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Ot aBTOpa

Yeaxncaemviit yuumamens!

[IpennaraeMblii BalieMy BHUMaHUIO CaMOy4YUTEIb — HE
OOBIYHBIN y4eOHUK. B HEM He MpOoCTO U3JIararoTcsl Kakue-To
(hakThl, HE MPOCTO OMUCHIBAIOTCS CBOMCTBA BEIIECTB, KaK
B OOBIYHOM TTOCOOMU. DTa KHUTA O0BACHIET H YIUT, OCO-
OCHHO B T€X CJIyYasiX, €CJ1 Bbl HE MOXETE WJIM CTECHSIETECH
00paTUTHCS 32 Pa3bICHEHUSIMU K YUYUTEITIO.

DTa KHMra B BUJe PYKOIUCH MCITOJIb30oBajachk ¢ 1991 .
IIKOJbHUKAMU, U HEe ObIO HM OJHOTO YYeHHUKa, KOTO-
PBIii Obl «ITPOBATUIICST» HA DK3aMEHE MO0 XMMUM U B IIKOJIE,
U B By3aX. BOJIBIIMHCTBO U3 HUX HAYMHAJIO C «HYJIS»!

CamoyuuTeslb pacCYUTaH HA CAMOCTOSITEIbHYIO padoTy
yuyeHuka. [l1aBHOe, YTOOBI BBl omeéeuasu 1O XOAY YTCHUS
Ha T€ 80npochbl, KOTOPbIE BCTpeyaroTcs B TekcTe. Eciau Bbl
HE CMOIJIM OTBETUTh HA BOMPOC, — YUTATe BHUMATEIbHEE
€e1lE pa3: BCe OTBEThI UMEIOTCS PSIIOM.

XKemaTenbHO TakKe BBITIOJHSITH BCE 3aJaHUsI KOTOPbIE
BCTPEYAIOTCS MO XOAy OOBSICHEHMSI HOBOrO MaTepuasna,
a Takke 3aganusa EI'D, KoTopblie B3SIThI U3 pealbHbIX COOP-
HukoB O®UIIU pas3HbIX JeT u3naHus. B aToM BaMm IToMoryr
MHOTOYMCJICHHBIE 00yJalolIue a120pummbl, KOTOPBIE €CTh
B Kaxnoi yactu CamoyumuTesis.

B CamoyuuTtesne npuBeaeHbl, B OCHOBHOM, CXeMbI XUMMU-
yecKMX peakuuii. Koaghguuyuenmo: HyxncHo paccmaersims ca-
Mum, Taxe eclii 00 3TOM He CKa3aHO B 3aJaHUU.
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B xoH11e Kaxkao¥i TJ1aBbl UMEIOTCSI YIPAICHEHUS, BONPOCHL
u 3a0a4u, KOTOpbIe MPOBEPSIIOT CTEIIeHb YCBOCHUS TIPe/-
JIOXXEeHHOTO MaTepuaja. Eciu Bbl CMOIIM, HE TTOATJISAIbI-
Basl B TEKCT IJ1aBbl, OTBETUTb Ha 3TU BOIPOCHI, CAEIATh BCE
VIIpaXXHEHMSI, PEIIUTD BCE 3a1a4l — 3aMeyvaresibHO. B mpo-
TUBHOM CJIy4yae elle pa3 IepeyrTaiiTe IjiaBy.

B naHHO#i KHUTE B MTOCJIEIHEN IJIaBe TPUBEIECHBI TAKXKE
CIocoObl peleHus1 6a30BbIX 3a1a4 Mo XMMUU. B ciayyae 3a-
TPYAHEHUI MpPU PELICHUM 3aJa4M, YCIOBHUE KOTOPOUN NMe-
€TCsl B KOHIIE IV1aBbl, HAAUTE 3Ty 3afady Cpeau 3ada4 04
camocmosmensHo2o peulerus B TaaBax 29—32, a MOTOM 10-
CMOTPUTE, KaK pelaeTcs Takas 3agaya.

M3yunB nanHblii CaMoyuuTesb, BBl CMOXETE JIEIKO OT-
BETUTh Ha MHOTI'Me Borpockl EI'D 1 rpocTo NMoHsTh U, BO3-
MOXHO, TOJIIOOUTH 3TOT HEMTPOCTOM, HO OY€Hb UHTEPECHBI
npeamet XUMMUA.

