H,S, H,SO;, H,SO,, HNO;,

H;PO, ..., 3a AKICH/M i KiNbKiCHUM CKNagoM, curoto, neTkicTio Towo. 2. Ckradime

PIBHAHHA €NeKTPOsiTUYHOI Aucouiauii umMx KUCroT. Aki 3 HMX AMCoUitoBaTUMYTb
NPaKTUYHO MOBHICTIO? AKi — CTyniHYacTo? AKi MOXYTb YTBOPKOBATU KUCHi coni? Akoro Ko-
nbopy Habyae y BOOHWX pO34MHAX LIMX KUCMNOT YHiBepcanbHWUI iHOuKaTop? 3HayeHHs no-
KasHmka pH uux posunHiB Ginblle 4 MeHwe Big cemn? 3. Ckiiadimb PIBHAHHS peakuin,
BMKOPMCTABLUM HAaBEAEHi B 3aBAaHHI hopMynun: a) OAHOOCHOBHOI 6E30KCUIeHOBOT KMCNOTK
i3 LMHKOM; 6) JBOOCHOBHOI OKCMIEHOBMICHOI CUnbHOI kncnotu 3 kynpym(ll) okcnaom; B) oa-
HOOCHOBHOI OKCMIreHOBMICHOI kucrotu 3 kynpym(ll) rigpokcuaom; r) ABOOCHOBHOI criabkol
OKCUIEeHOBMICHOT KMCITOTW 3 HaTPIW MapoKCMaoM; 4) TPbOXOCHOBHOI OKCUFEHOBMICHOT KMCIO-
TV 3 HATPIN kapboHaTOM; ) BOOCHOBHO| 6e30KCUreHoBOIT KMCroTu 3 nntomoym(ll) HitpaTom.
PosensiHeme Ui peakuii 3 nornsaay enekTponiTMYHoI ancouiauii, a OKMCHO-BIQHOBHY — LUE 1 3
nornsiay OKUCHEHHS—BIQHOBMNEHHS.

®Dizuuni ¥ ximiuHi BiIactuBocTi cyabgaTHol Ta HiTpaTHOI KHCaoT. IIopiB-
HATU (Qi3WYHI BJIACTHMBOCTI HiTpPaTHOI Ta Cyab(haTHOI KUCJIOT BU 3MOXKETE CaMO-
CTiliHO, ITpoaHAaJi3yBaBIIM BimomocTi, HaBemeHi B Tabauii 22.1 (3pobimoe ue,
BU3HAUUBWU 3a 300PANHCECHHAMU MoDesell MONeKYL, NPo AKY Kucaomy ildemuvcs
8 KOMCHIIl KOLOHUIL).

Tabauuysa 22.1. Pisuuni BIacTUBOCTI HiTpaTHOI Ta CyJIb(aTHOL KHCIOT

Kucaora

OsHaKu IOPiBHAHHS
SOBHIITHIA BUTIAL ITposopa 6GesbapsHa oiic- | Besbapsua, koBTa a00 UepPBO-
(puc. 22.1) Ta r'ir‘pocmonqua1 pinmHa | HA pigwHA, IO AUMUTH
I'yctuna, I‘/CM3 1,84 1,51 (68 % -umit po3uun —1,41)
PosuunnicTs y BOAi Heobmerxena
3amax Hemae Pisxuit xapaxTepHuit
Temnepa- miaasiaenssa | 10,38 -42
Typa, °C

ypa, KUMiHHA 337 83 (68 % -mit posunn — 121)

! dxi came 3aBIaHHA BUKOHYBAaTHU, MpPAIIOBATH iHAWBiIyalbHO UM B IPyMi, BaM IIO-
paauTh yuuTteab abo BUMTENbKA XiMmii.
Bix maBH.-Tpem. vYPOG — BOJIOTMH + OKOTME® — CIOCTepiram — 3JaTHICTb NeAKUX
PEYOBUH MOTJIWHATHU BOAAHY Iapy 3 MOBiTpA.
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Puc. 22.1. Cynbdarua (1) Ta miTparHa (2) KucjaoTu

1. Ha npuknagi cynbaTHOi KUCNOTU NPOKOMEHTYNTE MHEMOHIYHE NPaBUIIO NPUro-

TyBaHHSA 11 po3umHiB: «Kucnoty — y Bogy!». 2. YHacnigok posknagaHHsl HiTpaTHOI

KMCNOTKU yTBOpPHOKOTLCA HiTporeH(lV) okcua, kuceHb i Boga. Akui 3 NpoaykTiB Uiei
peakuii gictaB 06pa3sHy HasBYy «NIMCAYMIA XBICT» | YOMY?

CxapaKTepu3yBaTH CHiJIbHI 3 iHITMMM KHCJIOTAMHU BJIACTHUBOCTI CyJab(haTHOL
Ta HiTpaTHOI KMCJIOT CaMOCTifiHO BaM [0 cHaru (3po6ims ye, ysaswu 0o ysazu,
Wo cYyabhamHua KuUcLoma Yymeopre He aulle cepedri, a it kucai coai). Ilpore i
KHUCJIOTU MAIOTh HUSKY 0CO0IUBUX BIACTUBOCTEH. PO3rissHbMO iX HOKJIaHIiIIE.
Ilig vac BuKoOHAaHHA OSHOTO 3 HMOHEepPeNHiX 3aBIAaHbL I[LOTO Iaparpada BU MaJu
cXapaKTepuayBaTU 3 IOTJIANY OKMCHEHHSA-BiIHOBJIEHHS PeEaKI[ilo XJOPUIHOI
KucJ0TH i3 mumHKOM. TOMK 3MOIJIM HTPaBUJIbHO BU3HAYUTHU, IO OKUCHUKOM Y
Hif € Karionu Tigporeny, saki BimHOBIOIOTECA 0 BOAHIO. OCOOJIUBICTIO CYJIb-
(daTHOI Ta HiTpPaTHOI KMCJOT € Te, IO B peakIiliaxXx 3 mMerajsamu (i He Juile 3
HUMHU) OKUCHI 8aacmusocmi MOXKYTb BuaBaaTu aromu Cyabdypy Ta Hitpore-
Hy Bigmosimuo. IIpoanasnisyiiMo i3 mporo morysay peakIii HiTpaTHOI Ta KOH-
IIeHTPOBAaHOI CyJIb(AaTHOI KUCJIOT 3 MarHieM, IIMHKOM Ta Minmio. Excmepumen-
TaJbHO BUSABJIEHO, III0 MPOAYKTH IIUX PeaKIlill 3ajekaTh Bij IIOJIOMKEeHHS MeTa-
JiB y pAAy aKTUBHOCTi, MacoBOi YaCTKU KHUCJIOTH, TeMIIepaTypu ToIro. Poas-
TJISTHYBIIIA CXeMY, HaBeJIeHy Ha PUCYHKY 22.2, B CAMOCTiiTHO 3MOXKETe CKJIac-
TH PiBHAHHA peakKIlii MarHiio, MWHKY Ta MiAi 3 HiTPaTHOIO KHCJIOTOIO B PO3-
YpHaX 3 PiBHOI0 MACOBOIO YaCTKOIO Ta CXapaKTepU3yBATH iX 3 IOTJIANY OKHC-

He3anexHo cinb+NO T+HO
KOHL. — Bif aKTUBHOCTi —— 2 Z
MeTany Bypuii
. cinb+N_T+HO
Li—Zn Z 2
6e3bapBHMN
cinb + N.OT + H O
HNO po36. Fe - Pb 2 2
3 6e36apBHUI
cinb + NOT+H_O
Cu, Ag 2
6e36apBHuI
ayxe - .
pos6. Li—Zn ——cCinb + NH4NO3 & HZO

Puc. 22.2. Y3aemoisi HITPATHOI KMCJIOTH 3 MeTAaJIaMU
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HeHHSA—BimTHOBJIEeHHA (3pobimb ye indusi-
JyaavHo abo 6 Has4yaabHill 2pyni 3a
nopadoi guumens abo uumenvKu Ximii).

LlikaBo (i ni3HABAAbLHO

OdopT (hpaHu. eau-forte, BykBanbHO — MiLL-
Ha BOAa; HiTpaTHa KMCoTa) — pi3HOBWA rpaBopu
Ha MeTarni, 3a 4ONOMOro SIKOro pobnsiTb BigTUC-
Kv 3 apykapcbkux popm, nonepenHbo 06pobne-
HUX Kncnotamm (puc. 22.3).

https://www.youtube.com/ Puc. 22.3. 3uana ykpaiHCbKa MaJsp-
watch?v=T7c4vryyUrE ka Oxcana Crpatifiuyk 6ins ogHOTO 3
oopTiB Ha NEepPCOHAJbHINI BUCTABIIL
«Bigobpakeuusa», AOy-Ia6i, OAE,
Amnajoriube 3aBJaHHsA BU 3MOYKeTe BU- 6 rpyxas 2013 pory
KOHATU, IIPOAHAJIi3yBaBIIMU CXeMYy, HaBe-
JIeHy Ha PUCyHKY 22.4 (3pobimb ye).

Li- Zn ——— cinb+H,ST +H,0
H SO .
2”4 Cd-Pb —— cinb+S{+H,0
KOHL,.
Cu,Ag — cinb+S0,T+H,0

Puc. 22.4. BaaeMoisg KOHIIEHTPOBAHOI CYJIb(AaTHOI KMCJIOTU 3 MeTaJaMu

1. OpraHonenTuyHi BnacTuMBoCTi (Big rpeu. Opyavov — 3Hapaaas, iHCTPYMeHT +

AETITIKOG — BpaTtu, NpuiMaTn) — BMACTUBOCTI HABKOMULLHIX OO’EKTIB, siki MOXHa BU-

ABMTU N OLIHUTM 3a JOMOMOrOK OpraHiB YyTTs (HKOXY, 30py Towo). [MpoaHanisylime
cxemy, 306paxeHy Ha pUCYHKY 22.4, i OSICHIMb, YA MOXHA OPraHONENTUYHO PO3PI3HUTY NPO-
OYKTW BIOHOBMNEHHS KOHLEHTPOBAHOI CynbdaTHOI KUCMOTU MeTanamm pisHOi akTUBHOCTI. IH-
dopmallisi, NoTpibHa 4Ns NpaBMbHOINO BUKOHAHHS 3aBAaHHs, € B NonepeaHix naparpadax.

XoJsiogHa KOHIIEHTPOBaHA HiTpaTHA KHCJOTA TaK caMO SK i XOJIOZHA KOH-
IIeHTPOBaHa cyJab(aTHaA KUCJI0TA ITaCUBYIOTH aJIIOMiHili, 3ajyiso Ta gedAki iHImi
mertaau. Ilimx miero KMcaOT Ha IMOBEPXHI MeTajiB YTBOPIOEThCA IMiJIbHA OKCHUIHA
IJIiBKA, KA 3aXMUIa€ MOro Big momaibInoi mii KMCJI0TH.

Llikaso (i’ ni3HABAAbLHO

Ak 6yno 3ayBakeHO, NOMNOXEHHSI MeTarniB y psdy akTMBHOCTI, MacoBa YacTka KMCIoTH,
TemnepaTypa TOLLO BMAMBalTb Ha NMPOAYKTWU BiQHOBMEHHS HITPATHOI Ta KOHLEHTPOBaHOI
cynbdaTHOI KACMOT Y iXHiX peakuigx 3 meTanamu. Y 6aratbox nigpyyHukax ximii Bu HaTpa-
nuTe Ha KaTeropuyHi TBEPMPKEHHS HA KWTaNT: «YHACMiAOK peakLii HiTpaTHOI KUCNOTK 3 mar-
HiEM BOAEHb He YTBOPHETLCAY, «3ani3o He pearye 3 KOHLEHTPOBAHOK HITPATHOK KUCO-
Toto». NpoaHanisyBaBLn rpacdikm, 300paxeHi Ha pUCyHKy 22.5, BU 3MOXeTe OiATU NEBHUX
BUCHOBKIB (3p06imb ye).

1. BusHayme 3a rpadikom 1, 3a \KOi MacoBOI YaCTKUN HITPATHOI KUCMNOTW B peaKLinHin

CyMilWi MakcumanbHUM € BMICT: a) BogHto; 6) HiTporeH(ll) okcugy; B) HiTporeH(l)
okcuay; r) asoty. 2. lNpoaHanidyBaBwu rpadik 2, 0ornoeHimbs TBEpAXEHHS: a) «3i
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Puc. 22.5. YmicT razyBaTux MpOAYKTIiB peakiliii Maruiro Ta sajisa 3 HiTpaTHOIO
KHCJIOTOIO 3aJIeKHO BiJi MacoBoi yacTKu Kucaotu (aém. rpadikis O. MuxaiiriueHKo0)

36iNbLUEHHSIM MacoBOi YacTkI HITPATHOI KUCIOTW BMICT Y peakUiiHii CyMmiLui kaTioHiB amo-
Hito ..., a HiTporeH(lV) okcnay ....»; 6) «Y peakuinHin cymilli Hemae KaTioHIB aMOHito, Mone-
Kyn a30Ty, HiTporeH(l) okcmnay, SKwo MacoBa vactka (%) HiTpaTHOI KUCROTW Yy BUKOPW-
CTaHoOMy B JOCAigi po34uMHi cTaHoBMNaA ..., ... Ta ... BiANOBIGHOY.

https://www.youtube.com/watch?v=ygtXMISRNUE

o 18] rONOBHE

® HasBu 6€30KCUTEHOBUX KUCJIOT CKJIAAAIOTh 38 aJrOPUTMOM:
Ha3Ba 4 (pparMeHT Ha3BM XiMiuHOro ejemeHTta + una (ixm) + Ha + KmcjoTa.
IIpukaagu: xjaop + ug + Ha + KHcoTa; cyabd + im + Ha + KucaoTa.

® Has3Bu OKCHUTeHOBMiCHUX KHCJOT CKJIAJAIOTh 34 aJITOPUTMOM:
Ha3Ba 4y ()parMeHT Ha3BU XiMiuHOro exemMeHTa + art (uT) + Ha + KucJaora.
IIpuknagu: cyasd + ar + ma + kmcaora (H,S0,); cynsd + it + ma + kuc-

aora (H,SO0j).

® Hirparna Ta cyabdaTHa KUCJIOTH BUABJIAITH XiMiuHiI BJIACTUBOCTi, 3araJib-
Hi IJIsg BCiX KHCJOT, a TaKOXK — 0co0JuBi. BoHUM — KUCJIOTH-OKMCHUKHU He
auire 3a Kariomamu Iimporeny, a i 3a aromamu Hitporeny i Cyiandypy
BigmoBimHO.

® TIpoaykTu peakiiii HiTpaTHOI Ta cyab(haTHOI KUCJIOT 3 MeTaJIaMU 3aJ1eKaTh
BiJl IIOJIOYKEHHA MeTaJliB y pALY aKTUBHOCTi, MaCOBOI YaCTKU KUCJOTU Y

PO3UMHi, TeMIepaTypu TOIIO.

[lepesipre cebe

1. lNepemeopimb po3noBigHi peyeHHs 3 pybpukm MPO MOJIOBHE Ha 3anutanbHi. Yu
3MOXETe BM BIiAMOBICTU Ha Ui 3anMTaHHs 6e3 gonomoru nigpyvyHuka?
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2. € gBi ogHaKoBi NPO30pi CKMsHI NocyauHn. B ogHii — KOHUEHTPOBaHa HiTpaTHa, B iH-
Wi — KOHLLEeHTpOBaHa cynbartHa kucnoTa. 3anpornoHylime sikomora binbLie cnocobis pos-
Pi3HEHHS LIMX PEYOBWH, LLO I'PYHTYIOTBCS Ha iXHiX BNACTUBOCTSX: @) QidndHMX; 6) XiMiYHMX;
B) opraHonenTuyHux. 3. Ha nnatcopmMy enekTpoHHMX Bar NOCTaBMM XiMiIYHUIA CTakaH 3
KOHUEHTpoBaHoW kucnototo. CripoeHo3ylime, Y 3MIHUTbCA Maca CTakaHa 3 KMCNOTOoH i3
Yacom And KucnoT: a) cynbdaTHoi; 6) HiTpaTHOI. Bignosiab obrpyHmydme. 4. Ha pucyHky
22.6 300paxeHo Ailo TOro caMoro po34yvHy HITpaTHOI KUMCNOTWM Ha MeTanu. Po3dugsimbcs
noro Ta 3p0b6imb BUCHOBOK LLOAO TOrO, KOHLEHTPOBaHY Yn po30aBneHy HiTpaTHY KUCMOTY,
BMKOPUCTAHO ANA npoBedeHHs gocnigy. Bignosigb inocmpytime ngoma XiMiYyHUMU PIBHSAH-
HAMW, CKINageHUMM B 3aranbHOMY BUMMSAi, Y SKMX 3aMiCTb XiMiYHUX CMMBOJSIIB OBOBAaNEHT-
HUX MeTaniyHUX enemeHTiB BUKopucTaHo nitepy X, a 3aMiCTb CMMBOMa OOHOBAaNEHTHOro
mMeTaniyHoro enemeHTa — Y. Cknadimb onsi UMX piBHSAHb enekTPoHHMI B6anaHc, susHayme
OKWCHUK i BIOHOBHUWK. Bucsioeme NpunyLLeHHs WOoAo TOro, KM MeTan Ha PUCYHKY No3Ha-
yeHo nitepoto Z, Ta 0brpyHmylme noro. Ak 6u Bu 8idpisHUnU npobipKy, y skin Bigbynacs
peakList HITpaTHOI KUCMOTK 3 MiAAto, BiA iHWKX NPO6ipoK?

Puc. 22.6. [lis Toro camMoro po3YmMHY HiTpaTHOI
KucJoTu Ha MmarHi# (1), nuuk (2), migs (3), cpi-
670 (4), Z (5)

5. € Tpu npobipkn. Y nepLlin — KOHLUEHTpOBaHa HiTpaTHa, Y ApYrii — KOHLUEeHTpoBaHa
cynbaTHa, y TpeTil — KOHLEHTPOBaHa xropuaHa kucnota. [lo otBopiB npobipok nigHecnu
CKNSAHI Manuyky, 3MOYEHi KOHLEHTPOBaHMM BOAHWMM PO34YMHOM amoHiaky. CripoeHo3ylme,
AKi 3MiHW Bigdynucs, i mosicHims Yomy. 6. EkcnepuMmeHTansHO BCTAHOBMEHO: YMM po3bas-
neHiwa cynbgarHa Knucnota, Tum rmubLue BiabyBaeTbLCSA BIAHOBMNEHHS. Y YOTMPU NpoBipku
MOMICTMAM MarHin i NOAIANN Ha HbOrO PO34YMHaAMM 3 Pi3HUM YMICTOM CynbdaTHOI KACMOTW.
lpoaHanizylime HaBefeHy B Tabnuui iHopMaLilo LWOAO 3MiH, sKi BiADYNNCS B KOXHIN Npo-
Gipui, Ta poamauwyime nitepn A — I 3a 36inNbLUEHHSM MacoBOi YacTKM CyrbaTHOT KUCIOTH
Yy BUKOPUCTaHUX y gocnigi posdnHax. 7. Cmeopime giarpamy BeHa, sika Bigobpaxae 3aranb-
Hi 3 iHLWKMK KUCNOTaMuM Ta 0cobnMBi BMACTUBOCTI HITPATHOI Ta cynbdaTHOI KUCIOT.

MacoBa 4yacTka
KUCrnoTun A B B r

Ne npoGipku

1 T, 6GesbapsHuii,
3 XapaKTepHUM
pi3knM 3anaxom

2 T, 6esbapsHuii,
i3 3anaxom Tyx-
nux feub

4, )KOBTMIA

T, 6e3bapBHu,
6e3 3anaxy

°g TBOpYQ MaUICTEPHSI

8. Ckradimpb ceHkaH Npo BNACTUBOCTI HITpaTHOI abo cynbdaTHOi KMCnoTu.
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§ 23. 3araAbHa XAPAKTEPUCTUKA METAAIB. Di3nyHi BAOCTUBOCTI
METOAIB, 3yMOBAEHI IXHbOIO 6YAOBOIO

lMicnsi onpayrosaHHsA Uyb020 napazpagha eu 3Moxeme:
® xapakmepu3yeamu MeTanu, ixHi i3anyHi BNacTUBOCTI.

Haijipaskausimri ¢isuuni BJacTHBOCTi, mpuTamMaHHi OinbIIoCcTi MeTaJiB:
MemanivHuil 6AUCK Y KOMNAKMHOMY CMAHi, KOBKicmb, 6UCOKiI menJao- ma
esiekmponposioHicms — BaM J00pe Bimomi 3 yKe BUBUEHMX KypciB ximii Ta
¢isuxu. PosragubpMo 3azanbHi Ta 0c00/U8i BJIACTUBOCTI OeAKUX MeTaJiB,
baraTo sAKi 3 HUX BifmoMi BaM 3 IMOBCAKIEHHOT'O KHUTTH.

3a 3BUYaNHUX YMOB yCi MeTaju, 3a BUHATKOM PTyTi (puc. 23.1), € TBepau-
MU KPUCTAJIYHUMU PeUuOoBHMHAMMU. BijbIIicTs MeTasiB MaioTh cpibJisicTo-0immit
abo cpibascro-cipuii KoJrip. 30JI0TO Ta Mifb MaOTh XapaKTepHe 3a0apBJIEHHS
(Ha36imb KOLOPU YUX Memadais, po30ususwWucy pucyHox 23.1).

XapakTepuuii GJUCK MeTaJiB CIIOCTepiraloTh 3a3BUYAil TiJIBKU TOIi, KOJIU
MeTaJl YTBOPIOE CYyIibHYy KoMOaKTHY Mmacy. IllompaBga, maruiit Ta aamomiHii
30epiraroTh CBifi OJMCK HABITHL y IIOPOIIKOIONIOHOMY cTaHi. PelliTta TOHKOMO-
OpiOHEeHNX MeTaJliB MAlOTh YOPHUI ab0 TeMHO-Cipuil KoJIip.

Puc. 23.1. Bupobu 3 mertauiB. 1. 3omory (Au 999,9) MoHeTYy IPUCBAYEHO BaKJIMBIH
cnopTuBHi# mofii — PiHampbHOMY TYpHiIpY ueMmioHaTy €Bpomnu 3 dyTdoIy, AKUi 6yJI0
npoBegeHo B YKpaiHi Ta I[Toasmri y 2012 pori. 2. ITam’aTay MoHeTy 3i cpibama 925 mpo-
6u mpucBsadueHo 150-piuuio Bif AHA HApOMKeHHSA YKpaiHchbKoI muchMeHHUI — JHinpo-
Boi Yaiiku (Jlrommunu OsexciiBHu BacuieBchbKoil), AKa Hamucasia YMMAaJo OIOBigaHb i
BipmriB, crBOopma Ji0pero GaraTboxX AUTAYUX oOIep, 30Kpema «Kosa-mepesa», «Ilam
Konpkuii», «3uma i Becua» Muxoau Jlucenka. 3. Biudmanky BUTOTOBIAIOTE 31 cTasri
(cmaBy 3ajisa), YKPUTOI TOHKUM m1apom ojoBa. 4. Migauii KiT-durtorep 3aBKAM 3HAE,
3BimKina BiTep mme

Mertanu — mpoOpi IIPOBITHUKHU eJIeK-
TPUYHOTO cTpymy Ta Tersa. IleBHi yaB- _ BimmocHa
JIEHHS TIPO Ile BU MA€ETe 3 MOBCAKIEHHOTO S| TOTIOTIDOBIATICTS
KUTTA (Hagedimv Kinvka npuraadis). ﬁgii‘;‘;%ipommc“
IlopiBHATHM eJeKTPo- Ta TEMNJIOMpPOBil-

HICTh IeAKHX MeTajiB BU 3MOKeTe, IPOo-
aHaJi3yBaBINM [giarpaMmy, HaBeIeHY Ha
pucyHky 23.2 (3pobimb ye).

3a giarpamoto Ha pUCYHKY 23.2 BM3Ha-
YTe MeTan 3 HanBMLLOK TENMOo- Ta enek-
TPOMPOBIQHICTIO.

Taxosx moOpe HNPOBOAATL EJEKTPUU- Ag Cu Au Al Zn Fe Pb Mg

HUI CTPYyM Mijp Ta antoMminiii. Ile s3ymo-  pye. 23.2. BignocHa Temo- Ta enek-
BHJIO 1XHE IIINPOKE 3aCTOCYBAHHA B €JIEK- TPOIIPOBiIHICTL AeIKUX METaJIiB
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Puc. 23.3. Migui (1) Ta amominieBi (2) cTpyMONPOBiAHI KUJIM — TOJIOBHI CKIaTHUKU
eleKTpuYHUX KabemiB. 'epmanieBi Tpanauctopu (3) He BTPATUIM CBOTO 3HAUYEHHSA
IoTernep

TpoTexHiNi (npuzadaiime U Ha3simv memanu, 3
AKUX BUZOMOBJIEHO eleKMPUYHY NPO600KY Y 8auliil
oceni). I'epmaniii — HamiBIPOBiAHUK, TOOTO IIPOBO-
IUThb E€JeKTPUYHUI CTPYM JIMUINlE 32 IEBHUX YMOB.
Axux came? Ilpuzadaiime kypc @isurku 8 kaacy i
Ha3gimb ix (puc. 23.3).

Bucoka TenyonpoBigHicTh MeTasiB MOKe OYTH AK
mepeBaromo, Tak i HeJZOJiKOM, 3aJIeKHO Bif TOro, ne
BUKOPUCTOBYIOTHL MeTajsl. Bu camMi Mo:KeTe MOSICHUTH

Ile Ha IIPUKJIaJl KYXOHHOI KacTPyJi, KOPIYC Ta PYY-  pye. 23.4. ociz 3 mopis-

3a pucyHKom 23.4 rosicHimb CyTb AOCHIAY 3 NMOPIBHSH- MeTarls
HS TENSIONPOBIAHOCTI MeTaniB Ta cripoaHo3ylime oro
pesyrnbTar.

Meranu nepesBaskHo nuactuuHi (puc. 23.5), ToOTO AK 3a 3BUUAWHUX YMOB,
TaKk i 3a HarpiBaHHS MOXYThb Oegopmysamucs 6e3 pyiiHyBaHHA. Tomy 6inb-
IIicTh MeTaJIiB MOKHa KyBaTH, BUTATATH B APiT, IPOKATyBaTH, KapOyBaTu
TOIO. 30JIOTO — HANIJIACTHUYHIINNI 3-IIOMijX MeTaJiB, 3 HbOI'O BUPOOIAIOTH

ToHKY ¢oabry. IllompaBma, TpamadAlTbCA W BUHATKHU: CTHUOil, HampuKJIam,
IysKe KPpUXKHI MeTal.

Puc. 23.5. Meranu 3pebinbimoro maactuyri. 1. IIpit i TpyOka BuroroBieHi 3 Mizi.
2. MaruieBa ctpiuka. 3. CpioHa (Ag 925) 1oBiyeiina MoHeTa « THCAYONITTA MOHETHOTO
KapbyBanasa B KueBi» mpucBsiueHa mepiomMy KapOyBanuHio moHeT KumiBcbkoi Pyci —
3JIaTHUKIB i cpibianukiB — Hanpukinmi X — Ha mouaTky XI cT. — 3a YaciB KHA3I KUIiB-
ceKoro Bosogumupa Benukoro. 4. 3osora goasra 0,00001 MM 3aBTOBIIKYI

Likaso (i nisHaBaAbHO

LLiBenuapcbka cipma Valcambi Bunyckae 3onoTi 3nmBku Combibar y dopmi, wo Haragye
NAMTKY Wokonagy. [onoBHa ixHa nepeBara nepep 3BUYHUMM 3NTMBKaMU NOMsSrae B TOMy, LLO
Taky NNUTKY MOXHa Nerko po3namaTy Ha YacTMHKM Macol 1 rpam i BUKOpPUCTOBYBaTU
sk nogapyHok abo anbTepHaTMBHMIA NnaTikHUIA 3aci6. Kpim 30M10Ta, KOMNaHist BUNyckae no-
[i6Hi BMpobu 3i cpibna, nnaTnHK Ta nanagito.
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Meranu Ppi3HATHCA TBEP/iCTIO, TeMIepaTypaMH ILJIABJ€HHA W KUITiIHHI,
ryctuHOm0 ToIro. HaTpiit, Hanpukaaz, jJerko pospizatu HokeM (puc. 23.6), a
HaiM’AKIiINM 3-IIOMiXK JOCIiIKeHMX HaTellep MeTaJiB € 1esiit. HatomicTs
XpOM Ta BOJb(ppaM — HaA3BUUAWHO TBEPAi PEUYOBUHUH, TOMY IX YBOAATH OO
CKJaAy IIBUAKOPiBaJbHUX CTajeli, 3 AKUX BUTOTOBJSIOTH CBepjaJa, pisiii,
nLIidyBanbHUN iHCTPYMEHT TOIo. [0 TOro K BoJab(paM — HANUTYTOILIaBKiIIUHA
metan (nepesipme docmosipricmuv uiel iHgopmauii). CBoro yacy e 3yMOBUJIO
BUKOPUCTAHHSA MOTO MIJIs BUTOTOBJIEHHS CITipajiell JaMII PO3)KapIOBaHHSA, aBTO-
MOOiJIBHOTO Ta TPAKTOPHOTO eJeKTPOOOJIafHAHHSA, €JeKTPOAiB AJA KOHTAKT-
HOI, aTOMHO-BOJHEBOI'O Ta aproHO-AYyI'OBOTO 3BapIOBaHHHA, HAarpiBauiB s
eJIeKTpomeyeil ToIo.

HaiinerkonnaBkimuit 3-momisk MeTasiB — pryTb. HaTomicThs il rycruna
IOCUTh BesqnKa — 13,54 I‘/CM3. Takoxx 0o 8axKux MeTaliB BiTfHOCATL I[UHK,
3aJi30, Migb, cBUHeNb, 30J0T0. Hailgaxui Meranmu — ocMid Ta ipumiii, ixHi
T'YCTUHU CTaHOBJATL 0J1U3bKO 22,6 I‘/CM3, IJd TOPiBHAHHSA: I'yCTHHA JIiTiI0 —
Haillaezuiozo moMixk mertastis — 0,534 I‘/CM3.1

-

Puc. 23.6. 1. Pospizanas HaTpilo HOXKeM. A BU BIEBHEHI, II[0 Ile He MINHKA?
2. Prytb TBepaHe 3a Temmuepatypu —40 °C

LlikaBo (i nisHABAAbLHO

30M0T0 B YnCTOMY BUrMAAi 6€3 JOMILLOK Take M’SKe, Lo MOro MOXXHa nogpsnaTtu Hirrem.
Tomy B H0BeNipHNX BUpOoOax 30/10TO 3aBXaAW CNNaBnsoTb 3 Miaaw abo cpibnom.

Yum 3ymoBJIeHi cmiapHi (pizwuHi BiaactuBocti MertaniB? BucHOBKiB m1ozo
IPUYMUH IIHOTO BU MOJKETe TifTH caMOCTiiiHOo (3pobimb ue). Amske 3 maparpa-
da 7 Bu misHamMcAa mpo OYIOBY METATIUHNX KPUCTATIUHUX I'PATOK Ta 0COOJIH-
BUII TUI XiMiUYHOTO 3B’ABKY — MeTaJIiuHuUii.

https://www.youtube.com/watch?v=LmdW]EKNJcA
https://www.youtube.com/watch?v=Sdpcjm2vmLY

https://www.youtube.com/watch?v=6rCylakxUBk

o 18] rONOBHE

® Haiipaskausinn ¢isuuHi BIacTmBOCTI, mMpuTaMaHHi OijbIIocTi MeTaJiB, —
MeTaJiuHuii 6JIMCK Y KOMOAKTHOMY CTaHi, KOBKiCTb, BUCOKI TeILIO- Ta ejieK-
TPONIPOBiAHICTS.

® 3arajbHi BJIAaCTHMBOCTI MeTaJiB 3yMOBJIEHI 0COOJIMBOCTAMMU OymZOBUM KpPHUCTA-
JiYHHX I'PATOK Ta MeTaJiuHuUM 3B’ SI3KOM.

lNepesipTre cebe

1. lNepemeopimb po3noBigHi pedeHHs B pybpuui MPO MOJTOBHE Ha nutanbHi. Yn mo-
)KeTe BM BiAMNOBICTM Ha Ui 3anuTaHHA 6e3 gjonomoru nigpyvHmka?

! Yyuemosi naHi HaBeIeHO IJIs1 O3HAMOMJIeHHs, a He IJId 3amaM’ ATOBYBaHHs!
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2. lMomipkydme " NosicHiMb, YOMy: @) y XOno4Hy norogy MeTanesi ABepi Ha OOTUK 34a-
I0TbCS XONOAHIWMMK 3a AepeB’siHi; 6) onantoBanbHi pagiaTopy BUrOTOBMAOTL 3 Midi, anto-
MiHil0, cTani Towo; B) cpibno Ta iHAIN BUKOPWUCTOBYIOTb AN BUIFOTOBIMEHHS A3€pKar;
r) 3 MOPOLLKY antoMiHito BUroTOBNATL hapby cpibnsHky. 3. Ynm Ginbwa atomHa maca Ta
MEHLLNIA pajiyc aToMa MeTaniyHoro enemMeHTa, Tum Binblua ryctuHa metany. 3 ornsgy Ha
Le ouiHimb AOCTOBIPHICTb iHCpopMaLii Wwodo ryctMHu meTanis, HaBegeHol B naparpadi, Ta
rnepesipme 1i 3a JOCTYNHUMW AXepenamu.

\5’@ TBOPYQ MQUCTEPHS
4. Cknadimb ceHkaH «MeTtanuy.

§ 24. AAIOMIHIN TO 30AI30: Qi3NYHI N XiMiYHI BAOCTUBOCTI

Micns onpauroeaHHs uLO20 Napazpagha eu 3Moxeme:

® rnopisHOB8amu di3nyHi N XiMiYHI BNAaCTMBOCTI antoMiHito Ta 3ani3a;
® cknadamu piBHSHHSA peakLuild, WO NigTBepaXytoTb iXHi Bi4HOBHI BNaCcTMBOCTI.

@izuuHi BIACTUBOCTI aJIOMIHIIO Ta 3aiza — BJACTHUBOCTI THUIIOBUX MeTa-
JiB. AntomiHi#t — 6aucKy4da cpibiscro-6isa peuoBuua. Ha moBiTpi BiH 1MIBUAKO
OKHCHIOETHCA Ta BKPUBAETHCA TOHKOIO 0iJI0I0 MaTOBOIO ILJIiBKOIO OKcuny (Ck.aa-
0imb ximivny popmyay uiei cnoryku). 3 MigBUIEHHAM CTYIEHA YUCTOTU AJIO-
MiHiIO 3pocTae MOro TeMIeparypa MJaBjieHHsa. MeTaJl BUCOKOI YMCTOTH ILja-
BuThca 3a 660,24 °C. PosmiaBieHuii ajqioMiHifl OIMHAETHLCA B CBOEPimTHOMY
YOXJIi 3 OKCUAHOI ILIiBKHY, IO CBimumTh mpo ii Mexawmiumy mimHicTb. Asromi-
Hili, moxi6HO M0 cpibJsia, Mae BUCOKY 34ATHICTHb BiOMBaTHU CBITJIOBi Ta TemJIoBi
IPpOMEHi, TOMy HOTO 3aCTOCOBYIOTH JJIA BUTOTOBJIEHHS ITOBEPXOHBb HATPiBaJb-
HUX i ocBiT/IIOBaJIbHUX pPed)IeKTOPiB i A3epKaJ, eJleMeHTiB Jekopy. Hatixapak-
TepHimuMu (iBUYHUMM BJIACTUBOCTAMU AaJIOMiHiI0O € #Horo MaJjia TyCTHHA
(2,7 RI‘/M3), a TaKOYK IOPIBHAHO BHCOKI TeIJIo- i eJIeKTpOIIpoBigHicThL (nosc-
Himb, AKi 8racmugocmi anOMIHII0 3YMOBUAU 11020 BUKOPUCMAHHA 04 8UZ0-
MoBaeHHA eseKkmpuyHux Opomis, a AkKi — 018 6uzomosJeHHs padiamopis
napoeozo onaJnernHs). Y TBepAOMYy CTaHi aaOMiHill JeTKO HiggaeTbca KyBaHHIO,
OPOKATIIi, BOJOYiHHIO, pidaHHIO. 3 HHOTO MOKHA BUTSATATH HAWUTOHINHWUN APIT i
Karatu poasry (puc. 24.1). IInacTuuricTs adioMiHiIo 3pocTae 3 MigBUIITEHHIM
HOT0 CTyIeHSA YNCTOTH.

Puc. 24.1. AnominieBa ¢oisra (1) Ta mpodins (2)

disnuHi BIacTHBOCTI 3aji3a TAaKOMK 3HAYHOIO Mipolo 3ajiekaTh Bim #oro
ypcToTH. Hampuikiaan, 3MeHIIeHHs dYacTKu gomimmoxk g0 0,0000001-
0,000000001 % icToTHO HmigBUINYE ILIACTUYHICTE IILOr0 MeTany. ducre 3a1i30
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B KOMIIAKTHOMY BUTJISAI — cpibJusicTo-0isma O0amcKyda peuoBuHa. TemiepaTtypa
pioro maaBimenua — 1539 °C, rycruna — 7,874 r/cm”. 3aniso gocuTh M’sKe,
Hioro Jsierko KyBatu. 1leil MeTas NPUTATYETHCSA MAarHiToOM Ta JIETKO HaAMarHidy-
erbed (puc. 24.2).

o
¥
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{+3 )
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= jepulberb:
@)zPuberty
. ! i

Puc. 24.2. 1. Camopoare 3aiizo. 2. Hucre 3amizo. 3. Maruitom tarue... 4. [lam’araa
monera HBY, npucssueHa KOBaJbCTBY — OOPOOJICHHIO 3ajIi3a METOLOM Iapsiuoro KyBaH-
HA. YKe B X—XII cT. KOBaJIbcbKa MaMCTEPHICTh MOCATJIa TAKOTO BHMCOKOTO PiBHA, IO
HaBiTL JesaKi crmocoOu o6pobJeHHA 3aIida Ta TeXHOJOTil BUTOTOBJIEHHS 3HAPAAb Ipalli,
IIpeaMeTiB IMoOyTOBOTO Mpu3HAUeHHA 6e3 CYyTTEBUX 3MiH MiHMIINIM IO HAIIOTO Yacy

Ximiuni BaacTupocTi agrominio Ta 3agiza 6arato B yomy moxibui. Pos-
rasgEbMo ix morjaamuimie. O0uaBa MeTa M pearyoTh 3 HeMeTaaMu, BOIOIO,
KHCJIOTAaMH Ta COJAMU B po3uMHAX. AJIIOMiHiN XiMiuHO #Iy:Ke aKTUBHUIM.
OxHaK JOCUTh TOHKA Ta Ay’Ke MillHA OKCHIHA ILJIiBKa Ha HOT0 IMMOBEPXHi 3yMOB-
JII0€ MOT0 KOPO3ifiHy CTiHKicTh. 8“
@ Bukopucmatime meTtopn, eneKkTpoHHoro 6a-

naHcy M rnepemeopimb CXeMu peakuin,
HaBeeHi gani, Ha XiMiYHi PiIBHAHHS.

3a HarpiBaHHA Ha IMOBITPi YM B KHCHI
aJITOMiHiY 3ropsA€ 3 YTBOPEHHAM aJIIOMiHiN
okcuny (puc. 24.3):

Al+0,5 ... ‘/ / [
Mpo wo ceigunTb cninyyo-6ine nonym’'a? _‘!!

Knacugpikylime uto peakuito 3a Tennosum

edeKTOM, KiNbKiCTIO peareHTiB i npoayk- Puc. 24.3. Bunosume ropiausa
TiB, cxapakmepusytime i 3 NOrNAAY OKUCHEHHS-  aominieBOi MyApH, POSIOPOIIEHOI
BIOHOBJIEHHA B moaym’i maJIbHUKA, 3aXOILIIOE
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Puc. 24.4. Topiuas saixiza
B KHCHi: XiMig Ta »KUTTA

3ayiso aropsae B KucHi. [ mpoBemeHHA Itiel peakilii moTpiOGHe momepenHe
HarpiBanH#a. Posirpiemo B monym’i maJbHUKA IIYYOK AYy’Ke TOHKOTO 3aJIi3HOTO
IPOTY — Tak 3BaHy 3aJIi3Hy BOBHY. Po3sKapeHUWH APIT yHECEMO B TEPMOCTIHKY
OOCYOWHY 3 KHCHEM, Ha JHiI KOl MiCTHUThCA Iap Boau ab0o CYyXOro PiuKOBOTO
micky (eucsoeme npunyuieHnsa 08 4020). 3aIi30 3ropse CHAIIyUYUM IIOJyM’ IM
Ta PO3KUJAE iCKPU — PO3IEUeHi YACTUHKU 3aJIi3HOI OKapUHMU:

Fe + 0, 5 FeO - Fe,0,
abo
Fe + 0, 5 Fe,0,.

IIa cama peakilissi BimOyBaeThbCA TAKOXK Ha IIOBITPi, KOJMW CTaJb IIiJ dYac
MexaHiuyHOI 0OpOOKM CHJIBHO HarpiBaeThbeA Bim Tepts (puc. 24.4).

Ax amromiuiii, Tak 1 3a7i30 pearyiTh 3 rajoreHaMu — (TOPOM, XJOPOM,
OpomoM, PogoM. YHACTiOK peaKIii yTBOPIOIOTHCS BiATOBigHI rajoreHigm
Aurominiro Ta @epymy(I11):

Al + Hal, & AlHal,.

Topimua amoMiHiI0O B XJOpPi CYHIPOBOIKYETHCA BUIIJIEHHAM TeIJIOBOI Ta
cBiTsioBoi eneprii. Ilicia 3akiHueHHS peakIlii KoJIOy 3aIOBHIOE AWM — PO3IIO-
portenuii amomiHii xmgopun (puc. 24.5.1). Tak camo OypxJauBO BimOyBaeThCs
peaxkitia amoMiniro 3 6pomoM (puc. 24.5.2). Peakmia amomiHito 3 fiogoM Kama-
JimuyHa. AGu BoHA Mouajacs, HOCTATHBO AOOABUTH KijJbKa Kpallesib BOIU 110
cyMinri amoMiHieBOoro moporiky 3 fiogom (puc. 24.4.3).

BN
N\

Puc. 24.5. Bsaemogia amoMminiio 3 ramorenamMmu — xJjopoM (1), 6pomom (2), ifiogom (3)
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Bzaemogia sasiza 3 XJIOPpOM CYIIPOBOMKYETHCS YTBO-
PEHHSAM TI'yCTOT0 Oyporo MMy — 3aBHCi ApPiOHMX KpHCTa-
aukiB pepym(III) xmopuay B moBiTpi (puc. 24.6):

Fe + Cl, —» FeCl;; AH < 0.

Peaknii anxrominiro Ta 3agisa 3 iHIIMMHN HeMeTaJaMM.
3a HarpiBaHHs aJIIOMiHiN pearye i3 cipkoro, a3zoTom, BYT-
JeneMm:

Al +8S5 ALS,;; Al+ N, 5 AIN; Al +C 5 ALC,.

3aJ1izo TaKoK pearye i3 muMm HeMeTaJlaMM 3a Harpi-
BanHs. Hampukiazn, yHacaiZok peakiiii 3ajisza i3 cipkoio
yrBopioeThesa depyM(Il) cynbpdin (ckanadime ximiune pis-
HAHHSA UYiel peakyii, suxopucmaswiu memod eiexmpoHHOo-
20 Ganancy)'.

Puc. 24.6. Topiaua
3ajisa B XJIopi

LlikaBo (i nisHABAAbBHO

dpaHuy3bkMin XiMik, antekap Ta nikap Hikona Jlemepi 1673 poky crnocTepirae peakuito,
nepebir Akoi HaragyBaB BMBEPXXEHHS ByrikaHa. BiH 3amiluaB 3ani3Hi owypky Ta NOpPOLLUKOMNO-
nibHy CipKy 1 JOTOPKHYBCS A0 CYMilli CUNIbHO HarpiToK CKMASTHOK nanuykoo. 3a Kinbka ce-
KyHZ, i3 CyMiLLi moYanu BUniTaTym YaCTUHKM YOPHOTO KOMbOpPY, @ caMa BOHa CUIbHO 30inbLumn-
nacs B o6’emi 11 Tak po3xapunacs, Lo 3acsiTunacs.

Bzaemomisi 3 Bomoro. Ilo il mii amromimiii crifikuit HaBiTH 3a HarpiBaHHA.
Ile symoBieHO TUM, IO HOTO ITOBEPXHA BKPUTA 3aXMCHOIO ILJIIBKOIO aJIOMiHii
okcunay. OuuitieHu# Big Hel aJdOMiHi#l aKTUBHO B3a€MOAiATHME 3 BOJOIO.

Al + H,0 = Al(OH);{ + H,T.

3aizo pearye 3 BOJOI0 3a BUCOKOI TeMIlepaTypu: BUTHUCKYE 3 Ieperpitoi
BOAAHOI mapu” BOJEHD i IIepeTBOPIOETHCA HA 3aJTIiBHY OKapUHY:

Fe + H,0 =5 FeO - Fe,0, + H, .

lMpoaHanizyime piBHAHHA OBOPOTHOI

peakuii 3anisa 3 neperpiTolo BOLSHON

Napolo 1 MOSACHITb, Y4 MOXHA 3MICTUTU
piBHOBary B Hil, 3MiHUBLLN TUCK.

Kpim Toro, y Bosoromy moBiTpi mifm
YILIXBOM BOJIM Ta KUCHIO 3a/1i30 piKasie.
YHacIiIOK HU3KU peakIliil yTBOPIOETHCA
cymim cmonyk Pepymy XapaKTepHOTO
oyporo xKoabopy (puc. 24.7).

3 KucaoraMu i coaaMu B IXHIX BOJ-
HIX PO3UMHAX pearymoTh AK aaloMiHilH, Puc. 24.7. Ipxa icte 3amiso...
TaK i 3aizo. YHaCIiZOK peakIiii 3 Kuc-

! Baxiso 3 ByrIJIemeM, 0opom, cuiimiem, pochopom 3a HArpiBaHHA YTBOPIOE CIIOJIYKU
HECTeXiOMeTPUYHOTO0 CKJIALY.

2 [lapa, Harpira f0 TeMIepaTypH, IO MEPEBUIIYE TeMIEPATypy KUIIHHSA 3a IEBHO-
O THUCKY.
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JIOTaMU-HEOKNCHUKAMU YTBOPIOIOTHCS coJii amtoMminiro, dpepymy(Il) i Bomens, a
BHACJIIIOK peakIliil i3 coJsIMM MEHIN aKTHBHUX METAJIiB — COJIi aJioMiHiio Ta
dbepymy(Il) i MeHIT aKTUBHUN MeTaJ.

CKopucTaBlWNCb pSAOOM aKTMBHOCTI MeTaniB, eu3Hayme, 3-MOMIK peakui, CXemwu
SIKMX HaBeOEeHo adani, Ti, Wo MOXINuBI. [Tepemeopimb cXxemMu peakuin Ha XiMivHi piB-
HSAHHSA METOAOM EIEKTPOHHOro GanaHcy.

Al + HCI —; Al + H,SO,—; Al + CuCl, —; Al + Na,SO, —;
Fe + HCI —; Fe + H,SO,—; Fe + CuSO, —; Fe + ZnSO, —.

IIpo 3acTocyBaHHA ajlfOMiHiIO Ta 3aji3a, iHIIIUX MeTaJiB i ciyIaBiB Ha IxXHil
OCHOBIi BU misHaeTecs 3 HACTYIHOrO maparpada.

Py https://www.youtube.com/watch?v=TgRRv968KXsDD
(%% https://www.youtube.com/watch?v=AppyhWb06b8D
https://www.youtube.com/watch?v=KB_Nxay72ws

o 18] rONOBHE

® dizuuHi BIACTHMBOCTI aJOMiHiIO Ta 3aJi3a — BJIACTHUBOCTI THUIIOBUX METAJIIB.
® AsromiHiM Ta 3ay1i30 BUSBJISIOTH BiHOBHI BJIACTHBOCTI B peakIligx 3 Heme-
TajaMX, BOZOIO Ta KMCJIOTAMU I COJIIMHU Y BOTHUX PO3UMHAX.

[lepesipTe cebe

1. lMNepemeopimb po3nosigHi peveHHs B pybpuui NMPO MOJIOBHE Ha nuTanbHi. Yu mo-
)XeTe BU BiANOBICTM Ha Ui 3anMTaHHsA 6e3 JonomMoru nigpyvyHuka?

3acrocyvre CBOI 3HQHHST A YMIHHSI

2. Cknadimp NOpiBHANbHY Tabnuuto «PisnyHi BMacTMBOCTI 3aniza Ta antoMiHito». 3. [o-
pigHalMe XiMiYHi BNaCTMBOCTI 3ani3a Ta anoMmiHito. Bignosiae ogpopmme sk giarpamy BeH-
Ha. 4. [Tomipkyldme W nosicHimb, YOMy: @) roTyBaTK i 36epiraTu Kncny XKy Ta Hanoi B antomi-
HieBOMY nocyai HebGe3neyHo Ans 340poB’a; 6) YaByHHMIA Nocyn Nicns MUTTS NOTPIOHO Bia-
pasy BMCYLLUMTK; B) BOAA B antOMIHIEBIN KacTpyni 3akunae LBuawe, Hik y ctanesin; r) nig
Yac CMaXeHHS Ha antoMiHIEBIN NaTenbHi He BapTO NepemillyBaTh CTpaBy HoXem abo Bu-
OenKoto; A) Ky NOCYAMHY AOUINbHO B3ATU ANSA pO34YMHEHHsT MigHoro kynopocy (kynpym(ll)
cynbdaTy neHTarigpaty) — antomiHieBy, 3anisHy 4v nonietuneHosy. 5. BignonipoBaHy 3a-
Ni3Hy NNacTUHKY BKpUInu wapom napadiny. Nicna 3acturadHs napadiHy rocTpyMm LWUNom
npoapsinanu Ha HbOMY PUCYHOK i B GOpO3eHKkM B napadpiHi MiNeTKow Hanunu cnMpToBuiA
pO34uH noay. Yepes neBHuiA Yac wap napadiHy 3Hanu. CripoeHo3ylime pe3ynbTaTh Jocni-
Oy W nosicHime X 3a AONOMOroK XiMIYHOrO PIBHAHHSA, y3ABLUW OO0 yBaru, WO YTBOPUTLCA
cnonyka ®epymy(lll). Bucroeme npunyLweHHs, AN YOro MOXHa BMKOPUCTATU L0 XiMiYHY
peakuito B NobyTi.

< TBOpYQ MQViCTEPHS

6. Cmeopimb peanbHy abo BipTyarnbHy KonekLuito «3ani3o Ta antomiHii y Moemy nobyTi».
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§ 25. 3aCTOCYBAHHSA METAAIB TA iXHiX CMNAGBIB

lMicnsi onpayroeaHHs napazpagha eu 3Moxxeme:

® xapakmepu3ygamu 3aCTOCYBaHHS MeTariB Ta iXHix Cnnas.is;
® Joeodumu iXHIO NPaKTUYHY 3HAYYLLICTb.

