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HEPEIMOBA

MetoanyHi pekoMeHaIlli 10 BUKOHAHHS J1TA0OpaTOPHUX POOIT 3 AUCIUILIIHH
«OpraniuHa XiMis» NPU3HAYAIOTHCA AJIA CTYACHTIB HampsMy miarotoBku 6.050303
ITepepoOka KOPUCHUX KOTAJIHH.

HismbHiCTh  (DaxiBls HA TIPHUUYOMY BHPOOHHUITBI MOTpedye aHATITUIHHX
HABUYOK Yy BH3HAYEHHI KUIbKICHOI XapaKTEPUCTUKH K CHPOBMHHU M MPOAYKIIIi, TaK i
BIJIXO/IIB.

TeopeTnuHi OCHOBM OpraHi4HOI XiMii, SIK Tajxy3i MPUPOAO3HABCTBA, a TAKOXK
HAaOYyTTS MpPaKTUYHUX HABUYOK 11 BHUKOPUCTAHHS, € HEOOXIHOIO CKJIaJOBOIO
M1JTOTOBKA MaliOyTHIX (paxiBIIiB.

VY upoMy BHJaHHI ONUCAHO AHAJITHYHI METOAM AOOYBAaHHSA Ta 3aCTOCYBaHHS
OpraHiYHUX PEYOBUH y IMPOMUCIOBOCTI, 30KpeMa, Mepepodll KOPUCHUX KOIAIHH.
OcHOBHY yBary npuaijeHO BJIACTUBOCTSIM, 3arajbHIA XapaKTePUCTHUIll peakiliil, y ski
BCTYNAlOTh OpTraHiyH1 PEUOBUHHU.

3 MeToro OuThIl TIMOOKOro aHami3y OTPUMAaHUX PE3yJbTaTiB MICIA KOXKHOTO
€KCIIEpUMEHTY HaJaroThCAd TaOnuIl, TpadosioridyHi CTPYKTYpH, SIKI JTO3BOJISIOTH
YSBUTHU JOCIIKYBaHI pPEYOBUHH, iX BIACTUBOCTI. Matepian j1abopatopHuX poOIT
BHUKJIQJICHI B TaKiid MOCIIJOBHOCTI: (POPMYIIFOBaHHSA TEMHU, METH POOOTH, BUSHAUYCHHS
KOHKPETHOT'O 3aBJIAHHS; MEpeIiK HeOOX1JHOTO OOJIaJHAHHS Ta MaTepialiB 1 MOPSAOK
BUKOHAHHS 3aBJIaHHSI.

KoskHa 13 3anpornoHoBaHUX J1A0OPATOPHUX POOIT HOCUTH HAyKOBO-AOCIITHUI
XapakTep.

Memoouuni pekomenoayii marome Ha memi.

— 3aKpiIUICHHS TEOPETUYHUX 3HaHb, 110 OTPUMAaH1 CTYyJCHTAMH Ha JIEKIIsIX 3
OpraHIvyHOI X1Mif,

— BUBYCHHS OCHOBHUX TMPUHIMIIB 1 METOMIB JOCTIDKECHHS XIMIYHHUX
BJIACTUBOCTEH OpPraHIYHMX PEYOBUH JJIsi BUKOPUCTAHHS LMX 3HAHb y MpPaKTHUYHIN
ISUTBHOCTI,

— HaOyTTS TNPAKTUYHUX HABUYOK JOCIHIAHUIIBKOI poOOTH 3  PI3HUMHU
OpraHiYHUMHU pEYOBHHAMH, IX CKJIQJOBUMH KOMIIOHEHTaMH, a TaKOXX YMiHHSA
aHa13yBaTWU OTPUMaHI1 pe3yibTaTH JTOCTIAIB.



JlabopaTtopna poGora Ne 1

Tema: OQunieHHsI TBEPIOI pEYOBUHHA METOAOM NEePEKPUCTAIZAINL

Mema pobéomu: IlpoBecTn TMOETamHE OYHINEHHS OPraHIYHOI PEUYOBUHH
SH30JICYIIb(haMily METOJIOM TEpeKpHUCTAIi3allii, 3 Oy Ha BIAMIHHOCTI B Tiporieci ii
PO3UMHEHHSI P HOPMAJIbHIM Ta MiABUILICHIH TeMIepaTypax.

HaifO11b111 onmmpeHrM METOJIOM OYMITICHHS TBEPAMX PEUOBHH € NEPeKpUCAni3ayis.
Lleit meron Oa3yeTbcsi HA TOMy, IO TBEPAl PEUOBHHH PO3UMHSIOTHCS Y TIEBHOMY
PO3YMHHUKY ITO-PI3HOMY HPH HOPMAJIBHIH 1 ITIBUIIICHIN TeMIiepaTypax.

Hanpuxnan, TBEpAa PEUOBHHA OeH3oICyIb(pami (C6H5SOZNH2) MPAKTUYHO HE
PO3YMHSETHCS. B XOJIO/HIN BO 1 [IOBHICTIO PO3YMHSETHCS B HIN [PH TEMIICPATYPi KHITIHHSI.
Il BRACTUBICTH [O3BOJAE BLIOKPEMHUTH O€H30JCYAb(aMia Bl JOMIIIOK METOAOM
nepeKpUCTaTI3aLIii.

[poriec nepexpucmanizayii monarae y MpUroTyBaHHI HACHYEHOTO PO3YMHY PEUOBHHH
(6enzoncynbhaminy) B kumsdomy po3urHHUKY (HpO), skuit rapsuriM QuibTpyroTh Uis
BIIOKpEMJIEHHS BIJ] MEXaHIYHHUX JOMIIIOK. [Ipu OXOJIO/pKeHHI Taps4oro HacHYEHOro
pO3uUMHY BIOYBAETHCSl KpHUCTATI3allisl PO3YMHEHOI pedoBHHI (OeH30JCyNbbamiay), a
JOMILIKH 3aJMILIAIOTECA PO3YMHEHMMH y (uibTpati. [am kpucramm OeHzomcysbhaminy
BUIIUBIIOTh Bl (UIBTPaTy, HPOMHBAIOTH PO3UYMHHUKOM, BHCYIIYIOTh, BH3HAYAIOTh
TEMIIEPATYPY IX IUIABJICHHS.

Memoouka npoeedennsa nepekpucmanizayii

1. Bubip po3uunnuxa. PO3UMHHUK TIOBUHEH: @) TIPAKTUYHO HE PO3YMHSATH JIOMIIIKHU, O)
XIMIYHO HE B3aEMOJISITH 3 OUMIIEHOI PEYOBHMHOK. BHOip pO3uMHHMKA TPOBOISATH
JOCIITHAM IIUIIXOM; PO3YMHHUK BHOpPAHO TPABUJIBHO, SKIIO TBEP/A PEUOBHHA ITOTAHO
PO3YMHSIETECSI B HHOMY 32 HOPMAJIBHUX YMOB, JOOpE TPH KHUITIHHI, a TPU OXOJIOKEHHI
raps9oro po34rHY BIOYBAETHC 11 KpUCTAITI3AITIS.

2. HpueomyeaHH;l HacuyeHo2o pozuury. PedoBuHYy (6eH30ncynb(baMm) Ta KiJIbKa
KUIT'ITWIBHAX  KaMIHITIB SABAHTAXKYIOTh Y KPYTIONOHHY KOJIOYy 1 JIOJalOTh HEBEJIMKY
KUTBKICTh po3unHHMKA. Kos0y, 3’€HaHy 13 3BOPOTHUM XOJIOJMJIBHUKOM, HarpiBaroTh JI0
KUTIHHA PO3YMHY. SIKIIIO0 pEeUOBHMHA HE PO3UMHWIIACS, PO3YUHHUK JONAIOTh HEBEIMKUMHU
TIOPIIISIMH JIO TIOBHOTO 1i pO3YMHEHHS. SIKIT0 po3urH 3a0apBIIeHUH, TO HOr0 OXOJOIKYIOTb,
JIO/IAI0Th JICOPOEHT akTUBOBaHe BYTULI (~ 1% Bil Macu peuyoBHMHMU) 1 KUITSITSATH S5 XBHJIMH
(puc. 2).

3. Dinompysanus 3 oodicpisanusam. JIJi1 OUMINIEHHS BiJl MEXaHIYHUX JOMIIIOK Ta
AKTUBOBAHOTO BYTLLIS Tapsaril pO34rH (PUILTPYIOTH Yepe3 manepoBuii (GLIbTp, BMIIICHUHN Y
BOPOHKY JUIsi rapstioro (inbTpyBaHHs (puc. 3). DumbTpar 30MpaloTh y KOHYC Ta
OXOJIO/IKYIOTb.

4. Kpucmanizayis i ghinempayis. 1Ipy 0X0JI0DKEHHI Tapssyoro (PpuisTpaTy 10 KIMHATHOI
TeMIIepaTypy BII0OYBAEThCS KpucTamzailis OeHzoncynbdaminy. Kpructam yuctoi peuoBUHU
BUIAUIAIOT Ha JaboparopHoMy HYTY-(GUIBTpL (puc. 4), NpOMHMBAIOYM ii HEBEJIMKOIO
KUTBKICTIO PO3UMHHUKA.

5. Bucywyeanns ouuweroi pewosunu. OUUIICHY UIIXOM TIEpEKpUCTaITi3allli pEYOBUHY
NEPEHOCATh 3 BOpPOHKM broxHepa B wamky llerpi (abo mamepoBy KOpoOOuKy) Iyist



BUCYIIIyBaHHS Ha TIOBITPi, MICIII YOTO BH3HAYAIOTh TEMIT IUIABIICHHS TPOMYKTY 32
JIOTIOMOTOFO CTICIIIATLHOTO TpUIIay (puc. 5).