Kenaio ycnexos!



Yactb 1.
SJIEMEHTbI OBLWWLEN XUMUU

lhasa 1.| OCHOBHbIE NOHATUA
N 3AKOHbI MPEOMETA «XUMUSA»

1.1. MpocTeiume NOHATUA: BELWECTBO, MONEKYNA,
aTOM, XUMUYECKUN INIEMEHT

Yro takoe xumus? Iiie Mbl BcTpedaeMcsl ¢ XUMUYECKUMMU SIB-
neausamu? Besnge. CaMa XX13Hb — 3TO O€CUNCIEHHOE MHOXECTBO
pa3sHOOOpa3HBIX XUMUUYECKUX peaKlnii, 0aromapsi KOTOPbIM MbI
JBIIIAM, BUIUM Tojlyboe Hebo, olyIaeM U3yMUTENbHBIN 3amax
LIBETOB...

Yro nzydaet xumusi? XUMHUS M3y9aeT BEIIECTBA, a TAKKE XUMU-
YyecKue MPOoLeCcChl, B KOTOPBIX YYaCTBYIOT 3T BEILIECTBA.

YTo TaKOE BELIECTBO — IMTOHSATHO: 3TO TO, U3 YETO COCTOUT OKPY-
JKarolIyii Hac MUP M MbI caMu. Ho 4To Takoe XMMHUYeCKHUii Ipoliecce
(saBneHme)?

K xuMu4ecKuM sIBJIEHHSIM OTHOCSITCS ITPOLIECCHI, B pe3yjIbTaTe
KOTOPBIX U3MEHSIETCSI COCTAB MJIM CTPOSHUE MOJIEKYJI, 00pa3ylo-
IIMX JaHHOe BellecTBO. M3MeHMIMCh MOJIEKY/Ibl — M3MEHUIOCH
BEIIEeCTBO (OHO CTaJIO APYrUM!), — U3MEHWIMCH €r0 CBOMCTBA:

* CBeEXee MOJIOKO CTaJIO KUCIIbIM;

* 3eJIEHBIC JTUCThS CTAIH KEJITHIMMU;

* CBIpOE MSICO IIPU 00XKapMBaHWM U3MEHMJIO 3amax.

Bce 31 n3MeHeHUS — CIIEACTBUE CIOXHBIX U MHOTOOOPA3HBIX
XUMMYeCcKuXx rpoueccoB. MTak,

XHMHS — 9TO HAyKa O BEIIEeCTBAX M MX MPEeBPAIIEHAAX.

I1pu 3TOM HCCIIenyIOTCS He BCSIKME IpeBpallieHus, a TOJIbKO
TaKue, IIPU KOTOPBIX

* 00s13aTeIbHO U3MEHSETCS COCTaB WM CTPOSHUE MOJIEKYIT;

* HUKOIJA He U3MEHSIETCS COCTaB U 3apsi SIIep aTOMOB.
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B sTOoM ompeneneHUM BCTpevIaroTCs TaKKe TIOHITHS, KaK «seuje-
cmeo», «MoaeKyna», «amom». Pazdoepém ux nmoapoodHee.

BemecTBO — 3TO TO, 13 Y€TO COCTOSIT OKPYKAIOIINe HAC TIPEI-
MeThl. KaxknoMmy abCoJIIOTHO YMCTOMY BEIIEeCTBY (TaKUX B IIPUPO-
Ile, KCTaTh, He CYIIIECTBYET) MPUITMCHIBAIOT ONIPEACIEHHYIO X1~
MMYecKylo (opMyTy, KOTopast OTpaxaeT ero cocTaB, HalpuMep:

* H,0 — Bona;

* Nay[(AlSiO,)SO,] — na3zypur.

