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O3HakoMbTECh C Y4eOHMKOM

MepBas cTpaHuua pa3gena ’
MpescTaBaeHbl MHTEPECHBIE CBEAEHMWSA U3 UCTOPUMN HayKW, MPUPOAbI NN ﬂ KosanyecTBo BellecTBa
TeXHUKW. Bonpockl Ha cTpaHuLe NoMoryT BaM BCMOMHWTL NpeAblayLive e ot

3HaHWA 1 CBA3aTb WX C TeMaMu pa3gena. Matepuan 3Toro pasgena ST BT SN S G

3HaNEHE AN Pa3BATAA XMV, [IpH TULATENbHOM

CI)Op MUpyeT nepBoHada/ibHOE rnpeactaBieHne O TeMax, rnpenojaBaeMbixX B BOAOPOAOM, 330TOM, KNCTIOPOAOM 4 YIAGKACTBM 230,
OH 3aMETWA, UTO B GyHAGMEHTANbHOI CTPYKTYpe BelecTs|

CyllecTByeT CTPOTMiA MOPAAOK.

pa3gene. e
MeAIbNaiiLLIMX HEACTMMBIX YaCTULY — aTOMOB. [1pH 3TOM,

° panMaloTCA M0 caoe Macce.

® Lansron rawe ssén nowTe acce atowcs pass rewenTon

wayuenve
'a cocragnena Tabuua om
5. Ero TPyAbl, OCHOBaHHbIE HoMepHOCTeli?
CKVX 33KOHOMEPHOCTAX, Bbipaxenvien
Uio XUMUW M NPOAOXUW ?
ROHATAR "KONMUECTS:

V3 pasgena sl yaraere

i
- OTHOCHTEIbHAR ATOMHaR MAcca - > /1€ CPEJHETO MACCOBOM UHCra 1 B 3eMeHTa K >

W3 paspena Bbl y3HaeTe R, ... S ....... A
Mepeuncnarotcs 3HaHWsA U HaBbiKW, KOTOpPble : e —
Bbl MOJy4YnTE, N3yyas TeMbl pa3zena. e A

¥3bIBET, BO CKO/ILKO Pa3 OAWH a3 TAXENEe APYTOro 1233, B3ATOMO B

oM Xe 0BbeMe npy 01 rcnoBusx

1.1 OTHOCWTeNbHaA aTOMHasA Macca U OTHOCUTEe/IbHasA
MoJIeKyNipHas Macca

MotuBauusa

Crran e e b oo Brn o o eand B 3101 YacTM MPeACTaBAeHbI 3HAKOMbIE CUTYaLIMM

;’Aum;’;"‘jﬂu - 'E‘:",E:‘:“;M:55:‘:::‘,;’2’2,‘:.’;2‘;!::51’.’:" 5 conyTCcTBytOLLMe BONPOChl. VIHGopMauus HanpasieHa
Ha \MOAroTOBKY K 3Tanam AesTe/bHOCTU U O6bACHEHWS
Matepvana ypoka. AHann3vpyeTcs cuTyaums, ¢

MOMOLLIbFO OTBETOB Ha BOMPOChI BCMOMWHAIOTCSA yKe

eanhnu, 1 eauHnua, 3
eAHILIBI U T. A).

]

Kamewkos (Hanpumep, 0,5 t
+ BO3MOMHO /1U MCMONIb30BaHME AAHHOTO

MeToAa ANA pacuéTa Macchl aToMOB?
e Q&L - Uro 6u Bl npeanoxurid A storo?

-/

OTHOCMTENbHaA aTOMHaA Macca

) OTHOCUTENbHaA aTOMHas
..:;Se Macca, OTHoCUTERbHas Bbl 3HaeTe, uTo Macca aToMoB KpaiHe Mana. Vicnonb3osaTpHa M el‘OLL"M €CA 3HaHWMA No TeMe.
S vionexynapHan macca, npakTHke peasibHble MacChl aTOMOB B pacyéTtax Heya06HO U
OTHOCHTE/NIbHAA HeuenecoobpasHo. Mo3Tomy Macehl pa3nnuHbIX aToMOB
GopmynsHas macca CPaBHMBAIOT C MACCOVi OAHOTQ aTOMa, B3ATOTO 3a CTaHAAPT. B
KauecTe CTaHAapTa Gbina BbIOPaHA Macca aToma M3oTona
2 ~ 1
yrnepoaa “C (ymepogya) 12), a Macchl BCeX OCTaNbHbIX aTOMOB CPaBHUBAKOTCA C i Pas-bﬂcrle“ Me
uacTbo Maccsl atoma “C. M B cp: A
OTHOCWTE/IbHOW aTOMHOI Maccoii 1 obo3Havaetcs A, (A — aToMHas Macca, r — 06 ~ ( )
“relative”, 4To O3HauaeT “OTHOCUTENbHBINA"). bA C HA eTCH H O BblI M aTe p n an Te M a .

Kak p: A Macchl NPy N3MeHeHUu “craHpapra’?

&
“1 LWar 1. BbiGWpaKoTCa pasnyHble “cTaHaapThl”.
- | war2.0np b0 T nep 1o popmyne k= —Aiy(z:i:::;l)z) .
| War3. 1 “ 4 é
B ocmenoms sron GG e P DestenbHocTb o6
a. Mpu ncnonb3osaHnm B kauecTse CTaHAapTa reava-4: . . 4 |_|paKTVIl-IeCKoe 3a,anV|e, noAymaM -0 Cypl" - nerHMCb
Snewen | 4,0 nepmopmuccroi newent F« o MpepscTaBaeHHbIN BOMPOC NpeaHasHayeH
TSI ol BbINOJIHAEMOE A1 NMOUCKa o . e .
~ na MbIBaHWA U KAEHWA
: = = s oTBeTa Ha MocTaBNeHHbIN g . oAyc OAHOKIACE 3a/ A B 510
N i = 2 Bonpoc. B pesynbrate aton TBETOB € OAHOKNACCHKaM. B 3T
= > g = AEATENLHOCTY BHUMAHWE BgeMH PasBMBatoTCA yMEHNA
Mg 2 Br 80 KOHLIEHTPVPYETCA Ha O0OOCHOBbIBaTb CBOU NPeAnooXeHUs,
b. Mpu ncnonb3oBaHuy B KayecTse CTaHAapTa KUcAOpoAa-16: OCHOBHbIX MOHATUAX HOBO|‘/’| CaMOCTOATE/IbHOE MbllLEHNE U
dnement | A B ne'::::::emﬁ m-:':;,:::zm dnement | A B “::;:ﬂ::ecmﬁ ““:;‘c;:::::my TemMbl U pa3BV|Ba roTCcsa KOM MyH MNKATUBHbIE€ HaBbIKW.
H 1 s 32 npoueaypHble HaBbIKW.
c 12 o] 355
N 14 K 39
o 16 Ca 40
3; ;3, : zz YunTbIBas, 4TO BO3AYX COCTOMT U3 78% a30" %6 kncnopoga n 1% aproHa

no o6bEMy, paccuuTaiite CpeAHIO MONARHYHO MaccCy Bo3ayxa (r/Mob).



Bonpochkl 1 ynpaxHeHWs B 3TOM

3HaHWA.

MpumeHuTe NoNyueHHbIe 3HAHUA

610Ke nomMoratoT NPUMEHNTb HOBbIE
NMOHATWNA B ApyFOPI CUTyaLunun, a Takxe
yrﬂy6MTb N 3aKpPennMTb NOJayYeHHbIE

3Haete 2N BbI?
MpeacTaBaeHbl MHTEPECHbIe
dakTbl 1 MHPOPMaLMA 13
obacTeit NPUpPOALI, UCTopUU
HayKku, 6bITa NAN TEXHUKMN.

23 okTabps (23.10)
c6:02p8018:02

(6 : 02 Beuepa)

XVMWKM OTMEYatoT
HeodULMaNbHBIN
npasjHUK B YeCTb Yncna
ABoragpo — “[leHb MO}'IFI"J

\_

Hayka, TexHonorus, >XusHb
B pazzene npeactaBieH matepuan gas
yTeHUA 06 NCTOPUUECKOM Pa3BUTUM,

NMPUMEHEHUN NN BO3MOXHbIX HanpaBJeHUAX

Pa3BUTUA NOAYHEHHbIX 3HAHWUM.

3aknroueHne

[TomoraeT 3anoOMHUTb
OCHOBHblEe MOHATUS,
n3yyaemble B pamKax pasgena,
B MOC/Ie0BaTE/IbHON U
0606LeHHON dpopme ¢

3awmouenne

n

P Te nony

1. |_.|pVI OANHaKOBbIX yCNOBUAX OKCUA yraepoja U OKCUJ a3oTa UMEeHOT PpaBHYH MJIOTHOCTb. Onpe,qenVlTe
GOpPMYy/bl 3TUX OKCMAOB.

2. Mpwv gobaBneHnn Kakoro rasa K rasoBoii cmecy, coctosieit us N, n CO, NNOTHOCTb CMEeCU Mpu Tex xe
YCNIOBUAX YBENMUMBAETCA?

1. CH,

2.NH,

3NO  4.GH,

MpoBepbTe NoNyueHHble 3HAHUA

N

ENENY)

5. 50,

. Paccumtaiite naotHocTb (r/am’) rasa o3oHa (20°C v 1 atm).

OTHOCUTeNbHAsA NIOTHOCTb HEeKOTOPOro rasa no BoOAOPOAY paBHa 29. Pacedurante OTHOCUTEJIbHYHO
MJIOTHOCTb 3TOrO rasa no BO3A4YyXy.

PaccuwTaiite maccy (B rpammax) rasa o6bEwm
NJAOTHOCTU MeTaHa B 4 pasa.

. Paccuurtaiite cpeaHtoto MonapHyto Maccy (r/Mosb ) ra3oBolt cmecu,/coctonlei n3 321 O, 42 N,.

48 am’ (20°C v 1 aTM), MNOTHOCTL KoTopafo 6osble

MNMpoBepbTe NonydeHHbIE 3HAHNA
MpeacTaBaeHHbIE BONPOCHI U yrpaXKHEHNS
N3MepAOT YPOBEHb OBaZEHUA TEMO.

—

MORSPHYA OBBEM

MOMOLLbIO CXEMbI MW KapTbl
MOHATUN.

Hay|<a, TeXHONOINA, )XKN3Hb

B Hauanie XIX Beka nTanbaHCKNA YU€HbI AMeseo ABOraapo BbIABUHYA UAEto, KoTopas
KOPEHHbIM 06pa3oM 13MeHNa XAMUYECKyHo Hayky. B To Bpems elwé He 6binn
NOHOCTBIO NPOACHEHBI MOHATUA «aTOMa» W «MOJIeKy/bl». Bonee Toro, yuéHble
3aTPYAHANCL Aaxe C TOUHBIM ONpe/AeeHeM CoCTaBa BOAbl. PpaHLy3CKUii yUéHblii
leii-/1i0CcaK, NPoBe/As NHTEPECHbIE NCCNEA0BaHUA C 06BbEMaMN ra3os, Nokasas, 4to
COOTHOLLEHME 06BEMOB ra308, BCTyNatoLMX Mex Ay coBoii B peakuuto, Noao6Ho
COOTHOLLEHMEO POCTBIX YNCEN.

ABOraapo, TatensHoO NPoaHaNM3NPOBaB 3TU Pe3yNbTaTbl, MPEAMNONOXMA, UTO paBHble
06bEMBI [a30B, B3fiTble MPU OANHAKOBBIX YCNOBUAX, COAEPXAT OAMHAKOBOE
KONMYECTBO MOMIEKY1. DTa Ha NepBbIii B3rAA NPOCTan Uaes O3HaMeHOoBana Havano
HOBOM 3pbl B XMMWW: 6/1aroiaps 3TOMy 3aKOHY CTaio BO3MOXHbIM yCTaHOB/IEHNE
cocTaBa Bel|eqTB, MOHVMaHNe UX MONEKYAPHOTO CTPOEHMA 1 AOCKOHa/IbHOE
pasbAcHeHWe TEYEHUA XMMUUecknx peakumit. OfHaKo Teopus (3akoH) ABoraapo He
6bina Cpasy NpUHATA YUEHBIMM. [TPY €ro XM3HW NPeaCTaBaeHUA O MOEKYNAPHON
CTpyKType ra3oB Bblv Noka elé BecbMa 3anyTaHHbIMU. XOTA MHOTUE y4éHble
NPOAOXaAN CHUTATb, UTO BOAOPOA M KMCIOPOZ 06pa30BaHbl aTOMaMu, Fofbl CrycTs
vaes ABOraZipo Mosyunna NoATBEPX/AEHNE U CNOCOBCTBOBaNG PA3BUTUIO XUMUM B
NpaBWbHOM HanpaBAeHUU.

Teopus ABoragpo NposioXuna MyTb NOHATUIO “MOIL" — OAHOW U3 BaxHeWLWUI
BE/IMUMH B XUMUU. YNCAIO aTOMOB U MOJIEKY/l B BELLECTBAX HACTO/ILKO BENKO, UTO
BbIpaXeH/e UX C MOMOLLIO 06bIYHbIX U/CeN BbI3biBaNO 3aTpyaHeHNA. K npumepy, B
CTakaHe BOZbl MOsiekyn 60/ibLiie, Yem BO BCeX 38E€3/ax BceneHHoi. Mostomy ans
BbIPaXeHUA TaknX BONbLINX YMCeN YUEHbBIE MPUHANMN CMIELMANbHYIO eANHNLY
n3mMepeHua. Tak e kak nog “AoKVHON anL” umeeTcs B Buay 12 auL, Tak 1 B XUMnK
noa "oAHWM Monem” nogpasymesaetcs 6,02 - 102 uactuu,. 3Ta eanHMLa No3BOAMNA
XMMUKaM NPOU3BOANTL TOUHbIE PaCUéThl B 1a6OPATOPUAX 1 B MPOMBbILLIIEHHBIX
YCNOBUAX.

CeroiHa Ha NOHATUN «MOJIb» Or''~RaHbl PACYETbI BO MHOTMX TEXHONOTNYECKUX

O6o6uatomue zapanns

2 Paccumaiire M, seujecrs.

LN,
LHSO,

V.Ca p0),
V.CHCOOH

3. Nepermunre

Auegeo Asoragpo
(1776 - 1856)

&

O6o6uwatowme 3agaHusa
F MpegacTaBneHbl BONPOCHI
¥ 3aZlaHus Nno BCceM
TEMaMm pasgzena,

“3MepseTca ypoBeHb
3HAHWUIA N YMEHW,
OCBOEHHbIX B paszene.
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B Hauane XIX Beka aHIANNCKMIA YU€HBIN [KOH [JanbToH
NPOBOAWA CMCTEMaTMYeCcKMe NCCef0BaHWA Mo
onpeaeneHnto Macchl ra3oB, UMeBLUMX bonbLioe
3HauyeHue ans pa3BuTMa xumum. MNpu TwaTenbHOM
aHanun3se pe3ynbTaToB CBOUX SKCMEPUMEHTOB Haj,
BOZOPOAOM, @30TOM, KNCIOPOAOM U YINEKNC/BIM ra3om,
OH 3aMeTuJ, YTo B GyHAaMeHTaIbHOW CTPYKTYpe BeLecTs
CyLLLeCTBYeT CTPOrum NopaaoK.

Mo yyeHuto [lanbToHa, BCE BeLeCcTBa COCTOUT U3
Me/IbYanLLMX HEAENMMbIX YacTUL, — aTo

XOTA aTOMbl KaX/0r0 31eMeHTa UMetoT O
pa3nMuaroTCca No CBOEN Macce. ‘

@ [anbToH TakKe BBEN MOHATUE "OTHOCUT

pa3BUTUM XMMNYECKOWN Haykn. OH yero ABNAETCA BaXKHbIM
MacCy CaMOro JIerkoro afemMeHTa — HeHne Macc BeLLecTB?
paBHOW 1 1 cpaBHMBaN aTOMHble Ma
3/1eMEHTOB C aTOMHOW MacCoW BOAOP MHEHWIO, AAET HaM U3yyeHune
BELLEeCTB NOCPEACTBOM
MaTeMaTUYeCKNX 3aKOHOMEPHOCTEN?
4. Y70 Bbl MOHMMAETE NOZA BblpaXeHNEM

"KONMYeCTBO BellecTea”?

"

BewecTea”.

V13 pasgena Bbl y3HaeTe

» OTHOCHTEIbHAA aTOMHas acca — 3TO OTHOLLEHME CPeAHEero MacCoBOro YMcaa U30TOMOB dN1eMeHTa K 11—2
yaciy vacchl atoma C

» OTHOCV Te/IbHAA MO/IeKyNApPHaA Macca BeLecTBa paBHa CyMMe OTHOCUTE/IbHbIX aTOMHbIX Macc
aTOMOB, BXO/fLL1X B COCTAB €ro MOAeKYy/bl

* Monb — 3TO KO/1IM4eCTBO BeLLeCTBa, KOTopoe cogepXuT 6,02 - 1023 monekyn (aTOMOB WM MOHOB)

» Macca 1 Mons BelyecTBa Ha3blBaeTCs €ro MOJIAPHON Maccom

* B paBHbIXx 06BEMaX pa3NnyUHbIX ra30B NPW OAMHAKOBbIX TEMMNepPaType U AaBNEHUN COAEPXKMNTCS

OZMHAaKOBOE YMC/I0 MOJIEKYN
* Mpu 0aNHaKOBbIX YCNOBMAX OTHOLIEHNEe 06bEMa 1t0BOro rasa K ero KONMYecTBy (YMCay Monewn)
ABNAETCA BENNUYNHOM NOCTOAHHOW U Ha3blBaeTCA MONAPHbIM 06 BbEMOM
» OTHOCUTENbHAA NNOTHOCTb MOKa3bIBaET, BO CKOJIbKO Pa3 OAWH ra3 Taxkenee Apyroro rasa, B3ATOro B
TOM e 06BbEME NPU OAMHAKOBbIX YCNOBUAX




Yactb |

1.1 OTHOCKUTEeNnbHaa aToMHasa Macca N OTHOCUTeNbHasA
MOJIEKY/IAPHAA Macca

ﬂpep,CTaBbTe Ce6e, UTO B KJlaCCe HET BECOB, a BaM HY>XHO e B uem npenmyLL,ecTso Bblsopa "eAMHMU.bl

CpaBHWNTb MacCCbl KaMeLWKOB pa3HbIX Ppa3sMeposB. Ans B|,|60p|(y|" ANA NpoBeAeHusn CpaBHEHVIH?
CpaBHEHNA Bb|6V|paeTCF| OAVH KaMelleK B KavecTBe

"eMH1LbI BbIBOPKN” 1 Ha OCHOBE "eANHNLbI BbIGOPKM”
CPaBHMBAKOTCA MACChl OCTa/bHbIX @ &
kamelwkoBs (Hanpumep, 0,5

eanHuubl, 1 eanHuya, 3
eanHnLUbl N T. A4.).

« Echn mbl usmenum/“eanHunny Bsi6opkn”,
M3MEHATCA 1N TaK)Ke onpeaenaemvbie
Hamu uucna?

» Bo3MOXKHO IMMCNo/Ib30BaHNe AaHHOro
MeToga ANA pacyéTa Mmaccbl aTOMOB?

- L & < Yro 6Bl BbI NpeanoXunn ana 31oro?
]

P OTHOCHITENIbHAS aTOMHas OTHOCMTeNbHAMATOMEEANIacCa

WY \iacca, OTHOCUTEbHAS Bbl 3HaeTe, UTO Macca aTOMOB KpaliHe Masa. Vicnosb3oBath Ha
Sl \10/1eKy/ISIPHAs Macca, nNpakTuke peasbHble MacCbl @TOMOB B pacyéTax HeyA06HO U
OTHOCUTENbHasA Heu,enecoo6pa3Ho. ﬂOBTOMy MaccCbl Pa3/IMvYHbIX aTOMOB
\ bopMy/ibHas Macca ) CpaBHuBatoT C MacCou OAHOro aToma, B3ATOro 3a CTaHAapT. B

KayecTee CTaHAapTa Bbina Bbl6paHa MacCcCa aTOMa M30TOrMMa

1
yrepoga “C (ymiepoaa-12), a Maccbl BCEX OCTa/ibHbIX aTOMOB CPaBHMBAKOTCA C T
yacTbto Macchl atoma “C. [osyueHHas B pesynsTaTe CpaBHEHUA BEMUMHA Ha3blBaeTCA
OTHOCUTE/IbHO aTONMHOM Maccoi obo3Hauaetcs A, (A — aToMHas Macca, r —

“relative”, uToO O3HAYaET "OTHOCUTENbHbLIN");

/icTuHHaa macca atoMa yrnepoja coctaBafeT NprMbAN3NTENbHO
&% 0,000 000 000 000 000 000 000 0199, yani 1,99 - 10 rpamm.

k¢

OTHOCUTEe/IbHaA aTOMHasa Macca — 3TO0 OTHOLLEHME MacCbl aToOMa

/1EMEHTa K — MacChl aTOMa “C.
1 12
Hanpumep, macca atoma BOAOPOAa paBHa 73 Maccel atoma C
9 NO3TOMY ero OoTHOCUTe/IbHaa aToMHas Macca coctasaset 1 (A, (H) = 1);

NOCKONbKY Macca aToMa KMCAopoaa npesblwaeT 3To uncao B 16 pas,
OTHOCMKTE/IbHAsA aTOMHasA Macca Kncaopoga pasHa 16 (A, (0)=16).

A(O)=12 A(H)=1




KosnnuecTtBo BelecTBa

OTHOCKTeNbHaA aTOMHas Macca He MMEET eAMHULbI U3BMEPEHUS, TakK Kak npeacTaBaseT
cobon oTHoweHme Macc. OTHOCUMTEeNbHAs aTOMHasA Macca KaXXAoro 31eMeHTa
NPUBOAMTCA B NePUOANYECKOM Tabanue. B HuxecneayroLen cxeme CpaBHMBaOTCA
MacCCbl HEKOTOPbIX aTOMOB Ha OCHOBE 3TMX COOTHOLLEHWNM.

ATOM Cepbl TAXKeNee aToMa
1
75 Maccbl atoma yrepogaa-12 Kncnopoga B ABa pasa.

MCMoNb3yeTcs Kak cTaHaapT
OTHOCUTENIbHOW aTOMHOW Macchbl l
M
> v 9 ‘ 4
ArIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 12 16 24 32
ATOM yrepoga Taxenee ATOM MarHus Taxesee atoma

aToma Bogopoga B 12 pas. kucnopogas 1,5 pasa.

Bbl 3HaeTe, UTO MHOTUE 31EMEHTbI, BCTPEYAOLNECH B NPUPOAE; NPEACTaBAAOT COBOM CMeCh
n3otonos. OTHOCUTE/IbHAsA aTOMHas Macca 3TUX 31EMEHTOB BbIPAXKaETCs Kak cpesHee
3HauY€eHMe MX MaCCOBbIX YMCEN C YUETOM PacnpOCTPAHEHHOCTN X N30TOMOB B MPUPOZE.

(o)
A=> (1g’0 - MaCCOBOE YnCNo)

m Xnop nmeer 4 30T0Q

Yuncno NpOTOHE MaccoBoe uncno HaxoxaeHve B npupoge, %

18 35 75

20 37 25

C y4€TOM BbILLEN3NOXEHHOTO, 60os1ee TOUHbIM ByAeT cneaytolLee onpeaeneHne OTHOCUTENbHOM
aTOMHOW Macchl;

OTHOCUTeIbHAA aTOMHaA Macca — 3TO OTHOLLEHNE CpeaHero 3Ha4yeHmna MacCoBbIX 4uncen

1
M30TOMOB 3JIEMEHTa K 12 Maccbl atoma “C.
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B To Bpems kak MaccoBoe uncio (A) OTHOCUTCSH K OAHOMY aTOMY, OTHOCUTE/IbHAs
aTOMHaa Macca OTHOCUTCA K CMeCU NPUPOAHbIX M30TOMNoB. B Tabanue aaHbl
OTHOCUTE/IbHbIE aTOMHbIE MacCbl HEKOTOPbIX 3/1IEMEHTOB.

AnemMeHT Cumeson A, AnemeHT CumBon A,
Bogopog H 1 Xnop Cl 355
Yrnepog, C 12 Kanuii

AzoT N 14 Kanbuni

Kuncnopog, (@) 16 XKenezo

Hatpui Na 23 Megpb

Marnwii Mg 24

Cepa S 32

Kax paccunTbiBarOTCA OTHOCUTEJ/IbHbIE Mac‘pu n3m

War 1. Beibupatotca paznnyHble “ctaHzapThbl”.
War 2. Onpegensercsa ko3dPuLmeHT nepeBosa o

[estenbHoCTb

War 3. Ha ocHoBe HOBOTO “cTaHzapTa” 1 C yue [ paccymnTbIBarOTCA
OTHOCUTENIbHbIE aTOMHbIE MACChl 31EMEHTOB.

a. I'Ipm MCNonb3oBaHMM B Ka4veCTBE CTaHAapTa renna-4.

dnemeHT | A, B NepnoamnuecKoi A, B nepuoaunyveckomn A, cornacHo
Tabnauue Tabnnue HOBOMY CTaHAapPTY
H 1 32
C 12 35,5
N 14 39
(0] 16 40
Na 23 56
24 80
b. Mpwn nc aHWK B KauecTBe CTaHAapTa kucnopoga-16:
dnemMeHT A, cornacHo dnemeHT | A, B nepuoamnueckoit A, cornacHo
HOBOMY CTaHAapTy Tabnanue HOBOMY CTaHAAPTY
H S 32
C 12 Cl 35,5
N 14 K 39
) 16 Ca 40
Na 23 Fe 56
Mg 24 Br 80
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¢. Mpn ncnonb3oBaHWKM B KauecTBe cTaHAapTa KaabLma-40:

dnemeHT | A, B nepuognueckom A, cornacHo dnemeHT | A, B neprnoanyecKkom A, cornacHo
TaGII"IJ‘e HOBomy CTaHAapTy TaGJIVILI,e HOBOMy CTaHAapTy
H 1 S 32
C 12 Cl 35,5
N 14 K 39
O 16 Ca 40
Na 23 Fe 56
Mg 24 Br 80
O6cyaure:

1. Mpwu BbI6GOpE KaKOro “cTaHAapTa” OTHOCUTE/IbHble aTOMHbIE Maccbl 3/IeMEeHTOB YMeHbLUaTcs B ABa pa3a?
2. Uemy 6yayT paBHbl OTHOCUTE/IbHbIE aTOMHbIE MaccCbl 3/IeMEHTOB, €C/11 3a “cTaHAApPT ", NPUHATb 17
Maccbl aToMa a3ota? O60cHyiliTe CBOW OTBeT.

3. Ecan oTHOCUTeIbHbIE MacChl AJ1A MOJIEKY/I PacCUUTLIBAKOTCA TakK )K€, KaK M A1 aTOMOB, T.€. No
OTHOLLUEHMIO K 1— Maccbl atoma ’C, TO KaKOBbl 3HAUEHMA OTHOCMTEeNbHBIX MoJieKynapHbIx Mmacc H,0, SO,,
NH,; u H,SO,?

4. Paccumraiite 3ty BeamumHy ans O,, CO, n H,PO, npunsae 3a “crangapt” ‘He.

OTHOCUTENbHAA MOsieKynapHas Macca
Bonbwoe uncno anementoB(H,, O,, P, S, v s.) n xummuecknx coegnHerHnin (H,0, CO,, H,SO, n ap.)
COCTOAIT M3 MoJiekyn. Macchbl 3TMX MOJIEKY BblpaXkaroTcs MOCPEACTBOM OTHOCUTENIbHOM
MosieKynapHoOU maccbl. OTHOCUTENBHAA MOiekynspHas Macca obo3HavaeTcs cumBoaomMm M.,
OTHOCUTeNbHan MosiekyIgpHasMacca BellecTBa paBHa LyMMe OTHOCUTENbHbIX aTOMHbIX Macc
aTOMOB, BXOAALLMX B COCTaB ef0 MONEKY/IbI.

AO) =16

/
A(H) = 1 A(H) = 1
\Q'QQ/ MH,0)=1+1+16=18
Tak >xe Kak oTHOCUTeNbHaA atToMHas Macca, OTHOCUTENbHAA MOJIEKYNAPHAA MacCa HE MeeT

eAVHMLbl n3MepeHus (6e3pasmepHas BeanunHa). B tabanue Hke nokasaH pacyér
OTHOCUTE/IbHOW MOIEKYNSPHON MacCbl HEKOTOPbIX BELLLECTB.

Bewiectso ®dopmyna Yucno atomos Pacuér otHocuTeNbHOM OTHOCUTeNbHaA
B OfiHOI MosieKyne MOJIEKY/IAPHOW MacChbl MosiekynapHaa macca (M)
Xnop Cl, 2Cl 2-355 71
Okcng azorta (IV) NO, TN,20 1-14+2-16 46
JTaHon C,H,OH 2C,6H,10 2:12+6-1+1-16 46
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XvMnyeckmne coegnHeEHMsA C NOHHBbIMW CBA3AMU He CYLLLECTBYIOT B MOJIEKYNSPHOM
dopme. Jna Takmx coegnHEHN BMECTO TEPMUHA “OTHOCUTENbHAA MOJIeKyasapHas
Macca” ncnosb3yeTca TepMrH “oTHocUTeNbHaA ¢popmMysibHaa macca”.
OTtHocuTenbHasa GopmynbHaa Macca Takxke obo3Havaetca M, He nmeeT eanHNLbI
N3MepPEeHNs 1 BbIYNCNAETCA NO TOMY Xe NpaBuy, YTO U OTHOCUTENbHAA MONEKynapHan

Macca.
BewectBo ®opmyna Yucno atomos Pacuér otHocuTenbHoOM
cornacHo ¢gopwmyne ¢opmynbHOI Macchbl
Xnopwg Hatpus NaCl 1Na, 1Cl 1-23+1-35,5
HuTpat kanbuma Ca(NO,), 1Ca,2N,60
MeHTarngpat cynbdarta| CuSO,-5H,0 1Cu, 15,90, 10 H 1.
mean (Il)

MpumeHnTe NonyueHHble 3SHAHUA

1. Vicnonb3ys npuBeAéHHbIE AaHHble MO PacnpocTp TanTe OTHOCUTE/IbHblE
aTOMHbl€ MacCbl 31EMEHTOB.
a) bop: 20% B-10 n 80% B-11

b) Meab: 69% Cu-63 n 31% Cu-65

2. OnemeHT X coctout u3 nsotonos Cl-35 u
(B %), 3Has, UTO OTHOCUTENbHAS aTe

3. LHO 1.CO, IIl. Na@

cozep>KaHve 130TOMOoB B NMPUPOAHOW CMecH
35,5.

a. [nqa kaknx n3 npmBeaeH
KaKunx — oTHOCuTeNbHaa pop

CUTENIbHAA MOJIEKYIAPHAA MaccCa, a ANA

b. Paccuntante M, kaxxgoro BeLy,

B uém coctont nx p

3. Y kakon n3 monekyn —H,S nam NH, — oTHocuTenbHas MosiekyasipHas Macca 60blue 1 BO CKOIbKO pa3?
O60CHYNTE CBOW OTBET PAaCUYETOM.

4. ﬂ'flﬂ Ka>A0ro sewectBa pacchTal‘/iTe €ro OTHOCUTEJIbHYHO CI)OpMyJ'IbHyI'O Maccy.
a. NH,NO, b. CaCO, c. Mg,(PO,), d. AL(SO,),
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1.2 KonnyecTtBo BellecTBa

B noBceAHEBHOW XXM3HW Mbl BblpaXkaem

KOJIMYECTBO NPEAMETOB C MOMOLLbIO YKCAa. ?
3 aBTOMOGUASA

A Ans BblpaXeHMA KONNYECTBa BELLECTB UCMO/b3YHOTCA

B OCHOBHOM X 06bEM 1 Macca.

» MoxkeT 11 KONNUYECTBO BeLLEecTBa

Bbipa)kaTbCA TaK)Ke unciom?

MEA » Y10 6bI BbI NPEANOKU/INA ANA 3TOro?

500 MUAAVAUTPOB 1 KuAOTPamMm 40 nutpos 500 rpammoB
BOAbI Ména Kncnopoga noBapeHHO conu

[ns BbipaxxeHns KoanyecTBa BewecTsa NOMMMO €F0 MacChl U

1 G KOIMYeCTBO BeLLecTBa (n),
obbemMa Tak>Ke UCMONb3YHT Takyro BEINYNHY, KaK Konw-\lleCTBo N (1o, umcno Asoraapo (N,)
BewecTBa. Konnuectso BelecCTBa obe3HauaeTca 6yKBOI/I N, a ero cnoBa
eAVHULEN N3MepeHns ABaseTca Mob. s MOoneKkyAapHbIX

BewlectB 1 MO/Ib — 3TO KONNYECTBO
BELLeCTBa, CoAepKallee B GBOEM
cocrase 6,02 - 10 monekyn,
Yncno 6,02 - 10° Ha3BaHO B YecTb
NTaNbAHCKOro yyéHoro AMezeo
Asoragpo uncnom Asoraapo u
obo3Havaetcs kak N,. Ymcno

Amegeo
ABOragpo,6b110 NoayyYeHo B Agoragpo
pe3ynbTate 3KCNepruMeHTaNbHOFO (1776 - 1856)

onpeaeneHusa Kosm4ecTsa atToMoB,
cofep>xalmxca B 12 rpaMmax
n3zotona yrnepoga-12:(“C).

