MUHHUCTEPCTBO OBPA3OBAHUMA U HAYKH
PECITYBJIMKU CEBEPHAA OCETUA — AJIAHMA

TOCYJJAPCTBEHHOE BIO/)KETHOE OBPA30OBATEJIbHOE YUYPEXJIEHWE

PECHYBJII/IKAHCISI/II\/'I HEHTP BbISIBJIEHWSL, IIONAEPIKKH U PA3BUTHA
CIIOCOBHOCTEHN U TAJTAHTOB JJETEWU 1 MOJIOJEXH «BEPHIMHA »
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ABTOpP-COCTABUTENE:
npenoaasatens ['bOY «Bepiuna»
Booonazkuna Huna Baaoumuposena

r. Bnagukaskas, 2025 r.



INosicHuTEenbHAA 3aMHCKA

JlomonuutenbHas o0meoOpa3oBaTenbHad 0oOiiepasBUBaOIIas IporpaMma Mo XUMHUH
mis 8-9 xiaccoB YrIyOJIEHHOTO YPOBHS HMEET €CTECTBEHHOHAYUHYIO HANpaBICHHOCTH,
npecienyeT Ield TBOPYECKOTO M HAay4HOTO pa3BUTHA JeTefl M JomojiHeHus 0a30BBIX
IIKOJIBHBIX 3HAHMH, B CBOEH OCHOBE OHa ONUPAETCS Ha:

- MepepanbHsiii 3aKk0H 0T 29.12.2012 1. Ne 273-03 «O6 obpazoBaHun B Poccuiickoil
Deneparuu»;

- IIpuka3s MunucTepcra npoceetuenus Poccuiickoii ®enepannu ot 27.07.2022 r. Ne
629 «O6 ytBepxkaeHun Ilopsaka OpraHM3alMd H OCYIIECTBJIEHUS 00pa3soBaTEIbHOlM
JEATEILHOCTH MO JOMOTHUTEIBHBIM 00111e00pa30BaTENBHBIM IIPOrpaMMam»,;

- ITocranonenne I'1aBHOTO rocyJapCcTBEHHOro caHUTapHoro Bpaya P@ ot 28.09.2020
r. Ne 28 «O6 yrBepxaenuu canutapubix mnpasun CII 2.4.3648 - 20 «CamurapHo-
SMMAEMHUOIOTHYECKHe TpeOOBaHHS K OpTaHM3alMsM BOCNUTaHMA M OOy4YeHHsd, OTAbIXa U
03I0POBJIEHUS JETEH B MOJIOACKI.

AKTYyaJIbHOCTH NPOrPpaMMbI

IIporpaMma OpHEHTHPOBaHA Ha Pa3BUTHE TBOPYECKUX CNOCOOHOCTEH ydaluxcs, naet
BO3MOXKHOCTh 3aHMMAThCA  HAyYHO-HCCIENOBATENIbCKOH  JEATECIBHOCTBIO, IPUBUBACT
TIPaKTHYECKNE YMEHMS U HABBIKU 110 NPOBEICHUIO SKCIIEPUMEHTOB.

JlaHas mnporpaMMa OXBaTBIBACT TEOPETUYECKHE OCHOBHI XUMHH H TIPaKTU4YECKOE
Ha3HAYEHHE XMMHYECKUX BEIIECTB B NMOBCCAHEBHOH XU3HU, IO3BOJIAET PACIIMPUTH 3HAHHA
OOy4aloImuXcs 0 XUMHYECKHX METOAAX aHalu3a, CIOCOOCTBYET OBJIAJCHHUIO METOIUKaMH
VICCIICI0OBaHHs.

[IpakTydeckass HalpaBIEHHOCTh HM3y4aeMOro Marepuaja [AC/IaeT  IporpaMmy
akTyansHol. CojepkaHue INPOrpaMMBI  II03BOJAET oOydaromeMmycs o00ro ypoBHA
BKJITIOYUTECA B yueOHO-TI03HABATENbHBIH TIPOLIECC Ha JIIOOOM 3Talle JeATEILHOCTH.

DKcnepuMeHTalbHas paboTa B MpOIECCe OCBOECHUS MPOrpaMMBI MOMOXKET OGOraTHTh
ofyuarommuxcs HaOMIOACHUAMHU MHOrooOpasHbIX XHMHUYECKHUX SBJICHHH, TPUYYHTh HX K
CaMOCTOATENIbHON pafoTe B J1abopaTropud W IPaBUIGHOMY BEIONHEHHIO Pa3sHOOOPAa3HBIX
71a60paTOPHBIX OIBITOB.

XyUMHYECKHEe 3HAaHHS  HEOOXOAMMBl  yyalluMCcs B IIOBCEAHEBHOM  JKU3HH,
TPOU3BOJCTBCHHON AEATENFHOCTH, MPOJOKEHUs O0pa30oBaHMA M NPaBUIBHOH OPHCHTAIMH
TIOBEJICHHS B OKPYIKarolleH cpere.

IIporpamMma paccunTaHa Ha 00y4YarOLIMXCs CPEAHErO H CTAPUIEro KOJIBHOIO BO3pacTa
(13-15 net). [IpyopuTETHBIM OCHOBAHWEM 1A 3a4UCIEHHS B IPyNIy SBJISETCA UHTEPEC K
XHMHH U YCIICHIHOE TIPOXOKIEHUE TECTHPOBAHUS.

Cpokn peanusauuu

[Tporpamma paccuntana Ha 8 MecdlleB 00y4eH s, 10 2 aKaJIEMUYECKHX Yaca B HEJICIIO.

O6bem nporpammsl — 70 4acos.

®opMbl IPOBEAEHHUSI 3aHATHI — ayAUTOPHEIE, JIA0OPATOPHEIE

@®opMbl OPraHH3ALMHN JeATEJbHOCTH HA 3aHATHAX - (QpPOHTalbHAsk, TPYNINOBasd,
TIOJIrPYIIOBas, MTHAUBH Ty AJIbHAS.



Ieas mporpammbi: GopMHUpoBaHUe y 00y4aroINXCs HHTEPECA K XUMUH KaK Hayke,
MOTHBAIMS IPOPECCHOHATBHOTO CaMOOIIPEIEIICHHS.

3agauu mporpamMmbi:

O6yuaromue:

- yIyGHTH W pacilMpUTh 3HaHKS B 00JaCTH XUMUM;

- GopMHpOBaTh NPaKTHUECKHEC YMEHHS IUIAHWPOBAHUA, OCYIICCTBICHHS
DKCTIIEPUMEHTA, C COOMIOAEHNEM TEXHUKH O0€30IIacCHOCTH;

- COBEPIIEHCTBOBATh NPAKTHYECKUE YMEHHs M HaBBIKM 10 MPOBEACHHIO
XHUMHYECKOTO DKCIICPHUMEHTA;

- oBJIajeTh (HAKTHUECKUM MAaTEpUasioM MpPEeAMETa XUMHUH € Y4ETOM MOATrOTOBKU
00yJaroMXcs K MPOJOKEHUI0 00pa30BaHus;

- 0TpaboTaTh METOAMKY PELICHNs PacuETHBIX 3a/1a4;

- OpraHM30BaTh WHAMBHAYAIGHYIO BO3MOXHOCTH KaKJoMy o0OydarormeMmycs
03HAKOMHTLCS ¢ HECTAHIAPTHRIMH 3aJadaMH 1 YIPaXHEHUSAMH U METOIUKOM HX PEIICHMS,

- Hay4MTh I0JIb30BATHCS COBPEMEHHONW HOMEHKJIATYPOHl IO HEOPraHU4ecKoil u
OpraHUYecKOW XHMHUH, TabiWIaMH, YCIOBHBIMH 3allHCIMU M IJIABHBIMHM 3aKOHAMH,
HCTIOIB3yEMBIMH B XIMUH;

- PacKpBITh Hiepe]i 00yJaloImUMUCS BKIa XUMUH B HAYUHYIO KAPTHHY MHpa, CBA3U
MEXIY XUMHUYECKUMH 3HAHUSIMU U TIOBCETHEBHOH JKM3HBIO YE/IOBEKA.

PaszBuBaloimue:

- pasBUTH aHAJIUTUYECKOE M JIOTMYECKOE MBINIJICHUE, yMEHHE MPOTHO3MPOBATH
Pe3yNIbTaT SKCIEPUMEHTA HA OCHOBE TEOPETHIECKHX 3HAHUIA,

- pa3sBUTH TO3HABATCIBHBIM WHTEpPEC K XHMMHH, NPHOOLIMTL 00YyYaroluxcs K
CaMOCTOSTEILHOMY TIOHCKY;

- COBEpPLIEHCTBOBaTh W pPa3BUBaTb AaKTUBHOCTb W YMEHHME CaMOCTOSITEJBHO
N00OBIBATE 3HAHUA W IPUMEHATH MX B NMPAKTHUYECKOH AEATENBHOCTH, YMEHHE HMCIIOJIb30BATh
0COOEHHOCTH paboTH CO CIPABOYHON U AOTOIHUTEIBHOMN IUTEPATyPO;

- MOATOTOBHUTEL OOYYAIOMIHXCA K TIPOJODKCHHIO 00pa3oBaHusd, CIIOCOOCTBOBATH
MOJIYYCHHIO MPOYHBIX 3HAHUI.

BocnuraTtenbnHbie:

- CIocOoOCTBOBAThH Pa3BUTHIO YMEHHI paboTaTh B rpynne, 00CyKIaTh IUIaH U XO[,
PpE3yNIBTaThl IKCIIEPUMEHTA, BECTU UCKYCCHIO, OTCTAUBATE CBOIO TOUKY 3PCHHS.

OT/iMunTeabHble 0CO0eHHOCTH NMPOrPaMMBbI

[IporpaMma «XuMEsS» COCTaBICHA JUIs TOBBIIICHHS HHTepeca OOyJarOIMXCs K
npeaMery xuMu. OHa TO3BOJISET pPa3BUBATh NPAKTUYECKUE 3HAHMSA, YMCHHS M HaBBIKU
00y4aromuXcs B 06J1aCTH NMPOBEAEHU XUMUYECKOTO IKCTIEPIMEHTA, HAUYHHAsA ¢ IIOCTaHOBKU
neneil ¥ 3agad, moabopa o0OpyIOBaHHS W MeToAa palboTHI, MO3BOJAET CIIOCOOCTBOBATH
OCBOEHHUIO OOYYarOIMMMCS YMEHMIl OCYMIECTBJISITH I'PaMOTHO M C COOMIOACHHEM TEXHHUKU
0€e30MacHOCTH ¢aM DKCIIEPHIMEHT, Ha0JII0AaTh, 1€1aTh BEIBOJABI U 3aKIIOYCHU.

