degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXJIEHO
JupexTop pu3TEeX-IMIKOJIbI
OHMOJIOrHYeCKOM U MeTUIIMHCKOI
buznkn

J.B. Ky3bmun

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: BI/IOMOJ'ICKYJ'ISIpHI:IG B3aHUMOJICHCTBUS
0 HANIPaBJICHUIO: buorexnonorus
IIpO(l)I(IJIb MnoATrOTOBKMU: bromeaunuHckre TEXHOIOr N

dusrex-mkoia buomornyeckon 1 MeaunmHckoln OU3HKH
kadempa MONEKYIIPHON U KIIETOYHOU OMOJIOTHI

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy coctaBui: A.C. 3acenarenes, 1-p ¢pu3.-Mart. HayK, Ipodeccop

[Iporpamma obcyxneHa Ha 3aceqannu Kadenpsl MOIEKYISIpHOM U kietouHor 6uonoruu 04.06.2020



AHHOTANMA

Llenpro JaHHON IUCHUIUIMHBI SIBISETCS NPUOOPETEHUE CTYACHTAMH 3HaHWHA B 00JIaCTH B3aUMOJICHCTBUS
OMOJIOrMYECKUX MaKpOMOJIEKYa APYr ¢ Jpyrom, oOpasoBaHus crenuduunelx KommiekcoB JIHK-murann,
OKCIIEPUMEHTAIBHBIX METONOB OOHApYy)KEHHS UM TECTHpPOBaHHA Tmpolecca o00pa30BaHMs KOMILICKCOB
JHK-nmurana, MeToIoB CpaBHUTENBHOTO ONpENENEHHUs CTAOMIBHOCTH M CTPYKTYpPHBIX XapaKTEPUCTHK
KOMILJICKCOB, TEOPUH aJCOPOIMH TMPOTSHKCHHBIX JIMTAHAOB Ha pEryaspHbIX monuMmepax. CTyIeHT mocie
OCBOGHHS Kypca Oymer moOHUMaTh (yHAaMEHTalIbHbIE OCHOBBI B3aUMOJAEHCTBUS  OMOIOTMYECKHX
MaKpOMOJIEKYJI IPYyT C AyProM, BOSMOKHOCTH TPHIIOKEHUSI TOTYYCHHBIX 3HAHUH B METUIIMHE, (DapMaKOJIOTHH,
OMOTEXHOJIOTUHU U JPYTUX CMEXKHBIX 00IACTSX.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

IpuoOpeTeHne CTYICHTaMH 3HaHUH B 00JIaCTH B3aUMOJCHCTBUS OMOIOTHYECKUX MaKPOMOJIEKY JIPYT C
npyroMm, oOpasoBanusi cnenuduuHsix KomiuiekcoB JHK-nmurann, skcnepuMeHTadbHBIX METOIOB
OoOHapy)KeHMs ¥ TECTHpPOBaHMs Iipouecca oOpasoBaHusi komiuiekcoB JIHK-nmurana, — meronos
CPaBHUTEIILHOTO ONpEAETCHUS CTa0MIBHOCTH U CTPYKTYPHBIX XapaKTEPHCTHUK KOMILJIEKCOB, TEOPHH
acopOIMK NPOTSHKEHHBIX JIMTAHIOB HA PETYIISPHBIX MOJIMMEPaX.

3amaum JUCIUTLIHHBI
* CO3J]aHHE OCHOB 3HAHWI B 00JIACTH B3aMMOJICHCTBHSI MEX/Ty OMOJOTHUECKUMH MaKPOMOJICKYIaMH;

. ¢dopmupoBaHue (yHIAMEHTAIBHBIX OCHOB, HEOOXOAMMBIX JUIS TOBBIIIEHHS TBOPYECKOIO H
HCCJIEI0BATENbCKOrO MOTEHIMANA CTYIEHTOB.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.5 CnocobeH co3naBarh NpOrpaMMHBIE CPEACTBA M
0a3pl JAHHBIX, HCIOJb3yeMble B OWOWHXCHEPHH W
OnomH(pOpMaTHKe

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U

HCCIEeI0BaTh MaTEMaTHYECKHE MOIETH
U3y4aeMblX SBJICHUN U IPOLIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBbIE HAYYHbIE PE3ysIbTaThl

