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BBegeHue

KommsroTepHass XuMusi — CpaBHUTEIHHO MOJIOJIasi 00JIACTh XU-
MHWH, BO3HHUKIIAS HA CTHIKE XMMHW M KOMIBIOTEPHBIX TEXHOJOTHI,
OCHOBaHHasl Ha IPUMEHEHUH TEOPHH I'padoB K XUMUIECKUM 3a1a9aM
(yHIIAMEHTAIBFHOTO W MPHUKIIAIHOTO Xapakrepa. Mcxoas u3 obmiero
oTpeeNeH sl XUMHAN KaK HAyKH O BEIIeCTBaX M MPEBPAIICHUAX HX
JIPyT B Ipyra, MOKHO CKa3aTh, YTO BEIIECTBa (MOJIEKYJIBI) MOIEIH-
PYIOTCS B KOMITBIOTEPHON XUMHH MOJIEKYJISIPHBIMHU Tpadamu, a mpe-
BpAaICHHUS BEIIECTB (XUMHUYECKHE peakinu) — (BOopMalTbHBIMA OTIe-
parusamu ¢ rpadamu. Takoit hopMaTbHO-IOTHYSCKHHA TIOIX0 B PSIC
CIIy4aeB 3aMETHO YIPOIIAeT aJTOPUTMU3ANNAI0 XUMHUYECKUX 3ajad,
CBOJIA MIX K THIIOBBIM 3a7[adaM KOMOMHATOPUKU W TUCKPETHOH MaTe-
MaTHKH, U TO3BOJISIET UCKATh PEIISHHS C IIOMOIIHI0 KOMITBIOTEPHBIX
Mporpamm.

B kauecTBe mpuMmepa THITOBBIX 3a/1ad KOMITBIOTEPHON XUMHH
MO’KHO Ha3BaTh CIEAYIOIINE: ITOMCK 3aBUCUMOCTEH THITa «CTPYKTYpa
— CBOICTBO»; TeHEpaIHi0O HAOOPOB XUMHUYECKHUX CTPYKTYp, OTBEYa-
IOIIUX 33JaHHBIM TIapaMeTpaM (COCTaBy, HATMYHIO (DYHKITMOHATHHBIX
TPYII U T. J1.); IEpEeUNCIeHNe BCEBO3MOXHBIX XUMHUIECKIX PEaKITHii
MeX]ly 3aJJaHHBIMU peareHTamu (TaK Ha3bIBAeMbIH «KOMIIBIOTEPHBIN
CUHTE3») U T. 1. Hapsimy ¢ oOmmmMu XUMUYeCKIMHE 3a7jauaMi B KOM-
MBIOTEPHON XMMHUH CYIIECTBYET TaKXKe OOJbIIas TPYTIa Y3KOCTIEIH-
aJBHBIX 3314, TECHO CBSI3aHHBIX C 33J]a9aMi XUMHUIECKOH MHPOpMa-
TUKH, HAIPIMEp 3a/1a4¥l PACIIO3HABAHUS XUMHUYECKUX CTPYKTYP IMPH
oOpaleHnu K XUMHYECKAM U (PU3UKO-XUMHUYECKHM 0a3aM JTaHHBIX.
Orta rpymnma 3ajad, B CBOIO OUepe/b, TECHO CBsI3aHa C TPOOIIEMOii U30-
Mopdusma rpados.

[Ipu permenny 3aa4 KOMITBIOTEPHON XHUMUHW IITUPOKO HUCITOIB3Y-
FOTCSI pa3lTUYHbIE BEIYMCIIUTEIBHBIE METO/IBI M OTIEPAITUH C TOMOJIOTH-
YeCKUMH WHIeKcaMu (MHBapuaHTamu rpadoB). B psme ciydaes
(hOpMaNbHO-JIOTUYECKHUIA TIOJIXOJ] PACIINUPIETCS XUMHYECKUMH TI0I-
XO0JlaMH, HampuMep B JOIMOJHEHHE K TOIOJOTHYECKHM HHIEKCaM,
OTPaXKAIOIIUM CTPOSHHE MOJIEKYJIbI, UCTIONB3YIOTCS 3IIEKTPOOTPHIIA-
TEJIHHOCTH aTOMOB B MOJIEKYJIe, OTpaKaroIllie COCTaB BemecTBa. Me-
TOJIbI KOMIIBIOTEPHOW XUMHUH 9acTO UCTIOIB3YIOTCS B COYETAaHUH C Me-
TO/IaMU KBAaHTOBOM XMMHH, MOJIEKYJISIPHOW MeXaHUKHU u jap. s 06-
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pabOTKK pe3yJbTaTOB BBIYMCIUTENFHOTO SKCIEPUMEHTa HIMPOKO
NPUMEHSIOTCS METOJIbl MAaTEMaTHYECKOH CTAaTUCTHKH. B HEKOTOPBIX
Ciydasix Ui NMOMCKa PEIICHUH MPUMEHSIOTCS METOJAbl HCKYCCTBEH-
HOT'O MHTEIJIEKTA.

Oco0y10 pojb METO/IbI KOMITBIOTEPHONH XUMHHU UTPAIOT B OpraHu-
YEeCKOM XMMUH, YTO OOBSCHSIETCS TPYAHOU (HhOpMamn3yeMoCThIO 1O-
CIIeZIHEH KaK MO CPaBHEHMIO C APYTMMH €CTECTBEHHBIMH HayKaMH,
HanpuMep ¢ (PU3UKOH, TaK M MO0 CPaBHEHHIO C APYTUMH OONACTSIMU
XMMUH, HalpUMEp ¢ Heopranuyeckoi xumuen. KommerotepHast xu-
MU UIMEET OOJIbIIOe 3HAYCHHE U IJI MHOTHX BaKHEHIINX oOnacTen
OMOXMMHUYECKHX HCCICIOBaHUM, HANpUMEp NpH pELICHUH 3a1ad
TUIA «CTPYKTypa — (apMaKoIorniyeckas akTUBHOCTBY, 4acTo B Ta-
KHAX HCCIIEOBAHUSIX METOIbl KOMITBIOTEPHOH XMUMHHU JIOTIOTHSIOTCS
METOaMU MOZAETUPOBAHUS, CIEIU(PUISCKUMHU A MOJEKYISIPHO-
OMOJIOTHYECKUX CHCTEM.

JlaHHbIe METOIMYECKHE YKa3aH!sI IPeTHA3HAUEHBI IS CTYI€HTOB-
XMMHKOB, U3y4YaloHX JUCHUILTMHEI « KommbloTepHas Xumus», «Kom-
NBIOTEPHOE OOecTeueHne XUMUIECKOro aHanu3a». OHM HanpaBJieHbI B
MEpBYIO Oouyepeb Ha O3HAKOMJIEHHE OOy4arommxcsi OOIIEeT0CTYTHBIM
nporpamMam ChemOffice u HyperChem kak HeoOX0quMBIM 17151 HAMH-
CaHUsl XUMUYECKUX COCTUHEHNH, UX PEJaKTUPOBaHMs, KOMIIBIOTEPHO-
IO MOZEIHUPOBAHUSI OCHOBHBIX (PU3NKO-XUMHYECKUX CBOHCTB, COCTOSIT
W3 MaTepUasoB JUIsl BBIMOJHEHHS MPAKTHUECKUX M Ta0OPaTOPHBIX pa-
00T 10 AUCLUILINHE.



HpaKanecxne 3aHATHUA

Ilpakmuueckas paboma 1
3HaKOMCTBO c nporpaMmMHbIM nakeToM ChemOffice.
Xumunuyeckuu pegakrop ChemDraw

IIporpamma ChemDraw sBisiercsi komronenTom makera Che-
mOffice n npenHa3zHaueHa 17151 ABYXMEPHOT'O PUCOBAHUS, PEIAKTHPO-
BaHMSI MOJIEKYJIAPHBIX cucTeM. OHa MO3BOJISIET OTOOpaXkaTh OTAEIb-
HBIEC MOJIEKYJIBI U ()OPMHUPOBATH LIEJIbIE MHOTOKOMIIOHEHTHbIE PeaK-
1M, CJIOKHBIC XUMUYECKHE CXEMBI.

PaccMoTpuM CTPYKTYpY M OCHOBHBIE 3JIEMEHTHI JAHHOTO XUMHU-
yeckoro penakropa Ha npumepe ChemDraw Ultra 8.0.

1. 3anyck npozpammul

UTo0b!I 3amycTUTh Mporpammy, 3aiiaure B meHto Ilyck — Bcee
nporpammbel— ChemOffice 2004— ChemDraw Ultra 8.0

2. OtkpeiBaeTcs OKHO mporpammbl. MHTepdetic n pabovas o6-
macth porpammbl ChemDraw Ultra 8.0 mpencTaBiieHsl Ha pUCYHKAX.
BaxHo oTmMeTuTh, 4T0 MHTEpdEic NporpaMmMbl NPEACTaBICH HA aH-
TJINACKOM $SI3bIKE, T03TOMY JUIsl paOOThl TIOHAAOOUTCS BIaICHHUE dJle-
MEHTapHBIMU HABBIKAMM aHIJIMHCKOTO SI3bIKA.

Bce npencraBneHHble Ha 3KpaHe JIEMEHTHI T0JIb30BaTEIbCKOIO
uHTepdelica Mbl pa3iennM ClIelyonuM 00pa3om:

A. T'1aBHOe MeHIO

‘@File Edit ‘Yiew Object Structure Text Curves Color Onliine  Window Help

b. I'naBHasi maHeJ b

DEE&E T > ~ 4 B@|[100% ~| [TimesNewRoma ~| [12 j%

B 7 U o x & .,‘

Ha rnaBHO# maHenu comeprKarcst CpeAcTBa sl peIaKTUPOBAHUS
TEKCTa, U3MEHEeHUsl WpuQTa, pasmMepa 1 nsera mpudra, BBIpaBHUBA-
HUS TeKcTa. Taxoke 3/1eCh PacHoI0KEeHbl KHOIKH AJIS1 CO3/1aHMsI HOBOH
CTpaHMLBL, OTKPHITUS JoKyMeHTOB ChemDraw, coxpaHenus, neyaTtu
Y U3MEHEHMS MacTada.



0030p 371eMenmos 214610l naneau

UTimes NewRumauj U12 j E

(Formula) — 3amuce B pexume «Hopmyis (aBToMaTuie-
CH,
CKasl TIOJICTAaHOBKA perucTpa noj nudpsi (OyKBEI)).
% x¢ (Subscript, Superscript) — IlogcTpounslii ¥ HaACTPOUHBIN
TEKCT.

— DJeMeHTHI yIpaB-
JICHUS] TEKCTOM.

B I U

(Color) — Ycranoska 1Beta (mpudta, CTpyKTyphI).
(Create New Document) — Co31aTh HOBBI TOKYMEHT.
(Open) — OTKpBITH JOKYMEHT.

(Save) — CoxpaHHUTh TOKyMEHT.

(Print) — Ileuats nokymeHTa.

(Help) — [omorp.

(Undo) — Illar Haza.

(Redo) — Ilar Boepén.

(Cut) — Beipesarts.

(Copy) — Kommmposars.

BF =<2 5=bgggoM

(Paste) — BcraBuTs.
1% -] (Magnify) — Macimta 10KyMeHTa.

(Magnify) — YBenmn4autb MacIrao.

pop

(Reduce) — YMeHBIIUTH MacITao.

=, (Clean Up Structure) — IIpoBepka COOTBETCTBHUS MOJEKYJI
" OGBIMHBIM JUIMHAM CBSI3€H U yriam.

(Check Structure) — IIpoBepka BeIIETICHHOW MOJEKYIISP-HOM
CTPYKTYpHI Ha HAJTMYXE OIITHOOK.

<,

B. KonTposbHas nanean

ANDINN N2 2NN Bm D OO
D% A= 320 omAROO0O~T

C noMo11IbI0 KOHTPOJIBHOM MaHENIN OCYIIECTBIAETCS IPOIIecC pu-
COBaHMsI OOJIBITMHCTBA MOJICKYJISIPHBIX CTPYKTYDP.
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00630p r1eMenmos KOHMPOAbHOIU RAHEIU

KonTtposbHas manens coaepKuT B cebe AIIEMEHTBI ISl CO3AaHus
U PEaKTUPOBAHUS CTPYKTYPHBIX (OPMYIL.

A. Kuonku &8 % (selection) oCYIIECTBISAIOT BBIIEIICHHE Ha-
PHCOBAaHHBIX MOJIEKYJ WJIH UX (parMeHTOB C MOMOIIbI0 jtacco (lasso)
WJIHM IPSIMOYTOJIbHUKA (marquee).

B. Knonka & (eraser) ygaiseT aTOMBI/CBSI3H.

C.Kuomxn \ N, ™ % % N\ N % (bonds) npeHa3HAYEHBI
JUTs 100aBJIeHUs CBsI3el (Ha3BaHUs IPUBEICHBI HE M0 XUMHUYECKOMY
THUIY, a 10 BUJY OTOOPAXKCHHUS).

D. Knonka A (text) npexnasnauena juis BBoga Tekcra. Ilapa-
METpbI mpudTa U UHIACKCAIMS HACTPAUBAIOTCS C ITOMOIIBIO TJIABHOM
MaHEeH.

E. Knomnka Q’ﬁ (pen) BKIIIOYAET PEKUM PHCOBAHUS BEKTOPHOMN
rpaduku. CriaakeHHOH JIOMaHOH JINHUY.

F. JloGaBieHue BCEBO3MOXKHBIX CTPEIIOK MMPOU3BOIUTCS KHOTIKOH
% (arrow).

G. KHomka 8, (orbital) mo3BosisseT HapucOBaTH pPa3UYHBIC
3JIEKTPOHHBIE OPOUTAIH.

H. Knonxa [ ]. (drawing elements) 100aBIsieT pa3TUYHBIC dJIe-
MEHTBI PUCOBAHUS: CKOOKH, TNIOCKUE (QUTYPBI, IMHUU U JIP.

I. Knonka @, (chemical symbols) nossonser HapucoBaTh 0coOble
XHMUYECKHE CHMBOIIBI (3apsyibl HOHOB, 3HAUKH PAIMKAIOB U [IPOYEE)

J. Knomka 4+ (atom-to-atom mapping) oToOpa)aeT COOTBETCT-
BHE PEAKIMOHHBIX LEHTPOB MOJIEKYI. [loaaepKuBaroTcs TOIBKO O
HOCTaJINIHBIE PEAKITUU.

K. KHOHKa (templates) BbI3bIBa€T KOHKPETHOE MEHIO 3aro-
TOBOK: aMUHOKHCJIOT, apOMaTHYECKHI [IUKIIOB, OUIIUKIOB, KOH(DOP-
MEpOB U T. I. Bce oHM MOTYT OBITh BCTABIICHBI B Ballly pa0oOTy s
9KOHOMHH BPEMEHHU.

L. Knonka -~ (acyclic chain) cozmaeT mernb ¢ yka3aHHBIM YHC-
JIOM 3BCHBEB. [ [} O Ay

M. Cepus kuonok [ [ 1( )& 1) (rings) mo3BoJIsIET OBICTPO
J00aBUTh B Ballly pa0OTy pa3inyHbIC KOJIbIIA IUKI0AIKAaHOB U apoMa-

THYCCKHEC KOJIbIIA.



2. Paboma 6 npocpamme ChemDraw

Jiis u300paxeHuss HEOOXOIUMOW MOJICKYJIBI, HAPUMED CTPYK-
TypBI IICHTEHA- |, Hy)KHO Ha)KaTh KHOIIKY OJMHAPHOMW CBSI3M ™\ U Ha-
pHUCOBATh «CKEIEeT» MOJIEKYJBI. «CKelIeT» 1Mo yMOJIUaHuto OyneT co-
JIepKaTh aTOMBI YIJIEPO/ia B y3J1aX U OJMHAPHBIC CBSI3U MEX]y HUMHU.
Ha stom 3tamne monekyna neHTeHa OyJIeT BBITISAACTD TaK:

VAVAN

Hanee, ans n300pakeHUs! ABOMHOM CBSA3H, HYXKHO IIENKHYTD Jie-
BOIl KHOITKOM MBIIIM HAa U3MEHIEMYIO OJJUHAPHYIO CBA3b, U OHA CTa-
HET ABOMHOM. MoJekyna neHTeHa OyeT BBITJISIIETh TaK:

VAN

st oToOpaskeHHsT aTOMOB B MOJICKYJIE HUCIOJNb3YETCS HHCTPY-
MeHT co3jianus Tekcta A . I1[énkaem Ha y3iie MexkKTy CBA3SMHU H BBO-
IuM 0003HaYeHHE HYKHOTO aToMma. B pesynbTare momydaem CTpyK-
TypHYIO popMyIy HyKHOU MOJIeKyJbl. MosieKya neHTeHa OyeT Bbl-
TIISAETh TAKUM 00pa3oM:

P
Hzcé// \ﬁ;/ \CHH

MoskHO naTh Ha3BaHHE MOJIEKYJIE, 3ai11 BO BKIAJIKy Structure

TJIABHOTO MeHIo, nanee BoiOMpaeM Convert Structure to Name.

[Ipu aToM Oyznet oToOpakaThCsl HA3BaHHE MOJICKYIIBI.
H Ha
RN
H,C ﬁz CH,
pent-1-enc

[IporpamMma 1mo3BoJISIET BHIIOIHATE OOPATHYIO ONEPaLuIo, M0 Ha-
3BaHUIO MOJICKYJIBI H300paxkath €€ CTPYKTYpHYIO Gpopmyiy. Jis sTo-
ro HYXXHO B TJIaBHOM MeHIO BbIOpaTh Structure — Convert Name
to Structure.

st Toro uroObl B TpeOyeMOl cxeMe yKazaTh OYKBBI IPEUecKO-
ro andasuta (&, B, Y ¥ T. A.), SAUHUALBI U3MEPEHHS UIMHBI CBS3CH A,
TEMIIepaTypHbIE YCIOBHS TMPOTEKAHUS peakuu B rpagycax H T. II.,
MOYKHO BOCTIOJIb30BaThes naHensto Character Map, xotopast BeIBO-
JUTCS U3 BKJIAAKH [TIABHOTO MEHIO View.
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IIpakmuueckasi paboma 2
ChemDraw. 3anuch cxemMbl peakuuu
C YKa3aHMeM peaKIiMOHHBIX IeHTPOB

VYkazaHue peakIHOHHBIX HEHTPOB MO3BOJISIET IPOSICHUTH B HEOO-
XOAMMBIX CIIydasx MeXaHH3M XHMMHUYecKoi peakuuu. llpum xpane-
HUM CXeM XMMHUYECKHX peakiuid B 0aze JaHHBIX C MCHOJIb30BaHHUEM
nporpamMmbl ChemFinder MoxkeT OBITH MPOM3BEICH MOMCK PEaKUH
M0 TUIy PEaKUHUOHHOTO IeHTpa. PaccMOTpuM mpouenypy Co3IaHMs
KapThl peakuuii Ha MpUMepe PEaKUH FHIPOXIOPUPOBAHHS 2-METHII-
OyTeHa-2. DTa peakust MOKET MPOTEKaTh KaK 10 MpaBuiry Mapkos-
HuKoBa (A), Tak u nipotus (B).

H;C CH; H;C CH,
H
| + —_— B Cl A
Cl
CH, H CH;
ch GH3 H H3c CHﬂ.
B | — B
cl H
CH; cl CH;

Puc. 1. l'uopoxnopuposanue 2-memunroymena-2.
npucoeounenue amoma 6000podd 6 coomeemcmeuu (4)
u npomusononodcro (B) npasuny Mapkoerukosa

CoznaanM KapTsl IEpBOI U BTOpo# peakuuu. Hapucyiite cxeMsl
o0eux peakuuid. s ykazaHusi peakIMOHHBIX [[ECHTPOB B MEPBOU pe-
AKIMY HAXKMUTE KHOIIKY U IIPOBEJUTE CTPEIIKY OT aToMa XJIOPA KO
BTOPOMY aTOMY YIJIEPOJA, IIPU 3TOM aBTOMATHUUYECKH OKOJIO aTOMOB
W cBs3ell OyAyT CO3JaHbl CUMBOJBI PEAKIIMOHHBIX LIEHTPOB. 3aTeM
IIPOBENUTE CTPEIIKY OT aTOMa BOJOPOAA K TPETBEMY aTOMY yTIIEPOJa.
Bo BTOpO#i peakuy HYKHO TIPOBECTH 0OpaTHBIE ACHCTBHS, CTPEIKY
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HEOOXOMMO MPOBECTH OT aTOMa XJIopa K TPETheMY aToMy yriepoja.
CumBon Rxn o6o3HauaeT peakuuOHHBIN HEeHTp. JIMIHe peakuoH-
HbIE HEeHTpHI yaanuTe. OcTaBbTe CUMBOJ RXn TOJBKO Y IBOMHOM CBSI-
3u ny cBszu H-Cl.

HsC CH;
g

Rxn = Rxn + Rxn
Cl Cl
CH;

Puc. 2 Vxazanue peaxyuonnvix yenmpos na cxeme peaxyuu

Taxum 06pa3om, co3gana kapTa peakiuu. Ternepb Mpu BKIIOUCH-
HOM KHOTIKE yKa3aTh MBIIIBIO0 HAa OJWH U3 aTOMOB PEaKIIHOHHO-
TO IIEHTpa TIEPBON MOJIEKYJIIBI, Ha BTOPOH MOJIEKYJIE aBTOMATHIECKH
BBIJICJIUTCS JPYTOM aTOM, Y4acTBYIOIIUHN B peakiuu. B nansHeimem
MMOMEYEHHBIE TaKUM 00pa3oM pEeakKIMH MOTYT OBITh COXpaHEeHBI B
0a3e JaHHBIX.

