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1. MecTo AucUMIIMHEBI (MOoAys1) B cTpykType OOII: BapuaTuBHas yactb OO0II, 610k I1/.

2. [lnanupyeMble pe3yibTaThl 00y4eHUs M0 AUCLHUIIJIIMHE, COOTHECEHHbIE C IJIAaHUPYEMbIMU pe3yabTaTaMU 0CBOEHHUSI 06pa30oBaTeJIbHOM MPO-
rpaMMbl (KOMIIETEHIUSIMU BbIMTYCKHUKOB). COOTBETCTBHE pe3yabTaTOB 06y4eHHUs 1o AaHHOMY ajieMeHTy OIIOII pe3yabTaTam ocBoenus OIIOII (B
dopMe KoMIleTeHL U — UHAUKATOP - 3YB) ykazano B O6uiei xapaktepuctuke OIIOIL

KomnereHuusa

UHAUKATOP J0CTHKEHUS

[l1aHupyeMbie pe3y/ibTaTbl 06yYeHHs M0 JUCHUILTHHE
(Moay.ii0)

OIIK-1.M. Cnoco6eH BBINOJHATD
KOMILJIEKCHbIE 9KCIIepUMeHTa/IbHble
Y pacyeTHO-TeOpeTHUYECKUE HcCCie-
JIOBaHMS B U306paHHOM 06/1aCTH XU-
MMUU UJIM CMEXHBIX HayK

OIIK-1.M.2 TIIpoBOAUT 3KCIepUMEHTalb-
Hble ¥ (WJH) pacyeTHO-TEOpPETUYECKHE pa-
60TBbI B 06JIaCTH XUMHH, COOTBETCTBYIOLIEH
npodUI0 MaruCTepCKor MporpamMmal, ¢ UC-
[0JIb30BaHWEM COBPEMEHHOI0 Hay4YHOIO
060py/I0BaHUS U TPOrPaMMHOI0 ob6ecreye-
HUs

YMeTh: IPOBOAUTb MaTeMaTHUYeCKyl0 06paboTKy JaHHBIX,
0600111aTh MOJYy4YeHHbIE PE3YIbTAThl

CIIK-1.M. Cnoco6eH NpUMeHSATb 3Ha-
HUSI O CTPOEHUU U OGHOJIOTUYECKUX
dYHKIIMSAX OCHOBHBIX KJIaCCOB 6U00D-
raHM4YeCKUX COeJUHEHUH, a TaKXKe
OCHOBHbBIX MY TSAX PEryJsLUA OUOXU-
MHUYEeCKHX MIPOLeCCOB U CBOMCTBAX
MUKPOOPraHHW3MOB

CIIK-1.M.2 MHHTeprnpeTupyeT pe3yJb-
TaThl 3KCIIEPUMEHTA C UCI0JIb30BaHUEM
3HAaHUU O CTPOEHUU U OUOJIOTHUYECKUX
$YHKIMAX OCHOBHBIX KJIACCOB GHOOpra-
HUYECKUX  COeJMHEHMH, CcBOHCTBax
MHUKpPOOPraHMU3MOB, clocobax peryJs-
UM OMOXUMUYECKUX TPOLeCCOB

YMeThb: caMOCTOAATE/IbHO NPHUMEHATb 3HAaHUA O CTPOEHHUMU H
OMO0JIOrMYeCKHUX PYHKLUAX OCHOBHBIX KJAcCCOB GHMOOpraHUYe-
CKUX COeJVMHEHHH, CBOMCTBAaX MHUKPOOPTraHU3MOB, ClNocobax
peryanyMu 6MOXMMHUYECKHUX IPOLEeCcCOB, OCHOBHBIX HalpaBJe-
HUSIX COBPEMEHHON GMOTEXHOJIOTMU U IPUKJIAJHOU OMOXMMUHU
C IleJIbI0 pellleHUsl NpodecCuOHaNbHBIX 3a/1a4

BiiapaeTn: HaBblkaMu caMOCTOATE/NBHOTO aHaJM3a 3ajad Co-
BpeMEeHHOW OMOTEXHOJIOTUM Y PUKJIAJHOU OMOXUMHUU

CIIK-2.M. Cnocob6eH NpUMeHSATh
3HaHUA 00 061IMX 3aKOHOMEPHOCTSAX
dbepMeHTaTUBHON KUHETHUKH, CTPYK-
Type aKTUBHBIX [JEHTPOB U MeXa-
HU3MaX AelcTBUsA pepMeHTOB

CIIK-2.M.1 Hcnosab3yeT anmapat ¢ep-
MEHTAaTUBHOW KUHETUKU NPU U3YYEHUU
HAaHOOMOOOBEKTOB

BiajeTs: MeTozi0/10THelN UccieL0BaHUSA GU3UKO-XUMHUUECKHUX
3aKOHOMEPHOCTeM AelcTBUS GEePMEHTOB

CIIK-2.M.2  IIpoBOAUT 3KCIIEpUMEH-
TaJIbHble UCCJIe[JOBaHUSA CTPYKTYpPhI aK-
TUBHBIX LIEHTPOB (EPMEHTOB U MeXxa-
HU3MOB UX JeUCTBUSA

YMeTb: aHa/JM3UPOBATh 3KCIEepHUMEHTaJIbHble JJaHHble U Jie-
JIaTh BBIBOJbI 0 PU3UKO-XMMHUYECKUX 3aKOHOMEPHOCTSAX Jel-
cTBUA GepMEeHTOB

CIIK-3.M Cnoco6eH NpUMEHSATh 3Ha-
HUS 06 OCHOBHBIX KJjaccaX HaHO-
6uoMaTepHUaJioB U UX IPUMEHEHUHU B
HAaHOOHOTEXHOJIOTUH, 06 O06IIUX
npuHNUnax GU3uKU HAHOCTPYKTYP,

CIIK-3.M.1 ucnosib3yeT annapat ¢pusu-
YeCKOW XUMHUU NPU UCCIe/J0BaHUSA OUO-
MOJIEKY.I

YMeTh: cOCTaB/ATh MJaH UCCAeL0BAaHUS OUOCUCTEMBI COBpeE-
MEeHHBIMU QU3UKO-XUMUYECKUMU METOAAMU

Biagetb: MeTogosiorued pU3MKO-XMMHUYECKUX METO/0B aHa-
Jiu3a OGMOCHCTEM B paMKax pelileHHUs MpodecCHOHANbHBIX 3a-
Ja4
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dr3MYeCKUX MeTOJ0B CO3JaHUsA U
UCC/IeIOBAaHUSI ~ HAaHOOUOCTPYKTYD;
UCIO0JIb3yeT 6a30Bble HAaBBIKM KOM-
IbIOTEPHOr0 MOJIeJIMPOBAaHUSI HAHO-
OUOCTPYKTYP