Yueri meTaan IMMAPOKO 3aCTOCOBYIOTH YV BasKJIMBUX HAIPSAMaxX HOBOI TeXHi-
KM Ta CYCILIBHOTO TOCIIOAAPCTBA: aTOMHIiNl eHepreTuili, MiKpoeJeKTpPOHiIi,
KOCMiuHi# TexHilli, MeIUIIWHI, a TAKOXK Yy (QPYHIAMEHTAJIbHUX HAYKOBUX JOCJIi-
IKeHHAX. DijbIlle yABJIEHBb IIPO Ile BU 3MOJKETe AicTaTu, IpoaHaJIi3yBaBIIU
OaHl IMOJ0 BUKOPHUCTAHHS HANAUNCTHUX HAHOMOPONIKIB MeTaJsiB, HaBeIeHiI B
rabauti 25.1. (3pobims ye.)

Tabauuysa 25.1. Tanysi 3acTocyBaHHS HAAUNCTUX HAHOIIOPONIKIB AeAKNX

MeTasiB!
Metan Tamysi 3acTocyBaHHSI HAHOMOPOUIKY

Hikens BupoOGHUIITBO BOAHEBUX MHAJUBHUX €JI€MEeHTIB (KaTajisaTop), HOKPUT-
TiB, MOJIIMEPiB, TEKCTUJIIO; €JeKTPOHiKa; OITHUKAa, MeIUIINHA, AEIeB-
i 3aMiHHUK IIJIATHHNI

Mins AnTumikpoOHi, pyHrinugHi 3acobu; eIeKTPOHIKA; OIITHUKA

3aiizo OunineHHsA BOAN; BUPOOHUIITBO MAarHiTiB Ta 3amaM’ ATOBYBAJbHUX IIPH-
CTPOiB, MOKPUTTIB, MOJIiMepiB; OITHKA; MOPOIIKOBA METAJYyprid; amgu-
TUBHI TEeXHOJIOTil

Anrominifi | AuTUMIKpPOGHi, GyHrimuAHI 3aco6u; KaTaaisaTopu 3 BEJIUKOIO ILIOIIEI0
TIOBEPXHi; AeIIeBIINHN 3aMiHHUK TUTAHY; aAUTUBHI TeXHOJOrii

Turaun AnrumikpoOHi, ¢QyHrimuaui sacobu; mobaBka mjas crifikocti mo Y®-
IPOMEHiB; BUPOOHUIITBO MIIIHUX IIOKPUTTIB; aAUTHUBHI TEXHOJIOriI; I0-
POIIIKOBA MeTaJNypria

Huuk AuTumMikpoOHi, pyHrinmuaHi 3aco01; BUPOOHUIITBO MOJIiMEPiB, TEKCTH-
JIT0, BOJHEBUX IMAJUBHUX €JI€MEHTiB, COHAUHUX OaTapeit

Boabhpam | BupoOHUIITBO IOKPUTTIB i mosriMepiB; aguTUBHI TexXHOJOTi1

Moui6aen KaramnisaTrop (30Kpema, s BUPOOHUIITBA HAHOTPYOOK); BUPOOHUIITBO
TOKPUTTIiB, MoOJiMepiB; iHri6iTop i 3maIlyBau

Cpibso AntubakTepianbHi BiacTuBocTi (y KocMeToJsorii, ¢hapmMalieBTHIli, TEK-
CTUJILHINI IIPOMMCJIOBOCT); CIlelliajbHi MOKPUTTS; KaTaisaTopu; aau-
TUBHI TexHoJIOTii (f0oBejipHA cIrpaBa)

3o0J10TO EnexTponika; memununa (mapkep IHK); karamisaTop; amuTuBHi Tex-
HoJiorii (foBesipHa cirpaBa)

IInatuna EjexTpoHiKa; BUPOOHUIITBO BOAHEBUX IIAJMBHUX €JIEMEHTIB; MeIUIIH-
Ha; afUTUBHI TexHoJorii (foBeJipHAa cIirpaBa)

! AxmrusHi TexHOMOTI (Additive Manufacturing — Big cioBa adumusgnicms — 1110
IOJAI0Th) — Iie IIOIIapOBe HAPOIIyBaHHA ¥ CHHTe3 00’€KTa 3a JOIIOMOT'0I0 KOMII IOTePHUX
3D-rexHoIOTi.
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LlikaBo (i nisHABAAbLHO

3D-apyk MeTanamm nopiBHAHO 3 TPAAULIMHUMMN TEXHOMOMAMM CMOXMBAE MEHLLE eHepril
Ta CKOPOYYE KinbKiCTb BiAxodiB go MiHiMymy. Kpim Toro, rotoBui 3D-gpykoBaHuii BUpi6
mMoxe 6yTn 1o 60 % nerwmii nopiBHSAHO 3 hpesepoBaHoo abo NUTOK AeTannio. Takox ne-
peBarolo € Te, Lo MOXHa Nerko CTBoptoBaTh goirypm 3i CkrnagHo reomeTpieto. ToX Lo Tex-
HOMOTil0 3aCTOCOBYIOTb Y Takux ranyssx, SK aBiauis Ta KOCMOHaBTMKa. He MeHW akTyanb-
HWUM € 3acTocyBaHHs 3D-gpyky MeTanamu gns notped meanumHKn, 3oKpema nNpoTe3yBaHHS.

OpHaK 3aCTOCYBaHHA UMCTUX METAJIB y IIPOMMCJIOBOCTI OOMe)KeHe eKOHO-
miuHOIO BurimmicTio. Tomy B Texmimi HaliuacTillle BUKOPHCTOBYIOTH CILIABH.
Tok POSTIAHBLMO IIi CHCTEMHU JOKJamHiIIIe.

CmaB — 1me cucreMa, sIKa CKJIAIAETHCSA IPUHAWMHI 3 IBOX KOMIIOHEHTIB, 3
AKUX Xoua 0 oguH € MeTtajsoM. KoMOnoHeHTaMu CIJIaBiB MOMKYTh OyTU MeTasu,
HeMeTaJ M, CKJanHi peuoBuHu. Hanpukiaan, Heillsuavbep — cmjaB MiAi 3 Hike-
JeM Ta muHKOM (puc. 25.1). Biu crifikuii 10 Koposii, mimumii.

Puc. 25.1. Tlam’arui moumetru HamionanpHoro 6amky Yipainu. 1. Tersama HwuniBaa

SA6moHCchKa — HApOAHA XYAOMKHUILA YKpainu, jJaypeatka Harmionansuol npemii Yxpai-

CHUMBOJIOM YKpaiHChKOro o0pasorBopuoro mucrernTBa. 2. Ombra MarsiiBHa ABijoBa —

BUIATHA JiKapKa, 3acay:KeHa JiKapka YKpaiHu, ogHa B3-IOMiK 3aCHOBHUKIB Ta
3aCHOBHUIIb Topa}caﬂbHoi’1 xXipyprii B YKpaini, megaroruus

CnaB CBUHII0O 3 apCE€HOM BUKODPHCTOBYIOTH [AJiA BUTOTOBJEHHSA IIPOTY.
ApceH 3MiIlHIOE CBHHEIb i MHOJIETIIYE ONEePKaHHSA IIIPOTUHOK chepuuHoi dop-
MH.

CrnaaBu BUABJIAIOTH BJIACTHUBOCTL MeTaJIiB: MeTaJidyHUNI OJHCK, BUCOKI eJleK-
TPOIPOBIAHICTH Ta TEMJIONPOBiAHicTL. BacTuBocCTi criaBiB BiApi3HAIOTHCA Bif
BJIaCTHBOCTell iXHiX KoMmmoHeHTiB. CmaB 30Ji0Ta 3i cpibjioM ZOCUTH TBEpIUiA,
HaTOMiCTh caMi IIi MeTasu MOPiBHAHO M’ fAKi. 3ajle’KHICTh BJIaCTUBOCTEH CILIa-
BiB Bix ixHBOTO CcKJany Buepiie BcraHoBuB M.C. KypHakos (puc. 25.2).

Puc. 25.2. KypuakoB MukoJsa CemenoBuu (1860-1941). Bu-
HaTHUN pocificbKuilt (PismKOo-XiMiK, OCHOBOIIOJIOMKHUK (i3UKO-
ximiunoro amasizy. CTBOpMB HayKOBY IIKOJY XiMiKiB i mera-
aypris. OpradisaTop MeTaJypriiiHOro BUPOOHUIITBA IIATUHOBUX
MeTaJiB, ajmoMiHio, marxiro. IHinmiaTop cTBOpeHHA MeTaJorpa-
¢diunoi komicii npu PocificbkomMy TeXxHiYHOMY TOBapMCTBi

1 Xipypris, omeparii B AKilf BUKOHYIOTh Ha OpraHax I'PyAHOI KJIiTKu (Ha JiereHax,
ceplri TOIIo).
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Puc. 25.3. BpoHsa Ta yaByH — Xymo:KHi marepianmu. 1. Opanra-Ykpaina. Tpiymdanb-

HUU MOHYMeHT cropyzskeHo 2001 p. Ha UecThb AECATHIITTA Hel3aJeKHOCTI YKpaiHm.

CKyJsnpnTypy BUJINUTO 3 GPOH3YM, ODHAMEHTH Ha OJA3i Ta CTpiulli BiIHKa BKPUTO 30J0TOM.

2. Ilepmuit i TpuBanuii yac €eIWHUN y CBiTi maM’ATHUK MaMOHTOBI — YOTUPUTPAHHY

YaBYHHY CTeJy — BCTAHOBJIEHO Ha HeBEJIHMKOMY KaM’ aHOMY mocTtameHTi B ceni Kyurimris-
ka HenpuraiiniBcbkoro paitory CymcbKoi obiracTi

CniaBM — HAMroJIOBHINI KOHCTpyKIiiiHI Martepiamu. Ixmi pisHomamitmi
BJIACTHBOCTI — JKapOCTiliKicTh, KOpPO3iiiHA CTiliKicTh, MimHiCTH, TBEPAICTH
TOIIIO — 3YMOBJIOIOTH IMHPOKE 3aCTOCYBaHHA B TexHini. Cn.iagam HA 0CHO8I
MazHilo TIPpUTAMaHHI JIeTKicTb, MiITHiCTh, CTifiKicTh H0 Koposii. Tomy ix BHKO-
PHCTOBYIOTH B aBTOMOOiJIeOyAyBaHHi, AJid BUTOTOBJIEHHSA IIITAMIIOBAHUX BUPO-
0iB ckJamHOI hopmMu, meTasieil 3BAPHUX KOHCTPYKILiii.

MiOHi cnaiasu MiIHi, MalOTh BUCOKY €JIEKTPOIPOBiMHICTL, KOPOBifiHY CTili-
KicTb, MJIACTUYHICTH. 3 HUX BUTOTOBJISIOTH TPYyOU, TEIJIOTEXHIUHY amnapaTrypy,
OigMIAITHUKA, IIeCTePHi, BTYJIKHU, IPYKUHU, MeTaJi IPUJIaLiB TOUHOI MeXaHi-
KU, TepMmoIapu, (pacoHHi meTasi, MeKOPaTUBHO-TIPUKJIAAHI BUPOOU M CKYJIb-
nrypu. bponsa (puc. 25.3.1) Ta jJaTyHb — MiAHI cIlaBu, SKi TaKOMK IIMPOKO
BUKOPUCTOBYIOTH Yy PiBHOMAHITHHX Tajly3sXx IIPOMMCIIOBOCTi, CiJIbCBKOMY I'OC-
mogapcTBi, MOOYTi.

Tumanosi cniasu € KOHCTPYKIIMHMMY MaTepiajaMu B aBiallii, paxeroOy-
nyBaHHi. IX 3aCTOCOBYIOTH IJIsI BUTOTOBJIEHHS XiMiuHOI amapaTypu, a TaKOX Y
MeIUIINHi.

LlikaBo (i nisHABAAbLHO

3acTocyBaHHA MeTaniB i CNNaeiB ANst BArOTOBMEHHS iMNMAHTOBaHNX B OpraHiam maTepi-
anis mae gasHio Tpaguuito. e 2500 poky o Hawoi epu y PiHikii onsa nikysaHHsA 3y6is BuY-
KOpUCTOBYBanu MeTarnesi KOHCTPYKLUii. Y [JaBHboMy Pumi Oynv nowmnpeHi WwryyHi MeTanesi
3ybu, a mMeTaneBuin ApIiT 3acTocoByBanu Ans QiKCyBaHHsSI KiCTKOBMX BignamkiB. AX A0
KiHust XVIIl cToniTTa nepeBaxHO BUKOPUCTOBYBANWM YACTI MeTanu: 30M0TO, cpibro, Migb.
Y XIX cTtoniTTi y 3B’93Ky 3 y4OCKOHANEeHHAM TEXHOSOrIT BUMNaBnsHHS MeTanis i cnna.is no-
LUMPEHHSA Habynu iMNNaHTaTh 3 BUCOKOSKICHUX CMIaBiB.

Cnaasu Ha 0CHO8L mumany ma HiKeni0 BUABIAIOTL eeKTH mam’ aATi hopMu
1 HaJeJIaCTUYHOCTi, iCTOTHO BiApi3HAIOTHCA BiJl 3BUYAMHMX METAJIIiB i CIIJIaBiB.
KoncTpyKiii, BUroroBieHi 3 HuUX, 3JaTHI 3MiHIOBATH CBOIO ()OPMY BHACJITOK
3MiHU TeMIepaTypu, TOMY iX 3aCTOCOBYIOTh V PiBHMX rajays3sax MeIUIIUHU.

Cmaani # ya8yHU € Y1 He HAWBAKJIMBIIIMMU CILJIaBAMM CY4YacCHOI TeXHIiKH.
O0csary BUPOOHUIITBA X 3aJIi30BYIJIEI[EBUX CILIABIB HMEePEBUIIYIOTh BUPOOHN-
IITBO BCiX iIHIMMX MeTaJIiB, pa3soM y3ATUX, OLJIBLII Hi¥K y JecATh pasiB. HaByHoM
Ha3WBAIOTh CILIAB 3aJlida 3 BYIJIEIlEM 3 MAacoBO0 uyacTKoio Kapbomy Oinbiie
Hix 1,7 %.

Haituacrimre vaByu mictuts Big 2,6 % g0 3,6 % Kapbony. Kpim Kap6ony
B uaByHi € Cuiainiii, Maurau, Cyaedyp, Pocdop Ta iHmi emxemenTu. YaBys —
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Puc. 25.4. «Bayrra na piumi lyHaii» — meMopiana

Ha 3rafiky Ipo KepTB ['OJIOKOCTY — yCTaHOBJIEHO

2005 pory Ha Oepesi piuku Iynait y Bygamemri
(Yropmuua). Marepian — uaByu

TBepAuil i KpuxKuil Marepian. Moro Haiimmup-
e 3aCTOCOBYIOTH Yy MAITMHOOYIYBaHHI s
BUT'OTOBJIEHHA pisHOMaHITHUX IeraJie.
Taxoxx 1eit crraB — BUCOKOXYIOKHIN MaTepi-
ai (puc. 25.4).

lNomipkylime n sucrioeme NPUNyLLEHHA WOL0 NPMPOAU PyaOro HanboTy, SKUM YKPU-
TO NOBEPXHIO YaBYHHOroO B3yTTH Ha puc. 25.4

Ha Bigminy Big waByHY, cTanb KoBKa. Heip:xaBHa crTayib — CILIaB 3ajisa 3
XPOMOM — CTifiKa mpoTH KOpo3ii Tomy, m1o Ha ii mMOBepXHi € 3aXUCHUM IIap
xpoM(III) okcuny (puc. 25.5).

Puc. 25.5. O6muBKy craryi «BaTpKiBIIMHA-
matn» (KuiB, HamionanpHUi mMyseit icropii
Vxpainu B [pyriii cBiToBi# BiiiHi) cTBOpPEeHO
B 3amopixkiki 3 meipskaBHOI cTaJyi. 3 OKpe-
MuX 0JIOKiB-cekiriii macor 25—30 TOHH KO-
Ha CKYJBITYpPYy OyJsio 3BapeHOo Ha KuiBChKO-
my 3aBogi imeni IlapmapKoi KoMyHH 3 ypa-
XYBaHHAM peKOMeHAAIlili IHCTUTYTy eJeK-

: e aid? Tpo3BaproBaHHsa imeHi €.0. IlaTtona. Craryio
B " 5 i o R P s JiIIeHo 3 06pasy GOPSHAHKH', CKYJIbITOPKH
O St G a2 Tanmuau Hukudopisau Kaabuenko

3acrocyBaHHA MeTaJiB Ta IXHIX CIUIaBIiB HIUPOKe ¥ pisHoOMaHiTHE, 60
3yMOBJI€HE IITMPOKUM CIEKTPOM iXHiX BJIACTMBOCTel. BHUCHOBKIB IIOJO IIHOTO
BU 3MOJKeTe JiliTHM caMOCTifiHO, IpoaHAJNi3yBaBIIN CXeMy, 300pakeHy Ha
pucyHky 25.6 (3pobims ye).

ByaiBHMLTBO  (KOHCTPYKLiNHI
MaTepianu) Fe, Al

KOBenipHa cnpaea
Pt, Pd, Au, Ag, Cu

TpaHcnopT (aBTOMOGINbHUNA,
aBiauiiHui, 3ani3HNYHUK, BOa-
Hun) Fe, Al, Ti

EnekTpoTexHika Ta eneKkTpoHika
Al, W, Cr, Au, Ag, Cu, Ge, Sn,
Pb, Zn

3axucT Big KOposii

MepuuuHa Ti, Ni, Au Zn. Cr, Ni. Sn. Ag, Au

1 BopsHa — micro paiioHHOTrO 3HaueHHA B YepHiriBebKiii obsacti Yrpainu, agmimi-
CTpaTUBHUU IIeHTP BOp3HAHCHKOTO paiioHy.
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i KaTanisatopu
| ApepHa eHepreTuka U P

Ni, Pt, Pd
\ MeTtanypris  (neryBanbHi go- -
; < Mobyt
6aBku ang crani) Fe, Cu, Al Zn

W, Mo, Ni, Cr, V

Puc. 25.6. [Jeaki ranysi sacTocyBaHHSA MeTaJiB Ta iXHiX CILIaBiB

https://www.youtube.com/watch?v=2lv6Vs12jlL c
https://www.youtube.com/watch?v=X7b8 9wAREE
https://www.youtube.com/watch?v=wl-gAxKJoSU

m FOAOBHE

® Yucri MeTasy IMIMPOKO 3aCTOCOBYIOTH Yy BasKJIMBUX HAIpsSMaX HOBOI TeXHi-
KU Ta CyCHiJIbHOTO IOCIIOZapCTBA.

® CmaB — Iie CHUCTEMa, SIKa CKJIAJAEThCA IMIPUHAUMHI 3 IBOX KOMIIOHEHTIB, 3
AKUX X0ua 0 OIUH € MeTaJIOM.

® 3acrocyBaHHSA MeTaJIiB Ta iIXHiX CIJIaBiB ITHPOKe i1 pisHOMaHiTHE, 60 3yMOB-
JleHe po3MaiTTAM IXHiX BJIACTUBOCTEI.

3 https://www.youtube.com/watch?v=QRDctnk7sF4

llepesipTe cebe

1. lNepemeopimpb po3nosigHi peveHHs B pybpuui NMPO MOJIOBHE Ha nuTtanbHi. Yu mo-
KeTe BU BiANOBICTM Ha Ui 3anuTaHHsa 6e3 gonomoru nigpy4Huka?

3acrocynre CBOI 3HQHHST A YMIHHSI

2. Cxapakmepu3ylime 3aCTOCyBaHHs MeTariB Ta ixHix cnnasiB. 3. [Jogedimb NpakTU4Hy
3HaAYyLWiCTb: @) YnCTMX MeTanis; 6) cnnagis. 4. Ys8imb, WO panToBO 3HWKIWU CMnaBu 3ari-
3a — 4aByH i ctanb. CrpoaHo3ylme 3MiHu, Siki 6 BigOynmca B XUTTI Nogen yHacnigok uboro.
5. O6yucnimb: a) 06’eM (M) BOOHIO (H. Y.), SIKWIl BUTPATUTBLCS Ha BiAHOBIEHHS 3ari3Hoi
oXxapuHu macoto 1 T, Ta macy (T) 3anisa, ke yTBOpPUTbLCA BHACMIQOK L€l peakLil, SKLLO Noro
BigHOCHUI BWXig cTtaHoBUTb 94 %; 6) macy (r) migi, Ky MoxHa BigHoBUTK 3 Kynpym(Il)
okeuay macoto 40 r Byrneuem macoto 36 r, SKLWO BigHOCHMI BMXig meTany ctaHoBuTb 90 %.

< TBOPYQ MQUICTEPHS!

6. Cmeopimb peanbHy abo BipTyanbHy Konekuito «MeTanu Ta cnnaeu B MOeMy NobyTi»

§26. OcHoBU. BAOCTUBOCTI, 30CTOCYBAHHS FAPOKCHUAIB
Hatpito Ta Kaabuito

lMicnsi onpayroeaHHs napazpagha eu 3Moxxeme:

Ha3ueamu npegcTaBHYKIB OCHOB 3a CUCTEMaTUYHOK HOMEHKMAaTYpOlo;

cknadamu piBHSIHHSA peakLil, siki xapakTepuayroTb XiMi4Hi BNacTUBOCTI OCHOB, amdo-
TepHUx rigpokeuais (AntomiHito Ta LIHKy);

XxapakKkmepu3yeamu 3aCTOCyBaHHS rigpokcugis Hatpito Ta Kanbuito;

nopieHroeamu i3an4Hi Ta XimMidHi BNacTMBOCTiI OCHOB (rigpokcuais HaTpito Ta Kanbuito).
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fAx HasuBawTHh OCHOBM Ta amM(}pOTEepHi TiTPOKCHMAM 3a CHCTEMATUYHOIO
HOMEHKJIATYPOI, BU BiKe 3HAETE:

HAS3SBA METAJITYHOI'O EJIEMEHTA (BAJIEHTHICTD) + I'TIPOKCH/,.

Haszeimb 3a cucTemMaTMyHOK HOMEHKaTYypol OCHOBWM Ta aMdOTeEpHi rigpokcuau,
dopmynun akux NaOH, Ca(OH),, Zn(OH),, Al(OH);, CuOH, Cu(OH),, Fe(OH),,

Fe(OH),.

BmacruBocti HaTpill TIAPOKCUIY 1 KAJBIIN TIMPOKCUIY BU 3MOYKeTe IIOPiB-
HATH CaMOCTiliHO, IIpoaHaJIidyBaBIIN AaHi, HaBedeHi B Tabuaumi 26.1, Ta gomo-

BHUBIIU iX (3pobimb uye).

Tabauuys 26.1. IlopiBuanEA (isMUHUX BJIACTHUBOCTEHN HATPiH rigpoxkcumgy

Ta KaJbI[ill TiIPOKCUIY

Os3Haka NOPiBHAHHSA

Harpiii rigporcupg

Ximiuna dopmyaa

Ca(OH),

Monspua maca, r/MO0JIb

S0BHIIHIN BUrIAL

Bina TBepma peuoBuHa, 3a3BU-

Bina mopomkomomioHa

(puc. 26.1) Jail rpaHyJIbOBaHA IIyXKa PeYOBUHA
T'yeruna, I{I‘/M3 2,13 2,21
PosuunHiCTE y BOAi Hy»xe rirpockomiunmuii, Ha mo- | MayJOpo3UYMHHMH

BiTPi «PO3MIMBAETHCI», 00 aK-

TUBHO BOMpAE BOAAHY Iapy 3

noBiTpsA. J[oO6pe POBUNHAETHCS

Yy BOZi, 3 BUAIJIEHHAM BeJIUKOI

KinmbKocTi Temmotu. Posumn

MUJIKUAN Ha TOTUK
Temneparty- | maaBaerHs | 323 512
pa, C .

KUIIIHHA 1403 3a 580 — poskIamaeTbCa

Kpucraniuui rpatku

3amax

2

X

el
V2w yDROM

. s
Y S
N

i v .
Y %
ke B

lpoaHanizyldme AaHi WOAO PO3YMHHOCTI KanbLii rigpokeuay 1 nosicHims, po3bas-
JNIEHUM Y1 KOHLEHTPOBAHMM € MOr0 HAaCU4YeHWI PO34MH — BarHsiHa BoAa.

Puc. 26.1. 1. Harpiit rizpokcun — po3uuH i rpamyau. 2. Kaabiliii rizpoxcum:
TIOPOIIIOK i CycIleH3iss — BamHAHE MOJIOKO
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XimiuHi BIacTMBOCTI OCHOB Ta aM@OTEepPHHX TiIPOKCHUTIB y3arajJbHEeHO B
Tabanii 26.2.

Tabauuys 26.2. XiMiuHi BJIacTHBOCTI OCHOB Ta aM(POTEPHUX TiIPOKCHUIIB

Ximiuna Bnactu- | I'igpoxcugu M(OH),, ne n — cTymiHb OKUCHeHHsA MeTaJiuHOIO

TOpHU

IUKaTOpU 3MiHIOIOTH
cBOe 3a6apBJIEeHHA

BicTB emementa M
OcHOBU AwmdorepHi rizpoxcugu
JIyru (posumuHi ocHO- | Heposuunui
BU) OCHOBU
Hia za igguka- VY ixmix posumHax iH- | He mitoTh

Bszaemogia 3
KMCJIOTAMK

— CLJIb + BOIIA

Bszaemozia 3
KHUCJIOTHAMU
OKCHUIaMI

— CIJIb + BOJIA

31e0iapIIoro He B3aEMOMIIOTH, JIHIIIE 3
okcupamu, Hampukaang SO; N,O,
Cl,0,, aKUM BiANIOBifAIOTH CHJBHI KHC-
JIOTH.

— CLJIb + BOJA

Bszaemogia i3
COJIIMU B
PO3YMHI

—CLJIb + OCHOBAV{;
—CLJIbY + OCHOBAVY;
—CLJIb + OCHOBA

He B3aemogirorns

Bszaemogia 3

He pearyiots

Me(OH), + yOH —

JyraMmu — [Me(OH),, )1~
Tepmiune Crifiki (3a BUHATKOM
POBKJIaZaHHs gitifi rigpokcmuay Ta | > OKCHU]I + BOOA

KaJbIili TigpoKCHUIY)

Bukopucmatime iHdopMaLito, HaBedeHy B Tabnuui 26.2, i ckrradimpb piBHAHHA peak-

Lin, SKi xapakTepusyBaTUMYTb XiMiYHi BriacTuBOCTI rigpokcuais HaTtpito, Kanbuito,

LUnHky Ta Anominito. llpoaHanisylime Ui PIBHAHHA 3 MNOrnsgy enekTponiTUYHOT
aucouiauii.

3acrocyBanug rinpoxcunis Harpiro Ta Kansiiito mupoke i1 posmaire. 3aco-
Ou [IJIs1 IPOUUINEHHS 3aCMiUueHUX 3JIUBHUX TPYyO, BUAAJEHHA Opyny 3 podouoi
TMOBEPXHi ra30BUX Ta €JEKTPUUYHUX ILJIUT, JYXOBOK i MiKPOXBUJIBOBUX Hedei
MiCTATH HATPil MiAPOKCUA (TaK 3BaHy KaycmuyuHy cody), 110 CIPHUAE TiApoisy
JKUPiB, pylHye O0inKku. Moro BUKOPUCTOBYIOTh yV HAIll€POBO-IEIIOJIO3Hil, TeK-

Puc. 26.2. 3acrocyBaHHA HaTpi# rigpokcuny. 1. Muitai sacobu. Ilpounmniennsa
3acMiueHUX KaHaJisamiiiHux Tpyo6. 2. BupobHuiTBO 6ioamserio
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’ 3 ﬂYluor'KA
FPAHYNbOBAHE.
A% PO3KMUCIEHHR
TPYHTY

BAMHO

rawexe menese

Banwo rawene wenene.
B0-1 ACTY 6 8.2.7-90:2011

Puc. 26.3. 3acrocyBaHHS
KaJbIliii TigpoKcUAy B
cromarosorii (1), cinb-
ChbKOMY rocmomapcTsi (2),
Ha OymiBHMITBI (3)

enemes wnuva

!ﬁ I 2gr -— ®

CTUJIbHiIM, XapuyoBili IPOMMCJIOBOCTi, BUPOOHUIITBI MwmJyia, 0ioAM3eJI0 TOIIIO.
Hartpiii rizpoxcuy 3acTOCOBYIOTH TaKOMK IJs IOTPed KocMeToJioTii, ¢oTorpa-
(ii, meiiTpaaisaifii KMCJIOT i KUCIOTHNX OKCHUAIB Ha BUPOOHUIITBI (puc. 26.2).

Kanpmifi rimzpoxcun — BaKJIUBUNA CKJIATHUK OyIiBeIbHUX cyMimieii, #oro
BUKOPHUCTOBYIOTH AJIs HeATpaisdaii KMCJIO0T i KUCIOTHUX OKCHUIIB, ¥ OOPOTh-
0i 3i MIKiZTHMKaMH1 B CiJIbCHLKOMY T'OCHOZApPCTBi, AJIsI 3MEHIIEeHHA KUCJJIOTHOC-
Ti I'PyHTY, V cToMarToJorii masa mesimdiKyBaHHS KOpPeHeBHX KaHAJiB TOIIO
(puc. 26.3).

LlikaBo (i’ ni3HABAAbLHO

OpauH 3 meToaiB 6oOpoTLOU 3 ipXKElD TPOsIHO Nonsrae B OOMNWIOBAHHI Kylla MEeNeHo
cipkoto abo CyMiLLLLIO, L0 CKNafgaeTbCs 3 MENEHOI CipKkM Ta ralleHoro BanHa y cniBBigHO-
WeHHi 5: 1.

MAM’ATAAMO! BukopucmaHHsi fiyeie y nobymi ma Ha eupobHuymei rnompe-

fﬁ, bye ocobnugoi 06epexHOCMI, OCKINbKU Ui pe408UHU CIPUYUHSIOMb 8aXKi Xi-

© MiYHI OMiKU WKipu ma ciu308ux 0bosioHoK. [yxe HebesnewyHi oniku oyeu!

licna HadaHHs nepwoi donikapcbKoi dornomoau (MexaHiyHe sudaneHHs wma-

movuKkig nyay, NPOMUBaHHSI 8EJIUKOI KiflbKICMIO MpOmoYHoi 800U, a nomim —

cnabkum po34uHOM emaHoeoi (ouymoeoi) abo 6opamHoi (6opHoi) kucrom mpeba
0608’93k080 38epHymucs 00 Jlikaps.

https://www.youtube.com/watch?v=cvulJhpsEXk
https://www.youtube.com/watch?v=7igeBShAE90

pa———

m [OAOBHE

® Harpiit rizpokcus i Kaablliii rizpokcug — JyTu.

Hartpiit rizpokcuy i kanablifi rifpokcuj; y po3uUHi AUCOIiI0IOTH 3 YTBOPEH-
HAM KaTiOHIB BiAIIOBIiZHOrO MeTaJIiYHOTO ejieMeHTa Ta TiIpOoKcHuz aHioHiB,
Oifg miero AKMX IHAWKATOPU 3MiHIOIOTH 3a0apBJIeHHS.

Harpiit rizpokcun i KanbIiiii rigpokcu pearyoTh 3 KUCJI0TaM1, KUCJIOTHUMU
oKcumamMu, aMm(pOTEPHUMH TiIPOKCUIAMHU Ta OKCUIAMU, TeAKNMU COJISIMU.
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® [TweK rigpokcupa Ta aJdOMiHill rigpoxkcua — am@oTepHi, pearymoTh SK 3
JyramMu, Tak i 3 KHCJIOTaMU.

® Jlyru mepeBasKHO CTiliKi 0 HarpiBaHHS, HEPO3UYMHHI OCHOBU Ta aM(OTepPHi
TiIpoKcUaM 3a3HAIOTH TEPMIUHOTO PO3KJIAJAHHSA.

® TloBom:KeHHS 3 JIyraMM Ta iXHIMH po3umHaAMU Mae OyTHM MaKcuUMaJbHO obe-
DEXKHUM.

[lepesipre cebe

1. MNepemeopimb po3noBigHi peyeHHs pyopukn NPO MONTOBHE Ha nuTanbHi. Yn moxe-
Te BU BiOMNOBICTM Ha Ui 3annTaHHA 6e3 gonomorn nigpyyHvka?

3acrocymnre CBOI 3HAHHST A YMIiHHS]

2. Ha ypoui ximii 6yno npogeMoHCTpoBaHO ABa LOCHiaN, NPOBEeAEHHS Skux noTpebysa-
10 TMX CaMKX peaKTUBIB — PO3UYUHIB HATpIW rigpokeuay, cynbaTHOI KNUCNOTK Ta UUHK XMO-
puay. Y nepomy gocnigi B npoBipky Hanmnu po3uuH coni LinHky Ta obepexHo, kpannsamu,
3a nepemillyBaHHs, 406aBNSANM 40 HbOrO PO34YMH Nyry 40 YTBOPEHHS Binoro gparnmcroro
ocagy. MNonoBuHy ogepkaHoro NpoayKTy peakuii nomicTunu 4o iHwoi npobipku. o ogHiei
Moro nopuii NpogoBXunu [obaenaT posdmH nyry, 4o iHWoi novanu AobaBnsaTu 3a nepemi-
LWYBaHHS KUCMOTY, aX NOKN ocagm B 060x npobipkax He po3umHunucs. B iHwoMy gocnigi B
NpoBipKy HanNUNM po34nH HaTPIN rigpokcuay n novanu 4obaBnaT! Tyau Po34nH coni LinHky,
OofHaK ocaj, TaM He yTBOpMBCH, TOX AOChig NPOAOBXUTU He BAanocs. [ToscHime 3a gono-
MOTOH0 XiMiYHMX PiBHSAHB, YOMY pe3ynbTaTu gocnigis 6ynu pisHuMu.

3. Cknadimp pPIiBHSAHHA peakuin: a) TPMCTeapuHy 3 HaTpiv MApPOKCMAOM i MOSCHIMb, Ae
BMKOPUCTOBYIOTb NPOAYKTU LIbOro NepeTBOpPeHHs; 6) rigponisy coni, Wo yTBopunacsa BHa-
cnigok nonepeaHbLOro NepeTBOpPEeHHS, | CNPOrHO3ynTe peakuito cepeoBuLLa ii BOOHOro pos-
YUHY.

4. BaBOBHsIHE BOMOKHO MepcepunsyoTb — 06pobnsoTb KOHLEHTPOBAHUM PO34YMHOM Ha-
TpiK rigpokcuay 3 nodanblUvMM MPOMMUBAHHAM Ta obnaneHHaAM. YHacnigok Luboro BOHO Ha-
OyBae 6nvcky, ctae miuHiwmm, noro nerwe capbysaTn. Takox BMPOOHUKM Ta npoaaBLi
peKnamyoTb «MEPCEpPU30BaHy BOBHY». [TOSICHIMb, Y1 MOXHa MepcepusyBaTi BOBHY B Ta-
KWIA camuii cnocio, wo n 6aBoBHy.

5. lNosicHimb, YoMy Mg Yac NPUroTyBaHHSA PO3YMHY HATPIN rigpoKcuay NoTpibHO NocTy-
NoBO 00aBnATY 3a NepeMillyBaHHs Nyr y BOAY, @ He HaBMaku.

6. 3acib npoTn nevii MmictuTb rigpokcman Marhito Ta AntomiHito. CripoeHo3ytime pe3ynb-
TaTtu Aii Ha nopuii LbOro Npenaparty: a) XSIopPUAHOT KUCAOoTK; 6) PO34MHY HaTPIK rigpokcuay.

7. lNopigHsAUMmMe: a) Nyrn Ta HepO34MHHI OCHOBW; ©) HaTPIN rigpoKcug i Kanbuin rigpokeug,.
Bignosigi ogpopmme sk giarpamu BeHHa.

\ "0 TBOPYQ MQVICTEPHSI
8. Cknadimpb ceHkaH 3a 3micTom naparpada 26.

§ 27. COAi, iXHS NOWMPEHICTb Y NPpUPoAi. CepeaHi Ta KUCAiI COAI

lMicnsi onpayroeaHHs napazpagha eu 3Moxxeme:

XxapakKkmepu3ygamu NOLNPEHICTb Conen y npupoai;

Ha3ueamu npeacTaBHUKIB CONen 3a CUCTEMATUYHOK HOMEHKNATYPOLO;

cknadamu PiBHSAHHSA peaKUii, sIKi XxapakTepuayoTb XiMiYHi BMAcTUBOCTI Ta A00yBaHHS
CepeaHix i KNCnmx conem.

ITommupenicTs coneir y mpupoai godpe BioMa BaM 3 BJIACHOTO JKUTTEBOTO
mocBimy, KypciB ximii, Giosorii Ta reorpadgii. Toxx Bu Jerko BiopaeTecs i3
3aBIAHHSIM: 3a HaBEJEHUMHM JaJIi PUCYHKAMHN BUSHAUNTH MOMINPEHICTH COJIEH
Yy OOBKiJIi Ta IXHIO POJIb Y JKUTTi JIOAWHUI.
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Apgiaag B, | Puc. 27.1. TlomupeHricTs coseii y Tpupoxai Ta B moGyTi.

SR = . 1. ®denomenu ykpaiHcbKoi mpupoau: a) Jlemypiiicbke

‘@—,h e o3epo, poaramroBane 3a 100 ximomerpis Bim XepcoHna,

) no6au3y ceja I'puropiBku, — yMmicT HaTpiit xJ0opuay B

tioro Bogai csarae 35 %; 0) kpeiigAaHa ckeas y l[Bopiuancbkomy paiioni XapKiBChbKoOI

obmacri. 2. NaCl, FeSO, - TH,0, CuSO, - 5H,0, NH,NO;, CaCO;, NaHCO;, Na,COs,,
K,S0,, CaCl,

Likago (i nisHaBaAbHO

Maca conewn, po34MHEHNX B OKEaHIYHil i MOPCbKi BOAi, BENu4esHa. Tpu 4BepTi ii npu-
nagae Ha HaTtpin xnopua. B okeaHiuHin Bodi € KaTioHM GinbLIOCTI XiMIYHUX €neMeHTiB
(pwnc. 27.2).

Ax Ha3MBaIOTHh cepemgHi COJIi 3a CHCTEMAaTHYHOI) HOMEHKJIATYpPOIO, BU
TaKOK 3HAETe:

HASBA METAJITYHOI'O EJIEMEHTA (BAJIEHTHICTB) + HASBA KUC-
JIOTHOTI'O SAJINIIIKY.

Hanpuxnan, BaCO; — 6apiit kap6onar, FeCl, — depym(II) xmopuz.

fAximo cinbk mMicTuTh, KpucTasisaiiiiny Bomy, OO Ha3BU J00aBJIAIOTH CJIIOBO
2idpam 3 omHuUM 3 mnpedikciB — Mmono-, du-, mpu-, mempa-, neHma- TOIIO
3aJIeKHO BiJ KimbkocTi MoJsekysn Bomu, Hanpukiaazn CaSO, - 2H,0 — kauapmii
cyasdar aurigpar, CrCl; - 6H,0 — xpom(III) x1opuz rexcarigpar.

@ 1. 3a nignucamu o pucyHky 27.1 cknadime Ha3Bu conen. 2. 3a nignucamu Jo pu-

CYHKY 27.2 cknadimb cpopmynu conewn, yHacnigok eneKkTponiTMYHOI amMcouiaLii skux

B OKeaHiyHin Bogi nepebyBatoTb BiAMOBIAHI MOHK, Ta HA3BiTb Ui COMi 3a cuctemaTuny-

HOK HOMEHKMATYypol. AKWO BaM 3abpakno 3HaHb, LOOM MOBHICTIO BUKOHATU 3aBAaHHS,
roeepHIMbCSA [0 HLOMOo NiCNsA onpautoBaHHS naparpada.

Puc. 27.2. Ymicr 1ioHIB B OKeaHiuHii
BoJIi macoio 1 Kr.
1. Boga. 2. Inimi KoMIIOHEeHTH:
3 — Na'; 4 — SO%; 5 — Mg*;
6 — HCOj; 7 — Ca*'; 8 - K¥;
9 — immri; 10 — C1°
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PiBHAHHA peakiiii, AKi XapaKTepu3yIOTh XiMiuHi BJIACTHUBOCTI Ta CIOCOOU
M00OyBaHHS CepeHixX coJjieil, BU 3MOMKeTe CKJIACTH CaMOCTiiHO, IIepeTBOPUBIIN
Ha HUX HaBeJleHi faii cxemu ximMiuHUX peakiiil (3pobimbe ye ma karacu@iryii-

me peakuii 3a Pi3HUMU 03HAKAMU).

Cepenni coui

XimiuHi BJacTHBOCTI

1. ¥Y3aemonia 3:

a) KucjoTamMu

CaCO; + HCl — CaCl, + H,0 + ...T;
Na,Si0; + H,S0, — ... + H,Si0z;
0) myramMmu

CuSO, + NaOH — Na,SO, + ...3;
Na,SO, + Ba(OH), —» NaOH + ...};
B) COJIAMU

AgNO; + CaCl, — Ca(NO,), + ;

r) MeTaJlaMU

Al + CuSO, - Al,(SO,); + .43

Fe + Na,SO, -;

I) 3 KHUCJIOTHUMH Ta aM@OTEepHUMU
OKCHUIaMM 3a HarpiBamudA

Na,CO, + Si0, 5 Na,SiO, + CO,T;
Cay(PO,), + Si0, 5 CaSiOy + ...;
Na,S0, + B,0; 5 NaBO, + SO, + O,;
KNO; + AL,O; 5 KAIO, + NO,T + 0,T.
2. Tepmiume po3KJIagaHHA:

CaCO; 5 Ca0 + ...7;

NaNO, & NaNO, + 0,1

Cmoco6u moOyBaHHS

VY3aemoisa mpocTUX PEeUuOBUH
Fe + Cl, —> ...;

Y3aemonia okcungis

BaO + COy, — ...;

Ca0 + ALO; 5 Ca(AlO,),;
Y3aemonia KuCIOT i OCHOB
HBr + KOH — ... + ... ;
¥Y3aemonia coii i kKuciaoru
Na,CO, + H,S0, — .. + .. + .75
Y3aemozia coJi Ta ayry

FeCl; + ... > KCl... + ...;
Y3aemozmisa nBox cojei

CaCl, + ... > CaCOzl + ...;
Y3aemonia okcuay 3 KHUCJIOTOIO
CuO + ... » CuSO, + ...;
3aMillleHHSA BOJHIO B KMCJIOTi
Mg + .. > MgCl, + ... T;
3aMileHHs MeTaJIiuHOro eJie-
MEHTa B COJIi

Zn + SnCly, > .. + .. >

Kucai coni. Ogza 3 HuX BaM mo0pe Bimoma — xapuoBa coja, ximiumna opmy-
aa axol NaHCO,;. YuMm BoHa BifpisHAETHCA BiJ KaJIbIUHOBAHOL conu, hopMy.ia
akoi Na,CO3? Tum, mo B ii ckiragl KpiM KaTioHa MeTaliuyHOIO eleMeHTa Ta
aHiOHA KHCJIOTHOTO 3aaumiky € KarioH I'izporemy. Tomy HasBa xapdoBOi comu
3a CHCTEeMATHYHOI0O HOMEHKJIATYpPOIO — HaTpiii rigporenkapbomar. Ko y
dopmyai Kucaoi coii Kinmbka KatioHis I'imporeny, ix mosHa4amTh BigIoBiZHMM
npedikcom — gau-, Tpu- ToIo. Hampuriaanm, Kwucia ciab, GopmyJaa SAKOI
NaH,PO,, — marpiit gurizporenoprodocdar.

Hassimpb 3a cuctemMaTUYHOK HOMEHKnaTypoto coni, popmynu sakux Na,HPO,, KHS,
NaHSO,, NH,H,PO,.

Kucai coai gucoililooTs y BOOHUX PO3UYMHAX:

NaHSO, 2 Na' + H + SO%; NaHCO, 2 Na* + HCO;,.
CripoeHo3ylime peakLito cepefoBuLLa PO34MHIB HATPIN rigporeHcynbdarty Ta HaTpin
rigporeHkapboHaty. lMopigHstime cuny cynbdaTHOi Ta kapboHaTHOI kncnot. lMosic-

HiTb, YOMY HaTpIN rigporeHcynbdaT AUCOLiOE NOBHICTIO, a rigporeHkapboHaT aHioH
Mamxe He AUCOLLILoE.

Omxe, KUCJIi COJIi € MPOAYKTaMU HEIIOBHOTO 3aMillleHHsA aToMiB I'igzporeny B
MOJIEKyJaX 6araTOOCHOBHMX KWCJIOT Ha KaTiOHM MeTaJivYHOTO eJIeMeHTa,
HaIpUKJIaL:
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NaOH + H,SO, = NaHSO, + H,0.

. + . . . .
Y Takux couax € xkatioHum H', sgaTHi samiimyBaTucs Ha KaTiOHU MeTaJIid-
HHUX eJIeMEHTiB:

NaOH + NaHSO, = Na,SO, + H,0.

BaxkauBoO BIACTUBICTIO KMCIUX i cepeHiIX cojeli 6araTOOCHOBHUX KUCJIOT
€ IXHS 3mATHICTL JO B3aeMoOIlepeTBOPeHb. To0TO HaeThcA PO CIIOCOOM mO0Y-
BaHHS KHCJIUX COJIeH i3 cepeqHixX i HaBmakwu.

lNepemeopimb HaBeaeHi Aani cxeMy peakuin 3a y4acTi KUCIMX Conewn Ha XiMidHi pis-
HAHHA. 3anuwimsb X y NOBHIN i CKOPOYEHIN NOHHMX hopMaXx.

Hampuknan, ymaciaimok mponyckaHHA xap0oH(IV) okcumy Kpishk BamHAHY
BOJY CIOUYATKY BUIajae Oinmii ocal KaJbIifi KapOoHaTy, AKUII 3TOJO0M IIepe-
TBOPIOETHCS Ha POSUMHHY KUCJIY CiJb:

Ca(OH), + CO, — CaCO3~L + H,0; CaCO4 + H,0 + CO, — Ca(HCOy,),.

YTBOpeHy KHCJY Cijib MOJKHa 3HOBY IIEPETBOPUTH Ha CEpPemHI0, NJ00aBUBIIHU

JYyT, HAIIPUKJIAJ TallleHe BamlHO:
Ca(HCO;), + Ca(OH), — CaCO3~L + H,0.

I maBmaxu, aier0 KOHIIEHTPOBAHOI 0AraTOOCHOBHOI KMCJIOTH Ha ii cepemHio

CiJIb MOKHA HOOYTH KHCJIY Cijib:
Na,SO, + H,SO, - NaHSO,.
Kwucai cosi 3a HAOIUINIKy KUCIOTH TaKOMK MOYKYTh YTBOPIOBATHCA 1 B iHITTUX

peakmisax, AK-0T (npoaHanizyiime Hasedeni dani Xximiuni pi6HAHHA U nosc-
Himbv, 3a AKUX KiJAbKICHUX CNi6BI0OHOUWEHb MiJC pPeazeHmMaMU Ue MOHCAUBO):

Zn + 2H,S0, = H,T + Zn(HSO,),; CaO + H;PO, = CaHPO, + H,0;
NaOH + H,S = H,0 + NallS; Na,S + HCl = NaHS + NaCl;
NH; + H;PO, = NHH,PO,; 2NH; + H;PO, = (NH,),HPO,.

VHacIigoK HarpiBaHHSA KHUCJI COJIi, 30KpeMa TrigporeHKapOOHATH, PO3KJIa-
IalOThCA:

NaHCO; & Na,CO, + CO,T + H,0T;
NH,HCO, & NH,T + CO,T + H,0T.

Kucai comi cunbHUX KHCIOT MOAIOHO IO HUX pearymoThb 3 MeTajJaMM, OCHO-
BHUMH OKCHAAMH, OCHOBAMU, COJAMU (npoananisyiime Hagedeni dani cxemu
pearuyiil 3 nozaady eaekmpoaimuunol ducoyiayii it nosacHimby IXHIO cymbv):

KHSO, + Mg — H,T + MgS0, + K,SO,;
KHSO, + MgO — H,0 + MgSO, + K,S0,;
KHSO, + NaOH —» H,0 + K,SO, + Na,SO,;
KHSO, + Cu(OH), - H,0 + K,SO, + CuSOy;
KHSO, + MgCO, — H,0 + CO,T + K,S0, + MgS0,;
KHSO, + BaCl, — BaSO,{ + K,S0, + HCI.
3HaHHA IIPO BJACTHUBOCTI cepedHiX i Kumeamx coJeii, iXHI B3aeMOIIepeTBO-

PEeHHA CTAaHYTh BaM y HIPUTOAi He JuINE IIiJf JYac OIIPAaIllOBAHHS HACTYIIHOTO
naparpada, a 1 y DIOBCAKAEHHOMY JKUTTi.

o% A https:/www.youtube.com/watch?v=I3BYJDi-g-s
https://www.youtube.com/watch?v=aWJuNZessbM

j https://www.youtube.com/watch?v=WnAKhtnJjz0
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m [OAOBHE

® CepepHi coji pearyiors 3 MeTajgaMu, JyraMu, CONAMH Y BOAHUX PO3UMHAX.

® Kucii cosi € mpoayKkTaMu HEITOBHOTO 3aMilieHHs: aTromiB [limporeny B MoJie-
KyJiax 6araToOOCHOBHMX KKCJIOT Ha KATiOHM MeTaJIiuHOIro ejieMeHTAa.

® Kwucai Ta cepenHi coJi 3maTHi 10 B3aeMOIIepPEeTBOPEHb.

® Kuciai cosi cuabHMX KHUCJIOT yV BOAHUX PO3UMHAX pearymoTh 3 MeTajJaMwu,
OCHOBHUMU OKCHUAAMM, OCHOBAMU Ta aM(poTepHUMHU TiAPOKCUIAMU, COTAMU.

[lepesipTe cebe

1. lNepemesopimb po3noBigHi pedeHHst pyopuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BV BiAMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

3acrocymnre CBOI 3HQHHST A YMIHHSI
2. Cknadimb cxemy «Knacudikauisa conenx». 3. MopigHsiime: a) XiMiYHi BNacTUBOCTI;
©) cnocobu nobyBaHHA cepeaHix i kucnux conew. Bignosiab oghopmme sk giarpamu BeHHa.
\ 55 TBOPYQ MQVICTEPHSI

4. Cmeopimb BipTyanbHy KOMEKLUil0 cepefHix Ta KNCNUX conen, Npe3eHTynTe ii nepep,
y4yHiBcTBOM 11 Knacy.

§ 28. NoHATTS NPO TBEPAICTb (OKOPCTKICTb) BOAU TA CNOCoO6U
il YCYHeHHSs

lMicnsi onpayroeaHHsA napazpagha su 3mMoxxeme:

aHasnizyeamu TN TBEpAOCTi BOAW;
npornoHyeamu 6e3neyHi cnocobu ycyHeHHs TBepAoCTi Boau B NobyTi;
doeodumu BNfVB TBEPAOI BOAU Ha NOOYTOBI Npunaan Ta KoMyHikaii.

