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LLIaHOBHI 0AgnHaAUATUKIACHUKK!

Y UbOMY HaBYanbHOMY poUi BW 3aBepLUYETE BUBUEHHS LUKINLHOIO Kypcy Ximil.
YnNponoBxX MonepefHixX poKiB BU NepeKoHanucs, Wo Ximifg Mae BeNnMye3He 3HavyeHHS
ANA KOXHOT NoguHn. AfXKe XiMiyHI 3HAHHA € CKNaJHUKOM 3arafibHoi KynbTypwu
NOANHN, @ BMIHHA 3aCTOCOBYBaTK HabyTi 3HAHHA B MPaKTUYHINA [igNbHOCTI BU3HaYae
piBeHb 11 XXUTTEBOT KOMMETEHTHOCTI I yCMiWHOI couianisauii. 3araibHOBIAOMO, L0
CBIiT, Y AKOMY MW >XXMBEMO, — Lie CBIiT PEYOBUH, 3 AKUX NOBYA0BaHI KNITUHUN XUBUX
OpraHi3mis, i pe4oBuH, WO (GOPMYIOTb Halle LOBKiNNs.

B 11 knaci, BUBYaKOUM 3aranbHy Ximito Ta XimMit0o HeopraHidyHUX cnonyk, Bu hopmy-
BaTMMeTe YABJIEHHA NPO L HayKy fK Mpo WinicHYy CUCTeEMY BMiHb, HabyBaTumeTe
focigy po6oTu 3 peyoBnHamu. BMKOpMCTOBYHO UM OTPUMAHMIA [OCBIA, BU 3MOXETE
NnoeLHAaTU BUBYEHI MOHATTSA, 3aKOHW i Teopii OpraHivyHOT Ta HeopraHivyHoT Ximii, ocar-
HYTU IXHIO YHIiBepCanbHICTb | BHYTPIWHbONPEAMETHUI IHTErpanbHUA XapakTtep.
Martepian 11 knacy nepegbavae MOXXIMBOCTI CaMOCTIAHO MPOBOANTMW AOCAIAXKEHHA Ta
CMOCTEPEXEHHS, BUKOHYBaTW MPakTU4YHi pob0TK, po3BA3yBaTh PO3PAXyHKOBI i eKc-
nepMmeHTaNbHI 3afadi, CTBOPIOBATU HaBYaSIbHi MPOEKTH.

Mporpama piBHA cTaHgapTy B 11 knaci nepegbayae BUBYEHHA MN'ATM TeM:
Tema L MepiognyHnii 3aKoH i nepiognyHacucTema XiMmivHMx enemeHTiB. Tema 2. Ximiu-
HWi1 3B™30K i bygoBa pevoBuH. Tema 3. XimiuHi peakyii. Tema 4. HeopraHiyHi pedyo-
BMHMW Ta ixHi BnactusocTi. Tema 5. Ximia Ta nporpec noAcTea.

OnaHoBYlO UM MaTepian Lux TeM, BM nornmbute 3406y Ti B OCHOBHI LWKO/I 3HaHHS
Npo XiMiyHi efleMeHTN Ta PeYOBUHMU, y3arasibHUTe BiOMOCTI NP0 eNeKTPOHHY Oy0BY
aTOMIB €/1eMeHTIB 3a IXHIM PO3MIilLeHHAM Yy NepiognyHiil cucTemi. BuByeHHs BnacTum-
BOCTEl pevyoBMH Ta IX NpPakKTUYHe 3aCTOCYBaHHA CNPUATMME (POPMYBaHHIO NpeameT-
HUX | XKMTTEBUX KOMMNETEHTHOCTEN, PO3BMBAaTME KPUTWUYHE, IOTiYHE Ta JUBEPTreHTHE
MUWCNEHHA, CMOHYKaTUME [0 HaBYaHHA BMPOAOBX XUTTA.

3aBepluasbHa TeEMa Kypcy NpucBAYeHa posi Ximii B p03B’A3aHHI HaBaXXMBILI WX
npo6nem NOACTBA: Y CTBOPEHHI HOBUX MaTepianis, pO3BUTKY HOBUX HANPSAMIB TEXHO-
noriii, 3abesneyeHHi MPOAYKTaMW XapyyBaHHfA, CUPOBMHOIO Ta eHepropecypcamu,
a TaKoX BMAMBY AiANbHOCTI NOAWHM Ha HaBKONULWHE cepefosuwie. O3HaOMIEHHA
3 (binocodietd «3eneHoi» XiMil AK HanpsAMy AOCAIfXEeHb CMPUATUME 3aCTOCYBaHHIO
TEXHOMOriA, AKI BHEMOX/MBAOIOTL YTBOPEHHA LWKILAMBAX PEYOBUH Yy npoLecax
IXHbOr0 BUPOBHULTBA /i BUKOPUCTaHHS.

MigpyYHUK CTPYKTYPOBAHO Ha OKpeMi pybpukuK. Ha noyaTtky naparpadis HaBegeHo
y3aranbHeHi Uini, po3KpUTO 3MICT HaBYaNbHOro Martepiany. Y TekcTi maparpadis ymi-
LLEeHO 3aNUTaHHSA Ta 3aBAaHHA 3 MeTOK [iafioriyHol B3aEMOZAIT 3 LM TEKCTOM, pediek-
cil, hopMyBaHHSA BMiHb BUC/IOB/IIOBATM BNACHI CYy[>KeHHSA. HanpukiHLi KOXHOro napa-
rpaca nofaHo pyopukn «IifCcyMoBYEMO BBYEHE» Ta «3aBfjaHHA AN CAMOKOHTPO/IIO»,
[le BMilLleHO pi3HOpPiBHEBI 3aBaHHSA B NOPAAKY 3pOCTAHHA CKNafHOCTI.

KpaLie opieHTyBaTHCA B MiAPYYHUKY BaM SOMOMOXYTb YMOBHI NO3HAYEHHA PyOpUK.

L npo 6axato ycnixis y HaBYaHHi!

ABTOpKa



§ 1. NEPIOAVNYHNIM 3AKOH Y CBIT/Il CYYACHUX YABNEHb
MPO EJIEKTPOHHY BYJOBY ATOMIB

OnaHyBaBLlIW MaTepian naparpadga, B4 3mMoXeTe:

* (hOpMy/OBATH CyYacHe BU3HAUYEHHS NEPIOANYHOTO 3aKOHY;

e MOACHIOBATMW iCTOPUYHI acnekTu BIAKPUTTA MepiofAMYHOro 3aKOHY Ta CTBO-
PEHHS MepioANYHOT CUCTEMM XIMIYHUX efNIeMEHTIB; CTPYKTypy nepioguyHof
cuctemu (Mani Ta BenukKi nepiogn, rpynu i Nigrpynu); cknag aToMmHuX agep i
6yA0BY eHEpPreTUYHMX PiBHIB; hopmu S-,p-, 6/-opb6iTanei;

e crnocTepiraTy JeMoHcTpaLii KOPoTKOT Ta A4OBrol hopM NepiognYHOT CUCTEMMU;

+ 064YMCNIOBATU MaKCUMabHY KiflbKiCTb €N1eKTPOHIB Ha EHEPreTUYHOMY PiBHi;

e XapaKTepu3yBaTW eHepreTUUHi piBHi aTOMIB i NOCNILOBHICTb 3aMOBHEHHS TX

E/IEKTPOHAMMU.

Mpuragaiite, WO Bam BiGOMO 3 KypcCy XiMil 8 kfiacy Npo NepioagnyHuiA 3aKkoH i nepio-
[OVYHY 3MiHY B/1aCTMBOCTEN XiMiYHUX e/IEMEHTIB Ta IXHiX CMosyK.

K opoTko npo cnpo6u knacudikauii ximiuHux enemenTis. Ha no4vyaTky XIX cT. 3 Bi,q-
KpUTTAM fefani 6inbluoi KinbKOCTi XiMIYHUX eNeMeHTIiB 3’acyBanocs, Lo Knacugika-
Lif eNeMeHTIB Ha MeTafliyHi Ta HeMeTasiyHi, a NPOCTUX PEYOBWMH — Ha MeTanu i
HemeTanu, 3anponoHoBaHa (paHuy3bkuM ydyeHum A.-J1. e JlaByasbe, He OXOM/E
BCiX BiJlOMWUX Ha TOI Yac eNleMeHTIB.

Mpobnema knacugikauii XiMiYHUX €NeMEHTIB XBWAKOBana 6OaratbOxX Y4eHUX-
ximikiB. i po3B3aHHAM 3aiiManucs HiMeubkuil yuennii W. B. [e6epaiinep,
aHrnincbknin ximik I>K. Hotonenac, dpaHuyssknin reonor O.-E. ge LLlankypTya. Ta
Hanbinbwe HabnM3MBCA [0 NMPUPOAHOT Knacuikayii HiMeLbKWA HayKoBeUb, XiMIK
. KO. Meiiep. YyeHuih knacugikyBaB efleMeHTU 3a 3pOCTaHHAM BiHOCHUX aTOMHUX
mac i CTBOpMB Tabnaumulo 3 AeBATW CTOBNUIB, Y AKili po3TawyBaB NOAIOHI €NeMeHTH
rOPU30HTANbHO. Y AeAKUX KNITUHKAX Tabnuui enemMeHT 6ynm BifCyTHI.

Pociiicbknin ximik [. 1. MeHAenees, y3arafbHWUBLUMW BCi MOMepegHi J0CNIgKEHHS,
ChopMy/toBaB 3aKOH MepPiognyHOT 3MiHM BNAacTUBOCTEN enemMeHTiB, abo NepioAnyHunii
3aKOH. BiH HaykoBO 06rpyHTYBaB 3a/ieXXHICTb MiX aTOMHOI Macok XiMiYHUX
eNleMeHTIB i BNacTUBOCTAMMU MPOCTUX Ta CKNALHUX pe4OBUH. Ha OCHOBI NepioANYHOro
3aKOHY Oyna cknageHa Tabnuusa nepiognyHol 3MiHU BNacTMBOCTel €NeMEHTIB, fKa
JicTana HasBy nepioguMyHa cucTema. Y Tabnuui akymynb0BaHO HalBaXUBIiWi
BifJlOMOCTi Mpo XiMiYHi enemMeHTW, AKi BM HaABUYMIUCA 34MTyBaTW Lie Yy 8 Knaci.



§ 1. MNepiogNYHMIA 3aKOH Y CBIT/li Cy4aCHUX YSAB/EHb...

BrKOpPMUCTOBYHOUM BHECEHI B TaGNULIO BiJOMOCTI, Y4YeHWiA nepegbayns BacTUBOCTI
TOAI We He BIAKPUTUX eNeMeHTiB. HUHI xiMiuHiliA Hayyi Bigomo 118 enemMeHTIB. iX y
2017 p. BHECEHO B Tab/iuL0, KA HAOYHO INKOCTPYE NEPIOANYHUIA 3aKOH.

Mpuragalite Ta NOSACHITL, NPO LIO MOXHa AOBiAATUCA 3 OAHIET KNITUHKA NepiognyHOT
Ye? cnctemu.

Y nigpyyHunkax 3 Ximii nepioguyHy cuctemy nepeBaXKHo NojatTb y ABOX hopMax:
KOpOTKiin (auB. chop3al, 7) i goBriii (aue. dop3ay, 2).

Mpuragarite 3 Kypcy Ximii 8 knacy: a) Wo Take NPOTOHHE YMC/I0 Ta AKMIA Aoro goisnu-
HWIA 3MiCT; 6) WO Take Mepiogn Ta AKi nepioan HasMBalTb MaMMK, a SKi — BeENu-
KUMKW, B) LLIO Take rpynu Ta SK iX NoAinstTh; ) SK 3MiHIOTbLCSA BAACTUBOCTI XiMiUHUX
e/IeMEeHTIB Ta iXHiX CNoNYyKy nepiogax i rpynax.

Asuue nepiognunocTi. HallpisHOMaHITHIWI ABMLA, SKi B MOXeTe CnocTepiratu
Bi3yanbHO: 3MiHa AHA i HOYi, Nip POKY; 3MiHW B POC/IMHHOMY CBITi, L0 BifbyBatoTbLCA
HaBeCHi, YNiTKy, BOCEHW Ta B3UMKY; Mirpauia 6aratb0oxX BWAIB NTaxiB TOLWO,
NigTBEPIXYIOTb HaABHICTb ABMULLA NEPIOSUYHOCTI B NPUPOLI.

3’ACY€eEMO, WO pO3yMilOTb Nij MOHATTAM «NepioguuHicTb» y Ximii. Lle nepiognyHa
3MiHa efleKTPOHHOT 6y40BM aTOMIB i, BigNOBIi4HO, BNACTUBOCTEN XIMIYHUX €IEMEHTIB
i MPOCTUX Ta CKMafHWX PEYOBUH, YTBOPEHUX LMMWU enemeHTamu. Lle nepiognyHa
3MiHa pagiyciB aTOMIiB, BaleHTHOCTI /i CTYMEeHIB OKWCHEHHA eNeMeHTIB. TaKi 3MiHK
BifOyBalOTHCA Yepe3 KOXHi 8 efNeMeHTIB y Manux nepiogax i yepe3 KOXHi 18 i 32
eNeMEHTUN —Y BEINKUX.

3 yacy BIAKPUTTS MNepioguMyHOro 3akoHy 3po6sieHO 6arato BigKpPUTTIB LW,040
6yaoBKM atoma: CNpOCTOBAHO TBEPLAXEHHA NPO Oro HemoAiNbHICTb; 3’ACOBaHO, WO
aToOM CKNlafaeTbCa 3 Afpa i eNIeKTPOHHOT 060/10HKN; AOBEAEHO, WO AP0 € CKNAAHUM
YTBOPEHHAM. 30Kpema, YCTAHOB/IEHO, WO A4PO0 MICTUTb MO3UTUBHO 3apAMXKeHi yac-
TUHKM i3 3apafoM +1 —MPOTOHWUP+TA eIEKTPOHEWTPaIbHi YaCTUHKN —HE T po-
HU N°. FPOTOHM 1 HEATPOHMN MatoTb 0gHaKoBY Macy. OCKIiNbKW B A4Pi 3apsigKeHUMM
€ TiNbKM NpOTOHM, TO 3apAj A4pa aToMa BU3HAYaloTh KilbKICTIO NPOTOHIB Y A4pi.
Llein 3apsg HelTpanisye Taka cama KinbKIiCTb €/1eKTPOHIB, L0 pyXatTbCA HABKO/O
f4pa, TOMY aTOM € eNIeKTPOHEA T PaNbHOK YaCTUHKOH.

(<N9 lMNMpuragalite BM3HAYEHHSA NEpPIOANYHOrO 3akoHy, ccopmynboBaHe M. | MeHpge-
neeBuM.

YpaxoByoun gocnigKeHHa 6y40BU aTOMa, YUYEHI iAW AN BUCHOBKY, WO HE aTOMHI
macu 6esnocepefHbO BNANBAKOTb Ha BNACTUBOCTI €NEMEHTIB, a 3apsAan aTOMHUX AAep.
Tomy cyvyacHe OpMytoBaHHA NEPIOANYHONO 3aKOHY AELL0 iHLLue.

BnacTuBocTi XiMiYHMX €NeMEHTIB Ta TXHIX CNONyK nepebyBalTb y nepiogny-
Hill 3a/1eXKHOCTI Bif BEIMUYUHYM 3apALiB S4ep IXHIX aTOMIB.

OTXe, 3aBASIKM HOBMM BIAKPUTTAM MepPiOgMYHWIA  3aKOH Oyno HayKOBO
06r'pYHTOBAHO Ha OCHOBI Cy4acHOro 6a4yeHHs 6yAOBM aTOMIB i MOBHilWle PO3KPUTO
ABULLE NepiogUYHOCTI.
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Bbypnosa eHepretnuHmux pisHie atomis. ® opmu enekTpoHHux op6iTaneii S-, p -,
c/-E/IEKTPOHiB. EnekTpoHHa 060/10HKA aToMa CKMafaeTbCA 3 efIeKTPOHIB, WO pyxa-
I0TbCA Ha MEeBHMX Bigfanax Bif f4pa, YTBOPKOKOYU eHepPreTUYHi piBHI 3aneXHo Bif
3anacy eHeprii efeKTpoHiB. TOMYy NepiognMyHunii XapakTep 3MiHW BNacTUBOCTEN ene-
MEHTIB 3a/IeXXUTb Bif NepiogNYHOT 3MiHN eNeKTPOHHOT 6yJ0BM aTOMIB.

EHepreTWYHIi piBHI —Uge Bigaani, Ha AKUX pyxatoTbCs eNeKTPOHU 3 MEBHUM
3anacom eHeprii BiffHOCHO ffpa aTomMa.

KinbKicTb eHepreTu4yHuWx piBHIB B aTOMi BM3HaYyalOTb 3a HOMEpPOM nepioay,
Yy AKOMY PO3MIlLeHWIA XIMIYHWUIA €nemMeHT y MepioguyHiiA cucTemi, i Mo3HayarTb
untpamm 1, 2, 3, 4, 5, 6, 7 abo nitepamu natuHcbkoro andgasity K, L, M, N, O, P, Q.
OTxXe, atoMy XiMiYHWX enemeHTiB 1 nepiogy MatOTb O4WH EHEPTeTUYHWIA PIBEHb,
2 —pBa, 3 —T1pu, 4 nepiofy —4yoTupu TOoWwoO. Hanpuknag, eneMeHT X0p MiCTUTbLCA
B 3 nepiofi, TOMy 17 eNleKTPOHIB PO3MILLYOTbCA HA TPbOX EHEPreTUUYHUX PIBHAX.

MaKcuManbHy KiNbKiCTb €1eKTPOHIB HAa eHepre TUYHOMY PiBHI BM3HAYalOTh 3a
thopmMynoto:

N =2nr,

A& N —HOMEp EHEPTreTUYHOTO PiBHS.

[HaKWwe KaXyuun, MakcumasbHa KifibKiCTb €1eKTPOHIB Ha eHepreTUYHOMY
piBHI JOPiBHIOE NOLBOEHOMY KBaApaTy HOMepPa eHepre TUYHOro PiBHSA.

Bukopuctaswu uo hopmyny, o64MCAMMO MaKCUMaNbHY KiNbKiCTb €IeKTPOHIB
Ha KOXHOMY eHepreTMYHOMY piBHI AN Meplwunx YoTUPbLOX MepioAiB MepiognuyHOT
cucTeMu:

n=\ 2-12=2, N=2, 222=8;, N=3, 232=18; N =4, 242=32.

KOXXHWIA eHepreTMYHN piBeHb CKNagaeTbcs 3 NigpiBHIB. MigpiBHI 0gHOr0 eHep-
reTUYHOro PiBHA BIAPI3HAOTLCA HEOLHAKOBOK eHeprieto 3B’A3KY 3 A4POM.

KinbKicTb NigpiBHIB LOPIBHIOE YMCNY M: SKWO M = 1, TO HAa LbOMY €HEPreTUYHOMY
piBHI € OAUH MigpiBeHb, AKWO N =2, To ABa. [MigpiBHI YTBOPKOOTLCA OpbOiTANAMMU.

Mpurapaiite, WO BigOyBaeTbCA 3 €/IEKTPOHAMM Mif Yac iIXHbOro pyxy HaBKOMO sapa
aTomMa Ta Ski oopMU eNeKTPOHHMX opbiTaneli BM 3HaETe.

3 KypcCiB XiMii Ta Pi3MKN OCHOBHOT LW KON BAM BiOMO, LLLO HEraTUBHO 3apALXKEHI
€NeKTPOHMW B aToMi 6e3nepepBHO pyxawTbecA. LLIBMAKMI pyX eneKTpoHa HaBKO/O
Afpa atoMa CNPUYMHSAE YTBOPEHHA «ENEKTPOHHOT XMapu», AKa € HeO4HOPIAHO
3a rYCTUHOIO HeraTMBHOIO 3apsAfy. Y TBOPEHY PYXOM eNeKTpOoHa XMapy Has3nBawTb
eNeKTPOHNOI opbiTannto.

EnekTpoHHa opbiTanb - ue 06’eM NpocTOpY HaBKOMO SiAPA, Y AKOMY Haii-
6inbl iMOBipHe nepebyBaHHA eNeKTPOHa.



§ 1. MNepiogNYHMIA 3aKOH Y CBIT/li Cy4aCHUX YSAB/EHb...
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Op6itani Bigpi3HAOTLCA 32 (POPMOIO Ta PO3MIPOM 3aN€XHO Bif TOro, K BOHU
pyXarTbCA Ta AKUI 3anac eHeprii BNaCTUBWIA KOXXHOMY €NEKTPOHY.

3rigHo i3 cy4yacHUMU [OCNILXKEHHAMU, BiOMO 4OTUPU (OPMMU ENeKTPOHHUX
opbitaneii: 5 (ec), p- (ne), d- (ge), /- (edh). O3HaioMmumocs 3 NepwvMyu TpbOMa
thopmamu.

LLlo6 Kpalle 3p0o3ymiTV po3MileHHsA opbiTaneid y NpocTopi, BAKOPUCTAEMO BiCb
KoopauHat (puc. 1).

EnekTpoHHi s-opb6iTani (Big aHrn. sphere —cdepa) maloTs hopmy Kyni (puc. 2).
Taka hopma opb6itani Bnactmea aTomy ligporeHy. ¥ LeHTpi Li€i XMapu po3milyeTbea
A4p0 aToma.

Puc. 1 Puc. 2. ®opma
Bicb kKoopanHat s-opb6iTani Ta po3mi-
LWeHHA 11 B npocTopi
EnekTpoHHi p-op6iTani (Big aHrn. perpendicular —nepneHankynsp) yTeopto-
IOTbCA Nif, Yac pyXy p-eNneKTPOHiB HaBKOMO fAfApa Yy (PopmMi npaBubHOT BiCiMKMK
(raHTeni). KoxHa 3 uuMx op6iTaseil Mae pi3HYy MPOCTOPOBY OpieHTaLit0, 30Kpema
BOHU PO3MILLYHOThCA B TPbOX B3aEMHO NepneHAUKYNSpHUX naowmnHax (puc. 3).

Puc. 3. ®opma enekTpoHHUXp-op6iTanei
Ta IXHE pO3MilLeHHA B NpocTopi

EnekTpoHHi d-op6iTani (Big aHrn. diffusive — paudysHa), nopiBHiOlOYM 3
p-op6iTanamu, MaloTh Le CKNagHiWy 6yaoBy eneKTpoHHUX xmap (puc. 4). Taka popma
op6iTani nofibHa 4O YOTUPUNENOCTKOBOT KBITKM (KBITKW BY3KY).

Puc. 4. ®opma enekTpoHHUX <TopbiTaneii Ta IXHE PO3MiLLLEHHSA B NpPOCTOPI
Tak camo, gK i op6iTani, NaTUHCbLKUMU NiTepamm s-,p-, d-,f- no3HavaTb NigpiBHI:
S-nigpiBeHb, p-nigpiBeHb i T. NOA.
Op6iTani, Lo MaloTb O4HAKOBWIA 3anac eHeprii, yTBOPIO Tb eHepre TUYHUIA PiBEHb.
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XapakTepucTuka eepretuunHux pisHis. [na toro W06 3p03yMiTI/I npuYnHN rlepio-
OVNYHOT 3MiHW BNacTUBOCTEN XiMIYHMX €1eMEHTIB Ta iXHiX CMOAyK, HeobXigHO 3HaTu
Oy/l0BY €HepreTMYHMX PiBHIB, LLO YTBOPHOITb €1EKTPOHHY 060/I0HKY aTOMiB. Bam
BIAOMO, WO EHepreTW4Hi piBHI CKMagatoTbCs 3 MiAPIBHIB, AKI PI3HATBCA MiX €060
HEeO4HaKOBOI EHEPriel0 3BA3KY 3 A4POM, a KOXXHWIA NiApPiBEHb MICTUTbL MEBHY KiNbKICTb
opb6itaneit (s-, p-, HaiimMeHLWnin 3a eHeprietd NigpiBeHb KOXXHOIO €HEPreTUYHOro
piBHA MiCTUTb OfHY 5-opbiTanb. Apyrwii nigpiseHb — Tpu p-op6iTani, TpeTili — NATbL
6/top6iTanein, yeTBepTnin —cim /-opbiTanein. OTXKe, KOXKHOMY 3HAYEHHIO EHEPreTUYHOTIO
piBHSA N BigNOBiAaE KifbKicTb opbiTaneli N2 Ak Le 3a3HaveHo y hopmyni (4uB. C. 6).

LocnigpKeHHAMU BCTAaHOB/EHO, L0 HA KOXKHI 0p6iTani .MoXke MiCTUTUCA He 6inbLu
AIK [Ba- eNeKTPOHN. Hanpuknag, atom igporeHy mae oA4uH S-efleKTPOH. Y atoma lrenito
Ha TOMY X MepLOoMy piBHI € ABa S-eNeKTPOHWU. [oCTae 3aNUTaHHA: 9K Ha OLHOMY
EHepreTMYHOMY pPiBHI MOXYTb po3MilLyBaTuca Asi opbitani chepnyHoi popmu?

KBaHTOBa (pi3MKa fae Taky BifnOBifb: €NeKTPOHU, KPIM pyXy HABKONO f4pa,
obepTaloTbCA I HABKOMO BNACHOT OCi. AKLL0 YABMTN 06pa3HO, TO OAMNH 3 HUX PYXaeTbCA
HaBKO/O BAacHOl OCi 3a FOAMHHMKOBOK CTPINKOI, a ApYruil — npoTu. Takuid cTaH
e/1eKTpOHa B aTOMi fgicTaB Ha3By CriH (Big aHrn. spin —ob6epTaHHA). [1Ba eNeKTPOHN
TOr0 CamMOro eHepreTMYHOro piBHA MOXYTb XapakTepusyBaTucs TpbOMa OLHaKOBUMMU
yucnamu (eHepreTUYHWIA piBeHb, NigpiBeHb, 0p6iTank), ane PisHNUM HaNPAMKOM pyXy
€/1eKTPOHa HaBKOJIO BflIaCHOT OCi, TO6TO CNiHOM. ENeKTpoHW, WO pyxarTbCa Y 4BOX
MPOTUNEXHUX HanNpsIMKax HaBKOMI0 BflaCHOI oci, MalTb aHTwunapanefbHi ChiHW.
TX Ha3MBaKThb CMaPeHNUMN eNeKTpPoHaMU.

OTxe, NiJCYMYEMO XapaKTEPUCTUKY PYXY eIeKTPOHa B aToMi.

e 3anexHo Bif 3amacy eHeprii eNeKTPOHW 3[aTHI pyxaTucs Ha MeBHil Biggani
Big AApa atoma. Bigganb, Ha fKiiA Haibinbw iMoBipHE nepebyBaHHA E€NEKTPOHA,
HasMBalOTb EHEPreTUYHMM piBHEM. Hali6inblwmnii 3anac eHeprii mMatoTb €NeKTPOHM
HaiBiaAaneHiWoro Big sapa eHepreTUYHOTo PiBHSA, SKWIA Ha3MBatOTb 30BHILLIHIM.

» EHepreTnyHi piBHI CKNagatoThes 3 NiAPIBHIB, KiNbKICTb AKMX BifNOBifae HOMeEpPY
€HEepreTMYHOro pisHA. ENekTpoHM ofHOro i TOro camoro nigpiBHA MalTb MEBHY
NPoCTOPOBY OpieHTayito Ta hopMy opbiTani (puc. 2-4, c. 7).

e Po3pi3HAOTbL YyoTupu opmu opbitaneii: s-, p-, d-, / -opbiTani. Ha ogHomy
NigpiBHI MOXYTb nepebyBaTu TiNbKM fABa €NEeKTPOHM 3 OAHAKOBOK (OpPMOK Ta
opieHTaLieto opbiTaneii, AKi MalOTb aHTUNapPanenbHi CMiHu.

MocnigoBHiCTb 3anoBHEHHsT op6iTaneii enekTpoHamu. 3aMOBHEHHS op6iTane|7| enek-
TpOHaMW 3[iACHIOETLCS 3a NPUHLMMOM «MiHIMaNbHOT eHeprii», 3rigHo 3 AKUM efek-
TPOH B aTOMi PO3MilLYeTbCA TaK, W06 /oro eHepria 6yna HaliMeHwow. Yepes Te
€NeKTPOHN 3amnoBHIOTbL opbiTani B NOpPsAAKY 3pOCTaHHA TXHbOT EHeprii: cnovaTky
3aMOBHIOETLCS MEPLUNIA €HEPreTUYHUIA piBeHb, | aX TOAI AK BiH MOBHICTIO 3aBep-
WKUTbCA, MOYMHAETHLCA 3aNMOBHEHHA APYroro Towo.

Ha oAHOMY eHepreTM4HOMY PpiBHI Hacamnepej 3amnOBHIETbCA S-MifpiBeHb.
Hanpuknap, B atoMax eneMeHTiB 2 nepiogy, AKi MawTb [Ba NigpiBHI, Cno4yaTky
3aM0OBHKOETLCA S-MiAPiIBEHb, @ NOTIM pP-NiLpiBEHb.

ATOM, WO nepebyBac B OCHOBHOMY CTaHi, Mac MiHiManbHYy eHeprito. Po3nogin
eHepreTUYHUX PIiBHIB i NiAPIBHIB XiMIYHMX enleMeHTiB 1-4 nepiofiB BU3Hayae Taka
NoCNifA0BHICTb 3pOCTaHHA eHePrii eNnekTPoHiB: Is <2s <2p <3s <3p <4s <3d< 4p.



§ 1. MNepiogNYHMIA 3aKOH Y CBIT/li Cy4aCHUX YSAB/EHb...

MakcumanbHy KiflbKiCTb €NeKTPOHIB Ha eHEPreTUYHUX PIBHAX i NiAPIBHAX NepLLInX
4YOTMPbLOX NepioAiB HaBeaeHo B Tabn. 1

Tabmusa 1
Po3nogin eneKTpoHiB Ha eHepreTUYHUX PiBHAX i NigPiBHAX
MakcumarnbHa - MakcumarbHa
Ene . S : MigpiBeHb C :
preTUyHwiA KINbKICTb eNEeKTPOHIB KifIbKICTb €N1EKTPOHIB
. Ha eHepreTU4HoOMy
piBeHb Ha eHepreTU4HOMy B Ha eHepreTU4HOMy
piBHi P nigpiBHI
1 2e 2e
2e
2 8e
P 6€
S 2e
3 18e p 6€
d 10e
S 2e
P 6€
4 3R2e
d 10e
f 14 e

OTXe, AN PO3YyMiHHA fABMWaA MNEepiogNYHOT 3MiHM BAaCTUBOCTER XiMIYHMX
eNeMeHTIB Ta IXHiX CMnonyk, pajiycie atomiB i CTYyMeHiB OKWUCHEHHS efleMeHTIB
HeoOXiJHO MaTu YSABMEHHA MpPO cy4yacHy Mofenb GyfOBM atoma, 0c061MBO OyfOBY
€NeKTPOHHNX 060/10HOK aTOMIB.

nacyMmoBYEMO BUBYEHE

e 3 nornagy Teopii 6yaoBn aToma NepiognuvHnin 3aKOH TPAKTYETLCA Tak: BAacTUBOCTI
XiMIYHUX eNemMeHTIB TaixXHiX CnoNykK nepebyBadThb Yy NEPIOANYHIN 3a1€XHOCTI
BiJ BE/IMUNHU 3apAaaiB a4ep IXHIX aToMIB.

e [lig NOHATTAM «nepioAnYHICTb» Y XiMiT pO3yMit0oTb NepiognYHY 3MiHY €/1IeKTPOHHOT
6yaoBU aToMIB i, BignNoBigHO, BNACTUBOCTEN XiMIYHUX €NEMEHTIB, MPOCTUX i cknag-
HUX PEYOBWH, YTBOPEHUX UUMW efieMeHTaMu; NepiognyHy 3MiHy pagiyciB aTtoMmis,
B&/1EHTHOCTI Ta CTYNEHIB OKNCHEHHS.

e EHepreTU4Hi piBHI — Bigfani, Ha SKUX PyXaloTbCs €/IEKTPOHU 3 MEeBHUM 3anacom
eHeprii BigHOCHO siipa atoma. EHepreTuyHi piBHI CknagaroTbCs 3 MigpiBHIB, SKi
YTBOPOTLCA op6iTansiMu, WO MaroTb OJHAKOBUIA 3anac eHeprii.

* Homep eHepreTMYHOro piBHA NO3HAYaKOTb YMC/IOM N. MakcumasibHy KiflbKiCTb efnek-
TPOHIB Ha EHEPreTUYHOMY PiBHI B1U3Ha4YaloTb 3a chopmy/ioto N = 2n2, TOGTO MaKcu-
MaJsibHa Ki/IbKiCTb e/IeKTPOHIB Ha eHepre TNYHOMY PiBHIAO0PIBHIOE NO4BOEHOMY
KBagpaTy HoOMepa piBHA. Homep nepiogy B NepiofgnyHiini cMCTeMi BKasye Ha Kifb-
KICTb eHepreTUYHNX PiBHIB B aTOMi XiMiYHOrO efieMeHTa.

¢ KoXHuin nigpiBeHb CckagaeTbCA 3 MNEBHOI KinbkocTi s-, p-, d-, f-op6itanen.
HalimeHLWww1it 3a eHeprieto NigpiBeHb KOXHOrO eHepreTUYHOro PIiBHA MICTUTb OAHY
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s-op6iTanb, A4pyrnin nigpiBeHb — TpU p-op6iTani, TpeTii — n’aTb d-op6iTanen,
yeTBepTUn — cim f-opbiTaneli.

e [ocnigXeHHAMMN BCTAHOB/IEHO, L0 Ha KOXHili opbiTani moxe O6yTn He Ginblue HiK
[OBa eNeKTPOoHU, SKi BIAPI3HATLCA HaNPSMKOM PYyXy efleKTpOoHa HaBKO0 BJ1ACHOI
ocCi, TO6TO cniHOM. ENEeKTpoHK, WO pyxalTbCs Yy ABOX MPOTUMEXHUX HanpsiMkax
HaBKOJ10 B/1ACHOI OCi, MalTb aHTunapaaesibHiCMNiHM. X Ha3MBalTb CNapeHNMU
efieKTpoHamu.

 [locnigoBHICTb 3aNOBHEHHA Opb6iTasieil enekTpoHamMmn BU3HAYaETLCA 3a NPUHLMMOM
«MiHiManbHOI eHeprii», 3ri4HO 3 AKMM €/IeKTPOH B aTOMi PO3MILLYETLCS Tak, L06
Noro eHeprisi 6yna MiHiManbHOHO.

e ATOM B OCHOBHOMY CTaHi Ma€ MiHiMasibHy eHeprito. Po3nogin eHepreTnyHmx piBHiB
i nigpiBHiB enemeHTiB 1-4 nepiogis BigbyBaeTbCA BiANOBIAHO 40 3pOCTAHHA eHeprii
€NEeKTPOHIB y Takili NOCNIAOBHOCTI: 1s<2s<2p<3s<3p<4s<3d< 4p.

e [1n8 po3yMiHHA fBWLLA NEepiogMYHOCTI HEOBXiAHO MaTh YSABMEHHS MNP0 Cy4YacHy
mogenb 6yaoBu atoma, 0co6s1MBO 6y[0BY €/1EKTPOHHUX 060/I0HOK aTOMIB.

3ABOAHHA ANA CAMOKOHTPO/HO

1. CdhopmyntoiiTe cydacHe BU3HAYEHHS MEPIOAMYHOIO 3aKOHY.
2. TloAACHITb, YOMY 3a OCHOBY Knacugikauii XiMiYHUX efleMeHTIB y34TO 6yAoBy aToma.

3. MMpuragaiite cknag aTOMHUX Si4ep i NOSCHITb, Bifg, 4YOro 3a/1eXUTb KiNIbKiCTb enek-
TPOHIB B €/1eKTPOHHIi 060/10HLj aToma.

4. TIoACHITb, WO PO3yMitoTb Mif NOHATTAM «NEPIOANYHICTb» Y XiMil.
5. OxapakTepusyiiTe 6y[0BYy eHepreTUYHNX PiBHIB aToMiB.

6. TOACHITb, K MOXHa BU3HAUMTKU MaKCUMasibHYy KiflbKiCTb €NEKTPOHIB Ha eHepre-
TUYHOMY PIBHi.

7. OxapaktepuayiTte s-, p-, d-opb6iTasii Ta BU3Ha4YTe MakCMMasibHY KifibKiCTb €/1eKTpPO-
HIB Ha KOXHiil op6iTani.

8. OxapakTepuayinTe NOHATTS «ChiH», «aHTUnapasiesbHi ChiHm».

9. ToACHITb NOCNIAOBHICTL 3aNOBHEHHA Opb6iTaneil enekTpoHamu.

LIIKABO 3HATU

e Y 1934 p. Himelubka qpi3uko-Ximik iga Hoggak, npoaHanizyBaBLn OTpuMaHi EHpiko
depmi gaHi gocnigy 3 6oMb6apayBaHHA ypaHy HEMTpoHaMu, NepLLo BUC/IOBUMIA
NpUNyLLEHHSA MPO MOX/UBICTb MoAiny siapa atoma. Lle npunyuieHHs niaTeepau-
nocs yepes 5 pokis.

§2. BYJOBA EJIEKTPOHHMX OBOJIOHOK ATOMIB XIMIYHNX
ENEMEHTIB. EIEKTPOHHI TA TPA®IYHI EJIEKTPOHHI ®OPMY /1
ATOMIB S-,p-, ~-ENIEMEHTIB

OnaHyBaBlUM MaTepian naparpadga, B4 3MoOXeTe:

3HATU NOHATTA «eNeKTPOHHa opmyna», abo «eneKTPOHHa KOHGirypayia»,
«rpagivyHi eneKTpoHHI hopmynn»;
HasnBaTW S-,p-, (/-eNneMeHTH 3a IXHIM PO3MILLEHHAM Y NEPIOANYHINA cucTeMmi;



§ 2. bypoBa enekKTpOHHUX 060/10HOK aTOMIB XiMIYHUX €/IEMEHTIB...

e CKNafaTW eneKTPOHHI Ta rpaivyHi enekKTpoHHi ¢dopmynu atomis 5-, p-,
(/-enemeHTiB; eNeKTPOHHI Ta rpagivyHi efleKTPOHHI (hopMynn aToMiB HemeTa-
NiYHUX enemeHTIB 2 i 3 nepiofiB B OCHOBHOMY Ta 36y)KeHOMY CTaHax;

e @aHanizysaTuW BIgMIHHOCTI €NEKTPOHHUX KOH®irypayiii artomis 5-, p-,
(/-enemeHTiB (Pepym) 1-4 nepiopgis;

e XapaKTepusyBaTU NPUHLMM «MIiHIMa/IbHOT EHEPTii»; OCHOBHWI Ta 30y KeHNN
CTaHW aToMiB; PO3MIilLeHHS S-,p-, (/-enemMeHTIB Yy NepioAnYHIl cucTemi.

Mpuragaiite, wWo Take eNeKTPOHHI Ta rpadiiuHi eneKTPoOHHI hopMynu.

EnekTpoHHi Ta rpadiuHi enekTpoHHi hopmynu. Y 8 1Bu o3Haliomunucs 3 pos3no-
[iNOM eNneKTPOHIB Ha eHepreTUYHNX piBHAX i NigpiBHax (Tabn. 1, ¢ 9). Moro sigo-
6paxarTb eNeKTPOHHUMKU Ta rpaiyHUMU eNeKTPOHHUMKU dopmynamu. 3rigHo 3
NPUHLUNOM «MIiHIManbHOT eHeprii», eNeKTPoH 3aiimMae BifbHY 0p6iTanb 3 HaliMeH-
LU0 eHeprieto, TOO6TO Leil eNeKTPOH HaliMiuHile NPUTATYETLCA A4POM atoma.

B eneKTpoHHUX opmynax, fKi lWe Ha3uBawTb €/IeKTPOHHUMMU
KOH@irypauismu, umdpamu BKasylTb HOMEP EHEPreTUYHOIO PiBHA Ta KiNbKiCTb
€/IEKTPOHIB Ha 0p6iTanax, a NaTUHCbKOK NiTEPO MO3Ha4YalTb €HEPreTUYHUN
nigpiseHb. TOX enekKTpoHHa (opmyna atoma [igporeHy, wWo Mae 3apaf agpa
atoma +1, abo B 3anucy IH, 3anucyetbcs Isl Po3rngaHemo puc. 5 i 3’acyemo, Wwo
03Hauvae Takuii 3anuc.

iH
Home . .
P . KinbKicTb
eHepreTuyHoro--——- i s .
. €/1eEKTPOHIB
piBHA

n
EHepreTnyHmnii nigpiBeHb

Puc. 5. EnekTpoHHa ¢opmMyna atoma ligporeny

KpiMm enekTpoHHUX QoOpMyN, CTPYKTYpY €neKTPOHHUX 060/I0HOK aTOMiB
Bifo6paxaoTb rpadiuHMMM eneKTPoOHHUMKU opmynamu. Op6iTanb rpagivyHo
Mo3HavatoTb KBaLpaTOM, IKUIA Ha3MBalOTb EHEPreTUYHOI KOMIPKOK, eNeKTpOHN —
CTPINKOI, L0 BKa3ye Ha OpieHTaLilo CNiHY eNeKTpoHa. AKLL0 KBagpaT 6e3 CTpifku, To
Lie 03Hayae, WO opbiTans BinbHa. Ii MOXe 3aliHATM eNeKTPOH, KON aToM nepebysac B
36y )KEHOMY CTaHi.

Y kBagpati moxe 6yTu ofHa abo ABi CTPiNKW: ofHa CTPiNKa CUMBOJI3ye OfUH
HecnapeHWin enekKTpPoH, ABi MPOTUNEXHO HaMpsiMeHi CTPINKM — ABa eNeKTPOHU 3
aHTMnapanenbHUMM crniHamu, TO6TO CNapeHi eneKTPOoHN.

Mpuknagun 3anucy rpaiyHMX eNeKTPOHHUX hopMyn aTOMIB XiMIYHUX eNeMeHTIB
1 nepiogy 306paxeH0 Hapuc. 6 (c. 12).
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Isl

He

a
Puc. 6. MpahiuHi enekTpoHHI hopmynum aTomis ligporeny (a) i Cenito (6)

Mpuragaemo, K 3anncyroTb eNEKTPOHHI POPMYIN aTOMIB e/ieMeHTIB 1-3 nepiofis
i PO3MILLLEHH: LMX eNIeMEHTIB Y NepiognyHiin cuctemi (Tabn. 2).

Tabnmua 2
EneKTpoHHI hopMynn aTomiB e/leMeHTIB 1 3 nepiofiB Ta IXHE PO3MILLEHHS
B MepiognYHii cuctemi

. My
i
"B, I 1 NV MMM

1 iH Yog ¢]
Is1 Is2

) ” & N ® o) Ne
Is2s* IS252 is2s2pl ts2s2p2 is2s2p2 Isf2s2pi 1S252p5 1S252p6
NN& "Ng A «Si 1P ]é’ +d A

3 is2s2p6 1s2s2pr |S%2p6 IS2S26 is2s2p6 is2s2ps 1S252p6 |Si$2p6
31 32 3%3p°  3sBp2  3sBp2  3sBp*  3sBps  3sBpb

| s-enemeHTW. 3aNOBHIOETHLCA €NEKTPOHAMMU S-Hi,qpiBEHb 30BHILLHbOIO EHEePreTn4yHoro piBHH.

I i p-enemeHTW. EnemeHTn 2 Ta 3 nepiogis, B aToMax AKMX MOCTYNOBO 3aBepLUYETbCS p-Nif-
piBeHb 30BHILUHLOr0 eHepPreTUYHOro PiBHA.

Po3rnaHemo foknagHiwe rpaiuHi eneKTpoHHi hopmynn. OCKinbKu 3 popmynamm
atomis ligporeHy Ta lenito BU 03Halomunuca Ha puc. 6, TO 3BEpPHEMO yBary Ha
enemMeHTU 3 NOPAAKOBUMU HOMepammu 3-18 (puc. 7).

MpoaHanizyemo po3MillleHHA efleKTPOHIB B artoMax efleMeHTiB 2 nepiogy. HK
6aunmo, B atomax enemeHTa JliTito A1 hOpMYETLCA HOBUIA (APYTrunii) eHepreTUYHMA
piBeHb. 0oro yTBOPIOE S-eNeKTPOH, chepuyHa op6iTanb AKOro Taka cama, siK i B aToMax
ligporeHy, ane 3 6inbWLIKM 3anacom eHeprii. TOMY efleKTpOHHa XMapa, AKY BiH onucye
nig 4vac pyxy HaBkono agpa, 6inbwa 3a po3mipoMm. B atomax enemeHTta bepunito
4Be 4eTBEPTUI €NEKTPOH PO3MIlLYETbCA Ha S-opbiTani Apyroro eHepreTu4yHoro
piBHA; S-NifpiBeHb CTAE 3aBeplUeHUM, efleKTPOHM cnapeHi. MNMounHaoum 3 bopy 5B,
B aTOMax e/1eMEeHTIB 3aMOBHIOETLCA P-0p6iTanb. KpiM ABOX S-€N1eKTPOHIB, M’ATUIA —Le
HecnapeHwuii 4-eNeKTPOH, AKWIA Nig Yyac pyXy HaBKOMO fA4pa atomMa ONucye eNeKTPpoOHHY
XMmapy y opmi raHTeni. Baromax Kap6oHy 6C it HiTporeHy N HecnapeHi 4-eNeKTPOHM
3aMoBHIOIOTbL BiNlbHI p-opbiTani LbOro eHepreTUYHOro piBHA, a Big OkcureHy gO fo
HeoHy XNe BigbyBaeTbCA CNaprOBaHHA P-e/IEKTPOHIB 3 aHTUNapaneibHUMK CiHaMMW.
[pyruii eHepreTuyHniA pieHb B aToMax HeoHy 3aBepLUeHWiA.
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Puc. 7. Po3milieHHA eNeKTPOHIB No op6iTanax B aToMax eneMeHTiB 2 Ta 3 nepiogis
B OCHOBHOMY CTaHi

B aromax enemeHTiB 3 nepiogy 3anoBHEHHA efIeKTPOHAMU 30BHILUIHLOIO
e€HepreTMYHOro pPiBHA NOBTOPKE MOCMILOBHICTL APYroro piBHA. Ak 6auumo 3 puc. 7,
3c/-nigpiBeHb 3aNNLWLIAETLCA BiIbHUM.

EnekTpoHHa Ta rpagiyHa enekTpoHHa ¢opmynu atoma @ epymy. P0O3rnsgHemo
eNEeKTPOHHY Ta rpadivuHy eneKTpoHHy hopMynun atoma ®epymy. Lie enemeHT 4 nepiogy,
ronosHot nigrpynu VIII rpynu nepiognyHoi cMCTEMU XiIMIYHUX e/IEMEHTIB.

B aTtomax enemeHTiB, WO BXOAATb A0 4 nepiofy, nounHatouu 3i CkaHpito (21),
3amnoBHIOETLCA C/-NifpiBeHb. EneKTpoHHa 06010HKa efleMeHTa Pepymy CKNafaeTbes 3
26 eNeKTPOHIB, L0 PO3TallOBaHI HA YOTUPbOX EHEPrEeTUUYHUX PIBHAX. TXHE PO3MILLEHHA
Bif0Opakae eNeKTpoHHa hopmMyna is 2s2pEBsBpB&Bd6As2 a6o [Ar] 3c/64s2

Po3rnsaHemo rpagiuHy eNekTpoHHY hopmyny atoma ®epymy (puc. 8).

Enement 1s 2s 2p 3s 3p 3d 4s

n n n
Puc. 8. Po3miweHHs eNleKTPOHIB Nno op6iTanax atoma ®epymy

3 efleKTPOHHOI Ta rpagivyHol efleKTPOHHOT Qopmyn 6a4yMmo, WO B YTBOPEHHI
XIMIYHMX 3BH3KIB MOXYTb 6paTn yyacTb He TifbKu 4s, a it 3c/-eNeKTpoHU. Y cnonykax
depym HaliuacTiwe yTBOpHE OHM Fe2+i Fe3t+ yTpayaroum fBa abo TpW eneKTPOHMW.
Tifnbkn 3a 0CO6MMBMX YMOB MOXYTb BUKOPUCTOBYBATUCHA BCi LWICTb €1eKTPOHIB 3
YTBOPeHHAM (pepaTiB. EnemMeHTW, y AKUX 3amnOBHIOKOTbLCA BHYTPIWHI c/-NigpiBHi,
HasuBaloTb d-efleMeHTaMn. depym  d-efemMeHT.

OTXe, MOXHa 3p06UTK BUCHOBOK:

* XiMiYHI efleMeHTN, B aTOMax fKWX 3aMOBHIOETLCA efleKTPOHaMU S-NigpiBeHb
30BHILUHbOr0 EHEPreTUYHOr0 PiBHA, Ha3MBalOTb S-e/leMeHTamu;
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* XiMiYHi eneMeHTU, B aToMax AKUX 3aNOBHIOETLCA efIeKTPOHaMU pP-NifpiBeHb
30BHILIHbOr0 EHEPreTUYHOIO PiBHA, Ha3MBalOThb P-e/leMeHTamu;

* XiMiYHi enemeHTH, B atoMax AKWX 3arnOBHIOETLCA eNeKTpoHamMu 6/-nigpiBeHb
LPpYroro 330BHI EHEPreTUYHOTO PiBHSA, a Ha 30BHILIHLOMY 3a1MLWaeTbCa OANH abo ABa
eN1eKTPOHU, Ha3NBaKTb d-eNeMeHTamu.

Posmiwenns S-, p -, d-enemenTiB y nepiognunii cucrtemi. Y Tab6n. 2 (C. 12)
S-,p- eNeMeHTN BUAINEHI KONbOPAMU: S-eJIeMEHTU —POXEBUM, p— XOBTUM.

Bam BioMoO, 110 BHACNIAOK pO3TallyBaHHA NepioAiB O4UH Mif 04HUM YTBOPHOHOThHCA
rpynu, ski noginaoTb Ha nigrpynu A i B. Y ronosHux nigrpynax (nigrpynu A) | ta
Il rpyn po3miwyoTbea S-eNeMeHTU. [Jo HUX TAKOX Hanexarb ABa efieMeHTn 1nepiogy,
T06TO ligporeH i Menii.

Y ronosHux nigrpynax 11 VI rpynposmiwyotecap-ene.MeH/aM. Y iXHiX aTomax
3aMN0BHIOETLCA €N1EKTPOHAMM P-NiAPiBEHb 30BHILLIHLOI0 EHEPreTUYHOIO0 PiBHA.

Y no6ivHux nigrpynax | VIII rpyn po3miwytoTseca d-eNeMeHTU. Y ixXHix aTomax
3aMN0OBHIOETLCA e/IeKTpOHaMm 6/-nigpiBeHb NONepesHLOro eHePreTUYHOro piBHS.

OTXe, 32 PO3MILLEHHAM XiIMIYHUX €NEMEHTIB Y MEPIOANYHI CUCTEMI MOXHA CKNacTu
eNeKTPOHHY Ta rpadivHi eneKTPoHHI hopMynu 6yAb-AKOro 3 e/leMeHTIB, | HaBNaku, 3a
€N1eKTPOHHO ab0 rpad)ivuHoI0 eIeKTPOHHOI (hOPMYNOK aToMa efleMeHTa —3’ACyBaTK
PO3MilLeHHA efleMeHTa B MepioguYHiil cucTemi.

3 6yaxeHunit ctan atoma. Bam yxe BifOMO, L0 aTOMU €NleMeHTIiB MOXYTb nepeby-
BaTU B OCHOBHOMY Ta 36yKeHOMY cTaHaxX. OCHOBHWI CTaH aTOMa XapaKTepu3yeTbes
HaliMEHLUOK €eHEepriel Mif Yac pyxy eNeKTPOHIB HaBKOMO A4pa, eNeKTPOH B OCHOB-
HOMY CTaHi 3B’A3aHWI 3 A4POM aTOMa HalMiUHiWe. Y Ci eNeKTPOHHI hopMynin aTomiB
€N1eMeHTIB, HaBeAeHUX y Tabn. 2, —(popmMyan aTomMiB B OCHOBHOMY CTaHi.

Mig yac XiMiyHMX NepeTBOpeHb aTOMU, NOrNMHAKYN [0AATKOBY eHeprito (Tennosy,
pagialiiiHy), MOXYTb MepexoauTu B 36YA>KEHUI CTaH, Bigaatoum abo NpuegHyUm
eneKkTpoHu. Lle cTaH aToma 3 BUL UM piBHEM eHeprii, YHACNifOK Y0ro 38’A30K 3 A4pOM
nocnabnoeTbCcs ax [0 BiApWBY eNeKTpoHa. PO3rnfHEMO eneKTPOHHI Ta rpadgiyHi
€NeKTPOHHI hopMynn aToMiB HeMeTanivyHMX enemeHTiB 2 i 3 nepiogis (puc. 9).

EnemeHTn 2 nepiogy EnemeHTn 3 nepiony

6C Is:2s:2p- 1491 18:28:2p@3s:3p:
n=2 1 1 (A) n=3 " 11 (A)
6C 1s2sl2p3
n=2 Lo " L ()

| 5P 1S2s2p&BsBp3
7N2 S2s2p3 s 111 (A)
n=.

I I V)
5P 1s2s2pBsI3pBdl

n:311111 (B)
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MpoaoB>KeHHs prc. 9

& st L1 (A) S |s2s2p@sBpa
n=3 11 (A)
165 15:25:2p63s:3p3Bdl
n=3 1111 (B)
i6S |s2s2/763s3/73rf2
n=3 N (6)
oF Is:2s:2p5 HoH o1 Cl 1s2s2p&Bs23p5
n=2 (A)

n=3 1

Cl 1s2s52p 63s:3p43dl
n=3 111 (6)
. 's-z1

n=3 11111 (B)
I | ATOM B OCHOBHOMY CTaHi.

7Cl Is2s2p&3s13p336/2.
[ 1 Atomy 36ymKeHOMY CTaHi. K=3 B 11 (B)

Puc. 9. Po3miweHHs eleKTPOHIB No op6iTansix B aToMax HeMeTaNiYHUX eIEMEHTIB
2 Ta 3 nepiofis B ocHoBHOMY (A) Ta 36ymxeHomy (B) cTaHax

BanenTHi ctann enemeHTiB. M 0>/inBi CTyneHi OKUCHEHHSI HeMeTasidyHUX eNeMeHTIB
2 ta 3 nepiogis. YABNEHHSA NPO OCHOBHI Ta 30y[XeHi CTaHN aTOMIB eNeMeHTIiB [alTb
3MOTY NOSICHUTM NOHATTA «BaNEHTHICTb» i NepioAnYHIcTb Ti 3MiHW. Hacamnepep 6yaoBa
€N1eKTPOHHOI 060/0HKM i eHepreTMYHMX PiBHIB BN/MBae Ha 3MiHy pajiyca aToma.
Y Mexkax 04HOro nepiogy aTOMHWUIA pagiyc 3MeHLYeTbCA, 60 i3 3p0CTaHHAM 3apagy aapa
aToma 36iNblYHTHCA CUAM MPUTATaHHA. 3 MepexofoM A0 HacTyMmHOro nepiogy (aus.
Tabn. 2, ¢. 12) 36inbWyeTbCa KiNbKiCTb EHEPreTUYHUX PiBHIB, @ TOMY 3HA4HO 3pPOCTAE
pagiyc atoma. Taki 3MiHW crnocTepiratoTbCi B YCiX Mepiofax NepioguyHOl CUCTEMM.
KoXHWii HOBWIA Nepiog NOYMHAETHCA aTOMOM, Y AKOT0 (hOPMYETLCA HOBUIA eHepreTuy-
HWUI piBeHb (30BHILWHIA) 3 O4HWNM S-€/IEKTPOHOM, L0 3YMOB/IOE CTPUOKOMOAIOHY 3MiHY
B/1aCTUBOCTEN €1eMeHTIB Ta IXHIX MPOCTUX i CKNagHWNX PEYOBUH.

Mpuragaiite, y YoMy nonsrae BiAMIHHICTb MiX Ba/IEHTHICTIO aTOMiB €/IEMEHTIB Ta
TXHIMW CTYNEHSAMUN OKUCHEHHS.

MakcumanbHy BaNeHTHICTb aTOMIB €NemMeHTIB i, BigNoOBifHO, TXHiX CTyneHiB
OKMCHEHHA MOXHa BM3HAUYUTU 32 HOMEPOM rpynu, y fAKili PO3MILLEHWI eNeMEHT.
Y ronoBHMX MIArpynax Li XapakTepUCTUKKM 36iratoTbCA 3 KiNbKICTIO €NeKTPOHIB
Ha 30BHIlUHLOMY €HEpPreTU4YHOMY piBHi. HaWBUWKUA CTYNiHb OKWUCHEHHS enemMeHT
NPosiBNAE, KONM YTBOPKE CMOAYKM 3 HAN6iNbW eNeKTPOHEeraTMBHNUMU OKCUTEHOM
i dnyopom. Cepep ycCix eNemMeHTIB efeKTpOHeratTuBHicTb ®ayopy € Hainbinbwow.
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ToMmy, YyTBOPHOIOYM CMONYKW, BiH 3aBXAW MaE€ CTYMiHb OKUCHeHHA -1. OkcureH
y Cnofykax 3 iHWWUMW enemMeHTaMy NPOSBAAE HeratuBHUI CTYNiHb OKWUCHEHHS,
HailvacTiwe -2, kpim cnonykn OF,, y AKiii MOro cTyniHb OKMCHEHHSA AOpPIBHIOE +2.
Y nepokcugax (H,0,, Na,0,), ge atomn OKCUreHy cnosyyeHi Mixk coboro KoBaneHT-
HUM HEMONSPHUM 3BA3KOM, CTYMiHb OKUCHEHHA CTAHOBUTL -1. ATOMM UNX €NEMEHTIB
He nepexofaTb Yy 36ymxeHui cTaH. ATom TIiTporeHy, NpUeESHYHOUN TPU €NeKTPOHM
Ha 30BHIWHIA eHepreTUYHW piBEHb, YTBOPIKOE CTIiliKYy €NeKTPOHHY KOH{irypayito
3 BOCbMM efleKTPOHiB. CTynNiHb OKUCHEHHSA CTaHOBUTL -3. Lle BifbyBaeTbCcsA nig yac
B3aEMOAIT 3 MEHLU e/IEKTPOHEraTUBHWUM €1EMEHTOM.

OpfHak 36yaXeHHs aToMmiB HiTporeHy, OkcureHy ta ®nyopy —2s2p3 2s2pi Ta
2S22p5BiaNoBigHO —HEMOX/IMBE, TOMY LLO B HUX HEMAE He3anmoOBHEHUX Mif4PIiBHIB.

Mpo ocobnueocTi 6ynoBn atoma Kap6oHy Ta 3faTHiCTb yTBOptoBaTW 6e3niy
CNonykK Bam BifoOMO 3 Kypcy Ximii 9 i 10 knacis.

Y HeMeTaniYHUX efieMeHTIiB CTyMeHi OKWCHEHHA MOXYTb 3MiHioBaTucs. Lle
3aNeXnTb Bif TOro, CKiflbKW efneKTPoHiB (yci abo uacTuHa) nepemillalTbeA
(3miwyThCA) Bifg OAHOr0 aroma Ao iHworo. HitporeH, B3aemogitoun 3 6ifbL
eNeKTPOHeraTMBHUMY €NEMEHTAMM, MOXE NPOABAATU CTYMiHb OKUCHEHHA +1, +2, +3,
+4, +5 3aN1€XHO Bif TOro, CKiNbKW e/IeKTPOHIB 3MilLy€ETbCA.

ATOMW HemeTaniyHMX efleMeHTIiB 3 nepiogy MawTb BaKaHTHUM c/-MigpiBeHb.
Y pa3i HafaHH#A TM eHeprii eNeKTPOHU NepPexoaaTb i3 5- ip-nigpiBHIB HAC/-MiAPIBEHD i
MalTb MOX/MBICTb 36IbLWINTK KiNbKICTb HECNAPEHUX €NeKTPOHIB. Hanpuknag, 14Si,
IP. UnM NOACHIETLCSA YOTUPK- i MATUBANEHTHICTb LLUX €NEMEHTIB BiAMNOBIAHO.

ATtomun Cynbypy Ta Xnopy 34aTHi MaTu [eKinbka 30yKeHUX CTaHiB i, BignoBsigHo,
NPOSBAATU Pi3Hi CTYNEHi OKUCHEHHSA 3a/1eXKHO Bif KiIbKOCTI HecnapeHuX eneKTpoHiB Ha
30BHILLHBbOMY EHEPreTUYHOMY piBHi. PO3rnsiHeMo Le Ha npuknagi atoma Xnopy (Tabn.3).

Tabmua 3
CraHun aToma Xsopy Ta IXHi XapaKTepucTnku
EnektpoHHa ¢hop- BaneHT- CTyniHb dopmyna
myna. CtaH atoma HICTb OKUCHEHHSI  PEYOBMHM Xapaktepuctuka craHy
IS 25?72pEBsBp3d° i 1 el Ha 30BHiLLHLOMY PiBHi 0AWH

OCHOBHWIA CTaH HeCrapeHwii p-eNleKTPOH.

Ha 30BHIiWHbLOMY piBHi

\s12s2p3\s13p,3d' TPU HecnapeHi eneKTPOHW:
MepLunii L +3 Helo . 2p Ta Id. Leid cTaH HecTili-
36y pKeHnii cTaH Kuii, TOMY CMOMTYKMN LUBUAKO
po3nagatoThes.
W2s2p63s?73p3Bd2 Ha 30BHIlWHLOMY  piBHi
Opyruii \Y% +5 HCl0 3  NATb HecnapeHux enekTpo-
36y MKEHNIA CTaH HiB: 3p Ta 2d.
is2s2pl3s'3p’3d3 cio7 Ha 30BHilIHbOMY  piBHi
TpeTili VIl +7 Y CiM HecrnapeHuX efeKTPOHIB:

HCto 4

36y MKEHNIA CTaH Is, 3p Ta 3d.
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OfHaK 4uCNoBi 3HAYEHHA CTYMEeHs OKWCHEHHSA Ta BaJIeHTHOCTI MOXYTb He
36iraTuca. Hanpuknag, y Monekynax npocTuX pPeYOBUH, YTBOPEHUX HEMETaniyYHUMU
eNneMeHTaMu, CTYNiHb OKWUCHEHHS [OPIBHIOE HY/O, a BaNIeHTHICTb 3aNeXWUTb Bij
KifIbKOCTi eNeKTPOHiB, AKi aToMW efleMeHTIiB BiffalOTb ANA YTBOPEHHS CNiIbHUX
€NeKTPOHHMX nap.

MnacymMoBYEMO BMBYUEHE

EnekTpoHHI popmynn, abo enekTPoHHI KOHIrypauii, BigobpaxatTb po3noain
€NeKTPOoHIB B aTOMi. BOHM BKa3yloTb Ha PO3MILLLEHHS eN1eKTPOHIB Ha eHepreTUYHNX
piBHSIX, Ae undpamun 1,2, 3, 7 NO3Ha4aloTb eHepreTUYHUlA piBeHb, fiTepamu s-,
p-, d-, f— eHepreTnyHi nigpieHi Ta cdopmy opbitaneli, a uNpPoo B CTEMEHI —
Ki/IbKICTb €NeKTPOHIB Ha nigpiBHi. Hanpuknag: gF 1s2s2p5.

pachiuHi enekTpoHHi thopMynn Bifo6GpaxakTb CTPYKTYPY €/1EKTPOHHMX 060/T0HOK
aTtomiB. Opb6iTasib No3HavyalTb KBagpaTtoMm (MOro HasuMBalTb EHEePreTUYHOH
KOMIpPKOI0), a efleKTpOHU — CTpinkamun. FKWO KBaapart BisibHUA — Ha opbiTani Bia-
CYTHIi eNneKTpPOH, SKWO € OfHa CTpisika — EeNeKTPOH HecnapeHwuin, Akwo A
CTPISIKK, CNPSAMOBAHI B NPOTU/IEXHMX HaNpsMKax, — cnapeHi efieKTPoHN 3 aHTu-
napanenbHUMK criHamu.

EHepreTuyHi piBHI 3anNOBHIOKTLCA MOCTYNOBO: CMOYaTKy S-MigpiBeHb, 3a HUM
p-nigpiBeHb, WO Mae Tpu opbiTani, 3a HUM d-nigpiBeHb, SKOMY BnacTuBa HasB-
HiCTb n’'aT opb6iTaneil. BignoBigHO MakcuMMasibHa KiNbKICTb €MeKTPOHIB Ha
S-nigpiBHI — 2. Ha p-nigpiBHi — 6 i Ha c/-nigpiBHi — 10

S-efleMeHT 1 PO3MILLYHOTbCSA B roNIOBHUX nigrpynax (nigrpynu A) ITa Il rpyn nepio-
OWYHOT cucTemun. [0 HMX TakoX HanexaTb ABa efieMeHTn 1 nepiogy, To6TO
FigporeH i Feniii.

p-eneMeHTU — efleMeHTW, B aTtoMax SIKMX 3arOBHIOETbLCA eneKkTpoHamu p-nig-
piBeHb, PO3MILLYIOTbCA B rofoBHMX nigrpynax Il — VIl rpyn.

d-enemMeHTUN — eNieMeHTU, B aToMax SKMX 3anoBHIOETLCA cf-nigpiBeHb nonepeaHbOro
€HEepreTMYHOro piBHS, | PO3MILLYIOTLCSA BOHW B NOGIYHUX migrpynax |—MIl rpyn.

Y 36y)KEHOMY CTaHi Ki/lbKiCTb €NEeKTPOHIB Ha 30BHILUHbOMY €HEPreTUYHOMY PiBHi
3pocTae, ToMy aTomu, nepebysatoun B LibOMY CTaHi, NPOABASAIOTb 3MiHHI BasleHT-
HICTb | CTYNEeHi OKUCHEHHS.

3ABAAHHAANA CAMOKOHTPO/O

MosACHITb, WO BigobpaXkae enekTpoHHa hopmyia aToma.

HanvwiTe enekTpoHHi chopmynn aTtoMiB enemeHTiB 2 nepiogy Ta MOACHITb, SKi
3MiHM crnocTepiralTbCsl B 6y0Bi aTOMIB €/1€MEHTIB.

MOSAICHITb, 5K, KPIM €1eKTPOHHOI (hOPMY N, MOXHA 306pa3nTK CTPYKTYPY €/1IEKTPOH-
HVX 060/I0HOK aTOMIB.

OxapakTepunsyinTe Ha OCHOBI €/IEKTPOHHMX i rpadoivyHNX e/IeKTPOHHUX hopMy /T PO3-
MILLEHHS S-, p-, C/-e/IeMEHTIB y NepiogNYHIiA cucTeMi.

MpoaHanisyiTe BigMIHHOCTI €/IEKTPOHHMX KOHpirypauin atomis s-, p-, C/-eNleMeHTIB
(®epym) 1-4 nepiogis.

MOACHITb, WO 03Ha4Yae NPUHLUN «MiHIMa/IbHOT eHeprii».

OxapakTtepuayiiTe OCHOBHWI Ta 36Y[MKEHWn CTaHW atoma Ha npuknagi aTomis
Cynbpypy Ta Xiopy, NOACHITb Ba/IEHTHI CTaHW Ta CTYNEeHi OKUCHEHHS LX efleMeH-
TiB y CNOMyKax.
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8. YKaxiTb eneKTpoHHYy dhopmyay atoma Cuniuito B OCHOBHOMY CTaHi.

A Is2s2p&s23p3 B 1s2s2p&sZBp4
b 1s2s2p&@BsZBpl [ 1s2s2p&s2Bp2

9. YKaxiTb eneKTpoHHY dhopmysly atoma X1opy B A4pyromy 36ya)KeHOMy CTaHi.
A 1s2s2p3sBpIBcP B 1s2s2p63s23p53c/°
b 1s2s2p63s'3pBd3 I 1s2s2p&3sBp5

10. YkaxiTb rpadpiuHy enekTpoHHy hopmyny atoma ®occopy B 36yAKEHOMY CTaHi.

A a A A B 4444|

44
B 44 4 r 4 4 4

§ 3. ABVLLE NEPIOANYHOI 3MIHW BIACTUBOCTEW EJIEMEHTIB
TATXHIX CNONYK HA OCHOBI YABJIEHb MPO ESIEKTPOHHY
BYJOBY ATOMIB

| OnaHyBaBWMW mMaTepian naparpada, B1M 3mMoxXeTe:

e 3HATW, YOMY MepioANYHO 3MIHIOKOTLCA B/IACTUBOCTI e/leMeHTIB Ta iXHiX npo-
CTUX | CKNafHNX PEYOBUH;

* Ha3WBaTW MeTaniuHi Ta HemMeTaniyHi e1eMeHTL 32 PO3MILLEHHAM Y MepPiogNYUHIi
cCUCTeMi, ypaxoBYyOUu eneKTpoHHY 6Y0BY aTOMIB;

« 00rpyHTOBYBATMW NepioAnyHy 3MiHY pagiyciB aToMmiB Ta OHIB, enekTpo-
HeraTUBHOCTI, CTYMEHIB OKMCHEHHS, BNacTUBOCTEN enemMeHTIB Ta iXHiX npo-
CTUX PEYOBUH HA OCHOBI €NEeKTPOHHOT 6Y0BU TXHIX aTOMIB;

* BUCNOB/IOBATW CYOXKEHHA LWOA0 3acCTOCYBaHHSA MepioguMyHOro 3akoHy And
nepefbayvyeHHs BacCTUBOCTEN LUe He BIKPUTUX €NEMEHTIB.

Mepiognuna 3miHa BnacTueocTeil enemewTis. Y nonepe,qux naparpatpax BN
O3HaloMmunucs 3 6yf0BOK eNeKTPOHHUX 0O0NIOHOK aTOMIB €IEMEHTIB, TXHIMU enek-
TPOHHUMWU KOHQirypauiamu ta rpa@iyHMMmM eneKTPOHHUMK popmynamun. 3a fono-
MOroH NepiogNYHOT CUCTEMU MOXHA CKNACTU €IeKTPOHHI (DOPMYIN KOXHOIO 3 XiMiy-
HUX efleMeHTIB. 3Ba)Kalumn Ha Te, L0 BNAacCTUBOCTI efIeMeHTIB NepiogMyHO MOBTOpPIO-
HOTbCSA, Y3aralbHUMO Bif Y0Oro 3anexartb IXHi NepioAnYHI 3MiHN.

Bam yxe BifOMO, L0 efleKTPOHHa KOH{irypayis atoma MOACHIOE NepPioAUYHI
3MiHM TaKUX XapaKTePUCTMK aToMa, SiK pajiyc, eNeKTPOHeraTUBHICTb, Ba€HTHICTb i
CTYMiHb OKNCHEHHS, L0 BU3HAYalOTb XiMiYHi BNacTUBOCTI eNIEMEHTIB Ta IXHiX CNONyK.
Po3rnaHemo ue AoKnagHiwe.

Paniyc atoma. Yepe3 XBW/bOBWIA XapaKTep PyxXy ENEKTPOHIB HaBKONO fAfgpa
pagiycy atomiB He MarTb Y4iTKUX Mex. Kpim Toro, hopma opbitanein eNeKTpoHiB €
pi3HOIO. AKLWO NPUNYCTUTKU, WO aTOMU MalTb POpMYy Kyni, TO pafiyc aToMa BU3Ha-
YaloTb SIK BigAanb Bif AApa 4O 30BHILIHbOFO €HEPreTUYHOro PiBHSA. IHaKLWe Kaxyuw,
MOHATTA «aTOMHWIA pagiyc» € yMOBHUM. AKW O Tpeba BCTAHOBUTW YMC/IOBI 3HAYEHHS
pafiyciB aTOMIiB €1eMEHTIB, TO iX BM3Ha4yalOTb EKCMEPUMEHTANbHO, YPaxoBYHUU
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LOBXUHMN XIMIYHUX 3BA3KIiB MiX aTOMamu B cnonyui. O4MHULE BUMIPHOBAHHA aTOM-
HUX pagiyciB € HAaHOMeTpP (HM): 1 HM = 1+ 10~9Mm.

Y Mexax 04HOro nepiofy KinbKiCTb eHEPreTUYHUX pPiBHIB B aTOMIB e/leMEHTIB He
3MIHIOETbLCA, O4HAK 3pOCTAE 3apsAf A4pa aToMa, OTXKe, MOCUNKETLCA NPUTATAHHA AAPOM
aToMa eNeKTPOHIB 30BHILIHLOI0 EHEPreTUYHOIOo PiBHA. Y HACNIAOK LbOro Bif novartky
[0 KiHUS nepiody pasiycn aTOMiB HE3HAYHO 3MEHLYIOTbCA. TOMY B eleMeHTiB 04HOro
Manoro nepiofy meTtaniyHi BAacTMBOCTI MJABHO 3MIHIOIOTHCA HA HemeTaniyHi. Taki
caMi 3MiHM Bi1OyBalOTbCA B MapHUX pPsfax BEAUKNX nepiogdis.

3BepHiMO yBary Ha 3MiHW, AKi Big6yBaloTbCcs 3 pagiycamMu MOHIB, OCKiNbKu
BOHW Bigpi3HAOTLCA Bif pagiyciB aTtomiB eneMeHTiB. AKWO aToMu Biffal0Tb
€/1eKTPOHW 30BHIWHbLOTO EHEPTeTUYHOIO PiBHA, TO pagiyc MoHa 3meHwWwyeTbeA. Lle
BNAaCTUBO MeTaniyHUM efnemeHTam. ATOMMU HeMeTaNiYHUX eNleMeHTIB NPUELHYIOTb
€NeKTPOHMU, WO € NPUUNHOI 36iNbWEHHA po3MipiB ioHIB. OTOKe, padiycn KaTIioHIB
3aB>K/M MeHLUi Bif pajiyciB aHiOHIB Ta eNeKTPOHENT panbHNX aTOMiB.

HaBegfiTb Npuvknagn KaTioHiB Ta aHiOHIB, YTBOPEHMX efleMeHTaMn 3 nepiogy. YKaxiTb
BE/INUYMHY TXHiX 3apsgiB.

3’AcyemMo, AK 3MIHIOKOTbCA pafiycu atoMiB y rpynax mnepioguyHoi cuctemu.
Uepes Te, LLO B aTOMIB €1eMeHTIB KOXHOr0 HacTynHoro nepiogy hOpMyeTbCca HOBWIA
EHEepreTUYHUIA piBeHb, Y HUX NEPIOAMYHO 36iNbLUYIOTHCS pajiycn aTomiB. AK Hacnigok,
CnocTepiraeTbCsA pi3ka 3MiHa BNacTUBOCTEN eNeMeHTIB Ta IXHiX cnonyk. LLogo pagiycis
OHIB 04HAKOBOIO 3apsidy, TO BOHM 36iNbLIYOTLCA i3 3pOCTAHHAM 3apAgiB a4ep.

EnexkTpoHeraTuBHICTb. 3 UMM MOHATTAM BW 03HAWOMUINCA B Kypci Ximii 8 knacy.
EneKTpoHeraTuBHICTb eNeMeHTa —Le BNacTUBICTb aTOMa, L0 XapaKTepu3ye 3gat-
HICTb NPUTATyBaTU 40 cebe CNiNnbHi efleKTPOHMW Mif Yac YTBOPEHHSA XiMiYHUX 3B H3KiB.
Lla 3gaTHICTb 3MIHIOETHCA B NMepiofax i rpynax 3afexHo Bif pO3MilLLeHHS efeMeHTa B
nepioguYHIi cuctemi.

OAVHULIEI €NIeKTPOHEraTMBHOCTI BBaXalOTh eNeKTPOHeraTuBHicTb JliTio. i
MOPIBHIOKOTH 3 IHWWUMWN efleMeHTaMu, TOMY 4718 iHWMWX efleMeHTiB BOHA € Bi4HOCHOIO
BE/IMYMHOK, TOOTO BiJHOCHOK eNIeKTPOHEraTUBHICTI0. PO3rnsiHEMO, AK 3MIHHETHCA
€NeKTPOHeraTUBHICTb eNIeMEHTIB y Mepiogax i rpynax nepiogumuHoi cuctemu (Tabn. 4).

Tabnuusa 4
3MiHa BiJHOCHOT eNleKTPOHeraTMBHOCTI e/1eMeHTIB Y Mepiogax i rpynax
Mpyna 3mina
Mepiop, eneKTpo-
1 Il 1] 1\ \% \Y/ Vi VI HeraTuBHOCTI
1 H He 3 36i/bLLIEHHAM
21 3apagy agpa
) Li Be B (o3 N 0] F Ne aToma Bnepio-
10 15 2,0 25 3,0 35 40 Aax —3pocT ae,
y FO/I0BHUX Mig-
3 Na Mg AL S p S ad  Ar  rpynax —

09 12 15 18 21 25 30 cnagae.
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OTxe, 3i 36iNblWEHHAM 3apsAy fiApa atoMa efeKTPOHeraTUBHICTbL Y nepiojax
cUCTEMaTUYHO 3pOCTae, a B nigrpynax —cnagae. Hanbinbwy eneKTpoOHEraTUBHICTb
nposasnae dnayop.

3a [0OMNOMOroK MOHATTSA «BiAHOCHA €/IeKTPOHEraTUBHICTb» MOACHIOKTbL Mexa-
Hi3MW YTBOPEHHA XiMIYHOTO 3B’A3KY.

BaneHTtHicTs i cTyniHb okncHerHsi. @ isuHuMii smicT BA/IEHTHOCTI aTOMIB €/IEMEHTIB
nonsrae B IXHilA 30aTHOCTI YTBOPIOBATM XiMiyHi 3BA3KW. BaneHTHICTb —Uge Kinb-
KiCTb KOBaNEHTHUX XiMIYHMX 3B’A3KiB, AKMMMW aTOM CMNOMYYEHUI 3 IHWMMMN aTOMaMu.
3 nornsigy 6yf0BM aToMa B YTBOPEHHI KOBaJIEHTHMX 3B’A3KiB 6epyTb yyacTb HECNAPEHI
€eKTPOHN 30BHILLHLOrO EHEPreTUYHOrO PiBHS.

MpoTe BamM BifOMO, WO iCHYe 6e3/1i4 PeYOBUH HEMONEKYNAPHOT 6y[0BU, TOMY
MOHATTA «BaNIEHTHICTb» BTPAyae CBOK BM3HAYeHICTb. [AS HUX BMKOPUCTOBYHOTb
MOHATTA «CTYMNiHb OKUCHEHHSA».

CTyniHb OKUCHEHHA —Lie YMOBHUIA 3apsj aToMa, IKLL0 NPUNYCTUTH, L0 CMoyKa
CKNafaeTbCa TiNbKW 3 MOHIB. BiH MOXe HabyBaTu: NO3WTVBHOIO 3HAYEHHS, AKLLO aTOM
Mif Yyac YTBOPEHHSA CMONYKWN BiffaE efIeKTPOHU; HEraTWBHOMO —Y pa3si NpUeEfHaHHS
aTOMOM e/leKTPOHIB ab0 HyNbOBOrO, AKLLO0 YTBOPHETHLCA CMOJyKa 3 KOBaNEHTHUM
HEMONAPHUM 3B’A3KOM.

Mpuragaiite, sik No3Ha4YaloTb CTYMiHb OKUCHEHHS Ta SIK HOr0 NPOCTaB/ISAOTh.

Mig yac nepexofy atoma enemeHTa B 30y/)KEHWIA CTaH yCi HecnapeHi eNeKTPOHU
30BHILLUHLOr0 €HepPreTUYHOro piBHA 6epyTb yyacTb B YTBOPEHHI XiMIYHUX 3B’A3KIB.
Tomy MakcMMasbHa BafleHTHICTb aTOMIB 6iNbLIOCTI efleMeHTIB Ta IXHi CTYyneHi
OKMCHEHHA BiAMOBiAAlOTb HOMEPY FPynu, y SAKiA po3MillyeTbCA €NeMeHT Yy
nepiognyHin cucTemi. Hanpuknag, B atoma Xn0py B TPeTbOMY 36Y[XKEHOMY CTaHi
[iBa p-€/IEKTPOHU A OfMH S-eNIeKTPOH TPEeTbOro piBHA nepexofgaTb Ha (/-nigpiBeHb.
Lle BigbyBaeTbca B aTOMax efleMeHTiB NO6GIYHMX Nigrpyn, y AKMX Ha 30BHILWHLOMY
eHepreTUYHOMY PiBHI BaJIEHTHUMU € S-e/IeKTPOHU Ta (/-eNeKTPOHMN NepefoCcTaHHbOro
€HEepreTMYHOro pPiBHS.

MiHiManbHWiA CTYMiHb OKUCHEHHS (HeraTWBHMWIA) BM3HA4YalOTb 3a KifbKicTiO
NPUELHAHNX aTOMOM €/eKTPOHIB, W06 AOro 30BHILWIHIA €HepreTUYHUA piBEHb CTaB
3aBeplieHUM. 3ae6inbloro Moro o6YMCcnOTh Tak: 8 MiHYC HOMeEpP rpynu, y AKil
PO3MILLEHWNI eNeMEHT.

Br3Hayaroum CTyniHb OKUCHEHHSA B 6iHApPHUX i CKNafHilIMX cnonykax, Heob6xigHo
nam’aTaTy nNpaBuno: ycepefwWHi OAHIET MOMEKYNN CMOAYKU CymMa MNO3NTUBHUX
3apafiB LOPIBHIOE CYyMi HEraTUBHUX.

Mpuragarite it 064YNCNITb BA/IEHTHICTb | CTYMEHI OKWCHEHHS €IEMEHTIB Y CMO/yKax 3a
HaBegeHuMmn coopmynamu: ZnCl2, CI20 7, NH3, N2, Cl2.

3HaluM CTyneHi OKUCHEHHSA e/IeMEHTIB, CKNagaTb hopMynn 6iHapHUX CNONYK.

CTyniHb OKMCHEHHSs aToOMiB y crnonykax, WO cknagalTbCA 3 TPbOX efleMeHTIB.
Po3rnsiHemMo, Hanpuknag, AK BU3Ha4yalTb CTYMiHb OKWCHEHHA B HaTpili cynbdarTi.
dopmyna cnonykn Na9S04 Mepeaycim 3BepTaEMO yBary Ha Te, iKW 3 e/IEMEHTIB
Haibinbll eNeKTPOHEraTUBHUIA 3 TUX, WO BXOAATb 4O CKNagy cnonyku. Lle OkcureH,
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CTYNiHb OKUCHEHHA AKOro JOPiBHIOE -2. YoTupun atomy OKCUTeHy MaTUMyTb cymap-
HWUI 3apsg -8.

MeTaniuHunii enemeHT HaTpiiAi nposBnse CTyniHb OKWCHEHHA +1, OCKiNbKW B
Oro aTomi Ha 30BHILUHbOMY EHEPreTMYHOMY PiBHI MICTUTLCA OAMH eneKTpoH. [Ba
atomm HaTpito BigfaoTb [Ba €/IEKTPOHU, TOMY TXHili cymapHuii 3apsag +2. byab-aka
CMoJSlyKa € eNeKTPOHeATpanbHOt0, TOOTO CyMa MO3UTUBHUX | HEFAaTUBHUX 3apAgiB Mae
6yTV ofHakoBow. OTXe, CTYMNiHb OKUCHEHHA Cynbdypy AOPIBHIOE pi3HULi 3apALiB
OkcureHy it HaTpito Ta cTaHOBUTL +6. Cnonyka eNeKTpoHeRTpaibHa.

3 HayeHHS MepioAUYHOro 3aKOHY B PO3BUTKY HayKku. 3 Bi,quVITTFIM I'IepiO,qVI‘-IHOFO
3aKOHY, KU faB yABMAEHHSA NP0 B3aEMO3B’A3KM MK yciMa XiMiYHUMMW eNeMeHTaMmu,
XiMiYHa Hayka moyana LWBMAKO PO3BMBATUCA. Y NepiognuHin Tabnuui sanuwmnmcs
He3anoBHeHi [. I. MeHaeneeBuM KNiTUHKK, WO CTBOPWU/IO YMOBU A15 MepefbadyeHHA
HOBMX XiMIYHUX eneMeHTiB — CKaHfito, [anito, MepMaHito Ta iHWKX i CTano BeMKUM
CTUMY/OM [0 BiKPUTTA LUX €NEMEHTIB LUE 33 XMUTTA BYEHOrO.

Ynpogosx 6araTb0X POKiB 3 Yacy BifKpUTTA MepiofMUYHOIO 3aKOHY BYEHi Pi3HUX
KpaiH CBiTYy npautoBann Haf BiAKPUTTAM HOBUX XiMIYHUX enemMeHTiB. byno BigKpuTo
NaHTaHOigM i akTUHOIgM. Ha OCHOBI NepioguyYHOiT cMcTeMu BUYEHi mepegbayumnu, wo B 7
nepiogi Mmae 6yTn 32 enemeHTH, ay 8 nepiofi —50. ¥ 2011 p. 4o nepiognMyHOT cCUCTEMMU
BHeCeHO ABa eneMeHTu: 114 —YHyHkBagiiTa 116 —YHyHrekcii. Y 2016 p. nepiognyHa
cucTema NonoBHUACA LLE YOTUPMa eNeMEHTAMK, BiAKPUTUMM BUeHUMM CLUA, ANoHIT
Ta Pocii. Lli enemeHTn: 113 — YHyHTpIiil, 115 — YHyHNeHTilA, 117 — YHyHCcenTil Ta
118 — Y HYHOKTIll —BepudikoBaHO Mi>KHapOAHUM COHO30M TEOPETUYHOI | NpUKNagHOT
ximii (IUPAC) i gogaHo B Tabnuuto MeHaeneesa, e BOHW 3aBeEPLUMIN CbOMUIA NEPioA
Tabamui. TXHi Ha3BU TMMYacOBI, 3r0A0M BOHMW 6YAYTb 3aMiHEHI Ha MOCTIHI.

OTxe, Teopia 6yfoBM aToMa MOACHWIA, YOMY B MEPIOAUYHINA CUCTEMI MepiogUYHO
3MIHIOIOTbCSA BNACTUBOCTI €/1EMEHTIB, TXHIX NPOCTMX i CKNagHUX peyvyoBuH. Ha 1i ocHo-
Bi BUEHi BigKpuBaTUMYTb Aefani Ginblue HOBUX XiIMIYHUX efeMeHTiB. 3HAHHS Ta 3acTo-
CYBaHHS ABULLA NEPIOANYHOT 3MiHN BNACTUBOCTE €NEMEHTIB Ta TXHIX CMOMYK Ha OCHOBI
yfiBNeHb NMPo eNeKTPOHHY 6Y/0BY aTOMIB Ja€ 3MOry KepyBaTu BUPOBHUYMMU NpoLecamu,
L0 BifOyBaOTHCA 3 PeHOBUHAMM, CUHTE3YBaTW HOBI XiMiYHI €/1eMEHTMN Ta PeHOBUHMU.

MnacymMoBYEMO BMBYEHE

* EnekTpoHHa KOHirypauis aTomiB MOSICHIOE NEpPIOgUYHI 3MIHM TakKuUX Xapakrte-
pUCTUK aToMa, SIK pagiyc, e/IeKTPOHEeraTuBHICTb, BaSIEHTHICTb i CTYNiHb OKMCHEHHS,
L0 BU3HAYAOTb XiMiYHi BNACTUBOCTI e/1IeMEHTIB Ta IXHiX CNOMyK.

e Y Mexax of4HOro nepiogy KiflbKiCTb eHepreTUYHUX PIiBHIB B aTOMIB €/IEMEHTIB He
3MIHIOETbLCA, ane 36iNblIYETbCA 3apsag A4pa aToma. YHacnigok Uboro Big noyaTky
00 KiHUSA nepiogy pagiycy aTomiB HE3HAYHO 3MEHLW Y TbhCA. TOMY B €/1EMEHTIB
OAHOro Masioro nepiogy My napHux psigax BENMKMX NepiogiB MeTanivyHi BnacTu-
BOCTIi €/1eMeHTIiB N/1aBHO 3MIHIOIOTbCA Ha HEMe T asliuHi.

¢ B aTomiB eNeMeHTiB KOXHOro HacTynHOro nepiogy oopmMyeThbCA HOBUIi eHepre-
TWYHUI piBEHb, WO CPUYMHSE pi3Kke 36iNblIEHHSA pagiyca atoma W, BignoBigHo,
3MiHY B1aCTMBOCTElW eNeMeHTIB Ta iXHiX ClonyK.

* ENeKTPOHEraTVBHICTb efleMeHTa XapakTepusyeTbCs 34aTHICTIO atoma npuTs-
ryBatu eneKTpOHU Mifg Yac YTBOPEHHS XiMiYHMX 3B’A3KIB. 3i 3pOCTaHHAM 3apsagy
AApa atoma esfieKkTpoHeraTUBHICTL Y nepiogax 3pocTae, a B nigrpynax cna-
nae. Hanbinbly enekTpoHeraTnBHICTb Npossnse dayop.
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Ba/leHTHICTb i CTYyNiHb OKUCHEHHSI — MOHATTS HEeOAHO3HauyHi. BaneHTHICTb
BM3HAYaETLCA 3[4aTHICTIO aTOMIB e/1eMEeHTIB YyTBOPIOBATMW XiMiYHi 3B’13KW, a CTYyMiHb
OKUCHEHHS — Le YMOBHWI 3apsaj, atoma, SKWO NpuiycTUTK, WO Cnosyka cknaja-
ETbCS TiNIbKM 3 [iOHIB. MaKCMMasibHa Ba/IEHTHICTb aTOMIB Bi/IbLLIOCTI €/IEMEHTIB Ta iXHi
CTyrNeHi OKMCHEHHS BiAMOBIAAIOTEL HOMEPY FPYNU, Y SKiA MICTUTbCA eNeMeHT Yy
nepiognuHii cucTemi. MiHiManbHWI CTyNiHb OKUCHEHHSI (HeraTuBHWIA) 0BYUCIHO-
0Tb 3a )OPMYNOK 8 MiHYC HOMeEp rpynu, y SKi MICTUTbLCS eNIEMEHT.
Bu3Havyaloum CTyniHb OKMCHEHHSI B GiHApPHUX | CKNagHIiWMX Cnosykax, HeobxigHo
nam 'ATatu NpaBuo: ycepeaunHi 0O4HIET MONEKY/IN CNOMYKN CyMa NO3UTUBHUX
3apAafiB 4OPIBHIOE CYMi HeEraTUBHUX.

BigkpuTTa nepioguyHOro 3akoHy CMPUUMHWMIO CMPAaBXHI0O PEBOJIIOLIK0 B XiMiYHIi
HayLj. Ha ocHOBi HaykoBMX MPOrHO3iB 6YN0 BiAKPUTO HOBI XiMiYHi enemMeHTn. Tak,
y 2016 p. B nepiognyHy CUCTEMY BHECEHO YOTUPWU €NEMEHTU i BOHW MOBHICTHO
3aBepLumnan 7 nepiog,

3ABAAHHA ANA CAMOKOHTPOJIHO

1

MOACHITbL Ha OCHOBI €/eKTPOHHUX KOHMirypaliii atomiB, SIK 3MIHIOETbLCA pagiyc
aToma: a) y nepiogax; 6) y rpynax.

MOACHITb, SIK 3MIHIOKTLCA BAACTMBOCTI €/1IEMEHTIB Ta IXHIX MPOCTUX PEYOBUH 3
HakoNMYeHHsM eneKTPOoHIB y nepiogax i 36iNbLIeHHAM pagiyciB aToOMiB Yy rONOBHUX
nigrpynax.

MOSACHITL HA OCHOBI €1EKTPOHHOT 6y 40BM aTOMIB, SIK 3MIHIOETLCS €/1EKTPOHEraTuB-
HICTb eNleMeHTIB: a) y nepiogax; 6) y rpynax.

MOACHITb, YAM BiAPI3HATLCSA BaNIEHTHICTb i CTYMiHb OKMCHEHHS.

Bu3HauTe BaNEHTHICTb i CTYNeHi OKUCHEHHS B criosiykax, opMynmn sikmx Taki: HCI,
FeS, Mg3N2, H2, HZS, CI2. MosiCHITb OTpUMaHunin pesynbTart.

Br3HauTe, KOPUCTYHUMUCb NEPIOANYHOK CUCTEMOH, MaKCUMaslbHY BaSIEHTHICTb i
CTyNeHi OKUCHEHHS enemeHTiB: a) ®ocdopy; 6) Xpomy; B) MaHraHy.

BusHauTe 3a pO3MilLEeHHAM Yy NepioguyHili cUCTeMi MakCUMasbHi i MiHIMasbHI
CTYNEHi OKNCHEHHS HEMeTasliuHMX enlieMeHTIB: a) Cuniuito; 6) HitporeHy; B) Xnopy.

LIIKABO 3HATU

lonoBa rpynu fOCNiAHUKIB, SKi BiAKpUAM 113 enemeHT, ANoHCbkMii yyeHnii Kocyke
MopiTa noBigoM1B NPo NPOAOBXEHHS pO6OTU Hapg BigKpUTTAM 119 enemeHTa.
MoHag 10 pokiB Benacs cynepeyka 3a aBTopcTBO 113 enemeHTa, AKkuiA 6yno oTpu-
MaHO Yy BepecHi 2004 p. yHacnifok 3ilToBXyBaHHA Ha MpucKoptoBadi ABOX ese-
MeHTiB — Zn-30 i BI-83. YueHi i3 CWWA Ta Pocii oronocunu, wo creopuan 113
enemMeHTy npoueci cuHTesy 115 enemenTta B M. [lybHi B ntotomy 2004 p. i 3anpo-
noHyBann Haseatu noro bekepeniem. OgHak IUPAC BBaXxaB HegOCTaTHIMKN fOKa3M
TOoro, wo 6yB cTBOpeHuin came 113 enemeHT. YnpoaosX 10 pokiB MiXHapOAHI
opraHiszauii BuB4yanu nopaHi oboMa CTOpoHamMn MaTepiasiv OOCAILKEHb CUHTE3y
113 enemeHTa (Pexum gocTyny: http://cikavahimiya.blogspot.com/2015/12/113.
html).

HABYAJIbHI NMPOEKTW

1

CTBOpEHHSA 31i-Mo4enein aToMiB €/IEMEHTIB.

2. 3acTocyBaHHA pafioHykigiB y MeanLuHi.
3. BukopucTtaHHs pagioakTUBHMUX i30TONIB K IHAMKATOPIB Y TBAPUHHULITBI, apXeosorii.


http://cikavahimiya.blogspot.com/2015/12/113
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MOBTOPKOEMO W Y3ATAJIbHFOEMO TEMY 1 «MEPIOANYHUNI 3AKOH
I MEPIOANYHA CNCTEMA XIMIYHWNX EJIEMEHTIB»

MEPIOANYHWI 3AKOH Y CBIT/Il CYYACHUX YAB/EHb
MPO BYAOBY ATOMIB

BYJOBA ATOMA

A0PO ATOMA ENNEKTPOHHA OBOJ/IOHKA

MocnigoBHe 3pocTaHHA eHepril

CYYACHE ®OPMYJ/TIOBAHHA MEPIOANYHOIO 3AKOHY

BnactmBoCTi XiMiYHNX efIeMEHTIB Ta IXHiX CNoJlyK nepebyBaloTb Yy NepiognyHin
3a/1eXXHOCTI Bif BESINUYMHM 3apPsLiB IXHIX aTOMHUX A4ep.
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EJIEKTPOHHI TATPA®IYHI EJIEKTPOHHI ®OPMYJI1 ATOMIB
S-,p~, ~ENEMEHTIB

CnoyaTkKy  3anoOBHHETbCA
S-nigpiBeHb, Ha  sIKOMY
MOXYTb 6yTM MaKCUMyM [Ba
crnapeHi s -e/IeK T POHMU.

3a s-nigpiBHeEM 3amnoBHIO-
€TbCA p-NigpiBeHb, WO Mae
Tpy opbiTani, Ha AKUX MOXYTb
6yTV MaKCMMyM WicTb cnape-
HUX p-e/1eKT POHIB.

d-nigpiBeHb MICTUTL N’ATb
opb6iTanein, makcMmasibHa Kiflb-
KiCTb €/IeKTPOHIB — [ecsaTb
criapeHux d-eneKkrpoHis.

o orgw

OB IV W EX<OF CECOR X<

S-eNeMeHTUN — Yy roJoB-
—» Hux nigrpynax | ta Il rpyn,
[igporeH i Meniii.

p-eNeMeHTWN — y To/0B-
Hux nigrpynax I rpyn,
3aMOBHIOETBLCA eJIeKTPO-

Hamu p-nigpiBeHb.
v Yy

d-enemMeHTUN — y nob6iy-
HuX nigrpynax KMl rpyn,
3aMOBHIOETLCA €NeKTPO-
Hamn cf-nigpiBeHb  no-
nepefHbOro eHepreTuy-

> HOrO piBHS.
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§ 4. BUAV XIMIYHWX 3B’A3KIB: NOHHWI 3B’A30K

I OnaHyBaBlMX MaTepian naparpadga, BU 3MoXeTe:

e BUABNATU WOHHWIA 3B’A30K Yy peyoBMHax 3a iXHiMK opmynamu;

* HaBOAMTM NPUKIALN PEYOBUH 3 NOHHUM 3B’A3KOM;

* MOSACHIOBATU MeXaHi3M YTBOPEHHSA MOHHOTO 3B’A3KY;

e MPOrHO3yBaTW (hi3NUHI BNACTUBOCTI PEYOBMH 3 MOHHUM 3B A3KOM.

Ximiunnii 38'ss30k. O3HANOMUBLUWCH JOKNafHILIE 3 eIeKTPOHHOI 6yA0BOK aToOMiB
i PO3MILLEHHAM E€NEKTPOHIB HA EHepreTUYHMX PiBHAX, 30KPeMa Ha 30BHIWHbLOMY —
HailBigfaneHiwomy Big siapa, BM NepekoHanucs, Wo nepiognyHa 3miHa BNacTUBOCTEN
enemMeHTIB Ta TXHiX CMonyK nos’A3aHa Hacamnepes 3 OyA0BOI 30BHILIHLOIO PiBHA.
BaneHTHI CTaHW aTOMIB 3MIHIOKOTbCS 11 3an1eXaTb Bif TOr0, Y AKOMY CTaHi —OCHOBHOMY
4yn 36y>KEHOMY —aTOM BCTYnae B XiMiyHYy B3aEMOZII0 3 iHWMMU aTOMaMU.

OcCKiNbKM  iHEPTHI  XiMIYHI €1eMEeHTM MalTb 3aBEpLEHMi  30BHILWHIN
E€HEPreTUYHWIA piBeHb, TO B MPUPOAI BOHW € OAHOATOMHMMM rasaMmu. YcCi iHWi
efleMeHTU nepiogMYHOT CUCTEMM 3[aTHi YTBOPHOBATU NPOCTi Ta CKNafHi peyoBUHMN.
Lle NOACHIOETLCS TUM, LLO AaTOMM LUX €1IEMEHTIB, 30BHILIHI eHEPreTUUHI piBHI AKMX
€ He3aBepLlIeHMMU, MparHyTb CTBOPWUTU CTiKy KOHGirypauito nig 4ac B3aemogii
MiX co60t0 a0 3 aTOMamm iHWKNX eneMeHTIB. ToAi MK aToMaMy BUHUKAE XIMIYHWIA
3B’A30K. 3rigHO 3 NPUHLWMNOM «MiHIManbHOI eHeprii», XiMiYHWA 3B’A30K MiX
aTtoMaMun YTBOPHKETLCA, AKLLO0 MOBHA €HEPris CUCTEMU B pasi IXHbOro 36/MXKeHHS
3MEHLLYETbCA.

Y HeopraHiyHUX i opraHiyHMX pevyoBMHAX HAaABHI Pi3Hi BUAN XIMIYHOTO 3B’A3KY:
M)XK aTOMaMn HeMeTa/liYHMNX €/IEMEHTIB YTBOPHETLCS KOBANEHTHUIA (HEMONApHWIA Ta
MONSAPHWIA) 3B’A30K, MiXK aTOMaMn MeTaniyHUX | HEMeTaliYHUX eIEMEHTIB —AOHHWIA,
y MeTasliB — MeTafiyHuiA, y MoneKynax i MK MONEeKy/amMmu ChonyK 3 KOBaJIEHTHUM
NONAPHMM 3B’A3KOM —BOJHEBUIA.

MoHHnii 3B°A30K. BuBYaloum 6y0BYy eNeKTPOHHUX 060/10HOK aTOMIB, BU [i3Ha-
AncA, WO HaikcTabinbHiWy KOHGIrypayito MaloTb aTOMW iHEPTHUX efleMeHTIB. Taka
b6ynoBa BigMoBigae MiHIManbHil eHeprii, TOMy BCi iHWI €neMeHTU HamarakwTbCs
HabyTun Takoi caMoi KOHirypau,ii.

Mig yac XimMiyHUX peakuii MeTaniyHUM eneMeHTaM BnacTUBO BigdaBaTu efek-
TPOHM 30BHILWIHLOrO E€HEPreTUYHOro PiBHSA, W06 YTBOPUTM CTIilKy KOHGirypauito.
Hanpuknag, atoMu AyXHWUX €NeMeHTIB, Mal4n Ha 30BHILHbOMY EHEPreTUYHOMY
PiBHI OAWH eNeKTPOH, BiAfalTb MOro i NMepeTBOPIOIOTLCA HAa MO3UTUBHO 3aPALXKEHI
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MOHWU, Y AKUX 30BHILHIA eHepreTUYHWIi piBeHb 3aBepLUeHWii, SK Yy nonepeaHbOro
IHEPTHOTO eNnemMeHTa.

ATOMU HeMeTaniyHMX eNemMeHTIB MaloTb BENNKY KiNbKiCTb €NeKTPOHiB. ToMy im
€HepreTMUYHO BUTIAHIWE NPUELHATU MEBHY Ki/IbKiCTb eNeKTPOHIB [0 3aBepLUeHHS
30BHILUHbOr0 EHEPreTUYHOro PiBHA. Micnsa TOro BOHW NEPeTBOPIOOTLCA HA HEFATUBHO
3apAgKeHi MoHM. CxeMaTMUHO Le 306paxaroTb Tak:

Na° - le -> Nat+; K°- le-> K+ CF + 1le->CI0; Br + le-> Br°.

MoHM — e 3apsfpKeHi YaCTUHKN, Ha AKi NepeTBOPIOKOTLCA aTOMU, KOAM
BifAalTh a60 NPUESHYIOTh EEKTPOHMU.

Bam yxe BifOMO, WO MNO3UTUBHO 3apsifXeHi MOHM Has3MBalwTb KaTioHaMWu,
a HeraTMBHO 3apsig)KeHi —aHioOHaMW. 3apsn WOHIB 3anexaTb Bif KinbKOCTi BigaaHnX
abo npuefHaHUX eneKTPoHiB. AKwo atom Kanbuito Biggae ABa eNeKTPOHMW, TO 3apsag
ioHa 2+ (gBa nAc). Y pasi npuegHaHHs atomoM Cynbypy [BOX eNeKTPOHIB
YTBOPHETLCA MOH, 3apag SKOro AopiBHioe 2- (f4Ba MiHYC).

Mpouec nepexofy eNeKTPOHIB Bif aTOMiB MeTaniyHUX A0 aTOMiB HeMeTaniuyHux
efeMeHTIB MOXHa 300pa3nTu Tak:

Na- + Br: —a[Na]++ [:Br:]"

Mig vac B3aemofii Hatpito 3 bpomom aTom Hatpito, enekTpoHHa KOoHgirypauis
AKoro |s2s2p63sl, Bigaae enekTpoH i NepeTBOPIOETLCS HA MOH Hatpito, Wo Mae
cTabinbHy KoHGirypauyito Is2s2p6, sk B atoMma HeoHy. MNpuiiMaroum eneKTpoH, atom
BpomMy 3 eneKTpOHHOW KOHirypauieto 1s2s2pa3sB3p636/14s24p5nepeTBOPOETLCS Ha
MoH Bpomy 3 KOHiirypauieto 1s2s2p63s23p636/104s24p6, W0 BiANOBIJAE 30BHILUHLOMY
EHepreTMYHOMY piBHIO aTOMa KpUNTOHY, AKNIA € 3aBEPLUEHMM.

OHHWIA 3B 30K —Lie XiMi4YHWIi 3B’A30K MiX iioHamu, Lo YTBOPHOETHLCA HA
OCHOBI €/1eKTPOCTaTUYHUX CUN NPUTATaHHA. CNoNyKKU 3 AOHHMM 3B’A3KOM
Ha3uBaKTb NOHHUMW CNONYKaMW.

y

VIoHHNiT 3BM30K YTBOPIOETLCA MK aTOMaMi eNeMeHTIB, eNeKTPOHeraTUBHOCTI
AKUX 3HA4YHO BIAPI3HATHLCA, TOGTO MK aroMamu MeTaniYHUX | HeMeTaniyHuX
enemeHTiB. Cunmn B3aeMOfil MiXX MOHaMM 3anexaTb Bif 3Ha4yeHb 3apsfiB i pagiycis
MoHiB. Lo 6inbwi 3apsgn i MeHWIi pagiycy MOHIB, TO MIiLUHIWIi KyNOHIBCbKI CWK
NPUTATraHHA MK MOHaMK, a OTXKe, MILHIWNA XiMIYHWIA 3B ’A30K.

[0 AOHHMX CMONYK HanexaTb OCHOBHI i aM(hOTEPHI OKCUAMW, OCHOBM i aM(pOTepHi
rigpokcungm, coni, 6iHapHi CNONYKKW, A0 CKNafy SKMX BXOAATb MeTaniyHi i HemeTanivHi
enemMeHTU. Hanpuknag, okenamn HaTpii okenmg NaQ, kaniin okeng KD, yuHk okeng ZnO,
antoMiHin okeug AiD 3, 0cHOBK HaTpii rigpokeng NaOH, kanbuili rigpokeng Ca(OH)S;
amoTepHi rigpokeuan umHK rigpokena Zn(OH)9 antomiHid rigpokena Al(OH)3
tepym(lIl) rigpokeng Fe(OH)3; coni Hatpili xnopug NaCl, niTili hTopug LiF, Kanii
cynbhat K9S 04 6iHapHi cnonyku Ca3P,, MgaNg CaC9
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3’ACYEMO, U/ O4HAKOBI BNACTUBOCTI MPOABAATL aTOMU i YTBOPEHI HUMU MOHMU.
BuvByYatoumM Kypc HeopraHiyHoi Xximii, BU 03HAWOMWUAUCA 3 peakuiiMU NYXHUX i
NY>XHO3eMeNnbHUX MeTanis 3 BOAO. [1ig vac IXHbOro nepebiry yTBOpHOOTHCA OCHOBY
Ta BULINAETHCA BOAEHb:

2Na +2H,0 = 2NaOH + HY; Ba+2H,0 = Ba(OH)9+ HJ.

OpfHak, pO34MHAK YN HATPIl X10pUA Y BOLI, MU HE CMOCTEPIraTUMEMO BUAINEHHS
BOJHIO, X04a KpUCTanu coni AUCOLI00TL | B pO3UYMHI HasBHI MOHK Hatpito:

NaCl = Na+ + Cin

3BaXkarouu Ha e, LOXOAUMO BUCHOBKY, L0 BIAaCTUBOCTI aTOMIB Ta AIOHIB € PisHUMU.

VOHHI kpucTaniumi rpatku. YCi WOHHI CMONYKUM —TBEPAI KPUCTa/iuHi PEYOBUHU,
CTPYKTYPHI YaCTUHKM SAKUX — Le MNO3NTUBHO Ta HEraTUBHO 3apsff)KeHi MNoHW.
Y CcTpyKTypi KpucTany MOHHOT CMOAYKX WOHW PO3MIlLYOTbCA B MEBHOMY MOPAAKY,
30KpeMa B KpUCTanivyHMX rpaTkax nepiogMyHo 4eprytTbCa KaTioHW i aHioHn. Hanpu-
Knag, y Kpuctanax Hatpiii Xxnopuay, Mogenb KpUCTaniuHMX paToK SKOro 300paxeHo
Ha puc. 10, HaBKOMO KOXHOT0 MO3UTUBHO 3apAAXKEHOro oHa HaTtpito po3MmiyroTbecs
WiCTb HEraTUBHO 3apA[XXeHMX OHiB Xnopy it HaBnaku. oHM B KpucTani yTpumy-
IOTbCS eNeKTPOCTATUYHUMW CUNaMU NPUTATAHHSA, WO BUHUKAKTb MK Pi3HOWMEHHO

3apALKEHUMN YacTUHKamu. Lii cunu focutb MiyHi, Wwo
BM/IMBAE HA BNACTUBOCTI WOHHMX cnonyK. BoHW HeneTki,
TBEpAi, Tyronnaeki, MalwTb BWUCOKI TemmnepaTypu
KUNiHHSA, 6arato 3 HUX Jo6pe PO3UYUHHI Y BOfI.
BogHi po3unMHM abo po3nnasu (415 HEPO3UMHHUX
y BOfi) WOHHUX CNONYK € efieKTponpoBigHumu. Lle
03Hayae, WO Nif 4ac PO3YMHEHHSA abo po3nnaBfieHHS
BOHW pO3MNajfardThCA Ha MOHW. Y po3nnaBax enekTpo-
NpoBiAHICTb 3pOCTaE.
Puc. lo'}(mii'ﬂﬁfﬁmax“"o'”'em’ VIOHHI cnonyKu He po3unHAOTHCA a§0 cnf':16o po3uun-
FPaTOK HaTpiil xnopuay HAIOTbCA B HEMONIAPHUX PO3YMHHUKAX. VIOHHI KpncTanu
€ XOPOLWNUMU AieNeKTpruKamu.

MnacymMoBYEMO BUBYEHE

e Y HeopraHiyHMX Ta OpraHiyHMX peyvYOBMHAX BUHUKAKOTb Pi3HI BMAM XiMIYHOTO
3B'A3KY: KOBaNleHTHWIA (HENONAPHWA Ta NOASAPHWUIA), WOHHUIA, MeTanivyHuii,
BOAHEBWIA.

* MNOHHWI 3B’A30K — XiMIYHWUI 3B’A30K MK MOHaMW, LLO YTBOPIOETHCA HA OCHOBI
eNeKTPoCTaTUUYHNX CU NPUTATaHHS.

¢ Cnonyku 3 NOHHUM 3B’A3KOM Ha3nBalOTb NOHHUMM.

+ oHHWIi 3B’A30K YTBOPIOETLCA MiXK aTOMaMU €/1EMEHTIB, €/1eKTPOHEraTUBHOCTI AKX
3HAYHO BiAPI3HAIOTLCA, TOBTO MiXXaTOMaMM METa/NYHMX | HEMETaniYHUX eNIEMEHTIB.

+ oHn — 3apamKeHi YaCTUHKY, Ha AIKi NePeTBOPIOITLCA aTOMU, KOMM BifAaloTh abo
NPUELHYIOTb E€NEKTPOHMN.

* [MO3WUTUBHO 3apsAKEH] NOHW HA3UBAKOTbL KATiOHaMK, & HEraTUBHO 3apsAKeHi —aHio-
Hamu. 3apsau MoHIB 3anexartb Bif, Ki/IbKOCTi BiggaHux abo NpueaHaHUX eNeKTPOoHIB.

e J10 MOHHMX CNONYK HaNexaTb OCHOBHI i1 aM(DOTEPHI OKCUAKW, OCHOBW i am(pOoTEpHI
rigpokcuan, coni, GiHapHi cnonyku.
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* /OHHI CNONYKM YTBOPIOKOTL OHHI KpUCTaiuHi IpaTku.

» VloHHi cnonykn — TBepfi KpUCTasliuHi PEUYOBMHYM, HENeTKi, TYromniaski, PO3UMHHI Y
BOAj Ta HEPO34YMHHI ab0o MOraHO PO34YMHHI B HEMOMSIPHUX PO3YMHHUMKAX. PO3unHu 1A
PO3M/IaBN NPOBOASATL €NEKTPUUHUIA CTPYM. VIOHHI KpucTani —xopoLui fieNeKTpuK.

3ABAJAHHAANA CAMOKOHTPOJIHO

1. ToACHITb, KM 3B’A30K HA3MBAOTb NOHHUM.

2. HasBiTb CNONYyKN 3 WOHHMM XiMiYHUM 3B’SA3KOM.

3. YkaxiTb psg oopmys, Ae MICTATbCA Ti/IbKM AOHHI CNONYKW.
A KCl, HCI, C02, MgS B Na20, ZnBr2, HXS, S03
B NaOH, AIAS04)3, FeS, KCI F'S02, NaN03, N02 Mg3N2

4. Bubepitb 3-NOMiX HaBefeHMX hOpMy/T PeUYOBUH MOHHI cnonyku i cknagite dop-
My/IM MOHIB, WO BXOAATb A0 TXHbOro cknagy: Ba(OH)2, H2S04, ZnCl2, KNO3, HZS,
S02,Zn0, CH4, AI2S3, Na2S04, C2H6, FeClI3, NaOH, H20, MgS04.

5. Cknagitb yci MOXNuBI hOpMy/IM PEYOBUWH, SIKi MICTATb Taki MoHW: Fe2 S02% Al3+
NO03, S2, Caz Li+, CF, H+, Ag+.

§ 5. BWLAN XIMIYHWNX 3B A3KIB: KOBAJIEHTHUI 3B"A30K
OnaHyBaBLlIK MaTepian naparpadga, B4 3MOXeTe:

* Ha3MBaTU PEYOBUHUN 3 KOBANEHTHUM 3B’A3KOM;

e YCTAaHOB/IIOBATHW KOBaNeHTHNI 3B30K Y PeYOBMHAX 3a iXHIMK hopMynamu;

* HaBOAMTW NPUKIALN PEYOBUH 3 KOBAIEHTHUM 3B’A3KOM;

* MOSACHIOBATU MeXaHi3M YTBOPEHHSA KOBaNeHTHOrO 3B’A3KY B MOJIeKynax npo-
CTUX i CKNagHUX PeyoBUH, BifMIHHOCTI B YTBOPEHHI KOBANEHTHUX 3B’A3KIB Y
MOJIEKYi aMOHiaKy Ta ioHI aMOHito;

* MPOrHo3yBaTN (Mi3MYHi BNACTUBOCTI PEYOBWH 3 KOBaNEHTHUM (MOSIAPHUM
i HEMONSAPHUM) 3B’A3KOM.

Mpuragaiite, sikUii 3B’A30K HA3VBAKOTb KOBA/IEH THUM.

K oBaneHTHwnit 38’ A30k. 3 LUM BULOM XiMIYHOTO 3B’A3KY BM 03HANOMMWINCSA B KypCi
Ximii 8 knacy. BiH BnacTMBWiA HeOpPraHiYHMM Ta OpraHiyHUM peyoBuHam. BoHu yTBO-
PHOIOTLCA BHACNILOK BUHWKHEHHA MK aToMaMWu eneMeHTiB OfHIiel abo AeKinbKoxX
CNiNbHUX eNeKTPOHHUX nap. Lieli Bug 383Ky BAAaCTUBUIA CNOMYyKaM, MONEKY N AKUX
MICTATb aTOMU HEMEeTaNliYHUX ENEMEHTIB.

KoBaneHTHNIA 3B 30K —Lie 3B’A30K Ha OCHOBI CMifIbHUX NIEKTPOHHUX Map.

Po3rnsaHemo fOKnagHiwe MexaHi3aM YTBOPEHHS KOBa/eHTHOrO 3B™M3Ky. ATOMMW,
y3aeEMOAit0UM MK cCOB0I0, MOXYTb YTBOPIOBATU CMifbHI €NeKTPOHHI Mapu 3a gono-
MOTOH HecrnapeHMX efeKTPOHIB, NepebyBaroumn B He36yA>KEHOMY cTaHi. HaivacTiwe
Lle aToMu, AKi MalTb 0f4HaKoBY abo 6/M3bKYy 3a 3HAYEHHAM efleKTPOHEraTUBHICTb.
KoBaneHTHMIA 3B’A30K MOXe OYTM OAUHAPHMUM (AKW,0 MiXK aTOMamMun BUHKK/IA OfHa
CnifbHa efleKTPOHHA napa), NOABIMHUM (AKLW0 ABi) i NOTPIAHUM (KON BUHUKAKOTh
TPpY CNiNbHI eNeKTPOHHI napu).
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Mpuragaiite, sk yTBOPIOETLCSA MOJEKYa BOAHIO.

K osanenTHuii Henonsipuuii 38’ sizok. MexaHi3M BUHUKHEHHSA 3B H3KY MiX aToMamm
ligporeHy 3 yTBOpeHHAM MOJIeKy/nM BOAHIO H9nondrae B Tomy, Wwo agpa atomis Mig-
pOoreHy NpUTATYIOTb €NIeEKTPOHHI XMapu S-eNeKTPOHIB. YHAacnifoK 36/MXeHHA aToOMIB
TXHi eNeKTPOHHI XMapu NepekpmBaroThCA, WO CYNPOBOXKYETLCA BUAINEHHAM eHeprii
Ta YTBOPEHHAM 30HM NiABULLEHOT eN1eKTPOHHOT rycTUHU. ToAi eNleKTPOHM 060X aTOMIB
ligporeHy nepebysatoTb Yy CMiIbHOMY KOPUCTYBaHHI ABOX fAgep. Lle eHepretuyHo
BUTIfHILWe, HIXX KON eNneKTpPoH nepebyBae B KOPUCTYBaHHI cBOro agpa. OTXe, BUHU-
Kae eNeKTPOHHa napa 3 ABOX S-eNeKTPoHiB aToMiB IigporeHy (puc. 11), ska piBHOBIA-
faneHa Big 060X aaep aToMiB.

Puc. 11. Cxema yTBOpPEHHSA CNifbHOT eN1eKTPOHHOT napu
nepekpuBaHHAM S-e.IeKTPOHIB [BOX aTOMiB [igporeHy

3B’A30K Y MOJiIeKYynaxX eNeMeHTIB 3 KOBaleHTHUM 3B’A3KOM Bifo6paxaloTb enek-
TPOHHUMMU abo rpa@iyHUMK (CTPYKTYPHUMM) eNeKTPOHHUMKU dopmynamun. Enek-
TPOHHa popMynia MONeKynu BogH H: H. Y cTpyKTypHiii popMysi Kpanku 3aMiHi0-
I0Tb puckoto H-H.

Y Monekyni KUCHK MiX atomamu OKCWreHy HasiBHWI noAgiliHui 3830k 0=0,
Yy MOMeKy /i a30Ty —noTpiiiHuii N = N.

