3aoanusn 6mopozo meopemuuecko20 mypa

Heopranuueckasi xumus

3amaua 1 (ToabKo 1 IKkjaacca)

BemectBo X mpencrabiseT coboi Oeiblii MOPOIIOK, XOPOIIO PACTBOPSIOIMIUICS
B XOJIOJHOM BOJE C TUAPOJIM30M II0 aHMOHY M YaCTHUYHBIM pasiiokeHueM. PactBopsr X
TOTOBSAT B JIETa3UPOBAHHOM BOJIE, HACBIIIEHHON aprOHOM WJIM a30TOM.

HaBecKy CBEXENOaydeHHOro IOCe NEPEKPUCTALIA3ALNNA BEIIeCTBa X Maccou
3.000 r Beimepxkanu B BakyyMe Hax KOH, morepst maccel cocrtaBisier 17.146%. Bceé
MOJIyYEHHOE IIPU 3TOM BEHIECTBO X1 pa3einiv Ha CEMb PAGHbIX YACHIEH Y C KAKION U3

HUX IIPOBENH CJIEYIOIINE OIbITHI:

1) Harpemu no 65°C B uneprHoii armocdepe, mpu 3ToM obpasyrorcsa con Xz U X3 B
MOJIHOM cooTHomeHuu 1:1 (p—yua 1). X, u X3 UMEIOT OAMHAKOBBIN KaueCTBEHHbBIN
COCTAaB M OKPAIIMBAIOT IJIaMs B KEITHIN 1IBET.

2) PactBopwin B ropsueil Boae, Mpu 3TOM oOpasyrorcs coiid X, U X4 B MOJBHOM
cooTHoleHuu 1:2 (p-uus 2).

3) IlpuroroBwim 1.829 r HaChIIIEHHOTO MPU KOMHATHOM TeMIIepaTrype pacTBopa
BelecTBa X1, Ha KOTOPBIM MOEHCTBOBAIN N30BITKOM pa30aBIICHHON COJISTHOM KUCIIOTHI
(p-uua 3), nadnronanu oOpazoBaHue KEITOTO ocajaka Xs Maccoi 32.7 MI U BBIJICIICHUE
raza X7 ¢ XapakT€pHBIM 3alaXxoM.

4) IloxeiicTBoBaid M30BITKOM KOHIIEHTPUPOBAHHOW a30THOW KHUCIOTHI (p-uus 4),
HaOmronanu BeieneHue oyporo raza A (300.0 mi, uzmepeno nipu aasnenuu 100.0 xlla u
temmneparype 21.5 °C), B pactBope o0pa3yeTcs coyib Xe.

5) PactBopuiii B 1 M pactBope mEno4Yu U HArpesu, Mpy 3TOM 00pa3oBaiach CMECh JIBYX
coneii Xs v Xo (p-uusn 5).

6) OcraBunu Ha BIaXXHOM Bo3Ayxe. Uepe3 HEKOTOpoe BpeMsi mMacca yBeIW4yuiach Ha
9.195 %, pu 3TOM B poOe OOHAPYKWIIH TONBKO X3 (p-uus 6).

7) lloneiicTBOBaIM SKBUBAJICHTHBIM KOJIMYECTBOM pacTBOpa HUTpaTa cepedpa (p-yus 7),
HaOJIIONAJIN BEIJIEJIEHHE ra3a X7 1 ocaaka B maccoit 0.4406 1.

Comp X3 mpu 120°C pasmaraerca ¢ obpasoBanmeM conu Xs M Taza X7 (p-uyusa 8)
[Tpu marpesanuu BomHoro pactsopa Xz 10 100°C ono npespamaercs B X4 (p-uus 9).
[Tpu wmelTpamu3anuu pacTBopa X3 pacTBOPOM E€IKOTO HaTpa oOpasyeTcsi pacTBOp Xs
(p-uun 10).

3aoanusa:

1) Onpenenute Hen3BecTHLIE BemecTBa X — X10, A 1 B. OTBeT nmoaTBepauTe pacueTamMu.
2) 3anumure ypaBHeHus peakuuid 1 — 10.

3) Paccuuraiite pactBOpuMOCTh X1 Mpu KoMHaTHoi Temmeparype. Ilpu 0°C
pactBopuMocTh X1 coctaBisier 11.86T B 100 T Bogsl. Cxonbko TpaMM X HE0OXOIUMO
pPacTBOPUTH B MUHUMAJIHHOM KOJUYECTBE BOABI, uT00bI pu 0°C BhImasio 3 T BemecTBa
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(pa3noxeHneM npeHeodpeys ).

4) B onpbiTe 2 B Ka4ecTBE MPOMEKYTOUHOTO COCIUHEHUsST 00pasyeTcst Xio B pe3yibrare
B3aUMOJICUCTBUA aHUOHOB cojie X1 U X4. lloueMy 3TO BEIIECTBO NPaKTUYECKU
OTCYTCTBYET B IPOJYKTaX pPEaKIMH, 3alUIINTE YPABHEHUS MPOTEKAIOIMINX PEaAKIIUH.

3agaua 2 (TOJLKO 14 9 Kjiaacca)

«Pa3HoONBETHBIE JIEMEHThI»

Kak Bpi, kOHEUHO, 3HAeTe, UENbI psii XUMHUYECKUX 3JIEMEHTOB MOXKHO HAa3BaTh
PA3HOYBEemMHbIMU, XOTSI TAaHHOE Ha3BaHHE B UTOTE JAHO TOJIBKO OHOMY U3 HUX. Huxe B
3aJlaue MoMIeT peyb O JBYX U3 TAKUX AJIEMEHTOB, KOTOPbIE KOTJa-TO JaXKe MyTalu APYT C
npyrom, B Tabnuie J[.M. MenneneeBa onu coceactBytor. O6a 3TH 31ieMeHTa NPUBIEKAIOT
BCe Oojblliee BHUMAHHE BpAYCH-dHIAOKPUHOJOTOB: HMMEHHO Ha UX OCHOBE
pa3pabarbIBatOTCsl Tperaparbl, SBIAIOMIUECS WHCYIUH-MUMETHUKAMH M CYIIECTBEHHO
MOBBIIIAIONIUE KAU€CTBO KU3HU TUA0ETUYECKUX KPBIC. . ...

IIpu pactBopenuu B Boje coneid X’, Y’, oOpa3oBaHHbIX AneMeHTamMu X U Y,
MIOJTYYHJIU KEIThIE PACTBOPHI, OKPAIIIMBAIONIME IJIaMsl B JKENTHIA U (PUOJIETOBBIN 1IBETA,
COOTBETCTBEHHO. PacTBOpBHI MOAKUCIMINA CEPHOM KHUCIOTOM (Ipu 3TOM o00a OHH
pUOOpENIM OpaHKEBBI OTTEHOK: pacTBOpbl X” W Y, COOTBETCTBEHHO) U J100aBUIIU
rpanynupoBaHHbId ITUHK. [locie sToro B ciiydae X HaOMIOMaI0Ch MOCIEA0BATEIHLHOE
M3MEHEHUE OKPACKHU:

opandicesas — 3enénan’ — zonyoas’ — zenénas’ — uonemosas’ (p-uuu 1 —3);

B ciay4ae Y:

opandicesas — Quonemosas’ — 2onybas’ (p-uuu 4 - 5).

[Ipy mocTeneHHOM M00aBICHUM PAacTBOPA INEIOYM K «3EIEHOMY> PacTBOPY» OH
CHauajia CTaHOBHUTCS KOPHUYHEBBIM, 3aT€M BBIMIAJAET OCANOK A (p-uua 6), a tnpu
IIOCTENIEHHOM J00ABJIEHHU K «Troay0oMy? PacTBOPY» BBINANAET JKEITO-KOPHUHEBBIN
ocaniok B (p-uua 7).

[IpokanuBanue A B arMocepe aproHa ¢ MociHeayOIUM CIIEKaHUEM C TMPOCTHIM
BEILIECTBOM, 00pa3yeMbIM 3JIEMEHTOM X, MO3BOJISIET MOAYy4uTh coenunenue C (p-yus 8),
MMEIoIIEE CTPYKTYPY KaMEHHOM COJIM € MapaMeTpoM dineMeHTapHou suerku 0.4093 awm.
[[10THOCTH ATOTO COEAMHEHHUS B 3aBUCUMOCTH OT YCJIOBUM €ro TOJIYYEHHUS MOXKET
BapBLUPOBATh OT 5.60 10 5.75 r/cm’.

BemectBo B pacTtBopsieTcss B COJSIHOM KHCIIOT€ C OOpa30BaHHEM TOIyOOTO
pacTBOpa, OKpacka KOTOPOTO MEHSIETCS MPU CTOSHUW Ha BO3IyXE 3a CYET 00pa3oBaHUS
E. Ilpu npokanuBanuu B Ha Bo3myxe oOpa3yeTcs BemecTBo F.

BemectBo A 00paboTanu KOHIIEHTPUPOBAHHBIM BOJHBIM PACTBOPOM TEPEKHUCH
BOJIOPO/Ia B M30BITKE pacTBOpa IUAPOKCHIA Kaaus. PacTBOp MPOKUMISTUIIN U BBITAPUIIH,
B pe3yJbTare MpH OXJAXJACHUH YIaJI0Ch BBIICIUTH Oeiblid mopomok D (p-yua 9). 310
COEIMHEHNE MOXKET ObITh OTTUTPOBAHO B cepHoKucioi cpene 0.0500 M pactBopom comnu
Mopa (p-uus 10), npu sTom Ha TutpoBanue 200 mr BemectBa D pacxoayercs B cpeHeM
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17.2 mu1 pacTBOpa TUTpAHTA.

[Ipu B3aumopeiicTBUM  TBepHOro coeauHeHuss Y’ C  razoo0pa3HbIM
XJIOpoBOaOpoaoM oOpazyercs BemecTBo G (p-yusa 11). Ecnu ke TBepnoe Y” pacTBOpUTH
B KOHIICHTPUPOBAHHOW COJISIHOM KHUCJIOTE MpPU HEOOJIbIIOM HarpeBaHUM, a 3aTeM
OXJIaITh, TO KpucTaimu3yeTcs Beuiectso H (p-yusa 12).

[Ipy B3aUMONENCTBUM «rOIyOOro’ pacTBOpa» C AaleTaTOM HATPHs BbINALAET
KpacHblM ocanok BemectBa J. B3ammoneictBue pactBopa BemectBa E ¢ BogHbIM
pacTBOpPOM arleTaTa HaTpHsl MPUBOAUT K 0Opa30BaHUI0 HEOObIYHOTO coenuneHus I (p—
yusn 13). Harpeanue I B uHEpTHOM aTMOocdepe COMpOBOKAAETCS CTYIIEHUATON moTepei
MAaccChl, a MPOKaJIMBaHUE Ha BO3AYyXe MPUBOAUT K 0OpazoBanuio F (oO1as moreps Macchl
cocrapisieT 64.44%).

Coenunenne I MOHHOE, COAEPKUT MONUSACPHBIN KAaTUOH. AHAJIOTUYHBIA KaTHOH

0o0pasyeT u 1eMeHT X, Hanpumep, B 3ei1éHoM kpuctaimoruapare K (o(X) = 22.63%).

KOH. H,0,.tC

C < 1) Ar t°C A,L

2) Ar, X, t°C
jan
o)
=]
xenterit  HoSO,  opamkeBbIil  7Zn . .1 Zn .1 Zn Z L, _Zn .
—_—> ——> zenéusrii! =— romyboii! =—> 3enéHpIii> ——> (PHONETOBLIIA!

X, X”
KénTeiii H,SO4  opamskeBbIii . Z ., NaOH HCl, 0,
v’ 24y OP v Zn, duoneToBbI? > ronyGoil — > B| > E
Q Q
< @) <
Q %+ Q
] S <
~ o z.
M 0,.t°C

1. Onpenenure anementsl X, Y u Beniectsa A — H. M306pasute ctpoenue I — K. OtBet
000CHYHTE, I71€ BO3MOXHO, TOATBEPAUTE PACUETOM.

2. Hanumure ypaBHeHus peakuuid 1 - 13. B coennHenun X” MOJIBHOE OTHOLIEHUWE
Na:X=2:5.

3. YUem 00yCIOBIICH CTOIb IIMPOKUH JUANIa30H 3HAYCHHUH TUIOTHOCTH coenuHeHust C?

4. [IlpuBenute mnpuMep e€mIe JABYX OJIEMEHTOB, 3aCIyKHBAIOLIMX Ha3BaHUE
pasnoysemusiti. OO0CHYHTE CBOM BHIOOD.

3amaua 3 (g 9 u 10 kiaaccoB)
OmHo w3 HauboJiee H3YyYCHHBIX COCAMHEHUN »dJeMeHTa X — OMHapHOe

BELIECTBO A. DTO BEIIECTBO HCIIOJIB30BAJIOCH B MEIHULHHE €€ BO BpEMEHa
CpenHeBeKOBbs, OAHAKO MO MEPE HAKOIIICHUS UH(POPMAILIHH O €r0 OMOJIOTHYECKOM
NENUCTBUM OOJACTH MEAUIMHCKOTO MPUMEHEHHUS CYLIECTBEHHO COKparuiuch. O
COCTaBE BEIIECTBA A HM3BECTHO CJENYIOLIEE: OTHOLIEHWE YHCIa HEUTPOHOB K
YUCITy IPOTOHOB PaBHO 1.2.

ITpu pacTBOpeHuM BelecTBa A B HEOOJBIIOM KOJIMYECTBE BOJIbI 00pazyeTcs
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coenuHenue b (p-yua 1), npu nanbHEHIIEM 3IIEKTPOJIU3E KOTOPOTO HA OJHOM U3
AIIEKTPOJIOB BBIACISIETCS BOIOPO/I, a B IPUAICKTPOJHOM MPOCTPAHCTBE BTOPOIO
AIIEKTPOJIa IPOUCXOAUT oOpazoBaHue coenuHenus B (p-yua 2). llpu nobasienuun
pa30aBIEHHOTO pacTBOpa KayCTUYECKOM COJbI K pacTBopy BemiectBa B mpu 50-
60 °C o6pazyercs pactBop kucioit conu I' c pH > 7 (p-uusa 3).

OnHoii M3 KauyeCTBEHHBIX peakiuuii Ha aHuoH coau I sBisieTcs
B3aMMOJICICTBME BOJHBIX PACTBOPOB COJIEM, coOAepKalluX dSTOT aAHHUOH,
C pacTBOpamMu aMMHaKa U XJIOpuJa Maruus (p-yus 4). B pe3ynbrare 3Tol peakiuu
oOpaszyercst Oenblii ocafok Kpuctawtoruapara JI, KoTopelii mpu HarpeBaHUU
ctyneHudaro pasnaraercd. [Ipu stom narpeBanue no 125 °C npespamaer /I B
kpuctamiorugpar E (p-yua 5) c norepeir maccel 31.14 %. JlanbHelmee
Harpesanne E mpu temmeparype Bbime 415 °C npuBoguT K 0Opa3oBaHUIO
BenecTBa 2K, UMEIOIIEero HOHHOE CTpOeHue (p-yus 6), mpu 3TOM NOTEPs. MACCHI B
3TOM peakuuu coctaBiseT 15.22 % ot ucxogHoi maccel BemectBa Jl. M3BecTHO,
YTO aHMOH B coennHeHuH 2K o0pa3oBaH AByMs TETpadApaMu ¢ OOIICH BEPITHHOM.
Jpyrou, Xopomo U3BECTHON Ka4YE€CTBEHHOM peakiuen Ha aHuoH conu I', ciyxur
peaKkIusl ¢ HUTpaToM cepedpa, KOTopas MPUBOAUT K OOPA30BAHUIO IIOKOJIATHO-
KOpUYHEBOTO 0€3BOIHOTO Ocajika. B 3ToM ocajke OTHOIIIEHHE MAacChl KATHOHOB K
Macce annoHa paBHo 2.331.

BaxxHO HAmOMHUTH, 4YTO BEUIECTBO A TOCIYKWJIO OJHUM W3 MEPBBIX
pEareHToB JJIs1 MOJIYUEHHUS «2nemeHmopeanuyeckuxy coeaquuenu. B 1760 rony
nupektop CeBpckoit dapdoposoii dadbpuku Jlyu Kinoxg Kage ne Taccuxyp,
MepEroHsIs alleTaT Kajaus C BEIIECTBOM A B MOJIbLHOM COOTHOIIeHUU 4 : 1 (p-uua 7),
HEOXKHUJIAHHO TMOJIYYMSI JBIMSIIYIOCS >KUIAKOCTH C OTBPATUTEIBHBIM 3alaxoM,
Ha3BaHHYIO BMOCJIEACTBUU €r0 UMEeHeM. CUMTAETCsl, UYTO 3Ta PEAKIIUs MOCITyKUa
HA4YaJIOM Pa3BUTHUS 3JIEMEHTOPraHUYECKOM XMMUU. BHocnencTBuu BBISICHUIIOCH,
YTO HEMPUATHBIA 3amax MOJYYEHHON KHUIKOCTH OOYCJIOBJIEH JIECTKOKHUIISIIIUM
coeMHEHUEM 3, B KOTOPOM BCE€ aTOMbl BOAOpOAa SKBUBAJICHTHHL. Bmecte
C BelEeCTBOM 3 B 3TOI peaKIMU TaKKe 00pa3yroTCsl B SKBUMOJISIPHBIX KOJIMUECTBAX
MoTAaIl U OECIBETHBIN Ta3 ¢ IIIOTHOCTHIO 1.964 1/11 (H.Y.).