TrepaicTs BOOM — IIe CYKYIHICTh ii BJaacTUBOCTel, 3yMOBJIEHUX AeAKUMU
KaTioHaMu MeTaJiuHMX eJIeMeHTiB, IO MiCcTAThCSI B Hi#l. Yci gBoBaseHTHI
KaTioOHU Ti€l0 UM Ti€0 Mipol0 BIJIMBAIOTH Ha TBEPIiCTh BOAM, OCKIJIBKM BOHU
B3aEMOJIiIOTh 3 MEeBHUMU aHioOHaMM, YHACJJIZOK YOTO YTBOPIOIOTHCSI HEPO3UMHHI
ab0 MaJOpPO3UMHHI CIIOJYKH, III0 BUIAZAOTh B ocaa. PopMyJu HalBaKJIUBi-
mux ! OHiB, III0 3yMOBJIIOIOTH TBEPAICTL BOAU, HaBeaeHO B Tabauii 28.1.

Tabauusa 28.1. HaliBaskauBini fioHu, AKi 3yMOBJIOIOTH TBEPHiCTH BOIHU

Karionn Axnionn

Cca®f, Mg®* HCOj, SO%, NOj3, Cl™

3Bigkm 1i foEM moTpamiaAloTH y Boxy? IXHIMH mXeperaMu € ITpPUPOHi
noxyagu BanHaKis (CaCOj;), rincy (CaSO, - 2H,0) i gonomiry (CaCOg - MgCOy).
Yuacaigok Baaemopii posumueHoro y Boai xap6ou(IV) okcumy 3 mimepasamu,
iHIIUX IIPOIECiB POSUYMHEHHS ¥ XiMiUYHOTO BUBITPIOBAHHSA T'ipChbKUX IOPig IIpH-
pozHa Boja 30arauyeThbcsa KaTioHaMmMu Ta aHiomamu (puc. 28.1).

Cknadimb piBHAHHS peakuin Mk kapboHaTtamy Kanbuito Ta Marhito n kap6oH(1V)
OKCMAOM, PO3UYMHEHUM Y BOL,.

1 Yepes mizepHo Masuit ymicT y Bogi KationiB Crpouiito, @epymy(Il) Ta Pepymy(I11I),
Mamurany(II), Bapiro ixHiM ymamBoM Ha TBEPAiCTh BOAU HEXTYIOTh.
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BunaginHs onagie  KoHaeHcauis TaHEHHS CHiriB

KoHpaeHcallis M'sika Boaa Po3unHeHHA

y

coneu

= Kanblio
i MarHito

BunapoByBaHHs -

Puc. 28.1. Ik m’saKa
BOJA CTA€ TBEPJOI0
Ta HAaBIAKU

H:xepemaMu HOHIB, 1110 3YMOBJIIOIOTh TBEPAiCTh BOAM, MOMKYTh OYTH MiKpO-
Oiosoriumi mporecu, 10 BigOyBaOThCS B I'PYHTI Ha ILIONIL BOZO3abopy, V¥
IOOHHUX BiIKJageHHSIX, KUCJOTHI omaaM, a TaKOX CTiuHi BOAMW IIiAIPHEMCTB.

Y1auB TBepaoi Boau Ha MOOYTOBI MpuiIaau, KOMyHiKaIllii, opraHizamu. YHa-
CJiMOK HarpiBamHSA TBepAoi BOAM B TPyOaX OHANIOBAJIbHOI CUCTeMU, KU ATiHHSA
ii yTBOpHOETBCS OcCan, AKWU OCiflac HAa TOBEPXHI HArpiBaJbHUX €JIEMEHTIB,
CTiHKaxX TpPyO, IO IIPU3SBOAUTDL A0 3MEHIIeHHS TeIJIOIIPOBiIHOCTI, 3BY;KYBaHHA
oTBOpiB ToIo (puc. 28.2).

BukopucranHA TBepAOl BOAU MPU3BOAUTH O IIePEBUTPATU €JeKTPOeHeprii,
00 uacTUHY eHeprii JOBOAUTHLCS BHUTPAYATH Ha HAUPiBaHHS IIapy HAKUITY. ¥
TBepAill BOAi 3MeEHIIyeThbCcA MHUIIHA OiA Mumiaa (HaTpieBuX i KajgieBuUX coJieit
cTeapaTHOI KHCJIOTH) Uepe3 YTBOPEHHA HEePO3UMHHUX KaJbI[iEBUX i MarmieBux
coJiei:

2C,,H,,C00™ + Ca®" - (C,;H;5C00),Cal;
2C,,H;,CO00™ + Mg®" — C,,H;,C00),Mgl.

YrBOpeHi BHACIiZOK 1IbOro ocanu creapartis Kazabpifito Ta Marxiroo ocigamoTrsb
Ha IIOBEPXHi INTKipu, BOJOCCHA, 3alIOBHIOIOTH IIPOMIMKKU Mi’K BOJIOKHAMHU TKa-
HuH. Ile MoKe mpmaBecTH A0 HAAMIPHOI cyxocTi ImIKipu, ii moapasHeHHIO.
Bojoccsi, BUuMuTe MUJIOM y TBEPIiil BOAi, ThbMsHI€ Ta CTAa€ JaAMKUM. 3 IOBEPX-
Hi TKaHWH, BUIPAaHUX y Hill, BasKkue BUOABUTHU 3a0pPyIHEHHA Ta IJIAMU. BamHsa-
KOBUH HAJIIT Ociflae Ha MOBEePXHi O0JUITIOBAJIBLHOI IIIUTKU, KepaMiuHUX, MeTa-
JIeBUX 1 IIJIaCTMACOBUX JeTaIsIX CaHTeXHiuHoro objamuamusa (puc. 28.3).

A

/‘.

Puc. 28.2. Hakun y Tpy6i (1) Ta Ha moBepxHi HarpiBaibHUX ejeMeHTiB (2)
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LlikaBo (i nisHABAAbLHO

IHCTUTYT KONOIgHOI Ximii Ta ximil Bogw 4
im. A.B. lymaHcbkoro HauioHanbHOi aka-
gemii Hayk YkpaiHn € eguHOK akagemiv-
HOK YCTaHOBOIO, LiSNbHICTb SKOI LifIKOM i .
MOBHICTIO NOB’A3aHa 3 KOMMMEKCHUM OOCTTi-
[PKEHHSIM YCiX acnekTiB XiMil 1 TexHonorii
BOAW, KOMOIAHOI Ta aHanitTu4Hoi ximii. Oa-
HUMW 3 HaBaroMmilMX OOCArHeHb IHCTUTY-
Ty € po3pOoOneHHs Ta BNPOBAMKEHHS] TEX-
HOSOrIN Ta yCTaTKyBaHHA ONS OLEPXKaHHS
AKICHOT NMTHOIT BOAM

Puc. 28.3. 1. TBepna Boma € ofgHi€I0
3 MOMKJINBUX HPUUYUH €K3eMU B HEMOBJIAT.
2. TBepma Bojma — AJiA CAaHTeXHiKU Oima

Tunu TBepaocTi BoaM, IXHI IPUUYMHU Ta CHOCOOM YCYHEHHS. ¥ ABJIEHHS IIPO
HUX BU 3MOJKeTe JicTaTu, IIpoaHaidyBaBinu Tabuauitio 28.2 (3pobimsb ye).

Tabauus 28.2. TBepaicTs Boau, il TUIIM, TIPUYUHU Ta CIOCOOU YCYHEHHS

TBepaicTs
Tunu
. 3araapHa
TBEePIOCTi
Kap6onaTtna (TumuacoBa) Hexapo6onatna (mocriitHa)
IIpuaunau
sumnk- | Ca®", Mg®", HCO, Ca®*, Mg**, S0%, NOj, CI°
HeHHA
1. Ku’arinua: 1. O6pobaenHs: comoro abo IoTa-
Ca(HCO,)y 5> v + v + oo} mem:
Me (HCOL). & CaSO, + Na,CO; — CaCO,l + ...;
g (HCOp); = o e e MgSO, + K,CO; —> MgCOl + ...;
2. O6pobyieHHA COJOIO: CaCl, + K,CO3 — ... + o + o
Ca(HCOg), + Na,CO3 — NaHCO; + ... 3 Mg(NO;), + Na,CO3 — ... + ... +
Mg(HCO,), + Na,CO; — NaHCO, + { | + ... .
+ ...
2. O6pobyenHa HaTpiit opTodoc-
3. O6pobyieHHsI BamHAHUM MOJIOKOM: | (haTOM:
Ca(OH),: CaSO, + Na,PO, — Cay(PO,),) +
Cgocgﬁﬂ Ca(HCOy), + Ca(OH)y —.—> + ...j + o
HEeHH
YOYHEHIS | Mg(HCOy), + Ca(OH), >..b + ... | MgSO, + Na;PO, — ..d + ... .
4. O6pob6JIeHHS JTyTOM:
Ca(HCO,), + NaOH —... + ... {;
Mg(HCO,), + NaOH —... + ...{.
5. O6pobsenusa HaTpii oprodocda-
TOM:
Ca(HCO,), + Na,PO, — .4 +
+ NaHCOs;
Mg(HCO,), + Na;PO, — .4 +
+ NaHCO;.

1. lMepemeopimb HaBefeHi B Tabnuui 28.2 cxeMun peakuii Ha XiMiYHi piBHAHHS, 3a-

nuwims BiANOBIAHI NOBHI 1 CKOPOYEHI NOHHI PIBHSHHA. 2. [TosicHimMb: a) YoMy NOCTin-

Hy TBepAiCTb BOAM HE MOXHa YCYHYTU KUM'ATIHHSAM; 6) siki 3 HaBeAeHUx y Tabnuui
28.2 cnocobiB 3mM’AKLWEHHST BOAW € 6e3neYHMM AN BUKOPUCTaHHSA B OMALUHIX YMOBaX.
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OkpiM y:xe 3asHAUEHUX CIOCOOIB 3MEHINEHHsS TBEPAOCTI BOAM, IIHPOKO
BUKOPUCTOBYIOTH I iHIIi. Po3risgubMo iX moKJamHiIIe.

Jlucmuawseanus, abo TepMiuHe ONPiCHEHHA, — YM He HANMOIMPEHIiMui Ha
MOPCBKHX CyIaxX cIoci6 moOyBaHHA IIpicHOI Boam i3 3a60pPTHOI MOPCHKOI.
TakKoK COJIOHY BOAY 3HECOJIIOIOTH, & OT¥KE, i 3M AKIIYIOTh, BUMOPONCYEAHHAM.
VHacaiZoK OXOJIOMKEeHHsS COJOHOI BOAM HUIKUe TeMIIepaTypu 3aMep3aHHsS B
Hi#l YyTBOPIOIOTHCS KPUCTANU JBOLY — 3aMep3JIoi mpicHOI Boau, AKi BiZoKpeM-
JIIOIOTh Bifl PO3COJY, IPOMUBAIOTD i IJIABIATE.

Honnuit 0o6min — omHA 3 HAWAOCTYIHIIMNX Ta e(PeKTHBHUX TEXHOJIOTIH
3M’AKIIEeHHS BOIU, IKY IPOIYCKAOTh KPidh (PiabTp, II0 MiCTUTH HOHOOOMIiHHI
cMoJi. YHACHiIOK peakIiit fiomHoro oominy kariomm Kaxbimito Ta Maruiro 3
BOIM IEPEXOAATHh y CMOJY, a BoJa HaTOMiCTh 30arauyerbcs ioHamu Hatpiro.
I pereHepyBaHHS CMOJIY MPOMHBAIOTH PO3UMHOM KYXOHHOI COJIi.

38opomHuuil ocmoc tmepenbauae BUKOPUCTAHHSA HAiBOPOHUKHOI MeMOpaHwu,
Kpi3h AKY IiJi THCKOM IIPOIyCKAalOTh BoAy. MeMOpaHa 3aTpUMy€ UYaCTUHKU 3
poamipamu 0,001-0,0001 mrM, 30Kpema rigpatoBaHi cyabdar-, XJOPUI- Ta
HiTpaT-amionu, kKarionu Harpiro, Kazbpiito, Maruiro, MoJieKyJau OapBHUKiB
TOIIO, aJie MPOIYCKA€E MOJEKYJIN BOJU.

MacznimHuit ma enexmpomazHimHuuilt memoou 3m’akuwenns godu. Ilix uac
OPOXOAKEHHA IIOTOKY BOAM KpPishb MArHiTHI Ta eJeKTpoOMarHiTHi (igbTpu ming
niero marmiTHOro mosia coini Kanbiito Ta Marmito nepexomATb y HEPO3IUUHHY
dopmy. Ocan, 1110 YTBOPUBCSA, 3 MOTOKOM BOJAYW BUBOJATH i3 CUCTEMH BOJIOIPO-
Bony. Take obsagHaHHA 3aCTOCOBYIOTH JJIA 3aXMCTY BiJ HAKUIY KOTJiB, KOJO-
HOK, BOJOHAarpiBauiB, HpaJbHUX Ta IOCYAOMUHHUX MAIINH Y HTPUBATHUX
OyIMHKAX i KoTem:Kax.

Aki 3 HaBeAeHUX BULLE CrOCcobiB 3M AKLLIEHHS

BOOM I'PYHTYIOTbCS Ha Pi3NYHKX, a 9Ki — Ha Xi-
MiYHMX aBMLLAX?
0 COO

LlikaBo (i’ nisHABAAbLHO
KniTUHHI 0OONOHKM POCNNHM MICTATb MEKTUHU —

BYrNeBOAHI NaHUOXKN. [eKTMHOBY CiTKy cTabinisytotb H coo O
MOHW noniBaneHTHNX MeTaniyHMX enemMeHTiB (Takux, y
SKMX BaneHTHICTb Ginblwa 3a oguHuuo). TobTo nig €000

Yyac 3aconoBaHHSA oripkiB kaTioHn Kanbuito Ta MarHito
pobnsaATb NEKTMHOBY CiTKY »KOpCTKiwow (puc. 28.4), a Puc. 284
OripKN He PO3M’SKatoTb | CTalOTb XPYMKUMMU.

lMosicHimb, YoMy ON1s1 3aCOMNOBAHHSA OripKiB JOCBIAYEHI KyriHapy N KymniHapkn pagaTb

BMKOPWUCTOBYBATU: @) ANs pO3COMy KONMOAS3HY YM AxepenbHy BoAdy 3 MiABULLEHOID

TBEpPAiCTIo abo HaBiTb MiHepanbHy Boay; 6) HeounLeHy kam’asHy abo MOpPCbKY Cinb, a
He cinb «EkcTpay; B) kanbUii xnopua sk 4obaeky 4O po3Cony; r) NULE CUPY, a HE KUM'ssYeHy
BOAY Ans po3cony.

o¥% https://www.Kinetico.co.uk/hard-and-soft-water-explained/hard-and-soft-water-
uk
https://www.youtube.com/watch?v=ei-rmud9vBU

o 1Ze] rONOBHE

® TsepaicTh Boau — IIe CyKYIHICTH ii BgaCTI/IBOCTEI/I 3YMOBJIEHUX KaTioHaMu
MeTaTiuHuX ereMeHTiB, mepexycim Ca’’ ra Mg?', mo € B Hiii.

j https://www.youtube.com/watch?v=ebygQes5Wig

! Anreunnit mpemapar.
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Puc. 28.5

©® 3arajbHa TBEPIiCTh BOAM CKJIALAE€ThCeA 3 KapOoHaTHOI (TMMYacoBoi) Ta
HeKapOoHaTHOI (TTOCTifHOT).

® KapbomaTHy TBepHiCTh 3yMOBJIEHO BMiCTOM y BOMIi HOHiB Ca?", Mg2+, HCO,,
a HeKapOOHATHY — Ca?", Mg2+, SOiZ NOg, CI'.

® KapbomaTHy TBepIiCTh yCyBalOTh KHUII ATIHHAM i peareHTHHM CIIOCOOOM,
HEeKapOOHATHY — pPeareHTHUM CIIOCOOOM.

® [lucTua0OBaHHA, BUMOPOYKYBaHHA, MOHHUN OOMiH, 3BOPOTHUI OCMOC, Mar-
HITHUH Ta €JeKTPOMATHITHUI METOAM BUKOPUCTOBYIOTH NIJIsA 3HECOJEHHS W,
BimgmoBigHO, 3M’AKIIIEHHS BOIU.

A
.Eij llepesipTe cebe

1. lNepemesopimb po3noBigHi pedeHHst pyopuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BV BiAMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

Pr
m ] 3acTocymre CBOI 3HAHHSI M YMiHHSI

2. PosensiHbme pucyHkn 28.5.1 Ta 28.5.2 n gusHauyme: 1) Ha sikoMy 3 Moro dparmeH-
TiB — @ un 6 — 306pakeHo nocya, KM MUK y TBepAit BOA(; 2) Ha sikoMy 3 oro dparmen-
TiB — 8 UM & — 306paxeHo konby 3 TBepaol BOAOK, A0 AKOI AONUAN MUSIBHOTO PO3YMHY 1
300BTHYNN.

3. MNomipkylime W gucriogme NpUNyLLEHHS, YOMY: a) MePEroHKo MOXHA YCYHYTU SIK TUM-
YacoBy, Tak i MOCTiINHY TBepAiCTb BoAu; 6) TBepAiCTb NOBEPXHEBMX BOA 3a3BUYail MeHLIa
BiJ TBEPAOCTi BOA NiA3eMHUX; B) TBEPAICTb NOBEPXHEBNX BOS CXUMNbHA A0 NOMITHUX CE30H-
HMX KOMMBaHb i OCArae HanbINbLLOro 3Ha4YEeHHs1 HaNPUKIHL 3MMU A HAMMEHLLIOTO — Y nepiog
MOBEHI; I) 4YacTO CMCTEMY 3BOPOTHOrO OCMOCY A1 OYULLEHHS MUTHOI BOAM OOMOBHIOKTH
GiNbTPOM LWITYYHOI MiHepani3adii, nig Yac NPOXOMKEHHS KPi3b SKMIA BoAdy 30arayyroTb CO-
nsmu Marnito, Kanbuito, Kanito, ®nyopy Ta iHWKNX XiMiYHUX eneMeHTiB fo pieHA 100 mr/n, a
AKLWO BOAA NPU3HaYeHa Ans npaHHsA Ta MUTTS nocyay, TO Takuii inbTp He BCTaHOBIOKTh;
[) Ansi 4oro B MOCYAOMMWIHI MaLUMHW 3aBaHTaXyloTb TabrneTkun, rorloBHUM CKNaAHUKOM SIKUX
€ HaTpil xnopua, agke BiH He yCyBae TBEPAICTb BOAM Ta HE € MUMHMM 3acoboMm.

4. 3a 4ONOMOro iHTEPHET-peCypCiB 3HaNAiITb Many YKpaiHu, Ha skl NO3HAYeHo perio-
HW 3 Pi3HOO TBEpPAICTIO BoAW. [lpoaHarisytime i NOSACHITb, Y4AM, Ha Bally AYMKY, 3yMOBMEHO
BiAMIHHOCTI B pi3HMX perioHax.

5. lpoaHanizylime 3 nornagy Ximii doparMeHT iHCTPYKLIi Woao cknagy n BUKOPUCTaHHSA
MOPOLLKY ANA NOCYAOMUMHMX MaLUmnH: «JTyXHICTb pO34uHy, NOTPIGHY ANs npouecy MUTTS,
3abesneyye kKoMbiHauUia HaTpi kapboHaTy, HaTpin rigporeHkapboHaTy, HaTpin cunikaty. Ha-
TPif UMTPAT i HATPIlN rMIOKOHAT 3MEHLUYIOTb TBEPAICTb BOAM Nif, Yac HarpiBaHHA il v galoTb

! BispmiTh 0 yBaru, 1o nmurpatu Ta riaoxkoHatu Kasbiito it Maraio — manopos-
YWHHI CIIOJIYKH.
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3mMory 3anobirtu YTBOPEHHIO O0capy Ha nocygi». Y1 npaBunbHO onvMcas BUPOBHUMK PyHKLT
KOKHOTO 3i cknaaHukia'?

6. SanpomnoHylime cnocobu BuaaneHHs Hakvny 3 ornsgy Ha Moro XiMiYHUIA cknag.

7. JonosHiTb onuc gocnigy: «Ha npeameTHe ckenble HaHeCnu nNo Kpanni AMCTUNboBa-
HOI, KMN'AYeHOi MiHepanbHOi N HEeKUN's4eHoi MiHepanbHOi Boau. icns BUCMXaHHA ONCTU-
nboBaHOi Boau ocapg ... . Ocag nicns BUNapoBYBaHHSI KUM']MEHOT MiHEpanbHOI BOAM AaB
3MOry 3pobuTH BUCHOBOK MPO i ... TBEPAICTb, @ HEKMM'AYEHOT - MPO ... »

l%l TBOPYQ MQUICTEPHST

8. lidezomylime npe3eHTaUilo «TBepaa Ta M'sika Boga B MOEMY XUTTi».

§ 29. CuAikaTtHI matepiaAu

lMicnsi onpayrosaHHs napazpagha eu 3mMoxxeme:

Haeodumu npuknadu cunikaTHUX MaTtepianis;

XxapakKkmepu3ygamu iXHE 3HAaYEeHHS;

06rpyHmoeyeamu 3acToCyBaHHsI CUIlikaTHUX MaTepianis iXHiMY BNacTUBOCTAMY;
oyiHr8amu iXHI0 POIb Y XXUTTi NIOOVUHU 1 PO3BUTKY TEXHOIOTIN.

CumikaTHi MarTepiajan JIIOOW IIOYaJW BUKOPHCTOBYBATH 3 NaBHiX-TaBeH i
BUKODHUCTOBYIOTH HoTellep. 3 KpeMeHIo (SiO,) Hamii mpamniypd BUTOTOBJAIU
sHapanna mpaili (800—600 Tuc. pokiB mo H. e.). 3rogoM IIOYAJIU BUKOPUCTOBY-
BaTH ANIMHU, TipChbKHI KPHUINTaJlb, araTh, obOcugiaH (ByJKaHiuHe cuIiKaTHe
ckJ0) Ta Hedpur (puc. 29.1).

Kpevuesem Ta ajgroMocuiikaTu — CHPOBUHA, Ha OCHOBi KOOI BUPOOJISAIOTH
cuJIiKaTHI Marepianu, — OysKe MOMIMPeHi B mpupomi. ¥ 3eMHi#I Kopi BMicT
KpeMHe3eMy IepeBuiniye 12 %, a yacTKa aJJIOMOCHJIIKATIB CTAHOBUTH OJM3BKO
75 % . Bucoka mMexaHiuHA MiIlHiCcTB, BOrHe- Ta XimiuHa CTifKicTh, BaacTuUBi
CUJIIKaTHUM MaTepiajiaM, 3yMOBJI€HI IXHBOIO IIOJIiMEPHOIO OYyIOBOIO Ta BeJIU-
KOIO YaCTKOI0 KOBAJIEHTHUX 3B A3KiB y HUX. Po3riIsgHbMO AedAKi i3 mux marepi-
aJIiB TOKJagHiIIIe.

Puc. 29.1. Yciopgucymuii curiniin(IV) okcuxn. 1. Kpemenesi snapanna npami (2016 p.,
c. Me:xxupiu OcTpo3bKoro p-Hy PiBHeHCHKOI 001., HisHill eTan TPUOiIIBCHKOI KYJILTYPH,
6. 3600—-3500 p. mo H. e.). 2. PuryanpHuii obcumianoBuii Hixk (KyabTypa Yaram-
Xiowka, Typeuunna, 7000—6000 p. 1o H. e.). 3. Besuka KoJauBaHCbKa Basa 3 AIIMU —
Haibigpma Basa y cBiTi (XIX cr., Caukr-Ilerepbypr, Hep:xkaBuuit Epmitamx). 4. Pyuna
araToBa CTYIKa 3 TOBKAUMKOM € B KOMKHill cyuacHiil ximiuHii sabopaTopii

! Kommmexcmi aHlOHI/I AJTIOMOCHJIIKATIB MicTATH CI/IJIII_III/I Ta AJIIOMlHlI/I [AlSiO,],
[AISi,O40] [A12813010] Karionu: Na*, K*, Mg?*, Ca®", inoni Ba®'ra Li".
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Puc. 29.2. 1. Kpucraau Swarovski — me o0po0JieHi Ta orpaHeHi KpHUcCTaJu 3 HAIIPO30-

POTO KPUIITAIEBOTO CKJIA, AKi iMiTyI0Th miaManTH. IX IIHPOKO 3aCTOCOBYIOTH AK JEKO-

patuBHi enemenTu. 2. Kpumranaesi Bupobu 3 ekcrosuilii myseio ckja Mosep y Kapiio-
Bux Bapax (Yexis)

Crno — omuH 3 HalsaTpeOyBaHIIIMX MaTepialiB y Cy4acHUX apXiTeKTypi,
Iu3aiHi, MuUCTeNTBi ToIMo. VMoro sHaueHHS HEeMOKJMBO IepeolinuTu. CKjasn
3BHYaiiHOTIO BIKOHHOTO CKJIa CIIpollleHo Bifobpaxkae ¢opmyaa Na,O - CaO - 6Si0,,.
1106 HamaTw CKJy cHelliaJbHUX BJIACTUBOCTEIi, MO MOro CKJIaAy BBOAATDH iHII
KoMIIoHeHTH. Hampukianm, CKJI0, ¥ skoMmy s3amicTe Harpiio micrurecsa Kauiii,
BUPi3HAETHCA TyromyiaBkicTio. KpuiraseBe CKJIO MiCTUTHL 3HAYHY KiJIbKiCThb
Ilntrom6ymy (ab6o Bapito) ta Kaiito. BoHo m106pe BimOmBae i 3a710MJIIOE CBiTJIO,
OMUIIUTH, TOMY OT0 BUKOPUCTOBYIOTH B OIITHIII TaA [JIsT BUTOTOBJEHHS MOCYAY
1 nmexopaTuBHUX BUPOOiB (puc. 29.2).

BopocuiikarHe cKJI0 Mae BHCOKY TePMiuHy Ta XiMiuHy cTifikicTh, 3 HBOTO
BUTOTOBJIAIOTH JiabopaToOpHUE Iocyn. Py0iHOBe CKJO MiCTHTh PO3IOPOIIEHi
yacTuHKHU 30j70Ta. KoBTOro Koambopy ckjay magae xpom(VI) oxcup, GIakUTHO-
ro — kyopyMm(IIl) okcun, semenoro — okcugu Pepymy(Il) ra @epymy(I1I), omms-
KoBO-KopuuHeBoro — okcuau Bawuaniio(III) ra Banagito(V), dioseroBoro it 6y3-
KoBoro — Hikenb(II) oxcup Tta wmanrau(IIl) okcua. 3Bane:xkHO Bimg ywmicty
kob6anbT(II) okcuny ckio mabyBae BiATIiHKIB Bif GaKUTHOrO I0 CUHBLO-(iose-
TOBOTO.

3i cKJIa — ZaBHBOTO I OABIiUHO MOJIOAOTO MaTepianly — BUPOOJIAIOTL CK.JI080-
JIOKHQA Ta CKJOMKAHUHY, niHocKkao Totlo (puc. 29.3). Bes HUX BaKKO YABUTH
IOCTYII ¥ CTBOPEHHI HOBiITHiX MaTepiajiB Ta TE€XHOJIOTiH, 30KpeMa B OymiBHU-
ITBi.

Puc. 29.3. 1. CkasHi OITUYHI BOJOKHA BUTOTOBJISIOTL 3 KBAPIIOBOro cKJjaa. 2. CKJIOTKa-

HUHaA — yHiBepcaJbHUII apMyBaJbHUU, QinbTpaniiinmii, isonaniiinuii Ta 6yxiBeabHUI

marepian. 3. IIiHocka0 — Jerkuii mopucTuii (pOpMOBaAHUII MaTepiaJi, 1[0 YTBOPIOETHCS
BHACJiJOK TBEepPAHEHHSA CIIiHEHOI CKJIOMacH, — Ma€ BUCOKI isossAIiiiHi BaacTuBOCTL
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Likago (i nisHaBaAbHO

["onoBHOIW poa3vHKOK CTaHuii KniBcbkoro
meTpononiteHy «[lMowToBa nnowa» (1976) €
BiTpax «[HINpo» 3 pi3HOGapBHOro NNTOro CKNa,
KW cTBOpUNa XygooxkHuusa IpuHa JleButcbka
(puc. 29.4)".

Kepamika — me i mopueasHa (dap-
dop), i paanc, i maitosika Ta UMMaso
inmmx wMarepianmiB i Bupo6GiB 3 HUX.
Ilopuyensana — BUA KepaMiKu, HEITPOHUK-
HUUN Ajid BoAu ¥ rasiB. ¥ TOHKOMY Inapi
mpocBiuyeTbca. PasHc — KepaMiuHUI Puc. 29.4. Bitpaxc «[Tuinpo»
MaTepiaj, momiOHMIT g0 mopleaaHu. Bin
Ma€ MOPUCTUY (IPOHUKHUN AJA PIAUH) Ueperok, YKPUTUN TOHKOIO CKJIOIMOMi0-
HOIO IJIiBKOIO — noJueorw. Mailonika — pPisHOBHUI KepaMiKu, IKY BUTOTOBJIA-
IOTh 3 BUIIAJEHOI I'NIMHYW 3 BUKOPUCTaHHAM posnucHOi monusu. Ilerina, xepa-
MiuHi TpyOu, OOJMIIOBaJIbHA ILIUTKA — yce Ile KepaMiuHi Bupobu. Ix omep:Ky-
IOTH CIIIKAHHAM [0 KaMeHeIIoAiOHOro cTaHy HPUPOSHUX IJIMH Ta iIXHIX cyMilnei
3 pisHOMaHiITHEME MiHepaJabHUMHU goOaBKamu (puc. 29.5).

IleMeHnT HaJNEKUTD A0 MiHEPAJIbHUX 3B’ A3YBAJbHUX PEUOBUH — ITOPOIITKOIIO-
HNi0HMX MaTepiasiB, yHACHINOK 3MillyBaHHA AKUX 3 BOAOK YTBOPIOETHCA ILJIAC-
TuuHa Maca. li 3pyuHO BKJIajaTu, i3 4acoM BOHA TBEPAHE II IIEPETBOPIOETHCA
Ha KaMiHb. ['0JIOBHI CKIaAHUKU IIeMEHTY — cUIiKaTu Ta ajdoMminatu Kasbiiio,
SAKi YTBOPIOIOTHCA BHACJIIOK BHCOKOTEMIIEPATYPHOTO OOPOOJEHHA YaCTKOBO
abo TOBHICTIO PO3IJIABJIEHNX CHUPOBUHHUX MarTepianiB. Ha ocHOBi 1emeHTy
BUTOTOBJIAIOTH Oemon (puc. 29.6), 3anizobemoH, niHobemoH, pisHOMaHITHI
3B’s3yBaJIbHI cyMmiliri, 6e3 SKUX HEMOKJINBO YABUTHU CyUacHy OyIiBeabHY iHIY-
cTpiro.

Puc. 29.5. 1. Ipanna Kozaxk-IIismera B KocoBi mpomoB:kye Tpaguitii Bizomux maiicTpiB i

MaUCTPUHD I'yIIyJbCchbKOi Kepamiku. 2. Oxuieio 3 BisutiBok Ilepeunumniuau (3akapnoart-

Ts) CTaJM OpuriHaAbHI Kepamiuni Bupobu Tersmu Maiiop Ta BUXOBAHIIIB il r'ypTKa.

3. Oxcana pr,[[SI/IHCI:Raz Ha TJIi CTBOPEHOT'O HEI0 B IIeHTPaJIbHiM 3aJji ImigszeMHOTO Bec-

Tuboo cradiii KwuiBchbkoro merpomositTeny «Xpematuk» (1960) mexopaTuBHOTO
MaMoJIiKOBOTO IIaHHO

1 JleBurcnka Ipuna TeopriiBma (1927-2012) — wmanapka, rpadikueA, MOHY-
MeHTaJicTKa, JaypeaTka Miskuapoauoi npewmii im. C. I'ynaxka-ApremoBcbkoro (1999),
uynenkuHsa HamionaabHol CoiiKy XymoKHUKIiB YKpainu (1963).

2 pynmsunceka Oxcana ApkagiiBea (Hap. 1923) — MailcTpUHA XYZOKHBOI KepaMi-
KU, 3acay:keHa xymoxkuHuA YPCP (1990), unenkuusa HamioHaabHOI CIIIKY XYI0MKHUI-
KiB Ykpaiau (1956).

128



LlikaBo (i nisHABAAbLHO

BuaaTtHuin apxiTekTop B.B. opo-
deubkuii 30yayeaB y Kuesi Ha KypeHiBui ue-
MEHTHMUI 3aBog «Pop», AKUN i3 CUHLOI MMNHK 3
6epery Muboumui wopoky Bnpobnss 640 Tuc.
nyaiBs uemeHTty. 3a nMoro npoektom y 1902—
1903 pokax 6yno 3BegeHo OyanHOK 3 xMmepa-
MM, Yy OyZiBHULTBI SIKOro BnepLle BUKOPUCTaHO
OETOH K KOHCTPYKLiHWI Ta 034000BanbHNN
mMaTepian. Itanincekuin ckynbntop Enio Cans
npukpacue 6yaiBnio  6€TOHHUMKM Hasgamu,
penbdiHaMmm, crioHamu, Hocoporamu, xabamu,

AWipkamu Ta iHWWMKM icToTamum.

3anizobemon — IMITyYHUU OyIiBesb-
HUI MaTepiaj, y SKOMY IIO€THaHi BOE-
IUHO cTajieBa apMaTrypa Tta 6eToH. bBeron

Puc. 29.7. 1. 3anizobeToH.
2. IlimoGeTon

Puc. 29.6. Bygunok 3 xumepamu — odi-

mitina pesupeHmnia Ilpesumenta Ykpai-

HYA [OJs1 IIPOBEJEHHS IIPOTOKOJBHUX
3axo0[iB

HaJla€ KOHCTPYKIIisIM KOPCTKOCTI Ta 3aXH-
mjae apMmarypy Bin xoposii. ITinobemoH —
KOMipYacTU# MOPUCTHUI JIeTKHUi OeToH.
Woro omep:kyioThs 3 miHOMacu, AKY BUTOTOB-
JISTIOTH 3i CIIiHeHOTO IIeMeHTHOro Ticta (puc.
29.7).

Bormerpueu — Mmatepianu, IO MawTh
BOTHeTpUBKicTh He wmeHmme 1580 °C. Ix
BUKODPHMCTOBYIOTH B arperarax i IPHUCTPOSIX
IJA 3aXWCTy Bifi YIJIMBY TEIJIOBOI eHeprii
Ta ra3yBaTUX, PiIKNX, TBEPAUX arpeCUBHUX
peareHTiB, 30KpeMa — y YOPHili MeTaJyprii,
Ha BUPOOHUIITBI CTaJIEPO3JIMBHOTO IIPUJIAM-
I, y MamunHOOyAyBaHHi, Ximiumiii Ta
HadToxiMiuHill, ITeMeHTHilI TPOMMCIOBOCTI
rorfo. IlomMiK BOTHETPUBIB TaKOMX YMMAJO
CUJiKaTHUX MAaTepiasiB — KpPeMHE3eMHUCTi,
ajoOMOCUJIiKaTHI, MaruiecmmikaTHi, Kap0i-
mocuiitiesi (puc. 29.8).

CunixatHi papou AJid 30BHIIHIX i BHY-
TpiltHiX PoOiT — Ile KOMOiHAIlisg 3 POSUUHY
KaJifl CHMJIIKATy AK CIOJYYHOrO MaTepiary
1 HeopraHiuYHUX KOJIbOPOBUX IIIrMEHTiB, 110
3abes3reuye MaKCHUMAaJbHY CTiHiKicTh i mOB-

Puc. 29.8. Boruetpusu
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Puc. 29.9. Ilam’atauk Margebypsskomy npaBy B Kueri 2013 pory mo (1)
Ta micyas (2) pecTaBpyBaHHSA i3 3aCTOCYBaHHAM CHJIIKATHUX MaTepiajiB, 30KpeMa
cuirikaTHuUX (apod

roBiunicth. IXxHiMEM IepeBaraMu € mapo- Ta IOBiTPANPOHUKHICTB, CBiTJIOCTii-
KicTb, HEroprmouicTh, €KOJIOTIUHICTh Ta eKOHOMIUHIiCTD TOIO (puc. 29.9).

OprasocumnikaTHi MaTepiansu — rpyla CUHTETUYHMX MaTepiajiB sl CTBO-
PEHHs TEepPMOCTIMKMX 3aXMCHUX i JeKopaTmBHUX HOKpuTTiB (dapbd). Ile cyc-
neHsii moapiGHEeHUX CHIIIKATIB i OKCH/IB METaJiYHUX eJIeMEHTIiB y DO3uMHAX,
10 MiCTATH OpraHiuyHi Ta eseMeHTOOpPraHiuHi mosimepu. Im BiacTwmBi Bucoka
ximiuHa, cBiTJ/IO-, BOrHe- Ta Oiojsoriuna cTifikicTs, rizpogobuicTs Tormo. Tomy
OpPraHOCHJIIKaATHI MaTepiajy BUKOPHCTOBYIOTh SAK AHTHUKOPO3iliHe IIOKPUTTSA
IJI MeTajieBuX i 6eTOHHUX IIOBEPXOHb. BOHM 37aTHI 3a0e3mMeUnTH eJIeKTPO- Ta
TEILIOI3OMAIIHHNN 3aXMCT KOHCTPYKILiH i BupobGiB. BimmocHO BHCOKY IiHY
OpPraHOCUJIIKATHUX KOMIIOBUI[ilI KOMIIEHCYE TPUBAJINil O0E3PEeMOHTHUHA TepMiH
eKCIUIyaTyBaHHSA Ta BUCOKA AKiCTb aHTUKOPOB3iHHOTO BaXUCTY.

Cunixonn (IIOJiOPraHOCHJIOKCAHN) — OKCHUT€HOBMIiCHI BMCOKOMOJIEKYJIAPHI
cuiinifioprariugi cnoayku 3 ximiusolo ¢opmyoro [R,Si0],, e R — opraniuna
rpyna (-CHj, -C,H;, -C¢Hy). Onucaru sacTocyBaHHA CHJIIKOHIB BU 3MOKeTe
caMOCTiifHO, TpoaHaaidyBaBiu pucyHoK 29.10 (3podims ye).

IERIDLO

e S —

Puc. 29.10. Tucsiua i ogua «mpodecia» CUIiKOHIB
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Puc. 29.11. 1. HanoBHIoBaY A KOTSYOI'O JOTKA — TaKOM IeoJit. 2. CuiaikosMmicui
€HTepPOCOPOEeHTH

CunikaTHi copOeHTH IIIMPOKO 3aCTOCOBYIOTh Y MeIUIINHI, HAYKOBUX HOCJIi-
MKeHHAX, Ha BUPOOHUIITBi, y moOyTi Torro (puc. 29.11).

Hanpukiazn, meonitTu — rifpaToBaHi aJlOMOCUIIKATH JYyXXHUX €JeMEeHTIiB —
OpUpoAHi i mTyuHi. IM npuTaMaHHi ceJeKTHUBHI, agcopOIiiiai Ta ToHOOOMiHHI
BiacTuBOCTi. TOMy X BUKOPUCTOBYIOTH [AJIsI OUMUIIEHHS MATHOI BOAM, OCYIIIEH-
HS Ta OYMIIEHHSA rasiB, TPOMiKHUX 1 KiHIIEBUX TPOAYKTIiB OPraHiYHOTO CUHTE-
3y, V cUCTeMax KaTaJisdy, AJsd copOIlii TOKCMUYHMX PEYOBUH Yy PiAKUX i rasysa-
TUX cepemoBUIax. TaKoK iX 3aCTOCOBYIOTh AK MJ00aBKU Y BUPOOHUIITBI IleMeH-
Ty, Tamnepy, yIoOpIoBaIbHUX CyMilned, MJs Ae3040PyBaHHS TBAPUHHUIIBKUX
OpuMillieHs ToIro. Kpucramriuna cTpyKTypa IEOoJiTiB 3 peryJasapHO pPo3TalloBa-
HUMH IIOpaMH MiKPOCKOIIIUHMX pO3MipiB poOuTh IIi MaTepianm imeabHOIO
OCHOBOIO /[JISI CTBOPEHHS CHUCTE€M OYMIIEHHS IIOBITPS I BOAM B KOCMIiUHHX
KOpabJiax i Ha MiABOAHUX YOBHAX. 3NATHICTD [IEOJIIiTiB MOTJIMHATYU PaJiOaKTUB-
Hi HyRJIigu — #onu [lesito, Crpouriio Ta Mogy — BUKOpUCTAHO AJA ITe3aKTUBA-
mii Bogm, 3a0pyAHeHOl pagioaKTHBHUMM PEUYOBMHAMMU IIiJ Yac KaTtacTpodu Ha
ATIOHCBKiN aTomMHi# cranmii PyKycima-1.

Tak sBame 0ijle ByTiJiisg — Ile eHTEPOCOPOEHT, aKTUBHOIO PEUOBUHOIO AKOTO
e curiniin(IV) oxcun. Bucokuii cTymiHb iforo moapiOHeHOCTi 3abesneuye Beju-
Ky aKTHBHY IIOBepPXHIO copOirii. HemopucTa cTpyKTypa 4acTHHOK 3abesmeuye
BHCOKY HIBUIKICTB cOpOIIii Ta cirabky copOIlito HU3bKOMOJIEKYJIAPHUX CIIONYK,
30KpeMa MiHepaJbHUX PEeYOBUH i BiTaMiHiB.

Tigporens MeTHJICHUIIKATHOI KUCJIOTH TaKOK e()eKTHBHO agcopOye MOJIEKY-
JW TOKCUYHUX PEUYOBUH €K30- Ta €HJOTEeHHOI'0 IOXO/’KeHHs, IPOAYKTU He3a-
BepIeHoro MmeTabosismMy, pagioHyKJIiAM Ta TPUPOIHUM IILJISAXOM BUBOAUTD iX 3
opraxiamy.

IIpo imnri mowiTHI cumikaTHI MaTepiajan BU 3MOXKeTe AiBHATUCA CAMOCTiITHO
3 IOJATKOBUX iH(MOpMAIiTHUX AKepes (3pobimsb ye), amKe HAYKOBUH IOCTYII Y
IbOMY HAIIPSIMi TPpUBaE.

https://www.youtube.com/watch?v=V8KxKSVulzE
https://www.youtube.com/watch?v=QbYuoMUn8Xc

o 18] rOAOBHE

® CumikaTHi MaTrepiaam — CKJIO, KepaMika Ta BOTHETPMBM, MiHepaJbHi
3B’sI3yBaJIbHI PEUOBUHMU.

® BiacTmBOCTI cuJiKaTHMX MaTepiayiiB 3yMOBJIeHI IXHIM XiMiYHUM CKJIamoM i
0y IOBOIO.

@ 3acrocyBaHHA CHUJIIKATHUX MaTepiasiB 3yMoBJieHEe IXHiMH BJIaCTUBOCTSIMIU.
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® CuiaikaTHi MaTepiajn MIHPOKO BUKOPHUCTOBYIOTh Y IPOMMCJIOBOCTI, OyIiBH-
ITBi, TOOYTi.

[Nepesipre cebe

1. lNepemeopimpb po3noBigHi peydeHHs pyopukm NPO MOJNTOBHE Ha nuTanbHi. Yn moxe-
Te BW BiANOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyvHmka?

3acrocymre CBOI 3HAHHST A YMiHHS]

2. CunikaTHi LEMEHTM 3anexHo Bif iXHbOro cknagy MoXxyTb ByTu Kncnoto- abo nyrocTivi-
Knmn. Y ueMeHTi 1 — nigBuLeHnn yMIiCT KpeMHe3eMy, Y UeMeHTi 2 — KanbLii okenay Ta
MarHii okeuay. osicHIMb, SKUA i3 UMX LLEMEHTIB KACMOTO-, @ KU — NYrocTinkmn? Yomy?
3. Cxapakmepu3ylme nepeBarn n HeOomnikM ckna sik KOHCTPYKLUiHOro marepiany. 4. Aki
nepesaru Ta Hegoniky NiHO- Ta ra306eTOHY MOPIBHSAHO 3i 3BUYanHMM 6eToHOM? 5. B ofHin 3
YKpaiHCbKMX MaCTepeHb BUrOTOBIIAOTE HE MPOCTO CKIISIHUIA NOCYA, a NOCyA 3 BUHHUX NAs-
WoK. B acopTumeHTi € Tapinku, cknsiHku Ta Habopw nocyay. OuiHimb nepeBarn Takoro nig-
X0Ay [0 BeaeHHs GisHecy. *6. [lpoaHani3ylime cTaH BUPOOHULTBA CKa, kepaMiku, LeMeH-
Ty, 6€TOHy Ta pyHKy byaiBenbHMX MaTtepianis B YKpaiHi, BAKOPUCTaBLUM 0OOATKOBI Jykepena
iHdopmauii

<. TBOpYQ MQKICTEPHS

7. lNidezomyidme npe3eHTauito «CunikaTtHi maTtepianu B MOEMY xuTTi». 8. Po3pobite ognH
3 Gi3Hec-NpoekKTiB: «[ OHYapHa MancTepHsa», «P’HO3NHM.

§ 30. MiHepaAbHi A06puBa

lMicnsi onpayroeaHHsA nNapazpagha eu 3Moxxeme:

Haeodumu npukadu MiHepanbHUX 106puB;

ouyiHr8amu 3Ha4yeHHs MiHeparnbHUX JO06pKB Y CiNbCbKOrocnoaapCcbkomy BUPOOHMLTBI;
eucrioeioeamu CcyOxeHHs LWOO0 HepaLioHanbHOro BUKOPUCTaHHS MiHeparnbHUX
[obpus.

Illo Taxe moopusa? Ile peduoBuUHU, AKi BHOCATH Y I'DYHT, a0W IIOJIIiMIIINATH
JKUBJIEHHA POCJWH 3aJJId MiABUNIIEHHA 1XHBOI BposkaiiHocTi. [JloopuBa MicTATH
onuH abo meKiJbKa IMOKUBHUX ejJeMeHTiB. ¥ 1799 poili BcTaHOBJIEHO, IO IJA
HOPMAJBHOI JKUTTEIIAJNBHOCTI pocamu moTpioHmit ®ochop. ¥ 1840 poiri
JK.B. Byccenro (puc. 30.1) goBiB, 1110 pocaunu KuBIATHCA HiTporeHom, AKuii
micTuThcAa B HiTparax rpyHTiB. Teopito kuBmeHHs pocaumd Hirporenom Ta
HayKoBi ocHOBU (ochopuryBanHsa IPyHTIB po3pobuB .M. IIpAHUITHUKOB
(puc. 30.2).

Puc. 30.1. Byccernro sKau Barucr (1802—-1887). ®pan-
My3bKUH HAayKOBEIlb, OJWH i3 3aCHOBHUKIB arpoximii, uieH
ITapusbkoi AH. Ilepmiuii mouaB BHUBYATH KOJIOOOIr peyo-
BUH y mpupoai. HoBiB, mo Bci pocamam (KpiMm 6060BUX)
MaioTh MOTpedy B r'pyHTOoBOMY HiTporewi, a Byriekucamii
ras mosiTps € mxepesom KapOoHY mJsd 3eJ€HMX POCJIHH.
BuBuaB rasoo0MiH y pocJuH i TBapuWH, YIJIUB HiTpaTiB i
docdaTiB Ha PO3SBUTOK POCIUH
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Puc. 30.2. IIpaaumaukoB [Imurpo MukosaiioBuu (1865—
1948), pocilicbKMii HAyKOBeIlb, 3ACHOBHUK arpoxXimMiuHoi ImiKo-
au, akageMmik. Pospo6us reopiio sxmBieHHA pociauH Hitpore-
HOM (1916), HayKOBi ocHOBU (dochopuryBanHa rpyHriB. IIpa-
i 3 BaTHyBaHHS KUCJWX I'PYHTIB, TiliCyBaHHA COJIOHIIiB, 3a-
CTOCYBaHHS OPraHiuHUX JOOPUB

Maiixke Bci MiHepasbHI JOOPMBa € CONAMHU, ONEP:KYBAHUMMU 3 TPUPOTHUX
MiHepaJiB, a TaK0K 3 azory moBiTpsa. IIpo Kaacudikaiito 1oopuB BU Ai3HaeTe-
cd, IIpoaHaJidyBaBIIu cxeMy Ha pucyHKy 30.3 (3pobimb ue).

MiHepanbHi nobpusa

Puc. 303 . npocTi Mikpogo6puea KOMIMEKCHi
Knacupikarmis
MiHepaJbHUX | |
ROOpUB . ) -
a30THi docopHi KaninHi
[ I [ I
HiTpaTHi aMOHINHI amiaHi aMOHia4Hi

@ MosicHITb, 3a AkMMK O03Hakamu knacudikoBaHo gobpmea Ha cxemi (puc. 30.3).

Orxe, MiHepaabHi 0obpuea — HeOpraHiuHi pewoBMHU, NOOYTI Ha XimMiuHMX
nigmpuemctBax. [lo HUX BimHOCATH i MesAKi opraHiuHi pevyoBMHM, HATIPUKJIAT
KapOamin.

Ilpocri moOpmea MIicTATH JHINE OAWH HOXKUBHHUII ejeMeHT. Hampuxian,
a3omui dobpusa mictare Hitporen. HimpamHi (ceniTpu) — y cKJami aHioHa:
NaNO,, Ca(NOs),. Amoniitni — y craaai kariona: (NH,),SO,, NH,Cl. B amoniit
mHitpari NH,NO; noxuBHNII eleMeHT € CKJIaAHAKOM AK KaTioHa, Tak i aHioHa.
Kap6awmiz, a6o ceuoBuna (NH,),CO, — Takox azorHe 1o6puso. [lo amoniaunux
dobpue HanexaTh pinkuii amoniak NHj, amoniauna Boga NH; - H,0, amomnia-
xaru NH,NO; + NH; - H,0. IxHe BUPOOHUIITBO 3HAUHO JeIlleBIlle, HijK TBep-
OUX HOOPMB, ONHAK TEBHI HEe3PYYHOCTI B TPAHCIOPTYBaHHI I YHeCeHHi merro
00MeKYIOTh iX BUKopucTaHHA. Kaaiiini doopusa — cuabpinit KCl - NaCl,
raniii cyaepar K,SO,, moram K,CO;. Pocgopri 0obpusa — mpocTuil cymep-
docpar Ca(H,PO,), - CaSO,, noxsiiiuuit cynepdochar Ca(H,PO,),, npenumi-
ratr CaHPO, + H,0, dochopurre 6opourro Casz(PO,),.

KovmnierxcHi moOpuBa MicTATH KiTbKa IMOXKUBHUX €J€MEHTIB: KaJilfHa CeJri-
tpa KNO;, amopoc NH,H,PO,, nmamodoc (NH,),HPO,, amodpocka (NH,),HPO, +
+ KCl, mirpoamodocka (NH,),HPO, + KCl + NH,NO;.

MikpomoOpuBa MiCTATh MiKpOEJIEMEeHTH, CIOKUBAHI pocInHAMU B HEBEJIU-
kux Kimpkocrax. Ile 6opri H3BO5;, Mmigai CuSO, - 5H,0, marnranosi MnSO,,
kobanrproBi CoCl,, momibnenosi (NH,),Mo0O,, nurkoBi ZnSO, mo6puBa TOIIO
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Puc. 30.4. MinepanbHi mo6puBa

(puc. 30.4). Bouu 3abe3neuyoTh IPUPICT YPOKKAIB i HOMINIIYIOTh IKiCTh IPO-
nykmii. IIpore HagJIMIMKOBe BUKOPHCTAHHA iX MOMKE IIPU3BECTH 0 HAKOMIM-
YeHHS MiKPOEJIEMEHTIB y I'DYHTaxX 1 CiJIbCHhKOTOCHOAAPCHKIA mpOmyKILii, IO
3YMOBJIIOE€ HeraTUBHI HaCHiAKM OJIs JOBKIIIA ¥ 3M0POB’ S JIOAMHU.