Y KOXHOMY 3 LMX BUNagKiB aToMyn HabyBalOTb CTIKOT KOHGirypauyii 3 gBox abo
BOCbMW €/1IEKTPOHIB.

(S, MoscHite MEXaHi3M YTBOPEHHSA KOBAJIEHTHOIO HEMOJISAPHOIO 3B’A3KY, CKOPUCTaBLUUCh
puc. 12.

Puc. 12. Cxema yTBOPEHHS [BOX CNiNbHUX eNeKTPOHHWUX Nap Y MOMEKY/i KUCHIO

XiMiYyHWIA 3B¥30K, L0 YTBOPKETLCS MIX aTOMamMu efIEMEHTIB 3 04HAKOBOH)
€/1eKTPOHEraTUBHICTIO, Ha3UBaOTb KOBaSIEH THUM HEMOISAPHMM 3B H3KOM.
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K oBanenTHuin nonsipunii 3e’'sizok. 3[€0iNbWIOr0 XiMiYHUA 3BM30K BUMHUKAE B
MONEKYNax CKNafHMX peYoBMH MiXK aTOMaMu HeEMeTaniyHUX efleMeHTIB, WO Bigpi3Hs-
I0TbCA eN1eKTPOHEraTUBHICTIO. Mprknagom mMoxe 6yTn YTBOPEHHA MOAeKyn rigporeH
xnopugy (puc. 13), Bogmn, amoHiaky.

Puc. 13. Cxema yTBOPEHHS KOBA/MIEHTHOI0 NOMIAPHOIO 3BA3KY
B MOJIEKYNI TigporeH xnopuay

Po3rngHemMo [OKNajHiWe MexaHi3M YTBOPEHHA KOBA/NEHTHOro MOJAPHOro
3B3KY B MOJIEKY/i TigporeH xnopugy. Ak 6aynmo 3 puc. 13, Ha 30BHIWIHLOMY
eHepreTUYHOMYy piBHi B aToma [igporeHy € Is HecnapeHuii eneKTpoH, a B aToma
Xnopy — fBa S- Ta N'ATb A-eNeKTPOHIB, 30KpeMa OAWH 3 HWX HecnapeHuii. o
YTBOPEHHA CTINKOT KOH(Qirypayii He BUCTa4a€e OJHOrO efNeKTPOHa. YHacnifjok
B3aEMOJil S-enekTpoHa atoma [igporeHy Ta HecrnapeHoro A-efieKTpoHa aToma
Xnopy yTBOPHOETHCA CNiflbHA €NeKTPOHHA Mapa. HA4po atoma Xnopy Mae 3apsj
3Ha4yHO Ginbwuin (+17), HixX Agpo atoma ligporeHy (+1), TOMy CUIN NPUTATAHHSA
3 60Ky Xopy 3HauyHo 6inbwi. BigbyBaeTbca 3MIiULeHHA €IeKTPOHHOT napu Ao
6inblW eneKTpoHeraTuBHOro enemeHta Xnopy. OcKinbkKu Biggani mMix agpamu
aTOMIB Ta YTBOPEHOI CNiJIbHOK €NeKTPOHHOK Napolo HeoAHAaKOBI, Le CNpuymnHsae
nonapusayito Mosiekynu. Ha Tomy KiHUi MONekynu, fe po3MillyeTbCA efleMeHT
3 OiNbWOK eNeKTPOHEraTUBHICTIO (X/10p), 30Cepef)XYeTbCA HEraTMBHUIA 3apsf,
a Tam, fe 3 MEeHW O, — NOo3UTUBHUIA. Taki MOMEeKYNM HasMBalTb MONAPHUMM
MOJIEKylamu, abo AMNonsiMu.

,ﬂ,VII'IOI'Ib —Le CNCTeEMa 3 ABOX 3apﬂ,qu, Lo € 0OAHAaKOBUMW 3a 3HAYEHHAM, ane
MNPOTUNEXHUMMUN 3a 3HAKOM.

MpuragaiTe i NOSACHITL YTBOPEHHS! KOBa/IEHTHOTO 3B’SI3KY B MOJIEKY/i BOAM.

3’ACYyeMO, AIK YTBOPHETLCA KOBaNeHTHMWIA 3B'A30K Yy MOJeKy/ni amoHiaky. Bam
y>Xe Bigomo 3 8 2 (c. 13), wo B aToma HiTporeHy Ha 30BHilULHbOMY eHepreTU4YHoOMY
PiBHI 3 MATU HAABHUX eNEeKTPOHIB TPU — HecnapeHi. EnekTpoHHa KOHMirypauis
N Is2s2p3

ATomu HiTporeHy yTBOPIOKOTb TPW CNifbHI €EKTPOHHI Napu 3 TpbOMa aTomMamm
ligporeHy. BuHukae cTiilka KOHGirypawyisi 30BHILWHbOrO €HEPreTUYHOro PiBHA:
y HiTporeHy — 3 BOCbMW eNeKkTpPOHiB, AK y HeoHy, i B ligporeHy — 3 [BOX
eNeKTPOHIB, AK y enito. ENEKTPOHHI napu 3MileHi Jo 6inbll efeKTPOHeraTuBHOro
atoma Hitporeny. Monekyna nonspHa, Habyeae opmu nipamign. Ha 30BHILWHbOMY
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eHepreTMYHOMY pIiBHI 3anuwWalTLCA ABa CNapeHi
S-e/IeKTPOHU, AKi He 6epyTb y4yacTi B YTBOPEHHI
3B’A3Ky. Cxemy 6yfoBM MONEKYNM aMOHiaky

nokasaHo Hapuc. 14.
H BuBuyaloum opraHiyHi pevyoBWHW, BU 03Halio-
MUINCA 3 eIeKTPOHHOW B6yf0BOIO aToMa KapboHy.
Bam BifoMO, WO BiH, nepebyBaloym B OCHOBHOMY
Puc. 14. Cxema 6y 08K CTaHi, Ha 30BHILIHbOMY (4PYrOMY) eHepreTu4HoOMy
MONEKYNN aMoHiaKy piBHi Mae [Ba cnapeHi S-eNekKTPpoOHW W [Ba He-
CnapeHi p-eneKTPOHU, WO LeMOHCTPYE rpadivyHa
enekTpoHHa ¢opmyna (puc. 15, a). Y Takomy cTaHi aTom Kap6oHy yTBOpHE
fBa KOBaleHTHI 3B™M3KWM. OpfHak y cnonykax atom Kap6oHy HaiivacTiwe €
YOTUPUBANEHTHUM Ta YTBOPHOE YOTUPU KOBANEHTHiI 3B’A3ku. Lle BigbyBaeTbCA
3aBAAKM TOMY, WO Mif Yac XiMivyHMX peakuiii aTom Kapb6oHy nepexoanTb 3 0CHOBHOTO
CTaHy B 36ymKeHui. EnekTpOHHa KOHQirypauis 30BHILWHbLOrO €HEepreTUyHoro
piBHA HabyBae iHworo surnsgy (puc. 15, 6), fe BCi eNeKTPOHW HecnapeHi, To6TO
eNIeKTPOH i3 S-NMigpiBHA NepexoAnTb Ha BiNlbHY p-opbiTans. Y Hacnifok nepexony Ha
30BHIiLUHLOMY €HEPreTUYHOMY PiBHI 3’ABMAOTLCA YOTUPU HECMapeHi eNeKTPOHMK, Lo
YTBOPHOKOTb YOTUPW KOBANEHTHI 3B’A3KW 3 iHWIMMM aTtoMaMu. [1pu LbOMY 3BiNIbHAETLCA
CTiNbKKW eHeprii, L0 BOHA NepeKpuBae eHeprito, 3aTpayeHy Ha nepexif atoma Kap6oHy

3 OCHOBHOTIO CTaHy B 30y>KEHWIA.

2 2
2s P 2s P
[ I 4 |

Puc. 15. FpaiyHi enekTpoHHI hopmynmn atoma
Kap6oHy B ocHoBHOMY (@) i 36ygxeHoMy (6) cTaHax

3 § 2 (c. 13) Bam BigoOMO, WO B aTOMiB HeMeTaNniyHWX enemeHTiB 3 nepiogy W
HACTYMHUX 30BHILLHIli eHEPreTUYHUI piBeHb MICTUTb c/-nigpiBeHb. Mig yac 36y axeH-
HS aToMa Ha Leil nigpiBeHb NepexoaaThb S- ip-eNeKTPOHU. FK HacnigoK, CTBOPIOOTLCA
[,04aTKOBI MOX/IMBOCTI YTBOPEHHS KOBANIEHTHUX 3B A3KIB.

XiMiYHWIA 3B™30K, WO YTBOPKETLCSA MIXK atoMaMy e€NeMeHTIB, eeKTpo-
HeraTMBHICTb AKWX HE3HAYHO BIiAPI3HAETLCA, HA3WBalOTb KOBAJIEHTHUM
NONAPHUM 3B A3KOM.

M onekynsapHi kpucTaniuni rpatku. Takuid TUn r'paTOK xapaKTepan?l ana pe4oBuH
MOJIeKyNApHOT 6YA0BU. Y PevyoBUH 3 KOBANEHTHWM HENONAPHMUM 3BH3KOM Yy By3nax
KpUCTaniyHUX r'paToK po3MillytoTbCS HEMONAPHI MONEKYN. MiXK HUMWU Ait0Tb MiXKMO-
NeKynapHi CUAN B3aEMOLIT, WO BMANBAE Ha (Pi3UUYHI BNACTUBOCTI LMX CNONyK. BoHK
NeTKi, Nerkonfaski, MalOTb HWU3bKi TeMMepaTypu KWUMiHHA, HEBMUCOKY TBepAicTb. 3a
HOpMasibHUX YMOB BOHU MOXYTb 6yTun rasamu (H,, Cl,, N,, O,), piganHamu (Big) abo
TBEpPAMMU pevoBuHamm (19 P4, S8.
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Y By3nax KpucTaniyHUX rpaToK PeyoBUMH 3 KOBaNEHTHWM MOASAPHUM 3BHA3KOM
PO3MilL YO TbCA NONAPHI MONEKYNW, SKi B NeBHOMY MOpPsAKY OpieHTOBaHi B npocTopi,
OCKIiNbKW, KPiM e/1eKTPOCTaTUYHUX CUN B3AEMOLIT, 4iIOTb | MIXKMONEeKYNApHi. P i3nyHi
BN1ACTUBOCTI TaKMX PeYOBUH NOAIOHI 40 BNaCTUBOCTE PEYOBUH 3 HEMONAPHUMU KpPUC-
TaniyHMMK rpatkamn. Lle HeopraHiyHi peyoBMHU: BOAA, aMOHiakK, rigporeH xnopug,
rigporeH cynbdifg, a TakKoX 6ifbLWIiCTb OPraHivyHuX.

[l oHOpHO-aKUenTopHUII MexaHi3M YTBOPEHHS KOBa/IEHTHOro 3B A3KY. P03rnﬂ,qa-
I0YM YTBOPEHHA KOBaJIEHTHUX 3B’A3KiB Y MONEKYJ/i amMOHiaKy, BW, MabyTb, 3BEPHYN
yBary Ha Te, WO aTom HiTporeHy Ha 30BHilIHbOMY €HepreTUYHOMY piBHI Mae [ABa
cnapeHi S-eneKTPOHU, AKi YTBOPKOKOTb HENOAINEHY eNeKTPOHHY napy. BoHa moxe
6paty yyacTb B YTBOPEeHHI KOBaNEHTHUX 3B’A3KIB 3 iHWMWM aTtoOMOM 3a YMOBMU, WO Ha
I0ro 30BHILLHBOMY €HEPreTUYHOMY PiBHI € BiflbHa opbiTanb. Hanpuknag, y noHa lig-
poreHy He 3anoBHeHa Is-op6iTanb. ToMy nif 4Yac B3aeMOAii MOJIeKY/M aMOHiaky 3
MoHom ligporeHy HenogineHa enekTpoHHa napa Big HiTporeHy nepexoguTtb Ha iA0ro
Bi/IbHY S-0p6iTanb i cTae cniNbHOK AN5 060X aTOMIB. K HaCNigoK, yTBOPKETLCSA MOH
amoHito (puc. 16). Xoua B MOHi aMOHil0 KOBaneHTHI 3B’3KM YTBOPHOKOTHLCA Pi3HUMU
crnoco6amu, BOHU € PiBHOLiHHUMN.

H H
H SNS+ H+ HiNsH
H

Puc. 16. Cxema yTBOpPeHH#A iOHa aMOHit0

AToM HiTporeHy, fKuii BigAaB HenojineHy efneKTPOHHY napy ANS YTBOPEHHS
KOBafIeHTHOIO 3B™3Ky, € JOHOPOM. HoH [igporeHy, sikuidi, Matouun BinbHy opbiTans,
npuesHaB HEMOAINEHY eNeKTPOHHY Mapy, Ha3MBalTb aKLENTOPOM. TOMY MeXaHi3m
YTBOPEHHS KOBa/IEHTHOTO 3B’A3KY Ii AicTaB Ha3By [OHOPHO-aKLenTOPHUNA.

[OHOpHO-aKuenTOpHU MexaHi3M YT BOPEHHS KOBa/IEeHTHOTO 3B 3Ky —
Lile MEXaHi3M YyTBOPEHHSA 3B'A3KY MiX aTOMamu 3a paxyHOK HernogineHol enek-
TPOHHOT Mapu 04HOro aToma Ta BifibHOT op6iTani iHWoro.

Ha ocHOBi [OHOPHO-aKLENTOPHOrO0 MeXaHi3My YTBO-
peHHs 3B’A3KY BifOYyBaETbCA YTBOPEHHS CMONYK Y peak-
Uil B3aemogii amoHiaky 3 rigporeH xnopugom. LLLo6 nepe-
KOHAaTu1CA B LibOMY, NPOBEAEMO AeMOHCTpaLiiHmii gocnig,.
Locnig. Hannemo B neplly CKAAHKY BOAHWUIA po3uuH
aMOHiaKy, a B ApYyry — XJ10puUAHY KUCNOTYy. AKWoO nig-
HeceMo iX OTBOpamMu OfHY [0 OAHOT, TO 3i 36NUXKEHHAM
CKNAHOK 3 HWX IHTEHCUBHO BUAINATUMETbCSH «OBinnii
Oum». Y Xximii U peakuisa fictana HasBy «AuM 6e3 BOr-  Puc. 17. YTBOpeHHS amo-
HIO». TaK 3BaHWA «g4umM» —ue APiGHI KpUCTanu amoHiid  Hilk xnopuiy 3 amoHiaky
xnopuay (puc. 17). 1 rigporeH xnopuay
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PiBHAHHSA peakuii:

NH3+ H+Cl- = [NHJ+Ch

3a JOHOPHO-aKLEeNTOPHUM MEXAHI3MOM Bif0YyBa€ETbCs TaK0X YTBOPEHHS MPOALYK-
nifg vac peakuii B3aemMofii aMmoHiaKy 3 BOLOHO.

CknagiTb caMOCTIHO PIBHAHHA peakLil B3aemogii amoHiaky 3 Bogot. HasBiTb peyo-
BUHY, LLIO yTBOpWIAacs.

nacyMmoByeEMO BMBYEHE

KoBasieHTHUIA 3B’A30K — 3B’A30K Ha OCHOBI CNi/IbHUX €1eKTPOHHMX nap.
KoBaneHTHUiI1 3B'A30K YTBOPKETLCA B CMOMYyKaX, SKi MICTATb aTOMU HeMeTasliy-
HVX €/IeMEHTIB.

KoBanieHTHWIA HEMONSAPHUIA 3B’A30K — XiMiYHWIA 3B’'S130K, L0 BUHWKAE MiX aTo-
Mamy efleMeHTiB 3 O4HaKOBOK efIeKTPOHEraTUBHICTIO. YTBOPIOETLCA 3a A0MNOMO-
rol HecnapeHux eneKTPoHiB MiXX aTomamu, siki MatoTb OAHaKoBy abo 6113bKy 3a
3HAYEHHSIM e/IEKTPOHEraTUBHICTb.

KoBaneHTHUIA NoNAPHUIA 3B’I30K — XiMiYHWIA 3B’'SI30K, L0 YTBOPHETLCA MiXk
aToMaMy efneMeHTiB, eJIeKTPOHEeraTuBHICTb SKUX He3Ha4yHO BIAPI3HAETLCS.
BrHUMKaEe B MonieKynax CKnafHUX PeYOBMH MK aTOMaMu HeMeTaNiuHUX e/IEMEHTIB.
Mig yac yTBOPEHHS1 KOBA/IEHTHOrO MOJISIPHOTO 3B’SI3KY BiAOYBAETLCA 3MilLEHHS
€NEeKTPOHHOT Napy A0 GiNblL e/IeKTPOHEraTUBHOIO e/1IEMeHTa.

Ovnonb — cuctema 3 ABOX 3apsdiB, 04HAKOBUX 3@ 3HAYEHHSIM, ane NPoTUIEXHUX
3a 3HaKOM.

[JOoHOpHO-aKLenTOpHUII MexaHi3M YyTBOPEHHS KOBa/IEHTHOrO 3B’A3Ky — Lie
MeXaHi3M YTBOPEHHS! 3B’SI3Ky MK aTOMaMy 3a paxyHOK HenofifieHoi eNeKTPOoH-
HOI mapy OAHOro aroma Ta BiNbHOI opb6iTani iHWOro. YTBOPKETHCA 3a YMOBMU,
KON Ha 30BHILIHBOMY €HEepPreTMYHOMY PiBHI O4HOr0 atoMa € HenojiieHa enek-
TPOHHA Mapa, a B iHWOro atoma — BifibHa opbiTanb.

Y By3nax KpWUCTasliyHUX r'paTOK PEYOBMH 3 HEMNOJISIPHMM 3B’S3KOM PO3MiLLEeHi
HEeMNoNSIPHI MOMEKY TN, CUAN B3AEMOLIT MK AKUMU Mani. Y BY3/1ax KpucTaniyHmux
rpaToK PeyYoBMH 3 MOMISIPHUM KOB&/IEHTHUM 3B’S3KOM PO3MIlLYHOTECA MOMSIPHI
MOeKynun, siki B MEBHOMY NOPSAKY OPIEHTOBaHI B MPOCTOPI, OCKISIbKN MK HUMMU,
KPiM €NeKTPOCTaTUUYHMX CU B3AEMOII, BUHUKAIOTb i MDKMONEKYSPHI.

3ABAOAHHA ANA CAMOKOHTPO/O

MOSICHITb, AKMI 3B’A30K HA3MBaKTb KOBA/IEH THUM.
HasBiTb BigOMi Bam Ccnocobu YyTBOPEHHS KOBa/IEHTHOrO 3B’A3KY.

OxapakTepusyiTe Ha KOHKPETHUX NprKafax MexaHiamMmy YyTBOPEHHS1 KOBa/IEHTHUX
3B’A3KIB: @) HENOIAPHOro; 6) NOSIAPHOrO.

MOACHITb, SIKi €/1eKTPOHM 30BHILIHLOTO EHEepPreTMyYHOro piBHA 6epyTb yyacTb B
YTBOPEHHI XiMiYHMX 3B’'A3KIB Y MOJieKynax crnosiyk, nogaHux chopmynamu: a) 02
6) HZS; B) CHA4.

YKaxiTb CNOMyKy 3 HENONIAPHUM KOBA/IEHTHUM 3B’S3KOM.

A NaCl B CS2 B NH3 I Br2

YKaxiTb CNonyKy 3 NOSISIPHUM KOBa/IEHTHUM 3B SI3KOM.

A NaBr B HXO B KCl r Ci2
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7. Bu3HauTe, sIKy MakCMMasibHY KiflbKiCTb 3B’SI3KIB MOXYTb YTBOPIOBaATU aTtomu
HiTporeHny Ta ®ocdopy. Hanuwitb hopmynu cnonyk.

8. CknapgiTb pPiBHAHHA peakuii B3aeMogii rigporeH xsiopugy Ta BoAM 3 aMOHIakoM.
MOACHITL MeXxaHi3M YTBOPEHHSI KOBa/IEHTHUX 3B’A3KIB Mif 4ac B3aeMoOfii UMx
CMOnyK.

9. O6rpyHTyliTe 3a/1eXHICTb BNACTVBOCTEN PEYOBMH Big, TUNY XIMIYHOTO 3B’A3KY Ta
KpucTanivyHoi 6ynoBu.

10. CnporHo3yiTe BMA XiMIYHOrO 3B’A3KYy B CMOJlyKax 3a ixHiMM oopMynamu:;
NH3, CaCl2, H2S, N2Ta ki (hi3nyHi BNacTUBOCTI BOHW NPOABASIOTh.

BUAN XIMIYHWNX 3B’A3KIB: BOAHEBWIA 3B°A30K

OnaHyBaBLlIW MaTepian naparpadga, BU 3MoXeTe:

* Has3MBaTW PevyoBUHM 3 BOLHEBUM 3B’A3KOM; BUABMATU PEYOBUHM, AKI 34aTHI
YTBOPIOBaTY BOAHEBUIA 3B’A30K;

* TOSICHIOBATM MeXaHi3M YTBOPEHHA BOLHEBOTO0 3B’A3KY MiXK MOJIeKynaMu BOAM,
CnupTiB, BOAMW Ta CNUPTIB;

* MPOrHO3yBaTW (Pi3NYHi BNAcCTMBOCTI PEYOBWMH Ha OCHOBI iXHLOI 6yfOBM Ta
6yf0BY PEYOBUH Ha OCHOBI IXHIX Pi3NYHNX BNACTUBOCTEN.

Bogresnii 38’sazok. BaM yxe BifjoMO, WO PEYOBUHU 3 MOMAPHUM KOBaIEHTHUM
3B’A3KOM MalTb 3faTHICTb A0 MIXMOEKYNApHOT B3aeMOAIii. Lle 3ymoBneHo nonspu-
3auiel0 MOMeKy Ta YTBOPEHHAM AMMOSIiB.

Y Mmonekynax, ge atom [igporeHy cnony4yeHuin i3 CUAbHO €NeKTPOHEraTUBHUM
aTOMOM HeMeTaniyHoro efieMeHTa, BMHUKAE 3BW30K i BCEPeAUHI MONEKyn, i MK
OKpeMUMU MOSIeKyNnaMu.

BogHeBMiA 3B 30K — Lie e/IeKTpoCTaTMUHA B3aEMO/Jis B MoJieKynax a6o
MiX HUMMW 33 y4acTio aTomiB [igporeHy.
' 1

J

Llein BUA 3B’I3KY YTBOPIOETLCS B PEYOBMHAX, MOJIEKYN SKMX MIicTATb atom [ig-
POreHy i aToMy €1eMEHTIB, L0 MPOABAAKTHL 3HAYHO Gifblly eeKTPOHEraTUBHICTD.
IHoAi BOgHEBMIA 3B'A30K PO3rnsAfatdTb AK Pi3HOBMA 3B’A3KY, O BUHWUKAE HE TiNbKU
BHAC/MILOK Ail eIeKTPOCTAaTUYHUX CUT NPUTATAHHSA, a 11 3a LJOHOPHO-aKLEeNTOPHAM Me-
XaHisMom (Hanpuknag, HF). ¥ ubomy pa3i eNeKTpOHeraTuBHWIA eNeMeHT 3i 3Ha4YHO
6iNbLLIO CUIOKD MPUTATYE aToM [MigporeHy i Toii BTpayvae CBiil eNeKTPOH 3 s-opbiTani,
3aNuLWaeTbes TiNbKM fapo (NPOTOH). BinbHy opb6iTant 3anoBHIOE HemnofineHa enek-
TPOHHA Mapa aToMa 6ifbll €IeKTPOHEraTMBHOIO efleMeHTa, KW € JOHOPOM, a A4po
atoma ligporeHy —akLenTopoM.

M bxmonekynspHuii BogHesuii 38’ a3ok. Y4acTb Y TaKOMY 3B3KY 6epyTb AUMNOJbHI
MONeKynu. BiH HasBHUIA y pe4yOBUH, SKi NepebyBaloTb y pigKkoMy abo TBepAOMY arpe-
raTHOMY CTaHi, 30Kpema B MO/eKynax BoAu, CIUPTIB, KAPOOHOBUX KMUCAOT, MK MoJie-
Kynamu BOAW i IHWKX PEYOBUH TOLLO.
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MexaHi3M YTBOPEHHS LbOro BMAY 3B’A3KY MNONAArae B NPUTAryBaHHI aToMamu
FigporeHy, Ha SIKOMY KOHLEHTPYETbCA 4YaCTKOBWI MO3UTUBHWUIA 3apaj, atoMiB 3
6iNbLIOK eNIeKTPOHEraTUBHICTIO IHLLOT MOMEKY NN, Ha AKOMY CKOHLLEHTPOBaHM YacT-
KOBWI HeraTuBHMIA 3apag.

FAK HacnifoK, BAHWKAOTb acoLiioBaHi MONEKyAN: AUMepun y BUNagKy KapboHOBUX
KMcnoT abo acouiaTu 3 6araTtbox MOMEKY.

Mi>K Monekynammn Boau acouiaTv YTBOPHOKOTLCA BHACNIAOK NPUTAraHHA aTtomMamu
FigporeHy oaHiei Mmonekynu atomis OKcureHy iHwoi monekynu (puc. 18).

-(?8 mmH8 - cis- X H?

H H H
-QsmmH8- Q8
o

Puc. 18. Cxema yTBOpeHH#A acouiaTtiB MiXk MosieKy1amun BoAm

Mi>K MoneKkynamn cnvpTiB BOAHEBUI 3B’A30K BUHUKAE MiXK aTOMOM [igporeHy
riAPOKCUABHOT rpynu OfHIET MONeKynn i aToMoM OKCUTEHY TiZPOKCUMILHOT rpynu
iHWoT monekynu (puc. 19). 3aBAsKM 34aTHOCTI YTBOPIOBATM BOAHEBI 3B 3KN Cepef
CNMpTiB Hemae rasis.

Mpuragarite  NOSICHITb, 5K BifOYBAETLCSA 3MILLLEHHS €NEKTPOHHOT I'YCTUHM B TigpOK-
CWNbHIl rpyni cnupTiB.

BogaHesuin
3B’A30K

Puc. 19. Cxema yTBOPEHHS BOHEBOTO 3B™M3KY MiX MOMeKynaMu eTaHony

MixmonekynapHa B3aEMOAi Ha OCHOBI BOAHEBOr0O 3B’A3KY BUHWKAE HE TiNbKM
MK O4HAKOBUMM, & i MK PI3HUMU MONEKynamu.

Mi>K mMonekynamu BogM Ta CNMPTIB, 30KpeMa B MpOLECi pPo3BeAeHHS CNUpTIB
BOJOIO, YTBOPIOOTLCA acouiaTyu Mk atomom [igporeHy MOAeKynu CnupTy, WO Mae
YacTKOBMIA NO3UTUBHWIA 3apag, Ta aToMoM OKCUTeHy MOMeKy/au BOAWU, Ha AKOMY
CKOHLUEHTPOBAHMWI 4YaCTKOBWIA HeraTuBHMWIA 3apafg. 3aBAsKM BOLHEBOMY 3BA3KYy
cnupTn Aobpe po3BOAsATHCA BOAOK. YTBOPEHHS acouiaTiB MiXX €TaHO/IOM i BOAOH
306paxeHo Hapuc. 20.
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BuyTpiwHboMonekynapHuii sogHesuii 3B’S130K. Ll,e|7| Bna BOAHEBOTO 3B'FI3Ky
BMHWKAE HE TiIbKWN B MOJIEKYyNax HEOPraHiuHMX, a i y MOfieKynax opraHiyHux peyo-
BMH. barato opraHiyH1UX pe4yoBUH MIiCTATb Y CBOEMY CKNafi XapakTepucTUYHi rpynu,
y AKMX HadaBHa nonspusayia 3s’asky. Lle rigpokcunsbHa rpyna —OH y cnupTis, Kap-
6okcunbHa —COOH y kap6oHOBUX KUCNOT, amiHorpyna —NH, y monekynax amiHiB
Ta amiHokucnoT. Hanpuknag, BTOPUHHA CTPYKTypa MOJIeKYIn 6inka yTpuMyeTbCs
y opMi cnipani 3aBAAKN YTBOPEHHIO BOAHEBUX 3B A3KIB.

HasBHiCTb BOAHEBOIO 3B™3KY BNAMBAE HA BNACTMBOCTI PEYOBUH. Y HUX 3HAYHO
BMLLI TemnepaTypu KuniHHA. Tak, BOAa, MOPIBHIOOYM 3 pevyoBUHaAMW Migrpynu
OkcureHy (HO9S, H9Se, HITe), mae BMUCOKY Temnepatypy kuniHHa — 100 °C.
Lle NOACHIOETLCS TUM, LLO Nif Yac KUM’ATIHHA BOAN NOTPI6GHO BUKOPUCTATM A04aTKOBY
EHEpPril Ha pyiHYBaHHA BOAHEBMX 3B’A3KiB. LLlogo MiyHOCTI, TO BOgHEBUI 3B’A30K
3HAYyHO CnabLlunin Bif KOBANEHTHOrO M MiLHICTb MOro 3aMeHWYETHCA 3 NiABULLEHHAM
TemnepaTypu.

BogHeBuWiA 3B™30K, K BaM y)Xe BifOMO, Bifirpae BaX/MBy po/b y Mpoueci pos-
YMHEHHS PEYOBWH, YTBOPEHHI Ta YTPUMaHHI BTOPUHHOT CTPYKTYpu 6inkKa, KpucTano-
rigpatis, a TakoX y mpouecax KpucTanisauii, eneKTpoNiTUYHOT gucouiayii HOHHKX i
KOBaNeHTHUX NONSAPHUX cnofiyK. Oco6MBO BaXKNMBa PONb BOLHEBUX 3B’A3KIB Y XMU-
Bili MPUPOAI, ag>Xe BOHW HasfBHI B MOMIEKyNax He TiNbKK 6iNKiB, a i HYKIETHOBUX KUC-
NOT, TOPMOHIB, BiTaMiHIB Ta iHWWNX 6i0MIOrIYHO BaXX/IMBUX PEUOBUH.

nacyMmoByYEMO BMBYEHE

* BoaHeBUiA 3B’A30K — e/lIeKTpocTaTUYHa B3aEMOfisA B Mosiekynax abo M mone-
Kynamu 3a yyacTio atomis ligporeHy. BuHMKae B peqyoBMHax, MOMEKYn SKnx mic-
TATb aToM [igporeHy i aToMy e/IeEMEHTIB, O NPOSBAAITb 3HAYHO BifblUy efek-
TPOHEraTUBHICTb.

* PO3pi3HAITb MDKMOMEKYNAPHUI Ta BHY TPILLHbOMOEKYNSAPHUIA BOAHEBWUI
3B’A30K.

* MiXMOEKYNsipHUIA BOAHEBUI 3B’A30K CMOCTEpiracTbCa MK Mosiekynamu
BOAMW, CNMpTIiB (€TaHO/yY), MK cCnMpTamMn Ta BOAOK. MexaHiaM MiXMOoNeKynsipHoi
B3aeMogii y BoAl nonsrae B NpuTAryBaHHi aTomamu MigporeHy oaHiel mone-
Kynu aToMiB OKCUTeHy iHLW 0T MOeKy TN, YTBOPKOKTLCS acouiioBaHi MoNekym
(acouiaTwn).

e Y cnupTax acouiauiss BUHMKAE MiX aToMoM igporeHy rigpokCcuabHoOI rpynu
OoAHIeT Monekynu i aToMoM OKCUTeHY FigpoOKCU/IbHOT rpynu iHWoT Mmone-
Kynu.
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e Tlig yac pO34YMHEHHS CNMPTIB Yy BOAI YTBOPKITLCA acouiaTu MiX aToMOM
FigporeHy MoJsieky/in cnupTy, WO MAa€ 4YacTKOBUI MO3WTUBHWUIA 3apsg, Ta
aToMoM OKCUTeHY MOJIEKY/TN BOAW, HA IKOMY CKOHLLEH T POBaHU Yac TKOBUIA

HeraTuBHUI 3apag,.

e BHYTPIWHbLOMOJIEKYNSAPHUI BOAHEBUA 3B’s130K BUHUKAE B MOJIEKyax Heop-
raHiYHUX Ta OpraHiyHNX PeyoBMH. B opraHiyHUX pevyoBUHaX Ha YTBOPEHHS LbOro
3B’'AA3KY BMAMBAKTbh XapakKTepUCTUYHI rpynu, Yy SKWX HasBHa nonspusauis
3B’A3Ky.

* BopaHeBUiA 3B’A30K BNAMBAE Ha (i3NYHI BNACTUBOCTI Pe4yoBMH. PeyoBUHU 3 BOA-
HEeBMM 3B’AA3KOM MatoTb 3HAYHO BULL TeMNepaTypu KUMiHHSA.

3ABOAHHAANA CAMOKOHTPO/IO

MoACHITb, AKWIA 3B’A30K HA3MBaKOTb BOAHEBUM.

2. TlosicHITb MexaHi3M YTBOpPEHHS acouiaTiB MbX Mosekynamu: a) Bogu; 6) etaHony;
B) eTaHosy Ta BOOW.

3. OxapaktepunayiTe BHYTPILLHbOMOEKYNAPHNA BOAHEBWIA 3B’A30K.

4. CnporHo3yite Qi3an4yHi BMacTMBOCTI pPevyoBuH, WO nogaHi copmynamm NH3, CI2,
ZnClI2, Ha OCHOBI TXHbOT 6yA0BU.

5. YKaxiTb cnonyky, 34aTtHy A0 YTBOPEHHS BOAHEBOIO 3B'SI3KY.
A KBr B HD B FeCl2 I Br2

6. OUjiHITb ponb BOAHEBOIO 3B’A3KY BXMBIN Npupoj;.

BUAN XIMIYHNX 3B’A3KIB: META/TIUYHNA 3B’A30K

/ OnaHyBaBWK maTepian naparpada, B/ 3MOXeETE:

* Has3MBaTW PEYOBUHU 3 METaNiYHMUM 3B’A3KOM;

* MOACHIOBATW MeXaHi3M YTBOPEHHS MeTaniyHOro 3B3Ky B MeTanax; 6yaoBy
PEYOBMH Ha OCHOBI TXHIX DI3NYHNX BNAaCTUBOCTENR;

* MOPIBHIOBATY MeXaHi3M YTBOPEHHS MeTaniyHOro 3B’A3Ky 3 MexaHiaMaMmn yTBO-
PEeHHS KOBANEHTHOrO Ta IOHHOTO 3B A3KIB;

* MPOrHO3yBaTW (hi3NYHi BNACTUBOCTI MeTaniB Ha OCHOBI IXHbOT 6Y[0BU.

M eTaniunnii 38 azok. MeTaniyHi eNeMeHTN YTBOPIOKOTh NPOCTi PeYOBUHU-METANMN.
Lli peyoBrHM nepebyBatoTb 34e6iNbLLOro y TBEPAOMY CTaHi (Kpim pTyTi). Ana 6ynosu
TXHiX aToOMiB XapaKTepHa HeBe/IMKa KifbKiCTb €/IeKTPOHIB Ha 30BHILIHLOMY eHepre-
TUYHOMY piBHI (1-3, pigwe 4). Tak, B aTOMIB efleMeHTIiB ronosHoI nigrpynu | rpynn —
no O4HOMY €NneKTPOHY, FofIoBHOT nigrpynu Il rpynn —no gga. Yepes BigaaneHictb
30BHILLUHbLOr0 €HepreTUYHOro piBHA Bif A4pa aToma Ui eNeKTPOHW Nerko Bigpusa-
I0TbCS Bif HbOTO I NepemilaloTbCs N0 BCbOMY 06’eMy KpucTana. ATOMU, yTpadaroum
€/1eKTPOHU, NEepeTBOPIOIOTHCS Ha MO3UTUBHO 3apsgXeHi MoHWM (KaTioHu). Tomy y
BY3N1ax KpucTaniyHWX rpaTok MeTaiB N0Kani3yloTbCA NO3UTUBHO 3apsAXKeHi NOHM,
AKi LWiNbHO yNakoBYHOTbCA OAMH 6ing ofHOro. 3B’A30K MiX MOHaMMW 34iACHIOETLCA
3aBASKW BilbHOMY MepPEMillleHHI0 €NeKTPOHIB, WO € CRiNbHUMMW A8 BCiX WOHIB.
CYKYMHICTb BiNnbHMX eNeKTPOHIB AicTana Ha3By efleKTPOHHUIA ras (puc. 21).
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Puc. 21. KaTioHn MeTaniyHUX eNeMEHTIB i BilbHi €NeKTPOHH
(eNeKTpOHHWMIA ras)

3’acyemMo, YOMYy eNneKTpPOHU B MeTanax 3faTHi BinbHO nepemiuiatucs. Lie 3ane-
XWTb Bif 6yA0BM aTOMiB MeTaniyHMUX efleMeHTIB. Y Kpuctanax MeTasiB efleKTPOHiB
3HAYHO MeHLe, HXX BinbHWX opb6iTaneil. Hanpuknag, B atoma HaTpito Ha 30BHiLW-
HbOMY EHEPreTUYHOMY PiBHI € YOTUPKM opbiTani, ane TiNbKU OAMH eNeKTpoH. Lle gae
3MOry efeKTpoHaM BifibHO NepeMiwaTncs Bif 04HOro atoma Ao iHWOoro.

MeTaniyHunii 3B%30K — Lie 0COG/MBWIA BUA 3B3KY, WO YTBOPHETLCA
BHAC/ifjOK B3aEMOAIT BilbHUX €IEKTPOHIB 3 MOHAMU MeTaniyHUX enemMeHTiB.
J
Oco6nuMBicTb METANIYHOTO 3B™A3KY MOMATAE B TOMY, L0, AK | B MOHHUX CMOMYyKaXx,
y By3/1aX KpUCTani4yHMUX I'paToK po3MileHi noHW. Ane, Ha BiAMIHY Bif HOHHUX CNONYK,
[ie NOHW PI3HOWMEHHO 3apsigKeHi, y MeTaniB BOHU 3apAfXKeHi TiflbKN NO3UTUBHO.
MeTaniyHuii 3B’A30K MPOSBASE MNOAZIOGHICTL | [0 KOBaneHTHoro. [poTe 3a
KOBaneHTHOr0 3B’A3KY y4acTb B YTBOPEHHI CNiNbHUX €NeKTPOHHUX nap 6epe
YiTKO BM3HAaYeHa KiNbKiCTb E€NeKTPOHIB, AKMMMN CMNiIbHO KOPUCTYKOTLCA aTOMU,
Wo yTBOpUAKM Li napu. Y MeTaniuyHux rpatkax yci efleKTPOHU PyX/WBi, BOHWU He
YTPUMYIOTbCA 6iNd OKpeMnx aTomis (MOHIB), WO I BNIMBAE HA BMAaCTUBOCTI MeTanis.

® i3uuni BNnacTMBOCTI MeTaniuHux peyoBuH. YHACMILOK NOCTIAHOIO pyxy enek-
TPOHIB MeTanu NPOABAAOTb BUCOKY eNeKTPONpPOBigHICTb. OAHaK, 3aNeXHO Big Tuny
 po3mipiB KpucTaniyHMX rpaTok i NeBHOT KifIbKOCTI €IeKTPOHHOTO rasy, Ui BnacTu-
BOCTI HeofHaKOoBi. Haibifblwy eneKTPOMNpoOBIAHICTb MakwTb CPibno, antoMiHin Ta
Mifb. 3 LIET X MPUUYMHN MeTanu TennonpoBifHi.

ENeKTPOHHMI ras3, AKUIA pyXaeTbCAa MiXK L iNbHO YyNaKoBaHMMW WoHaMu, BigbuBae
CBIT/IOBI MPOMEHI, WO CMPUYNHSAE BACTUBUIA yCIM MeTanam MeTaniyHuid 6auck.

MeTanam npuTamaHHi MiLHICTb i NNaCTUYHICTb. Lli BNacTUBOCTI 3yMOB/eHI enek-
TPOHHO ByaoBoto MeTaniB. MMig Yac MexaHi4YHOT AiT OKPeMi Wapwn MOHIB MeTaniYHNX
'paToK 3MilLyHTbCA, @ CNIAOM 32 HUMU MEPEMILLAETLCA €NIeKTPOHHMIA ra3. Tomy meTa-
nwn 36epiratoTb MILHICTb, MIACTUYHICTb | KOBKICTb. CXxemaTnyHe 306paXKeHHs Ta moje-
Ni pi3HUX TUNIB KPUCTaNiYHUX I'paToK MeTaniB nokasaHo Hapuc. 22 (c. 40).

ByaoBy KpucTaniyHux rpaTok MeTasniB MOXXHa MeperngHyTu B iHTEPHET-MepeXi B
3b-npoeKTyBaHHI.
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* Tema 2. XiMiuHWIA 3B'5130K i 6yA0Ba PEYOBUH W
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a B
Puc. 22. Mogeni KpucTaniyHuX rpatok MeTanis: a — Ky6iuHi;

6 —Ky06iuyHi rpaHeLeHTpoBaHi; B —Ky6i4Hi 06°€MHOLEHTPOBAHI; I —reKcaroHanbHi

)

®i31MYHi BNACTUBOCTI W TUN KPUCTaANiYHUX rPaTOK PEUYOBUHU B3AEMOMOB’A3AHI.
3Hatoum 6yLoBYy pevyoBMH, MOXHA MPOrHO3yBaTy IXHI BNACTUBOCTI 1 HaBnaku.

3HaHHSA 6yJ0BM pevyoBMHM N YMIHHS CNPOrHo3yBaTW i BNaCTMBOCTI MawTb
NpakTU4YHe 3HAYeHHA AndA noanHu. Tak, foBigaBWMCh Npo Hebe3neky Ans 340pOB’A
napis pTyTi, yunmocs 6e3ne4yHo MOBOAMTMCA 3 Mpunagamu, ski i MicTaTb. MeTanm

%)

BMKOPUCTOBYHTb Y MallWHO- W niTakobygyBaHHi, OyaiBHUUTBI, 4N BMPOOGHMLTBA
cnnaeiB TowWo. [16aiiivBe CTaB/EHHA A0 MPUPOSHMX PECYpCiB 3a6e3nednTb CTabiibHUIA
PO3BMTOK MeTanypriiHoro BUpo6GHULTBA, PO3BUTOK HOBMX TEXHOMOTIYHUX NPOLECIB,
L0 34eLeBNOOTb NPOAYKT, i NiANPUEMHULTBA.

nacyMmoByYEMO BMBYEHE

MeTanivyHuii 3B’130K — 0COGIMBUIA BUA, 3B’A3KY, L0 YTBOPIOETLCS Bif B3aeMogii
BiNIbHVX €M1eKTPOHIB 3 iOHAMWN MeTaslivYHUX e/IEMEHTIB.

MeTanivyHuii 3B’A30K BUHUKAE B NPOCTUX PEYOBUHAX, YTBOPEHUX MeTasiyHUMM
enemMeHTamu.

MexaHi3M yTBOPEHHA MeTa/liyHOro 3B’A3Ky NondArae y BTpati aToMmamy esnek-
TPOHIB. YHacnigoK UbOoro y By3nax KpuUCTaNiyHMX r'paTtok PO3MIlLYHTbCS Ti/lbku
NO3UTMBHO 3apPAKEHI MOHU, AKi LLiSIbHO YNaKoBYTbLCA OAMH 6in1s 04HOr0. 3B’A30K
MiXX HUMW 3[IACHIOETLCA 3aBASKM 6e3nepepBHOMY PyXy e/IeKTPOHIB (€/1eKTPOH-
HOro raay).

MeTanivyHuii 3B°’s130K Bigpi3HAE T bCA Big NOHHOro TUM, WO Y By3/1ax KpucTasiy-
HUX I'paToK MeTaniB € Ti/IbkKM MO3UTUBHO 3apsfKeHi MOHW, a B MOHHMX CMosiyKax
YepryrTbCs NO3UTUBHO i HEraTUBHO 3apsAXeHi NOHU.

MeTanivyHuii 3B’A30K BigpPi3HAE TbCS Bif KOBa/IEHTHOIO TUM, LWO BCi €N1EKTPOHM
He YyTpUMYIOTbCA 6ina OKpeMux atomis (MiOHIB), a BiflbHO MepemilatoTbes, 34ii-
CHIOKUN 3B’A30K MiX yCimMa aToMamu (ioHamm).

HasBHICTb MeTasliyHOro 3B’A3Ky BNAMBAE Ha BNAcTUBOCTI MeTasliB.

3ABOAHHAANA CAMOKOHTPOIJIO

MoSACHITb, SAKNI1 3B’S1I30K HA3MBalOTb METa/TiYHUM.
HagegiTe Npukiagnm peyvyoBuH, Y KX HAssBHUI MeTasliuHWii 3B’A30K.

MosACHIT MOAIGHICTL | BIAMIHHICTb 3B’A3KIB: @) KOBAJIEHTHOTO W MeTaslivyHoro;
6) MOHHOro Ta MeTaslivyHorO.

OOGI'pyHTYiiTe 3a/1EXHICTb BACTUBOCTEN MeTauliB Bif iXHbOT 6y0BW.



§ 8. KpucTaniuHuii Ta aMopHWiA cTaHu TBEPAUX PEUYOBUH

5. Knacudikyiite HaBefeHi pevyoBMHM 3a BUAAMMN XiMIYHOTO 3B’SI3KY: &) KOBaJIEHTHUNA
HenonsApHWiA; 6) KOBaNIEHTHWUIA NONAPHWIA; B) MOHHWIA; 1) MeTaniuHWiA; ') KOBas1IeHT-
HWIA NONAPHWIA | BOAHEBWIA.

Na2s, HZ, ClI2, HCl, Mg, CaCl2, H2, CH3CH20H, Na, HD, NH3, Br2, CHICH2COOH,
Cu, FeBr2 12, H2Se, CuBr2, CH30H, N2, S02.

KPUCTAJTIYHUA TAAMOP®HWIA CTAHV TBEPAUNX PEYOBUH

OnaHyBaBLlW MaTepian naparpadga, B4 3MoOXeTe:

e Ha3MBaTW aMOP(PHI Ta KPUCTaNIUHI PEYHOBUHN;

* HaBOAUTY MPUKNaAMN aMOPMPHUX | KPUCTaNiYHUX PEYOBUH;

* MOSCHIOBATM BIAMIHHOCTI Mi>K aMOpPHUMM i KPpUCTaNiYHUMM PeHOBUHAMMU;
* PO3PI3HATM 3pa3knm aMOPHMNX | KPUCTAMIYHUX PEYOBUH.

Mpurapaiite 3 Kypcy oi3nky, L0 BaM BiAOMO NPO KpUCTaniyHi i aMopdiHi Tina.

Arperathi ctaHn peuosun. Bam yxe BiflOMO, LU0 32 3BMYANHNX YMOB PEYOBUHN Nepe-
6yBalOTb Y TPbOX arperaTHMX cTaHax: pifKoMy, TBepAOMY I razonogibHomy.

KoXXHOMY arperaTHOMY CTaHy BJ/laCTMBI PyX OAHUX YaCTUHOK LWOAO0 iHWUX i
neBHa BMOPAAKOBAHICTb LUMX YACTMHOK 3aBASKW CUNaM MPUTATaHHA MDK HUMW.
3a BiANOBIAHMX YMOB PEYOBMHM MOXYTb NEPEXOAUTU 3 OLHOTO CTaHy B iHWMIA, L0
CYNPOBOMXYETLCA 3MIHOK IXHBOT CTPYKTYpPU.

Jocnifg>XeHHAMMN BCTaHOBNEHO, WO HaMOLWMNPEHIWNM € TBEPANIA CTAH PEYOBUH.

K pucTaniununii ctan peuosun. PEUOBUHU, NepebyBatoyun y TBEPAOMY CTaHi, yTBOpHO-
I0Tb KpUCTaNU. Y TBEPAUXPEYOBUHAX EHEPTiA B3AEMOLIT MK YaCTUHKaMM [yXKe BeNnunkKa.
3aBASKM LbOMY YTBOPIETLCA CTPYKTypa NEBHOT opmMu i 06°eMy, Y4aCTUHKM SAKOT
(aTomu, WoOHM abo MONIEKYN) HE MOXYThb BiNbHO nepemiwatmcs. IHakLue Kaxyuu, yTBO-
PIOKOTLCA KPUCTAIM 3 NEBHUM TUMOM KpPUCTaNiYHUX I'paTok, Ae Bigdani MiXK YaCTUHKaMu
Ly>Xe Mani i npubnn3Ho AOPIBHIOKTbL PO3MIPY YaCTMHKW. Y KpucTanax CTPYKTYpPHi
YaCTUHKW OpIEHTOBAHI LWOA0 OAHIET B YITKO BU3HAUeHOMY nopsgkKy. NMoBTOPHOBAHICTb
CTPYKTYPHUX e/IEMEHTIB YTBOPIOE KPUCTaNiYHY CTPYKTYPY PEYOBUH.

3anexHo BiJ NpUPOAMN YaCTUHOK, L0 PO3MillleHi Yy By3nax KpUCTaniyHux rpaTok,
i CMA B3aEMOAIT MiXK HUMM PO3PI3HAKTH Pi3HI IXHI TUNWN: MONEKYNAPHI, aTOMHI, AOHHI
Ta MeTaniyHi rpaTku.

Mpuragaiite, ki TUNX KPUCTaIYHUX I'PATOK BaM YXe BigoMi. [laliTe KOPOTKy XxapakTe-
PUCTUKY KOXHOT 3 HUX.

O3Hailomumocs goknagHiwe 3 6y40BOK KpUCTaNiYHMUX IpaToOK TBEPAMNX PEUYOBMH.

MonekynsapHi KpucTaniyHi rpaTKWU YTBOPHOOTb PEUYOBUHM 3 KOBANEHTHUM
3B’A3KOM. Lle npocTi pe4yoBUHU, YTBOPEHI HeMeTaNiuHMMK efiemeHTaMu (Kpim Kap6o-
Hy Ta Cuniyito), i CKNagHi pe4oBMHN HEOPraHiyHoi Ta OpraHivyHoi Nnpupoan. Bam yxe
BifJOMO, LU0 Y BYy31axX MONEKYNAPHUX KPUCTaNiYHUX I'paToK po3MillyoTbCA MONEKY-
AN 3 HenonapHuMm abo NONAPHWM KOBANEHTHWM 3B’A3KOM. Y KpuUCTaniyHux rparkax
MOJIEKY/IN YTPUMYIOTLCA 38 LOMOMOIO MDKMONEKYNAPHUX BaHepBaanbCOBUX CUN
B3aEMOfii. BOHM X BNAMBaKTb Ha BIaCTUBOCTI PEYOBUH.



'see Tema 2. XiMi4yHUI 3B’A30K i BygoBa peyoBUH
0

Hapuc. 23 306pakeHO nepexif BOAMW 3 PiKOro CTaHy y TBepAunii 3 YTBOPEHHAM MO-
NeKYNAPHUX KPUCTanivyHUX rpaTtok nbody. Ak 6a4ynmo, nif yac yTBOPEHHS KpuUcTanis
NbOAY MONEKYNN YITKO OPiEHTOBaHi CBOIMM nontocamu. Mpu LbOMY BOHM BTpayaroTb
3[aTHICTb BifIbHO NepemiLiaTucs.

Puc. 23. Cxema cTpykTypu: a —Boaun; 6 —nboay

ATOMHI KpUcTaniyHi rpaTKM xapakTePU3ytoTbCa TUM, WO B IXHiX By3nax Mic-
TATbLCA OKPEMi aTOMU, CMOMYyYeHi MK CO600 3a JONOMOroK KOBaNEeHTHUX 3B’A3KiB.
Taki KpucTaniyHi rpaTku MawTb BigOMi BaM anmas i rpagit, cunigiii, cunigin(ly)
oKcmg Tow,o. Mogeni KpucTaniyHux rpatok anmasy i rpadiTy nokasaHo Ha puc. 24.

Puc. 24. Mogeni kpucTaniyHux rpaTok: a —anmasy; 6 —rpadity

PosrnsiHyBwY® gMe. 24, 6a41MMO, WO KPUCTaNniyHi 'paTkn KOXHOT 3 pe4OBWH YTBOPEHI
atomamu Kap6oHy, ofiHaK po3MilleHHsA aTOMIB y KpucTani € pisHum. Lle o3Havae, Wwo i
B/IACTUBOCTI LIUX PEYOBUH Pi3Hi.

MoHHI KpucTaniyuHi FpaTKy BNacTUBI IOHHUM CMoNyKaM. Y By3nax Takux paTok
MICTATbCA NO3UTUBHO I HEraTMBHO 3apsALXKeHi NOHW. MiXK Pi3HOVMEHHO 3apAAKeHUMM
MOHamMKn [il0Tb CUIM eNeKTPOCTaTUYHOT B3aeMOAIT. KnacnyHum npuknagom WOHHUX

Puc. 25. KynecTpuxHeBa
MOfenb KpucTaniyHux
rpaTok HaTpili xnopuay

KpUcTaniyHux rpaTok € rpaTku Hatpiii xnopugy (puc. 25).
VioHu po3smiulyloThca Ha BepliMHax Ky6a Ta B LEHTPI
KOXHOT rpaHi. HaBK0/M0 KOXXHOTO IioHa HaTpito € wicTb
MoHiB Xnopy I HaBnNaku.

[lo cnonyk, SiKki MatOTb MOHHI KpUCTasniyvHi rpaTku, Ha-
nexaTb AesKi OKCUAW Ta coni. Y CKnagi conei MOXyTb
6yTn He Tinbky npocTi (K y NaCl, KBr, Nal), a ii cknagHi
(NHAN O3 (NH4H9S04) tionun. Y umx CNonykKax Mix ato-
MamMu HeMeTaniyHUX enemMeHTiB HasBHUIA KOBaNeHTHWUN
3B'A30K, a MiDX MOHaMu — NOHHWIA. MOHHI KpucTaniuHi
rpaTKn MiLHiWi 32 MONEKYNAPHI, ane cnabLi Big aTOMHUX.
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MeTaniyHi KpucTaniyHi rpaTkU yTBOPWOKTL MeTanu. 3 pisHUMU Tunamu
KpucTaniyHux rpaTok meTanis BM BXe 03Haliomunucs B § 7 (c. 40).

AwmopdHnii ctaH peuosuH. TBEPAi PEUOBMHU, 3aN1€XHO Bif PO3MILLLEHHA CTPYKTYp-
HUX YaCTUHOK y NpPOCTOpi, MOXYTb nepebyBaTW He TiNbKU B KpUCTaniyHoOMy, a il B
aMop(HOMY cTaHi. Lium peyoBmMHam HeBnacTuBa NepiognyHa CTpyKTypa, TOMy il HeMae
XapaKTepHOi 415 KpWUCTaniB MOBTOPHOBAHOCTI OLHOMO i TOMO XX eNeMeHTa CTPYKTypH,
TOGTO BOHM He YTBOPKOKTb KPUCTaNiuHUX rpatok. OgHak B aMOPHUX CNOMYK HasBHa
[lesika y3ro[)KeHiCTb Yy NPOCTOPOBOMY PO3MillleHHI CYCiAHIX 4YaCTMHOK, X04Ya MiTKOi
HanpAMIEHOCTI X, AK Yy KpucTanax, Hemae. BoHa MOdXe 3HMKATK 3i 30iMbLLIEHHAM Bij-
fani nig aiero 30BHIWHIX cul, Hanpuknag y pasi NiABULLEHHA TeMMepaTypu.

AMOpPGHI CNONYKNU YTBOPKOKOTLCA BHACNILOK WBUAKOI0 OX0N04XEHHSA PO3MNNaBiB,
KONMW CTPYKTYPHI YaCTUHKM He BCTUTalOTb 3aliHATM «npasBu/bHi» Micusa, abo nig vac
KOHAeHcauii rasy. 3rogom amop(Hi peyoBMHU KPUCTaNi3yrThes, ane Leli npouec 3a
KiMHaTHUX TemnepaTyp AOCUTb TPUBaNuii.

B amMop(HMX peyoBUMH HeMae YiTKO BM3HAUYeHOi TemnepaTypu nnaBfieHHs. 3a
HarpiBaHHsA BOHW PO3MAKLIYIOTLCA 1 MEPETBOPIOIOTLCA Ha B'A3KY PigMHY.

AMOpP(HHMMMN pPeyYOBMHAMU € CKO, BICK, MIacTUYHa Cipka, niacTMacy, NpUpoaHi Ta
CUHTETUYHI CMONN, AesiKi TiAPOKCMAN. 3pa3Ku aMOphHMUX PeHOBMH 306paXKeH0 Hapuc. 26.

Puc. 26. 3pa3ku amopgHNX pevyoBuH: a — 6ypWTHH; 6 —napagiH; B —nnacTmaca

OTxe, y3aranbH4YY BiJOMOCTI NPO arperaTHi CTaHy pe4yoBMH, JOXOAUMO BUCHO-
BKY, L0 KpUCTaNliyHi PeYOBUHM XapaKTepuU3yOTbCA YiTKOK BMOPALKOBAHICTIO CTPYK-
TYPHUX YACTUHOK i MPaBUIbLHUMKU opMamMy Kpuctanis. AMOP(HI X —HeBNOPALKO-
BaHICTIO PO3MIiLLLEHHA YaCTUHOK i BIACYTHICTIO hopmMun.e

nacyMmoByeEMO BMBYEHE

e TBepaipevyoBUHU NepebyBaloTh Y ABOX CTaHaxX: KPUCTasNiYHOMY i1 aMOopchHOMY.

e Y KpUCTaniyHnx pevyoBmHax €Hepria B3aemMogii MK YacTMHKaMK AYXe Bevka,
LLO CMPUYMHSE CTPYKTYPY KpucTasly neBHOi hopMmn il 06’eMy, Yy 5K YACTUHKK He
MOXYTb BiJIbHO MepemiwaTucs.

e KpucTaniyHi pe4yoBUHMN YTBOPKTb MOJEKYNSPHI, aTOMHi, MOHHI Ta MeTasliyHi
KpuCTaniyHi rpatkm.

e Y By3nax MOMEKYNSAPHUX KPUCTanivyHUX r'paToK PO3MilleHi NonsipHi abo Hemno-
NAPHI MONEKYN. Y KpUCTaNiYHKX rpaTtkax MOeKyn yTpumMyTbCcs 3a 40NOMOro
MiXXMOJIEKYISAPHUX BaHAEepBaaibCoOBUX CU1 B3aEMOJ;.

e ATOMHI KpUCTaniyHi r'paTkn XapakTepuayoTbCs TUM, LIO B iXHIX By3/1ax poO3Mi-
LLIeHi aToMW, CMOJIyY€eHi MiXX CO60K KOBasSIEHTHUMW 3B’A3KaMu.
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« VoHHUM crnosykam BNacTuBi MOHHI KpUcTanivHi rpaTkuy, y By3nax SkMx MiCTATbCSA
NMO3UTMBHO i HEraTMBHO 3apsiXeHi MOHK, L0 YTPUMYIOTLCSA cunamMmmn efnekTpocta-
TUYHOT B3aeMOji.

e Y By3/1ax MeTasliYHUX KPUCTaNiuyHUX I'paToK € Ti/IbKA MO3UTUBHO 3apspXKeHi
MOHMK, IO YTBOPIOKTLCA BHAC/IAOK BTPAT! aTOMamu e/1eKTPOHIB.

+ TBepai peyvoBMHU, 3a/1I€XKHO Bif PO3MILLEHHSA CTPYKTYPHUX YACTMHOK Yy NPOCTOPI,
MOXYTb NnepebyBatv B aMOpP(HOMY CTaHi. iM He BnacTMBa nepiognyHa CTpykK-
Typa, TOMY BOH/ He YTBOPIOIOTb KPUCT alivYHNX 'paToK.

* AMOpP(hHMMMK peyvyoBMHaAMMK € CKMO, BICK, MAacTU4YHa cipka, pi3Hi naactmacu, npu-
POAHI N CUHTETUYHI CMONK, AEsKi rigpoKcuan.

3ABOAHHAANA CAMOKOHTPO/IO

MoSICHITb, Yy SIKUX CTaHax MOXYTb NepebyBaTy TBEPAI PEUOBUHMU.

HaBegiTb Npvknaan KpucTaslivyHyxX Ta aMOpPgIHUX PEYOBUH.

MoACHITb, AKI A B3aEMOAIT MiXX YaCTUHKAMM HasiBHI B KpUCTasliYHMX PEYOBMHAX.
OxapakTepusyinte MexaHi3My YTBOPEHHST KPUCTaNiYHUX I'paTokK: a) MOMIEKYNSAPHMX;
6) MNOHHUX; B) aTOMHUX; I) METaNIYHUX.

5. BusHauTe, MiX SKMMK peyoBUHAMU BifbyBa€eTbCA XiMiYHA B3aemogia: a) Kanii Ta
6pom; 6) marHin Ta cipka; B) LWHK i X/10p; T) a30T i BOAEHb; ) BOAEHb i X1op.
CknagiTb pIBHAHHA peakuiil Ta NOSACHITb, AKWMA TUN KPUCTaNiYHUX rpaToK MaioTb
NPOAYKTUN TXHbOI B3aEMOA,I.

§ 9. 3AJIEXXHICTb ®131MYHIKX BNACTUBOCTEN PEUOBUMH
Bl IXHbOI BYOBU

OnaHyBaBLlIW MaTepian naparpadga, B4 3MoOXeTe:

* MMOACHIOBATMW 3aN€XHICTb Pi3UYHNX BNACTUBOCTEW PeYOBMH Bij iXHbOT 6yA0BMK;
* BUC/OBMOBATW CyI>KEHHA LLOA0 3a/IEXXKHOCTI Mi>K BUKOPUCTAHHAM PEYOBUH Ta
TXHbO ByA0BOIO I BNACTUBOCTAMU.

BnacTtuBocTi peuoBuH 3anexHo Bif ixHboOi 6ygoBu. B iCTOpi'I' PO3BUTKY XiMiYHOT
Hayku 6yB nepiof, KOMM BYeHi Hamaranucs 3’acyBaTu, 3 YOro CkKnafjalTbCd peyo-
BMHM, AKa TXHA O6ynoBa Ta AK BifbyBarOTbCA XiMiUHI NepeTBOPeHHA. 3a JONOMOrot
YNCNEHHUX JOCNifXKeHb 6YN0 BCTAHOB/IEHO, L0 B/IAaCTUBOCTI PEYOBUH 3anexartb Bij
IXHbOro cknafy Ta 6yfoBU. BrvBYaOUM OCHOBHI Kfacu HeopraHiYHWX pPeyoBUH, BU
Ji3Hanucsa npo Te, WO CNiNbHI BNACTUBOCTI KUCNOT MOACHIOKOTHLCA HAABHICTIO B
IXHbOMY cKnafi atoMis [igporeHy, a 0CHOB —HaABHICTIO MiAPOKCUNbHUX rpyn. Teo-
pieto 6ya0BKM opraHiuyHMX CNONYK A0BeAeHO 6e3nocepefHiin 3B’A30K MiXK Oy0BOIO Ta
B/IACTUBOCTAMMN PEYOBUH.

Mpuragaiite OCHOBHI NOMOXEHHA Teopii 6yA0BN OpraHiuYHNX PEYOBUH.

Po3rnaHemMo foKnagHile BNacTUBOCTI TBEPAMX PEYOBMH. AK YXe 3a3Hauyanocs,
XapaKTepHUMM 03HaKaMu TBepAOro cTaHy € HEeBeNWKI Bigaani MK yacTUHKaMM i BUj
XiMIYHOr0 3B’A3KY MK HUMU. Kpim TOro, BaXX/IMBUM € PO3MilLeHHS YaCTUHOK Yy Mpo-
CTOPpI, Bif YO0 3aneXUTb CTaH, y AKOMY nepebyBae TBepAa pevyoBMHa: KpUCTaniuyHui
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a6o amopHuin. KpuctaniyHi pe4oBMHM 3 Pi3HUM TUNOM KPUCTanivyHUX 'paTok MalTb
Heo/HaKOoBI B1aCTMBOCTI.

PeyoBUHM 3 NOHHUMUW KpPUCT aNliYHUMK I'paTKaMW, yTBOPEHI BHACNiLOK B3aEMO-
AiT MDK pi3HOMMEHHO 3apsgXKeHUMMK NOoHamMu, TBEpAi, HeneTKi Ta Kpuxki. Kpuxkictb
noB’a3aHa 3 6y0BO, OCKIJIbKW B pasi CUIbHOIO YAapy AWOHM B KPUCTaMiYHUX IpaTkax
3MiWyoThcA. MO3NTUBHO 3apAMKEHI WOHM NOTPanAflTh Mif AOHU 3 TaKUM caMum
3apagom. Lle x BigbyBaeTbCcs 3 HEraTMBHO 3apAfXKEHWMU iOHaMW. YHacnifok Big-
LWITOBXYBAHHA OAHOMMEHHO 3apALKEHNX YaCTUHOK KpucTan apobutses. Lii peyoBmHM
f06pe po3UnHHI y BOAI, MNaBAATLCA 3a BUCOKMX Temnepatyp. BogHi po3unHun i pos-
niaBn NPOBOAATb €NEKTPUUHWIA CTPYM. TemnepaTypu KUNIHHA TeX BUCOKI.

Pe4yoBMHM 3 MOMEKYNAPHUMM KPUCTaniyHMMK rpaTKamm (NpocTi peyoBUHU-
HemeTann, opraHiyHi pe4oBMHU 3 KOBaJIEHTHUM XiMIYHUM 3B’A3KOM), Y AKUX MOSIEKY-
NV B KpUcCTani yTpuMyoTbCA 3a A0MOMOTrOK0 Ail BaH4epBaanbCOBUX CUJ, NMPOABAAIOTH
34aTHiCTb fo cybnimauii (nepexifg 3 TBEPAOro CTaHy B ras3onofibHuii, MuHatoun pig-
Kunii). Takol peqyoBMHOIO €, HANPUKNAaA, 1iof. BoHu neTki, Mal0Tb HEBUCOKY TBEPAICTb,
HU3bKi TeMNepaTypu MniaBneHHA Ta KUMIHHSA.

Y pevyoBUH 3 MONEKYNAPHUMWU KpuUcTanidyHUMK rpaTkamu (rigporeH xnopug,
rigporeH cynbig, Boga, Kap6oH(lY) okcupg, fLefiki OpraHiyHi Cnonyku TOL,O0)
MK MONEKyfaMu MOXe BMHUKATW LWe /i BOAHEBMI 3B’A30K. 3aBAAKM LbOMY Aello
3MIHIOETLCA TXHA KpUCTaniyHa CTPYKTypa, a OTXe, i BNacTusocTi. [opiBHIOOUYM 3
pevyoBMHAMU 3 KOBaNEHTHUMMW HENONSAPHUMU 3B’A3KaMUW, BOHW MeHLU NeTKi, MalTb
Jewo 6inbly TBEPAICTb, BMLW I TemnepaTypu NMaBfeHHS Ta KUNiHHA. Pe4yoBUHM 3
MONEKYNAPHUMMN KPUCTANIYHUMU IpaTKamu He NPOBOAATL e/IeKTPUYHOTO CTPYMY.

Y pPeYOBMH 3 aTOMHMMW KpUCTaNiYHUMKU rpaTKamy aToMu YTPUMYHOTbCA
3a AOMNOMOrOK KOBANEHTHOrO 3B’A3KY AOCWTb BENWKOI cuau. TOMY peyoBMHaM, Lo
YTBOPHOKOTb aTOMHI KPUCTanu, BNacTUBI BUCOKI TBEPAICTb (anmas, Nicok, KapbopyHa) i
TemnepaTypu NNaB/eHHS Ta KUMiHHA. BOHW HeneTKi, HEPO3YMHHI Y BOAI 1 opraHiyHnx
PO3YMHHUKAX, HE NPOBOAATL ENEKTPUYHOTO CTPYMY.

MeTanam npuTamaHHi MeTaniyHi KpucTaniyHi rpaTku. Cneundika 6yaosu
BNAMBAE Ha iXHi (hisnyHi BnacTmsocTi. Lie TBepai (KpiM pTyTi) pe4oBUHM 3 XapakTep-
HUM MeTaniyHMM 6/IMCKOM, CipOro Kobopy abo 3abapBieHi, eNeKTpo- i Ten0NpoBia-
Hi, MiLHI, KOBKI Ta NNacTUYHI.

B aMopHMX TiNn Hemae NeBHOI TeMnepaTypy NaaBAeHHS, OCKiNbKK 3a HarpiBaHHA
BOHMW He NNaBAATbCA, & NOCTYNOBO PO3MAKLWIYIOTbCA. Hanpuknag, BuBYaoum QisnyHi i
XiMiUHI ABMLLa, BU O3HANOMUANCA 3 JOCNIAOM, SKUA AeMOHCTPYE 3MiHY (DOPMU CKASAHOT
Tpy6ku. Mif yac HarpiBaHHS CK0 He NIaBUTbLCSA, @ PO3M AKLLYETHLCA i TOAI MOXKHA 3MiHW-
TV hopmMy BMpoOBY. 3a NofanbLIOro HarpiBaHHA YTBOPKOETLCA piAka cknonogibHa maca,
AKa, OXONOLKYHOUNCh, CTa€E BA3KILLOKD, 3 MEHLUOK MANHHICTIO. BisyanbHO CKNO BUrNaLae
AK TBEpAa PeyoBMHA, OJHaK Le pifnHa, aKa Mae BENKY BA3KICTb i NANHHICTb. IHaKLwe
aMOpPMHI TifNa po3rnafalTb AK «3aCTUII PIAVHNY», WO He TevyTb 38 3BUYANHUX YMOB.

AmMopHI Tina 3gaTHi KpucTanisyBatucs. Lleit npouec gns pisHUX amopgpHUX Tin
BifOyBaeTbCA 3 pi3HOW WBKMAKICTIO. LLLo6 ckno kpucTtanizysanocs, NnoTpi6Ho 6arato
yacy. KpucTanizoBaHe CKJ/I0 CTAE HEMPO3OPUM i MYTHUM, KPUXKUM, YTPayae MiLHICTb.

[lo amopthHMX TBepAuX Tin HanexaTb aMOpHi MeTann (meTanesi cTekna). Mo-
PIBHIOKOYM 3 BNACTUBOCTAMM 3BUYAHUX MeTaniB, And HUX XapaKTepHi BMCOKI CTiii-
KiCTb 0 KOPO3ii, B’A3KICTb i MiLHiCTb.



Tema 2. XiMmiyHun 3B’A30K i BygoBa peyoBuH B

3acTocyBaHHSA PeUOBUH 3 PISHUMM TUNAMWU KPUCTAaNIYHUX FpaTok. 3 6y,CI,OBO}O Ta Bnac-
TUBOCTAMM PEYOBMH MOB’A3aHe IXHE 3aCTOCYBaHHA. KpucTaniyHi pe4oBUHM, WO YTBO-
PIOIOTb MOHHI KpUCTaniyHi rpatku, 3aCTOCOBYIOThL AK CUPOBUHY A5 f00YBaHHS MeTa-
nis, BUpo6HULTBa OyfiBeNbHUX MaTepianis, MeAMYHUX npenapartis, KepamiyHUX
BMpoGiB, abpasuBHUX MaTepianis, HOBENipHUX BMPOOGIB, Y nabopaTopisix Towo.

BnacTuBOCTi Ta 3aCTOCYBaHHA MOJIEKYNAPHUX CMNOMYK TeX B3AEMOMOB’A3aHI.
Hanpuknag, Kapb6oH(lY) okcug y TeepAoMmy CTaHi Bigomuii sk cyxwii nig. Voro
BMKOPUCTOBYIOTb [/ OXO/IOLXKEHHA XapyoBMX MPOAYKTIB Yy Kade Ta pecropaHax,
nif yac TpaHCNOPTYBaHHA 3aMOPOXXEHMX MPOAYKTIB (pubu 1 M’aca), KOHAUTEPCbKUX
BMPO6iB. [NA OYMLLEHHSA NOBEPXOHb BUKOPUCTOBYIOTb MefeTu i3 Cyxoro nbogy, a B
TeaTpanbHUX NMOCTAHOBKAaX —A15 CTBOPEHHA e(heKTy TyMaHy.

3acToCyBaHHA PEYOBUH 3 aTOMHUMMW KPUCTANiYHUMM rpaTKamu FpYHTYETbCA Ha
IXHi TBepAocTi. Hanpuknag, afiMa3 BUKOPUCTOBYIOTb A4 pi3aHHA CKa Ta NaacTuKy.
3 HbOro BUrOTOBNAKTH KOBEMipHI Npukpacu. AnoTponHa MoAaudikalis anmasy —
rpagiT, AKOMY npuTamaHHi BUCOKWIA piBeEHb M’IKOCTi Ta wWapyBaTicTb 6yfoBu,
LMPOKO 3aCTOCOBYHOTb NS BUTOTOBMEHHA OMiBLiIB; 34aTHICTb rpadity npoBoauTu
eNeKTPUYHWIA CTPYM i TENNO — 415 BUTOTOB/IEHHS enekTpodis. Cuniuin(ly) okeng —
AK 6ypiBenbHWiA martepian, Ans BMPOOGHMUTBA CTEKON | LEMEHTY; KBapL, Ta ioro
Pi3HOBMAM —TeX Y OBENIPHIl crpasi.

LWnpokoro 3acTtocyBaHHA Habynu pevyoBUHU 3 MeTaniYHUMU KPUCTaNivYHUMMK
rpatkamu. Bucoki enekTponpoBifHi BMAacTUBOCTI MeTaniB Yy3ATO 3a OCHOBY
BUTOTOB/IEHHA €/eKTPONPOBOLIB; TeNNONpoBifHICTH — nNpeAMeTiB [OMalIHbLOro
BXUTKY, NO6YTOBNX BUPOG6IB; KOBKICTb I IETKICTb —Y MalMHO-, NiTako-, Kopabne-
W npnnagobyayBaHHI, BUTOTOBEHHI IHCTPYMEHTIB, y OyAiBHULTBI TOWoO0. 3aranom
nepesnik 3acTOCyBaHHA MeTafiB 3 ypaxyBaHHAM iXHiX BlaCTUBOCTEW 3Ha4yHO
BinbLwniA.

BukopucTaHHA BNacTUBOCTeR aMOpHUX PeUOBUH AICTano NOLWMWPEHHA B cy4ac-
Hill TexHiui. Bennky nonynspHicTb MaloTb MeTaneBi cniasu. Y MegUUNHI 3aCTOCOBY-
I0Tb aMOPHI cnnaBu, 3 AKUX POBNATL FTBUHTU Ta NNACTUHMN ANA 3’€A4HAHHA 3n1aMaHUX
KicTOK. BOHM MiLHiWi 3a TUTAaHOBI NAacTWUHW, ane 3 YacoM po3nafatoTbCA M 3aMiHIO-
I0TbCS Ha KiCTKOBY TKaHWHY. AMOP(HI cnnaBu BUKOPUCTOBYIOTb AJiA BUTOTOB/EHHS
IHCTPYMEHTIB, NPYXWUH | AeTanel pisHNUX MexaHi3miB.

3acTOCOBYOTb TaKOX | aMOp(HUA ByrneLb, BIiJOMUIA AK caxa il gepeBHe BYrinns.
Ca>Ky BUKOpPUCTOBYIOTb AN A06yBaHHA Tymu, ApyKapcbkoi tapbu Towo. [depeBHe
BYrifNSl —AK BiAHOBHWK Nif yac BMMNaB/eHHS YaBYyHY Ta cTai, 415 BUTOTOB/IEHHS
YOPHOro MOpoXy, Yy NpoTurasax, y MeauuUunHi Ak aacopbeHT. YHikaNbHi B1acTUBOCTI
amMop(HMX PeYOBUH BigKPNBAKOTb HOBI NEPCMEKTUBUN B TXHbOMY 3aCTOCYBAHHI.

HasejeHi BMLLe NpUKNaaM HayKoBO A0BOAATb B3aEMO3B’A30K MK 6y0BOIO peyo-
BWH, IXHIMW BNacTUBOCTAMMU Ta 3aCTOCYBAHHAM.

nacymMmoByeEMO BUBUEHE

» KpucTtaniuHi 1 amopHi pevyoBUHM MaroTb pi3Hy 6ygoBY, Lo 6e3nocepejHbO BMAW-
Ba€ Ha IxHi B/1IaCTUBOCTI.

* PeyoBMHU 3 MOHHUMWU KpuUcTaniyHMmMu rpaTkamy J06pe PO3UUHHI Yy BOfi,
MatoTb BMCOKI TemMmepaTypy MNaBfeHHA Ta KuNiHHA. BogHi posumHM 1A po3nnasu
e/1leKTPONpPOBIaHI.
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PeuyoBUHU 3 MOMIEKYIAPHUMU KPUCT aNiyHUMK I'paTKamMy NPOsIB/SAIOTL 34aT-
HICTb 40 cy6nimauii, TO6TO MOXYTb NepexoauTh 3 TBEpPAO0ro ctaHy B ra3onogi6-
HWIA, MUHalouM piakuii. BoHn neTki, MatoTb HEBE/IMKY TBEPAICTb, HU3bKI Temnepa-
TYpWU NMIABIEHHS Ta KUMIHHSA, HE MPOBOAATH €/1EKTPUYHOTO CTPYMY.
Y peyoBVH 3 MOJIEKYASAPHUMM KPUCTaNIIUHUMMK I'paTKamMu MK MOJieKyiamu
MOX€ BWMHUKaTV BOAHEBUIA 3B’A30K. 3aBASKMA LibOMY BOHU MEHLU NIETKi, HDK pevo-
BMHUW 3 KOB/IEHTHUMU HEMNOMSIPHMMM 3B’SI3KaMu, MarTb TPOXM BifblUy TBEPAICTb,
BULLj TEMMepaTypy NAaB/IEHHS Ta KUMiHHS.
PeuyoBUHM 3 aTOMHUMU KpUCTaliYHUMU r'paTKaMy JyXe TBEpAi, MaloTb BUCOKI
Temnepatypu MnaBfeHHS Ta KWNIHHA, HeneTki, HepO34MHHI Yy BOAI i opraHivyHux
PO3YMHHMKAX, HE MPOBOAATb ENEKTPUYHOIO CTPYMY.
MeTanam BnacTvBi MeTaniuHi KpucTasniuHi rpaTkn. Cneuncpika 6ygoBm 3ymMOB-
NII0E IXHI0 TBEPAICTb (KpiM PTyTi), XapakTepHUn MeTanivyHnii 61nCK, enekTpo- W
TEeNA0MNPOBIAHICTb, MILHICTb, KOBKICTb i NNACTUYHICTb.
B amopdHMX Tin BigCyTHA TemnepaTypa NnaB/feHHs, OCKIMIbKM 3a HarpiBaHHS BOHU
He MNaB/ATLCS, a NOCTYNOBO PO3M'SKLIYIOTLCS; 34aTHI KpucTastisyBaTuncs. AMOpPCHi
MeTan (MeTaneBi CTeka), NOPIBHIOKYN 3 BNACTUBOCTAMU METasiB, XapakTepusy-
FOTbCS BMCOKOLO CTIMKICTIO 10 KOPO3ii, B'A3KICTIO Ta MiLHICTIO.

3ABJAHHAONA CAMOKOHTPO/IO
1

HaBegiTb Npuknagn KpUcTaslivyHUx Ta aMOPgIHNX PEYOBUH.
MOACHITb Bi4MIHHOCTI MiXX KpUCTaniyHUMK i aMOpPgOHUMK PEYOBUHAMMN.

MosicHITb, SiK 3anexaTb B/IACTUBOCTI i 3aCTOCYBaHHA PEYOBUH 3 KPUCTasiYHUMM
rpatkamu: a) WOHHUMU; 6) MONEKYNSAPHUMU; B) aTOMHUMWU; ) METATIHHUMU.

HaBegiTb Npuknaay 3acToCyBaHHsSI KpUCTasTiYHMX Ta aMOPIHUX PEYOBVH.

BucnoBTe CyaXeHHS LWOAO0 3aNeXHOCTI MK BUKOPUCTAHHAM PEYOBUH Ta TXHbOIO
6y0BO0 | BIACTUBOCTSMW.

LIIKABO 3HATIA
* Y 1959 p. aHrnivicekuii isnkx. . BepHan NpoBiB LikaBi JOCNIAW: BiH y35B 6arato

MasIEHbKUX MIaCTUMIHOBMX Ky/IbOK OAHAKOBOrO PO3Mipy, o6GKauaB ixX Yy KpergsHili
Myapi Ta CNpecyBaB Y Be/MKUIA KOM. SIK HACMifoK, Ky/bKi AetiopMyBasIiCh Y MHOFO-
rPaHHVKN. BrsSIBUIOCS, LLO MPpY LibOMY YTBOPHOBA/IACS MEPEBAXKHO M’ATUKYTHI FpaHi,
a MHOTOrPaHHUKY Masiv B cepefHboMy 13,3 rpaHi. Oke, sIKMiAcb NOPsgoK B amopd-
HUX PEYOBUHAX, 6E3YMOBHO,E.

* Y1960 p. B KanithopHicbKOMY TEXHOMOTIYHOMY IHCTUTYTI FPYMOK BYEHMX Mif KepiB-

HUUTBOM npodecopa M. Aiosesa (aHrn. Pol Duwez) 6yno oTpumMaHO MeTasieBe
CK/10 AUTSSIZS, Tak po3noYvasnocsl BUBYEHHS MeTasiB, LLO rnepebyBarloTb B amMopHOMY
cTaHi. Llei Ta iHW amopdHi MeTanmn 6ynn oTpMMaHi LLISXOM eKCTPEMaIbHO LUBUS-
KOr0 OXOSI0KEHHS.

HABUYAJIbHITIPOEKTN

1. 3acTocyBaHHA PigKMX KpUCTaIIB.

2. BrykopucTaHHA PeYOBUH 3 PI3HUMW BULAMW XiMIUHMX 3B ’A3KIB Y TEXHILL.
3. 3HaueHHS BOAHEBOro 3B’A3KY /1A opraHisauii CTpyKTyp 6ionosnimMepis.
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TUNW KPUCTANIYHNX FPATOK | @13V 4YHI BNACTVBOCTI PEHYOBVIH

MOHHI

[o6pe
PO34YMHHI Y BOA],
MatoTb BUCOKI
TemnepaTypu
nAaBAeHHs
Ta KUMiHHSA.
BoaHi po3yunHn
i po3nnasu
enekTpo-
NpOoBIiAHi.

MONEKYNAPHI

cP @QCP

PeuyoBuHn 3patHi
fo cybnimauii,
BOHW NEeTKi, MalThb
HeBesvKy TBep-
OiCTb, HU3bKI TeM-
nepartypv nias-
NIEHHS Ta KWMNiHHS,
He NpoBOAATb
€N1eKTPUYHOro

CTpymy.

PeyoBMHM 3 KOBAJIEHTHUMW NOASIPHAMM
3B’AI3KaMV MEHLU NEeTKi, HiXX PeYOBMHU 3
HENoNSAPHUMMU 3B’A3KaMu, MaloTb TPOXM
6inbly TBEPAICTb, BUL TeMnepaTypu
NaBMEHHS Ta KMMiHHS.

ATOMHI

Lyxe TBepai,
MatTb BUCOKI TEM-

nepartypu nna.-
JIEHHS Ta KWMNiHHS,
HesneTki, Hepo3-
UYNMHHI y BOAj  opra-
HIYHUX PO3YUHHU-
Kax, He NMpoBOAATb
€eNeKTPUYHOro

CTpymy.

METAJTIYHI

Teepai
(kpim pTyTi),
MatoTb
XapakTepHui

MeTasTiuHniA 6/INCK,

€NeKTpo-

" TennonposigHi,

MiL{Hi, KOBKi,
NJaCTUYHI.

KpucTtanu

XasibKaHTUT
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AMOP®HWIN CTAH PEHOBVIH

AMOpdHI—TBeEpPAi PEYOBUHU, AKMM HEBACTMBA NMepiognyHa CTPYKTypa,
TOMY BOHM He YTBOPKOKTb KPUCTaNiYHUX I'paTok.



§10. HEOBOPOTHI 1 OBOPOTHI XIMIYHI MPOLIECU

OnaHyBaBLlIW MaTepian naparpadga, B4 3MOXeTe:

e Ha3MBaTW HEOBOPOTHI 11 060POTHI XiMiYHI peakw,il;

e HaBOAUTY MPUKNALN HEOBOPOTHMUX M 06OPOTHMUX XIMIYHUX peakLii;

* PO3PI3HATMN HEOOOPOTHI i 06OPOTHI XiMiUHI peaku,iT;

* MOSICHIOBATM MOHATTA «NpsAMa peakLisi», «060poTHa peakLyis»;

» 06rpyHTOBYBATM 3HAYEHHSA 06OPOTHUX NPOLIECiB Y AOBKINMI Ta MPOMMCIOBUX
BMPOOGHMULTBAX.

Bam yxe BifjoMO, WO XiMiYyHi peakuii MalTb Be/IMKe MPaKTUUYHE 3HAYEHHS ANf
mogei. Peakuyii, ski Bu BMBYanu B 7-10 knacax, KnacugikyBanmcs 3a 03HaKaMu:
3MiHa KifIbKOCTI Ta CKfafy peareHTiB i MPOAYKTIB peakuiin (Cnony4yeHHs, po3knagy,
3amileHHs, 060MiHy); TennoBuid edekT XiMiYHMX peakuid (ek30TepMmiuHi W
EHA0TEPMIYHI); yYyacTb KaTanizatopiB (KaTaniTU4HI i HEKaTaniTUYHI); 3MiHa CTyMeHIB
OKWCHEHHS eNIeMEHTIB, WO BXOAATb [0 CKfMajy peyoBUMH (OKUCHO-BIAHOBHI Ta

HEOKMNCHO-BI4HOBHI); HanpsaMKoMm nepebiry (Heo6opoTHI i 060pOTHI). Po3rnaHemo
JOKNnafHiwe peakuii, LWo XapakTepn3yoTbCA HANPAMKOM nepeoiry.

Heo6opoTHi i1 o6opoTHi peakuii. BUBYaoumn XiMiYHi NEPETBOPEHHSA, BU O3Haltomu-
nncs 3 ymoBaMuy nepebiry peakyin ioHHOro obmiHy. Lle, 30kpemMa, BUnagaHHs ocagy,
BUAINEHHS rasy, YTBOPEHHS ManoAucoLiioBaHOl pevyoBuHU. 3a UMX YMOB peareHTu
NepeTBOPKOOTLCA Ha iHLWI cnofyku. Taki peakuii BifbyBaOTbCA B OLHOMY HanpsamKy,
OCKIiNbKW 3 OTPUMAHUX MPOAYKTIB peakyil fo6yTU peareHTW He MoXHa. LLLo6 nepe-
KOHaTUCH B LbOMY, NPOBeAeMO LOCigN.

Jocnig 1 B3aemogis po3unHy cynbaTHOT KUCNOTHY 3 PO34NHOM Gapiii rigpokcnay.
Hannemo po3umH cynbdatHoi Kucnotn obemom 1,5-2 mn y npobipky i AoNneEMO
Takuin camuini 06’em po3umHy bapiin rigpokcugy. PiBHAHHA peakuil:

H9S04+ Ba(OH)9=BaS041+ 2H®D.

3 piBHAHHA peakuyii 6auMmMo, L0 BUNaB ocaj il yTBopmnaaca ManogncolinosaHa pe-
4yoBMHa —BoOga. [o6yTn 3 NPOAYKTIB peakuii cynbaTHy KACNOTY i1 6apili rigpokeng
NPakTUYHO HEMOXJIMBO.

OTXe, Us peakuia BigbyBaeTbca B 04HOMY HanpsaMKy, TOX € HEOBOPOTHOHO.

Locnig 2. B3aemogisi po3umHy cTaHOBOT KMCNOTW 3 Kanbliih kapboHaToM. Hacun-
NnemMo nogpibHeHW A Kanbuiin kapboHaT y nNpobipKy W LONMIEMO PO3YMH ETaHOBOI
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Kucnotu. CnoctepiraTumemMo 6ypxnmee BUAINEHHA rasy, 4ONOKW OLWUH 3 peareHTiB
MOBHICTIO He BUTPATMTbCA. LA peakuis Texx HEO60POTHA, OCKiNbKW OAHUM 3 NPOAYK-
TiB peakuil 6yB ras. PiBHAHHSA peakuii:

CaC03+ 2CH3C,00H = (CH3C00),Ca + CO,T+ H,0.

CknagiTb CamMOCTIiHO PIBHSAHHA peakuii, nif vac SkMx Bunagae ocag, i BUAINsSeTbCs ras.

HeobopoTHi peakLii —ue XimiuHi peakuyii, Wo Big6yBaldTbCa B Of4HOMY
HanpsAMKYy # 3aBepwylTbCA MNOBHUM MNepPeTBOPEHHAM peareHTiB Ha
NPoAYyKTU peakuit.

HaBegemo knacuuyHuii npuknag o60poTHOT peakyil, 3 AKOK BU 03HANOMUIUCH Y
Kypci ximii 9 knacy.

[Jocnig 3. Peakuis po3knagy aMoHili xnopugy. Hacunnemo KpucTaniyuHuiA amoHili
Xnopug macot 2,5-3 1y Benumky npobipky. 3akpuemo ii 0TBip KOPKOM i3 CK/10BaTH.
Ob6epexHO nporpiemo nNpob6ipKy B340BX, a MOTIM Tam, fe MicTUTbCA cinb. Mig vac
HarpiBaHHA amOHI Xnopup po3kiafaeTbCA, TOX 4epe3 [eAKWUiA 4Yac y BepxHil
YacTWHI NPOGIPKM HAKONUYUTBLCS TYCTUA M. 3rogoM Ha CTiHKax Npo6ipKu 3Bepxy
3'ABNATLCA KPUCTANNKK CONi 3 YTBOPEHUX NPOAYKTIB po3knagy. Lle HoBoyTBOpeHuMiA
aMOHiIW xnopug.

OTXe, y npobipui ofHOYaCcHO Bigbynuca ABi peakuii: NpsaMa —peakuis posknagy
aMOHI XnopuAay Ha amoHiaK i rigporeH xnopug i 3B0POTHa —peakL i CoayYeHHA 3
YTBOPEHHSIM aMOoHili xnopugy (puc. 27).

Peakuiss po3knagy il yTBOPEHHA aMOHiii xsopuay

NHACI —NH3T + HCl — npsima peakuis

NH3+ HClI —NHA4CI — 3BOpOTHa peakuisi

Puc. 27. Cxema npsimoi Ta 3BOPOTHOT peakLiii pos3knagy
I yTBOPEHHS aMOHIi xnopugy

O60pOoTHI peakuii 3anucylTb OAHUM XiIMIYHUM PpPIBHAHHAM, Yy AKOMY MiX
peareHTamu /i NPOAYKTaMu peakyii cTaBAATb ABi MPOTWUIEXKHO HaNPAMEHI CTPIKK.
Hanpuknag, peakuito po3knagy Ta yTBOPEHHA aMOHIl X10puay 3anuiiemMo Tak:

NH4C1 NH3T+ HCI.

O60poTHI peakuUil —ue ximiyHi peakuii, sKi ogHoYacHO BifbyBalTbHCA Y
[BOX MPOTUNIEXHUX HanpsiMKax (MPSMOMY Ta 3BOPOTHOMY).



§ 10. Heo60pOTHI 1 060POTHI XiMiYHI Npouecu

3 HaueHHsA O06OPOTHUX MpouUeciB y AOBKiNAI Ta NPOMUCNOBUX BUPOBGHULTBAX.
O60poTHI peakuii BigbyBaThca 1 y npupogi. Lle nepeTBOpeHHA KWMCHIO Ha 030H i
030HY Ha KUCeHb; YTBOPeHHA Mig yac rpo3u HiTporeH(ll) okcugy i po3nag inoro go
BUXILHMUX PEYOBUH; OKUCHeHHA HiTporeH(ll) okcugy po HiTporeH(lY) okcugy, AKuii
3HOBY po3knagaetbcs Ao HiTporeH(ll) okcnay i KucHio (puc. 28).

2NO + 02*2N02 — npsAma peakujs

<*>% - B ® o

2N02—2NO + 02— 3BOpOTHa peakuisi

Puc 28. Cxema npsaMoi Ta 3BOPOTHOI peakLiiil yTBOPEHHSA
i posknagy HitporeH (1V) okeugy

[0 060pOTHMX HanexaTb peakuyii B3aEMogil BOAHIO 3 M040M, BOAHIO 3 a30TOM, BOAN
i3 cynspyp(lY) okecngom, cynbpyp(lY) okcmay 3 KUCHEM TOLLO.

O60pOTHI peakuii He BUTiAHI B NPOMUCNOBMX NpoLecax, OCKiNbKn BUXig noTpi6-
HUX PEYOBUH MPAKTUYHO AY>XXe Manuii, eheKTUBHICTb BUPOOHMNLTBA € HU3bKOIO.

[na Bpo6HNYOro NpoLecy BaX/MBO 3HATU YMOBY Mepebiry peakyili Ta YAHHUKMA,
L0 BNANBAKTH Ha 30iNbWIEHHA BUXO4Y NPOAYKTY. AK UbOro AocArarTb, PO3rnsHemMo
B HacTynHoMy naparpadgi.

niacyMmoBYEMO BUBYEHE

¢ XiMiyHi peakuii 3a HanpsiMKOM nepeo6iry noAinsATe Ha HEO6OPOTHI 1 06OPOTHI.

e XimiyHi peakujii, Wo BigdbyBalOTbCA B OAHOMY HanpsMKY /i 3aBepLUYOTbLCA MOBHUM
NepeTBOPEHHSIM peareHTiB Ha NPOAYKTW peakLii, Ha3nBaTb HE0H60POTHUMU.

e XimiyHi peakuii, ki ogHoOYacHO BigOyBalOTbCS Yy ABOX MPOTUNEXHMX HanpsiMKax
(NnpsiMomy i 3BOPOTHOMY), HasnBalTb 060POTHUMN.

3ABAJAHHAONA CAMOKOHTPOI/O

1. CdoopmyritoitTe BU3HAYEHHS MOHATb «HEOOOPOTHA peakLisi», «060POTHA peakLis.
2. HasBiTb YMHHMKK, 3a AKUX peakuii e He0BOPOTHUMM.
3. Hasepgitb npuknaam Heob60pPOTHUX Ta 06OPOTHUX peakLii.
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4. YkaxiTb ABa psgun, Y AKMX HaBeeHO CXEMU TiNIbKM HEOBOPOTHMX peakLii.

A HCl + AgN03->; BaCl2+ Na2s04-> B N2+ H2 ;S02+02->

B NO +02->;CaC03-> I AICI3+ NaOH -> ; Fe(N032+ KOH ->
5. YKaxiTb ABa psau, y AKX HaBe4eHO CXeMU Ti/IbKN 060POTHMX peakLiii.

A HCI + AgN03->; BaCl2+ NaZs04-> B NH4Cl -> ; HO ->

B NO + 02— ; CaCOg — FH2+ 2— ; N2+ 02—
6. [JonuwiTe Npasi YaCTUHWN PiBHAHb peakLiii, o06epiTb KoediLlieHTn:
a) AgNOg + NaCl 6) Zn(OH)2+ HZS04" ... ; b)N2+ H2~ .. .;
N Nazs04+ BaCl2™ ... ; 1) NH3+ HD 4) Na2s03+ HZS 040

7. Y pasi 3anaMOpOYeHHs1 MOAMHI MiAHOCATbL A0 HOCA LUIMAaTOYOK BaTW, 3MOYEHWUIA
HalaTUpHUM CNMPTOM. [OSICHITb, KKy PEYOBMHY B MeAWLMHI Ha3MBalTb Halla-
TUPHUM CNUPTOM Ta flka peakuis BigbdyBaeTbCs Mifg Yac NOro 3acToCyBaHHS.

8. Mig ajieto Ha KanbLjii kapboHAaT BUCOKOT TemnepaTypu Buainunecs ras o6’emom 4,48 n
(H. y.). O6umncniTb Macy KasbLiii kapboHaTy, WO BCTYNMB Y peakuito po3kiagy.

9. Hatpiii kap6oHaT 3 MacoBOH YacTkow Aomiwok 20 % nigganu Aji eTaHOBOT KUCIOTK
[0 MOBHOI IXHbOI B3aemogii. O6uncNiTb Macy yTBOPEHOI COMi, Ha3BITb fi.

§11. XIMIYHA PIBHOBAIA. MPUHLUWIM JIE LUATENTbE
| OnaHyBaBwWMK MaTepian naparpada, B1M 3MOXeTe:

 MNOSICHIOBATMW, WO Take XiMiyHa piBHOBara; BNiMB Pi3HUX YMHHUKIB Ha 3Mi-
LW eHHA XiMiYHOT piBHOBaru;

e XapaKTepu3yBaTW cyTb XiMiYHOT piBHOBAru;

e Ao6UMpaTM yMOBM 3MilleHHS XiMiyHOT piBHOBarn 060OPOTHUX MNPOLECIB Ha
OCHOBI npuHuuny Jle WWaTenbe;

* BUC/IOB/IOBATM CYL>KEHHS NPO 3HaYeHHA npuHuuny Jle LLlaTenbe B KepyBaHHi
XiMiYHUMM npouecamu.

XimiuHa pisHosara. Bam yxe BigfoMo, L0 Nig 4yac 060pOTHUX peakLiii Pe4OBUHUN He
BMTPaA4alOTbCA NOBHICTHO. Y TBOPEHI NPOAYKTY 3HOBY B3aEMOJIOTbH MiXK COH0H0 3a TUX
caMmux ymoB. Hanpuknag, B3aemogis cynb@yp(lY) okcuay 3 KUCHEM 3a TeMnepatypu
450 °C Ta HasiBHOCTI KaTafnizaTopa O4HOYAaCHO BigbyBaeTbCsA Y ABOX HanpsaMKax, TO6TO
3LIACHIOIOTLCA NpAMa I 3BOPOTHA peakuii:

2SO0, + O, 2S503.

Mig vac nepebiry npsmMol peakuii KOHUEHTpalis peareHTiB 3MEHLIYETLCH,
OCKi/IbKM BOHUW BUTPaYaloTbCA Ha YTBOPEHHA NPOAYKTiB. OfiHaK HACTaE MOMEHT, KOK
KOHLeHTpaLis NpoAyKTiB peakuii pi3ko 3pocTae, a WBUAKOCTI MPAMOT Ta 3BOPOTHOI
peakuiii cTalTb OfHAKOBWMW, TOOTO 3pPiBHOBAXYKTbCA. Takuii CTaH cuUcTemMu
Ha3uBaloTb XiMIUHO PiBHOBArO010.

3a3HaumMmo, L0 B CTaHi piBHOBAru XimiuHi peakuyii He npuNuUHAITLCA. Lle 03Hauae,
L0 33 O4MHMLI0 Yacy KiNbKiCTb MOMEKY/, L0 YTBOPIOKOTLCA Mif Yac NpaMoi peakuii,
LOPIBHIOE KiNbKOCTI MOMEKY, L0 YTBOPKOKOTLCA Mig Yac 3B0OpoTHOI (puc. 29).



§11. XimiyHa piBHoBara. MpuHuun Jle Watense

npsmoi 3B0POT HOT

Puc. 29. Cxema npsiMoi Ta 3BOPOTHOT peakLiit

XiMiyHa piBHOBara —uge CTaH CUCTEMU, KONW LWIBUAKICTb MPAMOI peakuii
3piBHOBAXYETHCA 3i LWUBUAKICTIO 3BOPOTHOT peakuil.

YMOBW 3MillleHHs XiMiuHOT piBHOBarn o6opoTHux npouecis. CTaH XiMiYHOT piBHOBaFI/I
€ 30MTKOBMM Yy XiMiYHOMY BMPOGHMLUTBI. TOMY BY€EHI po3noyann nowyk cnocobis 3mi-
LW eHHA piBHOBary B 6ik NpoAyKTiB peakuil. 1o YAHHWKIB, L0 BNANBAOTb HA 3MilLLeHHA
piBHOBaru, Hanexartb 3MiHWM TemmepaTypu, TUCKY Ta KOHUeHTpauii. O3HalioMumocs
[LoKnagHilwe, AK Ui YWHHUKN AiI0Tb Ha 3MiLLeHHA XiMiYHOT piBHOBAru.

Bnaue 3miHM TemnepaTypu. lMeBHy icTOpilo Mae NpPOMMUCOBE BUPOBHMLTBO
aMOHiaKy 3 a30Ty Ta BOAHI0. LA peakuis ek3oTepMidyHa, TOMY nif Yyac peakuii Bugins-
€TbCA TennoTta. PiBHAHHA peakuil:

N, + 3H9  2NH3 AH= -92 k[X/M0nb.

OueBUAHO, L0 NpoLec po3knasy amoHiaky (3BOPOTHa peakLisl) € eHLOTepMiYHUM.
ToMy 3 NiJBULLEHHAM TeMmnepaTypu piBHOBara peakuii 3micTUTbCA B GiK po3knagy
aMOHiaKy, OCKiflbKM Npouec CynpoBOMXKYETbCA MOrNNHAHHAM TennoTu. Lle npoTugie
NigBULLEHHIO TeMnepaTypu. ToX AN 3MileHHA piBHOBary B 6iK BUXOAY amOHiaKy
CYMilll peareHTiB HEOOXigHO OX0/I0A4XKYBaTH.

OTXe, NiABULLEHHS TemnepaTypu 3MilLye XiMiyHy piBHOBary B 6ik eHLOTepPMiYHOT
peakuii, 3HMKEHHA TemMnepaTypu —Y 6iK eK30TepMidHoL.

Bnnue 3MiHM TUCKY. Ha cTaH XimMiyHOT piBHOBarn rasonofi6H1MX peyoBUH BMNAMBAE
TUCK. Po3rnajalyn B LbOMY acnekTi peakuito fobysaHHA aMOHiaky, 6a4umo, WO 3
4oTUPLOX 06'eMiB rasis, WO BCTyNanu B peakLito, yTBOPHOETLCA ABa 06’eMU aMOHiaky.
MigBULLEHHS TUCKY 3MiLllye piBHOBaAry B 6ik npamoi peakuii i, BignosigHo, Bif0yBaeThCA
3HWXXEHHS TUCKY B CUCTEMI.

OTxe, NiABULLEHHA TUCKY 3Millye XiMiyHY piBHOBary B OiK, L0 3YMOBOE 3MEH-
LLUEHHA 06eMy, @ 3HU>KEHHS TUCKY —Y BiK 306iNbLUEHHSI 06’EMY PEHOBUH, LLO pearytTb.

BnanB 3mMiHWN KOHLEeHTpaLii. 3miHa KOHLEeHTpaLil ofHiel 3 pe4oBuH, Lo nepebyBsa-
I0Tb Y CTaHi XiMi4YHOI piBHOBArn, 3yMOB/IIOE 3MilLeHHSA pPiBHOBArn B 6iK 3MeHLIEHHA
KOHLeHTpauii. Hanpuknag, po3rnsHemMo peakuito ectepudikauii, Lo € 060pOTHOH:

0]
/
CH3C  +HO-C,H5: CTT-C +HD.
OH 0 c2ub
AKWO 36iNbWNTN KOHLEHTpALit0 eTaHOBOI KUCNOTM abo eTaHONy, TO piBHOBara

3MICTUTbCA B BiK YTBOPEHHA ecTepy. [pyruii cnoci6 3milieHHs piBHOBaru B 6ik yTBO-
pPeHHA NPOAYKTY —3abpaTtu i3 CUCTEMU OfMH 3 NPOAYKTIB peakuii (Hanpuknag, Bogy).
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OTxe, [0flaBaHHsA B CUCTeEMY, WO nepebyBae B CTaHi XiMiYHOT piBHOBaru, ogHo-
ro 3 peareHTiB 3Millye piBHOBary B 6iK yTBOPEHHA MPOAYKTIiB peakuii. Takuii camum
e(PeKT OTPUMYIOTb, AKLWO BUBECTH i3 CUCTEMU OAMH 3 NPOAYKTIB peakyii. AKWOo >
30inblyBATUN KOHUEHTpaLito OAHOro 3 NPOAYKTIB, TO peakuyis 3MilyeThes B bikpea-
reHTiB.

BnanB 30BHILHIX YAHHMKIB HA CTaH XiMiYHOT piBHOBary BU3HavalTb 3a NpaBuIoM,
Aake 6yno copmynboBaHe B 1884 p. A. J1. Jle LLlaTenbe Ta Aictano Ha3sy NPUHLAN
e LLlaTenbe.

AKWOo Ha cucTemy, Wo nepebyBae B CTaHi XiMiYHOT piBHOBaru, nogiaTu
330BHI (3MIHUTK TemnepaTypy, TUCK abo KOHLeHTpaLito), To piBHOBara
3MICTUTLCA B BiK, MPOTWU/IEXHWNIA CTBOPEHIA YMOBI.

AHpi Nyi Ne WaTenbe (1850-1936) — dpaHUy3bkuii
i3uk i Ximik. HaBuaBcsa B konexi PonnaH y Mapwxi, Monitex-
HiYHIA WwKoni Ta Buwin ripHmyii wkoni. OgHoOYacHO cnyxaB
nekuii B Konex ge ®paHc. Micns 3akiHYeHHA Buwoi ripHnyoi
LWKOMX MpauytoBaB FipHUYMM iHXeHepom B Amxupi. 3 1877 no
1919 p. 6yB npodpecopomMm Buwyoi ripHmyoi wkonu B Mapuxi, y
1898-1907 pp. — npochecopom kadpegpw 3arasibHOI XiMii B
Konex ge ®paHc, y 1907-1925 pp. — npodecopom MNapusb-
Koro yHiBepcuteTty. ¥ 1907 p. 6yB 06paHuin yneHom Mapunsbkoi
akagemii Hayk.

BinbuwicTb pob6iT Jle LaTtenbe npucesayeHa npuknagHumMm npobnaemam. Y 1884 p.
cchopmynoBaB NpUHUMN (Has3BaHWi KOro iM’'aAM), SIKAA BUKOPUCTOBYETLCS AJ1A
MOENIBaHHA Pi3HUX BMPOOGHMUMX npoueciB. Y 1901 p. 3anponoHyBas YMOBW A1
NPOMMC/IOBOIO CUHTE3Y aMOHiaky. 3a akTMBHOI y4yacTi BYEHOro qianyHa Ximis 1
XiMiYHa TEXHO/I0riA NepeTBOPUIMCA Ha CaMOCTIHI rasnysi Hayku. 3a CBOK HayKoBY
LiSINbHICTb BYB YAOCTOEHWI 6araTboX MOYECHMX HAropo.

- )

BukopuctaHHA KaTanisatopis He BN/MBAE HA 3MiLLLeHHA XiMiYHOT piBHOBArun, Tomy
1,0 BOHM OHAKOBO MPULIBMALIYIOTb NPAMY i 3BOPOTHY peakLii.

3 nauennsa npunuyuny fle Wartense. MpuHumnn fle LLlaTense mae Barome 3Ha4yeHHs
B XiMiYHOMY BMPOGHMUTBI. BiH fae 3mory nepef6aynty HanpsAMoK nepebéiry XiMmivHoi
peakuii 3a pi3HUX YMOB i, 0T>XKe, KepyBaTu BUPOOHUYNMU NPOLECAMMU.

MpuHunn Ne WaTensbe BaXnueuii NS Npouecis, Wo BigdysatTboCs B 6iochepi.
Bam yxe Bigomo, wo 6i0NOriYHO aKTMBHI PEYOBUHM MOCTIAHO LUPKYNHOKTL Y
Giocpepi, To6TO 3gilicH0eTbCA Ti camoperynsauis. BoHa MigTpUMYeTbCS 3aBASKU
npupogHUM 6ionoriyHUM npouecam >XMBUX opradiamis. MpuHumn Jle Latense
MOSICHIOE CTINKICTb AOBKINAA TaK: YCi reoi3nyHi it KOCMIiYHi 3MiHW KOMMNEHCYHOThCA
3MiHaMKN y (YHKLiOHYBaHHI XWUBUX opraHisamis. Lli opraHismu pasoMm 3 JOBKiNAAM
thopmyoTb 6iocepy Hawoi nnaHeTu. 3MiHWM NpUpoaHUX 6GioNOriYHMUX npolecis,
MOB’A3aHUX 3 XWBUMMW OpraHismamu, Npu3BoAATbL 4O MOPYLEHHA YMOB HAaBKOMNLU -
HbOro cepegosuwa. OTXe, KOXHa NOAMHA NOBUHHA Nam’ATaTu, WO BTPYYaHHSA
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B MPUPOAHI npouecy AOBKINAA MOXe CIPUYNHUTM BiANOBIAHI €KONOTiYHI He3BOPOT-
Hi HacnigKM Ha WKoAy camili N AWHI.

nacyMmoBYEMO BUBYEHE

XimiuHa piBHOBara — CTaH CUCTEMMW, KO/M LUBMAKICTb NPSAMOI peakuii 3piBHOBa-
XYETbCA 3i LWBUAKICTIO 3BOPOTHOT peakLil.

Ha cTaH XiMiyHOT piBHOBary BNAMBatOTb 3MiHW TemrnepaTypu, TUCKY, KOHLEHTpaLlii.
MigBuLWEHHs TemnepaTypu 3Millye XiMiyHYy piBHoOBary B 6ik eHAOTepPMiyHOT
peakuii, 3HMKEHHS TemnepaTypn —Yy 6iKk eK30TepMiUHOI.

[na rasis nigBuULLLEHHA TUCKY 3MiWy€e piBHOBary B 6iK, O CMPUYNHAE 3MEH-
LWeHHS 06’eMy, a 3HWKEHHA —Y BiK 36iNbLIEeHHS 06’€eMY PeYOBUH, LLLO pea-
ryloThb.

JopnaBaHHs B cucTemy, WO nepebyBae B CTaHi XiMi4YHOI piBHOBaru, 04HOro 3 peareH-
TiB 3Milly€e piBHOBary B 6ik yTBOpPEHHS NpoAyKTiB peakuii. Edekt 6yge Takuii
CaMUin, SIKLLO BMBECTM i3 CUCTEMU OAMH 3 NPOAYKTIB peaky,ii. FAKLO X 36inbLuy-
BaTW KOHLEHTpAaL,il0 04HOr0 3 NPOAYKTIB, TO peakLiisi 3MiICTUTbLCS B 6ik peareHTiB.

3ABJAHHAANA CAMOKOHTPO/IO

MOACHITb, L0 Take CTaHXiMi4YHOI piBHOBArW.
MOACHITL BNMB Ha 3MIlLEHHA XiMIYHOI piBHOBaru: a) Temnepartypu; 6) TUCKY;
B) KOHLEHTpauii pe4yoBuH.
OxapakTepuayiite cyTb npuHumMny fle Latenbe.
BrcroBTe CyMKEHHSI MpO 3HaueHHs npuHuuny fle LlaTenbe Ansi KepyBaHHS:
a) BUPOGHMUMMMK Mpouecamn; 6) GiocchepHMM npoLecamm.
MoACHITb, AK BN/AVHE NiABULLEHHA TUCKY HA 3MilLLlEHHS piBHOBArn B CUCTEMI
N2+ 3H2 2NH3, AH =-92 kx/monb.
MoscHITb, AKY pasi NigBULLEHHS TeMnepaTypy 3MICTUTLCS piBHOBara peakLji: a) pos-

Knagy kanbuin kap6oHaTy CaC03 CaO + C02, A= 178 kx/monb; 6) po3knagy
HiTporeH(Il) okengy 2NO N2+ 02 AH =-181 k[x/mMonb.

MOoSACHITb, AIK 3MICTUTLCA piBHOBAra peakujn H2+ 12 2HI, Akwo: a) yBectn B cu-
CTEMY A04aTKOBY Ki/lbKiCTb BOAHIO; 6) BUBECTU i3 CUCTEMU YTBOPEHWUIA NPOAYKT.

A§12. TAPOMI3 COMEN

OnaHyBaBLlIW MaTepian naparpadga, B4 3MOXeTe:

Ha3VMBaTW CONi, yTBOPeHi CNnabKol OCHOBOK Ta CU/IbHOK KWC/IOTOK, CU/bHOI
OCHOBOIO Ta ClabKoK KMCNOTOH, CNAabKO OCHOBOIO Ta C1abKoK KMCNOTOoH;
MOSICHIOBATY BMN/IMB Pi3HUX YNHHWKIB Ha FiApoNi3 conei;

XapakTepusyBaTu CyTb rigponisy conei;

MPOrHO3yBaTUW MOXMBICTb peakuii rigponisy coneit; pH cepefosuiLLa BOLHMX
PO34UHIB CONel;

JOTpuMyBaTuUCA npaBu/ 6e3nekn Nif 4ac BUKOHAHHA XiMiYHUX LOCHigiB;
eKCrepyuMeHTanbHO BU3HAYaTW pH cepefoBuLia BOAHUX PO3UMHIB coneli 3a
[lONoOMOrow iHAUKaTopiB;

06I'pyHTOBYBaTM BNAMB Tifponisy coneii Ha pH rpyHTIB.



© % ee TEMA 3. XIMIUHI PBAKLIT..ccuvrreeiiiieiieeeiiieeeesiee e e s stte e e e e se e e e s stbe e e e e sstae e e e e sabbeeeessnsaeeeesannees
00
Faponis coneit. BMBYaKOUM K1acM HeEOPraHiYHMX PEYOBUH, B O3HaloMMAMCH i3
CONAMU AK MOHHMMM cnonykamu. Coni yTBOPKKTLCA BHACNILOK peakuiii WOHHOTO
0O6MIHY Mi>XXK KACNOTO Ta 0CHOBOLO. LLle ogHUM NpOAYKTOM LMX peakLiii € Boga. AKLLO
peakuil BigbyBalTbCA 3a yUYacTio CNabKuxX eNeKTPoNiTiB, TO BOHU € 060POTHUMMN.
Y Kypci opraHivyHo1 ximii BW fisHanncs, Lo peakLuiirigponisy —Lue peakuii B3aemo-
Aii peyoBMH 3 BOAO. TOMY CyTb rigponi3y conein nonarae B 06MiHi MiX Cinno Ta BO-
[1010 3 YTBOPEHHSAM ManoancoLiioBaHOl, Manopo34YMHHOT ab0 HEPO3UMHHOT PEYOBMHN.
Mpo Te, Wo coni BCTynatTh Yy peakuii 06MiHY 3 BOAOIO, CBIiAUNTb 3MiHA 3a6apBNeHHS
iHaUKaTopiB.

ligponis coneil —ue peakuii 06MiHy WOHIB coNi 3 BOAOHD, YHACNiA0K YOro
YTBOPKETHLCA CNAOKNIA €NeKTPONIT. )
J
Cinb € NpoAyKTOM B3aEMOJiT OCHOBM 3 KWUCNOTOK. 3anexHo Bif TXHbOT cunu,
PO3Pi3HAITL YOTMPU TUNW CONei, yTBOpeHMX: 1) cnabko OCHOBOK Ta CUbHOM
KUCMOTOIO; 2) CM/IbHOK OCHOBOK Ta cnabkow Kucnotow; 3) cnabko OCHOBOK Ta
CnabKow KMCNoToH; 4) CUNbHOK OCHOBO Ta CubHOW KucnoTtoto (puc. 30).

raPoI3 COMEN

Coni: NH4CI,
CnabKi OCHOBMU: FeS04, ZnCI2, CWUMbHI KUCNOTK:
NH4OH, Fe(OH)2, Cu(N0 32 FeCI3, H2S 04, Hei,
Cu(OH) Zn(NOg)2, AlCIg, HCI104, HNOg
AlAS04

Cori, yTBOpeHi c/1abKol OCHOBOIO Ta CU/BHOK KUC/IOTOO, MiAponi3ytoThb 3a KaTiOHOM.

Coni:

CunbHi OCHOBMW: Cnabki Kucnotu:

NaOH, KOH, Ca(OH)2, Na2s, K25, NaNo2, H2S, H2C0y,

Ba(OH)2 Na2C03, NazS03, H2SOg, hno?2
Ba(N022

Corli, yTBOpPEHi CU/IbHOI0 OCHOBOIO Ta C/1aBKO0 KMUC/IOTOH, TiaposisytoTh 38 aHiOHOM.

Coni: .
Cnabki ocHOBMU: Cnabki Kucnotu:
(NH4)2S, (NH4)2COg,
NH40H, Fe(OH)2, (NH42503, H2S, HZCO@L2
Cu(OH)2, Zn(OH)2 CH3COONH4 H2SOg, hno

Coni, yTBOpeHi cnabkoo OCHOBOK Ta CNnabkok KUCNOTOH,
rigponisytoTb 3a KA TIOHOM TaaHioOHOM.

Puc. 30. Tunu rigponisy coneli

58
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O3HalioMumocs 3 TMMnamm rigponisy conei goknagHille.

1. Tigponi3 coni, yTBOPEHOT cNabKo OCHOBOK Ta CU/bHOK KUCNOTOW. [o
TaKMx Conein Hanexartb amoHii xnopug, kynpym(l1) xnopug, kynpym(ll) cynbdart,
antoMiHili cynbhat, antominiin HiTpaT, pepym(I11) xnopmng Towo.

Po3rnaHemMo peakuito rigponisy amoHili xnopupy @ 3anuwemo MONeKyaspHe
PiBHAHHSA peakuil:

AK 6auuMo, y peakLito 3 BOAOK BCTynawTb KaTiOHW c/1abKoT OCHOBU. Y po3yu-
Hi HaKoOMMYyrTbCS KaTioHu [igporeHy. AKWO Takuii po34YnH BMNpPoOyBaTy iHAUKA-
TOpamu, TO NaKMyC i METUNOBMWI OpaHXeBUiA 3MIHIOIOTbL 3a6apBneHHsA Ha poxese. Lle
NigTBEPIXY€E KUCNOTHY peakuito po3unHy (pH < 7). Y Takomy pasi rigponis Bifbysa-
€TbCA 3@ KATIOHOM.

OTxe, rifponi3 coni, yTBOPEHOT CN1abKOK OCHOBOKD Ta CUNLHOK KUCIOTOH0, Nofsrae
y B3aEMOAIT KaTiOHY COMi 3 MO/IEKYlamMy BOAM 3 BUBINIbHEHHAM WOHIB [Migporeny. Peakuis
PO3YMHY KUCNOTHA.

2. Iigponis coni, yTBOPEHOT CUIbHOK OCHOBOK Ta CcabKok KMCNOTOow. Taku-
MW CONIAMM € HaTPin cynbig, Kaniin cynbig, HaTpin cynbiT, 6apiii HITPWT, HATPIN
eTaHoart ToLLO.