B niensax 3axperieHns HaBBIKOB TTOJIB30BAHNS IPOTPAMMOiT JalTb-
1€ TIPaKTHYECKOE 3aHATHE MPOOIKAETCS B BUJE CAMOCTOSTEITFHON
paboTsl cTyaeHToB. [IpenogaBaTens Kaxa0My CTYEHTY BBIIAET CXe-
MBI peaKIfii, KOTOpble HEOOXOINMO MEPEepPHCOBATh B XHUMHUYECKOM
penaktope ChemDraw.
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IIpakmuueckasi paboma 3
3HAKOMCTBO ¢ MHTepdeiicom
nporpammsl HyperChem

MeTtonbl KBAaHTOBOH XUMHH U MOJIEKYJISIPHOH AMHAMHMKH IOJTY-
YUJIM HIMPOKOE PACHpPOCTPaHEHHE B YHCICHHOM MOACIMPOBAHHU
3JIEKTPOHHOM M aTOMHOM CTPYKTYP CJIOKHBIX CHCTEM MOJICKYJISIPHBIX,
KPUCTAIMYECKUX U NEPEXOIHBIX (HaHO-) pa3MepoB. DTO CBSI3aHO C
TEXHOJIOTHYECKHM Pa3BUTHEM COOTBETCTBYIOLIETO MAaTEMaTHYeCKOTO
obecnieuenus. Ceiiuac B Mupe (QPyHKIMOHHUPYET AOCTaTOYHO MHOTO
COBPEMEHHBIX BBIUYMCIUTEIbHBIX KOMILIEKCOB, PEATU3YIOLINX METO-
JIbl KBAHTOBOM XUMHH M MOJICKYJISIPHOW JTUHAMUKH, OAHAKO JJISl I~
POKOTO Kpyra IoJib3oBareield Haubojee AOCTYIHO HCIOJIb30BaHUE
3THX METOAOB 00ECHeunBaeTCsl M3BECTHONH KBAaHTOBO-XUMHUYECKOH M
MOJIEKYJISIpHO-TMHaMuIeckoi mporpammoii HyperChem.

[Iporpammubiii  kommiaekc HyperChem  (http://www.hyper.
com/) JOBOJBHO TONYJSIPEH Cpedu HAYMHAIOIUX XHMHKOB-
uccienoBaresnei, B OCHOBHOM 0Jiarojiapsi MHTYUTHBHO MOHSTHOMY M
IpyxemnooHoMy rpadudeckoMmy uaTepdeiicy. OH coBmemaer B cede
Kak (yHKUMH BU3yanu3aTopa 3D-CTpyKTypbl COEAMHEHHH, TaK U BO3-
MOYKHOCTH BBIITOJTHEHUS] KBAHTOBO-XUMHYECKHX PAcUETOB.

Hapsiny ¢ MosiekymnsapHOH ITMHAMUKOM M MOJYIMIHPHYECKHUMHU
METO/IaMHU PEaTM30BaH y4eT 3JEKTPOHHOH KOPPENsHd METOJaMH
TEOPHH BO3MYILEHHI BTOPOTO MOPsAKa U PyHKIIMOHAJA [UIOTHOCTH.

K HecoOMHEHHBIM JOCTOMHCTBAM JaHHOW MHPOTrpaMMbl MOXHO
OTHECTH OOIIMPHBIN KaTalor MOJEKYJSIPHBIX (parMeHTOB, oOJer-
YaIOUINX 3aJaHue MCXOJHOW IeOMETPHUH, a TaKKE BO3MOXHOCTH €€
KOHTPOJIS [T0 MEpe BBIMOJHEHUs pacueTa (Bce M3MEHEHHSI B XO/I€ OTI-
TUMH3ALUN He3aMEIJIUTEIbHO OTPAYKAIOTCS Ha DKPaHE).

OnHako psiji HEAOCTATKOB HE MO3BOJISIET PEKOMEH/IOBATh JAHHYIO TIPO-
TpamMMy B Ka4eCTBE OCHOBHOTO HHCTPYMEHTa UCCIIeIoBaTeis. A IMEHHO:

1. HeaddexTnBHOE HUCMONB30BAHUE PECYPCOB KOMITBIOTEpA, B
TOM YHCJIE OpraHu3alHsl IPOLEeIypPbl ONITUMHU3ALUN TEOMETPHH, TIPH-
BOJISIIAS K 3HAUYUTEILHBIM BPEMEHHBIM MTOTEPSIM.

2. OrpaHn4eHHbIH BBIOOp 0a3nCHBIX HAOOPOB U METOJOB y4eTa
3JIEKTPOHHOM KOPPEJISILUH.
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3. Yuer cUMMETpUHU BO3MOKEH TOJBKO MPH 3aJaHUH UCXOTHON
TEeOMETPHHU B BUJAE Z-MaTPHUIIbI, YTO 3HAUYUTEIHHO CHUKACT LIEHHOCTD
MHTEPAKTUBHOT'O TIOCTPOCHUSI MOJICKYJISIPHON CTPYKTYPBHI.

OcnoBnoii natepec HyperChem moxxeTr npeacraBisats it OHO-
XHUMUKOB, T. K. 0COOCHHOCTH peai3alyi NporpaMmsbl (JIETKOCTb T10-
CTPOCHUS CaMbIX CIIOKHBIX MOJIEKYJI U KJIACTEPOB, UCIIOIb30BAaHHE
METO/I0B MOJIEKYJIAPHON MEXaHWKH U T. J.) TIO3BOJISIOT B HATJISIAHON
¢dopme uccae10BaTh CBOMCTBA OMOMOJIEKYJ M X CHCTEM.

1. 3anyck nporpammsl: Ilyck — Bcee mnporpaMmmel —
HyperChem Release 8.0. — HyperChem Professional.

Otkpoercst okHo mporpamMMbel HyperChem, KoTopoe BBITIISIINT
cneayromum odopaszom. Murepdetic mporpammel HyperChem, kak u B
nporpamme ChemOffice, Ha aHTIIUICKOM SI3BIKE:

ImaxYTze Testore Button
tithe bar minize botton

Controd-rrenu batlon Exit

button
g, Hn:u:l:lu:m Humtithod]
Eio Edi Buli 3ancl  Dipay Dpsbowis Sepg Copide Segrk G TES
Z Diedu| 2leam| S]] |
I 11 | rriene Bar
AL, toabar icoizs wirndow
border
warksnges
5% - [TROLISE pCHTEEr
status e currest cateulation rmethod
(e e -l I |tz

Puc. 3. Humepgeiic npoepammer Hyperchem

Title bar — nokassiBaeT Ha3BaHue (aiiia.

Menu bar — conepxut Ha3BaHus pa3nudHbIX MeHI0 HyperChem:
File (®aiin), Edit (PegaxTuposanwue), Build (Iloctpoenne 00beKkTOB),
Select (Beinenenwue), Display (OtoOpaxenue), Databases (basbr nan-
HbIX), Setup (YcranoBku), Compute (Pacuer), Script (Cuenapuii),
Cancel (Otmena) u Help (ITonckaska).
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Toolbar — nanesb HHCTPYMEHTOB

JleBas cTopoHa maHeNnu COAEPKUT U300PaKEHUsI KHOTIOK, KOTO-
pBI€ UCTIONIL3YIOTCS, YTOOBI BBIBOJINTD, BEIOWPATH, TIOKA3BIBATh U IIe-
peMeraTh aToMbl U MOJIEKYJBl. B TIpaBoii — M300pakeHre KHOTIOK
WHCTPYMEHTOB, YTEHHS M 3aIUCH (AilJIoB, KOIMPOBAHUS U BCTaBKU
CTPYKTYp M HUCIOJIb30BaHMSI JUAJIOTOBOW MOMOIIIH.

Workspace — pabodee npoCTpaHCTBO, TJe OTOOpaXKaeTcs Te-
KyIlas MOJIEKYJIIpHas CHCTeMa.

Status line — cTpoka cocTosiHHS, TOKa3bIBaeT MH(OPMAIHIO
THIIA YKCJIa ATOMOB B MOJIEKYJIE, CTATYC BBIYMCIICHHSI WM 3HaYCHUE
rpaguenTa uiu d3Heprud. [lpu BerOope 1r000ro MmyHKTa MEHIO B CTPO-
K€ COCTOSTHUSI MTOSIBIISIETCSL KPAaTKOE ONMCAHUE MTyHKTa.

Help — nomo1up, 10CTyn K 1AaJOTOBOMY OKHY CIIPAaBKH.

Minimaze/Restore — KHOIIKa MEHIO KOHTPOJIS, CONEPXKHUT KO-
MaH/ibl JUIsI U3MEHEHHs pa3Mepa, NEPEeMEIICHUs, YBEIWYCHUS U 3a-
KPBITHSI OKHA.

Maximize — yBEIWYUTb — KHOIKA pPa3BOPAYMBAET OKHO [0
MaKCHMAaJIbHOTO pa3Mepa.

Pabora B HyperChem ocymiecTBisieTcsi TIaBHBIM 00pa3oM C HC-
MOJIb30BAaHUEM KOMIIBIOTEPHOU MBIIH. TepMUHBI, OMICHIBAIOIINE HC-
nosib3oBanue Mbmu B HyperChem:

L-men4ok — HaxkaTh U OTIYCTUTh JIEBYIO KHOIIKY MBIIIIH.

R-1me90x — HakaTh M OTILYCTUTH MIPABYIO KHOIKY MBIIIIH.

OO0b1yHO R-11en4ox mMeeT MpOTHBOMONOXKHBIA pe3yIbTaT, YeM
y L-menuka.

JIBOIHO# 1IeTY0K — OBICTPO HAXKATh U OTITYCTHUTH JICBYIO KHOII-
KY JABaXJbl.

L-nepememienue/R-nepemenienne — yaep>KUBAIOT Ha)KaTOU
JIEBYIO WM MPaBYIO KHOMKY MBIIIH, IBUTAIOT Kypcop K HOBOM MO3H-
UK B paboveM MPOCTPaHCTBE. 3aTeM KHOIKY MBIIIH OTITYCKAIOT.

LR-nepememenne (RL-epemenienne) — HaXKUMAIOT U yAEp-
KUBAIOT HAXXATOH JIEBYIO KHOIKY MBIIIH, 3aT€M HAXHMAIOT MPaBYIO
KHOTIKY MBIIIH ¥ TIepeMEIaeT Kypcop B HOBYIO MO3UIIMIO B pabodeM
MPOCTPAHCTBE. 3aTeM KHOTIKH MBIIIH OTITYCKAIOT.

Kypcop Mbimm n3menser cBoro (GopMy B 3aBHCHMOCTH OT TOTO,
TJIe OH HAXOAWTCS B OKHE W Ha Kakoil (popme OBLT 3a1eCTBOBAH.
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[IpoBeprTe, Kak n3mensiercs hopma kypcopa B HyperChem:

1. Ycranosure Kypcop Ha ”HCTpyMeHT Draw — pucoBanue, cie-
nante L-1emdox.

2. IlepemecTute Kypcop B pabodee npoctpaHcTBo. Kypcop nsme-
usieT Gopmy | ER| .

3. YcranoBute Kypcop Ha uHCTpyMeHT Selection — Bb1OOp, crie-
Jnante L-memdoxk.

4. Ilepemectute Kypcop B pabouee npoctpancTBo. OH N3MEHSIET
dhopmy ‘ .

5. Ilepemectute Kypcop Ha MeHIO Select — Ha maHenu MEHIO.
Kypcop obpatHo npeBpamiaercsi B CTPEIKy.

Cnocoowl evteooa cmpykmyp 6 npozpamme HyperChem:

* YICTIOJNIB3YsI MHCTPYMEHTBI PHCOBAHUS, CO3/IaiiTe IBYMEPHBIN dC-
KH3 MOJIEKYJIBI, 3aTeM MpeoldpasyiiTe ero, ucrmonbsys onuuio Model
Builder, B TpexmepHoe (3-D) nzobpaxenue;

* TIOCJICIOBATEIbHO BBIOEPUTE OCTATKH aMHHOKHCIIOT M HYKJI€O-
TUJIOB 13 OUOIMOTEK, YTOOBI IIOCTPOUTH CTPYKTYPY OCIIKOB M HYKJICH-
HOBBIX KHCJIOT;

* OTKpoiiTe coxpaHeHHble ¢aitnsl B popmate (HIN) mnmu (ENT).

B cienyromem ympakHeHMM Mbl OTKpoeM y:ke rorosbii HIN-
¢aiin u3 6a3bl JaHHBIX TPOTPAMMBI.

1. Ilepemectuth ykazatenb Ha nanenb MeHro File. Caenatite
L-memuok Ha File, u Torma otkpoercst mento File. B cnimcke (atinos
W TIAMoOK TepeianTe B AUpeKTopuio Samples/Aromatic u cuenaiite
L-memuok va C60. hin.— Cuenaiite L-mem4yok Ha Open.

[MosiBsieTcst MoJekyna:




I, Hyp=iChen - 06D, hin
B Eol B Sews [BIEED 1 _
il=] @Iﬂlrﬁlfl@m Sl

i
i
:
:
T

Shoet Sl ot n Ord
Hide Selpctin
Aencking...
Last Aendeing
Chwea | scsialece
Isngitars:.;
o Shoe Hadingzns
o e h e
w Shoes ulple Bords
=4 Shop Hhcrapean Bovde
Huopompue H Erals
Shom Ine tinl Bans
e [ el
Lk
Elemen] Color...

S

Puc. 4. IIpoyedypa nosgnenus mooenu MOIEKYIbl 8 Noie NPOSPAMMbl

Hcnonvzoeanue menio Display
Br1 MokeTe BBIOpaTh mapaMeTphl HACTPOMKH IKpaHa, HCIONb3Ys
onuuu B MeHIo Display.

Hcnonv3oeanue 0003nauenuii

1. Cnenaiite L-menuox Ha Labels. IlosBagercs nuamorosoe
OKHO 0003HAYCHUH.

2. Beibepute T o6o3navyenust aroma Symbol n sHaxmute OK.

OKHO 3aKpbIBacTCsl, U Ha aTOMax MOJIEKYJbI OYIyT OTOOpasKeHbBI
UX CUMBOJIBI.

3. Beibepute Labels B mento Display.

Bri6epute Tun o603HaueHuii None Jijisi aTOMOB U ISl OCTAaTOY-
HBIX TUNOB (residues).

4. Cpemnaiite L-memuok nHa OK.

OKHO JTaJIora 3aKpoeTcsi, U 0TOOpakeHNe 0003HAYCHHUI Oy/IeT CHSTO.

Hcnonvzoeanue paznuyunozo npeocmasienus MoaeKys

Bbl MokeTe MCIosIb30BaTh PazaMyHbIE CIIOCOOBI OTOOPaXKEHUS
MOJIEKYI.

1. Beioepute Rendering B mento Display.
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OtkpsiBaeTcs quanororoe okHo Rendering.

2. BeibepuTe B cniricke Balls u menkuute cBepxy Bkiaaky Balls,
MOSIBUTCA OKHO HACTPOUKH.

3. Bo Bknanke Rendering Method BeiOepute Sticks u ycranosu-
Te Qnaxxok Ha Add Dots. 3atem menkante OK 1715t 3aKpbITHS OKHA.

[TosBUTCS MONEKya ¢ TaKUM BUJIOM. Takoe mpecTaBiIeHue XO-
POIIO IEMOHCTPHUPYET POPMY MOJIEKYJIBI.

Fiendering Dptions

_ Djindeiz | Overlspring Spheces |
RerderingMethed | Stidke Bialls
I+ Highfght

— Bal'Badiuz

ok || Baeed |

Puc. 5. Pescumvl Hacmpouxu uzyaruayuy MoaexKyi

Buixoo uz npozpammer HyperChem:
Bribepute Exit B mento File.
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IIpakmuueckas paboma 4
HyperChem. Iloctpoenue
U peJaKTUpPOBaHUE MOJIEKYJI
Pucoearue omoenvuvix amomoe u ceaseil
1. Otkpoiite B MeHto Build nynkr Default element. B Hem co-

nepxkutcst auanoropoe MeHio Element Table — nepuoauueckas ta6-
nuua anemenToB . . Menneneesa.

Element Table .

Lies E] c[n] o] e ]us
s NEREEE
AEEMEE TR AR EEE R
i 2 N 0 L S e O e
EERIEEEENER Y 2EE A

(o

&=
S T [

=
LI

s T 5 O S 0 [ )
e e e P e

[ Esiplick Hydiogens Finperties.

o
e

B

i

2. [yt BBIOOpA DIIEMEHTA KypPCOp MBIIIN HABEIUTE HA KETACMBIN
JJIEMEHT U IIEJIKHUTE JI€BOU KJIaBUIIICH.

3. Ecim Haxkate Ha kHOTIKY Properties, oTkpoeTrcs okHO, comep-
Karree HHPOpMaIMIO 0 (PU3NUECKUX CBOMCTBAX BEIOPAHHOTO JIEMEHTA.

4. MoxHo Takxke oTmeTuTh Allow Arbitrary Valence (Paz-
pemmTh Tpou3BoJbHEIE BaneHTHocTn) wiau Explicit hydrogens
(MCcKII09UTh BOIOPOIBI).

5. Ilocne Be1bopa anemenTa 3akpoiite Element Table.

6. [lepemectute Kypcop B pabouyro obmacts. [Ipu 3TomM oH mpu-
obpetaeT ¢popMy mpuriena.
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Puc. 6. /Juanocosoe okno Element Table

7. PasmecTrTe B TIOJIE TTOCTPOCHHUS BEIOPAHHBIN aTOM, HaXKaB OJHO-
KPaTHO Ha JIEBYIO KHOIKY MBIIIHM. Tak MOJKHO Pa3MeCTUTh Ha JIF0OOM pac-
CTOSIHHH JIPYT OT JPyTa HEOT PAHWUIECHHOE YFICIIO aTOMOB OJTHOTO 3JIEMEHTA.

8. JIms cMeHBI 351ieMeHTa BHOBH HE0OXoamMo OTKpHITH Default
Element u 11eJIKHYTh 110 HEMY JIEBOW KHOIIKOM MBIIIIH.

9. Hna coemuHEHHWs NBYX aTOMOB MEXIy COOOH «IpHUIIeT
Mmeimi (Draw) HaBeaWTe HA aTOM W, HE OTIYCKas JIEBOM KIIaBUINN
(L-poTsikKa), MpOBEINUTE TUHUIO 10 IPYTOro aToMa. TakuM o0pa3om
BCE pa3MeIIeHHBIE B IPOCTPAHCTBE ATOMBI MOYKHO COEIMHUTH B OJTHY
MOJIEKYITy TIOCPECTBOM XHMHUYECKUX CBSA3EH.

10. CymecTByeT apyroi crocod mocTpoeHus MOIeKybl. [locme
TOTO KaK BBl Pa3MECTHJIM OJWH aTOM B IOJIe TIOCTPOEHHsI, HE OTITY-
cKas JeBod kimaBuId (L-mpoTsHkKa), TPOBEANTE OT HETO JIMHHUIO 0
MecTa, TJe JOJKEeH HaXOJUThCS BTOPOU aToM, M, He OTITyCKasi KHOMKA
MBIIITH, OAHOKPATHO MIENKHUTE. JTO O3NS BTOPOTO aToMa.

11. Ilpu mocTpOCHUH MOJIEKYJT HEOOXOIUMO YUIUTHIBATE, UTO HE
BCE OHM UMEIOT TUIOCKYIO CTPYKTYPY, TIOITOMY JJISl pa3MeIIeHus OT-
JIEBHBIX aTOMOB B TIPOCTPAHCTBE TI0]] OTIPEICTICHHBIM yTII0M OTHOCH-
TEIBHO JPYT JIpyTra MOJEKYTy MOXXHO Pa3BOpaynBaTh, BEHIOPAB WHCT-
pymeHT Rotate out of plane.

12. YtoOBl XHMHUYECKYIO CBSI3b CHACNaTh KpPaTHOW (IBOMHOM,
TPOWHOM, TOTYTOPHON), MPHUIIET PEKUMa PHUCOBAHUSI HEOOXOIUMO

18



pasMecTUTh PSIOM C JIMHKEH, M300pakarolieil OJMHAPHYIO CBSI3b U
OJTHOKPATHO (ABYKpaTHO) HAXKaTh Ha JIEBYIO KIJIABHIIY MBIIIH.

13. Jlns ynaneHus cBA3ei UM aTOMOB MOJIB3YIOTCA MTpaBoi Kiia-
Butied MpIy (R-1memyoxk).

Co3zoanue apomamuueckozo Konvya

PucyeM 3CKH3 HIECTHUWIEHHOIO KOJbLA — KOJIBLIO LUKIIOTEKCa-
Ha CO BCEMH OJMHAPHBIMU CBS3sIMH. J[JI1 TIOCTPONKH HEOOXO0IUMOMN
CTPYKTYPHBI BBI IOJDKHBI TIPEBPATUTE €r0 B OCH30JIBHOE PO, TO €CTh
YKa3aTh, 4TO KOJIBLIO apOMAaTHYECKOE.

JlJis 3TOro HY’)KHO CeNiaTh JIBOWHOW IIEIYOK Ha JIOOOH CBsI3U
KoJbla. [TyHKTHpHBIE TMHUU YKa3bIBAIOT, UTO KOJIBLIO apOMaTHYECKOE.