BO/1Q esnuiisn-

—

Puc. 2. YcranoBka i

IMPUTOTYBAaHHA HACHMYCHOI'O PO3UYHNHY:
1 — kpyrnononna konba; 2 — 3BOPOTHUI
XOJIONWIBHUK; 3 — €JIeKTPOILTUTKA

Puc. 4. JlabopartopHuit HyT4-PiABTP:

BOJA & |

Puc. 3. YcraHoBka 11t rapssdoro
Gb1IBETpYBaHHS PO3UMHY:

1 — koHycC; 2 — BOPOHKa Ui raps4oro

biapTpyBaHHS; 3 — CKJISIHA BOPOHKA 3

narnepoBUM QiIBTPOM

=
Puc. 5. Ilpunan

1 — konba 3 Tydycom byH3ena; 2 — Boponka broxHepa, JUISS  BU3HAYEHHS
3 — ckisHKa Bynbda; 4 — BOTOCTpyMHUHHUN Hacoc TeMIepaTypu
[JIABJICHHSA
Pe3ynbTaTi ekcriepuMeHTY MIPOBEACHHS TTEPEKPUCTATI3AIT 3aHOCSTh y Tab. 1.
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JlaGoparopHna podora Ne 2

Tema: Hacuueni ByryieBoaHi. Crioco0u 100yBaHHS TA BUBYEHHSI IX BJIACTUBOCTEN

Mema pooomu: Ilpoectn 3a cxemor (puc. 1) peaxiii 10OyBaHHS HACHYCHHX
BYIJIEBOAHIB (MeTaHy), OpoMyBaHHs ajkaHiB. [losiCHUTH iX BJIaCTHMBOCTI 3a JOMIOMOTOIO
CKJIaJaHHs TAOJIALII.

Hacuueni  eyenesooni maroth 3aranmbHy dopmyny CpyHap, BOHM  yTBOPHOIOTH
TOMOJIOTIYHHUM PsiJT aJIKaHiB. B akaHax JOCATHYTO HAMBUIIMKN CTYITIHH HACHYCHHSI aTOMaMK
2iopocery. AJNKaHN 4aCTO Ha3MBarOTh HapadinaMu (Bix jat. parum affinis — mo30aBneHmit
CIIOP1AHEHOCTI, MaJIOPEAKITIHHHMI).

Tomonoeiynutl psa0 — 1e psIA CHONYK, y SIKOMY KOXKEH WICH BIAPI3HAETHCS Bij
MOTNIEPETHBOTO Ha CTaly CTPYKTYPHY OAWHHUINIO. YJIEHW TOMOJOTIYHOTO psIy
ABJISIFOTH COOOK0 TOMOJIOTH.

HaiinpocTimmm npeacTaBHUKOM FOMOJIOTIYHOTO psiy ajikaHiB € metaH CHy.

[Tounnaroun 3 ByrieBogHto, 1o Mae ¢opmyny CsHip, pO3pi3HSIOTH aiKaHU 3
HEPO3TATY>KEHUM JIAHIFOrOM (HOpMaJibHI a00 H-) 1 pO3TraTy>KeHl — 130a1kanu (i3oMepu). 31
30UTBLIEHHSIM KUTBKOCTI aTOMIB KapOOHY 3pOCTA€ KIIBKICTh MOXIIMBUX CTPYKTYPHUX
130MepiB.

3a HOMEHKJIATYpOIO TEpIll YOTHPHU AIKaHW MalOTh TPHBIATbHI Ha3BU (METaH, €TaH,
nporad, Oyran). Hactymni sk, 3 Cs, Ha3BU TOMOJIOTIB YTBOPIOIOTHCS BT TPEIBKHX 1
JIATUHCHKUX YMCITIBHUKIB, SIKI BKa3yIOTh Ha KUIbKICTb aTOMIB KapOOHY B aJikaHi, Ta cydikca
«an» (MeHTaH, TeKCaH, TerTaH TOIIO).

[eprm 9oTHpy H-aJIkaHK 3a 3BUIAHUX YMOB — ra30mo110H1, Bij Cs 10 Cip— piauHw,
a, mounHarouu 3 Cyz7, — TBEp/ll PEUOBUHU. Y TOMOJIOTIYHOMY PSIY 31 301IbIICHHSIM
MOJIEKYJISIPHOI MacH TeMIieparypa miaBiaeHs abo kuminas 3poctae Ha 20...30°C (3a
BUHSATKOM HIKYMX QJIKaHIB).

OcHOBHUMHU JKeperaMH alkaHiB € HaTa Ta ii cynmyTHIM npupomHuit ra3. [TpupoxHuit
ra3 MICTUTb TUIBKH JIETK] &JIKAHU 1 CKIIQAA€ThCS 37ICOUTBILIONO 3 METaHy.

Mertonom neperonku HadTh A00yBarOTh HapTOMPOAYKTH pizHMX (pakuiil. Koxna
¢paxiiss € O0araTOKOMIIOHEHTHOIO CYMIIIIIIO PI3HUX alKaHIB TOMY  BHJIUICHHS
IHIUBITyaIbHUX BYIJICBOJHIB SIBJIIE COOOIO0 JIy’KE CKJIaJHE 3aBIaHHSA. Y TIPAKTHII
HalYacTillie 3aCTOCOBYIOTh CHUHTETUYHI METOMM JOOyBaHHA aliKaHIB  (BIIHOBJICHHS
raJIOTCHANIKAHIB, JIeKapOOKCUITyBaHHSI KapOOHOBMX KHCIIOT, B3a€MOJIISl TaJOTCHAIKAHIB 3
METaJICBUM HATPIEM — peakyis Bropya Ta iH.).

Jocnio 1. JIoGyBaHHs MeTaHy Ta BUBUCHHS HOTO BIIACTHBOCTEH.

Ilpunaou i peakmueu: auerat Hatpito 0e3BoaHMN; HaTpoHHe BarmHO (NaOH + CaO);
OpoMHa Boja (HaCHMUEHWM PO3YMH); PO3YMH OKHMCHHMKA (HAMpUKIIa, OlXpomary Kajiio y
KHCJIOMY CEPEJIOBHIIIL).

Memoouka oocniorcerns

IIposedenns oocnioy: 1. Y cyXy mpoOipKy i3 Tra3oBiIBIIHOIO TpyOKowo (puc. 1)
BMICTUTH CyMilll OE3BOIHOIO alleTaTy HaTpil0 Ta HAaTpoHHOro BamHa (1:2), mpu oMY
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BUCOTA IIapy Cymimi Mae Oytu mpuOm3HO 5 mM. [IpoOipKy Harpité Ha chmpTiBId, OLIA
KIHIIS Ta30BIABIIHOI TPYOKHM IMANAIMTA Ta30MOMIOHMM MeTaH, SKHM TMpU  IOMY
YTBOPIOETHCS. SIKUM MOJTyM'siM TOPUTH 1€k ra3? 3armcaT piBHSHHS, 1110 BiIIOBIIAIOTH 1M
PEaKIIisIM 3a CXeMaMHU:

]
At 7

v

anerar HaTpio + nnpoxcﬂ,u HATPIIO

MeTan + IG{CGHL—--—-) T 4

2. Y npobipky 2 momictuta 2 Kparuti okucHuka (posunny K,Cr,O; 3 40 %-Horo
HZSO4) a B MpoOipKy 3 — KiTbKa Kparieib 6p0MHo1 Boyu. He mpununsifourt HarpiBaHHS
cyMii B mpoOipi 1, moyeproBo BBECTH KiHEIlb Fa30B1IBIIHOL TPYOKH y mipodipku 2 i 3. Un
3MIHIOETBCSI 3a0apPBIICHHS PO3YMHIB Yy KOXHIM 3 IMX MPoOIpoK? 3poOUTH BUCHOBOK IIPO
B33aEMOJIII0 AJKaHIB 3 OPOMHOIO BOJOIO Ta PO3UYMHOM OKHCHHMKa (OIXpoMary Kamilo y
KHCJIOMY CEPEJIOBHIIIL).

Aﬁ sl

BOIOHHUH
PO3UYHUH

pH<3

Puc. 1. Cxema npoBenieHHs AOCTITy 10OYBaHHS
HACHMUYECHUX Ta HEHACUUCHUX BYTJICBOJIHIB, iX OpOMyBaHHS

Jlocnio 2. bpoMyBaHHS aJIKaHiB.
Ilpunaou it peaxmueu: pinki ankanu (2-MeTunOyTaH); po34uH OPOMY B OPraHIdHOMY
PO3YMHHUKY (B OCH3UHI); amiak, 25 %-Huil pO34rH; JJAKMYCOBUI martip (CHHIM).

