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BCTYII
3anpornoHoBadi metonuuHi BkaziBku (4.l, II Ta III) mpusHadeni mis CTyIEHTIB
crietiaibHOCT1 crymneHs «bakamaBp» 163. biomennuna inkeHepis TepHOMIIBCHKOTO
HAI[IOHAJIFHOTO ~TEXHIYHOTO yHIBEpCUTETYy. B 1HMX MeTOau4YHMX BKa3iBKax
3BEPTAETHCS yBara Ha HaWBaXUIMBIII MATAHHS 1 MMOCITOBHICTh 3aCBOEHHS MaTepialy
Ti€l 9W 1HIIOT TEMH 3TiJHO PoOOUYOi IporpaMu Ui JaHOTO HANpPSAMY MiATOTOBKH
OakaJaBpiB.

Mertoto 1a00paToOpHOro MPAKTUKYMY 3 Kypcy «3arajbHa XiMish € 3aKpINUTU
TEOPETUYHUN KypC 1 IPUBUTU CTYJE€HTaM HAaBUKH pOOOTH B XIMIUHI J1abopaTopii.
Kpim Toro, 1abopatopHi poOOTH 3HAMOMIIATH CTYJIEHTIB 3 IPUHIMIIAMHU 1 METOJAMHU
HAYKOBHX JIOCIIIKE€Hb, PO3BUBAIOTh TBOPUYE XIMIUHE MUCIICHHS. PO3IsSHYTI MUTAaHHSA
B IIUX METOJUYHUX BKa3IBKAaX IMOJIETIIATh MiATOTOBKY CTYACHTIB JI0 3aHATH 1 JO
MOAYJIBHUX KOHTPOJIB. JIJisi BUKOHAHHSA JTAOOpATOpPHUX POOIT MiAIOpaHi HANHOLIBII
palioHaIbHI METOAMKH, B 3aJIEKHOCTI BiJ CHeIiaizailii CTy/IeHTIB Ta MaTepiajibHO —
TEXHIYHOI 0a3M XIMI4HO1 JIabopaTopii.

Kosxna po6oTa MICTUTh TEOPETUYHY YACTUHY /10 KOKHOI TeMH, ¢ 3a3Ha4YeH1
OCHOBHI TOHATTS, BU3HAYEHHS Ta 3aKOHHU. TaKOX MICTATHCS PETEIbHO Miai0paHi
KOHTPOJIbHI MUTaHHS, Kl CTYJE€HT Ma€ BUKOHATH CaMOCTIHO B MUCBMOBIN (opmi,

MepIl HiXK MIPUCTYIIUTU IO BUKOHAHHS JabopaTopHOi poOOTH.



Jlabopamopna poooma Ne 1

Tema: Mipnuii nocyo. Tepe3u ma npasuna 36axcy6anHsa Ha HUX
Meta: O3naiiomumucsa 3 XiMiYHUM ROCYOOM, AKUI BUKOPUCHIOBYEMbCA 01

BUMIPIOGAHHA 00’ €My ma 3 NPUIAOAMU AKI BUKOPUCMOBYIOMbCA 01
36A)1CYBAHHA

Teopernuni BinomocTi

Mipuuii _nocya. /[Ins BumipioBaHHi 00°€My pIIUH BHKOPUCTOBYIOTH

rpaayioBaHUil MIpHUH TOCY/I.

Mipni yunindpu — CKISHUM TOBCTOCTIHHHUM TOCYJ 3 HAHECCHUMH Ha
30BHIIIHIA CTIHII MOAUIKAMH, SIKI BKa3yloThb 00’€M piAMHM B MuIUtiTpax (puc.l).
Bouu OyBaroTh pizHoi emHocTi Bix S5+10mMn go 1in 1 Outemie. Io6 BigMipsaTu
HEOoOX1THUM 00’ €M piIUHHU, i1 HATUBAIOTH B MIPHUH IMITIHJIP, ITOKU HIXKHIN MEHICK HE

JOCSITHE PIBHS HEOOX1AHOI moAaunku. s croemianbHUX poOIT BHKOPUCTOBYIOTH

HWTIHAPY 3 IPUTEPTUMH MPOOKAMHU.
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Puc. 1. Mipni nmuingpu: Puc.2. Men3ypkn: a)  0e3

a) 3 HOoCcHMKOM; 0) 3 miacraBku; 0) KOHiuHA 3 Puc.3 I'panyiioBani
npuuLtihoBaHoI0 HiZICTABKOIO; B)  Hpodipku
NpodKoI0 HMJTIiHAPUYHA 3

MiICTABKOI0

KpiMm uwuniHapiB At BUMIpIOBaHHS 00 €My KOPUCTYIOTHCS MeEH3YpPKaMu
(puc.2). lle mocyn koniuHOi popMHU, HA CTIHKAX SKOTO € MOMIIKH. HaliMeHia 1iHa
noainku ckiagae 10% mis mensypok emuictio 50, 100, 250ma 1 5% ayis MeH3ypoK
emuictio 500, 1000mu1.

I'panyiioBani npo6ipku noauiAOThCsl Ha MipHI (puc.3a) Ta neHTpudyxHi

(puc.36). MipHi mnpoOIpKH BUKOPHUCTOBYIOTHCS [IJIsi TPOBEACHHS B HEBEJIHUKHUX



KUIBKOCTAX MIPOCTHX XIMIYHMX OTeparfidi 31 3MiHOIO 00’€eMy, a TaKoX SK MipHI
mwtiHapyu. LenTpudyxHi A1 0JHOYACHOTO BUMIPIOBAaHHS 00’€My ocady 1 piAMHU
MicIs HeHTpU(yTryBaHHS.

Ilinerkn (puc.4) BUKOPHUCTOBYIOTHCS [IJII TOYHOTO BIAMIPIOBaHHS 00’€MY
pinuau. Ile ckiasHI TPyOKM HEBEIMKOTO IiaMeTpy 3 PO3MIUPEHHSIM IOCEPEAMHI.
HwxHiil KiHelb MNETKH TPOXHM BIATATHYTHM 1 Horo miametrp Oinsg 1mwm. [linmeTku
OyBatoTh emHicTIO B 1 70 100MI1, y BepXHiil YaCTHHI € MITKa, A0 KO HAOUPaIOTh
pinuHy. YacTo BUKOPHUCTOBYIOTHCS TpaayloBaHI IMNETKH PI3HOI €MHOCTI, Ha

30BHINIHIN CTIHI] SKUX HaHeceH1 MoAIIKu B 0,1MM.
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Puc.4. IlineTku: a) npocra; 6) Puc.5S. Ilosi0:xeHHs MineTKH NPU BCTAHOBJICHHI
rpaaynoBaHa. MEHiCKa Ha PiBHI MIiTKH

J1Jist HamOBHEHHSI MIMETKU HWKHINA KiHElb 11 OMyCKaloTh B PIAMHY 1 BTATYIOTh
I[}0 PIAMHY 3a JOMOMOTOI T'yMOBOi Ipyili ado poroM. PoromM MokHa HaOupatu B
MIMETKY JIUIIE HearpecuBH1 pianHu. PiinHY MiqHIMAIOTH TaK, 00 BOHA MITHsUIACS HA
2 -+ 3CcM BHILIE MITKH, MMOTIM IIBHUJIKO 3aKPUBAIOTh BEPXHIN OTBIP BKa31BHUM MaJIbLIEM
MpaBoi PyKH, MPUTPUMYIOUM B TOM caMUW Yac MINETKY BEJIWKUM Ta CEpeIHIM
nanblsamu. Koy mineTka HamoBHEHA, MOCIA0JIIOI0Th HATHUCK BKA31BHOTO MHaJIbIld, 1
piIMHA TIOMaJI€HbKY BUTIKAE 3 MIMETKU. SIK TUIBKU HMKHIA MEHICK piAMHU Oyne Ha
OJHOMY pIBHI 3 MITKOIO (pHUC.5), ManblleM 3HOB 3aKpUBAIOTh OTBIp 1 MEPEHOCATH
MIMETKY B 1HIINI MOCy1, 3a0MpaloTh BKa31BHUH MaJiellb 1 Taf0Th MOXKJIUBICTh CTEKTH

PIJIMHI O CTIHIN MOCYy, SIK MIOKa3aHo Ha puc.6.



Puc.6. BuniuBanus
PO34MHY 3 NiNEeTKH

[Ticast Toro sik pimuHa BUTEYE, MINETKY TPUMAIOTh Iie mpoTsrom Scek. Ilicmus
4yOoro, He 3BEpTAlOUM yBary Ha piAuHy, IO 3aJUIIWIACS B MINETII, ii 3a0UparoTh 3
Ko0u. He Mo>kHa BUyBaTH piAMHY, 110 3aJIMIIXIACS B KIHUMKY MINETKU Ta IMIBHIKO
BUJIMBATH PIAMHY, TOMY IO MPH LbOMY JesKa YacTUHA PIAMHMU 3aJHUIIAE€THCS Ha
CTIHKAX MIMETKH.

BropeTrkn BUKOPUCTOBYIOTh NMPU TUTPYBaHHI, ISl BUMIPIOBAHHS TOYHHX
o0’emiB. broperku OyBaloTh: a) 3 NPUTEPTUM KpaHOM; O) 13 3aTHCKayeMm; B) 3
Ooycunkoro (puc.7). B 6ropeTku 3 KpaHOM MOKHA 3aJIMBaTH BC1 PiUHHU, 32 BUHATKOM
JAYTiB, SIKI MOXYTh BHUKIMKATH 3aifaHHd KpaHa. Jusg poOotu 3 Jsyramu
BUKOPHCTOBYIOTH OIOPETKH 13 3aTHCKauyeM a0o 3 OyCHMHKOIO B T'yMoBid TpyOmi. Ha
30BHIIIHIA CTIHII MO BCIM TOBXUHI OrOpeTkH HaHeceHl noAuiku B 0,1mi. Bropetku
3aKPIMJISIOTh CTPOrO BEPTUKAIBHO B J1a0OPAaTOPHUX MITATUBAX 32 JOMIOMOTOIO JIATIOK.
bropeTku npu3HaueHi s AyKe BiAMOBIIAIbHOT pOOOTH — TUTPYBAHHS, TOMY 1X CIIJ

TPUMAaTH B 17I€abHIN YUCTOTI.
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NPYKMHHUM 3aTHCKa4eM; B) 3 0yCHHKOIO.

? Puc.7. Broperku npsami: a) 3 kpanoMm; 0) 3

Mipni koa6u (puc.8) HEoOXimHI JJIT BUKOHAHHS OIIBIIOCTI aHATITUIHHX
po06iT. Ile miIocko10HHI KOO Pi3HOI €MHOCTI. B OUIBIIOCTI BUMAAKIB MipHI KOJIOU

MaloTh NpUILTipOBaHI CKISAHI MPOOKU. PO3PI3HAIOTH BY3BKOTOpJi Ta IIMPOKOTOpPIIi



MipHi kosi0u. Ha ropii konbu € KijplieBa MiTKa, a Ha caMiil K001 € MiTKa, sika BKa3ye
Ha EMHICTh KOJIOW B MUTUTITpaX MpY BU3HAYCHIN TeMIeparypi.
MipHi KOJIOM BHKOPUCTOBYIOTHCS ISl IPUTOTYBAHHS PO3YHMHIB MOJISIPHOT Ta

HOpPMaJIbHOI KOHIIEHTpAIIIi.

Puc.8. MipHi koa6m

IIpaBuia KOpUCTYBaAHHS MipHUM MOCY0M

1. HeoOxiHO KOpPUCTYBATHCS JHIIE J100pe BUMHUTHUM MIPHUM IOCYJIOM.
[limetkn 1 OM0OpETKH Nepel BUKOPUCTAHHSIM CIIOJICKYIOTH 2-3 pas3u
HEBEJIMKUMHU TOPIISIMHU PO3YUHY, IKUH 30UPatOThCs BIAMIPSTH

2. llimetka mpu HaOWpaHHI piAUHH, OIOpeTKa NpPU TUTPYyBaHHI TOBHUHHI
3aBKIU 3HAXOJUTHCS CTPOTO BEPTUKAIBHO.

3. 3BHYAHMMH TIIIETKaMU HE MOJKHA BIAMIPSATH PIAWHU, B SI3KICTh SKHUX
Iy’Ke BIAPI3HAETHCA BIJ B’A3KOCTI BOJM, HANpPHUKIAJ, KOHIEHTPOBAaHI
KHCJIOTH, JIyTH.

4, Ilpu HamoBHEHHI OFOPETOK HEOOXITHO CIIJKYBaTH 3a THUM, MO0 KIHYHMK
OropeTku OyB 3alIOBHEHUN PO3YHMHOM.

5. HeoOxigHe mpaBuiIbHE TMOJIOKEHHS OYEH crocTepiradya TpH BIIJIIKY

MOKa31B OIOPETKH.



Tepe3u Ta npaBuiIa 3BaKyBaHHS
Tepe3m mpusHaueHi Uisi BUMIPIOBAHHS MacH, TUPKH CIyXaTb poOOYUM
€TAJIOHOM MacH.
B 3anexxHocTi Bi TOYHOCTI, 3 SIKOIO OyayTh MPOBOJIUTHU 3Ba)KyBaHHS, TEPE3H
MOJIISIIOTHCS. HA HACTYTIHI TPYITH:
e Jlns rpy0oro 3Ba)KyBaHHS (TOYHICTB JIO TPaMiB);
e Jlyist TouHoro 3BaKyBaHHs (TouHicTh Big 0,01 10 0,1r1)
e AHamTUYHI BUKOPHUCTOBYIOTH IJISI Makpo- Ta MIKPOXIMIYHHX aHali31B MpH
3Ba)KYBAaHHI 3 BUCOKOIO Ta HaWBUIIOI TOYHICTIO. B 3a1€XXHOCTI BiJl TPaHUYHO

JOITyCTUMOT'O HaBaHTAXXEHHS 1 LIIHU MOJUIKH aHATITHYHI TEPE3U MOIIIIOTHCS

Ha Tpynu:
['pannuHO — nonycrume [ina
HAaBaHTAXEHHS MOIUIKT
a. Tepe3u IJis1 MaKpoaHaIi3y 100+200r 0,05+0,1mr
b. MikpoaHamiTH4Hi <20r <0,01mr
C. YIibTpaMiKpOoaHaJIITH4HI <lr 0,01+1mkr

CremiaibHi TE€pe3d BHUKOPUCTOBYIOTHCA [JIsl BU3HAYEHHS BEIWYHUH, SKi
3aJie’aTh BiJl Macu (BaroBi BOJIOTOMIpH).
Bci tepesu maroTh HaOlp rupok. Ha kokHIM rupii Mo3HayeHa il maca, sika
HA3MBAETHCS HOMIHANBHOK. [CTHHHA Maca 3BUYHO HE JOPIBHIOE HOMIHAJIBHIM.
Tepe3u 0na mounozo 36axcyéanus. J1jis TOUHOTO 3BaXKYyBAaHHSI BUKOPUCTOBYIOTh
pyuHi (anTeyH1), TEXHOXIMIYHI Ta TEXHIYHI Tepe3Hu.
HaiinpocTimmm TUIIOM Tepe3iB JIJIsi TOYHOTO 3BaKYBaHHS € ANTeUYHi Tepe3u (puc.
9). 'pannuyHe HaBaHTaXXCHHSA Moxe OyTu pi3HEM 1 gocsrae 100r. OcHOBHOIO
poOOUOI0 CHJIOK € KOPOMHUCJIO 3 TiJBIIIAaHUMU Ha HHBOMY JBOMa IlajJbKaMHU.
Kopommciio pyxoMo KpinmuThCsi B TpUMadi 3 KUIBIIEM Y BepXHii yacTuHi. Baru matothb
BKa31BHY CTPUJIKY.

