IIpunoxenue 4

MUWHNCTEPCTBO HAYKHM U BBICIHIEI'O OBPA30BAHMSA POCCUMCKOW ®EJEPALINN

(eaepanbHOe rocyjlapcTBeHHOE AaBTOHOMHOE
oOpa3oBaTe/IbHOE yUpe)KJeHHe BhICIIero 00pa3oBaHMs_
«HanuoHaibHbIN HCC/Ie/JoBaTeTIbCKUil HKeropoackuii rocy/japCTBeHHbIN YHUBEPCUTET
uMm. H.W. JTo6aueBcKkoro»

VHCTUTYT OMOJIOTUHN U OOMeTUIUHBI

YTBEPXXIEHO

pelleHreM npesuaryMma YueHoro cosera HHI'Y

npoTokoa Ne 1 ot 16.01.2024 r.

Pa6ouasi nporpaMma AMCLMIUITAHBI

Lutosmorus

YpoBeHb BhICIIETO 0Opa30BaHUs
CrerpanureT

HaripaBneHvie moAroToBKY / CeLUaIbHOCTh
30.05.02 - MeauiiHCcKast 6uodusrka

HamnpaBieHHOCTb 00pa30oBaTe/IbHOM MPOrpaMMbl
MepauiyHcKas 6rodu3srka

dopma oOyueHUs
OYHast

r. Hwknauii HoBropog,

2024 rop Havasa rmoAroToBKU



1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOucuunza 51.0.24 Iutonorust oTHOCUTCS K 00s13aTeIbHOM YacT 00pa3oBaTe/bHOM MTPOTrPaMMBbl.

2. IInanupyeMbie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIVINHE, COOTHECEHHBbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMH OCBOEHHsI 00pa3oBaTe/IbHOM mNporpaMmbl (KOMIETEHI[USIMH M WHAWKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

npumeHsimb
¢yHOameHmanbHble u
npuKkadaoHble
MeOuyuHcKue,
ecmecmeeHHOHAayUHbl
e

3HAHUsA 01151
nocmaxoeKu u
peweHus
CMAaHOapmHbIX U
UHHOBAYUOHHBIX
3a0au
npogpeccuoHanbHoli
dessmeabHOCMU

NPUKAAOHbIMU 3HAHUSMU 8
obaacmu meouYUHCKUX u
ecmecmeeHHOHAyUHbIX
oucyunauH

OIIK-1.2: Kpumuuecku
paccmampueaem 803MONCHbIe
8apuaHma! pewleHus 3a0au
npogeccuoHanbHol
dessmenbHOCMU

OIIK-1.3: ¥Ymeem 2pamomHo
npumeHsimb 3HaHUs 8 obaacmu
MEOUYUHCKUX U
ecmecmeeHHOHayYHbIX
oucyunauH 015 pelleHus
CMaHOapmHbIX U
UHHOBAYUOHHbIX 3a0ay
npogeccuoHanbHou

desimenbHOCMU

cmpoeHus, hyHKYUOHUPOBAHUS,
ocobeHHocmell opeaHuzayuu
Npo- U 3yKapuomuuecKux
K/1emoK; cogpeMeHHble
KOHYenyuu Kj1emouHo20
CMpOoeHUsi Op2aHU3MOo8 U
obaadaem ¢pyHOameHManbHbIMU
U NPUKAAOHbIMU 3HAHUSMU 8
obaacmu MeoOUYUHCKUX U
ecmecmeeHHOHAayUHbIX
oucyunauH

OIIK-1.2:

Ymeem pabomams ¢
MUKDOCKONOM, 8 MOM uucne
DPAyuUoOHAAbLHO NPOBOOUMb
Hacmpotiky oceeujeHusl,
yeeauuusams paspewiarujyio
cnocobHocmb MUKpOCKONA,
npocmampusams u
3apucoeblgamsb Yumosoauyueckue
npenapambl U Kpumu4ecku
paccmampugaem 803MOXCHble
8apuaHmbl pewleHus 3a0au
npogeccuoHanbHou

desime/ibHOCMUL.

OIIK-1.3:

Bnadeem meopemuueckumu
npedcmaegneHusMuU O KAemouHoil
opaaHu3ayuu *cugoll mamepuu,
8bINO/MHAEMbIMU (DYHKYUSMU
0omoe/IbHbIX KAemOUHbIX
0p2aHOUO08, HABbIKAMU
pabombic cogpemeHHOL

Pabouass mempaob
Tecm

dopmupyemsbie IInanupyemMbie pe3y/ibTaThl 00yueHus mo gucnuminde | HanMeHoBaHHe OI{EHOYHOIO CPEACTBA
KOMIIeTeHL{UH (Moay/I0), B  COOTBETCTBHH C HHAMKATOPOM
(xof, cofep>kaHue | JOCTH)KeHHs KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | Pesysbrarsl 00yueHust s Tekymiero | /ins
KOMIIeTeHL{UM1 0 AUCLUIINHE KOHTPOJIA IPOMEXXyTOUYHOH
(xon, cozieprkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
OIIK-1: CnocobeH OIIK-1.1: O6nadaem OIIK-1.1: Ipaxkmuueckoe
ucnosnb30eams u ¢yHOameHmanbHbIMU U 3Haem meopemuueckue 0CHOBbl 3adaHue DK3AMEH:

KoumposnbHble
80NpOoCh!




MUKPOCKONU4ecKoll mexXHUKOl,
MexHUKOll npueomoeneHus u
OKPACKU YUmono2uuecKux
006BeKmo8, ymeem 2pamomHo
npumeHsimb 3HaHus 8 obaacmu
MeOUYUHCKUX U
ecmecmeeHHOHAay HbIX 3a0au
npogeccuoHanbHol
OesitmenbHOCMU.

3. CTpyKTypa M cojep)XxaHue JUCLUIL/IMHbI

3.1 TpyA0eMKOCTb AMCLUTI/ITUHBI

oyHasg

OG61jasi TPy/[0€MKOCTB, 3.€. 4

Yacos 1o yue0HOMY IJIaHY 144

B TOM 4HCIIe

ayUTOpHbIE 3aHATHSA (KOHTaKTHas padoTa):

- 3aHATHUSA JIeKI{MOHHOI'0 THIIA 30

- 3aHATHS CEMHHAPCKOI0 TUMNA (MpaKTHYeCcKue 3aHATHS / TabopaTopHbIe padoThI) 14

- KCP 2

caMocTosTe/IbHasA padora 62

IIpomexyTouyHas arTecTanusa 36
JK3aMeH

3.2. CojepskaHue JUCHUTIUHEI

(cmpykmypupoeaHHoe no memam (pasdeinam) C YKa3aHueM OmMEe0eHHO20 Ha HUX Ko/auuecmed

akadeMuuecKux 4acos U 8uobl yuebHbIX 3aHamutil)

HavmeHOBaHMe pa3/iesioB U TeM JUCLUIUIHBI Bcero B TOM UHC/Ie
Yyachl
( ) KonrakTHas pabora (paboTa Bo
B3aUMO/IeHCTBHY C Iperno/aBaresem),
Yachl U3 HUX
3aHATHS CamocTosTe/bHas
CEeMHHApPCKOro pabora
3aHsATHS THMa obyvarorerocs,
JIEKLJAOHHOTO | (TIpakTHueckue | Bcero “acel
THUMa 3aHsATHsA/1abopa
TOpHBIE
PaboThI), Uackl

b b b b b

0 0 0 0 0
Tema 1. BeseHue (BBOgHAsH JIEKLHS) 6 2 0 2 4
Pa3pen 1. MeTo/p! LIUTOIOrMUECKUX UCC/Ie/j0BaHu (0630pHast IeKLust) 13 4 2 6 7
Paszen II. TIoBepXHOCTHBIM anmapar K/IeTK! 14 4 2 6 8
Paspen I11. OpraHou/ibl 3HEpreTHYeCKOro obMeHa (JIeKLsI-BU3yar3aLius) 14 4 2 6 8
Pasgen IV. BakyossipHast cicTeMa 5yKaprOTHUECKUX K/IeTOK (JIeKIHsI- 14 4 ) 6 8
BU3yanu3aLys)
Pasgen V. SlnepHblii annapaT 5yKapuoTHYeCKUX K/1eTOK (JIeKLius- 14 4 2 6 8




BU3yaIM3aLus)

Pazgen VI. JKusHeHHbIM UK KIeTKU. Muto3s, meiio3 15 4 2 6 9
Pa3zpen VII. Atunuueckue MuTo3bl. PakTophl, 0becrieyrBaroLye o6umi 16 4 ) 6 10
KOHTPOJIb aKTUBHOCTH Jle/IeHHsI K/IeTOK.

Arrecrarus 36

KCP 2 2

HWTtoro 144 30 14 46 62

Copiep>kaHue pa3/ie/ioB U TeM JUCIUILTHHBI

Beenenue
Lutonorus - ee 1jenu u 3agaun. OnpegeneHue MOHATHA" KieTka". KpaTKuii 0uepK UCTOPUU LIATOJIOTUM.

