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(manmeHoBanue (npodmis/cnenuanusanus) OI1 BO)

2026 .



1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

JucrunanHa «OMHKCHBIE TOIXOABI B HW3YYCHHH MalbIX MOJIEKYJ OHMOJIOTHYECKHX
OOBEKTOB» BXOJUT B TMpOrpaMMy Maructpatypsl «VHHOBALIMOHHBIE TEXHOJOTHH H
HAHOTEXHOJIOTHH B MEIUIMHE, (apMaleBTHKEe M OMOTEeXHOJOTWu» 1o HampasieHuto 28.04.01
«HaHOTeXHOIOTMM M MHKPOCHCTEMHass TEXHUKa» W H3y4yaeTcsi B 3 ceMecTpe 2 Kypca.
Juctumuny peanmnszyer Kadenpa dapmanum n OnorexHonorud. JlMcHUIuIMHAa COCTOMT U3 5
pas3znesnioB U 9 TeM M HaIpaBjieHAa HAa M3y4eHHE OCHOB METabOJOMHOIO aHayin3a OMOJIOTMYEKHX
KHUIKOCTEH pa3IM4HOro reHe3uca (OMOXKMAKOCTH 4YeJOBEKa, JKUBOTHBIX M PAaCTEHU)
COBPEMEHHBIMH METOAAMU HWHCTPYMEHTAJIBHOIO XHMMHUYECKOro aHajiu3a (Xpomaro-macc-
criekTpoMeTpusi U crekrpockonus SIMP) oT mimaHupoBaHHS METa0ONOMHBIX HCCIEAOBAaHHUN 10
CTaTUCTHUYEKOW 00pabOTKM MOTYYEHHOTO MAaCCHBA JaHHBIX.

Llenpto OCBOEHHSI UCHUIUIMHBI SIBISICTCS IO3HAKOMUTH CTYJICHTOB C OCHOBAaMH
METa0OJIOMHOTO aHaJM3a OOBEKTOB PA3IUYHOTO IMPOUCXOXKICHUS (OMOKUAKOCTH 4YellOBeKa,
’KMBOTHBIX U PACTEHHI1) METOaMH XPOMAaTO-MAaCC-CIEKTPOMETPHH U crieKTpockonuu SIMP.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUS JUCHUITVIMHDI

OcBoenne uCHMIIMHBI ~«OMHKCHBIE TOAXOAbl B  M3YYEHHH MalblX  MOJIEKYI
OMOJIOTHYECKUX OOBEKTOB» HANpaBIeHO HAa (OPMHPOBAHHUE Yy OOYYAIOIIUXCS CIEITYFOIINX
KOMIETEHIMH (4acTH KOMIETEHIH):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0c60eHuu
OUCYUNTUHBL (Pe3YTbmambl 0C80EHUS OUCYUNTIUHDL)

HHZ[I/IKEITOP]:I JOCTHIKCHHUS KOMIIETCHIIMHA

Hugp Komnerenuus N
(B pamMKax JaHHOW JHCIUILIIHEI)

CriocobeH ompeaenuTs GU3nKo-
XAMHYECKHE CBOMCTBA
HaHOMATEPHaJOB, HX
UACHTU(PHUIUPOBATh U AaTh [1K-1.3 BnanmeeT HaBBIKaMU BBIOOpa TEOPETUICCKUX U

OIIEHKY CTENIEHU UX IKCIIEPUMEHTAIBHBIX METOJ0B UCCIIECIOBAHMIA.;
MOTEHIMAJILHON ONaCHOCTH
COTJIACHO MCTIOJIh3yEMBIM B
OpraHu3aIuy METOANKAM

[K-1

CriocobeH NpuMeHATh B paboTe
3aKOHOIaTeNhCTBO PD,
HOPMAaTHBHBIC IPABOBBIC aKTHI,
periJaMeHTHpYoLIee BOPOCH
OLIEHKH 0€3011acHOCTH
NPOAYKINH HAHOUHIYCTPHH,
HCIIONB3yeMOi B METULINHE,
(apmaneBTHKE 1 OMOTEXHOJIOTHH