[IK-1.4 CrnocobeH NpUMEHATh TeopeTHueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
- (¢yHAaMEHTaIbHbIE OCHOBBI B3aMMOJICHCTBHS OMOIOTHYECKUX MAaKPOMOJIEKYI IPYT C AYProM;
- BO3MOXKHOCTH NPUJIIOKEHUS MOITYYECHHBIX 3HAHUH B MEAULMHE, (apMaKoJIOTuu, OMOTEXHOJIOTHH H
JPYTUX CMEXKHBIX O0NIACTSIX.
YMETh:
- (opMynupoBaTh U CTABUTH 33/1a4y MCCIEJOBAaHUS U €€ IOATAIHOTO BIMOJIHEHMS;
- BIIAJICTh TEXHUKOU MOMCKA U aHalu3a MHPOpMaIuK, HaxoauMoil B UnTepHeTe;
- TPEACTaBIATH NOJTYUYCHHBIE PE3YJIbTAaThl UCCIICAOBAHMN B YCTHON U HAIVISLIHON (hopme;
- JeNaTh MpaBUIbHBIE BHIBOJIBI U3 COIIOCTABJICHHUS PE3yAbTaTOB TEOPHH U SKCIIEPUMEHTA;
- TIOJIb30BAaTbCsl CBOMMH 3HAHHMSIMM [Jsl pelieHus (QyHAaMEHTAIBHBIX W MPHUKIAIHBIX 33434 H
TEXHOJOTHYECKUX 3a/1a4.
BIIA/IETh:
- HaBBIKAMH OCBOCHHMSI 0OJIBIIOr0 00beMa HH(pOpMaIH;
- HaBBIKAMH TPaMOTHOH 00pabOTKHM pe3yabTaToB OMbITA U COMOCTABICHUS C TEOPETHUYECCKHMU
JTAHHBIMU.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA




Tema (pa3nen) TUCIUTUTMHBI

pr,Z[OGMKOCTB 110 BUAaAM y‘le6HBIX 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO padoTy, Jac.

Jlexiuu CeMuHapsbI

JlaGopar. paboTsr

CamocrT.
pabora

BosmoxHocTn u Mpeaessl
MPaKTHYECKOTO HNPUMEHEHHS
JKCTIEPUMEHTAIbHBIX METO/IOB
OoOHapyKeHMs M TECTHPOBaHMS Ipolecca
KOMIUIEKCOOOpa30BaHHUs

Bri6op sKcepUMEHTaJIbHBIX —yCIOBHI
U1 olpeeneHus CTEXUOMETPUN
KOMILJIEKCA B pacTBOpE W HU3MEPEHHS
KOHCTaHTBI CBSI3bIBaHUS

Knaccudukarus JHK-cnenupuvHbIX
JUTaHIOB  TO  THIAM  CTPYKTYp
KOMILIEKCOB

KoncTpynpoBanue nuranzioB, CliocoOHbBIX
n30MUparenbHO CBSI3BIBATHCS c
OTIpeIeNICHHBIMU TI0CIE0BATEIbHOCTAMU
nap ocHoBanuit JIHK

JIuneiinoe [IpEACTaBICHUE
MHOTOKOHTaKTHBIX B3aUMOJEICTBUI
MEX]ly MaKpOMOJIEKYJIaMU

MonenbHbIe MOCTPOCHHUS u
KOH(OpMaIMOHHBIN aHanm3
MEKMOJICKYJISIPHBIX B3aUMOJICHCTBUIA

Ompenenenre ¥ BBIOOP ONTHUMAIBHBIX
IKCTIEPUMEHTATBHBIX yCIOBUH
00pa3oBaHUs OHMOJIOTUYECKH AKTUBHOTO
THUIIa KOMILJIEKCa

[IpoGema CHHTE3a
JAHK-cBsi3pIBarommxcst
CEKBEHC-CITEIN(DUYHBIX COCTUHEHUHN

CoBpeMeHHbIE IIPEICTABICHUS 0
MOJICKYIISIPHBIX MeXaHU3Max
0€eJIKOBO-HYKJICHHOBOT'O y3HABAHHS

10

Crepeocnienn(UIHOCTH
OMOMOJICKYISIPHBIX B3aUMOJICHCTBUI

11

OKcriepuMEeHTaNbHbBIE MIPUEMBI
OnpeIeTICHUS CTPYKTYPHBIX
XapaKTEePUCTHUK KOMILJIEKCOB
JAHK-nurann

12

OneMeHTHI TEOpUHU azcopouuu
MPOTSHKEHHBIX JIMTAHJOB HA PETYISPHBIX
noJmMepax

13

DHepreTuyeckue XapaKTePUCTHKHU
cBsa3bpIBaHusA auranaos ¢ JJHK

Wtoro wacos

30

15

[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

45 ygac., 1 3au.ex.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)




Cemecrtp: 2 (Becennuit)

1. Bo3MOXHOCTM M IpeAensl MPaKTUUECKOro IPUMEHEHHs] HKCIEPHUMEHTAIbHBIX METOJ0B
0OHapyKeHHS U TECTUPOBAHUSI IIPOLIECCa KOMITJIEKCOOOPa30BaHUs

Bo3MoxHOCTH 1 ITpeesibl MPaKTHYECKOTO MPUMEHEHUS SKCIIEPUMEHTAIBHBIX METOJI0B OOHAPY KEHUS
W TECTHpPOBaHUS Tpollecca KOMILIeKcooOpa3oBaHus (omrtudyeckue wmeronsl, I[P u  SMP,
PEHTICHOCTPYKTYpPHBIM aHanu3, OJJIEKTPOHHAsI W TYyHHENbHAs MMKPOCKONMS, KaJOpUMETpPHS,
(GyTIPUHTHHI, PAaBHOBECHBIN TUAN3, THAPOJUHAMHYECKIE METOIBI).