[Ipu pelictBuM Ha coeAuHEHHE 3 M30BITKA PAcTBOpPA COJITHOM KHCIIOTHI
oOpazyeTcst OTBpaTUTEIbHO NaxHyas ;Kkuakoctb U (p-yua 8), koropast KUTIUT mpu
temneparype  Omuskor k100 °C.  PactBopenue  coegunenuss U
B TeTparuapodypane u I00aBICHHE K IMOJTYYEHHOMY pPacTBOPY METHJIMArHUN
MOoIKMJa B OKBUMOJISIDHOM  COOTHOIIEHWHM MOPUBOJAUT K  OOpa30BaHUIO
moekyisipuoro coenuuenust K (p-yua 9). BemectBo K nMeer nupamugaibHoe

68



ctpoenre u kunut npu 56 °C. Ilocne otnenenus BemectBa K oT peakiimoHHON
CMECHM U TPOIMYCKAaHUM YEepe3 HEro HIKBUMOJISIPHOTO KOJIMYECTBA XJIOPA,
POUCXOAUT oOpazoBanue coeauuenus J (p-uua 10), koTropoe mpu HarpeBaHUU
paznaraercs Ha U u H, oOpasyroniuecs B 5KBUMOJISIPHBIX KoJIu4yecTBax (p-yus 11).

K pactBopy Bemectsa JI B TUITUIIOBOM 3pUpe 100aBUIN CTEXUOMETPUUYECKOE
xonuyectBo CHsLi. ITpu aTom npoucxonut odpazosanue Bemecta M (p-uyusa 12),
a orHomenne M(JI) k M(M) paBuo 1.273. BemectBo M npu HarpeBaHUu BhIIIE
100 °C pasnaraercs Ha cmech razoB O, II u K B MonbHOM cooTHOmeHnun 2:1:2,
COOTBETCTBEHHO (p-yus 13).

Bonpocur:

1. Onpenenure sneMeHT X, coenuHeHust A — I1 (0TBET MOATBEPAUTE PaCUETOM
100 JIOTUYECKUM PACCYKICHUEM).

2. Hanumure ypaBHeHus peakyuu 1 —13.

3amaua 4 (g 9 u 10 kiaaccoB)
CMelIaHHOJUT AH/IHbIe KOMILIEKCHI MPUIUS

Mano cozdams weoesp.
Haoo ewe naiimu ntooeti, komopuwle Ob1 €20 oyeHuIu.

Coenunenne E sBrmsercs ymoOHBIM MPEANICCTBEHHUKOM IS TIOMYyYCHHUS
Pa3IMYHBIX CMEMIAHHOJUTAHAHBIX KOMIUIEKCOB HPHIUS, ITOCKOJIBKY OHO XOPOIIO
pacTBOPUMO B BOJAE M psiie OpraHndeckux pactopureiniei. Takxe E nmeer B cBoeM
COCTaBE€ HUTPOJIMTAH/bI, TPOSBISIONINE CUIBHOE TPAHC-BIMSHUE, YTO TOBBIIIACT
Ja0WIBHOCTh K 3aMEMICHUIO JIMTAHAOB, HAXOMAIIUXCA B TPAHC-TIOJIOKCHUH K
HUTporpyiie. Huxke ommcanpl crocoObl CHMHTE3a Pa3IUYHBIX CMEIIaHHOJIUTAHIHBIX
KOMILUIEKCOB HMpUJIUSA, a TaKKe MpHUBEIACHA CXeMa YKa3aHHBIX mpeBpaiieHuid. s
HEKOTOPBIX COCMHEHUN MpUBeIeHa HH(OPMAIIHS, TOTYyUYEeHHAS C TTOMOIIBIO0 PAa3TUYHBIX
METO/IOB aHAJIM3a.

Merannuueckuit upuauii npu cruiaBieHun ¢ Na,O, nepexogut B A (p-uus 1).
OOpazyromuiics miaB obpabarsiBaeTcst koHieHTpupoBanHo HCl mo oOpaszoBanus
pactBopa KUCIOThl B (p-uusa 2), nocne uero nodasnsercs u3dobtok NaNO; 1J1st MOJIHOTO
nepeBoaa upuaus B coequnenne C (p-yusa 3), xoropoe npu Harpeanuu ¢ 0.1 M HCIO4
B TeueHwue 5 yacoB nepexoauT B E (p-yusa 4). [Tonyuuts E u3 C MOXHO abTepHATUBHBIM
criocobom, 11t atoro criepBa K C HyxHO q00aButh 100-kpatHbiil n306IToK NH4Cl most
CEJICKTUBHOTO ocaxaeHus D (p-uusa 5), mocne yero yxxe D TepMudeckn pa3iokuTh 10
E (p-uun 6).

[Ipu noGasnennu x E 2,2°-Ounmpuamna (Ci;oHsN,) B HelTpanbpHOU cpene
obpasyercs coenunenue F (p-yus 7), koTopoe B CBOIO 0Ouepeb JETKO ACTPOTOHUPYETCS
nienousto 10 G (p-uun 8).

B peakuun E c¢ 1,10-dbenantponunom (C2HsN,) mpoucxomut obpazoBanue H
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(p-uua 9).

B nuteparype onucansl ciydau npucoeanHeHus ykcycHoro anruapuaa (CsHeqOs) x
aKBakaTHMOHaM O0€3 pa3pblBa CBSI3M MEXKIY METalIOM M aTOMOM KHCIOpona, Tak,
nanpumep, u3 [Ni(H,0)s]*" momyuaercs [Ni(AcOH)g]*". Opmako, B peakuuu E c
YKCYCHBIM aHTHUIPUIOM, BMECTO MpoayKkTa mpocroro amuupoBanus K, o6pasyercs I
(p-uun 10). D10 O0OBSACHSAETCA TEM, UYTO HapsAay C aAUUIMPOBAHUEM IMPOUCXOIUT
IpeBpalieHle OJHOTO HHUTPOJWTaHJa B HUTPO3OTPYIMIy, HM3-3a 4ero u olpasyercs
coeaunenue I.

[Tpu no6asnenun xe k E pactBopa K,CO3; 006paszyercs 1ByXbsiiepHbIN KOMILIEKC J
C IByMs TUIIaMU MOCTUKOBBIX JIUTaHNIOB (p-yusa 11).

Na202 £ HCI* ¢ NaNO,
T (2) 3)
<NaOH
e

Jlononnumenvnaa ungpopmavus:
o Bce coemuHenms, kpome A, MPEICTABISIIOT CO0OM  KOOpAMHAIIMOHHBIC
COEIMHEHMS, B KOTOPBIX UPUAUN UMEET OKTasApuiecKoe okpyxenue, npu 3tom E, F, H,
I u K 4BIArOTCS 2JIEKTPOHEUTPATIbHBIMU.
. Ecnu usyuars peakuuio 4 ¢ nomoupio IMP-ciekrpockonuu Ha sapax N, 1o B
SIMP-cniekTpe peakurOHHOIO pacTBopa, moiaydyeHHoro nocie kumnsueHns C ¢ 0.1 M
HCI1Oy4, 6ynet HaOnronaTbes ABa CUTHAIA C COOTHOIIIEHUEM UHTEHCUBHOCTEH 1:3.
o B coenunennn F o ganusiM SAAMP-criekTpocKonuu NpuCcyTCTBYIOT 5 CUTHAJIOB Ha
aapax 'H ¢ 0MMHAKOBEIMU HHTEHCUBHOCTSMHM.
o Macc-cnekrp pactBopa H B 0.1 M NaOH conepuT HECKOIBKO CUTHAJIOB, OJJUH
13 KOTOPBIX MMEET 3HadeHne m/z = 528 r/mons (ms uzorona Ir).
. Takxke 1O JaHHBIM PEHTTEHOCTPYKTYPHOTO aHali3a H3BECTHA TE€OMETPHS
KOMIUIEKCHOTO YETBhIPEX3apAHOr0 aHHOHA B J (AJIEKTPOHHAs IIOTHOCTH ISl aTOMOB
npusezneHa B 50% macmraoe):
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3aganuda:
. 1. Onpenenute coenuHenuss A-K. Hanummure
& ® ® ypaBHeHUs peakiuid 1-11, mpuBeACHHBIX HA CXEME.
QU ® 2 Yo wmsmenurcs Opu B3SITUM B peakuuu 5

&

& e @ crexuomerpuueckoro kommuecta NH4Cl BMmecto
o) ' 100-kpatHoro u30bITKa? OTBET apryMeHTUPYITE

» ypPaBHEHUEM PEAKIHH.
&= 3. U3o6pasute cTpykrypryto ¢opmyny mis E. Uem

\

00yCIIOBJIEHO 00pa30BaHUE UMEHHO TaKOTro u3omepa’?
4. IlonpoOyiite 00BsICHUTH pe3yiabrarhl IMP-ciekTpockonuu pacTBopa, MOJy4eHHOTO
nocie xunsuenus C ¢ 0.1 M HCIO,, B xotopoMm HaOmogaroTcst aBa curHana N ¢
COOTHOILIEHHEM UHTEHCUBHOCTEN 1:3.
5. Tlo kakoM NpUYMHE PEAKIUI0 7/ BAXXHO NPOBOAUTH B HEUTpanbHOM cpene? Urto
M3MEHHUTCA B KHCJIOM, a TAKXKE B IIECIIOYHON cpenax?

3agaya S (s 9 u 10 kiaaccos)
bunapubie coenunenuss I—1IV oOpazoBanbl snementaMu X U Y. CTpyKTypbl
U HEKOTOpbIE  KpUCTamiorpaduyueckre  XapaKTepUCTUKU  JAHHBIX  COCIMHEHHM

IPUBCACHLI HA PUCYHKAX HHUKC!
I m? I1I v

p=>5.81r/cm® p="7? p=722r/c™’ p=7.24r/cMm’
Ky6iueckas FeKcarOfIaanaﬂ FeKcaFOfIaJIBHaH Kybrueckas
peméTka petieria, pettierxa, peréTka
’ =b=4.791 A =b=4.698 A ’
a=4307 A a : a : a=3.790 A

c=4.421 A y=120° c=4367 A, y=120°
 oniHa U3 MONMMOP(HBIX MOAUDUKAIII

1. Ycranosute snementsl X U 'Y u popmynsl coenqunenuit I — IV, ecnu uzBecTHo, 4to
aeMeHT Y 0003HAa4YeH Ha PUCYHKAX JKENTHIM IIBETOM.

2. Paccuuraiite OTCYTCTBYIOIIYIO B TaOIHIIE TNIOTHOCTH coequHenus I1.

i monyuenust coequnenns I BpICIMi OKCUJI dJIeMeHTa X HArpeBaroT B TOKE rasa Z
(p-uusa I). TlponomwxurenbHoe BbiaepxkuBanue IV mpu Temmeparype okono 450 °C
no3BoJsieT noiayuntsh BemectBo I (p-yua 2), kotopoe npu nanpHENIeM HarpeBaHUU
(500 °C) B Bakyyme pasznaraercs c oOpazoBanueM coeauHenus II (p-uusa 3).
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[Tocnenyromee HarpeBanune BemectBa II Benér k ero pasimoXEeHUIO Ha IPOCTHIE
BEILIECTBA.

Cunre3 coeaunenusi I ocymectBisercss myTéM ra3oda3sHOM AJIEKTPOATOMUBALMH
MPOCTBHIX BEIIECTB, 00Pa30BaHHBIX A1eMeHTaMu X U Y, C MOCIEAYIOIIMM OCaXICHUEM
TOHKUX IUIEHOK NPOyKTa (p-uus 4).

3. 3anumute ypaBHeHus p-yuii 1 — 4.

Mexny BemectBamu Il u III Haxomutcs Oomblias rpyra HECTEXHMOMETPUUYECKUX
COCTMHEHH, B KOTOPHIX HAa aTOM Y MPUXOIUTCS OoJbiie aToMOB X, ueM B BemecTse 11,
HO MeHblie, yeM B Beniectse III. B HacTosmee BpeMs i1 ONpeAEeHUsI CTEXUOMETPUN
TaKuX COEIMHEHUI HWCHOJIb3YIOT OJJIEMEHTHbIE aHanu3atopel. PaHee miga 3TOro
UCIOJB30BAIMCh XUMHYECKHEe MeToabl. OOuH U3 BOBMOXKHBIX ~ CIHOCOOOB  —
BOCCTAHOBJICHHE MCCIIEyEMOIO COEIMHEHHS BOJXOpOAOM. [Ipyroil BapuaHT —
M30BITOYHOE OKHCJIeHHuE oOpasna B armocdepe kuciopoaa. B oOoux wmeromax
(UKCUPYIOT U3MEHEHUE MACChl 00pasa.

JIBe OIMHAKOBBIE HABECKHM HECTEXMOMETPUUYECKOTrO coeauHeHns X,Y TOMECTUIIN
B KaMEPBI C KKCIIOPOJ0M U BogopoaoM. [ocie mpo1oKUTETbHOTO BRIAEPKUBAHUS Macca
nepBoil HaBeckH yBenmumiachk Ha 1.310 r, a macca BTopoit ymenbiumiach Ha 0.350 r.

4. YcTaHOBUTE 3HaYEHHUE N B HECTEXUOMETPUUECKOM 00paslie U Maccy HaBECKH, B3SITOU
JUISL OTIBITA.

OnemeHThl X W Y cHocoOHbl OOpa3oBbIBaTh W JpyTrHe OWHApHBIE COEIMHEHMS,
HEKOTOpbIE M3 KOTOPbIX OBUIM CHHTE3UPOBAHBI OTHOCUTEIHHO HEIaBHO. Bemectsa
V — VII MOryT ObITh IOJIy4€HBI IPSIMBIM CUHTE30M U3 MPOCTHIX COEAMHEHUHN NPU OYEHb
BBICOKHMX AaBlieHusX. Coenuaernne V u30CcTpyKTypHO Kapoumy xpoma (w(Cr) = 86.66
%). CtpykTypy BemiectBa VI MOXKHO onucaTh Kak ciou OKTa’aApoB XY, COSTUHEHHBIX
o01mmMu p€Opamu; ITH CJIOU CBSI3aHBI 32 CUET OOIIMX ATOMOB B BEPIIIMHAX OKTa’IpoB. B
ctpykrype BemiectBa VII Obutm oOHapy’>KeHBI HEOOBIYHBIC XEJIaTHBIC ITOJTUMEpPHBIS
annoHs! [Y42]s. MaccoBble TOIH DIEMEHTOB B TOM COECAMHEHUH IIPAKTHYECKHU PABHEL
5. YcranoBute cocrtaB coenunenuid V —VII u uzoOpasure cTpykTypy ¢parmeHra
annoHa [Y4*]n.

B3priBoonacnoe 6unapuoe coeaunenue VIII, Taxke o6pazoBaHHOE djeMeHTaMu X U Y,
MOXET OBITh TIOJYYEHO MPOCTON PEaKIMel COJEBOTO OOMeHa B MeTaHoje (p-yusa 5).
HarpeBanue BemiecTBa BEAET K €ro passiokKeHuIo ¢ norepeid npumepHo 70% maccol (p-
uus 6).

6. YcranoBute coctaB coenquuenus VIII u 3anummre ypaBHeHUs p-yuit 5 u 6.

3agaya 6 (g 9 u 10 KiaaccoB)

«CTpYKTYpBI 0€3 KOHIIA)
OnemeHT A oOpasyet psa ouHapHbIX (X1-X4) coenquHeHn ¢ YeThIPhMS pa3HBIMH
AIIEMEHTAMHM OJHOM M TOW K€ TPYyNMbl, CTPYKTYPhl KOTOPHIX HMEIOT IIEMOYEYHOE

72



CTPOCHHC U IPCACTABJICHBI HA pPUCYHKAX:
X1 (84.37%) X2 (62.67%)

o

X3 (76.16%) X4 (50.14)%

B ckoOkax yka3zaHa maccoBas JI0Ji JIEMEHTa A B COCTaBE€ COOTBETCTBYIOILETO
coequHeHus. Bce aroMbl A 0003HaYE€HBI OTHUM L[BETOM.

1. Onpenenure CTEXMOMETPUUECKOE COOTHOIICHHE Mex 1y OenbiMu (b) u cepbiMu
(C) atomamu B cocTaBe yka3aHHBIX CTpYKTyp X1-X4. B orBere ykaxute (HopMmyInbl B
Bujae bxCy, rue x u y HaTypaJibHBIE.