Memoouka oocnioicers

HpoeeaeHHﬂ docnidy. y CyxXy NpoOipKy BMICTUTH 4 Kparuii pimcoro aJIkaHy 1 10/1aTu
2 Kparui po3uuHy Opomy. CyMlm PeTeNIbHO nepeMuuaTI/I Uu 3MiHWIOCS TIPU IIHOMY
3a0apBIICHHS 6p0My‘? [lotiM HarpiBaTh cyMmiml Ha Timiadid OaHi 10 3He6apBJ'I€HH}I b1 (o)
OTBOpY MPOOIPKH MiTHECTH CKIHY MaINYKY, 3MOUCHY amiaxom. Illo crioctepiraeTsest npu
uLOMy‘? IiHneroM y mpoOipKy BHECTH 3BOJIOKCHHIT TAKMYCOBHIA Martipertb. Ui sMIHIOETHCS
tioro 3abapBiierHs? HaBecTr piBHSAHHS BiIITOBIHUX ITPOIIECIB 32 CXEMaMHU:

Opom,my. 9

2-meTi1 ByTan
Q
2-metru1 Gyran -—t—»-) e 7
amiak + Opomosozens - ... 7
{6inuit aum)



OtpumaHni pe3yabTaTH I0CIIIIB OPOPMHUTH Y BUTIIS I Ta0. 2.
Taomung 2

No nocmiy PiBustHHS peakitii CrioctepexeHHs BucHoBKH

JlabopaTopHa pooora Ne 3

Tema: Henacuyeni ByriieBoaHi. Cmocodm 00yBaHHS Ta BHBYCHHH IX
BJIACTUBOCTEH

Mema pooomu: 1lposectu 3a cxemoro (puc. 1) peaxiii 100yBaHHS HEHACUUYECHUX
BYIJICBOJHIB (TIPOMEHY, alleTUICHY), OPOMYBaHHS aJKEHIB. Y3arajJbHUTH iX BJIACTHBOCTI,
PO3MICTHBIIIH PE3YJIBTATH CIIOCTEPEIKEHD Y TAOJHII.

Hacuueni syenesooni Maroth y3aranbHeHy ¢opmyny CpHy. BoHu yTBOpIOIOTH
TOMOJIOTTYHUM psii ankeHiB. st ankeHiB xapakrepHuil noasiiauii 3830k C = C. 1l
CIIOJTYKH Ha3UBaIOTh Takok onepiHamu (Bix ¢pani. gas olefant — macnorBipHMii ras),
OCKUJIBKH 1XHI Ta30M0A10HI TOMOJIOTH B PEAKIIIsIX 3 XJOpPOM Ta OPOMOM yTBOPIOIOTH
HEPO34YMHHI Y BOJI Maca.

Jlo anKeHIB HaJjeXaTh TAKOXX HEHACHUYEHI BYIVICBOHI, SIKI MICTSTH JiBa a00 OUIbIIe
noaBivHMUX 3B’ s13K1B C = C.

3rimHo 3 HoMeHKIaTyporo I[UPAC 3a 0CHOBY Ha3BU aJIKEHIB BUOMPAOTh HAMOBIINN
KapOOHOBHH JIAHIIIOT, 1110 MICTUTh TIOABIMHUIA KapOOHOBUM 3B'SI30K. ATOMM IIHOTO JIQHITIOTa
HYMEPYIOTh Y Takii MOCTIJOBHOCTI, 00 aToM KapOOHY Y MOJBIMHOMY 3B'I30KY, JICTaB,
SAKOMOTa, MEHIIMI Homep. JIaHItor ofep)Kye Has3By BiJl Ha3BU BIATIOBIAHOTO alIKaHy, B
SIKOMY 3MIHEHIOETHCS «aH» Ha «en». [lonoxenns moasiiHoro 38’ s3ky C = C MO3HAYAETHCA
mrdporo (depe3 nedic), Ky CTaBISITh Mepe] Ha3Boro JaHiora (Hanpukiaa, CH;- CH = CH
- CH,— CHj3 — 2-iporien).

Cronyku 3 C, mo C4 — 3a 3BuyaiiHuX yMoB rasomnofioHi, Big Cs mo Ci7 — 1e
PIIMHM, a BHIII TOMOJIOTH SIBJISIIOTH COO0I0 TBEp/l peduoBHHHU. DI3WMYHI BJIIACTHBOCTI
aJNKeHiB (TeMmepaTypa IIaBlIeHHs, KMITiHHS) MOAi0Hi 10 BIacTUBOCTEH ankaHiB. [XHs
I'YCTHHA MCHIIIA BiJl TYCTUHH BOJIH.

Hwxui anmkenn (C, — Cs) y mpoMHUCIOBUX Macmtabax Io0yBarOTh 3 TasiB, sIKi
YTBOPIOIOTHCA Ml Yac OYMIIECHHA Ha(TH, a TaKoX Yy Mpoleci mipomizy OEH3UHIB Ta
kepocuHiB 3a Temreparypu 800-900°C abo KaTaJiTHYHOTO JEriapyBaHHs ajKaHiB.
CknagHinn ankeHu, sSK MpaBWIO, CHUHTE3YIOTh. Bigomo 0araTo METOJIB CHUHTE3Y
aJIKEHIB, K1 3BOJATHCS 10 YTBOPEHHS MOJBIMHOrO 3B’s3KYy (IeriAparaliisi CIHUpPTIB,
JeriAporajoreHyBaHHs aJKUIrajJoTeHiIiB, BIIHOBJICHHS aJKIHIB Ta 1H.).



Jlocnio 1. JIoGyBaHHs poOTieHy Ta BUBYSHHSI IOTO BIIACTHBOCTEH.
Ipunaou it peaxmueu’ 2-tiporano:r; 40 %-Huit po34uH CipuyaHOi KUCIIOTH; ITICOK.

Memoouka oocnioricers

IIposedenns docnioy: 1.'Y npobIpKy 3 ra3oBiIBIIHOIO TPYOKOtO (puc. 1) BMICTUTH
npuom3HO 1 M1 13omporiiioBoro cnupty, 2 Ml 40 %-Horo po3unHy CipyaHOi KHCIOTH Ta
KUTbKa KpyMUHOK MicKy. Cymirn o0epe)kHO HarpiBaTé Ha mimmadiii Oawi. ['a3, skuil mpu
[IbOMY BUJIUTSIETHCS, MIMATUTH OUTS KIHIIl Ta30BLABIIHOI TPYOKU. SIKUM MOIyM'sM TOpUTH
ueu raz?

3amucaTy 32 TIOIJAaHUMHU CXEMaMH PIBHSHHS BCIX pEakilii, IaTy Ha3BU IpoliecaMm, sKi
BII0YBaIOTHCS1, HA3BATH OTPUMAHI MPOTYKTH:

cipyana k-12,1° | ?
L4 ey

2-Iponason

tO
nponex + WMceHE ——— ... !

2. He nomyckaroun HarpiBaHHs1 IpOOIpKU 1 13 CyMIIIIIIIO CIIMPTY Ta CIpYaHOi KUCIIOTH,
OITYCKAIOTh KIHEIlb Fa30BIBIHOI TPYOKH y TIPOOIPKY 2 — 3 Kparwielo pO3YMHY OKUCHUKA —
MIIKKCIIEHOTO PO34YMHY OIXpoMaTy Kajlio Ta MpobOipky 3 — 13 OpomHOIO Bojoro. Yu
3MIHIOETBCSL 3a0apBJICHHS] PO3YMHIB Yy IMX MpoOipkax? 3amucaTd BIATIOBIHI PIBHSIHHSA
PeaKIIiil BIIMOBIAHO 0 HABEJICHNX HIKUE CXEM:

IpoIes [0), 1,0 » .. 1
nponen+6pom——§1'~+ N ¢

3poOUTH BHUCHOBKHM TIPO B3aEMOJIIIO0 AJKEHIB 13 OPOMHOIO BOJAOK Ta MiJAKUCICHUM
PO3YMHOM OIXpOMaTy Kaito.

Jlocnio 2. J[IoOyBaHHS alleTUIIEHY Ta BUBYEHHS MOTO BIACTUBOCTEH.
Ilpunaou i peakmueu: KapOiJl KaJIbIIO; PO3UMH OpPOMHOI BOJM; PO3UYMH OKHUCHHKA
(HanpukIia, po3urH Oixpomarty kaiito 3 40 Y%-roro H,SOy).

Memoouka oocnioricerns

1. locnio nposoosimye y eumsidicHiii wiaghi!

IIposeodenns docnidy: y nmpoOipKy 1 BMICTUTH HEBEIMKY MOPIIIO KapOiay Kasbllito,
00epeKHO J0/aTh 2—3 Kparull BOAU, 3aKPUTH MPOOKOIO0 3 Ta30BiIBIIHOIO TpyOkoro. 1o
crioctepiraerbes? IliananmuTy ra3 Ot KiHIE Fa30BIABLAHOL TPYOKHU. SIKMM MOTyM'sIM TOPUTh
el ra3? 3anmucary piBHSAHHS PEakKiiii BIANOBIIHUX MPOLECIB Ta MOSICHUTH 1X, KOPUCTYIOUHChH
CXEMaMHU:

KapOiJ] Katbilito + Boga > ....7
alleTWIEeH + KUCeHb — ...... ?



2. Kinerp ra3oBiiBiHOI TPYOKH (TIpH B3aEMO/IiT KapOiTy KaJIbIIIO 3 BOJIOK)) TIOYEPTOBO
BHOCSITH Y MIPOOIPKY 2 — 3 KHCIIUM PO3YMHOM OKHCHHKA — O1XpoMary Kajiio Ta y MpoOipKy
3 — 3 pozunHoM Opomuoi Bomu. Illo BinOyBaeThes 3 MU po3unMHamu? 3amucaTtd CBOI
CTIOCTEPEKEHHSI, HABEIITh BIITIOBITHI PIBHSAHHS PEAKIII:

anueTHIeH + OpoMHa BOAA L) SN

[»)
aueTHIEH -—-@]—’-t—--) P

3po0uTH BUCHOBKHU PO B3AEMOJIiF0 AJIKiHIB 3 OPOMHOIO BOJIOIO Ta KHCIIUM PO3YHHOM
O1XpomMary Kairo.

Jlocnio 3. bpoMyBaHHS aJIKEHIB.

