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IosicHUTENLHAA 3aNNCKA

JlabopaTopHble pabOTBHl COCTAaBJICHBI B COOTBETCTBUU C TpPeOOBAHUAMHU
dI'OC COQO, paboueit mporpamMmoil y4eOHOW JUCHUIUIMHBI XUMHS H
MertoguyeckuMu ~ pEKOMEHJAUMUSIMU K  WHTEPAKTUBHBIM  BHUPTYaJbHBIM
7a00paTOPHBIM W MpPaKTUYECKUM padoTaM 10 MpeaMeraM, H3y4aeMbIM Ha
yIIyOJICHHOM ~ ypOBHE  OCHOBHOTO  oOmiero  ooOpazoBanus.  XHWUMUS,
pa3zpabotanubiMu  GI'BHY «UHCcTHTYT CTpareruu pa3BuTus 00pa30BaHUsA
Poccuiickoii akageMun 00pa3oBaHU».

JlabopaTopHbIe paboThI TpeOyroT BBITTOJTHEHUS BUPTYaIbHBIX
AKCIIEpUMEHTOB, KoTopelie coriacHo ['OCTy P 57721-2017, ocHoBaHbl Ha
TEXHOJIOTUSAX MYJIbTUMEINA, OSMYJSIIAW, BUPTyalIu3allid W  BUPTYaJbHOU
pEaNbHOCTH, CHOCOOHBI MOJHOCTHPIO MM YACTHYHO 3aMEHUTh aHAJIOTUYHBIN
TPaAULIMOHHBINA HATYPHBIN SKCIIEPUMEHT.

JlaHHBIM BUPTYaIbHBIN Y4EeOHBIM KOMIUIEKC MTO3BOJISIET B HACTOJILHOM U VR-
peXuMe BBIMOJHATH BUPTYyallbHbIE Jlab0OpaToOpHble padOThl, B  KOTOPBIX
peaan30BaHbl TpEXMEPHBIC MOCIIN 000PYI0BaHUS: PUOOPHI U PEaKTUBBI, a TAKKE
HarJISIHOE OTOOpaKEHUE XMMHUYECKHUX PEaKIMil U TMPOLeCCOB, BO3HUKAIOIIUX B
X0J1€ DKCIIEPUMEHTOB.

['maBHOE mNpPEUMYIECTBO JAHHOIO KOMIUIEKCA — 3TO BUPTyaIU3alus
peanbHbIX Ja0OpPaTOPHBIX 3KCHEPUMEHTOB C BO3MOXKHOCTBIO 0O€30MaCHOI0
MIPOBEJICHUSI OTBITOB U HAOJIIOACHUS XUMUUECKUN pPeaKIuii B peaIbHOM BPEMEHU U
MacmTabe B BUPTYaJbHOM PEAJbHOCTH, C BO3MOYKHOCTBIO B3aUMOJACHCTBUSA C
BUPTYaJIbHBIM 000py0BaHUEM ITOCPEACTBOM CIIEIMATM3UPOBAHHBIX
KOHTPOJIEPOB.

[IpoBenenne nabopaTOpPHBIX MPAKTUKYMOB B VR M03BOJsSIET 3HAYUTENIHHO
MOBBICUTh PEAIUCTUYHOCTh TOTPYKEHHMsI 00y4aeMbIX B TIpPOLIECC, a TaKkKe
MO3BOJISIET 0€30MacCHO MPOBOAWTH JTAOOpPATOPHBIE padOTHI, MPEIIOIararoInue
VCIOJIb30BAHNE TOKCHYHBIX BEILIECTB, KOHLIEHTPUPOBAHHBIX KHUCJIOT W ILIEJIOYEH,
JIBXX u HarpeBaTenbHBIX TPHOOPOB.

Buprtyanpaas nabopaTtopuss MOXET OBITh pa3BepHyTa Ha JIIOOOM pabodem
MECTE, a TAaKXK€ IMOJICPKUBAECT OJHOBPEMEHHO HACTOJBHBIN W VR pexum
Baumoneicteus. I['paduka u 3hdexTsl B BUPTYaIbHBIX OSKCIEPUMEHTAX
MaKCUMaJbHO MPHUOJMKEHbI K pPEabHOCTH, a B3aUMOJCHCTBUE C pEaKTHBaAMU
peanr30BaHO Ye€pe3 MHTYUTHUBHO IOHATHOE ympasieHue. Kommiekc mo3Bosser
MOJATOTOBUTH KOMIUIEKCHBIM OTYET MO pPe3yJibTaTaM MPOBEACHUS J1a00paTOPHOMN
pabotel U coxpanutb ero B Buae PDF (aiina umm nepegath B cucTeMy
JIMCTAHIIMIOHHOTO 00pa30BaHUsI.



OcHoBBI ynpaBjieHHs] BUPTYAJIbHOM JIadopaTopueit
KonTposuiepst VR rapHutypsel

VYmpasienue nabopaToprel NPOUCXOIUT ¢ TOMOIIBI0O KOHTPOJUIEPOB BaIlleH
VR rapHurypsi.

Tpurrep wim Kypok - KHOIKA PacloOJIOAKEHHAS MOJ YKa3aTeNbHbIM HalblEM
Ha KOHTposuiepe. Mcnons3yercs ayis yaep:kaHus oObEeKTOB (KHOIKa 3axkaTta) U
B3aUMOJICUCTBUS ¢ HHTEep(deiicamu (OJHOKPATHOE HaXKATHE).

Mento / A / X - KHOIIKa pacroJIOKEHHasi OKOJIO CEHCOPHOro Kpyra /
JoKkorcTrka. Vcronb3yeTcst isl BKIIIOUEHUS / BBIKIIOUEHUS pexuma jyda. Jlyda
MO3BOJIIET B3aMMOICHCTBOBATH C YJaJICHHBIMH UHTEpdeiicamu.

3axBaT - KHOIIKH, pacIlOJIOKEHHBIE 110 OOKaM KOHTPOJIEPa.

BepxHsis, HWKHS, JeBasi U IpaBasi CTOPOHBI CEHCOPHOTO Kpyra / JIKOHUCTUKA
- KHOIIKH, PACIOJIOKEHHBIE B CEHCOPHOM KPYre Ha COOTBETCTBYIOIINX OIHACAHUIO
MeCTax.

PacnionokeHre 1 Ha3BaHUS KHOIIOK B Pa3HBIX TAPHUTYPaxX MOKET HEMHOIO
pasnyaThCs.

B JlaGopaTopuu ecTh 1Ba OCHOBHBIX BHJA B3aUMOJICHCTBUS C KHOIKaMHU
TapHUTYPHIL:

— Haxxarue (aHasiormdHo “KJIMKY” MBIIIN - KHOINKA HAXKUMAETCS U TYT Ke
ornyckaercs). Korna B MHCTPYKIMM HAMMCAHO “‘HaXKaTh~ ATO O3HAYa€T UMEHHO
TaKo€ JIEVICTBUE.

— 3axaTtue (KHOIMKa 3aKUMAaEeTCs W JEPKUTCS B HAXKATOM IOJIOKEHUU [0
JOCTIKEHUsI HYKHOTO 3(Qdekra). Ecnmu B MHCTPpYKIMH HamucaHO ‘‘3aKMuTe”
MMEETCs B BUy UIMEHHO 3TO JCHCTBUE.

Hauano pabotsr

[Tocne Bxona B 3agaHue win 3ajady Bbl OKaKeTeCh INepes J1abopaTopHBIM
crojoM. Ha Hem pacnomnaraercss Bce HEOOXOJUMOE Ui BBIIIOJHEHUS paloOThI, B
TOM YHUCJIE TUIAHIIET C 3aJaHUEM.

Ecnn 3T10 Bam mnepBblid onbIT PabOThl, TO OMISIAUTECH IO CTOPOHAM.
[TonpoOyiiTe oAHOW PYKOW B3STh IUIAHILIET M MPOYUTATh LEedb pabotsl. Ilocne
JOCTHXKEHUS 1€ aKTUBUPYHUTE “IIyd” WM 3aBEPILIMTH 33Ja4y C MOMOIIbI0 KHOIKH
“Cnatp 3aanue’.

ITepemenienne npeaMeToB

Jlisi mepemeliieHus MPEeaIMETOB B JTaAOOPATOPUM HCIIONB3YETCS KHOIIKA,
HasplBaemas ‘“‘rpurrep”’ wunum  “Kypok”. UYToObl mepeMecTuTh TpeaMeT B
IPOCTPAHCTBE, MOJBEIUTE KOHTPOJJIEp K NpPEeaAMEeTy TakK, 4YTOObl MOSBHJIACH
MOJICBETKA 10 KOHTYpY npeamera. [loka mojicBeTka ropurt, 3aMHUTE KypOK, YTOObI
B3STh NpeaMeT. Kak TONbKO BbI OTITYCTUTE KYPOK, IPEAMET TOXE OyIeT OTITYILEH.

HekoTtopsie mpeamMeTsl paboTaOT MHA4Ye - MpPU HAXKATUKM KypKa MpeaMer
“npununaer”’ K pyke, U 4TOOBI €ro OTIYCTUTh, HY’)KHO HaXaTh KHOIKY ‘‘3axBatr .
OTO OTHOCUTCS, HAIPUMEP, K aBTOMATHYECKOM UIIETKE.

[lepemenieHune BellecTBa, NEPENUBAHNE, IEPECHITAHNUE

BemecTtBa MOXHO mniepeMelmiatb M3 COCyJa B COCYJ HECKOJIbKUMU
cnocobamu. Camblii TPOCTOM MOAXOAUT ISl IEPEMEIICHHS] HETOYHOTO KOJIMYeCTBa
BEILIECTBA - IMEPEJIMBAHUE WM Nepechinanue. JlJIsi 3TOro Hy»KHO B35iITb B PYKY
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COCyZ, M3 KOTOpPOTO Bbl COOMpPAETECHh MEPEIUTh WIH IEPECHINATh BELIECTBO, U
IIOJIBECTH €0 TOPJIO K FOPIY COCYZa, B KOTOPBIM BBl XOTUTE IOMECTUTh BEIIECTBO.
Korma ropima okaxyTcst JOCTaTO4HO OJM3KO, Ha OOOMX COCyJax 3aropuTcs
nozaceeTka. Ilocie 3Toro Bam Hy»XHO, yJIep KUBasl TOpJia PsAAOM, HAKIIOHATH COCY
JI0 TeX IOp, MOKa BEIIECTBO HE HAYHET MEPEMBAThCs WM Iepeceinarses. [loka
IOJICBETKA TOpPUT, MEpeMElIeHHuEe OyAeT NPOUCXOAUTh MEXKAY YKa3aHHBIMU
IIOJICBETKOM cocyaamu. BTOpoil cocya MOXET CTOATH Ha CTOJIE WM €r0 MOYKHO
JIEpKaTh B pyKe, IepesinBas “‘Ha Becy .

Yem cuiibHEe BBl HAaKJIOHSETE COCyA, TEM OBICTpEE MPOUCXOIUT
nepesIMBaHue WK NEPECHITaHUE.

[lepenuBanue. [lepenonHeHue KoaObI

Ecnu konba mepenosiHeHa, a Bbl MPOJIOJKAETE JIOJIMBATh B HEE YKHUJIKOCTb,
“MUIIHSSA” KUAJIKOCTh MPOCTO MPOJILETCA HA CTOJI, HUKAaK HE B3aUMOJICHCTBYS U HE
CMEIIMBASACH C KUAKOCTHIO B Kosi0e. Eciiu B3STh MEPENOIIHEHHYIO KOJIOY B PYKH,
CKOpee BCero HeOoblllas YacTh COAEPKUMOIO cpa3y mpoibercs. 3Oeraiite
NIEPETIOIHEHUS COCY/I0B.

['panyiibr

B3auMozeiicTBue ¢ rpaHyJlaMH METAUIOB INPOUCXOJUT Kak C JPYTHMHU
O00BEKTaMU B JIaOOpATOPUH - MOJHECTU KOHTPOJUIEP JO IMOSBICHUS MOJACBETKH U
B3STh 3aXaTHEM Kypka. ['paHyisl MOKHO IOMEIIATh B HEKOTOPBIE COCYABI IS
HaOmoneHuss peakuumu. He wHcmonb3yiTe HECKOJIBKO TpaHyld B OIHOW KoJoe,
MOXKAITyHCTA.