@ Knacugbikylime pobpusa, 306paxeHi Ha pucyHky 30.4.

3acToCcyBaHHS B CiJIbCBKOMY TOCIIOapCTBi MiHepaJdbHUX HOOPUB, HMOPAL 3
MexaHizallieio i ImepeloBUMU MeTOIaMU arpoTeXHiKU, Ja€ BeJIUUYE3HU eKOHO-
Miunuii edpexr. IIpore mocsarTu fioro MoKHA JIHIIE 32 YMOBU I'PAMOTHOI'O JOOM-
pPaHHA ¥ IPaBUJIBHOTO BHECEHHA JOOPUB y I'DYHT.

Hesaki moOpmBa He MOKHa 3MilryBatTu abo MOTPiIOHO 3MimTyBaTw JuIlle B
cTporo obmeskeHUxX cmiBBigHOmeHHAX. Yomy? Tomy 110 CHOJYKU B IXHBOMY
CKJaAi MOMKYTh XIMIiUHO B3a€MOJiATH, YHACIiZOK YOT0 CYMilIi BTpauaioTh
HiTporen y Buraaai rasyBaTux OKCHUAIB Ta aMOHiaKy, a ®@ocdop, 3acBorOBaHUH
pocIMHAMY, IMEePEeXOIUTh ¥ BaKKOIOCTYIHUU cTaH. TaKoK MOMKe HiBUIITyBa-
THUCS TirPOCKOMIYHICTD i 3JI€KYBaHICTh 3MIIlIaHUX JOOPUB.

Uikago (i nisHaBaAbHO

loponoHika (Big Aae.-rp. Gdwp — «Boada» i
mévVog — «poboTa») — Cnocid BUPOLLYBaHHS
pocrnuH 6e3 IpyHTY Ha MOXUBHWUX PO3YMHAX.
Hatania Mapinyyk 3 AnyeBcbka B3sina y4actb y
npoekTi «HoBwi Bianik», CTBOpeHW ansi nepe-
ceneHuiB i gemobinisoBaHmx yyacHukis ATO.
Tenep y ceni ConoHka Ha JIbBiBLMHI nignpu-
€EMIMBA XiHKa, sIka OO TOr0 He Mana »OOHOro
CTOCYHKY OO CiNbCbKOro rocnogapcrsa, BMpO-
LLye MeToOAOM riapOMNOHIKM 3eNeHb Yy TennuLsix
(puc. 30.5) Ta noctavae ii 4O TPUOLUATM NbBIB-
CbKWX PECTOPAHIB | TOProBUX MEPEX.

. ] Puc. 30.5. JapemHOo 6GyaraTui mpo BPO-
[TpokomeHmyime nNiANUC OO PUCYHKA  sxaji, yce BaleKUTh BiJ CTAPAHHOI
30.5 3 ornsfy Ha iHbopmallilo, HaBele-  poGorm Ta KOOPUB (KUTANChKe IIPH-
HY B py6puLi. cotin’s1)
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Yomy moTpiOHO HEYXMJIBHO TOTPUMYBATHUCA HOPM YHECEHHS TOOpPHB Yy
rpyuatr? JloOpuBa, y AKHX CIIiBBiJHOIIEHHS IMMOKWUBHUX €JEeMEHTIiB BimmoBimae
arpoTeXHiYHWUM BUMOTaM (I HTEeBHOI KYyJbTYpPU, I'PYHTY TOIO), HA3WBAIOTH
36anaHco8aHuMuy. SIKIMO BMICT OSHOTO 3 TOMKWBHUX €JEMEHTIB y moOpuBi
HUKYe BiJf moTpi6GHOI HOpMU, iHIII IOKMUBHI eJeMeHTH He 3a0e3leyaTh BUCO-
KOro Bpo:karo. Big HaAJIUINKY ITOKUBHUX €JIEMEHTIB SKiCTh CiJIbCBKOTOCIIONAD-
CbKOI IPOAYKIIii mmoripiryersed.

ITpobaema nadxodxiennsa 0o opeaniamy Himpamis, AKi MOXKYTh MicTUTHCHA
B TOPOAMHI ab0 KOJIONA3HIN MUTHIiN BOAl, € HAraJbHOIO JS KOMKHOI JIIOSUHMN.
YHacaigok XiMiuHMX peakIiifi IIiJ yac IIPOIleciB TpaBJIEHHA IIi CHOOJYKHU Bif-
HOBJIOIOTBCA [O OTPYWHUX Himpumieé — cojieil HitpuTtHOl Kuciaotu HNO,.
Hitputu MaioTh 3araJbHOTOKCUYHY Oil0, CIPUYMHSIOTH pPO3JaJu HEPBOBOI,
CepIeBO-CYyANHHOI, TPAaBHOI CHCTEM OpraHiamy. 3ayBasKHMO, II[0 B XapuoBiit
TTPOMMCJIOBOCTI HiTPUTH HATPilO Ta KaJjiio J006aBIAIOTh ¥ M ACO-KOBOACHI BUpPO-
0u, abu HamaTu iM OTpPUBaAOJMBOTO POIKEBOTO KOJILOPY. Tomy ciix mdaTw mpo
AKICTh CIOMKMBAHUX XapPUYOBUX MPOAYKTIB. IIoTpiOHO KOHTPOJIIOBATH 3a JOIIO-
MOTOI0 CHeIliaJIbHUX TeCTePiB yMicT HiTpaTiB y IMTHIN BOJi Ta Xap4OBUX IPO-
IYKTaX, He KyIyBaTH NPOAYKTH HA CTUXiNHUX PUHKAX.

Esmpogirauis 6000iim, 10 AKUX MOTPAIISIIOTh 3MUTI 3 HABKOJIUIITHIX OJIiB
(docdopui Ta asoTHi MOOpPHBa, TAKOMK € CEPHO3HOI0 €KOJOTiUYHOI0 IIP00JIeMOIO.
Amxe migBUMyeTHCS HEKOPUCHA TPOAYKTUBHICTH CTaBKiB, 03ep, PidUOK, IIOCHU-
JIeHO PO3BUBAIOTHCA (DiTOIJIAHKTOH Ta BOJOPOCTi, mpubepe:kHi 3apocTi, Boaa
«1BiTe» TOIIO (NOACHIMY, HOMY Ue cmaHosumb Hebe3neky 0as 0068KiaANL).

Hadwmipne suxopucmarnua Kaaillhux 0o0pué CIpusie HAKOINUYEHHIO aHiOHIiB
Xnopy. BoHU mocuTh pyXJauWBi I MOKYTH IepeMilaTUCA AK BEPTUKAJIBHO, TaK
i TOpPMBOHTANBLHO B I'DYHTi. 3pOCTaHHA KOHIEHTPAIIil XJOPHUA-iOHIB y HBOMY
OPU3BOAUTL OO0 3HUKEHHS iHTEHCHUBHOCTI (D)OTOCHHTE3y B pocJIMHax. TaKox
HeOe3IIeKy CTAHOBUTL B3aCOJIeHHsS I'PYHTY KaJbIlill cyabdaToM yHACIiZOK
MOBCIOAHOI NPaKTUKKW BHECEHHSA KaJii cyabdaTy AK mgoOpuBa B cyMimmi i3
cynepgocharamu.

fx mosHauaeThCs BUKOPUCTAHHA AeAKUX NOOPMB HA BEeJIWUYMWHI MOKA3HUKA
pH r'pyHTOBOTO PO3UMHY, BU Ai3HAETECA 3 HACTYIIHOTO maparpada.

https://www.youtube.com/watch?v=jFbaAn1NcPc
https://www.youtube.com/watch?v=qqg_U6PE8bK4
https://www.youtube.com/watch?v=ssUNy0zVx80o

o 18] rONOBHE

® JloOpuBa — Ile PEUOBUHU, AKi BHOCATH Y I'DYHT, IIOOU IOJIIIITUTH KUBJIEH-
HA POCJUH 3a1Jd MigBUIIEHHA IXHLOI BPOKAMHOCTI.

® MinepanbHi oOpuBa — HEOPTaHiuUHi peuoBUMHM, AOOYTi Ha XiMiuHUX IigmIpuU-
€MCTBax.

® IIpocti 70OpMBa MiCTATH JUIIE OAUH MOKUBHUMN €JEeMEHT.

® KommiekcHi 7o0puBa MiCTATH KijJibKa MOKUBHUX €JIeMEHTiB.

® MikpomobpuBa MiCTATh MiKpOeJieMeHTH, CIIOKHBAHI POCIMHAMU B HEBEJIH-
KUX KiJIbKOCTAX.

® Jlo6puBa, y AKUX CIIiBBiIHOIIEHHA ITOKMBHUX €JEeMEHTIiB BiAIoBimae arpo-
TeXHIYHUM BUMOTaM ([Jid IIeBHOI KYJbTYpPU, I'PYHTY TOII0), HA3MBAIOThH 30a-
JIAHCOBAHUMU.
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[lepesipre cebe

1. lepemeopimb po3noBigHi peyeHHs pyopukm NPO MOJNTOBHE Ha nuTanbHi. Yn moxe-
Te BW BiANOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyvHmka?

3acrocymnre CBOI 3HAHHST A YMiHHS

2. [pokomeHmytlime 3 OrNsAy Ha BUBYEHE BMCMNOBIOBAHHA HaykoBLiB: a) [NprnynHa Bu-
HWUKHEHHS 1 3aHenagy Hauin nonarae B Tomy camomy. Po3kpagaHHs poAoyoCTi FPYHTY 3y-
MOBPIOE iXHIO 3armbenb, NiATPUMAHHSA L€l POAKYOCTI — IXHE XUTTA, 6aratcTBO Ta MOryT-
HicTb. FO. J1ibix; 6) Tig yac npogaxy BpoOXato 3i CBOro Mons CEnsiHMH npogae came nore.
O. Jli6ix; B) Pe4yoBuHa, o nepebyBae B MiHiMyMi, KEpYE BPOXXAEM Ta BU3HAYAE BEMUYMHY W
ctanicTb moro B yaci. FO. Jlibix; r) Cinb € OCHOBOIO XWUTTHA Ta POCTY BCix nocisiB. b. lMaricci.
3. lMNomipkytime " nosicHimb, Yomy: a) TBepai 4oOprBa He MOXHa BHOCUTW HAATO rMnboko B
3eMIII0 Ta HE MOXHa PO3CMnaTi Ha NoBepXxHi I'PYHTY; ©) pigki amoHiavHi JobpuBa BHOCATL
crneuianbHUMU MalMHaMy 1 3anapoByloTb Ha rMubuHy 10-12 cm, a Ha nerkux rpyHrax
rMUOKUHY TXHBOro 3aknageHHs 36inbwyoTs 4o 14—18 cMm; B) HeOouinbHO 3MmillyBaTn Coni
aMoHito 3 BanHoM abo kanin kapboHaTom, a cynepdocdaT 3 marHieBoto abo HaTpieBoto ce-
niTpamu; r) Ta 9K came MOXHa pavjioHanbHO BUKOpMCTaATN MiHepanbHi 4o6puBa, WO 3nexa-
nucs; O) He MOXHa NoMilLlaT eTUKETKM MiHepanbHUX O406pVB ycepeauHy naketa 3 HUMU;
X) NOTPIGHO NnonepeaxaTun NoAen HaBKOMO NPO BUKOPUCTaHHA MiHepanbHux 4obpus, a Ta-
KOX XiMiYHMX 3ac06iB 60poTbOM 3i LWKiAHMKaMK Ta XxBopoOaMu pocnuH; *3) nig vyac nepesip-
KM HaCiHHA COHSALWHUKA BaraTboX BITYU3HAHUX i 3apyBiXKHUX BUMPOOHUKIB Byno BUSBNEHO
3Ha4yHO BULLMIA 3a NnpunycTumun ymict Kagmito. 4. Mig 4ac BupoLLyBaHHs Cinbcbkorocrnogap-
CbKMX KyNnbTyp Ha 3a0pyaHEHMX pagdioakTUBHUMUK eNeMeHTaMy TepUTOPIsX NOTPiOHO 3acTo-
COBYBaTW MPUNOMMU, SKi CMPUAIOTb 3MEHLUEHHIO HAOXOMAXEHHS padioHyKnigiB OO POCIWH.
EkcnepvMeHTanbHO BU3HAYEHO, WO KanbLientobHi KynbTypu (6060Bi, OBOYEBI) MOrMMHaKOTL
kaTioHn CTpoHLito-90 GinbLLO Mipoto, HiX 31akoBi, a kanientobHi — katioHu Llesito-137. Oui-
HiMb CRYLUHICTb TBEPAXEHD: @) BanHyBaHHA KUCNNX I'PYHTIB 3HUXKYE PYXOMICTb pagioHyKi-
[iB y HKX; 6) yHECEeHHS B I'PYHT KaninH1MX JOOPUB 3HUXKYE MPOHWKHEHHSI B POCIIMHN pafioHy-
knigis Llesito, a BHeCeHHS dhocdaTiB Ny>KHUX enemMeHTiB — pagioHyknigis CTpoHLito.

<, TBOpYQ MQKICTEPHSI

5. Migrotynte npeseHTauito «MiHepanbHi 4o6pvBa y HaLWOMYy NMOBCAKAEHHI», BUKOPUC-
TaBLUM B Hil npucnie’s npo gobpuea.

§ 31. MOHATTS NPO KUCAI TO AYXHi 'PYHTH

Micnsa onpayroeaHHs napazpagha eu 3Moxeme:

® npozHo3yeamu pH cepefoBuLLa KUCINX i MYXXHUX 'PYHTIB;
® 06r'pyHmoesysamu NpUYNHN iCHYBaHHS KUCHMX i NYXXHUX I'PYHTIB.

IlonsaTTa mpo Kuceii Ta JyKHI I'DYHTU BU BJKe IIEBHOIO Mipoio maete (nosc-
Himb, 38i0ku ma saki came). Binblle mpo HUX BU Ai3HAETECs, NOIOBHUBIIN
rabnunio 31.1 smauennavmu pH, HaBemeHuMU min Hero (3po6imv ue it 00rpyH-
myiime ceiil 8uobip).

Tabauuysa 31.1. Knacudikailig rpyHTiB 3a BeJIMUMHOIO MOKasHuka pH

I'pyna rpynris Beauuunna pH

CunapHO Kucai

Kucai

Cnabko Kuci
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IIpodosicenns mabaruyi

T'pyna rpyHris Beauunna pH

Heiirpanbui 6,5-7,0

Cinabko JysKHi

Jlyxui

CusbHO JIy:KHIi

pH: nonag 8,5; 7,0-7,5; 5,5-6,5;
4,5-5,5; 3,0-4,5; 7,5-8,5.

Yomy eaxauso 3namu ye? 11106 potass
IIPaBUJIBHO IiKUBJIIOBATH Ta MeJio-
pyBaTH I'pYHTHU, 3aI00iraTu iXHbBOMY
IerpagyBaHHO. AmKe B HaATO KHC-
JUX YU HAATO JYKHUX I'PYHTaAX MIPU-
THiYeHO [misJIbHiICTL MiKpoopramis-
MiB, TOPYIIEHO 3aCBOEHHSA IIOKUB-
HUX eJIeMeHTiB pociamHamMu (puc.
31.1 Ta 31.2).

3a giarpamoio Ha PUCYHKY 31.1 8U- 4 45 5 55 6 65 7 75 8 85 9 95 10

3Hayme, 3aCBOIBAHICTb SKOro 3 Xi-

MIYHMX EFTEMEHTIB € MakCMaribHO
B CUMbHO KUCTIUX rpyHTax. [Mosichimb ue FPuc. 31.1. Yunus BesmuuHu PH rpyHTOBO-
AIBULLE 3 OMMSAAY Ha Te, WO POCNUHKM 3aaTHi  I'0 POSYHMHY Ha 3aCBOIOBAHICTE MakKpo- Ta
3acBOKOBaTU MOro MOHU nuwe 3 BOAHOro M1KPO€JIEMEHTIB POCINHAMU
PO3YMHY.

|neanbHW ra3oH

Puc. 31.2. Yu maTume rasoH 1mo6Jm3y BaIol oceni imeasbHuil Burian? BaraTro B vomy
e 3ajiekaTuMe Bij mokasHuka pH...

1. CKopuCTaBLUMCA AaHUMWU, SIKi BU BNOPSAKyBanv B Tabnuui 31.1, Bu3Haute rpyny

I'PYHTIB 4Ns1 CTBOPEHHS ideanbHOro rasoHy. 2. [lonoBHiTb peyeHHs: «pH rpyHTOBOro

PO34YUHY 3anexuTb Hacamnepes Bif YMICTY B HbOMY MOHIB ..., SIKi 3yMOBIIOOTb KUC-
ny peakLito (AepHOBO-NiA30MUCTI 1 6OMNOTHI I'PYHTM) Ta ...-iOHIB, LLO CTBOPIOKOTL NMYXHY pe-
akuito (KawTaHoBI 'PYHTW, CiIpO3EMU N CONMOHLLI)».

Peaxmis rpyary (BemmumHa iioro pH) e macaigkom cykymHOi mii 6araTbox
yuHHUKIB. BoHA 3ayeXuTh Bil MiHEpaJOTivHOrO Ta XiMiUHOTO CKJIaAy I'PYHTY,
yMiCcTy coJiell, OpraHiYHMX PEYOBUH, CKJAAY I'DPYHTOBOTO IOBiTPA, BOJIOTOCTI
I'PYHTY Ta oro 0ioreHHOCTI.
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Yu He HAUBAHCAUBIWUM DPezYrAmOopoM peakuil rpyHmy € coni. YHaCIiOK
3BOJIOJKEHHS BOHM II€PEXOATH Y I'PYHTOBUU DPO3UMH, & BHACJIIIOK BUCUXaHHS
3aJIMIIAI0ThH Horo. BaraTo AKi i3 coseil 3a3HAIOTH TiPOJIidy, V pPes3yabTaTi 4yoro,
3aJIEXKHO BiJi MPUPOAU COJIi, Y TPYHTOBOMY PO3UMHI BUHUWKAE HAAJIUIIOK KaTio-
HiB Tigporeny abo rimpoxkcun-anioHiB. Tok yHeceHHA HOOPWB He JIUIIIE IIiJBU-
IIye KiJbKiCTh 3aCBOIOBAHWX POCIMHAMM IIOKVMBHUX PEUOBWH y I'PYHTI, a #
nmosHauaeThcsi Ha pH rpynToBOro posumny. Hampukiazn, cucremaTwuHe BUKO-
PUCTAHHA [Js MiJAKUBJIEHHS POCJIUH aMOHINA cyabhaTy Ta aMOHINl XJIOPHUIY
3YMOBJIIOE€ KHMCJIY PeaKIlilo I'PYHTOBOIO PO3UYMHY BHACJITOK IiApoJisy IuX coJieit.

@ Cknadimp pPiBHAHHA peakuivi rigponisy aMoHi cynbdaTy Ta aMmoHii Xxnopuay.

Heopzaniuni it opeaHiyHi Kucaomu 6 rpyHmi TakoX yniamBaioTh Ha pH
I'pyHTOBOTO po3umHy. OpHi€0 3 HAWIOMIMPEHINNX Yy HBOMY HEOPTaHiYHUX
KHCJIOT € KapOoHaTHa. 3aJIeKHO BiJi TEDMOAMHAMIUHUX YMOB (TeMIlepaTypH,
THUCKY TOII0) i 6iosoriuHoi aKTUBHOCTI BOHAa CIIPOMOJKHA ImiaTpuMyBatu pH y
MexKax 3,9—4,5-5,7.

lpueadaliime 3 kypcy OGionorii, K yHacnigok KOPEHEBOro AWXaHHSA MOTpannsie B

I'PYHT KapOoHaTHa KUCNOTA, i MosicHimb, YoMy Ti BMICT TICHO NOB’si3aHuiA 3 4060BO-

CE30HHUMU pUTMaMmM NOroAmn Ta 3anexHoK Bid HUX PUTMIKOIO MikpobionorivyHoi (30-
Kpema, i (hepMeHTaTUBHOI) akTUBHOCTI.

CynbdaTHa KUCJIOTA YTBOPIOETHCA B I'PYHTAX i MATEePUHCHKUX IOPOAAX yHA-
CJiJOK MOBLJILHOTO OKUCHEHHS CYJIb(iIiB MeTaTiuHMX €JIeMEeHTIiB, HATPUKJIA
niputry FeS,:

2FeS, + 2H,0 + 70, = 2FeSO, + 2H,SO0,;
12FeSO, + 30, + 6H,0 = 4Fe,(SO,); + 4Fe(OH),!.

1. Cknadimb NOBHE Ta CKOPOYEHE NOHHI PIBHSAHHS, O ONUCYIOTb NPOLIEC OKUCHEHHS

depym(ll) cynbdaty. Un HanexuTb LS peakuis Ao peakuii NOHHOro 06MiHy? Yomy?

2. [Nepesipme, BUKOPUCTaBLUM METOA, €NEKTPOHHOro GanaHcy, 4Yn npasunsHo Jobpa-
HO KoedilieHTN B PiBHAHHI L€l peakuii.

VYHacaiok rinposisy ogaoro 3 mpomiskuux npoaykTtiB — depym(III) cynnda-
Ty — YTBOPIOETHCA KiHIIEBUM IPOAYKT OKMCHEHHA — JIIMOHIT® — Ta BUHUKAaE
HaAJIUIIOK (noscrHims yomy) KarioHiB I'inporeHy B posuwmHi.

Kucanommui dowi (Ous. § 21) TaKoK CIPUSIOTH 3HMMKEeHHI0O pH T'pyHTIiB.

T'numma 6inKi8 POCAUHHUX | MBAPUHHUX PeUlMOK Bele IO YTBOPEHHA Tin-
poreu cyabpiny i amoHiaky, siKi 3a ydacTi 6axkTepiil, BOgu Ta KHCHIO 3a3Ha-
IOTh HHUBKY CKJAIHUX 0i0XiMiUuHHX IepeTBOpPeHb, IPOAYKTAMHU SIKUX € KIUCJIO-
™ — cyJab(daTHa Ta HiTPUTHA i HiTpaTHA BiATOBiTHO.

Cknadimb hopMynn HeopraHiYHMX PeYoBMH, NPO SKi MWNocs B ubomy ab3aui. Aki 3
HUX 30aTHi 4O eNeKTPOoNITUYHOI gucouliauii?

Opezaniuni xkucaomu (eTaHoBa, OKcajaTHAa, JMMOHHA, s0Jy4YHa, MipOBUHO-
rpajHa TOII0) IMOTPAIJIAIOTh ¥ I'PYHT 3 MeTabosritamu rpubiB, 6akTepiit, KoMax
Ta KOPEHEeBUMH BUIIJIEHHAMM POCJIUH.

LlikaBo (i’ ni3HABAAbLHO

Mimosa copom’'sianuea (Mimosa pudica) opuriHanbHO pearye Ha MOTEHLiNHY 3arposy
(pnc. 31.3). AKWO NOLLKOAXEHO i KOPEHi, BOHM BUAINAITb «KOKTENNb» 3 OTPYMHUX Peyo-

! Hnsa osHalioMJIeHHA, a He /s 3amaM’ ATOBYBaHHI.
2 Moro ximiunmit cxiaz CIIpOIIleHO onucyioTh (opmynoo FeO(OH) - nH,O.
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BWH, 0O CKNagy SIKOro BXOAATb CUIbHI MeTaH-, eTaH-
Ta nponaHcynb(OHOBa KUCMOTU, @ TaKoX MOMOYHa,
nipoBMHOrpagHa KUCMOTU 1A PI3HOMAHITI  Cromyku
Cynbcypy .

PocanHu CIOKUBaIOTh aHIOHUW Ta KaTiOHU
Y MeBHUX IIPOIOPIiAX B OOMiH Ha eKBiBaJIeHT-
Hy kinekicrs iomis HY, OH , HCOg, CO?,
VHACJIJOK YOr0 MOJKJIMBE 3PYIIEHHS peakIrii
I'PYHTOBOTO PO3UYMHY B TOU UM TO# OiK (puc.
31.4).

Puc. 31.3. Mimosa copom’sI3/IMBa

1. lMosicHimb, K 3MIHUTBLCS: 1) KUCIOTHICTb; (Mimosa pudica)

2) BenuunHa pH rpyHTY BHaCNiAoK MOrMMHaH-

HSl KOPEHEBOIO CMCTEMOIO POCINHK: a) KaTioHiB Kanito Ta MarHito; 6) HiTpaT- Ta Cynb-
¢aT-aHioHiB. 2. KopeHeBa cucTema pPOCNNHN NOMNIMHAE KaTiOHNM aMOHil0 3HAYHO LUBMALLE,
HK HiTpaT-aHioHW. MigBUWMTBCA YN 3HU3UTBCHA KOHUEHTpaLis KaTioHiB [gporeHy B rpyHTi
BHACIMiAOK BUKOPUCTaHHS sik 4OOprBa aMOHin HiTpaty?

Ax mo:xxkHa 3MiHMTH BeauuuHy nmokasHuka pH rpynry? Haamipuy Kmcaor-
HIiCTB I'PYHTY YCYBalOTh 6ANHYEAHHAM, & HAAMIDHY JIYXKHICTh — 2inNCY8aHHAM.
Bannyeanns — 11e BHECeHHS B IPYHT OKCHUJiB, TiAporeHKapboHaTiB a6o Kapbo-
"HartiB Kaxabiiro Ta Maruiro mjis HeiTpasaisarii #1oro KMCJIOTHOCTI:

EO +2H' = E*' + H,0;
E(HCOy), + 2H" = E*' + 2C0,T + 2H,0;
ECO, + 2H" = E*'+ CO,T + H,0
ECO; + H,0 + CO, = E(HCO,),.

YHacaigok muxX MpoIeciB y I'PYHTOBOMY PO3UYMHI 3MEHIIIYETHCS BMiCT KaTi-
ouiB IimporeHy, HaToMicTh 30iabINIyeThcA BMicT KaTioHiB KaibItito Ta rigpo-
KCHUJI-iOHIiB — IPOAYKTIB rifposisdy KaabIlifi TigporeHKapOoHATY.

lincysanus — 1Iie BHECEHHA B JIYMKHiI IDyHTH Trincy, Gopmysa AKOTO

CaSO, - 2H,0. V¥V rakuit cmocib, Hampukjag, XiMiuHO MeIiopyIOTh COJIOHIIL,
100 3aminuTu morsmuenuii Harpiit ma Kaubiiii:

2Na" + CO% + CaSO = CaCO,z) + 2Na* + SO%;
CO% + CaSO, = CaCO,zl + SO% .

Puc. 31.4. Mixk yacTUHKaAMU I'PYHTY, 'PYHTOBUM PO3YHMHOM i IIOBEpPXHEI0 KOPEHEBUX
BOJIOCKiB Bifm0yBaeThcsa MoHHUM oOMim. 1. HacTtuuka rpyHTy. 2. KOopeHeBuil BOJIOCOK.
3. Boga. 4. ITyxupelb moBiTpa

! http://www.plantphysiol.org/content/170/2/1075
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Ot:xe, BU NEPECBiAUMINCSH, 1110 30arHYTU XiMi3M I'DYHTOYTBODPEHHS Ta JKUB-
JIEHHS POCJIHH BaM JOIIOMOIJIN 3400y Ti paHilne sHaumusa 3 6iosorii, reorpadii Ta
YABJIEHHA PO ximiuny plBHOBaI‘y, peakiIrii fioHHOTO OOMiHy, 30KpeMa Timpo-
Ji3, i pPO3yMiHHA B3HAYYINOCTI XiMiUYHMX B3HAHb Jisd 3a0e3TMeUYeHHS JIIOJCTBA
BHUCOKOSIKiCHMM IIPOJOBOJBCTBOM.

LlikaBo (i’ ni3HABAAbLHO

HauioHanbHui HaykoBuMM UeHTp «lHCTUTYT 3emnepobctBa HauioHanbHOI akagemii
arpapHux Hayk YKkpaiHu» — ronoBHa yctaHoBa HaykoBo-mMeToan4YHOro LeHTpy «3emnepob-
cTBO». 30KpeMa, KONMEeKTUB iHCTUTYTy po3pobmB HayKOBi OCHOBW BiATBOPEHHS Ta perynio-
BaHHS POAKYOCTI Nerkux rpyHTiB, XiMiyHOI Meniopauii KUCNNX i CONOHLEBUX I'PYHTIB.

https://www.youtube.com/watch?v=2XaGc7XbnDg
o‘/j https://www.youtube.com/watch?v=-nRh6QU9J-Y

o 1) rONOBHE

o rpyHTI/I KJIacu(iKyIOTh 3a BeJIMYMHOIO MToKasHuKa pH.

® BenwuwmnHa mokasHuKa pH r'pyHTOBOTO po3umHy BILIMBA€E€ Ha 3aCBOIOBAHICTH
MaKpo- Ta MiI-CpoeJIeMeHTiB poCTHHAMY.

® PocivHUT CHOMKWBAIOTHh aHIOHUW Ta KATiOHU Yy IIEBHUX nponopulﬂx B 00MiH Ha
eKBiBaJeHTHY KiabKicTs Itonis H+, OH-, HCOj,, CO3.

® HapmipHY KHCJIOTHICTBH I'DYHTY ycyBan'rb BaIlHYBaHHAM, a HaJMipHY JIYK-
HiCcTH — rincyBaHHAM.

[lepesipTe cebe

1. lNepemeopimsb po3noBigHi pedeHHst pybpuku MPO TOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BIAMNOBICTM Ha Ui 3anuTaHHs 6e3 JonoMoru niapyyHmka?

3acrocyvire CBOI 3HQHHST VI YMIHHSI

2. BusHayme, sike sBuLle, NoB’dA3aHe 3i 3micTom naparpadpa 31, onucyoTb HaBedeHi
Aani XiMivHi piBHAHHSA:

CO, + HOH = 2H* + CO3"

NO, + 2HOH = 2H" + NO3 + NO3;

2S0, + 2HOH + O, = 4H" + 28042;

3. lNoscHimb, Yomy: @) BUKOPUCTaHHA HaTpii HiTpaTy gk gobpmBa npuBoaMTb 40 Harpo-
Ma[KEHHS B I'pyHTi noHiB OH™; 6) He MOXXHa 0gHOYACHO BanHyBaTW MPYHT ralleHyMM BanHoOM
i BHOCUTM B HbOro amiadHi oopmmn asoTHUX obpwue. 4. lNpoaHanizylime onuc gocnigy 3
kHurn K.A. TumipsaseBa «KUTTa pocnvH» i MOSICHIME AOro pesynbTaTtu: «...Bi3bMEMO pe-
TenbHO BigNonipoBaHy NMAAacTUHKY 3 BiNoro Mapmypy ... 4 3aKonaemo ii Ha AHO MOCKOro
KBITKOBOro ropuumka. lNocagiMo B ropLumk siky-Hebyab pocnuHy, Hanpuknag 606u. KopiHHs
uboro 606y Hezabapom JoCArHE MapMypPOBOI NITACTUHKN, PO3TATHETLCSA NO HilA i WiNbHO Npwm-
nunHe Ao Ti nonipoBaHol NOBepPXHi. AKLO nicnsa OeKinbKoX AHIB MU BiAKONAEMO NIACTUHKY,
0O6MMEMO, BUCYLLMMO ii 1 NOTIM NOrMSIHEMO Ha Hei, po3TallyBaBLIM ii NPOTK CBIiTNa, TO Ha
rnagkin NoBepxHi, Lo BigOMBae CBiTNO, N06ayYnmo MaToBi YepBonoAdibHi crign. Lle Binbutkm
KOPEHIB ..., HE rnv|60|<| Ta TUM He MeHLU Ayxe BupasHi». 5. [JorosHimb ypyUBKMA 3 HayKoBO-
nonynﬂpme cTaTeit’: @) «Ha [ye NyXHUX FPyHTaX 3HAYHO 3HIKEHO AOCTYMHICTb ANs poC-
NWH Taknx enemeHTiB, sk PepymM, ManraH, Kynpym, LinHk i 6GinbwocTi mikpoenemeHTis. lMo-

! Ba marepiasamu https://agronom.com.ua/kyslotnist-gruntiv-ta-yiyi-vplyv-na-zhyv/;
https://propozitsiya.com/ua/keruvannya-kislotnistyu-gruntiv
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PYLIEHHS IXHbOr0 3aCBOEHHSI 3yMOBIIEHEe YTBOPEHHSAM iXHIX HEPO3YMHHUX ..., AKi POCIMNHM
He MOXYTb MOINUHATU B TakOMy BUrMAgi»; 6) «NiMKMBNEHi aMOHI XNOPUAOM POCIMHU iH-
TEHCMBHILLE MOrMIMHATUMYTh i3 FPYHTOBOrO po3umnHy kaTioHn NH}, OCKinbkv BUKOpUCTOBYBa-
TUMYTb iX ANA CMHTe3y amiHokucnoT. HatomicTb aHioHn CI™ noTpibHi pocnuHi B 3Ha4HO
MEHLUIR KiNbKOCTi, TOX 3aCBOKBATUMYTbCS MEHLLOK Mipot. HYepes ue B I'pyHTOBOMY pO3-
YMHI HaKOMUYYBaTUMYTbCS 3aMilLeHi KaTiOHaMW aMOHI0 MOHM ... 1 He BBiIOpaHi aHioHun CI7,
O YTBOPIOBATUMYTb ... KUCIOTY i, SIK Hacmigok, NiAKUCAOBATUMYTb [PYHT.»; B) «...
3abyp’stHeHHs NoniB XBoLLeM nonboBum (Equisetum arvense) Ha JIbBiBLLMHI BAanocs 300-
natv nuuwe nicns ... . Apke XBoL Ayxe nonobnsie came KUCni rpyHT.

< TBOPYQ MQVICTEPHS!
6. IMidzomyiime npeseHTaL;to «['PYHTOBHO NPO KUCHI i NYXHi FPYHTNY.

§ 32. 9KicHi peakuii HO AesKi NOHU

licnst onpayroeaHHs1 napazpagha eu 3Moxeme:

npoeodumu SiKiCHi peakuii;

eu3HavYamu B po3umHax katioHn Pepymy(ll), Pepymy(lll) (ocamxkeHHaM ix nyramm),
Bapito, amoHito, a Takox cunikaT- i opTodocdaT-aHioHU.

Axicui peakiii Ha meski Mouu (Ha3gimb ixX) BU BiKe 3HaAE€Te. Xoda HUHI
6araTo MeTOJiB XiMiuHOro aHAJi3y BIOCKOHAJIEHO Ta aBTOMAaTHU30BAHO, 3HAHHS
Ipo SAKiCHI peakIiil Ha IeBHI MOHU JUIITAIOTHCA aKTYAJbHUMU (NOACHIMb YOMY
abo cnpocmyiime OYyMKY a8mopox niOpyLHUKa).

LlikaBo (i ni3HABAAbBHO

3aCHOBHUKOM SIKICHOTO aHanidy € aHrmincbkuin HaykoBelb Pobept Bonnb (1627-1691).
BiH yBiB TEPMIH «XiMi4YHWMI aHani3» i 3aCTOCOBYBAB Pi3HOMaHIiTHI peakTMBW Mig Yac npoBe-
[OEHHs1 SIKICHOro aHanidy peyoBuH. [1na Bu3HadeHHs cynbdartHOi Ta XFIOPUAHOI KUCIOT yye-
HU BMKOPUCTOBYBAB PO34MHU BanHsaHUX conen Ta apreHTym(l) HiTpaTy BignosigHo, kucnoT
i NyriB — HACTONKM NakMycy, ianok, BONOLLIOK TOLO.

lNpoaHanisytime iHpopmauito 3 pydpukmn «LlikaBo i nisHaBanbHO». Mpo BU3HAYEHHS
SIKMX aHiOHIB Ta KaTiOHIB Y Hii ineTbca? Cknadimb BiANOBIAHI XiMiYHI PIBHAHHSA Y CKO-
POYEHIl NOHHIN chopmi.

YTBOpeHHd OcaiB — Ile OAWH 3 OCHOBHUX aHAJITUUYHUX e(deKTiB, came ToMy
OinpIIiCTh AKICHUX peaKIlili € peaxkiiAMu ocadxcenHns. 30KpeMa, AKiCHUMU Ha
karionu @Pepymy(Il) Ta CIDepyMy(III) € iXHi peakIiii 3 rigpoxcug-anionamu, AKi
CYTIPOBOJIXKY€ YTBOPEHHS ocaJliB MeBHOI KOHCUCTEHIIil Ta xapaKTepHHx KOJIBO-
piB (puc. 32.1): _

Fe?" +20H = Fe(OH),;
OparnucTtui cipo-3eneHui,
LwBMAKo HabyBae Byporo Konbopy

Fe?" +30H = Fe(OH),.
OparnucTtuii 6ypun

[o uux i HaBegeHUX Adani CKOPOYEHUX MOHHUX PiBHAHb

dobepimpb No Kinbka MONEKYNAPHMX | MOBHUX NOHHUX PiB-

HsIHb, CKOpUCTaBLUMCS 3a NoTpebu Tabnuueto «PosunH- Puc. 32.1. [paraueri

HICTb OCHOB, aMPOTEPHUX MAPOKCUAIB, KUCNOT i conen y Bodi» ocazu rizpokcumis

(amB. JopaTok). XapaKTepHUX KOJbO-

. . piB — 30BHImMHI edek-

BusHadyme, y sikiit i3 306paxeHux Ha pucyHky 32.1 npobi- 1y  gxicmux peaxmiit

pok 6yB po3unH depym(ll) cynbdaty, a B akin —pepyM(lll) g4 karionn ®epymy(II)
xnopuay. ta ®epymy(III)
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Yomy ocag depym(Il) rinpokcuay Ha mOBITPi MIBUAKO
HabyBae Oyporo kKosbopy? Ile 3ymoBieHO THM, IO IIin
BILIMBOM KHCHIO BiH mepeTBopioeThbcsa Ha Gepym(III) ria-
poKcum:

Fe(OH), + O, + H,0 — Fe(OH),!.

lNepemeopimb cxemy peakuii okncHeHHs depym(ll) rigpo-
KCUAy Ha XiMiYHe pIBHSIHHSI, BUKOPUCTaBLUM MEeTO[, enek-
TPOHHOro 6anaHcy.

Karioun Bapiro MoXHa ocaguTu B PisHiI cmocobou
(Hasedimv KinbKa 3 HUX, CKOPpUCMABUWUCA, 34 nompedu,
mabauuero «Po3uunHicmb ocHO8, ampomeprHux 2idpo-
Kcudis, kucaom i coneil y 600i»). IIpore aAKicHOIO 3a3BU-
yall yBa’sKalOTh PEAKI[iI0 OCAIKEeHHS IIUX HMOHIB CYJb-
dar-amionamu. VHacaigok ii mepediry yTBOPIOETLCS
Oinmii apidHOKpucTadiuHMii ocanm Oapiii cyabpary, He
posumHHUIT y OinbIitocTi Kucaor (puc. 32.2):

Ba®" + SO% = BaSO,J.

s mpoBeneHHA SKiCHOI peakilili Ha KaTioHH aMo-
Hil0 BHECEMO y TPOOIpKY BOAHWIU PO3YMH COJIi aMOHiO0
06’emoM 1 M, JOoGaBHMMO PO3UMH JYTY ¥ 3JIerKa Harpie-
Mo BMicT npobipku. Heszabapom BiguyeMo pisKuil xapak-
TePHUH 3amax aMoHiaky. Bojoruii iHguKaTOpHUI mami-
pellb, MMiHECEHWI! 10 OTBOPY IPOOipKM, 3MIiHUTH CBii
Koutip Ha cuHiilt. Yomy? Bo BigdymeTbcs peakiisi o6Miny,
VHaACJiJOK YOr0 YTBOPUTBLCSA aMOHiaK, AKWN 3a Harpi-
BaHHA BUIIINTHCA 3 po3uuHy (puc. 32.3):

NH; + OH = NH, - H,0;
t
NH; - H,0 > NH,;T + H,0;
NH; + HOH 2 NH, + OH .

Cunixkar- Tta oprodochar-anionn TaKoXK MOXKHAa oca-
IUTH 3 PO3UYMHIB y PisHi cmocobu (rHaeedimv kiavka 3
HUX, cKopucmasuwiucs 3a nompebu madbauyer «Po3uun-
Hicmb 0cHO8, amgpomepHux 2idporxcudis, Kucaom i coJeil
Yy 600i»). 30KpeMa, I OCaKeHHA CUJIiIKAT-i0HY BUKO-

puctoByioTh KaTionu I'imporeny, a oprodocdar-ioH oca-
IKyIoTh KaTioHamu Kasbiio abo Apreatymy(I):

Si0% + 2H' = H,Si0,!;
Ginui gparnucTuni

PO% + 3Ag" = Ag,PO,!;
XOBTUM

2P03 + 3Ca®" = Cay(PO,), 1.

Binun

Puc. 32.2. Binui
npi6HOKpHUCTATIUHTHI
ocam Oapiit cysaba-
Ty - B0BHIITHIN

edeKT AKicHOI peak-
mii Ha xKarionu Bapiro

| 1
—

Puc. 32.3. 1. Ilans-
HUK. 2. PosumH coui

aMOHiI0O, JO SKOIro
I00aBIeHO po3UuH
ayry. 3. Bouornuii

yHiBepcaqbHUN iHIM-
KaTOpPHUM malipeisb

11106 saxkpinmuTu ysaBJIeHHA IPO AKicHI peakxiii Ha medaKi HioHW, BUKOHAMTe

JabopaTopHi gocaigu 3—8.
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/’ Aa6opaTtopHi AocAiam 3-8.
.. BusIBA€HH$ B po3uuHi kaTtioHie Pepymy(ll), Pepymy(lll), Bapito, amoHito,
CUAIKAT- i opToPoCchaT-CHIOHIB

IIpuzadaiime ma HeyxunbHO 6UKOHYUMEeE
IIPABUJIA BE3IIERMU IIIQ YAC POBOTH /2O

3 OBJJATHAHHAM I PEAKTUBAMHA g\ =

Yeaza! qnsa minmmoro cmocrepeskeHHA BUKOPHUCTOBYHTe YOPHO-6inmit eKpaH.

Axio mocaigm BUKoHyeTe y mpobipkax, 6epiTh mo 5—6 Kpameab pO3UMHIB pea-
TeHTiB, AKIIO B 3araubuHax IJACTUHMN — YABiui MeHIIe.

Iy

W.

3aBmannda. Buasurtu y Buganux posunuax Kkationu @epymy(Il), @epymy(I1I),
Bapir, amoniro, cuaikar- i oprodochar-anionn.

O6nadnanns. lllratue 3 mpobipkamMu abo miacTuHAa i3 saraumbUHAMU, TPU-
MayY s TpobipoK, HArpiBaJbHUY HpuUaa.

Peaxmueu. PoguuHu cojeii, 1o Mictares Kationu @epymy(Il), @epymy(1II),
Bapii, Kaasbiito, amoniio, Aprearymy(I), cyabdar-, cuiaikar- Ta oprodocdar-
aHiOHM; PO3YMH JIYTy, XJOPHUAHA KMCJIOTa, AUCTHUJIbOBAaHa BOJAa, VHiBepcasb-
HUH iHAUKATOPHUU mamip.

Incmpyxuyia

BukxoHnaiime pgocaigu, omucaHi B mboMy maparpadi, # 3anogHims TabJIUITIO
3a 3pas3KoM:

HocaimxyBanmit PearenTt — posuuH, CropoueHe HOHHE PiBHSHHS,
po3YMUH, III0 MiCTUTH 10 MiCTHUTL HOHU SABUINA, IO CYIIPOBOKYIOTH
oHu mepebir peakxirii
Fe?* OH™
Fe3+
" (HarpiBaHHs, BOJIOTHIL
NH} OH
iHAMKATOPHUY mamipens)
Ba®" S0%
Sio% H"
P03~ Ag’
Ca2+

3HaHHA, 3700yTi miA yac oImpalfoBaHHA IILOTO maparpada, BU 3MOKeTe
3aCTOCYBATHU IIiJl Yac BUKOHAHHS HNpaKTU4YHOI po6otu 1 «IlocaimKeHHsa SKicHO-
TO CKJIAZY COJIEH».

o% : https://www.youtube.com/watch?v=T68CHhR-ZP0
https://www.youtube.com/watch?v=FqpBR204cIM
https://www.youtube.com/watch?v=cz87YmRYwhU
https://www.youtube.com/watch?v=bfwuMvqVepl
https://www.youtube.com/watch?v=aPalnx9gToo
https://www.youtube.com/watch?v=eXypQtGfvuo&list=PLtQgqrP6X6Mr3IW3lY
CN-5xrvE-xfDAOHj&index=18&t=0s
https://www.youtube.com/watch?v=aFFC6vtl-rY

g https://www.youtube.com/watch?v=ylZMpafE4OM

1 BukopucrosyiiTe yMOBHI mO3HAUKU: ocajg — y, ras T.
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o 1:¢] rONOBHE

® Kartionu ®Pepymy(Il), ®epymy(III) Ta amMoHil0O BM3HAUYAIOTHL 3a JOIOMOTOIO
TigpoKcuI-i0HiB;

® Karionu Bapiio ocamxyoTs cyabdaT-aHioHaMu, CUJIiKaT-aHiOHN — KaTioHaMu’
Tigporeny, oprodocdar-anionu — karionamu Aprearymy(l) abo Kambitito.

[lepesipre cebe
1. lepemeopimb po3noBigHi peyeHHs pyopukm NPO MOJTOBHE Ha nuTanbHi. Yn moxe-
Te BW BiANOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyvHmka?

3acrocymvre CBOI 3HQHHST A YMIHHSI

2. BanpornoHylime sikomora GinbLue cnocobiB, 3a AOMOMOIol SKUX MOXHa BigpPi3HUTU
po3uuH coni X Big po3uuHy coni Y:

HasBa coni

depym(lll) xnopug

aMOHin xnopuga

Kanin cunikat

aMoHin cynbdar

HaTpin opTodocdar

Oapilt HiTpaT

depym(ll) cynbdpat

HaTpin cunikat

Gapin xnopva

anoMmiHin cynedar

Haeedimb piBHAHHS BigNOBIOHWX peakuii Y MOMEKYNsipHii Ta CKOPOYEHi NOHHIN dop-
Mmax.

3. [Ina BM3HA4YeHHSA AKICHOIO cKnaay coni Il KpucTany po34ynMHUNK y BOAI, YHAcnigoK 4yoro
yTBOpUBCA 6€36apBHMI po3unH. [10 OOHIET YAaCTUHM LUBOro PO34MHY 406aBUNN PO3YUMH Nyry
n Harpinu. lMicna HarpiBaHHA Bigvynu pi3kMi xapakTepHuin 3anax. Bonorui iHgnkaTopHmi
nanipeub, NigHeceHnn go otTeopy NPobipkn, 3MiHMB KOMIp Ha CUHIN. [O iHWOI YacTUHN po3-
YnHy gobaBunu posunH Bapin HiTpaTty, yTBOopUBCA 6inun ocaa. BusHayme xiMmivyHy dhopmyny
pocnigxysaHoi coni. Hagedimb piBHAHHA BiAMNOBILHWX PeaKLii Y MONEKYIISAPHIN Ta cKopoye-
Hir MOHHIN oopmax. Ckinbku Bignosigen y Luporo 3aBgaHHAa? 4. Cknadimb ANsa O4HOKNACHU-
KiB i OQHOKNACHWLUb 3aBAaHHs, aHanorivyHi nonepegHbOMy, Ta po36’sximpb iX, Wob matu
3Mory nepesiputu, 4m 36irnncs Bai Bignosigai.

<. TBOpYQ MQVICTEPHSI

5. Ha ocHoBi 3HaHb Npo SAKICHI peakLuii Ha KaTiOHW 1 aHioHK, 3400yTi Nig Yac BMBYEHHSA
XiMii B OCHOBHIW i cTapLuiv WwKoni, ckradime y3aranbHioBanbHy Tabnuuto.

; q MpakTnyHa po6ota 1
E2 AOCAIAXKEHHS 9KICHOro CKAGAY COAen

Yeaza! na ainuroro crnocrepe:keHHA BUKOPHUCTOBYITE YOPHO-0iIuii eKpaH.
Axmo mocaigum BUKOHyETe y mpoOipkax, 0epiTh mo 5—6 Kpameab pPO3YMHIB
peareHTiB, AKIIO B 3arJM0OMHAX IJIACTUHU — yABiUi MeHIIe.

O6nad0HaHHA: TMITAaTUB 3 IPobipKaMu abo ILJIacTHHA i3 3arinOMHAMM, CKJISHI
a00 TIacTMACOBi MaJMYKM Ta MiNeTKHW, TpUMAa4d AJs MPobipoK, HarpiBaabHUIA
Oopuian, YOpHO-OiMuil eKpaH.

Peaxmusu: xmopugna xucyora (1 : 5), posumHM HaTpi#i rigpokcumy abdo
KaJjiit rizpoxcuny, apreatrym(I) miTpary, HaTpiii cyabdary, KaJabliii XJopuay,
IUCTUJIbOBAHA BOIA, YHiBepCAJIbHUN iHANKATOPHUN IIallipelb.
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O6’exmu OocaidxceHHs:

1) 6apiii xaopun (iHCEKTHUIUT);

2) bapiit HiTpaT (CKJIAAHUK 3eJIeHUX (eliepBepKiB);

3) amoHil HiTpaT (MiHepasibHEe TOOPUBO);

4) amownin cyabpar (MiHepaabHe TOOPUBO);

5) amoHiii rigzporenkap0OoHaT (PO3IMyIIyBau TicTa);

6) depym(Il) cyapdar (cKIagHUK 3ac0o0iB IIpoTH aHeMii, iHcekTHUIINA i DyH-
rinun);

7) dhepym(III) xymopun (KoaryasaHT AJS IIPOMUCIOBOTO OUUINEHHS BOIM);

8) maTpiit oprodochar (cKIATHUK PiAKMX MUHHUX 3aco0iB, xapuoBa m006aB-
Ka);

9) maTpiii cuirikar (CKJIaIHUK MaJAPHUX CUJIIKaTHUX (apbd).

IIpuzadaiime ma HeyxunvHo 6UKORYUmMe

IIPABUJIA BE3SIIERU III, YAC POBOTH
3 OBJIATHAHHSAM I PEAKTUBAMMN

3aBganHga. J[ocaidimb AKicHUN cKJaz

cojieli, PO3UMHU SAKUX BaM Bn,z:aHol. Onu- N
wimv CIOCTEpPEeKeHHs, CckJaadimb PiBHAHHSA ; mw
BiIIIOBiAHMX peakuiit y MOJEKyJApHiil,

IOBHI#A Ta CKOPOYeHil MOHHUX (hopMax.
*MomaTrkoBo. 1. B imcTpykuii srikapchKOTO —— —
npemnapaty Copbidep Hypysec HaBegeHO 0OT0 Haa
crkaan: depym(Il) cyandar 6es3Bomgumuit — 320 —
MT, KucJjaoTa ackopbinosa — 60 mr. /Josedimey,
10 y BUAaHi# Bam TabJeTiii 1poro 3acody gmiticHo micturhea depym(Il) cyin-
¢dar. 3a moTpebu BUKOpPUCTaiiTe NJOAATKOBEe O0JIafHAHHS — CTYIKY 3 TOBKAUM-
KOM, JifiKy, QiIbTpyBaJibHUU mmamip Tomio. 2. Bam Bumamo aBi mpobipku: B
ONHIN — cWJIiKaTHWUH KJieH (MicTuTh HATpi#él cwaikar i Kajgill cuiikar), y Apy-
rii — pigKuii KpoxXMaJbHUU KJjeiictep. BusHaume, BUKOPUCTABIIN SKOMOTa
OinpIe cmocobiB imenTudikarii, ymict xKokHOI 3 Ipobipok (3a moTpebu oTpu-
MaiiTe B YUHTeJNd UM BUUTEJbKM Ximii morpibHi peakTmBu). 3. Bam BumaHo
posuun cosi Kympymy(Il). Busnaume, sKoi camMe — XJOPHUAY, CyJab(aTy abo
HiTparTy.