B Timor= (il oo o=
e e

e Al Sol Catd Wb,
clilofa] Dlsld] silef slviel

Puc. 7. Coz0anue ben3zonvbho2o kovua

Buioenenue amomos, pedaxmuposanue moieKyin

Y 1anauTh WK KONUPOBATh CPa3y HECKOIBKO ATOMOB HIIH BCIO MO-
JIEKYJTy MOKHO TIOCJIC MX BbIesIeHus. J{J1st 9TOH 1enu Cy)KUT KHOTIKa
Select J

1. Buawyane HeoOXoaMMO BBIOpaTh MapaMeTpbl BBIIEICHUS B
MeHio Select. MOXHO BBIACTSATH KaK OTACIBHBIC aTOMBI, OCTaTKH
(residues), Tak u LENbIE MOJICKYJIbI, 10 OTACILHOCTH HIIU BMECTE.

2. Ilocne Toro Kak Bbl HAaCTPOWJIM MapaMeTphbl BblieiIeHUs (Ha-
npumep, O aToM), Hy’KHO HABECTH Kypcop Ha BbIACISIEMbId OOBEKT B
paboueM 1oJie u cenaTh L-11e1490K KHOMKOW MBIIIH.,

3. TakuMm jxe 00pa3oM MOXHO BBIACIHUTH CBSI3b MEXKIY ABYMS
aTomMamu. B 3ToM ciyyae B mapameTpax BBLACICHHUS JOJDKEH OBbITh
00s13aTeNIbHO OTMEUYEeH Atoms.
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Boigenennbie (pparMeHThI MOXHO OTACIBHO MEPEMEINaTh WK
BpalaTth Ha paboyeM I1oJie, BEIOpaB COOTBETCTBYIONINE HHCTPYMEHTHI
U «CXBaTUB» MX MPABON KHOIKOW MBI (TOJBKO JIJIsl 3TOTO HEOOXO-
mumo B MeHIo File/Preferences na Bxitagke Tool ormenute Whole
molecular translation).

Jlyist OTMEHBI BBIICNICHUSI TIOMECTHTE KypCcOp B ITyCTOM 00JacTH
dKpaHa M IIESIKHHUTE JIGBOW KHOIKOW MBI, YTOOBI OTMEHUTH BBIJIE-
JICHUE OTJECIBHOrO aToma, ()parMeHTa WM CBSI3U, KYpCOp HABOJSAT Ha
BBIJICTICHHBIN OOBEKT U OJJHOKPATHO IIEIKAIOT IPABOH KIIABUIIICH MBIIIIH.

Buvioop zpynnot amomos

[Tpu BEIOOpPE TPyYIIITBI ATOMOB OHU 3aKITFOYAOTCS B TIPSIMOYTOJIBHUK.

1. B mento Select re dosorcro 0b1Th ToMeueHo Select Sphere.

2. BeiOepuTe TOUKY B IyCTOM 4acTH padovel 00J1acT, TPOBEAUTE
OT HEe JIMHUIO, OJTHOBPEMEHHO yJICP)KUBAs JICBYIO M ITPABYIO KJIABUIIIN
Mo (LR - npotsikka) k BeLensieMbiM atomaM. [Ipu 3Tom Oynet pu-
COBAaThCsI PSIMOYTOJILHHUK, OTOOPaYKAIOIIHIA TPAHUILy 00J1aCcTH BBIOOpA.

3. OTmycTHTE KHOMKH MBIIIHU, U BCE aTOMBI 00JIaCTH BHIOOPA OKa-
JKYTCS BBIJICJICHHBIMH.

B 3TOM %€ OKHE MOYKHO BBIJICIIHTH BTOPYEO TPYIITy aToMOB. J{iist 3T0-
ro B MeHIo Select HeoOxomumo orMetuts Multiple Selections, nocie yero
TaKKUM K€ 00pa30M B MPSIMOYTOJILHUK 3aKITFOUHTh JIPYTYEO TPYIIITY aTOMOB.
[Tpu 3TOM HOBBIE BBIJICIICHHBIC ATOMBI JIOOABSTCS K MPEIBLTYIIAM.

ua ‘EOU T ;aa!!. wspley L,ganam: SR mmnm aqu S HAD
mlelElditvizle] ol=a] kele] @lithe

Puc. 8. Bvioenenue amomos
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Yoanenue amomos

st yaaneHust OJHOTO aTOMa MM CBSI3H: —

1. IIpousBenuTe OMHOKPATHBIN LIETYOK HA HHCTPYMEHT @i
(Draw) nmanenu HHCTPYMEHTOB. B

2. HaBepuTte Kypcop Ha yJansieMblii OOBEKT M NPOU3BEAHMTE
R-memyok. ATOM WM CBSI3b HCUE3HYT.

Hns yoanenus HecKOIbKUX amomos Ul Cs3ell:

[TocpencTBom LR-IpOTSHKKM 3aKIIOUUTE B NMPOCTPAHCTBO BHY-
TPH NPSIMOYTOJIbHUKA aTOMBI M CBSI3H, KOTOPBIE MOJUIEXKAT YAAJICHUIO.

B menro Edit (PegaktupoBanue) Beidepure Clear (OuucTuts).
[TosBUTCSI OKHO MpeaypexaeHus, rae OyneT 3a1an Bompoc: «Do you
really want to delete the selected atoms?» (XoTure a1 BBl yAadUTh
BEIOpaHHBIe aToMbI?). HykHO Haxath «Yes».

Konupoeanue amoma 6 dyghep oomena

1. B meH1o Select ormeTsTe Atoms.

2. llemykoM JI€BOH KJIAaBUIIN B pabovyeM I10Jie BBIACIHUTH aTOM
WIIN CBSI3b.

3. B mento Edit (Penaxtuposanue) soiopars Copy (Konmposa-
Hue). Konwst atoma minm cBsi3u coxpansercs B Oydepe.

4. 1511 BCTaBKM 00BEKTOB U3 Oydepa B pabouyro 001acTh MOKHO
BBIOpaTh B MEHIO peakTupoBaHus komanny Past (Becrasuts).

Ouucmxa padoueit oonacmu HyperChem

Brioepute B mento File (Daiin) mynkr New (Hoerit). [losBis-
eTcs BCIUIBIBAIOLIEE OKHO, B KOTOPOM COAEP)KUTCA BOMpOC: «Save
current changes?» (XoTuTe 11 Bbl COXpPAaHUTh TEKYIIHE H3MEHEHUS B
JaHHOM (haitne?).

HyHo Bb16pats «No». HyperChem ouniaer padbouyio 00acTs.
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[Ipakmuueckasi paboma 5
Co3paHue He60IbIIUX MOJIEKYJI B 2D 1 3D

Tenepb, Korga Bbl HAYYMJIUCh CTPOUTH aTOMBI M CBSI3U MEXK-
Oy HUMH, MOXXHO MPUCTYNaTh K TOCTPOCHUIO MOJIEKYJBL. XOTs
HyperChem no3Bosisier BaMm JenaTh MOJIEKYJbI JII000r0 pasMepa, 1o
NPAaKTHIECKUM COOOPaKEHUSIM Mbl PEKOMEHIYEM OTPaHUYUTHCS T10-
CTpOEHUEM HEOOJBIINX U CPETHUX MOJICKYJI.

B sToM ynpaskHeHnU BBI OyJieTe CTPOUTH MOJIEKYIY |-THIpOKCH-
3-¢dennn-2 nponeHa.

1. Otkpoiite B MeHio Build B Default elements nepuoauyeckyio
TaOJIHILy SJIEMEHTOB.

2. Otmetste Allow ions (Jomyctumsl nons) u Explicit hydrogens
(Uckmounts Bopoponsl). Eciu Explicit hydrogens He BBIKIIOUNTD,
TO OHH B IIPOIIECCE PUCOBAHUSI HE Oy IyT aBTOMAaTHYECKH 100aBIISATHCS
K YTJIEpPOJHOMY OCTOBY.

3. Beibepure yriepos (C) u 3akpoiiTe AMaIoroBoe OKHO. YTJie-
PO/l yCTaHaBJIMBAETCS KaK BCTPOEHHBIH 2JIEMEHT AJISl IOCTPOCHMSL.

4. Tenepp HapuUCyHTe CIEAYIOLIYIO CTPYKTYpY:

Puc. 9. Ilocmpoenue monexynvt 1-eudpoxcu-3-ghenun-2 nponena

YV Bac npu NoCTpOSHUH MOTJIa OJMYUYUTHCA HEBEPHAsi TEOMETpPHSI,
HO TIPEXJIe 4eM MOIU(UITUPOBATH ATY CTPYKTYPY, COXpAHUTE padoTYy.
OTOT MyTh MO3BOJIUT BaM HE PUCOBATH BCE 3aHOBO, & JIUIIb BHOCUTH
HEOOXOMMBIC UCTIPABIICHHS B IIEPBOHAYAILHBIA BApUAHT TIOCTPOCH-
HOI MOJICKYJIBL.
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YroObl COXpaHHUTH Bally paboTy:

1. Beibepute B (haiinoBom meHto Save ... (CoXpaHUTb).

2. TosiBnsieTcss IUajaoroBoe OKHO cOXpaHeHUs Qaiina. Yoeau-
Tech, 4To (paiin Oyaer coxpaHeH B HyxHyo nanky. B File name Bse-
iTe KeraeMoe uMsl Qaiina (Jryuiie, 4ToObl OHO HarnboJiee MOJIHO OT-
pakaiio conepxkanue (aiina u mapameTpsl pacueTa).

3. YOenutech, uto Save as type (Tun daiina) sto HIN.

4. L-memukom Beioepute OK.

5. JlnanoroBoe OKHO 3aKPHIBACTCS, © B BEPXHEM JIEBOM YTy K-
paHa HaJl MaHeJbI0 HHCTPYMEHTOB TOSBIISIETCs] Ha3BaHue (aiina.

Temnepr Bbl MOKeTe MOIU(PUIUPOBATH CTPYKTYPY, U BCE M3MEHE-
HUS OYAyT COXpaHEHbI B 3TOM (aiiie (U1 COXpaHeHHUsI MO>KHO BBIOpaTh
Save B menro File nny ncnonb3o0BaTh COOTBETCTBYOLIMI 3HAUOK Ha Ma-
HeIlM UHCTPYMEHTOB). BBl Bcerga cMokeTe BEPHYTHCS K TOCIETHEMY
COXpaHEeHHOMY BapuaHTy. /l00aBbTe, rie 3T0 HEOOXOAUMO, JBOHHEIC
cBsi3u L-memukom. [lomyTopHble CBsI3M apoMaTHYECKOro KOJbla 000-
3HAYAIOTCS MYHKTHPHOW TMHUEN. VX MOKHO HapuCOBATh MIPU TOMOLIH
JBOHHOTrO L-1emika BOIM3M OTHOM W3 BHYTPEHHHUX CTOPOH KOJIBIIA.

Mapkupoeka amomoe

1. B mento Display ny>xHo BeiOpaTh Labels (OTuketkn).

B nosiBuBImMcs O0Ke OMIMH ATOM aBTOMATHYECKU OTMEYe-
HO None. MoxHo BeIOpath Symbol, Name, Number u mp., oTMeTuB
HykHOe L-menuxkom, u HaxaTth Ha OK.

3. briok 3akppIBaeTCsS U BCE ATOMBI TIOMEYAIOTCSI.

Puc. 10. Boibop mapruposxu amomos 6 ouanozoeom okte Labels
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Peoaxmuposanue omoenbHvix amomos

Best cTpykTypa B paboueM OKHE MOCTPOSHA U3 aTOMOB yIJIepoAa,
HO, 4TOOBI CTPYKTYpa OblLIa BEPHOI, HEOOXOJUMO 3aMEHUTH OAMH U3
YIJIEPO/IOB Ha aTOM KHCIOPO/a.

Mns sToro:

1. OtkpoiiTe TaOnuIy 3JEMEHTOB M OJHMM L-1memdkoM BbIOe-
pUTE KUCIOPOJ U 3akpoiiTe sumuk. Kuciaopos ycraHaBiuBaeTcss Kak
BCTPOEHHBIN 3JIEMEHT.

2. HaBepute Kypcop Ha aToM yriepoja B KOHLE anugaTHye-
CKOI1 LIeNHU U IIEJTKHUTE 110 HEMY OJIHOKPATHO JIEBOW KHOMKON MBIIIH.
Yraepoxa C (atom roiay6oro mnBera) 3aMmeHHuTCs Ha Kuciopoa O (aTom
KpacHoro 1seta). Ternepb OCHOBHAs YIJiepoIHasl Lelb BEICTPOCHA.

3. J1nst TOro 4TOOBI MOCTPOCHHAS CXeMa MPHOoOpeia MPaBHIIbHYIO
reoMeTpHuo, caenaite L-memyok Ha mHCTpyMeHT Selection. Cxema
2D (nBymepHas) mpeoOpasyeTcs B TpeXMepHYIO CTpyKTypy 3D.

4. Ecnu B iporiecce nmpeoOpa3oBaHus FTeOMETPHH MOJICKYJia Oblia
MOBEPHYTA MJIM CMELICHA Ha Mepu(epuio SKpaHa, TO e MOKHO Bep-
HYTb B NIEPBOHAYAIILHOE IMOJIOKEHUE, UCIIOJIB3YSI COOTBETCTBYIOIINE
KHOTIKM naHenu uHeTpyMeHToB (Rotate out-of plane, Translate).

5. JAns Toro 4toObl aBTOMaTHYECKH 100aBUTh HEOOXOANMOE KO-
JMYECTBO aTOMOB BOJOpoJa, HeoOxoauMo B MeHio Build BeiOpaTh
nyHkT Add Hydrogens (J{o0aButs Bogopoab!).

6. Eciu Bogopoasl He oToOpakaroTcs, To B MeHio Display ot-
metbTe Show Hydrogens (IToxa3zaTs BOJOpoabI) M MOBTOPUTE KOMaH-
ny Add Hydrogens.

7. IlocTpoeHHYI0 TAKHM 00pa30M CTPYKTYpPY COXpaHHTE.
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[Ipakmuueckas paboma 6
HyperChem. ®opMmupoBanue nosmnentuja

Panee BBl yUnIImch CTPOUTH OTACIBHBIE MOJIEKYJIBI K OTOOpaKaTh
uX, ynTas xoopauHaTel u3 ¢aitnma HIN. B atom pasnmene mzinoxeHs!
NPUHIMIIE TOCTPOCHUS MOJUIENTHIHBIX IIeTed MOCPEeICTBOM II0-
CJIEZIOBATEILHOTO BBIOOpPAa OCTaTKOB aMHHOKHCIOT W3 OMOIMOTEKH
HyperChem.

YToOBl OTKPHITH AUATIOTOBOE MEHIO ONOIUOTEKH aMUHOKHUCIIOT,
BeiOepuTe MeHio Databases (baza JlanHbix) nyHkTt Amino Acids
(AMHHOKUCIIOTBI).

OTO AMANOroBOe MEHIO SIBJISIETCS YCTOMYMBBIM M OCTAeTCS OT-
KPBITBIM BCE BPEMSI, [TOKa BbI CTPOUTE MOJUIICTITHIL.

Amino Acids x

. . = —Conformation——
Ma | [ | fip | #sn | Bce [ s
| : 5 Belashes:

G|Y| ASH" Hi3| L',rsl ch-l it

. Cilthe)
Ser [ Gin | Trp [ Pro | B
= T
Thr I frg ‘ Phe | -C*,rsl :D;ega: [18)

LBI.I] Hid‘ Tyrrl ny-‘ .J;nnl:]e[ !
lie | [Hic | 6iu | | Met| o

Puc. 11. Ilocmpoerue norunenmudoHou yenu
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[TocnenoBaTensHO BBIOMpasi OCTaTKH, Bbl CTPOMTE BTOPUUYHYIO
CTpYKTypy nonunentuaa. Ho amas 3Toro Hy’)kHO B AMAJIOrOBOM OKHE
OTMETHTB, YTO THUII ATOH CTPYKTYphI: anbda-crnupansb (Alpha helix),
Oera-nmuct (cknangyarocts) (Beta sheet) win npyrue BapuanThl.

ABTOMAaTHYECKH YCTaHABIMBAIOTCS Kak phi, Tak U yroix psi.
Yron omera (Omega) MOXHO U3MEHHTh, HO 00bIYHO 3T0 180° must
TpaHC-IIeNTUAHOU cBsA3U. HaunHalite noctpoenue ¢ N-KOHLA [TOIH-
HNENTUIHON LIENH.

YtoObl MOCTPOUTH 1IeTIb, L-IemIKoM moce 0BaTeIbHO BBIOU-
paiiTe aMHHOKHCIIOTHI, HauuHas ¢ N-KOHIIeBOro ocrarka. Arg-Pro-
Pro-Gly-Phe-Ser-Pro-Phe-Arg. HyperChem ctpouT nens, pacnomna-
ras aMMHOKHMCIIOTBI O]l COOTBETCTBYIOIIMMHM YIJIaMH OTHOCUTENb-
HO JIpYT Apyra.

Cozoanue yeummepuona

B noctpoeHHON BaMU MOIMIENTUIHON Lenu N-KOHEL COomep-
*#uT HN- , a C-xkonent -CO rpynny. Co3iaHue LBUTTEPHOHA MOJU-
¢unupyet N- u C-KOHIIEBbIE OCTATKH aMHUHOKHUCIIOT.

kMcnopog gobaeneH
K C-TEpMMHANE HOMY

KOHLLY

Puc. 12. Dopmuposanue CO—epynnol
npu yenepooHom (hpazmenme MOeKy1bl

UroObl co3maTh UBUTTEpUOH, B MeHI0 Databases BriOepute
nyHkT Make zwitterion (Co3nate nutrepuon). HyperChem no6a-
BUT aToM kuciopojia Ha C-koHen nonunentuaa (nomyuurcs COO-) n
nBa mpotoHa K N-kouiy (1o NH,).
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Fie Edi Huid Gekol Disply PO Cehp Covgide Goipt Loes Heb

clolslalslellz] | e s
Femove lonic Ends
Pluzkei: A,
#dd Courk=r lonz

Puc. 13. Coz0anue ysummepuona na 0CHo8e NOAUNEnmuoHOU yenu

Mymazenes

Crneundudecknii MyTareHe3 UrpaeT BaXKHYIO POJb B OCIKOBOM
WH)KCHEpHH. 3aMeHa KOHKPETHONH aMUHOKHUCIIOTHI Ha KPUTUYECKOM
MEeCTe MOXKET M3MEHHUTh CTPYKTYPY M CBOWCTBa Oefka, a cieaoBa-
TEIBHO, U (PYHKIIHIO.

Uro0Obl 3aMEHUTHh OCTATOK aMHHOKHCIIOTHI, CHaJalla BBIOCpH-
T€ aMUHOKHUCIIOTY, KOTOPYIO HYXKHO 3aMEHHTh. [IJisi 9TOTO B MEHIO
Display B mynxTe Labels ormersTe Name+Seq xak onmmu 11 Map-
kupoBaHusA octatkoB u HakmMuTe OK. MoxHo Takke B MmeHio Select
(Br160op) otmeruts Residues (Ocratkn).

Cnenates L-mendgoxk ©a wuHCTpyMeHTe Selection. Craemats
R-miegoxk B mycToit o61acTr paboduero mpocTpaHcTBa, YTOOBI YAOCTO-
BEPUTHCSI, YTO HUYETO HE BHIOPAHO.

Cnenats L-mendok Ha PHE 5. [IporcxoauT BeIZCICHIE OCTaTKa
(puc. 13).

Bribepute Mutate B menro Databases. OOpartnte BHHMaHHeE:
MyHKT MeHI0 Mutate HeakTHBHBIN (cepblii) B MeHI0 Databases, moka
BBl HE BBIOEpeTe OoCTaToK. B amamoroBom oxkHe Mutate n3 crmcka
octatkoB BeOuparoT Thr, 3aTem Haxkumator OK. BeiOpannsblil ¢pern-
TaJlaHWH 3aMeHEH TpeoHHnHOM. COXpaHHTE MOyUYEHHYIO CTPYKTYPY.
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L e e N A e

Il |a
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Met
Hme
Phe:
Pro
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Tip
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Wal i
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) Dentrorokatony lzamer

o Lanicel M

Puc. 14. IIpoyedypa mymaeenesza

IIpakmuyveckas paboma 7
H3MepeHUe nNapaMeTpPOB CTPYKTYP

JlaHHBIN pa3liesl OMHUCHIBAET TEXHUKY U3MEPEHHS CTPYKTYPHBIX
cBsizeil. [laercs onmcanue crocoOoB H3MEPEHUS! YIIIOB, a TAKKE JIUC-
TUIEWHBIX XapaKTepPUCTUK aTOMOB, KaK, HANpUMep, 3apsiibl U Tpo-
CTPaHCTBEHHBIE KOOPIUHATEHI.

Xapakmepucmuku amomos

st Toro 4To0bI MOXY4YUTh HH(YOPMALUIO 00 OCHOBHBIX Xapak-
TEPUCTUKAX aTOMa, ero Hy’KHO BbLIENUTh. B cTpoke cocTostHuS 10-
ABIISIIOTCSL HOMEp aroMma, THII U 3apsi Uil BBIOPAHHOTO CHIIOBOTO
MoJIE MOJIEKYJIIpHOW MexaHukd. OHa TakXkKe MOKa3bIBaeT X-, y- U
Z-KOOpPJIMHATHI 3TOTO aToMa.

[Tynkrer MeHto Build mo3BoisiioT ycTaHOBUTH HEOOXOAWMBIH
BaM Set Atom Type (Tun atoma), Set Charge (3apsn) u Constrain
Geometry (OrpaHUYEHHYIO TEOMETPHIO), OTIUYHEIE OT TE€X, KOTOPhIE
YCTaHABIIUBAIOTCS MPOTPAMMOI 110 YMOJTYAHUIO.