Brrtiie mpuBenmeHb MOJIEKYIApHBIE (OPMYJIBI IBYX BEIIECTB.
CrenyeT OTMETUTD, YTO JAJIEKO HE BCE BEIIECTBA COCTOSIT U3 MO-
JIEKYJ1, TaK KaK CYIIeCTBYIOT BEIIeCTBa, KOTOPHIE COCTOST M3 aTO-
MOB WX MOHOB. Hampumep, aiMa3 cOCTOUT U3 aTOMOB YIJIepoja,
a oOBIYHAs TOBapeHHAas colb — 13 MoHOB Na™ 1 moHos Cl™ (yc-
JIoBHas «MoJjiekyna» — NaCl).

HaumeHblias yactuiia BellecTBa, KOTopasli OTpaxkaeT ero Ka-
YECTBEHHBIN U KOJTMYECTBEHHBIN COCTaB, HA3bIBAETCS MOAEKYAOU.

MoJ1eKyJIbl COCTOAT U3 aTOMOB. ATOMBI B MOJIEKYJIE COeIMHEHBI
MpY MOMOIIUA XMMUYECKUX CBs3el. Kaxaplii aToM 0003HavaeTcst
IIPX TTOMOIIIN cUME04a (XUMITIECKOTO 3HAKa):

* H — arom Bomopona;
* O — arom Kuciopoa.
Yuci0 aToMOB B MOJIeKyJie 0003HAYaIOT IMPY TTOMOILU UHIeKca:

[\ WHIIEKC
H

2

&—/ 2 aToma BOJOPOZA B OJHOM MOJIEKYJIE BOIOPOIA

[Tpumepsr:
+ O, — 2To MOJIeKyJIa BeIlIecTBa KMUCIOPOIa, COCTOSIIAs
U3 IBYyX aTOMOB KUCJIOPO/a;
*  H,O — 370 MoJeKya BelecTBa BOIbI, COCTOSIIAS U3 ABYX
aTOMOB BOJIOPOJia ¥ OJHOTO aTOMa KUCJI0pOo/a.
Ho! Ecii aTOMBI He CBSI3aHBI XUMHUYECKOM CBSI3BIO, TO X YHCIIO
0003HaYaIoT MPpUY MTOMOILU Ko3guyuenma:

v/—\ K03 GUIIUeHT

2H

k—/ JBa aToOMa BOaoOpoaa

30 TPU aTOMa KUCIIOpOoaa
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AHaJIOTUYHO M300paKatoT YMCIIO MOJIEKYJI:

* 2H, — n1Be MoJIeKyJbl BOIOPO/A;

* 3H,0 — Tpu MOJIEKYIbI BOJBI.

ITouemy aToMBI BOIOpPO/A U KUCIOPOJA UMEIOT Pa3HOE Ha3Ba-
Hue, pa3HbIit cuMBOJ? TToTOMY YTO 3TO aTOMBI Pa3HbIX XUMUYE-
CKUX 3JIEMEHTOB.

XuMHYecKuid 31eMEeHT — 3TO YaCTUIIbI C OMHAKOBBIM 3apsiIOM
siIep UX aTOMOB.

Yto Takoe sinpo aroma? [ToueMy 3apsia siapa siBasieTcs Ipu3Ha-
KOM IIPUHAIJIEXKHOCTU aToMa K TaHHOMY XUMMUYECKOMY JIEeMEHTY?
YT1oObl OTBETUTH HA 3TU BOMPOCHI, CAENYET YTOUHUTh: U3MEHSIIOT-
¢ JIM aTOMBI B XUMHWYEeCKMX peakiusix? M3 yero cocrout atom™?

ATOM He UMeEeT 3apsifa, XOTS U COCTOUT U3 TTOJIOXUTEJbHO 3a-
PSIKEHHOTO $/Ipa Y OTPULIATENBHO 3apsKEHHBIX DJIEKTPOHOB:

SO @ € <—— DJIEKTPOH

aTOM BOOJOpOoOa

B xone xuMmyeckux peakiimii YMcIo 3JeKTPOHOB JIIDOOro aToMa
MOXKET U3MEHSTBCS, HO 3apsifl SIIpa aTOMa B XUMUYECKUX PEaKIINSIX
HE MEHAETCHA!

IMosToMy 3apsiz stapa aToMa — CBO€OOPA3HBII «ITACHOPT» XUMHU-
yecKoro ajeMeHTa. Bce aToMbl ¢ 3apsipoM siapa + 1 mpuHagiexar
XUMUYECKOMY 2JIEMEHTY IO/ Ha3BaHUEM «BOJIOPOI». ATOMEI C 3a-
psAIoM sapa +8 COCTaBISIOT XMMUUECKUIA 3JIEMEHT «KUCIOPO/I».