CIIK-3.M.2 wucnosib3yeT COBpeEMEHHOe
nporpaMMHoOe obecrieyeHUe MpPU MoJie-
JIUPOBAaHUU CTPYKTYp OHWOMOJIEKYJ H
NPOLIECCOB C UX yYaCTUEM

YMeThb: NIpUMEHATb MeTO/0/IOTHI0 TeHHON WHXKEHEPUU U KOM-
NBIOTEPHOr0 MOJIeJIMPOBAaHUSA OUOCTPYKTYP K pelleHHI0 Npo-
deccroHaNbHBIX 33734

BiaaeTsb: MeTO0/10TMEN COBPEMEHHOW Fr'eHHOM UHXKEHEePUU U
HaBbIKaMH{ KOMIIBIOTEPHOI'0 MO/JIeJITMPOBAaHUS OUOCTPYKTYP

CIIK-3.M.3 peasiu3yeT Ha NIpakKTHKe pa-
UOHAJIbHBIN Iu3aiiH GepMEHTOB

YMeTh NpUMeHATb NOJy4eHHble 3HAaHHWA OCHOBHBIX KJ/IACCOB
HaHOOHOMATepPHaIOB U OOIIMX NPUHLUINOB QU3WKU HAHOCT-
PYKTYp, METO/I0B CO3/aHUS U UCCIe[J0BAaHUS HaHOOUOCTPYK-
TYp B pellieHUH NpodecCHOHaNbHbIX 33/1a4

BiajgeTs: MeTO[0/IOTHEN CO3/aHUsS M MCCJIeJOBaHHWA HaHO-
OMOCTPYKTYP

3. 06beM JUCHUILIMHBI (MOJyJis) cOCTaBJsieT 4 3a4eTHbIX €IUHUIIbI, Bcero 144 4aca, u3 kKoTopbix 104 yaca cocTaB/isieT KOHTAKTHasi paboTa
CTYJleHTa C npemnojaBaTesaeM (76 4yacoB — JlabopaToOpHble 3aHATHS, 24 yaca - UHAUBU/Ya/bHble KOHCY/IbTAllMY, 4 Yyaca — NPOMEXyTOYHbIN
KOHTpOJIbycrieBaeMoCTH, 40 yaca coCTaBJIsIET CaMOCTOsSITe/IbHas paboTa CTyZeHTa.

4. BxoJiHble Tpeb6OBaHUs /i1 OCBOEHUS AUCHUIIMHBI (MOAYJIs1), TpeiBapUTebHbIE YCIOBUSI.

O6y4arouumcs JoKeH

3HaTh: MaTeMaTHU4yecKUe, pru3ndecKue U PU3NKO-XUMHUYeCKHe JUCLUIIIMHBI 10 TporpaMMe XuMu4eckoro gpaxkyabrera MI'Y

YMeTh: JIaHUPOBATh 3KCIEPUMEHT

Bi1ageTh: HaBbIKaMU 06pab0OTKU 3KCIIepUMEHTaIbHbIX JAHHBIX B paMKax 001MX IPAaKTUKYMOB XuMHuueckoro ¢pakysbteta MI'Y

5. Cofiep>kaHue JUCHUIIINHBI (MOAYJIS), CTPYKTYPUPOBAHHOE IO TEMAM.

HaunMeHOBaHMe U KpaTKoe CO-
Jiep>KaHue pa3AesioB M TEM JAUC-
IUIVIMHBI (MOAyJ/is), popMa npo-
Me>XyTOYHOM aTTeCcTaluM

Bcero B ToM uucise
(4acsi)
KoHTakTHas pa6oTa (pa6oTa BO B3aUMO/JelCTBUH C npe- CamocTosTe/bHAsA pa-
no/JaBaresieM), 4achbl 60Ta 00y4awIerocs,
U3 HUX YacbIU3 HUX




Y4eGHble Bcero < Bcero

s o & . 3aHATHUSA, Ha- o =

= 8 = E e E

o 2 B ° npaBJieHHbIE 5 E

E % ?,\ 2 Ha IpoBejie- g o

= = T e HUe TeKy- o <

=3 S S 2 o =

(> s = 5 1ero KOH- Q

) Iy B © = g

S 3] i 2 § TpoJisiycre- = "

o % 0 = = T O S

= = S o BaeMOCTH, =K £

~ B o =

SE |EE |Eg | g4 |mpoveny =5 | 2a

T = T = a s T 3. | TOYHOI aT- 2 g S E

oM M & = ~ O m m = e

TeCTaluu

Tema 1. ['oMoreHHbI! KaTanu3 16 12 14 2
Tema 2. CTayuoHapHad U npejcTa- 14 6 8 6
LJMOHAapHasA KWHeTHKa, TUAP0Jr3a II-
H®TMA, kaTaiu3upyemoro a- Xu-
MOTPHUIICHMHOM
Tema 3. UHrubuposaHnue pepmeH- 14 6 8 6
TaTUBHbIX peaKLui
Tema 4. JleHaTypanys U CTabUIU- 20 10 14 6
3anus GepMeHTOB
Tema 5. CTanjpuoHapHasg KUHETHKA 10 6 8 2
JIBYXCYOCTPaTHbIX pepMeHTaTUBHbBIX
peakLui, JMCKPUMUHWHALMA BO3-
MO>XHbIX MEXaHHU3MOB
Tema 6. UMMyHOdepMeHThIN aHATU3 16 6 10 6
Tema 7. BoljiesieHHe U OYUCTKA 14 8 12 2

6esikoB. Macc-cneKTpoMeTpus 6eJt-
Ka




Tema 8. MeToAbl MOJIEKYJIIPHOU 6HO- 12 6 2 8 4
JIOTUH
Tema 9. daiyopeclieHTHbIE METO/IbI 24 16 2 18 6
aHaJsu3a
[IpoMexxyTo4yHas aTTecTalusd 3a4em 4 4 4

HToro 144 76 24 4 104 40

6. O6pa3oBaTe/ibHbIE€ TEXHOJIOTUU:

-IpUMeHeHHe KOMITBIOTEPHBIX CUMYJISITOPOB, 00pab0oTKa JaHHBIX Ha KOMIIbIOTEPAX, UCI0/Ib30BaHHE KOMIIbIOTEPHBIX TPOTrpaMM, yIpaBJIsi0-
MX Npubopamy;
-UCIN0JIb30BaHUE CPEJACTB JUCTAaHLHOHHOTO CONPOBOX/EHUs y4eGHOro npolecca;

-npenojaBaHue AUCLUIIMH B GopMe aBTOPCKUX KypCOB IO MporpaMmaM, COCTaBJIEHHbIM Ha OCHOBE pe3yJIbTaTOB UCC/AeJ0BAaHUN Hay4YHbIX
mkoa MI'Y.