2. Bb16op 3KCHIepMMEHTAIBHBIX YCIOBUH ISl ONpPEe/ICHUs CTEXHOMETPHH KOMIUIEKCa B pacTBOpE U
M3MEpPEHUS KOHCTAHTHI CBA3BIBAHUS

BBI60p IKCIICPUMCHTAJIbHBIX yCJ'IOBI/Iﬁ JJIL OMpPEACTICHUA CTCXUOMCETPUH KOMIIJICKCA B pAaCTBOPC U
HN3MEPCHUS KOHCTAHTBI CBSA3bIBAHU.

3. Knaccudukarnus JJHK-cnennuyIHBIX THTaHIOB 10 TUTIAM CTPYKTYP KOMILIEKCOB

* Hurtepxamsinus
1. UnTepkanupyomue coefnHEeHus

[J  MHTrepkansius c Jiakajau3anuelil 4acTi MOJIEKYJIbl JIUTaH/Ia B Y3KOW WIIM ITUPOKOH 60po3akax
JHK

[] buc- u TprUC-UHTEPKATALNA

2. Jlokanuzanus coenuHeHUi B y3koit 6oposake JJHK

0 IlupponkapbokcamuaHbie, OeH3UMMHIAA30IbHBIE U Ipyrue AT-cnenuduyunbie Turanast

JlumepHOE CBA3BIBAHUE JINTaH/IOB

buc-HeTporncuHbl

JlexcuTporncuHsl

I B [

KoBasleHTHO CBSI3BIBAIOLINECS COCTUHEHUS
[OJIuranzapl, criocoOHbIe paciueuaTh caxapodocdarusiii ocroB JHK.

3. JluraHmel, TIOCTPOSHHBIE Ha OCHOBe KoMmOwmHammu pa3nuaHbix JIHK-cBs3wBaromuxcs
CTPYKTYpPHBIX MOTHBOB

[ Pacmenustomuecst rHOpUIHBIE COGANHEHNUS, HCKYCCTBEHHBIE PECTPHKTA3bI

[J CoenuHeHus1, OCYILECTBIAIOLINE PaCLEIUIEHUE 110 BO3AEHCTBUEM Pa3IMUHBIX TUIIOB U3JIy4eHUH
{1 KomOuiekcoHsl, cofepKaliye aaKmInpyone Ipyibl.

4. JIuranpl, TOKATH3YIONIHECs MPH CBA3BIBAHUN B IIMpokoi 6opo3ake JTHK

4. KoHCTpyWpOBaHHE JUTAHJOB, CIIOCOOHBIX HW30UPATENFHO CBS3BIBATHCS C OIPECICHHBIMU
nocueaoBarenbHoCTIMU nap ocHoBanuil JJTHK

KoHcTpynpoBanue nuraHzioB, CIOCOOHBIX HM30HMpaTelbHO CBA3BIBATBCA C  ONpPElEJICHHBIMU
nocienoBareabHOCTAMH ap ocHoBanuit JIHK.

5. JInHeWHOE NpeACTaBICHUE MHOIOKOHTAKTHBIX B3AUMOJAEHCTBUI MEXY MaKpOMOJIEKYIaMuU

JIuHeliHOE NpeACTaBIECHUE MHOTOKOHTAKTHBIX B3aWUMOZECHCTBHM MEXKIYy MaKpOMOJIEKYJIaMH.
H3meHeHne CBOOOTHON SHEPrUM M KOHCTAaHTa CBs3bIBaHMA. Du3nueckas MojAeb, OOBSICHSIOIAS
3hdeKT OMOIOTHYECKOro JCHCTBHUS PETYIASTOPHBIX OCNIKOB M JPYyTUX JMTaHAO0B, M30UPATEIbHO
CBSI3BIBAIOILIUXCS C OIPE/ICIICHHBIMU TIOCIICA0BATEILHOCTIMHU T1ap ocHoBanui JITHK.

6. MOI[CJ'IBHBIG MMOCTPOCHUA U KOH(bOpMaHHOHHBIﬁ aHaJIN3 MCIKMOJICKYJIAPHBIX BSHHMOHCﬁCTBHﬁ
HpeI[CTaBJ'IeHI/IH O BO3MOXHOCTAX MOHCKyanHOf/'I Fpa(bI/IKI/I n 0 METOAC MOHCKyanHOﬁ JUHaAMHUKH.

7. OnpeueneHHe n BI:I60p ONTHUMAJIBHBIX 9KCIICPUMCHTAJIbHBIX YCJ'IOBI/Iﬁ 06pa3OBaHI/I$[ OHOJIOrHYECKU
AKTHBHOI'O THIIa KOMILJICKCa



OHpeI[GJ'IeHI/IC n BI:I60p OINTUMAJIBHBIX SKCIICPUMCHTAJIBHBIX YCJ'IOBI/Iﬁ O6pa3OBaHI/I$I OHOJIOrHYECKU
aKTUBHOTO THUIIA KoMIUiekca. KadecTBeHHBIE MCTOAbI CpaBHHTeHLHOﬁ OLICHKH CTaOMIBLHOCTH
KOMIIJICKCOB.