HDaBI/IJ'Ia 3BAXXYBAHHA HA aAlITCYHUX TCPEC3aX.

Jliis po6OTH Tepe3n HaBIIIYIOTh Ha CHEIlaIbHUN IITaTUB a00 Maselb JiBOi PyKH,
TOA1 JIKOTH JIBOi PYKH CIHPaOTh Ha CTUI, 00 YHUKHYTH 3alWBHX KOJMBaHb

KOpoMucCia. SIKII0 IanbKu Bar 3piIBHOBaXKEHI, TO CTPUIKA 3aiiMe BepPTHKAIbHE
9



NoJIO’KEeHHS. [ MpKH KIaayTh Ha TpaBy IIATbKY, PEUOBUHY, SIKY 3BaXYIOTh - HA JIBY,
MOTIEPETHHO TIOKJIABIIIH 1 3pIBHOBAKHUBIIHM HA MIAJIBIII YUCTHH apKyIll Tanepy.

AnTeuH1 Tepe3u He3pyUuHi B KOPUCTYBaHHI, TOMY 3aCTOCOBYIOTHCSI MaJIO.

Puc.9. Anreuni Tepe3un

Texnoximiuni Tepe3u. BaHnTaxomiaioMHICTh TEXHOXIMIYHUX Bar CTAaHOBUTH BIJ
200r no kiUIpKOX KiorpaM. Jlomyctnma moxuOKa BHUMIPIOBaHb MpPU HANOUIBLIOMY

HaBaHTaXEHHI JeXUTh B Mexkax 0,1 — 1,3%.

Puc.10. TexnoximiuHi Tepe3n

TexHOXiMIUHI Tepe3u BCTAaHOBIIOIOTHCS CTAIIOHAPHO, Y BU3HAYEHOMY MICII
nabopaTopli B CTpOro TOpPU30HTaNIbHIN miomuHi. TexHoximiuHi Tepe3u (puc.10)
MalOTh KOPOMUCIIO 5, sIKE CBOEIO CEPEAHBOIO PU3MOIO CIIMPAETHCS Ha JIBI IM1JCTAaBKH,
BMOHTOBaHI Ha BEPLICYKY IMIIHAPUYHOTO CTPUXKHS, SKUM MICTUTBCS BCEPEIUH1
MO3/I0BXXHBOTO KaHainy KojoHku 7. IlocepennHi Kopomucia MPUKPIIUIEHO CTPLUIKY,

MOJIOKEHHST AKoi (ikcye mkana 8. Ha Oiuni mpu3Mu KOpOMHUCHIA MiJBIIIAHO IO
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«CepexI». 3 «Cepex K» BHU3 OIMYIICHO paMKy 3 JIPOTY, 10 yTpumye manbky 4. Jlo
KOJIOHKA 7 Ha HHUTII MPHUKPIMIEHO 3arocTpeHuil 3HU3y BHCOK 1. SIKmio 1eil BHCOK
301ra€ThCsl 3 TOCTPUM KIHIIEM 3aKpIIUICHOTO IMiI HUM KOHYyCa, TO TePe3U 3aiMaroTh
BepTHKaIbHE ToJokeHHs. [lifcTaBka Tepe3iB BCTAaHOBJIEHA Ha TPhOX HIXKKAxX, OJIHA 3
SAKUX 3aKpilUICHa TOCEepeIWHl TO03aay MiACTaBKHA, a 1BI 2 — TMomepemy, 3 OOKiB
niacTaBku. JIOBXHHY HIKOK MOXKHA PpETryJIOBaTH, 3arBUHYYIOUM iX Yy TalKH,
3aKpimieHl 3HM3y miAcTtaBku. OOepTaHHSAM TMEpelHIX HDKOK KOJOHKY 7
BCTAHOBJIIOIOTh Y BEPTHKAJIbHE MOJOKEeHHA. Ha KiHISX KopoMucia € GallaHCyBalbH1
TBUHTH 6, 32 JJOTIOMOTOIO SIKUX TEPE3H IMEpe/a MOYaTKOM POOOTH BPIBHOBAXYIOTHCH.
[[Io6 BOepertu pedpa Mpu3M Bij] 3HOILIYBAHHS, TEPE3U MAIOTh apeTup. B Hepobouomy
CTaH1 Tepe3iB apeTHp MOBOPOTOM PYUKH 3 MiAHIMAETHCS Bropy 1 MiIHIMAE KOPOMHUCIIO
Tak, 110 MPU3MH HE TOPKAIOTHCSA KOJOHKH. [I0BOPOT pyuku apeTupa y 3BOPOTHOMY
HANpsSMKY IPUBOJIUTH TEPE3U B pOOOUNH CTaH.

JUis 3BaKyBaHHS 3aCTOCOBYIOTh HaOlp TOYHHUX THPOK, PO3MIIICHUX B
NEBHOMY MOpSAAKY B THi3gax ¢ymsapa (puc.l11). I'pamoBi rupku 31€01Ib1I0T0
HIKeJIbOBaH1, ajne 0yBaroTh 1 hapdoposi. Haitbinbira rupka B Habopi mae macy S00r.
KpiM rpamMoBuX T'MpoK L€ € MUTITPaMOBl TUPKHU Y BUTJISA/I IJIACTUHOK 3 AIIOMIHIIO,
Helzenpoepy abo Hikemto. [ 3pydHOCTI po3Mi3HABaHHS TUPKU BUTOTOBJISIIOTH
pi3HOi (opMH: II’STCOT- Ta M SATHACCATUMUIIIPAMOBI — IIECTUTpaHHI, IBICTI- 1
JBaIUATAMUIITPAMOBI — IPSIMOKYTHI, CTO- 1 I€CATUMLUIIrpaMoBl — TpUKyTHI. KoxHa
MIJIITpaMoOBa TUpKa Ma€ 3ITHYTUN Kpai abo BYIIIKO, 3a siKe ii OepyTh MIHIIETOM, KOJIU

KJIaJlyTh Ha MIAJIbKU TEpe31B a00 3HIMAIOTh 3 HUX.

T
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Wl Puc.11 HaGip ToYHHX rHpOK
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AHaJITHYHI Tepe3u. AHATITUYHI TePe3W € HAUTOUHIIIMM 1 HaHHEOOX1THIIITUM
OpuiaazoM Jais TpPOBeACHHA 3BakyBaHHS. [loxmOka 3BHUAHOTO aHami3zy He
NEPeBHIy€e JaecaTroi moii BigcoTka. [l aHamizy OepyTh HEBEIHWKY HaBaXKy
JOCITIIKYBaHOT pEYOBUHU (JIEKIIbKA JECATUX Tpama).

Ili tepesu (puc. 12) obnamHani aeMmnpepHUM MPUCTPOEM Ta MAlOTh OJIOK
BMOHTOBAaHOTO MUIIrPaMOBOTO BU3HAYCHHsSI MacH. BaHTaXoOmigHOMHICTh CTAaHOBHTH
200r. AHadiTHuYHI Tepe3u 3aBXKIU 3HAXOAATHCS B CKISAHOMY QYTspi — BITpHHI 3
NEPEeTHBOI0 CTIHKOIO, IO MiJHIMAETHCS Ta JBOMa OOKOBHMH JBEPIATAMH, IO

BIJIKpUBAIOTHCA.

Puc. 12. AnajqiTu4Hi Tepe3u
IIpaBuiia 3Ba:KyBaHHS HA Tepe3ax

1. Tlepen 3Ba>kxyBaHHSIM MEPEBIPSIOTH MO BUCKY, UM MPABUIIBLHO CTOSITh TEPE3H,
B MPOTMBHOMY BHIMAJKy 32 JOIOMOTOI0 TBHHTOBUX HIKOK JIOOMBAIOTHCS
IIPAaBUJIBLHOI 1X YCTAaHOBKU.

2. Jlo 3BaxyBaHHS TaKOX HEOOX1JHO MEPEeBIPUTH HYJIbOBY TOYKY. JJisi 11bOTO
PYUYKY apeTvpa MOBUILHO MOBEPTAIOTh BIIPABO 1 TUBISATHCS YA HA OJHAKOBE
YUCJIO TOAUIOK IIKAIM B HYJIBOBOI BIAXUIISETHCS CTpLIKa. SKIO XK
CTpUJIKa BIAXWISETHCA B HyJIs B OJIHY CTOPOHY OILibIlle HIXK B JPYTY,
NOTPiIOHO 3a JOMOMOT 00 0aNaHCyBaIbHUX TBUHTIB JOOUTHUCS PIBHOMIPHOTO
KOJIMBaHHA CTPUIKW. BHNEBHUBIIMCH, 110 TEpPE3U MPAIIOIOTh MPABUIBHO

MOJXHa IMpUCTYyNnaTu A0 3Ba)KyBaHH.
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PeuoBuHU, 110 3BaXyIOTh, 3pYUHIllIe CTABUTH IO LEHTPY Ha JIBY IIAJIbKY
Tepe3iB, TUPKU Ha MpaBy.

Pi3Hi peuoBMHM 3BaXYIOTh Ha TOAMHHHUKOBOMY CKJIl, B THUIJIAX a00 B
orokcax. Ille mo 3BaxkyBaHHS HEOOXITHO OXOJOJUTH PEYOBUHY O
KIMHaTHOI TemnepaTypu. He MokHa KJIacTu Ha MIANBKH Tepe3iB MEeperpiri
a00 CHJIBHO OXOJIO/KEH1 PEYOBUHU (TIPEAMETH).

Knactu Oynp — 1m0 Ha manbku Tepe3iB ad0 3HIMATH 3 HUX MOXKHA TIJIbKU
IIPH TIHATOMY apeTupi.

['ipku Opatu auie miHeToM. [ToTpiOHO MoYMHATH 3 ORI BaXKKUX. SKIIO
rupka Oysia 3aHaATO BaXKKOIO, ii 3HIMAIOTh Ta 3aMIHSIOTh HACTYITHOIO 3a
HEI0 MEHIIOK. SIKIo TupKa 3amaia, TOo, HE 3HIMAKOYHM ii, J00aBISIOTH
HACTYIIHY.

Ha 3aBepiiieHHs 3Ba)xyBaHHS (3piBHOBa)XYBAaHHS I1aJTbOK) BKa3y€ OJTHAKOBE
BIIXUJICHHSI CTPUJIKH BiJl HYJIbOBO1 TOYKH IITKAJIH.

Komu 3BaxkyBaHHS 3aKiHUEHO, MiJPaxOBYIOTh peE3yJdbTaT CIOYATKy IO
MyCTHUX THI3axX y QyTisipi, a MOTIM, 3HIMAIOYM TUPKHU 3 MIATBKHA TEPE3iB, IO
uudpy nepeBipstoTh.

1o 3akiHUYEHHI 3Ba)KyBaHHS HIYOTO HE 3aJIMILATH HA IAIbKaxX Tepe3iB.

ExcnepuMeHTAJLHA YACTHHA

1. Hocain 1. BusHavyeHHsi aOCOJIOTHOI Ta BiZHOCHOI MOXMOKM NpPH
3Ba’KyBAaHHI PEYOBHHHU HA aHAJITHYHHUX Tepe3ax.

[IpoBeniTh TpHUi 3Ba)KyBaHHS CUITY4O1 PEUOBUHHU, BUIAHOI BUKJIAJaueM,

Ha aHANTHYHUX Tepe3ax. BuszHaure cepeaHe 3HAYCHHS MacH IIi€i

pEYOBUHHU, A0COTIOTHY Ta BIIHOCHI MOXUOKH.
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Jlabopamopna poooma Ne2
Tema: OcHoeHI nOHAmMMA MA 3aKOHU XIMIT
Meta: Busnauenns ximiunoz2o exeieaieHma ejiemenma 6a2o6um mMemooom

TeopeTHYHA YACTHHA

1.OcHOBHI NOHATTS XiMil.

XiMmis B OCHOBHOMY BHBYAa€ CKJaJHI OO0 €KTH, fKI CKJIaAaloThCs 3
eJIEMEHTapPHUX YaCTUHOK, 1 SIKi 3/1aTH1 0 CAMOCTIHOTO ICHYBaHHS: aTOM, MOJIEKYJIa,
10H, panukan. PeyoBHHA CKIAaNaeThCid 3 €JIEMEHTApPHUX YACTUHOK: IPOTOHIB,
€JICKTPOHIB, HEUTPOHIB Ta 1H. €IEMEHTApHI YACTUHKU —II€ TaKl YaCTUHKH, K1 HE
MOYHa BBaXaTH, 110 BOHU CKJIQJAIOTHCS 3 1HIIINX YACTUHOK.

AHeuwa, nio uyac aKux ymeoprwmbvCcia HOGL peuoUHU, HA3UEAIOMbCA
xiMivaumu. fAeuwia, nio uyac AKUX 3MIHIOWOMbCA XAPAKMEPUCMUKU PeYO8UHU
(memnepamypa, mucK, 00°e€m, azpecamHuil CcmaH, eaeKmMpPoOnPoOGiOHicMb),
Hazusarompca (QizmunuMu. B mpuposi Haifuacrtimie XimiuHi sBUIIAa (yTBOPEHHS
HOBOi PEYOBUHHU) JOMOBHIOOTHCS (PI3MUHUMU (HANPUKIIAA, TMIIBUIICHHSIM a0o
3HIDKEHHSIM TeMIIEpaTypH), TOMY Taki sIBUIA HA3UBAIOTHCA (DI3UKO — XIMIYHUMH.

MouJiekya — ye HaillmeHWwla YacmKa pevo8uHU, Wi0 30amHa iCHyeamu
camocmiiino ma mac eci Ximiuui enacmueocmi peuosunu. XiMiuHI BJIACTUBOCTI
MOJIEKYJIM BU3HAYAIOTHCS i1 CKJIAJIOM Ta XIMIYHOIO OYyT0BOIO.

ATOM — ye Hauopionima XiMiuno HenooiibHa Yacmka pevosuru. 3riIHO 13
CYy4YaCHHUMH YSBJICHHSIMU MPO OyJI0OBY aTOMa, aTOM - II€ eJIeKTPOHEUTpaibHa CUCTEMA
B3a€EMOJIIF0UMX €JIEMEHTAPHUX YACTOK, SIKA CKJIQIAETHCS 3 s/Ipa Ta €JIEKTPOHIB.

XiMiYHMHA eJIEMEHT — CYKYHHICHb amomie, ui0o Maroms 00HAKOBUI 3apAa0
a0pa i Xapakmepusyiomovca NHEGHOW AMOMHONW Macolw. XiIMIUHI eJIeMEHTH
MO3HAYAOTHCS BIJIMOBIAHUMU CHMBOJIAMH, SKI CKJIAJAlOThCsA 3 Tepiioi abo JBOX
MEepIUX JITep JIATUHCHKOI HA3BU IHOTO €JIEMEHTA. BU3HAYCHHS MOHSATTS aToMma,
MOJIEKYJIM Jaji0 3MOTYy BCTAHOBUTH BIAMIHHICTH MIXK IPOCTOI Ta CKJIAJIHOIO
PEYOBHHOIO (XIMIYHOIO CIIOJIYKOIO).