IMporpamMma TO3BOJAET IIOBBHICUTh MHTEpEC OOydYarOIUXCd K TCOPETUYECKOMY
MaTepuany XHMHM, Pa3BHBAcT TBOpYECKHE crnocoOHocTU. OpHEHTHPOBaHA Ha XMMHYCCKUH
npoduiie 00yueH s, K YCBOSHHIO MaTepHaia IOBBIIICHHOTO YPOBHS CJIO0XHOCTH 11O XUMHHU.

3HaunTenbHas pojib B MpPOrpaMME OTBOJHUTCH XHMHUYECKOMY OSKcmepumeHtry. Ha

3aHATHUAX BLINOJHAKTCA 3aHUMATCIIBHBIC H HCCJICAOBATCILCKUC na6opaToprle OIIBITHI,
KOTOpbIE HE€ BCCrga MOTYT MNPOBECTH Y4allMeCsd B paMKax IKOJABHOH IIporpaMmMBel.
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XUMHUECKUN SKCIIEPUMEHT IMPHMEHSETCS O0ydYaroMMUCs IJI YCBOCHHMS HOBBIX 3HAHHH,
NOCTAaHOBKM Ilepe]] HHMH TO3HABAaTENbHBIX NpobieM. Pelienwe uxX ¢ HCIOJIB30BaHIEM
3KCIEPHMEHTA CTAaBUT OOYYaroIuXcs B MOJ0XKEHHE UCCIEN0BATENCH, YTO, KaK ITOKa3hIBaeT
NpaKTHKA, OKA3BIBAET MOJOKUTEIBHOE BIMAHAE HA MOTUBALIAIO U3YYECHUS XUMUH.

HporpaMMa a€T BO3MOKHOCTH YBJICUCHHBIM JCTAM TMOJYYWUTh OOMNOJTHUTCIBHBIC
3HaHHUA IIpH IIOATOTOBKE K OJIUMIIMadaM 1O XUMUH.

CopaepkaHne porpamMMbl

Yu4eOHbDII [1aH

Ne HasBanue pasfiena, TeMbl KoangecTBO 4acoB DopMbI

n/ Teopusl | MPAKTHKA | BCEro aTrecTaliuu

n /KOHTPOJIA
1. [[TpaBuia TeXHAKH 6€30NMaCHOCTH 1 1 2 Tectupoanue.

npu padore B XMMHYECKOM
Kadounere. JlabopaTopnas mocyna.
BxoaHas AHArHOCTHKA.

MOIVJIb 1. Beuecmea u ux 10 10 20
npespauieHUA.
1.1 | CtpoeHne aroma U XUMHYECKas 1 1 2
CBS3b.

IIpaktuka: CocraBieHue
3JIEKTPOHHBIX MOJENEH aToMa. |
1.2 | KpucranindecKue pereTKH. 1 1 2
MonekynsapHOE H HEMOJIEKYISIPHOE |
CTpOEHHE BEIIECTB.
IpakTuka: cocTaBieHHE
IIapOCTEPKHEBBIX MOJEICH
KPHCTAUIMYECKUX PEHIETOK.
1.3 | BajieHTHOCTE ¥ CTENIEHb OKUCIIEHHS Il 1 2
[Ipaxtuka: Pemenue 3ananuii Ha
OTIpe/IeNICHHE BaJICHTHOCTH U CTEIIEHH
OKHCJIeHS, cocTaBienne GopMyn

1 COTJIaCHO BAJICHTHOCTH.

[ 1.4 [TpocThie U CIOXHBIE BEIIECTBA 1 1 2
Annorponus. XuMHYECKHE
COe/IHHEHHUS U CMECH

[Ipaktuka: IIpakTuueckas pabora Ha
i pazzieNieHie CMECH COJIM M TIECKA.

1.5 | MonekynspHas macca.KonuuectBa 1 1 2
BellecTBa. MaccoBas 0 3JIEMEHTA
B MOJIEKYyJIe.

[Ipaktuka: Pelienue 3ana4 Ha
oTIpesieNieHre MacCOBOH 0K
2JIEMEHTA B MOJIEKYIIE.

1.6 | 3akoH coxpaHEeHH MAcChl BEIIECTBA. 1 | 2
XHUMNYECKHE YPaBHEHHL.




IMpakTika: BeIBOI XUMHYECKUX
¢dopmyi. Pacuer 1o XHMHYECKHM
(hopMyJIaM K ypaBHEHHSIM.

1.7

JJIeKTPOIUTHYECKAs] THCCOLHUAIH.
Ipaktuka: [IpakTrueckas pabora Ha
NPOBOJUMOCTD PAaCTBOPOB.
CocTaBneHne ypaBHEHHH
JTACCOIMAllH KUCJIOT, OCHOBaHUH,
COJICH

1.8

Tunel xuMadecKux peakuui.Peakumu
HOHHOrO OOMeHa.

[IpakTuka: [1pakTiaeckas pabota
Peakiuu oOMeHa U yCIIOBHUS MX
MpOTEKaHHA.

CocTaBiI€HsI HOHHBIX H
MOHHOCOKPAIICHHBIX YPaBHEHHI.

—
. .
— \O

(OKHCITNTETFHO-BOCCTAHOBHUTEIBHEIE

Opeakun

INpaktuka: CocTaBleHEE CXEM
HIEeKTpOHHOTO fanaHca.

Tectuposanue no
1 Mmonymo

MOYJb 2. Youeumenvisiii mup
HeopZaHUYeCKUX COeOUHenuil

13

17

30

2.1

OO61He cBOMCTBa METAILIOB.
DIEKTPOXUMUYECKHH Pl HAIPSKEHHS
MeTaytoB. llenounsie u
I11eJOYHO3EMENBHBIE METAIINIBL.
[Ipaktuka: KadecTBeHHBIE peaKIiK Ha
HOHBI METAJJIOB.

2.2

Amomunnii. XKenezo. XpoM.
[IpakTuka: KagecTBeHHBIE peakilil Ha
HOHBI METAJLJIOB.

23

OO61nue cBOHCTBa HEMETAILIOB.
Bomopon. I'anorensl. Cepa u
KHCJIOPOJI.

[IpakTuka: Ilonydenue u
pacIio3HaBaHHE BOJOPOAA U
KHUCIIOPOJa.

24

AzoT. @ochop. Yriepoa U KpeMHHH.
[ IpakTuka: AncopOrus
AKTHBUPOBAHHBIM YIJIEM ra3os,
KpacsImuX XUIKOCTER U NaXyIHx
BEIICCTB.

2.5

Oxcunpl. Knaccudukamus. Criocobsl
[10JIyIECHHS.

[ IpakTuka: [lomyuenne yriaekuciaoro
rasa, rameHue oKCHIoM yriepona (IV)
IOpSILEH CBEYH.

2.6

XMHYECKHE CBOICTBA OKCHIOB.
Ilpaxtuxa : [Tonydenue okcuza




KaJIBLIHS Y H3YUCHUE €TI0 CBOMCTB
2.7 |OcuoBauus. Knaccudukanus. 1 3 4
[Toyuenue. CBolicTBa.

[IpakTuka: Ilonyuenue ruapoxcuia
maruus, xenesza(ll), xxeneza(Ill), mean.
Peaxuyy HEATpaIM3alUn.

2.8 |AmboTepHbIe THIPOKCHUIBL. 1 1 2
[IpaxTuka: M3yuenne cBOMCTB
rUJIPOKCHIA IIMHKA U AJIIOMUHHS.
2.9 [Kucnotsl. Knaccudukanus u 1 1 2
cBoiicTBa. UHAMKATOPBLL

[IpakTika: Peakiins Ha HHIAHKATOPEI
ACCTBOPOB KUCJIOT U IIEJI0YEH.
2.10(Comu. Knaccudukanus u 1 3 4
cpoiictBa.llonyuenne.l 'uaponns.
[TpakTuka: ['maponus cosei.
2.11leneTnyeckas CBA3b MEKIY 1 3 4
BaXHEHIIUMY KJIaCCaMH
HEOPraHH4YECKUX COCIAMHEHHH.
[IpakTHKa: Pemenue nemnouexk.

2.12[TecTrpoBaHHe O MO0 2 2 - 2 TECTUPOBAHHE
MOIYJIb3. Mup nayunsix 11 7 18
uccnedoeanuil

3.1 [MocTanoBKa 3a1a4n MPOESKTHOM 2 - 2

paGoTsl. Beibop Tembl. CocTaBieHus
raaHa paboThI.

3.2 |C6op TeopeTHYEeCcKOT0 MaTepHaa o 5 - 5
BLIOpaHHOH TEME.
3.3 |BoInonHeHue mpakTHUECKOH YacTH - 5 5
aboThIL.
3.4 [Bammura npoeKTHBIX paboT. 2 2 4
3.5 Hrorosoe 3anstue. [loneenenune 2 - 2

uToroB rojaa. [loctanoBka 3a1a4 Ha
CICOYIOIUMA TOM.
UTOT"O 35 35 70

Copepxanne y4eOHOro MJaHa

PA3JIEJI 1. BemecTBo

Tema 1.1. CTpoeHne aT0Ma H XHMHY€CKAas CBA3b

Teopus. TIOHATHS «aTOM», «XMMHYECKHIl 3IEMEHT» H «IJIEKTPOHHAS O00O0IOYKay.
O3HaKOMJICHHE C 3JIEMEHTAPHBIMU YaCTHLIAMU aTOMa M HX 3apsjia ¢ MacCoM.

TUIBl XUMHYECKHX CBA3€H ¥ cmoco0sl MX 00pa3oBaHus Ha IIPUMEPE XJIOpUIa HaTpus,
BOJOPO/ia, CONSTHOMN KUCIOTH U Jp.

Ipaxmuxa. 3apucoBKa CTPOCHHS aTOMa M BOCCO3/aTh 3JIEKTPOHHYIO KOH(HIYPALMIO
aToMa MarHus.

PelieHre TECTOBOI'O 3aJaHMsA.