Bisbmemo, Hanpukniag, HaTpii kKap6boHAT —Cinb, YTBOPEHY HaTPili rigpoKCUaoMm,
WO € CUIbHOK OCHOBOMK, i CNabkKoo KapbOHATHOM KMcoTow. HaTpiii kapboHaT —
CiNb ABOOCHOBHOT KWCOTW, TOMY TFigponi3 BigbyBaeTbCcs CTyMiHYacTO. 3anullemo
MONEKYNAPHI Ta MOHHI PIBHAHHA peakLii:

Y pO34MHi HAKOMUUYHTbCA TiAPOKCUA-aHIOHU. Y TakoMy po3yuHi heHondTaneiH
3MiHIOE 3a6apB/EHHS Ha MalIMHOBE, NAKMyC HabyBa€ CMHbOIO KOJIbOpY, a METWI0BUNA
OpaH>XeBWiA CTae XXOBTWMM, TOOTO cepefoBULLE PO3UMHY — nyxHe (pH > 7). TFigponis

BifOyBa€ETLCA 3a aHIOHOM.

OTXe, Tigponi3 coni, yTBOPEHOT CUIbHOK OCHOBOK Ta CnabKow KUCI0TO, Nofsrae
y B3aeMOfil aHioHy coni 3 MOfeKynaMun BOAM 3 BUBIIbHEHHAM TifpOKCUA-IOHIB. Peakuis
PO3UUHY NY>KHA.

MigCyMoBYKOUM PO3FAAHYTI TUMNW TigpoNi3y conei, JOXOAMMO BWCHOBKY, LLO
peakuis cepefoBulia Mif 4ac rigponisy BM3HAYAETbLCH- CUALHILWIMM eneKTPoNiToOM
nicnsa peaxuit.
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3. Migponis coni, yTBOPeHOT cNabkKow OCHOBOK Ta €nabKow KMUCAO0TOH. Taki
coni rigponisytoTh i 3a KaTioOHOM, i 32 aHIOHOM 3a1eXHO Bif TOro, CTyniHb gucouiayil
AKOro 3 MPOAYKTIB Figponidy € 6inbwum. FAKW0 nepeBaxawTb MoHM [igporeHy —
peakuisi po34nMHy cnabokmcnoTHa. AKLWL0 X Yy PO34YMHI NepeBaXkae BMICT TigpoKcua-
iOHIB, TO I0Oro peakuisi cnabonyxHa. 3a 04HAKOBOI KifbKOCTi IOHIB [igporeHy i
rigpoKcupi-ioHiB —HeTpanbHa.

3anuwemo, Hanpuknag, MOJSEKYnsipHe Ta WOHHe PIBHAHHSA TiApONi3y amoHii
KapboHaTy:

(NH42C,03+HD ~ NHAHC,03+ NHAOH;
2NH4+ CO2 + H®D » NH++HCO03+ NH40H.

YHacnifok peakuyii yTBOPMINCA ManogucoLiioBaHi rigporeHkapboHaT-aHiOHM
M MOneKkynu amoHin rigpokcugy. Ane cTyniHb gucouiauii amoHiid rigpokcugy
6inbWNA, HDK CTYNiHb Aucouiayii yTBOPEHOro aHioHa. TOMy peakLuisi po3unHy —
cnabonyxHa.

Po3rnaHemo Lie oAWH NpUKNag rigponisy cofi, yTBOpeHOi cnabko OCHOBOK Ta
cnabKow KMCNoTor, —amoHii cynbdigy (NH4 . PiBHAHHA peakuil:

(NHAH®S + 2HD ~ 2NH4OH + HS;
2NH4+ S2 + 2H®D 2NH4OH + HSS.

Y ubOMy BMMafgKy i KaTioHW, 1 aHIOHM CMOMly4YalThbCA B ManofucouinoBaHi
mosniekynu. CTyniHb Aucouiauii NpoAykKTiB peakuii gyxe cnabkuii Ta npumban3HO
0AHAaKOBWi. PO3umnH Takol coni —HelTpanbHuii (pH = 7).

4. Coni,yTBOpPEHI CU/IbHOIO OCHOBOIO Ta CU/IbHOK KUCOT O, HE FiApoNi3yloThb.

Nab6opaTopHwuii gocnig 1. BusHayeHHA pH cepefoBuLLa BOLHUX PO3YUHIB COMeit
3a A0MNOMOrot iHAMKaTopiB

| MoBTopiTb NpaBuaa 6e3neKn MNig 4Yac po6oTn 3 peakTuBamm i 06nagHaHHAM
* i CyBOpPO AOTPUMYWMTECS TX.

3aBfaHHAa. BunpobyiiTe po3umHKM HaTpin kapboHaTy, amOHin cynbdaty i
aMOHIi Kap6oHaTy 3a 4OMOMOrOK NakMycy, MeTU/I0BOTO OpPaHXeBoro i eHon-
thTaneiny.

Docnig L HanuiiTe po3unH HaTpiii kapboHaTy B Tpu nMpobGipkn abo KpamnHiTb
no TPU-4OTUPK Kpanni B NYHKWN NnaHweTku. [logaiTe 40 LbOro po34ynHy no yepsi
[leKifibKa Kpanenb KOXHOro 3 iHankatopis. ONuLWiTe CBOT CNOCTEpPeXeHHS, 3p0biTb
BMCHOBOK Mpo nepebir peakuiii.

Jocnig 2. HanuiiTe po34ymH aMoHiil cynbtaTy B TpU NpobGipku abo KpanHiTb
no TPM-4OTUPK Kpanni B NyHKWN nnaHweTku. [logaiTe 40 LbOro po34ymHy no yepsi
feKinbKa Kpanefib KOXHOTO 3 iHgMKaTopiB. ONuWiTb CBOT CNOCTEPEeXEHHSH, 3p00iThb
BWCHOBOK Npo nepeb6ir peakuii.

[ocnig 3. HanuidiTe po3ynH amoHiii kap6oHaTy B Tpu nNpobipky abo KpanHiTb
no TPM-4OTUPK Kpanni B NyHKWN NnaHweTku. [logainTe 40 LbOro po34ynHy no 4yepsi
[leKifnibKa Kpanenb KOXHOro 3 iHankatopis. ONuLWiTe CBOT CNOCTEpPeXeHHS, 3p0biTb
BMCHOBOK Mpo nepebir peakuii.
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3anuwiTe pesynbTaTu AOCAigXKeHb Yy Tabnuuo (3a 3paskom) y 3owmuTi. 3pobiThb
3aranbHUI BUCHOBOK.

Pe3ynbTaTu AocigKeHb.

A - BucHoBOK
PiBHAHHA peakuiii

PeareHTn

Oocnig 1 Po3uuH
HaTpii KapboHaTy

a) nakmyc

6) MeTuIopaHX

B) (heHondraneiH

Docnig 2. Po3unH
amOHii cynbaty

a) nakmyc

6) MeTunopaHX

B) (heHondraneiH

Oocnig 3. Po3uuH
amOHili KapboHaTy

a) nakmyc

6) MeTunopaHX

B) (heHondTaneix

3aranbHUiA BUCHOBOK.

3 HaueHHa rigponisy. ABWWE Tigponi3y Habyno LWMPOKOro 3aCTOCYBaHHA B
opraHiyHomy cBiTi. Bam BifOMO, W0 NYXHWIA Tigponi3 y38TO 3a OCHOBY A06YyBaHHA
TBEPAOro i pigkoro muna. 3a JONOMOrOK Tigponi3y nNepepob6astOTb KPOXMasnb i
Lentnno3y Ha [/II0KO3y, fKa € XOPOWWM eHepreTMYHMM 3acob60Mm LS XBOPUX
nofein. B opraHiami nloguHW Tigponisy nigaarTbCa He TiNbKKU CONMi, a 1 aMmiHOKMKC-
noTtu, BiNKW, XXUpWU Ta BYrnesogun. 3aBAaku rigponisy moxausa nepepobka npo-
MWUCNOBUX | NPOAYKTOBUX BigXoAiB (30KpeMa, NYLWNUHHA 6aBOBHU Ta COHALIHMKA,
LePEBHOT TUPCU, KYKYPYA3AHMUX cTeben i KayaHiB) Ha eTaHO/, MeTaHON, F/H0KO03Y,
ckunuaap Ta iHWi NPoAYKTH.

ligponi3 3acTOCOBYOTh Yy nabopatopiix Ana SAKiCHOro BM3HaUYeHHsA 6araTboX Ka-
TiOHIB, Mif Yac OUYULLEHHA BOAN Ta AN YCYHEHHSA Ti )XOPCTKOCTI, & TaK0X Y MeANLUHI.
ligponis BnamMBae Ha pH rpyHTIB, @ 3 HAM NOB’A3aHi PiCcT i PO3BUTOK pPOCNNH, 6ioXi-
MiYHi mpouecu, Wo BigbyBalTbCA 3 POCIMHAMMU Ta FPYHTaMU, YpeLwTi-pewT, ypoxai-
HICTb | AKICTb Ci/IbCbKOrocnoAapcbkoi NpoaykKuii. Peakuito 'pyHTIB BU3HAYaKOTh CMiB-
BiJHOLWEHHAM OHIB igporeHy i rigpoKcua-aHiOHIB Yy IPYHTOBUX PO34YMHaX. AKLLO
pH =7, To peakuia rpyHTOBOr0 po34MHy HeilTpanbHa, pH < 7  KucnoTHa, pH > 7
NYXHa.

OfHI€0 3 rOCTPUX EKOJIOTIYHMX NPO6EM € 36iNbLIEHHSA N0, KMCAOTHUX I'PYHTIB
YHacnifoK BUMNajaHHA KUCNOTHUX AowiB. Lle cnpuunHae HeratuBHI arporeoxiMmiyHi
Hacnigku: 3arnbens rpyHTOBUX MIKPOOPraHi3MiB, HU3bKUIA e(heKT Bif BHECEHHA MiHe-
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panbHUX fo6puB, a 0TXe, BMNAMBAE HA AKICTb NPOAYKLiT Ta peHTabeNbHiCTL BUPOOHML TBA.
[Ona 6inblWIOCTi CiNbCbKOrocnoAapcbkux KynbTyp ONTMMasbHe 3HauyeHHA pH = 6,5.
EhekTUBHMUIA cnocib 3HUXEHHA KWUCNOTHOCTI IPYHTIB — BariHyBaHHA. BHoOcAYM BamHO,
YCYBalOTb HECNPUATIWUBI BNACTUBOCTI I'PYHTIB, BUK/IWKaHI HaLMipHOK KUC/OTHICTHO,
i CTBOPIOIOTb HOPMasbHi YMOBM /15 POCTY CilbCbKOrOCNOAAPChKUX KY/bTYp.

Y npupogi BHacnigok rigponisy antoMocunikaris BigoyBaeTbCA pyiHyBaHHA FipCb-
KMX nopig.

Ny>xXHa peakuyis 'pYHTOBMX PO3YMHIB MOXE CMPUUMHATUCA XNOpUAAMK, cynbda-
TaMu Ta KapboHaTaMmn NYXHUX | IY)KHO3EMeNbHUX e/IEMEHTIB, 30Kpema HaTpiil, Kanii,
KanbLiii Ta MarHiin kap6oHatamu. LLL06 3HNM3UTW NYXXHICTb IPYHTIB, MPOBOAATL BHECEH-
HAa rincy (rincyBaHHs) a6o coneii KanbLiit HiTpaTy, hepym (11, 111) cynbdaTis Towo.

OTXe, rigponis —Lue XimiuHi peakuii, Lo Bif6yBatOTLCA B NPUPOLI, @ TAKOX Habyu
LUMPOKOTO 3aCTOCYBaHHA B MPOMMUC/IOBOCTI Ta nabopaTopisx.

niacyMoBYEMO BUBYEHE

« Tigponis coneii — peakuii 06MiHy OHIB COMi 3 BOAOK, YHACNILOK YOro yTBOpPIO-
€TbCA Cr1abKNin enexkTponiT.

« Tigponi3 coni, yTBOPEHOI C/1abKo OCHOBOK Ta CWU/IbHOK KWC/OTOW, MONsrae y
B3aemMopii KaTioHy coni 3 MoOJieKkyslamnu BOAW 3 BUBIJIbHEHHAM WOHIB
Fipporeny. Peakuis po3unHy kucnotHa (pH < 7).

« Tigponi3 coni, yTBOPEHOI CW/ILHOK OCHOBOIO Ta C/1abKok KWCMO0TOl, Nonsrae y
B3aeMogii aHiOHY coni 3 MoJsiekynaMmn BOAU 3 BUBIJIbHEHHSM rigpokcua-
ioHiB. Peakujsi po3umHy nyxHa (pH > 7).

« Tigponi3 coni, yTBOpEHOi cnabkoi OCHOBO Ta C/1abkoo K1C0TO, BiabyBaeTbCs
3a KaTiOHOM Ta aHiOHOM 3as1eXHO Bif, TOr0, SKi MOHM NepeBaxarTb Y PO3UNHI: NOHM
FigporeHy un rigpoKcmAa-ioHn. $FKWO TXHS KiNbKiCTb Of4HakoBa — peakuis Hew-
TpanbHa (pH = 7).

» Coni, yTBOPEHi CU/IbHOK OCHOBOK Ta CUJ/IbHOKO KUC/OTOLO, He rigponi3yloTh.

e ligponi3 3acTOCOBYOTb Y MNPOMWUC/IOBOMY BUPOGHMLUTBI 6araTbOxX pPeyvoBUH,
30Kpema eTaHosly, MeTaHosly, [/1I0KO3W, ckunugapy. Y CisibCbKOMY rocnogapctBi —
0151 BU3HAYEHHA peakuii 'pyHTOBMX PO34YMHIB, Y MeAuLMHI, nabopaTopisx.

e 3Hawun pH rpyHTOBMX PO3YMHIB, MOXHA MOAINWATA SAKICTb FPYHTIB i MigBULWMTK
YPOXaMHICTb CiNIbCbKOrocnogapcbkol NPoAyKLUil.

3ABOAHHAANA CAMOKOHTPO/IO

1. TIoACHITL CyTb Npouecy rigponisy cone.

2. OxapakTepusyiite rigponi3 coni, yTBOPeHOi: a) c/1abkol OCHOBOK Ta CUMbHOK
KNCNOTOW; 6) CUNBbHOK OCHOBOI Ta CNabKoK KUCMOTOH; B) C1abko OCHOBOK Ta
CNabKo KMCNOTOH0.

3. YKaxiTb Ciflb, yTBOPEHY CU/IbHOIO OCHOBOI Ta CU/IbHOI KMUC/OTOL.
A K203 B Naz2s B NaNO03 FNa2s03
4. YKaxiTb Ciflb, yTBOPEHY CU/IbHOK OCHOBOIO Ta C/1abKo KMC/IOTOH.

A UCI BK2503 B KNO3 I BaClI2
5. MNo3HauTe Cinb, PO34YNH AKOT MaTMMe NYXHY peakuito.
A KCI B Naz2s B NaNO03 " Na2504
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6. MNo3HauTe Ciflb, PO34MH SKOT MaTMMe KUCMIOTHY peakLito.
A NHANO3 B (NH42S B (NHAH203 T (NH4H2S03
7. CknapgiTb piBHAHHA peakuin rigponisy coneii: a) Zn(N032; 6) K2S03; B) (NHAZS.

. TloAACHITb, K 3MiHATb CBO€E 3abapBrieHHA iHAuKaTopu B po3unmHax: a) AlCI3;
6) CH3COONa; B) CHICOONHA4.

§ 13. MOHATTHA MPO I'AJIbBAHIYHWI EIEMEHT AK IXKEPE/IO
ENEKTPUYHOIO CTPYMY

OnaHyBaBLlIK MaTepian naparpadga, B4 3MOXeTe:

* Ha3MBaTW KaTOA, aHOL, eNeKTPONIT;

* HaBOAUTW NPUKNAAMN Pi3HUX BULAIB ranbBaHiYHUX e/IeMeHTIB;

* MOSACHIOBATW NPUHLUMN AiT raNbBaHiYHOIO efIeMeHTa;

* OUiHIOBATW HeraTWBHUIA BNAUB Ha eKOMOTil0 BifnpalubOBaHWX Fa/ibBaHiYHUX
€NeMEHTIB;

e NOTPUMYBATUCA NPaBUN TXHLOT yTUNI3aL,iT.

3 icTopii BigkpuTTa. ITaniiceknin dizionor, npodecop megnunMHM BONOHCHKOTO
yHiBepcuTeTy J1. [anbBaHi Bneplle BUABWMB €1EKTPUYHUIA CTPYM, WO BUHUKAB Yy
pa3i KOHTaKTy pi3HMX MeTaniB. BiH NpoBiB Ta onucas AO0C/i4 CKOPOYEHHSA M’A3iB
3afHiX KiHUIBOK >Xabu, 3aKpinneHUX Ha MigHUX raykax, nig yac JOTUKY [0 HUX
CTajieBUM CKanbnenem.

3ayikaBuBlWmKch fgocnigom J1. TanbBaHi, WOro chiBBITYM3HUK, (I3UMK | XiMIK
A. BonbTa npoBiB cepito 4OCNIgiB, Y SKUX 3aMIiHUB KiHLIBKY Xabun Ha eneKTpomMeTp.
Y 1800 p. A. BonbTa 3adBUB MNP0 BiAKPUTTA ABULLA BUHUKHEHHSA €NEKTPUUYHOro
CTPYMY Ta CKOHCTPYHOBaB MPUCTPIlA, WO BUPO6AAB eNeKTpUUHuiA cTpym. MpucTpin
CKnafjaBca 3 ABOX MeTafleBUX NAaCTUH —MigHOT Ta LMHKOBOT, MiXK SKUMW Nomiwanacs
TKaHWHa, 3a3ganerifb NPOCAKHYTa PO3YNHOM CyNbHaTHOT KMCAOTK. [lo NNacTuH 6ynun
npunasHi 4poTu, AKi 3aHyproBany y Boy. Ha noBepxHi ApoTiB BUAINABCA ras, Lo BKa-
3yBaJio Ha NPOXO)KEHHS KPi3b BOAY eNeKTPUYHOro cTpymy. Lle HainpocTiwe ximiyHe
[)Kepeno cTpyMy BiH Ha3BaB rajbBaHi4YHUM eNeMeHTOM, Ha YyecTb J1. ManbBaHi.

AneccaHgpo BonbTa (1745-1827) — itanilicbknii npupo-
pogocnigHuk, doisnk, Ximik i cuisionor. Haeuarounck y Koponis-
CbKili cemiHapii B M. KOMO, BUpIlLMB CBOE XWTTS MPUCBATUTK
BMBYEHHIO XiMil Ta oi3nku.
MoyaToK HayKoBOI Aisi/IbHOCTI MOB’A3aHWIA 3 BUKIafaHHAM
oi3vkn B 3aknapgi, y KoMy BiH HaB4aBCS. YNpPOAOBX OAHOro
pOKy BUBYaB aTMoCepHy esiekTpuKy Ta NpoBOAMB AOCHi-
[PKEHHS1 3 €/IeKTPOXiMIl, enekTpoMarHeTn3my Ta enekTpoqisio-
norii.
Y 1800 p. BUHAWLLOB MepLly enekTpuyHy 6ataperd — HoBe
[Xepeno nocTiliHoro cTpymy (BonbTiB CTOBM). Lleit BMHaxig BigirpaB Bu3HavaslbHy
posib Yy AOCNIAKEHHAX eNeKTPOMAarHiTHMX i MarHitHux ssuw,. Ha yecTb A. BonbTa
HasBaHa OAMHMLSA Pi3HULI NOTeHUiaNiB eNeKTPUYHOro noasi — BosbT.
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Tema 3. XiMiuHi peakuii

Y AOCKOHANEHHAM MepLIoro ranbBaHiYHOrO efieMeHTa 3aliManunca aHrnincbKuii
ximik DK . [aHienb i He3anexHO Bif HbOro HiMeUubKWiA Ta pociicbkunii isnk-
BuHaxigHuk B. C. AkoBi.

Mpuragaiite 3 Kypcy Ximii 9 knacy, siki PeyoBUHM Ha3WBalOTb eNeKTPO/iTamm.

Mpununn gii ransBaHiuHOro enemeHTa. anbBaHiYHUI enemMeHT ﬂ,aHienﬂ AKoO6I
(pvc. 31) cknagaeTbca 3 4BOX NMOCYAWH, WO MICTATb PO3YMHU CONMEN: LMHK HiTpaT i
Kynpym (1) HiTpaT. ¥ nepwy NocyAuHY 3aHYPEHO LWUHKOBY MIacTUHY, a B Apyry —
MifHY. |HaKwWe NNacTUHW Has3uBawTb eNeKTpoAamMu. MocyanHU cnofyyeHi Tpy6-
KO, 3amOBHEHOK PO3YMHOM €neKTpPoNiTy (HaTpili HiTpaTy), ANA 3abe3neyeHHS
KOHTaKTy MiX po3umHamu. o6 po3uuH y Tpy6Li He BUNMBaBCH, i KiHLi 3aKpuBa-
I0Tb CKNOBATOO abo refem, NPOCOYEHUM eNeKTPONITOM. AKWO NAACTUHU 3’€4HATK
LPOTOM 3 €NEeKTPUYHOK NaMMoko, TO BOHA 3aCBITUTbLCA.

YNpoAoBX [4esKOro yacy B nocygmHax 3
eNeKTPoA4aMu CroCTePiraloTbCa 3MiHU: LLMH-
KOBa NnacTuHa 3MeHLWYeTbCH, TO6TO po3un-
HAETbCA, a MigHa —30iNbWYeTLCA, TOMY WO
Ha Hil ocigae Migb 3 po3umHy kynpym(ll)
HiTpaTy. BogHouyac oro 3a6apB/fieHHS Mo-
cnabnoeTbea, WO BKA3ye Ha 3HUXEHHSA
KOHUeHTpayii /oHiB Kynpymy B pO34uHi.
BigbyBaeTbcs XiMiyHMIA npouec, CyTb KO-
ro nonsrae B MepeHeceHHi eNeKTPOoHIB 3
OfHI€T YaCTUHUN eneMeHTa A0 iHwWoi. OTXe,
y ranbBaHiYHOMY efieMeHTi BifbyBaeTbCA
TUMNOBUI eNeKTPOXiMIYHMIA npouec, Wwo no-
SCHIOETHCSA OKMUCHO-BiJHOBHUMM peakLisimu.

ATOMU UWHKY, yTpayalouu eneKkTPoHU,
OKWUCHIOIOTBLCA /i NEPeTBOPIOOTHLCA Ha KaTioHM LinHKy: Zn° - 2e = Zn2+ Ha UynHKOBOMY
€NeKTPOAi KOHLEHTPYIOTLCA efIeKTPOHW, TOMY BiH HabyBae HEraTMBHOIO 3apagy.
LIMHKOBUA enekTpoA Ha3MBalTb aHOAOM. Ha noBepxHi MigHOT NAACTUHMN €NEeKTPOHU
3axX0n/HThCs KaTioHaMmun KynpyMmy 3 po3unHy, BifHOBAKOOYY iX 4O aTOMIB Mifi, AKi i
ocifatloTb Ha nNiacTuHi. BigbyBaeTbca npouec BigHOBNEHHA: Cu2t+ 2e = Cu°. MigHwii
€MeKTpoj, yHacnifok BigHOBNeHHA HabyBae MO3UTUBHOIO 3apsafy; TakKuil enekTpoj
ficTaB Ha3By KaTog.

OKMCHO-BIAHOBHMI Npouec, Wo BigbyBaeTbCA B rajibBaHiYHOMY €1EMEHTI, Bif06-
pa)kae Take CymMapHe PiBHAHHA:

Puc. 31. Cxema ranbBaHiuHOro
enemeHTa [laHiens-Ako0i

Cu2+ Zn°- Cu°+ Zn2+

abo piBHAHHA peaKyil 3amilLeHHS:
Cu(NO )9+ Zn =Cu + Zn(NO )9

XiMiuHI g>kepena cTpyMy —Lue NpUCTpOi, WO BUPOBNAOTL eeKTpuY-
HWIA CTPYM YyHacnigoK nepebiry B HUX XiMiYHUX peakuii.
lanbBaHiYHWIA enemMeHT € XIMIYHUM [A>KEPEeNoM CTPyMy.
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anbBaHiYHi €neMeHTW 3 po3YMHaAMU He
30BCiM 3pY4Hi B KOPWUCTYBaHHi, TOMYy 3 uYa-
COM LWMPOKOro 3acTocyBaHHA Habynu cyxi
rafibBaHiyHi eneMeHTn. B IXHiIX repmMeTuyHmnX
0060/10HKaX MICTATLCA He PO3YMHMK, a NacTo-
NoAibHi eyMiTm peyoBuH. [JO eNeMeHTIiB LbO-
ro TMNY HaneXxuTb MaHraH-UMHKOBWIA ene-
MEHT, AKWI BUHAMLWIOB (hpaHLY3bKNA XiMiK
K. NleknaH>Ke. LLMHKOBWI Kopnyc efneMeHTa
(pvc. 32) € aHogoMm, i Ha 6artapeiili nosHa-
YEHO HEeraTMBHWI NOMKOC [Xepena CTPyMy
(3HaK -). YCepeauHi KOpnycy MiCTUTbCS BO- Puc. 32. byaoBa Cyxoro ranbBaHi4HOro
fiora nacTa, Ao cKnagy AKo1 BXOAATb MOPOLLKK enemenTa
maHraH(lY) okcugy, amoHiii xnopmgy Ta rpa-

GiTy. ¥ Ul nacTy 3aHypeHo rpaiToBuii CTPUXKEHb, MU0 € KATOLOM. EneMeHT repme-
TWYHO 3a/1MBA€ETHLCSA CMOJON. MPOTMAEXHWIA MOMKOC 3apALKEHUA NO3NTUBHO (NO3Ha-
YeHO 3HAKOM +).

Cyxi 6aTapelikKm — nowupeHe Ta 3pyyHe [)Kepeno eHeprii. BoHW Habynu
3aCTOCYBaHHSA B YCiX NOPTaTUBHUX MPUCTPOSAX, L0 AKUX HE NiIJKNOUYEHO eN1eKTPUYHOr0
CTpYMy. HWHi BUKOPUCTOBYIOTb Pi3Hi BuAM 6GaTapeliok: pTyTHO-KagMieBi, pTYTHO-
LWHKOBI, CPiBHO-LMHKOBI TOLO.

3 nobyTy Bam Bi4OMO, W0 6aTapeiikn BMYEpPNyThb CBili 3anac eHeprii, 3 4acom
CMpauboBYOTLCA Ta € HEBIAHOBHUMU. 3 TXHIX Ha3B 3p03yMino, WO BiAnNpaLboBaHi
6aTapeiikm MICTATb LiHHI XiMiYHI €neMeHTW: KOMbOpOBi W BaXKi MeTanu, fesKi
MiHepanu. Tomy BUKMaTW BUKOpUCTaHy 6aTapeiiky, 36epiratu il Ha po6oyomy Mmicui
abo BaoMa fy>xe Hebe3nevHo.

Pi3HOBMOM ranbBaHi4YHOIO €/leMEHTa € aKYMYNATOP —BiJHOBNIOBAHE JXXepeno
CTPyMY. B akyMynatopi peyoBuHM, L0 BUTPAYAOTLCA Nifj Yac CNOXUBaAHHA CTPYMY,
aKyMYy/HOHTbCS Ha enekTpogax. TOMY MOro MOXXHa NMOBEPHYTW B MepPBICHUIA CTaH,
AKLL 0 330BHI KPi3b HbOr0 MPONYCTUTK eNIEKTPUYHUIA CTPYM.

HeratnsHuii BNNMB Ha ekosnorito BianpauboBaHUX ranbeaHiuHux enemenTis. [ abBa-
HIYHI eneMeHTU, Npo AKi MWAocs, Hanexartb 40 NPUCTPOIB 0AHOPA30BOro KOPUCTY-
BaHHA, 60 MalOTb MEBHWIA 3anac peareHTiB. [licns BUTpayaHHS LUUX PEYOBUH €NIEMEHT
€ HEMPUAATHUM NS BUKOPUCTaHHS.

3’AcyemMO, KWl BM/IMB Ha 30BHILWIHE CEpefoBuLLE 34iACHIOTL BignpalboBaHi
rafbBaHiyHi enemeHTn. Hacamnepeg He6e3neky CTaHOBMAATb PTYTb Ta iHWIi KOMMO-
HEHTW ranbBaHIYHWX eNeMeHTIB (KagMili, CBUHELb, 0N0BO, HiKeNb, UWHK, MarHii).
Ha cmiTTesBanuuiax nig BNAMBOM aTMoctepHUX (PakTopiB eNeMeHTW XWBMEHHS
WBUAKO PYWHYKOTbCS, a PEYOBMHU, AKIi B HUX MICTATbCS, BMMNApPOBYHOTbLCA abo
BUMMBAIOTbCA. Hanpuknag, BMIiCT ogHiel 6aTapeliku 3abpyaHtoe malixke 20 M2rpyHTy,
a y Bogolimax — npu6nmsHo 400 n Bogu. Y pasi noTpannisHHA pTyTi y BOAOAMMU
YTBOPKOKOTLCSA CNONYKKU, AKI TOKCMUHIWI 3a PTyTb. M0 naHutorax >XXWBNEHHA Ui
CMOJIYKW NOTPannsaoTh B OpraHiaMmu noAnHM Ta TBapuH. Oco6MBOT WKOAM 3aBLa-
I0Tb CMONYKU MepKypito BariTHUM XiHKaMm i nnogy. Y giTeid, aKi xapuylTbca npo-



oo

oo oy g
oo

SO TeMA 3. XIMIUHI PEAKLLIT . uevtieiiiieeesiiiee e e esiie e e e s sie e e e s st e e e s setae e e e e sab e e e e s snnae e e e e sntbeeaessnnreeeas

OyKTamu 3 fomilkamu coneil Mepkypito, BpaXXaeTbCa LLeHTpaibHa HEpBOBa CUCTEMA,
L0 NPOSBNAETbCA 3aXBOPIOBAHHAMM MO3KY.

Yci ranbBaHiYHi €NeMeHTH, WO MICTATb PTYTb Ta iHWI BaXKi meTanu, nigfavTb
BTOPWHHIA Nepepobui. Y Tunisauis Bigxo4iB ranbBaHiYHOro BMPOOHMLUTBA Mae CBOH
cneundiky, oCKiNbKY Ui NPUCTPOT Pi3HATHLCA 3a CBOTM CK/1afoM, Lo noTpebye HeoHa-
KOBMX CMOCOGIB TXHbOFO BUPOGHMUTBA I yTuAi3alii. Tomy nepeg nignpueMcTBamu,
L0 3aliMaloTbCA MepepobKol ranbBaHiYHKWX BiAXOAiIB, NOCTaN0 OCHOBHE 3aBAaHHA —
3a6e3neunTun HagiiHMA 3aXUCT NPOLECIB BUAA/IEHHS BiANOBIAHMX PEYOBMH 3 Bignpa-
LLbOBAHUX ranbBaHiYHUX €/1eMeHTIB i 3aCTOCOBYBaTH iX AK BTOPUHHY CUPOBUHY. Bu-
po6HMKaM BaXXMBO 3a6e3neynTu WoHakbinbwe NyHKTIB 36MpaHHA 6aTapeiok, KiHe-
CKOMiB, akyMynsaTopiB, Mo6iNbHUX TeNedOHIB, pTYTHUX Namn 415 HalieeKTUBHILIOrOo
BUKOPUCTAHHS BTOPUHHOIO NPOAYKTY. A NOAN, 3HAKOUM, SKi eKOMOTIYHI Ta Hebe3neuy-
Hi 415 340pOB’A HACNIAKM MOXYTb 1X 04iKyBaTW, MatoTh BiANOBifaSIbHO CTABUTUCH [0
36MpaHHA BignpaLboBaHUX BUPOOGIB i 34aBaT iX Y BiANOBIAHUX NYHKTaXx.

[anbBaHIYHWUA eNeMEeHT MOXHA BUTOTOBUTU B AOMALUHIX YMOBAX, BUKOPUCTABLUM
0BOYI Ta PPYKTU. AKL,0 BCTPOMUTHY B A6/1YKO ABa MeTanesi enektpoam (MoxyTb 6yTn
3ani3HniA Ta MIGHUA UBAXW), TO eNeKTPONITOM CAYXUTUMe A6nyuHuii cik. ig vac
3’e4HaHHA eNeKTPOSiB NPOBIAHNKOM Big6yBaeTbCsA OKNCHO-BIAHOBHMIA Npouec. 3aniso
npuW LbOMY BifAae e1eKTPOHM | € aHOAOM, & Mifib —MpPUERHYE TX i € KaTofaoM. BuHukae
ENEKTPUYHUIA CTpyM. [eKinbka TakuMX efieMeHTIB 3a BiACYTHOCTI enekTpoeHeprii
3abe3neyatb Nig3apagky TeneoHa, Lo MOXHa peanbHO BUKOPUCTATW B TYPUCTUUHUX
NoXo4ax 4n eKcrneguuisax.

nacyMmoByYEMO BMBYEHE

* BWHWKHEHHS eNeKTPUYHOro CTPYMY Nif Yac KOHTaKTY pPi3HUX MeTasliB ynepLue Bia-
KpvB /1. TanbBaHi. Ha A0ro 4Yectb NPUCTPIA, WO BUPOBGMAB €NEeKTPUYHUI CTPYM,
CKOHCTpyioBaHuii A. BonbTa, 6y/10 Ha3BaHO rasibBaHiuUHMM e/1eMEHT OM.

e TasbBaHiYHWII eneMeHT yaockoHanue B. C. Ako6i. BiH BMkopucTas ABi NOCYAUHN
3 po3yYMHaMu cosel, cnonyyeHux Tpyobkow, | MeTanesi NAacTUHW SK eNekTpoau,
WO 3’e4HYyBa/INCA APOTOM 3 YMOHTOBAHOI efleKTpU4HOol famnoto. o6 3a6es-
MeYnTU KOHTaKT MiXK PO3UMHaMU, YYEHW 3aN0BHUB TPYOKY PO3UMHOM €/1eKTPONITY.

e MpuHuun Ail ranbBaHIYHOrO efeMeHTa Nosisrae B NepeHeceHHi esIeKTPOoHIB
3 OJHI€T YaCcTMHN efnleMeHTa A0 iHLWWOI, WO CYyNnpOBOAXYETbCA BUHUKHEHHAM efek-
TPUYHOro cTpymy. Lle TunoBwuii enekTpoxiMmiuHuii npouec, KMt NOSICHETbLCSA
OKUCHO-BiAHOBHUMMW peakuismu. Peakuji, wo BigbyBatoTbCA B rasibBaHiYHOMY
efieMeHTi, Bigobpaxae Take cymapHe piBHAHHA: Cu2+ Zn°—Cu°’+ Zn2+ a6o
piBHAHHA peakyii3amiwieHHs: Cu(N032+ Zn = Cu + Zn(N032

e TpuCTpOI, WO BMPOGSAITbL ENEKTPUYHUIA CTPYM YHACNiAoK Nepebiry B HMX XiMiy-
HUX peakuiil, Ha3MBalTb XiMIYHUMUK AxepenamMmu cTpymy. [anbBaHiuHUIA ene-
MEHT € XiMIYHUM AXXepesloM CTPyMy.

e Cyxi raslbBaHiYHi €/1eMEHTN: MaHraH-UMHKOBI, PTYTHO-KaAMI€EBI, PTYTHO-LMHKOBI,
CPiIGHO-LUMHKOBI — HEBIAHOBHI, a/le B HUX 3a/IMWAOTLCS PTYTh | BaXKKi MeTanu, siki
MOXHa BUKOPUCTATU K BTOPUHHY CYPOBUHY.

e TasbBaHiYHi NPUCTPOI, BUKMHYTI B I'PYHT 44 BOAOVMU, CTBOPIOKOTb BE/NKI €KOMO-
riYHi HebGe3nekn: OTPYIHI PEYOBUHU MO MAHLIOrax XWBJEHHS MOTpanfwTb B
opraHiamMmu N0AMHN Ta TBAPUH, CNPUYMHAIOUN BaXKKI 3aXBOPIOBAHHA LEeHTPasibHOI
HEepBOBOT CUCTEMMU.
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§ 14. Po3paxyHKOBI 3afa4i Ha 06YNC/IEHHA 38 XIMIYHUMMN PIBHAHHAMU... *

3ABJAHHAANA CAMOKOHTPOI/O

MOSACHITL ICTOPIO BIAKPUTTA rasibBaHi4YHOIO e/leMeHTa.

MOACHITL NPMHUMN Aji raNibBaHIYHOTO e/leMeHTa.

OxapakTepu3yiTe ckiag Cyxoro rajibBaHiuHOro npucTporo.

CknagiTb PIiBHSAHHA OKMCHO-BiAHOBHOIO Mpouecy, WO BiAOYyBaETbCA B rasibBaHiy-

HOMY €/1IEMEHTI 3 MaHraH-LMHKOBUMUN €NeKTPoSaMU.

5. OUiHiTb HEraTMBHWUI BNAMB Ha €KONOTi0 YKpaiHN BignpauboBaHMX rasibBaHiuHNX
efleMeHTIB.

6. TosicHITb, AKX NpaBwn Tpeba AOTPUMYyBaTUCH, WO6 He AOMYCTUTU HEraTuBHUX

BM/IMBIB XIMIYHUX JKepesi CTPYMY Ha €KOJI0rio Ta 340Pp0B’s II0AMNHMN.

§ 14 . PO3PAXYHKOBI 3A4AYI HA OBYNC/IEHHA 3A XIMIYHVMIA
PIBHAHHAMW BIAHOCHOIO BMXOA4Y MPOAYKTY PEAKLIIT

OnaHyBaBLlW MaTepian naparpadga, B4 3MoOXeTe:

* MOSICHIOBATM anropuTmM po3B’A3yBaHHA 3afay Ha 0BYMC/EHHA 3a XiIMiYHUMU
PiIBHAHHAMMW BiJHOCHOTO BMXOAY NPOAYKTY peakwil;

¢ 064MCMIOBATU 3a XIMIYHUMW PIBHAHHAMM BiJHOCHWIA BUXif NPOAYKTY peakuit,
06r'pyHTOBYKOUMN 06paHUil CNOCiO pO3B’A3aHHS;

* BUC/OB/MIOBATU Cy[>KEHHS 040 3HAYEHHSA BMiHb PO3B™A3yBaTu 3ajaui.

P03B’A3yBaHHA PO3paxyHKOBUX 3afjay pO3BMBAaE BMiHHA aHanisyBaTu i cuHTe-
3yBaTu, MOPiBHIOBATK i 06umcnoBaT. 3agadi € 3aC0O60M PO3BUTKY IHTENEKTY, KpU-
TUYHOrO Ta TBOPYOr0 MUC/IEHHS, PO3B’A3aHHA Npobnem Towo. Bueyaoum Ximito, Bu
03HaNoOMMANCA 3 PiI3HUMMK TUNamuy 3afadv, AKi He TiNbKW AalTb 3MOry MPOBOAUTK
064YNCNeHHS, a Il BigirpaloTb 3HaYHY pO/b Y BUPOGHUUMX NpoLecax, CNPUATh BinbLu
peHTabenbHOMY BUKOPUCTAHHIO CUPOBMHM Ta NPoAYKLii. OfHak 3a 40NOMOrok po3pa-
XYHKIB He 3aBXAW OTPUMYIOTb TaKUl camuii pe3ynbTarT, Wo i Ha BUPOOHULTBI, OCKiflb-
KV nig yac fobyBaHHS TOrO UM iHWOrO NPOAYKTY MOX/UBI BTpaTW. TOMY NpakTny-
HWUIA BUXI[ NPOAYKTY 3aBX AN MEHLUWIA Bif TEOPeTUYHO MOXNBOTO, TO6TO TOrO, L0 MU
OTPUMYEMO, PO3B’A3YI0UY 3aaui 38 XIMIYHUMMN PIBHAHHAMN.

TeopeTnyHWiA BUXig BignoBigae Maci abo 06eMy pPeyYOBMHM, WO 3HAXOAMMO 3a
PIBHAHHAM peakLuii, a NpaKTUYHUA — Le Mmaca abo 06em, WO OTPUMYHOTb Mif Yac
BMpO6HMLUTBa. LLL06 3HANTK Bi4HOCHWIA BUXi4 MPOAYKTY, AKUIA NO3HAYal0Tb FPeLbKor
niTepoto L (eTa), 4OLiINbHO 3acTOCyBaTK (hOPMYIN:

_ T (npakr.) V(npakr.)

N ~m (Teop.) * 100% N~V (Teop.) * 100%

OTXe, yuumocs po3B’A3yBaTun 3afadi Ha 064YMC/IEHHA 38 XIMIYHUMUN PIBHAHHAMMU
BiJHOCHOr0 BUXOAY NPOAYKTY peakuit.



eee Tema 3. XiMiyHi peakuii m

3agavya 1. AMmoHiak o6’emom 6,72 n (H. y.) MOBHICTIO BBiGpaBCA PO3YMHOM
cynbhaTHOT KUCNOTU O YTBOPEHHSA CEpPeAHbOT COMi. YTBOPMBCA aMOHil cynbdaT
macot 17,82 r. O64mUCNiTb BIGHOCHWIA BUXI4 NPOAYKTY.

Bigomo:

V(NH3) = 6,72 n
h%o4

S

=1782r
n—?

Pos3BH3aHHA
1 CknaflaeMo piBHAHHSA peakuil:

672 n X
2NH3+ HIS04= (NHAH®S 04
448 n 132t

2. 06uYMcnoeEMO MONAPHY Macy i macy 1Monb aMOHIN cynbdaty:
M((NH49S04) = 132 r/mons;

(1 monb) = 132 r/monb «1mMonb = 132 1.

3. O64mMcnoemMo 06’eM 2 MOMIb aMOHIaKY:

V(NH3 = 22,4 n/monb 2 monb = 44,8 n.

4. Mignucyemo OTpUMaHIi 3HaYeHHA Nig popMynamu peyoBUH,

a BifOMi 3a yMOBOI —Haf opmynamu Ta CKiagaemo nponop-
Lito.

5. O6uYMCNOEMO TEOPETUYHUNI BUXIA:

672 n-1321
44,8 e

6. OG6UMCMOEMO BiHOCHWIA BUXif!
19,81 - 100%, 17,82 1 «100%

Togi U = ~ 90 % a60 0,9.
17,82 1 —Ti: Al 198 1 b

Bignosigp: BigHOCHWIA BUXig amoHii cynbthaTy —90 % a6o 0,9.

3agayva 2. OpTothoctaTHY KUCNOTY NOBHICTHO HEMTpanisyBann HaTpiil rigpokcu-
[lOM Ta oTpUManu cepefHio cinb Macot 32,8 r, 3 BifHOCHMM Biagxoaom npoaykty 80 %.
O64MCNiTb Macu BUXiLHNX PEYOBMH.

Bigomo:

H3P 04iNaOH
In(Na3?04) =32,8r
b =80 % 4
Ia(H3P 04 - ?
/a(NaOH) - ?

68

Po3BHh3aHHA
1. CknaflaeMo piBHAHHA peakuil:
X y 41r

H3P 04+ 3NaOH =Na3P 04 + 3HD.
98 r 340 164 r
2. O64MCNOEMO MONSAPHI MacK i macn 1monb optothocdaTHOI
KWCNOTW, HaTPI FigpoKcuay Ta HaTpii opTogocdary:
M(H3P04) =98 r/mons;
M(1 monb) =98 r/monb «1monb = 98 T.
M(NaOH) =40 r/monsb;
(1 monb) =40 r/monb «1monb =40 T.

M(Na3P 04 = 164 r/mons;
(1 monb) = 164 r/monb «1mMonb = 164 .



§ 14. Po3paxyHKOBI 3afja4i Ha 064YNCNEHHA 3a XIMIYHUMUW PIBHAHHAMMU...

3. 064NCNOEMO MACcCYTEOPETUYHOTOBNXOAY HATPI opTothochaTy:
328 r-80%, 32,8 r- 100%

z—100 %, TO412-------- 80%

4. MignucyeMo OTpUMaHi 3HauYeHHA nig popMynaMm peyoBUH,
a BifjOMi 3a YMOBOIO — Haj (popMynamu Ta NpoBOLAUMO 0b64unc-
NeHHS.

5. O6uucnoemo Macu opTodochaTHOI KUCAOTU A HaTpii
rigpokcuay, Wo BCTYNUAN B peakLito:

98 re4ir 3¢40re41r
=30r.

= 1641 = r 164 r

Bignosigp: 3a BigHOCHOT0 BUXOAY NpoayKTy 80 % npopearysanu
opTtooctaTHa KucnoTa Macokw 24,5 r i HaTpiii rigpokcug
macoto 30T.

3agava 3. ETeH macoto 60 r npopearyBaB 3 X/I0pOM 3 YTBOPEHHAM AUXJIOPOETaHy
macoto 198 r. O6umcniTh BifHOCHMIA BUXiA NpoAyKTy i 06emm rasis (H. y.), WO

npopearyBsanu.
Bigomo:
/n(C,H4 =60Tr

/a(C~HACI,) = 198 r

u—?
Y(CHY - ?
Y(CI2 - ?

PosBA3aHHA
1. CKnajaemo piBHAHHA peakuii:
60 r X
C,H4+ CIl, = C,HACI,.
281 224n 99r

2. O64MCOEMO MONAPHI MacK i Macu 1Monb eTeHy i1 AUXN0PO-
eTaHy i 06'eM 1Monb Xn0py:

M(C,H4 = 28 r/monb; M(1 monb) =28 r/monb * 1mMonb = 28 T.
M (C,H4CI,) =99 r/monb; T(1monb) =99 r/monb * 1mMonb =99 T.
Y(Cl)) =22,4n/monb; Y(1 monb) =22,4n/monb-1Monb =22,41.
3. Mignucyemo oTpuMaHi 3HaYeHHA nif (hopMynamm pevyoBuH,

a Bijomi 3a yMOBOIO —Hafj popMynamu Ta NpoBoAUMO obunc-
NeHHA.

4. O6YMCMOEMO Macy TEOPETMYHOIO BUXOAY LMNX/0POeTaHy:

28r- 99r, . _ 60r -99r _
i X TOAIX = ——Far =212,14r.

5. O64YMCNIOEMO BiIJHOCHWIA BUXiA NPOAYKTY:

212,14 1 - 100%, 198 r-100% no 00 O
198 r- Tog" 11------ 212,14 r " 9333 /4-
6. O6umcnoemMo 06’eMn rasie —eTeHy Ta X/10py:

- 601 224 n
281 (C,H4 - 22,4n Toai Y(C.H,) = gl 48 11

60 r —Y(C,H4; 28
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7. AKWoO 3a PiBHAHHAM peakuii 1 MoNb eTeHy pearye 3 1 mMofib
XNopy, To 06°eM x0py, WO BUKOPUCTABCS, CTAHOBUTL 48 /1.

Bignosigp: BigHOCHMIA BMXifg npoayKTy —93,33 %, BUKOpUCTa-
nncs oHaKoBi 06’eMK rasiB Mo 48 1 KOXHOrO.

nacyMmoByeEMO BMBYEHE

e Po03B’A3yBaHHA 3afay 3a XiMIYHMMW PIiBHAHHAMW Ha 06YMCNEHHA BigHOCHOrO
BMXOAY NPOAYKTY peakuii nonsrae B TOMy, LU0 cnoyaTKy NOTPiGHO 06YnCcAMTU Macy
yn 06’eM PEYOBVH, SKi MalOTb YTBOPUTUCA 3a PIBHAHHAM peakuii, TO6To 06uncantm
TeopeTUYHiMacy 4n 06’em NPoayKTY.

e [pakTwunyHimaca Ta06’eM NPOAYKTY 3aBXAN MEHLUi Big TeopeTUyHux. Tomy Bif-
HOCHWA BUXig, NPOAYKTY OBGYMCMIOEMO 3a BiAHOLIEHHSAM MPaKTUYHUX Macu um
06’eMy 10 TEOPETUYHUX.

3ABOAHHAANA CAMOKOHTPO/IO

1. YHacnigok perigpyBaHHsi eTaHy o6’emom 10 n oTpumanu eteH o6’emom 8 1.
O6uncniTh BIAHOCHUIA BUXiA NPOAYKTY.

2. MarHiin okcumpg macoto 80 T MOBHICTIO MNpopearyBaB 3 HITPATHOK KMCNOTOH.
YTBOPUBCA MarHili Hitpat macoto 243,2 r. O64YncniTb BiAHOCHWA BUXIL NPOAYKTY.

3. Kpi3b po3uuH KanbLjii rigpokcuay nponyctuam kapo6oH(lY) okcug o6’emom 11,20
(H. y.). YTBOpUunacs cepegHsi Cinib Mmacow 44 r. O6uncniTb BigHOCHWUIA BWXig NpPo-
AykTy. HasBiTb Cinb, L0 yTBOPUIACS.

4. Ha po3uunH HaTpiit kKapboHaTy Macot 106 r 3 MacoBOto YacTkow coni 0,1 nogisnu
KasbLjili TigpOKCUMAOM 40 YTBOPEHHA cepefHbOoi CoMi. YTBOPMBCS Kasiblili kap6o-
HaT Macolo 9 r i HaTpii rigpokcna macoto 3,6 . OGUUCAITL BIGHOCHUIA BUXIA LNX
pPEYOBYH.

5. Ha po3uunH antomiHii xnopugy macoto 133,5 r 3 macoBow YacTkoro coni 0,2 nogisinm
PO3YMHOM Kaniil rigpokcmuay. YHacnigok peakuii BunasB 6invini gparnuctuii ocag
macoto 15,6 r Ta yTBopunacs cinb Mmacoto 40,11 r. O6UMCniTb BiAHOCHWIA BMXig Npo-
OYKTIiB peakuiin Ta Ha3BiTb PEYOBMHY, LU0 Bunasia B ocag.

6. O6uMcniTb i No3HayTe BigHOCHWIA BKXig cynbdyp(lY) okcuay, SKWO BHACiAOK
FOPiHHA CipKM B aTtMocdiepi KUCHIO 06'eMoM 6,72 11 (H.y.) yTBOpPUBCA ra3 06’eMom

56 &
A 83,66% B 82,34%
B 82,43% I 83,33%

7. O6uncniTb | No3HauTe BIQHOCHWUIA BWXig Gapiii HITpaTy, LIO YTBOPUBCS BHAC/iAOK
pPO34MHEHHA Gapili okcmay macoto 15,3 1y BoAi Ta MOBHOT HelTpanisauii oTpMmaHoi
PEYOBUHUN HITPATHOK KUCNOTOK 3 YTBOPEHHSAM CO/li Macoko 22 T.

A 84,90% B 80,20%
B 84,29% I 85,30%

8. Po3B’axiTb KpocBOpA. 3anoBHUBLUM PAAKU, Y BUAINEHOMY CTOBMLi NpouuTaETe

npi3BuLLE NEPLLOBiIAKpUBaAYa XiMiYHOIO gxepena cTpymy.
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§ 14. Po3paxyHKOBI 3afja4i Ha 064YNCNEHHA 3a XIMIYHUMUW PIBHAHHAMMU...

1
2
3
4
S
B
8

3a ropusoHTaso

. YMoBa nepebiry Heo60poTHOI peakui.

. HasBa npuHumny, Wo fae 3Mory nepesbdavntin HanpsMoK nepebiry peakui.
. PauioHanbHe BUKOPUCTaHHS BiAXOAB.

. HasBa npucTtpoto, Lo € XiMIYHAM I)KEPEeNoM CTpyMmy.

. Hasea npouecy, Wwo Bif6yBaeTbCs B rasbBaHiYHOMY €1EMEHTI.

UMHHKK, LLO BM/AIMBAE Ha nepebir 060poTHUX peakLii.

. HasBa peakuii, L0 Big0yBaeTbCA B OAHOMY HarpsMKy.

. 3arasibHa Ha3Ba peakLiii pe4oBUH 3 BOLOHO.

CONO T WN PR

LIIKABO 3HATWU

e T[anbBaHivHi €1EMEHTM HUHI Ha3mBaloTb GaTapeiikamu. HalinowwunpeHiwnmm e Tpu
TMNK 6aTapeiok: conboBi (Cyxi), NyXHi Ta NiTiesi. MpUHLMN TXHLOI POBOTK Takuii
camuii, sik onucas A. BonbTa, TO6TO [ABa MeTa/im B3aEMOSII0Tb Yepe3 enekTponiT,
TOMY B 30BHIiLIHbOMY 3aMKHYTOMY J1aHLi03i BUHUKAE E€NEKTPUYHUIA CTPYM.

e JlyXHi i conboBi 6aTapeikn 3aCTOCOBYHTb O/15 XUBJ/IEHHS Pi3HUX €/TIeKTPOHHUX

NpUCTPOIB, pagioanapartypu, irpaLlok.
ConboBi 6atapelikn — HaigelweBLi, OCKI/IbKM TXHA €MHICTb € HM3bKOK. ToMmy iX
BMKOPUCTOBYIOTb B MPUCTPOSX, e EHEeProcnoXmMBaHHA He3HauvyHe: y roguHHuKax,
nynbTax AUCTaHUiIAHOrO ynpaBniHHA, B eNeKTPOHHUX TepmomeTpax. JlyxHi 6arta-
pelikn MalTb ICTOTHO BiNbLUY EMHICTb, Kpalle npauioTb 3a HU3bKMX TeMnepartyp
i M Yac BeIMKNX HaBaHTaXXeHb CTPYMOM.

 JliTieBi 6aTapeiikn BiAPI3HATLCA Bif, iHLUNX €1EMEHTIB XUB/IEHHS BUCOKOK TpUBa-
NicT0 po6OTK 11 BUCOKOK BapTICTIO. Y HMX HaliBULLA EMHICTb HA OAMHMLIO Macu Ta
TpuBannii yac 36epiraHHs. Habynm LUMPOKOro 3aCTOCYBaHHSA B Cy4yacHiii nopTaTus-
Hili eNeKTPOHHI TexHiUi: ANns XMBMEHHS TOAWHHMWKIB, HA MaTEpPUHCbKMX nnarax
KOMN'tOTepiB, Y NOPTATMBHUX MEAMYHUX Mpuiagax TUMY [IIOKOMETPIB, Hapy4HUX
rOAVHHUKAX, KasbKynsTopax, ¢oToTexHiyi Towo (3a MaTepianamn caiita
http://elektruk.info/main/school/1267-galvanicheskie-elementy-ustroystvo.html).

HABUYANBbHWNMPOEKT

1. Fa/bBaHiYHWIA enemMeHT 3 KapTonai, IMMOHaA.
2. Bvuam Ta npUHLMNM poboTM Masimx MKepen enekTpuUUYHOro CcTpyMmy, iXHa yTunisadis.


http://elektruk.info/main/school/1267-galvanicheskie-elementy-ustroystvo.html
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MOBTOPKOEMO W Y3ATAJTIbHIOEMO TEMY 3 «XIMIYHI PEAKLLIT»



T
MonekynsipHe piB-

HAHHSA

NHACI + HD ~

A NH40H + HCI;

NOHHE PIBHAHHSA
nh; +HO ~
NH.OH + H+.

Peakuisi po3umnHy Knc-
noTHa.

MoBTOpOEMO 1i y3arasibHIOEMO TEMY 3

MPUKNAON

NaZZ 03+ HD ~
A NaOH + NaHCO03;

2Na+ CO|- + HD ~
2Na++ OH- + HCO-,

HCO- + HD ~
N HX03+ oH-.

Figponi3 BigbyBaeTbCs
y OBi cTagii. Peakuis
PO3UMHY NyXHa.

t

(NHHZ 03+ HD ~
A NH4HCO3+ NHDOH;

2nh; +co2+hd"
N nh;+HCO-+
+ NH40H.

Peakuis po3unHy cnabo-
NyXxHa, 60 CTyniHb ANCO
uiauii amoHili rigpo-
Kcuay 6inbLunin 3a cTy-
niHb Aucouiauii yTBope-
HOro aHioHa.



~ 8§ 15. HEMETANW. SBAEA/IbHA XAPAKTEPUCTUKA HEMETAIB,
IXHI ®13VYHI BTACTVBOCTI

OnaHyBaBlWK MaTepian naparpada, BU 3MOXeTe:

e Ha3MBATU HaNoWMpeHili B NPUPOAI HEMETaNYHI eNeMeHTH;

e CKNajaTwu piBHAHHA, WO MIATBEPLXKYIOTb OKWUCHI BNacTMBOCTI HemeTanis
(KuceHb, cipka, ByrneLb, XJIop) y peakuisax 3 BOAHEM i MeTanaMu; BifHOBHI Bnac-
TMBOCTI BOAHIO 11 BYTNeLt0 B peakLisfix 3 OKCugaMmyu MeTafivHNX efIeMeHTIB;

e XapakTepusysaTW HemeTanu, ixXHi hisnyHi BNaCTUBOCTI;

* MNOPIBHIOBATY (Di3nyYHi I XiMiYHi BNaCTMBOCTI HeMeTaniB.

HemeTaniuni enemenTu it npocTi pevosunu-nemeranu. Y NEPIOANYHIA CUCTEMI HEME-
TaniyHi efleMeHTN pO3MilleHi B MpaBiii BEPXHI YacTWHI Bif fiaroHani, SKy YMOBHO
MOXHa MpoBecTu Big bopy fo AcTary. iX 3HAYHO MeHLIe, HiXX MeTaniyHux. AToMu
HeMeTaniyHMx efleMeHTiB MatoTb Ha 30BHILIHbOMY eHepreTUYHOMY piBHI [JOCUTH
BE/INKY KiNbKiCTb €nekTpoHiB (4-8). Tomy, BCTynaruu B XiMiYHY B3aeMOAit0 3
iHWWMKW eneMeHTamun, BOHW NEPEBaXKHO NMPUELHYIOTb efIeKTPOHU, YTBOPIOOYM Hera-
TUBHO 3apafkeHi oHN —aHioHW. Hanpuknag:

ClO+ 1le=Cl-; S°+2e=S2;, No +3e=
MosCHITL camocCTiHO, YoMy MgporeH yTBOpPHOE i KaTioH H+, i aHioH IT1

Bam Bigomo, Wwo B nepiogi 3i 36inbWeHHAM 3apsfiB aTOMHUX sep 3MeHLYETbCS
pagiyc aToma i 36iNbWYETbCA KiNbKICTb €/1EKTPOHIB Ha 30BHILUHbOMY €HEPIrETUUYHOMY
PiBHI, a OTXe, 34aTHICTb MPUERHYBATU €NEKTPOHM 3pocTae. Y rpyni —pagiyc atoma
3MEHLLYETLCA 3HU3Y BBEPX, TOMY 3[4aTHICTb MPUEAHYBATN €NEKTPOHU TEX MOCUIIO-
eTbcs. OcCKinbkn dnyop y nepiognyHiii cucTeMi po3TalloBaHWiA y NpaBiit YaCTUHI I
HaliBuLe, TO BiH NPOSABAAE HAOINbLI BUPaXKEHI HeMeTaiyHi BNacTUBOCTI.

KpimM MOHHMX CMONYK, HEMEeTaNnivyHi eleMeHTV YTBOPKOIOTb MPOCTI Ta CKiagHi pe-
YOBWHW 3 KOBA/IEeHTHUM 3B’3KOM. Hanpuknag, y npoctux pevyosuHax cknagy H9 ClI,,
19, N, Mk aTOMamMu yTBOPKOKTLCS CMiSIbHI €eKTPOHHI Napwu, piBHOBIgAaneHi Big 060X
A4ep aToMiB, TO6TO 3B’A30K KOBaNeHTHMWIA HenonapHuiA. [leski HemeTanu yTBOPHOOTh
10T PONHI MoAudikayii: IXHi MONeKy M MatoTb BinbL SK [Ba aTOMU Ta CKNagHiwy 6y-
fosy. Lle 6inuin pocdop P ,030H O , pombivHa cipka S . IHEpTHI rasam —o4HOATOMHI.
Y cKnagHuX pevyoBuUHaX, YTBOPEHUX HEMeTaniYHUMK efnemeHTamu cknagy HO, HCH,
CO,, S03 Mixx aTOMaMun HasBHWII KOBaNeHTHWIA NONAPHUIA 3B A30K.



« § 15. HemeTtanu. 3aranbHa xapakTepucTuka HemeTasnis, iXHi Pi3VYHI B1aCTUBOCTI i

MOSICHITL MEXaHi3MU1 YyTBOPEHHSI KOBA/IEHTHOrO HEMOSIPHOTO i MOMSIPHOO 3B’SA3KIB.

HemeTaniyHi eneMeHTV yTBOPHOIOTb NPOCTI PEYOBUHU-HEMETANUN. M BNaCTM-
Ba MoNekynspHa 6yaosa —Yy By3nax MOJIEKYNAPHUX KPUCTaNiyHUX I'paToOK po3Mmi-
WY TbCA HENONAPHI Monekynun. Kpim Toro, y 6aratbox HeMeTasniB HasiBHi aTOMHI
KpucTaniuHi rpatkun. Lle anmas i rpagit (guB. § 8, ¢. 42), 6op B, uepBoHUit hoc-
top P (puc. 33).

Puc. 33. Mogeni aToMHMX KpucTaniyHUX I'paToK HemeTanis:
a — 6opy; 6 —uepBOHOro hochopy

®i3UYHI snactusocTi nemetanis. HEMETANN 32 HOPManbHMX YMOB NepebyBalOTh Y
pi3HMX arperaTHUX crtaHax: rasonofi6oHomMy (KuceHb, BOAEHb, X10p, a3oT, (hTop), pia-
KoMy (6pom) i TBepaomy (Byrneub, cipka, octop).

JemMoHcTpauiinHniA gocnig. Po3rnsHeMo 3pasku Aeskux HeMeTaniB, 30kpema 6pomy,
cipku, Byrneuto (Byrinns), 4yepBoHoro ocdopy Ta iogy. 3a pesynbraTtamu cnocTepe-
XEHb IerKo onucatu isnyHi BNacTUBOCTI HEMETaNIB.

Lle pe4yoBUHM, AKi He MalOTb MeTaMiYHOrO 6/IMCKY, IM HEBNACTUBA €NeKTPo- il Te-
NAOMPOBIAHICTb. AKL,0 BAAPUTU NO LUMATKY CipKW, BOHA JIerko po3najaeTbecsa Ha ApioHi
YacTUHMK, WO NigTBEPAXYE 1T KPUXKICTb. HemeTanam 3 MONeKYNAPHUMU KPUCTANIYHK-
MU rpaTKamu BNacTMBI HU3bKI TeMNepaTypu NnaBfeHHA Ta KUMiHHA, BUCOKA NEeTKICTb.
HemeTanu maloTb pi3HUiA Konip: iiog —GioneToBunidi, 6pom —6ypuin, xnop —>KOBTO-
3e/IeHNiA, cipKa —XXO0BTUIA, rpa)iT —4opHO-Cipnii. BoaeHb, KUCEHb, a30T —6e36apBHi
rasu. Yci ui hisnyHi BNacTUBOCTI B3ATO 3a OCHOBY K/lacu@ikalii npocTUX peHoBUH Ha
mMeTanu i HemeTanu.

OKWCHi snactusocti nemertanis. BNACTUBICTb HEMETANIYHUX €NIEMEHTIB NPUELHY-
BaTW €NeKTPOHWN XapaKTepusye iXHIO 34aTHICTb OYTU OKUCHUKAMU MNif vyac XiMivyHUX
nepeTBopeHb. LLL06 yneBHUTMCA B LbOMY, NPOBEAEMO OCAIL.

Locnig L Harpiemo MigHWit apiT, SKuii mae YepBOHWIA KONip, y Nonym’i nanbHMKa.
BiH nokpuBaeTbCcs YopHMM HanboToM Kynpym(ll) okcmpy. OTxe, Migb BCTynuna B
peakLito 3 KNCHEM 3 YTBOPeHHAM KyrnpyMm(l1) okengy. PiBHAHHA peakuii:

2Cn + O, =2Cu0.

Y uili peakyii atomn Kynpymy BigaatoTb €1eKTPOHU Ta € BiAHOBHUKaMW. ATOMM
OKCUTEHY NPUELHYIOTH €/IEKTPOHM Ta € OKUCHUKaMMU.



Tema 4. HeopraHiyHi pe4oBUHK Ta iXHi BNacTUBOCTI

BifHOBHiI BNacTMBOCTI NPOABAAIOTbL X/0pP, a30T, CipKa, BYrneub y peakuiax 3
MeTanamum:

2Al + 3CI, = 2AICI3, 3Mg+ N, = MgN2 Fe+ S=FeS; Ca+2C =_CaC,.

MosICHITL Nepexif enekTpoHIB y PIBHAHHAX peakuiil. BusHayTe OKUCHWKM i BigHOB-
HVIKW.

OKMCHI BlaCTMBOCTI HeMeTaniB NpPOsABAATHLCA i Nif Yac IXHbOT B3aEMOAIT MiX
coboto. Hanpuknag, y peakuii a3oTy 3 BOAHEM, CipK/ 3 KUCHEM:

N, +3H,= 2NH3 S+ O, =S0,.

Y unx peakuisix OKNCHWKOM € MPOCTa PEYOBMHA, YTBOPeHa Biflbll efeKTpOoHera-
TUBHUM €/IEMEHTOM.

BusHauTte, ski pevyoBMHN € OKUCHUKaMn B peaKLl,iHX MK HemeTanamu.

BiavosHi snactusocTi Hemetanis. Y PEAKLIAX 3 OKCMAAMMN MeTaniyHUX efleMeHTIB
[lesKi HeMeTann NpPosABNAThL BiJHOBHI BNaCTUBOCTI.

[Jocnig 2. CiponycTMo BOoAEeHb Kpi3b YopHMiA nopowok Kynpym(l1) okcmay, oTpu-
MaHui y gocnigi 1 YUepes gedAkuin yac migb 3 OKCUAY BiLHOBMKETLCA: YTBOPHOETHCS
peyoBMHA YEPBOHOI0 KONLOPY. PiBHAHHA peakuil:

CuO +H,=Cun+H,O0.

Peakuii B3aeMOgii OKCMAiB MeTaniYHUX eNeMeHTIB 3 BOAHEM i Byrieuem Habynm
NPakTUYHOro 3aCTOCYBAHHA B MeTanyprii. P/g vac peakuyii UMHK OKCUAY 3 BYr/euem
LWHK BifHOB/TIOETLCA [0 BiILHOTO CTaHY:

ZnO +C =2Zn + CO.

Y MeTanypriiiHiil NPpOMMCNOBOCTI 3a fONOMOIrOl BOAHIO BiZHOB/OOTL BOMbGPaM.
PiBHAHHA peakuit:
WO3+ 3H, =W + 3H,0.

3BepHiTb yBary! PiemeTaniyHi enemMeHTU NPOABNAKTb 34aTHICTb YTBOPHOBATU MO
fLekinbka okenpis. Hanpuknag, Kap6oH —CO T1a CO,, Cynbpyp —SO, 1a S03 doc-
thop —P,03ta P,05

OTxe, HeMeTasliuHi eNeMeHTH YTBOPIOIOTL MNPOCTI PEYOBUHU-HEMETANN, AKi Mif vac
XIMIYHMX peakLuiii MOXXYyTb 6YTW K OKUCHUKaMK, TaK | BIZHOBHUKaMMU.

nacyMoBYEMO BMBYEHE

* Y nepiogunyHiii cuctemMi HemeTaniyHi eneMeHTV po3MilleHi BnpaBili BepxHiii yac-
TVHI Big AiaroHani, Ky yMOBHO MOXHa NpoBecTu Big bopy Ao Actaty.

e ATOMM HeMmeTasiYHMX e/IEMEHTIB MalTb AOCUTb BEJINKY KifIbKiICTb €NEeKTPOHIB Ha
30BHILUHBOMY eHepreTMYHOMY PiBHi, TOMY BOHW MEPEBaXHO MNPUELHYIOTb efnek-
TPOHU, YTBOPIOKOUYN HETaTUBHO 3apAKeHi NOHW — aHioHW.

* HemeTaniuHi enemMeHTV yTBOPIOIOTb NPOCTI Ta CKNaAHi PEYOBUHUN 3 KOBAIEHT -
HUM 3B’SI3KOM i CKNlafHi —3 NOHHUM 3B’SA3KOM.

* OKMWCHi BNacTMBOCTI HEMeTasiB NPOABASAITLCA Mif Yac IXHbOI B3aEMOAITl 3 meTa-
namu i Mk coboro. Y peakuisix HemeTasliB M cO60K npocTa peyoBUHA, YyTBO-
peHa 6ifbllU eNeKTPOHEraTUBHUM €/IEMEHTOM, € OKUCHUKOM.

e Y peakuisix HemeTaniB 3 oKCMgamu mMeTaniuyHUX eneMeHTIB feski HemeTanm
(BOAEHDb, Byrfeup) NposBASATbL BiAHOBHI Bac TMBOCTI.



.................... § 16. AnoTtponis. AnoTponHi mogudikaLii HemeTaniyHNUX efleMeHTIB

¢ BigHOBHI B/1acTMBOCTI BOAHIO 1 BYI/MiEL0 BUKOPUCTOBYHOTb Y MeTasyprii, BigfHOB-
NI00YN MeTanu 3 iXHIX OKCUAiB.

3ABJAHHAANA CAMOKOHTPOI/O

1. TOSICHITb PO3MilLleHHs MeTasliyHMX eNIEMEHTIB Y NepioguyHiii cuctemi.

2. OxapakTtepusyiTe pi3nyHi BNacTnBOCTi HeMeTanis.

3. O6rpyHTyliTe, YOMY HEMeTa/In NPOSB/AIOTL OKNCHI BNACTUBOCTI.

4. TIOACHITb, Y SIKNUX peakuisx HemeTasim NpPosBAAIOTb BiAHOBHI BNACTUBOCTI.

5. YKaxiTb CMMBO/ XiMIYHOrO €/ieMeHTa, KMt Ma€e eNeKTPOHHY KoHAirypadito atoma
1s2s2p@BsZBp3.
AP B As BN I Se

6. [lonuwiTb NpaBi YaCTUHW PiBHSHb peakLiii: S + 02— ... ; S + H2—» .... T10ACHITb,
AKi BNACTUBOCTI — OKWCHI Y/ BIAHOBHI — NPOSABASE cipka.

7. CknapgiTb piBHAHHA peakuiin 3a cxemoro: P—» PO 5—» H3P04—» Ca3j(P04)2
8. Tlig yac peakuji marHito 3 a30TOM YTBOPUBCA MarHiii HiTpua macoto 25 r. O6uncnitb
Macun peareHTiB.

9. YHacnigok B3aemogii a3oTy 3 BogHeM 06'eMOM 9 M30TpUMasin aMoHiak 06’eMOM
5 M3 O64YMCNiTb BIAHOCHWIA BUXif aMOHiaKy.

§ 16. AJIOTPOMIA. A/IOTPOMHI MOAN®IKALIT HEMETATTUHNX
EJIEMEHTIB

OnaHyBaBLlUX MaTepian naparpadga, BU 3MOXeTe:

* MOSACHIOBATMU CyTb ABMLLA anoTponii; BiMIHHOCTI BNacTUBOCTEA anOTPOMHUX
moangikauii Okcureny, Cynbpypy, KapboHy i1 docthopy 3a Jonomorow
TXHbOTO KifIbKiCHOTO cknafy abo 6yaoBu;

 JOCNig>KyBaTW aacopbLiliiHy 34aTHICTb aKTUBOBAHOIO BYTiNAA i aHanoriyHux
NniKapcbKMX npenaparis;

+ 0OrpYHTOBYBATM 3HAUEHHSA aNOTPOMHUX MEPETBOPEHD;

 [OBOAVTMU NPaKTUYHY 3HAYYLWICTb ABULLA afcopouii;

* BUC/IOBMIOBATMW CYLXKEHHA Wono 6ionorivyHol poni 030HY Ta oro 3acTocy-
BaHHS.

Anorponin. Y 8§ 153ragyBanocs npo Te, WO HemeTaniuyHi eNeMEHTM MOXYTb YTBO-
proBaTy AeKinbKa NPoCTUX PEYOBUH, BiAMIHHUX 3a CKNajoM MOnekyn i 6yfoBoto.

AnoTponisa (Big rpeybk. alios —iHWWiA, tropos —BnacTUBICTb) —sABMLLE
YTBOPEHHSA XiMiYHUM efleMeHTOM ABOX abo Ginblue NPOCTUX PEYOBUH, Pi3-
HUX 3a BNacTMBOCTAMM Ta 6yAoBot0. MpPOCTi peHOBUHM OfHOTO efleMeHTa
Ha3MBalTb aIOTPONHUMM MoMdikaLiamu.

AnoTponHi mogudikayii Bnactmei Okcureny, Cynbhypy, KapboHy Ta ®ocdopy.
O3HailomMumocs foKNafHile 3 MPOCTUMU PEHOBUHAMM KOXHOTO 3 LiMX e/1eMeHTIB.



ees Tema 4. HeopraHiyHi pe4oBMHK Ta TXHi BNACTUBOCTI

A noTtponni moaudikauii O kcureny. OKCUTEH YTBOpHOE ,qBi I'IpOCTi PEe4YOBUHWN. KNCEHb
Ta 030H. MOpiBHAEMO iXHiii cknag i BnactusocTi (Tab6n. 5).

Tabnmusa 5

MopiBHSANbHA XapaKTEPUCTUKA KUCHHO 1i 030HY

Unm 3ymoBneHa
anoTponis

Mogeni
MOJIEKY

AnoTtponis
OkcureHy
3yMOB/ieHa pi3-
HOO KifNbKICTIO
atomiB OKcu-
reHy B MOJieKy-
nax npocTux
peyvoBuH.

KuceHb

O30H

A

BnacTtuBocTi

a3, 6e3 Konbopy ¥ 3anaxy,
Mali)ke HepO3YMHHWUIA Yy BOAI.
3a Temnepatypm -219 °C
nepeTBOPIOETLCA Ha TBepay
peyvyoBUHY. Temnepatypa
KWMiHHA CTaHOBUTL -183 °C.

a3 6NaKUTHOTO KONbOPY.
Mae xapakTepHWii 3anax CBi-
XocTi. [obpe po34yMHHUI Yy
BOMi. 3pifKeHWiA 030H Mae
TEMHO-CUHIl, a TBepauin —
Malike YopHuiA Konip. Temne-
patypa KWMIHHA CTaHOBUTb
-112 °C.

[MowmpeHHs
B npupogsi
O6’eMHa YacTKa KMUCHIO
B noBiTpi —21 %.
Y He3HauHii KifbKOoCTi
PO34YUHHWIA y BOAI Ta
rpyHTax.

YTBOPHOETLCA B aTMO-
cthepi nig yac rposu.

Y XBONHUX nicax —yHa-
CNifJlOK OKNCHEHHA CMO-
NNCTUX PEYOBUH LUX
fepes. Ha Bucori

20-30 KM yTBOpIOE 030-
HOBWIA Wwap aTmochepu.

KunceHb nig gieto BUCOKOT TeMnepaTypu, eNeKTpUUHOro pospsagy abo ynorpadgio-
NeTOBOro0 BUMPOMIHIOBAHHS NMEPETBOPHKIETHCS Ha 030H, LLO Bifo6paxae piBHAHHSA:
t =2000 °C
3CT, *p 20,
Peakuis 060poTHa, TO6TO YTBOPEHUIA 030H PO3KNaAAETLCA 4O KUCHIO I aToMap-
Horo OkcureHy. OKCUTeH CMOMy4YaeTbCA B MOMEKYNN KUCHKO. Lleid mpouec Bigo-
6paXkae piBHAHHA:
20 —» 20, + 20, 20 0,
abo cymapHo:
20,

KunceHb ii 030H Bigpi3HAOTLCA XIMIYHOI aKTUBHICTIO. Bam y>ke BifOMO, L0 KNCEHb
€ 4O6PUM OKMCHMKOM Nif yac peakwyiii 3 metanamu ii fesakumu Hemetanamu. OfHak
peakuiiiHa 34aTHICTb 030HY 3HAYHO BULLA 3aBAAKM TOMY, WO Mif Yac Moro posnagy
YTBOPIOETLCA aTOMapHUit OKcureH. Lle 3ymoBtoe camo3aliMaHHs feAKUX PeYOBUH B
030HIi, 3HebapB/IEHHA GapBHUKIB, KPUXKICTb Kay4yKiB.

HasBHICTb KUCHIO B NOBITPi 3a6e3neyye BCi XXUTTEBI NPOLLECU B XUBUX OpraHiamax.
3aBAAKMN KUCHIO Big6yBaeTbCs npouec gnxaHHA. OfHaK HagMipHa MOro KifbKicTh B
opraHisMmi Npu3BOAUTb A0 NPULIBUALIEHHA OOMIHHMX NPOLECIB, WO CNPUYNHSAE 3HO-
lWyBaHHA opraHiamy. KnceHb 3aCTOCOBYIOTb A4 pi3aHHA Ta 3BaplOBaHHA MeTanis y
CYMiLli 3 eTUHOM (aLeTUNeHOM) i AIK OKUCHUK NanuBa B PaKeTHUX ABUTYHaX. Y Mean-
LUMHI KNCHEM HANOBHIOKOTb KMCHEBI NOAYLIKN AN XBOPUX, Y AKUX YTPYAHEHE ANXAHHS.

O30H —oOTpyiiHa peyoBUHa, ane B Masiil KiNbKOCTI € JO6GPUM aHTUCENTUKOM,
TOMY Oro 3aCTOCOBYKOTb /1A 030HYBAHHA BOAM i1 NOBITPA. Y CyMilli 3 KNCHEM BU-
KOPUCTOBYIOTb AK OKUCHWK pPaKeTHOro nanvea; An5 BifgbiNt0BaHHSA TKaHWUH.

m30,



.......................... § 16. AnoTponif. ANoTponHi mogudikalil HeMeTaniyHUx efieMeHTIB :°
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O30HOBUIA Wap 3axulyae 3eMJIK0 Bif COHSYHOT pagiayil.

Y NpoMUCIOBOCTI KUCEHb A06YBatOTh 3i 3PifXKEHOro NoBiTPS, NEPeroHKoK abo enek-
TPONi30M BOAU. Y NabopaTtopHMX YMOBaX —pPO3KIa40M OKCUTEHOBMICHUX PEYOBMH, 30K-
pema Kanii nepmaHraHaty KM n04, rigporeH nepokcmgy HD 9 kanii xnopaty KCHO 3
HaTpiesoi NaN03uu kaniesoi KN 03ceniTp.

.S, CknagjiTb caMOCTIiHO pPIBHSAAHHA peakuii enekTponisy Boan W poskaagy OKCUTeHo-
BMICHMX OpraHiYHUX peyvyoBuH, SKi BU BMBYa/IM B NONEpPeHIX knacax.

AnoTponHi mogudikauii Cynedypy. Cynb@yp —enemeHT 3 nepiogy ronosHol nig-
rpynn VI rpynu. Ha 30BHiWHbOMY (TpeTbOMY) €HEpPreTMYHOMY PiBHI Oro atoma
MiCTUTbCA 6 eNeKTPoHiB. ENeKTpoHHAa KOHQirypauyis atoma —3Y3p4

Cynbyp yTBOPIOE AeKinbKa anoTPOMHUX MOANGIKaL i, 30Kpema KpucTaniyHy Ta
nnacTMYHy cipky. KpuctaniyHa cipka mae ABi ¢opMu: pomMOIYHY Ta MOHOKJIHHY.
O3HaliomuMmocs 3 HAMK AoKnagHiwe (Tabn, 6).

Tabnuus 6
MopiBHSAMbHA XapaKTePUCTUKa aNloTPOMHUX Mogndikauii Cynbhypy

Yum 3ymoBieHa Mogeni

- BnacTtusocTi
anorponis MONEeKyn
AnoTtponis Cynbthypy PomGiuHa KpucTtaniyHa peyoBMHa /IMMOHHO-XOBTOrO
3yMOB/IEHA Pi3HOI0 cipka Konbopy. Tpoxu Baxuya 3a Bofy, rycTuHa —
CTPYKTYpOtO 2,07 r/cm3 Tomy LWIMATKKN CipKW, Ha BigMiHy
KpuctaniyHux rpaTok BiZl MOPOLUKY, 3aHyplooTbCA Yy Bogy. [lna-
i KinbKicTO aTOMIB BUTbCA 3a TemnepaTypu 1128 °C, nepeTso-
y MOJieKyniax. PIOKOYUNCH HA PYXIUBY PigUHY.
Mopgundikauii cipku:
. s8
PombiuHa
M OHOKNiHHA YTBOpOETLCA B iHTepBani Temnepatyp 95,4-
cipka 119,3 °C. Kpuctanu MarTb ro.nyacty opmy.
FyctuHa — 1,96 r/cm3 ToOTO TeX Baxua 3a
. BOAY.
MoHoKniHHa Ay
s8
3a nojanbloro HarpiBaHHs KpucTaniyHa
CipKa KUnutb. SAKLWO Taky CipKy BUNUTU B
XONOAHY BOAY, BOHa MEPeTBOPIETLCA Ha
MnacTnyHa MnactuuHa nnactuyHy. Le posri naHutoru, aki nerko
cipka posTarytoTbcs (puc. 34, c. 80). IycTuHa —
2,046 r/cm3 MnacTnyHa cipka 3 4acoM nepe-
" . 0 VAL VAL VAR TBOPHOETLCA HA POMOIUHY.

Sn
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Puc. 34. Mpouec nepeTBOPEHHSA KPUCTanivyHOT CipKU Ha NAacTUYHY

Cipka Habyna LWMPOKOro 3aCTOCYBAHHA B Pi3HUX ranysax BupobHuuTBa. 30-
Kpema B NMPOMUCNOBOCTI OPraHiyHOro CUHTE3y — AN BYJNKaHi3aLil Kayuyky,
Yy BUPOBGHMUTBI CIpHMKIB, OTPYTOXIMiKaTiB, AKi BUKOPUCTOBYIOTb ¥ 60p0TLOI 3 XBOPO-
6amy Ta WKigHUKamMu pocnnH (6aBOBHUKY, BUHOTpaAHOT no3m). Ti 3aCTOCOBYIOTH AK
aHTUCENTMK Yy hapmaLeBTUYHI NPOMUCIOBOCTI ANd BUPOOHMLTBA Ma3eit (Hanpuknag,
cipyaHoi Masi A4 nikyBaHHS 3aXBOPIOBaHb LWKipK). Y XiMiYHiIA NPOMUCNOBOCTI —ANS
BMPOOHMLTBA CY/b(aTHOT KUCNOTU Ta ii coneil.

AnoTponHi moaundikauii ® ochopy. Pochop —enemeHT 3 nepiofy, ronoBHOT Nifg-
rpynu V rpynu. Tomy 30BHIiWHIl (TpeTiin) eHepreTUYHWiA piBeHb MOro atoMa Mae
€NEKTPOHHY KOH®irypauito 3s23p3

3a 3BMyaliiHMX yMOB (hocop € TBEPAOHO PEHOBUHOD, Mapa AKoT MiCTUTb Monekynu P
Y npupoaiy BifibHOMY CTaHi He TpanaseTbes.

doctop yTBOPHOE TPU anoTpPONHi Mogudikayii: 6inni, 4epBOHWUA Ta YOPHUIA
(Tabn. 7). Ak i Bci HemeTanu, pearye 3 KUCHeM. Binunit pocop —akTuBHiLWe, i BXe
3a Temnepatypu 50 °C 3aropseTbcs B NOBiTPi. MeHW akTUBHWUI YepBOHU (ochop
ropuTh Y HAANULIKY KUCHIO, SIKWLO MOro nignanuTtu. PiBHAHHA peakuil:

4P + 50, =2P,05

Tabnmusa 7
MopiBHAMbHA XapaKTePUCTUKa aioTPONHUX Mogndikauii dochopy
Him 3ymosexa Mogeni monekyn BnacTuBocTi
anorponis A Ky

AnoTponis Binnii chocthop BockonogiGHa peyoBUHa, 3 XapaKTep-
dochopy ¢ %, HUM YaCHWKOBUM 3anaxom. Hepos-
3yMOB/EHA Pi3HOIO YUHHMUIA y BOAI, ane f06pe pO3UMHA-
CTPYKTYpOIO V I V €TbCA B BEH3WHI, CipKOBYyrneyi i amo-
KpucTaniyHmux Hiaky. Y TempsBi cBiTUTbCA. Jl1eTKuUi
rpaTtok. Ta nerkonnaekuii. Temnepartypa nna.-
JleHHA cTaHoBUTL 44 °C. Temnepartypa

KpucTaniyHi rpatknm — 3aliMaHHA — 40 °C. TycTuHa —

MONEKYNAPHI. 1,8 r/cm3 [yxe oTpyiHuiA.
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MpogoB>KeHHst Tabn. 7

Mogaudpikau,it YepBoHuii hocdop MopolloK 4YepBOHOro KONbLOpPy, 6es3

dochopy: 3anaxy, Hepo34MHHWIA y BoAi i opra-
HIYHMX PO3YMHHMKaX. HeneTkuii.
FyctmHa - 2,3 r/cm3 TemnepaTypa

4 -4 _ 3aliMaHHA — Mmaiixe 260 °C. Y pasi
iHTEHCUBHOrO HarpiBaHHs nepeTBO-

KpucTaniyHi rpatku plOETbCA Ha 6inuit ocwop.

ATOMHI.

Binun

YopHuin thocthop 3a Temnepatypu 200 °C Ta TUCKY
1,2 'Ma 6innii octop nepeTBopto-
€TbCA Ha YOpHUiA. Lis moandikayis 3a
6yLOBOK  KpuUCTaniyHoi  rpaTku
nogi6Ha fo rpadity. € Hainb6inbwW cTa-
6iNbHOIO Ta aKTUBHOKW (OpPMOIO.

L Kpnctanu 4opHOro Konbopy 3 meta-

NiYHUM 67IMCKOM, POMOBIYHOT opMu.
Po3milyoTbca Wwapamu. Xapakrepu-
KpuctaniyHi rpatku 3YETbCSA MAKICTH, XXUPHUI Ha AOTUK.
aTOMHI. He mae 3anaxy, HEPO3UYMHHUIA Yy BOfi
N opraHiyHMX PpO3YMHHUKaxX. TeMm-
nepatypa 3aiimaHHA — 490 °C. Mna-
BUTbCA 3a Temnepatypu 1000 °C.
HeoTpyliHWiA, ManoakTUBHWIA, HaniB-
NPOBiAHUK.

YepBOHU

YopHuii

AnoTponni moaudikauii Kap6ony. KapboH —efieMeHT 2 nepiogy rofioBHOT Nigrpynu
IV rpynu. ToMy 30BHILLHIV (pYyruWii) EHEPreTUUYHNIA piBEHb AOF0 aTOMa Ma€e eNeKTPOHHY
KOHhirypauito 2s2p2 3aBasikm ocobnmeiin 6yaosi atomie KapboHy BiH iCHYe y BUTNAgi
[EKINbKOX anoTponHux Mogudikalii —saK NPUPOAHNX, TaK i LWITYUYHO JOOYTHX.

Y Kypci XimiT 8 Knacy B/ BMBUYMIWU KpUcTaniuyHy 6yaoBy Ta hisv4Hi BNacTUBOCTI
OfHIET 3 anoTponHMX Moaugikayin Kap6oHy —anmasy. Anmas i rpagit —Lue NpupogHi
mMoaudikauii Kap6oHy, KpucTanivyHi CTPYKTYpU AKUX Pi3Ko Bigpi3HATbCA. KpiMm HuX,
BifjOMi KapOiH i hynypeH. Mpuragaemo Leski BNacTUBOCTI anMasy Ta rpagity.

Anmas (Big rpeubk. adamas - TBepAuii) —npupogHa Moaudikalis 3 aTOMHU-
MW KPUCTaNiYHMMU rpaTKaMu, HaTBEPAIWNIA cepef iHWKX pevyoBuH. Lie 6e3bapBHi
Npo30pi KpucTanu, aKi He 3MOYYOTbCSA BOAOK. [lyXe TyroniaBkuii, 3 TemnepaTtyporo
nnasneHHs 4000 °C. He npoBOAUTb eNeKTPUYHOr0 CTPyMy, ase Aobpe NpoBOAUTb
Tenno. AKLWo AiATU Ha aiMa3 PeHTreHiBCbKUM 4YM YNbTPaioNneToBUM NPOMIHHAM, TO
BiH CBITUTbCA 6/1aKMTHUM ab0 XXOBTUM CBIT/IOM. XapaKTepPHOI BNACTUBICTIO afmasy €
34aTHICTb fo6pe 3a/10M/HOBATH CBITN0, PO3K/Iafatoym Moro Ha Winnin cnekTp Ko/bopiB.
3aBAAKM LbOMY anmasu 3aCTOCOBYHOTb Y HOBE/ipPHIi cnpasi. AiMasn He PO3YNHAKOTLCA
Hi B KMCNOTAaX, Hi B IHWUX CUMIbHUX PO3YNHHUKAX.
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MpadiT (Big rpeybk. grafo —nuwy) —peyoBrnHa ciporo abo HoOpHOTo KONbOPY,
3 MeTaniYHMM 6/IMCKOM, HEMPO30pPa, XMPHA Ha LOTUK. HanexunTb 40 TyroniaBKux cno-
NyK, 3 Temnepatypoto nnaeneHHa 3800 °C. MopiBHIOOYN 3 aiMa3oM, rpagit MK,
f06pe NPOBOANTL ENEKTPUYHWIA CTPYM | TENNOTY.

Anmas i rpaitT MoXyTb B3aEMONepeTBOPOBATMCA. 3a HarpiBaHHA anmasy Ao
Temnepatypu noHag 1000 °C 6e3 gocTyny MoOBiTPA BiH NEPeTBOPHETLCA Ha rpadiT.
3a suwux temnepatyp (1200-1600 °C) i HasaBHOCTI KaTanizatopa rpait nepeTsopto-

€TbCA Ha anmas. Lilo BNacTMBICTb Y3ATO 32 OCHOBY BUTOTOB/IEHHS LWITYYHUX anmasis.
3 iHWKMK anoTponHuMK Mogndikauismu Kap6oHy o3HaliommmMocs 3a Tabn. 8.

Tabnuus 8

AnoTponHi Mogndikauii KapboHy

Yum 3ymoBieHa Mopeni . .
an0Tponiﬂ Monekyn Cknapg mMmonekyn i B1lacCTUBOCTI
AnoTtponis NiHiHi nonimepn Kap6oHy. KapbiH — gpi6Ho-
Kap6oHy KapbiH KpUCTaniyHMin NOPOLIOK YOPHOTO KONbOpy. 3a
3yMOBJ/ieHa 6 00 0 0 BNaCcTMBOCTAMW NOAIGHUIA fo rpadity. Y mone-
pi3HOIO KiNbKicTIO Kyni kap6iHy MK atomamu Kap6oHY HasBHi
ioro atomiB OAWHApHI I noOTpiHi 3B3kn. [06yTOo KaTani-
y MoneKynax MonikyMmyeH TUYHUM OKUCHEHHAM eTeHY. Y MonikymyneHy —
npocTux TinbKW MoaBiliHi 3B’A3kun. Lle 6ina TBepaa pedo-
peYoBUH. 00O0O0O0 BMHA, HaniBMpoBiAHWK, AKWIA 3acTOCOBYKTb Y

thoToenemMeHTax.

AnoTtponis Kap- dynepeHn TBepfai KpucTaniyHi pevyoBuHU, chepuyHoi dop-
60HY 3yMOB/eHa Mu. Monekynu mictatb 20, 24, 28,..., 60, 70, 200
MONEKYNAPHOIO atomiB Kap6oHy. HalicTilikiwow mogudikauiero
KpucTaniyHot € C60. Lle cunbHNt aHTMOKCUAAHT. Busaense Hag-

6ya0BOI10. NpoBifHI BNacTUBOCTI.
AnoTtponis Kap- pacpeH Moaugikauis, yTeopeHa wapom Kap6oHy 3aB-
60HY 3ymMOB/eHa TOBLUKM Nnwe OAWH aTtoM. HalkTOHWMUA Ta Haii-
aTOMHOI0 KpucTa- MiLHIiWNA MmaTtepian, Hagnerkuin, 3 BWUCOKOI
nivyHoto 6yaoBoto. Tenno- M enekTponpoBigHicTio. Y 200 pasiB Mil-
HiWwWiA 3a cTanb. MoXe BUTPUMYBaATU HaBaHTa-
XXEHHS 5 T i 6Ginbwe 6e3 pyiiHyBaHHA. He cTBoO-
pto€ 3arpo3u JOBKiNK, OCKiIbKN PO3KNafaeTbCAa

6akTepiamu.

Byrneuesi Byrneuesi LuniHgpuyHi CTpyKTypu AiamMeTpoMm Bif, OAHOIO
HaHOTPY6KM HaHOTPYO6KM [0 KiNnbKOX [ecATKiB HAaHOMETPIiB, 3aBA0BXKWU
OAHOLLIaPOBiI 6araToLuapoBi [eKifnbka MikpoH. Lie 3ropHyTi B Tpy6Ky rpadiToBi

MAOLWMHN, MAKOTb KapKacHy CTPYKTypy. ByBaloTb
0flHO- 11 6araToLLapoBi.
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Po3zaniHg Enci ®paHkniH (1920-1958) — 6puTaHCcbka

BUeHa-6iohisnk i kpuctanorpad. CtBOpunia nigrpyHTa gns
BMCYHEHHS TiMOTE3W MPO CTPYKTYPY MOABINHOI cnipasi mone-
kynm OHK, wo B 1953 p. 3ageknapyBaiu aMepUKaHCbKi BYEHi
[x. BaTcoH i ®. Kpik.

Kepytouncb 6axaHHSM 3p06UTU CBili BHECOK Yy nMepemMory B

[pyriii cBiTOBIl BiliHI, i3 cepnHa 1942 p. npautoBana B bputah-

CbKil gocnigHuubKiin acouiauii 3 BWKOPUCTAHHS BYrinnsa i

BMBYasla MOro nNopucty CTPyKTypy. 1i poboTa chpusiia 3apo-

[P)KEHHIO igel npo BUCOKOMILHE Byrneuese, abo rpaditose,

BOJIOKHO — LUTYYHE BOJIOKHO, L0 CK/1afa€eThbCs 3 BYI/IELI0 1 Mae

rpacitToBy CTpyKTypy, T06TO atomm KapboHy po3TallioBaHi B TOHKi AOBri rpadiTosi
BOJ/IOKHa. La igest 6yna ocHOBOMO Ti AOKTOPCBLKOT gncepTauii «®idnyHa Ximisa TBepanx
OpraHivyHMX KONoigiB Ha NpuUKNagi Byrinas i noB’si3aHMX 3 HUM marepianis».é

OTXe, HemeTaniyHi enemeHTN OKcureH, Cynbyp, ®ocgop i KapboH yTBOpHOOTH
no AeKifibKa NPOCTUX PEHOBUH —anoTPONHMX MOAUGiKal i, AKi Habynn 3acTocyBaH-
HSl B TEXHILi, MEAULWHI, IOBENIPHIl cnpaBi, MeTanyprii, BUPOOHNLUTBI FyMMW, OYMLLEHHI

BOAMN.

Y nepcrnekTUBi —LWNPOKE BUKOPUCTaAHHA PynepeHiB, rpadeHy, ByrneLesnx Ha-

HOTPYOOK Y MeANLWHI Ta Na3epHili TexHiui.

niacyMoBYEMO BUBYEHE

HemeTaniuHi enieMeHTn 34aTHi yTBOpOBaTK MO AeKiSibka NPOCTUX peyoBuH. MpocTi
PEeYOBVHU OAHOrO 11 TOT0 CaMOro €efleMeHTa Ha3nBalTb a/I0OTPONHUMU MoAUd -
Kauismu. CyTb sBMLLA anoTponii NoAsArae B YTBOPEHHI KiIbKOX NPOCTUX PeYOBUH
TUM CaMUM XiMIYHUM €NleMEHTOM.

AnoTponHi mogudpikauii yTBOpHOWTL enemMeHTn OkcureH, Cynbdyp, Kap6oH i
docchop. AnoTtponis OKCUreHy 3yMOB/IEHA PI3HOK KifIbKICTIO aTOMIB Y MO/IeKynax
nNpocTux pevyoBuH, a Cynbtypy, ®occopy i1 KapboHy — pi3HOK CTPYKTYpOIo
KpucTaniyHux rparok.

ANoOTpPONHMMU MogndikayisMmn OKCUTeHY € KUCEHDb i 030H, siKi 34aTHI B3aEMO-
nepeTBOpHOBATUCS 3a NMEBHUX YMOB. Lle ABa rasu: knceHb — 6e3 3anaxy i Konbopy;
030H — 3 XapaKTepHWM 3anaxom CBIKOCTI, 6M1aKUTHOro Konbopy. Kucenb —
[06puiAi OKANCHWK, O4HAK OKUCHI BNACTUBOCTI 030HY 3HAYHO GifbLli. KnceHb 3a6e3-
nevye XUTTEBI NPOLECUN, 030H — OTPYAHUIA.

AnoTponHMMK Moaundikauismu Cynbgypy € KpucTaliyHa Ta nnacTuyHa cipka.
KpuctaniyHa cipka Mae ABi hopmu: pom6idyHY i MOHOKNIHHY. PoM6iyHa cipka —
peyoBMHa IMMOHHO-XXOBTOIO KOJIbOPY, fka 3a Temnepatypu 95,4-119,3 °C nepe-
TBOPHETHLCHA HA MOHOK/IHHY. Pomb6iyHa cipka yTBOPIOE KpUcTann pomM6ivHOT dhopmu,
MOHOKMNIHHA — roN4acTi KpucTann. 3a nofasblloro HarpiBaHHA KpuctasiyHa cipka
KMMUTB i, AKLWO 1T BUAUTU B XONOAHY BOAY, BOHA NEPETBOPIOETLCA Ha NaacTuuHy. Lle
[OOBTi NaHLUorm, ki Nerko po3TAryTbCs.

AnoTponHi moandikauii ®ocdopy: 6innin, 4YepBOHUI Ta YOPHWUIA docdop.
Y 6inoro dpocdopy KpuctasiiyHa rpatka MOIeKynisipHa, y YepBOHOIO Ta YOPHOro —
aTtoMHa. Monekynu 6inoro cpocopy 4YoTupuatomHi P4, 4epBOHOro i YOpPHOro —
MatloTb BE/IMKY KiflbKiCTb aToMiB (BigobpaxatoTb hopmynoto Pr).
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e Yci Tpu Moaudikalii 3a NeBHMX YMOB B3aeMONEepeTBOPIIOTLCA OAHA Ha OAHY.

Binuin doocchop mMae xapakTepHuiA YaCHUKOBUIA 3anax, OTPYWHUIA, CBITUTLCA B TEM-
psBi, a ABi iHWI Moandikayii — 6e3 3anaxy, He OTpyliHi, He CBITATLCA.

e AnoTponHi Moangikauii Kap6oHy: anvas, rpadiT, kapb6iH, hyneperHn. Anmasy

10.

B/lacTvBa BUCOKa TBEPAICTb i BOAHOYAC KPUXKICTb. Ha BigMiHY Big HbOro rpadit
M’kniA. Anmas i rpadoit — Tyronsaaeki, B3aeMONepeTBOPHOTLCSA 3a NEBHNX YMOB.
Kap6iH i nonikymyneH — AiHiiiHi nonimepn Kap6oHy, WO Bigpi3HATLCS BUAAMU
XiMIYHUX 3B A3KIB Mk aToMamn Kap6oHy. Y kap6iHy — oAuHAapHi i NOTpiliHi, y noni-
KymyneHy — Tiflbku nofgiliHi. Lle TBepai pevyoBrHU, HaniBNpOBigHUKN.

dynepeHn — anoTponHi mogudpikauii KapboHy, TBepgi KpucTasiuHi peyvyoBUHMW.
Monekynn mictate 20, 24, 28, .. , 60, 70, 200 atomiB Kap6oHy. HalicTilikiwow
moauncpikauieto € CE0, cchepmuHoi chopmun. Lle cunbHUin aHTUOKCMAaHT. [Mpossnsie
HaAMNpoBiAHI BNAcTMBOCTI.

3ABOAHHAANA CAMOKOHTPO/IO

MosACHITL CyTb AiBMLLA anoTponii Ha NpukKnagax.

. Oxapaktepusyiite anoTponHi mMopgudpikauii: a) OkcureHy, 6) Cynboypy;

B) ®ocdopy; r) KapboHy.

CknagiTb pIBHSHHA peakuiii: a) Cipkum 3 MarHiem, aslloMiHiEM, BOAHEM, KUCHEM;
6) KWCHIO 3 Migaw, BoAHEM; B) oocdopy 3 KMCHEM, CIPKOK, KaslbLEM; T) BYI/IEeLt0
3 BogHeM, kucHeM, dpepym(ll) okcmaom, xpom(lll) okcnagom. Po3rnsHbTe peakuii sik
OKWCHO-BiHOBHI.

. Mo3HauTe NpocTi PeyYoBUHY, LLO € A/TOTPOMHUMK MOANUMIKaLIsSIMK OHOTO eflemMeHTa.

A cipka, cynbgoyp(lY) okcnp, B anmas, dynepeH
B 6op, 60p okcupa " kap6oH, kapboH(lY) okcnpg,

. YkaxiTb mogudikauito KapboHy, TBepgilly 3a ctasb.

A dynepeH b anmas B rpadpeH I rpadoit

YKaxiTb NPOCTY PEYOBUHY, LLO CBITUTLCA B TEMPSBI.

A nnactuyHa cipka B yepBoHUii dhocdop B anma3s I 6inunin dhocchop
Mo3HayTe OKUCHUK i BIGHOBHWKY peakLii, WO BigbyBaETbLCA 3a CXEMOIO:

Zn0O+C~"Zn +CO02.

A BigHOBHUK C+2 B OKNCHUK Zn+
B OKUCHUKK Zn° I BigHOBHUK C°

Mig yac 3ropsiHHA Byrfieuto B atmocdepi KMCHIO yTBOpMBCS kap6oH(lY) okcupg
06’emom 112 n1 (H. y.). OBuMCAiTL Macy BYr/ieLto i 06'eM KMUCHIO, WO NpopearyBasiu.

Y na6opaTopii NpoBenn ekcnepMmMeHT Ha BiAHOBHI BNacTUBOCTI BOAHK. Kpi3b
nopowok kynpym(ll) okcmay macoi 1,6 r nponycTunu BOAEHb Y HaLJIMLLKY.
O6uncnite 06’em BOAHIO (H. y.), LLO BUTPATMBCS, | Macy Ta KifibKiCTb peYOBMHMN Migj,
L0 yTBOpWIAacs.

LimHk okcug macor 32,4 1 NOBHICTIO BigHOBUAN ByrneueMm. O6UucniTb Macy LIMHKY
Ta 06’eM kap6oH(lY) okcuay (H. y.), WO yTBOPUIMCA. FKiil KiNbKOCTI pevyoBUHN Bif-
nosigae Takuii 06’em?
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LLIIKABO 3HATU

e MilHicTb Ta iHLWI YHiKa/IbHI BNACTUBOCTI rpad)eHy mMaTuMyTh LUMPOKE 3aCTOCYBaHHS
B MailbyTHbOMY. Lle CTBOpPEHHSA THY4YKMX Ta yAapOoCTiiKmx ekpaHiB TenedoHis,
KyNEHENPOHUKHWX >KesIeTiB, Nerkoro i MiLHOro marepiany A1s aBTo-, NiTako- i
pakeTobyayBaHHSl. 30Kpema, KOMMaHia Samsung 3anaTeHTyBana rpadg)eHoBuii
aKyMynsatop, Skuii 3abesnevyye BUCOKY LWBMAKICTb 3apagku Ta 36inbliye enek-
TPUYHY EMHICTb 6aTapeii. 'padyeHoBI akyMynsaTOpY BUKOPUCTOBYBATUMYThL B €/1€K-
TpomoGinax. Hemane 3HayeHHA MaTVMe 3acTOCyBaHHA rpadeHy B MeAULMHI.
YBOAAUN MOro B KAITUHWM OpraHiamy, Jikapi 3MOXyTb cnocTepiratv 3a opraHiamom
i3cepegmHM 3a AONOMOroK HaHob6ITIB. OCKifIbkM BMPOGHMLTBO rpadieHy gopore,
TpMBae Nowyk cnocobiB 3a4eLleBIEHHS LbOro YHIKasIbHOro marepiasy.

e Haaymky BYEHUX, BiAKPUTTSA HAHOTPYOOK € NOYATKOM LLE OAHIET TEXHIYHOT PEBO/IO-
uji. TpuBae akTMBHa poboTa 3 NobyAoBM HAaHOPOOOTIB-pennikatopis, ki mornM 6
nepemaraTi iHOEKLiHI, XPOHIYHI 1 reHeTUYHi XBopobu opraHiamy. HaHopo6oT-
pennikaTop 3a iHAMBIAYa/IbHO MPOrpamMol0 KepyBaHHA Ha MOJIEKYNAPHOMY PiBHI
3MOXe BiflykaTh 36yHMKa XBOPOOU Ta 3HELLIKOAUTY 1oro.

§ 17. AACOPBLIA
ji"A OnaHyBaBLIM MaTepian naparpada, B/ 3MOXeTe:

 MOSACHIOBATH CYTb ABULLA afCcopOUiT;

e 3HATW Byrnewuesi marepianu;

 [oCnifdKyBaTKW afcop6UiliHy 34aTHICTb aKTUBOBAHOIO BYTIiNAA /i aHanorivyHnx
NniKapcbKMx npenaparis;

e [0OBOAMTMU NPakKTUYHY 3HAUYLLICTb ABMLLA afcopOLiT.

fAeuwe aacop6uii. 3 NPOCTUX PEYOBUH BYT/EL0 PO3PI3HAIOTL AepeBHE BYTinns,
KOKC | caxy. [lepeBHe BYrifnng YTBOPHOETLCA MNif 4ac HarpiBaHHA [epeBUHU 6e3
[OCTyny MOBiTpA. oMy npuTamaHHa Bennka NOPUCTICTb, 3aBASAKM YOMY MpPOSABNA-
IOTbCA NOro 0c06/MBI BNAaCTMBOCTI —34aTHICTb MOM/IMHATY CBOEK MOBEPXHEK AeAKi
peyoBuHU. LLLo6 nepekoHaTUCA B LLbOMY, NPOBeAeMO AeKiNnbKa AOCNijiB.

focnig L Po3unHumo y Bogi 06’emom 20 MN fiaMaHTOBWIA 3e/1eHUIA 06’eMOM 2 M.
MomicTMMO B YTBOPEHMIA PO3YMH LLUMATOK AepeBHOro0 BYrinns. Yepes feskuii yac cno-
cTepiraTMMemMo 3HebapB/IEHHA PO3YUHY.

Locnig 2. MomicTMO WMaTOK [epeBHOro Byrinns B 6pomMHy Boay. BoHa, K i B
nepLomy gocnifi, Tex 3HebapBUTLCA.

OTXe, MK cnocTepiraemo siBuLLe agcopouii.

Apcopbuis (Big natuH, ad —Ha i1 sorbeo —nornnHat) —sBuULLe NOFMHAHHS
rasonofi6Hux abo po3YMHEHUX PEUYOBUH NMOBEPXHEH TBEPAOT PEUOBUHU.

Pe4oBuUHY, AKa 3faTHa afcopbyBaTi Ha CBOTIA NOBEPXHI iHWI PEYOBMHU, HA3NBAKTh
afcopbeHTOM. [lepeBHe BYrifNg akTUBYETbCS, TO6TO 36iNbLIYETLCA NOWa Horo no-
PUCTOT NMOBEPXHI, AKW,0 AOro NnonepeAHbO HarpiTM CTPYMEHeM BOASHOT napu i oumnc-
TUTU BiJ CMONUCTUX PEYOBUH. Y LbOMY pa3i akTUBOBaHe BYrinns agcopbye 6inbwy
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KiNbKiCTb pe4oBUH. AAcopbuiiHa 34aTHICTb 3aN1eXMNTb He Ti/IbKK Bif NOPUCTOCTI, a i1
Bif CTyneHs nogpibHeHOCTi. AKTMBOBaHe AepPeBHe BYTifNA Mae Halbinbwy naowy no-
BEPXHIi, K& cTaHOBUTbL 900-1000 m2r. Afcopbuis rasis i pignH 3anexuTb Big Temne-
patypu: 3 NigBULLEHHAM TeMMepaTypu BOHa 3MEHLLIYETHCS.

Na6opaTtopHuii gocnig 2. Jocnig>eHHA aacopbuUiliHOT34a THOCTi aKk T UBOBaA-
HOro BYrinns i aHanoriyHMx nikapcbKUx npenapaTis

| MoBTopiTb NpaBuna 6e3nekn nig 4yac poboTn 3 peakTBamm i 06nagHaHHAM
* i CyBOpPO AOTPUMYWMTECS TX.

3aBgaHHA. JocnifiTe agcopbuiiiHy 34aTHICTb aKTMBOBAHOTO BYTIiNASA Ta aHanoriy-
HUX NTiKapCbKNX Npenaparis.

Ob6nafHaHHS TapeaKTWBU: NPo6ipKMX, aKTUBOBaHE BYTinNs, nopowkn «CMeKkTa»
 «EHTepoCrenb», pO34MHM NakKMycy, METUI0BOrO OPaHXXeBOro Ta HACTOSHKK oAy .

Jocnig 1 Hanwniite no Yep3i B TpU Npo6ipKM po34nHM NakMycy, METUI0BOrO OpaH-
XKEBOTO Ii HaCTOAHKYM liogy. OnycTiTh Y KOXHY NpobipKy no asi TabneTkn akTMBOBa-
HOro Byrinns. ONuWiTh CBOT CMOCTEPEXEHHS, 3p06iTb BUCHOBOK.

[Jocnig 2. Hanuiite no yepsi B Tpy npo6ipku po3ynHy NakMycy, METUIOBOTO OpaH-
)KEBOTO0 i HacTOsSIHKKM iogy. Hacunte B KOXHY Mpo6ipKy nopowok «CmekTu». Onu-
WiTb CBOI CNOCTEPEXKEHHS, 3p06iTb BUCHOBOK.

[ocnig 3. Hanwniite no Yep3i B TpU Npo6ipKM po34nHM NakMycy, METUIOBOM0 OpaH-
)KE€BOTr0 M HAaCTOAHKU Mofy. HacunTte B KOXHY Npo6ipKy NOpowWwoK «EHTepocrens».
OnuuWiTh CBOT CNOCTEPEXEHHS, 3p06iTh BUCHOBOK.

3anuwiTe pe3ynbTaTu JOCAIAXEHb Y Tabnuylo B 30WKnTi. 3p06iTh 3aranbHuin
BMCHOBOK.

CnocTepexeHHs 3MiH

PeareHT PO3UYMH PosuuH PosuuH BMCHOBOK
MeTUNoBOro HaCTOAHKMN
nakmycy 8
opaHXeBoro iogy

[Jocnig 1. AkTrBOBaHe
BYrinns

Jocnig 2. TMopoluok
«CMeKTU»

[Jocnig 3. TMopowok
«EHTepocresno»

3aranbHuii BUCHOBOK.

AKTWVBOBaHe BYrinns K agcopbeHT BUMKOPUCTOBYKOTb Y LIYKPOBOMY BUPOGHMU-
UTBI 4719 OYULLEHHSA LYKPOBOro CUPOMY Bif AOMIWOK, Y BUPOGHUUTBI CINPTY — ANd
BiflOKPEM/IEHHS Bif cMBYLIHOT onii. LLInpokoro 3acTocyBaHHs BOHO Habyno B MeAULMHI
415 BUBEeeHHA TOKCUYHUX PEYOBUH 3 LUNYHKA, KUWEeYHUKY, iHWi copbeHTN —3 KPOBI,
nnasmu Kposi i nimgpun. OgHak Tpeba 3HaTK, L0 3a TPMBAIOr0 BUKOPUCTaHHA aKTUBOBaA-
HOro BYTiNNsA opraHiam BTpayae Taki NOXMUBHI PeYOBUHU, K GINKW, XXUPU Ta BYTrNesoau.



8 17. Aacop6uis

Y Mepuy CBIiTOBY BiliHY, KOAX X10p BUKOPUCTaNM AK XiMi4yHy 36poto, akagemik
M.[. 3eniHCbKWi 3anponoHyBaB 3acTOCYBaTV akTUBOBaHE BYTiN/A B NpoTurasax. HuHi
[epeBHe BYTiNNA BUKOPUCTOBYOTb ¥ NOOYTOBUX OUNCHUKAX BOAW.

BurBUatoum opraHivyHy Xximito, BM NnepekoHanucs, wo KapboH —Lue enemeHT, aKui
YTBOPIOE BeINYE3HY KifIbKiCTb PEYOBMH i 6arato 3 HUX BifirpaloTb BaX/INBY PoJib y
XUTTI MoAuHN. Tak, y NpoLeci XXUTTERIANbHOCTI XXUBUX OpraHi3MiB Byrneub nepe-
TBOPKETHLCA Ha Kapb6oH(lY) okcup, a Toin y npoueci POTOCMHTE3Y YTBOPIOE OpraHiyHi
CNoNyKu. Byrneub € HaiBaXNMUBILLUM [XXePenoM eHeprii, OCKiNbKM BXOAWTb L0 CKagy
KaM’AHOro BYTifnas, NPUPOAHOro rasy, HaTu A IHWNX KOPUCHUX KOManuH.

Byrneuesi maTepiann —ue, KpiMm AepeBHOTo BYTiNAs, KOKC i caxa. iXHS Kpuc-
TaniyHa CTPYKTypa Taka cama, K y rpadiTy, ane Kpuctaaum B KpUCTanivHiii rpatui He
BMOPAAKOBAHI, TOMY TX He K/lacCUiKYOTb 9K anoTponHi mogudikauii KapboHy.

Kokc gobyBatoTb 3 KamMm’iHOTO 11 6yporo Byrinfs WAAXoM iXHbOI TepMiYHOT 06p0o6KM
6e3 gocTyny nosiTpA. M0ro BUKOPUCTOBYIOTb Yy MeTanyprii ANS BifHOBNEHHA MeTanis
3 IXHix okcugis (ame. § 15, c. 76) i sk nanueo.

MMig yac HENOBHOIO 3rOpPsAHHA OPraHiYHMX PeYOBMH YTBOPIOETLCA YOPHUIA NOpo-
LUOK, XMPHUIi Ha LOTUK —CadKa. FKLL0 Haj roproymnM rasom NnoTpumaTun geskuii yac
CKNIAHWI NpeaMeT, BiH NOKPMBAETLCA Caxeto. CaXka HAKONUUYETLCA B KOMUHAX Oy ANH-
KiB YHac/ifoK HEMOBHOr0O 3ropsAHHA Nnanuea, Nij yac ropiHHA WWH TOWw0. 3 Kypcy op-
raHiyHoi Ximii Bam BifOMO, L0 32 HafABHOCTI CaXi BY/IKaHI3yOTb KayuyK i 106yBalOTh
rymy. Ti BUKOPUCTOBYIOTb IK HAaMOBHIOBAY A/ HafaHHS e6OHITY YOPHOro KOMbopy,
a TaKOX 4N BUTOTOBMEHHA APYKapCcbKOi papbu, KonitoBanbHOro nanepy.

nacyMmoBYEMO BUBYEHE

* Apcopbuis — ABMWE MOrUHAHHA ra3onofibHnx abo pPO3UYMHEHUX pPeyvyoBUH
noBepxHeK TBepAoi pe4vyoBuHWU. PevoBuHy, fika 3pgaTHa agcopbyBaty Ha CBOIN
MOBEPXHi iHWI pevyoBUHN, HA3UBaKTb aCOPHEHT OM.

« [lepeBHe i akTBOBaHe BYrinnsa € gobpumn agcopbeHTamu.

e AKTWBOBaHe BYTinas BUKOPUCTOBYOTb Y MEAULMHI, LYKPOBOMY BUPOOHULTBI I
BUPOGHMLUTBI CNMPTY, Y NpoTurasax i Nno6yToBNX OYNCHUKaxX BOAMW.

¢ KpiM aKkTMBOBaHOrO BYriNA, LUMPOKO 3aCTOCOBYHTb BYrfeueBi maTepianm —
KOKC i caxy. Kokc —y meTanyprii K nannBo i BigHOBHWK MeTasliB, caxy — pisi
BUPOGHMLTBA rymn, eBOHITy, APYKapCbKoT (hapbu, konitoBa/ibHOro nanepy.

3ABJAHHAANA CAMOKOHTPOI/O

MosiCHITL CyTb ABMLLA aacopoui.
MoscHITb, sK gocniguTn agcopbuiliHy 34aTHICTb 4EPEBHOIO BYTiNS.
MopiBHANTE, UM PI3HATLCS MK COOOH0 AepeBHE i1 aKTUBOBaHe BYTiNs.

Pwnop

YKaxiTb rasy3b 3acTOCyBaHHS1 afCcopOLiitHOT 34aTHOCTI BYI/eLt0.
A metanypria b 6yAiBHULTBO B BMPOGHMLTBO rymu I megnuuHa
5. YCTaHOBITb BifNOBIAHICTb MiDXX HA3BOK PEYOBUHY Ta ii 3aCTOCYBaHHSM.
A akTnBOBaHe BYriNAs 1 ansa BUroToB/EHHS ApYKapCcbKoi hapbu
b rpadit 2 y BUPOGHWLTBI CNMpTy
B caxa 3 4Ns BUPOGHULTBA enekTpoais
4 'y BUPOGHMLTBI Masi

Oo
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6. ®occop macorw 21,7 r NOBHICTIO 3ropiB B aTMocepi KMCH0. O6uncnitb macy i
KINIbKICTb PEYOBMHU YTBOPEHOTO MPOAYKTY.

7. Cipka Macoto 6,4 r NOBHICTIO 3ropifia B HAA/ULLKY KMCHIO. Y TBOPEHY PEYOBUHY PO3-
YMHWAK Y Bodi. OBUMCAiTb Macy I KifIbKiCTb PEYOBMHMW KUCOTMW.

8. Mnombym(ll) okema macoto 111,51 BigHoBuAM Byrneuem. O6UNCNiTE Macu BYrieLto,
LLO BMKOpUCTAaBCH, i CBUHLIO, LLO YTBOPMBCS, Ta 06’eM KapboH(lY) okcungy (H. y.).

§ 1 8. OKMCHI 1 BIAHOBHI BNIACTUBOCTI HEMETAJIIB

OnaHyBaBLlIW MaTepian naparpadga, BU 3moxeTe:

* HasMBaTW HemeTanu;

e XapakKTepusyBaTW HemeTanu, iXHi Pi3nYHI A XiMiYHI BNaCTUBOCTI;

* CKNagaTwW pPiBHAHHA, WO NIATBEPAXKYIOTb OKMCHI BNacTUBOCTI HeEMeTaniB Mif
Yyac B3aeMOAIT 3 BOAHEM | MeTanamu; BifHOBHI B1IaCTUBOCTI BOAHIO i BYrieLto
B peakLifax 3 oKkcugamum meTaniyHuX efemMeHTiB;

* BUC/IOB/IOBATM CY>KEHHA LWO0A0 OKUCHUX i BIAHOBHUX BNacTUBOCTEN HemeTa-
NiB Nij yac OKUCHO-BiIHOBHUX MPOLECIB Ta IXHLOr0 3HAUYEHHS.

