Tema: 30vkeHnd cTad atoMa. BajieHTHI cTaHu ejieMeHTiB. MOKJINBI CTYIIEHI
OKHMCHEHHSI HEMeETAJIYHUX eJeMeHTiB 2 i 3 nmepioaiB.

Bueuennsa noeozo mamepiany

30ynkeHuil cTaH aToMa

[Tpu 30ymkeHH] aTOMIB €JIeKTPOHU HaOyBarOTh O1IbIIOI €Heprii, BiI0yBa€eThCS
nepexij] eNeKTPOHIB 3 HUKUMX €HePreTUYHUX IMiIpiBHIB Ha BHIi. Tak, B aroma Cynbdypy €
BiIbHI d-opOiTai, ToMy MOXKJIMBHH MEpexia OHOTO 31 CApEeHUX eJIEKTPOHIB 3 3p-opOiTai
(px) Ha BakaHTHY 3d-opOitane (nepiuil 30y KeH cTan — S*):

165 1572572p%35°3p" — 187 157°25°2p°35%3p"3d"

panetTicTs 11 eanertHicTe 1Y

A nipu moganeiomMy 30y/KeHHI — TepeXiJ OAHOTO 3 3S-€JIEKTPOHIB Ha 1HIITY
BakaHTHY d-opOiTanb (Ipyruil 30ypKkeHuid ctan — S**):

168 15725 2p%36%3p°3d" — (S 15725°2p%36"3p3d°

pancHTHICTS 1Y EENEHTHICTS V)

Enexrponna OynoBa neskux aToMiB BEJTUKUX MEPio/iiB Ma€e MeBHi 0cobauBocTi. Tak, y
Kamito 19-i1 enextpon po3minryersest He Ha 3d-mipiBHi, a Ha 4S-TiAPIBHI, 10 BUSBIAETHCS
eHEepreTHYHO Oibi BurigauM: ,K...3s*3p3d’4s'. B aroma Kanblito 4s-migpiseHs
3aBepuryeThes: 4s®. OcKinbkyu eneprist 3d-eNeKTpOHiB HIKYA 33 EHEPriio 4p-€JIEKTPOHIB,
3amoBHEHHs 3d-IiApiBHA MounHaeThCs Tinbku 31 CKanio: 5 Sc...3s*3p%3d"'4s%. V mactynHux
3a Cxangiem enementiB — Tutany (Ti), Bananiro (V), Xpomy (Cr), Manrany (Mn), @epymy
(Fe), Kob6ansry (Co), Hikomy (Ni), Kynpymy (Cu), lluaky (Zn) — BinOyBa€eThCsl 3aIIOBHEHHS
muie 3d-opOiTanei.

Enementu 3 mopsiakoBuMu Homepamu Bin 21 10 36 HazuBaroTh nepexigaumu. Jlo Hux
TAKOXX HaJIeXKaTh 1HIII eeMeHTH (BIAMOBITHUX TPy1) 5, 6 1 7-T0 mepioAiB, y SIKUX
B110yBa€eThCs 3anmoBHeHHS d-a0o0 f-opbiTaneit Apyroro abo TpeThOro 30BHI €JIEKTPOHHOTO

miapy.

Sk Tinbku 3d-migpiBeHB 3aBEPIIYETHCS 1 HA TPETHOMY €HEPIeTUYHOMY PiBHI
po3MicTaThes 18 enexTponiB (Ha TPOX MiApiBHAX: S, p Ta d)', mounHae popmysarucs
4p-opbiTank 10 3aBepiieHHs yeTBepToro nepiony Kpunronom Kr. AHanoriuao BiaOyBaeThCs
3allOBHEHHS IT1JIPIBHIB €JIEKTPOHAMH B aTOMaX 1HIIWX BEJIUKHX MEPIOJIB.