Tema 1.2. Kpucraninyeckne pelieTKH



Teopus. CocTaB BELIECTBA B TBEP/IOM arperaTHOM COCTOSHUM, UX CTPYKTYp. IloHaTus
«Y3IE», «KPHCTAUIMYECKas peIIeTKa», «MOHHad», <«aTOMHas», «MOJEKyIApHas» MU
«MeTAJIMYECKas». 3HaUYCHHE TAKOTO ABJICHU, KaK aJlZIOTPOINHNS.

IIpakmuxa. PenieHue TECTOBOrO 3a/IaHMuS.

Tema 1.3. BajleHTHOCTH H CTeNeHb OKHCIEHHS

Teopus. BajleHTHOCTh M CTENEHb OKUCIEHHSA B CJIOXKHEIX W TMPOCTBIX BEIICCTBAX.
Honnoe crpoenue BemiecTBa. [IpaBuia, KOTOpEIE HEOOXOAMMO YYMTHIBATh IPH pacyere
creneHy okuciieHud. ITonaTne «MakCHMaIbHasA» H «KMUHUMAJIbHAS» CTEIEHN OKUCICHUS U UX
3aBHCHMOCTH OT PaclojIOKEHHUs B TpyIIie XUMH4ecKux aneMenTos JI.W. Menyeneesa.

IIpakmuxa. Pemenune TeCTOBOrO 3alaHMS.

Tema 1.4. TIpocTble u c/10/KHbIE BELIECTBA

Teopus. W3ydeHue OCHOBHBIX KJIACCOB HEOPraHMYCCKHUX BEUIECTB; HOMEHKJIATYPHI
HEOPraHUYECKHMX COSAMHEHHMIA; CBA3b ¢ MIOJIOXKEHUEM 3/1EMEHTA B I1eprouyecKoii cucTeMe.

Ilpaxmuxa. Pernenue Te€CTOBOIO 3a1aHus.

Tema 1.5. KonnvyectBa BemiecTBa

Teopus. BoruncieHne KOMMYEeCTBa BEMECTBA H MACCOBOH J0J1M XUMUYECKOTr0 3JIEMEHTa
B BELLECTBE.

Ilpaxmuxa. PenieHue 3agad o teme.

PA3JIEJ 2. Xumuueckasi peakuus

Tema 2.1. DeKTPONNTHYIECKAA AMCCONHANUSA

Teopus. Tlonstue «3MeKTPONUTHI». M3ydeHue SIEKTPOIUTOB W HE JIIEKTPOIUTOB;
KaTHOHOB M aHUOHOB; JMCCOLMALIMIO KHUCIIOT, [iesiodeii U coneil (CpeIHuX).

IIpaxmuxa. JlabopaTOpHO-NPAKTHYECKOE 3aHATHE IO 3aKPEIUICHHIO MaTepuaa.

Tema 2.2. Peakuun HOHHOT0 00MeHa

Teopus. OOlas XapaKTepHCTHKa HMOHOB. PeaklliH HOHHOTO OOMeHa B BOJHOM
pacTBope. YCIIOBUS OCYIIECTBICHHS PeaKiMii HOHHOTO OOMEHA; COCTaBJIEHHE YpaBHCHHH
peaxkudii MOHHOTO OOMEHA; KaueCTBCHHBIE PEaKUM¥ Ha HWOHBL. AJICOPHTM COCTaBJICHUA
MOJICKYJIIPHOTO M HIOHHOTO YPAaBHEHUS PEaKIUi.

IIpaxmuxa. JlabopaTOpHO-NPaKTHYECKOE 3aHATHE IO 3aKPENIICHUIO MaTepHaa.

Tema 2.3. OkHCIHTENbHO-BOCCTAHOBHTEIbLHbIE PeAKIHN

Teopus. TIoHATHE «OKHUCIHTENbY» M «BOCCTAHOBHMTENbY». M3ydeHue IpoLEccoB
OKHCJIEHHUS ¥ BOCCTAHOBJIEHHA. MeTO 1 HOHHO-2JIEKTPOHHOTO HajlaHca.

IIpakmuxa. JlabopaTOpHO-NPAKTUYECKOE 3aHATHE T10 3aKPEILICHUIO MaTepHaa.

PA3JIEJI 3. XumMus MeTa/LI0B

Tema 3.1. O61He cBO¥CTBA METALIOB

Teopus. Haxoxaenne MeTauioB B ipupoje. Crnoco0s! ux nomyueHus. BanMoaencraue
METAJIJIOB ¢ HEMETAIUIAMH U CO CIIOKHBIMH BELHECTBAMM.

IIpaxmuxa. JlaGopaTopHO-IPaKTHIECKOE 3aHATHE 110 3aKPETUICHUIO MaTepuaa.

Tema 3.2. Illesi0uHbIe M IEJI0YHO3EMENBHBIE METAJLIbI

Teopus. OOmas XxapaKTepucTHKa s-3leMeHTH 1-2 rpynn. PasGop BHermHero
3JIEKTPOHHOTO CTPOEHKS ¥ BEISCHEHHE BO3MOXKHEIX cTelieHel okncienus. [Iposenenue mpoosl
Ha OKpacKy IJIJaMeHU U (UKcaiys BO3HUKAIOLIEH OKPaCKH.

Wsyuenne xuMuueckux M Gu3muecKux cBoicTB. IlpoBeneHue peakiui THAPOIIH3A.
HccnenoBaHie OTHOMIEHHUS COJIEH CHUIBHBIX OCHOBAHWM I10 OTHOLICHHIO K THAPOIH3Y.
IIpoBeneHne KaueCTBEHHBIX PEAKIIHIA.

IIpaxmuxa. JlaGopaTOpHO-NPAKTHIECKOE 3aHATHE N0 3aKPEILICHUIO MaTepyaa.

Tema 3.3. AnroMHUHUI



Teopus. OO61as XapaKTepUCTHKA aTFOMHUHMA. VI3yueHne XUMUYECKHX U (QU3MYECKHX
cBoiicTB. O3HAaKOMJICHHE C NPAKTUYECKUM NPHMEHEHHEM AMIOMHHHS B pa3siM4HBIX cdepax
JKU3HU YeJI0BeKa.

IIpaxmuxa. JlabopaTopHO-IPAKTHYECKOE 3aHATHE M0 3aKPEIUIEHUIO MaTepHaa.

Tema 3.4. Keje3o

Teopus. OOImas XapakTepucTHKa d>kesesa. M3ydeHHe XUMHYECKMX M (QU3HMYECKHX
cBoiicTB. O3HAKOMIIEHHE C IPAKTHYECKIM MPUMEHCHHEM KeJie3a B pa3InuHbIX chepax KU3HH
yenoBeka. buonornueckoe 3HauCHUE Kenes3a.

Hpaxmuxa. J1abopaTOpHO-TIPAKTUYECKOE 3aHATHE I10 3aKPEILICHHIO MaTepHara.

PA3JEJI 4. Xumusi HeMeTAJJI0B

Tema 4.1. O011He cBOHCTBa HEMETAJLJIOB

Teopus. V3yuenne (U3MYECKUX CBOMCTB M CTPOEHME HeMeTaioB. OKUCIUTEIBHO-
BOCCTAHOBMTEJILHEIE CBOMCTBA U B3aHMMOJIEHCTBUE HEMETAUIOB ¢ IPOCTBIMH M CJIOXKHBIMH
BEILLIECTBAMH.

IIpaxmuxa. JlaGopaTopHO-NIPAKTUYECKOE 3aHATHUE TI0 3aKPEINICHUIO MaTepHala.

Tema 4.2. Bogopon

Teopus. OOWas XapakTepUCTHKAa BOJAOPOJA, €ro H30TONOB. JJIEKTPOHHAs
KoHpUIypallsd aToMa BOJOpoJa. XHUMHUeckHe U (GHM3HYECKHE CBOHCTBA BOJOpPOZA.
[IpakTH4eckoe MpuMeHeHNe Boopoaa B 19-21 seke.

MoJieKyIIpHOE YCTPOMCTBO BOIBl M TNEPOKCHAA BOAOPOAA, HX TPAKTHICCKOE
MPHMEHEHNE U U3Y4eHHE PU3UKO-XUMUYECKUX CBOWCTB.

IIpaxmuxa. JlabopaTopHO-NPAaKTUYECKOE 3aHATHE 10 3aKPEIUICHUIO MaTepuala.

Tema 4.3. IN'anorenst. Xiop

Teopus. O6mas XxapakTepHCTHKA raloreHoB. Pu3nko-xuMudeckue cBoicTBa. Croco0ns
HOJNyYEeHUss U IMPUMEHEHHS B TPOMBINIICHHOCTH, MeAuUMHBL. PasHooOpasue coequHeHud
rajioreHoB. KucioTsl.

Ipaxmuxa. JlaGopaTOpHO-NIPAKTUYECKOE 3aHATHE 10 3aKPEIUIEHUIO MaTepHaa.

Tema 4.4. Cepa n kucJi0poa

Teopus. DneKTpoHHAsE KOHGUIypaIis KUCIOPOJa U CEPHl M UX XapaKTepHbIC CTENICHH
OKHCJICHHA. AJIoTporHbie Moaudukanuyu cepbl. OU3HKO-XUMHUYECKHE CBOMCTBA CEPHl M
KHCJIOpoJia. Y4acTHe KUCIOPOoJa U cepbl B OMOJIOTHYECKUX Npolieccax.

IIpakmuxa. JlabopaTOPHO-NIPAKTHYECKOE 3aHATHE 110 3aKPEIJICHUIO MaTepraa.

Tema 4.5. Aszot

Teopus. O6mas XapakTepUCTHKa a30Ta W €ro COoeAMHEHMH. BHEMHAA 3/IEKTpOHHAs
KoHUrypalus a30Ta. XapaKTepHbIE CTEEHH OKUCIEHMA. A30T B OHOJIOTHYECKHX
COeIMHEHUAX. A30THad M a30TUCTas KUCIOThl. Col aMMOHHS U UX Pa3jIoKeHHUE.

Ilpaxmuxa. JlabopaTopHO-IIPaKTUYECKOE 3aHATHE 110 3aKPEIIEHHIO MaTeprana.

Tema 4.6. ®ocdop

Teopus. O6mas xapakrepuctuka docopa. Msydenne GU3NKo-XUMHIECKHX CBOUCTB.
XUMUKO-OHOJIOrMYECKOe 3HAYEHHUE OCTATKOB (POCPOPHON KHMCIIOTEI B JKUBBIX OpPraHH3Max.
TToHsTHE O MAKPOIPTHIECKUX CBA3AX.