§ 33. bioAoriyHe 3HOYEeHHS MeTAAIYHUX eAeMEHTiB

lMicnsi onpayroeaHHs napazpagha eu 3Moxxeme:
® oyiHumu 6GionoriyHe 3HayYeHHa MeTanivHMx enemeHTiB — Kanbuito, Kanito, HaTpito, Mar-

Hito, depymy.

Biosoriune 3HaueHHs MeTAJIUHNX eJleMeHTIB CKJAIHO IepeoniHuTu. Bu
B)Ke MaJu Harogy IepecBiguuTucsa B IILOMY Ha ypokax Oiosorii Ta mim uac
ompaIiloBaHHs maparpada 15.

3a piarpamoto, 306paxeHol0 Ha puUcyHKy 15.4, cxapakmepu3sytime BMICT Kanbuito,
Kanito, Hatpito, MarHito, ®epymy B opraHiami fogmHu.

Kanpiiii — Ba)KJIUBUH A BCiX (GopM KUTTS XiMiuHMEA esemMeHT. YMicT
oro B JIIOACHKOMY OPTraHisMi TaKkuii: MacoBa YacTKa B TiJi JOIWHU — OJU3BKO
1,4 %, ymict y KpoBi — 90 mr/u; y KicTkoBiit TkanuHi — 17 %, y M’ A30Biit —
0,14-0,07 %.

! ki came coui IOCIiMKyBaTH, IIOBIJOMUTE YUNTENb 400 BUMTEJIbKA Ximii.
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Kanpiiii € oCHOBHUM eJeMeHTOM
kictkoBoi TkanuHEH (Cay(OH)(PO,)s,
CaCO;) ra 3y6iB (CazF(PO,)s), mincu-
Joe ixHio minuicTs. Binm cunpusie Bin-
HOBJIEHHIO KJIITMH yChOTO OpraHiamy,
TOMY IO € CKJaIHUKOM IXHiX smep,
KIITUHHUX 1 TKaHWHHUX pPiguH,
3a0e31euyye «3JUNAHHA» KJITUH IIiJ
yac yTBOpeHHA TKaHWH. lle#t ximiu-
HUI ejieMeHT 3abesleuye IIPOHUK-
HicTh 0asaJbHUX MeMOpaH elliTeJiio,
Puc. 33.1. XapuoBi nmpogykTu — mxepena  IOTPibeH qya poboTu M’A3iB i KpoBO-

Kasnpmiro TBOPEHHS, 6epe y4acTh y peryJioBaH-

Hi ¥ opyIieHHi poboTH ceplis, mepe-

IaBaHHI HEPBOBOIO iMITyJIbCY Ta M’ SI30BUX CKOpPOoUeHHAX. Bed KasbIlito HEMOK-

JuBe HOpMaJbHe 3cimaHHs KpoBi. BiH 3abesmeuye mpaBuiIbHY POOOTY €HIO-

KPUHHUX 3aJI03, IIABUINYE CTiAKiCTh OpraHisamMy nmo iH(pekIiii, HeHATpaJizye

MIKiAJIWBI IJA OpraHisMy KHCJIOTH, BILJIMBAE€ Ha 3aCBOECHHS OpraHisMoM ixKi.

Oomin Kaunbiito TicHo mos’s3anuii 3 oomimom Pochopy, Crponiiro, Maruiro
(nomipkyiime it noscrhimov womy).

H:xepema KanbIirito: MoouHi mpoayKTH (OCOOJIMBO CUPHM), TOPiXU, CAPIUHMH,
JI0COCh, OYPAK, KBACOJIsI, MU0y, IIIMIMHAT TA iHII JUCTKOBI OBOYi, OpyCcHUIIA,
arpyc, sins, rpedaHa Ta BiBcaHa KPYIIM, HACIHHA COHAIIHUKY, POA3UHKM,
abpukKocu, KYHIKYT, CaBOiicbKa KalrycTa Ta OpOoKoJIi (pnc 33. 1)

Baxkaugo, mo KanbIiti maiiske He BTpadyaeTheA Miff Yac KyJIiHAPHOTO 00po-
OJIeHHSA XapyoBUX IPOAYKTiB, OJHAK 3JATHUMN «BUMHUBATUCI» 3 KiCTKOBOI TKa-
Hunau (go 700 mr Ha 100y). [Jo6oBa morpeba B Kanbirii cramoButs Bim 800 mr
mo 1 r y mireit Bikom mo0 7 pokiB, 1,4 r — B oci6 mo 18 pokiB, 1,5-2 1 — y
BariTHUX i mig yac rpyaHoOro BUTroAoBYBaHHS HeMoOBJAT. IloTpeba B Kasbirii
3poCTa€e 3a MiABUINEHOTO IIOTOBUAIJIEHH:, IIiJi YaC TPMBAJIOTO BXKUBAHHSA TOP-
MOHaJBLHUX 3aco0iB, y pasi 3axXBOpIOBaHb KPOBi, KUINIEUYHUKA, HUPOK, €HIO-
KPUHHUX 3aJI03, 3a aJIEPTiYHUX CTaHiB.

Hecraua Kanbliito mMoke OyTM NPUUYMHOI0 BaKKMX HEPBOBUX PO3JIalIiB,
CyIoM, IMigBUINEHOI 30yAJINBOCTI; po3M’ AKIIeHHA KicTOK (paxiT), oCTeomoposy;
3aXBOPIOBAHD IIAPAIUTOIOLI0HOI, IIIUTOIOAI0HOI Ta HAZHNPKOBUX 3a03. Hax-
JUIIOK MOKe 3YMOBJIOBATH CeYOKaM’ sIHy XBOpOOy, TrinepKaJjbIieMiio, IO
CYIIPOBOMKYETHCSI 0E3MPUUMHHOI0 HYAOTOI0, CIParoio, BTPATOI0 alleTUTY, Yac-
TUM CEYOBUITYCKAHHAM I cymoMamMu. MoKJInBe YTBOPEHHS CEYOBUX i JKOBUHUX
KaMeHiB, IyXJUH JIeTeHb i MOJOUYHUX 3aJI03.

et ximiuHU#l eTeMeHT HETOKCUYHMM, Or0 3aCBOEHHIO CIPUAIOTH BiTaMiH
D Ta mpoaykTu, II[0 CTBOPIOIOThH KICJIE CEPEeIOBHUINE B KHUIIEUHUKY (Hasedimov
npuraadu). IlepemrkomKkaoTb 3acBoeHH0 Kanbitito Hagmumoxk Pocdopy, Mar-
Hifo, PepymMy, IPOAYKTH 3 BUCOKUM YMiCTOM JKUPiB, cMakeHe M’sCO, 3JIaKH,
IaBeJib, IIIINHAT, KaKao, BUCIiBKHU TOIIO.

Kaumiit, Tak camo sk i KanpIfiii, € BasKIuBUM A9 BCiX POPM JKUTTS Ximiu-
HUM eJeMeHTOM. Moro BMIiCT y JIIOACHKOMY OpraHi3Mi CTaHOBHUTH GJIM3BKO
140 r, ymict y KpoBi — 1620 mMr/m, macoBa yacTKa B KiCTKOBifl TKaHWHI —
0,21 %; y m’asoBitt — 1,6 % . Kariouun Kauito micTaThea B ycix KiaiTmHax i
(diziosoriuHMX piAmHaAX OpraHidaMy B CKJIAAi COJell Ta OPraHIiYHUX CIIOJYK
cKJagHol OymoBu. BoHUM perysmioTh KHCJIOTHO-JIY)KHY PiBHOBAry KpoBi, BOJI-
HO-COJILOBUM Oajialic opraHiamy, 0epyThb y4yacTb y BYIVIEBOZHOMY OOMiHi Ta
cunTesi 6inkiB. Kaniit moTpibeH mia HOpMasbHOI POOOTM M’SI30BUX KJIITHH,
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HepBOBoi cucremu. Bim Oepe yuacTh y
nmepefaBaHHI HEPBOBOTO Ta M’ sIB0BOTO
iMIysibCcy, y HOiATPUMaHHI HOPMAaJIBHOTO
PUTMY CKOpPOUYEHb CepIA, TOHYCY MYCKY-
JIaTypHU, V PEryJIIOBaHHI KPOB’SHOI'O THC-
Ky, CTyIeHS KHCJIOTHOCTiI IIJIYHKOBOTO
coky Torro. Kauiit akTuBisye pobory HUB3-
Ku (DepMeHTiB, Ma€ CeUOriHHy Mmil0 Ta
nporupie Hagauiky Harpiro.

H:xepemamu Kamito € ropixu, MopchbKa
Kamycra, MeI, JHUCTKOBi oBoui, sA0JyKa,
CyXO(PyKTH, TOpPOX, OJUBHU, (QiHiKHU,
ImevyeHa KapTomiasA, OaHAHU, AaleJbCHUHO-
BUii i TomaTHUM coku (puc. 33.2). fo6oBa
notpeba Jamogumau B Kamii cramoBuTh
2—2,7 r 1 3a iHTeJIeKTyaJbHOTO HaBaHTaXKeHHS 3POCTAE M0 D T.

Hecraua Kamito Mo)ke mpusBecTH A0 MOPYINIEHL CEPIEBO-CYAMHHOI Aifb-
HOCTi (apurmii), TigBUIIIEeHHA PiBHA XOJECTEPUHY, BUHUKHEHHSA 3arajbHOl
ciaabKocTi I HEePBO3HOCTi, BMCOKOI YTOMJIIOBAHOCTI Ta 0e3COHHSA, M’ sI30BOI
caabKoCTi, cyAoM, cIparu i HeIepeHOCUMOCTi IIYKPY, CYXOCTi HIKipu, Byrpo-
BOTO cuIly, 3aKkperriB. HagguIimok 1mporo eIeMeHTa MOKe 3yMOBUTH HMOPYIIIEHHSA
CepIleBO-CYIUHHOI MisIBbHOCTI; M’dA30BY clabKicTh, «KaJieBe rajJbMyBaHHS»,
CIUIyTaHe MUCJEHHS, TPYAHOII 3 BUMOBJAHHAM. TOKCHMYHA 103a CTAHOBUTH
6 r; meranpHa — 14 T.

Harpiii — BaskauBuii A4 6ibIT0CTi OPM KUTTS XiMiuHUN eeMeHT. YMicT
fioro B JIOACBKOMY oprafismi cranoButb 6gu3bko 100 r, ymicT y KpoBi —
1970 mr/m, MacoBa YacTKa B KicTKoBiii Tkammui — 1 %; y M asoBiit — 0,26—
0,78 %.

Kartionu Hatpiio 6epyThb yuacTh y mMiATPUMAHHI OCMOTHUYHOT'O TUCKY KPOBI,
peryasaiiii KpoB’AHOTO THUCKY, HisJbHOCTI HEPBOBOI Ta M’sA30BOi TKaHUH (IIepe-
IaBaHHSA iMIyJabcy), akTuBHOMY TpaHcmopTi memOpan (K/Na-macoc). Couri
marpiro (NaH,PO,, NaHPO,, NaHCO;) BxomaTs g0 cKiIany OydepHHX cucTeM
KDOBi Ta CIPUAKTH MiATPUMAHHIO CTAJO0CTi BMicTy KarioHiB I'ixporeny (pH).
Wonu Harpiro akTUBi3yIOTh TPaBHI (hbepMeHTH, 3aTPUMYIOTh BOJY B OpraHismi,
0epyTh yuacTh y TPAHCHOPTYBAaHHI aMiHOKMCJOT i myKpiB. BoHu HiBeamoOTH
nmiro kariouis KaJiro.

Puc. 33.2. XapuoBi mpogyKTu — miKe-
pena Kaumiro

Puc. 33.3. OBoui Ta dppyrTHu, 6arari Ha Harpiit: 1 — a6ayka; 2 — aBOKaao; 3 — MaHTo;
4 — mamasi; 5 — amamac; 6 — Ganamm; 7 — MOpPKBa; 8 — pexbKa; 9 — GoarapcbKuii
nepenb; 10 — romaru; 11 — kamycra; 12 — oripu
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Ixepenamu KarioHiB HaTpiio € KyxouHa cinb, Bojma, M’sicHi, pubHi, oBOoUe-
Bl KOHCEpPBHU, COEBUI COyC, KUTHiN xyi0 Toimo. Binbire imdgopmarlii npo smict
Harpiro B oBouax i )pyKTax BHM JicTaHeTe, IPOaHAIi3yBaBIIM PUCYHOK 33.3
(3podimb ye). JoboBa mmorpebda JIOAVUHU B MBOMY XiMiuHOMY eJIeMeHTi — 0JIu3b-
ko 1,0-1,5 r — 3pocTae BABiUi 3a CUJIBHOIO IIOTOBUIIJIEHHSA (NOACHIMb LOMY).

Hecraua Hatpiro B opraniami Moike IpuU3BOAUTHU 0 BTPATH AIIETUTY Ta cMa-
Ky, XPOHIYHOTO IIPOHOCY, CY[AOM, CIIa3MiB, HEPBOBUX pO3JAMiB, IITKipHUX
BUCHUIIOK, M f30BOi CJa0KOCTi, IOTIipIIeHHA mam’ATi, JacTux iH(peKIiAHMX
3aXBOPIOBAHD.

Harpiii HeTOKcMUYHMII, OMHAK HOT0 HAIJIWIIOK CIPUUYNHAE CIpPary, CIPHAE
POBBUTKY TimepTOHiuHOI XBOpoOU, iHTeHcHM(piKaIlii CKJIEPOTHUUYHUX IIPOIECiB,
BUHUKHEHHIO XBOPOO HUPOK (HaOpAKU, KaMeHi) TOIIO.

Marwuiit — xiMmiuHU# eJeMeHT, BAXKJIUBUN IJId JedAKUX (HopM KHUTTA. ¥ MiCT
y JIIOACBKOMY OpraHiami cTaHoBuUTh 0Ju3bKo 19-25 r, XMiCT Yy KPOBi—
37,8 mr/n. MacoBa uacTka B KicTkoBiit Tkauuai — (7T-18) - 10™° %, y m’sA30Bii1 —
9 - 1072 %. Maruiii MicTuTBCA y KpOBi Ta TKaHMHAX, IIePeBasKHO Y BHYTPIIII-
HBOKJITUHHIN peuoBmHi. BiH € cKiagHUKOM HUBKU (epMeHTiB, AKi 0epyTh
y4acTb y ByTJieBogHOMY Ta (ochopHOMY 00MiHi, y miATpMMaHHI cTa0i Temie-
parypu Tija, B yTBopeHHi 6inkiB. el xiMmiuHuii eleMeHT IMiATPUMYE 3T0POBY
MiHepaJIbHY CTPYKTYPY KiCTOK, Oepe yuacTh y MPOBeAeHHi iMIIyaIbCy Bif HEPBiB
mo m’asiB, aktuBye JJHK-monximepasy, migBuiye omipHicTh iHQeKIiam, 6epy-
YU y4acTh y BUPOOJIeHHI iHTerpuHiB («KJIEHKUX» MOJIEKYJI), AKi JOomoMaramoThb
iMYHHMM KJIiTHHAM <«IOPUKJIEITHCA» caMe TaM, Ae Iie moTpidbHo. Bin cTumyroe
MEePUCTATBTUKY KUIIEYHUKY, CIPUAE BUBENEHHIO JKOBUiI Ta XOJECTEePUHY 3
HbOTO. Marsiii yacTkoBo € aHTaromicrom KanbIlito, mpurHiuye misiabHICTH
IeHTPaJbHOI HEePBOBOI CHCTEMM, 3HMMKYE Ii 30yAJMBiCTh, MOCHUJIOE IIPOIECH
raaibMyBaHHsS. BiH Mae aHTHUCENITUYHY Ta CYAUHOPOIIIHPIOBAJIBHY Hil0, 3HU-
JKy€ apTrepiajabHUII THCK, 3HiMae M’a30Bi cmasmu. Marwiii cupuse BUPOOJICH-
HIO JOIIaMiHy Ta € aHTHUCTPECOBUM MiKpPOEJIeMeHTOM.

I:xepenamu MarHiio € rpeuanuii MeJ, IIUTPYCOBi, 3J1aKU Ta Kpynu, QiHikuy,
iHsup Ta iHII cyXohpyKTH, OBOUi, 0COGJMBO JIMCTKOBi, TOPOX, KO3s4€e MOJIO-
KO, A€YHUI KOBTOK, HaciHHsa (puc. 33.4). Maiixke He migmaeTbcsa 3MiHAM IIif
yac KyJiHapHOTo oOpoOJIeHHs; B OBOYaX BeJMKa yacTuHa Maruiio MicTHUTbCS
GesmocepeqHbO IIiJ MIKipKOIO.

Ho6oBa motpeba moguau B Maruii cranosuts 250—500 Mr Ta migBUIIyETH-
cd mig uvac cTpeciB, y pasi aTepocKJeposy, ilmeMiuHoi XBOpoOu cepIiid,
JKOBUHOKAM fAHOI Ta rilmepToHiuHOI XBOPOOG.

Hecraua Marniro MoKe IPU3BECTH OO 3aXBOPIOBAHb KUIIEUHNKA; BUHUK-
HeHHs APaTiBJIMBOCTI i1 IIOPYIIIeHHA eMOIifHOTO CTaHy; IIOCMUKYBaHHS M’ sI3iB,

Puc. 33.4. Xapuosi
MPOAYKTU — IrKepe-
aa Maruiro




TPEeMTiHHA PYK; M SI30BUX CYIOM, CepIeBOi apuTMii, 3HMIKEHHSA OIIipHOCTI
Oopraxiamy; MOPYIIeHHA CTPYKTYPH KiCTKOBOI TKAHWHU TOIIO.

Hapgnumox Marsmiro HiSK He IO3HAUYaETHCA HA 340POBOMY OPraHi3dMi, ogHAK
3a XBOPOI MEYiHKY MOKe CIIPUYUHUTH COHJIUBICTh, 3araJibMOBAHICTD, YIIOBLIb-
HEeHHA IIyJbCY, TiIIOTOHiIO; mapaJtiu i acdikciro. Maruiii meToOKCHUUYHU, HOTO
3aCBOEHHIO MePeNIKomIKae HaaInuInok Kabiriro.

Depym € iCTOTHO BaXKJIMBUM AJA BCiX (POPM JKUTTA METAJNIUHUM eJieMeH-
trom. Moro saraipHa Maca B OpraHisMi JroguHU cTaHOBUTH 4,2 T, YMICT y KpO-
Bi — 447 mr/a, MmacoBa 4acTKa B KicTKoBi#t Tkanuui — (0,03-3,8) - 10-2 %, y
m’asoBiit — 1,8 + 10-2 % . Bausbko 20 % Pepymy B OopraHiaMi AemOHOBAHO B
meuiHIi, cejesiHIli, KiCTKOBOMY MO3KYy, IIe Ioro «(isioyioriunuii peseps».
depyM € CKIATHUKOM I'eMOIJVIOOIHY KpPOBi, BiH HOTpibeH I «3YeIlJIeHHS»
tioro 3 KucuHeM. Taxko:k Ieil eIeMeHT € KOMIIOHEHTOM M’ s30BOTO MiorJiobiHy,
CTUMYJIIOE KJITUHHE AWXAHHA TOIO. ¥ CKJaAi OKMCHUX (hepMeHTIB (mpura-
nadiTe 3 Kypcy Oiosorii skux came) BiH Gepe y4acThb y TPAHCIIOPTYBaHHI ejieK-
TPOHiB; BXOAUTH A0 CKJIAAy aKTUBHOTO IIEHTPY HU3KHU iHIIUX GepMeHTiB (mpu-
ragaiiTe 3 Kypcy 6Giosorii skux came). Ileit enemeHT CTHMYITI0€ BHYTPIIITHBO-
KJITMHHI mporecu OOMiHY, € CKJAIHWUKOM IIPOTOILJIA3MHU i KJIITUHHUX SANep.
Bes ®epymy HeMOKIMBEe HOpMaJible (QYHKI[IOHYBaHHA iIMyHHOI CUCTEMH, all2Ke
0isoK TpaHC(hepruH BXOIUTH OO0 CKJIAAY JiM@POIUTiB. PepyM HiABUIIYE 3arajb-
HUI TOHYC OpTraHiszMy.

Ixepena HagxomkeHHsa PepyMy B opraHisMm JIIOAWHU — CYIIeHi rpubu, uep-
BOHE M’sAco (0cOBJIMBO KPOJiAUue), TeMHe M’ Aco ITUILi (0co00IMBO iHAMYE), TeUiH-
Ka (0cob6yMBO CBUHSYA), HUPKU, MINIEeHUYHA KPyIa, rpeuka, 6060Bi (0cob0amBO
KBacoJisg), oBoUi (0co0JIMBO I[BiTHA KamycTa), PpyKTu (0COOJIMBO OAUHSA Ta UOP-
HOCJIUB), Kakao, dopHuii. OgHaK BapTo B3SATH OO0 yBaru, IO IeM eJeMeHT
IIOTaHO 3aCBOIOETHCS 3 TBAPUHHOI i2Ki, a 111e ripie — 3 pocaunHoi (puc. 33.5).

CupusAmTh 3aCBOeHHI0 Pepymy IHuOyIsa-II0peii, ropixu, ropox, A0JIyKa, TYIII-
KoBaHi oBoui, Bitamiau B,, By, doaiesa xucaora, Kynpym. Ilepemkomxaiors
3aCBOEHHIO IIHOTO eJieMeHTa COJIONKUI uail, KaBa, HIIIeHUIA, 0COOJIMBO 3€PHOBI
MPOAYKTU TOHKOI 0OpoOKu (OyJIKM, OATOHM TOINO), IPOAYKTH 3 IIiABUIIEHUM
ymicrom Kanbrito, @ochopy, [luaky. [JoboBa morpeba B bOMy €JE€MEHTi cTa-
HOBUTSL Big 6 mr go 40 mr: 14 mr gasa dososikis, 18 mr gna ximox, 38 mMr aaa
BariTHuX i 33 Mr AJd *KiHOK mif uac rpyqHOTO BUTOJAOBYBAaHHS HEMOBJAT. Maii-
e 10 % Pepymy JogmHA IMOSHS BTPAYA€E 3 €IiTeIieM Ta »KOBUIO.

3a Hecraui PepymMy MOKYTL BUHHUKHYTH aHeMisd, HaOpPAKU, ocJabJeHHs

lMYHHOI cHCTeMH, IMOYACTIIIIaTH 3acTyAHI 3axXBopioBaHHs. IlepeBTOoMa, mpaTiB-
JUBiCcTH, 6€3COHHS, TOJOBHUIL 6ib, «MyI- — -
KM» Ilepel OuMMa, OHIMiHHA KiHITIBOK;
CyXicTh IIKipu, JJaMKiCTh HIirTiB 3 mmomepe-
YHOIO CMYTacCTiCTIO TaKOXX MOYKYTb CHUIHA-
JigyBaTH IPO Te, IO B OPraHiaMi 3amaJo
Depymy.

fAx ynauBae HecTaua Ta HAAJHNIIOK
Kaasmiro, FKadairo, Harpiro, Marsuiro,
Depymy Ha pocauau? 3a Hecraui Kab-
if0 HMUMKHI JHUCTKU BUKPUBJIOIOTHCA U
CKpPYUYYIOThCA; JUCTKOBY IIJIACTUHKY Ta 11
Kpal XaoTWYHO BKPUBAIOTH KOBTO-0ypi
IJIAMU; YIOBiJIBHIOETHCA PO3BUTOK KBi-
TOK; BiAMUpamTh KiHUYMKu KopeHiB. Poc- Puc. 33.5. XapuoBi npogykTu — gixe-
JUHA YaXHe, YPOYKAWHICTh 3MEHIIYETHCA pena Pepymy
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(puc. 33.6). Ilpo magmummoxk Kaumbiito csix-
YyaTh NPUB’SAJIi JUCTKU, YIIOBiIbHEHHS POCTY,
YTpYyIHEeHHA BCMOKTyBaHHA Kamito, @epymy,
Maruiio, Maurany.

Axmio 6paxye Kamiio, crebia pociauu
cJa0IIaoTh, CTAIOTh TOHKMMU TAa KPUXKUMU.
Hwuxui gucTKE THbMAHIIOTH, HAa HUX BUHUKA-
| IOTh XJIODOTWYHI IJIAMM, aKTUBHO HapoCTa-
o dls i . IOTh IacHHKKM. BepxiBKu Ta Kpal JIHCTKIiB
HaOyBaOTh ip:KaBOTO BiAITIHKY, BUTOPAIOTh.
Hosi mucTKu npiOHIiIMA0OThL, MAaIOTh TeMHIIITHH
Bigrimok. IIBirTimHs ymoBinbHIOETHCA abo
30BciMm mpunuuAeTbea. Hagmuimox Kauito
OPU3BOIUTL MO BiZMuUpaHHA KiHUMKIB Kope-
HiB. HmXHI JHCTKM CKPYUYYIOTBCSA, CTAIOTh
3MOPIIIKYBATUMH, HAa HUX BUHHUKAIOTL Oypi miaamu. MisKBy3Jjid KOpPOTIIAIOTH,
BepXiBKM Ta Kpail JUCTKiB OypitoTh i BimMupaiors. HoBi JmcTKM pOCTYTH TOH-
KUMHU, 3 O3HAKAMHU XJIopo3y (puc. 33.7).

Hatpiii Hame:XuThL 40 eJIeMeHTiB, SKi YMOBHO HMOTPiOHI pociauuaM. ¥ Ximiu-
HOMY ¥ (isiomoriunomy BimHomieHHi Bim Oausbkuit o Kauiio. Kamiii moike
saminuTy Harpiii, omHax He HaBImaku. ¥ poc-
JUHAX € Hu3Ka (EepMeHTiB, AKi aKTuBye
Harpiii, ajme 3Ha4uHO MEHIIIOI Mipoi0, HiXK
Kamxiti. OgHi pociIMHE MOMKYTh 3aCBOIOBATHU
sHauHi KijgbKocTi Harpito, iHIII MaoTh my:Ke
MaJIy 3JaTHICTBh JO Iioro moramHauHHA. Kpim
TOTO, V¥ HATPie®OOHUX POCIWH HAAXOMIKEHHS
Hatpito 3 xopeHs m0 HaI3eMHUX OpPraHiB
obMmeskeHe (HampuikJanm, y 006iB). Illouuar i
nomizopu € HaTpiedimamu.

¥ pociurHOMY opraHismi MarHiil BXOAUTb pye. 33.7. Hacaigxu nedimury
A0 CKJanmy (I)OTOCI/IHTeTI/IT{HOI‘O HiI‘MeHTy XJI0- Kauxiro B pocauan
podiny, 6epe yuyacTh B aKyMyJaAIlil COHAUYHOL
eHeprii y mpomeci ¢orocunTesy, y TpancnopryBanHi @ochopy Ta y BYIJIEBOJ-
HOMY OOMiHi, BILIMBA€ HAa aKTHUBHICTh OKMCHO-BiZHOBHUX mHpoIlleciB. PoToCcuH-
Te3, OiocuHTEe3 OiIKa, MiATPUMYBaHHA CTPYKTYPHU OiTKOBUX MOJEKYJ, a OTIKe,
¥ caMe icHyBaHHS 3€JIEHUX POCJUH HeMO:KJuBi 6e3 Maruio.

MacoBa uacTka Maruiio B pocjuHax CTaHOBUTEL y cepemubomy 0,07 %. 3a
HecTaui MarHito 3HMXKYETBCS BMIiCT XJ0pPO(disNly B 3eJIeHUX YaCTUHAX POCJIUH i
PO3BUBAETHCA XJOPO3 MK JKUJIKAMU JUCTKA
(caMi KUJIKM OpU IBOMY 3aJUIIAIOTHCA 3€JIe-
"Humu). loctpuit nedinur MarHito cupuynHse
«MapMypoOBiCTb» JIMCTKiIB, TKAHWUHU MiXK
JKMJIKAMU MOYKYTH HaOyBaTU pPisHOTO 3a0apB-
JIEHHSI — JKOBTOT'0, IIOMapaHYeBOT'0, YEPBOHO-
ro, (piosieToBOro, MOTIiM BiAMHPAIOTH: JUCTKU
CKPYUYYIOThCA Ta IIOCTYIIOBO OIIafaioTh (puC.
33.8). ¥ cocHHM cmocTepiraioTh MOKOBTiHHA
KiHYMKiB XBOIHOK.

Puc. 33.6. Y pocaun 3 gedimurom
Kanbirito HOBI mapocTKu CIIOTBO-
PeHi i MOMKYTh "KOBTiTH i TMHY-
TH, a IJOAW TIOTEPHAITH BifX
«IBiTiHHA»

Puc. 33.8. dAkio B pocaunu medi- 3a Hectraui PepyMy B POCJIUH PO3BUBAETE-
nuT Marsito, i IucTKH KOBTifoTh CS HEKPO3 JUCTKiB, BOHM OMAAAa0Th. 3i 3011b-
Mid JKUIKaMU mieHHAM gedinuty PepymMy HaA BeIUKHUX
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Puc. 33.9. Y pociuu 3 gepimmrToM 3aJjisza HOBI
JIMCTKH OJIifi MiM sKMJIKaMM IO CBiTJIO-3€JIEHOrO,
KOBTOT0 ab0 O6isoro

JUCTKAX BUHUKAIOTH O3HAKU XJIOPO3Y MiK
npoxxkuaxkamMu. MoJsonai JmeTKu i maroHm Bifg
OCHOBUM BKDPMBAIOTHCA ILIAMAaMHU XJIOPO3Y.
Pict ymoBinbHIOETBCS, YpPOKAWHICTL 3MeEH-
mryetrbesda. Hamnumniok ®PepyMy VIIOBLIBHIOE
BCMOKTyBaHHA Pochopy, JUCTKHU HAOyBaIOTh
OPOH30BOI0 BiATIHKY, 3 Oypo-KOopuuHeBUMH IaamMamu (puc. 33.9).

IIpo OGiosoriune 3HaueHHs HeMeTAJiYHUX e€JEMEHTIB BU [OidHAeTecd 3
HacTymHOTro maparpada.

https://www.youtube.com/watch?v=Koj3C-fOLHo

http://pni.com.ua/%D0%B2%D1%96%D0%B4%D0%B5%D0%BE-2/
https://www.youtube.com/watch?v=FnoFbYePO_Q
https://www.youtube.com/watch?v=FnoFbYePO_Q

o 1:¢] FONOBHE

® Kanwniii, Kamiit, Harpiii, Maruiit, @epym — 6i0JI0ri4YHO aKTUBHI MeTaIiuHi
eJleMeHTH. IXHA HecTaua HeraTMBHO IIO3HAUAETHLCS Ha OpraHismax, a Haj-
JIUIIOK 31e0iJbIIIOro € HeOe3meuHM.

® 36ajiaHCOBaHEe XapuyBaHHs JOJel i TBapuH, pallioHaJbHE MOiIKUBJICHHS
POCJIVH € BasKJIUBUMH YMHHUKAMU 3[0POB’S Ta BPOYKANHOCTI.

llepesipTe cebe

1. lNepemeopimb po3noBigHi pedeHHs pybpuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BM BiQMNOBICTU Ha Ui 3anuTaHHs 6e3 gonomoru nigpyyHuka?

I
I ] 3acrocymvre CBOI 3HQHHST A YMIHHSI

2. lNoscHimb yomy: a) daxisLi n daxiBuMHI B ranysi gieTonorii pagate po3ginbHUA Npu-
nom ixi, 6aratoi Ha Kanbuii (Monoko, 3eneHi oBoui), Ta ixi, baratoi Ha ®epym (M’sico, ne-
yiHKa), a nig 4Yac BMbopy BiTaMiHHO-MiHEepanbHMX NpenapaTiB BiggaBaTy nepesary TuMm, y
akux Kanbuin i ®epym posgineni; 6) nikapcbki 3acobu Ha OCHOBI ABoBaneHTHoro depymy
pekoMeHOOBaHO BXMBATWU HaTLlecepue; B) NOTPiGHO BpaxoByBaTW TBEPAICTb BOAM, BUKO-
pUCTOBYBaHOI AN MOMUBY POCIMH; I) TUM, XTO MpaLUIoE B rapaymnx Lexax, peKoMmeHaoBaHo
BXMBAaTU rasoBaHy nNigconeHy BoAy (3 MacoBO YacTKow HaTpin xnopuay Bia 0,2 oo 0,5 %).
3. MNobyTye oymKa, WO BXMBaHHA GaHaHiB MOXe Npu3BecT 40 NopylueHb poboTn cepus.
Yu noginsieTe Bu ii? Bignosigb apaymeHmytme po3paxyHkamu. 4. Hackinbku 6e3neyHa nuT-
Ha Boda 3 nmiasuweHnm ymictom ®epymy? Bignosiab apaymeHmyiime pospaxyHkamu. 5. Mig
yac (pisnyHNX HaBaHTaxeHb Kanin BMBINbHAETLCA 3 M’A3IB | MOro BMICT y cMpoBaTLi KpOBI
3pocrae. [loscHimb, YoMy Lie CTaHOBUTb NEeBHY Hebe3neky ansa nmognHn. 6. OgHa 3 akTmB-
HWX PEYOBWH MNoniBiTaMiHHOrO 3acoby «MarHe-B6 AHTUCTpecC» — mMarHin untpar. [1osicHime,
HaCKifnbKkM O06I'pyYHTOBaHO B HA3Bi BUKOPUCTAHO CIOBO «aHTUCTPEC». 7. Ckradimb y3aranb-
HioBanbHy Tabnuuto «bionoriyHe 3HaYeHHs1 MeTaniYHNX enemMeHTIBY.

B Q¢ -
[°d TBOPYQ MANCTEPHST

8. Cknadimpb ceHKkaH Npo oAWH 3 MeTaniyHMX enNemMeHTIB, NPo AKi hwnocs B naparpadi.
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§ 34. bioAoriyHe 3HOYEeHHS HEMEeTAAIYHUX eAeMEHTIB

lMicnsi onpayrosaHHsA napazpagha eu 3Moxxeme:

® ouyiHroeamu GionoriyHe 3Ha4veHHsi OkcureHny, HitporeHy, Kap6boHy, ®ocdopy, rano-
reHi..

Oxcuren — HeMeTaTiUHWI eJleMeHT, BaXKJIUBUI JJd BCix dopM xuTTa. Moro
MacoBa 4YacTKa B JIIOACBKOMY OpraHiami craHoBuTb 62 %, y KicTKOBiii TKa-
HuHi — 28,5 %; y Mm’sasoBiit — 16 % . Oxkcures € CKJIAZHUKOM BOAU, OiIKiB
(17,9 %), xwupis (22,4 %), Byraesonis (49,38 %), HyKJIeiHOBUX KHCJOT TOIIIO.
Bin Gepe yuacTh y TKaHMHHOMY ¥ KJIITMHHOMY AWXaHHi: OKHCHIOE »KUDH,
0iIKM Ta BYTJIeBOAHU, IO HAAXOLATH 3 IXKero.

H:xepena Hagxomkenna OKcureny B opraHism: moBiTps, ixka, Boga. [Jo6oBa
norpeba aroguHM B KucHiI — 300-400 g (280 miu/xB). 3a HecTaui KUCHIO
BUHUKaE achikcida, rimokcisa, cmepTs Bing 3agyxu. Hagauinmok KMCHIO 3yMOBJIIOE
OpaguKapaiio, CyIUHO3BYKYBaJIbHUN e(eKT, 30iJbIIeHHa OIopy Iepudepud-
HUX CYIWH, YIOBLILHEHHS KPOBOTOKY, IIOCUJICHHS 3TOPTaHHA KpPoBi. SAKImo
BMicT KucHIO B moBiTpi carae 30—40 %, Big0yBaeThbCsaA KUCHEBA iHTOKCHUKAILiA,
III0 CYHIPOBOMAKYETHCSA TOCTPUM OKCHU030M, YPAKEHHAM IEHTPAJIbHOI HEPBOBOL
CUCTEMU, OIiKOM JiereHb, KNCHEBOIO ITHEBMOHIEO.

Hirporen, Tax camo Ak OKcured, — BaKJUBUI OJA BCiX (POpPM KUTTS
HeMeTaiunuii exemeHT. MacoBa uactka HiTporeny B JoacbKoMy opramismi
CTaHOBUTHh O0im3bKO 3 %; ymict y KpoBi — 3,1 mMr/miu. ¥Ymict y M’ sa30Biii
TkauuHi — 7,2 % ; vy Kictrosiit — 4,3%.

HiTporeu e ckiaaguuxoM 0iIKiB, aMiHOKHCJIIOT, HYKJEIHOBMX KMCJOT, ale-
HosuHTpUDOochaTHoi Kucaotu (ATP) Ta iHIMUX BaXKJIUBUX PeUOBHH. BiH Mic-
TUTHCA Y MPOAYKTaxX oOMiHy. AMOHiaK HeHATpasisye HAJJIUINKOBI KWUCJIOTH B
oprauismi. Hirporen(Il) okcua — ogwH 3 HaAWBaKJIMBIIINX iMYHOTPOITHUX
MeIiaTopiB, CTUMYJIIOE (DATOIIUTO3 i 3HUINEHHS BHYTPINIHBOKJITMHHUX MHapa-
3uTiB, Oepe yyacTh y HiATPHMAaHHI CHCTEMHOI Ta JIOKAJbHOI reMOAMHAMIiKMN.
BiH BuKOHy€E pOJIb HEMPOTPAHCMiTEpPA Y HMIIYHKOBO-KUIITKOBOMY TPaKTi, CEYO-
BUBiAHiI Ta crareBiii cucremax. Hirporen(Il) okcug Gepe ydyacTs y BUAaJIEHHI
MOJIEKYJI, III0 «CTapiloTh», IIUTOXPOMIB, KaTajlasu, reMOrJIO0iHY TOIIo.

Hxepena mHagxomsxkenHa HiTporeHy B opraHidaM — HPOAYKTU TBAapPUHHOTO
MmOXOM:KeHHA, 0000Bi (puc. 34.1). I[oboBa morpeba B HiTporeHi craHOBUTH
8-16 1.

3a Hecraui 6inKa saraJbHUI picT opramHiamMy ymoBimbHIOETHCA. Hammauimok
a30Ty B TMOBIiTpi IPMBBOAUTH MO0 KECOHHOI XBOpPOOM, 3a MiABUINEHOTO TUCKY
PO3BUBAaEThHCA B3aayxa. YcCi orcuau
Hirporeny i amoHiaK TOKCHUYHI.

KapbOoun — HemeranmiuHWil eJieMeHT,
BaJKJIUBUM [ BCiX (OPM IKUTTA.
Woro macoBa YacTKa B JIIOJCBKOMY
oprauismi — 21 %, y KicTKOBii#i TKaHU-
Hi — 36 %; y m’asosiit — 67 % . Kap-
0OH BXOAUTH A0 CKJaALy OiJIKiB, :KUpiB,
BYTJIEBOZiB, HYKJIETHOBUX KHUCJIOT, I'OP-
MOHiB, (pepMeHTiB, BiTaMmiHiB TOIIIO.
Kap6ou(IV) okcum y KpoBi 30ymKye
IUXaJbHUN IEHTP, PO3MINPIOE MO3KOBI
Puc. 34.1. XapuoBi mpoaykTHu, 6arati CyAuHH, HiﬂBI_’Imye 80yAIHBICTH cepre-

na Hitporen BOoro M’fA3a. I'imzporerkapbonaru Kamiro
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Puc. 34.2. Yci i xapuoBi mpo-
nyKTH MictaTs Kapbou

ta Harpiio € ckaagunkaMu 0ydepHNX CUCTEM KPOBi Ta TKAHUH, IO HiATPUMY-
IOTh KUCJOTHO-TY;KHUH 6anaHc opranismy. EramoBa Kuciora Oepe ydyacTh y
CUHTE3i X0JIeCTepPOJIy.

I:xepesa mocTavyaHHs JIOAChKOTO opradismy KapGomom — xapuyoBi mIpoayK-

TH, MOBiTpsA, MiHepanbHi Bomm (puc. 34.2). HobGoBa moTpeba JIOAWHU B
Kap6oui — 300 r y cxaazni i»ki. 3a mecraui Kap6ouy B i3ki BigOyBaeThCs 3araiib-
He BHCHaKeHHs OpPraHiaMy, 3HUKEHHsS MO3KOBOI misabHocTi. IligBuinenHs
BMmicTy Kap6ou(IV) okcuay IpU3BOAUTH A0 KHUCHEBOTO rojiogyBaHHA. ToxKcud-
HUMHY JJis Jroguau € cnonyku Kap6ony — kap6on(Il) okcun, kap6ou(IV) okcusr,
rigporern nianmig HCN, ciprosyriens CS,, pocrer COCl, Tomo.
_ @ochop — BaKJIMBUN MJISA BCiX (HOPM IKUTTA HEMETAJIYHUN €JIEMEHT.
Horo maca B opranismi JoauHM cTaHOBUTH 0au3bK0 780 r, ymicT y KpoBi —
345 mr/n, macoBa JacTKa B KicTKOBi#i TKamwmui — 6,7-7,1 %, vy M’sa30Bili —
0,3-0,85 %. ®ochop BXOAUTH A0 CKJAAy OiJKiB, BiTamMiHiB, HYKJEIHOBHUX
KucJjort, pepmeHTiB, docdorainigis Toio. Bim 6epe yuacTs B yrBopeHHI AT,
y (hpopMyBaHHI KiCTKOBOI TKaHUHU i 3y0iB, B 00MiHi 0iKiB, JKUPiB, BYyrJIeBO4iB,
BUKOHYE€ HPOBiIHY POJib B OOMiHHMX IIpoliecax, 1[0 BimGyBaOTbCad B M’ A3aX.

Tigporenoprodocharu Kamiro Ta HaTtpiio € ckaagankamu 0ypepHUX CHUCTEM
KpOBi Ta TKaHMHHUX PiAWH, IO HiATPUMYIOTH KHCJIOTHO-JIY:KHUI OajaHC
oprauismy. @ochop moTpibeH AT HOPMAJIbLHOI POOOTH IEHTPAJIBLHOI HEepPBOBOI
cucremu. llell ximMiuHUiI eJeMEHT CTUMYJIIOE IIPOIECH 3amaM’ sITOBYBaHHSI.
I:xepenamu Pochopy € A, KUPHUNA cup, puba, *KUTHiN xJi0, ropixu, KBa-
CoJIsl, TOPOX, COs, KYKYpPyI3a, JUCTKOBi oBoui (puc. 34.3).

Hob6oBa morpeba mopocsoi soauuum y Pocdopi cranoBuTh 1,2 T, HOBOHAPO-
mxerux — 0,12 r, giteit 7o poxy — 0,8 r, 7o 10 pokis — 1,65 r, 1o 15 poxkis —
1,7-1,8 r, Baritumx i x&iHok — 1,5 r. 3acBoeuuio Pochopy CIPUAIOTH IIPO-
nyktu, Oarati ma Kauabliii, a meperrxo-
IKAOTh — IIIeHWYHUH XJIib i kpymu 3
XJIOHUX 3JaKiB, aJIKOroJib; HAILJIUIIIOK
Kanswiito Ta Manrany.

Hecraua ®ochopy B opranismi npusso-
IUTh A0 radbMyBamHAM yTBopeHHa PHK,
IOHEK, AT®, sarpumaHHA MiHepasisyBaH-
HS KicTok (paxiT, ocrTeomopos, Kapiec
3y0iB), BSHMKEHHS IIOKasHUKiB podoTHu
HEPBOBOI CHCTEMH Ta IiHTeJIEKTyaJbHOI
IisAABHOCTi; BTpaTu ameTury. HamawuIimox
®ochopy B opraHismi Moke IPUBBECTHU [0
BiKNIagaHHA Kaubliil oprodocdary B  pyc. 34.3. Xapuosi mposykrm, Garari
M’AKUX TKaHMHAX i cyryiobax, medopma- Ha Docdop
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Puc. 34.4. Xapuosi nmpoaykTu, 6arari ma Payop

mii KicToxk uepes HepiBHOMipHe Bimkjaamenus coJjeii Kanbiito Ta @ochopy, o
ceuoKaM’ AHOI XBOPOOH.

docharu HeTOKCcHUHi; Oinmii (pochop BUCOKOTOKCHUUHUI; pagioaKTUBHUIN
dochop-32 3gaTHMIT KOHIIEHTPYBATHCA B JIAHIIOTaX KHUBJIeHHA (Oiosioriune
HaAKOIIMYEHHST). .

<I)J1y0p € XiMiUHUM eJIeMEeHTOM, BaKJUBUM IJA Bcix dopm xkurtsa. Moro
BMiCT B OpraHiaMi JIIOAWHY CTAHOBUTH 2,6 T, yM1c'r y kpoBi — 0,5 MI‘/JI MacoBa
9acTKa B KiCTKOBiil Tkammui — 0,2-1,2 %, y m’ss0Biit — 0,05 - 10* %. Bin
Oepe y4uacTh B YTBOPEHHI KiCTOK, 3y6113, BOJIOCCS, HIrTiB, emigepmicy. Ileii eme-
MeHT YIIJIWBa€ Ha (epMeHTaTUBHI Ipollecu: SHUMKYE OOMiH BYTJIeBOIiB, KUPiB,
HOpMAaJisye pochopHO-KaIbIlieBUil 00MiH. @yop yrnauBae Ha iMyH0OioOTiUHMH
CTaH OpraHiamy, piBeHb 0i0OJIOriYHO AKTHBHUX PEYOBUH Yy HBOMY, TI'aJbMYy€
OiocuHTe3 caxapHIiB, MOTPiIOHUX s GaKTepiil, AKi CIPUUYNHAIOTHL PO3BUTOK
Kapiecy. BiH npuraiuye TKaHuHHE AUXaHHS Ta QYHKIII0 MIUTOMOAIOHOI 3aJ0-
3u (nomiprxyiime uwomy). llell enemeHT mmimcmiIloe ajamTaiio OO XOJOAY,
MepPenIKo/)Kae HaKOIIMYeHHI0 B opranismi CTpoHIIiio.

Hxepena HagxomKenHa Payopy A0 OpPraHisMy — OUTHA BOAA, MOPETPOIYK-
T, MOPChbKa puba, ropixu, meuinka, BiBcAHa KpyHa, OapaHuHa, SJIOBUUYMNHA,
3yOna macra (puc. 34.4). Jlo6oBa norpeba B HbOMY cTaHOBUTH 3 Mr (1 mr 3
i*Kero, 2 MTI' 3 Bomo10). Moro 3acBoeHHIO Iepelnkomxae Bitamia C.

Hecraua ®dayopy mMoske IpHU3BECTH OO0 Kapiecy 3y0iB, HEPiBHOMipHOTO POCTY
KicTOK, 3HM)KEHHIO imyHiTeTy. HamguImok IbOro rajoreHy B OpraHiami mpu-
3BOIUTH 0 KPAMlYacToCTi 3yOHOI eMaJri, JIaMKOCTi KicTok i 3y6iB, ocTeomoposy,
3HMKEHHSA PiBHA TeMOoryIo6iHYy KPOBi; MPUTHIUEHHS YTBOPEHHS KOJIATeHy TOIIO.
P@Top, rigpored dayopun, HaTPiil Gayopus — BUCOKOTOKCUYHI PEUOBUHU.

Xop — BasKJIMBUY IJIdA BCixX GopM KUTTA xXiMmiuHui enrement. Moro BmicT y
JIIOACHPKOMY OpraHisaMi cTaHOBUTH 0au3bKO 95 r, ymicT y xKpoBi — 2890 mr/i,
MacoBa 4YacTKa B KicTkosiii tkammuai — 0,09 %; y M asosiit — 0,2-0,52 %.
XJ0p aKTHUBi3ye mesaKi (pepMeHTH, BILINBAE Ha eJeKTPOIPOBIAHICTh KJIITUHHUX
MeMmOpaH, Oepe y4acThb y peryJidllii ocMOTHYHOrO TUCKY KPOBi i HOopMaJIisyBaHHi
BOIHOI'O O0OMiHY, MiATPUMY€E KMCJIOTHO-IYXKHY piBHOBary. BiH € myKepesiom mis
YTBOPEHHSA XJOPUAHOI KMCJOTH B MLIYHKY, Oepe yJacTh y IepeJaBaHHI HEPBO-
BOTO iMITyJILCY, CIIPUSE BiAKJIAAEHHIO TVIIKOTeHY, BIIMBAE€ Ha PIiCT BOJIOCCA Ta
Hirtie. Ileit rajoreH 3maTHUI TOPYITYBATH CTPYKTYDPY mozaBitiHoi cmipani [[HK
# cupuuuHATH ii KeHaTypaliio.
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Puc. 34.5. XapuosBi npoaykTtu — mxepesna Bpomy

IsKepenaMy HaIXOIKeHHA A0 OpraHiaMy XJoOpy € KYXOHHAa Cijb, Kamycra,
mevyinKa TPicKu, A€YHUI JKOBTOK, CHUD, INIKHAT, moMmimopu. J[o6oBa moTpeba
JIOOUHUA B HbOMY CTAHOBUTH 3,0—6,6 Mr. 3acBoeHHI0 XJIOPY 3aBakKa€ JIiKyBaHHA
CeuoriHHMMU 3acob0aMu, XBOPOOU HUPOK.

3a mecraui XJopy B opraHiami mopyinyerbcd PYHKIISA MIIYHKOBO-KHUIIIKO-
BOTO TPaKTy BHACIIJOK 3HM)KEHOI aKTUBHOCTI IIIYHKOBOTO COKY Ta CJIWHW,
OiABUIMYETHCA CTOMJIIOBaHiCThL. Voro HamJIWIIIOK MOKe IIPU3BECTH [0
OigBUIIEHHS KHUCJIOTHOCTI IIIJIYHKOBOTO COKY, PO3JIaly TPaBJIeHHS, IIiIBUIITeHH
3arajbHOI KHCJOTHOCTI OpraHisMy, S3HUKEHHS aleTuTy, Iepe30yI:KeHHsda
HEPBOBOI CUCTEMU. .

Bpom Tako:K Mae HeaOMsAKe 3HAUEHHS B JKUTTEAisIbHOCTI opraHismy. Moro
BMicT cranoBuTh 260 Mr, ymicT v KpoBi — 4,7 Mr/j, MacoBa YacTKa B KicTKOBiit
TraHMHEL — 6,7 + 107 %; y m’ssosiit — 7,7 - 10°* %. Bpom € criIagHUKOM
pisHMX TKaHWH opraHismy (HaiibisbIe fioro B rimodisi Ta cmMHHOMY MO3KY).
Bim migcuiioe mporiec raabMyBaHHS B II€HTPAJbHiIN HEpPBOBi#l cucremi, mie
3aCIOKIMJIIMBO, aKTUBi3ye Jinmasy, memcuH. lleil ejeMeHT mIifCHIIIOE TOPMO-
HaJbHY AaKTHUBHICTHh KODPM HAJHUDPKOBUX B3aJi03, NPUTHIUYEe QYHKILiIO
muTonoxioHol 3asosu (nomipkyiime uomy), Oepe ydacTh y perynadrnii piBua
IIYKPY B KPOBi.