IIpocTra peyoBuHA — iHOUBIdyaIbHA peuosUHA, MOJIEKYIU 0O Kpucmaiu
AKOT CKA0aromuvcsa 3 amomie 00H020 ejlemMeHma, HaTpyuKIiIaa, cipka — S, HaTpik —
Na, Bonens — Hy, 030H — O3, 3am130 — Fe Ta 1HmI1.
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XiMiuHa cmojiyka a00 CKJIAJHA PeYOBHHA — [HOUGIOYAIbHA peyosund,
MOJIeKynu abo Kpucmaiu AKoi CK1aoaromvca 3 amomie 060X abo 0Oinvuie
enemenmie. Hanpuknan: natpiii xnopun — NaCl, ¢pepym (I1I) rizpoxcun — Fe(OH)s,
optodochartHa kuciaora — HzPO,.

Macu eneMeHTiB Iy>ke Majli, alieé CydacHI METOJIU JOCIIPKeHHS JO3BOJISIOTh

3 BHCOKOIO TOYHICTIO X BCTAaHOBUTHU. Tak maca FiﬂporeHy I[OpiBH}OG 1,674-102" k2,

maca OKcureny - 2,667-10*°xz. B Ximii TpaauiiiiHO BUKOPUCTOBYIOTh HE a0COIIOTHI
3HAUYCHHS MacH, a BIIHOCHI. 3a OJWHUINIO BIMHOCHOI aromMHOI Macu 3 1961 poky
MpUIHATA aTOMHA OJUHUIL Mach CKOPOYEHO (a.0.M.), ska siBisie coboro 1/12macu
i3oToma KapOoHy “C. BimbIIiCTh XIMIYHHMX €JIECMCHTIB CKIIAJA€ThCs 3 aTOMIB, SIKi
JIeNI0 BIAPI3HIIOTHCS 3a CBOIMU Macamu. ToMy BigHocHa aToMHa Maca (6.a.m.)
XIMIYHO20 elleMeHma € GeIUYUHOI0, W0 OOPIGHIOE BIOHOWEHHIO CePeOHbOT macu
amomie npupooOHo20 I30MOHIUH020 cKaady enemenma 00 1/12 macu amoma
Kapoony **C. B.a.M. eneMeHTa MMo3HavaroTh A, , 7€ IHICKC I - II¢ MOYaTKOBA JIiTepa
aHrImicekoro cnopa relative — BimHocHmid. I[lo3nauenns A (H), A (C), A (O)
O3HAYaroTh BiMOBIAHO B.a.M. ['iaporeny, Kapbony, Okcureny, Hanpukiian

A (H)=(1,674-107")x2/(1/12-1,993-10*°)x2 =1,008

A (O) = (1674102 )k2/(1/12 - 2,667 -10 2°)x2 = 15,999

BigHocHa MoJsiekyJsipHa  Maca  (6.M..M.) XIMIYHO20 elleMeHma €
6E/IUYUHOIO, W0 OOPIGHIOE BIOHOWEHHIO CEePEeOHbOI MACU MOJEKYIU NPUPOOHO20
i30moniunozo cxknady pewosunu 0o 1/12 macu amoma Kapoony °C. B.Mm.M. Jierko
o0uyucIUTH 32 GOPMYJIOI0 PEHOBUHU, HAPUKIIAL:

M, (H,S0,) = 2A (H)+ A (S) +4A (O) = 2-1,008 + 32,06 + 415,999 = 98,072

[Topsim 3 ONMHWMISIMH MacH B XiMii BHKOPHUCTOBYIOTh TaKOX OIMHHIIIO
KUTBKOCTI PEYOBHHHU — MOJb. MOJIb — He KinbKicmb peuosuHu, uwi0 MIiCHUumb
CMIIbKU CMPYKMYPHUX OOUHUUDL (amomie, IOHI8, MONEKY1) CKIIbKU amomis
micmumocs 6 0,012kz izomony Kapoony ‘°C . 3Haroun macy ogHoro atoma KapOony
— 1,993-10*°x2 MOKHA BH3HAYUTH KibKicTh aToMiB (N, ) B 0,012kr ByrIerrio:

_0,012x2/ monw

p=——————=6,02-10 1/M01B
1,993-10 ke

N, - uucno Asozaopo, abo ctana ABoraapo.
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MoJasipHa Maca — 00pi6HIOE GIOHOUWIEHHIO MACU PEUOBUHU 00 KilbKocmi
peuosunu. i mo3HavaroTh Jiteporo M, a ii po3MipHICTb &/Mob. MoJIpHY Macy
PEYOBMHU MOKHAa OOYMCIIUTH, BCTAHOBUBIIM Macy MoJiekyiau. Tak, sKio maca

MOJICKYJTH KapOOHATHOT KUCIIOTH JOPiBHIOE 10,3288-10*°x2, TO MOJIIpPHA Maca:
M (H ,CO,) =10,3288-10*°(x2) - 6,02 -10%*(1/ mow) = 0,0621 72/ mons ~ 622 | monw

2. OcHOBHI 3aK0HM XiMii

2.1. 3akon 30epexkeHHsI Macu pedoBMHM Biakputuid M.B.JlomoHocoBuMm
B1848 pomi. @opmymnioBaHHS 3akoHy: Maca 6uxionux peuosun O00pieHIOE Mmaci
npodykmie peakuii. 3aKOH 30€peKEHHS MacH PEYOBUH € OCHOBHHMM 3aKOHOM XiMii.

BiH CTaHOBHUTH OCHOBY BCIX XIMIYHUX PEAKIIIH.

2.2. 3akoH crajocTi ckjaaay BiakpuB (panmyspkuit BueHuit XK. Ilpycr
B1797 poui. ®opmyntoBanHs 3akoHy: Kosrcna uucma pewosuna mae nocmiitnuil
AKICHUU | KIIbKICHUI CK1A0 He3aNeHCHO 6i0 cnocoodis 11020 oodeprcannusn. Takum
YUHOM, SIKUM O CIOCOOOM HE OJiep Kaii BOJY: TIPU B3a€MO/IIi BOJIHIO 1 KHUCHIO, B
peakilii HehTpanizailii, ii MOJEKyIa 3aBXKIW Ma€ MOCTIMHUHN SIKICHUN Ta KUIbKICHUI

CKJIaI.

2.3. 3aK0oH KpaTHUX BixHomeHb. [leli 3akoH Bigkputwii y 1803 pormi gaib
TOHOM. POPMYIIOETHCS BIH HACTYITHUM YUHOM: AKuwio 0ea enemenmu ymeopowms
MidC €00010 OeKinbKa XIMIYHUX CHOJYK, MO MAcu O0O0OHO20 ejleMeHmad, AKi
npunaoaroms HA HEBHY MAcy IHWLO20 el1eMeHma GIOHOCAMbCA MINC C00010 AK
neeenuxi yini yucna. Hanpuknan, Hitporen yTBoproe Kijbka okcuiB: N,O, ne Ha
28par.u. N mpunanae 16sar. 4. O , NO (14Bar.u. N i 16Bar O), N,O, (28 Bar.u. N 1
48Bar O), NO, (14Bar.u. N i1 32Bar O), N,O, (28 Bar.u. N 1 80Bar O), abo 1e
nopisuoe 0,57:1,14:1,71:2,28:2,85=1:2:3:4:5.

Opanmy3pkuii BueHuit K.I'eit — Jlroccak, BHBYArOYM XIMIUHI PEAKIlli MiXK
ra3onojiOHMMHU pPEYOBHMHAMH, 3BEpPHYB YyBary Ha CIIBBIJIHOIIEHHS 00’€MIB
pearyrouux peyoBUH Ta Ta30moAiOHUX MpoayKTiB peakilii. Hum Oyno BCTaHOBJIEHO,

mo 17 XJ0py MOBHICTIO BCTYIA€E B PEAKINIO 3 171 BOAHIO 3 YTBOPEHHSM 211 XJIOPUAY
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rigporeny. Ili mocmimui gani ['eit — Jlroccak oOTpyHTYBaB B 3aKOHi 00’€MHHX
cniBBigHOMIEHb. 00°’ecmu peazyrouux 2a30n00i0HUX PpPEeYOGUH CRIBBIOHOCAMbCA
MidC c00010 © 00 00°cmie ymeopeHux 2a30n00iOHUX peYyoBUH, AK HEBENUKI Wini
yucna. J1ns MOSICHEHHSI LILOTO 3aKOHY OyJi0 3p00JEHO MPUIYIICHHS, IO B PIBHUX
00’emax pi3HHX rasiB (O,,N,F,,H,) 32 0THAKOBUX YMOB MICTUTHCS OJJHAKOBE UHCIIO

aTOMIB.

2.4. Tlepmri KUTBbKICHI JOCHIPKEHHS XIMIYHUX IEPETBOPEHb MOKA3aJIU,II0
PEUYOBMHHU pearyiTh MIXK CcO00I0 B IEBHMX MAaCOBUX CIIBBIIHOIIEHHSAX. byno
BBEJICHO MOHATTS «CKBIBAJICHT» JJISI XapaKTCPUCTUKH MACOBUX KITBKOCTEH PEYOBHH,
IO CIIOJYYaloThCs OJ[HA 3 OJIHOIO 0€3 3aIUIIIKY.

XiMiYHUH eKBIBAJIEHT eJIEMEHTA — Ue MmaKa 1oz0 Macoea KilbKicmo, AKa
cnoayyaemoca 3 1,008macoe60i wacmku 600H10 a00 3 8M.4. KUCHIO aDO 3amingye yi
Kinokocmi 600HI0 uu KucHio 6 ix cnonykax. Hampukian, B crnonykax HCI, NHj
ekBiBaJeHT Xiopy JaopiBHIOe 35,5r/monb, Hitporeny 4,37r/monb. IloHsaTTs mpo
€KBIBAJICHT MOIIUPIOETHCS HE TIILKU HA €JIEMEHT, a i Ha CKJIaJIHI PEYOBUHH.

3aK0H €KBIBAJCHTIB: XIMIYHI €JIEMEHTH 1 PEYOBHHH PEaryrTh MK COOOI0 B

KUIBKOCTSIX, IPOMOPLIIHUX iX €KBIBaJIEHTaM.

ExBiBaneHT OyJp — SIKOT peUOBUHU MOKHA OOYMCIIUTH, 3HAIOUH 11 aTOMHY a00
MOJIEKYJISIpHY Macy. Tak €KBIBaJE€HT MPOCTOi PEYOBMHU BHU3HAUAIOTh, BUXOIAYHU 3

JIAHUX TIPOJI aTOMHY Macy A Ta BaJE€HTHICTh ejeMeHTa B:

E=—
B

A eKBIBAJIEHT €lIEMEHTA B CKIAHIA crionmyni A B, BM3HAYarOTh 32 (POPMYIIO0

M

E=—,
nB

ne M — MonekynspHa Maca pPEYOBHMHHM, N — KIJIBKICTh aTOMIB B CHOJyLl, B —

BAJICHTHICTH aTOMa.

17



OTxe, €eKBIBAJIEHT — 3MIHHA BEJIMYKMHA 1 3aJIC)KUTH BlJl BAJICHTHOCTI €JIE€MEHTA
B cnonyui. Hanpuknan, exkBiBaneHT cipku B H,S Ta SO, BIANOBIIHO JOPIBHIOE:

32/2=16r/mo1mb Ta 32/4=8r/M0b.

e Jlnsg BU3HAYCHHS MOJISIPHOI MacH €KBIBJICHTa KHUCIOTH HEOOXiTHO
PO3IUTHATH 1i MOJIIPHY Macy Ha OCHOBHICTb KHUCIIOTH, T.0 :Ha KUTbKICTb
atomiB ['igporeny. Hampuknan:

M, (H,PO,) = M (HsPO.)
3
e Jlns BU3HAYEHHS MOJSPHOI MacH €KBIBaJE€HTa OCHOBU HEOOXIJTHO
PO3IUIUTHU i MOJISIPHY Macy Ha KHUCJIOTHITh OCHOBH, T.0 :Ha KUIBKICTb
riagpokcorpyn OH™ Hanpuxma:

M (Ca(OH

M, (Ca(oH),) = C2DH):)

e Jlnsg BU3HAUEHHS MOJISIPHOI Mach €KBIBaJEHTa COJl HEOOXIJTHO
PO3AUIUTH 11 MOJISIPHY Macy Ha JOOYTOK 4YKCIlia aTOMIB 1 BaJICHTHICTb
Metairy. Hampuknan:

M (Al, (S0,))
2-3

Me(Alz(SO4)3) =

2.5. Iramiicbkuii BueHuit (izuk A. ABoraapo 3poOMB [y)K€ BaXKIJIMBE
JIOTIOBHEHHS 10 I[i€1 aTOMICTUYHOI Teopii. BiH BOauaB MOHATTS MPO MOJEKYIY SIK TIPO
HaWMEHIIy YaCTUHKY PEYOBMHHM, 3/IaTHY caMmocCTiiiHO icHyBatu. B 1811 pori BiH
BUCYHYB HACTYIHY Tinotesy: B pienux o06’cmax pi3nux 2azie npu 00HAKOBUX
ymoeax (mucky i memnepamypi) MiCmMUmMbCca 00HAKOBE YUCTI0 MOJIEKYIL.

OT1xe, HACHIAKH i3 3aKOHY ABOrajpo:

IMepmmii Hachainok: 3a HopmanvHux ymoe Imone piznux cazie 3aimac
00°em, wio oopientoe 22,41 (monapuuil, 2pam-moaeKyaapHuil, MOabHUIL 00°€m).

Apyruii Hacainok: Yucno monexkyn, wo micmamvca 6 O0OHIN 2pam-
Monekyni 6y0s-aKoi pewosunu dopisnioe 6,02-10%.

Ha ocHoBI 3aK0HY ABOrajipo Ta HaCHiAKIB 3 HbOIO BU3HAYAIOTh MOJIEKYJISPHI
MacH Ta30noAiOHUX pevyoBUH.BiIHOIIIEHHS Mac OJIHAKOBUX 00’€MIB Ta3iB JOPIBHIOE

BiI[HOHIeHHI-O X MOJEAPHUX MaAcC:
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JIe m,,m, - MacH MIeBHOT'O 00’ €My TIEPIIIOTO Ta JPYTOro Tas3iB;
M,,M, - MOJISIpHI MacH BIJITTOBITHO MEPIIOTO Ta APYroro rasis.

BigHomenHss mac oJHaKOBHX OO0 ’€MIB JBOX PI3HMX Ta3iB Ha3MBAETHCS

BITHOCHOIO TYCTHHOIO MEPIIOTo a3y 3a APYTUM 1 MO3HAYAETHCS JIITeporo D:

Yacto TrycTHHY rasy BH3HAYalOTh BIJTHOCHO HAWJIETIIOrO0 Ta3y — BOJHIO,
MOJISIPHa Maca SIKOro MpUOJU3HO JOpiBHIOE 2r/mMoiib. B pesynbraTi oOuMciieHb
MOJISIPHa Maca PEYOBHMHHU B Tra3omnoJlIOHOMY CTaHI JOPIBHIOE MOJBOEHIN TYCTHHI 32
BOJIHEM:

M =2D,,

OT1xe, BU3HAYEHHS MOJIEKYJIIPHUX Mac 3a 3aKOHOM ABOTaJpo 3BOJUTHCS 10
BCTAHOBJIEHHSI BIJJHOCHOI I'YCTHHHM PEYOBUHU B Ta30M0II0HOMY CTaHI.