IIpaxkmuxa. JlabopaTOpHO-NPAKTHYECKOE 3aHATHE II0 3aKPETUICHUIO MaTepHalla.

Tema 4.7. Yriepoa 1 KpeMHHH

Teopus. OOmias XapakTepUCTHKa IJIEMEHTOB 4 TIpyIIbl Ha IpUMEPe Yriepoaa M
kpemHust. [TompoOHOe paccMOTpeHHe CBEJEHUI 00 aIOTPOIHBIX MOIU(MUKAIUIX YIIIepoja.
IIpuMeHenue ¢ysuiepeHOB B cCOBpeMeHHO# MeauitnHe. CTpyKTypHI rpadura, anMasa.



V3yueHHe XUMHYECKUX 1 GU3MIECKUX CBOHCTB YIJIepo/a M KpeMHUs. AJICOPOLMOHHAs
c1ocoGHOCTD YIepoa (ApeBECHOTO YITIA).

IIpaxmuxa. KauecTBeHHBIE peaKIUM Ha KapOOHAT U CHJIMKAT HOHBL.

PA3JIEJI 5. Knaccel HeopraHu4eCcKHX COeAHHEHHH

Tema S.1.

Teopus. TlonyueHue HaBHIKOB paboOTHl ¢ J1aOOpAaTOpHOH MOCYIOW, peaKTMBaMH H
pa3IUYHBIMU HHCTPYMEHTaMU.

IIpaxmuxa. CriocoObl MONTy4EHH U XMMUUYECKHE CBOMCTBA OKCHIOB.

Tema 5.2.

Teopus. W3sydenne wiaccupukanud U (U3NKO-XMMHYECKMX CBOMCTB OCHOBAHUH.
[TpumeHeHHE OCHOBaHMH B IPOMBIIIIEHHOCTH.

Ilpaxmuxa. J1abopaTOpHO-IIPAaKTHYECKOE 3aHATHE 110 3aKPEILICHHIO MaTepHaa.

Tema 5.3.

Teopus. W3ydeHue KiaccMGUKaUMd H  (QHU3NKO-XUMMYECKHX CBOWCTB KHCIOT.
[TpuMeHeHne KUCIOT B IPOMBILIIEHHOCTH.

Tema 5.4.

Teopus. Wsydenue wiaccupukauuy ¢ (GU3UKO-XHMUYECKMX CBOKCTB  COJIEil.
[Ipumenenue cojieii B MPOMBILLIEHHOCTH

IIpaxmuxa. J1abopaTOpHO-NPAKTHYECKOE 3aHATHE N0 3aKPEIUICHUIO MaTepUala.

Ilnanupyemblie pe3yJibTaThl

PesynpTaTel OCBOEHUS IIPOrPaMMEL:

obyuarommuecs OyIyT 3HaTh U YMETh:

- MMETH TMpPEACTaBJIeHHE O pPasHOOOpa3sMM XWUMHMUYECKHUX DJIEMCHTOB, MX
coeTuHeHuH, PU3NYECKUX U XUMHYECKHUX CBOMCTB;

- yYMETh BBICTPAUBaTh JJIECKTPOHHBIE KOHQUIYypaluh aTOMOB M ONPENCNATH
CTENEHb OKUCIICHNU;

- MCIIOIb30BaTh HOHHO-3JIEKTPOHHBIN MeTo B OBP;

- OCO3HABATh BAXKHOCTH 3HAHUI 0 XHMWYECKHMX JJIEMEHTaX M UX COEIUHCHHH B
YKUA3HU YEJIOBEKA;

- BJIAJICTh HaBbIKaMK PabOTH B XUMUYECKOI1 1TabopaTopuu;

- YMETH OKa3bIBaTh MepByio nomomts npu YC B xumMudecKoi 1abopaTopuu;

- OPHEHTHPOBATECS B Pa3’HOOOpa3sUM XHMHUYECKOH mocynbl, 000pylNOoBaHUS |
WHCTPYMEHTOB;

- YCNEITHO y4acTBOBATh B KOHKYpPCaX U COPEBHOBAHMAX Pa3IMIHOTO YPOBHIL.

(I)Oprl KOHTPOJI H NOJABEAeHHUSI HTOTOB PeaJIH3alHUH IPOrpaMMbl

dopmamu noIBEICHIS UTOTOB pean3aliii AOMOTHHTENBHOH 0011e00pa3oBaTeIbHON
o6IIepa3BUBAIOIIEll TTPOrpaMMbl SIBISIOTCS IPEJCTABICHHE M 3allMTa IOTOBOM paboThl,
y4acTHE B KOHKYPCaX ¥ COPEBHOBAHUAX PA3IMYHOTO YPOBHS M JAPYTHE (GOPMEL.

JluarHocTHKa pe3y/IbTaToB 00y4eHUs IO TIporpaMMe MPOBOAMTCA 3 pasa 3a IEepUOa
OOy4YeHHs: BXOJHAsi IUArHOCTHKA — B Hadajle y4eOHOro roja, npoMe)XyTouHasl IMarHoCcTuka -
IpH OKOHYAHHWK U3YYEHHS pa3jieNia U B KOHLE 00y4YeHus 10 IporpaMme.

JIMarHoCTUKA YMEHHIT MPOBOUTCSA 110 3-X GaIbHOM LIKae.
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Bxonnas n1MarHocTHKA.

1 6aw:

» [IpakTruecku He 001a1a€T COOTBETCTBYIOIMMH YMEHUAMHY 1 HaBBIKAMHU.

* IMeeT TpYAHOCTH B UCIIOIb30BAHUM HHCTPYMEHTA (IIpY BEITIOJIHEHMHM 3a1aHN )

* 3arpyaHsercs B HPUMEHEHUHM INPOCTHIX IIPUEMOB palOThl, JAOCTYNHBIX JaHHOMY
BO3pacTy.

2 Oama:

» O6naacT COOTBETCTBYIOIUMU YMEHUSIMY 1 HABBIKAMHU B HAYaJIbHOH CTENEHU.

« O6nagaeT HaBHIKAMH IIPABUIBHOTO HCIIOJB30BAHMS HMHCTPYMEHTOB/MAaTEPHAIIOB
Ha4yaJIbHOM CTEIICHU.

* [IpaBHIBHO HCIIOJIB3YET MPOCTHIE MPHEMBI paboTEl, JOCTYIHBIE B JAHHOM BO3pacTe.

3 6anna:
» O61aaaeT COOTBETCTBYIONIMMH YMEHUSAMHU 1 HABBIKAMH B OTIIMYHOH CTETICHH.
Q0nanaer HaBBIKAMU TIPaBHJIBHOTO 5 OBICTPOTO UCIOJIB30BAHUA

UHCTPYMEHTOB/MaTEepHaOB.
e IIpaBHIILHO KCTIONB3YET MPOCTHIE U CI0KHBIE IPHEMBI pa0oTEl, JOCTYIIHEIE B TAaHHOM
BO3pacTe.

JAunarsocruveckass kapra

B kaxaoM cronblie BeicTaBisgercs ot 1 10 3-x 6ammoB. B koHue yye6Horo roma Bee
OaJlBl CyMMUPYIOTCS.

Bricoxuit/(IIpoBUHYTHII) YPOBEHE OCBOEHHS NPOrpaMMsl — 0T 8 10 9 Ganos.

Cpenumnii/(6a30BbIii) ypOBEHb OCBOSHHS IIPOTPaMMBL — 0T 4 10 6 6aioB.

Hu3kuit/(cTapToBhiii) ypoBeHb OCBOSHHS NPOrpaMMsl — OT 1 10 3 Gajios.

Ne | damunus Mmsa | BxonHas IIpomexyTouHas Hrorosas
| TUarHOCTHKA JIMarHOCTUKA JUAarHOCTHKa

YcnoBus peain3anuu NporpaMmbl

MarepuanbHoO-TEXHHYECKOe o0ecniedeHue
1. Kabuser 1)1 3aHATH J0DKEH cooTBeTCTBOBATh TpeboBanusm CIT2.4.3648 - 20
«CaHUTapHO-3MUIEMAOIOTHYECKIe TPEOOBAHHS K OPraHM3alUsIM BOCIUTaHUA U o0yueHus,
OTIIBIXa U 03JIOPOBJICHUS A€TEH U MOJIOIEHKN.
2. XuMu4eckoe 000pyJOBaHUE U UHCTPYMEHTHI.

KaapoBoe ofecrnieyeHue: reiaror ¢ BRICIIAM XUMHUKO-OHOJIOTHYECKUM 00pa3oBaHUEM.
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Cnucok nHGOPMANHOHHBLIX pecypcoB

1. O6mas ¥ HeopraHuyeckas xXumus : yueOHuk 1 By3oB/ O.T. OraHecsn,
B. A.Tlonkos, JI. W. lllepGakora, A.K.Bpens; moa penakimuedn 3. T. Oranecana. —
Mocksa : Usparensctso I0paiit, 2021. — 447 ¢. — (Bricmee o6paszobanue). — ISBN 978-5-
9916-6994-8. — TexkcT : smekTponHsiii / O6pa3zoBarensHas mwiatgopma IOpait [caiiT]. —
URL.: https://urait.ru/bcode/468953

2. Xumusd. 8-9 kinacchl. YuebHas KHUra: mocodue i ydamuxcs: o01eo0pasosar.
yupexaennii/ E.B. Casunkuna — M.: HaimonansHoe o6pasoBanue. 2011. — 136 c.