2. Onpenenure Monekyisipabie (opmyiibl X1-X4, 0OTBET MOATBEPAUTE PACUETOM.

[Ipoctoe BemectBO A o00pa3yeT pasiudHble MPOAYKTHI B PEAKIUAX C

OKHCIIUTCIIAMMU:
X10 X5

HNO
\ 3 /)(2
AsFs H,0,
2

sF
50, — A > X6
SO H
}8/03 I‘&NO3
X8 X7

PactBOopenue A B 1apCKOM BOAKE COITPOBOXKIAETCS BBIICIIEHUEM OKPAILIEHHOIO ra3a

X9 =
H

u oOpazoBaHHEeM OECKUCIOPOAHOM KUCIOTHI X7. Y KarhoHa SPKO-KPACHOTO I[BETA B
coctaBe X8 sKCriepuMEHTaIbHO OIPEISIUIN MOJISIpHYI0 Maccy 510+5 r/Monb, a CTeneHb
OKHCJICHHSI A B HEM Takas ke Kak B X3. Y 3eJeHOro KaTuoHa B coctaBe X9 MoisipHas
Macca 770£5 r/Monb 1 cTeneHb okuciaeHus: A kak B X1. ATOMbI A B CTPYKTYpe KaKJ10TO
U3 YKa3aHHbBIX KaTHOHOB HEPA3IMUYUMbl MEX]Y COOOW, KPAacCHBIA M 3€JIEHBI KaTUOHBI
CoJIep>KaT B CBOEM COCTaBE OJIMH M TOT K€ T€OMETPUYECKUN (DparMEeHT, HE SABJISIFOIIUICS
3BeHOM Iienu. Katnon B coctaBe X10 umeer 3apsig +1, M = 320 r/monb, a cTeneHb
OKHCJIEHUS A B HEM Takas ke Kak B XS.

3. Onpenenure Hen3BecTHbIE BemecTBa X5-X10, orBeT 000CHYHTE.

4. N3006pasute CTpyKTYpHBIE POPMYIIbI KATHOHOB, BXOMANUX B cocTaB X8 u X9.

[Ipocbba mpencraBuTh B KauecTBE OTBETAa Ha 3334y MOJEKYISIpHbIE (OPMYIIbI
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BEIIECTB B BU/IE TAOIHITHI (€CITM OTBETHIIH JIMIIH HA | BOMPOC — HAMMUIITUTE B stueiku X1-
X4 dhopmynel B Buge bxCy):
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

CrpykrypHbie (opmynbl kaTnoHOB X8 u X9 mpuBecTH cpasy mociie TaOIuIlbl
OTBETOB.

3amaua 7 (g 9, 10 kiaaccon)
CHIIBHO THTPOCKOIIMYHAS, CTa0MIbHAS U TT0 HEKOTOPHIM JaHHBIM CJIaKoBaTas Ha

BKYC JKUJKOCTh X KPHUCTAJLTU3YETCS ¢ 00pa3oBaHUEM KPYMHBIX KPUCTAIIOB, KOTOPHIE
MEJIEHHO pacTBOpsitoTCs B xonoaHoi (2-3 °C) Boae. X OypHO pearupyer ¢ HaTpUueM C
BbIJIeJIeHHEM ra3a A (p-yusa 1), a Takke BCTYINAET B PEAKIUIO C TUPUIOM JIUTHS, TaBasi
ra3 b (p-uua 2).

B naGoparopun Oblia HalijieHa HEAOCTATOYHO IJIOTHO 3aKphiTasi OaHKa, HAIMKUCh
Ha KOTOpOW cojepkaia JIMIIb OOO3HAYeHUs 3JIEMEHTOB, TOTNA KaK BCE HWHIECKCHI
crepauch. Ha ocHOBaHMM CUMBOJIOB 3JIEMEHTOB OBLIO BBICKA3aHO MPE/IOJIOKEHUE, YTO
B 0aHKe XpaHWJIACh >KUIKOCTh X. JIJIsi TPOBEPKHU ATOM THIOTE3bl COACPKUMOE OaHKH
UCCJIEIOBAJIM C IMOMOIIBI0 MAacC-CIEKTPOMETPUU B OOJIACTH TOJIOKUTEIBHBIX HMOHOB
(pUCYHOK HUXE).

15 16 17 18 19 20 21 22 23 24
m/z

W3 mnokazaHHOTO (parMeHTa Macc-CHeKTpa OIHO3HAYHO HE CJeaoBallo,
4TO 00pasel] coiepkajl IMEHHO X, MTO3TOMY HpOBEIH 0ojiee NeTalbHbIi, HO MPU 3TOM
OoJiee TPyAOEMKHI aHaTU3.

B nepBom omnbiTe oOpaszer xkuakoctu u3 6anku npu 90°C oOpadboTtanu n30bITKOM
neHtadgTopuna opoma (p-yusa 3) U TPOIYKTHI CKOHIAECHCUPOBATIU C MOMOIIBIO YKUIKOTO
azotra. CMech HEMHOTO OTOTPEJIN M UCTIapwiIU Ta3 B, KOTOpBIM 3aTeM MozeiicTBOBAIN Ha
yrepoauslil crepxenb npu 400°C (p-yusa 4), nonyuus ra3 I', KOTOpbIN HCCien0Baln
MacC-CIIeKTPOMETPUUECKH (MaCcC-CIIEKTP HAa PUCYHKE HUXKE).
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m/z
12
16
22

28

44

45
j_'_L_rrerI_'_V_Frl_V_rrl_'_'_I_I_'_'_rI_l_'_r'_I_l_V__f_I_rrrl
10 20 30 40 50

m/z
Bo BTOpOM oOmbITE Takoil e oOpaszel >KUIKOCTH M3 OaHKU HCHApWUIU U IPHU
temneparype 600°C mpomyCTWIM HaJX YPaHOBBIMH CTPYKKaMU, INPEIBAPUTEIIHHO
IPOMBITBIMH ~ KOHLIECHTPUPOBAHHOW  a30THOM  KHUCJIOTOM  (p-yua S), TOIy4uB
ra3oo0pa3Hblii NpPOAYKT (p-yus 6), KOTOpBIM, MO JaHHBIM MAacC-CIIEKTPOMETPHH,
oKazajica razoM A c¢ npumechbio raza b. IlomydyeHHBIX 3KCIIEpUMEHTANIBHBIX JTaHHBIX
0Ka3aJ0Ch JOCTATOYHO, YTOOBI YCTAHOBUTb, UTO B OAHKE AEMCTBUTEIBHO COAEpKAIACh
X ¢ HEOOJBIION MPUMECHIO BOJIBI.
3apanus:
7. CnenaiTe OTHECEHHME BCEX ITMKOB B MIPUBENCHHBIX MACC-CIEKTPAX.
8. Hanummre ypaBHeHus peakuuii 1 — 6.
9. Tlpuemute hopmysbl BceX 4acTHUIl (MOJIEKYJ U HOHOB), KOTOPbIE€ TPUCYTCTBYIOT B
BOJHOM pacTBope X.

3amaua 8 (s 9, 10 u 11 Kj1accoB)
PsiioBble KOMILJIEKCHBIE COHABUYM M TA0ypeTKH

[uknookraretpaeH (CsHg) — opranvueckuil Juranja, cCOCOOHBIM
nerko mnpespamarbcs B auannoH  CgHg?>™ mpu BOCCTAHOBIEHMH @
(1 Ha00OPOT — U3 aHMOHA B HEUTPAJLHYIO MOJICKYJIY MPU OKUCIICHUH).
YacTo B KOMILUICKCAX C KPYMHBIMH KaTHOHAMH OH BBICTyNaeT MMeHHO 2HVOH CatHa”~
B POJIY TUIOCKOTO AMAHUOHA.

Tax, mpu o6padotke xmopunoB ACl, u BCl, kammeoii conbro K,CsHg 06pazyrorcs
coenunenus A(CsHsg), u B(CsHs),, comepxaiiine 1eHTpajJbHbIE HOHBI C AJIEKTPOHHOM
koHpurypammeii [Rn] u [Rn]5/2, cooTBETCTBEHHO.

1. Onpenenute snemMeHTsl A ¥ B, 3anummTe ypaBHEHHE pPEaKUUU TOTYYEHUS
A(CgHzg),. Kak nassiBatorcs BemnectBa A(CsHg), u B(CsHs),?

2. B kaxom u3 coenunenuit (A(CsHg), u B(CgHg),) paccTosinue Mexay mioCKUMu
murangamu CgHg?™ 6onbire? OTBET KOPOTKO OOBICHHUTE.

Meramn C oOpasyer Heckonbko coenunenuii ¢ CgHs?". Bsaummoneiictsue
C(OCsH7),,"C3H,O0H ¢ CgHg u tpudrtmnamomuanem (Al(C,Hs);) B 3aBHCHMOCTH
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OT COOTHOIICHUSI PEareHTOB W YCJIOBUH MPUBOAUT K 00pPa30BaHUIO MO0 YEPHBIX WIII
BemecTBa X1 (p-uua 1), mu6o 3eneHoro nopomika Xz (p-yus 2). Monekynsl X1 u Xa
obnanarot cxoxxeit cummerpueit. [lpu Beixoae peakuyuu 1 43.4% wu3 1.000 r ucxoaHoro
coeaunenus C(OCsHy),, C3H;OH nomyuaercst 346 mr Xi.

O6a mpomykra — TUPO(OPHBIC MOPOIITKA W CTOPAIOT MPH KOHTAKTE C BO3IYyXOM
(p-uuu 3, 4). Cropanue 1.310 r X; Benért x oopazoBanuto 647.1 Mmr OMHapHOTO BEIIECTBA
X3, BBICOKOTEMIIEPAaTypHOE BOCCTAHOBIIEHHE KOTOPOTO BOJOPOAOM MPUBOAUT K
YMEHBIIIEHUIO Macchl TBepAOH (a3bl 10 617.0 Mr u 06pa30BaHNI0 OMHAPHOTO BEIIECTBA
X4 (p-uua 5). BemectBo X pasznaraercs Mpu HarpeBaHUW B MHEPTHOM aTMocdepe 10
290°C no X: c nmorepeirt Maccel 14.95%. Ilpu 3ToM BemiecTBO X2, B OTIMYKE OT Xi,
pasnaraercst Bonou (p-uus 6).

[TonbiTka noyunts X1 unu X, Hanpsamyto u3 xyopuaa CCl, u K,CgHs B cpene TT'®
(C4HsO) He nmaér oxumaeMoro pesyibrara: MPOUCXONAT PEaKIuu 03 H3MEHEHUS
creneHn okuciieHuss C, pe3ylbTaToM KOTOpBIX SBJISIOTCS NPOAYKTH Xs (26.35% C,
6.02% O) u Xs (33.05% C, 7.55% O), npuuem B Xs atoM C NpUCYTCTBYET B COCTABE
aHUOHa, a Xe MPECTABISET COOOM AUMeEp.

AHHOH, cojepxamuiics B Xs, oOpa3yercss B COCTaBe COCIUHEHUsS X7 IMPHU
B3aumogeiicteun Xi ¢ kanueMm B MoHonmMme (CH3;OCH,CH,OCHj3). Bonee toro, mpu
JAJIbHEUIIIEM BOCCTAHOBJICHUM X7 HEPEXoAuT B Xs, OTiIMYaronieecs OoT X7 3apsaoM
aHnoHa. [Ipy 3TOM KOOpAMHALMOHHOE OKPYKEHHE aTOMOB METAVIOB B Xs, X7 U X8
CcXoke, W coenuHeHusi Xs — Xg HE coJepkaT CBOOOIHBIX COJBBATHBIX MOJEKYII
pacTBOPUTEIECH.

3. Onpenenure coctaB coenquneHnit X1 — Xs, CCl,, C(OCs;Hy7),,-CsH;0OH. OTBer
npeacraBbTe B Bujae Tadamubl. [IpuBenure pacuer cocraBa Xi, Xz, X3, X4, X5, Xe,
C(OCsH7),,-C3H;0H.

Xi Xa X3 X4 Xs Xe X5 Xs m p

4. 3anumute ypaBHeHus peakyuii 1 — 6.
5. N3o6pa3zure cTpykrypHbsie popmynsl Xz v Xe.

Hectpykiusi BemiecTBa X; MPHU HCIAPEHUM MPHU TOHUKEHHOM JaBJICHUU,
MIPENIONIOKHUTEIIHHO, BEAET K 00pa30BaHUIO MOJICKYJI X1 U HEJETy4ero BemecTBa Xo B
MOJILHOM COOTHOIIIEHUH 1:1. I3BeCTHBI U JIy4llle 0XapaKTepU30BaHbl aHAJIOTH BEIIECTBA
Xo, conepxkaiue 6omee Tsokenpie MeTawibl D u F 13 Toro e cemeiicTBa 3J1€MEHTOB,
IpUYEM COEMHEHUE, coaepkallee MeTasl D, coaep XUt 7 HeCapeHHbIX 3JIEKTPOHOB B
pacuere Ha atoM D, Torna kak B ciyyae BemiectBa F coenqunenne quaMarHiuTHO.

6. Onpenenure popmyny Xo u metasisl D u F. OTBeT Kpatko 000CHYHTE.

7. Ilpennioxure cTpyKTypy Xo.
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3agaua 9 (mag 9, 10 u 11 kiaaccoB)

«— byow ocmopooicen!

— A Ko20a s 6vLn Heocmopodicer 3a Imu doacue 200bl?

— Ha, noxcanyii, ne owi1. Tem obuonee ocmynumscs 6

KOHYe NYymu.»

k. P. P. Tonkun, «/IBe kpermocTm»

Metamr X MajJopeakIMOHHOCTIOCOOCH, pacTBOPSICTCS NPH HArpeBaHUU B CMECH

IUIAaBUKOBOM M a30THOM KHCIOT (p-umsA I). IlpenaparWBHBIM METOIOM MOJYyYEHHUS
BeIeCTBa Z SBICTCS HarpeBaHue menkopazapoosenHoro X mo 250 °C B Toke azora,
HACBIIIEHHOTO TpH KOMHATHOW TeMIieparype mnapamu BemectBa Y (p-ums 2).
OOpazyrommiica Z B pe3ynbTaTe KOHACHCUPYETCS Ha CTEHKaX B BUJIE TEMHO-KPACHBIX
kpuctaios. [Ipu cmemuBanun pactBopoB Z u conu W B THOHWIOPOMUJE BBINAJAET
ocaliok coau A (p-uusi 3), B KOTOPOH MacCOBO€ COJECpP’KAHUE IEMEHTOB COCTABIISIET
13.67 % C,2.87 % Hu 1.99 % N.

1. IlpuBenute dopmynsl BeniectB A U W — Z, eciu cojib A SIBISIETCSI €IMHCTBEHHBIM
nponaykroM peakiuu 3, a crnekrp 'H SIMP comu W comep)KuT BCEro [IBa CUTHAjaA —
TpUILIET U KBapTeT. Hanmmure ypaBHeHus peakunii 1-3.

2. [Ipennonoxute, moyemy Juist IPOBEAEHUS PEaKIMU 3 UCIONb3YIOT TAKOW HEOOBIUHBIN
pPacTBOPUTEIIb, KAK THOHUIIOPOMHU/I.

PactBop BemectBa Z B auneronutpwie CH3;CN ananuzupoBaau METOIOM
crnekrpockonuu *X SIMP®. CrieKTp 3TOro pacTBopa CONEPKUT eAMHCTBEHHBIN CHIHAI
pu —640 m.x.

Jns apyroro mccnenoBaHusi TOTOBUJIM 3KBUMOJISIDHBIA pacTBop cosneil A u B B
aneronuTpuiie. Uepes 1 U mocie MPUTOTOBJIEHUS PACTBOPA 3allUCAIU €T0 CIEKTP X
SAMP. OH comepXuT psil TOCTaTOYHO HIMPOKUX CHUTHAJIOB, 3HAYEHUS UX XMMHUYECKHUX
CABUIOB IpHBeneHbl B Tabmuiue Huxke. Hambosiee MHTEHCHBEH curHajia 4, HauMeHee
WHTEHCUBHBI k€ curHaisl 1 u 7.

Curnan | 1 2 3 4 5 6 7
o,ma. | 0| =132 | =258 | 7?7 | =501 | ?2?? | =731

3. IIpuBenute dhopmymny conu B, 3Has1, uTo OHU ¢ A coaepKaT OAMHAKOBbIE KaTHOHBI B
cBoéM cocraBe. [IpuBenure cTpyKTypHYIO (POPMYITY BEIIECTBA, KOTOPOMY COOTBETCTBYET
curHan npu —640 m.a. B pactBope Z.

4. CKOJIBKO pa3nuyHbIX X-COIEpKalIMX HOHOB COJIEPKUTCS B pacTBope coieil A u B B
areroHuTpuie? OTBeT 0OBSICHUTE.

"V curnanos B cniektpax IMP eCTh /1Ba OCHOBHBIX NapaMETPa: XMMUIECKHH CIABHT (J) U MHTEHCHBHOCTh
(). Yem Oomple 3HaUEHHE J AJsl KOHKPETHOTO SApa, TEM B OoJiee 3JEKTPOOTPULIATEIIHLHOM OKPYXEHHH OHO
HaxonuTca. CtanmapToM (0Opa3loM, XUMHUYECKHI CABUT HCCIEAYEMBIX SIep B COCTaBe KOTOPOTO HMPUHAT 3a

0 MHWUTMOHHBIX f0J€el (M.11.)) B ciektpockonuu > X IMP npunst pactsop K[XCls] B CH3CN.
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5. IlpuBenute OpyTTO-POPMYNIBI KOMIUIEKCOB, COOTBETCTBYIOLIMX cuUrHamzam 1-7.
Boruncnure xuMuyeckue ciBUTA curHaioB 4 u 6. Bce oTBeThl 00bsicHUTE.