Kaxgomy xuMmndeckoMy 3J1eMEHTY IIPUCBOEH XMMUIECKUIA ClUM-
60/ (3HaK), TOPSIIKOBBIN Homep B Tabauile MeHaesneeBa (ITOpsIIKo-
BBIIA HOMEP paBeH 3apsay Sapa aToMa); ONpene/IEHHOE Ha38aHue
U, JUISI HEKOTOPBIX XUMUYECKUX BJIEMEHTOB, 0C000€ MTPOUYTEHUE
CHMBOJIa B XUMUYECKO# hopMmyiie (Taoit. 1).

Tloaseném muror. BeliecTBa COCTOST M3 MOJIEKYJI, MOJIEKYJIBI CO-
CTOSIT M3 aTOMOB, aTOMBI C OIMHAKOBBIM 3apsIIOM SIipa OTHOCSITCSI
K OHOMY U TOMY XK€ XUMUYECKOMY BJIEMEHTY.

Ho, eciu BeliecTBO COCTOUT U3 MOJIEKYJI, TO AH000€ U3MeHeHUe
COCTaBa UJIM CTPOSHUST MOJIEKYJIbI IIPUBOIUT K U3MEHEHUIO CaMOTO
BEIIECTBa, €T0 CBOMCTB.

* [ogpoOHee 0 CTPOEHUM aTOMa PaccKa3aHo B IaBe 3.
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Tabauya 1
CuMBOJIbI (3HAKH) XUMHYECKHX JIEMEHTOB
Homep CumBon I;I%OO‘{I)T;I;JI;I: HasBanue

1 H an BOJIOPO
6 C e YIJIEPOL,
7 N 3H as3or

8 O o) KHUCIOPO,
9 F dbtop dTtop
11 Na HaTpuUii HaTpUi
12 Mg MarHui1 MarHui
13 Al ATIOMUHUI ATIOMUHU I
14 Si CWINLINYM KpeMHUit
15 e docpop
16 ac cepa

17 Cl XJIOp XJIOp
19 K KaJIuit Kanui
20 Ca KabLIMI KaJIbLIUiA
23 \" BaHaaAUM BaHaIWK
24 Cr XpoM XpoMm
25 Mn MapraHell MapraHell
26 Fe dbeppym KeJIe30
29 Cu KYTIpyM MeIb
30 Zn LIMHK LIMHK
35 Br opoM opoM
47 Ag apreHTyM cepebpo
50 Sn CTaHHYM 0JIOBO
53 I uon uon

56 Ba Gapuii Gapuii
79 Au aypym 30JI0TO
80 Hg TUAPapTAPYM PTYTh
82 Pb TUIIOMOYM CBUHEIL
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Bonpoc. Yem otnnuatorcs xumuueckue opmysl Bemects: H,O
u H,0,?

XO0TsI IO COCTaBY MOJIEKYJIbl 3THX BELLECTB OTVIMYAIOTCS HAa OUH
aTOM KUCJIOpoJa, CaMy BEleCTBa 10 CBOMCTBaM CUJILHO OTJinYa-
10TCst apyr ot Apyra. Bomy H,O Mbl k&M U XXUTH 6e3 HEe€ HE MO-
xem, a H,O, — nepekuch Bogopoaa, MUTh HENMb3sl, a B ObITY €€
HCTIOJIB3YIOT JUIsl 00eCclIBEYMBaHMsI BOJIOC.

Bonpoc. A yeM oTIMYaIOTCSI XUMHUYECKKE (DOPMYJIbI BEILIECTB:

H O H O
N ?/ N ?/

H-C-OH H-C-OH

H-C-OH HO-C-H

H-C-OH H-C-OH

H-C-OH H-C-OH
CH,—OH CH,—OH
(A) 1 (b)

CocTaB 3TuX BellecTB — auio3bl (A) u rioko3bl (b) — oguHa-
koB — C,H,,0¢. OTiiuaoTcsi OHU CTPOEHHWEM MOJIEKYJT, B JAHHOM
cinydae — pacnosoxenuem rpynn OH B npoctpaHctse. [tokoza —
YHUBEPCAJIbHBI UICTOUHUK SHEPTUU [JIs1 OOJBIIUHCTBA KUBBIX
OPraHU3MOB, a aji03a MPAaKTUYECKU He BCTpeyaeTcsl B MPUPOJE
U HE MOXeT ObITb UCTOYHUKOM SHEPTUU.