Hxepenramu Bpomy € KyxOHHa ciib, MopenmponykTw, auas (puc. 34.5).
Ho6oBa morpeba awoguau B HhOMY — 0,8—24 mr. 3a Hecraui Bpomy srommHa
BiuyBae MifBUINEHY CTOMJIIOBAHICTh, alaTilo; MOPYIIYEThCA OOMiH pedyoOBUH,
0c0o0IMBO KUPOBUi. HagauImoK IIhOro ejieMeHTa TPU3BOAUTH A0 SHUMKEHHS
TOCTPOTH CJIYXY, 30DPY, YyTIUBOCTI.

Won — HemeranmiuyHUU eJeMEHT, BaXKJUBUU AJadA 6araTbox (OpPM KHUTTA.
Ywmict Mopy B JoachbKoMy opradismi cramoBuTh 20—50 mr, ymicT y KpoBi —
0,057 mr/n, MmacoBa 4acTKa B KicTKOBi# TkanuHi — 0,27 - 10-4 %, y M’ A30Bi# —
(0,05-0,5) - 10—4 % . Vox BXOAUTH IO CKJIaAy FOPMOHIB IITUTOIIOAI0HO0I 3a103H,
AK1 BIIMBAIOTHh Ha OiAJBHICTH IIeHTPAJbHOI HEPBOBOI CHUCTEMU, PIiCT i 3arajb-
HUII PO3BUTOK opraHiamy. BiH peryiioe piBeHbL OCHOBHOTO OOMiHY, HiABUIITYE
CTIAKiCTH OpraHisMy M0 Pi3HUX 3aXBOPIOBAHb i XOJIOLY TOIIO.

Il»xepena HagxomxkeHHd Moy B opraHism JIIOAWHM: HoJ0BaHA Cijib, MOPCh-
Ka KalyCTa, MODENPOAYKTH, IeJYiHKa TPiCKM, pub’sa4mil sKkup, rpubu, oBOdi,
YacHUK, BoAa, moBiTpsa (puc. 34.6). Bixg 20 go 60 % Woxy BTpauaeThes IIig yac
TpHUBAJIOTO 30epiraHHS IPOAYKTIB abo TemoBoro obpobisienHa ixki. JloGoBa

/i i v -

Puc. 34.6. XapuosBi nponyktu — mxepenaa Moxy
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moTrpeba JIOAUHYU B IboMy ejemeHTi — 0,15—
0,2 mr, BoHa pisko spocrae mo 200 MKr min
yac BariTHOCTI Ta TOAYBaHHA TPYILIO
(nomipkyiime womy). s HeMOBIAAT N0GOBa
notpeba B Momi — 50 MKr, mas pgiteir Bifg
1 pory mo 7 pokiB — 90 MKr, aas miTeii Bim 7
Io 12 pokis - 120 mKr.

Hecraua Momy mpusBoauTh 10 3aXBOPIO-
BaHHA mUTONOAiIOHOI 3amo3u (Hasedimv npu-
Kaadu, axi eu 3Haeme 3 kKypcy 0Oionaozii),
JYIIeHHA W CyXOCTi IIKipu, MoyKe OyTH mpu-
YHMHOI0 PAHHLOI'O TOKCHUKO3Y BariTHux, 3arpo-
83U BUKW[JHA Ta NePeAYacHUX II0JIOTiB, MOPY-
mieHHs inTenexty. Hagaumiox Womy B
opraHismMi TaKOK IPUIBOAUTL OO0 3aXBOPIO-
BaHHA HIUTONOAIOHOI 3asosu (AKozo came?),
SHUKEHHS CUHTE3Y CIIOJYK I[bOTO eJeMeHTa.

Ax ynauarots Oxcuren, Hitrporen, Kap-
60oH, @ocdop, rajgorenu Ha pocaunu? Ilpo me
BaM OaraTo Bijomo 3 KypciB ximii Ta 6ioJorii,
30KpeMa 3HAaYeHHS KMUCHIO AJIs AUXaHHSA POC-
JUH, a30Ty, AKUH @QiKCyioTh OyJIbBOOUKOBi
b6akTepii, asorHumx i Qochopuux HOOPUB —
I IXHBOTO JKUBJIeHHS, KapooH(IV) okcuay Ta Bogu — A1 (pOTOCUHTE3Y TOIIO.
Hacaigku mecraui HiTporeny # @ocdopy B :KUBJIEHHI POCIUH BU MOKETE CXa-
paKTepu3yBaTU CaAMOCTiNHO 3a pucyHKoM 34.7 (3pobimb ye).

dayop He € BAXKJIUBUM [IJIA POCINH eJeMeHTOM. POoCIMHHI KJIITHHU peary-
IOTh Ha HBOTO Bipasy micjas HOoro MPOHWKHEHHS BCePeNWHY TKaHWHU. Tomy
IIPOMMCJIOBI MiAIpPUEMCTBA, IO 3a0PYAHIOIOTH MOBKILIA crmoaykamMu Piayopy,
MOJKYTDb OyTU IPUYNHOIO MACOBOI 3arubeiii poCIMHHOCTI.

Puc. 34.7. Hacnigxku HecTaui
Hirporeny (1) tra ®ocdhopy (2) y
SKUBJIEHHI POCJIWH

LlikaBo (i’ ni3HABAAbLHO
Hanvytnueiwi go dpnyopua-ioHis umbyns, rna,qionycm dpesis, KkBacons, Ccopro, finuHa,
COCHa Ll3 POCNMHM NOTEPNaioTb yxe 3a BMICTy riporeH cnyopuay B MosiTpi Gnu13bko
0,5 mkr/m°. Ong iHoukauii 3a6pyp,HeHOCT| aTtMmocdepu cnonykamun dnyopy BMKOPWCTOBYIOTb
OBi 'pynu pOCHWH: CTiNKi A HECTinKi Ao Hux. CTiiki BUOW HaKONUYyOTb LEW enemMeHT, i
KINbKICTb (DITOTOKCUKAHTIB Y HUX € MOKa3HUKOM 3abpyaHeHOCTi noBiTpsa. dyxe 4yTnmei go
cnonyk ®nyopy pocrnvHu pearytoTb HaBiTb Ha Crabki KOro 403n HEKPO3OM FUCTKIB.

¥V pociuHHOMY opraHismi aHioHu XJiopy 0epyTh y4acThb B €HEPTEeTUUYHOMY
00MiHi, MO3UTUBHO BIJIMBAIOTH HA IOTJIMHAHHSA KOPEHAMU KHCHIO, KOHTPOJIIO-
IOTh BOJHUII 0ajamc, 6epyTh yuyacTb Yy (POTOCHHTE3i, OKMCHO-BiTHOBHUX peak-
miax pocauH. HaykoBIli IpunycKamTh, 1110 XJIOP 3amobirae 3aiBOMY BCMOKTY-
BaHHIO HiTpaTiB, BUCOKHUII YMICT IKMX Y POCINHI IPU3BOAUTEL A0 Pi3HUX I'pub-
KOBUX, OaKTepiaJdbHUX i BipycHUX 3axBopioBaHb. CuMmTOMHU HecTadi XJIopy —
B’sAHEHHA, MajJieHbKa I CHJLHO po3raiy:keHa KOpeHeBa CHCTeMa, YacTo 3
KOpoTKUMM KiHumkamu. Ha JmcTKax clocTepiraioTh KpamdacTicTh i XJIOpo3
KpaiB. Hedinur Xg0opy B KamycTHu 3yMOBJIOE 3HUKHEHHsS B Hel 3amaxy. Hap-
JUIIOK XJIOPY MPU3BOAUTH A0 YTBOPEHHSA MaJIEHNX KPaiB HA MOJOJOMY JIUCTI.
Axmro piserp XJ0py 3aBHUCOKMH, CamsKaHIII c1a00 BKOPiHIOIOTHCA, a HACiHHA
MOJKe B3araJjii He IIPOPOCTH.

Poab cmonyk Bpomy B pocimHax OCTaTOUYHO He BCTaHOBJeHO. € iHdopmalria
PO MOr0 PeryJioBaJbHUM YILIUB Y MaJUX A03aX HAa PO3BUTOK KOPEHEBOI CH-
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cTeMu. ¥ POCJMHHHUX opranismax Bpom moske samimatu XJop i saMicTh HBOTO
OpaT y4YacThb B €HEPreTUYHOMY OOMiHi. YHACIILOK I[bOTO CIIOBiJILHIOETHCS
TMOTJIMHAHHA KOPiHHAM KWCHIO, IOPYIIYETHCA IPaBUIbHEe (DYHKI[IOHYBaHHSA IIPO-
IWXiB Y POCJMH, IO HMEPEITKOKAE MiATPUMAHHIO HOPMAaJILHOTO BOJAHOTO OaJiaH-
cy ¥ TpaHCHOpPTyBaHHIO IMOHIB y pocauHi. Tomy 3a HagmipHOoro Bmicty Bpomy
POCJIMHY PaHO B’SHYTh, Ha JUCTKAX BUHUKAE KPAIT4aCTiCTh i XJI0pPO3 KpaiB.

Y pocamrHOMy oprauismi Wox Bimirpae BasKJIWMBY POJIb Y CUHTE3i IIEBHUX
aMiHOKucJOT i OiNKiB, BiH € TPUPOAHMM AHTUCENTUKOM, MA€ CUJIbHY aHTU-
baKTepianbHy, MPOTUBipYyCHY, PYHIiMUAHY Aifo # BigmoBimae sa iMmyHiTeT poc-
JUH. ¥ TOKPUTOHACIHHWX POCJUWH i BOZOPOCTEH Iedl eJeMeHT € CKJIATHUKOM
MOJOBMIiCHUX MOXiTHUX TUPO3SUHY.

LlikaBo (i ni3HABAAbLHO

3a Hagnuwky Mopy B FpyHTI B KanichopHINCLKOro Maky crocTepiraloTb aHoManito poc-
Ty — MiraHTU3M KBIiTOK, @ B AesIKUX POCINH Y 3abapBneHHi KBITOK NnepeBaXkaloTb HEBNACTUBI
TM XKOBTO-Y4EPBOHI TOHM.

o% https://www.youtube.com/watch?v=Cg1ern-3QBw
https://www.youtube.com/watch?v=mUVX5rg1EOI
https://www.youtube.com/watch?v=d70iDxBtnas

o 1:e] rONOBHE

® Oxcuren, Hirporeu, @ochop, Kapbon, rajgorenu € 6io0oriuuo sHAUYITIMEI
IJiA OpraHisMiB.

® [xHa HecTaua HeraTHMBHO IIO3HAUAEThCA Ha OpraHiaMax, a HAIJUIIOK 37e-
O1JIBIIIOrO € HeOe3meUHNM.

® 30asaHcOBaHe XapuyBaHHA JIOJell 1 TBapwH, palliOHAJbHE IIi*KWUBJIEHHSA
POCJIMH € BA)XJINBUMU UMHHUKAMU 3T0POB’A Ta BPOKANHOCTI.

A\

a https://www.youtube.com/watch?v=NHqEthRCgQ4

[lepesipre cebe

1. MNepemeopimpb po3nosigHi peyeHHs pyopukn NPO MOJNTOBHE Ha nuTanbHi. Y moxe-
Te BU BiOMNOBICTM Ha Ui 3annTaHHA 6e3 gonomorn nigpyyHuka?

3acrocymnre CBOI 3HAHHST A YMIiHHS]

2. Y koHcepsax «Mopcbka kanycta» macoto 100 r maca Woay ctaHoButb 400 MKr.
O6yucnime macy (r) nopuii KanycTu, sIKy AOCTATHLO CMOXWUTY, o6 3a40BOMLHUTK A06OBY
notpeby gopocnoi nognHn B Mogi. 3. Y micusax i3 )apkum KriMaTtom 4acTo crocTepiraioTb
BMpaXeHun cnoopos 3ybiB, xoda BMICT ®nyopy B MUTHIA BOAI HE NEPEBULLYE HOPMY.
lMosicHimb uen daxt. 4. [NosicHimb, YoMy: a) NiCNa BUABNEHHS 03HaK (oNoopo3y Ha 3ybax
XBOPUM MNpU3HAYalTb PEHTrEeHOCKONil KicTok; 6) GinkoBa dieTa Moxe npu3BecTu Ao
NiABULLIEHHSA B KPOBi BMICTY aMOHiaky Ta cevyoBuHW. 5. [izHalimecs nNpo cknag xap4oBux
pobasok E 338 ta E 340-343 Ta sucrioeme npunyLeHHs, YoMy Tenep YacTille 4OBOAUTLCS
nikyBaTtn xBopobw, cnpuymHeHi Hagnuwkom Poccopy B opraHiami, Hixk MOro HecTadeto. 6.
Kanin 6pomig — edektnBHun 3acnokinnuemm 3aci6. Momipkydme W nosicHimb, YoMy AOro
noTpibHO BXMBaTU NULLIE 3a NPU3HAYEHHAM Nikapsa abo nikapku 1 4oTpuMyBaTUCS Nponnca-
HOrO HMMMK [03yBaHHsA. 7. Cknadime y3aranbHioBanbHy Tabnuuto «bionoriyHe 3HayeHHs
HemeTaniyHUx enemeHTIB».

< TBOPYQ MQUICTEPHSI

8. Cknadimb Npo OgvH 3 HeMeTaniYHUX enemeHTIB, NPo SAKi NWwnocs B naparpadi, ceH-
KaH.
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§ 35. [eHeTUYHi 3B’93KMU Mi)K OCHOBHUMM KAQCOMU HEOPraAHIYHMNX
CMNOAYK

lMicnsi onpayroeaHHsA napazpagha eu 3Moxxeme:
® gcmaHoeIreamu reHeTUYHI 3B’13KM MiXXK OCHOBHWMM KracaMu HeopraHiyHuUX Cronyk.

Misx kiacaMu HeOPTaHIYHUX CIIOJYK € 3B SI3KHU, AKI Ha3WBaIOTh 2eHemuy-
Humu. 3 KypciB ximii Ta 6iosorii Bu BiKe BHAETe 3HAUEHHS CJOBA <«IEHETHY-
HUull», gKe IIOXOIUTH BiJl I'PEIIbKOr0 CJI0Ba YEVVO® (posdmaymawme itoz2o). I'ene-
MUYHUL 38’A30K MiK KJacaMM HEOPTraHiYHUX CIIOJYK IIOJIAraE B TOMY, IO 3
PEYOBWH OJHOTO KJIACy MOXKHA JOOYTH PEUOBUHU — IPEACTABHUKM iHIIUX KJia-
ciB. OT:ke, reHeTHUHI 3B’SA3KU — IIe 3B SA3KU MiK Pi3HMMH KJacaMHU CIIOJYK,
SAKi I'DYHTYIOThCA Ha iXHiX B3aemomepeTBOpeHHsX. [0 zeHemuuHozo psady
DPEYOBUH BXOAATH IPEACTABHUKM DPiBHMX KJACIB HEOPTraHIYHUX CIOJYK TOTO
caMoro ximiunoro esiemeHTa. BoHU MAalOTh €IMHE IOXOIKEHHS — I'eHe3uc — i
OB’ sI3aHi B3a€MOIIePETBOPEHHSIMHU.

@ 1. lpoaHanizyldme HaBefeHi Aani NaHUIOXKM NepeTBOPEHb, siKi BigobpaxatoTb reHe-
TWYHI 3B’A3KM MiX Knacamu HeopraHiyHux cnonyk. Ckiadime XiMivHi PiBHSIHHSA, r1po-
aHanisytime ix 3 NOrnagy OKMCHEHHA-BIAHOBIEHHSI Ta €NEKTPONiTUYHOI gucouiauii.
Sanuwimsb Ui nepeTBOPEHHS B 3aranbHOMY BUIMNAAi, 3a3Ha4yMBLLM NpUpoAY NPOCTOi peyoBu-
HW Ta Kracu HeopraHiyHMX CNonyk:

Na — Na,O — NaOH — Na,SO, — NaCl — NaNO;;
Cu — CuO — CuSO, — Cu(OH), — CuCl, — Cu — CuBr,;
Al,O4

'
Al — AICI, 2 AI(OH); — Na[Al(OH),];

T
Alx(SOy)3

P — P,05 —» H;PO, — Na;PO, — Ag;PO,;
Si — SiO, RN Na,SiO; — H,Si0O; — SiO,.

2. 3a HaBefeHUMM Ha pUCYHKY 35.1 reHeTUYHUMK pagamn ckiadime PiBHSAHHSA BiANOBIA-
HUX peakuin, npoaHanisytime iX 3 Nornsgy OKUCHEHHS-BIAHOBMEHHS Ta eNeKTPOMiTUYHOI
aucoduiauii.

IToBHime pisHOMaHiITHI reHeTUYHI 3B’SIBKM Mi’K OCHOBHHMM KJiacaMU HEOP-
TaHIiYHUX CIIOJYK ONMCY€E cXeMa Ha PUCYHKY 35.2.

meTan Ca P HemeTtan

. b
OcHosHui okeng | CaO P,O4 Kucnota

-

OcHosa TCa(OH)2 H,PO, |Kucnothuiiokena | p,. 357 Temermumi

panu Kambirito Ta @oc-

dopy # 3B’A3KM MixK
HUMU

Cinb | Cag(POy,),
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PEYOBVIHY
OCHOBHI | g 7 }
okcgm |

METAI ;
Coni HepoaunHHi /\
» OCHOBM
AMOOTEPHI Conl
QKGR coni AMOTEPHI
\ ham rigpokcnan \j
HEMETAT

» KWCJIOTHI
oKcuau | > Knenotn
Puc. 35.2. TeneTuuHi 3B’A3KU MijK KJacaMU HeOPTaHIUYHUX cnony}c1

1. Jobepimb po cxemu, 306paxeHOi Ha pUCYHKY 35.2, Npuknagum nepeTBOpeHb,
cknadimp PiBHAHHA BIAMOBIAHMX peakUin, npoaHaniyime ix 3 Nnornsay OKUCHEHHS—
BiJHOBIIEHHS Ta eNeKTPONITUYHOI Ancouiadlil.

3acTocyBaTy 3HAHHS IIPO IeHETHYHI 3B’SA3KM MiK KJacaMU HeOPraHiuHuMX
CIIOJIYK BU 3MOJKETe ITil Yac BUKOHAHHSA IIPaKTUYHOI poboTu 2.

18 ronOBHE

® Mixx KJjacaMy HeOpPTraHiuHMX CIIOJYK iCHYIOTh 3B A3KH, AKi HasWBaOThb
«TeHeTUUYHUMMU» .

® T'eHeTuwuHi 3B’A3KM — Iie 3B A3KM MiK PisHMMHU KJacaMU CHOJYK, AKi I'pyH-
TYIOThCA HA IXHIX B3a€MOIIEPETBOPEHHSX.

® Jlo reHEeTHUYHOTO PAAY PEYOBUH BXOAATH IPEACTABHUKYU Pi3HUX KJACiB HeOp-
raHiYHUX CIOJYK TOTO caMoro ximiuHoro ejgementa. BoHM MawTh enune
MOXOMKEeHHA — IeHe3nc — i MoB’sA3aHi B3a€MOIIEPETBOPEHHIMMU.

® € 1Ba OCHOBHUX IIJIAXYW FeHeTUYHUX 3B’A3KiB MijK HeOpraHiYHMMU DPEUOBU-
HaMU: OAWH 3 HUX IMOYMHAETHCSI MeTajJaMHu, iHIIUN — HeMeTaJlaMMu.

[lepesipre cebe

1. MNepemeopimpb po3nosigHi peyeHHs pyopukn NPO MOJNTOBHE Ha nuTanbHi. Y moxe-
Te BU BiOMNOBICTM Ha Ui 3annTaHHA 6e3 gonomorn nigpyyHuka?

L 3acrocyvite CBOI 3HQHHST V1 YMIHHST

2. 3 HaBepeHoro nepeniky BubepiTe POpMynn peyoBUH, SKi Hanexartb 4O reHeTUYHOro
pany: a) 6apito; 6) ceneny: Ba, H,0, BaSeO,, BaO, BaCl,, SeO,, BaSO,, H,SeO,, K;PO,,
0,, Ba(OH),, Se.

3. [Jobepimb npuknagn 4o cxemM NepeTBOPEHb:

a) meTan + HemeTan — Cineb;

©) OCHOBHWIA OKCMA + KMCINOTHUIA OKCUZ — Cinb;

B) OCHOBa + KuCnoTa — Cifb + BOAQ;

L OKcuay AessKUX MeTaJiuHUX eJIeMEeHTiB € KHCJIOTHUMHU, HampukJjaazm, xpom(VI)

okcuya, maurau(VII) oxkcun.
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r) cinb + KMcnoTa — Cinb + KNCNOTa;

0) MeTan + KNceHb — OCHOBHWUW OKCUA;

€) HemeTan + KUCeHb — KUCMOTHWIA OKCUA,;

) OCHOBHWI oKcupa + Boga — nyr;

3) KUCMNOTHWUI OKCWA + BOAa — KUCIOTA;

i) KUCNMOTHMI oKkcua + Nyr — Cinb + BOAA;

K) OCHOBHMI OKCua + Kncnota — Cinb + BoAa.
°y TBOPYQ MQKICTEPHS

4. Cknadimb CeHKaH NPO reHeTUYHi 3B’sI3KM MiX KnacaMmy HeopraHiuyHUX Cronyk.
P MpaktnyHa po6ota 2
E2. TeHeTUYHi 3B’3KU MK HEOPraHiYHUMUN PeYOBUHAMMU

Yegaea! /Ina minuioro cnocrepeskeHHs BUKOPUCTOBYITe YOPHO-0inii eKpaH.
Axmo mocxigu BUKOHYETe B HMPoOipKax, 0epiTh mo 5—6 Kpamejs pPoO3UYUHIB
peareHTiB, AKIIO B 3arJu0OMHAX IJACTHUHU — yABiui MeHIIe.

O6na0HaHHA: TITATUB 3 IPoOipKaMu abo IJIacTUHA i3 3araubuHAMMU, CKJIISHL
a00 TIacTMAcOBi MaJWYKMU Ta IiMeTKW, TpUMAa4d AJs MPobipoK, HarpiBaabHUIA
Opuian, YOpHO-OiMuii eKpaH.

Peaxmusu: minb, 3a1i30, MUHK, XJOPUAHA KHCJIOTa, po3daBieHa cyJbdar-
Ha KHCJOTa, PO3UMHHN HATPiil rigpokcunmy abo kauiii rizpoxkcuny, aprearym(I)
HiTpaTy, 6apiii xJopuay, HaTpii oprodocdary, HaTpiit KapOboHATY.

IIpuzadaiime ma HeyxunbHO 6UKOHYUMeE

ITPABHJIA BESIIERH III YAC POBOTH
3 OBJIATHAHHSAM I PEAKTUBAMMN

3aBmaHHsg. SOiMCHITHP NEePETBOPEHHS 3a
HaBeJeHUMU cxemamu': N

3

A T TIPALIIOVITE N
a) CaCO; L CaCl, 2 Ca(NOy), 4 Cay(PO,),;

4
Vo
6 1 2 3 5 6 .
) Cu L cuo 2 cuso, 3 cu(0H), 5 cucl, & cumNo,),;
6

m
) Mg L MgCl, 3, Mg(0H), 4 MgO 2 MgS0,;

2
Mg(NO,),

Na, [Zn(OH),]
2 13
r) Zn L ZnS0, 2 zn(0H), 2 ZnCl, % Zn(NO,),.
\—J

! ki came IepPeTBOPEeHHA 3AiICHUTH, BaM IIOPAAUTh YUUTEIb a00 BUMTEIbKa Ximii.
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Onuwimv crocTepekeHHdA, CKAadimb BiAmoBigui ximiuHi piBHAHHS, npoa-
Haai3yiime iX 3 MOTJAAY eJeKTPOJIITUUYHOI Aucolliaiii Ta OKUCHEeHHSA—BiTHOB-
JICHH.

[MpoekTtyrmo! TBopimol!

] 7. LLUTY4Hi aAMQO3M B TEXHILL.

8. POLOHOABHE BUKOPUCTAHHS AODBPUB | NPOBAEMA OXOPOHM AOBKIAAS.

9. 3anoBiraHHsg HErATUBHOMY BMAMBOBI HITPATIB HO OPTAHI3M AIOAMHM.

10. HeopraHiyHi pevosmHn y doapmautii (060 AOMALLHIM anTeyL) i Xap4oBin
MPOMMCAOBOCTI.

11. KUCAOTHI AOLLI.

12. AoCAiAKEHHS pH rpyHTiB CBOET MiCLLEBOCTI. CKAQACQHHS KAPTU POAKHOCTI.
13. BAQCTMBOCTI TO 3QCTOCYBAHHS KAPOOHATIB, HITPATIB | OPTOGOOCTDATIB AY>XKHMX
i AY>)KHO3E@ MEABHUX EAEMEHTIB, COAEM OMOHIIO.

14. YCYHEHHS TUMYQCOBOI M MOCTIMHOI TBEPAOCTI BOAM.

O TeCT-KOHTPOAb

. Ha3BM nuwwe HemeTaniyHUX eneMeHTiB HaBeeHO B pAaKY
A TigporeH, HitporeH, OkcureH B Bbop, AntomiHin, Cvniuin
B Hatpiit, ApceH, Cynbdyp I Kanbuin, Tenyp, Bpom
2. YKaxiTb anoTponHy moaudikauilo HemeTaniyHoro eneMeHTa, siky BUKOPUCTOBYIOTb SK
NPOBIOHVK ENEKTPUYHOTO CTPYMY.
A 6inun docdop B yepBoHuUn hoccop B anwmas I rpadit
3. Y aKii YacTuHi NepioanyHOl CUCTEMM PO3TaLLIOBaHi HEMeTanivHi enemMeHTun?
A niBi BepxHin B npasiin HWXHIN B npasin BepxHin I niBin HYXHIN
4. ENeKkTpOHHOI KOHpirypauii Skux xiMiyHUX enemeHTiB HabyBaloTb aTOMU HeEMeTaniYHuX
enemeHTIB, MpUegHaBLUN €NEKTPOHN?

A iHepTHMX B nyxHux B ranorenis I meTaniyHmx
5. HavnowwmpeHiwmnmmn XiMmivHMMM eneMeHTamMmn B 3€MHIN KOpi €

A OkcureH, Cuniuin B lNgporeH, enin

B HitporeH, Okcurex I Kap6oH, NgporeH

6. MNpoananisyrite HaBeaeHi Aani TBEPIKEHHS.

I. O30H i KUCEeHb — anoTpPOonHi BUA03MiHU OKCUrery.
II. YMicT 030HY B aTMocdbepi GinbLunii 3a BMIiCT a30Ty.

Y € NOMiX HUX NpaBUNbHI?
A npaBunbHe nuwe neplue B npaBunbHe nuwe apyre
B o6vaBa npaBunbHi ' Hemae npaBUNbHUX

7. MNpoaHanisyrite HaBeaeHi Aani TBEPIKEHHS.

I. Cipka cknagaeTbCs i3 LMKNIYHUX Monekyn Sg, L0 MaloTb (POPMY KOPOHW.
Il. PombGivHa cipka 3a HarpiBaHHsi NEPETBOPIETLCSA HA MOHOKIIHHY CipKy.

Yn € NOMiXK HUX NPaBUmbHI?

A npaBunbHe nuwe nepLue B npaBunbHe nuwe gpyre
B obnaBa npaBunbHi ' Hemae npaBuNbHUX

8. MNMpoaHanisyiite HaBeaeHi Aani TBEPIKEHHS.

I. XimiyHa akTuBHICTb Binoro gocdopy MeHLIa 3a XiMiYHY aKTUBHICTb YEPBOHOrO.
Il. YepBoHui hocdop — nonimepHa cnosnyka cknagHoi 6yaosw.

Y € NOMiIXK HUX NPaBUNbHI?

A npaBunbHe nuile nepiue B npaBuneHe nuwe gpyre
B obnaea npaBunbHi I Hemae nNpaBUNbHMX
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10.

1.

12.

13.

14.

15.

. MNpoananisynte HaBeaeHi fani TBEPOXKEHHS.

I. Aocopbuis — ABuLLIE NOrNMHaHHA PEYOBMHU 3 ra3yBaToro cepeoBuLLa YM PO3HUHY
NoBepXHeBMM LLUApoM pianHu abo TBepaoro Tina.
II. AocopbuinHi sBMLLa 3pigka TPannsTLCA B XKMBIN | HEXMUBIM NpUpoa;.

Y € NOMiX HUX NpaBuUnbHI?

A npaBunbHe nuuie nepLie B npasunbHe nuwe apyre
B obvaea npaBunbHi ' Hemae nNpaBuNbHUX

MpoaHanisyrite HaBeaeHi Aani TBEPIKEHHS.

I. Y peakuiax 3 meTanamv HeMeTanm € OKUCHUKaMW.
II. Y peakuisx 3 okcugamu meTaniyHuMx enemMeHTiB AesiKi HemeTann BUSBMAOTh Bia-
HOBHi BNacTUBOCTI.

UM € NOMiXK HUX NpaBuUnbHI?

A npaBurnbHe nuile neplue B npaBuneHe nuwe gpyre
B obvaea npaBunbHi I Hemae NpaBUNbHMX

[Mpoananisyrite HaBedeHi Aani TBEPIKEHHS.

|. PO3unHeHHs amoHiaKy y BOAI CyNnpOBOAXYETLCH MOSABOIO B PO34MHI NOPOKCUA-IOHIB.
Il. AMOHiaK BUKOPUCTOBYIOTb SIK XOfI040areHT y XONOANIMbHUX YCTaHOBKaX.

Yn € NoMi>K HUX NpaBuUIbHI?

A npaBsunbHe nuwe neplie B npasunbHe nuwe apyre
B obuasa npaBunbHi ' Hemae nNpaBUNbHUX

[Mpoananisyrite HaBeaeHi Aani TBEPIKEHHS.

I. Y HanlnpocTiwmx netTkux GiHapHMX cronykax KinbkicTb aTtoMiB [iaporeHy HaBKono
aToma HemeTaniyHoro enemMeHTa AOPIBHIOE Pi3HMLI MiX Yucriom 8 i Homepom rpynu ne-
pioanYHOI CUCTEMU.

Il. AMoHiak pearye 3 rigporeH xnopugom.

Yn € NoMiXk HUX NpaBuIbHI?

A npaBunbHe nuwe nepue B npasunbHe nuwe apyre
B obuasa npaBunbHi ' Hemae nNpaBuNbHUX

[Mpoananisyrite HaBeaeHi Aani TBEPIKEHHS.

I. MpoaykT peakuii KNCNOTHOro oKCcMAay 3 BOAOK — K1CMOoTa.
Il. NleTki KNCNOTHI oKcKMAW Nig Yac cnnaBNAHHA BUTICHSAIOTD i3 CONen HeneTKi okcmaun.

Yn € noMiXk HUX NpaBuIbHI?

A npaBunbHe nuwe neple B npasunbHe nuwe gpyre
B obvaea npaBunbHi " Hemae nNpaBuNbHUX

MpoaHanisyite HaBeaeHi Aani TBEPIKEHHS.

|. HiTpaTHa KMcnoTa € OKMCHUKOM fuLle 3a kaTioHamu [igporeHy.
Il. CynbdhaTHa KncnoTa € OKUCHMKOM i 3a KaTioHamu Migporeny, i 3a atomamu Cyrb-

dypy.
Y € NOMiX HUX NpaBuUnbHI?

A npaBunbHe nuile neplue B npaBuneHe nuwe gpyre
B obvaea npaBunbHi I Hemae NpaBUNbHMX

MpoaHanisynTe HaBeaeHi fani TBepOKEHHS.

|. 30M0TO — HannerkonnaekiwWnn meTan.
Il. HaTpin mae Bucoky TBepaicTb.

Yn € NoMi>k HUX NpaBuUIbHi?

A npaBsunbHe nvwe neplie B npasunbHe nuwe apyre
B obuasa npaBunbHi ' Hemae NpaBUbHUX
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16.

17.

18.

19.

20.

21

MpoaHanisynte HaBeaeHi fani TBEPOKEHHS.

|. HaTpin rigpokcug Ta kanbLin rigpokcug pearytotb 3 ampoTepHUMU rigpoKkcugamu.
Il. LnHK rigpokema Ta antoMiHin rigpokeug — amoTepHi.

UM € NOMiXX HUX NpaBUNbHI?

A npaBunbHe nuiie nepiue B npaBuneHe nuwe gpyre
B obvaea npaBunbHi I Hemae nNpaBUNbHMX

MpoaHanisynTe HaBeaeHi fani TBepOKEHHS.

I. Kucni coni € npogykramu noBHOro 3amilleHHs atomis lNigporeHy B monekynax 6a-
raTOOCHOBHMX KMUCIOT Ha KaTiOHW MeTaniyHoro enemMeHTa.
Il. Kncni Ta cepepfHi coni 3aatHi 40 B3aeMONepEeTBOPEHb.

UM € NOMiX HUX NpaBUNbHI?

A npaBunbHe nuile nepue B npaBuneHe nuwe gpyre
B obvaea npaBunbHi I Hemae NpaBUNbHMX

MpoaHanisynTe HaBeaeHi fani TBepOKEHHS.

|. KapBoHaTHy TBepicTb 3yMOBNeHo BMICTOM y Boai ioxis Ca®*, Mg?*, SO%", NO3 ,CI™.
Il. HekapBoHaTHy TBEpAICTb 3yMOBNEHO BMICTOM y BOgi oHis Ca®*, Mg?*, HCOj.

Yn € NoMiXX HUX NPaBUIbHI?

A npaBunbHe nuwie nepLue B npasuneHe nuwe gpyre
B obnaea npaBunbHi " Hemae npaBUNbHUX

MpoaHanisynTe HaBeaeHi fani TBepOKEHHS.

|. KapboHaTHy TBEpAICTE MOXHA YCYHYTU NuLLE peareHTHUM Ccnocobom.
Il. HekapboHaTHy TBEpAiCTb MOXHA YCYHYTW NNLLE KAM ATIHHAM.

UM € NOMiX HUX NpaBUNbHI?

A npaBunbHe nuile neplue B npaBuneHe nuwe gpyre
B obvaea npaBunbHi I Hemae NpaBUNbHMX

MpoaHanisynTe HaBeaeHi fani TBepOKEHHS.

I. KaninHa cenitpa € KoMnnekcHMM 4o6prBoMm.
Il. HaTpieBa ceniTpa € npocTum Jo6pnBOM.

Yy € noMi>k HUX NpaBuUIbHi?

A npaBunbHe nuwe neple B npasunbHe nuwe apyre
B obvaBa npaBunbHi ' Hemae npaBUNbHMX

. MpoaHanisynTte HaBeaeHi fani TBepOKEeHHS.

|. BukopucTaHHa HaTpin HiTpaTy sik obpvBa Mpu3BOoAUTbL OO0 HAarpOMaXeHHs B
r'pyHTi MoHiB OH™.

II. MoxxHa ogHOYaCcHO BarnHyBaTu I'PYHT ralleHnmM BanHOM Ta BHOCUTM B HLOIO amiad-
Hi hopmu a3oTHMX [OOPKB.
Yn € NoMiXX HUX NPaBUIbHI?

A npaBsurnbHe nuwe neplie B npaBunbHe nuwe gpyre

B obvaBa npaBunbHi ' Hemae npaBuNbHUX
22. YCTaHOBITb BiAMNOBIAHICTb MiXX MOHaMK Ta peakTUBaMn Ang iXHbOro BU3HAYEHHS:
1 Fe? A SO
2 Ba* B OH-
3POY B H*
4 Si05 rAg*
aCl-
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Tema 5. XiMiq i nporpec AIOACTBO

Yci MM NOB’A3YEMO 3 XiMiYHOIO HayKOH
nporpec y ni3HaHHi HABKOSTULLHBLOIO CBITY,
HOBi MeToaun 1oro NnepebyaoBu Ta BLOCKOHANEHHS.

M.M. CemeHos

§ 36. POAb XiMii y CTBOPEHHi HOBUX MATEPICAAiB, PO3BUTKY HOBUX
HANPSMIB TEXHOAOTIN

lMicnsi onpayrosaHHsA napazpagha eu 3Moxxeme:

® Haeodumu npukadu 3acTOCYBaHHS XiMIYHUX CMOMYK Y Pi3HUX ranys3sax Ta B MNOBCSK-
OEHHOMY XUTTI;

® ouyiHr8amu 3Ha4YeHHs XiMil y CTBOPEHHI HOBUX MaTtepianis, pO3BUTKY HOBUX HanpsiMis
TEeXHONOriN.

Poas ximii y cTBOpeHHI HOBUX MaTepiaJjiB, PO3BUTKY HOBUX HAIIPAMIB TeX-
HOJIOTIH CKJIQJHO IepeolinnTu. Bes ii po3BUTKY HEMOXKJIMBUHA mporpec gapma-
uesmuKu, CilbCbK020 20cnodapcmea, eHepzemuku — 6araTbox cdep, Bif SKUX
0es3IocepeHLO 3a/I€KATh 3A0POB’ S Ta 0JIATOMOIYUUs JIIOAUHN.

Hosi maTtepianm — e OAWH 3 HAWBaKJIMUBIININX HAIPSIMIB, III0 BU3HAYAIOTH
POBBUTOK ycix ramyseil npomucrogocmi, OydieHuymea, meduuyuHu i cgepu
nocayez. Inerseda, nmepenycim, Ipo MaTepiaju HA OCHOBL Kepamiku, KOMNO3UUill-
Hi mamepiaau 3 TOJIMEPHOIO Ta METAJEBOIO MATPUIAMU, iHmMmepmemanriou,
HCAPOMIYHI cnAA6U 3 MOHOKPUCTAJIIYHOIO CTPYKTYPOIO TOIIIO.

Likaso (i nisHaBaAbHO

IHcTUTYT Npobnem matepianosHascTea iM. |.M. ®paHuesnya HAH YkpaiHn — nposigHui
LEHTP HayKOBO-TEXHIYHNX PO3POBOK y ranysi TeopeTUYHMX OCHOB CTBOPEHHS HOBUX MaTepi-
anis, TexHOMorii oAepXXaHHSA X Ta BUrOTOBMNEHHSI BUPOGIB 3 HMX 3i cneuianbHMMK BnacTu-
BOCTAMMW Ansi 3a40BOSEHHS NOoTpeb siA4epHOi eHepreTukM, enekTpoHikn, aBiabyayBaHHs, 3a-
ranbHOro XiMiYHOro, TPAHCMOPTHOTO i CiNbCbKOrocnoAapCcbkoro MalMHOOYayBaHHS, NPAMO-
ro NepeTBOPEHHSI eHEprii B eNEKTPUYHY, KBAHTOBOT €MEKTPOHIKU, NpunagobyayBaHHS, aBTo-
MaTUKM Ta iHLWNX rany3en TEXHIKK.

OgHuM 3 HaPAMIB, AKUM y BCiX IIPOMMCJIOBO PO3BMHEHUX KpaiHax MpUIi-
JIAIOTH 0COOJIUBY yBary, € «po3yMHi» mamepianu, 3 AKUX BUTOTOBJIAIOTH KOH-
CTPYKIIil 38 a0anmueHno 3MiHI8AHUMU 8aacmusocmamu. Po3pobiieHO «po3yM-
Hi» OOIMTMBKM KOPITyCiB MOPCHKUX CYHAEH, JiTaKiB, caMO3MiIlHIOBaJbHI JiomaTi
I'BUHTOKPUJIIB, 3BYKOIIOTJIMHAJbHI IIPOMUCJIOBI KOHCTPYKIIii.

Likaso (i nisHaBaAbHO

CninbHWi npoekT KomnaHii «porpec», KNiBCbkOro HauioHanbHOro YHIBEPCUTETY iMEHI
Tapaca LLUeB4yeHka Ta HaB4anbHO-HaykoBOro UueHTpy «Pismko-ximiyHe MaTepianio3HaBCTBO»
HAH Ykpainn nepegbadae po3pobKy HaBiCHOI kepamononiMepHoi naHuepHoi naHeni ans
[00aTKOBOro 3axucty 60noBMx OPOHBOBAHMX MALUUH Bif YPaXXEHHS BenukokanidepHumm
B6poHebinHMy natpoHamu kanibpy 12,7 mm i 14,5 mm.
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Puc. 36.1. Curanu (ckJyjokepamika) — 1e

CKJIOKPHUCTAJIUHI MaTepianm, aKi cKja-

IaioThbcA 3 OfHiel a0o AeKiJIbKOX KpHUCTa-

Jivanx (as, piBHOMipHO po3momiieHUxX y

CKJIOBUIHIN (asi. BoHu saiimaioTh mpo-

MijKHEe TIOJIO}KEHHA MidK B3BUYAWHUM
CKJIOM i KepaMiKomo

CTBOpEeHHA TEOPETUUYHUX OCHOB
IpoIlecy KaTajli3oBaHOl CIpAMOBAHOIL
Kpucrasizaimii mamo 3Mory CHUHTE3y-
BaTu OaraTto HOBUX OyJiBeJIbHUX
CKAOKPUCMALIYHUX mamepiais.
Bucoka ximiuHa cTifikicTh, BUCOKME omip Aii TepTdA, JeKOpaTHUBHi, OONTUYHI Ta
HUBKa IHIMMX (QisuKo-XiMiuHMX BJIacTUBOCTEH POOJATH IIi MaTepiajau AOCUTH
MepCIeKTUBHUMEU B OyIiBeJsIbHill, ripHHUONOOYyBHIill, KOKCcOXiMiuHiN, XiMiuHiki
Ta ONTOEJEKTPOHHi#l MPOMUCIOBOCTI, y mobyTi Tomro (puc. 36.1).

HoBum HampamoM € pos3pobeHHA O6ioJoTiuHO aKTWBHUX MaTepiamiB, aki
3IATHi 3POIIYyBATHUCA 3 *KUBOIO KiCTKOBOIO TKAHUHOIO, — OiocumaJnis. HaliBax-
JIUBIIIIOIO COITiaJIbHO 3HAUYIIOH TajJy33l0 3aCTOCYBAaHHS HOBUX MaTepialiB €
MeOuIlNHA, SKa MOTpedye HOBMUX MaTepiayiB I MeIUYHHX iHCTPYMEHTiB,
o0JIafHAHHSA Ta NIPOTe3yBaHHs. Marepiaam OJd eHIONPOTEe3yBaHHS MAalOTh
O0ytu Oiocymicummu (OioiHepTHUMU, 0i0OaKTMBHMMM) 3 BigMiHHUMU (Gi3UKO-
MeXaHiYHUMU XapaKTePUCTUKAMU, CTA0iIbHIMHU BJIACTUBOCTSAMU, TOBTOBiUHU-
Mu. 3aCTOCYBaHHSA iMIIJIaHTATIB 3 Oi0iHEPTHUX BYy2/euesux mamepianié cKopo-
uyye TepMiHU IicjasionmepalliiiHoi peabisiTarii Ta BUKJIIOUae MOBTOPHI omeparrii.

PoszBuTok pobiT y ranysi cuHTe3y I BUBUEHHS OYIOBU OioKepamiiHUX
mamepianié Ha OCHO8I zi0pokcusanamumy 3yMOBUB CTBOPEHHA HOBUX 0ioJio-
riuso akTUBHMX MaTepianiB. BoHu abCOJMIOTHO CyMicHI 3 TKaHMHAMMU OpraHis-
MYy JIIOOWUHU, CTUMYJIOIOTh PicT KiCTKOBOI TKaHMHUN. 3aCTOCYBaHHA OioKepaMmi-
KU Bele M0 NPUHIIMIOBUX 3MiH Y PEKOHCTPYKTUBHO-BiIHOBJIIOBAJIBHIN Xipyp-
rii, cromaroJorii Ta TpaBmaroJiorii. ¥ BCbOMY CBiTi BegyThbCsi POOOTH 3 BUKO-
PHUCTaHHS KalcyJ 3 TiAPOKCHJIAIATUTY MAJIA IIJILOBOTO MOUPAaBJSHHA JiKap-
CBLKHUX 3aco0iB y mOTPiOHMII opraH.

LlikaBo (i nisHABAAbBHO

Awvepurkanka Eumxen [xiyddpia (Angel
Giuffria) nasuBae cebe €IUHOIO B CBiTi aKTpU-
coro 3 Oiomiunmx mporesom. [liBumHaA HapoO-
auacsa 3 IaTOJIOTieI0 JIiBOol pyKu, y Hel He
OyJI0 KHCTi ¥ 6GiJIbIIOI YaCTUHU HepeAILIivdd,
a mepIInii mpores iii 3po0duau BiKe B 4 MicsAlri.
3aBAAKU AOCATHEHHAM XiMii B CTBOpPeHHi HO-
BiTHiX wMatepianmiB EHm:Ken Beme axKTuBHE
JKUTTA.

Ximiuwmi TexHoOTIl BiZirpaloTh IPOBiIAHY POJb B OCBOEHHI HaAdnposgidHoc-
mi. HagnpoBiZHUKY BUKOPHCTOBYIOTh Y MeIUUYHUX TOMOrpadax, cemapaTropax
IS TOHKOTO OUUINeHHSI PEUYOBUH, HAKONMWYyBauax eHeprii, mpuiaamax Ta ycra-
HOBKAaX iHAycTpiaabHOI (hiduKU.

Membpanu Ta MemMOpaAHHi MexHOL02ii IINPOKO 3aCTOCOBYIOTH Y PisHUX ce-
pax misiabHOCTI, IepeayciM ajas e(peKTUBHOTO PO3IiJeHHSA PIIKHX 1 razyBaTUxX
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CepeIoBUIl, BUJYUEHHA IIHHUX IIPOAYKTIB 31 CTiUHMX BOJ i ra3oBUX BUKUIIB,
IJisA cemapanii #oHiB y 6aTapesax, NaJWBHUX eJIeMEHTaX, B €JeKTPOXiMiuHMX
mporecax. IX BMKOPHUCTOBYIOTH B amaparax «IITyYHAa HHUPKa» Ta «IITydHA
JIeTeHsI» , I NOOYBaHHA HAJUUCTUX PEYOBUH i B30H Yy MiKPOEJEKTPOHIIi, BUMIi-
JIeHHS TepMoJIabiibHIX 6i0JIOTIYHO aKTUBHUX PEUYOBUH TOIo. BiokaramiTuuHi,
eHepro- Ta iH(opMaIliiiHo-IepeTBOPIOBAIbHI MeMOpaHW BUKOPHCTOBYIOTH SK
0ioceHCOpPU Yy TPUCTPOAX IS MOHITOPHUHTY.

CTpiMKO PO3BUBAETHCA HOBUU HAUPAM — KoMmn'iomepHuil 0u3ailH HOBUX
OPOAYKTIB i TexHOJIOTi# iXHBLOro BUrotroBjaeHHs. IIIupoki MOKJIMBOCTI MeTO-
Oy OalTh 3MOry 3AilicHIOBATH KOMII'IOTepHe KOHCTPYIOBaHHSA MaTepiaay is
3aJlaHVMHU MEeXaHiYHUMU BJIaCTUBOCTAMU. Ha OCHOBi IIhoro MeToay po3pobJie-
HO: 2palieHmHui KOMNO3UuuiiiHi mamepianu, 6UCOKOMIUHY KOHCMPYKUYIUHY
Kepamiky 3 HAHOKPUCMAJLIYHOW CMPYKMYpPow, TeXHOJOTii HaHeCeHHA 3MiIl-
HIOBAJLHUX 1 3aXMCHUX IMOKPUTTIB Ha AeTaji BiAmoBimaJlbHOTO MPU3HAUEHHS
TOIIIO.

OpHiero 3 epeKTUBHUX HOBITHIX TEXHOJIOTIH € CAMONOWUPIBALbHUIL 8UCO-
KomemnepamypHuil curnme3. Ilnsg HbOTO XapaKTepHi BUCOKa NPOAYKTUBHICTH,
BUKOPUCTAHHA 3aMiCTh eJIEKTPUUYHOI XiMiuHOI eHeprii pearenTiB, 3HaUHE CIIPO-
IIeHHA BUCOKOTEMIEPATypPHOTO OOJIaTfHAHHA Ta MOYKJIMBICTHL DPO3B’A3yBaHHA
PiBHOMAHITHMX TEXHOJIOTiYHMX 3aBHaHb. JacTO BUKOPHCTAHHSA CAMOIIOIINPIO-
BaJILHOTO BUCOKOTEMIIEPATYPHOTO CUHTE3Y A€ 3MOTY B OJHY CTail0 OePyKaTh
K caM MarepiaJi, Tak i Bupi6 3 Hboro. Ile 3yMoBIIIOE 3HAUHE 3HUKEHHSA BUTPAT
Ha BUPOOHUIITBO MIPOAYKIII Ta 3MeHIIIeHHs ii cobiBapTocTi. [{o6yTi B 1eit cio-
ci0 KOMIIOBMTHI MOPOIIKY TUTAH-XPOMOBOTO KapOify 3 HiKeJIeM BUKOPUCTORBY-
IOTh B aBiaIliliHi#l MPOMMCJIOBOCTI AJIS 3aXWCTy BEHTUJISIIIHHUX JOHATOK TYp-
0iH BiJg BHCOKOTeMIIepaTypHOI Koposii Ta sHomryBaHHs. IlepCIeKTHUBHUM €
BUKOPUCTAHHSA B MEeIUIINHI iIMIIJTaHTATiB 3 TUTAH HiKeJigy, 110 «3amaM’ ITOBYE»
dopmy.

Ximiuni TexHOJOTII 3a0€3MeUyIOTh JIOJCTBO HOBHUMU MaTepiajlaMu 3 0CO-
OMMBUMM BJIACTHBOCTSIMM, fAKi MalOTh IIPAIIOBATH B €KCMPeMALbHUX i oco-
oauso excmpemanrvHux ymosax. CTBOpPEeHHSA MOPCHKUX OypoBHX ILIaTdGoOpM
nmoTpedye 3acTOCYyBaHHA HOBUX BUCOKOSAKICHUX cmaJieil, nOKpummia, mexHo-
J02iil 36apI06AHHS TA 36APIEALLHUX Mamepialié. ATOMHA eHepreTuKa TaKO0XK
BUKOPHCTOBY€E MaTepiasu 3 O0COOMBUMU BJIACTHUBOCTAMM, 30KPEMa Cneyiauv-
HUX cnJnasié Ha OCHOBI ITMPKOHiI0, Hi0Oii0o, ep6ito. IToTpedy B HPUHITUIIOBO
HOBUX MAaTepiajax 3yMOBJICHO M OYPXJIUBUM PO3BUTKOM 0NMOB0JL0KOHHOL mex-
HiKU, HAHOMEXHOA02iil 1 MIKPOMAWUH.

Iletinm-mexnono2ii — y3arajbHeHa Has3Ba
HAyKOMICTKUX TEeXHOJIOTii y BUPOOHUIITBI Ta
3aCTOCYBaHHI Jakxogapbosux  mamepianis.
IneThbca 1PO HAYKOBO-TEXHIUHUU HPOTPEC ¥
raysry3i oOpoOJeHHSA IMOBEPXOHb i CTBOPEHHA Ha
HUX 3aXWCHUX IOKPUTTIB (puc. 36.3). IleituT-
TEeXHOJOTil BUKOPUCTOBYIOTh y MAIIUHOOYIY-
BaHHi, Jerkiii mpommciaoBoCTi, OyZiBHHUIITBI,
TPAHCIIOPTi TOIIIO.