6. Y4e6HO-MeTOoJuYeCKHE MaTepHUaJibl AJIsl CAaMOCTOATE/IbHOM paGoThl N0 JUCHMIINHE (MOIYJII0):
JluTepaTypa U3 peKOMEeHZ0BaHHOTO CITHCKa

7. PecypcHoe obecrneyeHue:
e [lepeyeHb OCHOBHOM M BCIIOMOTaTeJIbHON y4eOHOM JIMTEPATyPhl KO BCEMY KypCy

Co Bcex KOMINbIOTEPOB MI'Y opraHu3oBaH Z0CTYII K OJIHbIM TEKCTAM Hay4YHBIX KYPHAJOB M KHUT Ha PYCCKOM U MHOCTPAaHHBIX si3bIKax. JlocTy1 OT-
KpBIT 1o [P-asipecam, JIOTHH U TapoJib He TpebytoTcs: http: //nbmgu.ru/

OcHOBHas JiuTepaTypa
KoHcnekTbl KadespabHbIX CIELKYPCOB
JlonoJIHUTE/IbHAS JIUTEPATypa

OnuvcaHue 3a/ia4 NPpaKTUKYMa, Ipe0CTaBJ/IsAeTCs IpenojaBaTelsiMU

e MaTepHaTbHO-TEXHUYECKOE 0OeclieyeHUe:
llenTpudyra BBICOKOCKOPOCTHAS € OxXJaxAeHHeM - 1 iT.; UcTtouHuk Toka [layap nak c sueiikoi Ajs1 npoBeJieHus ajekTpodopesa - 1 mT.;
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[InaHweTHbIN ciekTpodoToMeTp Anthos 2010 - 1 wrt.; [lelikep mianmeTHbid Elmi S 3.02 - 1 wt,; Juctuansatop PHS Aqua 4 - 1 wit.; [lepemernu-
Batollee ycTpoicTBo Biosan MSH-300i - 1 wT.; TepMmocTaT myaHimeTHbIM Biosan ST-3M - 1 wit.; llentpudyra ELMI CM-50 - 1 wT.; Beckl aHasiuTuye-
ckue ExplorerProOhaus - 1 wit.; pH-MeTp MettlerToledo - 1 .

ABTOMaTHYECKUU TUTPATOP - 1 WIT.

Spectramax Plate reader M5 - 1 wit.; pH-mMeTp - 1 wiT.; Becbl aHanuTuveckue - 1 wt.; CucTeMa oUMCTKHU BOAbI - 1 1IT.; XOMOAWUIBHUK - 1 1IT.
MarnutHasa Mewaska Biosan MSH-300 - 1 wt.; CnektpodotomeTp Shimadzu UV1202 - 1 wt.; llenTpudyramini Spin - 1 mr.

HUK®ypre cnekTpoMmeTpurueckas cuctema Bruker Tensor 27 - 1 wt.; [eHepaTop cyxoro Bo3ayxa JunAir - 1 .

BoicokoadpekTrBHaAs XxpoMaTorpadpurueckasi CUCTEMA BbICOKOTO JlaBJeHHs - 1 1T.; XpoMaTorpadrueckasi CACTEMA HU3KOTO AABJIEHUS C KOJI-
JieK-TopoM ppakyui - 1 mr.

®ayopumetp Cary Eclipse - 1 wT.

pH-MeTp - 1 wT.

JlaMmuHapHbIN mKad 2 Kaacca 3alMUThI - 1 1IT.

8. AI3bIK npenojaBaHus — PyCCKUMN

9. IlpenopaBaTtenu: K.X.H. 101l besioBa A.b., k.x.H H.c. Kyp3eeB C.A., k.x.H. c.H.c. Pusnatosa JL.IO., a.x.H. nou. Kyapsmoga E.B., k.x.H. acc. Jle-/lelireH
WM., n.x.H. npod. Tumkos B.U., k.x.H. fou. OcunoB A.Il., K.x.H. c.H.c. CamcoHoBa K.A., K.x.H. c.H.c. 3opoB W.H., k.x.H. go1. Besnorypora H.I',, k.x.H.
ac.Yybapsb T.A, K.x.H. H.c. ['1aguenko M., a.x.H. npod. CaBunkuii A.Il., acnupaHTbl Kapeapbl

®OoHBI OLLEHOYHBIX CpeacTB, Heo06XoAuMble AJ1s1 OLleHKH pe3yJjibTaToB OﬁquHl/lﬂ

O6pa3sLbl OLeHOYHBIX CPE/ICTB JIJ1 TEKYLero KOHTPOJISA YCBOEHUSI MaTepHyasia U IPOMeXXyTOUHOM aTTeCcTal UM - 3a4eTa. Ha 3aueTe npoBepseTcs
JIOCTHKEHN e TPOMEeXYTOYHbIX MHAMKAaTOPOB KOMIIETEHIIMH, TIepeYHCIeHHBIX B I1.2.

Bompocsl AJ1s1 3a4eTa (Ipu npueMe 3aJa4 NPaKTHKyMa):

Bonpocs! K pa3zesny [oMoreHHbIH KaTanus:
OcHOBHBI€ NOHATHSA U ONpeJieJIeHUsI XMMUYeCKON KUHeTUKU. CTeXuoMeTpus, NOPsJ0K U MOJIEKYISIPHOCTb peakuuu. PopMasibHass KUHETHKa: CIO-
COOBI OIpe/ie/IEHUs] KaXyIlerocs nopsiika peakiuyd; KUHeTHKa 06paTUMOM U Heob6paTHMON peaKLMi MepBOro MopsifiKa, CIoCco6bl pacyeTa KOH-
CTAHT CKOPOCTH U3 3KCIIEPUMEHTAJbHbIX JaHHBbIX (MHTerpaJbHblil MeTo, MeTo/ ['yreHreiiMa u Ap.), yClI0BUs UX NIPUMEHUMOCTH; NOC/Ie/0Ba-
TeJIbHble peaKLUu epBOro nopsa/Ka: JUMUTUPYIOLAsa CTaAUs; METO/, CTallMOHAPHBIX KOHL|eHTPpaLUi.
dJleMeHTapHbIN aKT XUMHUYEeCKON peakuuu. Teopust cTosKHOBeHUU. Teopus mepexofHOro COCTOSHUS: OCHOBHbIE MOCTYJIAThI, CTATUCTUYECKAs U
TepMOAMHaMU4ecKas MHTepIpeTalys ypaBHEeHU [J11 KOHCTAHTbI CKOPOCTH.