23 okTa6pa (23.10)
c6:02p3018:02
(6 : 02 Beuepa)
XUMUKN OTMeYaroT

6,02 - 10° monekyn HO ~ ——> 1 Monb Bogpi HeopULa/LHbI
npasgHnK B 4eCTb YCNa

Asoragpo — "[leHb mons”.
\ J

6,02 - 10 monekyn O, ——> 1 Mosb kMCIOpoAa

6,02 - 10 monekyn CH,,0, —> 1 MOAb [NHOKO3bI
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[MockonbkKy HeMonekynapHble BeLLlecTBa COCTOAT He U3 MOJIEKYN, a UHbIX
yacTuu, To Yncno ABoragpo OTHOCUTCA K TEM YacTuuam (atoMmam, MOHam), 13
KOTOpbIX 3TU BelecTBa cocTtoAaT. Hanpumep, 1 mMonb BelwecTBa,
obpa3oBaHHOro aTomamu, cogepxunTt 6,02 - 10”° atomos.

6,02 - 10® atomoB He —> 1 MOAb renvs
6,02 - 10” atomos Fe —> m

COOTBETCTBEHHO, B BELLEeCTBAX C MOHHOW KPpUCTaNAMUYeCKON peLleTKom
umcno 6,02 - 10” oTHOCKTCA K UMCY MOHOB.

6,02 - 10” norHos Na“ v 6,02 - WOHOB“ —> ‘msapeHHoﬁ conu

6,02 - 10 noros Mg* 1 6,02 - 10” N SO‘—) 1 Monb'cyanJaTa MarHma

B obwem Buae onpegenerie Moas MOXHO NPeACTaBUTb CEAYHOLWMM
obpazom:

Monb — 3T0 KOAUYECTBO BELleCTBa, cogepxaliee 6,02 - 10% monekyn
(aTOMOB, VN NOHOB).

1

Kakne pacyeTbl MOXXHO NPOBECTU Ha' OCHOBaHMN KoJInYecTBa BelecTtBa U umcdia MOIIEKyJ'I?

é MepenuwnTe B TeTPasb ¥ 3aBEPLUNTE C/IEAYIOLLYIO TabanLy.
o
E ucrao Kon. BewecrBa (Mw BeuiectBo | Kon. Bewecrsa (Mmosb) (Yncino monexyn
% 0, 0,2 NH, 10
~ N, 1,5 H,SO, 0,25
H, 2 H,PO, 5
H,O 071 CH,,Oq 0,5
CoO, 0,05 C,,H,,0;, 2,5
O6cyauTe:

1. CkonbKO BCero aTomoB cogepXxurca B 2 moab reavs, 0,5 moab rpadputa n 0,1 monb mean?
2. Paccumntaiite KOIMUECTBO KaXKAOrO U3 KaTUOHOB U aHMOHOB, coaepXkawmxca B 3 moab NaNO,,

0,25 monb KCI n 1,5 monb ZnSO,.
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Hwu>xe nokasaHa CBA3b MeXay KONMYeCTBOM BeLecTBa (n), YMCIOM
Asoragpo (N,) n unciom vactui, (N), 13 KOTOPbIX COCTOUT BELLLECTBO.

N N=n-N,
Yucno

yacTuy, N
n=—
N,

n N, N =

e

Konuuectso Yucno

BeulectBa ABorap,po

Y1ob6bI paccumTaTbh NO N3BECTHOMY Konmqecnsgemecnaa
4acTuL, COCTaBAAOLLMX BELLLECTBO, CeAyeT YNCNOo h yMm
Ha 4ncno Asoragpo.

1. Paccuntaite uncno Monekyn B 2 MOJib KUCIOP

onekyn O, (2N,)

=0,25-6,02 - 10® = 1,505 - 10” atomoB He (0,25N,)

aXxzaoro 13 noHos B 0,2 MOJ1Ib MOBapEHHON COAN.
N(Na") = 0,2 - 6,02 - 10 = 1,204 - 10° (0,2N,)
N(CI) =0,2- 6,02 - 10° = 1,204 - 10 (0,2N,)

5. PaccuurarniTe kKonu

3Haa YMCNo YacTUL, MOXHO paccymTaTb KONMYECTBO BELLECTBa,
pa3genns ymncno vactuy (N) Ha umncno Asoragpo (N,).
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1. Ckonbko Moneit coctasnset 6,02 - 10% monekyn 02?
n=6,02-10":6,02-10” = 10 Mmoab kucnopoaa

2. Ckosibko Mosneii coctasnsiet 3,01 - 10% monekyn H,0?
n=3,01-10":6,02 - 10 = 0,5 MoAb BOAbI

3. Ckonbko Moneii coctasaset 1,204 - 10 monekyn CO,?
n=1,204-10%:6,02 - 10 = 0,2 MO/Ib YIIEKWNCIOrO rasa

4. Ckonbko Moneit coctasaset 9,03 - 10° atomoB He?
n=903-107:6,02-10° = 1,i MOJIb

[Ans ynobctBa pacyéTos:
1x6,02-10% = 6,02 - 10%
1,5 x 6,02 - 10 = 9,0

2x6,02-10% =

5x6,02-10% = - 10~ 0,5 x 6,02 -10% = 3,01 - 10%

10 x 6,02 - 10® = 6,02 - 10*

€CTBO aTOMOB B MOJieKyJ/laX NOo KOJINYecTBYy BellecTBa U KakK npousesectu

2

obpaTHbIA pacuér?

rlepeI'IVILLIMTe cnegyrouime cxembl B TeTpaab N AONOAHUTE KX, 3ancCaB YNCNO aTOMOB B AYenKu.

2 Monb O, —> ATOMOB K1Ci0poja = 0,5 monb N, —> ATOMOB a3oTa =

LestenbHocCTb
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ATOMOB BOZOpOZa = ATOMOB a3o0Ta =
0,1 monb < 0,25 monb <
H.,O ATOMOB KMcnopoaa = NH, ATomoB BogOpOAa =
ATOMOB BOZOpPOAA = ATOMOB BOZOpPOAA =
G2 LeEni: ATOMOB cepbl = S S I_ATOMOB ajcajhf =
H,SO, H,P,O,
ATOMOB Kncnopoga = I-ATOMOB Kncaopoga =
O6cyaure:

1. CKO/IbKO KaXXA0ro KaTMOHa U Ka)kA0ro aHuoHa coiepXuTca B 2moib cybdata HaTpus, 0,1 monb
HUTpaTta Kanbuma n 0,5 monb cynbdpara anrommHnA?

2. Paccuntainte uncno mosei Bogbl, AUOKCUAA yriepoaa, MeHTaokcnaa audocdopa m okcnpa
AWNa3oTa, eC/IN KaXkj0e 13 BelLecTB COAEPXMNT 3 MOJIb aTOMOB Kuciopoaa.

3Has YMCN0 MOAEKY/ BeLecTBa, MOXHO paccumTaTh YMCNO @aTOMOB B €70 COCTaBe.
Hanpumep, B coctaB 1 MOAA yrnekncnoro raza BxoAUT 1 Monb @toMoB yrnepoga u 2
MOJIb aTOMOB KMC/0pOZa.

1 atom yrnepoga

2 aToma K1caopoaa * % !r 1 mosb (6,02 - 10%) atomoB yrepoaa
@ Ceo 24
2monb (1,204 - 107) atomoB KMciopoaa

i % 37 POA;
o % %8
w e &

AN J AN J

Y Y
1 monekyna CO, 1 monb CO,

04a, Cepbl N KMCNOPOAA B 2 MOJIb CEPHOM KNCAOTbI.
N(H)=2-2-6,02-10° = 2,408 - 10*
N(©S)=2-1-6,02-10% = 1,204 - 10*
N@©O)=2-4-6,02 10 = 4,816 - 10*

2. PaccumnTaiite uncno Moneli yraekMcaoro rasa, coaepxallero B cBoém coctase 6,02 - 10” aTomoB kmcaopoaa.

1 Monb yrnekncaoro rasa 1,204 - 10** aToMOB KucAOpOAa
6,02 - 10” aTomoB Kucnopoaa

x=0,5

X MOJiIb YTNeKnCioro rasa
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anIMEHVI'I'e nojsiyuyeHHble 3HaHuA

1. B 2 monb kpuctannorugpata CuSO,-nH,O coaepxutca 18N, atomoB kncnopoga. Onpegenvte n.
2. PaccumTaliTe X, 3Has YTO BCErO B COCYAaX, MOKa3aHHbIX HUXE, COAEPXXMUTCA OAMHAKOBOE YMC/10 aTOMOB.

2 monb O,
1 monb NH,
3 monb CO,
X monb N,

5 monb CH,

3. 3Ha#, uto cooTHoLeHne yncen atomoB B C,H, n CO, paBHO 5:2, paccumtanTe:
a. MOJIbHOE COOTHOLLEHWE 3TNX Fa30B;
b. cooTHoLleHWe Yncen aToMOB yraepoja.

MpoBepbTe NosyueHHble 3SHAHUA ‘

1. PaccuuTtaiiTe 4ncno Mosieii BeLLecTs:
a.1,204-10” monekyn N,
b.3,01-10” monekyn CO,
c.6,02-10* atomoB He
d. 1,505 10* monekyn H,O

2. PaccunTarite KONMYECTBO MOJIEKYA B CO eLecTs:
a.0,25monb O,
b.0,2monb NH,
¢.0,05monb CO
d.1,5monb N,
e.0,1monb CO,

3. Paccuuntante:
a.Yucno atomos kucaopoga s 0

e.Yncnoa A

4. PaccuntamTe umcn
a.Yrnekucnororasa, p>xawtero 0,6 MOsib KMCcaopoaa
b.Boaopoaa, coaepkallero 3 Moab BOAOPOAa
¢.MeTaHa, B KOTOPOM 06LLLee UNCI0 aTOMOB COCTaBAsAeT 6,02 - 10”
d. MenTaokcnaa andocdopa, coaepxatiero 3,01 10* aTomoBs kuciopoaa
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1.3 MonapHas macca

6,02 - 10” aTOMOB\
A » Kakaa cBa3b cywecrsyer

H
O/ MeTaHa?
Te CBOM OTBeT.

1 Monb
12r

Macca 1 Mo/ KaxA0ro BelecTBa YUNCEHHO paB
MOIEKYNIAPHOM Macce (AN NOHHBIX COEANHEHWI

QM MonapHasa macca (M),
SIS 1/MOJIb, CpefHAn
bopMynbHOW Macce) JaHHOTO Belle Sl VONApHas Macca

M(O,) =32 Kucnopoga =
M(H,0) = 18
M(CO,) = 44 oro ra 44 r

M (CaBr,) = 200 monb CaBr, = 200 r
(NaNO,) = 85 aNO, =85

Macca 1 m €TCA ero MoJISIPHOW MacCOM.
MonapHaa m ca 6ykson M n nsmepsetca B r/monb.

M(O,) = 32 M(O,) = 32 r/monb
M(H,0) = 18 M(H,0) = 18 r/monb
M(CO,) = 44 M(CO,) = 44 r/monb

M (CaBr,) = 200 M(CaBr,) = 200 r/monb

M (NaNQO,) = 85 M(NaNQ,) = 85 r/monb
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[ns Beliects, 06pa3oBaHHbIX aTOMaMu, Macca 1 MOJIb BELLLeCTBA paBHa OTHOCUTE/IbHOM
aTOMHOW Macce AaHHOTO 3/1IeMEHTa.

Hanpumep:
A(He) = 4 Macca 1 monb reava = 4 r M(He) = 4 r/monb
A (Fe) = 56 Macca 1 monb xene3a = 56r M(Fe) = 56 r/monb

e

Kak npouvsBoanTb pvaéTbl Ha OCHOBaHUU MOﬂﬂpHOﬁ Macchbi?

a. Yemy paBHa Macca (B rpaMmmax) 2 MONb OKCUAA KanbLma?

b. Yemy paBHa macca (B rpammax) 0,5 Moab yrnekucnoro rasa?

[eAatenbHoCTb

c. Bo ckonbko pa3 macca 1,5 monb kucnopoga 6oablie Maccbl 4 MOAb renns?
d. Ckonbko monb coctasasaoT 20 r okcnaamean(ll)?
e. Ckonbko Mosb cocTaBasatoT 84 r azoTa?

f. Bo ckonbko pa3 umcno mosen B 10 r Bogopoda besiblie yucaamonen B 8 r metaHa?

O6cyaure:
1. CKONIbKO rpaMM XJiopa COAEPIXXUTCA B 2 MOJib NoBapeHHOM conn?

2. Bo ckonbko pa3 macca HUTpaTa'HaTpus, coaepikalero 6 moab kncaopoaa, 6onblie
Maccbl aMMMaKka, cogepkawiero 12 r sogopoaa?

MedXay Konnmyectsom BellecTtBa (n), MonspHon Maccor (M) n
Maccow BelyecTBa (M) CyllecTByeT CBA3b, MOKa3aHHas HUXE:

m
Macca m=n-M
(rpamm) m
i V
n M M =M
KonunuectBo MonsapHas n
BellecTBa Macca

UTO06bI paccumTaTh Maccy, 3Has KOIMYeCTBO BellecTBa, ceayet
YMCN0 MONEN YMHOXUTb Ha MOJIAPHYHO MacCy BeLLecTBa.
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1. PaccumtanTte mMaccy (r) 2 Mo/b KNUCNOPOAA.
m=2-32=64r

2. Paccumtaiite maccy (r) 5 Moab BOAbI.

m=5-18=90r
3. Paccuutaiite maccy (r) 0,1 Mosb yrnekmcaoro rasa.

m=01-44=44r
4. Paccuntante maccy (r) 0,25 mosb reaus.

m=025-4=1r

Mpu pacuéte KonnMyecTBa BelLecTBa (YMcna MONen) creayet BeLlecTBa ennTb
Ha ero MoJIAPHYHO Maccy.

1. Ckonbko Mosieli coctaBasiet 320 r kucaop,
2. CKONbKO MoJel coCTaBAseT 9 T E

3. CKONbKO MOJIEN COCTaBA

bKO MOJIE COCTaBAAET 6T ré

=6 :4=15monb

K razosou cme
NOHATVE CpeaHe
ra3oBOW CMecKn u pa

N Npy CMeLLeHnn ABYX Uan Bonee ra3os, NPUMEHAROT
Hou maccbl. CpeaHasa MoApHasa Macca paBHa macce 1 mons
UTbIBAETCA CesyoLwmM obpasom:

M. = m,+m, n-M; +n,-M,
@ n1+n2 - n1+n2 .

34ecb N — KOAMYeCTBO BellecTBa rasa (Moab), M — monapHas macca rasa (r/Mmosb).
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1. Paccumntante cpeaHror0 MOASAPHYH Maccy
(r/Monb) razoBon cMmecK, coctosLen n3 2 mosb CO,
n 1 monb O,.

. . r
= 2-44+1-32 _ 120=40
2+ 1 3

M b
MOJib

YuutbiBag, uto B
no o6BbEMY, pacCUnTamT

anMEHHTe nonay4yeHHbleé 3HaHunA

1. Onpegenvte MOASPHYH Maccy MeTas
O

OHa Bblpaxaetca?
2. MNepenuwwute B TETP

2. 3Haf, YTO CpesHAA MOAsipHas Macca ra3oBoOW CMecw,
coctoswen n3 CO, n CO, paBHa 40 r/mMoAb, paccumTarTe
MOJIbHOE COOTHOLLEHMeE ra3oB B 31or cmecu [n(CO,) : n(CO)].

_ 44n,+28n,
B n,+n,

40

40n,+40n,=44n, + 2

4n,=12n,

n,:n,=3

coctoun % a3o0Ta, 219 posa n 1% aproHa

onen () n maccy B rpammax (Il)
ep>kallero B CBOEM cocTaBe 2,4 T yrnepoga.

T€ Maccy yrnepoda n 4nmcno MOJIeMN cepbl

ctaBe cmecu| Ywmcno monb Macca, r

0,5 12

Kakunx eanHumuax

AOMNONHUTE Tabanuy.

BewectBo Yncno monb Macca, r
0, 2
H,O 5
CH, 0,5
KHCO, 0,25

3. PacnonoxuTe BellecTBa B psj No BO3pacTaHUIO
yncna moner. OBOCHyITe CBON OTBET PACUYETOM.
a.84r Cao
b.40 r CuO
¢. 100 r CaCO,
d. 80 r MgO
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1.4 MonsapHbIN 06BEM. 3aKOH ABOraapo

Mpv KOMHaTHOM TemnepaTtype 1 aTMochepHOM AaBaeHnn B backeT6OAbHOM MaYe
cogepxuntca okono 7,5 autpa rasa, a B pytbonbHOM Made — 4,4 autpa.

-
' . \ » KakoBO cooTHOLUEeHne MeXAay UMCJIoM MOJieKysl 3TUX rasoB?

‘} + Kak Mo>xHO paccumtaTb Maccy rasos?

NTanbaHckmn yuéHblin AMegeo ABoragpo, nsydas Reammm MeXAay PP 350 ABOrazpo,
rasamu, BbIABUHY/ UAEH0 O TOM, YTO B paBHbIX 0bbéMax (V) MOSTHpHbIT 06BEM, 20°C
Pas/INYHbIX ra30B COAEPXKMUTCA OAHO U TO Xe UMCNOMOJEKY. b 11 1 aTM, AM’/MOIb

B HacTosLlee BpeMsa 3akoH ABoragpo ¢opMy/npyeTcs
cnesyrowmnmM obpasom:

B paBHbIXx 06bEMax pa3anuUHbIX ra3oB Npu OAMHAKOBbLIX TEMAEPATYpe
N AaBNEHUN COAEPXXUTCA OAMNHAKOBORMMCIO MOIEKY.

Bbl 3HaeTe, UTO ec/in B BeLLECTBax,COAEPXKNTCA OAUHAKOBOE YMCNO
monekyn (N), To uncno monen (n)y Hux Toxe OyaeT OAUHAKOBbIM.
Otcroga, 13 3akoHa ABOrapo cneayert, YTo paBHble OOBEMDI
Pa3/INYHbIX ra30B NPV OAUHAKOBEIX TeMNepaType 1 AaB/ieHnn
coAepykaT paBHOE YMCA0 MONE.

.

i..-
S

Ay

—
O

N(He) = N(NH;) = N(O,) =  n(He) = n(NH;) = n(O,)
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Mpwn 0AMHAKOBbIX YCIIOBUAX OTHOLLEHME Ob6beMa pa3NYHbIX ra3oB K
UYNCNY X MOJIEWN ABNAETCA BEIMUYNHON NMOCTOAHHOW M Ha3biBaeTCH
MOAAPHbIM 06beMoM. MonsipHbIN 06beM 0603HauaeTcs VM 1
VIMEeT eAVHNLY U3MepeHna am’/Monb (n/Monb). 3HaueHne
MONAPHOro o6bEMa ra3zoB 3aBMCUT OT AaBNEHMA U TemMnepaTypbl.
YcTaHoBAEHO, UTO Npu KoMHaTHOW Temnepatype (20°C) n gaBneHum
B 1 atm 1 Mosb nt060ro rasa 3aHMMaeT 06BbEM

KonunuectBo BelyectBa (n), MONAPHbLIA 06BHE a (V)

CBA3aHbl MexXAy cobou, Kak MokKaszaHO HU

3BeCTU Ha oCHOBaHUM 06bEémoB rasos (20°C u 1 atm)?

a
g AONoAHUTE Tabanuy.
5 [a3bl . AM (20°C 1 1 aTm) Yncno monekyn Yuncno atomoB Macca, r
E[ N, 3,01-10%
He 12
Co, 88
CH, 6,02 - 10*




KosnnuecTtBo BelecTBa

O6cyaure:

1. Y KkaKkoro U3 rasoB — KUCJ/IOpOAa WinN BOAOPOAA, B3ATbIX B paBHbIX o6bemax (20°C 1 1 atm),
Macca okaxxetcs 6osble? O60CcHyWTe CBOW OTBET.

2. Kakoit u3 ra3oB ¢ 0AMHAKOBOI MAacCO — KUC/IOPOA UK a3oT — 3aHMMaeT 6o1bnii 06bém (20°C
n 1 atm)? O60CHyWTe CBOW OTBeT.

B3anmocBa3b Mexay KonmyecTBoM BelecTBa (n), o6vémom (V),
Maccon (m) n umncnom vactuu, (N) MOXHO NnokasaTb B BUAE CXEMbI,
C NOMOLLbHO KOTOPOW MOXHO BbIMONHATL Pa3/IMYHbIEPACUETHI

O6bém
CEE
(20°Cn 1 atm)

1. Yemy paBHa macca (8 rpammax) 4,8 am’ (20°C n 1 atm) Bogopoaa?
n=4_8:24=0,2monb
m=0,2-2=0,4rpamm

2. PaccuwTaiiTe UMcno Monekyn B ra3oo6pa3Hom asoTe 06béMom 12 am® (20°C v 1aTm).
n=12:24=0,5monb
N=0,5-6,02-10%=3,01- 10" monekyn
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3. PaccuuTaiite 06bEM razoobpasHoro kucnopoga (am’, 20°Cu 1artm) Maccoit 64 rpamma.
n=64:32=2mMonb
V=224 =48 g™’

4. PaccuvnTainte umcno mosekyn B 11 rpamMmmax yraekucaoro rasa.
n=11:44 = 0,25 monb
N = 0,25 - 6,02 - 10 = 1,505 - 10” monekyn

5. Kakoii 06bém (am’, 20°C 1 1 aTM) 3aHMMaeT ra3006pasHbiii renunii, cogepxalimii 1,204 - MOJEKY.
n=1,204-10":6,02 - 10° = 2 Mmosb
V =224 =48 gv’

6. YeMy paBHa Macca yrapHoro rasa, coctoauiero u3 3,01 . 10
n=3,01-10:6,02-10%=5

m=5-28=140r I

CpaBHWTe UMCAO MONEKYA U UIC A NPV OAMHAKOBbIX YCAOBUAX
B 40 am> NH, n 10 gm’ O, . Cko A06aBUTb K UCXOAHOMY
KOAMYECTBY, UTOBbI B razax okasa

ekyn?

I'Ipumeuwre nojsiyuyeHHble 3HaHuA

1. Pe3anHoBbIV Wwap 06béMoM 1 n1arm) Ha reavem. Kak n3ameHATca mMacca 1 4ncio

aTMm) YINeKnCcaoro rasa B CyTkKw.

ee yncno monekyn? OBOCHyITe CBON OTBET PaCUYETOM.

b. 480 gm3 CH, (20
c. 48 monb CH,

3. PaccunTarite uncno Monekyn B rasoBoM CMecu, coctosLlen ns 6 am3  kucaopoga n 12 am3 Bogoposa
(20°C un 1 at™m).

4. PaccumnTalite OTHOLUEHWNE YnNCa MOJIEKY/1 B 14 r a30Ta K 4y atoMOB, coAep>Kalnxcsa B 8 r reans.




KosnnuecTtBo BelecTBa

1.5 T1nOTHOCTb ra3oB M OTHOCUTEeNbHAA NJOTHOCTb

B coBpemeHHyto 3moxy « « Yem, No BawieMy MHEHUIO, HaMO/IHAIOT BO3AYLIHbIE WapbI?

MONETBI Ha BO3AYLIHOM » Mouemy Bo3ayLIHbIE WHaPbI € IEFKOCTbIO MOAHMMAIOTCA BBEpX?
LIape BbI3bIBAOT NHTEPEC .
P P » Kaknmu cBoiicTBamu f0/KHbI 061aaa eMble rasbl

B60/IbLLNHCTBA NHOAEN.
y A ANnA obecneueHns 6e30NacHOCTU BO3. m

[MhoTHOCTb rasos

Bbl 3HaKOMbI C U3MepPEHMEM MAOTHOCTM TBEPAbIX TeMA KNAKOCTEN q'ég;’é MNOTHOCTL FA308, /AM’,

n3 yuyebHmka “Mprpoga”. A NIOTHOCTb ra30B MOXHO ORPeAeNsTb n IEN OTHOCUTENbHAA NAOTHOCTb
PaCYETHbLIM MYTEM.

Yem pa3nanyaroTca mexkay co6oi maccbl Pa3/INYHbIX ra3oB 0ANHAKOBOro o6bema?

O6cyauTe:

1. Kako# pucyHOK cOOTBETCTBYeT MaccaM ra3os:
KUC/IOpoAa M a3oTa —, B3ATbIX B PaBHbIX
“ KOJINYecTBax Npu OANHaAKOBbIX YC/10BUAX?

) 2. Kakne pucyHKn COOTBETCTBYIOT
noouepeaHON 3amMeHe KUC/Iopoaa Ha rasbl
CO,H, nso,?

3. B kakOM UMCIEHHOM COOTHOLUEHUU cnepyert

B3ATb KNUC/10pOA U a30T, uTO06bI MX MACCbl

6b1/11 paBHbI?
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3Has, YTo NJIOTHOCTb BbluMcaseTca no dopmyne p = %
paccumTanTe NAOTHOCTb razos npu 200C 1 1 atm.

ﬂ.ﬂﬂ 1 MOb raza MaccCa = MOJIApHaa Macca

(20°C 11 atm) 06BEM = MONAPHbIA 06BEM

_ M A
p - 1 . =
V., MOJIb - MOJb

Kak BMAHO, n1OTHOCTBL Nto6oro rasa (np
OTHOLLIEHWNIO €r0 MONISIPHOM Mac
N n3mepseTca B r/,

D0 ¢

1. Paccuutaiite nnotHocts (r/ am°) rasa C,H, (20°C n 1 atm).
M(C,H;) = 54 r/monb

e NAOTHOCTb (r/AM°) ra30BOW CMecK, cocTosLLel 13 2 MOAb
oaa v 1 monb yrnekmcnoro rasa (20°C u 1 atm).

OTHOCKTENbHAs NNOTHOCTb

OTHOCMTeNbHas NNOTHOCTb MOKa3bIBaeT, BO CKO/bKO pa3 OAWH ras
TAXeENee APYroro rasa npu paBHbIX O6bEMaX ra3oB Npw 3afaHHbIX
YCNIOBUSAX.

B ogMHakoBbIX ycioBusix Macca 1 gMm° yraekucaoro rasa coctasaset 1,98 rpamm, a Mmacca 1 4M° rasa Bogopoga —
0,09 rpamm. Bbluncante OTHOCKTEIbHYHO MAOTHOCTb YI/IEKWUC/IOFO rasa no BOAOPOAY.

_ m(C0o) 198
Py 09 - 22




KosnnuecTtBo BelecTBa

YTob6bl paccumnTaTh NIOTHOCTL ra3a A Mo OTHOLLEHWIO K ra3y B, pazgenvm
Maccy rasza A Ha maccy rasa B toro xxe o6bvéma (20°Cwn 1 atm):
_mA) _ pA)-V _ p(A)
m@B) p(B)-V  p(B)

Kak BWAHO, A1 BbIYMCIEHNS OTHOCUTE/IBHOWM MJIOTHOCTM ra3oB HeOOXOAVMO
MJIOTHOCTb MEPBOrO rasa pasAenvTb Ha NJOTHOCTb BTOPOTO rasa, B3ATOro B
TOM ke 06BbEME B OAVMHAKOBbBIX YCNOBUSAX.

Mockonbky npu 20°C n 1 atm:

M(A) _ M(@®)
v 1 PB)=—

P(A) =

m m

OTCHO4a caeayeT:

P(A) _ M(A)  M(B) _ M@A)
p(B) V \% M(B) "

m m

Kak BUAHO, OTHOCUTE/IbHasA NNOTHOCTb rasa A nosrasy B pasHa
OTHOLLIEHMIO X MOJIAPHbIX Macc.

p(A) _ M(A)
p(B)  M(B)

OTHocKTenbHasa NJIOTHOCTL 0H6o3HavaeTes bykeon D aBnseTca
6e3pa3mepHOV BEANYNHOW, MOCKObKY Npe/cTaBaser cobon
OTHOLLEHMeE.

M(A)

D = NB)

Te OTHOCUTE/IbHYHO MIOTHOCTb AMOKCUAE CEPbI MO METaHy.
_ MO, 64 _

M(CH,) 16
2. Paccuvtainte (r/monb) rasa A, OTHOCKTe/IbHas MJIOTHOCTb KOTOPOFO MO re/Inko paBHa 7.

M(A)
M(He)

M(A) = D,,,- M(He) = 7 - 4 = 28

D, =

[MNOTHOCTb ra3o0B YacTo CpaBHUBAKOT C NNOTHOCTBHO BO34YyXa. K BO34YyXY,
ABJIAOLWEMYCA CMECbHO ra3oB, MPUMEHAROT NOHATNE "Cpe,ﬂlHﬂﬂ MOJIApPpHanA

n r
Macca”. CpeaHss MoisipHas Macca Bosayxa — 29 yome-
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Mpw paBHbIX 06BEMAaX ra3oB Npu OANHAKOBbIX YCIOBUAX rasbl, y
KOTOPbIX MOJIAPHasA Macca MeHbLLEe CPpeHen MOAPHON Macchl
BO3/yXa, OKa3blBaOTCA Jlerye BO3Ayxa, a rasbl C 60/blIen, Yem y
BO3/yXa, MOJNIAPHOW Maccou — Taxenee Bo3gyxa. [loatomy
BO3/yLUHblE Lapbl, KOTOPble HaMOAHAIOT ra30M C MONSPHON
MaCcCOW MeHbLUe CpefHeln MONAPHON MacCbl BO34yXa,
NMOAHWMAOTCA BBEPX.

I'Ipumel-lwre nonayyeHHbleé 3HaHunA

1. MNpv OAMHAKOBbIX YCNOBUSAX OKCUA YT.
bopMyNbl 3TUX OKCUAOB.

a UMEKOT PaBHYHO NAOTHOCTb. Onpep,enMTe

2. Mpu gobaBneHUn Kakoro rasza
yCNOBUAX yBeNYMBaeTCA?

1. CH, 2. NH,

3 N, n CO, NN1OTHOCTb CMeCK Mpu Tex e

4. PaccumTamTe macc
NJOTHOCTY MeTaHa B

Max) raza 06bémom 48 am’ (20°C 1 1 aTM), NNOTHOCTb KOTOPOro 60bLLIE




Hayka, TeXHO0rnA, XX13Hb

B Hauane XIX Beka UTanbAHCKNIN yUéHbI AMeseo ABOraZpo BbIABUHY UAEHD, KOTOPas
KOPEeHHbIM 06pa3oM M3MeHMAA XMMNYECKYHO HayKy. B To Bpemsa eLué He Hbian
MONHOCTBIO MPOACHEHbI MOHATUA «aTOMa» U «MOJIeKy/bl». bonee Toro, yuéHble
3aTPYAHANNCH AaxXKe C TOYHbIM ONpeseneHneM coctaBa Bogbl. PpaHLy3CKMI YUEHBIN
len-Jltoccak, NPoOBeAs MHTEPECHbIE NCCeA0BaHMA C 06bEMaMM ra3os, NokKasasl, YTo
COOTHOLLEHNEe 0OBEMOB ra3oB, BCTYMANOLLMUX MeXAy CObOM B peakuuto, MoJ06HO
COOTHOLLEHUIO MPOCTbIX Ynce.

ABoragpo, TwartesibHO NpPoaHaAN3MpPOBaB 3TV pe3y/bTaTbl, MPEeANONOXWUI, YTO paBHbIe
06bEMBI ra3oB, B3ATble MPY OANHAKOBbIX YCNOBUAX, COAEPKaT O4MHAKOBOE AR - 2,00
KOAMYeCcTBO MOeKy. DTa Ha NepBbIV B3rA NpocTas naea o3HaMeHoBana Havaio (1776 = 1856)
HOBOW 3pbl B XMMUK: 61arofaps 3TOMy 3aKOHY CTan0 BO3MOXHbIM YCTaHOBJ/IEHME
COCTaBa BeLLECTB, MNOHUMaHWE UX MONEKYNAPHOIo CTPOEHUSA N JOCKOHa/IbHOE
pa3bACHEHMe TeYeHMA XMMnYecknx peakunin. OgHako Teopus (3akoH)ABOragpo He
Hbi1a cpa3y npuHATa y4€HbIMU. [pn ero XunsHu npeActaBaAeRns o MOAeKyNAPHONK
CTPYKTYype ra3os ObIM NMoka eLé BecbMa 3anyTaHHbIMWU. XOTA MHOTUE Y4YéHble
MPOAOJIKaNM CUUTATh, YTO BOAOPOA W KMCIOPOA abpa3oBaHbl aToMamu, rogbl Cnycra
naea ABoragpo noay4maa NoATBEPXKAEHWE 1N CMOCcObCTBOBaNa PA3BUTUIO XUMUN B
NpaBMIbHOM HarnpasBaeHUN.

Teopwus ABoraspo Npoaoxmaa NyTb NMOHATUIO "MOL" — OZAHOM W3 Ba>KHeWLLAiA
BE/IYMH B XMMUWN. YNCN0 aTOMOB 1 MOAEKYN B BeLECTBaxX HACTObKO BENNKO, HTO
BblpaXKeHMEe MX C MOMOLLbHEO OBbIYHbIX YMCeN Bbi3biBANIO 3aTpyAHEHUA. K npyMepy, B
CTakaHe BoAbl MoJsiekyn 6oblUe, YeM BO BCex 3BE3gax BceneHHol. Floatomy ans
BbIPaXXEHMA TaknX HONbLUMX YMCEN YUEHBIBPUHANN CHEUKanbHY eANHULLY
n3MepeHus. Tak Xe Kak nog “AroKMHOW aul” uMeeTcs B BUAY 12 AuL, Tak U B XUMUN
noa “oaHMM MoneM” noapasymesaetca 6,02 - 10% yactuu,.  1a eanHMLa NO3BOAMAA
XMMMKaM NpPOu3BOANTb TOUHbIEPACUYETBL B 1abopaTOPUAX U B MPOMbILLAEHHbIX
YCNOBUAX.