HaykoBo-TexHiUHUH piBeHb IIPOMUCIOBUX
TEeXHOJIOTi#, AKi I'PYHTYIOTbCA HA KAMAaaimuu-

“x/ﬁ.ﬁ;-?‘i) S HUX npouecax, € BU3HAUAJIbHUM y HadTomepe-
S pobmiii, ximiunHil, HadTOxXimiumiii Ta iHIIMX
Puc. 36.3. JlakodapboBi rajgyssax IIpoMucJIoBoCcTi. BuKopucranua kara-
MaTepianu JizaTopis 3abesmneuye MaJOBiAXOAHICTH, HU3L-
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Ky €HeproMiCTKiCTh TeXHOJIOTi HoOyBaHHS KOHKPETHUX XiMiUYHMX PEYOBHH i
KOMIIO3UIIi#l I[IJIbOBOTO IPU3HAUEHHS.

LlikaBo (i ni3HABAAbBHO

Crinki o aHTMBIOTUKIB BakTepii LWOopiYHO BpaxatoTb NoHag 2 MiH ocib y BCbOMY CBITi.
B YHiBepcuteti Konopago, wo B Boyngepi (CLUA), po3pobrneHo HOBW MeTon CUHTEe3y
aHTMBiIOTUKIB. BMKOpPUCTaHHA crneuianbHOro Kkaranisatopa ga€e 3mMory nodatu BUpoOHULTBO
TionenTuaiB-aHTMBIOTKKIB. BaxnuneBoo 0COBNMBICTIO TEXHOMOrii € BiACYTHICTb TOKCUYHUX
BigXxo4iB BMPOOHMLTBA, €ANHMM MOBIYHMM MPOAYKTOM CUHTE3Y 3 BUKOPWUCTAHHSIM HOBOIO
KaTanisatopa € Boga .

Bukopucranua Hadsucokux mucky ma memnepamypu, CULbHUX eleKmpul-
HUx abo MAzHIMHUX NOJi6 BiIKPUBAE NLIAXU O CUHTE3y HOBUX MaTepialis,
AKi MOXKYTb OYTH TE€XHOJIOTiUHO BaKJIUBUMU.

Opeaniuna enexmpornika 6asyeTbCsd Ha OPraHIYHMX HAMiBIPOBIIHUKOBUX
Mmarepiamax. Ii MoKHa IIPOCTO PO3APYKOBYBATU 3 POSUUHY, TOAL AK BUPOOHU-
IITBO €JEKTPOHIKM Ha OCHOBI HEOpPTaHiUHMX MaTepiajiB 3AiMCHIOIOTH 3a BUCO-
KHUX TeMmIepaTyp y Bakyywmi. Taka eleKTpoHiKa Moke OyTH Ay»Ke [eIleBolo, a
TOMY ¥ OZHOPa30BoI0. Ii MOKHA BUKOPUCTOBYBATHU IJIs CTBOPEHHSA iHTEJIEKTY-
asbHOI ymakoBKU. OOAT TeXX MOYKe MICTUTH iHTerpoBaHi eJiIeMeHTU OPTraHivHOl
€JIeKTPOHIKM, OCKiJBbKY i1 MOKPUTTA 3maTHI HabyBaTu OyAb-AKOI hopmu.

LlikaBo (i nisHABAAbBHO

HocnigHnubka rpyna 3 Tenb-ABIBCbKOrO YHiBEpCUTETY po3pobuna TEXHOMOTi0 BUrOTOB-
NEHHS OPraHiyHOi eNeKTPOoHIKN Ha OCHOBI BifkKiB, WO BXOAATb A0 CKragy KpoBi, MOSioka Ta
CNN30BUX TKaHWH, SiKi BUpOGNsie opraHiam noanHu. BurotoBneHi B Takui cnoci® opraHivHi
0ioaun, TPaH3NCTOpPU Ta aHarnory iHWnX CUmilieBUX HaniBNPOBIAHMKOBMX €IEMEHTIB MOXYTb
cTaTy OCHOBOI A1l CTBOPEHHS1 abCOMOTHO HOBOMO TUMY ENEKTPOHHMUX NPUCTPOIB, MHYYKMX,
Oe3neyHux gns goskinnsa ta 6iogerpagabenbHux.

http://www.materials.kiev.ua/science/wares.jsp
https://www.leu.com.ua/materialy-majjbutnogo-samovidnovlyuvanyjj-beton-
aerogel-ta-in/
https://www.leu.com.ua/v-stenfordi-stvoryly-shtuchni-legeni-yaki-peretvoryuyut-
vodu-v-palyvo/
https://www.leu.com.ua/znajjdenyjj-novyjj-metalevyjj-katalizator-zdatnyjj-
peretvoryuvaty-energiyu-sonyachnogo-svitla-v-ridke-palyvo-i-elektryku/
http://iepor.org.ua/press-and-tv/events-2014-12-17-nano.html

o 1] rONOBHE

® Be3 pos3BuTky ximii HeMOXKJIMBUE mporpec 6aratbox chep, Big axkmux Oesro-
cepefHbO 3aJIeXKaTh 3J0POB’A Ta 6JIaTOIOJIyUds JIOAWHU,

o

\ 4

llepesipTe cebe

1. lNepemeopimb po3noBiaHi pedeHHst pyopuku MPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BU BiAMOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpydHmka?

3acrocymnre CBOI 3HAHHST A YMiHHS]

2. lpoanrarnizyltime Ha3Bu po3pobokK y ranysi HaHOXiMii HaykoBUiB YkpaiHu: «Cnonyka-
nigep Ona CTBOPEHHA HEMPOMPOTEKTOPHOrO aHTuilemiyHoro npenapaty», «[ibpuaHi kom-

1 https://www.sciencedaily.com/releases/2018/12/181220080006.htm
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NO3WTHI HAHOMAaTepianu opraHivyHoOi eNekTPoHikny, «[iGpnaHi opraHiYHO-HeopraHiYHi KOMMNo-
3UTHI HAaHOMaTepianu: NNiBKW, KOMNAyHAMW, FepMETUKN, KNel, NOKPUTTS, KOHCTPYKLiNHI nnac-
TUKM», «TexHonorii Ans BUMPOOHULTBA BMCOKONPOAYKTUBHUX HAHOMa3HWX KaTanisatopis
3axMCTy OOBKINNSA Ta BOAHEBOI eHepreTukny, «biocymicHi noniMepHi matepianu ta HaHo-
KOMMO3MTU ANs 3aCTOCYBaHHA B PEKOHCTPYKTUBHIA MeguuuHi», «Henopuctun 3D-cuniuin
Ons aHodiB NiTiM-iOHHUX akymynaTopiB», «HaHOCTpyKTypoBaHi hoTononimepusauinHosgar-
Hi KOMNO3WLii 4Na TexHOMorii 3anucy iHopmadii, 03406NeHHs APYKOBaHOI Ta NakyBarbHOT
npoaykuii», «PyHKLioHani3oBaHi MarHiTouyTnMBi MaTepianu ans copbuii 6inkis i depmeH-
TiB». [po Wwo BOHM cBigyaTb?

3. YuHiBcTBO 11 Knacy nocnepeyanocs: OgHi CTBEpAXyBanu, WO KOMMO3ULINHI Ta Ha-
HOomaTepianu — HOBITHI BUTBOPY NIOAUHW. |HLWI 3anepeyyBanu — Li maTepianu fo4CTBO BU-
KOpPMCTOBYBaro 3 AaBHix-4aBeH. A 5K ygaxkaeme BU? ApayMeHmytime CBOK OyMKY.

<., TBOpYQ MQUICTEPHSI

4. [idcomytime NOBIJOMIEHHS NPO: @) HOBI MaTepianu Ta XiMiYHi TexHonorii, po3pobne-
Hi BITYN3HAHUMU HayKkoBUsIMUK; 6) HOBI MaTepiany Ta XiMidHi TexHonorii, po3pobHuMKIB | po3-
pobHMLb SikMX yaocTtoeHo HobeniscbKoi npemi.

§ 37. PoAb Ximii B pO3B’30HHI NPOAOBOAbYOI, CUPOBUHHOI,
€HepreTUYyHoi, eKOAOrYHOT NpobAeM.

lMicnsi onpayrosaHHsA napazpagha eu 3Moxxeme:

® Haeodumu npukadu 3aCTOCYBaHHSA XiMIYHUX CMOMYK Y Pi3HMX rany3sx i B NOBCAKOAEH-
HOMY >XUTTi;

® ouyiHumMu 3HaveHHs XiMil B pO3B’si3yBaHHi NMPOAOBOSIbYOI, CUPOBUMHHOI, €HepreTU4Hoi
npobnem.

I'modampHa TIPOAOBOIBUA TIPOOIeMAa IIOJISATaE B HEJOCTATHHROMY 3a0e3IeueH-
Hi meBHOI YacTMHU HaceJIeHHA 3eMJIi IIPOJ0BOJLCTBOM. li BUSBU XapaKTepHi
nepeayciM y HaiGigHIIIMX KpaiHaX TPeThOTo CBiTy.

@ Ha3sgimb NpUYNHN BUHWKHEHHS robanbHOi NpogoBonbLY0i Npobnemu.

Buparuuii ¢isiosor I.II. ITaBioB 3as3HauaB, IO «B3a€EMUHU OPraHidMy 3
HaBKOJUIITHBOIO IIPUPOAOIO0 — IIe B3AEMHUHM, OIIOCEPeIKOBAaHI MUTAHHAMU Xap-
yyBaHHA». HecTaua IIpoOmOBOJILCTBA Ta MOT0 HUB3bKA SKiCTh HETaTHUBHO BILIU-
BalOTh Ha 3M0POB’dA JIOJeli, AKicTh po0ouoi cuiam Ta IPOLYKTHUBHICTH, TOOTO
MePEemIKO)Kal0Th eKOHOMIYHOMY PO3BUTKY. Ile TaKOXK CIPUUYMHSE COIiabHY
¥ IMOJIiTHYHY HAIPY:KEHIiCTh i KOHQIIKTN AK y perioHax, IO IIOTEPIIAIOTh Bif
IPOJOBOJBUMX TPOGJIEM, TaK i y TJI00aIbHOMY CBITi.

Ax mocArHeHHA XiMil MOMKYTHh CIPHMSTH PO3B’SI3aHHIO IIPOIOBOJBUYOI IIPO-
omevu? XiMiuHa IPOMUCIIOBICTE MOCTaUaE BUPOOHUKIB CLIBCHKOroCIogapchKoil
mpoAyKItii ehekTuBHUMU OJobpusamu (npuzadaiime, ki 0o0pusa HA3UBAIOMDb
MiHepaabHuMU). 3aCTOCyBaHHA NOOPUB Mae 3MOry 30iJbIINTH BPOMKAUHICTD i
TOJINIIUTH AKIiCTh MPOAYKIil POCIMHHUIITBA. ¥ PE3yJIbTaTi 3aCTOCYBaHHSA IX
MiABUINYETHCA CTIHKIiCTh POCIWH HMPOTU XBOPOO, POoCInHYN e(eKTUBHiIIe BUKO-
PUCTOBYIOTH BOJIOTY, IPUIIBUAIINYETHCA O3PiBaHHA Bposkaro Tomfo. 11106 mifx-
BUIIUTUA CTYHiHb BUKOPUCTAHHA a30THUX HNOOPUB, V/KMBAIOTh 3ax0au MIJid
3MEHIIIeHHsI IXHbOI po3uMHHOCTi. IIOKPUTTA IpaHyl JOOPUB TOHKOIO ILJIiBKOIO
i3 He3HAUYHOI0 ITPOHWKHICTIO IIOJOBKY€E TepMiH iXHBOI mii y Ir'pyHTi, 3MeHIITye
3IaTHICTH 0 3JIE)KYBAHHSA Ta II'POCKOIIIYHICTD, YMOMKJINBIIIOE TPAHCIIOPTYBaH-
HS HacUIIOM. BUKOpHUCTAHHA OPraHO-MiHepaJIbHUX JOOPUB, IKi BUTOTOBJIAIOTH
Ha opramiuHiil ocHoBi (rHiii, mociim, TBepai moGyTOBi Bigxomu, peIITKU Iepe-
BUHU Ta OIIAJIOTO JIUCTSA, TOP( TOIIO) HOOABIAHHAM OO0 Hel MiHepaJbHOI peuo-

168



Puc. 37.1. CrabinmbHe BUPOOHUIITBO

CLIBCHKOTOCIIONAPCHKUX KYJIbTYD

MOXKJIMBE JIMIIIE 34 BUKOPUCTAHHSA

iHHOBAIIMHUX i BUCOKOAKICHUX 3aC0-
6iB 3aXMCTYy POCIUH

BUHU, YHECEHHA IX Yy I'PYHT IOJIMNIIye GajiaHC Ta YMOBU KHUBJIEHHS POCJIMH.
HoBi Buam opramo-miHepalbHUX OOOPUB CTBOPIOIOTH YTHJIi3Alli€l0 TBEPAUX
MoGYTOBUX BifXOIiB 3 BEIMKHM YMiCTOM OpPraHiYHWX PEYOBUHU — XapPUOBUX
BiZIX0MiB, 3aJUIIKiB ITanmepy, TKAHWHU, JePEBUHU TOIIIO.

Iia BupoIlyBaHHA i 30epe)KeHHS BPOKAIO BeJIMKe 3HAUEHHS Ma€ 3aXUCT
POCJIVH i MPOAYKIIiI POCIMHHOTO IIOXOMKEHHS BiJ MIKiAJIMBUX opramismis 3a
IOIIOMOroI0 XimMiunux 3acobiB (puc. 37.1).

CyuacHi 3acobu 3axucmy pocauH MalOThb BiANIOBiZaTHM OZHOYACHO HUSIIL
KpuTepiiB, AKMMHU € e(eKTHUBHICTb, Oe3MmeuHicTh IJs MOBKiJIA Ta 3m0POB’d
JIOfIel, JOCTYIIHICTh 3a IIiHOIO IJIA CiJIbrOCIIBUPOOHUHKIB, CTANICTh 3a (PismKO-
xiMmiuHMMU mapaMeTpamMu. 30epiraHHA IpenapaTry He Ma€ moTpedyBaTy HAATO
0COOJIMBUX YMOB, a 3aCTOCYBaHHS — IIPU3BOAUTHU OO INMBUIKOIO 3BUKAHHSA M0
HBOTO B ITiILOBMX OpraHismiB (0yp’saAHiB, XBOpoOOTBOPHUX OaKTepiii, Bipycis,
rpubiB, miKigHUKiB). Pezyasmopu pocmy, fAKi CTUMYJIIOIOTH abo rajibMyIOTh
PicT i POBBUTOK POCJIMH, TAKOXK € IIPOAYKTAMHU XiMiUHOI IPOMMCJIOBOCTI.

Ximizarmia TBAPDMHHUIITBA — Ile KOMILJIEKC 3aXO[iB, IO CIPUAIOTHL HiJIBU-
I[eHHI0 AKOCTi KOPMiB Ta HPOAYKTHUBHOCTI TBapUH. IHeThCA IIPO BUPOOHUIITBO
XiMiYHMX KOHCepBaHTIiB (Hasedimb npursadu) i crabismizaTopiB KOpMiB, KOp-
MOBHUX ApPiIxiB i MiKpobiosoriunoro 06isiKa, BHKOPHMCTAHHS CEUOBMHM Ta
IHIITMX KOPMOBUX J00ABOK, 3aCTOCYBAHHSA CTUMYJISITOPIB POCTY TBApUH. XiMid-
He KOHCEPBYBaHHS 3eJIEHUX KOPMiB 3a0e3meuye 30epesKeHHA MOKUBHUX PEUO-
BUH, INPUTHiIUye PO3BUTOK THUJIBHHX i MAaCASHOKMUCJIUX OakTepiii, s3amobirae
HebaKaHuM (hepMeHTATUBHUM IIPOIlecaM.

S0epiraHHsg XapduyoBOl NPOAYKINI TAKOXK IPYHTYETHCA HAa MTOCATHEHHAX
ximii. 30KpeMa, JIIOJCTBO 3JlJaBHA BUKOPUCTOBYE KOHCEPBAHMU s 30iJbIIeH-
HA TepMiHy 30epiraHHs xap4oBUX HPOAYKTIB (Rasedimbv npuxaadu). Ilnacru-
KOBi Xap4oBi KOHTeliHepU, MaKeTH, IJIiBKA Ta iHIIIA Tapa TaKOXK JOIOMAaramThb
30epertTu AKicTh xapuyoBMX OpoayKTiB. CyuyacHi makyBaJibHI Marepianu (Hage-
dimv npurksadu) BUPISHAITHCSI BUCOKUMHU CIOMKWUBUMMMU BJIACTUBOCTIMMU.
30ibIIeHHI0 TePMiHY IPUIATHOCTI HPOAYKTIB CIpPHUsSE IXHE YIaKOBYBAaHHSA B
razomonniKoBaHOMY cepefoBUINi. 3aBASKMW NPaBUIbHO AOOpaHiit cymimri
rasiB (KuceHb, aproH, a3oT, BYIJIEKUCJINN ra3) yoaKoBaHi B TaKUH CIIOCiO mpo-
IyKTH 30epiraioTs MiKpodopy, a TepMiH 30epiraHHs 30iabIyeThea 6e3 yTpa-
TH CMaKOBUX, KOPUCHUX SKOCTeli, TOBAPHOI'O BUIJISAAY I HaBiTH 6e3 BUKOPUC-
TAHHS CHelliaJbHUX J00aBOK i KOHCEPBAHTIB.

I'mobampHA CHUPOBMHHO-EHEPreTHMYHA IIpPo0JeMa I0JfAra€e B HeoOXimHoCTi
3a0e3MeuyeHHs IMOTped JTIACTBA B CHPOBMHHHX Ta €HEPreTMYHHX pecypcax.
ITpuunHa 1BLOTO mOJATAE IEPEmyciM Y TOMY, IO IPUPOIHA CHPOBMHA, 30KpeMa
¥ maauBHI pecypcu, 3mebinbioro € guuepnhumu. 11106 po3s’sizaTu mpobieMy
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fiK NTPABUABHO

COPTVBATVI CMITTSI

OPTAHIKA

O 4 IMEHLITH
CKAO KPAWIE / AC NANEPOBUX . BMKOPUMCTAHHA

NOKAACTM 3BOKY. METAAINHI BIAXOAM 1 BIAXOAIB MOXHA OAHOPAIOBHX MAKETIE

| CAIA BUKMAATH BHKMAATH MAYKH TA CTAKAHHHKIB,
KEIAD.CMITIREAKA OKPEMO | .,E?:A PARK NAACTHKORI NAALIKK. |

CAIA CKPYTHTH

Puc. 37.2. Ik mpaBUJIbHO COPTYBATH CMiTTs

HecTaui CUPOBUHU, MOTPiOHO BUKOPUCTOBYBATH i KOMIIJIEKCHO, CTBOPIOBATHU
0e3BiIX0aHI BUPOOHUIITBA, PEIIUPKYJIIOBATA i pereHepyBaTH, BUKOPUCTOBYBa-
T IIPOMUCJIOBI If TOOYTOBi BigXoau AJid BUPOOJEHHsS KOPUCHOI mpoAykIrii. Yci
i mpolecu TicHO IOB’A3aHi 3 XiMiUHMMM mHepeTBOpeHHAMHU (Hagedimbv npu-
Kaaou).

ITomupeHinooo crae IpakTHKa BUKOPUCTAHHA Pi3HUX KOHTEHWHEPiB IJid
IIOIIePEHBOT0 COPTYBaHHA cMiTTAa (puc. 37.2) (Hagedimv npuxknadu Hailbinbwl
npudamuux 0asa 6azamopa3o060i nepepobku nobymosux 6i0xodia).

LlikaBo Q Mi3HABAABHO

Byrneuesi aeporeni, ynbTpanerki Ta CTPYMOMNpPOBIAHI, UikaBi K NOTEHUINHWA MaTtepian
ONS enekTpoAiB CynepkoHAEHcaTopiB, LU0 3aCTOCOBYOTb B €reKTpoMobinsax i nobyTosin
€NeKTPOHILi, NpoTe MeToaM iIXHbOro JobyBaHHA A0CUTL cknagHi. Y Kutai po3pobneHo Ho-
BWI CNOCIO OTpUMaHHS Takux aeporenei 3 BigHOBMOBAHOI CUPOBUHM — HaHOiOpun uento-
nosu. MpoayKTUBHICTL PO3POOKM BUSIBUMNACS Maibke Takol CaMoto, SiK Y KOMepUiiHO [o-
CTYMNHUX eneKkTposis

HogiTai ximiuni marepianm Ta TexHOJOrii MalwTh BeJWKe 3HAYEHHS IJIA
posB’A3yBaHHA eHepreTudyHoi mpobaemu (puc. 37.3). Hampuknaazn, HoBuit
COHAYHUNA (POTOTANbBAHIUHUNA €JIEMEHT 3 OPraHiuYHMX PEUYOBUH 3JAATHUNA KOH-
BEPTYBATU B €JEeKTPUUHY eHeprito 17,3 % COHAYHOTO CBiTJa, IO MOTPAILISE
Ha HBOro. Konmumiuiit pekopn couaunux 6arapeit cramoBus 14 % .“ Po3pobiaeno
JiTif-ioHHI akKyMyJIATOPH, AKiI He BTpadyaloTh IPOAYKTUBHOCTI 3a TeMIIepaTypu
=70 °C. ¥V mnepcmeKTwBi TaKi akKyMyJasaTOPH BMOXKYTH IOJIIIIATH POOOTY
cMapTdOHiB i eIeKTPOMOOLIIB Y3UMKY, a TaKOX OYyTH KOPUCHUMM JJISI TEXHi-
KM, eKCILIyaTOBaHOI Ha BEeJMKHUX BUCOTaX, abo IJis amapariB, AKi TOCITimKy-

! https://www.ncbi.nlm.nih.gov/pubmed/29687551
2 http://science.sciencemag.org/content/early/2018,/08,/08 /science.aat2612
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IOTh MOBEePXHIO HebecHUX Tinm CoHAUYHOL
cUCTeMH — ILJIaHeT i ixXHix CYHYTHI/IKiB.l

Y FKurai pospo0iieHO ejeramTHE
pimreHHA, IO A€ 3MOTY IIEPETBOPUTU
ip:xkaBi BasisHi BuUpoOM HaA imeaJsbHi
eJIEKTPOAY IJA KaJlili-ioHHUX I:Kepel
sKuBjgeHHA. OcOoOJIMBICTL METOLY IOJISA-
rae B TOMYy, IIIO ip;Ky He BUAAJAIOTH, a
IepPeTBOPIOIOTh HA CiTYACTY CTPYKTYPY,
3MaTHY HaKommuyBaTu Karionu Kaurito.
EnexkrpompoBigHicTs i cTabinbHiCTH
HOBHUX €JIEKTPOJiB IIiJ] yac IIOBTOPIOBA-
HUX IUKJIB «3apaaKa / po3paakKar
salesredye MOKPUTTA 3 TPadeny. Puc. 37.3. Hatibinbime y cBiTi cyqHO Ha

[i Ta immi pospobku cBig4aTs 1Ipo consiunmx Garapesx PlanetSolar
BeJUvYe3He BHa4YeHHdA Xximii B poss’a-

3yBaHHI Ir100aJbHUX IIPO0JEM JIOJACTBA — MPOJOBOJILYOI, CHPDOBUHHOI, eHepre-
THUYHOI.

LlikaBo (i ni3HABAAbLHO

Mapisa Tenbkew (1900-1995) — yropcbko-amepukaHCbka BYEHa 1
BUHaxigHNUA. daxiB4nHS B ranysi TEXHOSONIN Y COHAYHIN eHepreTuu,.
€ oAoHUM 3 TBOPLIB COHSAYHMX cucTem 3bepiraHHs Tenna, 3aBAsKY
Yyomy gictana npissucbko «Koponesa CoHusi» (puc. 37.4).

o 18] roNOBHE

® TIpomoBoJsibua, CUPOBMHHA Ta €HEPTreTUYHA IIPO0JIeMU €
ra00aJIbHUMHU IIPO0IeMaMu JIIOACTBA.

® Marepianu, CcTBOpeHI XiMiuHOIO IIPOMMCJIOBICTIO, Ta
XiMiuHi TeXHOJOTil BUKOPUCTOBYIOTH AJIA PO3B’sI3yBaHHSA
r100aabHUX IPO6JIeM JIIOACTBA. Puc. 374.

[lepesipTe cebe
1. lNepemeopimb po3noeigHi pedeHHs pybpuku MNMPO MTOJIOBHE Ha nuTanbHi. Yn moxe-
Te BU BiOMNOBICTM Ha Ui 3annTaHHsA 6e3 gonomorn nigpyyHuka?
Jd
I ] 3acrocymvre CBOI 3HQHHST A YMIHHSI

2. Cknadimpb neperik NpoCTUX LOAEHHUX AN, SKi CNPUSTUMYTb PO3B’sI3aHHIO MPOAO-
BOJbYO0i, CUPOBUHHOI Ta eHepreTU4Hoi Nnpodnem.

\C[) TBOpPYQ MAQVICTEPHS

3. lMNidezomyiime NoBiAOMMNEHHS NPO NpeacTaBHMKA YN NPEACTaBHMULIO BiTYUIHSHOI XiMiy-
HOI CNiNbHOTK, SIKi 3pOOMNIM BaromMuii YHECOK y PO3B’si3yBaHHA NPOAOBOSLYOI, CUPOBUHHOI
Ta eHepreTU4Hoi npobnem.

1 https://www.cell.com/joule/fulltext/S2542-4351(18)30045-X
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§ 38. POAb XiMii B pO3B’3yBCAHHI @KOAOTIYHOI NpoBAemMMU.
«3eAeHa» XiMisl: CY4OCHi 3ABACHHS nepeA XiMiYHOKO HAYKOKO
TA XiMiYHOIO TEXHOAOTIEIO

Micns onpauroeaHHs napazpagha eu amMoxeme:

oyiHumu porb Ximii y po3B’a3yBaHHi eKonoriYHoi npobnemu;

yceidomumu 3Ha4eHHsi HOBOT dhinocodii B XiMii Ta BnacHoi rpomMagsHCbKoT nosuuii ans
peanisauii koHuenuji 36anaHcoBaHOro PO3BUTKY CYCNiNbCTBa; NPUYNHOBO-HACHIOKOBI
3B’A3KM Y NpUpOoAi Ta T LiHHICTb i LiNiCHICTb; NpaBo Ha BracHWi BMGIp | NPUAHATTSA pilLeH-
HS1; BiANOBIAaNbHICTL 32 30epeXeHHs OOBKINNSA Bif LWKiOIMBUX BUKUAIB.

I'mobampHa erosoriuHa TIPoOJIeMa 3yMOBJIeHA IIEPEBUINEHHAM AOIIYCTUMIX
rocIofapchbKUX HaBaHTa’KeHb Ha MOBKiJIA 0e3 HaJIE)KHOTO BpaxXyBaHHS OTO
MOJKJIMBOCTeH, YHACJHiZOK YOTO0 BOHO nAerpaaye. Imerbcs mpo 30es3jiceHHsA i
BHUCHAaKEHHS 3eMeJIbHUX Pecypcis, merpamailiio r'pyHTiB, 3a0pyAHEHHS €KOCHC-
TeMH’ BixogaMu BUPOOHUUOI Ta HEBUPOOHUYOI MiAIBHOCTI JIOAUHMU.

Pigxkumu Bimxomamu 3abpyaHeHO HacaMmiiepel rigpocdepy, IPUUOMY T'OJIO-
BHUMU 3a0pyAHIOBAUaMH € CTiuHi Boau it HadTa. HagsBuuailHO HeGe3IMeUHUM €
3a0pyAHEHHS aTMoc(hepy IUIOMOAIOHMMH ¥ rasyBaTHUMU BigxomaMu, BUKHUIU
AKUX OeslmocepesHbO IIOB’A3aHi 31 3TOPAHHAM MiHepaJbHOTO IajauBa Ta 6io-
MacH, a TaKOK 3 TipCbKUMM, OYyIiBeJIbHMMH! Ta iHITMMHU 3€MJIAHHUMH pPOOOTa-
mu. HebesnmeKy A OOBKiJJISA CTAHOBJATH 1 BUKUAM TAapHUKOBUX TasiB
(Hazsimb yi za3u ma Oxcepeaa ixHv020 HAOX00HEeHHA 6 ammochepy).

S nmpomMy MoO’Ke 3apaJuTH BUKOPUCTAHHS MOCATHEHb XiMiuHOI HAyKM Ta
BupobOHUITBa? A peKyJabTHBAIil I'DYHTIB BUKOPUCTOBYIOTH PisHOMAaHiTHI
ximiuni MemiopanTu (Hagedims npukaadu), 30KpeMa Taki, M0 SHUKYIOTh PyX-
JUBICTh KaTiOHIB BasKKMWX METAJIUHUX eJieMeHTiB y I'pyHTi. [lisa ykpinneHHs
3CyBiB BHKODPHCTOBYIOTH T€OTE€KCTHUJIb, OCHOBHOIO CHPOBUHOIO AJIS BUPOOHU-
ITBa AKOT'0 € IIOJIIIPOIIijieH abo moJiecTep — MPOAYKIiA XimMiuHOI mpoMmICIIO-
BocTi. BamkauBo (nosacrimv womy), mio A BUPOOHUILITBA I'€OTEKCTUJIIO BUKO-
PUCTOBYIOTHL peInuKJIidoBaHi moJjaimepu. Hampukmaanm, ImoJiecTepHi BOJIOKHA
BUTOTOBJAIOTH MEPEPOOJIEHHAM BUKOPUCTAHUX IIACTUKOBUX IaAIIOK. Haro-
MiCTh TOJIINIPOIiJIEHOBUU TEOTEKCTUJIL BUPOOJAIOTH 3 NMEPBUHHOI CUPOBUHU
(puc. 38.1).

Iisa samobiranusa 3a0pyqHEeHHIO MOBIiTPA Ta JiKBiZyBaHHS HACHIAKiB IIHOTO
SABUIIAa BUKOPUCTOBYIOTH (hisbTparito (MaTepianu niasa GiJbTpiB € MPOAYKITi€IO
ximMiuHOI TPOMUCIOBOCTI), afcopOLilini (noscHimb ixHI0 cymb) Ta KaTaJdiTUYHL

Puc. 38.1. EdpexrusHi memiopania (1) Ta ykpinierHa (2) 'pyHTY HeMOXKJINBL
0e3 mTocATrHeHb cydyacHOol ximii
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NO,
CH,
CO+0,— CO,
% C,H,+0,— CO,+H,0
® CO +NO, — CO, + N,

Puc. 38.2. 1. KatamiTuuHe OuUnINeHHA BUXJONHUX aBTOMOOiNIbHMX rasiB. 2. Bukopuc-
TaHHSA COPOEHTY [JIsA BUAAJEHHSA HapTu Ta HaQTONPOLYKTIB

(ximiuHi TIEpeTBOPEHHA TOKCUYHUX KOMIIOHEHTIB HA HETOKCUYHIi) MeTonu (puc.
38.2.1). [Ina BumaneHHsa 3 moBiTpsa momimok cyabdyp(IV) oxkcumy, amoHiaky
3aCTOCOBYIOTH XiMiuHi peakIiii 3a iXHBOI yuacrTi.

Aki 3 peareHTiB BUKOPUCTOBYIOTb, Ha Bally AyMKY, AN MOMMUHAHHS LMX 3abpyaHto-
BaviB? Cknadimpb PiBHSIHHS BiANOBIiOHUX peaKL,ii.

Ha sbupanHsa po3auBiB HaATH Ta HAPTOHNPOAYKTIB TAaKOK BUKODPUCTOBY-
IOTh aacopOeHTHM, CTBOPEHi Ha OCHOBI CydyacHHX HAYKOBUX PO3POOOK (puc.
38.2.2).

dABuiie mig HasBOI HMAapPHUKOBUM edeKT moOpe BiomMe BaM 3 HOBiZOMJIEHDL
3acobiB MacoBoi ingopmarrii. ITpo mapHUKOBi rasu (Has3gimo ix) BU Ai3HAJIUCS
3 Kypey ximii 9 Kiaacy. Bammx 3HaHBb i MKUTTEBOTO HOCBiAYy AOCTATHBLO, IIO0
cxXapaxkTepusyBaTH HPUUYMHU Ta HACIIAKY TMapHUKOBOTO e(eKTy Ta crocobu
ixHBOI MiHiMiza1ii, BuKopucrasiu pucyHok 38.3 (3pobimb ue).

@ LLlo no3HaueHo Ha pucyHKy 38.3 umdpamm 1-9?

Uikaso (i nisHaBaAbHO » [l renrosa eepris

Po3pobneHo TexXHOMorito  MOrfmMHaHHSA
kapboH(IV) okcnay kanbLii OKCUMOOM, SIKuUiA
[obyBatoTb 3 AelleBuX BarnHsKiB i JoroMi-
Ty. TexHiyHa peani3auia meTogy nonsirae B
nepeMilleHHi Kanbuii okcuagy MK gsoma
peakTopamu 3 KUNAsyYMM WapoM, B OQHOMY
3 SKMX 3a HU3bKOi TemnepaTtypu BinOyBa-
€TbCHA MOrNWHaHHSA BYINEKUCIOro rasy, a B
iHLIOMY 3a BMLLOI TemnepaTypu — po3kna-
OaHHA Kanbuin kapboHaTty. 3acTocyBaHHS
30piEHTOBAHO, nepefyciM, Ha  BYrifbHI
erneKkTpocTaHLUil 3 BACOKUMU BUKUOAMMU BYT-
NIEKNCNOro rasy Ha oauHULK BUPOBNEHOT
MOTY>KHOCTI.

[[] ceiTnosa eHeprist

Cknadimpb pIBHSIHHS peakuin, Ha
AKUX I'PYHTYETLCS LA TEXHOMOTISA.

Puc. 38.3. ITapaukroBuil eexT
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Criuni BoaM OUYHMINYIOTH 3a JOIOMOTOI0 peakIliii ocamxenns. Ilix uac obpo-
O0JIeHHS CTiYHMX BOJ peareHTaMU BinOyBaeThcs IXHsA HelTpasisailis, 3Hedaps-
JIeHHA Ta 3He3apakKeHHs (Hasedimbv npukraadu).

OmHuM 3 TOJIOBHMX HACHiAKiB eKOJOTiuHOI KpH3u Ha IJIaHeTi € 3y0o:KiHHS
ii reHogoHIy, 3MeHIIEeHHsA O0i0oJIOTiUHOTO Pi3HOMAHITTA uepe3d PYHHYBaHHSA
KUTTEBOTO cepeoBuIa pocauH i TBapuH. Tomy GaraTopasoBa ImepepoOKa Bif-
XO0IiB, 30KpeMa U XiMiUHMMMW MeTOZaMU, 3MEHIIIeHHs BUTPAT CHUPOBUHU Ta
emeprii y ximiuHi#i mpomwucioBocTi (i He JuIle) COPUATUMYTH 3MEHIIIEHHIO
HEraTMBHOTO BILJIUBY JIIOAWHY HA JOBKiJIdA.

3enena xivis — ¢imocodia xiMiuHMX AOCTiIKEeHDb Ta iHXKeHepii, AKa 3aKJIuM-
Ka€ 0 CTBOPEHHS IIPOAYKTIiB Ta MpoIleciB, IO Aal0Th 3MOry MiHiMisyBaTu
BUKOPHUCTAHHSA Ta BUPOOHUIITBO MIKiJJIMBUX PEUYOBUH. 3esieHA XiMida HaOiIb-
IIe CKOHIIEHTPOBaHA Ha PO3B’sA3yBaHHI BUPOOHMYUX 3aBAaHb, a TOMY CTOCY-
€ThCcs BUOOPY XiMiuHMX TpoIlieciB, AKi 6yayTh BUKOPUCTAaHI B XiMiuHill TexHO-
gaorii. 'onoBHe 3aBmanHsa 3esieHol ximii HapiBHI 31 3MEHINIEHHAM MIKiJJIMBOCTI
XiMiuHEX IpolleciB moJsarae y 30iJbIIeHHI e()eKTHUBHOCTI KOMKHOIO 3 XiMiKo-
TEeXHOJIOTiYHUX ITPOIIECiB.

lpoaranizylime HaBegeHi fani 12 npuHumnia 3eneHoi ximiit. Skux BUCHOBKIB BM ai-
NWNM 3a pesynbTatamMu aHanidyBaHHs iX?

— prevent wastes (3amob6irtTu BTpaTam)

— renewable materials (IOHOBJIOBaHI MaTepiajau i cUPOBUHA)

P

R

O — omit derivatization steps (BUKJIIOUNTH TOOiUHI peakIrii)

D — degradable chemical products (merpagabenbHi XiMiuHiI TPOAYKTH)
U

— use safe synthetic methods (BuUKOpuUCTOBYyBaTH Oe3meUHi CHUHTETUYHI
MeTOaU)

e
|

catalytic reagents (BUKOPUCTAaHHA KaTaji3aToOPiB)

T — temperature, pressure ambient (BUKOPUCTAHHSA  HOPMAaJbHUX
TeMHOepaTypu U TUCKY)

I —in process monitoring (MOHiTOPHUHT IIPOIIECY)

V — very few auxiliary substances (AKHaliMeHIIle TONOMiKHUX PEYOBUH i
PO3UYMHHUKIB)

E — E-factor, maximize feed in product (MakcuMaJIbHUI BUXiJ IIPOAYKTY)

L —low toxicity of chemical products (HuM3bKa TOKCHUYHICTH XiMiuHUX
MIPOAYKTiB)

Y — yes, it is safe (Tak, mpoliiec Oe3mMeUHMIA)

IIpo mepcmekTHBHICTH Ta €KOJOTIYHY AOMIJBbHICTH 3esieHOl Ximii cBigumTh
cBimoMuii BuOip MOJIOMOI HAYKOBOI CIIIJILHOTH 3 YCiX yCIOX, 30KpeMa i 3 YKpa-
iau (puc. 38.4).

CoogiBaemMocsi, IO BM 3a MOMKJIMBOCTI JOTPUMYBATHMETECS IIPUHIINIIIB
Besnenoi ximii meszame:xHO Bix Bubpanoro daxy.’

Y npomy BaM ZOMOMOMKYTH 13 mpuHIuOiB «Oz3emeHenua AGQPUKM»:

G — generate wealth not waste (Bupo0bJsiiMmo 6araTcTBO, a He BiAX0am);

1 Mapriu IlonakoB, Piuapan BypH, HoTTuHreMchbKu# yHiBepcHUTET: «XUMUSA U
Ku3Hb» Ne 10, 2012

Maprin IlonakoB, Piuapag BypH, HoTTmaremchbkuii yHiBepcuteT: «XuMuUA u
Ku3Hb» Ne 10, 2012

174



Puc. 384. Y 2014 pomui mocaimauio Axacra-
cito I'yoiny 3 KwumeBa BigsHaueHO I'PAHTOM
IOHECKO Ta IIOITAK 3a mocaimxeHusa « MemoO-
PaHM Ha OCHOBI IoJicaxapumy AJs IMaJUBHUX
eJeMeHTiB» mif uac MiKHapoIHOrO CUMIIO3iy-

Q

R — regard for all life & human health

E — energy from sun (6epimo eHepriio

My «3ejleHa XiMisa s KUTTS»

(moBakaiMo Bce XUBe # JIIOJCBHKE
3I0POB’);

Big CoHIIs);

E — ensure degradability & no hazards (3abesmeuyiiMo merpamaberbHICTH

==

001 YHUKHYTU HeOe3IeKn);

— new ideas & different thinking (remepyiiMmo HOBi imei Ta iHIme Mu-

CJIeHHA);

— engineer for simplicity & practicality (mpuitMaiiMo IPOCTi i MpaKTUYHI

iH)KeHepHi pimmeHHA);

— recycle whenever possible (IOBTOPHO BWKOPUCTOBYHMO, J€ TiJIbKHU

MOJKJIKBO);

— appropriate materials for function (BUKOPHUCTOBYHMO MaTepianum Bif-

MOBiAHO MO IXHiX QYHKIIiH);

— fewer auxiliary substances & solvents (BUKOPUCTOBYIMO AKHalMeHIIIE

JOIOMIKHHX PEUYOBUH i POSUMHHUKIB);

— reactions using catalysts (BUKOPHUCTOBYHMO KaTaJji3aTopu);

— indigenous renewable feedstocks (BUKOPHCTOBYHMO MicCIleBy BiJZHOB-

JIIOBaHy CUPOBUHY);

— cleaner air & water (g0aiiMo PO YKCTi MOBITPA U BOAY);
— avoid the mistakes of others (yHUKAIMO UyKHUX OMIJIOK).

hhttps://lwww.jase-w.eccj.or.jp/technologies-r/pdf/oil_refinery_chemicals/P-02.
pdf
https://ecotechnica.com.ua/technology/2709-gigantskaya-mashina-ulavlivaet-
co2-iz-vozdukha-i-otpravlyaet-ego-v-teplitsy-dlya-vyrashchivaniya-ovoshchej.
html

http://efaculty kiev.ua/fermentativhaia-membrana-dlia-ylavlivaniia-so2

Puc. 38.5. IlomroBa MapKa YKpaiHu, IpucBAYeHa
Poanny Xodhdmany (zap. 1938) — amepukaHCbKOMY
ximMiKy (opraniuHa Ta KBaHTOBa Ximisd), moeTy, Aapa-
MaTypry i @inocody yKpaiHCHKOTO €BPEHCHKOTO II0-
xomxenns. P. Xodpdman — maypear HobGesmiBcbkoi
mpemii (1981) «3a pospobisieHHs Teopil mepebiry xi-
MiUHUX pPeaxiliii», 10 3HAYHO PO3IIUPIOE MOMKJIUBOC-
Ti OJgA TUIaHYBaHHA XIMiUHHMX eKCIIePUMEHTiB.
Y 2013 6yB momix iHTenexkTyasiB, AKi migmucaaum
3BepHEHHA CBiTOBOI akageMiuHOi CIiIBHOTH Ha Iif-
TPUMKY yKpaiHChKOTO €BpoMaiigany

=

2017

YKPAIHA

UKRAINA ..
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o 18] rONOBHE

® TsobasibHa eKoJoriuHa Impo0JemMa 3yMOBJIEHA IIE€PEBUINEHHIM JOMYCTUMUX
TOCIIOIapChbKUX HaBaHTAKeHb Ha MOBKiJIsg 0e3 HaJeKHOTO BpaxyBaHHS
MOro MOJKJMBOCTEM, YHACTIZOK YOr0 BOHO AEerpanaye.

® «3emena ximisg» — (pimocodia ximiuHmx mocaimKeHb Ta iHMKeHepii, AKa
3aKJNKAa€E OO0 CTBOPEHHS HPOAYKTIB i mpoiieciB, IO Aai0Th 3MOry MiHiMizy-
BATU BUKOPUCTAHHS ¥ BUPOOHUIITBO ITKiIJINBUX PEUOBUH.

[lepesipTe cebe

1. lNepemesopims po3noBiaHi pedeHHst pyopuku MPO TOJIOBHE Ha nuTanbHi. Yn Moxe-
Te BW BiAMNOBICTM Ha Ui 3annTaHHA 6e3 gonomoru nigpyyHuka?

3acrocymre CBOI 3HAHHST A YMiHHS]

2. lMosicHimb: a) Yomy ntogcteo noTpebye 3eneHoi xiMmii; 6) y YoMy nonsratoTe nogid-
HICTb Ta BiOMIHHICTb MK HAYKOI MPO AOBKINMSA Ta 3eneHoto ximieto (8idrnosidb Hadalime Ak
fiarpamy BeHHa); B) L0 Take NOHOBMNIOBaHI pecypcy Ta YOMY BOHM eheKTMBHILLI AN BUKO-
pucTaHHs 3 nornagy 3eneHoi xiMmii; r) 9K BU po3ymieTe CnoBOCMONYyYeHHs «3eneHa ximis
Ans 36anaHcoBaHOro Po3BUTKY NOACTBAY.

3. lpoaranizyliime Ta npokomMeHmytme: a) 13- npuHumn 3eneHoi ximii, chopmynbosa-
Hun K.C. JlokteBoto Ta B.B. JlyHiHUM (MOCKOBCBKMI AepXaBHUIA YHIBEPCUTET): «AKLLO BU
pobuTe BCe Tak, SIK 3BUKMK, TO N1 OTPMMAaETE Te, Lo 3a3Bu4yar oTpuMyeTe» (4Yu nodingeme
su OymKy Haykosuig?); 6) BucniB Poanga Xoddmana (puc. 38.5) «Monekynu — ycboro
nvwe monekynu ... XiMiku CTBOPIOKOTb HOBI CMOSYKW 1 NEPEeTBOPIOOTL CTapi. |HLWi, Ti, KoMy
Le nNoTpibHO, KynytoThb i BAKOPUCTOBYIOTb iX; XTOCb NpoAae Taki po3pobku i “pobuTb” Ha Libo-
My rpoLli. YCi M1 rpaeMo Ty Yn Ty pofib Y LbOMY JaHLIKOXKY Ta BMKOPUCTOBYEMO XiMiYHi
crnonyku Ha 6naro um Ha wkoay...»; B) Bucnis npeangeHta (2012—2013) MixHapogHoro co-
03y TeopeTnyHoi Ta npuknagHoi ximii (IUPAC) Kauytoki Tauymi npo manbyTHe ximii: «A ab-
COJIOTHO BNEBHEHMWN, L0 BaXXNMBUMK ByayTb po3pobKM B ranyssix, NoB’A3aHnX 3 anbTepHa-
TMBHOIO €HepreTukow, AobyBaHHAM YUCTOI BOAW, NIOBULLEHHAM YPOXXaWHOCTI CiNbCbKOro
rocrnogapcTtBa. Y BCix LMx 0bnactax ponb Ximii HEMOXIMBO NepeoLUiHUTUY; 1) BUcniB Pboag3i
Honopii, naypeata Ho6eniscbkoi npemii 2001 poky: «Ximiku y XXI cToniTTi MaoTb 4OTPUMY-
BaTUCHA NPUHLUUMY NPAKTUYHOI eNeraHTHOCTI»; ) AeBi3 Greenpeace «Mu He oTpumanu 3em-
N0 B CNagokK Big 6aTtbkiB, My B3sinu i B 60pr y HallMX HallaaKiBy.