BiusiHMe TeMnepaTypsbl, JaBJeHUs, MIOHHOU CUJIbl paCTBOPUTEJIS HA KOHCTAHThI CKOPOCTEN 3/1eMeHTAapHBIX peakuil. KuHeTH4eckue U30TONMHbIE
3pdeKThI.

CBA3b CTPYKTYPHI U peaKLMOHHOM c10COOHOCTH. [IpUHIIMN IMHEHHONM 3aBUCMMOCTH CBOOOHBIX 3HEPTrUU. YpaBHeHUs ['TamMeTa u TadTta. Ucnosb-
30BaHHE KOppeJSALMOHHBIX YPaBHEHUH [/l yCTaHOBJIEHUSl MeXaHU3MOB peaklui. HykieoduibHasa peakimoHHas crioco6HOCTh. [lonAaTHe 0 "cu-
Jge", "kecTkocTU", U "MATKOCTU" JILIOUCOBBLIX KUCJIOT U OCHOBAHUM.

Katanus. KoBasieHTHbIN (HyKJeOUIbHbIH, 3JIEKTPOPUIBHBIN, KaTa/lU3 COJIMMKEHUEM ) KUCJIOTHO-OCHOBHOUM FOMOTEeHHbIN KaTanus. [[puMepsnl pe-
aKLMH U CIIOCOOBI 0Ka3aTesJbCTBa MeXaHU3MOB. AHanu3 pH-3aBucuMocTeld HabJ/10JaeMbIX KOHCTAaHT CKOPOCTU. YpaBHeHUe bpeHcTena: kavyecT-
BeHHasl UHTepIipeTalys U CMbIC/ IapaMeTpoB. MeTaJIOKOMIIJIEKCbIF TOMOTeHHbIN KaTa/lM3 B peaKLMaX [lepeHoca allMJIbHON I'PYINIbl; aKTUBALUS
cy6cTparta v HykJaeoduaa. [loHATHE 0 KaTaIUTUUECKON aKTUBALMU MaJibix MoJsieky (H2, 02, N2, C2H2).

Bomnpocs! k paszesny CTanMoHapHas U npeAcTallMOHApHAas KWHETUKa, ruaposun3a n-HOTMA, kaTanu3nupyeMoro a-XMuMOTPUIICUHOM: /IByxcTa UK~
Had cxeMa GpepMeHTAaTUBHOM peakuuu (cxeMa Muxasnuca-MeHTeH). YpaBHeHue Muxasnca-MenTeH. [IpyHuun cranoHapHocTy.Cxema AHpH (B
CTallMOHApHOM pexxuMe). OnpeJiesieHMe KUHETUYECKUX TapaMeTpoB pepMeHTAaTUBHBIX pPeaKl Ml U3 3KCIlepUMeHTaIbHbIX AaHHbIX. PU3nuecKkuit
cMmbic KM u kkaT . UHTerpaibHbIi aHa/JIN3 KUHETUKU JeicTBUs GepMeHTOB. KuHeTHuKa pepMeHTAaTUBHBIX peaKlMi NpU U36bITKedepMeHTa.
TpexctaauitHas cxeMa pepMeHTAaTUBHOU peakluu. [loHSATHE 0 TMMUTHPYOIIUX cTaausax. Pusnueckuil cmbica KM u kkaT B TpexcTafuiHbIX dep-
MEHTAaTHUBHBIX peakLUAX. MeTogudecKre NOAXOAbI K ONpe/ieIeHUI0 KOHCTAaHT 3JIeMeHTapHbIX CTaUH.

[IpeacTaniMoHapHas KUHeTHKa pepMeHTAaTUBHbBIX peaKl Ui C y4acTUeM OJJHOTO MPOMEXYTO4YHOro coejuHeHUs. KuHeTH4Yeckre 3aKOHOMEPHOCTH
bepMeHTaTUBHBIX peaKLUi C y4yacTUeM JIBYX MPOMEXYTOYHBIX COeJMHEHUN. JKCIIepUMeHTalbHble MeTO/bl NpeJCTaljMOHAPHON KUHETUKH. Pe-
JIAKCALlMOHHbIE METO/bI.

Bomnpocsl k pa3geny UHrubupoBanve pepMeHTaTUBHbBIX peaKIui
Knaccudukanus apdekTopoB 10 MexaHU3MY JeHCTBUS U KUHETUYECKUM MPOSIBJIEHUSIM B pepMEHTATUBHBIX peakluax. 06paTuMble U HeOOpaTH-
Mble UHTMOUTOPBIL. 3a/ja4yy, pellaeMble C UCII0Ib30BaHUEM HHTUOUTOPOB Pa3IMYHOTO THIIA.
JIByXKOMIOHEHTHOE UHT'M6HpoBaHUe. OCHOBBI aHa/IM3a Tonorpaduu akTUBHBIX LIEHTPOB GepMEHTOB.
HeknHeTHuecKkre METO/bI ONpee/IeHUsI YHUCIa LIeHTPOB CBsI3bIBaHUs 3G PEKTOPOB C 6e/IKaMU U UX XapaKTEPUCTUK (CPOACTBA).
MHrubupoBaHre U aKkTUBaLUs CyoCcTpaTOM. UHrHO6MpOBaHUE TPOAYKTOM

Bomnpocsl k pazaeny JleHaTypanus U cTabuausanus GepMeHTOB
CTpyKTypHble YPOBHU OpraHU3al UM OeJIKOB: aMMHOKUC/IOTA, EeNTHU/IHasA CBA3b, IepBUYHAs U BTOPUYHAs CTPYKTYpa, JOMEHbI, TpeTUYHas U 4eT-
BepTUYHas cTpykTypa. [lonnpepmeHTHbIE KOMIIEKChl. KoHpopManus 6eska. MeTo/ibl U3yYeHUS CTPYKTYPhI OEJIKOB.
CuHTe3 1 caMoopraHusanusa 6eJKOBbIX MoJIeKyJl. BuocuHTe3 (peniMkanusa-TpaHCKPUNLUA-TPAHCIALUA), XUMUYECKUHI U KI1€TOYHbIN
cuntes. Tepmoaunamudeckuii U kuHetudueckuit KOHTPOJIb cBopauuBaHus 6esKOB, nocTTpacasuuoHHas Moaudukanua u [IPOLUECCHUHT. T'ene-
THUYecKass UHXKeHepHs U CauT-HallpaBJIeHHbIN MyTareHes.