Ilpunaou i peakmueu. pinki ankanu (2-MeTWIOyTaH);, piiKi aaKeHH (2-MeTHII-2-
OyTeH); po3urH OpOMy B OpPraHiuHOMY PO3UMHHHKY (OeH3WHI); amiak, 25 %-Huil po3uuH;
JIAKMYCOBHI manip (CUHIN).

Memoouka oocnioicersp

IIposedennsn docnidy: y cyxy npoOIpKy BMICTUTH 2 KpaIuli piAKOTO alKeHy, I0JaTH
2—-3 Kparwn po3urHy OpoMy, peTenbHO mepemiiati. BHectw y mpoOipKy 3BOJIOMKEHHI
JIAKMYCOBHUI maripelb. Yu 3MIHIOEThCS 1oro 3a0apeiieHHsA? Yu yTBOPIOETHCS OUTMH M
NPy BHECEHHI aMmiaKy Ha CKIBHIA nammuii B TpoOipku? Ski 3MiHM BIIOYBAalOThCA Y
npoOipiii? HaBecTu piBHSIHHS peakiiiif 3a TAKOIO CXEMOIO:

ny.
2-metun-2-6yten + Gpom ey e ¥

[TopiBHSTH BIACTUBOCTI MPOIYKTIB, OTPUMAHUX II1JT Yac JOCHTIAIB, 3pOOUTH BUCHOBKU

PO PeaKIiii B3aeMOIiT aIKaHiB Ta AJIKEHIB 3 rajioreHamu (OpoMoM, XJIOpOM).

Pe3ynbTaTi crioctepeskeHb 0hOpPMUTH y BUTJISII TAOI. 3.
Tabmuis 3

No nocmimy PiBHsHHS peakitii CrocrepexeHHs BuricHOBKH

JlaGopaTopna po6ora Ne 4

Tema: SIkicHi peakuii Ha MOHOCAXapPHUIH

Mema po6omu: OBONOIITH METOJAUKOIO BUSIBJICHHS PUCYTHOCTI B CEPEIOBHUIIII
MOHOCAaXapuAiB 3a SKICHUMH peakIlisiMd — TeKco3u 3a peakiiero CennBaHOBa,
MEHTO3H 3a peakuiero TosueHca.

Ilpunaou i peaxkmueu. 3aKputa €JICKTpUYHA IUTUTKA, IITAaTHB 3 TPOOIpKaMu,
yTpUMyBau JJig TMPpoOipokK, mineTku; 5 %-auil po3unH Gpykrosu, 2 %-HuUil po3duH
neHTo3u (pudo3u abo kcwnosu), 10 %-wuit po3zunn cosstHoi kucnotu (HCI), cyxwmit
KPUCTAIIYHUI pPe30pLHH, KOHIICHTPOBaHA OI[TOBA KHCIIOTA, PO3YMH aHIIIHY.
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Monocaxapuou — 1ie HaWTIPOCTIIIl BYTIAEBOAN JTOCUTH MOIIMPEHI Y POCTUHHOMY
i TBApMHHOMY CBITi OpraHiuyHI PEYOBUHHU, 1[0 MAIOTh MAIOTh y3arajJibHEHY (OpMyITy
CrhH2nOy. 3a KITBKICTIO BYTJICIIEBUX aTOMIB Yy JIAHIIOTY MOHOcaxapuau (a0 MOHO3M)
HnoJuUIsI0ThCs Ha Tpiosu (Cz), Tetposu (Cy4), nentosu (Cs), rekcosu (Cg), renrosu (Cy),
okto3u (Cg), Hanozu (Cg), mexozu (Cig). MoHocaxapuau pO3YMHHI Yy BOI,
KPUCTAII3YIOThCSA, COJOJAKI Ha CMakK, MaloTh IOCTIHHY MOJEKYJIApHYy Macy. 3a
XIMIYHOIO TPHUPOJOI0 BOHH TMOJISIOTBECA Ha  albJerigocnupTu (anbao3u) abo
KETOHOCTTUPTH (KETO3H) 1 TOMY MArOTh BJIACTUBOCTI abJCTiiB (KETOHIB) 1 CITUPTIB.

Jlo HaO1IBIIT MOMIMPEHUX MOHOCAXAPUOIE BIITHOCITHCS T'€KCO3U Ta MIEHTO3H.

Ilenmo3u sABISAIOTH COOOI0 TI'SITUBYTJICIEBI IYKpU: KCHJIO3a, apaliHo3a,
pubymno3a, pubo3a, 1e30KCUpruo03a.

l'exco3u — 11¢ MIECTHBYTJICTICBI I[yKPW — TJIOKO3a (BHHOTPAJIHHMA ITyKOD),
dbpykTo3a (IJI0MOBHM IYKOp), MaHO3a, Trajakrto3a. [moko3za W ¢pykroza — 1ie
CBOEPIJIHI pE3epBHI PEUOBUHU, OCHOBHI JiKepesia eHeprii B KiiThHI. BoHu 0epyTh
y4acTb B €HEPreTUYHUX MEPETBOPECHHSIX, CUHTETUYHHUX PEAKI[ISAX, OCKUIBKH YacTO
nepeOyBarTh y pochopuinboBaHoMy cTaHl. XiMiuHI POPMYIIA HAUOLIBIIT HOMUPEHUX
MOHOCAXapH/IiB MalOTh TAKUM BUTJIS/L;

H-C=0 H-C=0 H-C=0 H-G=0 CH,OH
H-C-OH H-(C-OH H-C-H H-C-OH =0
OH-C-H H-C-OH H-C-OH OH-C-H OH-lC-H
H-C-OH H-C-OH H-C-OH H-C-OH H-C-OH
CH,OH CH,OH CH,OH H-Cl-OH H-|C-OH
KCHUJI03a pubo3a Je30KCHUpr003a CH,OH CH,OH
TJII0KO03a bpyKTO3a

OxpiM JiHIHHOI (AIUKIIYHOT) MOHOCaXapuad HaOyBalOTh Y BOJHUX PO3UMHAX
UKIIYHOI (KUTbIIeBOT) popMmu. Hampukias, MaroTh MicClie Taki [UKIIYHI BYTJICBOJIN:

HOH,C
H o0 H HOH,C o H
H
OH H H HO
on OH on CH,OH
H OH OH H
o-D - rimroko3a B-D - dpykTo3a
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Memoouka 0ocnioricenns

Jocnio 1. Peaxuis CenviBaHoBa Ha GpyKTO3y.

Ilpunyun memoody: npu HarpiBanHi 3 kuciotoro HCI ¢pykro3a yrBOproe
okcuMeTHIYpPypos, KUl 3 pe30pIUHOM J1a€ TPOAYKT KOHACHCAIlli XapaKTepHOTo
JUIsl BUSIBJICHHS (DPYKTO3M BHIIHEBO-4EPBOHOTO Koybopy. Peakiis CeniBaHOBa
BUKOPHUCTOBYETHCS JJISI TOTO, 100 BIAPIZHUTH (PPYKTO3Y BIJ IHIIUX MOHOCAXapHIIB.
3anuiemMo piBHSHHS PeaKilii, sKa Mpu I[bOMY BiJOYBa€ThCS:

H| H|
HOC —COH C  HC CH
| +3H0 — | |
HOH,C-C C-CH,OH HOH,C-C C-C=0
[\ \' /N
H O OH 0 H
bpyKTO3a okcuMeTuIhyphypoa

IIposedenns docnidy: y npobipky Hamutu 5 mut 5 Y%-HOro po3uuHy (PpyKTO3H,
nonatu 1 mn 10 %-noro poszunny HCI Ta nekinbka kpuctaniB pe3opuuny. Cyminn
HarpiBaTM Ha BOJAHIM OaHi mpotsrom 5-10 xBunmuH npu Ttemmepatypi 80°C.
Cnocrtepiratu  3MiHy KOJbOpY (HA  BHUIIHEBO-uepBOHUI). CHOCTEpEKEHHS
3adikcyBaTu B poOOYOMY 30IIHUTI, 3pOOUTH BUCHOBOK.

Hocnio 2. Peaxiiis TomuieHca Ha TIEHTO3y Ma€ TaKUW BUTIIA!

H H
HOC — COH t°C HC— CH
| | +3H,O0 —— é |
HOC  C-CH,OH H C-C=0
I\ I\ \ /N
H O H O H
MEHTO3a bypdypon

lIposedenns docnidy: a) y npooOipKy HamuTu 2 mia 2 %-Horo po3duHy Oyib-sIKOi
MEeHTO3H, Aojatu oaHakoBuit 06 em 10 %-noro pozuuny HCI ta 5 xpanens 0,5 %-
HOTO po3unHy (hoporiaouuHy. Kum sTuTu npotsaroMm 1 XBUJIMHU Ha BOASHINA OaHi.
VYHacniiok B3aemoiii yTBoproBaHoro Gypdypoisty 3 (QIOpOriatoiuHOM 3 SBISIETHCS
YepBOHE 3a0apBIIeHHS. 3anucaTH pe3yIbTaTH AOCIiAy, 3pOOUTH BUCHOBOK.