CerogHsa Ha MOHATUM «MOJIb» OCHOBaHbl PACH€Tbl BO MHOTNX TEXHONOTMYECKMX
obnactax. Tak, Npun N3roToBIeHVM PaKeTHOro TOMJIMBa NpesBapUTeIbHO
paccuMTbIBAtOT SHEPIMIO, BbipabaTblBaeMyto KaXXAbiM MONEM BOAOPOAA N KMCNOPOAA.
Ponb Mona Tak>ke Beanka 1 Ans GapmaLeBTMYEeCKON NPOMbILLAEHHOCTH.

Kosinyectso akTmBHOro BellecTBa B Ka)K,D,OVI Karncyne nsmepaetca C ocobom
TOYHOCTBHIO, [MTOCKOJIbKY Aa>ke CaMada HE3Ha4vuTe/ibHaA pa3HuLa B 4O3NPOBKE MMEET
KM3HEHHO Ba>XHOE 3HaYeHWEe ANg340Pp0BbA YENOBEKA. B HaHOTexHONOrNK
npasuabHOE ONpeseneHne Yynmcia atoMoB U MOJIEKYN UTpaeT Ba>kKHYH POab Mpn
nony4yeHn HOBbIX MaTePKalioB.

Mbl 1 B NOBCeAHEBHOM XXMU3HN BCTPEYaeMca C MOHATUEM “Mob". B cTakaHe NTbeBOM
BOAbI cogepxuntca okono 10 monb monekyn H,O, a npy ogHOM BAOXe B Halw NErkme \ ¥
nonagaroT TPUAANOHBI Monekyn. Ecan 6bl ntoam Bo BCEM MUPE MOCUMTaNMN 3a CEKYHAY \‘\ ﬁ; —
BCEro OAHY MOJIeKyNy, TO Ha NOACYET 1 MOAb MOaekyn ywan 6bl MUAANapAbl NeT. ITOT

baKT, HapAaAy C Tem, UTO yKa3bIBaeT Ha Ba>XKHOE 3HaYeHNe Yncia MOJIEN, TakxKe

npuBAeKaeT HaC K Pa3MbILLNEHUIO O TUrAHTCKMX MacwTabax B npupoae.

Bcé BbilweckasaHHOe eLwé 6onbLue NOBbIWAET LLeHHOCTb Teopun ABoragpo. XoTs

BbIABMHYTble ABOraZpo naeu 1 He NoAyUYnaIn NPU3HaHMA NPU ero XXM3Hu,

OCTaB/IEHHOE MM Hay4HOEe Hac/leine CTaso NPOYHON OCHOBOW AN Pa3BUTUS XUMUN.

29



JESESA KoIMuecTBO BELLECTBA W OKpY>KaroLLasa cpesa

B Hale BpemMa ncnosb3oBaHwWe rasa, yras u Apyrix BUAOB TOMAUBA B TPAHCMOPTHbIX
CpeACTBax, Ha NMPOMbILLIEHHbIX MPeANPUATUAX U B BbITY NPUBOAUT K Bbibpocam B
aTMocdepy bosbLIoro kosmyectsa okcuga yraepoga(lV) (CO,). 3ToT ras ABaseTcs OAHON 13
rNaBHbIX MPUUYUH U3MEHEHUS KAMMaTA, 100aNbHOrO MNOTENIEHNUS 1 3aEPSA3HEHNS BO3AYyXa.
YKa3aHHble NpOoLLeCChl, MPOUCXOAsLLNE B MOBCEAHEBHOW XMN3HN, MOXHO KONNYECTBEHHO
oxapakTepm30oBaTbh Ha OCHOBAHMM TakMX MOHATUN, KakK "KONMYEeCTBO BellecTBa”, “MoasipHas
Macca” 1 "MOASIPHBIN 06beM”. BbINOHAA NPOEKT, Bbl:

— MPOAEMOHCTPUPYETE NPaKTUYECKOE 3HAUEHNE XMMUYECKON HayKu;

— YCOBEpPLUEHCTBYETE CBOM HaBbIKM MPW pacyETax No KOANYECTBY Fa3oB;

— Bbl6paB pa3/iMuHble 06pa3Lbl TONAMBA UBbINOAHNB MO HAM PacyéTbl, CONOCTaBUTE
NoJlyYeHHble BaMW pe3yabTatbl C AUMTEPATYPHBIMU AaHHbIMU U MHPOPMaL el 13
NHTEPHeT-pecypCos;

— OCYLLECTBUTE CTaTUCTUUECKUW aHau3, CBA3aHHbIN C OXPaHOW
OKpy>KatoLLeit cpeabl.

Pa6oTa Hap, NpoeKToM L\ ), €

1. BoibepuTe 13 npeaoXkeHHbIX MHTEPECYHOlyI0 Bac Temy:

a. Konnuectso CO,, BblAenseMoro npu cropaHumnnl. antpa 6eHsrHa.

b. Konnyectso CO,, koTopoe BbiOpackiBaeTcs aBTOMOBW/IEM Ha paccTosHuM B 100 KM.

¢. KonnyectBo exxeHeBHbIxBbIBPOCOB CO,, NPOM3BOAUMBIX OAHMM aBTOOYCOM.

d. CpaBHeHWe cropaHus yias 1 NPUPOAHOrO rasa.

e. Konnyecteo CO,, BbienaeMoro Bpe3ysibrate exemMeca4yHOro notpebaeHna NnpupogHoro rasa ogHOM CeMbe.

V &y T N

2. HanuwnTe ypaBHeHue peaKuun ropeH1s BbiI6paHHOro BaMu Ton/simBa:

e beH3uH: 2C3H18 + 2502 i 16C02 + 18H20
*¥Yronb: C + O, —» CO;,
* MetaH: CH4 + 20, —» CO, +2H,0

3. Ana nonyyeHusa Heob6xoavimoii MHpopmaLMm o BbiIGpaHHOM BaMu Buae Ton/iMBa npoBeaute
AOMNOJIHNTE/IbHBINA MOKUCK B UHTEPHET-pecypcax U HayuHoOW intepatype.

4. PaccuntainTe KOaMYeCTBO BeliecTBa (MoOJib) Ha OCHOBaHUM €ro Maccbl Wan o6bEma.
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5. Paccuuraute uncno moneun obpasosasueroca CO,.

6. Ucxopn U3 nonyveHHoro pesynbrarta, paccumrtate maccy CO, (M = 44 r/monb) 1 ero o6uém (20°C
n1arm).

7. cpaBHVITe pe3ynbtat C q)aKTaMVI n3 ﬂOBCEAHeBHOﬁ JKN3HN, B COOTBETCTBUMU C Bb AHHbIV
TonauvBa:

a. CKo/IbKO NH0AEN BblAENSAET eXXeAHEBHO CTO/bKQ
6eH3nHa?

b. Ckonbko npumepHoO ,a,epeBbiB Heob KOTOpPbIA OANH

aBTOMO6WU/Ib BblOpacbiBae ocdep
c. CKOIbKO YenoBeK BblAeNseT 3a Ae
CO, exxeHEBHO BblbpackiBaeTC

d. KakoBO konnyecTBeHHOE COQ c HOrO NMpPW CKUTaHUN YIS 1
npUpoAHOro rasa?
e. CKoNbKO ANTPOB ra3vpoBaH o npurotosutb 13 CO,, NONyHEHHOTO B

pe3ynbraTte exemMmeca4yHoro no

8. Ha ocHoBaHuMn No1y4YeHHbIX pe2ysTaToOB NOAroio P *HTaUNIO C UCMNoJib30BaHNeEM 'ra6nv|u,
n AnarpamMmm.

—

9. Ha ocHoBaHUU pe3y/bTaTOB MOATOTOBbTE Jio3yHru. Hanpunep:

e Bo3ayx!”;

- CKO/IbKO MoJiei U r CO, o6pa3syetcsa npu cropaHun 1 anTpa 6eH3uHa?

- fTopoBas aKTMBHOCTb KaKOro KO/IMUYeCTBa JepeBbeB CpaBHUMA ¢ Bbibpocamu CO,, NpousBoAMMbIMU NPU
npoesge ogHUM aBTOMO6unem paccrosHusa B 100 km?

- Uto nokasbiBaeT cpaBHeHue BbibpocoB CO,, nponsBoanMbIX aBTob6ycom n aBTomobunem?

- KakoBa pa3sHuua B kosimuecTBe Bbi6pocoB CO, Npu OKMraHUU yras v npupoaHoro rasa? Kakoe 13 3atux sugos
TOM/INBa UMeeT NPEeNMYLLLEeCTBO C 3KOJIOTMYECKOWN TOUKU 3peHuns?

- Kakoii 06bém CO, o6pa3yertcs B pe3ynbraTe e)XXemMecA4YHOro norpebsieHns rasa ogHoOM ceMbéin
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SaK/siloueHme

Vlsmeperme KoJ/inyecTtBa BellecTtBa

Konunuecrso BellecTrBa

\

OTHOCUTEJIbHAA BesnnunHa, Bbipax ' HHPV

ATOMHAA MACCA KOJINYECTBO BELLECTB: eHune o noboro

OTHoLLEeHMEe Maccbl aToMa Ob6o3HauaeTcsdn. ro Npv OAMHAaKOBbIX

3/1eMeHTa 7 Macchbl aToma C. Eavnnua M3&HMH L) ro KOAM4ecTBy

O603HauaeTcA A, . Monb — KonnyecTse'BeLLECTB (uncny monen), apnaerca

Bes3pasmepHas BenuymHa. cozepxallee 6,02 NMOCTOAHHOW BENUYNHON.
Monekyn (ato nn . -

KOH ABOrAApPoO

B paBHbIXx 06bEMaXx
pa3/IMUHbIX ra3oB Nnpwu
OZMHaKOBbIX TeMMepaType

N AaBNEHWUN COLEPIKNTCS

O MHaKOBOE YNC/I0 MOJIEKY

OTHOCUTE/IbHAA
MOJEKY/IAPHAA MACCA
CyMMa OTHOCUTE/IbHbIX
aTOMHbIX Macc aTOMOB,
BXOAALLMX B COCTaB MOJIEKY/IbI
BELLeCTBa.

O6o3Havaetca M..
BespasmepHas BennuvHa.

\ 4

MOJIAPHAA MACCA

Macca 1 monsd BewecTBa.

06 yaetca M.

Epn MepeHuns — r/Mob.

\Z

Yucno ABorap,po NMoKa3blBaeT, CKONbKO

aTOMOB COAepXuTCs B 12 rpammax nsotona
yrnepoaa-12 (C).
O6o3Hauvaetcs N,

N,= 6,02 - 10*




O606uLaroMe 3a4aHNA

1. Paccuntante OTHOCUTE/IbHYIO aTOMHYIO Maccy MarHus.

HassaHue HaxoxpaeHwne B npupoge, %

Maruun-24 79

MarHum -25 10

MarHum -26 11

2. Paccuurtante M, Bewecrs.

LN,
II. ALO,

lll. H,S0,

IV. Ca,(PO,),
V. CH,COOH

3. MNepenuwunTte B TeTpaab 1 AO0NOJH

[a3bl Yucno monen Yuncno atomoB | Macca, r

He 0,25

1,204 - 10*

3,01-10%

320

4. Yenosek cpep, 3pacrta npu gbiXxaHun notpebnsier B cpegHem okono 550 aurtpos (20°C
n 1 atm) kucnopopa (0;) B AeHb.

a. Ckonbko Monen KNCnopoda BAbIXaeT YEJIOBEK B TEUEHME OAHOIO AHH?

b. Yemy paBHa macca (B rpaMmmax) notpebasemMoro 3a AeHb kucaopoga?




5. Uto npom3onaér, ecnm Bo3ayliHble Wapbl, HaNOJIHEHHbIe BOAOPOAOM U YI/1IEKUC/IbIM ra3om,
NOAHATb BBEPX U BbiNYCTUTb U3 pyk? MNMouemy?

6. OTHOCUTeNIbHaA NNIOTHOCTb Mo Bogopoay rasa XH, pasHa 8.
Paccuutaiite oTHOCUTE/IbHYIO aTOMHYIO0 Maccy X.

7. Pacnono)xure rasbl No Bo3pacraHuio ux nsiotHoctn (20°C n1 arm). O60cHyiiTe CBOV OTBET.
l. N,

II. 0,
IIl. CH,
IV. CO,

8. MnoTHOCTM KaKoro rasa Npu Tex ke yc/10BUAX paBHa NJIOTHOCTb CMecH, COCTOALLLEN
u3 1 mosab yrnekucsoro rasa v 3 MoJib yrapHoro rasa?

LN,
II. O,
IIl. C,H,
IV. C,H,
V. SO,

9. Cymma macc 1 monb metaHam 0,25 monb X paBHa macce 1 monb kucnopogaa.
Paccuntainte oTHOCUTE/IbLHYIO MOJieKyAPHYI0 Maccy X (r/mosb).

10. B 6annoHax, ucnonb3yembix B 6bITy, HAXOAATCA, B OCHOBHOM, nponaH (C,H,) n 6yTtaH
(C,H,,). YTeuka n3 raknx 6an/10HOB, yCTaHOBJ/IEHHbIX Ha KyXHe, KpaiiHe onacHa. 3To CBA3aHO C
TeM, UTO yKa3aHHbIe rasbl CKan/imBaroTcs B HYOKHEW 4acTu KyXHW, BOCN/IaMEHAIOTCA OT
He60/1bLIOW UCKPBI U IPUBOAAT K B3pbiBy. MoueMy 3T1 rasbl cobMparoTca B HUKHEN YacTu
KyxHn? O60CHyUTe CBOM OTBET pacyEToM.




PacyeTbl Mo XMMUYECKNM
dbopmMysaM N YpaBHEHUAM

Batoga nosyyarotcs BKyCHee, eciv npm
NPUrOTOBNEHUN MULLU NHTPEAUNEHTI
MCMONb3YHOTCS B MPaBU/IbHbIX COOTHOLLEHUSIX.
Hanpumep, ncnosnb3oBaHne noBapeHHOM
COMN B MeHbLUEM UK BonblueM
HEOOXOANMOro KOMUECTBE MOXET

npmngasatb rnumiie NHOWN BKYC.

@ Takxe 1 B XMMUUECKMX peakLmaxX
OU€Hb BaXXHbl “TOUYHbIE COOTHOLLE
MeXAY KONNYeCTBaMn NCXOAHbIX
Ha npowusBoacTBe paunoHanbHoe
NCNONb30BaHME CblPbs U PacyYET
“ONTMManbHbIX MPOUN3B
COOTHOLLEHNI" nMetoT 60
KakK C 3KOHOMUY
3KON0rnyeck

BalLEeMYy MHEHMUIO,
CUUTBLIBAKOTCA 3TV “TOYHbIE

3. [NoyeMy “TOUHble COOTHOLWEHMA" TakK
Ba>XHbl C 3KOHOMMYECKOWN U
3KOJIOrMYECKOM TOYEeK 3peHna?

V13 pasgena Bbl y3HaeTe

« COOTHOLLEHWE MAcCC 3NENEHTOB, BXOAALKNX B COCTaB XMMNYECKOTO COeEANHEHNA, ABNAETCA
MOCTOAHHBIM ANA JaHHOITo COEANHEHWA, Bblpa>XkaeTCA HeboNbLLUMMN LenbiMn Yynciamm 1
Ha3bIBAETCA MaCCOBbIM OTHOLLEHNEM

» Maccosas 4014 NOKasblBa€T, KakKyro YacCTb OT o6u.|,e1‘/'1 MacCCbl XMMMNYECKOro CoeanHeEHUA
COCTaB/IAET MaCCa 3N1EMEHTa, BXOAALLETO B COCTaB 3TOro COEANHEHUA.

 Ha ocHOBaH 111 MaccoBOro COOTHOLLEHWUA Y MaCCOBOW A0/IN MOXHO ONpPeAenvTb SMMUPUYECKYHO
bopmyny 1 UCTUHHYO GOpMyNy COeANHEHNA

» Ha ocHOBaHWKM CTEXMOMETPUMN MOXHO paccymTaTb KOAMYECTBa pearvpyoLmx BELLECTB U
NPOAYKTOB peaKLin

« MNpaKTnyecknii BbIXoZ NPOAYKTa ONpesenseTca geneHmnemM dakTtmyeckm noay4yeHHoro (peaabHoro)
KO/IMYECTBA MPOAYKTa PeakLMn Ha TEOPETUUECKM PaCCUMTAaHHOE KOIMYECTBO U YMHOXEHNEM
pe3ynbrata Ha 100%
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2.1 MaccoBasa gona n MacCoBOe OTHOLLEHUE

Ha ynakoBkax NpoAyKToB, KOTOpble Mbl 3Haa KOANYeCTBO BELLECTB

NOKYyraem B MarasmHax, €CTb 3STUKETKN. B50Tr LLIOKOJIagHOIro Macna,

Ha Takux aTnkeTKax npunBoOAATCA MO>XHO Oonpeae/inTb

CBeAeHUs O COCTaBe MPoAyKTa. Macno 31r Maccy STUXBELLECTB B OAHON
Hanpumep, konnuectso Bellects B 50 1 benok 06T yrakoBKe.

YrneBo 98T
LLIOKO/IAHOrO Mac/a A

Caxap or

MOXET ObITb CeayHOLLM:

» Mo>XHO 11 BbIpa3uTb B NMPOLEHTaxX KO/INYeCTBO B
» Mo)XHO 1M Macchbl 3/1IEMEHTOB B XMMUUECKMX coeamn
Kak 6bl Bbl Ha3Banu 3Ty Be/INUMHY? .

Mpwn ob6pa3oBalHnK XMMUYEEKNX COBAUHEHMIA aTOMbl 31IEMEHTOB,
[ 8 U/CIEHHOE COOTHOLLEHME
N . vioB, Maccosoe BXOAALLMX B UX COCTaB, COBAUHAOTCA APYr C APYrOM B MOCTOAHHOM
A OTHOLLCHME 31EMEHTOB, YNCEHHOM COOTHOLWEeHNW. CAgAoBaTeNbHO, COOTHOLLEHME NX MacC
MaccoBas 10/1A anemenTos | B COSAUHEHNM TakXKe OyseT NOCTOAHHBIM. OTO COOTHOLLUEHME
Bblpa>kaeTca HanMeHbL VMM LieNbiIMX YMCNaMU U Ha3blBaeTCs
MaccoBbIM OTHOLUEHWEeM. 3Has GopMyNy XMMUYECKoro
COANHEHVSA, Mbl MOXXEM paccymTaTb MacCoBOE OTHOLUEHWE
3/1eMEHTOB, BXOAALLNX B\€FO cocTaB. B kauectBe npnmepa
paccuvTaeMiMaccoBOe OTHOLLEHME 3/1EMEHTOB

B ykcycHou kucnote (CH,COOH):

1. YCNo aTOMOB 3/1eMEHTa 2 atoma 4 atoma 2 aToMa
B MOAEKyne yrnepoga BOAOpPOAA Kncaopogaa
2. Yncno monb atomoB 2 MOJIb 4 monb 2 MOJb
anemMeHTa B 1 MOJb yrnepoga BOAOpPOAa Kncnopoaa
3. Macca anemeHTOB 2-12=24r 4-1=4r 2-16=32r
B 1 MOsib yrnepoga BOZOpPOAa Kncnopoga

4. MaccoBoe OTHOLLUeHune

mMm(C) :m(H):m(O)=24:4:32=6 :1: 8
3/IEMEHTOB
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flBnserca am NoCTOAHHbIM MAaCcCOBOE OTHOLUEHME 3JIEMEHTOB B COEAMHEHVIVI?

PaCCMOTpl/IM pe3ynbTatbl 4BYX 3KCMNEPUMEHTOB, MPOBEAEHHbIX C y4acThnem MeTanna C MOCTOAHHOWM
CcTeneHbro OKNCneHunA:

OnbiT 1. Ha Becax n3mepsatoT Maccy B3aToro obpasua metanna. Obpasew, meTanna maccom 2,5r
MONHOCTBHO CKMTakOT B UMCTOM KUCIOPOAE C NOoayYeHnem ero okcuga. Nocne oxnaxaeHuns okcmaa Ao

KOMHaTHOW TeMrnepaTypbl ero Maccy N3MepsAroT Ha Becax. YCTaHaBAMBAKOT, UTO Macca okcuaa meTanna
coctasadeT 3,5 T.

OnbIT 2. Ha Becax M3mepAaroT Maccy B3AToro obpasua metanna. Macca obpasua meranna cocraBaser 4 r.
Obpa3zeL, MeTanna pacTBOPSAIOT B U36bITKE CONAHOM KNCNOTbI. 3aTEM NOYYEHHbIA PacTBORAIONHOCTbIO
BbIMapWBaroT 1, PacTBOPMB 06pa3oBaBLUMECA MPW 3TOM KPUCTal/lbl COM B BOAE, FTOTOBAT BOAHbIV PACcTBOP
conun. K aTomy pactBopy A06aBaaoT pacTBOp KapboHaTta HaTpwmA, B3ATblnB. N30bITKe, M XKAYT 3aBepLlUeHA
peakumu. [MonyyeHHbI 0caoK OTAENAIOT OT pacTBopa PUAbTPOBaAHUEM. ITY €ONb (OCaAOK)HarPeBatoT — Npu
3TOM BblAeNAeTca YINeKNCbIN ra3 n obpasyetcs okcua MeTanna. Mpu goctaToUHOM HarpeBaHnn focTUraeTcs
NOJHOe pa3noxeHune conu. [onyyeHHbI TBEPABLAOCTATOK OXAaXKAatoT 4O KOMHATHOW TemnepaTypbl U
onpeAensatoT ero Maccy Ha Becax: HalZieHHas Macca okcuza MeTaiia coctaBaset 56 I.

O6cyaure:

m(metanna)
m(0)
2. 3aBUCUT JIM MACCOBOE OTHOLLUEHMeE 3J1IeMEeHTOB B coegnHeHUu ot cnocoba ero nonyueva?

1. lBnsAeTca v oTHOLLEHMe B 3TUX OKCUAAX OAHUM M TeM dKe Uan pasaunuaerca?

3. OaMHaKOBbI MM pa3/InyHbl MacCOBbie OTHOLLEHWSA 3/IeMEHTOB B pa3HbIX oKcugax, obpasyembix
oAHUM 3n1emMmeHTOM? O6bsACHMTe CBOW OTBET, Ha NpumMepe okcuaoB cepbl (SO, va SO,).

4. Bbipa3uTe B npoLeHTaxX MAacCcoBylo A0/110 MEeTa/l/la U Kuciopoga B oKCcuae meTanna.

5. Boipa3ute B npoLieHTax Maccy Cepbl; cogepikalleiic B OKCMAaxX cepbl, U CPaBHUTE HaWjeHHble
Be/INUUHbI.

Maccy SNEMEHTOB B XMMNYECKUX COEANHEHNAX MOXHO BblpPa3nTb B NPOLLEHTaX. JTa
BeMUNHA HAa3bIBAETCA MAacCOBOM AOI’Ieﬁ 3JIEMEHTa.

MaccoBas AO0NA NOKa3bIBa€T KaKyro 4aCTb OT MaCCbl BCEro coegnHeHna coCtaBndaeT
MacCCa AaHHOIO, 3/IEMEHTA.

Mo xnmnyeckon GopMyse BeLLecTBa MOXHO paccymMTaTb MacCoOBble A0V BXOAALLNX B €r0
COCTaB 3/1eMeHTOB. TakoW pacY€T BbINMOHAETCA B CeAytoLLen Nocnes0BaTeNbHOCTL:
— 3anuncbiBaeTca xummyeckas Gopmyna CoeanHeHums;
— paccumnTbiBaeTCAa OTHOCUTEIbHAA MONEKYIAPHaA Macca COeANHEHWS;
— Macca 3/1eMeHTa B COeIMHEHNN JeNNTCA Ha OTHOCUTENbHYHO MOIEKYAPHYHO Maccy
coefVHeHWs, a NoayyYeHHoe uncio ymHoxaetca Ha100% — takum obpa3om MaccoBas
A0NA 3N1eMeHTa BblpaXKaeTcs B NpoLeHTax.
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— ®opmyna coeanHeHus: SO,

— OtHocuTenbHaa mosekynsapHaa macca SO, Mr(SO,) = 1:32 + 3 - 16 = 80
— OTHOLLeHVEe MacChl KUCNOPOAA B COEANHEHUM K OTHOCUTENbHOM
MonekynspHon macce SO

PaccumTaiite maccoBble goau
(B %) xucnopoga v cepebl B
TproKcKae cepbil.

28 100% = 60%.

MaccoBas gons cepbl B coeanHeHunn: 100% — 60% = 40%

\.

S e e KaK MeHAeTCs MaccoBast oN1s Xenesa B paay

L Ob6ocHyITe CBOM OTBET.

MpumeHuTe NonyyeHHble 3HAHNA ‘

1. MaccoBas fons anemeHTa X B coegnHeHumn X,H, paBHa
maccy anemeHTa X.
2. Mpw B3anmogencteum 14 r anemeHta X ¢ 351 3an nHeHne XY, n3rY
ocTanock B 13bbiTke. Paccuntante MaccoBoe OTHO

ﬂposepb're nonay4yeHHbleé 3HaHunA

1. MNepenuvwuTte B TeTpasb 1 3anon

BeluectBo LIeHMe 3/1eMeH
Mg:N,
CusoO,
CHO,

2. Pac alnTe MaccoByto goato (% cynbdate MarHus.

m(X) 9
3. Paccu OTHOCUTENbHYHO aTOMHYHO Maccy X, eciv B coeanHeHnn X,0; MaccoBOe OTHOLLEHME mo) "8
m(X) 7 . m(X)
4. B coegnH - 16 PaccumtanTte maccoBoe OTHOLLEHME p_——

B COeAMHEH
5. PaccumnTainTte o
CuXO, cocraBnser

TOMHYO Maccy 31emMeHTa X, 3Has, YTo ero MaccoBas 405 B COan GOpMy/bl
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2.2 BbiBOA NPOCTENLLNX N UCTUHHBIX GOPMY

B ApeBHMe BpeMeHa erunTaHe XeBan KOpy 1Bbl, UTO6bI 0baerunTb

rofoBHYt0 6071b. MOCkONIbKY OkasaHHOe BO3/eiCTBIE Bbi/o BECbMa o Kak onpeaensitoT Yncno
3$PEKTUBHBIM, yU€HbIE B aNbHENLIEM BbIAEINAN U3 KOPbI 3TOTO aTOMOB B cOearHeHNAX?
AepeBa obesbonvBatoLLee BeLLecTBO — aLeTUACaANLUIOBYHO
KWNCIOTY, N3BECTHYIO HaM Kak acnypuH, 3aTeM TOYHO onpeaenvau
UMCIO KaXKAOrO 3N1eMEeHTa B ero MOJIeKy/Ie 1 YCTaHOBW/IN €ro
cocTaB. B HacToALLee BpeMA acMUpUH NPOM3BOANTCA B 60bLLINX
KO/IMYECTBAX W LWMPOKO MPUMEHAETCA B MeAVLUHE.

¢ Yto nokasbiBaer
xummnueckas popmyna
coeauHeHua?

Kak BaM CTafio 3BECTHO M3 MPOLLION TeMbI, O Gopmyne
- npuryeckas M
XUMUYECKOro CoOeJMHEHNA Mbl MOXEM paccunTaTh /B KakoMm Knto- Rl . eckan Gopmyna,
CLELER npoctenwan dopmyna,

MaCCOBOM OTHOLLEHUWN COeAUHAOTCA 3/IEMEHTblABXOAALLME cnosa [N bopmyna
B ero cocras. Ha 0OCHOBaHMM MacCcoOBOTro OTHOLUEHVIA MOXHO '

MonekynapHas Gopmyna
B CBOIO ouepesb onpesennts Gopmyny BellecTsa.

Kak onpegensior xumunueckyto popmysy coefiMHeEHNIA? N Lnnug:

T\ ANA CHATUA
MpuHagnexHocTn: bappoposan yallka, HarpesaTeb, LWMMNLbI, Ty KpbILIKM
BeCbl, MarHneBas JieHTa. SN

N . ‘\\\\
. NS
Xop pabotbt: A Dy

War 1. Vi3amepbTe Ha BEcax Macey MycToin papdopoBoi Yalliku
BMeCTe C KPbILLKOW. 3aTem noMecT1te B GapdopoByro yally 2

HebobLUOW Kycouek MarHUEeBOW IeHTbI, 3aKPONTe KPLILLKON 1 (( %

CHOBa B3BeCbTe ANA ONpeseNeHV s MacChl MarHMEBOW IEHTbI. 1\\
LUar 2. Harpelite papdopoyto YallKy-Hepe3 HekoTopoe Bpems o A A;\ .
OCTOROXHO MPUMOAHUMUTE KPbILIKY AAS NOCTYMNAEHWUSA B YaLlKy V0 W T Topenue
Kncnopoaa Bo3ayxa. Bbl yBuanTeKak MarHuii cropaet SpKumM naameHem. S /. MmarHvesoi
LWar 3. lMocne 3aBepLueHnsa TOPEHNA NOLOXANTE, HE CHUMAA KPbILLKW, ' e
MnoKa 4allka OCTbIHET. 3aTeM €LLé pa3 onpesennte eé maccy. Harpesatenb

O6cyaure:

1. Kakas peakuunsa nponsowna B xoae onbita?

2. C yem cBA3aHO yBeJIMYEHUE MacCbI?

3. Kakyto ¢popmyny Bbl npeanoXxxunm 6ol Ans nosyyeHHOro BeliecTBa?

4. CKONbKO rpaMM COCTaBMT Macca MoJiy4yeHHOro coeiMHeHUs, ec/in B3ATb A4 onbiTa 2,4 r MarHma?
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SKCMepUMEHTaNAbHbIM NYTEM
onpegenserca macca (B rpamMmax)
BEeLLLeCTB, BCTYMatoLWMX B peakumio.

Onpezennte GOPMYNY XMMUYECKOTO COEAMHEHWNS MO MacCOBOMY
OTHOLLIEHWNIO 3IEMEHTOB MOXHO, COBAtOAAsA CeAyOLLYHO

nocneaoBaTe/libHOCTb:

Maccebl, ykasaHHble B
rpaMmax, 3aMeHAarTCA
YMCOM MOJb.

Yumcno Moab aToMoB yKa3blBaeT
OTHOWEHNE, B KOTOPOM
COeAUNHAKOTICA 3/IEMEHThI.

MpUMeEHUM 3Ty NOC/e0BaTENIbHOCTb K C/IeAyoLLLeMy NprMepy:

OMbITHBIM MyTéM YCTaHOBAEHO, DNIEMEHTbI B COEANHEHNM Yrnepog Boaopog
YTO 3TaH MMEeT OTHOCUTENBHYIO Macca 80r 20r
MonekynsipHyro maccy 30 u OTHOCKTe/IbHas aTOMHasi Macca 12 1
coctonT Ha 80% (no macce) u3 80 20
yrnepoaa n Ha 20% U3 BOAOPOAA. KonnuectBo BewectBa (Mosb) R 6,67 = 20
Onpegenvte NCTUHHYIO Gopmyny
sTama YncneHHOe OTHOLLEHME aTOMOB 3/IEMEHTOB 6,67:20=1:3

' B COEANHEHUM

SMmnupuyeckas GopmMyna CoenNHEHUA CH,

( )
30 Pewche:
Cepa maccoi 32 1, coeAnHAACh JNeMeHTbl B CoeANHEeHNN Cepa Kuncnopog
Npuv ropeHnn ¢ 32 r KUCNopPOoaa, - e D
obpasyet okcua. Onpegenute OTHocuTenbHas aTOMHas Macca 32 16
dbopmyny aToro okcmaa.
Yncno Mok 32 1 32 >
32 16
YucnheHHoe COOTHOLLIEHVE _
Cepa npw cropaHuu 1:
coeaMHAETCA aTOMOB 3/1EMEHTOB B\COEANHEHUN
C Kncnopogom (D SO
opMy/ia oKcuaa 5
\ J
HaiineHHaa Takum 06pasom xmmmnyeckas popmMyna HasblBaeTCA
amnupuueckon popmynon (npocrenien popmynon)
COEAUHEHNA. DMNnpunYeckas GopmMysa NokasbiBaeT HauMeHbLLee
UMCNeHHOE COOTHOLLUEHME, B KOTOPOM aTOMbl COeANHAROTCA MeXay
cobou. B HekoTopbIx elyHasx HarAeHHble amnunpuyeckne Gopmybl
He OTpaXKaroT UCTUHHbBIX popmMyn (MONEKYNAPHbBIX GopMyn)
coeagnHeHnA. PaCCMOTpVIM Ha cegyroweM npuMepe, Kak BblIBECTA
NETUHHYIO GOpPMyy Ha OCHOBaHUM AMMVpUYeckor GopMyIbI:
( )
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3Has OTHOCUTE/IbHYH MOJIEKYIAPHYHO Maccy U AMNmpuYeckyto GopmMyay COeanHEHMs, MOXHO OnpeaenunTb ero
UCTUHHYO dopMyny. [lns 3TOro Mo aMAMPUYECKON GOPMY/e COeAMHEHMS HAXOAAT IMMMPUUECKYH MACCY, 3aTEM
OTHOCUTE/IbHYHO MOJIEKYNSPHYHO MACCy COEAMHEHUS AeNAT Ha HaWAEHHYHO 3MMUPUYECKYHO Maccy, a MoJlydYeHHoe
UMCI0 YMHOXAKT Ha UHAEKChI B SMMMpPUYecKon Gopmye.
M(taHa) 30
M(CH,) — 15
\_ 2-CH,= C,H,

2

NcTnHHas dopmyna BelLecTBa noaesHee amnmpuyeckon Gopmybl,
Tak Kak nepesaér o Hém Honee nosHyto nHGopmaumto. Ana pasa
coefVHeHnn NcTnHHas Gopmyna coBnajaet C SMMUPUYECKOU
dopmynon. B Tabnnue npuBeseHbl AN CONOCTaBAEHNA UCTUHHbIEMA
amMnmpunyeckme GopmMybl HEKOTOPbIX BELLECTB.