CTabubHOCTb 6€JIKOBOW MOJieKyJbl. CUJbI, MOAEPKUBAIOIME HATUBHYI0, KOHQopManuo ¢pepmeHTa. JleHaTypauus U UHakTuBauusa @epMmeHTa.
JleHaTypanua Kak NpoLiecc HapylleHUs CTPYKTYpbl 6esnka. KoonepaTUBHBIM xapaKTep JeHaTypalnuu. B3auMocBA3b TepMOJAMHAMHUYECKUX Napa-
MeTpPOB JileHaTypaluy U COCOObI UX ONpe/esIeHUsl.

MoJiekyisipHble MeXaHU3Mbl TEPMOUHAKTHUBALMKA GepMEHTOB U MeTO/bl UX yCTaHOBJIeHUsA. ObpaTUMas U HeobpaTUMas MHaKTUBaLusA (KoHpop-
MalMOHHBIM, arperalluoOHHbIN, XMMHAYeCKHe MeXaHU3Mbl). BiMsiHMe HU3KOMOJIEKY ISIPHBIX BellleCTB Ha KOHPOpMaL U0 U cTabuabHOCTb PepMeHTa
(conu: asiekTpocTaTU4eckue U cnenududeckue B3auMoaenctsus, PA/INodPmelicTepa. [leHaTypaHThI, OpraHuYeCcKUue paCTBOPUTEH, TOBEPXHOCT-
HO-aKTUBHbIe BelllecTBa). Biusnue pH.

MeTozpl crabunuzauuu @epMeHTOB. XMMHYecKasd MoAMpUKaLUs, FeHHOMHXXeHepHble MoAX0/Abl. XUMUYyeckrue U Pusnyeckre MeTO/ bl UMMOOUJIN-
3alMu. AACOpOLIMOHHAA U KOBaJleHTHass UMMo6uau3auusa. Hocurtenu, MeTobl UX akTUBaLUu. UMMob6uin3anusa @epMeHTOB NyTeM BKJIKOYEHUS B
resib. Ucnosib3oBaHMe NOJyIPOHULI@eMbIX MeMbpaH, cucTeM JiByxdasHoro Tuna. KnHeTUKo-TepMoJMHAMHYeCKHe 3aKOHOMEPHOCTH KaTa/u3a UM-
MOOUIM30BaHHBIMU pepMeHTaMu (AUudPy3MOHHbIE OTpaHUYEHHS, cTepudeckre PaKTophl).

Bomnpocs! k pazzeny CTanoHapHas KHHETHKA ABYXCYyOCTpaTHBIX GepMeHTaTUBHBIX PeaKIuK, JUCKPUMUHHUHALUSA BO3MOXHbBIX MEXaHU3MOB
Knaccudukanusa KuHeTUYeCKUX MeXaHU3MOB JIBYXCyOCTpaTHbIX pepMeHTAaTUBHBIX peakui. [IpescTaBiieHMe MHOrocyo6CcTpaTHBIX GepMeHTaTUB-
HBIX peaklui ¢ noMouibio cxeM Knenanza. O6uiye ocHoBbl MeToZa rpadoB A1l BbIBO/J|A YPaBHEHUH 3aBUCMMOCTH CKOPOCTH GpepMeHTaTUBHOM pe-
aKLMU OT KOHLeHTpaLMU cyb6cTpaToB. BbIBOA € moMoOIIbI0 MeTO/ja rpad OB YpaBHEHUS /11 CKOPOCTH peaKIiuy B cJlydae [ByXCyOCTpaTHOIO ynops-
Jl04eHHOTO0 KHHETUYeCKOT0 MexaHU3Ma C 06pa3oBaHUeM TPOMHOI0 KOMILJIeKca. BbiBoJ ¢ moMolbio MeToza rpad0B ypaBHEHUSA CKOPOCTH peaKL iU
JJ1s1 IBYXCyOCTPAaTHOTO MeXaHU3Ma «IIMHI-NIOHI» (C 3aMeleHHeM). BbIBO ypaBHeHUs CKOPOCTH peaKL U [ ABYXCyOCTPATHOTO Heynops/j0ueH-
HOT'0 KHHETHUYeCKOIro MeXaHM3Ma B KBa3MpaBHOBECHOM pexxuMe. Onipe/iesieHMe KOHCTAaHT B YpaBHEHUHM CKOPOCTH peaKLuHU [/ ABYXCyOCTpPaTHbBIX
peakuui. MeTozbl IMHeapu3aLuy ypaBHeHUA Muxasnuca-MeHnTeH. CTaTUCTUYeCcKasd 06pab0oTKa 3KCIIepUMeHTalbHbIX JaHHbIX. CTaTUCTUYECKHe
Beca /IJ1 pa3/IMYHbIX MeTO/I0B JIMHeapu3al Ui ypaBHeHUs Muxasnca-MeHnTeH. OnpesiesieHue nopsAKa NpucoeJMHeHUs CyoCTpaToB AJ1s [ BYXCyO-
CTPATHOTO yNOPsAA04YeHHOI0 KUHETUYEeCKOI'0 MeXaHM3Ma € 00pa30BaHHEM TPOMHOTO KOMILJIEKCa € TOMOLIbI0 a/IbTepHATUBHBIX CybcTpaToB. Onpe-
JleJleHre NopsAAKa NpUCcCoeJMHeHUs CyOCTPaTOB U OTILeNJIeHUs TPOAYKTOB C IOMOILbI0O UHI'MOUMPOBAaHHUA NPOJYKTAMHU peaKL U1 U aHaJIoraMHU Cyo-
cTpaToB. KuHeTHMKa U30TONHOr0 o6MeHa Npy paBHOBecud. OnpesiesieHue JUMUTUPYOLIENH CTaiMM B MHOTOCYOCTPaTHBIX pepMeHTAaTUBHbBIX peak-
LUAX.