06) Haiibinpm mpocToro 1 Ay)Ke YYTJIHMBOKO SKICHOIO PEAKIE € B3aEMO/IIsS
bypdypony (orpumatu ¢ypdypos aHAIOTIYHO TMOMEPEAHHOMY JOCTIAY a) 3
OLITOBOKHCIIMM AHITIHOM. Ii MOKHAa TIPOBOJMTH K KpaneibHy peakiliio Ha
binpTpyBambHOMY Tanepi. Jus 1mporo Ha mamip Cmo4YaTKy HAaHOCHUTBCA 2 Kparuil
KOHIIEHTPOBAHOI OIITOBOi KHCJIOTH, MCJA ii BCMOKTYBaHHSI JOMA€TbCS 2 Kparuii
aiminy (CeHsNH,). IToTiMm minmeTkoro HAHOCHTBCS Kparuis po3duHy ¢ypdypody.
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HaBite mpu He3HauHOMY BMICTI (pypypoily CIOCTEepIraeTbcs sSCKpaBO-BUIIHEBE
3a0apBIICHHS PEaKIIItHOT CyMiIIIi.
JlaHi 060X 10CIiaiB 3aHeCTH B TabJ. 3, 3pOOUTH BUCHOBOK.

Taomung 3
06 ext nocnimxkenns | Ilpomikuuii npoaykr | Tum peakiii PesynbTar
(MoHOCaxapuin)

JlaGopaTopHna podora Ne 5

Tema: SIkicHi peakiii Ha moJicaxapuan

Mema pobdomu: 1OCHiHKEHHS BIACTUBOCTEH ToTicaxapuaiB (KpoXmaio).

Ilpunaou i peaxmueu. 1TaTMB 3 TpoOipkamu, mmneTky; 1 %-Huit po3unH
Kpoxmaito, Bogauid po3uuH Jo/KJ, 1 %-muit po3unn cipuanoi kucioru, 30 %-Huit
PO3UMH HATPIIO TAPOKCULY, 7 Yo-HUI PO3YMH KYIIPyMYy CyJb(ary.

IHonicaxapuou — HaWOLIbII CKJIA/HI, BHCOKOMOJEKYJISIPHI BYIJIEBOJH, WIO
CKJIQJAIOThCA 3 JIECATKIB 1 HABITh COTCHB TNIFOKO3HUX 3aJIMIIKIB (200 IXHIX MOX1THHUX),
3'€JTHAHUX OJIMH 3 OJTHUM Yepe3 KUCEHb Ta YTBOPIOIOTH JIIHIIHI UM TJUTSICTI JIAHITIOTH.
V3aaragpaena (opmyna momicaxapuniB — (CgHygOs)n. Tlomicaxapuau 30BCiM He
PO3UYMHSIOTECST y Boal (1enrono3a) abo yTBOPIOIOTH KOJIOIAHI PO3YMHH TIPH
HarpiBaHH1 (Kpoxmajb), HE MAaIOTh COJIOJAKOTO CMaKy, iX MOJICKYJIS[pHAa Maca MOXKe
3MiHIOBATHCh. L1 pedyoBUHU 37aTHI T11POIII3yBaTUCh 10 MOHOCAXapHUIIB.

T'omononicaxapuou XapakTepu3ylOThbCsl HasIBHICTIO y CKJIAJll MOJICKYJT 3aJIHIIKIB
MOHO3 OJHOro THUMy. SIK BHJIHO 3 XIMIYHOi (OPMYJIH, CTPYKTYPHOIO OJUHUILIECIO
KPOXMAJTIO € TJII0K03a!

HOH,C HOH,C HOH,C
H O _H H O H H O_H
H H H
OH H OH H OH H
H OH H OH H OH
L _in

Kpoxmais (iHifiHA MOJIEKyJia aM171031)

13



Memoouka oocnioricenns

Jlocnio 1. SIxicHa peakiiisi Ha KpoXMaib.

Ipunyun memody: nijg BImmMBoM po3unny Jo/KJ kpoxmans GpapOyeTbest y TEMHO-
CHUHIM KoJip (Take 3a0apBJEHHS Ja€ MPUCYTHA B HbOMY aMijio3a), TAKUM YHHOM
YTBOPIOETHCS MOJTIHOIUIHAN KOMIUIEKC KPOXMAITIO 3 HOIOM.

lIposedenns docnidy: B oHy NpoOIpKy HaIUTU 1 MJI TUCTHIHOBAHOI BOJH, a B
apyry — 1 ma 1 %-HOro po3unHy KpoXMalio, 104aTi B 00MABI MpoOipKu 1Mo 2 Kparuii
po3uuny J,/KJ. Crnoctepiratu 3Miny 3a0apBieHHs. Pesynbratu qociigy 3amucatu y
poOounii 30IIUT, 3pOOUTH BUCHOBOK.

Memoouka oocnioricenns

Jocnio 2. T'iapomni3 Kpoxmanio.

Ilpunyun  memody: XIMIYHUMH areHramMu (KucioTamMu abo  JyraMu)
KaTali3y€eThCs TIAPONI3 KpoXMaliio (BiAOYBA€ThCA PO3PUB y MOJEKYJIAX XIMIYHUX
3B A3KIB 3 MIPUETHAHHSAM BOJM) Y€pe3 CTAII0 YTBOPEHHS JEKCTPHUHIB 0 JUCAXaPULY
MaJIbTO3U Ta KIHLEBOT'O NPOAYKTY — TJIIOKO3H, IO HIATBEPIDKYETHCS PEAKII€I0 Ha
Kpoxmainb 3 HoznoMm. Kpoxmainp nae 3 HogoM CHHE 3a0apBIICHHS, aMIJIOJEKCTPUHU —
(iosneToBe, EpPUTPOAECKCTPUHU — UYEPBOHO-Oype, AaxXpOAEKCTPUHU — IKOBTE. Y
KpOXMaJli MpakTUYHO HEMa albJCTIIHUX TPYII, TOMY BiH HE Ja€ XapaKTepHOT [ IHX
rpyn peaykKyrodoi peakuii (BIIHOBJIEHHS [IBOBAJIEHTHOTO HOHY MiAl B JY>KHOMY
CepeoBUIIN).

IIposedenns docnidy: y npo0ipky Bifiopatu 1 ma 1%-Horo po3unHy Kpoxmaiio,
aogaTH Karamizatop — 3-S5 kpamenb 1 %-HOi cipyaHOi KHCJIOTH, MepeMiliatd i
migirpita 30 xBuuH npu TeMmepatypi 60°C. ITics 1boro BMicT IpoOipKy MOILTATH
Ha 2 YaCTUHU Ta MPOBECTU PEAKIIiIO 3 HOJ0M (Ha MPUCYTHICTh KPOXMAJIIO) 1 PEaKIIiI0
Tpomepa (Ha MPUCYTHICTH TITIOKO3M).

[{ro peakirito Ha MPUCYTHICTH BIJIBHOI alIbICTIAHOT TPYNH HA3UBAIOTh NPOOOIO
Tpommepa. MoHocaxapuau 3 BIJBHOIO albJIETIHOIO TPYIOK B JY)KHOMY
cepenoBuilll  BigHOBMOIOTE kynpym (II) mo xympymy (I) oxcumy, a cami
OKHMCHIOIOTBCS JI0 aJIbJJOHOBUX KUCIOT. llepmmii eran peakuii mosisrae B yTBOPEHHI
kynpymy (11) BHacmiok B3aemoii Kynpymy cyibhaTy i HATPitO TiAPOKCUIY:

CuSO,4+2NaOH = CU(OH)Z + Na,SO,

VY pasi nHarpiBanHs kynpymy (l1) rigpokcua BigHOBIHOETBCS 10 Kympymy (1)
TIAPOKCUIY YKOBTOTO KOJIOPY, a KapOOHUIbHA Ipyla IJIIOKO3U OKHCIIOETHCS 0

KapOOKCHIIbHOT Tpynu (TJrokoHOBa kuciota). Kympymy (I) rigpokcun *KOBTOTro
KOJIbOPY MpHU MOJATBIIOMY HarpiBaHHI BTpadyae MOJIEKYJIY BOAM 1 MEPEXOIUTH Y
Kynpymy (1) okcua 4epBOHOTO KOJIBOPY:

2CuOH — CLI2G + HzO
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Jo 1 mn po3unny kpoxmamio gofgaroTb 1 mia 30 %-HOro po3uuHy HaTpIO
riipokcuay 1 5 kpanenb 7 %-HOro po3uuHy Kynpymy cyibhaTy J0 MOSBH CTIHKOTO
MIOMYTHIHHS, SIK€ TIPY [[bOMY He 3HHMKae. OTpuMaHy CyMilll HAarpiBalOTh HAa BOsHIN OaHi
70 KWITIHHA, BHACIIJOK 4YOro BHUIAgae dYepBOHUM ocax kymnpymy (I) oxcumy.
PesynpTaroM peakiiii, 110 MpOTIKa€ IPU HArpiBaHHI € OKHUCHEHHS TUIIOKO3U 1

BiJTHOBJICHHSI KYTIPYMY T1POKCHIY JIO OKCHJTY.
PesynbraTu gocniniB 1, 2 3anectu B Ta0:1. 4, 3p0OUTH BUCHOBOK.

Tabmums 4
OO0’ eKT mOCTIIKCHHS Karamnizatop Peaxrris 3 [TpoGa
HOJ0M Tpommepa

PO3YHH KPOXMAJIIO

JlaGopaTopna podora Ne 6

Tema: BnacTuBocTi OiKiB

Mema pobomu: nOCIiHKEHHS BIaCTUBOCTEN OLIKIB.

Ilpunaou i peaxmueu. mTaTUB 3 TPOOIPKAMM, MINETKU, KpaneabHull; 1%-Huii
po3unH sieyHOro anbOyMmiHy, 10%-uuii po3zunn NaOH, 1%-uuil po3unH cynbsdary
Miii (MIIHOTO KyIOpocy).

binku — 1ie BUCOKOMOJIEKYJIIPHI a30TBMICHI OpraHiuHl CHOJIyKH, YTBOPEHI 3
aMIHOKHCIIOT, 3 €THAHWUX TMENTUIHAMH 3B SI3KaMHU, MAlOTh CKJIQAHY CTPYKTYPHY
Oprasi3ariio.