[IpenynpexneHust 1 OIMOKN

Ecnun He mepenuBaercs BEIIECTBO WM IOCYNAa HE B3aWMOJEUCTBYET C
npudOpPOM, TO CTOMT MOCMOTPETh HANpaBO M BBEpX OT pabouero crtosia. Tam
BO3HUKAIOT YBEIOMJIEHNUS, €CIIN MOJIb30BATEND JEJIAET YTO-TO HE TaK.

Kpurtnuueckue ommodxku

Ecim  Haxm cocynoM  BHE3allHO MOSABWICS — KpacHass MKOHKa C
BOCKJIMLIATEJIBHBIM 3HAKOM, 3TO O3HA4aeT, 4YTO Mbl HE CMOIJIM KOPPEKTHO
CMOJICIMPOBATh MPOUCXOASIIEEe B COCyIe U OH OyIeT YHUYTOXKEH B TEUCHUH
HECKOJIbKHUX CeKyH[. K coxkaneHuro, Takoe HHOT1a CIIy4aeTcsl.

B3aumogeiicTBue ¢ uaTepdeiicamu

B naGopatopun ecTh nBa THIA B3aMMOJCHUCTBHSI C MEHIO, DKpaHAMU H
uHTepdericamu npuOOpPOB - pykod M JydoM. [l THEepexinoYeHus: pekuMOB
UCIIOJIB3YETCS KHOIKA “MEHI0 .

B3aumopeiicteue pykoi: Korma po mnpubopa wim  00BEKTa JETrKo
JOTSIHYTHCSI, BBl MOKETE MPOCTO MOJHECTU KOHTPOJUIEP K IKpaHy, U BUPTyabHas
pyKa BBITAHET YyKa3zaTelnbHbI mazner. Ha KoHuUMKe nanbla HAaXOAUTCA TOYKA
B3auMoOJecTBUS ¢ uHTepdeiicom. Paboraer kak »KpaH Bailero TenepoHa B
peanbHOCTU. “Tan’” WM THIYOK B CEHCOPHBIM 3KpaH - HaXaTHe Ha KYypOK
KOHTpOJUIepa.

Bsaumoneiicteue myyom: Wuorna mnpubGopsl unu uHTEpdeEiicsl ObIBAIOT
JIOCTATOYHO JAJIEKO, TOT/Ia MOXKET MOTPeOOBaThCSA BTOPOM TUIT B3aUMOICHCTBHUS -
Jayd. Jas mepexiitoueHuss B peXXUM Jiydya Wik OOpaTHO HaXXKMUTE KHOMKY “MEHIO”
Ha KOHTpojuiepe. B pexume Jyda BHpTyalbHAas pyKa @pomajgaer, a Hu3



KOHTpPOJUIEpAa HAYMHAET UCXOAMTH JIyd, KaK M3 JIA3€PHOU YKa3Ku. JTOT Jyd OyJeT
aKTUBHPOBATh Bce MHTEp(eENchl ¢ J100oro pacctosHus. Kiuk B 3TOM pexume -
Ha)kKaTHe Ha KypoOK.

HNHTEepakTUBHBIN CIIPABOYHBIN SKpPaH

CneBa oT crosia B 1a00OpaTOpUM €CTh MOABUXHBIA MWHTEPAKTUBHBIN JKpaH.
Ero MoxHO moMecTuTh B yA0OHOE JJiS BaC MECTO, CXBAaTUB 3a PYUYKY BHU3Y, WIH
OCTaBUTh Ha UCXOJHOM MecTe cieBa. Ha skpaHe ecTh cripaBouHas mHbopmaus,
TaONHIIBI, & TAK)KE€ OJHOPOAHBIN Oenblii M uepHbIil (oH. Vcnonb3yiite GoH, ecnu
BAM HYKHO IOCMOTPETHh YTO-TO Ha IPOCBET M BU3YAJbHO ONPEIEINUTHh LBET WIN
IIPO3PAaYHOCTH BEILIECTBA.

[Ipoie Bcero B3auMoieicTBOBaTh ¢ UHTEP(HENCOM dKpaHa B peKUMe “Imyd”,
0 KOTOPOM MOYHO IIPOYUTATh B COOTBETCTBYIOIIEM Pa3/eie CIIPaBKH.

JlocTaBIK NOCyAbI

Yro0bl HE pa3MelIaTh BCIO 3allaCHYIO MOCyy U OOBEKTHI Ha CTOJIE, B BallleM
pPACIIOPSDKEHUHM €CTh OJWH WM HECKOJIBKO OCTaBIIMKOB IIOCYIBI. Y HHUX €CTb
WHTEPAKTUBHBIN IKpaH U 00J1aCTh IOCTABKH.

Ha uHTepakTUBHOM 3KpaHe MOXHO YBHJIETh Ha3BaHUE TEKYIIEr0 OOBEKTa,
BBLIOPAHHOTO ISl IOCTaBKM, a TaK K€, Ha)XaB Ha IIECTEPEHKY B YIJIy JKpaHa,
MOMEHSTH 3TOT OOBEKT Ha IPYrod U3 CIUCKA, €CII ATO MPETyCMOTPEHO 3a7aucH.

Bri0OpaHHbIli 00BEKT MOSBUTCSA B OOJACTH JIOCTaBKH, €CIIM OHa CBOOOJHA.
Ecnu cHATh 00BEKT € JOCTABIIMKA, HA HEM TYT K€ MOSBUTCS HOBBIN.

Buemnuii Buna JloctaBmirka mocyisl Ha HECKOJIBKO 00bEKTOB:
Ytunuzarop

UtoOBl HE 3arpOMOXKJIaTh CTOJI HEHYKHOW WJIM TPSI3HOM MOCYA0H, OOBIYHO
IZIe-TO Ha CToJIe pa3melieH yrwin3atop. OH MMOXO0 Ha JOCTaBIIMK, HO HAa €ro
MJIOCKOCTH HAPUCOBAH 3HAYOK BTOPUYHOM MEpepadOTKu.

UtoOBbl yTHIM3UPOBATH OOBEKT, TOMECTUTE €r0 Ha IUIOMIAAKY YTUIIU3aTOpa.
[Tocne »TOr0 y Bac €CcTb OY€Hb KOPOTKOE BpPEMSs, €CIU Bbl OMMOJINUCH U XOTUTE
JIOCTaTh €ro 0OPaTHO.

[TomHuTE, 4TO YyTUIU3ALMS 00BEKTOB HEOOpaTUMa!

B 3aBucumMocTH OT 3a/1auu, yTHIN3aTOPA, KaK U JOCTABIIMKA, MOXKET HE
OBITH Ha CTOJIC.
Boccranosnenue cocyioB

HexoToprie cocy bl (0COOEHHO YacTO COCYAbI C pEaKTUBAMU) JOCTABIISIOTCS
Ha CTOJI MUHYS IUIOIIAJKK JOCTaBIIMKA. Eciu BBl ciiydallHO pa30mim OaHKy C
pEaKkTUBOM, CKOpee BCEro OHa IMOSBUTCS Ha TOM MeECTe, TJIe CTOsia B Hauaje
3aJa4M, €CJIM 3TO MeCTO cBOOOaHO. Eciiu cocyn ¢ peakTHBOM HE MOSIBUIICS, JTHOO
€ro MeCTO 3aHATO, JIMOO €ro MOBTOPHAs JOCTaBKa HE MPEIyCMOTPEHA YCIOBUSIMHU
3a/1auH.

3ananus

3amaHusi COCTOSAT W3 3a/1ad, KOTOPhIE HY)KHO BBIMIOJHUTH MOCIIEI0BATEIHLHO

WM B TIPOU3BOJIEHOM TIOPSIJIKE.
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Kaxxnas 3amava B 3aJaHMM MMeEET 3a4e€THBIM M MaKCUMaJbHBIM Oajli, H3
KOTOPBIX CKJIQJIBIBACTCS 3aU€THBIM U MaKCUMaJIbHBIN Oal JyIs BCETO 3a/IaHMUs.

3aaHle MOYKHO BBITIOJHUTH JO YKa3aHHOTO B HEM KpailHEroO CpoKa.

3agaHus Ha3HAYAIOTCS 4Yepe3 JIMYHbIA KabuHeT caiita. OObIYHO Ha3HAYaTh
3aJ]aHUsI MOTYT MOJIb30BaTEIN-YUUTEIISI.

Bo Bknagke “3amaHus’” B LEHTPAJbHOM 4YacTU Bbl MOXKETE YBHJETH BCE
Ha3HAUYCHHBIE BaM 3aJaHUs W 3aJa4d B HUX, MPOTPECC BBINOJHEHUS M KpalHUN
Cpok 3aBepiieHus padboTel. [Ipu BEIOOpE 3aa4M B IIEHTPAIIBHOM OKHE MPABOE OKHO
O0TOOpa3UT NOJIPOOHOCTH O BHIOPAHHOM 3a/1aue U JOCTYIHBIC IEUCTBUSI.

3agaun

3amaya - 3TO MUHUMAaJIbHas 4YacTh JKCIEpUMEHTa B Jiaboparopuu. llenb
3a71a4M HAIMCaHA Ha IUJIAHILIETE.

Omneparu ¢ OTACNBbHBIMU 3a7auaMu TPeOYyIOT TpaBa JIOCTYIa, U OOBIYHO
JIOCTYITHBI HAYMHAS ¢ YPOBHS “‘yuutenb . CHUCOK 337a4, TOCTYITHBIX MO JUIECH3UN
MOKHO IIOCMOTPETH TYT.

B pexxume paboThl 3agaun ©X MOXKHO MPOXOJIUTH, PU ATOM CTAaTUCTHKA HE
COXpAHSETCS, HO pe3yJbTaTbl ABTOMPOBEPKH TMOKA3BIBAIOTCS MO OKOHYAHUIO
3a/1a4H.

[Ipy HamMuMu COOTBETCTBYIOIIMX IIPaB 3aJayd MOXHO CO3JaBaTh,
pEeIaKTUPOBaTh, KOMUPOBATh M yAAIATh. B HaHHBI MOMEHT 3TOT (DYHKIIMOHAT
HAaXOJHWTCS B PEKUME PAHHETO JOCTYIIA.

3aBeplleHue 3aa4u

Jliist TOro, 4TOOBI 3aBEPIIUTH 33/1a4y, BaM HEOOXOAMMO BBINOJIHUTH YCIOBUS
3aJlayd U YyCTAHOBHUTHh Ha IUIOMIAJIKU MPOBEPKU TpeOyemble OOBEKTHl M HaXaTh
KHOIIKY “chaTh 3amauy”’. Eciu 3amaya Obla BBINOJHEHA OTIAEIBHO OT JIFOOOTO
3aJlaHNs, BaM ITOKaXXyT CTATUCTHUKY BBIIIOJIHEHMS, U Bbl CMOYKETE€ BEPHYTHCS B
MeH0. Ecnu 3amaya BBINOIHAETCS B paMKax 3aJlaHus, CTaTUCTUKA OTIPABUTCS Ha
cepBep M Baul nporpecc 3anumercs. [loMHUTE, YTO €CM BbI BBIITOJIHWIN 337a4y B
3aJJaHUM Ha MUHUMAJbHBIM Oajul WM BBbIIIE, 3TOT pE3yNbTaT HENIb3d Oyner
nepe3armcarh.

OueHka pe3ysbTaTa BbIIOJHEHUS 3a/1a41

Ha cTosie MOXET HAXOAUTHCS OJIHA UM HECKOJIBKO 30H MPOBEPKHU.

30HBI NPOBEPKU OBIBAIOT HECKOJIBKHUX pa3MepoB - oT 1 110 4.

B 3aBucHMOCTH OT pa3mepa Ha 30HY MPOBEPKU MOXKET ObITh YCTAHOBJIEHO OT
1 10 4 0OBLEKTOB.

Kaxxnip1it BepHbIii 00bEKT 3acuuThIBacTCs Kak 1 6amn. HeBepHble 00BEKTHI HE
YUUTBIBAIOTCS.

VYV Kaxmol 30HBI €CTh MaKCHUMAaJbHBIM Oaij, BbIIIE KOTOPOIO JaXKe
IPaBUJIbHbIE 0OBEKTHl YUUTHIBATHCA HE OYAYT.

MaxkcuManbpHbId 0ania TUIOMIAJKK 3aBUCHUT OT 3ajaud, OyJIbTe€ TOTOBBI K
TOMY, UTO IUIOMIaKa Ha 4 peaMeTa MOXKET MIPUHECTH BaM Bcero 1 Gam.
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Ecmu cymma 6amoB miomagoKk MPOBEPKH paBHA WM OONBINE 3a4ETHOTO
Oanna 3a7audd, 3ajadya CYMTAETCS MpoHAeHHOW. Bbl MokeTe mepenpoilTu ee erle
pas, HO KaK pe3yibTaT OyAeT 3alucaHo MepBOe yAauHOE IPOXOKICHHUE.