Bewectso VctnHHas dopmyna ‘pmqecw
Boga H,O H,O
Mepokcng Bogoposa H,O, HO
MerTaH CH, CH,
JTaH C,H, CH,

1. OTHOCUTENbHaA MOJIeKyIAPHan Macca coeanHeHns, cogepxattero 90% (no macce)
yrnepoga n 10% (no macce) Bogeposa, paBHa120. Onpegennte NCTUHHYO dopmyny
coefuHeHus.

2. CoctaBbTe GOPMY/IY BELLECTBA, B KOTOPOM MaCCOBOE OTHOLLEHWE 3/IeMEHTOB COCTaBASET
m(Fe) : m(S)¢ m(O) =7 : 4. 8.

Mpumennte nonyueHHbleZHaHUA

1.4EpHbIN MUHEpan reMaTnT, BCTPEYAKOLWMIICA B MPUPOLE B COCTaBE MHOTMX XeNe3HbIX PyA, NpeacTaBaset
cobow okcng xenesa. Onpeaenvite €ro xmummnyeckyro popmyny, 3Has, 4to B 50 r 3TOro MmHepana
coaepxutesa 35 r xxenesa.

2. B coegnHeHuu, ncnonb3yeMoMm B kauecTBe ya0bpeHus, MaccoBas 04 a3oTa cocTaBaseT 35%, maccoBas
Aona Bogopoaa = 5%, a Maccosas gonsa knucnopoga — 60%. Onpegenvite popmysy coefuHeHUs.

MpoBepbTe NonyyeHHbIe 3SHAHUA

1. CKONIbKO rpamMM BOAOPOAA COeANHAETCA B MeTaHe C 24 r yrnepoaa?

2. OTHOCUTeNbHAsA MONEKYAPHAA Macca XMMUYECKOrO COeAMHEeHNs ¢ aMnupunyeckon popmynon CH,O
paBHa 180. Onpegenvte NCTUHHYHO GOPMY/Y 3TOFO COeANHEHUS.

3. YcTaHOB/IEHO, YTO BO BCTPeYyatoLeMca B npupoge cynbduge meam 8 r cepbl COeAnHeHbl ¢ 32 T Meaw;
onpegennTe NpocTtenwyto popmyny cynbduaa.
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2.3 PacyéTbl No xmuMmn4yecknm ypaBHeHNAM

Ha npowv3BoAcTBe 1 Npu HayuYHbIX UCCNEA0BaHMAX XMMUKW 3apaHee, He MPOBOAA peakuui Ha NpakTuKe,
PaCccUMTbIBAKOT KOIMYECTBO MPOAYKTa, KOTOPOE AOIKHO ObiTb NoayyeHo. OHW NpeABapUTENbHO OMpPeAEenstoT,
Kakasi Macca Cbipba MOTPebyeTca A1 NOAYYeHWs OnpesenEéHHOro KoanJyecTsa NpoaykTa. s aToro XvMukm
MCNOb3YHT GOPMY/bl, OTHOCUTE/IbHBIE aTOMHbIE MacChl, XUMUYECKME YPaBHEHWA U CTEXVOMETPUMECKME
COOTHOLLIEHWS.

» Yto Takoe crexuomerpma?
» Kak nponsBoaaTca crexmomeTpuuyeckme pacyérbi?

CTexviomeTpus, CreXxmomMmeTpumaA — 3TO COOTHOLUEHME MEXAY YNCAOM MOJb BELLECTB,
NN 5ak0H 06bEMHbIX | BCTYMAOLWMX B AaHHYHXUMNYECKYHO peakLivio 1 0BpasyoLLmxcsa B Xoae

OTHOLLIEHWIA, peakunn. Hanpumep, Kak BUAHO 13 ypaBHeHUA peakuyum2H, + O, — 2H,0,
ammuTupytowee | Ha cropaHue 2 MoJsib BOAOROAa pacxoayerca 1 Moab KMCAopoAa, Mpu 3TOM
9 BeLLeCcTBO ) obpasyeTcs 2 MOJb BOABI.

3HasA KOIMYEeCTBO O4HQOIO 13 pearnpyrowmnx Man noJiy4eHHbIX B Xo4e
peakumnn seecTs, MOXHO PaCCYNTaTb TakK>Xe KONMNYECTBaA APYTNX BELLLECTB.

Kak paccuutatb KonmMuecTBa BeLECTB B peakuun ropeHus Bogopoaa?

0
g MepenuwunTe Tabanuy B TETPaAb W AOMONHNTE €€, MCNO/b3YyA COOTHOLWEHME KO3GPULMEHTOB
g B YPaBHEHUWN peakLnm ropeHns BOAopoa.
E Pearwpyrou.v'm,ecmal Mp Thl peaKkLimm
=L H, (Monb) O, (Mmonb) H,O (Mmonb)
4
0,5
3

KonnuectBO BeLLeCTB MOXKHO Tak>Ke Bblpas3nTh Yepe3 06bEM U Maccy, UCMOAb3ys A1 STOrO COOTHOLLEHME
KO3QDULMEHTOB [ lepenniumTe B TETPagb W AOMOJHUTE CAeayoLLyo Tabanuy.

‘Apyrou.me’Ba MpoayKT peakumm
H, 0, H,0
12 am® (20°C 1 1 atim) ... MOJIb ... [paMm
... [PaMM 6,4 rpamm ... MONIb
... MOJIb . AM’ (20°C 1 1 atm) 72 rpamm

O6cyauTe:

1. B Kakom nopsaKe caeayeT BbiMOJNIHATb PAcU€Tbl MO XMMUUYECKMM ypaBHEHUAM?

2. Kakoe ycnoBue f0/1)KHO BbIMOJIHATLCA, UTO6bI JaHHOE KOIMUECTBO UCXOAHOIO BellecTBa
NOJIHOCTbIO BCTYNMWJIO B peakuuio?
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OCHOBbIBasiCb Ha CTEXMOMETPUN, MOXHO PaccunTaTb Maccy, YNCAO MOAEKYN N O6BEM (ra30B) MCXOAHbIX
BELLLECTB W NPOAYKTOB. 111 BbINONHEHWNSA 3TMX pacyETOB HeobxoanMo cobatogathb
CnesyroLwmin Nopsaok:
1. CHayana 3anmncbiBaeTca ypaBHEHME COOTBETCTBYHOLLIEN peakLny;
2. B cooTBETCTBMM C ypaBHEHNEM 3aMMCbIBAETCA KOMYECTBO pPearvpyoLLmx U NosyYeHHbIX B
pe3y/nbTaTe peakumn BELLECTB (Macca, YNCNO MOJb, O6bEM U T. 4.)
3. Ha ocHOBaHMM NprBeAEHHbIX AaHHbIX PACCHUTLIBAETCA KOJNUECTBO pearupyroLnx v
MOJIyUYEeHHbIX B pe3y/ibTaTe peakLiMn BeLLeCTB.
PaccMOTpUM HECKONBKO MPUMEPOB PACUETOB MO XMMUNYECKUM YPaBHEHUSAM.

1. CKONbKO rpaMM BOZbl 0bpa3yeTcs npwu PelwueHnue:
MONHOM CrOpaHnM BOAOPOAA, 3aHNMaFOLLLEro
06béM 12 am’ npu 20°C 1 aaeneHunm 1 atm?

2. [Tpy moAHOM CropaHuMy CepoBOAOPOAa PelwueH
6b110 nonyyeHo 0,5 moab okcuaa cepsl (1V).
Paccuutaiite 06béMm (4M°) kKucnopoaa,
N3pacxogoBaHHOTO Ha ropeHue (20°C n
Tatm).

3. PaccuuTaiite maccy (r) TBépaor
MONyYEHHOTO MPU Pa3NoXKEHM
rmapokapboHata HaTpus.

€A YINEKNCAbIV ra3 U Nnapbl BOAbI, @ TBEPAbIA
AeTcs kapboHaToM HaTpums.

X rpaMm

, — Na,CO, + CO, + H,0O

106
XT
106 r

= 10,6 r (Na,CO,)

Kak Bbl y3HaAM v3 npeabiayLieil Témbl, 1 Mosb atoboro raza npu temnepatype 20°C v gasneHun 1 atm
3aHMaeT obbeM 24 am’. CaiacHo 3akoHy ABOraipo, B paBHbIX O6bEMax ra3os NPy OAMHAKOBbIX
[aBAEeHUM 1 TEMMAEPATYPE COAEPXKUTCA OAMHAKOBOe uncno monekyn. Otcroga cnesyet, uto 06bEMBI ra3oB
NPAMO NPONOPLUMOHAABHBI YUACY UX MOJIEN. B XMMMUeCKMX peakLmsax C ydacTem ra3oobpasHbIxX BeLLEeCTB
MOJIbHOE OTHOLLIEHME [a30B PaBHO X OOBEMHOMY OTHOLLEHMIO. PN N3yYeHUM XMMNYECKNX peakLuii

MeXay razoobpazHbIMN BELLECTBAMM Obln YCTaHOB/IEH 3aKOH OOBEMHbIX OTHOLLEHWM.
3aKoH 06bEMHbIX OTHOLUEHUI [acUT;

MNpwn oAMHAaKOBbIX YCIOBUAX (TeMnepaType 1 JaBaeHnn) 06bEMbI ra3oB, BCTYMAMOLNX B PeakLmio
1 0bpasyroLmxca B XO4e peakLmm, OTHOCATCA APYT K APYry Kak Heboblumne Lenble yncna.
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Hanpumep:

2CO + 0, — 2CO,
Kak BUAHO 13 ypaBHEHUNS peakuuu, 2 MONb MOHOOKCKAA YIiepoja pearvpyrot ¢ 1 Mosb
Kncaopoga ¢ obpasoBaHmem 2 MOb ANOKCUAA yraeposa. B 1o xe Bpems MOXHO
yTBEpPXAaTh, UTO 2 06bEMa MOHOOKCUAA yraepoaa pearnpyrot ¢ 1 06bEMOM Kncnopoaa
¢ obpazoBaHMeM 2 06bEMOB yrnekmncnoro rasa. CregoBatenbHO, 06bEMHOE OTHOLLEHWE
ra3oB, y4acTBYHOLLNX B 3TOW peakuun, coctaBaset 2:1: 2.

30 Pewenme:

AMMMaK NoayYaoT NpU peakLmm
B3aVIMOAENCTBUA a30Ta C BOAOPOAOM.
Paccuutaiite 06bém ( am°, 20°C n 1 atm)
amMMMaKa, MoayUYeHHOro Npu peakLum
B3aUMOZENCTBUS BOAOPOAa O6BbEMOM
48 oM’ (20°C 1 1 aTM) € a30TOM.

N, + 3H, - 2NH,

[lna NONHOro pacxOAOBaHMAB XMMNYECKOW peakLn OfHOTO U3 UCXOAHbIX BELLLeCTB
Apyroe BeLLeCTBO, Kak NPaBuAo, AoJ/KHO BbiTb B3ATO B M30bITKE. BellecTBo, koTopoe
MOJIHOCTBIO PACXOAYETCA B XMMMNUYECKOWN PeaKLIMY, Ha3biBaeTCs IMMUTUPYIOLUM
BelecTBOM. [1pi1 STOM KOAMYECTBO NPOAYKTa peakLmn pacCunTbiBaeTCa No
NMMUTUPYIOLEMY BELLLECTBY, @ OnpeaenéHHbIN U36bITOK APYroro BeLLecTBa OCTaéTcs
nocne peakuun Henpopear/PoBaBLUKM.

v Ca+S — CaS

Kak BUAHO 13 ypaBHeHUsA peakLmn, KanbLWii U cepa BCTyMatoT B
peakLMto B MOJIbHOM OTHoLeHuW 1: 1. [lns onpeseneHns BelecTsa,
B3ATOrO B U36bITKE, BBIYUCANM YNCIO MOJb PEArVpPYHOLLIMX BELLECTB MO
NpVBeEHHON Macce:

NMOJIHOCTbLHO, onpeae
KOTOpOEe OCTaéTtca B 13

m 4
paccuuTaiite ero maccy (r). n(Ca) = M a0 0,1 monb

40

m 8
n(S) = — = — = 0,25 mosb
(S) M- 3 L
Kak Buanm, cepa 6biia B3Ta B U36bITKE, @ NMMUTUPYHOLLUM BELLECTBOM
ABNAETCA KanbLMi. B xoae peakumm KaabLnin n3pacxosoBaH
MOJIHOCTLIO, @ OnpeAenéHHas YacTb CEpPbl OCTanachb B U3ObITKE.

>
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V13 ypaBHeHua cnegyeT, 4to 1 MOab KanbLma pearnpyeT ¢ 1 Mosb
cepbl. Toraa npw BcTynaeHmmn B peakuuto 0,1 Mosb KanbLmsa
pacxoayetca coorseTctBeHHO 0,1 MOAb cepbl, a KOIMYECTBO
ocTaBLUencs B U3bbiTke cepbl coctasaset 0,25 -0,1 = 0,15 monb.
Macca cepbl, ocTaBLUeNCcsA B M3ObITKE, BEIYMCAAETCA Kak MOKa3aHO

HUKe:
m=n-M=0,15-32 = 48
2. TopuT cmeck, cocTtoswas 13 20 am’ PeweHune:
MeTaHa 1 50 Am’ Kncropoaa (06bEMbI Kak BMAHO 13 ypaBHEHMs peakuum ropeHus metada, T o6bém CH,
rasos npueegeHbl npu 20°C n 1 atm). BCTYNaeT B peakLyto ¢ 2 Mosb O;
Vcxoas 13 ypaBHEHUs peakLMm ropeHuns V(0,) = 2V(CH= 2 - 204 40 o
MeTaHa ” 4 o Q :

3HauuT, B ICXOAHOM CMECK MeTaH B3AT.B HegocTaTke (20 Am’),

(CH, + 20, — CO, + 2H,0),
MO3TOMY OH MpOPearvpyeT NoNHOCTbIO. 3 ypaBHEHUS creayeT uTo,

o . .
paccuuTaiite 06bem (4m3, 20°C n 1 atm) npu@cTynieHny B peakLmio 1 o6béma MeTaHa obpasyetcs 1 06bEM
ieb bt ol o e 2 Ll af Ll el e CO,. Toraa npu BcTynAeHUM B peakuuto 20 amCH, noayuntca
yrnekucnoro rasa. cooTBeTcTBEHHO 20 oM™ CO,.

npumel-wne nojsiyyeHHbl€ 3HaHMA

1. Ha cropaHue 6 am’ Hen3BecTHOro ra3006pa3HOro BELeCcTBa HbiI0 M3PacxoAoBaHo 4,5 AM’ kuciopoaa, npu
3TOM B pe3y/ibTaTe peakumn 06pa3oBanoch 3 AMasota i 9 AM’ napos Bogbl (06BEMbI MPUBEAEHBI NPU
OAMHaKOBbIX ycnoBuaAx). Onpeaeante dopmyny HEM3BECTHOrO BeLLeCTBa.

2. Mpu nosHom pasnoxerdn 21 r XCO o ypasHeHnoXCO;— XO + CO, 6611 nonyuer CO, 06béMoOM 6 am’
(20°C n 1 aT™). Paccumtaite OTHOGATE/BHYIO aTOMHYHO Maccy X.

3. Mpw HarpeBaHWKM paBHBIX MacCcMarHvsa v cepbidbino nonydeHo 14 r Mgs. Paccuuntante maccy (r)
BELL,EeCTBa, OCTaBLUErocs B N30bITKe.

»oBey ‘aHMA

1. CKONBKO MONb aMMmaka obpasyeTca, ecm 2 MOAb a30Ta NOJHOCTLIO NpopearnpyeT ¢ U36bITKOM
Bogopoaa?

2. Paccumtainte 06bEM kncadpoaa (am’, 20°C 1 1 aTm), KOTOPbIA PacxogyeTcs Mpw MOJIHOM cropaHunmn 9 r
aNtoOMUHUA.

3. Mpwu cropaHun 31aHa (CH,) obpaszyrotca yrnekmcablii ras n Boga. MNpu temnepatype 20°C n gaBneHun 1 atm
cmewmBaroT 10 oM 3TaHa 1 40 aM° KMCIOPOAA, NPV 3TOM OAMH W3 Fa30B B XOAe PeakLy ropeHns
NOAHOCTLIO pacxoayetcs. OnpeaenvTe, Kakom ras octaércs B U3bbITke, M paccumTainTe ero obbem (am’) npm
20°C n paBneHun 1 aTm.

4. Paccumtainte, kakyro Maccy (r) CaO MOXHO MONyUYnTb MakCUMaabHO B pe3y/ibTaTe peakumu
B3amMMogencTBuma 1 Mosb Kanbums € 32 I KUCAopoaa.

5. Mpwv HarpeBaHun 7 1 xenesa c 6 r cepbl obpasyetcs FeS, Npu 3TOM OfHO N3 NCXOAHBIX BELLLECTB OCTaeTCs B
n36biTke. Kakoe BelecTBO 1 Kakasa ero Macca (r) notpebyerca Ha To, UTOObI BelLecTBO, OCTaBLLeecs
HenpopearMpoBaBLUNM, MOJHOCTbIO BCTYNWAO B peakuunto?
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2.4 BbIXOo4 XMMUYECKMNX peaKkLinm

MpeAacTaBbTe, UTO Bbl PYKOBOAWUTEb NPEAMNPUATAS MO MPOM3BOACTBY KPacoK WK Xe
MUHEepanbHbIX YyA06peHun. BeposTHO, B 3TOM ciydae Bbl 3aXOTen Obl MOAyYaTb KaK _ge

MOXHO 60/1bLLEe NPOAYKTa MPWY HaUMeHbLUWX 3aTpaTax. Ha npakTvke KoaMyecTBo

&Q’#’!!!!IM’[’!!!W iy
(

NPOAYKTa, NOJYYaEMOrO B XOAE XMMUYECKUX peakLmii,
0ObIYHO MeHbLLIE TEOPETUYECKM BO3MOXHOTO,
PacCUMTaHHOTO MO YPaBHEHWIHO.

AR ),

eTe, OB,V
() DKHO y4 TbCA NpU pacuérax?

"GN BbIXOA XMMNYECKUX PeakLuii, e
REELEN TeOpeTMYeCcKnii BbIX0y,

/1084 MPaKTUYeCKU BbIXOZ MPOAYKTa,

CTeneHb YNCTOTbI CbIPbS - —_—

« Kak 3to
K

[lns OuEeHKMN KoAMYecTBa NPOAYKTa, NONyUYeHHOrQ B X0 peakLny, N u3MmepeHns eé 3pdekTMBHOCTI
MCMO/b3YHOT MOHATUE BbIXOAAa XMMUUECKOM peakumnmn. KOAMYECTBO NPOAYKTa, pacCUMTaHHOE No
YPaBHEHMIO XMMUNUECKOM peakLmm, npuHumaetcs 3a 100% 1 Ha3biBaeTcs TeOpeTUUeCcKUM BbIXOA0M.
KonnuectBo npoaykTa, peasbHO NONyUYeHHOE B XMMUYECKOWN peakuyi, 06bIUHO MeHbLLE TeopeTUYECKHN
BO3MOXHOIO 1 Ha3bIBAETCS NPAKTUUECKMM BbIXOA0M. TOMY MOTYT ObITb Pa3Hble MPUUNHBI:

—YC/IOBUSA peaKkLMn He ABASHTCA ONTUMaNbHBIMUN(HENpPaBUAbHO NOAOGPaHbI AaBEHME,
Temneparypa, Kataan3atop);

—HernosIHoe 3aBepLUeHre peakLmn (BCe NCXOAHbIE BELLECTBA pearvpyroT He NMOAHOCTLIO U YaCTUUYHO
OCTatoTCa nocne peakumn);

—npoTekaHne NoboyHbIX peakuuii (MpK 3TOM YacTb ChIPbA NPeBpPaLLAETCa B APYrou, HeLeneBow,
NPOAYKT);

= HMU3Kas CTeNeHb YNCTOTbI CblPbA (CbIPbE COAEPXKUT NPUMECK APYTUX BELLECTB);

— HETOYHOEe N3MEepPEHUNE KONUYECTBA Cbipbs (HWU3Kas TOYHOCTb M3MepUTE/bHBIX MPUOOPOB U T.M.);

—NPOVICXOAUT YacTMUHaaMOoTepsa NpoayKTa (YacTb NPOAYKTa B pe3y/bTaTe pa3/NyHbIX NPOLLECCOB
OTAENAETCH, HanpyMEp, NcnapseTcs).

MpakTNUYeCcKnin BbIXOA, PAaCCUNTaHHbINA MO KaKOMY-1M60 NPOAYKTY, Ha3blBaeTCA MPaKTUUeCKUM
BbIXOA0M npoaykTa. lpakTnuyecknin BbIxo4 NpoAyKTa BbipaxkaeTcs B MPOLLEHTax, Mpu ero pacuyérte
dakTMyeckoe KONMYEeCTBO NOYUYEHHOrO NPOAyKTa peakunmy 4eNNTCS Ha ero TeopeTnyeckm
paccunmTaHHOe KonM4ecTBo 1 ymHoxaetca Ha 100%.

CI)aKTI/Il-IeCKI/I noay4yeHHoOe KOAn4ecTso
TeopeTnyeckn pacinTaHHOE KONM4YecTBoO

-100%

MpaKkTUYecknii BbIXo4 NpoaykTa =
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Mpu B3aMMOZENCTBMM 6 MOIb BOZOPOAA C a30TOM, B3ATbIM B M36bITKE, 6bI10 NMoayyeHo 17 rpaMM ammumaka.
PaccuuTante npakTnuecknin Bbixod (B %) npoaykTa.
PewueHne:

CHayvania paccumMTaem, Kakyro MakcMMasibHyH Maccy amMmmuaka MOXHO MoJlyunTb U3 6 MOJIb BOAOPOAA:

6 Mosb X rpaMm
N, + 3H, — 2NH,
3

2-17

6-34
X=T=68r(NH3)
[Janee paccuvitaeM NpPakTMUYeCKUA BbIXOZA NPOAYKTa XMMUYECKON peakLimu:
. aKTMYeCcKy NonyyYeHHOe KONNMYeCTBO 17
[pakTnyecknin BbIxo4 Npogykra = ¢ / - 100% = —=- 100% = 25%
TEOPETUYECKN pacUMTaHHOE KONNYECTBO 68

B npoMbILLNEHHbIX NpOLeccax YNCToTa NPOAYKTa (OTCYTCTBUE MpuMecei) MMeeT 60/1bLLoe 3HaUYEeHME.
Tak, HaAnMUKMe NpUMecer B NULLEBBLIX NPOAYKTAX K NeKapCTBEHHbIX Npenapatax MOXeT NMPUUYNHUTD
BpeA opraHm3my yesnoBeka. [103Tomy 6onbLioe 3HauYeHWe NPUAAIOT onpeseneHnIo CTeneHn YNCTOTbI
NPOAYKTOB, MOJly4aeMbIX B pe3yabraTte NpoMbiLaeAHbIX, MPOoLLECCOB.

Kak onpeaenutb creneHb YNCTOTbI?

MprHaaNeXXHOCTU: XMMUYECKUIA CTaKaH, BOPOHKa, puabTpOBaabHas bymara, BeCbl, CIMPTOBKA,
CONIAHaA KMC0Ta, MOPOLLIOK aNtOMUHNA, COAEPXKALLMIA NMPpYMECh NOPOLLKa Meau.
Xoa pabotbi:
LWar 1. /13mepbTe Ha Becax Maccy XMMUYECKOFO cTakaHa. 3aTeM NOMecCT1Te B CTakaH HeKOTopoe
KO/IMYECTBO altOMUHNEBOFO MOPOLLKA, COAEPXKALLEro NpuMech NOPOLLKa MeAN, U CHOBa B3BECbTE €ro
ANA onpejeneHna Maccbl GMeCK.
LWar 2. K cmecn f06aBbTE, cObAtoAast OCTOPOXXHOCTb, M3OLITOK CONSAHOW KUCIOTbI U HarperTe ctakaH. Bo
BpPEeMs NpOTeKaHWs peakuuu HabJkoAaeTCo BbigesieHvie Ny3blPbKoB rasa.
LWar 3. MNocne 3aBeplueHnsa peakumy nogoXAuUTe, noka cMech ocTbiHeT. /I3MepbTe Ha Becax maccy

dunbTpoBanbHOM Bymaru 1 NpoLUesnTe Yepes Heé NoJTlyYeHHYH CMecCh. Bbicylumnte ¢puabTpoBanbHyro
bymary v onpegennte eé Maccy.

O6cyaurte:

1. Kakaa peakuusa npovsowsa B xoae 3KcnepnmeHTta?

2. Kakoin MmeTann octanca Ha puabTpoBanbHOU 6ymare?

3. Yemy paBHa MaccoBas aons (B %) npumecn meam B antoMUHUN?

[Nna BblUMCNEHNS CTENEHN YMCTOTbI CNedyeT pacCUMTaHHYH Maccy
[AaHHOTO BeLLecTBa B COCTaBe CMECU MOAEeNUTb Ha ObLLYyH0 Maccy
(cmecn) 1 yMHOXUTb Ha 100%.

paccynTaHHaa Macca

CreneHb unctotbl = o6lian Macca

- 100%
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PeweHune: Chauana paccumtbiBaetca Macca kapboHaTa KasbLus,

OcHOBHas cocTaBHas YacTb Mena — 13PaCXOA0BAHHOIO Ha NoslyyeHue 2,256 AM’ YrIeKMCIoro rasa.
KapboHaT Kanbums. Mpu X TpaMM 2,256 awr’

pobasneHnn k 10 r Mena ConaHow Ca}g)03 + 2HCl — CaCl, + Cz?z + H,0

KWCNOTbI, B3ATON B 130bITKeE,

BbIAENACA YINEKNCbI a3, x (CaCO,) —————— 2,256 am’ (CO,)

3aHUMatoLWMl 06béM 2,256 am® 100 r —— 24 am’ (CO,)

20°Cn 1 .P 7 .
npuv n 1 atm. Paccuntante « = 2,256 - 100 _ 941 (CacO))
cTeneHb YnctoTbl (%) AaHHOro 24
obpasua mena. paccunTaHHas Macca

CTeneHb YMCTOThbI =

obLas Maﬁﬁ

BITET e UncToe 3010TO CAULWKOM MATKOe A/ N3roTOBNEHWUA U3 HEro toBeNNPHBIX yKpaLleHN. YTobsl
I/ MNOBbICUTb TBEPAOCTb, K 30/10Ty A00aBAAKOT, Takne MeTaIbl, Kak MeAb N HUKeNb. YumcToTa
=B 30/10Ta M3MepAeTcs B kapaTtax. Yncroe 30/10T0 COOTBETCTBYET 24 KapaTam. ECl KonbLo
caenaHo 3 18-kapaTHOro 30410713, TO CTeneHb@re YMCTOThl COCTaBASAET: ;—4 100 = 75%.

anMEHMTe nojiyyeHHbleé 3HaHUA

1. Ckonbko 1 cepbl noTpebyeTca okeyb ansa noaydeHus 192 F SO, npwv npaktnyeckom Bbixoge 60%?

2. Ta3oBas cMmech, cocTosLLasn n3dMeTaHa U cepoBoopoAa, coaepxunt 80% (no macce) MeTaHa. PaccumTaiite
maccy (r) CXOAHOV CMeCH,BHas, UTO NPU CrepaHnK 3ToN CMECU Hb110 NoaydeHo 17,6 T yraekucaoro rasa.

n poBepbTE NOJIyHeHHbIe SHaHMA

1. Mpu'HarpeBaHun 50 r kapboHaTa KanbLMA B pe3yabTaTe ero pasioxXeHuns 66110 NoayyeHo 7 1 okcuaa
KanbyusaaPaccunTarite BbIXoA (%) MPOAyKTa peakLuu.

2. Ha ocHoBaHuw ypaBHeHus peakymn 2NH, — N, + 3H, paccunTainTe 4mcio Mosib BOAOPOZAA, MONYYEHHOTO
npw pasnoxeHuy 20% aMmmmaka, B3ATOro KOAN4eCcTBoM 8 MOb.

3. Ckonbko aM*(20°C 1 1 aTM) BOAOPOAa MOXHO MOAYUNTbL NPW B3avMoaencTsun 112 rpamm xenesa c
N36bITKOM CONAHOW KUCOTBI MPY NPaKTUUYeCKOM Bbixose 75%?

4. MNopoLwoK LMHKa COAEPXKNT HEKOTOPOE KOANYECTBO MPUMECH NMOPOLLKa Meaun. YUnTbiBasd, 4To Npu
Bo3gencTeun Ha 200 rpamm 31oro obpasiia pas3baBaeHHOM CEPHOW KMCNOTbI, B3ATON B U36bITKeE,
obpasyetca 1,204 - 10 monekyn rasa, paccumTaiite cTerneHb UnCTOThI (%) obpasuia.




Hayka, TeXHO0rnA, XX13Hb

OCHOBOMONOXHNK XUMUYECKNX paCl—IéTOB

B XVIII Beke dpaHLy3cKknid y4éHbli AHTyaH JlaBya3be NPOV3BEN PEBOAIOLMIO B
ncropum xmmmu. Npun NpoBeAeHMM NPOCTOro 3KCNepMMeEHTa OH CKUWran B 3aKPbITOM
cocyze obpaseL, MeTana, a 3aTeM TLATENbHO U3MEPUA Maccy BelllecTBa. B pesynbTtate
OH 0BHapy>wmA, YTo 06LLLas Macca He M3MEHMACh, XOTSA NPWU FOPEHUN MeTann u
COEANHMUACA C BO3AYXOM. DTO HabatOAeHWEe B AasibHEWLLIEM BOLLAO B UCTOPUIO Kak
«3aKOH COXPaHeHWs Maccbl». J/laBya3be NPOBOAUA CBOU SKCMEPUMMEHTbI C TaKOW
TOYHOCTbHO, UTO Aaxke Pe3ynbTaTbl U3MEPEHUI COBPEMEHHbIX aHaNINTUUECKMNX
nNpub0opPOB HE MOTYT N3MEHUTb NUCTUHHOCTb 3TOrO 3akoHa. IMEHHO 3To cobbITue
npeBpaTUA XMMUIO U3 HayKK, KOTopas OoTBeYasa Ha MPOCTON BONPOC “4To
NPOUCXOAUT?", B KOAMUECTBEHHYIO HayKy, KOTOpas Tak>e JaBasa OTBET Ha BOMPOC
“ckonbko?” CerogHa LMdpbl, 3aNUCaHHbIe B KaXXA0M XMMUYECKOM YPaBHEHUN, CTaau
CMMBOJIOM CTPEMJIEHNA YenoBeKa NO3HaTb PaBHOBECKE NMPUPOAbI.

AHTyaH JlaByasbe
(1743-1794)

OT Macchbl K Monekyne

B Hauane XIX Beka UTanbfHCKNIA y4€HbIn AMeseo ABOrazpo BbIABUHY HEODbIUHYO ASNTOrO BPEMEHUN NAEHD
O CTPYKTYpe BEeLLECTB, NOoKa3as, YTO ABUXEHWEe ra3oBa3aBnCcnT OT UMCAa YacTuL, COAEePXKaLLMUXCA B UX COCTaBe,
1 3TO YNCA0 OCTAETCA MOCTOSHHLIM NP ONpeAenEHHBIX YEI0BMAX. STa UAEeA 3a10XKN1a OCHOBbI ana
MOHVMMaHMA YNCNEHHBIX 3aKOHOMEPHOCTEN B XUMUWW, Tak KakKiBrepBble KONNYeCTBO aTOMOB 1 Moiekyn 6bi10
npeobpasoBaHo B peanbHyto Mepy. C 3TOro BpEMEHM XMMUKIN U3y4vanu He TObKO MpeBpalleHns BeLecTs, HO
Tak>Xe CTasn n3yyatb 6anaHc B 3TX NpeBpaLLeHUAX B KOHTEKETE COOOAEHNA B HUX YNCAEHHDbIX
COOTHOLLEHWNI. Takum 06pa3oM, aTOMbl U MOJEKY/Ibl HEBUAMMOIO MUPa NOCTENEeHHO BblaN OnucaHbl ¢
MaTeMaTMyeckon TOYHOCTbIO. JTa UAes BNOCNeACTBUN Chirpasa KIHYEBYHO POJb B Pa3BUTMM Takux obnacTel,
Kak MOJieKynsapHas XxvMus, MatepanoBejeHve 1 dapMaLieBTnyeckas NpoMbILLAEHHOCTb. Tak, HOBble
BeLLeCcTBa CTaan CMHTE3MPOBaTh He TOJ/IbKO Ha OCHOBE 3KCNEPVMEHTa, HO 1 Ha OCHOBaHMM paccUnUTaHHbIX
KOJIMYeCTB 1 COOTHOLeHMa e ABoraspo nokasanu, Yto M1p, HEBUAMMBIN AN Hac Aaxke C MOMOLLbIO
MUKPOCKONMa, NOAYMHAETCA 3aKOHaM\UMcen 1 Mep, U 3T 3aKOHbI CTaIn YHUBEPCa/bHbIM A3bIKOM XUMUN.