[IK-2.1 3naer TeopeTHyecKHe OCHOBBI HAHOTEXHOJIOTUH,
(hapMaleBTHYCCKOW TEXHOJIOTHU M HAHOTEXHOJIOTHH,
OHMOTEXHOJIOTUH U OMOHAHOTEXHOJIOTUU. ;

[K-2

CrocoOeH Ha OCHOBE
KPUTHUYECKOTO aHAIN3a
pesynbpratroB HUP u HUOKP

TIK-5 OLICHUBAThH MEPCIEKTUBBI UX
HpaKTI/I‘IeCKOFO HpI/IMeHeHI/If{ nu
MIPOAOIDKEHNS PaboOT B
MEXIMCIUIIIIMHAPHOW 00J1aCTH

[TK-5.3 Bnageet MeTo/1aMu TUIAHUPOBAHUS U MAaTEeMAaTUIECKOM
00paboTKH pe3ybTaTOB UCCIIEIOBAHUM;

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO

JuctunanHa «OMHKCHBIE TIOIXOABI B HW3YYCHHH MAlBIX MOJIEKYJ OHMOJIOTHUECKHX
O00BEKTOB» OTHOCUTCS K OJIOKY IO BBIOOpY OJioka 00pa3oBaTeNbHOW MPOrpaMMbl BBICIIETO
oOpa3oBaHus.




B pamkax o0pa3oBaTeNbHON MpPOTpamMMbl BBICIIETO O0Opa30BaHUS OOYYAIOIIMECS TaKXKe
CIIOCOOCTBYIOIIHE
3aIJTAHUPOBAHHBIX PE3yJIbTATOB OCBOCHHUS TUCHUIUIMHBI «OMHUKCHBIC TMOIXOABl B HM3yYEeHUHU

OCBauBarOT

apyrue

JUCLIUILINHEI

W/WTW  TIPAaKTHKH,

MaJIbIX MOJICKYJI OMOJIOTHYECKUX 00OBEKTOBY.

Tabauya 3.1. Ilepeuenv xomnonenmos QOII BO, cnocobcmsyrouux 00CMUICEHUIO
3ANIAHUPOBARHbLX pe3)1bmamoe OC60€HUA ()ucuunﬂuﬂbl
IMpenmecTBylommue ITocnexyromme
g Hauvenosanue uncﬁnl:mnﬂblyMOI; JIM nncunnnni?lil/ﬁlon JIM
p KOMIIETEHIIUH * i, % i,
NMPaKTHKH NMPAKTHKH
OCHOBBI KBAHTOBO# MEXaHUKU U
CrniocoOeH onpenennThb .
(bu3nIecKoi XuMuu;
(U3UKO-XMMUYECKHE
: HHCTpyMEHTANBHBIC U XUMUYECKUE
CBOWCTBAa HAHOMATEPHAJIOB,
METO/IbI B aHAIM3¢ OMOIOTHYECKH
WX WACHTU(QHUIHPOBATH U .
TIK-1 aKTHUBHBIX COEIUHEHUI 1
JIaTh OIICHKY CTCTIICHU FX
o HaHOOOBEKTOB;
MMOTEHIMAILHOM OMaCHOCTH
CoBpeMeHHasT MOJICKYIISIpHAs
COTJIACHO HICTIONIb3YEMEIM B
OHOJIOTHS;
OpTaHU3AIIHA METOAUKAM
Cnoco0OeH NpUMEeHSITh B OcHOBBI (hapMaleBTHYECKOM
paboTe 3aKOHOAATEILCTBO TEXHOJIOTHH ¥ HAHOTEXHOJIOTHH;
P®, nopmaruBHbIE buoxumuueckue TEXHOJIOTUU
MIPaBOBBIC AKTHI, MOJIyYCHUST OUOJIOTHUCCKU
periaMeHTHpylomiee AKTHUBHBIX COEIUHCHUIA,
IK-2 BOIIPOCHI OLICHKU CBoiicTBa U MpUMEHEHHE
0€30MacHOCTH TPOTYKIHA HaHOMATEPHAJIOB;
HaHOWH]TY CTPHH, CoBpeMeHHasT MOJICKYJIISIpHAs
HCTIOJB3YeMO B MEUIIHHE, OHOJIOTHS;
(apManeBTUKe U OCHOBHI (hapMaKOJIOTHH;
OHMOTEXHOJIOTUHU
CrocoOeH Ha OCHOBE
KPUTHIECKOTO aHAJIN3a
pesynbratoB HUP u IIpenuruioMHas IpaKkTHUKa,
HHNOKP ornernBats HayuHo -uccnenoBaTenbckas OxpaHa 00BEKTOB
IIK-5 NEPCIEKTUBBI UX paborta; UHTEIJIEKTYJIbHOU
MPAaKTUYECKOTO MPUMEHEHHUS COOCTBEHHOCTH;