KanenaapHbiii yueGHbIi rpagux nporpaMmal

Jlama
Jlama nauana Bcezo | Konuuecmeo
OKOHYAHUS .
00yueHua no YuebHbIX VUueOHbIX Pexcum 3anamuit
obyuenus no
npozpamme Helenb yacoe
npozpamme
1 pa3 B Hezemo 1o 2 yaca
17 centsa0ps .
PR 1 97 mas 2026 . 35 70 (1 yaeOubiii gac — 40
2025 r.
MUHYT)
IInan BocnuTaTe LHOMH PadoThI
ANe
Tema meponpusmusn Hama

n/n
I Becenpl, NOCBAIICHHBIE KAJIEHAAPIO

" | rocyIapCTBEHHBIX M HAPOIHBIX MPa3AHUKOB B TEYEHUE rofa
) Becenrl, nocBAIEHHAS 30POBOMY 00pasy KU3HH,

" | IMaJIorH O Bpee BEIIECTB: aTKOI0JIb, HAPKOTUKH
3. | Becena, nocearieHHas J{HO pOCCHHCKON HAyKH theBpanb
4 Temaruueckoe 3anaTue «IlaMsATh BETUKOTO anpenb-mait

" | moasura. Xumus: Bcé ms [ToGeap»
5. JleHb XxuMuHKa Maii

3HaMeHaTeIbHBbIE COOBLITHSI B XHMHH

2500 - 2000 rr. mo B.3. - IIpoHuKHOBeHHEe MeTayuTyprud Memu ¢ Boctoka B EBpomy. B Baswuione
M300pETEHBI BECH - OPYHE JUIA H3MEPEHHS KOJIMYECTBA 30JI0Ta H APYTHX MaTepuanos. IIpoo6pasom
JUISL HAX HOCTYKUJIO KOPOMBICIIO HOCUJIBIIMKA TSDKECTEH.
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2000 - 1500 rr. 50 H.3. - B JlpeBHeM Erunte pa3BuBaroTcs CTEKIOAENHE H METATITYprHs (B Hallle BpeMst
B €THNIETCKHX THPaMUJIAX STOTO Meproia ObUTH HaliieHb! 06pasiibl CTEKNIA H KOBKOTO JKEJIE3a).

1300 - 1000 rr. mo H.3. - B JIpeBHe# ['peunu ctanu M3BeCTHH MEIb, JKEIIE30, OJIOBO, CBHUHEIL,
3aKaJIMBaHKe CTAIH H JelCTBHE HABO3a KaK yAOOpEHHUs.

I B. 5o u.5. - B moame Jlykpeuns Kapa "O npupone Bemell" BbICKa3zaHa M€ O CYHIECTBOBaHHH
IyCTOTHI M HEBUANMEIX aTOMBI, KOTOpas 0OBACHAET Bce MHOr00Opasue ABICHUH OKPY)KAIOLIEro Mupa
- BETPBI ¥ OYpH, paclipocTpaHeHHE 3aax0B, HCIIApEHHE ¥ KOHICHCAIHIO BOIBL.

1000 - 1200 rr. - B "Kuure o Becax myapocTt” apaOckuil yueHsIlt ANKa3WHU NPUBOJMT YACTBHBIC
peca 50 pasmuunelx BemectB. B "Kuure Taifn" AGy-ap-Pasm BrepBble KIacCHQUUHUPYIOTCS BCE
BEIlECTBA Ha 3€MIINCTHIC (MHHEPAJIbHBIE), PACTHTENIBHBIC M >KABOTHBIE; ONMHCAHBI KaJIbIHHALHS
(0OXHr) MeTtawIoB M APYIHX BELIECTB, PACTBOPEHHE, BO3IOHKA, IUIABJICHHUC, AUCTHIUIALNS,
aJlbTaMHpPOBaHKe, CTYIICHHE U T.I1.

1300 - 1400 rr. - Monaxy Beproabay IlIsapiyy npunuceiBaioT n3o6perenue nopoxa (B Espone). (B
Kurae opox ObLT H3BECTEH €IIe B Hadalle Hamel 3pal).

1493 - 1541 rr. - Teodpacr Ilapanensc npeobpaszyeT alXxUMUIO B ATPOXHMHIO, CUHTAs, YTO [JIaBHAS
3a71aua XMMHH - CIIYXXHTh MEJHIIHHE H3TOTOBIEHHEM JIEKapCTBEHHBIX cpeacTB. OT HETO UJET MEPBOC,
MHOTOKPATHO IOBTOPSIONICECS] HAOJIOACHHE, YTO JJd TOPEHMs HYXXEH BO3JyX, a METAIbl NpH
oOpallieHiH B OKAJIMHBI YBEINYNBAIOT CBOH BEC.

1556 r. - B counnenun ['eopruyca Arpuxois! "12 KHUT o MeTaiax" o600ImeHs! CBeIECHAS O pylax,
MHUHepaliax i MeTajliax; AeTATbHO OMHUCAHB! METALTYPrUdeCKUe NPOLECCHl H TOHKOCTH FOPHOPYTHOTO
Jiena; MpUBeIcHA CUCTEMATHKA METAJUIOB 110 BHEIIHUM IIPH3HAKAM.

1586 - 1592 rr. - T'anuneo ['anuneil cKOHCTPyHpOBaj IHAPOCTATHYECKHE BECHI AJIA ONPEACICHUA
IUIOTHOCTH TBepABIX Ten (1586), n3o6pen Tepmometp (1592).

1660 - 65 rr. - PoGept Boitnb B kaure "XUMUK-CKENTHK" cHOpMyIHPOBAI OCHOBHYIO 33/1a4y XUMHH
(MccrieIoBane COCTaBa Pa3IHYHBIX T, IOHCK HOBBIX JJIEMEHTOR), Pa3BHII IPEJICTABJICHHE O IOHATHH
"XUMHYECKHH 37EMEHT" U MOAUEPKHYN BOKHOCTh IKCIIEPUMEHTAIILHOTO MeToa B XuMHH. OH BBel
TepMMH "aHanm3" NPUMEHHMTENIPHO K XHMHYCCKHM HCCIEJOBAHHSM, YCTAHOBHJ OOpaTHyIO
IPOMOPIMOHATIBHOCTE 00BEMa BO3IyXa BEIHUYHMHE [ABICHHS, NPUMEHHMI HWHIUKATOPBHI U
OIIpe/ieIeHHsl KHCIIOT H OCHOBAHHH.

1668 r. - Orro TaxeHuii BBeJI OHATHE O COJIM KaK IPOAYKTE B3AUMOACHCTBHS KHCIIOTHI CO IIETOYBIO.

1669 r. - Xéuuur Bpauar Beigenun ¢ochop Kak NPOAYKT NEPErOHKH MOYH (IIEpPBOE NaTHPOBAHHOE
OTKPBITHE JIEMEHTA).

1676 r. - DamM MapHOTT BRIPa3HI 3aBUCUMOCTh 00beMa BO3yXa OT JAaBIICHHS.
1707 r. - Uoraun betrrep momyuun 6ensiit docdop.

1721 r. - Morann I'eHKeNs NOJYYHIT METAUTHYECKUH IIHHK.

1722 r. - Opuypux ['opdman onucan nonyueHue cepoBoaopoia.

1724 r. - 'abpuens QapeHreiT OTKPLT 3aBUCHMOCTb TOYKH KHIIEHHS BOJBI OT JABJICHHS U SBJICHUE
nepeoXasKICHUS BOJBL.

1730 - 1733 rr. - Pene PeoMiop nzobpen cnuptoBoit Tepmometp (1730). On noxasaj, 4To pasHsle no
COCTaBY pacTBOPBI HMEIOT pa3yingHble IIMoTHOCTH (1733).

1735 r. - I'eopr bpauar oTkpsL1 KOOGANBT.

12



1741 - 50 rr. - Muxaun BacuiseBuu JIOMOHOCOB Jas ONpe/eieHIe MIEMEHTa (aToMa), KOPIYCKYIbI
(MOJIEKYJIBI), TPOCTHIX W CMEIUAHHBIX BEIECTB H Hadal pa3paboTKy CBOei KOPIyCKyIsApHO# TEOpHH
(1741). CdopMmynupoBan OCHOBHBIE HOJOXEHHUS MOJIEKYIAPHO-KHHETHYECKOH TCOPHH TEIUIOTHI
(1744). Otkpsul 3aKOH coxpaHeHHS Macchl BemiecTB (1745). Habmopan senenue mnaccuBauiu
META/UIOB B KOHIIEHTPUPOBAHHOH a30THOH KUCIOTE.

1763 r. - Muxaun BacuiseBud JIOMOHOCOB M3JI03KKJI OCHOBBI TOPHOTO Jiela H IPOOHPHOTO HCKYCCTRA,
omnucal crnocoObl HOJTy4eHH METAIIOB U3 PYL.

1766 r. - 'enpu KaBenaui OTKpbLT BOAOPOAL.
1768 r. - Aautyan bome n300pen ipubop A ONpeAeICHHs ITIOTHOCTH XUIKOCTH - apEOMETP.
1772 r. - Jlanwens Pezepdopa OTKPbUT a30T.

1772 - 73 rr. - JIxo3ed IIpuctim oTKpbLT XJI0poBOAOpo, "Becensmuii ra3" (N20) (1772), kuciopoa
(" medtorucTHpOBaHHBI BO3AYX "), OHCAN cCBOMCTBA aMMuaKa (1773).

1774 r. - Autyan-Jlopan JlaBya3be HpeIION0KIII, YTO aTMOC(EpHBIH BO3yX HMEET CIIOKHBINA COCTaB.
K. Illeene oTkpbuT Maprasel, Oapuii, onxcal CBOWCTBA XJI0pa.

1775 - 77 rr. - Auryan-Jlopan JlaByasse (He3aBucumo oT [Ipuctiu u Illeene) oTKpbUI KHCIOPO,
OIIHCaJl €T0 CBOMCTBA, COPMYJIMPOBAT OCHOBbI KUCIOPOAHON TEOPHH FOPEHHS.

1778 - 81 rr. - Kapn Illeene otkpbn MonubeH, BoIb(paM; IOIYyYH NIHIEPHH, MOJIOYHYIO KUCIOTY,
CHHIJIBHYIO KHCJIOTY ¥ YKCYCHBIH aJIbJIETH/L.

1781 r. - 'enpu KaBenaumm nokasai, 9ro Ipyd CrOPaHUH BOAOPOAa 0OpasyeTcs Boaa.
1782 r. - depenn-Hoxed Mromtep ¢pon PaiixeRIITeH OTKPLUI TEILTYP.

1787 r. - A. Kpoydopa u VY. Kpyukmank orkpbuta crponnmii. XK. [lapne ycraHOBHN ypaBHEeHHE
3aBHCHMOCTH JaBJIeHHs ra3a OT TEMIIEpaTyphl.

1789 r.- Maprur KnanpoT oTKpsul nupkoHuii H ypaH. HMorann Puxtep chopMmyimpoBal 3aKoH
SKBHBAJICHTOB.

1794 r.- IOxan lajgonwH OTKpBUI WTTPHH, 4YTO MOJIOXHMIO HAYal0 XUMHH PEAKO3EMENBHBIX
9IIEMEHTOB.

1796 r. - Cmutcon TennanT u Y. BomnacToH 1oka3aiy, 4TO ajiMa3 COCTOMT H3 YIJIEpoaa.
1797 r. - JIyn BoxJieH OTKpBUI XpOM.