Eciu cymma 06amioB IIIONIAIOK MEHBIIE 3a4€THOTO Oajuia, 3a7ada He
CUMTAETCs] TPOMJACHHOW, Baml Oallyl 3alUChIBAETCI Wy Bac COXpaHIETCS
BO3MOYKHOCTh MPONTH 3a]ja4y Ha OoJiee BHICOKUI Oasl.



MeTtoauyeckue ykazaHusi K BUPTYaJabHbIM JIA00PaTOPHBIM padoTam

Meroanueckue ykKazaHUs [0 BHUPTYyaIbHBIM JIA0OPATOPHBIM paboTam

BKJIIOYAIOT B CE0S1 CIIEYIONINE pa3/ieiibl:

—  Tewma mabopatopHoit pabOTHI

—  Teopernyeckuil MmaTepuan

—  Onucanue paboThI

—  Ilopsiiok BBITIOJIHEHHS pabOThI

—  BrimosnHeHHE 1a60paTOPHOI pabOTHI

—  ®opma cauym oTueTa 1o JadbopatopHoil pabote

—  KouTponbeHble (NIpOBEpOYHBIC) 3aJaHUsT 1O UTOTaM  IPOBEJACHHOMU
1abopaTopHOIl paboThI

Pazoen. Teopemuueckuti mamepuar.

JInst  ycnemHoro BBINOJHEHUS BHUPTYyaJbHOM J1a00opaToOpHOM  paboOThI
CTYJEHT JIOJDKEH TINATEIbHO MpOpadOTaTh TEOPETUYECKH Marepuan Mo TeMe
nabopatopHoil paboThl. J{yia moaTBepKaeHUST CPOPMUPOBAHHOCTH JOCTATOUHOIO
YPOBHSI KOTHUTHBHBIX PE3yJbTaTOB OOy4YEHHsS TMOCIE O3HAKOMIIEHUS C
TEOPETUYECKUM MAaTEPHUAIOM CTYJEHT JOJHKEH YCHEUIHO BBITOJHHUTH 3aJaHUs IS
MOJTYYEHHUsI JOMYCKa K BBIMOJHEHUIO Ta00paTOpHON pabOThl, BKIIFOYAIOIIUX B ce0s
MIPOBEPKY 3HAHUS U MOHUMAaHUE U3Yy4aeMOoro nporecca.

Paznen. Onucanne paboThl BKIIOYAET B CEOS:

— 11eJ1b Ta00opaTOpHOM padOTHI,

— KpaTKOE OMHMCAHUE BHITTOJHEHUs PabOThI C 3aIaHUSIMU TI0 TIPEABAPUTEIILHOMN
00pabOTKe MCXOAHBIX JAHHBIX JJIA MPOBEACHUS XMMHYECKOTO 3KCIIEPUMEHTA,
KOTOpbIE MOTYT BKJIIOYaTh B Ce€Os NPOBEICHHE pPACYETOB KOHLEHTpALUU
pacTBOPOB, KOJMYECTBA BEUIECTBA M JAPYIMX MCXOAHBIX [ApaMETPOB H
XapaKTEPUCTUK [UIsl YCHEIIHOIO MPOBEACHUS XUMHUYECKOro SKCIEpPUMEHTa B
COOTBETCTBHH C IMOCTAaBICHHON MHIUBUAYAIbHOM 3a7aueii repe 00yJaromumcs,

— CXeMy VYCTaHOBKM, pacyeTHble (QOopMyIbl, OmHUChIBaeTCs pabota ¢
rpadukamu.

Paznen. Ilopsimok BbITIONIHEHUST PAaOOTHI — A3TO TMOIIATOBBIE WHCTPYKIIHH
BBITIOJIHEHUS J1Ta0OpaTOpHOM padoThl, KOTOpas BKIIOYAaeT B ce0S  CCHUIKY Ha
OHJIAHH pecypCc WM YCIOBUS JIOCTyNa K BHUPTYaJIbHbIM J1abOpaTOpPHBIM
KOMILJIEKCaM (MPOTPaMMHBIM 00€CTIEUEHUSIM YCTAaHOBJIEHHBIM Ha KOMITbIOTEPAX), B
T.4. YAQJIICHHO JJI1 HaOIIOJEHUS/U3yuYeHNEe XUMUYECKOTO IKCIIEPUMEHTA.

B pasnene «BpinoaHenue paboThD» CTYJEHT BBINOJHSAET SKCIIEPUMEHT.

[Ipu 5TOM paznaen MOXKET BKIIIOYATh B ce0s KaK BECh AKCIIEPUMEHT B LIETIOM,
TaK U €ro OTAEJbHBIC ATAMBI C LETbI0 00eCeUeHHs] BO3MOXKHOCTH:

— HaOJIOJeHUsT XOJla TPOTEKaHWs W (QUKcaus CTYJSHTOM pe3yJIbTaTOB
n1abopaTopHOIl pabOTHI;

— HaOJIOJCHUS TPABUIILHOTO X0/1a BBITOTHEHHS XUMHUECKOTO SKCTIEPUMEHTA,

— BBISBJICHHS OLTMOOK B TEXHUKE BBITIOJHEHUS SKCIIEPUMEHTA;

— MOJEJNMPOBAHNE BO3MOKHBIX OTKJIOHEHHUM OT 33JJaHHBIX [TapaMeTPOB;

— HaOII0eHUS TOOOYHBIX TIPOIIECCOB U T.J.



OTuet o 1abopaTtopHOil paboTe BKIIIOYAET B CEOSI:

(GopMy IpenocTaBleHUs OTYETHOCTH IO BBINIOJHEHHOW J1abopaTopHOM padoTe, ¢
yKa3aHWEM 3HAYCHMM, MOJyUYEHHBIX B XO/€ HKCIIEPUMEHTA U3MEPSIEMbIX BEJINYMH,
C MPHUBEACHHEM pPAcCUETOB U IIOTPELIHOCTEH B COOTBETCTBHM, O(POPMIICHUEM
TaOJIML WIK I'paUKOB B COOTBETCTBUHU C 3aJaHUSMH 1O 00pabOTKEe pe3yibTaToB,
MOJIyYEHHBIX B X0OJI€ XUMHUYECKOIO SKCIIEPUMEHTA.

3amanus no oOpaboTKe pe3ynbTaToOB, MOIYYEHHBIX B XOJ€ XHMHUYECKOTO
IKCMEPUMEHTA, JOJDKHBI OBITh HAmpaBieHbl Ha BBIIBICHHE B3aUMOCBSI3U
CYIIECTBYIOIIUX TEOPETUUYECKUX TIOJIOKEHUM (3aKOHOB, 3aBUCHUMOCTEH) C
MOJTyYEHHBIMU B XOJIE€ SKCIIEPUMEHTA pe3yIbTaTaMU OMbITa U Ha (POPMUPOBAHKE B
TOM YHUCJIE CUCTEMHBIX PE3yJIbTaTOB O0yUCHUSI.

JUist  obecrnieyeHHs] CaMOCTOSITEIBHOTO OOY4Y€HHUs HKCIIEPUMEHTAJIbHBIE
JaHHBIC, TIOJy4YeHHBbIE B pe3ylbTaTe TMPOBEACHHUS OMNBITa, MOTYT OBITH
UH/IMBHUIYaJIbHOTO XapaKkTepa.

[Io 3aBepuieHMM 7a0OpPaTOpHOM pabOThl  CTYIEHT JIOJDKEH ClaTh
IPENoAaBaTeNl0 OTYET MO J1abOopaTOpHOU paboTe U JaThb OTBET Ha KOHTPOJIbHbBIE
(mpoBepouYHbIE) 3alaHusl B YCTHOM uiu nucbMeHHOM ¢opme. IlpenonaBarens
OLICHUBAET BBINOJIHEHHE JAOOPATOpPHON pabOThl B COOTBETCTBUU C CHCTEMOMU
(KpuTepusiMH) OLIEHUBaHUS JabopaTopHOil paboThl. [ MpOBEPKHU pe3ynbTaToOB
3aJjaHuil, a TaKkXke OTYeTa B LEJOM MOTYT OBbITh HCIHOJB30BaHbl Pa3IMYHbIC
MOJIXOJbl: WHAWUBUAYATbHBIE W TPYIMIOBHIE OMPOCHI B OHJNAWH WM odmaitH
peXHUMax, a TAK)KEe B3aUMOTPOBEPKA O0YUAIOIIIUMHUCS U AP.

JlaGopaTopHasi padora 1 ¢ npumenennem VR-TexHosiorui
«Peakuuu HOHHOT0 00OMEHA»

Teopernuecknit MaTepuas

Peakuuto, mMpoTeKaronyro B pacTBOPE, MOKHO IIPEICTaBUTh B BUJIE:

- MOJIEKYJISIPHOTO YpaBHEHUS PEaKILINU;
- HIOHHO-MOJIEKYJISIPHOTO YpaBHEHUs (IIOJIHOTO WJIM COKPALIEHHOTO).

VYpaBHeHue peakiuu, coJieprkaiiee TOJIBKO bopmybl
HEJUCCOLIMMPOBAHHBIX BEILECTB, HA3bIBACTCA MOJICKYJSPHBIM  YPABHEHHUEM.
MonekynsipHass gopMa ypaBHEHHUs IOKa3bIBA€T, KAKWME BEIIECTBA M B KaKOM
KOJIMYECTBE YYAacCTBYIOT B peakuuu. OHO MO3BOJISET MPOU3BOJIUTH HEOOXOIUMbIE
pacyeTsl, CBSI3aHHBIE C JAHHOM peakIuei.

VYpaBHeHue, copaepxamniee GOpMyJIbl HEIUCCOIMUPOBAHHBIX  CJIA0BIX
AJIEKTPOJIUTOB M MOHBI CUJIBHBIX AJIEKTPOJIMTOB, HA3bIBAETCS MOJHBIM HOHHBIM WJTU
MOHHO-MOJIEKYJIIPHBIM ypaBHeHHEM peakiuu. COKpaTuB OJMHAKOBBIE IPOAYKTHI B
JeBOM M MpaBOM YacTH HOHHO-MOJIEKYJSIPHOTO YpPaBHEHHS pEakluu, MOJydaeM
COKpAILIEHHOE WIH KPAaTKOE HOHHOE YPaBHEHUE PEAKLIUU.

HNonHoe ypaBHEHHME, HE COJEpKallleeé OJMHAKOBBIX BEIIECTB (MOHOB WU
MOJIEKYJI) B JIEBOW M TPaBOM YaCTU pPEaKIMH, HA3bIBAETCS COKPAIICHHBIM WU
KPaTKUM HOHHBIM YpaBHEHUEM pPEaKIUU. DTO YPaBHEHHE U OTPa)KaeT CYIIHOCTb
MPOUCXOISIIEH PEaKIIUU.

[Ipu 3anvcu HOHHBIX YpaBHEHUH peakIuii HEOOXOIMMO TOMHHTD:



1) cuibHBIE SJEKTPOJIUTHI  CIEMYeT 3alHuChiBaTh B  BUAEC  OTHCIBHBIX
COCTaBJISIFOIINX UX UOHOB;

2) cia0ble AIEKTPOJIUTHI M MaJlOPACTBOPUMBIC BEIIECTBA CJICIYET 3alMChIBAThH
B BUJIE MOJIEKYIL.

B xauectBe mpumMepa pacCMOTPUM B3aUMOJIEMCTBUE COAbI C KHUCIOTOW. B
MOJIEKYJIIPHOM YPAaBHEHHM PEAKIHWHU HCXOJHBIE BEIIECTBA M MPOAYKThI PEaKIUU
3aMuChIBAIOT B BUJie Mojiekys: Na,CO3 + H,SO,4 = Na,S0O,4 + CO,1 + H,0.

[IpyHuMas BO BHMMaHHE, YTO B BOJHOM PAacTBOPE MOJEKYJbI 3JEKTPOJIUTOB
pacnajaroTcs Ha MOHBI, TOJIHOE HOHHOE YPAaBHEHHUE 3TOM pEaKIUU UMEET BU/T

2Na" + CO;* + 2H* + SO, = 2Na" + SO, + CO,? + H,0.

CokpaTuB KaTHOHBI HaTpusi Na' u cynb(ar-HOHbI SO, B IIPaBOM U JIEBOM

YacTAX YpaBHEHUS, TOJIYYUM COKPAILIEHHOE HOHHOE YpPaBHEHUE:!
CO5* + 2H" = CO,?t + H,0.