3ayBaxumo, 1o aromu Kynpymy [Ar]3d'%4s', Aprearymy [Kr]4d'05s!, Aypymy
[Xe]4f5d'%6s', a Takox Xpomy [Ar]3d°4s' i Monioneny [Kr]4d®5s' maroTs y 30BHiIIHEOMY
€HEePreTHYHOMY PiBHI IO OJJHOMY S-€JIeKTpOHY. Lle MOsSCHIOETHCS 0COOIMBOIO CTIHKICTIO
€JIEKTPOHHUX CTPYKTYD, y AKHX Ha d-opbiTaisx posmintyersest 5 a6o 10 enekrponis (d° i
d'). VHacmimok 1p0ro oquH 3 JBOX CHAPEHHUX EIEKTPOHI», 30BHIIIHEOTO S-IIApy



«TPOBATIOETHCS Ha d-TM1JIpiBEHB MOMEPEIHHOTO EHEPTeTUYHOTO PiBHS. Take sBuIle
HAa3WBAIOTh MPOBAJIOM EJIEKTPOHA.

BajenTHi MOXKXJINBOCTI aTOMIB XiMiYHHMX €JIEMEeHTIB

BynoBa 30BHIIIHIX €HEPreTHYHUX PIBHIB aTOMIB XiMIYHHUX €JIEMEHTIB 1 BU3HAYA€ B
OCHOBHOMY BJIACTUBOCTI iX aroMiB. Tomy 111 piBHI Ha3UBalOTh BaJI€HTHUMHU. EnekTpoHu 1ux
PIBHIB, a 1HO/I 1 MPE30BHIIIHLOTO PIBHIB MOXKYTh OpaTH y4yacTh B YTBOPEHHI XIMIYHHUX
3B’s13KiB. Taki eeKTPOHH TaKOXK HA3MBAIOTh BAJICHTHUMHU.

BanenTHicTh aToMa XiMIYHOTO €J1€MEHTa BU3HAYAETHCS B MIEPIILY YEPTy YUCIOM
HECMapeHMX EJIEKTPOHIB, Kl OEPyTh y4acTh B YTBOPEHHI XIMIYHOTO 3B’ SI3KY.

BaneHTHi eJ1eKTpOHH aTOMIB €IEMEHTIB TOJIOBHUX IMiATPYTI PO3TAILIOBAHI Ha §- 1
p-opOiTaNSIX 30BHILIIHBOTO €IEKTPOHHOIO IIapy. Y eJIeMEHTIB MOOIYHUX MIATPYIL, KpiM
JIAHTAHOI/IB 1 aKTUHOI/1B, BaJIEHTHI €JIEKTPOHU PO3TAIIOBaH1 HA S-0pOiTai 30BHIIIHBOTO 1
d-opOitansx mpea30BHIITHLOTO MIAPIB.

Jl71s1t TOro 11100 MPaBUIIBHO OI[IHUTU BAJICHTHI MOXKJIMBOCTI aTOMIB XIMIYHUX
€JIEMEHTIB, MOTPIOHO PO3MISAHYTH PO3MO/ILI €JIEKTPOHIB B HUX Ha EHEPTETUYHHUX PIBHIX 1
HiPiBHAX 1 BU3HAYUTHU YHUCIIO HECTIAPEHUX €JIEKTPOHIB BIAMOBIAHO A0 mpuHIumy [layni 1
npaBuiioM XyHJa Juist 30ymKeHOMY (OCHOBHOTO, a00 CTalllOHAPHOTO) CTaHy aToMa i IS
MOPYIIEHOT (TO € OTPUMAB JIOIATKOBY €HEPTil0, B pe3y/IbTaTi Y0TO BiI0YBa€THCS
pO3MaproBaHHs €JIEKTPOHIB 30BHIIIHBOTO IIAPY 1 Mepexif iX Ha BUIbHI OpOiTail). ATOM B
30y/DKEHOMY CTaHi IMO3HAYal0Th BIJMOBITHUM CUMBOJIOM €JIEMEHTA 13 31pOYKOIO.

BaneHTHI MOKIIMBOCTI aTOMIB XIMIYHUX €JIEMEHTIB

V 30ymxeHoMy cTaHi atoM (hochopy Mae 1Mo TpU HECHAPEHUX €IEKTPOHA Ha
p-miapiBHi. [Ipu nepexoni atoma B 30y/KeHUN CTaH OJUH 3 AP €NEKTPOHIB d-MiApiBHI
MOXe€ MEPEXOIUTH Ha BIIbHY opOiTans d-miapiBHi. BanenTHicTs pocdopy npu oMy
3MIHIOETHCS 3 TPHOX (B OCHOBHOMY CTaHi) /10 11’ ATH (B 30yI’)KEHOMY CTaHi).