Bonpocs! k pa3aeny MMMyHOopepMeHTHBIN aHaIM3
CTpyKTypa U CBOMCTBAa aHTUTEJ U aHTUT€HOB: OCHOBHble UMMYHOXMMHWYECKHE OHATHUHSA; OUOCUHTE3 aHTUTEJ; CTPYKTypa U ClleliMPUIHOCTDb aH-
TUTeHOB; 001Las CTPYKTYpHas XapaKTepUCTHKa MOJIEKYJ KMMYHOTIJIOOYJIMHOB; IepBUYHAsA CTPYKTYpa JIETKUX U TSKeJbIX Ljelled MMMYHOTJ/100y-
JINHOB; TpeXMepHasd CTPYKTypa UMMYHOTIJIOOY/JIMHOB; aHTUT'€HCBA3bIBAIOL e LIeHTPhI aHTUTEJL.
dHU3UKO-XMMHUYECKHEe 3aKOHOMEPHOCTH B3aUMO/IeICTBUU aHTUT€H-aHTUTEJIO;
MMMYHOJIOTUYeCKas cnequPUIHOCTb; B3aUMO/eCTBHE aHTUleHa C CyOnony el aHTUTe ; MeTo/bl onpejeseHuss apGUHHOCTH aHTUTEJT; CIO-
co6bI pacyeTa, KOHCTAHT KOMIJIEKCOOOPA30BAHMU peaKL MU aHTUT€H-aHTUTe/0; KUHeTUYeCKMe 3aKOHOMEPHOCTH PeaKLMM aHTUTeH aHTHUTeJIO.
depMeHTHBI KaKk METKU B UMMYHOAaHaJ/IM3€e: OCHOBHble PU3UKO-XUMHUYECKHE U KaTaJIUTUYeCKHe CBOMCTBA pepMeHTOB; GepMeHThbl, UCII0JIb3yeMble
B KauecTBe MeTOK B UDA; MeTo bl onpe/iesieHUs1 aKTUBHOCTH NEPOKCHU/A3bI, LeJI0YHOM pocdaTasbl, INIFOKO300KCUA3bI.
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MeTozbl UMMyHOdEPMEHTHOTO aHa/IN3a; KJaccupukanusa MmetoZoB UPA; roMoreHHble U reTeporeHHble MeTO/bl, KOHKYPEHTHbIE U HEKOHKY-
peHTHbIe MeTO/ibl; CPAaBHUTEJIbHAs OLleHKa pa3/IMYHbIX cxeM NpoBeieHUss UDA; TBepodaszHbIM HMMYHOQEPMEHTHBIN aHA/IU3 B IPOTOYHBIX CUC-
TeMax.