U IPOJIOJIKEHHs padoT B
MEKANCIUIUTMHAPHON
obiacT

* - 3aMONHSAETCS B COOTBETCTBUH ¢ MaTpuiei kommnerenuii u CYII OI1 BO
** - 3JIeKTUBHBIC TUCIMIUIMHEI /TIPAKTHKH

JOCTHIXCHHIO




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

OO11ast TPy 10eMKOCTh AUCHUIUTMHBI « OMUKCHBIC MOJXObI B U3yUCHUH MaJIbIX MOJICKYJ OHOJIOIMYSCKHX OOBEKTOB» COCTABISCT «3» 3aueTHbBIC
CIUHUIIBI.

Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam 0C80eHUsi 00pa308amenbHOU NPOSPAMMbL Bblcule20 00pa308anus Oiisi OYHOU (HopMbl
00yueHus..

Buja yuye6Hoii padoThI BCEI'O, ak.u. CeMec3T pCED)
Konmaxmmnas paboma, ax.u. 54 54
Jlexrmn (JIK) 18 18
JlabopaTopHusie pabots (JIP) 18 18
IpakTnueckue/cemunapckue 3auatus (C3) 18 18
CamocmosmenvHas paboma 0by4aowuxcs, ax.u. 36 36
Konmponw (sx3amen/3auem ¢ oyenxou), ax.u. 18 18
O01masi TPYI0€MKOCTh THCHHILTHHBI aK.4. 108 108
3a4.e1. 3 3