Po3’enHaHHA criapeHNX eJIeKTPOHIB BUMarae BUTPAT €HEPrii, Tak K CIIapOBYBaHHS
€JICKTPOHIB CYyIPOBOIKY€ETHCS 3HIKEHHSIM MTOTEHINHOI eHeprii atomiB. PazoMm 3 Tum
BUTpAara eHeprii Ha nepexijJi aroma B 30y/DKEHHUI CTaH KOMIIEHCY€EThCSI €HEPTi€lo, 110
BUJIUISETHCS IPU YTBOPEHHI XIMIYHUX 3B’ S3KIB HECTIAPCHUMH €ICKTPOHAMH.

Tak, arom kapOOHY B CTaliOHAPHOMY CTaHI Ma€ JBa HECTApeHHX enekrpona. OTxke, 3
iX yd4acTio MOXYThb YTBOPUTHCS [IBl 3arajbHl €JIEKTPOHHI NapH, SKI yTBOPIOIOThH JIBa
KOBaJIeHTH1 3B’s3ku. OjHak BaM A00pe BiOMO, IO B OaraThb0X HEOPraHIYHUX 1 y BCIX
OpPraHiYHUX CHOJyKaxX MPUCYTHI aTOMH YOTHPHOXBAJCHTHOTO KaboHy. O4eBHIHO, IO HOTO
aTOMH YTBOPWJIM YOTHUPH KOBAJICHTHI 3B’S3KM B IUX 3 €IHAHHAX, MepeOyBaodn B
30y/DKEHOMY CTaHi.

BasieHTHI MOKJIMBOCTI aTOMIB XIMIYHUX €JIEMEHTIB

Burparn eneprii Ha 30ymKeHHS aTOMIB BYIJICHIO 3 HAJIUIIKOM KOMIIEHCYIOTHCS
EHEepTi€r0, MO0 BUAUIIETHCS MPHU YTBOPEHHI JBOX JOJATKOBUX KOBAJICHTHHX 3B’S3KIB. Tak,



IJIS TIEpeXOMy aTOMiB BYINIELIO 31 CTALliOHAPHOIO cTaHy 2s°2p” B 30ymkeHuii — 2s'2p’
notpibno 3arparutu 6mu3bko 400 k/[x / Monb eneprii. Ane npu yrBopenHi C-H-3B’s13ky B
TPaHUYHUX BYTIEBOAHSIX BUILIsAeThCS 360 k/k / Monb. OTxe, Ipu YTBOPEHHI IBOX MOJIEH
C-H-3p’s13kiB Buminutbest 720 kX, 110 TEpeBHIYE EHEPTiI0 MEPEXOAYY aTOMIB BYTIIEIIO B
30ymkenuit ctad Ha 320 k/[x / MO,

Bucnoeok: BaneHTHI MOXJIMBOCTI aToMiB XIMIYHUX €JIEMEHTIB BU3HA4YarOThCS: 1)
YUCJIOM HECIMapeHUX eJEKTPOHIB (OAHOEICKTPOHHHUX OpOiTasneit); 2) HasBHICTIO BUIBHUX
opOiTaneil; 3) HasBHICTIO HEMOIIJICHUX Tap €JIEKTPOHIB.

BanenTHi MOXJIHMBOCTI aroMiB €J1€MEHTIB (IXHS CIIPOMOKHICTH YTBOPIOBATH XiMidHi
3B’SI3KM) BU3HAUAIOTHCSI MEPEAyCIM YKCIOM HECMAapeHUX eJNeKTpoHIB. Po3misHemo 1e Ha
NpUKIIa/i aTOMIB TakuxX eyneMeHTiB, sik bop, Cumimiit 1 @ocdop. i uporo 306pazumo
CXEMH 30BHIIIHIX €IEKTPOHHUX CTPYKTYP IXHIX aTOMIB:
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AHanmi3 mux CTPYKTyp TMOKasye, mo B aroMi bopy Ha 30BHIIIHBOMY €HEPreTUYHOMY
PiBHI € OJIMH HECHIAPEHUN P-eJIEKTPOH: BIH BU3HAYA€E BaJIEHTHICTH aromMa bopy, 1110 A0piBHIOE
omuuuI. [IpoTe CTIMKHUX CIOMYK LIBOTO €I€MEHTA 3 BaJIEHTHICTIO | TIOKM 110 HE OfIepKaHo.
Ane 3a meBHOI 3aTpaTu eHeprii 330BHI, HAPUKIIAJ Y pa3i HarpiBaHHs], CIIapeHi eNEeKTPOHU
2p-niApiBHSI MOXKYTh PO3MAapOBYBaTUCS. ATOM MEPEXOJUTh y 30yIKEHUN CTaH, y pe3yybTaTl
SKOTO BCl TPU €JICKTPOHU 30BHIIIHBOTO PIBHS CTAalOTh HECMAPEHUMHU. 3a pPaxyHOK TPhOX
HECIIapeHNX eJIEKTPOHIB aromMa bopy B 30yIKeHOMY CTaHi yTBOPIOIOThCS crionyku B,0;,
BCl; tomo.