Ho cknagy OukiB kpim C, H Tta O 000B'SI3KOBO BXOJIUTH a30T. Y OiIKax
MICTUTBCSA TaKOX cipka, pochop Ta BusBieHi psj iHmux enementis — |, Fe, Cu, Mg
Ta 1H.

Mosnekynu OiIKIB MPU TPUBAJIOMY KHWIT ATIHHI 3 CHUJIBHUMHU KHUCIOTaMU YU
ayramMu (KUCJIOTHUHM 1 JTY>KHUM T1IpOJIi3), a TAKOX ITiJI BIUITMBOM TPAaBHUX COKIB, sK1
MICTSTh TPOTEONITHYHI (epMeHTH ((pepMEHTATUBHUN TIAPOJi3), PO3LIEIUIIOIOTHCS
(T1IpoJi3yI0ThCsl) HA aAMIHOKHMCIIOTH, SIKI € CTPYKTYpPHUMH €JIEMEHTaMH OLIKOBHX
MouiekyJl. Emnipuuna gopMyiia aMiHOKMCIIOT Ma€ TaKUW BUTJISIAL

o
R -CH -COOH
|
NH,

VY npupoaHux O1IKax *KUBHX 1CTOT BUSBJICHO OJM3BKO 26 Pi3HUX aMiHOKHCIIOT,
20 3 HUX € 20n06HUMU, 6 — PIAKICHUMU (1I€ MOX1HI TOJIOBHUX aMiHOKHKCIOT). o 20
TFOJIOBHUX AaMIHOKHUCJIOT BIJHOCATHLCS: allaHIH, TJIILWH, BaJliH, JCHIIUH, 130JICHIINH,
CEpHH, TPEOHIH, LIUCTETH, METIOHIH, IIyTaMIHOBA KUCJIOTA, TIyTaMiH, aclapariHoBa
KHCJIOTa, acmaparis, Ji3uH, TICTUAWH, apriHiH, TUPO3UH, TpunrodaH, (eHlianaHiH,
POJIiH.

Aminokucnomu — 1¢ OpraHiuyHi KapOOHOBI KHCJIOTH, Yy SKHUX Xoda O OJMWH 3
aTOMIB BOJHIO BYIJIEBOJHEBOIO JIAHIIOTa 3aMillleHO Ha aMiHorpymy. Monekyna
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aMIHOKHCJIOTH Mae oaHodacHo amiHorpymy (—NH2), ska Hamae iii BmactmBOCTEU
OCHOBH, Ta KapOokcuibHy rpymny (—COOH), — HOC1s1 KMCIIOTHUX BJIACTUBOCTEH.

3aBAskd CBOIM aM(OTEpHUM BIACTHBOCTSIM AaMIHOKUCJIOTH Yy KIITHHI
BIJIIrPaOTh POJIb Oy(PEepHUX CIOIYK.

Jlo ckitamy OUIKIB BXOJAThH O-aMIHOKHUCIIOTH L-psmy. OnHa 3 BIIMITHHUX O3HAK
Oynp-sikoro Oimka — HasBHICTH TenTuaHOTO 3B s13Ky (—CO-NH-). IlenTumawmii
3B SI30K YTBOPIOETHCS MPH B3a€MOJII KapOOKCUIIBHOI TPYIU OAHIET aMiHOKHUCIIOTH 3
aMIHOTPYTIOK JAPYTrOi aMiHOKHCJIOTH, IO CYMHPOBOKYETHCS  BiAIICTUICHHIM
MOJIEKYJIU BOAM, TOOTO

H O H O R,
| | | I —H0 |
H-N -CH-C-OH + H-N -CH-C-OH —» H;N-CH-CO-NH-CH-COOH
| | |
Ry R; R1

VYHachigoK 3'€IHAHHS JBOX aMIHOKHCIIOT YTBOPIOETHCS IUIENTHI, TPHOX -
TPUMNEOTHA, YOTHPHOX — TETpamenTHi, O0araThboX — IMOMINENTHA. Y 3arajbHOMY
BUTJISIIL MOJINENTUAHUHN JIAHIIIOT MOXHA 300pa3uTH TAKUM YUHOM:

R, R4
| |
H2N-CH-CO-NH-CH-CO—-NH-CH-CO —-NH - CH - COOH,

| |
R Rs

ne Ri, Ry, R, Ry — panukanu pi3Hoi XimiuHOi cTpykTypu. KpiM menTumHoro
KOBAJIEHTHOTO 3B 3Ky, B MOJIEKyJiax OljKa € MEHII MIlHI KOBaJIEHTHI (AUCYb(]iaHi
Ta MCEBAONENTHIH1), a TAKO HEKOBAJICHTHI1 3B sI3KU (BOJHEBI, Ir1IpodoOHI Ta 10HHI).

Momnekyna Oinka Ma€ TEpBUHHY, BTOPHHHY, TPETHHHY Ta 4YETBEPTUHHY
CTPYKTYDY.

llepgunna  cmpykmypa  BU3HAYA€ThCS  TOCHIJIOBHICTIO  PO3TalllyBaHHS
AMIHOKHUCJIOTHHX 3aJIMIIKIB, 3 €JHAHUX MNENTUIHUMH 3B AI3KaMH, SKICHUM Ta
KUIBKICHUM aMIHOKHMCJIIOTHUM CKJIQJIOM. Bmopunna cmpykmypa SBISIE COOOO
IPOCTOPOBY KOHGITYpaIlito MOJIMENTHAHOTO JIaHIFora (HaifJacTilie 3a Bce y BUTIISIL
cripaii), siKa YTBOPIOETHCS TOJIOBHUM YHMHOM 3a PaxXyHOK BOJHEBUX 3B SI3KIB MiX
rpynamu —CO-NH-. Xapakrtep cmipami (o 1 ) Ta mpocTopoBa KOHGITYpaIlis
CTaOUNI3yIOThCA UMMM 3B SI3KaMH. TpemunHa cmpykmypa — 1€ PO3TallyBaHHS
MNOJINENTUIHUX JIAHIIOTIB Yy MPOCTOPi, IO MAKOTh BUIIIAA TJ00yJa ad0 HHUTOK —
¢16pun  (cyOomunmiib). TpeTwuHHa CTPyKTypa BHHHKAE BHACHIIOK B3a€MOJIIT
MOJTIMENTHIHUX JIAHITIOTIB 33 PaxXyHOK BOJHEBHX, MUCYIb(ITHUX, ICEBIONEITHIHIX
10HHUX Ta T1IpodoOHUX 3B A3KiB. TpeTUHHA CTPYKTypa BU3Ha4dae (GopMy OLTKOBOI
MOJICKYNIU: TIOOysipHy uu GiOpwisipHy. [Ipu arperariii cyOOqUHUITE YTBOPIOETHCS
yemeepmunua cmpykmypa 6inka. Hanpukiasn, reMorino0in — OiI0OK KpOBI, SIKMM Mae
YETBEPTUHHY CTPYKTYPY.

3HaHHS MMOCTIIOBHOCTI PO3TAITyBAaHHS aMIHOKHUCIOT Ma€ BUPIIIATbHE 3HAYEHHS
JUISL pO3YMIHHS PI3HUX PIBHIB OpraHizailii OUIKOBOT MOJIEKYJIH Ta (DI3UMKO-XIMIYHUX
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BJIACTHUBOCTEH OKpeMuX OuIKiB. Pi3HOMaHITHICT OUIKIB BHU3HAYAETHCA Came
aMIHOKHCJIOTHOIO ITOCJI1JOBHICTIO.

VY monekyni pizHMX OUIKIB MicTUThCS Bif 100 10 MEKIIBKOX JIECATKIB THUCSY
aMIHOKHUCIIOTHUX 3aJIHUIIKIB. TOMy OUIKM € BUCOKOMOJIEKYJSIPHUMHU CIOJIyKaMHu, IO
XapaKTEepU3yIThCS BEIUKOI MoOJeKysipHoto Macor (Bix 5000 mo 40 000 000), a
IpY PO3YMHEHH1 Y BOJIl BOHU YTBOPIOIOTH KOJIOiIHI PO3YHHH.

Jlnst Mosiekyn OUIKIB, sIKI MalOTh CKJIaJIHY ITPOCTOPOBY OpraHi3alliio, XapakTepHa
Ooenamypayusi. /lenamypayis (HaiigacTtime HeoOOpOTHA), 3HAYHA BTpaTa CIEIUpIgHOT
CTPYKTYpH (BiJl 4€TBEPTUHHOI 0 BTOPWHHOI) Ta 010J0TIYHOT aKTUBHOCTI O1IKa ITijI
BIUTUBOM pI3HUX pedyoBUH.. CHHTETHYHI W NPUPOJHI NENTHAM HE 3J4aTHI J0
JeHaTypaiii. YHacaigok J:[eHaTypaun pPO3PHUBAIOTHCS 3B S3KU, SKI CTaOLII3yIOThH
4CTBEPTHHHY, TPETHHHY 1 HaBITh BTOPUHHY CTPYKTYypH OLIKOBOi MOJIEKYJIH, IO
OB A3YETHCS 31 3MIHOIO (PI3UKO-XIMIYHUX Ta O10JIOTTYHUX BJIACTUBOCTEN O1IKA.