U3zmepenue onunvt ceazu

Ecnu BB BeIOMpacTe CBsI3b, a HE aTOM, UH(OpPMAIUs O HEl 1o-
ABIISIeTCSl BHU3Y, B cTpoke cocrostHusi. HyperChem nmeer 6ubnuore-
Ky JJIMH CBS3el MEXIy aTOMaMH KOHKPETHOTO TUMa M THOpHIu3a-
LIUH, YTO YCTAHABJIMBAETCS IO YMOITYAHHIO.
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Korna nadopmanus o anuHe cBI3U B OMOIMOTEKE OTCYTCTBYET,
T0o HyperChem ucnonb3yer cpeaHee 3HaueHHE KOBAJICHTHBIX pau-
YCOB JIByX aTOMOB.

st u3MepeHus paccTOSHUSL HY)KHO M3MEHUTH (QOpMy Kypcopa
Ha (Select) 1 BbLAECINTE 3Ty CBsA3b. B CTpOKE COCTOSIHUS MOSIBIISIETCS
3HaYeHME JUIMHBI CBSA3U MEXAY ABYMS aTOMAaMH, BBIPAXKEHHOE B aHT-
ctpemax (A).

[Ipu 5Tom B MeHto Build cranoBuTHCS akTHBHBIM ITyHKT Constrain
bond length, KOTOpBIil MO3BOJISIET BaM yCTAaHOBUTD JKENAEMYIO JAJHHY
CBSI3U, OTJIMYHYIO OT TOW, KOTOPYIO yCTaHABIMBAET Pa3padOTUHK MO-
Jiesield mporpamMmbl IO yMOJTYaHHIO.

H3mepenue sanenmuulx y2noe ceaseil

Jiist Toro 9T0OBI M3MEPHTH YTOJ MEXKAY ABYMsI CBSI3SIMH, HYKHO
MOCJIEI0BATENBHO BBIIEIUTD MIEPBBI, BTOPOH U TPETHI aTOMBI, CBSA3U
MEXKIY KOTOPBIMH U 00pa3ytoT yroiu. [Ipu 3Tom BTopoii aToM J0JKEeH
HaXOAMTHCS B BEPILIMHE ATOTO yria. BeianuuHa yria nosBUTCS B CTPO-
K€ COCTOSTHMS.

B mento Build cranoButcs aktuBHeiM nmyHKT Constrain Bond
Angle, yTo no3BosseT Bam H3MEHNTH BEIMYMHY JaHHOTO yTJa.

HU3zmepenue mopcuonHwlix y2ioe

[locnenoBaTensHO BBLACINUTE MEPBBIA, BTOPOW (BEpLIMHA yTiia)
aTOMBI U TPETUH aTOM, KOTOPBIN PacloyoKeH BHE MIIOCKOCTH MOJle-
KyJnbl. B cTpoke cocTOsIHMS MOSBUTCS BEJIWYMHA TOPCUOHHOTO YIJia
MEXJly MIOCKOCTSIMH, B KOTOPBIX JIEKAT JBa MEPBBIX aToMa, U IUIO-
CKOCTBIO TPETHETO aTOMA.

[TynxT Constrain Bond Torsion B mento Build cranosurcs ax-
THUBHBIM, 4TO MO3BOJISIET BaM U3MEHUTH I10 YKEJIAHUIO 3Ty BEJIINYHHY.

HUsmepenue paccmosanus mexcoy 06yMs HEC6A3AHHBIMU AMOMAMU

[Ipexxne yem BbI MPUCTYNHUTE K HW3MEPEHHIO, HY’KHO B MEHIO
Select ormeTuts myHkT Multiple Selections (MHokecTBeHHBIE BEIOO-
PpBl). DTO MO3BOJISET BBIICIUTH OOJIee OHOTO aToMa B padovYeM OKHE.
L-mienukoM BeIgENUTE 1Ba JIOOBIX aTOMa, IIPH 3TOM CTPOKa COCTOSI-
HUS TIOKa3bIBAET PACCTOSHUE MEXKAY HUMH.

Booopoonwie ceazu

YtoObl TOATBEPAUTH OJArONpPUSITHBIC YCIOBHS A 00pa30BaHMS
BoJOpoAHbIX cBsi3el, HyperChem BbIumcIisieT MX ¥ BBIBOAUT Ha TUCTIICH.
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Bopoponubie cBsI3u GOPMUPYIOTCS, €CIIM PACCTOSHUE 10 BOJIO-
POJIHOTO IOHOpa MeHee 4eM 3.2A 1 yron KoBajeHTHOl CBA3M I0HOpa
u akuentopa menee yem 120 rpamycos.

Ymobvl noomeepoumn yciosust 0isi B000POOHOU CESA3U:

1. B mento Display ormersTe myHkt Show Hydrogen Bonds
(ITokazaTb BOJOPOIHBIE CBS3H).

2. Tam xe BoiOepute Recompute H Bonds (Beruucnuts 3aHo-
BO BoopoaHbie cBsi3u). HyperChem otoOpaskaeT BOIOPOAHbIE CBS3H
IIyHKTUPHOW JIUHUEN.

Bonoponnsie cBA31M He BBIUUCIAIOTCA aBTOMaTHUYECKH B KaXJI0M
KOH(HTYpaLuH, TO3TOMY, KOTJIa BbI H3MEHSIETE TEOMETPHIO MOJIEKY-
JIbl, BOJIOPOJIHBIE CBSA3H MPUXOIUTCS BBIYUCIIATH 3aHOBO.

IIpakmuueckas paboma 8
Co3paHue U peJaKTUPOBaHUe
NOJIMIENTUAHOM LEeNu

Ha sTOM 3aHATHHM BBl Hay4MTECh, KaK BbIOpaTh U MOKa3aTh Pa3-
JMYHBIC TIOAMHOKECTBA Ha KOH(opManmu (-CIUpaNy MOJUNEHTH-
noit uerm (PHE),.

Co3zoanue a-cnupanu

Ouuncture pabouee MPOCTpaH-
cTBO Wwin BbIOepuTe New (cozmaHue
HOBOTO JOoKyMeHTa) B MeHIo File.

1. BriOepute Amino Acids B
MeHto Databases. OTkpbiBaeTcs nu-
ajioroBoe okHO Amino Acids.

2. Beibepute THII KOH(pOpMa-
uuu Alpha helix.

3. Beibepure yrom Omega
180 rpaxycos. Oto hopmupyeT nen-
TUJHBIE CBSI3U B mparnc-popMe.

4. Caenaiite mecTs pa3 L-mien-
yok Ha Phe. Haxxmure Close.

JuanoroBoe OKHO 3aKpbIBaeT-
Ccsl, M CTPYKTYpa TOSIBIISICTCS B OKHE
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nporpaMmsl. (Baiia cTpykTypa MOXeT OpUeHTUPOBATHCS MTO-APYTOMY
U, CIIeJJ0BATEeNbHO, OyJeT OTIMYATHCS OT YIOMSIHYTOM CTPYKTYPBI.)

5. Ecnu cTpykTypa MosIBISIETCSl ¢ aTOMaMy BOAOPOAaMH U 000-
3HAUYCHUSIMH, YAAJIUTE UX C IKpaHa.

Co30anue memoK Ha KOHYAx yenu

YroOkl myUIIe BU3yalnu3upo-
BaTh N-TepMuHanbHbIM U C-Tep-
MUHaJIbHBIH KOHIIBI TOJUIIECTITH-
J1a, BBI MOXKETE MapKUPOBATh UX.

MapkupoBka  MOJHIENTHI-
HBIX KOHIIOB!

1. B menwo Select ymocto-
BEPUTECH, YTO BKIIIOUEHBI OMIUU
Atoms 1 Multiple Selections.

2. Cpematite L-men4ox Ha
nHcTpymeHte Selection.

3. Cnenaiire L-mem4ok Ha aro-
Me N-TepMHHAIBHOIO a30Ta, Ha Je-

Puc. 16. Bvibop amoma azoma
HA KOHYe NOIUNEeNMUOHON yenu

BOI CTOPOHE TIOJIUTICNITH/IA, YTOOBI
€ro BEIOpATh.

4. Cpenanite L-memdok Ha
C-TepMHHATIBHOM aTOME YTIIepO-
Jla Ha TIPaBOM CTOPOHE YaCTH II0-
JIATIETITH/IA, YTOOBI €0 BEIOPATh.

5. B menro Display BwiOe-
pute Labels, Tum o0o3HaueHus
atoma Symbol, 3arem Haxxmure
OK.

N-KkoHIIEeBOH a3oT n

Puc. 17. Yemanoexa memox C-KOHLIEBOM ~ aTOM  yriepona

01151 AMOMO6 A30Mma u yenepood JTIOJIKHBI OBITH TIOMEYEHBI TAK:
Ha KOHYax yenu
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Buwioop ocnoeswt yenu

OTO moMoraer MpH HCCIEJOBAHUM (-CIMpPaH MOJUIEHTHIHON
LIETH ¥ NT03BOJISIET BU3YaIU3UPOBATh €€ OCHOBY.

[lepBsIii mar — BBIOpATh OCHOBY IieNH. BBl MOXeTe enath 3To
JOBYMSI Ty TSIMU:

* BEIOMpAsi caMoe KOPOTKOE PACCTOSHUE MEKAY IByMsI KOHLIAMH,

* ucnoib3ys Select Backbone B MeHo Select.

Kaxk evibpams camoe kopomxoe paccmosnue mexncoy KOHYamu:
1. Brixmounte Show Hydrogens Ha meHio Display.
2. Beibepure nnctpymeHT Selection.

3. Cnmenaiite  L-mepememenue
0T KapOOHMIILHOTO C-TepMUHAIILHOTO
aToma yriaepoja K N-TepMHUHAIIBHOMY
aToMy as3ora.

C momoupio 3TOH MPOIETypHI
IIPOUCXOAUT BBIACJICHHUEC OCHOBBI I10-
JIUTICITATHON TIETIH.

Hcnonvzosanue komanowr Select
Backbone:

1. CHauana Hy)XHO crmenatrh L-
HIeJTY0K Ha WHCTpyMmeHTe Selection
n R-mendok Ha mycToil obmactu pa-
604ero mpocTpaHcTBa. JTO OTMEHSET

TIPEBITYIIHIA BEIOOP.
Puc. 18. Boibop ocroewi 2. Bwibpats Select Backbone
noaunenmuoHol yenu B MeHIO Select.

OKpacka 0ocHO8bl NOUNENMUOHOU Uenu

1. Buibepure Color B menio Display. IlosiButcst auanorosoe
okHO Color Selection.

2. Beioepute Yellow (XKentsrii iBet), 3atem Haskmute OK.

3. Cnenaiite R-menuok Ha mycToit 00macTH.

[IporpaMmma 0TOOpaXkaeT OCHOBY JKEITHIM IIBETOM.

Omoopasicenue moabKo 0CHO8bL HOTUNERIMUOHOU Uenu

1. Beioepure Show Selection Only B mento Display. Tonbko oc-
HOBA LIeNU ¥ 0003HAYEHUS OYAyT BUJIHBI.
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2. Beibepute Labels B menro Display. [lns o6o3nauenust tuma
octaTtkoB (resides) BriOepure None, 3atem Haxkmute OK. Tonmbko oc-
HOBA ¥ TEPMHUHAJIbHBIE OKOHYAHUsI Oy IyT OTOOpaskeHbI B paboveM OKHeE.

Buwioenenue noomnoscecmea

WHorna ObIBaeT MOJIE3HBIM BBIOPATh WU OTOOPA3HTh TOJBKO
4acTh MOJIEKYJIIPHOW CHCTEMBI, B HACTOSIIIEE BPeMsl He BEIOPAHHOM.

MoskHO 3TO0 cnenaTth, ucnoib3ys onuuto Complement Selection
B MeHIO Select.

1. Beibepute Complement Selection B menio Select.

[Ipoucxoaut BhIJICTICHAE BCE YACTH MOJIUTICTITH/IA, KPOME OCHOBBI.

Puc. 19. Boidenenue 6cex uacmeii nonunenmuod, Kpome oCHO8bl

2. B wmento Display Bwibepute Show Selection w chenaiite
R-memyok B mycroii ob6nactu padodero npoctpancTsa. OToOpakaroT-
Csl BCE YaCTH MOJIMIENTH/IA KPOME OCHOBBI.

Buioop npamoyzonvnuxom

1. Boibepure Show Hydrogens u 3atem menkuute Ha Show All
Ha mento Display.

2. YnoctoBepbTech, uto Select Sphere He oTMeueHO B MEHIO
Select.

3. Caenaiite L-menyok Ha nHcTpyMeHTe Selection, 4ToOb1 BONTH
B PEXKHM BBIOODA.

4. Haunute LR-niepemeliieHie B BEpXHEM JICBOM YIJy pabodero
MPOCTPAHCTBA U NIEpEeMEIIaiTeCh K IPABOMY YTy OCHOBaHUS MOJ00-
HO DTOMY:
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Puc. 20. Henonvzosanue npsamoy2oivHo2o gbloeneHus

5. OTnycTUTE KHOINKH MBIIIH.

Bce arombl, koTopeie Bol BuguTe B 001aCTH NPSMOYTOJbHHKA,
BbIJI€JIEHBI.

Buioop cgpepon

1. Cnenaiite R-menuok B mycToit o6nactu pabouero npocTpaHcT-
Ba. DTO OTMEHSET BCe BEIOOPHI B paboueM MPOCTPaHCTBE.

2. Beibepute Select Sphere B mento Select.

3. Ilomectute Kypcop Ha N-TepMHHAIBHBIN aTOM a30Ta.

4. Cnenaiite LR-nepemelniieHrie B CTOPOHY OT aToMa a3oTa.

JIunust cocTosiHMS (BHU3Y DKpaHa) MOKa3bIBaeT PaIycC cepbl BHIOOpA.

5. IIpomomxkure nepeMenieHUe, II0Ka HE CO3JaAUTE PaJUuyC IpHU-
OsmsurenbHO 5.0 AHTCTpEeM.

Puc. 21. Henonvzosanue cghepuueckoeo gvloeneHus
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6. OtnycTuTe KHONKK MbIIIH. [IporpamMmMa BEIOMpaeT Bce aTOMBI
B Hpejieiax paccTosHus okoso 5.0 A or N-TepMUHAIBHOTO KOHIIA
MOJIEKYJIBL.

Haumenosanue evioopa

YacTo moJe3Ho Ha3BaTh BBIOOP TaK, YTOOBI BBl MOTJIN JIETKO Ha-
XOAUTH €ro Mo3Xke. B 3ToM ynpaKHEeHUH Bbl HA3HAYaeTe Ha3BaHUE KO
BCEM aTOMaM, BKJIIOUEHHBIM B TEKYIIHH CepHUECKHA BBIOOD.

Hazeamw 6vi60p:

1. B mento Select Beibepute Name Selection.

2. YaocroBepbTech, 4To BeIOpaHo Other u HamummTe B MyCcTON
siuelike n_sub.

3. Haxxmure OK.

[IporpamMma coxpaHsieT Bce BbIABHHYTHIC HA TIEPBBIH TJIaH aTOMBI
B BBIOOpE, Ha3BaHHOM n_sub.

4. Caenaiite R-memqok B mycToit 001acTi pabodero mpocTpaHcT-
Ba. DTO JCHCTBHE OTMEHSET BHIOOD.

5. Bribepure Select B menro Select.

6. Beioepute By Name.

7. Beibepute n_sub ot cnrcka Names (Named selection) u 3a-
tem Haxxmute OK.

Br16op caeman cHoBa.

Buwioop konvua

1. Cnenaiite R-menuok B mycToit o0mact pabouero npocTpaHcT-
Ba. Bce TeMbl B paboueM NpoCTpaHCTBE OTMEHSIOTCSI.

2. CpenaiiTe IBOMHOM INENTYOK HA JHOOOH CBSI3M B (DEHUIBHOM
kosibite. Koo BEIOpaHo:

Puc. 22. Bvibop ¢enunvroco xonvya
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3. Cnenaiite R-memuok B mycToli 0051acTH, YTOOBI OTMEHHUTD BbI-
0Op KOJIbIIA.

4. [IpoboBatk BEIOPATh APYrUe KOJbIA B MTOJUATICITHIE.

Buvioop oonoii uz cmopon yenu

1. YcTaHOBUTH KypcOp Ha CBSA3H, KOTOpasi HE SIBISIETCS YacThbIO
KOJBIA.

2. Croenath JBOMHOM MIETYOK Ha KOHIIE CBSI3H, CaMOM OJIM3KOH K
koubily. CTOpOHa 11eny BeIOpaHa.

Puc. 23. Boibop ¢ppaecmenma yenu.

3. UtoObI 3akoH4MTH, BeIOepuTe EXit B MeHto File.
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IIpakmuueckasi paboma 9
MuHMMU3a1 Ml SJHEPTUU CUCTEMbI

ITonmyuaemble Ha 3aHATUU HABBIKU:

* BBIIIOJIHEHUE ONITUMU3ALUU TEOMETPUHN MOJIEKYJIIPHON MEXaHUKOM;

* BBIIIOJJHEHHUE OJHOTOUYCYHBIX BHIYHUCICHMI;

* UCII0JIb30BAHUE TOPCUOHHBIX CBA3EH;

* U3BMEPEHUE U CPABHEHUE CTPYKTYPHBIX CBOMCTB CUCTEMBI;

* UCIOJIb30BAHUE OTPAXKEHUS YEPE3 ONPEAEICHHYIO IIIIOCKOCTh
1 Model Builder;

* COXpaHECHHE PE3YJIbTaTOB PaOOTHI.

Tenepp Mbl HauMHAEM MCIOJIB30BATH MHCTPYMEHTHI aHAIM3a
HYPERCHEM, koTopsie IOMOTYT BaM IMOHSTH NOBEJIEHUE MOJIEKYJI
U UX B3aUMOJICHCTBHE.

Bpl MUHMMM3UPYETE D2HEPTUIO LUKIIOT€KCaHa, UCIIOJIb3YsI CUIIOBOE
nosie AMBER. Ilpesxne ueM Bbl HAaUHETE BBIMOIHATH 33JJaHUE, Ba3KHO
MIOHATH HEKOTOPBIE U3 OCHOBHBIX KOHUENIMNA MUHUMHU3ALUH SHEPTUH.

MuHuMu3anus 3HEPTUU U3MEHSAET T€OMETPUIO MOJIEKYJT AJIs T1O-
HWKCHUS DHEPTUU CHCTEMBI U B PE3yJIbTaTe HAXOAUT 00Jiee YCTOWYH-
Byl koH(popmaiuio. Bo BpeMs MHHMMHU3AlMU IporpaMma HIIET
MOJIEKYJIIPHOE CTPOCHHUE, B KOTOPOM DHEPIUsl HE U3MEHSETCS IpHU
OCCKOHEYHO MaJIbIX U3MEHEHUSX TEOMETPUHU. DTO 03HAYAECT, YTO IPO-
W3BOJHAs SHEPIrUU IO BCEM JE€KapTOBBIM KOOpAMHATaM, Ha3blBaeMasi
rpagueHTOM, pPaBHA HYJIIO.

global maximum saddle point

local maximum

local minimum global minimum

local minimum

Puc. 24. Ilosepxnocmov nomenyuanbHo dHepeuu
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Takas TOYKa U3BECTHA KAK CMIAYUOHAPHAA TOUKA HA IMOBEPX-
HOCTH NOTEHLUATbHOW dHepruu. Ecau He3HAUUTENIbHbIE U3MEHEHHUS
B TEOMETPUUYECKUX IapaMeTpax yBEIMYUBAKT SHEPTUI0 MOJIEKYJIbI,
a KOH(pOpMaIHsi OTHOCUTEIBHO YCTOMYMBA, TO OHA OyeT Ha3bIBAThCS
«MuHumym». Ecny sHEpruss npu HE3HAYUTEINbHBIX U3MEHEHUAX I10-
HUKAETCS B OJTHOM UJIM HECKOJBbKHUX M3MEPEHUSX, HO HE BO BCEX Ia-
OapuTax, 3T0 ce0n06as TOUKA.

MonexynspHasi CUCTEMa MOXKET UMETh MHOT'O MuUHumymos. Crc-
TéMa C caMOW HHM3KOH SHEprueil Haz3bIBACTCs «2100anbHbIIL MUHU-
Mym», a OCTajbHble OyIyT Ha3bIBATLCS J1OKAIbHOIMU MUHUMYMAMU.

Berunciure Tpu CTalMOHApHbBIE TOYKU IS LIUKJIOIEKCAHA: Kpec-
710, 6anna v 060iHas eéanna. 11 Kaxx10i KOHOUTYpaLuK BEIIOIHUTE
ONTHMH3ALUIO MOJIEKYJSIPHON MEXaHUKOH M CPaBHUTE SHEPIUH, YTOOBI
OIpeAenTh KOH(QOPMALHIO C TTI00aTbHON MUHUMAILHOW SHEPTUEH.

Coxpanenue ¢ ¢haiine pecucmpayuu

Crpoka cocrosaust BHu3y okHa HYPERCHEM nokassiBaeT pe-
3yNbTaThl BEIYMCIEHHS. BBl MOXKeTe cOXpaHUTh 3TH JaHHBIE U JpY-
rylo HH(POPMALUIO, KacaloUIyIOCsl BBIYMCICHUH, B (aiisie peructpa-
UU. DTO MO3BOJUT B JAJbHEHIIIEM MeyaTaTh WM UCIOIb30BaTh UH-
¢dopmanuio u3 (aitsia perucTpanuy B Bamei padoTe.