VY 30ymkeHHil cTaH, sIK BHJHO 31 CXEM, MOXXHa TE€PEBECTH ¥ aTOMHU E€JIEMEHTIB
TPETHOTO Tepioay (3a BUHATKOM aToMiB Harpiro Ta iHepTHOro enemeHTta Aprony). I Toni,
Hanpukiana, atom Cuminito Oyzie BUSBISATH BaJCHTHICTH, AKa a0piBHIOE [V, a arom Docdopy
— V.

He Bci enemeHTH CpOMOXKHI MiJBUINYBAaTH BaJ€HTHICTh y BKa3aHuU croci0. Tak,
Hanpukiaa, B aromiB Hitporeny, Oxcureny it ®@nyopy Hemae BUIBHHX opOitanei, yci ixHi
2s- 1 2p-op0OiTtani 3aiiHATI eIeKTpoHaMH, a d-TiApiBEHb B aTOMIB APyroro Nepioay BiICYTHIN.

BusHauyeHHsI MOXKJIMBHUX CTYNICHIB OKUCHEHHS eJIEMEHTIB

CrymiHb OKMCHEHHSI — II€ YMOBHHUH 3apsi/i HA aTOMi B MOJIEKYIIi a00 KpHCTaIIi, IKUii
O BUHHMK Ha HbOMY, KOJIU O yCI NOJISIpHI 3B’ A3KU, YTBOPEH1 HUM, MaJld 10HHUM XapakTep.

Ha BimMiHy Bij] BAJIGHTHOCTI, CTYIIIHb OKUCHEHHS MOKE OyTH IMO3UTUBHHM,
HETraTUBHUM a00 JOPIBHIOBATH HYJIIO.



CryrieHi OKMCHEHHS, SIK1 €JIEMEHTH MOXKYTh MPOSBIISITA B PI3HUX CHOIYKAX, Y
OUTBIIOCTI BUTIAJKIB MOXKHA BU3HAYUTH 32 OyJIOBOIO 30BHINIHBOTO €JIEKTPOHHOTO PiBHS 200
3a MicuieM enemeHTa B [lepioguuHiii cucremi.

ATOMM HEMETAJIIYHUX €JIEMEHTIB MOXXYTh BUSBIIATHU SIK TO3UTHBHI, TaK 1 HETaTUBHI
CTYyIEHI1 OKHCHEHHSI, 3aJIe)KHO BiJ] TOTO, 3 aTOMOM SIKOTO €JIEMEHTa BOHH YTBOPIOIOTH 3B’ SI30K.
S0 enemMeHT OUTbII eIEKTPOHETaTUBHUM, TO BIH MIPOSBIISiE HETaTUBHUM CTYITIHb
OKHMCHEHHS, a AKII0 MEHII eJIeKTPOHETaTUBHUN — MO3UTUBHHMA.

AOCOIOTHE 3HAYECHHS CTYNEHS OKUCHEHHS HEMETaIIYHUX €JIeMEHTIB MOYKHA
BU3HAYUTH 32 OyI0BOIO 30BHIIIHBOIO €JIEKTPOHHOTO HIapy. ATOM 3AaTHUN NPUMHITH CTUIBKU
€JICKTPOHIB, 11100 Ha HOT0 30BHIIIHHOMY PiBHI PO3TAIIyBaJIOCs BICIM €JIEKTPOHIB:
HemeTaiyHi eaeMeHTu VII rpynu npuiiMaroTh OMH €JIeKTPOH 1 BUSBIISIOTH CTYIIHb
OKHCHEHHS -1, VI rpynu — /1Ba e1eKTPOHU i BUSBIISIOTH CTYIIHb OKMCHEHHS -2 TOIIO.