4. Bucrioeme CBOE€ CTaBfEHHS OO 3a0OPOHU BUKOPWUCTaHHSI NMacTMKOBOI YMaKOBKU B
[pysii.

<. TBOpYQ MQKICTEPHSI

5. Cknapgitb ceHkaH «3eneHa ximig». 6. Hanuwite ecen «HoBe nokoniHHA daxiBuiB i
daxiBunHb y ranysi ximii: ske BOHO?»

MpoekTyrmo! Teopimol

o

“’%ﬁ 15. PO3B’43yBAHHS MPOBAEMM YTUAIZALLIT PI3HUX BUAIB €EAEKTPUYHUX ACMI.
16. MiATOTOBKA eCcelo iHO3EMHOK MOBOIO «POAb XiMil B MOEMY XKMTTIN.
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NIACYMKU

Bu Ha moposi mopocioro :xxuTttsa Ta Bubopy mpodecii. Ileprr, Hixk 3poduTu;
BifmIOBimanbHUN KPOK, IIEepPeBipTe, YN MOKETe BU:

Ha3eéamu s-, p-, d-eJeMeHTH 3a IXHiIM Miciiem y mepiogmuuiii cucremi; Hai-
HOMINPEHiIli B IPUPOAI MeTaJiuHi ¥ HeMeTaJiuHi eJleMeHTH; IPeACTABHUKIB
KJIaciB HEOPraHiYHUX CIIOJYK 34 CHCTEMATHUUYHOI0 HOMEHKJIaTYpPOIO;

nosAcHUmMuU BAJIEHTHICTb i CTYIiHb OKMCHEHHS ejieMeHTiB 2 i 3 mepiofiB y
OCHOBHOMY # 30ym)KEHOMY CTaHaX aTOMiB; 8i0MiHHOCcMi B MeXaHi3Max yTBO-
PeHHSA KOBAJEeHTHUX 3B A3KIiB y MOJIeKYJIi aMOHiaKy Ta HMOHI aMoHiio; Mix
aMOophHUMU I KPUCTAIIYHUMHN PEUYOBMHAMM; YILJINB Pi3HUX YMHHUKIB Ha 3Mi-
IIeHHs XiMiuHOi piBHOBArm, Ha TiApoJIid coJjieil; IPUMHIUI Aii raJbBaHiUHOTO
eJIeMeHTa; CyTh ABUII aJOTPOIii Ta amcopbIrii; BigzMiHHOCTI BiIacTUBOCTEI ajo-
Tponuunx moaudikamiii Oxcureny, Cyabsdypy, Kapoorny, @ochopy ixHiM Kiab-
KicHMM cKJamzoM abo OyIOBOIO; AHTPOIIOTeHHI I IPUPOAHI IPUUYNHU MOSIBU B
aTMoc(epi OKCHuIiB HeMeTaJIiUHUX eJIeMEeHTiB;

Haéecmu npukaadu s-, p-, d-eIeMeHTiB; PEYOBMH 3 PiBHUMU BuUAaMU Ximid-
HOT'O 3B’SI3KY; aMOP(HUX i KPUCTATIYHUX PEUOBUH; HEOOOPOTHUX i 000OPOTHUX
ximiunmx peakiiiii; amorponuux moxupikamiit Oxcureny, Cyiabdypy, Kapoony,
dochopy; cmoayk HeMeTaTiuHMX ejaeMeHTiB 3 Iimporenom (rimzporem xJopmuy,
rizporeHn cyab(hin, amMoHiaK); B3a€MO3B’A3KiB Mi)K peyoOBMHaMM; 3aCTOCYBaHHS
XiMIiUYHMX CHOJNIYK Yy PiBHUX Tajly3AX Ta B HOBCAKIEHHOMY *KUTTi;

cknacmu eJeKTpPoHHI Ta rpadiuHi eJeKTpoHHI (GopMyam aTromMiB s-, p-,
d-enementiB (Pepym) 1-4 mepioxaiB, aTromiB Hemerasiunumx exemenTiB 2 i 3
mepiogiB B OCHOBHOMY I 30yI:KEHOMY CTaHAX, 3 ypaXyBaHHAM HNPUHITUIY
«MiHiMaJIbHOI eHeprii»; piBHAHHSA, IM0 IiATBEePIKYIOTH BiIHOBHI BJIACTHBOCTI
MeTaJiB, 30KpeMa aJIIoMiHiio i saimisa (peakIiliii 3 HeMeTajlaMu, BOIOIO, KMCJIO-
TaMH’ Ta COJIIMHU B PO3UMHAX); OKUCHI BJIaCTUBOCTI HeMeTasiB (KUCeHb, CipKka,
BYIJIEIlb, XJIOP) Y PeaKilifAx 3 BOAHEeM i MeTaJilaMI; BiIHOBHI BJIACTHBOCTi BO/I-
HIO ¥ BYTIJIEIIIO B PEaKI[isIX 3 OKCHUIAMM MeTaJiuHUX eJeMEeHTiB; peakiliii, AKi
XapaKTepus3yoTh 0COOJUBOCTI BOJHUX PO3UYUHIB TiporeH XJopuAy (3 ocHOBa-
Mu), rigporex cyandiny (3 ayramm), amoHiaky (3 KucaoTaMm); peakIliii, axi
XapaKTepus3yoTh XiMiuHi BIacTUBOCTI Ta 10OYBaHHS OCHOBHUX, KMCJIOTHHUX Ta
aM(pOoTepHUX OKCHUMAIB; KUCJIOT, OCHOB, amM(poTepHUX TiApoKcuaiB (AJOMiHiIO
ta IITUHKY), cepefHiX i KHCIMX coJiell; peaKIlili HiTpaTHOI i KOHIIEHTPOBaHOI
cyJb(aTHOI KMUCJIOT 3 MarHieM, MUHKOM, MiAIi0; PiBHAHHA peaKIliil rigpoiisy
coJjieii; IJIaH JOCJimKeHHs;

cxapaxmepu3yéamu CyTh XiMiuHOI piBHOBaru, rifpoJisy coJieil; Mmeranu i
HeMeTaJu, iXHi ()isuuHi BIACTUBOCTI Ta 3acToCyBaHHS (y TOMY YMCJIi CILJIaBiB
MeTaJIiB); 3aCTOCYBaHHSA Ti[POTEH XJOPUIY, TiAporeH cyabdimy, aMoHiaKy;
¢isuuni Ta ximiumi BgacTHBOCTI (B3aeMonid 3 MarsmieM, IUHKOM, MiIIio0)
HiTpaTHOI ¥ KOHIIEHTPOBAHOI CYyJab(ATHOI KHCJIOT; 3aCTOCYBAHHS TiIPOKCHUIIB
Hartpiio i Kanbiriio; TIOTITUPEeHHS coJier y npnpom’

Ppo3pidnumu HeoOOPOTHI I 06op0TH1 ximiuHi peaxiii;

ycmaHnoéumu BUAY XiMiuHOTO 3B’ A3KY B peUyOBMHAX 3a IxHiMu opmynramu;
eKCIIEpIMEHTaJIbHO TeHeTUYHi 3B A3KM MiK HeopraHiYHMMHU i opraHiuHmMu
peYOBHMHAMMN; T€HETUYHI 3B’ A3KMW MiK OCHOBHHMMU KJIaCaMU HEOPTraHIUYHUX CIIO-
JYK;

dompumyeamucsa npaBui 0e3NeKU IiJ yac BUKOHAHHSA XiMiuHUX JOCIimiB;
OpaBUJI YTUJIi3allii BigmpanboBaHUX TaJibBaAHIiUHUX €JIEMEHTIiB;
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excnepumenmanvho BusHauuTy PH cepenoBuInia BOJHUX POSUYUHIB coJiei
3a JOIIOMOTOI0 iHAMKAaTOPiB;

o6uucaumu 3a XiMiyHUMU DIBHAHHAMMY BiAHOCHUI BUXiJ MPOAYKTY peak-
ii, KiZbKicTh peuoBWMHU, Macy abo 06’eM HPOAYKTY 3a PiBHAHHAM XimMiuwmoi
peaxirii, AKIIO OAWH 3 pPeareHTiB y3ATO B HAAJUIIKY OOTPYHTYBATH BuUOpaHmMit
cmoci6 po3B’sA3yBaHHS;

do6pamu yMoOBU 3MilneHHa XimMiuHOI piBHOBarm 00OPOTHMX HPOIlECiB Ha
ocHoBi mpuHIuny Jle IllaTrenbe;

npoananidyéamu BiIMiHHOCTI eJIeKTPOHHUX KOH(Qirypamniii atomis s-, p-,
d-enementiB (Pepym) 1-4 mepiofis; i posmaymavumu pe3yIbTATH JOCJIi-
I°KeHb; BUAY TBEPJOCTi BOAM Ta 3anpononysamu OesneuHi crmocobu il ycyHeH-
HS B OOYTi;

npoeecmu AKicHI peakIii I Bu3HAUMTH B posumHax Homu: Pepymy(Il),
Depymy(IIl), ocamxennam ix syramm, Bapiro, amoniro, cuiaikar- i oprodoc-
dar-ioHu;

nopiéHamMu MOMKJIUBi CTyIeHi OKHCHeHHA HeMeTaJiyYHMX eJleMeHTiB 2 i 3
mepiomiB, IO poaTallloBaHi B OAHill Tpymi, Ha OCHOBI €JEeKTPOHHOI OGyI0BU
ixHiX aTomiB; ¢iswuHi Ta ximiuHi BracTHMBOCTI MeTasiB (anmroMiHil i 3aai30) i
HeMeTaJIiB, OKCHUIiB MeTAMiuHNX i HeMeTaJiuHNX eJIeMeHTiB; 0COOJIMBOCTI BOMI-
HHUX PO3YMHIB IriApOreH XJOPHUIY, TiAporeH cyabdiny, aMoHiaKky; ocHOB (Tigpo-
kcunaiBs Hatpiro i Kanbiio);

docnidumu AKiCHUI CKJaJ coJieil; amcopOIifiny 3maTHICTH aKTHUBOBAHOTO
BYTLIIA Ta aHAJOTIUHUX JiKapChbKMUX 3aC00iB;

00T pynmyeamu nepioguUHy 3MiHY BJIACTUBOCTeil ejeMeHTIB i ixHixX mpo-
CTUX PEUYOBWH HA OCHOBi eJIEKTPOHHOI OyZOBM iXHiX aToMiB; 3HaueHHA 000-
POTHHX TPOIleCiB Yy MOBKiIIi, IPOMMCIOBUX BHPOOHUIITBAX; YILINUB TiAposaisy
coseii Ha pH r'pyHTiB; 3HAUEHHA aJOTPOIIHUX IEePETBOPEHb; IPUUMHU iCHYBaH-
HSI KUCJIOTHUX 1 JIyKHUX T'DYHTIB;

doéecmu TIPAKTUUHY 3HAUYIIIICTh SBUINA aAcopOIrii, MeTasiB i HeMeTasiB Ta
CIOJIYK METAJiUYHMX i HeMeTaJIiuHMX eJIeMeHTiB; YIJIUB TBepAOoi BOAM Ha II00Y-
TOBi IIpujaaay i KOMYHIiKaIIii;

yceidomumu 3Ha4eHHA HOBOI (isocodii B ximil Ta BiacHOi rpomansaHChKOI
mo3uIil s peaJsisalii KOHIIEII[il CTAJIOr0 PO3BUTKY CYCIILJILCTBA; IIPUYMHO-
BO-HACJiMKOBI 3B A3KM y HMPUPOAIL Ta ii minmHicTh i mimicHicTh; mpaBo Ha Bjac-
Huil BUOGip i MpUHAHATTS pilreHHs; BiAIOBiZaJbHICTEL 3a 30epeKeHHSA JOBKiJIIA
Bil MIKigJIUBUX BUKUIIB;

3pobumu 6uCHO6KU Ha OCHOBI CIIOCTEpE)KEeHb;

cnpozro3yéamu (HismUHI BIACTMBOCTI PEYOBUH HA OCHOBIi IXxHBOI OymOBU Ta
OyZIOBY PEUYOBMH Ha OCHOBi iXHiX (pisMUYHMX BJIACTMBOCTEI; MOKJIUBICTH pPeak-
mii rigpoJaisy coJeii; pH cepemoBuIlia BOOHNX PO3UUHIB COJIEH Ta KUCJIOTHUX i
JYKHUX T'PDYHTiB;

oyiHumu Ha OCHOBi OyZOBU MOJIEKYJI BOOU i CIMPTiB MOKJIUBiCTH yTBODEH-
HSA BOOHEBOT'O 3B’A3KY MiyK MOJIEKYJaMU BOAU, CIHPTIB, BOAU i COIHPTiB; Hera-
TUBHUIN YIJIWB Ha MOBKiJIA BimgmpaliboBaHMX TraJibBaHIiUHUX eJIeMeHTiB; 0io-
Jgoriune sHaueHHsa mertaniunux (Kanasiito, Kanito, Harpiio, Maruiro, ®@epymy)
i memetamiuaux (Oxcureny, Hitporeny, Kapbony, ®ochopy, ramoreuis) eie-
MEHTiB; HaMBaKJIUBIIINX IIPEeJCTaBHNKIB OCHOBHUX KJIaCiB HEOPTaHiYHUX CIIO-
JyK; 3HaUEHHA XiMii y CTBOpPEeHHI HOBMX MaTepiaJiB, pO3BUTKY HOBUX HAIIPA-
MiB TeXHOJIOTiil, PO3B’sA3aHHI IIPOJOBOJILYOI, CHPOBUHHOI, €eHEPreTUYHOI, eKO-
JoriuHoi mpobem;

nonyaapu3yeéamu XiMiuHi 3HaHHA;

Kpumu4Ho nocmasumuca 1o ximiunol indopmaril 3 pisHUX IiKepe;
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éucnoeumu cyorcennsa IIOAO0 3aCTOCYBaHHA IIePiOAMYHOTO 3aKOHY [JId
nependaveHHsl BJACTHBOCTEN IIle He BiIKPUTUX €JeMEHTIiB; 3aJIeXKHOCTI Mix
BUKOPHCTAHHAM PEUOBUH Ta iIXHBOIO OYZ0BOIO i BJIACTUBOCTAMM; PO 3HAUEHHSA
npunnuny Jle Illarenbe B KepyBaHHI XiMiuHMMM mporiecaMu; MIOM0 OioaoTiU-
HOI POoJIi 030HY i 1Or0 3aCTOCYBaHHSA, EKOJOTIUHUX HACJHIAKiB BUKUIIB B aTMO-
chepy okcunaiB Kapbouy, Hitporeny, Cynbdypy; KHCIOTHUX IOIIiB, IIaPHUKO-
BOoTO e(deKTy, HepallioHaJIbHOTO BUKOPUCTAHHSA MiHepaJbHUX TOOPWB; IITOI0
3HAUEHHA XiMiUHMX 3HAHb AK CKJAQJHUKA 3arajbHOI KYJbTYPH JIIOAWHU; PO
BILJIUB JifJIbHOCTI JIIOAVMHM Ha JOBKIJJISA Ta OXOPOHY IOro Bij 3a0pyAHEHB;

demoncmpyeéamu 6nacHe CMAGLEeHHA NO IPUPOSU AK HAWBUINOI I[iHHOCTI.

Aximo Tak, 1Mpo BiTaeMo Bac, BUNYCKHUKHN TA BUIIYCKHIMIL!

SKIo K BU BUABUJIM MPOTAJUHU Yy CBOIX 3HAHHAX Ta BMIHHAX, HE 3aCMY-
yyiTecda, 60 HaWminmuii yuymTeab — KHUTTA. HaBualiTecs BIPOIOBMK HBHOTO!
ITactu Bam!

Asmopxu

179



NpeAMeTHMN NOKOXKYMK

3D-mpyk 110

IUPAC 176, 183

pH 47,

s-, p-, d-, f-eremenTu 6

A
Agncop6biiiina kosona 78
Apcopbuis 78, 79, 80
Asor 18, 40, 59, 69, 70, 81, 82, 83, 85,
91, 99, 107, 133, 152, 156, 169, 194
Asorni mo6puBa 133, 135
AxTuBoBane Byrisia 77, 78, 79, 80, 81,
Ammaz 30, 33, 35, 36, 72, 73, 74, 83,
194
Aunorpomnis 69, 70, 71, 72, 74
Anorponni momupikamii 69, 70, 71, 72,
73, 74, 75, 82, 197
Amromininn 29, 33, 35, 94, 101, 104, 105,
106, 107, 108, 109, 110, 113, 115, 126,
177, 178, 186, 199, 203
Agromocuirikatu 95, 126, 131, 188
Awoniak 16, 19, 20, 27, 29, 40, 59, 81,
85, 86, 87, 88, 89, 94, 133, 134, 138,
142, 152, 173, 177, 178
Awmopdui peuoBunu 32, 33,
AwmdorepHi rigpokcunu 114, 115, 204
Amionn 20, 22, 23, 43, 44, 45, 62, 90
Amnopg 48, 49, 51, 168, 180,
Arom 5, 6, 7, 8, 9, 10, 11, 12, 13, 16,
17, 18, 19, 20, 22, 81, 82, 86, 97, 99,
119
Aromui Kpucraniuui rparku 33, 34, 69

B
Beron 128, 129
Binwuit pocdop 75, 76, 81, 153
Bopocunikarae ckmo 127
Bpom 69, 83, 106, 155, 156, 157, 195

B
BasienTHi crauu enementis 9, 10,
Bamnysauua 133, 136, 139, 140
Buxig nponykTy peaxkiiii Bif TeopeTUUHOTO
51, 52
Bignocuuii Buxig nmponykTy peakirii 178
Boruerpusu 129
Boauesuii 38’30k 25, 26, 27, 28, 29, 86,
88, 178

r
T'anorenu 63, 156
TanpBamiunmnii enrement 48, 49, 50, 51,
178

180

Tigporen xmopug 85, 86, 87, 88, 89, 177,
178

Tigponiz 42, 44, 45, 46, 47, 48, 115,
138, 139, 181

Tincysamua 133, 139, 140

T'pagen 36, 171, 197

T'pagir 35, 36, 37, 51, 64, 72, 73, 74,
76, 83, 192, 194

I'pyur 46, 47, 48, 50, 66, 67, 78, 88, 92,
93, 94, 116, 122, 132, 133, 134, 135,
136, 137, 138, 139, 157, 168, 169, 172

A
HepeBHe Byrimas 77, 79, 82,
Humnons 26, 28
Hob6puBa 67, 132, 133, 134, 135, 136,
139, 140, 168
IoHOpHO-aKIleITOpHUM MexaHiam 16, 19

E
EsTpodikamia 135
Enexrponu 5, 6, 7, 8, 9, 10, 17, 19, 22,
23, 29, 30, 33, 35, 48, 49, 64, 65, 81,
149, 201
Enextpouis 22, 48, 182
Enxexrponeratusuicts 14, 18, 19, 20, 64,
65, 68, 81
EnexTponna ¢opmyna 6, 8,
EnexTponnuii ras 29

3
3amizo 35, 64, 98, 103, 104, 105, 106,
107, 108, 109
3amaizoberon 128, 129,
3aypaHoBi eremenTu 13
36ym:xenuit ctan aroma 9, 10, 11, 20
3enena ximia 174, 175
) i
Wox 34, 38, 39, 64, 66, 67, 69, 83, 106,
131, 155, 156, 157
Wonu 9, 16, 22, 23, 24, 30, 34, 42, 44,
45, 48, 118
Wonnnuit 38’a30K 22
Vounwuit o6min 124, 125, 139, 202
WMouni kpucramiuni rparku 34

I
Iueprui enementu 63, 65, 67, 69

K
Kaumiiz 127, 146, 147, 150
Kamnitiuni go6puBa 133, 135



Kanpmiin 145, 146, 153

Kap6amig 88, 133

Kap6in 197

Kap6ou 9, 33, 35, 63, 66, 67, 72, 73, 84,
90, 92, 111, 132, 152, 153, 157
Karanisarop 40, 83, 109, 112, 167, 168,
183

Karion amowniro 16, 19

Karion Bapiro 121, 141, 142, 143
Karion merunamowniro 19

Karioun 19, 22, 23, 29, 30, 43, 44, 45,
46, 49, 87, 93, 94

Karionu Kamiro 139, 146, 147, 171
Karionu Kansmiro 124, 139, 142, 143,
Karionn Marwuiro 29, 124, 139

Kariouu Harpiro 22, 23, 29, 32, 43, 124,
147, 148

Karionu ®epymy(Il) 121, 141,

Karionu ®epymy(1Il) 121, 141

Karon 49, 183

Ksapiose ckiao 36, 127

Kwucai couai 96, 97, 117, 119, 120
Kucnoru 43, 44, 45, 46, 88, 90, 96, 97,
98, 100, 105, 107, 108, 115, 116, 119,
120, 138, 139, 142, 146, 158, 159
Kucaorui okcuau 83, 90, 92, 93, 115,
116, 119, 159

Kucnorui onagu 90, 91, 92, 94, 122, 138
Kosaneuruwuii 38’130k 16, 17, 19, 20, 29,
30, 34, 35, 65, 126

KoBanenTHuit HemoJspHuii 3B A30K 17,
20, 69, 85, 86

KoBanenTHuii monspuuit 38’130k 19, 22,
24, 25

KommiexkcHi go6pusa 133

Kpemuesem 126

Kpucramizamia 33, 34, 69, 165
Kpucramriuna 6ymosa 32,

Kpucraniuui rparku 29, 30, 33, 34, 35,
69, 72, 103, 114

Kpumranese ckio 127

J
JIyru 46, 88, 90, 95, 115, 116, 119, 120,
123, 141, 142, 143, 144, 201, 202

M
Marsuin 38, 101, 148, 149, 150, 151, 199
Meraauz 30, 101, 102, 103, 105, 109,
110, 111
Meraniuanii 38’30k 29, 30,
Meraniuni xpucramiumi rparkm 29, 30,
33, 35, 103,
Mikpogo6pusa 133
Minepanbui mo6pusa 132, 133, 134, 145,
168
Monokainua cipka 74, 75, 194

H
Hawmorpyoxu 73, 109, 197
Harpiin 22, 43, 103, 139, 147, 148, 150
Heiizinsbep 110
Hemeranu 3, 63, 64, 65, 69, 70, 72, 74,
76, 81, 82, 83, 84, 85, 105, 110, 158,
159
Heo6oporua peaxmia 38, 39
HirpaTna xucmora 61, 62, 88, 96, 97, 98,
99, 100, 108, 138, 201
Hirporeu 6, 19, 20, 26, 63, 66, 69, 82,
86, 90, 92, 93, 94, 97, 132, 133, 134,
152, 156

o
ObepHena peakiria 39, 40
O6opoTHa peaxiia 38, 39, 45, 46, 51, 52,
107, 202
Oszon 69, 70, 71, 73, 196
OzonoBuit map 71
Oxcuren 10, 19, 26, 63, 66, 69, 70, 71,
79, 152, 156
Opranocunikarai matepianu 130
Oprokaas 47
Oprodochar-amion 141, 142, 143,
OcHoBu 44, 45, 113, 114, 115, 159

II
Ilepexinui exemenTu 6
ITimoGeron 128
ITimockmo 127
IInactuuna cipka 75
ITonwoBi mmatu 47
IIpakTuuHMit BUXixg IPOAYKTY peakitii 51
ITpunamun Jle Illatenne 38, 40, 45, 46
IIpuunun «minimaasaOl eneprii» 5, 6, 7,
IIpocti go6pusa 133
IIpoTonue umcio 14
IIpama peakiia 39, 40,

P
Pagiyc atoma 12, 14, 29,
Powmb6iuna cipxa 74
Py6inoBe ckyo 127

C
Cepenui coai 118, 119
CeuoBuna 133
Cuiikarenn 78
Curnikar-amion 142, 143
Cunixkarai dapbu 129
Cunikonu 130
Cipka 64, 74, 75, 82, 83
CipkoBogenn 85, 87,
Cxuao 28, 33, 90, 93, 126, 127,
CrJoBoioKkHO 127
Craorkanuna 127

181



Couti 42, 43, 97, 107, 117, 118, 119, 120,
138, 142, 159

Cmaas 40, 101, 107, 108, 109, 110, 111,
112, 113, 164, 166

Crexiomerpuuni kKoedimientu 59, 60, 61
CrexiomerpuuHi cuiBBigHomenus 59
Crexiomerpia 59

Cryniub okucHenHd 9, 115

Cyb6aimamnia 34, 69, 75, 76, 187
CynsdparHa xuciaora 40, 89, 96, 97, 98,
99, 119, 138, 141,

T
TeopeTnuHuii BUXig IPoayKTy peaxiii 51

D
depym 5, 8, 106, 107, 121, 127, 141,
143, 145, 146, 149, 150, 151
dayop 11, 19, 26, 67, 79, 81, 84, 154,
156
®ochop 63, 66, 67, 72, 75, 76, 79, 81,
82, 83, 84, 107, 111, 132, 134, 146, 149,
150, 151, 152, 153, 156

182

dTop 18, 69, 83, 106, 154
dynepenn 73, 197

X
Ximiuna piBaoBara 38, 39, 40, 46, 140
Ximiuuuii 38’a3ok 16, 17, 18, 21, 24, 25.
30
Xmop 11, 18, 22, 23, 32, 69, 79, 83, 86,
106, 135, 154, 155, 156,
Xaopugp-amiounn 22, 43, 124, 135
Xaopugua kwucaora 43, 53, 87, 88, 97,
100, 141, 143, 144, 154, 160
Xuopos 150, 151, 156, 157
Xuopodin 150, 187, 188

IMTeonitu 131, 188

q
Yepsouuii gpocdop 75, 76, 81

g
Axicui pearmii 141



A
Asinosa O. 110
Asinenna 78

Bakyas B. 73
Bezanr A. 76
Bepueniyc U. 70
Boitns P. 92, 141
Bynapeiiko M. 16
Byccenro K. 132

B
Bacumaesceka JI. 101
Bomogumup Benuxuit 102
BoawTa A. 49, 50

r
Tait Ilnimifi-cekyun 64
Tanbsani JI. 49, 50
Topomenbkuii B. 129
T'pyasumcska O. 128
T'y6ima A. 175

DI |
Hxabip 16 Xatiam 64
Hexiybdpia E. 165

Hpyze II. 29

3
3aa B. 74
Seusincsxkuit M. 79, 80

K
Kanbuenko I'. 112
Kim II. 73
Kosak-Iinera I. 128
Kymautr B. 79
Kypraxos M. 110

J

Jliemina JI. 80

JIe Illarenne A. 40
JleBurcopka I. 127
Jlemepi H. 107
JIucenxo M. 101
JIiGix FO. 136
JIproic I'. 17

IMEHHMI NOKAKYMK

Mapifiuyx H. 134

Mapym M.70

Mengeneer [I. 13
Misxeno A. 49

Hotiopi P. 176

ITasimos I. 168,

ITacTepuak A. 78

ITosiur JI. 18
IIpaaumaukos 1. 132, 133

Paiir I1. 75

Cana E. 129

Cemenos M. 164
CousosiioB 10. 5
Crparifiuyk O. 98

Tasenn ®. 74
Tamywmi K. 176
Tenskermr M. 171
Tumipsases K. 140
Toxneikic C. 74

M

P

D

dapaneit M. 22, 183

Demive D. 79

diryposcsruit M. 14

®paukain P. 80

Xopakxos 0. 77
Xoppmau P. 175

IMrousdeit II. 165

IITeBuenxo T. 110, 185

IlTeesne K. 79

IITeu6eiin X. 70

A6moucera T. 110

X

I

qa

183



YUr
MUHTTEOdIaTIIR ] ¥2‘9 066 os¥y —| -19-ox0BIQTd) |y, dArraf,
MuHTTgodIg IR 6LV 889 123 - yudr) |y, HAIrd))
YUL eH
miudiseraryy 96°‘T 61T — -4OYK-"OHIN9 ], -HIIMOHO N\ exdip
L0°g ids 8CIT - AULEOXK-"d]) ‘4],| eHhIQWOJ
Andrerery 86°C8T— ce‘QTg— - - ‘erJ THIOMY
(BTI (‘mie gg)
MuHTIgodIg e g)‘c| -eWIrgAd) €719 (uudm) 18 - UHULOBIQTA)) ], HoOdy
BII 40T - 8°T WHH
MuHTTIE0d]] | €8°€-9G°‘¢ d ®& Do, 0001 - - -hIFRLON
MUHITIOdIIE IR 69°‘C - ynHdoL, uuHdof,
dodoop
(BT
wyudisteraryy 02°g | -ew1rgkd) @z¥ - yuHogdop unHoadap,
g8l 082 g‘vy| AwuHORL yurtg ‘a], nurrg
AndiMarary 961— 012- - - ‘ee | roey
AuHTTEOdIE TR €e‘g 0292 0T¥1 - yudip 4], HIIII)
MUHTTE0d]] GIG‘g 00G¢€ yudr) axed g
amerIAg
AudiMarery 12922 - - |, ERNIY
MUHTTEOdIgTIIR ] 1434 0028 GL03 - yuHadegeagq q], dogq
AndiMerary €g7 — 6CZ — - - ‘ee | 9HAY0Y
9ALOTH &0 /I Do ‘BHHIOUM | ), ‘BHHIIARICII HBL) UUH
-rigodmodiyery | ‘eHMIdA] | edAredommo], | edAredommag, Xeueg diroy -retsadry edeRH

AqoLviror

dIFRLONOH XMMEOT TLOOFMLORId THRUEI(D Bl (*A *LO)

Held yuHLeladly °J ¥hnrovj

184



yud edoL
-urmAree | -oroid — eden
MUHTTgod g IR ] ee6‘y 981 FI1 ‘nuMerd | ‘umdio-oHWa[, q], oy
yud
-urmAires
Mudiyeralyy 61°‘¢C 6G L— ‘unrerd uudAq *MYTI wodgq
yud
-ALTIATeE UUuH
AudiMarary ye— 10T— ‘umMerd| -oIrog-oLdOYY ‘ee | dory
YUL
-40% -0LRIAH
-orree — xedem
yudg XULOg0L A
-urmAres ‘uuHadegeag
audiyerarlyy 8]T— 022- ‘unMerdg KURIN ‘eeJ doip
9ALOTH mEo\p Do ‘BHHIOUM | ), ‘BHHIILARICII HBL) UUH
-rigodmodiyory | ‘eHMIdA] | edAredommoy, | edAredommag, Xeueg diroy -retsadry edeeH

hnropw ¥HHaH9000d]]

185



BHHedOIHINOANNA-p L 18 Lomxeg
BrneeIrndald el BIIHO(MHIES]]
BHHRLOINTOUY

CHUIINTI

UOIITINAD XWHILIRXUT BAOTRIN))
eAULRII OJOHLIMRd MUHOUMN()
d1relol BHHeeld el BHHedoidedg

€OLHIO UUHAhINTY (BLLAY ogoHOMUYM) BIIdAIBLOIN BHHRIADOLORE
1LO0d
9HOOUN WIH ‘MUHOMMO YUUIITHIIN)) MUAHOUMO YUHIIKY) | -ALORId THILRIOIHOUN()
MUALOHIeWed
-BIl UUMORLD — RHUTTA ‘MUILOHEWRIY — yuLedAee | AnLoHIewede[] | ILOOEULORIA THLTHIRIA
VP1°g 637°T ms\px ‘("4 "H) eHHIOA T
UUHLIPUILID ‘UUMeIJ - xXemeg
Do 0 “I 00T/
6¥ 6% | ‘lrod A dLOTHHHUhEOJ
0JOHJOR OY e ‘UTHH)) yIHN)) | direrdudyy
UTHUO-OHIIJ, UHUHLUNBIQ-OXTIrq HHUITJ diroyy
yuHadegeaqg yuHadegeaqg Aee
Do ‘BH
$1C82— 62°81Z— | -Horgern edAredonma],
Do ‘BH
6‘TTI1— 86281~ | -HIumy  edAredomma
g0WA xuHidersero
ynregAee | ee HeRL) wuuHLeIsddIy
NI AMOILOIN
'IOLAY eHUTHI[ | emwdod eHRUAIIWO9 I
o) 20 erimdod eHRINTY

AHXERHI — 090 oJoxMdnadIOTHERY T1g

«ILOIOUN AAWTOdRH O ‘HOL» — OHAIIOOY ‘«OIAWT

-odeH» — ODAA3L T <«HUIOUM» — 5090 xmMdImedd
T1d 9LUTOXOI oME ‘(sdeeAde]p °‘If'V gedAHouodn
-ee AdeeH) 2uaSfixo,] ea0OID o10Md9eATTHRA(D € eMdIRy]

N9eeH BHHOMKIOXO[]

HOE(Q)

AHIOUY

BHHEHATdOII eMeHE(

AHoeo el oiHOMM euuIoudoryMedex BHAUBHAIO]] 'g ¥hnrovJ,

186



BHHREAO0LORE HMINBAITRH THEMLNAIOASI OHOOERH THHUIIQRL £

XeWOXO0dNTIN XMHIIRdISLHT € OITIIINO MUH
-HINeE UUHATEONY BL UMTHOALMOLIQOHRH BIY IerdolLely
‘IORIN MULhLRY UUIULLAR ‘RLLIWHIIIAQ ‘ILO0LOLOMINOdI
IOHAI'TQOWOLER ‘IIIelge BIT ‘UIreldoleN THUTIIAEOIMNOY

¥00¢

(mMgIrn 1908
-ogdex TMHOL
-Iren) modhed,

‘IWH ()[—C OMIEHUIQ OLQOL ‘dINOLE
enqrt A dimeod AMMHRadomOIl A 9BW 9014-BMQAdLOHRH
‘mxkdordee WH (Q0g or (0] Tia ‘dorod ‘WH Q¢
ondenrg edolowoHeH wudmweod THIrRWHOMe]N ‘doL
-0d BOALAALHOW HIME BH ‘T00 OITIMHA(D sAHOMME eMOAdL
-OHRH vdg0oHOQdR) °dOLON WWHORLIIOBNOHBRH HHUIIAoII
oHadodL0 YMOOAdLOHRH XHHHILOOLBIRQ I40HOO R ‘BH
-ANUTON ‘UleldoleIN THUTIMEOIMNON ‘BMTHOALMOLQOHB]

e G o e o e o 3 a5
@
S3ssesesese
OISR

1661

nMoAdLoHRH

grdoreeiresey XUHIULNIMD

-0M0ooUd ‘THUIUISOWN A ULIOFOHXdL XWHOH BHHEIrgodeod
*Aromxee OJOHIIRAYTAMITHI 91000RE

THHOI'doLOINd ‘TAdOII0 XMHhIHXOL-OHAOHOMKHI T4LINH
-4I7AQ 9 BHHeLOMAONMHE BIY MNBLOOSHLORIY MNUHILRM
-THA ¢ grrerdolen XMHUATIMAALOHON XMEOH BHHOJO4L))
‘a1retdoleN XUH

-AIULORIN ‘OJOHAIRII OJOHLONMed doreoudl ‘XBLIOLOHXOL
XnHJ8L0I IINOY € ILE WRIl 9II00H ‘BHHRLOIHINOdIINE O10H
-degelr TLOOHIMOHOLHT SThed3ONQ0 ‘d1dodlee XMHhU.LIIO
‘yodereg XMHAOLBIAWAME XIHLISOH odlnuHQoduyg

G861 €

uHodorrAp

8961

HIgdeM-(

Xed
-HOWOL80LOo(p A ‘omor AWAdLO radeoskY BHHRI0IAdLOHOA
‘ILIOIFOHXOL PRHRMALMON® U PBLOIIUIXOAMIN ‘eMULII()

‘BHUININTOW  ‘BIIRIER  ‘B@MULERHONOOM  ‘@MTHOALMOIY

0961
—6561

H1od®eM-0

HodaIrAp

EHHRIAOOLIRE

vdoXAQ 1 Ieri)

BLIudMITE
erey

evace[

»BHHTIrOMOI 0I0g0H ureidaorem — AHogdey] rmesiurom tarodrory g vhnwgn,J

187



9‘O%¥ Do ‘BHHIINA edAredouna],
2611 _ 8211 D, ‘BHHergeru edAredolwo,
TmorIAgoMdro a1y

‘THOEHOQ 9 BOILOBHUhEOJ ‘THRLIDI ‘THROMAI ‘IIFOHRLd € RHHUhEOdOIR]N ‘Trod A BOILOBHUheod o]

-MHHNhE€0d OY BEHHOIIOHITY

96°‘T 202 mSo\p ‘eHHMLOA |
UHLI0M-OHINA, UHLI0M -0 LTE)) diroy
yurdedf, (‘£ *10) Herd uuHLeIodIY

S
— qires
-oudu ewdod eHRHALOWOD I
8g erindo( eHRINIY

CHHII'MOHOJ\ _ CHRIQNOJ
exdr) BHHEHAIdOII eMeHE()

uxnd1o IOHHIIPMOHOKW Bl IoHRIgWod exuiondeisiedex eHareHa1dol] 'p ¥hnron,j,

188



gIrMONOdI I Uh USIr0) XMHEOHIO XMHHUKEOJoH WEHHAJOdLA € 010Y0d € 4LoiAIead — «—» (9LOIAHOI OH — #

{(urrog a1 OOT A I TQQ‘Q 19 SIIHOW) THHMheOdoH — I
‘(urod a1 QT € I TQQ‘Q OF I T I1€) THHUheOdOUBIN — A
{(ulrog 1 QT € I [ '1a omarr1g) tHHMReOd — g

_002°HD

A A H

00

_Jod

*ON

0N

_Yos

_¥os

_I

Ay

it |

==

R

A A A A

+z™0

-

+2¥S | 2Ad

A A A A

d

+5H

S8V +g9Z

A A A A

+z N

A A A A

+2%0

Y -V - ¥
Ay
Ay
A~
Sole | A~ | A

+2IN | g2 | 122 | 1T | eIV

N

N

W

_I0

A A A A A A A A A

A [ A A A A A A A A A A A

|

[ I I - PO -V - ¥

d

A | A A A A A A A A A A A A A

A | A A A A A A A A A A A A A

ﬂnEﬂuﬂuﬂnﬂ-ﬁqﬂ-ﬂ-ﬁn.ﬂqﬁu

_HO

+218

N

+2%0

+2%d

YEN

+
X

+
<
V4

+
ot
[

;|

Yo GZ—07 BE Trodg A BaIrod ‘arrmoxodiril xuHdaLo(pWe ‘G0HO0 ‘LOIOUM IILOTHHUReOJ '¢ ¥hnvov

189



Tabauysa 6. Pan akTuBHOCTI MeTasiB

"%, PAN AKTMBHOCTI METAJIIB
bL1, K; Jﬂa, Sr,@, Na, Mg, Be, Al Mn, Zn, Cr, Fe, Cd, Co, Ni, Sn, Pb, (H,) Bi,/ (CuyA

BIANOBIAI

TecCT-KOHTPOAb

Tema 1
BB;4. BBAT;5.6;6. A; 7. 5 AT B; 8. B; 9. B;

Tema 2
1.5;2.B; 3.B;4.B; 5. 5; 6. B; 7. B5; 8. A; 9. 5; 10. T

Tema 3
1.T;2.B;3.B; 4. A; 5.B; 6.1, 7.B; 8.T;9.B; 10.T; 11.T; 12. B

Tema 4
1. A; 2. T, 3. B; 4. A; 5. A; 6. A; 7. B; 8. B; 9. A; 10. B; 11. B; 12. B; 13. A; 14. B;
15.T; 16. B; 17. B; 18. b; 19.T'; 20. I'; 21. B; 22. T". 23. 1B, 2A, 3T, 4B.

Po3paxyHKOBIi 30AQU4i

§1
2.2)2;6)3;8)4;1)6.3.50.4.2)28;6)114.
§13
3.90 %. 4. 25,6 1. 5. 4,224 1. 6. ~ 24,5 1. *7. 69 %.
§ 14
3. a) 2,4 m; 6) 14,35 1; B) 0,585 5 T) 93,2 T
§ 18

5.~4,53r.6.9,37 MmaH T Bojoccs, 3icTpuikenoro 3 9,37 + 10%° YO0JIOBiK; He BUCTAUUTD,
00 KimbKicTh HacedeHHs 3eMJIi caArHe Takoi BesuuuHu Jjuine micada 2040 poky.

§ 19
3. 11,2 ™% 4. a) ~ 11 1; 6) 37,5 %; B) 26,25 .

§ 20
3. Ca(OH),. 4. ~ 6,14 m®.

§ 21
5. a) 89,6 M°; 6) 1 T; B) ~ 1067 M°.

§ 25
5. a) ~ 96,6 m°, ~ 0,681 T; G) 28,8 .

§ 34

2.50r
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3MICT

Tema 1. NMepiognM4HMI 3aKOH i NnepiognYHa cucTtema XiMiYHUX enemMeHTiB

§ 1. MpuHUMN «miHiManeHOT eHeprii». ENekTpoHHi dopmynum aTomis s-, p-,

d-enemeHTIB Ta iXHi rpadivHi BapiaHTU . .. ... .ot

§ 2. 30yaxeHuni ctaH atoma. BaneHTHi ctaHu enemeHTiB. MoOXnmBi CTyneHi

OKMCHEHHS HeEMeTaniYHMX eNeMeHTIB OPYroro i TPeTbOoro NepiogiB . . .............

§ 3. ABuLLe nepiogMyHOI 3MiHM BIACTUBOCTEN €NTEMEHTIB i IXHiIX CMonykK

Ha OCHOBI YSIBNEHb MPO €NIeKTPOHHY BYO0BY aTOMIB . . ... ... .ot

Tema 2. XiMmiyHMI 3B’5I30K Ta 6y0Ba pe4OoBMHU

§ 4. KoBaneHTHWUI 3B’s30K. [lOHOPHO-aKLENTOPHNIA MeXaHi3aM yTBOPEHHS

KOBAMEHTHOMO 3B'ABKY . . . ..ottt ittt et et
§ 5. IOHHUI BB'AB0K . . . . oottt ettt e
§ 6. BOOHEBUM 3B’ABOK . . . . v v ottt e e e e
§ 7. MeTamiUHMM 3B 30K . . . . o ottt

§ 8. KpuctaniyHwmii i amopdHun ctaHm TBEpANX PEYOBUH. 3anexHiCTb disndHnX

BNACTMBOCTEN PEYOBWH Bif iXHBOT OYO0BU . . . . o oot e e

Tema 3. XimiuHi peakuii

§ 9. HeobopoTHi Ta 060pOoTHI XimidHi Npouecu. XimidHa piBHoBara.

MprHumn Jle LUaTeNbE ... .o e e e e
§10. TIOPOMIB COMEBM . . . . vttt e e e e e e
§ 11. Mpo rigponi3a AOKNAAHILLE . . . . . ...t e et e e e

§ 12. TMoHATTA Npo ranbBaHiYHWIA eNeMeHT K XiMiYHe [Kepeno enekTpUYHOro

CTPY MY .« o e et et e e e e e
§ 13. OB4YMCNEeHHs 3a XiMIYHMMU PIBHAHHAMMW BiHOCHOIO BUXOA4Y NPOOYKTY peakLii. . .

Tema 4. HeopraHiyHi pe4yoBMHM Ta iXHi BNacTUBOCTI

§ 14. OBYMCNEHHS KINBbKOCTI pe4oBMHU, Macy abo 06’emMy NPOAYKTY 3@ PiBHAHHAM

XiMIYHOT peakuii, AKLLO OOVH 3 peareHTiB B3ATO B HAAMMLLKY . . . .. v v v v i e e e n s
§ 15. HemeTanu. 3aranbHa xapakTepucTMKa HEMETASIB . . . ..o v v v i i i e e e e s
§ 16. ®i3nyHi BNacTMBOCTi HeMeTaniB. AMOTPOMIA . . .. v v vt i et e i e e e e
§ 17. ®isnyni BnactueocTi Ta anotponia KapboHy, Cynbdypy, ®Pocdopy . .........
§18. ABULLE ACOPOLIT. . . . oot e
§ 19. OKMCHI Ta BiAHOBHI BMACTUBOCTI HEMETASMIB . . . ..ot i ittt iiiee e e

§ 20. Cnonyku HemeTaniyHux enemeHTiB 3 [NigporeHom. OcobnmMBOCTI BOOHUX

PO3UUHIB LIMX CMONYK, TXHE 3ACTOCYBAHHS . . . o oottt e et et e e e e e e e
§ 21. Okenam HemeTaniyHMX eNeMeHTIB, iXHi yMICT B aTtMocdepi. KucnoTHi gowi . . . .
§ 22  KMCIIOTU . o

§ 23. BaranbHa xapaktepuctuka metanis. PisnyHi BMacTUMBOCTI MeTarnis,

3YMOBIIEHi TXHBOK BYAOBOIO . . . . ottt ettt et ettt e e e
§ 24. AntomiHin Ta 3aniso: i3nYHi N XiMIYHI BMACTUBOCTI . . ..ttt i e e e
§ 25. 3acTocyBaHHs METAMIB TA IXHIX CMIM@BIB . . . . vttt i et e e e e
§ 26. OcHoBu. BnactuBocTi, 3acTocyBaHHs rigpokcuais Hatpito Ta Kanbuijto .. ... ..
§ 27. Coni, ixHs1 nowmpeHicTb y npupogai. CepegHi Ta KUCAICOMi . . v oo v v v v o e s
§ 28. MoHATTA Npo TBEPAICTb (>KOPCTKICTb) BOAW Ta CMNOCOOM 11 YCYHEHHS . . . . . ... ..
§ 29. CUMIKATHI MAaTEPIATIM . . . ot ettt e e e e e e e e et e e
§ 30. MiHEPamnbHi JODPUBA . . . . .ttt i e e e
§ 31. MoHATTA NPO KUCAI Ta NYXKHI FPYHTU . . oo e e e e e
§ 32. AkicHi peakuii Ha AESAKI MOHU . . . . .. .ot e e
MpakTuyHa poboTa 1. [JocniaXeHHS AKICHOro CKNagy Conem . . ... ..o ove o ..
§ 33. bionoriyHe 3HaYeHHSI METaNIYHUX ENIEMEHTIB . . . oo\ vttt i e e e



§ 34. bionoriyHe 3HaYEeHHSA HEMETAMIMHUX ENEMEHTIB . . . . v oo vt e e e i e e e 152
§ 35. ['eHeTNYHI 3B’A3KN Mi>)K OCHOBHMMM KNacamMun HEOPraHiyHMX CNONyK . .......... 158
MpakTuyHa poboTta 2. MeHeTUYHi 3B’13KM MiXK HEOPraHiYHUMK PEYOBUHAMA . . . . . . . .. 160

Tema 5. Ximis i nporpec nrogcTBa

§ 36. Ponb ximii y CTBOpeHHI HOBUX MaTepianis, pO3BUTKY HOBUX HaNpsiMiB

TEXHOTTOTIA & v v 164
§ 37. Ponb ximii B po3B’si3aHHi NpOAOBOSBYOI, CUPOBUHHOI, EHEPreTUYHOI,
EKOMOMYHOT MPOBIIEM . . . ottt e e e e e e 168
§ 38. Ponb ximii B po3B’adyBaHHi ekonoridHoi npobnemu. «3eneHa» ximis:
CyyacHi 3aBOaHHs nepe XiMiYHO HayKOH Ta XiMIYHOK TEXHOMOME . . . . . . .. ... .. . 172
LY MK . . e e e e 177
TTPEAMETHUM MOKKUMK .+ o o v ot e e e et e e e e et e e ettt e e et e e 180
IMEHHUM NMOKAKUMIK . . . o oo it e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 183
OOOATOK
Tabnuys 1. ArperatHuii cTaH (CT. y.) Ta di3nyHi BNacTUBOCTI AEAKNX
HEMETAMIB . o o v v vt et et e e e e e e e e e e e e e e 184
Ta6nuuys 2. NopiBHANbHA XapaKTEPUCTUKA KUCHIO TAO30HY . . . oo v v e e e e 186
Ta6nuuys 3. AnotponHi mogudikauii Kap6oHy — MaTepianu HOBOro nokomniHHA™® . . . 187
Ta6nuus 4. MNopiBHANbHA XapakTepucTmka poMBIYHOT Ta MOHOKMIHHOT CipkKM . . . . . 188
Tabnuust 5. PO34MHHICTb KUCIOT, OCHOB, aMOTEPHUX Figpokcuaie, conem
YBOAI 338 2025 OC . .. e e 189
Tabnuys 6. PAO akTUBHOCTI METAMIB . . . . v v v vttt et et e ettt et e e e 190
BianoBifi. TECT-KOHTPOMbD . . . vttt et it e e e et e e e et 190

Hasuanvhe sudanHns

JIAIITEBCBKA T'amna AHaToJsiiBHaA
JIAIITEBCBKA Anina AnnbepriBHa

XIMIA (piBeHb cTaHIAPTY)

Iligpyunuk aaa 11 Kiaacy
3aKJIaJiB 3arajJbHOI cepeqHBbOI OCBiTH
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NEPIOANYHA CUCTEMA XIMIMHUX EJIEMEHTIB  (AOBIrOnEPIOAHA ®OPMA)
?3[ lpynwn efeMeHTIB
a
2 IA I1IA 116 IVB Vb VIb VIIB VIIIb Ib IIb ITIA IVA VA VIA VIIA | VIIIA
H 1 He 2
1 1.00794 4002602
1s' 1s*
ligporen Tenii
Li 3Be 4 B C SN 70 8F 9Ne 1
2 6.941 9.012182 10.811(7)]  12.0107(8)| 14.0067(2)|  15.9994(3)|18.9984032(5)|  20.1797(6)
[He]2s' [He]2s* [He]2s*2p' [Hel2s2p®  |[Hel2s’2p®  |[Hel2s’2p*  |[[Hel2s2p°  |[He]2s*2p°
Jliii Bepuniit bop Kap6oH Hitporen OKcureH Onyop Heon
Na Mg © Al BSi “Wp 15§ 16ClI 1 Ar 18
3 22.989770 24.3050 26.9815386(8)|  28.0855(3)| 30.973762(2) 32.065(5) 35.453(2) 39.948(1)
[Ne]3s' [Ne]3s [Nel3s3p'  |[Nel3s3p> |[Nel3s3p® |[Nel3s3p* |[Nel3s3p° |[Nel3s’3p°
Hartpiii MarHiit AntomiHit Cuniuii Oochop Cynbdyp Xnop AproH
K "YCa 2Sc 21Ti 2V 2ZICr 22Mn 5Fe %/Co 27 INi 2Cu 29Zn 39Ga 31Ge 32As 3Se 34 Br 35Kr 36
4 39.0983 40.078|  44.955910 47.867 50.9415 51.9961|  54.938046 55.845]  58.933200 58.6934(2) 63.546(3) 65.409(4) 69.723(1) 72.64(1)[ 74.92160(2) 78.96(3) 79.904(1) 83.798(2)
[Ar]4s' [Arl4s® [Ar]13d'4s’ [Ar]3d*4s’ [Ar]3d’4s’ [Ar13d’4s’ [Ar]3d°4s’ [Ar]3d°4s’ [Ar]3d74s’ [Ar]3d°4s’ [Ar]3d"4s’  [[Ar]3d"4s’ |[Ar]3d"4s’4p’| [Ar]3d"°4s’4p’| [Ar]3d'°4s’4p’| [Ar]3d"°4s’4p’| [Ar]3d"°4s%4p°| [Ar]3d™°4s’4p°
Kanii Kanbuin Ckanpiit Tutan Banapiin Xpom Manran Oepym Kob6anbt Hikenb Kynpym Liunk Taniii F'epmanii ApceH CeneH Bbpom Kpunton
Rb 3Sr 38Y 39Zr %Nb ‘Mo 2Tc “Ru “Rh % Pd %Ag ¥/Cd ¥In “Sn 0Sb 5|Te 2I 5Xe %
5 85.4678 87.62 88.90585 91.224 92.90638 95.94 (97) 101.07|  102.90550 106.42(1)| 107.8682(2)] 112.411(8)| 114.818(3)| 118.710(7)| 121.760(1) 127.60(3)| 126.90447(3)|  131.293(6)
[Kr]5s' [Kr]5s® [Krl4d'5s? [Krl4d’5s® [Krl4d"5s’ [Krl4d’5s’ [Kr]4d®5s® [Krl4d’5s’ [Krl4d®5s’ [Kr]4d™ [Krl4d™5s' | [Kr]4d'°5s®> | [Kr]4d™5s'5p’ | [Kr14d'°5s'5p%| [Krl4d'°5s'5p® | [Krl4d*55'5p* | [Krl4d'*5s'5p° | [Krl4d'*5s'5p"
Py6ipiin CTpoHujii ITpiit Linpkonii Hio6iit Moni6paen TexHeuwiit Pyreniit Popiit Nanagii ApreHTym Kapmiit Inpin CraHym CTu6iit Tenyp fop KceHoH
* ]
Cs 5Ba %La® 7Hf 2Ta 3\W 74Re 75|0Os 76Ir 77 Pt 78Au 79 Hg 0TI 81Pb 3%2Bi 8 Po %At 8% Rn 8
(5) 132.90545 137.327 138.9055 178.46 180.9479 183.84 186.207 190.23 192.217 195.084(9)| 196.966569(4) 200.59(2) 204.3833(2) 207.2(1)| 208.98040(1) (209) (210) (222)
[Xe]6s' [Xe]6s® [Xe]5d'6s® | [Xel4f'*5d’6s’ | [Xe]4f'*5d°6s” | [Xe]4f'5d*6s” | [Xeldf'*5d°6s” | [Xel4f'*5d°6s> | [Xe]4f'*5d"6s* [Xe]4f'*5d°6s" | [Xe]4f*5d™6s’ | [Xel4f'5d"°6s* | [Xeldf“5d"6s6p' | [Xeldf“5d" 6s’6p” | [Xelf*5d"6s°6p’ | [Xel4f“5d"6s6p" | [Xeldf“5d" 6s'6p’ | [Xel4f*5d"65°6p°®
Llesiii Bapiit JlaHTan TadHiit Tantan Bonbdpam | PeHiit Ocmiii Ipugaii Mnatuna Aypym Mepkypiii Taniit Mniom6ym Bicmyt Mononiit Actat PapoH
*x
Fr 9% Ra 88AC 89 Rf 104 Db 105 Sg 106 B 107 Hs 108 Mt 109 Ds 110 Rg 1M Cn 112 NKh113| F] 14 Mc115 Ly 116 Ts 117 09118
7 20) (226) (227) (261) (262) (263) (264) (265) (268) @n) (272) (285) (284) (289) (288) (292) (295) (294)
[Rn]7s’ [Rn]7s [Rnl6d'7s’ | [Rn]5f"6d’7s’ | [Rn]5f*6d’7s’ | [Rn]5f*6d"7s? | [RnI5f*6d°7s? | [Rn]5*6d°7s | [Rn]5f*6d7s? [Rn]5f*6d°7s' | [Rn]5f*“6d™7s’| [Rn] 51“6d" 75 | [Rn]5f*6d"7s'7p'| [Rn] 56d"%7s%7pd [Rj 516" 76276°| [Rn] 56d7s27pY R 5“6a7s27p| [Rr] 576d"%7s27p°
OpaHuiit Papii AKTUHN Pesepdoppiit | Ay6Hiit Cubopriii Bopiit Taciit MeiiThepiit Dapmwrapriii | Pentreniii KonepHruujit | Hixonin Oneposin Mocxosiit TNigepmopiit | TenHeccuH | OraHecoH
Ce 8Pr 39Nd 99Pm 61Sm 92Eu 6% Gd Tb %Dy %Ho “Er %Tm ¢Yb YLu 7
*JlaHTaHo .”J. 7 140.116(1)| 140.90765(2)|  144.242(3) (145) 150.36(2)|  151.964(1) 157.25(3)[ 158.92535(2)|  162.500(1)| 164.93032(2)[ 167.259(3)| 168.93421(2) 173.04(3)| 174.967(1)
[Xel4f'*5d°6s” | [Xel4f*6s [Xel4f'6s® [Xel4f6s’ [Xel4f’6s® [Xel4f’6s” [Xel4f’5d'6s® | [Xelaf’6s [Xel4f"°6s [Xel4f"6s [Xel4f?6s [Xel4f 65 [Xel4f*6s [Xel4f"5d'6s*
Lepiin Npazeogum | Heopum Mpomeriii Camapiit €sponiii Taponinii Tep6iii [ucnposiit Tonbmiit Ep6iit Tynii ITep6iit JlioTeuniit
Th “Pa 91U %2Np BPu %Am % |Cm %Bk YCf %Es %Fm'Md"No 102Lr 103
**AKTUHO -I-Ll, N | 232.03806(2)| 231.03588(2)| 238.02891(3) (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)
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