Hemertanu. Y ci ximiuHi €/IEMEHTU YMOBHO NOAINIAKOTL HA METaNiUHI i HEMETaniuyHi,
a iXHi NpoCTi peYoBUHM — Ha MeTanu i HemeTanu. HemeTaniB 3Ha4YHO MeEHLUE, HIX
meTanis. Bu BXe 03HaloMunancs 3 LeaKMMU HemMeTanamu, BUBYaO UM anoTponHi Mogu-
(hikayii HemeTaniyHMX enemeHTiB. pPOCTi peYOBUHU-HEMeTanu, YTBOPEHi enemeH-
TaMun MepLloro nepiogy, —Lue BOAeHb i reniil Ta B Nigrpynax —Byrieub, CUNiyiid, asot
i hocop, KMCEHb i cipKa, ranoreHy i iHepTHI rasu. 3a 3BMYaHWX YMOB HEMeTasnu
nepebyBatoTb Y TPbOX arperatHux cTaHax (Tabn. 9).

Tabnmus 9
ArperaTHuiA CTaH HeMeTasliB
ArperaTHU cTaH HemeTtanun
Teepauii Cipka, Byrneup, (octop, cuniyii, og
Pigkuii Bpom
"asonogioHwMii BogeHb, KuCeHb, 030H, a30T, X10p, Top, iHepPTHI rasu

®i3UYHi snacTusocti. HEMETaNM —Lue pevyoBUHU, WO He NPOBOAATL TeNno il enek-
TPUYHWIA CTPYM, KpPiM cuniyito (HamiBNpoBigHWRA) i rpadiTy, AKMiA NPOBOAUTL enek-
TPUYHUA CcTpyM. TeMmnepaTypu NAaBAEHHA Ta KMMIHHA 3anexartb Bif iXHbOro arperat-
HOro CcTaHy. HallHvK4i TemnepaTypu KWMiHHA MaloTb rasu. TBepai peHoBMHU KPUXKI,
pi3HOro 3abapB/fieHHA: CipKa —>XOBTOr0 KO/Mbopy; Poctop, 3aneXXHO Bif anoTPONnHOT
moandikauii, —6inoro, YepBoOHOro abo YOpHOro; o4 —ioNeTOBOro, Ma€ MeTanivyHuii
611CK; ByrneLb —cCipo-4opHOro.

[na cipkn xapakTepHe sBuwe noTayii, TO6To He3MoUyBaHHS BOAOH. HAKLLO No-
POLIOK CipKM Hacunatu y BOAy, TO BiH nnasaTume Ha i noBepxHi. Cipka nerkonnaska,
TemnepaTypa KUniHHA CTaHOBUTL 444,6 °C.
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a3am Texx BNacTUBMWIA NEBHUIA KOMIP: KNCEHb, BOAEHb 11 a30T -
6e36apBHi pevyoBUHU, 6€3 3anaxy; XJI0p - XXOBTO-3e/1IEHON0 KOJ1bO-
py, 3 pi3knum 3anaxom. Lle gy>xe oTpyiHWiA ras, BouxaHHs AKOro
BUKNMKAE Mapaniy BePXHiX AUXanbHUX LWNAXiB. bpom —neTka
pigvHa, WBUAKO NepeTBOPHOETLCA Ha Mapy Oyporo Konbopy 3
Pi3KMM 3anaxom. 3a NOTpanfsgHHA Ha WKipy CAPUYNHAE OMiKK.
Voay BnacTtusa cy6nimatiis, To6T0 3 NifBNLLIEHHAM TemMnepaTypu Puc. 35.
nepexoanTh 3 TBEPAOro CTaHy B rasonofi6Huin (puc. 35). Cybnimauis iogy

Ximiuni BnactueocTi HemeTanis. PO3rNAHEMO NPOCTi PEYOBUHU-HEMETANN 3 NOrNALy
OKWCHO-BIJHOBHMX npoLeciB. 3Ba)xawuun Ha Te, WO aTOMW HeMeTaNiyHUX efleMeHTIB
NPUESHYHOTb €IEKTPOHM, Ui PEYOBMHM MNif Yac XiMIYHMX peakuiid € OKUCHUKamMK. Haii-
6ibl BUPaXKEHI OKNCHI BNAaCTUBOCTI MPOSABAAKOTb PTOP, KNCEHb, X0P.

OKWCHi BNacTUBOCTI KUCHIO. KnceHb y peakuisx 3 MeTanamu i BOfHEM MNposB-
NA€ OKUCHI BNacTMBOCTI. Hanpuknag:

r126/\ +3 -2
4Al1 + 30, 2AIDj 2 H,+0,=2H,0.
Hanuwite camocTiliHO nepexig eNneKkTPoHIB y peakuii BOAHIO 3 KMCHEM, Ha3BiTb OKUC-
HUK i BifjHOBHUK.
OKWCHI BNacTUBOCTI CipKN. 3 MeTanamu il BOAHEM cipKa TeX NposB/SE OKUC-
Hi BNaCTMBOCTI. 3 aKTUBHMMMW MeTanamu BOHa B3aEMOJi€ 3a 3BUYaiiHOT TemnepaTypu.
PiBHAHHSA peakuii:
b2®4 . -
2Na + S = Na,S.
Peakuis 3 antomiHiem BigbyBaeTbCA NULLIE 3a HarpiBaHHA:

3 BOAHeM cipka B3aemogie 3a NifBULLEHOT TeMMepaTypu:

+1-2
H,+S=H,S.

OKMCHI BNaCTMBOCT i BYINeL0. Yci anoTponHi mogudikalii Kap6oHy —Le ByrneLp,
TOX ANS HUX XapaKTepHi 04HAKOBI XiMiYHI BNAaCTUBOCTI. AK Man0aKTUBHUI HemeTarn,
BYr/eub BCTYNae B XiMiuHY B3aEMOZI0 TiNbKW 3a BUCOKMUX Temnepatyp. Y peakuiax 3
BOAHEM i MeTanaMu NPoABASE OKUCHI BNACTUBOCTI. PIBHAHHA peakLiii:

t, KaT. t
C+2H,=CH4 3C + 4Al = Al4C3
antoMiHil
Kapbig

CknagiTb CaMOCTIAHO PIBHSIHHS peakuiii B3aemMogil Byrieuo 3 KasibLieM i MarHiem.

Bun3HauTe OKUCHWUK i BiHOBHUK.

OKUCHI BNacTUBOCTI X/I0pY. AK HemeTas, Xnop NPOsBASE OKUCHI BNacTUBOCTI,
pearytuu 3 BOAHeM i MeHL XiMiYHO aKTUBHUMW HeMeTanaMu. Peakuis B3aemogii x/o-
py 3 BOAHEM Bif6yBaeTbCA 3a HarpiBaHHA abo OCBIT/IEHHSA:

Cl, + H, = 2HC1.
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Y xnopi 3aropaetbca docgop. IMig yac ropiHHa yTBoptotoTbea gocdop(lll) i
thocop(Y) xnopuau BianoBigHO:
2P +3C1,=2PC,13 2P +5C1, = 2PCly
Xnop akTUBHO pearye 3 MeTanaMmu, yHacnifjoK Yoro yTBOPHOTHCA COMi —XNOpPUAN.
Hanpuknag:
2Na + Cl, = 2NaCl; Zzn + CI, = ZnCl,.
Y peakuisx 3 MeTanaMmu 3ani30M i XpOMOM XJ10p OKMCHHKOE X A0 CTYNeHS OKUCHEH-
HA +3. PIBHAHHSA peakwii:
2Fe + 3C12=2FeC,I3y  2Cr + 3Cl, = 2CrCI3
OKMCHI BNacTMBOCTI 3 MeTanamu nposiense ¢ocgop. Hanpmknaa:
3Na + P = Na3; 3Mg + 2P = Mg39

BigHOBHI BNacTMBOCT i BOAHIO. BofieHb € 106pMM BifHOBHMKOM. i yac peakuii
3 KUCHEM TFOpPUTb BIAaKUTHUM NONYM’AM. Y cyMiwi 3 kKucHem 1:2 i3 nogitpam 1:5 —
BNOYyXOHebe3neyHnii. PiBHSHHA peakuii:

140
2H,+0,-2H,0.
KpiM KMCHIO, pearye 3 (pTOpoM, X/I0pOM, CipKOI Ta a30TOM.

CknagiTb CamMOCTINHO PIBHSAAHHA peakuii B3aemMogii BOAHIO 3 )TOPOM, X/I0pOM i Cip-
4feY Ko, Ha3BiTb OKUCHUK i BIGHOBHMK.

Hapg3BnyaiiHO BaXK/IMBOK B METanyprii € 34aTHICTb MeTaniB BigHOBAOBATUACS 3 iX-
HiX okcuais. Hanpuknap:

M2e “l ) )
+2f Ol 0 +1 iy oi
FeO + H2=Fe + H20; MnO, + 2H, = Mn + 2H,0.

BigHOBHI BNaCTMBOCTI BYrMEL0. Y peakuUisix 3 XiMiYHO aKTUBHUMW HeMeTalaMm
BYI/ieLb € BiJHOBHMKOM. Hanpuknag:

[4r.7 k’4®5y
C +0,=C0, C +2F, =CF4

AK i BOfeHb, BYT/lellb BUKOPUCTOBYIOTh Y MeTanyprii 415 BifHOBNEHHA MeTaniB 3 ixX-
HiX OKCWZiB. 3a y4yacTio BYr/eLto MeTas BifJHOBNKOETLCA 10 Bi/IbHOr0 CTaHy. Hanpuknag:

-2e
3|"+a +2 el 126rr§| t 0 +4
C+ Zn0O = zn + cot; 3C + 2Fe,0 =4Fe +3CO0J.

CknagiTb caMOCTIliHO PIBHSAHHA peakuiin B3aemogii Byrneuto 3 kynpym(ll) okcugom i
kap6oH(I\/) okcmagom.

nacyMmoByYEMO BMBYEHE

» [pocTi pe4yoBnHU HeMeTaniYHUX eNeMeHTIB Ha3nBalTb HeMeTanamu.
» Jlo HemeTasliB Hanexartb BOAEHb i renili Ta B nigrpynax — Byrneub, cuUnilii,
a3oTipocdop, KNCEHb i CipKa, ra/loreHun i iHepTHi rasu.
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§ 19. 3acTocyBaHHA HeMeTanis. bionoriyHe 3HaYeHHA HeMeTaniYHUx efieMeHTiB 0 & 0
Do OD 0
¢ 3a 3BMYaiHWX YMOB HeMeTann nepebyBaloTb Y TPbOX arperaTHUX ctaHax: TBep-
[OMY, piAKOMY 1 ra30onofiGHOMY.

* HemeTanu He MalTb MeTaniyHOro 6,McKy, He NPOBOAATL €/IEKTPUYHOIO CTPYMY i
Tenna, MalTb HU3bKI TemnepaTypu MaBfeHHA Ta KUMiHHA, pi3He 3abapBrieHHs.
Leski (6innii hocchop, xnop, 6pom) — OTPYWHI.

* HemeTasM nif yac XiMiYHUX NepeTBOPEHb NPOSBASATL OKUCHI Ii BiAHOBHI BNacTu-
BOCTi. OKMCHi BNacTMBOCTI HEMETa/IM MPOSABASAITb Y peakuisx 3 iHWUMnN Heme-
Tanamu ii MeTanamu. BigHOBHI BnacTUBOCTI NPOSAB/IAITL BOAEHb | Byr/ieub y
peakuifix 3 okcngamum meTaniyHUX efileMeHTIiB.

3ABJAHHAANA CAMOKOHTPO/IO
1. Ha3BiTb HaMNOLWMpPEHIWIi B NPUPOAI HEMETa/TIYHI €/IEMEHTM Ta NPOCTi PEYOBUHN,
sIKi BOHW YTBOPIOKOTh.
2. OxapakTtepusyiTe pi3nyHi BNacTnBOCTi HeMeTanis.
3. HanvwiTb piBHSAHHA peakuili M pevyoBMHaMK, BU3HAYTE OKUCHMUK i BifHOBHUK:

a)Zn0+C=..; 6) FeD3+H2=..; B) Mo03+ H2=...; nCrd3+A=..;
NZnO +CO=..; a) FeD3+C= ; e)VO5+C=..; e) Cno + H2= ... .
4. YKaxiTb KiNIbKiCTb €M1EKTPOHIB, WO 3Milyt0TbCA A0 atoma OKCUreHy B peakLiii:
C+02=C02

A2 b6 B8 T4
5. Tlo3HauTe efIeMeHT, L0 OKUCHIOETLCS, i eNleMeHT, LLO BifHOB/IOETLCS, Y peakLii:
3H2+ N2= 2NH3.

A HiTporeH okucHIeTbCA B TligporeH OKMCHIETbCS
b HiTporeH BigHOBNOETLCA I TigporeH BigHOBNIOETbLCSA

6. O6uncnitb macy i 06’em (H. y.) peareHTiB, SKWO nNig 4Yac peakuii yTBOpMBCSA
doccop(Y) xnopug macoro 41,7 T.

7. YHacnigok peakuii doepym(lll) okcmnay 3 BogHem oTpumasiv 3asiso macoto 44,8 T.
O6uucnite, fka maca depym(lll) okengy  o6’em BOoAHKO (H. y.) npopearysasnu.
O6uMCAITb KiNbKICTb pevyoBMHM, SKili BignoBigae Maca yTBOpPEHOro 3asisa.

8. Ha BigHOBNeHHa MaHraHy 3 maHrad(lY) okcuay BWTpaTWIM BOAEHb 06’€MOM
15,68 n (H. y.). O6uucnitb macy madraH(lY) okcugy, WO npopearyBaB, i Macu
NPOAYKTIB peakuil.

9. Ha BigHoBNeHHA xpomy 3 xpom(lll) okcmay BuTpaTnan ByrneLUb KifbKiCTH peYoOBUHM
0,9 monb. O6uKncniTb Macy BigHOBMEHOTO XPOMY i 06’eM (H. y.) YTBOPEHOrO rasy,
Macy Ta KinbkicTb pevoBuHu xpoMm(lll) okcmay, Ky BigHOBWN.

8§ 19. 3ACTOCYBAHHA HEMETAJ1IB. BIOJIOINYHE 3HAYEHHA
HEMETANTYHNX ENNEMEHTIB

OnaHyBaBLlIK MaTepian naparpadga, B4 3MoXeTe:
XapaKTepu3yBaTW 3aCTOCYBaHHSA HeMeTaniB;

CKNafaTW PiBHAHHSA, WO NigTBEPAXYHOTb aHTPOMOreHHI Ta MPUPOLAHI NPUYNHK
NosiBM B aTMocepi OKCU/iB HEMeTaNniYHUX efleMeHTIB;
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* BUWC/IOB/IIOBATU CY[>KEHHA LWO0A40 3aCTOCYBAHHA HEMeTaniB Ta eKOMOTiYHUX
Hacnifkis BUKMAiB B atMmoctepy okcuais Kap6oHy, HitporeHy, Cynsdypy;

e OLiHIOBATW 6ionoriyHe 3HauYeHHS HeMmeTaniyHuMX enemeHTiB (OKCUTEHY,
HitporeHy, KapboHy, ®ocdopy, ranoreHis).

3acTtocysaHHa HemeTanis. HemeTtanu Ha6ynv| LNPOKOro 3aCtoCyBaHHA B pi3-
HUX rany3sx NpoMKUCAOBOro BUPOGHMLUTBA Ta 1a60paTOPHUX JOCAIAXKEHHAX. P03-
rNAHeMO AOKNaAHilWe HalBaXXNUBILWi 3 HUX.

BogeHb —peyoBMHa, 3aCTOCYBaHHA AKOT IPYHTYETLCA Ha 1T Pi3UUYHMX | XIMIYHUX
BnacTnBocTAX. OCKiNbKM BOAEHb HaWnerwuii 3 rasis, ioro BAKOPMCTOBYBaNW AN Ha-
MOBHEHHA KY/bOK, aepocTaTiB i Aupuxabnis. Tenep 3 Li€t0 METOH 3aCTOCOBYOTh refiit
a60 CyMmill BOAHIO 3 reflieM. Y BENMKMX KiNbKOCTAX BOAEHb BUKOPUCTOBYIOTb /11 CUH-
Te3y aMOHiaKy, KW € OCHOBOK 6araTbOX COMei, MiHepanbHUX LOOPUB, OpraHivyHNX
PeYOBUH. Y KypcCi opraHiyHoi XiMil BM BMBYANW peaKLito rigpyBaHHs PiAKUX XUPIB,
3 BUKOPUCTAHHAM AKOT A00YyBatoTh TBEPAI XuMpKn. Mifg vac peakuii ropiHHA BOAHO B
KWUCHI CTBOPIOETLCA BUCOKA TEMMeEPATypa, i L0 BaCTUBICTb 3aCTOCOBYHOTb ANA Pi3aHHA
Ta 3BaproBaHHA MeTanis.

Bam y»e BifjloMO, L0 BOfleHb € JOOPMM BiJHOBHUKOM MeTasiB 3 IXHIX OKCUAIB i L0
peakuito LWMPOKO 3aCTOCOBYKOTL Y MeTanyprii Ans fo6yBaHHA TYronaaBkux MeTanis i
MeTasiiB BUCOKOT YNCTOTMU.

HuHI HayKoBLi po3po6na0Tb 6araTo TEXHONOTIYHUX NPOEKTIB LO0A0 BUKOPUCTAH-
HS eKONOriYHO YMCTOro nanuea Ansd aBToMo6iNbHUX ABUTYHIB. BofeHb Mae Taky nep-
cnektuBy. OgHaK BUPOOGHULTBO BOAHIO PO3KNafaHHAM BOAM € EKOHOMIYHO 3aTPaTHUM
cnocobom. Pigkuii BogeHb BUKOPUCTOBYOTb IK pakeTHe Nasimeo.

KnceHb —peyoBuHa, Wo bepe yyacTb Yy npouecax fuxaHHA Ta ropiHHA. Ha Kocmiy-
HUX Kopabnax i nigBogHMX YOBHAX L0 BNACTUBICTb KUCHIO 3aCTOCOBYOTb 415 NigTpu-
MYBaHHSA XUTTERIANbHOCTI t0Aei. HUM HanoBHIOOTb KMCHEBI MOAYLIKY 1 [aK0Tb AU-
XaTu XBOpPUM, W06 Nokpawmntn o6MiHHI npouecu. Ana fOCAiLKEHb BUKOPUCTOBYHOTh
pagioakTuBHUI i30Ton OKcureny 19.

Y KUCHI 3ropsitoTb rasu, ki nig vac ropiHHsA (MeTaH, eTUH) BUAINAKOTL 6araTo Tensa.
loro BUKOPUCTOBYIOTb Y MOBYTI i MPOMUCNOBOCTI. FOPiHHSA eTUHY (aLeTUNeHY) Y KUCHI
3aCTOCOBYIOTb [/19 3BapIOBaHHA Ta pi3aHHsA MeTaniB; y YOPHIili MeTanyprii —nif yac Bu-
NAaBKW YaByHy I CTani, BUPOOGHULTBA CYb(AaTHOT KNCNOTHU.

O30H, 3aBAAKM MOro BNacTUBOCTSAM, BUKOPUCTOBYHOTh A/ 030HYBaHHS BOAM Ha
BO/JO0UYNCHUX CTaHLisX i B 6aceiiHax, AN OUMLLEHHA CTIYHMX BOA | AMMOBMX rasiB. BiH
€ CUIbHUM OKUCHUKOM, TOMY AY>Ke LWBUAKO 3HELKOAXY€E FHUbHI 6akTepil, Mikpoop-
raHiamu Ta Bipycu. Kpim TOro, 030H € fo6puM BifbintoBayem TKaHUH, nanepy, WKipw.
O30H y ras3onofibHOMy CTaHi 3aCTOCOBYHOTb /11 OUYMLLEHHA MOBITPA B MPUMILLEHHAX
NiKyBanbHMX 3aKnagiB (onepauiiiHi i peaHimayiiHi nanatun), ytunisayii MeguuHux
BiAX0fiB TOW,0. 3 TAKOK XX MeTOK 06p06AK0Th MPUMILLEHHA BUPOOHULTB, WO 3aiiMa-
I0TbCA 36epiraHHAM 0BOYIB | PPYKTIB, NaKyBaHHAM Xap4y0BWUX NPOAYKTIB.

Y MeAnYHMX 3aKnajax gefani yacTille 3aCTOCOBYOTb 030HOTepanito —meTog fi-
KyBaHHS 3a JOMOMOrOK MeAWYHOrO 030HY. BiH akTMBiI3ye 06MiHHI nMpoLuecu Ha Kni-
TUHHOMY PiBHi, NONINWYE MiKPOLMPKY AL KPOBi. 0ro ycrillHO BUKOPUCTOBYIOTH
y Xipyprii 4ns nikyBaHHA rHiRHUX paH, TPOiYHUX BUPa30K TOLLO.
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Puc. 36. 3acTocyBaHHS CipKu

Cipky y CTtapofaBHbOMY €runTi 3aCTOCOBYBaNN A1 BUTOTOB/IEHHA KOCMETUYHUX
3aco6iB, a TaKOXX Masi A5 NikyBaHHA XBOPOO WKipyu. HWHI B MegUUNHI BUKOPUCTOBY-
I0Tb CipyaHi Masi ANns nikyBaHHA ncopiasy i cebopel, oUumnLLeHy CipKy —sK 3aci6 Big
FMUCTIB, & CNONYKU CiIPpKW —NpKn aneprii Ta Wu3oQpeHii.

Haibinblwy KinbKiCTb CIpKM BMKOPUCTOBYKTh Y XiMIYHIA NPOMMCAOBOCTI Ans
BMPOOHULTBA CYNb(aTHOT KMCNOTWU. Ha OCHOBI CipKM BUTOTOBAAIOTL Npenapatu 4ns
60poTbOM 3i WKiJHUKAMM CiNIbCbKOTOCNo4apCbKuX yrigb i Mifto, Ti 3aCTOCOBYHOTh AK
[06aBKy [0 KOpPMIB. I3 CipKM BUPO6AOTL TYMy, YOPHUIA MOPOX Ta iHWI BMOYXOBI pe-
YOBUHMW, (hapbu i GApPBHUKM, CIPHUKK Ta WTY4YHe BONOKHO (puc. 36).

3 anoTponHux Mmoaudikauii P ocgopy nepeBakHO 3aCTOCOBYOTb YepBOHUIA (hoc-
thop, AKMiA pa3omM 3 KNeem i TOBYEHUM CKNOM HAHOCATb Ha 6iUHi MOBEPXHi CipHUKOBMUX
KOPO6OK; y MeTanyprii —saK KOMNOHEHT AesKMX CnnaBiB i po3kucaoBad. PagioakTus-
Hui1 i3oTon ®ochopy 3P 3acTOCOBYOTb Y MEAULMHI Mif Yac NiKyBaHHS 3aXBOPOBaHb
CepLeBo-CYANHHOI CUCTEMU AN BU3HAYEHHS WBUAKOCTI KPOBOTOKY Ii 06’€EMYy LUPKY-
NAuIT KPOBIi, @ PO3YMHHMIA Npenapat 3P —a19 NPUroTyBaHHS anaikaTtopis, Wo niky-
HOTb MYXIUHU, AesKi 3aXBOPIOBaHHSA LIKIpU (30Kpema, eK3eMy), pOriBkKy OKa Tow0.

Binunit dhocthop He 0TpMMAB LUMPOKOTO 3aCTOCYBaHHS. 3a3Buyaid Moro BUKOPUCTO-
BYIOTb 418 0OMEXEHHS BUAMMOro npocTopy, To6To ANS AUMOBUX 3aBic y Micuax 36e-
piraHHs 60enpunacie, roproYMX i pagioakTUBHUX PeYOBUH, CKNafiB 36poi, OCKiNbKKW BiH
LWBMAKO 3aropAeTbCa 3 BUAINEHHAM BeNIMKOT KiNbKOCTI 6inoro gumy.

I3 3acTOCYBaHHAM BYI/IELLI0 BU YaCTKOBO O3HANOMWUNNCA, BUBYAKOYN ABULLE af-
copbuii. PO3rnAHeMo BUKOPUCTaHHSA AeAKNX AOro MoanQiKaLii.

A/IMa3n Sk HaliTBEPAILL| PeYOBMHM BUKOPUCTOBYIOTb Y NPOMUCIOBUX MacLuTabax
y npunagobypnyBaHHi, eNeKTpo- i pagioTexHiui. 3 HUX BUTOTOBAAIOTb IHCTPYMEHTH
Ana 6ypoBUX yCTaHOBOK (anmasHi pi3ui i cBepgna), NpUCTpoi ANs pi3aHHA ckna Ta
06po6neHHA TBepAUX MaTepianis (WniyBanbHi Kpyrun). 3aBAaKu CBITIHHIO anMasis i
34aTHOCTI YTBOPKOBATH iMNYNbCK €NEKTPUYHOTO CTPYMY MPM ONPOMIHEHHI, TX 3aCTOCO-
BYIOTb AK [eTeKTOPU ALEPHOr0 BUNPOMIHIOBaHHSA, Y MEAUYHUX NTIYUIBHUKAX, Nif Yac
KOCMIYHUX JOCNIAXEHb Ta BUBYEHHS FMUOUHHUX WapiB 3emni.

AsnMa3sn nocinu 4YinbHe Micue B HOBE/IPHIl ClpaBi, 3 HUX BUTOTOBAOTb KOLWTOBHI
npukpacu. CneuianbHo 06p06neHNIA anma3 Ha3nBalTh fLiaMaHTOM.

MpadhiT € WiHHO CUPOBUHOM GaraTbox ranyseit MPOMMCNOBOTro BUPOGHML TBA.
/loro BUKOPUCTOBYIOTH ANS BUTOTOBNEHHS Pi3HUX MBAPHNX (OPM, aKyMynaTOpiB,
NNaBW/IbHUX TUTIB, €NEKTPOBYTINbHMX | MeTanorpagiuyHnx Bupo6is (Hanpuknag,
enekTpogis). 3 rpadity BUrOTOBAAKOTh LWTYYHI anmasu, rpageH, MacTU/IbHO-0X0N0AHI
piAvHK, aKi Habynn 3aCTOCYyBaHHA B TeXHILi. 30KpeMa, rpatheH HUHi BUKOPUCTOBYIOTb
y BUNpo6yBaHHAX Bennkoro agpoHHOro Konaigepa, B ycTaHOBKax 419 BUPOOGHULTBA
AepHOT Ta COHAYHOT eHepril.
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KapbiH, gk i rpadeH, Mae TOBLWWUHY NUlle OAUH aTOM. BiH yaBiui MiuHilWwi 3a
rpadeH i HAHOTPYOKM, TOX MOXe CTaTW TUM MaTepianom, SIKWMIA BUTICHWTL ix. Hanis-
MPOBIAHWK, 3 HaA3BMYAWHO BENIMKOK MOLWEH NOBepXHi. LII0 BnacTuBIiCcTb MOXHa
BMKOPUCTATW B NPUCTPOAX ANA 36epeXXeHHsA eneKTpoeHeprii, AN akyMynaTOPHUX
6aTepeil TOWO. 3 HHOFO MOXHa BUTOTOBAATU HAAMILHI BONOKHA.

Mpo 3acToCcyBaHHA iHWMWX HEMeTaNiB BN Li3HAETECH, BUBYAKOYM CMONYKN HEMETA-
NIYHUX eNeMeHTIB.

BionoriuHe 3HaueHHs HemeTaniuHux enemenTis. HEMETaNiuyHi eneMeHTH Bi,ﬂ,irpa}OTb
BaXX/IMBY pPO/b Yy npouecax, Wo BigbyBalTbCA B XMNBUX OpraHiamax. O3HalioMumocs 3
UMM AoKnagHiLwe.

3 Kypcy 6ionorii Bam BiOMO, L0 MaiiXe BCi XMWBi OpraHiaMu uxalwTb KUCHEM,
AKNIA MICTUTBCA B cKNagi nosiTpa. Mig Yac npouecy ANXaHHA BifOyBaeTbCA OKNCHEHHS
OpPraHivYHMX PeYOBMH, LLO NOTPANAATb B OPraHiaM 3 DKeK, [0 BYTIEKUCNOro rasy W
BOAW. Benuka KiNbKiCTb eHeprii, W0 BUBINbHAETLCA NPU LbOMY, BUTPAYaEeTbCA Ha BCi
XWUTTEBI NpoLuecu.

EnemeHT HiTporeH sk 6ioreHHWiA eneMeHT BXOAUTb A0 CKnagy amiHOKWCNOT i
6iNKiB, HYKNeOTUAIB i HYKNEeTHOBUX KUCNOT Y 3B’A3aHOMY CTaHi. € POCNUHUN, KOPeHi
AKX MICTATb MIKPOOPraHiaMu i 6akTepil, Wo MatTb 34aTHICTb 3aCBOOBATW MOJe-
KynspHuii a3ot 3 atmocqepu. Mo naHUOrax XXMBEHHA 3 POC/UH BiH NoTpannse B
OpraHismu TBapuH inoamHn. HebesneuyHum gns 340POB’A € HECTaya a3oTy K Ha run-
6uHax, Tak i BUcoTax y pasi WBMAKOIO MIgHATTA NiTakiB y BEPXHI Wwapu atmocgepm.

EnemeHT Kap60H —0fMH 3 HalBaXXNUBILLIMX 6IOTEHHUX eNEMEHTIB Ha NAaHeTi. BiH
YTBOPHOE BENUKY KiNbKICTb OPraHivyHMX CMONyK, WO HasaBHI B CKNagi XXUBUX OpraHiamis
i CNPUAIOTL TXHbOMY PO3BUTKY Ta XUTTERIANLHOCTI. BifNikK, XWUpK, BYrNeBoAM BXOAATb
[0 CKNagy POC/IMHHMX | TBAPMHHMX OPraHi3MiB Ta oOpraHiamy foguMHu, 3ab6e3neyyoum
TXHI po3BUTOK. XK MBI OpraHiamMu 3acBototoTb Kap6oH 3 aTmoctepn abo vepes naHuo-
TV XXUB/EHHS.

EnemeHT Pochop —He3aMiHHUIA enemMeHT KiCTKOBOI TKaHWHU, KU pa3om 3
Kanbuiem 3abesneuye MiLHicTb KicTOK. @ ocgop MicTUTbes B cknafi AT (afeHO3UH-
TpudochaTy), Lo € LXKEPEOM eHeprii, iKa nepefaeTbCs iHWMM KniTuHaMm. Oco6unBo
HeobXxigHuWii pocop knitMHam mMo3ky. Came Tomy akagemik O. depcmaH Ha3Bas oc-
hop «eNEeMEHTOM XMNTTA i AyMKu». Kpim TOro, el eNemMeHT MICTUTbCA B 6aratbox ami-
Hokucnotax, AHK i PHK, 10 € BaXXIMBUMM CKNagHUKamu KNiTUH opraHi3mis, i 6epe
yyacTb y npouecax 06MiHY peyoBUH.

EnemMeHTW rpynu ranoreHis —ue ®nyop, Xnop ta Moa. ®nyop 6epe yyacTsb
y npouecax MiHEpPanbHOro 06MiHY PeYOBMH Y M’A30Bii, KICTKOBI Ta HEPBOBIN TKa-
HUHax opraHismy. BiH nokani3ye Ta nokpawye cTaH 3y6HOT emMasi, BOSOCCH I HIrTiB,
3anobirae Kapiecy 3y6iB. 3a HafBHOCTI AOCTaTHbLOI KiNbKOCTI ®Pnyopy B OpraHis-
Mi MiATPUMYETbCA IMYHITET, NPUCKOPIOETHCA 3pOCTaHHA KICTOK Nij vac nepenomis,
He PO3BMBAETLCA OCTEONOPO03. Baxneow PyHKLielo P yopy € yyacTb y npouecax
KPOBOTBOPEHHS.

Xnop —6ioreHHUn enemeHT. KNiTUHM XUBWUX OPraHiamMiB MICTATb CMOAYKM
Xnopy, Hacamnepeg HaTpiin xnopuay. XapakTepHO 0c06AMBICTIO € NOCTiliHA Npu-
CYTHICTb B OpraHi3mi, KOMMNOHEHT YCiX TKAHUH; MICTUTbLCHA B 6I0IONIYHO aKTUBHUX
pedyoBMHax. Y cknagi HaTpiinl xnopuay 6epe yyacTb y POpMYyBaHHI Nnasmm KpoBi,
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NiATPUMYE Ti OCMOTUYHWIA TUCK, O6BMIH PEYOBUMH. Y CKNagi XI0PUAHOT KUCAOTH, WO
BMPOONAETHCA B WAYHKY, NIATPUMYE 1T KNCAOTHICTb | CNPUSAE NpoOLLeCY TPaBAeHHS.

Moa —enemMeHT, AU BU3HAHO XWUTTEBO HEOBXIAHUM MikpoeneMeHTOM. B opra-

Hi3Mi N ANHW MicTuTbes 20-50 mr, 3 HUX Maiixe 40-60 % y wWuTOoNOAI6GHIN 3an03i,
pewiTa 3 KPOB’0 NOTpanse 4o BCix opraHis. bepe yyacTb B YTBOPEHHI TUPEOTIAHMX
rOpMOHIB WMTONOAI6HOT 3251031, AKi 6e3nocepeHbO BNANBAKOTL Ha O6MIiH PEYOBUH,
piCT i PO3BUTOK OpraHiamy, NiATPUMYHOTb EHEPreTUYHWIA 06MiH | TeMnepaTypy Tina.
Vopa ctumynioe po6oTy HepBOBOT CMCTEMM, PO3YMOBI NPOLLECH, NePELLIKOMKAE HAKO-
NMUYeHHIo pagioakTMBHOrO isotony 1311

niacyMmoBYEMO BUBYEHE

e Y pIi3HMX rasly3six BUPOOGHMLTBA HalluMplue 3acTOCOBYHTb HEMETaM BOJAEHb,
KNCEHb, 030H, CipKYy TaBYr/ielb. IXHE 3aCTOCYBaHHSA I'PYHTYETbLCSA Ha (PI3UYHKX i
XiMIYHUX BNACTUBOCTAX LMX PEYOBUH.

BoZieHb HWHI BUKOPWUCTOBYIOTb A/19 CUHTE3Y aMOHiaky, rigpyBaHHS PigKMX Xupis,
pi3aHHs Ta 3BaplOBaHHSA MEeTaUliB, a TakoX BifHOB/IEHHSA METaniB; PigKUin BOAEHb —
AK pakeTHe nanuBo. [lepcnekKTMBHUM € BUKOPUCTAHHSA BOAHIO SK €KOOriYHO
YNCTOro Nasnvea AN ABUTYHIB BHYTPILHLOIO 3ropsiHHS.

KnceHb —y MeAULMHI, Ha KOCMIYHMX Kopabnsx, NigBOAHMX YOBHaX, y MobyTi Ta
NPOMMWCMOBOCTI, A/151 3BaptoBaHHs 11 pi3aHHs MeTanis, Mif Yyac BUNAABKN YaByHy Ta
cTasli, y BUpO6GHMLTBI cynbgaTHOI KUCNOTWN.

O30H — /19 030HYBaHHA BOAW, BifbifiloBaHHA TKaHWH, nanepy Ta LWKipu, s ouu-
LLIEHHS1 MOBITPSA B NiKyBas/lbHUX 3aknagax i Ha ckiagax OBOYiB i PPYKTIB, yTuaizauii
MeANYHUX BigXoAiB.

Cipka — y XiMi4Hiii NpOMUCNOBOCTI, BUTOTOB/IEHHI KOCMETUYHUX 3aco6iB i Masi,
ONnst 60poTbOK 3i WKIgGHMKAMUK CiTbCbKOTOCNoA4apCbKnX yridb, Y BUPOOHULTBI rymu,
YOPHOrO MOPOXY 1 iHLWMX BUOYXOBMX peyoBUH, dapb i 6apBHUKIB, CipHUKIB, LUTYY-
HOro BOJIOKHa. OuuLEHy CipKy 3aCTOCOBYHThL SIK 3aci6 Big, rnCTiB, a i Cnonykn —
npu aneprii Ta Wn3ogpeHil.

UepBOHWIF pocdhop — Yy CIPHUKOBI MPOMUCAOBOCTI, MeTanyprii, y MeanuuHi
pagfioakTMBHMWIA i30ToN 3P BUKOPUCTOBYIOThb SIK MiYEHI aTOMU Ta AJ151 BUTOTOBJIEHHS
annikaTopis.

Binuii docdop — AN 06MEXeHHA BUAMMOro NpocTtopy, TO6TO ANS YTBOPEHHS
OMMOBUX 3aBic.

Moaundikauii Kap6oHy, 30KpemMa asimas, BUKOPUCTOBYHOTh Yy NpuaafobyayBaHHi,
€/1eKTPOo- 1 pajioTexHili; B iIHCTPYMeHTax ans 6ypoBuX yCTaHOBOK, NPUCTPOSAX ANs
pi3aHHs ckna it 06po6aeHHs TBepANX MaTepiasniB; K AeTeKTopu S4epHOro BUNPO-
MIHIOBaHHS, Y MeAUYHUX NiYNbHUKAX; Mif Yac KOCMIYHUX AOCAIAKEHb | BUBYEHHS
rMMOVHHMX LWapiB 3eMni; y BeNipHii cnpasi. MpadiT € CMPOBMHOK A/151 BUPOOHK-
UTBa NMBapHMX YOPM, akymynsiTopiB, TUriB, €NeKTPOBYrifIbHUX | MeTanorpadiy-
HUXBMPOOIB, LUTYYHNX a/iMasiB, rpaeHy, MacTUIbHO-OXOM0AHUX PianH. FpadeH —
y BMNpobyBaHHAX Benvkoro agpoHHOro konalgepa, B ycTaHOBKaXxX 411 BUPOOHU-
UTBa A4EPHOT Ta COHAYHOT eHepril. Kap6iH — Sk HaniBNpoBigHWK, MaTepian gis
BUrOTOBJ/IEHHA HAAMILHUX BOSIOKOH.

EnemeHTUN OKCcureH, HiTporeH, ®occop, Kap6oH, ranoreHn € 6ioreHHumm
efieMeHTamMu, ki BigirpatoTb BaX/IMBY POSib Y XUTTEAIANLHOCTI OpraHiamis, nig-
TPUMYIOTb YCi XWUTTEBI MPOLLECU, PEry/olTb 0O6MiIH PEYOBUH i (PYHKLIIOHYBaHHS
BCiX CUCTEM OpraHismy.

(o]
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3ABOAHHAANA CAMOKOHTPO/IO

1. YKaxiTb HemMeTa/l, L0 e OCHOBHOI CK/1af0BO0 MOBITPS.

A knceHb b asot B reniii I BOAEHb
2. lMo3HauyTe NPOCTY PEYOBUHY, LUO NPOSB/ISE 34ATHICTb YTPUMYBATN YACTUHKU iHLLOT
peyvoBUHM.
A 6pom B docdop B Byrinns I cipka
3. lMo3HauTe OBi pevyoBMHM, SKi BUKOPUCTOBYHOTb A1 BUPOOHULTBA aMOHiaky.
A asort b Byrneupb B cipka [ BOgeHb
4. YCTaHOBITb BiANOBIAHICTb Mi>XX HA3BOK HEMeTasly Ta A0ro 3aCTOCyBaHHSM.
A cipka 1 BUrOTOB/IEHHSA IHCTPYMEHTIB A/15 pi3aHHA ckna
b asor 2 BMPOGHULTBO rymu

B anmaz 3 gesiHdekuiiHnin 3acid
" xnop 4 xonopoareHt

5. YcTaHOBIiTb BIiANOBIQHICTE MK Ha3BaMy 6GIOT€HHUX HEMETasliYHMX eNleMEeHTIB Ta
TXHIMM Gi0NOTIYHUMU GOYHKLSAMM.

A HiTporeH 1 enemeHT KiCTKOBOT TKaHUHU
b ®ocop 2 enemeHT ropMOHIB WMTOMNOAIGHOI 3a/1031
B Mog, 3 3anobirae kapiecy 3y6iB
I ®onyop 4 cknagHuWK GifKiB | HYK/TEIHOBUX KMCAOT
6. YHacnigok NMOBHOrO 3ropsiHHA dpocdopy B aTmMocdiepi KUCHK yTBopuBCS ¢hoc-

dop(Y) okcmpg, KinbkicTio pedyoBuHU 0,6 Mosb. OBYMCAITh KiIbKICTb PEYOBMHM, Macy
M 06’em (H. y.) peareHTiB.

§20. OKCWAWM HEMETANIYHWX ENIEMEHTIB, IXHIA BMICT B ATMOC®EPI

OnaHyBaBLIW MaTepian naparpadga, B4 3MoXeTe:

* Ha3MBaTW OKCUAMN HeMeTaNiYHMUX eNeMeHTIB;

e CKMafaTu pPiBHAHHA peakuii, AKi XxapakTepusyloTb XiMi4YHi BNacTUBOCTI W
Oflep>KaHHA KUCMOTHUX OKCUAIB;

e XapakTepusyBaTW (i3nyHi i XiMiYHI BNACTMBOCTI OKCWUAIB HeEMeTaniyHUX
€/1eMEeHTIB; 3aCTOCYBaHHA OKCUAIB HEMETaNTiYHUX €NIEMEHTIB;

* MOACHIOBATMW aHTPOMOreHHi Ta NPUPOAHI NPUYMHKN NOSABM B aTMOCHhepi oKcu-
[iB HeMeTaniyHUX eNeMeHTIB;

* BWC/NOB/OBATM CYA>KEHHSA LLOLO EKONOMIYHMX HAcNiAKiB BUKWUAIB B aTMOC(hepy
okcngis Kap6oHy, HiTporeHy i Cynbdypy; KNCNOTHUX JOLWiB, MapHUKOBOIO
ethekTy.

OKCUAN nemetaniunux enementis. HEMETANIUHI ef1EMEHTMN YTBOPKOIOTH 3 OKCUre-
HOM GiHapHi CNONYKN —OKCUAWN HEMET aniyHNX eNeMeHTiB, a60 KUCNOTHI OKCUAW.
HaliBaknueiwi 3 HUX —okcugn Kap6oHy, Cuniuito, HiTporeHy, ®octopy, Cynb-
thypy Ta Xnopy. 3a HopManbHUX YMOB BOHU MepebyBaloTb Y pi3HUX arperaTHUX cTa-
Hax: TBEpPAOMY, pigkoMmy a6o rasonogioHomy (Ta6bn. 10).
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Tabnuusa 10
ArperaTHWIA CTaH OKCUAIB HEMeTaTIUHNX €/TEMEHTIB
ArperaTHuii cran HasBn okcugiB 3a cMcTeMaTUyHOK dopmynu
HOMEHK/1aTypoto
Kap6oH(Il) i kapboH(lY) okcuam co, co.

asonofibHui Cynbdyp(lY) okeuga,

HitporeH (IV) okeng SO,, NO,

TeeDAM Cuniyii(1y) okecup, ¢ochop(Y) Si0.. P.05N.0s
PA okcug, HiTporeH(Y) okecug " '
Pigkni rigporen okcug, cynstyp(Y1) okeug  H,0, SO3

®i314YHi BnactusocTi. O kcuan HEMETANIYHUX €/IEMEHTIB —Le MOJIEKYIAPHI Cno-
NYKW 3 MOJIEKYIAPHUMU KpuctaniyHumuy rpatkamm (kpim SiO,, 1O Mae aTOMHI Kpuc-
TaniyHi rpatkun). Big cTpyKTypm i 3anexatsb iXHi BMacTuBocTi. OKCUAN MOSTEKYNSPHOT
6ynoBun — rasm, 6e3 3anaxy (CO, NO, CO,) a6o 3 piskum 3anaxom (SO,, NO,).
Kap6oH(l1Y) i cynbthyp(lY) okcmam 3a neBHUX TemmepaTtyp NEpexofdTb B iHLWWNA
arperaTHWin CTaH: MepLWin yTBOPIOE TBEPAY PEYOBUHY (Cyxwuii nig), apyruii — 6es-
6apBHY piguHy, AKy 36epiraloTb y CTaneBux LucTepHax. Bunaposytwouuch, ob6uasa
OKCUAW CNPUUYNHAIOTH OXONOLXKEHHSA.

HiTtporeH 3 OKCMreHOM YTBOPKOE N’ATb OKCMAiB. JoKnafHiwy iHpopmaLito npo
TXHi Ha3BU, MOJIeKYNAPHI (hopMynu Ta PisnyHi BNacTUBOCTI BU [i3HAETeCs, po3ris-
HyBLLW puc. 37.

OKCUAWM HITPOTEHY

HitporeH(l) HitporeH(ll) HitporeH(lll) HitporeH(lY) HitporeH(Y)
okeua oKkeua oKcuga okcug, oKcup
| | 1 1 I
nZo NO n203 no2 NARs
Besbaps- a3 6e3 PignHa Bypwii ras, Bina kpwuc-
HWiA ra3, Mae 3anaxy Ta Ko- TEMHO- 3 xapakTep- TasliyHa peyo-
NPUEMHUIA nbopy. Heco- CUHbLOTO HMM 3ana- BUHa. Kunc-
3anax. NETBOPHWIA. KOMbOpY. xoM. Kucnot- NOTHUIA,
OTpyiiHWiA. JNerko okuc- KncnoTthHui, HWiA, cone- cone-
3acTocoBy- HIOETbCS, coneTBop- TBOPHWIA. TBOPHWIA.
I0Tb 5K YTBOPHOOUN HUIA.
HapKo3. HiTporeH(IV)
okcua,

Puc. 37. Cxema knacudgikayii okcngis HitporeHny
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Cuniyiii(1Y) okcnpg —TBepAa KpucTaniyHa peyosuHa. Voro TemnepaTypa nnas-
NeHHA ayxe Bucoka — 1728 °C nopiBHAHO 3 Kap6oH(lY) okcmaom, TemnepaTypa
NnnaBfeHHs AKOro cTaHoBUTL 56,6 °C. Taka BigMiHHICTb 3yMOB/eHa Pi3HOO 6YA0BOIO
KpucTaniyHUX rpaTok LuUxX OKCUAIB.

doctop(Y) okemp —NyXKWil MOPOLIOK, 6iN0ro Konbopy, 3 rycTuHow 2,3 r/cm3,
rirpockoniyHWii (NOrnMHaEe BONOTY), NerkonnaBKunil, 3 piskum 3anaxom. TUNoBWiA
KWCNOTHUI OKCKa,.

Ximiuni BnactusocTi. na kucnoTHux okcugis XapakTepHi peakuii B3aemoAii 3
BOOI0, OCHOBHUMU OKCUAAMW A nyramu.

B3aemogis 3 Bogoto. LLLo6 3’AcyBaTu, fiK Bifi0yBa€eTbCA peakuis B3aemopil
thocthop(Y) okcmay 3 BOAOK, NPOBEAEMO AeKifbKa JOCNifiB.

Jocnig 1 (y BuTsSXHIl wadi). Y Konby, HaMOBHEHY KUCHEM, OMyCTMMO none-
pefHbLO 3ananeHuin YepBoHMiA hocdop. Mig yac ropiHHA yTBOpOETLCA octop(Y)
OKCUA, IKNIA HANOBHIOE KONGY ryCTUM GiNM CHironogioHUm ANMOM.

Oonnemo fo konowm 3 poctop(Y) okecmaom Boay, Konby fekifbka pasiB CTPyCHeMO.
Y TBOPKOETHCA NPO30PUIA PO3UNH.

Jocnig 2. [,0 po3umnHy, Lo yTBOPUBCSA B KOG, AONNEMO PO3UMH NaKMYCY.

CnporHo3yiiTe, WO crocTepiraTMemo Mig Yyac BUNPOGYBaHHS PO3UMHY JTAKMYCOM.

B3aemogisi 3 BO4OIO BigOyBaeTbCS HEOLHAKOBO i 3aneXWTb Bif KifIbKOCTi BOAMW.
3annwemo piBHAHHSA peakLiii:

P205+H,0 =2HPO03 P205+3HD =2H3 04
MeTadocharHa OF;TO(*)(\)/CCbaTJHa
Kucnorta Kucnorta

OpfHaK He BCi KUCMOTHI OKCUAW B3aEMOLIIOTb 3 BOAOK. Hepo3UMHHUM Y BOAI €
cunigin(ly) okcug.

B3aemogisl 3 OCHOBHUMMW oKcuamMu. Akuwo cuniyiin(ly) okcug Harpiti 3 Kanb-

Wil OKCMAOM, TO YTBOPKETHLCA CEPELHSA CiNlb —KanbLii cuikat. PIBHAHHA peakuyii:
SiO, + CaO = CasSi03

B3aemogisa 3 nyramn. LLLo6 3’AcyBaTu, UM B3aEMOAIOTb KUCNOTHI OKCUAN 3 Nyra-
MW, NPOBEAEMO AoCAig.

Locnig 3. Hannemo B XimiuHWiA cTakaH po3unH HaTpili rigpokcuay, nighapbosaHuii
theHondTaneiHom. MponycTMMo Kpi3b Leli po3yunH kap6oH (1Y) okcug,.

CnporHo3yiite, AKi 3MiHX BigOyBaTUMYTbCS B XiMiYHOMY CTaKaHi.

PiBHAHHA peakuii: 2NaOH + CO, =Na,C03+ H,0.

AHTponoreHHi Ta NpupogHi NpUUMHU MOSABM B aTMOChepi OKCuAis HemeTaliuHUx
enemenTis. [XKepenamm BUKUAIB B aTMOC(epy OKCUJIB HEMeTaNiYHUX eNeMeHTIB € Ymnc-
NEeHHI NignpueMcTBa, AKi He MatoTb NOTPIGHUX OYMCHUX CNOPYA, TENS0ENEKTPOCTaHL T,
TPAHCMOPTHI 3ac06M, HaceneHi NYHKTU, HesKicCHe TexHiYHe 06nafHaHHS.
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YHacnifok BUPOGHNYMX MPOLECIB PI3HMX rany3eil MPOMMUCAOBOCTI Ta CifiIbCbKOTO
rocnofapcTsa BifbyBaTbCA KOocanbHi 3MiHKM B aTMocdepi nnaHeTn. Mpomucnosi Bu-
po6HMLTBa BCI€T 3eMi, aBTOMOGINIbHUIA TPaHCNOPT BUKMAAKTb B aTMOC(epy BeInYesHi
obcarn kap6oH (1Y) okeugy (Byrnekucnoro rasy), cynsyp(lY) okeugy, rifporeH cysnb-
tigy, HiTporeH(l1) i HiTporeH(1Y) okcugis. Lie npu3BoAMTL 40 3MEHLLEHHA TOBLUHYU 030-
HOBOTO LUapy, KM 3aX1LLa€E NOBEPXHIO 3eMJi Bif yNbTpagioNeToBOro BUNPOMiHIOBaHHS,
BUNALaHHSA KUC/IOTHMX [OLWiB, BAHWKHEHHS NapHUKOBOTO ePEeKTY. YUeHi 3a3Ha4atoThb, LU0
NpoTArom octaHHix 30 poKiB KOHLEHTpaLis 030HY B aTMOC(epi 3MeHLnIacsa B AeCATKU
pasi. Lle MoXke 6yTu NPUYMHOI YTBOPEHHSA YOPHMX Aip B aTMocdepi. Bennka KinbKicTb
BYTNIEKNC/IOro rasy B aTMocepi 3yMoB/tOE r1o6asbHe NOTENNIHHA Ha NaHeTI.

3’acyemo, AKi 3a6pyAHOBaYi aTMocdepy CNpUYMHATL KUCAOTHI goLli. Hacamne-
pes ue cynbyp(lY) okema, LWo YTBOPHOETHLEA Nif Yac NPOLECiB ropiHHA, 30KpeMa Hag-
TV i Ma3yTy, KaMAHOTO BYTifNA; y MeTanyprii —nif yac BunantoBaHHA Ta nepepobku
cynbaTHMUX pya, BUPOGHMLTBA CyNb(aTHOT KMCNOTK 1 KONbOPOBMUX MeTanis; poboTa
TpaHCNopTy NPU3BOAUTL 0 YTBOPeHHA cynbyp(lY) i kap6oH (1Y) okecugis.

B atmocgepi cynbyp(lY) okeng okncHioeTbea fo cynb@yp (Y1) okeunay, a To nig,
yac BMNafaHHA OOLLiB NEPETBOPIOETLCA Ha CynbdaTHy kucnoty. Cyneyp(Y1) okeng
rirpocKoniyHuii, To6T0 Mae 3gaTHICTb MOFIMHATL BONOTY 3 MOBITPS, YTBOPIOOUM APiOHI
Kpanni cynbgatHoT kucnoTu. Lleid npouec Bigobpaxkae Taknil NaHLIOT NePeTBOPEHb:

Nso PrH S04
SO,
~"h,sod h,so4d

B atmoctepi, nogi6Ho go okcngis Cynbdypy, BigbyBaoTbCA NEPETBOPEHHSA OKCU-
4iB HiTporeHy Ha HiTpaTHY KMCMOTY. 3anuliemo Leli NpoLec CXemoro:

N, —aNO —aNO,—=H NO03

B3aemogis HiTporeH(lY) okcmay 3 BOAOK MOXe BifibyBaTnCA 3 YTBOPEHHAM HITPUT -
HOI Ta HITPaTHOT KMUCNOT, & B HAA/IULWIKY KUCHIO —Ti/IbKW HITPATHOT KUCNOTU. PiBHAHHA
peakuiii:
2NO, +H,0 =HNO03+ HNO,; 4NO,+2H,0 + O, =4HNO03

MpupogHUMKN NpUYUHAMWN YTBOPEHHA B aTMOCKEpPi OKCUAIB HEMETaNIYHUX efe-
MEHTIB € BUBEPXXEHHA BY/IKaHIB, THUTTA OPraHivyHUX PeyoBUH.

Mig yac rHATTA OpraHiYHMX PELTOK BUAINAETLCA FiAporeH cynbifs, Wo Mae 34at-
HICTb OKMCHIOBaTUCA Ao cynbyp(lY) okcnay aTMOCHEPHUM KUCHEM Ta 030HOM. PiB-
HAHHSA peakuiii:

2H,S + 30, =2S0, +2H,0; H,S+03=S0,+H,0.
Mig yac BUBEpXXEHHS BYNKaHIB B aTMoctepy noTpanfife Bennka KifbKiCTb
kKap6oH(1Y) icynbtpyp(lY) okcugis.

CknagiTb CaMOCTIAiHO PIBHSIHHA peakuiii yTBOPEHHS CyNbgaTHOI Ta HITPATHOI KMUCOT,
-Acy Wo BigbyBalTbCcA B aTMocdiepi nig yac BMnagaHHs 4OLiB.

Micna BuNafaHHA KUCNOTHUX AOLWiB BifOyBalOTbCA 3MiHW B NPUPOLI: NUCTA Ha
fepeBax i Kylax XOBTi€, IHOAI MOKPUBAETHCS PXKaBo-6ypuUM HalbOTOM, 3 ABAAETLCA
HEeNPMEMHUIA NPiNuMiA 3anax Towo. Lle cBiAYMTL NPO Te, WO KNCAOTHI JOWi 3HMLWYHOTb
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€KOCUCTEMU, CMOBIMbHIOKTbL PICT KYNbTYPHUX POCAWH, 3HWXKYIOTb IXHIO CTIKICTb A0
rpMB6KOBMX 3aXBOPHOBaHb, MOCNA6/MOKTL MPOTUAIKD MIKPOOPraHiaMam.

KncnoTHi gowi HeraTMBHO LitOTb Ha I'PYHTU, NIABULLYIOUM TXHIO KUCNOTHICTb,
a 0TXKe, 3HKYIOTb YPOXANHICTb.

Okcugmn Cynbhypy i HiTporeHy € oTpynHUMMK, TOX HEraTMBHO BMAMBAKOTb Ha
3[0pOB’A NOANHN. HaaBHICTb iX Y NOBITPi CNPUYNHAE NOAPA3HEHHSA AUXANbHUX WA-
XiB, BAHUKHEHHS GPOHXITY i1 iHWNX XBOPOO, 3HUXKEHHSA IMYHITeTY, L0 NPU3BOAUTL A0
3MEHLUEeHHS TPMBANOCTI XUTTA NOAEN.

OTxe, Wwo6 3anobirTm aHTPONOreHHOMY BM/IMBY Ha 3a6pyAHEHHSA aTMOC(hepu naHe-
T, NOTPIGHO YCBIZOMUTHM Ti HACAIAKM, AKi CIPUUYUHAOTL Hebe3neKy 340POB’ 0 N0 aen Ta
BCbOr0 XXMBOTO, i LOTPUMYBATUCA BiAMOBIAHUX NpaBun, a came: 1) 3mMeHLyBaTh BiCOTOK
NnanbHOro, ke NPU3BOAUTL 40 BUKMAIB B aTMOCHEPY OTPYWHUX rasis, Nepexosaun Ha
€KOMOTiYHO YMCTi BUAWN NanuBa; 2) 3acTOCOBYBATU OYUCHI CNOPYAMN Ha NignpuemMcTBax,
AKi BUKMJAKTb Ui rasu; 3) He cnastoBaTu CyXy TpaBsy, BiAX0A4W LepPeBUHUN, NNACTUK;
4) 36inbWyBaTW NOLLI 3eN€HUX HacalXeHb, AKi NepeTBOptOOTL KapboH (1Y) okeng Ha
OpraHiyHy peyoBUHY, OUMLLaOYM aTMOCHEPY Ta NOMOBHIOKOYN TI KUCHEM.

3acTocyBaHHA OKCUAIB HemeTaniyHUX efleMeHTIB. OKCVI,CI,I/I HeMeTaniYHUX ene-
MEHTIB Haby/in LIMPOKOro 3acTocyBaHHA (Tabn. 11).

Tabnmusa 11
3acTocyBaHHA OKCULiB HEMETaIUHUX eNeMeHTIB
Okeng, dopmyna 3acrocyBaHHA
Kap6oH(IV) co2 Y ximiuHilt npomucnosocTi Ana gobysBaHHA coneit Kap6o-
okeug HaTHOT KWCNOTW; ANA rasyBaHHA BOAW, MPUTOTYBaHHA raso-

BaHWX HaMNoiB; AK XO0N0A0AreHT ANA 36epexXeHHA MACHUX
npoAaykTis, pubu, MOpo3nBa, OBOYIB Ta IHLWUX NPOAYKTIB;
nig yac BMpPOGHMUTBA BWH i MWBA; Y BOrHEracHuWkax; Ans
MPUCKOPEHHA AOCTUraHHA O0BOYIB Yy Tennuuax. Perynioe
TennoBuit 6anaHc nnaHeTu; 6epe yyacTb y mpoueci ¢oTo-

CUHTE3Y.
Kap6oH (I1) co AK NannMBo B CyMillli 3 BOGHEM; A/1 CUHTE3Y MEeTaHoNy.
okeug
Cynbtryp(lY) so2 CupoBnHa Ana BUPOBHMLTBA Cynb(PaATHOT KUCAOTM Ta if
oKa/a, COMel; ANA 3He3apaXKeHHA 3epHO- N 0BOYECXOBWLY Bif LIKiA-
HUWKIB | MiKpoopraHiamis; Bif6intoBaHHA CONOMMU, LLIOBKOBUX i
BOBHSIHMX TKaHWH; Ae3iH(eKL il EMKOCTE Ha BUHHUX i NNB-
HMUX 3aBOfJax.
Cynbthyp(¥Yl) so3 Bupo6HULTBO Cynb(haTHOT KUCNOTK Ta il coneil; sk BOAOBIf-
oKag, 6ipHWMiA 3acib.
cuniuin(1y) Si02 Y 6yaisenbHiit cnpasi 419 BUPO6HMLTBA GETOHY, LiErN, CTe-
oKCUg KON, Kepamiku, wniyBanbHUX MaTepianis; y gpapmaueBTuLi

AK copb6eHT (aeporenb, cenikarenb); ANS BUPOGHMUTBA
NopuCcTMX MaTepianis; B ONTUYHIN Ta mapymepHili npomuc-
NOBOCTAX; AK TENn0i3014TOP; KBapLy, — Y HBeNipHili cnpasi,
[15 BUPOBHML TBA KBAPLLOBOrO TEPMOCTIKOr0 CK/a.
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MpoaoB>keHHa Taobn. 11

Okeng, dopmyna 3acTocyBaHHsA
HitporeH(1V) no?2 AK OKUCHUK Yy paKkeTHOMY NanuBi; y BUPOOGHMLTBI HiTpaTHOT
oKCug KUCNOTU, HITPaTIB, MiHepanbHUX JO6pUB.
docgop(Y) PA [JobyBaHHS opToocthaTHOT KUCNOTU; B OPraHiYHOMY CUH-
oKcmg Tesi, N5 OCyLeHHA rasis.

® isionoriuna gis. bararto OKCMAiB HemeTaniyHUX eNeMeHTIB npoABAAKOTb TOK-

CUYHY

L0 Ha opraHisM nguHu. [yxe oTpyinHOK peyoBuHOW € Kapb6oH(ll) okcuga,

abo YyagHWiA ra3. Mloro MoneKynym CnonyyarTbCs 3 TEMOr06IHOM KPOBI 3HAYHO Mill-
Hille 3a MONEKYNN KWUCHIO, YHACNILOK YOT0 MPUNUHAETHCA MEePeHeCceHHA KUCHIO [0
KNITUH opraHismy. Byrnekucnnii rasz xo4a i He TOKCUYHUIA, ane 3a HagMIpHOT Kifb-

KOCTI

HiTtpo
WKipwu
cenesi

B NIOAWHN BUHWUKae 3agyxa abo 3ynumHKa auxaHHa. Okcuan Cynbhypy i
reHy ypaXkatoTb C/IM30Bi 060/IOHKU AUXANbHUX LWNAXIB, CIPUUMHAIOTL ONiKK

. Mapu okcmugis HiTporeHy npu3BogAaTb A0 36iNbWEHHA PO3MIPIB MEeYiHKUN U
HKW, po3nagy Ncuxiku.

nacyMmoBYEMO BUBYEHE

Okcuay HemeTaniuHUX efnieMeHTiB nepebyBaloTb Y TPbOX arperaTHUX ctaHax. Lle
nepeBaXHO PEYOBMHN MOJSIEKYISIPHOI 6y A0BW. ATOMHI KpUCTasiyHi I'paTtku BAacTuMBi
cunigii(1V) okemay.

OoKkcnaym HemeTaniuHWX eNIEMEHTIB — Le KMCMOTHI okcuau. BoHu BcTynawTtb y
XiMiYHY B3a€EMOZi0 3 BOAOI, OCHOBHUMU OKCUAaMUW N yramu.

Mosiea B aTMOCHoepi OKCUAIB HEMETANIYHMX eNEMEHTIB 3yMOB/IEHA BUKMAAMWU YUC-
NEHHMX MigNPUEMCTB, TennoenekTpocTaHuiin, poboTo TpaHCNOPTHUX 3acobiB,
(hYHKLiOHYBaHHAM HacefieHUX MyHKTiB, HeJOO6POSAKICHUM TEXHIYHUM 06N1aAHaHHAM.

OcHOBHUMK 3abpygHioBavYamu atmocdiepn € kapboH(lV) okcmg, cynbdyp(lV)
i cynbdpyp(VI) okengm, HitporeH(ll) i HiTporeH(l\V/) okcman.

Mpouec yTBOpPEHHA KUCNOTHMX aow,iB 3a yyacTio cynbdyp(lY), HitporeH(ll)
i HiTporeH(IV) okcunaiB BiAbYyBaeTbCSA 3a TakMMK NaHUoraMmm nNepeTBopeHb:

S03—H2S04
S02
N HZS03— H2504;, N2"N O~ANO02"HNO3

KucnoTHi gouw,i HeraTMBHO BNAMBAlOTb HAa POC/MHHICTb, 3HWXKYKOTb POAKYICTb
I'pyHTIB, a okcman Cynbgypy Ta HiTporeHy cnpuumnHsoTb y NI0AEN 3aXBOPHOBAHHS
OpraHiB AMXaHHs.

OKcran HeMeTasliuHMX eNleMEeHTIB Habynu LUMPOKOro 3aCTOCYBaHHSA B rocnojap-
CTBi YKpaiHu.

3ABJAHHAONA CAMOKOHTPOI/O

Ha3BiTb HemeTasn, ski HabyM LIMPOKOro 3aCTOCYBaHHA B rocnoAapcTBi YKpaiHu.
OxapakTepusyiite cpepn 3aCTOCYBaHHSA: @) BOAHIO; 6) KMCHIO Ta O30HY; B) CipKu;
r) doocdoopy; ) Byrneyto.

HasBiTb NpMYMHM aHTPOMOreHHOro Ta MPUMPOAHOro 3abpyAHEHHs aTmocdepu
oKcugamy HemeTaniyHuX enemMeHTIB.
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4. CknagiTb piBHAHHS peakuiil, Wwo BigbyBatoTbCs 3a CXeMaMMu:
a) S-> S02-> S03-> HXS04-> NazS04-> BaS04;
6) N2—NO —N02— HN03— Ca(N032

5. CknagiTb piBHAHHA peakuii M. @) a30TOM i KMCHeM; 6) pocthopoM i KUCHEM;
B) BYI/IELLEM i CipKOIO; T) BOAHEM i Cipkoto. CKNagiTb e/IeKTPOHHMIA B6anaHc, YKaxiTb
OKWCHUK i BifjHOBHUK.

6. Tig yac rpo3n armocdepHunii a3ot o6’'emom 134,4 n (H. y.) NepeTBOpPMBCS Ha
oKCcKA, SIKMIA CMOMy4MBCA 3 AOLLIOBOK BOZJOK 3 YTBOPEHHSAM KUCOTU. O6unCHiTh
Macy KMCNoTu, WO Bunasia 3 AOLLEM Ha 3eMJIH0.

7. Cynbthyp(lV) okcua macow 19,2 r okmcHUNKM Ta nigganu gii sogn. O6uncnitb macy
7 KiJTbKICTb PEYOBVHU YTBOPEHOTrO NPoAyKTy. Ha3BiTb yTBOPEHY PEYOBMHY.

§ 21 . CNoNyKn HEMETANIYHNX ENIEMEHTIB 3 EIJPOEEHOM

OnaHyBaBLlWK MaTepian naparpada, BU 3MOXeTe:

e Ha3MBaTW CNONYKU HEMETaNiYHUX efneMeHTiB 3 [igporeHom;

* HaBOAWUTM MPUKNaAM CNONYK HeEMeTaniyHuX enemMeHTiB 3 [igporeHom (rigpo-
reH Xnopug, rigporeH cynbis, amoHiak);

e CKnafaTu piBHAHHA peakLiil, AKi xapakTepu3yTb 0C0611BOCTI BOAHUX PO3-
YUHIB rigporeH xnopugy (3 ocHoBamu), rigporeH cynbigy (3 nyramu) i
amoHiaky (3 kucnotamu);

e XapakTepu3yBaTW 3acTOCyBaHHA TiAPOreH X10puay, FigporeH cynbdigy i
aMOHiaky;

e MOPIBHIOBATW 0COG/MMBOCTI BOAHMUX PO3UMHIB TifporeH xaopuay, rigporeH
cynbigy i amoHiaky.

Cnonykn HemeTaniuyHux enemenTiB 3 [igporeHom. Bam yXe Bi,ﬂ,OMO, o0 HeEMeETa-
NiYvHi enemMeHTn 3 IigporeHoM yTBOPHOIOTH fiIeTKi cnonyku. Lie enementu IV -VII rpyn
nepiognyHoi cuctemmn (Tabn. 12).

Tabnmusa 12
J1eTKi crnonyky HemeTasliYHUX e/leMeHTIB 3 [MigporeHom
] Mpyna
Mepiog
v \% VI VII
2 CH4 NHg HD HF Pagjycn atomis
. . e/lEMEHTIB
3 SiH4 PH3 HZ Hel y Tpynax
4 AsHg H2Se HBr 3pocTanTe
3BEPXY BHY3.
5 HAe HI KnenotHi
BN1aCTUBOCTI
CTyneHi OKUCHEHHA ENEeMEHTIB Y LMX CNOyKax 3pocTaioTs BOAHUX
BuCHOBOK Bif -4 [0 -1. Y BOAHMX PO34MHAX BNACTMBOCTI 3MiHIOIOTbCH PO34MHIB
Bifl OCHOBHUX 10 KNCNOTHUX. nocnIoIoTECA.
3arasbHi

EH EH3 HZ2e HE

Fl

hopmynu



§ 21. Cnonykn HeMeTaniyHMx enemeHTiB 3 [igporeHom

MpoaHanizyBaBwun Tabn. 12, 3p06MMO BUCHOBOK: 3a/1€XKHO Bif, KilbKOCTI Hecna-
PEHWNX €NEKTPOHIB Na 30BHILLIHLOMY €HEPre TUUYHOMY PiBHI, aTOMW HeMeTaniuyHNX ene-
MEHTIB Yy TBOPIOKOTb KOBa/IEHTHI MONSPHI 3B H3KM 3 Pi3HOO KiNbKiCTHO aTomis [Migpore-
Hy. EnemeHTun IV rpynu nepiofMyHol CMCTEMU YTBOPKHOKOTb HOTUPU 3B’A3KU, V —TpH,
VI —paBa, VII rpyny —oaunH 3B 30K.

NeTKi cnonykn HemMeTaniyHMX enieMeHTiB 3 [igporeHoM nepeBa)kHO NPOABNAKTb
3[aTHICTb PO3UYMHATUCA Y BOAI. O3HaliOMMMOCS AOKNagHiWe 3 MexaHiamaMu po3yn-
HeHHS rigporeH xnopugy HCI, rigporeH cynbigy H9S ta amoHiaky NH3y Bogi.

3anuwemo piBHAHHSA peakLii B3aEMOAIT rigporeH xaopuay 3 Bogoto:

” - -2 + -2

HCN+ HY =[H30]++ CE.
NOH OH

FigpokcoHito Xnopy

FAKLL0 PO3YMH TiAporeH X10puAay y Boai Bunpobysaty N1akMycoM, TO 3a6apBieHHS
iHAMKaTOpa 3MIHUTbLCA Ha YepBOHe. Lle BKkasye Ha Te, LLO yTBOpMIACA KUCNOTA.

3 piBHAHHA 6aunumo, Wo atom OKCcUreHy mMae 6inbLWIWIA 3apsag, HDK atom Xopy.
Tomy atom OKcureHy 3 6inbLwioto cuioto nputarye atomu Figporedy. Mig vac po3um-
HeHHA MoH igporeHy BiAWeNETLCS Bif XN0py 14 3aBAAKN HassBHOCTI BiJIbHOI efieK-
TPOHHOT Napw NpueaHyeTbes A0 OKCUTeHy. Y TBOPHOETLCS MOH MigpoKCOHI0 H g+
OKCWreH Ha YTBOPEHHA 3B A3KY BiAf4aB e/IeKTPOHHY napy, TOMY € JOHOPOM, a ioH lig-
poreHy —akuenTopoM. OTXKe, MeXaHi3M YTBOPEHHSA KOBANEHTHOIO 3B’A3KY B LibOMY
BMNagKy € AOHOPHO-aKLuenTopHUM (gMB. §5).

Tenep 3’Acyemo, K BigbyBaeTbCcA pO3UMHEHHS aMOHiaKy y Bogi. Mig yac yiei pe-
akyii atom HitporeHy miuHiwe BTpuMye atomu [igporeHy, Hixx atom Okcureny. Hi-
TPOreH, AKUA Mae BiNbHY eNeKTPOHHY napy, NpuTarye ioH Figporeny Big OKCUreHy.
Y TBOPKETLCA NO3UTUBHO 3aPALXKEHWIA NOH aMOHIO:

-3 v+ + -2 -3+
NH3+ HO= [NHJ++OH .

oH  rigpokeng-
aMOHito ioH

3a piBHAHHAM MOXHa MPUNYCTUTU, WO HAABHICTb Y PO3UYMHI FipOKCUA-IOHIB
3YMOBJ/IIOE NIYXKHE cepefoBuie. HaaBHICTb Nyry BUABNAOTb iHAUKATOPOM. PO3UunH
theHonTaneiHy HabyBae ManMHOBOTO 3a6apBNeHHS.

MOSACHITL MexaHi3M YyTBOPEHHS 3B’A3KY Mif Yac pO34YMHEHHS aMOHiaKyy BOAi.

ligporeH cynbif y BOAHOMY pO34YMHI MOBOAMTLCA K AyXe cnabka Kucnora.
OkcureH i Cynbhyp —eneMeHTH ronosHoi niarpynu VI rpynu. BogHouac OKcureH
NposBNAE OiNbly eNeKTPOHeraTuBHICTb, HXX Cynbdyp, OCKiNbKW B TOMIOBHUX Mij-
rpynax efeKTPOHeraTuBHICTb efIeMEHTIB 3pocTae 3HN3y BBEPX. TOMy WoH ligporeHy
Bif rigporeH cynbigy npuegHyeTbca o0 OKCUTEHY 3a paxyHOK BifIbHOT e/1IeKTPOHHOT
napu. PiBHAHHA peakuii:

+1 2 41 2 + -2
H® +HO =[HD]++ HS-.
oH [igpoKCcoHito
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OTxe, 3BaXKat0umn Ha PO3rNAHYTI NPUKNaLU PO3UMHEHHA NETKMUX CMOMYK HeEMeTa-
NiYHNX eneMeHTiB 3 NigporeHom, 3p06MMO Taki BUCHOBKM:

* y nepiogax 3nisa HanpaBo N0cNabaoTLCA OCHOBHI BNaCTUBOCTI BOAHUX PO3-
YMHIB HEMEeTaNiYHUX efleMeHTiB 3 [iaporeHoM i NOCUIOKTLCA KUCNOTHI;

* y rpynax 3Bepxy BHU3 3p0OCTal0Tb pajiycu atomis, TOMY 3B’A30K MiXK aTOMOM He-
MeTaniyHoro efemeHTa i FigporeHoM NocnabneTbCs; KNCMOTHI BAACTUBOCTI BOAHUX
PO34YUHIB NOCUMIOKOTHLCA.

BnactuBocTi BOAHUX po3uunHiB CNoNyk HemeTaniuHux enemeHTiB 3 [igporeHom.
BuBYalouy po3UMHEHHS Yy BOAI CMNONYK HEMeTaniyHux enemeHTis 3 [igporeHom, Bu
nepeKoHanucs, Wo IXHi PO3YNHU MOXYTb MPOABAATM BNACTUBOCTI KMCNOT ab0 OCHOB.
MepeBipMMO Le, NpoBOASYM AOCNiAN.

Jocnig L Hannemo B npo6GipKy po34nH HaTpiil rigpokcuay, nigdap6oBaHuii de-
HonTanetHom, i LOANEMO A0 HbOTO XJIOPUAHY KUCoTy. CnocTepiratumemo 3He6apBs-
NEHHS PO3YMHY: XNOPUAHA KCNOTa HeilTpanidyBana nyr. PIBHAHHA peakuii:

NaOH + HCN = NaCl + HD.

CknagiTb CaMOCTIHO IMOHHE PIBHSAHHS peakuii. MOosICHITb, SKi MOHM B3SAAW yyacTb y
peakuiji.

XnopufHa KncnoTa pearye 3 HEPO3YMHHMMM OCHOBaMu, YTBOPHOKOUM Cifb i BOAY.
LLlo6 nepekoHaTMCA B LbOMY, NPOBEAEMO [OCIA.
Locnig 2. fo6yaemo kynpym(l1) rigpokcug peakuieto 06MiHy:

C,uS04+ 2NaOH = Cu(OH)9 + Na%s04

YHacnifok peakuii Bunajae B ocaf, HepO34MHHa OCHOBA CMHLOTO KONbopy. [onne-
MO [0 NPo6ipKKM 3 0CafloM X/IOPUAHY KUCMOTY:

Cun(OH)9+ 2HC/1 = CuCl, + 2H9D.

Ocap po34YMHAETbCA, a pO3UNH HabyBae 61akKMTHOrO KoNMbopy. Takoro 3abapsreH-
Ha oMy Hagae Kynpym(l1) xnopug,.
Ak cnabka KucnoTa, BOAHUI PO3YMH TiJPOreH CynbMigy pearye TibKu 3 ayramum.
Lito peakuito Bigobpaxae piBHAHHSA:
2NaOH + H9S = Na%s + 2HD.

AKLLO X TigporeH cynbdig y3aTo B HAAMLWIKY, YTBOPIHOETLCA HATPIN FigporeHcynb-
thig —kucna cinb cknagy NaHS:

NaOH + H9S = NaHS + HD.

B3aemogito amoHiaKy 3 XJIOPUAHOK KUCNOTOK cnocTepiraTUMeMo Ha Jocnifi «aum
6e3 BOrHIO».

[Jocnig 3. BisbMeMo aBa KOHLEHTPOBaHI PO34MHU: aMOHiaKy i rigporeH xaopuay.
OnycTMMO B KOXXHWI PO3YNH CKNAHY NannyKy, a moTiM HabM3MMO Nannykn OgHY A0
OfHOT. 3’ABNAAETLCA FYCTUI 6iNnit «gum». Lleil «gnm» € CKynyeHHAM gpiOHMX KpucTa-
NiB YTBOPEHOT CONi —aMOHiin xnopngy:

nhdoh + HCT=nhdci + HD.



§ 21. Cnonykn HeMeTaniyHMx enemeHTiB 3 [igporeHom

B3aemogis aMOHiii rigpokcuay 3 KNCA0TaMU BKa3ye Ha Te, L0 BOLHMWIA PO3YMH amMo-
HiaKy € OCHOBOIO.

OTxe, 3BaXarun Ha NpoBefeHi Jocnian, 3p06MMO BUCHOBOK: BOAHI PO3UNHU NeT -
KX CNONYK HEMeTaniuHux enemeHTiB 3 igporeHoM NposiBNSOTb BAACTMBOCTI KACIOT
ab0 OCHOB.

3acTtocyBaHHA cnonyk HemeTaniyHux enemeHTis 3 [igporenowm. NeTki CnonykKun
HeMeTaniYHnX enemMeHTiB 3 [igporeHoM, po34YMHAKYUCL Y BOJi, YTBOPIOKOTb OCHOBU
abo kucnoTu.

[igporeH xnopug —ras, SKUA OTPUMYIOTb Mif Yac HarpiBaHHA HaTPIl xnopugy 3
KOHLLEHTPOBAHOIO CY/Nb(ATHO KUCNOTOK. PIBHAHHSA peakuii:

2NaCl + H,S04(KOHL,.) + 2HCIT + Na,S04

BogHuii po3unH rigporeH xnopugy —xnopugHa (consHa) kucnota. AKw,o Macosa
yacTKa rigporeH xa10puay y BOLHOMY pPO34MHi CTaHOBUTL 34-36 %, TO IOr0 Ha3MBaKTb
KOHLEHTPOBaHOI0 XN0PUAHOK KUCNOTOH.

OTxe, rigporeH xnopuj Hacamnepes BUKOPUCTOBYHOTb AN [06YBaHHA XNOPULHOT
KncnoTum Ta i conein —xnopugis. Kpim Toro, rigporeH xaopug Habys WKMPOKOro 3aCTO-
CYBaHHS B OPraHiYHOMY CUHTE3I.

ligporeH cynbdpif —ras, 6e3 KONbOPY, BaXK4Uil 3a NOBITPS, 3 XapaKTepHUM He-
NMPUEMHMM 3anaxoM TyXJMX fiELb, OTPYHHUA. ToYHIWe, 3iNncoBaHi AL BUAINAOTb
rigporeH cynbif, Wo fae Takuin 3anax. BogHuii po3yuunH rigporeH cynbdigy 3MiHioe
KONip NakMycy Ha YepBOHWIA, TOMY Oro Has3nMBalTb CYbQiJHOK KUCNOTOW. Haii-
YacTille 3aCTOCOBYHOTh CONi —Cynbifn, AKi BXOAATb A0 cKnagy cynbigHux pya.

AMOHiakK ik cnonyka HitporeHy 3 FigporeHoM —ra3 3 pi3KMM 3anaxom, siKui
LWIMPOKO BUKOPUCTOBYHOTh Y Pi3HUX rany3sx NnpoMUcNoBOro supo6HumyTea (puc. 38).

Puc. 38. Cxema 3acToCyBaHHA aMOHiaKy

Mpuragarite 3 Kypcy OpraHivyHol XiMii 3acTocyBaHHS MeTaHy Ta CKnafiTb CaMOCTIHO
A Cxemy.



» Tema 4. HeopraHiyHi pe4oBUHK Ta iIXHi BNacTUBOCTI

nacyMoBYEMO BMBYEHE

» EnemeHTw |V — VIl rpyn nepiognyHoi cUCTEMM YTBOPHOIOTL NETKi CNIONYKN HEMe-

TanivyHuX enieMeHTiB 3 [igporeHom.

e 3arasibHi hopMynn NeTKMX CNONYK HEMEeTaniuYHUX eNemMeHTiB 3 [iapOreHoM: EH4,

EH3, H2E, HE. CTyNeHi OKUCHEHHS €/IEMEHTIB Y UMX CMO/lyKax 3pocTaloThb Big -4
no -1.

e JleTki cnonykn HemeTaniyHux enemeHTiB 3 [igporeHom 3arasioMm NposiBASTb

3aTHICTb PO3UMHATUCA Y BOAi. Y nepiogax 3niBa HaNpaBo BAac TUBOCTI BOAHUX
PO3UYMHIB 3MiHIOIOTbCA Bif OCHOBHUX [,0 KUCNOTHUX. Y rpynax, 3i 3pOCTaHHAM
pagiyciB aTtomiB 3BEpXy BHW3, KAC/IOTHI BlacTMBOCTI BOAHUX PO3YUHIB NOCKU-
N0 TbCA.

* BnacTtuBoCTI BOAHNX pOS‘—II/IHiB JNIETKNX CNOJTYK HEMEeTaNiYHUX efieMeHTIiB 3

FigporeHoM 3MiHIOKTLCA Tak: rigporeH xaopug y BOAHOMY PO34YMHI — CUbHA
HeopraHiyHa KucsoTa, rigporeH cynbdig — cnabka kucioTa M amoHiak —
HecTilika cnabka ocHoBa.

e Cnonykn HemeTaniyHMX eniemMeHTiB 3 lMigporeHoM Haby/im 3aCTOCYBaHHSA B Pi3HUX

rany3six NpoOMMCNOBOro BUPOGHMLTBA YKpaiHN.

3ABOAHHAANA CAMOKOHTPO/IO

Ha3BiTb HEMETasliYHi eNeMeHTH, WO YTBOPIOKTbL NETKi cnonykn 3 ligporeHom.

MoSsICHITL MexaHi3M PO34YMHEHHS Y BOfi: a) rigporeH xnopugy; 6) rigporeH cyrib-
digy; B) amoHiaky.

CKknagiTb PiBHSAHHA peakuil BOAHUX PO34YMHIB: a) rigporeH xsopuay 3 Kanii, Kkanb-
ui Ta depym(ll) rigpokcngamm; 6) rigporeH cynbdigy 3 6apiii rigpokcuaom;
B) aMOHiaky i3 Cy/ib(paTHOK KMCNOTOK. Ha3BiTb yTBOPEHi NPOAYKTU peakLiii.
3arasibHa hopmyna cnonykn EH3. o ii cknagy BxognTtb lMigporeH, macoBa vacTka
SIKOro CTaHoBUTL 17,65 %. BuBepgitb dhopmyny cnonyku.

YHacnigok B3aemogil HaTpiii rigpokcmupgy 3 rigporeH cynbigom yTBOpuiacs
cepefHs cinb macoto 31,2 r. O6uMCNiTb Macu peareHTiB.

Kpi3b cynbgaTHy KACMOTY NPONyCTW/IN aMOHiak 06’emom 84 1 (H. y.) 3 MacoBOt
4yacTKkol gomiwok 20 %. O6uncniTe Macy yTBOPEHOI cepeHboi Coni, Ha3BITb Ti.

Figporen xnopug macor 24,333 1 3 MacoBo 4YacTkol gomiwok 0,1 npopearysas
3 a/IIOMIHIN TiAPOKCMAOM A0 YTBOPEHHA cepefHboi coni. O6uncniTb Macu NpoaykK-
TiB peakuii Ta Ha3BiTb iX.

N 8§22, KUCNOTH

OnaHyBaBLlIW MaTepian naparpadga, BU 3moxXeTe:

* HasuBaTW NpeACTaBHUKIB KUCNOT 3a CUCTEMATUYHOK HOMEHK/ATYpPOIO;
e CKnajaTwu piBHAHHS peakuiid, SKi XapakTepu3ylTb XiMi4YHi BNacTMBOCTI Ta

,ﬂ'06yBaH HA KNCNOT,

* XapaKTepu3yBaTW XiMi4yHi BNaCTUBOCTI KWUCNOT;

* MPOrHO3yBaTW Nepebir XiMiYHNX peaku i, WO XapaKTepusyTb XiMi4YHI Bnac-

TUBOCTI KUCNOT;

e POGUT U BUCHOBKM MPO KUCOTU, IXHIO POJib Y NPOMUCIOBOCTI.

06



8 22. Kucnotu

Kncnotu. Bam yxe Bifomo, L0 Mif Yac peakyiil B3aEMogii CnonyK HemMeTaniuyHuX
€NeMeHTIB 3 BOAOK YTBOPKTLCA KWUCAOTU. BogHouvac, xova cuniuin(lyY) okcng
HEepPO3YMHHUI y BOAI, MPOTE CUAiKaTHA KUcnoTa icHye. [lo cknagy i MONeKyn, K i B
IHWWX KUCNOT, BXOAATL aTOMU [MigporeHy Ta KUCNOTHI 3anMWKKN. OBTOPUMO CKNag i
Ha3Bu kucnot (Tabn. 13).

Tabmus 13

Cknaf i Ha3BM KUC/OT i KAC/IOTHUX 3a/INLLKIB, Knacugikauis KucnoT

3aranbHi ximiuHi BnactusocTi kmcnoT. BNacTMBOCTI peyoBUH 3anexartb Bif
IXHbOr0 cKnafy ta 6yfoBu. Yci KUCNOTU (KPiM CUIIKATHOT) — MONEKYNApHI peyo-
BMHU. CNifIbHUM Y TXHbOMY CKNafi € HafABHICTb atoMmiB ligporeHy. Lle # 3ymoBntoe
3arafibHi XiMiyHi BNacTUBOCTI KUCNOT.

[ia Ha iHoMKaTOopu. AKWO A0 XIOPUAHOT, PO3YMHIB HITPATHOT Ta Cy/bdaTHOI
KWCNOT LOAMTMK MO Yep3i PO3UYUHU IHAWKATOPIB: NaKMYCY, METU/IOBOTO OPaHXeBOro
Ta peHONPTaNeTHy, cnocTepiratumemMo Aeski amiHu (Tabn. 14, c. 108).

107
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Tabmua 14
3MiHa 3abapBneHHs iHANMKATOPIB Y K1cnoTax
IHoukatop
Kucnota .
Nakmyc MeTunopaHx theHondTaseiH
XnopwgHa YEPBOHNIA POXXeBWI He 3MiHI0E
HitpaTHa YEPBOHNIA POXeBWI He 3MiHI0E
CynbpaTHa YepBOHMIA pOXeBUIi He 3MiHIE

OTXe, y KNCNOTax NakKMyC i METUIOPaHXX 3MiHIOIOTL 3a6apBfeHHS Ha YepBOHE Ta
poxeBe BignoBigHo. ®eHoNndTaneiH Ha KNCNOTHE CepeaoBmLLe He pearye. 3MiHa 3a-
6apBNeHHA IHANKATOPIB Y KMCNOTax € BNAaCTMBICTIO, 3aBASKMW AKili KACNOTY MOXHa
BUSABUTM cepel iHWMNX PeYOBUH.

B3aemogia KUCNOT 3 MeTanamu. ocnigumo, ik KUCNOTK pearyoTs 3 MeTanamu.
[o mopuyin meTaniB marHito, UMHKY, 3aiiza Ta Migi 4OMBATUMEMO XJIOPUAHY Ta po3-
YMH CynbMaTHOT KMcnoTn. ¥ npobipkax, fe MICTATLCA MarHii, LMHK i3ani3o, nig vac
[ONVMBAHHA XNOPUAHOT Ta PO3UNHY CYNb(aTHOT KAUCAOT BUAINATLCA OYNbball KK rasy.
Y npo6ipkax 3 Miff0 3MiHU He CNOCTEePiralTbes.

3anuwemo piBHAHHSA peakuild, Wo BigbyBaloTbCA MK MeTanamMmmn Ta KUCOTamu:;

Mg + 2HCN = MgC,I9+ HA; Mg+ h2o04=MgS04+ HA.

Zn + 2HCJ/1 = ZnClI, + HA,; Zn + HS 04 (po3B.) = ZnS04+ HA.
Fe + 2HC/1 = FeCl, + H[,; Fe + H®S04(po3B.) = FeS04+ HA.
Cu + 2HCN *; Cu+HXS04

AK 6a4nMmo, He BCi MeTann B3aEMOAIIOTb 3 KMCIOTAMU.

AKLLO XX YBaXHO CnoCTepiraTu iHTEHCUBHICTb BUAINEHHSA ra3y Ta MOPIiBHATKU, TO
B Npo6ipui 3 MarHiem HOro BUAINAETHCA Halbinblwe, Tpoxn cnabwe —y npobipui 3
LWHKOM, We cnabwe —i3 3ani3om.

EkcnepnmeHTanbHi faHi HaBeNM BYEHWX HA AYMKY, WO MeTann NpoSaBAAIOTb Pi3-
HY XiMi4YHY aKTMBHiCTb. Ha ocHOBI gocnigXeHb yuyeHnin M. BekeTOB po3micTMB MeTa-
N1 BPAL aKTUBHOCTI, a60 BUTUCKYBabHUI pAg MeTarnis.

Li, K, Ba, Ca, Na, Mg, Al, Mn, Zn, Fe, Ni, Sn, Pb, (HA4, Cu, Ha, Ag, Pt, Au.
>

XiMiYyHa aKTUBHICTb MeTasniB nocnabnoeTbcA

Y uboMy pAgi MeTanu, Wo po3millleHi 40 BOAHIO, BUTUCKYKOTb M0r0 3 PO34YUHIB KKC-
not (BMHATOK — HiTpaTHa- KucnoTa). MeTtanu Big Mifi fo 3010Ta 3 po3YMHAMM Kuc-
NOT He pearylTb. [oYnMHaumM 3 NiTiH0, KOXKHWUIA HACTYNHNIA MeTan MPOABASE MEHLY
XiMIYHY aKTUBHICTb, HIXX MOMNepeaHii.

Mig vac peakuin meTanis, WO B pgi aKTUBHOCTI CTOATb 40 BOAHIO, KPIM BOAHIO, L0
BifJHOB/IIOETHCA [0 BifIbHOr0 CTaHY, YTBOPKOTHCA COMi BiANOBIAHUX METaNIB.
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Mukona bekeToB (1827-1911) — BuAaTHWUIA yKpaiHCbKUA Ta
poCilicbknini - dpi3nKo-XiMik. 3akiHUMBLUWM TiMHa3il0, BCTYNMB [0
CaHkT-lMeTepbyp3bkoro YyHiBepcuTeTy, a u4epe3 [ABa pPoOKM
nepesiBcsa A0 KasaHCbKOro yHisepcuteTy. Y 1849 p. oTpumaB CTy-
niHb KaHAMAaTa npupoaHnumnx Hayk. 3 1855 no 1857 p. npautoBas
Ha kadpegpi Xximii XapkiBCbKOro yHisepcuteTy, 3 1858 p. — npodpe-
COpPOM.
CTBOpVB TEOPil0 BUTICHEHHSA O4HWX METaniB iHWWMK, yCcTa-
HOBUB psAf, akTUBHOCTI MeTaniB, onucaB MeTon BiAHOBEHHS
MeTaniB antoMiHieM. 3anoyatkyBaB (Pi3vKO-XiMiYHY HayKoBY LUKOMy, a B 1864 p. —
hisunko-ximivuHWiA Bigain Ha 6a3i XapkiBCbKOro yHiBepcuteTy. [paLtoioum B Xapkis-
CbKOMY YHiBEpcuTETI, onybsiikyBaB noHag 80 HaykoBUX npaLb.
- /

B3aemofif 3 OCHOBHMMM oKcugamu. Kncnotu BcTynawTh y peakuii 06MiHy 3
OCHOBHMMU oKcugamu. MpoayKTamm Lmx peakuiii € cinb i Boga. LLLo6 nepekoHaTucs B
LbOMY, MPOBEAEMO JOCAIS,

Locnig 1L Jonnemo fo YopHOro nopowwKy Kynpym(ll) okcuay po3unH cynbart-
HOT KMCNOTWU Ta TPOXM HAarpiemo. Y TBOPHOETLCA NPO30PUIA PO3UYNH ACKPABO-CUHbO-
ro 3abapsneHHa —kynpym(ll) cynbhat. Take 3a6apBneHHa mMatloTb coni Kynpymy.
PiBHAHHA peakyil:

CuO + H,S04= C,uS04+ HAD.
Yy o]

kynpym(ll)
cynbart

CknagiTb camMOCTIHO pIBHAHHA peakuil B3aemogii cdepym(lll) okcmuay 3 xnopuaHow
KMCMOTOH.

B3aemogia 3 ocHoBamMu. KncnoTu mMaroTh 34aTHICTL pearyBaTut 3 OCHOBaMu, po3-
YNHHUMMN /i HEPO3YUHHUMU Y BOAI. 3BEPHEMOCS 3HOBY A0 JOCHIAY.

Jocnig 2. Hannemo B npo6ipKy po3uunH Kaniii rigpokcugy o6emom 1,5-2 mn i goga-
MO [0 HbOTO AeKinbKa Kpanenb heHondTaneiny. 4o uiei )X npobipku fONNEMO PO3YUH
HITpaTHOT KUcnoTu.

CnporHo3syiTe, siKk 3MIHUTbCA 3abapB/ieHHs iHAMKaTopa Ta WO BigdyAeTbCcsA B NpPo-
6ipui nicns AONIMBAHHA PO3UYUHY HITPATHOT KUCNOTU.

OTxe, Big6yBaeTbCsA peaklis HeWTpanisauii. Kaniii rigpokcug HeiTpanisyeThes
HITPaTHOK KMCNOTOH, YHACNIAOK Yoro heHoNMTaneiH, AKNin y nyrax Habysae MainHo-
BOro 3abapBfieHHs, 3He6apBUTLCA:

KOH + HNOg = KNOg + H®.

Jocnig 3. Jobypemo pepym(l11) rigpokcma peakuieto 06MiHy. Jns uboro fo pos-
yuny pepym(lH1) xnopmugy LONNEMO PO3YMNH HATPIl FigpoKcngy. Y TBOPHOETLCA Bypuii
ocag pepym(ll) rigpokeugy (puc. 39, a, ¢. 110). Mig yac JonMBaHHA L0 0Cafy Xnopus-
HoT kucnoTu (puc. 39, 6) ocag po3unHAETbLCA. MPOAYKTOM peakLii € NPo30puii po3ymH

dwepym(IH1) xnopugy (puc. 39, B).



0

© "o
©p0p©°

(o]

- Tema 4. HeopraHiyHi pe4oBMHKN Ta TXHi BNAaCTUBOCTI

a

Puc. 39. PozunHenHst thepym (1) rigpokemay nig yac B3aEMOAIT 3 X/IOPUAHOK
kucnototo: a —pepym(I11) rigpokeng; 6 —xnopuaHa K1cnoTa;
B —npo3opuii po3unH depym(l11) xnopugy

B3aemogis i3 conaMu. KucnoTtun pearyoTb i3 CONAMM 3a YMOBM, KON BuNagae
ocaf abo BMAINAETHLCSA ras.

Locnig 4. Moapi6HUMO WMATOK Kpelan (KanbLiil kap6oHaT), Hacunnemo ii Ha
LHO NPOGIpKKM I/ 4ONNEMO PO3YMH HITPATHOT KUcnoTu. BigbyBaeTbca peakyis 3 BUAI-
NEHHAM rasy:

CaC,03+ 2HNQ3=Ca(NQ32+ COJ + H®.

I3 consiMmu pearyoTb OpraHiuyHi KUCNOTKW, HanpuKnag eTaHoBa KMcnoTa. PiBHAHHS
peakuit:

Na,CQ3+ 2CH3COOH ->2CH3OONa+C09 + H®D.

Mig vac peakyii HaTpii kapboHaTy 3 eTAHOBOK KMC/OTOK YTBOPHETHLCA HOBA Ciflb
i HecTilika K1cnoTa, Wo po3nafaeTbca Ha Kap6oH (1Y) okcug i Bogy.

Jocnig 5. Hannemo B npo6GipKy po3uunH 6apiii xnopugy o6emom 1,5-2 mn i gon-
NEMO TaKuii camuini 06’em cynbatHOT Kucnotu. Bunagae 6inunit ocag, HEPO3UMHHWIA Y
Kucnortax. PIBHAHHSA peakuii:

BaCl9+ HS04=BaS04 + 2HC/.

MigcymoBytoun 3a3HayeHe, 3p06MMO BUCHOBOK: KMCAOTU —Lie PEYOBUHM, LU0
BCTYNalT by XiMiYHY B3aEMOAit0 3 MeTanamu, ki B psfi akTUBHOCTI CTOSATb A0
BOZHIO, & TAKO>X 3 OCHOBHUMMW OKCUAAMU, PO3YUHHUMMU N HEPO3UUHHUMM Y BOAI OCHO-
BaMu Ta ConsMu.

[ o6ysannsa kucnoT. Kucnotu KnacuikyoTb 3a BMicTOM OKcUreHy Ha 6e3okcu-
FEHOBI i OKCUTEHOBMICHI. PO3rnsiHEMO Cnoco6bu IXHbOro AO6YBaHHS.

Jo6yBaHHSA 6e30KCUTEHOBUX KNCNOT. Bam yxXe Bifomo, L0 HeMeTaniuyHi enemeH-
TU pearytoTb 3a MeBHMUX YMOB 3 BOJHEM. Y HacNi40K B3aeMOAii yTBOPIOKOThCS ETKI CNO-
NYKW HemeTaniyHux enemeHTis 3 NigporeHoMm. Hanpuknag:

H9+ Cl, =2HCI; H9+ S=HS%.

Y 8§21 BM BUBUYUAN MeXaHi3M PO3UMHEHHSA UMX CMONYK Y BOAi. IXHi BOAHI PO34YMHHK
€ KucnoTaMu. 3ayBaxummo, Lo Y BOAI pPO3UMHATLCA rigporeH ceneHig HSe i rigporeH
Tenypug HITe, BOAHI PO3UYMHU AKX NPOABNAIOTH 6iNbll BUPaXKEHi KACNOTHI BNacTu-
BOCTi MOpPiBHAHO 3 rigporeH xnopugom. Cnonyku HBr Ta HI 6e3nocepeHbo 3a fono-
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MOrO0 B3aEMOAIT NPOCTUX PEYOBUH 3 BOAHEM A06OYTU HE MOXHA, OAHAK TXHi PO3UYNHU
NpoABAAOTL BNACTUBOCTI KAC/OT.
[o6yBaHHSA OKCTEHOBMICHUX KUCNOT. [eski OKCMreHOBMICHI Kucnotu fobyBsa-
0Tb 3a AOMOMOrOH B3AaEMOLIT KUCNOTHUX OKCUAIB 3 BOLOI. Y LibOMY MONATAE CyTb
YTBOPEHHS B NPUPOSHUX YMOBAX KUCMOTHUX LOLLiB.

(Ss Cknapitb caMOCTIHO PiBHAHHSA peakuii B3aemogii ¢ocdop(V/) okengy 3 Bogoto 3
yTBOPEHHAM MeTadhocdaTHOI Ta opTohocdaTHOi KUCNOT. YKaxiTb YMOBU nepebiry
peaxuii.

Kpim Toro, feski kucnotu fobysatoTb nif Yac B3aeMOAIT cOneli i3 CUIbHUMN Knc-
notamu. Hanpuknag, AKW,0 A0 HaTPiil cuaikaTy AOAMTK CynbMaTHY KUCNOTY, BUNAajae
ocaf —CuiikaTHa KUCMoTa. PiBHAHHS peakuii:

Na,Si03+ H,504=Na,S04+ H2Si03.

3 HaueHHsa kncnoT. HallWnMpworo 3acTocyBaHHS B MPOMUC/IOBOMY BUPOOHULTBI
YKpaiHu Habynu xnopugHa, cynbatHa, HiTpaTHa il opTooctaTHa KMCAOTH, a TaKOX
[esKi opraHiyHi KucnoTu.

Cepef, HEOPraHiYHWX KMCNOT Nifepammn € XaopugHa i cynbgaTHa KUCAOTH, SKI
HanexaTb [0 HallBaXXMBIWOT NPoAYyKLiT XiMiYHOT npomucnoBocTi. Lie BUpOOGHMLTBO
nakiB i pap6, BUOYXOBUX PEYOBMH, CUHTETUUYHMUX NJacTMac i BONOKOH, MiHEPa/IbHUX
[Lo6puB, 6apBHUKIB, NiKyBanbHUX Npenapatis. TakoX cynb(aTHy KACNOTY BUKOPUCTO-
BYIOTb A48 OUNLLEHHA HATONPOAYKTIB. HiTpaTHy KMCNOTY 3aCTOCOBYIOTb Y BEUKIl
KiNIbKOCTI 4151 BUPOOHMLTBA HITPOLENON03M, BUBYXOBMX PEYOBMH, JIKIB, HITPAaTHUX
fo6pue. OpToocaTHy —AK KaTanizaTop 6aratbox NpoLecis, KOHCEPBAHT Y HaMnosx,
LNA BUTOTOBJIEHHA NONipyBanbHUX MaTepianis ToLO.

barato KMCNoT BXOAATb A0 CKNajy OBOYiB i PPYKTiB, pa3oM 3 iHWIMMU pevyOBUHAMMU
BOHW CNpPUAKOTbL MepeTpaBtoBaHHIO DKi B opraHidmi. Lle Hacamnepef opraHiuHi Kuc-
NOTU: MONOYHA, A6/1yUHa, TMMOHHA, LiaB/eBa, acCKop6iHoBa Ta iH. OpraHiam NANHU
BMPO6IAE XNOPUAHY KUCNOTY, AKa MICTUTHLCA B LWYHKOBOMY COLi /i cnipuse npouecy
TpaBneHHA. Cepef, HEOPraHiYHUX KUCNOT BaXK/IMBe 3Ha4yeHHA Mae 60pHa. BoHa BXo-
OWUTb [0 CKnafy aHTU6GaKTepiabHUX Ta aHTUNApPasUTUYHUX 3ac0o6iB. Y MeauLuHi T
BMKOPUCTOBYHOTb 418 BUrOTOB/IEHHA Ma3i. MeTaHOBa KMCNOTa € KOMMOHEHTOM Mnpe-
naparis, NPU3HaAYEHNX AN PO3LWUPEHHA CYLUH, NIKYBaHHA rpUBKOBUX 3aXBOPIOBaAHb,
apTpuTis, HabpsKiB.

3 eTaHOBOT KMCNOTU JOOYBatOTb acnipuH, TpuaLeTuaLentonosy, 6apsHukn. Lia pe-
YOBMHA € HE3aMIHHMM KOHCEPBAHTOM Yy NO6YTi, XapuoBOlO A0OABKOIO, PO3UMHAE HAKMUI
y YaillHMKax, BUBOAMTb AesKi NAAMU, 3MAKLIYE BOAY.

3BepHIiTbL yBary! Tpeba nam’aTaTu, WO KUCNOTU MOXYTb 3aBflaBaTu WKoAWU. Tomy,
KOPUCTYIOUYUCL HUMU, NOTPIBHO AOTPUMYBATUCH NpaBun 6e3neku.

niacymMmoBYEMO BUBUEHE

= Kucnotn — ckagHi peyoBMHU, MOMEKY/IN SKUX MICTATb aTomun TigporeHy i kuc-
JNIOTHI 3aU/MLLKN.

« Kucnotu knacugikytoTb 3a KibkKicTio aTomiB ligporeHy — Ha O4HOOCHOBHI,
[ABOOCHOBHI I TPUOCHOBHI 3a BMICTOM OKCUreHy — Ha OKCUIFE€HOBMICHI i
6e30KCUTreHoBI.
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e Po34yMHam KMC/OT BNACTUBI XiMiYHI peakuii 3 MeTanamMun, OCHOBHUMU OKCUgamu,
OCHOBaMM (PO3YUHHUMU Ta& HEPO3UMHHUMMN Y BOAI), CONAMU. BOHW 3MiHIOIOTb
3abapBNeHHs iHAMKaTOpIB.

e 3 po3uMHamMy KUC/IOT pearyioTb MeTanu, Lo B pAfdi akTMBHOCTI MeTaniB CTOATb
[0 BOAHIO.

Be30KCcUreHoBi KMCNOTY f06YBalOTb PO3YMHEHHSIM Y BOAI IETKUX CMOJYK HEME-
TanivyHMX enieMeHTiB 3 [igporeHom.

OKCUIreHOBMICHI KNCNOTK A06yBaldTb B3aEMO/AIEID KACNOTHMX OKCUAIB 3 BOAOH
Ta [i€l0 Ha coni CUAbHUMU KUCNOTaMMU.

3ABOAHHAANA CAMOKOHTPOIJIO

1. CdoopmynioiiTe BU3HAYEHHSI MOHATTA «KUCNOTU» Ta Knacudikylite ix 3a BMICTOM
FigporeHy it OKcureHy.

2. HasBiTb 3a cy4yacHO HOMEHKNATYpoIo BifOMi BaM KMCNOTU.
3. YkaxiTb, IKOro 3abapB/ieHHs HabyBa€ nakmyc y po3ymHax KUC/OT.
A He 3MmiHIOeETbCA B uepBoHOro B opaHxeBoro [" cMHbOrO
4. Tlo3HauTe ABa MeTa/u, WO pearyioTb 3 XJIOPULHOI KUC/IOTOHO.
A Hp B Mg B Pt rA
5. YcTaHOBITb BigMNOBIAHICTb MK peareHTamun Ta NpoaykTramm peakLii.

A Zn + H2S 04" 1 CaS04+ HD
b HXS 04+ CaO -> 2 NaHS04+ HXO
B Nazxs + HS 04— 3 Naxs04+ 2HO

NaOH + HS04" 8 4ZnS04+ H2
5 Nazxs04+ H2S!

6. YCTaHOBITb BigMNOBIAHICTb MiX peareHTamy Ta NPoAyKTaMy peakLiil, yKaxiTb cymy
KOeQILIEHTIB Y KOXXHOMY PiBHSIHHI.

A Fe(OH)3+ HCl — 1 Cr(N033+ HD I 12
BAI + H2S044 2 FeCI3+ HD 9
B CrD3+ HNO3— 3AIXS043+ H2 I8

7. YCTaHOBITb NOC/IAOBHICTb NEPETBOPEHbL 3a CXEMaMU peakujii.
A H2504+ NaOH -> NaZ2S04+ HD
b S02+02->S03
B S03+ HD — H2S04
' Na2S04+ BaCl2-> BaS04] + NaCl

8. O6uuncnitb i no3HayTe 06’em rigporeH cynbigy (H. y.), WO BUAINNTLCA BHACIAOK
B3aeMogjii HaTpiin cynbgigy macoto 15,6 r 3 pO3UMHOM HITPATHOI KACIOTK.
A 4,48 n B 3,36 n B 1,12n [2,24n

9. O6uucniTb | MO3Ha4YTe Macu peareHTiB, SKWO0 Mig Yyac peakuii anroMmiHin rigpo-
KCuAy 3 XJI0PUAHOI0 KNCMOTOK YTBOPUBCA atOMiHI X/1I0pUA KiNTbKICTIO peqyoBUHU
0,4 mMonb.

A 30,2 r Al(OH)3T1a 40,8 r HCI B 32,2 r Al(OH)3T1a 44,8 r HCI
b 31,2 r Al(OH)31a 43,8 r HCI I 32,8 r Al(OH)31a 41,8 r HCI
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§ 23. OCOBJ/IMBOCTI B3AEMOAIT HITPATHOI TA KOHLUEHTPOBAHOT
CY/NIb®ATHOT KNCNOT 3 META/IAMU

I OnaHyBaBlUM MaTepian naparpada, BM 3MOXeETe:

* HasMBaTW NPOAYKTU B3aEMOAIT HITPATHOI Ta KOHLUEHTPOBaHOI cyfb(aTHOI
KWUCNOT 3 MeTanamu,;

e CK/afaTW piBHAHHA peakuiii HITpaTHOT Ta KOHLEHTPOBAHOT CynbMaTHOT Kuc-
NOT 3 MarHiem, UMHKOM i Migato;

e XapakTepusyBaTW cneumniyHi XiMiuHi BNaCTUBOCTI HITPATHOT Ta KOHLEHTPO-
BaHOT CyNb(haTHOT KMCNOT;

* MOPIBHIOBATW nepebir XiMiyHMX peakyiil po3UYNHIB i KOHLEHTPOBAHUX KUCNOT
3 MeTanamu;

e pO6UTU BUCHOBKU NP0 BiAMIHHICTb XiMIYHMX BNacTUBOCTEN PO3YMHIB i KOH-
LLleHTPOBAHMX KUCNOT.

O co6nuesocTi B3aemogii HiTpaTHOI KUC/IOTU 3 meTanamu. |_|i,q yac B3a€MO,£I|i'I' 3
HITPaTHOIO KWCNOTOK MeTann He BUTUCKAKOTb BOAeHb. 3 Li€H0 KMCNOTOH pearyoTb
aKTUBHI MeTanu I Ti, WO Yy BUTUCKYBa/IbHOMY pSigi MeTaniB CTOATb MiCAs BOAHIO.
3anexHo Bif KOHUeHTpauil KMCNoTu, KpiM coseii Ta BOAW YTBOPKHKTLCS CMONYKU
HiTporeny. MopiBHSAEMO, SIK BifOyBa€TbCsA B3aEMOAiA Mifli 3 KOHLLEHTPOBAHOM Ta pO3-
BefleHOK HiTpaTHO KucnoTtoto (Tabn. 15).

Tabnuusa 15

B3aemogis HiTpaTHOI KUCNOTY 3 Mifat0
KoHueHTpoBaHa HNO3 Po3segeHa HNO3

0 +5 +2 +4 0 +5 +2 +2

Cu+ 4HNO3= Cu(N03)2+ 2N02 + 2HD 3Cu + 8HNO03= 3Cu(N03)2+ 2NO! + 4HXD

Peakuis € oOKMCHO-BifHOBHOO. Mig yac nepe- Po3BejeHa HiTpaTHa KMCNOTa 3 MiJAH0 YTBOPIOE
6iry peakuii Migb BTpayae eNeKTPOHN M onpic-  HiTporeH(ll) okcna. Y uiit peakuii migb Bigaae
wio etvcn, HAOYBAKOUM CTYMNiHb OKUCHEHHA +2. [Ba eNeKTPOHU, AK i Nif Yac B3aEMOAIT 3 KOH-
HiTporeH npuegHye enekTpoH i BigHOBAKO- UeHTpoBaHolo HNO3 a HitporeH npuegHye
€TbCA [0 CTYMNeHs OKUCHEeHHA +4. ENeKTPOH- Tpu eneKTPOHW, BiJHOBMIOKOYNCE [0 CTYMNEHA
HWI 6anaHc PiBHAHHS: OKWCHeHHS +2. ENeKTpoHHUII GanaHc piB-

Cu® - 26 —=Cu+ ) 1 BIHOBHMK HAHKA.

Cu° - 2e —>Cu+ 3 BIHOBHMK
N5+ le —N+# 2 OKMCHUK 6

N4+ 3e —=N+2 2  OKWUCHUK

KoHueHTpOBaHa HiTpaTHa KUCNOTa pearye 3 yciMa metanamMu Tak camo, fK 3
migato. HiTporeH BifHOBAOETLCA A0 CTYMEHS OKUCHEHHA +4, TO6TO YTBOPIOETHCA
HiTporeH(lY) okcug. OfHak po3BefeHa i AyXe po3BefeHa HiTpaTHa KucnaoTa no-
pi3HOMY pearye 3 akTUBHUMU /i ManoakTUBHUMU MeTanamn. HiTporeH BigHOBMAOETLCA
[0 pi3HUX CTYNeHiB OKUCHEHHS: Big -3 o +4 (puc. 40, ¢. 114).
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KoHLUeHTpoBaHa 3 ycima
MeTasiaMu NCL
Mg + 4HNO = Mg(NO ) + 2NOJ + 2FLO
3 aKTUBHUMU
Po3BegeHa ' (Ca, Mg, Al) N2
HNO
4Mg + 10HNO3=
3 mano-
=4Mg(N032+ N2OT + 5H2D  aKTUBHAMM NO
(Cu, Hp, A
[yxe pos3BepneHa
3 aKTUBHUMU N2, N, NHS3 5Zn + 12HNO03=5Zn(N032-
(Ca, Zn, Mg, Al) nh4no3 + N2 + 6HD

He pearye: nnaTtnHa Pt, 3010710 Au, pogiin Rh, TaHTan Ta, ipuaiii Ir.
MacuBye (3a 3Buu. t): Al, Cr, Fe.

Puc. 40. Cxema B3aeMOgIT HITPATHOI KNCOTK Pi3HOI KOHLEHTpauii 3 MeTaiaMu

MpoaHanisysaswwu puc. 40, ailifemMo BUCHOBKY, WO 6iNblicTh MeTanis peary-
H0Tb 3 HITPATHOK KUCNOTOK. 3a XXOAHUX YMOB He BCTYNartTb Y XiMiYHY B3aeMOJit0
nnaTuHa, 3010T0, POAINA, TaHTan Ta ipugin. 3a 3BuyaliHnx Temnepatyp (16-25 °C)
aNOMIHIA, XpOM i 3a/1i30 NacCUBYKOTHCA Mif YaC KOHTAaKTY 3 HITPAaTHOK KUCNOTOHO.
CyTb npouecy NMacuByBaHHA NONATae B YyTBOPEHHI Ha NOBEPXHiI MeTaniB TOHKUX,
LyXKe WiNbHUX 3aXUCHUX NIBOK oKcupiB antoMiHito, xpom(I11) i pepym(111) okcm-
[iB, AKi 3 X0NO4HOI HITPATHO KUCNOTOK He pearyroTsb.

CKknagiTb CaMOCTIHO PIBHSIHHS peakuili B3aemopgii cpibna 3 KOHLEHTPOBaHOo Ta
po36aB/IEHO HITPATHOK KNCNOTOH.

O co6nuBocTi B3aeMogii cynbdaTHoi KUC/IOTU 3 meTtanamu. Bam yXe Bi,qOMO, Lo
po3BefieHa cynbdaTHa KUCn0Ta NPoOAB/AsAE 3arafibHi BNacTUBOCTI KucnoT. IMig vac
Takux peakuiin [igporeH BiAHOBAIOETLHCA W BUAINAETbCA SAK MNpocTa PeyYOBUMHA
BOAEHb. B3aemofifa KOHUEHTPOBaHOT CyNb(aTHOT KNCNOTU XapaKTepu3yeTbCsa TUM,
Wo Mif Yac umx peakuyin BigHoBntoeTbca Cynbdyp. KoHUEHTpoOBaHa cynbdaTHa
KUcnoTa pearye 3 metanamu, Lo B pAAi aKTUBHOCTI po3TalloBaHi A0 BOAHIO, i 3
TUMW, WO Nicna BOAHIO, 30KpeMa Migalo, pTyTTIO Ta cpibnom. 3 MeTanamu,
WO CTOATb [0 BOAHIO, 3afieXXHO Big ymoB, Cynb(yp BiZAHOBNIOETLCA [0 CTYMEHIB
OKNCHEHHA +4, 0 abo -2. Mig yac B3aeMOAIT 3 MiagAl0, pTYTTIO Ta CPi6GNOM —TifIbKK
go +4 (puc. 41).

OTXe, HiTpaTHa ¥ cynbaTHa KMCAOTU Mif Yac B3aEMOAIT 3 meTanamy NposB-
NAKTb cneyn@iyHi BNacTUBOCTI, BOHW € CUNIbHUMW OKUCHUKaMW. T1if yac B3aeMO-
Aii HiTpaTHOT KMcnoTK 3 MeTanamu HiTporeH BigHOBAOETLCS A0 Pi3HUX CTYMEHIB
OKWCHEHH$ 3ane>XHO Bif KOHLUEHTpauii kKucnoTu. Cynbyp Y KOHUEHTPOBaAHIl CyNb-
thaTHilA KMCNOTi BIAHOBNOETLCA L0 Pi3HUX CTYMEHIB OKUCHEHHSA 3aNeXKHO Bifj ak-
TUBHOCTI MeTanis.
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23. Ocob6nmBOCTIi B3aeMOii HITpaTHOI Ta KOHUEHTPOBAHOT Cy/baTHOI KNCOT...

Puc. 41. Cxema B3aeMOfil KOHLEHTPOBAHOT Cy/ib()aTHOT KUC/IOTK 3 MeTanamu

nacyMmoBYEMO BUBYEHE

HiTpaTHa i1 kKOHUEeHTpOoBaHa cynbaTHa KUC/I0TU B peakuisx 3 MeTasiaMu NposiBNs-
I0Tb cneyndiyHi BnactmeocTi: HiTporeH i Cynbyp, WO BXOAATb A0 TXHBbOro
cKnagy, € cnneHnmu OKUCHUKaMMWN.

= KOHLEeHTpoBaHa HiTpaTHa KuUcnoTa pearye 3 ycima metasamu, Kpim naatuHu Pt,

3on0ta A, popgjto Rh, TaHTany Ta i ipugito Ir, BigHOBNOOUMCL A0 HiTporeH(1V)
okcuay, y IKOMy CTyNiHb OKMCHEHHS1 HiTporeHy ctaHoBUTh +4.

Po3BegeHa HiTpaTHa KUCoTa, 3a/1eXHO Bif, aKTUBHOCTI MeTasly, BiAHOB/IOETHLCS:
3 aKTUBHMMMU MeTanamum — ao HitporeH(l) okcuay N2 3i CTyneHem OKUCHEHHS +1,
a3 manoaktmBHumun — fo HitporeH(ll) okcmnay NO 3i CTyneHeM OKMCHEHHS +2.
[y>e po3BefieHa HiTpaTHa KucioTa pearye 3 akTUBHUMU MeTasiaMu, BiAHOB/HO-
touncb o HitporeH(l) okcmay N, monekynsapHoro a3oty N2, amoHiaky NH3
abo aMoHin HiTpaTy NHANO3.