Hemeraniuni eneMeHTH 3[aTHI BiJJaBaTH Pi3HE YMUCIO EJIEKTPOHIB: IIOHANHO1IbIIE
CTUIbKHM, CKUIBKM PO3TAIlIOBAHO HAa 30BHINIHBOMY €HEPreTHYHOMY piBHI. [HaKIIe Kaxy4w,
MaKCUMaJbHUI CTYIIHb OKHCHEHHS HEMETAIYHUX EJIEMEHTIB JIOPIBHIOE HOMEPY TPYIIH.
3aBISKM TPOMOTYBAaHHIO €JIEKTPOHIB Ha 30BHIIIHBOMY pIBHI aTOMIB YHUCJIO HECHApEHUX
€JICKTPOHIB, SKI aroM MOXK€ BIJJaBaTH B XIMIYHUX peaklisx, OyBa€ pi3HUM, TOMY
HEMETaJlIYH1 €JIEMEHTH 3aTHI BUSBIATU Pi3HI IPOMIXKHI 3HAYSHHS CTYIIEHS OKHMCHEHHS.
Moxn1B1 CTyNI€H1 OKUCHEHHS S- 1 p-€JIEMEHTIB

[pyna I1C 1 (I I v v \4! VII

Bumwmii ctynias okucHenus (1 2 H3 4 ({5 +6 +7
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Bu3HauyeHHs CTyNeHIB OKHCHEHHS B CIIOJIYKax

Bynb-sika MoJIeKya eNeKTpOHEeUTpabHa, TOMY CyMa CTYIICHIB OKMICHEHHS aTOMIB YCiX
€JIEMEHTIB MOBUHHA JOPIBHIOBATH HYJ0. BU3HaunMo ctymninb okucHeHHs B cynbpyp(I1V)
okeuai SO, Ta'y pochop(V) cynpdinai P,Ss.

Cynedyp(IV) okcun SO, yTBOpeHHIT aTOMaMu ABOX €JIEMEHTIB. 3 HUX
€JIEKTPOHEraTuBHICTH Oibiia B OKcureny, Tomy aromu Okcureny Oy/lyTb MaTU HEraTUBHUI
cTyninb okucHeHHs. [{ns Okcureny BiH 10piBHIOE -2. Y 11boMy pa3i Cyibdyp BHUSBIISE
TIO3UTUBHUMN CTYIiHb OKHCHEHHS. Y pi3HHUX cnionykax Cynb(hyp MOKe BUSBISITH Pi3Hi
CTYII€HI OKUCHEHHS, TOMY B IIbOMY pa3i Horo HeoOXiqHO oouuciautu. Y moiekyii SO, nsa
aroMu OKCUTeHY 31 CTyIIEHEM OKHCHEHHS -2, TOMY CIUIbHUH 3apsa] aroMiB OKCUTeHY
nopiBHIo€ -4. [l Toro, mo0 Mosekyna Oyia eaeKkTpoHeTpanbHolo, atoM Cynbypy Mae



MOBHICTIO HEUTpasi3yBaTH 3apaa 000x aroMiB OKCUreHy, TOMY CTYIiHb OKUCHEHHS
Cynwdypy nopiBHIOE +4.

Y monekyni pocdop(V) cynbdiny P,Ss OiabIn €IeKTPOHETaTUBHUM €JIEMEHTOM €
Cynbdyp, TOOTO BiH BUSIBIISIE HETATUBHUIA CTYMiHb OKHCHEHHSI, @ DOChOp — MO3UTUBHUI.
s Cynbdypy HETaTUBHUHN CTYHiHb OKUCHEHHS CTAaHOBUTH TiJIbKH -2. Pazom m’4Th aTomiB
Cynb(ypy HeCyTh HETaTUBHUM 3aps, 10 nopiBHIOE -10. Tomy nBa aromu ®ocdopy MaroTh
HeWTpamizyBaTu 1iei 3aps 31 cniabHuM 3apsiaoM +10. Ockinbku atoMiB @ocdopy B
MOJIEKYJI1 JBa, TO KOXKHUI MOBUHEH MaTH CTYMiHb OKHCHEHHS +3.