MosekyasipHy Macy MOXHA TaKOX OOYMCIIUTH, BUXOJSAYU 3 PIBHAHHS CTaHy

rasy:
PVo _ PV
T, T
ne p,,V,,T, - BIANOBIAHO THUCK, 00’€M 1 Temmeparypa 3a HOPMaJbHUX YMOB

(p, =101,3«71a, T, = 273K).

PiBHSIHHSI CTaHy ra3y Juisi OTHOTO MOJIb PEYOBHHU Ma€ BUTIIAL pv = RT . SIKmio
BiJloMa Maca abo KUIBKICTh Tra3y, a TMOTpIOHO OOYMCIUTH HOoro o00’em,
BUKOPHUCTOBYIOTh PiBHAHHS MenneneeBa — Knaneiipona:

pv:%RT abo pv=nRT,

JIe N-4UCIIO MOJIb Ta3y;
m-maca rasy (r);
M-monsipua Maca rasy (I/Moib);

R-yniBepcanbHa rasopa craia, R=8,31Jx/mons K.
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3anuTaHHsa JJId CAMOKOHTPOJIIO

1. Slxkumu OAMHULIAMU TPUMHATO BUMIPIOBATH aTOMHY Ta MOJIEKYJIIpHY Macy?
2. Illo Take KUIBKICTh peYOBUHHU? B SKUX OJMHHULISLX BUPAKAIOThH 1[I0 BEIIUYUHY?
SIK KUTBKICTh PEUOBMHU OB’ 13aHA 3 IHITUMH BEIMYNHAMU?
3. TlosicHITH YUM XIMIYHUHN €JIEMEHT BIAPI3HIETHCA BiJl IPOCTOI PEUOBUHHU.
4. Yuwm BIIPI3HIAETHCA HaIpocTima GopMysia peYOBHUHH BiJl MOJIEKYJISIPHOI, Ta Ha
OCHOBI SIKUX JTOCJIPKEHb BCTAHOBIIIOIOTH 111 (hopmyn?
5. Uu MokHaA BIIHOILIICHHS Mac JBOX CIOJIYK 3aMIHUTH BIJHOIIEHHSAM iXHIX Bar?
BianoBias oO0rpyHTYHTE.
6. SIxi po3paxyHKH MOKHA BUKOHATH , 3HAIOUU POPMYITY XIMIYHOI CIIOTYKHU?
7. lllo Take XIMIYHMM eKkBiBajeHT? YW 3aBXKIM EKBIBAJICHTH €JIEMCHTIB Ta
XIMIYHUX CIOJYK € CTAIMMHU BeJIMYMHAMU ?
8. SIx mepeiTH BiA T'yCTHHU T'a3y 3a BOAHEM JI0 T'YCTHUHU Ta3y 3a NOBITPSIM?
IInTaHHs IS NHCbMOBOI0 BUKOHAHHS
1. CKiIbKE MOJIEKYI € B Ta3i 06’ emom 22,4M° 32 H.y.?
2. Slka kinbkicth okcuay kynpymy (II) € y 120r #ioro macu?
3. CKinbKH aTOMiB MICTUTBCS B SMOJIsX pochopy?
4. Busnaure 00’em okcuay Cynshypy(IV) macoro 16r (H.y.).
5. BinHOCHA rycTuHa XJOpy 3a HOBITPSIM JT0piBHIOE 2,448. Po3paxyiiTe MOJIApHY
Macy xJiopy.
6. O6uucnite mMonsipHy Mmacy ekBiBajieHty AlI(OH); ta H,SO, 3a piBHSHHIMHU
peaKIIiii:
Al(OH); + 3HCI — AICI; + 3H,0;
Al(OH); + HCI —» AI(OH),CI + H,0;
KOH + H,SO, - KHSO, + H,0
7. Po3paxyiiTe eKBIBaJIEHT MeTaly, SKIIO B HOro OKCHAI MacoBa YacTKa

Oxkcureny cknanae 60%.

ExcnepyMMeHTAJIbLHA YACTHHA

Jocnio Nel. Bazoee eusnauenna moaapnoi macu exsieanenma Mazuiro

20



Cyth 1poro cmocoOy TmoJisiTa€ B TOMY, IO BIABaXKEHY KUIBKICTh METalTy
NEPETBOPIOIOTH B HITPAT, KU MOTIM 3a JOMOMOTOI0 MPOKapIOBAHHS MEPEBOIATH B
okcua. Pi3HUI MK Macoi OKCHIy Ta MAacorw MeTaly Ja€ Macy CIOJIYYeHOTro 3
MeTanioM OKCHUCeHy.

Hexaii Bi3bMeMO «a» TpamiB MeTany i modymemo «b» rpamiB okcuay. Toxmi Ha
omuH rpam OkcuceHy mpunanae «a/b-a» rpamie merany. ExBiBajgeHT metany Oyne

JIOPIBHIOBATH

8a
E =
Me b—a

3Baxte 3 TouHicTIO 10 0,011 "yncty, cyxuit hapdopoBuii Turenb eMHicTio 10mt.
[ToknagiTe B HBOTO JEKIJIbKA CTPYKOK MarHito 1 3HOBY 3BaXTe. PI3HUII MIXK NEpIIUM
Ta JAPYTUM 3BaXYBAaHHSIM JlacTb Macy MeTajJiyHoro MarHito. HaBakka MarHiro
noBuHHa Oytn B Mexax 0,05+0,06r. [lyxe o0epexHO, HEBETUKHMMH MOPLISIMH,
YHUKaO4YH OypXJWBOI peakilii, ska MO)Xe MPHUBECTH JO BTPATH PEUYOBHHH TIPU
pO3OpUCKYBaHHI, IOfaiiTe 10 MeTaly HiTpaTHY KHCioty (p=1,2r/cM’) mopisMu.
JlomaBaHHS KUCIOTH MPUITMHUATH TiJIBKH TOJI, KOJIU BECh METaJl TIEpEi/ie B PO3UHH.

MarHiii pearye 3 HITPaTHOI KHCJIOTOO 32 CXEMOIO:

Mg + HNO, — Mg(NO;), + NH,NO, + H,0 (1)

JloOyTuii po3urH O0OEpekHO MpoxkapTe (Ha CyX0) Ha Ta30BOMY MaJIbHUKY.
TBepauii 3aMIIOK, IO YTBOPHBCS, MPOXKAPTE JOTH, MTOKA TEPECTaHE BUIIIATHCS
o1mmii qum. [Tpu mposkaproBaHH1 BiI0OyBaIOThCS TaKl PEaKIlii:

NH,NO, — N,O + H,0 (2)
Mg(NO,;) — MgO +N,0+H,0 (3)

Turenp 3 3aJUIIKOM BiJl TTPOKAPIOBAHHS TICJIs HEBEJIIMKOTO OXOJIO/DKCHHS Ha
MOBITPI1, IEPEHECITh B €KCUKATOP 1 TAT€ OCTUTHYTH 0 KIMHATHOI TeMIiepaTypu (He
MeHie 10xB) Ta 3BaxTe.

PesynbTaTi AOCII Yy 3aMUIIITh TAKUM YHHOM:

m;- Maca TUTJI, T;

M,- Maca TUTJIA 3 MarHieM,rT;

a— Macca MarHiro, T, (& = M, — my);

M3 — Maca TUTJIS 3 3AJTUIITKOM TTiCTIst IPOKAPIOBAHHSI, T;
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b — mMaca okcuay marsito, T, (b = m; —my)

VYpisusiite piBHSHHS (1,2,3) METOIOM €IEKTPOHHOTO OaJIaHCY.

OOUHuCHITh TEOPETHYHY Ta EKCIEPUMEHTAIbHY MOJIIPHY Macy €KBiBaJICHTY
MmarHiro. Po3paxyiiTe aOcomoTHY Ta BITHOCHY TOXMOKU BU3HAYCHHS.

TeopeTnuna MoJsipHa Maca €KBIBaJICHTa €JIEMEHTa BU3HAYAETHCS 32 (HOPMYIIOIO:

e

M
M, = Br,F/MOJ'IL,

e M, - MOJIsipHa Maca €JIeMeHTa, I/MOJIb;

B — BaJICHTHICTH €JIEMEHTA
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Jlabopamopna poooma Ne3
Tema: Knacu neopzaniunux cnoyk
Meta: O3naiiomumuca 3 XiMIYHUMU  GIACHMUBOCHIAMU  O0C€AKUX  KIACI8
Heop2aHiuHuXxX CnoJIyK

TeopeTHYHA YACTUHA

Bci HeopraniuHi pedyOBHMHHU TMOJUISIOTBCS Ha TpocTi Ta ckiaadi. IIpocti
PEYOBHHHM CKJIAAAIOTHCS 3 ATOMIB OJHOTO 1 TOTO X XimMigHOTO enemenTa: Oy, Hy, P, S,
Ni, Cu i moxinstiroThesi Ha MeTanu Ta HemeTanu. CKJIaaHI CIOJYKH MICTATH JBa i
Oulbllle KOMIOHEHTIB. 3a (YHKI[IOHAIbHUMHM O3HAaKaMH CKJIQJHI CIOJYKH
MOAUISIIOTHCS. HA OKCUJIU, T1JIPOKCUIU, COJIL.

1. Okenam — 11e GiHApHI CMOJIYKH, OCHOBHUM CKJIQJIOBUM €JIEMEHTOM SKHUX €
OkcureH 13 CTYNEHEM OKHCHEHHS -2. 3a XIMIYHUMH BJIACTUBOCTSMH OKCHJIU
MOJUIAIOTh Ha HECOJIETBOPHI, T.0., sIKI HE MOXYTb yTBOPIOBAaTH COJi, 1 COJIETBOPHI.
o neconerBopHux okcuaiB Hanexkarb NO, CO, N,O. Jlo conmeTBopHHUX HajeKaThb
OKCHJH, SIKI IT1JT Yac BIAMOBIJHUX MNEPETBOPEHD 3/1aTHI YTBOpIoBaTH coji. ConeTBOopHI
OKCH/JIU TTOJISIOTHCS Ha OCHOBHI, rijipatu akux € ocHoBamu (Na,O, BaO, MnO, CrO,
FeO); kucinoTHi, TiApaTH SKUX yTBOPIOIOTH KHCIOTH, TOMY iX YacTO Ha3WBalOTh
aarigpugamu (N,Osz, CO,, CrOs, FeOs); amdoTepHi, SKUM BiIMOBIIA0Th aM(pOTEpHi
rigpokcuan (ZnO, Cr,03, AlLO3).

Cnocobu 00epiHcanHsa OKCUois:.

< OKHMCHEHHS CJICMCHTIB
S+0,— SO,
4Fe + 30; — 2Fe,03
4 TepMIYHUI PO3KJIa] OCHOB, KHCJIOT, COJICH
Ca(OH), —t0>CaO + H,0
H,S0; - SO, + H,0
MgCO; 5 MgO + CO,
2Ph(NOs), —»2PbO + 4NO, + O,
4 OKHCHEHHS HEMETAJIB Ta METAJIIB KUCIOTAMH — OKHCHHUKAMM
C + 4HNO;3(,) — CO;, + 4NO, + 2H,0
Cu + 2H,S044— CuSO,4 + SO, + 2H,0
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Bracmueocmi oxcuois:

< B3aeMoJ1ist OCHOBHHX Ta KHUCJIIOTHHX OKCHJIIB 3 BOJIOIO
Ca0 + H,0O — Ca(OH);
SO, + H,0 — H,S04
¢ B3aemomisi OCHOBHHX OKCHIIB 3 KHCIOTHAMH Ta aM(OTECpHUMHU
OKCHUJIaMU, 3 KUCIIOTaMH1
Ca0 + SIO, — CaSiO3
Ca0O + BeO — CaBeO,
CaO0 + 2HCI — CacCl, + H,0
< Bzaemomis amMQpOTepHUX OKCHJIIB 3 KHCIOTHHMH Ta OCHOBHUMH
OKCHJIaMHU
Al,O3 + SiO; — Al,(SiO3);
Al,O3 + Na,O — NaAlO,
<4 B3aemoist aM(pOoTEpHUX OKCUJIIB 3 KUCIOTAMH Ta JIyTaMH
Al,O3 + 3H,SO, — Al(SOy); + 3H,0
Al,O3 + 2NaOH — 2NaAlO; + H,0

2. igpokeuam — 1e mpoayKTu mpsiMoi abo HempsMoi B3a€MOJii OKCHMAIB 3

BOZO10. ['1IpOKCUIM TOAUIAIOTHCS HAa OCHOBHI (OCHOBH), KHUCIOTHI (KHUCIOTH) Ta
am(oTtepHi (amPoiTh).

OcHoeu — CKJIaJIHI PEYOBUHHU, SIK1 CKIIAJIAl0ThCS 3 KaTiIOHY MeTaly abo KaTiOHY
NH," Ta rimpokcun — iony (OH_). 3aranbHa ¢dopmyna ocHoB Me(OH),, ne n —

BAJICHTHICTh METAITY.

OcCHOBU TOAUISAIOTHCS HA pO3UMHHI y Boi (1yru) Ta Hepo3uuHHi. JIyru: NaOH,
KOH, RbOH.

3a KUIBKICTIO T1IPOKCHUJ — 10HIB (OHi) OCHOBH TOJIUISIOTh HAa OJHOKHCIIOTHI
(NaOH, KOH, RbOH) ta 6ararokucnotai (Ca(OH),, Fe(OH),, Mn(OH)5).

Cnocobu 00epiHcarnHsa OCHO8

< Bsaemomisi OCHOBHUX OKCHJIIB 3 BOJIOKO
BaO + H,0 — Ba(OH)z
< BsaeMo/is aKTUBHUX METAIIB 3 BOIOKO
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2Na + 2H,0 — 2NaOH + H,
< B3aemopist pO3UUHIB COJIeH 3 JIyraMu
MgCl, + NaOH — Mg(OH),| + NaCl

Bracmusocmi oCHOS:

< B3aemopist 3 KHCIIOTHUMH Ta aM(QOTEPHUME OKCUIAMHU
2NaOH + CO, — Na,CO; + H,0
2NaOH + ZnO — Na,Zn0O, + H,0
<4 B3aemogis 3 KHCIOTaMU
Ca(OH), + HCI — CaCl, + H,0
< Bsaemomist 3 aM(pOTEpHUMH T1IPOKCUTAMH
KOH + Al(OH); — K[AI(OH),]
< Bsaemonis 3 coxsaMu

2KOH + CUSO4 — CH(OH)zl =+ K2804

Kucnomu - c CIIOJIYKH, SIK1 CKJIaJar0OThCA 3 aTOMIB FinOFCHy Ta KUCJIIOTHOI'O

3IIULIKY .

3a BMicToM OKCHreHy KHCJIOTH TOAUIAOThCA Ha okcureHoBmicHi (HNOg,

H,S0,) Ta 6e3okcurenosmicui (HCI, HJ, H,S, HCN).

3a KiIbKicTIO aToMiB ['iiporeHy KMCI0TH MoAUIIoThes Ha ogHoocHoBHI (HCI,

HNO,, HNO;) ta 6araroocuosni (H,SO,4, HPOy).

3a CHJIOK0 KUCIIOTH MOoAUIAI0Th Ha Tpu rpynH: cuiibHI (HNO3, HySO,4, HCIOy,,

HJ, HBr, HCI Tomo), cepenni (HsPO, H,SOs, Ta inmi) i cmabki (HsBOs HNO,,

H,COs, HCN, H,S Tomo).