Bonpocsl! k pa3zeny Beienenue pepMeHTOB, onpesiesieHre UX OMOXMMHUYECKUX U KaTaTUTUYeCKUX CBOUCTB
UcTouHUKY pepMeHTOB U UX crenjuduka. [I[puHIMNIBI BbIOOpPA UCTOUHUKA /1151 BbleJieHUsI TpebyeMoro pepMmeHTa. BHyTpUK/IeTOYHbIE, MEMOpaH-
Hble U ceKpeTupyeMble GepMeHThI.
['oMorenusanua 6MomMaTepuasia: NpueMbl 1 000pyZ0BaHue. [IpUurorosienre rpyobix 3KCTPAKTOB.
OcHoBHble J1abopaTOpHble NPUEMBI, UCII0JIb3yeMble IPU OYUCTKe ¢pepMeHTOB. PUIbTPOBaHUE, LIeHTPUYTrMpOBaHUe, JUa/n3, TeJlb- U yJAbTpa-
dunbTpanus, 1Modpuansanusa. AHaJIUTHYECKHe METO/b], UCT0JIb3yeMble IIPU ONpe/ie/IeHUM KOHLIeHTPpaluy 6eJIKOB B pacTBOPE.
Pa3zsieseHue 6e/IKOB IyTeM OCaXKJeHHUs. 303/IeKTpHUUeCcKoe OcaXK/ieHre, BbICaJIMBaHUe, OCaX/AeHUe OpraHu4yeCKMMHU pacTBOpUTeNsAMHU. [leHaTypa-
114 6a/1/1aCTHBIX 6€JIKOB N0/, IeiCTBUEM TeMIlepaTypbl, OPTaHUYECKUX PACTBOPUTeEJIed U yTeM u3MeHeHud pH.
Xpomarorpadusa. OCHOBHble NPHUHIMIIBI U 3JIEMEHTHl TEOPUHU 3IJIOLMHU. MaTpunel Aaa xpoMaTtorpaduu. Buabl xpomatorpadpuieckoi 3JoLUM.
MaTpuupb! a1 xpoMatorpadpuu. Xpomatorpadus BbICOKOI0 JjaBjaeHns. MeTo/bl leTeEKTUPOBaHUS.
HMoHoobMmeHHast xpoMaTorpadus. OcCHOBHbIe NPUHIUIIBL. CU/IbHBIE U CJ1abble HOHOOOMEeHHUKU. PaKTOpbI Cpeibl U CBOMCTBA OEJIKOB, BJAUSIOIIME HA
3¢ peKTUBHOCTD pa3jeseHus. U3okpaTudeckas v rpaiMeHTHas 3JII0LUS.
['enb-npoHuKawouias (9KCK/I3U0HHAsA) xpoMaTorpadus. Pa3ieseHrne makpomoJsieKy1 U obeccosiiBaHue 6eakoB. TpeboBaHMS K NPOBEAEHUIO XPO-
MaTorpadudeckoro npouecca. PakTopsbl, Mellawllle NPOBeJAeHNI0 KaueCTBEHHOT0 pasjeseHus. OnpesiesieHue napaMeTpoB KoJIOHKHU. Onpefele-
HUE MOJIEKYJIIPHOM MacChl OEJIKOB.
['uapodobHas xpomatorpadusa. OcHoBHbIe NPUHLUIIBL. CBOMCTBA PYHKIMOHAIbHBIX TPy HOCUTE el s ruapodobHON xpomaTorpaduu. Baus-
HUe TeMIepaTyphl U 3HaueHus1 pH Ha ruapodobHble B3auMoeicTBusA. OcnabieHne ruijpodoO6HbIX B3aUMOeMCTBUI U 3JII0OMPOBaHUe.
Adodunnas xpomatorpadus. OcHoBHble NPUHLUIIBL. IGPEKTUBHOCTb OYUCTKU. ['pynnoBast apprUHHOCTE.
dnekTpodopeTndeckre MeToAbl. [IpenapaTUBHBIN U aHaJIUTUYECKUH 3/1ekTpodope3. HaTuBHbBIN asekTpodopes U 3eKTpodopes B NPUCYTCTBUU
fetepreHToB. OnpejesieHWe CTelleHUW FTOMOIeHHOCTU U MOJIeKyJspHOU Macchl. U30anekTpodokycupoBaHnue. OCHOBHblE NPUHLHUINBI U 06J1IaCTH
npuMeHeHus. U3oTaxodopes.
MeTo/bl cejlUMeHTallMOHHOTr0 aHaiu3a. CKOpocTHas ¥ paBHOBeCHas CeJUMeHTaLUsl.
OuucTka U BbljeseHHe GepMEHTOB MPH MOMOIIU BbICOKO3I$PEKTUBHON 6esKOBOU XpoMaTorpaduu U NpoBeJieHUs 6eJIKOBOTO 3jieKTpodopesa B
JleHaTYpUPYIOIIUX YCAOBUAX.
XpomaTorpadudeckas cucTema cpeaHero aaBaeHus Pharmacia FPLC. 3HakoMCTBO ¢ yCTpOHWCTBOM U NMPUHIMNIAMHU paboThl. OCHOBHbIE OJIOKH — Ha-
COChl, y3eJ1 BBOJla 00pasia (MHXKEeKTOp), XpoMaTorpadpruieckrue KOJOHKH, AETEKTOP, KOJJIEKTOP GppaKLui, cucTeMa ylpaBJeHUs1 U TpOrpaMMUpPO-
BaHUsl. OCHOBBI yIIpaBJIeHUsl XpoMaTorpapuyecKor CUCTEMOM, pyYHOH U aBTOMaTUYeCKUH peXUM, CUCTeMa KOMaH/, CO3/JaHhe MeTO/0B.
[ToarotroBka xpomaTorpadpuieckoi cucteMsl K paboTe. [IpUroToBseHHe 3/1I0€HTOB, NOATOTOBKA XpoMaTorpapuiyecKux KOJOHOK K paboTe.
Bei6op 6ydepHbIX pacTBOpPOB, 6ydep A/ HaHeceHUs1 06pa31ia, BbI6op aytoupywouiero 6ydepa. [loaroToBka U HaHeceHHe 06pa3lia, 3JIOUPOBAHUE
CBSI3aBLUMXCS 6eJIKOB, c6op Pppakuui. PereHepanys KOJIOHKM U KOHCEPBALUA CUCTEMbI 10 OKOHYAHUHU PabOTHI.
[IpoBesneHue anekTpodopesa 6eJKOB B NPUCYTCTBUU AoJenuicybdaTa HaTpus (3/1eKkTpodope3 B AeHATYPUPYIOIUX YCIAOBUSAX). 3HAKOMCTBO C
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o6opyzoBaHueM. [IpurotoBieHue U 3ajuBKa resjei. [logroroska o6pasnoB [ 3JeKTpodopesa, ocaxkieHre U KOHIleHTpUupoBaHue. [IpoBeseHne
anekTpodopesa, pukcanus U oKkpaluMBaHue 6eJKOBbIX noJsioc. OTMbIBKA U xpaHeHUe. [locTpoeHue rpaZlyupoBoYHOro rpaduka ¢ UCIoIb30BaHUEM
6e/IKOB-MapKepoB. PacueT MoJieKy/IIpHOW Macchl onpe/ieisieMbIX OeJIKOB.
M3MmepeHue pepMeHTAaTUBHbIX aKTUBHOCTeM. [lofg6op pa3baByieHUN pacTBOpoB pepMmeHTOB. OnpeneneHue ¢poHa pepMeHTa U cyocTpaTa. Pacuer
aKTUBHOCTU pepMEeHTOB.
BBesieHNe B Macc-CIEKTPOMETPHI0 GMOMOJIEKYJI, OCHOBHbIE MOHATHUSA (MOJIEKY/IIPHBINA MOH, 6a30BbIM MUK, OTHOCUTE/bHAsi UHTEHCUBHOCTD, pas-
pelleHue).
CocTaBHbBIE YAaCTU Macc-CeKTpoMeTpa. UCTOYHHUKY BBOJA M MOHU3ALMKM 06paslia, rpaHULbl IpMMeHeHUs. JJIeKTPOHHAs U XMMHYecKasi MOHU3a-
111sl, OCHOBHble NMPUHLUIBL. JjekTpocnpeid. MALDI, ocHOBHble NPUHLMIBI, TUNBI MaTpULl,. Macc-aHaJu3aTOpPbl: KBAaJAPYyIoJb, MOHHAs JIOBYIIKA,
BpeMSANpPOJIETHbIN, TYeKa UOH-LIUKJIOTPOHHOTO pe30oHaHca. Pa3pemnienre u auanasoH m/z. TaHAeMHble / TUOpUAHBIE CUCTeMBbIl. BapuaHThI co-
Nps>)KeHUsl KCTOYHUKA MOHOB U Macc-aHau3aTopa.
[IpoTeoMHble ucciesoBaHus. Pa3siesieHre 6eskOB XpoMaTorpapuyecKUMHU U 3JIeKTPOKMHETUYECKUMU MeToJaMU. CrnelupuIHOCTb MpoTeas, Mo-
JiyyeHue nenTuzoB. UaeHTudukanusa 6eska no nenTHAHOMY OTIEYaATKY.
[TpuHLMDBI JedparMeHTaL MU TENTH/L0B. YCTaHOBJIEHHe IePBUYHOM 10C/Ie4,0BaTEJbHOCTH 10 MacC-CIEKTPOMETPUYECKHUM JAaHHBIM.