5. COAEP) KAHUE JUCIUAIIJIMHbI

Tabnuya 5. 1. Coodepoicarue oucyuniunsl (MoOyis) no udam y4eOHou pabomol

Bun
Homep HaumenoBanmue pasgeia .
HaumeHoBaHme TeMbI Conep:xxaHue TeMBbI yueOHOM
pa3neia JUCHHITHHBI %
padoThI
B nanHOM pazzene o0ydaromuMucs OyayT H3Y9ICHBI HCTOPHS
MeTabOJIOMHBIX HCCIIEIOBaHU, OCHOBHBIC TEPMUHBI M TOHATHUS
MeTabomoMHOTO aHanmu3a. byayT nzydeHs ocoOeHHOCTH
Baenenne B MeTab0I0OMHBII . MeTabosoMa KUBEIX KIeTOK. byyT paccmorpensl ocHoBHBIE Tansl | JIK, JIP,
Pazgen 1 1.1 Baenenne B MeTaO0OJIOMHBIN aHAIN3 o
aHam3 MIPOBEACHHUS METaOOIOMHBIX MccaenoBannii. V3ydeHsr o0macTi C3
MPUMEHEHHUsI MEeTabOoJIOMHOTO aHau3a, a TakKe 00BEKTHI, KOTOPHIE
BO3MOXKHO MPO(UIHPOBATH C MOMOIIBI0 HHCTPYMEHTAIBHBIX
METOJOB aHAIN3A.
Crparerus MeTab0JI0MHOTO LeneBoit u HeneneBoit MeTabonoMHbIi aHanu3. [loHsTHE O JIK, JIP,
Paznen 2 2.1  |Crparerust MeTabOJIOMHOTO 3KCIIEPUMEHTA
JKCIIEpUMEHTA METa0OIMYSCKOM PO IITHPOBAHNH. C3
BynyT nzy4eHsl OCHOBBI XpOMAaTO-MacC-CIEKTPOMETPUH: OCHOBHBIE TIK. TP
3.1  |OCHOBBI XpOMaTO-Macc-CIIEKTPOMETPHU OJIOKH XpOMaTO-MacC-CIIEKTPOMETPUH, METObI HOHU3ALINH U C’3 ’
Pasnen 3 HHCTpyMEHTaIbHBIC METO b nerekiuu. OCHOBBI pacIU(PPOBKU MACC-CIIEKTPOB
MeTa0OJIOMHOTO aHAJH3a BynyT n3y4eHs! ocHOBBI crieKTpocoknuu SIMP: ocHoBHBIE OJ0KH
OCHOBBI CIEKTPOCKOIIUU SIAEPHOTO JIK, JIP,
3.2 cnektpomerpa AMP, Bunpl IMP-3kciepuMeHTOB, ClIEKTpaibHbIE
MarHuTHOTO pe3oHaHca (SIMP) C3
XapaKTepUCTHKU crieTpos SIMP
BynyT paccMOTpeHBI OCHOBHBIE IIPHHIIMTIB U TIPOTOKOJIBI
OcHoBHI IPo600TOOPA, MPOOOTIOATOTOBKH, 0TOOpa M XpaHEeHHUs MPOoO, MPOOOTIOATOTOBKU
Pasnen 4 XpEeHEHHS U 41 OCHOBHI TTP0600TOOPA, XPCHEHUS U KUJIKAX U TBEPABIX 00pa3oB, IPUTOTOBICHUS OY(EpHBIX JIK, JIP,
POOOTIOATOTOBKH ' MPOOOTIOATOTOBKY OHOJIOTHYEKUX 00Pas3IioB PacTBOPOB, yAaJICHUS OENKOB, SKCTPAKIINU TOISAPHBIX U C3
OmoIIOTHYeKnX 00pa3IoB HETIOJSIPHBIX METa0OIUTOB, MPOOOIIOITOTOBKA 00Pa3IioB
PaCTUTEILHOTO MPOUCXOXKICHHUSI.
ByayT u3y4eHbl OCHOBHBIC MTOIXObI K KAUSCTBEHHOMY U
KauecTBeHHOE 1 KOJIMYECTBEHHOE KOJIMYECTBEHHOMY OTIPEAETICHUIO META0OIUTOB B Pa3TUIHBIX TIK. TP
51 oTpesieNieHne MeTab0JIMTOB METOIOM OMOJIOTUYEKHX KHUJIKOCTAX METOI0M criekTpocoknuu SIMP, a takxe (’:3 i
cnekrpocoknuu SSMP ¢u3nKo-XxUMHYecKHe (HaKTOPHI, BIUAIOMINE HA PE3YIbTaT
KaueCTBEHHOTO W KOJIMYECTBEHHOT'O aHAJIM3a.
Pazmen 5 | AHanu3 qaHHBIX ByayT u3y4eHbl OCHOBHBIE ITOIXObI K KAUSCTBEHHOMY U
KOJIMYECTBEHHOMY OIIPEICIICHUIO META0OIUTOB B PA3IMIHBIX
KadecTBeHHOE M KOJIMYECTBEHHOE
OHMOJIOTHYEKHX KUAKOCTSIX METOJIOM XPOMAaTO-MacC- JIK, JIP,
5.2 orpeeeHue MeTabOUTOB METOIOM XPOMATO-
CIIEKTPOMETPHH, a TAKIKE (PUIUKO-XHUMUIECKUE PaKTOPEI, C3

MacC-CIICKTPOMETPUUN

BJIMAIOMINE HAa PE3YJIbTAT KAY€CTBECHHOI'O U KOJIMYECTBEHHOI'O
aHaJln3a.