3a OKMCHIOBAJILHOIO 31aTHICTIO KHUCJIOTH ITOAUIAIOTHCS HA KUCIIOTA — OKUCHUKHU

(HNOj3, H2SO4omn), HCIO3, HCIO,, HCIO, HCIO4 o)) Ta KNCIOTH — HEOKUCHUKH

(H2804(p036), HC|O4(pO36.), HJ, HBr, HCl, H3PO4)

CucremMaTnyHi Ha3BU HAUTIOMIUPEHIIITNX KUCJIOT:
HCI - XJIOpHTHA
HNO; — HiTpaTHa
HNO, — nitpuTHa
H,SO,— cynbdarna
H,SO; — cynbditHa
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HPO; — wmaradocdarna
H;PO,— optodocdarna
HsPO3; — optodocditha
H,CO; — kapOonaTHa
HCIO — rimoxmnoputHa
HCIO, — xnoputHa
HCIO; — xnoparHa
HCIO, - mnepxmopaTtHa
H,CrO, — xpomartHa
H,Cr,0; — muxpomaTtHa

Cnocobu 00epaHcanHi KUCIom

% B3aeMoist KHCJIOTHOTO OKCHITY 3 BOJIOIO
SO; + H,O — H,S0,
< B3aemojis HeMeTally 3 BOAHEM
Cl, + H, —» 2HCI
< OKHMCHEHHSI HEMETaJliB KHCJIOTaMH — OKHCHUKAMHU
3P + 5HNO; + 2H,0 — 3H3P0O, + 5NO
< B3aemomist coi 3 KUCIOTO
Na,SiO; + 2HCI — H,SiO3| + 2NaCl

Brnacmueocmi kuciom:.

< B3aemojist 3 OCHOBHUMH OKCHIaMU, OCHOBaMHU
CaO + 2HCIl — CaCl; + H,0
Ca(OH), + 2HCI — CaCl, + 2H,0
< Bzaemomist 3 cosIMu
NaCl + H,SO, — Na,SO, + HCIt
< BzaeMomis 3 MeTajaMu Ta HEMETaJIaMU
Mg + H;SO4p) — MgSO, + Hy?
4Mg + 10HNO;(,) — 4Mg(NO;), + NH4NO; + 3H,0
2P + 5H,S04() — 2H;PO, + 550, + 2H,0
Amepomepni 2iopoxcuou - 1€ Taki TIAPOKCHUIHM, SIKI B 3aJIEKHOCTI BIJlT YMOB
3/1aTHI1 B3a€EMOJIISITH SIK OCHOBH 1 SIK KMCIOTH. AMGBOTEPHI T1IPOKCUIN BIAMOBIAAIOTH
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amporepaum okcugam: Zn(OH),, AI(OH);, Cr(OH);, Be(OH), i € HEpO3YHHHUMH Y
Bo/1. OfepKyIOTh MPU B3a€MOIii BIAMIOBIHOI COJIi 3 PO3UNHOM JIYTY:
BeCl, + 2NaOH — Be(OH),| + 2NacCl
B3aemomiroTh 3 KHCIIOTaMHU 1 OCHOBaMH:
Be(OH), + 2HCI — BeCl, + 2H,0
Be(OH), + 2NaOH — Na,[Be(OH),4]

3. Cogi — 1me TPOAYKTH TMMOBHOTO ab0 YaCTKOBOTO 3aMIIICHHS aTOMIB
['inporeHy B KMCIOTaxX Ha aTOMH METAIIB a00 SIK MPOAYKTH TOBHOTO 200 4aCTKOBOIO
3aMIIIEHHS TiAPOKCHJ — 10HIB B OCHOBaX Ha KHUCIOTHI 3aJUIIKU. PO3pi3HSAIOTH
cepe/Hi, KUCIi, OCHOBHI, MO/BIMHI, Miltadi coni. Ha3Ba coneil ckiiagaeTbesi 3 Ha3BU
KHUCIJIOTHOTO 3QJIMIIKY Ta HA3BU METaYy.

Cepeoni coni - 1€ TPOJYKTH MTOBHOTO 3aMiIleHHs aToMiB ['11poreHy Ha aToMu
Metany B Mousekynax kKucioT (K,SOz; — cynmedit kamito, NagPO, — optodocdar
Hatpiro, NaCl — xiopun Hatpiro).

Cnocobu 00epicanHa cepeorix coell

4 Peakmi€ero HeHATpasizarii
2NaOH + H,SO, — Na,S0, + 2H,0;
< BzaeMomi€l0 OCHOBHMX a00 aM(pOTEpHUX OKCHIIB 3 KHCIOTHUMH
OKCHUIaMHU
3Ca0 + P,05 — Ca3(POy),;
Zn0 + Si0, — ZnSiO;
<% Bzaemomiero ocHOB a00 amM(pOTEpHUX TIAPOKCHIIB 3 KHUCIOTHUMH
OKCHUIaMHU
Ca(OH), + CO, — CaCOs; + H,0;
< BsaeMoi€r0 METATIB 3 KUCIOTAMHU
Fe + HySO4p) — FeSO4 + Hot;
Mg + 4HNO;;) — Mg(NOs3), + 2NO, + 2H,0
Kucni coni — 1e TpOAYKTH HEMOBHOTO 3aMillleHHS aTtoMiB [igporeHy B
mosiekynax 6araroocHoBHuX KucioT ( KHSO; — rigpocynedit xamiro, NaH,PO, —

nuriapodocdar Harpito, Na,HPO, - rinpodocdar Hatpito). B HazBax kucinux cosei
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BKa3yIOTh MpediKC riapo- Ta KIIbKICTh aTOMIB ['11poreHy, 1o BXOAUTh B KUCIOTHUIN

3aJIMIIOK.

Cnocobu 00epiHcanHa KUCIUX COlel

¢ Jlis HQIJIMIIKY KUCIIOTH Ha OCHOBY
Ca(OH); + 2H,SO41a1n) — Ca(HSO,), + 2H,0

< Jli€ero Ha CLJIb Ti€I0 % KUCJIOTOIO, 110 YTBOPEHA CiJIb
PbSO, + H,SO, — Pb(HSQO,),

Ocnoeni coni - 1€ TPOAYKTH HEIMOBHOIO 3aMIIICHHS TiJIPOKCHUJI-IOHIB B
0araToOKUCIOTHUX OCHOBAaX a00 B aM(OTEPHUX TIIPOKCUAAX HA KUCIOTHI 3aJIUIIKA
(AI(OH),Cl — nurinpokcoxnopun amominito, (CuOH),SO, — rigpokcocynbdar
Kynpymy). B Ha3Bax OCHOBHMX coJiell BKa3ylOTh Mpe]ikc TiIpOKCO- Ta KIJIbKICTh
T1JIPOKCO-10H1B, 110 3ATUIIUINCS B 3AIUIIKY OCHOBU 200 aM(OTEPHOTO T1APOKCUTY .

Cnocobu anpmcaHHﬂ OCHOBHUX coJlell

<% BzaeMoist KHCIIOTH 3 OCHOBOIO a00 aM(OTEpHUM TiAPOKCHIOM, IO € B
HaJTAIIKY
Al(OH)3 410 + 2HCI — AI(OH)CI; + 2H,0 abo
Al(OH)3a1) + HClI — AI(OH),CI + H,O
< Jlis HEMOCTATHROI KIJTLKOCTI OCHOBH Ha CIJIb
AICI; + NaOH — AI(OH)CI, + NaCl a6o
AICI; + 2NaOH — Al(OH),Cl + 2NaCl
IHoogitini coni — 11e MPOIYKTH 3aMillleHHsI aTOMiB ['1poreHy B MOJIEKyJax
kuciaot Ha atomu aBox MetaiiB ( KAI(SO,), — cynbdar kamiro amominiro, NaKSO, -
CyJb(dat HaTpito Kaito)

Cnocobu o0eparcauts noogiuHUX coeu

< B3aeMo/is IBOX OCHOB 3 KHUCJIOTOIO
KOH + NaOH + HZSO4 - NaKSO4 + 2H20

Bracmusocmi cepednix cone:

4 Bsaemozisg 3 0CHOBAMH, KUCIOTAMHA
CuSO, + 2NaOH — Cu(OH),| + Na,SO,
Na,SiO; + HCl — H,SiO; + NaCl

< Bsaemoist 3 consimu
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Na,SO, + B&CIQ - BaSO4l + 2NaCl
% B3aeMoist cOJIi MEHIIT aKTHBHOTO METay 3 OiJIbIII aKTUBHIUM METAJIOM
CuSO,4 + Fe — FeSO, + Cu

Bracmusocmi kucaux coneu:

¢ [lpu HarpiBaHHI 3/1aTHI PO3KJIAATHCS 3 YTBOPEHHIM CEPEIHIX COMEH
Ca(HCO;), — CaCO; + CO, + H,0

< B3aemomis 3 OCHOBaMH
NaHCO; + NaOH — Na,CO; + H,0

< B3aeMoais 3 OCHOBHUMH COJISIMU
Ca(HSQO,), + (CaOH),SO, — CaS0O, + H,0

Bracmusocmi ocrnosnux coneul.

< B3aemonisd 3 KUCIIOTaMU
Al(OH)CI;, + HCI — AICI; + H,0
< YTBOpPEHHS OKCOCOJICH MPH HArpiBaHHI

Bi(OH),Br — BiOBr + H,0

3anuTaHHA ISl CAMOKOHTPOJIIO

. SIK TOmINSAIOTH KHUCJIOTH 3a X OKHMCIIOBAJIHFHOKIO 3JIATHICTIO, 3a CKJIQJOM Ta 3a

CWJIOKO?

. JloBemiTh, 10 KUCII COJIl BUSBISIOTH ACSIKl BIACTHBOCTI KHUCIIOT, @ OCHOBHI COJI1 —

JIEAK]1 BJIACTUBOCT]1 OCHOB.
. Ilepeniuith cnocoOu 700yBaHHS MOABIMHUX Ta 3MIIIAHUX COJICH.

. Hanmumnite piBHSHHSA peakiiiii gecatu cnoco0iB 1o0yBanHs CuSOy..

IIncsmoBe AOMAaIIHE 3aBAaHHA

. Hapenits rpadiuni popmynu Ta Ha3BiTh Taki croayku: Al,Oz, N,Os, SiO,. Sxumu

crnoco6aMu MOKHa JOOYTH KOXKHY 3 IUX CIIOJIYK?

Hanmumiite Gopmynu okcupis, mo BianoBigawThk crnoiaykam: H,Cr,0;, H,CrO,,

HCIO, HNO3, H3BO:;.
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3. SIki 3 HaBeIEHWX  PEUYOBHH pEarylTh 3 XIJIOPUTHOK KHUCJIOTOK a SKi 3
rigpokcuaom Hatpiro: BaO, Al(OH);, H3PO,; NaHCO;? Hanwimite piBHSHHS
BI/IMOBITHUX PEAKIIii.

4. 3a 1omoOMOTOIO peaKIliii 3A1ICHITh MePETBOPEHHS:

S — SO; » Na,SO3 —» SO, —» SO; —» H,SO, -» NaHSO4 —Na,SO, — PbhSO,.

5. SIki 3 maBepenumx riapokcuaiB € amporepanmu: Mg(OH),, CsOH, Mn(OH),,
Pb(OH),, Co(OH),, Cr(OH)3? JloOyabsTe OAMH 13 HUX Ta OMHMILITH PEAKI[ISIMHU HOr0O
BJIACTUBOCTI.

6. JlomumiiTe piBHSAHHS peakiii, muadepitTb KoedimieHTH, Ha3BITh OJepKaHi
PEUYOBUHHU:

Mn,O; + KOH—;
Ba(HCO3), + Ba(OH), —;
CaOHCI + HCI —;

"CrCls + NaOH uanmmmon) —;
N,O; + NaOH —»

"BaCl, + Na,SO, —;

Cu + HNO;—;

*

- B MOJICKYJISIPHOMY Ta 10HHOMY BUTJISIII

Excnepumenmanvna wacmuna
Hocain 1. Qdeprcanna ma enracmueocmi okcuois.

1.13a paxyHOK B3aeMOAlli pO3YMHY Cyib(haTy KyNpymy 3 pPO3UHMHOM JIYTY
OJIEPKYIOTh B TIPOOIpIll OTakuTHUM ocan riapokcuny kynpymy (II). O6epexno
HarpiBalOTh 0CaJ, CIOCTEPIraroTh 3MIHY KOJbOpPY. 3alHCYIOTh BIAMOBIIHI
PIBHSIHHS PEaKITIH.

1.2 Kyco4ok kpeiiau, 3aTUCHYTUN B MIMMIISIX, TPOXKAPIOWTE HA MPOT31 5+6 XB. y
BEepXHINA AUISHII NanbHUKa. O0epekHO 3aHYPIOIOTh MPOKAPEHHUIM KYyCOUOK B
npoOipKy 3 BOAOK, B SIKy M00aBIEHO NEKUIbKAa Kpamenb (eHondraneiny.

3anucyroTh CIIOCTEPEIKEHHS Ta BIAMOBIAHI PIBHSIHHS PEaKIIiil.
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1.3 BHOCATH MO OJTHOMY MIKpOIITIATE0 OKCUAY IMHKY y JIB1 4KCTI poOipku. B
OJIHY JIOAAIOTh KUCJOTH, a B IPYTy — TaKui caMuil 00’€M KOHIIEHTPOBAHOTO
nyry. EnepriiiHo 300BTyioTh BMICT 000X MpoOIpoK.  3amucyroTh
CIIOCTEPEIKEHHS Ta BUCHOBKH.

Hocain 2. Qdeprcanna ma earacmugocmi 2iOpoKcuois.

B oany npoOipky HanuBarOTh PO3UYMH XJIOPUAY KaJbliio, B APYTY - XJOPUIY
xpomy (III), B Tpetto - mertacwmikar Hatpioo. [lo kpamisax B mepmly Ta ApYry
npoOIpKU J10AAI0Th PO3YUH JYTY, B TPETIO MPOOIPKY — PO3UYMH XJIOPUAHOI KUCIOTH
JI0 YTBOPEHHS 0ocaiiB. BiamiuatoTh 3a0apBICHHS PO3UYHMHIB Ta OCaIIB.

[TpoBOATH MO KOXKHHI Ocaay Ha JBl YACTHHHU. [0 MepIIoi YaCTHHU KOKHOTO
3 0CaJliB JOJAI0Th KUCIOTH, a B JIPYry — Jyry. BigMiuaioTh pO3UYMHHICTH OCAIiB.
Sxuii 3 HUX PO3YUHSIETHCS SK B JTy31 TaK 1 B KUCIOTI? 3po0iTh BiJIMOBITHI BUCHOBKH.

Hocain 3. Qoeprcanna ma enracmueocmi coeil.

3.1. Cepeonix. B nBox mpobOipkax TOCHTIKYIOTh JiI0 PO3YHMHIB CyIb(aTy HATPIrO
Ha XJIopuJ Oapiro Ta XJOPUAY Kalbllil0 Ha KapOOHAT HATpir0. 3amucyloTh
CIIOCTEPEXKEHHSI Ta BIANOBIJHI PIBHSAHHSA pEaKkliil y MOJIEKYJISIpHOMY Ta
10HHOMY BHUTJISII.