B npyroit pabore McclenoBaTeNd U3ydald METOAOM cIlieKTpockormuu X SIMP
MPOAYKTHI COJIbBOIN3a HEOOJBIINX KOIMUECTB coeuHeHns] C METaHOJIOM B Pa3Iu4HbIX
pactBopurensix. M3 Bemecrsa C mo mpouenype, aHAJIOTMYHOM peakuuu 3, MOXKHO
MOJIY4YHTh COb B.

[Tpu no6aBneHuu pazHOTO KOJIMYECTBA MeTaHOJa K B3BecH BemiectBa C B OGeH3011e
MOYKHO IIOJIyYHUTh P paCTBOPOB. AHamu3 uxX crieKTpos > X SIMP 1mo3BoIMI yCTaHOBUTS,
YTO B HUX MOXET COAEP>KAThCS HECKOJIHKO CUTHAJIOB (B 3aBUCUMOCTH OT KOJIMYECTBA
100aBJIEHHOTO METAHOJA), 3HAUCHUSI UX XUMHUYECKUX CJIBUTOB MPHUBEIACHBI B TAOIHIIE
HIDKE.

Curuan 8 9 10 11
o,ma. | 497 | -810 | —1010 | —1160

[Ipn mpornyckaHuu amMmuaka 4epe3 cCMechb MeTaHosia ¢ BemecTBoM C MOXKHO
noayuuth Bemmectso D (p-uus 4), cnexrp *>X SIMP ero pactsopa B G€H3051€ COOEPKUT
curHai 11. TlomnbITKa MPUTOTOBUTH KOHIIEHTPUPOBAHHBIN pacTBop BeecTsa E (p-mus 5)
B O€H3011€ IPUBOAMT K 0Opa3oBaHMIO pacTBopa, crekTp X SIMP KOTOpPOro comepiKuT
TPU CUTHaJIa, B TOM 4ucie 8 1 9 ¢ OAMHAKOBON MHTEHCUBHOCTBIO, & TAKXKE €IIE OAUH
HEOOJIBIIIOW CUTHAJI, MHTEHCUBHOCThH KOTOpOro cocTaBisieT 5 % ot oOuei
MHTEHCUBHOCTH BCEX CUTHAJIOB B CIIEKTPE.

6. [IpuBenute popmyny BemecTBa D, HanuIIUTe ypaBHEHUE peakuu 4.
7. llpuBeaute hopmyiy BemectBa E, olienuTte 3naueHue d Tpethero curnaia. Hamummre
YPAaBHEHHUE PEAKIMU 5 U pacCUUTANTE KOHCTAHTY €0 PaBHOBECHS.
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Oprannyeckasi XuMus

3agava 1 (mas 9, 10 kjaaccoB)
Besio-cune-kpacHoe OpaTcTBo
VYrnesomopon X c¢ Opyrro-dpopmynoit CioHg mnpencrasmser coboit Oenoe

KPUCTAITTUYECKOE BEIIECTBO, IIMPOKO UCIIOIB3YeMOE B KaUeCTBE MHCEKTHUINIA, A TAKKE
NPUMEHSIONIEECsS ISl CUHTE3a KPAaCUTENEH, B3PhIBUATHIX BEIIECTB U JIEKAPCTBEHHBIX
coeauHeHuil. Hampumep, Ha ocHOBe coeauHEHUs X MOXET OBbITh IMOJYYEH
HECTEPOUIHBIN MPOTUBOBOCHIAIMTENbHBIN Npenapatr HabymeToH (H) mo cienmyroreit

CXCMCE.

H2S04 (KoHU)  1)NaOH,300°C_ _ Brp(2oke) . sn _ S '
180 °C 2) Hz0* AcOH ACOH Me=Chs
100°C | Me;SO4 i Ac = CH,CO!
0 o | %y
M M ~ 1)Mg, THF ! | |
Ni PeHes 10% NaOH, H,O 2) Oé\NMez, 80 °C """-I'-l'—l'F'"“:

3) H;0*

1. Hanummre ctpykrypHbie Gopmynsl coenuHennii X u A — H. M3BecTtHo, 4TO B
cnekrpe SIMP 'H Bemectsa C mpUCyTCTBYET IECTH CUTHANOB (YETBIPE AyOeTa U Ba
CUHIJIETA), @ B aHAJIOTUYHOM cIieKTpe D cToibko ke qy0neToB, HO CUHIVIETOB Ha OHMH
OoJbIIIE.

Iloockasxka: cuenanvl npossnsaomcs 6 eude 0yoiema 8 ciyyae CHUH-CHUHOBO20
g3aumooeticmeus paccmampueaemoz2o amoma H monvko ¢ 00num unvim amomom H; kak
npasuio, CHUH-CNUHOB0E B63AUMOOCUCmEUe NPOABIAemCs, eClu COOMEemcmayoujue
amomvl pazoeieHvl He bojiee uem mpemst CA3AMU.

N3omepHoe yrmeBogopony X coenuHeHue Y oOnamaer spko TEMHO-CUHEH
OKpacKoOH, C CepHOM KUCIOTOM 00pa3yeT npoaykT I (mpu 3TOM CHUHSIS OKpacKa UCUYE3aeT).
[Ipu narpeBanuu cBeie 300 °C Y nsomepusyercs B BemecTso X. [Ipu B3aumonenctsun
Y ¢ u30sITKOM Opoma oOpazyercs nponykr J, comepxkantuii 55.88 mace. % Opoma.

2. Hanummre ctpykrypubie Gopmynbl coequnenuit 'Y, I u J. OObsicaute, 4em
o0ycJoBiieHa OKpacka coequHeHus Y.

VYrneBomopon Y BrepBbie ObLT MOMy4eH B XV BEKe B BUAC CHHETO KPACAIIETO
BEIIIECTBA, BBIACICHHOTO M3 3(UpPHOrO Macia poMamkd. B 1863 romy 3To BeliecTBo
OBLIO MOBTOPHO OOHapyxkeHO (paniy3ckum mapdromepom Centumycom IIbeccom B
THICSTYEIIMCTHUKE U MOJIBIHU U TOT/IA JKe MOIY4YuIIo CBOE Ha3BaHue. BriepBbie coeiMHeHEe
Y Obuto cunTe3upoBaHo B 1936 rony A. Ilday u II. IlnatHepoM B3auMonercTBHEM
WHJIaHA W STUJIOBOTO d(Upa TUa30yKCyCHOM KUCIOTHI. B HacTosiee BpeMst peiyioxKeHO
MHOXKECTBO Pa3IUYHBIX CIIOCOOOB ero momydeHus. Ha cxeme HMke MpuBEAEH METON
CHHTE3a 3TOT0 yITIEBOIOPO/Ia C UCIOJIb30BAHUEM peaKIuu [6+4 |-IIUKIONPUCOEAMHEHNUS.
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OEt

50°C  Et0” “NMe,

7/ ——>K——"» L
40 °C 65 °C
[Q]4’SO Y
SO Br R 2
N—2>M—2>NM>O - Me,NH

130 °C, p 60 °C THF,0°C

___________ ;2(2 3KB.)

LA i P

3. Harummre ctpykrypasie (hopmyinbl coenuaennid K — Q.

VYrneBogopon Z. w3oMmepeH coenuHeHUsIM X W Y M NpU OOBIYHBIX YCIOBHAX
MpeNICTaBIIAET COOOM MACIO KPaCHO-OPaHKEBOTO IIBETA, @ MOJIEKYJla €r0 UMEET IIOCKOE
CTpPOEHHUE, HO MPU 3TOM HE IPOSBISIET apoMarhuyeckux cBorcTB. Coeannenue Z ObLIO
ITOJIYYEHO IO CIIETYIOLIEH CXEME.

0
HC=CH LiAIH, MsCl (136.) ‘BUOK (1136.) 100 °C
— > R —» § > = U >
hv THF EtsN DMSO-THF CeHe
e ., 0-25°C
o ! o !
} 'Bu = (CH3)3C g
' Ms =CH380, 1
: DMSO

4. Hanumute crpykryphbie ¢opmynsl coeauHeHuit R — U u Z. Yurure, 4T0
MouieKyJa BemectBa U MeeT IIOCKOCTh CUMMETPHH.

3amaua 2 (miasg 9, 10 u 11 kjaccoB)

«wawempuﬂ npeécmaeﬂﬂem coboll KORYenyur, COKpaularouyro CJa10H#CHOCnb,

uwume e€ noecrooy»
Anan Ilepnuc (1922 — 1990)

C npeBHHX BpEMEH B HCKYCCTBE M APXUTEKTYPE MOXKHO 3aMETHTh 3JIEMEHTBI
CUMMETpUU. MHOTHE >KUBBIE OPraHU3Mbl TaKkKe OOJIaJal0T 3JIEMEHTaMU CUMMETPHU B
CBOEM cTpoeHHH. [103TOMy HEYNUBUTENBHO, YTO CPEAU MPUPOIHBIX COEITMHEHUN MOXKHO
NPUBECTH MHOTO MPUMEPOB CUMMETPUUYHBIX MOJEKYI. B TO e Bpemsi BCTpedaroTcs U
BEIIECTBA, MOJIEKYJIbI KOTOPBIX, POPMATIBHO HE SIBIISISICH CAMMETPUYHBIMH, COCTOSIT U3 IBYX
COEIMHEHHBIX MEXIy COOOM CTPYKTypHO OnMM3KuX (pparMeHToB. OJHHM M3 MPUMEPOB
ABJSIETCSl QJIKAJIOMJ KOMIUIAaHAJUH A, BIEpBbIE BBIACICHHBIM W3 IU1ayHa Lycopodium
complanatum, Gonee U3BECTHOIO IOJ Ha3BaHUEM nidayH oboroooocmpwii. Kak u npyrue
aJIKaJIOW/bl ATOTO KJlacca, KOMIUIAHAAWH A, a TaKKe POJICTBEHHBIE EMy KOMIUIaHauH B,
xkomiutanaauH C, komruiaHaaud D v koMiianaaud E npeacTapisitoT HayYHbIH MHTEPEC 13-
3a UX CIOCOOHOCTH MHIMOMpPOBaTh (PEPMEHT AllETWIIXOIUHACTEpasy. biaaronaps sToMy oHM
UMEIOT MEPCHEKTUBbl IPUMEHEHUsS] B KAUECTBE IPENApaToOB, MOAABIISIONIMX CUMIITOMBI
Oone3Hu AsblreiiMepa M Apyrux HeWpojereHepaTuBHbIX 3a0oneBaHuil. Kommuanaausa A
COZIEP)KUT JBa CTPYKTYPHO HACHTHYHBIX TETPALUKINYECKHX (PparMeHra ajkaiouja
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JIMKOAMHA, KOTOPble HECHMMETPUYHO CBsi3aHbl Mexay coboi: C—C cBsi3p oOpa3zoBaHa
aromoM C2 omnoro ¢parmenta u aromom C3 apyroro ¢parmenra. Takasi ckpbitas
CUMMETpHsI KOMIUIaHaIMHa A OblTa yCIIENIHO WCIIOJh30BaHA B MEPBBIX MOAXOIAX K €ro
cuHTe3y, Kotophie B 2010 Tomy HE3aBUCHMO Ipyr OT Apyra MPEUIOKHIN JBE TPYIIIBI
uccuenoparenei (MpuuéM UX CTarbu OBUIM MOJAHBI HA PACCMOTPEHUE B IMPECTHXKHBIM
xypHai Journal of the American Chemical Society ¢ pa3Huiieit Bcero juiib B 3 mHs!).
[lepBoii okazanace rpymma mnpodeccopa Puumonga Capronra u3 KammdopHuiickoro
yHuBepcuTeTa B bepkiun. Cxema ux cMHTE3a UCXO/s U3 TeprieHouAa (+)-ImyJeroHa u mpem-
OyTunareroarierara npuBeneHa Hibke. KiroueBol cTaaueil B TaHHOM TIOIXOJC SIBISICTCS
cOOpKa TETPAMKIMYECKOTO Kapkaca myTéM KoHjeHcanuu coenunenuii E u G.

Q 1) MCPBA
= PhCO3H 1)PhSNa 78°C 1) 12, Py
T A NG o © 277C S 2w D
BuzSnH, AIBN
1) ZCN 80°C TsOH, 145 °C

0] O >< EtONa E H,O -G 2) LiAlH, O
Mo 2) TsOH Zn(NO3), (kar.)
150 °C
>:NOH (kart.)

m

90 °C
H 1) Boc,O
c.q_ HCIOs ( Et;N,60°C  Tf,0 | HCO,NH,, Et;N
+G ——— > —— > H —— >
AuokcaH/H,0 N 2) Pb(OAc), Py Pd(OAc), (kaT.)
105 °C H dppf (kaT.)
o] 60 °C
[(pin)B,
‘\\H [Ir(COD)(OMe)], (kaT.)
dtBu-bipy (kaT.)
[Pd(dppf)Cly] HCI, H0 80 °C
K3PO,, Et;SiH 70°C N Y
80 °C K
Lo
KoMnnaHaguH A N -
'Me=CH; . .~ N, 5 l
! Cl CO H \ I
1 Bu =H-C4Hg Py 7< TsOH
E tBu - (CH3)3C mCPBA AIBN ,qmoxcaH E
, Ph = CGH5 0] 0] :
ho-ciico kax A |
TfO = CF3803 &> —PPh, i

| Boc,0 Fe —N t

: dtBu-bipy 'Bu

| [(pin)BI, = FFh:

: dppf COD

1. Hamummre crpykrypueie  ¢opmynbl  coenuHeHnit A —L  (ctepeoxumus
He oneHuBaercs). Mssectno, uro B cmekrpe SAMP 'H Bemectsa C comeparcs
81



crenyromme curHaiesl: o 6.69, 6.01, 2.48, 242, 2.22, 2.12, 2.03 (Bce — 1H) u
1.07 (3H).

2. [Ipennoxxute MeXaHW3MBbI CISAYIONTUX MPEBPAIICHUN U3 IIPEICTaBICHHOIO CUHTE3a!
(a) coequnenust C B coenunenue D; (0) konaencanuu Beuects E u G npu HarpeBaHuu
¢ HC1O4 B cmecu quokcaH/Boja.

ABTOpPCTBO BTOPOTO CHHTE3a MPUHAJICKUT Tpymre npodeccopa Junonucno Curens
u3 yHuBepcuteta Texaca B OctuHe. B kagecTBe MCXOMHOTO BEMIECTBA OHU MCIIOIb30BATN
coenquHeHue B, KOTOpoe OHM HE CTalM CHHTE3MPOBATH CAMOCTOATEIBHO, KaK TpyTra
Caprionra, a npuobpenn y oaHod u3 (UPM-TIOCTABIIUKOB XUMHUUYECKHUX PEaKTHUBOB.
KiroueBoil cTagueid B WX CHHTE3€ BBICTYMWIO [2+2+2]-IUKIONPUCOCIUHEHUE,
karaauzupyemoe komruiekcoM [CpCo(CO),].

1) mCPBA 1) =—MgClI
ONaH0°C . -78°C _ 1)TMS/\CN‘0 2) H,0
2) 1" 0Ac 2)23°C BuLi, -78 °C 3) Ac,0
2) CsF Mg(ClO,), (kaT.) | 1) PhCH,NH,
CuCl (ka.)
66 °C
2) K,CO3
MeOH
_MS—=—=—TMS _ _ PPhy CCl, g
[CPCo(CO),], 140 °C MMmnaason
™S ™S 77 °C

1) BuyN*F-, 66 °C

Ngo NH  OCCO iivps L
uMmnaason [CpCo(CO),]

2) LIHMDS, 0 °C
3) TMSCI, 0 °C
1) R, [CpCo(CO),] T 1) Hp, Pd/C
PPhs, 140 °C 2) HCI, MeOH
2) BuyN*F, 100 °C 50 °C
TMS = MesST £~ o
L < Ssi2sil
: [\ Co. N o KomnnaHaguH A

3. Hanmummure crpykrypHbie hopmyibl coenuaernii M — T u R’ (ctepeoxumust He

orieHnBaeTcs). M3BecTHa ciieayrormias 10noJHUTEIbHAs HH)OpMAIIHS:

e B cnexrpe SIMP 'H coequnennii O u P conepxutcs (B 4nCIIe IPOYMX CUTHAIIOB)
TpurieT okoJio 4.05—4.1 m.a. ¢ uaTeHcuBHOCTHIO 2H.

e Bemectea R u R’ umeror odeHn moxoxue CTpykTypsl. B cmekrpe SIMP 'H
coeauHenus R’ npucyrctByeT cunmiiet npu 8.36 m.jA. ¢ ”HTeHCUBHOCTHIO 1 H, a
OCTaJIbHbIE CUTHAJIbI PACIIONIOKEHBI B uana3zoHe ot 1 1o 4.5 m.a. [1o nanHbIM
MacC-CIIEKTPOMETPUHN BBICOKOTO pa3peiieHusi, MOJeKyIsapHbidi noH R’ Buna
[M+H]" (TO0 ecTh ¢ OOHMM JOMOJHHUTEIBHBIM IIPOTOHOM) HMEET MaccCy
245.16486 a.e.m.
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3amaya 3 (misg 9, 10 u 11 kjaaccoB)
Moneas Hiummepmana-Tpakciiep
B 1957 rony mnpodeccop loapnm Ilummepman u ero cryaeHTka Mapmxopu
Tpakcnep u3 Cesepo-3anaaHoro ynuBepcutera (Mmmunoiic, CIIA) omyGnukoBamu

CTaTbhlo0, B KOTOPOH ObliIa MPEAIoxKeHa MOJIEIb, OOBICHSIONIAs CTEPEOCEIEKTUBHOCTh U
HAIIPaBJICHUE NPOTEKaHUs HEKOTOPBIX pPEaKUUM aJbJOJIbHOW KOHJCHCAMU MEXIY
ONTUYECKU HEAKTUBHBIMU cyOcTpaTamu. My ObLIO MpEeAioKeHO, YTO IPU MPOTEKaHUU
KaTaJIM3UPyeMbIX KUcIoTaMu JIptonca peakiuil anpA0dbHON KOHACHCAUN 00pa3yeTcs
LIECTUWICHHOE NIEPEXOJHOE COCTOSIHUE. AHAIN3 YCTOMYMBOCTH JAHHOIO IIEPEXOJHOTO
COCTOSIHMSI IIyTEM HTEpalMy IIOJOKEHUS 3aMECTUTENECH IO03BOJSAET IIPENCKa3bIBaTh
OCHOBHOHU IIPOAYKT PEAKLMM ajlbJOJIbHOW KOHAEHCauuu. JlaHHas MOzelb NIpUMEHUMaA
Ul peakuuil, B KOTOpBIX KucioTa Jlbtomca MMeeT BakaHTHYIO OpOuTanb s
KOOPJAMHALIMY K KAPOOHUIILHOM IPpyIIIe METUIIEHOBOW KOMIIOHEHTHI.