Tema 1.

1.1. Drarmsl B pasBUTHY LUTOJIOrMU. Pa3suTtre nurosoruu Ao Hau. XX B. Hauano MUKpOCKONIMUeCcKux
ucciefoBanuit: P. I'yk, M. Manbnury, H. I'pto, A. JleBeHryK u Ap. PaciuvpeHue npe/icTaBieHUN O POIX KIeTOK
B Havasie XIX B. Tpyas! HeMeLkux yueHbix: ['. JInHka, . MonbaeHxaBepa, @. MelieHa, X. Mond,
(paniy3ckux yuebix 111. Mup6ens, I1. Tropriena, A. rotpoiie, @. Pacriasi, yemickoro ydeHoro H. ITypkuHbe
u Ap. Co3paHue 1epBoi KJIETOYHOM TeOpPHUY CTPOEHHUS Y pa3BUTHS JKUBOTHBIX U PACTEHUI HEMELKUMU YUeHbIMU
T.IIranHoM u M. Inetinenom (1838-1839). BeegeHre B MUKPOCKOITHIO UMMEPCHOHHBIX 00BEKTUBOB (BOJHAsI
ummepcus, 1850; macnsHas, 1878, k. AMuun), KoHeHcopa (3. A66e, 1873) u anoxpomatos (1886).

Hauano vcrnonb3oBaHust pa3iMuHbIX METOAOB QUKCAL[UM U OKPACKW TKaHel. 3HaueHre paboT HEMeLKOro
natosiora P. Bupxoga (1858) nns janbHefiiero pa3BuTHs KJI€TOUHOW TEOPUU.

OTKphBITUE K/IeTOUHbIX opraHouzoB: sapa (P. bpoyn, 1831-1833), uentpocom (3.benezen, 1876),
murtoxouapuit ( K.bena, 1897-1898) B k/1eTKax >KMBOTHBIX, B K/leTKax pacteHuit (@.Meec, 1904), koMmriiekca
Tonpmxu (K.I'onbmxu, 1898).

OTKpBITHE KapHOKHHe3a y pacTenuti (3. CtpacOyprep,1875), muTo3a y »kuBoTHbIX (I1.U. ITepemexxkko, 1878,
B.®nemmunr, 1882). CosziaHue Teopry UHUBHyanbHOCTH XpoMocoM (K. Pabnb, 1885, T. Bosepy,
1887).13yueHue npolieccoB omiof0TBOpeHys y )KUBOTHBIX (O. ['epTBur, 1875), y pactenuit (M.H.
lNopoxkankus, 1880-1883, C.I'. HaBammuH, 1898).

PasBuTue 1uTosioruy B 1-i monoBrHe XX B. Pa3BUTHE HOBBIX METOJOB U TEXHUKU UCC/IeI0BaHUs K/IeTOK.
[IpuMeHeHVe TeMHOTOMBHOTO KOH/IEHCOPA, TO/SIPU3aLMOHHOT0, YAbTpadroaeToBoro, ha30BO-KOHTPAaCTHOTO U
(sr00pecieHTHOr0 MUKPOCKOTIOB. Pa3paboTka HOBBIX METO/IOB LUTOXUMHUecKoro aHanu3a (I1. ®enerew, I
Po3enbek, 1924), metoga KynbTypsl TKaHei (P.I'appucon,1907), metoga auddepeHpasHOTO
uentpudyrupoanus (P. ¥Yaucmm, M. T'epp, 1934).

Pa3Butne coBpeMeHHO# LIUTO/IOTHU. OTKPBITHE C TTOMOLLBIO 3/IEKTPOHHOI'O0 MUKPOCKOTA HOBBIX
MHUKDPOCKOITUYECKUX CTPYKTYP KJIETKH: T/Ia3MaTHUeCKo MeMOpaHbl, SH/[0T1/1a3MaTHUeCKOT0 PeTUKY/IyMa
(OI1P), pubocom, 1M30COM, TIEPOKCHCOM, MUKPOTPYOOUeK, MUKpO(dHIaMeHTOB U /Ip. BrisiBieHune
y/IBTPaMUKPOCKOTIMUECKUX 0COOEHHOCTel, MPUCYILUX CIIelHaTH3UPOBAHHBIM K/IeTKaM. Y COBepIIIeHCTBOBaHNE
METO/IOB U30JISINU KJIETOYHBIX KOMIIOHEHTOB. M criob30BaHe METOZIOB aHAIMTUUeCKON 1 JUHAMUYeCKON
OroxumHy (MedyeHue PaJi0aKTUBHBIMUA M30TOMAaMH, KOJIMUeCTBeHHas LIUTOXUMHUSI C UCII0/Ib30BaHHEM
uuTooTOMEeTpUH, aBTOpauorpadus, MeToAbl UMMYHOXUMUU C TIpUMeHeHeM aHTUTe, MeUeHbIX
(dbmoopoxpomMaMu, MeToZ TMOpHAN3al[MK Ha cpe3ax U Ma3Kax pazuoakTuBHbIx [THK u PHK gis
WAeHTH(YKALMY HYKJIEMHOBBIX KUC/IOT B K/IeTKe U JIp.).

CoBpeMeHHbIe M0I0KeHUs KJIeTOUHOU Teopun. OCHOBHBIE 3aaur COBPEMEHHOM LIUTOJIOrHHU. PelieHue
TeopeTUUeCKnX, MeULIMHCKUX, CeTbCKOX03SMCTBEHHBIX MPOo0/ieM, 3aia4 SKOJIOTMUeCKOr0 MOHUTOPHHT .
Pa3BuTrie HOBBIX pa3zesioB LIUTOMOTUU: LIATOTeHETUKH, KAPUOCHUCTEMAaTHKH, LIUTO3KOIOTUH, PaJUAlIMOHHOM,
OHKOJIOTUUeCKOU LIUTOJIOTUHM, UMMYHOLIUTOJIOTUH U JIP.

1.2. MeToibI IUTOIOTUYECKUX MCCejoBaHuM. TIprKr3HeHHbIe MeTO/IbI HabmoieHns KieTok. KynbTypa



KJIETOK BHe opraHu3ma. CBeToBasi MUKPOCKOIIHSI OCHOBHOM MeTo/] Hab/TioieHus1 KileToK. Pa3pernatorias
Cr1oco6HOCTH CBETOBOTO MUKPOCKOTMA. MeTo/ TeMHOro 1107151. ©a30B0-KOHTpacTHast MUKPOCKOTTHS.
CymnpaBuranbHasi TFOMUHeCLIeHTHast MUKpocKorvs. LiutodoTtomerpust.

ABTopajuorpaguueckoe nu3yueHue jJ0KanrM3aluy, AMHAMUAKY, CHHTe3a U TPaHCIIopTa

BeIIleCTB B KJ/IETKe.

O/eKTpOHHAsl MUKPOCKOIIHSL: IIPOCBeUMBAlOLIast M CKAHUPYHOLasl.

JuddepenipanbHoe LieHTPUQYTPOBaHKE - METOZ, TIO/TYYeHHsI OT/|e/IbHBIX K/IeTOUHBIX KOMIIOHEHTOB /1/Is1
LUTOXMMHUUECKOTO ¥ OMOXMMHUUECKOTO aHaI13a.

Tema 2. KiieTku IpoKapyoT U 3yKaproT. OcoOeHHOCTH U pa3inuusi B UX cTpoeHrH. OCOOeHHOCTH CTPOeHHs
MTPOKapHUOTHUYECKON KIeTKH (apxe- 1 3ybakTepun). BaxkHelile 0c0OOEHHOCTH reHOMa U PernpoAyKIUH
MPOKapHOT.

OcobenHocTu cTpoenust. O61jasi XapakTepUCTHKA PENPOAYKIMY K1eToK. CTpoeHue reHoMa IMpOKaproT

Tema 3.

3.1. IOBEPXHOCTHGBIN ATIITAPAT KJIETKU (MEMBPAHOM)

3.1.1. urorma3MaTtrdeckast MeMOpaHa. CoBpeMeHHbIe TpeCTaB/IeH!s: 0 CTPOeHUH MeMOpaH. XapaKTeprCTHKa
nanugHoro 6viciiost. Mem6paHHble 6eKU: MHTerpasibHble, OJIyUHTerpasbHble 1 repudepuyeckue.
MembOpaHHbIe yrieBozibl. KerouHast creHka. OCHOBHbIE KOMIIOHEHTHI KJIETOYHOM CTeHKH. DYHKIMN
K/IETOYHBIX CTeHOK. Oco6eHHOCTH MeMOpaH ¥ HafiIMeMOPaHHbBIX CTPYKTYP MPOKapPUOTUYECKUX K/IETOK.

3.1.2. HasmeMbpaHHHbIE CTPYKTYPhI 3YKapUOTUUYeCKUX K1eTOK. COOCTBEHHO HafiMeMOpaHHbIE CTPYKTYPHI -
TJIMKOKa/MKC. IIpOM3BOZHBIE Ha/IMEMOPAHHOTO KOMITTEKCa.