Beoenue ¢aiina pecucmpayuu

1. Ecnu HeoOxoaumo, noBTopHO oTkpoiite HYPERCHEM.

2. BeibepuTte Start Log B mento File.

Otkpoetcs meHio Open Log, u B TEKCTOBOU siUEHKE MOSIBUTCS
uMsl OTKpbITOTO (haitna — chem.log.

Ecnu daiin chem.log yxe cymiecTByeT, BbI MOXeTe T00aBISTH
3aIlMCH K HEMY, MCITI0JIb3Ysl KoMaHy Append.

3. L-menuok Ha OK.

@aiin peructpauun chem.log HaunHaeT coOupaTh pPe3ynabTATHI
JHOOBIX BBIYHUCICHUH, KOTOPBIE OBLIH BHITIOJHEHBI.

Buvioop muna cunosozo nons
[Ipexae yeM BBl MOCTPOUTE M3 LUKIOTEKCAaHA KOH(UTYPAIIHIO
Kpec/10 M BBITIOJIHUTE ONTUMHU3ALIMIO C TIOMOIIBIO MOJIEKYJIIPHOW Me-
XaHUKH, BbI JOJDKHBI BEIOPATh CUIIOBOE TI0JIE MOJICKYJISPHOU MEXaHU-
ku, BkaoueHHoe B HYPERCHEM.
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CuinoBoe 1mosie COACPKUT TUIIBI ATOMOB U MapaMeTpPbl, KOTOPbIE
JTOJKHBI OBITh HA3HAYEHBI JISI MOJIEKYJIBI TIPEXK/IE, YEM BBI BHITTOTHH-
T€ BBIYUCJIEHUE MOJIEKYJISIPHOM MeXaHUKOM. /{5 3TOro ynpaxHeHus
BEI OyieTe ucronb3oBath cuitoBoe nojie AMBER.

Buibop cunosozo nona:

1. Beiopats Molecular Mechanics u3 menio Setup.

2. B nosBuBIIemMcs 1uanoroBom okHe BIOpaTh AMBER.

3. L-memyok Ha Options, 4TOOBl OTKPBITH JUAJIOTOBOE OKHO
Force Field Options.

4. YcranoButs Distance Dependent B mynkTe Dielectric.

DT0 HEOOXOUMO CJIeNIaTh, €CIU MPH BBIYUCICHUN HE WCIONB3Y-
FOTCSI MOJIEKYJbI pacTBOpUTENs (TWma BOJBI). YKazaHHAs ONIHA —
anmpokcuMmarus (puOIMKeHUe), HeoOXouMasi, YTOObl Yy4eCTh JTH-
AIIEKTPUYECKYIO TPOHHUIIAEMOCTh, B KOTOPOH CHJIa KYJIOHOBCKOTO
B3aMMOJICICTBUS yMeHbIaeTcst Kak 1/r? (ObicTpee, ueM 1/, Kak mpu Mo-
JISITUPOBAHNY YYaCTHsI PaCTBOPHTEINS). B m000M citydae KyJIOHOBCKOE
B3aMMOJICHCTBHE MOKET MAacIITaOUPOBATHLCS TOTIOJTHUTEIBHBIM KO-
(PUIMEHTOM IITKAJIBI, €CIIM BBl BEIOMpaeTe 3HaueHue, oTiudHoe oT 1.0.

5. Ycranosuts Scale factor Ha 1.

6. BeiOpats koapduunentsr maciradba Electrostatic u van der
Waals B 0.5.

DT mapaMmeTphbl OMPEnesioT MacIITadUPOBaHUE HECBSI3aHHBIX
B3aMMOJICHCTBUHN JIJII aTOMOB, KOTOPBIE OTIEICHBI TPEMsI CBS3SIMH.
[TapameTpsrt AMBER 651111 TONTy4eHBI ¢ 000uMu Habopamu ko3 du-
UEHTOB 1mKaj B 0.5, Tak 4TO OOBIYHO BBI JIOJDKHBI HCIIOJIB30BATh HX C
cuiosbiM nosieM AMBER.

7. Boioepute Cutoffs xax None.

Juis MonenupoBaHUS OOJBIINX CTPYKTYP JKENATeIbHO YMEHbB-
IIMTh IIKaJy BBIYMCIICHUS, UTHOPHPYS B3aMMOJCHUCTBHUS JAlbHErO
nopsijika (CuiIbl JaibHOeCTBHS). B citydae, koraa cTpykrypa Oyaer
JIOCTaTOYHO MaJIeHbKast, ITOT MMapaMeTp MOKET UTHOPHUPOBATHCS.

8. Haxxate OK 1151 3aKpbITHSI 000UX JMAJIOTOBBIX OKOH.

9. Briopats Select Parameter Set B meHio Setup.

10. Kora mosiBUTCS TUaioroBoe OKHO, BBIOpaTs amber2.

Hnst cunosoro noast AMBER nocTynHbI HECKOIBKO pa3iudHbIX
Ha0OPOB MAPaMETPOB, H MOJIB30BATEIH MOTYT ONPEENATh COOCTBEH-
HbIE HA0OPHI TAPAMETPOB.
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Co3zoanue Konghopmayuu yuknozekcana e gpopme Kpecia

[TocTpoenne KoHpOpMALIUK Kpecha:

1. YcranoButs Default Element xak yrnepon u BeIOpaTh 00-
JIaCTh PUCOBaHUS

[:]
Puc. 25. Ilocmpoenue monexynvl yukioeekcana

2. YcTaHOBUTH BEIOpaHHBIN YpOBEHb Ha Atoms.

3. BoiOpats Labels B mento Display 1 momeTnts HOMEpaMu aTOMBI.
4. Y6enutncs, uto B MeHIo Build Brikimroueno Explicit Hydrogens.
5. BeiBectu 2-D cTpyKTYpY, Kak OKa3aHO Ha pUCYHKE.

6. Boiopats Add H & Model Build B menro Build.

7. Beiximrounts Show Hydrogens B menro Display.

8. Bpamats u nepemeniath CTpyKTypy, ITIOKa OHa He OyIeT Haro-
MUHATH ITY:

Puc. 26. Monexyna yuknozexcana 8 KOHQOpmayuu «Kpecioy

Model Builder ctpout dhopmy Kpecia u3 MUKIOTeKcaHa Kak CKpbI-
Tyt0 CcTpyKTypy. CTpyKTypa HE ONTHMH3HPOBAHA, HO OHA UMEET CTaH-
JIAPTHBINA HAOOP JUTHH CBSI3U, BAJICHTHBIX YTTIOB H TOPCHOHHBIX YTIIOB.
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U3zyuenue ceolicme CMPYKmypol UUKI02€KCARA
6 KOHhopmayuu «Kpecio»

Ternepb u3MepbTe CTPYKTYPHBIE CBOHCTBA CPOPMUPOBAHHOM MO-
nenu. Ilozxe BB cMOXKETe CpaBHUTH €€ C MmapamMeTpamMH TeOMETPHH
y’K€ ONITHUMU3UPOBAHHOMN CTPYKTYPBI.

Uszmepenue ceomempuieckux napamempos MoaeKybl:

1. Boiitu B meHro Select.

2. YcraHoBUTh METKy Ha Atoms u cHATH MeTky ¢ Multiple
Selection.

3. BeiOpaTh HECKOJIBKO CBSA3EH, YITIOB U TOPCHOHHBIX YTJIOB, YTO-
OBl CCNIe10BaTh TE€OMETPHIO CTPYKTYPBI.

Crnenyromnye 3Hau€HHUS TOSABATCA B CTPOKE COCTOSHHUS TOCHE
TOTO0, KaK BBI C/IeJlaeTe BEIOOP T€OMETPHUUECKHX ITapaMeTPOB.

Jauna csizu: 1. 54 A.

Yroa: 109.47 rpan.

Topcuonuslii yroa: 60 rpa.

4. R-menkHyTh B MycTol 001acT paboyero mpocTpaHcTBa, YTo-
OBl yTOCTOBEPUTHCS, YTO HUYETO HE BHIOPAHO.

Buinonnenue ¢viuucnenus ¢ 00HoU mouke

3aTeM BbI IPOBOAUTE PACUET CUCTEMBI B OJTHOM (CTAIIIOHAPHOM)
TOYKE, YTOOBI MOTYYUTh MOJTHYIO SHEPTHIO, COOTBETCTBYIOUIYIO HEOTI-
TUMHU3UPOBAHHON KOH(UTypaIuu.

Buviuucnenue 6 00noi mouxe:

1. Beiopats Single Point B menro Compute.

B pesynpTate BBIUMCIEHHS B OJHOW TOYKE BBIBOAATCSA DHEp-
rsl B KKaJI/MOJIb U o0umii cpeanekBaapaTuunbiii (RMS) rpagueHt
B KKay/(MOJNb * AHrCTpeM) IJisi TeKyled KOH(QUTypaluyd aTOMOB.
B cTpoke cocTosiHUA MOSIBATCS CeyIoIINe 3HaUeHUS:

OHeprus: 1.64.

I'pagment: 3.02.

B noxansHoM muHMMymMe RMS-rpasineHT HEaKTHBEH U paBeH
Hymro. TakuM 00pazom, cOpPMUPOBAHHAS C UCITIOJIB30BAHUEM CHIIO-
Boro nosis AMBER mozenbHast cTpykTypa He JTOKaJIbHBIH MUHIMYM.

Onmumu3zayus cmpyKkmypuol
Crenyromuii mar J0JKeH MUHUMHU3UPOBATh CTPYKTYPY «Kpec-
Ja» TpHU BBHINOJHEHUH ONTHUMH3AaLUH MOJEKYISIPHOH MEXaHHKOH.
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CHauana HeoOXOAUMO YCTaHOBHUTD IMapaMeTpbl MUHUMH3ALINH, BKITIO-
Yasi THIl MUHMMHU3A1LlMHY, ¥ 3aT€M HauWHaTh BHIYHUCIICHHE.
Ycemanoeka napamempoe onmumusayuu
1. Beiopats Geometry Optimization B menio Compute.
ITosiBUTCS 1ManoOroBoe OKHO.
Ula

~Llgaithm ~ptions
U/ Gteepest Descant Teminaian sendifien
{71 FleteherHsve: A5 madient o

[Conjagate gradient] ﬂ[ﬂ el mal

o HE?U | rhakimurn chcles

| EinemestorFallon || 100 Invacun

|Eamjunate qradiest]

{7 Block-diagmrs] 17 Fenlodlc bourdans eandtion
[ Ewten B aphsnn

Sereen tehesh periog: IT _Cycle&
o || cad |

Puc. 27. Boibop napamempog onmumuzayuu

[TapameTpsl B THaTOrOBOM OKHE MO3BOJIIOT BaM BHIOMpATH ai-
TOPUTM ONTHUMM3AIMHA M KPUTEPUH CXOIMMOCTH JUISI MUHMUMM3AIUN
SHEpPIruH, KOTOPYIO Bbl COOMpaeTeCh BHIMOIHATS.

2. Beibpats anroputm munuMmusanuu Polak-Ribiere.

OTOT aJTOPUTM XOPOIII ISl YHUBEPCATHHON ONITUMHU3AINH. AJITO-
putmel Polak-Ribiere u Fletcher-Reeves ncnonHsoT psin ogHOMEp-
HBIX IPUOIVKEHUH, UM UTepanuii (IUKJIOB), B HANIPABICHUH YMEHbB-
HICHUS TPaJUCHTa CONPSUKEHUS. Pa3nmuuHbie alropuTMbl MOTYT OBITh
COOTBETCTBEHHO MCITI0JIb30BaHBI MIPH PA3IUYHBIX 00CTOSATEIHCTBAX.

3. Ycranosuts RMS gradient — 0.1 u ckpbIThIe 3HAUYEHUS IS
JIPYTHUX TTePEMEHHBIX.

Crpoka BBojia RMS gradient 1 maximum cycles mo3Bossitor yc-
TAHOBHTD yCJIOBHSI OKOHUAHUS BhIYHMCIeHHs. Kor/ia mpu BeIYHCIEHUH
JOCTHUTAETCs TIOO0H M3 ITUX KPUTEPUEB, BEIYMCIICHNE MTPEKPAIAcTCsI.

[TapameTrp In vacuo BBHITONHSET BBIUMCIECHHE O€3 Iepuo-
JWYECKUX TpaHW4YHbIX ycinoBuil. (In vacuo — B Bakyyme). D10
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€MHCTBEHHBI BapUaHT, €CIM CHUCTeMa He Oblja yCTaHOBJICHA B
Periodic Box. Bri6op Periodic boundary nmo3Bosisier BHOCUTB U3-
MeHeHus1. OH ceporo nBeTa (HEaKTHUBEH), €CJIM BBl HE UCIIOJIB30Ba-
nu BeIOOD B MeHio Periodic Box.

Ynpaenenue eviuucnenuem

Teneps Bbl 3aKOHYWII PETYJIMPOBATH ITAPAMETPhI ONITUMHU3AIIH
Y TOTOBBI K HAYITy BBIYHCIICHHUSI.

1. L-memnuox Ha OK npuBOIUT K 3aKPBITHIO OKHA TUAI0ra U CTap-
Ty BbUUCIEHUsS. [Ipu 3TOM HayMHAETCS ONTHUMU3AIUS T'€OMETPHUH,
1 rHpOpMAIUs O XOJE TPOIecca MOSBISIETCS B CTPOKE COCTOSHUSL.
UYepes KaKoi-TO IPOMEKYTOK BpEMEHHU ONITUMHU3AIINS 3aKaHIUBACTCSI.
B cTpoke cocTosiHUS TTOSIBSATCSI CSIYIONINE 3HAYCHHUS

OHeprus: 1.33.

I'pagment: 0.07.

[TonydeHHBIN TpaJUEHT HAMHOTO MEHBIIIE, YeM I'DAJHCHT, U3-
MEpEeHHBIH B COOPMUPOBAHHON MOJICIIBHOW CTPYKTYpE THepe] MHU-
HUMU3aIUCH.

UHcno MUKIOB — YHUCIIO UCIOJIb3yEeMbBIX HAMPAaBJICHUH IMOMCKA
(u Fletcher-Reeves, n Polak-Ribiere ucmons3yroT psia oaAHOMEPHBIX
WCCJICJIOBAHUH ), YMCIIO TOUEK — YUCIIO OIICHOK I'PaJIeHTa U SHEPTHH.

H3mepenue ceoiicme MUHUMUZUPOBAHHOIU CUCHEMbL

Teneps cpaBHUTE CTPYKTYypHBIE CBOWCTBA MHHHMHW3UPOBAHHOM
CHUCTEMBI CO CBOMCTBaMH C(HOPMUPOBAHHOW M3HAYAIHHO MOAEIHHOU
CTPYKTYPBI:

1. Be1OpaTh HECKOJIBKO CBSI3€H, YIJIOB M TOPCHOHHBIX YTIIOB.

Crnenyromipie 3HaueHHUS TOSBITCS B CTPOKE COCTOSHHUS TIOCHE
TOTO0, KaK BBI C/IeJIaeTe BEIOOP T€OMETPUIECKHX TTapaMETPOB:

Jauna cesizu: 1.53 A.

VYroa: 110.2 rpan.

Topcuonnsliii yroa: 58.0 rpaz.

2. CpaBHHTE 3TH 3HAYCHHUS CO CIIETYIOIINMHU 3HAYSHISIMHI JIJIS UC-
XOJTHOW (HEMHUHUMHU3UPOBAHHOM) CTPYKTYPBHI:

Jaunel cBs3u: 1. 54 A.

VYroua: 109.4 rpan.

Topcuonnsliii yroa: 60 rpan.
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CpaBHeHI/IG CBOMCTB CTPYKTYPBI ITOKAa3bIBACT, YTO MUHUMU3 AU
SHEPrur HEMHOI'0 yBCIIMYUJIa TeTpaB,I[pI/ILICCKI/H\/'I YToJ U JJINHY CBA3U
" yMCHbIIINJIA TOpCHOHHBIfI yroJ Ha 2 rpaayca.

Ilpeobpazosanue cmpykmypHoi KOH@OPpMayuu YUK102eKCana
u3 Kpecia 6 6anny

B 3TroM ynpaxkneHun Bbl HOJHUMAaeTe (MHBEPTUPYETE) OIUH KO-
HeIl MOJIEKYJIbl, YTOOBI MOTYYUTh KOH(POPMAIIMIO BAaHHBI JJIS1 LIUKIIO-
reKcaHa.

Omnpenenenue MIOCKOCTH HHBEPTUPOBAHUS:

1. ITometuts Multiple Selections.

2. Ecnn nuHCTpyMEHT BbIOOpa HEaKTHUBEH, L-111eI90K Ha HHCTPY-
MmeHTe Selection.

3. Cnenarp qBOMHOMN 1mIeT90K Ha MHCTpyMeHTe Selection, 9ToOBI
BO3BPATUTHCS K CPOPMUPOBAHHON CTPYKTYPHOH MOJIEIH.

4. L-menxHyTh Ha cBs3sX 1-2 1 4-5, 4TOOBI BEIOPATh MIIOCKOCTH
MHBEPTHPOBAHUS, IOKA3aHHYO 371€Ch!

G

3

Puc. 28. Bvibop niockocmu uH8epmuposanus MOIEKy bl YUKIO2EKCAHA

5. BeiOpars Name Selection na menro Select.
6. Beiopars PLANE u 3atem Haxxats OK.

HUnsepmuposame o0un Koney MoieKyibi:

1. Eciu Heobxomumo, BeiOepute Show Hydrogens u mcmnomns-
3yiiTe Zoom tool, 4ToOBI MacmTabupPOBaTh MOJIEKYJTY TaK, YTOOBI BCS
MOJIeKyJIa ObLTa BUTHA.

2. Cnenates LR-BhITSTHBaHME, YTOOBI BKIIOYHTH B BBIOOP BCE
aTOMBI 110 OJIHY CTOPOHY OT MTEPBOHAYAIFHO BEIOPAHHBIX CBS3EH.
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Puc.29. Bvibop epynner amomos
1O 0OHY U3 CMOPOH NIOCKOCTU UHBEPIMUPOBAHUSL

3. Beiopats Reflect B mento Edit.

BriOpanHble aTOMBI MHBEPTUPYIOTCS OTHOCHTENIBHO IIOCKOCTH
PLANE, npousBozs mpeoOpa3oBaHHe UKJIOTEKCaHa B BAHHY.

CTpyKTypa AOJDKHA TErepb HAIIOMUHATD 3TY:

rl =2

Puc. 30. Hneepmuposanue 8b16panHol 2pynnvl amomos

4. R-1enkHyTh B MyCTO# 001acTH paboyero mpocTpaHCTBa AJS
CHSATHS BBIJIEJIEHUS] aTOMOB.

H3mepenue paccmosnus mexicoy aKCUATbHOIMU AMOMAMU
6000pooa

JIBa akcHaJbHBIX aTOMa BOJOPOAA JOBOJIBHO OJU3KO HAXOIATCS
10 OTHOIICHUIO APYT K APYTY B CTPYKTYpE BaHHBI.

Hszmepenue paccmosnus:

1. L-menkHyTh Ha 3TUX IBYX aromax. JIMHUS cOCTOSHUS coo0Mma-
€T O PacCTOSIHUM TOJIbKO 1.84 A. Dro COBEPILEHHO HEBO3MOXKHO IS
aTOMOB, KOTOPBIE SIBIITIOTCS HECBSA3aHHBIMUA. ONTHMU3AIHS CTPYKTY-
PBI TIEpEeMeNIaeT 3TH aTOMBI [T TOHMKEHHS SHEPTUH.
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Onmumu3zayus KOHgopmayuu «6AHHA» YUKI02eKCAHA
Munumuzayus snepeuu 6 cmpykmype «8aHHa»:

Puc. 31. Monexyna yuknoeexcana 6 KOHPOpmayuu «8aHHa»

1. R-memyok B mycroii o0nacti paboyero npocTpaHcTBa, YTOObI
OTMEHHTH BBIOOP aTOMOB.

2. Beiopats Geometry Optimization B menio Compute.

3. Haxarp OK, 4T0oOBI HauaTh MUHMMHU3ALHIO, UCIIONB3YsI Mpe-
JBIAYIINE TTApAMETPBI.

[Tockonbky Kaxkaas KoH(opMaus HOSABISIETCS B padodeM Hpo-
CTPAHCTBE, B CTPOKE COCTOSHHMS OTOOPa)XalOTCS COOTBETCTBYIOLIHE
3HA4YCHUS SHEPTHU U rpaauenta. [locine Toro kak MUHUMH3aLUMs 3a-
KaHYMBACTCS, CTPOKA COCTOSIHUS TIOKA3bIBAET TAKNE 3HAYCHHUS:

Oueprus: 8.31.

I'papuent: 0.08.

Bmopuunoe usmepenue paccmoanus meincoy aAKCUATbHLIMU
amomamu 6000pooa

1. L-mesmqok Ha ABYX OCEBBIX BOJOPOJAX.

JIunus cocTosHMA MOKa3blBa€T HOBOe paccrosHue «H—H»
(2. 28 A). MuHMMU3alMs SHEPIUM CIErKa Criajuia CTPYKTypy H
nepe-MecTHa JiBa 0CEBBIX BOAOpoaa OoJiee JaneKo APYT OT Apyra.