0 R4 BE:

OLA )J\ R,

O
25--LA
R3 LA 2 R3 R4 R5 Rz _/_ QI/

R, R

LA - kucnota Jlbtonca

R1-Rs - 3amectutenu

Jannyro monens llummepman n Tpakciep MOCTpOMIM Ha OCHOBAaHWM aHAIN3a
COCTaBa NPOAYKTOB, OJYYEHHBIX MU PH NPOBEICHUH peakunu BaHoBa.

1) NaNO, T
1 iPrM Br (n30. MeOH N-H,.-H-O H O+, 5°C E ) e= 3 E

Ph/\CO2H ) g/i )= A W B 2114 2 > C 23 80 OC > D ' IPr = (CH3)2CH
2) Ph" 0 2504 )  Ph = CgHs |

3) H;0* 65°C 2

1. Hanummre crpyktypHble (hopmyiibl BeniecTB A — D ¢ ykazaHueM OTHOCUTEIbHON
KOH(pUTYypaluu XHpajdbHbIX LEHTpoB. OObicuure Bam BeIOOp KOHDUrypanmid,
U300pa3uB CTPOCHUE NEPEXOIHOTO COCTOSHUS, MPUBOMALIETO K O0pa3oBaHUIO A
(OCHOBHOTO TIPOAYKTa peakiuu MiBaHosa).

[IpakTrueckyro nonb3dy Mozaenu lLlummepmana-Tpakciaep CI0KHO NEPEOLECHUTH:
(dakTHUEeCKH OHa MO3BOJISIET 3apaHee Mpe/CKa3blBaTh Pe3ylbTaT CHHTE3a, YTO OUEHb
BAXHO B JMACTEPEOCEIEKTUBHOM CHHTE3€ NPHUPOAHBIX coenuHeHud. B 1981 romy
uccienoBarenn U3  Maccauycerckoro — TexHonoruyeckoro uHctutyta  (CILA)
OCYILIECTBWJIM  CTEPEOCENIEKTUBHBIA  CHHTE3  COfAepXaulerocs B OakTepusix
Saccharopolyspora erythraea maxponuna 6-1eoKCH3pUTpoHONIUAA B, mpeniecTBeHHUKA
aHTHOMOTUYECKOTO COEAMHEHHUs 3puTpomuiinHa. OH mpeAcTaBiseT coOOM KpaiiHe
VWHTEPECHYIO LIEJIb I CUHTE3a U3-3a BBICOKOTO KOJIMYECTBA XUPAIbHBIX LIEHTPOB B €0
cTtpykrype. OCHOBHOW CBOEW CTpaTrervell CHMHTETUKH H30palii MpUMEHEHUE PeaKiui
aNbJ0JbHOW KOHACHCAIIMM C MCMOJIb30BaHUEM OOp-eHoNATOB. Cxema mojydeHus 6-
JNEOKCUIPUTPOHOIUAA B mpuBencHa Hxke.
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H 1) EtLi (136.)
N2 E -18°C_ | F 1) TBDMSCI, DMAP e
CozH Rh/A|203 2) H3O+ 2) BBNOTf’ DlPEA’ O OC :"§JI

(S)-muHaansbHas kucnota 40 6ap

Yoo

1NN 1) CH,N 1) DIBAL-H ===
) O g DHF  DCHN, - 1) Sy

X - - - -y
" 2)H,0 2)Nalo,  2)TESCI 2) CrO4-2Py '----
DMAP
KV\/L DXs _ DHE . D(©OCh, | DXs . 1)BuNF_
f COMe 2)H,0 ~ 2)NalOy ¢ 1y o, 2) leﬁé):l/olacaso4 2) H,0 2) NalO,

1) CICO,Et, Py
2) 'BuSTI, ‘BuSH
3) KOH, H,0/'BUOH, 0 °C

4) TBDPSCI
OMe
1) (C1,CHCO),0 1) LIHMDS 1)/&
;CouOTf o PyoC o -78°C o _N(COCH,  H* (")
DIPEA 2) Hs0* 2)Y; 3) H,0 2)EtCuli  2)BUNF (o oo
° 331505
<o 4) NaBH, 78 °C
BUOHITHF/H, O
u

| Et = C,Hs DIPEA = 'Pr,NEt :

' Bu = H-C4Hg /H\ E

R o .

1) PYH'CrO5Cl  1Bu = Me,C o : AI‘H’Al |
2) H30 | TES = EtsSi B 5
| TBDMS = ‘BuMe,Si :

0 | TBDPS = fButhsl N
o | Tf = CF3S0, E

HO o) : Li

' N
E Me3S| \SiMe3 — E
HO ; LiIHMDS Py

HO L 1BUSTI = mpem-6yTUNTNONAT Tannms
6-geokcnapuTpoHonug B o .. J

2. Hariumure crpykrypubie ¢dopmynsl BemiectB E—U, Xs u Y ¢ yuérom
CTEPEOXHUMHHU, UCTIONB3YSI U3BECTHBIE KOH(UTYpaIlUK XUPATbHBIX IEHTPOB B UCXOAHBIX
COCAMHEHNAX W KOHEYHOM IMPOAYKTE O-meokcudpuTpoHommae B, a Ttaxxke monmenu
[{nmmepmana-Tpakcnep Mg peakuuil ajlbI0JIbHONM KOHJAEHCALMU C HWCIIOJIb30BAHUEM
OOp-eHONATOB. YUTWTE, UYTO B TPUBEAEHHON Ha CXeMe CTPYKType 6-
JCOKCUAPUTPOHONUAA B juisi OONBIIMHCTBA XUPAIBHBIX IIEHTPOB KOHUTYypaIus He
VKazaua cneyuaivHo. TOJbKO OHA U3 UCIIOJIb30BAHHBIX B CUHTE3€ CTAaAuM, IPUBOIAILINX
K 00pa30BaHUIO HOBBIX XHPAJIBHBIX IIEHTPOB, HE OTIIMYAETCS CTEPEOCEIEKTUBHOCTHIO
(omgHaKo 3TO HE OKa3blBACT BIUSHUE Ha pe3yJbTaT CHUHTE3a, IOCKOJIbKY 00a
oOpazyroluxcsi Ha 3TOW CTaluMd IUAcTepeoMepa B KOHEUHOM UTOre JAloT 1LIeJIeBOM 6-
neokcudputponosu B). BemectBa Xs u XR SIBASIOTCS SHAHTHOMEPAMHU.

[Tpu pazpaboTke CUHTE3a MCCIIEA0BATENN TaKKe MPOOOBAIN UCTOIB30BATh BMECTO
X peareHT V, KOTOPBIH MTOIYYAETCA, €CIU U3 IMTPOLEAYPhI MOIyYEHHS X U3 MUHIAIBHON
KHCJIOTHI OITyCTUTD MEPBYIO CTaanI0. BeiOop ObL cienaH B 1mosib3y X Ha OCHOBaHUH TOTO,
YTO NPH MCHOJIB30BAaHUH V MOJIBHOE COOTHOLIEHHE IEJIEBOr0 AMACTEPEOMEpPA I10

OTHOUIEHUIO K HEXeNaTeIbHOMY cocTaBmio 3.5 : 1, a npu ucnonb3oBanuu X — 15 : 1.
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3. [Ipennoxute OCHOBHOM (haKTOp, MPUBOISIIHIA K BRICOKOW CTEPEOCENIEKTUBHOCTH
peakuui ajabI0JbHOM KOHAEHCANU ¢ X 10 CPABHEHHUIO C V.

3amaua 4 (s 9, 10 u 11 Kj1accoB)
B ocHOBe cuHTE3a CIIOKHBIX OPTaHUYECKUX MOJIEKYIT JISKUT PETPOCUHTETHYECKHUI

aHaJIn3 — MOAXO/, MO3BOJIAIOIINN MPOU3BOJUTH TUIAHUPOBAHNE CUHTE3a. 3a pa3padoTKy
U (OpPMYIHPOBAHUE OCHOBHBIX METOJOB PETPOCUHTETHUECKOTO aHAIN3a BBIAAIOIIMIACS
XUMUK-cUHTETUK Dnaiac J[xeiime Kopu momyuun B 1990 romy HobGeneBckyro mpemuto
0 XUMUHU.

B TepMHHOI0THN pETPOCUHTETHUECKOTO aHAJIU3a MTPOIIECC, 00paTHBI HOPMAIHLHOM
XUMUYECKOW peakluu, HazbiBaeTcsa mpancgopmom. Oco00 BakKHOE MECTO Cpeau
TpaHC(OPMOB 3aHUMAIOT MOWHblE MPAHCHOPMbI — PEAKIUHU, TPUBOIAIINE K
o0pa30BaHMIO HOBBIX CBsi3el ymiepoa-ymiepod. Hampumep, Kk MOIIHBIM TpaHchopmam
OTHOCSTCS pEAKIMU KOHJICHCALIUH U PEAKIIMH KPOCC-COYETaHMUS.

1. IlpuBenuTe mnpuMepbl Kak MHUHHMYM €HI€ YETHIPEX PA3HOBHUIHOCTEM MOIIHBIX
TpaHcPOpMOB (MOXKHO JaTh HA3BAHUS PEAKIIMI CIIOBaMHU, JIMOO MPUBECTU CXEMBI).

Vkazanue: nepeuucnenue HeCKONbKUX 6APUAHMOB peakyuu O0O0HO20 MUnd
(Hanpumep: anbOorbHASL KOHOeHcayusl, KoHoencayus Knsiizena, kondencayus Jlukmana)
cuumaemcs 3a 00OHY pA3HOBUOHOCHb MOUHBIX MPAHCHOPMOS.

2. [Ipennoxute cocod cUHTE3a reKkcaH-3-0Ha U3 MpoMaHals He Oojee YyeM B YEThIpe
CTaJuu, B KOTOPOM OyZIeT 3a1eiiCTBOBaH MOLIHBIN TpaHchopMm.

Vkazanue: mooxcno ucnonv3osame n00ble peazeHmovl, 0OHAKO NPONAHANL OOJNIHCEH
8bICIYNAMb UCTNOYHUKOM 8CeX amomos yenepooa 8 KoneuHom npooykme. lIposedenuem
peakyuu 6 O0O0HYy Cmaoulo CYumaemcsi MoabKO maKoe npespaujerHue, Komopoe
He nponycKkaem 8bl0eNeHUsi NPOMENHCYMOUHBIX NPOOYKMOE U3 PEaKYUOHHOU CMECHU.

B 1936 rony B kommanuu Merck rpynmoit opraHuKoB 1101 pyKOBOACTBOM Busbsimca
u KnsiiiHa ObLT OCYIEeCTBIEH MIeCTUCTAAUHHBIN CHHTE3 BUTaMUHA B ¢ Hcnonb30BaHeM
X1 — X7 B Ka4€CTBE pPEareHTOB U UCXOAHBIX BEIIECTB (MMPUBEICHBI HUKE B MPOU3BOJIBHOM

MOPSIIIKE).
NH,
® o
X X3 X, Xs X X5 N N4\S Br
X1—>Y1—>Y2—>Y3—>Y4—>Y5—>)l\ _— —
N
BUTamMuH B4
X1'X7: OH
0 NH 0 0 «S/ oH
HBr NH
P-CI 3
ClI” ¢ )LNHZ HJ\OEt EtOJ\/\OEt N(»
RO

3. IlonpoOyiiTe BOCIPOU3BECTH CUHTETUUECKYIO CXEMY, OTPAXKAIOILY 0 CUHTE3 BUTAMHUHA
B, npousBenennsiii B komnanuu Merck, cooTHecs CTpyKTypsl peareHToB X1 — X7 H

HafucaB CTPYKTypHbIe hopmyisl mpoaykToB Y1 — Ys. [71e HeoOxoaumo, TONOTHUTETHHO
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YKQXUTE YCJIOBHS IPOBEACHMS PEAKLMl, a TaKXke, II€ HEOOXOAMMO, HCIOIb3yHTe
KHUCJIOTBI U OCHOBAHUs JUIA IPOTOHUPOBAHUS U IETIPOTOHUPOBAHUS.

Vkasanue: ucnonvzosanue Kuciom —uau  OCHOBAHUL,  HeoOXOOuUMoe  OJis
NPOMOHUPOBAHUS UTU OENPOMOHUPOBAHUsL CYOCMPAMO8 Ul Peazenmos, He CHumaemcs

3a OMOENLbHYI0 CMaoulo.
B 1949 rogy amepukaHCKMMHU OpraHukamu-cuHTeTukamu PpankoMm, beppu u

[HloTrBenomM OBLT OCYIIECTBIEH CHHTE3 MOHOTeprieHoHa (esaHapaa, BXOIIIIETO B
COCTaB ABKAJMIMTOBOTO 3(UPHOTO Macia, UCXOs U3 Kymoia (u3ompornuidensona). Ha
CXeMe HIDKE TPUBEACHBI WCIIONB30BaHHBIE MUMU CTaaud Aj — Ao (TIpeACTaBIICHHI B
IPOM3BOIBHOM TTOPSIJIKE).

o

N

A, A, As A A, Ag A,
—>B1 —>B2—>B3—>B4—>B5—> BG—>B7—>B8—>

A,-Ag: dennangpan

1) KOH, H,0 Hy, Ni ‘ 1) HS0,
2) H30 e PhNH, 2) NaOH, t (cnnaeneHue) :Ac= CH;,(-;‘BI
3 |Ph=CgHs !
K5Cr,0-, H,SO ! 615
(KeCre07, Hp50 1)Ac0, AcCl | teemeeeiisis ;

(KCN, AcOH, Hzo) socl, ‘ 2) t (nponuTn4eckoe aNMMUHNPOBAHNE)

4. BocnpousBenure MOCIEN0BATEIHLHOCTh MPEBPAIICHUM, OCYIIECTBIEHHBIX DpaHKoM,
beppu u IlotBenom, cootHecs craauu Ai — A9 U HAlUCaB CTPYKTYpHbIE (POPMYIIbI
nponykroB Bi — Bs. [JonmomauTensHo n3BecTtHO, uto B MK-cniekTpax BemectB B4 u Bs
UMEETCs JI0CTaTOYHO WHTCHCUBHAS nojoca B oOmactu
2200-2300 cm .

B 1951 roay rpynmno# npodeccopa ['mnbepra Crtopka ObL1 BHEpBbIE MPOBEAEH
CHHTE3 yKe U3BECTHOro Bam KaHTapuanHa — siia HeOSIKOBOU MPUPOABI, COAEPKAIIETOCS
B JuMde KYKOB-HAPHIBHUKOB. JlaHHOE BEMIECTBO TMpH TOMAJaHUA B OOJBIITUX
KOJIMYECTBAX HAa KOXKY WJIM BHYTPb OpraHM3Ma BBI3BIBAET OXKOTH BIUIOTH O HEKPO3a
TKaHel. TeM He MeHee, KaHTApUIUH UCTIOIB3YETCSl B MEAUIIMHE B KAY€CTBE KOMIIOHEHTA
Mase 11t HapyKHOTO IPUMEHEHHUS TIPH JICYSHUH HOBOOOPA30BaHMI KOKHBIX TTOKPOBOB.