3 .1.3. CybmembpanHas crcrema ryuanoruiasmsl. [lepudeprueckas ruanomniasma 1 CTPYKTYPHO-0(hopMIeHHast
OTIOPHO-COKpaThMasi cicteMa. MUKpoGHUOpH/IIsSIpHas CUCTeMa WM CUCTeMa MUKPO(H/IaMeHTOB (aKTHH-
MHO3UHOBast crictema). CtpoeHne U QyHKIMK MUKpodriameHTOB. TyOynMHOBast crcTemMa WM CUCTeMa
MHKpOTpy6oueK (TyOynuH-ArHerHOBas cucteMa). CtpoeHre 1 GyHKUpHM. CrcTeMa ITPOMeXXYTOUHBIX U CUCTeMa
TOHKWX (unameHToB. X QyHKLMS U CTpOEHMe.

[TposiBneHue efuHCTBA CybCHCTEM TTOBEPXHOCTHOT'O anriapara KJIeTKH B peayn3alii OCHOBHBIX (DyHKIL{MIM:
OapbepHOM, TPaHCITIOPTHOM, PeL|eNTOPHON ¥ KOHTaKTHOH. MeMOpaHHBIN TPaHCIOPT MaKPOMOJIEKY/T U YaCTHI;
5K30LUTO3 ¥ 3H/0L1T03. OCHOBHBIE THUITbI SHOLMTO3a: KUKOCTHBIN, HecreliuruecKuil afcopOLMOHHbIN 1
peLieNTOpHbIN.

KoHTakTHast GyHKIMS T/Ia3MaTUYeCcKol MeMOpaHbl. MeXXK/IeTOUHbIe KOHTAKThI.
Apre3svoHHble(MexaHUUecKUe): MOsICKOBbIe 1eCMOCOMbI, TOUeYHbIe 1eCMOCOMBI U [10/1yJeCMOCOMBI.
3aMbIKaroIie KOHTAKThI: TVIOTHBIM, TPOMEXKYTOUYHBIH (30Ha C/IUsHUS). [IpoBOAAIIME KOHTAKTHI: 11le/IeBOM
KOHTAKT, XMMWUeCKHe CUHAIIChI U 1171a3MO/IeCMBI.

[BurarespHbIN armapar (KuHeToM). CriocoObI TiepeiBIyKeH s TPOKapUOTHUECKUX K/TeTOK (C TIOMOLIBIO
JKTYTUKOB, CKOJIbXXEHHEM U BOJTHOOOpa3HBIMU JBWKEHUsIMH). JBUTaTe/IbHbIE CHCTEMBI 9YKapUOTHUYeCKHX
KJIETOK: PECHUYKH, XTYTHUKH.

3.3. BHYTPEHHUE KOMITAPTMEHTHI OYKAPUOTUUECKUX KJIETOK.

uTorasma (1uT030/b). OOIMH XUMHUECKUH COCTaR LIUTOM/Ia3Mbl. LIUT030/1b Kak
CJIO)KHOCTPYKTYPHpOBaHHas1 cucteMa. OpraHusanys uTo301s. MaTpuKC LUTONIIa3Mbl U

ruasoriasMma. BuyrpeHHue mem6pansl. MemOpaHHble 1 HeMeMOpaHHble OpraHOM/jbl K/IETKH.

BksitoueHust B IUTO30/1b K/IETOK PaCTeHUI 1 )KUBOTHBIX, X JIOKanu3anus U GyHKL[MOHA/IbHOe 3HaueHue.
[TurmeHTHI. 3anacHble MUTaTeIbHbIE BEl[eCTRa.

TeMma 4.

4.1. MuToxoHpUanbHbIN anmapar (XxoHapuoM). Mopdosiorus, ToKanr3alys ¥ CTPYKTypa MUTOXOHZPUHA.
HapyskHast, BHyTpeHHsIst MeMOpaHbl, Me)XKMeMOpaHHOEe TTPOCTPAHCTBO M BHYTPUMHUTOXOH/[PUATbHBIA MaTPUKC.
CocTaB U CBOMCTBA HAPY>KHOM 1 BHYTPeHHeH MeMOpaH MUTOXOHpuid. KpUCThI, TpUOOBUAHbIE TebIIA.
Jlokanu3alusi B MeMOpaHaX OCHOBHBIX 3B€HbEB OKUCUTEILHOTO (hochoprrpoBaHus. MexmeMOpaHHbIe



TIPOCTPaHCTBA Kak pe3epByap BOJOPOJHBIX MOHOB (TTPOTOHOB). MexaHN3M BO3HUKHOBEHUS
3/IEKTPOXMMUYECKOr 0 IPOTOHHOI'O rpaZiieHTa. MUTOXOH/APUS KaK I0/1yaBTOHOMHBIIM opraHou[. MaTpukc
mvutoxoHpuii: PHK, pubocomel, JHK u 6enky mutoxoHApuid. OCHOBHBIE HYHKLIUM MUTOXOH/PHUH.

Tema 5. BAKYOJIFAIPHASA CUCTEMA 3YKAPUOTNYECKUNX KJIETOK

5.1. DHpornnasMarryeckuii petukyaym (OI1P). I'nagkuii sH0MIa3MaTUUeCKUM peTukyayM. CTpoeHue U
XUMHYecKuil coctaB. CHHTe3 JIMIK/OB, [10/1MCaxapyu/ioB, )KUPOB, CTEPOUJIOB U IPYTUX MOJIEKY/I B IJ1a/JKOM
SI1P. Pons rmagkoro OI1P B meToKCUKAIMK Pa3iA4HbIX BelrecTB. [llepoxoBaTeiii (rpaHysisspHbIii) DI1P.
Opractormiazma. CtpoeHue u ornoxumus 1epoxoparoro JITP. dyHKIMS cUHTe3a, HAKOIIEHUS U TPAHCIIOpTa
CHHTEe3UPOBaHHOTO Oenka. 'Mrko3umpoBanue 6enkoB B OTTP. Csa3b rpanymsapHoro DI1P c saepHoi
00010uKO¥ 1 KOMIIJIEKCOM ["0JTb/KH.

5.2. Kommuiekc INombiku. Ob11iast XapakTepyUCTHKa, JI0KaIu3aLus B K/1eTKe, yIbTpacTpykrypa. CTpoeHue
IUKTHOCOM. BepTrKanbHasi 1 TOpHM30HTa/IbHas MOJISIPHOCTE JUKTHOCOM: (popMupyoLeiics (Lyc-), MeAranbHbINA
Y 3peiblii (TpaHC-) MOoM0Chl AUKTHOCOM. DYHKI[MM KoMIlekca ['ofbAKu: cerperatys, HakoryieH!e, CoO3peBaHue
Y BbIBeJleHHe Oe/KOB 1 JIMMKZ0B. TPaHCIIOPTHEIE MMy3bIPEKU KOMITTeKca ["o/bKu.

Tema 6. DH0COMBI. IHAOCOMHBIN LMK/ B K/1eTKe. JIn30coMbl. Pa3HOBUAHOCTH TM30COM U UX XUMHUUeCKast
XapaKTepUCTUKa. ['eTepodaruueckuii v ayTodarnueckuii UK/IbI B KeTke. PeKOHCTpYKTHBHAS (DYHKIHS
m3ocoM. CBsi3b SHAOCOM C TIPOLIECCAMU BHYTPUKJIETOYHOTO MHUIL[eBapeHHs, C ()aroriuTo30oM U ¢ paboToit
KomrIuiekca ['onbixu.

[Tepokcucomsl (MuKpoTesbia). CTpyKTypa repokcucoM. X xuMuueckasi XapakTepucTtuka. @yHKIMOHaIbHOe
3HaueHHe repokcrcoM. Crielanu3ariusi epoKCUCOM Ha TIPOBeZIeHUH OKUCTUTe/bHBIX pPeakiiii C TOMOIIbIO
(epmeHTa KaTasasbl.

Tema 7.

Posib siipa B )KU3HU KJIETKU U ero 3HaueHue B riepeHoce nHdopmauyu ot JTHK k 6enky. OcHOBHbIe QyHKLIAN
siipa: TPAHCKPUIILIUS, peyI/IMKaLs U Tiepepaciipe/ie/ieHle TeHeTHYecKoro Matepuasa. MiurepdasHoe sizpo.
OCHOBHBIe 3/IEMEeHTHI er0 CTPYKTYPbI: COBOKYITHOCTE MHTep(a3HBIX XpoMOcoM (xpomatuH nmu JHIT
nHTepdasHoro siapa), TOBepXHOCTHLIHN anmapar siApa, SepHbIi COK (KaphoIjia3Ma) U sIPBIIIKO.