XuMnyeckmnii banaHBIEoBpaMEr Hol TEXHOACTAN

Mpon3BOACTBO TaKMX BELLECTB, KaK yA00PeHUS, TONANBO, IEKAPCTBA, KPacku Uu
njacTMacchl, OCHOBbIBAETCA Ha XMMUYECKMX YpaBHeHUAX. [na kaxaoro
NPOW3BOACTBEHHOIO NPOLEcca HEOOXOAMMO 3apaHee TOUHO paccUmUTaThb

napamMeTpbl NpeBpaLleHns BEWECTB APYr B Apyra 1 KOJMYeCTBO Noay4YaeMoro
npoaykTa. O4HUM 13 Hanbosee N3BECTHbIX MPOMbILLIEHHbIX NMPOLECCOB,

OCHOBA@HHbIX Ha 3TUX NPUHUKRAX, ABNSETCA CMHTE3 amMMMaka — npouecc [abepa—boua.
HecMoTpsiHa To, UTO 3TOT MPOLLecc bbin co3aH ellé B Havane XX Beka, oH 1 B XXI Beke
CUNTaAETCS BO'BCEM MUPE “cepaLiem” CeNbCKoro Xo3a1McTea. IMEHHO 3TOT METOA NeXUT B OCHOBE NMPON3BOACTBA
a30THbIX YA0OPEHMIA, MOBbILLAOLLMX NA0L0POAME MOUBbL. B 3TOM npouecce ra3oobpasHblie a30T U BOAOPOS,
B3aMMOZENCTBYIOT MPW BbICOKUX JaBJeHNM N1 TemnepaTtype c obpasoBaHeM aMMMaKka. 3a 3TUM, Ka3anocb
6bl, NPOCTbIM NPEBPALLEHMEM CTOSAT OUEHb TOUHbIE PAcUEThI. B peakTopax execekyHAHO KOHTPOAUPYHOTCA
COOTHOLLEHME ra30B, CTabUIbHOCTb AaBAeHUs, NOAAEP>XKaHWE 3alaHHON TeMnepaTypbl 1 noTpebaeHne
3Heprum.

Bo Bcem mMupe exerogHo npounseoamnTcs npuMepHo 500 MH TOHH yA0BPEHNU 1 X MPOM3BOACTBO 3aBUCUT OT
MPaBWIbHOCTL PacUYéTa XMMUUYECKMX YPaBHEHWI. Te e MPUHLMMbI MPUMEHVMbI U K APYTMM MPOMBbILLAEHHbLIM
npoueccam. XuMMYeckne ypaBHEHWs SABASIOTCS OCHOBOM NpaBW/IbHOW paboTbl 1abopaTopHbIX,
MPOMBILLIEHHBIX, CE/IbCKOXO35IMCTBEHHbIX U SHEPreTUUECKNX CUCTEM.
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HeBMANMbBIA MOCT MEXAY XUMUEN N XKN3HbIO

XOTA B MOBCEAHEBHOW XN3HW XMMUYECKME PacYETbl HE3aMETHbI, OHW COMPOBOXAAKOT HAC Ha KaX/AoM Luary.
XvMUWs He orpaHMUMBaEeT CBOE NpUCYTCTBME labopaTopusMu, OHa NPOSIBASETCA U B BO3AyXe, KOTOPbIM Mbl
ABILVM, X B TOMJMBE, KOTOPOE Mbl CKUFaeM, 1 B BOAE, KOTOPYHO Mbl MbEM, 1 B MULLLE, KOTOPYHO Mbl roToBuM. K
npumepy, B MeguLMHe ANs OLEeHKM ra3oobMeHa B opraHu3Me YenoBeka Bpaun NpOBOAAT aHaAN3 ra3oBoro
cocTtaBa KpoBW. VI3mepeHne ypoBHS YraeKMCaoro rasa u KMcaopoaa B apTepranbHOM KPOBM NO3BOISET
KOHTPO/IMpPOBaTh paboTy opraHoB. B NuLLEBOV NPOMbBILLAEHHOCTU Ha KaXk40M 3Tane Npou3BoOACTBa
NCMONb3YOTCA XMMUYeCcKne pacyétbl. Ha ocHoBaHMM XnMMmnyeckoro 6anaHca 1 pacHETHBIX COOTHOLLEH W
onpezenatoTca KapboHM3aLmMa COKOB (HacbILLleHWEe UX A1 LUUMYYECTU YINEKUCNOTOW), CTENeHb HabyXaHus
xneba n peryanmpoBaHme KOMYECTBa caxapa B HanuTKax. Tak, eCan KOAMYeCcTBO YrieKUCaoro razadepecuyp
Mafo’, HaMWTOK TepsieT BKYC, @ ECIN €ro CNULLIKOM MHOTO, AaB/ieHne B ByTblike CTAHOBMTCA AOCTUTAET QMACHOM
OTMETKW. B 3HepreTnyeckor n TpaHCNOPTHOM 061aCTAX XMMUYECKMEe PacUETbI BAUSIOT Ha 3KONIOTMUYeCKU
6anaHc naaHeTbl. Takoh MNOAXOA MOKa3bIBAET, UTO XMMUYECKME YPaBHEHUSREAYKAT HE TOABKO ANs yrpaBAeHus
XMMMYECKUMM NpeBpaLleHnaMm B n1abopatopusax, HO 1 s perynnpoBaHusa KPYFroBOpPOTa SHEPruu. v pecypcos
Ha Hallel naaHerte.

B3rnsag B 6yayuiee

XvMus ByayLero BUAOU3MEHSETCS B BblUNCANTENbHYHO XUMIALO, YNPaBASEMyHO WCKYCCTBEHHbIM UHTENIEKTOM.
Y>Ke cerofiHa KOMIMbOTEPbl 3apaHee MOAENVPYIOTXOA peakuun v npesarator. Hanbonee onTMManbHble
COOTHOLeHUs peareHToB. B 2024 rogy moaenn, pa3paboTaHHble BiMaccayyCeTCKoM TEXHOOrMYECKOM
nHctutyTe (MIT) 1 LLBeluapckoli Bbiclwen TexHuvecko wkose (ETH)LLropurxa, cMoram nporHo3vpoBaTthb BbIXOA,
peakumii ¢ TOYHOCTbIO 95%. ITO AaéT BO3MOXHOCTb PEFYIMPOBaTh 3aTpaTthl Ha labopaTopHble NCCes0BaHNS,
YCKOPSET AM3aliH HOBbIX MaTEPUANOB MyCHUXKAET Harpyaky Ha npupoay. OgHako, Takol nporpecc no-
npexHemy 6asnpyeTcs Ha NPOCTbIX PACUETaX;BbIMNOAHEHHBIX TaKUMW BblAAFOLLMMAUCA YYEHBIMU, Kak JlaBya3be
n Asoragpo.




MNpoekT

OnpegeneHne Gopmybl
KpuctaaiornapaTta

Mpw HarpeBaHUN KPUCTaANOrnapaThl TEPAIOT COAEPXKALLYOCA B HUX
KpWCTaNn3aLmMOoHHYo Boay. MNpu JOCTaTOYHOM HarpeBaHWUW KpUCGTanaU3alMoHHas
BOZa MOJIHOCTbIO YAANAETCA W, KaK CNeACTBUE, KpUCTanaormapat npespaLlaercs B
6e3BoAHYHO Cob. Vcnonb3ys 310, MOXHO OnpesensiTb KOJMUYECTBO BOAb
cofepXkallencs B Kpuctaanormapare.

MpuHagnexxHocTn: pappopoBas yvallka, NnecyaHas 6aHs, HarpeBaTeb, WurLpl,
BECbI, MEAHbIV KYrnOpoC.

Xop pabortbi:

Onpegennte maccy nyctor GpapPopoBO, UaLLKN € KPbILLKOW. 3aTeM nomectute B
dapdopoByro HalKky 2 — 3 r MeAHOro Kynopoca (kpucraanormaparta cynbdarta
mean(ll) ) n cHoBa n3mepbTe Ha Becax maccy @appopoBOK HaLlku. NMomectute
bapdopoByto YalLKy Ha HarpeTyro ecyaHyo BaHto, Norpy3vB eé B Necok, 1 AepXXuTe
20-30 muRyT. [lanee cHUMUTE YaLLKY. € FIOMOLLbH LWWMLIOB 1 AOXANTECH eé
ocTbiBaHMA. Onpesenuie Maccy OCTbiBLIEeN GapPopOoBOM YaLLKW. 3anosHUTe
cnepyrowyro Tabavuy Ha OCHOBaHW pe3ybTaToB OrbITa.

Macca dapdopoBoi vaLlku,

Macca dapdopoBOoI YaLlKh € MeHbIM KYAOPOCOM, T

Macca megHoro Kyrnopoca, I

Macca dapdopoBoi YaLlku ¢ BelWeCTBOM Nocgje NpoKasvBaHg, T

Maeca 6e3BoaHON coau, T

Macca Bogbl, 1

O6c¢cyauTe:

1. Kak meHANCca uBeT KpucTannorugpara B xoge onbita?

2. CkosibKO Moib Boabl cooTBeTcTBYeT 1 Mmosb cynbdpara meaun(ll)?
KakoBa ¢popmyna aaHHoro kpucrannorngpara?

3. Paccuurtante maccoByto aonto (%) Boabl B KpUctaniorngpare.
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SaK/siloueHme

MaccoBoe oTHOLEeHUue Mo xumnueckum popmynam MaccoBas ponsa

OTHoLeHne
Macc

3/IEMEHTOB B
CoeaNHEHUN

Xumunueckue pacuérbi

Pacuér
KoNm4yecTBa
OAHOrO Belec
no KOANYeCTBy

APYrvX BewecTs

Mo xnmnueckum YPaBHEHUAM

Pacuér
CTeNeHn
Pacuér Pacuér UNCTOTHI
KONn4YecTBa npakTuyeckor CblpbA
npoAyKTa no O BbIX0Aa
VIMUTUPYIOLLLE nNpoAyKTa

My BeLLecTBy



O6o061warome 3aaaHMNA

1. Paccuutaiite 06bém (gm’, 20°C 1 1 aTM) Yr1€KUCNOrO ra3a, NOAYYeHHOro NPy NOJIHOM
cropaHum 24 r yrnepoga.

2. OTHOCUTeNIbHaA MoOJIeKy/IipHasa Macca CoeiMUHeHUNA, B KOTOPOM MaccoBas A,011 yraepoja
coctaBnset 40%, paBHa 120. HaiguTte uncno aTomMmoB yriepoga B MoJIEKY/ie 3TOr0 COeANHEHUs.

3. JononHuTte Tabaunuy, yumTbiBas, UTO B NPOAyKTe peakuuu B3aumogencrena X

C KNC/IOPOAOM % = % .
Macca X, r Mac:‘cnopo‘ MaMeHHoro npoaykTa, r
1
14
15

4. CoctaBbTe pOpMy/ly COEANHEHUA C MAaCCOBbBIM OTHOLLEHMEM 3/1IEMEHTOB
m(Mg) : m(S) : m(0) = 3:4¢6.

5. JononHute Tabaunuy.

v
aCO, —» CaOo + CO,

\acca CaCoO,, r Macca CaO, r Bbixog npoaykta, %
50 ) 14
28 80
80 75

6. Mpwu pasznoxenun 112 r obpasua, coaeprkallero B CBOEM cocrtaBe
ruapokap6oHaT HaTpus, Bbigennnocb 12 am’ (20°C u 1 aT™M) yrneKucnoro rasa.
Paccuuraiite cteneHb uncrorbl (%) obpasua.




7. YpaBHeHUe peaKkL UM ropeHus 3STaHa MMeeT C/IeAyoLLA BUA:
2C,H, + 70, — 4CO, + 6H,0
Ansa peakuunm ropenns 6 am’ (20°Cu 1 aTm) aTaHa paccumTaiite:

a. UMC/I0 Mosieli U3pacxof0BaHHOIO B peakuuu KUCIopoaa;
b. 06bém (gM’°, 20°C 1 1 aTM) NONYUEHHOrO YFNEKNCOrO rasa;

c. maccy (r) nonyyeHHOW BOAbI.

8. PaccuurainTe x.

Macca B
B 130ObITKE

a, OCTaBLUerocs
Pearmpyrou.l,me BeLeCTBa N UX MacCCa

Al 0,

m rpamm

X
m rpamMm

9. PaccuuTaiite a.

CoeaviHeHme

X;Y,
XY,

10. MpuBeaéH rpadpumk 3aBncn >1 BELWLECTB OT BpEMEHU B peaKuumn

B3au ACTBUA MeEXXAY Bell€ ny:
4 Macca,
50y
32
X
nl... /. N...>>
Y R
Bpems

d. 3HayeHue n

m(X)
b. maccoBoe oTHOWIEHME m(Y)

IIIIIiiIIII




TepmMmoxnmms

DHeprma — OA4HO 13 LieHHenLWwmnx boraTtcTs,
KOTOpbIMW 0bnagaeT yenoBeyectBo. bes Heé
HEBO3MOXHbI HU XXM3Hb, HY TEM/IO, HN
ABUXKEHMeE. YPOBEHb Pa3BUTUA KaXA0M CTPaHbl
TECHO CBA3aH C €€ 3HepreTMYeckMMn pecypcamm
N UX paLMOHabHbIM UCMOIb30BAHNEM.

@ MMpu CKMraHUK ApeBecuHbl, Yrns n HedTK
HaKOM/IEHHas B HUX XMMUNYECKas SHe
npeobpasyeTcs B TEMAOBYHO SHEPruto. B
pe3ynbTate cropaHus 6eH3nHa 3e/1bHO
TONAMBA XMMUYecKas aHeprus npeob Kasi SHeprus
MeXaHMYeCKy SHepruto 1 NpUBOAM npeBpaLLaeTca B TEMNIOBYHO
ABVXKEHME HaLLW TPaHCMOPTHbIE 3Hepruto?

npouecce obMeHa BEeLLeCTB B X a CUET KaKMX BeLLecTs
opraHv3mMax 3amnacéHHas B nuile X BblpabaTbiBaeTCcA 3Heprus

3HEprus npeepaLLaeTc B Hallem opraHuame?
MeXaHWYeCKyHo 3Hep

noaaep>XmMBaroT TEMNJIO B Ha
HallW MbILLL,
nepejadvy HbIX C OB.

V13 paszena Bbl y3HaeTte

* Pazgen xumum, nsyvarou,ii rennosble 3ddekTbl, HabatojaeMble B XOA4E XMMUNUYECKUX
peakuuMm, Ha3blBaeTCa TEPMOXUMMEN

* TenioBble 3pdeKTbl peakL i BblpaxkatoTc U3MEHEHNEM SHTANbMUMU

* Bce vi3mepeHuns TernnoBbix 3GHEKTOB peakLimii MPOBOAATCA B CTaHAAPTHbIX YCNOBUSX, Tak
KaK Tensj0Bou 3O PeKT OAHON N TON Xe peakLnn N3MEHAETCA NPU N3MEHEHUM
TemnepaTypbl U AaBaeHUs

» CyMMapHOEe M3MEHEHME 3HTaNbMNUN B XOAE XMMUUYECKOUW peakLnmn SBAAETCA MOCTOAHHbIM

3. Kak Bbl cumTaeTe, B YEM
COCTOWUT 3HaYeHMe U3yveHuna
Tenao0BbIX 3QPeKToB
XMMUYECKMX peakLinin?

N HE 3aBUCUT OT NYTU MPOXOXKAEHNA OT UCXO4HbIX BEWECTB A0 NPOAYKTOB peakunn
o 3Hepr|/m, Heo6xo,u,wv|a;| ANA pa3pbiBa 1 Mona cBA3U naun BbIAENAOLLAACA MPU

obpaszoBaHun 1 MOAA CBA3N, Ha3blBAETCSA SHEPTVEN CBA3M
* MnieBas sHeprnsa — 370 XMMUYECKasa IHEPTUA, KOTOPYHO JIFOAM U XXUBOTHbIE NMOYYaroT U3

NPOAYKTOB NMUTaHNA ANA obecrneuyeHuns ceoen XKN3HEAEATESIbHOCTA




Yactb |

3.1 DHTanbNMA

Bo Bpems TpeHVpoBky GyTOONBHON KOMaHAbl OAVH U3 UTPOKOB YNas v NOBPEAU HOTY.
Ans cHATMA 6oan 1 OTEKa Bpay KOMaHAbl Cpasy >Ke UCMoAb30Baa KOMMpPecC B BUAe
oxnaxgatolero naketa. Mpun ckaTvm nakeTa pykor nakeT OxNaXxAaeTcs 1 oxnaxaet
NMOBPEXAEHHbIN YUYacToK, B pe3y/ibTaTe Yero oTék 1 60/b YMEHbLLAOTCA.

« Kak Bbl gymaeTe, UTO CTaZ10 MPUUYUHOIN OX/JIAXKAEHUA NakeTa?
« Mouemy naket He oxn1aXkaaeTca 6e3 okaTma?

o Bbl yXe 3HaeTe, UTO XuMnyeckme peakun COnpoBOXAaroTCA
Q[T TEPMOXNMUA, TENNOBOU
yeBble 3¢)¢)eKT SHTaNBANS BblgeneHmnem miam nornoleHnemMm TenaoTbl: peaKLI,I/II/I, B Xoae
cnosa . KOTOPbIX TEM/IOTa BbIAENAETCS, HA3bIBAOTCA
A>KOYb (,D,)K), KaﬂOpI/IFI(Kaﬂ), 3K30TepMquCK“MM peaKI.I,VISIMVI, a peaKU'MM, B Xoae KOTOpb|X
3K30TEpMMYecKas peakuus, TENANOTa NMOrnoLaeTcqa — SHAOTEPMUNYECKUMMU peaKUAMMN.
SHAOTEPMMYECKanA peaKLI,VIFI) Vl3yl'|eH|/|e BblaeneHua nan nornoweHmA TeI'IﬂOBOI7I 3Heprl/ll/l,

Ha6J'II-O,£I,aEMbIX B XO0a€ XMWY ECKNX peaKu,Mﬁ, nveet 6onbLIOe

\.

3HauYeHue 419 HayYHbIX UCCNeA0BaHUM, MPOMbILNEHHOCTY, QYHKLUOHMPOBAHNA BMONOrnYecKmnx
cncTeM 1 T. 4. Pazgen xumum, nayyatrowuinsennosble 3QdeKkTbl, HabAOAAEMbIE B XOA4E XMMUUYECKMX
peakLui, Ha3blBaeTca TepMmoxmmMmuei. TennoBbiM 3pPeKTom peakLum Ha3biBaeTCs KOANUYECTBO
TEN/I0Tbl, BbIAENAEMOWN UM MOTIOUAEMON B XO4e Peakuuu. MNpuv BblAENEHUN UAW NOTNOLLEHWN
TeNa0Tbl U3MEHAETCA SHEPrUsBELLECTB —3HTa/bNUA. JHTaNbNMa ob6o3Havaetcs bykson H. EanHunuen
N3MEpPEHNA SHTaNbMUN ABAAKOTCA KUAomKoyab (KA>K) nav xoynb (k). [loMrMOo yKasaHHbIX, B
KayecTBe eAnHMLbl U3MEPEHUS NCNOAb3YHTCA Kasopua (kas) n kmunokanopua (kkan) (1 kanopus
paBHa NpubansuntensHo 4,184 pxoynam).

Kak:mo>xHO oTAanuuTtb JK30TepmMunyeckumne npoueccbl ot 3HAOTepMVIl-IeCKMX?
anIHaAIIe)KHOCTVI: TEPMOMETP, MAaCTUKOBbIM CTaKaH, MeLwaskKa (nanqua and I'IepeMELIJI/IBaHI/IFI),
r’mapokcna HaTpua, xaopnaaMmmMoHUA.

Xopg, pa60'rb|: TepMomMeTp

nano4yka
ANA nepemMelmnBaHnA

War 1. HanenTe B A/IaCTMKOBbI CTakaH 25 MA AUCTUANIMPOBAHHOM BOAbI.
N3mepbTe ¢ NOMOLLBIO TEPMOMETPa U OTMETbTE TEMMepaTypy BOAbI.

LWar 2. lo6aBbTe B BOAY HEKOTOPOE KONMYECTBO rMAPOKCMAA HAaTPUA 1

nepemMeLLanTe Naaoykon Ana nepemMeLlnBaHns. MAACTUKOBBI

LWar 3. 3mepbTe KOHEYHYHO TemMrnepaTypy U OTMETbTE PasHULY MexXay cTakaH

KOHEYHOW N HayanbHOW TeMnepaTypoWn. rmapokcug

LLar 4. MoBTOpUTE 3TOT XE OMbIT C XI0OPVAOM aMMOHMUS. HaTpuA




Tepmoxumuns

O6cyauTe:

1. Kak usameHunacb Temneparypa B KaXXA0M 13 AABYX ONbITOB?

2. B kakom onbiTe HabatoAaN0Ch NOM/IOWEHNE TEMJIOThI, @ B KAKOM — Bblje/IeHNe TenaoTbi?
OG60cCHyiiTe CBOW OTBeT.

3. Mo kakoi NpuuMHe NpU NPOBEAEHNN ONbITOB 6b1/IN NCMOJIb30BaHbl NJ1IaCTUKOBbIE CTaKaHbI?

TennoBown 3ddekT BbipaxkaeTcs nsmeHeHnem s3HTanbnum (AH). ViameHeHune sHTansnUm
NPOoABAAETCA B USMEHEHUN TeMMepaTypbl B Xo4e peakuuu. [oBbiLLeHe UAK MOHUXEHNe
TemnepaTtypbl CBUAETENbCTBYET O TOM, YTO NPOM3oLLIa rnepesaya Tena. B xoze
3K30TEepPMMYECKOM peakLMm KOAMYeCcTBO TenioThl (TEAAOCOAEPXKaHME) MPOAYKTa peaKkLum
OTHOCUTEJ/IbHO NCXOAHOTO BeLLLeCTBa YMEHbLUAeTcs, No3TOMy TenaoTa rnepeaaercs
oKpy>atoLen cpese. B pesynbrate aHTanbnusa NOAyYeHHbIX NPOAYKTOB peakuumn,(H,)
OKa3blBaeTCA MeHbLUE 3HTaNbMUN UCXOAHbIX BelwecTBy(H4). [T03TOMYy B 3K30TEpMMNYECKMX
peakumnax n3ameHeHuve snTanbnum (AH = H.— H) 6yaeT orpruatenbHbiM. VI3MeHeHne 3Heprum
oTobpaxkaeTca B BUAE SHEPreTMYeckmx gnarpamm.

AH = HI'IpOAyKTpEaKLI,VIVI - HMCXOAHOG BeLIJ,eCTBO;
AH = H,—H,;
AH<0

Tanbnn nyecTtBo TeI'IﬂOTbI)

VicxoaHble BelllectBa

AH, oTpuuatensHoe

A4

MpoayKT peakLmn

MyTb NpoTeKaHns peakuum
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JHTaNnbMus

(konnyecTBo TEMNOTbI)

2Mg(TB) + O,(r)

AH

Hanpumep, npu peakLmmn B3auMoAenCTBUSA MarHns ¢
KMCNOPOAOM TernaoTa BblAeNAeTCs.

YacTb XMMUYECKOW 3HePrun, 3aKNOUEHHOM B MarHum v
B KMC/I0POAE, NpeBpaLLaeTcs B XMMUYECKYHO SHEPTUIO B
OKCMAE MarHus, a YacCTb — BbIAENAETCA B BUAE TEMNOThI.
CnepoBaTtenbHO, 3HEPTUSA B OKCMAE MarHUA MeHbLUe
CYMMbl SHEPrunii B UCXOAHbIX BELLECTBAX — MarH1n
kncnopoge. Kak BUAHO 13 3HepreTMyeckon guarpammb,
3HayeHne AH peakuumn COOTBETCTBYET KOMYECTBAM
BELLECTB, YKa3aHHbIM B peakLuu:

= -1204 k[

2MgO(re) 2 Mmonb Mg, dJemonb O, 1 2monb MgO:
Mpw cocfaBiieHVn YPaBHEHNIA peakLMid B HUX Takke

MyTb npoTekaHns peakuyuy  YKA3bIBAOTCA UBMEHEHME SHTAlbNW 1 arperaTHble

COCTOAHNA BeLlecTB. HaanMep, XMMu4yeckoe
YpaBHEHWE, NMOKa3bliBakoLlee UISMEHEHNE SHTA/IbMNNN B pe€akunn ropeHund
MarHuma, nMeeT BUA.:

2Mg,,, + Oy — 2MgO,,, AH =-1204 k[x
cneayroLmmM obpasom:

2Mgg,. + O,y = 2MgO,,,, +1204 k/[x

JTO ypaBHEHMe NoKa3biBaeT, YTO CYMMapHas 3Heprus, 3akaroyeHHas B 2
MOAIb MarHMA M 1 MOnb KNCI0POAa, PaBHa CyMMe 3HePrum B 2 MOJIb OKCUAA
MarHus v 3epruu, pasHon 1204 k/x.

B Hv>xenprBeaEHHOWN TabanLe AAETCA HECKONbKO MPUMEPOB
3K30TEPMUYUECKUX  MPOLLECCOB:

K30TepMUYECKMI NpOLIeCC

(TennoTa BblaenseTcs)

+ [opeHuve: ApeBECUHbI, YIS, MPUPOAHOro rasa

* Peakuus Hentpanmzaumm: HCI + NaOH — NaCl + H,O
« PactBopeHune NaOH n CaCl, B Boge

* 3acTbiBaHMe (knakoe — TBEPAOE)

» KoHgeHcaumsa (ra3oobpasHoe — XnaKoe)

* VI3Bep>keHe BynKaHa

* B3pbIB MMPOTEXHNYECKMX CPEACTB

* MHorue peakuuu coeanHenus: H, + Cl, —» 2HCI

* [pyHATME 31EKTPOHa aTOMOM




Tepmoxumuns

B xoze aHAOTEPMUNYECKON peakLmmn SHeprus Bo3pacTaeT 3a CUYET NOrOLLEeHNs Tenaa 13
oKpy>KatoLen cpeabl. B pesynbrate sHTanbNMA NPOAYKTOB peakLMmn NPEBbILLAET SHTANbMNIO
NCXOAHbIX BELLECTB.

CnepoBaTtenbHO, M3MeHeHue 3HTanbnun (AH = H, — H,) B aHAOTepMmnyeckmx peakuusx byaeT
NOJIOXUTENIbHbIM.

AH = HI‘IpOAyKT peflakuum - Hmcxo,que BeLLl,eCTBO;
AH =H,-H,;
AH >0

DV

\ 4

MpoayKTbl peakLmn

N

AH, nonoxuntenbHoe

VicxoaHble Belllectsa

MyTb MpoTekaHWs peakLmm

Hanpwumep, npun pasnoxe

DHTanbNnA
Tennota nornowaetca. Cymma

(KONMYEeCTBO TEMNOThI)

leHHOW 13
n anokcmnaa
yrnepoga. 4yeckou AmarpamMmbl, CaO(TB) + CO,()
3HayeHne A nefyoLwmm Hp—--
KOoAnyecTsaMm Be onb CaCoO,,1 monb CaO n
1 monb CO,. YpaBHe peakuum NMeeT CeAy oL i AH =+ 178 klx
BUA;
CaCO,(1B) — CaO(tB) + CO,(r) AH = +178 k/x ] CaCo,(re)

YpaBHeHMe 3TON peakLMn MOXHO TakXe NMpeAcTaBUTb
Kak:

CaCO,(tB) = CaO(1B) + CO,(r) — 178 k. MyTb NpOTEKaHMA peakLym
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DTO MOKa3bIBAET, UTO €C/IN U3 CYMMapPHOW 3HEPruu, 3akArUYEHHON B 1 MONb OKCMAa
Kanbuma n 1 MOb AMOKCMAA Yraepoaa, BbluecTb 3Heprmto B 178 k>, To noayumtcs
3Heprus, 3akatoyéHHas B 1 Monb kapboHaTa Kanbums. B HuxenpueegéHHoM Tabave
AAETCA HECKOJ/IbKO MPUMEPOB SHAOTEPMUYECKMX MPOLECCOB:

» PotocuHTes (CO, + H,0 + cBeT = CgH1206 + O)

* VicnapeHue (knakoe — razoobpasHoe)

* [MnaBneHwue (TBEpAOE — XNAKOE)
« PactBopeHne NH4Cl, KNO; B BOge
* MHorue peakummn pasnoxerus: CaCO; — CaO +

SHAOTEPMMYECKNI NpoLiecc

(TennoTa noraoLaeTcs)

* [TpyroToBaeHne MUK

U OTp,aqa 3/1IEKTPOHAa a

V'S

3Has TennoBom 3¢ dekT peakLuy, Ha OCHOBAaHUWITUX YPaBHEHNN
MOXHO BbINONHUTE PAL CTEXVIOMETPUYECKNX PaCcYETOB:

4

1. CH,+20,, = CO,, + 2H,0,, AH=-890

Paccuutante Tennoty (kA><), BbIAEAVBLLIYHOC 12 am® meTaHa (20°C 1 1 atm).

Aetca 890 k/>x TennoTbl. PaccuntbiBaeTca

5
n —M—%—OJZS MOJ1b

3Hasa u3 YPaBHEHUA, YTO X K,ﬂ,)K TEM/OTbI BblAENAETCA NMPW NOJIHOM CropaHnn 2 MOb Kanbums, nony4vyaem:

0,125 mMonb 79 k/x
2 MO/b X KK
79 -2
X = W = 1264 Kﬂ')K




Tepmoxumuns

MpumeHnTe NonyueHHble 3SHAHUA

DHTaNbNUA
1. Ha ocHoBaHuu rpaduvka onpegennte BepHble N HEBEPHbIE YTBEPXKAEHWA. (k)
a. B pesynbrate peakuyum Boigenmnocb 90 kK sHeprum. 1
b. SHAOTEPMUYECKIMIA NpoLLecC. A+B

C. YpaBHeHMe peakumm MoXHO 3anuncatb: A + B = 2C + 90 k/Jx.

d. YpaBHeHune peakumm MoxHO 3anucatb: A + B - 2C AH=+90 k/Jx.

e. MNpwn obpaszosaHun 1 mons Bewectea C nornotuaock 45 k/x sHeprum.

f. CyMMa 3HTanbnuii MCXOAHbIX BeLLLEeCTB 60bLLe SHTaNbNUM NPOAYKTa 50
peakuunn.

2. Ha ocHoBaHwuu rpaduika onpesennte BepHble y’epxp,eHm;l.

a. 370 3K30TepMuUYecKas peakuus.

b. B peakunmn Z = X + Y n3MeHeHue 3HTanbnu
AH = —a k/x.
C. YpaBHeHue peakumnm MoxHO 3anucatb: X + Y

X+Y

MyTb NpoTeKaHus peakuum

MpoBepbTe NnonyueH

1. B aK30TepMMUEeCKOl peakLm
2. Kakoi n3 HmxenpmBeaEHHbIX APOLLECCOB 9K30TEPMUYECKINI, @ KAaKOW — SHAOTEPMUYECKINIA?
amep3aHue Bogpbl
ve wokonaga
HVe BOAbI

4. [oTOBAT pPacTBOP rMAPOKCUAA KanbLMa, MONHOCTLIO pacTBopuB B Boge 0,1 Mmonb okcnaa kanbuma. [lpu
3ToM Bbigensetca 108 k> TennoThl.
a. Ckosibko TenoThl (K[K) BblAeNAeTcs Npn pacTBOPeHMM 1 MOJIb OKCMAA KanbLmsa B BOAE, B3ATOWN B
N36bITKE?
b. HanuwwTe ypaBHeHne peakumm.
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3.2 I3amepeHune TennioTsl

B TepMOC 1 B CTaKaHUMKWN U3 CTann U NAacTUKa HaMAM PaBHOE KOIMYECTBO ropsyero kKodpe oAnHaKoBOM
TemnepaTypbl.

« B kakoi nocyge kode ocTbiHeT 6bicTpee? NMouemy?
» U3 kakoro matepuana gosmkeH 6bITb NU3rOTOBJIEH COCYA,
4YTO6bI KOdEe B HEM A0/IT0 OCTaBaJICA ropAYnM?

» Kak Mo>xHO B 1abopaTtopuu nsmepuTtb cnocobHocTb
cocypa COXpaHATb Tenao?

W yaenbHas Tenno&mKocTs, ) Bbl y3Hanu, YTO,M3MeHEHUE SHTabNM Peakmmn — 3To pasHmLa
SN KanoprmeTp, 60MO0BbIi MeXAy SHEeprmen peareHTOB U aHeprnen NPoAyKIoB peakLmm.
e KalopuMETp, Teniora MockoNbKy HEBO3MOXHO M3MEPUTb HeNMoCPeACTBEHHO 3anac

Heu1Tpamsaumm, SHeprvu BeLLecTB, AN OnpeseeHUs U3MEHeHNs SHTaNbMum

YAC/IbHaA SHTaNbNVA MCNO/Ib3yeTcs U3MEeHeHUE TEMNePATYPbl B XO4e peakuumu.

cTopankia, MosiApHas JTOT MEeTOZ MCRAOAb3YeTCA Kak,B 1ab0paTOPHbIX 3KCMepUMeEHTaX,
\_ TENAOTa CropaHuA )

NPOBOAMMbIX B HEBONbLINX MaclTabax, Tak 1 B
KpyMHOMAaCLUTaOHBIX MPOMbILLAEHHBIX NpoLeccax. Hanpumep,

TensaoTa BblAENAETCA NPU CrOPaHUATON/IMBa 1 MPUBOAMUT B ABUXKEHNE TypPOMHbBI Ha
3NeKTPOCTaHUUNAX TEMNOTa BbIAENAETCS TAKXKE NPpW HENTPaNM3aLmnm LeaoYen
CUbHBIMW KNEIOTaMK, UTOWMEET BaXKHOE 3HaueHme Kak Ana nabopatopHbix paboT, Tak
N ANS NMPOU3BOACTB HAXMMUUECKNX 3aBOAaX. Ana pacyeTa U3MEHEHMWS 3HTaNbNUKN B
peakLuum NCNoAb3yercs yaeNbHaA TeN/I0€éMKOCTb. Yie/lbHasa TEeNI0EMKOCTb — 3TO
KOJIMYECTBO TENNQThI, HEOOXQAMMOE AN MOBbILEHMA TeMnepaTypbl 1 T BewecTBa Ha
1°C (nnam 1 K), obo3HauvaeTcd Byksown c. EanHnLEen namepeHnsa yaenbHOM TENA0EMKOCTY

Hanpumep, yaenbHaa Tenn10EMKOCTb BOAbI paBHa 4,2 m—aﬁf—oc, TO ecCTb, ANA
NoBbILLeHNA TeMiepaTypbl 1 1 Bogbl Ha 1°C Tpebyetcsa 4,2 axoynsa aHeprun. Kak Bugmnm,
BoAa 06,1a1a€T BbICOKOW TEMIOEMKOCTbIO, MO3TOMY OHa MOXET COXPaHATb TEMO
AANTENBHOE BpeMs — 3TO CBOMCTBO BOZAbl UTPaeT BaXkHYHO POJib B MPUPOAE U TEXHMKE.3
Mpn n3mMeHeHnn TemnepaTypbl BELLECTBA MOXHO paccymTaTb M3MEHEHWe SHTabNnm
(AH), ecan 3HaTb Maccy BelecTBa (M), €ro yaenbHy Tena0EMKOCTb (C) U U3MEeHeHue
TemnepaTtypsbl

AH =m:c: At




Tepmoxumuns

Kak paccuutatb yaenbHYIO TEMNJI0EMKOCTb 3TU1I0BOrO cnupra?