B uOHHOM ypaBHEHMH clla0ble 3JEKTPOJIMUTHI, Ta3bl U MaJOpaCTBOPUMBIE
BELIECTBA 3alMCHIBAIOT B BHJE MOJIEKYJ. 3HAK |, CTOSMMHA MpH (popmyie
BElIeCTBa, 0003HAYAET, YTO 3TO BEUIECTBO BBIBEJIECHO U3 C(PEphbl PEaKIMHU B BHUJIE
ocajka, a 3Hak T 0003HauyaeT, 4TO BEUIECTBO yAAISAETCS U3 cPephl peakluy B BUAC
rasa.

BemecTtBa, MOJIEKYJIbI KOTOPBIX IIOJHOCTBEO JIHUCCOLMUPYIOT HA HOHBI
(cunbHBIE BJIEKTPOJIUTHI), 3alMCHIBAIOT B BUAE HMOHOB. CyMMa 3JIEKTPUUYECKHX
3apsA0B JIEBOM YacTH YpaBHEHMs JOJDKHA ObITh paBHA CYMME D3JIEKTPUYECKHX
3apsnoB  mpaBoW vacTh. [lpm HamWcaHMM HMOHHBIX YPaBHEHHM  CIIEyeT
PYKOBOJICTBOBAThCSl TaOIMIIEH PAaCTBOPUMOCTH KHUCJIOT, OCHOBAaHUW M COJIEH B
BOZE, T. €. 00fA3aTENbHO NPOBEPATH PACTBOPUMOCTH PEAr€HTOB M MPOAYKTOB,
OTM€uas 3TO B YPAaBHEHHUSIX.

3amaHue: pacCMOTPETh U 3amucaTh B TETPAaU NIPUMEPHI 3allUCU HOHHO-
MOJIEKYJIIPHBIX YPaBHEHUM:
[Ipumep 1. OOpazoBaHue TpPyAHO- U MAaJOPACTBOPUMBIX COCIMHEHHM
(ocamgka). ObpaszoBanue cynbbara 6apus. MonekyIspHOE YpaBHCHHUE PEAKIIUU:
BaCl2 + Na2S04 = BaSO4| + 2NaCl.
[TonrHOE MOHHOE (MOHHO-MOJIEKYJISIPHOE) YPABHEHUE PEAKIIUU:
Ba2+ + 2CI" + 2Na+ + SO4 2 ~ = BaS04| + 2Na+ + 2CI".
CoxkpallileHHO€ HOHHOE YpaBHEHUE peakluu (KpaTtkas popma ypaBHEHHS]):
Ba2++ S04 2~ =BaS04].
[Tpumep 2. O6pazoBaHue ra3000pa3HOToO BEUIECTBA.
a) Na2S + 2HCIl = H2S1 + 2NaCl (MonekyspHOe ypaBHEHUE)
2Na+ + S2— + 2H+ + 2Cl- = H2S1 + 2Na+ +2Cl- (mosHOE MOHHOE YpaBHEHHUE)
2H+ + S2— = H2S1 (cokpallleHHO€ MOHHOE YPaBHEHHE)
0) K2CO3 +2 HC1 =2 KCI1 + CO21 + H20 (MonexyJapHOE YpaBHEHHUE)
CO3 2— + 2 H+ = CO21 + H20 (cokpaiiieHHOE HOHHOE YpaBHEHHE).
[Tpumep 3. O6pa3zoBaHue c1abOro AEKTPOIUTA BOJIBIL:
2NaOH + H2S04 = 2H20 + Na2S04 (MonekyasipHOE ypaBHEHHUE)
2Na+ + 20H- +2H+ + SO4 2— = 2H20 + 2Na+ + SO4 2— (nmomHoe MOHHOE
YpaBHEHUE)
20H-+ 2H+ = 2H20 (cokpallileHHO€ HOHHOE YpaBHEHHE).



Onucanue padoTbl

Leab paGoThl - CHCTEeMaTU3UPOBATH 3HAHUS O PEAKIUSIX MOHHOTO OOMEHA,
UX TPHU3HAKAX; 3aKPEMUTh HABBIKM HAMNWCAHUS PEaKIMid B MOJICKYJSIPHOM, B
IIOJTHOM HOHHOM U B COKpPAIEHHOM HOHHOM BHJIC.

IInanupyemble pe3yJbTaTbhl, Ha JOCTIDKCHHE KOTOPBIX HAIMPaBJICHO
BBITIOJTHEHUS PaOOTHI:

Jluunocmuvle  pezynomamul:.  MOTHUBaUS K  OOyYCHHIO, HaJUYHE
CIIOCOOHOCTH CTaBHTH IICIIH.

Memanpeomemnule pe3yiomamoi.

— YHUBEpCaJbHbIC ydYeOHBIC TIIO3HABATEIbHBIC: MPUMEHATH B IIpoliecce

MO3HAHUS HCIOJb3yeMble B XMMHU CHMBOJIMYEeCKHEe (3HAKOBbIE) MO/IEJIH,

npeobpa3oBbIBaTb MOJieJibHble TMpeJCTaBJeHUsT — XUMHYECKUH 3HaK
(cuMBoOJI) 3JieMeHTa, XUMUUecKas QopMyJia, ypaBHEHHE XUMHUYECKOH
peakiud — INpU pelleHUH y4YeOHBIX MO3HAaBAaTeJNbHbIX U MPAKTHYECKUX

3a/1a4, IPUMEHSATh Ha3BaHHbIE MO/le/IbHble MPeACTaBJEHUs AJis1 BbIsIBJEHUS
XapaKTepHbIX MPU3HAKOB M3y4YaeMbIX BEIIECTB U XUMHUYECKHUX peaKIUH;
COBEpIIICHCTBOBATh YMEHHs HAOIIONaTh 3a XOJOM MPOIEcca, CaMOCTOSTEIHHO
MPOTHO3UPOBATh €ro pe3yibTaT, GOPMYIUPOBATh OOOOIIEHUS U  BBIBOJBI
OTHOCUTEIBHO  JIOCTOBEPHOCTH  pE3YyJbTAaTOB  MCCIEIOBAHUSA, COCTABIISTH
000OCHOBaHHBIN OTYET O MPOJICITAHHON padoTe.

— KOMMYHUKATHBHBIC Y4eOHBIC TIO3HABATEIBHBIC: (POPMYIUPOBATH BHIBOJIBI IO
pe3ynbTaTaM MPOBEAEHHBIX NCCIEIOBAHMM.

— PETYJSITUBHBIC ydYeOHBIC IO3HABATEIBHBIC: OCYIIECTBIATH CAaMOKOHTPOJb
CBOCH JESATEIILHOCTH Ha OCHOBE CaMOaHaJIN3a M CAMOOIICHKH.

IIpeomemnuvle pesynbmamul 0c8oerus xumuu: cOPMUPOBAHHOCTh YMEHUN

COCTABJISITh TIOJIHBIE M COKpAIIEHHbIE YPaBHEHUS PEAKIUA HOHHOTO OOMeEHa,
YUUTBHIBAS YCIOBUS, PU KOTOPHIX 3TU PEAKIIMU UIYT 10 KOHIIA.

IHopsigok BeIMOJIHEHHSI PadOTHI
VYyebHas rpynmna JenauTCs Ha JBE MOATPYNIBL, KaXaas HX KOTOPBIX
BBITIOJIHAET MO o4epenu yuyeOHsle 3anaun. [lepas noarpynna 3anumaercs 3a [1K.
Bropass mpoBoauT BupTyadbHble HKcnepuMeHThl. Ilocie 45 MuHYT 3aHITUA
MOATPYIIIBI MEHSIOTCA MeCTaMU. 1.0 K KOHIly Iapbl BCE CTYIEHTHI BBIIIOJIHAT BCE
IIOCTABJICHHBIC 3a1a4U.

Y4ueOHas 3ana4a nid 1-it noarpynnsi (45 MuH.):
3ananue 1.
[lepeittu mo QR-KOQy U3Y4YUTh OCOOCHHOCTHM HMOHHBIX YpaBHEHHH U
aJITOPUTM COCTABJICHHUSI HOHHOTO YPaBHEHUS.



BrimonauTe TecT Ha koMmbroTepe. [lepeliTu Ha cailT gosocrative.com.
3ananue 2.

Beectn Ha3Banme komHathl (Room name): B585 u crnemoBaTh manbHEHIIMM
yKa3aHHUSM.

YueOHnas 3a1a4a sl 2-i noArpynnsl (45 MuH.):
Beinonauts padotry B VR-npunoxenuu. IlpoBectn peakuuu, COCTaBUTh U
3anMcarhb B TETPAJb YPABHEHHUS.

®dopma c1aum 0TYeTA

3a mepByl dYacThb pabOThl OOydYaromuecs TMPeACTaBISIOT Pe3yIbTaThl
TCCTUPOBAHHUA U 3alIMCH NOHHBIX ypaBHeHI/Iﬁ B COOTBCTCTBUHU C 3aIaHHUCM.

3a BTOpPYIO 4YacTh paOOThl HEOOXOAWUMO 3amucaTh B TETPadb YpPaBHEHWS,
COOTBETCTBYIOLIUE COKPALLEHHBIM:
A) Ca**+C0;” = CaCOs
B) SO52+2H* = SO,+H,0
B) OH+H" = H,0
I') Fe"+30H = Fe(OH);

KoHTpoJsibHbBIE 321aHUS IO UTOraM MPOBEIEHHOI PaAdOThI
B kauectBe 00ImIer0o BBIBOJA OTBETUTHh Ha BOMPOCHL: «KakoOBBI MpU3HAKK
peakiuii HOHHOTO oOMeHa?», «YeM OTIUYarOTCs MOJTHBIC U COKPAIIEHHBIE HOHHBIC
ypaBHEHUSA?».

JlaGopaTopHnasi paéora 2 ¢ npumeHenueMm VR-TexHosorumii



«Omnpenesenue cpeabl pACTBOPOB BeLECTB ¢ MOMOLIBI0 YHHBEPCAIbHOI0
HHIMKATOPa»

Teopernueckuii MmaTepuast
YPpOBEHb KHCIOTHOCTU CPEIbl MPUHATO U3MEPATH IO YCJIOBHOM mikaie ot 0
(ouensp kucnasg cpena) 10 14 (odensp menouHas cpena). HeiltpanbHbIM cuMTaeTcs
MOKa3aresb, paBHbld 7 — 3T0 pH 4ucTOM BOJIBL.
Bemnunna pH mokaseiBaeT ypOBEHb KHCIOTHOCTM cCpenbl. BBemeHa ara
XapakTepHUCTHKa Oblta B caMoM Hadaie XIX Beka 11 0003Ha4YCHHs] aKTUBHOCTU
MOHOB BOJOpoAa B pactBope. KoHIEHTpalusi MOHOB H3MEpsieTCS B MOJBY/I> U

BbIpakaerca uuciaamu nopsaka 10-1... 10-14. JIns  ygoOctBa  HOBYIO
XapaKTePUCTHUKY CTAIH MPEACTABIATE yepe3 hopMyIry
pH = - lg(H+), T.e. ypoBE€Hb KHCIOTHOCTH CpeAbl — 3TO CTeneHb (0e3 3Haka)

YKCJa, BEIPAKAKOMEr0 KOHIEHTPALUIO HOHOB BOAOPOAA.
3HaHWE YPOBHS KHUCIOTHOCTU Cpelbl TpeOyeTcs BO MHOTHUX 00JIacTiX, B
YaCTHOCTHU:

- pH Bomel  mpoBepsoT B OaccediHax, akBapuymax, Ipu
BOJOIOATOTOBKE, ISl HPUTOTOBJIEHHUS PAacCTBOPOB C 33JaHHBIMH CBOWCTBaMU
(Hanpumep, KpacuTeneu s OyMaru Wik TKaHU, THbEKIMOHHBIX IIPENapaToB).

— MHorue nuieBble MNPOAYKTHI Ha NPEANPUITHSAX MHUIIEIPOMA
TECTUPYIOTCS HA YPOBEHb KHCIOTHOCTH.

- B cenbCckOM XO34ICTBE MpEkKIAE, YEM PEMIUTh, KAKUE KYJIbTYpPbI
BBIPAIIMBATh, MPOBOAUTCA aHAJM3 KUCJIOTHOCTH IOYBBI, TaK KakK JJISI Pa3HbIX
PaCTEeHUH ONTUMAJIBHO MOAXOAUT IOYBA C PA3HOW KUCIOTHOCThIO. pH mMouBBI
HEOOXOJMMO pEeryjJupoBaTh B KOMHATHOM IIBETOBOJCTBE U  TEIUIMYHBIX
XO3SIMCTBAX.