Bun
Homep HaumenoBanmue pazaesna "
HaunmeHnoBanue TeMbl Copep:xaHue TeMbI yueOHoit
pa3nena AUCHUTLTUHBI %
padoThI
Bynyt paccMoTpeHb! OCHOBHBIE 0a3bl IaHHBIX METa00INTOB U JIK. JIP
5.3 OcHOBHBIC 0a3bI TaHHBIX METa0OIUTOB Pa3IMYHOE MPOrpaMHOE 00eCIIeUueHIE, TTO3BOJISIONICE é3 ’
UACHTH(HUIMPOBATH M KOJIMYECTBEHHO OIPEACIIATh METa00IUTHI
54 Crarucureukasi 00padOoTKa MOJTy4IEeHHBIX BynyTt paccMOTpeHBI OCHOBHBIE CTATHYCTHYECKHE TTOJIXOJIBI K JIK, JIP,
' JIAaHHBIX 00paboTKe MOJYYSHHBIX JJaHHBIX C3

* - zanonuseTcs Toabko mo OUHOW dopme odyuenus: JIK — nexyuu; JIP — nabopamopusie pabomul; C3 — npakmuueckue/ceMunapcKue 3aHsamus.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

CrnenuajJu3supoBaHHOe
yueOHOe/1abopaTopHOe
odopynoBanmue, [10 u
MaTepHaIbI 1JIs1 0CBOECHHSA
AUCHUTLITUHBI
(mpu HeOOXOAUMOCTH)

Tun ayauropun OcHamenue ayiuropuu

AynuTopust U IPOBEICHUS 3aHITUI
JIEKIIMOHHOTO TUIIA, OCHAIIIEHHAS
JlekioHHast KOMILIEKTOM CIEIMaTu3UPOBAHHON MeOeIH;
JIOCKOM (9KpPaHOM) U TEXHHUYECKUMU
CpeACTBaMHU MYJIbTUME/INA TIPE3CHTAIHH.

Aynuatopus TSl IPOBEICHUS JTA00PaTOPHBIX
paboT, MHIUBUAYAILHBIX KOHCYJIbTAIINH,
TEKYIIETO KOHTPOJIS ¥ IIPOMEKYTOTHON
aTTeCTalllU, OCHAICHHAS KOMILICKTOM
CHeIMaIu3UPOBAHHON MeOen U
000pYIOBAaHHUEM.

Jlaboparopus

Aynutopus U1 NPOBEICHUS 3aHATHI
CEMHUHAPCKOI'0 TUIIA, TPYIIIOBBIX U
VHIUBUYaTbHbBIX KOHCYJIbTALUMA, TEKYIIETO
KOHTPOJIS U IPOMEKYTOYHOM aTTeCTALUH,
OCHAIIICHHAsI KOMILJICKTOM
CHeIHaTN3UPOBAHHON MeOeH 1
TEXHUYECKUMU CPEACTBAMHU MYJIbTUMEIHNA
IIPE3CHTALIAN.

CemuHapckas

AyauTopus JyIsl CaMOCTOSATEILHON paOOThI
o0yyaromuxcs (MOXeT UCIO0Ib30BATHCS IS
MIPOBEJICHUS] CEMMHAPCKUX 3aHATHI U
KOHCYJIbTaIMi{), OCHAILIEHHAs KOMIJIEKTOM
CHeIUaIu3UpPOBAHHON MeOen U
KoMnbroTepami ¢ gocrynoM B OUOC.