MpuHaane>XXHOCTU: CNMPTOBKA (3aMONHEHHas 3TUIOBbIM CMIMPTOM),
TEPMOCTOVKMWIA CTakaH, TEPMOMETP, MEPHbIN LUANHAP, BECHI.

JeatenbHoOCTb

Xop paborbi:

LWar 1. Hanente B ctakaH 250 Ma BoAbl 1 n3MepbTe €€ TeMnepaTypy.

War 2. Mpexae, yem 3axeub CNMPTOBKY, B3BECbTE €€ Ha BeCax.

Lar 3. 3axrnTe CNMpPTOBKY MU HEKOTOPOE BPEMS Harpesalite BOAY B CTakaHe.

War 4. [Tocne npekpalleHma Harpesa n3MepbTe TeMnepaTypy BOAbl 1
paccumTanTe pasHuLy Temneparyp.

War 5. MoTywwnTe cnnpToBKY 1, CHOBa B3BECKB €€ Ha Becax, paccuyutante
pasHuLYy B Macce.

LWar 6. PaccuntanTte M3MeHeHue 3HTaAbMNN.

O6cyaure:

1. Kakoe KonuuecTBo TenoTbl Bbigenunochb (B [K), ncxoaa U3 Koamuyecrsa cropeBLUEro
aTunoBoro cnupra?

2. Kak paccunrtatb KOIMUECTBO TEeN/I0Thbl, BbIAENAIOLWENCA NPY cropadnu 1 moasa 3TMN0BOro
cnuprta; 1 r3tunosBoro cnupra?

3. Hackonbko Balwum pe3y/nibTaTbl OT/IMYANUCL OT 3HaUEHU, NPUBEAEHHDbIX B INTepatype?
Urto mMorno 6bITb MPUUNHON NMEIOLLETOCA PACXOXKAEHUA?

3meHeHne 3HTanbnmu peakLinii MOXHO onpeaenuTsb B
nabopatopuu B xoze NPOCTbIX ONBITOB (Hampumep, Npu
HarpeBaHuM XMAKOCTU B ITameAn cnnpToBKu). OnHako
3TOT MeTOJ, HeA0CTaTOYHO TOYEH, TakK KaK YacTb
BblAEAAEMOM TeNNOTbl YXOAMT B OKPY>XatoLLyto cpesy.
Ansd noayueHns 6onee TOUHbIX PE3yAbTaTOB
MCNONB3YIOT, CNeLanbHble YyCTPONCTBa —
KanopumeTpbi. CaMbIM PacnPOCTPaHEeHHbIM U3 HUX
sBnseTca 6om6OBbIN KasnopumeTp. bomb0BbIN

= ¢
KanopumeTp — 3TO CReUMaNbHbIV TONCTOCTEHHbIN D= g "
- - ’
/
""\‘ -

k

CTaNbHOW cocyA. BHyTpw

3TOro COCyAa HaxoAMTCA HebonbLlaa repmMeTnyHan /

KaMepa, 3anoJIHeHHas KMcaopogom — “6omba”.

B xoze onbiTa nccnegyemoe BewwecTso (K npumepy,

o6pa3eL|, Tonamea UanM NMULLEBOTO npo,u,yKTa) COKNraeTca BomboBbIii kanopumeTp
BHYTPW 3TOW Kamepsbl. TenaoTta, KoTopas BbiAeNseTcs B

pe3ynbTaTe npolecca cropaHus, nepesaérca Boje.
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3Aer NCNOJIb3YETCA TOT XXe npuHUMn, 4to U B
npeabigyuemM onbiTe: BblAENAOLWAACA TEMNNAOTA HarpeBaeT

BOAY.
O B Bogy nomeLuatoT TepmMoOMeETp 1 € 6ONBLION TOYHOCTBIO
Tefﬂ"g% M3MepAOT NOBbILLEHWE TeMMepaTypsbl. Vicxoas 13 Maccl
(H} BOAbI, YAENbHOWN TEMNA0EMKOCTN N N3MEHEHWSA
A TemnepaTypbl, PaCCUUTLIBAKOT N3MEHEHME SHTANbMNN.
MeLuanka Beuay Toro, uto 60M60BbIN KasOPUMETP NMPeacTaBaset
6omboBbIi  COBOM MOSHOCTBIO FrePMETUYHYH) CUCTEMY, BOSMOXKHbIE
BoAa KaNopUMETP  notepm Tenna 34ecb MUHUMAaIbHBI W, KaK CAEACTBUE,
anex Kcnopo4 pe3ynbTaThbl, MOJyYeHHble C ero NOMoLLsto, bosiee TOUHbI.
TPUI- Mo BEICOXM  BoMBOBbIN KanoPUMETPIIKPOKO VCAOMB3YETCA B
yeckmum AaBaeHnemMm
npoBoa yalleuka XUMmyeckmxn Gnoxmmmyeckmx, naboparopusx. C ero
= Ans 0bpasua  MOMOLLbHO OMPeAENStoT TeNA0TY CropaHnsa PasanyHbIX
BakyyM=1= J BMAOB. TONMBa (yras, 6eH31Ha, ras3a, cnnpToB 1 Ap.),
L / \ / \ ) 3HepreTMyecKyo LUeHHOCTb NULLIEBBIX APOAYKTOB (KMPOB,

6enKoB, YFIEBOAOB) Y HAaXOAAT TOUHOE M3MEHeHVe

3HTAIbNUM XMMUYECKMX PeakLnid. B xose 3kCnepuUMEHTOB € UEMonb30BaHUeM 60MBOBOTrO KanopumeTpa
M3MepSAETCA KONMYECTBO TEMNOTbI, BbIAENAIOLLENCS B PE3YNLTATENO/IHOMO CropaHus BELLLECTBA, U Ha
OCHOBAHWUM 3TUX AaHHbIX PACCUUTLIBAOTCS YAeNbHAA SHTANIbMUA CrOPaHUA 11 MONAAPHasA 3HTa/bNus
CropaHus BeLLecTBa.

YaenbHasi SHTaNbNUA CrOpPaHUA — 3TO KOJANMUECTBO TEMOTbI, BbIAENAFOLLENCA NPWY NOJHOM CropaHnn 1
rpamMma BeLLecTBa, MOMIAPHAA 3HTANIbNNA CTOPAHUA — 3TO KO/IMYECTBO TEMJIOTbI, BbIAENAOLLENCS MPU
NOJHOM cropaHuu 1 Monb BelecTBasEAMHNLEN N3MEPEHNS YAEeNbHOW SHTaNbMWUW CTOPaHUs ABASETCA
KAPK/r, a eAVHMLEN N3MEePEHUA MOASIPHOW 3HTaNbNUN CropaHmns — KIbK/Monb.cs KX/r, a eanHnLen
N3MepeHNs MONSPHOWN SHTabANK CropaHusi— k/>/Monb.

Mpwn NnonHom cropaHumn 92 r 3TU0BOFO CnNupTa BplgenseTca 2676 k> Tennotsl. a4 3STUAOBOroO CnnpTa paccuntamTe:
|. yaensHyto sHTanbnmio cropaHuns (KIX/r);

IIl. MOSIAPHYtE SHTaNbNMIO cropaHusa (KAXK/MOAb).

PelwieHne:

|. YuyntbiBas, YTO ApY NOAHOM CropaHui 92 r aTMNoBOro cnupTa Bblgensetcs 2676 k/>K TenaoTbl, MOXHO paccunTaTbh
KOJIMYECTBO TEMAOThI, BblAENAOLLEAECA APy cropaHum 1 cnvpTa. [ns 3TOro KOAMYeCcTBO TEMIOTbI AEINTCA Ha Maccy CnupTa:

2676 k/x
y 92r

II. C yuéTom TOrO, UTO MOAAPHasA Macca atnaoBoro cnupta (C2H50H) paBHa 46 r/MoJb, paccUmTbIBaETCA YMCI0
MoJiel cnupTa. m _92r

M 461
3Has, UTo NPY MOJHOM CrOpPaHUK 2 MOJIb 3TUJIOBOIO CNNPTa BblaenseTca 2676 kK TennoTbl, MOXHO paccumTaTb
KOJNIMYECTBO TEMJIOThI, BblAENAOLWENCA Npy cropaHny 1 Moab cnvpta. [ 3Toro KoAnM4ecTBo TeMI0TbI AeANTCS
Ha YMCNo MONeN cnmpTa:

= 29 k/x/r

= 2 MOJIb

Q= Z%i = 1338 k/[/Mob




Tepmoxmmuns

Tennota HenTpanmsaumm

3yueHne TennoBbIX ABAEHUI B XMMUYECKNX peakLMaX He OrpaHnYmnBaeTCs
npoueccamu ropeHus. C 3Tor TOUKN 3peHNSA OAHOM U3 Hanbosiee BaXKHbIX peakL i
ABNAETCA peakumsa HemTpanm3aunm, npotekaroLas Npu B3aMMOAEeNCTBMM KUCIOT U
wenoyen. MNpn cMeLmBaHUM PaCcTBOPOB KUCOThI U LWenoUmn NoH Bogopoda (H)
coeauHaAeTcs ¢ rugpokcma-mnoHom (OH™), obpasya monekyny BoAbl. ITa peakuums
COMPOBOXAAETCA BblAENEHNEM TEM/IOTbI, YUTO ABASETCA OAHOMN U3 BaXKHbIX €é
OCOBEHHOCTEN.

Tennora HerATpann3aLMm — KOJIMYECTBO TEMOThI, BblgenatoLencs npy abpasosaHunm
1 Mons BOAbI B pe3ynbTate peakLn B3aUMOAENCTBUA OCHOBaHWALE KMCNOTOW,

ANs N3yyeHns sHepreTUUecknx U3MeHeHUN B XMMUUYECKIUX peakLmsax 3To ABAeHNe
UrpaeT TakyH Xe BaXkKHYH poJib, Kak 1 Tensiota‘cropaHua, bojaee Toro, npouece
HeWTpaAn3aLmMm TakKe MOXHO M3y4yaTb IKCMEPUMEHTAILHO € MOMOLLLHO KasopUMeTpa.

Mpw cmelwmrBaHMM PacTBOPOB GUKCMPYETCA N3MEHEHUE TemnepaTypbl, Ha OCHOBaHWM
KOTOPOro pacCcyYmTbiBaeTCA Tenaota HemTpaam3atin.

50 mn pactBopa, cogepkatuero 0,05 Mob«LOAAHOIA, KNCOThI, eMeLumBatoT ¢ 50 ma pacTBopa, cogep>katiero 0,05 monb
rMApoKcuaa Hatpus. HauanbHas Temnepatypa pacTBoOparMapoKeuaa Hatpua 26 °C, HayanbHas TemnepaTtypa pacTtBopa
conaHown kncnotel 27 °C, a MakcvMaabHas, TeMnepaTtypa pPactBopa, 06pa3oBaBLIerocs nocie CMeLIeHNa pacTBOPOB B
pe3y/nbTate npov3oLeaLlel peakiium, 33,2 °C. PaccuvTaiiTe TEMAOTY HeMTpanv3aLmn.

PewseHnwne:

NaOH, ,+HCl_, = NaCl.,,+H-0,,

(p-p) (P-p) (P-p)
Kak BngHo 13 ypaBHeHus, 1 Moab NaOH Bctynaer B peaktivio ¢ 1 Mosib HCI ¢ o6pa3osaHnem 1 moab H,O. CnegoBatensHo,
0,05 mosb NaOH, Bctynas B peakuuto ¢ 0,05 mosb HCI, o6pa3zyet 0,05 mosb H,O, a 06bEM noay4eHHOrO pacTBopa
coctagnset 100 ma. Maccy pacteopa B LieoM (APUHMMAas BO BHUMaHUE, YTO MIOTHOCTb &1 r/cM?) MOXHO MpuHsATL 3a 100 T.
Ec/m yuecTb, 4To CMelLvBaeMble PacTBOPBIMMENV paBHble O6BLEMBI, , CPEAHASA HayanbHaA Temnepatypa byaet paBHa: T, =
(26+27)/2 = 26,5°C. 3Had, UTO NOC/Ie MOAHOFO 3aBepLUEHNA peakumu Temnepatypa T, = 33,2°C, NoBbILIEHWE TeMMepPaTypbl
coctaBT: AT = T, - T, = 33,2 - 26,5 =,6,7°C. YaenbHyto TeN10EMKOCTb pactBopa (C = 4,2 x/r - °C) MOXHO NPWUHATbL PaBHON

yAeNbHOV TEMAOEMKOCTM BOAbI. TORA U3MEHEHME 3SHTaNbMUM MOXHO PaccUMTaTh, Kak MOKa3aHO HUXE:
AH&Em-c- AT =100r-4,2 Ix/r -°C -6,7°C = 2814 Ax = 2,814 k/[x
YuuTbiBas, UTO 3Ta TEMJIOTA COOTBETCTBYET 0bpaszoBaHuto 0,05 Mosib BOAbI, TemJioTa HeMTpanm3aLmm byaeT paBHa:

TeMAoTa, BblgensaoLwasca npn obpasosanHum 0,05 mosib H,O —— 2,814 k/x

TennoTa, BblAenstowasncs npu obpazosaHum 1 moab H,O

x = 2,814 Ox - 1 mol/ 0,05 mosb = 56,28 >

X
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MpumenuTe nonyueHHbie 3HAHUA
MNMokazaH Npmbop, KOTOPbIM NCNOIb30BaNW A8 ONpeAeneHnsa TeN0Tbl CrOpaHna (M3MEHEHNA SHTaAbMNN)

MeTaHosa. TennoTa, BbiAenarowanca npu cropaHnmn 1,6 r roproyero, nosbiwaet Temnepatypy 400 ma Boabl €
15°C g0 36°C (c=4,2C-q™°C™).

a. Paccuntante Tennoson adpdekT (B )
k) peakuum ropeHus
MeTaHoa.

MeTaNNUYeCcKnin
KanopvmeTp

b. PaccunTanTe yaenbHyto Tenaoty
cropaHma (B kK>/r) meTaHona.

3a>KNUM

c. Paccumtainte MonsipHyto TennoTty
cropaHua(e k>x/mMosb)
MeTaHona.

ONNpPYHo |~ cnvpToBKa
TUHa (KpaH)

MeTaHoA

MpoBepbTe NosyueHHble 3SHAHUA

1. I'quelvly M3MEHEHWE SHTAJIbMNN HEJIb3 €HTa/lbHbIM I'IyTéM Hanpﬂmyw?

2. Y70 Takoe yaenbHas Tena0émMKo

NOs) k 100 mn Boabl TeMnepaTtypa noHmxaeTtcs Ha 6°C.

nyeckmi npouecc?
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3.3 /I3aMeHeHMe CTaHAapPTHOM 3HTanbNMK. 3aKoH lecca

OfHVM 13 BaXKHEMLLNX UCTOYHWMKOB SHEPIK, UCMONb3YEMbIX
HamW B MOBCEAHEBHOM XM3HU, ABASETCA TONAMBO. B gomax « Kak Bbl AiymaeTe, KaKoii u3

MCNoJib3yeTca I'IpVIpOAHbIl;’I ras, B aBTOMOBOUAAX — BEH3MH U nepeyuncsieHHbIX Bbille BUAOB TOMJiMBa
AN3eNbHOE TOMJIMBO, a NHOTAa 61o3TaHON Kak o-rp,aé'r HanbosblLuee 1Ko 14eCTBO

anbTepHaTUBHOE TOMMBO. Kax bl BUA TOMMBa OTAQET 3Heprumn?

pa3NNyYHOE KONMYECTBO 3Heprum. Hanpumep, aHeprus, « Kak Mbl MOXe'/I CPaBHUTB ' ecTBO
noJjyyaemMas Npu CKUraHMM paBHbIX 06bEMOB HeH3NHa U 3HEpPrum, 3anacéHHOE B PazANvHbLIX
6vo3TaHONa, HEe OAVHAKOBA, UTO 3aTPYAHSAET UX CPAaBHEHME. BUAaX TON/ME

» Ecnvi 11 nna KopreicTHOro cpatHeHna
noTRedoBaInCh epl ./10, KaKoe
»aBWUJIO B! ' npeanoxnan?

CTaHﬂ,apTHble ycnoBuA

G V3MeHeHVe CTaHAapTHOM
ECELEN SHTanbnuy, CTaHaapTHas
3HTanbNUsA obpa3oBaHms,
CTaHAAPTHaA SHTaNbNUA
cropaHus, 3akoH lecca

ce n3MepeHuns cneayet NPoBOANTb NPU
eHune 1 atm (100 klMa) n Temnepatypa 273

NOTbl, U3MEPEHHOE NPU CTaHAAPTHBIX YCIOBUAX UAN NepecYnTaHHOe Npu
npvBeAeHnN ycao TaHAAPTHbIM, HAa3blBAETC UBAMEHEHMEM CTaHAaPTHOMN 3HTa/IbNUM.
\3mMeHeHWe CcTaHZapTHOM 3HTaNbNUK XapaKTePU3YeTCA TENIOBbLIM 3PHEKTOM XMMNUECKOWN peakLmK,
npoTekaroLLen B CTaHAAPTHbIX YCI0BUAX, U 0603HavaeTcs 3HakoMm AH®. 3aeck 3Hak "°” yka3blBaeT, YToO
npoLecc NPOBOANTCA NP CTaHAAPTHbLIX YCAOBMAX. Tak Xe Kak M3MeHeHWe 3HTanbnun, U3MeHeHne
CTAHAAPTHOM 3HTaNbMNN MOXKET NPUHMMATb NONOXNTENIbHOE UAN OTPULLATEIbHOE 3HAYEHWNE B
3aBWUCMMOCTM OT HanpaBAeHWNs peakLuMn 1 yKasblBaeTCA B YPaBHEHUN peakLunu.

CH,(r) + 20,(r) = CO,(r) + 2H,00x)  AH°® = =890 k/[x
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DHTanbMNuA

-286 - — — — —

H,(r) + 1/20,(r)

MyTb NpoTEKaHUs peakLumm

CraHgapTHas 3HTanbnmMa obpasoBaHMA

OZHNM 13 OCHOBHbIX MOHATUN, KOTOPOE UCMONb3YeTCa ANA
CPaBHEHUSA SHEPTUA XUMNUECKUX COEANHEHUI, IBAAETCS
CTaHAapTHaA 3HTanbnnA obpasoBaHuA, o6o3Havaemas AH;
(ot aHrannckoro "formation" — obpasoBaHue). ITa BeMUMHA

B YNPOLLEHHOM BUAE XapaKTepmusyeT npouecc obpasoBaHums
coeanHenus. CtaHaapTHasa aHTanbnma obpazoBaHua (AHE°) — 31o
M3MeHEeHWe TeN0Tbl, MPOn30LLeLLee B pe3yibTaTte 00pa3oBaHumA
1 MONb XMMNYECKOTO COeANHEHUS U3 COCTaBAAOLLUX €ro
3/1eMeHTOB (B UX Hanbosee ycTonunBon Gopme)B CTaHAaPTHbIX
ycnoBusx. Hanpumep, ctaHgaptHasaHTanbnus 06pa3oBalns Boabl
— 3TO KO/IMYECTBO TEMAOThI, BBIAENAOLLEECs NPU COEANHEH
ra3o006pa3Hbix BOAOPOAaW KMcaopoaa € obpasoBaHvem 1 Monb
XNAKON BOABI:

H,(r) + 1/20,(r) = H,O(x) AH® =-286 k/x/Monb

TennoTa, KOTOpas BbIAEAAETCA NPU COeAVHEHUN yraeposa B dopme
rpadvTa 1 ra3oobpasHoroBosoposa ¢.obpasosarHvem 1 Mosb
MeTaHa, AB/AETCA CTaHAaPTHOW 3HTabne 06pa3oBaHWs MeTaHa:

C(rpagur) + 2H,(r) — CH,(r) AH? =-74,8 k[>x/Monb

Hwxe B Tabnnue npuBeseHbl CTaHAapTHbIE 3HTaNbavy obpasoBaHus (AHF, 273 K1 aTm) HekoTOpbIX BELLECTB:

BewiectBo CoctosiHue A AHf“ BeluectBo CoctosiHue AH.
C (rpadwT) Teéppoe 0 H.,O Knakoe -285,5
H, las 0 H,O las -241,5
(O a3 0 H,0, XKuakoe -187,8
N, a3 0 NH; a3 -46,1
Cl, las 0 NO las +90,3
C (anma3) Teépaoe +1,9 CaCOs3 (kanbymr) Teépaoe -1206,9
CO; las -393,5 SO, las -296,8
CcO las -110,5 H,S las -20,6
CH., las -74,8 HCl las -92,3
CoHe [a3 -84,7 HBr las -36,3
CoH, las +52,3 HI las +26,5
CyH, [a3 +226,7 NaCl Teépaoe -411,2
MgO Teéppoe -601,6 KCl Teéppoe -436,7
Al,O; Teépaoe -1675,7 Ca0o Teépaoe -635,1

Cra HAAPTHaA 3HTaAbMnA CropaHnA

rlpOLl,eCCbI ropeHna ABaAKOTCA NCTOYHUKOM 3HEPIrnn A4 XNBbIX OPraHM3MoB U O4HUM U3 Ba>KHEMLLINX
NCTOYHUKOB 3HEPTN ANA NMPOMbILLUIEHHOCTU N TPaHCMNOPTa. MOJ’IﬂpHaFI 3HTa/IbNAa CropaHus,
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XapakTepu3ytoLLias KOAMYECTBO TEM/IOThI, KOTOPas BbIAENSETCA B XOA4E 3TUX PeaKLMM, Tak>Ke MOXET
N3MEHATLCA B 3aBUCMMOCTU OT YCIOBUM MPOBEAEHUNS peakLn.

Y106bI MOXHO 6ObINO CpaBHMBATL TemnoBble 3bdeKTbI, peakLmm ropeHns Takxke pacCMaTpuBaroTca
NPVMEHUTENBHO K CTaHAAPTHbIM YC10BMAM. CTaHAapTHasA SHTa/IbNUA CTOPaHUA — 3TO KOINYECTBO
TENNOTbI, KOTOPOE BbIAENAETCA NPU NMOAHOM CropaHun 1 MO/b BelecTBa Npuv CTaHAAPTHbIX YCNOBUSX,
ob6o3Hauvaetcs AH; (ot aHrmiickoro cnoBa "combustion” — ropeHue).

YpaBHeHMe peakLuum CraHgapTHaA aHTabANA CropaHNs
CH,OHEK) + 30,(r) — 2CO,(r) + 3H,0(0x) AH°=-1367 k[ AHS =-1367 k>x/Monb
C,H,(r) + 30,(r) = 2CO,(r) + 2H,0(x) AH°=-1411 k[ AH? =—-1411 kA>X/Monb
S(tB) + O,(r) — SO,(r) AH°=-296,8 k> AH?'=-296,8 k/1>x/Mmonb

MockoNbKy, COrnacHoO ypaBHEHUAM peakLmi, MONHOCTbIO cropaeT 1 MOJb BELLEeCTB, AIA 3TVX
peakunin 3HaYeHne CTaHAAPTHOIO N3MEHEHWA 3HTaIbMUM PeakLiy paBHO CTaHAapTHOW TenaoTe
cropanua. OfHaKo AN HEKOTOPbIX peakL il 3HadeHne N3MEHEeHNs CTaHAAPTHOW, SHTaNbNNN He
byseT paBHbIM CTaHAAPTHOW TEMNOTE CropaHuns. B 3mmx cayyasx, utobbl HAUTK CFaHAAPTHYHO
TENNOTYy CropaHuns, HeoH6XoAMMO M3MEHEHWNE CTaHAAPTHOM SHTaNBMWK pa3LenvTb Ha

ko3 duumeHT nepes GopMynon CropaeMoro BeLLeCTBa.

YpaBHeHune peakumm CraHfapTHas 3HTaNbNUA CropaHuns
2C,H,(r) + 70,(r) = 4CO,(r) + 6H,0(x) AH°=-3120 kC AH? =-1560 k/[>x/mMonb
2CO(r) + O,(r) — 2C0O,(r) AH°=-566kC AH? =-283 k/[/Monb

Kakoe Tonaneo 3aKoHOMUuHee?

Ana npeogonenusa paccroaHud B 100 kv, asTomobuato moTpebyetca 10 amtpos 6eH3nHa (ero popmyny
MO>XHO B 06LLem BuAe npuAate kak CH,p) nan 12 antpoB bnostaHona.
Xop, paboTbi:

[eAatenbHocTb

War 1. Paccuntante maccy 10 nMTpOB 6eH3nHa, NCNoAb3ysa ero NAOTHOCTb.
War 2. Paccuuntarite maccy 12 autpos 6uostaHona.
War 3. PaccumTainTe Yncne Mosel Kaxaoro Bmaa Tonamea.

LWar 4. Acnonb3ys 3HadeHns AH? , paccuntarite aHepruto, BblAENSEMYHO
Ka>XAbIM BUAOM TOMMIMBA.

War 5. CpaBHUTE NoNyyYeHHble pe3ynbTaTbl.

O6cyaure:

1. CkONbKO TenN0Tbl BbiAensercs npu cropaHium 1 monb 6eH3nHa?

2. CKo/IbKO TenaoTbl BbiAensaerca npu cropaium 1 moab 6noaraHona?
3. Kakoe TonauBo Aaér 6onblue sHeprun?

4. Kakne npeumyuiectBa ectb y 6uoaraHona?
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3akoH [ecca

TennoBble 3¢ dekTbl, HAOAOAAEMbBIE B XOA4E XMMUUECKMX PeaKLNi, CBA3aHbl C BHYTPEHHEN
3Hepruen BellecTB. 3HaUeHWe 3HTaNbMUN peakunn M3MEHSEeTcs B 3aBMCMMOCTM OT
HayaNbHOroO M KOHEYHOrO COCTOAHNIN PeakLIMOHHOW CUCTEMbI, B TO BPEMSA KakK U3MEHEHMe
3HTaNbMUN HEe 3aBUCUT OT CTaAMnI, NO KOTOPbLIM NPOTeKaeT peakumns. Ecam ogny u Ty xe
peakLMo MOXHO NPOBECTU HEMOCPEACTBEHHO (B OA4HY CTaZAMIO) AN B HECKONBKO CTaauni,
TO obLiee M3MeHeHMe 3HTaNbNUK peakumm B 0bomx cayyaax OydeT OAUMHAKOBbLIM. ITO
Ha3blBaeTcs 3akoHoM lecca. /I3MeHeHMe 3HTanbNUKU peakuui, B KOTOPOWU WU3BECTHbI
NCXOAHble BeLLeCcTBa W MPOAYKTb, ABASETCA MOCTOSHHBLIM W He 3aBUCUT OT nyTeu
NpoTeKaHUsA peakLunn.

CyMMapHOG n3MeHeHne s3HTaAblrn B Xoae XUMUYECKOM
peakunn ABndeTcA NOCTOAHHbIM N HE 3aBUCUT OT nyTe|7|
npoTeKaHUA OT MCXOA4HbBIX BELLLECTB A0 NMPOAYKTOB peakunn.

AH
McxopHoe BelwecTBO . MpoaykT peakumm
1-e HanpaeneHue
| ctagmsa Il ctagmsa
2-e HanpaesieHue
AH, AH,
D g NMpomexyTo4yHoe BelecTtso
AHpeal(l.q,m/l: AH1 + AHZ

Kak BUAHO 13 cxembl, U3MeHeHne 3HTanbnuu peakumn (AH) pasHo
CyMMe M3MeHeHU 3HTanbnuu ctaguu | (AH,) n ctagum 1l (AH,).

3akoH lecca No3BOAAET NPOBOAWTL Pa3/IMUHbIE PACUEThI AN
peakLuii, NPOoTeKaroLLMX B HECKONbKO CTagmi. B atom cnyyae
HEOBXOAMMO CNIOXNUTb YPaBHEHNA peakLMi TaknuM obpasom,
4yTObBI NX CYyMMa NpuUBea K YpaBHEHMIO UTOTOBOW peakLuun.
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2A+B—C  AH° = +50 klx
C-2D AH® = -80 k/x

PaccunTainte nsmeHeHune sHTanbnum (B KAX) ans peakummn 2A + B — 2D.

Pewenue:
Mpu cnoXxeHnn ypaBHEHWI ABYX peakLuii Nonyymm ypaBHeHne 2A + B — 2D.
2A+B - C
Cc-2D
2A+B - 2D
CornacHo 3akoHy lecca, Npu ChoXeHUn TenaoBbiX 3GdeKTo cTaguni Tabnuu
peakuuu.

2A+B—-C AH°=+5 K
Cc-2D AH® = -

2A+B—2D AH°=-30«k/

OTO NOSICHEHNE MOXHO NpPeACTaBUTb B BUAE Cleayro

B Heckosibko cTagni CTagunto
AH
C

AH°
-80 k/x

a3NIMYHBIX PAaCUYETOB AN MHOTOCTaMMHbIX peakLnin Ha
BO3HMWKaeT HeOHXOAMMOCTb MPeobpasoBbIBaTh YpPaBHEHMS
a30BaHWWN ypaBHEHWUI ciesyeT cobarosath

WHorga npw Bbl
OCHOBaAHWUW 3aKOH
peakuui. Mpu npeo
cnesytolme npaBuna:

1. Mpy YMHOXEHWM ypaBHEHNA peakLMM Ha KaKon-1Mbo MHOXUTENb, U3MEHEHMEe
3HTaNbNUN PeakLnn Tak>Ke YMHOXAETCA Ha TOT XXe MHOXMTeb. Hanpumep, ecan npwu
cropanmn 1 monb Bewectea AH = -300 k/I>x, To npwu cropaHun 2 moab AH = —-600 K/X.
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2. Ecam HeobxoaMMO 3anucaTh YpaBHEHWE peakLmm B 06paTHOM
HanpaB/ieHWM, TO U3MEHEHWNE SHTA/IbMUM 3aMMCbIBAETCS C
NPOTMBOMOOXHbBIM 3HaKOM. Hanpumep, ecav ans peakuum

A - B AH =-100 k[, TO anqa peakummn B — A AH = +100 kx.

. 2CO(r) + 0,(q) — 2CO,(r) AH = =566 K/x
II. 2H,(r) + O,(q) — 2H,0(x) AH = =571 k[,
Il 2CH,OH(r) + 30,(r) — 2CO,(r) + 4H,0(r) AH =

Vicnonb3ys npuBeféHHbIE Bblllie 3HaYeHNA N3MEHEHNA SHTaNbN
peakumu nonyyeHusa metaHona (CHs;OH) n3 moHookcuaa yrnep

PewieHue ’
3anucbiBaeTcsA ypaBHeHMe peakLmu, A1 KOTOPOW PacCUMTbIBAETCA U3MEH

CO(r) + 2H,(r) —» CH,OH(r)

Kak B1aHO, B 3ToM ypaBHeHun CO 1 H, HaxoaaTcsa B neB B npasoli. [Moatomy
NpVBeAEHHbIE B 3a/laHUN YPaBHEHUA peakLuii cedyet n 06bl MPY UX CNOXKEHWUN
BELLECTBA, He BXOAALLME B MTOTOBOE YpaBHEHNE peakLmm ( OKPaTUANCh, @ MOJNyUYEHHOE B UTOTe
ypaBHeHwue peakumn nmeno sug: CO(r) + 2H,(r) —» CH OH(r) ee ypaBHeHue cogepxuT 1 moab CO,

KO3PPULIMEHTbI B ypaBHEHWM | cnegyeT nog,

CO + 1/20, —-CO,

BUAE:

[NockonbKy B UTOFOBOM YpPaBHEHUN ectBe 1 monb, B ypaBHeHun Il cneayet
M3MEHWTb HampaB/ieHVe peakLmm Ha Hoe 1 noAennTb Ko3pduLmeHTbl Ha 2. [pun 3TOM 3Hak

MEeHSeTCs Ha MPOTUBOMOJIC

CO, + 2H,0 - CH,OH + 3/20, AH=+1430/2=+715 kX

YTo6bI NOAYY roBoe ypaBHe €Bbl€ W NpaBble YacTW YPaBHEHWUI CTAZUIA HYXKHO CNOXKMTb:
AH=-566/2=-283 k/>x

AH=-571 k[x

CO, + 2H,0 » CH,OH + 3/20,  AH=+1430/2=+715 k[

CO(r) + 2H,(r) = CH,OH(r)
AH,,,,=(=283)+(=571)+(+715)=-139 kx
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TennoBon 3PpPEKT XMMUYECKMX peakLMii MOXHO pacCunTbiBaTb
COrIacHO 3aKoHyY lecca, NCxoaa TakKe U3 CTaHAAPTHBIX SHTaNAbMNM
06pa3oBaHMA NCXOAHbIX BELLECTB 1 NPOAYKTOB peakLmun. MockonbKy
N3MEeHeHne CTaHAAPTHOW SHTaNbMUM pPeakLum COOTBETCTBYET
pa3HULLE MEXAY SHEPTreTUUECKMMWN COCTOSHUAMM UCXOAHbIX U
KOHEYHbIX BELLECTB, er0 MOXHO paccymTaTh, BbluMTas 13 CyMMbI
CTaHZAPTHbIX 3HTaNbNUI 06pa3oBaHMA NPOAYKTOB peakLnn CyMMy
CTaHAAPTHbIX 3HTaNbNUN 06pPa30BaHMA NCXOAHbIX BELLECTB:

AH® = >nAH;(npoaykTbl) — > nAH,°(MCcxoAHbIE BellecTBa)

34ecb n — cTexmomeTpuyeckne KoaddPuumeHTsl Bewects, AH; &~
CTaHAapTHaA 3HTanbnuna obpasoBaHuS.