- YpoBenb pH — BakHBIN MOKa3aTeNb 1Sl KOCMETHYECKUX MPOIYKTOB:
KPEMOB, JIOChOHOB, IIaMITyHEH, MbLJIa U T.1. MBI 00s13aT€NIbHO pacckaxeM 00 3TOM
noAPOOHO B CIEAYIOIIEH CTAThE.

— KucnotHocte cpeapl  NPOBEPAIOT B AHAJIMTHYECKOW  XUMUHU,
dbapmareBTUKe, MHUKPOOHMOJIOTHH, OWOXMMHUM, XUMIIPOME, TPOU3BOJICTBE
ynoOpeHuil, KOpMOBBIX T00ABOK, HETEMPOTYKTOB, TOILIUB U JP.

J1ns onpeniesieHrsi YPOBHSI KUCIIOTHOCTH CPEIbl CYIIECTBYET TPU OCHOBHBIX
crocoba — ¢ MOMOIIIBIO:

— XUMHUYECKUX UHJIUKATOPOB,;
— DJIEKTPOHHBIX pH-MeTpoB;
— aHAJUTUYECKUX METOJIOB.

Kaxnpiii 13 3TUX CcnocobOB HMMeEEeT CBOM JOCTOMHCTBA M HEJOCTaTKU.
AHamuTUYECKHI METOH CaMbId CJIOXKHBIM B MCIIOJHCHHH, HO 3aTO U CaMbId
TOuHbIA. [l ero mnpoBeleHUs HYyXHa JabopaTopus W COOTBETCTBYIOIIEE
o0opynoBanue. HyX HO BBIONHUTH TUTPOBAHUE, a MOTOM BblYMCIUTH PH Ha
OCHOBAHMM M3BECTHOW KOHIIGHTPALIMM HCCIEIYyeMOro pacTBopa U o0bema
MCIIOJIb30BaHHOTO TUTPAHTA.



OnekTpoHHble pH-MeTpbl OYE€Hb TOYHBIE, MOTYT MPUMEHSATHCS B MOJIEBBIX
YCIIOBUSIX, HO OTHOCUTEIBHO JOPOTU U TPEOYIOT peryisipHoi kanubpoBku. Kpome
TOTO, OHU TPEOYIOT OEpPEKHOr0 OOPAILEHUS U TOYHOTO CIEAOBAHUS MHCTPYKIIHH.

Hcnonb3oBaHne XUMUYECKUX HWHIUKATOPOB HE TpeOyeT cepbe3HOM
poecCUOHANbHON MOATOTOBKHU; MOXET MPUMEHSTHCA KaK B J1a0OpaTOpusiX, TaK U
Ha Bble3sie. OJJHAKO TOUHOCTh ATOTO crocoOa camasi HU3Kas, K TOMY K€ 3aBHCHUT OT
CyOBEKTUBHOM OLIEHKH HccliienoBaTens. Eie oAuH HEeIOCTaTOK: HEBO3MOMXHOCTD
paboThI C CHIIBHBIMU KUCJIOTaMU U 1iejaodyamu. Ho MeTos odueHb mpocT, JICIIEB U, B
OOJIBIIIMHCTBE CIy4aeB, €ro TOYHOCTH T0CTATOYHO. IMEHHO 1MOATOMY OH — CaMblii
MONYJISIPHBIA KaK Y XMMUKOB, TaK U y CIEIHUAIUCTOB IPYTUX 001acTe.

B kadecTBe XMMWYECKUX WHIUKATOPOB ypoBHS pH cpeapl mpuMeHstOTCS
OpPraHMYECKUE BEIIECCTBA, MEHAIOIINE OKPACKY B 3aBUCUMOCTH OT KHCJIOTHOCTH.
Takue BemiecTBa HA3bIBAIOTCA KUCIOTHO-OCHOBHBIMU WHJIMKATOPAMHU. JTO MOTYT
ObITh BOJHBIC WJIM CIUPTOBBIC PACTBOPHI; PEAKTUBBI B BHUJIE MOPOIIKA; MOJOCKU
OyMaru, TPONUTAHHBIE WHIUKATOPOM M BBICYHIEHHBIC; MOJIOCKH TMOJIUMEPHOU
IUDICHKA C HAaHECEHHBIM Ha Hee HHAUMKaTopom. Ilpomie Bcero Imosb30BaThCA
WHIUKAaTOpHOU Oymaroi. OHa BBINTyCKaeTCs ¢ TaOiuien (IIKasoil) 3TaJOHHBIX
LIBETOB, COOTBETCTBYIOIIMX KHUCIOTHOCTU pacTBOpa WM C HalleYaTaHHbIMU
3HaueHusMH ypoBHsS pH. Bbymara mosker ObITH BBHINIOJIHEHA B BHJIE IOJIOCOK,
PYJIOHOB, KHUYKEUEK U T.II.

BoJIbIIMHCTBO MHANKATOPOB UMEIOT OJIHY-/IBE, HHOTIAa TPU TOUYKH MEPEX0/1a
[IBETA U IPUMEHSIIOTCA B OTHOCUTEIBHO Y3KOM JIMANa30HEe 3HAYCHUN KUCITOTHOCTH.
Jlns u3mepeHuil B IIMPOKOM HMHTEPBAJE MCHOJIB3YIOTCSA MOJIOCKHA, MPOMUTAHHBIC
CMECBhI0 MHAMKATOpOB. Hampumep, BBIMTYCKaeTCs «YHHUBEPCAIbHBIA HHIUKATOPY,
onpexaensironmid pH ot 0 7o 10.

CambIM M3BECTHBIM MHJUKATOPOM SIBJISIETCS JJAKMYC M JJaKMycoBas Oymara.
DOTOMY HWHJIMUKAaTOPY HECKOJBKO COTEH JIET, B KHUCJIOW Cpele OH OKpaIlWBaeT
pacTBOpP B pa3Hble OTTEHKHA KPACHOIO; B IIEJIOYHOWM — B OTTEHKH CHUHErO Pa3sHON
MHTCHCUBHOCTHU. B HelTpabHOM cpeie pacTBOp (hHOJIETOBBIN.

[Tonmp30BaThCs XMUMUYECKMMHM HMHAMKATOpaMU MpocTo. B wuccnexyembii
pacTBOp O0ABJISETCS HECKOJBKO Kamelb WHAWKATOpa WIW B PacTBOpE
CMauyuBaeTcsl TecT-nojocka. CpaBHUBAS MOJYYEHHBIN IBET C 3TATIOHHON 1IBETOBOM
CXEMOM, CyIIT 00 YPOBHE KUCIOTHOCTH CPEJIBI.

Onucanue padoTbl

Leab paGoTsl - COBEPIICHCTBOBAHKE, 3aKPETIEHUE U CUCTEMAaTHU3aIHsl 3HAaHUH O
NMPUMEHEHUN YHHUBEPCAJIBHBIX HWHIUKATOPOB I ompeaeinenus pH-cpeas
PacTBOpPOB.

Ilnanupyemble pe3yabTaThbl, HAa JIOCTH)KCHHUE KOTOPBHIX HAIPaBICHO
BBITIOJTHEHUS PAOOTHI:

Jluunocmuvle  pesynbmamul.  MOTHUBalMsA K  OOy4YEHHUIO, HaIM4YUe
CIOCOOHOCTH CTAaBUTH IIEJIH.

Memanpeomemnule pe3ynomamoi.

— YHUBEpCaJbHbIE ydeOHBbIC TO3HABAaTENbHBIC: MPUMEHSATbH B Ipolecce

MO3HAHUS HCIOJIb3yeMble B XMMHUU CHUMBOJIMYECKHE (3HAKOBbIE) MOJIEJIH,



NpeoO6pa30BbIBaTh MOJeJIbHble TMpPEACTAaBJAE€HUSI — XHMHUYECKUU 3HaK
(cumBOJI) aJsieMeHTa, XUMUYecKas QOpMyJia, ypaBHEHUE XUMHYECKOH
peakliMM — IpU peUIeHUM Y4eOHbIX NMO3HABAaTEJbHbIX W NPAKTHUYECKUX
3a/ja4, IPUMEeHATb Ha3BaHHbIe MOJeJIbHble pe/CTaBJIeHUs [Ji1 BblABJIEHUS
XapaKTEpPHbIX NPU3HAKOB M3y4aeMbIX BeIeCTB U XHMHYECKUX pPeaKIUH;
COBEpIIICHCTBOBATh YMEHHs HAOMIOaTh 3a XOJOM IpOIecca, CaMOCTOSTEIIBHO
MPOTHO3UPOBATh €ro pe3yibTaT, ¢(OPMYIUPOBATh OOOOUIEHUS U  BBIBOJBI
OTHOCHUTENBHO  JIOCTOBEPHOCTH  pE3yJbTAaTOB  MCCIEAOBAHUA,  COCTaBIISTh
000CHOBaHHBIM OTUET O MPOJICTaHHON padoTe.

— KOMMYHUKATHUBHBIE Y4eOHbIE MMO3HABATEIbHBIC: (POPMYIHPOBATH BHIBOJIBI IO
pe3yJibTaTaM NPOBEIEHHBIX UCCIEIOBAHUM.

— peryJaTHBHbIE Y4YeOHBbIC IO3HABATEJbHBIC: OCYIIECTBISATH CAaMOKOHTPOJIb
CBOEH JIEATEIIBHOCTH HA OCHOBE CaMOAHaJIN3a U CAMOOLICHKH.

lIpeomemmnvie pezyromamul ocgoenuss xumuu: ¢HOPMUPOBAHHOCTh YMEHHA

ONPEAEHATh KHUCIOTHOCTh CpEIbl PACTBOPOB C IMOMOIIBIO YHUBEPCAIBHBIX
VHJIUKATOPOB.

IHopsaok BeINOTHEHUs1 padoThI

VYyeOHass rTpynma JAeNUTCs Ha JBE MOATPYMIbI, KaxkJaas HX KOTOPBIX
BBITIOJTHSET TIO ouepeau yueOHble 3anaun. [lepBast moarpymnma 3anumaetcs 3a [1K.
Bropasg npoBoauT BHpTyanbHble SKcnepuMeHTH. [locme 45 MuMHYT 3aHATHA
MOATPYIIIBI MEHSIOTCA MecTaMu. T.0, K KOHILY Hapbl BCE CTYACHTHI BBIIOJIHAT BCE
ITOCTABJICHHBIC 3a7a4H.

3apanme 1. Heooxoaum 11K ¢ HaymiHukamu.

CryzneHTsl IPOCMATPUBAIOT M IPOCIYIINBAKOT BUIEO C 3KCIEPUMEHTAMU I10
NOJIYYEHUIO YHUBEPCAIBHBIX HHIUKATOPOB. 3apUCOBBIBAIO U OMMUCHIBAOT OIIBITHI.

https://www.youtube.com/watch?v=ukenUf-zOPc -  skcmepuMeHT  TIO
MOJIYYECHHIO YHUBEPCAIBHOIO UHAUKATOpa u3 YEPHHUKHU "
https://www.youtube.com/watch?v=mJjKccyYtgk - skcrnepuMeHT Mo MmosyueHuro
YHUBEPCAIBHOTO MHIUKATOPA U3 KPACHOKOYaHHOM KaIyCThl.

3apanme 2. Bemonnute pabory B VR-mpunoxenun «KucioTHO-OCHOBHBIE
UHIUKATOPbI».

OnuceIBalOT SKCIEPUMEHT B TETPAJIH.

3apanme 3.

BrimonauTte Tect Ha kommbloTepe. [lepeiiTu Ha cailT gosocrative.com.



https://www.youtube.com/watch?v=ukenUf-zOPc
https://www.youtube.com/watch?v=mJjKccyYtgk

Beectn HazBanwe komHatbel (RoOom name): B585 wu criemoBaTh manmbHEHIIAM
yKa3aHUsIM.

Y4yeOHas 3ana4a 14 2-i noArpynnsl (45 muH.):
Brimonuuts paboty B VR-npunoxenuu. [IpoBectu peakiiuu, coCTaBUTh U
3amucaTh B TETPA/ib YPABHEHUS.

dopMma c1auM 0T4YeTA 10 JJadopaTopHOH padoTe
[lo wuroram BBIMOJHEHUST PaOOTHI CTYACHT CIaeT B MUCHMEHHOM BHUJE
3aMKrCaHHbIe HKCIIEPUMEHTHI U UX PE3yJbTaThl, JIEJaeT BHIBOJ — OTBET Ha BOMPOC:
[ToueMy MHAUKATOP HA3BIBAETCA YHUBEPCAIBHBIM? J[J1 UEro €ro ucroiab3yrT?