Bomnpocsl k pazaeny MeToibl MUKPOOUOJIOTUU U TeHETUYECKOW UHXKEHEPUH
OcHOBHbIe MeTO/bl paboThl C MUKpOOpraHudMaMu. CTepuain3anus Nocy bl U cpej AJisl KyJbTUBUpOBaHUs. BeipamuBanue 6aktepuit (E. coli) Ha
KUJKOW U arapu3oBaHHOU cpepax. OnpepesieHUe YUCJIEHHOCTU OaKTEPHUU.
OcHOBHbIEe Npe/CTaBJeHHs] O KJIOHUPOBAHUM TeHOB. UleHTudUKaLUs peKOMOUHAHTHBIX KJIOHOB, 06J1aJal0IUX 1eJIJII0J0JIUTHYEeCKON aKTUBHO-
cTbio. Beigenenue niasmugHon AHK. Pectpukuvonnbil ananus JJHK. danektpodopes B arapo3HoM redie.
OnpejesieHye 1e/I0I0IUTAYECKON aKTUBHOCTH B KJIETOUHBIX IKCTPAKTAX.

Bomnpoch! k pazzaesny OcHOBBI Gpy1yopeclieHTHON CIEKTPOCKOMUHU 6UOJIOTUUYECKUX 06beKTOB. CTPYKTYPHO-QYHKIIMOHATbHBIE UCCIE/JOBAHUS U
aHAJIUTUYECKUe TPUMeEHEeHHUs

doTodusnka nporneccoB GpoToNOMUHecLieHIMHU./luarpaMMa saHepreTHUyeckKux ypoBHel (uiyopecuennus, ¢pochopecueHnusi, 3aMmeanaeHHas $Jyo-

peclLieHLMs), KHHETHKA 3aTyXaHUs1 GOTOJIOMUHECLIEHLUH, BO30OYK/eHHe U 3MUCCUS, peslaKcaljdsl paCTBOPUTEJIsA, IPOLeCcChl TyLleHUs] GOTOTOMHU-

HeCLleHLIMH, IepeHOoC MPOTOHA B BO30OYK/[EHHOM COCTOSIHUH, pepCcTEepOBCKUM MepeHoC 3HepruM, noJsspusanus ¢uayopeciueHuu, GoToaoMUHeC-

IleHIIMs OGHMOJIOTHUYEeCKUX 06beKTOB, aMUHOKUCA0Thl, HA/IH, dsiaBuHbI, nopdUpuHbI, XJ10pOodUIIIb], JOoLMEPUHBI, 3e/eHbli 6e/10K, GUKOOULIN-

IPOTEUHBI
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MeToauyeckue MaTepuasibl A NPOBeAeHUA NpoLeAyp Ol eHUBAaHUS pe3y/IbTaTOB 00y4eHUs
[lIkasa oLleHMBAaHWS 3HAHUM, yMEHUH Y HAaBbIKOB SIBJISIETCS €/JUHOM /11 BCEX AUCLUUIIMH (IpUBeAeHa B TabJIUIe HIKE)

IIIKAJIA U KPUTEPHUU OLUEHHUBAHUSA PE3YJIbTATA OBYYEHHUA no gucuunyivHe (MOAYyJI10)

OneHka 2 3 4 5
PesysibTaT
3HaHuA OTtcyTcTBUE @®parMeHTapHble 3HAHUSA O61u1re, HO He CTPYKTYPHUPOBaHHbIE CdopmupoBaHHbIE CUCTEMATHU-
3HaHUH 3HaHUA yecKUe 3HaHUs
YMenusa OTcyTcTBHE B njesioM ycnemHoe, HO He B njesioM ycrnemHoe, HO cofepkailee | YcHelmHoe U CUCTeMaTUYeCKoe
yMeHUuH cUcTeMaTHhyecKkoe yMeHHue OT/leJIbHbIe TPo6esibl yMeHHUe (J10- yMeHue
MyCKaeT HETOYHOCTH HeIIPpUHL M-
aJIbHOTO XapaKTepa)
HaBbiku (Biase- | OTcyrcTBue Ha- | Hanuuue oTaenbHBbIX HaBbl- | B nesiom, cpopMupoBaHHble HaBblkY, | ChopMHUpOBaHHBIE HABBIKHY, IPUMe-
HUS) BBIKOB KOB HO He B aKTUBHOU popMe HsieMble DU pelleHUH 33434
PE3YJIbTAT OBYYEHHUA $®OPMA OLLEHUBAHUA
1o AUCHUIVIMHE (MOAYJII0)
YMeTb: NIpOBOJUTbL MaTeMaTHYeCKY0 06pab0oTKy JaHHBIX, 060011aTh MOJTy4YeHHbIe pe3y/IbTaThbl MepOoNpUATHUSA TEKYLIETO

YMeTb: CaMOCTOATENbHO IPUMEHATb 3HAaHUA O CTPOEHUU U GHO0JIOTMYeCKUX QYHKIUAX OCHOBHBIX KJIACCOB 6MOOpra- | KOHTPOJIS yCIeBaeMOCTH,
HUYECKUX COeJJUHEHUMH, CBOMCTBAaX MUKPOOPraHU3MOB, CIOCO06aX peryasinui 6M0OXUMHUYeCKHUX POLeCCOB, OCHOBHBIX | YCTHBIM ONPOC Ha 3a4yeTe U
HalpaBJIeHUsIX COBPEMEHHON GMOTEXHOJIOTUU M NPUKJIAJHON OMOXUMUH C LieJIbl0 pellieHusl NpodeccuoHalbHBIX 3a- Ipy npyeMe 3aJa4u
JIER

YMeTb: aHa/IM3UPOBaTh IKCIIepUMeHTa/IbHble JJaHHbIE U JleJlaTh BbIBO/JbI 0 PU3NKO-XMMHUYECKUX 3aKOHOMEPHOCTSX
JeicTBusl GepMeHTOB

YMeTb: COCTaBJIATD IIJIaH UCCAe0BaHUsI GMOCUCTEMbI COBpEMEHHBIMU GU3UKO-XUMUYECKUMHU METOJaMHU

YMeTb: IPpUMEHATb MEeTO/0JIOTHI0O TeHHOW MHXXeHEepUH U KOMIIBIOTEPHOr'0 MOJEeJUPOBAaHUA OUOCTPYKTYp K pelle-
HHUI0 NpodecCuOoHaNbHbIX 3a/1a4

YMeTb NPUMEHATH N0JIy4YeHHble 3HAaHUS OCHOBHBIX KJIaCCOB HAHOOMOMAaTepHUaJIoB U OOIUX NPUHLUIIOB PU3UKHU Ha-
HOCTPYKTYP, METOZ,0B CO3/JaHUS U UCCTe0BaHUSI HAHOOMOCTPYKTYP B pellleHUHU NpodpecCHOHaIbHBIX 3a/ja4
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