BrleynomMsiHy ThIi CHHTE3 KaHTapHUIMHA YCIIOBHO MOXKHO Pa3IesiuTh Ha J[Ba dTara:
NepBbIA — 00pa30BaHUE <JICBOTO» JUMETHIMPOBAHHOTO OMIIMKIMYECKOTO (PparMeHTa;
BTOPOH — POPMHUPOBAHKE «ITPABOTO» AUOKCOTETParuapodypaHoBoro ukia. B kauectre
COEMHEHUM, 00pa3yIoUX YITIEPOAHBIN CKeJIeT MOJIEKYJIbl KaHTapUANHA, CHHTETUKAMU
OBLIIM MCTIOJB30BaHbI TUMETHIIalleTUIICHANKapOokecuar, pypan u Oyranuen-1,3.
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CO,Me :
(0] — > Y
+ + / e —_—
(S A — 2 —
= OH =
CO,Me - c e

KaHTapuouH

5. Ilpeanoxure crnocod cCUHTE3a KaHTApUIUHA U3 AUMETWIALETUICHIUKapOOKcuiaTa,
dypana u OyraaueHa-1,3 ¢ mpoMexyTodHbIM 0Opa3oBaHueM BemecTBa C, BKIIOUAIOIIHIA
B ce0s cymMmapHO He Oonee 15 craamil, a TakXKe YUYUTHIBAIOIIMNA CTEPEOXUMUIO
KaHTapuanHa u Bemecrtsa C.

Vkasanue: mootcno ucnonvzoeame j100vle peazeHmul, Npu  YCIOBUU, UMO
YenepoOHblll cKelem Kanmapuouma oOyoem nocmpoer moiavko uz amomos C mpéx
8bIULEYKA3AHHBIX coeouHenul. [Iposedenuem peaxyuu 6 0O0HY CMAOUIO CUUMAEMCS
MONbKO maxoe npespaujenue, Komopoe He Nponyckaem 6blOeneHUs NPOMeNHCYmoUHbIX
NPOOYKMO8 U3 peakyuoHHOU CMecu.
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Xumuda 1 2Kn3Hp

3amaua 1 (mas 9, 10 u 11 KJ1accoB)
Poixkuii KoHONATHLIN

Puiorcur! Poiorcunt! Kononamuwiii!
Youn oedywxy nonamoii —

A oH 0edyuwky ne our,

A oH 0edywKy aoodu.

/ «Puoioscutiy J. Yenenckuii /

Menanunsl (0T rped. «mélasy - TEeMHBIH) — Tpymna CIOKHBIX MOJTMMEPHBIX
NUTMEHTOB, BCTPEYAIOIINXCS B OpraHu3Max >KMBOTHBIX, OakTepuil 1 rpuOoB. MenaHuHbI
OINpE/ENSAIOT LBET KOXKHOTO IOKpOBa, BOJOC, IMEpPhEB, paayXku Imaza. Haubonee
PacipoOCTPAaHEHHBIMU SIBJISIFOTCSL SyMeJNaHUH U ¢eoMenaHuH. llepBbiil mpumaer koxe
TEMHBIE, OT YEpPHOIO J0 KOPUYHEBOIO, OTTEHKH, BTOPOMl K€ - KpaCHOBAThbIE WJIU
KEJITOBATHIE.

1. Kakoii n3 MenaHrHOB ITpeo0I1aia B BOJIOCAX MAJIBUMKA U3 OTPbIBKA CTUXOTBOPEHUS B
snurpade? Kakoit Oyaet npeodnaaarh B 4epHBIX Bosiocax? A B pyChix?

Kak symenanuH, Tak u (eoMenaHuH, MPEACTABIAIOT COOOM MOIMMEPBI HE 10
KOHLIAa ONpENeNeHHON CTpykTypel. OO0a THIIa CHHTE3UPYIOTCS U3 KaHOHUYECKOM
AMUHOKHCIIOTBI L-THpO3MHA TNpH Y4YacTHM KIIOUYEBOTO (epMEeHTa MEJIaHOTeHe3a —
tupo3uHasbl (TYR). Oror pepment nmpucyrcryet B AByx ¢opmax — TYR u TYR(O),
npuyeM Bropast popma o0pasyercs U3 epBOM MPU OKUCIEHUH THPO3UHA MOJIEKYJISIPHBIM
KHCIIOPOZIOM, M COZIEPKHUT B ceOe JOMOIHUTENbHBIN atoM kuciopoaa. CuHTe3 o0oux
TUIIOB MEJIaHWHA BKJIIOYaeT oOpa3zoBaHue BellecTBa B, copepxaliero B CBOeM cocTaBe
OpTOOCH30XMHOMIHBIM  ¢parMeHT. Hmke mnpencraBneHa cxema  OHMOCHHTE3a
dheoMenaHuHA.

NH,
H,0 HS Acoon  2H,0, CO,

O e ) (©) e ()8

- TYR TYR(O) TYR(O) TYR TYR(O) TYR

Ddeomenanuu 2

Omnpenenure CTpyKTypHBIE GOpMyITBI BemecTB A-D, eciii H3BECTHO, YTO MacCoBast JIOJIS
Bojioponia B A 6obiie, uem B B, Ha 0,97%
CuHTe3 JyMellaHWHA TPOTEKaeT 4Yepe3 0oOpa3oBaHWE IMPOW3BOMHBIX HHIIOJA
G, G,H, H.
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H
(G) ——~— (H) O M)-COOH
(B) — (E) — (F) / e N >_>Hg N
TYRO) YR \(G ) —~<L > (H") o O r:
H,0 2N
Y

3. Onpenenute cTpykTypHbie popmyssl Bemects E-H, G’, H’.

MenaauHbl  COCOOHBI  TOTIIONMIATh  yiabTpaduoieToBoe  u3nmydeHme.  J[is
WCCJIEIOBAaHUs ATOTO TPOIlecca B )KUBBIX OpraHU3Max MOXKHO HCIIOJIB30BAaTh CHUCTEMY
peTHCTpallud  OTPAKEHHOTO  W3IYyYCHHS TpH  OONYYCHHUHM  ydacTKa  KOXKH
MOHOXPOMAaTHYECCKUM CBETOM. [10CKOIBKY HE TONBKO MEJIaHWH MOIJIOMACT U3TydeHHE,
JUTSI OLIEHKH €T0 BKJIaJla UCTIONB3YIOT CPAaBHUTENIbHBINA aHAIU3 YYaCTKOB 370pPOBOI KOXKHU
U BUTWUIUTO (Y4acTOK KOXKH, JUIICHHBIA MeJlaHWHA). VIHTEHCUBHOCTH OTPaK€HHOTO
U3ITyYECHUSI ONMCHIBAETCS CIEAYIOIIUM 3aKOHOM:

Ig = I,6S(Ty*T, xT5 ...xTy,) , eoe

[r — MHTEHCUBHOCTD OTPAKEHHOTO U3TyUYEHUS

[p — IHTEHCUBHOCTD U3NTyYEHUSI HICTOUHHUKA

S — ko3 durreHT paccessHus (U1 JTFOO0M KOKH MOKHO CUHUTATh MTOCTOSHHBIM )

T, To ... - xKo3pPuuMEHTH NOMIOUIEHUS IJs KaXJO0r0 CBETOIMOIVIOLIAOIIErO
BemecTBa cpenpl. KoahuimeHT momionieHus: OTASIPHOTO BEIIeCTBa YUCIECHHO PaBEeH
OTHOIICHUIO WHTEGHCUBHOCTH  HM3Jy4deHUs, oTpaxeHHoro BemectBoM (), K
WHTEHCUBHOCTU UCX0onHOro uanydenus (1)

4. 3amumure BeIpaxkeHue (Gopmyny) i pacyera WHTEHCUBHOCTH OTPAXKEHHOTO
U3ITy4YEHHUS
a) OT 310pOBOTO yuacTka Koxku (Ir N)
0) ot BuTHiIUro (IR v)
OTHOCHUTENbHAs KCTHHKUMA oOpasina A(A) MOXET ObIThb BbIpaKEHa M3 3aKOHA
Bbyrepa-Jlambepra-bepa kak:

Iy
A =1n ()

5. 3anumure GpopMyity AJisl pacyeTa OTHOCUTEIbHON SKCTUHKIIMKM MEJTaHUHA.
[Tornomas Y®-u3nyueHne, MeIaHUH 3aIUIIAET KIETKU OT MOBPekIeHHs. OLIEHUTh
YPOBEHb 3alIUTHI MOKHO HMCHOJIb3Yys IIUPOKO M3BECTHBIM B KocMerosnoruu SPF (sun

protective factor), paccuuTeiBaeMbI€ 10 ypaBHEHHIO MaHcypa:
=320
SPF =10 * Z EE * I(A) * A(2)
1=290
EE*I(A) — koHCTaHTa, OMUCHIBAIOIIAs] HHTCHCUBHOCTh U3JIyUYE€HHS C JIJTMHOMN BOJIHBI A,

JIOCTATOYHOE ISl pa3BUTHUS SPUTEMBI (COTHEUHBIN OXKOT).
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[Ipy u3MepeHMM HMHTEHCUBHOCTH OTPAXEHHOI'O W3JIy4YEHUS OJHOTO 4YeJIOBEKa

MMOJIYYHJIN CIACAYIOIINC PC3YJIbTAThI:

JlnuHa BosiHBL, HM | 290 295 300 305 310 315 320
IrN, y.e. 0,561 | 0,573 | 0,591 | 0,607 | 0,614 | 0,620 | 0,621
Irv, y.e. 6,911 | 6,890 | 6,437 | 5,444 | 4,738 | 4,218 | 3,994
EE*I(A) 0,0150,0817 | 0,2874 | 0,3278 | 0,1864 | 0,0839 | 0,018
6. Berunciure SPF menannua.
N30bITOuHOE BO3/CHCTBUE yabTpaduoneTa Ha KICTKH, MNPOAYLHPYIOIINE

MEJIaHUH, SBJISETCS JOKa3aHHBbIM (DAKTOPOM pHUCKA pa3BUTHUS 3JI0KaY€CTBEHHOTO
HOBOOOpa30BaHUSI — MEJIaHOMBI. KIIO4EBBIM COOBITUEM OOpa30BaHUS MEIAHOMBI
SBJISIETCS. BOSHUKHOBEHHE CHEU(UYECKO MyTalud B NPOTOOHKOreHe BRAF, npu
KOTOPOM MPOUCXOJUT 3aME€Ha OJHOTO HYKJIEOTHAA, NpUBOAsAIIas K 3aMeHe BanuHa (Val)
Ha mryTamuHOBYI0 kucioty (Glu). Myrtupyromuii yaacrok nenouku JJHK, ¢ xotopoii
npoucxonut cuare3 MPHK, npeacrasnen Huxke:
3’-C"SACTAAAACCAGATCGATGTCACTTTAGAG"-5

HancTpoyHsIM HHIEKCOM YKa3aH NOPSIKOBBII HOMEP HYKJIEOTHAA B TEHE.
7. Onpenenure HOMEpP 3aMEHEHHOI'O HYKJIEOTHJa B MyTAaHTHOM T€HE, YUMTHIBAs, YTO
OnocuHTe3 Oenka Ha pudOCOME MPOUCXOIUT CO BCErO MPEACTABICHHOIO y4acTKa T'eHa.
OTBeT OOBSICHUTE.

Cnpasounas ungopmayusi:

Tabnuia reHeTHYeCcKoTo Koia

IlepBoe Bropoe ocHoBaHue Tpetbe
OCHOBAHME U C A G OCHOBaHHUE

Phe Ser Tyr Cys U

U Phe Ser Tyr Cys C
Leu Ser STOP STOP A

Leu Ser STOP Trp G

Leu Pro His Arg U

C Leu Pro His Arg C
Leu Pro Gly Arg A

Leu Pro Gly Arg G

ﬁ: Thr Asn Ser U

A Ile Thr Asn Ser C
Thr Lys Arg A

Met Thr Lys Ar G

(START) Y &

Val Ala Asp Gly U

G Val Ala Asp Gly C
Val Ala Glu Gly A

Val Ala Glu Gly G

90



3agaua 2 (mag 9, 10 u 11 kiaaccoB)

A 4T0 mpupoaa aesaer 0e3 Hac?...
«3IT0 OBUIO YEPTOBCKH XPabpo C €€ CTOPOHBI IOBEPUTH MHE CBOM CEKpPET»

«Ockap u Pozosas oama» Spux-Ommanioons LLmumm

DyKapuoTHUecKasi IpoTeacoMa IMpPEACTaBIsIeT COOOM  CIOXKHBIM  OEJKOBBIM
koMIuiekc. OHa OTBEYAeT 3a pacllerjieHHe MHOTHX O€JIKOB /10 MENTHI0B K aMUHOKHCIIOT.
W3BecTHO, UTO MPH MHOKECTBEHHOM MUEJIOME B OOJIBIIIOM KOJTUYECTBE MPOAYLUPYIOTCS
MUEJIOMHBIE OETTKH, KOTOphIE TaKXKe PaCIICIISIOTCS MpoTeacoMoil. Jledenne Mueaomsl
3aKJIFOYAETCSl B HHTUOMPOBAHUH PaOOTHI IPOTEacOMBI. [IpH 7TOM IPOUCXOIUT OCTaHOBKA
JeTpalallid MUEIIOMHBIX OEJIKOB, alloNTO3 U THOEh MOPAKESHHBIX KJIETOK.

O(}dexTuBHBIMU ~ WMHTHOMTOpAMU  TPOTEACOMBI  SBISIIOTCS  [3-JIAKTOHBI.
(—)-Omypanuo, SBISIOUIUMNCS MEPBBIM MPUMEPOM STOTO KJacca MHTUOUTOPOB, OBLI
BIIEPBBIC BbIJIEIIEH U3 OakTepuil pona Streptomyces. Huxe npuBeneHa 3amu@poBaHHas
CXe€Ma TMOJIHOTO XMMHUYECKOTO CHHTE3a (—)-oMypaniudd, OCYUWIECTBIEHHOIO TpyIION
Hobenerckoro naypeara Dnaiiaca Kopu B ['apapackom yHuBepcutere B 1998 roay:

CO,H 1) (COCI),, DMF (i-Pr),NLi 1) DBU, -78 °C NaBH(OAc),
Me' . A B
Mes COMe  CO,Me -78°C  2)CH,0,-78°C
2)( , EtsN 1) t-BuC(0)Cl, Py
NHPMB yMgBr 2) TBSOTf
1) M 2,6-nyTnanH
e
1) LiOH, H,O/THF | < 1) Hp, Pd/C j Me;SiCl, -40 °C. 1) NiPenes _ _MeONa
2) BOPCI, Et;N 2) CF3CO,H  2) NH,CI, H,0 2) DMP MeOH
H,0, 50 °C
NH,4),Ce(NO T TTTTT TS omooooooosooooooooooooooooooooooooo
( 4)2 e( 3)6 .Me = CH3 o) / o XN X :
'Et = C,Hs N (Y | | :
iAc=CHCO  H N N 5
H o §H \TBS = BuMe,Si  DMF THE  2,6-nyruans Py :
ON-N_ ' : OAc '
| TfO = CF3S0; AcO_ 2 Ohc o o . :
Me : oo N P |
o 5 O cr \NJ<O SN
(-)-omypanug |PMB = OMe 1o & BOPCI I\/ DBU E

J1onoJIHuTEeIbHO U3BECTHO, YTO

e BemecTBO B oOpasyercs B BUE SKBUMOISPHON CMECH IHACTEPEOMEPOB (ITO HE
BIIMAET HA CTEPEOCEIEKTHUBHOCTh MOCHEnyrolero mnpespamieHus B mpoaykr C),
OCTaJbHBIC PEAKIMH HIYyT CTEPEOCENCKTUBHO C TpeolialaHieM OIHOTO
CTEpEOM30MEPA;

e npu JcKWCTBUM Ha coeauHeHue F Hukenem PeHes TONMBKO Uil OAHOTO M3 TPEX
aCMMMETPHUYECKHUX aTOMOB yIJiepojia u3MeHseTcs: popManibHast kKoHpuUryparus mo R/S-
HOMEHKJIAType, MPU ATOM ATO HE TOT aroM YIJIepoja, MPU KOTOPOM IMPOUCXOJUT
peakius;
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e B UK-cnexrpe Bemecrsa H npucyrcTByer nonoca nmpu 3389 cm !, B ciexrpe SIMP 'H
OHO JTa€T TOJILKO TPU CUTHAJIA B 00aCTH XUMHYECKUX cABUTOB MeHee | m.a.: mpu 0.07,
0.09 u 0.82 m.A. ¢ cooTHoleHUEeM HHTEeHCUBHOcTer 3:3:9. B cmekrpe SAMP 'H
COEIMHEHHUA J IPHUCYTCTBYIOT J1Ba CUTHaja B 00JIACTH XMMHUYECKUX CABUIOB Oojee 6
M.JI.

1. Pacmudpyiite cxemy cuHTe3a (—)-omypaiuda, HANUCaB CTPYKTYpHbIE (DOpMyIIbI
coenuHeHnd A-J ¢ yderoMm crepeoxumuu. MHcmosnb3oBaHHe HEKOPPEKTHBIX
cTepeoxuMuYeckux (opmysa, He MNO3BOJSIOIIMX OJHO3HAYHO ONpeesiTh
MOJIO’KEHHS 3aMeCTUTe/Iell B MOJIeKY e, OyIeT CHUTATHCS OLIMOKOIA.

B oTcyrcTBHE TpUMETHUIXJIOpCHIIaHA TpH JEWCTBUM peakTuBa [puHbsipa Ha

BemectBo G Bmecto nponykra H oOpasyercst cmech nByX nponayktoB Hi u Hz B paBHOM

cooTtHomeHu”n (My; > Myp).
2. Hanumwure ctpykTypHbie popmyisl npoaykTtoB Hy u Ha.