KonTpoJibHbIe (IPOBEPOYHBbIE) 3aJaHUSA 110 UTOTaM MPOBEACHHOMI
JIa0opaTopHOM padoThI
OTBeThTE HA BOMPOCHI:
1. Yrto Takoe yHUBEPCAIbHBI UHAUKATOP MPOCTHIMU CIIOBAMMU?
2. Kaxkue BemiecTBa OKpaImuBarOT HHIUKATOPHI?
3. Kakoii nBeT mHANKATOpA B KUCIIOH cpee?
4. Ha yem OCHOBaHO MPUMEHEHWE UHIUKATOPOB JJis onipeaencHus pH?

JlaGopaTopHnasi paéora 3 ¢ npumeHenueMm VR-TexHo10rmii
KauyecTBeHHBbIE peaKIIMi HA AHUOHBI U KATHOHBI AMMOHHUA

Teopernueckuit MaTepuas

OnHO U3 BaXXHEUIIINX TPUMEHEHUN XUMHUHU — aHAJIN3 BEIIECTB. XUMUYCCKUN
aHAJIN3 TOAPA3CISIETC HAa KAUYECTBEHHBIM M KOJHUYECTBEHHBIN. KaueCcTBEHHBIM
aHaJIM30M MPOU3BOAUTCS UACHTU(PUKAIIMS BEIIECTBA U YCTAaHABIMBACTCS HAJIUYWE
B HEM TE€X WJIM HHBIX Npumeceil. KoJMueCTBEHHbIM aHAIM30M YCTaHABIMBACTCA
KOHKPETHOE COJAEpPKAHME OCHOBHOTO BemiectBa U mnpuMmeceil. KauecTBeHHbINM
aHaJIN3 MPEIECTBYET KOJINYECTBEHHOMY ONPENECTCHUIO MIPUMECEH.
KadecTBeHHBIN aHAIM3 OTBEYAET HA BOMPOC «4TO?» (MMPUCYTCTBYET B BEIIECTBE), a
KOJIMYECTBEHHBIN — HA BOIPOC «CKOJBKO?Y.

KauecTBeHHBII aHaIM3 CONM 3aKIOYaeTcss B OOHapYXEHUM WM, Kak
TOBOPSIT, OTKPBITHH, OTACIBbHBIX KATHOHOB H aHUOHOB. Jlms ymoOcTBa
oOHapy>KeHUsI WOHBI JCNSIT HA aHAIUTUYECKHE TPYMIbl. B KHCIOTHO-OCHOBHOM
METOJIE PA3JINYAIOT WECTh AHATUTUYECKUX I'PYIIIT KATHOHOB U TPU - aHUOHOB.

Ta6numna 1. Knaccudukanus aHnOHOB 10 aHATUTHYECKUM TpyIITIaM

I'pynna AHUOHBI I'pynnoBoii peaktus Ob6pazyrommiicss | Breninuit addexr
MPOAYKT
1 S04 2-,S03 2-,C0O3 | BaCl2 B HeiiTpanbHOH Conu Gapust Ocanxu Genoro
2-,P0O4 3-, SiO3 2- WITH B CITa00LIEIOYHON BeTAa
cpene
2 Cl-,Br-,1-,S2- AgNO3 B npucyTcTBUU Comnu cepebpa AQCI - 6enprii
HNO3 AgBr, Agl -
CBETJIO-KENThIE




AQ2S — uepHbIi

3 NO2 -, NO3 - nudeHUIaMUuH PactBopuMbie B Cunee
BOJIC COJIH OKpaIlMBaHHe

KaTtnonsl aMMOHUS OIIPpCACIIAIOT ,ZIGI?ICTBHGM mcJI049u. HpI/I HaJIn4dun B
HCCIICAYCMOM BCUHICCTBC MOHA AMMOHHM ITOSABJIACTCA xapaKTepHHﬁ 3arax aMMHakKa.

NH4+ + OH- t — NH31 + H20

33.HI/IHIHT€ COKpaHIéHHOC HNOHHOC ypaBHeHI/Ie K&‘IGCTBGHHOﬁ peaKHI/II/I Ha
KAaTHUOH aMMOHMUJ].

Hcrounuk: https://gomolog.ru/reshebniki/9-klass/gabrielyan-2018/30/prov-
5.html

Onucanue padoTbl

Meab padoTbl - COBEPIICHCTBOBAHUE, 3AKPEIUICHUE W CHUCTEMATHU3ALUS
3HAHUN O KaYE€CTBEHHBIX PEAKIIMSIX HA AHUOHBI U KATUOH aMMOHHUSI.

Ilnanupyembie pe3yabTaTrbl, Ha JIOCTHXKEHHE KOTOPHIX HAIMPABICHO
BBITIOJIHEHUS PaOOTHI:

Jluunocmuvle  pe3ynomamul:.  MOTUBalUS K OOyYEHMIO, HaJU4He
CIIOCOOHOCTH CTaBHUTh IIEJIH.

Memanpeomemmuvie pe3yromamol.

— YHUBEpCaJIbHbIE Yy4YeOHBIC TMO3HABAaTE/IbHBIC: NPUMEHATb B IMpoOlecce

MO3HAHUSI HCIO0JIb3yeMble B XUMUH CHMBOJIMYECKHE (3HAKOBbIE) MOJEJH,

npeo6pa3oBbIBATb MO/JeJIbHbIE TpeJCTAaBJeHUsT — XUMHYEeCKUH 3HaK
(cuMBoOJ1) 3JieMeHTa, XUMHUYecKas QoOpMyJa, ypaBHEHHE XUMHYECKOHU
peaknuyu — TMpPH pelleHUH Y4eOHBbIX IO03HABaTeJNbHbIX M MPAKTUYECKHUX

3a/iay, MPUMEeHSATh Ha3BaHHbIe MO/ieJIbHble MpPeJICTaBAeHUS /i1 BbISIBJIEHUS
XapaKTepHbIX MPU3HAKOB MU3y4YaeMbIX BEIIECTB U XUMHYECKHUX peaKIUH;
COBEPILIEHCTBOBATh YMEHHUs HAOII0JaTh 3a XOJIOM TPOIECCa, CaMOCTOATEIHHO
MPOTHO3UPOBATh €ro  pe3yibTar, GOpMYIUpOBaTh OOOOIIEHHUS U  BBIBOBI
OTHOCUTEIHHO  JIOCTOBEPHOCTH  pE3yJIbTAaTOB  MCCICIOBAHUSA, COCTABIISTH
000CHOBaHHBIN OTUET O MPOJIeTaHHON padoTe.

— KOMMYHHUKATHBHBIC Y4eOHBIC TO3HABATEIbHBIC: (POPMYITHPOBATH BHIBOJIBI IO
pe3yabTaTam IMPOBEAEHHBIX UCCIIEA0BAHUM.

— PETYISITUBHBIC ydeOHBIC IO3HABATENbHBIC: OCYIIECCTBIATh CaAaMOKOHTPOJIb
CBOCH JIESITEIbHOCTH HA OCHOBE CaMOaHaJIN3a U CAMOOIICHKH.

Ilpeomemnvle pe3ynomamsl 0C80€HUA XUMUU. YMEHUS OIPEACIAThH

OKCIIEPUMEHTAJILHBIM TyTEeM aHUOHBI M KAaTHOHBI aMMOHUS, 3alUCHIBATh
YpaBHEHUS PEAKIUN U UX OOBSICHSTB.

IHopsigok BeIMOJIHEHHsI PadOTHI
VYyebHas rpynmna JenaUTCsS Ha JBE MOATPYNIbL, KaXaas HX KOTOPBIX
BBITIOJIHAET MO o4epenu yuyeOHwle 3aaauu. [lepsas noarpynna 3anumaercs 3a [1K.
Btopas npoBoauT BUpTyaibHble 3KcnepuMeHThl. [locnme 45 MuUHYT 3aHSITHS
MOATrPYIIBI MEHAKOTCS MECTaMU. 1.0, K KOHILY ITapbl BCE CTYJICHTHI BBIIOJHSAT BCE
ITOCTABJIEHHBIC 33]a4U.


https://gomolog.ru/reshebniki/9-klass/gabrielyan-2018/30/prov-5.html
https://gomolog.ru/reshebniki/9-klass/gabrielyan-2018/30/prov-5.html

3ananme 1. Heooxoaum I1K ¢ naymHukamu.

CtyaeHThl IPOCMATPUBAIOT U MPOCITYIINBAIOT BUJIEO C IKCIIEPUMEHTAMU 10
KaueCTBEHHBIM peakiusam Ha KaTHOHBI aMMOHUS
https://www.youtube.com/watch?v=0rZP-VWRGCs.

KadecTBeHHbBIE peakiuy Ha TaIOTEHU/I-UOHBI.

- mocMoTpuTe BHIeodaiin https://youtu.be/rrErhFmhA M
- HaNUIINTE YPAaBHEHHS MPOTEKAIOUIEH peakluuyd B MOJIEKYJSIPHOM U HOHHOM
BUJIE, paccTaBbTe KOX(DPHUIIUCHTHI;
- OIUIIUTE CBOU HAOIIOICHUS.
KadectBennbie peakiivu Ha CyIbQUT U CybhaT-UuOHBI.
- mocMoTpuTe Buacogaiin https://youtu.be/ZBWXZolL giAU
- HANUIINTE YPAaBHEHHs MPOTEKAIOUIEH peakiud B MOJIEKYJISPHOM U HOHHOM
BUJIE, pACCTABbTE KOAP(DUIIMEHTHI;
- ONUIIIUTE CBOU HAOJIOICHUS.
KauectBennsbie peakuuu Ha GpochaT-noHBI.
- mocMoTpHTe BHIeodait https://youtu.be/3DicudeAgHk
- HANWIINATE YPAaBHEHUS MPOTEKAIOMIEH PEaKIMd B MOJICKYJIIPHOM UM MOHHOM
BUJIE, pACCTaBbTE KOAP(DUIIMECHTHI;
- OIUIIUTE CBOW HAOIIOICHUS.
KauecTBeHHble peakiiuu Ha KapOOHAT-UOHBI.
- mocMoTpuTe Buaeodaiin https://youtu.be/wxDhLUOQVXc
- HANUIINTE YPAaBHEHHs MPOTEKAIONIEH PEeakiMh B MOJICKYJISPHOM ¥ HOHHOM
BHJIE, paccTaBbTe KOI(DPHUIIUCHTHI;
- OTUIITUTE CBOW HAOIIOICHUS.

3apnanme 2. Bromonauts padotel B VR-mpunoxenun «Onpexnenenue
KaTHOHOB» U «OrmpeeieHne aHHOHOB.

OnuceIBalOT SKCIEPUMEHT B TETPAJIH.

3ananue 3.

Brinmonnute Tect Ha komnbroTepe. [lepeliT Ha caiiT gosocrative.com.

@ S T @

(@)l

Beectn HazBanue komHatbel (RoOom name): B585 u ciemoBaTh maimbHEHIIIAM
YKa3aHUsM.

dopma c1auM 0T4YeTA 10 JJadopaTopHOH padoTe


https://www.youtube.com/watch?v=OrZP-VwRGCs
https://youtu.be/rrErhFmhA_M
https://youtu.be/ZBWXZoLgiAU
https://youtu.be/3DicudeAqHk
https://youtu.be/wxDhLUOQVxc

I[Io wuToram BBINOJHEHUS pa6OTBI CTYACHT CHacT B IIMCbMCHHOM BHJIC
3aIlIMCAHHBIC DKCIICPUMCHTHI U UX PC3YJIbTAThI, ACJIACT BbBIBOJA — OTBCT HA BOIIPOC:
Kakwue PCAKIIUHU HA3BIBAIOTCA KaueCTBEHHBIMU? I[J'ISI YCro OHI'nu HpI/IMCHHI-OTCH?

KonTpoJibHbIe (IPOBEepOYHbIE) 3aJaHUS 110 UTOTaM MPOBeAEeHHOI
JJabopaTopHOi padoThI
OTBeTHTE HA BOIPOCHI:
1. C moMoIIpI0 KaKuX PEaKTHBOB MOKHO OTIPEIEIUTh CYIb(paThl U KapOOHATHI?
2. Kak onpenenuth B pacTBOpE KaTUOHBI aMMOHUSA?