8. IIpobnema cunresa JJHK-cBsI3bIBatOMXCst CEKBEHC-CIIEITUGUIHBIX COSAMHEHHHA

[Tpobnema cunTesa JJHK-cBA3BIBaOIMUXCS CEKBEHC-CIICTIM(PUIHBIX COSAMHEHUN. POTh peakImoHHbBIX
IIEHTPOB M JIOKAIBbHBIX M3MeHeHni koHpopmanuu JJHK B oOpazoBanunm cnenuduaHbIX KOMILUIEKCOB
JHK-nmurang.  O¢¢ekTHBHOCT, TPUMEHEHUS  PE3ybTaTOB  TEOPETUYECKUX  PAcCUeTOB  JUIS
MPaKTHYECKUX PEKOMEHAINI 0 KOHCTPYHPOBAHUIO U HAIIPABIIEHHOMY CHHTE3y JTUTaH/IOB.

9. CoBpeMeHHbIE NPEICTABICHUS O MOJICKYJIIPHBIX MEXaHU3MaX OEIKOBO-HYKJICHHOBOTO y3HABAaHHS

[Monstne o gepMeHTax Kak O OCIKOBBIX BEIIECTBAX, OONAMAIONINX KAaTATUTHYECKUMHU (YHKIHSIMU.
OCHOBHBIE TIOJIOKCHUS TEOPHH (PePMEHTATUBHOTO Karanu3a. Kunetnka hepMeHTaTHBHOTO KaTain3a.

10. CrepeocneniuuuHOCTh OMOMOJIEKYIISIPHBIX B3aUMOACHUCTBUI

Crepeocneniu(pUIHOCTh OUOMOJICKYNISPHBIX ~ B3auMOJEHCTBHA. [Ipupoma Cuil, ONpEACISIONINX
B3aUMOJICHCTBUSL MEXKIY OHOJIOTMYECKUMH MakpoMmojekyiaamu. [Ipumepsl crepeocneuGuaHbIx
MEXKMOJICKYJISIPHBIX ~ B3aUMOJCHCTBHM,  ONMPECNAIONMX  (PYHKIMOHUPOBAHUE  BAKHEHIIIHMX
OHOJIOTHYECKUX CHUCTEM.

11. DOkcrnepuMeHTaIbHBIE MPHEMBl OMNPENEICHUS CTPYKTYPHBIX XapaKTEPUCTHK KOMILIEKCOB
JAHK-nurann

OKCIepUMEHTANIbHBIE  TIPUEMBl  OINpPEICJICHUS  CTPYKTYPHBIX  XapaKTEPUCTHK  KOMILJICKCOB
JHK-nuranm:

* Omnpenenenune koHpopmaru ydactka JJHK, Bxozsiiero B cocTaB KoMIIieKkca ¢ JUTaHIoM;

* Pasmep yuactka JIHK, 3anmmaemMoro mosekysoii JTuranaa npy CBA3bIBAHUH;

* OrmpezneneHne HAKIOHA IUIOCKOCTH XpOMOGOpa MOJIEKYIIbl JUTaHJa OTHOCUTEIBHO OCH JIBOWHOMN
cnupanu JHK;

. Ompenenennie Ooposnku nBoviHOW crupanu JIHK, 3aHmMaeMoli MomeKkynoi IuraHjga MpH
CBSI3LIBAHUU,
. PentrenocrpykrypHbeiii ananu3 u 2d-SIMP B u3ydeHMHM KOMIUIEKCOB HH3KOMOJICKYJISPHBIX

JIUTaHAOB C JIBYXCIIUPAJIbHBIMU CHHTETHYECKUMH OJIUTOIE30KCUPUOOHYKIICOTUAAMHU.
12. DnemMeHThI TeoOpuH aacOpPOLUH NMPOTHKEHHBIX JIUTAHAO0B Ha PETYJISIPHBIX MOJIMMEPax

* AncopOums Ha rOMOTIOINMEDPE;

* HauanbpHbIN X0 U30TEPM aIcOPOITNH;

* Ilpuembl NOCTPOEHUS CTATUCTUYECKUX CYMM M BBIBOA YPaBHEHHI aJ1cOo0LNY;

. VY4eT KOONEepaTUBHOCTH, BBI3BAHHOW B3aMMOICHCTBHEM MEXIY MOJEKYJIaMH JIaraHnaa,
ajcopoupoBannbiMu Ha JIHK; cBsizbiBaHuE TUMEPOB;

» KoHkypeH1Ms Mexly MOJIEKY/IaMU ABYX JIMTAHJI0B 3a MecTa cBsi3biBaHus Ha JIHK;

*  Pacder koHcTaHT cBs3bIBaHUSI cekBeHc-crieruduanoro nuranaa #va JJHK co ciydaiinodt nim
JETEPMUHUPOBAHHOM MOCIEN0BATENIBHOCTHIO AP OCHOBaHMIA.