1.2. MpocTble U CnoXHble BelecTsa.
BaneHTHOCTD

BemecrBa ObIBaOT IIPOCTHIE U clIOXHBIE. Eciiu Mojiekyna co-
CTOMT U3 aTOMOB OJTHOTO XMMUYECKOI'0 3JIEMEHTa, — 3TO HPOCHoe
seujecmeo:

Ca, Cl,, O,, Sg 1 Tak nanee.

Eciu B cocTaB BelliecTBa BXOAST aTOMBI TOJIBKO OTHOTO XUMU-
YECKOIo 3JICMEHTA — 3TO npocmoe BELICCTBO. HpI/I‘IéM HCKOTOPLIC
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XUMUYECKIUE DJIEMEHTEI 00pa3yIOT HECKOJIBKO IIPOCTHIX BEIIECTB.
Tak, XUMWYECKHI 3JIEMEHT KMCI0POJ, 00pa3yeT MPOCTOE BEIIECTBO
«kuciaopom» O, 1 IPoCToe BEMIECTBO «030H» O;*. A XUMMYECKUit
3JIEMEHT YIJIepoa 00pa3yeT uemsbipe MPOCTHIX BEIIECTBA, IPUIEM
HU OJHO M3 HUX HE HA3bIBAETCS «yIIIEPOI». DTH BELIECTBA OTIIN-
YaloTCs IMPOCTPAHCTBEHHBIM PACIIOJIOKEHNEM aTOMOB:

* a4AmMa3 — aTOMBI YIJIEPOAA HAXOAATCS B BEPIIMHAX BOOOpa-
JKaeMBIX TeTPas3IpOB;

L e
L T

* epaghum — aTOMBbI YIJIepoja HaxoAsTCS B OMHOM MJIOCKOCTH;

* KapbuH — aTOMBI yIiiepofia 00pa3yloT «<HUTH».

B ueTBepTOit MOIMMUKALINN «YTIIEpOaa» — (hyriepeHe — aTOMBbI
yriiepona oopasylor cdepy, T. €. MOJIEKYJIbl ghyaiepera HAaIOMUHA-
10T MSTYMK.

CylliecTBOBaHME 3JIeMEHTA B BUJE HECKOJBKUX MTPOCTHIX Be-
1LIECTB Ha3bIBaeTCs AJIOTponueii. Aimas, epagpum, kapbun, ghysne-
peH — aJlJIOTPOIHbIE MOAUDUKALIUY JIEMEHTA «YTJIEPOA», a KUCAO-
P00 U 030H — AJUTOTPOIHbIE MOAU(UKAIIMU DJIEMEHTA «KUCIOPOI»

TakuMm oOpa3oMm, He ceayeT MyTaTh 3T MTOHSTHUS: «<XUMAYECKUI
3JIEMEHT» U «IIPOCTOE BELIECTBO», & TAKXKE «MOJIEKYJIa» U «aTOM».

OueHb YacTo B MMChbMEHHBIX 3aIUCSIX CI0BA «MOJIEKYJIa» WU
«aTOM» 3aMEHSIIOT COOTBETCTBYIOIIIMMU CUMBOJIaMU, HO HE BCET-
Jla ipaBUJbHO. Tak, HeJib3s nmucath: «B coctaB Boasl Bxoaut H,»,
TaK KaK peub 37eCh UAET O XUMUUECKOM dAeMeHme BOIOPOae —
H. Hyx#no nucats: «B coctaB Boasl Bxoaut (H)». AHamoruyHo,
MIpaBWIBHO OyneT 3anuch: «[1pu meiicTBM MeTalia Ha pacTBOp
KUCIOTHI Bbiaenurcs Hy», T. €. geujecmeo BOOopoa, MoJIeKya KO-
TOPOTO IByXaTOMHa.