OnTuMHU3NpPOBaHHAS CTPYKTYPa BAaHHBI — ce/uIoBast Touka. [liio-
CKOCTb CUMMETPUHU B HAYAJIBHOM CTPYKType 3a7aeT MepreHANKYIIp
JehOPMUPYIONIUX CHJI (IEPIICHIUKYJIISP K 3TOM MIIOCKOCTH).

[oucku HarpapIeHHs: ONTUMH3AIMI OCHOBAHbI HA 3THX CUJIAX, U I1O-
3TOMY BCE HalpaBJIEHHs ITOMCKA UMEIOT TY YK€ CaMylo IJIOCKOCTh CHMMe-
tpun. HYPERCHEM Haxomut ceaioByto TOUKY, KOTOpast SIBJISIETCS] MUHU-
MYMOM OTHOCHUTENIFHO BCEX PACCTOSIHUM, KPOME IIIOCKOCTH CUMMETPHH.
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Co3zdanue wyuknozekcana 6 ¢hopme IBOWHOM BaHHBI
(TBHCT-BAHHBI)

TpeTbst KOHpOpMaLIUs HUKIOTEKCaHa, hopMa meucm-eanHbl, sB-
JISICTCSI UICTUHHBIM JIOKA1bHbM MAHUMYMOM. [IpocToli crioco6 mo-
JIYy4UTh €€ COCTOUT B TOM, IITO6I>I CJICTKa UBMCHHUTH q)OpMy BaHHBI, Ha-
KJIa/(bIBasi HOBYIO TOPCHOHHYIO CBSI3b, H 3aT€M MPOBECTU BOCCTAHOB-
JIEHUE IIPU ONTUMU3ALUUA CTPYKTYPBL.

7 A

Puc. 32. Monexyna yuxiozexcana 8 Kongopmayuu «meucm-6anHa»

Yemanosxa oonoaHumenvHol mopcuoHHoU Ce:A3u:

1. R-1menkHyTh B mMycTON 00J1acT pabovero NpocTpaHCTBa, YTO-
OBI OYUCTHTH BHIOOP.

2. Beikmrounts Show Hydrogens.

3. BbIOpaTh TOPCHOHHBIA YrOJl M3 YETBIPEX ATOMOB YIJIEPOJa,
BEIOMpast CBSI3U B 3TOM Topsiake: 6—1, 1-2, u 2-3.

Model Builder Beramciisier KOHQUTYpaIiy COTIACHO MOPSIIKY BEIOOPA.

4. Briopats Constrain Bond Torsion B mento Build, BeiOpats
Other u1 HazHauuTh 3HaueHue 30, 4TOOBI YCTaHOBUTH CBs3b B 30 rpa-
nycoB. 3atem Haxkatb OK.

5. R-men4ox B mycToi o0macTu pabo4yero mpoCcTpaHCTRa.

[apameTpbIl TOPCHOHHOH CBSI31 3a/1aHbL, HO CBSI3b CILIE HE YCTAHOBJICHA.

Bocemanoesnenue monexynvl ¢ mopcuonnou ces3wvio:

1. Cnenaiite nBOMHOM HIeMUOK Ha UHCTpyMeHTe Selection, uTo-
ob1 Bo13BaTh Model Builder.

HYPERCHEM BoccTaHaBIMBaeT CTPYKTYpPY C TOPCUOHHOM CBSI3bIO,
9TOOBI CO3AaTh KAHOHMYECKYIO ()OpMY — TBUCT-BaHHY LIUKJIOTEKCaHA.

Onmumu3zayusn YWUKI02EKCaAnAa 6 hopme meucm-6annol

OnTuMu3UpyHTe FeOMETPHIO, UCIIOIb3YS TapaMeTPbl MUHUMH3a-
UM OT NPEAbITYIIeH ONTUMH3ALUH.
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Munumuzuposanue cmpykmypbl meucm-6aHHbL:

1. Beiopats Geometry Optimization B menio Compute.

2. Haxates OK, 9TO0OBI HaYaTh MUHUMH3AINIO, HCITONB3YS TIpe-
JBITYIINE TTAPAMETPBI.

[Tocye Toro KaKk MUHUMH3ALUS 3aKAHIMBAETCS, B CTPOKE COCTOSI-
HUSI [TOKa3bIBAIOTCS TAKUE 3HAYCHUS:

Jueprusa: 7.22.

I'pagment: 0.07.

Ananusz pezynoemamog

Crenyromas Tabnuia cyMmmMupyeT 3Hepruro B kcal/mol u rpaau-
et B kcal / (Motb * AHTCTpeM) Juts TpeX pa3TUIHbIX POPM ITUKIOTEK-
CaHa 1oCJIe ONTHMHU3ALUHA T€OMETPHU:

mMeucm-6aHHa 8aHHA Kpeco
DHeprus 1.33 8.31 7.22
I'paguent 0.07 0.08 0.07

CTpyKTypbl Kpecia U meucm-6anHbl UMEET SHEPIUU HUXKE CTPYK-
TYPBI 8anHbl, U PopMa Kpecia — rio0anbHbI MUHUMYM. AOCOIIOTHEIE
SHEPIHH, TTOJIyYSHHBIE B XO/I€ 3THX BBIYHUCIICHUH, HUYET0 HE 3HaYaT, HO
BBl MOXKETE CPAaBHUBATH OTHOCHTEJILHBIC SHEPIUH € SKCIIEPUMEHTOM:

Hacmoswue 3nauenus Drcnepumenm
AE xpeciio—BaHHa 6,98 6,9
AE TBHCT-BaHHa—KpECIIO 5,89 5,3

Ocmanogka 3anucu ¢ ghaiin pecucmpayuu

Tenepp, Korzna Bbl 3aKOHYMIN BBINOJIHSTH BBIYUCICHUS, BBl MO-
JKETe€ OCTAaHOBUTH 3alHCh (aiijia PerucTpalui U NPOCMOTPETH €ro,
UCIIOJIB3YSl pelakTop TekcTa Tuna Notepad.

Ilpexpawienue pecucmpayuu eauieni padoomut:

1. Beiopats Stop Log B mento File.

@aiin chem.log coxepXUT OTYET O IPOBENCHUHU ONTUMU3A-
uuu. Bel MokeTe mpocMaTpuBaTh €ro, UCIOJb3ys PEIaKTOp TEKCTa,
Y MOJKETE TaKKe PEIaKTUPOBATh 3TOT (Pailil perucTpaluu A ero co-
BMECTHOT'O UCTIOIB30BAHHSA C TpapUKaMH WU TOKyMEHTaMH.

IIpaxmuueckue npumeput:

1. IloBTOpHUTE 3TOT YpPOK, HCIOIB3YS CUIOBOe moie MM +,
Y CPABHUTE PE3YJIbTaTHI.
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IIlpakmuyueckas paboma 10
MoaenupoBaHue JUHAMHKU
U COCTOSIHUSI pPaBHOBeCHS

ITomyuaemble HaBBIKU:

* IOCTPOECHUE U PEJAKTUPOBAHUE MOJIEKYJIBI;

* HCIIOJb30BaHUE ONTHUMHU3ALMU T€OMETPUU METOJOM MOJIEKY-
JIIPHOM MEXaHUKHU;

* UCII0JIb30BAHUE NIEPUOJIUYECKUX TPAHUYHBIX YCIIOBHIA;

* HaKJIaJbIBaHKE JIBYX MOJIEKYJ APYT Ha Apyra;

* UCIIOJIb30BAHUE MOJIEKYJISIPHOU IMHAMUKH;

* UCIIOJIb30BAHUE BOCIIPOU3BEACHUS JUHAMUKU U YCPEAHEHUS.

MBeI ucciieryeM (pyHKIIMOHAIEHBIC BO3MOYKHOCTH MOJICKYJISIPHOM
Mexanuku Hyperchem, a Takxe Ha0Ir0jaeM UCTIOIB30BAHHE MOJICKY-
JIAPHOM JUHAMHUKHU.

IIpu ucnonszoBanuu cunnoBoro nosusit AMBER Bbl ontumusupye-
T€ UBUTTEPHUOH aJaHWHA U OINPEIENSAETE pe3yJIbTaT BIUSIHUSA PacTBO-
puUTENs 11 ONTUMU3UPOBAHHON CTPYKTYpbl. BBl Takyke BBINOJHUTE
MOJICJIMPOBAHKE MTOBEJICHUS MOJICKYJIbI B PACTBOPE B OMOJIOTMYECKUX
CHCTEMax C MCIOJIb30BAHUEM MOJIEKYJISIPHOU THHAMUKH.

B ynpa:knenun 1 Bbl co34a1uTE ONTUMU3UPOBAHHBIN IBUTTEPUOH
aJJaHWHa, UCIIOJIb3Ysl HABBIKYU [TOCTPOEHUS U PEJAKTUPOBAHUS MOJIEKYJL.

B ynpa:kHeHun 2 BbI OyieTe UCIIOIB30BATh IEPUOJIUYCCKUE TPa-
HUYHBIC YCJIOBUS, YTOOBI COJbBATUPOBATH IBUTTEPUOH.

B ynpa:xkneHnu 3 BbI Oy/ieTe UCIIONB30BATE CYICPIIO3UIINIO, YTOOBI
BU3YaJIbHO CPaBHUTH M30JIMPOBAHHYIO U COJIbBATUPOBAHHYIO MOJIEKYILY.

B ynmpa:xxuenun 4 Bbl OyJieTe UCIOIB30BATH METOJ] MOJIEKYJISIP-
HOW JUHAMUKH, 9TOOBI CMOJICIIMPOBATH MPOIIECC HATPEBAHUS CUCTE-
MbI U TIOJIYYUTh 00JIee HU3KUI SHEPTreTHUYSCKUN MUHUMYM.

Ynpaosicnenue 1. Cozoanue omoenvrnozo yeummepuona
ananuna

Bl Moxere wucnonb3oBaTh  OMONMOTEKY  AMHHOKHCIOT
Hyperchem, 4To0b1 0TOOpa3uTh MOJIEKYJy ajaHHUHA, HO B KauecTBE
MPAaKTUYECKOr0 YIPAXKHEHHS BaM HaJ0 OyJIeT IIOCTPOUTH €€ BPYyUHYIO
CaMOCTOSITEIIBHO.
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Ilocmpoenue yeummepuona anaHuna:

1. Ecnu HeoOxoaumo, noBTopHO oTkpoiite HYPERCHEM.

2. JIBoWiHOHW mIeTYOK Ha WHCTpyMeHTe PucoBanme, 4ToOBI OT-
KpBITh Auanorosoe okHo Default Element.

3. [Tometuts Allow Arbitrary Valence u Explicit hydrogens.

4. BeIOpaTh yriaepo] U 3aTeM 3aKpbITh AUAIOTOBOE OKHO.

5. [lometuts Show Hydrogens .

6. Ykazatb B BEIOOpEe 0003HAUCHHUI: MapKHPOBAaTh AaTOMBI CHMBOJIAMH.

Puc. 33. Cozoanue yenepoonozo xapkaca Monexyivlt aiaHuHd

7. L-menuok Ha MHCTpyMeHTe «PucoBaHue», 4ToObl BOWTH B 00-
JIaCTh PUCOBAHUS.

8. IlocTpouTs creayIomui ACKU3.

3aMeTbTe, YTO OJUH YITIEPOJ MMEET TOJBKO JiBa Bojaopona. Bam
HYKHO OTpE€IaKTHUPOBATh 9TH aTOMBI, 3aMEHUB UX HA aTOMBI KHCJIOPO/a.

Peoaxmupoesanue cmpyxmypoi

Snippet_307902532.idms  [lo yMoJlyaHUIO IpOrpaMMa CTPOUT TOJIBKO
YIJIEPOAHYIO OCHOBY, M BEI JOJDKHEI PEAAKTUPOBATH CTPYKTYPY, UTO-
ObI co3aTh LIBUTTEPHOH ajlaHWHA: U3MEHUTh HEKOTOPbIE aTOMbI Ha
a30T WIN KHCIIOPOA U CONPSDKEHHYIO KapOOKCHIIBHYIO TPYIIILY.

Peoaxmuposanue cmpykmypo:
1. OTkpbITh OKHO aAuanora Default Element u usmenuts ckpbl-
TBIM JIEMEHT Ha a30T.
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2. L-1mmen4ok Ha OIHOM W3 YIJepoJOB METHIA, YTOOBI MpeBpa-
TUTh €70 B aTOM a30Ta, KaK ITOKa3aHO HUXKeE.

AToM 3z20Ta

Puc. 34. 3amena amoma yenepooa na amom azoma

3. I3MeHUTh CKPBITHIN 2JIEMEHT Ha KUCIOPO/I.

4. Caenatp L-11e1490K Ha IBYX aTOMax BOJOPOAAX, KOTOPHIE CTa-
HYT 4aCThI0 KapOOKCUIIBHOM IPYMIIBI, YTOOBI IPEBPATUThH UX B aTOMBI
KHUCIIOpOAA.

5. CaenaTh JBOMHON IIETYOK HA KAXAOW U3 CBSI3EM KUCIOPOI-
YTIIEpO/I, YTOOBI IOBEPHYTh UX B COMPSIKEHHBIC CBSI3U.

6. Bam pucyHOK TOJIKEH BBITTISIACTh TaK:

K ]
N\
.
'ﬁ.‘rﬂf ‘\ »_\"

Puc. 35. 3amena osyx amomos 600opoda na amomwvl KUCI0POOa

51



Hasnauenue 3apsoos y amomos

Ha cnenyromem mare HeoOX0IMMO pa3MeCcTUTh POpMalibHBIC 3a-
PSIBI HA HEKOTOPBIX aTOMaX, YTOOBI MPUOIU3UTEILHO MOyYUTh pac-
MpeJieNieHre 3apsi/ia B IIBUTTEPHOHE. BBl MOXKETE MOIY4INUTh 3HAYCHUS
3apsinoB atomoB B HYPERCHEM, ucnonb3ys clieyronme MeTobl:

* ecii MoJieKkyna chopmupoBana u3 mabiaoHa tuna PDB-daiina
(11abtoH MOT OBI COJIepXKATh 3apsiibl);

* BBIIIOJIHSSI KBAHTOBO-MEXaHUYECKOE BLIUUCIIEHNE;

* YCTaHABIUBAs MPUOIMKEHHBIE (alIPOKCHMHUPOBAHHBIC) 3HAYE-
HUS 3aPsIJIOB.

B aToM ympakHeHWHW BHI clienaeTe MPOCTYH YCTaHOBKY (op-
MajbHOro 3apsiga +1.0 Ha atome a3orta u 3apsaoB 0o —0.5 Ha aTomax
KHCIIOPO/Iax.

Hasnauenue 3aps006 na amomax:

1. Boiimure B hopMy BEIOOpa M YCTAHOBUTE THIT BEIOOPA « ATOMBD».

2. Y noctosepurecsk, uro onuus Multiple Selections otmeuena.

3. Beibepure aTom a3ora.

4. Beioepute Set Charge B mento Build u naznauste 3apsin 1.0.

5. Caenatite R-1memaox B mycToit o0macTy, 4T00bI OUUCTHTE BBIOOD.

6. BeiOepute aToMbI KHCIOpOa U Ha3HaubTe 3apsia —0.5: ycraHo-
BUTH 3apsin —0.5 U1 Kax 100 U3 aTOMOB KHCIOPOAA.

7. Cnenatp R-mendox B MycToi 0O0JIACTH, YTOOBI OTMEHHTH
BEIOOp aTOMOB.

Buvibop cunosoeo nons

Crnenmyrommii mar — BbIOpaTh CHIOBOE TOJ€. BBI TOMKHBI BEI-
OpaTh CHIIOBOE TIOJIe, TIPEeXK/Ie YeM MCTIOIh30BATh PEAAKTOP MOJIEKYIT
(Model Builder), Tak xak Model Builder Ha3znagaetr THITBI aTOMOB
JUTSE KQKJTOTO aTOMa COTIIAaCHO CHIIOBOMY TIOJIIO, KOTOPOE BBI OMpee-
nseTe. ANbTepHATHBHO BBl MOKETE Ha3HAYATh THITHI aTOMOB B J1000€
Bpems, ucnonsiys Calculate Types Ha merto Build. Oqaako cambrii
MPOCTOH ITyTh COCTOUT B TOM, YTOOBI HA3HAYHUTH MMPABUIIBHOE CHIIOBOE
ToJIe, TIPeskIe YeM ucronbp3oBath Model Builder.

Buibop cunosoeo nons:

1. Beiopats Molecular Mechanics u3 menio Setup.
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2. B nosiBuBIIemMcs auanorosoMm okHe Beiopats AMBER, 3atem
caenats L-memyok Ha Options, 4ToObl OTKPBITH AMATIOrOBOE OKHO
Force Field Options.

3. Hcnonp3yiiTe UMEIOLIMECs N0 YMOJIYaHUIO 3HAYEHMs, 3aTeM
Haxxmure OK.

Force Field plinns | X

= Diglechic [Epsilzn) |- Sukatfs

" Cangtent = None

v Distance dependent " Swiched
Seale fackar ]1 i Shifted

—1-4 Scale Factars

; Huter i ] &
El=chastatic: IDE tieie i ﬁﬁ"

Wl der Al IEIS :

oK ‘ Caneel ﬂ

Puc. 36. Yemanoska napamempos cunoozo nois

Ecau HeT He06X01uMOCTH 3a71aBaTh BPYUHYIO TPAHUYHBIC YCII0-
BUS U TUPJCKTPUUECKYIO KOHCTAHTY, UMCIOIIHNECS 3HAUCHUSI CTaH-
napTHbl ans cuiioBoro nojis AMBER.

4. Haxats OK s 3akpsiTus okna quanora Force Field Options.

5. Haxats OK s 3akpeitus okaa quanora Molecular Mechanics.

Ilocmpoenue u uccnedosanue 3-D Cmpyxkmypol

Tlocmpoenue u opuenmupoganue cmpyKmypbi:

1. Cuenaiite 1BOMHOM 1IeM40K Ha Selection tool, 4TOOLI BEI3BATH
Model Builder.

Hyperchem cTtpour um mnokasplBaeT NEpBYIO ampOKCUMALIUIO
(mpubIMKeHne) IBUTTEPUOHA aTaHHWHA.

2. Bpamaiite u nepemerniaite CTpyKTypy, 4TOOBI TOCMOTPETH
Ha koH(popmanuio. ChopmMupoBaHHast MOJEIbHAs CTPYKTYpa MOKa
TOJIBKO anmnpoKcuManus (MpuOIMKeHHe) CTPYKTYPhl LIBUTTEPUOHA
aJaHUHA.
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Puc. 37. Cmpykmypa ysummepuona aianuna 8 nepeom npudbIud*ceHuu

3. Otkpoiite okHo nuanora Labels B mento Display u Beioepure
it aromoB Chirality. Ecnu nentpanbshslil yriaepoa nmeet KoH(Ury-
pammio R, S, To nepexirounTech Ha UHCTPYMEHT PUCYHKA, YAEPKUBAs
B Ha)XaTOM IOJIOKeHUH kiaBuiny [Shift], n menkauTe Ha LEeHTpab-
HOM YTJIEpoJie.

Brr Moskete ucmonb3oBatk [Shift] + L-mendok ¢ ”HCTpyMEeHTOM
pPHCYHKa, 4TOOBI BpAIIaTh /IBa COCEIHUX aTOMa, TAKMM 00pa3oM Ipo-
M3BOJS M3MEHEHHE XUPAJIbHOCTH. BB MoOXeTe Takke O0ToOpasuTh
KJIMHOBHUJIHBIC CBS3M, YTOOBI ONpENeNUTh KOH(POPMALMIO WM XH-
PabHOCTD.

4. Uzmenuts o003Ha4ueHUs aToMa cHoBa Ha Symbol u nepexiio-
YUTh HA3aJ, HA HHCTPYMEHT BbIOOpa (eciM BBl M3MEHMJIM €TO Ha WH-
CTpyMeHT «PucoBaHue» B MOCIEAHEM 11are).

5. CoxpaHuTh CTPYKTYpY Kak alaz.hin.

Hzmepenue ceoticme cmpykmypul:

1. Boiimute B pexxum BbIOOpa U caenaite Jl-mepememnienne ot
aToMa KHUCJI0po/a JI0 Apyroro aroma kuciopoaa. Model Builder oro-
opaszut O-C '-O yroxa B 120 rpamycos.

2. R-memm4yok B mycToit 061act, 4T00bl OYUCTUTH BBIOOP.
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Puc. 38. Ilocmpoenue mopcuonnozo yena N-C-C-O

3. Cnenabite JI-mepemernieHue OT aTroMa a3oTa JO OJHOTO U3
atomMoB kucnopona. byaer nokazan N-C* -C '-O TOpCHOHHBINA yTO:
+ 60 rpagycoB wiu + 120 rpaagycoB, B 3aBUCUMOCTH OT MOPSAKA, KO-
TOPBIA BBl MPUMEHUIIH TIPH BEIOOPE aTOMOB B CTPYKTYPE.

4. Cnenaiite R-1mexqox B mycToi 001acTi, 4TOOBI OTMEHUTH BHI-
00p TOPCHOHHOTO yTJIA.

Omoobpadicenue munos amomos AMBER:

1. Otkpoiite okno nuanora Label u ycranoBure Tum o6o3Hadve-
Hust atomoB Ha Type.

Buvinonnenue sviuucnenus Single Point (6 oonoii mouxe)

Ternepb BBITIONHUTE BHIYUCIICHUE B OJTHON TOYKE, YTOOBI BBIYKC-
JIUTH DHEPTHIO U TPATUCHT.

Bvinoanenue eviuucnenus ¢ 00HolU mouxe:

H3

Puc. 39. Boiuucaenue snepeuu u epaouenma 6 00HoU mouxe
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1. Beiopats Single Point B Menro Compute.