Memoouka oocniorcenns

Hocnio 1. biypemosa peaxyis

Ipunyun memooy: G1ypeToBOIO PEAKIIIE€I0 HA3UBAIOTh XapaKTEpHY PEakiliio Ha
CIOJIYKH, III0 MICTSTh y CBOEMY CKJaJl HE MEHII JBOX MENTHIHUX 3B s3KiB: —HN—
CO- (puc. 6). Taki cnoilyku B JY>KHOMY CEpEIOBHINI YTBOPIOIOTh 3 MITHUM
KYIIOPOCOM KOMIUIEKC, 3a0apBieHUN y poxkeBo-GionaeToBUid Komip. biypeToBa
peakiliss BUCTYNa€E CBOEPIIHUM JOKA30M HAsIBHOCTI MENTHAHUX 3B S3KIB y OLIKaX 1
MOTINENTHIaX.

R3 Rs
O H(|3—COONa NaOOC—|CH O
Ll !
N b
F|21 C|l—ONa NaO—g |R1
: 3

Puc. 6. CtpykTypa KOMIUIEKCY OUTKa 3 MIJTHUM KyIIOPOCOM Y
Ty’ HOMY CEepEeOBHILI

IIposedenns docnidy: BT B ipobipky 1 mi 1%-Horo po3unny Oinka. Jonutu
Taky caMy KuibkicTh 10%-Horo inkoro Hatpy, nepemimaru. Jomutu 2 kparmmi 1 %-
HOTO pO34YMHY CyJbdaTy Mifi, 3HOBY mnepemimard. CroctepiraTd MOSIBY pPOXKEBO-
¢bio1eToBOTO 00 MypITypHOTO 3a0apBIICHHS.

PesynbTaTu gociiny 3aHECTH B pOOOUMIA 30IIUT, 3pOOUTH BUCHOBKH.
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JlabopaTtopna po6ora Ne 7
Tema: BaacTuBocTi Ta cKJajg JimiaiB

Mema podomu: NOCTiHKEHHS BIACTUBOCTEHN JIITIIIB.

Ilpunaou i peakmuegu. MTaTUB 3 MPOOIPKAMHM, IMMNETKH, KpamneabHULS, CKISHI
NaJIMYKW; COHSAIIHUKOBA OJIisl, MTUCTWJIbOBAaHA BOJIA, OPTaHIYHI PO3YMHHUKH: CIHPT,
edip (6en3uH, xJa0p0ohopM, areToH).

Jliniou — Benvka Tpyrna pi3HOMAHITHUX 32 XIMIYHOIO CTPYKTYPOIO OpPTaHIYHUX
CIIOJIYK, XapaKTepHOIO BIACTUBICTIO SIKUX € OIlOJIOTIYHE TIOXOMKCHHS W
HEPO3UYMHHICTh Y BOJII Ta 1HIIMX MOJSPHUX POZUYNHHHUKAX.

3a CTPYKTYPHOIO KJIaCH(IKALIEO JIMiIA MOAUISIIOTECA Ha 1Bl OCHOBHI TPYIH:

MPOCTI, B AKUX MPUCYTHS TUIbKU TiapodoOHa MoJeKyna (TpUrIiIepuIn Ta ix
MOX1JIH1, BOCKA, CTEPUHU Ta CTEPUIHU, TEPIICHNU);

CKIaaHi (0araTOKOMITOHEHTHI JIIIIN), SIKi MICTATh TiapoQiIbHUNA KOMIOHEHT
HEJIMIAHOTO XapakTepy. 3al1eXHO Bl MPUPOIX HEIIIIITHOTO KOMIIOHEHTY BUIUISIOTH
dbocdomimi iy, TITKOIIIN, JIMOIPOTeiau

Jlinionumu monomepamu MOXYTh BUCTYNATH: JKUPHI KUCIOTH (HacHM4eHi abo
HEHACHYEH1), CIUPTOBUI KOMIOHEHT (BUII anipaTvuHi COUPTH ab0 aMiHOCIIUPTH
XOJIIH, €TaHOJIaM1H), 130ITPEHOIIN Ta X MOX1JIHI.

[IpocTti Monekyu — JiNiJHI MOHOMEPH — NepeOyBalOTh y KIITHHAX Y BUIbHOMY
BUTJIAJI 1 B HEBEJIMKIA KUIbKOCTI. OCHOBHA YacTHHA JIIMI/IIB B KIITHHAX 300pa)xeHa y
BUIJISIAL €PIpOMOXIAHUX PI3HUX CHUPTIB.

@Di3uKo-XIMIYHa KJacuikallig JMiIiB BPaxoOBYE CTYIIHb iX MOJSPHOCTI. 3
I[HOTO OTJISITy BOHU MOJIUISIFOTHCS TAKUM YHHOM:

— HeWTpasbHi, a00 HEMOJIAPHI — HEe MalOTh 3apsAay (HAIIPHUKIIAI, BOCKA);

— TMOJSIPHI — HECYTh 3apsA]l 1 MaroTh TMOJSPHI BIACTUBOCTSIMHU (HAMPHUKIA,
docdomnimi iy, KUPHI KUCIOTH).

BinpmricTe minmiaiB Hamekath 10 €gipiB BHIIMX XUPHUX KHUCIOT Ta OJHO- abo
O0araroaTOMHUX CHOUPTIB (TJIIEPUHY, XOJECTEpUHY, CGHIHTO3UMHY). Y 3B S3Ky 3
IMPUCYTHICTIO B iX MoJieKyJax TiapohoOHOI YaCTHUHH, T 100pe PO3UUHSIIOTHCS B
HEMOJIIPHUX OPTaHIYHUX PIIMHAX, K1 3aCTOCOBYIOTHCS B JJAOOPATOPHIN MPAKTHIIL 5K
KUPOPO3UMHHUKH, HANpPHUKIAA, B JAleTHWIOBOMY edipi, xiopodopmi, OeH30mi,
YOTUPUXJIOPUCTOMY BYTJIEII0, OCH3UHI.

VY BoJi JiMiAM YTBOPIOKOTH €MYJIbCii, TOOTO Taki AUCIEPCHI CUCTEMH, B SIKUX
KUP PO3NOAUICHUN y BOJI Yy BUIJISAL IpiOHEeceHbKkUX Kpanenbok (aiamerp 0,1-0,001
MKM). [IpuiiHATO pO3pI3HATH IBA TUIH €MYJIbCIH:

— MEepIIMi TUI YMOBHO Ha3WBalOTh «Macjio B BOMAI» (M/B), KOJM HEMOJsSpHA
piuHA PO3MOijeHa B BUTJISIII KPAMEIbOK Y TOJISPHIN;

— IPYTUW THI MO3HAYAIOTh TEPMIHOM «BOJa B Macii» (B/M), KOJU MarOTh MICIIE
00epHEHI CITiBBITHOIICHHS.

[Ipuknanom emMynbcii TUITY M/B € MOJIOKO, TUITY B/M — KOHAUTEPCHKUN KPEM.

SIKIo eMyInbCisi CKIalaeThes TUMBKUA 3 JIBOX 3a3HAYEHHWX KOMIIOHEHTIB, BOHA
OyBae HECTIMKOIO Ta MIBUIKO pO3MIApOBY€EThCSA. CTIHKICTh €MYJbCIi MIABUILYETHCS B
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MPUCYTHOCTI eMybeamopié — PEYOBHUH, SIKI 3HWKYIOTh TIOBEPXHEBHM HATSIT (JIyTH,
JYKHI COJIl, MHJIA, OLIKHU, >KOBYHI KHUCJIOTH). 3HUKEHHS TOBEPXHEBOTO HATSTY
3ano6irae 3MIUICHHIO JKUPOBUX Kpariellb 1 30epirae CTIHKICTh eMyIIbCii.

Kupni kucnomu, 1o BXOAATh 10 CKJIAAy JIMIAIB, — 1€ TOXiAHI amiaTuIHuX
BYTJICBOJIHIB, SIKi BMIIIYIOTh KapOOKCUIBHY Tpymy. DopMmyna >KUPHUX KHCIOT: R—
COOH. Buiiti XUpH1 KUCJIOTH € OCHOBHUMHU T1APO(HOOHMMU KOMIIOHEHTAMHU MPOCTUX
1 cKIagHUX MimiaiB. 3 pi3HUX JdimigiB BuaiieHo moHax 200 >KHPHUX KHCIOT.
BlI[plBHSIIOTBCSI BOHU JIOBXKMHOIO JjaHIora C-aTOMIB, YHCIOM 1 TIOJOXEHHSIM
MOABIAHUX 3B S3KiB, @ TAKOXK 3aMICHUKaMH (OKCH-, KETO- Ta €TIOKCU-TPYIIH, [UKJIIYHI
CTPYKTYPH).

3a CTymeHeM HAaCHYCHOCTI BYTJICBOJOPOIAHOTO paauKalia >XUPHI KHUCIOTH
OyBarOTh Ha Hacuueri (HE MaIOTh TIOJIBIMHUX 3B S3KIB) 1 HeHacuuexi (MAIOTh TOJBIHI
3B 13k —C=C-).

Cepen HAaCMYEHHX KUPHUX KUCIIOT HAYACTIIIE y CKJIa/Il KUPIB TPATUISIOTHCS:

— MaJbMITHHOBA KUCJIOTA CH3;—~(CH2);4—COOH  (C15H3;COOH);

— CTeapuHOBA KHCIIOTA CH3;—~(CH2);—COOH  (Cy17H35COOH).

[TampmiTHHOBA 1 CTEapUHOBA KHUCIOTH BXOAATH JO CKJIaAy JIIIJIIB YCiX
TBAPUHHHUX TKaHWH.