Mexanu3M MHTHOMPOBAHMS MPOTEACOMBI [3-JIAKTOHAMU PA3HOTO CTPOECHUS CXOXK:
MPOUCXOAUT ITePUPUKAIUS TUIPOKCU-TPYIIIBI TPEOHUHA B TIPOTEOIUTUYECKOM IIEHTPE
nporeacoMbl. OAHAKO TaKHWE aIIyKThl MEIJIEHHO THAPOIU3YIOTCS B BOJHOM Cpele C
BOCCTAHOBJICHUEM MTPOTEOIUTUYECKON (PYHKITUU POTEACOMBI:

(0]
NH ] oH ON—nH
- H,0 o
o 2 (0]

°X

\ H,O OH O,

.0,
H npoteacomMma
npoteacoma H,N
H,N 5
O ~ -
L 3a6noKNPOBaHHbIA aKTUBHbIN LEHTP
ocmamok mpeoHuHa Thr HeT hepMeHTaTUBHON peakuunm

[To3xke ObUTM HaWIEHBI NIPYTHUE MPEACTABUTEIN ATOTO Kiacca WHTHOMTOpOB. B
YaCTHOCTH, OblJa OOHapyXeHa HWHTUOHpPYIOIas CIIOCOOHOCTh Yy Mmapuzomuda,
BBIJICJICHHOTO U3 MOPCKUX Oaktepuil Salinispora tropica v Salinispora arenicola. Ilpu
WCIIOJIB30BAHUM  Mapu3omMuba TUIPOIU3 aJayKTa TPOUCXOIUT MENJICHHEe W3-3a
00pa3zoBaHUs TOMOTHUTEIHHOTO MATUYIICHHOTO IUKJIA:

cr H,0

mapusomub

3. Pacmmdpyiite cxemy MHTHOUPOBAHUS MPOTEACOMBI Mmapuzomubom. Ilporeacoma
JUTs yioOcTBa 0003HAau€Ha JIUIIb OJHUM OCTaTKOM TpeoHuHa Thr.

HcxomHbIM  BEmIECTBO  JIi  OMOCHMHTEe3a  Mmapuzomuba  SBASETCS  S-
aJICHO3WJIMETHOHWH. BO3MOXHBIA IyTh CHHTE3a OSTOTO WMHTHOUTOpPA MOPCKUMU

92



OaKTepHAMU MPEICTABIIEH Ha CXEME HIKE:
© o

[¢]
@ .

\

H3N

O
LO‘\X\( cl HPO,Z Ho
S =~ N —~ o0 *ﬁ’ %Qﬁ—“ Q
HO Met

afeHuH HPO4 NADH,H*
S-adeHo3unMemuoHUH
H,O
X4
1) umtoxpom P450, O _SCoA . o) co.,
2) ruapokcunasa ° NADPH, CO, CoASHﬂAD o 2
'/— \ COZ- NADP?* S ( R (
CoASH H,0 CO, NADH
(o] ’ Cl
X
mapuszomub 4
Pacumdpyiite  cxemy — OWOCHHTE3a  Mapuzomuba,  y4dUTbIBasg,  4TO

BHYTpHUKJIETOUHBIH pH Mopckux OakTepuil HAXOAUTCS B €J1a001eI0UHO 00acTH, X
ABJIAETCS MPOJYKTOM OOKOBOM BETBU IIMKMMATHOTO IMyTH OMOCHHTE3a apOMaTHYECKUX
aMUHOKHUCIIOT, a X2 00pasyeTcsi B pe3yibrare Tuapoiu3a Mosiekyn anetui-KoA (mpu
TOM MOMHUMO X2 BBICBOOOXK/IaeTCsl CBOOONIHBIN KOpepMeHT A).

3amaya 3 (mis 9, 10 u 11 kyaccoB)
XuMHS B IKCTPEHHBIX CUTYAIUsIX
VYrapusiii taz (CO) npencrapisieT OONBIIYI0 OMACHOCTh, MOCKOIBKY CIOCOOEH

OKa3bIBaTh TOKCHYECKOE J[ICMCTBUE Ha OpraHu3M 4esoBeka. Jlaxke HE3HAYMTEIbHOE
conepxkanne CO B BO3lIyxe CIOCOOHO MPUBECTH K JOCTATOYHO OBICTPOH CMEPTH
YeJoBeKa.

1. [Ipennoxure crocob ais kadecTBeHHOTo omnpeneneHuss CO B BO3Iyxe, HAUIIUTE
PEaKIHI0, IPOTEKAIOIIYIO IPU 3TOM, U YKOXKHUTE €€ Ka4eCTBEHHBIN MPHU3HAK.

B opranusme denoBeka KUCIOPOJ IEPEHOCUTCS ¢ MOMOIILI0 reMoroonHa (Hb) —
Oelika, CofepiKalllerocs B dPUTPOIMTAX, KPACHBIX KJIETKaX KpoBH. B cocTaB kaxkmoit
monekynsl Hb BXOZWT YeThIpe rema, KaIbli M3 KOTOPHIX COCTOMT u3 uoHa Fe?*
CBA3QHHOTO C 4YETHIPbMS aToMaMu as3ora jauranga mopgupun’. Omna Monekyna
KHCJIOPOIa MOXKET CBA3bIBaThCca ¢ oxuuM Fe?*, oOpasys kommuexc. Monekyna CO
CBSI3BIBACTCS] AHAJIOTMYHO, TPUYEM B 000MX CIIydasix CTETICHb OKMCJICHHUS MOHA JKeJe3a
He MeHsieTcd. [JJaHHas peakius SIBISETCS TPOCTOM U MPOTEKAET B OJHY CTAIUIO:

Hb +CO 2 Hb - CO
VYrapHslil ra3 ABISIETCA SI0M, IMOCKOJBKY cBA3biBacTcs ¢ Hb mpounee, yem Os.
N3BecTHO, 9TO 00BEM KPOBH B3POCIOTO MY)KUYMHBI paBeH 5.2 J, a KOHICHTpAaIus
reMorioonHa B KpOBU B HOpMe coctaBisieT B cpenneM 140 r/n. Monspaas macca Hb
paBHa Mr (Hb) = 67 kr/mosb. B MHUHYTY 4ellOBEK COBEpIIaeT OKojo 15 BAOXOB, a
o0beM Jierkux npumure paBHbiM 4 . CmepTh HacTymaer Impu  Joje
kapOokcuremorioouna paBaort 70% ot oOrero kommuecTBa remornoouna. JlomycTtum,
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K, Hb-CO g nomeniennn  10x10x3 ™M Havancs moxap | 3aJbIMIICHUE.
% Temneparypa B mnomemenuu coctasisier S50°C. [laBienune —
Hb armocdepHoe. [lpumem oObemuyto aomo CO MOCTOSHHON U

\x\ pasHoii 0.1%.
k.o Hb-O, 2. PaccumraiitTe MakcHMalbHBIE KOJHMYECTBO BIOXOB H

(KpuTHYECKOE) BpEMS, KOTOPOE YEJIOBEK MOMKET MPOBECTH B
MIOMEUIEHNH TPU BBILIEONHCAHHBIX YCIOBUSX. [ MPOCTOTHI pacyeToB NPUMUTE, YTO
BECh YrapHbIi ra3, MOCTYNHUBIINI B OpraHU3M, CBSI3bIBAETCS C TEMOINIOOMHOM Cpasy U
HeoOpaTuMo, a ero MeTadboau3Ma (epepadoTKH B OpTaHU3ME) HE TTPOUCXO/IHT.

ITo mannbiM mpotokona ISO 1989, npu none yrapaoro raza 0.25-0.4% rubenb
YeJIOBEKa HACTYIAeT uepe3 mnoivaca, a npu gpone 1.2-1.6% — yxke yepe3 5 MUHYT.
N3BecTHO, 4TO OfHUM W3 IyTel BbiBeneHUs: CO U3 opraHn3ma 4esoBeKa SIBISIETCS €ro
OKHUCJIEHHUE /10 YIJIEKUCIIOTO Ta3a.

3. Moxer mu okucienne CO 10 YIIEKUCIOrO ra3a ObITh €IUHCTBEHHBIM CIIOCOOOM
yAaJICHHsI U3 OpraHr3Ma YesioBeka, eciu okucienue CO ¢ moMonipio pepMeHTa UTOXpoM
OKCHZIa3bl MpU HOpPMaJIbHON Temmeparype Ttena (36,6°C) u HOpMaabHOM JIBIXaHHUU
npoucxoguT co ckopocthio 0.13 mur CO/uyac? PaccumTaiite, CKOJIBKO BPEMEHU 3alMET
okucienue Bcero CQO, MOMaBIIEro B OPraHU3M, €CJIM YEJIOBEK HAXOAWICS 2 MUHYTHI B
KOMHAT€e, ONMCAHHOM B MYHKTE 1.

VYrapHblii Ta3 KOBapEH TEM, YTO €r0 CPOJICTBO K TEMOTIIOONHY KeJjie3a HAMHOTO BBIIIIE,
YeM y KUciopoja (KoHCTaHTa paBHOBecus oopazoBanust HbeCO K cocrapmnsier

750 MkM ™!, a i o6pasosanus okcuremornoouna HbeO, K, cocrasuser 3.2 MkM ™).
I[Ipu 5TOM CKOPOCTH AuCCOLManuu kKapbokcuremornoouna pasaa 0,008 ¢!,

a JIJIsl OKCUTeMOTIIOOMHA CKOPOCTh AUCCOIMauu coctaniser 20 c!. Obe peakuuu
IIPOTEKAIOT B OHY CTAAMIO U UMEIOT OIUHAKOBBIN 001IMI NOPSAOK.

4. PaccuuraiiTe Ppa3HUIly B JHEPrusiX AaKTUBAIMM pEaKUuili 00pa30BaHMS
OKCUTEeMOITIOOMHAa M KapOOKCHUTeMOTIIOOMHA COOTBETCTBEHHO (peakumu 1 u 2).
Muoxurenun AppeHuyca y  KOHCTAaHT CKOPOCTEd MPUMHUTE  MOCTOSSHHBIMHU
U OJuHAKOBbIMH. Takke HaiiauTe 3Hepruro I'mb0ca 11 peakuuum 00pa3oBaHMS
OKCUTEeMOITIOOWHA U3 KapOOKCHUTeMOTIoOMHa (YUUThIBasi HEJOCTAIONIME peareHThl). B
pacuerax npumute T = 37°C.

VYBenmuuuTh BpeMs IpeObIBaHUS B 33/IbIMJIEHHOM MTOMEINIEHUHA MOXKHO C TTIOMOIIIBIO
IPOTMBOra3a Ha OCHOBE IONMKAJHMTA (CMECh OKCHUJIOB 0,

MnO, u CuO). CxeMa KaTraJuTHYECKON peaKIuu
MpEAICTaBIICHA HA CXEME: co
5. HMcxonst U3 cxeMbl KaTaTUTUYECKOU PEaKIIUU,
M300pKEHHON  BBILIE, 3alOJHUTE MPOMYCKH B %\ CS> 0;
MEXaHU3ME OKUCIICHUS Ha TOMKAJIUTE:

K ,Q'/

. € > ...
| MeTaJla |
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ajc
KZ

kOKHC.f[
. + e T [...](aHC.)

k,qec

N P ](aIlC) — 2COZ(FEB)

B HaCTOoAIICC BPCMA B MUPC p33pa6aTBIBa€TCSI HCCKOJIBKO BCIICCTB, YIYyUIIaromux
COCTOAHHUC YCIIOBCKA ITPHU OTPABJICHUHU CO, B TOM 4HHCJIC HA OCHOBC HOp(i)HpI/IHOB, h €CThb
npenapar poCCUUCKOro ITPOU3BOACTBA, ALM30J1, MEXAHU3M JEHCTBUSA KOTOPOTO 0 KOHIIA
HE M3yYEH.

CxeMa cuHTE3a alu30J1a:
CzH2

/ ZnO, KOH (18.)

0 L

[/ _NHy _Z0(0AC): N

o H,CO aLl,eTOH ‘Q/N Zn(0Ac),
MeONa 2

KM

KMII — xamanuzamop Meofcqbamoeo neperoca, 4bs 3ajjada 3aKJII04aeTcsl B TOM,
yTOOBI 00JIErYUTh MUTPALIMIO PEareHTa U3 OAHOU (a3bl B Ipyryto a3y, I1e U MpoTeKaeT
peakius (HarnpuMmep, U3 OpraHuueckoi — B BOAHYIO). [IpuMepoM Takux KaTaau3aTopoB
MokeT 661Th R4N"X™ (BusN'Br).

6. [Tpusenute cTpykrypHsie ¢hopmyisl BemectB X, Y1, Y2 u Z. M3BecTHO, 4TO B
Macc-CreKTpe BemecTsa X MPUCYTCTBYET OCHOBHOM MosieKy IsipHbIii noH MH™ ¢ maccoii
69,0448.

['em, koMIuiekc nopduprna u nona Fe?*, MoCTOSHHO CMHTE3UPYETCs U pa3pyIuaeTcs
B opraHusMme. buocuHre3 nopGupHHOBOrO JUTraHJa MPOTEKAeT B HECKOJIBKO CTaluH,
KaXJash W3 KOTOpBIX Karanu3upyercss cBouM (¢depmeHToM. C(CxemMa OMOCHHTE3a
nop(UPHUHOBOTO JIUTAH/A!

-00C
£oo +3C, H,0 H* 202, M 30,
HoC \ \ \
CH, % B C D ? E % F -G
o= )
SCoA CoASH,CO,  2H,0 4NH3 H,0 4C0, 2H20 2C0, 3H;0,

“00C

7.
N3o6pa3ute crpykrypHbie Gopmynsl BemectB B — G, eciu Gly — 3to mpocteiimas
aMUHOKHMCJIOTa DIWLWH, BENIECTBO B comepxuT 4-okcorpymmy; [Jsi CHHTE3a
rerepourkia C ucnonb3yercs ABE MOJieKyJbl B, a 11 cunTe3a nuHeiHou nenouku D —
yeTelpe MoJekyasl C, cOenuHSIOIHMECs [0 MNPHUHLMIYY «rojoBa K XBOCTY»; IpH
oOpazoBanun E, 1DoOMHMO KOHJEHCAMM NIPOUCXOAUT  BHYTPUMOJIEKYJSpHAs
NEPErpynnupoBKa; MEPBBIM  HAET  JAEKapOOKCHIMPOBaHME  0ojee  KOPOTKHX
(GyHKIMOHANIBHBIX TPy, 1 OpyTTo-popmyna BemectBa F — C3sHaoN4Os*
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dusnueckasas XuMHus

3amaua 1 (ToabKo 1iasg 9 Kiaacca)

Tepmoannamuka Gpa3oBLIX NEPEX0A0B H-AJTKAHOB

H-AJIKaHbl TPEACTABISIOT COOOM OAMH M3 HaumOojee M3YyYEHHBIX KJIACCOB
OpraHu4ecKHx coefuHeHU. Takoll HHTEpec cO CTOPOHBI UCCIIeAoBaTeIe 00yCIOBIEH
IIMPOKOM PacpOCTPaHEHHOCTBIO 3THUX BEIIECTB B MPHUPOJE: KOPOTKUE MPENCTABUTENN
SBJISIFOTCS. OCHOBHBIMU KOMITOHEHTaMHU IMPUPOJHOIO rasa, B TO BpeMs KakK JJIMHHBIE
alkaHbl (QOPMHUPYIOT JETKYI0 M TDKEMYI0 HepTh. YIOOHBIMH OOBEKTaMM ISt
TEPMOJIMHAMUYECKOTO ONMMCAHUS H-aJIKaHbl TAKXKE JeNaeT TOT (DaKT, YTO MHOTHE HUX
CBOMCTBA MOTYT OBITh CBA3aHbI C IJIMHON LIENH WU, UHBIMH CJIOBaAMHM, C YACIIOM aTOMOB
yIiepona B MOJEKYJIE, 4TO II03BOJSET JIETKO IMPOTHO3MPOBAaTh CBOKCTBA €IIE HE
M3YYEHHBIX COCTMHEHUM TOTO Kiacca.

TepMoIMHaMUYECKUE XAPAKTEPUCTUKH IUIABJIEHUSI H-aJKAHOB OMPENEISIOTCA UX
YHOAKOBKOW B KpucTtaiuie. [ coeauHeHWil ¢ YETHBIM M HEYETHBIM YHUCIOM aTrOMOB
yolepoAa XapakTepHa pas3jMyHas yIakoBKa M, KaK CIEACTBHE, pa3JIM4YHbIC
3aKoHOMEpHOCTH. Hanpumep, i 4ETHBIX AJIKAHOB C YUCJIOM aroMoOB yIyiepoaa n > 22
SHTAJIBIINS U SHTPONHUS IJIABICHUSI IPEICTABISAIOT COOON JTMHENHbIE (PYHKLIUU OT YKCIia

aTOMOB YIUICpOJda 7. H3BecTHBI XAPAKTCPUCTUKHU IITIABJICHUA PAAd TAKUX AJIKAHOB!