BewecTtBo

CH,

O

CO,
H.0(x)

CraHpapTtHa

PaccuuTanTte ctaHZapTHYHO 3H (r) = CO2(r) + 2H20(x).

PelwueHnue:

CTaHAapTHYHO 3HTaNbMANIO P

AH° = [AH.°(CO,) + 2AH.°(H,0)] -
o

NHoraa CraHgapTHYHo 3HTaNbNM 06pa3oBaHMs BELLLECTBA MOXHO
paccumTaTh, UCXQAA 13 ero CTaHAAPTHOW 3HTAbMUM CropaHus. B aTom
cNyyae, 4Ttobbl paceunTaTh AEMI0TY 0OPa30BaHNs BELLECTBA, HYXHO
OT CYMMbI CTaHZAPTHBIXAHTaIbNWIN 06Pa30BaHNsA MPOLYKTOB
BbIYECTb CTAHAAPTHYH SHTA/IbMMIO CFOPaHNs 3TOTO BELLLECTBa:

AH? (BewecTtBo) = [ AH? (npoaykTbl)] — AH °(BewwecTBO)
3aecb AH° — cTaHaapTHaA 3HTanbNMA 06pa3oBaHMA BELLECTBA,

>AH? — cymMa cTaHZapTHbIX 3HTaNbNMA 06pa3oBaHMA NMPOAYKTOB,
AH_° — ctaHfapTHas 3HTanbNMA CropaHnA BeLLecTBa.
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CH,OH(k) + 3/20,(r) — CO,(r) + 2H,0(X) AH°=-726 k[x
AH? (CO,) =-393,5 k/>x/Monb
AH? (H,0)=-285,8 k/>/Mob

Paccumnrtaite cTaHAapPTHYHO SHTaNbMNMIO 06Pa30BaHNA MeTaHONa.

Kak BUAHO 13 ypaBHeHMs peakuun ropeHna metaHona: AH? (CH,OH) =-726 k/px/Monb. YUuTbIBaa NpNBEAEHHbIE
JaHHble, CTaHAAPTHYHO 3HTa/bNUIO 06pa3oBaHMA MeTaHO1a MOXHO paccunTaTh ClesytoLmM 0bpa3som:

AH? (CH,OH) = [AH? (CO,) + 2AH? (H,0)] — AH? (CH,OH)
AH? (CH,OH) = [(-393,5) + 2(-285,8)] — (-726) =-238,7 k/[>x/monb

TennoBble 3pdeKTbilpeakL i, KOTOpble He MOryT BbiTb onpeaeseHsbl

HeMoCpPeACTBEHHO WM Xe X ONPeAesieHre CONPAXKEHO,C TPYAHOCTAMM,

MOXHO paccumtaTb Ha OCHOBaHWV 3akoHa lecca. Hanpvimep, peakuus
npeBpaLleHns aamasa B rpapuT npotekaeT oueHb MeasieHHO. Flo3ToMy U3MepUTL TeNA0BON 3bdeKT 3ToM
peakuun AOCTaTOUHO CNOXHO.

3Has, uto AH; (anmas) = -393,5 k>x/monb u AH; ..., = —395,4 KAK/MONb, KaK MOXXHO paccumTaTb
-C

M3MeHeHMe CTaHAapTHOW 3HTaNbnNuu npeBpalieHns C

?
(anmas3) (rpadur) *

MpumenuTe nonyuennbie AHAHUA

1. OTBeTbTE Ha CieaytoLme BOAPOChI, yunUThiBas, uto 2H,(r) + O,(r) — 2H,00«x) AH = =571 k.

a. JTO 3HAO0TepMMYecKan KU aKk3oTepMmnyeckas peakiya?

b. ¥ kakunx BewecTB 3HTaNbNNA 60Jiblle — Yy NPOAYKTOB peak UK y pearnpyrowmx Bewects?

c. Kakoe 3HaueHve npuHumaet AH caeayrowmx peakumii?

2H,00Kk) = 2H,(r) + O,(r)

H,(r) + 1T/20,(r) — H,0(x)

d. Kak, ncxoas uszpeakumnm H,00x) ="H,O(r) AH=+44 kI, paccumtatb 3HauyeHne AH ansa peakumm
2H,(r) + O,(r) = 2H,0(r)?

2. 21 nona1969 roga B pamkax muccmm “AnosinoH-11" yenosek Brnepsble BbiICAAMNACA Ha JIyHY — 3TUM
yesioBeKOM 6bi1 Hnn ApMCTPOHT. B 3TOM nNpoekTe B ABUraTeNsix IYHHOro MOAyAs 6blan NCNOb30BaHbl
metuarmapasunH (CHsNHNH,) n Tetpaokcna amazota (N2O,). 3Tn XunaKocTn Hbiam BbiOpaHbl ¢ 0coboi
TLLATeNbHOCTbLIO, TaK Kak MPW KOHTaKTe yKa3aHHble BellecTBa CaMOMNPOM3BOJIbHO BOCMNaMEHAIOTCA
(camOBO3roparoTcs) C BblgeNeHMEM 6O/bLLIOTO KOIMYeCTBa TeNIOTbl. BOCcnosib3yliTecb MHTEPHET-pecypcammn u

paccumTanTe M3IMeHeHne 3HTaNbMUM STUX PeakLuum.




Tepmoxumuns e

1. Kakve 3HauyeHus TeMnepaTtypbl 1 JaBAeHUS MPUHATO CYUTATb CTaHAAPTHLIMU YCAOBUAMUK? Yem
0bycnoBneHa HeOH6XOAMMOCTb NCMONb30BaHMA CTaHAAPTHbIX YCNOBUIA?

MpoBepbTe NonyueHHble 3SHAHUA

2. 410 Takoe CTaHAapPTHadA SHTanbnuA O6pa3OBaHVIFI N CTaHAapPTHaA 3HTanbrnnA cropava? anIBe,D,VITe
ANA Ka>KAO0Tro NOHATUA NO O4HOMY NMPpUMepy.

3. MoxHO an Ha ocHoBaHuM ypaBHeHma CH,(r) + 20,(r) — CO,(r) + 2H,0(
CyAUTb O CTaHAAPTHOW 3HTaNbMNN CTOPAHUA U CTaHAAPTHOW SHTANbMUM O
13 Bewects? OB6OCHyWTe CBOW OTBET.

4. Vicnonib3ys NpuBeAEHHbIE AaHHbIe, paccymTaliTe CTaHAAPTHOE N3MEHEH
cropaHus 1 MOJIb KEPOCKHa B KNCNOPOAE, MPUHSB YCAOBHO $O OCUHE

AH? [CT11H,,(x)] = =327 k[xx/monb

AH° [CO,(N)] = -394 k/x/MOob ‘
AH? [H,00k)] = —286 k>x/Monb

N,(r) + 3H,(r) = 2NH,(r) AH=-92 k/Ix
2H,(r) + O,(r) = 2H,0(r) AH=-484 kx
N,(r) + O,(r) = 2NO(r)
PaccunTtanTe M3MeHeHne 3HTanbnNumn pe
4ANH,(r) + 50,(r) = 4NO (r)

A aMMMaKa:
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3.4 DHeprua ceA3m

Ecam nogHecTn apyr K Apyry NpoTMBOMONOXHbIE
NoarCa ABYX CUbHBIX MarHUTOB, OHU MTHOBEHHO
COeAVHATCA NoJ AeNCTBMEM CUIBHOTO
NPUTSXEHWS, Kak ByaTO HEBUAMMAs CMia
npubanxaet nx Apyr K apyry. OaHako nNpuv nonbiTke [ LA TG TRy 1ol 70 (o) [0 sty () 017 VIO
OTAENUTb 3TU MarHuTbl A4pyr OT Apyra, HaobopoT, cnny, uTo6bl UX pasaenv

3aTpaymnBaeTca 3HaunTeNbHasa cuna (3Heprua). « Koraa B 3TMX onbiTax 3Hep 1A NOT/10WaeTe:,
OueBMAHO, YTO N3MEHEHME SHEPTUN NPOUCXOANT Korga Bbigensaer-=?

KaK B npouecce coefnHeHNs, Tak 1 B npouecce . Ka:
pa3geneHna MarH1TOB.

S

SHeprus CeA3w, KX/MOb, M HabaroaatoTCAa U3MEHEHWNSA BO
SEEREN pasphis cBA3M, 06pasoBaHme ecTB, B OCHOBE 3TUX peakLii NexuT

/1082 JETEW W pasaeneHvs aTomoB. MNpeacTasbTe cebe,
Hue. CHavana kKaMHU 1 KUpIuum

« Mouemy marHuThbl, ecin nx 61M3Ko NOAHECTU
APYT K ApYry, COeANHAIOTCA NoA AeCTBUEM
CU/IbHOTO NPUTAKEHUA?

CXOXKV € Npniviepb! Bbl MC
M3 LOBCAAKE BHOM XN: XUMMUUECKUX
peakuy:

cTpouTcs Apyroe 3zaHue. MNoxoxas
B XMMUYECKMX peakLmsx: CHavana
We CBA3N, 3aTeM 0bpasyroTcs HOBbIE,




Tepmoxumuns

Hun ogHa xmMmueckas peakums He npomcxoaaT 6e3 paspbiBa CTapbiX CBA3EN U
obpazoBaHMA HOBbIX. [103TOMY, UTOObI MOHATL CYLLHOCTb PeakLMii, BaXXHO B
nepByro oyepesb MOHATb, KakKnMm 0H6pa3om paspbiBatoTCsa U 0H6pasyroTca CBA3MN.
Mpwn pa3pbiBe XMMUYECKNX CBA3EW TEMA0Ta MOMIOLWAETCA, a NPU MX
obpazoBaHuu — BblgenseTca. Hanpumep, ans paspbiea csazent CI-Cl B 1 monb
Monekyn xnopa Tpebyetca 242 k/x aHeprum. Ecam 311 xe atombl xs10pa CHoBa
o6pa3zytot cBa3m CI-Cl, BbigenseTcs Takoe xe KOANYECTBO 3Heprum (242 k).
Kak BMAWM, 3TO KONIMYECTBO SHEPrMN BbipaxKaeT Kak SHepruto, HeobxoaMmyro
ANA pa3pblBa CBA3W, Tak U SHEPTUIO, BbIAENAIOLLYOCA NPy 06pa3oBaHNN CBA3W.
DTa SHeprua Ha3biBaeTCs IHEepPrven CBA3M.

DHeprus, Heobxoanmas ana paspbiBa 1 MOAb CBA3EW WAV BelAenatoLlascs
npu obpaszoBaHMM 1 MO/Ib CBA3EN, Ha3blBaeTCA IHepPruel, cBA3M.
DHeprua cBsA3n obo3HavaeTcs bykBou E n namepsetcsa B KAXK/Mob.

Hanpumep, Bogopog pearvpyet ¢ nogom ¢ 0bpa3oBaHUEM MOAOBOAOPOAA.
Mpw 3TOM CHayana NPoMCXOAUT Pa3pbiB CBA3El B MOIEKYIAX BOAOPOAANM
noga. Ansa atoro Tpebyetcs sHeprus.

® & o
@ @ &

3aTeM 3a CYET CBA3eM, BO3HNKAIOLLMX MEXAY aTOMaMu BOZOPOAA U NOAa,
06pa3yroTCa MOJEKYNbl MOA0BOAOPOAA. [Tpy 3TOM 3HEPrus BblAeNnseTcs.

D QD €D €D
DOH &
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B 3TOM peakuumn cymmapHas sHeprus, Heobxogmmas Ana pa3pbliBa
cAazen H-H v I-1, meHbLue 3Hepruw, Bbigensatowenca npm
obpazoBaHun AByx cBA3en H-1.

Mo3ToMy B pe3ynbTaTe peakLyy BblAeNseTcs TenaoTa — peakums
ABNAETCHA IK30TEPMUYECKON.

ATombl BOofopoZa 1 noga
A

2mMonb H + 2 monb I

OQOQ

[nsa pa3spbiBa 1 mosb
cBszert H-H n 1 monb
cBaAzen I-1 TpebyeTtcs

3Heprus

Monekynbl

Bogopoga v noga

Mpwn obpazoBaHUn
mMonb ceazert H-I
fenseTca sHeprua

2HI(r)

Monekysbl
noaoBoA0pPOAa

HOM HarpeBaHWKN ra3006pasHbIi aMMUaK pasiaraeTcs,
s ra3006pa3Hble a30T U BOAOPOL,

Ha pa3pbiB cBsA3ei B Monekyne ammumaka
JHeprua 3aTpayvmBaeTcs (NOrNoLLaeTCa N3BHeE).

ATOMbI BOZOPOZAa 06pa3yroT ApyYr C APYrOM CBA3M, B TO XK€ BPems aToMbI
a3oTa obpasytoT CBA3N Mexay coboli. MNpu 3ToM 3Heprus BblgenseTcs.



Tepmoxmmuns

B xoae 31OV peakuunmn sHeprus, Heobxoanmas AN paspbiBa CBA3eN, 6ObLLE SHEPrUN,
BblAeNAOLWENCA Npy 06pa3oBaHNM HOBbIX CBA3EN. [T03TOMY peakLma NnpoTekaeT ¢

nornoweHmnem TeNNOTbl N ABNAETCA 3HAOTepMI/IL-IeCKOI7I.

Ecam sHeprus, 3aTpaueHHas Ha pa3pbiB CBA3EW, MEHbLLE SHEPTUN, BbIAENAEMON NP
obpa3oBaHUM CBA3eN, peakuus ABASETCS IK30TEPMUUECKOMN, a B 0OpaTHOM ciyyae —

JHAOTEePMUUECKOWN.

PaznnuHble xuMmyeckmne CBA3N OTANYAKOTCA APYT OT Apyra NO CBOEN AHEPTUN.

Hanpumep:
CeAa3b SHeprua cBasu, k>x/monb Cea3b JHeprus ceasu, kIK/Monb
H-H 436 N-H 391
Cl-Cl 242 CAH 412
0=0 496 c-C 346
N=N 946 C=C 612
O-H 463 C=C 835
H-Cl 431 C=0 358

Kak Ha ocHOBaHWM dHEpPrumn CBA3U onpeaeunTb,
ABNIAIOTCA 1N peaKuUm 3K30TepMUYECKUMU Uan
dHAOTEepMUUYECKUMN?

a.CH, + 20, —» CO, + 2H,0

b.2H, + 0O, - 2H,0

c.CH,+H, - CH,

d.6CO, + 6H,0 - CH,;0, +60,
Xoa pabotbi:

War 1. V306pa3unte MonekynsspHOE CTPOEHVE BELLECTB,
NPUBEAEHHbIX B peakLusaX, 1 ONPEeAEeNUTe SHEPTN CBA3EN B
Ka>x40M Mosiekysie. [Ins 3TOro Bbl MOXETE MCMO/Ib30BaTb
npeacTaBAeHHYHO B TeMe Tabiulyi MHTEpPHET-pecypCbl.

War 2. [1na kaXAon peakLyyn paccumtarite CyMMy SHEpPruin cBasem
B MOJIeKynax pearnpyrouiux BeLLecTs; B MOeKyiaxX NPoAyKTOB
peakuuu. Mpr 3TOM AOMKHbI ObITb YUTEHBI KOIDPULIMEHTBI

B YPaBHEHMM peakLui.

War 3. ns KaxAol peakuum paccumtante MaMeHeHne sHTanbnmm
MO Pa3HOCTU MeXAY CYMMOW 3Hepruii CBs3el B MoseKynax
pearnpyoLLnxX BELLECTB Y CYMMOW 3Hepruii CBsi3el B MosieKynax
NPOAYKTOB peaKkLmm.

LWar 4. 1ns kaXA0on peakLm NOCTPOMTE SHePreTMYecKyro Avarpammy.

O6cyaure:

1. B kaKoii peakuum Ha pa3pbiB
CcBA3eW 3aTpaumMBaeTca
Hanbo/ibluee KOJIMYECTBO
3Heprumn?

2. B kaKow peakuuu npm
obpasoBaHuu cBA3EN
BblAenseTca Hanbonbluee
KO/INUEeCTBO 3Heprumn?

3. Kakue peakuun aBnsarorcs
3K30TEPMUUYECKMMU, a Kakne -
3HAOTEpMUUECKUMU?

4. B Tom cnyuae, ecnm
Hen3BeCTHa dHeprusa cBAsu AN
OAHOW U3 CBA3eW B MoJieKy/ax
pearnpyrowmx BeLwecTs Uam
NPOAYKTOB peaKLuuu,
BO3MO)XKHO /1IN paccumTaTthb €€,
ncxoaa ns tenaosoro 3¢p¢dexra
peakuun? CocraBbre
COOTBETCTBYlOL e 3asaHue.
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VlCI'IOJ'Ib3y$I SHEeprmn CBsi3eN B MoJsieKynax sewecrts, MOXHO
paccynTaTtb NSAMEHEHNE SHTaNbIMNN peaKLLMVIZ

1. YuutbiBas, uto E(H-H) = 436 k/>x/monb,
E(CI-Cl) = 242 kx/monb, E(H-CI) = 431 k/>x/Monb,
ansa peakumn H, + Cl, — 2HCI:

a. paccunTanTe M3MeHeHWe 3HTanbnun (B KAX);

b. onpegenvte, sBAsETCA AN peakLms
3K30TePMUNYECKOW MW IHAOTEPMUYECKON;

C. MOCTPOWTE SHEPreTUUECKYHO AMarpaMmy.
PelwieHne:

a. DHeprus, N3pacxofoBaHHas Ha pa3pbiB CBA3EN:

E(H-H) = 436 k/>x/Monb

E(CI-Cl) = 242 k[>x/Monb

Bcero = 678 k[

JHeprus, BbiAeANBLLAACA NPY 06pa3oBaHUN CBA3EN:

2 x E(H-Cl) = 2 - 431 = 862 k/x

VI3ameHeHve 3HTanbnum:

AH = 678 — 862 = 184 /I

\ 4

2. YuutbiBas, uto E(N-H) = 39
E(N=N) = 946 k[>x/mMonb,
a ypaBHeHWe peakLmm

2NH, - N, + 3H, A

yuTaniTe 3Hepruto ceAsn H

0bpa3oBaHuM CBA3EN:
) = 946 /1
3 - E(H-H) = 3x kX
Cymma = (946 + 3x) kx
i3meHeHve sHTanbnnu:
2346 — (946 + 3x) = +92 k/x
X = 436 kx

DHeprus, Bblaenu

b. Peakuus saBasetcs sk3oTepm
BblZe/IMBLUAsACs 3Heprus 60
3Heprumn (M3MeHeHne 3HTa

C. DHepreTnyeckas guarp

DHeprus

BbligennsLuancsa
3Heprua

2HCI(r)

TUYECKad AMarpamMmMa npeacraBjieHa H/XKe:

Pa3pebiB cBA3K

BblaenmBliascs
3aTpayveHHas aHeprua
. NL(r) + 2H,(r)
: CymmapHas
2NH,(r) i dHeprus
+92 k>




Tepmoxumuns

anMEHHTe nojsiyuyeHHble 3HaHuA

1. MpwvBeseHa peakumsa ropexuns rugpasmda (N,H,), Haxogawleroca B ra3006pasHOM COCTOAHMM.

H H H

N

N—N + O=0— N=N + 20

7

H H H

a. OnpegenvTe, Kakue CBA3W pPaspbIBatOTCS.
b. Onpegenute, kakne cBA3M 06Pa3yOTCS.

c. PaccunTaiite cymmapHyo 3Hepruto, Kotopas notpebyercs Ans pa
d. Paccumntainte cyMMapHyr 3HEPTUHO, BbIAENNBLLYHOC

e. Paccumtalite nsMeHeHve 3HTaNbNUN peakLmm.
f. Onpepenvite, peakunsa aeaseTca 3K30Tep|v||/|qe0
g. BbickaxxnTe cBOe MHeHne 06 NcnoabL30BaHUK TMAP

2. cnonb3ysa npvBeséHHblE AaHHble, paccumTam
H,O(r) = HO(r) + H(r) AH°=498 k1
HO(r) —H(r) + O(r) AH°=428 k/x

MpoBepbTe NnonyuenHbie
1. Y70 Takoe SHEpPrna ceAsun KV nuax msmepa

yeckmmn. O6 UTe MPUUMHY, UCXOAS U3 MOHATUM pa3pbiBa

nTanTe n3MeHeHue sHTanbnuu (B kAx) ans
preTvyeckme gnarpammbl.

paccumTanTe sHepruto ceazmn CI-Cl (B kA>/Monb).
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3.5 Pacuért s3Hepretmyeckon LEeHHOCTM NPOAYKTOB MUTaHWA

OAVH 13 ABYX CMOPTCMEHOB Nepes, TPeHNPOoBKOY cbegaeT 200 r opexoB, a APYron — Takyro e Maccy
bpykTOB 1 OBOLLEN. [ToCNEe BbINONHEHUS OANHAKOBBIX CMOPTUBHBIX YNPaXKHEHWUI YyBCTBO roioja Y

OZHOrO CMOPTCMEHa MOsBAAETCsA paHblue, Yem y Apyroro. CnesoBateibHO, HECMOTPSA Ha
OfMHaKOBYO MacCy CbeZleHHOro, OpraHn3My nepesaétcs pasIyHOe KOJIMUYECTBO SHEP

>

FFAE \f X SN B,  Kak Bbl gymaeTte, KakoW cnop <i1eH MPOra /io;
f 6bicTpee?
» Yem onpepensneTca sHeprua niwmn?
 Kak Bbl aymaerTe, K- TROAYKT:! LAlle BCP
BbI3bIEalOT Y Ye/IOBeKa ‘NeHune!
e Bo3amModKi0 /v ziKcnepuMmesiTa/ISHO onpeaennTb
3HAPreTUYC Iy LLeHHOCTb TOTO 1IN MHOTO NMPOAYKTa
nuTaHua?

nuueBas sHeprns,

SN SHepreTyyeckast LEeHHOCTb
NPOAYKTOB MUTaHMSA XXMPbI, YTNEeBOA VPYIOT C KMCNOPOAOM, 3Ta SHEPrUs

BblAENAETCA B B

3TO XMMUYECKas 3HepPrus, KOTOPYH Ntoamn
T U3 MUKW 419 NOAAEPXKAHNA CBOEW

OZJMHaKOBOW Macce, Pa3/IMYHbIN COCTaB,
ecKas LeHHOCTb TakXe pa3inyHa.

)BHOW MPUUMHOWN TaKOro pasNnymns ABASeTCA pa3Has
0BHOCTb XMPOB, YINEBOAOB N HenkoB obecneyrBaTtb
PraHn3M 3Heprmen. JHepreTnyeckas LIEHHOCTb MULLM
yKa3blBaeTCA B KUNOAXKOYAAX (KAXK) nan kunokanopuax (Kkas).

B uenom, Kaxabli rpaMm Xupa gaét npnbansntensHo 37 KKan
. 3Hepruu, Torga Kak KaXkAbli rpaMM yrneBoAoB 1 6enkos —
npnbansnutensHo 17 kkan aHeprun. C yBeanyeHnem
cofiepXKaHuna BOAbl U KJIeTHATKN B MPOAYKTE ero
3HepreTMyeckas LLeHHOCTb CHUXKAEeTCsA, MO3TOMY OBOLLM U
dPYKTbI C BBICOKMM COAEPXKaHNEM BOZAbI UMEOT MEHbLLNIA
3anac sHeprun. B cylénbix, XXapeHbIX UAN XMPHbIX NPOoAyKTax
HU3KOe coZiep>XaHne BO/bl, HO BbICOKaA MaccoBas A0/s Xupa
N CyXUX BELLECTB, MO3TOMY OHW MepeaaroT OpraHu3mMy MHOTO
3Hepruu.




Tepmoxumus

3HepFeTI/Il-IeCKaﬂ LEeHHOCTb HEKOTOPbIX NPOAYKTOB:

MpoayKkT nuTaHua Mepa DHeprus (kkas) MpoaykT nutaHua Mepa SHeprus (kkan)
Monoko (cpeaHew >XMpHOCTM) 1 crakaH (250 mn) 160 MogconHeuHoe macno 1 ctonosas soxka (15 mn) 120
laTbir (CpeAHEN XMPHOCTH) 1 nwana (200 r) 120 OnnBKOBOE Macio 1 ctonoBas noxka (15 mn) 120
Xne6 niweHnYHbIN 6enbi 1 nomtuk (30 1) 80 CavBoYHOE Macsio 1 ctonoBas noxka (14 ) 100
JlaBaww 1T wr. (50T1) 135 Caxap (6enbii) 1 yaniHas noxka (4 r) 16
Xneb TaHAbIp 1 nomtuk (50 ) 130 Még 1 ctonoBasi Ioxkka (21 r) 64
Pvc 6enbiin (otBapHOi) 100 r 130 BaHaHbI 1 cpeaHero pasmepa (120 1) 105
Puvic kopryHeBbIl (OTBapHOM) 100 r 111 A6n0kn 1 cpegHero pasmepa (150 r) 78
Bynryp (oTBapHo) 100 r 83 BuHorpag 1 nnana (100 r) 69
Kpyna rpeyHeBas (oTBapHas) 100 r 92 3épHa rpaHata 1 nnana (150 r) 125
MakapoHbl (OTBapHbIe) 100 r 155 Orypubl 1 cpesHero pa3mepan(1507T) 24
Kaptodenb (oTBapHOW) 1cp.p. (150 ) 120 flomMyAopsI T'cpeanero pasmepa (150 r) 22
Anuo KyprHoe 1T wr. (50T) 70, 3enénblii nyk 1 nyyok (50 r) 16
KypuHoe ¢une (otBapHOe) 100 r 165 MetpyLuka 1 nyyok (50 r) 18
loBsavHa 6e3 xupa (oTBapHas) 100 r 240 Ykpon 1 nyyok (50 1) 22
Pbiba (oTBapHas) 100 r 190 KnHza 1 nyyok (50 r) 12
Benbiin cbip 1 nomtuk (30 1) 80 Basunnk 1 nyyok (50 1) 12

TBopor 100 r 98 Canar natyk 5 nuctbes (50 1) 8

Xop, pabotbi:

JeatenbHocTb

LWar 1. Cobepute npubop, nOKazaHHbIAHA PYCYHKE.

Kak MO>XHO cpaBHUTb dHEpPreTMYECKYro LLeHHOCTb rpeLKux opexos (am pyHayka) n xneba?
MpuHagneXXHOCTU: CNPTOBKA, METaNNINYECKUIACOCYA (M Hebonbluas KOHCepBHas HaHKa), WTaTuB,
3aXXMM, TEPMOMETP, UMNa/MAPOBOJIOKa (ANa 3aKpenieHna obpasua), 100 Ma BoAbI, 31eKTPOHHbIE BeChl,
rpeukuni opex (nav dyHayK), xneb.

LWar 2. Hanente B cocys 100 ma BOoAbl M U3MepbTe HaYalbHYHO Temnepatypy (t,).
LWar 3. 3akpenute obpasel, opexa Ha mrie U B3BecbTe Ha Becax (m1).
War4. MNMoaoxrute obpasel, 1 HarpeBawre € ero Nnomolubto Bogy. Korga Temnepatypa cTaHeT NOCTOSHHOM,

3anuinTe KoHeuHyto Temnepatypy. (t,) U BblurcanTe pasHocTb Temnepatyp (t, — t,).
War 5. [locne oxnaxzaeHns nrbl A0 KOMHATHOM TeMnepaTypbl CHOBa B3BecbTe eé (M,) U BbluncanTe

NOTEPAHHYIO RPYV CropaHnn Maccy,(m,— m.,).

LWar 6. NoBTOpuTe 3TOT OMBIT € 06pa3L oM xneba.

LWar 7. MNoBTopuUTe OMbITEl U C rpeLKM OpexoMm (Man GYHAYKOM), 1 C XN1eb0M ABaxKAbl
N paccunTanTe CPEAHIO TeMnepaTypy.

LWar 8. Ha ocHoBaHWW pe3y/nbTaToOB OMbITa paccunTanTe TenaoBomn 3GdeKT peakLmm.

O6cyaure:

1. Y kakoro npogykta NMTaHMUA 3HepreTnyeckas LLeHHOCTb Bbilue?

2. KakoBa 3HepreTuueckas LeHHOCTb (B k>x) 100 rpamm KaXkaoro npoaykra?

3. CpaBHUTE 3HaYEeHMA, KOTOpbIE Bbl MOJIyYW/IN B pe3y/ibTaTe ONnbiTa, C peasibHbiMM1 A
3HaueHnamu? Ectb n cywectBeHHasa pasHuua? Ecam aa, 1o uem oHa obycnosneHa?
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OHeprus

CnocobHocTb
Tena
coBepLuaTb
paboty

.

3Ha- 3epHoBble 1 6060BbIE,
Wl ABAAOTCS, KakK npanmo,v
Bbl? npoAyKTamMu co CpeHen
3HepreTMyeckomn
LLEHHOCTbHO, B TO BPEMSA KaK Opexu 1
NPOAYKTbI C BbICOKMM COAEP>KaHNEM
XUpa MEOT CamMyH BbICOKYH
3HepreTnyeckyro LeHHocTb. Cnocob
NPUrOTOBAEHWS MULLM TaK>Ke
OKa3bIBaET CYLLEeCTBEHHOE BAUSHME
Ha ee 3HepreTMUeckyro LLeHHOCTb.
O6bI4HO NPOAYKTHI,
MPWUIroTOB/EHHbIE B BOAE WU/IM Ha
napy, MMeroT HU3KYHO
3HepreTNYecKyro LLeHHOCTb, B TO
BPEMSs Kak NpoAyKTbl, XXapeHble Uu
MPWUIrOTEB/IEHHbIE Ha Mac/ie, UMEIOT
BbICOKYH 3HEpreTMyeckyto

[na n3mepeHuns sHepreTMUeckomn LLeHHOCTU MULLM MOXHO,
06paTVB 3HEPruto B TEM/IOTY, ONPeAeNnTb 3Ty TENIOTYy Mo
M3MEHEHWIO NoJ, e€ BO3eNCTBMEM TEMMEpPATypbI

TenJoHOCUTENA.
Tennora Temnepatypa
MNepeaaya sHeprmm ot ropsyero [lokazatenb TOrO,
Tena K XoN04HOMY Teny n3-3a HACKOJ/1bKO "ropauum™nan
pa3sHuULbl TemnepaTtyp. "XONOAHbIM ABNAETCA TENO.

[nsa 3TOoro obpaseL, NMLLKM CKNratoT, 3a CHET BblAeNstoLLeNCs
TeN0Tbl HarpPeBatoT XXNAKOCTb\(TENIOHOCUTENB) WM ONpeaensatoT
M3MeHeHne Temnepatypbl XXMAKOETU. TensoBoun 3¢ deKT peakuymm
ropeHusa pacCUMTbIBAKOT Ha OCHOBAHUW pa3HULLbl TeMnepaTtyp

no ¢opmyne AH = m - ¢: Al. 5Ta NOCAEA0BaTENbHOCTb
onepaumi NexKUT B OCHOBE APUHLMMNa paboTbl NPOCTOro
KanopumeTpa. s BbINOAHEHUS 3TON paboThbl B LLUKOJbHOM
nabopartopuu 4OCTATOYHO MMETb B HaIMYMWN METaNNINYECKON
cocyg, (M Hebo by KOHCEPBHYHO HaHKY), BOAY U TEPMOMETP.
cnonb3oBaHve BOAbI B KayecTBe TeMJOHOCUTENs 0OYCI0BAEHO
TEM, YTO OHa AOCTYMNHa, Be3onacHa, HaXOAUTCA NMPU KOMHATHOW
TemMmepatype B XXUAKOM COCTOAHNK, €€ TemnepaTypy MOXHO
JIETKO U3MEPWUTH C MOMOLLLIO TEPMOMETPA, a Tak>Ke BbICOKOW
YZAENbHOW TEMNOEMKOCTBIO BOAbI.

TepmomeTp

k'—'.EH HOCTb. y ] /
= MeTananueckuin cocys,

N r

Boga I | I

- HakoHeuHuK nrabl

Cropaemblit obpaseL, NuLn 0
N %

| 1
rlO,D,CTaBKa n3 TepMOCTOVIKOI’O MaTepmnana




Tepmoxmmuns

Mpw 3TOM NoTepu TENIOThI 3@ CHET €€ nepejayn B OKpY>KaroLLLyHo
Cpeay He yUMTbIBAKOTCA, a KOIMYECTBO TEMA0Tbl, MOJYYEHHOW BOAOW,
NPUHMMAaETCA Kak 611M3Koe K KONMYECTBY TEMAO0Tbl, OTAAHHOM MULLEN.

JTO KONNYECTBO TEMNIOThl, NOAENEHHOE Ha MacCy obpasua NuLLK,
NMoKa3bIBaeT IHEPreTM4eckyro LLeHHOCTb NPOAYKTa MUTaHWA, KOTOpas,
Kak npaBuo, BblpaxaeTca B kK[/r, n1Mbo s3HepreTnyeckas LLeHHOCTb
NpoAyKTa NUTaHWA yka3sbiBaetca B pacyéte Ha 100 r npoaykTa B
k></100 r.