13. DHepreTrueckue XapakKTepUCTUKHU CBsI3bIBaHus Jiuranaos ¢ JJHK

DHepreTUyecKue XapakTepucTHKH cBs3biBanus JjurangoB c¢ JHK. HM3zorepmbr ancopOuum B
omtokennn Cxatuapga. [IpobGneMbl ananmza m3otepMm ajacopOumu Moiekyn jmrangoB Ha JIHK ¢
pPa3IMYHBIM COCTABOM IIap OCHOBAHWM W ONPEACIICHUS B MOJIEKYJE JIMTaHAa YKCIa PEAKIUOHHBIX
LEHTPOB, CHENN(UYHBIX K ONPEACTICHHBIM OCHOBAaHUSM.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

HanHas nutepaTtypa npegocrasisiercs 6a30Boi kadeapoii:

1. b. Honrunr. Hoselime metoss! uccnenoBanus onocucrem. M: Texnocdepa, 2005

2. W. Tunoxo, K. 3ayap, k. Banr, [x. [Tarmucu. ®usnueckast xumus. [[puHIATIE 1 TPUMEHEHNE B
ounonornueckux Haykax. M: Texnocgepa, 2005

JomnonHurensHas aureparypa

JlanHas nuTepaTypa npeaocrasisieTcs 0a30Boi kadeapoii:
1. Kanrop Y., llumwmen I1. buodwmsnueckas xumus, M.: Mup, . 1 m 2, 1984, T. 3, 1985.

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

st wacty 3anstuii notpedyercs Zoom. Google Drive mis qoctyna k Marepuainam Kypcea.
[TpuBeTcTBYeTCS HaIMYUE BO BpeMsi 3aHIATHI cMapT(GOHOB/HOYTOYKOB /ISl y4aCTHSI B HHTCPAKTUBHBIX
YIPaKHEHHUSX.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

CTyIeHT, MpOCIyIaBIINi Kypc, MODKEH C OXHOM CTOPOHBI, OBIAAETh TEOPETHYECKHM aIllapaTroMm
KBaHTOBOM XHMHUH, a C JAPYrOd CTOPOHBI, JTOJDKEH HAyYUTHCS NPHMEHSTH IOJyYCHHBIC 3HAHUS Ha
IpakTHKe. YCHENIHOe OCBOCHHE Kypca TpeOyeT caMOCTOATEeNbHON paboThl cTyaeHTa. B mporpamme
Kypca JUIsl CaMOCTOSATEIILHON paboThI CTy/IEHTa HaJl TEMOW OTBOAUTCS MUHHMAIILHOE BPEMSL.
CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— MpOopaboTKy y4eOHOro MaTepuara,

— YTEHUE U KOHCIICKTHUPOBAHUE JIOTIOJTHUTEIILHON JIUTEPATyPBI,

— MOJTOTOBKY OTBETOB Ha BOIPOCHI, PeIHA3HAYCHHBIX JJIsI CAMOCTOSTEIIBHOTO H3Y4YCHHS,

— peleHue 3a1a4, npeiaraéMbIX CTYJICHTaM Ha 3aHATHUSIX,

— IMOJTOTOBKY K aTTECTALUH MO AUCIHUILIHHE.

PyKoOBOICTBO M KOHTPOJb CaMOCTOATENFHOM palbOThl CTyIEHTAa OCYyIIECTBIseTcss B (opme
WHIUBHUYaJIbHBIX KOHCynbTamui. Ilokazarenem BiajieHUs MarepualioM CIyKUT YMEHHE pelIaTh
3agaun. Jnsg (opMupoBaHHS yMEHHsI TPUMEHSTh TCOPETHYCCKHE 3HAHUS HAa NPAKTHKE CTYICHTY
HEOOXOIMMO pelaTh Kak MOKHO Ooubiiie 3a1ad. [lpu peneHnu 3aaa4 Kaxaoe JAeHCTBHE HEO0OXOAUMO
apryMEHTHPOBATh, CChUIASACH HA PACCMOTPEHHBIN paHee TeOPETUICCKUH arapar.

OOBIYHO TPUACPKUBAIOTCS CIIEAYIONICH CXEMBl: M3yYCHHE Marepualia o KOHCIEKTY B TOT K€ JICHb,
y4eOHOM 1 HayYHOH JIUTEepaType, MOAr0TOBKA OTBETOB HA BOIIPOCHI, pemeHune 3a1a4 (1 gac).