KoHLeHTpoBaHa cynbaTHa KucnoTa AKOKMCHUK: 3 akTUBHUMW MeTasiaMu Bif-
HoBMETLCA A0 cynbdyp(lV) okcngy S02 cipku S, rigporeH cynbigy HZS;
3 MaU10aKTUBHUMWN — Tiflbkn 0 cynbgyp(lV) okcnay.

3ABAJAHHAANA CAMOKOHTPOI/O

1. TMosACHITb, SIK HITpaTHa KUC/0Ta B3aEMOJI€ 3 MeTa/laMu: a) KOHL,EHTpOBaHa 3 ycima

MeTanamu; 6) po3BedeHa 3 aKkTUBHUMK i MasiOakTUBHUMW MeTasiaMu; B) AyXe
po3BeAeHa 3 akTMUBHUMU MeTaslaMu.

Mo3HauTe, A0 SIKOro CTYMEHs OKUCHEHHS BIAHOBUTLCA Cynbdoyp, i BKaXxXiTb hopmyny
CNosyKy, AKLLO CPibno npopearye 3 KOHLUEHTPOBAHOK CY/1bhaTHOK KUC/IOTOH.

A +4, S02 BO, S B-2, HS T Tinbku+4, S02

YKaxiTb MOX/IMBI PEYOBUHU, A0 SKNX BigHOBUTbLCA HiTporeH nig vac peakuii B3ae-
MoZil MarHito 3 fy)xe po3BefeHO HITPaTHOW KUCMOTOH.

AN2NH3 bnh3 NO bn2no tnh4no3 no?2
CknagiTb PiBHSHHS peakLiii 3a CXeMOL0:
N2— NO — N02— HN03— Mg(N032
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5. Cknapgitb piBHSIHHA peakuinn mix: a) Ag i HNO3 (koHuy.)', 6) Ag i HNO3(po3B.)\
B) Zn i HNO3(ay>xxe po3B.) 3 BigHOBMEHHSAM HiTporeHy Ao CTyneHsi OKUCHEHHS O;
r) Ca i H2S04 (koHy,.) 3 BigHOBMAEHHAM Cynbypy A0 CTYNeHS OKUCHEHHS -2;
r) Ag i HZS04(koHu.). Cknagitb enNeKTPOHHU 6anaHC KOXHOTO PIBHAHHA peak-
LT, YK&XiTb OKMCHUK i BifHOBHMUK.

6. Migbe macor 1,92 r NoBHICTIO NpopearyBasa 3 KOHLEHTPOBAHOK CyNbaTHO K1C-
nototn. O6uncnitTe 06’em rasy (H. y.), WO BUAIIMBCA. Has3BiTb ras.

7. AnomiHin macoro 4,32 T MOBHICTIO NpopearyBaB 3 PO3BEAEHOI HITPATHOK KWUCMO-
Tol. O6UMCNITL Macy a/loMiHIn HiTpaTy i 06’em rasy (H. y.), WO YTBOPU/IUCA.
Has3BiTb ras.

8§ 24. OBYNCNEHHSA KIJIbKOCTI PEHOBVHW, MACW ABO OB’EMY
MPOAYKTY 3A PIBHAHHAM XIMIUHOI PEAKLLIT, AKLLO OANH
3 PEATEHTIB ¥Y3ATO B HAAJ/IMLLUKY

OnaHyBaBLlWK MaTepian naparpada, BU 3MOXeTe:

* 3HATW anropuTM pPo3B’A3YBAHHA 3afay LbOro Tuny;

* PO3yMIiTM 3HA4YEeHHSA PO3B'A3yBaHHA 3afjay LbOro TUMYy y BUPOBHMYUX npoLe-
cax; noTpeby B iHTerpayii XiMiyHUX | MaTeMaTUYHUX 3HAHb 1 YMiHb;

 aHanisysaTW ymMOBHM 3afay i 06I'pyHTOBYBaTM 06paHuiA CNoci6 po3B’A3aHHS;

e 064YMCNIOBATU KiNbKiCTb PeYOBMHM, Macy abo 06’eM NPOAYKTY 3a PiBHAHHAM
peakuii, AKW,0 OAWNH 3 peareHTiB y3ATO B HAA/MLLKY.

CyuyacHe cycninbCTBO BMMArae Bif ntogeil chopMoOBaHUX HABUYOK aHaniTuy-
HO KOpPUCTYBaTWCb iH(DOPMaLi€to, KPUTUYHO CTaBUTMUCA [0 NMpobiem i TBOPYO iX
po3BA3yBaTU. [And po3BUTKY KPUTUYHOIO Ta TBOPYOIr0 MUC/IEHHS BKpal BaX/MBO 0BO-
nopiTv cnocobamm po3B’A3aHHS PisHUX TUNIB XiMIYHMX 3afad. Po3BM3yBaHHA 3agau
y Ximii po3rnagaroTb SK MeT0g, WO IHTerpye 3HaHHA Ta cnocobu Ain 3 maTeMaTurKolo,
hi3MKOK, OCHOBaMM XiMIYHOTO BMPOOGHMUTBA. Takuii Nigxig gae 3amMory BCTaHOBUTH
BHYTPiLWHbONPEAMETHI 3B’A3KU, Kpalle 3aCBOITU XiMiYHi NOHATTSA, 3aKOHMW 11 Teopil,
y3arasbHUTK Ta CUCTEMATU3YBaTK HabyTi 3HaHHS.

Po3B’a3yBaHHA XiMiUHUX 3afa4 cnpusie HOpMyBaHHIO BMiHHA 3aCTOCOBYBATU Ha
NpakTULi 3HAHHA NPO KiNbKICTb PEYOBMHU, MONSPHY Macy Ta MOAsSipHUIA 06eM, Macy i
06’eM, CK1afaTu NPONOpPLIt0 Ta CUCTEMY PIBHAHb, BECTM HA IXHIl OCHOBI PO3paxyHKM,
NpaBuIbHO BUKOPUCTOBYBATU (hi3UYHI BEIMUMHUN Ta TXHI PO3MIPHOCTI.

YMiHHA po3B’A3yBaTW 3ajayi CTBOPIOE YMOBU A1 BMPOBafXeHHA 6e3Bigxos-
HUX TEXHONOTIA, YHUKHEHHS BUPOOHUYMX BTPAT, @ OTXKe, i 34elleBeHHA NPOAYKLIT.
Lle BnnmBae Ha hiHAHCOBMWIA Ta NiIZNPUEMHULbKNAIA CTaH 6aratbOX BUPOOHNLTB.

Po3B’a3ytouu 3afadi Lboro Tuny, Hacamnepes noTPi6GHO 06UNCANUTU 38 PIBHAHHAM
peakuii, AKUiA 3 peareHTIB Y3STO B HaANMLWKY. PO3paxyHOK MPOAYKTIB 34i/iCHIOKOTH 3a
peyoBUHOIO, AKOT HE BUCTAYAE.

O 6uncneHHAa mMacu NpPoAayKTYy, AKWO OAMH 3 peareHTiB y3aTO B HaA/IULWIKY.

3agaya 1. Ha cynbaTHy KncnoTy macoto 29,4 r nogisnm HaTpiid rijpoKCUAom
macoto 30 r o YTBOPEHHS cepefHbOT coli. OBYUCNiTH Macy YTBOPEHOT CoNi.



§ 24. O6UYUCNEHHS KINbKOCTI pe4yoBUHN, Macu abo 06’eMy NPOAYKTY...
Bigomo: Po3s#3aHHA

In(H®S04 =294 [epwnii cnoci6
/«(NaOH) =30r 1. Cknajaemo piBHAHHA peakwyii Ta 064YNCAOEMO MONSIPHI Macu
 macum 1MOMb peareHTiB:

/In(Na2s04 - ? 294r X y
HS 04+ 2NaOH =Na%s04+ 2HD.
9r 2-40r 142t

M(HS04) =12+32+ 164 =98 r/monb;
/a(Imonb H9S04) =98 r/monb *1mMonb = 98 1.
M(NaOH) =23 + 16 + 1= 40 r/monb;

/a(lmonb NaOH) =40 r/monb «1monb =40 T.
M(Na9S04) =232 + 32 + 16 4 = 142 r/monsb;
/a(Imonb Na9S04) = 132 r/monb * 1mMonb = 142 1.

2. Y piBHAHHI peakuil nignucyeMmo nig popmynamy pe4oBUH
IXHi Macu, ypaxoBykuun Koe@iluieHTW, a Hag popMmynamMmum —

JaHi YMOBW 3afadi i 06YNCNOEMO, SIKY 3 PEYOBUH Y3ATO B
Haa/IMLLKY.

3. O64ncneEMO Macy HaTpiii rigpokcugy, Wo BCTYyNUTb Yy
peakuito 3 29,4 r cynb(aTHOT KACNOTK:

294T1-2-40T

981 24 1 (NaOH).

3 obuncneHb 6aummo, WO An9 NOBHOT B3aeMofdii 29,4 1 cynb-
thaTHOT KucnoTu Tpeba B3ATM HaTPIi rigpokcug mMacow 24 r,
a 3a YMOBOIO 3afadi noro maca ctaHoBuTb 30 r. OTXe, HaTPIi
rigpokcug —y HagnULWKY, a po3paxyHOoK 34iliCHIOEMO 3a Macoto
CYNbMaTHOT KUCNOTHN.

4. CKnaflaeMo nponopLito Ta 064YNCIOEMO Macy HaTpil cysb-

thary:
294r-142r
Y= > 981 -——-- = 42,6 r (Na2S04).

Bignosigb: Maca yTBOPeHOro HaTpiii cynbtaTy CTaHOBWTb
426 .

Lpyrnii cnoci6

1. 3 piBHSIHHA peakuii 6a4nmo, WO 3a B3aeMOgii cynbaTHOT
KMCNOTW KIiNbKICTIO pevyoBMHM 1 MOMb BUTpPAYaETbCA HaTpiil
rijpoKcug KifbKIiCTHO PEYOBMHM 2 MO/b Ta YTBOPHOETLCA HATPIi
cynbdart KinbKicTiO pe4oBUHU 1 MOSb.
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ees Tema 4. HeopraHiyHi pe4oBMHK Ta TXHi BNACTUBOCTI

2. 06umcnumo, AKi KibKOCTI pe4OBUHM BiANOBIfaE CynbMaTHa
KucnoTta macoto 29,4 r:
T _ 294r

0 =M ; n= @T/ﬁéﬁ_ﬁ: 0,3 MOSIb.

OTXe, y peaKLito BCTYNUTb HaTpPili FigpPOKCUA KiNbKIiCTHO peyo-
BMHM 0,6 MONb. OBGYMCNHOEMO Macy Takol KilbKOCTi peYOBUHM
HaTpili rigpokengy:
T=Mm] T=40r/monb 0,6 MONb =24T.
OTXe, HaTPIli FigpOKCME —Yy HaANLLKY.
3. O6buncnMmo macy HaTpiil cynbgary:
wz(Na,S04) = 142 r/monb 0,3 MoNnb = 42,6 T.

Bignosiab: maca yTBOPEHOro HaTpili cynbgaTy CTaHOBUTL 42,6 T.

O 6uncneHHa 06’ emy nNpoaykTy, Akwo OAVH 3 peareHTiB y3ATO B HAAJ/IULLKY.

3agayva 2. [Jo nopowWwKy MarHito maco 15 r gonunu xXnopugHy KUCnoTty, Lo
MicTuTb HCI KinbKicTio pe4yoBMHM 1 Monb. O64mncniTh 06’€M (H. y.) BOAHIO, L0 BU-
AinuBcs nig vac peakuii.

Bigomo: Po3BHi3aHHs
J«(Mg) = 15T 1 Cknagaemo piBHAHHA peakuii Ta 06YMCIHOEMO KifIbKICTb
o(HCM) = 1monb PeYoBMHM MarHito, NOTPIGHOTo ANs peakwii:
X 1monb y
Mg + 2HCI = MgCI, + H9.
V(H2 -? 1monb 2 Monb 1monb

y(Mg) = 1monb ¢ 1Mok : 2 Monb = 0,5 MOnb.

2. O64McNEMO, AKIA KINbKOCTI Pe4YOBUHMW BIAMOBIfAE MarHili

macoto 15T
- Topi B = 1' g 0,625
ERNVLE OAlB = oatihiony - 02 MOTb:

M (Mg) = 24 r/mons.

3. OTxe, marHiii macoto 15 r BignoBifae KifNbKOCTi PeYOBUHM
0,625 monb, a B peakuii 6yae BuKopucTaHo Tinbku 0,5 Monb.
MarHiii y3aT0 B HaAAWLKY, TOX PO3PaxyHOK 34iACHIOEMO 3a
KinbKicTio peyoBuHu HCI.

4. 3a piBHAHHAM peakuyii, akwo pearye 2 monb HCI, TO
BMAinAeTbca 1 monb BogHt. Iig yac B3aemodii 1 monb HCI
BuginnTbca 0,5 monb rasy. O6uncnemo ioro ob6em 3a
thopmMmynoto:
V=V, -i)
V =224 n/monbk. Togi V=224 n/monsb «0,5monb = 11,2 .

BignoBsigb: BUAIiNUTLCA BOgeHb 06°eMom 11,2 .



§ 24. O6UYUCNEHHS KINbKOCTI pe4yoBUHN, Macu abo 06’eMy NPOAYKTY...

O 6uncneHHs1 KiIbKOCTiI pevYoBUHU MNPOAYKTY, AKWO OAUH 3 peareHTiB y3saTo

B HAOJTNLLKY.

3agava 3. Ha 6apiii xnopug macoto 20,8 r nogisnu Kanin cynbMartom macor
20,88 r. O6uYMcniTb Macy yTBOPEHOI0 0Cagy Ta Ki/lbKiCTb PEYOBMHU Kaniil xiopugy.

Bigomo:

/n(BaCl,) =20,8r
ff?2(K,Sd4 =20,88 r

T(BasSO,) - ?
»(KCI) - ?

Po3B*13aHHA

1 CknagaemMo piBHAHHA peakLii Ta 064MC/IIOEMO MOJIAPHI MacK
pevyoBMH Gapiii xnopuay W Kaniii cynbarty, NoTpibHUX ANa¥
peakuii, Ta yTBOPEHMX NPOAYKTIB:

20,81 20,88r X y

BaCl, + K&S04=BaS04 + 2KCI.

208 r 1741  233r1" 2585Tr

M(BaC,12) = 137 + 2 35,5 = 208 r/monb;

20,81
»(BaCy-208r/monb- 0,1 mosb;

M(K2504) =39 2 + 32 + 16 *4 = 174 r/monb;

8
h(,K-;SOQ = 174 rIWiGH = 0,12 mosib.

2. 3 06umncneHb 6a4ymMmMo, WO Kasii cynbdaT y3aT0 B HAA/NLLKY.
Po3paxyHOK 34iliCHIOEMO 3a Macoto 6apiii xnopugy:

20,8 1 2331

g =233r1(Basod.

3. O6YMCMOEMO KiNbKICTb PEYOBUHK Kaniii xnopugy. AKwo
B peakuito BcTynae 6apiii xnopug KifbKiCTHO PEYOBUHMU
1M0onb, TO YTBOPKETHLCA Kanili XN0pup KiNbKIiCTHO peYoBUHMU
2 Monb. OTXe, CKNafaemo nponopuito:

1MO0b —2 MONb;
0,1 monb —y. Topi y = 0,2 MONb.

Bignosigs: yTBOpuThLCA Gapiii cynbdaT macow 23,3 T i Kanii
XNOPUA KinbKicTio peyoBuHU 0,2 MOSb.

niacyMoBYEMO BMBYEHE

« Po3B’si3yBaHHA 3a4a4 y XiMil po3rnsigaloTb ik MeTOJ, L0 iHTErpye 3HaHHA Ta cno-
cobu fili 3 MaTeMaTukoto, i3uKo, 0OCHOBaMM XiMiYHOIO BUPOBHULTBA.

e YMiHHA pO3B’A3yBaTN PO3PaxyHKOBI 3a/adi Aal0Tb 3MOTYy BUKOPUCTOBYBATMW Ha Mpak-
TUL 3HAHHSA NPO KiSIbKICTb PEYOBUHM, MOMISPHY Macy Ta MONspHUA 06’eM, macy i
06’em, cknagatv NponopLilo Ta CUCTEMY PiBHSAHb, 3AIACHIOBATM Ha iXHii OCHOBI
064YMCNEHHS, NPaBU/ILHO BUKOPUCTOBYBATU (Pi3NYHI BEIMYMHMW Ta TXHI PO3MIPHOCTI.

* Po3paxyHkoBi 3afa4i 3a6e3neuyoTb YMOBU 4719 BNPOBaKeHHA 6e3BiAX04HNX TeX-
HOJIOTi, YHUKHEHHS1 BMPOOHMYMX BTpaT, a OTKe, 3AELUeB/IEHHSI MpoAyKLuii, L0
BN/IMBAE Ha (hiHAHCOBWIA Ta MiANPUEMHULLKMI CTaH 6araTbOX BUPOBHULTB.
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3ABOAHHAANA CAMOKOHTPOIJIO

1

Kynpym(ll) okcug macoro 32 r npopearyBaB 3 PO34MHOM HIiTPaTHOI KMCAOTU, WO
MiCTUB KMCNoTy macoto 31,5 r. O6uncnitb macy ytsopeHoro kynpym(ll) Hitpary.

Ha 3anizo macorw 12 r nogisnn Xa0puaHoOK KUCAOTOH, Wwo Mictutb HCl macoto
21,9 r. O6umncnitb 06’eM BUAINEHOro rasy (H. y.). Ha3BiTb ras.

Hatpiii kapboHaT macot 74,2 r npopearyBaB 3 HiTPaTHOK KACNOTOK Macow 94,5 T.
O6uncniTe Macy HaTtpili HiTpaty h 06’em rasy (H. y.), WO YTBOPUUCS.

Cpi6no macoto 2,16 r npopearyBasio 3 KOHLEHTPOBAHOK CY/bhaTHOK KMC/I0TOH
Macoo 22 r. ObuncniTe Macy Ta KiflbkKicTb pedoBuHM apreHTym(l) cynbgoaty il 06’em
BuAineHoro rasy (H. y.). HasBsiTb ras.

Kanii cynbgig macoto 44 r npopearyBaB i3 Cy/ibqdaTHOK KMCIOTOK Macoto 40 T.
O6uMCniTb Macy Ta KifibKiCTb pe4yoBMHW YTBOPEHOI coni I rasy. HasgiTb NpoayKTu
peaku;i.

MarHiin macoto 15 r npopearyBaB 3 pO3BEAEHOK HITPATHOK KUC/IOTO, WO MicTMna
KMCNOTY Macor 63 T. Y wjli peakuii HiTporeH BigHOBUBCSA A0 CTyMNeHs OKUCHEHHS +1.
O6uncniTb Macy Ta KiflbKiCTb pPeYOBUHN YTBOPEHOI COfi i rady. HassiTb ras.

LiHk macoto 19,51 BCTYyNUB y B3AEMOZ,H0 3 KOHLLEEHTPOBAHO Cy/1b(daTHOK KUCO-
TOK Macow 44 T, ynpofoBx sikoi Cynbdyp BiAHOBMBCSA A0 CTYNEHSI OKUCHEHHS -2.
O6uMCniTb Macy Ta KifibKOCTi PeYOBUH LUHK CynbgaTty Ta Boau i 06’eM yTBOPEHOTO
rasy (H. y.). HasBitb ras.

LIIKABO 3HATU

KoHueHTpoBaHa cynbaTHa KucnoTa Mae 34aTHICTb MOrMHaTK BOJOTY, TOX i
3aCTOCOBYIOTh K OcyllyBad. Lle moxHa cnocTepiraTi, BUKOHaBLUW AOCAIA,.

Y XiMi4HMIA CTakaH HacuniemMO MOPOLIOK caxapo3u (UyKpoBy nyapy), AoAamo
HEeBEJINKY KiNIbKiCTb BOAW, PO3MILLAEMO CK/ISTHOI MasIMYKOI0 /i 06EPEXHO A0/I/TIEMO
KOHL,EeHTPOBaHy Cy/nbpaTHy KMCMoTy. Uepes aesiknii yac yTBOPUTbLCS YOopHa Maca,
WO nigHiMaTMMeTbCcs 0O Bepxy CTakaHa. YopHa maca — uUe Byrieub, SKuli
BULUTOBXYETbCA razamu — cynbyp(lY) i kapboH(lY) okcngamu.

KoHueHTpoBaHa cynbhaTHa kMcnota — HebesneyHa 478 340pOB’'Ss pevoBMHa.
Y pasi noTpannisHHA Ha WKipy CNPUYNHAE OMiKKU, SKi BaXKKO NiKyBaTU. HAKWO X
Take Tpanuiocsi, NoTPiGHO Hacamnepes MNPOMUTU BPaXeHe MiCLe BEJIMKO
KiIbKICTIO NPOTOYHOT BOAM, @ MNOTIM — PO3YMHOM HATpIil rigporeHkapboHary.

Y KOHUEHTpOBaHiii HiTpaTHIA KUCNOTi camo3aiMarTbCa ckunugap i Tupca.
Hacnigkom noTpannasHHSA ii Ha WKipy € nosiBa XOBTUX NSAM, OCKiIbKM 3 Bisikamu
HiTpaTHa KMCnoTa YTBOPKOE PEUYOBUHM SICKPABO-XXOBTOIO KOJIbOPY.

HABYAbHWA NMPOEKT

LUTY4Hi anmasn B TEXHIL.

. HeopraHiuHi peuoBuHmM y chapmadii (abo gomaluHii anTeuuj) i xap4oBiii npomMuco-

BOCTi.

. KnucnotHi gowi.
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MPO HEMETAJTIYHI ENEMEHTU TATXHI CMONYKWN



Tema 4. HeopraHiyHi pe4oBUHK Ta iXHi BNacTUBOCTI

ANOTPOMHI MOAN®IKALLIT

ANOTPONIA OKCUTEHY ANOTPOMNIA CY/NIb®YPY
3yMOBJ/IEHA Pi3HOIO KifIbKICTHO 3yMOBJ/IEHA Pi3HOO CTPYKTYpPOIO
aToMiB y MOseKyni. KpUCTanivyHux rpatok.

ANOTPOMIA POCPOPY
3yMOBJ/IEHA Pi3HOK CTPYKTYpPOIO
KPUCTaniYHnNX rpatok.
MoHoOKniHHa MnactnyHa

ANOTPOMNIA KAPBOHY

Binuii dhocdpop. KpuctaniyHi
rpaTkm — MONEKYNSAPHI. 0-0-0-0-0-0

Kap6iH MonikymyneH
AnoTponisi 3yMOBJIEHA Pi3HOKO

KiNIbKICTIO aTOMIB y MOJiekynax.

UepBoHuin dpocchop. KpuctaniyHi
rpaTkm — aTOMHi.

dynepeH padheH
UopHuii cpocchop. KpuctaniyHi AnoTponisa 3ymoBsieHa aToM-
r'paTkm — aTOMHi. HOIO KpuCTaniyHow 6y[0BOIO.

BYIMMELIEBI HAHOTPYBKW
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MoBTOPOEMO 1 y3arasbHIOEMO BI4OMOCTI NP0 HEMETaslIYHI eleMeHTH... Oooe

00

o]

XIMIYHI BNACTUBOCTI HEMETAJ1IB

KnceHb

1 B3aemogjis 3 meTanamu:

r125t
4Al + 302=2AID 3
2. B3aemogisa 3 BogHEM:

[ 451r
2H2 + 02=2H2.

Cipka

1 B3aemogjis 3 meTanamu:

r 2511

2Na + S=NaX
p &y

2A + 3S = AIB3

2. B3aemogijsi 3 BOgHEM:

o251
H2+ S = HXS,

BogeHb

1. B3aemogjsi 3 KUCHEM:
I 451

2H2+ 02= 2HD.

MEHTIB  « 0

OKUCHI BNacTuBOCTI
Byrneupb
1 B3aemogjs 3 meTanamu:
pl2e—y ~

4A + 3C =Al4C3
2. B3aemogjsi 3 BogHEM:

r 451
2H2 + C=CH4

hocdpop

1 B3aemogjs 3 meTanamu:
p -y
3Na + P=Na3pP;

I 6511
3Mg + 2P = Mg3P2

Xnop
1 B3aemogjs 3 meTaiaMmu:

rs11
2Na + Cl2=2NaCl;
p 6.y

2Fe + 3ClI2= 2FeCl3

2. B3aemogjsi 3 BOAHEM:
I 251r
H2 + CI2=2HCl.
3. B3aemogis 3 hocthopom:
|- 6e -y
3CI2 + 2P =2PCI3
b -y
5CL + 2P=2PCL

Mig yac peakyin HemeTanie 3 metanamu Ta 3 BOAHEM Heme-

Tanun nNpUELHYKTb €NEeKTPOHMU,

BN1aCTUBOCTI.

BigHOBHI BNacTUBOCTI

a oTxe,

npoABNAKTb OKWUCHI

Byrneupb

1. B3aemogisi 3 KucHem, hTopom:

451

ray t

C+02=C02 C + 2F2= CF4
2. Baaemogis 3 okcugamy MeTaniyHnxene- 2. Bsaemogis 3 OKCugamn MeTaniyHux ene-

MEHTIB.

0 +1
FeO + H2= Fe + HD;

+4 o f 0

Mn02+ 2H2= Mn + 2H20.

+

0on0 +2

ZnO + C—Zn + CO;
+2 0t 0 +
2Fe 3+ 3C = 4Fe + 3C02.

XIMIYHI BJIACTUBOCTI OKCAIB HEMETANIYHWX ENNEMEHTIB

0

]
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3ATAJIbHI XIMIYHI BNACTUBOCTI KNCJTOT

___________________ J J S

1 3MmiHI00Tb 3a6apBeHHs iHAMKATOPIB.
2. B3aemogis 3 MeTanamu, Lo B psifi akTMBHOCTI PO3MILLEHI A0 BOAHHO:
2HCI + Mg = MgCI2+ HZ; Zn + H2504(po3B.) =ZnS04+ HJ.

3. B3aemogis 3 ocHoBHMMM okcugamun: 2HNO03+ CaO = Ca(IM032+ HD.
4B ) Anyramun: H2S04+ 2NaOH = Na2S04+ 2H2.
. B3aemopjsa 3 ocHoBamu
A "*e Hepo3unHHUMK: 2HNO03+ Cu(OH)2= Cu(N032+ 2H2.

5. Bsaemogis i3 conamu: HCl + AgN03=AgClJ, + HNO3

Oco61MBOCTI B3aEMOAiTi MeTasliB 3 HITPATHOIO Ta KOHLEHTPOBAHOI Cy/bgaTHO
kncnotammym —c. 113-115. J
1

\Y




» § 25. 3arafibHa xapakTepucTtuka MeTanis...

§ 25. 3ATAJIbHA XAPAKTEPUCTUVKA METAJ1IB. ®1314YHI BJIACTUBOCTI
METAJ1IB HA OCHOBI TXHbOT BY1OBU

OnaHyBaBlUM MaTepian naparpadga, B4 3mMoxeTe:

* Ha3MBaTW HaNOLWMPeHiLWi B MPUPOAI METaNiYHi efeMeHTH;

* MOSAACHIOBATMW PO3MILLEHHA MEeTa/liYHNX ENIEMEHTIB Yy MepiofguyHiii cucTemi;
0c06MBOCTI By[0BU MeTaniyHUX eNIeMEHTIB;

e XapakTepusyBaTW MeTanu, iXHi (Mi3UUHI BMacTUBOCTI; KpUCTaniyHi rpatku
MeTanis;

* MOPIBHIOBATW (Pi3NYHi BNACTUBOCTI MeTaNiYHMX i HEMETaNiYHNX eNIEMEHTIB.

Pos3miweHHs MeTaniuHUX eNemMeHTIB y nepioaunyHiii cuctemi. Bam yXe Bi,ﬂ,OMO, o
MeTaniYHUX eNeMeHTIB 3HAYHO Binblue, HiXXK HEMETaNiYHUX. BOHN NOUYNHAIOTL KOXHWIA
nepiog (KpiMm nepworo) nepiognMyHOT CUCTEMU, YTBOPHKOKOTb NapHi pAAUM BeUKUX
nepiodis i rofosHi nigrpynu | [l rpyn. MNMpoAeMOHCTPYEMO TXHE PO3MilLLleHHS Ha
Mogeni nepiognYHOT CUCTEMM XiMiYHUX enemeHTiB (Tabn. 16).

Tabnuus 16

Po3MiLLEeHHS METa/TIHHUX e/IEMEHTIB Yy NEPIOAUNYHINA cucTeMI

Lo MeTanivyHMX eneMeHTIB Hanexatb yci d- Ta /- eneMeHTH.

Oco6nueocTi 6ynoBu aTomis MeTaniuHux enemeHTis. [10pPiBHIOKOUYM 6YA0BY
30BHILWHbOr0 EHEPreTUYHOro PiBHA aTOMIB MeTafiYHMX i HEMeTaniYHuX efnemeHTiB,
HEBAXKO 3pO3YMITH, LLO aTOMU MeTaniYHUX efleMeHTIB Ha 30BHILUHbLOMY eHepreTuny-
HOMY piBHI MalTb HEBENUKY KinbKicTb efnekTpoHiB (1-3), kpim CTanymy, lnom-
6ymy, BicmyTy i1 MonoHito.
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3BaXKaluy Ha Le, aTOMM MeTaniyHMX eNeMeHTIB Nig vyac XiMiYHUX peakyiin Bigaa-
I0OTb €NEKTPOHW, NMEPETBOPIOKUNCH HA MO3UTUBHO 3apAAXKEHI HOHUM —KaTIiOHW.

Hanpuknag, Bigobpasnmo 6yfoBy atoma KanbLito 3a 4ONOMOIOH e1eKTPOHHOI
hopmynu: 1s2s2p63sBp&ds2 Ak 6aunmo, aTom Kanblito Ha 30BHILLIHLOMY (4eTBepTO-
MY) eHepreTUYHOMY piBHI Ma€ [iBa S-efleKTPOHU. Biggawoum ix, aToM nepeTBOPHOETLCA
Ha IlioH Kanbuito. Lleli npoLec MoXHa 3anmcaTtm Tak:

[Is2s2p@BsBp&is? - 2e -> [Is2s2p&3sBp6)2+ abo Ca® - 2e -> Caz

MeTaniyHi efeMeHTH, Ha NPOTUBAry HEMETaNiYHNM, He YTBOPHOIOTb NETKUX CMONYK
3 FigporeHom. OfHaK Ny>XXHi 1 NY>XHO3EME/bHI eIEMEHTN MalTb 34aTHICTb YTBOPHOBA-
I rigpnan (kpuctanivHi peyoBuHu cknagy NaH, CaH9).

MpocTi peuosunu. MPOCTi peYOBMHU MeTaNiYHMUX efleMEeHTIB Ha3MBalTb MeTa-
laMn. M BNacTMBMIA 0COBNMBUIA BUA XIMIYHOTO 3B’A3KY —MeTaniYHNi Ta MeTaniyHi
KpucTanivHi rpatkn (aue. 8§ 7).

MeTaniyHuin 3B 430K BUHMUKAE Mif yac B3aeMofil

BiNIbHUX €1EKTPOHIB 3 MO3UTUBHO 3apAAXXEHNMMN NOHa-

MU MeTaniyHUX eNnemMeHTiB, WO PO3MIlyThCA Y By3nax

KpucTaniyHuX rpatok. Lii MOHW yTBOPKOOTHCA BHACAIAOK

BTpaTu aTOMaMW enleKTPOHiIB. BTpayeHi efleKTPOHU Biflb-

HO MepeMmilytTbCA B Maci MeTaniyHOro Tina il Hanexatb

He 04HOMY, a BCiM atomaM. iX Ha3uBalTb €/IEKTPOHHUM

O O O rasom, a6o yCycrnislbHEHUMM eNeKTPOHAMU. ENeKTPoHM,

Habnmxawunuch A0 WoHa, iHOAI 4O HbOrO MPUEAHYIOTHCS,
nepeTBOpPIOOYNCHL Ha aToMK (pucC. 42).

MeTanu yTBOPHOOTb .MeTaiuHi KpUCTaNiuHi I'paTKN.
Po3pi3HAOTb Ky6iuHi rpaHeleHTpoBaHi (puc. 43, a), 06’emHoLeHTpoBaHi (puc. 43, 6)
i rekcaroHanbHi (puc. 43, B) KpucTaniyHi rpaTku metanis. Ky6iuHi rpaHeleHTpOBaHi
KpucTaniyHi rpatky BnacTMBi 3anisy, HaTpilO Ta iHWUM Y>XXHUM MeTanam, 6apito;
Ky06i4Hi 06'€MHOLEHTPOBaHI —Mifi, antoMiHito, cpibny ii 30M10Ty, a rekcaroHanbHi —
MarHito, LMHKY, 6epunito Ta Xpomy.

Puc. 42. Cxema yTBOPEHHS
MeTani4yHoro 383Ky

Pvc. 43. Mogeni kpucTanivHmx I'paToK MeTasliB: @ —Ky0iYHi rpaHeLleHTPOBaHi;
6 —Ky6iuHi 06’€MHOLEHTPOBAHI; B —TeKcaroHa/bHi

® iznuni BnacTusocTi meTanis. Y cim MeTanaM npuTamaHHi nogibHi isnyHi Bnac-
TMBOCTI. BOHM enekTpo- i TeNONPOBIAHI, MAACTUYHI, MalOTb MeTaniyHuii 6amck. Li
(hi3nMyHi BNacTMBOCTI 3anexarb Bif iXHbOT KpucTanivyHoi 6yf0BKM, 30KpeMa HasiBHOCTI
BilbHWX €NeKTPOHIB, WO 6e3nepepBHO pyxalTbcs. OfHaK, 3aneXHO Big po3Mmipis
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aTOMIB Ta iOHIB i KiIbKOCTI e/1eKTPOHIB, e1IeKTPO- 11 TeNNONPOBIAHOCTI MeTaniB € pi3-
HUMKU. Habinblw eneKTPONpOBiIgHI —cpibno, mMigb Ta antoMiHii. Lii ) meTanu Haii-
Kpalle NpoBOAATHL TEmo.

MeTaniyHuii 611CK 3'MBNSETLCSA BHACNIAOK 34aTHOCTI MeTaniB Bigbuesatu CBIT/O.
MnacTMyHICTb 3yMOBJIEHA HAABHICTIO Y BY3/1aX KPMUCTaNiYHUX 'PATOK OLHOVMEHHO 3aps-
L)KeHUX oHiB. Mig Aieto Ha MeTan CUN MOHM 3MILLYIOTLCS, a PyX eNeKTPOHIB YHEMOX-
NIMBJTIOE IXHIN BigPUB Bif Macy MeTanliyHOro Tina.

l'ycTWHa Ii TeMnepaTypy NNaBneHHSA MeTaniB € AyXe pisHUMU i1 BapiloloTh Y WK-
pPOKOMY Aiana3oHi UMx NokasHWkKiB. MeTanu, rycTuHa SKnux He nepesuulye 5 r/cm3,
Ha3nBalTb JIETKUMU. Lle antomiHili Ta Ny>Hi meTann. BaXXKNUMW € Ti, ryCTUHA AKNX
6inbwa 3a 5 r/cm3 [lo HUX HanexaTb 3a/i30, pTYyTh, CBMHELb, 0/10BO i iHLUI.

JlerkonnaBKMMW BBaXKatOTb MeTanu, TemnepaTtypu niaBneHHA AKX He Mnepesu-
wytoTb 350 °C. Lle HaTpiid, Kaniin Ta uesiik. Lo TYroniaBKuUx HanexaTb MeTann 3 TeM-
nepatypamu nnaeneHHs noHag 350 °C. /ligepom cepefi HUX € BO/b(hpam.

Yci MeTanu 3a 3BUYaliHNX yYMOB —TBEPAiI Pe4YOBUHU (KpiM pTYTI).

MowuvpeHHa MeTaniuHux enemeHTiB y npupoai. MeTanu, AKi B pﬂ,ﬂ,i aKTUBHOCTI
pO3MilLeHi 40 BOLHIO, € XIMIYHO AKTUBHUMMW pevyoBMHaMMW. BOHM Nerko pearyoThb 3 KUC-
HeM MOBITPsA, TOMY Y BiNbHOMY CTaHi B npu-
pofi He TpannAlTbCA. B OCHOBHOMY iX
MICTATb Y CBOEMY CKnafi okcuau i coni.
Y BiNnbHOMY CTaHi He3HayHi NoKNagn yTeo-
PrOKOTL Mifb, Cpibno, 3010T0.

Mpo NOWUpPeHHS HWNUX MeTaniyHnX
eNeMeHTIB y NpMUpoai BM fi3HaeTecs, 03Ha-

g . MeTaniYHUX eNeMeHTIB v nrarocu
oMumBLLKCH 3 giarpamoto (puc. 44).

niacymoBYEMO BVIBYEHE

¢ MeTaniyHux eneMeHTIiB 3HAYHO GiNblle, HDK HEMEeTaNYHuX. BOHM NOYMHaOTb
KOXHWUIA nepiog (KpiM MepLUoro) nepioguyHoi cuctemu, YTBOPHOKOThL MapHi psaun
Be/IMKUX nepiodis i ronosHi nigrpynu |11 rpyn.

¢ B aromax meTasniyHMx enemMeHTiB Ha 30BHILLHbOMY €HePreTMYHOMY PiBHI € HeBe-
NUKa KinbKicTb enekTpoHiB (1-3), 3a BuHATKOM CtaHymy, Mawoméymy, BicmyTy i
MosnoHito.

e ATOMW MeTaniuHMX €/IEMEHTIB Mg Yac XiMiYHMX peakuiii BigAalTb €NeKTPOHMU,
NepeTBOPIYNCE HA MO3UTUBHO 3apSAXKEHI MOHN — KaTioHW.

e [lpocCTi peyoBMHM META/TIYHUX €/IEMEHTIB Ha3uBalTb MeTanamu. M BNacTuBui
0ocob6NuBNIA BWA, XIMIYHOTO 3B’SI3KY — MeTasliyHuii Ta aTOMHa KpucTasniyHa
6éypnosa.

¢ MeTanm yTBOPKOOTb METaUTiYHI KPUCTaniuHi r'paTkm: Ky6iYHi TpaHeueHTpoBaHi,
Ky6i4Hi 06’€EMHOLLEH T POBAaHI Ii rekcaroHasibHi.

e ®i3nYHi BNaCTUBOCTI MeTa/iB 3anexaTb Bif XHbOT KpUcTaniyHoi 6ygosu.
BoHV enekTpo- i TennonpoBigHi, N1acTUYHI, MalOTh MeTaniuHni 611CK.

e MeTanu, rycTmHa Skux meHwa Bif 5 r/cm3, Ha3nBaloTb NerkMmu, aTi, F'yCTUHA AKX
Binblua 3a 5 r/’cMm3, — BaXXKUMN.

* 3a TemnepaTypamMu MnaBfeHHS MeTa/M NOAINAITb HA Nerko- i Tyronnaeki.

¢ Y BilbHOMY CTaHi B NpMpoAi He TpannstTbCs, iX MICTATb Y CBOEMY CKagi okcuamn
 coni. Y BinbHOMY CTaHi € Nnoknaan Mmigj, cpiéna, 3onoTa.
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3ABOAHHAONA CAMOKOHTPO/IO

MOSACHITL PO3MILLLEHHA METasliYHNX ENNEMEHTIB y MEepiogNYHIin cucTemi.
MOoACHITb, YOMY MeTaNiuHI eN1eMeHTV BiAAaTb €NEKTPOHN Mif Yac XiMiYHMX peakLii.
OxapakTepusyiTte NpUHLMN YTBOPEHHS METaNiuHOro 3B'A3Ky.

Oxapaktepusyinte i3nyHi BNacTMBOCTI MeTaliB Ha OCHOBI TXHbOI KpucCTanivyHol
6ynoBu.
CknagiTb piBHSAHHA peakuiin 3a cxemot: K—KOH —K2504—BaS04.

Ll

6. CknagiTb piBHAHHA peakuilii 3a cxemamu: a) 6apiin —>6apiii okcma —>b6apii rigpo-
Kcug —>6apiit cynbgat; 6) Mg —MgO —MgCl2—Mg(OH)2.

7. Kynpym(ll) okcmug macoto 1,6 r npopearyBaB 3 XNOPMAHOK KMC/IOTO, WO MICTUTb
kncnoty macoto 1,5 r. O6umcnite Macy yteBopeHoro kynpym(ll) xnopuay.

8. LUMHK macow 7 1 BCTYNUB Y peakuito i3 cynbgaTtHow KucnoTow macow 9,8 T
O6uncniTe Macy UUHK cynbgaty n 06’em BOAHKO (H. Y.), WO yTBOpUANCS.

9. bapiii okcug macot 4,59 r npopearyBaB 3 HiTPaTHOK KUCAOTOK Macok 4,6 T
O6uUMCniTb Macy i KiNbKiCTb pe4OBMHU YTBOPEHOI coni. Ha3BiTb NPOAYKTN peakLii.

§ 26. AJIIOMIHIN: ®I13UYHI TA XIMIUHI BNIACTUBOCTI

OnaHyBaBLIW MaTepian naparpadga, BU 3moxeTe:

e XapaKTepu3yBaTW anlOMIiHIl 9K NPOCTY PEYOBMHY, WOro PisnUHI Ta XiMidHi
BNacTUBOCTI K NpeAcTaBHMKA MeTanis;

e CK/afjaTW PiBHAHHA peakuid, Wo NigTBEPAXYOTb BiAHOBHI BNaCTMBOCTI asnto-
MiHilO (peakuii 3 HemeTanamu, BOLOK, KUCNOTaMU i CONSIMU B PO3UMHaXx);

e JOCNig>KYBATM XiMi4Hi BNacTUBOCTI aNtloMiHit0 Ta ioro BifJHOBHI BNacTMBOCTI;

e CnocTepiraTy AeMOHCTpaLiiHi gocnign, Wo xapakTepn3yTb XiMiyHi BNacTu-
BOCTi a/IlOMiHilo;

e POOGMTW BUCHOBKWM Npo (hi3WYHi Ta XiMiuHi BNacTMBOCTI antoMiHit0; Npo 3Ha-
YEHHSA aNOMIHI0 B XUTTI NOANHN.

OxapakTepusyiite XiMiYHWIA enemeHT AJIIOMIHIE 3a PO3MIlLEeHHAM Y nepiognyHii
cucTeMi XiMiYHMX enemMeHTiB i 6ya0BoK0 atoma.

®i3nuHi BnactusocTi. Ak MPOCTa PeYOBMHA, aNlOMIHIlE — meTan cpibnscro-
6in10ro KoNbopy 3 XxapakTePHMM MeTaniyHUM 6MCKOM, eNeKTpOo- i Tena0NpPOBIAHWIA,
nerkuii (ryctuda 2,7 r/icm3d. Le nerkonnaskuii MeTan 3 TemnepaTtypol NAaBAeHHSA
660 °C, T06TO 1Oro MOXHa po3naaBUTU B NONYM’'I NnanbHMKa. AMOMIHIA fobpe nig-
[aeTbCA MexXaHi4Hil 06po6Li — KyBaHHI, LWITaMMNyBaHHK, NpPoKaTy. 3aBAAKW LM
BNACTMBOCTAM MeTan HabyB LUIMPOKOIO 3aCTOCYBaHHS.

Ximiuni BnactusocTi. Antominii — XIMIYHO aKTUBHWIA MeTan, TOMY Y BiflbHOMY
CTaHi B NPMPOAi He TpannsfeTbCA. Y CNOAyKax NPOSBAAE CTYMiHb OKUCHEHHA +3,
OCKINIbKW Ha 30BHILIHLOMY €HEPreTMYHOMY PiBHI Oro atomMa MicTATLCA TPU enek-

TPOHMU, 3 AKMUX ABa S-€/IEKTPOHU —cCNapeHi i 0guH A-eNeKTPOH —HecnapeHuin. Pos-
rNaHeMo AoKnagHiwe XiMiyHi BNacTUBOCTI aNtOMiHitO.



* § 26. ANOMIHIlA: (Pi3nyHI Ta XiMiYHI B1aCTUBOCTI

B3aemopisl 3 HemeTanamu. K yci akTUBHi MeTanu, antoMiHiii BCTynae B XiMiuHy
B3aEMOJII0 3 KMUCHEM, CipKOIO, rafioreHamm i Byrneuem. B3aemogis 3 knucHem BigbyBa-
€TbCSH 3a 3BUYANHNX YMOB Ha NOBITPi. TOMY BCi a/toMiHi€BI BUPOOY BKPUTI OKCMAHOHO
NNiBKOK. PIBHAHHSA peakwii:

4Al + 30, = 2A1,03

MoapibHeHW 4O NOPOLWKONOAIGHOIO CTaHy, aNtoMiHil WBNAKO 3rOpse 3 BUAINEH-
HSAAM Be/IMKOT KifIbKOCTI Tenna.
3a HarpiBaHHS aftOMiHIA pearye 3 Byr/feLem, yTBOPHOOUMN antoMiHil kapbig:

4Al + 3C = AI4C3

[yxe LiKaBo € peakLis B3aeMOoAii antoMiHito 3 itogom. Ti MOXHa crnocTepiratu B
naboparopii.

MpoBegemMo AeMOHCTpauiliHWiA gocnig, LOTPUMYKOYUCH
npasun 6e3neku.

3BepHiTb yBary! Lleii gocnig HeobxigHO NMpoBOAUTM Mg
TATOH0.

Jocnig 1 3miwaemo antoMiHiEBMIA NOPOLWOK 3 /OAOM i
fofaMo fJekinbka Kpanenb Boau (BOLY BUKOPUCTAEMO £AK
KaTaniszatop). CnocTepiraeMo 6ypx/suBy peakLito 3 yTBOpPeH-
HAM antoMiHill oguay dionetoBoro 3abapeneHHs (puc. 45).

PiBHAHHA peakuii: Puc. 45. Bsaemogis

aNtoMiHilo 3 Mogom

— 6e — X

o o’
2A1 + 31, = 2AI343-.

Y peakuyisix 3 HemMeTanamu anlOMiHiA BifJaE eneKTpoHU
30BHILUHBOrO EHEepPreTUYHOro piBHA i OKUCHIOETLCS, HEMe-
Tanu NpUELHYIOTb €/1eKTPOHU i1 BigHOBNOOThCA. OTXe, anto-
MiHi € BIJHOBHUKOM.

CknagiTb CaMOCTIHO PIBHAHHS peakuii B3aeMoAil antomi-
Hit0 3 XN10poM i 6pomMOM. Br3HauTe OKMCHUK | BiAHOBHUK.

B3aemogisa 3 Bogoto. B3aemogis antomiHito 3 BOAoK Bifby- Puc. 46. B3aemogis
BAETbCA TaK CaMmo, K Y BCiX XiMiYHO aKTUBHUX MmeTanax. LLLo6 anoMiHito 3 BOJOIO
peakuis Bigbynacs, nOTPiOGHO 3 Or0 NOBEPXHi 3HATU OKCUAHY
nniBky. Lle MoXKHa 3p06uTn, HaNnprKnag, 3a 4OMOMOrOK HaXAa4YHOro narnepy.

ANOMiHill BUTICHAE BOAEHb 3 BOAW, i YTBOPIOETLCS antoMiHil rigpokeng (puc. 46),
L0 Bifobpaxae piBHAHHA peakLii:

2Al + 6H,0 = 2AI(OH)3" + 3H,t.

B3aemogisl 3 KucnoTamu. ANOMiHili pearye 3 XN10puAHOK Ta PO3BEAEHON CY/lb-
(haTHOK KMCNOTaMu 3 YTBOPEHHSIM BifMOBIAHMX CONeil Ta BUAINEHHSM BogHto. LL,06
NnepekoHaTUCS B LbOMY, MPOBELEMO AeMOHCTpaLiiHNA gocnig.

Jocnig 2. MomicTuMo Ha AHO ABOX NPO6IPOK WMAaTOUYKM anoMiHio. o nepwoi
Npo6ipKu JONEMO XOPUAHY, & A0 APYrOi —po3BefeHy CynbMaTHy KUCA0TU. Y npo-
Gipui 3 XNOPMAHOK KNCMOTOK BOAEHb BUAINSETbCA iHTEHCUBHIWe (puc. 47, ¢. 130).



Puc. 47. B3aemogis antoMiHit0 3 Kucnotamu:
a — X/I0pNAHOK; 6 —pPO3BEAEHOI CYNb(aTHOR

PiBHAHHS peakw,iii BignoBigHO:

2Al + 6HC1 = 2AICI3+ 3H2; 2Al + 3H,S04=AlZS043+ 3H .

3 KOHL,eHTPOBaHMMM HITPATHOM Ta CyNb(aTHOK KUCNOTaMMn Ha XOJI0AI antoMiHii
He pearye. OfHaK 3a HarpiBaHHA peakuii Big6yBalTbCA 3a CXeMaMu:

Al + HNO3(KoHu,) 4 AL1(N033+ NO,t + HXD;

Al + H2504 (KoHL.) -1 A1(S 043+ H2St + H 0.

PosrnaHbTe peakuii B3aemMoAil a/ltoMiHit0 3 KOHLLEHTPOBaHNMU KNCIOTaMU SIK OKUCHO-
Bi4HOBHI npouecun. BnsHauTe OKUCHUK i BiGHOBHUK, [O6GEpPiTb KoeilieHTn.

BsaeMofifa i3 conamMu B posunHi. ANOMIHII pearye 3 po34YnmHamu COMeid, KOMu
MeTaniuyHuii enemeHT, o BXOoANTb A0 CKnagy COJli, € MEHLU aKTUBHUM I'IOpiBHf—IHO 3
HUM. Hanpuknag:

2Al + 3CuS04= A19S043+ 3Cu.

B3aeMOfif 3 oKCugaMu MeTaniyHux enemeHTis. AIIOMIHI/ pearye 3 okcugamm
MeTaniyHUX eNneMeHTIB TiNbKW 3a BUCOKUX TemmnepaTyp y fianaszoHi 1200-3000 °C.
3 anomMiHiem pearytoTb okcugun ®epymy, Xpomy, MaHraHy, Bonbgpamy ta Kansuito.
Y UMX peakuifx antoMiHii nposBnse BifHOBHI BNaCTUBOCTI:

2Al + Cr0 3= Ai,03+ 2Cr.

Llto BNacTMBICTb antoOMiHit0O B3STO 3a OCHOBY MPOMMC/IOBOrO BifJHOBNEHHA MeTa-
nie. MeToj BifHOBNEHHS MeTaiB 3 TXHIX OKCUAIB 3 BUKOPUCTAHHAM afloMiHil0 Ha3n-
BalOTb antoMOT epMiEl.

CknagiTb CamMOCTINHO PIBHAHHA peakuiin B3aemogii antominito 3 Bonbhpam(VI) okcu-
aom i pepym(ll) okcmaom. BusHauTe OKMCHUK i BiZHOBHUK, [06EpiTb KOeqilieHTH.

OTXe, aNtOMIiHIn NposSiBNSE 3aranbHi BNacTUBOCTI MeTanis, € o6pMM BigHOBHMU-
KOM Yy peakLifix 3 HeMeTanamu, BOAOK, KACNOTaMu, CONSIMU B PO3UMHAX i 3a B3aeEMOSii
3 OKCUAaMMN MeTaniyHUX eneMeHTiB.

MmacyMoBY€EMO BBYHEHE

« Anwominiii — MeTan cpibnacTo-6isioro Konbopy 3 XapakTepHUM MeTanivHUM 6mnc-
KOM, enekTpo- Ii TensIonpoBigHWIA, nerkvii, NerkonsaBkuii, fo6pe nigaaeTbes
MeXaHiuHin 06pooLii.



* § 26. ANOMIHIlA: (Pi3nyHI Ta XiMiYHI B1aCTUBOCTI

AK TUNOBWIA aKTUBHWIA METas1, asTlOMiHI B3aEMO/i€ 3 HeMeTaslamun, BOAO, KUC-
nloTamu, po3ymMHamMu coseli TaokcuagamMmun HeMeTaslivyHUX eNleMeHTIB.
ANIOMIHIA pearye 3 po3uMHamu cOnel, KonMm MeTan, Wo BXoAuTb A0 cKnaay
COMi, € MEHL aKTUBHUM NOPIBHAHO 3 HUM.

3 KOHLEHTPOBaHMMW HIiTPaTHOK Ta Cy/ib(aTHOW KucAoTamu aniMiHii pearye
Ti/IbKU 3@ HarpiBaHHA.

MeTog BiAHOBNEHHS MeTaiB 3 iXHIX OKCMAIB 3 BUKOPMUCTAHHAM a/llOMiHil0 Ha3nBa-
I0Tb a/IIOMO T EepPMIEHO.

3ABAAHHA4NA CAMOKOHTPOJIO

1

10.

OxapaktepusyiTe: a) enemMeHT ANIIOMIHI 3a PO3MILLLEHHSAM Y NepPioANYHIA cucTemi
XiMiYHUX enemMeHTiB i 6y40B0OI0 atoma; 6) (hi3nyHi Ta XiMiuHi BNACTUBOCTI a/llOMiHIl0
SIK MpeAcTaBHMKa MeTaniB.

Cknafitb PpIiBHAHHS peakuin B3aeMofil asiloMiHilo 3. a) 6pomom; 6) CipKoto;
B) BOZOIO; T) CyNbhaTHOI KNCMOTO, PO3BEAEHOH Ta KOHLEHTPOBAHOM.

Mo3HauTe cymy koedilieHTIB y peakuii, nogaHii cxemoto: Al + C —Al4C3.
A9 B8 B7 T6

. YCTaHOBIiTb BIANOBIAHICTE MDK NpaBUMK 1 NIBUMM YacTUHaAMW PiBHAHb peakLiid,

nogaHnx cxemamu.
A Al HBr 1l ai3 Fe
B A Br0 2 AIBr3m Fe
B A mFeBr2 3 ai2n3
FAl- FeD3 4 ABrO
5 AIBr +Ht.
Mo3HauTe peyoBuHM 1,2,3 y naHutory nepeTBopeHb:

Al 3" A1(K)33 AL(CK))3™ KAHO2
A HNO3 BKOH BNaOH T NH3
Mo3HauTe peyvoBuHU 1,2, 3, 4y naHuUOry nepeTBopeHb:

+Fe04  +HS04  + NaOH
1 N2 > 3 N4,

A A B AIXS04)3
B Al(OH)3 r AD3

. AnomiHin macow 5,4 T NOBHICTIO nNpopearyBaB 3 X/IOPUAHOK KUCAOTOHO.

O6uncniTb Macy anoMiHin xnopuay n 06’em BOAHIO (H. Y.), WO yTBOPUINCSA BHA-
CNifgoK peakuil.

. Ha antomixin macoro 10,88 r nogisinm 6pomom macoto 100 r. O6uncnitb macy npo-

OYKTY peakuii Ta Ha3BiTb Ciflb.

. ANOMIiHIA KinbkicTio pevoBnHn 0,4 monb npopearyeaB 3 Kynpym(ll) cynbcatom

KinbkicTio pevoBuHU 0,45 monb. O6uYMCNiTb Macu BigHOBMEHOT Migi i yTBOpeHol
coni.

ANIOMIHIA KiNbKICTIO pevoBuHU 0,2 MoNb npopearyBas i3 CyNbgaTHOK KMUCAOTOH
KinbkicTio peyoBuHn 0,4 monb. O6GUMCNiTH Macy W KiNbKiCTb PEYOBMHU asltOMiHii
cynbgpaty Ta 06’eM (H. y.) i KibKiCTb PEYOBUHW BUAISIEHOTO rasy.



§ 27. 3AN30: ®I3YHI TA XIMIYHI BJIACTUBOCTI

OnaHyBaBLlW MaTepian naparpadga, B4 3MoXeTe:

e XapaKTepusyBaTW 3ani30 AK NPOCTY PeYOBUHY, HOro hi3nyHi Ta XiMiuHi Bnac-
TUBOCTI AK NpejCcTaBHUKA MeTarlis;

e CKNnajaTu piBHAHHA peakyiin, WO MiATBEPAXYHTb BiAHOBHI BNAacCTUBOCTI
3anisa (peakuii 3 HemeTanamu, BOAOK, KMCAOTAMU i CONSIMU B PO3YMHAX);

 JOCnig>KyBaTW XiMiyHi BNacTUBOCTI 3ani3a Ta Moro BifjHOBHI BNacTMBOCTI;

 CMOCTepiraTy LeMOHCTPaLUiiiHi focnigm, Wo xapakTepusyTh XiMiuHi BnacTu-
BOCTI 3ani3a; AKiCHi peakuii Ha KaTioHn ®epym(2+) i Pepym(3+);

e MPOBOAMTMU SAKICHI peakuii Ta BM3HauyaTh B pO34ymHax ioHu depymy(2+)
i ®Depymy(3+), ocamxyoun ix nyramu;

* nepegbayaTy pesynbTaTtu NabopaToOPHUX LOCAILXKEHD;

» POGMTU BUCHOBKM MpPO (hi3nyYHi Ta XiMiuyHi BNacTUBOCTI 3ani3a; AKiCHi peakuii
Ha KaTioHn ®epym(2+) i Pepym(3+); 3HaUeHHA 3ani3a B XXUTTI NOLAUHMN.

Oxapaktepu3ayliiTe XiMmidyHWli eneMeHT PepyM 3a po3MilLEHHAM Y NepiognYHIl cucTemi
Ta 6y0BOIO aTOMa.

® izuuni BnactusocTi. ENEMeHT ®epyM YyTBOPIOE MPOCTY pevyoBUHY —3aniso. Le
cpibnsacTo-6inniA MeTan, WO Mae cipyBaTuii BiTIHOK. HanexunTb A0 BaXKUX MeTaniB
(ryctuHa 7,87 r/cm3. 3anizo — TyronnaBkuini Metan 3 TemMmnepaTypolo MaaB/iEeHHS
1539 °C, BogHO4ac fy>Xe NAacTUYHUIA Ta KOBKWIA; NeKTPOo- /i TEMIONPOBILHUIA, TIETKO
HaMarHiyyetTbca. MarHiTHi BNacTUBOCTI NPOSABAAKOTH i CNaBy 3anisa.

Mpuragarite 3 Kypcy NPUPOA03HaBCTBA, SIK PO34INIMTI NOPOLUKM 3asi3a I CipKu.

Ximiuni BnactusocTi. 3a/1i30 € JOCUTb aKTUBHUM METa/IoOM i3a NEBHUX YMOB pea-
rye 3 HemMeTanamu, BOAOK, KNCNOTaMM i CONSMU B PO34MHi. 3’icyemo, K BigbyBa-
€TbCS KOXHA 3 LMX peakLiii.

B3aemopgia 3 HemeTanamu. Hacamnepep 3BepHEMO yBary Ha B3aeMofito 3anisa 3
KncHeM. Lllo peakuito MOXHa cnocTepiratu, NpoBiBLWM LEMOHCTPaLiiHNIA focnig,.

Locnig L Mpue’akeMo Ao CTaneBoro nesa 3anafieHnit CipHMK Ta onycTUMO ioro B
K06y, HaNnOBHEHY KUCHeM. MeTan SicKpaBO 3ro-
pse, po3bpuskytoum B yci 60oku ickpu. Lle yTBO-
peHnin yHacnigok sropsHHsa gepym(ll, 111) okeung,
TpuBianbHa Ha3Ba AKOro — 3asi3Ha oOKanMHa
(puic. 48, a). PiBHAHHA peakuii:

3Fe + 20, = Fed 4
FeO ¢«Fe,03

3aniso 3ropse B xnopi 3 yTBopeHHAM hepym(111)
a 6 xnopugy (puc. 48, 6). PiBHAHHA peakLii:

Puc. 48. lopiHHA 3anisa: 2Fe + 3CH, = 2FeCI3
a —Y KUCHi; 6 —Yy xnopi mepym(I11) xnopug
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CknagiTb CaMOCTIAiHO PiBHAHHS B3aEMOZIil 3ani3a i3 Cipkoto.

B3aemogis 3 BOAO. 3ani3o pearye 3 BOAOH 3a BUCOKUX TeMMepaTyp i3a 3Buyali-
HUX YMOB. 3afieXKHO Bif YMOB pe3ynbTaT peakLii Heo4HaKOBWIA. FKLLO0 Kpi3b po3xape-
HWI1 NOPOLIOK 3ani3a NPoONyCcTUTK BOAAHY napy, To yTeoputbcs hepym(ll, 111) okcug
i BUAINNTLCA BOAEHb:

3Fe + 4H,0 = Fel 4+ 4H,|.
3a 3BMYaliHUX YMOB peakLis Bif0yBaeTbCA 3@ y4acTH KUCHIO:
4Fe + 6HD + 30, = 4Fe (OH), 4
thepym(l1) rigpokeung

B3aemogia 3 kucnoTamu. LLo6 3’acyBaTun, K 3ani30 B3aEMOAi€ 3 KuMCnoTaMmu,
NpoBeAEMO AeMOHCTpauiiHi gocnigu.

Locnig 2. Hacunnemo Ha gHO ABOX NPo6GipOK NOpoLWOoK 3anisa. Jonnemo go nep-
woi npobipkn 1,5-2 M XNOPUAHOT KUCNOTHU, A0 APYrOi —TaKy caMy KinbKiCTb pO3-
BefleHOT cynbdaTHOol Kucnotn. B 060x npobipkax Ha 3anisi 3’ aBNA0TbLCA 6ynbbaLlKK
rasy. Peakuii npuwBmngwaTbcs, AKWO0 Npo6ipKu 3 peareHTamMmun HarpieMo. 3anuwemo
Bif4MOBIAHI PIBHAHHSA peaKuii:

Fe + 2HCI = FeCl, + H,t; Fe + H,S04=FeS04+ H t.
thepym(11) xnopug thepym( 11) cynbthat

OTXe, 3a/i30 pearye 3 X/I0pMAHOK Ta PO3BEAEHON CyNb(ATHOK KUCAOTamm 3
YTBOPEHHSIM COJEl BifMOBIAHNX KNCAOT | BUAINEHHAM BOAHIO.

3BepHiTb yBary! VMoHu FigporeHy € cnabliMMy OKMCHUKAMM, HIXX X0P, OCKiNbKM
[iAporeH OKMCHIOE 3ani30 [0 CTYNEHA OKUCHEHHA +2, a XJIop — A0 CTYMeHs OKuc-
HEeHHA +3.

Locnig 3. Hacunnemo Ha gHO ABOX NPo6GipoK NopoLW oK 3anisa. Jonnemo go nep-
woi npobipkn 1,5-2 MN KOHUEHTPOBAHOT CyNb(aTHOT KUCNOTU, [0 APYroi — Taky
caMy KifibKiCTb KOHLLeHTPOBaHOT HiTpaTHOT. XKO4HWX 3MiH He CNOoCTepiraemo.

OTXe, 3a 3BUYaAllHNX TemnepaTyp 3aMi30 NacMBYETHCA LUMU KOHLEHTPOBAHUMMU
Kucnotamu. Lle MOACHETHCA TUM, LLO Ha MOr0 MOBEPXHI YTBOPKETHCA 3axXMCHa
nniska gepym(Ill) okcmay, fika He BCTyMnae B peakuitld 3 KWCAOTOK W 3axmuiae
3a/1i30 Big B3aemofii 3 Helo.

B3aemogis i3 consiMy B po3unHi. AK i anoMiHili, 3ani3o pearye 3 posumHamu
conen, Konu MeTan, Wo BXOAUTb 40 CKNaAy COAi, € MEHLU aKTUBHWUM MOPIBHAHO 3 HUM.
Hanpuknag, 3a B3aemogii 3aniza 3 posunHom kynpym(ll) xnopuay:

Fe + CuCl, = FeCl, + Cu.

PosrnaHbTe peakuii B3aemogii 3anisa 3 po3unmHamMu KUC/OT i COMeil K OKMCHO-BIg-
HOBHi nNpouecu. MNoSICHITb, OKNCHUKOM 41 BiGHOBHUKOM € B HUX 3ai30.

AkicHe BuzHaueHHs kaTtioHiBs ® epym(2+) i ® epym(3+) y pozunni. O3HalloMumocs
3 AKICHUMW peakuigsMun Ha Nnpukiagi 4eMOHCTpaLiiHMX i nabopaTopHuX Jocnigis.

Jocnig 4. Hannemo y fBi npo6ipku po3umHu depym(ll) i hepym(Ill) cynbdaTis
o6’emom 1,5-2 M1 i JONIEMO JO KOXHOT 3 HUX Takuii caMuii 06°eM pO34YUHY HaTpIi
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rigpokcugy. Cnocrepiraloum pesynbTaTu peakuiin, 6a4umo, wo B npobipui 3 pepym(ll)
cynb(aToM BUNaB 3e/1eHyBaTO-0iNnNi ocag, SKMA LWBMAKO HabyB Byporo 3abapBieHHs.
Y opyriv npo6ipui, ge mictusca gepym(111) cynshart, Bunas 6ypuii ocag.

3a KO/IbOpPOM 0CafiB BM3HAYAEMO HAfABHICTb Y pO3uYMHax KaTioHiB ®epym(2+)
i Depym(3+).

OTXe, peakTMBOM Ha KaTioHn ®Pepym(2+) i Pepym(3+) € rigpokcug-aHioHu. Pis-
HAHHA peakuiii:

FeS04+ 2NaOH = Ce(%H),'I + NasS 04
q)epyM-(-I-I-) F-i,-L'J,-F-)OKCVI,CI,
(3eneHyBato-6inuii ocan)

FeqS043+ 6NaOH = 2Fe(OH)3j + 3Na%s 04

q)epyM(III\)/ Fi,quOKCVI,IJ'
(6ypwii ocap)

Tenep npoBefemo nabopaTopHi gocnign 3-4.

S JlabopaTopHi fgocnign 3-4. BusaBNeHHS B PO34MHi KaTioHiB ®epymy(2+)
i Depymy (3+)

| MoBTopiTb NpaBuna 6e3nekn nig yac poboTn 3 peakTuBamm i 06nagHaHHAM
e iCyBOpO goTpuUMyiiTeCs iX.

3aBpaHHA. [ocnifite, Ak BUABUTK KaTioHn depym(2+) i depym(3+) y po3umHi.

O6nafiHaHHA TapeakKTUBW: ABi Npo6ipku, ekpaH, po3unHu depym(Il) xnopugy Ta
tepym(Ill) HiTpaTy, HaTpiil rigpokeugy.

Locnig L Tianniite B npobipky po3unH depym(Il) xnopugy o6’emom 1,5-2 mn i
fogfalite Takuii camuin 06’em po3unHy HaTpili rigpokcmay. CnocTepiralite yTBOPeHHS
ocafy. 3BepHiTb yBary Ha Konip ocagy Ta 3MiHy /ioro 3abapBieHHS Yyepe3 AeaKnin npo-
MiXKOK Yacy. CKnafiTb piBHAHHA peakLuiii, 3p06iTb BUCHOBOK.

Locnig 2. Tianniite B Nnpobipky po3unH depym(l1l) HiTpaTy 06’emom 1,5-2 mn i
fJofainTe Takuil caMuii 06°€M pO34YMHYy HaTpiin rigpokcuay. CnocTepiraiite yTBO-
peHHs ocafly. 3BepHITb yBary Ha Konip ocagy. CknafiTb piBHAHHA peakuil, 3po6iTb
BMCHOBOK.

OdhopmMTe pe3ynbTaTu JOCAIMAKEHDb Y 30WNTI K Tabnnur. Copmyntolite 3aranb-
HWIA BUCHOBOK.

Bionoriune sHauenns ® epymy. MikpoenemeHT ®epym Bifirpae saromy posb B
opraHi3mi N0 aMHKU Ta BiANOBIfaE 3a BaXNUBI XUTTEBI yHKLIT. [epegycim —ue ene-
MEHT, WO BXOAUTb A0 CKAagy reMorno6iHy KpoBi, Hajawouu i yepBOHOro 3abap.-
NeHHA. BiH micTuTbCA | B epuTpOLMTaX, WO 6epyTh yUYacTb Y TPAHCMOPTYBaHHI KUCHIO
Bifl NereHiB 40 TKAHWH OpraHiB i BUBEAEHHI BYrnekucnoro rasy. ®epym nigrpumye
npawesfaTtHiCTb M’A3iB i CNpPUAE BUTPUBANOCTI, 3axXuLLae opraHism Bif XBopoboTBOpP-
HUX MiKpoopraHi3mis i Bipycis. ,ell eneMeHT aKTUBHO BUBOAMUTb TOKCUHU I LLMAKN.

Baxnusy ponb Bigirpae ®epym B 06MiHi peUOBUH Ta eHepril, 30KpeMa BXoAUTb A0
cknapy 6inkie i hepmeHTiB, Gepe yuacTb y cuHTe3i ABIK, 06MiHi X0necTepuHy, ropmMo-
HiB WMTONOAIGHOT 321031, BN/IMBAE Ha pO6OTY HEPBOBOT CUCTEMMU.
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OCHOBHa YacTKa UbOro MikKpoeneMeHTa MICTUTbHCA B KpOBi (Mpu6ansHo 60 %),
y neyiHui, cenesiHui, m’a3ax i KicTKOBOMY M0O3Ky —20 %. PeluTa BUKOPUCTOBYETHCA
[ANS CUHTEe3Y (hepMeHTIB. 3ara/ibHa Maca LbOoro MikpoenemeHTa B opraHiami —4-5r.

[Jo6oBa noTpeba opraHiamy nwoguHun y ®epymi ctaHoBuTb 10-20 Mr, 3Ha4HO
3pocTalym nNpu iHTEHCUBHUX M’A30BUX HaBaHTaXXeHHAX. LA KinbKicTb Mikpoene-
MeHTa Mae NoTPanuTW B OpraHism 3 Dket, TOMY HaA3BUYaHO BaXXAMBUM A5 KOXHOT
NOANHK € 36anaHcOBaHe XapuyBaHHS.

Josigainteca camoOCTIiHO 3 iHTepHeT-mXepen, ski NpoAykKTU XapuyyBaHHA Jiikapi
pagaTb yXusatu gns nigTpumMaHHsa BmicTy ®epymy B OpraHiaMi l04NHN.

nacyMmoBYEMO BMBYEHE

3anizo — cpibnsaAcTo-6innin meTtan, WO Mae cipyBaTuwii BiATIHOK, BaXKuii (rycTuHa
7,87 r/cm3), TyronnaBKuii, NNacTUYHWIA, KOBKWIA, €neKTpo- I TennonpoBigHWiA,
Nerko HamarHivyeTbCs.

3ani3o € AOCTaTHbO aKkTMBHUM METa/IOM i 3a NMEBHWX YMOB pearye 3 HemeTa-
namu, BOAOM, KNCNOTaMu, CONMSAMU B PO3UKHI.

B3aemogie 3 HemeTanamum 3a HarpiBaHHfl, yTBOpOOUN GiHApPHi Crnonyku.
MpoaykTamn B3aeMOAil PO3)KapPeHOro MOpoLLKY 3asi3a 3 BOASAHOK Napol €
3ani3Ha okanuMHa i BOoAeHb, a 3a 3BMYaliHUX YMOB (3a HasiBHOCTI KUCHI) —
depym(lll) rigpokena.

3ani3o pearye 3 x/10pMgHOK Ta PO3BEEHOK CYy/Nb(aTHOW KMUCoTaMn 3a
HarpiBaHHSA 3 YTBOPEHHAM coneil ®epym(2+) i BUAINEHHAM BOAHIO.

3a 3BMYaiHMX YMOB 3as1i30 3 KOHLLEHTPOBaHUMM Cy/Ib(haTHOK Ta HiTPaTHOH
KUCnoTamu He pearye, nacMByeTbCS.

AKiCHUMUK peakuisMmun Ha kaTioHn ®epym(2+) | Pepym(3+) € B3aeMogis Cnonyk,
WO MICTATb Ui KaTioHW, 3 po34yMHaMu yriB. 3a B3aeMOfii CrosyK, WO MICTATb
kationn ®epym(2+), 3 nyrammn B ocapg Bunagae gpepym(ll) rigpokcupg 3eneHy-
BaTO0-6i/loro Konbopy, siknii Ha NoBiTpi HabyBae 6yporo 3abapsneHHs. Mg
Yyac peakuii cnonyk ®epym(3+) 3 nyramm Bunagae 6ypuii ocag dpepym(LL)
rigpokcug.

3ABAJAHHAANA CAMOKOHTPOI/O

OxapaktepusyiiTe: a) enemeHT ®epym 3a po3MILLEHHSM Yy NEPIOANYHIA cucTemi Ta
6yno0Bot0 aTtoma; 6) hisnyHi Ta XiMiYHi BNacTMBOCTI 3asi3a.

CknagiTb piBHSAAHHA peakuili 3a HaBeAEeHOK CXeMOH. YKaxXiTb yMOBU Mepediry
peakLiil, Ha3BiTb YTBOPEHI PEYOBUHN.

FeCl2—=Fe(OH)2 FeO Fe
Fen

FeCl3— Fe(OH)3— Fe) 3— Fe — Fe2(S04)3
Mo3HauTe arperaTHWiA CTaH 3asi3a 3a 3BMYaliHX YMOB.
A TBepaumii B pigkuii B rasonogibHui I nnasva
Mo3HauTe ABi (hisnyHi BNacTUBOCTI 3aUli3a.
A KpUXKICTb B enekTponpoBigHiCTb
B nnactuyHicTb I HETEen/0MNpPOoBIAHICTb
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5. YCTaHOBITb BIiAMNOBIQHICTb MiX NiBUMM Ta NPaBMMU YacTMHAMMW PIBHSAHb peakLii,
nojaHvx 3a J,0NOMOrOK CXEM.

A FeO + HCI —> 1 FeS04+ Cu
B Fe(OH)3+ HN03—2 Fe(N033+ HXD
B Fe + CuS04 -> 3 FeCl2+ HD
I FeS04+ NaOH -> 4 FeCI3+ HD
— 5 Fe(OH)2+ Na2s04
6. MNMo3HauTe peyvoBMHU 1,2,3 y NnaHutory nepeTBopeHsb:

Fe -1 FeCI3 [ Fe(OH)3 /1 Fe(NO33.
A KOH B HCI B HNO3 I Ci2
7. Tlo3HauTe peyoBuHN 1, 2, 3, 4 y naHuiory nepeTBopeHsb:
+ HXo0. + KOH + Hel
1----- > 2 - >3 —=4
A FeS04 b FeCl2 B Fe I Fe(OH)2
8. MNo3HauTe Ha3By PEYOBUHMU, LIO € PeakTMBOM Ha KaTioHn Fe(2+) i Fe(3+).
A HaTpiii cynbdhat B HaTtpiii xnopug
B HaTpiii rigpokcmua T HaTpili cynbqoig,
9. O6uncniTb | NO3Ha4Te Macy 3anisa, WO npopearyBasio 3 XNOPULHOK KUCNOTOLO,
SKLLO yTBOpWAACA Ciflb KifbKICTIO pevyoBuHU 0,3 MOsib.
A188r b 166r B 17,6r 16,8r
10. O6uUCAITb | NO3HAYTE Ki/IbKICTb PEYOBUHU PTYTi, WO BUAIIMTLCSA BHAC/MILOK B3aeE-
mogii mepkypii(ll) HiTpaTy i3 3anisom Macow 22,4 T.
A 0,35 monb B 0,4 monb B 0,45 monb I 0,3 mosnb

11. O6umncniTb i NO3Ha4YTE Macy ocagy, LU0 yTBOPUTLCA BHacNigok Blaemogii depym(ll)
6pomigy macoto 75,6 r 3 po34ynHOM b6apiit rigpokcuay.

A 335r 6325r B305r r315r

28.3ACTOCYBAHHSA META/IB TATXHIX CIJ/IABIB

OnaHyBaBLIM MaTepian naparpadga, BU 3MoOXeTe:

e Has3MBaTW HaliMoWMpeHiWi MeTanu Ta iXHi CnnaBu;
* TOSACHIOBATM 3aCTOCYBaHHA MeTasiB i CNiasiB y PisHUX ranysfax rocrnogapcrea;
e aHaniyBaTW cKnaj HalnowWMPEHIWNX Y MPOMMUCAOBOCTI cnaBiB.

Havinowwupeniwi metanu Ta ixni cnnasu. MeTann  PEYOBUHM, WO HAbyun wupo-
KOro 3acTOCyBaHHA B MPOMMUCNOBOCTI i TeXHiLi 3aBAAKN CBOIM YHiKasbHUM BfacTu-
BOCTAM, 3YMOB/IEHWM iXHbOK OyA0BOK. 3anexHo Bif BMacTUBOCTEN, fAeAKi 3 HUX
BMKOPUCTOBYHOTb MeHLLE, a 6e3 AeAKUX HEMOX/NBUIA PO3BUTOK EKOHOMIKU KpaiHWU.

JIy>KHi MeTanu HaTpiil Ta Kaniii, ski fobysatoTb eNeKTPOi30M po3nasiB Conel,
NnyriB abo OKCUAIB LMX METa/iYHMX eNIEMEHTIB, HE3BaXarun Ha iXHI BUCOKY aKTWB-
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HiCTb, OTPMMaNM NPOMWCNOBE 3aCTOCYBaHHA B Pi3HMX rany3ax. MeTtaniyHi HaTpiil Ta
Kanii 3acTOCOBYIOTb fIK KaTanisatopy nif 4ac CMHTE3Yy OpraHidyHuX Cnonyk, 30Kpema
CUHTETUYHOIO Kay4yKy. 3a AOMOMOrol HaTpito B MeTanypriliHii NpoMMWCNoBOCTI Big-
HOB/IIOKOTb KONbOPOBI MeTanu, HaNnpuKnNag TuTaH. PiBHAHHSA peakuil:

TiCl, + 4Na = Ti + 4NaCl.

Kpim Toro, HaTpiil BUKOPUCTOBYIOTb Y AAEPHUX pPeaKTOpax K TEMIOHOCIN.

JTiTilh 3aCTOCOBYIOTh ¥ (POTOENIEMEHTAX 3aBAAKMN 34aTHOCTI NepeTBOPOBATUCS Ha
NMO3NTUBHO 3apAKEHI WOHM Nig Yac MOro OCBITNEHHS.

Kanbuiit, AK i HaTpiiA, 3aCTOCOBYOTb Y MeTanyprii 4na fo6yBaHHS BaXKOBiAHOB-
NOBaHMX MeTanis, HaNpuKnNag Xpomy 3 Moro okcuay:

Ci,03+ 3Ca = 2Cr + 3CaO0.

Lleli meTan BUKOPUCTOBYIOTb AN BUTOTOB/IEHHSA CniasiB. Ha ocHOBI CBMHLO 3 f06aB-
KOK KanbLito 106yBaloTh CMNas, AKUM 3a11Bat0Th NiJWNNHUKMN 3a/Ti3HUYHUX BaroHiB.

ANOMIHIN 3aBAAKM Oro BNAcTMBOCTAM: /ErKOCTI, NAACTUYHOCTI, eNeKTpo- I
TENA0MNPOBIAHOCTI Ta MiLLHOCTI, HabyB AYy>)e LUMPOKOro 3acTocyBaHHsA (puc. 49).

CnnaBu — Lg CUCTeMM, YTBOPeHi 3 ABOX abo Gifiblle KOMMNOHEHTIB (MeTanis 3
mMeTanamu abo meTanis 3 HemeTanamu). OCHOBOI /19 BUTOTOB/IEHHA CNNaBIB € 3a/i30
 antoMiHiin, XxpoMm i Migb, MarHii Ta TuTaH. 3 HemeTaniB —60Op, KPEMHIl Ta ByrieLb.
€ TakKoX CniaBW PO34YMHU, CMAABM MeXaHiuHi cymiwi i cnnaBu, y SKUX PeYOBUHM
pearyiTb OfHa 3 OAHOI 3 Y TBOPEHHAM iHTepMmeTanigis.

Y nitako- Y mawmHo- Y 6yAiBHULTBI Y MeauuuHi
6yayBaHHi 6yayBaHHi
Y nobyrTi Y toBenNipHii
crpasi
BnpobHnuTBO Bupo6HMyTBO BnpobHnuTBO BnpobHMUTBO
honbrm Tpy6 BIKOHHMX pam €NeKTponpoBois

Puc. 49. Cxema 3acTOCyBaHHA antoMiHito
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CnnaBu pO34YMHW YTBOPKOKTbL MOAIOHI 332 BNAacTMBOCTAMU PEYOBUHMW. Pi3Hi 3a
XiMIYHUMMN BNACTMBOCTAMU MeTany YTBOPKITbL CNAaBU MeXaHiuHi cymiwi. Cnnasu
TPETLOr0 BUAY MOXYTb He Ti/lbKM 3MiLlyBaTKCA, a 1 yTBOPKOBaTK MiX c060I0 Ta 3 aTo-
MaMWn HeMeTaniB Pi3Hi CNONYKHN.

HagTBepai cnnaBy BUTOTOBAAKOTb METOAOM MOPOLUKOBOI MeTanyprii. CyTb
METOAY NONATAE B MPECYBaHHI Mif BUCOKUM TUCKOM MOPOLLKIB MeTasiB, 3 NO4abLLNM
TXHIM cnikaHHAM. 3a Pi3UYHUMKM BIACTUBOCTAMMU CNaBu BiAPI3HATLCA Bif YNCTUX
MeTaniB MilLHICTIO, TBEPAICTIO, HMWKYMUMM Temnepatypamy MAaBNeHHSA Ta KWUMiHHS,
cnabLuoto eleKTPO- I TENNONPOBIGHICTHO.

O3HaliomMuMoca JoKnafHiwe 3 HaNnoOWUPeHIWMMU cnaaBamMu Migi A antoMiHiw
(KonbopoBMX MeTaniB) i3anisa, WO € OCHOBOK YOPHOT MeTanyprii.

Mifib va it cnnasu. [i3HaTECS NPO 3acTOCYBaHHA Migi Ta ii cnnasiB, onpayoBaBLLn
puc. 50.

Puc. 50. Cxema 3acTocyBaHHA Migi Ta ii cnnasis

Cnnasn anwominio. Yunctuin aflOMiHIA He Mae BMCOKOT MIiLHOCTI Ta TBEpPAOCTI,
TOMY YacTille BUKOPUCTOBYIOTb 1Oro cnnasu. Ana noninweHHs MexaHiYHUX BAacTu-
BOCTEl aNntoMiHilo fo6yBalTb MOro cnnaBm 3 MiLAH0, MarHieM i MapraHuem.

HalinowmnpeHiwi cniaBmn afloMiHil0 —Le AIpantoMiHii, CUIYMIHW A TepMmiT.

Owopanominn (Big dp. dm —TBepanii; aluminium —antoMmiHiil) —cnnasu, wWo
MIiCTATb y cBOEMY cknagi migb (1,4-13 %), marHiii (0,4-2,8 %), maHran (0,2-1 %),
uuHk (5-7 %), 3anizo (0,8-1,8 %), TutaH (0,02-0,35 %) i cuniyin (0,5-6 %). Atop-
antoMiHM 3aBAAKM 0COBAMBMM BNACTUBOCTAM — MILHOCTI, N€rkocTi, CTIAKOCTI fo
KOpO3ii Ta Ten10NpoBigHOCTI —Habynn LWNPOKOro 3aCTOCYBaHHA B aBia-, kopabne- i
pakeTobyayBaHHI.



§ 28. 3acTocyBaHHA MeTaiB Ta iXHiX cnnasiB

CunyMmiHW — cnnaBu, fKi, KpiM anloMiHilO, MalTb BUCOKMIA BMICT cuniyito
(3-26 %). [o ixHbOro ckfiagy TakoX BX0AATb MarHiin (0,2-1,5 %), migs (1-4 %),
UMHK (2-4 %), xpom (0,2-0,4 '%), Hikenb (0,8-2 %), TutaH (0,05-1,5 %). ix BUKOpUC-
TOBYHOTb Y BUPOOHULTBI MalINH 4718 CiIbCbKOTOCMO4apCbKMX NOTpeb, geTanei 6ara-
TbOX NpuUNagis, Konic B aBia- i1 aBTOM06iNebyayBaHHi.

TepmiT —cnnas antomiHito 3 depym(ll, 111) okcugom. Mif yac BUKOPUCTaHHS
BMAinAe 6arato Tenna, TOX Oro 3aCTOCOBYOTb A1 3BapOBaHHA LUWH.

3anizo Ta ioro cnnasu. YNUCTe 3a/1i30 Mae 0bMexeHe BUKOPUCTAHHA. 34e6ifb-
LLIOro 3aCTOCOBYIOTb CNAaBy 3anisa —YaByH i CTab.
CVpOBMHOK A5 BUNNABNEHHSA YaBYHY € 3ai3Hi pyau.

Mpuragalite 3 Kypcy reorpadii, Wo Take pyawn Ta Ae B YKpaiHi BUSBNEHI Noknagu
3ai3HMX py4 | po3TalloBaHi MeTanypriiiHi 3aBoan 3 Nepepobkn pyan Ha BaxkNuBi Ans
mMeTanyprii cnnasu.

Mig yac nepepo6Ku 3ani3HMUX pPyL YTBOPIOKOTLCA CNaBuy 3anisa 3 Byrneuem —yasyH
i cTanb. YaByH —cnna., WO MICTUTb y CBOEMY cKnagi 2-4 % Kap6oHy Ta LOMILIKK
MaHrany, cnonyk ®ocgopy, Cuniyito ta Cynbypy. Benunkunii BMmicT KapboHy B 4aByHi
po6UTL AOTr0 KPUXKMUM | HEKOBKUM, X04a BiH TBEPAILLINIA, HIX 3ai30.

CTanb —cnnas, y AKOMY 3Ha4YHO MeHWwuid BMicT Kap6oHy (0,1-2 %) i goMiLoK
MaHraHy, cnonyk Cuniyito, ®octopy 1a Cynbhypy. MeHwnii BmicT KapboHy Hagae
cTani 6inbWOoT KOBKOCTI Ta NacTUYHOCTI. Tomy il MOXHa WTaMnyBaTuK, NpoKaTyBaTu,
KyBaTu. [na noninweHHa UUX AKOCTel cTanb 3arapToBYHOTb, TOGTO poO3XKapeHy
CTanb LWBMAKO OXON0MKYHOTb. [apToBaHa CTanb 3Ha4HO TBepgiwa. BogHouac cTanb
3 HU3bKUM BMiICTOM Kap60oHy 3arapTOBYBaHHIO He MigaatoTe. Jnd HagaHHA cTani nes-
HUX AKOCTeW Ti NIeryloTb, TO6TO fOAAIOTbL A0 Hel iHWI mMeTann. JleryBabHUMKU MeTa-
namMu HaiuvacTiwe € Xpom, Bonb(pam, Hikenb, BaHafid, MaHraH, MoNibaeH, MEHLIO
MipO0 —TuTaH, KobanbT, 6epuniii. A 3 HemeTaniB —cuniuiin. 3acTocyBaHH#A 3aisa Ta
oro cnnaeiB MoJaHo B Cxemi Ha puc. 51.

Puc. 51. Cxema 3acTocyBaHH#A 3asi3a Ta Oro cnnaeiB



“*ee Tema 4. HeopraHiyHi peHOBUHMN Ta TXHI BJACTUBOCTI..cccuuvreeeiiieeeeisirieeeseniieeesssnnneaeans
0

OTXe, KO/IbOPOBa Ta YHOpPHA MeTa/lyprif CTaHOB/ATbL OCHOBY EKOHOMIKWN KpaiHu.

Bigomo, Wo B npupogi € maiixe 70 meTanis, i fOTeNep BiAKPMBaKTb HOBI MeTanu.
OfHaK >XO0JeH 3 HUX He MOXKe 3piBHATUCA 3a MacluTabamMmy BUPOOHMLTBA Ta 3aCTOCY-
BaHHA 3 a/llOMiHIEM, Mig4t0, 3a1i30M | cnnaBamu, JO6YTUMM Ha TXHIA OCHOBI. BogHo-
yac Mmaixe BCi MeTanu NEeBHOro Mipo BMKOPUCTOBYHTb Y CYYaCHUX TEXHONOFifX
MeTanypriiHoT NPOMMCIOBOCTI YKpaiHu.

Baromuii BHECOK Yy PO3BUTOK YOPHOI Ta KO/IbOPOBOT MeTanyprii 3po6unm ykpaiH-
CbKi BYeHi. Bigomi imeHa BUeHuX-XiMikiB, MeTanyprie. Lle, 3okpema, M. MO03roBoi,
AKUIA po3p0o6nsB TEOPETUUYHI OCHOBW KMCHEBO-KOHBEPTOPHOro npouecy; |. ®dpaHue-
BWY, SIKWIA NpauoBaB Haf CTBOPEHHAM HOBMX MeTasoKepaMiyHUX MaTepianis, MeTanis
i3 3agaHMMK BNacTUBOCTAMU Ta cnnagig; |. bapaiH, SKuii 3anponoHyBaB MpakKTUYHE
NONINWeHHA MeTanypriinHoOro BUPOOGHMLTBA: 3aCTOCYBaHHS KUCHIO B JOMEHHOMY MpO-
Lieci, KNCHEBO-KOHBEPTOPHUIA MeTOA BUPOGHMLTBA CTani, WO iHTeHCUGiKyBano npo-
Llec fobyBaHHA YaByHY Ta cTani.

Ekonoria ta metanypris. [1igyac MeTanypriiiHoro Bupo6HuMLTBa Ii Nepepobku pyg
YTBOPKOOTLCA OTPYMHI rasu, fki notpannsTb B aTtmocgepy. Lie Bigomi Bam
cynbyp(lY), HiTporeH(lY) i kap6oH(lY) okcmamn, WO CAPUYUHAKTL BUNafaHHS
KUCNOTHUX fouiB; kKap6oH(ll) okcua oTpytoe NoBiTpS.

KpiMm rasiB, yTBOPIOETLCA MW, AKWIA YNOBAOOTL 3a AOMNOMOrOK cheLlianbHUX
NPUCTPOIB i iNbTPIB. Y YOpPHI MeTanyprii BAKOPUCTOBYHTb BE/TMKY KiNbKICTb BOAW
N5 OXONOMXeHHsA MeTanis. Boga 3abpyAHI0eTbCA, a BOLOOYUCHI CMOPYAU HE 3aBXAu
3a6e3neyvytoTh i NOBHE OUMLLEHHA Bif LWWKIAAMBUX AOMILLIOK. YHACNILOK NOTPanIsHHS
BifnpayboBaHOi BOAU B NPUPOAHI BOLOMMM LWKIAINBI PEHOBUHU 3a6pYAHIOKOTH iX. YCi
Ui 3a6pyfHEHHA HeraTMBHO BN/ANBAKOTb Ha LOBKINAA, & OTXe, | Ha 340POB’A NIOANHN,
picT i pO3BUTOK POCAWH i TBapuH.

Tomy HanBaXnuBilWMM 3aBAaHHAM MeTanypriiHol MPOMMCAOBOCTI € BMpOBa-
OKeHHA 6e3BigX04HNX TexXHoNorii. Lle gactb 3mory 6araTopasoBo BUKOPUCTOBYBATM
BiIX0OAM Ta 34eweBUTN BUPOBHULTBO BaraTboX NPOAYKTIB MpoMMUCcNoBOCTi. Mpukna-
LOM 6e3BiAX0A4HOT TEXHOMOTIT MOXe 6YTU BUKOpUCTaHHA cynbpyp(lY) okcmgy Ans
BUPOOHMLUTBA CyNb(aTHOT KUCNOTH.

nacyMmoByeEMO BMBYEHE

- MeTanm — peyoBuHU, WO Habynu LUMPOKOrO 3acTOCyBaHHA B MPOMUCNOBOCTI i
TEXHILi 3aBASKN CBOIM YHiKa/IbHUM BNACTUBOCTSM.

- Hartpiit Ta Kaniih 3aCTOCOBYIOTb AK KaTanisaTopu Nig Yyac BUPOOGHULTBA CUHTETUY-
HOro Kay4yky, HaTpili — Ik TEN/IOHOCI Yy A4epHUX peakTopax; NniTiii —y gpoToene-
MeHTaXx.

- Kanbuiii, Ak i HaTpili, — ans Ao6yBaHHA BaXKOBIAHOB/OBAHWUX MeTaiB i BUTOTOB-
NIeHHA cnnaBiB y MeTanypril.

. CnnaBu — cuctemu 3 gBOX abo Gifblie KOMMOHEHTIB (MeTasliB 3 MeTasiamn abo
MeTasniB 3 HemeTanamm).

- ANOMIHIN yTBOPIOE chnnaBu: AOPasIlOMIHU, CUAYMIHKM 1 TepMiT. [JropantoMiHun
3aCTOCOBYIOTh B aBia-, Kopabne- il pakeTobyayBaHHi; CUNYMIHN — Yy BUPOBHU-
UTBI MalWH NS CiNbCbKOrocnogapcbkux notpeb, getaneii 6araTbox npuiagis i
Kosic, aBia- 1 aBTOMOGINe6yAyBaHHI; TEPMIT — [N 3BapOBaHHSA LLVH.
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e Migb — SIK KOHCTPYKUiAHWI MaTepian, Ans BUrOTOB/IEHHSA anapartypu, €fleKTpo-
NPOBOAIB, peyeil AOMaLLIHbOIO BXMWTKY, IHCTPYMEHTIB, XYAOXHIX BMPOGIB, a Takox
Ans gobysBaHHsA i cnnaeiB — naTyHi Ta PiSHUX BUAIB GPOH3N.

* JlaTyHb BUKOPUCTOBYHOTb Y BIiliCLKOBII Ta KOBENIPHIi cnpasi, CyagHOobyayBaHHi, ons
BMPOGHMUTBa TPYyb, kOHAEHcaTopiB | pagiaTopiB. 3 6pOH3M BUPOGNAOTL AeTani
0N aBiagBuryHie i Typ6iH, NigWMNHKKIB i NpyXuH, NobyToBi BMpOo6KM, nocya,.

e 3aniso Taiioro cnaaBu — He3amiHHI mMaTepiann Ans NPOMUCAOBUX i XUTIOBUX
6ygiBesib, BUPpOOHMLTBA 3a/1i300€TOHY Ta KOHCTPYKUiA MOCTIB. iX 3aCTOCOBYHOTb Y
MalLMHOBYAYyBaHHI, K NOKPIBE/IbHY XEePCTb, BUTOTOBASAOTL IHCTPYMEHTU Ta Noby-

TOBiI BUpOGW.

3ABJAHHAANA CAMOKOHTPOI/O

1. YKaxiTb enekTpoHHy dpopmysy atoma Harpito.
A 1s2s22p5 B 1s2s2p4
b 1s2s2p&sl [ 1s2s2p&3s2

2. lMo3HauyTe Ha3BY efleMeHTa, aToOM SIKOr0 Mae eneKTPoHHY hopMyny
1s2s2p&BsBpeisl
A Kanii b Hartpin B Kanbuiji I MarHin

3. YKaxiTb NOCNIAOBHICTb peakuin gns gobyBaHHA anioMiHIi OKcuay 3a HasiBHOCTI
UTHOMIHII0, X/TOPUAHOT KUC/IOTK, HaTPIl rigpokcmay Ta noTpibHoro obnagHaHHs.
A Al + HCI -> AICIg + H20 B AIClg + NaOH -> AI(OH)3* + NaCl

B AI(OH)3 AID 3+ HD r A+ Ci2-> AICI3

4. O6uucniTb | NoO3HauTe 06'eM BOAHIO (H. y.), WO BUAIINTLCA BHACNiAOK B3aemMogii
asIloMiHil0 3 XNOPUAHOK KUCAOTOolo, Wo MicTuTb HCl macoto 7,3 T.
A 2,16n b 2,14n B 2,24n [ 2,42n

5. O6uuncnitb i no3Ha4yTe macu antomiHito Ta pepym(lll) okcuay, WO BCTyNWIM B peak-
Ljt0 a/ltoMoTepMIi, SIKLWO BiAHOBMWIOCS 3aNi30 macow 22,4 T.
A 132rA 1a 3041 FeX3 B 10,8 r Al ta 32,0r FeD 3
B 10,4rA T1a 32,81 FeD3 126 TAl Ta 34,81 FeD 3

6. O6uMCNITL i NO3HAUYTE MacK NPOAYKTIB peakuii, W0 YyTBOPUIMCA BHAC/IA0K B3aEMO-
aii pepym(ll) xnopugy 3 apreHtym(l) HiTpatom macoto 17 1.
A 18,01 Fe(N032 ta 14,35 rAaCl B 18,21 Fe(N032 ta 12,35 rAaCl
B 18,5r Fe(N032 ta 13,35rAaCl I 18,7 r Fe(N032 ta 11,35 rAaCl

7. CknagiTb KOPOTKY pO3MNoBi4b NP0 3aCTOCYyBaHHS MeTasliB Ta ixXHiX cr/iaBiB.

LIIKABO 3HATW

* Yneplle asloMiHii oTpuMaB fgaHcbkuii disuk . EpcTeny 1825 p. 3a 4ONOMOrot
TEPMIYHOro BiAHOB/IEHHSI 6€3BOAHOI0 X/10PUAY aUTHOMIHI0 amanbraMoto kanito. Llel
Cnoci6 yaocKoHanMB HiMeubknil XiMik ®. Benep, Akuii 3actocyBaB UMCTUIA kanili
yepes ABa pPoOKM nicnsa iMoro gobyBaHHA. YYeHuin ynepule maike TOYHO onucas
B/1aCTMBOCTI LbOro meTany. Y 1854 p. cpaHuy3bknii ximikA. C.-K. OeBinb y npo-
Leci 4o6GyBaHHSA asllOMiHIi0 3aMiHVMB Kauili Ha AeleBLlUniA HaTpiin. [jocnian Ha 3aBogi
3aBepLUMINCH YCNIWHO, i BAUMHI 1855 p. nepLi 3n1MTkn metasy Mmacok 6-8 Kr 6ynm
npeseHToBaHi Ha BcecBiTHIl BUcTaBLi B Mapuxki. Y Toli Yac astoMiHiii 6yB HaCTINbKN
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[0pOrnM, Lo Ha BUCTaBLi BiH NOCIB MicLe nopsg 3i ckap6amu 3 gepXXaBHOT KasHMW.
B icTopii HasBHi BigoOMOCTI, Wo iMmnepaTop HanoneoH Il BUkopucToByBaB NOCYy[ 3
a/TIOMIHI0 Ha gepxaBHUX npuitomax (3a maTepianamm carita: https://uk. Wikipedia.
org/wiki/%D0%90%D0%BB%D 1%8E%D0%BC%D 1%696%D0%BD%D 1%96%D
0%B9).

§ 29. OCHOBW. BNACTVBOCTI TA 3ACTOCYBAHHSA N APOKCUAIB
HATPIIO TA KAJIbLLIFO

OnaHyBaBLlIW MaTepian naparpadga, B4 3moXeTe:

* Has3MBaTW NOLINPEHi OCHOBU JIYXHUX, IYXXHO3EME/IbHUX Ta iHWUX MeTaniy-
HUX e/IEMEHTIB;

e CKNagaTW piBHAHHS peakuiid, SKi XapaKTepu3ylTb XiMi4YHi BNacTMBOCTI Ta
[06yBaHHA OCHOB;

 MOACHIOBATM 3aCTOCYBaHHSA rigpokcuais Hatpito Ta Kanbuito;

» XapakKTepu3yBaTW (i3nyHi Ta XiMiyHi BNaCTUBOCTI NYriB i HEPO3UYUHHUX VY
BOAi OCHOB;

e po3ni3HaBaTW Nyry B po34mHax.

CchopmyntoliTe camMOCTINHO BU3HAYEHHST NMOHATTS «OCHOBW» Ta MpuraganTe iXHi Ha3sw.

®i3nyHi enacTusocTi ocHos. Bam BifoMO 3 Kypcy XiMmii 8 kfacy, Lo OCHOBU —Lie
CKNagHi peYyoBUHM NOHHOT 6Y0BU, 40 CKIafy MOMEKYN SKUX BXOAATb KaTiOHW MmeTa-
NiYHMX eneMeHTiB i rigpokcupi-aHioHW. Ha3BuM OCHOB YTBOPKTbL A0AaBaHHAM [0
Ha3BW KaTioHa cnoBsa rigpokcna. Hanpuknag: Hatpiid rigpokeug, 6apiii rigpokeung. Ane
AKLWO METaniYHWA enemMeHT MPOSABAAE 3MIHHY BaneHTHICTb, TO 1i BKa3ylTb y Ha3Bi:
tepym(ll) rigpokena, depym (I11) rigpokeng.

3anexHo Biff PO3UYMHHOCTI Y BOAI PO3PI3HAIOTH PO3UYUHHI OCHOBW, AKi gicTanu
Ha3By Nyru, i HePO34YUHHI OCHOBU.

3a HOpMaNibHUX YMOB NYTM —TBepai, KpucTaniyHi, pO34YnHHI y BOAI peyoBMHU
6inoro Konbopy, rirpockoniyHi. NMpouec po3YMHEHHS CYNPOBOAXKYETLCA BUAINEHHAM
Tenna. PO3YnMHM NyriB MUMIbHI Ha AOTUK, 14Ki. MoTpannfioymn Ha WKipy, CIPUYNHAIOTb
oniku, po3’igaloTb Lentono3y i AeHaTypyoTh 6iNoK, WO 3yMOB/IOE 3MiHY Makpomosie-
KY/in Ta MOMIEKYNAPHOT Macu.

Mpuragaiite, AKX 3axofiB 6e3nekn NOTPibHO AOTpMMYyBaTUCA Nig Yac poboTu 3 nyramu.

Hepo34mMHHI OCHOBM —TBEpP/i PEYOBUHM, LLO MatoTb pi3He 3abapBnieHHsA. Hanpu-
knag, pepym(ll) rigpokecns — 3eneHysarto-6inoro konbopy, kynpym(ll) rigpokeng —
CUHbOro, xpoM(ll) rigpokcug —»XoBTOro KOMbopy.

Ximiuni BnactusocTi nyris. [lis HA IHAMKATOPU. FAKLLO PO3YMHM NYTiB BUNPOGY-
BaTW iHAMKaTOpamm, TO CNOCTepiraTUMemMo 3MiHY IXHbOro 3a6apBNEHHS: NakKMycy —
Ha CMHI Konip, METUNOBOIO OPaHXeBOr0 —Ha XXO0BTUIA, eHoNMTaneiHy —Ha Manu-
HOBUI. YHiBepcanbHWiA IHAWKATOPHUIA nNanip y NyXHOMY cepefoBulyi HabyBae
CMHbLOTO 3a6apBeHHS.
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B3aemogisl 3 KAICNOTHUMK OKCcugamu. Lito BnacTUBIiCTb yriB cnocTepiraTuMemMo
3a OMOMOrOK LeMOHCTpaLiiiHoOro gocnigy.

[Jocnig L Hannemo B npo6ipky 1-1,5 M po3yuunHy HaTpild rigpokcmay i gofamo go
HbOr0 PO34YnH heHoNGTaNETHY. IHAMKATOP HabyBae MaIMHOBOrO 3abapBfieHHdA. Onyc-
TUMO B NPOo6IpKYy rasoBifBigHYy TpyOKy Ta NponycTUMO KPi3b Po3unmH Kap6oH(lY)
OKCUA. PIBHAHHA peakw,ili:

2NaOH + CO, = Na%C,03+ HD;
Ca(OH)9+ S6 3= C,aS04+ HD.

CknagiTb CaMOCTINHO PiBHSIHHA peakLiin B3aemogii: a) kanii rigpokcungy 3 cooccop(V)
okcmgom; 6) 6apiin rigpokeugy i3 cynbdpyp(Vl) okcngom. MpoaHanisyite, siki npo-
OYKTU peakuiii yTBOPHOTLCS NpU LbOMY.

HeliTpanisauia nyris kucnoramu. Lis BnacTuBICTb XapakTepu3ye K Nyru, Tak
i kucnotu. NMpoBefeMo feMOHCTpauiiHniA gocnig.

[Jocnig 2. Hannemo y aBi npo6ipku po3uMHM HaTpiii Ta Kanbuili rigpokcugis
o6’emom no 1,5-2 M1 i 4oAaMO [0 KOXHOT 3 HUX N0 AeKinbka Kpaneb peHongpTaneiny.
PO34MHK 3MiHIOIOTb 3a6apBNEHHA Ha ManuMHoBe. [logamo L0 KOXHOT npobipku npu-
6/1M3HO Takuil camuin 06’em: y nepy —X/A0PUAHOT, Y ApYry —pPO34YUHY CynbdaTHOT
KMUCNoT. Peakuii Big0yBalOTbCA, OCKINIbKN PO3YMHUN 3HEOAPB/IOKOTHCA.

LUlo6 pocnignTn yTBOPeHi MPOAYKTU peakuiil, KpanHemMO Ha npenapysaibHe
CKe/ibLie HEBENINKY KiNbKICTb MPOAYKTIB Ta 06EpeXXHO BMNApyeEMO po3umHu. Ha npe-
napyBanbHOMY CKefblii yTBOPIOIOTLCA KPUCTANU Conei. PIBHAHHA peakLiii:

NaOH + HC1 = NaCl + HD;
Ca(OH)9+ H9504= C,aS04 + 2H®.

OTXe, Nij yac B3aeMOLIT NyriB 3 KUCNOTamMu YTBOPKOKOTLCA Cinb i BOAA.

CknagiTb caMOCTIHO PIBHAHHA peakLili B3aeMOoil: a) Kanili rigpokcnay 3 XI0pUAHOI0
Ta cynbgaTHO K1McnoTamu; 6) KasbLiii rigpokcuay 3 XJI0pUAHOK KACNOTOR.

B3aemogis i3 conaMmu. Jlyru pearyoTb i3 consgMu B po3uuHax. MpoBefemMo Lue
OAVH AeMOHCTpaLiiiHniA gocnig,.

Hocnig 3. Hannemo B npo6ipky po3unH Kynpym(Il) cynbthaty o6emom 1-1,5 mn.
Lonnemo Takuit camuii 06’eM po3unHy Hatpiii rigpokcmay (puc. 52). Cnoctepiraemo
BMNaJaHHS CUHBLOFO Ocafy. Y TBOPEHHS ocafly € OfHiet0 3 yMOB nepebiry peakuiii. OTxe,
Bigbynacs peakuyis:

2NaOH + CuS04= Cu(OH)9 + Na%s04

Puc. 52. B3aemopisi HaTpiii rigpokcuay 3 kynpym(l1) cynbgatom

o
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X iMi4Hi BNacTMBOCTi HEPO3UMHHUX OCHOB. BSaeMO,tiI 3 KucnoTamu. lMpose-
LEMO AeMOHCTpauiiHmid gocnig,.

Docnig 4. Jobynemo Hepo3unHHy ocHoBy depym(Il) rigpokeng. Ans uboro go
posuunHy pepym(ll) xnopugy o6’emom 1-1,5 M AONNEMO PO3YNH Kasiid rigpokcugy.
Bunapgae ocag 6in0-3eneHoro konbopy. [Jonnemo 4o YTBOPEHOro ocagy Takuid camuii
06%em xnopugHoi kucnotu. Ocaj pO3YMHAETLCA i 3HOBY YTBOPKOETHCH PO3YMH
tepym(ll) xnopuay. PiBHAHHSA peakuiii:

FeCl, + 2KOH = 2KC1 + Fe(OH),[;
Fe(OH), + 2HCI = FeCl, + 2H®.

Po3sknaf Hepo3YMHHUX OCHOB 3a HarpisaHHA. OCHOBM 3a HarpiBaHHs po3knaja-
I0TbCS 3 YTBOPEHHAM BifNOBIAHMX OKCMAiB i BoAaU. AKwWo Harpitu ocag kynpym(ll)
rigpokcuay, 70 BiH NepeTBOPIOETHCA Ha YOPHWUIA mopowok Kynpym(ll) okcmay Ta
BoAy. PiBHAHHSA peakuil:

t
Cu(OH)2 = CuO + HD.

3 acTtocysaHHa HaTpili rigpokcuay. HaTpiil rigpokcug BigomMuin y TexHiyi K
KayCTW4YHa- cofa, abo TAKWIA HaiMp, | Mae WKUpPOoKe 3aCTOCYBaHHSA. 3aBAAKA MUMbHUM
BNACTUBOCTAM Or0 BUKOPUCTOBYIOTb A1 BUPOGHMLTBA NOBYTOBOI Ta MPOMMUCI0BOT
XimiT, 30KkpemMa MUAHNX 3aco6iB. HUM ae3iHikyloTb | 34iCHIOI0TL CaHiTapHe Npu-
6UpaHHA NPUMILLeHb, OYMLLAOTh 3acMiYeHi Tpyou, 3muBalTb 6pys 3 pisHUX NoBep-
XOHb. HaTpiii rigpokcmp 3acTOCOBYHTb SIK KaTanizaTop y HagTonepepobHiii npo-
MMWUCNOBOCTI, O CNpUSE NiABULLEHHIO LLIETAHOBOrO Yncna HahTONPoAYKTIB.

Y TEeKCTUNbHIA NPOMUCNOBOCTI BONOKHA 06p06asAOTL YroM i MpoMuMBaKOThb. 3a-
BAAKW Ui npouefypi 3HWKaKTb APibHI BOPCUHKMK, & caMe BOMIOKHO CTae MiLHIWWM i
NPUEMHIWLMM Ha AOTUK.

Y Xap4oBiii NPOMWUCNOBOCTI HATPIil rigpPOKCUS BUKOPUCTOBYIOTb 415 PEryntoBaH-
HS KWCMOTHOCTI B NPOAYKTaxX MNif 4yac BUMiKaHHA CON0AOWIB i X1i606YN04YHNX BUPO-
6iB, BUFOTOB/IEHHA HanoiB, 418 GapbyBaHHA OIMBOK Yy YOPHUIA Konip. Ha ue Bkasye
yucno E-524 Ha 06ropTui NpoAYyKTIB.

3aCTOCOBYH UM HATPIl FigpoKcua, NpoABAsOTbL 3HIMKK Nifg Yac 06po6aeHHA GoTo-
rpadiiii, HeliTpani3ytoTb TOKCUHU, 04N Tb MOBITPSA TOLLO.

Y XiMiyHMX nabopaTopisax HaTPIi rigpoKcMa BUKOPUCTOBYOTh AK peakTuB ANS BU-
BUYEHHSA XIMIYHMX BNacTMBOCTel Ta 406YyBaHHA 6araTtbOX peyoBUH.

3 actocyBaHHA Kanbuili rigpokcuay. KaﬂbLl,iVl Fi,quKCI/I,q Ma€ Ha3By ralleHe
BanHo. Lle mopoLwok 6in0ro Konbopy, Maropo34nHHKUIA Y BOAI.

Haibinbworo 3actocyBaHHA raweHe BanHo Habyno B GyaisenbHiil cnpasi. BoHo
BXOAUTbL A0 cKagy 6aratbox OygiBenbHMX CyMilein K Bydya (CKpinawBanbHa)
peyoBMHa. MOro BUKOPWUCTOBYIOTH 3aBAAKW BNacTUBOCTI KanbLiii rigpokcugy
3B’A3yBaTMCA 3 BYTIEKUCANM ra3oM, WO € B NOBITPi, 3 YTBOPEHHAM KanbLili Kap6o-
HaTy. [lns BUTOTOBMEHHA OyfAiBeNbHOIO PO34YMHY [0 KanbLiil rigpokcuay foJarTb
Micok i BOAY, AN5 3B’A3YBAHHA LErny —LUeMeHT, a 419 WTYyKaTypKun —rinc.

Benuky KinbKicTb Kanbuili Trigpokcupy 3acTOCOBYKOTb Nif 4Yac BMPOOGHMUTBA
LYKPY SIK BarHAHe MOJIOKO (CycneHsis, nogibHa o MooKa) AN OYULEHHS Bij AOMi-
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WOK i KpucTanisayii. Y xap4yoBiii NpOMUCAOBOCTI —AK XapyoBy fo6aBky E-526, w0
[lie K 3aryCHUK i perynsTop KMCAOTHOCTI.

KanbLiil rigpokcna BUKOPUCTOBYOTh 4711 NOGiNeHHA AepeB i KywliB, w06 3anobirtu
TXHIM xBOpO6aM. Y CiflIbCbKOMY FOCMOAapCTBI — AN BanHYBaHHS KUCAMX IPyHTIB. Tig
4ac BUPOOHULTBA CTEKON € OAHUM 3 KOMMOHEHTIB WNXTU. Y (apMaLeBTUYHIl TEXHOMO-
rii —aK perynatop pH i 4ng oTpUMaHHA KanbLi€BUX MU XUPHUX KACNOT.

AKWOo NpodinbTpyBaTy BanHAHe MOMOKO, TO YTBOPKETLCA NPO30PMUIA PO3UNUH —
BanHAHa Bofja. Y nabopaTopHMX ymoBax 1i BUKOPUCTOBYIOTb ANA BUABJIEHHA
kap6oH (1V) okcugy.

Lle He BeCb nepenik 3aCTOCyBaHHA 3a3HayeHUX PeyoBUH. MNpoTe, He3BaXKaKUM Ha
Take LWINPOKE BUKOPUCTaHHA, 3aBXAM Tpeba nam’aTatu, Wo nig yac poboTu 3 nyramu
HeobOXiHO LOTPUMYBATUCA NpaBun Gesneku.

niacyMmoBYEMO BMBYEHE

e OCHOBMW — CKNafHi PeyYoBMHM OHHOT ByA0BMK, MOMEKYNN AKUX MICTATb KaTiOHW
MEeTasiYHNX e/IEMEHTIB i FgpPOKCUA-aHIOHN.

¢ PO03pi3HATb PO3UYNHHI Y BOAI OCHOBU — NyrX Ta HEPO3UMHHI.

e Jlyrn — TBepAi, KpUcTaniyHi, po34nHHi y BOAI peYOBUHU 6iN0Oro Kosbopy, rirpo-
CKOMiYHi, PO3YMHN AKX MW/bHI Ha A4OTUK, 4K, po3’igalTb Lesnnno3y Ta geHaTy-
pytoTb BINIOK, CAPUUYNHAIOTL OMNIKN Ha LUKIpI.

* Hepo3UMHHiI OCHOBY — TBEPAI PEYOBMHN, WO MaKTb pi3HE 3ab6apBriEHHS.

e Jlyrun 3MiHOOTb 3abapB/ieHHs IHAMKATOPIB: /TaKMyCy — Ha CWHI; MEeTUI0BOro
OpaHXeBOro — Ha XO0BTWA; heHondTaneiHy — Ha Ma/IMHOBWIA; yHIBEPCANbHOIO
iHAMKaTOPHOro nanepy — Ha CUHIN.

e Jlyru B3aEMOfi0Tb 3 KUC/IOTHUMM OKCUAAMMU, KNCNOTaMu Ta CoNsAMMU.

* Hepo34YMHHI OCHOBM B3aEMOJiIOTb 3 KMCNOTaMu, PO3KNafarTbCA 3a Harpi-
BaHHA Ha oKcup, i Bogy.

e HaTpili rigpokcug HabyB LUMPOKOro 3aCTOCYBaHHA Y BUPOOGHMLTBI NOGYTOBOT Ta
NPOMWUCNOBOI XiMii, SIK Ae3iHekyinHniA 3aci6. Y XxapyoBiii NPOMUCNOBOCTI — Le
xapyoBa gobaska E-524. Y ximiuHuUx nabopatopisix BUKOPUCTOBYIOTb A1 40CAi-
[XKeEHb.

e Kanbuili rigpokcup 3acTOCOBYIOThH K B'SXKyUMiA MaTepian y 6yAiBHULTBI, Ans
BUMAABKN CTEKOS, SIK XxapyoBy Ao6aBky E-526, ana 6ineHHs cToB6ypiB Aepes,
BarnHyBaHHSA I'pyHTIB, Y Nabopartopisax — ANns BusBNeHHA kap6oH(lY) okcuay.

3ABJAHHAONA CAMOKOHTPOI/O

1. OxapakTepusyiite (pi3nyHi BNacTUBOCTI NYriB i HEPO3UYNHHNX OCHOB.
2. Tlo3HauTe, SIKOro Konbopy HabyBae dheHONPTaIEIH y pO3UMHax Nyris.
A pionetoBoro b uyepBoHOro B mMasimHoBOro [ cuHbOrO

3. YKaxiTb peakuito HelTpasnisauii, wo Bigbynacs 3a y4acTio Tigpokcugy y>XHOro
efieMeHTa.

A HNO3+ NaOH = NaN03+ HD

b H2S504+ Ba(OH)2= BaS04+ 2H2
B S03+ 2NaOH = Na2504+ H2O

I 2HBr + Mg(OH)2= MgBr2+ 2H20
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Mo3HauTe peakuito B3aeMOZIi rigpoKCcuay Ny>XHOro enemMeHTa i3 cinnto.
A NaCl + H2S04(koHu.) = NaHS04+ HCl

B MgCI2+ 2KOH = Ma(OH)2+ 2KCI

B NazS + 2HCI = 2NaCl + H2S

I Ca(OH)2+ C02= CaCOQOgj + HD

BusHauTe pevoBuHM 1,2, 3y NaHLUory nepeTBopeHb:

1 2 3
U -> LD -> LIOH -> LiZS04.

A HOD B H2S04 B 02 r So02

O6uncniTb | NO3HA4YTE Macy coni, Wo yTBOPUTLCA BHACMIAOK HelTpanisauii HaTpin
rigpokcngom mMacoto 8 r optodpocdaTHOT KUCIOTMW.

A 10,83r B 11,23r B 10,93r T 11,13r

O6uncniTb i NO3HAYTE Macy PO3UnNHY Kanili rigpoKcmay 3 MacoBOK YaCTKOH peyo-
BMHK 0,2, NOTPIGHOro Ans HelTpanisauii HITpaTHOT KUC0TKM Maco 12,6 T.

A5r bB52r B54r T 58r

. Kynpym(ll) rigpokcug macotw 19,6 r npopearyBaB i3 cy/nbddaTHOK KMCMNOTOH

mMacoto 22 r. ObuncniTb mMacy yTBOPEHOT coni, Ha3BiTb Ciflb.

depym(ll) rigpokcng macow 26,75 T, Wwo Mictutb 20 % AOMIWOK, Niggann peaxujii
po3knagy 3a HarpiBaHHs. O6uUnc/iTb Macyii KinbkicTb pevoBuHu tepym(ll) okcngy
Ta Macy BoAu, L0 YyTBOPW/IMCS BHACMIAOK peakLii.