Mpwv cpaBHEeHWM HabArOAAIOTCA Pa3INUNA MEXAY NONYUYEHHbIMY
pe3ynbTaTaMun 1 MHPOPMaLMEN Ha STUKETKAX MPOAYKTOB NMUTaHMA. ITO
CBA3aHO C TeM, YTO YacTb TeMNOTbl NepesaéTca Bo3ayxy. Ha pesyabrar
TaKk>Xe BAVSAOT HEMOJIHOE CropaHmne NPoAyKTOB NUTAHUAMCNAPeHne
4acTV BOAb! N HM3Kas TOYHOCTb M3MepeHUI. L8 NOoBbILEHIA KayecTBa
pe3ynbTaToB LienecoobpasHo YacTMUYHO M30A1POBaThL NPMBOP,
yCTaHaBAMBaTb MAaMs CTPOro MO LEHTPY, caerka nepemeLlnsath Boay,
MOBTOPATb N3MEPEHUS HECKOIbKO Pa3 C LieNbo MOYyYEHUS
ycpeAHeHHoro pesynbTata. [lna 6onee BbICOKOW TOUHOCTU
onpegeneHn NCnosib3ytoT 6oMO0BLIN KaNlOpMMETP, paboTaronii B
3aMKHYTOM COCyZe Npuv NOCTOAHHOM 06BbEMe.

MpumeHnTe nonyuenHbi@ SHAHNA

1. Mpw cropanun 5 r npodykta nutadua Temnepatypa 100 riBogbl nameHsetca ot 20°C go 80°C.
PaccunTaniTe sHepreTMyecKyro LLeHHOCTb NPOoAYKTa (B KKan):

2. Cmecb "Trek” Ha 60% coctout n3 opexos (2600 k/>/100°r) n Ha 40% m3 kmwmuwa (1200 kdx/100 r).
PaccunTarite sHepreTMyeckyto WeHHoCTb cmecu B K/>/100 r 1 sHepreTnyeckyro LLeHHOCTb €€ NopLmm
mMaccon. 30 r (B k).

3. OgH @yHAYK faéT B cpeaHeM 25 kX 3Heprun. CKoabko NpubAM3NTENBHO OpeLLnH GyHAYyKa
notpebyercs, uTo6bl noBbicUTETEMNepaTypy 200 r Boabl Ha 5°C?

dNyUeHH!

"o

1. Kakoe pa3nnyune Bbl MOXeTe MPOBECTU MeXAY NOHATUAMM “3Heprua”, “Tennota” n “Temnepatypa”?
2.MNoyeMy B pacuétax Ha OCHOBaHWW KalOPUMETPUYECKNX U3MEPEHNI MCMONb3yeTCs BOAA?
3. Kak MO>XHO NOBBICUTb TOYHOCTb Pe3ybTAaTOB M3MEPEHNI HAa MPOCTOM KasiopumeTpe?

4. CpaBHUTe 3HEpPreTMYeCcKyHo LIeHHOCTb «XKapeHOoro» 1 «0TBapHOro» kaptodens oAMHaKOBOW MacChl.
Kakow 13 Hnx gaét 6onblue aHeprnmn? O6bACHNTE NPUUNHY.




Hayka, TeXxHO0rna, XX13Hb

Vickonaemoe tonaneo (HedTb, NPUPOAHbIN ra3, 30413, Yyroib U T. A.) OTHOCUTCA K
HeBO30OHOB/IAEMbIM HEPreTUYeCcKUM pecypcam. 3T1 BUAbI TONMBA He 06pa3yoTca B Heapax
C TOW e CKOPOCTbLO, C KaKOW MUCTOLLAOTCA MX 3amnachl, BOT MOYeMYy UX Ha3blBatoOT
“HeBO306HOBAsSIEMbIMUK" pecypcaMu. bbiv npoBeaeHbl pacyéThbl, yUNTbIBAHOLWME METOAbI
A06bIUM 1 CKOPOCTb 3KCMyaTaLmm, KOTopble NPUBAN3NTENIbHO NOKa3IBaKOT, CKOABKOMeT byaeT
eLé BO3MOXHO MCMOAb30BaTh CyLLECTBYHOLLME 3anachl.

Nckonaemoe Tonameo Mpnban3nTeNbHbIE OLLEHKU NMEPUOZA, A0 KOTOPOTo XBAaTUT 3anacos Uekonaemoro TonvBa
MNpupogHbIv ra3 2110-n 04
Hedtb 2080-1 rop
KameHHbIN yronb 2500-% rog

nOBTOMy Ba>XHO OaLMOHaAbHO NCMOJIb30OBAaTb HEeBO30OHOB/IAEMbIE BNAbl
TOoNAMBa U paceMatTprBaTbh BO3SMOXXHOCTb UCMOJIb3OBaHNA B 6y,a,y|.|.|,eM
BO30OHOB/IAEMbIX aAJIbTEPHATUBHbLIX MCTOYHNKOB SHEPTUN.

ATOMH3ASHEPIns

B.1956 roay okono Cemnadunga (rpadcrso Kambpus, BeavkobputaHums)
BblaaBBeseHa B SKCryaTaLuio atoMHas anektpoctaHums (A3C) «Kongep-
Xona». 31a cTaHUMA ABASETCA epBbIM B MUPE A4EPHBIM PEakTOPOM,
NPOW3BOAALLVM 3/1eKTPO3HEPIUIO B MPOMbILLAEHHbIX MacluTabax. AaepHble
peakTopbl BepyT aHepruo raaBHbIM 06pPa3oM OT peakLun AefeHns saep
n3otona ypaHa U-235. B rpoLiecce geneHns BbiAeNSETCa OUeHb bobLIOe
KOJINYECTBO SHEPTUN.

ConHeuHas JHeprna

KpynHenwmm ncTtouHnKoM 3Heprumv Ans Halen naaHeTbl aeasetcs ConHLe.
B coBpeMeHHYH0 3Moxy O4HUM M3 Hanbosiee BaXKHbIX MPUMEHEHNIA
CO/IHEYHOW 3HEPrUM ABNAIOTCSA CONHEYHble NaHenn. CoaHeuHble naHeu
M3roTaB/IMBAOTCA U3 CMeLMabHbIX MaTepranoB 1 NPeobpasyroT COHEYHbIN
CBET HeMoCpPeACTBEHHO B 3EKTPUYECKYto 3Hepruto. CBeT, NajatoLmii Ha
MaHeNb, BbI3bIBAET ABUKEHMNE 2/IEKTPOHOB, CO3/aBas NEKTPUUECKUI TOK.

MperMyLLeCTBOM CONIHEUHbIX NaHeNel ABAAETCSA TO, UTO OHW He 3arpsi3HsAT
BO34YX U ABJAIOTCSA 3KONOTMUYECKN YMNCTbIM UCTOUHUKOM dHepruun. Hapsaay ¢
3TUM, COJIHEYHAsA 3HEPrus Hemcueprnaema, a 3To 3Ha4uT, YTO Mbl CMOXKEM
MCNONb30BaTb €€ 6eCKOHEeYHO.
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DHeprusa buomacchl 1 buorasa

C ApeBHMX BPEMEH /04N B KauecTBe TOMAMBA UCMONb30BaAW APEBECUHY,
pacTnTeNbHbl€ OCTAaTKU N OTXOA4bl XXNBOTHbIX. TV NCTOYHUKW HA3bIBALOTCA
6uomaccon. MNonyyeHne sHeprumn n3 BomMaccbl — OAUH U3 CTaperLLmMX
METOZOB, KOTOPbIN A0 CUX NOP NMOBCEMECTHO LUMPOKO NCMONb3YeTCs.
CoBpeMeHHbIe TEXHONOTMM MO3BOAIT UCMO/b30BaTh buomaccy 6onee
3bdekTnBHO. [1n11 Nnpon3BoACcTBa Brorasa pacTutesibHble OTXOAbIl, CONIOMY,
JINCTbSA N HEKOTOPbIE BbITOBbLIE OTXOZAbl Pa3faratoT B CrielnanbHbIX YCTPOMCTBaX.
OCHOBHbIM KOMMOHEHTOM 3TOrO ra3a ABAAETCA MeTaH, KOTOPbIN CKNTatoT TakoKe)
Kak 0BblUYHbIN MPUPOAHBIN ras, N UCMOAL3YHOT /15 MPOU3BOACTBa SHEPTUN.

BogopoaHas sHeprua

O6nacTn NpuUMeHeHUs BOAOPOAHOW 3SHEPTETVKN CTPEMUTENbHO PaCLUMPAROTCS.
B HacTosiLLee Bpems®B pase CTPaHCMO/b3YHTCSA aBTOOYCbl, aBTOMOBUAM 1 noe3sa,
paboTatolime Ha BOAOPOAHOM TOMAMBE, U AaXKE TPOBOAATCA €ro UCMbITaHUA Ha
camoJieTax. ITW TPaHCAOPTHble CPeACTBaHE BbIOPAChIBAOT B BO3AYX BPEAHbIX ra30B,
BbIAENAA NMLb Napbl BOAbl. [103TOMY BOAOPOA CUMTAETCH OAHOW U3 3KONOTMYECKN
UNCTbIX afiBTEPHATMB B TPAHENOPTHOM cekTope. OfHaKo MCMOb30BaHME BOAOPOAA
COMNPAXEHO. C OfpeAeEHHBIMN TPYAHOCTAMU. [PON3BOACTBO, TPAHCMOPTMPOBKA U
XpaHeHVe BOAOPOAA — AOPOTOCTOALLMNIA Npouecc. [Ins ero XxpaHeHWs B BUAE CKATOro
rasa Wiwm B >XWAKOM COCTOSHUW HY>XHbl 0CObble ycnoBus. B To >xe Bpems, BBUAY
B3pPbIBOOMACHOCTM BOAOPOAA, APY paboTe C HMM HEOBXOAMMO CTporo cobatogatb
Mepbl APEAOCTOPOXKHOCTN. VIMEHHO NO3TOMY Y4YéHble NMPOAO/KAT paboTaTb Haj
co3gaHnemM Bonee be3onacHbIX U AELLEBBIX TEXHONOTNA.

v — -—

DHeprus BeTpa

B Halue Bpems aHeprus BeTpa UCMONb3yeTcs AN NPOM3BOACTBA 3/1eKTpuyecTsa. MpuHLmn
PaboTbIBETPAHBLIX TYPOUH KpanHe NPOCT: NPY CUAbHOM BeTpe 60bLUMe 10NacT HauMHaoT
BpauwlaTbCs. JTO ABMXEHWe MPUBOAUT B AeNCTBME FeHepaTop, BCAEACTBME Yero
BBlpabaTbiBaeTCs 3neKkTpuyeckas sHeprms. MNogobHble TypbrHbI 06bIYHO YCTaHaBAVBAOT B
BETPEHbIX NPUBPEXHBIX 30HaX, MPEAroPbAX M Ha OTKPbITbIX PaBHUHaX. IHEPrUsA BETPa UMeeT
MHOXECTBO MpenmMyLLecTB. Mpexae BCEro, 3TOT UCTOYHUK SHEPTUN HEUCUYEPTAEM, U OH He
HaHocuT ywepba npupoge: BO BpeMsa paboTbl BeTpsHble TYpbuHbI He BblbpacbiBaloT B
atMocdepy BpeaHble rasbl. CnegoBaTebHO, MPUMEHEHWE 3HEPrumn BeTpa CrocobeTByeT
3alluTe OKpY>KaroLLLer cpeabl.
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Kakoe TonineBo adpdeKkTnBHee?

B coBpeMeHHOM MVpe NPOMbILWAEHHOE MPOU3BOACTBO, TPAHCMOPT U BbITOBas AeATENbHOCTb, OTHOCALLMECS
K OCHOBHbIM 061aCTSIM 3KOHOMMWKW, 3aBUCAT OT SHEPreTUUYECKNX PECYPCOB. B nocneaHve gecatnnetms B
pe3ynbTate pocTa HaceneHus, BbICTPon ypbaHmn3aLmmn 1 LMPPOBMU3aLMN CNPOC Ha SHEPTUFD HEYKNOHHO
PacTéT, 1, B YaCTHOCTW, A0NS 31EKTPOIHEPTUN B 3TOM CMPOCE 3HAUUTENBHO YBeNNUMBaeTEs. B TOdke Bpems,
PUCK MU3MEHEHUS KAMMATA BbIHY>XAAET CTPaHbl NEPEXOANTL Ha Bonee UnCTble U YCTORYMBLIE B
3KOJIOMMYECKOM acrnekTe UCTOUYHUKM SHeprun. Mostomy BbIGOp TOMAMBA OLLEHMBAETCH NCXOAA U3(TPEX
OCHOBHbIX KpuTepueB: 6e30MacHOCTb, 3KOHOMUUecKas 3¢pPEeKTUBHOCTb U BO3AGUCTBME HA 3KO/IOTUIO.

MpakTnyeckas 3HAYMMOCTb TOMAMBA W3MEPAETCA ero SHepreTMyeckol MIOTHOCTHIO, KOTOPas BblpaXkaercs
KONMYECTBOM 3HEPruu, BbifeNaeMon ejnHuLLen macchbl uan obbéma. C 3TOM TOUKM 3peHUa ocoboe 3HadeHue
MMeeT XUAKoe TOMIMBO. ITO 06yCIOBAEHO TEM, UTO OHO FOPUT YCTONYMBBIM TJ1aMeHeM 6e3 KONOTW, He obpasyeT
30/1bl, @ TAKXKe JIErKO TPaHCMOPTMPYETCA 1 XPaHUTCSA. B kauecTBe XMUAKOTO TOMMBa LWPOKE 1CMO/b3YHOTCA HedThb U
nosyyaemble N3 Heé apyrue XXnakune npPoAyKTbl, CMpPTLIK Ap.

B pamkax atoro npoekta OGyAeT M3yuyeHa SHEPrUs, BblaensemMas Mpu CropaHvM PasavyHbIX CANPTOB. MMockobKy
XMMMYECKNIA COCTaB KaXkoro CrmnpTa OTINYaeTcs OT APYrux, KOANMYECTBO SHEPTAY, BbIAENSEMON NPU €ro CropaHny,
TakXe byaeT oTanuatbes. Bo Bpems peanunsaunm npoektabyseT onpeseneHa TENAOTBOPHas CMOCOBHOCTb CMINPTOB U
npoBeAeHO cpaBHeHWe nx 3ddekTUBHOCTY. MonyyeHHbIe pe3ynbTaTbl,MoOMOryT chopMupoBaTb NpeacTaBaeHne o
NPaKTMYeCcKOM UCMOJ/Ib30BaHWM TOMJIMBA U €ro SHEPTeTUYECKOM 3P PEKTUBHOCTM.

MpuHaaneXXHOCTU: CNVPTOBKA, METaHO/1/BTaHOo/, NponaHo-1, 6yTaHON-1, 31eKTPOHHbIE BeCh!,
MEeTaNNNYeCKUI COCyA, LTaTUB, Aep>KaTeb, TEPMOMETP, MEPHbIV LIMANHAP, AUCTUAIMPOBAHHAs BOAQ,
nojcTaBka 13 TEPMOCTOMKOro MaTtepuana.

Xop paboTbi:

1. Cobepute npnbop c NPOCTbIM Ka/JIOPVMETPOM.

CobepuTe nprbop, Ncnonb3ya WTaTMB, Aep>KaTeb,MeTaNIMueckmnin cocys (M HebobLLYH KOHCEPBHYHO
6aHKy), TepMOMETP 1 MOACTaBKY M3 TEPMOCTOMKOIO MaTepuana. Ytobbl yMeHbLLNTb NOTEPHO TEMAA,
obepHuTe cocys Gobrou.

2. NamepbTte Mmaccy 1 Temnepatypy Boabl.

Hanewvte B cocys 100 r ANCTMANMPOBaHHOW BOAbI W, OMYCTMB B BOAY TEPMOMETP, OTMETbTE HayuabHYHO
Temnepatypy (t).

3. MoaroTroBbTe CAMPTOBKY M MU3MEPbTE Ha Becax eé maccy.

Hanevite HebonblOE KOAMYEETBO MeTaHONa B CMMPTOBKY, B3BECbTE CMNMPTOBKY BMeCTe C KO/IMaykoMm Ha
3N1EeKTPOHHbIX Becax (m,):

4. HauHuTe HarpeBaHue.

3aXrmTe CNNMPTOBKY M YCTaHOBUTE COCYA Ha ornpeAeneHHOM (HEM3MEHHOM) PacCTOAHUN OT CMUPTOBKMW.
CneauTe 3a NokasaHWAMMN TEPMOMETPA, NPU HEOBXOANMOCTM Caerka NoMeLLVBanTe BOAY.

5. OTmMeTbTe KOHEUYHYIO TemMnepaTypy.

MoTywunTe Niams CNMPTOBKK, OTMETbTE KOHEYHYIO Temnepatypy (t,) Boabl 1 paccumTtamnte At.

6. Onpeaenute Mmaccy cropesLlero Tornjmsa.

Mocne TOro, Kak CNMPTOBKA OXNaAMTCsA A0 KOMHATHOW TemnepaTtypbl, CHOBA B3BECbTE €e Ha Becax (Mm,)
M paccuymTanTe Maccy cropesLuero Tonamea (m,—m,).
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7. NMpoBeaute pacyéThbl.

Vicnosib3ya maccy BoAbl, U3MeHeHWe TeMnepaTypbl U €€ yaeNbHYH TeNN0EMKOCTb, ONpeaennTe nsmMeHeHme
3HTanbNuKn. Nicxoasa U3 M3MeHeHMA SHTabMUM M MacCbl CrOPEeBLUEro MeTaHo1a, paccunTanTe N3MeHeHus
3HTanbnuK, cootsetcreyrowme 100 r metaHona n 1 Moab MeTaHoa.

2. OTmeTbTe noslyyeHHble pe3ybTaThbl.
HauepTuTe B TeTpaan creayrolyto Tabauy 1 3aHecuTe B Heé BCe pesybTarThl.

Cnwnpt Macca Bogpbl, 1 At (°C) | Macca cropesuuero Tonavea, I |AH, k/x

MeTaHon

JTaHoN

[MponaHon-1

ByTtaHos-1

9. NMoBTOpUTE 3TOT ONDLIT ANA APYINX CNNPTOB.
MNpoBeanTe aHanOrMyHbIe OMbITbl C 3TAHONOM, MPO
Tabamuy.

3anuunTe pesyabraTbl B

O6cy>xaeHne pesynbTaToB
1. Kak MonfpHasa macca CnvpToB Bause YO LLeHHOCTb?

2. MOXHO N1 3aMeTUTb B3anUMOCBA3b MeXAy N OW ¥ 3HepreTMYecKon LLeHHOCTbHO?

3. Mpwv cpaBHEHMM NOJTyYEHHDI HTa/ZIbMVen CropaHnsa KaXkaoro cnupra, y
Kakoro cnvpra okasanacb H Yem oHa MoXeT 6bITb 0bycnoBneHa?

4. Ha ocHOBaHWu noay4yeH 1y B Excel gna 100 r kaxgoro cnuprta, Kak
MOKa3aHO Ha PUCYHKE:

DHTanbnuna cropaHuns, KAxx/monb

MeTaHon StaHon MponaHo-1 bytaHon-1
CH,OH C,H,OH C,H,OH C,H,OH
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SaK/siloueHme

Tepmoxumuns -
paszfen XMMunu, nlyyaroLmin Tennosble 3GPeKkTbl, HabAOAaeMbIE B
XOZEe XMMNYECKNX peaKkLiil.

KonnuectBo TennOThl, BbIAENEHHOE WUAWN NOTNOLLEH B XOAe n,
Ha3blBaeTCa TennoBbiM 3P PeKT
TennoBon apdekT BblpaQ.MMraM

Pacuét nsameHeHmsa sHTaNbNUMN
NnpPon3BoOANTCA Pa3IMYHbIMKN METOAaAMMW.

C nomoubio KaziopnmeTpa

Mpwn 3MeHeHWU TemnepaTypbl BeLLlecTBa MOXHO paccynTaTb U3MEHeHne
s3HTanbnunu (AH),“ecamn 34aTb ero'Maccy (m), yaAeNbHYH Tena0éMKOCTb (C) U
n3mMeHeHue temnepatypsl (At):

AH =m-c- At

Ha ocHoBaHuM 3akoHa lecca

CymMapHoen3MeHeHUe 3HTaNbNNB XOAe XMMNUYECKOW peakumm ABaSeTCA
MOCTOSIHHBIM M He 3aBUCUT OT NyTW, NPOMAEHHOTO B PeakLnmM OT UCXOAHbIX
BELLeCTB 40 NPOAYKTOB peakuun. I3MeHeHre 3HTanbnum peakumnm
paccUnTbIBaETCA € MOMOLLIbIO Caeayrowmnx Gopmya:

AH®= >nAH? (npoaykTbl) — YNAHS (ncxoaHble BellecTBa)
AH? (BewecTtBo) = [YAH? (npoaykTsl)] — AH? (BelyecTBo)

Ha ocHoBaHuM 3Heprumn ceaA3mn

DHeprus, Heobxoanmas ansa paspbiBa 1 MO/b CBA3EM UM BblAENAIOLLANACS
npw obpazoBaHmn 1 MONb CBSI3eN, Ha3blBaEeTCA aHeprmen ceasu. Ha
OCHOBAHWW 3HEPTUN CBA3U MOXHO pPaccumnTaTbh M3MEHEHWE SHTaNbMUM
peakuum no cnegyroulen Gopmyne:

AH = SE

pa3opBaHHble CBA3N ZEo6pa3OBaBmmecn cBA3N




O6o061warome 3aaaHMNA

Tepmometp
1. UccnepoBaTtennb usyuvaert yerbipe obpasua tonamea. Ana
3TOro oH cobupaert cneayowmii npubop. O6pasubl TonAMBa Kanopumerp
MCMo/Ib3YIOTCA UM ANA Harpesa Boabl. [py 3Tom OH OKuraet N r
B CMMPTOBKE pa3/inuHble BUAbl TONJIMBa U UsmepseT
n3mMeHeHMe TemMmnepatypbl BOAbl. * WM
a. Ykaxkunte nepemMeHHyto, KOTOPYH M3MEHSAN nccaesoBaTteb. W3onsunonHasn
Boza njacTuHa
b. Ykaxxute nepemMeHHyo, KOTOPYHO U3Mepsa NccaesoBateb. A
c. Vicmonb3ys kaxapivi BUA TONAUBA, UCCAeoBaTeNb Harpesaet —
OAWH Y TOT XKe 06BEM BOAbI. YKaXMTe OCHOBHON MOMEHT, Tormeo
KOTOPbIM OH AOJ/IXXEH MPOKOHTPONMNPOBATh. d /
d. Hu>e nokasaHbl pe3ynbTaThl, MONYyYeHHble NCEeA0BaTeIEM ]
Npw CrOpaHnnN OLHOM 1 TOW Xe MacChl TOMAMBA. [ ]
Tonaveo HauanbHaa temnepatypa (°C) KoneuHas temnepatypa (°C) M3meHeHne Temnepatypsl (°C)
3TaHoN 19 56
nponaHon 20 63
byTaHon 20 65
neHTaHo 21 68

|. NMepenuwunTe B TeTpasb 1 AOAOAHNTE TabanLy.
ll. CpaBHUWTe yaenbHble SHTAAbNWK CropPakya 06pa3sL/oB TONAMBA.
e. iccnepoBatenb npvHUMAET peLueHne NOBTOpUTL CBOKO paboTy. Kak Bbl gymaeTe, novemy?

f. ccnepoBatens cumTaeT, UTO YACTb TenaQThl, BblAenaeMOoM Npu CropaHnu TONavBa, He nepesaértca soge. Mo
KakoW MpuYnHe MOryT NPOUCXQAUTL NOTepU Tenna?

2. MpupoaHbIN ras — 3T0 TONIMBO, KOTOPOe BCTpeuaeTcsa B NPUpoAe U COCTOUT B OCHOBHOM M3 MeTaHa.
OH ncnosnb3yertcs B KauecTBe TOMJINBA B NPOMBILIZIEHHOCTU U B GbiTy. Peakuus ropeHnsa metaHa
Bblpa)kaeTca ypasHeHnem: CHy g+ 20, — CO, ) + 2H,0, .

a. O6bACHMTE € TOUKM 3pEHNSA Pa3pbiBa M 0O6pa3oBaHMA CBA3EW, MOYEMY AaHHas peakLusa ABASETCA
3K30TepMUYECKOMW.
b. M306pa3nTe SHEPreTnYeckyto AnarpammMy peakumm 1 oTMETbTE Ha HEW cegytoLlee:
l. cymmapHoe n3mMeHeHue s3Heprum;
ll. aHepruto, HeobxoaNMYO ANs pa3pbiBa CBA3EN;
[1l. sHepruto, BbigenstoLLyoca Npn 06pa3oBaHMM HOBbIX CBA3EN.

. 3Has, yTo TennoTa cropaHusa MetaHa coctaBaseT —890 K/>K/MO/b, paccumTanTe KOANMYECTBO TEM/IOTHI (B
kJ>X), BblAENAIOLLENCS NPU CTOPaHUK 3 MO/Ib MeTaHa.

d. Paccuntante konmuectBo TennoThl (B K[X), BblAENAIOLLENCA NPY CropaHnmn 4 rpaMM MeTaHa.




3. Ha ocHoBaHuu 3Hepr|/|i7| CBA3M, I'IpI/IBEAéHHbIX HUXXe, paccqwrai/'rre N3MeHeHue 3HTalbnnm peavam
(B k) C,H.OH + 30, - 2CO, + 3H,0.

CBs3b DHeprus cBa3n, KAx/Monb CBA3b m
C-H 412 H-O 463

0=0 496 c-C 346

C=0 803 c-O 358

4. Ha ocHOBaHMM NpuBeAEHHOrO rpadmka onpeaennTte, B KaKUX CTPOKax TabuLibl 3HaK v 3afMcaH BepHO.

ifads BepHo |HesepHo SHTanbnVIA

a. B peakuuun B + C —» A nameHeHue
sHTanbnum AH = +180 k.

v

b. 310 3HAOTEPMUYECKas peaKLms. v

. Peakuimro MOXHO 3anucatb B BUAE: B+ C
A - B+ C—180 k.

d. Mpwn obpaszosaHum 0,2 MO/b BeLLecTBa v
B nornowaetca 36 k> TEnnoThI.

AH = —180 k/x

€. DHTaNbM1s UCXOAHBIX BELLEeCTB
MeHbLLIe 3HTaNbNUN NPOAYKTOB v N ----------
peakuuu.

f. Mpw paznoxeHnn1,5 Monb BELECTBa
A Bbigensetca 270 k/[l>k Tennorbl. v

Xoa peakumn

5. 100 mn pacTBopa, cogepxaiuero 0,1 Moab a3oTHOM KUcNoTbI, cMewwmBatoT co 100 ma pacTBopa,
copepxxaigero 0,1 monb rmapokcuaa kanma. Temnepartypa pactBopa rmapokcuaa Kanma cocrasnser 32°C,
Temnepartypa pacrtBopa a3oTHOM KUEAoTbl — 29°C, a TemnepaTtypa pacTBopa, o6pasoBaBLUerocs B pesy/ibTare
peakuumn nocie cMelleHnsa pacTBopoB, — 36°C. PaccumutaiTte Tenioty HeTpanusauum (B kpKk/Monb).

6. Pacnpepenvrte npuBeaéHHbIe yTBEepXXAEHUA COIIacHO Anarpamme diiiepa-BeHHa.
DK30TepMMUYECKUI
npovecc

SHA0TEPMUNYECKUNIA
npouecc a. ConpoBoxgaetca TennoBbiM 3ppekTom

b. SHeprus nepesaéTcs OT CUCTEMBI OKPYXKaKOLLEN cpese

c.AH >0

d. DHeprusa nepeaaértca OT OKpy>KatoLLeln cpesbl CMCTEME

e.AH <0




3akoH ABoragpo: B paBHbIx 06bEMax pa3nUHbIX
ra3oB MpW OAMHAKOBbIX TEMMepaType 1 AaBAeHNN
COLEPXKNUTCA OANHAKOBOE YMCIO MOJEKY.

3akoH lecca: cymMapHOe M3MeHeHWe 3HTaNbnum B
XO4e XMMUYECKON peakLmm OCTAETCsA MOCTOSHHbLIM U
He 3aBMCUT OT NyTeil NPOTeKaHWsA OT UCXOAHbBIX
BELLLECTB O MPOAYKTOB peakLuu.

| AH
McxogHble BelwecTBa |

> | MpoayKTbl peakuum |

1-e HanpaeneHue

| ctagusa Il cragns

2-ci istigamat

AH, AH,

MpomexxyTouHOe BelLecTBO

|AH = AH, + AH,

peaxuynn

3aKOH 06bEMHBIX OTHOLUEHWIA: NMPY O MHAKOBbIX
ycnoBuax (TemnepaTtype v AaBaeHnn) o6bEmbl
ra3o., BCTYMNalOLMX B PEAKLMNIO U MONYyYEHHbIX B
Xofe peakunn, OTHOCATCA APYT K APYry Kak
Hebo/blIVE Liesible umcaa.

KanopumeTtp — o6opyaoBaHue, u
ANA pacyéTa Tenaosoro adpde

TepMOMeTp
]
\ 60M60BbIN KanopUMeTp
NIOPOZ, MOZ, BbICOKMM
3NeKTPUYECKUI AaB/eHneM
nposof - cocya ans obpasua
BaKyyMm

Jlumutupyowee Beww,ecTBO — BELLECTBO,
NMONIHOCTHHO M3PACXO40BaHHOE B XOAE pPeakLuu.

MaccoBas A0JIA — NoKa3blBaeT, KaKyro 4aCTb OT
o6u.|,e17| MacCCbl COeANHEHNA COCTaBNAET MacCca
BXOAALLEro B ero CoCtaB 3z1IeMeHTa.

Mosb — KONMYECTBO BeLLecTBa, cogepxallee 6,02 - 107
MoOJiekya (aTOMOB WV NOHOB).

MonsapHaa macca (M) — macca 1 monb BellecTBa.

MonApHbIN 06BEM — OTHOLLEHNE 06beMa Pa3NNYHBbIX

pe (20°C)
aeT 06bEM

AQ)=12 AH)=1
eNlbHasA MoseKkynsapHaa macca (M) -

Me OTHOCUTEJIbHbIX aTOMHbIX MacC aTOMOB,
B COCTaB MOJIeKy/bl BeLLeCcTBa.

A(O) =16
/
A(H) =1 AH =1  MMHO) =1+1+16=18
N o°~ % (R:0)
(1 0

OTHOCUTeNnbHaA NAoTHOcCTb (D) — noka3biBaeT, BO
CKOJIbKO pa3s OAWH ras Taxenee Apyroro rasa npu
paBHbIX O6bEMaXx razoB Npu 3aZaHHbIX YCNOBUAX.

OTHOocuTenbHana popmynbHaa macca (M,) — paBHa
CyMMe OTHOCUTE/bHbIX aTOMHbIX Macc aTOMOB,
BXOJALLMX B COCTaB MOHHbIX COeANHEHUN
(coeaHEHU C NOHHbBIMW CBA3AMM).

nVII.I.I,EBaﬂ SHeprna — XMMn4yeckana sHeprma, KoOTopyro
JIIOAN N SKMBOTHbIE MONYyYakoT M3 MUK ANA
noaaep>kaHna cBoem KN3HE[EATE/IbHOCTW.
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MnotHocTb rasa — npu 20°C n 1 atm paBHa Tennota HeMTpanu3aLUM — KONNYECTBO TEMNOTbI,
OTHOLLEHWIO MONAAPHOW MacChbl rasa K ero MOAPHOMY BblgenAtoLenca npn obpasosaHmm 1 Monb BOAbI B

06bEMY 1 M3MepsaeTcs B I/aM. pe3ynbTaTe peakuuy B3aMMOAENCTBUA LLENOUM C
KUCNOTOWN.

MpakTruecknii BbixoA NPOAYKTa — OTHOLLEHNE

peanbHO NOAYYEHHOrO KOIMYEeCTBa NpoayKTa YaenbHaa Ten1I0EMKOCTb — KOJIMYECTBO TEM/OThI,

peakLuun K TeopeTnyeckm paccumTaHHoOMy HeobxoAMMOoe ANS MOBbILLEHUS TE paTypbl 1T

KONIMYECTBY, BblpaXkaeTcs B MPOLeHTax. Bewectsa Ha 1°C (namn 1 K).

CraHpgapTHasA 3HTanbnua obpasoBaHna(AH,°) - YaenbHan Tensora crop:
3TO U3MEHEeHWe TenJoTbl, NpounsoLlejLlee B BbIAENAOLLEeNCA MPX NoA
pe3ynbTaTe 06paszoBaHnA 1 MOb XMMUYECKOTO
COefIHEHMA N3 COCTaBAAOLLMNX €ro 31eMeHTOB (B UX
Hanbonee yctonumBon dopme) B CTaHAAPTHbBIX
YCNOBUAX.

CraHgaprHas 3HTanbnuA cropaHma (AH?) - 310
KONIMYEeCTBO TEMNOTbI, KOTOPOE BblAENAETCA NPU
NONHOM cropaHun 1 Moab BeLecTBa Npwm

CTaHAAPTHbLIX YyCNOBUAX.
Tennora - JHEprua, nepexoaliaa oT bonee ropayero

TeNa K MEHee ropsiuemy 13-3a pasHuLbl Temneparyp.

BA3EW MW BbIAENAIOLLAACA NPU

TennoBoi 3ppeKT — KOANUECTBO TEMNNOT MOJIb CBA3EW, Ha3blBAETCA IHEepruen

BbIJENAETCA UAN NOTNOLLAETCA B XO4€ peakLmu.
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