JlaGopaTopHnas padora 4 ¢ npumeHenuem VR-TexHnosoruii
B3aumopeiicTBue aJJIOMUHHS ¢ PACTBOPAMM KHUCJIOT U HIeJI0Yei

Teoperuyeckuil MmaTepuasl

['unpokcuapl MpeACTaBISIOT COOOM XUMHUYECKHE COCIUHEHUS, KOTOphIC
coJiepKaT TUAPOKCWIBHYIO TPYIIy B MOJEKYJI€ W MOTYT OBITh KHCJIOTHBIMH,
HICJIOYHBIMU WM aM(OTEpPHBIMU 10 CBOeM mpupoxae. ['pynma amdoTepHBIX
COCIMHEHUI BKJIIOYAET, CPEU MpoUero, coearuHenue ooment popmynsl Al (OH)s,
Ha3bIBAEMOE THAPOKCHUIOM TJIMHBI WU TUAPOKCUIOM JTFOMUHMUS.

XUMHUYECKHE CBOMCTBA THIPOKCUA ATFOMUAHUS
1. Tuapokcua aatOMHUHUS pearupyeT C pacTBOPUMBIMH KuclioTaMu. [Ipu »sTom
0o0pa3yloTCs CpeTHUE WM KHUCIbIE COJIM, B 3aBUCUMOCTH OT COOTHOIICHUS
peareHTOB U TUIIA COJIH.
Hanpumep, ruapokcua amlrOMHHUS B3aUMOIECHUCTBYET C a30THOM KHMCJIOTOM C
oOpa30BaHWEM HUTpATa ATFOMUHUS:
AI(OH)3 + 3H N03 - Al(NOg)g + 3H20
Al(OH); + 3HCI — AICIl; + 3H,0
2Al(OH); + 3H,SO, — Aly(SO4); + 6H,0
Al(OH); + 3HBr — AIBr; + 3H,0
2. 'mapokcu aTFOMUHUS B3aUMOJICUCTBYET C KMCIIOTHBIMH OKCHIaMH CHJTBHBIX
KHCJIOT.
Hanpumep, ruipokcui amtOMUHUS B3aUMOJICUCTBYET ¢ OKcuoM cepbl (V) ¢
oOpazoBaHueM cyJbdaTa aTFOMUHUS:
2A|(OH)3 + 3803 — AIZ(SO4)3 + 3H20
3. l'mapokcua — aqtOMUHUS B3aUMOJICUCTBYET C  PAaCTBOPUMBIMU  OCHOBAaHUSIMU
(menouyamu). [Ipu 3TOM B pacriaBe 00pa3yroTcs COJIM—allOMUHATHI, @ B pacTBOpe
— KOMIUIEKCHBIE coiM. [Ipu 3TOM THUAPOKCUJ ATFOMUHHUS MPOSIBISET KUCIOTHBIE
CBOICTBA.
Hanpumep, rugpokcu aqrOMUHUS B3aUMOAECHCTBYET C FHJIPOKCHUIIOM Kajus B
pacruiaBe ¢ 00pa3oBaHUEM ATIOMUHATA KAJIAS U BOJIBI:
2KOH + AI(OH); — 2KAIO;+ 2H,0

[Munpoxcu amFOMUHUS PACTBOPSIETCS] B M30BITKE IIETIOYH C

06pa?>0BaHI/ICM TeTpaFH,HpOKcoaJIIOMI/IHaTa:
Al(OH); + KOH — K[AI(OH),]



4. T'uApOKCHUT ATFOMUHUS pa3iaracTcst IPH HarpeBaHHU:
2A|(OH)3 — A1203 + 3H20
JIaHHOE COCTUHCHHE MMEET OYeHb MIMPOKOE MPUMEHCHHE — €ro ICHAT
TIPOM3BOIUTEIIN B XUMHUYECKOH, (dbapMaIeBTHUECKOMH, MEIUITUHCKOMH,
DJIEKTPOTEXHUYECKONH M OYyMaXKHOW MPOMBIIUICHHOCTH. MHOTHE TPOJYKTHI
CoZiepKaT JAaHHBIM WHTpeAueHT. [J1e MOXHO HAWTH THUAPOKCHA anroMuHusA? B
KOCMETHYECKHX CpPEJCTBaX W MbUIC, a TaK)K€ BO MHOTHX JPYIMX HPOAYKTaX,
KOTOPBIC MPUMEHSIOTCS B IIOBCEAHEBHOM *u3HH. Cpein IMpoUero, Cro1a BXOIAT:
— JIEKapCTBEHHBIC CPEJCTBA U JIGKAPCTBEHHBIE MperapaThl, IPUMEHIEMbIC TIPU
JICYCHHUH TTOBBIIIIEHHONW KUCIOTHOCTH YKEITyIKa U SI3BEHHBIX 3a00JICBaHHSIX;
—  BaKIMHBI;
— OyMaKHBIC HAITOJIHUTEIIH.
[TocmoTpw, 3amomuu. https://www.youtube.com/watch?v=iallFyTNcZg

Onucanue padoTbl

Meab padoTbl - COBEPIICHCTBOBAHUE, 3AKPEIUICHUE W CHUCTEMATHU3ALUS
3HaHUU 00 aM(OTEPHBIX COCTUHECHUSIX Ha MPUMEpPE TUPOKCHU]Ia ATIOMUHUS U UX
CBOMCTBAX.

Ilnanupyemble pe3yabTaTbl, Ha JIOCTHXKEHHE KOTOPHIX HAIMPABICHO
BBITIOJIHEHUS PaOOTHI:

Jluunocmuvle  pe3ynomamul:.  MOTUBalUS K OOyYEHMIO, HaJU4HE
CIIOCOOHOCTH CTaBHUTh IIEJIH.

Memanpeomemnule pe3ynomamsi.

— YHUBEpCaJIbHbIE Yy4YeOHBIC T[MO3HABATENIbHBIC: NPUMEHATb B IMpOIecce

MO3HAHUSI HCIO0JIb3yeMble B XUMUH CHMBOJIMYECKHE (3HAKOBbIE) MOJEJH,

npeo6pa3oBbIBATb MO/JeJIbHbIE TpeJCTaBJeHUsT — XUMHYEeCKUH 3HaK
(cuMBoOJ1) 3JieMeHTa, XUMHUYeckKas QoOpMyJa, ypaBHEHUE XUMHYECKOHU
peaknuyu — TpPH pelleHUH Y4eOHBbIX MO03HABaTeJNbHbIX U MPAKTUYECKHUX

3a/ia4y, MPUMEeHSATh Ha3BaHHbIe MO/JieJIbHble MpPeJICTaBAeHUS /i1 BbISIBJEHUS
XapaKTepHbIX MPU3HAKOB M3y4YaeMbIX BEIIECTB U XUMHYECKHUX peaKIUH;
COBEPIIIEHCTBOBATh YMEHHUs HAOJI0OaTh 3a XOJIOM TIPOIlecca, CaMOCTOSTEIBHO
MPOTHO3UPOBATh €r0  pe3yiabTaT, (OPMYIHPOBATH OOOOIIECHUS W  BBIBOJBI
OTHOCUTEIHHO  JIOCTOBEPHOCTH  pE3yJIbTAaTOB  MCCICIOBAHUSA, COCTABIISTH
000CHOBaHHBIN OTUET O MPOJIeTIaHHON padoTe.

— KOMMYHUKATHBHBIC Y4eOHBIC TO3HABATEIbHBIC: (POPMYITUPOBATH BHIBOJIBI IO
pe3yabTaTam IMPOBEAEHHBIX UCCIIEA0BAHUM.

— PETYJSITUBHBIC ydYeOHBIC IO3HABATEIBHBIC: OCYIIECTBIIATH CAaMOKOHTPOJb
CBOCH JIESITEIbHOCTH HA OCHOBE CaMOaHaJIN3a U CAMOOIICHKH.

Ilpeomemnvle  pesynrbmamuvl  0C80€HUA  XUMuu: YMEHHUS  JIOKa3aTh

DKCIIEPUMEHTAJILHBIM TTyTeM aM(OTepHbIE CBOMCTBA THUAPOKCHIA AFOMUHUS,
3aMKMCHIBATh YPABHEHUS PEAKIIUN U UX OOBSICHSTS.

Iopsaok BeINOJTHEHUST Pa0OTHI
VYyebHas rpynmna JenIUTCs Ha JBE MOATPYNIBL, KaXaas HX KOTOPBIX
BBITIOJIHSET MO o4epenu yuyeOHwle 3aaaun. [lepsas noarpynna 3anumaercs 3a [1K.


https://www.youtube.com/watch?v=iaI1FyTNcZg

Btopas npoBoauT BUpTyaidbHble 3KcnepuMeHThl. [locnme 45 MHUHYT 3aHsSTHSA
MOATPYIIBI MEHAIOTCS MecTaMu. T.0, K KOHILY Tapbl BCE CTYJICHTHI BBIMOJHAT BCE
MOCTaBJICHHBIC 3aJIa4H.
3apanue 1. Heo6xonum I1K ¢ HaynHuKamu.
CTyneHThl TPOCMATPUBAIOT U MPOCIYIIUBAIOT BUJIEO C IKCIIEPUMEHTaMU 110
CBOMCTBAM THMAPOKCH]IA ATFOMUHUS
https://www.youtube.com/watch?v=PUupZ2qgvaYo

3aganue 2. Boimonuuts pabotel B VR-nipumnoxkeHun «A».
OnuceIBarOT 3KCHEPUMEHT B TETPAIH.

3ananue 3.

Brinmonnute Tect Ha komnbloTepe. [lepeiit Ha cailT gosocrative.com.

@ T Pl @

Beectn Ha3Banme komHathl (Room name): B585 u crnemoBaTh mambHEHIIMM
yKa3aHHUSIM.

dopmMa caraum oT4HeTA MO JIa00pPaTOPHOI padoTe
[To wrToram BbINONHEHUS pabOThl CTYAEHT CAA€T B TIHCbMEHHOM BUJE
ONMCAHHBIC DKCIIEPUMEHTHI U MX PE3YJIbTAThl, JEJIA€T BBIBOJ — OTBET Ha BOIPOC:
[Touemy ruapokcu antoMuHus Ha3biBaeTcst ampoTepHbiM? Kak 310 qoKa3zath?

KonTposabHbie (IpoBepoYHbIe) 3aJaHUSA 10 UTOTaM IPOBEACHHOM
JJabopaTopHOM padoThI
OTBeTHTE HA BOMPOCHI:
1. Kak MOKHO MOJYyYUTh TUIPOKCHU aTFOMUHMSA? 3aUIIINTE YPABHEHUE PEAKIIUU.
2. C mnoMmoupl0 KakuxX peakuuid MOXKHO JI0Ka3aTb aM(OTepHble CBOMCTBA
TUJPOKCHIA ATFOMUHUS?

JlabopaTopHnasi padora 5
Ka4yecTBeHHBbIE peakMi HA KATHOHBI METAJIJIOB ¢ IpuMeHeHneM VR-
TEeXHOJIOTM U

Teoperuyeckuii MmaTepuast

Kauecmeennvle peakyuu na Kamuonvl uienounvix memannoe (Li+, Na+,
K+, Rb+, Cs+).


https://www.youtube.com/watch?v=PUupZ2qvaYo

KaTnoHbI 1MIETOYHBIX METAIJIOB MOXHO OOHApPYXUTh WX MOXHO TMPHU
BHECEHMH HEOOJIBIIIOTO KOJIMYECTBA CyXON COJM B IUIaMsl ropeikd. ToT wiu uHou
KAaTHOH OKPAIIUBAET IJIaMsI B COOTBETCTBYIOIIUI I[BET:

Li+ — TeMHO-PO30BBIii.
Na+ — sKenTbIi.
K+ — ¢duoneToBhIii.
Rb+ — kpacHbrii.
Cs+ — romy0oii.
KatroHs! Tak e MOYKHO OOHAPYKUTh U C TTIOMOIIBI0O XUMUYECKHUX
peakmmii. [Ipu cnmuBanum pacTBopa coiv JUTHS ¢ pocdaTamu oOpasyeTcs
HEpacTBOPUMBIN B BOJIE, HO PACTBOPUMBIN B KOHII. @30THOM KUCIOTE, ocdat
JTUTHS:
3Li+ + PO43- = Li3PO4|
Li3PO4 + 3HNO3 = 3LiNO3 + H3PO4
Katnon K+ moxxHo BeiBecTH rusipotaptpar-annonom HC4H40O6- — annonom
BUHHOW KHUCIIOTHI:
K+ + HC4H406- = KHC4H406|
Katuonsr K+ u Rb+ M0OXHO BBIIBUTH 100aBJICHUEM K PACTBOPAM UX COJICH
kpemHedTopucToi kucioTel H2[SiF6] mm ee coneli — rekcaTopCUIMKaTOB:
2Me+ + [SiF6]2- = Me2[SiF6]] (Me = K, Rb)
Onu xe u Cs+ ocaxx1aroTcs U3 paCTBOPOB MPH JA00ABJICHUH MEPXIIOpAT-aHUOHOB:
Me+ + ClO4- = MeClO4| (Me =K, Rb, Cs).
Kauecmeennvle peakyuu na KamuoHnsl Wiea04HO-3emenbHbIX mMemannoe (Cal+,
Sr2+, Ba2+, Ra2+).