Yepes HEKOTOPOE BpeMsl, 10 3aBEPLICHUH BBIYUCIICHHS, B CTPOKE
COCTOSIHUSI OYyT OTOOpasKeHBI pe3yIbTATHI:

Oueprus = 74.59.

I'pagment = 95.70.

Onmwwu3auuﬂ OmaeﬂbHOﬁ MOJIEK)YJibl

Bonpmme 3HaueHVs SHEPTUX U TPAIUEHTA YKA3bIBAIOT, 9TO chop-
MHUpPOBaHHas MOJIeTIbHAs CTPYKTypa JlajeKa OT ONTUMaIbHONH. OCHOB-
HOE HanpsiKeHue cozgaercs usz-3a cesazeit C-N u C-0.

Onmumuzayusi CmpyKkmypbl:

1. BeiOpure Geometry Optimization B merro Compute.

OtkpsiBaetcst okHO Juanora Optimization Molecular Mechanics.

2. 3aroiHUTe OKHO JWaiora 3Ha4eHUsIMH, TOKa3aHHBIMU Ha PU-
cyHke, 1 Haxmure OK.

Molecular Mechanics Oplimization

i Alorithnn = Dptions
{7 Steepest Desoe ik |17 Lerminatian condition
C ElEh:hEr.-hEEVES RS gradient ol

[Conjugate gradient] IIJ'I UkoalilA mol]

O = ar: |195 I pivas P el

[Eonjugate gi'riadient]

1 Eigomwoctor fallow || 7 nvacuo

(= Bltnk-fizanre ) Berindiv: betnelan mrgdtion
Mewton-Rapheat

S oreen refresh period: ;'I | Eples

ak ' ool ]

Puc. 40. Ycmanoska napamempos onmumuzayuu 2eomempuu

Uepes HeKOTOpoe BpeMsi MUHUMU3AIMs 3akoHueHa. CTpoka co-
CTOSTHUSI TTOKa3bIBACT CIICAYIOIINE 3HAYCHUSI:

JHeprus : 18.10.

I'pagment: 0.10

3. ITocne BBIIIOJTHECHU S OIITUMHU3AIINH, CHOBAa U3MEPBTEC
yron O-C'-O- u Topcuonusiit yroia N-Ca -C'-O :

O-C'-O yron = 123.9°

N-C* -C'-O TopcuonHbIN yrou =—51 u 99°,
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W3BecTHO, UTO [UIsI HEONTHMMM3UPOBAHHON CTPYKTYpBI, H3Me-
pensslit yron O-C'-O 120 rpaaycos, a TopcuonHsle yribsl N-C* -C'-O,
UMeIoT 3HaueHus +60° u + 120°.

[To3xe BBl ucnonb3yere N-C*-C'-O yro:, 4To0bl IPOJEMOHCTPH-
poBaTh 0COOEHHOCTH MOJEKYIApHOH nuHamuku Hyperchem, mosTo-
MY COXpaHHTE 3TOT YToJI OJ KaKUM-JINOO Ha3BaHUEM.

4. Coxpansisi yroi BblJielieHHbIM, BbiOepuTe Name Selection B
MmeHro Select.

Bei6epute Other n HanmmuTe Ha3Banue (neeo), 3areM Haskmute OK.

5. Cnenaiite R-11e190K B IycToi 00J1acTH, YTOOBI COPOCUTH BhI-
JieNieHHEe BBIOPAaHHOTO yTJIa.

Coxpanenue cmpykmypbi

Bbl 10JKHBI COXPaHUTh ONTHMHU3UPOBAHHYIO H30JMPOBAHHYIO
CTPYKTYpY aJlaHMHA TaK, YTOOBI BBl MOTJIN CPABHUBATH €€ C CObBATH-
POBaHHOH CTPYKTYpPOIl, KOTOPYIO BBl CO3AaUTE TO3IHEE.

Coxpanenue cmpykmypbi:

1. Otkpoiite okHO nuanora Save as B MeHto File wmu ucnosne3yiite
coueranwue knasuil [Ctrl] + [S] kak apTepHATHBHBIN BEIOOP MEHIO.

2. Y moctoBepbTech, uTo BHIOpaH dopmar (pacumpenne) daitma HIN.

3. Haiite ums Qaiiny ala-gas.hin.

4. Cpenaiite L-memuok B none Comments. 31ech BBl MOXKETE
BHECTH KOMMEHTapuu aj1s aiia.

5. Beibepure OK.

Ynpasicnenue 2. Conveamuposanue cmpyxmyput

[Iporpamma Hyperchem mno3Bonsier Bam pasmemats mMoineky-
JIIPHYIO CHUCTEMY B TIEPHUOIUYECKHN OJIOK COJIHBATAIIMOHHOTO OKpY-
KCHMU, COCTOSIHII/Iﬁ 13 MOJICKYJ BO/IbI, ‘ITO6BI MOACINPOBATH IMOBEIC-
HUE CTPYKTYpPHI B BOJHOM pPacTBOpe (CO31aBasi COJIbBATAIIMOHHYIO
MOJIeJIb, COOTBETCTBYIOIIYIO OHOJIOTHYECKHM cHucTeMam). B sTom
YIPa)XHEHHUH BbI COJIbBATUPYETE LIBUTTEPUOH AJIAHWHA, KOTOPBINA CO3-
JIaBaJIA B yNpakHEHUH 1.

IIpex e yeM mpoaoIKaTh padoTy, CAETANTE CIICTYIOIIHE IIAaTH:

1. Ynanure oroOpakaeMmble 0003HAUEHUS C KPaHa, HCTOIB3YS
rapameTpbl HaCTpoiiku B okHe auasiora Labels.
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2. Beibepute Periodic Box B MeHt0 Setup, 4T00BI OTKPBITH OKHO
nuanora Periodic Box Options.

Pernodic Box 0ptions

= Smallest Bow E relnsing Salite (&= | - Perindic Box Size (4]
P 4 0797130 e |
v oreEuee | |T [iE7Os6 |
e 4 PEE2A47 = 1 370136 |
P amirmum number of maber molsculss: 2[5

iirriiam distance betwesn malent and

=oluteatams: |2,3 |
ok || Concel |

Puc. 41. [luanoeosoe okno napamempos conveamayuu

Yemanoexka nepuoouueckux epanuunvlx yciosui

UroOBbl CONBBATHPOBATH CHCTEMY, BBl TIOMEIIacTe e€ B MPsSIMO-
yronbHyto sueiiky (Periodic Box) mmu ky0 ¢ MosiekyiiaMu BOJIBI, OTI-
penemnsiere TabapuThI STYCHKH, pa3MeIlaeTe paCTBOPESHHOE BEIIECTBO B
LEHTP U OIIpeessieTe MUHIMAJIBHOE PACCTOSHIE MEKTY PaCTBOPHTE-
JIeM U aTOMaMHu PacTBOPEHHOrO BemiecTsa. [Iporpamma ynanser Bce
MOJIEKYJIBI BOJIBI, KOTOPHIE OKa3bIBAIOTCS OJMIKE YKa3aHHOTO pac-
CTOSIHUS K aTOMaM COJIbBATHPYEMOT'O BEILECTBA.

Onpeodenenue pasmepa Periodic Box

CymiecTByeT HECKOJIBKO CIIOCO0O0B, YTOOBI OMPEAETUTh pa3Mep
nepuoanyeckoi suerikn. Hampumep, oH 1omkeH ObITh OOJbIIe, YeM
napameTpsl Smallest box enclosing solute, koTopbie mosiBIAIOTCS B
nmuanoroBoM okHe Periodic Box Options.

Pa3meps! sueliku JOKHBI OBITH 1O KpalfHEH Mepe B /Ba pasa
OompIlie, YeM pa3Mep PacTBOPEHHOTO BEIIECTBA, YTOOBI M30erarth
B3aMMOJICHCTBUS «COJBBATHPYEMOE BEIIECTBO — COJIbBATUPYEMOE
BEILECTBOY» IIPU UCIIONB30BAaHUU CKPBITHIX OTCeUeK. B3aumoelicTus
«COJIBBATHPYEMOE BEIIECTBO — COJIbBATHPYEMOE BEIIECTBO» MOXKHO
TaKKe N30eKaTh M C MEHBIIeH TYEHKOW, yMEHBIIast paAnyC OTCEUKH
Tocyie cojbBaTanuu. PekomMeHryercs, YTo0bl mepuoandeckas siaeika
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JUTSL BOZBI ObLTa 00pa3oBaHa U3 PpaBHOCTOPOHHETO Ky0a ¢ JUIMHOH rpa-
uu He Gosee 18.70136 A unu napanienenumnena ¢ cyMMoii Tpex usMe-
peHuii He Gonbire 56.10408 A. Pazmepsl rpanHu, MPeBHILIAIOIINE YHC-
710 18.70136 A, n10X0 MUHMMHU3MPYIOT HAYaIbHbIE CTOIKHOBEHHS.

Buvibop pazmepa nepuoouueckozo 6noka:

1. Onpenenuts pazmep stueriku 12.0 10.0 12.0 AHrcTpem, Kak mo-
Ka3aHO Ha CJIEAYIOLIeH HIUTIOCTPALUH.

2. Haxarts OK.

Peliudic B ox Options

= Smallest Box Enclosig Solute (&) — Periodic Bos Size [3)-

W amEis | |8 iz

i 2 Fa37 446 e 10 |
z qxer |z |E
_Maﬂ_i_mum nurni:-er of mater rnDl_ﬁcuj B A0

Hinimumn distance between zobvent and

zolute Atams:- 23 [

K Eareel ]

Puc. 42. Yemanoexa pazmepos conbeamayuonnoii aueixu

[IporpamMma pasMernaer CTpyKTypy B LIEHTP SUYEHKU, OKPYXKEH-
HOI1 40 MoJieKy1aMH BOJIBI.

Obpamume gnumanue: T. K. OpPUEHTALMS MOJIEKYJI BOJBI B siUCHKe
HE CUMMETPHYHasl, BBl MOXKETE UMETh JeJI0 ¢ MeHbIINM, 4eM 40, Ko-
JIMYECTBOM MOJIEKYJI BOJBI (IIOCIIE TOTO, KaK T€ MOJIEKYJIbI, KOTOPbIE
OyayT pacronaraTbCs CIUIIKOM OJM3KO K Ballei CTPYKType, OyayT
ABTOMAaTHYECKU yaaneHsl). Ecnu 310 ciyunTes, pe3ynbTaThl BallluX
BBIYUCIICHUH MOTYT OBITh COBEPILIEHHO NPYTUMHM, YEM AAaHHbIEC, IIPU-
BEACHHBIE B 3TOM YpOKe. OTO OyIeT 3aBHUCEeTb OT TOrO, KaK Balla
CTPYKTypa OPUEHTHUPYETCS NPEXKIE, YEM BbI €€ COJIbBATUPYETE.

Omobpadicenue colb8amupo8aHHOU CUCTEMDbL
1. Beibepute Rendering B mento Display.
2. [TometbTe Perspective B quanoroBom okHe Vector and Line
Option u 3atem HOxkMuTe OK.
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3. YcranoBute BeIOpaHHbIH ypoBeHb Ha Molecules.

4. Boibepute CBsI3b WM aTOM MOJICKYJIBI alaHUHA W BpalanTe
LENYI0 CUCTEMY, YTOOBbI pe3yJbTaT HallOMHHAII CUCTEMY, IpeACTaB-
JICHHY0 Ha PUCYHKE.

Puc. 43. Omobpasicenue conb8amayuoHHOU CUCmeMbl «ANAHUH — 800a»

Yemanoska napamempos Cutoffs u Dielectric Options

Korzma ucnonb3yere NnepuoAnvYecKUe TPaHUYHBIC YCIOBHS, BbI
JIOJOKHBI TIPOBepUTh BeIOOP napameTpoB Cutoffs u Dielectric Options
B okHe jquaiora Force Field Options.

1. Beibepute Molecular Mechanics B MeHro Setup.

2. Beibepute Options, 4To0ObI OTKPHITH OKHO Juaiora Force Field
Options.

3. [TocMoTpHTE HA TApAaMETPHI B IPABOM YACTH TUATIOTOBOM STUCHKH.

Puc. 44. Yemanoexa napamempog cunoeozo nons
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Korna B crienaere Beioop merio Periodic box, nporpamma ag-
TomMaTtuyecku usmensier napamerpsl Cutoffs Ha Inner u Outer, xo-
TOpBIE SABJSAIOTCS MaKCUMaJbHBIMU JJIi COOTBETCTBYIOIIEH COJIbBa-
TAlMOHHOM CHUCTEMBI, C MEPUOJUYECKUMU I'PAHUYHBIMH YCIOBUSIM.
[Tapamerp Outer ycTaHOBIJIEH Ha MOJIOBUHY CaMOI'0 MaJIEHBKOI'O pa3-
Mepa sideiiku, a mapamerp Inner yctanosien Ha 4 A menbiue, 4ToObI
TapaHTUPOBaTh, YTO HE UMEETCSI HUKAKOTO MPEPBIBAHNS TOTEHIINAIb-
HOH MOBEPXHOCTHU.

4. Teneps nocmotpure napametp Dielectric, koTopslii pacnosno-
JK€H BBEPXY OKHa JUaJora.

[Ipu MopenupoBaHUM B MPUCYTCTBUH PACTBOPUTENS BbI JOJKHBI
HCIIOJIb30BaTh JUAIEKTPUUECKYIO KOHCTAHTY.

5. Brioepure Constant Bmecto Distance dependent.

OO0partuTe BHUMaHKE: IUDIIEKTPUIECKasi IPOHUIIAEMOCTh aBTOMa-
TUYECKH HE M3MEHSAETCs, IOTOMY YTO HOBas yCTaHOBKA IMapameTpa
coxpansiercst B chem.ini-aiine.

6. Haxxmure OK aiis 3akpeitus nuanorosoro okHa Force Field
Options.

7. Haxmute OK s 3akpeitus auanoroBoro okna Molecular
Mechanics Force Field.

OnmuMu3aL;uﬂ COﬂbGClMHpO@CZHHOﬁ MOJIEK)/Ibl

Crenyromuii mar 10/DKeH ONTHMU3HPOBATh COJbBATHPOBAHHYIO
CHCTEMY C HCIHOJIb30BAaHHEM IEPHOAMYECKUX I'PAHUUYHBIX YCIOBHUIL.
Tak kak MoJieKyJa ajJaHuHA HMEeT ONTHUMAJbHYI0 F€OMETPHIO (IO
KpaiiHell Mepe B U30JIMPOBAHHOM COCTOSIHUM ), ONITUMHU3ALMS TIPEKAC
BCEro OyneT U3MEHATHCS MO AeHCTBUEM pacTBOpUTENS. V3MeHeHus
B aJIJaHWHE OTPAXKAIOT Pa3HUILYy MEXITy H30JIMPOBAHHON U HAXOIsILeH-
Csl B pacTBOpPE ONTHMHU3UPOBAHHBIMU CTPYKTYPaMHU.

Onmumuzayusi MOJIEKYIbl @ pacmeopumene:

1. BoiinmuTe B MHCTpyMEHT BbIOOpa M crenaiite R-memdok B my-
cTOM 001acTH, YTOOBI OTMEHUTH BHIOOD aJlaHHMHA.

Korna nmeercst akTHUBHOE BbIICIICHUE, ONITUMHU3ALNs OyIET BbI-
MOJTHEHA TOJIBKO HA BBIOPAHHOW 4acTH CTPYKTyphl. [lostomy, ecnu
Bbl HayaJId ONTHMHU3ALMUIO IIPU BBIOPAHHOM alaHuHe, OyayT H3Me-
HSTBCS TOJIBKO MO3UIMK aTOMOB AJIaHWHA, a MOJIEKYJIbI BOJBI OyIyT
OrpaHUYEHBI B IEPEABHKCHHH.
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2. Beibepute Geometry Optimization na mento Compute.

910 oTKpBIBaeT 0kHO nuasora Molecular Mechanics Optimization.

3. Knuknaute OK, 4T00BI HaUaTh ONTUMH3ALNIO COTBBATUPOBAH-
HOTO aJaHWHA, BKJIIOYasl MOJIEKYJIbI BOABI.

Boruncnenne 3aliMeT HECKOIBKO MUHYT.

4. Korzaa BbluMciIeHNE 3aKOHYUTCA, B CTPOKE COCTOSTHUS MOSBAT-
Csl CIIEYIOIIE 3HAUYSHHUS:

Oueprus: —1102.46.

I'pamment: 0.09.

Obpamume enumanue: Ecan Bbl nMeeTe MEHbIIIee KOTMIECTBO MO-
JIEKyJ BOJbI B Balleil cucreme, ueM 40, BbI MOTyYUTE JpyTUe 3HAUYCHHUS.

OnTuMHU3NpOBaHHAS CTPYKTypa Ul COJbBATUPOBAHHOM CHCTe-
MBI MOJKET OBITH TOJIBKO JIOKAJbHBIM MUHHMYyMOM. B cucreme co
MHOTHMH CTENEHSAMH CBOOOJBI, THUIAa paccMaTpuBaeMON, MMeEeTCs
MHOTO MUHHMYMOB, U MOKET OBITh OYEHb TPYAHO MPHUBECTH COCTOS-
HUE CHCTEMBI K IJ100aTbHOMY MUHUMYMY.

Korma mmerorcst mocrarouHo creneHeil cBOOOABI, BO3MOXKHO, UTO
mrobasi cratiyeckasi KoHpopManus (MTepaiysi ONTUMHU3ALNH) SBISIETCSI
HEZOCTOBEPHOM M TOJIBKO CTaTUCTHYECKasi 00paboTKa MHOTHX KOH(OpMa-
U ¢ HU3KOW DHEPrUeH siBisieTcs JocToBepHOu. [lo3Hee BbI mojpodHee
y3HaeTe, 4To TEKyIIasi CTPYKTypa Ul COJIbBATUPOBAHHOIO ajaHMHA —
TOJIBKO JIOKAJIBHBIA MUHIMYM, a HE OJJHA TTI00aIbHASI IEPEMEHHASL.

CoxpaHuTb CTPYKTYypy Kak ala-liq.hin.

anaofcueuue 3. Hcnonv3zoeanue cynepno3uuuu

Cucrema, oiay4yeHHas Ha TEKYIIMH MOMEHT, — MUHUMH3UPO-
BaHHAs CTPYKTypa Ui IBUTTEPHOHA allaHWHA B BojJe. BaxkHo cpas-
HUTBH ATY CTPYKTYPY C COOTBETCTBYIOIIEH ONTUMHU3NPOBAHHON H30JTH-
POBaHHOM CTPYKTypoil. BmecTo cpaBHEHHUSI MOJEKYJ U3MEPEHUSIMU
WHINBHTyalIbHBIX CTPYKTYPHBIX CBOMCTB BBl MOJKETE HMCIIONB30BAThH
CBOMCTBO CYyNepITO3UINH, 9TOOBI BU3YaIbHO CPAaBHUTH JBE CTPYKTY-
PBIL, TIOMeIIas uX ApyT Ha JIpyTa.

Yoanenue monexyn 6oovt
IIpexne ueM COnoCTaBIATh CTPYKTYPBI, HY’KHO yIAJIUTh MOJIEKY-
JIbI BOJBI.
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Yoanenue monexyn 600uwr:

1. Boiiti B ¢opMy BbIOOpa M YCTAaHOBUTH BBIOPAHHBIH ypOBEHB
Molecules.

2. Cnenatb L-mmenuok Ha ananune. [Ipu 3Tom OyaeT BeIOpaH alnaHuH.

3. Beibpate Complement Selection. [Ipu 5Tom OyayT BeIOpaHbI
TOJIBKO MOJIEKYJIBI BOJBI.

4. Beiopats Clear B menio Edit.

5. Ecnu mosiBUTCSI OKHO JIMAJiora C MOATBEPKICHUEM, XOTUTE JIH
BBl yJIAJINTH BEIOPAHHBIC aTOMBI, BEIOpaTh Yes.

Puc. 45. Boibop monexynvl aranuna

6. Yopare metky ¢ Show Periodic box. byner moka3siBarbes
TOJILKO MOJIEKYJIa aJlaHUHA.
7. Coxpanutb (aitn kak ala-sol.hin.

Coeounenue 08yx cucmem

Crieyroluii mar J0JKEH CIUTh 3Ty CUCTEMY C H30JIMPOBAHHOM
CHUCTEMO.

[Ipexae yeM COCTUHHUTH JIBE CUCTEMBbI, HEOOXOUMO BHIOpATh
TEKYIIYI CUCTEMY TakK, YTOOBI BbI MOTJIH AU HEpEeHIIUPOBATh ¢€ Ha
paboueM MpOCTPAHCTBE MOCIIEC CITUSHHUS.

Coedunenue 08yx cucmem:

1. Beibepute MOJIEKyTy alaHUHA.

2. Beibepure Name Selection B meHio Select 1 coxpanute BbI-
0op kak solvated. DTo moHagoOUTCs, YTOOBI BHIOPATH €TO TO3XKE,
€CIIH BbI 3aXOTHTE BOCCTAHOBUTh €T0.

63



3. Beiopute Merge B meHto File u otkpoiite ala-gas.hin.

W3onupoBaHHas ¥ COMbBAaTUPOBAHHASI CTPYKTYPHI TOJIKHBI MO~
BUTBCS Ha 3KpaHe. [Ipu 3TOM conbBaTHpOBaHHAs CTPYKTypa JOJKHA
BCE elle ObITh BBIJICIICHHOM.