7.1. XpoMaTHH, ero XuMuuecKast XxapakTepuCTHKa. Pa3HOBUAHOCTH XpOMaTHHA: JieCIIMPaTU30BaHHbIN
5yXpOMaTHH, KOH/IeHCUPOBaHHBIN reTepOXpOMaTvH U (aKy/IbTaTUBHBINM reTepoxpoMaTiH. PyHKIMOHAIbHOE
3HaueHHe TUIOB XpOMAaTHHa.

Benku xpoMaTHHA: TUCTOHBI U HETUCTOHOBBIE Oesiky. PYHKLIWSI THCTOHOB, KaK Pery/siTOpOB TPAaHCKPHUTILIVA U
yknagku mosiekyn JJHK. CtpykrypHasi opranvsanus xpomatruHa. Heckonbko ypoBHeti yriakoBku JJHK:
3/1eMeHTapHasi XpOMOCOMHasi (pubpusia, HyK/1leocoMa, XpOMaTHHOBOE BOJIOKHO, TIeTe/TbHBIN JOMEH,
KOH/IeHCHPOBaHHbI XpOMaTHH, MeTaja3Hasi XpoMOoCoMa.

[1Ba OCHOBHBIX COCTOSTHUS sifjpa: Hepabouee - MAaKCUMa/IbHO KOHZIEHCHPOBAHHbIE XPOMOCOMEI TIPH JleJIeHHH
KJIeTKU ¥ pabouee - YaCTUYHO WM TIOTHOCTBIO 1eKOHJeHCUPOBaHHbIE XPOMOCOMBI B MHTepdazHoM sizpe. THK
s7ipa, ee CTpPOEHUe U CBOWCTBA, peAyIuivKalus. Perkanys monekysa. JJHK npokapuoT U 3yKapHor.
Care/umtHas [JHK.

7.2. IloBepxHOCTHbIH amnmnapart si7pa. OCHOBHble KOMIIOHEHThI I0BEPXHOCTHOTO s1JepHOr'0 amnrmnapaTa: sifiepHast
obosiouka, mepugeprueckas MI0THas TVIACTUHKA (JJaMHUHA) U TIOPOBbIe KOMITIEKChI. JIaMuHa - CKeseT
MOBEPXHOCTHOIO amnriapaTta sigpa. CBs3b JJaMUHBI C FeTepOXPOMATUHOM XPOMOCOM. PYHKIIMK ITOBEPXHOCTHOIO
anrapara szpa.

7.3. Kapuorna3ma. XuMHUeCKHii COCTaB.

7.4. dnpeiuko. Xumus saapeiuka, PHK sapeika.

TpH OCHOBHBIX KOMMOHeHTa siipbiika: JJHK sapbIIKOBOro opraHu3aTopa, TpaHyJ/IsIpHbIA U (GUOPUIISIPHbIE
KOMITOHeHTbl. Opranusanys siapsiiika. Cerperanus siipbliika.

Crpoenue u xumusi pubocom. CTPyKTypHO-OMOXMMHUeCKast OpraHu3aLysi pubocom, UX posb B CHHTe3e Oesika.
Awmmnudukauys reHoB pubocomHabix PHK.

Tema 8. OBIIIAA XAPAKTEPUCTUKA PEITPOAYKLIMU KIIETOK



Henenue knetok. JKM3HeHHBIN LUK/ KJI€TKW: TIPeCUHTeTHYeCKasi, CHHTeTH4YeCKasi, TOCTCUHTeTUYecKasi CTaZiui,
MUTO3. 3HaueHue 3TUX (a3 B )KU3HU KJIETOK.

OcHOBHBIE OMOCHHTETUYECKHE TIPOLIECCH] KaXK/I0T0 MePHUo/a MHTep(a3HOro LUK/Ia PerpoAyKIUN
9YKapHOTUYeCKHUX K/eTOK. [ToHsATHe si/iepHOro 1 K/IeTOUHOro Ljukia. OcOOeHHOCTH K/IeTOUHBIX [IUK/IOB Y
pacTeHul U XUBOTHBIX. [IponcxoKAeHre KIeTOUHBIX [IUKJIOB.

3.1. [leneHne NpoKaproTHUECKHX K1eTOK. OCOOeHHOCTH pernpo/yKL1 IPOKapHoT.

3.2. [leneHue 5yKapuOTUYeCKUX KJIETOK: aMHUTO3, MUTO3, Mei03.

3.2.1. Ob1as cxema MUTO3a yKapUOTHUECKUX K/IeTOK. BpeMeHHOM X0/ MUTO3a U [IUTOKUHe3a. CTPYKTypHO-
OroxUMHUecKasi OpraHu3aL{isi MUTOTHUECKOTO arrapaTa 3yKapruoTHUeckKux KiaeTok. CTaZuiy MUTO3a, UX
TIPO/JIO/DKUTE/TBHOCTh XapaKTepUCTHKA. LIUTOKMHE3 Y )KUBOTHBIX U PaCTUTE/IBHBIX KJIETOK: 00pa3oBaHue
KJIETOUHOH NepeTsDKKU U (parmoriiacra. [loBefieHre K/1eTOUHBIX OpraHesul B [IpoLjecce MUTO3a.
[Ipoucxoxgenne Muto3a. @opMbl MUTO3a U UX 3BOJTFOL[MOHHAS CBS3b.

3.2.2. Metio3, ctaguu Meiio3a. KoHbroraiusi XxpoMoCcoM, KpPOCCHHIOBep, peyKLUsl urc/ia XpoMOCoM. Pasnuuust
MeXXJy MUTO30M U Meiio30M. Buonornyeckuii cMbic/ Meiiosa.

Tema 9. PEI'YJIALUA KIETOYHOI'O UUKIIA

Crapenue kneTok. ['nbenb knetok. Hekpo3. AmornTo3

ATunuueckrie MuTO3bl. KaproTunmpoBaHue - [UarHOCTUUECKOe UCC/Ie[iloBaHUe C Lie/Tbl0 OLjeHKH KapHuOoTHIIa
(Habopa XpoMOCOM) MPOU3BOIUTCA TTyTEM U3yUeHUst XpOMOCOM B MeTacha3HOH MIacTUHKe, JHIOMUTO3 U
TOJIUTIIONAU3aLIYS.

dakTophl, 00ecreunBaroIye 00U KOHTPO/Ib AKTUBHOCTH Jie/ieHUs KIeToK. [TpOTOOHKOreHbl. AHTUOHKOTEHbI
— T'eHbl, TPO/YKThI KOTOPBIX YTHETAIOT MUTOTHUYECKYH0 aKTUBHOCTB Ky1eToK: RB (petnHob61acTomer), DCC,
APC, WT1, NF1, ren p53.

@akKTopkl pocTa KIeTOYHOro AeieHust: ¢pakTop pocra HepBoB (PPH), smuaepmanbhbiii ¢pakTop pocta (3DP),
TpoMOoIHUTapHbIH (hakTop pocta (TPDP), uncynmmHononobHbie GakTops! pocta (UDP), dakTop pocta
¢dubpobsactop (OPD), kosnareH ctumyaupytoiye dpakTopsbl (KCD) — CTUMYISTOPHI OT/IE/TLHBIX ITAIoB
remMarorno’3a, uarepseikunsbl (MUJI) -1, -2 u -3. KeliyioHbI — TKaHecCIel[U(UIHbIE TOPMOHBI MECTHOTO ZIeUCTBUS,
Tpe/icTaB/IeHbl Oe/KaMy WK TTeNTUIAMU Pa3IMYHON MOJIEKY/IIPHON MacChl.

4. YueGHO-MeTOjUUeCKOe 00ecrieueHre CaMOCTOSITe/IbHO PadoThI 00yUarommuxcs

CamocrosTenbHasi paboTta oOydaroL[uxcsi BK/IOuaeT B cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM U
3a/laHusIM /Il TEKyIero KOHTPO/Si U MPOMEeXYTOYHOM aTTecTaly 10 WTOraM OCBOEHUS AUCLIUTLIMHBI
MPUBEIeHHBIM B TI. 5.

st obecrieueHUs: CaMOCTOATeTEHOM Pab0ThI 00YUaIOIUXCS UCTTIOJ/Ib3YIOTCS:

- 371eKTpOHHBIN Kypc "PomanoBa E.B. OcHoBbI KyieTouHOM 6rosorum’”
(http://e-leaning.unn.ru/course/view/php?id=1333.).

- OTKpBITHIM oHMalH-Kypc MOOC "PomanoBa E.b. OcHoBBI LjuTo0rUM (610/0THSI K/IETKH)"
(https://mooc.unn.ru/course/view.php?id=62).

nble yueObHO-MeTOAMUYeCKre MaTeprasbl: PomanoBa E.b. OcHOBBI cOBpeMeHHOM LIUTO/IOTHH: yueOHO-
MeTozuueckoe ocobre. Hkumii HoBropos: Hrkeropoackuii rocynuBepcuret, 2012. - 115 c.
Pomanoga E.B. Lluronorus: yue6Hoe ocobue. Hikuauii HoBropog: Huwkeropoackuii
rocyHusepcucrert, 2019. - 109 c.