§ 30. BIOJIOMNYHE 3HAYEHHA METANIYHNX EIEMEHTIB

_ L OnaHyBaBwwu maTepian naparpada, B 3MOXeTe:

* HasMBaTW MeTaniyHi efleMeHTH, WO BifirpatoTb BaXAMBY 6i0IOTIYHY ponb B

opraHi3mi NOANHY;

* XapaKTepu3yBaTW 3HauyeHHs eneMeHTiB Kanbuito, Kanito, Hatpito, MarHito Ta

depymy B OpraHiami N0ANHMY;

 OUiHIOBATY GionoriyHe 3Ha4YeHHS MeTaniuYHUX €NEMEHTIB.

JIyXKHI @ Ny>KHO3eMe/NbHI eIeMEHTM Ta iXHi CMOMYKU MakTb BesnKe 6ionoriyHe
3HaYyeHHA. PO3rnsaHemMo JOKNafHille OCHOBHI 3 HUX.

KanbLiii — MakpoeneMeHT, WO CTaHOBUTbL 2 % Big Macu Tina MOAUHW, 3 HUX
99 % —y KicTKax i3ybax. [010BHMI 6ioeneMeHT. AK CTPYKTYPHUIA KOMMOHEHT KIiCTOK,
3a6e3neyye IXHIO MiLHICTb | NNacTUYHICTb. 3a yyacTio KanbLito BifbyBaeTbCA 3aXUCHa
peakuis, Wo 3ano6irae KpoBOTeYi B pa3i MOWKOLKEHHS wWKipn. Kanbuiin mae yHi-
Ka/ibHy BMacTUBICTb BUBOAUTU 3 OPraHiaMy coJli BaXXKUX MeTaniB i nepelukomxae
HakonuueHHto Mnombymy. MPoBOAMTL HEPBOBI IMMNY/NbLCK Ta BN/AMBAE HA CKOPOYEHHS
m’a3iB. MOTPIGHNIA NOAAM, CXUNBHUM A0 TaKUX XBOPO6, AK MigBULEHUIA apTepianb-
HWIA TUCK, NAPOAOHTO3, apTPMTK, CYAOMM Hir, Aenpecii Ta pak.

Xapuosmmu gxepenamun KanbLito € MONOYHI NPOAYKTM, 0c06AMBO cup, puba, KBa-
COonNf, ropixu, NeTpyLika, Kkanycra.
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Kaniihi —oCHOBHWNI1 eneMeHT KOXHOT XMBOI KNiTUHW. 0o coni, Wo MicTATh iioHK
Kanito, HopMani3ytTb 0OMiH PeYOBUH Yy TKaHWHaX, NiGTPUMYIOTb M I30BMI TOHYC Ta
apTepianbHUA TUCK.

Baxnueuii gns poboTu cepus, HMPOK, MO3KY, MeYiHKW. B opraHismi nigTpumye
BOJHOEHEePreTUUHMiA 6anaHc, KOHTPOMKOE CKOPOUYEHHA M’A3iB, NepeLlKoaKae HAKoMu-
YeHHI pagioakTuBHOro Llesito-137. MoTpi6bHMIA ntogam Ana nigTpMMaHHA M’A30BOr0
TOHYCY, & TaKOX TWUM, AKi BifuyBatOTb CTOM/IOBAHICTb i ApaTiBAMBICTb, BTpATy ane-
TUTY, pO3naj CHY, XBOPilOTb Ha FiNepToHito, racTpuT abo BUpasKy LUIYHKa.

[Ons nonoBHeHHA OpraHisMy UMM MiKpOENeMEHTOM BapTO f04aBaTu [0 palioHy
cylleHi abpmKkocu, poa3nHKK, LMTPYCOBI, KBAcO/IO Ta COK, MOMIOYHI /i MOPENPOAYKTH,
KapTont, LWNMHAT.

HaTpiii —mikpoenemeHT, 10 Bigirpac BaXuMBy pofib Y (hYHKLiOHYBaHHi opra-
Hi3MY NOAMHW. 34iliCHIOE BNMB | CTUMYIOE pO6OTY HEPBOBOT CUCTEMU, BNIMBAE Ha
po60Ty MioKapAa, HOpManisye apTepianbHWii TUCK, PO3LWMPIOIOYN CyAnHU. MoHM
Hatpito BX0AATb A0 CKnafy KpoBi Ta MXXKAITUHHOT PiiUHKN, TKAHWH Tina; B opraHiam
HaAXo4ATb 3 HaTpii xnopugom. BoHu X 3a6e3neyytoTb NPOXOLXKEHHSA HEPBOBUX
iMNyNbCIB, PErynooTh pasoMm 3 Kaniem BOAHWMIA 6anaHC, 3an06iraloun 3HEBOAHEHHIO
opraHismy.

Hain6inbwe HaTpito MicTATb CBiXI 0BOYi (momigopwu, Oripku, 6ypsiku, MOpPKBa),
60608Bi, pnba ii mopenpoaykTun. 3a gediynuty HaTpito B opraHiami HE06XigHO BXUBaTU
KBaLLEeHY 1 MOPCbKY KanycTy, MOJIOYHI Ta M’ACHI BUpo6W.

PdepymMm —OAMH 3 XXUTTEBO HEOOXIAHUX MIKpOe/feMeHTiB. Be3 HbOro HemMuciauMme
(DYHKLIOHYBAHHA KPOBOHOCHOT CUCTEMW, CUHTE3 ePUTPOLNTIB i remornobiny. Lie ene-
MEeHT, WO € CKNafjHWKOM 6araTboX (PepMeHTIB, CNPUAE 3HELKOMKEHHIO TOKCUYHUX
PeYOBMH Yy MNeyviHui, 3axuliae iMyHHY cucTemy, 3abesneuye BUPOGAEHHA eHeprii B
M’Asax. Ak i Kaniin, nepewkomxae HaKOMUYEHHIO pafioakKTUBHWUX PEYOBUH B Opra-
Hi3Mi, 30Kpema pafioakTUBHOro MnyToHIlO.

MiCTUTbCS Y BEAMKIW KiNbKOCTI B TAKUX Xap4y0OBUX MPOAYKTax, K MACO (4710BU-
4ynHa), MopcbKa pnba, HUPKWK, MediHKa, rpubu, 6060Bi, Kakao, MOpKBa, ALSA, HACIHHS
rapbysa, 3ef1eHb, rpaHaT, XXUTHI xni6, Monoga Kponuea.

Kynpym —enemeHT, Wwo, SK i ®epym, YBMXKAETLCA XXUTTEBO HEOOXIAHNM MIKpO-
€1eMEHTOM A5 OpraHiamy nAuHW. MoTpibHMI ANs YTBOPEHHS TEMOrN06iHY KpOBI,
6epe aKTUBHY y4yacTb Y CUHTE3i EPUTPOLUTIB i FOPMOHIB WMUTONOAIGHOT 3a103K, None-
pefxae pO3BUTOK apTPUTIB, BUKPUBNEHHSA XpebTa. Big HasBHOCTI Kynpymy 3anexunTb
nirmeHTauis Bonocca. Baxnuey ponb Bifirpae B NpoBefeHHi HEpPBOBUX iMMYNbCIB,
3ano6iraloym po3cisHOMY CKNeposy.

Baxxnueuii gns giTei, aKi MatoTb CKOi03, NOPYLWeHHS nocTasu, ALIM; nrogam, aki
XBOPIOTb Ha apTPUTH, apTPO3M, PO3CIAHWIA CKNepo3, NOPYLIEHHS PYHKLUIT WwnTonogib-
HOT 3271031, MaloTb CepLEBO-CYAMHHI 3aXBOPHOBAHHS.

Baratoto Ha Mifb DKeK € ycTpuui, NedyiHKa KOpiB Ta OBelb, Kakao W 4YOpHWIA
nepeub, a TaKOX TOPiXW, COHALWHWKOBE HACIHHA, 3€M1eHi MacivHU Ta MWEeHWYHI
BUCIBKMW.

MarHiin — OCHOBHWIA BHYTPiWWHLOKNITUHHMIA AHTUCTPECOBUI MAKPOENEMEHT.
lgpatoBaHi ioHM MarHito € KaTanizatopamu rigponisHoro posnagy AT® in A4®, wo
3abesneyvye BUAIIEHHSA eHeprii B MITOXOHAPIAX KNiTUH. bepe yyacTb y nepefaBaHHi
reHeTUYHOT iH(hopMaLil, HepBOBMX IMNY/bCIB A0 M’A3iB, 3HUXEHHI apTepianbHOro Ta
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HopMasisauii cepueBoro TUCKy. HasBHICTb JOCTaTHLOT KiNbKOCTI KaTioHiB MarHito
cnpuse 3acBOeHHO Kanbuito.

[>xepenamMy NOMOBHEHHSA OpPraHiaMy LM MakpoenemMeHTOM € MWeHUYHI BUCIBKU,
HaCiHHS COHSALIHWKA, POA3NHKM, CYLWeHi abpmKocK, 3efeHi NMCTOBI OBOYi, KBacoss,
HeouYuLWeHNn puc, coa Ta iHwWwi 6060Bi.

Oco0611BO MOTPIGHMIA TUM, XTO 4acTo HEPBYE, CTPaXAae 6E3COHHAM, Mae PisHi
po3nagmn y GopMyBaHHI KiCTKOBOT TKAHWHW Ta CMasMu KPOBOHOCHUX CYAWH.

B opraHi3mi nloguHN MiCTUTbCSA 61U3bKO 25 I — nepeBaXKHO B KicTkax y hopmi
thochaTis i rigporeHKap6boHaTiB.

nacyMmoByeEMO BMBYEHE

MeTaniuHi enemMeHT W BifirpatoTb BaX/MBY GIO/IOTIYHY POSib B OPraHiami 10gMHMN.
[o 6i010riyHO aKTUBHMX METaNiYHUX eNeMeHTIB, WO MalTb BaX/IMBE 3HAYEHHS
0N HOpMasbHOro (OYHKLiOHYBAHHSI OpraHiaMy, HanexaTb MiKpO- i1 Makpoene-
MeHTU, 30kpema Kanbuiii, Kaniin, HaTpiii, ®epym, Kynpym Ta MarHii.
Kanbuih — MakpoesieMeHT, TO/IOBHWUIA 6ioenemMeHT, Lo MICTUTbCA B KiCTKax i
3ybax. 3abes3neyvye MILHICTb i NN1ACTUYHICTb KICTOK, 3anobirae KpoBoTeui nifg yac
MOLWKOMKEHHS LWIKipW. BMBOAWUTL 3 OpPraHiamy CO/i BaXKMX METaUliB i NepeLlko-
OXXae HakonuuyeHHto [nwombymy, NMPOBOAWTL HEPBOBI IMMNYNbCU Ta BMAMBAE Ha
CKOPOYEHHS M’A3iB.

Kanin — OCHOBHWIA e/1eMEHT KOXHOT XWUBOT KNiTUHW. Hopmanisye 06MiH pevyoBuH
y TKaHWHax, NigTPMMYye M’A30BUIA TOHYC Ta apTepianbHuUii TUCK, pPeryse BOAHO-
eHepreTUYHMn 6asiaHc, KOHTPOJTHOE CKOPOUYEHHS M'A3iB, 3aM06irae HaKoMMUYEHHHO
pagioakTmeHOro Llesito-137. Monu Kanito BnAMBaoTh Ha po60Ty cepLeBo-CyuH-
HOi cucTtemn. lMoTpannsie B opraHiaM nepeBaXxHO 3 POC/IMHHOK DKEH, OCKIiNbKK
MoHN Kanito BN/iMBalTb TaKOX Ha XMBJIEHHS POCAUH i TBApPVH.

HaTpili — MikpoenemeHT, Lo CTUMYN0E PO6OTY HEPBOBOI CUCTEMU, BM/IUBAE HA
po60Ty Miokapaa, Hopmasiilye apTepiasibHUin TUCK. BxoanTb A0 cknapy KpoBi i
MDKKTITUHHOT pignHK, 3a6e3neyvye NPOXOMKEHHS HEPBOBUX iMMYNbCIB, PEryse
BOJHWUI GanaHc.

depyM — XUTTEBO HEOOXigHWIA MiKkpoenemeHT. Cnpuse OYHKLiIOHYBAHHIO KPO-
BOHOCHOI CMCTEMMW, CUHTE3Y epuTpouuTiB i remornobiHy. € cknagHukom 6ara-
TbOX (PEPMEHTIB, 3HELUKOXYE TOKCUYHI PEYOBMHM B MEeYiHLUi, 3axuiae iMyHHY
cuctemy, 3abesneyye BUMPOONEHHS eHeprii B M’A3ax, MepeLuko)Xae Hakomnu-
YEHHI0 pafioakTMBHUX PEYOBMH B OpraHi3mi.

Kynpym — efnieMeHT, NOTPI6HUIA ANsi yTBOPEHHSA remMmornobiHy Kposi. bepe yyactb
Yy CUHTE3i epUTPOLUTIB i TOPMOHIB LMTONOAIGHOT 321031, NonepenXae po3BUTOK
apTpuTiB i BUKPUB/IEHHA XpebTa, BM/MBAE Ha NirMeHTauilo Bosioccs. Baxiusy
posib Bigirpae B NpOBEeAEHHI HEPBOBUX iMMY/IbCIB.

MarHiii — OCHOBHUWI BHYTPILWHLOKNITUHHUIA AHTUCTPECOBUI MakKpOesSIEMEHT.
Monn Marhito € katanizatopamu rigponisHoro posnagy AT® ta AA®. Bepe
yyacTb y nepegaBaHHi reHeTM4HOl iHdhopmauii, HepBOBUX IMMNY/bCIB 40 M’S3iB,
3HWKEHHI apTepiasibHOro i HopManisauii cepueBoro TUcky. Cnpusie 3acCBOEHHIO
KanbLuito.

3ABOAHHAANA CAMOKOHTPOJIO

1
2.

HasBiTb XXMTTEBO HEOOXiAHI ENEMEHTN B OPraHiami NH0AMHN.
OxapakTepusyinTe Makpo- i MiKpOeNeMEHTHU Ta iXHIO Posib B OpraHi3mi 1H04MHN.
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3. ®i3i0N0rivyHMA PO3YMH, AKNIA Y MegULNHI BUKOPUCTOBYHOTb SIK TUMYAaCOBWA 3aMiH-
HWK naasMu KpoBi, MICTUTb HaTpI X/10pMa 3 MacoBOK YacTKOW i0ro B PO34MHi
0,9 %. O6uncniTb Macy Boau I coni, NOTPIGHMX Ana npurotyBaHHsa 500 r Takoro
PO3UuHY.

4. BUCNOBTE CY[)XEHHS LWOA0 6i0A0riYHOT poni MeTaniyHUX enemMeHTiB B opraHi3mi
TNOANHN.

§ 31. CEPEAHI coni

OnaHyBaBLlW MaTepian naparpadga, B4 3MoOXeTe:

e HasMBaTMW cepegHi coni;

e XapakTepusyBaTW (i3nMyHi Ta XiMi4YHI BNacCTMBOCTI CepefgHiX coneli; nowu-
PeHHS coneii y npupogi;

e CKNnajaTun pIiBHAHHS peakLyiil, SKi XapaKTepusylTb XiMiYHi BNacTUBOCTI
cepegHix conei;

 JOCNIg>KYBATW SKICHUIA CKNag Coneil.

Cknap coneit. Coni YTBOPIOKTbL KNac HEOPraHiYHWX PEYOBUH, CKNaf AKX po3-
rnagarTb SK NOXiAHI KUCNOT, y MOMeKyaxX AKX 04MH abo feKinbka aTomis [igporeHy
3aMiLLYHOTbCSA HAa MOHM MEeTanivyHNX eNleMeHTIB. 3aleXXHO Bif TOro, MOBHICTHO abo YacT-
KOBO 3aMilllytoTbCsl aToMU [igporeHy, po3pisHsAOTb CEPeAHi Ta Kuchi coni.

CepegHi coni —ue NpoAyKTV NOBHOrO 3aMileHHs aTomiB [igporeHy B Monekyni
KUCNOTW Ha KaTioHW MeTaniyHux enemeHTiB. Hanpuknag, NaN03 K9S04, Na3r 04

Haseu coneii. 3BEPHEMOCS [0 CXeMW Ha puc. 53 i 3'Acyemo, AK YTBOPHOIOTHCA
Ha3BW CepeHixX Conei.

............. Hii3BM cepepHix coneii

y
Ha3Ba KaTioHa , KncnoTtHwui .
: CepepHs cinb
MeTasliyHOro enemeHTa 3a/IMLWOK

Puc. 53. Cxema yTBOPeHHS Ha3B CepefHiX conei
HasBiTb caMOCTIiliHO cepeHi coni, nogaHi hopmynamm B TEKCTI.

®i3nyHi BnactueocTi. Coni —KPUCTaNIYHI PEYHOBMHM 3 WOHHUMWU KPUCTaNivHU-
MU rpaTkamu. 3a PO3UYMHHICTIO Yy BOfAi X nofinawTe Ha po3unmHHi (NaCl, KNO3
Al,(S043), manopo3umHHi (CaS04 PbCl,) i Hepo3unHHi (AgCl, BaS04), wo MoXxHa
BM3HAUYUTK 3a TabNuLUew Po3YyMHHOCTI (4MB. gogaTok 1). Conam BNacTMBi BUCOKI
Temnepatypu MNaBfeHHA Ta KUMiHHA, pi3He 3abapeBneHHs. Hanpuknag, MigHwWi
Kynopoc Yy pO34nHi Mae CUHIl Konip, a 6e3sogHa cinb kynpym(ll) cynbtat —6inuii.
XapaKkTepHe opaHXeBe 3abapBneHHA npuTaMaHHe OixpomaTtam, >XOBTe — COJIAM
®epymy(3+). BinblWicTb 3 HAX He MaKOTb 3anaxy.
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Ximiuni Bnactueocti. Coni —CKafHi PeYOBMHM, L0 BCTYNAaKTh Y XiMiYHY B3aEMO-
4i10 3 NPOCTUMU Ta CKIaAHUMMN peYOoBMHAMU. 3 AeSKUMU BAACTUBOCTAMM LUX CMONYK
B BXXE 03HaOM/IeHI, 30KpeMa i3 B3aEMOZAIEI0 3 MeTanamm, 1yraMmu i KUCIOTHUMK OKCU-
famun. Po3rnsiHeMo 3arafibHi BNacTUBOCTI cepeaHix coneit (Tabn. 17).

Tabmua 17
XiMiYHi BNacTMBOCTI cepefHix cone
XiMi4Hi BNacTuBOCTI cepefHix conei
1. B3aemogisi 3 MeTanamu: 2. B3aemogia 3 Kucnotamu:
CuS04+ Fe = FeS04+ Cul. CaC03+ 2HC1 = CaCl, + COA + H,0;
I0q peakuis BigbyBaeTbCcs, AKWO MeTan y BaCl2+ H2S04= BaS04 +~2HCL
CKNagi coni € MeHL aKTUBHUM. |05 peakuis € SKICHOK Ha KaTioHW Bapito.
3. B3aemogis 3 nyramu: 4. B3aemMofisi 3 KUCNOTHUMU OKCULAMU:
FeCl3+ 3NaOH = Fe(OH)3 + 3NaCl. CaC03+ Si02=CaSi03+ COQ..
Peakuis Bigb6ynacs, 60 yTBOpuBCS ocaf. Peakuis BigbyBaeTbca, AKWO B CKAagi coni €

NETKNIA oKena.
5. Posknap conei 3a HarpiBaHHA: Cxema po3knagy HiTparTiB:

CaC03=Calb +COL.

S - SM» MeNO, + OrT
Coni HiTpaTHOT KUCNOTW pPO3KNajalThea A '

3a/1eXXHO Bif pO3MillleHHs MeTany B pAaji ]
aKTMBHOCTI MeTanie. Pianpuknag: Mg-Cu
MeNOQ03 ----- =------ » MeO +NO02+0]
2NaN03 = 2NaN02+ Of,;
2Cu(N0 32=2CuO +4NOX + 0Of; \  rice Cu
------------- + +
2AgN03= 2Ag + 2N 02 + Of. N > Me+NO2+0A
6. Po3knap coneit amoHil0 3a HarpiBaHHA: 8. B3aemogis coneit Mixk co6oto:
NH4C1 = NH3T +HC1T; BaCl2+ K2S04= BaSO" + 2KCL1.

3(NH49H2504=4NH3 + N2T+3S02 + OTXe, K y peakuii i3 cyb(aTHO KUCNOTOLO,
+B6HX: Tak i 311 conAMu Bunagae 6innin HePO3UNHHMIA

_ y Kucnotax ocag 6apiii cynsaty. PeakTu-
(NHH2C03=2NHSt + COA + HD. BOM Ha KaTioH bapito € cynbaT-aHioH.

7. AKWO AONUTU L0 PO3YMHIB CONE aMOHito

Nnyru, BUAINAETLCA aMOHiak:

NH3
NH4C1 + NaOH = NaCl + NH4OH<*

HD.
PeakTvBOM Ha KaTiOH aMOHilO € rigpo-
KCUA-aHioH.

N JlabopaTopHuiA gocnig 5. BusiBneHHA Bp03YnHi KaTioHiB Bapito
3aBgaHHA. [ocnifite, K BUABUTY KaTioOHW bapito B pO3UuHi.
Ob6nagHaHHA TapeakTWBW: HOTUPK NPOBIPKK, YOPHUIA eKpaH, po34nHK bapiii xno-
puay i 6apii HiTpaTy, CynbMaTHOT KACMOTKU, HATPIn cynbdaTy, HITPATHOT KUCAOTMW.
| YBara! MoBTopiTb NpaBuaa 6e3nekun nig yac poboTn 3 peakTuBamm i obnag-
* HaHHSM i CyBOpPO JOTpUMyiATeCS iX.



§ 31. CepegHi coni

Jocnig 1L Hanuiite y ABi Nnpo6ipky no4eproBo po3vmHu Gapilt xnopugy ta 6apiii
HiTpaTy 06cmMom no 1,5-2 mn i fojaiTe Takuil cammii 06eM po3umHy cynbdaTHOI
kncnoTu. CnocTepirainTe yTBOPEHHS ocafy. 3BEpHITb yBary Ha Konip ocagy. Lonunite
[l0 YTBOPEHOro ocafly po34uH HiTpaTHOT Kucnotn. ONuiTe cnocTtepexeHHs. Ckna-
LiTb PIBHAAHHS peakLuiii, 3p06iTb BUCHOBOK.

Jocnig 2. Hanuiite y ABi Npo6ipky no4eproBo po34nHu Gapilt xnopugy Ta 6apiii
HiTpaTy 06%emomM no 1,5-2 mn i gogainte Takuil cammnini 06’eMm PoO3YMHY HaTPIA Cynb-
(haty. CnocTepiraiiTe yTBOpeHHs ocagy. 3BepHiTb yBary Ha Konip ocagy. [lo yTBope-
HOro ocafy AO/INATE PO3UYUH HITPATHOI KMCAOTU. ONUWITL CROCTepeXeHHA. Cknagitb
PiBHSAHHSA peakwuiiil, 3p06iTb BUCHOBOK.

OdhopmMTe pe3ynbTaTu JOCAIMKEHDb Y 30WNTI AK Tabnuuto. Chopmyntolite 3aranb-
HWIA BUCHOBOK.

ftu JlabopaTopHuii gocnig 6. BUsABNEHHS BPO34YMHI KATIOHIB aMOHIt0
3aBfaHHA. Jocnigite, IK BUABUTU KaTiOHM aMOHIt0 B PO3YMHI.
Ob6nagHaHHA Ta peakTWBMW: ABi Npo6ipKW, PO3YMHW aMOHili Xnopuay, amoHii
cynbaty, HaTpIi rigpokcuay, Kaniin rigpokcugy, heHongraneiHy, CMyXKa 1lakMmyco-
BOr0 nmanepy, Boja, BaTa.

| YBara! MNoBTopiTb NpaBuna 6e3nekn Mnig yac poboTu 3 peakTuBamu i obnag-

* HaHHAM i CyBOPO AOTPUMYTECSA iX.

Jocnig 1 Hanwiite B npobipKy po34ynMH aMoHii xnopugy o6’emom 1,5-2 mn i
fofjaiiTe TakWii camuini 06'eM po3umMHy HaTpili rigpokcngy. MigHeciTe 40 0TBOPY Npo-
6ipkyn Bonoruii theHongTaneiHoBuii nanipeyb. CnocTepiraiite 3miHy 3abapBneHHA
theHondTaneiHy. OnuWwiTb cnocTepeXxeHHs. CKnagiTb PiBHSHHA peakuili, 3pobiTb
BUCHOBOK.

Locnig 2. Hanuiite B npobipKy po34MH aMoHili cynbgaty o6’emom 1,5-2 mn i
fofjaiiTe Takuii camuini 06°eM po34nMHy Kanii rigpokcmgy. MigHeciTe 40 OTBOPY MNpo-
6ipKM CMYXXKY NakKMyCcoBOro nanepy. Crnoctepirainte 3miHy oro 3a6apsnieHHs. Onu-
WiTb cnocTepeXkeHHs. CKNagiTb PiBHAHHS peakuili, 3p06iTb BUCHOBOK.

OdhopmMTe pe3ynbTaTu JOCAIMKEHDb Y 30WNTI K Tabnuuro. ChopmyntoliTe 3aranb-
HWIA BUCHOBOK.

OTxe, CEpefiHi COJi —Lie Knac HeopraHiyHWX PevyoBUH, WO € NOXILHUMU KUCAOT,
Yy MOJieKynax akux yci atomu [igporeHy 3amillleHi Ha KaTioHU MeTaniuyHUX efleMeHTIB.

nacyMmoBYEMO BMBYEHE

* CepepfHi coni — ue NpoaykTU 3aMillleHHs BCiX aTtomiB ligporeHy B Monekyni
KACNOTU Ha KaTioOHW MeTaniyHuUX eNeMeHTIB.

e Ha3sBu cepepfHix conel noxoaaTb Bif Ha3BM kaTiOHa MeTaiYHOro efiemeHTa 3
[oJaBaHHSAM Ha3BW KUC/IOTHOTO 3a/IULLKY.

e Coni — KpucTa/iyHi peyvYoBMHWM 3 BUCOKMMMW TemnepaTtypamu nNnaBfeHHs Ta
KAMIHHA, MaloTb pidHe 3abapBrieHHs, GinblicTb 6e€3 3anaxy. 3a PO3YMHHICTIO Y
BOAI iX NOAINATb HA PO3YMHHI, MasIOPO3UYNHHI 1 HEPOIUNHHI.

e CepepfHi coni B3aeMofiloTb 3 MeTanamu, KUCIoTamu, fiyramu, KACAOTHUMMU
okcmaamm i Mk coboto. Po3knagaloTbes 3a HarpiBaHHs.
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e Coni 6apito B po3unMHax BM3HAYalOTb 3a AOMNOMOIOI cy/bgaT-aHioHiB. OTXe,

peakTUBOM Ha kaTioH Bapito Ba2te cynbaT-aHioH SO2-.

e Coni aMOHil0 B pO3YMHaxX BUABNSIOTL 3a AOMNOMOIO rigpokcua-aHioHis. OTxe,

peakTuBOM Ha kaTioHn amoHito NH4e rigpokcug-aHioHn OH-.

3ABOAHHAANA CAMOKOHTPOJIO

1
2.

MoscHITL cknag i Ha3BW coneii.

HasBiTb coni 3a ixHimMu chopmynamu: BaCl2, Fe(N03)3, AIAS04)3, KF, ZnS, Li2S04,
Na3P04, MgBr2.

OxapakTepusyinTe XimidHi BNacTUBOCTI CepeaHix CoNne.
JonuwiTe npasi YaCTMHM PIBHAHL peakuiii, 406epiTb kKoedilieHTH:
a) HgCI2+ Zn = ... ; 6) BaBr2+ HZS04= ... ; B) Cu(N032+ NaOH = ... ;

r (NH4)2504t: -

CknagiTb PiBHAHHA peakuilii 3a cxemMamu:

a) Ca -> CaO -> Ca(OH)2-> CaC03-> C02-> NaZC03-> NaCl;
6) H2— NH3— NH4CI — NH40H — (NH4)2504— S02— K2503.

Kanbuii kap6oHat macoto 12,5 r 3 MacoBOK 4acTkol AoMiwok 0,2 nigganm aii
XOPUAHOTKMCNOTN. O6UncniTe 06’em rasy (H. y.), L0 yTBOPUBCS.

Hatpiii cynbgiT macoto 25,2 r npopearyBaB 3 HaA/MLLIKOM XI0PUAHOT KUCIOTWU.
O6uncniTb Macy YyTBOPEHOT coni i 06’em rasy (H. y.), WO YTBOPU/IUCS.

. Y Tpbox npobipkax nig wugpami € PO3UYMHM HaTpiii xnopugy, 6apiin xnopugy i

amoHin xnopuay. MosACHITb, AIK AOBECTU, WO B YCIX TPbOX NPo6Gipkax HasBHi X10-
pyaun, Ta KUMKW peakTBamMy HeOoOXiHO CKOpMCTaTUCS, W06 BU3HAUUTM KOXHY 3
UMX peyoBuH. CkiagiTb PiIBHAHHA peakLuii.

§ 32. K/C/I CONI. AKICHI PEAKLIT HA AEAKI NOHW

OnaHyBaBLlW MaTepian naparpadga, B4 3MoXeTe:

HasMBaTW Kuchi coni;

MOPIBHIOBATW CKNaj i 6yA0BY CepefHix i KUCNNUX CONei;

XapaKTepnsyBaTW XiMiYHi BNACTUBOCTI KMCAUX COMel; NMOWMPEHHS COMeit y
npupoa;i;

CKMIafaTu PiBHAHHA peakuill, Lo XapaKTepu3ytTb XiMiYHI BNacTUBOCTI KuUC-
NNX conei;

JOCnifKyBaTW AKiICHWIA cKnag conei.

Cknapg kMcnux conein. Kncni coni —ue npogykKT HeMoBHOTO 3aMill,eHHS aTo-
MiB [igporeHy B MONeKy/ni KACNOTW Ha KAaTiOHW MeTaniyHUX eneMeHTiB. iX YyTBO-
plOOTbL TiNbKM 6araTOOCHOBHI KucnoTu. Hanmpuknaf, cynbaTHa N KapboHaTHa
KNUCNOTU YTBOPKITbL TigporeHcynbdatn i rigporeHkapboHatm — KHS04 i
NaHCO03 a opTtogpocthaTHa KucC/oTa MOXe YTBOPHBATU [Ba BUAWU KWUCAUX COMEN:



§ 32. Kucni coni. SAkicHi peakuii Ha geski NoHu (‘__’)o cg’ ;’0
aurigporeHoptogochatm —NaHP 04 KHP 04 NHAHP 04T1a rigporeHopTodoc-
hatm - NaH P04 CaHPO04 (MPEAHPO4AaiA(HPO043

Hassu KUCNux coneir. O3HAOMNMOCSH 31 CXEMOK YTBOPEHHSA HA3B KMCNX COJeEN
(puc. 54).

Puc. 54. Cxema yTBOPeHHSA Ha3B KUCAKUX cCOneit

Hassemo feski kucni coni 3a ixHimu opmynamu: NaH C 03— HaTpiii rigporeH-
kapboHaT; NaH9% 0 4—Hartpiii gurigporeHoptodocdat; K9H P 04—kaniin rigporeHop-
Todpocthar; KHP 0 4—«kaniii gurigporeHoptodocdar.

Yci gurigporeHopTtoocgaTtn gobpe po3yunMHHI Y BOAI, a rigporeHopTogocharn —
3HayHoO ripue.

Ximiuni BnactusocTi. 1. KWUcni coni, Malouy y cBOEMY cknafi atomu [igporeHy,
pearylTb 3 lyramu 3 yTBOpPeHHsAM cepeaHix coneil. Hanpmknag:

KH® 04+ 2KOH = K® 04+ 2H9D;
Kanin Kanii
aurigporeHoptodocgar opTodocar
KHpod+ KOH = k3o 4+ Hg).
Kanin Kanin

rigporeHoprodocgar opTtodocar

2. B3aemogis i3 CUNbHUMM Kuc/oTamu. PiBHAHHSA peakuii:

HCCX + HC1 =NaCl + CO,t+ H®D.

yeHex, g1 Hp
HaTpil
rigporeHkap6oHar
Peakuis BigbyBaeTbCA, AKW O i3 CUIBHUMU KUCNIOTaMU pearyoTb KUchi coni ciab-
KNUX KUCNOT.

3. Po3knag 3a HarpiBaHHS:

2NaHC,03= Na,C03+ H®D + CO,t.
4----- Vooomnt Y
HaTpin HaTpin
rigporeHkapboHat kapboHat
YHacnifok peakuii yTBOPHOETbCS CEPeAHA Cinb HaTpiii KapboHaT, Boda i BUAINA-
€TbCS ras.



“*ee Tema 4. HeopraHiyHi peHOBUHMN Ta TXHI BJACTUBOCTI..cccuuvreeeiiieeeeisirieeeseniieeesssnnneaeans
0

BsaemonepetBopeHHsa cepegHix i KNCNINX coneii. B3aemonepeTBOpPeHHA Kap60-
HaTiB. BigomMo, WO BHACNILOK Pi3HUX MPUPOLHUX NPOLECIB (AUXAHHSA Ta THUTTS,
FrOpiHHA CyXOi TpaBW), a TakKOX rOCNofapCbKOT AiaNbHOCTI Nogein B aTmochepy
noTpannse Benuka Kinbkicte KapboH(lY) okcmgy. Tomy KapboHaTu MOXYTb nepe-
TBOpPIOBATUCA Ha rigporeHkapboHaTu nif yac iXHboi B3aemopaii 3 kap6oH (1Y) okcmaom
3a HasABHOCTI BOAMW. PiBHSIHHA peakuiii:

CaC03+CO,+H,0
MgC,03+ CO, + HD

Ca(HC032
Mg(HC,032

MepeTBOpPEHHS KanbL il KapboHaTy Ha KanbLii rigporeHKap6oHaT MOXHa crnocTe-
piratu ii y nabopaTopHux ymoBax. [1poBegaemo gocnig.

Oocnig 1L Hannemo B npobipKy BanHsHy Bogy 06emMoM 2-3 Mn. ONycTUMO B Hel
rasoBigBifgHy TpyoKy i nponyctumo kap6oH(lY) okcua, SKuid BUAINAETLCA Mif yac
peakuii KanbLii KapboHaTy 3 X/0PUAHOK KUCNOTOK. Yepes gesikuii yac y npobipui
YTBOPKOETLCA 6iNnil ocag —kKanbLii kapboHat. Bigbynacs peakuis:

Ca(OH), + CO, = CaCO/] + HW.

Oocnig 2. MpopoBxumo nponyckatn Kap6oH(lY) oKcupa Kpisb OTpUMaHuii y
pocnigi 1 ocag. 3a gekinbka XBUAWH 0caf PO3YMHSAETHCA. Y TBOPUBCA PO3UMHHUIA Y
BOAI KanbLii rigporeHkapboHart. PiBHAHHA peaku,il:

CaC03+CO,+H® =Ca(HCO039

B3aemonepeTBOpeHHs opTodochaTis. OpTodocdartu, Ak i kKapboHaTH, y peak-
LifX 3 KNC/IOTAMW MepeTBOPKOIOTLCSA HA KUCAT coni. Tak, 3a/eXXHo Bif CNiBBigHOLWEHHSA
COJli Ta KUCNOTU, YTBOPKOKOTLCS TigporeH- abo gurigporeHoptogocgarw:

Mg3XP 042+ HP 04=3MgHPO4
MgXP 042+ 4HP 04= 3Mg(HP 042
CayP049+2HB04= Ca(HP 049, 2cas04

(L) HasgiTb caMOCTIiAHO K1CAi COfi, WO YTBOPUANCS Mif vac peakuii.

Axichi peakuii Ha gesiki nonn. OpPTOGOCHAT-aHIOH MOXHa BUSBUTU 3a AOMNOMO-
roto AKICHOT peakyil. AKLL0 A0 pO3UYUHY cOMi opTOPOCHPATHOT KUCMOTU AOUTU PO3UMH
apreHtym(l) HiTpaty AgNO3 TO cnocTepiraTUMeTbCA BUMNAaLaHHA >XOBTOro ocafy
AgP 04 PiBHAHHA peakwil:

K3P04+ 3AgN03=Ag3P 04 + 3KNO3

J
YKOBTWIA Ocaf

OTXe, peakTNBOM Ha opTodochaT-aHioH P04 ¢ kaTioH Ag+ LLL06 nepeko-
HaTMCA B LbOMY, NPOBeAeMO nabopaTopHuWiA gocnig,.

JlabopaTopHuUiA gocnig 7. BusiBneHHA Bpo34YnHi opTodochaT-aHioHIB

3aBpaHHA. [ocnigite, 9K BUABMTY opTOodoctaT-aHioOHN B PO3YMHAX.
Ob6nagHaHHA Ta peakTWBW: fBi NpoBipKKM, PO3UMHM HATPil Ta Kaniin optodoc-
thatis, apreHTym(l) HiTparty.



§ 32. Kucni coni. fAkicHi peakuii Ha gesiki noHn

| YBara! MNMoBTopiTb NpaBuna 6e3nekun nig yac poboTn 3 peakTnBamu i o6nag-
* HaHHSAM i CYyBOPO AOTPUMYWMTECS TX.

[Jocnig. Hanuiite no yepsi y ABi Npo6ipKn po3unHU HaTPIl Ta Kaniii opTothocdaTis
o6’emom no 1,5-2 mn i gojaiite Takmii camuii 06’em po3umHy apreHTym(l) HiTpaty.
CnocTepiraiiTe BunagaHHs ocafy. OnuwiTb crnocTepexeHHA. CKnagiTb PiBHAHHS
peakuiii, 3p06iTb BUCHOBOK.

OcopMmTe pesynbTaTu AOCAIAXKEHb Y 30WMUTI AK TabAnLI0.

Cepeg cunikaTtiB pO3YUHHUMM € HATPIi Ta Kanid cunikatu. CunikaT-aHioH BUAB-
NAKTb Y PO3YMHaxX 3a AONOMOrOK CUbHUX KUCAOT. AKWO A0 PO3YMHY HATpili cuni-
KaTy 4ONUTU XOPUAHY KUCNOTY, TO BUNage ocag 6inoro Konbopy, AKMM Mae 34aTHICTb
pPO3YNHATUCA B Nyrax. PIBHAHHA peakuil:

Na,Si03+ 2HCI = HSi03 + 2NaC,l.
PeakTnBOM Ha CMNiKaT-aHiOH € KaTIioH [MigporeHy.

MepekoHaemocs B LbOMY, NPOBiBLWM nabopaToOpHWiA gocnig,.

ITO Jla6opaTopHuid gocnipg 8. BUABNEHHS B PO3YMHI CUNIKAT-aHIOHIB
3aBaaHHA. [ocnigiTe, AK BUSABUTU CMIKAT-aHIOHU B pO34YMHax.
O6nafiHaHHA Ta peakTWBWU: ABi Npo6ipKM, PO3YMHU HaTpiil Ta Kaniii cunikaris,
CYNb(aTHOT KUCNOTU, XNOPULHA KUCNOTA.

| YBara! MNoBTopiTe NpaBunia 6e3nekn Mig yac poboTu 3 peakTuBamu i obnag-
* HaHHSM i CYyBOPO AOTPUMYWMTECS TX.

Jocnig 1 HanwiiTe no Yepsi B nepwy Npo6ipKy po34nH HaTpili cunikaty, y apyry —
Kaniin cunikaty o6emom no 1,5-2 mn i gogaiTe Takuii cammuii 06em: y mepwy npo-
6ipKy —pO34MHYy Cynb(aTHOT KNCOTH, Y APYTY —XTOPUAHOT KncnoTn. CnocTepiraiTe
BMNajaHHsA ocagy. OnuwiTb cnocTepexeHHA. CkNafiTb PiBHAHHA peakuiii, 3pobiTb
BMCHOBOK.

Jocnig 2. ,o KoXXHOT npo6ipKu 3 ocafom Aonuiite 1-2 M po34MHY HaTpiil rigpo-
kemgy. CnocTepiraiiTe po3umHeHHs ocagiB. Cknagite piBHAHHA peakuiit, 3pobiTb
BMCHOBOK.

OdhopmMTe pe3ynbTaTu fOCNIAKEHb Y 30WKNTI AK Tabimuto.

nacyMmoBYEMO BMBYEHE

* Kuncniconi — nNpoaykTu HENOBHOIO 3aMilWeHHsA aToMiB [igporeHy B MOEeKy/li Kuc-
JI0TU Ha KaTioOHW MeTaslibYHNX e/IeMEHTIB.

* HasBM KMCNNX COMei YTBOPIOWTL Bif Ha3BW KaTioHa MeTaniyHoro efieMeHTa 3
AoAaBaHHAM rigporeH(anrigporeH), cnony4eHoro 3 Ha3BoK KUC/IOTHOIO 3as1MLLKY.

e KucniconiBCTynatwTb Y XiMiYHY B3aEMOZII0 3 1yraMmn TacuibHUMUW KUC/IOTamu,
po3knajalThbCA 3a HarpiBaHHfl; cepegHi Ta Kucnai cosii B3aemMo-
nepe TBOPIOK T bCS.

* OpTodocthaT MOXHA BUABUTU cepej, IHWUX PeYOBUH Y PO3UMHI 3a 4ONOMOrOH
AKICHUX peakuiii. Peak TuBOM Ha opTodiocthaT-aHioH POR~ € kaTioH A+

* PeaKTNBOM Ha cuikaT-aHIOH € KaTioH lNigporeHy.
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--- Tema 4. HeopraHiyHi pe4oBUHK Ta iIXHi BNacTUBOCTI

3ABOAHHAANA CAMOKOHTPO/IO
1. HassiTb coni 3a ixHiMn popmynamn: Mg3(P04)2, NaHS04, FeCl3, K2HP04, NHANO3
Ca(H2P04)2, (NH42S04, NaHCO03, MgHP04, K2Si03, Na2C03.
2. [JonuwiTe Npasi YaCTUHW PiBHAHb peakLiii, 06epiTb KoediLlieHTn:
a) NaH2P04 + NaOH = ... ; 6) K2HP04+ KOH = ... ; B) Mg3(P04)2 + H2S04 = ..
r K3P04+AgNO03= ...
3. CknagiTb PIiBHSIHHA peakuiii 3a HaBeAeHO CXEMOHO:
Na2C03-> C02-> CaCQOpg -> CaCl2-> Ca3(P04)2-> CaHP04
I
NaHCOg —> NaZXCOg.

4. Kpi3b po3unH KasbLjil rigpokcuay macoto 22,2 r nponyctunun kap6oH(IV) okeung go
NMOBHOI B3aEMO/|i. YTBOPMBCS KaibLiil kapboHaT macoto 25 r. O6UncniTb BigHOCHWIA
BUXiJ NPOAYKTY peakuil.

5. Hartpin optodhocar macoto 40 r nigganm gii apreHTym(l) HiTpaty macowo 102 T.
O6uuncniTe macy apreHTym(l) opTodhocdpaty, Lo BMNas B ocag,.

6. Ha kaniii cunikaT macoto 51,6 r nogisnm cynbgaTtHOK KUC/IOTOK Macow 42 T.
O6uncniTe Macy i KiNbKiCTb PEYOBUHWN YTBOPEHOT CUIKATHOT KUCOTHW.

7. Ha amoHiin xnopug macot 12 r nogisnu HaTpii rigpokcmaom Ta oTpumani
HaTpii xnopug macoto 11,7 r. O64YNCNITb KiNbKICTb pevyoBUHK, AKIA Bignosigae
Taka Maca HaTtpiini xnopuay, Ta 06’em amMOHiaky (H. y.), WO yTBOpPMUTbLCA Nif yac
peaku,ii.

§ 33. COJI, TXHE MOLUMPEHHSA B MPUPO/AI TA 3ACTOCYBAHHSA

I OnaHyBaBLlIMX MaTepian naparpadga, BU 3moxeTe:

* MOSICHIOBATM MOLWMUPEHHS COMEN y NPUPOA;;
 XapaKTepn3yBaTW 3aCTOCYBaHHS CO/Ei HEOPraHiuYHMUX KNUCNOT.

Mowwupennsn coneit y npupoai. Coni — Le CKNaAHI PEYOBUHU, WO HaNGINbLL
MOWMPEHI B MPMPOi. Y BENUKIA KiNbKOCTI MICTATHCA B MOPCbKMX Ta OKeaHIYHUX,
MiHepanbHUX i 'PYHTOBMX BOfax, I'PyHTax, ripcbkux nopogax i miHepanax. Coni € B
XWBUX OpraHiaMax, 30KpemMa B KNIiTUHHOMY COKY POC/AWH i TBapuH. B opraHismi
NOAVHW —Y CKNaAi Makpo- i MiKpOeNeMeHTIB CTUMY /OO Tb HEPBOBY Ta M’A30BY TKa-
HWHW, HasBHI B KPOBI, C/IbO3ax i NOTI.

HainowwnpeHiwmnmm B NpUPOAi € TakKi rpynu coneit Ta iXHi MiHepanu: Xxnopuau, Kap-
60HaTW, cunikaTtun, cynbdaTtun, HiTpaTu i opTodocthaT. Yci BOHM Habynum LIMPOKOro
3aCTOCYBaHHA B Pi3HUX rafy3ax MpoOMUCIOBOCTI Ta CiNbCbKOT0 rocnogapcrea Y KpaiHu.

XNnopuanm —coni XN0puaHOoT KUCNOTK. Y NPUPOAi BOHU € B CKNafi MiHepanis CUfb-
BiHITY (puc. 55, @) i raniTy (puc. 55, B). CUNbBIHIT MICTUTb 3POLLLEHI KpUCTaNW HaTpiii
Ta kaniii xnopugis NaCl «KCI.

3 x/lopujie HaliuacTille 3aCTOCOBYIOTh HATPIii xnopug (puc. 55, 6), nepeaycim sk
XapyuoBnii NpoAyKT. oro BUKOPUCTOBYIOTL A1 NiACONOBAHHA IXKi, KOHCEPBYBaHHS
0BOYIB i DPYKTIB.



§ 33. Coni, IXHE NOWMNPEHHA B MPUPOLI Ta 3aCTOCYyBaHHSA

Puc. 55. MiHepanu: a —CUnbBIHIT; 6 —KpucTaniuHWiA HaTpili xnopua; B —ranit

Bawm y>ke BifOMO NP0 BUKOPWUCTaHHS PO3YMHY HATPii Xxnopuay B MeAuLMHI, a Ha
6araTboX BUCOKOTEMMEPATYPHMUX BUPOOHMLTBAX MiLCOMOOTL MUTHY BOAY, OCKiNbKK
KaTioHn HaTtpito peryniooTbe BOAHUI 6anaHCc B OpraHiami.

AK CUPOBWHHI NPOMUCNOBI NPOAYKTW, HATPIN Ta Kaniii XNOpuAN BUKOPUCTOBYHOTb
Ana 006YBaHHA NY>XHUX MeTasiB HaTPIto Ta Kanito, iXHIX rigpoKcuAiB i ranoreny xaopy
MEeTOLOM eNeKTPOoni3y iXHiX po3nnasis.

Y nabopaTtopHUX yMOBax 3a AONOMOrOK XJ0PUAIB BUABNAKTbL KATIOHN ApPreHTy-
My AgQ+ HasBHICTb Yy po3uMHax KaTioHiB HaTpito Na+Ta Kanito K+—3a 3MiHOIO 3a-
6apB/eHHs MONyMA.

Mpuragaiite, Ha KM KONIP 3MIHIOIOTbL 3a6apB/IEHHSA NOAYM’A KaTioHn HaTtpito Ta Kanito.

Kap6oHaTun —cepeaHi coni kap6oHaTHOI Kucnotu. Lle miHepann mapmyp, Ban-
HSIK, Kpeiifa. YHiKanbHOW 3a CBOEK KPacok Ta CMCTEMOIO 3aniB i ranepeii € Mapmy-
poBa nedyepa, po3TalloBaHa Ha nnato ripcbkoro macmey Yatmp-far y Kpumy
(puc. 56, @). Ycio neyepy Ha OKpeMi 3ann po3AiNATb KPUCTaNivyHi YTBOPEHHS CTa-
nakTuTIB (pnc. 56, 6), AKi HaBMCcalOTb 3BEPXY BHW3, POCTYUM 3i CTeNi; cTanarmiTis,
WO Hi6W BMPOCTAOTL 3 MiANOrK; i cTanarHaTiB, fKi € NOEAHAHHAM TUX Ta IHLWWKX,
3aiimarouu NpocTip Bif mignoru go creni.

Y npupogi TpannsaThCsA 3pOWEHi KpUCTanu KanbL il Ta MarHiin kapboHaris, L0
BXOAATb [0 CKnafy MiHepany AonomiTy. LnHk i ®epym kapboHaTy € cKnafHUKaMu
refnbMelo i CMaepuTy BignNoBigHO.

Pvic. 56. Mapmyposa neuepa B Kpumy:
a—s8xif y neyepy; 6 —cTanakT1TV Ta CTanarmitu
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BanHsiK, Wwo MiCTUTb B OCHOBHOMY KasnbLiii Kap6boHaT, BAKOPUCTOBYIOTb K O6yai-
BeNbHWIA MaTepian. TepMiYHUM pO3KNafoM 3 HbOro Ao6yBatOTb Kanbliil okcug (He-
ralleHe BarHo), 3 SKOro BUTOTOBAATb Kanbliil rigpokcuy (rawleHe BarHO), WO €
OCHOBOI OYAiBENbHUX CyMillei. Y CiNbCbKOMY rocnofapcTBi BanHAKOM 06p06/d10Th
IPYHTU, L0 MaKOTb BUCOKY KUC/OTHICTb.

3 Mapmypy BUrOTOBAAOTb «MiHepan» —MapMypoBYy WITYKaTYpPKy, AKY BUKOPUC-
TOBYIOTb /19 30BHILIHIX | BHYTPIWHIX po6iT. Y 6yAIBHULTBI 1 apxiTeKTypi /oro 3a-
CTOCOBYIOTb K 061MLUIOBaNbHUIA Ta LEKOPATUBHUI MaTepian. 3 MapMypy BMIOTOB-
NATb CKYNbNTYPU, CTaTyeTKu, pisbbneHi 6apenscedu.

Kpeligy BUKOPUCTOBYOTb Y ManepoBiil Ta ryMoBiii MPOMKUCNOBOCTI IK HAMOBHIO-
Bay, y 6yfiBHMUTBI Ta Nig 4ac peMOHTY NpuMilLeHb. BoHa BXOAUTbL 40 cKnagy 3y6HO-
ro Nopowky. TpaguyinHnum NS yKpaiHUiB € N06GiNeHHA XaTu Kpeingoto.

He MeHW Ba)kIMBUM y BUPOBGHUUTBI € 3aCTOCYBaHHA HaTpili kap6oHaTy. Pa3om 3
KanbLili OKCMAOM BiH BXOAWUTb A0 CKNafy WWXTU ANA BUNAABKU BIKOHHOTO M iHLWMWX
BMAIB CTEKON, AN BaPiHHSA MUMa il CAHTETUUYHMX MUIAHMX 3ac06iB. Y nobyTi yieto cin-
S0 3MAKLWYIOTb BOAY.

Y nabopartopisx 3a y4acTiO KafbLili Ta HaTpiin kapb6oHaTiB obyBatoTb Kap6oH (1Y)
OKCWf, NPOBOAATL AOCNIAM, WO XapaKTepuayTb XiMiYHI BNaCTUBOCTI COMEN.

CunikaTun —cepefHi coni cUNiKaTHOT KUCNOTK, Y NPMpPOAi TPannstoThCs AK Cto-
[a, cnaHui, € B rvHi. MoHATTA «cnofa» 0XONae rpyny miHepanis, Wo MalTb Wapy-
BaTy 6yfoBy. HalinowmpeHiwi —MycKoBiT, 6i0TUT, dioroniT i nenigoniT (puc. 57).

Cnioga € fo6puMm i3019TOPOM, IO BUTPUMYE BUCOKI TemnepaTypu i He 3MIiHIOE
CBOT MapameTpu. Lig BNacTuBIiCTb cnpusia 3aCTOCYBaHHIO CNIOAMN B €NeKTPOTEXHIL.

Leski Bugn cnogmn 3a HarpiBaHHS CNikalTbCsA, YTBOPOK UM BEPMUKYNIT. Lle ro-
TOBMIA cybCcTpaT ANA BMPOLLYBaHHSA POCAWH, AKWUI fobpe 36epirae Bonory i cnyrye
MIKPOENEMEHTHUM A06PUBOM. ['PYHT, 3MilLaHUIi 3 BEPMUKYNITOM, MifBULLYE BPOXKaii-
HIiCTb CiNbCbKOTOCNOAAPChKUX KYNbTYP.

Cnopfot 061MLbOBYIOTL AEPEBHI BUPO6U, y Mebn1eBi rapHiTypn BCTaBNAOTb «Bi-
KOHUSA». [lobpe po3MesnieHy co4y 404al0Tb A0 PYM’AH i NyApw, WO Hajae WKipi nepna-
MYTPOBOr0 NOMNCKY. TakoX cnofa Mae nikyBanbHi BMacTUBOCTI.

["oproYi cnaHui —KOpUCHi KonanuHW, yTBOPEHI 0cafoBMMUK MopodamMu, L0 CKnagy
AKUX BXOAATb OpraHiyHi Ta HeopraHiyHi pe4yoBMHU. MaloTb WapysaTy 6yaosy. 3rops-
0un, BUAINAIOTb BEINKY KiNbKICTb TeNna, TOMy iX MOXHa BUKOPUCTOBYBATH IK BUCO-
KOKanopiliHe nanneo. HuMHI cnaHueBi NoKNagu, Ha ki 6arata YKpaiHa, He BifirparwTb
MPOBIAHOT PONi B eKOHOMILi KpaiHW. iX BBaXalTb anbTepPHATUBHUM [)XepesioM eHep-
rii, 0gHaK BGifbWicTb Cy4yaCHUX JOCNIAHUKIB Ai/ilLNM BUCHOBKY, L0 FOprOYi cnaHui €
nanMBOM MalbyTHLOTO.

Pvic. 57. Buau cntogn: a —mycKoBiT; 6 —6ioTuT; B —ioronit; r —nenigonit



§ 33. Coni, IXHE NOWMNPEHHA B MPUPOLI Ta 3aCTOCYyBaHHSA

MnHa —ripcbka ocagosa nopopga, nnac-
TWYHa, WO MICTUTb Y CBOEMY CKNaji pisHi rau-
HUCTI maTepianu. Ti TN 3anexXuTb Bif BMICTY
KaoniHiTy, rigpocnogn i iHWKWX MiHepanis.
XiMIYHI KOMMOHEHTU FNUHU —UeCUNILIn(1y)
okcug (nicok —30-70 %), antoMiHilA okcua
(10-40 %) i Boga (5-10 %). 'NMHKU MICTATH

pomiwkmn hepym(ll, 111) okengy, Kanbuiii, Ka-

nii, HaTpiin, marHin TaTutaH(lY) okengis. 3a- Pvic. 58. KepamiuHi no6yToBi BUpo6M
NEXHO Bif BMICTY [OMILIOK, BOHW MalOTb pi3He 3 TNHKN
3ab6apBfieHHs.

"MMHW BUKOPMCTOBYIOTb A5 NIMJIEHHSA Pi3HUX NOO6YTOBUX BUPOOIB —Ba30HIB A4
KBITiB, pi3Horo nocyay (pwuc. 58).

Josigantecsa 6inblie Npo BUrOTOB/IEHHSA XYAOXHIX BMPOGIB 3 MIMHW, NOAUBUBLLMCH
Bileo «TBopuya malicTepHs» (pexum gocTyny: https://www.youtube.com/watch?v=
736pbfXirPE).

BunaneHi npy BUCOKMX TeMnepaTypax BUPO6M 3 FIMHM Ha3MBaKTL KepaMiYHUMW.
L npoko 3acTOCOBYIOTb 6ify rMUHY, 3 AKOT BUTOTOBAAIOTb NOPLENAHOBUIA Ta hasHCO-
BMI NOCYA, PAKOBUHU YMUBANbHUKIB, & TaKOX OyfiBenbHI MaTepiann —BOTHETPUBKY
uerny i yepenuuto. Konboposi ramHu (KOBTI, Cipi, YepPBOHI, 3eeHi) y BEeNUKIA Kinb-
KOCTi 3aCTOCOBYIOTb /11 BUTOTOB/IEHHA 006MNLIOBANLHOT NAUTKU, IHWNX BUAIB Lernm
 Yepenuui, rOHYapHOro nocyay, CTaTyeToK TOLO.

MHW 3aBASIKU TXHI 3B’3yBanbHili BaCTUBOCTI 3aCTOCOBYHOTb SIK CKIafHUK
thopMyBanbHUX CyMilLeld A5 BUTOTOBMEHHS NNBAPHUX (OpM.

Pa3oM 3 KamMeHeM i jepeBOM FIMHW € ByAiBelbHUM MaTepianoM, Wo BUKOPUCTO-
BYETbCA A4N18 OYAIBHULTBA €KOMOriYHO YmcTux 6ypisens (MasaHok). Kpim Toro, ix
3aCTOCOBYIOTb Nig Yac BUpo6HMLTBA (hapb, LeMeHTY, Mua, rymMmu, y naneposiii Npo-
MWCIOBOCTI.

3 [aBHiX-faBeH N ACTBY BiAOMO, WO FWUHU MalTb NIiKyBanbHi BNacTUBOCTI,
30KpeEMa CNPUUYMHAKTbL aHTUCENTUYHY, OYMLLYBaNbHY Ta NpoTU3ananbHy Lil0 Ha
OpraHism NIO4UHMN.

CynbhaTwn —coni, yTBOpeHi Cynb(aTHO KUCNOTOK. Y NPUPOSHUX YMOBaX Le
30e6inbworo KpucTanorigpaTu.

Mpurapaiite, §iKi PEYOBUHM Ha3MBaKTb KpuUCcTa/origpaTamu. Haeeaite npuknagm
BiAOMMX BaM KpucTanorigparis.

HalinowwnpeHiwmnmMmn 3 kpuctanorigpatis € rinc CaS04«2HD, migHuin Kynopoc
CuS04¢5HP, rnaybepoa cinb Na9S 04« 10H, ripka cinb MgS04¢7HD, 3ani3Huii
Kynopoc FeS04«7HD.

[inc 3acTocoBytoTh y GyAiBenbHili cnpasi, Ans 034061eHHS apXiTEKTYPHUX CNOPYA,
Yy MeAWLMHI An8 HaKnafaHHs rincoBUX NOB’I30K Yy pasi nepenomy Kictok. MigHuiA Kyno-
poC —sAK efleKTPoNiT A4NA BiAHOBNEHHS Mifi, ANA MOKPUTTA Giflbll aKTUBHUX METanIB,
11,06 3ano6irTM OKMCHEHHIO aKTUBHOIO MeTany; A1 BUTOTOBNEHHS MiHepanbHUX (ap6.
PO34YMH MigHOro Kynopocy BUKOPUCTOBYIOTb AN NPOTPYHOBAHHA HaCiHHSA, W06 36eper-
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TW AOro Bif rPU3YHIB, | BUTOTOB/EHHA 60PAOCLKOT PignHW; ANa 06NpUCKYBaHHA LepeB
i KywiB, W06 3ano6irTu rpubKoBMM XBOPO6aM, HUM NPOCOYYHOThL AepeBnHY. [naybepoBy
Ciflb 3aCTOCOBYIOTb Y MEAMLMHI K NPOHOCHMIA 3aci6, a FipKy Ciflb —3 TaKOK X METOH0 Nif,
yac OTPYEHHSA CNOAYKaMW BaXXKUX MeTasniB. 3ani3HUiA Kynopoc, aK i MigHnii, —pansa 6o-
poTb6U 3i LWKIAHWKAMMW POCNUH, 415 BUPOGHMLTBA (hapb. LIMHKOBMIA Kynopoc € fobpum
AHTMCENTMKOM, TAKOX MOr0 3aCTOCOBYHOTb IK MiKPO40OpPUBO.

Kpim kpucTanorigparis, 3aCTOCyBaHHS OTPMManu HaTPilA, Kaniii Ta .marHiii cynb-
(haTu: HaTpili cynbdhaT —y BUPOGHULTBI CTEKON, Kanill cynbdaTt —aK KaniiiHe fo6pu-
BO, MarHii cynbgar —y nanepoBiil Ta TEKCTU/bHIA NPOMUCNOBOCTI.

HiTpaTwn — coni HiTpaTHOT KUCNOTK, Y NPUPOAI TpannsatoTbCs pigko. Bigomi Ha-
TPIlA, Kaniid, aMOHiil Ta KanbLilih HiITpaTK, AKi MalOTb TEXHIYHI Ha3BU —CeniTpu.

CknagjiTb CaMOCTiliHO QOPMY/IN LIMX CMOYK.

HaTtpieBy ceniTpy e Ha3WBalOTb YNNINCBKOIO, a KafiblLieBy — HOPBE3bKOK. 37e-
6inbLWIOro HiTpaTM BUKOPUCTOBYIOTh AK MiHepanbHi gobpusa. Kpim TOro, y BUpo6bHM-
LTBi YOPHOrO MOPOXY Ta BUOYXOBUX PEUOBMH, a TaKOX CipHUKIB. OuuleHUn Big fo-
MILIOK HaTpil HITpaT 3aCTOCOBYHTb IK KOHCEPBAHT A/ M ACHUX MPOAYKTIB.

3aBasdku apreHtym(l) HiTpaTy BWroTOBAAKTbL (POTO- M PEHTrEHIBCbKI MAIBKM,
a B MeANLMHI [iarHOCTYI0Th 3aXBOPIOBAHHA BHYTPILIHIX opraHis. Voro x Bukopuc-
TOBYIOTb A1 NocpibneHHsa 6aratboxX MeTanesBux BMpPOOGiB. Y nabopaTopHUX ymMoBax
3aCTOCOBYIOTb A1 BUABNEHHA XNOPULHOT KACAOTU Ta XJI0PUAIB.

OpTodocthaTn — coni opTodoctaTHOT KMCNOTU. Y MpuUpodi TpannstoTbes B
cknagi ripcbkux nopig ocopuTis Ta anatuTie. PocopuTU MICTATL KanbLili opTo-
thocat Ca3(P 0493 pisHUMM JOMiLLIKAMU. TX BUKOPUCTOBYIOTb AK (hOCPOPHi fobpuBa
Ta 414 BUpPo6HULTBA opToochaTHol Kucnotu. AnaTUT, XiMiyHa hopmyna AKoro —
Ca5[POJ3JF, Cl, OH), wo, Ak 6a4nmo 3 hopMyu, Mae y CBOEMY cknagi Xnop, ®nyop
i TigpoKcnpa-aHioH, MoXke BMilwyBaTn i kKap6oH(lY) okcug. Anatutamm € miHepanm
6epwvn, anbbiT, MOCKOBIT TOLLO.

MopcbKa Boga —/A>Kepeno Halpi3HOMaHITHILMX PO34YUHHUX Y BOAI coneit. Lle, 30-
Kpema, HaTpiiA, MarHii, Kani Ta KanbLiiA XNOPUAN; HATPIN, Kaniii Ta MarHii cynbdatu;
HaTpiW, Kanii, KanbLik 6pomign Ta iiogngn.

OTXe, CONi —NOLINPEHI B NPUPOAI CNONMYKHN, AKi Haby /N LUMPOKOTO 3aCTOCYBaHH#A
B rocrnojapcTsi YKpaiHu.

nacyMmoByeEMO BMBYEHE

e Coni — HalnowupeHiwi B Npupogi pevyoBuHN. BOHN € B MOPCbKMX, OKeaHIYHMX,
MiHepanbHUX | I'PYHTOBUX BOAAx, rPyHTax, ripcbkMx nopogax i MiHepanax.
BxogsATb A0 cknagy XUBMX OpraHiamis Ta opraHiamy Sto4uHU.

e HailinowwupeHiwi rpynu conei Ta ixHi MiHepanu: xnopuaun, kap6oHaTu, cuUni-
KaTw, cynbaTun, HITpaTn, opTodocdaTw.

e Xnopuaun BXoAsTb A0 cknagy mMiHepanis cunbiiHiTy NaCl « KCl Ta ranity.

* Kap6oHaTwu B Npupogi TpanasiTbCa K MiHEpann mapMmyp, BanHsK, kpeiaa,
[,010MITi3pOLWEHI KpUCTann Kasblii Ta MarHin kap6oHaris). LIMHK i epym kap-
6oHaTV e cknagHukaMu renbmero i cugepuTy BiAMNOBIAHO.

e CwunikaTwu B NpupoAi TpannsaTbcsa y opmi cnoan, roproumx cnaHuyie, riavmHun.
Cnioga — ue rpyna MiHepaniB wapyBaToi 6yAoBM, 3 AKMX HaWMOWWUPEHiWi —
MYCKOBIT, 6ioTUT, doioroniT, nenigoniT.



+ § 34. locnigXeHHs AKiCHOTro cknagy coneit

e CynbthaTu B NPUPOAHUX YMOBaX TPanislTbCA SAK Pi3Hi KpucTanorigpartun: rinc
CaS04+ 2HAD, migHnini kynopoc CuS04+«5HA, rnaybepoBa cinb NaZ504 e« 10H20,
ripka cinb MgS04 7H2, 3ani3Huii kynopoc FeS04 7HD.

e HiTpaTn — coni HiTpaTHOT KUCMAOTW, Yy NPUPOAI TpannswTbCcsa pigko. Bigomi
HaTpili, kaniin, amoHiin Ta kanbLili HITpaTK, TEXHIYHI HA3BW AKUX — ceniTpu.

* OpTodhocthaTn B Npupoai TpannsaTbCsa B cknagi pocopuTiB Ta anaTUTIB.

3ABJAHHAANA CAMOKOHTPOI/O

1. HaBegiTb Npukiagn rpyn cosei, Haiibinbl NOWNPEHNXY NPUPOA].

2. TMoscHITb NOWMPEHHA B NpMpoAi Ta 3acTocyBaHHA: @) xnopugis; 6) kapboHartis;
B) cunikaTiB; I) cynbdoaris; I) HiTpaTi; 4) opTodocdaris.

3. [mMHa MICTUTb Y CBOEMY CK/afi asltOMiHIl OKCMA 3 MacOBOK 4acTkow 25 %.
O6uncniTb Macy asltoMiHIli okcuay, WO MOXHa BUGIUTK 3 T/IMHU Macoto 500 .

4. O6uncniTb MacoBy YacTKy KauibLiil cynbthaTy B cknagi rincy.

5. Ha amoHin cynbtat macow 13,2 r nogisam HagnuWKom Kaniin rigpokcugy.
O6uncnitb Macy coni n o6’em rasy (H. y.), WO YTBOPMANCSA BHACNIAOK peakui.
Has3BiTb cifb i ras.

6. Hatpiii cunikat macow 61 T nigganu Al XnopugHoi K1CIoTu, Wwo mictute HCI
mMacoto 39 r. O6uMCNiTb MacK yTBOPEHMX NPOAYKTIB. Ha3BiTb NPOAYKTM peakuil.

7. Kanbujin kapboHaT KinbKicTio peyoBuHN 0,4 Monb Npopearysas i3 cuniyiii(lV) okcu-
OOM KiNbKiCTIO peqyoBUHM 5 Mob. O6YMCNiTL Macy i1 06’eM (H. y.) yTBOPEHUX Npo-
OYKTiB peakuii. Ha3BiTb pe4yoBuHK, IO YTBOPU/IUCS.

§ 34. JOCNIOXKEHHS AKICHOIO CKNALY COMEN

OnaHyBaBLlIW MaTepian naparpadga, BU 3MOXeTe:

* MNOSICHIOBATW, WO TaKe EKCMEPUMEHT Ta eKCnepuMeHTanbHWl MeTOg Y Npupo-
[l03HABCTBI Ta Ximii 30KpeMa;

e XapaKTepusyBaTu TUNK eKCNepUMeHTaNbHUX 3ajay;

e 3HATMW 03HAKN Mepebiry aKiCHMX peakyii Ha KaTiIOHW MeTaniYHUX eNIeMEHTIB i
aMOHI-IOH Ta aHioHWU.

EkcnepumeHT Ta ekcnepumeHTanbHuii meton. Y ci I'IpVIpO,EI,HVIHi ANCUUNNiHNn,
BMBYAKO UM NPUPOAHI ABMLLA, 32CTOCOBYIOThH NEBHI AOCNIAXKEHHA B NPUPOAHUX abo
WTYYHO CTBOpPeHMX (nabopaTopHMX) ymoBax. MeTol €KCMEepuMMEeHTy € BifTBO-
PEHHA [eAKWX NpoLeciB i BCTAHOBJ/IEHHA B3aEMO3B’A3KIB MIX A0CNIgXKYBaHUMU
ABMwamu. EkcnepmMeHT HaneXxuTtb [0 HAayKOBOro MeTody, 3a JOMNOMOrOl0 AKOro
MOXHa 6aratopa3oBo BifTBOPUTW AOCAIAXKEHHS 1 MepeBipnTM LOCTOBIPHICTbL MO0
pe3ynbTaTiB.

Y XiMil eKCnepumMeHT —ue LifnecnpsMOBaHuiA BNNB Ha LOCNISKYBaHUI 06°€KT
ON5 BUABMIEHHS TUX UM IHLWIMX 03HAK, BNaCTUBOCTeN, npouecis. LLLob6 npoBeseHHA eKe-
nepuMeHTy 6yno ycnilwHWM, NOTPi6HO 3acToCcyBaTK BMiHHA CnOcTepiraTw, aHanisy-
BaTW CNOCTEPEXKEHHA Tapo6bUT 1 BUCHOBKM.
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Y Mexax HaB4anbHOI MporpaMy BUKOPMUCTOBYEMO LUKINIbHUIA YUHIBCbKUIA eKcnepu-
MEHT, Wo nepegbayae MNpoBeAeHHA [LEMOHCTpaLiiHMX | nabopaTopHUX [OcChigis
| BUKOHAHHA NpakTUYHUX Po6iT. BaNMBUM 1Or0 CKNagHUKOM € PO3BH3YBaHHA
eKCNneprMeHT albHUX 3aav.

BuByatroun Ximito, BU 03HAlOMWUAMCA 3 MEBHWMWU TUNAMMW E€KCNEPUMEHTANbHUX
3afay. Lle 3agavi Ha BUBYEHHA BNacTUBOCTE Ta po3ni3HaBaHHS pevyoBUH, 30Kpema 3a
AKICHUMW peakLuigMu, JoCNigXeHHA AKICHOro cknafgy Ta o6yBaHHA PevyoBUH, yCTa-
HOBNEHHSA FeHeTUYHUX 3B’A3KIB, MOACHEHHSA criocTepexeHb (Tabn. 18).

Tabmua 18

Tunn EKCMNepMeHTa/IbHUX 3aga4y i npuknagn Takunx sagay

Tvn 3agavi

1 BuBYEHHS BNAaCcTUBOCTEN
PEYOBMH.

2. Po3ni3HaBaHHS peyoBMH 3a
TXHIMW XapakTepHUMU BNacTu-
BOCTAIMMU.

3. Po3ni3HaBaHHSA pe4yoByH 3a
AKICHUMU peakLisiMu.

4. flocnigKeHHs AKICHOro
CK/afly PeYOBYH.

5. lobyBaHHA PeyvoBUH.

6. 3giiCHeHHSs aHLtoriB nepe-
TBOPEHb.

7. MNosACHEHHSA cnocTepexXyBsa-
HUX SBULL,

Mpuknag, ekcnepumMeHTasnbHOT 3a4adi

Jocnigite ekcriepumeHTanbHO XiMiYyHi BNacTUBOCTI aM(o-
TEPHMX MAPOKCMAIB Ha NPUKNaAI UMHK Ta aloMIHIRA rig-
pOKCUAiB.

Y TpbOX MPOHYMEPOBaHMX NPoGipKax HasBHI X/opuaHa
KWCMOTa, PO3YMH HaTpili rigpokcuay i Boja. BusHaute
eKCMEPUMEHTANTEHO KOXHY 3 LIX PEUOBMH.

Y TpbOX MPOHYMEPOBAHUX MPOBGIpKax € PO34MHW COneil:
Bapito, ®epymy(2+) Ta amoHit0. B1sHauTe 3a OMOMOro0
AKICHUX peakuiii KOXHY 3 HUX.

[LocnigitTe ekcnepumeHTanbHo, LU0 BAaHa BaM PeYoBUHA
€ aMOHIl1 X/10puaoMm.

3anpornoHyiiTe Tpu cnocobu [OOyBaHHA antOMIHIA Xno-
pugy. Cknafitb piBHAHHS peakLii.

Jocnigite XimMiuHi NepeTBOPeHHS, NoAaHi CXeMoto:
Mg -> MgCL, -> Mg(OH)2-> MgO -> MgS04

MosCHITb, YOMY B pasi JONMBaHHS KMCOTK A0 nigdapbo-
BaHOro (heHoNMTaNeiHOM PO34YMHY HaTpiil rigpokeugy
Bi10YBaETbCS 3HEOAPBNEHHS PO3UMHY.

[Ons ycniwHoOro npoBefeHHA NPakTUYHOI poboTY NpuragaemMo AKicHi peakuii Ha

KaTioHn (Tab6n. 19).

KaTioH

Baz+ BaC12+ HXS04= BaS04 + 2HC1
Fe2r Fe(N032+ 2KOH =

Fe3+ Fe(N033+3NaOH =

nh4

PiBHAHHA peakuii

NHA4CL + NaOH = NaCl + NH& + HD

Tabnmusa 19
FAKicHI peakuii Ha KaTioHW
XapakTepHa o3Haka

Binuii ocag, HEPO3YMHHWI Y KKC-
noTax.

3eneHyBaTo-6inmMiA ocag, Lo Haby-
Bae Byporo Konbopy.

Bypwii ocag,
BuginseTbes ras 3 piskyMm 3anaxom.

Fe(OH)Z +2KNO03

Fe(OH)3 +3KNO3
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§ 34. flocnigXeHHs sKkicHOro cknagy conein ¢ @
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AKicHI peakyiil Ha aHiOHM B fesKWX Bunagkax Ay6n00Th AKICHI peakyii Ha
KaTioHu (Ta6bn. 20).

Tabmugs 20
AKiCHI peakuii Ha aHioHW
AHiOH PiBHAHHA peakuil XapakrepHa o3HakKa
ci- CaCl2+ 2AgN03=2AgCIl + Ca(N032 binuii cupHucTHiA ocag,.
SOf Ba(N032+ Na2S04= BaS04j + 2NaNO03 binwnii ocag, HEPO3UYMHHWIA Y KUCOTAX.
cor K203+ 2HC1=2KC1+C02 + HXD BupgindeTbcs BYrnekKMcnunii ras.
o§ Na3P 04+ 3AgNO03= Ag3P 04 + 3NaN03 >XoBTuit ocag.

BrKOpUCTaHHA eKCNepuMeHTanbHOro MeTo4y BUBYEHHS PEYOBUH CMpUSE 3aCTO-
CYBaHHIO TEOPETUYHMNX 3HaHb Ha NpakKTuLi, HOPMYye BMIHHA Ta HABUYKMW NPABU/IbHOTO
NMOBOXKEHHA 3 PEYOBMHAMM He TiNbKW B XiMi4yHI nabopatopii, a i y nobyToBuX,
BMPOOHMUMX Ta IHWMX, IHOAI HenepeabavyyBaHMX YMOBaX.

nacyMmoBYEMO BMBYEHE

EkcnepuMeHT — UinecnpsAMoBaHuiA BNAUB Ha AOCAiAKYBaHUA 06’eKT ANa BUSAB-
NIEHHSI TUX UM HLLIMX O3HaK, BNacTMBOCTEN Ta npoueciB. PopmMye BMiHHS cnocTe-
piraTwn, aHanisyBaTWu i pOGUTY BUCHOBKMU.

LWKiNnbHUIA YYHIBCbKUI eKcnepuMeHT nepefbavae NpoBeAeHHS AeMOHCcTpa-
UiiHMX | NnabopaTopHMX AOCAIAIB | NpakTUYHWX Po6iT. Voro ocobnusicTio €
pO3B’A3yBaHHS eKCNepMMeHTasibHUX 3a4a4.

Tvnn ekcnepuMeHTaNbHUX 3a4a4 — 3afjadi Ha BMBYEHHSA BfacTMBOCTEN Ta
po3ni3HaBaHHSA, AOCNIAXEeHHS SKICHOro cknaay i go6yBaHHS Pe4YOBUH,
YCTaHOB/IEHHS FrEHETUYHNX 3B 'A3KIB | NOSICHEHHS CNOCTEPEeXeHb.

[na ycnilwHoOro po3B’s3aHHSA ekcnepuMeHTanbHUX 3agady Tpeba 3Hatn sKicHi
peakuiiHa KaTioHW I aHiOHW.

3ABJAHHAANA CAMOKOHTPOI/O

1

2.

3.

MOACHITb, AK BU PO3YMIETE MOHATTS «EKCMEPUMMEHT», «LUKISIbHWUIA XIMIYHUIA ekche-
PUMEHT».

OxapakTepu3yinTe TUNM eKCnepuMeHTalbHMX 3ajad y XiMmil.

YCTaHOBITb BiANOBIAHICTb MK KaTioHaMW i aHioHamMW ANst AKICHOTO BU3HAYEHHS
PEYOBUH.

A Baz+ 1 NO3
B Al3+ 2 cof-
B Caz 3 SO2
r Ao+ 4 OH-

5 RS

0

o

(0]
0



Tema 4. HeopraHiyHi pe4oBUHK Ta iXHi BNacTUBOCTI

4. YCTaHOBITb BifgNOBIAHICTb MiX KaTiOHaMM, aHiOHaMK i O3HaKamMKn peakuiin gnis sikic-
HOTO BM3HAYEHHS PEYOBUH.

A Baz+ 1 oH- | xoBTuWIA ocap

b Cuzx 2 S02 Il 6ypwuin ocap

B Fe3+ 3 ci- [l 6inuii HEepPO34YMHHWIA Y KUCOTax ocag,
r Ao+ 4 PO3 IV cuHiin ocag,

5. CknagiTb piBHAHHA peakuii B3aEMOAl: @) Kasbljii HiTpaTy 3 HaTpiii KapboHaToM;
6) kaniii opTochocpartys apreHTym(l) HiTpaTom; B) Bapiii xnopuay 3 kanin cynbga-
TOM; T) a/IIOMiHIl X/I0prAay 3 HaTpIn rigpokcmaom; 1) Kanii cynbdigy 3 apreHTym(l)
HITPaTOM; ) UMHK HiTpaTy 3 HaTpiil rigpoKcuaom.

6. bapiin HiTpaT KinbkicTio pevyoBuHn 0,3 MO/b NOBHICTIO MpopearyBaB 3 HaTPiil Cy/lb-
chatom. O6uncniTeb Macy ocajy, L0 YyTBOpMBCS. HasBiTb peyoBuHy, WO Bunana B
ocag.

7. ®depym(lll) xnopua macot 18 r npopearyBaB 3 HaTpili rigpokcuaom macow 12 T.
O6uncnite Macy Ta KinbkicTb pevoBuHu coepym(lll) rigpokcungy in macy yTBOpeHOro
HaTpin xnopuay.

§35. MPAKTUYHA POBOTA 1. JOCNIIKEHHSA AKICHOIO CKIALY
COMEN

BukoHaBWW LU0 PO6OTY, BM 3MOXETE:

* 3aKPINMTK BMIHHA Ta HabyTW HaBMYOK CaMOCTIiHO BMKOHYBAaTW AOCAIAK;
BMKOPUCTOBYBATW TEOPETUYHI 3HAHHA MPO AKICHI peakwyii ans conei;

* MPOBOAUTU AKICHI peakuii /i BM3HA4YaTW B po3uMHax HoHU Pepymy(2+),
depymy (3+), bapito, aMoHito, cunikaTt- i opTohochaT-ioHK;

 aHanisyBaTW pe3ynbTaTu JOCNILKEHb;

* CKMAJAaTW PIBHAHHA SAKICHWX peakuili, XapakTepHUX [ANA conei; 3BIiT Mpo
BMKOHaHy poborTy;

* pO6UT U BUCHOBKW 3 MPOBEAEHUX AOCAIAKEHD.

| YBara! MNMoBTopiTe NpaBuna 6e3nekun nig yac poboTu 3 peakTnBamu i 06nag-
* HaHHSM i CyBOpPO JOTpUMYyATECS iX.

MeTa npakTM4yHOT pobOTN —3acBOITU TEOPETUUYHI 3HAHHA Ha npakTuui, fgocni-
[L)KYBaTU AKICHWI CKNaf conein 3a JOMOMOTO AKICHUX peakLiil, HabyTn HaBUYOK 6e3-
MeYHo npayoBaTh 3 peYoBUHAMM.

BapiaHTy npakTU4HOT po60TU NofaHi 3a 3pOCTaHHAM CKNaAHOCTI 3aBAaHb, Bifno-
BiflHO [0 pPiBHIB HABYaNbHUX LOCATHEHb YUHIB.

| BapiaHT

3aBflaHHA 1 Y pgBox npobipkax 6e3 HanuciB € po34nMHK HaTpiil opTodocaTy Ta
thepym(ll) xnopugy. BusHauTe eKCMepPMMEHTA/IbBHO KOXHY 3 UMX coneil. 3pobiTb
BMCHOBOK.

3aBfaHHA 2. MpoBefiTh AKICHY peakLilo Ha Cu/iKaT-aHioH.

3aBgaHHA 3. [ocnigiTe 3a JONOMOTOK AKICHUX peakuiii cknag 6apiit xnopugy.
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Il BapiaHT

3aBfjaHHA 1 Y aBox npobipkax 6e3 HamuciB MICTATLCA PO3YMHMW HATPIK XIopuay
Ta HaTpiii cunikaty. Bu3HauTe eKCnepMMeHTalbHO KOXHY 3 umx coneii. Cknagitb
PiBHAHHA peakuiin. 3pobiTb BUCHOBOK.

3aBfaHHA 2. [osefiTh, Wo BugaHa Bam cinb € hepym (1) cynbaTom.

3aBgaHHA 3. Y aBox npobipkax € po3uuHM Kanih kapboHaTy il HaTpili opTogoc-
thaty. BusHauTe 3a [ONOMOrOH AKICHMX peakuii KOXHY 3 UMX peyoBUH. CKnagiTb
PiBHAHHA peakuyiii. 3p06iTb BUCHOBOK.

Il BapiaHT

3aBfaHHA 1. Y Tpbox npobipkax 6e3 HanuciB MiCTATbCS po3unHm conein hepym(ll)
xnopugy, depym(lll) HiTpaTy 1 anomiHin xnopugy. LocnigiTe 3a LJONOMOroK fAKic-
HUX peakLiil Ha KaTiOHN KOXKHY 3 UMX pevyoBMH. ONULWIiTb cnocTepexxeHHs. Cknagitb
PiBHAHHA peakuili. 3p06iTb BUCHOBOK.

3aBgaHHA 2. JosegiTb, wo BugaHa Bam cinb € pepym(I11) cynbdatom.

3aBfaHHA 3. lobyabTe 3a JONOMOrOH peakLii 06MiHy HaTpiil cunikaT i 6apiin xno-
pua i LoBeAiTb HAABHICTb CUiKaT-aHIOHIB i KaTioHiB bapito.

IV BapiaHT

3aBfaHHA L Y 4oTupbox npobipkax 6e3 HanuciB MICTATbLCS PO3YUHMN CONEN LUHK
xnopugy Ta pepym(lH1) xnopuay, antomiHiii cynbaTy i1 amoHi cynbdaTy. [ocnigite
3a JONOMOrOK AKICHUX peakLiil Ha KaTiOHW KOXHY 3 LMX peyoBuH. OnuwiTb cnocTe-
pexeHHs. CKnagiTb piBHAHHSA peakyiil. 3po6iTb BUCHOBOK.

3aBfaHHA 2. [oBegiTb, WO BMaHa BaM Cifb € 6apiii xnopugom.

3aBfaHHA- 3. [obyabTe 3a AOMOMOrow peakuii obmiHy 6apiii(ll) xnopug,
tepym(l1l) xnopug Ta amoHilii cynbgat. [oBefiTb eKCNePUMEHTaNbHO HaABHICTb Y
[06YyTUX peyoBMHaxX KaTioHiB bapito, ®epym(3+) Ta amoHilo0.

OdopMmTe pe3ynbTaTu JOCNILKEHb Y 30WUTI 418 NPakKTUYHMX POBIT.
3p06iTb BUCHOBOK NpO Te, AKUX NPaKTUYHUX YMiHb BU Habynu B npoueci BUKO-
HaHHA NPaKTUYHOT po6oTHK.

o

o)

0
0



e+ Tema 4. HeopraHiyHi pe4yoBMHN Ta iXHi BNaCTUBOCTI
MOBTOPKOEMO W Y3ATAJIbHKOEMO BIAOMOCTI
MPO METAJTIUHI EJIEMEHTU TATXHI CMOMYKN

METAJIN — NpoCTi peyoBUHW, YTBOPEHI METAJTIHHUMWN €fIEMEHTaMN.

NY>XHO3EME/JIbHI
MeTanu —
YTBOpPEHI MeTasliYyHNMN efleMeHTaMu
ronosHol nigrpynu Il rpynn (kpim Be i MQ)

KNACNDIKALIA OKCAIB METANNIYHNX ENNEMEHTIB

i i \
OCHOBHI AM®POTEPHI KNCNOTHI

3ACTOCYBAHHA HATPIHO, KANIKO, NITIHO, KAJTbUIO, ATIOMIHIKO, 3ANI3SA
TAIXHIX CMNABIB, MIAI TATi CM/IABIB - §28, ¢. 136-140.

nyrn OCHOBWM HEPO34YW/HHI

XIMIYHI BNACTUBOCTI

1. 3miHa 3ab6apB/ieHHs iHANKATOPIB: 1. B3aemogisal 3 KucnoTamu:
JlaKMyC — CUHIA; Fe(OH)2+ 2HCI = FeCI2+ 2HD.
MeTW/10BUIi OpaHXeBUin — KOBTWUA; 2. Po3k/iag, 3a HarpiBaHHs:
dpeHoNpTaneiH — Ma/IMHOBWIA. ¢

2. B3aemogis 3 KNCTOTHUMU OKCUaMu: Fe(OH)2= FeO + HD.

2NaOH + C02= Na2ZC03+ HAD.

3. B3aemogisa 3 kncnoramu:
NaOH + HCI = NaCl + HD.

4. B3aemogis i3 consamu:
2NaOH + CuCl2= Cu(OH)2Z + 2NaCl. J

166
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MOPIBHANIbHA XAPAKTEPUCTVKA BIACTUBOCTEW ATFIOMIHIKO TA3AMI3A J

ATFOMIHIA 3ANI30

DISNYHI BJIACTUBOCTI

XIMIYHI BJIACTUBOCTI
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Xap4oBi o6aBku

KaTanizaTtop
y HadhTonepepoobHin
NPOMMCNOBOCTI

B1Upo6GHNLTBO MUAHUX

3aco6iB
OOCHIKEHHAX
NabopaTtopHi gocnigXeHHS
Bupo6HNLUTBO LyKpPY BanHyBaHHA I'pyHTIB
3actocyBaHHA
Ca(OH)2
XapuoBa fob6aBka Bupo6HULTBO CTEKON

Mo6ineHHsa aepes

ByaiBenbHa cnpaea | kywis

COJ1l —npoayKTn 3amileHHsA aTomiB MNgporeHy B MONEKYJTi KACAOTH
Ha KaTioHN MeTasliYHUX eNleMeHTIB.

CEPEAHI — npoaykT NOBHOro 3ami- KWCJ1l — npogyKTn HENOBHOIO
LLleHH:A aTtomiB igporeHy B Mosiekyni 3aMileHHA aTomiB igporeHy B mone-
KACNOTWN Ha KaTiOHW MeTanivHNX Kyni KNCNOTU Ha KaTioOHW MeTanivHnX
efleMeHTIB. eNeMeHTIB.

KCI, Naz2s04, NaHS04, Ca(HC03)2,

CaCo03, KgP04 KHZ2podk2Hpo4d
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B3AEMOTMNEPETBOPEHHSA COJIEN
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§ 36. MOHATTA MPO XXOPCTKICTb BOAW TA CMOCOBW ii YCYHEHHA
OnaHyBaBLlIW MaTepian naparpadga, B4 3mMoxXeTe:

e HasMBaTW BMAMW XXOPCTKOCTI BOAU Ta CNOCO6OM Ti YCYHEHHS;

* MOSACHIOBATU YNHHUKW, L0 BNAMBAIOTb HA XXOPCTKICTb BOAW; NPOLECH, L0 Bifj-
6yBatOTbCA Nif YaC YCYHEHHS XOPCTKOCTi BOAW; BM/IMB XOPCTKOT BOAWU HA
3[0pOB™ NOANHK, NO6YTOBI NpUNagn M KOMyHiKauiT;

e CKnafaTwu piBHAHHA peakuiil, Wo ycyBatloTb KapboHaTHY Ta HekapboHaTHy
YKOPCTKICTb BOAM.

X opcTkicTs BoAU. BuBYakum cepefHi Ta KUCAi COMi, BU 03HAKOMUAMNCS i3 CONSIMU
Kanbuito Ta MarHito. [locnigKeHHAMY BOA LESAKUX MOPIB, BOLOWMULY, | f[)KEpen BUAB-
NeHo, WO B Hili Moxe 6yTM HagMipHa KifbKiCTb PO3YMHHUX TigporeHkapboHartis,
30kpema Kanbuito Ta MarHito. Came KaTioHM Caz+ i Mg2+ CTBOPIOHOTb XKOPCTKICTb
BOAW, WO cArae o 10 mmonb y NiTpi BOAW. Y LOLWOBIA BOAI BMICT UMX CNOAYK Npu-
6113HO B 5 pasiB meHwwin. Kpim rigporeHkapboHaris, y XXOPCTKili BOAI HasBHI 1 po3-
YUHHI Xnopugn i cynbaty Kansuito Ta MarHito.

3anexHo Bif ToOro, fKi Coni HasiBHi y BOAi, po3pi3HATL ABa BMAM Il )OPCTKOCTI
(puc. 59).

XOPCTKICTb BO A1

TUMUYACOBA MOCTINHA
(kap6oHaTHa) —XXOpPCTKICTb, (Hekap6oOHaTHa) —XOpPCTKICTb,
3yMOB/IEHA HasIBHICTIO KaUlbLijit 3yMOBJ/IEHA HAsIBHICTIO XN0OpUAIB
Ta MarHili rigporeHkap6oHariB. i cynbpaTie Kanbuito Ta MarHito.

Puc. 59. Bngun xopcTKocTi BOAK

Cnoco6u ycyHeHHs1 >XOPCTKOCTI BOAMW. HaVIHpOCTiLUMVI cnoci6 YCYHEHHA TUM-
yacoBoi (kapboHaTHOT) >»OpcTKOCTi BogM — i KMNHATIHHA. Bu HeogHopasoBo
6aumnu, K Ha BHYTPILLHIA NMOBEpPXHi YaiHNKIB YTBOPIOETLCA BANHAHWUIA Hakun. Lle i
€ Ti HEPO3YUHHI y BOAI KapboHaTH, Wo BUNagaTb B 0caj 3a KN ATIHHS.

Mpurapaiite B3aemonepeTBOpeHHs kapboHarTis (§ 32) i cknagiTb CaMOCTIAHO PIBHSAHHS
peakLii NnepeTBOPEHHS KaslbLii rigporeHKkapboHaTy Ha KasibLili kKapboHar.

MopgibHO [0 TOro SIK MEpPeTBOPIOETLCA Ka/blUiil rigporeHkapboHaT, nig uvac
KWN’ATIHHA BOAW Bif6yBacTbCA NEPeTBOPEHHA MarHili rigporeHkap6oHaTy Ha marHili
Kap6oHaT. PiBHAHHSA peakuii:

My(HC,032= Mgc,03 +coZr+H.



W § 36. MOHATTA NPO XOPCTKICTb BOAM Ta cnocobu ii yCyHeHHS

TumyacoBy (KapbOHATHY) XXOPCTKICTb MOXHa YCYHYTU, AKLW,0 NO4IATA BaANHAHUM
Monokom Ca(OH)9 BigbyBaeTbca peakuis:

Ca(HCO03, + Ca(OH)2=2CaC03 + 2H,0.
Kap6oHaTu BunagatoTh B ocad i nifg gieto KanbLUHOBAHOT COAN:
Ca(HCO03, +Na,C03=CaCO/A +2NaHCO03

Bam BigomMo, Wo 4719 MPaHHA BUKOPUCTOBYIOTb MU0 —HATPIEBY CiNb CTeapUHO-
BOT Kucnotu. MNpu gogaBaHHi Muaa 40 BOAU BifbOyBaeTbCA peakuis 06MiHYy KaTioHiB
Kanbuito, Wo € y Bogi, Ha KaTioHn HaTpito, Wo MIiCTATLCSA B MUMI. YHACNIAOK UbOro B
ocaj BMNajae HEPO3YMHHUIA KanbLiiil cTeapuMHoaTt, Wo Npu3BoAMTbL 40 HAAMIPHOIO BY-
KOpUCTaHHA MUa Nif yac npaHHA. PiBHAHHSA peakuii:

Ca(HC032+ 2CIH3*C,00Na = (CIHICOO)2Cal. + Na2C 03+ COA + H,0.

YBaXHO NpoaHaniayemo BCi piBHAHHA peakLiil Ta NepeKOHAEMOCS, L0 B KOXXHOMY
pasi rigporeHkap6oHaTu NepeTBOPHOIOTHCSA HA Kap6OoHATK, Ki BUBOAATHCS 3 PO3UUHY,
YTBOPKK UM HEPO3UMHHI Kap6oHaTu.

MocTiliHy (HekapboHATHY) XOPCTKICTb YCyBalOTh i€t KanbLMHOBAHOT coau. PiB-
HAHHS peakLiii:

CaCl, + Na,C03= CaCO/, + 2NaC|[;
MgCI2+ Na,C03= MgC,03 + 2NaCl.

CknagjiTb CaMOCTIHO PIBHSIHHS peakLjii YCyHeHHs HekapOOoHaTHOT XXOPCTKOCTI BOAW
3a HasABHOCTI B Hili KasibLjii Ta MarHin cynbcaris.

[opatoum oo BogM 0gHOYaCHO KanbLMHOBAHY COAY i BanHO, yCyBalOTb i TMYaco-
BY (kapboHaTHY), i NOCTiiHY (HeKapOOHaTHY) XXOPCTKICTb.

Bofy 3MMKWYKTb He TifibKM B NOGYTOBMX yMOBax, a i Ha BEUKUX MiANPUEM-
cTBax. OfuH i3 cnoco6iB —BUKOPUCTaHHS NOHOOBGMIHHMX CMOA, SiKi MiCTATb KaTioHM
Hatpito um Kanito, 34aTHi 06MiHIOBaTUCA Ha KaTioHU Kanbuito Ta MarHito.

OTxe, CyTb NpoLECY 3MAKLIEHHA BOAW NONATAE Y BUBELEHHI 3 PO3YMHY KaTiOHIB
Kanbuito Ta MarHito, aKi CNpUUYUHA T 1T XXOPCTKICTb.

BnnuB XOPCTKOI BOOWN Ha 3popoB’s noagnHu. ﬂ,OBe,quO, 0 BNCOKa KOHLUEHT-
pauis lioHiB Kanbuito Ta MarHito y Bofi BNAMBae HacaMmnepes Ha LWIKipy Ta Bofoccs.
MWno He 3aBXAMW MOBHICTIO OYMLLAE BOAY, TOMY Ha LWIKIipi 3a1MWalTbCA PeLTKM Kap-
60HaTiB. BOHM 3a6MBal0OTL NOPU, NOTIPLLYOYUN ANXAHHSA WKipU. AK HacnifoK, BUHUKa-
I0Tb NOAPA3HEHHA, BUCUNK, NpULLi, nyna.

Bif >XOpPCTKOT BOAM MCYETLCA BOIOCCA: BOHO CTa€ laMKUM, BUNagae, 3’ aBAAeTbCA
nyna. Tomy nicas MUTTSA BONOCCS BAX/MBO CNOMOCKYBATH MOr0 KUM’AYEHOI BOAOHO.

MoTpannsitoyn B HaAMIPHIA KiNbKOCTI B OpraHiam nognHu, cnonykn Kanbuito Ta
MarHito npu3BoAATbL 40 MOABM KaMiHHA B HUPKaX i CeUiBHUKaX, MOPYLWYOTb po6OTY
CepLeBoO-CYANHHOI CUCTEMM, XXOBYHUX MPOTOK Ta ONMOPHO-PYXOBOr0 anapary, Ha CTiH-
Kax KMLIEeYHWKY OCifatoTh LUIAKK TOLLO.

Yy LOMALLHIX YMOBaxX Hale(eKTUBHIWMM CNOCOGOM € BMKOPUCTAHHSA (inbTpis
MOHHOrO 06MiHY, iIKi BUPO6/ISE MPOMMCNOBICTb A1 MO6YTOBOr0 BUKOPUCTaHHS.
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BUKOPMCTaHHS )XOPCTKOT BOAW CMPUUYMHSE EKOHOMIYHI 3aTpaTu. Ha HarpiBanb-
HWX Npuiagax ocCifae HaKWM, WO 3HVKYE eNeKTPONPOBIAHICTb, a OTXe, 3yMOBJ/IOE
[4OJATKOBE BMUTPAYaHHS e/IeKTPOeHepril. YHacnifok YTBOPEHHS Hakuny B naposi
KOTNW Ta NpanbHi MaWMHU MOXYTb 31aMaTUCS, 3 YaCOM NPUCTPOT BUXOAATH 3 fagy.

nacyMmoByYEMO BMBYEHE

XopcTKicTb BOAM 3yMOB/IEHA HASBHICTIO B Hiil KaTioHiB Kasbuito Ta MarHito.
Po03pi3HAITE TMMYacOoBY (kapboHaTHY) i NOCTIiMiHY (HekapboHaTHY) XOPCTKICTb
BOAW.

TYMYacoBa >XOPCTKICTb 3yMOBJ/IEHA HASIBHICTIO Y BOZi PO3YMHHMX KasibLiil Ta mar-
Hili rigporeHkap6oHaTiB: Ca(HC032 Ma(HCO03)2 iiycyBatoTb KMM'ATIHHAM a60 XiMiu-
HVWM cnocoboM 3a A0NOMOrol BanHAHOro MOJI0Ka 4 KanbLMHOBAHOIT coau.
MocTinHa XXOPCTKICTb 3yMOB/IEHA HASBHICTIO Y BOAi iHWWX coneli KanbLio Ta
MarHito, 30kpema xnopugis i cynbchaTiB. il ycyBalTb AI€EH0 KanbLUMHOBAaHOT
cogu:

CaCl2+ Na2C03= CaC03 + 2NaCl;
MgCl2+ Na2C03= MgCO03 + 2NaCl.

)XopcTka Boja HeraTMBHO BM/IMBAE Ha 3[40PO0B’A /IIOAVNHU, BUKIMKAOUM 3aXBO-
PrOBaHHS LWIKipU  BOMOCCS, HUPOK, CepLeBo-CYANUHHOT CUCTEMU, XOBYHMX MPO-
TOK, OMOPHO-PYXOBOrO anapary.

BrKOpUCTaHHS )XOPCTKOT BOAYU NPU3BOANTL A0 EKOHOMIYHUX 3aTpar.

3ABOAHHAANA CAMOKOHTPO/O

MOSICHITE NPUYNHY XXOPCTKOCTI BOAW.
HasBiTb BigOMi BaM BMAM XOPCTKOCTI BOAM Ta CMOCO6M 11 YCYHEHHS.

[na oxonomxeHHs 6GaraTbOX PeakTopiB i [ABWIYHIB BUKOPUCTOBYHOTb BOAY.
OO6rpyHTYiiTE, UM MOXHA AJ151 LLbOro BUKOPMUCTOBYBATW XOPCTKY Bofy. MigTBepabte
BiAMNOBIAb PIBHAHHSAMMW peakLiii.

BigoMo, L0 BamnHsHE MOJIOKO A1 3M'SIKLUEHHSI BOAM MOXHA MPUroTyBatu Kiflb-
KoMa cnocobamu. 3anponoHyiTe BapiaHTV AOro OTPMMAaHHA i 06r'pyHTYITE, SKui
3 HUX €KOHOMIYHO HanBUrigHILLWIA.

KanbLili kap6oHaT macoto 20 Kr po3K/1asiv 3a HarpiBaHHs. YHacnigok peakuii horo
Maca 3meHLwmiacsa Ha 2,2 k. O64ncniTb Macy KasbLjin kKapboHaTy, sika po3kianacs,
i Macy KasbLjin okcuay, LWo yTBopuaacs.

Kanbuili rigporeHkapboHaT KinbKicTio peyoBuHM 0,2 MOsb NigAainm iHTEHCUBHOMY
HarpiBaHH0. O6uMCAiTb Macy YTBOPEHOro KaubLiii kapboHaTy i 06’eM kapboH(lY)
okcugy (H. y.), WO yTBOPUIMUCS.

HekapboHaTHY XOPCTKICTb BOAW, Y AKI MICTUBCA KasbLiin cynbdaTt macot 1,36 T,
YCYHY/MN Ka/lbLMHOBAHOK COA0I Macowk 2 r. O6uncniTb Macu conei, Lo yTBopu-
Nncsa BHACMIQOK peaky;i.
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§ 37. MIHEPA/IbHI IOBPVIBA. MOHATTHA MPO KUC/IOTHI TAJTY>KHI
'PYHTU

I OnaHyBaBWW MaTepian naparpada, BU 3MOXeTe:

e Ha3MBATW YMHHMKM, LIO BNAUBAIOTb Ha 3abe3neyeHHA 3pOCTaHHS 0O6CAriB
BMPOOGHMLTBA NMPOAYKLIT POC/IMHHOIO MOXOLXKEHHA AN PO3B’A3aHHA NPOAO-
BO/IbYOT Npobiemu;

e XapakKTepusyBaTu 3HAYEHHA MiHepanbHUX 406pUB, XiMiYHMX 3ac06iB 3aXUCTY
POCNWH i TBApWH, CTUMYNATOPIB POCTY, LWITYYHUX KOPMIB ANf 36iNblIeHHA
06cAris BUpOGHULTBA TBAPMHHOT Ci/IbCbKOIOCNOAapCbKOT NPOAYKUIT;

e NPOrHosyBaTu pH cepefoBuULLa KNCNOTHUX i NYXXHUX I'PYHTIB;

* pOGMTM BUCHOBKM MPO PO/ib XiMil B p03B’A3aHHI NPOA0BONLYOT NPO6GAEMU.

X imin Ta npoaosonbua npo6nema. HuHi ogHiero 3 rn106anbHUX nNpobnem 0 LCTBA
€ 3a6e3neyeHicTb NHOAUHN MPOAOBONLCTBOM, OCKINIbKN TXa NiTPUMYE XUTTELIAND-
HICTb OpraHi3mie. Uepes NocTiliHe 3pOCTaHHA HACENEHHA NAaHETN BUHNKIO NMUTaHHS,
4yu 3MOXKe NACTBO 3abe3neyysBatn cebe NPOAYKTaMU XapuyyBaHHA B MalibyTHbOMY.
Ha gymKy BueHMX, nNpobnemMy MOXHa pO3B’A3aTW, SKW,O0 BUPOOGHMLTBO Xap4yoBUX
NPOAYKTIB Yy CBIiTi 3pocTe B 3-4 pa3un. o6 gocartum uboro, He0O6XifHO MOAepHi3y-
BaTW CifibCbKe rocrnogapcrso.

3po6uTN Ue HEMOX/MBO 6€3 3acTOCYBaHHA XiMIYHMUX | BGI0ONOFIYHMX 3HaHb.
Bigomo, wo ans 36epexeHHs 340pOB’A MOTPIOHO BXUBaTWU DKy NPUPOLHOro NoOXo-
IKeHHA. To6To Hacamnepep Tpeba CKOHUEHTPyBaTy yBary Ha BUPOGHULTBI POCAUH-
HOI Ta TBapUHHOT DKi. MogepHi3alisa CifbCbKOro rocnofapcTsa Moffarae y CTBOPEHHI
TaKUX YMOB, AKi CNPUANN 6 POCTY Ta PO3MHOXEHHIO POCAUH. 3’ACYEMO POJib XiMil B
po3B’A3aHHI Liel npobiemu.

3aBfaHHA XiMil 3 MigBULLEHHA BUPOOGHULUTBA POCAMHHOT NPOAYKUIT nonsrae B
3abe3neyeHHi CiNbCbKOro rocnogapcrea MiHEPanbHUMMW A OpraHivHUMK LO6puBamu,
XIMIYHUMK 3ac06amMu 3aXUCTY POCAUH | TBAPUH, CTUMYNATOPAMU POCTY, LWTYYHUMU
KOpMaMu 1 HOBUMU MPOAYKTamu.

Bupo6HuuTeo miHepanbHux aocpus. s MiLBULLEHHA BPOXAAHOCTI CiflbCbKO-
rocnofapcbkux KynbTyp BMKOPUCTOBYHOTb MiHeEpanbHi f06pMBa — peyoBMHU, SKi
MICTATb HaBaXKAMBILII XiMIYHI €IEMEHTU, L0 BM/IMBAKOTb HA PICT | PO3BUTOK POC/VH,
30iNbLWYHYN TXHIO BPOXKAHICTb.

MepepyciMm — Le COMi, WO MIiCTATb Makpo- i MiKpOeNeMeHTMH, AKi POC/NHN
NOrNMHaTh Y PopMi MoHIB. BOHM yTBOPIOOTLCA BHACNILOK Aucouiauii conei, wo
MICTATLCA B 'PYHTOBOMY PO3YMHI. POCAMHN Y BEANKUX KibKOCTSAX BUKOPUCTOBY-
I0Tb MaKpoenemeHTW, ocob6anso HiTporeH, ®octop i Kaniii. Kpim HUX, o Makpo-
eneMeHTiB Hanexatb OkcureH, Kap6oH, Cynbgyp, MarHiii, Kanbuiii Ta FigporeH.

3’acyemo, Ak HitporeH, ®ocdop i Kaniii BnAnBawTb Ha POCIUHMN.

HiTporeH —enemeHT, WO BXOAMTbL 40 CKfagy MOeKyn aMiHOKMCNOT i 6inkis.
HecTaua oro B r'pyHTi CMOBINIbHIOE YTBOPEHHS 3e/1€HOT Macu, Wo, BiANOBIAHO, BNIN-
BAa€ Ha MaibyTHIN ypoxail. Bam BigomMo, W0 3eneHa Maca POCANH PO3BMBAETLCA
HaBecHi. S1kpa3 Tofi MOTPi6GHO BHOCUTK B IPYHT HITpaTHI fo6puBa — fobpumBea, L0
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MicTATb HiTporeH). PocnuHu, Skum 6pakye HiTporeHy, matoTb 6N1if0-3eneHi, a iHogi
 XKOBTI NMNCTKMW.

docthop —eneMeHT, NOTPiGHWIA AN POCTY Ta PO3BUTKY POCAWH, OCKiNbKW BiH €
B HYKNETHOBMX KUCNOTaxX, a Ti 6epyTb y4acTb B YCiX OKMCHO-BIAHOBHUX MpoLecax poc-
NvH. ToTpiGHUA TakoX Nig Yac LBITIHHA Ta MJIOA0HOLWEHHSA POC/IMH, TO6TO ANd po3-
BUTKY TXHIX PENPOAYKTUBHUX OPraHis.

KaniAi — enemMeHT, WO CTUMY/OE npouec HOTOCUHTE3Y, a OTXKe, CNPUSE YTBO-
PEeHHIO TIH0KO3W, KPOXManto, Lenno3n B KNiTUHaxX pocnud. Mig vyac Herogmn 3nakosi
KyNbTypu BUAATAKOTb, WO YCKNAAHIOE TXHIW picT i 36ip ypoxato. Lleit enemeHT 3mil-
HI0€ cTebna 31aKOBUX, CNPUAE HAKOMUYEHHIO KPOXMalo B KapToni, caxapos3n B
LLYKPOBOMY OYpAKY.

MiKpoeneMeHT N —enemMeHTH, SIKNUX POCAUHM NOTPebYOTb Masno, ane BOHW BMNIN-
BalOTb Ha 3aCBOEHHA MakpoeneMeHTiB. 1o HuUX Hanexatb ®epym, Kynpywm, LuHK,
MaHraH, bop Ta iH. Hanpuknag, bop i MaHraH cnpusiioTb Kpaw,oMy 3aCBOEHHIO
Hitporeny, ®octopy Ta Kanito; MaHraH, Kynpym i LIMHK NpuIBMALLIYIOTb OKUCHO-
BifJHOBHI npouecu ToLo.

Knacudikayito miHepanbHMX 4o6puB 306paXkeHo Ha cxemi puc. 60.

Puc. 60. Cxema Knacudikauii MiHepanbHUX fo6pus
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KWCNOTHI ta nyxni rpynTtu. Ha PO3BUTOK KOPIHHA Ta PiCT POCIUH 3HAYHOKO MipOto
BN/IMBAE peakLis cepefoBuiLa I'pyHTy, abo inoro pH. HalivacTiwe pH rpyHTiB BUMipto-
I0Tb Y Aiana3oHi Big 3 4o 9. 3aneXHo Bif LbOro NokasHUKa, cepefoBullle rpyHTOBUX PO3-
YMHIB MOXE BYTU KUCAOTHUM, HEATPaNbHUM ab0 NYXHUM.

KWCNOTHICTb 'PYHTY BM3HAYalOTb HAAMIPHUM BMIiCTOM Yy 'PYHTOBOMY PO3UMHI
KaTioHiB [igporeHy H+ pH cTaHOBUTb MeHLUEe 7. Y KACNOTHMX I'PYyHTax po3pi3HATb
aKTyanbHy Ta NOTEHUiHY KUCNOTHICTb. Mig yac 6ioXiMiYHMX NPOLECIB Y 'PYHTI YTBO-
PIOKOTLCS OpPraHivyHi KUCNOTW A BYFNeKUCAMiA ras, a BHacnifoK ioro B3aemogii 3
BOAO — kapboHaTHa KucnoTta. HafBHI KMCNOTW, AMCOLIOIOYM, YTBOPKOKOTbL HOHK
FigporeHy, aki NigKUCcAOTL 'PpyHT. Mig yac rigponisy coneit AnomiHito Ta epymy
TeX YTBOPHOKOTHCA KUCNOTK, 34aTHI AMCOLiOBaTA Ha KaTioHU [igporeny.

CknagiTb CaMOCTIAHO PIBHSIHHA peakuii rigponidy antoMiHin xnopuay i nepekoHaii-
Tecsl B YTBOPEHHI XNMOPUAHOT KAC/TOTH.

Bucoka KNCNOTHICTb 'PYHTY HeraTMBHO BN/AMBAE Ha pocnuHuW. LWLo6 1T HeATpani-
3yBaTW, 3aCTOCOBYH Tb BaNHYBaHHA 'PYHTY —BHECEHHS BanHAKY, BaNMHAHOT0 60pOLLHa,
Kpeigun, mepTento abo raweHoro BanHa. HWHI TakoX MOWwWpeHi cnocobu BUKOpUC-
TaHHA BigXofiB. 30Kpema, A5 3HUKEHHSA KUCNOTHOCTI 'PYHTY BUKOPUCTOBYIOThL Bifl-
XOAN BUPOOHULTBA LYKPY, AKi MICTATb Kanbliiii Kap6oHaT i nonin.

Lna Ny>KHUX FPYH T iB XapaKTepHOM € HaAgMipHa KiNbKiCTb FigpoOKCUA-aHioOHIB
y TIPYHTOBOMY poO34uHi, pH Takoro rpyHTy cTaHoBuTb 7,5-8,5. [yxe NyXHi
'PYHTU BKpai MnoraHo BMAMBaKWTb Ha BPOXaiHicTb. Kpim TOro, noripwytotbes
Moro isMyHi BNacTMBOCTI Ta BOAHUI peXXuM. 3MEHLEeHHS BMICTY TijpOKCNA-iOHIB
focAratTb rincyBaHHAM, TOGTO BHECEHHAM Y I'pPYHT rincy. MMig yac B3aeMofii Kanb-
Wii cynbaTy 3 KaTioHamu HaTpito yTBOpPIHETLCA HaTpili cynbdaT — Cinb, fAKa
fobpe po3UMHHA Yy BOAI Ta NIErKO BUMUBAETHLCA 3 IPYHTY.

Haikpalle cepefoBuLLe 415 PO3BUTKY POCAUH —HelTpanbHe, Konn pH Bumipto-
€TbCA B Mexax 5,5-7,5.

Llo6 migTpymyBaT BUCOKY BPOXaWHICTb CifIbCbKOrOCNOAapCbKOi MpPOAYKUIT,
HEOBXIAHO CTEXUTM 3a KNCNOTHICTIO I'PYHTIB Ha NpuUcagubHin ginaHui.

Mpuragarite 3 Kypcy Ximii 9 knacy, sk BUMIpATU pH NPOAYKTIB XapyyBaHHA Ta MiHe-
panbHNX BOA,

3BMYAHO, AN1S LbOr0O MOXHA BMKOPUCTATWU TaKMYCOBMWIA iHAMKATOP i 3icTaBuTU
MOro 3i WKanow KWCAOTHOCTI, WO npojaetbcs y (hopMi KONbOPOBUX PH-CMYXOK.
OfHak TaKuii cnoci6 BM3HAYEHHS KMCNOTHOCTI CKNagHWiA Ta He 3aBXAMW TOUYHWIA. BiH
BMMarae BUTOTOBJIEHHS 'PYHTOBOrO PO34YMHY, HE3iNCOBAHOro iHAMKaTOpa Ta CNpuii-
HATTS KONbOPY NHOAUHOIO.

€ 6ionoriyHunin cnocib BU3Ha4YeHHA KMCNOTHOCTI 3a 4OMOMOTrOK POC/INH-IHANKATO-
pis (puc. 61). Hanpuknag, Ha KNCNOTHUX I'PyHTax fo6pe pocTyTb NOLOPOXHUK, XBOLL
NONbOBWIA, Kank KHUUA 60M0THA, ArNMUS, Wasenb KiHCbKWA; Ha HeATpalbHUX —
nNupiii MOB3y4YUil, KOHKLWINWHA, KPOMWBa, OCOT MOAbOBWUIA, MaTW-i-Mauvyxa; NYXHi
PYHTW NOKPMBAIOTLCA YEPBOHMMM MakKaMW, TipUYULED, XWBOKOCTOM, MOJIOHAEM
TOWO. 3HOBY XX Taku, 4Yekawuu, KONW 3auBiTyTb Ha AiNgaHUi Ui poCNnHU-6YpP’AHN,
MO>XHa BTPaTUTK YaCTUHY BPOXalo.
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PoCnnHN KNCNOTHMX I'PyHTIB PocnvHn HeliTpanbHUX I'PyHTIB

PocnuHn-
iHOMKaTopK
pH rpyHTiB

Pvc. 61. PoCAMHK-IHANKATOPY KUCNOTHOCTI FPYHTY: 8 —10A0POXHMK; 6 —XBOLL, MO/bOBWIA;
B —Ka/OXXHNLA; T —LLaBenb KIHCbKUIA; T —KPONWBa; [ —KOHIOLIMHA; € —MaTu-li-Mauyxa;

€ —OCOT MOMLOBUIA; U —MaK; | —KMBOKICT; T —Monoyaii

HuHi € HagiliHi 3ac06M 4Na BUMIpPHOBaHHSA KMCNOTHOCTI AK y nabopaTopisix, Tak i
4N NOMallHbOr0 KopucTyBaHHA. Lle pH-TecTepu, 3a SONOMOrow AKUX LWBWAKO Ta
npodeciiHO MOXHa BW3HAYUTW KUCNOTHICTb FPYHTY Ha MPUCAUOHIN AinaHui yn
rpAaaui, WWTYYHO CTBOPEHIl Ha MiABiKOHHI.

nacyMmoByeEMO BMBYEHE

MiHepanbHi [o6pnBa — LE PEYOBUHU, AKI MICTATb HaMBaXKNMBILWI XiMiYHi ene-
MEHTW, WO BM/IMBAOTb Ha PICT i PO3BUTOK POC/INH, 36i/bLUYHUN TXHIO BPOXAMHICTb.
HiTporeH, ®ocdop i Kaniii — makpoenemMeHTU, AKi pOCIHA BUKOPUCTOBYHOTb
Y BENINKUX KiSIbKOCTSIX.

[o mikpoenemMeHTIB Hanexartb e/leMeHTU, SKi POC/IMHN BUKOPUCTOBYIOTb B Maulux
Jo3ax, ane BOHM BMAMBalOTb Ha 3aCBOEHHSA POC/AVHOK MakpoenemeHTiB. Lle
depym, Kynpym, LinHk, MaHraH, bopTa iH.

HiTpaTHi fo6puea, abo ceniTpu, MICTATb y CBOEMY cknagi HitporeH: NaNO03,
KNO03, Ca(N032, NHANO3. Bn/imBatoTb Ha pO3BUTOK 3€/1€HOT Macu POC/INH.
docaTHi go6puBa MICTATb €/1EMEHT, HEOOXiAHMIA MiA Yac POCTy Ta PO3BUTKY
pocnvH. Le cynepdgocdaTu: noagiiHnii Ca(H2P04)2 i npocTuin Ca(H2P04)2 +
+ CaS04, oco6anBO NOTPIGHUIA poc/iMHaM nig, Yac UBITIHHA Ta MN1040HOCIHHS.
KaniliHigo6pnBa MICTATb Y CBOEMY cknagi Kanii, sakvii ctumynioe npouec oTo-
CVHTE3Y, CNPUSIE HAKONMMUYEHHIO NOXMBHMX PEYOBUH i 3ab6e3neuvye CTilikicTb cTeben
00 BUNsiraHHA. BukopucTtoBytoTb kaniii xnopug KCl ta kanieBy cenitpy KNO3,
KomnnekcHi fo6puBa — Taki, WO MICTATb AEKi/ibka eNemMeHTiB: amodocka —
NH4H2P 043 gomiwkoto (NHA3PO04, (NHAH2HPO4, 3miwaHi 3 KNO3.



§ 38. CyuacHi cunikaTHi Matepianu

¢ Ha po3BUTOK KOPIHHA Ta PICT POC/MH BM/MBaE pH rpyHTIB. 3a/1€XHO Bif LbOro
nokasHuka, cepefoBulle ['PYHTOBUX PO3UYMHIB MOXE OYTM KUCIOTHUM, Heli-
TpasibHUM ab0 NYXHUM.