BaxHO 10OWThCA MOHMMaHHS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYHEHUU H3y4YCHHS OTICNIBHBIX TEM, BOINPOCOB, ClexyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
MPEMO/IaBaTeNIo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: buorexnonorus

npopuJib NOArOTOBKHU: BbromeaunuHckre TEXHOIOr N
dusrex-mkoia buomornyeckor 1 MeaunuHcko OU3HKH
kadempa MONEKYIIPHON U KIIETOYHONW OMOJIOTHI

Kypc: 1

KBaJupuKaAnus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

Pa3zpaGoTunk: A.C. 3acenarenes, 1-p ¢hu3.-Mat. HayK, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

HOBBIC

[MK-1.5 CnocobeH co3naBarh MpOrpaMMHBIE CpPEACTBA W
0a3pl JAHHBIX, HWCHOJb3yeMble B OHWOMHXCHEPHH H
OroMH(pOpMAaTHKE

[IK-1.4 CrnocobeH mnpuUMEHATh TeopeTHYecKue u (W)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

HAYYHBIC PC3YyJIbTAThI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynbrare n3ydeHus AUCIUTUIMHBI « BHOMOJIEKYISpHBIE B3aUMOACHCTBHS 00YYarOIIUICS JOKEH:

3HATb:

- (I)YH,E[aMeHTaJ'IBHBIe OCHOBBI B3aPIMOI[6ﬁCTBPI5[ OMOIOrHYECKUX MaKpOMOJICKYJ APYT C AypTroM,
- BO3MOXHOCTHU IIPUJIOKCHUSA IMOJYYCHHBIX 3HAHUW B MCIOWUIIUHC, (bapMaKOJ'IOFI/II/I, OHMOTEXHOJIOTUH U
APYTUX CMCXKHBIX 0o0JacTX.

yMeTh:

- (opmynupoBaTh U CTAaBUTH 3374y UCCIEIOBAHMS U €€ TIOATAITHOTO BHIIOIHEHUS,

- BIIaJIeTb TEXHUKOH MMOMCKA U aHalu3a HHPOpMauy, HaxoguMoil B UntepHere;

- TIPEICTaBIIATH MOJYYEHHBIC PE3YNIbTaThl HCCIICIOBAHUM B YCTHOM 1 HamaqHOi (opme;

- JleNIaTh MPaBUJIBHBIE BBIBOJIBI U3 COITOCTABIEHMS PE3YAbTaTOB TEOPUH U SKCIIEPUMEHTA,

- TIONb30BAaThCSl CBOMMHM 3HAaHHMSMHU IS pEUIeHUs (yHIAMEHTAJIbHBIX M TNPHUKIAJHBIX 3a1a4 U
TEXHOJOTMYECKUX 3a/1a4.

BJIaJeTh:

3. ep

- HaBBIKAMU OCBOCHHSI 0OJIBIIOTO 00beMa HH(pOopMaIuy;
- HaBBIKAMH TPAaMOTHOH 00paOOTKM pEe3yJabTaTOB OIBITA M CONOCTABICHHS C TEOPETUYECKUMH
JaHHBIMHU.

€4YCHb THUIIOBBLIX (l'lpl/IMepHLIX) BOIIPOCOB, 33[{3}[]/1]7[, TEM JIl MOATOTOBKH K TEKYIIEMY KOHTPOJIIO

Bo BpeMs TeKyIero KOHTPOJIst CTYJCHT JIOJDKEH YMETh OTBETUTH Ha CIIEIYIOLIHE BOIPOCHI:

1. Crepeocnenn(pudHOCTE OMOMONEKYISAPHBIX B3auMoaelcTBuid. [IpuMepsl cTepeocnenupuIHbIX
MEKMOJICKYJISIPHBIX B3aUMOJICHCTBUIA.

2. Ilpupona cui, onpeensonmx B3auMoJAeHCTBUS MEKIY OMOIOTHYECKIMH MaKpOMOJIEKyJIaMH.

3. JIuneiiHoe npecTaBIeHNe MHOTOKOHTAKTHBIX B3aHMOJICHCTBHIA MEKITYy MAaKPOMOJICKYIIAMH.

4. zmeHeHne cBOOOAHOM SHEPTUH U KOHCTAHTa CBSI3bIBAHUS.

5. dusnueckas Mozenb, OObACHSIONMAS dPPEKT OHOIOTHUECKOTO JNEHCTBUS PErYISTOPHBIX OCIKOB M
IPYTHX JIATaHAOB, U30MPATEIHHO CBSA3BIBAIOIIMXCS C OINPEICICHHBIMU MOCJIEIOBATEIEHOCTIMH T1ap
ocHoBanuii JJHK.

6. [lpobnema cunareza JIHK-cBs3bIBatonmxcs ceKBeHC-CIeU(UIHBIX COSAMHEHUH.

7. Poib peakMOHHBIX IIEHTPOB W JIOKAJIBHBIX W3MeHeHui koHdopmanuu JIHK B o0pazoBanuu
cnenupuIHbIX KomiuiekcoB JIHK-murans.

8. Bo3moxHOCTM W Tpenenbl MPAKTHYECKOro MPUMEHEHUS 3KCIEPUMEHTAIBHBIX METOJOB
oOHapy)KeHHS M TECTUPOBAHMS Mpollecca KOMIUIEKcooOpazoBanus (ontndeckue Metoasl, D[P u AMP,
PEHTICHOCTPYKTYpHBI ~ aHajiW3, O3JICKTPOHHAs W TYyHHEIbHAas MHKPOCKOIUS, KaJIOpUMETpHs,
(GyTIPUHTHHT, PaBHOBECHBIN ITUAN3, THAPOJMHAMHYECKIE METOBI).