5. @®oHA OLEHOYHBIX CPeJACTB /I/Il TeKYyIero KOHTPOJA YCIeBaeMOCTM U HNPOMeXyTOYHOHU
aTTecTalyy Mo JUCIUILIMHE (MO/Y/II0)



5.1 TunoBbIie 3a/laHUA, HEOGXOJ_II/IMLIE AJIA OL€éHKHM Ppe3y/ibTdTOB oﬁyqeﬂnﬂ npu mnpoBegeHHUU
TEKYIIEero KOHTPOJ/IA YCII€BA€MOCTH C YKd3dHUEM KPUTEPHUEB UX OLl¢HUBAHUA:

5.1.1 TunoBble 3ajaHusa (oLeHOUHoe cpeAcTBO - IIpakTHueckoe 3ajjaHue) /I OLIEHKHU
copmupoBanHocTu KomnereHuu OITK-1:

3apanme 1. PaccMoTpuTe CTpOeHHe TTOBEPXHOCTHOTO arfapara KJIeTKA U COOTHeCHTe Ha3BaHHe OCHOBHBIX
CTPYKTYP C 1pippamMu, n300paykeHHBIMU Ha PUCYHKE.
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Puc. CtpoeHue 6MoOrHYeCKOi MeMOpaHbl M KJIeTOUHOH 000/I0UKH:

Kpurepumu onjennBaHus (oLjeHOUHoOe cpeACTBO - [IpakTHUecKkoe 3ajaHue)

OneHka Kputepun orjeHMBaHuUs

BcecTopoHHee BiajieHye TIPeJCTaB/IeHUSIMHA O 3aKOHOMEPHOCTSIX KJIeTOUHOTO
CTPOEHUsI OpPraHU3MOB, HaBbIKAMU PabOTHI C COBPEMEHHBIM MUKDPOCKOTTUUECKUM
TPeBOCX0JHO o0opyZioBaHWEM, TeXHUKOW TIPUTOTOBJIEHUS TIPETapaToB, criocobamMu GUKCcaliy U
OKpaIllMBaHUs IJUTOJIOrMUeCKUX 00beKToB. I1IKa/ia OI|eHOK I10 MPOIEHTY
TpaBU/ILHO BBITIOIHEHHBIX KOHTPOJILHBIX 3aaHuii 100%

Xopolee npejcTaBaeHUe 0 3aKOHOMEPHOCTSIX KJIeTOYHOT'0 CTPOEHUs OPraHru3MOB,
BJIajieHre HaBbIKaMU PabOThI C COBPEMEHHBIM MUKPOCKOITUYECKUM

OTJINYHO obopyZioBaHWEeM, TeXHUKOW TIPUTOTOBJIEHHS TIPETapaToB, criocobamu GUKCcaliu U
OKpAaIlIMBaHUS [UTOJIOTUUeCKUX 00beKTOB. [1Kama O1leHOK 10 TIPOIIeHTY
TPaBU/IBLHO BBITIOIHEHHBIX KOHTPOJIbHBIX 3aaHuii 90 - 99 %

HocTarouHoe npefcTaB/eHye 0 3aKOHOMEPHOCTSIX K/IeTOUHOT'O CTPOeHNUs
OpraHM3MOB, BjlaJleHle HaBbIKaMH PaboThbl C COBPeMEHHBIM MUKPOCKOINYECKUM
OueHb XOpOLIO o0opyj0BaHNeM, TeXHUKOH ITPUTOTOBJIEHHS TTPeTapaToB, CriocobaMu GUKCALN 1
OKpaIllMBaHUs LIUTO/IOTHUeCKUX 00beKToB. I1IKana orjeHOK 110 MPOLeHTY
TPaBWILHO BBITIOJTHEHHBIX KOHTPOJIEHBIX 3aanuit 80 - 90 %

XOpo1uio Crnaboe npeacraB/jieHe O 3dKOHOMEPHOCTAX K/I€TOUHOI'0 CTPOE€HKA OpPraHrU3MoOB,

MOCPe/ICTBEHHOE BJafieHHe HaBbIKaMH PabOThI C COBPEMEHHBIM




OueHka Kpurtepuu oLieHUBaHUs

MHKPOCKOITUUECKUM 000pyZ0OBaHNEM, TeEXHUKOW IPUTOTOB/IEHHS TIPerapaToB,
crocobaMu PUKCaLUK U OKPALIMBAHUS LIMTOI0THYeCKUX 006eKkToB. [1Ikana oLeHoK
TI0 TPOLIEHTY TIPaBUIbHO BBIMTOJIHEHHBIX KOHTPO/IbHBIX 3aanuii 70-80 %

Hannune MUHMMAaNbHOTO Mpe/iCTaBAeHHs O 3aKOHOMEPHOCTSIX K/IeTOYHOT0
CTPOEHHsI OpPraHU3MOB, paboThI C COBPeMeHHBIM MUKPOCKOITHUECKUM
YZI0BJIETBOPUTE/ILHO 00opyj0BaHNeM, TEXHUKOH ITPUTOTOBJIEHHS TTPeTapaToB, CriocobaMu HUKCALN 1
OKpalIMBaHUs LIUTOIOrMuecKrx 06beKToB. I1IKasa O1jeHOK I10 IPOL{eHTY
TIPaBU/ILHO BBINOJ/IHEHHBIX KOHTPOJIbHBIX 3aAaHui 50 - 70 %

OTcyTCcTBHe Npe/iCTaBleHUsI O 3aKOHOMEPHOCTSIX KJIETOYHOTO CTPOEHHS
OpraHM3MOB, HaBBIKOB Pab0ThI C COBPEMEHHBIM MHUKPOCKOITUUECKUM
Hey/IOB/IETBOPUTE/IBHO  000py/I0BaHUEM, TeXHUKOW TIPUTOTOB/IEHUS TIPerapaToB, criocobamu Gpukcayuy u
OKpalIMBaHUs LIUTOIOrMUecKrX 06beKToB. 11IKasa O1jeHOK I10 IPOL{eHTY
TPaBWILHO BBITIOJTHEHHBIX KOHTPOJIBbHBIX 3aaHui 20 - 50 %

[TonHoe oTCyTCTBUE IpeAiCTaB/IeHUs O 3aKOHOMEPHOCTSIX K/IeTOYHOI'0 CTPOEHUs
OpraHM3MOB, HaBBIKOB PabOThI C COBPeMeHHBIM MUKPOCKOITUECKAM

710X0 000py/J0BaHUEeM, TEXHUKOH ITPUTOTOBJIEHHS TTPeTapaToB, CriocobaMu GUKCALU 1
OKpalIMBaHUs LIUTOIOrMUecKX 06beKToB. [1IKasa O1ieHOK 110 TIPOL{eHTY
TPaBUILHO BBITIOJTHEHHBIX KOHTPOJIBHBIX 3aaHuii 0 - 20 %

5.1.2 TunoBble 3afgaHusA (OLEeHOYHOe CpPeACTBO - PalGouasi TeTpajgb) A/IA  OLIEHKHU
chopmupoBanHocTu KomnereHuu OITK-1:

Ha npakTryecKoM 3aHSTUM CTYZEeHThI PACCMaTPUBAIOT I10/] MUKPOCKOTIOM WJTH TIPOBOJISIT A€TaTbHOEe
paccMOoTpeHHe OPraHOW/I0B K/IeTKH Ha CYyOMHUKPOCKOIMYEeCKOM YPOBHE (C TMOMOIIIBI0 37IeKTPOHHO--
MHKPOCKOITHUeCKUX (otorpaduii, CoOOpaHHBIX B OTAEILHOM yueOHOM 1ocoOuu-Ab00Me 3/1eKTPOHHBIX
doTorpacuii), ¢ Lie/bIo JIyUlllero yCBOeHusl, TOHUMaHKs 1 3aKperyieHusl B [aMsITH CTPOeHUsI M B3aUMHOI'0
TIOJIO’KeHHST B K/IeTKe OPTaHOM/IOB M OT/e/bHBIX KJIETOUHBIX CTPYKTYP. [Tocsie 3TOro CTy/ieHThI /ie/aroT
3apHCOBKH CTPYKTYPBbI, BUJUMBIE 110/ MUKPOCKOTIOM, ¥ TIEPEPUCOBKH C OTPe/Ie/IEHHOT0 Y4acTKa 3/IeKTPOHHON
MUKpodoTorpadun B cBoeit Paboueti Tetpazie.

3aprCOoBKa IpernapaToB Ha MPAKTUUYeCKUX 3aHITUSX 10 AUCLUIIIMHE «LIuTonorusi» He caMoLie/ib, a METOJ,
n3yueHUst 00bEKTa, I03TOMY CIeAyeT MPUep>KUBaThCs Psifia TPaBUIT:

1. Tlepen Haua/sOM MPOCMOTPA TIperapara 1o/, MUKpOCKOTIOM B Paboueii TeTpazie 10/DKHBI OBITH 3aICaHBbI
TeMma, LeJTb U 3a/]au¥ /IS K&XKJO0T0 3aHATHSI.