1798 r. - Tosuii EropoBuu JIoBUI| BBEJI NOHATHE O NEPECHILEHHOM PACTBOPE.

1800 r. - Yuneam Hukonscon n Aaronu Kapraiin ocyIiecTBHIM 3J1€KTPOIIN3 BOJEL

1802 r.- Xozedp Teit-Jltoccak Hamiesn 3aBHCHMOCTb O0beMa Ta3a OT TEMIIEPATYpPbl H BBEN
K03 PHIEEHT TepPMHUECKOr0 O0BeMHOTO pacinupeHus. JDxon JlambToH chOpMyIHpoBal 3aKOH
napiaibHBIX AaBICHUH ra3oB. A. DkeOepr OTKpBUI TaHTAJL.

1803 r. - V. Bomnacton oTkpsul namianuit. Menc Bepnennyc u B. Xusunrep (4 HE3aBHCHMO OT HUX
Maprun Kinanpor) otkpsuta nesuii. Jpxon JlansToH chopMyIHpoBal OCHOBHEIE IOJIOXKEHHS ATOMHOH
TEOPHH, BBeJNl MOHATHE aTOMHOrO Beca (Macchl), NPHHAB aTOMHYIO MacCy BOIOPOJa 3a €AUHHIY;
COCTaBHJI TaONMIly aTOMHBIX Macc. Y. ['eHpH yCTaHOBHMI 3aBUCHMOCTh KOJIHYECTBA Tasa,
TIOTJIONIEHHOTO KHUKOCTBIO, OT €0 JABJICHHS.

1808 r. -XKozed I'eii-Jlioccax u JIyu Tenap otkpsuin 60p. XKozed [eii-JTroccak chopmymipoBai 3aK0H
ra3oBBIX 00BEMOB.
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1811 r. - Beprap Kyptya oTKpbU1 HOA. AMeZIeo ABOTaipo YCTAHOBHI, UYTO OJHHAKOBBIE 00BEMEI BCEX
ra3oB IpH OJHUHAKOBBIX TEMIIEPAType U JIaBICHUH CojiepKaT OJUHAKOBOE YHCIIO YaCTHII.

1814 r.- V. BomracToH pa3Buil MOHATHE O XMMHYECKHX OKBHBAJICHTaX H COCTABMWJI TaOIHIly
skBuBanenToB. Xozed Ieit-Jlroccak u Jlyu Tenap Beenu nonarue 06 aM¢poTepHOCTH.

1815 r.- TI'emdppu /[IPBH BHIIBHHYN BOZOpPOAHYIH0 Teopuro kuciaor. ®. Irpomeidep OTKpBLI
Ka4eCTBEHHYIO peaKITHIO Ha KpaxMal (IIOCHHEHHUE IIPH J0OaBICHHH HOJA).

1817 r. - ®. IlItpomeiiep oTkpsut kKaamuii. FOxan Apdeencon orkpeun mutuit. (I'emdpu JoBu B 1818
I. TONyYdT Meralnuueckuii muruit). Memc Bephemmyc OTKpsUI CejieH; MpPeIJIOXHI BBECTH
CYLIECTBYIOILYIO M TIOHBIHE CHCTEMY CHMBOJIOB M 00O3HAUCHHH 3JIEMEHTOB H MX coemuHeHHH. XK.
Kapanty u I1.IlensThe BRLIENUNH XT0pO(UILT U3 3€JIEHOr0 IMTMEHTA JIUCTHEB.

1827 r.- P. BpoyH OTKpBUI XaOTHYECKOE ABUXKEHHE MEJKHX B3BEUICHHBIX YacTHII B pacTBOpe
("O6poyHOBCKOE BHKEHHE").

1828 r. - Uenc Bepuennyc otkpsut topuii. @puapux Benep momyuun MOUeBHHY H30MepHU3anMei
I[MaHaTa aMMOHHMS (IIEPBBI CHHTE3 MPHPOJHOIO OPraHHYECKOTO COSIUHEHUS U3 HEOPIaHMYECKHX
BEIIIECTB).

1829 r.- Woraun JMebGepeiinep paspaboTan kiaccuDUKANMIO XUMHYECKUX DIEMEHTOB ("TpHaisl
JleGepeitaepa™).

1834 r. - Maiikn ®apazneit chopMyaHpoBan 3aKOHBI 3JIEKTPOIX3a M BBEN TEPMHHBI "3NIEKTpon’,
"katoxn", "amon", "mon", "katuoH", "aHWMOH", "3NMEKTPOIM3", "IIEKTPOXUMHUUECKUH >KBHBAICHT".
XKozed Ieit-Jlroccak pa3BrI TepHIO paJUKaIoB CTPOCHUS OPTaHUYECKUX COETHHEHHI.

1835 r. - Henc beprienuyc BBen NoHATHe "KaTanus".

1841 r. - Uenc bepuenuyc BBen nonstue "amnotrponus”. T. Knapk paspabotan cCOBpeMEHHEIH MeTON
orpesie/ieHHst YKECTKOCTH BOJIBI M BEIABUI PAa3IMUNE MEXKAY BPEMEHHOH M IIOCTOSIHHOM XKEeCTKOCTEIO.

1848 r. - Yunsam Tomcon (KenbBuH) mpeanoxun "abcoOTHYIO KTy TeMIeparyp'.

1861 r.- Anexcanap Muxaiinosud byTiepoB chopMymupoBal OCHOBHBIE IIOJIOKEHHS TEOPHH
CTPOEHHUS OpraHuyeckux coefauHeHuil. 1863 r.- Anexcannp Muxaitnosud ByTnepos o0bscHuI
SIBJIEHHE H30MEPHH Ha OCHOBE TCOPHH XUMHIYECKOTO CTPOSHHUS OpraHUuYecKHUX BEIIECTB.

1868 r. - I'. Buxensxayc BBeJI TEpMHH "BaJICHTHOCTB .

1869 r.- [murpuii VBanoBuu MenzeneeB pa3zpaboTan OCHOBHEIE IIOJIOKEHHS YYE€HHI O
HEepPHOAMYHOCTH, cPOpMYIHpoBan IIepUOAHMYECKHI 3aKOH ¥ TIPEIOKMI KOPOTKyHo (dopMmy
IMepuoauyeckoit cucteMbl meMeHTOB. CHcTeMaTH3alMsl XHMHYECKHX JJIEMEHTOB HA OCHOBE HMX
atoMHBIX Macc Jlorapom Meitepom. Bragumup BacunseBny MapkoBHHKOB pa3BUI IIPENCTABACHHS O
B3aMMHOM BJIMSHHH AaTOMOB B OpPraHHYECKMX COSIWHEHHAX, CQOPMYIHpOBal IIPABUIO
NPUCOEJMHEHNS  HECHMMETPUYHBIX PEarcHTOB K  HECHMMETPHYHBIM  ajnkeHam  (IIpaBUiIo
MapKOBHUKOBA).

1883 r.- M. Keenbaaie NPeAsiONUI METOI ONPEACICHHsS COISP)KaHus a30Ta B OPraHHYECKHX
coequnennsx. Ceante Appenuyc (nmaypear HoGeneBckoit nmpemun 1903 r1.) OTKpbUI SIBJIEHHME
AIIEKTPOIPOBOJHOCTH BOIHBIX PACTBOPOB KUCIIOT H ocHOBaHHH. Sko0-Xennpuk Bant-I'opd (naypear
Hob6eneBckoit nmpemun 1901 r) pazpabotan yueHHe O CKOPOCTIX XUMHYECKAX PEAKIHH.

1884 r. - Aupu Jle-lllarenne chopMynrpoBai oOmmii 3aKOH CMELICHUS! XHMHUYECKOT'O PABHOBECHS.

1887 r. - Ceante Appenuyc (naypear Hobenerckoii mpemun 1903 r.) chopMyIHpoBal OCHOBHBIE
TIOJIOKEHHUS TEOPHH DIICKTPOJIHTHYECKOH JAUCCOIMALIMY ; PACCUMTAT KOHCTAHTY AMCCOLYAIMH BOJBL.
HOmuTtpuii UBanoBuy MeHeneeB pa3padoTan riApaTHYIO TEOPHUIO pacTBOPOB.
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1888 r. - Bumsrensm OctBansa (naypeat HoOeneBckoit mpemur 1909 r.) chopmynnpoBan 3aKoH
pa3baBieHus.

1889 r. - Banstep HepHCT 3a510%1I OCHOBBI 3JIEKTPOXUMHUECKOH TEPMOAUHAMHKH;, BEIBE] YPABHCHHS
IS 3MEKTpoAHbIX noteHunanoB u DJIC raibpBaHuYeckux 31eMeHTOB. CBaHTe AppeHMyC (Jlaypeat
Ho6enesckoii mpemuu 1903 r.) BBLABHHYI NpeJCcTaBlIeHHe 00 aKTHBHBIX MOJEKYJIaX, YHCIO KOTOPHIX
BO3pACTaeT C TEMIIEPATYpOii; BHIBEN YPaBHEHHME 3aBUCHMOCTH KOHCTAHTBI CKODOCTH PEaKUHH OT
YACTOTEI CTOJIKHOBEHHUS MOJICKYJI, SHEPTHH aKTHBAIIMK H TEMIIEPaTyphl.

1892 r. - JIxopmk [ploap uzobpen cocyd (TEpMOC), TIO3BONSAIOIIMA IJMTEILHOS BPEMsi XpPaHHUTh
CKIDKEHHBIe Tasel. OMuas Owuiep Moaydns MOHocaxapuiael ¢ 7-9 artomamum yriepoza. Ha
MexayHapoaHoM KoHTpecce XHMUKOB B JKeHeBe mnpUHATa HOMEHKJIATYpa OpPraHHYeCKHX
COEJIMHEHUH.

1894 r. - Yuneam Pamzaii u V. Peneit otkpeumn apros. B. OctBansx (Jaypeat Hobenesckoit npemnn
1909 r.) nman ompeneneHHe Karaiau3a; OOOCHOBAJI MEXaHM3M JEHCTBHS KHCIOTHO-OCHOBHBIX
HHIWKATOPOB.

1895 r. - Bunsrensm Pentren otkpbin X-my4u.
1896 r. - Aupu bekxepenb OTKpBUI SIBICHUE PAJHOAKTHBHOCTH.
1897 r. - IIxxo3ed-/Ixon ToMcoH (1 He3aBUCHMO O. BHXepT) OTKPBLUIN 3HEKTPOH.