Jlist
CaMOCTOSITEIbHOU
paboThI

* - ayauTOpUs I CAaMOCTOATENFHON paboThl o0ydatrontuxcs ykaspiBaetcss OBA3ATEJIBHO!

7.  YUYEBHO-METOJUYECKOE ¥ HWH®OPMALMOHHOE OBECHEYEHME
JTUCLMILIMHBI

OcHosHnas rumepamypa.

1. /I3t06a, C. A. OCHOBBI SIIEPHOTO MArHUTHOTO PE30HAHCA : y4eOHUK IS BY30B /
C. A. /I3r06a. — Mockga : M3parensctBo KOpaiit, 2025. — 79 c.

2. JIe6eneB A.T. «kMacc-cieKTpOMeTpHs B OpraHu4ecKoil xumuu. M3nanue Tperse,
nepepadoTanHoe u nonosHeHHoe» MockBa: TEXHOC®EPA, 2025. — 832c.

3. Komos, B. I1. buoxumus : yuebnuk amns By3os / B. I1. Komos, B. H. I1IBenosa ; moa
obmelt perakiueit B. I1. KomoBa. — 4-e u3x., ucnp. u gon. — Mocksa : MznatenscTBo FOpaiiT,
2026. — 684 c.

4. CaBuHa, O. B. buoxumus pactenuii : yaeOHnuk nis By3oB / O. B. CaBuna. — 2-¢ u3f.,
ucrnp. u gon. — Mocksa : M3narensctBo KOpaiit, 2026. — 227 c.

5. Mouynbckas, H. H. Buoopranwueckast Xumust : yaeOHUK Ui By30B /

H. H. Mouynsckas, H. E. MakcumoBa, B. B. EMenbgHOB ; 1101 HAy4HOU pelakuuei




B. H. Yapymmna. — 2-e uzg., ucnp. u gomn. — Mocksa : M3natenscTBo FOpaiit, 2025. — 108 c.
Lononnumenvnasn numepamypa:

1. Ky3nenos, B. B. ®usnonorus pacrtenuii : yaeOHuk ai1s1 By30B / B. B. Ky3neros,
I'. A. JImutpueBa. — 5-e usn., mepepad. u qorn. — Mocksa : M3mparensctBo KOpaiit, 2026. —
929 c.

2. Epmios, 0. A. buoxumus uenoseka : yueOHuk uist By30B / 10. A. EpmoB. — 2-e u3n.,
nepepad. u gon. — Mocksa : M3natenscTBo FOpaiit, 2026. — 466 c.
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmepunemy»:

1. ObC PYIH u croponnue 9bC, K KOTOPBIM CTYJE€HThl YHUBEPCUTETA UMEIOT JOCTYII
HA OCHOBAHMH 3aKJIIOYCHHBIX JOTOBOPOB

- DnekTpoHHO-0mOmoTeunas cucrema PYJIH — ObC PY JIH
https://mega.rudn.ru/MegaPro/Web

- OBC «YuuBepcurerckas onbimoreka onaaim» http://www.biblioclub.ru

- OBC «lOpaiit» http://www.biblio-online.ru

- OBC «KoncynpTant crynentay www.studentlibrary.ru

- OBC «3nanmym» https://znanium.ru/

2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykomerpuueckas 6a3a nannbix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanwvl 0Jis1 cCamoCmosmenbHoU pabomsl 00y4arOWuxcs npu
0CB80EHUU OUCYUNTUHBL/MOOYIA*:

1. Kypc nexnuii no qucturuimae « OMUKCHBIE TIOJIXOIbI B U3yYEHUH MAJIBIX MOJICKYT
OHOJOTUYECKHX O0OBEKTOBY.

* - Bce yueOHO-METOANYECKHEe MaTepHallbl Ul CaMOCTOATENbHOM paboThl 00yJaromuxcs
pa3MenarTcs B COOTBETCTBUHM € AEMCTBYIOIIUM HOpsAKOM Ha cTpanule aucuuiuinasl B TYHUC!
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