3.2. Kucnux. BHocaTh B mpOOIpKYy HEBENIMKY KUIBKICTh HACHMYEHOTO PO3YUHY
TIIPOKCUIY  Kalbllito, JOAAl0Th IO Kparwisix po30aBieHUM  PO3YUH
oprodochopHoi kucnotu. CrocrepiraloTb YTBOPEHHS Ocaxy Ta WOro KOJip.
JlitoTh Ha oOcaJa HAJIMIIKOM KHCJIOTH [0 HOT0 3HHUKHEHHS. 3amulliTh
BIJIMOBIJIHI PIBHSHHS peakiiiif, BpaxoByloud 110 OyJia oJep>KaHa KUCHa CLIb —
nuriapodocdaT KaabIliio.

3.3. Ocnosnux. Jlo po3uuny cynbdary kobanbty (II) momaroTe mo Kparisix
pO34HH TiApoKcuy HaTpito. CrocTepiraloTh yTBOPEHHS 0Caay Ta WOTO KOJIIp.
Ocan po3auisaoTh HaBmul. Jlo ONHIET YaCTMHM JONAIOTh PO3UYHMH JIYTY JOTH
JIOKU KOJIp Ocagy He 3MIHUTBCS, a JI0 APYroi — pO3YMH CyJb(aTHOI KUCIOTH
70 3HUKHEHHS ocany. SIKk 3MiHUBCA KoJip ocanxy? SIkoro koipopy HaOyB

po3unH? 3anuCyrOTh BIAMOBIIHI PIBHSIHHS peaKIliii Ta poOJISITh BUCHOBKHU.
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Jlabopamopna po6oma Ned
Tema: Ilepioouunuii 3axon i nepioouuna cucmema /l.I.Menoencesa. bByooesa
amoma. Ximiunuii 36'a30k. Byooea monexynu.
Mera: Cucmemamu3syeamu 3HAHHA NPO OCHOGHI NOHAMMA MA NONOHCEHHA
AMOMHO — MONEKYAAPHOT meopii, HAGUUMUCA CKIA0AmuU MOJEKYAAPHI,

e1eKmpOoHHi, CMPYKmypHi ma 2pagiuni popmynu Heop2anHiuHux cnoJyk.

TeopeTnuHa YacTHHA

1. DopMVYJIIOBAHHS NEPiOJHYHOI0 3aKOHY Ta CTPYKTYpa Nepioau4Hoi

cucremMu. OCHOBOIO JIJIs BUBYEHHS BJIACTUBOCTEN XIMIUHMX €JIEMEHTIB Ta iX CIOJIYK €
Biikputuid y 1869 poui JI.I.MenneneeBuM mneploAUYHUN 3aKOH Ta CTBOPEHA HUM
nepioJInyHa CUCTEMa €JIEMEHTIB.

Bigomi Ha Toit wac 63 enementu /I.I. MeHaeneeB po3TaniyBaB 3riHO 31
3pOCTaHHSAM iX aTOMHHMX Mac 1 CpOpMYJIIOBAB MEPiOAUYHMIA 3aKOH: 81aCMUBOCHII
XIMIYHUX  €/leMeHmi8, a MmMAaKoOMC 61ACMUBOCMI VYMEOPEHUX HUMU PEeYOGUH
nepebygaoms y nepioOudHiiu 3a1edCHOCMI 6i0 6eTUYUHU AMOMHUX MAC XIMIYHUX
eJleMeHmis.

CyuyacHe ¢opmyoBanHa mnepioanyHoro 3axkony /I.I.Menpeineesa:
B1ACMUBOCMI XIMIUHUX eleMeHmi8, a mMaKodc Gopmu ma 61acmueocmi CHOJYK
nepebysaoms y NepioOudHill 3a1eHCHOCMI 8i0 GelUYUHU 3apsady sA0pa ix amomis,
mo6mo 8i0 NOPAOKOB020 HOMEPA XIMIUHO20 eleMeHma 8 NepioOUYHIl CUcCmeMi.

Ilepionuuna cucrema JI.I.MeHaeneeBa — 1e rpadiuyHe BiToOpakeHHS
MEepPIOANYHOTO 3aKOHY, IO CKIIAIAETHCS 3 TIEPIOAIB Ta IPYIL.

CTpyKTypa nepiofu4Hoi cucTeMH

Ilepion — rOpu3OHTAIBHUN PsAJ XIMIYHUX E€JEMEHTIB, PO3MIMICHUNA 3a
3pOCTaHHSIM TIOPSAKOBOIO HOMEpa, SKUM TOYMHAETHCS 3 JIYXKHOTO MeTany 1
3aKIHYY€ThCS 1HEpPTHUM Ta3oM. € ciMm mepioxiB. llepmi Tpu wmami, ToMy IO
CKIIAAAI0ThCS 3 OJHOTO psiny, 1 [V — VI, — Benuki, CKIagar0ThCs 3 IBOX PSIIiB, ChOMUN

nepioJ1 He3aBePILICHUN.
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I'pyna — BepTUKanbHUN CTOBMYUK XIMIYHMX €JIEMEHTIB 3 MOJIIOHUMHU
XIMIYHUMH BIIACTUBOCTSMH Ta OJHAKOBOIO BHWINOI0 BAJICHTHICTIO, IO JOPIBHIOE
Homepy rpynu (kpim I, VIII rpyn no6iyHuX marpym).

['pyna noainseThCs HA MATPYNH: TOJIOBHY Ta MOOIYHY (Ba CTOBITYHKH).

TI'osoBHA miarpymna ckiIagaeThcs 3 XIMIYHUX €JIIEMEHTIB MajuX 1 BEITUKHX
nepioJiiB, TOOTO CTOBIMYMK MMOYMHAETHCS 3 CAMOTO BEPXY.

Ilobiuna miarpyma ckiaagaeTbCs 3 XIMIYHHUX €JIEMEHTIB JIMIIE BEITUKHX
nepioAiB (TOOTO CTOBIMUMK MOYMHAETHCS HIKYE, HK TOJIOBHA MIATPyIa).

BractuBOCTI €J1€MEHTIB TOJOBHUX 1 MOOIYHMX MIATPYN OJIHIEL Tpynu
BIJIPI3HSIOTECA. KOXeH XIMIYHMM eIeMEeHT 3aliMa€ KIITUHKY NeploJUYHOI CUCTEMH 1
PO HBOTO MOXKHA OTPUMATH HACTYIIHY 1H(OpPMAIIIIO:

CHUMBOJI XIMIYHOT'O

Hopsnkosnit nomep  ,_—1 15 / eJeMeHTa

XIMI9HOTO €JIeMEHTa /

P __—> Atomna maca (Ar)

. 5 30,97 |
Posznonin -
EIeKTPOHIB 32 8 %)OC%)OP —T1 > Ha3ga ximiunoro
PIBHSMH 2 3s Fp eJIeMEHTa
v

Po3znoain BaneHTHUX €EKTPOHIB
3a pIBHSMHU 1 TMAPIBHAMHU

2. _bynoBa aroma. ['mnbOokuii (i3WyHUNA 3MICT TEPIOAUYHOTO 3aKOHY

M1ITBEPIUJIO BUBUCHHS OYJIOBH aTOMa.

B 1911 poui E.Pe3epdopn BUBYaB MPOXOIKEHHS 0.-UACTUHOK Y€pe3 30JI0TY
dosbry 1 3amporoHyBaB IJIaHETApHY (SAEpHY) MOJENTh aToMa: B IIEHTP1 MaJICHbKE
MO3UTUBHE PO, & HABKOJIO 00EPTAIOTHCS €NEKTPOHM (SIK MIaHeTH HaBKoyo COHIIS).

B nisiomy aToM — eJleKTPOHEHTpPaJIbHMIA.

Tab6n. 1. XapakTepucTuka CKJIaJ0BUX YaCTHUH aToMa.

HasBa CumBon Maca 3apsan KinbkicTs B aTromi

I. EnextponHa 000JI0HKa aTomMa
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Enextpon e 1/1840 -1 Z- IOPSIKOBUN HOMEP
€JIEMEHTA, e PO3MINIYIOThCS Ha

PI3HUX BIJICTAHSIX Bif siapa —

PIBHSIX
II. Cxnan sanpa
[IpoToHn 'p 1 +1 z
Heiitpon ton 1 0 Ar —Zz (Ar — aroMHa Maca

XiIMIYHOT'O €JICMCHTA)

Anpo BuU3Hauae I1HAWBIAYAJIBHICTh XIMIYHOTO €JIEMEHTa, a CJICKTPOHHA
000JIOHKa — HOT0 XIMI4HI BJIACTHUBOCTI.

Poswmip stapa 10™ — 10 m, po3mip atoma 10™%m.

CyuacHi ysiBJIeHHA 1Ipo 0y10BYy aToMa

HaiiGinpmr Bpano enexkTpoHHY Oy/IOBYy aToMa MOKHA OIMCAaTH HAa OCHOBI
3aKOHIB 1 3aC001B KBAaHTOBOI (XBUJILOBO1) MEXaHIKH.

l'omoBHA 1i7esi KBAHTOBOI MEXaHIKM CTOCOBHO €JIGKTpOHa — 1€ HOTo
KOPIYCKYJISIPHO-XBWJIbOBA JIBOICTiCTb, TOOTO €JNEKTPOH — I MaTepiajbHa
YaCTUHKA, II0 Ma€ XBWIHOBUM XapakTep pyxy. MareMaTuuHo Iie BijoOpaxae
piBHsHHS 1€ bpoins:

A =h/m-v

YacTuHi 3 Maco M, MO PpyXxaeTbes 31 MIBUIAKICTIO V BIAMOBIAAE JOBXKHUHA
xBuwii A; h — crana [lnanka. B 1913 poui H.Bop, rpyHTyrOuYMCh Ha TOJOXCHHI
kBaHTOBOi Teopii [lnmanka, copMyitoBaB MOJOKEHHS CBO€I Teopii (MOCTyJaTH
Bopa):

e Enextponu 00epTaroThCsl HABKOJIO si/ipa MO MEBHUX KOJOBUX OpOITax, sKi

HA3MBAIOTh CTALlIOHAPHUMH.
e Ha cramionapniii opOiTi €IEeKTPOH HE BUIPOMIHIOE 1 HE TOTIHUHAE
EHEPTIo.
e BunpomiHioBaHHS (MOTJIMHAHHS) €HEprii BiI0YBAa€ThCS 1] Yac MEPEexXoay

3 O/IHI€] cTaIllOHapHOI OpOITH HA 1HITY.
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Enepris, sika Buainserscs (normuHaetses): AE = h-v = E, — Ey, ne v — yactora
BUIIPOMIHIOBaHHS.
B 1925p. B. I'eiizenOepr 3anponoHyBaB MPUHIMI HEBU3HAYEHOCTI, 3T1IHO 3
SKUM HE MO>KHA OJTHOYACHO BCTAHOBHTH MICII€3HAXOPKCHHS €JIEKTPOHA B IMPOCTOPI 1
HOTO MIBUAKICTh. TOMYy €JIEKTPOH MOYKHA YSBUTH y BUIISIAI XMapKH HETaTHBHO
3apsypKeHoi  matepii. YacTuHy HOpocTOpy HaBKOJO — sapa, J€  HMOBIPHICTH
3HAXOJIKEHHSI €JICKTPOHA MAaKCUMaJbHAa, HA3UBAIOTh €JIEKTPOHHOI0 OPOiTALIIO.

EjexTponna opbiTanb Moxke MaTH pisHy popmy:

CxeMatnyHO opOiTaib MO3HAYAIOTh, IK KOMIPKY,

3. KBantoBi unca. [IpaBujia 3anoBHEeHHS eJeKTPOHAMH aTtoMiB. B 1925

poui E.lllpeninrep 3ampomnonyBaB audepeHIliagbHe PIBHSHHS, 110 OMNHUCYE CTaH
€JIEKTPOHA B aTOMi, TOOTO MaTeMaTUYHUN onuc opoOiTaii. PO3B 30K bOTO pIBHSIHHS
MOKJIMBUI NpH NEBHUX 3HAYEHHSAX KOOPIMHAT €JIEKTPOHAa BIAHOCHO sijipa, sKi

HA3MBalOTh KBAHTOBUMH Ymcaamu (N, |, m).

Yucsi0Bi 3HaYeHHA TAa Pi3HYHMI 3MiCT KBAHTOBHMX YHCeJT

CykymHICTh ~ €JEKTPOHHHUX  opOiTtanedd, 1o  Hajuexarb  OJHOMY
eHepreTHYHOMY PiBHIO, YTBOPIOE CJIEKTPOHHUH Iap, SKOMY BiJIITOBi/JIa€ TOJIOBHE
KBAHTOBE YHUCJ0 N. N TOKa3ye 3amac €Heprii eJeKTpOoHa Ha PiBHI, BIANAJIEHICThH
eJeKTpoHa BiJ sapa. HaGyBae uucioBi 3HaueHHs: N =1, 2, 3, 4......,0.

PiBeHb ckIagaeThCs 3 MiAPiBHIB.

KinbkicTh migpiBHIB 10PiBHIOE HOMEPY PiBHSI.

[TinpiBeHr Mae 4YHCIOBE 3HAUYCHHS MOGIYHOr0 oOpdiTajabHOro umcaa |l.
[To6GiuHe (opOiTanbHe, a3MMyTalbHE KBAHTOBE YKCi0) | moka3ye 3amac enekTpoHa Ha
miapiBHi Ta opMy eleKTpoHHOT xMapu. Uuciosi 3nauenns | =0, 1, 2, 3, 4...... (n-1). |
= 0 — (s — migpiBens), | = 1 (p — migpiBenn), | = 2 (d — migpisens), | = 3 (f -
niapisenb). N =3, 1=0, 1, 2, To6TO S, P, d, TOOTO HA TPETHOMY PiBHI € TPH IiPIBHI.
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Koxxen migpiBeHb 3 kBaHTOBUM 4mciaoM | mictute (2 | + 1) enekrpoHHuX
opOiTajiel, Mo MarOTh KOXKHA CBOE 3HAYCHHS MATHITHOTO0 KBAaHTOBOrO 4ucia (M).
MarsniTHe KBaHTOBe 4mciio (M) BH3HAYA€ OPIEHTAINIO CIIEKTPOHHHUX OpOiTaneii y

IPOCTOpP1 Ha TAHOMY i/IPiBHI.

Yucnori 3HavueHsas: m = - |....0....+ |.
| =0, m =0 (ua S miapiBHi ogHa opbiTams) . [ ]
=1, m=-1,0,+1 (ua p migpiBHi 3 opOiTai) Px Pys Pz

I=2,m=-2,-1,0, +1, +2 (ua d miapiBui 5 opOiTaieii).

=3, m=-3,-2,-1,0, +1, +2, +3 (Ha omHOMY HiJpiBHI 7 opOiTascii)

Kpim TOTO, KOXKEH €JIEKTPOH Ma€ YUCJIOBE 3HAYCHHS CITIHOBOTO KBAaHTOBOTO
yucia S. CrmiHOBE KBAHTOBE YHWCIO S — XapaKTepHU3ye€ WOro BIIACHUM MarHiTHHMA
MoMeHT (cmiH). YuCIToBI 3HAYEHHs CIIIHOBOIO KBAHTOBOTO uucia S = +1/2, -1/2,

['padiune 300pakeHHs CriHA - CTPLIKA | .