1898 r. - Vunpam Pamsaii u M. TpaBepc OTKpBUIH KPHUIITOH, HeOH U kceHOH. [1sep 1 Mapus Kropu
OTKPBUIX [TOJIOHHH M paaHii.

1899 r. - Aapu JleOpepH OTKPHUI AKTUHHHA.

1900 - Maxc ITnank 3a105H1 OCHOBEI KBaHTOBOM Teopuu. Kitemenc Bunkiep u P. Kuutya paspaboranu
OCHOBBI IIPOMBIIIUTEHHOTO CHHTE3a CEPHOM KHUCIOTH KOHTAaKTHBIM CIIOCOOOM.

1905 - Anbpen BepHep npeanoxuia coBpeMeHHbIH BapHaHT (AnuHHONEpHoansl) [lepuomnaeckon
CHCTEMBI DIIEMEHTOB.

1907 - Xopxx VpbeH OTKpbUI pelKO3eMENbHBINH SIEMEHT JIOTElHil, MOCTeIHAH K3 CTaOMIBHEIX
pEeAKO3EMENBHBIX AIEMEHTOB.

1908 - Bunsrensm OctBansa (naypear HobGemeBckoii npemuu 1909 1.) paspaboTan OCHOBBI
TEXHOJIOIHHU MMPOH3BOJICTBA a30THOM KHUCJIOTHI KaTATUTHIECKHIM OKHCIEHHEM aMMHaKa.

1909 - Cepen CepeHceH BBeJ BOJOPOAHBIN NOKa3aTenb KUCIOTHOCTH cpensl - pH. Mpsunr Jlenrmiop
(maypear Hobenesckoii mpemun 1932 r.) pa3paboTan OCHOBBI COBPEMEHHOTO ydeHHs 00 ancopOuuu.

1910 - Cepreii Bacunbesny JleGemeB monydun HepBblil oOpasel] CHHTETHYECKOro OYTaIleHOBOIO
Kaydyka.

1911 - DOpuect Pezepdopn (maypear HoGeneBckodi mnpemmm 1908 1.) mpemmoxui sACpHYIO
(n1aHeTapHyI0) MOJIENb aToMa.

1913 - Hunsc Bop (maypear Hobenerckoii mpemun 1922 r.) chopmynupoBajl OCHOBHBIE TTOCTYaThI
KBaHTOBOM TEOPHH aTOMA, COTJIACHO KOTOPO#i ANIEKTPOHEI B aTOMe 00/1ajat0T ONpeNeICHHON SHEPTHUeH
U BCJIEICTBHE 3TOr0 MOFYT BpallaThCd B 3JIEKTPOHHOH 0OONIOUKE JIMINb Ha OMpEAeHCHHBIX
SHEpPreTHUeCcKuX ypoBHsx. Kasumup @asue u Openepux Coxnu (taypear Hobenesckod npemun 1921
r.) chopMynTHpOBAIH 3aKOH PaJWOAKTUBHBIX CIBMIOB (T€M CaMBIM CTPYKTypa PaJHOaKTHBHBIX
ceMelcTB OblIa yBA3aHA CO CTPYKTYpo#l Ilepromudeckoil cHCTeMBI 3JeMeHTOB). A. Ban nen bpyk
BBICKA3aJ1 IPETI0NI0KEHHE, YTO HOMED dJIeMeHTa B [lepHoyecKoii cHcTeMe YUCIICHHO PABEH 3apsany
ero aToma.
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1914 - P. Meiiep npeUioxui TOMECTHTE BCe PeIKO3EMENbHEIE AIEMEHTH B T000uHO# noArpynne 111
rpynns! [lepruogndeckoi CHCTEMBI.

1915 - W. lllTapk BBeN NOHATHE "BaJCHTHBIE JIEKTPOHBI"

1916 - Banstep Koccens u I'mmsbept JIbtonc pazpaboTtany TeOpHio aTOMHOH CBA3M M HOHHOH CBS3H.
Hukomnaii JIMutpueBrY 3eTMHCKHHA CKOHCTPYHPOBas IPOTHBOras.

1919 - Opuect Pesepdopa (maypear HoGenerckoii npemun 1908 r.) ocyiecTBII NEPBYIO SAEPHYIO
PEaKIHIO HCKYCCTBEHHOTO MTPEBPAIIICHHS YJIEMEHTOB.

1920 - Baxxneiinme HcClieIOBaHAS CTPOCHHS aTOMa, IPUBEALINE K COBPEMEHHBIM IIPEACTABICHUAM O
MOJIENH aToMa. B 3TuX HMccnenoBanusx yuactsoBanu JIyu Jle bpoiins (maypear HobeneBckoi npeMun
1929 r.) (BonHOBas mpupoaa 3nekrpona), IpeuH lllpeaunrep (raypear HobemeBckoii npemun 1933
r.) (BBEI OCHOBHOE YpaBHEHHME KBaHTOBOM MexaHuKH), Beprep Ieiizentepr (nmaypeatr Hobenepckoii
npemun 1932 r.), Ilons Hupax (maypear HoGenesckoii npemun 1933 r.).

1923 - JIsepap Xepewn u J[. Koctep oTkpeimu raguuit. Moxannec bpeHcTen Npemayoxusl CUUTATH
KHCJIOTAMH BEIIECTBA, OTAAIOIIHE IPOTOHBL, 8 OCHOBAHUSIMH - BEIIECTBA, IPUCOSAUHSIIOIHE IIPOTOHBL.

1925 - Bonbranr Ilaymu chopmymmuposan npuHuun 3amnpera. I'. Yinenbek u C. I'oyacMuT BBenu
NpEACTaBIICHUE O CITMHE IICKTPOHA.

1931 - DOpux XIOKKETh 3aI0KHJI OCHOBBI KBAaHTOBOH XHMHMH OpPraHHYECKMX COCIHHEHMI.
ChopmymupoBan (4n + 2) - OpaBHIO apoOMaTHYECKOH CTaOMJIBHOCTH, YyCTaHABJIMBAIOLICE
NPHHAIJIOKHOCTE BemlecTBa K apomarmueckoMmy psny. Cepreii Bacunbesnu JlebGenes pemmn
Mpo0JIeMEl TPOMBIIDIEHHOTO [Oy4YeHHs CHHTETHYECKOTO KaydyKa.

1932 - JIx. Yensuk (naypear HoGeneBckoit mpemun 1935 r.) otkpwun neiitpon. [I. Jl. MBanenko
IPeUTOKHAIT TPOTOHHO-HEHTPOHHYIO MOIeNb aTOMHOTO siapa. Jlaitnyce [Tonmuar (maypeat Hobenepckoi
npemur 1954 r.) KOMMIECTBEHHO ONPEAETHT IOHATHE 3IEKTPOOTPULIATENBHOCTH, IPEIOKIIT IIIKATTY
JIEKTPOOTPHUIIATENEHOCTH M BHIPa3Hil 3aBUCHMOCTh MEKAY IEKTPOTPUIATENILHOCTBIO U SHEPrUeH
XAMHYECKOH CBA3H.

1933 - I1. biskert u I'. OKKHaIMHU OTKPBUTH TO3UTPOH.

1934 - Hpen u XKommo Kiopu (maypears: HobGemeBckoidt mpemmu 1935 r.) OTKpbUIM sBJIEHHE
UCKYCCTBEHHOM PafiOaKTHBHOCTH.

1937 - Kapno Ileppuep u Omumuo Cerpe OTKpBUIM HOBBIM JIEMEHT - NEPBBIH HCKYCCTBEHHO
CHHTE3UPOBAHHBIH 3JIEMEHT TeXHEeNni ¢ Z = 43.

1939 - Mapraper Ilepeit otkpbuta ¢panmuii - snemeHT ¢ Z = 87. Pa3paboTaHBl TEXHOJOTHH
IIPOMBINUIEHHBIX IIPOH3BOJICTB UCKYCCTBEHHBIX BOJIOKOH (HAMJIOH, IEPIOH)

1940 - JT. Kopcon, K. Makken3su, 3. Cerpe cuntesupoBaiu actat (Z = 85). D. Makmmiuan (1aypeat
HoGenesckoit nmpemun 1951 r.), @. D#OICOH CHHTE3UPOBAIM NEPBBIA TPAHCYPAHOBBIM JJIEMEHT
gentynuii ¢ Z = 93. I'menn Cubopr, D. MakMunian (naypeatsl HoGenesckoit npemun 1951 r.), JIx.
Kenneau, A. Bans cHHTE3UpOBaiH ITyToOHuI ¢ Z = 94.

1944 - T'nenn Cubopr (nmaypear HobGenesckoit mpemuu 1951 r.), P. Jxeiimc, Ansbept I'mopco
CHHTE3MpOoBaNH Kiopuii ¢ Z = 96. I'nenH Cubopr BBIBHHYJI aKTHHOUAHYIO KOHIIETLIHIO Pa3sMEIICHH
TPaHCYpPaHOBEIX ieMeHTOB B [lepuonnyeckoii cucreme.

1945 - T'nenn Cubopr (maypeat Hobenesckoii mpemuu 1951 r.), P. [lxeiime, I1. Mopran, A. I'nopco
CHHTE3MPOBAIM amepuiuii ¢ Z = 95.

1947 - 3. Yapradd Bneprble nonyumi yuctelie npenapatsl JJHK.
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1949 - T'nenn Cubopr (naypear HoGenerckoit mpemun 1951 r.), C. Tomncon, AnsGept I'nopco
CHHTe3HpoBaIM Oepknuit (Z = 97) u xkamidopHuii (Z = 98).

1951 - Jlaiinyc [onunr (naypeat HobeneBckoit npemun 1954 r.) paspabotan Mogens HOMMIEITHAHON
cupanu. B.M. Kieukosckuii chopMymupoBal npaBuio (n + 1) - 3anonHeHHs 31eKTPOHHBIX 0007104€K
n nopobonouex aromMoB 1mo Mepe pocta Z. T. Kumm, I1. Ilocon cuntesupoBanum HeOEH30HIHOE
apoMaTHYecKoe CoeTMHEHHE "cOHIBAYEBO#" CTPYKTYpHI - pepponen (CSHS)2Fe.

1952 - T'nenn Cubopr (naypear HoGeneBckoit mpemun 1951 r.), Ansbept I'nopco u Ap. OTKPBUIHA
sitHmTelHu# (Z = 99) u pepmuii (Z = 100).