HaiiGinbp11 mommpeHuMu cepe/i HEeHaCHYeHUX KUPHUX KUCIIOT € TaKi:

— 0JIeTHOBA CH3— (CH2)7 CH=CH- (CH2)7—COOH (C17H33COOH),
— JIIHOJIEBA CH3—(CH,),~(CH=CHCH,),— (CH,)s—COOH (C;7H3;COOH);
— JIIHOJICHOBA C17HoCOOH  (MiCTUTB TpU NOABIMHUX 3B SI3KHU);

— apaxiJioHOBa C19H3;COOH  (MIiCTUTh YOTUPH MOJBIMHUX 3B SI3KH).

HenacuueHux >KMpHUX KHUCJIOT OaraTo B PI3HMX BHAAX POCIMHHOI OJii —
MACJIMHOBIHM, COHSIITHUKOBIHN, COEB1N, OABOBHSHIN, JHHSIHIN, KOHOIUISHIN, apaxiCcoBiii
Ta 1H.

Tpuzniuepuou (mpuayuneniyeponu) — HAWOUIBII MOIIMPEHA Ipyma MPOCTUX
JMIIB, SIBISIIOTH CO0010 e(ipy KUPHUX KHUCIOT 1 TPUATOMHOTO CHUPTY TIIIICPUHY.
[lin BrUIMBOM KHCIIOT, JIYTiB, @ TaKOXX (PEPMEHTIB — JIMa3 — XKUPU MiAJIATal0Th
TiApOoITi3y, PO3UIEIUTIOIOYUCH Ha TIIIEPUH 1 )KUPHI KUCJIOTH, a CaMe!

CH,-O-CO-R + 3H,0 CH,OH
| |

CH-O-CO-R — CHOH +3 R-COOH
| |
CH,-O-CO-R CH,OH
TPUTIIEPUT TIIEPUH KHUPHI KUCIOTH

[IpoyKkTaMu JTy>KHOTO T1APOJI3Y KHUPIB € COJII BUILUX KUPHUX KUCIOT — MUd,
a Tpoliec, 110 BIAMOBIAAE 3aMUcaHii HUKUYE PeaKilii, HA3UBAKOTh OMULECHHAM.

C17H35COOH + NaOH — C17H35COON3 +H20

(CTeapuHOBOKHUCIUI
HaTpiil — TBEpJIE MIJIO)
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Tpurniuepuan npuiHATO PO3MOAUIATH HA Hcupu M Macia 3ajexHo Bl TOTO, YU
3aMIaThesl BOHU TBepauMu mipu 20°C (okupH) 4M MarOTh IpH 1iM Temmeparypi
piAKYy KOHCHCTeHIi0 (Macna). TemmepaTypa IJIaBiCHHsS MLy THM HIDKYA, YUM
BUII[A B HhOMY YaCTKa HEHACHYCHUX >KUPHUX KHUCIOT, OCKUIBKA BOHU MAlOTh OB
HU3bKY TOYKYy TMIaBieHHsS (ans oneinoBoi kucimotu — Tp.= 13,4°C; nns
nanbMiTuHOBOT — Ty, = 63,1°C). Tpuriiuepuan HaKONMHYYIOTbCS B MIJIIKIPHINA
KUPOBIM KJIITKOBHHI, OCOOJMBO II€ CTOCYETHCSI CCABIIIB, KI YXKHUBYTh Y XOJOJIHOMY
kiiMaTi. Lli pedoBUHM BHUKOHYIOTH (DYHKIIIO TEIUIOI30JIAII, 8 B MOPCHKUX TBapHH
CHPUSIOTH IIABYYOCTI.

CKnaoui ainiou MIiCTATH TaKOXK HEIIIIIHUNA KOMIIOHCHT, HANPUKIIAM, 3aJIUIITKA
docdopuoi kucnotu (pochomimian) adbo ByraeBoau (TAIKOTITIIN).

Memoouka oocniorcenns

Jocnio 1. Pozuunnicms niniois.

Ilpunyun memody: NiMmiAM HE PO3UYUHSIIOTHCA y BOJI, a PO3UYMHSAIOTHCS B
HEMOJIAPHUX OPTaHIYHUX PO3YMHHUKAX: XJI0podopMi, OeH30J11, OeH3uHI Ta iH. Jlimiau
JIETTI1 BiJT BOJIU, OCKUIBKYA MalOTh OUIBII HU3bKY IIUIBHICTh, TOMY BOHU PO3TIKAIOThCS
10 BO/II.

lIposedenns docnidy. a) HaIUTU B MPOOIPKY 1 MIT TUCTUIBOBAHOI BOAU, MOTIM
obepexxHo aonatu oimito. Croctepiratd po3TiKaHHS OJii Ha MOBEPXHI BOJU, JaTH
MOSICHEHHS IIHOTO SBHIIA;

0) Biutu B mpoOipky 1 mu omi, moTiM goxatu 1 mia OEH3MHY; CTPYCHYTH
poOIpKy, CIOCTEPIratoyl PO3UYMHEHHS JIIY; 1aTH MOSCHEHHS.

Hocnio 2. Emynscitina npooa

Ilpunyun memody: npu A0JaBaHHI BOJU JIO0 CHUPTOBOTO PO3UMHY JIITITY
YTBOPIOETHCSI  €MYJIbCisl: ApIOHECeHbK1 JIIMiJHI KpameiabKh, 3aBUCII Yy BOJ,
B1JIOMBAIOTH CBITJI0, BHACIIOK YOTO €MYJIBCIs 3A€THCS 0171010 Ta OMAJICCITIIOE.

Xio Oocnioy: nopmatu 1 mn omi B mpoOipKy, sika MICTUTh | M CHOUPTY
(abcomtoTHOTO). CHIIBHO CTPYCHYTH MPOOIPKY A pPO3UUHEHHS Jiniay. Jlogatu taky
caMy KUIbKICTb XOJIOJIHOi BOAHM. 3HOBY CTpycHYTH mpobipky. Cmocrepiratu
YTBOPEHHS KaJaMyTHO1 017101 CTiiikoi cycrnen3ii. [[atu moscCHeHHS SBUIII.

PesynbTaTu q0CiiiB 3aHECTH B Ta0J. 5, 3pOOUTH BUCHOBKH.

Taomung 5

OO0 ext gocaimxeHHs | Po3unHHICTS Po3unHHICTh B | YMOBHU yTBOPEHHS
y BOJI OpraHIYHUX CTIHKOI eMyJbCil
PO3UMHHUKAX

POCIIMHHA OJTisl
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KoHTpo/ibHi NUTAHHS 1) BUKOHAHHSA JOMAIIIHIX 3aB1aHb

1. lo axux BYTJIEBOJIB 13 MepeiueHux Jall HajaekaTh TIII0Ko3a 1 ppyKTo3a: a)
KeTorekcosa, 0) 1ucaxapu/l, B) ajdbJ0INEHTO3a, ') aJIbJ0reKco3a, 1) KeTONeHTo3a?

2. SIxi ByrieBo M MalOTh PeAyKyBajabHI BIACTUBOCTI?

3. Hamumite piBHSAHHS peakiiii yTBOPEHHS MallbTO3U. SIKI MOHOCaxapuIu
OepyTh y4acTh y Iil peakiiii?

4. HanuiniTe piBHSHHS peakuii Tigpoiidy caxapo3u. SIKOI peakiielo MOXHa
BUSIBUTH TOSIBY MOHOCaXapuIiB y pO3unHi?

5. SIki mMpOIyKTH YTBOPIOIOTHCS MPU TMOBHOMY TiApoii3li Kpoxmamnio? Skoro
pEaxIliero MOKHA BUSBUTHU 3aKIHUCHHS T1APOIi3Y?

6. Posmomimite mepenmideHi BYIJEBOAM Ha TpH Kiacu: pubo3a, JaKTo3a,
KpOXMaJlb, TIIOKO3aMiH, TII0K03a, MajabT0O3a, TPETAN03a, IEeNI0I03a, 1e30KCHpru003a,
bpykTO3a, rajakTos3a, caxaposa.

/. Hanumnite eMmipudHi GopMyIl MOHO-, IU- Ta TOJIICaxapy/IiB.

8. lllo 3HauuTh JiHINHI # po3ranykeHi noxicaxapuau? HaBenite mpukiagm.

9. YoMy O1JIKM XapaKTepU3yIOThCs aM(DOTEPHUMH BIACTUBOCTSIMU ?

10. SIxy pO34MHHICTH MAIOTh OLTKH?.

11. Sxi dakTopu 3a0€3MeUyOTh CTIMKICTh O1IKOBOT MOJIEKYJIM B pPO3UMH1?

12. Slxuit MexaHi3M BUHUKHEHHS 3apsy OUTKOBOI MOJEKYyJIn?

13. o siBnsie co0010 AeHaTypalis OLIKIB?

14. SIxky XIMIYHY CTPYKTYpY MarOTh MOJIEKYJIH JIIITi/11B?

15. YuM nosICHIOETHCS HEPO3UUHHICTD JIMIIB Y BOJI1?

16. YuM MOSICHIOETHCSI PO3YMHHICTD JIMIAIB Y PO3YMHHUKAX ?

17. SIki ¢i3uKo-XiMivHI BIACTUBOCTI JITIIIB?

9. Illo yTBOPIOIOTH JIIIAH 3 BOJOIO?

10. Slxkum unHOM KJIACU(DIKYIOTh KUPHI KUCIOTH?

11. Ha sixi rpynu noAUISIFOTHCA KUPHI KUCTOTH? 3a SIKUMH O3HaKaMu?

12. SIx yTBOPIOIOTHCS TPUTITIIIEpUIN?

13. 1o siBysie cOO0I0 peakilisi OMIJICHHSI MAIbMITHHOBOI KHCJIOTH?
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