2. PUCYHKH I0/DKHBI ObITh GO/BIIMMU, YTOOBI XOPOLIO pa3Inyanuck getaau. Ha ofHOM cTpaHwuLie
(opmaTa A4 pa3merrjaetcsi He Oosiee BYX-TPeX PUCYHKOB, eCJTA OOBEKThI TIPOCTHI B BBHITIOIHEHUH, 1
TOJIBKO O/IUH PUCYHOK, €C/TH OOBEKT CI0XKHBIN U KPYTTHBIMH.

3. OcHoBHOe TpebOBaHMeE K PUCYHKY - TIPaBIJIbHOE 0TOOpa)keHHe ()OPMBbI, COOTHOLIIEHHsT 00bemMa
pa3MepoB.

4. BOKpyT pHUCYHKAa HeZIOIyCTUMbI KOHTYPBI TI0JIs1 3peHHsT MUKPOCKOTIA.

5. K oTzenbHBIM YacTsIM PUCYHKA /I0JDKHBI OBITh C/le/1aHbl 0003HaueHusl.



IToce BBITIO/THEHKST 3aHATHS CTYIeHT popMynupyet B Paboueil TeTpajie BLIBOJ, (MTOT 3aHSITHS), OTPaKaroLei
JIOCTIKEHUs TIOCTaB/IEHHOM Tiepe/; HauaioM LieJiu.

Kpurepuu oueHuBanus (orjeHoOYHoOe cpecTBO - PaGouas TeTpajp)

OueHka Kpurepuu orjeHrBaHUs

CTyIeHT BBITIOJIHH/I B TIOJTHOM 00BeMe 3aiauu BCeX MPaKTUYeCKUX 3aHSATUN B TeUeHHe CeMecTpa
3auTeHO oTpabora nomyieHHble 3aHATHs. B Pabouell TeTpazie KauecTBeHHO U 6e3 OIIMOO0K BbIITOTHEHbI
3apHCOBKH BCEX MPOCMOTPEHHBIX MTPerapaTos.

Crygent nportyctui 6osee 50 % MpakTUYeCKUX 3aHSITUM, IPOMYIIeHHbIE 3aHATHS He 0TpPaboTaHbI.

He o
B Paboueii TeTpazie OTCYTCTBYIOT 3apHMCOBKH ITPeNapaToB, MpeJIoKeHHbIe /171 U3yYeHHs B

3a4uTeHOo
Te€UeHue cemMecCTpd.

5.1.3 TunoBble 3ajaHus (oreHouHOe cpeAcTBO - TecT) sl OLeHKH C(HOPMHPOBAHHOCTHU
kKomnerennyu OITK-1:

1. CBeTOBOI1 MUKPOCKOII CIIOCOOEH YBeMMUUBaTh OOLEKTHI B:
1.2-20 pa3
2.10-25 pa3

3. 200-1000 pas3

4. 80-3600 pa3

2. YUemy Oyzet paBHO 0011jee yBenrueHHe MOHOKYJISIPHOTO MUKPOCKOTIA, €CJTH €T0 OKYJsIp AaéT 10-KpaTHoe
yBeJIMUEeHUE, a 00beKTUB - 40-KpaTHOE YBe/TMUeHHEe?

40
400
4000
440

Eal

3.Uemy OyzeT paBHO oOiiee yBemueHHe OMHOKY/ISIPHOTO MUKPOCKOTIA, eC/TH ero OKyJ/sip faét 10-kpaTtHoe
yBeMueHue, a 00beKTUB - 40-KpaTHOe yBelnueHue?

1.40
2.4000
3.600
4.400

4. Pa3pernatoiiiasi CmocobHOCTh MUKPOCKOTIA NPY CMeHe KOH/IeHCOPa CBETJIOro T0JIsl Ha TeMHOTIO/bHBIN
KOH/IEHCOP BO3paCTaeT:



A=

B 2 pasza
B 4 pa3

B 20 pa3
B 100 pa3

KpuTepun oneHuBaHus (0L{eHOUHOe CPeACTBO - Tecr)

Or1jeHKa

Kpurepuu orjeHUBaHUS

3a4TeHO

BeimonxeHo 6omee 50 % TeCTOBBIX 33/laHUI U TIPOI/IeH YCTaHOB/IEHHBIHM Topor B 3 Hara

He 3a4UTeHO

BrimonHeHo meHee 50 % TecToBbIX 3aaHui, HE rpotizieH ycTaHOB/IeHHbIH TIopor B 3 6aia

5.2. OnucaHue MKaJI OLeHUBaHUSA Pe3y/IbTaTOB 00y4YeHHs MO JUCIUIIMHE IPH MPOMEe)XXyTOUHOMH

aTTecTalyu

IITkana oneHUBaHUs c()OPMHUPOBAHHOCTH KOMIIeTeHLINH

Yposen
b
cthopmu Hey/I0BJIETBOP Y/I0B/IETBO OYeHb
1/I0X0 X0poIIo OT/IMYHO MPeBOCX0/{HO
POBaHH UTEe/JIbHO pHMTe/IbHO XopouIo
ocTH
KoMIeT
eHIuit
(uHpUK
aropa
AOCTHIK He 3aUTeHO0 3a4TeHO
eHus
KoMIeT
eHIHIT)
YpoBeHb
OtcyTcTBUE YpoBeHb poset
o - 3HaHUM B
3HaHUI MuHUManeH | 3HaHUH B P YpoBeHb
TeopeTHUecKoro 0 obnewme, ’ 3HaHUH B
YpoBeHb COOTBETCTBY YpoBeHb
MarepHaa. . JIOIyCTUMBI | COOTBETCTBY obneme, N
3HaHUI HIDKe o 1o11eM 3HaHUH B
HeB03MOXHOCTB /i ypOBeHb oLeM COOTBETCTB
MHUHUMaJbHbBIX . rporpamMmMe obbeme,
3HaHWSA | OL|eHUTb IOJHOTY N 3HaHUM. rporpaMmme yIo1emM
o TpeboBaHMIA. MOATOTOBKHI TIpeBbILLIAOLIe
3HaHUN [Jony1ieHo MO/rOTOBKU rporpaMme
Nmenmu mecto . JonyieHo M IIpOrpammy
BCJIe/ICTBUE MHOTO . JomymieHo MOArOTOBK
rpy0bie OIIUOKK HECKOJIbKO TIOATOTOBKH.
OTKasa Herpy0bIx HECKOJIbKO u. Ommbok
HeCylllecTBe
obyuatorerocs ot oboK Herpy6bIx HHEIX HeT.
oTBeTa ombok
omboK
IIpogemoHc
TPUPOBaHBI
[Tpomemonc PHp
[IpogemoHc | Bce
IIposeMoHC | TpupOBaHbI
TPUPOBaHbl | OCHOBHbIE
TPUPOBaHbl | Bce
BCE YMeHUs. IIpomemoHncTp
OCHOBHBIe OCHOBHbIe
OtcyTcTBHE OCHOBHBIe Perniensl HpOBaHbI BCe
ITpu pereHnn yYMeHHSI. YMeHUSI.
MHHUMaJbHBIX YMEHUSI. BCE OCHOBHbIe
. CTaH/apTHBIX Peenst Periens! Bce
yYMeHUi. PellieHbl Bce | OCHOBHBIE YMeHHSI.
3a7iaq He THIIOBBIE OCHOBHBIE
HeB03MO>KHOCTb OCHOBHbIe 3afiauu C PelieHs! Bce
MPOAEMOHCTPUD | 3afiauu C 3a7auu C
OLIeHWTb Hajlnuue 3a/launl. OTZe/NbHBIM | OCHOBHBIE
YmeHus N OBaHbI HerpyObIMH | HerpyObIMu
yMeHu# BeimonHeHs! | u 3aiaunl.
OCHOBHBIE omubKaMu. | OIIMOKaMU.
BC/Ie[ICTBUE BCe 33/laHMsl | HecyllecTB | BainonHeHs!
yMmenus. Vimenu | BeinosnHeHsl | BbinosHeHbl
OTKasa B [IOJIHOM €HHBIMU BCe 3a/laHus, B
MecTo rpy0Obie BCE BCe 3aflaHusl
obyuarolerocs ot obbeme, HO | HefjoueTaM | TOJTHOM
ommbKu 3aflaHusl, HO | B TIOJIHOM
oTBeTa HEeKOTOphle | U, obneme Ge3
HE B obneme, HO
c BBITIO/THEH HeJJ04eToB
TIO/THOM HEeKOTOpble
HejloueTaMH | bl BCe
obbeme c
3aflaHus B
HefloueTaMu
TI0/THOM
obbeme