* B 2002 . MOSIBUJIOCH COOOILEHHE O CYLLIECTBOBAHHMH €LIE OHOTO MpPO-
croro BelecTBa kuciopona — O,.
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MOJ'ICKy.TH:I CJIOKHBIX BEIIECTB COCTOAT N3 aTOMOB Pa3HbIX XM~
MMHYECCKUX JICMECHTOB:

H,0, NO, H,PO,, C,,H,,0,, 1 Tak nanee.

Kak n3BecTHO, B COCTaB CA0XCHbIX 8euiecng BXOISIT aTOMBI pa3-
HBIX XUMMYECKUX DJIEMEHTOB. DTU aTOMBI COSAUHSIIOTCS MEXITY
c000li XUMUYECKUMU CBSI3SIMU: KOBAJIEHTHBIMU, MOHHBIMU, Me-
TAJUIMYECKIMU.

CnocoOGHOCTBL aToMa 00pa30BBIBATh OIPEICIEHHOE YHUCIIO K08d-
AEeHMHbIX XUMUIECKNX CBsI3el Ha3bIiBaeTCs BaJeHTHOCThIO. (ITom-
poOHee cM. riaBy 4 «XUMHU4YeCcKasl CBSI3b».) IIpaBubHEEe Bcero
OIpeIeIIsITh BAJIECHTHOCTh MO I'papMYeCKUM MM CTPYKTYPHBIM
dopMmynam:

P C  BanmeHTtHocTb Ca paBHa aBym (II)

Y

\ C  BanmeHTtHocTb C paBHa 4eThIpéM (1V)

B taxux (popmynax ogHa 4€pTouKa 0603HAYAET OMHY KOBAJICHT-
HYIO CBSI3b, T. €. «OHY BaJICHTHOCTb». Ha mpakTuKe yaiie Bcero
BAJICHTHOCTh OTIPEHeISIOT IO MOJEKYISIpHOUN dopmyite, XOTs
3/1eCch IpaBUIIbHEE TOBOPUTD O CHeneHu OKUCAeHUs dJeMeHTa (CM.
rnaBy 7). MHorma pe3ynbraT onpeaesieHus CTEIIeHN OKUCICHUS
COOTBETCTBYET pealbHOMY 3HAYEHUIO BAJICHTHOCTHU, HO OBIBAIOT
1 HEOIMHAKOBEIC Pe3YJIBTATHI.

3aganue 1.1. Onpenenure «BaJeHTHOCTh» (CTEIIEHN OKUCICHNS)
aTOMOB KaJblius 1 yriiepoaa no opmyie CaC,. Copnanaet jau no-
JIy4EHHBIN PE3YNBTaT C peajbHbIM 3HAUCHEM BaJICHTHOCTH?

B ycroitunBoit MoJieKyJie He MOXET OBITh «CBOOOMTHBIX», «JIWIII-
HUX» BajleHTHOcTel! TToaToMy 1151 ABYX3JIEMEHTHOM MOJIEKYJIbI
YUCII0 XUMUYECKUX CBsI3e (BAIGHTHOCTEI) aTOMOB OTHOTO 3JI¢-
MEHTa paBHO OOIIEMY YMCITy XUMUYECKUX CBS3€ii aTOMOB JIPYrOro
3JIEMEHTA.

BaneHTHOCTb aTOMOB HEKOTOPBIX XUMUYECKUX JIEMEHTOB M0~
cTostHHa (Tab. 2).

st ApyruxX aTOMOB BaJICHTHOCTB® MOXKHO OIPEIEIUTD (BBIYUC-
JIUTh) U3 XUMUYECKOI (DOPMYIIbI BellleCTBa.

* CTporo rosopsi, o HUKEN3IOXEHHBIM IIPABUIAM OIIPEAEIIAIOT HE Ba-
JIGHTHOCTb, a cmenens okucaenus (cM. rinaBy 7). Ho mockoibKy B He-
KOTOPBIX COEMHEHUSX YUCTIOBbIC 3HAUCHHUS 9TUX MOHSITUI COBMana-
0T, TO MHOT/A 10 (hOPMYJIe MOXKHO OIpPEAE/ATh U BaJICHTHOCTD.