1953 - JIx. Yorcon u ®. Kpuk (naypears HoGenesckoit npemun 1962 r.) npemnoxunu moaens JJHK
- IBOMHYIO CIIMpPANlb M3 HUTEMN MOTHHYKICOTHIOB, CBA3aHHBIX BOJOPOAHBIME "MOcTHKaMu". A. Ton
u J1. Bpayn pa3zpaboramu cxemy ctpoenns PHK.

1954 - K. IMuriep, k. Harr (maypearst HoGenesckoiit mpemuu 1963 r.) OTKpBUIM CMEINAaHHbIE
METAJIOOPraHNYeCKHe KaTaJId3aToPhl AJIs MPOMBILIEHHOIO CHHTE3A MOJIMMEPOB.

1955 - I'nenn Cubopr (naypear HoGenesckoit mpemun 1951 r.) 1 ap. cuHTE3upOBaM MeHAEIEBH (Z
= 101) H. H. CemenoB u C. XunmensBya (naypearsi Hobenerckoif mpemun 1962 r.) mposenu
dyHIaMECHIATBHEIC HCCIEIOBAHUS MEXaHH3MAa PAUKATbHEIX XUMHYECKHX PEaKIMM.

1958 - A. Kopubepr u C. O4oa otkpsinu Mexaunsm 6unocuntesa PHK u JTHK (naypearsr Hobenenckoii
npemun 1959 r.).

1961 - YcraHoBIeHa HOBas MexIyHapoaHas IKajia aTOMHBIX MacC - 3a € {HHUILY IpuHATa 1/12 Macchl
nsorona 12C. Ans6ept I'mopco, T. Cukkenang, A. Jlapom, P. Jlatumep CHHTE3HPOBAIH JIOYPEHCHH (Z
=103).

1962 - TTonyueHs! nepBbIe COeIUHEHNS OIarOPOAHBIX Ta30B.

1963 - P. Meppudung pazpabotan TBeproda3HbIi METO ENTHIHOTO CHHTE3a; OCYIIECTBICH MOJHBIHA
CHHTE3 MHCYJIHHA - IEPBBIA XUMUUecKuil cunTe3 Oenka.

1964 - 1984 - T'eopruit Hukonaesuu @iiepoB ¢ COTPYAHHKaMU CHHTE3HPOBAJl HOBBIE 3JI€MEHTHI -
Kypuarosuii (Z = 104) (1964) n mmnscOopuit (Z = 105) (1970). ¥Opwuii Lonakouy OraHecsH ¢
COTPYAHMKaMH MOJTy4HIH dneMeHTsI ¢ Z = 106 (1974), Z=107 (1976), Z =108 (1982), Z =110 (1986).
IMetep ApMOpycTep ¢ COTpYIHUKAMU CHHTE3NpOBal 31eMeHT ¢ Z = 109 (1984).

1974 - A.C. X0oXJ10B yCTaHOBHJI IOCJIEI0BATEIFHOCTh aMUHOKHCIIOT B aHTHOHMOTHKE aKTHHOKCAHTHHE.

1975 - Y1.B. Bepe3uH OTKphUT sBIeHHE OHO3MeKTpoKaTanu3a. Jl. JleMapTo momydus COeTHHCHHE CO
CBA3BIO KCeHOH - a30T: FeXeN(SO2F).

1975-1980 - P.3. CarjieeB 1 €ro COTpYAHHKH YCTaHOBUIIA BIMSHAE MAaTrHUTHBIX NTOJIEH Ha XHMHUYECKUC
TIPOLECCHI.

1976 - JIxx. Beiin o0Hapy>ui HOBBIH MIpoCTarjianauy - IIPOCTALMKIINE H YCTAaHOBHIII €0 XHMHUYCCKYIO
CTPYKTYpY.

1977-1980 - V. Tunbepr mnpemnoxun MeTox pacmudposkn mnepsuuHoit cTpykTypel JIHK,
Gasupyromuiics Ha IPUHIUIE IOKATH3aIMK ocHOBaHui 1o BemmuuHe Gparmentos JIHK. E.A. Illunos

OCYIIECTBHJI HccienoBaHue GOTOKAaTAIMTHYECKOTO MOJYYEHHs BOJAOPOJA M KHMCIOPOJa W3 BOJBL
IMonyuensl nepsrie "opranudeckue metamwisl" - monuanernen (X. Ilupaxasa), monunuppon (A.

Huac).

1987 - Buepssie nonyuen okcup xenesa(VII) npu anHonHOM pacTBoperun xenesa (B. Y. Cruupin 1
corpymuukn). K. I'y ¢ coTpyanukaMu moxy4unu MoaubuimpoBanssit kynput nadtana LaCu204,
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cBepxnpopoaammii mpu 93 K. Hemeuxumu yuensivu (Jlapmimrant, I'. MionienGepr ¢ coTp.) HOIydYeH
109-i1 anemeHT.

1991 - CHHTe3 coeIMHEHHH, POACTBEHHBIX (YIUIEPEHY - YIIIEPOAHBIX HAHOTPYOOK.

1996 - 1997 - Paspaborka MeToAa MOJEKYJAPHOIO HAclIauBaHUs U MPEIH3HOHHOIO CHHTE3a
TBEPABIX BEHICCTB PEryJNSIpHOro crTpoeHud. IlonyuyeHume NHOTPONHBIX ¥ TEPMOTPOIHBIX
KUIKOKPHCTAITHUECKUX TIONHMEPOB.

1999 - Ilepsblii OpraHMYecKHii Nasep Ha OCHOBE HPOH3BOAHBIX TeTpalleHa. CuHTE3 W Havalo
AiCClIeIOBAHMsI IIPOTOHHS (ATOMA, COCTOAIIETO W3 IIPOTOHA U AHTHIIPOTOHA).

1990-2000 - TToyrydeHHe MyTeM SIEPHOTO CHHTE3a XHMUYECKUX dIIeMEeHTOB ¢ Homepamu 110, 111, 112,
114 u 116. Xumuyeckuii cuHTE3 OCIKOB M HYKJIEOTHIOB METOIaMH I'¢HHOM WHIKEHEPHH.

Hcnonbs30BaHHASA JHTEPATYPA

1. Anamosmny, T.I1., Bacunsesa, I'.1., MeukoBckuii, C.A. COOpHHK OJMMITMaAHBIX
3a7a4 mo Xxumun. MuHck, 2015; Borossnenckas JI.b. ITytu k TBopuecTBy. M.: 3Hanue, 2015;
2. Axodd, P. UckyccTBo pemnenus npobnem. M.: Mup, 2017,

3. I'a6bpuensn O.C. HacromsHas xuwra yuwmrens xumuu: 11 xmace / O.C.
I'abpuensn, I'.T". JIsicoBa, A.I'. Beeaenckas — M., 2014

4. I'a6puenan O.C. Hacronsnas kaura yumrens xumum: 10 xmace / O.C.
["a6puensu, U.I'. Octpoymos — M., 2015

3. I'a6puensan O.C. Xumus i NpenoaBatens: yueGHO-MeTOANYECKOe mocobue/
O.C. T'abpuensn, I'.I". JisicoBa — M., 2016

6. Epeirus, JI1., Immkun, E.A. Meroauka perieHus 3ajay Mo XuMuH. M.

ITpocsewmenue, 2014; KonkypcHsiii 5x3aMeH 1o XuMuu: PykoBoacTso ms abutypuentos. B 6
4. // mox pen. H.E. Kyssmenko. M.: 3n-so MI'Y, 2013;

7. Kysemenko, H.E., Epemun, B.B., Ilonkos, B.A. Xumua sl INKOJIBHUKOB
CTapIIMX KJIACCOB M MOCTYMalomuX B By3sl. M.: Jlpoda, 2014;

8. Kymnapes, A.A. YunMcs pemats 3aga4u o xumun. M.: llxona-IIpece, 2015;

9. Jugun, P.A., Monouxko, B.A. Xumus i abutypueHToB. OT cpeHel KOJIb K

By3y. M.: Xumus, 2015;

10. Moscymsane, 2.M., A66acoBa, ['.A., 3axapoukuna, T.I'. Xumus B Bompocax ¢
HUcrosipb3oBanueM DBM. M.: Breicmags mikona, 2015; Ilonbckue XAMHUYECKHE OJIMMIIAA/IBI
(c6opuux 3axay). Iep. ¢ monsck. I1.T. BysHosckoit u ap. // moa pen. C.C. Uypanosa. M.: Mup,
2016;

11. Pageukuii A.M. Jlumaktudeckuii Matepuan: xumud, 8-9 xmacc - M.
«[Ipocseinenuey, 2015

12. Cemenos, M.H. 3asauy mo XMMHH IOBEIIIEHHOM CI0KHOCTH Ui aOUTYPHUEHTOB.
B 4 u. JI.: Usn-Bo JIT'Y, 2017,

13.  Cyposuesa, P.II., CaBuukuii, C.H. 3aganus mo xuMuK 411 CaMOCTOSTEIBHON
pabots! ygamuxcs. M.: IIpocsemenue, 2013; Xumuyeckue onumnuansl B mkone. /Cocrt. C.H.
[Tepuatkun. M.: HTTO «O6pa3oBanuey, 2015;

14. Xowmuenko, I'.H., Xomuenko, M.I'. 3agaun no XUMuM 1 ITOCTYNAKOMMX B BY3HI.
— M.: HoBasg Bonna, 2018;

15. Irpemnuep, .M., XoxmoBa, A.M. Meronuka pemeHHs pacdeTHHIX 3aAad IO
xumun: [Tocobue ang yuutensa. M.: [Ipocsemenne, 2018.
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Pexomenayemasi IuTepaTypa Ajs 00y4aromHXCst

1. Epbirun, JI.I1., I'paGoBeiii, AXK.3amaum u npuMepbl 10 XHMHH C
MEKIPEAMETHBIM cofepxanneM (cnenmnpenmeTsl). M.: Beicmas mxona, 2014;

2. KOHKYpCHEI 3K3aMeH 1o xumuK: PykoBonctBo i abutypuenros MI'Y. Ilox
pen. H.E. Ky3pmenko. M.: U3a-so MI'Y, 2016;

3. Kysuenosa H.E., JIégkun A.H. 3agaunuk no xumun: 8 knacc — M3natenbekuii
nieHTp «Benrana-I'pap», 2014

4. Kysemenko, H.E., Epemun, B.B., Ilonkos, B.A. XuMua s UIKOJBHUKOB
CTapIuX KJIACCOB M MOCTyNaronmx B By3sl. M.: llpoda, 2017;
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