9. Onpenenenre U BIOOP ONTHMAJIBHBIX YKCIIEPUMEHTAIBHBIX YCIOBHH 00pa3oBaHUs OMOJIOTMYECKH
aKTHBHOTO THUTIA KOMILJIEKCA.

10. KauecTBeHHBIE METO/IBI CPABHUTEIIBHOM OLIEHKH CTAOUIBHOCTH KOMILJIEKCOB.

11. BBIOOp SKCIIEPUMEHTAIBHBIX YCIOBUHM JUIS ONPEICICHUSI CTEXHOMETPHH KOMILIEKCAa B PAcTBOpPE M
N3MEpEeHUs] KOHCTAHTHI CBSI3bIBAHMS.

12. DOkcrepruMeHTAIbHbIE TPUEMBl OMNPENEICHUS CTPYKTYPHBIX XapaKTEpPHUCTHK KOMIUIEKCOB
JHK-nurang.




13. IIpob6aemsl aHaIM3a U30TEpM afcopOuuu Mosiekyn aurasaoB Ha JJHK ¢ paznuuneiM cocTaBoM map
OCHOBaHHMH M OIpEIETCHUS B MOJIEKYJIE JIMTaHJa YHCIa PEaKIMOHHBIX LEHTPOB, CHEHHU(UYHBIX K
OIpPEACICHHBIM OCHOBaHHAM.

14. DHepreTuuecKkue XapaKTepUCTUKU cBs3bIBaHus turannos ¢ JJHK.

15. Knaccuduxaunsa JAHK-crnenuduuHpix TUraHnaoB M0 THIIAM CTPYKTYP KOMIUIEKCOB.

16. CoBpeMeHHBIE IPEACTABICHUS O MOJIEKYISIPHBIX MEXaHU3MaX OEJIKOBO-HYKJIEMHOBOTO y3HABaHMA.

Bo Bpemst 3aHATHII MOTYT IIPOXOANTH HHTEPAKTHBHBIE OOCYKACHUS B yaTax Kypca, 4To OyJeT sSBIATHCS
JOMAIlHUM 3aJaHieM. BO3MOXXHO BBINOJHEHHE MATEHTHOTO IOMCKa B KaueCTBE CaMOCTOSITEIBHON
3a7a4d. YCIEIIHOE BBITOJHEHUE BCEX 3a/IaHUi 110 KypCy U BBIITOJHEHHE KOHTPOJIBHBIX CPE30B 3HAHUIMA
JlaeT MPEUMYIIECTBO Ha MU depeHTUPOBAHHOM 3a4eTe.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. CrepeocnenupuuHOCTh OMOMOJNEKYISIPHBIX B3auMonercTBuil. [Ipumepsl cTepeocnenupuaHbIX
MEKMOJIEKYJISIPHBIX B3aUMOACHCTBUMN.

2. Ilpupoza cui, onpeaensiomuX B3auMOIeHCTBUS MEXTy OMOJIOIrMYECKMMU MaKpOMOJIEKYJIaMH.
3. JIu"eitHOE TIpe/ICTaBIeHHE MHOTOKOHTAKTHBIX B3aUMOJIEHCTBUI MEXy MaKpOMOJIEKYyIaMH.
4. N3ameHeHne CBOOOIHOM SHEPTUH U KOHCTAHTA CBSI3bIBAHUSI.

5. dusnueckas Monenb, oObsAcHsOMAs dPPEeKT OMOIOTHYECKOro NEHCTBUS PEryIsTOPHBIX OCIKOB H
JPYTHX JIATaHAOB, M30MPATEIbHO CBS3BIBAIOIIMXCS C ONPEICICHHBIMU MOCIEIOBATEIbHOCTIMH Tap
ocHoBanuii JTHK.

6. [Ipobiema cunTe3a JIHK-CBA3BIBatOMNXCS CEKBEHC-CTIEIU(PHUIHBIX COSTMHEHUH.

7. Poip peakuMOHHBIX LIEHTPOB M JIOKAJIbHBIX H3MeHeHuil koH(opmanun JHK B oOpasoBanuu
cnenuduanbx komruiekcoB JJHK-nmuran.

8. Bo3moxHocTM U mpenenbl NPaKTUYECKOIO I[PUMEHEHUS 3KCIEPUMEHTAIbHBIX METOJOB
oOHapy>KeHHS U TECTUPOBAHMS MpoLecca KOMIUIEKcooOpazoBanus (ontuiyeckue meroast, P u AMP,
PEHITEHOCTPYKTYPHBIM ~ aHaiu3, OJJICKTPOHHAs U TyHHEJIbHAs MUKPOCKOINHUS, KaJIOpUMETpus,
(YTOPUHTHHT, PABHOBECHBIN AMAJIN3, THAPOAMHAMUYECKHE METO/BI).

9. Ompenenenue 1 BHIOOP ONTUMANIBHBIX HKCIIEPUMEHTAIBHBIX YCIOBHM 00pa3oBaHMsA OMOJIOTHYECKU
AKTHUBHOI'O THIIA KOMILJIEKCA.