Nwmeetcs
OtcyTcTBHE IIpogemoHC IIpogemoHc
MHHUMaJbH IIpogemoHC
6a30BbIX ITpu pereHNN o TPHPOBaHbI TPUPOBAHBI
bIii Habop TPUPOBaHBI TIpomemoHCTp
HaBBIKOB. CTaH/,APTHBIX 6a3oBble HaBbIKU
HaBBLIKOB 0a3oBbIe HMpOBaH
HeB03MO>KHOCTb 3a7lay He HaBBIKY TIPA npu .
b0 ¢ HaBBIKY TIPA TBOPYeCKHUH
OLIeHUTb Ha/IMuhe | MPOJeMOHCTPUD pelLleHnn pelLleHun
HaBbiku perIeHust pelLIeHnr TIOAXOZ, K
HaBBIKOB oBaHbI 6a30BbIe CTaHZAPTHBI HecTaH/apT
CTaHJapTHBI CTaH/,APTHEI pelLleHuIo
BC/Ie[ICTBHE HaBBIKU. ViMenu X 33/]au C HBIX 3a7a4y
X 337y C X 3azay 6e3 HecTaH/lapTHbI
OTKaza MecTo rpy0Obie HEKOTOPBIM 6e3
HEKOTOPbIM omboK 1 X 3ajau
obyuarorerocsi Ot | OIUOKH u OIMOO0K U
u HeJIoueToB
oTBeTa He/loueTaMu HeJJ0UeToB
He/loueTaMu
IMIkana OL[€EHUBAHHA ITPH NTIPOMEXYTOUHOU aTTECTAllUHA
Ornenka YpoBeHb NO/JrOTOBKH
NPeBOCX0/{HO Bce KommeTeHIMM (YaCcTW KOMITETeHLMH), Ha ()OPMHpDOBaHHe KOTOPLIX HarpaBieHa
JUCLIMIUIMHA, COpPMHPOBAaHBI HAa YpPOBHe He HIDKe «IIPEeBOCXOAHO», IMPOJeMOHCTPHPOBAHbI
3HaHWs, YMEHHUs, BJAJieHUsT [0 COOTBETCTBYHOIMM KOMIIETEHL[USIM Ha YpOBHE BbIlIe
Tpe/lyCMOTPEeHHOT0 TIPOrpaMMOi
OTJINYHO Bce KommereHIMM (YacTW KOMITeTeHLMH), Ha (OpPMHpOBaHHe KOTOPBIX HarpaBieHa
[IUCLIMIUIMHA, COPMUPOBaHbI HA YPOBHE HE HIDKE «OTIUYHOY.
3AUTEHO O0uYeHb XOPOIIIo Bce xommeTeHIMM (YacTM KOMIIETeHLMM), Ha (OpMUpOBaHME KOTODbIX HarlpaBjeHa
JUCLITUTNHA, COPMHUPOBAHBI HAa YPOBHE He HIDKE «0UeHb XOPOIIO»
XO0pOILIo Bce KommereHIM (YacTW KOMITeTeHLMH), Ha (OpPMHpOBaHHe KOTOPBIX HarpaBieHa
JIUCLIMIUIMHA, COPMHUPOBaHbI HA YPOBHE He HIDKE «XOPOLIO».
yJAoB/IeTBOpUTeNb | Bce kommereHImy (W4acTé KOMIIeTeHLM), Ha (OPMHMPOBaHHe KOTODBIX HarpaB/ieHa
HO [MUCLIMIUIMHA, C)OPMHUPOBaHbI HA YPOBHE HE HIDKE «Y/IOBJI€TBOPUTEILHO», TPU 3TOM XOTs ObI
0/1Ha KOMITeTeHL{UsI ChOpMHUPOBaHa Ha YPOBHE «Y7ZIOBJIETBOPUTEIHEHO»
HeypoBeTBopure | XoTs Obl 07Ha KOMITIETEHLIMs CHOPMHUPOBaHA Ha YPOBHE «HEY/[OBIETBOPUTEIBHOY.
JILHO
He 3a4YTeHO
TJI0X0 Xots 6bI 0[jHa KOMITEeTeHLUsI CHOPMHUPOBaHa Ha YPOBHE «ITJIOX0»

5.3 Tumnombie KOHTPOJ/IbHbIE€ 3adaJdHHA HW/IH HHbI€ MaTepHdJ/Ibl, H606X0}I[I/IMBIE AJIA OLl€éHKH
pPe3y/bTaTOB Oﬁylle}[l/lﬂ Ha HpOME)KyTO‘-IHOﬁ dTTeCTdllU1 C YKd3dHUE€EM KPpHUTEpPpHEB HX

OIl€eHUBAHHUA:

5.3.1 TumnoBbie 3apaHusi (OleHOUHOe CPeACTBO - KOHTpO/IbHbIE BOMPOCHI) /1A OLEHKHU

copmupoBanHocTu KomnereHiuu OTTK-1

1.

OHpomasmMatuueckuii petukyaym (OI1P). ['agkuii sHAONIa3MaTHYecKril peTukyayMm. CTpoeHue 1

XUMHUUECKUI COCTaB.
CuHTe3 IMIUAOB, TI0/IMCaxapuioB, )KUPOB, CTEPOU/IOB U APYTUX MoJieKy B ryiagkom JDITP.

Posb rnagkoro OTIP B feTOKCHKALIMM Pa3/TMYHBIX BELLECTB.

. IIlepoxoBarsiii (rpanynspabIi) STTP. Jpracroriazma. CTpoeHue v broxumus 1epoxosaroro JSITP.

(I)yHKL[I/IH CHUHTE3d, HaKOITJIEHUA U TPAHCIIOPTd CUHTE€3MPOBAHHOI'O Oeska. F]'II/IKO3I/IJ'II/IPOB3HI/I€ Oe/IKOB B

OIIP.

Cas13b rpanysisipHoro JIIP c siiepHO 000710UKOM ¥ KOMIUIEKCOM ["0JTh/KH.




5. Komrmnekc IN'onpaxu. O61ijast xapakTepyCTHKa, JI0Kanu3aLys B K/eTKe, yabTpacTpykTypa. CTpoeHue
JUKTUOCOM. BepTuKanbHas ¥ TOpU30HTa/IbHas MOJISIPHOCTh JUKTUOCOM: (hopMupyoLeiics (Luc-),
MeZiaIbHbIN U 3peblii (TPaHC-) MOJIFOCH] JUKTHOCOM.

6. ®yHkIMM Komriekca ['osib/ku: cerperaiysi, HAKOIJIeHHe, CO3peBaHue U BbiBeZleHHe Oe/lKoB 1
JUMUZOB. TpaHCIOPTHBIE My3BIPHKKU KOMITIEKCa ['0JTbIKH.

KpuTepuu onjeHuBaHus (0LleHOUHOe CpeACTBO - KOHTpo/IbHbIe BOIIPOCHI)

Ouenka Kpurepun onieHMBaHUsA

BbIicoKuii ypoBeHb MTOATOTOBKY, O0€3yTNpeuHoe B/IaZieHUe TEOPETUUECKUM
MaTepHasoM, CTY/IeHT IeMOHCTPUPYET TBOPUECKHUH IMOX0/| U TJIyOHHY 3HaHHUM 110
6uosioruu KaeTku. CTyeHT Jasl MOJIHbINA M Pa3BepHYTHIN OTBET Ha BCe
MPeBOCXOHO TeopeTHUeCKHe BOIIPOCKI O1/leTa, MOATBEPIKJasi TEOpPeTUUeCKUL MaTeprall
MpUMepaMHM 13 TIPaKTUUeCKUX 3aHATHi. CTyJeHT aKTUBHO paboTas Ha
npakTuyeckux 3aHsATHsAX. 100 %-Hoe BbINOTHEHHE KOHTPOIbHBIX
3K3aMeHaI[MOHHBIX BOTIPOCOB

BbICOKMI ypOBEHE MOATOTOBKY C He3HAUUTeTbHBIMU OlOKamu. CTyZeHT fai
TIOJTHBIN 1 pa3BepHYTHIN OTBET Ha BCe TeOpeTHUeCcKre BOTIPOCh OueTa,

OTJIAYHO TO/ITBEPKJaeT TeOPETUUECKUI MaTepras IpUMepaMy U3 MPaKTUUeCKUX 3aHATHH.
CTyzileHT akTHBHO paboTas Ha ITPaKTUUeCKHX 3aHATHSX. BbinonHeHne
KOHTPOJIBHBIX 3K3aMeHAal[MOHHBIX BOIpocoB Ha 90% u BblIilie

Xopouiasi moAroroBka. CTyJeHT [JaeT OTBET Ha BCE TeOPETUUYECKHE BOMPOCHI
6I/IHETa, HO UMEIOTCSA HETOUYHOCTHU B OIIpee/IeHHUAX HOHHTHﬁ, IpoLeccoB U T.II.
OY€eHb XOPOLIO

CTYAEHT dKTHBHO pa6OTaJI Ha IIPpakKTUYeCKUX 3aHATUAX. Brimonnenue

KOHTPOJIbHBIX 3K3aMeHaLMOHHBIX BOIPOCoB 0T 80 no 90%.