Puc. 46. Cosmecmnoe omobpasicenue u301upo8anHol
U CONbEAMUPOBAHHOU MONEKY bl

Komanna Merge no3BosieT BaM COEIMHATh TEKYILYIO CUCTEMY U
JIPYTYIO CHCTEMY, KOTOpasi COXpaHeHa B (aiisie. DTOT COI03 CTAaHOBHUT-
¢Sl TEKYLIEH CUCTEMOH.

4. ITpu HeoOX0AUMOCTH HCIIONB3yHTe HHCTpYMEHT Translation c
NPaBoOil KHOIIKOM MBIIIH, TOKa 00€ CTPYKTYPBI HE Oy1yT OTOOpakeHBI
MOJTHOCTBIO.

5. OxpacbTe BEIOpaHHYIO COJBBATHPOBAHHYIO CTPYKTYPY B XKell-
TBIM IBET ¥ IOMETHTE MOJIEKYJTy CHMBOJIOM.

6. Beioepute Complement Selection B menio Select.

Bri0op coibBaTUPOBAHHONW CHUCTEMBI OTMEHSIETCS, BBIACISECTCS
M30JINPOBAHHBIN alTaHUH.

7. OkpacbTe BBIOpaHHBIH M30JIMPOBAHHBIN alaHUH (HPUOJIETOBBIM
[[BETOM U TIOMETHTE €0 CUMBOJIOM.

8. Cnenaiite R-memyok B mycToil 061acT, 4T00bl OTMEHUTH BbI-
00p M30JUPOBAHHOTO AJTAHUHA.

Conocmasnenue MonexyI:

Korna cucrema BKIIIO4aeT 1o KpaitHeil Mepe J1Be MOJIEKYJIbI, Kak B
aTom npumepe, Hyperchem moxkeT comoctaBisaTs Mosiekyiasl. Cytiep-
TTO3UIIHSI OCHOBaHA Ha BEIOOPE TPeX KOJUTMHEAPHBIX aTOMOB B KaXKJI0U
Mosekyse. UToObI Ha4aTh COMOCTaBICHNE, HEOOXOIMMO CIeNaTh COo-
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BIIaJarOIMMU TIEPBBIC BI:I6paHHI:IC aTOMBI Ka)K,I[OfI MOJICKYJIbI. 3arem
CACJIaTh KOJUIMHCAPHBIMU CBSA3U MCKAY IMCPBBIMU U BTOPBIMU BBI-
6paHHLIMI/I aToMaMu Ka)K,I[OfI MOJICKYJIBI. HaKOHeL{, BI:I6paTI: TPEThbU
aTOMBbI Ka)KI[OfI MOJICKYJIbI 1 IOMECTUTD B TY K€ CaMy1O IJIOCKOCTb.

Boinonnenue cynepnozuyuu:

1. Boiimute B (hopmy BeIOOpa, yCTAaHOBHTE BEIOPAHHBIN YPOBEHb
Ha Atoms u nometrsTe Multiple Selections

2. Cpenanite JI-nepememienue no yriy cBsizu N-C*-C' xaxaon
MOJIeKyJbl. Bam, BO3MOXKHO, TMIPUIETCS BpamaTh CTPYKTYPHI, YTOOBI
clIeNIaTh 3TO.

3. Beioepute Overlay Ha mento Display.

4. Cnenaiite R-1endqok B myctoii 001acTd, 9TOOBI OYUCTHTH BHIOOP.

5. lllenkHUTE TIO Y9aCTKY MPOCTPAHCTBA, YTOOBI COCPEIOTOYHNTH
HAJIO)KEHHBIE CTPYKTYPHI B paboueM IpOCTPaHCTRE.

Texymas cucrema IOJDKHA BBITIISIETH TIOJO00HO ATOM:

;|
i,
5 off
i = “H
e & \H\"x"f{

il Il||f:1-._\H

g

H

Puc. 47. Bvibop éanenmuoeo yena N-C-C 0ns obeux monexyi

6. Beioepute Save As B menro File u coxpanure cynepnosumnuro
MoJieKyJ1 Kak ala-sup.hin.
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Puc. 48. Cynepnosuyus (nanosxcerue)
CONLEAMUPOBAHHOLL U UOTUPOBAHHOU MONEK) bl

Ynpascuenue 4. Mooenupoeanue nazpesanus

B sTOM ympaskHEeHHH BBl UCIOJIB3yeTe METOABl MOJIEKYJISPHOM
JTUHAMHKH, 9TOOBI YBEIUYUTh TEMIEPATypy CHCTEMBI M TOJIYYHUThH
0oJiee HU3KYIO SHEPTHI0 MHHUMYyMa. BBl TOJDKHBI CHavama BOCCTaHO-
BUTH COJIbBATAI[MOHHYIO CUCTEMY I[BUTTEPHUOHA aJlaHWHA, YTOOBI BbI-
MOJTHUTH PacueT METOI0OM MOJIEKYJISIPHOW JTUHAMHUKH.

Boccmanosnenue conbeamayuonHol cucmemul:

1. OtkpoITh Qaitn hin.

2. Ecin HeoOxoaumo, nometuts Show Periodic Box, uTo0ObI 110-
Ka3aTh MEPUOJANYECKUI OJIOK, KOTOPBII BBl ONPEIEIHIN paHee.

3. Eciin HEoOXxoamuMo, ynanute 0003HaUYEHUS C dKpaHa.

Mooenuposanue memooom MoNeKyIAPHOU OUHAMUKY

1. Beiopats Molecular Dynamics B mento Compute.

Oxno nmanora Molecular Dynamics Options no3BomseT Bam
YCTaHaBJIUMBATL MapaMETpbl AJIA BBIYUCICHUA METOJIO0M MOJICKYJISAP-
HOM TUHAMUKH.

MonenpoBaHue ¢ UCTIOIB30BaHUEM MOJIEKYIIIPHOM TMHAMUKY Me-
eT TPH pa3NMIHbIe cTauu ((a3pl): HArpeBaHUe, IBHKEHUE U OXJIK]ICHHE.

[epBas (aza BcTpeuaeTcss B HAYANBHBIN NIEPUO] BPEMEHH MOJIe-
JIMpOBaHUsA HArpesa, s TOTO tITO6I)I YBCIMYNUTH HAaYaJIbHBIC CKOPO-
CTH (COOTBETCTBYIOIINE HAYAILHOM TeMIlepaType) 10 CKOPOCTeH, co-
OTBETCTBYIOIINX TEMIIEPATYPE MOAECITUPOBAHUA.
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B cpenneii ¢paze ckopocTH MOBTOPHO MaCIITAOUPYIOTCS TOIIBKO B
TOM Clly4ae, eclii BbIOpaHa MOCTOsIHHAS TeMIIeparypa.

3akmounTenpHas ($aza MPOXOAUT B MEPHOA MOJCITUPOBAHUS
OXJIaXKJICHHUS U COTIPOBOXKIAETCS M3MEHEHHEM CKOPOCTH, YTOOBI J10-
CTUTHYTHh KOHEYHOM TeMIepaTyphl.

Molecular Dynamics Options
= Tirin_es_i =T emperatire-
Heat time: |1 |p= | | Skattig temperskures 0 jiLe
Fiuntimez: (0.5 p= Simulation te mperafule: 300 i<
Coal kime: I Fejemal bemmeratins: 1] |HE
Slep size: Temperaiure step; 1 k.
_gpt'-t"-“ Daba colleclion parjod:
= lh wasua l]—"‘ .
F"_Peﬁodicbo[,grd,ary condtions: 1 | ‘“?-B steps
I Bonstanl temperature , | Screen refresh period:
Blath relazation time: {01 | ez [T | data seps
H anqpm see.l.:l:- 1111 i = Pk
Eretiorcoeliciest IIJ s Blechart

ﬁnapsh__cnts.‘._l :&ifa'rages...”] [ Proceed || Cancel |

Puc. 49. Yemanoexa memnepamypmoix napamempos
6 OKHe CB0UCME MONEKYIAPHOU OUHAMUKU

2. Ycranosute Heat time 0.1 mukocexyHI.

3. Ycranosute Temperature step Ha 30 K.

Tak kak B HayaJsie cTapTa TPAANEHT OY€Hb MAJICHBKHHA (COOTBET-
CTBYIOIIMI IMTOYTH HYJIEBOH TeMIepaType), UCIOIb3yeTcss KOPOTKOe
Bpemsi HarpeBa B (.1 mHMKOCeKyHHA, 4TOOBI MOAHSTH TEMIEPaATypy
ot Temmeparypsl crapta 100 K mo temrepaTypsl MOIeTHPOBAHUS
B 300 K ¢ TemnieparypasiM marom 1o 30 K.

4. YcranoButh Run time ra 0.5 MTUKOCEKyHI.

TemmepaTypHbIe TapaMeTphl HCIOIB3YIOTCS IS TOTO, YTOOBI yC-
TaHOBHTH HAaYaJbHBIE CKOPOCTH aTOMa WM PEryJHpPOBAaTh CKOPOCTH
aTroma. JTa KHHETHIECKas SHePTHsI MOJKET OBIThH MpeoOpa3oBaHa B I10-
TEHIIHABHYIO SHEPTHIO B ITPOIIECCE MOIECITMPOBAHUSA, UTO MIPHUBEJIET K
MTOHIKEHHIO PacyeTHON TemmepaTypsl. Eciim TeMmneparypa moBsImia-
ercs (KaK TIOKa3aHO B DTOM TIpHUMeEpE), TO O3HAYAET, YTO MOTCHITH-
albHAsg dHEPTUs NPeoOpa3oBBIBAETCS B KUHETHYECKYIO, TIOCKOIBKY
crcTeMa TiepeMenaeTcs B 0ojiee yCTONIHBYIO KOH(GOPMAIIHTO.
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5. YnoctoBepbTech, uto BKItoueHa omius Periodic boundary
conditions. DTa onuus aBTOMaTUYECKH CTAaBUTCS TPOrpaMMOH, Korjia
UCIOJIB3YIOTCS IEPUOANYECKUE TPAHUYHBIE YCIOBHUS, HO OHA MOXET
OBITH N3MEHEHa PH BbIOOpE mapameTpa In vacuo.

6. YcranoButs Step Size B 0.0005 nuxocekyH.

7. Ycranosuts Data Collection period nHa 4. [Ing cuctem Tumna
paccMaTpuBaeMoil, KOTOpPbIE UMEIOT BUIUMBIE BOJAOPOIHBIE ATOMBI,
pasmep mara B 0.5 fs TOUHO COOTBETCTBYET 00BEIUHEHUIO BOAOPOIA.
Bbl MoxeTe MOJIEpHU3UPOBATH OTOOpaskeHHE MPOLecca, MUCIOb3YsI
7r000€ YMCIIO MIaroB BPEMEHH, YTOOBI TIOKa3aTh MOJIEKYJISIPHYIO JTU-
HaMHKY B peaJbHOM MaciiTadbe BpeMeHH. B 3aBucuMoct ot mpume-
HSIEMBIX ammnapaTHBIX cpeacTB DOBM mojenupoBaHne MOKET CIHLI-
KOM 3aMeJUIATh IBUKEHHUE YACTHIL, [I0ATOMY ONTUMAJIEHO YCTAHOBUTH
Data collection period nHa 4.

8. OrmenuTs Constant Temperature .

9. IlapameTpbl HaCTPOMKM B OKHE JUanora JOJIKHBl HAallOMH-
HaTh BOT 3THU:

M obecular Dynamic s O plionz
—lmeze—— = Temperabre———
| Heat Hine: ]_l].'l I P Stating temperature: ‘.‘DD b

Rimtime: |05 pe [ | Siculation tempe ratre: {200 8
| Eool ime: {0 I'p= Firial termeratine; Ll K
| Shep sizer [0-oo0s |'ps | | Temperaure step: 30 il
—Epzlom Diata collecfion: pariod:

n ®acLg q 'l
il ; i-i [l

% Peiiadic baurdary randition s - IS ok

I L Soieen rehesh perod:

Bally relamatiarti
' Random seed:

Enetior coefiizist:

.;1 g.'data _stéps

[ Rlayback
T Bestart

gnapshms...] AAEEes. . I i ;Eroc:eed I Eaneel

Puc. 50. Ommena ycmano8Kku memnepamypHvix napamempos

Yemanoesxa 60Cﬂp0u36€0€l—luﬂ aI/IHClMMKM

Metoa MOJICKYISIPHOW THHAMHKH MOJIEITHPYET Pa3BUTHE CUCTE-
MBI B X0JI¢ HEKOTOPOT'O BPEMEHH TTPH CO3TaHUH TPACKTOPHH aTOMHBIX
MO3ULUN U CKOPOCTEH.
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Yemanoska socnpouseedenusn OuHAMUKU:

1. Boiopare Snapshots BHu3zy oxna paumanora Molecular
Dynamics Options.

OTtkpeiBaeTcst okHO quanora Molecular Dynamics Snapshots.

2. OTkpoITh Qaiin ¢ umenem ala-run. HYPERCHEM npou3sBso-
ouT nBa (aiina ¢ mpuctaskoil ala-run. Oxun ¢aiin, ala-run.hin, sB-
nsercs HIN-¢aiimom, KOTOphIi comepKUT 0TOOpakeHne KapTHHKH.
Hpyroii ¢aiin, ala-run.snp, sBISICTCS ABOMYHBIM (hailioM, comep-
KAaIUM aTOMHbIE KOOPIAUHATHI U CKOPOCTH.

3. Ucnonb3oBath Snapshot period Ha 1 mar 1aHHbIX.

4. Haxarp OK, 4YTOOBI BO3BpaTUTHhCS K SYEWKe aMajora
Molecular Dynamics Options.

Yemanoexa ycpeonenus oannulx
U3 MONEKYIAPHOU OUHAMUKU

MOHGKYHHpHaH JAVMHAMUKa YaCTO HMCIIOJB3YCTCA HJIA MOJTyYCHUSA
MaKpPOCKOIUYECKOH MH(GOPMAIMK — ]ISl 3TOrO MPOU3BOIUTCS BbI-
0OpKa MHUKPOCKOITUYECKOIO MOJICIUPOBAHUS 32 OYCHb JUTUTEIbHBIN
nepuoj. Takke MONE3HO CIEIUTh 32 DHEPreTHUecKH dPQPeKTaMu U
M3MEHCHUSIMH T€OMETPHH, TOCKOIBKY B TPOIECCE MOACTHPOBAHUS
HPOJOIDKACTCS OTCIEKHUBAHUE TOTO, JOCTATOYHO CTATUCTUYECKH CTa-
OWIIM3MpOBaHa BEIOpAaHHAS CHCTEMa WITH HET.

Yemanoeska yepeonenus oannwix:
1. Bei0opats Averages, 9ToObI OTKPBITH OKHO auaiora Molecular
DynamicsAverages.

Molecular Dynamics Averages =]
S Electinn: Lyerage ol i | & araph:

Add >
¢ Del

Awe;ag_e;’graph peric-d: |1 | data steps

‘ Previouz sweragevalle: na |

0K ] Cancel ‘

Puc. 51. Oxkno napamempog ycpeOHeHus OAHHbIX MOJEKYAAPHOU OUHAMUKU
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2. Cpenats L-mienmuok B okHe Selection na EKIN, EPOT, ETOT
U nceo, 3ateM caenath L-memuok Ha Add, 4ToOBI IEpEeMECTHTD UX B
nosie Average only.

Molecular Dynamic s Averages

#veranssgraph perod I I data sleps

| Frevious averagavaise,  na

[ ok || Ceed |

Puc. 52. Bvibop napamempog 01s ycpeoHenus

3. Cpenatp L-menuoxk Ha EKIN, EPOT, ETOT u ncco B noie
Average only, 3aTem cnenatb L-menuok Ha Add, 4ToObI mepeMecTuTh
ux B noje Avg. & graph.

Molecular Dynamics Averages ad

Selection: Aerane only: vy & graph

dereragedgiaph period: ]1 | data steps

Frevious average valle: na

K e ]

Puc. 53. 3a0anue susyanuzayuu 6b16panHbIX napamempos ycpeoHeHus

OTa mocnenoBaTeNbHOCTh JEHCTBUN 3a7aeT co3laHue rpaduka
IIOJIHOM 3HEPrUH, MOTEHUUAIBHONW IHEPTrUr, KHHETUYECKON SHEPIUU
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u N-C* -C'-O TOpCHOHHOT'O yIJia, KOTOPBIA Bl paHee COXPaHWIN KaK
YKa3aHHBIA apamMeTp neceo.

Hyperchem co3naer ¢aiin, HassiBaemblii ala-run.csv (nam chem.
CSV, €ClIi AMHAMHKa BOCIIPOU3BEJCHUS HE YCTAHOBIICHA), B KOTOPBIH
JIeNIaeTcsl 3aM1Ch yCPeIHAEMbIX MapaMeTPOB U KOTOPBIH MOXKET JIETKO
YUTATHCS, 0TOOPaXKATHCS TpaQUUECKH HITH UCIIOIB30BATHCS B CTOPOH-
HUX TpOrpaMMax Jylsl aHaJIHu3a.

IIpooondicenue gvinonnenuss MOIEKYIAPHOU OUHAMUKU

1. Beibepure OK, d9TOOBI BO3BpaTUTHCS B OKHO JHANOTa
Molecular Dynamics Options, 3aTem menkauTe Proceed, uto0Osr Ha-
yaTh MOJEIMPOBAHUE MOJEKYJISIpHON ITuHaMukou. Ilpu sTom Ha pa-
004eM MpoCTpaHCTBE MOSBUTCS KOJIOHKA 1oA Ha3BaHuem Molecular
Dynamics Results.

2. IlepemecTuTe KOJIOHKY TaK, 4YTOOBI BB MOTJIM HAOIIOAATH MO-
JeTUPOBAHUE.

B T0 Bpemst Kora BBIIONHSAETCS BEIYUCICHHUE, BBl MOXKETE H3ME-
HSITh BUJ] CUCTEMbI, NCIIOJIb3YSI HHCTPYMEHTBI BPAICHUs, [IepeMele-
HUS, BEITMUCHHUS.

3.1loka mpomomxaercs MozenupoBaHue, BeiOepuTe Rescale,
YTOOBI TIOBTOPHO MAaCIITAOMPOBATh MOArOTABIMBAEMbIC 3HAUCHHUS.

Kak Tonbko asza HarpeBaHus (3HEPrHs yBEIMYMBAETCS) 3aKOH-
YeHa, IT0JIHAsi SHEPIHs OCTAeTCsl IOCTOSHHOM, a KMHETHYEeCKasl SHep-
'S 3epKajibHa HOTCHIUAIBHON 3HEPTHH.

IIpedocmepeoicenue: Bbl HE MOXKETe OTOOpa3uTh rpaduk, eciu
caenaete L-memgox Ha Done. YUToOBI BOCCTaHOBUTH TpaduK, BBI
JIOJDKHBI MICIIONB30BaTh BOCHIPOU3BEACHHE replay.

Koraa BeuncieHre METOIOM MOJIEKYJISIPHON ITUHAMUKH 3aKOH-
YHUTCS, BBl MOXKETE ONITUMU3HUPOBATh CUCTEMY, YTOOBI ONIPEIEIIUTh HO-
BbI{ MUHUMYM.

ITocne Toro kak mpoitner npubmm3ureabHo 10 MUHYT, U3MEHe-
HHUE CUCTEMBI IIPEKPAIIACTCS.

Peonmumuzuposanue nosou cmpykmypui

Tenepp, KOT/1a BEIYMCIEHUE METOJIOM MOJIEKYJISIPHON TMHAMUKH
3aKOHYCHO, Bbl MOKETE ONTUMHU3UPOBATH CTPYKTYPY, UTOOBI OTIpe/ie-
JINTh HOBBIN JIOKAJIbHBIA SHEPTETUYECKUI MUHUMYM.

1. Boibepute Geometry Optimization B meHio Compute.
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2. Hlenkuute OK, 4T0OBI BBHITOTHUTH ONTHMHU3ALHUIO MOJEKY-
JIIPHOM MEXAHUKH, UCIIOJIb3Ysl OILUU IIPEIbIAYLIETO BEIUUCICHUS.

ITocne Toro xak ONTUMU3ALUA 3aKOHYUTCS, CTPOKA COCTOSHHUS
MOKaXET CTPYKTYPY, KOTOpas MMeeT Ooyiee HU3KYIO HSHEPTHIO, YeM
COJIbBATUPOBAHHBIN JIOKAILHBIA Minimum, HaliJeHHBIH paHee.

PesynbraThl OKa3bIBAOT, YTO MOJIEKYJISIPHAS JUHAMUKA MOXKET
UCIIOJIB30BaThCs, YTOOBI JOCTUTHYTH HauOojee MpeArnOYTHTENbHON
TEPMOJMHAMUYECKOH KOH(OpMalnu, OTIACNCHHOW OT HavaJbHOM
KOH(OpMaIK SHepreTHIecKkuMu 6apbepamu. Takum oOpa3zoM, MoJie-
KYJIIPHYIO TUHAMUKY MOYKHO MCIIOJIb30BaTh, YTOOBI HCCIIEIOBATH 10-
JIOKEHUE PA3IMYHBIX KOH(POPMALUI Ha SHEPreTHUECKOW AuarpaMme.

B sTOM THIE BBIYUCIIEHHS Pa3Mep SUYEHKH U EPUOJ MOJEIUPO-
BAHMsI HE CTOJIb BAXKEH, TAK KAK BBl JKEJIACTE MOTYUYUTh YCPEIHEHHBIE
pe3ynbTaThl, COIIOCTABUMBIE C SKCIIEPUMEHTOM.
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