CxknagHinie oOUUCIIOBAaTH CTYIIHb OKUCHEHHS HE B O1HAPHUX CIIOJIyKax — COJSIX,
OCHOBAX Ta KUCJIOTaxX. AJie JJis OTO TAKOX CI1J CKOPUCTATUCS IPUHIIUIIOM
€JICKTPOHEHTPANTBHOCTI, a III€ ITaM’sITaTH MPO Te, 110 B OILIBIIIOCTI CIOJIYK CTYIIHb
okucHeHHs1 OKCUTEeHY CTaHOBUTH -2, ['igporeny +1.

Posrmstnemo 1ie Ha npukiai kanii cynbdary K,SO,. Ctyninb okucHenHs Kaniio B
criofykax Moxke OyTH Tuibku +1, a Oxcureny -2.

[3 mpuHIIKITY €1eKTPOHEHUTPATBLHOCTI OOYUCITIOEMO CTYMiHL OKUCHEHHS Cynbdypy:
2(+1) + 1(x) + 4(-2) = 0, 3BiaKu X = +6.

[Ipu BU3Ha4YEHHI CTYNEHIB OKUCHEHHS €JIEMEHTIB Yy CHOJIYyKaX CIiJl JOTPUMYBaTUCA
TaKHX MPaBUIL:

1. CTymiHp OKMCHEHHS €JIEMEHTA B MPOCTIiil PEYOBHHI JOPIBHIOE HYITIO.

2. ®nyop — HANOLIBIT €IEKTPOHETAaTUBHUM XIMIYHUM €JIEMEHT, TOMY CTYITIHb
OKHCHEHHs1 DiIyopy y BCIX CIIONyKax AOPIBHIOE -1.

3. OkcureH — HalOUIBII €NIEKTPOHETaTUBHUN eleMeHT miciis Prnyopy, ToMy
CTyMiHb OKUCHEHHSI OKCHUTeHY Yy BCIX CMOIyKaX, OKpiM (PTOPHU/IIB, HETAaTUBHHM: Y
O1TBIIOCTI BUIIAJIKIB BiH JIOPIBHIOE -2, a B IEPOKCUAAX - -1.

4. Ctyninb okucHeHHs ['i1poreny B OLIBIIOCTI CIIOJIYK JOPIBHIOE +1, a B
CIIOJIYKaX 3 METAIIYHUMU eleMeHTaMH (Tiapuaax) - -1.

5. CTyniHb OKHCHEHHS METAJIiB y CIIOMYKax 3aB)K/IM TTO3UTUBHUH.

6. binbIn enekTpoHeraTUBHUM €JIEeMEHT 3aBK/IU Ma€ HETaTUBHUM CTYIiHb
OKHCHEHHS.

7. Cyma cTymneHIB OKMCHEHHS BCiX aTOMIB Y MOJICKYITl IOPIBHIOE HYITIO.

JlomalHe 3aBIaHHS:



1. OmpairtoBaT KOHCIIEKT Ta NEPETIIIHYTH BiJI€O 3a TTOCHIAHHSIM:

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

2. Buxkonaiite 3aBnanHs, cotorpadyiiTe iBinpaBTe Ha MOMTY anmay(@;i.ua
3aBganns Nel. YCTaHOBITH BiJIITOBIIHICTh MK €JIGKTPOHHOO OY/TOBOIO 30BHIIITHBOTO
SHEPIreTUYHOI'O PIBHS aTOMa M XIMIYHUM €JIEMEHTOM.

YacTtuHa eaeKkTpoHHO1 hopMyIIH XiMIYHUH €TEeMEHT
1...3s%3p° A Okcuren
2...2s22p* b Heon
3...3s B Xnop
4 ...3s%3p° I" Marniii

JI Aproun

3aBnanns Ne2. VkaxiTe enekTpoHHy ¢(opmyny aroma enementa Il rpymu 3-ro
nepiomy.

A 1s,2¢? B 15?2s*2p°®3s?

b 1s?2s*2p! I 1s2s*2p®3s*3p°

Bepexirs cede!



https://www.youtube.com/watch?v=dwGjKKDFrLE
mailto:anmay@i.ua
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