B 1esiom Xopoitasi MoAroToOBKa C 3aMeTHBIMHU OIIUOKaMU WK HeJJoUeTaMH.
CTyZileHT /laeT TIOJIHBII OTBET Ha BCe TeopeTHUecKye BONPOCH! OuieTa, HO UMEIOTCS
HETOYHOCTH B OTIPe/Ie/IeHUsIX TIOHSTHH, TIPOLeCCOB U T.I1. {0y CKaroTCsl OINOKN
xopotto TIpY OTBeTax Ha [ION0JIHUTe/IbHbIe ¥ YTOUHSIOIIYE BOIIPOCH SK3aMeHaTopa.
CryzenT paboTas Ha MPAKTUUECKUX 3aHATHSX. BbINOTHEeHe KOHTPOIbHBIX

JK3aMeHalMOHHbIX BorpocoB oT 70 o 80%.

MuHUMaIBHO [0CTaTOYHBIN YPOBeHb MOATrOTOBKU. CTy/1eHT I0Ka3biBaeT
MHUHHMaJ/IbHBIN YPOBEHb TeOPETUUeCKUX 3HaHWH, IeflaeT CyIeCTBeHHbIe OIINOKU
TIpY XapakTepUCTUKe CTPYKTYP U OPraHOW/I0B B K/IeTKe, HO IIpY OTBeTax Ha
HaBO/ISAIIIFE BOTIPOCHI, MOYKET TIPAaBU/IbHO COPMEHTHPOBATLCS U B OOIIMX uepTax
JlaTh MpaBU/IbHBIN 0TBeT. CTy/IeHT rocelijan MpakTUueckye 3aHsaTUs. BeinmonHeHye

yZI0B/IETBOPUTE/ILHO

KOHTPOJIBHBIX 3K3aMeHalMOHHbIX BOIpocos oT 50 o 70%.

[ToaroToBKa HejOCTaTOUHAS U TPeOYET MOTIOTHUTETBHOTO U3yUeHHs MaTepyara.
CryJeHT aeT onMO0UHbBIE OTBETHI, KaK Ha TEOPETHUECKKEe BOTIPOCH! OuleTa, Tak U
Hey/IOB/IeTBOPUTE/ILHO  Ha HaBOZASILIYE U [OTIOJIHUTEJIbHBIE BOMIPOCHI 3K3aMeHaTopa. CTyJeHT NpOIyCTU/
OOJBIIYI0 YacTh TIPAaKTUUECKUX 3aHATHH. BhIosHeHre KOHTPOJTBHBIX
9K3aMeHallMOHHBIX BOMPOCoB A0 50%.

I1JI0X0 HO,E[FOTOBKEI abCcoM0THO HeaoCTaTovyHad. CTy,ELEHT He OTBeYdeT Ha ITOCTaB/IeHHbIe




OueHka Kpurtepuu oLieHUBaHUs

Bompockl. CTYZIEHT OTCYTCTBOBA/I HA OOJIBIIIUHCTBE JIEKI[UHM U MPAKTUYECKUX
3aHATUM. BhINo/HeHre KOHTPOJIbHBIX 9K3aMeHal[MOHHbBIX BOIpocoB MeHee 20 %.

6. YueOHO-MeTOMUECKOEe M HH(OPMaLMOHHOE 00ecrieyeHHe JUCIMILTHHBI (MO/1y/1s1)

OcHoBHas uTeparypa:

1. Yenuor FOpwuii CepreeBuu. BesjeHre B K/IeTOUHYIO OHOJIOTHIO : yueb. /1Sl CTYAE€HTOB YH-TOB,
oOyuaroruxcs 1o HarnpasaeHuto 510600 "Buosorus" u 6uos. creruanbHOCTSIM. - V37, 4-e, mepepab. u
Jlo1L., cTep., nepered. ¢ usg. 2005 1. - M. : Anbanc, 2015. - 495 c. : win. - ISBN 978-5-91872-080-6 :
762.00., 83 3ks.

[JomnonHuTtenbHas 1uTeparypa:

1. PomanoBa Enena BoprucoBHa. OCHOBBI 0011[ei ¥ MeJUIIMHCKOM LIUTOJIOruH : yuebHoe rocobue / E. B.
Pomanosa ; HHI'Y um. H. U. JlobaueBckoro. - Hwxuuii Hoeropog : 3a-so HHI'Y, 2022. - 198 c. -
ISBN 978-5-91326-759-7 : 122.73., 130 3k3.

[TporpammHoe obecrieueHue 1 IHTepHeT-pecypchl (B COOTBETCTBUU C COJiepKaHWeM JIUCLUITUHBI):

1. Encyclopaedia Britannica, 2010 [DnekTpoHHbIl pecypc] - Pexxum focTyria
http://www.britannica.com/bps/media-view/114953/1/0/0

Wikimedia Foundation, Inc. [9neKkTpoHHBII pecypc] - Pexxuim focTyna
http://upload.wikimedia.org/wikipedia/commons/thumb/2/26/Chloroplast.svg/2000px-
Chloroplast.svg.png

2. ATnac, meguiMHCKasi oOpa3oBaTesibHast ceTh Y HuBepcuTeTa Jloiona (Unkaro, CIITA). ba3a
THCTOJIOTHUECKUX N300pa’keHUM 110 LUTOJIOT UM, 0011el ¥ YaCTHOM TUCTONorud. ECTh cuctema
CaMOKOHTPOJIs1 10 c/1aijam - Pexxum focTyrma
http://www.meddean.luc.edu/lumen/MedEd/Histo/frames/histo_frames.html

3. YuebHast IporpaMMa 1o [UTOGU3N0IOT VU XKUBOTHBIX U PaCTUTE/TbHBIX KJI€TOK - PEXXUM /10CTyTIa
http://www.cellsalive.com/

4. BuptyasnbHas 371eKTpOHHasi MUKPOCKOITUS MperapaToB - Pexxum goctyna http:/www.amc.anl.gov
5. Heb6ouibImiast yueOHast mporpaMma, cojiepskaiiiasi Habop aHUMHUPOBaHHBIX WLTFOCTPALIHA T10
LUTO(PU3NOJIOTHH )KUBOTHBIX U paCTUTETbHBIX KIeTOK - Pexxum foctyma http://www.cellsalive.com/

6. YuebHas mporpaMMa YHuBepcureTa imrata Apusona (CIIIA), comeprkairiast ojpoOHy0

TeKCTOBYIO MH(OPMALIUIO U WTFOCTPAL[MK 110 UCTOPUM, MeTO/laM M3yUeHHs KJIeTKH, )KU3HEHHOMY LIUKITy
KJIETOK (BK/IIOUasi MUTO3), LIUTOCKeneTy. Kax bl pa3/ies1 BK/It0YaeT BO3MOXXHOCTb CAMOKOHTPOJIS (TeCThI
Ha BBIOODP O/IHOTO M3 HECKOJIbKUX TIPAaBU/IbHBIX OTBETOB) - PeXXuM focTyma
http://www.biology.arizona.edu/cell_bio/cell_bio.html

7. MaTepHa/ibHO-TeXHHYeCKoe ofecreyeHHe JUCLUIIMHBI (MOY /1)

YueOHble ayAWTOPUM [i/isI TIPOBeJIeHHsI yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa30oBaTe/bHOM
MIPOrpaMMOM, OCHAI[eHbl MYJbTUMEAUMHBIM 000pyZOBaHUEM (TIPOEKTOP, 3KpaH), TeXHUUYeCKUMHU



cpeAcTBaMu  00yueHUsi, KOMIbIOTepAMH, CreldaTnu3upoBaHHbIM  00opyoBaHueM: CBeTOBbIe
MUKpocKornbl Mapku Meiji Techno cepur MT 4000, B TOM uric/ie MUKPOCKOII € LIM()POBOM KaMepoi.

[TomerieHust 711 CaMOCTOSITe/TbHOM pabOThl 0OYYaroIMXCsl OCHAI[eHbl KOMITBIOTEPHOM TEXHUKOU C
BO3MOKHOCTBIO TMOAK/IOUeHUss K ceTd "VHTepHeT" u obecrieueHbl [OCTYIIOM B 3/IeKTPOHHYIO
MHGOPMAaILIMOHHO-00pa30BaTeIbHYIO Cpejly.

[Mporpamma cocrtaBiieHa B cooTBeTcTBUM ¢ TpeboBanusmu OC HHI'Y mno HampaBieHHO
noroToBKY/crierabHOCTH 30.05.02 - MeauimHcKas 6uodusmka.

Astop(b1): PomanoBa Enena bopucoBHa, 10KTOp OMOIOrHUYeCcKUX Hayk, rpodeccop.
3aBeaytoimii Kadeapoii: SIkumoB Bacunuii HukonaeBuy, ZOKTOp 6HMO/IOTHUECKHX HaYK.

[Tporpamma oobpeHa Ha 3acejaHUM MeToAn4YecKor Komuccru ot 05.12.2023r., mpotokos Ne 2.
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