IIpaBuiia 3anoBHeHHs opOiTaJieil eJIeKTPOHAMM

1. YeproBicTh 3a1IOBHEHHS — NPUHIUITA HAIMEHIIIO] eHeprii.
3a mpaBwioMm KiieukoBCHKOro 3i 30UIBIICHHSM MOPSAKOBOIO HOMEpa aToma
3alIOBHEHHS €JEKTPOHHHUX opOiTaiiell BiAOyBaeTbca BiJ opOiTajell 3 MEHLIOH
cymoro (n+l) mo opGirtaneit 3 Oiabimo0 cymoro (N+l), a 3a ogHAKOBHX 3HAYCHB
(n+l) 3amoBHIOETBCS CMOYATKy OpOiTadh 3 MEHIIUM 3HadyeHHsM N. Cyma n+l
XapaKTepU3ye 3arajbHy €HEeprito eIeKTpOHa Ha opOiTalll.

2. Hpunnun Ilaynai: B atomi He Moxe OyTH HaBITh JBOX E€JIEKTPOHIB 13 YOTHpMa
OJTHAKOBUMH KBAaHTOBHUMH UM CIIAMH.
3rimno 3 mpuHiunoMm Ilaymi Ha koxHIN opOitani (TOOTO B KOMIpI) HE MOXKE

nepeOyBaTu OiIblle, HIXK BA €JEKTPOHU 3 MPOTHIICKHUMHU CIIIHAMH.

- BakaHTHa opOiTaib,

vl | - cmapeni enekTpoHu,

- HEeCIMapeHUui eIeKTPOH.
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MakcHMAIbHA KiTBKICTh eJ1eKTPOHiB Ha migpiBHsax: s°p°d
3. MpaBuio I'ynaa: po3noia eIeKTPOHIB y MeXaxX OJHOTO MiJIPiBHS BIIOYBa€ThCs
TaKUM YMHOM, 1110 3HAYSHHSI CyMapHOT'O CITiHa MaKCUMaJlbHe.
To6To enekTpoHH 3aiiMarOTh HaWOUIbIIE YKCIO KOMIPOK 3 OJHAKOBUM
CHIHOM, a TOTIM J00YyIOBYIOTh MiJIPIBEHb EJIEKTPOHH 3 MPOTHIICKHHUM CIIIHOM.
3Har0uM NOPAJIOK 3allOBHEHHS PIBHIB Ta MiAPIBHIB aTOMa €JIEKTPOHAMM, 3aMUCYIOTh

SJICKTPOHHI (pOpMYIIH XIMIYHUX €JIEMEHTIB.

IopsaAioK HANIMCAHHA €JIEKTPOHHUX (POPMY.I:

1s — 25 — 2p—35—3p—4s—3d—4p—55—4d—5p—65—5d'—

41 507 S 6p ...

3B’A30K eJIeKTPOHHOI (GOpPMYJIH XiMIiYHOTO eJIeMEeHTa 3 HOro MOJ0KEHHAM

y nepioaunuHiii cucremi (I1C):

1. 3aranpHa KUIBKICTh €JIEKTPOHIB Ha BCIX PIBHAX 1 TMIAPIBHAX JOPIBHIOE
nopsiikoBoMy Homepy ioro B I1C.

2. B omHoMy mepiofi 3HAXOAATHCS XIMIYHI €JIEMEHTH, B SKMX OJHAKOBE YHCIIO
eHepreTuyHux piBHIB. Homep mepiogy BKa3dye Ha HOMEpP OCTAaHHBOTO PiBHS
(b13uyHUY 3MICT HOMEpa Tiepioay).

3. VY eneMeHTIB O/IHI€1 TPyNH OJJHAKOBE YHCIIO BAJICHTHUX €JICKTPOHIB, IO JOPIBHIOE
HOMEPY TpynH ((Ppi3UYHUN 3MICT HOMEpa TPYIH).

4. BajleHTHIi eJIEKTPOHHU XIMIYHUX €JIEMEHTIB OJHI€T IPYNH OJHAKOBI 3@ KUIBKICTIO,
ayie pi3Hi 3a crmocoboM po3miieHHs (KoHpirypairiero) (Gpi3udHUNA 3MICT TOALTY
rpynu Ha miArpynu). BajileHTHI eleKTPOHM B €JIE€MEHTIB TOJOBHUX MIArpyN
3HAXOJAAThCS HA OCTAaHHBOMY pIBHI, @ B €JEMEHTIB MOOIYHUX MIATPYNn — Ha
OCTaHHBOMY S- 1 d-TTiJIPiBHI MEPEJOCTAHHBOTO PIBHS.

5. BnactuBocti xiMiuHuX eneMeHTiB y [IC moBTOpIOIOTHCA MEPIOAMYHO, TOMY IO
MEePIOIMYHO TTOBTOPIOETHCS KOHPITyparlisi X BaJCHTHUX EJICKTPOHIB MPH PI3HUX
3HAYEHHSX FOJIOBHOIO KBAHTOBOT'O YHMCIIA N.

6. EnexTpoHHa cxema pO3MIIIEHHS BaJCHTHUX EJIEKTPOHIB y KOMIpKaxX JI03BOJISIE

BU3HAYUTH KOBAJEHTHICTh aToOMa, TOOTO KUIBKICTb HECHapeHUX EJIEKTPOHIB,
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3IaTHUX YTBOPIOBATH XIMIYHI 3B’SI3KM B HOpMaJIbHOMY Ta 30y/)KEHOMY CTaHl
aToMma.

Hanpuxan: enekrporHa gopmyina atoma cyibpypy:

% 16S 1s% 25* 2p° 3s” 3p* 3d°

. 2 4 . .
Banentni enextponu 3S° 3p” po3MillyeMO B KOMIpKH

A A o
,ﬂ l L I He30ymxenuii ctan atoma

4 [-nii 36yKeHuii cTan

[I-uit 30yxenuii cran

3s 3p 3d

30y/DKeHU CTaH aToMa BHUHHUKAE 32 PAaxXyHOK MEPEXO0]ly CHApEeHHUX EJIEKTPOHIB Y
BAKaHTHY KOMIPKY — B M€:KaX OJIHOr0 pPiBHSI.

4. Po3noaij XiMiYHHUX eJIEMEHTIB HA POJIVNHU:

s — enementu (I, II rpyma rosoBHI WIATPYNH) XapaKTepU3YIOTHCS
3allOBHEHHSM OCTaHHBOTO E€JICKTPOHA Ha S-TIiAPiBEHb.

p — enementu (III, VI rpynu romoBHI MTIATpyNH) XapaKTePU3YIOTHCS
3aIMIOBHEHHSM P-II1JIPIBHS OCTAHHIM €JICKTPOHOM.

d — ememenTH (BCi €JIEMEHTH MOOIYHHMX MIArPYI) XapaKTEPU3YIOThCS
3a[IOBHEHHSAM B OCTaHHIO Yepry eJeKTpoHaMu d-mipiBHS NePEAOCTAHHBOTO PIBHS.

f — enemMeHTH (aKTHHOIAM Ta JAHTAHOIIN) XapaKTEPHU3YIOTHCS 3alTOBHCHHSIM
enexkrponamu 4 f ta 5 f migpisHis.

Memaniuni enacmueocmi TPOSBISIOTH XIMIYHI €JIEMEHTH, B SKUX Ha
OCTaHHbOMY PIBHI, SIK IpaBUJIo, 1, 2, 3 eneKTpoHa.

Meramyal BJACTHUBOCTI — II€ 3JaTHICTP aToMa BIJJaBaTd BaJE€HTHI
€JIEKTPOHM 1 HaOyBaTH KOHQIrypalli IHEpTHOrO ra3y, TOOTO MaTu 3aBepIICHUN
BOCbMHUH €JIEKTPOHHUN 30BHIMIHIA piBeHb. [IO3UTUBHO 3aps/PKEHY YacCTHUHKY
HA3WBAIOTh - KATIOHOM.

1Na (1s? 252 2p° 3sh) - 1e — Na* (1s% 2s* 2p°)

aToM BaJICHT. €. KaTioH 8e
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Hememanu — 11e XiMiuHI €JIE€MEHTHU, B SIKUX HA OCTAHHHOMY PiBHI YOTHPH 1
O17IbIIIE €IEKTPOHIB.

Hememaniuni enacmueocmi — 11¢ 37aTHICTh TPUEIHYBATH CIEKTPOHH JIO
3allOBHEHHS 30BHIIIHBOTO PIBHSA 10 KOHQIryparii iHepTHOTO Tas3y, ToOTO 10 8-mMu
€JIEKTPOHIB, 3 YTBOPEHHSM HEraTUBHO 3apsI>KEHOT YACTHHKHU — aHIOHY.

17Cl (1s%25% 2p° 35> 3p°) + le — CI (1s* 2s” 2p° 3s* 3p°)
aToOM BAJICHT. €JI. aHIOH 8e

VY cnonykax 3 T1IPOTEHOM Ta MeETajlaMH HEMETalu MPOSBISIOTh HUKUY
BAJICHTHICTb, sIKa JOPIBHIOE KUIBKOCTI €JIEKTPOHIB, IO MOE NPUUHATH aTOM
HEMeTaja /10 3aBEpPIICHHS PiBHS.

Huzkua BasienTHicTh = Ne rpynm — 8.

3MiHa MeTaJiYHUX Ta HEMeTAJIYHUX BJIACTUBOCTEH XIMIYHHMX €JIEMEHTIB y
rpynax i mepionax INC (n1uB. T20:1.2)

Paniyc atoma — 1€ TEOpPETMYHO pO3paxoBaHa BIJACTaHb BIJ fAapa [0
MaKCUMYMY €JIE€KTPOHHOI I'YCTUHH 30BHIIIHBOI (OCTaHHBOI) OpOITaIIl.

Y nepioai (—) 31 30UIBIIEHHAM TMOPSAKOBOTO HOMEpa 301IBIIYETHCA
KUIBKICTh BaJIEHTHHUX €JIEKTPOHIB 1 3apsii siapa, 3MEHIIYEThCS pajJilyc aToMa 3a
paxyHOK TIIOCWJIEHHSI NpPUTATaHHS €JNeKTpOHa M0 sjApa, L0 MPU3BOAUTH IO
3MEHIIICHHS] METAIIYHUX BJIIACTHBOCTEH 1 30UIBIICHHS HEMETAIIYHUX BJIACTHBOCTEH
XIMIYHHMX €JIEMEHTIB.

Y rpyni (|) B rojloBHUX MIArpyrnax 31 3pOCTaHHSM TMOPSIKOBOIO HOMEpa
XIMIYHOTO €JIeMEHTAa 30UIBIIYETHCS YUCIIO €IEKTPOHHUX PiBHIB, TOOTO pajailyc aToma,
NOCJIA0IIOETHCA TMPUTATAHHS BAJCHTHUX €JEKTPOHIB /0 SApa, TOOTO 3pOCTae
3MIaTHICTh BIJJaBaTH €, 3pOCTAlOTh METaJiYHl BJIACTUBOCTI W 3MEHIIYIOTHCS
HEMETaTi4HI.

VY noOiyHUX MIArpynax HaBMAKW — METaliuHI BIACTHUBOCTI 3MEHILIYIOThCS, a

HEMEeTaJliuHi 3pOCTar0Th 3a paxyHoK d - i f- cTrcKaHHS pajaiyca aToma.

3amMiHa BJIaCTMBOCTEH CIOJIYK Yy nepioai
Bumi okcuam XiMIYHMX €JIEMEHTIB OJHOTO Tepiofy  3MIHIOITH CBOI

BJIACTUBOCTI BiJl OCHOBHUX 4epe3 aM(pOTEPHi 10 KUCIOTHHX.
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II mepion Na,O, MgO (ochogHi), Al,O3 (amporepunii), SiO,, P,Os, SO,

Cl,07(xucaotHi).

XiMiyHa

AKTUBHICTH

OCHOB

XIMIYHUX

SMCHIIYETBCA 31 3PpOCTAaHHAM IMOPSAAKOBOIO HOMCPA.

€JIEMEHTIB

OJTHOT'O

nepioay

Ca(OH), menm axtuBHa, HK KOH, 1 6inpm akTuBHA ocHOBa, Hixk CU(OH),

ta Zn(OH)s.
Tabmuis 2. XapakTepucTUKa XiMiYHUX eJIEMEHTIB 32 eJ1IeKTPOHHOI0 (hopMYyJI010
2] >E [2a]
s =
= s |3 g : 2T
2 % | & § = E | == 3 =
= 2 = SSI- S| == i o | o B SU
o = - = 2 = = 2
2 = 5 S 5| 8 3 H4 ¥ &5 @ a3
= | 30 25 5 g £ & S41 5| 985 & e
S = E M S+ M@ Al Mo Mm 4T | © oA S
2 Il - rpyma | 1s° |e=12 metan |2 |- |MgO
Mg | romosra |25° |' P = (35%) OCHOBHHM
miarpyma | 2p° |12 OKCHUJT
I 3° |ton=| E Mg(OH).
nepion Baji. |12 = OCHOBa
e. =
o
3s° o
P |V ~|1s" [e=15 5 |3 |POs PH,
rpymna 2s° |1 P = HEMeTal KHCJIOTHUM CazP,
romosua | 2p° |15 (3s°3p°%) OKCH/]T
migrpyma | 3s° |' on = P,0s+H,0—
111 3p® |16 H;PO,
nepio BaJl. % dbocdarna
e. = KHCJIOTa
2 o]
3s o
3p° o
Y, ~1s° |e=23 metan |5 |- |V,0s
23V | Tpyna 2> |1 P= (4s%) KHACJIOTHUH
mooIYHa 2p6 23 OKCH]T
niarpymna 3s? 1 on V,05+H,0—
\Y; -|3p° | =51- HVO,
nepion 3d® |- BaHaIaTHA
4s* | 23=28 KHCTOTa
bar =
e. >
3d® =
452 =

5. AToMHe SSapo.
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3riIHO MPOTOHHO — HEUTPOHHIN Teopii (aBTOpHU: pansHchki BueHi JI.JI.
IBanenko Tta €.M. Tamon, Himenpkuii BueHuit B. ['eiizenOepr) aromue sapo
CKJIAJA€ThCSl 3 TPOTOHIB Ta HEUTPOHIB. 3apsa sapa BU3HAYAETHCA KUIBKICTIO
MPOTOHIB, 10 BTPUMYIOTECS B Api. [IpoToHN 1 HEHTPOHN HA3UBAIOTh HYKJOHAMM.
ATOM 13 IEBHUM YHUCIIOM IIPOTOHIB 1 HEUTPOHIB Ha3MBaIOTh HYKJiA0M. ['i1poreH mae
TpU HYKJIIM. YKCIIo HYKJIOHIB B sI/Ip1 IOPIBHIOE AT (aTOMHIN Maci), 3a0KpYIJICHIN J10
inoro yucnaa. Cyma KiIbKOCTI MPOTOHIB 1 HEUTPOHIB HA3UBAETHCSI MACOBUM YU CJIOM
siApa. MacoBe 4uCIO 3amUCYIOTh 3711Ba 3BEpXy OIS CUMBOJIYy eJleMeHTa. AToMHU
PI3HHX XIMIYHUX €JEMEHTIB MaloTh CIUJIbHI O3HAaKH, a aTOMH OJIHOTO 1 TOTO X
XIMIYHOT'O €JIEMEHTY MOXKYTh BIJIPI3HATHCS.

ATomHu, 10 MalOTh OJHAKOBY KUIBKICTh MPOTOHIB, ajieé Pi3HI MACOBI YHUCIA,
Ha3uBaroThCs i3oTomamu: [Iporiii ;H (1p, On), Heditepiii :H (1p, 1n), Tputiit H (1p,
2n). [30Tomnu € cTabiabHI Ta pagiOaKTUBHI.