KaTnons! 111e104HO-3eMEbHBIX METAJIOB MOKHO BBISIBUTH JIByMs CITIOCOOAMU: B
pacTBoOpe U Mo oKpacke rameHu. KcraTu, K mea04Ho-3eMeTbHBIM OTHOCSTCS
KaJIbLIU, CTPOHIINMA, Oapuii U paauil. bepuminii 1 MarHuii HeIb3s OTHECTH K ATOU
rpyIIe, Kak 3To JIIOOST IenaTh Ha mpocTopax MuTepHeTa.

Oxpacka 1njaaMeHu:

Ca2+ — Kupnu4HO-KPACHBIH.
Sr2+ — xapMUHOBO-KPaCHBIN.
Ba2+ — sxentoBaTo-3e1CHBIN.
Ra2+ — TeMHO-KpacHBIN.

Peakuuu B pactBopax. KaTnoHbl paccMaTpuBaeMbIX METAJIJIOB UMEIOT
0O0IIyI0 0COOEHHOCTh: UX KapOOHATHI U CyJb(arsl HepacTBopuMbl. Katnon Ca2+
MPEANOYUTAIOT BBIABIIATH KapOoHaT-anHnoHoM CO32-:

Caz2+ + C0O32-=CaCO3]

KoTopslii JieTko pacTBOpsETCS B @30THOM KUCJIOTE C BBIICICHUEM YTIIEKUCIIOTO
rasa:

2H+ + CO32- = H20 + CO21

Karnonst Ba2+, Sr2+ u Ra2+ npeanoynTaroT BbISBIATE CyIb(paT-aHHOHOM C
oOpa3oBaHueM Cyinb(haToOB, HEPACTBOPUMBIX B KUCIIOTAX:

Sr2+ + S042- = SrSO4 |

Ba2+ + SO42- = BaS0O4 ]

Ra2+ + SO42- = RaS0O4 |



N3yun tabnuiy.

Onpepe- Peaxtue Mprasaxkd peaxumm
NAEMbIR
HOH
Peakxuyuu wa kamuomnst
H* MHamaTops!: Mamenenwe oxpacku pacTsopa:
1) meTunoabiK 1) Ha poaocawis;
OpaHMeBblH;
2) nakmyc 2) Ha KpacHbiH

Ba®* S0 Benwii  MenkokpHcTanAHYECKMA
OCafoK, HepacTRODHMLIA [awe B
aloTHOW Kucnote, — BaSO,

Ag® (ol Benbiit TBOPOMMCTEIN OCALOK, He-
PACTBOPHMMBIA [ame B8 A3I0THOM
wucnore, — AgCl

Fe* OH™ Ocagox rpR3HO-3eNeHOro usera —
Fe(OH),

[Fe{CN)s)*~ Ocapok TemHO-cHHEro usera —
Fe,[Fe(CN);],

Fe’* OH™ Ocagox TemHo-Oyporo ueeta —

Fe(OH),
[FEICN}EJ" COcanok TeMHO-CHHEro usera —
FeFe(CN)],
CNS™ KposaBo-KpacHbiii pacteop —
Fe(CNS),
Zn** OH™ nepocratox, no | Benwit ocagok — Zn(OH),, uaw
Kannam H,Zn0,;, — pacTsopuMmbid B wWa-
OoiTke wenous [oBpasyerca pac-
| Teop Me3 [Zn(OH},]*7)
AP OH™ HepocTaToK, No . Benmii ocagoxk — AI{OH),, wnu
Kannsm H,AIQ,;, — PacTBOpHMbIE B W3-

OniTke wWenoyu (npu 3tom obpa-
ayerca pacteop Me*[AI{OH),])

Cr* OH™ nepocratok, no Ceposaro-ronybod ocagox —
Kannsm Cr{OH),, mau H;CrO;, — pacteo-

puMbd B8 H3BbiITHe wenouu (obpa-
syercA pacteop Me [Cr{OH),]")

Onucanne padoTsbl
Leabp padoThl - COBEPIICHCTBOBAHHUE, 3aKPEIUICHUE M CHCTEMAaTH3allUs
3HAHWI KAYECTBEHHBIX PEAKIMIX HA KATHOHBI METAJIJIOB.
Ilnanupyemble pe3yiabTaTbl, HAa JOCTHKEHHUE KOTOPHIX HAIMPaBICHO
BBITIOJTHEHUS PAOOTHI:



Jluunocmuvle  pesynbmamul.  MOTHUBalMsA K  OOy4YEHHUIO, HAIM4YUE
CIIOCOOHOCTH CTAaBUTD LIEJIH.
Memanpeomemmuvie pe3yromamol.
— YHHMBEpCAJIbHbIE Y4YeOHBbIE IIO3HABATENbHbIE: IPUMEHATH B IIpoLecce
MO3HAHUS HCHOJIb3yeMble B XMMHU CUMBOJIMYECKUE (3HAKOBbIE) MOJeJIH,

npeo6pa3oBbIBATb MOJeJIbHbIE TNpeJCTaBJeHUsT — XUMHYEeCKUH 3HaK
(cuMBoOJ1) 3JieMeHTa, XUMHUYecKas QoOpMyJa, ypaBHEHHE XUMHYECKOHU
peaknuyu — TpPH pelleHUH Y4eOHBbIX MO3HABaTeJNbHbIX M MPAKTUUYECKHUX

3a/la4, MPUMEHATh Ha3BaHHbIe MO/JieJIbHble MpPeICTaBAeHUs /51 BbISIBJIEHHUS
XapaKTepHbIX MPU3HAKOB M3y4YaeMbIX BEIIECTB U XUMHUYECKHUX peaAKIUH;
COBEPIIICHCTBOBATh yYMEHHUS HaOJNIOAaTh 3a XOJOM IIpoIecca, CaMOCTOSTEIbHO
MPOTHO3UPOBATh €ro pe3ysbTar, (OpPMYyJIUpPOBaTh OOOOIICHUS U  BBIBOJBI
OTHOCHUTEJIPHO  JIOCTOBEPHOCTH  PE3yJbTAaTOB  MCCJICAOBAHHUSA, COCTaBITH
000CHOBAaHHBIN OTUET O MPOJICTaHHON padoTe.

— KOMMYHHUKATHUBHBIC YUEOHBIC ITO3HABaTEIbHbBIC: (POPMYIUPOBATH BHIBOIBI TIO
pe3ynbTaTaM MPOBEAEHHBIX NCCIEIOBAHHM.

— PETyJSITUBHBIC y4YeOHBIC IO3HABATEIBHBIC: OCYIIECTBISITH CAMOKOHTPOJh
CBOEH JIeATEIbHOCTH Ha OCHOBE caMOaHajIn3a U CaMOOIICHKH.

Ilpeomemuvie  pesyromamvl  0C80€HUs  Xumuu: YMEHHUS JOKa3aTh

AKCTIICPUMEHTAIbHBIM CBOHCTBA KAaTHOHOB METAJIOB, 3allMCBhIBATh YpPaBHEHUS
peakIuii ¥ uX 0OBICHSTS.

IHopsigok BeIMOTHEHHSI PadOTHI
VYueOHas Tpymnma ACJUTCS HAa JBE MNOATPYMIbI, KaXJaas HX KOTOPBIX
BBITIOJIHSIET TIO ouepeau yueOHble 3anauu. [lepBast moarpymnma 3anumaetcs 3a [1K.
Bropass mpoBoauT BupTyadbHble SKcnepuMeHTHl. [locne 45 MuHYT 3aHITUA
MOATrPYIIIBI MEHAKOTCS MeCTaMU. T.0, K KOHILY IIapbl BCE CTYJACHTBI BBINIOJIHAT BCE
ITIOCTABJICHHBIC 331a4U.

3aganue 1. Heooxonuwm I1K ¢ HaynrHukamu.
[Tocmotpute Buneodaiin https://youtu.be/rrErhFmhA_ M
- HaIWIIWATE YPaBHEHHUS MPOTEKAIOIICH pPeakiuu B MOJIEKYJSIPHOM U HMOHHOM
BUJIE, pACCTaBbTE KOAP(DUIIMEHTHI;
- OIMUIIUTE CBOU HAOJIIOACHUSL.
https://www.youtube.com/watch?v=BhhfA-ObL Pc

3apanue 2. Bremonaute pabotel B VR-mpunoxkennn «OnpeneneHue
KaTHOHOBY.

OnuchIBalOT SKCIIEPUMEHT B TETPAJIN.

3ananue 3.

BrimoanTe Tect Ha KommbloTepe. [lepeiiTu Ha cailT gosocrative.com.


https://youtu.be/rrErhFmhA_M
https://www.youtube.com/watch?v=BhhfA-0bLPc

Beectn Ha3Banme komHathl (Room name): B585 u ciemoBaTh maibHEHIIMM
YKa3aHUSIM.

dopMa caaum oT4HeTA MO JIa00OPATOPHOM padoTe

[Io wToram BBINOJHEHUST PaOOTHl CTYACHT CHAET B MHUCbMEHHOM BHJIEC
ONMCAHHBIE SKCIIEPUMEHTBI U UX PE3YJIbTATHI, JIEJIAET BBIBOJ — OTBET HA BOIPOC:
UTo Tako€ Ka4E€CTBEHHBIE pEaKIUn?
Kakue peakuyn MOXHO OTHECTH K KAUECTBEHHBIM?

KonTpoJibHbIe (IPOBEPOYHBbIE) 3aJaHUS 110 HTOraM MPOBEACHHOI
J1a0opaTopHOM padoThI
OTBeThTE HA BOIPOCHI:

1. Tlepeuucnure METObI KAUECTBEHHOTO OIPE/ICICHUS KATUOHOB METAJLJIOB.
2. JIns yero HEOOXOAMMBI KAYSCTBEHHBIC peaKIun?

Kpurepun oneHuBanus 1ad60paTopHoii padoThl

MakcumanbHOE KOJTUYECTBO 0auioB — 6.

6 OaIJIOB — BBINOJHUTH BUPTYAIbHYIO JA0OPATOPHYIO palOOTY, BBHINOJIHUTH
3aJaHue Ha IaTgopMe, OTBETUTh Ha KOHTPOJIBHBIE BOPOCH! U MPEACTABUTH OTUET
0 MpojieraHHoM paboTe B paboueil TeTpaau

5 6aioB — BBINOJHUTH YaCTUYHO BUPTYaJbHYIO J1a0OpaTOpHYIO padoTy,
BBITIOJIHUTH 3aJlaHie Ha TuaThopMe, OTBETUTh Ha KOHTPOJIbHBIE BOMPOCHl U
MpeACTaBUTh OTUET O MIPOJIeTIaHHON paboTe B pabouelt TeTpaau

4 Ganna — BBIIOJHUTH YaCTUYHO BUPTYAJIbHYIO JIaDOpaTOpHYIO padoTy,
BBIMIOJIHUTh YAaCTUYHO 3a/laHue Ha IUIaTpopMe U MPEACTaBUTHh OT4ET O
poJieIaHHOM paboTe B pabouelt TeTpaau

3 Oamta — BBIMOJHUTh YAaCTUYHO BUPTYAJIbHYIO JaOOpaTOpHYIO paboTy H
MPEICTaBUTh OTYET O MPOJICTaHHON paboTe B paboueit TeTpaau

2 Gana — BBIMOJTHUTH YaCTUYHO (TIOJIOBMHY) BUPTYAIbHYIO JIA0OPATOPHYIO
paboTy U MPeACTaBUTh OTYET O MPOCIAHHON paboTe B paboyeii TeTpaau

1 Gayut - BBIMOJHUTH YACTUYHO BUPTYaJbHYIO J1a00paTopHyIO padoTy
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