¢ KMCMOTHICTb IpyHTY BM3HAYalOTb HaAMIpHUM BMICTOM Y I'PYHTOBOMY PO34MHI
KaTioHiB lgporeHy H+yHacnifok yTBOPEHHS OpraHivyHUX i HeOpraHiYHMX KUCAOT i
BYI/IEKMC/IOTO ra3y nif vac 6ioXiMiYHUX NPOLECIB Y I'PYHTI.

e HeliTpaniaytoTb KUCMOTHI I'PYHTM BamnHAKOM, BamnHAHMM OGOPOLLUHOM, Kpehgoto,
Meprefiem, rawleHnum BanHoM, Bigxofamy BUPOOHWLTBA LyKpPY, NOMEsoMm.

e JIyXHi I'PYHTM XapaKTepusye HaamipHa KisibKiCTb TigpOKCUA-aHIOHIB Y 'PYHTOBOMY
po3unHi, pH cTaHOBUTL 7,5-8,5. HeliTpaniaytoTb rincyBaHHAM.

1. OxapakTepusyiite MiHepasbHi 406puBa: a) HiTpaTHi; 6) dhocdaTtHi; B) KasniHi.
2. TlosiCHITb BNANB MiHEPA/IbHMX 406PMB Ha PICT | PO3BUTOK POC/IVH.

3. Hartpiin HiTpaT, Aknii BUKOPUCTOBYIOTb SIK HiTpaTHE AOOPMBO, MOXe He Tiflbku ByTn
KOpUCHUM, a 1 3aBaBaTV LKOAW. BUCNOBTE CBOE Cy/pPKEHHSI LWOAO0 KOpUCTI Ta
LKOAN Ui€el peyoBuHK. MigTBEpAbTe BiAMNOBiAb PIBHAHHAMW peakLiil, Ae MOXIMBO.

4. YCTaHOBITb BigMOBIAHICTb MiX hopMynamun Ta Ha3Bamu 4O6PUB.

A Ca(H2P04)2+HD 1 kanieBa cenitpa
B(NH4Xo04 2 kapb6awmig

B KNOg 3 nopggitHnin cynepdhocdar
I CO(NH22 4 npocTunii cynepdpocchat

5 amoHiin cynbcat

5. O6uncniTb MacoBy YacTky HiTporeHy B amoOHili cynbchaTi.

6. Hartpin opTodocdaT KinbkicTio pevyoBuHn 0,4 MOSb NOBHICTHO NpopearyBas 3 Kaslb-
L xnopuaom. O6UYMCNiTL Macu NPOAYKTIB peakLii.

7. HitpaTtHa kucnoTta macol 126 kr npopearyBasia 3 aMOHiakoM 06’'emomM 60 M3 (H. y.).
O6uncniTb Macy yTBOPEHOr0 aMoHili HiTparty.

8. Bam BifoMO, WO 4718 POCTy 3€MEeH0i Macu pPOCAMH BUKOPUCTOBYIOTb HiTpaTHI
nobprBa: HaTpieBy, KaslieBy, KasbLieByY i amOHiauHy cenitpu, kapbamig. O6umcniTb
Ta NopiBHANTE, ke 3 UMX f06pNB EKOHOMIYHO HalBWrigHILLE BHOCUTU B I'PyHT 3a
BMIiCTOM HiTporeHy B Hux.

§ 38. CYUACHI CUMTIKATHI MATEPIA/IA

yi'n OnaHyBaBwWK maTepian naparpacda, B 3MOXeETE:

* HasMBaTW cy4vacHi cunikaTHi martepianu;
* HaBOAVMTW NPUKNAaAW CyYaCHUX CUJiKaTHUX MaTepianis;
* XapaKTepusyBaTW CKnaf, BNacTUBOCTI Ta 3aCTOCYBAHHA CUMIKATHUX MaTepiasnis.

Y §33 Bu 03HalioOMUNMUCA 3 NPUPOAHUMM CUNiKaTaMK Ta YaCTKOBO BUBUMMN TXHE
3acTocyBaHHA. OfHaK Le He BUYEepnye BCi MOXAMBOCTI CU/IKaTHOT NMPOMWUCIOBOCTI,
6e3 maTepianiB AKOT HEMOX/IMBE XUTTA Ntogein. [lo maTepianiB cMNikaTHOI MpoMuKUcno-
BOCTi HanexaTb LEMeHT, 6ETOH, Lierna, ckno i kepamika. CMpOBMHOW A4N19 BUPO6GHMU-
LTBa LUMX maTtepianie € rnmHa.
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0
Mpuragarite cknag rNnHW Ta 1i XiMiYHi KOMMNOHEHTH.

3aBAAKN Pi3HUM XiMIYHMM KOMMOHEHTaM F/IMHW BOHA 3[aTHa YTBOPOBaTW Nnac-
TUYHY Macy 3 Bofot. Lliil maci moxxHa HagaBaTu Ppi3HOT popmu, Aka 3b6epiraetbcs
nicna BUCUXaHHA BUPOOY.

Po3rnaHemo martepianu cunikaTHOT MPOMUCIOBOCTI.

Ckno. € pi3Hi BUAN CTEKOS, 3a1eXHO Bij TXHbOro 3acToCyBaHHS. Halimowwnpe-
Hille 3a BUKOPUCTAHHAM — BiKOHHE CKMO. [nsa oro BMpo6GHMLTBA MOTPiOHI BanHsK
CaC03 kanbumHoBaHa cofa NaSC 0 3Ta kBapLoBuiA nicok SiO,. Y cneuianbHMUX neyax
IX HarpiBatoTb fo TemnepaTypu 1500 °C, kapboHaTU CNiKaTbCA 3 MICKOM, YHACNiLOK
4yoro yTBOpPHETLCS Npo3opuii cnnaB cknagy Na,0 «CaO «6Si09 Ximiam BUpo6HMLTBA
3BMYAHOrO CKfla nepefatoTb TaKUMU PIBHAHHAMMW peakLiid:

CaC,03=Ca0O + CO,; CaO + SiO, = CaSi03
Na,C03+ SiO, = Na®Si03+ COJ;
CaCO03+ SiO, = CaSi03+ COQ/.

AK 6ayMmo 3i ckiagy ckna, NicoK NOTPi6HO 6paTu B HagULWKYy. 3aMiHUBLLK
cofy Ha iHWi KapboHaTu, OTPUMYIOTb CTeK/Na 3 iHWUMK BlacTuBocTaAMuU. Hanpu-
Knag, 3amMmiHO HaTpili KapboHaTy Ha Kasniii kapboHaT fo6yBalOTb TYromnjaBke CKMo
cknagy KO «CaO «6Si0Q AKkwo X Ao cymiwi fofatoTb Pi3Hi OKCUAN MeTaniyHnX
eNeMeHTiB, OTPUMYIOTb KONbOPOBE CK/0. 3e/IeHOr0 KONbOopy CKAY Hajae AofLaBaHHSA
xpom(I11) okcupgy, cuHboro —kob6ansT(ll) okenay, cuHbo-3eneHoro —kynpym(ll)
okcugy. [logatoum nNopoLwok 3010Ta, BUFOTOBAAKTL PYy6iHOBE CKMo, a 3 Kaniii Kap-
6oHaty, nicky Ta nawombym(ll) okcmgy — KpuwTans. 3 KpULWTaneBoro ckna rpa-
HYBaHHAM BUTOTOBAAOTHL Nnocyfd. B ontuyi —ue matepian gnd niH3 i npusm. Y pasi
fofaBaHHA Jo cknomacu ctaHym(lY) okcuay yTBOPHOETLCA eMalb —Martepian Ans
nocyny, npukpac, KapTuH, Bitpaxis (puc. 62).

Bam y>xe BifjOMO, L0 1abopaToOpHUiA CKNAHWIA nocy Mae 6yTu CTIKUM A0 Harpi-
BaHHA. 3 L€ MeTOH BUrOTOBNATHL KBAPLOBE CKMO. YMCTMI KBapLoBMiA NiCOK po3-
NiaBnat0Thb | MOBIILHO OXONMOMAXKYIOTh. Take CKN0 Mae 34aTHICTb NPONyCcKaTh ynbTpa-
(hioNeToBi MPOMEHI, TOMY 3 HbOr0 BUPOGIAIOTH KBAPLOBI namnu.

MosICHITb, e BUKOPWUCTOBYIOTHL KBApLIOBI 1aMMM Ta 3 SIKOK0 METOI0.

Puc. 62. Bupo6u 3 BUKOpUCTaHHAM eMai
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Ona BupobHMLUTBA CKNAHUX BMPOOIB 3aCTOCOBYIOTH METOAWM BUAYBaHHA, npe-
CYBaHH$, NPOKaTyBaHHA i BUTATYBaHHA. YcCi Ui onepauii BUKOHYHOTb, KOAU CKNO ne-
pebyBae B CTaHi B’A3KOT Macu, sika MOBifIbHO 0X00XKYETbLCS.

CK/0 BUKOPUCTOBYIOTb A1 BUFOTOB/IEHHSA CK/OBOMOKOH i CKNOHUTOK. Burotos-
NEHI 3 HUX TKaHWHK JO6pi Tenno- i enekTpoisonaTopu. Kpim Toro, Ans nepefaBaHHA
306paxkeHb i 3BYKiB Yy KabenbHOMY TenebayeHHi il Tene)OHHOMY 3B’A3KY BUKOPUCTO-
BYIOTb CBITNIOBOAW. Y MeAMLMHI A KOCMETOOTIT 3aCTOCOBYIOTb NpUaan Ans fgiarHoc-
TyBaHHA XBOPO6 BHYTPILIHIX OpraHiB, e BUKOPUCTaHI CKAOHUTKK. |3 CKNOBONOKHA W
nnacTmMac BUroTOB/MAKOTb MiLlHi CKNIOMIaCTUKMN.

LevenT. Lleit maTepian BUpOGAAOTL 3 FMHM Ta BamHAKY, AKi MatOTb BEIMKUIA
BMiCT cuniuii(lyY) okcmay. Mig yac HarpiBaHHA CyMmiwi BifgbyBaeTbCA 3HEBOAHEHHSA
KaoniHiTy, po3KnagaHHsA BanHAKY /i YTBOPEHHA Kanblili cuaikaTiB Ta antomMmocunika-
TiB. PiBHSIHHA peakuiii:

Ai,03+2Si0,2H,0 L Ai,03-2Si0, + 2H,0;
CaC03=Ca0O + CO/A; CaO + SiO, =CaSi03

Pe4yoBMHM, WO YTBOPIOKOTLCA Mif Yac peakwlili, CNiKaTbCA Ta MNEpPeMentoTbea
Ha MOPOLWOK —UEMeHT. 3 HbOro, 0Aat0YN NICOK i BOAY, BUTOTOBNATL OyfAiBenbHUI
PO34YMH, KNI TBEPAHE 3 YTBOPEHHAM KaM AHUCTOT Macu.

CunikaTHa NPOMUCNOBICTb YKpaiHU BUPOBAE feKinbKa COpTiB LEMEHTY: LIBUAKO-
TY>XaBit0OUNA, MOPO3OCTINKWNIA, XXapOMILHUIA, 6ETOH i 3ani306eTOH.

Y 6yfiBenbHiil cnpasi WNMPOKO BUKOPUCTOBYOTb GETOH —CyMill WebeHto, nicky i
LeMeHTy. MoMiCTMBLLM B GETOH 3a/i3Hi CTEPXHI, OTPUMYIOTb 3a/1i306€ TOH, L0 € MiLlHi-
WKM Bif 6eToHy. oro BUKOPUCTOBYIOTL ANA CMIOPY/AXKEHHS KOPNYyCiB 3aBOAiB | habpuk,
€NeKTPOCTaHLi, MOCTiB i rpebenb, 6yanHKIB, NaHenei, 6anok ToLwo.

Kepamika. KepamiuHi BUpo6M BUTOTOBAAKOTHL 3 [NUHU Ta Pi3HUX MiHepanbHUX
fo06aBoK. o uumx BMpO6GIB HanexaTb Lerna, obnuuroBanbHa MAWTKA W Yepenuus,
Kaxenb, ApeHaxHi Tpybu, nopuensHa it hasHC, paKOBUHW AN4 YHITa3iB Ta yMUBa/IbHU-
KiB, TUI NI, i30N14TOPMU.

CVpOBUHOK A/19 BUTOTOB/IEHHA KepaMmiyHMX BUPO6iB € 6ina rauHa, MoaboBWiA
Wwnat, KkBapLoBuii nicok (8 33). TexHonoria BUpoBAEHHS Kepamiku fililinia fo Hac 3
rnmbuHu BikiB. Lle popmyBaHHS, CyLWiHHS Ta BUNaNOBaHHSA BUPOOIB 3 FANHMN.

[na HagaHHA LeKOpPaTUBHUM i XyJ40XHIM BUpo6am Kpacueoro 03go6neHHs ix no-

KpUBaKTb rnasyp’to abo emannto (puc. 63).

Puc. 63. Bupobu 3 Kepamiku
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[Jo maTepianiB cunikatHOI MPOMWCAIOBOCTI Hanexatb CKMo, LeMeHT, GeTOH,
uerna nkepamika.

CupoBUHOIO A/15 BUPOOHULTBA LUMX MaTepianiB € rnHa.

[na BMpobHUUTBA CK/la BMKOPMUCTOBYHOTb BamnHsk CaC03 kanbunHOBaHy cogy
Na2C03 kBapuoBuii nicok S\Or 3a Temnepartypu 1500 °C kapboHaTK cnikatoTbCsA
3 niCKoMm, yTBOpPIOOYM Npo3opuii cnias ckiagy Na2d mCaO m6Si02.

3anexHo Big cknagy KOMMOHEHTIB Ta OKCUAIB MEeTaliYHNX €/IEMEHTIB, PO3PI3HATb
Taki pi3HOBUAM CTEKON: TyronjaBke, KBapLoBe, KpULITaseBe i KOIbOPOBE.
LleMeHT — mMaTepian 3 [/IMHW Ta BamnHaKy, SKi MatoTb Benukuid BmicT cuniuii(lV)
okcugy. Mg yac HarpiBaHHA cyMmiwi BigOyBalOTbCA MpouecK, siki BigobpaxatoTb
PIBHAHHA peakLii:

A0 3m2Si02 m®2HD — AlD 3m2Si02+ 2HD;
CaC03=Ca0O + COJ; CaO + Si02= CaSiOg.

MepemernieHi Ha NOPOLLOK CreyeHi CU/ikaTy YTBOPKKTb LEMEHT.

BeToOH — cyMmiw webeHto, nicky Ta LuemMeHTy. BeToH i3 3ani3HUM Kapkacom Hasu-
BalOTb 3a/1i306€ TOHOM. X BUKOPUCTOBYHOTb A/151 CMOPYAXXEHHST KOPMNYCiB 3aBOAIB |
habpuk, enekTpocTaHuii, MOCTIB i rpebenb, 6yauHKiB, naHeneid, 6anok Towo.
Kepamika — BMpOGM 3 [IMHM Ta Pi3HUX MiHepanbHuUx gobaBok. Lle obnuyto-
Ba/lbHa NAWUTKa Ta Yepenuus, kaxesnb, Uerna, ApeHaxHi Tpybw, nopuensHa i
pasiHC, pakoOBMHM ANA YHITA3iB Ta YMUBAsIbHUKIB, TUMAI, i3019TOpU. TexHosoris
BUPOG/IEHHA KepaMiku nonsrae y hopMyBaHHi, CyLUiHHI Ta BUNasitoBaHHi BUPOGIB
3 [/INHW.

Yci cunikaTHi MaTepianyM Haby/m LMPOKOro 3acTOCyBaHHA B rocrnogapcTsi
YKpaiHu.

3ABOAHHAANA CAMOKOHTPOJIO

BowoNop

HasBiTb maTepianu, ski BUpobasie cunikaTHa NPOMUCOBICTb.

OxapaktepuayiiTe cunikaTHi MaTepiasn: a) CKNo; 6) LEeMEHT; B) Kepamiky.
MoSACHITL 3aCTOCYBaHHSA: &) CKNa; 6) LEMEHTY; B) KepaMiku.

Jocnigite, ski BUpo6bu cunikatHOT NPOMUCNOBOCTI BUKOPUCTOBYIOTL: &) Y NOBYTi;
6) y XiMiYHHOMY KabiHeTi LLUKONK; B) Ha BY/IMLi BaLUOrO NMPOXMBaHHS.

MacoBi yYacTkn kanii, Kanbuii Ta cunigin(ly) okcugis cTaHOBAATb BigNOBIAHO
18,43 %, 10,98 % i 70,59 %. YcTaHOBITb i 3anmwiTb dopmyny ckna. Hassitb
noro.

Kanbuii kapboHaT macoto 15 r npopearyBaB 3 X/IOpUAHOK KMC/IOTOK Macok 14,6 T.
O6umncniTe Macy KanbLiii xnopuay n o6’em kapooH(lY) okcuay (H. y.), WO yTBOPUANCS
nig vyac peaxuji.

Y Bac HasiBHi Tpu Npo6ipkn 6e3 HanuciB 3 po3ynHammn HaTpiii KapboHaTty, HaTpii
cunikaTy i HaTpili opTodocpaty. MNpoBesiTh YABHWIA EKCNEPUMEHT 3 BM3HAYEHHS
UMX conei, BUKOpMCTaBLUM ABa peakTuBu. CkNafiTb PIBHAHHA peakLiid.
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§ 39. TEHETWYHI 3B’A3KN MIDK OCHOBHUMUW KNACAMMU
HEOPIAHIYHUX CIMOJTYK

4n OnaHyBaBlWM MaTepian naparpada, Bu 3MoXeTe:

* Ha3MBATW PEYOBMHMU, L0 HANEXaTb 40 OCHOBHUX KNaciB HEOPraHiuHUX CNONyK;

* TOSACHIOBATM B3aEMO3B13KN MDK NPOCTUMM Ta CKNafHUMU pevyoBUHAMMU, Kfia-
CaMun OpraHivyHuX cnonyk;

* CKNAZaTW CXeMW MepeTBOPEHb MK OCHOBHMMMW Kiacamu HeOpraHiyHuX cno-
NYK; PIBHAHHSA peakLii 3a HaBefeHUMU CXeMaMu;

e POGMTW BUCHOBKM MPO BHYTPIiLIHLOMNPEAMETHI 3B’A3KM Ha OCHOBI B3aeMonepe-
TBOPEHb MiXK NPOCTUMMW Ta CKNaAHUMU PeyoBUHAMMU.

Y kypci ximii 11 knacy BM NOrnn6unun ta NOBTOPUAN HaBYalbHWIA MaTepian npo
XiMiYHi pevyoBUHM, Habynn [OCBILY NMPaKTUYHOT po6OTU 3 pe4OBUHAMMW Mif Yac BUKO-
HaHHA 1abopaToOpHMX AOCAIAIB | NPaKTUYHKUX POGIT, PO3WMPUAN CBOT 3HAHHS MpO
3aCTOCYBaHHA HeopraHivYHMX CMoNyK Y CyCcnifibHOMY rocrnogapcTsi Ta iXHE A06YBaHHA
B nabopatopii Ta NPOMUCNOBOCTI. BMBYalOUn Ximito, BU NepeKoHanucs, Wo MidK peyo-
BMHAaMM ICHYIOTb B3aEMO3B™3KM. iX Ha3MBalOTb FEHETUYHUMMU, OCKiNbKN BOHU PO3-
KPUBAKTb NMOXOMKEHHA O4HUX PEYOBUH Bif iHLLMX.

O3HalioMMMOCS 3i CXeMOI B3aEMONEPETBOPEHb PeYoBUH (pUC. 64).

n
MeTtan + HemeTtan Cinb T
s -
W \ 23
+ > ‘m O
g Okeug, Okeug, =
(0] MeTasTliuHOro + HemeTaniyHoro Cinb
efleMeHTa efniemMeHTa J
g «—— OcHoBa + Kucnora Cine + BOsiA
u -
0 | \
0 HoBa ocHoBa HoBa cinb
+ +
HOBa Ciflb HOBa KucoTa

Puc. 64. Cxema B3agMOMeEPETBOPEHb PEYOBVH

Hanpuknag, 3anuMwemMo CXeMy MepeTBOPEHb Y BEPTUKA/IbHOMY CTOBIMLi CXeMw,
NOYMHAK YN 3 MeTany, i B MEPLUOMY FOPU30HTANbHOMY PAAKY:
Ba -> BaO —Ba(OH)9—BaS04
: i ;
BaCl, BaS03 Ba(N039

CknagiTb CaMOCTINHO PIBHAHHS peakuii 3a HaBefeHOH CXEMON, BM3HAUTE SKICHY
peakLito.
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MiX peyoBMHAMMN iCHYIOTb FE€HEeTWYHI 3B'A3KM, SIKi PO3KPMBAIOTb MOXOKEHHS
OZHNX PEYOBUH Bif iHLLMX.

FeHeTUYHI 3B’513KM, NOYMHaKuM 3 MeTany abo HemeTasly, yTBOPIOKTL BiAMNOBIAHO
OCHOBHi, amhoTepHi abo KMCNOTHI OKCuAW, aTi — OCHOBW, aMd)OTEpPHI rigpoKkcnam
Ta KMCnoTu i coni. OcHOBU, aM)OTEpPHI TiAPOKCUAMN Ta KACMOTU, PO3KIafalounch,
YTBOPHOKTb OCHOBHI, aMpOTEPHi abo KMCOTHI OKCcuAan Towo.

FeHeTWYHI pAAN Bigo6paxalTb B3aEMO3B'A3KA N MiXK CKNagHUMU pPEeYOBMHAMM:
oKcuAamu, OCHOBaMu, aMqPOTEPHUMM TiAPOKCUAAMU, KUCOTaMK A CONAMU.

YMiHHS 3filicHIOBaTV B3aEMONEPETBOPEHHS CMPUSIE MPAKTUYHOMY 3aCTOCYBaHHI0
Ta A06YyBaHHIO PeyYoBMH Yy NabopaToOpPHMX i NPOMUC/IOBMX YMOBAX.

3ABOAHHAANA CAMOKOHTPOJIO

1

CknagiTb PiBHAHHS peakLiil 3a HaBeAEeHNMU CXEMaMM:
a) C-> C02-> MgC03-> MgO -> MgCI2-> Mg(OH)2-> Mg(N032

6) Al — AlClg — AI(OH)3— AID 3— NaJAI(OH)§
I
AD 3~ AI(NO33™ AIPO4;

K3P04—Ag3P04
T
B) PO 5—H3P04—NH4H2P04.

|
(NH4)2HP04—>(NH4)3P04

MaemMo peyoBuHU: BOAy, MarHin okcug, hocdop, HITpaTHy KUCNOTYI HaTpin rigpo-
kena. [obyabTe TpW MPOCTi Ta WICTb CKAaAHUX PEYOBUH, KOPUCTYIOUUCH HUMK Ta
NpoAYyKTaMu TXHbOI B3aEMOZI.
CknagiTb piBHAHHA peakuin 3a HaBe4eHO CXeMOK. Ha3BiTb pe4YOBUHM, MO3HAYEHI
nirepamum.
+10 +Q0O +Hei +NaQO t

c a~"A "B ~"B ~b ~T
CknagiTb CaMOCTINHO AEeKiflbKa CXEM reHETUYHNX 3B’A3KIB MiXX 3a3Ha4YEHMMUN peyo-
BMHaMW i HanuwWiTb BiANOBIAHI PiBHAHHA peakuiii: cdepym(ll) okcug, cdepym(lll)
xnopug, cepym(ll) rigpokeng, depym(ll) Hitpat, 3anizo, depym(lll) okcug,
depym(lll) cynsdpat, depym(lll) rigpokeng,.
JoBefiTb ekcnepyMeHTasnbHO, WO 3 Migi NEBHUMY NepPeTBOPEHHAMU MOXHA OTpU-
mMaTu ABi coni pisHMMK cnocobamm.

. O po3unHy, WO MICTUB HaTpii rigpoKCuA KinbkicTio peyoBuHU 0,1 MOsb, AONNAN

PO34MH CyNbdATHOI KNCAOTHU KifbKICTIO pevyoBuHU 0,1 mMosb. O6YMcniTe Macy yTBO-
peHoi coni. HasBiTb Cinb.

. 10 po3umHy, WO MicTMB opTodhocdaTHy KUCNOTY Ki/IbKICTIO pevoBurHU 0,2 MOfb,

O0NIN PO3UUH Kauii TigpOKCUAY KiNbKicTio pedoBuHr 0,3 Mosb. OBUMCTIiTE Macy KOX-
HOT co/li B YTBOPEHII CcyMilli nic/is BUNaptoBaHHA NPOAYKTIB peakuil i Ha3BiTb CONi.

MoBTOPITb SKICHI peakuil Ha KaTioHX i aHioHn (831, gogaTok 3).
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8§ 40. MPAKTWYHA POBOTA 2. TEHETUYHI 3B’A3KU
MK HEOPTAHIYHVMIK PEHOBUHAMN

BuKoHaBLWW NpakTUYHY po6GOTYy, B 3MOXeETe:

* MOACHIOBATM B3aEMO3BA3KN MDK NPOCTUMM Ta CKNafHUMU pevyoBUHaAMMU, Kfia-
caMu OpraHiYHMX CMONyK;

 [0CAiA>KYBaTW BNAaCTUBOCTI PEYOBMH Ta IXHi B3aEMOMNEPETBOPEHHS;

e CKnagaTw nnaH [JOCNIgKeHb | PIBHAHHA peakuiil, Wwo MiATBEPAXKYKTb iXHI
NMepeTBOPEHHS;

* POGMTU BUCHOBKM MPO BHYTPIiLLHLOMNPEAMETHI 3B’A3KM Ha OCHOBI B3aeMonepe-
TBOPEHb MK MPOCTMMU Ta CKNAAHUMU PEYOBUHAMM.

Mig yac BUKOHaHHA nabopaTopHUX JOCAIZIB | NPaKTUYHUX POBIT BaM HeobXigHO
BMKOPMCTOBYBATW eKCNEPUMEHTaNbHUIA MeTog, 38 4OMOMOrOK AKOro BUBYalOTh Bfac-
TWUBOCTi PevyoBUH, cNOoCcobM TXHLOro L06YBaHHA, IO 3aBX/AM NMOBA3aHO i3 B3aeMone-
pPeTBOPEHHAMMU.

B3aemonepeTBOPEHHSA PEYOBUH MOXXHA MPOCTEXUTU, BUKOPUCTABLUM BCi BifoOMi
BaM TMMM XIMIYHUX peakuili 3a CXemamu, L0 BKa3ylTb Ha FeHeTU4Hi 3B’A3KK, abo
LOCNifKYyoun cknaf i BNacTUBOCTI PevyOBUH.

MeTapob0oTH: NPakTUYHO NIATBEPAUTH, LWLO MiXK KNnacaMy HeOpraHiyHMX pevyoBUH
i MDK NpOCTMMW Ta CKNaAHUMMW PEYOBMHAMMU € B3aEMO3B’A3KM; (HOPMYBATWU BMIiHHS
eKCMepuMeHTaNbHO [JOBOAUTU HaABHICTb TFEeHETUYHUX 3B’A3KIB Ha mnpukiagi
JOCNifKeHHA cknagy, AKICHUX peakLuiii Ta BUKOHAHHA LOCAIAIB, WO NiATBEPAXKYOTb
B3aEMOMNEPETBOPEHHA OAHUX PEYOBWMH Ha iHWI; cknagatu nnaH AOCNiAXKeHb, ONuUCy-
BaTW CNOCTEPEXEHHSA; pOOUTHN BUCHOBKMN Ha OCHOBI CMOCTEPEXEHD.

| BapiaHT

3aBgaHHA 1 lMpoBeaiTb LOCNIGKEHHSA, 3a JOMOMOrO AKOr0 MOXHa po3Mi3HaTu
po3umHu coneir Kanito: Kaniii xnopug, Kaniin kapboHaT, Kaniin cynbgat, Kaniii opto-
thocat. CknagitTh piBHAHHS peakuili, yKaxiTb 03HaKM IXHbOrO nepeéiry.

3aBfaHHA 2. focnifiTe B3aEMOAI0 MiX 3aNpOMNOHOBAHUMW PEYOBUHAMM: &) HATPI
riLpoKCMAOoM i CynbhaTHO KUCIOTO; 6) HATPIN CybdiTOM | XTOPUAHOK KNCNOTOH);
B) thepym(ll) xnopugom i kaniii rigpokcngom. Cknagite piBHAHHS peakyiid, YKaxiTb
YMOBW TXHbOTO nepeoiry.

3aBgaHHA 3. 3AIACHITb eKCNepuMMeHTanbHO MEepeTBOPEHHS 3a CXeMaMu:
a) Cu -> CnO -> CucCl, -> AgCl; 6) CaC03-> Ca(HCO03), -> CaC03-> Ca(NO03),.
OnuwiTe Bali CNOCTepeXeHHs, 3p06iTb BucHoekM NPO B3AEMO3B’A3KM MIXK peyoBu-
Hamu.

Il BapiaHT

3aBgaHHsA 1 lMpoBeaiTb LOCNIAKEHHSA, 3a JOMOMOIO AKOr0 MOXHa po3ni3HaTu
po3unHn xnopuais: 6apiii xnopug, dpepym(ll) xnopug, dpepym(lll) xnopng, amoHii
xfopnga. CknagitTe piBHAHHA peakyill, yKaxiTb 03HaKu IXHbLOro nepeodiry.

3aBfaHHA- 2. [JocnigiTb B3aEMOAi0 MK 3anpOMNOHOBaHUMW pevyoBUHAMMU:
a) Kaniin rigpokcmaom Ta opToPoctaTtHOK KUCNOTOH; 6) Kanili kap6boHaTOM i HiTpaT-
HOK KWC/OTOR; B) UUHK XOPUAOM | Kanii rigpokcugom. Cknagite piBHSHHSA peak-
Wi, yKaXiTb YMOBM iXHbOr0O nepebiry.
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3aBfaHHA 3. 3AilCHITL eKCMepyMeHTanbHO MNEPeTBOPEHHA 3a CXeMaMu:
a) MgC,03-> MgCl, -> Mg(OH)9-> MgO -> MgS04, 6) Zn -> ZnCl, -> Zn(OH)9->
—> ZnO0 —> ZnS04 OnuwiTb BawWi CNocTepeXeHHsd, 3p06iTb BUCHOBKM Npo

B3aEMO3B’A3KM MK peYOBUHAMMU.
OdopMmTe pe3ynbTaTu JOCNILXKEHb Y 30WMUTI ANS NPAKTUUHUX pob6iT. CKNagithb

3BIT.

HABUA/NIbHVN NPOEKT

PaujoHanibHe BUKOpUCTaHHA f06puB i npobaiema OXOpOHW AOBKINNSA.
3anobiraHHA HeraTMBHOMY BMIMBY HIiTpPaTiB HA OpraHiam AANHN.
JocnigxeHHsa pH rpyHTIB cBOET MicueBOCTi. CknagaHHSA KapTu pPOAKYOCTI.

BnactmBoCTi  3acTocyBaHHs KapboHaTiB, HiTpaTiB Ta opTodocdatiB NYXHUX i
NY>XXHO3eMeTbHUX MeTaNiYHUX efleMeHTIB, COMeil aMOHit0.

5. YCYHEHHS TMUM4YacoBOi Ta NOCTINHOT XOPCTKOCTI BOAMW.

Bwonop

MOBTOPKOEMO W Y3ArAJIbHKOEMO BIAOMOCTI 3 MIATEMW 3 TEMU 4
«HEOPFAHIYHI PEYOBVHW TA TXHI BIACTUBOCTI»

CXEMA KNACU®DIKALIT MIHEPANTBHNUX AOBPB —
puc. 60, c. 174.



00
MOBTOPIEMO i y3aranbHOEMO BigoMOCTi 3 niaTemu 3 TeMn 4 ¢ & 0
(¢ 0 0

oo

Halikpallye cepefoBuLLe Ans pocTy i PO3BUTKY POC/IUH, SKLL0 pH
'PYHTY BUMIpPIOETLCA B Mexax 5,5-7,5.

CkJio CKJ/10BOJIOKHO



8 41 . PONb XIMII B CTBOPEHHI HOBU/X MATEPIANIB, PO3BUTKY
HOBWX HAMPAMIB TEXHONOT I

OnaHyBaBLlIW MaTepian naparpadga, B4 3MoOXeTe:

* MOACHIOBATM MOHATTA «MaTepiann», «NOPOLIKOBa MeTanypris»;

e XapaKTepu3yBaTW MeTaniuyHi Ta HemMeTaniyHi martepianu; YMCTi Ta HafuMCTI
MeTanu; po3BUTOK HOBUX HaNpAMIB TEXHONOTI;

¢ POGWTU BUCHOBKM NPO pofib XiMii B CTBOPEHHI HOBMX MaTepianis;

 OUiHIOBATYW 3HAYeHHS XiMil B CTBOPEHHI HOBMX MaTepiasiB, PO3BUTKY HOBUX
HanpsiMiB TEXHOMOTI.

BuByaroun Kypc Ximii, BU HeO4HOPAa30BO Ai3HaBaAUCA MPO BUKOPUCTAHHA HOBMX
maTepianiB y HayLi Ta TexHiLi, CycninbHOMY rocnoaapcTsi i nobyTi.

Mpuragaiite, WO Take MaTepiann.

OTxe, MaTepianaMy HasuBalTb PEYOBUHU, AKi BWKOPUCTOBYHOTb NS BUTO-
TOBNEHHA (DI3NYHMX Tin, NPeAMETIB AN BXKWTKY YM BUPOOGHMLTBA. OCKiNbKM Hayka
PO3BMBAETHLCA B HaMpPsAMi HOBUX BIAKPUTTIB, TO il NPOAYKTU ByAyTb KOPUCHUMUK ANA
CycninbCTBa Ta KOXHOT IOANHUN 30KpeMa.

XiMiyHa Hayka BNPOJOBX CBOr0 PO3BWUTKY MPALIOE Haf MOACHEHHAM He TifbKK
NPUPOSHUX ABULY, & I TUX, WO BigOyBaOTLCA Mif Yac Pi3HMX NPOLECIiB: MPUTrOTYBaHHSA
Ki, BUMNaBneHHs MeTaniB TOWo. BaXnMBuMU HanpsmMamm € CTBOPEHHS HOBUX Ma-
Tepianie, [o6YyBaHHA €KOMOTMIYHO YACTUX PEYOBMH, CTBOPEHHS YMOB A/ 3POCTaHHSA
[06po0OyTy Ta 3abe3neyeHHs 340POBOr0 CNOCOBY XMNTTA N0gei.

Y WKiNbHOMY Kypci XiMii BM BXX€ 03HalOMUAKCA, 3 AKUX PEUYOBUH BUTOTOBASAKOTH
BifloMi HWHI maTepianu. MpupogHUMN pecypcaMu 418 CTBOPEHHS HOBUX MaTepianis €
MeTasNliuyHi Ta HemeTaniuyHi Matepianu.

M etaniuni maTepianu. [1p0 MeTaniyHi matepianu Ta iXHi cniasu BU JOBiganucs,
BMBYatOUM Metanm (§ 25).

Mpuragarite 3acTocyBaHHA asllOMiHilO, Migj, 3ani3a Ta ixHix cnaasiB, CKOPUCTaBLUNCH
puc. 49-51, c¢. 137, 139.

Y npoMucnoBux maclTabax BMKOPUCTOBYHTb MarHieBi, TUTaHOBI, HiKeneBi I
iHWI cnniasw.
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§ 41. Ponb XiMii B CTBOPEHHI HOBMX MaTepianis...

MarHiii, Ak MeTaniyHuii maTtepian, BUKOPUCTOBYIOTb A8 CUHTE3Y OpraHiyHmX
CNoNykK, y NipoTexHiyi, 9K po3KMCNOBaY y MeTanyprii, BiZHOBHUK MeTasiB Y BUPOOHU-
UTBI cnnaBiB. MarHieBi cniaBu HanexaTb [0 HaMNerwmnx KOHCTPYKUIMHNX MaTepia-
niB. XapakTepu3yrTbCs BUCOKOK MILHICTIO, erko 06pobKoto, goBoni fobpe nigaa-
I0TbCS Pi3aHHIO Ta 3BAPHOBAHHIO.

[yxe BaXXNMBUM MmaTepiasiom 418 BUTOTOB/IEHHA pajionaMn € MeTanivyHuid uup-
KOHil. MpoTe 3HAYHO LIMPLUOFO 3acTOCYyBaHHA AK maTtepianu Habynu ioro cnnasw.
30Kpema, cnnaB 3 Hikenem i K06anbTOM BUKOPUCTOBYHOTb K 3aMiHHUK LUIBUAKOPI-
3aMbHOT IHCTPYMEHTANbHOT CTasi; cnnaB LUPKOHIK0 3 Migat0, HikeneMm i KobanbTom —
Npu BUTOTOBJIEHHI pi3aNbHUX [HCTPYMEHTIB, 3BaplOBaNbHUX E€NeKTPOLiB, XiMiUHOT
anapatypu. LIMpKOHIA OoKcuA [OCWMTb TyronnaBKWiA, TOMY WOro 3acTOCOBYHTb fK
maTepian gns BUPO6HMLUTBA APOTY, TUTNIB, LEMEHTY. TakoX LUMPOKO BUKOPUCTOBY-
I0Tb CNAABU LUPKOHIO 3 0NI0OBOM, 3a/1i30M, HiKeNeM i XpOMOM, L0 MatoTb BUCOKY Mill-
HIiCTb i KOPO3ilHYy CTIlKiCTb.

[Josigatnca 6inblwe Npo TUTAH Ta /AOro CNONYKU BU 3MOXETE, 03HaNOMUBLLUCH
i3 puc. 65.

NiTakobyayBaH Hsi TiO,, TiCl,,

PakeTobyayBaHHSA
YAY J BUroToBneHHSA TyronsiaBKoro

ckna, emani Ta rniasypi.

MalurHo6yayBaHHS J
Y TEKCTUNbHIN Ta nanepoBii
NPOMWCNOBOCTSX, BUPOOHULTBI

BUrotoBneHHa XiMiuHoT KayuyKy, HOBENipHiii cripasi.

anaparypu

OnoBvBaHHA cafliB AUMOM N Yac npu-
MOPO3KiB; AUMOYTBOPOBa/IbHA pPeyoBrHa
[NSi CTBOPEHHSA AMMOBMX 3aBiC.

BrroToBneHHs meguu-
HUX IHCTPYMEHTIB

J

Puc. 65. Cxema 3aCTOCYBaHHS TUTaHy Ta MOro cnosyk

Baxxnuee 3HaYeHHN B CTBOPEHHI HOBUX MaTepianiB Mae NOPOLUKOBA MeTanypris,
CYTb AKOT MoJfiArae B CTBOPeHHi TeXHOMOrii BUPOOHMLUTBA MOPOLLUKIB i BUTOTOBJIEHHI
BMpo6iB 3 HMX. OCHOBHa Nepesara NOPOLIKOBOT MeTanyprii —aobyBaHHA MaTepianis,
AKi HEMOX/IMBO OTPUMATK IHWUM cnocoboM. Lle Tyronnaski maTepianv Bonbpamy i
TaHTany, CnjaBuM Ha OCHOBI TXHIX KapbigiB; KOMMO3WUUiiiHI MaTepianu 3 MeTanis i
HemeTanis; nopucTi matepianu Towo. Kpim TOro, y4yeHi CTBOPIOIOTL MaTepianu 3 Kpa-
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WMUMUN TEXHIKO-eKOHOMIYHMMM NOKasHMKaMu. Lie cnpuse eKoOHOMIT MeTany, 0CKiNbKu
BMPOGMW BUTOTOBAATb NMUTTAM. BUKOPUCTOBYIOUYM YUCTI MOPOLLKM Mif Yac CrikKaHHS,
OTPUMYKOTb MaTepiann 3 MEHL MM BMICTOM AOMILLOK i KpaWiMMmM nNokKasHMKamu TBep-
[OCTi, TEPMOCTINKOCTI, CTIKOCTI A0 KOPO3ii Ta gii pagiayii Towo.

TexHOMOris NOpOLLIKOBOT MeTanyprii fa€ 3Ha4HM# EKOHOMIYHWIA ePEKT, OCKiNbKU:
a) NOKpaLLlyeTbCs AKICTb MaTepiany; 6) OTpUMYIOTbH MaTepiann 3 0coO6MMBUMU BNaCTU-
BOCTAMM ab0 3aflaHUMMN XapaKTEPUCTUKAMU, AKi HEMOXIMBO OTPUMATH HLINM CNOCO-
60M; B) TpagmuiiHe BUTOTOB/IEHHA CNNaBiB € GinblW 3aTpaTHWM A8 NPOMUCIOBOCTI.

MeTanypriiHa MPOMUCNOBICTb BUPOGNSE He TiNIbKW CMaBK, a i YNCTI Ta HAZUNCTI
meTanu. Lle 301070, nnaTuHa i NNaTMHOBI MeTanu, cpibno Towo. HagumcTi maTepianu
MalTb Ay)XXe HU3bKWIA BMICT AOMILWOK. X y 100 i 6ifblie pasiB MEHLUE, HIX Y YNCTUX.
MacoBa YacTKa OMiLLIOK MOXXe CTaHOBUTK BCboro 0,0001 %.

Po3pi3HAOTb Taki KBanigikalii MeTaniyHUX MaTepianis, AK «4YUCTWA», «4NCTUIA 4NA
aHanizy» Ta «xiMi4yHO YncTuin». Matepianu KBanidikayii «4ncTnii» 3aCTOCOBYIOTb AN
EKCMEPUMEHTIB Ta y BMPOOHULTBI, & «4NCTI A4 aHanidy» — a5 aHaniTUYHMUX pobiT y
HayKOBMX focnigax, Wo noTpebyoTb BUCOKOT TOUHOCTI. «XiMIYHO YMCTi» MaTepianu npu-
3HaYeHi nnwe Ana aHaniTUYHUX AOCNIAKEHb.

Hemertaniuni maTtepianu. 3 HEMeTa/iYHUX MaTepianiB LUMPOKOro 3acTOCYyBaHHA
Habynu NofiMepu, Ha OCHOBI IKNX [06YBalOTb CUHTETUYHI CMOK Ta MaacTMacuy i Kay-
YyyKkn. BOHM MiLHIi, CTiliKi 4O CTMPaHHA Ta fii arpecMBHNX CepefoBuLY, BUCOKUX TeMMe-
patyp, fo6pi gienekTpmku. HemetaniyHMmMm matepianamm, BAPOOHULTBO AKMX I'PYHTY-
€TbCA Ha XiMIYHMX npouecax, € Kepamika, UeMeHT, ckno, 6eToH (gus.
§ 38). Lle yHiBepcanbHi 6yaiBenbHi MaTepianu, SiKi 3aCTOCOBYHOTb Y BCiX 6YfiBeNbHUX
ranysax. Y cyvyacHomy 6yfiBHULTBI LLUMPOKO 3aCTOCOBYHOTh 3a/1i300€TOHHI KOHCTPYKLUIT.

KomnosuuiitHnii maTepian, abo KOMNO3UT, —Marepian, y SKoMy NoefHYHTbCS
fBa abo 6ifblie KOMMOHEHTIB, WO HEPO3YMHHI ab0 ManoOpPO34YUHHI O4WH B OJHOMY i
MatoTb Pi3Hi BnacTueocTi. Lli maTepianu cknagaloTbcs 3 OCHOBM Ta HamnoOBHIOBAYiB.
KO>XXHWIA KOMNOHEHT BUKOHYE CBOK PYHKLiHO: NaacTUYHa OCHOBA —Lie 3B A3YBa/ibHWIA
maTepian, a HanoBHIOBaY Hagae MiLHocTi (puc. 66, a).

30BHilWHIl Wap

cynepniHiiHoro
nonietTuneHy

Wap niHHOrO
nonieTuneHy

BHyTpiWwHili wap
cynepniHiliHoro'
nonieTuneHy

Pvc. 66. KomnosnTun: a —Ha OCHOBI MONIETUNEHY;
6 —aepeBMHHO-NoNIMepHNI KomnosuT (AMK)

OcobnuBUA KNac matepianis —nNpUPOAHI, 30Kpema [epeBUHHI. iX NoAiNATb Ha
nicomatepianu Ta fepeBMHHI KoMno3uuiiiHi (puc. 69, 6). JepeBUHHI KOMNO3MLiliHI
maTepianu oTpMMYIOTb 00POBKOIO HATYpanbHOT AEePeBMHIN 38 BUCOKUX Temnepatyp nijg
TUCKOM, MPOCOYYBAHHAM [epeBMHU XIMIYHMMMW peyoBUHAMWU Ta CKNeBaHHAM. 3a
Takoi 06po6KM 3MiHIOETLCA ii MpupogHa i3nyHa CTPYKTypa Ta XiMiYHWUiA CKiag.



§ 41. Ponb XiMii B CTBOPEHHI HOBMX MaTepianis...

MeTanokepamivyHi KOMNO3UTU (KEPMETMU) OTPMMYHOTb MpecyBaHHAM 3aroTo-
BOK 3 NOPOLLKIB (MeTaniB i KepaMikn) 3 nofasiblLnUM TXHIM CMNiKaHHAM.

BupobnaTh TakKoX KOMMO3UTW Ha OCHOBI antoMiHilo, 6epunito, Hikento,
Ko6anbTy. MaTtpuyi LMX KOMNO3UTIB MOXYTb CKMagaTuca 3 Ynctux metanis abo
cnnaBsiB Ha iIXHili ocHoBi. Cepef cnnaBiB BaX/IMBY POJb BigirpawTb cuaiynam meta-
NiB. X BUTOTOBMAKTbL 3a TEXHOJOTIED MPAMOro CUHTE3y cuaiuugis 3 MmeTany Ta
cunigito. Kpim TOro, po3po671eHO TEXHOMOri0 BifHOB/EHHA OKCUAIB MeTaniYHuX
efleMeHTIB cuniliem.

HopnnacTwn —ue KOMNO3MTU, OCHOBOK AKWUX € noniMepu. HanosHiOBayi Hop-
nnacTiB fyxe pi3HOMaHITHI. 3 HUX BUTOTOBNAKTh aBTOMOGINbHI KOBPUKN.

[0 KoMNo3nTiB HanexaTb NiHW —MaTepiany, HanoBHeHI rasamu.

Komno3nTtu mMatoTb BUCOKY MILHICTb, MIACTUYHICTb, MPYXHICTb | 3HOCOCTINKICTb.

HoBuMKM KOMMO3ULIAHMMUN MaTepianamu, AKi BUKOPWUCTOBYHOTh B asialiiiHiin Ta
pPakeTO-KOCMIiYHiil TexHiui, € MaTepiann Ha OCHOBI 6opuais i cuniumgis meTanis. Lle
HOBa TEXHONOrif, AKa CTBOPEHa Ta BNPOBaZXXeHa B Y KpaiHi.

MigcymoBytouM 3a3HauvyeHe, [OXOAMMO BMCHOBKY, WO XiMif Bifirpae Bax/juBy
pPO/ib y CTBOPEHHI HOBMX MaTepianis, aKi Habyu LWMPOKOro 3aCTOCYBaHHS B 6araTboX
ranyssx CycnifibHoro rocrnofapcraa.

nacyMmoBYEMO BMBYEHE

* MaTepianamn Ha3nBalTb PEYOBUHU, LIO BUKOPUCTOBYIOTLCA OJ1 BUTOTOB/IEHHS
pi3nyHNX TiN, NpegMeTIiB 4159 BXUTKY Y/ BUPOOGHNL T BA.

¢ Po3pi3HAOTb MeTaniyHi Ta HeMeTanivyHi MaTepiann. MeTaniyHi maTepianm —
cnnasu Ha OCHOBI Mifi, aftOMiHil0, MarHito, TUTaHy.

* [MopolwkKoBa MeTasypris — TEXHO/O0rA BUPOOGHULTBA NOPOLLKIB | BATOTOB/IEHHS
BMPOGIB 3 HMX, WO gae 3mMory gobysatn marepianiv, siki HEMOX/IMBO OTPUMAaTK
iHWMM cnocobom. Lle TyronnaBki MaTepiasin Bo/bdpamy i TaHTasly, CrjiaBn Ha
OCHOBI IXHiX Kapbigi..

e 3 HemeTaniyHMXMaTepianiB CTBOPEHO CMHTETMYHI NOTIMEPK, KayUyKKN, KEPaMIKy,
LIeMEHT, CK/10.

e HoBuMW maTepianamu € rpyna HemeTasliyHMX, $Ki OTPUMasIM Ha3BY KOMMO3UTW.
Lle maTepianu, y KX NOEAHYIOTLCA fABa abo Gifblue KOMMOHEHTIB, WO cknaja-
I0TbCS 3 OCHOBM Ta HANOBHIOBAYIB.

* [lo KOMMO3MLINHUX MaTepianiB Ha/IeXaTb kKepMeTU, HopnacTu, NiHW. HoBi kOM-
no3uuiiiHi martepianu, siki BUKOPUCTOBYIOTb B aBialiiiHiil Ta pakeTo-KOCMIYHIA Tex-
HiLi, BUTOTOBASAKOTbL HA OCHOBI 6opuAaiB | cuniunais MeTanis.

3ABAJAHHAANA CAMOKOHTPOI/O

1. TOACHITb, SIK B PO3YMIETE MOHATTA «MaTepiasinm.

2. OxapakTepusdyinTe: a) MeTa/liyHi Martepianm Ta ixHi cnnaBu; 6) HemeTasliyHi
Marepianu, siKi LUMPOKO BMKOPUCTOBYIOTb Y MPOMUC/IOBOMY BUPOGHULTBI.

3. OO6rpyHTyiiTe, y HOMY NepeBaru TEXHOJOrIT 3aCTOCYBaHHS NMOPOLLKOBOT MeTanypril.

4. TIOAICHITb, L0 Take KOMMO3ULiiHi MaTepiann. OxapakTepuayiite cknag i 3acTocy-
BaHHsS KepMeTiB, HopnaacTiB, NiH.
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[na aHanisy cniaBy 3asi3a Ha BMICT BYI/IEL0 Cnaanin 3pa3okK crjaBy Macow 3 T
YHacnigok peakuii ytBopuscs kap6oH(lY) okcupg o6’emom 11,19 mn (H. V.).
O6uncniTb MacoBy YacTKy Byr/eLt B cnnasi. BusHauTe, sikuin Le cnnas.

Xpom(lll) okcnua macoro 76 Kr BigHOBMAM METOAOM antoMiHoTepMmii. Maca yTBope-
HOro Xpomy ctaHoBuna 48 k. O6UYnCNITb BIAHOCHWIA BUXIO NPOAYKTY peakuii.

®epym(lll) okema macoto 64 kr BigHOBWAM Byrfieuem. Maca yTBOpeHOro 3asisa
ctaHoBuna 20 kr. O6UNCAiTb BIAHOCHUIA BUXiA NPOAYKTY peakuii.

LIIKABO 3HATHA

KomnosuuiiiHi maTepiasin Habynnm LWMPOKOro 3aCTOCYBaHHS, OCKiIbKM Xapak-
TepU3ylTbCA 0CO6/IMBUMU B/IACTUBOCTAMU. Tak, KOMMNO3UTU Ha OCHOBI 6epunito,
y SKMX SIK MaTpUL0 BUKOPUCTOBYHOTbL Gepuniii okcug abo 6epuniii kapbig, 3acTto-
COBYHOTb A1 TPUB&/I0i pO6OTH 3a BUCOKUX TemnepaTyp.

MarHieBi KOMNO3UTU 3MILHIOIOTLCSA NOr0 OKCUAOM. M BNACTMBI HU3bKA LUINBbHICTD i
TpmBana MiyHicTb. MepcnekTnBOO € BUKOPUCTAHHS B aBiaujl.
Hikeneso-ko6a/ibTOBi KOMMNO3UTX BUKOPUCTOBYIOTh 3a TemnepaTyp noHag 1000 °C
Buncokoi MiLHOCTI gocsaraoTb 3aBAsKM BBEAEHHIO TOPIN Ta radHii okcugis maco-
BOK 4acTKo 2-4 %. $AK mMaTpuLio BMKOPUCTOBYIOTb CM/iaB HIKel 3 XPOMOM
(HixpoMm) abo cnnaB ko6GanbTy 3 LMPKOHIEM. Tanysi 3acTocyBaHHSA — aBialiiHa Ta
KOCMiYHa TexHika.

Y po3pobLi TEOPETUYHNX OCHOB HaMBaXXMBILLMX MPOLECIB NOPOLLKOBOI MeTanyprii
npoeigHe Micue nocigae IHCTUTYT npo6nem martepiano3HascTBa HAH YkpaiHu.
Mepwuin B YKpaiHi 3aB0j, NOPOLUKOBOT MeTanyprii ctaB Ao nagy B M. Bpoapax
(no6nnsy Knesa) y 1965 p.

KomMnosnTn BUKOPUCTOBYBa/IM B OYAIBHWULTBI €KOMOrYHO 4MCTUX oOcesnb. Lle
BaUIMKM [IMHK, 3MiLLIAHOT i3 CO/TOMOI0, 3 IKUX BUKNaAaIn CTiHU Ta Meperopoakm Mix
KiMHaTamu. Ti3Hiwe uei maTtepian 3amiHWAN LLEr/1omn.

§ 42. POJIb XIMIT B PO3B’A3AHHI MPOAOBO/1bYOT MPOBEMA

OnaHyBaBLlWK mMaTepian naparpada, BU 3MOXeTe:

Ha3MBaATW YMHHUKK, WO BNANBAKOTH Ha 3abe3neyeHHs 3pOCTaHHA BUPOGHU-
UTBa MPOAYKLUIT POCANHHOIO Ta TBAPMHHOIO MOXOAXXEHHS ANA PO3B'A3aHHSA
NnpoAoBo/bY0i MPob6aeMM; OCHOBHI BMPOBHULTBA XapyoBOi MPOMMUCNOBOCTI;
OpraHiyHi pe4oBUHU, IO € KOMMOHEHTaMU Xi;

XapakTepusyBaTun 3HaYeHHA [06puMB, XiMiYHUX 3ac06iB 3aXUCTY POCAWH i
TBapWH, CTUMYNATOPIB POCTY, WTYYHUX KOPMIB ANS 36inblIeHHA 06cAris
BMPOOHMLTBA Xap4yoBOi NPOAYKLUIT;

pPO6UT M BUCHOBKM NPO PO/b XiMii B pO3B’A3aHHI NPOA0OBONbYOT NPO6/IEMU;
BMC/OB/IIOBATUN CYyAXXEHHS W00 3HAYEHHA XiIMIYHMX 3HaHb AK CKAajHWKa
3aranbHol KynbTypu NOANHN;

OLiHIOBATW 3HaYEHHA XiMiT B p0o3B’A3aHHi NpoA0BONbYOT NPO6AEMY;
YCBIfOMNOBATUN HEOOXigHICTb 3HAHHSA BNACTUBOCTE PEYOBMHMW AN BCTAHOB-
NIeHHA 1T BNAWBY Ha BNacHe 340p0B 4.



§ 42. Ponb Ximii B po3B’A3aHHi NpoAoBONbLYOT Npobnemun

OpfHieto 3 rnobanbHUX npobnem NOACTBA € 3a6e3MeyYeHiCTb NOAUHU TXKELD.
Bigomo, Wwo Hka HeobXxigHa AN XUTTELIANAbHOCTI NOAUHN 1 IHWUX XUBUX Opra-
Hi3MiB. [Mpo6nema HecTayi NPOAYKTIB XapuyyBaHHA BUHUK/IA 4epe3 3pOCTAHHA
HaceNeHHs MaHeTu. YYeHi AOBENU, WO 11 MOXHa BUPILWINTK, AKLWO CBITOBE BUPO6-
HULTBO XapyoBUX NPOAYKTIB 3pocTe B 3-4 pasu.

Po3B’d3aTu npobnemy 3abe3neyeHHA XapyoBMMM NPOSYKTaMM MOXHa 3a 40nNo-
MOTO0 3HaHb, AKi 4aTb NIOACTBY XiMiuHa Ta 6ionoriyHa Hayku. OcobnuBy yBsary
NOTPiGHO CKOHLEHTpPYyBaTW Ha BUPOOGHULTBI POCAMHHOT Ta TBApPUHHOT Ki, TO6TO
NMPOAYKTIB XapyyBaHHA NPUPOLHOT0 NMOXOMKEHHA. 3aBAaHHAM XiMii € CTBOPeHHSA
pe4yoBMH, 3a AOMOMOroK fAKMX npobnemMa HecTayi XapyoBoi npogykuii 6yge
po3B’Aa3aHa. TOMY [ANA 3pOCTaHHA BPOXAMHOCTI POCAMHHMUTBA Ta 36iNblUEHHSA
06CcAriB NpoAyKuii TBAPUHHULTBA BaX/MBO 3a6e3MeYUTUN CiibCbKE FOCNOAapCTBO
MiHepanbHUMM i OpraHiyHUMK Ao6puBaMn, XiMiYHUMKM 3ac06aMU 3aXUCTy POCAUH
i TBAPUH, CTUMYNATOPAMM POCTY, WTYYHUMMN KOPMaMW.

Y kypci ximii 10 knacy BW Ai3Hanuca nNpo BUKOPUCTAHHA OpraHiyHux fo6pus
POC/IMHHOTO Ta TBApPMHHOIO NOXOMXeHHA. BoHu 6araTi Ha HiTporeH Ta iHWi ene-
MEHTU, AKUMMN XUBANATLCA POCAUHU. [JO HUX Hanexartb THiil, nocnig, KOMNocCT i
6araTto 6060BMX POCAMH: TOPOX, KOHIOLWMWHA, COYEBULA, NIONKUH (3e1eHe J06pnBo),
a TaK0X Xapu4oBi Bigxoau.

Mpo MiHepanbHi f06puUBa, IXHI cknag i BNAMB Ha PiCT i PO3BMTOK POC/VH BY
poBiganucs, suBvatoum 837.

MpuragaiTe BiAOMOCTI NP0 oOpraHiyHi Ta MiHepasbHi JobpuBa i NOSACHITb
B3a€EMO3B’A30K MK IXHIM BMKOPUCTaAHHAM Ta YPOXAMHICTIO CifIbCbKOroCnoAapCbKnx

yrigb.

Uepes eKkoNoriyHi Ta HecnpuaTAWBI NOrofHi YMOBU CiNbCbKOrocnofapchbki
KyNnbTypy 3a3Hat0Tb Halipi3HOMaHITHIW X 3aXBOPOBaHb Bif KOMax i Bipycis, rpu6-
KiB i 6akTepili. Lle cnpmyuHAe 3HUXEHHA BPOXAMHOCTI Ta AKOCTI NpoAyKLii,
a 0TXe, BNAMBA€E Ha PiHAHCOBMWIA CTaH MiANPUEMCTB | PepMepCbKMX rocnogapcTs.

Mpuragalite, ki 3aco6y 3axMCTy POC/AWH BW BXE BUBYMAW, CKOPUCTABLUMUCH
puc. 67. OxapakTepusyiTe ix 3a NpU3HAYEHHSM.

3oouman dyHriuman

\ /

XIMIYHI 3ACOBU

3AXNCTY POC/IH BakTepuymnam

Fepbiyngn

IHCeKTNUMAN

Puc. 67. Cxema knacudikayii XiMi4HUX 3ac06iB 3aXMCTY POCANH
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Po3rnsHeMo Aesiki XiMiUyHi 3aC00M 3aXUCTY POC/INH. 3a OCTaHHI pokn Ha 3axig-
HIil YKpaiHi 3’ABMINCA HOBI WKIHWKN —C/IMMaKWN Ta paBinKuU, AKi Ha BEJIMKMX M0-
Wax 3HMLWYTb 0BOYEBI KynbTypu. 4ns 60poTbbU 3 HAMU 3aCTOCOBYIOTH BifOMUIA Y
CBITi HalieeKTUBHIWWIA Ta NepeBipeHnii yacom npenapaT «Cnumakc» (puc. 68, a). Lie
rpaHynn 3 4il040K PevyoBMHOK —MeTanbierigom. CTUKaumch 3 rpaHynamu, cnnmma-
KW /i paBiMKKW BTpayaloTb CAu3 i TMHyTb. Kpim Toro, fo6aBku, Wo BXOAATbL A0 CKiagy
npenapaty, NpuBabAOIOTL WKIAHWKIB i BiANAKYIOTb NTaxis.

3axucHuii b6apep pob6nATb, po3cunawum rpaHynn B Mikpagada. O6pobnsoThb
1-2 pa3u 3a Ce3oH.

Cepep XiMiyHMX 3acobiB 3axXUCTy POC/AWH € W HOBUHKU. «EmMecTo KBaHTym»
(puic. 68, 6) —nepLinii GyHriLMAHWI Npenapat, AKWIA HaneXuTb Ao ankinamigis. Hoea
Aitoya peyoBMHa, L0 BXOAMTb A0 AOr0 cKnagy, 3a NoKpawieHoT eeKTUBHOCTI NOTpebye
MeHLIOT HOPMUM BUKOPUCTaHHA. BOHa X Kpalle Bif HafABHUX CTaHAAPTiB KOHTPO/IOE
cpibnacTy Ta 3BMYaiiHy naplly KapTonni.

3 repbiyngiB BUKOPUCTOBYKOTb CUCTEMHUIA rep6iuunA, Lo, Ai0YM KOMMIEKCHO,
3HMuLye noHag 300 Bugis 6yp’aHiB. Lle «AHTU6Yp’AH» (puc. 68, B). 3acTOCOBYIOTb
nicna 36upaHHA BpoXat abo Ha 3emMax, AKi He BUKOPUCTOBYOTb A5 BUPOLLYBAHHS
CiNIbCbKOrOCMoAapCbKnx KynbTyp.

a 6 B

Puc. 68. XimiuHi 3acobum 3axucTy pocnuH: a —«Cnumakce» (3oouma)]
6 —«EmecTo KBaHTYyM» (hyHriumg)] B — «AHTUbYp’aH» (repbiung)

3BepHiTb yBary! Tlig 4ac 3acTOCyBaHHs MECTUUWAIB BaX/MBO AOTPUMYBATMCA
HOpMU BUTPaTW. 36inbleHHS T MPU3BOANTL 40 HAKOMWYEHHS TOKCUYHUX PEYOBUH Y
npoayKTax. PalioHanbHO BUKOPUCTOBYIATE HiTpPaTW, TOMY L0 MOHAAHOPMOBA TXHS Kiflb-
KiCTb Y MPOAYKTax XapyyBaHHS WKOAUTbL 340p0Bto!l AKLL0 6axkaeTe OTPUMATH eKO/O-
riYHO YMCTUI NPOAYKT, BAKOPMCTOBYBATW HiTpaTh He BapTo.

PeyoBuHW, AKi MO3NTUBHO BNIUBAIOTL Ha PICT i PO3BUTOK POCNUH i TBapuH, Ha3uBa-
I0Tb CTUMYIATOPaMU PoOCTY. MNMpUpoaHOT CUPOBUHM HA IXHE BUTOTOB/IEHHS He BUCTa-
Yae, TOMY XiMiyHa MPOMUCIOBICTL MPOMOHYE CNOCO6U LO6YBAHHA WITYYHUX | CUHTETNY-
HUX TXHIX aHanorie i 6ioCTMMyNATOPIB.

B YkpaiHi 3 2000 p. ycniwHO npaytoe NignpuemMcTBO «ArpoTex», 1Ke € KOMMNaHier-
Nigepom He TifbKWM Ha TepuTOopIi Halwoi KpaiHu, a 1 y 6araTbOx KpaiHax CBIiTy. Ycmix
3abe3neuynnn yKpaiHCbKi BYEeHi, CTBOPUBLUWN YHiKaNbHi MOMIKOMNOHEHTHI npenapatu
LUMPOKOTO CNEKTPY AiT —perynatopu pocty pocnunH. Lle npenapatun «PeronnaHts i
«Ctumno» (puc. 69).
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Puc. 69. BiocTUmMynaTopu pocTy POC/UH:
a —«PeronnaHT»; 6 —«CTUMNO»

3 Kypcy ximii 10 knacy Bam BigoMo, WO BUPOOHULTBO CTUMYNATOPIB POCTY MOXE
CTaTu CNpaBO OpraHisawyii BnacHoro 6isHecy. Jo6pumu cTumynsatTopamu pocTy € Big-
XO[M KaBOBOT ryLi, ska MoXe 6yTu cy6CTaHLie0 4Na BUPOLLYBaHHA rpunbis, Bigxoam
Xap4yoBOi NPOMMUCNOBOCTI TOWO. [ANg CTUMYNIOBaHHA POCTY TBAPUH BUKOPUCTOBYHOTb
aHTUWOIOTUKN, TOPMOHaNbHI NpenapaTwW, pi3Hi cMakoBi fob6aBkuM (NigCONEHHSA
>Ki) Ta apomaTwWyHi pe4oBUHU. [OPMOHaNbLHI Npenapatn € 4OCUTbL AOPOrUMU, A0
TOrO X BaXKO i [OBro BUBOASATLCA 3 OpPraHiaMy TBapuH. FAKWO B M’ACI € 3aMLWKK
rOpMOHiB, BOHO LUIKOAUTbL 340pPOB’t0 NHOAMHU. TOMY BUPOOHUKM MMCHOT NPOAYKLiT
3aCTOCOBYHOThH JelleBLli, EKOHOMIYHO BUTifHI Ta HeWKIANNBI oA NOAUHU HEropmo-
HanbHi npenapatu: (PepMeHTW, HaTypanbHi KUCNOTU, a30Tob6akTepuH Ta iH. Jopja-
BaHHSA CTUMYNATOPIB POCTY B OCHOBHWI paLioH MPULIBMALIYE PIiCT | PO3BUTOK TBa-
PWH, NiABULLYE NPOAYKTUBHICTb.

XiMivyHa Hayka po6uTb BeNWKWIA BHECOK, JOCAIAKYHUYM PEYOBUHW, SKi nonin-
wwunn 6 BiAroAiBNt0 TBapWH. Lle CTBOPEHHS W TYYHUX KOPMIiB, 30Kpema: MiHepasb-
HUX i BiTaMiHHUX [06aBOK, KOPMOBUX aHTUOIOTUKIB, BiTaMiHHO-MiHepasbHUX KOH-
LeHTpaTiB 3 NigBULLEHUM BMIiCTOM aMiHOKUCNOT. 3 XiMiYHUX PEYOBUH BUKOPUCTOBY-
I0Tb CEYOBMHY, COMi aMOHIO, CUHTETUYHY aMOHiaYHy BoAy, Kap6aMifHWii KOHLEHTpaT,
3 )KOMY BUTOTOBAAKTb FpaHynbOBaHWIA amif. 3a 4OMOMOrOK APDKAXKIB | 6aKTepii Ta
MIKpO6iONOriYHOTrO CUHTE3Y TBAPUHHULTBO 3a6e3neyyeTbCs MOBHOLiHHUMW KOPMO-
BUMMW GinKamm.

3abe3neyeHHA XxapyoBMMM NPOAYKTAMU € OCHOBHMM 3aBaHHAM Xap4yoBoinpoMuc-
NoBOCT i —Tanys3i, iKka BUpo6sie roToBi NPoAyKTH abo nepepobnsie ix Ha HaniBgabpu-
kaTn. Oxonnwe noHag 40 ranyseii BUpoOHULTBA. HaiBaXNMBiLi 3 HUX Bi06paXeHo Ha
puc. 70 (c. 194).

Yci ui BUpo6HMUUTBA NpauooTb 418 TOro, Wob 3abe3neunTn NAMHY Ta XUBI op-
raHi3amMu OyKepenoM eHepril Ta XXUTTa —idKeto. AJKe came 1Ka € KOMMNIEKCOM OpraHiy-
HUX i MiHEepaNbHUX PeYOBUH: BYTNeBOLIB, XUPiB, 6iNKiB, BiTaMiHiB, AKi 3a6e3ne4yoTb
YCi XXMTTEBI MOTPEOU OpraHiamy.

Mpuragarite 3 kypcy ximil 10 knacy, ki yHKUIT B OpraHiami NioguHY BUKOHYIOTb BYT-
nesoawn, Xupu Ta 6inku.

HaliBaxxnuBili 3 Byrnesofis —I/OK03a Ta PPYKTO3a, SKi € A)Kepenom eHeprii
48 poboTM MM3iB, KOPU FOMIOBHOIO MO3KY, 6IOCMHTE3Y IHLWNX PEYOBMH OpraHiamy i
OLHOYACHO [)XEPEenoM MOXMBHUX pevyoBMH. Kpoxmanb, L0 YTBOPHOETLCA BHACMILOK
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Puc. 70. OcHoBHI ranysi BUpo6HMLTBa Xap40BOT MPOMMCAOBOCTI

(hOTOCMHTE3Y B OpraHiamax poC/iuH, 3aBAAKUW nepebdiry neBHMX MpoLecis, Tex nepe-
TBOPKETHLCA Ha [HOKO3Y.

CepegHa poboBa HOpMa CMNOXWBaHHA BYr/IEBOAIB A8 YO/OBIKIB CTAHOBUTH
400 r, gns xiHok —350 1, a6o 65-70 % Bif 3aranbHOBXMBAHOT XKi.

BaXknMBUMW eHepreTMYHUMU Ta 6YAIBENbHUMMN KOMMOHEHTAMM IXi € XKUpW. Kpim
XUPY, BOHU MICTATb BiTaMiHW, 3anallHi pe4oBUHU, GAPBHUKU. HK BaMm YxXe BifOMO
PO3PI3HATH XUPU POCUHHOIO (0NiT) | TBAPUHHOTO (Cano) NOXOLXKEHHS.

Xupu 3abesneuyoTb eHEPreTUKy M’A3iB 3a TpuUBasiol Ta HeiHTEHCUBHOT poboTK
CMpUA0TbL BUTPUBANOCTI OpraHiaMy. BoHW BX0AATb A0 CKNagy 060M0HKM KMITUH YCiX
TKaAHWH NOAWHU, a NISWKIPHWIA XUPOBUIA Wap 3axuliae Big X004y, MigTPUMYHOUM
MOCTiAHY TemnepaTypy Tina.

Baxx/iMBO HOPMYBATU BMICT XUPIB Nif Yac CNOXMBaAHHA Xi, LOTPUMYOUYUCH [O-
60B0OT HOPMU CNOXMBaHHA XuKpiB 40-100 r i NpaBUNLHOIO CMiBBIAHOLWEHHS MiX pOC-
NMUHHUMK (30-40 %) i TBapUHHUMYK (60-70 %) >upamu.

HecTtaya XunpiB B OpraHiamMi CIpUYMHAE NOPYLEHHA 0O6MiHY peyoBUH Ta eHepril
OpfHakK HagMipHe CNOXWBAHHA XUPIB NOripwye 3acBOOBAHICTb 6INKIB, KanbLilo Ta
MarHit0, BUK/IMKa YN TAXKE 3aXBOPHOBaHHA —aTepoCKNepos.

HaliBaXnMBIiLWWMM KOMMOHEHTOM TXi, L0 3a6e3nevye Becb OyfiBenbHUA MaTepian
KNiTUH B OpraHiami, € 6ifIK1. BoHW BigHOB/IOIOTL i 3aMiHIOKOTb BigMEP/i TKAaHWUHM BCiX
opraHis, peryntotoTb yCi XiMidHi npouecu, a aMiHOKUCNOTK, L0 YTBOPKOKOTLCA Nij yac
(hepMeHTaTMBHOIO rigponisy 6inkiB Ki, € MaTepiasiom gns CUHTe3y BiNIKiB, BNaCTUBUX
TiIbKW LbOMY OpPraHi3mosi.

OCHOBHI ranysi BUpo6HuLTBa 6iNKiB —MiCHa Ta MO/IOYHa, W0 nocTavatoTb baraTi
Ha 611KV MPOAYKTY Xap4yyBaHHA: 6ine M™co Kypei Ta iHAMKIB, NeYiHKY Ta M’ACO TenaT,
puby i pubonpoayKTu, cup Ta AiLa; 3 MOIOYHUX NPOAYKTIB —CBiXe MOJIOKO, BepLU-
KW, cup, MOTypT, PAXKAHKY TOLLO.
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Pa3om 3 Byrneesogamu, Xupamu Ta 6inkamm XUTTEBO HeobXifHI npouecu B opra-
Hi3Mi N0AnHK 3a6e3neyvyoTb BiTamiHu: BiTaMiH C, WO MICTUTHCA B 0BOYAX | PPYyK-
Tax; rpynu A —y NpoAyKTax TBAPUHHOI0 NOXOLXKeHHs; rpynu B (B -B ), akumu
3abe3neyyroTb OpraHiam xni6 3 60powHa rpyboro nomeny, ropixu, cnapxa, kKapTonns,
KYKYpy[3a, KBacons, rpeyka, 3efieHi oBo4i, 6060Bi, ropox, NpopoLLeHi 3epHa MiIeHn-
Ui Ta AYMeHI0. 3 TBAPMHHUX NPOAYKTIB: AEYHWIA XOBTOK Ta AWLA, MOSOKO 1 MOMOYHI
nNpoayKTuW, cup, pnuba, MOPEnpoayKTH, MACO MTULI, MO30K, NMeYviHKa, HAPKK, cepue i
iH. 3aCBOEHHIO XWUpiB i BiTaMiHiB A Ta D crnipusie BiTaMiH E, W0 noKani3yeTbca B poc-
NVHHIW onii, alYaX, col, ropixax, A/10BUYil NediHyi, MONOYHUX NPOAYKTax. BitamiH D
CNpUsA€ BCMOKTYBaHHIO KanbLito, HOPManbHOMY POCTY i PO3BMUTKY KICTOK, 3anobirae
TakuMm xBopobam, AK paxiT Ta ocTeonopo3. MicTUTLCA B KUCMIOMOIOYHUX MPOAYKTaX,
cupi, BEpLLKOBOMY Machi, aiuax, Mopenpogyktax. Takox € B neTpyLiLi, KanycTi, Ky-
KypyAs3i Ta iHW KX 0BOYax, KPOonwuBi Ii Kynb6aoi.

Bu, MmabyTb, NepekoHaNnca y BaX/IMBOCTI BMPILLEHHA NPOAOBONbYOT npobiemu,
OCKIifIbKWM XapuyBaHHA € 3aM0pyKOK XUTTA Ta Pi3HOBIYHOro PO3BUTKY NOAUHU: (Di3ny-
HOr0, YXOBHOr0, MOPanbHOr0, eCTETUYHOTO.

KynbTypa xapuyBaHHA 3HA4YHOK MipOH 3a71eXMThb Bij paLlioHaIbHOr0 BUKOPUCTaHHS
Xap4yoBMX NPOAYKTIB, a3 LM MOB’A3aHi He TisIbKW CTaH 340p0B™4, a il (piHaHCOBI 3aTpaTty
NOLVHW A eKOHOMISA NPOAYKTIB, AKi MOXYTb MOTPaNMTK A0 TUX, KOMY iX 6pakye.

JioanHa, sika po3ymie Npo6aemMu, NoB’a3aHi i3 3a6e3neyeHHAM N0 4eil NPpoA0BO/b-
CTBOM, XapyyBaTUMeTbCA 36an1aHCOBAHO, AOTPMMYIOUYUCL ONTUMaNbHOro CNiBBigHO-
LIEHHSA Xap40BMX PeYOBUH. LInM BOoHa cnpnAaTMMe EKOHOMIT NPOAYKTIB, AKUX YacTO He
BMUCTayae iHWUM NI0AAM.

OcKinbKy NpoAgyKTaMy XapuyBaHHA € PeYOBMHU, TO BHECOK XiMii B pO3B3aHHA
NpPOA0BOMbYOT NPOBAEMY HAA3BMYAHO BENMKWIA Ta BATOMUIA.

niacyMmoBYEMO BMBYEHE

e I3 3pOCTaHHSAAM HacefeHHs NfaHeTM BUWHUKIA npobnema 3abe3neyeHHss xapuo-
BMMU NPOAYKTaMMK B MaiibyTHbLOMY.

e [10 YMHHKKIB, LU0 BN/IMBAOTL Ha 36iNbLUeHHA 06CAriB NPOAYKLiT XapuyBaHHs, Hasle-
XaTb: MiHepasbHi i1 opradiyHi fo6pnea, XiMidyHi 3aco6M 3aXUCTy POCANUH i
TBapvH, CTUMYNATOPN POCTY. [N CTUMY/OBaHHA POCTY TBApUH BUKOPUCTOBY-
I0Tb aHTUBIOTWKN, TOPMOHaNbHI NpenapaTu, Pi3Hi cMakoBigo6aBku (Nigco-
NIEHHSA Ki) TaapoMaTUWYHi pe4YOBUHMN.

e 3pOCTaHHI0 BPOXAWHOCTI POC/IUH CMPUSIOTb Taki MPOAYKTU XiMiYHOI NPOMMUCO-
BOCTi, SIK MiHEpanbHi 1 opraHivyHi fo6pmBa, Ak 3ab6e3nedvyroTb POCANH MakKpo-
(HitporeH, ®ocdop, Kaniin, Kanbuiini, MarHin) i mikpoenemeHtamn (depym,
Kynpym, LiMHK, MaHraH, bop, Moni6aeH).

e 3pOCTaHHI0 BPOXaWHOCTI POCAVH | MPOAYKTUBHOCTI TBapuH CNPUAOTb XiMiYHI
3acobu 3axucTy —iHcekTuungm, repbiungn, soounagn, GakTepuuyman n PyH-
rignan (3HULWYTb 36YAHMKIB TPUOKOBUX 3aXBOPIOBAHD).

¢ BUMKOpUCTAHHA CTUMYAATOPIB i 6IOCTUMYNSTOPIB POCTY POCAWH | TBAPUH NpU-
WBMALIYE TXHI PO3BMTOK, MNiABULLYE BPOXAMHICTb | NPOAYKTMBHICTb 3aBAsKM
NnoKpaw,eHH0 06MiHY PeYyOBVH.

e Tanysb, WO BMPOGASE TOTOBI NPOAYKTU abo nepepobsie iX Ha HaniBpabpukaty,
Ha3uBakTb Xap4y0BO MPOMMUC/IOBICTIO.
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Xa — Le KOMMEKC OpraHiyHMX pevyoBuH: BYr/1€BOAIB, XNpiB, 6iNkKiB i BiTamiHiB,
AKi 3a6e3neuytoTb YCi XUTTEBI NOTPEOU OpraHismy.

KynbTypa XapuyBaHHS 3HAYHOI MIpOK 3a/IeXuTb Bif paLioHanbHOro BUKOpPUC-
TaHHS1 Xap4oBMX NPOAYKTIB.

3acToCOBYOUM XiMiYHiI 32C06M 3aXMCTY POC/IVH | CTUMYNSITOPM POCTY POC/INH i TBa-
pVH, BaX/IMBO AOTPUMYBATUCA HOPMU TXHBbOT BUTPaATWN. 36iMbLLIEHHS HOPMU CNpu-
UYMHSIE HAKOMUYEHHS TOKCUYHMX PEYOBMH Y XapyoBKX NPOAyKTax, a e Hebe3neyHo
0N 30,0POB’SA JIIOAUHN.

3ABOAHHAANA CAMOKOHTPOJO

MOACHITb, WO € NPUUYNHOK BUHUKHEHHS NPOAOBOLYOT NPob6aeMy.
OxapakTepusyinTe posb XiMii B p03B’si3aHHi NpoA0BO/bY0T Npo6/eMN.
OO6I'pyHTYyiiTe 3aCTOCYBaHHSA B Ci/iIbCbKOMY FOCNOAAPCTBI MiHEPa/IbHUX Ta OpraHiy-
HUX fo6puB.

MOACHITL, SIKe 3HAYEHHSA MalTb XiMiYHI 3aC06M 3axXMCTy POC/IMH Y MOKPaLLEeHHI
AKOCTI Ci/IbCbKOrocnoAapcbKoi NpoaykKLii.

MOSACHITb 3HAYEHHSI BUKOPUCTAHHSA CTUMY/IATOPIB | 6IOCTUMYNATOPIB POCTY POC/IMH
i TBAPUH.

O6r'pyHTYyiiTE, YOMY XiMiYyHa NPOMWUCOBICTb MpPaUOE Haf CTBOPEHHSAM LUTYYHMX
KOpMIB 47191 TBApWH.

BaraTo xap4oBuXx NPoAYKTIB MICTATb Y CBOEMY CKMafi KpoxMasib. HasBiTb L npo-
OYKTW A 3anNponoHyinTe cnoci6 nigTBEPAXEHHS HAABHOCTI B HUX KPOXMaJsIto.
MacoBa 4acTka BiTamiHy C B YOpHiii cMOpPOAUHiI cTaHOBUTL 0,25 %. O6uncniTh,
fAKa Maca LbOoro BiTamiHy MICTMTbCA B CMOPOAUHI macow 2 k. JloboBa fo3a
BiTamiHy C ctaHOBUTb 0,05 1. O64YMCAiTh KiNbKICTb 4O60BUX 403, WO MICTATLCA B
Ljn maci.

I03* LIIKABO 3HATU

196

[nsa 36epexeHHs OBOUIB i (PPYKTIB iX KOHCEPBYHOTb. KBaLLIEHHS, COMiHHA, MOYIHHA —
Pi3HOBMAM OLHOrO i TOrO X CNOCO6Y KOHCEePBYBAaHHS.

Y KBalLEHMX 0BOYAX BMICT MOMOYHOT KACNOTK Ginblumii (1,8 %), a coni — MeHLWniA
(8o 2 %). iMm npuTamaHHWA KNCNO0-COMOHYBaTKii cMak. CosieHi 0BOYi, MOPIBHSHO 3
KBalLEHUMM, MalTb MEHLWINA BMICT MOMIOYHOT kucnotn (1,4 %), ogHak GinbLunii
BMICT coni (80 4,5 %) Ta € CONOHUMMK Ha CMaK. MOYIHHA I'PYHTYETLCA Ha MiKpO6io-
NOriYHMX npouecax, WO CNpusiioTb HAKOMUYEHHIO KOHCEpPBaHTIB, 30KpeMa MoJ1ouy-
HOI KMCNOTW Ta cNUPTY. MOYIHHAM Ha3MBaloTh TOMY, L0 OPYKTU Ta Aroau 3anusa-
I0Tb YMCTOK BOAOK 3 PO3PAaxyHKy, L0 KOHCEePBaHT YTBOPIETLCHA 3 LYKPY, SKWUiA
MICTUTBCS1 B CUPOBMHI. Y Taknx dopyktax maso coni (0,3-0,9 %), HebGaraTo MO/0u-
Hoi kucnotn (0,5-1,4 %), a uykpy Ta cnupTy Ginbwe (2 % i 1,8 % BignoBigHo). Taki
hPYKTN MarTb MPUEMHUIA KMCI0-CONOAKNIA CMak Ta apomar.

Lj Tpn cnocobu KoHCepBYBaHHA AalTb 3MOry 36epiraTu oBOYi Ta PpPyKTM TpmBa-
Nnii Yac, WO TakoX CnpuUsaTMMeE pPO3B’A3aHHI0 MPOAO0BO/LYOT NPobaeEMN.

HWHI BUKOPUCTOBYIOTL 3aMOPOXYBaHHS Xap4oBoi Npoaykuii. OgHak 6aratopa3oBe
3aMOpPOXYBaHHS 3HAYHO 3HMXKYE i AKICTb.
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8§43. POMb XIMIT B PO3B’A3AHHI CUPOBVHHOT MPOBEMA

OnaHyBaBLlW MaTepian naparpadga, B4 3MoOXeTe:

* Ha3MBaTW CUPOBMHHI AXepena NPUPOLHOro Ta CUHTETUYHOIO NMOXOXKEHHS;

* MOSACHIOBATM 3HaYeHHs CUPOBUHU ANA PO3BUTKY XiMiYHOI MPOMUCIOBOCTI;
BMUABMEHHS HOBMX BUAIB CUPOBUHU; KOMM/EKCHE BUKOPUCTAaHHS Ta 3acTocy-
BaHHA BTOPUHHOT CUPOBUHU;

* YCBiZIOMMOBATY NOTPe6y 6epeXxIMBOro i eKOHOMHOTO BUKOPUCTAHHA NPUPOS-
HOI CUPOBUHMU; POJb OPraHivyHoi XiMil B p03B*A3aHHI CUPOBUHHOT Npo6iemu;

* OLIHIOBATUY 3HAUYEHHS XiMii B p03B™i3aHHI CUPOBUHHOI Npobnemu;

* BUC/OBMIOBATU CY[>KEHHA LOA0 3HA4YeHHA XIMIYHMX 3HaHb AK CKNagHUKa
3arafibHOT KynbTypu NOAWHWU; NPO BNAWB LiANbHOCTI NHOAWHU Ha AOBKINNSA;
Npo CTaBfeHHA 4O NPUPOAY AK HANBULLOT LiHHOCTI.

Cepef, OCHOBHMX 3aBAaHb XiMil BaXK/IMBe 3HaYeHHS Mae Npo6nema CTBOPEHHA CUpo-
BUHHUX pecypciB AN pO3BUTKY Pi3HUX ranyseil cycnisbHOro rocnogapcrea. Lie Hacam-
nepeg CTBOPEHHA anbTepHaTUBHOI NPUPOAHOI AeLleBOi CMPOBMHM Ta KOMMJEKCHE i
BMKOpPUCTaHHA, 6aratopa3oBe BUKOPUCTAHHA CUPOBUHW Ta BifAXOLiIB K CUPOBUHMU.

Mpuragaiite, WO Take cuposuHa.

BuByatoun ximito, BU 03HAOMWUANCA 3 NPUPOLHUMU CUPOBUHHUMM DKepenamu:
Ha(TO, NPUPOSHUM i CYNYTHIMU HAMTOBUMU rasaMu, KaMm’aHUM i BypuM BYTiNnam i
NPoOAYKTamm TXHbOT NepepobKu.

CVpOBMHOIO Ha3MBalOTL MPUPOLHI peyoBMHU abo maTepiann, AKi BUKOpPUC-
TOBYIOTb ANA BUPOOGHMLTBA MNPOAYKTIB Pi3HUX ranyseil NpPoOMWUC/IOBOrO
BMPOOHMLTBA.

j

OfHaK NpUpoAaHi 3anacum 3 4acoM BUYEPNYHTbCH, @ NONUT HA CUPOBUHY IK KOMMO-
HEHT CMOXXMBAHHS MOCTINHO 3pocTae. Came HEBIZNOBIAHICTL MiXK MPUPOZHMMHU 3ana-
camu i/ notpeb6amu CNOXMBaHHSA CTBOPIOE OfHY 3 aKTyasbHUX NpobaemM ycbOoro nog-
cTBa —306epexeHHA Ta palioHanbHe BUKOPUCTAHHA CUPOBUHU.

MpupogHWiA rasz Hacamnepes BUKOPUCTOBYIOTb Y Pi3HUX rany3fax NpoMMCcnoBOro
BUPOOHMLTBA, Y NOOYTI AK NanuBo. 3 HbOrO LW/IAXOM TEPMIYHOro posknagy fobysa-
0Tb BYrneLb, BOAEHb, eTUH. Lii NpOAYKTK € LiHHO CUPOBUHOW ANs f06YBaHHS amMo-
HiaKy, BIGHOB/IEHHS METaniB 3 IXHIX OKCUAIB (BOAEHbL), LOOYBaHHA GEH3EHY, rajioreHo-
NoXiAHUX, eTeHy (eTWH), BUpobHULTBa N'ymMmn Ta MN'yMoBUX BUPOGIB (BYr/eLb).

CynyTHi HadTOBi rasam — Le CyMmilWl BYrneBOAHIB, fKi PO34iNsATb i BUKO-
PUCTOBYIOTb K CUPOBUHY B OPraHiuHOMY CUHTESI.

HeouiHeEHHUM CUPOBUHHUM [)KepenoM € HadpTa. [eperoHKo HahTU OTPUMYHOTh
BE/IMKY KiNbKIiCTb HaDTONPOAYKTIB, 30KpemMa 6eH3MH, rac, rasoiinb i MasyT. KoxHuii 3
LUMX HaAPTONPOAYKTIB € CYyMiLULLIO BYF/1€BOAHIB, IKi 3aCTOCOBYIOTb SIK NafiMBo (6EH3UH,
rac, MasyT), K CUPOBUHY AN XiMiYHOT NPOMUCNOBOCTI Ta cy6CcTaHLuito Ana Mikpobiono-
riyHoro cuHTesy 6ifKiB.
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Kam HiHe Byrinnsa —ue nepefyciMm Kokc, 6e3 AKoro HemMmoXknvBa MeTanypriiHa npo-
MMUCoBicTb. KpimM HbOro, 406YBaOTb aMOHiIa4Hy BOAY, KaMiHOBYTifIbHY CMOMY, KOKCO-
BWIA ra3. Yci Ui NpogyKTW NocigatoTb Barome MicLe SK CUPOBWHHE [KEpPeno XiMidHoi
NMPOMMUCNOBOCTI 1 OPraHivyHOro CMHTesy.

Mpuragaiite, sk BUKOPUCTOBYIOTb MPOAYKTU, WO A06YBAlOTb YHAC/IAOK NEPEroHKu
HaTU Ta KOKCYBaHHSI KaM'sHOro BYTifNs.

[o npupofHUX CUPOBUHHUX MaTepianiB HaneXxuTs i lepeBMHa. Y KkpaiHa 6arata Ha
HeocaXHi nicosi npoctopu. Baxnnso nam’aTaTu: W06 BUPOCTUTK [epeBO Ha marte-
pian, NoTpi6bHO He OAUH piK. Po3rnsaHemo cthepn BUKOPUCTAHHS LEPEBUHMW B MPOMMUC-
noBux macwTabax (puc. 71).

Puc. 71. Cxema npoMmUCIOBOro BUKOPUCTAHHA LepeBUHNU

Kpim fepeBrHMW, CUPOBUHOK 415 BUPOOHULTBA HATYpanbHUX BONIOKOH € POCAVHM:
NbOH, KOHONNA, 6aBOBHA; TBAPUHHOI0 NOXOLXKEHHS —BOBHA, LUOBK.

MpupofHOO CMPOBUHO, Ha AKY GaraTi Hagpa YKpaiHu, € ripcbKi Nopoan Ta MiHe-
panu, pyau, Wo MIiCTATb 3a/i30, Mifgb, LUUHK, a/IIOMIiHIA, MaHraH, XpoM, TUTaH TOLO.

OCHOBHi chepn BUKOPUCTAHHSA FipCcbKUX nopig i MiHepanis Bigo6paxkeHo Ha puc. 72.

Bupo6HMLTBO ByaisenbHwui Bupo6HMLTBO
Kepamikm mMaTepian LEMEHTY
Job6yBaHHs MPCbKI Bnpo6HMyTBO
MR MOPOAN TA - > )
KONbOpPOBMX MeTaniB MIHEPAN HOBEJTipHUX NMpUKpac
/ 1 \
Job6yBaHHSA pigkKicHUX Job6yBaHHA YOpPHUX JobyBaHHS
MeTanis MeTanis KOLUTOBHUX KaMeHIB

Puc. 72. Cxema BUKOpPUCTaHHA FipcbKMX Nopig i MiHepanis
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OpraHiyHi peyoBMHU: KpUCTaNiyHy T[HOKO3Y, TeXHiYHi caxapo3y Ta /laKTo3y,
KpOXMasb, €TaHO/, eTaHOBY KWUCNOTY i HEOPraHiYHi — X/I0PUAHY, cynbdaTHy, OpTO-
thochaTtHy KNCNOTU —BUKOPUCTOBYKOTb AK CUPOBUHY MIKPO6IONOFiYHOTO BUPOOHM-
LTBa A4/19 CTBOPEHHS MOXMBHUX CEPESOBHULL,.

Baxn1BO YMOBO paLioHaNbHOr0 BUKOPUCTAHHA CUPOBUHU € KOMMIEKCHICTb,
TO6TO yinecnpsmoBaHe i 6e3BigxogHe 1 3acTocyBaHHS. baraTopasoBoro BUKOpUC-
TaHHA CUPOBMHUN AOCATAOTb PELMPKYNALLIEID Ta pereHepalieto.

Peympkynsayis —Le 6aratopasose noBHe abo YaCTKOBe MOBEPHEHHSA MOTOKY rasis,
pifkux abo TBEPAUX PEYOBUH Yy TEXHOMOTIYHMIA npouec. Hanpuknag, peunpkynayis
raps4oi Bogmn, BOAAHOT Mmapu, BUPOOGHUUMX rasiB: amoHiaky, cynbdyp(lY) okcuay,
Kap6oH(lY) okcuay, HiTporeH(lY) okcumay. HeTpaauuiiiHuii cnocibé OKWCHEHHS
cynspyp(lY) okcupy rasoBux BUKUAIB MigNPUEMCTB KONbOPOBOI MeTanyprii Ta
AnmoBux BuKngis TELL 3HMXKYe BUTpPaTU Ha f06YBaHHA CyNb(aTHOT KUCNOTU Macoto
171 Ha 30 % i 3a0wafKye nanmeo.

PereHepauyis —Le BiJHOBNEHHSA NONepeaHbOro cknagy i 6yfoBM peyoBuHM Ta ii
NMOBTOPHE BUKOPUCTaHHA. HarpiTy nig yac BUPO6HMUYMX NPOLLECIB BOAY OXONO4XKYHOThb
i NOBTOPHO BMKOPUCTOBYIOTb. BUKOPUCTAHHA OYMCHUX CNOPYA LAE 3MOTY BOBJIO-
BaTW rasu Ta 3HOBY nojaBaTtuv X y BUpPOOHM4YMiA npouec. Mpuknagom pereHepawyii €
TaK0X BTOpPMHHA nepepobka MeTaniB. Lle gae NneBHWUI eKOHOMIYHMIA edeKT. Mig vac
nepepo6ky meTanobpyxTy Ha YaBYH i CTanb, aNOMIHIEBI Ta MifHI CM/1aBU 3HUXYETHCA
3aTparta eHeprii B 3-20 pasis, a 0TXe, i co6iBapTiCTb LUX MaTepianis.

HakonuyeHHs npomucnosux | mo6yToBuXx Bigxogis 3abpyAHIOOTL AOBKINAS:
noBIiTPSA, rPyHTH, BOZoMU. LLLo6 3HEWKOAMTM NPOMMCNOBI Bigxoau, 36upatoTs i nepe-
po6ns0Th BTOPUHHY CUPOBUHY, 30KpPEMa Y BefMKili KiNbKOCTi NOBTOPHO BUKOPUCTO-
BYIOTb Bigxoan 06pobku mMeTanis, AepeBuHU, SK NannBo —BOAHWIA ra3. Hanpuknag,
BMA00YBaHHA PIAKICHUX | KONbOPOBUX MeTaiB 3 BifX04iB rafibBaHiYHUX BUPOOHMLTB.
Bigxoan gepeBuHM npecyoTb. Tak, NpPecoBaHy [epeBUHY OCUMKKU, Bepesn i BinbXu
BUKOPUCTOBYIOTb A1 BMPOOHWULTBa fAeTaneil MaliWH, NigWWNHWUKIB, NPOKNafoK.
PaHile Ui getani BATOTOBAANU TiflbKW 3 MeTany. JloBeAeHo, Wo AeTani 3 NpecoBaHol
[ePeBUHMN CNyXaTb Yy AeKinbKa pasiB foBLIe, a BAPTICTb TXHbOrO BMPO6HMUTBa B 3-10
pasiB HuXua.

Bam yxe BifoMO, WO NOMAieTUNEH CNPUYUHAE 3HAYHe 3abpyAHEHHSA AOBKIiNAsA.
OpHak uei maTtepian nigaaeTbca nepepobui 3 NeBHUM EKOHOMIYHUM edekToM. [oBe-
[leHO, WO nif vac nepepobKu nonieTuneHy Macor 1T eKOHOMUTbLCA 6eH3NH Maco 3 T
i HathTa macor NpubansHo 16 T. MpakTMYHO MaiiXe BCi BUAW BigX0LiIB XiMIYHOT Mpo-
MUCNOBOCTI MOXYTb BYTU CUPOBUHHUMU LKepenamun Ansa iHwux ii BUpoOGHULTB.

3 NpPOMWCNOBMX BifXOAIB LWUMPOKUIA CNEKTP BUKOPUCTAHHS OTPUMaNM nanueHa
3ona Tacnnasu. 3 HUX BUPOGNAOTL OYAIBENbHI PO3YNHU, BETOH, LEMEHT, CUIKATHY
uerny, TeNa0i30NALiAHI MaTepiann. ¥ XiMi4dHili MPOMUCIOBOCTI — KanbLili Kapbig,
Yy MeTanyprii —uuncTi MeTanm Ta ixHi cniasm.

LLl nakwn, yTBOpEHI Nig Yac BUMNAABMAHHSA YaBYHY Ta cTani, MiCTATb CUMIL A, KabLii,
MarHiii, MapraHeub i 3ani3o, AKi BUKOPUCTOBYOTb 415 BUPOOHULTBA NaHenei.

BaXNMBOK CMPOBMHOK MIKPO6IONOriYHOrO BUPOOGHULTBA € NOGIYHUIA MPOJYKT
LLYKPOBOT NpoMUCcNoBoCcTi —mensica. [lo i ckiafy BXOAATb aMiHOKMCIOTU: acnapari-
HOBa, rNyTamiHOBa, NeWUWH, i301eiLnH | TUPO3NH. KpiM HuX, BiTamMiHW rpynu B —
6i0TVH, TiamiH, pubodnasiH, iHO3UT, HIKOTUHOBA /i NAHTOTEHOBA KMCNOTU. Y MIKpO-
6i0M10riYHOMY CUHTE3i HaA3BMYANHO BaXKIMBE 3HAYEHHS MAE 6i0T UH.
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3 nobyToBUX BIAXOAIB BTOPMHHIN nepepobLi MOXHa Nigfatv makynatypy, CKno,
TEKCTWU/b, NNacTMacu, Xapyosi Bigxo4W, YOPHiI Ta KONbOPOBI MeTanun. IXHE MOBTOPHE
BMKOPWUCTAHHA A€ 3HAYHY EKOHOMIIO KOLWITIB, OCKiNIbKW NMPOAYKTU Nnepepodbkun byayThb
3any4yeHi B rocnofgapcbkuii o6ir. Hanpuknag, po3rnsHemMo nepepobKy MaKynatypu.
3 Hel BMroTOBAAIOTL: FOPOBAHMUI KapTOH, AKMIA BUKOPUCTOBYIOTb A/1IA MaKyBaHHSA
Pi3HOMaHITHOT NPOAYKLii; TAPHUIA KapTOH — KOPO6KM, KAPTOHHI NpOKNafku, naky-
BasbHi KOpPO6KW, MigaoHW; othicHUIA nanip, OCKiNbKU He 3aBXAW poboui maTtepianu
HeobXiHO pobuUTN Ha 6INOCHIXHOMY nanepi.

BTOpMHHOIO nepepobKO Makynatypu BMIOTOBAAIOTb Mpunagas: nanku, 610k-
HOTW, Nanip Ana HoTaToK Towo (puc. 73).

Puc. 73. Mpunagns, BUroTOB/IEHE 3 MaKynaTypu

AnbTepHATUBHUMMW J)Kepenammu LeLeBoi CUPOBUHU B HabAMXKYOMY MalibyTHbOMY
€ po3p06KM Wenb(iB, AKi MiCTATb BE/IMKY KiNbKiCTb Ha(pTH Ta rasy. MeTaHorigpatm —
NOTYXHe [Xepeno MeTaHy. Ha Teputopii YKpaiHu € BennKa KinbKiCTb roproumnx cnaHuis,
3 AKMX MOXHa A06yBaTtu cnaHueBuii ras.

BuBuaoun BONOKHA, BW [OBifanncs, WO CMPOBMHOK ANA TXHLOrO BMPOGHMLTBA
MOXYTb 6yTU NPUPOLHI NONMIMEPU POCAMHHOIO Ta TBAPMHHOIO NMOXOMXKEHHS.

Mpuragalite, sKi BO/IOKHA BUPOHNSAOTL 3 POC/IMHHOT Ta TBAPUHHOT CUPOBUHMN.

OfHak 3af0BONLHUTK Aefasi GiNbWNA NONWMT Ha MaTepiann TiNbKWU MPUPOAHOIO
CMPOBMHOK MPaKTUYHO HEMOX/MBO. TOMYy Ans BUPOOHMLTBA 6araTbox MaTepianis
BUKOPUCTOBYIOTb AK CUPOBUHY NPOAYKTU XiMi4HOT npomwucrnosocTi. lMonimepun €
CMPOBUHOIO /15 BUTOTOBNEHHA NNACTMAC, CUHTETUYHI KayYyKW —rYMU; 3HaYHa Kiflb-
KiCTb OpraHiYHMX PeYOBUH € CUPOBUHOI A1 BUTOTOB/IEHHA TITEHIYHMX | KOCMETUY-
HUX 3acobiB, MeAMYHUX npenapaTtiB Ta obnagHaHHA. OTXe, CUPOBUHHI NPUPOAHI
6araTcTBa Ta XiMiUHi peHYOBUHU MaKOTb BE/INKE 3HAYEHHA /1 PO3BUTKY CYCMiNbCTBa
Ta Pi3HMX ranyseil NPOMMUCIOBOCTI.

3 ornsAgy Ha3asHayeHe, HEOOXifHO YyCBIZOMUTM NOTPeby 6epeXkIMBOro Ta EKOHOM-
HOro BMKOPUCTaHHA MPUPOAHOT CMPOBMHU, BUPOOUTU BRacHi npaeuna ii BUKOPUC-
TaHHA. MaeMo po3yMmiTu, WO ANS eKOHOMIYHOro PO3BUTKY Aep>kaBu Ta Ao6pobyTy
nogein BaXNnBo NPUNUHUTW HEMNAHOBY BUPY6OKY NiCiB, HEEKOHOMHE BUKOPUCTAHHSA
IPYHTIB, HepauioHanbHe BUKOPUCTAHHA MPOMMUCAOBUX i NoByToBMX Bigxoais. Ocob-
NVBO BaX/1MBe MOBTOPHE BUKOPUCTaHHA MO6YTOBMX BifX04iB.

(0I0OBHMM NMPUHLMNOM BUPOOHMYOT Ta MO6YTOBOT Chep y MEPCNEKTUBI MaE CTaTy
BMMOra uacy: yce MnepepobnseTbCs, BUKOPUCTOBYETHLCS, HeWTpanizyeTbca, nosep-
TaeTbca y BUPOOHUUMIA MPOLEC.
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OTxe, XiMiyHa HayKa pobuTb BENMKMNI BHECOK Y PO3B™A3aHHSA CUPOBUHHOT Npo6-
nemu. | Bam, rpomagsaHaM YKpaiHu, HeobXifHO cTaBMTUCA [0 NpUpoan Ta ii baratcTs
AK A0 HaWBULLOT CYCMiNbHOT LiHHOCTI. 3aNOPYKOK TaKOro CTaBMIEHHA € Balla aKTWB-
HICTb Ta iHiLiaTMBHICTb Y BUpilWeHHi 6araTbox npobnem, BiANOBiAaNbLHICTb 3a npa-
BWU/IbHO NMPUIAHATI PiLlLEHHS.

nacyMmoBYEMO BMBYEHE

« CUpPOBUHOIO Ha3nBalTb NPMPOAHI PEYOBMHM abo maTepianin, sKi BUKOPUCTOBY-
I0Tb 4715 BUPOOHMLTBA NPOAYKTIB Pi3HUX rasly3ei CycnisibHOro rocnogapcrsa.

e 3aBAaHHAMUXiMiT LWOAO0 PO3B’A3aHHSA CMPOBMHHOT Npo61emMun € po3BigyBaHHA Ta
CTBOPEHHS anbTepHaTUBHOI JelleBOl CUPOBMHMW; KOMMIEKCHE BUKOPUCTaHHSA
CYPOBUHHUX pecypciB; 6araTopas3oBe 3aCTOCyBaHHA CUPOBMHU; BUKOPUCTAHHSA
NPOMUC/IOBMX | NOBYTOBUX BigXOAiB.

« LUlo6 posB’asaty U npobaemu, XiMiyHa NPOMUCAOBICTb 3aliMaeTbCs NepepooKoto
HadTK, rasy Ta Kam’siHOro BYrifNSA, AepPeBUHU, TIPCbKUX Nopig i MiHepasis, npo-
MUCNOBUX i NOBGYTOBUX BiAXOAIB.

e [na 3af0BOMEHHA gefasi 6inbloro nonuty Ha MaTepiasiv BUKOPUCTOBYIOTb K
CUPOBUHY NPOAYKTM XiMIYHOT MPOMMWCNOBOCTI — CUHTETUYHI BMCOKOMOJIEKYMSIPHI
peyoBMHN: MeTanu Ta iXHi cnnasu, NoaiMmepu, Kaydyku, rymy, BOSIOKHA.

¢ BaXNMBOro 3HayeHHs HabyBae BTOpPMHHa nepepobka NPOMMUCAOBMUX i NOBYTOBMX
Bigxopgis. Mpomucnosi — Bigxoan 06pobkn mMeTaniB, AEPEBUHN, FasibBaHiYHUX
BUPOGHNLTB, NOBYTOBI — MaKynaTypa, CKNo, TEeKCTWIb, N/1acTMacH, Xap4oBi
BiAXOAM, YOPHI TaKO/IbOPOBIi MeTa/n.

* UYepe3 HeBIignoBiAHICTb MiXX MPMPOAHMMK 3anacamu i noTpebamy CnoXUBaHHS
BMHMKAE OfHa 3 aKTyaslbHUX Npobnem nwAcTBa — 36epexeHHs Ta pauioHabHe
BUKOPUCTaHHA NPUPOAHOI Ta BTOPUHHOT CUPOBUHMU.

¢ [0NOBHVMM MPUHLMMNOM BMPOOGHMYOI Ta NOBYTOBOI chep y NepcrnekTMBi Mae cratu
BMMOra 4acy: yce nepepobnseTbCsl, BUKOPUCTOBYETbLCSH, HENTpanisyeTbCs,
noBepTaeThbCA Yy BUPOOGHUUNIE NnpoLiec.

3ABAJAHHAANA CAMOKOHTPOI/O

1. TIOACHITb, SIK BU PO3yMIiETE MOHATTS «CUPOBUHA.
2. OxapakTepu3syiTe OCHOBHI 3aBAaHHs XiMii B p03B’A3aHHI CPOBUHHOI Npo6aemu.
3. 9k cupoBuHY ans 4obyBaHHA €TUHY BUKOPUCTOBYIOTbL KauibLiin Kapbig. 3 eTuHy 3a
[0NOMOrot0 NMEBHUXMEPETBOPEHb MOXHAA00YTU PEYOBMHU iHLLMX KnaciB. Cknagith
PIBHSIHHA peakLiil 3a CXeMOI0 Ta Ha3BiTb YTBOPEHI PEUYOBUHM:
CaCy-> CyHp-> CyH4A-> CoHXI -> CALOH -> CHXOOH -> CH3COOCyH3
4. CUPOBUHOK AN BUMNNABKM 3asli3a € MO0 OKCUAW. 3AINCHITbL NEPETBOPEHHS 3a
CXEeMOI0 Ta NOSICHITb, UM Byae pauioHasbHUM Leli cnocibé gobyBaHHS 3anisa:
FeO -> FeCL, -> Fe(OH)2-> FeO -> Fe.
5. O6uncnitb i no3Hayte macu antomiHito Ta dpepym(ll, 1) okcmay, Wo BCTynuaun B
peakuito antoMiHOTEpPMIl, AKLWO BigHOBMNOCA 3ai30 Macoto 8,96 T.
A 12,391 Fe4 i 3,84 rAl B 11,73 r Fe4 i 3,27 rAl
B 12,47 r Fe34i 3,871 A  1287rFel4i 3,78 T Al
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6. Mg yac BMPOGHMLUTBA LEMEHTY SIK OAMH 3 KOMIMOHEHTIB CUPOBMHU BUKOPUCTOBYHOTH
BanHsAK. O64YMCNiTh BMICT KasbLii kapboHaTy y BanHsAKy Macolo 1,6 T, AKLWO BHaCAi-
[OK /ioro TepMiYHOro po3kiiagy oTpMMasiv HeralleHe BarnHo macoto 806,4 K.

7. Ona BigHoBneHHsA 3aniza 3 depym(lll) okcnay macow 32 kr BUTPATUNM BOAEHb
06’emom 15 M3(H. y.). O6uncniTe Macy BigHOBMEHOrO 3asli3a.

LIIKABO 3HATHA

e [lns ekoHOMIl NpMPOAHOT CUPOBMHK B AMNOHIT BUTOTOBAAKTL Nanip 6araropaso-
BOr0 BMKOpPUCTaHHA. HanucaHe Ha Takomy nanepi 3MuBaltTb BOAOIO Ta iHWMMU
PO3UYNMHHUKAMMU.

» [epepobka naneposux BUPOOGIB, BignpalbOBaHOro nanepy Ta KapToOHY Mae Bax-
NIMBe eKosioriyHe 3Ha4YeHHs. YCTaHOB/EHO, WO KOoXHa nepepobsieHa ToHHa nanepy
B cepefHbOMy 36epirae 17 gepes, 60 TUC. ranoHiB Boan, 225 kBT rog enekrpoe-
Heprii i 2,5 mM3naowWji noniroHie.

» [ocnigpkeHHs, nposegeHe B [eHCUNbBAHCLKOMY YHiBEpCUTETI, AOBENO, Lo 3MiHa
BCTAHOBJ/IEHMX 3@ 3aMOBYYBaHHSIM MO/IB TEKCTOBUX AOKYMEHTIB B LAtoinm (2,54 cm)
Ha 0,75 grolima (1,91 cm) wopiyHo 3aowamkye 120 Tuc. gonapis CLUA, ypaxoBy-
oy BapTiCTb nanepy Ta nepepobky Biaxoais. LLlogo aepes, TO Takuii Kpok 36e-
pexe 72 akpu (28,8 ra) nicis.

§ 44. POMb XIMIT B PO3B’A3AHHI EHEPITETUYHOI MPOBNEMA

A OnaHyBaBLlIW MaTepian naparpadga, B4 3MOXeTe:

* HasMBaTW NPUPOAHI Ta XiMIUHI [XXepena eHeprii; cnocobu po3B’A3aHHA eHep-
reTMYHOT Npobnemu;

* YCBILOM/IOBATU pPONb OPraHiuHol XiMiT B pO3B’A3aHHI eHEPreTMYHOT Npobnemu;

* OUiHIOBATY 3HAYEHHS XiMiT B pO3B’A3aHHI eHepreTUYHOT Npo6emu;

* BUCNOB/OBATW CYIXKEHHA NPO MOX/MBOCTI BUKOPUCTAHHA OpraHiyHuMx cno-
NYK 3a/1eXXHO Bif IXHIX BNaCTUBOCTEN.

Enepretuka Ta ii npo6nemu. EHepreTka — 0CHOBa €KOHOMIYHOr0O 3pOCTaHHA Ta
PO3BUTKY KpaiHW. BoOHa OXON/HE CYKYMHICTb ranyseil rocnogapcrea KpaiHu, siKi
BMBYAKOTb i BAKOPUCTOBYIOTb EHEPrOpecypcu, 30Kpema eHeprito Boau, BiTpy Ta CoHUud,
A0EpPHY, reoTepmasnbHy, eHeprito MOPCbKUX NPUNANBIB | BiANNKNBIB, 6ioMacK Ta iHLWNX
[)Kepen 3 MeTo BUPOOGNEHHS, MepeTBOPEHHS, NepefaHHsa Ta po3noginy eHeprii. Big
EHepreTUYHMX pecypcisB 3anexaTb 6araTo NPOMUCNOBMUX Mpouecis, poboTa ycTaHoB,
MEeANYHMNX | KyNbTYPHUX 3aKNagiB, CilbCbKOT0 rocnoAapcTea, TpaHcnopTy il nobyTo-
BUX MPUCTPOIB.

barato eHeprii BUKOPUCTOBYKTb XiMi4yHa, HadTonepepobHa Ta ripHM4ogobyBHa
NPOMMUCNOBOCTi, MPOMUC/IOBICTb OPraHiyHOro cuUHTe3sy, (hapMaueBTUYHA TowWO. Kpim
TOro, eHepris NoTpibHa 4Ns ycniwHOI poboTn TpaHCNOPTY, CiIbCbKOr0 rocnogapcraa
Ta No6yTOBMX 3aTpaT. TOMY CMPOBUHHI NPUPOAHI AXepena 04HAKOBOK Mipok BUKO-
PUCTOBYIOTH i K [Xepena eHeprii. J1igepom cepef NpUPOSHUX eHepropecypcis 3anu-
lWaeTbCA HaTa, X04Ya BaX/IMBE 3HAYEHHS MalTb BYriNnas, ras, LepeBuHa, roprodi
cnaHui, Top@ Ta iHWI BUAM MiCLLEBOro BUKOPUCTaHHA. AK YyXe 3a3Hauvanocs, Li eHep-
ropecypcu LWBUAKO BUCHAXYOTHCA, TOMY 0OMEXYETbCA IXHE BUKOPUCTaHHS.
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Kpim npupoaHuX gepen eHeprii, 3aCTOCOBYIOTb XiMi4Hi peYoBUHM, 30KpeEMa Mpo-
CTYy PeYyoBMHY Ta cnonyku Cuuinito, BogeHb, CNUPT, BOASHWIA ra3 (puc. 74).

Puc. 74. Cxema XiMiYHUX JpKepen eHeprii

Bam yxe BifoOMO, L0 332 CNOCOOOM BMKOPUCTAHHA €HEproxepena NofinsaTb Ha
HeBiZHOB/OBAHI Ta BifHOBMOBa/IbHI. HeBifHOBMOBAHNMM € NPUPOSHI, OCKINbKM iXHi
3anacu B Hagpax 06MexXeHi, a 38 KOPOTKMWI1 4ac BOHM He 3MOXYTb NOHOBMTUCA. ClOAM X
HanexuTb ffepHa eHepretuka. BuBINbHUTM 3HAaYHY KiNbKiCTb OpraHiyHOro nanvea
MOXe NpaBuibHe BUKOPUCTaHHA AAEPHOT eHepre TUKM —ranysi, Lo A06YyBaE Ta BUKO-
PUCTOBYE AAEPHY €HEPrito. 3aBAaHHAM XiMiYHOT HayKn € po3pobKa TEXHONOTIN BMKO-
pUCTaHHA KEPOBaHMX peakLili B AepHUX peakTopax i CTBOPEHHA KOMMIEKCHUX CUCTEM
nepexody Ha HOBi TexHonorii, Aki 3abesnevyBann 6 «cnantOBaHHA» BUCOKOAKTUBHUX
i30TONIB y Npoueci poboTK peakTopa.

3cyeMo 3HaueHHA aflb TepHaTUBHUX BifHOBNIOBANbHUX JXepen, AKi CTBOPIOOTh
nepcrneKTUBY B 3aCTOCYBaHHI.

MepcrneKTUBHUM CNOCOOGOM eHepro3bepeXKeHHs € BUKOPUCTAHHA BOAHEBOTO NainBa
4N aBTOMObGiniB, niTakiB, Kopabnis, NOTPed NPOMMCAOBOCTI, Ci/IbCbKOFO Ta XXWT/0BO-
KOMYHa/IbHOr0 rocnogapcTs, po6oTu nobyToBMX MPUCTPOIB. BogeHb Mae 3HauYHi nepe-
Barn Hag 6eH3MHOM, LM3eflbHUM Ta IHWWMMW BUAAMU NanvBa, OCKINIbKW Mae BUCOKY
E€HEProEMHICTb, a Mif Yac 3ropsiHHA YTBOPHETLCS BOAa, TOOTO €KOMOTIYHO YNCTUIA Npo-
OYKT. Lle cyTTEBO CKOPOUYE KiNlbKiCTb BUKMAIB Kap6oH (1Y) okengy i iHWMX LWKigANBUX
OKCUfiB B aTMoC(epy.

CUVPpOBUHHI pecypcu ana fo6yBaHHSA BOLHIO BifobpaxeHo Hapuc. 75 (c. 204).

HaingocTynHilwnm cnocobom f06yBaHHS BOLHIO € €EKTPONITUYHNIA PO3Kag BOAU,
OfHaK BiH MOTpebye BeNMKMX 3aTpaT €NeKTPOeHeprii, TOMy €KOHOMIYHO HEeBUTigHWIA.
HuHi TpmuBae Nowyk epeKTUBHMX cnocobiB fo6yBaHHA BOAHIO A1 MACOBOro BUKOPUC-
TaHHA. OfHa 3 akTyanbHux npobnem, aka notpedye po3BA3aHHA, —Le 6e3neyHi crno-
cobu 36epiraHHs BOAHIO.

3BepHITb yBary! NepcnekTnBU BUKOPUCTaHHA BOAHEBOr0 Nanuea 418 aBToMo6inb-
HOro TpaHcnopTty €. Llinkom iMOBipHO, 110 BOAHEBe NanvMBO CTaHe KOHKYPEHTOM 6eH-
31HY. ABTOKOMMaHIT po3po6nat0Tb BUAW ABUTYHIB MaliOyTHbOrO A5 aBTomMo6iniB. Taki
aBToMO6ini 06M1afHYOTb NA/IMBHUM €/1eMEHTOM, ab0 iHaKLle Moro Ha3nBarTb e/IeKTPOo-
XiMiYHUM reHepaTOopoM. Lle cBoro pogy HeBuuepnHa 6aTapeiika, ycepefuHi aKoi Big-
OyBaeTbCA peakLisi OKMCHEHHA BOAHI. lMpoAyKTaMu OKWCHEHHS € BOAAHa napa W
asoT, a BYI/IEKUC/INIA ra3 BiaCy THIiA.
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Y4yeHUMU-XiMmikaMm po3pob/ieHO MeTogn BUYYEHHSA HadpTW, WO MIiCTUTb BUCO-
KOMONEKYNAPHI BYr/1IEBOAHI, palioHanbHi cnocobun nepepobku Byrinas, aki nepepba-
YyaloTb YTBOPEHHSA CyMilWli BYrfeBOAHIB Bif 3MillyBaHHA noApibHeHOro Byrinng 3
Ha(hTO 1 06pO6KM LiET Cymilli BOgHEM MNif TUCKOM.

BukonHi Bugn Bigxoamn

Pvc. 75. Cxema cUpoBUHU N5 0BYBaHHS BOAHIO

AnbTepHaTUBHI gyxepena eHeprii. AKTyaI'IbHI/IM 3aBaHHAM CbOrogeHHA € OCBOEHHA
anbTEPHATMBHUX BIAHOBMOBANbHUX [)Xepen eHeprii. Lle pocnuHHI Ta TBapWHHI
XUpu, aKi MOXyTb 6yTV BUKOPUCTaHI Ans BUpobHMLTBa 6i0N0riYHOro nanuea. 3 poc-
NNHHOT CUPOBMHM HalivacTille BUKOPUCTOBYOTb pinakoBy onito. Mepesarn 6ionanvea:
€KO/OriyHo 6e3neyHe; HETOKCUYHE i HEOTPYiHe; po3KafaeTbCa MIKpOOpraHismamu.