ATOMH, 10O MalOTh OJIHAKOBY KIJBKICTh HEWUTPOHIB, aje Pi3HY KUIbKICTh

IIPOTOHIB, HAa3MBaKOThCA i30ToHamMm. Hampukian, 2 Xe (54p, 82n), >Ba (56p, 82n).

[le pi3H1 BUIU aTOMIB, MalOTh Pi13HI XIMI4H1 BJACTUBOCTI.
ATOMH, IO MalOTh Pi3HI XIMIYHI BJIACTUBOCTI 1 PI13HY KUIBKICTh MPOTOHIB 1

HCHTPOHIB, aJie 0JJHAKOBE MAaCOBE YKCJIO, HA3UBAIOThCS i300apamu. Hanpuknan, ;g Ar

(18p, 22n), 5K (19p, 21n), ;'Ca (20p, 20n)

6. EHepreTu4Hi XapakKTepMCTHKH aTOMIB

Emnepris ionizauii — 11e eHepris, siky noTpiOHO 3aTpaTUTH JJIsl BIAIIETICHHS
€JICKTPOHA BiJI aTOMa 3 IEPETBOPECHHSIM HOTO B MO3UTUBHO 3aPSKEHHI 10H (KaTIOH).
MiHimMaabHy €HEprio, HeOOXiAHY JJIS I[bOr0, Ha3UBAIOTh MOTEHLIiaJI0M ioHi3amii.
Enepris 1onizamii BupaxaeTbcs B KJDK/Moib abo eleKTpOHBOJbTaX Ha aToM
(eB/atom).

UuM MeHIIMH NOTEHINaJ] 10HI3alli, THM CHIBHIINII HOro METallyHl
BJIACTUBOCTI.

CriopiTHEeHICTh 10 €JIEKTPOHA — 1€ €HEPTis, U0 BUILISETHCS MPU MPUETHAHHI
€JIEKTPOHA /10 HEUTPaAJbHOIO aToMa 3 YTBOPEHHSIM HETaTUBHO 3apsKEHOr0 10HA
(amiona). OguHUI BUMiptoBaHHS eB/aTowm.
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CHopiJIHeHICTh 10 €JeKTpOHAa TUM OUIbIlla, YUM CHJIBHIII HEeMETallvHi
BracTtuBOCTI atroma. JL.ITomiHT /uIst XapakTEpPUCTHKH aTOMa yTPUMYBATH E€ICKTPOHU
3aIpOIIOHYBAB BEIIMYUHY SKYy Ha3BaB ejdekTpoHeratuBHicTio (EH) - uncensHo — 11¢
miBcymMa e€Heprid ioHi3amii Ta CHOpPITHEHOCTI J0 enekTpoHa. HaiGinbim

enexkTpoHeraTuBHuiA enemeHT uyop. EH (F) = 4,0.

Taomung 3
3MiHa eHEepreTHYHUX XapPAKTEPHCTHUK eJIeMEHTIB
Hasga xapaktepuctuku | 3MiHa B Mepioji 3MiHa B TOJOBHHUX
niarpynax
Enepris ioni3anii 3pocTae 3111Ba HaIIPaBoO 3MEHIIYETbCSA 3BEPXY
BHU3
CnopiaHeHICTh 10 | 3pocTae 3711Ba HaIlpaBo 3MEHIIYEThCSA 3BEPXY
€JIEKTPOHA BHU3
EnexkTpoHeraTuBHICTh 3pocTae 371Ba HAIpaBo 3MEHIIYETBCS 3BEPXY
BHU3

[IpyuriHM 3MIH €HEPreTHYHUX XapaKTEPUCTHUK Takl K, SK M8 3MIH

METaJTIYHUX Ta HEMETAIIYHUX BJIACTUBOCTEH Yy Tpynax i nepiogax.

7. XiMiyHu# 3B’ SAI30K

Ximiunuii 36’130k — ye CYKYNHiCMb CUl, WO OilOMb MIJC AMOMAMU i
3a6e3neyyroms CHONYYEHHS IX Y MOJEKYy abo Kpucma.l.
Ilpupooa ximiunozo 368’°a3Ky

1. CyyacHa Hayka pO3TJISia€ YTBOPEHHS 3B’SI3Ky SIK MPOIIEC, BHACHIJIOK SIKOTO
CHEprisi CUCTEMH, CJICKTPOHIB 1 siep aTOMIB, IIO B3a€EMOMIIOTh, 3MEHIIYETHCS
TOMY, 110 €JIEKTPOHU OJHOYACHO MPUTATAIOTHCS B MOJICKYJ 10 NBOX smep. Yci
TUTIN XIMIYHUX 3B’SI3KIB MAIOTh €JIEKTPOHHY MPUPOTY.

2. XiMIYHMI 3B’S30K 3YMOBJIEHMW TMparHeHHSM O YTBOPEHHS aToMaMu
CHEPreTUYHO HANCTIUKIMKMX EJIeKTPOHHUX CHUCTEM — 3aBEPIICHUX BOCHMU
€JICKTPOHHUX 30BHIILIHIX PIBHIB (IIpaBUio OKTeTy). EHeprito, sika BUALIAETHCS B
IpoIieci  yTBOPEHHS 3B’SI3Ky, Ha3WBalOTh eHepriew 3B’sa3ky. E=100-
800 x/Ix/monb. JloB:kMHA 3B’SI3KY — II€ BIACTaHb MDK SApPaMH aTOMIB, IO
YTBOPIOKOTH 3B’s130K. | = 10°-10"%m

Xapaxkmepucmuka Ko6aneHmHoz20 36 °A3Ky
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o~ WD e

3B’S130K MK JIBOMa aTOMaMH HaIlpsIMJIEHOT B3JIOBXK MPSIMOi, L0 CIOJYyYae iX sijpa,
HA3MBAIOTh CirMa-3B’s30K. (6 — 3B’A30K).

3B’S30K MK JBOMa aTOMaMu, [0 BUHUKAE MPU MEPEKPUBAHHI P - €JIEKTPOHHUX
XMap, OpPIEHTOBAHMX MEPHEHIUKYISIPHO 10 OCi ¢ — 3B’A3Ky, HA3WBaIOThb T —
3B’SI30K.

KpartnicTh 3B’A3KYy — I1I€¢ YMCJIO CHUIBHUX EJIEKTPOHHUX IMap, SIKi 3B’SI3YIOTh
aTOMH.

IoasipHicTs 3B’SI3KY — II€ 3MIIICHHS CIUTBHOI €JIEKTPOHHOI IMapu 10 OLIBIIT
€JIEKTPOHETaTUBHOTO €JIEMEHTa, Ha aToMl Yy SKOTO BHHHMKA€ YaCTKOBHM
HeraTuBHUM 3apsan (+0). Hanmpukian: ® H:CI”. Benuunna MOJISIPHOCT1 MOJIEKYJIH
— 11€ BEKTOPHA CyMa JIUMOJLHUX MOMEHTIB yCiX 3B’3KiB. JIUTIOJbHUI MOMEHT ([L)
3B’S13KYy BH3HAUYAIOTh 3a (hopMyiorw pu=e-l, ae e — 3apsin enekTpoHa, | — qoBxuHa

3B’A3Ky. ».u=0 — MOJEeKyna HENousApHa, » u#0 — MONEKylda MOJNApHA i

HA3UBAIOTH il JUIIOJIb.
HanpasJjieHicTh 3B’AI3Ky BH3HAYaIOTh BAJCHTHUM KYTOM MDK JIHISIMU 3B’SI3KY
aToMiB y MoJieKymi. J[oBkuHa 3B’S3Ky 1 BaJlEHTHI KyTH JTO3BOJISIIOTh BU3HAYUTH
TCOMETPUYHY (DOPMY MOJICKYIIH.
Buou ceomempuunoi gpopmu monexynu.
miuiina (HCI, BeCl,, Na,CO3).
kyTtoBa (H,O, H,S).
tpukyTHa (SO,, BF3).
tpukyTHa mipamiga (NHs).
tetpaenap (CHy).

l'iopuamszanis eJeKTPOHHMX XMAapHH IIPOXOJUTH, SKIIO 3B SI3KU
puA |Y P P il s T

YTBOPIOIOTHCA 32 PaXyHOK €JEKTPOHIB, IO MepeOyBaloTh HAa PI3HUX MHIAPIBHAX. Y

IIbOMY BHIMAJAKy BHXITHI (OpPMHU EJIEKTPOHHUX XMap B3a€EMHO 3MIHIOIOTHCS 1

YTBOPIOETHCSI XMapa HOBOi (OpMH, aje  KUIBKICTh XMap JOPIBHIOE KUIBKOCTI

BaJICHTHUX €JIEKTPOHIB.
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HacunuenicTp 3B’A3Ky 3yMOBJIEHAa THUM, IO aTOM YTBOPIOE 3 IHIIUMU
aToMaMH OOMEXEHE YHCIIO 3B S3KIB 3aJI€KHO BiJl KUIBKOCT1 HECTIAPEHUX €JICKTPOHIB.

Bynosa TBepaoro tiia

TBepai Tina OyBaloThb amMop(Hi, 110 HE MalOTh KPUCTAIIYHOI TpaTKH, 1
kpuctamiyai. Kpucramiyna OymoBa XapaKTepU3yeThCS TIEBHOKO  OPIEHTAIIIEIO
YaCTUHOK Y BUIJISIAI KpUcTana (0araTorpaHHuKa).

3aneXHO B OPUPOIM YACTUHOK, PO3MIIIEHUX Yy BY3JaxX KPUCTAIIYHOT

I'PaTKH, PO3PI3HSIOTH i0HHI, AaTOMHI, MOJIEKYJISIPHI il MeTali4YHi TPATKHU.
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3anuTaHHs 1JIA CAMOKOHTPOJIIO
[lepiognunuii 3akoH (3a MenzaeneeBuM 1 cydacHe ¢GopMyBaHHs), OyaoBa
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NEePi0UIHOT CUCTEMH.

1.




10.

bynosa aroma i siapa. [3otonu. SnepHi peakitii.
CyuacHe ysBieHHs Mpo OyaoBy atoMa (piBHSHHS e bpoitns, moctynatu bopa,
PUHIIMITN HEBU3HAUEHOCTI, KBAHTOBI1 YUCIIA).
Enextponni ¢opmynu Ta TmpaBuia 3amOBHEHHS OpOITaNe eJIeKTpOHAMH
(mpunnun [laymi, npasuno KieukoBebkoro, mpasuiio ['yHa).
3B’SI30K €JIEKTPOHHOI OYJOBHM aroMa 3 TOJIOKEHHSM HOro B MEpiOAMYHIN
CUCTEMI.
XapakTepucTHKa XIMIYHUX €JIEMEHTIB 3a €JICKTPOHHOI (OPMYJIOIO.
[IpyunHU 3MiHU METaJIYHUX, HEMETAIYHUX BJIACTUBOCTEM, eHeprii 10Hi3allii,
CIIOPIAHEHOCTI A0 €JIEKTPOHA, €IEKTPOHETATUBHOCTI B TPYIIl Ta MEPIO/Il.
[lpyyriHM yTBOpEHHA XIMIYHHMX 3B SI3KIB Ta XapakTEpPUCTHKA THUIIB 3
MIPUKJIATaMH.
XapakTepucTUKa KOBAJICHTHOTO 3B’ SI3KY.
bynoBa TBepmoro Ttima. BriacTuBocTi TBepauX T 3aJ€KHO B THIY
KPUCTAJIIYHOI IPATKHU.

I[MucsmoBe qOMaNTHE 3aBAAHHSA
Hamumiite eleKTpoHHi (GpopMyn XiMiuamux exemenTis - 17Cl, *° sMn i mgaiite im
MOBHY XapaKTEPUCTUKY 3 MOSICHEHHAM (Tadu.1).
Bkaxite Buiy i Huk4ay BaneHtHicTs Si, N, S, J 1 HANMIIITh iX CIOAYKH Y BHIII
1 HWOKY1i BaJICHTHOCTI.
Sxuii eHepreTHYHUM MiAPIBEHb MOYMHAE 3aTTOBHIOBATHUCS TICIIS 3aBEPIICHHS 4p-
eHeprernyHoro miapiBaA? [losicHeHHS naTh 3a mpaBwiIaMu KiiedkoBCHKOTO.
SAnpo aroma Mictuth 45 HEHUTPOHIB, a €JIEKTPOHHA 000JOHKAa aroma — 34
enekTponu. Sxuii e enement? YoMy HOpiBHIOE 3apsij sapa aToma?
SIKi 3 HACTYIHHUX CIOJYK € I0HHUMH, a siKi kopanenTHuMH: H,, KCI, NH3, CaBr,,
CH,4, N,? Yomy? 3a momomMororo eaeKTpoHHUX (OpMyIl, KBAHTOBUX KOMIPOK Ta
BIJIIIOBITHUX CXEM IMOKaxiTh yTBopeHHs Mojekya: NHs, CaBr,, N,. Ski (o, 7)
3B’SI3KM ICHYIOTh B MOJIEKYJIi a30Ty?
YTBopith Moaekynu H,S, SiCl; Ha oCHOBI eneKTpOHHUX (OPMYJT aTOMIB, IO iX

YTBOPIOIOTh. BKaXiTh iXx reomMeTpudHi POpMH 1 TUII T10pUAN3ALLiT, SKIIIO €.
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7. SIKkuM YMHOM 3MIHIOETBCS TOJSPHICTH 3B’sA3KiB B psaail Mojiekyn: H,O, H,S,
H,Se, H,Te? Homy? B skiii 3 iux MOJIEKyJ 3B 513K € MPAKTUYHO HEMOJISIPHUMU?
Yomy?

8.  Ski kpucrtamnivHi rpaTKu MarTh TBepAi peuoBunu CaF,, Si, I, Fe?

ExcnepuMeHTAJLHA YACTHHA

Hocain 1. Bracmueocmi oxcudie XimivHux eiemenmie 00H020 nepioody

VY aBi mpoOipku Hacunaemo no 1r MnO, B iHIIl AB1 NPOOIPKH — MO OJJHOMY
rpamy Al,O3 , B octanHi 1Bi mpoOipku — 1o 1t P,Os. J[o KOXKHOTO OKCHIY B OJIHY
npoOipky gonmBaeMo xsopumnoi kuciaotu (HCI), a B apyry — KOHIEHTpOBaHOTO
PO3YMHY JYTY.

CnocrepiraeMo po34MHEHHS! OKCUIB y BUIIAJKYy MPOXOJKEHHs peakiii. Ha
OCHOB1 BUKOHAHHX JIOCJIJIIB 3alIUCYEMO PIBHSHHS PEaKIlli 1 poOISITh BUCHOBOK PO
KHCIIOTHO-OCHOBH1 BJIACTUBOCTI OKCH/IIB.

Hocain 2. Bionocna akmuenicmo 2anozenis (Cl,, Bry, 1,)

Y npoGipky namuBaemo 2 wma KI 1 momaemo Opomuy Bomy (Brp).
Cnocrtepiraemo BuauieHHs [,. Y npyry npo6ipky HamuBaemo 2 mi NaBr 1 nomaemo
xnopHy Boay (Cly). Crioctrepiraemo Buainenss Br,.

VY nBi npobipku HamuBaemo 1o 2 mut NaCl B omny no1aemMo 6pomMHy BOnIy B
iHIIYy — po3unH Hony. Buninenns rasy xiopy (Cly) He crioctepiraemo.

Ha ocHoBI nipoBeieHrX 0CIiIIB 3p00iTh BAUCHOBOK MPO 3MIHY HEMETATIYHHUX

BJIACTUBOCTEH y Irpyri.
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