10. KauecTBeHHBIE METO/IBI CPABHUTEIILHOM OIIEHKH CTAOMIBHOCTH KOMITIIEKCOB.

11. BeIGOp 3KCTIEpUMEHTAIBHBIX YCIOBUH JUIS ONPEENICHNs CTEXHOMETPHH KOMILUIEKCAa B PacTBOpPE U
M3MEpPEHUST KOHCTAHThI CBSI3bIBAHMSL.

12.  DKcrepuMEHTaJIbHBIE TIPUEMBl ONPEACNCHHSI CTPYKTYPHBIX XapaKTEPUCTHK KOMIUIEKCOB
JHK-nmuran.

13. IIpob6aembl aHaIM3a U30TEpM afcopOuuu Mosekyn aurasaoB Ha JJHK ¢ pasnuuneiM coctaBoM map
OCHOBaHHMH M OIpEIETCHUS B MOJIEKYJIE JIMTaHJa YHCIa PEaKIMOHHBIX LEHTPOB, CHEHHU(UYHBIX K
OIIpEACICHHBIM OCHOBaHMAM.

14. DHepreTuuecKkue XapaKTepUCTUKU cBs3bIBaHus aurangos ¢ JJHK.

15. Knaccuduxaunsa JAHK-crnenuduuHpIx TUranoB M0 THIAM CTPYKTYP KOMIUIEKCOB.

16. CoBpeMeHHBIE IPEACTABICHHUS O MOJIEKYISIPHBIX MEXaHU3MaX OEJIKOBO-HYKJIEMHOBOTO y3HABaHMA.

Kputepun onennBanus

Onenka ommyao (10 OamnoB) - BBICTABJISIETCSl  CTYAECHTY, II0Ka3aBIIeMy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.

Onenka ommyHo (9 OamioB) -  BBICTAaBISIETCS  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEMaTH3UpPOBaHHbIC, ITyOOKHE 3HAHHWA Y4eOHOW MpPOrpaMMbl JUCIUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHSATH UX Ha MIPAKTUKE MIPH PEIICHUH KOHKPETHBIX 3aj1a4, CBOOOTHOE ¥ MPaBHILHOE 00OCHOBAHUE
HPUHATHIX PELICHAMN.

Onenka ommyHO (8 0amwioB) -  BBICTABISIETCSl  CTYJACHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CUCTeMaTU3UpPOBaHHbIC, ITyOOKWE 3HAHUS Y4YeOHOW MpOTpaMMBbI JUCIHILUIMHBI U YMEHHE YBEPEHHO
MPUMEHSTh UX HAa TPAKTUKE MPU PElICHUH KOHKPETHBIX 3aJlad, MPaBUIbHOE 000CHOBAHUE MPHUHSATHIX
pelIeHui, ¢ HEKOTOPBIMH HEIOYETAMH.



OHGHKa XOpo1Io (7 6aJ'IJ'IOB) - BBICTABJIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MAaTCpuajl, rpaMOTHO U
0 CymeCTBy H3jarac€t €ro, ymeeT NpUMCHATH NOJYYCHHBIC 3HAHUA HAa NPAKTHUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Onenka xopoio (6 6ayuIoB) - BHICTABISIETCS CTYACHTY, €CIIM OH TBEPJIO 3HAET MaTepHall, TPAMOTHO H
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MNPAKTHUKE, HO JOIYCKaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka xopomo (5 0aiIoB) - BBICTAaBISIETCS CTYIACHTY, €CJIM OH B OCHOBHOM 3HAaeT MaTepuall,
IPaMOTHO U IO CYIIECTBY W3JIaraeT €ro, yMeeT IPHUMEHATh [0JIyuY€HHbIE 3HaHMs Ha IPAKTUKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.

OreHka ymoBIETBOPUTENIbHO (4 Oaia) - BBICTABIACTCS CTYACHTY, NOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKTep 3HAHWI, HEIOCTaTOYHO IpPaBHIbHBIE (DOPMYIUPOBKU 0a30BBIX MOHSTHH,
HapyUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTepuala, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3zeibl y4eOHON HPOrpaMMbl, HEOOXOAMMBIE Ul NallbHEHIIero o0y4eHus, u
MOKET MMPUMEHSTH TIOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIHH.

OueHka ymoBineTBOpuTeNIbHO (3 Oaimia) - BBICTABIACTCS CTYACHTY, NOKa3zaBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYIOBIETBOPHUTENBHO (2 0aia) - BEICTABISCTCS CTYCHTY, KOTOPBIN HE 3HAeT OOJbILEH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

Ouenka HeynosieTBOpuTedabHO (1 Gayur) - BBICTABISETCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Tpu npoBenennu yctHoOro auddepeHnpoBaHHOro 3aueTa o0y4aronemMycs npenocrasisiercst 30 MUHYT
Ha moarotoBKy. Ompoc oOyuwaromierocss Mo Oujery Ha YCTHOM JIU(GQGEpeHIIMPOBAHHOM 3a4eTe He
JOJDKEH TPEBHIATh OHOTO aCTPOHOMHYECKOTO Jaca.