AnkaH CaoHas | CasHss | CioHer | C34Hro
An H° [ x]JIx Monb | | 48.8 594 70.1 80.8
T../°C 435 56.0 65.4 72.6

1. YcraHoBUTE mMapaMeTpbl JMHEWHBIX 3aBUCUMOCTEM DSHTAJIBIIMA W SHTPONUU
IJIABJIEHNS 4YETHBIX H-AJIKAHOB OT 4YHMCIAa aroMoB ymiepoxa. Ha ocHoBanum 31HX
3aBUCUMOCTEHN BBIBEIUTE YPABHEHUE 3aBUCUMOCTH TEMIEPATYPhl IUIABJICHUS YETHBIX H-
aJKaHOB OT YMCJIa aTOMOB yriepoaa. C MoMOIIbIO MOTYYEHHOTO YPABHEHHS BBIYUCIIHUTE:
a) Temneparypy miaBieHus TerpakoHTaHa CioHg; 0) popMyny mepBoro 4€THoOro H-

ankaHa ¢ Temneparypoi miasienus Boie 100 °C.

J1y1st omucaHus 3aKOHOMEPHOCTEHN TeMIiepaTyp IJIaBJICHUS B PsAaX H-aJIKaHOB ObLIO
npeaiokeHo ypaBHeHue bpoaxepcra, conepxariiee Tpu napamerpa (7°, a u b):
n+a
n+b

T, /K=T°.

PaccuntanHple Ha OCHOBaHMM JTOTO YpPAaBHEHUsS TEMIEPATyphl IUIABICHUS

H-aJIKaHOB C HEUETHBIM YHCIIOM aTOMOB YIJIEpPO/ia IPUBEICHBI B TaOIHIIE:

AnkaH

CiiHz4

Co1Has

Cs1Hea

T/ K

246.5

311.2

340.1
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2. Onpegenure mapaMeTpbl ypaBHeHHsI bpoaxepcta u mnpeackaxute: a) Gopmyiy




NEPBOrO HEUYETHOrO H-aJIkaHa, TBEPAOro MpH H.Yy.; 0) TeMmeparypy IJIaBIC€HUSA
reHrerpakoHTaHa C4iHgs.

N3BecTHO, YTO B psA/ly HEUETHBIX H-AJIKAHOB MIPH YBEJIMYECHHUH JUTUHBI 1SN HA OJTHY
CH,-rpyniny sHTaIbIus [IABICHUS yBennunBaeTcs Ha 2.5 k[ Mo .

3. Uemy paBHBI SHTANBIMS TUIABJICHUS U SHTPONMS IU1aBjieHUs eHTako3ana CysHsy?

XWMHMKMA ~ 4acTO MPOBOAAT AHAJIOTMM  MEXAY JUIMHHBIMM  H-aJKaHaMU
Y TIOJIMATUJIEHOM — TMOJIUMEPOM, coAepkamuM Oombiioe yuciao CH,-rpyri, KoTopbiid
MOKHO pacCMaTpUBaTh B KAYECTBE OECKOHEYHO JIIMHHOTO aJIKaHa.
4. [IpeackaxuTe TeMiieparypy IUIABJIECHUS MOJIUATHICHA B MPEANOIOKEHUH, YTO 3TO
BEIIECTBO MMEET YNAKOBKY: a) H-aJIkaHa ¢ 4YETHBIM YHMCIIOM aTOMOB yriepona; O) H-
aJIKaHa C HEYETHBIM YHCIIOM aTOMOB YITIEPO/A.

[lepen muiaBieHMEM MHOTHE H-aJKaHbl MCHBITBIBAIOT (a30BbI  THEpexo,
00yCIIOBJIEHHBI MEPECTPONKON KPUCTANIMYECKON ymakoBku. Hampumep, HEKOTOPBIHA
ankaH X, coiepkaluil HEYETHOE YUCIIO aTOMOB YIIepoa, MPU HU3KUX TeMIleparypax
CyliecTByeT B ymnopsigoueHHoW wmonudukauuu (I), a mpu HarpeBanuu 10 296.0 K
nepexoauT B HeynopsgodeHHyro Monuduxaruio (II), mpu 3ToM sHTanmenus ¢GpazoBoro
nepexona Anep/1° = 13.75 xJIx MOJTB .

Kpucrannorpaguueckue nmapamerpsl 00enx Monudukauii mpuBeACHbI B TAOIHIIE:
alA|b/A| ¢c/A | a|B |y |Z|d/rem?
I 14992 | 7.467 | 53.540 | 90 | 90 | 90 | ? ?

II | 4790 | 8.300 | 52.800 | 90 | ? |90 |4 | 0.850

5. Ycranopute dopmyny X W 3alojHUTE B TaONHMIIE MECTa, OTMCUCHHBIC 3HAKOM
BOIIpOCa.

Vrpapnate ($a3oBbIMU  TIEPEXOJaMH  MEXKIY Pa3IUYHBIMU  MOJIUMOP(PHBIMU
Moau(pUKAIUIMH aJTKaHOB MOXKHO MOCPEJCTBOM U3MEHEHUS NaBiieHUs. /[ mepexonoB
TUTA KPUCTAJUI-KPUCTAIUI 3aBUCUMOCTb TEMIIEPATYpPhI NEPEXOJA OT AABIEHUA 3aAaETCSA
ypaBHeHueM Knaneiipona, mpubmmkEaHas popMa KOTOPOTO UMEET CIECTYIONTUI BU/I:

P-P° _A,H"
T-T° T°AV,

rie P— npunoxkenHoe aasienue, P° — crangaprHoe gasinenue (10° IMa), 7 -
Temmeparypa ¢azoBoro mepexofa npu naBieHnmu P, T° — Ttemmeparypa (}a30Boro
nepexofa MpH CTaHAAPTHOM JaBIIEHUH, Anep/1° — 3HTaNbIUA (hazoBoro nepexona, AV —
Pa3HOCTh MOJIBHBIX 00BEMOB KOHEUHOM M UCXOTHON MOIU(UKAITUH.
6. Kakoe naBnenne HeoOXOAMMO MPUIOKUTH K alKaHy X, YTOObI U3MEHUTh TEMIIEPaTypy
dazoBoro nepexona u3z moaudukaiuu [ B mogudukaruio [ Ha 1 K? OtBer Bripasurte B [1a.

Heooxooumasn ungpopmayun: AG° = AH° — TAS®.
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Nx =6.022-10% mons .
OO0BEM MOHOKJIMHHOM 371eMEHTapHOU siuelku: V' = a-b-c-sin f.

3agaya 2 (mag 9, 10 u 11 kiaaccoB)

Kucaornas 3agaua
Ilocne ocnosHno2o meopemuuecko2o mypa
gce20a Hacmynaem 6mopoU — KUCIOMHbLU
HecmoTtps Ha TO, UTO TakWe KUCJIOTHI, KaK I[aBeJieBas, COJEPkKaT IKBUBAJICHTHbIC

KHCJIOTHBIE TPYIIbI, KOHCTAHThl KUCJIOTHOCTH IO MEPBOM M BTOPOM CTYyIEHU BCErna
ormnyarorcs: Hanpumep, st HoC,O4 pKy =1.27, pK, =4.27. OT0 CBA3aHO Kak C
BJIMSIHUEM 3apsUKCHHOW TPYMNbl HAa JUCCOLMALMIO CIEAYIOIIEH TpyNmbl, TaK U CO
CTaTUCTUYECKUMU (PaKTOpaMHU.

1. Paccuuraiite crangapTHoe u3MeHeHue >Heprun ['mbOca auccouyanuy IABENIEBO
KHUCIIOTHI 110 TIepBOH U 110 BTopo# ctyneHH (A, Gis1 ©, ArGais2®) ipu 298 K.

[Ipoananu3upyeM 06a ¢akTopa, BIUSIONIMX HA COOTHOIIEHUE MeXny K, u Ky
JIBYXOCHOBHOM KHCIOTBI HyA, comepxkameid 2 5SKBUBAJEHTHBIE M ITOJHOCTBIO
HE3aBUCUMBIE KHCIJIOTHBIE TpymIbl. YTOOBl OLEHUTH BIUSHUE CTATUCTUKH, MOXKHO
paccMOTpeTh CTYNEH4Yaryro aucconnanuio H>A Kak AHCCOIMANUIO  OTIEIbHBIX
KHUCIIOTHBIX TPyMNN C oOpa3oBaHUWEM JIByX MpOMexyTouHbIX (opm HA™, B koTopoit
JMCCOLIMMPOBAaHA «IpaBas» KHUCJIOTHas rpynmna, © AH™, B KOTOpol auccouurpOBaHA
«J1eBash» KUCIOTHas rpynmna. s onenku OyJeM cuuTaTh, YTO KOHCTAHTA KUCIOTHOCTH
Ka)KJIOM TpymIibl paBHa K.

H,A === HA +H' HA™ === A> +H'
H,A —— AH +H' AH 2> A> +H'

[Tockonbky dhopmel HA™ u AH™ skBuBaneHTHBI, n3Mepsiembie K, 1 K, conepkar B
KAueCTBE KOHIIEHTPALIMU KUCJIOTO aHUOHA CYMMY 3THUX KOHLICHTPALIHM.

2. Beipazutre K, u K, nna takod kuciaotrel yepe3 K. Bo ckombko pa3 K,
OKasbIBaeTcs Oombine, 4eM K, 32 CUET ACHCTBUS TOJIBKO OMHCAHHBIX CTATUCTUYECKUX
daxTopoB? [IpuBenuTe BHIKIAIKH.

3. Kakoit Bxitan B pasHuny A,Gis1°— AGaisz® (B xx/Monb) BHOCUT Tipu 298 K
craructuueckuii ¢akrop? Kakoil 3To BKJIag — IHTAIBINMUUHBIA WM DHTPOTUNHBIN?
[IpuBeauTe pacyersl.

[Tomumo craructuueckoro dakropa, K, Mo cpaBHEHHUIO ¢ K, TIOHUKAETCS 32 CUET
necTabunm3anuu A* M3-3a 3IEKTPOCTATHYECKOTO OTTAJIKMBAHUS JBYX OTPULATENHLHBIX
3apsiIoB. DHEPTUIO0 OTTAJIKMBAHUS TOYEUHBIX 3apSJ0B ¢ U ¢2 MOXKHO PACCUHUTATh
CJIEAYIOIIUM 00pa3oM:

g1 499
dre, r

e & = 8.854:107'? ®/M — snekrpuueckas IOCTOSHHASA, ¥ — DPACCTOSHUE MEXKIY
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3apsiiamu.
4. Ouenure AaHHbIA BKIaJ B pasHULY A,Guis1° — AGuiso® nid
IIABEJIEBOM  KHUCIOTBHI.  J[JI4  9TOro  paccuutaiTe  SHEPrUIo >\ g
OTTAJIKUBAaHUS MEXK]Y 3apsA/laMy B YKa3aHHOW Ha PUCYHKE IJIOCKOM @O O
KoH(popMaluu okcanat-uoHa (B k/[x/Monp). Kakoit mpupomsr 3TOT
BKJIaJ] — SHTAJIBIIUIHON WM SHTPONUITHON?
Jmuanel cesizeit: C—O (1.29 A), C—C (1.53 A); BanenTHble ymisl paBHbl 120°; 3apsin
snexTpona e = 1.602-107" Ku; 7= 3.1416.

5. [loyuemy paccuyuTaHHOE 3HAYEHHUE 3HAYUTEIBHO TIPEBOCXOAMUT II0 MOIYJIIO
peanbHoe 3HaueHHEe A,Gui1° — A/Gu® nna maseneBoil kucnotel? [lpuBenure nBe
OCHOBHBI€ ITPUYUHBI (KPATKO).

BnusgHue cratuctudeckoro (hakropa oOkKas3bIBaeTcsl 0Ooyiee 3HAYUTENbHBIM IS
MHOTOOCHOBHBIX KHUCJOT. J[JIsl €ro OLIEHKH pacCMOTPUM n-OCHOBHYIO kuciory H,A, B
KOTOPOM CONEPKUTCS 7 HE3aBUCHMBIX DKBHBAJICHTHBIX KHUCIOTHBIX Tpynn. Ilpu ee
JUCCOLIMAIMKU 110 TIEPBOM CTYyNEHU 00pa3yeTcs #n HSKBUBAJICHTHBIX BapUAHTOB aHUOHA
H,-1A", a o Bropoii crynenu — n(n — 1)/2 SKBUBaJICHTHBIX BAPHAHTOB aHHoHa H, »A?".
[ToaTOMy, €cnM KOHCTAaHTAa KHCJIOTHOCTH KaXKJIOM OTIEIbHOW TIpynmsl paBHa K, TO
Ka)XyIIIasiCsl KOHCTaHTa KMCJIOTHOCTH IO IIEPBOW CTyIleHU paBHA K, = nK, a 110 BTOpoi
cryneau K, = (n — 1)K/2.

6. Uemy paBHO # 7151 TAKOM KMCJIOTBI, €CJIM KOHCTAHTA JUCCOLMALIMU 10 TOCJIETHEN
crynenu, K,,, Ha 2 mopsKa OTIIMYAeTCs OT KOHCTAHThI IUCCOLMAlMU 1O NepBou, K,i?
[TpuBeauTe BHIKIAIKH.

7. HekoTtopass ~ MakpoMoOJeKyna  COHEPXKUT #  KUCIOTHBIX  rpymm.  EE
MOCJIeIOBaTeNIbHBIE KOHCTAHTHI 1O i-M, (i + 1)-#, (i +2)-i1 CTymeHsSM COCTaBIISIFOT
1.310-107%, 1.117-107%, 9.457-107°. Onpenenure n u i. [IpuBeauTe BBHIKIAIKH.

3agaya 3 (masg 9, 10 u 11 kaaccoB)

Kuneruka B3aumMoaeiicTBus AByX ra3oB
Heob6paTumoe B3anMoielicTBIE ra3000pa3Hbix BemiecTB A u B pu Temnieparype 40 °C
u3ydasoch mnpu o6OmeM HadansHOM fgaBieHuu 100 klla u pa3nudyHOM MOJIBHOM
COOTHOIIICHUH peareHToB. [lomyueHHbIe TaHHbIE TPUBEACHBI B TAOIHIIC:

Py : Py 1:9 1:4 3:7 | 2:3 1:1 3:2 7:3 4:1 9:1
Poom, Klla 98.75 | 97.80 | 97.13 | 96.74 | 96.63 | 96.79 | 97.21 | 97.89 | 98.82
(5 mun)
P061u, klla
(24 u) 90.00 | 80.00 | 70.00 | 70.00 | 75.00 | 80.00 | 85.00 | 90.00 | 95.00

1. 3anuimTe BO3MOKHOE YPAaBHEHHUE PEAKIIMH, IPOTEKAOIIEH B COCY/I€, YUUTHIBAs, YTO
BCE MPOIYKTHI peaKui ra3000pasHebIe.
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2. YcTaHOBUTE MOPSAKU peakiny 1o BemecTBaM A v B. B kakoM COOTHOIIEHUU JTOJKHBI
OBITH CMEIIAHBI 3TU Ta3bl IJIs1 JOCTUKEHUS MAKCUMAJIbHON CKOPOCTH peaKIuu?

Ecmu peakuuto mpoBoauts npu S50 °C mpu HavanbHOoM pgaBieHun 100 klla u
cooTHoweHNU A U B 4:6, TO 17151 JOCTH>XKEHUS TOTO K€ JABIICHHUS, YTO U B IPEABLIYIIEM
omnbITe, NOTpeOyeTCs BABOE MEHbILIE BPEMEHHU.

3. OuieHUTE HEPTUI0 AKTUBALMU PEAKIUU B3aUMOJIEUCTBHS A U B.

[Tpu Oonee BBICOKMX TeMIlepaTypax B3aumojericTBue A U B ctaHOBUTCS 00paTUMBIM.
Tak, Ipu NPOJOJKUTEIBHOM BBIIEpKMBaHUU cMecu A U B B cootHomennn 3:7 u
HayaiapHOM jaaBieHun 100 klIla oGmiee naBieHue omyckaeTcs: Toiabko A0 80 klla mpu
120 °C u Tonbko 1o 85 xIla mpu 140 °C.

4. Paccunraiite KOHCTaHTBHI paBHOBECHs] OOpaTUMOTO B3auMojeiicTBus A u B mpu
YKa3aHHBIX TEMIIEpATypax U SHTAIBIHIO 3TON PEaKIIH.

5.1Ipu xakoii TemmepaType oOIllee AaBJICHUE TOCJIE€ YCTAaHOBJICHUS PABHOBECHS
cau3utcs Toiabko 10 90 kxlla mpu TOM k€ HayaabHOM JABICHUM W COOTHOILICHUU
peareHToB?

Ilpumeuanue: omeem Ha  KaM#Covllli  BONPOC  OOAHCEH  CONPOBOHCOAMbCS
COOMEEMCmMBYIOWUMU PACYEMAMU, PACCYHCOCHUAMU U NOSACHEHUAMU.

Heo0xoaumbie popmyibi:

3aKoH NEeUCTBYIONIMX MACC IS pEaKIMK B ra3oBou Baze: r = kp” py

E
VpaBuenue Appenuyca: k=A-e &

Oneprust ['n66ca peakuuu: AG®=AH°®—TAS°®
B3aumMocBs3b 3Hepruu ['nd6ca 1 KOHCTaHTBI paBHOBECUS: AG°=—RT InK
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