Baxnuee 3HaAUEHHA ANd 36epexXeHHs NPUPOSHUX PecypciB Mae BUKOPUCTaHHA Mic-
LIeBOr0 ManmBa. Y CIiNbCbKIA MICLEBOCTI — Lie POC/IMHHA CUPOBUHA: BigX0AN AepeBa,
TMpca, CoNoma, cyxa Tpasa. 3 HUX BUTOTOBMAOTbL THOKW 415 KOTAIB. MonynsgpHUM cno-
C06OM CTaE BUPOLLYBaHHA EHEPreTUUYHUX POCNNH. Lle MoXe cTaTu NpMBOJOM [0 OpraHi-
3auil KoonepaTuBiB 3 BUPOGHULTBA «3e/IeHOT» EHeprii. IXHe CTBOPEHHS CNpUATUME
eHeproHesasnieXxxHoCTi cena, po3BUTKY NigNPUEMHMLTBA Ta NiANPUEMIUBOCTI.

B YkpaiHi npoBefeHO mneperoBopy 3 MpeAcTaBHUKamMu (iHCbKOT KOMNaHii
«Ferroplan», fKa cnewianizyeTbCcsa Ha peanisauii eKoNOriYHMX NPOEKTIB 3 NepepobKu
BiX0AiIB Ta ouuLeHHsA BoAu. CNpOeKTOBAHO €KOHOMIYHO BUTifHI mMofeni BCTAHOB-
NEeHHS NOTY)XXHOCTEN 3 Mepepo6KM BigX0AIB i BUPOOHML TBA eHeprii. Hagani AreHTcTBO
onpawlle MOXUBOCTI peanisauii Takux NPOEKTIB 3 ronoBamMmmn Pi3HUX YKpPartHCbKMX
MICT, @ TaKOXX CeNMLHUX i CiNbCbKUX pag,.

MepcneKTUBHUM € BUKOPUCTaHHA eHeprii COHLSA, W0 aKyMyoeTbCA 3a 40NOMO-
rol CoOHAYHMX GaTapeli (puc. 76), KONEKTOPIB Ta eNeKTpoCTaHLiii. BoHn obnafgHaHi

(hoToranbBaHiYHUMU enemMeHTaMu, fAKi 34aTHI

nepetsoptoBaTy eHeprito COHLUSA Ha eNeKTPUYUHY.

CWpPOBMHOK AN BUTOTOBNEHHSA COHAYHUX

6aTapeli € npocTa pe4yoBMHa Ta CNofykn Cuni-

uito. BegyTbcs MOWYKW HOBUX MaTepianis, AKi

nepeTeoptoBann 6 COHAYHY EHeprilo Ha efek-

TpuyHy abo TennoBy Ta Hakonuuysanu i

Po3B’a3aHHA Li€l NpobieMn HaeXuUTb XiMikam.

Ye CTBOPeHO HOBY TeXHOJOrit0 cneuianbHUX

Puc. 76. CoHsauHi 6atapei MepeTBOPHOBAYIB /11 COHAYHMX MaHenen Ha
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ocHOBI Cuniuito Ta kapbigy Cuniuito, WO BUKOPUCTOBYOTHCA AK HAMIBNPOBIHUKN.
KoediyieHT iXHbOT KopucHOT gii (30 %) 3HA4YHO OINbLINI Bif YXKE HasBHUX.

3BepHITb yBary! TexHONoria € eKoN0riYyHo YUCTOK. X PO3MILLYOTb Ha KOCMiy-
HUX anapaTax.

Kpim TOro, CTBOPEHO «COHAYHUIA KONOAS3b» —TEXHOOTII0, 3a AKOK crneyianbHa
KOHCTPYKLifa BOyAOBYeTbCA B fax abo (hacas. Taka ycTaHOBKA fie e)eKTUBHO, Npo-
MycKatoUyn COHAYHE CBIiTNO HaBiTb Yy XMapHy norogy.

B YkpaiHi gitoTb 98 COHAYHMX eNeKTpPoCcTaHuii. Y ciuHi 2018 p. 36yfgoBaHa HOBa
COHSYHA eNeKTPOCTaHLIf Nif «3eneHnit» Tapud y PiBHEHCHKIA 06nacTi.

IHaKLLe COHAYHY eHepPreTUKY Ha3nMBaKTh reflioeHepre TUKOH0. Lle 3HaUYHO aelleBLue
[L)Kepeno eHeprii. Xo4a BUPOOHULUTBO COHSYHMX OaTapeil € (DiHAHCOBO 3aTpaTHWM,
NpoTe TEXHOMOTIYHI 3aTpaTu WBUAKO OKYNAOTbCA. HUHI YKpaiHa € OgHUM 3 Hali-
6inbWNX BUPOOHUKIB COHAUYHUX BaTepeil.

OfHiel0 i3 3aCHOBHULb COHAYHUX CUCTeM [AnA 36epiraHHA Tenna BBaXKawTb
M. TenkeLw.

Mapia Tenkew (1900—1995) — yropcbko-amepukKaHcbka
pocnigHuya, aoktop dinocodii 3 hisnyHOT Ximil, BMHaXigHUUA.
3 1939 no 1953 p. 6yna 3as1yyeHa A0 BUBYEHHST COHSIYHOT eHeprii
B MaccauyceTCbKOMY TEXHO/IOTNYHOMY iHCTUTYTI. OgHieto 3 1i cne-
LiasibHOCTen 6yna poboTa i3 COMbOBUMW TPiikaMu, 30Kpema 3
pO3M/aB/fEHOK CiNo gNs 36epiraHHa Tenna. YnbneHum mare-
pianiom 6yB HaTpiin cynbgat. Y 1970-x pokax nepeixana fo Texacy,
Je 3aiiManacs  KOHCY/bTyBaHHAM pi3HOMAaHITHUX cTapTan-
KOMNaHiin 3 BUPOOHMLTBA COHAYHOT eHepril.¥

nacyMmoBYEMO BMBYEHE

- EHepreTuka — ocHOBa €eKOHOMIYHOrO 3pOCTaHHA Ta PO3BUTKY KpaiHu. Mpobnema
3yMOB/IEHA TWM, WO NPUPOAHI €Hepropecypcu LWBUAKO BUCHAXYHOTbCS, TOMY
0O6MEXYETbCS TXHE BUKOPUCTAHHS.

e 3aBAaHHAM XiMil CbOrofeHHs1 € pO3p06Ka KOMMIEKCHOTO BUKOPUCTAHHS NasTMBHUX
pecypciB i BNpoBaMkeHHS1 anbTepHATUBHUX BiJHOBIOBANbHUX)KEPEN eHepril.

e XiMiYHMMW [Kepenamn eHeprii € BogeHb, CNUpT, BOAAHWI ras, npocrta Ta
CKNnafHi peyvoBuHun Cuniuito.

e [xepena eHeprii 3a cnoco60M BMKOPUCTaHHSA MOAINAKTbL HA HEBIAHOBMIOBAHI Ta
BigHOBMIOBanbHi. 1o HEBIAHOBNOBAHUX Hanexarb NPUPOAHI pecypcu: HadiTa,
ras, BYrinns, crnaHuj, iepeBuHa, Topd, SAepHa eHepreTuka.

. AnbTepHaATMBHUMMW BiAHOBAKOBAa/NbHUMU MXEPEsiaMn eHeprii € pOC/IMHHA CUpPOo-
BUHA, «3€/1eHa» eHepreTuka, rejioeHepreTuka Towo.

e Baxnueow npo6/7eMOl0 BUKOPUCTAHHS €HEepPreTUUYHWX PEecypciB € 3GepexeHHs
nNpUpPoAMX, YNCTOTK BOAW 1A NOBITPSI.

3ABAAHHAATA CAMOKOHTPOJIO
1. TOACHITb, WO € NPUYNHOK BUHUKHEHHSI EHEPreTUYHOI Npobnemu.

2. OxapakTepwu3yiTe BifoMi Bam JKepena eHeprii: a) npupoaHux pecypcis; 6) BUKO-
PUCTaHHSA XiMIYHUX PEYOBUH.
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3. O6I'pyHTYiTE pOsib XiMii B PO3B’si3aHHi EHepPreTUYHOT Npo6ieMu.

4. Ha3BiTb NepcnekTuBHi rasysi eHEepreTukn i OUiHITb 3HAYEHHS XIMIYHUX PEeYvYOBUH
0118 TXHbOr0 PO3BUTKY.

5. CknagiTb CamOCTIiliHO OMOPHY CXEMY, WO BWCBIT/IMTb HOBI XiMiYHi MeToAM, SKi
CNpUATUMYTb PO3B’A3aHHI0 eHepreTUYHoi Npobaemu.

6. CknagiTb piBHAHHA peakuii 3a CXemol: eTaH —> XnopoetaH —> eTaHon —>
—>eTaHa/Ib —>Kap6oH(I\/) okcng —>rnoko3a —>eTaHos. [oACHITb, AKi 3 LMX peyo-
BMH € eHepreTUYHNUMU Jxepenamu.

845. PO/Ib XIMITB PO3B’A3AHHI EKO/1IOTIYHOT MPOB/IEMMA

I _ OnaHyBaBLlIX MaTepian naparpadga, BU 3mMoXeTe:

* Ha3MBaTW YNHHWUKW, LLO CNPUUYNHAIOTL 3MiHN B HABKO/IMWHLOMY CepefoBULLi:
NPWPOAHI i aHTPOMOTEHHI; HAcNiAKN aHTPOMOreHHOro BN/IMBY Ha JOBKINAS;

e YCBILOMNKOBATU HEOOXiAHICTb 3HAHb MPO BAACTUBOCTI PEYOBWMH AN BCTAHOB-
NleHHS TXHbOro BMJIMBY Ha BflacHe 340POB’A Ta [O0BKiNMA; 3HAYEHHA HOBOT
thinocoii B XiMiT Ta BfacHOT rpoMafsaHCbKOT NO3ULIT Ans peanisawii KoHuenuii
CTanoro po3BUTKY CYCMiNbCTBa;

e BUPOGAATM BNacHe CTaBNeHHS [0 NPUPOAN IK HAWBULLOT LiHHOCTI.

Exonoriuni npo6nemu nioactesa. Po3smuTok LUBINi3ayil Ta HayKOBO-TEXHIYHOIO
nporpecy CAPUYMHNAN 3POCTAHHS KibKOCTI HaceneHHA Ha 3emni. BignoBigHo 36inb-
wunucsa obearn BUpoOHULTB ANS 3af0BONEHHA Aefani 6inbwmnx noTpebd y BUKOpMUC-
TaHHI NPOAYKTIB Xap4yBaHHS, EHEPTETUYHMX PECYPCiB, CUPOBMHK. 36inbLLINBCS 06CAr
BiAX0f4iB B aTMOCHepi M y CTIYHMX BoAax; NOOYTOBMMU BigxogaMu 3aCMiveHi BeNuUKi
nsaowi, AKi MmornM 6 BUKOPUCTOBYBATU AK Ci/IbCbKOrocnoAapcbKi yrigas.

Y 1990-x pokax MiKHapogHa cnifnbHoTa 6yna cepiio3Ho cTypb6oBaHa npobnemamu
foBKinns. OCHOBHMMW BM3HaHO Taki: 1) rno6anbHe NoTenniHHA KAiMaTy; 2) BUCHa-
YXeHHA 030HOBOTO LWapy; 3) HAaKOMUYEHHA B I'PYHTI TOKCMUYHUX MeTasiB i NecTUUnais;
4) KNCNOTHI fJowi; 5) BUCHaXXEHHSA NPUPOSHUX pPecypciB nnaHeTu; 6) 3abpyLHEHHS Be-
NNUKNX TEPUTOPI pagioHyKnigamu.

CTano o4eBMAHUM, IO BHACNIAOK rOCNOAapCcbKoT AiANbHOCTI NHOAUHN B NPUPOLI
nopywmnacs gMHamivyHa piBHoBara, aKa nigTpuMmyBanacs Konoobiramyv pevyoBuH, LIO
BMN/MHYNO Ha 3MiHY XiMIYHOTO CKNajy HaBKOMMLIHBOIO CepefoBMLLA.

He3anepeyHuM € TOl (haKT, L0 PO3BMTOK XiMIYHOI MPOMMCNOBOCTI CAPUUYMHUB
npo6nemu, Lo po3rnafaTbca AK rnobdasbHi.

UMHHVIKWN sa6pyanenns OOBKIIIA. TX NOAINATb HA NPUPOAHI /i aHTPONOTreHHI.

[0 NpUPOSHNX YAHHUKIB HanexaTb BUHUKHEHHS 3eMNETPYCiB, BUBEPXEHHA BY -
KaHiB, CTUXIiHI nnMxa, KOCMIYHWIA NUA, NPOLYKTU BUBITPHOBAHHA TIPCbKMX MOpig i
rpyHTiB. OfHaK Haibinblue 3abpyAHIOE HABKONULLIHE CepefoBuLLe NtoguHa. BesgymHe
CMNOXMWBaLbKe CTaBNeHHA [0 NMPUPOAHMX 6araTCTB YNPOL0BX TUCAYO/IiTb NPU3BENO [0
3HULLLEHHA LiNnX apeanis NiCOBUX POCAWH, XXOPCTOKOrO BUHULLEHHA TBAPUH, CNYCTO-
LWEHHA poglYnx 3eMesb | BUpybyBaHHS NiciB. Yce Le BM/NBAE Ha EKOHOMIiKy Ta Mo-
NITUKY, MOPaNbHUIA CTaH i 340pOB’A NIOANHN.
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UMHHMKaMU aHTPOMNOreHHOro 3abpyaHeHHS HABKOMIMLWHLOMO CepefoBuLLa cTana
BMPOGHMYA AiSNbHICTL NtoAUHK (pUC. 77).

ByAaiBHMLTBO TEMIOBUX, aTOMHUX i FigpoeneKkTpocTaHLUii.

PoboTa meTanyprinHux, XiMmiyHmx, HacpTonepepobHUxX, Lenno3Ho-
nanepoBmnx KOM6GIHaTIB, LLEeMEHTHMX 3aBOJ,iB.

-»  Ximizauis cinbCbKOro rocnogapcrsa, ripHM4o406yBHa NPOMUCIOBICTb.

© A NEmmin XE

CTpiMKNin pO3BUTOK BiliCbKOBOT MPOMKC/IOBOCTI.

X
L
36iNbLUEHHSA KiNbKOCTI aBTOTPAHCMNOPTY.
0
0.
KatacTpodhm 3 OTpyiMHUMN peyoBMHAMMK, HadTO, HadhTONPOAYKTaMM
< Ha 3as1i3HuLi, y Bogax CBITOBOro okeaHy.
S

®i3nyHMiA BNAKMB: WyM, Bibpauis; BUAIEHHS BENUKOT KiSIbKOCTI TEMN/I0TK
NPOMWC/IOBICTIO, CNaNtoBaHHAM BigX04iB.

Puc. 77. Cxema 3abpyHeHHs [0BKinns

YHacnifokK aHTPOMNOreHHoro BNAMWBY BifbyBaeTbCa 3MiHa KniMaTy, 3’ABNSAKOTHCA
pi3Hi 3aXBOPIOBAHHSA, 30KPEMA KAHLLepPOreHHI, roflofjye Ta BUMNPAE HACENEHHS.

P03B’A3aHHAM UMX NpobaeM 3aiiMaeTbCs €KOMOTi — Hayka, fika BUBYAE BifHO-
CWHW Ta B3aEMOJi0 XXUBUX OPraHiamMiB MidK C060t0 Ta 3 HABKO/INLLIHIM CepefoBULLEM.

LUNAXN poss’snsanus npo6nemu. IBAKA UM Ha NPO6GIEMU, L0 BUHUKAN, Yy 1992 p.
y Pio-ge-)XaHelipo Bigbynaca mikHapogHa KoHepeHuis KpaiH-uyneHiB OOH. Ha
Wil KoHepeHLii BUpO6NEHO pekoMeHgauil, Wwo B3SATi 3a OCHOBY PO3BMTKY CBIiTOBOI
cninbHOTM, —KoHUenuito cTanoro po3suTky. CTannii po3BUTOK AeKnapye Takui nig-
Xifl B0 XWUTTHA, KONWN iHTEpecu cycninbCTBa CKEPOBYOTLCA HA BCTAHOBNEHHA 6anaHcy
MiX 3a40BO/IEHHAM CY4YacHMX MOTpeb MOACTBA Ta 3aXMCTOM iHTepeciB MalbyTHIX
MOKO/iHb, 30KpeMa iXHI0 NoTpeby B 6e3neyHOMY Ta 340pOBOMY A0BKinni. HUHI cta-
NWiA pO3BUTOK pPO3rnffalTb AK Takuit, wo 3abesneyye noTpebu TenepilwHbLOro MOKoO-
NiHHA 3a[0BONBHUTK BfacHi NnoTpebu. KoHuenuis 6asyBanaca Ha TPbOX CKNaf0BUX:
EKOHOMIYHIlA, couianbHi Ta eKONoriyHii. Lli cknagoBi B3aEMonoB’a3aHi Ta cTocy-
I0TbCA PO3B’A3aHHSA OAHIel npobnemu: 36epertv NOACTBO Bif €KONOriYHOT KaTa-
cTpogu.

EkonoriyHa cknajoBa nondrae B 3abe3neyveHHi LinicHocTi 6ionoriyHmx i gisuny-
HUX MPUPOAHUX CUCTEM, 36EPEXKEHHI 34aTHOCTI €KOCMCTEM A0 CaMOBIfHOBMEHHA Ta
AVHaMIiYHOT ajanTauii; 3anobiraHHi gerpajayii npupogHNX pecypcis, 3abpyLHEHHIO
HaBKOJ/INLIHLOIO CepefoBULLa Ta BTPATi 6i0/10MYHOI0 PO3MAITTS.

3BepHiTb yBary! TllopiBHAHO 3 Bukugamu TEL,, KO/SbOPOBOIO MeTanypriew Ta
TpaHCNopTOM, XiMiyHa NMPOMWCOBICTL 3aBAAE MeHLe WKOAW LOBKinA. MpoTe cno-
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CTepiralTbCa BUKUAN B aTMochepy LWKIAAMBUX rasiB, AKi He BUKOPUCTOBYIOTb fK
BTOPWHHY CWPOBUHY; HAaAMipHE 3acTOCYBaHHA MPUPOAHUX CUPOBUHHUX PECYPCIB;
CTBOPEHHS CUHTETUYHWUX MOIMEpPIB, AKIi HE PO3KNafalThCA i 3a6PYAHIOIOTL HABKO-
NNLLHE cepefoBuLLe.

Ximis Mae BeMKUIA NOTeHUian, WO CNPUSE PO3B’A3aHHI0 €KOMOTIYHUX Npobrem,
OCKi/IbKM 6araTo 3 HAX € HacMiAKOM XiMiYHUX BUPOOHULTB. OfHAK XiMiYHI 3HAHHA —
Lile TOW KaniTan, Ha AKOMY I'PYHTYETbLCSH OXOpPOHa Npupoam Ta i 6araTcTs.

3Harouu cknag, 6ynoBy Ta BNacTUBOCTI PEUOBUH, MOXHa nepefdadnTy IXHi BNANB
Ha aTMocepy, BOAHI PeCypcu, 'PYHTU 1 pOCANHHWIA Ta TBAPUHHUIA CBIT. XiMiYyHa HayKa
3aliMaeTbCa NOLIYKOM HOBUX [XXepes BifHOBMIOBaNbHOI EHEPreTUKM Ta LIBUAKOIO iX
ynpoBaiXeHHA. 3aBAAKW BUKOPUCTAHHIO XiMIKO-aHaNiTU4HUX METOAIB KOHTPOIO B
[LOBKiNAi Ta AKOCTi XiMiYHOI NPOAYKLIT, cTae BiOMOK iH(opMauisa npo 3anobiraHHA
HeraTUBHWM BMNAUBaM LWKIAVBUX PeYyOBMH Ha LOBKINMIA. Y4eHi-xiMiku po3pobunu
MeTOAM OYULLEHHS BOAMW Ta MPUPOAHNX BOAOAM, BUKOPUCTAHHSA OYMCHUX CNOpyS, Bia-
CTIAHWKIB 3 METOK MOBTOPHOIO0 BUKOPUCTaHHA rasiB i Boagu. NpoBOANTLCS Benuka
po60Ta 3 NOLWYKY HOBUX [)Kepen eHeprii 418 aBTOTPAHCNOPTY A TeXHIKK, AKi He 3a6py -
HIOBanu 6 A0BKIiNAA BUXJOMHMMW rasaMmy Ta BaXKuMu MeTanamu. Ximia nocigae
MoyecHe micLie B TaKiil Helerkin po6oTi, K ge3akTuBaLis WKiAIMBUX PEHOBWH BiiCbKO-
BOT CMpaBu Ta pajioakTUBHMX BifX0AiB, IXHbOro 6€3ne4yHoro cxosy.

| ue He Becb nepenik TMX nNpobnem wWono 36epexeHHA A0BKiNNA. Tak, 30BCiM
He4aBHO [OBEeAEHO HEraTUBHWIA BN/IMB €NEKTPOMArHiTHUX NoNiB Ha 6iocdepy.

Ximig nponoHye HOBI cnocobu nepepobkKu NPOMUCIOBMX i NOOBYTOBUX BiAXOLiB 3
IXHIM MojanblWMM BUKOPUCTaHHAM, 30KpeMa LWakiB, AepeBUMHM, nanepy TOLLO.
3aBAAKM 3aMiHi npupogHMX MaTepianis 6e3neyHUMMU XiMIYHUMU 3MIHIOETHCA CTaB-
NeHHs [0 BUKOPUCTAHHA HEBIAHOBNIOBaNbHUX eHeprofXkepen, TO6TO 3MeHLWYETbCH
BMKOPMCTAHHA B XIMIYHI/A NPOMMCNOBOCTI Ha(TK Ta rasy, KaM’iHOT0 BYTifiNA, a OTXEe,
Ui npupogHi 6aratcTea 6ynyThb 306epexkeHi AN ManbyTHIX NOKOMIHb.

Fno6anbHi Npo6aemMn NHOACTBA CTOCYHOThCA W YKpaiHu. Micna asapii Ha YopHo-
6unbcbkiin AEC B 1986 p. BUHMKNA npobnema pagiauiiiHoro 3abpyfHeHHs Ta 3arposa
BMKUAIB Ha IHWWX aTOMHMX CTaHUiax. Ha >anb, we i Tenep Big0byBaeTbCA pPo3Kiaj
pagialiliHMX peyoBuMH, WO 3anuLLInANCA Nig capkogarom. IcHye npobaema NUTHOT BOAW,
OCKifIbKM 3anacy npicHOT BOAM BMYepnyoTbCA, & BAKOPUCTAHHA BOAU PiYOK Ta iHWMUX
BOJOVM YCKNAAHIOETHCA Yepe3 BifCYTHICTb HANeXHOro OYMLLEHHS Ta HeAOCTaTHICTb
BOJOTOHIB i 3HOLYBAHICTb YXe HafBHUX.

Be3xanbHO N HEKOHTPONbOBAHO BUPY6YIOTLCA ficK, WO NPU3BOAUTL LO 3HUK-
HEHHS apeaniiB POC/IMHHOIO Ta TBAPWMHHOrO CBIiTY, MOPYLIEHHA CTPYKTYpPU IPYHTIB.
Uepe3 Herocnofapcbke CTaBNeHHA [0 3eMi BifbyBaeTbCcs i 3abpyAHEHHA HANULL-
KOM MiHepanbHUX go6pus i nectuymaamu. CBiil BHECOK po6a1aTb NPUPOAHI NpoLecK:
CONOHLI0BAHHSA, epo3isl, BUCHAXXEHHS I'PYHTIB. BifcyTHA fep>aBHa NoniTuka 3 yTuni-
3auil BiAXo4iB, a TOMY Bif6yBaETbCA IXHE HAKOMUUYEHHS Ha BIAKPUTUX CMITTE3BANN-
Wax, Lo TeX € [KepenoMm eKOMOoriyHoro nmxa. [loBefeHo, WO NPOMUCAOBI BigXoau
3aiimatloTb maixe 200 Tuc. rekTapiB 3em/i. Y 6aratbox mMictax, e 30cepekKeHi XiMiyHi
BUPOOGHULTBA, 3a BiCYTHOCTI OUMCHUX CNOPY[ KOHLEHTpaLis WKigIMBUX PEYOBUH Y
MOBITPi MepeBULLYE FPaHUYHO JOMNYCTMMI Hopmu. Lle wkoanTb 340pOB’O Nogel Ta
CNPUYNHAE BAXKKI 3aXBOPIOBAHHSA.
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3Baxaruu Ha 3azHauyeHe, 3BEPHEMOCA [0 CBIJOMOCTI KOXHOT IOAUHUN, KOXKHOIO
rpomagsaHmHa YkpaiHu. bepexite npupogy Ta ii 6araTcTea, BUpo6nsiiTe BNacHe Bif-
noBifanbHe CTaBNeHHA 3a CTaH [JOBKiNAA Ta 36epeXkeHHs 1ioro pisHoearu. MNpupoaa,
AK 1 I04MNHA, € XXUBMM OpPraHiaMmoMm, AKUin noTpebye ow,aganmBoro CTaB/ieHHs, rpaMoT-
HOT NOBeAiHKMW 3 Heto Ta AOTPUMaHHA eTUYHUX HOPM CMIBXUTTSA.

niacyMmoBYEMO BMBYEHE

OcHOBHUMM Npo6aiemamn JOBKINMA BU3HAHO: 1) rnob6asbHe NOTenniHHA KniMaTy;
2) BUCHaXXEHHSI 030HOBOTO Wapy; 3) HAKONMUYEHHS B I'PYHTi TOKCUYHUX MeTa-
niB i necTununais; 4) KACNOTHI gouli; 5) BUCHaXEHHSA NpPpUPOAHNX pecypciB
nnaHeTwn; 6) 3abpyAHEHHSA BENIMKNX TEPUTOPI pagioHyknigamu.

Ekonoriss — Hayka, sika BUBYa€E BiJHOCMHM Ta B3aEMOLiI0 XNBUX OPraHiamiB Mix
c0o6010 Ta 3 HaBKOMINLLIHIM cepefoBULLLEM.

KoHuenuis ctanoro po3BUTKY MICTUTb TPU CKIaA0BI: EKOHOMIUHY, couianbHy I
€eKONOoriyHy, Ski B3aEMOMNOB’A3aHi Ta CTOCYOTLCS PO3B’A3aHHA npobremn 36epe-
YXEHHA NIOACTBA Bif €KO0MYHOT kaTacTpodu.

AHTpoOMoreHHe 3abpyAHEHHS HAaBKO/IMLWIHLOrO CepefoBULLA CNPUYMHUAA BUPOB-
HMYa 4issNbHICTb TOANHN.

MoTeHUianXimMii B pO3B’A3aHHI EKONOMYHUX NPO6EeM Nonsrae B: 3HAHHAX CKNagy,
6y[0BY Ta BNAaCTMBOCTEW PeYOBUH Anst nepefbadyeHHs IXHbOro Br/IMBY Ha AOBKI/IIS;
MOLLUYKY HOBWX MKepes BiAHOBMOBA/IbHOI eHepreTuky; BUKOPUCTaHHI XiMiko-aHa-
NITUYHNX METOAIB KOHTPOJIKO B AOBKINNI Ta SKOCTI XiMIYHOT NpOAyKLUii; po3pobui
MeTOZIB OYMLLEHHS BOAM Ta NPUPOLAHMUX BOAOVM; NOLUYKY anbTepHATUBHUX JKepes
eHeprii 4N aBTOTPAHCNOPTY 1 TEXHIKW; Ae3akTuBauil WKiAIMBUX PEHOBUH BiliCbKO-
BOI CrpaBu Ta pafioakTUBHUX BiAX04iB, iXHbOro 6e3ne4HOro Cxosy.

EKonorivyHi npo6nemun YKpaiHu CTOCYIOTbCS: pajiauiiiHoro 3abpygHeHHs; HecTaui
MUTHOI BOAW; HEKOHTPONbOBAHOIO BUPYOYBaHHS ficiB; 3a6pyAHEHHS LUKiAAMBUMYU
peyoBUHaMU CiNlbCbKOrOCNOAapPCbKUX Yrifb; BiACYTHOCTI AepXaBHOT NONITUKA 3 YTU-
nisavu,ii BiAX0AiB; BiACYTHOCTI OYMCHMX CNOPYA Ha XiMiYHUX BUPOOHMLTBAX.

Mpupoga, sIK i NloauHa, € XMBKUM OpraHiaMoM, sikuii noTpebye oL aAMBOro CTae-
NEHHSs], TPaMOTHOT NOBE/IHKM 3 Heto Ta AOTPUMAHHST eTUYHUX HOPM CHIBXUTTS.

3ABJAHHAONA CAMOKOHTPOI/O

Ha3BiTb YNHHWKU, LLO CAPUUYUHAIOTL 3MiHW B AOBKINI.

OxapakTtepu3syiiTe NpuUpogHi i aHTPONOreHHI YAHHMKM BMNAIMBY HA 3MiHW B HaBKO-
NMLWHBOMY CEpeAoBULL.

OxapakTepusyiite ekonoriyHi npobnemu: a) NACTBa; 6) YKpaiHu.

MosACHITL ponb Ximil B p0o3B’A3aHHiI €KO/I0rYHOT Npo6emMu.

CknagiTb pIiBHSAHHA peakuiid, Wo Bigo6GpaxalTb YTBOPEHHSA KWCMNOTHMX AOLLB Ta
TXHi/A BNNB Ha AOBKIN/S.

depym(ll) cynbgig macot 17,6 Kr MOBHICTIO npopearyBaB 3 KUCHeEM. O64YMcniTbh
06’em cynbyp(lY) okcugy (H. y.), WO BUAINUTLCA B aTMocdepy 3a BifgCyTHOCTI
OYMCHUX CNopyA.

[nsa 36inbleHHA BPOXaliHOCTI B Tennvui nogatoTb kap6oH(lY) okcnpg 3 6asioHis.
MOACHITb, 3 AKOK METOol Le pobnsaTe. O6UMCAiTe Macy opraHiyHOi peqyoBMHM, LLIO
YTBOPUTLCS, i KU 06’€M KMCHIO BUAINUTBLCSA, SKLLO POC/IMHAMU MOMMHYTO 67,2 M3
Kap6oH(IV) okcuay.
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8. MMig yac cnantoBaHHA Byrinns Ha TELL y nosiTpsa Bukngaetbcs cynbdyp(lV) okenpg,
mMacow 2,1 T. O6umcniTb Macy cynbgatHOi KUCMOTU, SKY MOXHa [06yTn i3
cynbdpyp(IV) okcungy, WO BUKMAAETLCS B atMocdiepy BNPOA0BXK 406u.

LLIIKABO 3HATU

» Bartmocdepi Halwoi niaHeTn HakKoNMYyeTbLCS Aefasti binblue Byrnekncnioro rasy. BiH
YTPUMYy€E Tennao, CAPUYMHSIIYM 3MiHM KiiMaTy. [ns po3B’a3aHHs npobremu
rno6asibHOro MOTEN/IHHA BYEHi LUyKalOTb CMOCO6M OOMEXeHHS BMKMAiIB. OfHi
rOBOpPATb NPO OOMEXEHHS BMKOPWUCTAHHS LWKIAAMBMX rasiB, iHWI HamaratoTbCs
3MEHLUMTM 06’EM LUKIAIMBUX BUKUAIB.

+ Ipyna kaHafACbKux QAOOCNIAHUKIB 3 YHiBepcuTeTy TpeHTa 3anpornoHyBasa
BMKOPUCTOBYBATW /151 LUbOr0 MOM/IMHa/IbHY BNACTUBICTb FPCbKMX NOpig, 30Kpema
MarHesuT Ta iHWi kap6oHaTu. [loBeAeHo, WO OAWMH KIIOMETp FipCbkoi nopoau
MOXKe BMilllyBaTV MiNbspA TOHH BYI/ieKMcnoro rasy. OCKiNbkM NpUpoAHuIA crnoci6
YTBOPEHHS MarHe3uTy € TpMBa/IMM, YYeEHi 3anponoHyBain nabopaTopHuii cnocio
006yBaHHA MarHesuTy — MPOTAroM 72 AHIB 3a KIMHATHOI Temneparypu.

e CuvHTe3ylTb MarHesuT 3 MNOJICTUPONbHUX MiKpocdep (/1TaTeKCHi «Ky/bKu»), L0
MOKPUTI 3apSAKEHUMU MOJIEKyNamMu, siki CMpUsOTb 3B'A3yBaHHIO OHIB MarHito 3
kapboHaToM. ToHHa Takoi NOpoAW HaAiHO BTPUMYE MIBTOHHW BYTIEKUC/IONO rasy.
CWHTE30BaHWii TakuM CNOCO60M MiHEpa/l MaE BMCOKY eHeproedeKTBHICTb, 60
TensioBa eHeprisi He BUTPAYaeTbCA N NaTEKCHI «KyfbkW» He PYMHYITbCA, a ToMmy
MOXYTb BUKOPMCTOBYBaTMCA NOBTOPHO(3a MaTepianamm cavita: https://focus.ua/
technologies/406479/?utm_campaign=web_push&utm_source=1928).

8 46. «3ENIEHA» XIMIA: CYUACHI 3ABOAHHSA MEPEA XIMIUHOKO
HAYKOIO TA XIMIYHOKO TEXHOJIOEIEHO

OnaHyBaBLlWK MaTepian naparpada, BU 3MOXeTe:

e (hopMynIOBATUN BM3HAUEHHS MOHATTA «3e/eHa» XiMis;

* BUC/IOB/NOBATU CY[>KEHHSA LWLOLO 3HAYEHHS XIMIYHUX 3HAHb; NPO BMAUB AifNb-
HOCTI IOAMHMN Ha LOBKINNS N OXOPOHY 1A0T0 Bif 3a6pYAHEHD;

e BMPOONSTW BNacHe CTaBNEHHS [0 NPUPOAN SIK HAWBULLOT LiHHOCTI.

3Baxarouu Ha BCi rnobanbHi npobnemu NOACTBA Ta YKpaiHK, Ximia cTana Ha Wasx
PO3BUTKY HOBOIO HayKOBOF0 HanpsMy — «3e/1eH0i», abo iHakwe il Ha3MBaKTb «eKo-
NOTIYHO payioHanbHOT» Ximil. Lle mixgucumnniHapHa iHTerposaHa Tedia B Ximii, aka
MOELHYE CUHTETUYHY OpraHiyHy Ximito 3 aHaniTUYHOI Ta Pi3NYHOIO XiMi€EHD, TOKCUKO-
norieto, Mmikpob6iosiorieto, 6i0TEXHONOTIEID Ta TEXHIYHUMUN HayKaMu.

«3efIeHy» XiMil0 pO3rnsfgaTb K CYyCNiNIbHWUIA pyX | HAYKOBUI HanpsiM, Lo npono-
HY€E PO3BUTOK TEXHOMOTIW, AKi BUKOPUCTOBYKOTb 6ifbll eheKTUBHI XiMiYHI peakuii.
BoHa noB’3aHa 3 «BifKPUTTAM, PO3pOOKOK Ta 3aCTOCYBAHHAM XiMIYHUX MPOLECIB,
0 3MEHLWYTb a0 BUYyYaldTh BUKOPUCTAHHA 1 YTBOPEHHA WKIAINBUX PEYOBUHY.
Tak TpakTye NOHATTA «“3eneHa” xiMif» MixHapofHa cnifka TeOpeTUYHOT Ta npak-
TMYHoT ximii IUPAC.

YNpojoBX PO3BUTKY XiMiT K HayKu il OCHOBHMMM 3aBAAHHAMMU O6YNM NOLWYK i
CMHTE3 KOPUCHMX PEYOBUH i MaTepianis i3 3agaHMMN BNacTUMBOCTAMU 3 METOK PO3-
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BMTKY EKOHOMIiKK. Came Le CMPUUYMHNAO eKONOTiYHI Npo6aemMun, SKi i HUHI TypbyoTh
NIOACTBO.

«3efeHa» Ximif NPONOHYE ABa HANPAMMW PO3BUTKY: NepLlnii —Lie nepepobka, yTu-
nisayis Ta 3HULWEHHA eKONOriYHOo Hebe3neyHMX NOBIYHUX i BignpauboBaHUX NPOAYK-
TiB XiMIYHOT NMPOMWCMIOBOCTI; APYIrWiA — MEePCNeKTUBHIWMNMA, wo 3abe3neuynTb po3-
PO6KY HOBMX MPOMUCIOBMX MPOLLECIB, AKI HE CMPUYNHAIOTb BUKWAIB WKIZNNBUX ANS
HaBKO/MMLUHLOIO CepeaoBmMLLa NPOAYKTIB (HaBiTb NO6GIYHUX) abo 3BOAATbL IXHE BUKO-
PUCTaHHA A YTBOPEHHA A0 MIHIMyMY.

«3eneHa» Ximig — dinocois XiMiYHMX fOCNigKeHb Ta iHXeHepil, Lo
3aK/IMKae 00 CTBOPEHHS MPOAYKTIB i npouecis, AKi AaldTb 3MOry MiHiMi3y-
BaTW BUKOPUCTAHHA Ta BUPOOHULTBO WKIAINBUX PEYOBMH.

OfHOYaCHO 3 UMM «3efeHa» Ximia —Le XiMisa NpupoaHOro JOBKiNNA.

XiMiYHi pe4yoBMHM Ta nNpouecu, BiANOBIAHO L0 MPUHLUNIB «3efIeHOT» Ximii, po3-
rNAfalTbCca He TiNbKW WOA0 BUPOGHUL TBA PEYOBUH i MaTepianis i3 3afgaHMMKM Bnac-
TUBOCTAMM, & 1 3 ypaxyBaHHAM HacnifgKiB IXHbOro 3aCTOCYBaHHA ANS AOBKiNAA. Tomy
«3efleHa» XiMif CTOCYETbCA BCbOro LMKAY XiMIYHOT NPOAYKUIT Ha pi3HUX eTanax
BUPOOHMLTBA Ta 3a NOTPebyu Ti yTunisawii.

TexHonorii, ki NPOMOHYE «3ejieHa» Ximif, 3anobiraTuMyTb 3ab6pPyLHEHHIO Ha
MOJNIEKYNAPHOMY PiBHI 3aBAAKMW 3aCTOCYBaHHIO iHHOBALiiHNX HayKOBMX pO3B’A3aHb
eKOJIoTiyHMX nNpobnemM. «3eneHa» XiMis NepelkoXae YTBOPEHHIO WKIAINBUX peyo-
BUH, 3MEHLUYE HeratMBHWI BNAMB XiMIYHWX MNPOAYKTIB i NpoueciB Ha 340pOB™A
NOAWHK, Y feaKnX BUMNaLKax ycyBae Hebe3neky 3 y)xe HaaBHUX NPOAYKTIB i NpoLecis.
MpugindeTbca yBara gnm3ainHy XiMmiYHMX NPOAYKTIB i NpoLeciB 415 3MEHLLEHHS WKOAM
340p0B’0 Ta NpUPoAI.

AmepukaHcbKi ximikn 1. AHacTac i [>K. YopHep y 1998 p. cthopmyntoBanu i
3aTBepaunn 12 NPUHUMNIB «3e/1IeHOT» XiMil. MON0XKEHHA NPUHLMNIB PO3KPUBAKDTh
KOHLenNuito, a cawve:

—3anobiraHHs y TBOPEHHIO BiAXOAIB (4M3aliH XiMiYHOro CUHTE3Y, AKKi1 3a6e3neyvye
3ano6iraHHA YyTBOPEHHIO BiAXOAIB, HE 3aNuULIarymn iX g yTuaisayii il NoOXoBaHHS);

—MaKcumasnbHe 30ibLUIEHHS CKNaf0BUX YaCTWH (MPOEKTYBAHHS CMHTe3y Tak, Li06
KIHLEBUA NPOAYKT MICTMB MaKCUMasbHe CMiBBIAHOWEHHS BUXIGHUX MaTtepianis,
3 HaliMEHLL O KiNbKIiCTHO BigxofiB abo 6e3 HuXx);

— po3po6Ka MeHL Hebe3neyHnx XiMiYHMX CUHTE3IB (3 BUKOPUCTAHHAM i FeHepy-
BAHHAM PEYOBUH 3 MIHIMaNbHOK TOKCUYHICTIO ab0 HETOKCUYHUX ANa nogei uu
HaBKO/IMLLHLOIO CepesoBuLLa);

— [n3aiH 6e3neyYHnxX XiMivyHUX PeyoBUH | NPOAYKTIB (4M3aiiH XiMIYHUX NPOAYKTIB,
AKi MOBHOK Mipot0 e(eKTMBHI, ane MalTb Many TOKCUMYHICTb abo B3arasi HETOK-
CUYHI);

— BUKOPUCTaHHA 6e3neyHnx pO3UNHHUKIB Ta YMOB peakLliii (LioHaliMeHLle BUKO-
PUCTaHHA PO3YUHHWMKIB 260 IHWUNX LOMOMDKHUX XIMIYHUX PEYOBWH, a B pasi notTpebn —
Hain6e3neyHIWmnX 3 HUX);

—NiABULLEHHA eHeproeeK TUBHOCTI (3anycK XiMiYHMX peakLiil 3a KiMHaTHOT TeEM-
nepatypu i TUCKY, AKLLO Lie MOX/NBO);
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— BMKOPUCTAHHA BiJHOB/IOBANILHOT CUPOBMHM (BUKOPWUCTOBYBATM CUMPOBUHY Ta Big-
HOB/tOBaNbHI BUXifHI MaTepiany, a He Ti, Lo BUCHAXYIOTbCA. [JepesoM BifHOBNOBA/b-
HOT CMPOBMHM € CiNIbCbKOrocnogapchbKi NpoAyKTW abo BigXoau; AXXepenamm HeBigHOBMO-
BaHOI —BWKOMHe NanuBo (HadTa, NPUPOAHWIA ras, BYrinisg) Ym ripHu4i po3pooku;

— YHUKHEHHS- XIMIYHMUX MOXiAHUX (32 MOX/UBOCTI BUKOPUCTAHHA 610KYyBaNbHUX
ab0 3aXUCHUX Tpyn Yn Byab-aKNUX TUMYaCcOBUX MOAUGIKaLii);

— BMKOPUCTaHHS KaTanisaTopis, ane He CTeXiOMeTPUYHMX peareHTiB (MiHimisauis
BIAXO/iB 32 AONOMOrO KaTaiTMYHUX peakyiii. BukopnctaHHsa eheKTMBHMX KaTanisato-
piB i B MaMX KiNbKOCTSAX, O MOXYTb 34iACHIOBATM OAHY peakLito 6aratopa3oBo. BoHu
KpaLyi 3a cTexXioOMeTPUYHI peareHTU, AKi BUKOPUCTOBYHOTh 3 HAA/IULLKOM Ta O4HOPAa30B0);

— An3aiiH XimikaTiB | NPoAyKTIiB, LU0 NOTipWyThCA NiCNs BUKOPUCTaHHA (an3aliH
XiMIYHMX MPOAYKTIB Mae po3knagaTucs Ao 6e3nevYHnUX peyoBuH i He HAKONUYYBaTUCH
NicNg BUKOPUCTAHHA);

— aHani3 y pe>Xumi peasbHOro yacy, o6 3anobirTu 3abpygHeHHI0 (BTPYYaHHS B
npoLec MOHITOPUHIY Ta KOHTPOIKO Nif Yyac CUHTe3y, o6 MiHiMi3yBaTn abo yCyHyTH
YTBOPEHHS NOBIYHNX NPOAYKTIB);

— 3BefleHHA [0 MIiHIMYMYy MOMXIMBOCTI HelacHUX BUNafKiB (4W3aiiH XiMiYHMX
PEYOBMH Ta iXHIX Pi3nYHKUX hopM (TBEPAMX, PIAKMX YM ra3onofibHmx), Wwob MiHimi-
3yBaTu noTeHuian Ans XiMiYHUX aBapiil, BKNHOYHO 3 BMOyXamu, Noxxexamu i BUKU-
4aMUN B HABKONMLLIHE CEPefOBULLE).

«3eneHa» ximia —ue MailbyTHe Hawoi nnaHetu. MNepegycim BoHa KopucHa Ans
340pOB’A MOANHU. Y (hapMauil Le cnpuaTMe BUTOTOBJIEHHIO NiKiB | BNPOBaLXXEeHHIO
TEXHOMOTIN, WO BUBYATUMYThb LUMPOKUIA CNEKTP BXINBUX ANA MEAULMHMK 6ionoriy-
HUX npouecis. LLLogo BMKOpPUCTaHHA KaTani3aTtopiB, TO MOTPIGHO ycyBaTu metanu i
iHLI TOKCMYHI JOMILWKN 3 NiKIB MicNs 3aBeplUeHHA peakLili Ta 3aCTOCOBYBaTH HagiliHi.
TOMY HWHI TPUBaKTb AOCAIAXKEHHA HeMeTaniYHUX KaTanisaTtopiB Ans BUMPOOGMEHHS
pPeyoBMH i3 CyMillamu, L0 XapaKTepusyrTbCca NOTPiIGHUMM XiMmiyHUMUK Ta 6ionoriy-
HUMMW BNACTUBOCTAMM.

CTBOpeHHA BMOIPKOBMX peakuiil Hagae nmepcnekTuBy fikeigyBaTu 6arato npo-
MIDKHUX CTafiiA, 3anobiraTu yTBOPEHHIO BiAXOAIB Ta EKOHOMMUTU CMOXWBAHHSA efnek-
TPOEHePTil.

LLle ogHa cthepa ManbyTHIX AOCNigKeHb —NPUCTOCYBaHHS NMPUPOAHNX DEPMEHTIB
a60 BMHalijeHHA HOBUMX, AKi cTann 6 KaTanisatopamu 4Nn8 NPOBeAEHHS BENMKOMacLITab-
HUX XIMIYHUX peakLii, Wo BUMaratoTb 6arato cTagii Ta TOKCUYHUX peareHTiB.

3a3Haunmo, Lo «3eneHa» XiMis BifKpMBae HOBI MepCneKTUBW A/15 eHeproHesanex-
HOCTI Cefnla Ha OCHOBI «3eNneH01» eHeprii. CifibCbKe HaCeNleHHA OTPUMYE Taki nepesaru:

—3MEHLUEHHS 3aN1eXHOCTI Bify pPUHKOBUX LiiH;

—BWKOPUCTaHHA POC/IMHHOT CUPOBUHM Ta T BiAXOAIB i3 3HAYHO EKOHOMHILLIVM nasn-
BOM, Hi)XX ra3o- il eNeKTPOEHEPris;

—BUWPOLLYBaHHA EHEPTeTUYHNX POC/IUH CNPUAE CTBOPEHHIO HOBUX PO60UYMNX MiCLpb,
a OTXXe, 3pOCTaHHI0 [06PO6YTY, OCKINIbKM Lie BMOX/MB/IKOE OpraHisalilo KoonepaTmsis
3 BUPOOHML TBA «3€/1EHOT» EHeprii;

—e(eKTUBHILIE BUKOPUCTAHHA MANopooUYMX IPYHTIB, AKi 3 YaCOM MOXYTb CTaTu
NpuUAaTHUMK O BUKOPUCTAHHSA Nif Pi3HI CiNbCbKOrocnofapchbki KynbTypu;

—BMBI/IbHEHHA KOLWTIB /19 PO3BUTKY iHPPACTPYKTYpU 06°€fHAHUX TepuUTopianb-
Hux rpomag (OTI).
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B YkpaiHi BUHNK TepMiH «“3eneHuniA” Taputh» —Le cnewlianbHuii Tapud, 3a AKUM
[ep>xaBa 3aKynoBYE BCH €/leKTpPOeHeprito, BUPO6/7eHY COHAYHWMU Ta BITPOBUMM
enekTpocTaHyiaMn. He noTpi6HO BMTPayaTy Yac i rpoLli Ha NOWYK KNIEHTIB, OCKiNbKY
3a 3aKOHOM fep>aBa 3060B’13aHa 3aKynoBYBaTW BCIO eNIEKTPOEHeprito, Aka BMpo6aa-
€TbcA. KpiM TOro, HacefieHHA oTpUMye 6e30NNaTHY eHeprito 3 JoxonoM ans cebe. Lle
[la€ BeNIMKY eKOHOMIto, pO3BMBaAE MiAMNPUEMNBICTD.

«3eneHy» XiMit0 Ha3nMBaKTb «HOBUM MUCNEHHAM XiMii», hinocoieto cyvyacHuxX
XiMiuHWUX gocnigxeHb. Ti CBITOrNAAHMIA OpieHTUP — KOEBOMIOLLIS NIOAMHN Ta Npu-
poau, 36epexeHHa Giochepun. MOHATTA «KoeBoOLia» (Bif NaTuH, CO— 3, pa3oMm Ta
€BOJ1I0LiA) CyyacHa HayKa BUKOPUCTOBYE A1 MO3HAYeHHA MexaHi3My B3aEMO3YMOB-
NeHUX 3MiH efleMeHTIB, CKNaf0BUX LiNiCHOT cMcTeMU, WO po3BuUBaeTbCA. CnpaBaxy-
IoTbcA nepepbavyeHHs B. BepHafcbKkoro, BUC/OB/IEHi Ha nmoyaTky XX CT., Wo Jochnia-
HUKM B MaiibyTHbOMY OYyAyTb YacTille cneyianisyBaTucs He Ha Haykax, a Ha npobne-
Max. [poBigHO TeHAeHUiet0 XX CT. BBaXanoCb YTBOPEHHHA HayK «Ha MepeTuHi»
ranyseil 3HaHb. Y Cy4acHiil Hayui Ue BTpayae akTyalbHIiCTb, 60 CTBOPIOKOTLCA MpPO-
eKTW, NOoefHaHI EANHO0 METOK Ta 06MeXeHi B yaci. [nobanbHi eKonorivHi Ta couia-
NbHO-eTUYHI Npo6iemMn CTBOPIOKOTb HOBWW TUN HAyKOBOr0 3HaHHA. Came TOMy
«3e/eHy» XiMit0 po3rnagaroTb K HOBITHIO XiMiuHy dinocodito. Ti npuHumnu i igei
MatTb CTaTW OCHOBOK MiAroTOBKM HOBOIO MOKOMIHHA AOCNIAHWUKIB.

niacyMmoBYEMO BMBYEHE

* «3eneHa» Ximias — hiyilocodis XiMiYHMX AOCAIAKEHb Ta IHXeHepil, WO 3aknmKae oo
CTBOPEHHS NPOAYKTIB | NPOLECIB, K farTb 3MOTY MiHIMI3yBaTWU BUKOPUCTaHHA Ta
BUPOOBHNLTBO LLUKIAMBUX PEYOBUH.

e «3efieHa» xiMiss NPONOHYE ABa HanpsaMK po3BUTKY: 1) nepepobka, yTunisayis Ta
3HULWEHHA €KOJI0MNYHO Hebe3neyHnx NobivyHuX i BignpauboBaHMX NPOAYKTIB XiMiy-
HOI MPOMMCNOBOCTI; 2) 3a6e3neyeHHss po3po6KM HOBUX MPOMUCIOBUX MPOLECIB,
NPOAYKTU AKX He LWKIAAMBI AN AOBKiNAA (HaBiTb NO6IYHI), abo 3BeAEHHS TXHbOrO
BMKOPUCTaHHSA 11 YTBOPEHHSA A0 MiHIMyMy.

e TexHoNorii «3eneHoi» XiMii 3anobiraTuMyTb 3abpyAHEHHIO HA MONEKYNSIPHOMY
PiBHi, 3aCTOCOBYIOUM iHHOBALliHi HayKOBi PO3B’A3aHHSA E€KOJIOTIYHUX MNPOGIeM i
nepeLlKoAXalyn YTBOPEHHIO LWKIAMBUX PEYOBUH.

e 12 NpuHUMNIB «3e/1IeHOI» XiMil, WO cqhopMy/ibOBaHi Ta 3aTBEPAKEHI aMepuKaH-
CbkumMu ximikamn . AHacTacom i[>X. YopHepoM, pO3KpPMBaKOTb L0 KOHLLEMLit0.

* «3eneHa» Ximis BigKpMBaA€E HOBI MepPCrnekTUBY /19 eHeproHe3anexHocTi cena Ha
OCHOBI «3€/1IeHOI» eHepril.

* «3esleHy» XiMil0 Ha3nBalTb «HOBMM MWC/IEHHAM XiMii», DiNOCOdIED CyvacHNX
XiMiYHUX AOCNifXeHb. 1i CBITOMMAAHUIA OPIEHTUP — KOEBOIOLIA NIIOAMHM Ta Npu-
poau, 36epexeHHs bioctepu.

e TIpyHUMNK «3e1eHoi» XiMil Ta 3aknafeHi B KOHLENLio igel MatoTb CTaTu OCHOBOO
niAroTOBKM HOBOIO NOKOJTIHHA AOCNIAHUKIB.

3ABAJAHHAONA CAMOKOHTPOI/O

1. CdhopmyntoiiTe BU3HAYEHHS MOHATTA «“3eeHa” Ximisi».

2. TIOSACHITb, Y SIKUX HanpsiMax PO3BUBAETLCS «3e/IeHa» XiMisi IK OCHOBa HOBOT Qiso-
coaoil Ximil.
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3. TIOSICHITb MPUYNHN BUHUKHEHHS KOHLUEeNUii 12 NPUHUUNIB «3e1eHoi» XiMmil.

4. BuCnoBTe B/laCHe CYI)XEHHS Mpo BNAWB AiSNbHOCTI HOAMHM Ha AOBKINNA W OXO-
POHY 10Oro Bif 3a6pyAHEHb.

5. OxapakTepusyliTe CBOE CTaB/IEHHA 40 NPUPOAN AK HaWBULLOI LiHHOCTI Ta Balloro
MicLA B HilA.

6. BucnoBTe BNacHe Cy[XEHHS LOAO BNpOBaMKEHHA TEXHOSONIN «3eneHoi» Ximii Ta i
ed)eKTMBHOCTI B 36epexeHHi Nnpupogmn Ta 340Pp0B’S JII0ANHN.

LIIKABO 3HATHA

e YKpaiHCbKi BYEHI aKTMBHO MpaLoTh Y HanpsMi 4OCNiMHKEHHSS HaHOMartepianis, A0
AKNX Hanexartb (pyiepeHn, HaHOTPYOKM Ta HAHOBOJIOKHA, HAHOMOPWUCTI CTPYKTYpHU,
HaHoaucnepcii, HaHOMMIBKA I1 HaHOKpUCTaniyHi maTepiasiv. BoHnm HabyBaloTb
NOLUMPEHHA 3aBASAKN YHIKaNbHUM TEM0BUM, €/1EeKTPUYHUM | MarHiTHUM BnacTu-
BOCTAIM. HaykoBUi BiaAiny di3avko-HeopraHivyHoi Ximil IHCTUTYTY 3aranbHoi Ta Heop-
raHiyHoi ximii im. B. BepHagacbkoro HAH YkpaiHn po3po6asioTb TexHoorilo cTBo-
pPeHHA Byrneuesux camo3bipHMX HaHOMaTepianis.

8 47. BUOATHI YKPATHCbBKI BUEHI-XIMIKW/ TA XIMIK/-MEJAIOIMA

YNpoLoBX BUBYEHHS XiMiT B OCHOBHI/ Ta CTaplwiil WKOi BM O3HAOMUAMCA 3
BUAATHUMU 3apyBDKHUMM A BITYU3HAHMMMW BUYEHUMWU B PI3HMX Tany3ax XiMivyHOT
Hayku. Bam Bigomi 6iorpadii Ta HaykoBa gisnbHicTe M. JTomoHocoBa Ta [l. MeHfene-
€Ba, 3aCHOBHMKIB aTOMICTMKMN faBHbOTpeubkux inocogis ApictoTens i JemokpiTa,
ximikiB [x. QanbToHa, €. Bepueniyca, Ax. Mpictni, A. JlaByasbe, B. LLeene, nepwnx
YyUYeHUX, fKi po3noyvanu poboTy 3 Knacugikayii ximiyHux enemeHTis, — W. [ebepeii-
Hepa Ta [)X. HbtoneHgca. B icTopito xiMiyHOT Hayku BBiwAn A. ABoragpo, M. beke-
ToB, C. AppeHiyc, X.-/1. eir-Ntoccak, M. LWeepens i M. beptno, E. ®iwep, A. dyp-
Kpya, J1. MoniHr, ykpaiHcbKi Ximiku |. Fop6ayeBcbkunii, B. BepHaacbkuii, A. ByHre,
M. 3eniHcbkuid, O. bax, J1. MucapxesBcbkuii. Y 10 knaci BM Ai3HanWca nNpo OCHOBHI
HayKOBI [JOCAMHEHHS >XiHOK-XIMIKIB, AKi Yy CBil Yac MPUMHOXYBanu 3800yTKN L€l
YyLOAIAHOT HayKN.

Ta 6yno 6 HecnpaBeA/IMBO He Ha3BaTW IMeHa TUX, XTO 3a 0CTaHHI 50 pokiB TBOpUB
XiMiYHY HayKy Ta 1i MeTOAMKY HaB4aHHA B YKpaiHi. MMpogoBXMMO 3HAlOMCTBO 3
MOJIOALLO NNeAf0 YKPATHCbKUX YYeHUX-XIMIKIB i XiMiKiB-negaroris.

AHaToninba6ko (1905-1968) —ximik-aHaniTuk. HasuyaBscs
Ha XiMiYHOMY dpakynbTeTi KMTBCbKOro NOMAITEXHIYHOIO IHCTUTYTY
(KM, skuit 3akiHumMB y 1927 p., npauytoBaB y HboMy B 1930-
1933 pp., anotim Ao 1941 p. —y KWiBCbKOMY iHCTUTYTi Xap4yo-
BOi npomucnoBocTi. 3 1941 p. 3aiimaB nocagy 3aBigyBava
nabopatopii IHCTUTYTY 3arasibHOI Ta HeopraHiyHoi Xximii AH
YkpaiHu, BogHoyac 3 1944 p. — 3aBigyBay kadepu aHanituu-
HOT XimiT KniBcbKoro gepxaBHoro yHisepcutety (K4Y). Buuas
PiIBHOBaXKHMIA CTaH KOMMIEKCHUX CMOAYK Y po3umHax. O6rpyH-
TyBaB 3arasibHi MONOXEHHSA CTyMiHYaCTOi gucouiayii B po34yn-
Hax. JlocnigxeHHsa cTtocyBanucs npobaemM XiMii KOMMIEeKCHUX
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crnonyk. Po3pobuB MeToAMKY BU3HAYEHHA CKAady KOMIJIEKCIB, WO MICTATbLCA B
po3uunHi. CTBOPUB KUIBCbKY LUKOMY XiMiKiB-aHaNiTUKIB, AOCATHEHHS SKOT BigoMi
[aneko 3a Mexamu YkpaiHu. € aBTopomM noHag 400 HaykoBMX npaLb.

OnekcaHap bpoacbknii (1895-1969) — di3mKo-Ximik.
Y 1927-1939 pp. npautoBaB 3aBigyBayem Bigginly enekTpoximii
po3umnHiB, a B 1939-1969 pp. — ANPEKTOPOM IHCTUTYTY pi3ny-
Hoi ximii AH YPCP. AsTop noHag 300 HaykoBuX npaub 3 XiMiYHOI
TepMoAMHaMik1, enekTpoximii po3unHiB i Ximii i3oTonis. Locni-
[)KyBaB MexaHi3amu nepebiry ximiyHmux peakuiii. IMig inoro kepis-
HALTBOM YynepLle CTBOpeHa YCTaHOBKa 3 OAEepXaHHA BaXKol
BOAW, KOHLEHTPATIB BaXKOr0 KMCHI0O Ta BaXKOro asoTy. ABTop
nigpyvyHnka «®isnyHa ximia» Tta 6aratbOx MoHorpaddiin, cepeg
SAKNX «XiMist i30TOMiB», WO Gyfia NEPLLO0 Y CBITOBIN HayLi MOHO-
rpachieto B Lili ranysi.

€sreH-lrop MNapgnwescbkuii (1924-2012) — yueHURn-ximik,
OOKTOP XiMiYHMX Hayk, npodpecop. HaBuaBcA Ha XiMiYHOMY
pakynbTeTi JIbBIBCbKOTO AEPXaBHOIO YHIBEPCUTETY iMeHi |BaHa
dpaHka, ge W NPoAOBXMB CBOK TPYAOBY AiS/IbHICTb Big acuc-
TeHTa [0 AoKTopa XiMiYHUX Hayk ynpoAoBxX 54 pokis. ByB geka-
HOM XiMiYHOro chakynbTeTy, KepyBaB KadefpOol HeopraHivyHoi
ximii Bnpogosx 30 pokiB, 20 pokiB npauioBaB MPOPEKTOPOM 3
HayKoBOi po6oTw.

3anoyaTKkyBaB J1bBIiBCbKY HayKOBY LLKOY «KpUCTasioXiMis».
Mig, kepiBHULTBOM YUYEHOro 3axuiieHo 31 kaHAMAaTCbKy Ta 4 AOK-

)

Topcbki Ancepradii. ABTop maiixe 550 npaub, 30KkpeMa i MoHorpadiii; 20 aBTOp-
CbKMX CBIZOUTB i NaTeHTiB, NPUCBSAYEHUX AOCMILKEHHIO B3aEMOJIii KOMMOHEHTIB Yy
MeTaiuyHNX CUCTEMAX i BUSHAUYEHHIO KPUCTaJTiYHOI CTPYKTYPU CMOMYK.

HaropomxeHnuin rpamotamu Mpe3ungii BepxoBHoi Pagn Ykpainu.

AHApin Fony6 (1918-1977) — y4eHUn-ximik, AOKTOP XiMiy-
HUX HayK, npodpecop. 3akiHunB KWIBCbKWIA AepxaBHUIA YHIBEp-
cuTeT, Y AKOMY npautoBaB ynpogoBx xutra. 3 1959 p. — 3asi-
ayBay kadpegpw HeopraHiyHoi Ximii. OCHOBHI HanpsiMn HaykoBUX
OOCNIMKEeHb: YTBOPEHHSA KOMMJIEKCHUX CMOMYK Y HEeBOAHUX i
3MillaHUX PO34YMHAX i CUHTE3 HOBUX KOOPAMHALIAHMX CMOMyK,
mMaTepianie A4na notpeb HOBOI TEXHIKM; Nepepobka MiHepasibHOi
CUPOBMHKN 11 yTunisauia BigxoaiB BupobHuytBa. Po3pobnss
YKpaTHCbKY XiMiYHY TEPMIHO/IOri0, MWTAHHA CUCTEMATUKN W
HOMEHKNATYpn B HeOpraHiyHiin ximii. KepiBHMK aBTOPCbKOro
KOMEKTMBY Ta cniBaBTOpP MOHorpadii «Ximii nceBgorasoreHi-

AiB». HanvcaB ABa nigpy4yHUKM — «3arajibHa Ta HeopraHiyHa Ximis» i «OCHOBM KOOp-
OWHaUiAHOT XimiT». HaropogkeHunin 6araTbma AepXXaBHUMMW NPEMISMMN.
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KOpiin Aenimapcbkuin (1904-1990) — yyeHuit-ximik, aka-
aemik AH YPCP, 3acnyxeHuin gisy HaykYPCP, gupektop IHCTu-
TYTy 3arasbHOI Ta HeopraHiyHoi ximii imeHi B. |. BepHaacbkoro
HAH YkpaiHn (1960-1973). OCHOBHi JOCAIAXEHHS B rasysi Ximii
Ta eNleKTpoXxiMil po3nnaBneHnx coneii. Po3po6mB i3nKo-XiMidHi
OCHOBW €/1eKTPOi3y po3nnasiB gNs Ao6yBaHHA i padiHyBaHHS
6aratb0x MeTasiiB. BigkpmB sBULLLE €NEKTPOITUYHOIO NepeHe-
CEeHHs MeTaniB 3 katoga Ha aHoA. ABTop noHaz 800 HayKoBMX
po6iT, cepep HUX 21 moHorpadis, 83 BMHaxoaw.

Oner 3apeuyHtiok (1923-2002) — AOKTOP XiMIYHUX Hayk,
npodpecop kadpeapy HeopraHivyHOoi XiMii JIbBIBCbKOro HauioHaslb-
HOro yHiBEpCUTETY iMeHi IBaHa dPpaHka.

BpaB yyacTb y [pyriii cBiTOBII BiilHi (1942-1945), ane Benu-
yesHa Tdra 4o HaBYaHHA 340M1ana Bei nepenoHn. Y 1949 p. BCTy-
Nae Ha XiMmiyHWiA pakynbTeT JIbBIBCbLKOrO YHIBEpPCUTETY, SAKWIA
3aKkiH4MB 3 Big3Hakot. [lpautoBaB acucTeHToOM kKadegpu Ximii
JlbBiBCbKOro nonirpadivyHoro iHCTUTYyTY, @ B 1958 p. BCTynNuB A0
acnipaHTypu kadpeapu isnyHoi ximil JIbBiBCbKOIo yHiBEpCUTETY.
3rogom nepenwoB Ha kadeapy HeopraHiyHoi ximii, ge B3sB
yyacTb Yy po3pobui cniasiB 3 YHiKaNlbHAMKW BflacTUBOCTSIMU Ha
OCHOBI a/IlOMiHil0 4519 NoTpe6 aBialiliHOT NPOMMUC/IOBOCTI.

Jocnigxyroun iHTepmeTaniyuHi cnonyku, onybnikysaB noHag 200 HayKoBMX npab.
BpaB yyacTb y LIECTU MbXHaApPOAHUX KOH(hbepeHLisX, 3aBAAKM YOMY CTaB BIAOMUM KpU-
ctanorpadomM y HaykoBomy CBiTi. OgHa 3 po3po60K y4eHOro Ha BUCTaBLi Hapo4HOro
rocnogapcrea YkpaiHu ogepxana gunaom Il ctyneHsa ta mefasib. ABTOp ABOX NaTeH-
TiB | YOTMPbOX HaBYa/IbHO-METOAMYHUX Npaub, ChAiBaBTOP NigpyyHUKa «OCHOBU
3aranibHol Ximii», uyneH pegkonerii «BicHuka» JIbBIBCbKOro YHiBepcuteTy (cepis
XiMiyHa), a Takox MixHapogHOT cninkn Kpuctanorpacdis.

HaykoBy npauto TasiaHOBUTUI yYyeHWn NOEAHYBaB 3 MeAaroriyHol Ais/IbHICTHO:
KepyBaB cekuieto «HOHWMIA Ximik» JIbBIBCbKOro 06/1aCHOr0 XiMiYHOrO TOBapMWCTBA,
a3rogom — ekcnepMmeHTanbHUMKU pob6oTamm yvneHie MAH, y4HIB cepeaHix LuKif.

OnekcaHap KipcaHoB (1902-1992) — y4yeHuii-XiMiK, AOK-
TOp XiMiYHMX Hayk, npodpecop, akagemik AH YPCP, 3acnyxeHui
Oisvy Haykm YPCP. 3akiHuMB MOCKOBCbKE BMLLIE TEXHIYHE Y4u-
nuuwe. Y 1940-1944 pp. — 3aBigyBay kadheapn opraHivyHoi Ximii
CBepA/I0BCLKOr0 MeAUYHOro iHCTUTYTY; 1944-1956 pp. — 3aBi-
AyBad kadpeapw opraHidHoi ximii JHINponeTpoOBCbKOro mMeTanyp-
riiHoro iHcTMTYTY, a B 1956-1983 pp. npautoBaB B IHCTUTYTI
opraHiyHoi ximii AH YPCP (KwiB).
Bigkpue siBMWwa pocasopeakLii Ta peakuii npsamoro amigy-
BaHHA kapH6OHOBUX KUCOT, pO3PO6UB NPOCTI METOAN OAEepPXKaHHSA
docchop MoanaiB, Ha OCHOBI SIKMX CTBOPMB €(EKTUBHI eKkcTpa-
FeHTW 11 COpBEHTU B rigpoMeTanyprii BaXkKnx MeTaniB, CUHTe3yBaB Ynumano poccop-
OpraHivyHMX iHCeKTUUMAIB iNlikapcbkux npenapartis.
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Muxainno KopHinos (1937) — Ximik, AOKTOP XiMiYHMX Hayk,
npodpecop. 3akiHumB KWIBCbKUI AepXaBHUA YHIBEPCUTET,
y KoMy npaytoe 3 1962 p. Y 1988-1998 pp. — 3aBigyBady kacpe-
APV opraHivyHoi Ximii. lofoBa YKpaiHCbKOi HalioHasIbHOT KOMICIi 3
XiMiYHOT TepPMIHO/OrIT Ta HOMEeHKNaTypu. HaykoBi AOCHIoKEHHS:
XiMii Ta CMEeKTPOCKOMis reTepouukniB, XiMiyHa TepMIHOMOTriS.
CniBaBTOp ABOTOMHMKA «AHI10-YKPAIHCbKO-POCINCbKMIA CNoB-
HUK: XiMisi», «TepMiHOMOrMYHOro MocibHMKa 3 XiMii» Ta iHTepHeT-
CNOBHMKA «YOTUPVMMOBHWI HayKOBUA CMOBHUK (@HININCbKa,
HiMeLbKa, yKpaiHCbKa, POCiiCbka MOBW) HayKOBOi TepMiHOMOrIT
(ximis;, TeopeTnyHa ximis, disnka)».

HiHa BypuHcbka (1927-2017) — neparor, Knacuk BiTYM3HSA-

HOI mMeToAuku Ximil, AOKTOp nepgaroriyHux Hayk, npodyecop,

3acCNy)XeHuih yuntenb YKpaiHu, aBTOp MepLUrX YKpaiHCbKMX Nid-

PyYHUKIB 3 Xximii. 3 1974 p. noHag 4 gecaTunitta 6es3nepepBHO

npautoBania B IHCTUTYTI nepgarorikn HAMH YkpaiHu crapwmm

Yb HayKoBMM CMiBPOGITHMKOM flabopartopii meTogmkn ximii. Bbpana

yyactb y IX HauioHanbHMX nepgaroriyHnx umTaHHsax y bonrapii,

W M BcecotosHili Hapagi B M. baky, W0 cTocyBasiacs HaBYaHHS XiMmii y

3B'AI3KY i3 3aNpOBaPKEHHAM Y40CKOHa/IEHNX NporpamM. YyacHuus

| HayKOBO-NPaKTUYHOT KOHDEpeHUii BuMTeNiB Ximii pOAHEHCLKOI

o6nacTi B binopyci. 3 1979 p. npautoBana Ha nocagi 3aBigyBayku

CEKTOpy MeToAuKu Ximii, a 3rogoM KepyBana Bigf4inoMm mMeToauku 6Gionorii Ta Ximii

IHCTUTYTY negarorikn HAMH Ykpainum, 3 1994 p. — rol0BHUM HayKOBUM CMiBPOBGITHU-

KOM nabopaTopii ximiuHOT Ta 6iosioriyHOI ocBiTU. ABTOpKa cTarteii XxypHany «bionoris

i Ximist B Wwkoni» MOH YkpaiHu. Mig ii KepiBHULTBOM 3axueHo 17 kaHAn[aTCbKnX i 5
OOKTOPCbKUX gncepTradii.

Nwagmunna Bennuko (1945) —yueHa-negaror, 4OKTOp nega-
roriyHMx Hayk, npodpecop. 3akiHunna KuniBcbkuii gepXaBHUR yHi-
BepcuteT im. T. LUeBueHka, xiMiuHmiA dakynbTeT. 3 1994 p. o4o-
nuna naboparopito XimiyHOT Ta 6ionorivyHoi ocsitn, a 3 2015 p.
npautoe 3aBigyBayvkor Bigdiny 6i0n0riyHol, XiMidHOT Ta QRi3NYHOI
ocBiTM |HCTUTYTY negaroriku HAMH YkpaiHu. Haykosi iHTepecu
. Benmuko — ue MeToAosoris WKIifIbHOI XiMIYHOT OCBITU, METO-
AMKa HaBYaHHA XiMil B LUKO/I, Teopis Ta npakTuka po3po6/eHHs
LWKINbHOrO MigpyYHMKa Ximii. ABTOP LWKIMIbHMX NigPYYHWKIB 3 XiMil.
Pasom i3 cniBpo6iTHMKamu nabopatopii po3pobuna HaBYa/IbHO-
METOAMYHUIA KOMMNIEKT 3 Ximii ana 8-11-x knaciB (MigpyyHUKN,
NOCIGHMKAISA NPAKTUYHMX POBIT, AMAAKTUYHI MaTepiann, 36ipHUKN TECTOBUX 3aBAaHb,
OOBIAHMK), SIKUIA Big3Ha4YeHO nepuioto npemieto AMH Ykpainu 3a 1999 p. MMig ii kepis-
HUUTBOM 3 2000 p. y nabopatopii po3po6/1eHO NPOEKTUN KOHLEMUINA LWKiNbHOT XiMiYHOT
Ta 6i0/10riYHOT OCBITU, KPUTEPIi OLIHIOBAHHA HaBYa/IbHUX A0CATHEHb Y4HIB 3 XiMil, 6i0-
norii Ta NpUpPoA03HaBCTBa, MOCIOHWKM A5 BUATENIB 3 METOAUKU HaBYaHHA XiMii y
8-10-x Knacax.

FonoBHWIA peaakTop XypHany «bionoris i ximisa B LKoNi».
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Hapia YaiueHko (1942) — yyeHa-negaror, 4OKTOp nejaro-
riYHMX Hayk, npodpecop, 3acnyXeHuin npauiBHMK OCBITU YKpaiHu.
3akiHunna npupogHuyo-reorpadivHuii akynbteT CyMCbKOro
OEepXaBHOro negaroriyHoro iHcTuTyTy iM. A. C. MakapeHka, acni-
paHTypy HaykoBo-AocnigHoro iHCTUTYTY neparoriku YPCP, fok-
TopaHTypy IHCTMTYTY negarorikn AlNH Ykpainu. lNMpautoBana BYM-
Tenem Xximii Ta 6ionorii B wkonax M. LocTkn Cymcbkoi 06nacTi.
3 1966 p. — nabopaHTOM, aCUCTEHTOM, CTapLUIMM BUKNaga4vem,
JoLeHTOM, 3aBigyBayko Kadpeapu XiMii CyMCbKOro AepXaBHOro
neparoriyHoro iHcTuTyTy im. A. C. MakapeHka. 3 2006 p. — 3aBi-
AyBauka kadepn METOAMKM NOYATKOBOI Ta NPUPOAHUYO-MaTeMa-

TWMYHOI OCBITU CYMCbKOrO 061aCHOro iHCTUTYTY NICASANNIOMHOI NeaaroriyHoi OCBITH.

ABTOp noHaz, 100 HaykoBUX Npalpb, cepes aknx Asi MoHorpadii, ABa nigpyyHUKN,
TpX NOCIGHMKM Ana BumTenis, NoHag 10 HaBYa/IbHUX BMAaHb O/151 YYHIB, METOAMNYHI
pekoMeHAauil 4N maricTpaHTiB, cTaTtTi. UneH pefakuiiiHol KoneriixypHany «bionoris
i XiMist B LUKOSI».

HABYATbHWIA NMPOEKT

1. Po3B’sA3aHHA npobniemu yTunisauil pisHUX BUAIB €1EKTPUYHMX flamn.
2. [MigrotoBka ece iHO3eMHOK MOBO «Posib XiMii B MOEMY XUTTi».

MNMOBTOPKOEMO W Y3ArAJIbHIOEMO BIAOMOCTI
3 TEMUN 5 «XIMIA TA NPOIPEC JTIOACTBA»



Owopantomin —cnnas Al Ta Cu, Mg,

Mn, Zn, Fe, Ti, Si

MosToploemo MysaranbHIKEMO BigOMOCTi 3 TemMu 5 ...

OCHOBHI METANIYHI MATEPIANN TA IXHI CMTABU

Al Cu Fe
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Ctanb —cnnas Fe i C (5o 2%),
fomiwku P, Si, S (meHwe 0,1 %)
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3ACTOCYBAHHA ANTIOMIHIKO, M1AIl, 3AMISA TAIXHIX CMABIB -
puc. 49 (c. 137), 5051 (c. 139) BignoBigHo.



««*Tema 5. Ximif Ta nporpec noacTea

POJIb XIMIi B PO3B’'A3AHHI MPOAOBO/IbYOI MPOBNEMU

POJIb XIMIi B PO3B'A3AHHI MPOAOBO/IbYOI MPOBNEMU

T

CupoBMHa — npupoaHi pe4yoBMHM abo MaTtepiany, siki BAKOPUCTOBYIOTb /15t
BMPOOGHMUTBA NPOAYKTIB Pi3HUX rany3ein NpoMMUCI0BOro BUPOGHMLUTBA.

NMPOMNCNOBE BUKOPUCTAHHA AEPEBWHW —puc. 71 (c. 198).
BVKOPUCTAHHA MNPCbKNX MOPIA | MIHEPANIB —puc. 72(c. 198).
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MoBTOpHOEMO i y3arasibHIOEMO BigOMOCTI 3 Temu 5
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«*Tema 5. Ximisi Ta nporpec nwacrea

POJIb XIMIi B PO3B’A3AHHI EKONOIMYHOI MPOBIEMU

UMHHWKN 3ABPYOHEHHA
MpupoaHi: AHTpONOreHHi —pwuc. 77 (c. 207). J

LLnaxu po3B’a3aHHA 3rigHO 3 KoHuenuiewo

3eMNeTpycy;
CTasIoro po3BUTKY

BY/IKaHW;
CTUXIT;
KOCMiYHWUIA nvn;

) ) 1. LinicHicTb 6ionoriyHnX i PisnuHUX NpUpoaHNX
BMBITPIOBAHHS TipCbKUX CUCTEM.

nopiA Ta rpyHTiB. 2. 36epexeHHst Ta CaMOBI4HOBMEHHA €KOoriy-
HMX CUCTEM.

3. 3anobiraHHA gerpagauii npupoaHuX pecypcis.
4. 3anobiraHHAa 3abpyAHEHHI0 HABKONLLIHLOIO
cepegoBua Ta BTpaTi 6i0N10r4YHOro po3maiTTS.
5. dopmyBaHHS MoAeni NOBeAiHKM Ta 4iid, Lo
BigNoBigalTb noTpebam cTanoro po3BUTKy.

PO3B’'A3AHHA EKONOTNIYHMX MPOBEM 3A JONOMOIOH XIMIT

n 3HaHHA BNacTMBOCTEl peyvyoBuUH nepegbavace iXH0 NoBegiHKy B NOBITPI,
BOZOMMAaX, rpyHTax.

> Mowyk HOBUX Aykepen BiAHOBNIOBANIbLHOT EHEPreTuku.

> BurKopUCTaHHSA XiMiKO-aHaNITUYHNX METO/AIB KOHTPO/IO AOBKINSA.
> Mowwyk mpxepen eHeprii Anst aBToTpaHCcnopTy.

> [e3akTmBauis LWKigNMBUX PEYOBMH i pafioakTUBHUX BigXxo4iB.

> Mepepobka npoMncnoBux i NO6YTOBUX BigXOAIB.
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Bignosiai 4o 3aBfaHb | po3paxyHKOBUX 3ajad

§2. 8T 9. A 10.B.

84. 3. b.

85. 5. T. 6.B.

86. 5. b.

§10. 4. A, T. 5. B, T. 8.20r CaCo03
9. 1312 r.

§12. 3B. 4.b. 5 B.6. A

§14. 1.80 %. 2. 95 %.3. 88 %, KanbLiili
Kap6oHaT. 4. 90 % CaCO03;90 % NaOH.
5. 89,74 % o6uaBa NPOAYKTW; antOMiHil
rigpokeug. 6. I. 7. b.

815. 5.A 8.18 rMg; 7rN,. 9. 833 %
§16. 4B. 5.B. 6. I 7.B'8.60rC;
112 n O,. 9. 0,448 n HZ 1,28 1t Cu;

0,02 monb Cun. 10. 26 1 Zn; 4,48 n CO,.
§17. 4. I 6. 49,7 r; 0,35 monb PO 5
7. 19,6 r; 0,35 monb; 8. 31 C; 103,5 r Pb;
56n CO,.

8§18. 4. 5. b,B.6.6,2rP; 11,2 n Cl,.
7. 64 1 Fe,03 1344 r HY9 2 monb Fe.
8.30,45r MnO,; 1925 rMn; 126 rHD.
9. 62,4 r Cr; 10,16 m3CO,; 912 ri 0,6
monb Cr,0 .

§19. 1. 6. 2. B. 3. A T. 4. A2. b4. B1.
M. 5. A4 B1. B2. I'3. 6. 1,2 monb i
37,21 P; 1,5monb i 33,6 n O,

§20. 6.756T1. 7.29,4r1;0,3MmM0nb HS04
§21. 4. NH3 5.32r NaOH; 136r'HA
6. 198 1 (NH49S04 7. 26,8 r AICI3
10,85 r HD.

§22. 3. b. 4. B, . 5. A4, B1, B2, I'5.
6. A2-11l. B3-1. B1-1l. 7. B-B-A-I'". 8. A
9. B.

§23. 2. 3. A 6. 0,672 n.
A1(N033; 1,344 n N9DO.

8§24, 1.752r. 2.6,72n,B04eHb. 3. 1191
NaNO03 15,68 n CO,. 4. 3,12 ri 0,01 monb
Ag9s04 0,224 n SO,. 6.59,2ri0,4 Mmonb
Mg(NO039 224 n i 01 monb ND.
7.435ri0,3mo0nb ZnS045,4 ri0,3 mMonb
HD; 1,681 10,075 monb HS.

7.3408r

8§25. 7. 2,77 r1. 8. 161 r1r2ZnS04 2,24 n

H9 9.7,83ri0,03 mons Ba(N03Q

§26. 3. b. 4. A5. b4. B2. I'l. 5. TA. 2B.

3b. 6. 1A 2B. 3I. 4B. 7. 26,7 r AICI3

6,72 n H98. 106,8 r AIBr3 9. 28,8 r Cu;
51,3 r AIYS043 10. 34,2 ri 0,1 monb

A19(S0436,72 ni0,3 monb HA

§27. 3. A 4. b, B. 5. A3. b2. Bl1. T5.

6. 1. 2A. 3B. 7. 1B. 2A. 3. 4b. 8. b.
9. I 10.b6. 11.T.

§28. 1. b. 2. A 3. A-B-b a6o I'-B-b.
4. B. 5.B. 6. A

§29. 2. B.3. A 4. b.5. IB. 2A. 3b. 6.
B.7. A 8.32rCuS049. 16ri0,1 monb
Fe0 3 54rH®D.

§30. 3.49551r HD; 4,5 r NaCl.

8§31. 6. 2,24 n. 7. 23,4 r NaCl; 4,48 n
s09

§32. 4. 83,33 % 5.838r. 6.31,2ri
0,4 monb HSSiI03 7. 0,2 monb NaCl;
4,48 n NH3

8§33. 3. 125 «kr. 4. 791 % 5. 174 r
K9S04 4,48 n NH3 6. 58,5 rNaCl; 39 r
H, Si037.46,4r1 C,aSi038,96n COr

§34. 3. A3. b4. B2. I'5. 4. A2-1ll. Bi'-1Y.
B1-Il. '4-1. 6. 799 r BaS04 7. 10,7 ri
0,1 monb Fe(OH)3; 17,55 r NaCl.

§36. 5.5krCaC032,8 kr Ca0. 6. 20 kr
CaC03 448 n CO,. 7. 11 CaCo03i
I, 42rNa%s04

837. 4. A3. b5. B1. I'2. 5. 21,21 %.
6. 62 r Caj(P04970,2 r NaCl. 7. 160 «r.
839. 6. 12rNaHS047. 174 rKHPO04
136 TKH® 04
841. 5. 6,6 %,
7. 89,29 %.

§42. 8.500r; 10 Tnc. gos.

§43. 5. A. 6.90 %. 7. 22,4 «r.

8§45, 6. 448 m3 7. 90 kr CsH.,04; 67,2
m309 8. 77,175 THS 04

YyaByH. 6. 92,31 %.

o o
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BIAHOCHI MOJIEKYNAPHI MACW HEOPIrAHIYUHNX PEYOBWH
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KaTioH,

aHioH

Baz+

Fe2r

Fe3+

nhA

PO3

Si02

CcOo2

JopaTok3

AKICHI PEAKLIT HA KATIOHW 1 AHIOHW

PeakTtus

O3Haku siKiCHUX peakLiin, piBHAHHSA

AKICHI peakuii Ha KaTioHK

SO?

rigpokcua-aHioH OH

Ocap, 6i10ro Konbopy, HEPO3UYMHHWIA Y KUC/OTaX:
Ba2+ SO2 = BaSO,|

Ocap 6inyBaT0-3e/1€HOr0 KOMbOpY:
Fe2-+20H =Fe(OH)2

Ocag 6yporo Konbopy:
Fe3r+30H =Fe(OH)3

Buainsetbea ras i3 piskum 3anaxom —amoHiak:
-NHj
nh; +0OH =nhdoh</"

NH D

FAKicHI peakuii Ha aHioHK

Ag+

KaTioH H+

Ocag, >KOBTOr0 KOJbopy:
3Ag++ P03 = Ag3r 04

Ocap, 6i10ro Konbopy, AparamcTuii:
2H++ Si02 = HXSIOs|

Buainsetses rasz CO,:
2H++ CO2 = C02T+ HD



JopaTok 4

P I3NYHI BEJTMUNHN, AKI BUKOPUCTOBYOTb Mi4 YAC XIMIHHNX

di3znyHa
Be/IMYMHA

MonspHa maca

Maca
peyoBUHU

KinbKicTb
PEYOBMHY

O6’em rasy

MonspHuii
06’em rasy

NycTuHa

BigHocHa
rycTuHa rasis

MacoBa 4acTKa
peyoBUHY
B PO3YMHi

MacoBa 4acTKa
eNleMeHTa
B PEYOBUHI

[Mo3HayeHHsA

M

OBYNCNEHb

MaTemaTuyHi BUpasu

M=-|H-;M=2D,,

T=Men; T=Vm

VT— U~ vT~~A~>vT~V

p- &
O -, =R B

T (pevoBnHA
w= 80w

T (po3umnHy)

T (eNleMeHTa)
W = mmmmmmmmmmee oo 100%

T (peyoBrHK)

;onarasis p - yM
, p T

MA

OanHunyi
BUMIipHOBaHHA

r/mone;
Kr/Mo/ib

I, KI

MO/1b

n,m3

nimons;
M3MO/b

r/n; r/mn;
r/’cm3
Kr/im3

Y yvacTkax Big 1
abo y BifcoTKax

Y yvacTkax Big 1
abo y BifcoTKax



AN

TEPMIHO/IOTIYHUA CNOBHUK

A

Apcopbuis — ABMWeE NOrAMHaHHA rasonofibHMX abo PO3UYMHEHUX PEYOBUH
NMOBEPXHEID TBEPAOT PEHOBUHMN.

Akuentop —artom (abo Monekyna), Lo NPUELHAB HEMOLiNEHY efIeKTPOHHY napy
Bifl fOHOpA.

AnmMas —afioTponHa Mogugikawis Byrniewto.

AnoTponHi Mogndikauii —npocTi peY4OBUHM OLHOr0 XiMiYHOr0 efemMeHTa.

AniomoTepMis —MeTO/[ BifHOBNEHHSA MeTaniB 3 IXHIX OKCUAIB 3 BUKOPUCTAHHAM
anioMiHilo.

AMIHOKMNCNOTWM —OpPraHivyHi PpeYOBUHU, WO MICTATb Pi3Hi XapaKTepUCTUYHI Tpynu:
Kapb6OKCUNbHY i/ amiHOrpyny.

AMOp®MHUIA cTaH pevyoBiiH — CTaH, AIKOMY He BfacTuBa NepiofuyHa CTPYKTYpa;
PevyoBMHMN He YTBOPKOIOTL KPUCTaNMiYHUX rpaTok.

AMdoTepHi rigpokcian —TBepPAI PeYOBUHU HEMONEKYNApPHOT 6yf0BY, WO Npo-
ABNAKOTb BNACTUBOCTI OCHOB i KUCNOT.

AmM®poTepHI OKCAAN —PEYOBUHMU, L0 NPOABNAAKTL BAACTUBOCTI OCHOBHUX i KKC-
NIOTHUX OKCUAiB.

AMGOTEPHICTL — 34aTHICTb PEYOBMH MPOSABASTA OCHOBHI /i KMCNOTHI BRacTu-
BOCTI.

AHIOHN —HEraTvBHO 3apsagXKeHi WOHW.

AHTuWnNapanenbHi cNiHW — MNPOTUIEXHI HanpAMKW 06epTaHHA EeNeKTPOHIB
HaBKO/0 BflacHOi OCi.

Acouialis —CcnonyyeHHa PisHONMEHHO 3apAgXKEHNUX YaCTUHOK Ha OCHOBI efek-
TPOCTATUYHUX CUJT MPUTATAHHA.

ATOM —eNeKTpPOHelTpasbHa YaCTUHKA PEUYOBMHU, AKa CKNAJAETbCA 3 MO3UTUBHO
3apALKEHOro fpa i HeraTMBHO 3apAMXKeHUX eNeKTPOHIB, L0 PyXalTbCA HaBKOMO
HbOTO.

ATOMHI KpucTaniyHi rpaTkm —r'paTkn, y By3fnax AKUX MiCTATbLCA aTOMU.

b

Binuii pocthop —anoTponHa moaudgikayis ®ochopy.

BinkiAi — BUCOKOMONEKYNAPHI OpraHiyHi peyoBUHU (NPUPOLHI noniMepun), LLO
MICTATb Y CBOEMY CK/afi 3aULLKN aMiHOKUCNOT, CMOMYYeHi MiXK cO60t0 MeNTUAHUMN
rpynamum.

Biocthepa —cepefoBuLLe iCHYBaHHA XUBUX OpraHiamis Ha 3em/ii.

BpoH3a —cnnae Migi 3 antoMiHieM, cuailieM, 010BOM abo CBUHLEM.

B

BaneHTHiCTb — KifbKiCTb KOBaNeHTHUX 3B’A3KiB, AKMMW aTOM CMOAy4YeHUin 3
iHLWWMK aTOMaMMU.

BogHeBWIA 3B’A30K —3B 130K, YyTBOPEHUIN HA OCHOBI €1€KTPOCTAaTUYHOT B3aEMOAIT
B MOJIeKynax abo MiXK HUMMW 3a yyacTio aTomiB [igporeHy.

ByrneueBi HaHOTPYOKWM — UUATHAPUYHI CTPYKTYpuW fAiaMeTpoM Bij OA4HOro Ao
[eKiNIbKOX [ecATKiB HaHOMETPIB 3 [OBXWHOK fAeKifibKa MiKpOH. 3ropHyTi B TpybKy
rpagiToBi NAOWMHY, WO MAKOTb KapKaCcHY CTPYKTYpY.



By3nu KpuCTaniyHMx rpaToKk  Micus po3TallyBaHHS CTPYKTYPHUX YAaCTUHOK Y
rpaTkax KpuctaniyHuX pevyoBUH.

r

ManbBaHiYHUI eneMeHT —XiMiYHE [IXKepeno CTpyMmy.

FCigphign —CNONYyKM NY>XXHUX | NYXXHO3eMe/IbHUX eNeMeHTiB 3 MNigporeHom.

lFigponis coneil —peakuii 06MiHy NOHIB COJi 3 BOAOH, YHACMiJ0K YOro yTBOpHO-
€TbCA CNabKuii enekTponiT.

lenioeHepreTMka —anbTepPHATUBHE [KEPENio eHeprii.

eHeTAYHNI 3B’A30K — 3B’A30K MK NPOCTUMU, MK MPOCTUMU Ta CKNagHUMU
peyoBMHAMMW, YHACMILOK 4Oro 3 O4HUX PEYOBUH MOXHa L06YTK iHLUI.

padeH —anoTponHa Moandikauis KapboHy.

Mpatit —anoTponHa moaudikayia KapboHy.

padhiyuHi eNeKTPOHHI popmynn —BifobpaXkaroTb CTPYKTYPY €/1eKTPOHHUX 060-
NIOHOK aTOoMiB, Yy fAKWX BWKOPUCTOBYIOTb KBajpaT, WO CUMBONI3ye opbiTans,
i CTPINKK, AKi NO3HAYAKOTb ENIEKTPOHM.

LepeBHA —MPUPOAHWIA CUPOBUMHHMIA MaTepia.

Avnonb —cucTema 3 BOX 3apaAiB, AKi € 04HAKOBUMM 38 3HAYEHHAM, ane npoTu-
NEeXHUMU 3a 3HAKOM.

[ oHOp —enemeHT, WO HaJas HeMofiNeHy efleKTPOHHY napy ANd YTBOPeHHA KoBa-
JIEHTHOTO 3B’3KY.

[JOHOPHO-aKUenTOPHUIA MexaHi3M YTBOPEHHS KOBa/IeHTHOrO 3B’A3KYy  3B’A30K
MK aToMamu, YTBOPEHWI 3a JOMOMOrOK HenoAiNeHoT efleKTPOHHOT napu O4HOro
atoma i BinbHOT op6iTani iHWOro.

E

Ekonoria — Hayka, fika BMBYAE B3AaEMOAI0 XXMBWUX OPraHiamiB MiX c0o60w Ta 3
HaBKOJINLLHIM CepefoBULLEM.

EnekTpoHeraTiiBHICTb — BACTMBICTb aTtoma efieMeHTa NpuTarysatnm [o cebe
CNifIbHi eNeKTPOHU NifJ Yac YTBOPEHHS XiMiYHUX 3B’A3KIB.

EnekTpoHHa opb6iTanb — 06’€M MPOCTOPY HaBKONO sigpa aTtoma, y SIKOMY Haii-
6inblWw iMOBipHE NepebyBaHHA eNeKTPOHa.

ENeKTPOHHI thopMynun (eNeKTPOHHI KOHirypauyii)  ¢dopmynu, wo Bigobpaxa-
IOTb CTaH €eKTPOHIB B aTOMi.

EHepreTiiuHi piBHi —Biffani, Ha AKUX pyXarTbCA €IeKTPOHU 3 NEBHUM 3anacom
eHeprii BigHOCHO Apa aToma.

71V
XopcTKicTb BOAli — CYKYMHICTb BNacTUBOCTEN, 3YMOBAEHWX BMICTOM Yy BOAi
KaTioHiB Kanbuito Ca2i kaTioHiB MarHito Mg2+

3
36ya)KeHUli cTaH aToMa —CTaH aToMa e/leMeHTa 3 BULL UM PiBHEM eHepril.
«3eneHa» xiMmia —@inocodia XiMmivHUX JOCNigKEHb Ta iHXeHepil, Wo 3aKNnKae
[l0 CTBOPEeHHA NPOAYKTIB i MPOLECiB, AKi fal0Tb 3MOTy MiHIMi3yBaTu BUKOPUCTAHHSA Ta
BUPOOHULTBO LWKIANBUX PEYOBUH.
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"
MoHN — 3apafpKeHi 4aCTUHKM, Ha SKi NepeTBOPIOIOTHCA aTOMM, KOMW BiffaloThb
ab0 NpUESHYOTb e/IEKTPOHMN.
MoHHWI 3B’A30K — XiMiYHWI 3B’A30K MK /iOHaMU, O YTBOPIOETHCA HA OCHOBI
€NeKTPOCTATUYHUX CUN MPUTATAHHS.
VoHHI cnonyKu —CcnonyKn 3 HOHHUM 3B’A3KOM.

K

KapboHaTn —cepegHi coni KapboHaTHOT KUCIOTHU.

KaTioHn —n03MTUBHO 3apsigKeHi AOHN.

Kepamika —BMpo6W 3 rNMHN Ta Pi3HUX MiHepanbHUX L06ABOK.

KepmeTn —maTepianu 3 NOPOLWIKIB MeTaniB i KepaMiky 3 nojanblinm iXHiM cni-
KaHHAM.

Kicni coni —npoayKTy HENOBHOTO 3aMileHHs aTomiB [igporeHy B mofnekynax
KMUCNOT Ha WOHW MeTaNliYHWUX eNeMeHTIB.

Kncnotn —cknagHi peyoBUHM, MOJEKYN AKUX MICTATb 04MH abo feKinbKa aTo-
miB [igporeHy, 3gaTHMX 3amillyBaTUCA Ha WOHU MeTaNiYHUX eNeMEHTIB, | KUCNOTHI
3aMULLKMN.

KncnoTHi OKCAAN —OKCMAN HEMETaNIYHUX €/TEMEHTIB.

KWNCAOTHICTb I'PYHTY —HaAMIPHUIA BMICT y 'PYHTOBOMY PO34MHi KaTioHiB ligpo-
reHy HH{pH < 7).

KoBaneHTHWUIA HeNONAPHUA 3B’A30K 3B’A30K MK aTomMamu 3 OAHAKOBOM
€NeKTPOHEeraTUBHICTIO Ha OCHOBI CMiNbHUX e/IeKTPOHHUX Map.

KoBaneHTHUIA MONAPHUIA 3B’A30K — 3B’A30K MK aTOMamu 3 pPi3HOK eneKTpo-
HeraTMBHICTIO Ha OCHOBI CMiNbHUX e/IeKTPOHHUX Map.

Komno3nt —marepian, y AKOMy NOEAHYIOTLCA ABa abo 6ifiblue KOMMNOHEHTIB, L0
HEepO34YMHHI abo ManopO34YNHHI OAWH B OLHOMY i Ay)XKEe CUMbHO BigpPI3HATLCA Bnac-
TUBOCTAMM.

KpucTtaniyHi rpaTtkm —ynopsagkyBaHHA CTPYKTYPHUX YaCTUHOK y npocTopi nig
yac IXHbOro TBepPLiHHSA.

JlaTyHb —cnnaB Ha OCHOBI Migi.

J1yrii —pO34UHHI y BOAI OCHOBMU.

Jly>KHO3eMesibHI MeTanM —nNpocTi PeHYOBMHM eNEMEHTIB FOI0BHOT NIATPYnn Apy-
roi rpynu Big Kanbuito go Pagito.

JTy>XKHI I'pYHTIA —HaaMipHa KinbKiCTb FAPOKCMA-aHIOHIB Yy FPYHTOBOMY PO3YMHI.

JTy>XKHi MeTann —npocTi peYOBMHU efIeMEHTIB rOJIOBHOT MiArpyny nepLwiot rpynu.

M

Martepiasim —peyoBUHU, AKi BUKOPUCTOBYHOTb A1 BUTOTOBMIEHHA Pi3UYHUX Tin,
npeameTiB 418 BXWUTKY 4y BUPOOGHULTBA.

MeTaniuHunii 38’A30K —0C006NMBUIA BUA 3B™A3KY, LLLO YTBOPHOETLCA BHACNILOK B3a-
EMOAIT BIIbHWUX €/1EKTPOHIB 3 MOHaMM MeTaniYHUX eNeMEeHTIB.

MiHepasnbHi O6pMBa —pPEYOBUHMN, L0 MICTATb MOXMBHI €NEMEHTU, NOTPI6GHI Ans
NiABULLEHHS BPOXANHOCTI CiNIbCbKOrOCNOAAPChKNX POC/UH.

MeTann —npocTi peHOBUHU MeTaniuyHUX e/IEMeHTIB.



H
HeobopoTHI peakyii —XimiuHi peakuii, Wo Bif0yBatOTbCA B O4HOMY HaMpAMKY
i 3aBEPLLYIOTHCA MOBHWM MEPeTBOPEHHAM peareHTiB Ha MPOAYKTY peakuii.
HiTpatn —coni HiTpaTHOT KUcnoTu.
HopnnacTii —KOMMO3UTH, OCHOBOK AKWUX € MONIMEPU.

O

OO60pOTHI peakuii —xiMiyHI peakuii, AKi 0AHOYACHO Bif6YyBalOTLCA Y 4BOX MPOTU-
NeXHUX HanpsAMKax (NpsMomMy Ta 3BOPOTHOMY).

O30H —anoTponHa mogudikayia OKcUreny.

OKCUTEHOBMICHI KMCNOTU —KUCNOTH, L0 B KNCNOTHOMY 3a1MLWKY MICTATL OKCK-
reH.

OKCM — CKnafHi pevyoBuUHN, A0 CKNagy AKWX BXOAATb [Ba eleMEHTU, OAWH 3
AKUX — OKCUTeH 3i CTyrneHeM OKUCHEHHA -2.

OpTohocthaTn —cepefHi coni opToochaTHOT KUCNOTHN.

OCHOBHI OKCAAN —OKCUAWN, AKUM BiANOBIfalOTb OCHOBM.

OCHOBM —CK/lafiHi pe4OBUHU, MONEKYN AKUX MICTATb KaTiOHW MeTaniyHux ene-
MEHTIB Ta 0fMH abo ABa rifpoKcug-aHioHn (€ BUHATKM).

n

MacMByBaHHA — YTBOPEHHA Ha MOBEPXHi MeTaniB TOHKUX 3aXWCHWUX MNNiBOK
okcupais anomiHito, xpom(I11) i pepym(111) okecungis.

Mepiogn — ropusoHTanbHi PAAKW efieMeHTiB, po3TalloBaHi 3a 3pOCTaHHAM
3apafiB agep TXHiIX aTOMIB, WO NOYUHAKTLCA NIYXHUM | 3aKiHUYHOTbCA (HEPTHUM
eNEMEHTOM.

MepioainyHa cnctema —rpadivyHe Bifo6paxeHHA NPUPOAHOT Knacudikayii Ximiy-
HUX efIEMEeHTIB.

MnacTinyHa cipka —anoTponHa mogudikayis Cynsdypy.

MpUpPOAHMIA Fra3 —nNpupoAHa CyMill ra3onofibHNX BYrneBOAHIB.

MPOTOHM —NO3UTUBHO 3apAAXKEHI YAaCTUHKM Ajpa atoMa i3 3apagom +1 i macorw
la o.M

P
Pagiyc atoma —Bigaans Bij A4pa 40 30BHILUHbOT0 eHEPreTUYHOro PiBHS.
PereHepauis — BifZHOB/IEHHA nNOMNepeAHbLOro cknagy i 6yfoBU pevyoBUH, i

MOBTOPHE BUKOPUCTAHHS.
Peuupkynsuis — 6araTtopa3oBe NoBHe a60 YacTKOBE MOBEPHEHHS MOTOKY rasis,
pigKux abo TBEPAUX PEUYOBUH Y TEXHOMOTIYHMIA MpoOLEC.

C

CepefiHi coni — NpoAyKTW MOBHOrO 3amileHHA atoMiB [igporeHy B MONeKyni
KUCNOTU Ha KaTiOHN MeTaniyHuX eNemMeHTIB.

CwunikaTn —cepegHi coni CUNiKaTHOT KUCOTMW.

CunymiHn — cnnaBu, fKi, KpiM antoMiHil0, MalTb BUCOKWUI BMICT CUAILiKO
(3-26 %).

CupoB/vHa — NpuUpoaHi pevyoBMHM abo Martepianu, AKi BUKOPUCTOBYKOTb AN1A
BMPOGHMLTBA NPOAYKTIB Pi3HWX ranyseil NpoOMMUCIOBOCTI.



AN

Ckno —marepian, Wo BUpo6AAI0TL 3 BaNHAKY, KanbLWHOBAHOT COAUN, KBAPLLOBOTO
nicKy 3a HarpiBaHHA ix o temnepatypu 1500 °C.

Coni —cKnagHi peyoBUHMU, YTBOPEHI KaTioHaMy MeTaniyHUX efleMeHTIiB Ta aHio-
HaMMn KUC/IOTHUX 3a/ULLKIB.

CnapeHi eNneKTpoHN —enNeKTPOHU, WO MarTb O4HAKOBWIA 3anac eHeprii, hopmy
op6iTani i MpoCTOPOBY OpieHTaL i, afie aHTMNapanenbHi CiHW.

CniH —pyX eNeKTpoHa HaBKONO BNAacHOI OCi.

CnnaBu —cucTemMm 3 ABOX abo Binblue meTanis (MOXyTb 6yTu i HemeTanu).

Ctanb —cnna. 3anisa 3 Byrfeuem, wo Mictutb Big 0,1 1o 2 % Kap6oHy.

CTUMYNATOPU POCTY —PEYvYOBUHU, AKi NO3UTUBHO BMNNBAIOTL Ha PIiCT | PO3BUTOK
pOCNUH i TBapuH.

CTyniHb OKIMACHEHHS — YMOBHWIA 3apsj atoMa, AKLWO0 NPUNyCcTUTH, WO CNoaykKa
CKNafaeTbCs TiNbKK 3 NOHIB.

CynbhaTn —cepefHi cofi cynbpaTHOT KUCNOTH.

0]
dynepeHn —anoTponHi mogudikayii KapboHy, TBepAi KpUCTaNnivyHi pevoBMHM.

X

XapuoBa NPoOMUC/OBICTb —rany3b, Lo BUPOOGASE roToBi NpoaykTn abo nepepodb-
nsae ix Ha HaniBabpukatu.

XiMiyHa piBHOBara —cCTaH CUCTeMM, KON WBUAKICTb NPAMOT peakuii 3piBHOBa-
XKYETbCA 31 WBMAKICTIO 3BOPOTHOT peakuit.

XiMi4He JpKepeno CTPyMy — NPUCTPIiA, WO BUPOOISE eNeKTPUYHUIA CTPYM YHa-
CNnigok nepebiry B HbOMY XiMIYHWX peakuiii.

XiMiYHUIA enemMeHT — Buj aTOMIB 3 O4HAKOBMM 3apsigoM sgpa (MPOTOHHUM
ynucnaom).

XiMiYHWUI 3B’A30K —3B’A30K, YTBOPEHW Ha OCHOBI B3aeMOAii MK YaCTUHKaMu
pPeYyoBUHM (MONIEKYyNammu, aToMamu, MoHaMm), YHAcigoK YOro yTBOPKOKTLCS XiMIYHO
CTifKi Monekynu abo Kpuctanu.

Xnopign —coni XNopuaHoT KUCNOTH.

LlemeHT —MmaTepian, L0 BUPOGNAOTL 3 FAVHW Ta BaMHsKY.

y
UaByH —cnnaB 3ani3a 3 Byrieuem, Wo MicTuTb 2-4 % Kap6oHy.
UepBOHWMiA, YopHUiA hochop —anoTponHi Mmogudikayii docdopy.

1l
LLBligKicTb XiMi4YHOT peakuii — 3MiHa KOHLeHTpauii peareHTy abo MpoAyKTy
peakuii 3a OAVUHULIO Yacy B 04MHULI 06°EMY.

2|
AKiCHI peaKuii —peaku,ii, 3a JONOMOI0oK AKMX BM3HAYaKOTb SKICHUIA CKnag peyo-
BWHMW.
Anpo —cKnajoBa YacTUHKa aTtoma.
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AKymynatop 65, 85, 93
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Anwmas 42, 46, 81, 93
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eMakcumanbHa 15
BanHyBaHHA rpyHTY 62, 175
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BigHOBHUK 75
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BopeHb 90, 92, 203, 204
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Byrneus 89, 90, 93

anbBaHiuHi eneMeHTn 63, 65
aweHe BanHo 144, 158
enioeHepretunka 205
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Tema 1. MepiognyHMiA 3aKOH i NepiognyHa cncTemMa XiMiYHMX e/lEMEHTIB

§ 1. TMepioANYHUNIA 3aKOH Y CBITNI Cy4YaCHWX YAB/IEHb NP0 €NEKTPOHHY

BYLOBY ATOMIB ..uieiieiteieieetesiet et et te st besbeste st e bese e e e s e e e eneeseebeabeebeebesbeeaeabesaesnenseneas 4
§ 2. byjaoBa eneKTPOHHUX 0600HOK aTOMIB XiIMIYHUX eNeMeHTIB.

EnekTpoHHI Ta rpaiyHi eneKTpoHHI opmMynu atomis 5 p, (/-enemeHTiB....10
§ 3. ABuuie NepioguYHOT 3MIHWN BNacCTUBOCTEN eNIeMEHTIB Ta iXHIX CNoNyK

Ha OCHOBI YSIBNIEHb MPO €NIEKTPOHHY BYA0BY aTOMIB ..cocvvreirierieiierie e 18
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CUCTEMA XIMIUHMX EIIEMEHTIB cuvviiiitiieitiieeette s e stteessiteeesttesseaeaesssaesesabesssabeeessbbeessssesssareas 23

Tema 2. XiMi4HWUI 3B 130K | byj0Ba peyHoBUH

84, Bugm XiMIYHMX 3B’A3KIB: MOHHWI 3B*A30K............

§5 Bugm XIMIYHMX 3B’A3KiB: KOBafIeHTHWIA 3B*130K

§6. Bugm XIMIYHMX 3B’A3KIB: BOAHEBUM 3B A30K .uccveiveriieieiecierieece e eve e eve e
§7. Bugm XIMIUHMX 3B’A3KIB: METAMIUHNNA 3B AB0K ..uceveeviieiieieieieeeeereereeaeenias
§ 8. KpucTtaniuyHuii Ta aMOPHHUA CTaHN TBEPANX PEUOBUH .cveveveniieciciiirieieicneeas

8 9. 3anexHicTb Hi3MYHMX BNACTUBOCTEN PEYOBUH Bif TXHbOT ByL0BU

MoBTOPIOEMO 1A y3araibHIOEMO TeMy 2 «XiMIYHUIA 3B30K | 6y[0Ba peHOBUH> ....48

Tema 3. XiMiuHi peakuii

§10. Heo6GOPOTHI /i 060POTHI XIMIUHI MPOLLECH ..cuiviiiiiiiiiieiecresieie e 51
811. XimiuHa piBHOBaAra. MPUHUUM J1& LU ATEMbBE cooiiiiiiiieieieie et 54
812, THAPOJIIZ COMBM ittt ettt bttt ettt 57

§13. TMOHATTA NPO ranbBaHiYHWA eNEMEHT AK [AXKEPENo eNeKTPUYHOro CTpymy....63
814. Po3paxyHKOBi 3afa4i Ha 064YMUCNEHHA 3a XIMIYHUMMN PIBHAHHAMYU
BifITHOCHOTO BUXOAY MPOAYKTY PEAKLIT..c.eitiitiitiieiieie et 67

IMOBTOPIOEMO Ii y3aranbHIOEMO TeMY 3 «XIMIYHI PEAKLIT ioeiieiciiierest e 72

Tema 4. HeopraHi4Hi pe4oBUHW Ta TIXHi BNacTUBOCTI

815. Hewmetanu. 3aranbHa XxapakTepucTuka HemeTanis, IXHi Gi3nyHi

BITACTMBOCT I .vuviitiuiteeeteieete et se et sr et sr bt sb bbb er et b etk e ekt ne ek nr bt nn bt ab et e n e ane e ene e 74
816. AnoTponia. ANOTponHi MmoaundikalitHemeTaNiuYHUX eIEMEHTIB.... w17
L7, ALCOPOLLIN ..ottt bbbt en 85
818. OKMUCHI 7 BIAHOBHI BMACTUBOCTIHEMETAIIB .c.civecticieiriiteerestecteeie et srenee e seenneneas 88

819. 3acTocyBaHH# HemeTanis. bionoriyHe 3HaYEHHA HeEMeTaniYHnX
LT VLT 1 TP UUUROURUSPRUR 91



§ 20. OKcuau HeMETaNiYHUX eNeMEHTIB, IXHIA BMICT B aTMOCHEPi. oo eerirerireeienne 96
8§21. Cnonyku HeMeTaniYHUX eNeMeHTIB 3 TIAPOTEHOM ...cccevireieieerieieeeeeeeeieae 102
822, KUCIIOTH ettt 106
§ 23. Oco6nMBOCTI B3aEMOSiT HITPATHOT Ta KOHLEHTPOBAHOT CybaTHOT
KUCTIOT 3 METAMAM M coeviiiiiiiieeeeeiie ettt sn e sne e nn 113
8 24. O6GUYMCNEHHA KiNbKOCTI peYoBMHU, MacK abo 06’eMy MPOAYKTY
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B HALTIMLLIKY ottt sttt stttk b et b et b e e bt et e b e et e s b e b e e b e e b e ene e neennennas 116
MoBTOPKOEMO 1A y3araibHIOEMO Bi4OMOCTI NP0 HEMeTani4YHi eNeMeHTH
TA TXHI CITOTTY KM .ttt b bbbttt e e b e et e bttt be b sbe b e 121
§ 25. 3arasibHa xapaktepuctuka metanis. ®i3nMyHi BNaCTUBOCTI MeTanis
Ha OCHOBI TXHBOT BY [LOBM ...cueiuiieiiiiiiiciisiei sttt 125
§ 26. ANOMIHIN: PI3NYHI Ta XIMIYHI BIACTUBOCT ueveveieiiieeiieesieisiesesesesiesesie s 128
8 27. 3ani3o: PisvUHi Ta XIMIUHI BIACTUBOCT I cuuieiieieiirieeeieie et eee e 132
§ 28. 3acToCyBaHHS METAMIB Ta IXHIX CMMABIB....cc.cirviiireeiireiisieiesieese s 136
8§ 29. OcHoBMW. BnacTuBOCTI Ta 3aCTOCYBaHHA rigpokcuais Hatpito
TA KATBLLTHO ottt ettt sttt b ettt b et e e eneens 142
8 30. bioforivyHe 3HAYEHHSA METANMIUHUX EMIEMEHTIB..ccoiireiereeesiee e 146
831. CepPelHi COMiuiiiiiiiiiiieiai e
§ 32. Kwucni coni. AKICHI peakuii Ha fesKi AOHM
§ 33. Coni, IXHE MOLWMUPEHHS B MPUPOLI TA 3aCTOCYBAHHA .cvecvirvirieaeinierie e 156
8§ 34. [OCNIgKEHHSA AKICHOTO CKMAAY COMEBMuiiiiiiiiriieiireisieriaieriaiesisteseesessasessesessesenens 161
§ 35. MpakTn4yHa poboTa 1. [JoCNigKEHHS AKICHOTO CKAAAY COMEM..cvvmivinirrrarnnnn, 164
MoBTOPIOEMO I y3arasbHIEMO BiAOMOCTI NP0 MeTaNivHi efIEMEHTM
TA TXHT CTTOTTY KM .ottt etttk et b et b et b et b ettt ettt 166
§ 36. TMOHATTA NPO XOPCTKICTb BOAW Ta CMOCO6U 1T YCYHEHHSA cocvviiicireiicies 170
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MNEPIOANYHA CNCTEMA XIMUA
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d
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S-e1EMEHTU
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1,0079
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NiTii Bepuniii

6,941 9,0122
11 12

3 Na J%

Hatpiii ~ Mar (/-enemeHTN

22,990 24,305
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K Ca Sc Ti V Cr Mn Fe Co
Kaniii Kanbuiit CkaHgiin TuTaH BaHagiit Xpom MaHraH depym Kobanb
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5 Rb Sr Y Zr Nb Mo Tc Ru Rh
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s Cs Ba La* Hf Ta W Re Os Ir
Llesiit Bapili NaHTaH FacHin TaHTan  Bonbpam PeHili Ocwmiit Ipngiii
132,905 137,327 138,91 178,49 180,95 183,84 186,21 190,2 192,22

87 88 89 104 105 106 107 108 109
7 Fr Ra Ac** Rf Db §ﬂg Bh Hs Mt
dpaHuin Pagin AKTUHIA  Pesepthopmii [y6Hin  Cun i Bopii aciii MaiiTHep
(223) 226,03 (227) (261) (262) (263) (262) (265) (266)
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58 59 60 61 62 63

Ce Pr Nd Pm Sm En

Llepiii  MMpaseogum Heogmum  TMpomeTiii  Camapiii  €poni

140,12 14091 144,24 (147) 150,36 151,96
90 91 92 93 94 95

Th  Pa n Np Pu Am
Topili IMpoTaKTVHil YpaH HenTyHin  MnyToHin  Amepuy,

232,04 (231) 238,03 (237) (244) (243)



[HNX ENEMEHTIB (zoBra gopma)

eNeMeHTIB

IB 11B 1A IVA VA VIA VIIA VIIA
2
He
Cenii
4,0026
«-eNeMeHTun
< - >
5 6 7 8 9 10
B c N @) F Ne
bop Kap6oH HitporeH  OkcureH dnyop HeoH
10,811 12,011 14,007 15,999 18,998 20,179
13 14 15 16 17 18
Al SI P S Cl Ar
AnoMiHI - Cuniuii ®ochop  Cynbiyp Xnop AproH
w 26,982 28,086 30,974 32,066 35,453 39,948
28 29 30 31 32 33 34 35 36
Nih Cu Zn Ga Ge As Se Br Kr
T Hikenb Kynpym LInHkK Faniit epmaHiii ApceH CeneH Bpom KpunToH
58,69 63,546 65,409 69,723 72,64 74,922 78,96 79,904 83,80
46 47 48 49 50 51 52 53 54
Pd Ag Cd In Sn  Sb Te i Xe
Managii  ApreHtym  Kagwmii IHgin CtaHyMm CTubin Tenyp Vog KceHoH
106,42 107,87 11241 114,82 11871 121,76 127,60 126,90 131,29
78 79 80 81 82 83 84 85 86
Pt Au H 4 Pb Bi Po At Rn
MnatnHa Aypym  Mepkypiii Tanin Mniombym  BicmyT MonoHiin Acrtat PanoH
195,08 196,97 200,59 204,38 207,2 208,98 (209) (210) (222)
110 111 112 113 114 115 116 117 118
Ds Rg Cn_Nh FL. Mc Lv Ts Og
i Uapmwmagrin PeHTreHit KonepHuuii  HixoHili  dnepoBiii  Mockosilii  JliBepmopiit  TeHeciH ~— OraHecoH
(269) (272) (285) (286) (289) (289) (293) (294) (294)
-eNeMeHTun
64 65 66 67 68 69 70 71
Gd Tb D Ho Er Tw Yb Lu
i T[aponiHii  Tepbiii Ll,manXsiVl Fonbmiit Ep6ii Tyniii ITepbiin NioTewii
157,25 158,93 1625 164,93 167,26 168,93 173,04 174,97
96 97 98 99 100 101 102 103
Cm Bk Cf Es Fm Md No Lr
in Kropiii Bepkniit  KanicopHiin EiHumedHin ~ depmiin MeHgenesin  Hob6enili  JloypeHciit
(247) (247) (251) (252) (257) (258) (259) (260)



